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ɺ ʥʦʤʝʨʝ: 
V ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ; 

V ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʨʘʟʚʠʪʠʝ 
ʨʘʩʪʝʥʠʡ ʚ ʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ; 

V ʦʙʦʩʥʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 
ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ; 

V ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʦʚ ʙʠʦʣʦʛʠʟʘʮʠʠ; 

V ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʦʮʝʥʢʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʝʛʦ ʩʥʠʞʝʥʠʶ; 

V ʜʘʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʨʘʙʦʪʝ ʩ ʝʛʦ 

ʦʪʭʦʜʘʤʠ; 
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ʊʇɽɾʉɿɹʆʁɾ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭééééééé..éééééé.é..é9 

ʊ.ɹ. ʉʙʣʬʫʵʣʧ, ɾ.ʆ. ʉʙʣʬʫʵʣʧ, ɹ.ʈ. ʅʡʱʙʦʧʛ, ɹ.ɾ. ʅʙʩʣʧʛʙ ɺʣʠʷʥʠʝ ʫʜʣʠʥʝʥʥʦʛʦ ʬʦʪʦʧʝʨʠʦʜʘ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʪʦʤʘʪʘ (LYCOPERSICUM ESCULENTUM 

MILL.) ʚ ʨʘʩʩʘʜʥʳʡ ʧʝʨʠʦʜééééééééééééééééééééééééééééééééééé.20 
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ʬʣʫʢʪʫʠʨʫʶʱʫʶ ʘʩʠʤʤʝʪʨʠʶ ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʢʘʙʘʯʢʘ (CUCURBITA 

PEPO VAR. GIROMONTINA)ééééééééééééééééééééééé.éééé....................33 
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ʆʊ  ʈɽɼɸʂʎʀʀ  ɾʋʈʅɸʃɸ 

 

ʖɹʀʃɽʁʅʓʁ 100-ʁ ʅʆʄɽʈ ɾʋʈʅɸʃɸ 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʥʘʫʯʥʦʛʦ ʞʫʨʥʘʣʘ çʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘè, ʢʦʪʦʨʳʡ ʥʘʯʘʣ 

ʩʚʦʶ ʠʩʪʦʨʠʶ ʙʦʣʝʝ 60 ʣʝʪ ʥʘʟʘʜ. ʕʪʦʪ ʚʳʧʫʩʢ ʶʙʠʣʝʡʥʳʡ 100-ʡ. ɺ ʜʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʨʘʪʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʠʟʜʘʥʠʶ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʫʨʥʘʣ, ʚʳʧʫʩʢ, ʀɸʕʇ 

 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! ʀɸʕʇ ï ʬʠʣʠʘʣ 

ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʚʳʧʫʩʪʠʣ ʦʯʝʨʝʜʥʦʡ 

100-ʡ ʶʙʠʣʝʡʥʳʡ ʥʦʤʝʨ ʥʘʫʯʥʦʛʦ ʞʫʨʥʘʣʘ 

çʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘè 

ʉʚʦʶ ʠʩʪʦʨʠʶ ʞʫʨʥʘʣ ʥʘʯʘʣ ʙʦʣʝʝ 60 

ʣʝʪ ʥʘʟʘʜ ʠʟʜʘʥʠʝʤ çʅʘʫʯʥʳʭ ʪʨʫʜʦʚè, ʘ ʩ 

1979 ʛʦʜʘ - çʉʙʦʨʥʠʢʘ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚè. ʀ 

ʪʦʣʴʢʦ ʚ 2016 ʛʦʜʫ ʦʥ ʧʨʠʦʙʨʝʣ ʩʪʘʪʫʩ 

ʞʫʨʥʘʣʘ. 

ɺ ʧʝʨʚʳʭ ʚʳʧʫʩʢʘʭ ʰʣʘ ʧʫʙʣʠʢʘʮʠʷ 

ʩʪʘʪʝʡ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʪʦ ʚʨʝʤʷ ʃʝʥɺʀʄ ʠ 

ʃʌɺʀʕʉʍ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʫʙʣʠʢʦʚʘʣʠʩʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥʥʦʛʦ, ʧʦʩʣʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʥʘ ʙʘʟʝ 

ʬʠʣʠʘʣʦʚ ɺʀʄ ʠ ɺʀʕʉʍ ʚ 1962ʛ. 

ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʉʦʚʝʪʘ ʤʠʥʠʩʪʨʦʚ ʈʉʌʉʈ, 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʟʘʮʠʠ 

ʠ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʰʠʥ, 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʠʙʦʨʦʚ, 

ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʜʨʫʛʠʭ ʚʦʧʨʦʩʦʚ ʤʝʭʘʥʠʟʘʮʠʠ ʠ 

ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʟʦʥʳ. 

ɺ çʉʙʦʨʥʠʢʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚè 

ʧʫʙʣʠʢʦʚʘʣʠʩʴ ʠʟʚʝʩʪʥʳʝ ʫʯʝʥʳʝ, ʩʦʟʜʘʪʝʣʠ 

ʥʘʫʯʥʳʭ ʰʢʦʣ.  

ʉʨʝʜʠ ʥʠʭ ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ ʈʉʌʉʈ ɺʝʥʠʘʤʠʥ ɻʝʦʨʛʠʝʚʠʯ 

ɸʥʪʠʧʠʥ, ʧʨʦʜʦʣʞʠʚʰʠʡ ʨʘʟʚʠʪʠʝ 

ʧʦʣʦʞʝʥʠʡ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ 

ʟʝʤʣʝʜʝʣʴʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʘʢʘʜʝʤʠʢʘ 

ɺɸʉʍʅʀʃ ɻʦʨʷʯʢʠʥʘ ɺ.ʇ. ʠ ʧʦʯʝʪʥʦʛʦ 

ʘʢʘʜʝʤʠʢʘ ɺɸʉʍʅʀʃ ʃʝʪʦʰʥʝʚʘ ʄ.ʅ. 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʝʨʥʦʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʝ. 

ɺʩʶ ʩʚʦʶ ʩʦʟʥʘʪʝʣʴʥʫʶ ʞʠʟʥʴ ɺʝʥʠʘʤʠʥ 

ɻʝʦʨʛʠʝʚʠʯ ʧʦʩʚʷʪʠʣ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ 

ʤʝʭʘʥʠʟʘʮʠʠ ʫʙʦʨʢʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, 

ʩʦʟʜʘʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ çʩʝʚʝʨʥʦʛʦè 

ʟʝʨʥʦʫʙʦʨʦʯʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʆʥ ʩʦʟʜʘʣ ʰʢʦʣʫ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ, 

ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʟʘʮʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʘʩʠʣʠʡ ʉʝʤʝʥʦʚʠʯ ʉʝʯʢʠʥ ʜʦʢʪʦʨ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ 

ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʉʌʉʈ, ʘʢʘʜʝʤʠʢ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʘʛʨʘʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ɺʣʘʜʠʤʠʨ ɼʤʠʪʨʠʝʚʠʯ ʇʦʧʦʚ 

ʘʢʘʜʝʤʠʢ ʈɸʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, 

ʩʦʟʜʘʚʰʠʝ ʥʘʫʯʥʫʶ ʰʢʦʣʫ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʟʘʛʦʪʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ. 

ɼʦʢʪʦʨʘ ʥʘʫʢ, ʟʘʩʣʫʞʝʥʥʳʝ ʜʝʷʪʝʣʠ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʉʌʉʈ, ʄʠʭʘʠʣ 

ɻʨʠʛʦʨʴʝʚʠʯ ɼʦʛʘʥʦʚʩʢʠʡ, ɺʣʘʜʠʤʠʨ ʀʣʴʠʯ 

ɺʘʡʥʨʫʙ ʠ ɺʠʢʪʦʨ ɺʘʩʠʣʴʝʚʠʯ ʈʷʜʥʳʭ, 

ʚʥʝʩʰʠʝ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʰʢʦʣʳ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʧʦʩʝʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʚʥʝʩʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ. 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

7 

 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ ɹʦʨʠʩʘ ɻʨʠʛʦʨʴʝʚʠʯʘ ɺʦʣʢʦʚʘ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʦʩʥʦʚʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʦʱʥʳʭ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ. 

ɺ ʦʙʣʘʩʪʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚʝʣʠʩʴ 

ʨʘʙʦʪʳ ʠ ʧʝʯʘʪʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ  ʜʦʢʪʦʨʦʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʦʚ ɽʚʛʝʥʠʷ 

ɽʬʠʤʦʚʠʯʘ ʍʘʟʘʥʦʚʘ, ɺʘʩʠʣʠʷ ɺʘʩʠʣʴʝʚʠʯʘ 

ʂʘʣʶʛʠ ʠ ɺʷʯʝʩʣʘʚʘ ʅʠʢʦʣʘʝʚʠʯʘ 

ɸʬʘʥʘʩʴʝʚʘ. ʇʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʝʢʪʳ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ, ʩʠʩʪʝʤʳ 

ʫʜʘʣʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʚʦʟʘ, ʧʦʪʦʯʥʦ-ʢʦʥʚʝʡʝʨʥʳʡ ʩʧʦʩʦʙ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʨʦʚ, ʩʪʘʥʢʠ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ 

ʩʚʠʥʦʤʘʪʦʢ ʩ ʧʦʨʦʩʷʪʘʤʠ, ʜʚʫʭʲʷʨʫʩʥʳʝ 

ʢʣʝʪʦʯʥʳʝ ʙʘʪʘʨʝʠ ʜʣʷ ʜʦʨʘʱʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ, ʤʦʙʠʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʜʦʩʪʘʚʢʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʨʤʦʚ ʚ ʢʦʨʤʫʰʢʘʭ 

ʤʦʣʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʠʩʪʝʤʳ ʛʠʜʨʦ- ʠ 

ʧʥʝʚʤʦ- ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʜʘʯʠ 

ʢʦʨʤʦʚ ʥʘ ʩʚʠʥʦʢʦʤʧʣʝʢʩʘʭ, ʢʦʦʨʜʠʥʘʪʥʘʷ 

ʩʠʩʪʝʤʘ ʨʘʟʜʘʯʠ ʢʦʨʤʦʚ ʥʘ ʢʦʤʧʣʝʢʩʘʭ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠʥʝʡ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ, ʯʪʦ ʥʘʭʦʜʠʣʦ ʩʚʦʸ ʦʪʨʘʞʝʥʠʝ ʥʘ 

ʩʪʨʘʥʠʮʘʭ ʠʟʜʘʥʠʷ. 

ʇʦ ʚʦʧʨʦʩʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ 

ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʩʝʣʴʩʢʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʥʘʫʯʥʘʷ ʰʢʦʣʘ, ʠ ʧʝʯʘʪʘʣʠʩʴ ʨʘʙʦʪʳ ʩ 

ʫʯʘʩʪʠʝʤ ʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʩʣʫʞʝʥʥʦʛʦ 

ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʉʌʉʈ, ʣʘʫʨʝʘʪʘ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʉʉʉʈ, ʜʦʢʪʦʨʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ɺʠʢʪʦʨʘ 

ʖʣʴʝʚʠʯʘ ɻʝʩʩʝʥʘ, ʢʘʥʜʠʜʘʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ ʂʦʥʩʪʘʥʪʠʥʘ ʄʘʪʚʝʝʚʠʯʘ ʉʝʤʯʠʥʦʚʘ ʠ 

ʉʝʨʛʝʷ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ ʉʪʨʝʣʢʦʚʩʢʦʛʦ. 

ʋʯʝʥʳʤʠ ʠʥʩʪʠʪʫʪʘ ʚ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʰʠʨʦʢʦ 

ʚʥʝʜʨʷʣʠʩʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʵʣʝʢʪʨʦʢʦʪʝʣʴʥʳʝ ʩ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝʤ 

ʪʝʧʣʘ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʚ ʪʝʧʣʠʮʘʭ, ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʧʦʤʝʱʝʥʠʷʭ, ʩʠʩʪʝʤʳ ʤʝʩʪʥʦʛʦ 

ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘ ʧʦʨʦʩʷʪ ʠ ʵʣʝʢʪʨʦʧʦʜʦʛʨʝʚʘ 

ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʭʦʣʦʜʥʦʝ 

ʚʨʝʤʷ ʛʦʜʘ, ʩʠʩʪʝʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʠ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀ ʩʝʛʦʜʥʷ ʚ ʞʫʨʥʘʣʝ ʧʫʙʣʠʢʫʶʪʩʷ 

ʫʯʝʥʠʢʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʠ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʇʝʯʘʪʘʶʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʪʘʪʴʠ ʥʘʰʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʜʘʥʥʳʭ ʦʙʣʘʩʪʷʭ 

ʘʛʨʘʨʦʠʥʞʝʥʝʨʥʦʡ ʥʘʫʢʠ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ, ʩʪʦʷʱʘʷ ʧʝʨʝʜ ʠʟʜʘʥʠʝʤ 

- ʦʟʥʘʢʦʤʣʝʥʠʝ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ, 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʫʢʦʚʦʜʠʪʝʣʝʡ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʘʢʪʫʘʣʴʥʳʤʠ ʥʘʫʯʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɿʘ ʛʦʜʳ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʫʨʥʘʣ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʚ ʥʘʫʯʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʤ 

ʩʦʦʙʱʝʩʪʚʝ. ʆʥ ʟʘʥʠʤʘʝʪ 140 ʤʝʩʪʦ ʚ 

ʨʝʡʪʠʥʛʝ SCIENCE INDEX ʟʘ 2018 ʛʦʜ ʧʦ 

ʪʝʤʘʪʠʢʝ çʉʝʣʴʩʢʦʝ ʠ ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦè. 

ʇʨʠ ʵʪʦʤ, ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ çʧʷʪʠʣʝʪʥʠʡ 

ʠʤʧʘʢʪ-ʬʘʢʪʦʨ ʈʀʅʎè, ʩʦʩʪʘʚʠʣ 0,931. 

ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʚ ʞʫʨʥʘʣʝ ʙʳʣʦ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 2749 ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʩ 

ʩʫʤʤʘʨʥʳʤ ʯʠʩʣʦʤ ʮʠʪʠʨʦʚʘʥʠʡ ʞʫʨʥʘʣʘ ʚ 

ʈʀʅʎ 6572. ʏʠʩʣʦ ʧʨʦʩʤʦʪʨʦʚ ʩʪʘʪʝʡ ʟʘ 

2018 ʛʦʜ ʜʦʩʪʠʛʣʦ 16720. ʆʩʥʦʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʜʘʥʥʳʤ ʅʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ (elibrary.ru) ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
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ʊʘʙʣʠʮʘ 

ʇʫʙʣʠʢʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʞʫʨʥʘʣʘ 

ɻʦʜ 
ʂʦʣʠʯʝʩʪʚʦ 

ʧʫʙʣʠʢʘʮʠʡ 

ʆʙʱʝʝ ʯʠʩʣʦ 

ʮʠʪʠʨʦʚʘʥʠʡ ʚ 

ʪʝʢʫʱʝʤ ʛʦʜʫ 

ʏʠʩʣʦ ʘʚʪʦʨʦʚ 

ʧʫʙʣʠʢʘʮʠʡ 

ʉʨʝʜʥʠʡ ʠʥʜʝʢʩ 

ʍʠʨʰʘ ʘʚʪʦʨʦʚ 

2009 30 4 40 4,7 

2010 21 2 29 4,7 

2011 - 2 - - 

2012 19 2 31 7,7 

2013 25 6 36 8,1 

2014 22 24 37 8,6 

2015 59 62 63 10,1 

2016 66 114 62 11,0 

2017 76 150 80 10,2 

2018 116 301 95 11,4 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ, ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʯʠʩʣʘ 

ʧʫʙʣʠʢʘʮʠʡ ʠ ʮʠʪʠʨʦʚʘʥʠʡ ʩʪʘʪʝʡ ʞʫʨʥʘʣʘ. 

ɺ ʨʝʜʘʢʮʠʦʥʥʫʶ ʢʦʣʣʝʛʠʶ ʞʫʨʥʘʣʘ 

ʚʭʦʜʷʪ ʫʯʝʥʳʝ ʀɸʕʇ ï ʬʠʣʠʘʣʘ ʌɻɹʅʋ 

ʌʅɸʎ ɺʀʄ, ʠʟ ʥʠʭ 8 ʜʦʢʪʦʨʦʚ ʠ 12 

ʢʘʥʜʠʜʘʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 1 ʢʘʥʜʠʜʘʪ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ. 

ɺ ʥʘʩʪʦʷʱʠʝ ʛʦʜʳ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʞʫʨʥʘʣ ʫʜʝʣʷʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʣʠʷʥʠʷ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʩʧʦʩʦʙʦʚ, ʧʨʠʝʤʦʚ, ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʰʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʪʝʩʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʟʘʨʫʙʝʞʥʳʤʠ ʢʦʣʣʝʛʘʤʠ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʉʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʳ ʠ ʪʨʝʙʫʶʪ ʦʩʚʝʱʝʥʠʷ 

ʚʦʧʨʦʩʳ ʦʩʚʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʛʨʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʝʨʝʭʦʜʘ ʢ ʫʤʥʦʤʫ 

ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ. ɺ ʵʪʦʤ ʶʙʠʣʝʡʥʦʤ 

ʥʦʤʝʨʝ ʤʳ, ʢʦʥʝʯʥʦ ʞʝ, ʥʝ ʦʙʦʰʣʠ 

ʚʥʠʤʘʥʠʝʤ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ. 

ʈʝʜʢʦʣʣʝʛʠʷ ʞʫʨʥʘʣʘ ʚʳʨʘʞʘʝʪ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ ʘʚʪʦʨʘʤ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʥʘʰʝʤ ʞʫʨʥʘʣʝ ʩʪʘʪʝʡ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʧʦʩʦʙʩʪ-

ʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ ʢ ʥʝʤʫ ʠʥʪʝʨʝʩʘ 

ʯʠʪʘʪʝʣʝʡ ʠ ʝʛʦ ʨʝʡʪʠʥʛʘ. 
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ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ)  - 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ  ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʩʝ ʙʦʣʴʰʝ ʠʩʧʦʣʴʟʫʶʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʢ ʘʚʪʦʥʦʤʥʳʤ 

ʩʠʩʪʝʤʘʤ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ. ʆʪʣʠʯʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʝʛʦ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ï  ʨʘʩʪʝʥʠʷ, ʞʠʚʦʪʥʦʛʦ. ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʵʢʦʣʦʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʭʦʟʷʡʩʪʚ. ʄʝʪʦʜʦʤ 

ʩʣʫʯʘʡʥʦʡ ʚʳʙʦʨʢʠ ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʭʦʟʷʡʩʪʚʝ, ʫ ʢʦʪʦʨʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ ʩʢʦʪʥʳʝ ʜʚʦʨʳ, ʤʘʩʪʝʨʩʢʠʝ, ʦʚʦʱʝʭʨʘʥʠʣʠʱʝ, ʥʘʚʝʩ ʜʣʷ 

ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ, ʙʦʡʥʷ, ʛʘʨʘʞʠ, ʤʘʛʘʟʠʥ ʠ ʧʠʣʦʨʘʤʘ. ʆʮʝʥʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ; ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʳʝ ʠʩʪʦʯʥʠʢʘʤʠ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʢʨʠʪʝʨʠʡ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʠʩʪʦʯʥʠʢʘʤʠ ʛʝʥʝʨʘʮʠʠ. ʉʪʦʠʤʦʩʪʴ ʩʘʤʦʡ ʛʝʥʝʨʘʮʠʠ ʤʘʣʘ ʠ ʩʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʢ 

ʦʙʩʣʫʞʠʚʘʥʠʶ ʩʪʘʥʮʠʠ ï  ʫʙʦʨʢʘ ʩʥʝʛʘ, ʤʦʡʢʘ ʩʪʝʢʦʣ ʠ ʪ.ʜ. ɺʳʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʛʝʥʝʨʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ  ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ  ʦʪʚʝʯʘʶʪ ʩʧʝʮʠʬʠʢʝ 

ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ ï ʦʥʠ ʵʢʦʣʦʛʠʯʥʳ,  ʥʘʜʝʞʥʳ ʠ ʧʨʦʩʪʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ.  ʉʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʫʜʝʪ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʪʴʩʷ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ɿʘʥʠʤʘʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ï ʵʪʦ,  ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʟʝʤʝʣʴʥʳʡ ʫʯʘʩʪʦʢ, ʥʝ ʠʤʝʶʱʠʡ 

ʩʪʨʦʝʥʠʡ ʠ ʜʝʨʝʚʴʝʚ. ʉʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ ʫʯʘʩʪʢʘ ʚʳʩʦʢʘ ʠ ʙʫʜʝʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʈʝʰʝʥʠʝ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʜʣʷ   ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴʩʷ 

ʠʟ ʫʩʣʦʚʠʡ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɽʩʣʠ ʚ ʦʩʥʦʚʫ  ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 

ʙʫʜʝʪ ʧʦʣʦʞʝʥʘ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ,  ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʦʠʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʣʝʢʪʨʦʩʪʘʥʮʠʶ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʥʦʨʤʘʪʠʚʥʳʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʵʢʦʣʦʛʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ.  
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Currently, agricultural enterprises are increasingly using renewable energy sources. This is facilitated by 

the transition trend from centralized to autonomous power supply systems. The difference between an 

agricultural enterprise and an industrial one is the presence of a biological object (plant, animal) in its basis. 

The effectiveness of production depends on the environment, soil and climatic conditions and reliable supply 

of high-quality energy throughout the biological cycle within the farming system. This brings up the question 

whether it is feasible to use the photovoltaic power plants in agricultural enterprises. The results of energy 

surveys of farms were used as the primary material for the analysis. A farm was chosen by the random 

sampling method, where the power consumers from the centralized networks were livestock houses, 

workshops, vegetable storage, agricultural machinery shed, slaughterhouse, garages, a shop and a sawmill. 

The feasibility of solar power plants was assessed using the coefficient of energy and environmental 

compatibility; the area required for the power generation sources was also considered. The results obtained 

demonstrated that only the construction costs and the required area influenced the criterion of energy and 

environmental compatibility. The power generation costs were small and were only associated with the 

maintenance of the power station, such as snow removal, glass washing, etc. These stations do not feature 

pollutant emissions. As a result, photovoltaic plants meet the specific requirements of agricultural production 

ï they are environmentally friendly, reliable and easy to operate. The construction cost will gradually 

decrease owing to the constant decline in the cost of photovoltaic panels and other components. The area 

required for the solar plant construction is mainly a cultivated land without buildings and trees. The cost of 

such a site is high and will increase in the future. The decision to build a solar power plant for agricultural 

production will be taken from the environmental conditions in a particular area. If the decision is based on 

the environmental protection considerations, power supply reliability and user-friendliness, the construction 

of a photovoltaic power plan seems feasible. In other cases, it should be borne in mind that the payback 

period of capital investments will be significantly higher than the normative. 

 

Keywords: photovoltaic system, agricultural enterprise, criteria of energy and environmental 

compatibility. 
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ɺʚʝʜʝʥʠʝ 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ - ʵʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʪʦʨʦʛʦ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ. 

ʆʪʣʠʯʠʝʤ ʝʛʦ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʝʛʦ ʦʩʥʦʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʨʘʩʪʝʥʠʝ, 

ʞʠʚʦʪʥʦʝ). ʈʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʟʘʚʠʩʠʪ ʦʪ ʵʢʦʣʦʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʦʯʚʝʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʵʥʝʨʛʠʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ 

ʤʠʨʦʚʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ  ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʵʥʝʨʛʠʝʡ  ʦʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʦʚʝʜʝʥʳ ʠ ʧʨʦʚʦʜʷʪʩʷ  ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ  ʩʦʟʜʘʶʪʩʷ ʩʠʩʪʝʤʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʩʧʝʰʥʦ ʨʝʰʘʶʪʩʷ 

ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ[1,2,3,4,5], ʥʘʜʝʞʥʦʩʪʠ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ[6,7,8]  ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ[9.10]. ʇʦʪʝʥʮʠʘʣ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʀʕ ʥʘ ʧʣʘʥʝʪʝ ʚʝʣʠʢ 

(ʪʘʙʣ.1) [11,12]. 

ʊʘʙʣʠʮʘ 1 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʥʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ɺʠʜ ʠʩʪʦʯʥʠʢʘ ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, 

ʪʨʣʥ. ʪʦʥʥ/ʛʦʜ 

ʕʥʝʨʛʠʷ ʩʦʣʥʮʘ 131 

ʕʥʝʨʛʠʷ ʚʝʪʨʘ 2 

ɻʠʜʨʦʵʥʝʨʛʠʷ 7 

ʕʥʝʨʛʠʷ ʙʠʦʤʘʩʩʳ 0,1 

ʋʛʦʣʴ 11 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1 ʩʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʠʷ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʣʥʝʯʥʘʷ 

ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ 

[13,14,15,16.17]. ɺʩʝ ʙʦʣʴʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʧʝʨʝʭʦʜʘ ʦʪ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʢ ʘʚʪʦʥʦʤʥʳʤ[18,19]. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ (ʨʠʩ.1) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʥʘʙʦʨ ʩʣʝʜʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ [11,20]: ʩʦʣʥʝʯʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, 

ʫʩʪʨʦʡʩʪʚʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, ʨʝʛʫʣʷʪʦʨʘ 

ʟʘʨʷʜʢʠ-ʨʘʟʨʷʜʢʠ, ʠʥʚʝʨʪʦʨʘ.. ʆʙʷʟʘʪʝʣʴʥʳʤ 

ʫʩʣʦʚʠʝʤ ʚ ʘʚʪʦʥʦʤʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʝʪʝʚʳʭ (ʨʠʩ. 

1ʘ)[21,22], ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʣʦʢʘ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ (ʨʠʩ.1ʙ). 

 

 
1ʘ) 

 
1ʙ) 

ʈʠʩ.1 ʉʭʝʤʘ  ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ( 1ʘ-ʩʝʪʝʚʘʷ , 1ʙ- ʘʚʪʦʥʦʤʥʘʷ ) 
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1 ï ʩʦʣʥʝʯʥʳʡ ʛʝʥʝʨʘʪʦʨ , 2 ï ʫʩʪʨʦʡʩʪʚʦ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, 3 ï ʈʝʛʫʣʷʪʦʨ ʟʘʨʷʜʢʠ ï ʨʘʟʨʷʜʢʠ, 

 4 ï ʠʥʚʝʨʪʦʨ, 5 ï ʧʦʪʨʝʙʠʪʝʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 6 ï ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ, 7 - ʧʦʪʨʝʙʠʪʝʣʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

 

ʇʨʠʭʦʜ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʟʝʤʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʨʘʚʥʦʤʝʨʝʥ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ 

ʤʝʩʷʮʝʚ ʛʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʤʥʦʛʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʙʦʪ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʩʝʡ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ 

ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ[23,24,25,26]. 

ɺʝʣʠʯʠʥʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʜʣʷ 

ʛʦʨʦʜʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 2[27], ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʚ 

ʢʦʪʦʨʦʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ ʈʌ. 

ʊʘʙʣʠʮʘ 2  

ɼʥʝʚʥʘʷ ʩʫʤʤʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʢɺʪ*ʯ/ʤ
2
 (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʢʘ) 

ʤʝʩʷʮ 1 2 3 4 5 6 7 8 9 10 11 12 ɿʘ 

ʛʦʜ 

ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 

0,35 1,08 2,36 3,98 5,46 5,78 5,61 4,31 2,6 1,23 0,5 0,2 33,46 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʘʥʘʣʠʟʘ ʧʨʠʥʠʤʘʝʤ ʨʝʟʫʣʴʪʘʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʭʦʟʷʡʩʪʚ 

[28].ʄʝʪʦʜʦʤ ʩʣʫʯʘʡʥʦʡ ʚʳʙʦʨʢʠ 

ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʭʦʟʷʡʩʪʚʝ ʫ ʢʦʪʦʨʦʛʦ 

ʦʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʶʪʩʷ: 

ʩʢʦʪʥʳʝ ʜʚʦʨʳ (12 ʰʪ.), ʤʘʩʪʝʨʩʢʠʝ, 

ʦʚʦɦʝʭʨʘʥʠʣʠʱʝ, ʥʘʚʝʩ ʜʣʷ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ, 

ʙʦʡʥʷ, ʛʘʨʘʞʠ, ʤʘʛʘʟʠʥ ʠ ʧʠʣʦʨʘʤʘ. 

ʆʮʝʥʢʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʩʫʱʝʩʪʚʠʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ[29,30], ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʤʳʝ 

ʠʩʪʦʯʥʠʢʘʤʠ ʛʝʥʝʨʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʝʣʠʯʠʥʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʦʙʲʝʢʪʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ3. 

ʊʘʙʣʠʮʘ 3  

ɺʝʣʠʯʠʥʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʙʲʝʢʪʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʩʝʣʴʭʦʟ ʦʙʲʝʢʪʦʚ 

ʕʣ.ʧʨʠʚʦʜ 

ʢɺʪ*ʯ/ʛʦʜ 

ɺʦʜʦʥʘʛʨʝʚ 

ʢɺ*ʯ/ʛʦʜ 

ʆʩʚʝʱʝʥʠʝ 

ʢɺʪ*ʯ/ʛʦʜ 

ʆʙʱʝʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʢɺʪ*ʯ/ʛʦʜ 

ʉʢʦʪʥʳʝ ʜʚʦʨʳ 65850 61280 37960 165090 

ʄʘʩʪʝʨʩʢʠʝ 27631 - 2920 30551 

ʅʘʚʝʩ ʩ-ʭ ʤʘʰʠʥ - - 70 70 

ɹʦʡʥʷ 40 - 400 440 

ʆʚʦʱʝʭʨʘʥʠʣʠʱʝ 59300 - 1400 60700 

ɻʘʨʘʞʠ 150 320 1095 1565 

ʄʘʛʘʟʠʥ 26280 - 13140 65700 

ʇʠʣʦʨʘʤʘ 350 - 80 430 
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ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʚʦʜʦʥʘʛʨʝʚʘ ʠ 

ʦʩʚʝʱʝʥʠʷ. ɺʝʣʠʯʠʥʫ ʧʦʪʨʝʙʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ  ʚʝʣʠʯʠʥʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ cosű.[31,32,33] 

ʇʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʩʣʦʚʥʦ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʢʨʫʧʥʳʝ ï ʩʢʦʪʥʳʡ 

ʜʚʦʨ, ʩʨʝʜʥʠʝ ï ʤʘʩʪʝʨʩʢʠʝ ʠ 

ʦʚʦʱʝʭʨʘʥʠʣʠʱʝ ʠ ʤʝʣʢʠʝ - ʜʦ 1500 

ʢɺʪ*ʯʘʩ/ʛʦʜ.[34,35]/ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ:  

-   ʚʦʜʦʧʦʜʦʛʨʝʚ ʦʩʫʱʝʩʪʚʣʷʝʤ ʦʪ ʩʦʣʥʝʯʥʳʭ 

ʢʦʣʣʝʢʪʦʨʦʚ ʚʘʢʫʫʤʥʦʛʦ ʪʠʧʘ;                    

 -  ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ (ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʠ 

ʦʩʚʝʱʝʥʠʝ) 

ʦʪ ʘʚʪʦʥʦʤʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨʘ 

ʘʚʪʦʥʦʤʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʙʨʘʥʥʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨʘ ʘʚʪʦʥʦʤʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

ʅʘʠʤʝʥʦʚʘ-

ʥʠʝ ʩʝʣʴʭʦʵ 

ʦʙʲʝʢʪʦʚ 

ʄʦʱʥʦʩʪʴ 

ʵʣʝʢʪʨʦʩʪʘʥ-

ʮʠʠ, ʢɺʪ 

ɻʦʜʦʚʘʷ 

ʚʳʨʘʙʦʪʢʘ 

ʵʣʝʢʪʨʦ- 

ʵʥʝʨʛʠʠ, 

ʢɺʪ*ʯʘʩ/ʛʦʜ 

ʂʦʣ-ʚʦ ʠ ʝʤʢʦʩʪʴ 

ʘʢʢʫʤʫʣʷʪʦ- 

ʨʦʚ, 

ʰʪ.* ʘʯ 

ʉʪʦʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦ 

-ʩʪʘʥʮʠʠ, 

ʪʳʩ.*ʨʫʙ. 

ʇʣʦʱʘʜʴ, 

ʟʘʥʠʤʘʝʤʘʷ 

ʬʦʪʦʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ 

ʩʪʘʥʮʠʝʡ, 

ʤ
2
 

ʉʢʦʪʥʳʝ 

ʜʚʦʨʳ 

50 182500 200*200 9600 1700 

ʄʘʩʪʝʨʩʢʠʝ 20 30660 24*200 2800 670 

ʅʘʚʝʩ ʩ-ʭ 

ʤʘʰʠʥ 

1 730 1*200 58 33 

ɹʦʡʥʷ 1 730 1*200 58 33 

ʆʚʦʱʝʭʨʘʥʠʣ

ʠʱʝ 

30 7300 80*200 3840 1000 

ɻʘʨʘʞʠ 3 2960 4*100 129 100 

ʄʘʛʘʟʠʥ 30 7300 80*200 3840 1000 

ʇʠʣʦʨʘʤʘ 1 730 1*200 58 33 

 

ʇʨʦʚʝʜʝʤ ʚʳʙʦʨ ʘʚʪʦʥʦʤʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ [36]. 

 

ὑ˪ ˪ ὪὅȠὅ̄Ƞ̝ Ƞ̠̃̃Ƞ̃ὛȠ̝̙Ƞ 

̄̅ ̆ὑ˪ -˪ ʵʢʦʣʦʛʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ 

ʦʮʝʥʢʠ. 

ὅ  ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʨʫʙ/ʢɺʪ 

ὅ̄  ʩʪʦʠʤʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʨʫʙ/ʢɺʪ*ʯʘʩ 

˔̃  ʚʳʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʢʛ/ʢɺʪ*ʯʘʩ 

˗̃ ̃  ʚʝʣʠʯʠʥʘ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʵʪʠʭ 

ʚʝʱʝʩʪʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

Ὓ-   ʧʣʦʱʘʜʴ ʟʘʥʠʤʘʝʤʘʷ  ʛʝʥʝʨʠʨʫʶʱʝʡ 

ʫʩʪʘʥʦʚʢʦʡ, ʤ
2
; 

˔̙ -   ʰʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ʆʮʝʥʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʚʠʜʥʦ, ʯʪʦ ʥʘ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʚʣʠʷʝʪ 

ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʟʘʥʠʤʘʝʤʘʷ ʧʣʦʱʘʜʴ (ʪʘʙʣ. 4). ʉʪʦʠʤʦʩʪʴ 

ʛʝʥʝʨʘʮʠʠ ʤʘʣʘ ʠ ʩʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʢ 
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ʦʙʩʣʫʞʠʚʘʥʠʶ ʩʪʘʥʮʠʠ- ʫʙʦʨʢʘ ʩʥʝʛʘ, ʤʦʡʢʘ 

ʩʪʝʢʦʣ ʠ ʪ.ʧ. ɺʳʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʇʣʦʱʘʜʠ ʟʘʥʠʤʘʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʠʭ 

ʤʦʱʥʦʩʪʷʤʠ (ʪʘʙʣ. 5)[11]. 

ʊʘʙʣʠʮʘ 5 

ʋʜʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ 1ʢʤ
2
 ʧʣʦʱʘʜʠ 

ʊʠʧ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, 

ʄɺʪ/ʢʤ
2
 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʩʦʣʥʝʯʥʳʝ) 50é100 

ɺʝʪʨʦʚʳʝ ʜʦ 15 

ɻʠʜʨʦʩʪʘʥʮʠʠ ʜʦ 10 

ʕʥʝʨʛʠʷ ʙʠʦʤʘʩʩʳ ʜʦ 5 

ʊʝʧʣʦʚʳʝ ʜʦ 30 

ɸʪʦʤʥʳʝ 60é120 

 

ʀʟ ʪʘʙʣʠʮʳ 5 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ 50-100 ɺʪ ʪʨʝʙʫʝʪʩʷ 1ʤ
2
 

ʧʣʦʱʘʜʝʡ. ʆʜʥʘʢʦ ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 4 , ʚʠʜʠʤ, ʯʪʦ 

ʩ 1ʤ
2
 ʧʣʦʱʘʜʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 30ɺʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʣʠ 280ɺʪ ʪʝʧʣʦʚʦʡ ʩ 

ʫʯʝʪʦʤ ʢ.ʧ.ʜ. ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʠ 

ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. ɼʣʷ ʜʘʥʥʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷ 

ʧʦʪʨʝʙʫʝʪʩʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ 

ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ  ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ɺʳʚʦʜʳ 

1.ʆʮʝʥʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚ 

ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦ ʵʢʦʣʦʛʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ 

ʵʢʦʣʦʛʠʯʥʳʝ, ʥʘʜʝʞʥʳʝ ʠ ʧʨʦʩʪʳ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʢʦʣʦʛʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʦʢʘʟʳʚʘʶʪ 

ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʪʘʥʮʠʠ ʠ ʟʘʥʠʤʘʝʤʘʷ ʝʶ ʧʣʦʱʘʜʴ 

ʟʝʤʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ 

ʫʯʘʩʪʦʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʝʤʣʠ ʥʝ ʠʤʝʶʱʠʡ 

ʩʪʨʦʝʥʠʡ ʠ ʜʝʨʝʚʴʝʚ. ʉʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ 

ʫʯʘʩʪʢʘ ʚʳʩʦʢʘʷ ʠ ʙʫʜʝʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʉʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʙʫʜʝʪ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʪʴʩʷ ʠʟ-ʟʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ ʠ ʜʨʫʛʠʭ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ.  

2.ʈʝʰʝʥʠʝ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʩʦʣʥʝʯʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʜʣʷ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʠʟ ʫʩʣʦʚʠʡ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʢʦʥʢʨʝʪʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ɽʩʣʠ ʚ ʦʩʥʦʚʫ  ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ ʙʫʜʝʪ ʧʦʣʦʞʝʥʘ ʟʘʱʠʪʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ,  ʥʘʜʝʞʥʦʩʪʴ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʦʠʪʴ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʣʝʢʪʨʦʩʪʘʥʮʠʶ. ɺ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ 

ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʥʦʨʤʘʪʠʚʥʳʭ. 
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240 ʤʢʤʦʣʴĿʩ
-1.
ʤ

-2
. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʜʣʠʥʝʥʥʦʛʦ ʬʦʪʦʧʝʨʠʦʜʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʦʙʣʫʯʝʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʭʣʦʨʦʟʘ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ. ʇʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʜʦʟʳ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʚʟʘʠʤʦʟʘʤʝʩʪʠʤʦʩʪʠ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʝʛʨʘʜʘʮʠʷ  ʭʣʦʨʦʬʠʣʣʘ  ʷʚʣʷʝʪʩʷ  ʨʝʘʢʮʠʝʡ  ʥʘ  ʜʣʠʪʝʣʴʥʳʡ  ʬʦʪʦʧʝʨʠʦʜ,  ʘ  ʥʝ  

ʥʘ ʜʦʟʫ. ʇʨʠ ʫʜʣʠʥʝʥʠʠ ʬʦʪʦʧʝʨʠʦʜʘ ʜʦ 22 ʯ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʣʦʱʘʜʠ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫ ʨʘʩʪʝʥʠʡ. ʅʘʣʠʯʠʝ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʦ ʧʣʦʱʘʜʴ 

ʣʠʩʪʴʝʚ. ʉʭʦʞʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ ʩʳʨʦʡ ʤʘʩʩʳ ʣʠʩʪʴʝʚ. ɺʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ ʧʘʜʘʣʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʣʫʯʝʥʥʦʩʪʠ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʩʧʝʢʪʨʘ ʠ ʚʝʣʠʯʠʥʳ 

ʬʦʪʦʧʝʨʠʦʜʘ. ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʜʦʙʘʚʢʝ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ 10%, 

ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ ʠ ʬʦʪʦʧʝʨʠʦʜʝ 16 ʯ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʥʦʩʪʠ, 

ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʠ ʫʜʣʠʥʝʥʠʝ ʬʦʪʦʧʝʨʠʦʜʘ ʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʣʠʯʠʥʳ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ. 
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EFFECT  OF  EXTENDED PHOTOPERIOD ON EFFICIENCY OF LIGHT USE BY TOMATO 

PLANTS (LYCOPERSICUM ESCULENTUM MILL) DURING THE PROPAGATING STAGE 
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The effect of an extended photoperiod on the efficiency of the radiation flux  used by the tomato plants 

(Lycopersicum Esculentum Mill.) in the propagating stage was studied. The problems of plant growth and 

development dynamics and the relationship between the plant biometric parameters and the irradiation with 

two different light spectra (fluorescent lamps only and fluorescent lamps with additional 10% blue radiation) 

were considered. Two consecutive series of experiments were conducted, with the photoperiod being of 16 

and 22 hours. Photon irradiation at the top of the plants was maintained at 100, 170 and 240 ɛmol . s
-1
.m

-2
. It 

was found that the use of an extended photoperiod in combination with the high levels of irradiation resulted 

in the development of plant leaf chlorosis. When varying the components of irradiation dose, the deviation 

from the photographic reciprocity law was recorded. Analysis showed that chlorophyll degradation was a 

reaction to the extended photoperiod rather than to the irradiation dose. When the photoperiod was extended 

to 22 h, a significant decrease in the leaf surface area was observed in the plants. The presence of blue 

radiation further reduced the leaf area. A similar pattern was observed for the wet mass of leaves. The 

specific leaf area decreased with the increasing irradiation for both types of spectrum and for the photoperiod 

values. The smallest values of energy intensity were observed under additional 10% blue radiation, the 

average irradiation level and the photoperiod of 16 h. Deviation from the average irradiation level, the lower 

share of blue radiation in the spectrum, and the longer photoperiod resulted in the increase in the energy 

intensity. 
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ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʝʡʰʝʡ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʥʝ 

ʠʤʝʶʱʝʡ ʥʘʮʠʦʥʘʣʴʥʳʭ ʛʨʘʥʠʮ, ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʧʨʦʜʫʢʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʛʦ ʙʘʣʘʥʩʘ 

ʥʝʦʙʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʨʦʜʫʢʮʠʠ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʘʛʨʦʵʢʦʩʠʩʪʝʤ. 

ʆʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʷ (ʆʀ) ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ. ʇʝʨʚʳʝ ʫʩʧʝʰʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʪʦʣʴʢʦ 

ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʥʘʯʘʣʫ XX ʚ. [1]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʆʀ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʪʝʥʠʡ 

ʙʳʣʦ ʥʘʟʚʘʥʦ "ʩʚʝʪʦʢʫʣʴʪʫʨʦʡ" [2].  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʚʦʧʨʦʩʦʚ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʣʦʞʠʪʴ ʧʦʥʷʪʠʝ çʵʥʝʨʛʦʵʢʦʣʦʛʠʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳè ʢʘʢ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʠʟʫʯʘʶʱʝʛʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ [3]. ɺ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʡ, ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ  ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ 

ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ [4, 5, 6]. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ 

ʧʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʳʨʴʠʨʦʚʘʥʠʶ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʢʪʠʢʦʡ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʟʥʘʯʝʥʠʡ.  

ɺʦʧʨʦʩʘʤ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʧʦʜ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʩ ʨʘʟʣʠʯʥʳʤ 

ʬʦʪʦʧʝʨʠʦʜʦʤ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [7]. ʊʘʢ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʜʣʠʥʝʥʥʦʛʦ ʬʦʪʦʧʝʨʠʦʜʘ (ʚʧʣʦʪʴ ʜʦ 

ʨʝʞʠʤʘ ʥʝʧʨʝʨʳʚʥʦ ʦʩʚʝʱʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 24 

ʯ) ʚ ʮʝʣʷʭ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʨʘʩʪʝʥʠʡ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ ʚ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ [8]. ʀʩʪʦʯʥʠʢʘʤʠ ʵʢʦʥʦʤʠʠ 

ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʪʨʝʙʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʧʨʠ ʧʨʦʜʣʝʥʠʠ ʠʭ ʩʨʦʢʘ ʩʣʫʞʙʳ 

(ʠʩʢʣʶʯʝʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ ʚ 

ʤʦʤʝʥʪʳ ʠʭ ʚʢʣʶʯʝʥʠʷ-ʚʳʢʣʶʯʝʥʠʷ) [9]. 

ʈʝʘʢʮʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʬʦʪʦʧʝʨʠʦʜʘ ʨʘʟʣʠʯʥʘ. ɼʣʷ 

ʪʦʤʘʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʢʦʨʝʥʠʝ ʨʘʟʚʠʪʠʷ ʥʘ 

ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʤʝʜʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ [10]. ʂʨʫʛʣʦʩʫʪʦʯʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʨʘʩʩʘʜʳ 

ʪʦʤʘʪʦʚ [11].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ 

ʥʝʛʘʪʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ 

ʬʦʪʦʧʦʚʨʝʞʜʝʥʠʷ ʣʠʩʪʴʝʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ  

ʢʨʫʛʣʦʩʫʪʦʯʥʳʤ  ʦʩʚʝʱʝʥʠʝʤ  ʨʘʩʪʝʥʠʡ, 

ʥʘʟʳʚʘʶʪ: ʛʠʧʝʨʘʢʢʫʤʫʣʷʮʠʷ ʢʨʘʭʤʘʣʘ, 

ʧʦʩʪʦʷʥʥʦʝ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʩʠʛʥʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʦʪʦʨʝʮʝʧʪʦʨʳ, 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ  ʚʥʫʪʨʝʥʥʠʭ  

(ʮʠʨʢʘʜʥʳʭ)  ʙʠʦʨʠʪʤʦʚ  ʠ  ʚʥʝʰʥʠʤ  

ʮʠʢʣʦʤ  ʩʚʝʪ/ʪʝʤʥʦʪʘ  (ʮʠʨʢʘʜʥʘʷ 

ʘʩʠʥʭʨʦʥʠʷ), ʩʫʧʨʝʩʩʠʨʦʚʘʥʥʘʷ 

ʩʚʝʪʦʟʘʚʠʩʠʤʘʷ ʭʣʦʨʦʬʠʣʣʜʝʬʝʢʪʥʦʩʪʴ [12].  



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʎʝʣʴ ʨʘʙʦʪʳ  - ʠʟʫʯʝʥʠʝ  ʚʣʠʷʥʠʷ  

ʫʜʣʠʥʝʥʥʦʛʦ ʬʦʪʦʧʝʨʠʦʜʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ 

ʪʦʤʘʪʘ ʚ ʨʘʩʩʘʜʥʳʡ ʧʝʨʠʦʜ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʴʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ 

ʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ (Lycopersicum Esculentum 

Mill.)  ʩʦʨʪʘ ɹʣʘʛʦʚʝʩʪ F1, ʢʦʪʦʨʳʝ ʚʳʩʝʚʘʣʠ ʚ 

ʨʘʩʩʘʜʥʳʡ ʣʦʪʦʢ, ʟʘʧʦʣʥʝʥʥʳʡ ʩʤʝʩʴʶ 

ʘʛʨʦʪʦʨʬʘ ʠ ʩʫʙʩʪʨʘʪʘ çɾʠʚʘʷ ʟʝʤʣʷè ʚ 

ʧʨʦʧʦʨʮʠʠ 1:2. ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʛʦ 

ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ ʩʝʷʥʮʳ ʧʠʢʠʨʦʚʘʣʠ ʚ 

ʢʦʥʪʝʡʥʝʨʳ ʦʙʴʝʤʦʤ 1 ʣ ʠ ʟʘʪʝʤ ʚʳʩʪʘʚʣʷʣʠ 

ʚ ʧʦʤʝʱʝʥʠʝ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʢʣʠʤʘʪʦʤ, ʛʜʝ 

ʚʳʨʘʱʠʚʘʣʠ ʜʦ ʚʦʟʨʘʩʪʘ 39 ʩʫʪʦʢ (ʦʪ 

ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ). ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʧʦʜʜʝʨʞʠʚʘʣʠ 

ʥʘ ʫʨʦʚʥʝ 21Ñ1,0 
ʦ
ʉ, ʚʣʘʞʥʦʩʪʴ ï 65-70%. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷʣʘ   0,2-0,3 

ʤ
.
ʩ

-1
. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʜʚʫʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ 

OSRAM L58W/840 LUMILUX  Cool White ʠ 

OSRAM L58W/77 FLUORA, ʨʘʟʤʝʱʝʥʥʳʝ 

ʧʦʦʯʝʨʝʜʥʦ ʚ ʦʙʱʝʤ ʦʙʣʫʯʘʪʝʣʝ. ʆʜʥʘ 

ʫʩʪʘʥʦʚʢʘ ʦʪʣʠʯʘʣʘʩʴ ʥʘʣʠʯʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ, ʠʟʣʫʯʘʶʱʠʭ 

ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 440 ʥʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʌɸʈ 

ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ ʥʘ 10% 

(ʉʧʝʢʪʨ I). ɺ ʜʨʫʛʦʡ ʫʩʪʘʥʦʚʢʝ (ʉʧʝʢʪʨ II) 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʣʘʤʧʳ  [13]. 

ʕʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚʝʱʝʩʪʚʘ, 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ, ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʆʀ.  ʄʦʜʝʣʴ 

ʜʣʷ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʦʢ, ʥʘ ʚʭʦʜʳ 

ʢʦʪʦʨʦʛʦ ʧʦʜʘʶʪʩʷ ʧʦʪʦʢʠ ʚʝʱʝʩʪʚʘ ʚʭM   ʠ 

ʵʥʝʨʛʠʠ, ʟʘʜʘʚʘʝʤʦʡ ʜʦʟʦʡ H. ʅʘ ʚʳʭʦʜʝ 

ʙʣʦʢʘ ʬʠʢʩʠʨʫʶʪ ʧʦʪʦʢʠ ʧʦʣʝʟʥʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʧʨʦʜʫʢʮʠʠ)  ʚʳʭM , ʘ ʪʘʢ ʞʝ ʧʦʪʝʨʴ 

ʚʝʱʝʩʪʚʘ MD  ʠ ʵʥʝʨʛʠʠ HD . ʏʠʩʣʝʥʥʦ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʜʦʟʦʡ ʠʟʣʫʯʝʥʠʷ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʩʠʥʪʝʟ ʝʜʠʥʠʮʳ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʨʘʩʪʝʥʠʷ, ʪ.ʝ. ʚʝʣʠʯʠʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʚʳʭM

H
=e .                               (1) 

ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʦʪʦʢʠ ʩʫʙʩʪʘʥʮʠʠ 

ʚ ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʦʪ 

ʚʨʝʤʝʥʠ t  ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʠʦʜʘ ʦʙʣʫʯʝʥʠʷ T  

ʠ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ: 

ʬʦʪʦʧʝʨʠʦʜʘ ʌʇ, ʩʧʝʢʪʨʘ Sp, ʬʦʪʦʥʥʦʡ 

ʦʙʣʫʯʝʥʥʦʩʪʠ E .  

ʉʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʩʦʧʨʷʞʝʥʦ ʩ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʧʦʪʦʢʦʚ ʩʫʙʩʪʘʥʮʠʠ 

H  ʠ ʚʭM , ʘ ʟʥʘʯʠʪ, ʫʤʝʥʴʰʝʥʠʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ HD  ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ MD  

ʧʦʪʝʨʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ e ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʥʝʨʛʦ-

ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ 

ʟʥʘʯʝʥʠʷ ʌʇ ʥʘ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʴ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ.  

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʜʣʷ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

 

ʈʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʌʇ ʧʦ ʨʘʟʥʦʤʫ 

ʚʣʠʷʶʪ  ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ 

ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʷ ),,,(0 tESpʌʇS , 

ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʧʦʪʦʢ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʭʦʜ ʢʨʠʚʦʡ  ),,,( tESpʌʇfH = . 
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ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʝʥʠʠ ʧʨʠ 

ʢʘʞʜʦʤ  ʩʦʯʝʪʘʥʠʠ ʬʘʢʪʦʨʦʚ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ 

ʦʧʨʝʜʝʣʷʶʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ  ),,,( tESpʌʇfMʚʳʭ= . ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

dttESpʌʇM

dttESpʌʇSE

M

H
T

ʚʳʭ

T

ʚʳʭ

ñ

ñ

ä
ä

==

0

0

0

),,,(

),,,(

e .           (2) 

ʇʨʠ ʦʮʝʥʦʯʥʦʤ ʨʘʩʯʝʪʝ ʜʦʧʫʩʪʠʤʘ 

ʣʠʥʝʘʨʠʟʘʮʠʷ ʤʘʪʠʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʚʭʦʜʷʱʠʭ ʚ ʚʳʨʘʞʝʥʠʝ (2) ʢʨʠʚʳʭ, ʯʪʦ ʜʘʝʪ 

ʬʦʨʤʫʣʫ, ʦʧʠʨʘʶʱʫʶʩʷ ʥʘ ʢʦʥʝʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ 0S , ʠʭ ʩʳʨʦʡ 

ʤʘʩʩʳ ʣM  ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʣn  

100

3600 0

ʣʣM

SʌʇTE

n
e

Ö

ÖÖÖÖ
= .                                (3) 

ʆʪʜʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʭ ʚ 

ʬʦʨʤʫʣʫ (3), ʤʦʛʫʪ ʙʳʪʴ ʩʛʨʫʧʧʠʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ɺʳʨʘʞʝʥʠʝ ʌʇEDLI ÖÖ=3600 , ʤʦʣʴ
.
ʤ

-

2.
ʩʫʪ

-1
, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʝʨʛʠʶ, 

ʛʝʥʝʨʠʨʫʝʤʫʶ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ ʚ ʩʫʪʢʠ 

(day light integral). ɺʳʨʘʞʝʥʠʝ TDLIH Ö= , 

ʤʦʣʴ
.
ʤ

-2
, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʝʨʛʠʶ, 

ʛʝʥʝʨʠʨʫʝʤʫʶ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ ʟʘ ʚʝʩʴ 

ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ. ɺʳʨʘʞʝʥʠʝ 

1000 ʣʣMSSLA nÖ= , ʤ
2.
ʛ

-1
, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ (specific 

leaf area). 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʢʘʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʢʘʢ 

SLAHÖ=e .                                                    (4) 

ʇʨʦʚʦʜʠʣʠ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ  ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩ ʨʘʟʣʠʯʥʳʤ ʬʦʪʦʧʝʨʠʦʜʦʤ, 

16 ʠ 22 ʯʘʩʘ. ʌʦʪʦʥʥʫʶ ʦʙʣʫʯʝʥʥʦʩʪʴ 

ʚʝʨʭʫʰʝʢ ʨʘʩʪʝʥʠʡ ʧʦʜʜʝʨʞʠʚʘʣʠ ʥʘ ʥʠʟʢʦʤ, 

ʩʨʝʜʥʝʤ ʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʷʭ (100, 170 ʠ 240  

ʤʢʤʦʣʴĿʩ
-1.
ʤ

-2
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʦʠʟʚʦʜʠʣʠ 

ʨʝʛʫʣʷʨʥʳʡ ʧʦʣʠʚ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʜʢʦʨʤʢʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʦʮʝʥʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʭʣʦʨʦʬʠʣʣʤʝʪʨʘ CCM-200 (Opti-

Science, USA) ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʠʩʪʴʷʭ 

ʦʧʨʝʜʝʣʷʣʠ ʚʳʩʫʰʠʚʘʥʠʝʤ ʜʦ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʩʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 
ʦ
ʉ. 

 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ (p<0.05) ʚ ʧʘʢʝʪʘʭ ʧʨʦʛʨʘʤʤ 

Excel 2003 ʠ Statistica 6.0.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʜʣʠʥʝʥʥʳʡ 

ʬʦʪʦʧʝʨʠʦʜ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʦʩʪʘ ʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ 

ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʚʝʪʦʢʫʣʴʪʫʨʝ, ʫ 

ʪʦʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪʤʝʯʝʥʦ ʧʦʷʚʣʝʥʠʝ 

ʭʣʦʨʦʟʘ ʠ ʥʝʢʨʦʟʘ ʣʠʩʪʴʝʚ [14]. ɺ ʥʘʰʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ ʫʜʣʠʥʝʥʥʦʤ ʬʦʪʦʧʝʨʠʦʜʝ 

ʫʞʝ ʥʘ ʰʝʩʪʦʡ ʜʝʥʴ ʧʦʩʣʝ ʚʳʩʪʘʚʣʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʧʨʠ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʠʷ ʠ 

ʦʙʦʠʭ ʪʠʧʘʭ ʩʧʝʢʪʨʘ ʥʘʙʣʶʜʘʣʘʩʴ 

ʧʝʩʪʨʦʣʠʩʪʥʦʩʪʴ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʃʠʩʪʴʷ ʪʦʤʘʪʘ ʥʘ ʰʝʩʪʦʡ ʜʝʥʴ ʧʦʩʣʝ 

ʨʘʩʩʪʘʥʦʚʢʠ 

 

ʍʦʪʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʧʦʚʨʝʞʜʝʥʠʝ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ [15], ʚ 

ʫʩʣʦʚʠʷʭ ʥʘʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʟʣʠʯʠʷ 

ʣʠʩʪʴʝʚ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʜʣʷ ʨʘʟʥʳʭ 

ʩʧʝʢʪʨʦʚ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ.  
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ʈʠʩ. 3. ʂʨʦʥʳ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ, ʚʳʨʘʱʝʥʥʳʭ ʩ 

ʌʇ=16 ʯ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʥʦʩʪʠ 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4 

ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʢʨʦʥʳ ʩʨʝʜʥʠʭ 

ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʟ 

ʫʢʘʟʘʥʠʡ ʩʧʝʢʪʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʠ 

ʚʳʨʘʱʠʚʘʣʠʩʴ. ʅʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7 ʧʦʢʘʟʘʥʘ 

ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʩʧʝʢʪʨʝ, ʬʦʪʦʧʝʨʠʦʜʝ ʠ ʦʙʣʫʯʝʥʥʦʩʪʠ.  

 

 
ʈʠʩ. 4. ʂʨʦʥʳ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ, ʚʳʨʘʱʝʥʥʳʭ ʩ 

ʌʇ=22 ʯ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʥʦʩʪʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ 

ʣʠʩʪʴʝʚ ʪʦʤʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʬʦʪʦʧʝʨʠʦʜʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʬʦʪʦʧʝʨʠʦʜʘ ʦʙʣʫʯʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʦʚ ʠ 

ʨʘʟʚʠʪʠʶ ʩʠʣʴʥʦʛʦ ʤʝʞʞʠʣʢʦʚʦʛʦ ʭʣʦʨʦʟʘ ʚ 

ʣʠʩʪʴʷʭ.  

 

 
ʈʠʩ. 5. ʃʠʩʪʴʷ ʪʦʤʘʪʘ ʧʨʠ 

ʬʦʪʦʧʝʨʠʦʜʝ 16 ʯ (ʩʣʝʚʘ) ʠ 22 ʯ (ʩʧʨʘʚʘ) 

 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʝʢʪʨʘ, ʧʨʠ ʌʇ=16 ʯ ʨʘʩʪʝʥʠʷ, 

ʚʳʨʘʱʠʚʘʝʤʳʝ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʦʙʣʫʯʝʥʥʦʩʪʠ, ʦʧʝʨʝʞʘʣʠ ʨʘʩʪʝʥʠʷ ʩ 

ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʦʙʣʫʯʝʥʥʦʩʪʠ. ʇʨʠ 

ʫʜʣʠʥʝʥʥʦʤ ʬʦʪʦʧʝʨʠʦʜʝ ʥʘʙʣʶʜʘʣʘʩʴ 

ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ, ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʚʳʪʷʛʠʚʘʣʠʩʴ ʨʘʩʪʝʥʠʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ.  

ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʚʣʠʷʥʠʝ ʥʘʣʠʯʠʷ ʩʠʥʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ ʧʨʦʷʚʣʷʣʦʩʴ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʠ ʌʇ=16 ʯ. 

  
ʈʠʩ. 6. ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʨʠ ʉʧʝʢʪʨʝ I ʠ 

ʬʦʪʦʧʝʨʠʦʜʘʭ 16 ʯ (ʩʣʝʚʘ) ʠ 22 ʯ (ʩʧʨʘʚʘ) 

I

0

100

200

300

400

15 20 25 30 35 40
ɼʇʇɺ

ɺ
ʳ
ʩ
ʦ
ʪ
ʘ
,
 
ʤ
ʤ

100

170

240

I

0,0

100,0

200,0

300,0

400,0

15 20 25 30 35 40
ɼʇʇɺ

ɺ
ʳ
ʩ
ʦ
ʪ
ʘ
,
 
ʤ
ʤ

100

170

240



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19 ɺʳʧ. 3(100) 

26 

 

  
ʈʠʩ. 7. ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʧʨʠ ʉʧʝʢʪʨʝ II 

ʠ ʬʦʪʦʧʝʨʠʦʜʘʭ 16 ʯ (ʩʣʝʚʘ) ʠ 22 ʯ (ʩʧʨʘʚʘ) 

 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ 

ʪʦʤʘʪʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʧʝʢʪʨʝ, ʬʦʪʦʧʝʨʠʦʜʝ 

ʠ ʚʝʣʠʯʠʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ ʚ ʢʦʥʮʝ ʩʝʨʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʘʙʣʠʮʘ 

ʇʦʢʘʟʘʪʝʣʠ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ 

ʇʦʢʘʟʘʪʝʣʴ 
ʊʠʧ 

ʩʧʝʢʪʨʘ 
ʌʇ, ʯ 

ʆʙʣʫʯʝʥʥʦʩʪʴ, ʤʢʤʦʣʴĿʩ
-1.
ʤ

-2
 

100 170 240 

1. ʉʫʪʦʯʥʳʡ ʠʥʪʝʛʨʘʣ ʨʘʜʠʘʮʠʠ 

DLI , ʤʦʣʴĿʤ
-2Ŀ
ʩʫʪ

-1
 

I, II  
16 5,8 9,8 13,8 

22 7,9 13,5 19,0 

2. ʕʥʝʨʛʠʷ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʚʳʨʘʱʠʚʘʥʠʷ H, ʤʦʣʴĿʤ
-2
 

I, II  
16 224,6 381,9 539,1 

22 308,9 525,1 741,3 

3. ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʭʣʦʨʦʬʠʣʣʘ, 

CCI, ʦʪʥ.ʝʜ. 

I 
16 22,3 43,4 48,0 

22 3,9 4,9 5,0 

II  
16 24,3 43,7 56,8 

22 4,1 4,6 4,9 

4. ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ  

ʧʦʚʝʨʭʥʦʩʪʠ 0S , ʩʤ2
 

I 
16 926 1018 993 

22 121 184 199 

II  
16 981 1123 1029 

22 164 221 229 

5. ʉʳʨʘʷ ʤʘʩʩʘ ʣʠʩʪʴʝʚ ʣM , 

ʛ
.
ʨʘʩʪʝʥʠʝ

-1
 

I 
16 29,85 45,83 48,18 

22 3,97 8,34 10,76 

II  
16 29,77 46,7 47,77 

22 4,78 9,21 11,13 

6. ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʣʠʩʪʴʷʭ ʣn , % 

I 
16 9,5 11,9 12,6 

22 11,2 12,5 14,1 

II  
16 9,6 11,9 13,8 

22 11 11,5 12,4 

7. ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ  

SLA, ʤ
2.
ʛ

-1
 

I 
16 0,0327 0,0187 0,0164 

22 0,0272 0,0176 0,0131 

II  
16 0,0343 0,0202 0,0156 

22 0,0312 0,0209 0,0166 
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ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 

8. ʕʥʝʨʛʦʝʤʢʦʩʪʴ e, ʤʦʣʴ.
ʛ

-1
 

I 
16 7,34 7,13 8,82 

22 8,41 9,27 9,72 

II  
16 7,71 7,72 8,42 

22 9,63 10,96 12,30 

ʂʦʤʤʝʥʪʘʨʠʠ ʢ ʪʘʙʣʠʮʝ. 

1. ɺʝʣʠʯʠʥʘ ʩʫʪʦʯʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

ʨʘʜʠʘʮʠʠ DLI  ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ 

ʥʘ ʨʘʩʪʝʥʠʷ. ʆʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʩʧʝʢʪʨʘ 

ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʠ ʬʦʪʦʧʝʨʠʦʜʘ. ɽʝ ʟʥʘʯʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤʠ 

(ʨʘʟʣʠʯʠʷ 2,2%)  ʧʨʠ ʩʦʯʝʪʘʥʠʷʭ 

ʦʙʣʫʯʝʥʥʦʩʪʠ 240 ʤʢʤʦʣʴĿʩ
-1.
ʤ

-2
 ʠ 

ʬʦʪʦʧʝʨʠʦʜʘ 22 ʯ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʞʠʤʦʤ ʩ 

ʦʙʣʫʯʝʥʥʦʩʪʴʶ 170 ʤʢʤʦʣʴĿʩ
-1.
ʤ

-2
 ʠ 

ʬʦʪʦʧʝʨʠʦʜʦʤ 16 ʯ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 13,8 ʠ 

13,5 ʤʦʣʴĿʤ
-2Ŀ
ʩʫʪ

-1
, ʚʳʜʝʣʝʥʦ ʞʠʨʥʳʤ 

ʰʨʠʬʪʦʤ ʚ ʪʘʙʣʠʮʝ). ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ 

ʦʞʠʜʘʪʴ ʩʦʙʣʶʜʝʥʠʷ ʟʘʢʦʥʘ 

ʚʟʘʠʤʦʟʘʤʝʩʪʠʤʦʩʪʠ (reciprocity law), ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʧʨʠ ʜʘʥʥʳʭ 

ʨʝʞʠʤʘʭ ʦʙʣʫʯʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʥʳʡ 

(ʠʣʠ ʙʣʠʟʢʠʡ) ʦʪʢʣʠʢ ʨʘʩʪʝʥʠʡ. ʆʜʥʘʢʦ, ʢʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʜʘʣʴʥʝʡʰʝʡ ʯʘʩʪʠ 

ʪʘʙʣʠʮʳ, ʧʨʠ ʪʘʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʬʦʪʦʧʝʨʠʦʜʘ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. 

2. ʀʟʣʦʞʝʥʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʧʦ ʧʝʨʚʦʤʫ 

ʧʫʥʢʪʫ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʣʦʞʠʤʳ ʢ 

ʩʣʝʜʫʶʱʝʤʫ ʧʘʨʘʤʝʪʨʫ ï ʵʥʝʨʛʠʠ ʟʘ ʚʝʩʴ 

ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ H. ʏʠʩʣʝʥʥʦ ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʡ ʬʦʪʦʥʦʚ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ ʠʧʘʜʘʶʱʠʭ ʥʘ ʝʜʠʥʠʮʫ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʷ). 

ʉ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʝʟʥʦ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʵʪʘ ʯʘʩʪʴ, 

ʦʩʪʘʣʴʥʦʡ ʧʦʪʦʢ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʧʦʪʝʨʷʤ. 

3. ʋʤʝʥʴʰʝʥʠʝ  ʩʦʜʝʨʞʘʥʠʷ  ʚ ʣʠʩʪʴʷʭ 

ʭʣʦʨʦʬʠʣʣʘ (ʠʟʤʝʨʷʝʤʦʛʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʝʜʠʥʠʮʘʭ CCI), ʥʘʙʣʶʜʘʶʱʝʝʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʬʦʪʦʧʝʨʠʦʜʘ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʠʟʙʳʪʦʯʥʫʶ 

ʵʥʝʨʛʠʶ ʠʟʣʫʯʝʥʠʷ.   

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʧʨʠ ʌʇ=16 ʯ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʣʫʯʝʥʥʦʩʪʠ, 

ʧʨʠ ʵʪʦʤ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʚʝʣʠʯʠʥʳ CCI  ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʣʫʯʝʥʥʦʩʪʠ ʩʥʠʞʘʶʪʩʷ 

ʧʦʜ ʠʟʣʫʯʝʥʠʝʤ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʩʠʥʝʛʦ 

ʧʦʪʦʢʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʜʣʷ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʪʦʤʘʪʘ 

ʟʥʘʯʝʥʠʷ ʩʫʪʦʯʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʩʦʩʪʘʚʣʷʶʪ 

20-30 ʤʦʣʴĿʤ
-2Ŀ
ʩʫʪ

-1
 [16]. ɺ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ 

ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʚʘʨʠʘʥʪʘʭ ʌʇ=22 ʯ ʧʨʠ 

ʦʙʣʫʯʝʥʥʦʩʪʷʭ 100 ʠ 170 ʤʢʤʦʣʴĿʩ
-1.
ʤ

-2
 ( DLI

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥ 7,9 ʠ 13,5 ʤʦʣʴĿʤ
-2Ŀ
ʩʫʪ

-

1
) ʙʳʣʠ ʜʘʞʝ ʥʠʞʝ, ʯʝʤ ʚ ʚʘʨʠʘʥʪʝ ʌʇ=16 ʯ 

ʧʨʠ ʦʙʣʫʯʝʥʥʦʩʪʠ 240 ʤʢʤʦʣʴĿʩ
-1.
ʤ

-2
 ( DLI  

13,8 ʤʦʣʴĿʤ
-2Ŀ
ʩʫʪ

-1
), ʧʨʠ ʢʦʪʦʨʦʤ ʭʣʦʨʦʟ ʥʝ 

ʥʘʙʣʶʜʘʣʩʷ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʝʛʨʘʜʘʮʠʷ  ʭʣʦʨʦʬʠʣʣʘ  

ʚ  ʜʘʥʥʦʤ  ʩʣʫʯʘʝ  ʷʚʣʷʝʪʩʷ  ʨʝʘʢʮʠʝʡ  ʥʘ  

ʜʣʠʪʝʣʴʥʳʡ  ʬʦʪʦʧʝʨʠʦʜ,  ʘ  ʥʝ  ʥʘ DLI . 

4. ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (leaf 

area, LA) ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʭʚʘʯʠʚʘʝʤʦʛʦ ʧʦʪʦʢʘ, ʠʟʣʫʯʘʝʤʦʛʦ 

ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʚʘʞʥʳʤ, ʯʝʤ  ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʣʦʨʦʬʠʣʣʘ [17]. ʇʨʠʯʝʤ ʧʨʠ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʰʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ  [18].  ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʦʪʤʝʯʘʣʠ   ʩʫʱʝʩʪʚʝʥʥʦʝ (ʚ 

ʨʘʟʳ) ʩʥʠʞʝʥʠʝ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʧʨʠ 

ʫʜʣʠʥʝʥʥʦʤ ʬʦʪʦʧʝʨʠʦʜʝ. ʅʘʣʠʯʠʝ ʩʠʥʝʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʉʧʝʢʪʨ I) ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʥʠʞʘʣʦ ʚʝʣʠʯʠʥʫ ʧʣʦʱʘʜʠ.  
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5. ʉʭʦʞʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ 

ʜʣʷ ʩʳʨʦʡ ʤʘʩʩʳ ʣʠʩʪʴʝʚ (leaf wet mass, 

LWM). ʉʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʫʜʣʠʥʝʥʠʝ 

ʬʦʪʦʧʝʨʠʦʜʘ ʩʢʘʟʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʥʘʢʦʧʣʝʥʠʠ ʦʙʱʝʡ ʙʠʦʤʘʩʩʳ, ʥʦ ʠ ʥʘ ʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʦʨʛʘʥʘʤ ʨʘʩʪʝʥʠʡ. ʋ 

ʪʦʤʘʪʘ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʚ ʣʠʩʪʴʷʭ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʟʘ [19]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʳʭʦʜ 

ʩʳʨʦʡ ʤʘʩʩʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʩʧʝʢʪʨʘ. ɺ 

ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥʘʭ ʧʨʠ ʫʜʣʠʥʝʥʠʠ 

ʬʦʪʦʧʝʨʠʦʜʘ ʚʳʭʦʜ ʩʳʨʦʡ ʤʘʩʩʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. 

6. ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʣʠʩʪʴʷʭ (leaf dry-matter content, LDMC). 

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ, ʚʭʦʜʷʱʝʝ ʚ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʆʩʪʘʣʴʥʘʷ 

ʯʘʩʪʴ ï ʚʦʜʘ, ʷʚʣʷʶʱʘʷʩʷ ʢʘʢ ʥʘʧʦʣʥʠʪʝʣʝʤ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ, ʥʦ ʠ ʥʝʦʪʜʝʣʠʤʦʡ 

ʯʘʩʪʴʶ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʆʚʦʜʥʝʥʥʦʩʪʴ ʢʣʝʪʦʢ 

ʪʢʘʥʝʡ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ (relative growth rate, RGR) ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ 

ʣʠʩʪʴʝʚ.  

ʃʠʩʪʴʷ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ 

ʬʠʟʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ. ʇʦ ʠʤʝʶʱʠʤʩʷ 

ʜʘʥʥʳʤ, ʫʚʝʣʠʯʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʩʫʭʦʡ 

ʤʘʩʩʳ ʨʘʩʪʝʥʠʡ ʧʨʠ ʫʜʣʠʥʝʥʠʠ ʬʦʪʦʧʝʨʠʦʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʣʠʙʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʣʦʱʘʜʠ ʨʘʩʪʝʥʠʷ, ʣʠʙʦ 

ʩ ʫʩʠʣʝʥʠʝʤ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʭʣʦʨʦʬʠʣʣʘ [20]. ʅʦ ʤʘʢʩʠʤʫʤ ʩʦʜʝʨʞʘʥʠʷ 

ʭʣʦʨʦʬʠʣʣʘ ʥʝ ʚʩʝʛʜʘ ʢʦʨʨʝʣʠʨʦʚʘʥ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʦʣʫʯʘʝʤʦʡ ʙʠʦʤʘʩʩʳ [21].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʥʝʨʛʠʠ ʚ ʦʙʣʘʩʪʠ ʌɸʈ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ 

ʜʣʠʥ ʚʦʣʥ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʤʫ ʥʘʢʦʧʣʝʥʠʶ 

ʩʫʭʦʡ ʤʘʩʩʳ [22]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʥʦʡ ʜʦʣʝ ʩʠʥʝʛʦ ʚ ʩʧʝʢʪʨʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʣʫʯʝʥʥʦʩʪʠ, ʧʨʠʯʝʤ ʥʘ ʫʜʣʠʥʝʥʥʦʤ 

ʬʦʪʦʧʝʨʠʦʜʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚʳʰʝ ʧʨʠ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʥʦʩʪʠ. ʇʨʠ 

ʉʧʝʢʪʨʝ II ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ 

ʫʜʣʠʥʝʥʥʦʛʦ ʬʦʪʦʧʝʨʠʦʜʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʉʧʝʢʪʨʝ I ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʫʨʦʚʥʷʭ 

ʦʙʣʫʯʝʥʥʦʩʪʠ. 

7. ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ SLA 

ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʆʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ʵʪʦʤʫ 

ʧʨʠʟʥʘʢʫ - ʦʪʥʦʰʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʣʠʩʪʘ ʢ 

ʝʛʦ ʧʣʦʱʘʜʠ (leaf mass per area, LMA) ʠʣʠ 

(specific leaf weight, SLW). ɼʘʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʶʪ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʚʘʞʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʣʠʩʪʘ ï ʝʛʦ ʧʣʦʪʥʦʩʪʴʶ rʠ 

ʪʦʣʱʠʥʦʡ (leaf thickness, Lth): LDMC = 1 / (ɟ 

Ĭ SLAĬ Lth).  

ʊʦʣʱʠʥʘ ʣʠʩʪʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʣʠʩʪʴʝʚ ʠ ʚʩʝʛʦ ʨʘʩʪʝʥʠʷ 

ʠ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʘʪʝʛʠʝʡ ʧʦʣʫʯʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ʆʪ ʪʦʣʱʠʥʳ ʣʠʩʪʘ 

ʟʘʚʠʩʠʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʘʝʤʦʛʦ ʠʤ ʩʚʝʪʘ, 

ʘ ʪʘʢ ʞʝ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʫʪʴ ʫʛʣʝʢʠʩʣʦʪʳ. 

ʀʤʝʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʪʦʣʱʠʥʦʡ ʣʠʩʪʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ʇʦʵʪʦʤʫ 

ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʙʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ʇʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʦ ʧʨʠʯʠʥʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʩʪʘ (ʥʘʣʠʯʠʝ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʩʢʦʚ ʠ/ʠʣʠ ʞʠʣʦʢ), ʯʘʩʪʦ ʝʝ 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʩʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʯʝʨʝʟ 

ʫʢʘʟʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ [23]. 
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          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʝʣʠʯʠʥʘ SLA ʧʘʜʘʝʪ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʣʫʯʝʥʥʦʩʪʠ ʜʣʷ ʦʙʦʠʭ 

ʪʠʧʦʚ ʩʧʝʢʪʨʘ ʠ ʚʝʣʠʯʠʥʳ ʬʦʪʦʧʝʨʠʦʜʘ. 

ʅʘʣʠʯʠʝ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʝʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʉʧʝʢʪʨʝ I ʝʝ 

ʟʥʘʯʝʥʠʷ ʧʨʠ ʌʇ=16 ʯ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 

ʫʜʣʠʥʝʥʥʦʤ ʬʦʪʦʧʝʨʠʦʜʝ ʧʨʠ ʣʶʙʦʤ 

ʟʥʘʯʝʥʠʠ ʦʙʣʫʯʝʥʥʦʩʪʠ. ʇʨʠ ʉʧʝʢʪʨʝ II ʧʨʠ  

ʧʦʚʳhʝʥʥʳʭ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʥʦʩʪʠ ʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʫʜʣʠʥʝʥʥʦʤ ʧʝʨʠʦʜʝ ʙʦʣʴʰʝ, 

ʯʝʤ ʧʨʠ ʌʇ=16 ʯ. 

8. ʕʥʝʨʛʦʝʤʢʦʩʪʴ e ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʦʢʘ 

ʵʥʝʨʛʠʠ ʆʀ ʚ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ ʨʘʩʪʝʥʠʷ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʦʟʥʘʯʘʝʪ ʜʦʩʪʠʞʝʥʠʝ 

ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ ʵʪʦʡ ʚʝʣʠʯʠʥʳ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʦʢʘ ʆʀ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ 

ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʜʦʙʘʚʢʝ 

ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʠ ʌʇ=16 ʯ. ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ 

ʦʙʣʫʯʝʥʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʩʠʥʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʠ ʫʜʣʠʥʝʥʠʝ 

ʬʦʪʦʧʝʨʠʦʜʘ ʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʣʠʯʠʥʳ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ. 

  
ʈʠʩ. 8. ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʥʦʩʪʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʩʧʝʢʪʨʝ ʠ ʬʦʪʦʧʝʨʠʦʜʝ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʩʝʨʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʨʘʩʪʝʥʠʷ ʪʦʤʘʪʘ ʚ ʨʘʩʩʘʜʥʦʤ ʧʝʨʠʦʜʝ 

ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʪʦʢʘ ʆʀ ʩ 

ʨʘʟʣʠʯʥʳʤ ʬʦʪʦʧʝʨʠʦʜʦʤ, ʬʦʪʦʥʥʦʡ 

ʦʙʣʫʯʝʥʥʦʩʪʴʶ ʠ ʩʧʝʢʪʨʦʤ.  

ɺʳʷʚʣʝʥ  ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ. ɼʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʩʧʝʢʪʨʘ ʧʨʠ 

ʌʇ=16 ʯ ʨʘʩʪʝʥʠʷ, ʚʳʨʘʱʠʚʘʝʤʳʝ ʧʨʠ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ, ʦʧʝʨʝʞʘʣʠ 

ʨʘʩʪʝʥʠʷ ʩ ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʦʙʣʫʯʝʥʥʦʩʪʠ. 

ʇʨʠ ʌʇ=22 ʯ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʚʳʪʷʛʠʚʘʣʠʩʴ ʨʘʩʪʝʥʠʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ.  

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʜʣʠʥʝʥʥʦʛʦ ʬʦʪʦʧʝʨʠʦʜʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʚʳʩʦʢʠʤʠ ʫʨʦʚʥʷʤʠ ʦʙʣʫʯʝʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ 

ʢ ʨʘʟʚʠʪʠʶ ʭʣʦʨʦʟʘ ʣʠʩʪʴʝʚ ʨʘʩʪʝʥʠʡ. ʇʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʜʦʟʳ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ 

ʚʟʘʠʤʦʟʘʤʝʩʪʠʤʦʩʪʠ. 

ɸʥʘʣʠʟ ʚʘʨʠʘʥʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʜʝʛʨʘʜʘʮʠʷ  ʭʣʦʨʦʬʠʣʣʘ  ʷʚʣʷʝʪʩʷ  ʨʝʘʢʮʠʝʡ  

ʥʘ  ʜʣʠʪʝʣʴʥʳʡ  ʬʦʪʦʧʝʨʠʦʜ,  ʘ  ʥʝ  ʥʘ ʜʦʟʫ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʧʨʠ ʌʇ=16 ʯ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʣʫʯʝʥʥʦʩʪʠ, 

ʧʨʠ ʵʪʦʤ ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʣʫʯʝʥʥʦʩʪʠ ʩʥʠʞʘʣʠʩʴ 

ʧʦʜ ʠʟʣʫʯʝʥʠʝʤ ʩ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʩʠʥʝʛʦ 

ʧʦʪʦʢʘ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʬʦʪʦʧʝʨʠʦʜʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫ ʨʘʩʪʝʥʠʡ, 

ʚʳʨʘʱʝʥʥʳʭ ʧʨʠ ʫʜʣʠʥʝʥʥʦʤ ʬʦʪʦʧʝʨʠʦʜʝ. 

ʅʘʣʠʯʠʝ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʉʧʝʢʪʨ I) 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʦ ʧʣʦʱʘʜʴ ʣʠʩʪʴʝʚ. 
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ʉʭʦʞʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ 

ʩʳʨʦʡ ʤʘʩʩʳ ʣʠʩʪʴʝʚ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʳʭʦʜ 

ʩʳʨʦʡ ʤʘʩʩʳ ʫʚʝʣʠʯʠʚʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʜʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʩʧʝʢʪʨʘ. ɺ 

ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥʘʭ ʧʨʠ ʫʜʣʠʥʝʥʠʠ 

ʬʦʪʦʧʝʨʠʦʜʘ ʚʳʭʦʜ ʩʳʨʦʡ ʤʘʩʩʳ ʙʳʣ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʥʦʡ ʜʦʣʝ ʩʠʥʝʛʦ ʚ ʩʧʝʢʪʨʝ 

ʥʘʙʣʶʜʘʣʩʷ ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʣʫʯʝʥʥʦʩʪʠ, ʧʨʠʯʝʤ ʥʘ ʫʜʣʠʥʝʥʥʦʤ 

ʬʦʪʦʧʝʨʠʦʜʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʙʳʣʦ ʚʳʰʝ ʧʨʠ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʥʦʩʪʠ. 

ʇʨʠ ʉʧʝʢʪʨʝ II ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʜʣʷ ʫʜʣʠʥʝʥʥʦʛʦ ʬʦʪʦʧʝʨʠʦʜʘ ʙʳʣʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʧʨʠ ʉʧʝʢʪʨʝ I ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʫʨʦʚʥʷʭ 

ʦʙʣʫʯʝʥʥʦʩʪʠ. 

ɺʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʣʠʩʪʴʝʚ 

ʧʘʜʘʣʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʣʫʯʝʥʥʦʩʪʠ ʜʣʷ 

ʦʙʦʠʭ ʪʠʧʦʚ ʩʧʝʢʪʨʘ ʠ ʚʝʣʠʯʠʥʳ 

ʬʦʪʦʧʝʨʠʦʜʘ. ʅʘʣʠʯʠʝ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦ ʝʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ 

ʉʧʝʢʪʨʝ I ʝʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʌʇ=16 ʯ ʙʳʣʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʫʜʣʠʥʝʥʥʦʤ ʬʦʪʦʧʝʨʠʦʜʝ 

ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ʦʙʣʫʯʝʥʥʦʩʪʠ. ʇʨʠ 

ʉʧʝʢʪʨʝ II ʧʨʠ  ʧʦʚʳʰʝʥʥʳʭ ʫʨʦʚʥʷʭ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʫʜʣʠʥʝʥʥʦʤ 

ʧʝʨʠʦʜʝ ʙʳʣʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʌʇ=16 ʯ. 

ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʜʦʙʘʚʢʝ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʦʙʣʫʯʝʥʥʦʩʪʠ ʠ ʌʇ=16ʯ. 

ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʦʙʣʫʯʝʥʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ 

ʜʦʣʠ ʩʠʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʠ 

ʫʜʣʠʥʝʥʠʝ ʬʦʪʦʧʝʨʠʦʜʘ ʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. 
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ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʌɸ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʛʠʧʦʪʝʟʳ ʦ 

ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʠʡ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʠʟʣʫʯʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʌɸ.  ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʣʠʩʴ ʨʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ (Cucurbita pepo var. Giromontina). ʀʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ ʚ 

ʶʚʝʥʠʣʴʥʦʤ ʚʦʟʨʘʩʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʜʦ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʣʠʩʪʘ, 

ʥʘ 7-ʝ ʩʫʪʢʠ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ.  ʈʘʩʪʝʥʠʷ ʚʳʨʘʱʠʚʘʣʠ ʧʦʜ ʠʩʪʦʯʥʠʢʘʤʠ ʩ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʝʢʪʨʘʤʠ ʠʟʣʫʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʢʩʠʨʦʚʘʣʠ ʩʳʨʫʶ ʤʘʩʩʫ ʨʘʩʪʝʥʠʡ, 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʝʤ, ʜʣʠʥʫ ʧʝʨʚʦʛʦ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ. ɺ ʢʘʯʝʩʪʚʝ ɹʇ ʬʠʢʩʠʨʦʚʘʣʠ 

ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʩʝʤʷʜʦʣʠ, ʘ ʪʘʢ ʞʝ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʩʠʥʝʤ, ʟʝʣʝʥʦʤ ʠ 

ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ. ɺʳʷʚʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʶʚʝʥʠʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʢʘʙʘʯʢʘ. ʏʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʩʠʤʤʝʪʨʠʠ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʩʝʤʷʜʦʣʝʡ ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 70% ʜʦ 100%. ɼʣʷ ʜʣʠʥʳ ʩʝʤʷʜʦʣʝʡ ʯʘʩʪʦʪʘ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʩʠʤʤʝʪʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 45-55%, ʜʣʷ ʰʠʨʠʥʳ 13-16%. ʌʣʫʢʪʫʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ 

ʘʩʠʤʤʝʪʨʠʠ ʚʳʷʚʣʝʥ ʪʦʣʴʢʦ ʫ ʜʣʠʥ ʩʝʤʷʜʦʣʝʡ. ʕʪʦ ʧʨʠʟʥʘʢ ʙʳʣ ʧʨʠʥʷʪ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʠʥʜʝʢʩʘ ʌɸ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 3,0% ʜʦ 

26,7% ʦʪ ʵʥʝʨʛʠʠ ʌɸʈ ʚʝʣʠʯʠʥʘ ʌɸ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 29,3%. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ï ʤʘʩʩʳ ʨʘʩʪʝʥʠʷ ʥʘ 1,3%, ʜʣʠʥʳ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ ʥʘ 18,4%. 

 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19 ɺʳʧ. 3(100) 

34 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʪʦʢʫʣʴʪʫʨʘ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʩʝʤʷʜʦʣʠ, ʬʣʫʢʪʫʠʨʫʶʱʘʷ ʘʩʠʤʤʝʪʨʠʷ, 

ʙʠʣʘʪʝʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ. 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʈʘʢʫʪʴʢʦ ɽ.ʅ., ʈʘʢʫʪʴʢʦ ʉ.ɸ. ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʬʣʫʢʪʫʠʨʫʶʱʫʶ ʘʩʠʤʤʝʪʨʠʶ ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʢʘʙʘʯʢʘ 

(Cucurbita pepo var. Giromontina)  // ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2019. ˉ 3(100). ʉ 33-46 

  

INFLUENCE OF LIGHT QUALITY ON FLUCTUATING ASYMMETRY OF BILATERAL 
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The feasibility of assessing the irradiation quality by the fluctuating asymmetry of bilateral (mirror) 

traites characterizing the overall plant developmental stability has been substantiated. A review of 

investigation results of the relationship between the parameters of the light environment and the 

developmental stability of individual plant species showed that the plants in more favorable light 

environment had lower values of fluctuating asymmetry. The purpose of the study was to confirm the 

hypothesis about the effect of differences in the light quality of radiation on the fluctuating asymmetry level. 

The object of the study was the juvenile marrow plants (Cucurbita pepo var. Giromontina) from the 

appearance of the first leaf and to the appearance of the second leaf, i.e.on the 7th day after the first shoots 

appeared. The plants were grown under the light sources with two different light quality. The lengths and 

widths of the left and right cotyledons as well as their optical densities in the blue, green, and red ranges 

were recorded as the bilaterial traites. Significant asymmetry of bilateral structures of juvenile marrowi 

plants was revealed. The asymmetry occurrence rate of cotyledon optical densities in individual spectral 

ranges  was from 70% to 100%. The asymmetry occurrence rate for the cotyledon length was 45-55%, for 

the cotyledon width ï 13-16%. The fluctuating nature of asymmetry was revealed only for the cotyledon 

length. This trait was taken as the basis to calculate the fluctuating assymetry index. It was statistically valid 

that if the share of far-red radiation increased from 3.0% to 26.7% of PAR, the fluactuating assymetry value 

decreased by 29.3%. At the same time, an increase in the productivity of plants was observed: the plant mass 

by 1.3% and the true leaf length by 18.4%. 

 

Keywords: indoor plant lighting, light quality, cotyledon, fluctuating asymmetry, bilateral traite, 

developmental stability. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʥʝʨʛʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʆʀ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ. 

ʉʚʝʪʦʢʫʣʴʪʫʨʘ, ʪʦ ʝʩʪʴ ʚʳʨʘʱʠʚʘʥʠʝ 

ʨʘʩʪʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ 

ʠʩʢʫʩʩʪʚʝʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʷʨʢʠʤ 

ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʩʚʝʪʦʢʫʣʴʪʫʨʝ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ 
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ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʆʀ ʚ ʩʫʭʦʝ 

ʚʝʱʝʩʪʚʦ ʪʢʘʥʝʡ ʨʘʩʪʝʥʠʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ ʠ 

ʵʥʝʨʛʠʠ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʧʨʝʜʣʦʞʝʥʘ 

ʢʦʥʮʝʧʮʠʷ ʥʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ - 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʠ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʷ 

ʚ ʀɸʕʇ [1]. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʵʪʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ  ʢʘʢ 

ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʝʝ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʯʥʦʩʪʠ [2, 3]. ɺ ʣʘʙʦʨʘʪʦʨʠʠ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʚʧʝʨʚʳʝ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʙʦʩʥʦʚʘʥʘ  ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʦʙʣʫʯʝʥʠʷ ʧʦ ʬʣʫʢʪʫʠʨʫʶʱʝʡ 

ʘʩʠʤʤʝʪʨʠʠ (ʌɸ) ʙʠʣʘʪʝʨʘʣʴʥʳʭ 

(ʟʝʨʢʘʣʴʥʳʭ) ʧʨʠʟʥʘʢʦʚ (ɹʇ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʦʙʱʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ.  ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʦʷʥʠʷ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ 

ʦʨʛʘʥʠʟʤʘ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʙʘʟʝ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʦʘʜʘʧʪʘʮʠʠ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ [4]. ʆʙʳʯʥʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʌɸ ʠʟʤʝʨʷʶʪ ʩʪʨʫʢʪʫʨʳ ʥʘ ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʨʘʩʪʝʥʠʷʭ. ʆʜʥʘʢʦ ʪʘʢ 

ʞʝ ʠʟʚʝʩʪʝʥ ʧʦʜʭʦʜ, ʢʦʛʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪ ʝʱʝ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ 

[5].  

ɺʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʌɸ ʣʠʩʪʘ 

ʜʣʷ ʨʷʜʘ ʢʫʣʴʪʫʨ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ.  ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʠ ʫʨʦʚʝʥʴ  ʌɸ 

ʣʠʩʪʴʝʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ 

ʢʘʯʝʩʪʚʦʤ ʩʦʟʜʘʚʘʝʤʦʡ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ [6].  

ʊʘʢ, ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʌɸ 

ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʪʦʤʘʪʘ (Solanum 

Lycopersicum L.) , ʚʳʨʘʱʠʚʘʝʤʳʭ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ 

ʘʩʠʤʤʝʪʨʠʠ ʧʣʦʱʘʜʝʡ ʩʝʤʷʜʦʣʝʡ ʫ ʨʘʩʪʝʥʠʡ 

ʪʦʤʘʪʘ, ʚʳʨʘʱʝʥʥʳʭ ʧʦʜ ʠʩʪʦʯʥʠʢʘʤʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ. ɼʦʢʘʟʘʥ ʝʝ 

ʬʣʫʢʪʫʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʜʦʣʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʌɸʈ ʩ 1,7 

ʜʦ 1,0 ʦʪʥ.ʝʜ. (ʥʘ 70%) ʩʳʨʘʷ ʤʘʩʩʘ ʦʜʥʦʡ 

ʧʘʨʳ ʩʝʤʷʜʦʣʝʡ ʩʥʠʞʘʝʪʩʷ ʥʘ 10,3%, 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʝʤʷʜʦʣʷʭ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 13,4%, ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʧʘʨʝ ʩʝʤʷʜʦʣʝʡ  ʩʥʠʞʘʝʪʩʷ ʥʘ 

22,3%, ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʧʘʨʳ ʩʝʤʷʜʦʣʝʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 6,7%, ʫʨʦʚʝʥʴ ʌɸ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 18,8% [7]. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʩʚʝʪʦʢʫʣʴʪʫʨʫ ʪʦʤʘʪʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʧʣʠʮʘʭ [8]. ʀʩʩʣʝʜʦʚʘʣʠ 

ʜʚʘ ʩʦʨʪʘ ʪʦʤʘʪʘ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʦʜ 

ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɺʳʷʚʣʝʥ 

ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʩʧʝʢʪʨʘ 

ʠʟʣʫʯʝʥʠʷ  ʥʘ ʌɸ ʧʦ ʨʘʟʣʠʯʥʳʤ ɹʇ [9].  

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʦʛʫʨʮʘ 

(Cucumis Sativus L.). ʀʩʩʣʝʜʦʚʘʣʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʌɸ ɹʇ ʦʪ ʫʨʦʚʥʷ 

ʦʙʣʫʯʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʟʘʜʘʚʘʣʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʜʠʘʧʘʟʦʥʘʤ ʌɸʈ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʚʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʘʩʠʤʤʝʪʨʠʷ ɹʇ ʫ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʠʚʘʝʤʳʭ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʠʷ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ 

ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʌɸ (ʙʦʣʴʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʨʘʩʪʝʥʠʷ ʦʛʫʨʮʘ.  ɺʳʷʚʣʝʥ ʨʘʟʣʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʌɸ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ  ʦʙʣʫʯʝʥʠʷ  [10, 11].  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʌɸ 

ʣʠʩʪʴʝʚ ʧʝʪʨʫʰʢʠ (Petroselinum Tuberosum), 

ʚʳʨʘʱʠʚʘʝʤʦʡ ʥʘ ʚʳʛʦʥʢʫ ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜ ʥʘʪʨʠʝʚʳʤʠ ʠ 

ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɺʳʷʚʣʝʥʘ 
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ʩʫʱʝʩʪʚʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʣʠʩʪʴʝʚ ʧʦʜ 

ʠʟʣʫʯʝʥʠʝʤ ʩ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʩʦʩʪʘʚʦʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʫ 

ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʦʜ ʩʚʝʪʦʜʠʦʜʘʤʠ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʪʨʠʝʚʳʭ 

ʣʘʤʧ, ʥʘʙʣʶʜʘʣʘʩʴ ʤʝʥʴʰʘʷ ʤʘʩʩʘ ʠ ʜʣʠʥʘ 

ʣʠʩʪʴʝʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʫʨʦʚʝʥʴ ʌɸ ʫ 

ʣʠʩʪʴʝʚ ʧʝʪʨʫʰʢʠ ʧʦʜ ʥʠʤʠ ʙʳʣ ʙʦʣʴʰʠʡ. 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʛʠʧʦʪʝʟʫ 

ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʌɸ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʤʝʥʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʨʘʩʪʝʥʠʡ [12, 13].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʫʨʦʚʥʝ ʌɸ 

ʨʘʟʤʝʨʦʚ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʪʝʥʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʣʠʩʪʴʷʭ ʩʥʳʪʠ ʦʙʳʢʥʦʚʝʥʥʦʡ 

(Aegopodium Podagraria). ʀʩʩʣʝʜʦʚʘʣʠ 

ʢʦʨʥʝʚʳʝ ʣʠʩʪʴʷ ʨʘʩʪʝʥʠʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ 

ʚ ʪʝʥʠ ʧʦʜ ʧʦʣʦʛʦʤ ʜʝʨʝʚʴʝʚ ʠ ʥʘ ʦʪʢʨʳʪʦʡ 

ʧʦʣʷʥʝ. ɺ ʢʘʯʝʩʪʚʝ ɹʇ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʣʦʱʘʜʠ ʣʠʩʪʦʯʢʦʚ ʩʣʦʞʥʦʛʦ ʣʠʩʪʘ ʩʥʳʪʠ. 

ɺʳʷʚʣʝʥ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʫʨʦʚʥʷ ʌɸ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʫ ʨʘʟʣʠʯʥʳʭ ɹʇ [14].  

ʆʧʨʝʜʝʣʝʥʠʝ ʌɸ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʨʘʟʤʝʨʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʩʣʦʞʥʦʩʪʠ. ʅʘ ʧʨʠʤʝʨʝ ʩʘʣʴʚʠʠ ʩʘʣʴʚʠʠ 

ʩʚʝʨʢʘʶʱʝʡ (Salvia Splendens) ʠʩʩʣʝʜʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ɹʇ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ ʚ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʞʠʣʢʠ ʤʝʩʪʘʭ 

ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ [15]. ʈʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ ʧʦ ʌɸ ɹʇ, ʚʢʣʶʯʘʶʱʠʭ, ʥʘʨʷʜʫ ʩ 

ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʣʠʩʪʴʝʚ, ʠʭ 

ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ [16].   

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʛʠʧʦʪʝʟʳ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʠʡ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʠʟʣʫʯʝʥʠʷ ʥʘ ʫʨʦʚʝʥʴ 

ʌɸ ʜʣʷ ʨʘʩʪʝʥʠʡ ʢʘʙʘʯʢʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ 

ʨʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ. ʉʨʝʜʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ 

ʢʘʙʘʯʢʠ (Cucurbita pepo var. Giromontina) 

ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʣʝʪʥʠʤ. ʕʪʦ ʪʨʘʚʷʥʠʩʪʦʝ 

ʨʘʩʪʝʥʠʝ ʨʦʜʘ ʪʳʢʚʘ ʩʝʤʝʡʩʪʚʘ ʪʳʢʚʝʥʥʳʝ. 

ʇʣʦʜʳ ʠʤʝʶʪ ʧʨʦʜʦʣʛʦʚʘʪʫʶ ʬʦʨʤʫ 

ʟʝʣʸʥʦʛʦ, ʞʸʣʪʦʛʦ ʠʣʠ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʆʥʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʣʝʯʝʙʥʦʤ ʠ 

ʜʠʝʪʠʯʝʩʢʦʤ ʧʠʪʘʥʠʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʥʠʟʢʦʢʘʣʦʨʠʡʥʦʩʪʠ [17]. 

ʂʘʙʘʯʝʢ - ʣʝʛʢʦʫʩʚʦʷʝʤʳʡ ʠ ʧʦʣʝʟʥʳʡ 

ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʪ, ʭʦʨʦʰʦ ʚʣʠʷʶʱʠʡ ʥʘ 

ʧʠʱʝʚʘʨʝʥʠʝ ʠ ʟʜʦʨʦʚʴʝ ʢʦʞʠ.  ʈʘʟʣʠʯʥʳʝ 

ʩʦʨʪʘ ʢʘʙʘʯʢʦʚ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳ. ʆʥʠ ʩʦʜʝʨʞʘʪ 94,5% ʚʦʜʳ, 

0,6% ʙʝʣʢʦʚ, 5,2% ʫʛʣʝʚʦʜʦʚ, ʯʘʩʪʴ ʠʟ 

ʢʦʪʦʨʳʭ ï ʩʘʭʘʨʘ, ʩʦʜʝʨʞʘʱʠʝ ʩʦʚʩʝʤ 

ʥʝʤʥʦʛʦ ʩʘʭʘʨʦʟʳ. ʇʣʦʜʳ ʩʦʜʝʨʞʘʪ 4-6 % 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʧʦʣʦʚʠʥʫ ʩʦʩʪʘʚʣʷʶʪ 

ʩʘʭʘʨʘ), 1% ʙʝʣʢʘ, 1,7-2% ʧʝʢʪʠʥʘ, 0,1% 

ʞʠʨʘ, ʤʥʦʛʦ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ (ʬʦʩʬʦʨʘ, 

ʢʘʣʠʷ, ʞʝʣʝʟʘ, ʤʝʜʠ). 

ʈʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʢʫʩʪʦʚʳʤʠ (ʜʣʠʥʘ ʛʣʘʚʥʦʡ ʧʣʝʪʠ ʢ ʢʦʥʮʫ 

ʩʝʟʦʥʘ ʚʝʛʝʪʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 0,5ï0,7 ʤ), ʪʘʢ ʠ 

ʧʣʝʪʠʩʪʳʤʠ (ʛʣʘʚʥʘʷ ʧʣʝʪʴ ʜʣʠʥʦʡ ʜʦ 3 ʤ). 

ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʩʦʨʪʦʚ 

ï ʥʘʣʠʯʠʝ ʙʝʣʳʭ ʠʣʠ ʞʝʣʪʳʭ ʧʷʪʝʥ, ʢʦʪʦʨʳʝ 

ʥʘʯʠʥʘʶʱʠʝ ʦʚʦʱʝʚʦʜʳ ʯʘʩʪʦ ʧʨʠʥʠʤʘʶʪ ʟʘ 

ʧʨʦʷʚʣʝʥʠʝ ʙʦʣʝʟʥʠ. ɽʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʢʘʙʘʯʢʦʚ ï ʥʘʣʠʯʠʝ ʥʘ ʩʪʝʙʣʝ ʠ ʯʝʨʝʰʢʘʭ 

ʢʦʣʶʯʠʭ ʰʠʧʦʚ, ʢʦʪʦʨʳʝ ʜʦʩʪʘʚʣʷʶʪ 

ʥʝʫʜʦʙʩʪʚʘ ʧʨʠ ʩʙʦʨʝ ʫʨʦʞʘʷ. 

ʂʘʙʘʯʦʢ ï ʢʫʣʴʪʫʨʘ ʢʦʨʦʪʢʦʛʦ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʅʝʚʳʩʦʢʘʷ 

ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʪʝʧʣʫ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʞʘʡ, ʜʘʞʝ ʚ 

ʥʝʯʝʨʥʦʟʝʤʥʳʭ ʟʦʥʘʭ. ɽʛʦ ʚʳʨʘʱʠʚʘʶʪ ʚ 

ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ, ʧʣʦʜʳ ʥʘʯʠʥʘʶʪ ʩʥʠʤʘʪʴ ʚ 

ʚʦʟʨʘʩʪʝ 8 ï 12 ʜʥʝʡ, ʢʦʛʜʘ ʤʘʩʩʘ ʜʦʩʪʠʛʘʝʪ 

0,3...0,7 ʢʛ.  

ʂʘʙʘʯʦʢ - ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʦʩʪʦʡʢʘʷ 

ʦʚʦʱʥʘʷ ʢʫʣʴʪʫʨʘ ʠʟ ʩʚʦʝʛʦ ʩʝʤʝʡʩʪʚʘ. 

ʉʝʤʝʥʘ ʝʛʦ ʥʘʯʠʥʘʶʪ ʧʨʦʨʘʩʪʘʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 10Áé12Áʉ. ʇʨʠ 15Áʉ ʚʩʭʦʜʳ 

ʧʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ, ʘ ʧʨʠ 25Áʉ - 

ʯʝʨʝʟ ʥʝʜʝʣʶ. ʆʥ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʩʪʝʪ 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

37 

 

ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

15Áé20Áʉ, ʦʜʥʘʢʦ ʦʧʪʠʤʘʣʴʥʳ ʜʣʷ ʥʝʛʦ 

20Áé25Áʉ. ʂʘʙʘʯʦʢ ʣʝʛʢʦ ʧʝʨʝʥʦʩʠʪ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʧʦʭʦʣʦʜʘʥʠʝ ʜʦ 6Áʉ, ʘ 

ʜʣʠʪʝʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 10Áʉ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʝʛʦ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ. ʅʝʨʝʜʢʦ ʚ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʨʘʩʪʝʥʠʷ ʧʦʛʠʙʘʶʪ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʟʨʫʰʘʝʪʩʷ 

ʭʣʦʨʦʬʠʣʣ, ʣʠʩʪʴʷ ʞʝʣʪʝʶʪ ʠ ʘʩʩʠʤʠʣʷʮʠʷ 

ʧʨʝʢʨʘʱʘʝʪʩʷ. ʂʘʙʘʯʦʢ ʩʦʚʝʨʰʝʥʥʦ ʥʝ 

ʧʝʨʝʥʦʩʠʪ ʟʘʤʦʨʦʟʢʦʚ. ɺʩʭʦʜʳ ʝʛʦ ʧʦʛʠʙʘʶʪ 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ ʜʦ -0,5Áé-0,8Áʉ. 

ʂʘʙʘʯʦʢ ʩʚʝʪʦʣʶʙʠʚ, ʥʝ ʪʝʨʧʠʪ 

ʟʘʪʝʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʦʩʘʜʢʠ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʤʝʱʘʪʴ ʥʘ ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʘʭ ʠ ʠʟʙʝʛʘʪʴ 

ʟʘʛʫʱʝʥʠʷ ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ [18]. 

ʂʘʙʘʯʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚ 

ʙʣʘʛʦʜʘʨʷ ʤʦʱʥʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʝ, ʥʦ 

ʚʣʘʛʦʣʶʙʠʚ. ʇʨʠ ʧʦʣʠʚʘʭ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ 

ʫʨʦʞʘʡ. ʇʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

ʪʨʝʙʫʝʪʩʷ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʘ 

(ʢʦʥʝʮ ʠʶʥʷ-ʠʶʣʷ). ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʚʣʘʛʠ 

ʧʣʦʜʳ ʚʳʨʘʩʪʘʶʪ ʤʝʣʢʠʝ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʩʦʟʨʝʚʘʶʪ. 

ʊʨʝʙʦʚʘʥʠʷ ʢʘʙʘʯʢʘ ʢ ʧʣʦʜʦʨʦʜʠʶ ʧʦʯʚ 

ʫʤʝʨʝʥʥʳʝ, ʥʦ ʣʫʯʰʠʝ ʫʨʦʞʘʠ ʦʥ ʜʘʝʪ ʥʘ 

ʧʣʦʜʦʨʦʜʥʳʭ ʩʫʧʝʩʯʘʥʳʭ ʠ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ ʩ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ 

ʩʣʘʙʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ (ʨʅ 6,5 ï 7,5), 

ʦʥ ʚʳʥʦʩʠʪ ʫʤʝʨʝʥʥʦʝ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚʳ. 

ʂʘʙʘʯʦʢ ʦʪʟʳʚʯʠʚ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ 

ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ (NPK, ʘ ʪʘʢʞʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ: ʙʦʨʘ, ʤʝʜʠ, ʤʘʨʛʘʥʮʘ, 

ʮʠʥʢʘ ʠ ʜʨ.), ʥʦ ʤʦʞʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ 

ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠʟ ʧʦʯʚʳ ʠ ʬʦʩʬʦʨ ʠʟ 

ʬʦʩʬʦʨʠʪʥʦʡ ʤʫʢʠ. [19] 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʵʥʝʨʛʦʵʢʦʣʦʛʠʠ ʩʚʝʪʦʢʫʣʴʪʫʨʳ ʀɸʕʇ ʚ 

ʬʝʚʨʘʣʝ 2018 ʛʦʜʘ.  

ʀʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ ʚ 

ʶʚʝʥʠʣʴʥʦʤ ʚʦʟʨʘʩʪʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ʩ 

ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʚʪʦʨʦʛʦ ʣʠʩʪʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʥʪʦʛʝʥʝʟʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʥʦʚʣʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʨʫʢʪʫʨ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʧʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʚ 

ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʦʨʦʚ 

ʩʨʝʜʘ ʥʘ ʫʨʦʚʥʝ ʮʝʣʦʛʦ ʦʨʛʘʥʠʟʤʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʪʦʨʬ ʩ ʩʘʜʦʚʦʡ ʧʦʯʚʦʡ ʠ 

ʧʝʩʢʦʤ, ʟʘʧʨʘʚʣʝʥʥʫʶ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. ɼʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʪʝʡʥʝʨʳ 

ʨʘʟʤʝʨʦʤ 450ʭ450ʭ100 ʤʤ.   

ʇʦʩʝʚ ʧʨʦʠʟʚʝʣʠ 10.02.2018 ʛ. 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʤʦʯʝʥʥʳʤʠ ʠ 

ʦʙʨʘʙʦʪʘʥʥʳʤʠ ʚ ʤʘʨʛʘʥʮʦʚʢʝ ʠ ʵʧʠʥʝ 

ʩʝʤʝʥʘʤʠ ʥʘ ʛʣʫʙʠʥʫ 1 ʩʤ ʧʦ 42 ʰʪ ʥʘ 

ʢʦʥʪʝʡʥʝʨ. ʂʦʥʪʝʡʥʝʨʳ ʟʘʢʨʳʣʠ ʧʣʝʥʢʦʡ ʠ 

ʧʦʤʝʩʪʠʣʠ ʚ ʪʝʤʥʦʝ ʤʝʩʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʟʜʫʭʘ +23 
ʦ
ʉ. ʇʝʨʚʳʝ ʚʩʭʦʜʳ ʧʦʷʚʠʣʠʩʴ 

13.02.2018, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʝʥʠʷ ʚʳʩʪʘʚʠʣʠ 

ʧʦʜ ʦʙʣʫʯʝʥʠʷ ʩ ʬʦʪʦʧʝʨʠʦʜʦʤ 14 ʯ (ʩ 7.00 

ʜʦ 21.00 ʯ). ɺʳʨʘʱʠʚʘʥʠʝ ʟʘʚʝʨʰʠʣʠ 

20.02.2018 (ʥʘ 7-ʝ ʩʫʪʢʠ) ʧʨʠ ʧʦʷʚʣʝʥʠʠ 

ʚʪʦʨʦʛʦ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ ʥʘ ʚʩʝʭ ʨʘʩʪʝʥʠʷʭ.   

ʈʘʟʚʠʪʠʝ ʧʨʦʨʦʩʪʢʘ ʥʘʯʠʥʘʝʪʩʷ ʝʱʝ ʚ 

ʩʝʤʝʥʠ,  ʥʘ ʥʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ 

ʟʘʨʦʜʳʰʝ. ʇʝʨʚʳʤʠ ʧʦʷʚʣʷʶʪʩʷ ʩʝʤʷʜʦʣʠ, 

ʦʥʠ ʠʤʝʶʪ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʪʝʤʥʦ-

ʟʝʣʸʥʳʡ ʮʚʝʪ. ɼʘʣʝʝ ʥʘ ʢʦʥʫʩʝ ʥʘʨʦʩʪʘʥʠʷ 

ʧʦʙʝʛʘ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʚʳʡ ʥʘʩʪʦʷʱʠʡ ʣʠʩʪ, 

ʠʤʝʶʱʠʡ ʦʢʨʫʛʣʫʶ ʬʦʨʤʫ ʠ ʩʚʝʪʣʦ-ʟʝʣʝʥʫʶ 

ʦʢʨʘʩʢʫ. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʦʨʤʘʣʴʥʦ ʨʘʟʚʠʪʳʝ ʨʘʩʪʝʥʠʷ ʧʦ 38 ʰʪ ʠʟ 

ʢʘʞʜʦʛʦ ʢʦʥʪʝʡʥʝʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʢʩʠʨʦʚʘʣʠ 

ʩʳʨʫʶ ʤʘʩʩʫ ʨʘʩʪʝʥʠʡ M , ʛ; ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʝʤ n, %, ʜʣʠʥʫ ʧʝʨʚʦʛʦ 

ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ ʣL , ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ɹʇ 

ʬʠʢʩʠʨʦʚʘʣʠ ʜʣʠʥʳ (LL , RL )  ʠ ʰʠʨʠʥʳ (LW , 

RL ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ 

ʩʝʤʷʜʦʣʠ, ʘ ʪʘʢ ʞʝ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ 
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ʚ ʩʠʥʝʤ (
b

LD ,
b

RD ), ʟʝʣʝʥʦʤ (
g

LD ,
g

RD ) ʠ 

ʢʨʘʩʥʦʤ (
r

LD ,
r

RD ) ʜʠʘʧʘʟʦʥʘʭ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ 

ʠʟʤʝʨʷʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʨʘʩʪʝʥʠʡ. 

 
ʈʠʩ. 1. ʀʟʤʝʨʷʝʤʳʝ ʧʨʠʟʥʘʢʠ 

ʨʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʳʨʦʡ ʤʘʩʩʳ ʨʘʩʪʝʥʠʝ 

ʩʨʝʟʘʣʠ ʥʘ ʫʨʦʚʥʝ ʧʦʯʚʳ ʠ ʚʟʚʝʰʠʚʘʣʠ ʥʘ 

ʚʝʩʘʭ ɺʊʃ-500 ʩ ʪʦʯʥʦʩʪʴʶ Ñ 10 ʤʛ. 

ʉʦʙʨʘʥʥʳʝ ʩ ʦʜʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʨʘʩʪʝʥʠʷ 

ʠʟʤʝʣʴʯʘʣʠ ʥʦʞʥʠʮʘʤʠ. ʇʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ 

ʨʘʟʜʝʣʷʣʠ ʥʘ ʪʨʠ ʯʘʩʪʠ ʠ ʩʫʰʠʣʠ ʚ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 105 
ʦ
ʉ 

ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ.  

ɼʣʠʥʫ  ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʨʥʦʡ ʣʠʥʝʡʢʠ (ʮʝʥʘ ʜʝʣʝʥʠʷ 1 

ʤʤ), ʥʘʢʣʘʜʳʚʘʷ ʝʝ ʥʘ ʣʠʩʪ ʨʘʩʪʝʥʠʷ ʚʜʦʣʴ 

ʨʘʭʠʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʬʠʢʩʠʨʦʚʘʣʠ ʩ 

ʪʦʯʥʦʩʪʴʶ Ñ 0,5 ʤʤ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ 

ʠʟʤʝʨʷʣʠ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʩ 

ʧʦʤʦʱʴʶ ʩʚʝʪʦʬʠʣʴʪʨʦʚ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʠʘʧʘʟʦʥʘʤʠ 

ʧʨʦʧʫʩʢʘʥʠʷ.  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ 

ʚ ʟʦʥʘʭ ʧʦʤʝʱʝʥʠʷ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʩʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʰʪʦʨʦʡ (ʨʠʩ.2).  

  
ʈʠʩ. 2. ɿʦʥʳ ˉ1 (ʩʣʝʚʘ) ʠ ˉ2 (ʩʧʨʘʚʘ) 

ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʠ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

+24 
ʦ
ʉ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 60-65 %. ɺ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ 

ʧʦʜʜʝʨʞʠʚʘʣʠ ʦʜʠʥʘʢʦʚʳʡ ʫʨʦʚʝʥʴ 

ʦʙʣʫʯʝʥʥʦʩʪʠ ʌɸʈ (15 ɺʪ
.
ʤ

-2
) ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʦʙʣʫʯʘʪʝʣʝʡ  ʥʘʜ 

ʚʝʨʭʫʰʢʘʤʠ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʝʡʥʝʨʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʦʙʣʫʯʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 

10 %. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʥʥʦʡ 

ʦʙʣʫʯʝʥʥʦʩʪʠ PAR (photosynthetic photon 

flux density, PPFD) ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʧʨʠʙʦʨʦʤ 

ʊʂɸ ɺɼ/04 ʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3, ʩʣʝʚʘ.  

 

 
ʈʠʩ. 3. ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʠʩʪʦʯʥʠʢʦʚ (ʩʣʝʚʘ) ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʠʟʣʫʯʝʥʠʷ (ʩʧʨʘʚʘ) 

 

ʉʦʩʪʘʚ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʜʦʣʷʤʠ ʵʥʝʨʛʠʡ (ʚ %) ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, 

ʦʪʥʝʩʝʥʥʳʭ ʢ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʌɸʈ (ʨʠʩ. 3, 

ʩʧʨʘʚʘ). ʇʘʨʘʤʝʪʨʳ ʦʙʣʫʯʝʥʠʷ ʨʘʩʪʝʥʠʡ 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ɺ ʟʦʥʝ ˉ1 ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʬʠʪʦʩʚʝʪʠʣʴʥʠʢ ʬʠʨʤʳ ʃʝʜ-ɻʝʣʠʦʩ 

çʂʚʘʨʪʝʪ-2-ʋ-25è, ʚ ʢʦʪʦʨʦʤ ʠʩʪʦʯʥʠʢʘʤʠ 

ʩʚʝʪʘ ʷʚʣʷʶʪʩʷ ʜʚʘ ʤʦʜʫʣʷ Line NS36 ʩ 

ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ ʉʆʊ-110.350.11. 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʦʙʣʫʯʘʪʝʣʝʤ ʦʪ ʩʝʪʠ 

ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 33,4 ɺʪ. ʉʧʝʢʪʨ ʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʩʪʝʥʠʡ ʧʦ ʜʦʣʠ 

ʵʥʝʨʛʠʠ ʚ ʜʠʘʧʘʟʦʥʘʭ ʌɸʈ, ʦʜʥʘʢʦ ʜʦʣʷ 

ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʯʝʥʴ ʤʘʣʘ 

(R:FR=16,3). 
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ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʦʙʣʫʯʝʥʠʷ 

ʇʦʢʘʟʘʪʝʣʴ 
ɿʦʥʘ 

ˉ1 ˉ2 

ɺʳʩʦʪʘ ʧʦʜʚʝʩʘ, ʩʤ 16,0 12,0 

ʆʩʚʝʱʝʥʥʦʩʪʴ, ʢʃʢ 4,19 5,20 

ʆʙʣʫʯʝʥʥʦʩʪʴ, 

ʤʢʤʦʣʴ
.
ʩ

-1.
ʤ

-2
 

71,7 71,5 

ʩʠʥʠʡ (B), % 26,2 22,4 

ʟʝʣʝʥʳʡ (G), %  24,3 28,1 

ʢʨʘʩʥʳʡ (R), % 49,5 49,5 

ʜʘʣʴʥʝʢʨ.(FR), % 3,0 26,7 

R:B, ʦʪʥ.ʝʜ. 1,9 2,2 

R:FR, ʦʪʥ.ʝʜ. 16,3 1,9 

 

ɺ ʟʦʥʝ ˉ2 ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʬʠʪʦʦʙʣʫʯʘʪʝʣʴ,  ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧʳ Philips TL-D 

18W/54-765 ʠ ʩʚʝʪʦʜʠʦʜʳ ARPLïStarï3W, 

ʠʟʣʫʯʘʶʱʠʝ ʚ ʢʨʘʩʥʦʤ ʠ ʜʘʣʴʥʝʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʘʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʦʜʥʘ ʠʟ ʢʦʤʙʠʥʘʮʠʡ ʚʢʣʶʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ R:B=2,2 ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩʧʝʢʪʨʝ 

(R:FR=1,9). ʋ ʵʪʦʛʦ ʦʙʣʫʯʘʪʝʣʷ ʙʦʣʴʰʘʷ 

ʜʦʣʷ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ 

ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ (ʥʘʠʙʦʣʴʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʛʣʘʟʘ - 555 ʥʤ). ʇʦʵʪʦʤʫ, 

ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʧʦʯʪʠ 

ʦʜʠʥʘʢʦʚʳʭ ʬʦʪʦʥʥʳʭ ʦʙʣʫʯʝʥʥʦʩʪʷʭ (71,7 

ʧʨʦʪʠʚ 71,5 ʤʢʤʦʣʴ
.
ʩ

-1.
ʤ

-2
),  ʦʩʚʝʱʝʥʥʦʩʪʴ ʦʪ 

ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʘʢ ʞʝ ʙʦʣʴʰʘʷ (5,20 

ʧʨʦʪʠʚ 4,19 ʢʣʢ).  

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʜʚʫʭ ʩʧʝʢʪʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʵʥʝʨʛʠʠ ʚ ʦʙʣʘʩʪʠ ʌɸʈ ʩʧʝʢʪʨʳ ʜʦʩʪʘʪʦʯʥʦ 

ʙʣʠʟʢʠ  (ʨʘʟʥʠʮʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʮʝʥʪʦʚ), ʠʭ ʨʘʟʣʠʯʠʷ ʩʚʦʜʷʪʩʷ ʢ ʥʘʣʠʯʠʶ 

ʙʦʣʴʰʝʡ ʜʦʣʠ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫ 

ʠʩʪʦʯʥʠʢʘ ˉ2. 

ɼʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ (p<0.05) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ Excel 

2003 ʠ Statistica 6.0.  

ʆʙʨʘʙʦʪʢʘ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʥʘʭʦʞʜʝʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʦʧʠʩʘʪʝʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɼʣʷ ʦʮʝʥʢʠ ʌɸ 

ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʦʚʝʨʢʫ ʜʘʥʥʳʭ ʥʘ 

ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʨʘʟʥʠʮʳ ʤʝʞʜʫ ɹʇ; ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʠ ʘʥʪʠʩʠʤʤʝʪʨʠʠ; 

ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʘʩʠʤʤʝʪʨʠʠ 

ʧʨʠʟʥʘʢʘ ʦʪ ʝʛʦ ʨʘʟʤʝʨʘ. ʉʨʘʚʥʠʚʘʣʠ ʫʨʦʚʥʠ 

ʌɸ ʫ ʨʘʩʪʝʥʠʡ, ʚʳʨʘʱʝʥʥʳʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤ 

ʩʧʝʢʪʨʦʤ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 

ʦʪʣʠʯʠʡ ʩʨʝʜʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʟʣʠʯʠʷ ʚ ʨʦʩʪʝ ʨʘʩʪʝʥʠʡ ʧʦʜ 

ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ ʧʨʦʷʚʠʣʠʩʴ ʫʞʝ ʥʘ 

ʚʪʦʨʳʝ ʩʫʪʢʠ ʧʦʩʣʝ ʚʩʭʦʜʦʚ (ʨʠʩ. 4). ʇʦʜ 

ʠʩʪʦʯʥʠʢʦʤ ˉ2 (ʩʧʨʘʚʘ ʧʦ ʨʠʩ. 4) 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʙʦʣʝʝ ʢʨʫʧʥʳʝ, ʚʳʪʷʥʫʪʳʝ 

ʨʘʩʪʝʥʠʷ. 

 

 

 
ʈʠʩ. 4. ʈʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʧʦʩʣʝ 

ʚʩʭʦʜʦʚ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʳ ʨʘʩʪʝʥʠʷ ʚ 

ʚʦʟʨʘʩʪʝ 7 ʩʫʪʦʢ, ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʛʦ 

ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ. 
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ʈʠʩ. 5. ʈʘʩʪʝʥʠʷ ʢʘʙʘʯʢʘ ʚ ʚʦʟʨʘʩʪʝ 7 ʩʫʪʦʢ 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʳ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʫ 

ʨʘʩʪʝʥʠʡ ʧʝʨʮʘ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʩʧʝʢʪʨʝ, ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 2).  

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ 

ʜʦʣʷ ʨʘʩʪʝʥʠʡ n ʦʪ ʦʙʱʝʛʦ ʠʭ ʢʦʣʠʯʝʩʪʚʘ N, 

ʫ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʘʩʴ ʘʩʠʤʤʝʪʨʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɹʇ, ʪ.ʝ. ʠʭ ʯʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʘʣʦ ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠʥʫ 

(ʧʦʨʦʛ ʨʘʟʣʠʯʝʥʠʷ).  

ʊʘʙʣʠʮʘ 2 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, %, ʘʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʫ ʨʘʩʪʝʥʠʡ 

ɹʇ ʇʦʨʦʛ  
ɿʦʥʘ 

ˉ1 ˉ2 

L  1 ʤʤ 55 45 

W  1 ʤʤ 16 13 

bD  0,01 82 92 

gD  0,01 71 84 

rD  0,01 100 100 

 

ɼʘʥʥʳʡ ʚʠʜ ʘʥʘʣʠʟʘ ʥʘʛʣʷʜʥʦ ʚʩʢʨʳʚʘʝʪ 

ʩʘʤ ʬʘʢʪ ʥʘʣʠʯʠʷ ʘʩʠʤʤʝʪʨʠʠ, ʥʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ, ʢʘʢʦʡ ʝʝ ʪʠʧ ʠʤʝʝʪ 

ʤʝʩʪʦ: ʬʣʫʢʪʫʠʨʫʶʱʘʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʠʣʠ 

ʘʥʪʠʩʠʤʤʝʪʨʠʷ. 

ʇʨʦʚʝʨʢʘ ʥʦʨʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʘʥʥʳʭ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʘʩʠʤʤʝʪʨʠʠ ɹʇ ʙʳʣ 

ʚr ʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ 

ʩʦʛʣʘʩʠʷ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ, ʐʘʧʠʨʦ-

ʋʠʣʢʘ ʠ  ʃʠʣʣʠʝʬʦʨʩʘ (ɺ ʧʘʢʝʪʝ Statistica 

6.0: ʉʪʘʪʠʩʪʠʢʘ/ ʆʩʥʦʚʥʘʷ ʩʪʘʪʠʩʪʠʢʘ/ 

Normality).  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʚʳʙʦʨʦʢ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ. ʆʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʰʠʨʠʥʳ ʩʝʤʷʜʦʣʠ ʚʦ 

ʚʪʦʨʦʡ ʟʦʥʝ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʧʣʦʪʥʦʩʪʝʡ ʚ ʟʝʣʝʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦ ʚʪʦʨʦʡ 

ʟʦʥʝ ʠ ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʧʝʨʚʦʡ ʟʦʥʝ. ɼʣʷ 

ʝʜʠʥʩʪʚʘ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʇʨʦʚʝʨʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʩʠʤʤʝʪʨʠʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʩʠʤʤʝʪʨʠʠ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʘʟʣʠʯʠʡ ɹʇ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʦʜʥʦʨʦʜʥʳʤ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʇʨʦʚʝʨʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʌɸ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʚʳʙʦʨʦʯʥʦʛʦ ʢʨʠʪʝʨʠʷ ʋʠʣʢʦʢʩʦʥʘ 

(Nonparametric Statistics / Comparing two 

dependent samplec (variables) / Wilcoxon 

matched pair test). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3). 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʜʣʷ ʜʣʠʥ 

ʩʝʤʷʜʦʣʝʡ ʦʪʩʫʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʘʩʠʤʤʝʪʨʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʩʠʤʤʝʪʨʠʷ 

ʜʣʷ ʜʨʫʛʠʭ ɹʇ ʥʦʩʠʪ ʥʝ ʬʣʫʢʪʫʠʨʫʶʱʠʡ 

ʭʘʨʘʢʪʝʨ ʠ ʜʘʣʴʥʝʡʰʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʦʣʴʢʦ ʜʣʷ 

ʜʣʠʥ ʩʝʤʷʜʦʣʝʡ. 

 

ʊʘʙʣʠʮʘ 3 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʘʩʠʤʝʪʨʠʠ ɹʇ ʨʘʩʪʝʥʠʡ 

ɹʇ ɿʦʥʘ 
ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ 

T z p 

L  
ˉ1* 173,0 1,9207 0,056 

ˉ2* 179,0 1,5894 0,112 

W  
ˉ1 80,0 2,2198 0,026 

ˉ2* 119,0 0,2434 0,808 

bD
 

ˉ1* 199,0 1,8999 0,057 

ˉ2 77,5 4,1336 0,000 

gD
 

ˉ1 149,0 3,0549 0,002 

ˉ2 122,5 2,9918 0,003 

rD
 

ˉ1 174,0 2,8496 0,004 

ˉ2 158,0 3,0817 0,002 

* ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʘʩʠʤʤʝʪʨʠʠ ʥʝ ʚʳʷʚʣʝʥʘ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʘʥʪʠʩʠʤʤʝʪʨʠʶ. 

ʀʥʜʠʢʘʪʦʨʦʤ ʘʥʪʠʩʠʤʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ 
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ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʢʩʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʩʪʦʨʦʥʘʤʠ (L-R). 

ɸʥʪʠʩʠʤʤʝʪʨʠʷ ʜʣʷ ʜʣʠʥ ʩʝʤʷʜʦʣʝʡ ʥʝ 

ʚʳʷʚʣʝʥʘ.  

ʇʨʦʚʝʨʢʘ ʨʘʟʤʝʨ-ʟʘʚʠʩʠʤʦʩʪʠ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ 

ʘʩʠʤʤʝʪʨʠʠ ʧʨʠʟʥʘʢʘ |L-R| ʦʪ ʝʛʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ (L+R)/2 ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ rS. (Nonparametric 

Statistics/ Correlations). 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʨʘʟʤʝʨ-ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʣʷ ʜʣʠʥ ʩʝʤʷʜʦʣʝʡ ʥʝ ʚʳʷʚʣʝʥʘ. 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʌɸ ʜʣʷ ʜʣʠʥ ʩʝʤʷʜʦʣʝʡ 

ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ 

ä
= +

-
=

N

i RL

RL

LL

LL

N
ʌɸ

1 )(

1
, 

ʛʜʝ i - ʥʦʤʝʨ ʨʘʩʪʝʥʠʷ; N ï ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʤʝʨʝʥʠʡ. 

ɿʥʘʯʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ɹʇ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 4. 

ʈʘʟʣʠʯʠʝ ʩʨʝʜʥʠʭ ʧʨʦʚʝʨʷʣʠ ʧʦ t-ʢʨʠʪʝʨʠʶ 

(Basic statistics / t-test, independent, by 

variables). 

ʊʘʙʣʠʮʘ 4 

ɿʥʘʯʝʥʠʷ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʦʢʘʟʘʪʝʣʴ 
ɿʦʥʘ 

p 
D, % 

ˉ1 ˉ2 

* ʄʘʩʩʘ ʨʘʩʪʝʥʠʷ M , ʛ 1,59°0,04 1,61°0,05 0,7277 1,3 

ɼʣʠʥʘ ʣʠʩʪʘ 
ʣL , ʤʤ 28,18°1,68 33,37°1,85 0,0443 18,4 

ʉʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚ-ʚʘ n, % 4,5°1,7 5,0°1,8 - 11,1 

* ɼʣʠʥʘ ʩʝʤʷʜʦʣʠ 
ʩʨL , ʤʤ 60,78°0,94 62,22°0,87 0,2678 2,4 

* ʐʠʨʠʥʘ ʩʝʤʷʜʦʣʠ 
ʩʨW , ʤʤ 27,34°0,39 27,12°0,37 0,6830 -0,8 

ʆʧʪʠʯ. ʧʣʦʪʥʦʩʪʴ 
b

ʩʨD , ʦʪʥ.ʝʜ. 3,39°0,02 3,18°0,02 0,0000 -6,2 

ʆʧʪʠʯ. ʧʣʦʪʥʦʩʪʴ 
g

ʩʨD  ʦʪʥ.ʝʜ. 1,36°0,02 1,27°0,01 0,0000 -6,6 

ʆʧʪʠʯ. ʧʣʦʪʥʦʩʪʴ 
r

ʩʨD  ʦʪʥ.ʝʜ. 2,00°0,02 1,84°0,02 0,0000 -8,0 

* ʌɸ ʦʪʥ.ʝʜ. 0,0209 0,0148 0,0866 -29,2 

* ʨʘʟʣʠʯʠʝ ʩʨʝʜʥʠʭ ʟʥʘʯʠʤʦ ʥʘ ʫʨʦʚʥʝ p>0,05 

 

ʆʙʱʝʡ ʚʳʷʚʣʝʥʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 

ʩʧʝʢʪʨʝ ʜʦʣʠ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩ 

3.0% ʜʦ 26,7% ʦʪ ʧʦʪʦʢʘ ʌɸʈ) ʨʷʜ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʶʚʝʥʠʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʢʘʙʘʯʢʘ ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʝ ʟʥʘʯʝʥʠʝ 

(ʤʘʩʩʘ ʨʘʩʪʝʥʠʷ ʥʘ 1,3%, ʜʣʠʥʘ ʥʘʩʪʦʷʱʝʛʦ 

ʣʠʩʪʘ ʥʘ 18,4%, ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʘ 11,1%, ʜʣʠʥʘ ʩʝʤʷʜʦʣʝʡ ʥʘ 2,4%). 

ɼʨʫʛʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʫʤʝʥʴʰʘʶʪʩʷ (ʰʠʨʠʥʘ ʩʝʤʷʜʦʣʝʡ ʥʘ 0,8%, 

ʠʭ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ 6,2-8,0% ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʘʙʣʶʜʘʶʱʝʝʩʷ ʧʨʠ 

ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʩʝʤʷʜʦʣʝʡ, ʦʥʠ 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʚʳʪʷʥʫʪʳʤʠ. 

ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʌɸ, ʚʳʯʠʩʣʝʥʥʦʡ ʧʦ ʜʣʠʥʝ 

ʩʝʤʷʜʦʣʝʡ, ʥʘ 29,2%. ʉʪʘʪʠʩʪʠʯʝʩʢʠ 

ʨʘʟʣʠʯʠʝ ʩʨʝʜʥʠʭ ʜʣʷ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʧʦʜ ʨʘʟʣʠʯʥʳʤ ʩʧʝʢʪʨʦʤ 

ʟʥʘʯʠʤʦ ʜʣʷ ʤʘʩʩʳ ʨʘʩʪʝʥʠʷ, ʜʣʠʥʳ ʠ 

ʰʠʨʠʥʳ ʩʝʤʷʜʦʣʝʡ.  

ʄʘʩʩʘ  ʨʘʩʪʝʥʠʷ ʠ ʜʣʠʥʘ ʥʘʩʪʦʷʱʝʛʦ 

ʣʠʩʪʘ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

(R=0,6651), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʪʢʣʠʢ ʨʘʩʪʝʥʠʷ ʥʘ 
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ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ, ʪ.ʝ. ʝʛʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʣʶʙʦʡ 

ʠʟ ʥʠʭ. 

 

 
ʈʠʩ.6. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʜʣʠʥʦʡ ʥʘʩʪʦʷʱʝʛʦ 

ʣʠʩʪʘ ʠ ʤʘʩʩʦʡ ʨʘʩʪʝʥʠʷ 

 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʳʷʚʣʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʌɸ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʨʘʩʪʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 7 

ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʌɸ ʠ 

ʜʣʠʥʦʡ ʣʠʩʪʘ, ʥʘ ʨʠʩʫʥʢʝ 8 -  ʤʝʞʜʫ ʫʨʦʚʥʝʤ 

ʌɸ ʠ ʤʘʩʩʦʡ ʨʘʩʪʝʥʠʷ. 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʣʠʩʪʘ ʨʘʩʪʝʥʠʷ ʠ 

ʫʨʦʚʥʷ ʌɸ 

 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʧʝʢʪʨʫ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʌɸ (ʙʦʣʴʰʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʷ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (ʧʦ ʩʳʨʦʡ ʤʘʩʩʝ ʨʘʩʪʝʥʠʷ). 

 
ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʨʘʩʪʝʥʠʷ ʠ ʫʨʦʚʥʷ 

ʌɸ 

 

ɿʥʘʯʠʤʦʩʪʴ ʧʦʜʭʦʜʘ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʝʥʠʷ ʧʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢ ʨʘʩʪʝʥʠʷʤ, 

ʚʳʨʘʱʠʚʘʝʤʳʤ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʪʦʢʫʣʴʪʫʨʳ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ, 

ʩʦʟʜʘʚʘʝʤʦʡ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ. 

ɺʳʚʦʜʳ 

1. ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ 

ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ 

ʨʘʩʪʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ 

ʩʚʝʪʦʚʦʡ ʩʨʝʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʌɸ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ɹʇ. 

2. ɺʳʷʚʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ 

ʙʠʣʘʪʝʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʶʚʝʥʠʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʢʘʙʘʯʢʘ. ʏʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʘʩʠʤʤʝʪʨʠʠ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ 

ʩʝʤʷʜʦʣʝʡ ʚ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 70% ʜʦ 100%. ɼʣʷ 

ʜʣʠʥʳ ʩʝʤʷʜʦʣʝʡ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʘʩʠʤʤʝʪʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 45-55%, ʜʣʷ ʰʠʨʠʥʳ 

13-16%. 

3. ʌʣʫʢʪʫʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ 

ʘʩʠʤʤʝʪʨʠʷ ʪʦʣʴʢʦ ʜʣʠʥ ʩʝʤʷʜʦʣʝʡ. ʕʪʦ 

ʧʨʠʟʥʘʢ ʙʳʣ ʧʨʠʥʷʪ ʟʘ ʦʩʥʦʚʫ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʠʥʜʝʢʩʘ ʌɸ. 

y = 0,0208x + 0,9582

R
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 = 0,6651
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4. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʜʘʣʴʥʝʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩ 3,0% ʜʦ 26,7% ʦʪ ʵʥʝʨʛʠʠ ʌɸʈ ʚʝʣʠʯʠʥʘ 

ʌɸ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 29,3%. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ï ʤʘʩʩʳ ʨʘʩʪʝʥʠʷ 

ʥʘ 1,3%, ʜʣʠʥʳ ʥʘʩʪʦʷʱʝʛʦ ʣʠʩʪʘ ʥʘ 18,4%.  
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ʜʦʩʪʠʞʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʠ ʮʝʣʠ ʠ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʰʠʥ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʝʜʤʝʪ ʫʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨ ʧʝʨʝʭʦʜʠʪ ʠʟ i-ʛʦ ʚ i+1 ʩʦʩʪʦʷʥʠʝ.  

ʉʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ï ʵʪʦ ʬʠʟʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ. 

ɺʥʫʪʨʠ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ ʩʠʩʪʝʤʘ ʧʨʠʥʠʤʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʦʜʥʠʤ ʚʝʢʪʦʨʦʤ 

ʩʦʩʪʦʷʥʠʷ. ʂʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʚʝʢʪʦʨʳ ʩʦʩʪʦʷʥʠʷ  

(ʧʦʢʘʟʘʪʝʣʠ) ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ t=0 ʠ ʢʦʥʝʯʥʦʝ ʧʨʠ ti= Ti. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʧʠʩʳʚʘʶʪʩʷ ʤʘʪʨʠʯʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʄʝʪʦʜ ʬʦʨʤʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʩʠʥʪʝʟʦʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʇʘʨʘʤʝʪʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʝʢʪʦʨʘ 

ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠ ʚʳʙʦʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʟʘʪʨʘʪʘʤʠ ʥʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. 
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The article considers the approach to formalizing the crop growing technologies as dynamic systems, as 

well as the possible control over the technology stages using the dynamic programming method.The 

technological process in crop production develops in the time frame by certain specific stages, with each 

stage being characterized by its own state vector and target function, and has an initial and final development 

time that is best described by the integrated model. Obtaining the output in crop production is a multi-stage 

process, during which the control vector changes successively after achieving some results at each stage and 

depending on the target function and the state vector. The main type of controlling action is mechanical 

action using the different purpose machinery. The controlling action results in the change of the vector from 

the i-th to i + 1 state. The components of the state vector are physical and biological indicators of the 

controlled object. 

Inside each stage, the system is assumed to be homogeneous and is evaluated by a single state vector. Each 

stage develops within a certain time interval; the state vectors (indicators) of each stage have the initial value 

at t = 0 and the final value at ti = Ti. Such processes, as a rule, are described by matrix differential equations, 

which are a structural model of the technological process. The method of formalizing the crop growing 

technologies requires the development of a wide range of tasks related to both the synthesis of mathematical 

models for various stages of the technological process development and the determination of mathematical 

model parameters. These parameters are formed by determining the disturbance vector at each stage and 

selection of the corresponding control vector with the minimal implementation costs, depending on the 

change in the state vector of the technological process in time,  
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structural model, dynamic system. 
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ɺʚʝʜʝʥʠʝ 

ʈʘʩʪʝʥʠʝʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʦʪʨʘʩʣʴʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪ ʫʩʧʝʰʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʨʘʟʚʠʪʠʝ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʣʝʛʢʦʡ ʠ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʚ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʨʝʛʠʦʥʘ 

[1]. ʆʩʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʟʝʤʣʷ, ʩ ʢʦʪʦʨʦʡ 

ʩʚʷʟʘʥʘ ʚʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʠ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʫʩʧʝʭ ʚʩʝʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʝʜʤʝʪʦʤ ʪʨʫʜʘ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʷʚʣʷʶʪʩʷ 

ʨʘʩʪʝʥʠʷ, ʦʪ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ  

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʣʫʯʘʝʤʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʈʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʧʣʦʜʦʥʦʰʝʥʠʝ 

ʨʘʩʪʝʥʠʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ: ʬʠʟʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʪ.ʜ. 

ʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ, ʨʘʩʪʝʥʠʷ, ʫʨʦʞʘʡ, 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʩʦʨʥʷʢʠ, ʚʨʝʜʠʪʝʣʝʡ, ʙʦʣʝʟʥʠ ʨʘʩʪʝʥʠʡ. 

ʆʩʥʦʚʥʳʤ ʚʠʜʦʤ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʰʠʥ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ 

ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʧʦʯʚʳ, ʨʘʩʪʝʥʠʷ, 

ʫʨʦʞʘʷ), ʢʦʪʦʨʳʡ ʧʝʨʝʭʦʜʠʪ ʠʟ i-ʛʦ ʚ i+1 
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ʩʦʩʪʦʷʥʠʝ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ 

ï ʵʪʦ ʬʠʟʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʉʭʝʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ 

ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, ʛʜʝ X i ï 

ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʦʧʝʨʘʪʦʨʘ ɸ, X i+1 ï 

ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʦʧʝʨʘʪʦʨʘ ɸ 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʤʝʪʘ ʫʧʨʘʚʣʝʥʠʷ 

 

ɺʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ X i ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʦʧʝʨʘʮʠʡ ʠʤʝʝʪ ʩʚʦʡ ʥʘʙʦʨ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʅʘʧʨʠʤʝʨ, ʧʦʯʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: 

- ʤʝʭʘʥʠʯʝʩʢʠʝ: ʧʣʦʪʥʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, 

ʛʣʫʙʠʥʘ ʨʳʭʣʝʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʢʦʚ ʧʦ 

ʬʨʘʢʮʠʷʤ ʠ ʜʨʫʛʠʝ; 

- ʘʛʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ: ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ, 

ʦʨʛʘʥʠʢʠ, ʬʦʩʬʦʨʘ, ʘʟʦʪʘ, ʢʘʣʠʷ, 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʜʨʫʛʠʝ. 

ʂʨʦʤʝ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʦʯʚʫ ʜʝʡʩʪʚʫʶʪ ʪʘʢʞʝ ʥʝʫʧʨʘʚʣʷʝʤʳʝ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʈʘʩʪʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʪʘʢʞʝ 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʧʦʯʚʫ, ʠʟʤʝʥʷʷ ʝʝ ʚʝʢʪʦʨ 

ʩʦʩʪʦʷʥʠʷ. ɺʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʩʘʤʠʭ ʨʘʩʪʝʥʠʡ 

ʠʟʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟ ʧʦʯʚʳ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢ 

ʞʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ: ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʚʣʘʛʠ, ʚʨʝʜʠʪʝʣʝʡ, ʧʨʝʧʘʨʘʪʦʚ 

ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʠʦʜ 

ʚʝʛʝʪʘʮʠʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʨʦʞʘʷ 

ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʦʣʫʯʝʥʳ, ʚ 

ʦʩʥʦʚʥʦʤ, ʚ ʚʠʜʝ ʩʪʝʧʝʥʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ [3, 4]. ʊʘʢʠʝ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʫʨʦʞʘʡ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʥʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ 

ʫʨʦʞʘʷ ʚ ʮʝʣʦʤ. 

ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʘʣʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʫʯʠʪʳʚʘʶʱʘʷ 

ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦ ʚʨʝʤʝʥʠ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʡ ʧʦʜʭʦʜ ʢ 

ʬʦʨʤʘʣʠʟʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʥʢʨʝʪʥʳʤ 

ʵʪʘʧʘʤ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʠ 

ʬʫʥʢʮʠʝʡ ʮʝʣʠ, ʠ ʠʤʝʝʪ ʥʘʯʘʣʴʥʦʝ ʠ 

ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʣʫʯʰʝ ʚʩʝʛʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʜʝʣʴʶ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʠʥʪʝʛʨʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.  

 

 
ʈʠʩ. 2. ʀʥʪʝʛʨʘʣʴʥʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ 

F1, F2, F3, F4, F5 ï ʧʦʢʘʟʘʪʝʣʠ ʚʝʢʪʦʨʦʚ 

ʩʦʩʪʦʷʥʠʷ ʨʘʟʚʠʪʠʷ ʵʪʘʧʦʚ ʪʝʭʥʦʣʦʛʠʠ 

 

ɺ ʢʘʞʜʦʤ ʩʦʩʪʦʷʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʞʝʩʪʢʦ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʚʨʝʤʝʥʥʳʝ ʩʨʦʢʠ, ʠ ʩʦʟʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ. ʂʘʞʜʦʝ ʠʟ ʩʦʩʪʦʷʥʠʡ 

ʦʮʝʥʠʚʘʝʪʩʷ ʩʚʦʝʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ Fi. 

ʇʝʨʚʳʡ ʙʣʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ 

ʧʦʯʚʳ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʢ ʧʦʩʝʚʫ. 

ʇʦʜʛʦʪʦʚʣʝʥʥʘʷ ʢ ʧʦʩʝʚʫ ʧʦʯʚʘ ʩʦʟʜʘʝʪ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʠ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. ɺ ʧʝʨʚʦʤ ʙʣʦʢʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ï 
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ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʠ ʚʥʝʩʝʥʠʝ 

ʫʜʦʙʨʝʥʠʡ. ɺʦ ʚʪʦʨʦʤ ʙʣʦʢʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʩʝʤʷʥ: 

ʩʦʩʪʦʷʥʠʝ çʩʝʤʝʥʘ ʚ ʭʨʘʥʠʣʠʱʝè ʧʝʨʝʭʦʜʠʪ 

ʚ ʩʦʩʪʦʷʥʠʝ çʩʝʤʝʥʘ ʚ ʧʦʯʚʝè. ɺ ʧʨʦʮʝʩʩʝ 

ʧʦʜʛʦʪʦʚʢʠ ʩʝʤʷʥ ʢ ʧʦʩʝʚʫ ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʠʭ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ. 

ʇʦʩʣʝ ʧʦʩʝʚʘ ʩʝʤʷʥ ʧʨʦʠʩʭʦʜʠʪ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ 

ʧʦʯʚʳ: ʙʳʣʦ çʧʦʯʚʘ ʙʝʟ ʩʝʤʷʥè ʠ çʩʝʤʝʥʘè, 

ʧʦʩʣʝ ʧʦʩʝʚʘ ʧʦʣʫʯʠʣʘʩʴ ʩʠʩʪʝʤʘ çʧʦʯʚʘ + 

ʩʝʤʝʥʘè, ʢ ʚʝʢʪʦʨʫ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ 

ʜʦʙʘʚʠʣʩʷ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʡ ʩʝʤʷʥ. ʇʦʩʣʝ 

ʧʦʩʝʚʘ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ 3 ï 

ʚʳʨʘʱʠʚʘʥʠʝ ʫʨʦʞʘʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʝ ʧʨʦʭʦʜʠʪ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʟʣʘʢʦʚʳʭ ʪʨʘʚ, 

ʩʣʝʜʫʶʱʠʝ: ʧʨʦʨʘʩʪʘʥʠʝ, ʢʫʱʝʥʠʝ, ʥʘʙʦʨ 

ʟʝʣʸʥʦʡ ʤʘʩʩʳ (ʩʪʝʙʣʝʚʘʥʠʝ, ʢʦʣʦʰʝʥʠʝ), 

ʮʚʝʪʝʥʠʝ, ʩʦʟʨʝʚʘʥʠʝ ʩʝʤʷʥ [5]. ʅʘ ʢʘʞʜʦʤ 

ʠʟ ʵʪʘʧʦʚ ʜʣʷ ʨʘʩʪʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʥʢʨʝʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʛʦʜʳ ʦʪ 

ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʦʞʘʷ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʚʩʝ 

ʵʪʘʧʳ ʦʧʠʩʳʚʘʶʪʩʷ ʩʪʝʧʝʥʥʳʤʠ ʠʣʠ 

ʧʦʢʘʟʘʪʝʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʘʨʛʫʤʝʥʪʘʤʠ 

ʢʦʪʦʨʳʭ ʩʣʫʞʘʪ ʜʝʡʩʪʚʫʶʱʠʝ ʬʘʢʪʦʨʳ ʠ 

ʚʨʝʤʷ. ɺ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʦʚ ʧʨʠʥʠʤʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʜʘʥʥʦʛʦ 

ʨʝʛʠʦʥʘ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʝ ʛʫʤʫʩʘ, ʘʟʦʪʘ, 

ʬʦʩʬʦʨʘ, ʥʘʪʨʠʷ, ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʚ 

ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ. ʅʘʢʦʧʣʝʥʠʝ ʙʠʦʤʘʩʩʳ 

ʦʮʝʥʠʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ [6]: 

ä
=

ÖÖ=
n

i

ii XKKY
1

0 )exp( , (1) 

ʛʜʝ 0K  ï ʥʦʨʤʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; iK  ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ X i ʥʘ 

ʫʨʦʞʘʡ. 

ɺʝʢʪʦʨ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʟʝʤʣʝʡ ʜʦʣʞʝʥ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʤʥʦʛʦʣʝʪʥʠʭ ʠ ʦʜʥʦʣʝʪʥʠʭ 

ʩʦʨʥʷʢʦʚ, ʫʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʦʯʚʳ. ɺʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʪʝʥʠʷʤʠ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʩʪʦʷʥʠʝ ʠ ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʬʝʥʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʧʨʠʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ 

ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʠʝ ʫʨʦʞʘʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭʪʦʯʝʯʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʚʨʝʤʝʥʥʦʤ  ʠʥʪʝʨʚʘʣʝ, ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ 

ʢʦʪʦʨʦʛʦ ï ʩʝʤʝʥʘ ʚ ʧʦʯʚʝ, ʥʘ ʧʨʘʚʦʤ ï 

ʧʦʣʫʯʝʥʥʳʡ ʫʨʦʞʘʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʪʘʢʦʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʚʠʜ: 

),,( UYXFX =" , (2) 

ʛʜʝ X ï ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ; 

Y ï ʚʝʢʪʦʨ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʧʦʤʝʭ; U ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʝʤʳʭ ʬʘʢʪʦʨʦʚ. 

ʋʨʘʚʥʝʥʠʝ (2) ʠʤʝʝʪ ʥʘ ʟʘʜʘʥʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʥʘʯʘʣʴʥʳʝ ʠ ʢʦʥʝʯʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʝʛʦ ʩʚʦʜʠʪʩʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʢʪʦʨʘ ʫʧʨʘʚʣʝʥʠʷ U ʧʨʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʝʛʦ ʩʪʦʠʤʦʩʪʠ. ʂʘʯʝʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ [6]: 

[ ] extrttXI ­F= ),( , (3) 

ʛʜʝ[]F  ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ; t ï ʪʦʯʢʘ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ 

ʨʘʩʪʝʥʠʷ., ʜʥ. 

0 < t < Tʚ; 

ʛʜʝ Tʚ  ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʛʝʪʘʮʠʠ, ʜʥ. 

ʇʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʮʝʩʩʦʤ 

ʚʳʨʘʱʠʚʘʥʠʷ ʫʨʦʞʘʷ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʦʙʨʘʱʘʝʪʩʷ ʥʘ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ, 

ʢʦʪʦʨʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ 

ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ʋʙʦʨʢʘ ʫʨʦʞʘʷ ʷʚʣʷʝʪʩʷ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʩ 

ʨʘʩʪʝʥʠʷʤʠ. ʇʦʩʣʝ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʠ 

ʫʙʦʨʢʠ ʫʨʦʞʘʷ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ 

ʠʟʤʝʥʠʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʦʨʛʘʥʠʢʠ, ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʦʩʪʘʚʫ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʧʦʯʚʳ ʢ ʫʨʦʞʘʶ ʙʫʜʫʱʝʛʦ, ʝʝ ʥʝʦʙʭʦʜʠʤʦ 
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ʧʨʠʚʝʩʪʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʦʩʪʦʷʥʠʶ 

ʢʦʤʧʣʝʢʩʦʤ ʨʘʙʦʪ ʦʩʝʥʥʝ-ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ. 

ɺr ʨʘʱʠʚʘʥʠʝ ʫʨʦʞʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ, ʢʦʪʦʨʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ. ʇʦʵʪʦʤʫ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʠʟʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ʮʝʣʠ ʠ ʚʝʢʪʦʨ 

ʫʧʨʘʚʣʝʥʠʷ. ʎʝʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʧʦʣʫʯʝʥʠʝ 

ʧʨʦʜʫʢʮʠʠ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʝʸ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ 

ʩʚʦʜʠʪʩʷ ʢ ʪʠʧʫ ʟʘʜʘʯ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʩʣʝʜʥʝʛʦ ʰʘʛʘ. ʅʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʧʝʨʝʭʦʜʘ ʦʪ i-ʛʦ ʢ i-1 ʰʘʛʫ [7]. ʆʩʥʦʚʥʳʝ 

ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.3. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ 

i-ʦʤ ʵʪʘʧʝ ʩʦʟʜʘʝʪ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʝʝ ʥʘ i +1 ʵʪʘʧʝ. 

 
ʈʠʩ. 3. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ: 

Ui ï ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ i-ʛʦ ʰʘʛʘ, fi ï 

ʚʦʟʤʫʱʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ i-ʤ ʰʘʛʝ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʨʘʟʚʠʪʠʷ ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ (ʨʠʩ. 4). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʦʞʘʷ ʚ ʧʨʝʜʝʣʘʭ 

44 SS ¡ª  ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 33 SS ¡ª

. ʏʪʦʙʳ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ  ʙʳʣ ʚ ʠʥʪʝʨʚʘʣʝ 

33 SS ¡ª  ʧʨʝʜʳʜʫʱʠʡ ʫʨʦʚʝʥʴ ʜʦʣʞʝʥ ʙʳʪʴ 

ʚ ʠʥʪʝʨʚʘʣʝ 22 SS ¡ª , ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ ʩ 

ʧʝʨʚʦʛʦ ʰʘʛʘ ʚ ʠʥʪʝʨʚʘʣʝ 11 SS ¡ª . 

ʋʢʘʟʘʥʥʳʝ  ʧʨʝʜʝʣʳ ʨʘʟʚʠʪʠʷ i-ʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʠʟ i-1 ʚʝʢʪʦʨʘ 

ʩʦʩʪʦʷʥʠʷ, ʢʘʢ ʠʟ ʚʝʨʭʥʝʛʦ, ʪʘʢ ʠ ʠʟ ʥʠʞʥʝʛʦ 

ʫʨʦʚʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ 

ʫʧʨʘʚʣʝʥʠʷ Ui, ʠ ʧʦʤʝʭʠ f i (ʩʤ. ʨʠʩ. 4). ʋʩʧʝʭ 

ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ  

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʞʘʡ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ, 

ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ ʪʘʢ ʞʝ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: 

[ ] [ ]{ }1maxmax -= ii XFX , (4) 

ʛʜʝ F ï ʦʧʝʨʘʪʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ i-1 ʵʪʘʧʘ ʚ i-ʡ ʵʪʘʧ. 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʧʝʨʝʭʦʜʦʚ ʩʦʩʪʦʷʥʠʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʠʥʪʝʛʨʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ɺʥʫʪʨʠ ʢʘʞʜʦʛʦ 

ʠʟ ʵʪʘʧʦʚ ʩʠʩʪʝʤʘ ʧʨʠʥʠʤʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ 

ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʦʜʥʠʤ ʚʝʢʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, 

ʚʝʢʪʦʨʳ ʩʦʩʪʦʷʥʠʷ  (ʧʦʢʘʟʘʪʝʣʠ) ʢʦʪʦʨʳʭ 

ʠʤʝʶʪ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ t=0 ʠ 

ʢʦʥʝʯʥʦʝ ʧʨʠ ti= Ti. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʧʠʩʳʚʘʶʪʩʷ ʤʘʪʨʠʯʥʳʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚʠʜʘ, 

ʷʚʣʷʶʱʝʝʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʨʫʢʪʫʨʥʦʡ 

ʤʦʜʝʣʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ: 

iiiiiii UCYBXAX ++=" , (5) 

ʛʜʝ X i ï ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ i-ʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʠ; 
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Y i ï ʚʝʢʪʦʨ ʧʦʤʝʭ i-ʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʠ; 

Ui ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ i-ʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʠ; 

A i  , Bi, Ci ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠʣʠ ʨʘʩʯʝʪʦʤ. 

ʋʨʘʚʥʝʥʠʝ (5) ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʚʫʭʪʦʯʝʯʥʫʶ ʟʘʜʘʯʫ, ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʷ Ui, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ (ʤʘʢʩʠʤʫʤ ʧʨʠʙʳʣʠ ʫʨʦʞʘʷ), 

ʤʠʥʠʤʫʤ ʟʘʪʨʘʪ (ʵʥʝʨʛʠʠ, ʪʨʫʜʘ ʠ ʜʨ.). 

ʆʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʩʶ ʪʝʭʥʦʣʦʛʠʶ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʟʘʪʨʘʪ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʢʘʞʜʦʤʫ ʵʪʘʧʫ: 

min
1

Ý=ä
=

k

i

iUZ . (6) 

ɺʳʚʦʜʳ 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ 

ʥʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʶ ʧʦʣʥʦʪʫ ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʦʙʣʝʤ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʙʦʣʴʰʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ 

ʩʠʥʪʝʟʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʠ 

ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʚʦʟʤʫʱʝʥʠʡ 

ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠ ʚʳʙʦʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦ 

ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʢʪʦʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤʠ ʥʘ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ. 
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ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) ï 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʠ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʘʜʘʧʪʠʚʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ ʩ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ï ʢʨʠʪʝʨʠʷ ʜʣʷ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʧʨʠʤʝʥʷʝʤʳʤʠ (ʪʠʧʦʚʳʤʠ) 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʷʛʦʚʦʛʦ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʸʤ 
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ʙʝʟʦʪʚʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʥʝʨʛʦʦʮʝʥʢʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʶʪ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ (ʢʨʠʪʝʨʠʠ) ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ - ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̑̏

 ʥʘ ʝʜʠʥʠʮʫ 

ʘʢʪʠʚʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̐̍ ʥʘ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʩʫʤʤʘʨʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʘʭ ʠʭ ʨʘʙʦʪʳ. 
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Improving the energy efficiency of soil cultivation technology depends on the rational operating modes 

of tillage units and the level of technical perfection of their working bodies. Different economic, energy, and 

environmental criteria are applied to assess the tillage technologies, machines and equipment. The innovative 

adaptive soil tilling working bodies and machines with new dynamic properties are currently under 

development and improvement. Therefore a new criterion is needed to assess their technical perfection and 

to compare their energy efficiency with the existing (typical) working bodies. The study objective was to 

substantiate this criterion and to establish the patterns of traction resistance variation depending on the tillage 

depth and travelling speed. The study objects were the regularities in variation of traction resistance of tilling 

working tools. The study subject was the practice of ploughless surface soil tillage. Mathematical modeling 

methods, based on the study of physical regularities occurring during the tillage process, were applied. The 

energy consumption by the tilling tools was estimated in the experimental study. Experimental data obtained 

were analysed and integrated. The scientific novelty of the work was manifested in the developed indicators 

(criteria) for efficiency assessment ï specific traction resistance per unit of active frontal area of a tillage 

working body and specific traction resistance per unit of active total frontal area of working bodies of the 

tillage machine. The article presents graphical and empirical dependences of probabilistic estimates of 

traction resistance of dynamic and standard (non-dynamic) tilling tools under different speed and load 

operation modes. 
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ɺʚʝʜʝʥʠʝ 

ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʵʥʝʨʛʦʝʤʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ʵʥʝʨʛʠʠ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʫʪʝʤ 

ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʪʨʘʢʪʦʨʦʚ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ, ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 

ʝʜʠʥʠʮʫ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ, ʪʨʫʜʦʚʳʭ ʠ 

ʜʝʥʝʞʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ [1 ï 3]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ 

ʘʛʨʝʛʘʪʦʚ (ʄʊɸ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʂʇɼ ʪʨʘʢʪʦʨʘ, 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ 

ʤʦʱʥʦʩʪʠ ʠʣʠ ʚʳʨʘʙʦʪʢʠ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʄʊɸ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, 

ʧʦʯʚʦʟʘʱʠʪʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʪ.ʜ. [1, 3 ï 8]. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ ʠ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ. ʊʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ 

ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʦʙʲʝʢʪʠʚʥʫʶ 

ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʇʨʠ ʵʪʦʤ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʧʦʢʘʟʘʪʝʣʠ - ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̑̏

 ʥʘ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ 

ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ 

ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̐̍ ʥʘ 

ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʩʫʤʤʘʨʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ ʦʪʨʘʞʘʶʪ 

ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ; 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʵʥʝʨʛʦʦʮʝʥʢʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʦʙʦʩʥʦʚʘʥʠʝ ʥʦʚʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʷʛʦʚʦʛʦ ʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 52777-2007. 

ʊʝʭʥʠʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ. ʄʝʪʦʜʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ. 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʀʀʂ-ʀɸʕʇ 

[9], ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʘʚʝʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʪʝʣʝʞʢʘʤʠ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʀʇ-264 ʈʦʩʅʀʀʊʠʄ, ʨʠʩʫʥʦʢ 1, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʚ 

ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

- ʪʠʧ ʧʦʯʚʳ ï ʜʝʨʥʦʚʦ-ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʡ. 

ʇʦʯʚʘ ï ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ 

(ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ) ʥʘ ʤʦʨʝʥʦʤ ʩʫʛʣʠʥʢʝ; 

- ʨʝʣʴʝʬ, ʛʨʘʜ ï 1-2; 

- ʛʨʝʙʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʩʤ ï 3-4; 

- ʧʣʦʪʥʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʙʨʘʙʦʪʢʠ ʚ ʩʣʦʝ 10-20 

ʩʤ -  1,40 ʄʇʘ.   

 
ʈʠʩ. 1. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʀʀʂ-ʀɸʕʇ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ-82 ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʷ  1,111 ʤ/ʩ, 1,944 ʤ/ʩ ʠ 2,778 ʤ/ʩ 

ʠ ʫʩʪʘʥʦʚʦʯʥʦʡ ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 5, 

10 ʠ 15 ʩʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [10]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ï 

ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̑̏

 ʥʘ 

ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ - ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̐̍ ʥʘ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ 

ʩʫʤʤʘʨʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ. 

ʋʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̑̏

 ʥʘ 

ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὑ̔ ̅
̑̏

ᶻ
 , ʢʅ/ʤ

2
     (1) 

ʛʜʝ  Ὑ  ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʢʅ; 

Ὂᶻ  ʘʢʪʠʚʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʤ
2
; 

ɸʢʪʠʚʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

Ὂᶻ  ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʋʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̐̍ ʥʘ 

ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʩʫʤʤʘʨʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

Ὑ̔ ̅
̐̍ ,z ʢʅ/ʤ

2
    (2) 

ʛʜʝ Ὑ  ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ, ʢʅ; Ὂᶻ

 ʘʢʪʠʚʥʘʷ ʩʫʤʤʘʨʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ 

ʤʘʠhʥʳ, ʤ
2
.  

ɸʢʪʠʚʥʘʷ ʩʫʤʤʘʨʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ 

ʧʣʦʱʘʜʴ Ὂᶻ  ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ ʪʘʢʞʝ 

ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʩʭʝʤʳ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ. 

ʇʦ ʟʥʘʯʝʥʠʷʤ Ὑ̔ ̅
̑̏

 ʠ Ὑ̔ ̅
̐̍ ʤʦʞʥʦ ʜʘʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ. 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [11] ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ ʥʘʤʠ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʨʘʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ˗̅ , 

ʫʯʠʪʳʚʘʶʱʠʡ ʦʙʪʝʢʘʝʤʦʩʪʴ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʥʘʤʠ ʧʦʢʘʟʘʪʝʣʠ Ὑ̔ ̅
̑̏

 ʠ Ὑ̔ ̅
̐̍  

ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ ʩʦʚʝʨʰʝʥʩʪʚʘ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ ʚ ʩʤʳʩʣʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ. 

ɼʘʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʧʦʢʘʟʘʪʝʣʴ 

ï ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̑̏

 ʥʘ 

ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ɺ ʀɸʕʇ ï ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

ʚ 2018 ʛʦʜʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʜʠʥʘʤʠʯʥʳʭ 

(ʨʠʩ. 2, ʩʣʝʚʘ) ʠ ʥʝʜʠʥʘʤʠʯʥʳʭ (ʨʠʩ. 2, 

ʩʧʨʘʚʘ) ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ. 

ɸʢʪʠʚʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

Ὂᶻ  ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ, ʘ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ 

(ʧʣʦʪʥʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ) ʢʦʣʝʙʣʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʩʪʨʫʢʮʠʠ. 
 

 
ʈʠʩ. 2. ɼʠʥʘʤʠʯʥʳʡ (ʩʣʝʚʘ) ʠ ʥʝʜʠʥʘʤʠʯʥʳʡ 

(ʩʧʨʘʚʘ) ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ Ὤ̒  ̍ʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ὠ  ʚ 

ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ: 

Ὑ ρȟρρωπȟυσφ6 πȟπχσÈ̒ ̍

πȟπψς6 πȟπςφ6È̒ ̍ πȟππττÈ̒ ,̍ ʢʅ      (3) 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ 

ʤʦʜʝʣʠ (3) ʩʦʩʪʘʚʠʣ Ὑ πȟωχπ, ʘ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ - 0,120072 ʢʅ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ (3) ʚ ʚʠʜʝ  

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

 

ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʨʠʩʫʥʦʢ 3) 

ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʥʘ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ʇʦʣʫʯʝʥʥʦʝ  ʫʨʘʚʥʝʥʠʝ (3) ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (1) ʠ (3) ʫʜʝʣʴʥʦʝ 

ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̅̑̏

 ʥʘ ʝʜʠʥʠʮʫ 

ʘʢʪʠʚʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 
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ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʬʦʨʤʫʣʝ: 

Ὑ̔ ̅
̅̑̏

ρȟρρωπȟυσφ6 πȟπχσÈ̒ ̍

πȟπψς6 0ȟπςφ6È̒ ̍ πȟππττÈ̒ ̍Ͻ

Ὂᶻ̅ , ʢʅ/ʤ
2
                                             (4) 

ɸʢʪʠʚʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ Ὂᶻ̎ ̅  ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ 

ʨʘʚʥʘ 0,014375 ʤ
2
. ʇʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ 

ʬʨʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ Ὂᶻ̎ ̅ = 

0,013425 ï 0,014375 ʤ
2
, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʳ, ʩʢʦʨʦʩʪʥʳʭ ʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ ςȟυ 

ʤ/ʩ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ Ὤ̒ ̍ ρπ ʩʤ 

ʧʦʣʫʯʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

Ὑ πȟφυρ ̋ .̊ ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ 

(4), ʦʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ̔ ̅
̅̑̏

 ʥʘ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ 

ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, 

ʢʦʪʦʨʘʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ Ὑ̔ ̅
̅̑̏

τυȟςψφωτψȟτωρφ ʢʅ/ʤ
2
 (ʠʣʠ 4,5287 ï 

4,8492 ʅ/ʩʤ
2
). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ Ὤ̒  ̍ʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ὠ  ʚ 

ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ: 

Ὑ ρȟρχππυπȟυφσωφσ6 πȟπχωυτπτÈ̒ ̍

πȟπψφφπυτ6  

πȟπςψψυτς6È̒ ̍ πȟππυπτφφχÈ̒ ,̍ ʢʅ            (5) 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ 

ʤʦʜʝʣʠ (5) ʨʘʚʝʥ Ὑ πȟωυω. ʇʨʠ ʵʪʦʤ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʣʘ -  0,120072 

ʢʅ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʠ (5) ʚ ʚʠʜʝ  ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (1) ʠ (5) ʫʜʝʣʴʥʦʝ 

ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̎̅̑̏

 ʥʘ ʝʜʠʥʠʮʫ 

ʘʢʪʠʚʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ 

ʬʦʨʤʫʣʝ: 

Ὑ̔ ̅
̎̅̑̏

ρȟρχππυπȟυφσωφσ6 πȟπχωυτπτÈ̒ ̍

πȟπψφφπυτ6  

πȟπςψψυτς6È̒ ̍ πȟππυπτφφχÈ̒ ̍ϽὊ
ᶻ̎ ̅ ,  

ʢʅ/ʤ
2
                                                        (6) 

ɸʢʪʠʚʥʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ Ὂᶻ̎ ̅  ʨʘʚʥʘ 0,014375 ʤ
2
.  

ʀʟ ʚʳʨʘʞʝʥʠʷ (5) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ ςȟυ 

ʤ/ʩ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ Ὤ̒ ̍ ρπ ʩʤ 

ʧʦʣʫʯʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʥʝʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

Ὑ πȟχσςππψυ ̋ .̊ ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʨʤʫʣʳ (6), ʦʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ̔ ̅
̎̅̑̏

 ʥʘ 

ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ Ὑ̔ ̅
̎̅̑̏

υπȟωςςσ ʢʅ/ʤ2
 

(5,0922 ʅ/ʩʤ
2
). 

ʉʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʯʥʦʛʦ ʠ 

ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 
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ʦʨʛʘʥʦʚ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̑̏

 ʥʘ 

ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  Ὑ̔ ̅
̅̑̏

τυȟςψφω  ʢʅ/ʤ2
 (ʠʣʠ 

4,5287 ʅ/ʩʤ
2
) ʥʘ 11,07 % ʤʝʥʴʰʝ ʯʝʤ ʫ 

ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ Ὑ̔ ̅
̎̅̑̏

υπȟωςςσ ʢʅ/ʤ2
 (5,0922 ʅ/ʩʤ

2
). ʕʪʦ  

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʠʥʘʤʠʯʥʳʡ 

ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ 

ʠ ʵʬʬʝʢʪʠʚʥʳʤ.  

ɺʳʚʦʜʳ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ ʠ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʨʷʜʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʝʨʨʘʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ˗̅ , 

ʫʯʠʪʳʚʘʶʱʠʡ ʦʙʪʝʢʘʝʤʦʩʪʴ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ - ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̑̏

 ʥʘ ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ 

ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ 

ʫʜʝʣʴʥʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ̔ ̅
̐̍ ʥʘ 

ʝʜʠʥʠʮʫ ʘʢʪʠʚʥʦʡ ʩʫʤʤʘʨʥʦʡ ʬʨʦʥʪʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʘʰʠʥʳ. ʕʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ    ʦʙʲʝʢʪʠʚʥʫʶ 

ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʦʪʨʘʞʘʶʪ ʫʨʦʚʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 
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ʜʠʥʘʤʠʯʥʳʭ ʠ ʥʝʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʣʠʩʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ ʠ ʥʝʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʸʤ 

ʙʝʟʦʪʚʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ. ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ 

ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʠ ʩʢʦʨʦʩʪʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

(ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ) ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ  ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ H  ʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ V  ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,959 ï 0,970. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ H  ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ V  ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,784 ï 

0,877. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ H  ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ V  ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,898 ï 

0,937. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʧʦʜʙʦʨʘ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 
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Mathematical modeling of surface tillage by different working bodies with due account for the 

probabilistic and statistical characteristics of their energy parameters is an urgent task as it allows to design 

more advanced and energy-efficient tillage tools. The aim of research was to create the mathematical models 

and to estimate the effect of travelling speed and soil tilling depth on the probabilistic and statistical 

characteristics of the traction resistance of dynamic and typical (non-dynamic) tilling tools. The study objects 

were the regularities in variation of the average value, mean square deviation, and the coefficient of variation 

of the traction resistance of dynamic and typical (non-dynamic) tilling working bodies. The study subject 

was the practice of ploughless surface soil tillage. Mathematical modeling methods, based on the study of 

physical regularities occurring during the tillage process by dynamic and typical (non-dynamic) tilling 

working bodies, were applied. The energy consumption by tilling tools was estimated in the experimental 

study. Experimental data obtained were analysed and integrated. The scientific novelty of the work was 

manifested in created mathematical models, which described the functional dependence between the average 

value, mean square deviation, and the coefficient of variation of the traction resistance of dynamic and 

typical (non-dynamic) tilling tools and the tilling depth and travelling speed. The article presents graphical 

dependences (response surfaces) of probabilistic and statistical estimates of traction resistance of dynamic 

and standard (non-dynamic) tilling tools. The determination coefficient for the functional dependences of the 

average traction resistance of dynamic and non-dynamic working bodies on the tilling depth H and the 

travelling speed V in the form of a regression equation ranged from 0.959 to 0.970. The determination 

coefficient for the functional dependences of the mean square deviation of traction resistance of dynamic and 

non-dynamic working bodies on the tilling depth H and the travelling speed V in the form of a regression 

equation ranged from 0.784 ï 0.877. The determination coefficient for the functional dependences of the 

coefficient of variation of traction resistance of dynamic and non-dynamic working bodies on the tilling 

depth H and the travelling speed V in the form of a regression equation ranged from 0.898 ï 0.937. The 

established values of the determination coefficient indicate a high accuracy in the selection of regression 

equations of the probabilistic and statistical characteristics of traction resistance of the working bodies under 

consideration. 

 

Key words: soil tillage, mathematical model, traction resistance, travelling speed, tilling working body, 

tillage depth.  
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ɺʚʝʜʝʥʠʝ 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʙʨʘʙʦʪʢʘ 

ʧʦʯʚʳ ʦʩʪʘʝʪʩʷ ʵʥʝʨʛʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʫʯʝʥʳʝ ʧʨʦʚʦʜʷʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ  ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʧʨʠʤʝʥʷʝʤʳʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠ ʤʘʰʠʥ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ, ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʛʦ ʭʦʜʘ ʢʫʣʴʪʠʚʘʪʦʨʘ, ʧʦʚʳʰʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʱʝʣʝʚʘʪʝʣʷ ʠ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʦʨʦʩʠʪʝʣʴʥʦʡ 

ʚʦʜʳ ʚ ʥʠʞʝʣʝʞʘʱʠʝ ʩʣʦʠ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʝʥʠʡ, ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʩʝʚʦʤ ʩʝʤʷʥ ʠ ʠʭ 

ʧʨʠʢʘʪʳʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʣʘʧʘ ʢʫʣʴʪʠʚʘʪʦʨʘ [1].  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʘʛʨʝʛʘʪ [2], ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʩʞʘʪʦʛʦ 

ʚʦʟʜʫʭʘ. ɼʘʥʥʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʘʛʨʝʛʘʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʫʣʴʩʠʨʫʶʱʠʤ 

ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ, ʩʦʜʝʨʞʠʪ ʥʝʩʫʱʫʶ ʨʘʤʫ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʥʝʡ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʩ 
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ʚʦʟʜʫʰʥʦ-ʠʤʧʫʣʴʩʥʳʤ ʧʨʠʚʦʜʦʤ, ʩʥʘʙʞʝʥ 

ʪʨʝʤʷ ʩʝʢʮʠʷʤʠ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ 

ʨʘʤʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʝʤʦʥʪʘʞʘ, ʧʝʨʚʘʷ ʠ 

ʪʨʝʪʴʷ ʩʝʢʮʠʠ, ʠʟ ʢʦʪʦʨʳʭ 

ʩʢʣʘʜʳʚʘʶʱʠʝʩʷ[2]. 

ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʧʨʠ 

ʛʣʫʙʦʢʦʤ ʨʳʭʣʝʥʠʠ ʧʦʯʚʳ ʠ ʫʣʫʯʰʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʞʝʩʪʢʫʶ ʩʪʦʡʢʫ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʥʝʡ 

ʥʦʞʦʤ ʠ ʜʦʣʦʪʦ, ʩʥʘʙʞʝʥʥʳʝ ʚʠʙʨʘʪʦʨʦʤ, 

ʠʤʝʶʱʠʤ ʦʪʚʝʨʩʪʠʝ ʩ ʧʨʦʨʝʟʴʶ, ʚ ʢʦʪʦʨʦʤ 

ʟʘʢʨʝʧʣʝʥʘ ʚʪʫʣʢʘ-ʘʤʦʨʪʠʟʘʪʦʨ. ʅʘʣʠʯʠʝ 

ʚʠʙʨʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ ʠ ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʝʝ ʢʨʦʰʝʥʠʷ [3]. 

ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [4] ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʭʦʟʷʡʩʪʚ ʚʩʝʭ ʪʠʧʦʚ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ 

ʦʪʜʝʣʴʥʳʭ ʧʦʣʝʡ, ʥʦ ʠ ʫʯʘʩʪʢʦʚ: ʧʦʯʚʝʥʥʳʝ 

ʨʘʟʥʦʩʪʠ, ʩʪʝʧʝʥʴ ʟʘʩʦʨʝʥʥʦʩʪʠ ʠ 

ʟʘʨʘʞʝʥʥʦʩʪʴ ʚʨʝʜʠʪʝʣʷʤʠ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʚʠʜ 

ʫʜʦʙʨʝʥʠʡ, ʚʥʝʩʝʥʥʳʭ ʧʦʜ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʢʫʣʴʪʫʨʳ. ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʧʦʣʝʡ ʠ ʫʯʘʩʪʢʦʚ 

ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠ 

ʩʦʩʪʘʚʳ ʫʜʦʙʨʝʥʠʡ, ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ [4].   

ʉʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʫʭʫʜʰʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʘʰʠʥ [5, 6]. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʘʛʨʝʛʘʪʳ, 

ʦʧʪʠʤʠʟʘʮʠʶ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ ʩ ʫʯʝʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. ʆʧʪʠʤʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, 

ʜʠʩʧʝʨʩʠʠ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʠ ʤʝʨʳ ʠʭ ʨʘʩʩʝʷʥʠʷ [7].  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʠ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠʭ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʪʝʢʘʶʱʠʭ 

ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʜʠʥʘʤʠʯʥʳʤʠ ʠ 

ʥʝʜʠʥʘʤʠʯʥʳʤʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʦʮʝʥʢʘ  ʚʣʠʷʥʠʷ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʳʭ ʠ ʥʝʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ   ʠʩʧʦʣʴʟʦʚʘʣʠ  ʜʠʥʘʤʠʯʥʳʝ ʠ 

ʥʝʜʠʥʘʤʠʯʥʳʝ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ 

ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʠ 

ʩʦʟʜʘʥʥʳʝ ʚ 2018 ʛʦʜʫ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʯʥʳʡ (ʩʣʝʚʘ) ʠ ʥʝʜʠʥʘʤʠʯʥʳʡ 

(ʩʧʨʘʚʘ) ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ 
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          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 52777-

2007.ʊʝʭʥʠʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ. ʄʝʪʦʜʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ. 

ʄ:.,2008. ʇʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [8]. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʀʀʂ-ʀɸʕʇ [9], ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʘʚʝʩʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʩ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʪʝʣʝʞʢʘʤʠ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʀʇ-264 ʈʦʩʅʀʀʊʠʄ (ʨʠʩ. 2).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

- ʪʠʧ ʧʦʯʚʳ ï ʜʝʨʥʦʚʦ-

ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʡ. ʇʦʯʚʘ ï 

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ (ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ) ʥʘ 

ʤʦʨʝʥʦʤ ʩʫʛʣʠʥʢʝ; 

- ʨʝʣʴʝʬ, ʛʨʘʜ ï 1-2; 

- ʛʨʝʙʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʩʤ ï 3-4; 

- ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʙʨʘʙʦʪʢʠ ʚ ʩʣʦʝ 5-20 

ʩʤ -  1,40 ʄʇʘ.   

 

 
ʈʠʩ. 2. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʀʀʂ-ʀɸʕʇ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ-82 ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ  ʠ ʫʩʪʘʥʦʚʦʯʥʦʡ 

ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [10]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʘ). ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ. 

ʇʦʣʥʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʩʝʭ 

ʧʫʥʢʪʦʚ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ h ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ Vp  ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ: 

Ὑ ρȟρρωπȟυσφὠ πȟπχσÈ̒ ̍

πȟπψςὠ πȟπςφὠÈ̒ ̍ πȟππττÈ̒ ,̍            (1) 

ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ (1) 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʦʩʪʘʚʠʣ  

Ὑ πȟωχπ, ʘ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ -  

0,120072. 

ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ (1) ʚ ʚʠʜʝ  ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3 

 
ʈʠʩ. 3. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

 

ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʨʠʩ. 3) 

ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʥʘ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
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ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

ʇʦʣʫʯʝʥʥʦʝ  ʫʨʘʚʥʝʥʠʝ (1) ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ 0,97) ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ h ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ Vp  ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 

ʚʳʛʣʷʜʠʪ ʪʘʢ: 

Ὑ ρȟρχππυπȟυφσωφσὠ πȟπχωυτπτÈ̒ ̍

πȟπψφφπυτὠ πȟπςψψυτςὠÈ̒ ̍

πȟππυπτφφχÈ̒ ,̍    (2) 

ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ (2) ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ  

Ὑ πȟωυω, ʧʨʠ ʵʪʦʤ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʨʘʚʥʘ - 0,120072. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʤʦʜʝʣʠ (2) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

 
ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

 

ʙ). ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ h ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ Vp  ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 

ʚʳʛʣʷʜʠʪ ʪʘʢ: 

ʎ πȟτωτςωωπȟσςφσπςὠ πȟπρωρψφÈ̒ ̍

πȟπφυςσωυὠ πȟππχπρψφὠÈ̒ ̍

πȟπππτρσυσσÈ̒ ,̍    (3) 

ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ (3) ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ  

Ὑ πȟψχτ, ʧʨʠ ʵʪʦʤ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʨʘʚʥʘ - 0,0285974. ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ 

ʤʦʜʝʣʠ (3) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩ. 5. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ h ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ Vp  ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 

ʚʳʛʣʷʜʠʪ ʪʘʢ: 

ʎ

πȟφωχφωφπȟυψπππυὠ πȟππτςρςτσÈ̒ ̍

πȟρρψπσσὠ πȟπρςχρχυὠÈ̒ ̍ πȟππππψωÈ̒ ,̍ 

      (4) 

ɼʣʷ ʤʦʜʝʣʠ (4) ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʦʩʪʘʚʠʣ Ὑ πȟψχχ. ʇʨʠ 

ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʦʰʠʙʢʠ 

ʨʘʚʥʷʣʦʩʴ 0,0353255. 

ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩ. 6. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

 

ʚ). ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ’̑ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  

ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ h ʠ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ Vp  ʚ ʚʠʜʝ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

’ πȟτφρχτχπȟρτψφχχὠ πȟππχυυρρψÈ̒ ̍  

πȟπσωψςτρὠ πȟππσυσωςωὠÈ̒ ̍

πȟππππχσσσσσÈ̒ ,̍     (5) 

ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ (5) 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʨʘʚʝʥ Ὑ

πȟψωψ. ʇʨʠ ʵʪʦʤ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʙʳʣʘ 

ʨʘʚʥʘ 0,0285974. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʧʦʣʫʯʝʥʥʦʡ 

ʤʦʜʝʣʠ (5) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 
ʈʠʩ. 7. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʘʨʠʘʮʠʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ’̑ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ  ʦʪ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ h ʠ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ Vp  ʚ 

ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

’ πȟψφφςπσπȟυππφωφὠ πȟπρπψφτσÈ̒ ̍

πȟρπφςχχὠ πȟππφωυψφρ6È̒ ̍

πȟππρπφφφχÈ̒ ,̍    (6) 

ɼʣʷ ʤʦʜʝʣʠ (6) ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʨʘʚʝʥ  Ὑ πȟωσχ, ʘ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʨʘʚʥʘ 0,0408882. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʠʢʘ ʧʦʣʫʯʝʥʥʦʡ 

ʤʦʜʝʣʠ (6) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 8. 

 
ʈʠʩ. 8. ɻʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʘʨʠʘʮʠʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

 

ʇʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʦʚ (ʨʠʩʫʥʢʠ 5 ï 8) 

ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʧʨʠ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʷʭ (ʤʝʥʝʝ 1,5 ʤ/ʩ) ʠ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ 

(ʙʦʣʝʝ 11 ʩʤ) ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ.  

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʠʭ ʩʚʷʟʠ ʩ ʛʣʫʙʠʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ 

ʩʢʦʨʦʩʪʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ. ʊʘʢ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ R ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ Ὑ  

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ 

ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

h ʠ ʩʢʦʨʦʩʪʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ Vʨ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʷʣʩʷ 0,985 ʠ 0,979. 
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ʆʪʤʝʯʝʥʘ ʩʠʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ „̑ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʠ ʥʝʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ h ʠ ʩʢʦʨʦʩʪʠ ʠʭ 

ʧʝʨʝʤʝʱʝʥʠʷ Vʨ (0,935 ʠ 0,936). 

ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ’̑ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʠ 

ʥʝʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʪʘʢʞʝ ʦʪʤʝʯʝʥʘ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,949 ʠ 

0,968) ʩ ʛʣʫʙʠʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ h ʠ 

ʩʢʦʨʦʩʪʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ Vʨ. 

ʉʫʜʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
 ʚ 87,4 -97,0 % ʩʣʫʯʘʝʚ 

ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ h ʠ 

ʩʢʦʨʦʩʪʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ Vʨ ʧʨʠʚʦʜʷʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʆʩʪʘʣʴʥʳʝ 0,3 ï 12,6 % ʠʟʤʝʥʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʦʙʲʷʩʥʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ, ʥʝ ʫʯʪʝʥʥʳʤʠ ʚ 

ʤʦʜʝʣʷʭ (1) ï (6). 

ɺʳʚʦʜʳ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʳʭ ʠ ʥʝʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʛʣʫʙʠʥʳ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʠ ʧʦʜʙʦʨʘ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ 

ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ (1) ï (6) ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ ʦʧʠʩʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 

0,874 ï 0,970) ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʩʝʯʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʢʣʠʢʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʜʠʥʘʤʠʯʥʳʤʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʦʮʝʥʦʢ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 10 %, ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʥʘ 25-44 % ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʥʘ 21-42 %. 
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ʉʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ  ʟʘʢʦʥʫ N 280 ʦʪ 03.08.2018 "ʆʙ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ", ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʝʪ ʚ ʜʝʡʩʪʚʠʝ 

ʩ 1 ʷʥʚʘʨʷ 2020, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʩʦʙʠʨʘʶʱʠʝʩʷ ʟʘʥʷʪʴʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʇʨʠ  ʵʪʦʤ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʩʪʥʳʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ, ʘ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʧʨʦʜʫʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʥʢʫʨʝʥʪʥʦʡ. ʅʘʤʠ ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩʦʛʣʘʩʥʦ ʦʩʥʦʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʩʧʝʮʠʘʣʴʥʦ ʟʘʣʦʞʝʥʥʦʤ 

ʧʦʣʝʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ ʩ 2016 ʛʦʜʘ. ʇʦʯʚʘ ʦʧʳʪʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʘʷ, ʭʦʨʦʰʦ ʦʢʫʣʴʪʫʨʝʥʥʘʷ. ɺ 

ʦʧʳʪʘʭ ʩ ʢʘʨʪʦʬʝʣʝʤ,   ʧʨʦʚʦʜʠʤʳʭ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʦʩʪʳ, ʥʘ ʦʩʥʦʚʝ 

ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʚ ʙʠʦʨʝʘʢʪʦʨʘʭ, ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʛʠʮʠʜʳ, ʨʘʟʨʘʙʦʪʢʠ ɺʀɿʈ ʠ 

ɺʅʀʀʉʍʄ. ʇʣʦʱʘʜʴ ʜʝʣʷʥʦʢ 61,6 ʤ2. ʇʦʚʪʦʨʥʦʩʪʴ ï ʯʝʪʳʨʝʭ ʢʨʘʪʥʘʷ. ʉʦʨʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʫʜʘʣʷʣʘʩʴ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʝʩʥʳ 2019 ʛʦʜʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʪʝʧʣʳʤ ʠ ʚʣʘʞʥʳʤ ʤʘʝʤ ï ʠʶʥʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʧʦʯʚʝ ʠʥʪʝʥʩʠʚʥʦ ʰʝʣ ʧʨʦʮʝʩʩʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʭʦʨʦʰʝʤ ʦʙʝʩʧʝʯʝʥʠʠ ʘʟʦʪʦʤ, ʢʘʨʪʦʬʝʣʴ ʩʦʨʪʘ ʋʜʘʯʘ ʩʤʦʛ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ. ʅʘ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʘʭ ʙʳʣ ʜʦʩʪʠʛʥʫʪʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʚ 40 ʪ/ʛʘ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʤ, ʠ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʘ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʘʛʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤ, ʧʣʘʥʠʨʫʶʱʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʬʝʣʷ, 
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The Federal Law No. 280-FZ ñOn Organic Products and Amendments to Certain Legislative Acts of the 

Russian Federationò will enter into force on January 1, 2020. According to this law the agricultural 

producers, who are willing to start the organic farming, must be provided with the relevant techniques. At the 

same time, new technological solutions should focus on obtaining the sufficiently high crop yields in 

compliance with the local climatic conditions and the resulting products should be competitive. The field 

research associated with the crop growing technologies following the main requirements to organic 

production was launched. A field crop rotation has been maintained for this purpose since 2016 on sod-
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podzolic well-cultivated soil. The experiments with potato as a part of the crop rotation made use of the 

composts produced from the poultry manure in the bioreactors and the biological fungicides developed by 

Saint Petersburg State Agrarian University, All-Russian Research Institute of Plant Protection (VIZR) and 

All -Russian Research Institute of Agricultural Microbiology (RIAM). The plots area was 61.6 m
2
. 

Experiments were held in four replications. Mechanical weed control was applied. The weather conditions in 

the spring of 2019 caused the warm and humid May and June. In this regard, the processes of mineralization 

and nitrification were intensively going on in the soil. Under these conditions and with the good nitrogen 

supply, Udacha potato variety was able to demonstrate its potential very well. In the best experiment 

variants, a yield of 40 t / ha of marketable products was obtained. The research results of this year and the 

previous years, allow recommending the established technology to agricultural producers, who are planning 

the organic potato production. 
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ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʠʚʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʧʦʪʨʝʙʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʠʥʷʪ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ N 280 ʦʪ 

03.08.2018 "ʆʙ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦ 

ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ", ʢʦʪʦʨʳʡ ʚʩʪʫʧʘʝʪ ʚ ʜʝʡʩʪʚʠʝ ʩ 1 

ʷʥʚʘʨʷ 2020 ʛʦʜʘ.  

ʇʨʠʥʮʠʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʥʝ 

ʥʘʥʦʩʷʪ ʫʨʦʥ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ, ʘ 

ʩʫʱʝʩʪʚʫʶʪ ʩ ʥʠʤ ʚ ʛʘʨʤʦʥʠʠ ʠ ʧʦʟʚʦʣʷʶʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʘʨʫʰʝʥʥʳʡ ʯʝʣʦʚʝʢʦʤ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʙʠʦʩʬʝʨʦʡ ʠ ʪʝʭʥʦʩʬʝʨʦʡ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 

ʩʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ - ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʫʪʚʝʨʞʜʝʥʥʦʡ ʫʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʦʪ 

01.12.2016 ˉ 642, ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʝʨʝʭʦʜʘ 

ʢ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʤʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʤʫ ʘʛʨʦ- ʠ ʘʢʚʘʭʦʟʷʡʩʪʚʫ, ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, 

ʭʨʘʥʝʥʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʦʟʜʘʥʠʶ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ  ʈʦʩʩʠʡʩʢʠʤ ʉʦʶʟʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʯʘʩʪʠ 

ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢ ʧʝʨʝʭʦʜʫ ʥʘ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʦʙ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘ ʪʘʢʞʝ ʦ ʙʠʦʣʦʛʠʟʘʮʠʠ 

ʟʝʤʣʝʜʝʣʠʷ, ʦʩʪʘʝʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤ. ɺʘʞʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ, 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʣʝʚʳʭ 

ʢʫʣʴʪʫʨ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʨʪʦʚ, ʚʳʙʦʨʘ 

ʘʜʝʢʚʘʪʥʦʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʝʡ 

ʧʨʠʤʝʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ. ɸʛʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤ 

ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʣʝʢʩʥʳʝ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ ʠ 

ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʚʝʩʴ ʩʧʝʢʪʨ 

ʥʝʦʙʭʦʜʠʤʳʭ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʠ ʨʘʟʨʝʰʝʥʥʳʭ 

ʘʛʨʦʭʠʤʠʢʘʪʦʚ, ʦʙʝʩʧʝʯʝʥʥʳʝ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. 
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ʅʝʜʘʚʥʠʡ ʤʝʪʘʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

çʨʘʟʨʳʚ ʫʨʦʞʘʡʥʦʩʪʠè ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʙʳʯʥʳʤ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ ʩʦʩʪʘʚʣʷʝʪ 

19-25% [1, 2]. ʆʜʥʘʢʦ ʨʘʟʣʠʯʠʷ ʚ 

ʫʨʦʞʘʡʥʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʯʘʩʪʢʘ ʠ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 5% 

ʙʦʣʝʝ ʥʠʟʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (ʙʦʙʦʚʳʝ ʠ ʤʥʦʛʦʣʝʪʥʠʝ 

ʨʘʩʪʝʥʠʷ, ʦʨʦʰʘʝʤʳʝ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ) ʜʦ 34% ʙʦʣʝʝ ʥʠʟʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ 

[1]. ɺ ʨʘʙʦʪʘʭ ʵʩʪʦʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ  

ʫʨʦʞʘʡʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʨʪʦʬʝʣʷ ʙʳʣʘ, 

ʚ ʩʨʝʜʥʝʤ, ʥʘ 32,1 % ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʘʨʠʘʥʪʦʤ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʠʥʝʨʘʣʴʥʳʝ 

ʫʜʦʙʨʝʥʠʷ [3].    ʇʨʠ ʥʘʜʣʝʞʘʱʝʡ ʧʨʘʢʪʠʢʝ 

ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʢʫʣʴʪʫʨ, 

ʪʘʢʠʝ ʢʘʢ ʙʦʙʦʚʳʝ, ʬʨʫʢʪʦʚʳʝ ʠ 

ʤʥʦʛʦʣʝʪʥʠʢʠ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʫʨʦʞʘʶ, ʩʦʧʦʩʪʘʚʠʤʦʤʫ ʩ 

ʦʙʳʯʥʳʤ ʫʨʦʞʘʝʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʠʥʥʦʚʘʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʪʘʢʦʛʦ ʢʘʢ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

[4,5,6]. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʟʘ 

ʩʯʝʪ ʢʦʤʧʦʩʪʦʚ, ʪʘʢ ʠ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʧʨʝʚʨʘʱʝʥʠʝ 

ʚʘʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʘʛʨʦʮʝʥʦʟʝ 

ʠ ʨʦʣʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, 

ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ [7]. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʦʚ ʚ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤʝ ʩʝʚʦʦʙʦʨʦʪʘ ʧʨʦʧʘʰʥʳʭ ʠ 

ʧʦʣʝʚʳʭ ʢʫʣʴʪʫʨ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʙʘʟʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʚʢʣʶʯʘʶʱʠʭ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʨʠʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚʳ, ʫʧʨʘʚʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʤ 

ʧʠʪʘʥʠʝʤ ʠ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʩʦʛʣʘʩʥʦ 

ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ 

ʩʧʝʮʠʘʣʴʥʦ ʟʘʣʦʞʝʥʥʦʤ ʧʦʣʝʚʦʤ 

ʩʝʚʦʦʙʦʨʦʪʝ ʥʘʤʠ ʥʘʯʘʪʳ ʩ 2016 ʛʦʜʘ 

[8,9,10]. ɺ 2019 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʜʦʣʞʝʥʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʇʨʦʛʨʘʤʤʦʡ ʠ ʄʝʪʦʜʠʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʝʯʝʥʠʝ 

ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ 2019 ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʣʝʚʦʡ 

ʦʧʳʪ ʩ  ʢʘʨʪʦʬʝʣʝʤ ʚ ʢʦʪʦʨʦʤ ʠʟʫʯʘʣʠʩʴ ʪʨʠ 

ʛʨʫʧʧʳ ʬʘʢʪʦʨʦʚ ʚ ʨʘʤʢʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ:  

ʘ).ʋʨʦʚʝʥʴ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, 

ʦʙʝʩʧʝʯʝʥʥʳʡ ʜʝʡʩʪʚʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ; 

ʙ).ɼʝʡʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʟʦʪʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ 

ʚʥʦʩʠʤʳʤʠ   ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ï 

ʘʟʦʪʬʠʢʩʘʪʦʨʘʤʠ (ʌʣʘʚʦʙʘʢʪʝʨʠʥ); 

ʚ). ɼʝʡʩʪʚʠʝ ʥʦʚʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 

ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ çʂʘʨʪʦʬʝʥè; 

ɺ ʦʧʳʪʝ ʚʦʟʜʝʣʳʚʘʣʩʷ ʢʘʨʪʦʬʝʣʴ ʩʦʨʪʘ 

ʋʜʘʯʘ, (ʩʫʧʝʨʵʣʠʪʘ), ʨʘʡʦʥʠʨʦʚʘʥʥʳʡ ʜʣʷ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʠʥ ʚʠʜ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ - ɹʀʆɻʋʄ, ʢʦʤʧʦʩʪ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʙʠʦʢʦʥʚʝʢʪʦʨʝ 

ʀɸʕʇ, ʢʦʪʦʨʳʡ ʚʥʦʩʠʣʩʷ ʚ ʜʚʫʭ ʜʦʟʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 80 ʠ 160 ʢʛ/ʛʘ ʘʟʦʪʘ, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʦʤʫ (ʧʦ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʍɽʃʂʆʄ) ʠ ʚʳʩʦʢʦʤʫ 

ʫʨʦʚʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ (ʩʭʝʤʘ 

ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1). ɺ ʩʝʜʴʤʦʤ 

ʚʘʨʠʘʥʪʝ ʢʦʤʧʦʩʪ ʙʳʣ ʚʥʝʩʝʥ ʧʨʠ ʧʦʩʘʜʢʝ ʠʟ 

ʨʘʩʯʝʪʘ 80 ʢʛ ʘʟʦʪʘ ʥʘ ʛʝʢʪʘʨ, ʘ ʟʘʪʝʤ  ʚ 

ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ 

ʧʦʯʚʝʥʥʳʭ ʟʘʧʘʩʦʚ ʘʟʦʪʘ ʙʳʣʘ  ʚʥʝʩʝʥʘ 

ʧʦʜʢʦʨʤʢ, ʪʝʤ ʞʝ ʢʦʤʧʦʩʪʦʤ ʚ ʜʦʟʝ 80 ʢʛ 

ʘʟʦʪʘ ʥʘ ʛʝʢʪʘʨ. 

ɺ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩ 

ʢʘʨʪʦʬʝʣʝʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ɺʀɿʈʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʬʫʥʛʠʮʠʜ ʂʘʨʪʦʬʝʥ 

ʩʦʟʜʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʙʘʢʪʝʨʠʠ Bacillus 

subtilis.  

ɺ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩ ʢʘʨʪʦʬʝʣʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɺʅʀʀʉʍʄɹ 

ʢʦʤʧʣʝʢʩʥʳʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ 

ʩ ʘʟʦʪʬʠʢʩʠʨʫʶʱʝʡ ʬʫʥʢʮʠʝʡ-

ʌʣʘʚʦʙʘʢʪʝʨʠʥ. 

ʆʙʘ ʧʨʝʧʘʨʘʪʘ ʚʥʦʩʠʣʠʩʴ ʚ ʚʠʜʝ 

ʩʫʩʧʝʥʟʠʠ ʦʙʲʝʤʦʤ 200 ʤʣ, ʨʘʩʪʚʦʨʝʥʥʦʡ ʚ 

200 ʣʠʪʨʘʭ ʚʦʜʳ ʚ ʙʘʢʝ ʦʧʨʳʩʢʠʚʘʪʝʣʷ. 

ɺʘʨʠʘʥʪʳ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʦʡ 

ʨʘʩʪʝʥʠʡ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʚʘʨʠʘʥʪʘʤʠ ʙʝʟ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʳ (ʙʝʟ ʢʦʤʧʦʩʪʘ ʠ ʩ 

ʜʦʟʦʡ ʢʦʤʧʦʩʪʘ ʨʘʚʥʦʡ 80 ʢʛ ʘʟʦʪʘ ʥʘ 

ʛʝʢʪʘʨ).  

¶ ʇʣʦʱʘʜʴ ʜʝʣʷʥʢʠ-  5,6ʤ ʭ 11ʤ = 61,6 

ʤ
2
. ʇʦʚʪʦʨʥʦʩʪʴ ï ʯʝʪʳʨʝʭ ʢʨʘʪʥʘʷ, 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʣʷʥʦʢ ʨʝʥʜʦʤʠʟʠʨʦʚʘʥʥʦʝ. 

¶ ɼʣʷ ʢʘʨʪʦʬʝʣʷ, ʧʨʠ ʰʠʨʠʥʝ 

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. 

¶ ɼʣʠʥʘ ʦʧʳʪʘ ʨʘʚʥʘ 11 ʤʝʪʨʦʚ ʭ 4 = 

44 ʤʝʪʨʘ, ʚʢʣʶʯʘʷ ʟʘʱʠʪʢʠ ʧʝʨʝʜ ʫʯʝʪʥʳʤʠ 

ʜʝʣʷʥʢʘʤʠ ʠ ʤʝʞʜʫ ʜʝʣʷʥʢʘʤʠ. 

ɿʘʱʠʪʢʠ ʤʝʞʜʫ ʧʘʨʘʤʠ ʚʘʨʠʘʥʪʦʚ ʦʩʪʘʶʪʩʷ 

ʚ ʧʘʨʫʶʱʝʤʩʷ ʩʦʩʪʦʷʥʠʠ  

¶ ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʦʧʳʪʘ 53,2ʤ ʭ 44ʤ = 

2340 ʤ
2
, ʧʣʦʱʘʜʴ ʧʦʩʘʜʢʠ ʢʘʨʪʦʬʝʣʷ 1970,4 

ʤ
2
 

¶  ʇʘʨʫʶʱʠʝ ʟʘʱʠʪʢʠ ʤʝʞʜʫ ʧʦʣʷʤʠ 

ʩʝʚʦʦʙʦʨʦʪʘ ʩʦʩʪʘʚʣʷʶʪ ʧʦ 10 ʤʝʪʨʦʚ.  

ʅʘ ʜʝʣʷʥʢʫ ʧʨʠ ʜʦʟʝ 80 ʢʛ N/ʛʘ ʚʥʦʩʠʪʩʷ 

0,49 ʢʛ ʘʟʦʪʘ. ʂʦʥʢʨʝʪʥʳʝ ʜʦʟʳ ɹʠʦʛʫʤʘ  

ʨʘʩʩʯʠʪʘʥʳ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʫʜʦʙʨʝʥʠʷ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʧʳʪʝ. 

ʊʘʙʣʠʮʘ 1 

ʉʭʝʤʘ ʦʧʳʪʘ ʩ ʢʘʨʪʦʬʝʣʝʤ 

ˉ ʚʘʨʠʘʥʪʘ ɼʦʟʘ ʢʦʤʧʦʩʪʘ ʉʠʩʪʝʤʘ ʟʘʱʠʪʳ ʢʘʨʪʦʬʝʣʷ 

1 0 0 

2 80 ʢʛ N 0 

3 0 ʌʣʘʚʦʙʘʢʪʝʨʠʥ 

4 80 ʢʛ N ʌʣʘʚʦʙʘʢʪʝʨʠʥ 

5 0 ʂʘʨʪʦʬʝʥ 

6 80 ʢʛ N ʂʘʨʪʦʬʝʥ 

7 80 ʢʛ N + 80 ʢʛ N 

ʧʦʜʢʦʨʤʢʘ 

ʂʘʨʪʦʬʝʥ 

8 160 ʢʛ N ʂʘʨʪʦʬʝʥ 

 

ɺʩʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʛʣʘʩʥʦ ʈʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʝ. 

ʋʭʦʜ ʟʘ ʧʦʩʘʜʢʘʤʠ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʩʦʩʪʦʷʣ ʚ ʦʢʫʯʠʚʘʥʠʠ ʛʨʝʙʥʝʡ ʠ 

ʙʦʨʦʥʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʊɿ-82 + 

ʂʅʆ-2,8+ɹʈʋ-0,7. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ 

ʫʥʠʯʪʦʞʘʣʘʩʴ ʩʦʨʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ 

ʩʢʣʦʥʘʭ ʛʨʝʙʥʝʡ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 

ʚʦʩʝʤʴ ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʝ 

ʬʦʨʤʳ ʘʟʦʪʘ ʠ ʚʣʘʞʥʦʩʪʴ.  

ʅʘʨʝʟʢʘ ʛʨʝʙʥʝʡ ʠ ʧʦʩʘʜʢʘ ʢʘʨʪʦʬʝʣʷ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 30 ʤʘʷ 2019 ʛʦʜʘ. ʂʣʫʙʥʠ 

ʢʘʨʪʦʬʝʣʷ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʙʠʦʧʨʝʧʘʨʘʪʘʤʠ 
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ʚʦ ʚʨʝʤʷ ʧʦʩʘʜʢʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʩʘʞʘʣʢʫ 

ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʦʧʨʳʩʢʠʚʘʪʝʣʴ. 

ɺʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʷʣʠʩʴ ʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʥʩʪʠʪʫʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊʘʤʠ ʥʘ ʵʪʠ 

ʚʠʜʳ ʘʥʘʣʠʟʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʝʩʥʳ ʠ ʥʘʯʘʣʘ ʣʝʪʘ 

2019 ʛʦʜʘ ʦʪʣʠʯʘʣʠʩʴ ʦʯʝʥʴ ʪʝʧʣʦʡ ʧʦʛʦʜʦʡ 

ʠ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʳʤʠ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʧʦʯʚʝ 

ʠʥʪʝʥʩʠʚʥʦ ʰʣʠ ʧʨʦʮʝʩʩʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ 

ʥʠʪʨʠʬʠʢʘʮʠʠ. ʋʞʝ ʢ ʤʦʤʝʥʪʫ ʧʦʩʘʜʢʠ ʚ 

ʧʦʯʚʝ ʙʳʣʦ ʥʘʢʦʧʣʝʥʦ ʦʪ 10 ʜʦ 20 ʤʛ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʥʘ ʢʛ ʧʦʯʚʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʠʪʨʘʪʥʦʡ ʬʦʨʤʝ (ʪʘʙʣ. 

2). ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʝ ʠ ʥʠʪʨʘʪʦʚ 

ʠ ʦʙʱʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʦʪʣʠʯʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ 

 

 

ʊʘʙʣʠʮʘ 2 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʦʧʳʪʘ ʜʦ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ (28.05.2019). 

ʇʦʢʘʟʘʪʝʣʴ ʍ ʩʨ. ʉʪ. ʦʪʢʣʦʥʝʥʠʝ 

 

ʤʛ/ʢʛ ʤʛ/ʢʛ % 

N- NO3, ʤʛ/ʢʛ 15,03 5,52 36,7 

N-NH4, ʤʛ/ʢʛ 0,39 0,12 30,7 

ʉʫʤʤʘ N ʤʠʥʝʨ. 

ʤʛ/ʢʛ 

15,42 5,57 36,1 

 

ʂ 10 ʠʶʥʷ ʧʨʦʮʝʩʩ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ 

ʥʠʪʨʠʬʠʢʘʮʠʠ ʘʟʦʪʘ ʧʨʦʜʦʣʞʠʣʩʷ ʠ ʜʘʞʝ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʩʦʩʪʘʚʠʣʦ 

ʦʢʦʣʦ 30 ʤʛ/ʢʛ ʧʦʯʚʳ (ʪʘʙʣ. 3). ɺʥʝʩʝʥʠʝ 

ʢʦʤʧʦʩʪʘ ʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ ʘʢʪʠʚʠʟʠʨʦʚʘʣʦ 

ʵʪʠ ʧʨʦʮʝʩʩʳ ʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʦʨʤ ʘʟʦʪʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʠʪʨʘʪʥʦʡ) 

ʚ ʧʦʯʚʝ. 

ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʢʦʤʧʦʩʪʘ ʠ ʙʠʦʬʫʥʛʠʮʠʜʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʦʧʳʪʘ 

10.06.2019 

ˉ ʚʘʨʠʘʥʪʘ ɼʦʟʘ ʢʦʤʧʦʩʪʘ, ʢʛ 

N/ʛʘ 

ɹʠʦʬʫʥʛʠʮʠʜ N-NO3 ʤʛ/ʢʛ N ʤʠʥʝʨ. ʤʛ/ʢʛ 

1 0 0 30,51 

 

30,69 

2 80 0 35,27 35,36 

3 0 ʌʣʘʚʦʙʘʢʪʝʨʠʥ 27,80 27,91 

4 80 ʌʣʘʚʦʙʘʢʪʝʨʠʥ 38,25 35,90 

5 0 ʂʘʨʪʦʬʝʥ 35,69 35,99 

6 80 ʂʘʨʪʦʬʝʥ 41,72 48,11 

8 160 ʂʘʨʪʦʬʝʥ 54,62 54,91 

 

ɹʣʘʛʦʜʘʨʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʛʦʜʥʳʤ 

ʫʩʣʦʚʠʷʤ ʛʦʜʘ ʠ ʭʦʨʦʰʝʤʫ ʦʙʝʩʧʝʯʝʥʠʶ 

ʘʟʦʪʦʤ, ʢʘʨʪʦʬʝʣʴ ʩʦʨʪʘ ʋʜʘʯʘ ʩʤʦʛ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡ 

ʧʦʪʝʥʮʠʘʣ ʚ ʦʪʚʝʪ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʚʳʙʨʘʥʥʳʭ ʦʧʝʨʘʮʠʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ. ɽʩʣʠ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 19,98 

ʪ/ʛʘ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʠʭ ʪʦʣʴʢʦ ʙʠʦʬʫʥʛʠʮʠʜʦʚ 

ʦʙʝʩʧʝʯʠʣʦ ʧʦʜʲʝʤ ʫʨʦʞʘʡʥʦʩʪʠ ʜʦ 24,12-

24,14 ʪ/ʛʘ (ʪʘʙʣ. 4).  

ʂʦʤʧʦʩʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʣ 

ʫʨʦʞʘʡʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ. ɺ 

ʚʘʨʠʘʥʪʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʬʫʥʛʠʮʠʜʦʚ 

ʧʨʠʙʘʚʢʘ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ ʩʦʩʪʘʚʠʣʘ 

4,85 ʪ/ʛʘ, ʘ ʫʨʦʞʘʡʥʦʩʪʴ ʪʦʚʘʨʥʳʭ ʜʦʩʪʠʛʣʘ 

30,46 ʪ/ʛʘ, ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʢʠʣʦʛʨʘʤʤ ʘʟʦʪʘ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʦʩʪʘ  ʦʙʝʩʧʝʯʠʣ ʧʨʠʙʘʚʢʫ ʚ 61 

ʢʛ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ ʠʣʠ 73 ʢʛ ʪʦʚʘʨʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʩ ʢʘʞʜʦʛʦ ʛʘ.   
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 ɺ ʚʘʨʠʘʥʪʘʭ ʩ ʙʠʦʬʫʥʛʠʮʠʜʘʤʠ  

ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʩʪʘ ʪʘʢʞʝ ʜʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʨʠʙʘʚʢʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʘʨʠʘʥʪʘʤʠ ʙʝʟ ʢʦʤʧʦʩʪʘ. ʇʨʠ ʵʪʦʤ ʚ 

ʚʘʨʠʘʥʪʝ ʌʣʘʚʦʙʘʢʪʝʨʠʥ + ʢʦʤʧʦʩʪ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʫʨʦʞʘʡʥʦʩʪʴ ʚ 31,72 ʪ/ʛʘ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʫʙʥʝʡ ʠ 41,56 ʪ/ʛʘ ʪʦʚʘʨʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʚʘʨʠʘʥʪʘʭ ʩ ʌʣʘʚʦʙʘʢʪʝʨʠʥʦʤ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʠ ʤʝʥʴʰʘʷ ʜʦʣʷ ʤʝʣʢʠʭ 

ʢʣʫʙʥʝʡ ʚ ʦʙʱʝʡ ʙʠʦʤʘʩʩʝ (ʤʝʥʝʝ 1%) 

ɼʝʡʩʪʚʠʝ ʂʘʨʪʦʬʝʥʘ, ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʦʤʧʦʩʪʦʤ, ʧʦʟʚʦʣʠʣʦ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʦʚʝʨʥʫʶ ʧʨʠʙʘʚʢʫ. ʇʨʠ ʜʦʟʝ ʢʦʤʧʦʩʪʘ ʚ 

80 ʢʛ ʘʟʦʪʘ/ʛʘ  ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠʙʘʚʢʘ ʚ 3,87 

ʪ/ʛʘ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʧʨʠ ʜʦʟʝ ʚ 160 

ʢʛ ʘʟʦʪʘ/ʛʘ   ʧʨʠʙʘʚʢʘ ʩʦʩʪʘʚʠʣʘ 7,93 ʪ /ʛʘ. 

ʆʙʱʘʷ ʤʘʩʩʘ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʠʣʘ 

40,35 ʪ /ʛʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʢʦʨʤʢʘ, ʚ 

ʫʩʣʦʚʠʷʭ ʵʪʦʛʦ ʛʦʜʘ, ʦʢʘʟʘʣʘʩʴ ʥʝ 

ʵʬʬʝʢʪʠʚʥʦʡ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʨʘʩʪʝʥʠʷ ʚ 

ʚʘʨʠʘʥʪʝ ʩ ʚʥʝʩʝʥʠʝʤ ʢʦʤʧʦʩʪʘ ʚ ʜʦʟʝ N 80 

ʢʛ/ʛʘ  ʩʤʦʛʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʟʦʪʘ, ʢʘʢ ʠʟ ʧʦʯʚʳ, ʪʘʢ ʠ ʠʟ 

ʢʦʤʧʦʩʪʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ, 

ʦʙʝʩʧʝʯʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʟʦʪ, 

ʧʨʠʰʝʜʰʠʡ ʩ ʧʦʜʢʦʨʤʢʦʡ, ʙʳʣ ʫʞʝ 

ʠʟʣʠʰʝʥ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʣ ʜʦʣʶ 

ʤʝʣʢʠʭ ʢʣʫʙʥʝʡ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʦʩʪʦʚʝʨʥʫʶ 

ʧʨʷʤʦʣʠʥʝʡʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ  ʤʝʞʜʫ  ʫʨʦʞʘʡʥʦʩʪʴʶ ʪʦʚʘʨʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠ ʜʦʟʦʡ ʚʥʝʩʝʥʥʦʛʦ ʢʦʤʧʦʩʪʘ, 

ʦʜʥʘʢʦ ʥʝʦʜʥʦʟʥʘʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʫʨʦʚʥʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ ʧʝʨʝʜ 

ʧʦʩʘʜʢʦʡ.  ʇʨʠ ʘʧʨʦʢʩʠʤʘʮʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʬʫʥʢʮʠʝʡ (ʨʠʩ. 1) ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʘʣʠ 

ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʦʣʴ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʣʩʷ ʚ 

ʧʦʯʚʝ ʧʨʠ ʧʦʩʘʜʢʝ, ʦʢʘʟʘʣʘʩʴ ʤʘʣʦʟʘʤʝʪʥʦʡ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʨʦʞʘʷ, ʪʘʢ ʢʘʢ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠ ʧʦʯʚʘ, ʠ ʙʠʦʧʨʝʧʘʨʘʪʳ, ʠ ʢʦʤʧʦʩʪ 

ʩʬʦʨʤʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʧʫʣ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʠʪʨʘʪʥʦʛʦ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʣ ʚʳʩʦʢʫʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ. 

 

ʊʘʙʣʠʮʘ 4 

ɺʣʠʷʥʠʝ ʢʦʤʧʦʩʪʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʛʠʮʠʜʦʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ ʋʜʘʯʘ 

ˉ 

ʚʘʨʠ

ʘʥʪʘ 

ɺʘʨʠʘʥʪʘ ʋʨʦʞʘʡ 

ʩʪʘʥʜʘʨʪ

ʥʦʛʦ 

ʢʘʨʪʦʬʝ-

ʣ ̫

ʋʨʦʞʘʡ 

ʪʦʚʘʨʥʦʛʦ 

ʢʘʨʪʦʬʝʣʷ 

(ʩʪʘʥʜʘʨʪ+ 

ʢʨʫʧʥʳʡ) 

ʋʨʦʞʘʡ 

ʤʝʣʢʦʛʦ 

ʢʘʨʪʦʬʝʣʷ 

ɼʦʣʷ ʤʝʣʢʦʛʦ 

ʢʘʨʪʦʬʝʣʷ ʚ 

ʦʙʱʝʡ 

ʙʠʦʤʘʩʩʝ 

ʪ/ʛʘ % 

1 ʂʦʥʪʨʦʣʴ 19,98 24,64 0,30 1,20 

2 ʂʦʤʧʦʩʪ, 80 ʢʛ N/ʛʘ 24,86 30,46 0,32 1,04 

3 ʌʣʘʚʦʙʘʢʪʝʨʠʥ 24,14 29,47 0,22 0,74 

4 ʌʣʘʚʦʙʘʢʪʝʨʠʥ + 

ʢʦʤʧʦʩʪ,80 ʢʛ N/ʛʘ 

31,72 

41,56 0,41 0,98 

5 ʂʘʨʪʦʬʝʥ 24,12 29,05 0,38 1,29 

6 ʂʘʨʪʦʬʝʥ + ʢʦʤʧʦʩʪ,80 ʢʛ 

N/ʛʘ 

27,99 

32,70 0,46 1,39 

7 ʂʘʨʪʦʬʝʥ +ʢʦʤʧʦʩʪ,80 ʢʛ 

N/ʛʘ +  ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʚʥʝʩʝʥʠʝ 

27,84 

34,44 

 0,64 1,82 

8 ʂʘʨʪʦʬʝʥ + ʢʦʤʧʦʩʪ,80 ʢʛ 

N/ʛʘ 

32,05 40,35 

 0,46 1,13 

 ʅʉʈ0,95 1,40 

 

4,00 

 

ʈʘʟʣʠʯʠʷ ʥʝ 

ʜʦʩʪʦʚʝʨʥʳ 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʡʥʦʩʪʠ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʢʘʨʪʦʬʝʣʷ (Var5) ʦʪ ʜʦʟʳ N, ʚʥʝʩʝʥʥʦʡ ʩ 

ʢʦʤʧʦʩʪʦʤ (Var2), ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʯʚʝ ʧʨʠ ʧʦʩʘʜʢʝ (Var1) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʚʳʙʨʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʫʜʘʣʦʩʴ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʷʜ  ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʧʦʯʚʘ -ʨʘʩʪʝʥʠʝ. ɿʘ ʩʯʝʪ 

ʚʥʝʩʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʘʢʪʠʚʠʟʠʨʦʚʘʣʘʩʴ ʧʦʯʚʝʥʥʘʷ 

ʤʠʢʨʦʬʣʦʨʘ, ʢʦʪʦʨʘʷ ʫʣʫʯʰʠʣʘ ʩʥʘʙʞʝʥʠʝ 

ʨʘʩʪʝʥʠʡ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʉʘʤʠ 

ʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ, ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ 

ʙʠʦʬʫʥʛʠʮʠʜʘʤʠ ʙʳʣʠ ʣʫʯʰʝ ʨʘʟʚʠʪʳ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʤʧʦʩʪ ʦʙʝʩʧʝʯʠʣ 

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʧʦʯʚʝʥʥʳʡ 

ʨʘʩʪʚʦʨ, ʘ ʠʟ ʥʝʛʦ ʚ ʨʘʩʪʝʥʠʷ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʘʢ ʘʟʦʪʘ, ʪʘʢ ʠ ʜʨʫʛʠʭ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʦ ʪʘʢʞʝ ʚʳʨʘʟʠʣʦʩʴ 

ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʠʨʦʩʪʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʢʘʨʪʦʬʝʣʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʯʝʥʴ ʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʦʛʦ ʢʘʨʪʦʬʝʣʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʯʪʠ ʧʦʣʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʨʪʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʘʭ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʚʳʩʦʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʢʘʨʪʦʬʝʣʷ ʥʝ ʫʩʪʫʧʘʶʱʘʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ʢʘʨʪʦʬʝʣʷ ʚ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ.  

ɺʳʚʦʜʳ 

1. ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʧʨʝʜʧʦʩʘʜʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʬʠʟʠʯʝʩʢʠʤ  ʩʦʩʪʦʷʥʠʝʤ ʧʦʯʚʳ 

ʠ ʩʢʣʘʜʳʚʘʶʱʠʤʠʩʷ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ,  

ʚʥʝʩʝʥʠʝ ʢʦʤʧʦʩʪʘ ʠ ʙʠʦʧʨʝʧʘʨʘʪʦʚ, 

ʨʝʛʫʣʷʨʥʦʝ ʦʢʫʯʠʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʂʅʆ-2,8+ɹʈʋ-0,7, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʫʥʠʯʪʦʞʘʣʠ ʩʦʨʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ 

ʩʢʣʦʥʘʭ ʛʨʝʙʥʝʡ. 

2. ɺ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

2019 ʛʦʜʘ, ʥʘ ʭʦʨʦʰʦ ʦʢʫʣʴʪʫʨʝʥʥʦʡ ʧʦʯʚʝ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ (ʙʝʟ 

ʢʦʤʧʦʩʪʘ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ) 19,98 

ʪ/ʛʘ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ  24,64 ʪ/ʛʘ 

ʪʦʚʘʨʥʦʡ. ɺ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʘʭ (ʢʦʤʧʦʩʪ ʚ 

ʜʦʟʝ 80 ʢʛ N /ʛʘ + ʌʣʘʚʦʙʘʢʪʝʨʠʥ ʠ ʢʦʤʧʦʩʪ 

ʚ ʜʦʟʝ 160 ʢʛ N /ʛʘ + ʂʘʨʪʦʬʝʥ) ʫʨʦʞʘʡʥʦʩʪʴ 

ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦʩʪʠʛʣʘ 31 ï 32 

ʪ/ʛʘ, ʘ ʪʦʚʘʨʥʦʡ ï 40 ï 41 ʪ/ʛʘ. 

3. ɺ ʫʩʣʦʚʠʷʭ ʛʦʜʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʧʦʜʢʦʨʤʢʘ ʚʦ ʚʨʝʤʷ ʚʝʛʝʪʘʮʠʠ ʙʳʣʘ ʥʝ 

ʵʬʬʝʢʪʠʚʥʘ. 

4.  ʇʦʣʫʯʝʥʥʳʝ ʟʘ ʪʨʠ ʛʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʘʛʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤ, 

ʧʣʘʥʠʨʫʶʱʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʢʘʨʪʦʬʝʣʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʥʘʤʠ 

ʪʝʭʥʦʣʦʛʠʶ. 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʦʟʜʝʣʳʚʘʥʠʶ ʢʘʨʪʦʬʝʣʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ // ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2017. ˉ93. ʉ. 34-43. 

10. ʄʠʥʠʥ ɺ.ɹ., ʄʘʢʩʠʤʦʚ ɼ.ɸ., ʋʩʪʨʦʝʚ 

ɸ.ɸ., ʄʙʘʡʭʦʣʦʡʝʣʴ ʕ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʟʚʠʪʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ // çʕʢʦʣʦʛʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʦʝ ʟʝʤʣʝʜʝʣʠʝ: ʩʦʩʪʦʷʥʠʝ, 

ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷè. ʉʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ.  ɺʅʀʀʆʋ- 

ʬʠʣʠʘʣ ʌɻɹʅʋ çɺʝʨʥʝʚʦʣʞʩʢʠʡ ʌɸʅʎè. 

ʀʚʘʥʦʚʦ: ʇʨʝʩʉʪʦ, 2018, ʩ. 331-337 
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The main cause of erosion processes in the existing potato cultivation practice is the lack of effective 

technological methods, machines and equipment for the water runoff and topsoil retirement control. A 

system for seeding the green manure seeds on the formed surface is proposed, which is a technical 

implementation of a new technological method for hardening the surface of the ridge using seeding of green 

manure crops. An original distributing device was designed and an experimental model was manufactured, 

consisting of a frame, which followed the profile of the ridge surface, and two diffusers. This device 

controlled the parameters governing the precise distribution of green manure seeds ï the geometric 

parameters of a diffuser, namely, its height, the level angle and installation height of the device to the formed 

soil surface. The process of green manure seeds sowing on the formed soil surface was tested in laboratory 

conditions and the rational parameters of the distributing device were defined ï the diffuser height B = 30 cm 

and the diffuser level angle C = 5Ü. The effect of variable installation height of the frame relative to the ridge 

in the studied interval was found insignificant. Due to the insufficient seeding uniformity recorded in the 

experiment, the design of the distributing device needs to be improved. 
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ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʨʦʧʘʰʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʢʘʨʪʦʬʝʣʷ, ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʧʦʯʚ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʪ ʚʦʜʥʦʡ ʠ 

ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ [1]. 

ʊʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʝʣʢʦʢʦʤʢʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ ʚ 

ʛʨʝʙʥʷʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ [2-5]. ʊʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ  ʧʦʜʚʝʨʞʝʥʘ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʪʨʝʙʫʝʪ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʙʥʝʡ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ. ʇʨʦʚʝʜʝʥʥʳʡ ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ [6] 

ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [7-9] 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʧʨʦʯʥʝʥʠʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʷ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʫʧʨʦʯʥʝʥʠʷ 

ʛʨʝʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʝʚʘ 

ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʢʘʪʳʚʘʥʠʝʤ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʧʨʫʪʢʦʚʳʤʠ ʢʘʪʢʘʤʠ 

[10]. 

ʉʝʤʝʥʘ ʩʠʜʝʨʘʪʦʚ ʙʫʜʫʪ ʚʥʦʩʠʪʴʩʷ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʥʦʦʙʲʝʤʥʳʭ ʛʨʝʙʥʝʡ 

ʧʨʦʧʘʰʥʳʤ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʩ ʧʘʩʩʠʚʥʳʤʠ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ 

ʧʦʩʘʜʢʠ ʢʘʨʪʦʬʝʣʷ [11]. 

ɹʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʤʫ ʚʝʛʝʪʘʮʠʦʥʥʦʤʫ 

ʧʝʨʠʦʜʫ ʩʠʜʝʨʘʪʳ ʩʧʦʩʦʙʥʳ ʥʘʨʘʱʠʚʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ 

ʨʘʟʚʠʚʘʪʴ ʤʦʱʥʫʶ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ.  

ʉʠʜʝʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʧʦʩʝʷʥʥʳʝ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʙʳʩʪʨʦ 
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ʧʨʦʨʘʩʪʘʶʪ, ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʯʥʷʶʪ ʩʚʦʝʡ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʝʙʥʝʡ. 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʩʦʟʜʘʚʘʝʤʳʡ 

ʩʠʜʝʨʘʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʦʢʘʟʳʚʘʝʪ 

ʚʳʩʦʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʨʦʟʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʝʜʦʭʨʘʥʷʷ ʧʦʯʚʫ ʦʪ ʩʤʳʚʘ ʠʣʠ 

ʚʳʜʫʚʘʥʠʷ, ʩʥʠʞʘʷ ʩʣʦʡ ʩʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ 

ʩʪʝʢʘʥʠʷ [12-14]. 

ɺʳʩʝʚ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦ 

ʚʳʧʦʣʥʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʚʳʩʝʚʘʶʱʠʭ ʤʦʜʫʣʝʡ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʧʦʩʘʜʦʯʥʳʭ 

ʘʛʨʝʛʘʪʦʚ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʝ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʪʘʢʠʭ ʤʦʜʫʣʝʡ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʧʦ ʛʣʘʜʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ ʧʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘʤʠ  ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʝʚʘ 

ʩʝʤʷʥ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 1) [15]. 

ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʨʘʤʢʠ 1, ʧʦʚʪʦʨʷʶʱʝʡ 

ʧʨʦʬʠʣʴ ʛʨʝʙʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 3, ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʨʝʛʫʣʠʨʦʚʢʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʝʛʫʣʠʨʦʚʢʫ ʚʳʩʦʪʳ 

ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʤʠʪʘʪʦʨʘ ʛʨʝʙʥʷ 

3. ʅʘ ʨʘʤʢʫ  ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʠʬʬʫʟʦʨʳ 2 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʢ ʢʦʪʦʨʳʤ ʧʦʜʚʦʜʷʪʩʷ ʩʝʤʷʧʨʦʚʦʜʳ ʦʪ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʚʳʩʝʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

 

 
ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʝʚʘ ʩʝʤʷʥ 

ʩʠʜʝʨʘʪʦʚ ʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ  ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʮʝʩʩʘ ʚʳʩʝʚʘ ʩʝʤʷʥ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʦʩʥʦʚʘʥʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʉ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʧʨʝʜʝʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʩʠʜʝʨʘʪʦʚ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  ʨʘʟʨʘʙʦʪʘʥ 

ʩʪʝʥʜ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʮʝʩʩʘ ʚʳʩʝʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 

2. 

 
ʈʠʩ. 2. ʉʪʝʥʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

1 ï ʈʘʤʘ; 2 ï ʊʨʘʥʩʧʦʨʪʝʨ; 3 ï ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 

4 ï ʈʝʜʫʢʪʦʨ; 5 ï ʇʥʝʚʤʘʪʠʯʝʩʢʦʝ ʚʳʩʝʚʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ PS 300 M1; 6 ï ʉʝʤʷʧʨʦʚʦʜʳ; 

 7 ï ʅʘʧʨʘʚʣʷʶʱʘʷ; 8 ï ʂʦʤʧʴʶʪʝʨ; 9 ï ɼʦʤʢʨʘʪ; 

10 - ʂʨʦʥʰʪʝʡʥ 
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 ʉʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ ʨʘʤʳ 1, ʥʘ ʢʦʪʦʨʦʡ 

ʫʩʪʘʥʦʚʣʝʥ ʪʨʘʥʩʧʦʨʪʝʨ 2, ʧʨʠʚʦʜʠʤʳʡ ʚ 

ʜʝʡʩʪʚʠʝ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 3 ʠ ʨʝʜʫʢʪʦʨʘ 4, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʝʨʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʳʤ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ 

ʚʳʩʝʚʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ PS 300 M1 5, 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʤʧʴʶʪʝʨʦʤ 8, ʩʝʤʝʥʘ 

ʧʦʩʪʫʧʘʶʪ ʧʦ ʩʝʤʷʧʨʦʚʦʜʘʤ 6 ʢ ʜʠʬʬʫʟʦʨʘʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʨʘʤʢʝ, ʢʦʪʦʨʘʷ 

ʩʤʦʥʪʠʨʦʚʘʥʘ ʥʘ ʥʘʧʨʘʚʣʷʶʱʝʡ 7. 

ʅʘ ʪʨʘʥʩʧʦʨʪʝʨʥʫʶ ʣʝʥʪʫ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʤʠʪʘʪʦʨ ʛʨʝʙʥʷ, ʧʦʢʨʳʪʳʡ 

ʧʣʝʥʢʦʡ ʩ ʢʣʝʡʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʨʘʤʢʦʡ ʩ ʷʯʝʡʢʘʤʠ 50Ĭ50ʤʤ 

(ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʀʤʠʪʘʪʦʨ ʛʨʝʙʥʷ ʩ ʨʘʤʢʦʡ 

 

 ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʝʨʥʦʡ 

ʣʝʥʪʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 5 ʢʤ/ʯ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʤʝʞʜʫʨʷʜʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʧʘʰʥʳʤ ʢʫʣʴʪʠʚʘʪʦʨʦʤ. ʇʨʠ 

ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʚʳʩʝʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʢʣʶʯʘʝʪʩʷ 

ʚʝʥʪʠʣʷʪʦʨ, ʘ ʟʘʪʝʤ ʚʳʩʝʚʘʶʱʠʡ ʚʘʣ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʪʨʘʥʩʧʦʨʪʝʨʥʘʷ 

ʣʝʥʪʘ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ ʧʨʦʭʦʞʜʝʥʠʶ 

ʠʤʠʪʘʪʦʨʘ ʛʨʝʙʥʷ ʧʦʜ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ 

ʨʘʤʢʦʡ ʩ ʜʠʬʬʫʟʦʨʘʤʠ ʩʝʤʝʥʥʳʤ ʧʦʪʦʢʦʤ. 

ʂʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ï 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʩʝʚʘ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ Y). ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ  

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʳʩʝʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  

ɻʆʉʊ 31345 ï 2007 ñʉʝʷʣʢʠ ʪʨʘʢʪʦʨʥʳʝ. 

ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡò. 

 ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ 

ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʤʷʥ ʩʠʜʝʨʘʪʦʚ, 

ʷʚʣʷʶʪʩʷ: 

- ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʜʠʬʬʫʟʦʨʘ, ʘ ʠʤʝʥʥʦ ʝʛʦ ʚʳʩʦʪʘ ; 

- ʫʛʦʣ ʥʘʢʣʦʥʘ ʜʠʬʬʫʟʦʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʚʳʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, 

ʦʪʨʘʞʘʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʚʳʩʝʚʘ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚʠʜʘ 

0 1 1 2 2 3 3 12 1 2

2 2 2

13 1 3 23 2 3 11 1 22 2 33 3

y b b X b X b X b X X

b X X b X X b X b X b X

= + + + + +

+ + + + +
; (1) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʝʛʨʝʩʩʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʚʝʜʝʥʠʝ 

ʬʫʥʢʮʠʠ ʚ ʠʥʪʝʨʝʩʫʶʱʠʡ ʥʘʩ ʦʙʣʘʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʦ ʧʦʣʥʦʤʫ ʬʘʢʪʦʨʥʦʤʫ ʧʣʘʥʫ ʪʠʧʘ 3
3  
ʚ 

ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ʀʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʷ 

ʢʦʜʠʨʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʧʨʠʥʷʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʠ ʫʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ
 

ʌʘʢʪʦʨʳ 

ɺʳʩʦʪʘ  ʫʩʪʘʥʦʚʢʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʤʠʪʘʪʦʨʘ 

ʛʨʝʙʥʷ A(X1), ʩʤ 

ɺʳʩʦʪʘ ʜʠʬʬʫʟʦʨʘ 

B(X2), ʩʤ 

ʋʛʦʣ ʥʘʢʣʦʥʘ  

ʜʠʬʬʫʟʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ  C(X3), Á 

ʅʠʞʥʠʡ 

ʫʨʦʚʝʥʴ (-) 
10 20 5 

ʆʩʥʦʚʥʦʡ 

ʫʨʦʚʝʥʴ (0) 
15 25 10 

ɺʝʨʭʥʠʡ 

ʫʨʦʚʝʥʴ (+) 
20 30 15 

            
ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʝʨʚʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ  

ʧʦʣʫʯʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ  

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʳʩʝʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 27 

ʚʘʨʠʘʥʪʘ ʥʘʩʪʨʦʡʢʠ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʦʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 
 

ˉ ʦʧʳʪʘ (ɸ) X
1
 (ɺ) X

2
 (ʉ) X

3
 Y 

1 10 30 15 103,08 

2 10 30 10 108,57 

3 10 30 5 106,76 

4 10 25 15 109,95 

5 10 25 10 105,48 

6 10 25 5 108,43 

7 10 20 15 118,96 

8 10 20 10 116,92 

9 10 20 5 118,65 

10 15 20 15 116,77 

11 15 20 10 117,79 

12 15 20 5 109,25 

13 15 25 15 122,13 

14 15 25 10 112,02 

15 15 25 5 114,92 

16 15 30 5 103,75 

17 15 30 10 110,77 

18 15 30 15 117,16 

19 20 30 15 107,71 

20 20 30 10 106,58 

21 20 30 5 106,36 

22 20 25 15 109,70 

23 20 25 10 116,69 

24 20 25 5 116,45 

25 20 20 15 126,70 

26 20 20 10 107,90 

27 20 20 5 105,20 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ Statgraphics ʧʦʩʪʨʦʝʥʘ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ 

ʚʠʜʘ 

Y= 89,38 + 1,3*X1+ 1,59*X2+ 0,29*X3 - 

0,11*X1^2 + 0,06*X1*X 2+ 0,06*X1*X 3 ï 

0,05X2^2 - 0,06*X2*X 3+ 0,04*X3^2 

                                                                (2) 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ - R=0,81, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

0,95 ʩʦʩʪʘʚʣʷʝʪ 2,15, ʪʦ ʝʩʪʴ ʟʥʘʯʠʤʳʤʠ 

ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʪʦʣʴʢʦ 

ʧʨʠ ʬʘʢʪʦʨʘʭ B ʠ C (ʨʠʩ. 4). 

 
ʈʠʩ.4 ɿʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ 

 

ʇʦʩʣʝ ʦʪʩʝʠʚʘʥʠʷ ʥʝʟʥʘʯʠʤʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʩʬʦʨʤʠʨʦʚʘʥ 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʨʝʛʨʝʩʩʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ 

Y = 1257,9 - 0,74*X2 + 0,47*X3 (3) 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0,6, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʫʨʦʚʥʝ ʘʜʝʢʚʘʪʥʦʩʪʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʋʯʠʪʳʚʘʷ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʣʝʞʘʪ ʥʘ ʛʨʘʥʠʮʝ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ:  

- ʚʳʩʦʪʘ ʜʠʬʬʫʟʦʨʘ B = 30ʩʤ; 

- ʫʛʦʣ ʥʘʢʣʦʥʘ ʜʠʬʬʫʟʦʨʘ C = 5Ü. 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʩʝʚʘ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 105,94%. 

ɺʳʚʦʜʳ 

1 ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʝʚʘ 

ʩʝʤʷʥ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  ʦʙʦʩʥʦʚʘʥʳ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʠ ʥʘʩʪʨʦʝʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʝʜʫʶʱʝʤ 

ʩʦʩʪʘʚʝ: ʚʳʩʦʪʘ ʜʠʬʬʫʟʦʨʘ B = 30ʩʤ; ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʜʠʬʬʫʟʦʨʘ C = 5Ü. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʚʳʩʝʚʘ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʠʟʤʝʥʝʥʠʷ  ʧʘʨʘʤʝʪʨʦʚ  ʠ ʩʦʩʪʘʚʣʷʝʪ 

105,94%. 

2 ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʳʩʝʚʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 
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To switch to intelligent technologies in crop production, the problems of automation and robotisation of 

the most labor-intensive operations need to be addressed. The article deals with the survey results of modern 

robotic means for fertilizer application. In our country, several research centers are engaged in the study of 

robots used in precision farming technologies, namely Federal Scientific Agroengineering Center VIM, D.N. 

Pryanishnikov All-Russian Research Institute of Agrochemistry, the Institute of Soil Science and 

Agrochemistry of the Siberian Branch of the Russian Academy of Sciences, and others. Overseas, the 

designers have achieved certain success in this field ï the robots have been created, which are self-driving 

and can perform fertilizing and seeding on their own. However, for their widespread adoption it is still 

necessary to address a number of issues associated with the specific characteristics of agricultural production 

in general and organic farming in particular. This requires the combined efforts of engineers and scientists in 

conducting the additional research. 
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ɺʚʝʜʝʥʠʝ 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʨʦʙʦʪ (ʘʛʨʦʙʦʪ) 

ð ʨʦʙʦʪ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʩʝʣʴʭʦʟʨʘʙʦʪʘʭ. 

ʎʝʣʴ ʨʦʙʦʪʘ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʪʨʫʜ, 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ, ʫʨʦʞʘʡʥʦʩʪʴ. ɼʣʷ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʨʦʙʦʪʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

- ʨʦʙʦʪʳ ʜʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ; 

- ʨʦʙʦʪʳ ʜʣʷ ʧʦʣʠʚʘ; 

- ʨʦʙʦʪʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʣʴʭʦʟʫʛʦʜʠʡ; 

- ʨʦʙʦʪʳ ʜʣʷ ʩʙʦʨʘ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ; 

- ʨʦʙʦʪʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ. 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʧʣʘʪʬʦʨʤʳ (ʘʥʘʣʦʛ ʪʨʘʢʪʦʨʦʚ). 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʜʝʣʷʶʪ 

ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʨʦʙʦʪʳ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ 

ʘʚʪʦʥʦʤʥʦ, ʥʦ ʪʨʝʙʫʶʪ ʦʧʝʨʘʪʦʨʘ ʥʘ ʙʦʨʪʫ 

ʠʣʠ ʫʜʘʣʸʥʥʦ. ʈʦʙʦʪʳ  ʥʝ ʪʨʝʙʫʶʪ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠʣʠ ʢʦʥʪʨʦʣʷ ʯʝʣʦʚʝʢʘ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʥʝʩʢʦʣʴʢʦ 

ʣʝʪ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ ʙʫʜʝʪ ʤʥʦʛʦ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʩʧʳʪʘʥʠʡ ʠʣʠ ʥʘ ʵʪʘʧʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʪʠʧʦʚ. ʀʥʥʦʚʘʮʠʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʨʦʙʦʪʦʚ 

ʤʦʜʫʣʴʥʳʤʠ, ʢʦʤʧʘʢʪʥʳʤʠ, ʣʝʛʢʠʤʠ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʳʤʠ. ʃʝʛʢʦʩʪʴ ʧʦʟʚʦʣʠʪ 

ʠʟʙʝʞʘʪʴ ʣʠʰʥʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʯʚʫ, ʘ 

ʤʘʣʳʡ ʨʘʟʤʝʨ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʄʝʜʣʠʪʝʣʴʥʦʩʪʴ ʚʳʟʚʘʥʘ 

ʪʝʤ, ʯʪʦ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʙʫʜʝʪ ʫʜʝʣʷʪʴʩʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʞʜʦʛʦ ʨʘʩʪʝʥʠʷ.  

ʈʦʙʦʪʠʟʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʥʘʠʙʦʣʝʝ ʷʚʥʦʤ ʧʨʦʷʚʣʝʥʠʠ 

ʧʨʠʩʫʱʘ ʪʦʯʥʦʤʫ ʟʝʤʣʝʜʝʣʠʶ, 

ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ 

ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ 

ʫʯʝʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʧʣʦʜʦʨʦʜʠʷ. ɽʩʣʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ 

ʟʝʤʣʝʜʝʣʠʠ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʜʨʫʛʠʭ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚʳʧʦʣʥʷʶʪʩʷ 

ʝʜʠʥʦʦʙʨʘʟʥʦ ʜʣʷ ʚʩʝʛʦ ʧʦʣʷ, ʪʦ ʚ ʪʦʯʥʦʤ 

ʟʝʤʣʝʜʝʣʠʠ ʫʧʦʨ ʜʝʣʘʝʪʩʷ ʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʫ 

ʨʘʟʣʠʯʥʳʭ ʘʛʨʦʧʨʠʝʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʦʜʦʨʦʜʠʷ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʦʣʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʚʥʝʩʝʥʠʷ 

ʫʜʦʙʨʝʥʠʡ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʧʦʠʩʢʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʦʙʦʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʧʨʝʜʣʦʞʝʥʠʡ ʜʣʷ ʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʙʦʪʠʟʘʮʠʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚʝʜʫʪʩʷ ʢʘʢ ʚ ʈʦʩʩʠʠ, 

ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ [1-10]. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʨʘʙʦʪʳ ʧʦ ʨʦʙʦʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʌʝʜʝʨʘʣʴʥʦʤ ʥʘʫʯʥʦʤ ʘʛʨʦʠʥʞʝʥʝʨʥʦʤ 

ʮʝʥʪʨʝ ɺʀʄ, ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʘʛʨʦʭʠʤʠʠ 

ʠʤʝʥʠ ɼ. ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ, ʀʥʩʪʠʪʫʪʝ 

ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ.  

ɺ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʘʛʨʦʭʠʤʠʠ ʠʤ. ɼ.ʅ. 

ʇʨʷʥʠʰʥʠʢʦʚʘ ʠ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ 

ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ 

ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʨʦʙʦʪʠʟʘʮʠʠ 

ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʩʦʟʜʘʥʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʘʢʪʠʚʥʳʭ 

ʧʨʦʛʨʘʤʤ ʨʘʩʯʝʪʘ ʜʦʟ ʫʜʦʙʨʝʥʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʤʠ ʢʘʨʪʦʛʨʘʤʤʘʤʠ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʧʣʘʥʠʨʫʝʤʦʡ 

ʫʨʦʞʘʡʥʦʩʪʴʶ ʢʫʣʴʪʫʨʳ, ʫʨʦʚʥʝʤ 

ʧʨʝʜʳʜʫʱʝʛʦ ʫʨʦʞʘʷ, ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ ʧʦʣʝʡ, 

ʘʛʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚʳ ʠ 

ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɼʣʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʘʛʨʝʛʘʪʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʘʢʪʦʨʘ, ʥʘʚʝʩʥʦʛʦ ʠʣʠ 

ʧʨʠʮʝʧʥʦʛʦ ʨʘʟʙʨʘʩʳʚʘʪʝʣʷ ʫʜʦʙʨʝʥʠʡ, 

ʙʦʨʪ-ʢʦʤʧʴʶʪʝʨʘ, ʥʘʚʠʛʘʪʦʨʘ 

GPS/ɻʃʆʅɸʉʉ, ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʚʦʞʜʝʥʠʷ, ʘ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ 

ʧʦʜʢʦʨʤʢʠ ʧʦʩʝʚʦʚ ʫʜʦʙʨʝʥʠʷʤʠ ï 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʝʥʩʦʨʳ [2]. 

ɺ ʢʦʤʧʘʥʠʠ Robert Bosch GmbH 

(ɻʝʨʤʘʥʠʷ) ʨʘʟʨʘʙʦʪʘʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 

ʨʦʙʦʪʘ ʜʣʷ ʧʨʦʧʦʣʢʠ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʷ 

(ʨʠʩ.1) [1] 

 

 
ʈʠʩ. 1. ʈʦʙʦʪ ʜʣʷ ʧʨʦʧʦʣʢʠ ʠ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ 

 

ʂʦʤʧʘʥʠʷ Rowbot (ʉʐɸ) ʚʝʜʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʙʝʩʧʠʣʦʪʥʦʡ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ 

ʧʣʘʪʬʦʨʤʳ (ʨʠʩ. 2). [6] 

 
ʈʠʩ. 2. ɹʝʩʧʠʣʦʪʥʘʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ Rowbot 

 

Rowbot ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʥʝʩʝʥʠʷ 

ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʘʩʪʝʥʠʡ. Rowbot 

ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʤʝʞʜʫ ʨʷʜʘʤʠ ʥʘ ʢʫʢʫʨʫʟʥʳʭ 

ʧʦʣʷʭ, ʫʤʝʝʪ ʚʥʦʩʠʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ 

ʘʟʦʪʥʳʝ ʫʜʦʙʨʝʥʠʷ ʠ ʩʝʷʪʴ ʩʝʤʝʥʘ ʟʣʘʢʦʚʳʭ 

ʢʫʣʴʪʫʨ. 

ɺ 2017 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Dot Technology 

Corp (ʉʐɸ) ʧʨʝʜʩʪʘʚʠʣʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʫʶ 

ʩʠʩʪʝʤʫ DOT Power Platform (ʨʠʩ. 3) [7] . 
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ʈʠʩ. 3. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ DOT 

Power Platform 

 

ɺ ʜʠʟʝʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ñʢʨʝʧʣʝʥʠʷò ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʨʘʟʣʠʯʥʳʤ ʤʦʜʫʣʷʤ: 

ʨʘʟʙʨʘʩʳʚʘʪʝʣʷʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, 

ʩʝʷʣʢʘʤ, ʦʧʨʳʩʢʠʚʘʪʝʣʷʤ. ʏʠʩʣʦ ʤʦʜʫʣʝʡ-

ʥʘʩʘʜʦʢ ʜʣʷ DOT ʙʦʣʝʝ ʩʪʘ. ʇʨʝʜʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 20 ʢʤ/ʯ, ʘ ʝʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʢʪʦʨʘ 

ʩʚʦʜʠʪʩʷ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʂʇɼ, ʪʘʢ ʢʘʢ 

ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʘʣʣʘʩʪʝ ʠ 

ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʩʵʢʦʥʦʤʠʪʴ ʜʦ 20% ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ ʠ 

ʦʧʣʘʪʫ ʪʨʫʜʘ ʨʘʙʦʯʠʭ, ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ CO2. 

ɼʣʠʥʘ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 6,1 ʤ, ʰʠʨʠʥʘ ï 

3,76 ʤ, ʚʳʩʦʪʘ ï 3,66 ʤ. ɺʝʩ ï 5,6 ʪʦʥʥ. 

ʂʘʞʜʦʝ ʢʦʣʝʩʦ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʝ ʤʘʥʝʚʨʠʨʦʚʘʪʴ ʜʘʞʝ ʚ 

ʫʟʢʠʭ ʤʝʩʪʘʭ. [7]. 

DOT ʘʚʪʦʥʦʤʥʦ ʩʣʝʜʫʝʪ ʧʦ 

ʨʘʟʤʝʯʝʥʥʦʤʫ ʧʫʪʠ, ʘ ʦʪ ʬʝʨʤʝʨʘ ʪʨʝʙʫʝʪʩʷ 

ʦʜʠʥ ʨʘʟ ʦʙʲʝʭʘʪʴ ʧʦʣʝ ʚʜʦʣʴ ʝʛʦ ʛʨʘʥʠʮ, ʘ 

ʪʘʢʞʝ ʨʘʟʥʦʨʦʜʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʘ ʟʘʪʝʤ 

ʟʘʛʨʫʟʠʪʴ ʜʘʥʥʳʝ ʚ ʧʨʠʣʦʞʝʥʠʝ. 

ʇʨʠʣʦʞʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 

[7]. 

ɺʳʚʦʜʳ 

ʈʘʩʩʤʦʪʨʝʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ.  

1. ɺ ʦʩʥʦʚʥʦʤ ʚʩʝ ʨʦʙʦʪʳ ʠʤʝʶʪ ʤʦʙʠʣʴʥʦʝ 

ʰʘʩʩʠ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʨʘʟʣʠʯʥʳʝ 

ʩʠʩʪʝʤʳ (ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʫʧʨʘʚʣʝʥʠʷ), ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʤʘʥʠʧʫʣʷʪʦʨ. 

2. ɺ ʌʝʜʝʨʘʣʴʥʦʤ ʥʘʫʯʥʦʤ ʘʛʨʦʠʥʞʝʥʝʨʥʦʤ 

ʮʝʥʪʨʝ ɺʀʄ ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʥʦʤʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʣʷ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ. 

ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʥʘʫʯʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʠʤʝʶʱʠʤ ʙʦʣʴʰʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚ ʈʌ. 

3. ɿʘ ʨʫʙʝʞʦʤ ʨʘʟʨʘʙʦʪʯʠʢʠ ʜʦʙʠʣʠʩʴ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʧʝʭʦʚ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʟʜʘʥʳ ʨʦʙʦʪʳ ʩʧʦʩʦʙʥʳʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ, ʚʥʦʩʠʪʴ 

ʫʜʦʙʨʝʥʠʷ, ʩʝʷʪʴ ʩʝʤʝʥʘ, ʥʦ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʚʥʝʜʨʝʥʠʷ ʝʱʸ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʯʘʩʪʴ 

ʚʦʧʨʦʩʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʨʠʣʦʞʝʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʫʩʠʣʠʡ ʠʥʞʝʥʝʨʦʚ 

ʠ ʫʯʸʥʳʭ. ɺ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʣʘʜʳʚʘʪʴ: 

- ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ; 

- ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʨʳʭʣʝʥʠʷ ʧʦʯʚʳ; 

- ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʢʠ. 
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ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʚ ʩʠʩʪʝʤʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʝʤʦʚ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʝʚʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʚ ʩʠʩʪʝʤʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ, ʥʘ ʧʨʠʤʝʨʝ ʪʠʤʦʬʝʝʚʢʠ ʣʫʛʦʚʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ. ʇʦʩʝʚʳ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʰʠʨʦʢʦʨʷʜʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʤʝʞʜʫʨʷʜʴʝʤ 

0,7ʤ. ʅʘ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʘʭ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʙʨʘʙʦʪʢʠ ʤʝʞʜʫʨʷʜʠʡ: ʙʝʟ 

ʦʙʨʘʙʦʪʢʠ; ʫʜʘʣʝʥʠʝ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ (ʢʦʰʝʥʠʝ); ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʯʚʳ ʙʦʨʦʥʦʡ ɹʈʋ-0,7 ʦʜʥʦʢʨʘʪʥʦ; ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩ ʧʦʜʨʝʟʘʥʠʝʤ ʢʦʨʥʝʡ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ ʦʜʥʦʢʨʘʪʥʦ; ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩ ʧʦʜʨʝʟʘʥʠʝʤ ʢʦʨʥʝʡ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ 

ʦʜʥʦʢʨʘʪʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ; ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ 

ʙʦʨʦʥʦʡ ɹʈʋ-0,7 ʜʚʫʢʨʘʪʥʦ; ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩ ʧʦʜʨʝʟʘʥʠʝʤ ʢʦʨʥʝʡ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ 

ʜʚʫʢʨʘʪʥʦ; ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩ ʧʦʜʨʝʟʘʥʠʝʤ ʢʦʨʥʝʡ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʜʚʫʢʨʘʪʥʦ ʩ 
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ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʤʷʥ ʪʨʘʚ 4,3 ʮ/ʛʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ (410) ʙʳʣʦ 

ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ (ʢʦʰʝʥʠʝ) ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʦʪ ʚʘʨʠʘʥʪʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ.  
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The article presents the study findings concerning the perennial grass seed yields in the organic farming 

system. The study objective was to obtain the experimental data and to assess the efficiency of the inter-row 

soil tilling methods of wide-row plantings of perennial grasses using the example of common timothy. The 

study was conducted on the experimental field with organic crop rotation. The grass was sown with 0.7 m 

inter-row spacing. On the experimental sites with the wide-row seeding, various types of inter-row weed 

control were used: no tillage; removal of weeds without tillage (mowing); tillage with cutting the weed roots 

one time and two times; tillage with universal rotary harrow (ɹʈʋ-0.7) one time and two times; tillage with 

cutting the weed roots with the use of the ñguiding slotò one time and two times. The following factors were 

determined in the study: the number and the height of generative stems; the seed yield; the height and mass 

of weeds in the inter-row spacing. The study output was the mathematical and graphical dependencies of the 

seed yield on the inter-row tillage options. The maximum yield of grass seeds of 4.3 hundred kg/ ha and the 

maximum number of generative stems (410) was recorded under the mechanical weed control without soil 

tillage (mowing). The resulting dependences were shown in graphs. 
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ɺʚʝʜʝʥʠʝ  

ʅʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʝ ʈʦʩʩʠʠ ʦʩʥʦʚʫ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚ ʜʣʷ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʤʥʦʛʦʣʝʪʥʠʝ 

ʪʨʘʚʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʫʨʦʞʘʝʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ. ʉʝʤʝʥʘ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʩʘʤʠ ʧʦ 

ʩʝʙʝ ʥʝ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʠʱʝʚʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʘ ʢʘʢ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʩʣʫʞʘʪ 

ʣʠʰʴ ʜʣʷ ʩʘʤʦʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʣʫʯʝʥʠʷ 

ʢʦʨʤʦʚ. ʆʙʳʯʥʳʡ ʧʦʩʝʚ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ 

ʜʘʝʪ ʟʝʣʝʥʫʶ ʤʘʩʩʫ, ʩʝʥʦ, ʩʝʥʘʞ, ʩʠʣʦʩ [1]. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʤʷʥ ʥʫʞʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 
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ʧʦʩʝʚʳ ʠʣʠ ʫʯʘʩʪʢʠ ʦʙʱʠʭ ʤʘʩʩʠʚʦʚ, ʛʜʝ 

ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʙʫʜʫʪ ʩʝʤʝʥʘ [2-4].  

ɹʦʣʴʰʘʷ ʟʘʩʦʨʝʥʥʦʩʪʴ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ 

ʧʦʯʚʳ ʩʝʤʝʥʘʤʠ ʠ ʟʘʯʘʪʢʘʤʠ ʦʜʥʦʣʝʪʥʠʭ ʠ 

ʤʥʦʛʦʣʝʪʥʠʭ ʩʦʨʥʷʢʦʚ ʧʦʯʪʠ ʥʘ ʚʩʝʡ ʧʘʰʥʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ 

ʩʥʠʞʝʥʠʷ ʫʨʦʞʘʷ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ. ɺ 

ʧʦʩʝʚʘʭ, ʩʪʨʘʜʘʶʱʠʭ ʦʪ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʨʝʟʢʦ ʫʭʫʜʰʘʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʫʨʦʞʘʷ, ʚʝʜʴ ʫʨʦʞʘʡʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʟʘʩʦʨʝʥʥʦʩʪʠ [5-6]. 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʧʨʠ ʩʨʝʜʥʝʡ ʠ 

ʩʠʣʴʥʦʡ ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʣʝʡ ʜʦʩʪʠʛʘʝʪ 30% 

ʠ ʙʦʣʝʝ [7-10]. ʉʦʨʥʷʢʠ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʶʪ 

ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚʳ ʟʘ ʩʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʦ ʠ ʫʛʥʝʪʘʶʪ ʧʦʩʝʚʳ, 

ʟʘʪʝʥʷʷ ʢʫʣʴʪʫʨʥʳʝ ʨʘʩʪʝʥʠʷ [11]. 

ʅʘ ʟʘʩʦʨʝʥʥʳʭ ʧʦʩʝʚʘʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʯʚʳ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 2-4 
ʦ
ʉ. ʕʪʦ ʩʥʠʞʘʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʤʝʥʴʰʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ 

[12]. 

ʂʦʨʥʠ ʥʝʢʦʪʦʨʳʭ ʩʦʨʥʷʢʦʚ ʚʳʜʝʣʷʶʪ 

ʬʠʪʦʥʮʠʜʳ, ʫʛʥʝʪʘʶʱʠʝ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʢʫʣʴʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʩʦʦʪʚʝʪʩʚʠʠ ʩ ʮʝʣʴʶ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ 

ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ (ʪʠʤʦʬʝʝʚʢʠ 

ʣʫʛʦʚʦʡ ʃʝʥʠʥʛʨʘʜʩʢʘʷ 204) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʧʦʩʦʙʘ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʅʘ 

ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ 

ʪʨʘʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʤʝʞʜʫʨʷʜʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʦʩʝʚʘ 

ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʥʘ ʩʝʤʝʥʘ: 1 ï ʪʠʤʦʬʝʝʚʢʘ 

ʣʫʛʦʚʘʷ, 2 ï ʢʣʝʚʝʨ ʣʫʛʦʚʦʡ, 3 ï ʣʷʜʚʠʥʝʮ 

ʨʦʛʘʪʳʡ, 4 - ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʭʦʜ. ʅʦʨʤʘ 

ʚʳʩʝʚʘ ʩʝʤʷʥ ʩʦʩʪʘʚʣʷʝʪ 5 ʢʛ/ʛʘ. ʇʦʩʝʚ 

ʧʨʦʠʟʚʝʜʝʥ ʰʠʨʦʢʦʨʷʜʥʳʤ ʩʧʦʩʦʙʦʤ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ 70 ʩʤ. 

 

 
ʈʠʩ. 1. ʩʭʝʤʘ ʧʦʩʝʚʘ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʥʘ 

ʩʝʤʝʥʘ 

 

ʅʘ ʢʘʞʜʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʧʨʠʤʝʥʝʥ 

ʨʘʟʣʠʯʥʳʡ ʧʨʠʝʤ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʩʝʚʦʚ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʝʤʦʚ ʤʝʞʜʫʨʷʜʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

 

ɺʘʨʠʘʥʪ ʫʜʘʣʝʥʠʝ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʙʝʟ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ (ʢʦʰʝʥʠʝ) ʙʳʣ ʚʟʷʪ ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʝʞʜʫʨʷʜʠʡ. 

ʌʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

- ʚʳʩʦʪʘ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʤʝʞʜʫʨʷʜʴʷʭ, ʤ 

- ʤʘʩʩʘ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʤʝʞʜʫʨʷʜʴʷʭ, ʢʛ 

- ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ, ʰʪ
 

- ʚʳʩʦʪʘ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ, ʤ 

- ʤʘʩʩʘ ʩʝʤʷʥ, ʢʛ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʯʘʩʪʢʘʭ ʧʣʦʱʘʜʴʶ 1ʤ
2
 ʚ 

ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʝʨʘʪʠʚʥʳʭ ʩʪʝʙʣʝʡ ʟʘʤʝʨʷʝʪʩʷ 

ʜʣʠʥʘ ʨʷʜʢʘ, ʨʘʚʥʘʷ 1,42 ʤ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʛʝʥʝʨʘʪʠʚʥʳʝ ʩʪʝʙʣʠ ʩʨʝʟʘʶʪʩʷ, 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʧʣʝʥʢʫ ʠ ʩʯʠʪʘʶʪʩʷ. ɼʣʷ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʨʘʥʝʝ 

ʩʨʝʟʘʥʥʳʝ ʛʝʥʝʨʘʪʠʚʥʳʝ ʩʪʝʙʣʠ 

ʦʙʤʦʣʘʯʠʚʘʶʪʩʷ, ʦʯʠʱʘʶʪʩʷ ʦʪ ʧʨʠʤʝʩʝʡ ʩ 

ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʥʘʙʦʨʘ ʩʠʪ (ʨʠʩ. 3) 

ʠ ʚʟʚʝʰʠʚʘʶʪʩʷ. ɿʘʪʝʤ ʧʦʣʫʯʠʚʰʝʝʩʷ 

ʟʥʘʯʝʥʠʝ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʘʟʤʝʨʥʦʩʪʴ ʮ/ʛʘ. 

 

 
ʈʠʩ. 3. ʆʯʠʩʪʢʘ ʩʝʤʝʥʥʦʛʦ ʚʦʨʦʭʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ  

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ. 

 

ʊʘʙʣʠʮʘ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ 

ʂʦʥʪʨʦʣʠʨʫʝ

ʤʳʝ ʬʘʢʪʦʨʳ 

ɺʘʨʠʘʥʪʳ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ɹʝʟ 

ʦʙʨʘʙʦʪʢʠ 

(ʢʦʥʪʨʦʣʴ

) 

ʂʦʰʝ-

ʥʠʝ 

(ʚʨʫʯ-

ʥʫʶ) 

1 

ʦʙʨʘʙʦʪ

ʢʘ ɹʈʋ 

1 

ʦʙʨʘʙʦʪ

ʢʘ 

ʣʝʟʚʠʷ 

1 

ʦʙʨʘʙʦʪ

ʢʘ 

ʣʝʟʚʠʷ + 

ʱʝʣʴ 

2 

ʦʙʨʘʙʦʪ

ʢʠ ɹʈʋ 

2 

ʦʙʨʘʙʦʪ

ʢʠ 

ʣʝʟʚʠʷ 

2 

ʦʙʨʘʙʦʪ

ʢʠ 

ʣʝʟʚʠʷ + 

ʱʝʣʴ 

ʂʦʣʠʯʝʩʪʚʦ 

ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʩʪʝʙʣʝʡ, ʰʪ 

212,2 409,9 292,1 266,8 365,8 306,4 368,4 374,3 

ɺʳʩʦʪʘ 

ʩʪʝʙʣʝʡ, ʤ 
0,636 0,58 0,633 0,56 0,468 0,52 0,464 0,551 

ʄʘʩʩʘ ʩʝʤʷʥ, 

ʢʛ 
0,020 0,043 0,022 0,019 0,029 0,028 0,026 0,036 

ɺʳʩʦʪʘ 

ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʤ 

0,48 0,43 0,47 0,44 0,43 0,44 0,44 0,38 

ʄʘʩʩʘ ʩʦʨʥʳʭ 

ʨʘʩʪʝʥʠʡ, ʢʛ 
0,80 0,32 0,71 0,83 0,63 0,74 0,67 0,49 

 

ɻʨʘʬʠʯʝʩʢʠ ʥʘʨʘʩʪʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʤʷʥ ʦʪ ʚʘʨʠʘʥʪʘ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ (0,043 ʢʛ/ʤ
2
) ʧʦʣʫʯʝʥʘ ʧʨʠ 

ʨʫʯʥʦʤ ʩʧʦʩʦʙʝ ʫʜʘʣʝʥʠʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ 

ʙʝʟ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ (ʢʦʰʝʥʠʝ). ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʝʞʜʫʨʷʜʠʡ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ 

(0,036 ʢʛ/ʤ
2
) ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʘʨʠʘʥʪʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ 

ʧʦʜʨʝʟʘʥʠʝʤ ʢʦʨʥʝʡ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ 

ʜʚʫʢʨʘʪʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ, ʯʪʦ ʥʘ 

44,4% ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ 

çʙʝʟ ʦʙʨʘʙʦʪʢʠè. 

 

 
ʈʠʩ. 4. ʋʨʦʞʘʡʥʦʩʪʴ ʩʝʤʷʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʧʦʩʦʙʘ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 
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ʅʘ ʨʠʩ. 5 ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʩʝʤʷʥ ʪʨʘʚ 

ʦʪ ʤʘʩʩʳ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ.  ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

y = -0,0043x
2
 - 0,042x + 0,057,                                                                            

(1) 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʩʝʤʷʥ ʪʨʘʚ ʦʪ ʤʘʩʩʳ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʤʝʞʜʫʨʷʜʴʷʭ 

 

ɺʳʚʦʜʳ: 

1. ɺʘʨʠʘʥʪ ʢʦʰʝʥʠʝ (ʚʨʫʯʥʫʶ) ʜʘʝʪ 

ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʞʘʡ ʩʝʤʷʥ (0,043 ʢʛ/ʤ
2
). ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʰʝʥʠʝ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ 

ʤʝʞʜʫʨʷʜʴʷʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʤʷʥ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʥʘ 

ʧʨʠʤʝʨʝ ʪʠʤʦʬʝʝʚʢʠ ʣʫʛʦʚʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʧʦʩʦʙʦʚ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʧʨʦʚʝʜʝʥʳ ʚ 2019 ʛʦʜʫ.  

2. ɺʳʩʦʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ (0,036 ʢʛ/ʤ
2
) 

ʧʦʣʫʯʝʥʘ ʧʨʠ ʚʘʨʠʘʥʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ ʧʦʜʨʝʟʘʥʠʝʤ ʢʦʨʥʝʡ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʜʚʫʢʨʘʪʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ, ʯʪʦ ʥʘ 44,4% ʙʦʣʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʨʠʘʥʪʦʤ çʙʝʟ ʦʙʨʘʙʦʪʢʠè. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʚ ʭʦʜʝ ʚʦʟʜʝʣʳʚʘʥʠʷ ʪʨʘʚ ʥʘ 

ʩʝʤʝʥʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʟʝʤʣʝʜʝʣʠʠ (ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʛʝʨʙʠʮʠʜʦʚ) ʜʘʸʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʤʝʞʜʫʨʷʜʴʷʭ. 

3.ʇʦʣʫʯʝʥʥʳʝ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʚʧʦʣʥʝ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʦʛʦ ʦʨʫʜʠʷ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʜʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʰʝʥʠʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʤʝʞʜʫʨʷʜʴʷʭ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʣʦʛʠʟʠʨʦʚʘʥʥʳʤʠ 

ʤʘʰʠʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ. 
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ʆʆʆ çɹʀʆʊʈʆʌè ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄʠʢʦʪʦʢʩʠʥʳ - ʵʪʦ ʚʪʦʨʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʪʦʢʩʠʛʝʥʥʳʭ ʛʨʠʙʦʚ ʨʦʜʦʚ Aspergillus, Fusarium ʠ 

Penicillium, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʪʢʘʥʷʭ ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʡ ʠ ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʥʠʭ 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʘʭ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʠ ʆʆʆ çɹʀʆʊʈʆʌè ʙʳʣʦ 

ʩʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨʘʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ 

ʢʦʨʤʘʭ ʠʟ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʃʘʙʦʨʘʪʦʨʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʌɸ-ʘʥʘʣʠʟʘ. ɺ ʭʦʜʝ ʤʠʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʢʦʨʤʦʚʦʛʦ ʪʨʘʚʦʩʪʦʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʧʦʚʩʝʤʝʩʪʥʘʷ ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʢʦʥʪʘʤʠʥʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʢʫʣʴʪʫʨ ʤʠʢʦʪʦʢʩʠʥʘʤʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ. ʅʘʠʙʦʣʝʝ ʧʦʨʘʞʝʥʥʳʤʠ ʘʬʣʘʪʦʢʩʠʥʘʤʠ ʠ ʟʝʘʨʘʣʝʥʦʥʦʤ ʦʢʘʟʘʣʠʩʴ ʨʘʩʪʝʥʠʷ 

ʢʫʢʫʨʫʟʳ, ʦʭʨʘʪʦʢʩʠʥʦʤ ɸ ï ʣʶʮʝʨʥʳ, ʊ-2-ʪʦʢʩʠʥʦʤ ï ʩʤʝʩʠ ʢʣʝʚʝʨʘ ʠ ʪʠʤʦʬʝʝʚʢʠ. ɺʳʷʚʣʝʥʥʳʝ 

ʤʠʢʦʪʦʢʩʠʥʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ.ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʢʦʨʤʦʚ ʠʟ ʪʨʘʥʰʝʡ  ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʈʌ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʙʣʝʤʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʤʠʢʦʪʦʢʩʠʥʘʤʠ ʩʪʦʠʪ ʥʘʤʥʦʛʦ ʦʩʪʨʝʝ, ʯʝʤ ʧʨʦʙʣʝʤʘ 

ʢʦʥʪʘʤʠʥʘʮʠʠ ʟʝʨʥʘ ʠ ʢʦʤʙʠʢʦʨʤʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʨʤʘʭ ʙʳʣʠ ʧʨʝʚʳʰʝʥʳ 

ʫʨʦʚʥʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʣʠʯʝʩʪʚ ʤʠʢʦʪʦʢʩʠʥʦʚ. ʉʠʣʦʩ ʠʟ ʢʫʢʫʨʫʟʳ ʠ ʩʝʥʘʞ ʦʢʘʟʘʣʠʩʴ 

ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤʠ  ʢʦʨʤʘʤʠ. ʅʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʤʠʢʦʪʦʢʩʠʥʘʤʠ ʙʳʣʠ ʩʠʣʦʩʘ ʠʟ 

ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʛʦ ʨʝʛʠʦʥʘ, ʥʘʠʤʝʥʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ï ʩʠʣʦʩʘ ʠʟ ʨʝʛʠʦʥʦʚ ʩ ʥʠʟʢʠʤʠ 

ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʚʳʩʦʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ: 

ʈʝʩʧʫʙʣʠʢʠ ʗʢʫʪʠʷ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʌʆ.ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʠʢʦʪʦʢʩʠʢʦʟʦʚ ʫ ʞʚʘʯʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 
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Mycotoxins are secondary metabolites of toxigenic fungi of Aspergillus, Fusarium and Penicillium  

genera, which develop in the tissues of feed grass and silages. The aim of research organised by the 

BIOTROF company specialists was to compare the mycotoxins content in feed crops of various types and 

silages from livestock farms in various regions of the Russian Federation. Laboratory studies were performed 

using ELISA analysis. In the course of mycotoxicological evaluation of forage grass, the widespread 

multiple contamination of the studied cultures with mycotoxins was detected. It was revealed that the content 

of mycotoxins varied depending on the type of feed crops. Corn plants were the most affected by aflatoxins 

and zearalenone; alfalfa ï by ochratoxin A, and clover and timothy mixtures ï by T-2-toxin. Identified 
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mycotoxins were found in concentrations, which posed the threat to animal and human health. The 

monitoring results of mycotoxins content in various feed types from silage trenches on livestock farms in the 

Russian Federation showed that the problem of contamination  of  conserved feed with mycotoxins is much 

more acute than the problem of contamination of grain and complete feed. Practically in all studied feeds, the 

levels of maximum permissible amounts of mycotoxins were exceeded. The corn silage and haylage turned 

out to be the most contaminated feed, especially those produced in the Central Black-Earth region, the least 

contaminated ï the silage from the regions with low annual average air temperatures and a big number of 

days with precipitation: the Republic of Yakutia and North-West Federal District. The obtained data can be 

effectively used in the development of digital programs for predicting the occurrence of mycotoxicosis in 

ruminant farm animals. 
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ɺʚʝʜʝʥʠʝ 

ʄʠʢʦʪʦʢʩʠʥʳ ï ʵʪʦ ʚʪʦʨʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ 

ʪʦʢʩʠʛʝʥʥʳʭ ʛʨʠʙʦʚ ʨʦʜʦʚ Aspergillus, Fusarium ʠ 

Penicillium, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʪʢʘʥʷʭ 

ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʡ (Telleratal., 2012) ʠ 

ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʥʠʭ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʘʭ 

(ɼʠʘʟ ʠ ʜʨ., 2006, ʂʦʥʦʥʝʥʢʦ, ɹʫʨʢʠʥ, 2014, 

Buxtonetal., 2003,  Driehuis, 2013, Chelietal., 2013, 

Muck, 2013 ʠ ʜʨ.).  

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʦʪʦʢʩʠʥʳ ʧʦʜʘʚʣʷʶʪ 

ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ ʞʠʚʦʪʥʳʭ, ʥʘʨʫʰʘʶʪ ʨʘʙʦʪʫ 

ʨʫʙʮʘ, ʢʠʰʝʯʥʠʢʘ, ʧʝʯʝʥʠ, ʧʦʯʝʢ, 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ, ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ  ʠ ʧʨ. (ɼʠʘʟ ʠ 

ʜʨ., 2006). ʇʦ ʩʪʘʪʠʩʪʠʢʝ 20-30% ʘʙʦʨʪʦʚ ʫ ʢʦʨʦʚ 

ʩʚʷʟʘʥʦ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʪʦʢʩʠʯʥʦʛʦ ʢʦʨʤʘ, ʯʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʝʨʴʝʟʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ, 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʨʝʜʥʷʷ 

ʩʪʦʠʤʦʩʪʴ ʥʝʪʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 2 500-3000 ɽʚʨʦ.    

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 

ʬʫʨʘʞʥʦʤ ʪʨʘʚʦʩʪʦʝ ʠ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ 

ʢʦʨʤʘʭ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʯʝʪʘʥʠʷ 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʌʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ 

ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʚʝʛʝʪʘʮʠʠ ʢʦʨʤʦʚʦʛʦ ʪʨʘʚʦʩʪʦʷ, ʷʚʣʷʶʪʩʷ 

ʩʠʩʪʝʤʳ ʯʝʨʝʜʦʚʘʥʠʷ ʢʫʣʴʪʫʨ, ʧʨʠʤʝʥʝʥʠʝ 

ʫʜʦʙʨʝʥʠʡ, ʛʫʩʪʦʪʘ ʧʦʩʝʚʦʚ, ʩʨʦʢʠ ʫʙʦʨʢʠ 

ʫʨʦʞʘʷ, ʬʠʟʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʥʘʩʝʢʦʤʳʤʠ-ʚʨʝʜʠʪʝʣʷʤʠ), 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʬʫʥʛʠʮʠʜʦʚ ʠ ʜʨ.   

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ - ʣʠʚʥʝʚʳʝ ʜʦʞʜʠ ʚ ʦʜʥʠʭ 

ʨʘʡʦʥʘʭ ʠʣʠ ʟʘʩʫʭʠ ʚ ʜʨʫʛʠʭ ʧʨʠʚʦʜʷʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚʳʨʘʙʦʪʢʘ 

ʤʠʢʦʪʦʢʩʠʥʦʚ ʧʣʝʩʥʝʚʳʤʠ ʛʨʠʙʘʤʠ, ʢʘʢ 

ʵʣʝʤʝʥʪ ʠʭ ʟʘʱʠʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʫʩʠʣʠʚʘʝʪʩʷ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʙʝʩʧʘʭʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʝʡ ʥʘʢʦʧʣʝʥʠʷ 

ʤʠʢʦʪʦʢʩʠʥʦʚ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʛʨʠʙʥʳʭ ʵʧʠʬʠʪʦʪʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʠʢʦʪʦʢʩʠʥʦʚ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʩʠʩʪʝʤʳ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ. 

ʇʨʘʚʠʣʴʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʢʫʣʴʪʫʨ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʟʘʧʘʩ ʠʥʬʝʢʮʠʦʥʥʦʛʦ 

ʥʘʯʘʣʘ ʚ ʧʦʯʚʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʨʘʩʪʝʥʠʷ-ʭʦʟʷʠʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʢʦʷʱʠʭʩʷ 

ʩʪʨʫʢʪʫʨ ʬʠʪʦʧʘʪʦʛʝʥʦʚ, ʢʦʥʠʜʠʡ (ʩʧʦʨ), 

ʥʝʠʟʙʝʞʥʦ ʧʦʛʠʙʥʝʪ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʣʝʚʝʨ 

ʧʨʠ ʜʚʫʭʛʦʜʠʯʥʦʤ ʧʦʣʴʟʦʚʘʥʠʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʨʝʢʦʤʝʥʜʫʶʪ ʚʦʟʚʨʘʱʘʪʴ 

ʥʘ ʧʨʝʞʥʝʝ ʧʦʣʝ ʨʘʥʝʝ, ʯʝʤ ʯʝʨʝʟ 4-5 ʣʝʪ, 

ʧʨʠ ʦʜʥʦʛʦʜʠʯʥʦʤ ï ʨʘʥʝʝ, ʯʝʤ ʯʝʨʝʟ 3 ʛʦʜʘ. 

ʇʨʠ ʵʪʦʤ, ʢʨʘʡʥʝ ʦʧʘʩʥʳʤ ʧʨʝʜʰʝʩʪ-
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ʚʝʥʥʠʢʦʤ ʚ ʩʝʚʦʦʙʦʨʦʪʘʭ ʙʦʣʴʰʠʥʩʪʚʦ 

ʘʚʪʦʨʦʚ (Driehuis, 2013, Muck, 2013) ʩʯʠʪʘʶʪ 

ʢʫʢʫʨʫʟʫ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʝʝ ʧʦʞʥʠʚʥʳʭ 

ʦʩʪʘʪʢʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʘʛʨʝʩʩʠʚʥʳʝ ʨʘʩʳ ʛʨʠʙʘ 

Fusariumsp. 

ʂʦʨʤʦʚʳʝ ʢʫʣʴʪʫʨʳ ʨʝʢʦʤʝʥʜʫʶʪ 

ʚʳʩʝʚʘʪʴ ʚ ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʩʨʦʢʠ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʫʯʝʪʦʤ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʩʦʙʣʶʜʘʷ ʧʨʠ 

ʵʪʦʤ ʪʨʝʙʫʝʤʫʶ ʛʣʫʙʠʥʫ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʩ 

ʫʯʝʪʦʤ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʧʘʭʦʪʥʦʛʦ ʧʦʣʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʠʟʙʝʛʘʪʴ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʦʩʝʚʘ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʘʵʨʘʮʠʠ ʠ ʧʨʦʚʦʮʠʨʫʝʪ ʨʘʟʚʠʪʠʝ 

ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʤʠʮʝʪʦʚ. 

ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʥʝʩʝʥʠʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʜʦʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ ʢ 

ʛʨʠʙʥʳʤ ʙʦʣʝʟʥʷʤ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʘʢʪʠʚʠʟʠʨʫʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-ʘʥʪʘʛʦʥʠʩʪʦʚ ʧʘʪʦʛʝʥʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʦʯʚʝ. 

ʂ ʬʘʢʪʦʨʘʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʨʦʩʪ, 

ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ 

ʧʣʝʩʥʝʚʳʤʠ ʛʨʠʙʘʤʠ ʚ ʪʨʘʥʰʝʷʭ ʧʨʠ 

ʭʨʘʥʝʥʠʠ, ʦʪʥʦʩʷʪʩʷ ʨʅ, ʩʦʩʪʘʚ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʠ ʚʣʘʞʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʜʦʩʪʫʧʥʦʩʪʴ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʢʦʥʢʫʨʝʥʮʠʷ ʩ ʜʨʫʛʠʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʝʨʚʘʥʪʦʚ ʜʣʷ 

ʩʠʣʦʩʦʚʘʥʠʷ ʠ ʜʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ ʩʠʣʦʩʥʦʡ 

ʪʨʘʥʰʝʝ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚ ʩʚʷʟʠ ʩ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʫʩʣʦʚʠʡ ʚʩʣʝʜʩʪʚʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʘʚʠʣʴʥʦʡ ʫʙʦʨʢʠ ʠ 

ʭʨʘʥʝʥʠʷ ʩʠʣʦʩʘ ʠ ʩʝʥʘʞʘ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʙʦʨʴʙʳ ʩ 

ʤʠʢʦʪʦʢʩʠʥʘʤʠ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʚʳʩʦʪʘ 

ʩʢʘʰʠʚʘʥʠʷ ʪʨʘʚʦʩʪʦʷ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 6-7 ʩʤ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 

ʫʨʦʚʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʯʚʳ, ʩʦʜʝʨʞʘʱʝʡ 

ʢʦʥʠʜʠʠ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʚ ʩʠʣʦʩʥʫʶ ʤʘʩʩʫ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʐʧʘʘʨ, 2009, 

ʇʦʙʝʜʥʦʚ, 2012) ʨʝʢʦʤʝʥʜʫʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʪʨʘʤʙʦʚʢʫ ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ, ʩʤʳʩʣ 

ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ ʠʟ ʥʝʝ 

ʢʠʩʣʦʨʦʜʘ. ʉʦʟʜʘʶʱʠʝʩʷ ʘʥʘʵʨʦʙʥʳʝ 

ʫʩʣʦʚʠʷ ʛʫʙʠʪʝʣʴʥʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʵʨʦʙʥʳʭ 

ʤʠʢʨʦʤʠʮʝʪʦʚ ï ʧʨʦʜʫʮʝʥʪʦʚ ʤʠʢʦʪʦʢʩʠʥʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʐʧʘʘʨʘ (ʐʧʘʘʨ, 

2009), ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ 

ʧʦʩʣʦʡʥʳʡ ʤʝʪʦʜ ʪʨʘʤʙʦʚʢʠ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʤʘʩʩʳ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʥʝ 

ʙʦʣʝʝ 30 ʩʤ ʚ ʩʣʫʯʘʝ ʟʘʢʣʘʜʢʠ ʥʘ ʭʨʘʥʝʥʠʝ 

ʟʣʘʢʦʚʳʭ ʪʨʘʚ ʠ ʥʝ ʙʦʣʝʝ 40 ʩʤ ʚ ʩʣʫʯʘʝ 

ʩʠʣʦʩʦʚʘʥʠʷ ʢʫʢʫʨʫʟʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʦ ʩʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ: 

ʘʬʣʘʪʦʢʩʠʥʦʚ (ɸʌʃɸ), ʊ-2 ʪʦʢʩʠʥʘ (ʊ-2), 

ʦʭʨʘʪʦʢʩʠʥʘ ɸ (ʆʊɸ), ʟʝʘʨʘʣʝʥʦʥʘ (ɿɽʅ), 

ʬʫʤʦʥʠʟʠʥʘ (ʌʋʄ) ʠ ɼʆʅ, - ʚ ʢʦʨʤʦʚʳʭ 

ʢʫʣʴʪʫʨʘʭʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʘʭ ʠʟ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɺ 2013-2016 ʛʛ. ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʤʦʥʠʪʦʨʠʥʛ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 152 

ʧʨʦʙʘʭ ʢʦʨʤʦʚʦʛʦ ʪʨʘʚʦʩʪʦʷ: ʤʦʥʦʢʫʣʴʪʫʨ 

ʝʞʠ, ʢʦʟʣʷʪʥʠʢʘ, ʣʶʮʝʨʥʳ, ʨʘʡʛʨʘʩʘ,  

ʢʣʝʚʝʨʘ, ʢʫʢʫʨʫʟʳ, ʬʝʩʪʫʣʦʣʠʫʤʘ, ʪʨʠʪʠʢʘʣʝ, 

ʪʠʤʦʬʝʝʚʢʠ, ʦʚʩʘ, ʘ ʪʘʢʞʝ ʠʭ ʩʤʝʩʝʡ, - ʠʟ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

ɺ 2013-2017 ʛʛ. ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʤʦʥʠʪʦʨʠʥʛ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 

ʩʠʣʦʩʘʭ ʠʟ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

284 ʧʨʦʙʳ ʩʠʣʦʩʦʚ ʠʟ 20 ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʭʦʟʷʡʩʪʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʌ (ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʛʦ, ʎʝʥʪʨʘʣʴʥʦʛʦ, ʖʞʥʦʛʦ ʌʆ, 

ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʛʦ ʨʝʛʠʦʥʘ, 

ʈʝʩʧʫʙʣʠʢ ʄʦʨʜʦʚʠʷ ʠ ʗʢʫʪʠʷ). 
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ʆʪʙʦʨ ʧʨʦʙ ʢʦʨʤʦʚʦʛʦ ʪʨʘʚʦʩʪʦʷ ʠ 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ (ɼʦʩʧʝʭʦʚ, 1985, ʇʝʪʫʭʦʚʘ ʠ ʜʨ., 

1981). 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʠ ʆʆʆ 

çɹʀʆʊʈʆʌè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ).ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ 

ʤʝʪʦʜʦʤ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʌɸ) 

ʧʨʠʤʝʥʷʣʠ ʪʝʩʪ-ʩʠʩʪʝʤʳ AgraQuant (çRomerLabs, 

Inc.è, ɸʚʩʪʨʠʷ). ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ 

ʧʨʠ ɚ = 450 ʥʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʩʪʨʠʧʦʚʦʛʦ ʬʦʪʦʤʝʪʨʘ StatFax 303+ 

(çAwarenessTechnology, Inc.è, ʉʐɸ), ʩʦʧʦʩʪʘʚʣʷʷ 

ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʦʙʨʘʟʮʘ ʠ ʜʣʷ ʩʪʘʥʜʘʨʪʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʳ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʃʘʢʠʥ, 1990) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

EXCELXP/2010.   

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʨʤʦʚʳʭ 

ʤʦʥʦʢʫʣʴʪʫʨʘʭ ʠ ʠʭ ʩʤʝʩʷʭ ʚ ʧʨʦʮʝʩʩʝ 

ʚʝʛʝʪʘʮʠʠ ʠʟ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ.  

 
ɸʬʣʘʪʦʢʩʠʥʳ  

 
ʆʭʨʘʪʦʢʩʠʥ ɸ 

 
ʊ-2 ʪʦʢʩʠʥ 

 
ɿʝʘʨʘʣʝʥʦʥ 

 
ɼʆʅ 

ʈʠʩ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ (ʤʛ/ʢʛ) ʚ 

ʢʦʨʤʦʚʦʤ ʪʨʘʚʦʩʪʦʝ: 

1 ï ʝʞʘ, 2 - ʣʶʮʝʨʥʘ,  3 ï ʨʘʡʛʨʘʩ, 4 ï ʩʤʝʩʴ 

ʢʣʝʚʝʨʘ ʠ ʬʝʩʪʫʣʦʣʠʫʤʘ, 5 ï ʢʫʢʫʨʫʟʘ,  

6ï ʪʨʠʪʠʢʘʣʝ, 7 ï ʩʤʝʩʴ ʢʣʝʚʝʨʘ ʠ ʪʠʤʦʬʝʝʚʢʠ 

 

ɺ ʭʦʜʝ ʤʠʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʢʦʨʤʦʚʦʛʦ ʪʨʘʚʦʩʪʦʷ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʘ 

ʧʦʚʩʝʤʝʩʪʥʘʷ ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʢʦʥʪʘʤʠʥʘʮʠʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ ʤʠʢʦʪʦʢʩʠʥʘʤʠ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʥʘ ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʷʭ 

ʤʠʢʦʪʦʢʩʠʥʦʚ: ʊ-2,  ɿɽʅʠ ɼʆʅ, - ʢʦʪʦʨʳʝ 

ʧʨʦʜʫʮʠʨʫʶʪ çʧʦʣʝʚʳʝè ʤʠʢʨʦʤʠʮʝʪʳ, 

ʧʦʨʘʞʘʶʱʠʝ ʨʘʩʪʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʝʛʝʪʘʮʠʠ, 

ʥʝ ʚʳʟʳʚʘʝʪ ʫʜʠʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʨʘʡʥʝ 

ʠʥʪʝʨʝʩʝʥ ʬʘʢʪ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ 

ʚʝʛʝʪʠʨʫʶʱʠʭ ʨʘʩʪʝʥʠʷʭ ʤʠʢʦʪʦʢʩʠʥʦʚ 

çʘʤʙʘʨʥʳʭè ʤʠʢʨʦʤʠʮʝʪʦʚ: ɸʌʃɸ ʠ ʆʊɸ. 

ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ çʘʤʙʘʨʥʳʭè 

ʤʠʢʨʦʤʠʮʝʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʝʛʝʪʘʮʠʠ ʥʝ 
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ʚʦʟʤʦʞʥʦʚ ʩʚʷʟʠ ʩ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʳʤʠʫʩʣʦʚʠʷʤʠ ʜʣʷ ʠʭ ʨʘʟʚʠʪʠʷ. ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʪʨʘʜʠʮʠʦʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʤʠʢʨʦʤʠʮʝʪʦʚ ʥʘ 

çʧʦʣʝʚʳʝè ʛʨʠʙʳ ʠ çʛʨʠʙʳ ʭʨʘʥʝʥʠʷè ʫʞʝ ʥʝ 

ʘʢʪʫʘʣʴʥʦ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʦʪʦʢʩʠʥʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ (ʨʠʩʫʥʦʢ). ʊʘʢ, 

ʥʘʠʙʦʣʝʝ ʧʦʨʘʞʝʥʥʳʤʠ ɸʌʃɸ ʠ ɿɽʅ 

ʦʢʘʟʘʣʠʩʴ ʨʘʩʪʝʥʠʷ ʢʫʢʫʨʫʟʳ, ʆʊɸ ï 

ʣʶʮʝʨʥʳ, ʊ-2 ï ʩʤʝʩʠ ʢʣʝʚʝʨʘ ʠ ʪʠʤʦʬʝʝʚʢʠ. 

ɺʝʨʦʷʪʥʦ, ʥʘ ʜʘʥʥʳʭ ʢʫʣʴʪʫʨʘʭ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʨʘʩʳ 

ʪʦʢʩʠʛʝʥʥʳʭ ʛʨʠʙʦʚ. ʅʘʠʤʝʥʝʝ 

ʟʘʛʨʷʟʥʝʥʥʳʤʠ ɸʌʃɸ ʦʢʘʟʘʣʠʩʴ ʨʘʩʪʝʥʠʷ 

ʝʞʠ, ʆʊɸ ï ʩʤʝʩʠ ʢʣʝʚʝʨʘ ʠ ʬʝʩʪʫʣʦʣʠʫʤʘ, 

ʊ-2 ï ʝʞʠ ʠ ʪʨʠʪʠʢʘʣʝ, ɿɽʅ ï ʣʶʮʝʨʥʳ ʠ 

ʪʨʠʪʠʢʘʣʝ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ 

ɼʆʅ ʚʘʨʴʠʨʦʚʘʣʘ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʞʜʫ 

ʢʫʣʴʪʫʨʘʤʠ ʠ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 1,7 ʜʦ 2,6 ʤʛ/ʢʛ  

ʨʘʩʪʠʪʝʣʴʥʦʡ ʤʘʩʩʳ. ɺʳʷʚʣʝʥʥʳʝ 

ʤʠʢʦʪʦʢʩʠʥʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʢʦʨʤʦʚ ʠʟ ʪʨʘʥʰʝʡ  

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʈʌ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʢʦʨʤʘ ʙʳʣʠ ʟʘʛʨʷʟʥʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʩʢʦʣʴʢʠʤʠ ʤʠʢʦʪʦʢʩʠʥʘʤʠ, ʜʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʫʤʤʘʨʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ 

ʢʦʨʤʦʚ, ʢʦʪʦʨʘʷ ʧʨʠʨʘʚʥʠʚʘʣʘʩʴ ʢ ʩʫʤʤʝ 

ʧʨʝʚʳʰʝʥʠʡ ʫʨʦʚʥʝʡ ʇɼʂ ʧʦ ʘʬʣʘʪʦʢʩʠʥʘʤ, 

ʦʭʨʘʪʦʢʩʠʥʫ ɸ, ʊ-2 ʪʦʢʩʠʥʫ, ʟʝʘʨʘʣʝʥʦʥʫ ʠ 

ɼʆʅ (ʂʨʶʢʦʚ, 2014). ʕʪʠ ʫʨʦʚʥʠ ʇɼʂ 

ʦʪʨʘʞʝʥʳ ʚ ʚʝʪʝʨʠʥʘʨʥʦ-ʩʘʥʠʪʘʨʥʳʭ 

ʪʨʝʙʦʚʘʥʠʷʭ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ, 

ʫʪʚʝʨʞʜʝʥʥʳʭ ʨʝʰʝʥʠʝʤ ʂʊʉ ʦʪ 18.06.2010 

 ̄317. 

ʊʘʙʣʠʮʘ 1 

ʊʦʢʩʠʯʥʦʩʪʴ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʝʡ ʇɼʂ 

 

ʄʠʢʦʪʦʢʩʠʥʳ 

ʉʠʣʦʩ ʠʟ ɿʝʨʥʦʩʝʥʘʞ 

ʠʟ ʷʯʤʝʥʷ 

ʉʝʥʘʞ ʠʟ 

ʣʶʮʝʨʥʳ 

ʇʣʶʱʝʥʦʝ 

ʟʝʨʥʦ 

ʷʯʤʝʥʷ 
ʢʫʢʫʨʫʟʳ ʙʦʙʦʚʳʭ/ 

ʟʣʘʢʦʚʳʭ 

ʝʞʠ 

ʩʙʦʨʥʦʡ 

ɸʌʃɸ 14,52* 12,4 15,32* 8,92* 21,32* 2,8 

ʆʊɸ 83,4 45,5* 24,3* 51,7 29,6 3,0 

ʊ-2 331,8 138,0 83,4 147,6* 153,6 157,8* 

ɿɽʅ 125,0* 210,0* 90,0* 138,0* 453,0 6,0 

ɼʆʅ 1950* 1260 1930* 3280 3050 450* 

ʉʫʤʤʘʨʥʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ 

29,0 17,9 12,9 19,7 21,4 4,4 

ʇʨʠʤʝʯʘʥʠʝ:- ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʙʦʣʝʝ 10 ʨʘʟ,  - ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʦʪ 4 ʜʦ 9 ʨʘʟ,  - ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ 

ʤʝʥʝʝ 4 ʨʘʟ,   - ʥʝ ʧʨʝʚʳʰʘʝʪ ʇɼʂ  (ɽʜʠʥʳʝ ʚʝʪʝʨʠʥʘʨʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʬʫʨʘʞʥʳʤ 

ʢʦʨʤʘʤ ʜʣʷ ʞʚʘʯʥʳʭ (ʈʝʰʝʥʠʝ ʂʊʉ ʦʪ 18.06. 2010 ˉ 137) 

 

ɺʳʷʩʥʠʣʦʩʴ (ʪʘʙʣ. 1), ʯʪʦ ʧʨʦʙʣʝʤʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ 

ʤʠʢʦʪʦʢʩʠʥʘʤʠ ʩʪʦʠʪ ʥʘʤʥʦʛʦ ʦʩʪʨʝʝ, ʯʝʤ 

ʧʨʦʙʣʝʤʘ ʢʦʥʪʘʤʠʥʘʮʠʠ ʟʝʨʥʘ ʠ 

ʢʦʤʙʠʢʦʨʤʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʨʤʘʭ ʙʳʣʠ ʧʨʝʚʳʰʝʥʳ 

ʫʨʦʚʥʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʣʠʯʝʩʪʚ 

ʤʠʢʦʪʦʢʩʠʥʦʚ.  

ʉʫʜʷ ʧʦ ʩʨʝʜʥʠʤ ʫʨʦʚʥʷʤ ʧʨʝʚʳʰʝʥʠʷ 

ʇɼʂ ʠ ʟʥʘʯʝʥʠʷʤ ʩʫʤʤʘʨʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ 

ʩʠʣʦʩʘ, ʩʠʣʦʩ ʠʟ ʢʫʢʫʨʫʟʳ ʠ ʩʝʥʘʞ ʦʢʘʟʘʣʠʩʴ 

ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤʠ  ʢʦʨʤʘʤʠ.  

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʪʜʝʣʴʥʳʭ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 

ʧʨʦʙʘʭ ʩʠʣʦʩʦʚ ʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚʠʟ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʨʦʚʥʷʤʠ ʇɼʂ (ɺʝʪʝʨʠʥʘʨʥʦ-

ʩʘʥʠʪʘʨʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʊʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ , 

2010). 

 

http://www.garant.ru/products/ipo/prime/doc/12076813/
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ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ ʦʙʨʘʟʮʘʭ ʩʠʣʦʩʘ ʠʟ ʪʨʘʥʰʝʡ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʈʌ 

ʄʠʢʦʪʦʢʩʠʥ ʂʦʣ-ʚʦ 

ʧʨʦʙ 

ɼʦʣʷ ʧʨʦʙ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʠʢʦʪʦʢʩʠʥʘ, 

% 

ʂʦʣ-ʚʦ ʧʨʦʙ ʩ 

ʧʨʝʚʳʰʝʥʠʝʤ 

ʇɼʂ, % 

ʉʨʝʜʥʠʡ-ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ 

Ó0,01 ʤʛ/ʢʛ 

(᾽0,1 ʤʛ/ʢʛ) 

Ó0,1 ʤʛ/ʢʛ 

(᾽1 ʤʛ/ʢʛ) 

Ó1ʤʛ/ʢʛ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʌʆ 

ɸʌʃɸ 
143 58,2 0 0 58,2 ι ʇɼʂ ʚ 3,0 ʨʘʟ - ι ʇɼʂ ʚ 

8,5 ʨʘʟ 

ʆʊɸ 143 47,5 10,7 0 68,9 ι ʚ 6,4 - ι ʚ 54,4 

ʊ-2 123 41,1 53,3 0 68,4 ι ʚ 1,6 - ι ʚ 5,6 

ʌʋʄ 
93 21,1 43,7 1,1 ʅʝ ʥʦʨʤʠʨʫʝʪʩʷ, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 81,1% 

ʧʨʦʙ 

ɿɽʅ 143 39,4 56,6 0,7 38,9 ι ʚ 1,6 - ι ʚ 13,0 

ɼʆʅ 137 2,2 47,0 47,0 44,0 ι ʚ 1,4 - ι ʚ 5,5 

ʎʝʥʪʨʘʣʴʥʳʡ ʌʆ (ʙʝʟ ʫʯʝʪʘ ʦʙʣʘʩʪʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʤʫ ʨʝʛʠʦʥʫ) 

ɸʌʃɸ 45 86,3 0 0 86,3 ι ʇɼʂ ʚ 2,8 ʨʘʟ - ι ʇɼʂ ʚ 

4,9 ʨʘʟ 

ʆʊɸ 40 53,6 21,4 0 75,0 ι ʚ 11,2 - ι ʚ 16,6 

ʊ-2 40 14,3 82,1 3,6 100 ι ʚ 1,8 - ι ʚ 3,3 

ɿɽʅ 40 17,9 78,6 0 78,6 ι ʚ 1,6 - ι ʚ 2,6 

ɼʆʅ 40 3,6 50,0 42,9 32,4 ι ʚ 1,4 - ι ʚ 2,1 

ʖʞʥʳʡ ʌʆ 

ɸʌʃɸ 52 38,1 0 
0 

38,1 
ι ʇɼʂ ʚ 2,0 ʨʘʟ - ι ʇɼʂ ʚ 

2,4 ʨʘʟ 

ʆʊɸ 52 66,7 14,3 0 81,0 ι ʚ 8,2 - ι ʚ 15,4 

ʊ-2 52 14,3 85,7 0 100 ι ʚ 3,3 - ι ʚ 16,3 

ʌʋʄ 34 26,7 46,7 
6,7 ʅʝ ʥʦʨʤʠʨʫʝʪʩʷ, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 80,0% 

ʧʨʦʙ 

ɿɽʅ 52 66,7 28,6 0 17,5 ι ʚ 1,2 - ι ʚ 1,2 

ɼʆʅ 46 0 66,6 33,4 33,4 ι ʚ 2,5 - ι ʚ 3,3 

ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʳʡ ʨʝʛʠʦʥ 

ɸʌʃɸ 24 100,0 0 0 100 >ʚ 6,3- > ʚ 9,2 

ʆʊɸ 24 54,2 42,1 0 96,3 > ʚ 10,6- > ʚ 34,6 

ʊ-2 24 30,3 62,6 0 76,9 > ʚ 2,5- > ʚ 5,0 

ɿɽʅ 24 0 100,0 0 100 > ʚ 2,6- > ʚ 4,9 

ɼʆʅ 24 0 33,3 66,7 66,7 > ʚ 6,2- > ʚ 13,3 

 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 2, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʙʣʝʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦʡ ʠ ʥʝ ʠʤʝʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʛʨʘʥʠʮ. ʅʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤʠ 

ʤʠʢʦʪʦʢʩʠʥʘʤʠ ʙʳʣʠ ʩʠʣʦʩʘ ʠʟ ʎʝʥʪʨʘʣʴʥʦ-

ʏʝʨʥʦʟʝʤʥʦʛʦ ʨʝʛʠʦʥʘ, ʥʘʠʤʝʥʝʝ 

ʟʘʛʨʷʟʥʝʥʥʳʤʠ ï ʩʠʣʦʩʘ ʠʟ ʨʝʛʠʦʥʦʚ ʩ 

ʥʠʟʢʠʤʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʚʳʩʦʢʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ: ʈʝʩʧʫʙʣʠʢʠ 

ʗʢʫʪʠʷ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʌʆ. 

ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ  ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ 

ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʛʠʦʥʦʚ ʈʌ ʷʚʣʷʣʦʩʴ 

ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʩʫʪʩʪʚʠʝ (ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʝʜʠʥʠʮʘʭ -  ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʨʦʚʥʷʤʠ ʇɼʂ) ʚ 

ʩʠʣʦʩʘʭ  ʤʠʢʦʪʦʢʩʠʥʦʚ ɸʌʃɸ, ʆʊɸ ʠ 
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ʬʫʟʘʨʠʦʪʦʢʩʠʥʘ ʊ-2. ʊʘʢ, ʫʨʦʚʝʥʴ 

ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʦʭʨʘʪʦʢʩʠʥʘ ɸ ʚ ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ ʜʦʩʪʠʛʘʣ 54,4 ʨʘʟʘ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʫʟʘʨʠʦʪʦʢʩʠʥʦʚ ɿɽʅ ʠ 

ɼʆʅ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ. ɿʘ 

ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ ɸʌʃɸ ʠ ʆʊɸ ʦʪʚʝʪʩʪʚʝʥʥʳ 

çʘʤʙʘʨʥʳʝè ʤʠʢʨʦʤʠʮʝʪʳ Aspergillusflavus, 

A. parasiticus, A. nominus, A. ochraceus, 

Penicilliumsp., ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʭʨʘʥʠʣʠʱʝ, 

ʘ ɿɽʅ ʠ ɼʆʅ ʧʨʦʜʫʮʠʨʫʶʪ ʚʦʟʙʫʜʠʪʝʣʠ 

ʬʫʟʘʨʠʦʟʘ, ʧʦʨʘʞʘʶʱʠʝ ʟʣʘʢʦʚʳʝ ʠ ʙʦʙʦʚʳʝ 

ʪʨʘʚʳ ʚ ʧʨʦʮʝʩʩʝ ʚʝʛʝʪʘʮʠʠ. ʀʩʢʣʶʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʳʡ 

ʨʝʛʠʦʥ, ʛʜʝ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙʘʭ   

ʙʳʣʦ  ʦʙʥʘʨʫʞʝʥʦ ʧʨʝʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʇɼʂ  

ʟʝʘʨʘʣʝʥʦʥʘ (ʜʦ 4,9 ʨʘʟʘ). 

ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʤʠʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʢʦʨʤʦʚʦʛʦ ʪʨʘʚʦʩʪʦʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʣʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʠʢʦʪʦʢʩʠʥʦʚ ʠʟ 

ʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʠ ʦʨʛʘʥʳ ʞʠʚʦʪʥʳʭ 

ʬʦʨʤʠʨʫʶʪʩʷ ʫʞʝ ʚ ʧʦʣʝ ʥʘ ʚʝʛʝʪʠʨʫʶʱʠʭ 

ʨʘʩʪʝʥʠʷʭ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʦʪʦʢʩʠʥʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʠʜʘ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ. ʅʘʠʙʦʣʝʝ 

ʧʦʨʘʞʝʥʥʳʤʠ ʘʬʣʘʪʦʢʩʠʥʘʤʠ ʠ 

ʟʝʘʨʘʣʝʥʦʥʦʤ ʦʢʘʟʘʣʠʩʴ ʨʘʩʪʝʥʠʷ ʢʫʢʫʨʫʟʳ, 

ʦʭʨʘʪʦʢʩʠʥʦʤ ɸ ï ʣʶʮʝʨʥʳ, ʊ-2-ʪʦʢʩʠʥʦʤ ï 

ʩʤʝʩʠ ʢʣʝʚʝʨʘ ʠ ʪʠʤʦʬʝʝʚʢʠ. ʇʨʦʙʣʝʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʭ ʢʦʨʤʘʭ ʠʟ ʪʨʘʥʰʝʡ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦʡ ʠ ʥʝ 

ʠʤʝʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʥʠʮ. ɺ ʥʘʠʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʳ ʤʠʢʦʪʦʢʩʠʥʘʤʠ ʩʠʣʦʩ ʠʟ 

ʢʫʢʫʨʫʟʳ ʠ ʩʝʥʘʞ ʠʟ ʣʶʮʝʨʥʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʮʠʬʨʦʚʳʭ ʧʨʦʛʨʘʤʤ ʧʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʤʠʢʦʪʦʢʩʠʢʦʟʦʚ ʫ ʞʚʘʯʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʩʝʤʷʥ ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ 

ʧʨʠ ʧʦʤʦʱʠ ʤʷʛʢʦʣʫʯʝʚʦʡ ʤʠʢʨʦʬʦʢʫʩʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʨʝʤʦʥʪʘʥʪʥʦʡ 

ʟʝʤʣʷʥʠʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚʧʝʨʚʳʝ ʠ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ ʩʝʤʷʥ. ʇʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ.       ɺʦ-ʧʝʨʚʳʭ, ʥʘ 

ʩʝʤʝʥʘʭ ʚʩʝʭ ʩʦʨʪʦʚ ʦʙʥʘʨʫʞʝʥʳ ʩʢʨʳʪʳʝ ʜʝʬʝʢʪʳ, ʧʦ ʢʦʪʦʨʳʤ ʩʝʤʝʥʘ ʧʦʜʨʘʟʜʝʣʠʣʠ ʥʘ ʯʝʪʳʨʝ 

ʢʘʪʝʛʦʨʠʠ: 1 ï ʟʘʛʥʠʚʰʠʝ ʩʝʤʝʥʘ; 2 ï ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʩʝʤʝʥʘ; 3 ï ʩʝʤʝʥʘ ʩ ʦʪʩʣʦʠʚʰʝʡʩʷ ʦʙʦʣʦʯʢʦʡ; 

4 ï ʧʦʣʥʦʮʝʥʥʳʝ ʩʝʤʝʥʘ. ɺʦ-ʚʪʦʨʳʭ, ʩʝʤʝʥʘ ʩʦʨʪʘ ɸʣʝʢʩʘʥʜʨʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʪʝʤ, ʯʪʦ ʫ ʥʠʭ 

ʦʙʥʘʨʫʞʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʥʠʚʰʠʭ ʩʝʤʷʥ ï 10,2%, ʟʘʪʝʤ ʩʣʝʜʦʚʘʣʠ ʩʝʤʝʥʘ ʩ 

ʦʪʩʣʦʠʚʰʝʡʩʷ ʦʙʦʣʦʯʢʦʡ ï 8,2% ʠ ʟʘʤʳʢʘʣʠ ʪʨʦʡʢʫ ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʩʝʤʝʥʘ ï 4,1%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʝʬʝʢʪʥʳʝ ʩʝʤʝʥʘ ʧʦ ʵʪʦʤʫ ʩʦʨʪʫ ʩʦʩʪʘʚʠʣʠ 22,5%, ʘ ʧʦʣʥʦʮʝʥʥʳʝ ʩʝʤʝʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 77,5%. ʋ 

ʩʦʨʪʘ ɹʘʨʦʥ ʉʦʣʝʤʘʭʝʨ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʥʠʚʰʠʭ ʩʝʤʷʥ ʠ ʩʝʤʷʥ ʩ ʦʪʩʣʦʠʚʰʝʡʩʷ ʦʙʦʣʦʯʢʦʡ ʙʳʣʦ 

ʦʜʠʥʘʢʦʚʳʤ ï ʧʦ 6,1%, ʘ ʥʝʚʳʧʦʣʥʝʥʥʳʭ ʩʝʤʷʥ ʙʳʣʦ 4,1%. ɺʩʝʛʦ ʧʦʣʥʦʮʝʥʥʳʭ ʩʝʤʷʥ ʧʦ ʵʪʦʤʫ ʩʦʨʪʫ 

ʥʘʩʯʠʪʳʚʘʣʦʩʴ 83,7% ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʝʬʝʢʪʥʳʭ ʩʝʤʷʥ 16,3%. ʉʝʤʝʥʘ ʩʦʨʪʘ ɿʦʣʫʰʢʘ ʠʤʝʣʠ 

ʥʘʠʙʦʣʴʰʠʡ ʜʝʬʝʢʪ ʧʦ ʦʪʩʣʦʝʥʠʶ ʦʙʦʣʦʯʢʠ ï 8,2%, ʟʘʪʝʤ ʩʣʝʜʦʚʘʣʠ ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʩʝʤʝʥʘ ï 6,1% ʠ 

ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʳʣʦ ʟʘʛʥʠʚʰʠʭ ʩʝʤʷʥ ï 4,1%. ɼʝʬʝʢʪʥʳʭ ʩʝʤʷʥ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 18,4%, ʘ 

ʧʦʣʥʦʮʝʥʥʳʭ 81,6%. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʨʪʘ ʈʫʷʥʘ, ʪʦ ʠʟ ʜʝʬʝʢʪʦʚ ʩʝʤʷʥ ʧʨʝʦʙʣʘʜʘʣʦ ʦʪʩʣʦʝʥʠʝ 

ʦʙʦʣʦʯʢʠ ï 6,1%. ɿʘʛʥʠʚʰʠʝ ʩʝʤʝʥʘ ʠ ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʩʝʤʝʥʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ï 

ʧʦ 4,1%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʮʝʥʥʳʭ ʩʝʤʷʥ ʧʦ ʵʪʦʤʫ ʩʦʨʪʫ ʚʳʷʚʠʣʠ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 85,7%, 

ʘ ʜʝʬʝʢʪʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʠʤʝʥʴʰʝʝ ï 14,3%. ʇʦ ʠʪʦʛʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʨʝʥʪʛʝʥʦʛʨʘʬʠʶ ʩʝʤʷʥ ʤʝʣʢʦʧʣʦʜʥʦʡ ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʭ ʩʢʨʳʪʳʭ ʜʝʬʝʢʪʦʚ; ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ  ʥʝ ʨʘʟʨʫʰʘʝʪ ʩʝʤʝʥʘ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ; ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ 

ʦʙʣʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʪʦʡ ʧʨʦʚʝʜʝʥʠʷ; ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʦʩʦʙʝʥʥʦ 

ʬɻʬʝʢʪʠʚʥʘ ʧʨʠ ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʤʷʥ. 
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The article discusses the study of the everbearing strawberry seeds viability  by  the microfocus 

radiography. This method was applied on the long carrying strawberries for the first time and made it 

possible to reveal the hidden internal defects of seeds. The processing of x-ray images allowed making the 

following conclusions. Firstly, the hidden defects were found on the seeds of all varieties.  Accordingly, the 

seeds were divided into four groups: 1 - rotten seeds; 2 - the seeds with underdeveloped endosperm; 3 - the 

seeds with the seed coat detached from endosperm; 4 - the healthy seeds. Secondly, the seeds of different 
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everbearing strawberry varieties  were counted by the revealed defects. The seeds of  Alexandria variety 

featured the highest number of rotten seeds ï 10.2%, 8.2% of the seeds with the seed coat detached from 

endosperm and 4.1% of the seeds with underdeveloped endosperm. Thus, there were 22.5% defective seeds 

in this variety, and 77.5% healthy seeds. Baron von Solemacher variety had the equal number of rotten seeds 

and the seeds with the seed coat detached from endosperm ï 6.1%, the seeds with underdeveloped 

endosperm were 4.1%. In total, there were 83.7% of healthy seeds in this variety, and 16.3%, respectively, of 

the defective ones. Zolushka strawberry variety had the biggest number of the seeds with the seed coat 

detached from endosperm ï 8.2%, 6.1% of the seeds with underdeveloped endosperm and the smallest 

amount of rotten seeds ï 4.1%. Defective seeds accounted for 18.4%, and the healthy seeds ï for 81.6%. In 

the Ruiana (fragaria ananssa) variety, the seed coat detachment from the endosperm was dominating ï 6.1% 

of seeds; the rotten seeds and the seeds with underdeveloped endosperm were found at the same level of 

4.1%. Thus, this variety had the biggest number of healthy seeds (85.7%), and respectively, the smallest 

number of defective seeds ï 14.3%. The study outcomes allowed to make the following conclusions: 

microfocus X-ray diffraction of the seeds of everbearing small-fruited strawberries allows identifying their 

hidden defects; the seeds are fully preserved for further work. Microfocus X-ray diffraction of raspberry 

seeds has advantages in terms of execution speed and great informative value. The method is especially 

effective in screening a small number of seeds in the berry crop breeding.      
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ɺʚʝʜʝʥʠʝ 

ɿʝʤʣʷʥʠʢʘ ʢʫʣʴʪʫʨʘ, ʢʦʪʦʨʫʶ ʤʳ ʚʠʜʠʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʢʘʞʜʦʤ ʩʘʜʦʚʦʤ ʫʯʘʩʪʢʝ. 

ʄʝʣʢʦʧʣʦʜʥʘʷ ʨʝʤʦʥʪʘʥʪʥʘʷ ʟʝʤʣʷʥʠʢʘ,  

ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʷʛʦʜ, 

ʧʨʠʚʣʝʢʘʝʪ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʘʨʦʤʘʪʦʤ ʷʛʦʜ ʠ ʙʦʣʴʰʝʡ  ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

ʨʘʩʪʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʧʥʦʧʣʦʜʥʳʤʠ 

ʚʠʜʘʤʠ. ʊʘʢʦʝ ʧʦʥʷʪʠʝ ʢʘʢ ʨʝʤʦʥʪʘʥʪʥʦʩʪʴ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʜʘʚʘʪʴ 

ʫʨʦʞʘʡ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʛʦʜ. ʈʝʤʦʥʪʘʥʪʥʳʝ 

ʩʦʨʪʘ ʟʝʤʣʷʥʠʢʠ ʟʘʢʣʘʜʳʚʘʶʪ ʮʚʝʪʦʯʥʳʝ 

ʧʦʯʢʠ ʚʩʶ ʩʚʦʶ ʚʝʛʝʪʘʮʠʶ. ɻʣʘʚʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʦʡ ʟʝʤʣʷʥʠʢʠ ʵʪʦ ʯʘʩʪʦʝ 

ʦʙʥʦʚʣʝʥʠʝ ʧʦʩʘʜʦʢ, ʚʳʟʚʘʥʥʦʝ ʦʯʝʥʴ 

ʙʳʩʪʨʳʤ ʩʪʘʨʝʥʠʝʤ ʨʘʩʪʝʥʠʡ. ʈʘʩʪʝʥʠʷ, 

ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʩʝʤʷʥ, ʩʯʠʪʘʶʪʩʷ ʙʦʣʝʝ 

ʟʜʦʨʦʚʳʤʠ. ʉʝʤʝʥʘ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ 

ʦʪʙʠʨʘʶʪ ʦʪ ʟʜʦʨʦʚʳʭ ʩʦʨʪʦʚʳʭ ʷʛʦʜ. 

ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʝʤʝʥʘ ʷʚʣʷʶʪʩʷ 

ʟʜʦʨʦʚʳʤʠ. ɺ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʢʨʳʪʳʝ 

ʛʣʘʟʫ ʜʝʬʝʢʪʳ. ʕʪʠ ʜʝʬʝʢʪʳ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʚʠʟʫʘʣʴʥʦ, ʭʠʤʠʯʝʩʢʠ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠ. ʅʦ 

ʚʩʝ ʵʪʠ ʩʧʦʩʦʙʳ ʥʦʩʷʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʡ ʜʣʷ 

ʩʝʤʷʥ ʭʘʨʘʢʪʝʨ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ 

ʩʢʨʳʪʳʭ ʜʝʬʝʢʪʦʚ ʩʝʤʷʥ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ, 

ʢʦʪʦʨʳʡ ʥʝ ʥʦʩʠʪ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʝʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʤʷʛʢʦʣʫʯʝʚʘʷ 

ʤʠʢʨʦʬʦʢʫʩʥʘʷ ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ [1, 2, 3, 4, 5]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺʩʷ ʦʧʳʪʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʩʜʝʣʘʥʘ ʚ 

2016-2019 ʛʛ. ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʌɻɸʆʋ 

ɺʆ ʉʇɹɻʕʊʋ çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ 

(ʃʝʥʠʥʘ). ʉʝʤʝʥʘ ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ 

ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʝ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʩʝʤʷʥ 

ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 

ʀʥʩʪʠʪʫʪʝ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ ï ʬʠʣʠʘʣ ʌɻɹʅʋ 

ʌʅɸʎ ɺʀʄ).  ɺ ʦʧʳʪʘʭ ʙʳʣʠ 
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ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʨʪʘ 

ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ ɸʣʝʢʩʘʥʜʨʠʷ, 

ɹʘʨʦʥ ʉʦʣʝʤʘʭʝʨ, ɿʦʣʫʰʢʘ ʠ ʈʫʷʥʘ. 

ʈʫʷʥʘ. ɹʝʟʫʩʘʷ ʟʝʤʣʷʥʠʢʘ. ɼʘʝʪ 

ʢʦʤʧʘʢʪʥʳʝ ʢʫʩʪʳ. ʆʙʣʘʜʘʝʪ ʠʟʳʩʢʘʥʥʳʤ 

ʚʢʫʩʦʤ ʷʛʦʜ ʠ ʘʨʦʤʘʪʦʤ. ʗʛʦʜʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘʜ ʟʝʤʣʝʡ. ʆʢʨʘʩ ʷʛʦʜ ʷʨʢʦ-

ʢʨʘʩʥʳʡ. ɺʝʩ 5-7 ʛʨʘʤʤ. ʗʛʦʜʳ 

ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʳ. ʉʦʨʪ ʨʘʥʥʠʡ. ʈʘʩʪʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʟʘʙʦʣʝʚʘʥʠʷʤ ʠ 

ʚʨʝʜʠʪʝʣʷʤ. ʇʣʦʜʦʥʦʩʠʪ ʯʝʪʳʨʝ ʛʦʜʘ. 

ɿʠʤʦʩʪʦʡʢʠʡ. 

ɹʘʨʦʥ ʉʦʣʝʤʘʭʝʨ. ɹʝʟʫʩʘʷ 

ʨʝʤʦʥʪʘʥʪʥʘʷ ʟʝʤʣʷʥʠʢʘ. ɼʘʝʪ ʥʝʙʦʣʴʰʠʝ 

ʧʦʣʫʨʘʩʢʠʜʠʩʪʳʝ ʢʫʩʪʳ. ʗʛʦʜʳ 

ʥʘʩʳʱʝʥʥʦʛʦ ʘʣʦʛʦ ʮʚʝʪʘ ʩ ʫʤʝʨʝʥʥʦʡ 

ʩʘʭʘʨʠʩʪʦʩʪʴʶ, ʘʨʦʤʘʪʥʳʝ. ʗʛʦʜʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʠʞʝ ʣʠʩʪʴʝʚ. ɺʝʩ ʷʛʦʜ ʥʝ 

ʙʦʣʝʝ 5 ʛʨʘʤʤ. ʈʘʩʪʝʥʠʝ ʥʝ ʙʦʠʪʩʷ ʪʝʥʠ. 

ʇʣʦʜʦʥʦʩʠʪ 3-4 ʛʦʜʘ. ʉʦʨʪ ʫʩʪʦʡʯʠʚ ʢ 

ʟʘʙʦʣʝʚʘʥʠʷʤ. ɿʠʤʦʩʪʦʡʢʠʡ. 

ɸʣʝʢʩʘʥʜʨʠʷ. ʉʦʨʪ ʥʝ ʦʙʨʘʟʫʝʪ ʫʩʦʚ. 

ɼʘʝʪ ʢʦʤʧʘʢʪʥʳʝ ʢʫʩʪʳ. ʗʛʦʜʳ ʷʨʢʦ 

ʢʨʘʩʥʳʝ ʥʝ ʧʨʝʚʳʰʘʶʪ 8 ʛʨʘʤʤ, ʩʣʘʜʢʠʝ. 

ʆʯʝʥʴ ʫʨʦʞʘʡʥʳʡ. ʅʝ ʧʦʨʘʞʘʝʪʩʷ 

ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʙʦʣʝʟʥʷʤʠ. ɿʠʤʦʩʪʦʡʢʠʡ. 

ɿʦʣʫʰʢʘ. ʇʦʟʜʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʫʧʥʦʧʣʦʜʥʳʡ ʩʦʨʪ. ɼʘʝʪ ʚʳʩʦʢʠʝ ʢʫʩʪʳ. 

ʗʛʦʜʳ ʢʨʫʧʥʳʝ ʜʦ 20 ʛʨʘʤʤ, ʜʝʩʝʨʪʥʦʛʦ 

ʚʢʫʩʘ. ʗʛʦʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʫʨʦʚʥʝ 

ʣʠʩʪʴʝʚ, ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʳ. ʀʤʝʝʪ 

ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʣʦʜʦʥʦʰʝʥʠʷ. ʉʦʨʪ 

ʫʩʪʦʡʯʠʚ ʢ ʛʨʠʙʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. 

ɿʠʤʦʩʪʦʡʢʠʡ. 

ɺʩʝ ʦʧʳʪʳ ʟʘʢʣʘʜʳʚʘʣʠ ʚ ʪʨʝʭʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ. ʉʝʤʝʥʘ ʙʳʣʠ  ʨʘʩʢʣʝʝʥʥʳʝ ʥʘ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʨʪʦʯʢʠ ʧʦ 49 ʰʪ. ʆʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʩʢʦʧʠʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʝʤʷʥ ʤʝʣʢʦʧʣʦʜʥʦʡ ʨʝʤʦʥʪʘʥʪʥʦʡ 

ʟʝʤʣʷʥʠʢʠ ʧʨʠ ʝʝ ʩʝʣʝʢʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʘ ʧʦʣʫʯʝʥʳ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʩʝʤʷʥ 

ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ (ʨʠʩ. 1). 

 

 
ʘ 

 
ʙ 

 
ʚ 
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ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʩʝʤʷʥ ʯʝʪʳʨʝʭ 

ʩʦʨʪʦʚ ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ: 

ʘ ï ɸʣʝʢʩʘʥʜʨʠʷ; ʙ ï ʈʫʷʥʘ; ʚ ï ɿʦʣʫʰʢʘ;  

ʛ ï ɹʘʨʦʥ ʉʦʣʝʤʘʭʝʨ 

 

ʀʩʭʦʜʷ ʠʟ ʦʙʨʘʙʦʪʢʠ ʨʝʥʪʛʝ-

ʥʦʛʨʘʬʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʥʘʤʠ ʩʜʝʣʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺʦ-ʧʝʨʚʳʭ, ʥʘ ʩʝʤʝʥʘʭ 

ʚʩʝʭ ʩʦʨʪʦʚ ʦʙʥʘʨʫʞʝʥʳ ʩʢʨʳʪʳʝ ʜʝʬʝʢʪʳ. 

ɼʝʬʝʢʪʳ ʤʳ ʧʦʜʨʘʟʜʝʣʠʣʠ ʥʘ ʯʝʪʳʨʝ 

ʢʘʪʝʛʦʨʠʠ: 1 ï ʟʘʛʥʠʚʰʠʝ ʩʝʤʝʥʘ; 2 ï 

ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʩʝʤʝʥʘ; 3 ï ʩʝʤʝʥʘ ʩ 

ʦʪʩʣʦʠʚʰʝʡʩʷ ʦʙʦʣʦʯʢʦʡ; 4 ï ʧʦʣʥʦʮʝʥʥʳʝ 

ʩʝʤʝʥʘ. ʊʝʧʝʨʴ ʧʦ ʩʦʨʪʘʤ. ʉʝʤʝʥʘ ʩʦʨʪʘ 

ɸʣʝʢʩʘʥʜʨʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʪʝʤ, ʯʪʦ ʫ 

ʥʠʭ ʦʙʥʘʨʫʞʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʛʥʠʚʰʠʭ ʩʝʤʷʥ 10,2%, ʟʘʪʝʤ ʩʣʝʜʦʚʘʣʠ 

ʩʝʤʝʥʘ ʩ ʦʪʩʣʦʠʚʰʝʡʩʷ ʦʙʦʣʦʯʢʦʡ 8,2% ʠ 

ʟʘʤʳʢʘʣʠ ʪʨʦʡʢʫ ʜʝʬʝʢʪʦʚ ʥʝʚʳʧʦʣʥʝʥʥʳʝ 

ʩʝʤʝʥʘ 4,1%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʬʝʢʪʥʳʭ 

ʩʝʤʷʥ ʧʦ ʵʪʦʤʫ ʩʦʨʪʫ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 22,5%, 

ʘ ʧʦʣʥʦʮʝʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 77,5%. ʋ 

ʩʦʨʪʘ ɹʘʨʦʥ ʉʦʣʝʤʘʭʝʨ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʛʥʠʚʰʠʭ ʩʝʤʷʥ ʠ ʩʝʤʷʥ ʩ ʦʪʩʣʦʠʚʰʝʡʩʷ 

ʦʙʦʣʦʯʢʦʡ ʙʳʣʦ ʦʜʠʥʘʢʦʚʳʤ ʧʦ 6,1%, ʘ 

ʥʝʚʳʧʦʣʥʝʥʥʳʭ ʩʝʤʷʥ 4,1%. ɺʩʝʛʦ 

ʧʦʣʥʦʮʝʥʥʳʭ ʩʝʤʷʥ ʧʦ ʵʪʦʤʫ ʩʦʨʪʫ 

ʥʘʩʯʠʪʳʚʘʣʦʩʴ 83,7% ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʜʝʬʝʢʪʥʳʭ 16,3%. ʉʝʤʝʥʘ ʩʦʨʪʘ ɿʦʣʫʰʢʘ 

ʠʤʝʣʠ ʥʘʠʙʦʣʴʰʠʡ ʜʝʬʝʢʪ ʧʦ ʦʪʩʣʦʝʥʠʶ 

ʦʙʦʣʦʯʢʠ 8,2%, ʟʘʪʝʤ ʩʣʝʜʦʚʘʣʠ 

ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʩʝʤʝʥʘ, 6,1% ʠ ʥʘʠʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʳʣʦ ʟʘʛʥʠʚʰʠʭ ʩʝʤʷʥ 4,1%. 

ɼʝʬʝʢʪʥʳʭ ʩʝʤʷʥ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 18,4%, ʘ 

ʧʦʣʥʦʮʝʥʥʳʭ 81,6%. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʨʪʘ 

ʈʫʷʥʘ ʪʦ ʠʟ ʜʝʬʝʢʪʦʚ ʩʝʤʷʥ ʧʨʝʦʙʣʘʜʘʣʦ 

ʦʪʩʣʦʝʥʠʝ ʦʙʦʣʦʯʢʠ 6,1%. ɿʘʛʥʠʚʰʠʝ ʩʝʤʝʥʘ 

ʠ ʥʝʚʳʧʦʣʥʝʥʥʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʦʜʥʦʤ ʫʨʦʚʥʝ ʧʦ 4,1%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʥʦʮʝʥʥʳʭ ʩʝʤʷʥ ʧʦ ʵʪʦʤʫ ʩʦʨʪʫ ʚʳʷʚʠʣʠ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 85,7%, ʘ ʜʝʬʝʢʪʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʠʤʝʥʴʰʝʝ 14,3%. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʬʦʢʫʩʥʦʡ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʙʳʣʠ ʩʥʝʩʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʘ 1 

ɼʝʬʝʢʪʳ ʩʝʤʷʥ ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʬʦʢʫʩʥʦʡ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, 2019   ʛ. 

ʉʦʨʪ ɿʘʛʥʠʚʰʠʝ 

ʩʝʤʝʥʘ 

ʅʝʚʳʧʦʣʥʝʥʥʳʝ 

ʩʝʤʝʥʘ 

ʉʝʤʝʥʘ ʩ 

ʦʪʩʣʦʠʚʰʝʡʩʷ 

ʦʙʦʣʦʯʢʦʡ 

ʇʦʣʥʦʮʝʥʥʳʝ 

ʩʝʤʝʥʘ 

ʅʉʈ05 

ʰʪ. % ʰʪ. % ʰʪ. % ʰʪ. % 

ɸʣʝʢʩʘʥʜʨʠʷ 5 10,2 2 4,1 4 8,2 38 77,5 1,85 

ɹʘʨʦʥ 

ʉʦʣʝʥʤʘʭʝʨ 

3 6,1 2 4,1 3 6,1 41 83,7 1,62 

ɿʦʣʫʰʢʘ 2 4,1 3 6,1 4 8,2 40 81,6 1,74 

ʈʫʷʥʘ 2 4,1 2 4,1 3 6,1 42 85,7 1,55 

ʅʉʈ05 2,05 - 2,01 - 2,07 - 2,00 - - 

 

ʇʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʩʝʤʝʥʘ ʨʝʤʦʥʪʘʥʪʥʦʡ ʤʝʣʢʦʧʣʦʜʥʦʡ 

ʟʝʤʣʷʥʠʢʠ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʦʨʷʜʢʝ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ɸʣʝʢʩʘʥʜʨʠʷ, 

ɿʦʣʫʰʢʘ, ɹʘʨʦʥ ʉʦʣʝʤʘʭʝʨ ʠ ʈʫʷʥʘ.  
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ɼʣʷ ʢʦʥʪʨʦʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʜʝʣʘʥʥʦʡ 

ʨʝʥʪʛʝʥʦʩʢʦʧʠʠ  ʩʝʤʷʥ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ  ʠʭ 

ʣʘʙʦʨʘʪʦʨʥʦʝ ʧʨʦʨʘʱʠʚʘʥʠʝ ʧʦ ɻʆʉʊ 12038-

84. ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʦʨʘʱʠʚʘʥʠʷ 

ʩʝʤʷʥ ʩʦʚʧʘʣʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʠʢʨʦʬʦʢʫʩʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʝʝ ʤʦʞʥʦ ʩ ʫʩʧʝʭʦʤ 

ʧʨʠʤʝʥʷʪʴ ʚ ʩʝʣʝʢʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʩʝʤʷʥ ʤʝʣʢʦʧʣʦʜʥʦʡ 

ʨʝʤʦʥʪʘʥʪʥʦʡ ʟʝʤʣʷʥʠʢʠ. 
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ʩʝʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩ ʥʝʙʦʣʴʰʠʤ 
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The inefficient processing of large volumes of animal/poultry manure and its use as an organic fertiliser 

makes it difficult for agricultural enterprises to function normally and poses a serious obstacle to the agro-

industrial complex development in Leningrad Region. At the same time, there is one more environmental 

and economic problem in this region ï to maintain and improve the soil fertility of agricultural land. For 

environmental assessment of agricultural enterprises, the data on the number of farm animals and poultry in 

each municipal district of Leningrad Region was collected; production and accumulation of animal/poultry 

manure in each district were considered and the feasibility of its application as an organic fertiliser to the 

agricultural land in this district was assessed. Calculations showed that the districts featured different nutrient 

load on the environment. Most of the them had the potential to apply additional nitrogen with organic 

fertilisers on the available agricultural land. Only two districts ï Vyborgskij and Kirovskij Districts, had a 

shortage of land to apply the produced 2172.9 and 8433.2 t N/year, respectively, that might result in 

environmental risks. However, the nutrient load in these two districts could be relieved by applying the 

produced organic fertilisers to the agricultural land in the neighbouring districts, as the total potential for 

nitrogen application in Leningrad Region is positive: +8769.2 tons of nitrogen per year.  

 

Key words: environmental risks, livestock production, poultry production, organic fertiliser, potential  

 

For citation: Shalavina E.V., Vasilev E.V., Minin V.B. Analysis of environmental risks from 

agriculture in Leningrad Region.  Tekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva 
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ɺʚʝʜʝʥʠʝ  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʫʨʦʚʥʝ 

ʛʦʩʫʜʘʨʩʪʚʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦ ʚʳʨʘʙʦʪʢʝ 

ʤʝʨ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ, ʧʨʘʚʦʚʦʛʦ ʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʝʣʴʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʚʳʚʝʩʪʠ ʠʭ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʢʦʤʧʣʝʢʩʥʦʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ 

ʠ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʥʦʚʳʝ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʧʣʝʢʩʳ ʥʘʨʘʱʠʚʘʶʪ ʩʚʦʠ 

ʤʦʱʥʦʩʪʠ [1-4]. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʧʦʚʳʰʘʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʞʘʝʪʩʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚʦʟʥʠʢʘʶʪ ʩʝʨʴʸʟʥʳʝ ʧʨʦʙʣʝʤʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʚʦʟʘ ʠ ʧʦʤʸʪʘ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʦʛʨʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ [5-

7]. 

ʇʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʧʪʠʮʝʚʦʜʩʪʚʘ 

ʟʘʪʨʫʜʥʷʝʪ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʭʦʟʷʡʩʪʚ ʠ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʝʛʨʘʜʦʡ ʚ 

ʨʘʟʚʠʪʠʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʧʨʦʙʣʝʤʘ - ʥʝʭʚʘʪʢʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ ʥʘ ʧʦʣʷʭ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ ʠ 

ʧʦʤʝʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʀʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʧʦʯʚ. 

ɼʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʥʘʢʦʧʣʝʥʠʷ ʥʘʚʦʟʘ ʠ ʧʦʤʸʪʘ ʚ ʢʘʞʜʦʤ ʨʘʡʦʥʝ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 

ʢʘʞʜʦʛʦ ʨʘʡʦʥʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʩʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 
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ʫʜʦʙʨʝʥʠʠ) ʥʘ ʟʝʤʝʣʴʥʳʝ ʫʛʦʜʴʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʨʠʩʢʦʚ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚ 

ʥʘʚʦʟʘ ʠ ʧʦʤʸʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʢʘʞʜʦʤ 

ʨʘʡʦʥʝ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦʤ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʦʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʘ 

ʥʘʚʦʟʘ ʩ ʬʝʨʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʠ ʩʚʠʥʝʡ ʚʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ, 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ 

ʩʪʨʫʢʪʫʨʳ ʩʪʘʜʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

(ʂʈʉ) (ʠʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʦʚ ʚ ʢʘʞʜʦʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ) ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʪʘʜʘ 

ʩʚʠʥʦʚʦʜʯʝʩʢʦʡ ʬʝʨʤʳ (ʠʩʭʦʜʷ ʠʟ 

ʢʦʣʠʯʝʩʪʚʘ ʩʚʠʥʝʡ ʚ ʢʘʞʜʦʤ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʠ ʠ ʠʟ ʜʘʥʥʳʭ ʦ ʪʠʧʝ 

ʭʦʟʷʡʩʪʚʘ (ʦʪʢʦʨʤʦʯʥʦʝ, ʩ ʟʘʢʦʥʯʝʥʥʳʤ 

ʮʠʢʣʦʤ, ʨʝʧʨʦʜʫʢʪʠʚʥʦʝ)  [8]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʨʦʚʝʜʝʥ 

ʨʘʩʯʸʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʘʟʦʪʘ. ʇʨʠʤʝʥʷʷ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ Helcom 

(ὔ 170 ʢʛ/ʛʘ ʘʟʦʪʘ), ʨʘʩʩʯʠʪʘʥʘ ʤʘʩʩʘ 

ʦʙʨʘʟʫʝʤʦʛʦ ʘʟʦʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ (ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ 

ʂʈʉ, ʩʚʠʥʝʡ ʠʣʠ ʧʪʠʮʳ) [9-10]. 

ɿʥʘʷ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʫʜʦʙʨʝʥʠʠ ʠ ʦʙʱʫʶ ʧʣʦʱʘʜʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʚ ʢʘʞʜʦʤ 

ʨʘʡʦʥʝ, ʦʧʨʝʜʝʣʝʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʚʦʟʘ ʠ 

ʧʦʤʝʪʘ ʧʦ ʨʘʡʦʥʘʤ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʨʘʩʯʝʪ ʚʝʜʝʪʩʷ ʯʝʨʝʟ ʤʘʩʩʫ ʘʟʦʪʘ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ): 

ὖ ὖ ὖ
ὔὒϽὛ

ρπππ

ὔὉρϽὓρϽσφυϽ
ρππὒρ

ρππ

ὔὉςϽὓςϽσφυϽ
ρππὒς

ρππ
ὔὉσϽὓσϽσφυϽ

ρππὒσ

ρππ

 , 

ʛʜʝ ὖ ï ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ ʥʘ ʚʩʝʭ ʟʝʤʝʣʴʥʳʭ 

ʫʛʦʜʴʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ, 

ʪ/ʛʦʜ; ὖ ï ʤʘʩʩʘ ʘʟʦʪʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʚʥʝʩʪʠ ʥʘ ʚʩʝ ʟʝʤʝʣʴʥʳʝ ʫʛʦʜʴʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ, 

ʪ/ʛʦʜ; ὖ ï ʤʘʩʩʘ ʘʟʦʪʘ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ ʩʦ ʚʩʝʭ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ, ʪ/ʛʦʜ; ὔ  ï 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʝ 

ʚʥʝʩʝʥʥʦʛʦ ʘʟʦʪʘ ʥʘ 1 ʛʘ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʛ/ʛʘ; Ὓ ï 

ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ, ʛʘ; 

ὔ , ὔ , ὔ ï ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʥʘʚʦʟʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʚ ʩʚʠʥʦʤ ʥʘʚʦʟʝ ʠ ʚ ʢʫʨʠʥʦʤ ʧʦʤʝʪʝ, 

ʜʦʣʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʥʘʚʦʟʝ/ʧʦʤʝʪʝ: 

ὔ =0,0048 

ὔ =0,0024 

ὔ =0,014 

ὓ , ὓ , ὓ  ï ʤʘʩʩʘ ʩʦ ʚʩʝʭ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ/ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘʚʦʟʘ ʂʈʉ, ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʠ ʢʫʨʠʥʦʛʦ 

ʧʦʤʝʪʘ, ʪ/ʩʫʪ; ὒ, ὒ, ὒ ï ʧʦʪʝʨʠ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʚʦʟʘ ʂʈʉ, ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ 

ʠ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ, %. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʤ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʤ 

ʢʦʤʧʣʝʢʩʘʤ ʚʟʷʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʩʘʡʪʘ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ [11, 12]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
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ɼʘʥʥʳʝ ʧʦ ʧʦʛʦʣʦʚʴʶ ʞʠʚʦʪʥʳʭ ʠ 

ʧʪʠʮʳ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʇʦʛʦʣʦʚʴʝ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ˉ ʈʘʡʦʥ 
ʇʦʛʦʣʦʚʴʝ 

ʂʈʉ, ʛʦʣ 

ʇʦʛʦʣʦʚʴʝ 

ʩʚʠʥʝʡ, ʛʦʣ 

ʇʦʛʦʣʦʚʴʝ 

ʧʪʠʮʳ, ʛʦʣ 

1 ɹʦʢʩʠʪʦʛʦʨʩʢʠʡ ʨ-ʥ 317 0 1200 

2 ɺʦʣʦʩʦʚʩʢʠʡ ʨ-ʥ 23854 0 0 

3 ɺʦʣʭʦʚʩʢʠʡ ʨ-ʥ 12887 5430 0 

4 ɺʩʝʚʦʣʦʞʩʢʠʡ ʨ-ʥ 11207 6574 0 

5 ɺʳʙʦʨʛʩʢʠʡ ʨ-ʥ 9474 0 6424586 

6 ɻʘʪʯʠʥʩʢʠʡ ʨ-ʥ 16874 7175 2983000 

7 ʂʠʥʛʠʩʝʧʧʩʢʠʡ ʨ-ʥ 7430 0 0 

8 ʂʠʨʠʰʩʢʠʡ ʨ-ʥ 5576 0 0 

9 ʂʠʨʦʚʩʢʠʡ ʨ-ʥ 1106 0 18937000 

10 ʃʦʜʝʡʥʦʧʦʣʴʩʢʠʡ ʨ-ʥ 1520 6110 0 

11 ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʨ-ʥ 8379 6249 624000 

12 ʃʫʞʩʢʠʡ ʨ-ʥ 19515 29200 0 

13 ʇʨʠʦʟʝʨʩʢʠʡ ʨ-ʥ 21609 3552 0 

14 ʉʣʘʥʮʝʚʩʢʠʡ ʨ-ʥ 5553 0 0 

15 ʊʠʭʚʠʥʩʢʠʡ ʨ-ʥ 3834 0 0 

16 ʊʦʩʥʝʥʩʢʠʡ ʨ-ʥ 10648 120577 0 

 
ʀʊʆɻʆ 159783 184867 28969786 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʨʘʡʦʥʘʤʠ ʧʦ ʧʦʛʦʣʦʚʴʶ 

ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ ʷʚʣʷʶʪʩʷ ɺʳʙʦʨʛʩʢʠʡ, 

ɻʘʪʯʠʥʩʢʠʡ, ʂʠʨʦʚʩʢʠʡ ʠ ʃʦʤʦʥʦʩʦʚʩʢʠʡ 

ʨʘʡʦʥʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʜʘʥʥʳʭ 

ʨʘʡʦʥʘʭ ʥʘʨʷʜʫ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʦʪ 1000 ʛʦʣʦʚ ʠ ʚʳʰʝ ʝʱʝ ʠ 

ʢʨʫʧʥʝʡʰʠʭ ʚ ʦʙʣʘʩʪʠ ʧʪʠʮʝʬʘʙʨʠʢ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʚʦʟʘ ʠ ʧʦʤʸʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʦ ʨʘʡʦʥʘʤ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʚʦʟʘ ʠ ʧʦʤʸʪʘ 

ˉ 
ʈʘʡʦʥ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ 

ʄʦʞʝʪ ʧʨʠʥʷʪʴ 

ʘʟʦʪʘ ʥʘ 

ʟʝʤʝʣʴʥʳʝ 

ʫʛʦʜʴʷ (ὖ), 

ʪ/ʛʦʜ 

ʆʙʨʘʟʫʝʪ 

ʘʟʦʪʘ ʚ 

ʫʜʦʙʨʝʥʠʠ 

ὖ, ʪ/ʛʦʜ 

ʀʟʣʠʰʝʢ/ʥʝʜʦʩʪʘʪʦʢ* 

(ʤʦʞʝʪ ʧʨʠʥʷʪʴ 

ʘʟʦʪʘ) ὖ, ʪ/ʛʦʜ 

1 ɹʦʢʩʠʪʦʛʦʨʩʢʠʡ ʨ-ʥ 59,5 29,8 +29,7 

2 ɺʦʣʦʩʦʚʩʢʠʡ ʨ-ʥ 6213 1458,1 +4755 

3 ɺʦʣʭʦʚʩʢʠʡ ʨ-ʥ 1969,3 907,9 +1061,4 

4 ɺʩʝʚʦʣʦʞʩʢʠʡ ʨ-ʥ 1730,6 935,9 +794,7 

5 ɺʳʙʦʨʛʩʢʠʡ ʨ-ʥ 1423,7 3596,6 -2172,9 

6 ɻʘʪʯʠʥʩʢʠʡ ʨ-ʥ 4631,1 2587,9 +2043,2 

7 ʂʠʥʛʠʩʝʧʧʩʢʠʡ ʨ-ʥ 1744,7 519,3 +1225,4 

8 ʂʠʨʠʰʩʢʠʡ ʨ-ʥ 1475,3 366 +1109,3 
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ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.2 

9 ʂʠʨʦʚʩʢʠʡ ʨ-ʥ 342,9 8776,1 -8433,2 

10 ʃʦʜʝʡʥʦʧʦʣʴʩʢʠʡ ʨ-ʥ 456,1 137 +319,1 

11 ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʨ-ʥ 2215,1 872,1 +1343 

12 ʃʫʞʩʢʠʡ ʨ-ʥ 3667,3 1339,2 +2328,1 

13 ʇʨʠʦʟʝʨʩʢʠʡ ʨ-ʥ 3347,2 1529,2 +1818 

14 ʉʣʘʥʮʝʚʩʢʠʡ ʨ-ʥ 1181,2 294,5 +886,7 

15 ʊʠʭʚʠʥʩʢʠʡ ʨ-ʥ 931,3 306 +625,3 

16 ʊʦʩʥʝʥʩʢʠʡ ʨ-ʥ 2725,6 1689,2 +1036,4 

 ʀʊʆɻʆ ʧʦ ʦʙʣʘʩʪʠ   +8769,2 

* ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʘʣʘʥʩʘ ὖ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʝ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʩʚʦʙʦʜʥʳʭ ʟʝʤʝʣʴʥʳʭ 

ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʥʦʩʠʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ 

ʩʦʩʝʜʥʠʭ ʨʘʡʦʥʦʤ. ɿʥʘʯʝʥʠʝ ὖ ʧʦʢʘʟʳʚʘʝʪ ʤʘʩʩʫ ʘʟʦʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʚʥʝʩʪʠ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʟʝʤʝʣʴʥʳʝ ʫʛʦʜʴʷ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ. 

 

ʈʘʩʯʝʪʳ ʧʦ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʛʨʫʟʢʘ ʨʘʡʦʥʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʨʘʡʦʥʦʚ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʚʥʝʩʝʥʠʷ ʥʘ 

ʧʦʩʝʚʥʳʝ ʧʣʦʱʘʜʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʟʦʪʘ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ. ʊʦʣʴʢʦ 2 ʨʘʡʦʥʘ - 

ɺʳʙʦʨʛʩʢʠʡ ʠ ʂʠʨʦʚʩʢʠʡ ʠʤʝʶʪ ʜʝʬʠʮʠʪ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ (2172,9 ʠ 8433,2 ʪʦʥʥ 

ʘʟʦʪʘ ʚ ʛʦʜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʜʥʘʢʦ ʜʘʥʥʳʝ 

2 ʨʘʡʦʥʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʛʨʫʞʝʥʳ ʟʘ ʩʯʝʪ 

ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʟʝʤʝʣʴʥʳʝ ʫʛʦʜʴʷ ʙʣʠʟʣʝʞʘʱʠʭ ʨʘʡʦʥʦʚ, ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʫʤʤʘʨʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ (+8769,2 ʪʦʥʥ ʘʟʦʪʘ ʚ ʛʦʜ) 

ʧʦʪʝʥʮʠʘʣ ʧʦ ʦʙʣʘʩʪʠ. ɼʘʞʝ ʩ ʫʯʝʪʦʤ 

ʢʨʫʧʥʳʭ ʧʪʠʮʝʬʘʙʨʠʢ ʠ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʦ ʚʩʝʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʚʩʝʭ 

ʧʘʭʦʪʥʳʭ ʧʣʦʱʘʜʝʡ 8769,2 ʪʦʥʥ ʘʟʦʪʘ ʚ ʛʦʜ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʪʘʢʞʝ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʚʠʜʝ ʢʘʨʪʳ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 1). 

 
ʈʠʩ.1. ʇʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ, ʪʦʥʥ ʘʟʦʪʘ ʚ ʛʦʜ 

 

ʀʟ ʢʘʨʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1 

ʚʠʜʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠʤʝʝʪʩʷ ʨʝʟʝʨʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʜʣʷ ʚʥʝʩʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʢʘ ʥʝ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ 

ʦʙʣʘʩʪʠ. ʊʦʣʴʢʦ ʜʚʘ ʨʘʡʦʥʘ ʧʝʨʝʛʨʫʞʝʥʳ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʥʘ ʠʭ 

ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʞʝʣʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʧʦʛʦʣʦʚʴʝ ʣʶʙʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ. 

ʉʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʦʛʦʣʦʚʴʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ 

ʚʥʝʜʨʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʠ 
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ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺʳʚʦʜʳ 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦʛʦʣʦʚʴʝ 

ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʧʦ ʨʘʡʦʥʘʤ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘʠʙʦʣʝʝ 

ʟʘʛʨʫʞʝʥʥʳʤʠ ʨʘʡʦʥʘʤʠ ʧʦ ʧʦʛʦʣʦʚʴʶ 

ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ ʷʚʣʷʶʪʩʷ ɺʳʙʦʨʛʩʢʠʡ 

(9474 ʛʦʣʦʚ ʂʈʉ, 6424586 ʛʦʣʦʚ ʧʪʠʮʳ), 

ɻʘʪʯʠʥʩʢʠʡ (16874 ʛʦʣʦʚ ʂʈʉ, 7175 ʛʦʣʦʚ 

ʩʚʠʥʝʡ, 2983000 ʛʦʣʦʚ ʧʪʠʮʳ), ʂʠʨʦʚʩʢʠʡ 

(1106 ʛʦʣʦʚ ʂʈʉ, 18937000 ʛʦʣʦʚ ʧʪʠʮʳ) ʠ 

ʃʦʤʦʥʦʩʦʚʩʢʠʡ (8379 ʛʦʣʦʚ ʂʈʉ, 6249 ʛʦʣʦʚ 

ʩʚʠʥʝʡ, 624000 ʛʦʣʦʚ ʧʪʠʮʳ) ʨʘʡʦʥʳ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʜʘʥʥʳʭ ʨʘʡʦʥʘʭ 

ʥʘʨʷʜʫ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʦʪ 1000 ʛʦʣʦʚ ʠ ʚʳʰʝ ʝʱʝ ʠ 
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ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) - 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ  ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʇʨʦʙʣʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʥʘʚʦʟʦʤ ʠ 

ʧʦʤʝʪʦʤ, ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʷʪ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʟʘʥʠʤʘʶʱʝʡ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠʤʝʥʥʦ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʧʪʠʮʝʚʦʜʩʪʚʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ 

ʪʝʨʨʠʪʦʨʠʷ ʨʝʛʠʦʥʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʨʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʦ 142 ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʠʟ ʢʦʪʦʨʳʭ 94 ʢʦʤʧʣʝʢʩʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, 8 ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 12 

ʧʪʠʮʝʬʘʙʨʠʢ, 2 ʧʨʝʜʧʨʠʷʪʠʷ ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ (ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ ʠ ʩʚʠʥʦʚʦʜʩʪʚʦ) ʠ 26 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʪʨʘʩʣʝʡ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʧʪʠʮʝʚʦʜʩʪʚʘ, ʩʪʨʦʷʪʩʷ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʘ ʜʝʡʩʪʚʫʶʱʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʨʘʱʠʚʘʶʪ ʩʚʦʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʣʦʢʘʣʠʟʘʮʠʝʡ ʙʦʣʴʰʦʛʦ ʧʦʛʦʣʦʚʴʷ ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʢʘʭ. 

ʅʘʠʙʦʣʴʰʝʝ ʧʦʛʦʣʦʚʴʝ ʧʪʠʮʳ (18937000 ʛʦʣʦʚ) ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʂʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ. ɺʳʙʦʨʛʩʢʠʡ ʨʘʡʦʥ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʧʦʛʦʣʦʚʴʶ ʧʪʠʮʳ ï 6424586 ʛʦʣʦʚ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʜʘʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʢʨʫʧʥʳʭ ʧʪʠʮʝʬʘʙʨʠʢ: ɸʆ 

çʇʪʠʮʝʬʘʙʨʠʢʘ çʈʦʩʢʘʨè ʠ ʉʇʂ çʇʪʠʮʝʬʘʙʨʠʢʘ ʋʜʘʨʥʠʢè ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ ʠ ɸʆ 

çʇʪʠʮʝʬʘʙʨʠʢʘ ʉʝʚʝʨʥʘʷè ʠ ɸʆ çʇʪʠʮʝʬʘʙʨʠʢʘ ʉʠʥʷʚʠʥʩʢʘʷè ʚ ʂʠʨʦʚʩʢʦʤ ʨʘʡʦʥʝ. ɹʳʣ ʚʳʧʦʣʥʝʥ 

ʨʘʩʯʝʪ ʤʘʩʩʳ ʦʙʨʘʟʫʝʤʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʧʦ ʨʘʡʦʥʘʤ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ; ʦʧʨʝʜʝʣʝʥʳ 2 ʨʘʡʦʥʘ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʥʝʭʚʘʪʢʦʡ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚʩʝʛʦ ʧʦʣʫʯʘʝʤʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ï ɺʳʙʦʨʛʩʢʠʡ ʠ ʂʠʨʦʚʩʢʠʡ.  
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The problems of agricultural waste management, animal and poultry manure in particular, are especially 

acute in Leningrad Region, which occupies one of the leading places in the Russian Federation in livestock 

and poultry farming, since almost the entire territory of the region is found within the Russian part of the 

Baltic Sea catchment area.  According to the analysis results of the agro-industrial complex of Leningrad 

Region, 142 agricultural enterprises are located in all municipal districts of the region, of which 94 are cattle 

complexes, 8 pig-breeding complexes, 12 poultry farms, 2 mixed-type enterprises (cattle and pig rearing) and 

26 crop growing enterprises.  Currently, Leningrad Region features the intensification of livestock and 
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poultry sectors; new complexes are being built, and the existing complexes are increasing their production 

capacities. This fact is confirmed by the concentration of a large number of farm animals / poultry on 

individual production sites. The biggest number of poultry (18937000 head) is found in agricultural 

enterprises of the Kirovskij District. Vyborgsky District takes the second place by the poultry stock - 

6424586 head. This is explained by the presence of large poultry factories in these municipal districts: 

Roskar Poultry Factory JSC and Udarnik Poultry Factory JSC in the Vyborgskij District and Severnaya 

Poultry Factory JSC and Sinyavinskaya Poultry Factory JSC in the Kirovskij District. The mass of 

animal/poultry manure produced in the districts of Leningrad Region was calculated. Two districts of 

Leningrad Region with the lack of agricultural land for the application of all organic fertilisers produced 

were identified - Vyborgskij and Kirovskij Districts. 

 

Key words: livestock complex, adverse effect, environmental assessment, animal manure, poultry 

manure 
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ɺʚʝʜʝʥʠʝ  

ʇʨʦʙʣʝʤʳ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʥʘʚʦʟ ʠ 

ʧʦʤʝʪ) ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʷʪ ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʟʘʥʠʤʘʶʱʝʡ ʦʜʥʦ 

ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʠʤʝʥʥʦ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠ ʧʪʠʮʝʚʦʜʩʪʚʝ), 

ʧʦʩʢʦʣʴʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ 

ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʚʦʜʦʩʙʦʨʥʳʤ ʙʘʩʩʝʡʥʦʤ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʇʪʠʮʝʬʘʙʨʠʢʠ, ʬʝʨʤʳ 

ʂʈʉ ʠ ʩʚʠʥʦʚʦʜʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʦʢʘʟʘʣʠʩʴ 

ʚ ʩʣʦʞʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʪʘʢ ʢʘʢ 

ʥʘʢʘʧʣʠʚʘʝʤʳʡ ʧʦʤʝʪ ʠ ʥʘʚʦʟ ʩʪʘʣ 

ʩʝʨʴʝʟʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ɺʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʦʪʭʦʜʦʚ 

[1-5]. 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

17 ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʠ ʦʜʠʥ 

ʛʦʨʦʜʩʢʦʡ ʦʢʨʫʛ. ɺʦ ʚʩʝʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ 

ʨʘʡʦʥʘʭ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʦ 142 ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʠʟ ʢʦʪʦʨʳʭ 94 ʢʦʤʧʣʝʢʩʘ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, 8 ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, 12 ʧʪʠʮʝʬʘʙʨʠʢ, 2 ʧʨʝʜʧʨʠʷʪʠʷ 

ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ (ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ ʠ 

ʩʚʠʥʦʚʦʜʩʪʚʦ) ʠ 26 ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ (ʨʠʩ. 1).  

 
ʈʠʩ. 1.  ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʢʘʞʜʦʛʦ ʠʟ ʨʘʡʦʥʦʚ ʠ ʚʩʝʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚ ʮʝʣʦʤ, ʪʘʢ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʣʝʢʩʦʚ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ ɺʦʣʦʩʦʚʩʢʦʤ ʨʘʡʦʥʝ (13 

ʧʨʝʜʧʨʠʷʪʠʡ), ʚ ɻʘʪʯʠʥʩʢʦʤ ʤʫʥʠʮʠʧʘʣʴʥʦʤ 

ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʦ 5 ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʉʦʩʥʦʚʦʙʦʨʩʢʦʤ 

ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʦ 1 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʘ ʚ 

ʇʦʜʧʦʨʦʞʩʢʦʤ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʨʘʡʦʥʝ ʥʝʪ 

ʚʦʦʙʱʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 

ʩʦʩʪʦʷʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʯʝʪ 

ʤʘʩʩʳ ʦʙʨʘʟʫʝʤʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʜʣʷ 
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ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʴʷʭ 

ʦʙʣʘʩʪʠ ʩ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʦʡ 

ʣʦʛʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʟʷʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʩ ʩʘʡʪʘ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ [6]. 

ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʧʦ ʤʘʩʩʝ ʧʦʣʫʯʘʝʤʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚʝʣʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʢʦʚʦʜʷʱʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʥʘʚʦʟʦʤ [7, 8]. ʆʩʥʦʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʧʨʠʤʝʥʠʤʳʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʷʚʣʷʣʠʩʴ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʦʮʝʥʢʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʙʘʣʘʥʩ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ. 

ʄʘʩʩʘ ʦʙʨʘʟʫʝʤʦʛʦ ʟʘ ʛʦʜ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ 

ʥʘ ʢʦʤʧʣʝʢʩʝ ὓ  (ʪ/ʛʦʜ) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ 

ʬʦʨʤʫʣʝ 1: 

ὓ В ὓ В σφυϽ Ͻ

В ὓ Ͻὒ ὓ ὓ ȟ    (1) 

ʛʜʝ ὓ  ï ʤʘʩʩʘ ʦʙʨʘʟʫʝʤʦʛʦ ʟʘ ʛʦʜ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʚ i-ʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ/ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʤ ʧʦʤʝʱʝʥʠʠ ʢʦʤʧʣʝʢʩʘ, 

ʪ/ʛʦʜ; ὲï ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ/ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʥʘ ʢʦʤʧʣʝʢʩʝ, 

ʰʪʫʢʠ; ὓ  ï ʤʘʩʩʘ ʦʙʨʘʟʫʝʤʳʭ 

ʵʢʩʢʨʝʤʝʥʪʦʚ ʟʘ ʩʫʪʢʠ ʚ 1 ʞʠʚʦʪʥʦʛʦ/ʧʪʠʮʳ 

ʩ j-ʦʡ ʧʦʣʦʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ, ʢʛ/ʩʫʪ; Ὧ ï 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 

ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ ʚ i-ʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ/ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʤ ʧʦʤʝʱʝʥʠʠ, ʰʪʫʢʠ; ὒ ï 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ ʚ j-ʦʡ 

ʧʦʣʦʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʝ, ʛʦʣʦʚʳ; ὓ  ï ʤʘʩʩʘ 

ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʤ 

ʧʦʤʝʱʝʥʠʠ, ʢʛ/ʩʫʪ; ὓ  ï ʤʘʩʩʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʳ, ʧʦʧʘʜʘʶʱʝʡ ʚ ʥʘʚʦʟ/ 

ʧʦʤʝʪ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʤ 

ʧʦʤʝʱʝʥʠʠ, ʢʛ/ʩʫʪ. 

ʄʘʩʩʘ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ, ʦʙʨʘʟʫʝʤʦʛʦ ʚ 

ʨʘʡʦʥʝ ὓ , ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2: 

ὓ В ὓ ȟ     (2) 

ʛʜʝ ὸ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʨʘʡʦʥʝ, 

ʰʪʫʢʠ; ὓ  ï ʤʘʩʩʘ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʥʘ i-ʦʤ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʪ/ʛʦʜ. 

ʅʝʦʙʭʦʜʠʤʘʷ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴʥʳʭ 

ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʨʘʡʦʥʝ Ὓ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 3: 

Ὓ
ϽϽ

, 

ʛʜʝ ὑ ï ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʘʟʦʪʘ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ, ʜʦʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʦ ʚʩʝʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʘʭ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʦ 116 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʝʝ 29 

ʤʠʣʣʠʦʥʦʚ ʛʦʣʦʚ ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ: 159783 

ʛʦʣʦʚʳ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, 

184867ʛʦʣʦʚ ʩʚʠʥʝʡ ʠ 28969786 ʛʦʣʦʚ ʧʪʠʮʳ. 

ʅʘʠʙʦʣʴʰʝʝ ʧʦʛʦʣʦʚʴʝ ʧʪʠʮʳ (18937000 

ʛʦʣʦʚ) ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʂʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ. 

ɺʳʙʦʨʛʩʢʠʡ ʨʘʡʦʥ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ 

ʧʦʛʦʣʦʚʴʶ ʧʪʠʮʳ ï 6424586 ʛʦʣʦʚ. ɼʘʥʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ 

ʜʘʥʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʢʨʫʧʥʳʭ 

ʧʪʠʮʝʬʘʙʨʠʢ: ɸʆ çʧʪʠʮʝʬʘʙʨʠʢʘ çʈʦʩʢʘʨè ʠ 

ʉʇʂ çʧʪʠʮʝʬʘʙʨʠʢʘ ʋʜʘʨʥʠʢè ʚ 

ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ ʠ ɸʆ çʇʪʠʮʝʬʘʙʨʠʢʘ 

ʉʝʚʝʨʥʘʷè ʠ ɸʆ çʧʪʠʮʝʬʘʙʨʠʢʘ 

ʉʠʥʷʚʠʥʩʢʘʷè ʚ ʂʠʨʦʚʩʢʦʤ ʨʘʡʦʥʝ. 

ɺ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʪʨʘʩʣʝʡ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʘ, ʩʪʨʦʷʪʩʷ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘʨʘʱʠʚʘʶʪ ʩʚʦʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ. ɼʘʥʥʳʡ ʬʘʢʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʣʦʢʘʣʠʟʘʮʠʝʡ ʙʦʣʴʰʦʛʦ 

ʧʦʛʦʣʦʚʴʷ ʞʠʚʦʪʥʳʭ/ʧʪʠʮʳ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʢʘʭ. 
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ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʛʦʣʦʚʴʷ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ 70% 

ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʶʪ ʧʦʛʦʣʦʚʴʝ ʚʳʰʝ 1000 

ʛʦʣʦʚ ʂʈʉ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʀʟ 

96 ʧʨʝʜʧʨʠʷʪʠʡ (94 ʂʈʉ ʠ 2 ʩʤʝʰʘʥʥʳʭ ï 

ʂʈʉ ʠ ʩʚʠʥʦʚʦʜʩʪʚʦ) 42 ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʪ 

ʧʦʛʦʣʦʚʴʝ ʂʈʉ ʦʪ 1000 ʜʦ 2000 ʠ ʪʦʣʴʢʦ 9 

ʧʨʝʜʧʨʠʷʪʠʡ ʠʤʝʶʪ ʧʦʛʦʣʦʚʴʝ ʤʝʥʝʝ 500 

ʛʦʣʦʚ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʇʦʛʦʣʦʚʴʝ ʩʚʠʥʝʡ ʧʦ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɹʦʣʝʝ 

65% ʚʩʝʛʦ ʧʦʛʦʣʦʚʴʷ ʦʙʣʘʩʪʠ (120577 ʛʦʣʦʚ) 

ʨʘʟʤʝʱʝʥʦ ʚ ʊʦʩʥʝʥʩʢʦʤ ʨʘʡʦʥʝ ʥʘ ʜʚʫʭ 

ʩʚʠʥʦʢʦʤʧʣʝʢʩʘʭ: ʆʆʆ çʀʜʘʚʘʥʛ ɸʛʨʦè ʠ 

ʆʆʆ çɸʛʨʦʭʦʣʜʠʥʛ ʇʫʣʢʦʚʩʢʠʡè. ʆʆʆ 

çʀʜʘʚʘʥʛ ɸʛʨʦè ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʤʷʩʘ ʥʘ ʫʙʦʡ (ʚ ʞʠʚʦʤ ʚʝʩʝ) ï ʟʘ 2018 ʛʦʜ 

ʧʨʦʠʟʚʝʜʝʥʦ 21,9 ʪʳʩ. ʪʦʥʥ [6]. ʀʟ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʦʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʪʦʣʴʢʦ 1 

ʠʤʝʝʪ ʧʦʛʦʣʦʚʴʝ ʤʝʥʝʝ 5000 ʛʦʣʦʚ 

ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, 4 ʢʦʤʧʣʝʢʩʘ 

ʠʤʝʝʪ ʧʦʛʦʣʦʚʴʝ ʦʪ 5000 ʜʦ 10000 ʛʦʣʦʚ 

ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʦʩʪʘʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʧʦʛʦʣʦʚʴʝ ʩʚʳʰʝ 10000 

ʛʦʣʦʚ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ɹʦʣʝʝ 66% ʚʩʝʛʦ ʧʦʛʦʣʦʚʴʷ ʧʪʠʮʳ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ 

ʂʠʨʦʚʩʢʦʤ ʨʘʡʦʥʝ (18937000 ʛʦʣʦʚ). ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʜʚʫʭ 

ʢʨʫʧʥʝʡʰʠʭ ʧʪʠʮʝʬʘʙʨʠʢ ɸʆ 

"ʇʪʠʮʝʬʘʙʨʠʢʘ "ʉʝʚʝʨʥʘʷ" ʠ ɸʆ 

"ʇʪʠʮʝʬʘʙʨʠʢʘ ʉʠʥʷʚʠʥʩʢʘʷ". ʇʦ ʜʘʥʥʳʤ ʟʘ 

2018 ʛʦʜ ɸʆ çʇʪʠʮʝʬʘʙʨʠʢʘ çʉʝʚʝʨʥʘʷè 

ʷʚʣʷʝʪʩʷ ʣʠʜʝʨʦʤ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʷʩʘ 

ʧʪʠʮʳ ʥʘ ʫʙʦʡ ʚ ʞʠʚʦʤ ʚʝʩʝ - 209,1 ʪʳʩ. 

ʪʦʥʥ, ʘ ɸʆ ʇʌ çʉʠʥʷʚʠʥʩʢʘʷè ʷʚʣʷʝʪʩʷ 

ʣʠʜʝʨʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʷʠʮ - 1318 ʤʣʥ ʰʪ. 

[6]. ʆʙʝ ʧʪʠʮʝʬʘʙʨʠʢʠ ʚʭʦʜʷʪ ʚ ʜʝʩʷʪʢʫ 

ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʵʢʩʧʦʨʪʝʨʦʚ 

ʧʨʦʜʫʢʮʠʠ ɸʇʂ: ɿɸʆ çʇʪʠʮʝʬʘʙʨʠʢʘ 

çʉʠʥʷʚʠʥʩʢʘʷè - ʷʡʮʦ ʪʦʚʘʨʥʦʝ ʠ ʤʷʩʦ 

ʧʪʠʮʳ, ɸʆ çʇʪʠʮʝʬʘʙʨʠʢʘ çʉʝʚʝʨʥʘʷè - 

ʢʫʨʠʥʳʝ ʩʫʙʧʨʦʜʫʢʪʳ. ɺ ɹʦʢʩʠʪʦʛʦʨʩʢʦʤ 

ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʨʘʡʦʥʝ ʨʘʟʤʝʱʝʥʦ ʤʝʥʝʝ 1% 

ʧʦʛʦʣʦʚʴʷ ʦʙʣʘʩʪʠ. ɺʪʦʨʦʝ ʤʝʩʪʦ ʚ ʦʙʣʘʩʪʠ 

ʧʦ ʧʦʛʦʣʦʚʴʶ ʧʪʠʮʳ ʟʘʥʠʤʘʝʪ ɺʳʙʦʨʛʩʢʠʡ 

ʨʘʡʦʥ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ɸʆ 

çʇʪʠʮʝʬʘʙʨʠʢʘ ʈʦʩʢʘʨè ʠ ʉʇʂ 

çʇʪʠʮʝʬʘʙʨʠʢʘ ʋʜʘʨʥʠʢè. ɸʆ ʇ/ʌ çʈʦʩʢʘʨè 

ʟʘʥʠʤʘʝʪ 2 ʤʝʩʪʦ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʷʠʮ - 1124 

ʤʣʥ ʰʪ. ʠ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ 

ʨʝʛʠʦʥʘʣʴʥʳʤ ʵʢʩʧʦʨʪʝʨʦʤ ʩʫʭʦʛʦ ʷʠʯʥʦʛʦ 

ʙʝʣʢʘ. 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʪʨʘʩʣʝʡ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʘ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʙʦʪʝ ʩ 

ʥʘʚʦʟʦʤ/ʧʦʤʝʪʦʤ ʠ ʧʦʣʫʯʝʥʥʦʤ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ. ɽʩʣʠ ʥʘʚʦʟ ʠ 

ʧʦʤʸʪ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʫʜʦʙʨʝʥʠʝ, ʥʝ ʩʦʙʣʶʜʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʦʥ ʪʝʨʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʪʭʦʜ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʚʳʪʝʢʘʶʱʠʤʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ [9]. ʄʘʩʩʳ ʧʦʣʫʯʘʝʤʦʛʦ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʧʦ ʨʘʡʦʥʘʤ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ʥʘʣʠʯʠʝ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʄʘʩʩʳ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʠ ʧʣʦʱʘʜʠ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʜʘʥʥʳʝ ʥʘ 

ʢʦʥʝʮ 2018 ʛʦʜʘ) 

ʈʘʡʦʥ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ 

ʄʘʩʩʘ 

ʦʙʨʘʟʫʝʤʦʛʦ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ, 

ʪ/ʛʦʜ 

ʀʤʝʶʱʘʷʩʷ ʧʣʦʱʘʜʴ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʛʘ 

ʅʝʦʙʭʦʜʠʤʘʷ ʧʣʦʱʘʜʴ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ*, ʛʘ 

ɹʦʢʩʠʪʦʛʦʨʩʢʠʡ ʨ-ʥ 8160 350 180 

ɺʦʣʦʩʦʚʩʢʠʡ ʨ-ʥ 405004 36547 8577 

ɺʦʣʭʦʚʩʢʠʡ ʨ-ʥ 259843,5 11584 5341 

ɺʩʝʚʦʣʦʞʩʢʠʡ ʨ-ʥ 269202,1 9513 5505 

ɺʳʙʦʨʛʩʢʠʡ ʨ-ʥ 483185,6 8374 21156,5 

ɻʘʪʯʠʥʩʢʠʡ ʨ-ʥ 489406,8 26299 15222,9 

ʂʠʥʛʠʩʝʧʧʩʢʠʡ ʨ-ʥ 144248 10263 3054,7 

ʂʠʨʠʰʩʢʠʡ ʨ-ʥ 101689 8678 2152,9 

ʂʠʨʦʚʩʢʠʡ ʨ-ʥ 917175,7 2016 51624,1 

ʃʦʜʝʡʥʦʧʦʣʴʩʢʠʡ ʨ-ʥ 48946,5 2683 805,9 

ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʨ-ʥ 203272,2 13010 5130 

ʃʫʞʩʢʠʡ ʨ-ʥ 665322 21571 7877,6 

ʇʨʠʦʟʝʨʩʢʠʡ ʨ-ʥ 468083,3 19690 8995,3 

ʉʣʘʥʮʝʚʩʢʠʡ ʨ-ʥ 81796,5 6948 1732,4 

ʊʠʭʚʠʥʩʢʠʡ ʨ-ʥ 85008,5 5478 1800 

ʊʦʩʥʝʥʩʢʠʡ ʨ-ʥ 568249,1 16105 9936,5 

* ʅʝʦʙʭʦʜʠʤʘʷ ʧʣʦʱʘʜʴ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʘʥʘ ʩ ʫʯʝʪʦʤ 

ʩʨʝʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʚʦʟʝ/ʧʦʤʝʪʝ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ Helcom ʧʦ 

ʚʥʝʩʝʥʠʶ ʥʝ ʙʦʣʝʝ 170 ʢʛ ʘʟʦʪʘ ʥʘ 1 ʛʘ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [7, 8]. 

 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʂʠʨʦʚʩʢʦʤ ʨʘʡʦʥʝ 

ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʩʦʩʪʘʚʣʷʶʪ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ ʦʪ ʜʚʫʭ ʧʪʠʮʝʬʘʙʨʠʢ, 

ʧʨʠʥʷʚ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚ ʧʦʤʝʪʝ 1,3%, ʜʣʷ 

ʚʥʝʩʝʥʠʷ ʚʩʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʥʦʨʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 51624,1 

ʛʘ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ʀʤʝʶʱʘʷʩʷ ʞʝ ʧʣʦʱʘʜʴ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 2016 ʛʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʣʠʟʣʝʞʘʱʠʝ ɺʦʣʭʦʚʩʢʠʡ ʠ 

ɺʩʝʚʦʣʦʞʩʢʠʡ ʨʘʡʦʥʳ ʠʤʝʶʪ ʟʘʜʝʣ ʧʦ 

ʟʝʤʝʣʴʥʳʤ ʫʛʦʜʴʷʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʩʝʥʦ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ ʠʟ ʂʠʨʦʚʩʢʦʛʦ 

ʨʘʡʦʥʘ. 

ʈʘʥʝʝ ʚ ʦʪʜʝʣʝ ʠʥʞʝʥʝʨʥʦʡ ʵʢʦʣʦʛʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʙʘʣʘʥʩʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʦʤ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [10]. ɺʳʰʝʫʢʘʟʘʥʥʘʷ 

ʤʦʜʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

2015 ʛʦʜʘ, ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʠʪʦʛʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʦʜʠʤʳʭ ʚ ʠʥʩʪʠʪʫʪʝ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

- ʚʠʜ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ (ʪʚʝʨʜʦʝ, ʞʠʜʢʦʝ); 

- ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (NPK) 

ʚ ʧʦʣʫʯʝʥʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ; 

- ʧʦʪʨʝʙʥʦʩʪʠ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ 

ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʷʭ 
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ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʠ 

ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ; 

- ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʝʣʴʥʳʭ 

ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

- ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʫʨʦʞʘʠ ʩ ʟʝʤʝʣʴʥʳʭ 

ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜ 

ʚʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. 

ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʘʩʧʝʢʪʳ, ʧʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʣʦʛʠʩʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʨʘʡʦʥʦʚ 

ʠ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ/ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʝʪ: 

- ʨʝʰʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʦ ʨʘʟʛʨʫʟʢʝ 

ʨʘʡʦʥʦʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʥʝʩʝʥʠʷ ʚʩʝʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ; 

- ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ; 

- ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʭ 

ʟʘʛʨʫʟʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʦʥʣʘʡʥ ʩʠʩʪʝʤʫ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 

ʦʙʨʘʱʝʥʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʪʭʦʜʘʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʳʚʦʜʳ 

1. ɺʦ ʚʩʝʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʘʭ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʦ 142 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʟ 

ʢʦʪʦʨʳʭ 94 ʢʦʤʧʣʝʢʩʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ, 8 ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 12 

ʧʪʠʮʝʬʘʙʨʠʢ, 2 ʧʨʝʜʧʨʠʷʪʠʷ ʩʤʝʰʘʥʥʦʛʦ 

ʪʠʧʘ (ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ ʠ ʩʚʠʥʦʚʦʜʩʪʚʦ) 

ʠ 26 ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

2. ʅʘʠʙʦʣʴʰʝʝ ʧʦʛʦʣʦʚʴʝ ʧʪʠʮʳ 

(18937000 ʛʦʣʦʚ) ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʂʠʨʦʚʩʢʦʛʦ ʨʘʡʦʥʘ. ɺʳʙʦʨʛʩʢʠʡ ʨʘʡʦʥ 

ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʧʦʛʦʣʦʚʴʶ ʧʪʠʮʳ 

ï 6424586 ʛʦʣʦʚ. ɼʘʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʜʘʥʥʳʭ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʢʨʫʧʥʳʭ 

ʧʪʠʮʝʬʘʙʨʠʢ: ɸʆ çʧʪʠʮʝʬʘʙʨʠʢʘ çʈʦʩʢʘʨè ʠ 

ʉʇʂ çʧʪʠʮʝʬʘʙʨʠʢʘ ʋʜʘʨʥʠʢè ʚ 

ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ ʠ ɸʆ çʇʪʠʮʝʬʘʙʨʠʢʘ 

ʉʝʚʝʨʥʘʷè ʠ ɸʆ çʧʪʠʮʝʬʘʙʨʠʢʘ 

ʉʠʥʷʚʠʥʩʢʘʷè ʚ ʂʠʨʦʚʩʢʦʤ ʨʘʡʦʥʝ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɹʦʣʝʝ 70% ʢʦʤʧʣʝʢʩʦʚ ʦʙʣʘʩʪʠ ʠʤʝʶʪ 

ʧʦʛʦʣʦʚʴʝ ʚʳʰʝ 1000 ʛʦʣʦʚ 

ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʀʟ 96 

ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʣʘʩʪʠ (94 ʂʈʉ ʠ 2 

ʩʤʝʰʘʥʥʳʭ ï ʂʈʉ ʠ ʩʚʠʥʦʚʦʜʩʪʚʦ) 42 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʤʝʶʪ ʧʦʛʦʣʦʚʴʝ ʂʈʉ ʦʪ 1000 

ʜʦ 2000 ʠ ʪʦʣʴʢʦ 9 ʧʨʝʜʧʨʠʷʪʠʡ ʠʤʝʶʪ 

ʧʦʛʦʣʦʚʴʝ ʤʝʥʝʝ 500 ʛʦʣʦʚ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ. 

3. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʤʘʩʩʳ 

ʦʙʨʘʟʫʝʤʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʧʦ ʨʘʡʦʥʘʤ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘʠʙʦʣʝʝ 

ʟʘʛʨʫʞʝʥʥʳʤʠ ʨʘʡʦʥʘʤʠ ʧʦ ʧʦʣʫʯʘʝʤʳʤ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʦʪʭʦʜʘʤ ʷʚʣʷʶʪʩʷ 

ɺʦʣʦʩʦʚʩʢʠʡ, ɺʳʙʦʨʛʩʢʠʡ, ɻʘʪʯʠʥʩʢʠʡ, 

ʂʠʨʦʚʩʢʠʡ ʠ ʊʦʩʥʝʥʩʢʠʡ ʨʘʡʦʥʳ. ʉ ʫʯʝʪʦʤ 

ʠʤʝʶʱʠʭʩʷ ʧʣʦʱʘʜʝʡ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʫʜʦʙʨʝʥʠʠ, ʦʧʨʝʜʝʣʝʥʳ 

ʥʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳʝ 

ʨʘʡʦʥʳ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ: ʂʠʨʦʚʩʢʠʡ 

ʠ ɺʳʙʦʨʛʩʢʠʡ. ɺ ʂʠʨʦʚʩʢʦʤ ʨʘʡʦʥʝ ʚ ʛʦʜ 

ʦʙʨʘʟʫʝʪʩʷ 917175,7 ʪʦʥʥ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ, 

ʜʣʷ ʝʛʦ ʚʥʝʩʝʥʠʷ ʥʘ ʟʝʤʝʣʴʥʳʝ ʫʛʦʜʴʷ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʥʦʨʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 51624,1 ʛʘ, 

ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ 2016 

ʛʘ. 
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ʦʙʨʘʱʝʥʠʷ 12.08.2019). 
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ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʙʘʣʣʘ ʙʦʥʠʪʝʪʘ; ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ï ʩʫʤʤʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʚʩʝʤ 

ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ; ʥʘ ʛʠʜʨʦʩʬʝʨʫ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ, ʫʯʠʪʳʚʘʶʱʠʡ ʵʚʪʨʦʬʠʢʘʮʠʶ ʚʦʜʦʝʤʦʚ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
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ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʚ ʦʪʢʨʳʪʳʭ ʣʘʛʫʥʘʭ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʟʘʢʨʳʪʳʭ ʣʘʛʫʥʘʭ ʠ ʧʨʠ 

ʟʘʤʝʥʝ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʥʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʶ ʚ ʫʩʪʘʥʦʚʢʘʭ 

ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ, ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʥʠʞʘʝʪʩʷ ʥʘ 

35-40%; (3) ʧʨʠ ʟʘʤʝʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ ʤʝʪʦʜʦʤ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʥʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʶ ʚ ʫʩʪʘʥʦʚʢʘʭ ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ, ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʥʠʞʘʝʪʩʷ ʥʘ 25-30%; (4) ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ/ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʟʥʘʯʝʥʠʝ 

ʢʨʠʪʝʨʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʩʬʝʨʫ ʩʥʠʞʘʝʪʩʷ ʥʘ 30-40%. 
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Functioning of livestock and poultry complexes has a negative impact on all components of the 

environment: soil, atmospheric air and the hydrosphere. To determine this impact, the criteria were used that 

made it possible to conduct a comprehensive assessment of the ecological sustainability of the natural 

environment, depending on the machine-based technologies and technological equipment used on livestock 

and poultry enterprises. As a comprehensive indicator of the impact on soil, variation in the bonitet score was 

used; on the atmospheric air ï the sum of equivalent indicators for all pollutants, taking into account 

weighting factors; on the hydrosphere ï an equivalent indicator that takes into account the eutrophication of 

water bodies due to the diffuse load from agricultural land. Comparative assessment of the impact of various 

machine-based technologies and technological equipment showed that (1) when the surface application of 

liquid organic fertilizer is replaced by the injection, the criterion of negative impact on the soil drops by 10-

20%; (2) when the processing of the liquid fraction of pig manure in open lagoons is replaced by processing 

in covered lagoons and the passive composting of the solid fraction is replaced by the biofermentation in 

drum-type installations, the criterion of the negative impact on atmospheric air drops by 35-40%; (3) when 

the passive composting of poultry manure is replaced by the biofermentation in chamber-type installations, 

the criterion of the negative impact on atmospheric air drops by 25-30%; (4) when the best available 

technologies are introduced on livestock / poultry complexes, the value of the negative impact criterion on 

the hydrosphere drops by 30-40%. 

 

Key words: livestock complex, adverse effect, environmental assessment, animal manure, poultry 

manure 
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ɺʚʝʜʝʥʠʝ  

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: 

ʘʪʤʦʩʬʝʨʫ, ʛʠʜʨʦʩʬʝʨʫ, ʧʦʯʚʫ. ʉʪʝʧʝʥʴ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ ʠ 

ʦʙʨʘʱʝʥʠʠ ʩ ʥʘʚʦʟʦʤ. ɺʥʝʩʝʥʠʝ 

ʥʝʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʩʪʦʢʦʚ ʚ ʧʦʯʚʫ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʝʝ ʙʘʢʪʝʨʠʘʣʴʥʦʤʫ ʟʘʨʘʞʝʥʠʶ. 

ʇʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʡ ʚ ʩʣʫʯʘʝ ʧʦʧʘʜʘʥʠʷ ʥʘ 

ʧʦʯʚʫ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʪʝʯʝʥʠʝ 4-6 ʤʝʩʷʮʝʚ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ. 

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʫʣʴʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʚʳʨʘʱʠʚʘʶʪ ʥʘ ʪʘʢʠʭ ʧʦʯʚʘʭ, ʤʦʛʫʪ 

ʟʘʨʘʟʠʪʴʩʷ ʙʘʢʪʝʨʠʷʤʠ. ʇʨʠ ʚʥʝʩʝʥʠʠ 

ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʪʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʫ ʚʦʟʤʦʞʥʦ ʧʝʨʝʥʘʩʳʱʝʥʠʝ 

ʧʦʯʚʳ ʠ ʧʦʚʳʰʝʥʠʝ ʨʠʩʢʘ ʫʚʝʣʠʯʝʥʠʷ 

ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʣʠʟʣʝʞʘʱʠʝ 

ʚʦʜʦʝʤʳ. ʉʪʦʯʥʳʝ ʚʦʜʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ 

ʢʦʤʧʣʝʢʩʘʭ ʧʦ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʝʜʝʥʠʶ 

ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ, ʧʨʠ ʥʘʨʫʰʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʤʦʛʫʪ 

ʟʘʛʨʷʟʥʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. 
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ɼʣʷ ʦʮʝʥʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʪ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ/ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʙʦʩʥʦʚʘʥʳ ʢʨʠʪʝʨʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ 

ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [1, 2, 3, 4]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʧʨʦʙʘʮʠʷ 

ʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚ ʫʩʣʦʚʠʷʭ ʧʠʣʦʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʝʨʚʳʤ ʰʘʛʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʝʨʝʯʝʥʴ ʠʩʪʦʯʥʠʢʦʚ 

/ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ [5]. 

ʅʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʪʦʨʳʤ 

ʰʘʛʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʝʨʦʷʪʥʦʩʪʠ ʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʙʦʩʥʦʚʘʥʠʝ 

ʜʠʘʧʘʟʦʥʘ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ (ʨʠʩ. 1).

 

 
ʈʠʩ. 1. ʇʦʨʷʜʦʢ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

 

ʊʨʝʪʴʠʤ ʰʘʛʦʤ ʧʨʠ ʦʮʝʥʢʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʷʚʣʷʝʪʩʷ  ʦʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʠ ʫʷʟʚʠʤʦʩʪʠ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʩʪʦʠʤʦʩʪʴ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʠʭ ʚʝʨʦʷʪʥʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʝʜʠʥʠʮʘʭ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʤʦʛʫʪ 

ʥʦʩʠʪʴ ʜʦʣʛʦʩʨʦʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʮʝʥʠʪʴ ʚʪʦʨʠʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ʏʝʪʚʝʨʪʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ 

ʦʮʝʥʢʘ ʜʦʣʛʦʩʨʦʯʥʦʩʪʠ. ʇʦʣʫʯʠʚ 

ʧʨʦʛʥʦʟʥʫʶ ʦʮʝʥʢʫ ʧʦ ʥʝʛʘʪʠʚʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʦʪ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʣʝʢʩʳ 

ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʙʘʣʣʘ ʙʦʥʠʪʝʪʘ: 

║╢ ὄ ὄ      (1) 

ʛʜʝ ὄ  ï ʙʘʣʣ ʙʦʥʠʪʝʪʘ ʧʦʯʚʳ ʧʦʩʣʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʙʝʟʨʘʟʤʝʨʥʳʡ; 
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ὄ  ï ʙʘʣʣ ʙʦʥʠʪʝʪʘ ʧʦʯʚʳ ʜʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʙʝʟʨʘʟʤʝʨʥʳʡ. 

ɽʩʣʠ ὄ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʪʦ ʢʘʯʝʩʪʚʦ ʠ ʮʝʥʥʦʩʪʴ ʧʦʯʚʳ, ʚ ʮʝʣʦʤ, 

ʫʣʫʯʰʘʝʪʩʷ, ʝʩʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ï ʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʭʫʜʰʝʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʫʤʤʘ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʚʩʝʤ 

ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ ʩ ʫʯʝʪʦʤ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ [1]: 

║═ ) ) )     (2) 

ʛʜʝ )  ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ 

ʚʦʟʜʝʡʩʪʚʠʶ ï ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ, 

ʙʝʟʨʘʟʤʝʨʥʦʝ; )  - ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ï ʧʦʜʢʠʩʣʝʥʠʝ, 

ʙʝʟʨʘʟʤʝʨʥʦʝ; )  - ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ï ʵʚʪʨʦʬʠʢʘʮʠʷ 

(ʚʳʙʨʦʩ ʘʤʤʠʘʢʘ ʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ), 

ʙʝʟʨʘʟʤʝʨʥʦʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 

ʛʠʜʨʦʩʬʝʨʫ ʠʩʧʦʣʴʟʦʚʘʥ ʵʢʚʠʚʘʣʝʥʪʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ, ʫʯʠʪʳʚʘʶʱʠʡ ʵʚʪʨʦʬʠʢʘʮʠʶ 

ʚʦʜʦʝʤʦʚ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʠ ʩ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ [1]: 

 ║╖ Ὅ       (3) 

ʛʜʝ )  - ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ 

ʚʦʟʜʝʡʩʪʚʠʶ ï ʵʚʪʨʦʬʠʢʘʮʠʷ (ʧʝʨʝʩʯʝʪ ʯʝʨʝʟ 

ʬʦʩʬʦʨ ʬʦʩʬʘʪʦʚ (P-PO4)), ʙʝʟʨʘʟʤʝʨʥʦʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠʥʷʪʳ 

ʟʝʤʝʣʴʥʳʝ ʫʛʦʜʴʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʟʘʥʷʪʳʝ ʧʘʰʥʝʡ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʡ ʪʠʧ 

ʧʦʯʚʳ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʦʛʦ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɹʘʣʣ ʙʦʥʠʪʝʪʘ ʧʦʯʚʳ ʜʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʝʪ 

76,98 [1, 6]. 

ʅʘ ʟʝʤʝʣʴʥʳʝ ʫʛʦʜʴʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʥʝʩʝʥʠʝ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ. ʇʨʠʤʝʥʷʝʤʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʚʥʝʩʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 1) - 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʚʥʝʩʝʥʠʝ ʙʝʟ ʟʘʜʝʣʢʠ ʚ ʧʦʯʚʫ. 

ʇʨʠ ʜʝʡʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʙʘʣʣ ʙʦʥʠʪʝʪʘ 

ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʝʪ 75,1, ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘ ʧʦʯʚʫ ʨʘʚʝʥ -1,88. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 2 ï 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ ʚʥʝʩʝʥʠʝ, ʙʘʣʣ ʙʦʥʠʪʝʪʘ 

ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʝʪ 77,87 ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʦʮʝʥʢʠ ʩʦʩʪʘʚʣʷʝʪ 0,89 (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ɿʥʘʯʝʥʠʷ ʙʦʥʠʪʝʪʘ ʧʦʯʚʳ ʧʨʠ ʧʝʨʚʦʤ ʠ 

ʚʪʦʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʚʥʝʩʝʥʠʷ 

ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ ʙʦʥʠʪʝʪʦʤ 

76,98, ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ 1 

ʫʭʫʜʰʘʝʪʩʷ ʙʘʣʣ ʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʯʚʳ ʩ 8,47 ʜʦ 7,12 [1]. ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʩʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʦʚʳʭ 

(ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ) ʧʦ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 40 ʮʝʥʪʥʝʨʦʚ ʥʘ ʛʝʢʪʘʨ 

(ʧʦʯʚʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ 100 ʙʘʣʣʦʚ 

ʙʦʥʠʪʝʪʘ), ʫʤʝʥʴʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʜʦ -1,88 (ʚ ʩʣʫʯʘʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 1) ʥʘ ʜʘʥʥʦʡ 

ʧʦʯʚʝ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʫʨʦʞʘʡʥʦʩʪʠ, ʧʦ ʟʝʨʥʦʚʳʤ (ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ) ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 0,75 

ʮ/ʛʘ [7].  

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʳʙʨʘʥ ʪʠʧʦʚʦʡ 

ʩʚʠʥʦʚʦʜʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʟʘʢʦʥʯʝʥʥʦʛʦ 

ʮʠʢʣʘ (3500 ʫʩʣʦʚʥʳʭ ʛʦʣʦʚ (ʫ.ʛ.) [8]) ʠ 

ʧʪʠʮʝʬʘʙʨʠʢʘ ʷʠʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (19300 

ʫʩʣʦʚʥʳʭ ʛʦʣʦʚ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʉʝʚʝʨʦ 

ɿʘʧʘʜʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ.  

ʇʠʣʦʪʥʦʝ ʩʚʠʥʦʚʦʜʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: 
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ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ 1) ï ʩʘʤʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ 

ʥʘʚʦʟʦʫʜʘʣʝʥʠʷ, ʨʘʟʜʝʣʝʥʠʝ ʞʠʜʢʦʛʦ ʥʘʚʦʟʘ 

ʥʘ ʬʨʘʢʮʠʠ, ʪʚʝʨʜʘʷ ʬʨʘʢʮʠʷ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ 

ʤʝʪʦʜʦʤ ʧʘʩʩʠʚʥʦʛʦ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ, 

ʞʠʜʢʘʷ ʬʨʘʢʮʠʷ ï ʜʣʠʪʝʣʴʥʦʝ ʚʳʜʝʨʞʠʚʘʥʠʝ 

ʚ ʦʪʢʨʳʪʳʭ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱʘʭ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 2) - ʩʘʤʦʪʝʯʥʘʷ 

ʩʠʩʪʝʤʘ ʥʘʚʦʟʦʫʜʘʣʝʥʠʷ, ʨʘʟʜʝʣʝʥʠʝ 

ʞʠʜʢʦʛʦ ʥʘʚʦʟʘ ʥʘ ʬʨʘʢʮʠʠ, ʪʚʝʨʜʘʷ ʬʨʘʢʮʠʷ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ 

ʤʝʪʦʜʦʤ ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ, ʞʠʜʢʘʷ ʬʨʘʢʮʠʷ ï 

ʜʣʠʪʝʣʴʥʦʝ ʚʳʜʝʨʞʠʚʘʥʠʝ ʚ ʟʘʢʨʳʪʳʭ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱʘʭ. 

ʄʘʩʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʨʘʩʩʯʠʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʦʤ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ 

ʩʚʠʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʜʣʷ ʜʚʫʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩ. 3. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ║═ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʘʚʦʟʘ (ʩʚʠʥʦʚʦʜʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, 3500 ʫʩʣʦʚʥʳʭ 

ʛʦʣʦʚ.) 

 

ʂʨʠʪʝʨʠʡ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ 1 ʩʦʩʪʘʚʠʣ 839,23; ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 2 ï 514,46. 

ɿʥʘʯʝʥʠʝ ║═ ʜʣʷ ʩʚʠʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ 2  ʦʢʘʟʘʣʦʩʴ ʚ 

1,6 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʨʝʰʝʥʠʠ 1. 

ʇʠʣʦʪʥʦʝ ʧʪʠʮʝʚʦʜʯʝʩʢʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ 1) - ʩʠʩʪʝʤʘ ʣʝʥʪʦʯʥʳʭ 

ʪʨʘʥʩʧʦʨʪʝʨʦʚ, ʥʘʢʦʧʣʝʥʠʝ ʥʘ ʦʪʢʨʳʪʦʡ 

ʙʝʪʦʥʠʨʦʚʘʥʥʦʡ ʧʣʦʱʘʜʢʝ. ʇʝʨʝʨʘʙʦʪʢʘ 

ʧʦʤʝʪʘ: 90% ʩʳʨʴʷ ï ʧʘʩʩʠʚʥʦʝ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ, 10% - ʙʠʦʬʝʨʤʝʥʪʘʮʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 2) - ʉʠʩʪʝʤʘ 

ʣʝʥʪʦʯʥʳʭ ʪʨʘʥʩʧʦʨʪʝʨʦʚ. ʇʝʨʝʨʘʙʦʪʢʘ 

ʧʦʤʝʪʘ: 100% ʩʳʨʴʷ - ʙʠʦʬʝʨʤʝʥʪʘʮʠʷ. 

ʄʘʩʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʨʘʩʩʯʠʪʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʝʢʪʦʤ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ 

ʧʪʠʮʝʬʘʙʨʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʜʣʷ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

 
ʈʠʩ. 4. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ║═ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʦʤʝʪʘ (ʧʪʠʮʝʬʘʙʨʠʢʘ, 19300 ʫʩʣʦʚʥʳʭ ʛʦʣʦʚ) 

 

ʂʨʠʪʝʨʠʡ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ 1 ʩʦʩʪʘʚʠʣ 1120,5; ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 2 ï 802,8. 

ɿʥʘʯʝʥʠʝ ║═ ʜʣʷ ʧʪʠʮʝʬʘʙʨʠʢʠ ʧʨʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ 2 ʦʢʘʟʘʣʦʩʴ ʚ 1,4 

ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʨʝʰʝʥʠʠ 1. 

ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚʙʣʠʟʠ ʧʠʣʦʪʥʳʭ 
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ʧʨʝʜʧʨʠʷʪʠʡ: ʩʚʠʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʧʪʠʮʝʬʘʙʨʠʢʠ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʝʜʝʥ ʩ ʫʯʝʪʦʤ 

ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʠʣʫʯʰʠʤ ʜʦʩʪʫʧʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ (ʅɼʊ) (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 

ɼʠʬʬʫʟʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʢʦʤʧʣʝʢʩʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ɼʠʬʬʫʟʥʘʷ ʥʘʛʨʫʟʢʘ 

ʬʘʢʪʠʯʝʩʢʘʷ (ʥʝ ʅɼʊ), ʪ/ʛʦʜ 

ɼʠʬʬʫʟʥʘʷ ʥʘʛʨʫʟʢʘ 

ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ (ʅɼʊ), ʪ/ʛʦʜ 

N ʦʙ ɦ ʈ ʦʙʱ N ʦʙ ɦ ʈ ʦʙʱ 

ʉʚʠʥʦʚʦʜʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

(3500 ʫ.ʛ.) 

4,66 0,21 3,85 0,18 

ʇʪʠʮʝʬʘʙʨʠʢʘ (19300 ʫ.ʛ.) 75,17 4,12 63,36 3,76 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʥʘ 

ʛʠʜʨʦʩʬʝʨʫ  ║╖ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

ʈʠʩ. 5. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ  ║╖ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 

ʂʨʠʪʝʨʠʡ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʛʠʜʨʦʩʬʝʨʫ ʜʣʷ ʩʚʠʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʠ ʬʘʢʪʠʯʝʩʢʦʡ ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʝ (ʥʝ 

ʅɼʊ) ʩʦʩʪʘʚʠʣ 2,6; ʧʨʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ 

ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʝ (ʅɼʊ) ï 2,2. ʂʨʠʪʝʨʠʡ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʩʬʝʨʫ ʜʣʷ 

ʧʪʠʮʝʬʘʙʨʠʢʠ ʧʨʠ ʬʘʢʪʠʯʝʩʢʦʡ ʜʠʬʬʫʟʥʦʡ 

ʥʘʛʨʫʟʢʝ (ʥʝ ʅɼʊ) ʩʦʩʪʘʚʠʣ 44,2; ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʝ (ʅɼʊ) 

ï 38,1. ɿʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʅɼʊ ʤʦʞʥʦ 

ʩʥʠʟʠʪʴ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʩʬʝʨʫ ʚ 1,2 ʨʘʟʘ. 

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥ ʧʦʨʷʜʦʢ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʝʨʝʯʥʷ ʠʩʪʦʯʥʠʢʦʚ 

/ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ; 

ʘʥʘʣʠʟ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʦʙʦʩʥʦʚʘʥʠʝ ʜʠʘʧʘʟʦʥʘ 

ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ; ʦʮʝʥʢʫ ʟʥʘʯʠʤʦʩʪʠ 

ʠ ʫʷʟʚʠʤʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ; ʦʮʝʥʢʫ 

ʚʪʦʨʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʛʨʦʵʢʦʩʠʩʪʝʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʣʝʪ. 

2. ɸʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʧʠʣʦʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ, 

ʧʦʢʘʟʘʣʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʧʨʠ ʦʮʝʥʢʝ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ.   

3. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ: 1) ʧʨʠ 

ʟʘʤʝʥʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʥʝʩʝʥʠʷ 

ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʘ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ, ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʫ ʩʥʠʞʘʝʪʩʷ 

ʥʘ 10 - 20%; 2) ʧʨʠ ʟʘʤʝʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ 

ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʚ ʦʪʢʨʳʪʳʭ ʣʘʛʫʥʘʭ ʥʘ 

ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʟʘʢʨʳʪʳʭ ʣʘʛʫʥʘʭ ʠ ʧʨʠ 

ʟʘʤʝʥʝ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʥʘ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʶ ʚ ʫʩʪʘʥʦʚʢʘʭ ʙʘʨʘʙʘʥʥʦʛʦ 

ʪʠʧʘ, ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 35-40%; 3) ʧʨʠ ʟʘʤʝʥʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʝʨʝʨʘʙʦʪʢʠ 
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ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ ʤʝʪʦʜʦʤ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʥʘ ʙʠʦʬʝʨʤʝʥʪʘʮʠʶ ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ, ʟʥʘʯʝʥʠʝ 

ʢʨʠʪʝʨʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʥʠʞʘʝʪʩʷ ʥʘ 25-30%; 

4) ʚʨʠ ʚʥʝʜʨʝʥʠʠ ʥʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ/ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʠʣʫʯʰʠʭ 

ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʩʬʝʨʫ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 30-40%. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1.ʐʘʣʘʚʠʥʘ ɽ.ɺ., ɺʘʩʠʣʴʝʚ ʕ.ɺ., ʋʚʘʨʦʚ 

ʈ.ɸ., ʆʙʣʦʤʢʦʚʘ ʅ.ʉ., ʌʨʝʡʜʢʠʥ ʀ.ɸ. 

ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ // ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 
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ʀ.ɽ. ʇʣʘʢʩʠʥ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ;  ɸ.ɺ. ʊʨʠʬʘʥʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) - 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ  

 

ʄʝʣʢʦʪʦʚʘʨʥʳʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʳʝ 

ʩʦʮʠʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʭʨʘʥʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ 

ʈʦʩʩʠʠ. ɼʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ, 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ʅʘʠʙʦʣʴʰʠʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤ ʩʧʨʦʩʦʤ ʧʦʣʴʟʫʝʪʩʷ ʤʷʩʦ ʧʪʠʮʳ ʠ ʩʚʠʥʠʥʘ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ 45% ʠ 34%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʥʘ ʛʦʚʷʜʠʥʫ ʠ ʙʘʨʘʥʠʥʫ ʧʨʠʭʦʜʠʪʩʷ ʥʝ ʙʦʣʝʝ 20% ʦʙʱʝʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʘ ʧʦʪʨʝʙʣʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʤʷʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 1%. ʆʜʥʘʢʦ ʩ 2018 ʛʦʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʥʘ ʩʚʠʥʠʥʫ ʚʚʠʜʫ ʩʥʠʞʝʥʠʷ ʝʝ 

ʩʪʦʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʦʪʢʨʳʪʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʚʠʥʦʢʦʤʧʣʝʢʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʠʟʢʫʶ 
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ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʠ ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʤʷʩʘ ʧʪʠʮʳ, ʥʘʧʨʦʪʠʚ ʚʳʨʦʩʰʝʝ ʚ ʮʝʥʝ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʢʨʳʪʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʪʠʮʝʢʦʤʧʣʝʢʩʦʚ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʧʠʜʝʤʠʡ. ɺʝʩʴ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʨʘʩʣʠ 

ʩʚʠʥʦʚʦʜʩʪʚʘ ʧʨʠʰʝʣʩʷ ʥʘ ʢʨʫʧʥʳʝ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦ ʜʘʣʴʥʝʡʰʠʤ ʧʨʦʛʥʦʟʘʤ ʜʘʥʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ, ʘ ʧʨʠ ʫʯʝʪʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʛʦ ʩʘʤʦʦʙʝʩʧʝʯʝʥʠʷ ʈʦʩʩʠʠ ʧʦ ʩʚʠʥʠʥʝ 

ʥʘʨʘʱʠʚʘʥʠʝ ʦʙʲʝʤʦʚ ʢʨʫʧʥʦʪʦʚʘʨʥʳʭ ʩʚʠʥʦʬʝʨʤ ʩʚʷʟʘʥʦ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʳʭ 

ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʦʵʪʦʤʫ ʤʝʣʢʦʪʦʚʘʨʥʳʤ ʩʚʠʥʦʚʦʜʯʝʩʢʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʠʜʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʪʠʮʝʚʦʜʩʪʚʦ ʠ ʢʨʦʣʠʢʦʚʦʜʩʪʚʦ. ɺ ʀʥʩʪʠʪʫʪʝ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʦʪʢʦʨʤʘ ʙʨʦʡʣʝʨʦʚ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʨʦʣʠʢʦʤʘʪʦʢ ʩʦ ʰʣʝʡʬʦʤ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʤʝʣʢʦʪʦʚʘʨʥʳʭ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʠ 

ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʫʣʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʤʝʣʢʦʪʦʚʘʨʥʳʭ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚ 2,75 ʨʘʟʘ ʙʦʣʴʰʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʦʚ ʠ ʧʦʣʫʯʠʪʴ ʚ 4,5 ʨʘʟʘ 

ʙʦʣʴʰʝ ʜʦʭʦʜʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʝʤ ʥʘ ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʝʞʝʤʝʩʷʯʥʘʷ ʧʨʠʙʳʣʴ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʬʝʨʤʳ ʩʦʩʪʘʚʣʷʝʪ  32668,62 ʨʫʙ., ʯʪʦ ʚ 4,5 ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʧʨʠʙʳʣʴ ʦʪ ʤʝʣʢʦʪʦʚʘʨʥʦʛʦ ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʝʣʢʦʪʦʚʘʨʥʳʝ ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʪʝʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʨʝʘʣʠʟʘʮʠʷ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʤʝʣʢʦʪʦʚʘʨʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʩʣʦʞʥʝʥʘ ʚʳʩʦʢʦʡ ʢʦʥʢʫʨʝʥʮʠʝʡ ʚ 

ʮʝʥʦʚʦʤ ʩʝʛʤʝʥʪʝ ʩ ʢʨʫʧʥʳʤʠ ʧʪʠʮʝʢʦʤʧʣʝʢʩʘʤʠ, ʣʠʙʦ ʚ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʠʤʝʶʪʩʷ ʚʝʪʝʨʠʥʘʨʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ASSESSMENT OF THE COST EFFECTIVENESS OF SMALL-SCALE MODULAR POULTRY 

AND RABBIT FARMS 
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Institute for Engineering and Environmental Problems in Agricultural Production ï branch of FSAC VIM, 
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Small-scale livestock and poultry enterprises perform important social and demographic functions and 

contribute to preservation and development of rural areas in Russia. This category of agricultural enterprises 

is characterized by the production of high-quality environmentally sound products needed for the active and 

healthy lifestyle of consumers. Poultry meat and pork, 45% and 34%, respectively, are in the greatest 

consumer demand; beef and lamb account for no more than 20% of the total consumption, and the 

consumption of other types of meat does not exceed 1%. But since 2018, there has been a trend towards an 

increase in consumer demand for pork owing to its cost drop associated with the launching of state-of-the-art 

pig complexes with the low self-cost of products, and a trend towards a decrease in consumption of poultry 

meat, which, on the contrary, became more expensive due to the closure of several poultry factories and the 
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spread of epidemics. The growth of pig production is mainly recorded in large-scale agricultural enterprises 

and this trend is forecast to continue. Since Russia has become fully self-sufficient in terms of pork supply, 

the increase in the capacity of large-scale pig complexes is accompanied by the reduction in the number of 

small-scale pig farms. Therefore, it is advisable for small-scale pig enterprises to switch to alternative 

agricultural activities. The poultry and rabbit farming seem the most acceptable in terms of consumer 

demand and competitiveness. The Institute for Engineering and Environmental Problems in Agricultural 

Production developed technical and technological solutions of technological modules for broiler fattening 

and housing of rabbits with baby-rabbits. The aim of the study was to compare the economic effect of small-

scale poultry and rabbit-growing farms using technological modules as production facilities. According to 

the study results, the small-scale poultry farms can conduct 2.75 times more production cycles and get 4.5 

times more income from the sale of finished products than the rabbit farms. In addition, the monthly profit of 

the poultry farm is 32,668.62 roubles that is 4.5 times higher than the profit from the small-scale rabbit farm. 

These data allow concluding that small-scale rabbit farms can be used as an alternative production type in the 

regions, where the sale of poultry products by the small-scale poultry farms is complicated by high 

competition in the price segment with the large poultry factories, or in the regions, where the veterinary 

restrictions on the poultry production are in force. 
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ɺʚʝʜʝʥʠʝ 

ʄʝʣʢʦʪʦʚʘʨʥʳʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʠ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʘʛʨʘʨʥʦʡ ʵʢʦʥʦʤʠʢʠ 

ʈʦʩʩʠʠ. ʇʦʤʠʤʦ ʩʦʭʨʘʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʳʝ 

ʩʦʮʠʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ [1]. 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʤʝʣʢʦʪʦʚʘʨʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʜʦʢʪʨʠʥʳ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦ 

ʜʦʩʪʠʞʝʥʠʠ ʠ ʧʦʜʜʝʨʞʘʥʠʠ ʬʠʟʠʯʝʩʢʦʡ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʛʨʘʞʜʘʥʠʥʘ ʩʪʨʘʥʳ, ʙʝʟʦʧʘʩʥʳʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʦʙʲʝʤʘʭ ʠ ʘʩʩʦʨʪʠʤʝʥʪʝ, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʥʦʨʤʘʤ ʧʦʪʨʝʙʣʝʥʠʷ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʘʢʪʠʚʥʦʛʦ ʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ [2].   

ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʣʝʥʠʷ ʣʠʜʠʨʫʶʱʠʝ 

ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʝʪ ʤʷʩʦ ʧʪʠʮʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʚ 45%, ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʥʘʭʦʜʠʪʩʷ ʩʚʠʥʠʥʘ, 

ʜʦʣʷ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 34%, ʜʘʣʝʝ 

ʩʣʝʜʫʝʪ ʛʦʚʷʜʠʥʘ ï 18%, ʙʘʨʘʥʠʥʘ - 2%, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʝ ʚʠʜʳ ʤʷʩʘ, ʜʦʣʷ ʢʦʪʦʨʳʭ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1%  [3]. 

ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʩʧʨʦʩʘ ʦʙʲʷʩʥʷʝʪʩʷ ʮʝʥʦʚʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʤʷʩʘ ʠ ʛʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʨʠʦʨʠʪʝʪʘʤʠ ʥʘʩʝʣʝʥʠʷ. ʅʦ ʚ 2018 ʛʦʜʫ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ 

ʧʪʠʮʳ, ʧʦ ʧʨʠʯʠʥʝ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ 

ʩʪʦʠʤʦʩʪʠ ʚʚʠʜʫ ʟʘʢʨʳʪʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʪʠʮʝʢʦʤʧʣʝʢʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʧʠʜʝʤʠʡ ʠ ʢʨʠʟʠʩʘ ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʚʳʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʤʷʩʘ ʧʪʠʮʳ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʩʚʠʥʠʥʫ [3,4]. 

ʋʯʠʪʳʚʘʷ ʧʦʚʳʰʝʥʠʝ ʩʧʨʦʩʘ ʠ 

ʨʝʘʣʠʟʘʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʠ 

ʩʪʨʦʷʱʠʭʩʷ ʩʚʠʥʦʢʦʤʧʣʝʢʩʦʚ ʢ 2022 ʛʦʜʫ 

ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʚʠʥʠʥʳ ʝʱʝ ʥʘ 1,5 ʤʠʣʣʠʦʥʘ ʪʦʥʥ. ʅʦ ʚʝʩʴ 

ʨʦʩʪ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʜʝʪʩʷ ʥʘ 

ʢʨʫʧʥʦʪʦʚʘʨʥʳʝ ʩʚʠʥʦʚʦʜʯʝʩʢʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʤʘʣʳʭ 
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ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ ʥʘʧʨʦʪʠʚ ʙʫʜʝʪ 

ʝʞʝʛʦʜʥʦ ʩʦʢʨʘʱʘʪʴʩʷ ʚʚʠʜʫ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʮʝʥʦʚʦʤ ʩʝʛʤʝʥʪʝ, ʘ ʪʘʢʞʝ ʠʟ-

ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʬʨʠʢʘʥʩʢʦʡ ʯʫʤʳ 

ʩʚʠʥʝʡ (ɸʏʉ). ʂ 2022 ʛʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʚʠʥʠʥʳ ʥʘ ʤʝʣʢʦʪʦʚʘʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, 

ʪʘʢʠʭ ʢʘʢ ʣʠʯʥʳʝ ʧʦʜʩʦʙʥʳʝ ʠ ʢʨʝʩʪʴʷʥʩʢʦ-

ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ, ʩʦʢʨʘʪʠʪʩʷ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 200 ʪʳʩʷʯ ʪʦʥʥ ʠ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 9% 

ʦʪ ʦʙʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʤʘʣʳʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʭʦʜʠʪʴ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʚʠʥʦʚʦʜʩʪʚʫ ʚʠʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ʅʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʵʪʦʛʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʧʪʠʮʝʚʦʜʩʪʚʦ ʚʚʠʜʫ ʚʳʩʦʢʦʛʦ 

ʩʧʨʦʩʘ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʢʨʦʣʠʢʦʚʦʜʩʪʚʦ ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ 

ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢʨʦʣʠʯʴʝ ʤʷʩʦ 

ʷʚʣʷʝʪʩʷ ʜʠʝʪʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʚ 100 ʛʨʘʤʤʘʭ 183 ʢʂʘʣʣ, 21,2 

ʛʨʘʤʤʘ ʙʝʣʢʘ, 11 ʛʨʘʤʤ ʞʠʨʘ ʠ 67 ʛʨʘʤʤʦʚ 

ʚʦʜʳ, ʪʦʛʜʘ ʢʘʢ ʚ 100 ʛʨʘʤʤʘʭ ʤʷʩʘ ʮʳʧʣʷʪ-

ʙʨʦʡʣʝʨʦʚ ʩʦʜʝʨʞʠʪʩʷ 220 ʢʂʘʣʣ, 18,7 ʛʨʘʤʤ 

ʙʝʣʢʘ, 16,1 ʛʨʘʤʤʘ ʞʠʨʘ ʠ 64 ʛʨʘʤʤʘ ʚʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [5]. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʠ ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʦʡ 

ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʦʣʥʦʮʝʥʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ, ʩʥʠʞʝʥʠʝ 

ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʡ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ 

ʪʨʫʜʦʟʘʪʨʘʪ.  

ɺ ʠʥʩʪʠʪʫʪʝ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʜʣʷ 

ʦʪʢʦʨʤʘ ʙʨʦʡʣʝʨʦʚ (ʨʠʩ.1) ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʨʦʣʠʢʦʤʘʪʦʢ ʩʦ ʰʣʝʡʬʦʤ (ʨʠʩ.2)[6,7] 

 

 

 
 

ʈʠʩ.1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʜʣʷ ʦʪʢʦʨʤʘ ʮʳʧʣʷʪ ʙʨʦʡʣʝʨʦʚ 

1 ï ʜʚʝʨʴ; 2 ï ʦʢʥʦ; 3 ï ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ; 4 ï ʢʣʝʪʦʯʥʘʷ ʙʘʪʘʨʝʷ; 5 ï ʠʥʬʨʘʢʨʘʩʥʳʡ ʦʙʦʛʨʝʚʘʪʝʣʴ; 6 ï 

ʙʫʥʢʝʨʥʘʷ ʢʦʨʤʫʰʢʘ; 7 ï ʥʠʧʧʝʣʴʥʘʷ ʧʦʠʣʢʘ; 8 ï ʚʦʜʦʥʘʢʦʧʠʪʝʣʴʥʳʡ ʙʘʢ. 
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ʈʠʩ. 2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ ʠ ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʦʚ 

1-ʚʳʪʷʞʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ; 2-ʧʨʠʪʦʯʥʳʝ ʦʢʥʘ; 3-ʜʚʝʨʴ; 4-ʚʦʜʦʥʘʢʦʧʠʪʝʣʴʥʳʝ ʙʘʢʠ; 5-ʢʣʝʪʢʘ ʜʣʷ 

ʢʨʦʣʠʢʦʤʘʪʦʢ; 6- ʢʣʝʪʢʘ ʜʣʷ ʦʪʢʦʨʤʦʯʥʦʛʦ ʤʦʣʦʜʥʷʢʘ; 7-ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨ; 8-ʙʫʥʢʝʨʥʳʝ ʢʦʨʤʫʰʢʠ; 9-

ʥʠʧʧʝʣʴʥʳʝ ʧʦʠʣʢʠ. 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʙʣʦʢ-ʢʦʥʪʝʡʥʝʨʳ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʚʥʫʪʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʪʘʢʠʤ ʢʘʢ ʙʫʥʢʝʨʥʳʝ ʢʦʨʤʫʰʢʠ, ʥʠʧʧʝʣʴʥʳʝ 

ʧʦʠʣʢʠ, ʚʦʜʦʥʘʢʦʧʠʪʝʣʴʥʳʝ ʙʘʢʠ, 

ʠʥʬʨʘʢʨʘʩʥʳʝ ʦʙʦʛʨʝʚʘʪʝʣʠ ʠ 

ʪʝʧʣʦʚʝʥʪʠʣʷʪʦʨʳ. ɼʣʷ ʧʨʠʪʦʢʘ ʩʚʝʞʝʛʦ ʠ 

ʫʜʘʣʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʤʦʜʫʣʷʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʧʨʠʪʦʯʥʳʤʠ ʦʢʥʘʤʠ, ʠ 

ʚʳʪʷʞʥʳʤʠ ʚʝʥʪʠʣʷʪʦʨʘʤʠ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʤʝʣʢʦʪʦʚʘʨʥʳʭ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʠ ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʤʦʜʫʣʠ. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʦʟʥʘʯʝʥʥʳʭ 

ʩʝʣɹʭʦʟʧʨʝʜʧʨʠʷʪʠʡ.   

ɺ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʦʞʝʥ ʨʘʩʯʝʪ 

ʧʘʨʘʤʝʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʨʤʘʪʠʚʥʳʭ 

ʠ ʨʫʢʦʚʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʠ ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ [8,9]. 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʣʠʯʠʥ ʟʘ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, 

ʧʦʣʫʯʘʝʤʦʛʦ ʤʝʣʢʦʪʦʚʘʨʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʤʩʷ ʥʘ ʦʪʢʦʨʤʝ ʮʳʧʣʷʪ-

ʙʨʦʡʣʝʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʜʫʣʴ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ ʧʦʣʫʯʘʝʤʦʡ ʟʘ ʮʠʢʣ ʦʪʢʦʨʤʘ 

ʙʨʦʡʣʝʨʦʚ ʠ ʜʦʭʦʜ ʦʪ ʝʝ ʨʝʘʣʠʟʘʮʠʠ. 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ ʜʣʷ ʦʪʢʦʨʤʘ 

ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʢʣʝʪʦʯʥʳʡ 

ʩʧʦʩʦʙ ʩʦʜʝʨʞʘʥʠʷ ʧʪʠʮ, ʧʨʝʜʫʩ-

ʤʘʪʨʠʚʘʶʱʠʡ ʙʝʟʚʳʛʫʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʨʦʡʣʝʨʦʚ ʚ ʤʥʦʛʦʷʨʫʩʥʳʭ ʢʣʝʪʢʘʭ ʥʘ 

ʩʝʪʯʘʪʦʤ ʧʦʣʫ ʙʝʟ ʧʦʜʩʪʠʣʢʠ (ʨʠʩ.3) [10]. 
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ʈʠʩ.3. ʂʣʝʪʦʯʥʘʷ ʙʘʪʘʨʝʷ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ 

ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ 

 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ 

ʈɼ-ɸʇʂ 1.10.05.04-13 ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʙʨʦʡʣʝʨʦʚ ʥʘ ʩʝʪʯʘʪʦʤ ʧʦʣʫ ʢʦʣʠʯʝʩʪʚʦ ʧʪʠʮ 

ʧʨʠʥʠʤʘʝʪʩʷ ʠʟ ʨʘʩʯʝʪʘ 20 ʛʦʣ./ʤ
2
.[8] 

ʂʣʝʪʦʯʥʘʷ ʙʘʪʘʨʝʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

ʩʦʜʝʨʞʠʪ ʪʨʠ ʷʨʫʩʘ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʧʪʠʮʳ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʨʘʚʥʘ 

17,4 ʤ
2
. ɿʥʘʷ ʧʦʢʘʟʘʪʝʣʴ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʣʦʱʘʜʴ ʢʣʝʪʦʯʥʦʡ 

ʙʘʪʘʨʝʠ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʮʳʧʣʷʪ-

ʙʨʦʡʣʝʨʦʚ ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʝʜʠʥʦʚʨʝʤʝʥʥʦ 

ʧʦʩʪʘʚʠʪʴ ʥʘ ʦʪʢʦʨʤ ʟʘ ʦʜʠʥ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ, ʨʘʚʥʦʝ 348 ʛʦʣʦʚʘʤ.  

ʀʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʛʦ ʚʝʩʘ ʧʨʠ ʩʲʝʤʝ 

ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʥʘ ʫʙʦʡ, ʩʦʩʪʘʚʣʷʶʱʠʡ 

2,2 ʢʠʣʦʛʨʘʤʤʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʙʦʡʥʦʛʦ 

ʚʳʭʦʜʘ ï 0,75 ʠ ʮʝʥʳ ʟʘ ʢʠʣʦʛʨʘʤʤ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ï 200 ʨʫʙ., ʦʧʨʝʜʝʣʷʝʤ ʜʦʭʦʜ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʮʠʢʣ 

ʚʳʨʘʱʠʚʘʥʠʷ ʙʨʦʡʣʝʨʦʚ. 

ˑ̗Ȣ̒Ȣ̂ ÎϽÍ̇ ϽË̔ϽÃ̆Ȣ̐Ȣ                                   ρ 

ʛʜʝ Í̇  ï ʞʠʚʘʷ ʤʘʩʩʘ ʙʨʦʡʣʝʨʦʚ ʧʨʠ ʩʜʘʯʝ 

ʥʘ ʫʙʦʡ, ʢʛ/ʛʦʣ.; Îï ʢʦʣʠʯʝʩʪʚʦ ʙʨʦʡʣʝʨʦʚ 

ʛʦʣ; Ë̔ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʙʦʡʥʦʛʦ ʚʳʭʦʜʘ; Ã̆Ȣ̐Ȣ 

ï ʮʝʥʘ ʟʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ, ʨʫʙ./ʢʛ  

ʆʪʢʫʜʘ ʜʦʭʦʜ ʟʘ ʮʠʢʣ ʦʪʢʦʨʤʘ 

ʙʨʦʡʣʝʨʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ ʨʘʚʝʥ 

114510 ʨʫʙ. 

ʎʠʢʣ ʦʪʢʦʨʤʘ ʙʨʦʡʣʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 45 

ʜʥʝʡ, ʚ ʛʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ 8 

ʧʦʣʥʳʭ ʮʠʢʣʦʚ ʦʪʢʦʨʤʘ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʟʘ ʛʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ ʜʦʭʦʜ ʩʦʩʪʘʚʠʪ 916 080 ʨʫʙ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʨʘʩʩʯʠʪʘʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʤʦʜʫʣʝ ʟʘ ʮʠʢʣ ʠ ʛʦʜ ʦʪʢʦʨʤʘ ʮʳʧʣʷʪ 

ʙʨʦʡʣʝʨʦʚ. 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʦʣʫʯʘʝʤʦʡ ʟʘ 

ʮʠʢʣ ʦʪʢʦʨʤʘ ʙʨʦʡʣʝʨʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʤʦʜʫʣʝ: 

:̃ :̇ :̋ :̃ :̞ :̃ ̓ ˍ̓ ˍ̑            ς 

ʛʜʝ :̃ ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʨʫʙ.; :̗ ï 

ʩʪʦʠʤʦʩʪʴ ʩʫʪʦʯʥʳʭ ʮʳʧʣʷʪ, ʨʫʙ./ʛʦʣ; :̋ ï 

ʩʪʦʠʤʦʩʪʴ ʢʦʨʤʦʚ, ʨʫʙ.; :̃ ï ʩʪʦʠʤʦʩʪʴ ʚʦʜʳ, 

ʨʫʙ.; :̞ ï ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʫʙ.; 

:̃  ̓ ï ʩʪʦʠʤʦʩʪʴ ʚʝʪʝʨʠʥʘʨʥʳʭ ʫʩʣʫʛ, 

ʨʫʙ.; ̱̓ï ʦʪʯʠʩʣʝʥʠʷ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʫʙ.; ˍ̑ ï ʦʪʯʠʩʣʝʥʠʷ ʥʘ 

ʨʝʤʦʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʫʙ.  

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ 

ʢʦʨʤʦʚ, ʚʦʜʳ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʳʭʦʜʫ 

ʧʦʤʝʪʘ, ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʚʝʪʝʨʠʥʘʨʥʳʭ ʫʩʣʫʛ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ 

ʩʦʩʪʘʚʣʷʝʪ 65611,9, ʘ ʚ ʭʦʣʦʜʥʳʡ ï 65465,6 

[10]. 

ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʪʝʧʣʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳ, ʥʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ 

ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ 4 ʤʝʩʷʮʘ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʠ 

8 ʭʦʣʦʜʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [11]. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʥʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʧʨʠʭʦʜʠʪʩʷ 2,6 

ʮʠʢʣʘ ʦʪʢʦʨʤʘ, ʠ ʥʘ ʭʦʣʦʜʥʳʡ 5,4 ʮʠʢʣʘ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʟʘ ʛʦʜ 

ʦʪʢʦʨʤʘ ʙʨʦʡʣʝʨʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʤʦʜʫʣʝ, ʩʦʩʪʘʚʠʪ 524056, 58 ʨʫʙ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʦʜʫʣʴʥʦʡ 

ʧʪʠʮʝʬʝʨʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

˪̞ ̕ ˑ̗Ȣ̒ :̃                                                  σ 

ʆʪʢʫʜʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘ ʛʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

ʩʦʩʪʘʚʠʪ 392023,42 ʨʫʙ. 
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ɸʥʘʣʦʛʠʯʥʦ, ʤʝʣʢʦʪʦʚʘʨʥʦʤʫ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʤʫ ʧʨʝʜʧʨʠʷʪʠʶ ʦʧʨʝʜʝʣʝʥ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʦʣʫʯʘʝʤʳʡ 

ʤʝʣʢʦʪʦʚʘʨʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʤʩʷ ʥʘ ʚʳʨʘʱʠʚʘʥʠʠ ʠ 

ʦʪʢʦʨʤʝ ʢʨʦʣʠʢʦʚ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʟʜʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʦʜʫʣʴ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʜʣʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʦʚ ʨʘʟʜʝʣʝʥ 

ʥʘ ʜʚʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʝʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʪʩʷ ʢʨʦʣʠʢʦʤʘʪʢʠ ʩʦ ʰʣʝʡʬʦʤ, ʘ 

ʪʘʢʞʝ ʦʪʢʦʨʤʦʯʥʳʡ ʤʦʣʦʜʥʷʢ. ʉʦʜʝʨʞʘʥʠʝ 

ʚʩʝʭ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʣʝʪʢʘʭ ʥʘ ʩʝʪʯʘʪʦʤ 

ʥʘʩʪʠʣʝ ʙʝʟ ʧʦʜʩʪʠʣʢʠ (ʨʠʩ.4) 

 

 
ʈʠʩ. 4 ʂʣʝʪʦʯʥʘʷ ʙʘʪʘʨʝʷ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ 

ʢʨʦʣʠʢʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ 

 

ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʧʨʠʚʝʜʝʥʥʳʤ 

ʚ ʈɼ-ɸʇʂ 1.10.06.02-13, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʠ ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʦʚ, ʪʘʢʠʝ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʨʤʘ, ʚʦʜʳ, ʚʳʭʦʜʘ ʥʘʚʦʟʘ, ʟʘʪʨʘʪʳ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [9,12]. 

ʀʩʭʦʜʷ ʠʟ ʥʦʨʤ ʧʣʦʱʘʜʠ ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʦʜʥʦʡ ʢʨʦʣʠʢʦʤʘʪʢʠ ʩʦ ʰʣʝʡʬʦʤ, 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ 

ʤʦʛʫʪ ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʩʦʜʝʨʞʘʪʩʷ ʜʝʚʷʪʴ 

ʢʨʦʣʠʢʦʤʘʪʦʢ ʩʦ ʰʣʝʡʬʦʤ, ʜʦ ʚʦʩʴʤʠʜʝʩʷʪʠ 

ʢʨʦʣʠʢʦʚ ʥʘ ʦʪʢʦʨʤʝ, ʘ ʪʘʢʞʝ ʦʜʠʥ ʢʨʦʣ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴ.  

ʀʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʛʦ ʚʝʩʘ ʧʨʠ ʩʲʝʤʝ 

ʢʨʦʣʠʢʦʚ ʥʘ ʫʙʦʡ, ʩʦʩʪʘʚʣʷʶʱʠʤ 2,5 

ʢʠʣʦʛʨʘʤʤʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʙʦʡʥʦʛʦ ʚʳʭʦʜʘ 

ï 0,6 ʠ ʮʝʥʫ ʟʘ ʢʠʣʦʛʨʘʤʤ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ï 650 ʨʫʙ., ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʨʦʣʴʯʘʪ, ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʦʜʥʦʡ 

ʢʨʦʣʠʢʦʤʘʪʢʠ ï 8 ʛʦʣ. ʆʧʨʝʜʝʣʠʤ ʜʦʭʦʜ 

ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʮʠʢʣ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʫʣʷ. 

ˑ̗Ȣ̒Ȣ̋ Î̋ϽÍ̇ ϽË̔ϽÃ̆Ȣ̐Ȣ                              τ 

ʛʜʝ  Î̋ï ʢʦʣʠʯʝʩʪʚʦ ʢʨʦʣʠʢʦʚ, ʛʦʣ; Í̇  ï 

ʞʠʚʘʷ ʤʘʩʩʘ ʢʨʦʣʠʢʦʚ ʧʨʠ ʩʜʘʯʝ ʥʘ ʫʙʦʡ, 

ʢʛ/ʛʦʣ.; Ë̔ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʙʦʡʥʦʛʦ 

ʚʳʭʦʜʘ; Ã̆Ȣ̐Ȣ ï ʮʝʥʘ ʟʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ, 

ʨʫʙ./ʢʛ.  

ʆʪʢʫʜʘ ʜʦʭʦʜ ʟʘ ʮʠʢʣ ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʦʚ 

ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ ʨʘʚʝʥ 70200  ʨʫʙ. 

ʇʝʨʠʦʜ ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 62 

ʜʥʷ, ʥʦ ʧʦʣʥʳʡ ʮʠʢʣ ʚʳʨʘʱʠʚʘʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʧʝʨʠʦʜ ʩʫʢʨʦʣʴʥʦʩʪʠ ï 30 ʜʥʝʡ, ʧʦʜʩʦʩʥʳʡ 

ʧʝʨʠʦʜ ï 28 ʜʥʝʡ, ʘ ʪʘʢʞʝ ʭʦʣʦʩʪʦʡ ʧʝʨʠʦʜ, 

ʩʦʩʪʘʚʣʷʶʱʠʡ 7 ʜʥʝʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʜʠʥ 

ʮʠʢʣ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʦʣʠʢʦʚ ʥʘ ʫʙʦʡ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ ʩʦʩʪʘʚʣʷʝʪ 127 

ʜʥʝʡ, ʚ ʛʦʜ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ 2,9 

ʪʘʢʠʭ ʮʠʢʣʘ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘ ʛʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

ʜʦʭʦʜ ʩʦʩʪʘʚʠʪ 203580 ʨʫʙ. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ 

ʟʘ ʮʠʢʣ ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʤʦʜʫʣʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʤʦʜʫʣʶ 

ʜʣʷ ʦʪʢʦʨʤʘ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʧʦ 

ʚʳʨʘʞʝʥʠʶ (2). 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦ ʧʦʪʨʝʙʣʝʥʠʶ 

ʢʦʨʤʦʚ, ʚʦʜʳ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʳʭʦʜʫ 

ʥʘʚʦʟʘ, ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
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ʚʝʪʝʨʠʥʘʨʥʳʭ ʫʩʣʫʛ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ 

ʩʦʩʪʘʚʣʷʝʪ 34911 ʨʫʙ., ʘ ʚ ʭʦʣʦʜʥʳʡ 42531 

ʨʫʙ. [12]. 

ʅʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʧʨʠʭʦʜʠʪʩʷ 0,957 

ʮʠʢʣʘ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʦʚ, ʘ 

ʥʘ ʭʦʣʦʜʥʳʡ 1,943 ʮʠʢʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʪʢʫʜʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, 

ʧʦʣʫʯʘʝʤʦʡ ʟʘ ʛʦʜ ʦʪʢʦʨʤʘ ʚʳʨʘʱʠʚʘʥʠʷ ʠ 

ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʤʦʜʫʣʝ, ʩʦʩʪʘʚʠʪ 116472,9 ʨʫʙ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʦʡ ʤʦʜʫʣʴʥʦʡ ʬʝʨʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ 

ʬʝʨʤʝ ʧʦ ʚʳʨʘʞʝʥʠʶ (3) ʠ ʩʦʩʪʘʚʣʷʝʪ 

87107,1 ʨʫʙ. 

ɺʳʚʦʜʳ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʥʘ ʤʝʣʢʦʪʦʚʘʨʥʦʡ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ 

ʤʦʜʫʣʴʥʦʡ ʬʝʨʤʝ ʟʘ ʛʦʜ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʚ 

2,75 ʨʘʟʘ ʙʦʣʴʰʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʦʚ, 

ʯʝʤ ʥʘ ʤʝʣʢʦʪʦʚʘʨʥʦʡ ʤʦʜʫʣʴʥʦʡ ʬʝʨʤʝ ʜʣʷ 

ʨʘʟʚʝʜʝʥʠʷ ʠ ʦʪʢʦʨʤʘ ʢʨʦʣʠʢʦʚ. 

ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʤʦʜʫʣʴʥʦʡ ʬʝʨʤʝ ʚ 4,49 ʨʘʟʘ 

ʙʦʣʴʰʝ ʯʝʤ ʥʘ ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʦʡ ʤʦʜʫʣʴʥʦʡ 

ʬʝʨʤʝ. ɼʦʭʦʜ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʩ ʤʦʜʫʣʴʥʦʡ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ 

ʬʝʨʤʳ ʚ 4,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʜʦʭʦʜ ʦʪ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ ʩ ʤʦʜʫʣʴʥʦʡ 

ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʦʡ ʬʝʨʤʳ. ɹʳʣ ʩʜʝʣʘʥ 

ʚʳʚʦʜ, ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʤʝʣʢʦʪʦʚʘʨʥʦʡ 

ʤʦʜʫʣʴʥʦʡ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʬʝʨʤʳ, 

ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʦʡ ʬʝʨʤʝ ʥʝʦʙʭʦʜʠʤʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʣʦʱʘʜʴ 4,5 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ʀʩʭʦʜʷ ʠʟ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʦ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʤʝʣʢʦʪʦʚʘʨʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʷʩʘ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʝʞʝʤʝʩʷʯʥʫʶ ʧʨʠʙʳʣʴ ʚ 

32668,62 ʨʫʙ. ʄʝʣʢʦʪʦʚʘʨʥʳʝ 

ʢʨʦʣʠʢʦʚʦʜʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʠʩʧʦʣʴʟʫʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʞʝʤʝʩʷʯʥʫʶ 

ʧʨʠʙʳʣʴ ʚ 7 258, 9 ʨʫʙ. ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʝʛʠʦʥʘʭ ʛʜʝ ʨʝʘʣʠʟʘʮʠʷ 

ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʤʝʣʢʦʪʦʚʘʨʥʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʩʣʦʞʥʝʥʘ ʚʳʩʦʢʦʡ 

ʢʦʥʢʫʨʝʥʮʠʝʡ ʚ ʮʝʥʦʚʦʤ ʩʝʛʤʝʥʪʝ ʢʨʫʧʥʳʤʠ 

ʧʪʠʮʝʢʦʤʧʣʝʢʩʘʤʠ, ʣʠʙʦ ʚ ʨʝʛʠʦʥʘʭ ʛʜʝ 

ʠʤʝʶʪʩʷ ʚʝʪʝʨʠʥʘʨʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʪʠʮʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ 

ʤʝʣʢʦʪʦʚʘʨʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ. 
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ɹʝʩʧʝʨʝʙʦʡʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʜʦʡ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʶ ʟʜʦʨʦʚʴʷ ʢʦʨʦʚ. ʈʘʟʣʠʯʠʝ ʩʠʩʪʝʤ ʧʦʝʥʠʷ ʠ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʟʘʢʣʶʯʝʥʦ ʚ  ʪʠʧʦʨʘʟʤʝʨʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʚʘʨʠʘʥʪʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʪʘʢ  ʧʨʠ ʧʨʠʚʷʟʥʦʤ ʩʦʜʝʨʞʘʥʠʠ  ʠʩʧʦʣʴʟʫʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʠʣʢʠ, ʘ ʧʨʠ ʙʝʩʧʨʠʚʷʟʥʦʤ - 

ʛʨʫʧʧʦʚʳʝ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʧʦʝʥʠʝ ʧʨʠ 

ʙʝʩʧʨʠʚʷʟʥʦʤ ʩʦʜʝʨʞʘʥʠʠ, ʩ ʫʯʝʪʦʤ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ,  ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʥʫʪʨʠ 

ʧʦʤʝʱʝʥʠʷ ʠ ʫʜʦʷ ʤʦʣʦʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʜʥʦʡ ʠʟ ʬʝʨʤ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 

ʘʚʛʫʩʪʝ 2019  ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ   ̫ ʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ 

ʧʦʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʨʘʟʤʝʱʝʥʠʷ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʯʪʦ, ʯʘʩʦʚʦʡ ʩʫʪʦʯʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʧʦ ʛʨʫʧʧʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʤʝʥʷʣʩʷ ʦʪ 

0,01 ʜʦ 0,69 ʤ
3
, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʚʨʝʤʷ ʧʦʩʣʝ ʜʦʝʥʠʷ ʠ ʚʦ ʚʨʝʤʷ 

ʢʦʨʤʣʝʥʠʷ. ʉʨʝʜʥʷʷ ʩʫʤʤʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʛʨʫʧʧʦʡ ʢʦʨʦʚ ʟʘ ʧʝʨʚʳʡ ʯʘʩ ʧʦʩʣʝ ʪʨʝʭ ʜʦʝʢ ʩʦʩʪʘʚʠʣʘ 

19Ñ2%, ʘ ʢʦʨʤʣʝʥʠʷ 11Ñ2%, ʦʪ ʦʙʱʝʡ ʧʦʪʨʝʙʣʝʥʥʦʡ ʚʦʜʳ ʟʘ ʩʫʪʢʠ ʯʝʨʝʟ ʧʦʠʣʢʫ. ɺ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʦʪʤʝʯʘʝʪʩʷ ʩ 00-00 ʜʦ 8-00, ʘ  ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʩʣʝ ʚʝʯʝʨʥʝʡ ʜʦʡʢʠ ʩ 
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20-00 ʜʦ 22-00. ɼʣʷ ʦʮʝʥʢʠ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʜʝʢʩ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ (THI), ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʥʜʝʢʩʘ THI  ʩ 61 ʜʦ 73, ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʦʜʥʫ 

ʛʦʣʦʚʫ ʤʝʥʷʣʦʩʴ ʩ 77 ʜʦ 91 ʣʠʪʨʘ. ʋʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʯʝʨʝʟ ʧʦʠʣʢʫ, ʥʘ 1 ʢʛ ʥʘʜʦʝʥʥʦʛʦ 

ʤʦʣʦʢʘ, ʩʦʩʪʘʚʠʣ 2,06Ñ0,13 ʣʠʪʨʘ. 
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ORGANIZATION OF SUMMER WATER SUPPLY OF COWS UNDER THE LOOSE 

HOUSING SYSTEM 

 

V.V. Gordeev, Cand. Sc. (Engineering);  

V.E. Khazanov, Cand. Sc. (Engineering);  

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

R.M. Ilin 

 

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

VIM,  Saint Petersburg, Russia 

 

Sufficient and reliable water supply for cows contributes to their higher milk productivity and good 

health. Different watering systems and water supply machines and equipment are used depending upon the 

type and size of animal houses and technological solutions applied: individual drinkers are installed in the 

tied housing systems,  the group drinkers ï in the loose housing systems. The purpose of this study was to 

determine the drinking water consumption in the loose housing system with consideration to the indoor 

climate and the milk yield. The study on a dairy farm in Leningrad Region in August 2019 resulted in the 

experimental data related to drinking water consumption, temperature and relative humidity in the boxes, and 

the cow productivity. It was found that the hourly water consumption in the group during the day varied from 

0.01 to 0.69 m
3
; the maximum water consumption was recorded after the milking and during the feeding. 

The average water consumption by a group of cows with 75 head average in the first hour after the three 

milkings was 19 Ñ 2%, and during the feeding ï 11 Ñ 2% of the total water consumed through a drinker per 

day. During the day, the minimum water consumption was observed from 00-00 to 8-00; the maximum ï 

after the evening milking from 20-00 to 22-00. To assess the comfortable inside environment, the 

temperature and humidity index (THI) was used; when THI index varied from 61 to 73, the water 

consumption varied from 77 to 91 l/head. The water consumption through the drinker amounted to 2.06 Ñ 

0.13 l/kg of produced milk. 

  

Key words: cow, automatic water bowl, water, livestock watering, milking.   
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ɺʚʝʜʝʥʠʝ  

ɹʝʩʧʝʨʝʙʦʡʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʜʦʡ ʚ 

ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʶ 

ʟʜʦʨʦʚʴʷ ʢʦʨʦʚ. ɺ ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʦʛʦ ʨʦʣʴ 

ʚʦʜʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʩʪʘʚʢʝ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʪʝʣʘ ʠ ʚʳʚʝʜʝʥʠʠ 

ʚʨʝʜʥʳʭ ʠ ʥʝ ʥʫʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʤʝʥʘ. 
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ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʢʦʪʦʨʫʶ ʧʦʪʨʝʙʣʷʝʪ 

ʢʦʨʦʚʘ, ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʨʘʟʤʝʨʘ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʣʘʞʥʦʩʪʠ ʢʦʨʤʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʦʜʳ, ʘ 

ʪʘʢʞʝ ʨʝʞʠʤʘ ʜʥʷ ʠ ʚʨʝʤʝʥʠ ʩʫʪʦʢ [1,2,3]. ʅʘ 

ʦʙʨʘʟʦʚʘʥʠʝ  ʦʜʥʦʛʦ ʣʠʪʨʘ ʤʦʣʦʢʘ ʝʡ 

ʪʨʝʙʫʝʪʩʷ ʦʪ 2,31 ʜʦ 3,17 ʣʠʪʨʦʚ ʚʦʜʳ.  

ʂʨʦʤʝ ʪʦʛʦ,  ʚʦʜʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʚ ʧʝʨʠʦʜʳ 

ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʝʝ 

ʧʦʪʨʝʙʣʝʥʠʠ ʛʫʙʠʪʝʣʴʥʳ ʜʣʷ ʞʠʚʦʪʥʦʛʦ, ʧʨʠ 

ʧʦʪʝʨʝ ʦʨʛʘʥʠʟʤʦʤ ʩʚʳʰʝ 20% ʚʦʜʳ 

ʥʘʩʪʫʧʘʝʪ ʩʤʝʨʪʴ [4,5,6]. 

ʈʘʟʣʠʯʠʝ ʩʠʩʪʝʤ ʧʦʝʥʠʷ ʠ ʩʨʝʜʩʪʚ 

ʤʝʭʘʥʠʟʘʮʠʠ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ, ʟʘʢʣʶʯʝʥʦ ʚ  

ʪʠʧʦʨʘʟʤʝʨʘʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ 

ʚʘʨʠʘʥʪʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʪʘʢ  

ʧʨʠ ʧʨʠʚʷʟʥʦʤ ʩʦʜʝʨʞʘʥʠʠ  ʠʩʧʦʣʴʟʫʶʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʠʣʢʠ, ʘ ʧʨʠ 

ʙʝʩʧʨʠʚʷʟʥʦʤ-     ʛʨʫʧʧʦʚʳʝ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ 

ʚʦʜʳ ʥʘ ʧʦʝʥʠʝ ʧʨʠ ʙʝʩʧʨʠʚʷʟʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ, ʩ ʫʯʝʪʦʤ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ,  

ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ 

ʠ ʫʜʦʷ ʤʦʣʦʢʘ. 

ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʧʦʟʚʦʣʷʪ ʚʥʝʩʪʠ 

ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʦʙʝʩʧʝʯʝʥʠʷ  ʢʦʨʦʚ ʚʦʜʦʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ   ʧʦʝʥʠʷ ʥʘ ʬʝʨʤʘʭ ʠ 

ʢʦʤʧʣʝʢʩʘʭ ʂʈʉ. ɺ ʮʝʣʦʤ ʩʠʩʪʝʤʘ ʧʦʝʥʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʛʨʫʧʧʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʯʝʨʝʟ  ʙʘʟʫ 

ʜʘʥʥʳʭ, ʦʙʱʘʷ ʮʝʣʴ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʩʪʨʦʛʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʞʠʚʦʪʥʳʭ  

ʚ ʚʦʜʝ. ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ, ʛʜʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ çʞʠʚʦʪʥʦʝ-ʩʨʝʜʘ-ʤʘʰʠʥʘè 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʟʜʝʩʴ 

ʥʝʦʙʭʦʜʠʤ  ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ 

ʠ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʜʠʘʛʥʦʩʪʠʢʘ  ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ 

ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʦʜʘʯʝ ʚʦʜʳ, ʘ ʪʘʢ ʞʝ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ, ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʜʦʝʥʠʷ, ʚʣʠʷʶʱʠʤʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ [7].   

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʜʥʦʡ ʠʟ 

ʬʝʨʤ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʘʚʛʫʩʪʝ 

2019 ʛʦʜʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʙʨʘʥʘ ʛʨʫʧʧʘ ʢʦʨʦʚ 

ʙʝʩʧʨʠʚʷʟʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʩʦ ʩʨʝʜʥʠʤ  

ʧʦʛʦʣʦʚʴʝʤ ʚ ʛʨʫʧʧʝ 75 ʞʠʚʦʪʥʳʭ. ʇʦʝʥʠʝ 

ʞʠʚʦʪʥʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪ ʯʝʨʝʟ ʛʨʫʧʧʦʚʳʝ 

ʧʣʘʩʪʠʢʦʚʳʝ ʧʦʠʣʢʠ (ʧʦʟ. 1, ʨʠʩʫʥʦʢ 1) ʩ 

ʧʦʜʦʛʨʝʚʦʤ ʚʦʜʳ ʜʣʠʥʦʡ 3,66 ʤ ʠ ʝʤʢʦʩʪʴʶ 

0,4 ʤ
3
. ʆʙʝʩʧʝʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ ʢʦʨʦʚʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʯʝʨʝʟ  

ʩʚʝʪʦʚʦʡ ʢʦʥʝʢ ʢʨʳʰʠ ʠ ʧʦ ʩʨʝʜʩʪʚʘʤ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʩʠʩʪʝʤ, ʥʘʜʫʚʥʳʭ ʤʝʤʙʨʘʥ ʥʘ 

ʦʢʥʘʭ  ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʢʦʨʦʚʥʠʢʘ  

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ  ʚʝʥʪʠʣʷʪʦʨʦʚ. ʊʘʢʞʝ, ʚ 

ʫʪʨʝʥʥʝʝ ʠ  ʜʥʝʚʥʦʝ ʚʨʝʤʷ, ʧʨʠʩʫʪʩʪʚʫʝʪ  

ʠʥʬʠʣʴʪʨʘʮʠʷ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʦʪʢʨʳʪʳʝ ʜʚʝʨʠ 

ʠ ʦʢʥʘ. ʋʜʘʣʝʥʠʝ ʥʘʚʦʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʢʨʝʧʝʨʦʚ (ʧʦʟ. 2, ʨʠʩʫʥʦʢ 1) ʚ 

ʥʘʚʦʟʥʳʡ ʢʘʥʘʣ. ʈʘʟʜʘʯʘ ʢʦʨʤʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʜʠʥ ʨʘʟ ʚ 8-00 ʫʪʨʘ ʩ ʧʦʤʦʱʴʶ 

ʢʦʨʤʦʨʘʟʜʘʪʯʠʢʘ-ʩʤʝʩʠʪʝʣʷ ʥʘ ʢʦʨʤʦʚʦʡ 

ʩʪʦʣ (ʧʦʟ. 3, ʨʠʩʫʥʦʢ 1). ɼʦʝʥʠʝ ʪʨʝʭʢʨʘʪʥʦʝ 

ʥʘ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʪʠʧʘ çʇʘʨʘʣʣʝʣʴè. 

ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ   ʷʚʣʷʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ 

ʧʦʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʟʦʥʝ ʨʘʟʤʝʱʝʥʠʷ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ. ʈʘʩʭʦʜ ʚʦʜʳ ʥʘ 

ʧʦʝʥʠʝ ʞʠʚʦʪʥʳʭ ʬʠʢʩʠʨʦʚʘʣʩʷ ʢʘʞʜʳʡ ʯʘʩ 

ʧʦ ʩʨʝʜʩʪʚʘʤ ʵʣʝʢʪʨʦʥʥʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ 

(ʧʦʟ. 4, ʨʠʩʫʥʦʢ 1) ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʚʭʦʜʝ ʚ 

ʧʦʠʣʢʠ. ʉʫʪʦʯʥʳʡ ʫʜʦʡ ʥʘ ʛʦʣʦʚʫ 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʟʘ ʪʨʠ ʜʦʡʢʠ (ʚ 4 ʫʪʨʘ, 12 ʠ 20 

ʯʘʩʦʚ ʚʝʯʝʨʘ) ʠ ʠʟʤʝʨʷʣʩʷ ʩʯʝʪʯʠʢʦʤ ʤʦʣʦʢʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʜʦʠʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʤʦʥʠʪʦʨʠʥʛʘ (ʧʦʟ. 5, 

ʨʠʩʫʥʦʢ 1), ʨʘʩʧʦʣʦʞʝʥʥʦʡ  ʥʘ ʚʳʩʦʪʝ 2 

ʤʝʪʨʘ ʦʪ ʧʦʣʘ ʚ ʮʝʥʪʨʝ ʩʝʢʮʠʠ, ʥʝʧʨʝʨʳʚʥʦ ʩ  



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

149 
 

ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ 10 ʤʠʥʫʪ ʤʝʞʜʫ 

ʟʘʤʝʨʘʤʠ.    

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʝʢʮʠʠ ʙʝʩʧʨʠʚʷʟʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʨʦʚ 

1 ï ʛʨʫʧʧʦʚʘʷ ʧʣʘʩʪʠʢʦʚʘʷ ʧʦʠʣʢʘ;  2 ï ʩʠʩʪʝʤʘ 

ʫʙʦʨʢʠ ʥʘʚʦʟʘ; 3 ï ʢʦʨʤʦʚʦʡ ʩʪʦʣ; 4 ï ʪʦʯʢʘ 

ʟʘʤʝʨʘ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ; 5 - ʪʦʯʢʘ ʟʘʤʝʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʚʦʢʫʧʥʦʛʦ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʦʮʝʥʢʠ 

ʩʪʨʝʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʠʚʦʪʥʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʝʢʩ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ THI (Temperature Humidity Index). 

ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʥʘʩʪʫʧʣʝʥʠʝ ʩʪʨʝʩʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʦʚ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʢʦʨʦʚʥʠʢʘ. 

ʈʘʩʯʝʪ ʠʥʜʝʢʩʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ 

[8]: 

THI=tab+0,36tdp+41,2 , 

ʛʜʝ tab- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʩʫʭʦʤʫ ʪʝʨʤʦʤʝʪʨʫ, 

ęʉ; tdp- ʪʦʯʢʘ ʨʦʩʳ, ęʉ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʜʘʥʥʳʝ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʠʢʨʦʢʣʠʤʘʪʘ, 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ ʜʨ. 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɿʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ, ʩ 5 ʧʦ 18 

ʘʚʛʫʩʪʘ, ʯʘʩʦʚʦʡ ʩʫʪʦʯʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʧʦ 

ʛʨʫʧʧʝ ʥʘ ʧʦʝʥʠʝ ʠʟ ʧʦʠʣʦʢ, ʤʝʥʷʣʩʷ ʦʪ 0,01 

ʜʦ 0,69 ʤ
3 
ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ 

ʧʨʠʭʦʜʠʣʦʩʴ ʥʘ ʚʨʝʤʷ ʧʦʩʣʝ ʜʦʝʥʠʷ ʠ ʚʦ 

ʚʨʝʤʷ ʢʦʨʤʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2, ʧʨʠʚʝʜʝʥ 

ʧʨʠʤʝʨ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʛʨʫʧʧʦʡ ʠʟ 70 

ʛʦʣʦʚ, ʦʙʦʟʥʘʯʝʥʳ ʧʠʢʦʚʳʝ ʧʦʢʘʟʘʥʠʷ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʝʨʚʳʡ ʯʘʩ ʧʦʩʣʝ ʜʦʝʥʠʷ 

(ʚ 4 ʫʪʨʘ, 12 ʠ 20 ʯʘʩʦʚ ʚʝʯʝʨʘ) ʠ ʚʦ ʚʨʝʤʷ 

ʢʦʨʤʣʝʥʠʷ (ʨʘʟʜʘʯʘ ʢʦʨʤʦʚ ʚ 8 ʯʘʩʦʚ ʫʪʨʘ).  

ʉʫʤʤʘ ʪʘʢʠʭ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʟʘ ʧʝʨʚʳʝ 

ʯʘʩʳ ʧʦʩʣʝ ʜʦʝʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ, ʚ 

ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦ ʚʩʝʡ 

ʧʦʪʨʝʙʣʝʥʥʦʡ ʚʦʜʝ ʯʝʨʝʟ ʧʦʠʣʢʫ ʟʘ ʩʫʪʢʠ 

ʛʨʫʧʧʦʡ, ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 30%. ʊʘʢʦʡ ʨʝʞʠʤ 

ʧʠʢʦʚʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
ʈʠʩ. 2. ʇʦ ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʛʨʫʧʧʫ (6 

ʘʚʛʫʩʪʘ 2019 ʛʦʜʘ) ʧʦʩʣʝ: 

1-ʫʪʨʝʥʥʝʡ ʜʦʡʢʠ; 2-ʜʥʝʚʥʦʡ ʜʦʡʢʠ; 3-ʚʝʯʝʨʥʝʡ 

ʜʦʡʢʠ; ʂ-ʨʘʟʜʘʯʠ ʢʦʨʤʦʚ 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʛʨʘʬʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʩ 5 

ʘʚʛʫʩʪʘ ʧʦ 18 ʘʚʛʫʩʪʘ. ʊʫʪ ʤʳ ʚʠʜʠʤ, ʯʪʦ  

ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʧʝʨʠʦʜ  ʩ 00-00 ʜʦ 8-00, ʘ  ʤʘʢʩʠʤʘʣʴʥʦʝ ʩ 

20-00 ʜʦ 22-00, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʝʯʝʨʥʝʡ 

ʜʦʡʢʦʡ.       

 

 
ʈʠʩ. 3. ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ ʯʘʩʦʚʦʛʦ 

ʨʘʩʭʦʜʘ ʚʦʜʳ (ʤ
3
) ʥʘ ʧʦʝʥʠʝ ʛʨʫʧʧʳ ʢʦʨʦʚ ʩ 5 

ʘʚʛʫʩʪʘ ʧʦ 18 ʘʚʛʫʩʪʘ 2019 ʛʦʜʘ 
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0,01-0,25 0,25-0,49 0,49-0,73
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ʂʨʦʤʝ ʩʧʦʩʦʙʘ ʩʦʜʝʨʞʘʥʠʷ, ʫʩʪʨʦʡʩʪʚʘ 

ʩʠʩʪʝʤ ʧʦʝʥʠʷ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚʥʫʪʨʠ 

ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʦʪʜʘʯʠ ʦʪ ʞʠʚʦʪʥʦʛʦ [9]. ɼʣʷ ʦʮʝʥʢʠ ʪʘʢʠʭ 

ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʫʝʤ ʠʥʜʝʢʩ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ (THI), ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ 

ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʞʠʚʦʪʥʳʭ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʟʥʘʯʝʥʠʝ 

THI ʥʝ ʧʨʝʚʳʰʘʝʪ 68 -ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ 

ʦʪʩʫʪʩʪʚʫʝʪ.  ʆʪ  69 ʜʦ 73 ʥʘʯʘʣʦ ʪʝʧʣʦʚʦʛʦ 

ʩʪʨʝʩʩʘ, ʩ 74 ʥʘʩʪʫʧʘʝʪ ʪʝʧʣʦʚʦʡ ʩʪʨʝʩʩ, ʧʨʠ 

ʟʥʘʯʝʥʠʠ THI ʙʦʣʝʝ 84 ʤʦʛʫʪ ʥʘʩʪʫʧʠʪʴ  

ʪʷʞʝʣʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʧʨʠʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʞʠʚʦʪʥʦʛʦ [10,11]. ɺ 

ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʥʜʝʢʩ ʊʅI ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʝʛʦ ʟʥʘʯʝʥʠʠ (2, ʨʠʩʫʥʦʢ 4), 

ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ, ʥʘʭʦʜʠʣʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 66 õ 73, ʘ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 

61õ69 (3, ʨʠʩʫʥʦʢ 4). ɿʥʘʯʝʥʠʝ THI 69-73 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʞʠʚʦʪʥʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ  ʥʘʯʘʣʘ 

ʪʝʧʣʦʚʦʛʦ ʩʪʨʝʩʩʘ.  

ʀʟ ʛʨʘʬʠʢʘ (ʨʠʩʫʥʦʢ 4) ʚʠʜʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʠʥʜʝʢʩʦʤ 

THI ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ. 

ʊʘʢ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ THI ʨʘʚʥʦʤ 61-62, 

5-7 ʘʚʛʫʩʪʘ, ʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʥʘ 

ʛʦʣʦʚʫ ʙʳʣʦ 78-79 ʣʠʪʨʦʚ,  ʘ ʢʦʛʜʘ ʠʥʜʝʢʩ 

THI ʧʝʨʝʰʝʣ ʛʨʘʥʠʮʫ 65, ʧʨʠ ʩʨʝʜʥʝʤ ʝʛʦ 

ʟʥʘʯʝʥʠʠ, ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʚʦʟʨʦʩʣʦ ʜʦ 85 ʠ 

ʙʦʣʝʝ ʣʠʪʨʦʚ ʥʘ ʛʦʣʦʚʫ ʚ ʩʫʪʢʠ. 

 
ʈʠʩ. 4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ  ʠʟʤʝʥʝʥʠʷ 

ʠʥʜʝʢʩʘ THI ʠ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ 1 

ʛʦʣʦʚʫ 

ʉʫʪʦʯʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʛʦʣʦʚʫ, ʣ (1) ʠ 

ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ THI ʧʦʩʫʪʦʯʥʦ: 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (2) ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ (3) 

 

ʆʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʛʨʫʧʧʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ 1. ʉʫʪʦʯʥʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʦʜʥʠʤ ʞʠʚʦʪʥʳʤ ʠʟ 

ʧʦʠʣʢʠ ʩʦʩʪʘʚʠʣʦ ʦʪ 1,93 ʜʦ 2,19 ʣʠʪʨʘ ʥʘ 1 

ʢʛ ʥʘʜʦʝʥʥʦʛʦ ʤʦʣʦʢʘ. 

ʊʘʙʣʠʮʘ 1 

ʉʫʪʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʨʫʧʧʳ ʢʦʨʦʚ ʚ ʧʝʨʠʦʜ ʩ 5 ʘʚʛʫʩʪʘ ʧʦ 18 ʘʚʛʫʩʪʘ 2019 ʛʦʜʘ 

ɼʝʥʴ 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

ʂʦʣ. ʢʦʨʦʚ 

ʚ ʛʨʫʧʧʝ, 

ʛʦʣ. 

70 70 71 71 77 77 79 79 78 79 79 78 78 78 

ʉʫʪʦʯʥʳʡ 

ʨʘʩʭʦʜ 

ʚʦʜʳ ʯʝʨʝʟ 

ʧʦʠʣʢʫ ʥʘ 

ʛʦʣʦʚʫ, ʣ 

78 79 79 83 78 77 81 85 89 85 87 91 84 91 

ʅʘʜʦʡ ʥʘ 1 

ʛʦʣʦʚʫ, ʢʛ 

35,8 38,4 37,8 40,0 36,4 38,9 39,5 40,8 41,4 39,7 40,3 41,6 43,3 42,8 

ʈʘʩʭʦʜ 

ʚʦʜʳ ʥʘ 1 

ʢʛ 

ʧʦʣʫʯʝʥʥʦ

ʛʦ ʤʦʣʦʢʘ, 

ʣ 

2,17 2,06 2,09 2,06 2,14 1,99 2,06 2,09 2,15 2,15 2,15 2,19 1.93 2,14 
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ɺʳʚʦʜʳ 

1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʢʦʨʦʚʘʤʠ ʚʦʜʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʨʝʞʠʤ ʜʦʝʥʠʷ ʠ ʢʦʨʤʣʝʥʠʷ. 

ʉʨʝʜʥʷʷ ʩʫʤʤʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʛʨʫʧʧʦʡ 

ʢʦʨʦʚ ʟʘ ʧʝʨʚʳʡ ʯʘʩ ʧʦʩʣʝ ʪʨʝʭ ʜʦʝʢ 

ʩʦʩʪʘʚʠʣʘ 19Ñ2%, ʘ ʢʦʨʤʣʝʥʠʷ 11Ñ2%, ʦʪ 

ʦʙʱʝʡ ʧʦʪʨʝʙʣʝʥʥʦʡ ʚʦʜʳ ʟʘ ʩʫʪʢʠ ʯʝʨʝʟ 

ʧʦʠʣʢʫ. ɺ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʦʪʤʝʯʘʝʪʩʷ ʩ 00-00 ʜʦ 8-00, 

ʘ  ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʩʣʝ ʚʝʯʝʨʥʝʡ ʜʦʡʢʠ ʩ 20-

00 ʜʦ 22-00. 

2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ  ʠʥʜʝʢʩʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ (THI) ʠ ʫʨʦʚʥʝʤ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʢʦʨʦʚʘʤʠ. ʊʘʢ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʠʥʜʝʢʩʘ THI  ʩ 61 ʜʦ 73, 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʦʜʥʫ ʛʦʣʦʚʫ ʤʝʥʷʣʦʩʴ ʩ 

77 ʜʦ 91 ʣʠʪʨʘ, ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʟʥʘʯʝʥʠʡ.  ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ 

ʚʦʜʳ ʯʝʨʝʟ ʧʦʠʣʢʫ, ʥʘ 1 ʢʛ ʥʘʜʦʝʥʥʦʛʦ 

ʤʦʣʦʢʘ, ʩʦʩʪʘʚʣʷʣ 2,06Ñ0,13 ʣʠʪʨʦʚ. 
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ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʪʨʝʙʣʝʥʠʷ ʤʷʩʘ ʩʚʠʥʠʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʚ 25,5 

ʢʠʣʦʛʨʘʤʤʦʚ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ. ɺʳʩʦʢʦʤʫ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʤʫ ʩʧʨʦʩʫ ʥʘ ʜʘʥʥʳʡ ʚʠʜ ʧʨʦʜʫʢʮʠʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʩʚʠʥʠʥʳ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʦʚʷʜʠʥʦʡ ʠ ʙʘʨʘʥʠʥʦʡ. ʇʦ ʜʘʣʴʥʝʡʰʠʤ ʧʨʦʛʥʦʟʘʤ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʠʥʠʥʳ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ; ʝʛʦ 

ʦʙʲʝʤ ʢ 2022 ʛʦʜʫ ʫʚʝʣʠʯʠʪʩʷ ʝʱʝ ʥʘ 1,5 ʤʠʣʣʠʦʥʘ ʪʦʥʥ. ʀʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʜʦʣʠ ʠʤʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʙʲʝʤ ʢʦʪʦʨʦʡ ʚ 2018 

ʛʦʜʫ ʩʦʩʪʘʚʠʣ 80 ʪʳʩʷʯ ʪʦʥʥ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʠʤʧʦʨʪʘ ʝʞʝʛʦʜʥʦ ʨʘʩʪʝʪ ʵʢʩʧʦʨʪ 

ʩʚʠʥʠʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʲʝʤ ʵʢʩʧʦʨʪʘ ʩʚʠʥʠʥʳ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 80 ʪʳʩʷʯ ʪʦʥʥ, ʧʨʠʯʝʤ 

ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʫ ʢ 2024 ʛʦʜʫ ʦʥ ʫʚʝʣʠʯʠʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʈʦʩʩʠʷ 

ʧʝʨʝʰʣʘ ʥʘ ʧʦʣʥʦʝ ʩʘʤʦʦʙʝʩʧʝʯʝʥʠʝ ʧʦ ʜʘʥʥʦʤʫ ʚʠʜʫ ʧʨʦʜʫʢʮʠʠ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʵʢʩʧʦʨʪʘ ʩʚʠʥʠʥʳ, ʩʫʙʧʨʦʜʫʢʪʦʚ ʠ ʩʚʠʥʦʛʦ ʰʧʠʢʘ. ʆʜʥʘʢʦ ʚ 

ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʚʥʝʰʥʝʤ ʨʳʥʢʝ ʚ ʮʝʥʦʚʦʤ ʩʝʛʤʝʥʪʝ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ 

ʵʢʩʧʦʨʪʘ ʩʚʠʥʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʟʜʝʨʞʝʢ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʪʥʷʪʳʭ ʧʦʨʦʩʷʪ ʦʪ ʩʚʠʥʦʤʘʪʢʠ ʟʘ ʦʜʠʥ 

ʦʧʦʨʦʩ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʢʘʨʤʣʠʚʘʥʠʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʳʢʘʨʤʣʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʦʩʦʙʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʟʘʙʦʣʝʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʦʩʥʦʚʥʳʭ 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ 

ʫʯʝʪʦʤ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʭʦʜʘ ʢʦʤʧʦʥʝʥʪʦʚ ʛʦʪʦʚʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʦʟʨʘʩʪʘ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʨʘʩʯʝʪʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʨʤʘʪʠʚʥʳʭ 

ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʨʘʩʭʦʜʫ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ, ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʚʦʜʳ ʜʣʷ 

ʧʨʦʤʳʚʢʠ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʚʳʧʘʠʚʘʝʤʳʭ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʝʤʢʦʩʪʝʡ ʜʣʷ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ, 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʚʦʜʳ ʜʣʷ ʧʨʦʤʳʚʢʠ ʩʠʩʪʝʤʳ ʠ ʦʙʲʝʤ ʜʦʟʠʨʫʶʱʠʭ ʝʤʢʦʩʪʝʡ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Pascal ABC. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʦʧʨʝʜʝʣʷʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʩʫʭʦʡ 

ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʦʡ ʢʦʨʤʦʩʤʝʩʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʥʷ 

ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ.  
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In the structure of meat consumption, the pork occupies the second place with an indicator of 25.5 

kilograms per capita. Caloric value of pork and its relatively low cost compared to beef and lamb contribute 

to the strong retail demand for this type of product. According to further forecasts, the pork production will 

only grow; its volume will increase by another 1.5 million tons by 2022. The intensive growth of domestic 

pork production promotes the reduction in the imported products share, the volume of which in 2018 

amounted to 80 thousand tons. At the same time, the pork exports grow annually. At present, the volume of 

pork exports is about 80 thousand tons, and according to the forecast, by 2024 it will more than triple. Since 

Russia has become fully self-sufficient in terms of this product, the further development of the industry 

depends directly on the increase in the pork, by-products and backfat exports. However, the increase in pork 

exports under the strong competition in the external market in the price segment requires the more effective 

use of the genetic potential of animals as well as lower production costs. One of the main directions to 

address the specified problems is to increase the number of weaned piglets per farrowing. This can be 

achieved by using various methods of complementary and artificial feeding of suckling piglets. The current 

relevant methods feature a higher number of stressful situations and the spread of gastrointestinal diseases of 

suckling piglets. The article describes a technical and technological solution of a robotic device for suckling 

piglets feeding. In order to determine its main technical and technological parameters, a mathematical model 

of its functioning was created taking into account the normative values of premixed feed components 

depending on the suckling pigletsô age. The method of mathematical modeling was applied to create the 

model, which provides a computational and structural approach, based on the use of normative and statistical 

data on consumption of dry feed mixture and drinking water depending on the age of weaned suckling 

piglets and the water for the system washing. The created mathematical model allowed calculating the 

dimensions of containers for dry feed mixture, drinking water and washing water as well as the volume of 

metering containers. A program in Pascal ABC was written for practical application of the mathematical 

model, which allowed the robotic device to determine the necessary volume of dry feed mixture and drinking 

water to prepare the ready feed mix depending on the feeding day of suckling piglets. 

 

Keywords: agriculture; pig breeding; sow; suckling period; robotic device. 

 

For citation: Plaksin I.E., Plaksin S.I., Trifanov A.V. Mathematical model of robotic device functioning 

for suckling piglets feeding. Tekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva 

produkcii rastenievodstva i zhivotnovodstva. 2019. 3(100): 153- 160 (In Russian) 

 

 

 

 

 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

155 
 

ɺʚʝʜʝʥʠʝ 

ʉʚʠʥʦʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʦʪʨʘʩʣʝʡ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. ʎʝʣʴʶ 

ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʣʶʙʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʜʦʩʪʫʧʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ 

ʧʨʦʜʫʢʮʠʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚʝʱʝʩʪʚʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ 

ʥʘʙʣʶʜʸʪʩʷ ʪʝʥʜʝʥʮʠʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʤʷʩʘ (ʨʠʩ.1) [1]. 

 
ʈʠʩ.1.  ɼʠʥʘʤʠʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʤʷʩʘ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʵʢʩʧʦʨʪʘ, ʢʛ/ʛʦʜ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʷʩʘ, 

ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ, 

ʩʦʩʪʘʚʣʷʝʪ 75 ʢʠʣʦʛʨʘʤʤʦʚ ʚ ʛʦʜ. ʇʨʠʯʝʤ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʤʷʩʦ ʧʪʠʮʳ ʠ ʩʚʠʥʠʥʫ, ʯʪʦ ʚ ʧʨʦʮʝʥʪʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 45% ʠ 34 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ, ʚ 

ʦʪʨʘʩʣʠ ʧʪʠʮʝʚʦʜʩʪʚʘ ʚ 2018 ʛʦʜʫ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ 

ʩʠʣʫ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʢʨʠʟʠʩ 

ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʚʝʣʠʯʝʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʟʘʢʨʳʪʠʝ ʨʷʜʘ 

ʧʪʠʮʝʢʦʤʧʣʝʢʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʧʪʦʚʳʭ ʠ 

ʨʦʟʥʠʯʥʳʭ ʮʝʥ ʥʘ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʥʠʞʝʥʠʶ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ. 

ʉʣʦʞʠʚʰʘʷʩʷ ʩʠʪʫʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʩʚʠʥʠʥʫ, ʦʙʲʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʦʡ ʝʞʝʛʦʜʥʦ ʨʘʩʪʝʪ 

ʙʣʘʛʦʜʘʨʷ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʧʝʨʝʦʩʥʘʱʝʥʠʶ ʩʪʘʨʳʭ ʩʚʠʥʦʢʦʤʧʣʝʢʩʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʩʪʨʦʡʢʝ ʥʦʚʳʭ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʨʝʰʝʥʠʡ.  

ʅʘ ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʝʞʝʛʦʜʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦʣʷ 

ʠʤʧʦʨʪʥʦʡ ʩʚʠʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʦʙʱʠʡ ʦʙʲʝʤ ʢʦʪʦʨʦʡ ʚ 2018 ʛʦʜʫ ʩʦʩʪʘʚʠʣ 

ʧʦʨʷʜʢʘ 80 ʪʳʩ. ʪʦʥʥ ʧʨʠ ʢʚʦʪʝ ʚ 430 ʪʳʩ. 

ʪʦʥʥ [1]. ɺ ʪʦʞʝ ʚʨʝʤʷ ʵʢʩʧʦʨʪ ʩʚʠʥʠʥʳ, 

ʩʚʠʥʳʭ ʩʫʙʧʨʦʜʫʢʪʦʚ ʠ ʩʚʠʥʦʛʦ ʰʧʠʢʘ 

ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʳʭʦʜʘ ʈʦʩʩʠʠ ʥʘ 

ʧʦʣʥʫʶ ʩʘʤʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʜʘʥʥʳʤ ʚʠʜʦʤ 

ʧʨʦʜʫʢʮʠʠ.  ɺ 2018 ʛʦʜʫ ʵʢʩʧʦʨʪ 

ʩʚʠʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʠʣ 85 ʪʳʩ. 

ʪʦʥʥ ʠ, ʧʦ ʜʘʣʴʥʝʡʰʠʤ ʧʨʦʛʥʦʟʘʤ, ʜʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʇʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ ʥʘ 2019 ʛʦʜ 

ʵʢʩʧʦʨʪ ʩʚʠʥʠʥʳ ʩʦʩʪʘʚʠʪ 100 ʪʳʩ. ʪʦʥʥ, ʯʪʦ 

ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 2018 

ʛʦʜʘ ʥʘ 17 % [2].  

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ 

ʩʚʠʥʦʚʦʜʩʪʚʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʝʞʝʛʦʜʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʵʢʩʧʦʨʪʘ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʢ 2024 

ʛʦʜʫ ʜʦʣʦʞʝʥ ʩʦʩʪʘʚʠʪʴ 270 ʪʳʩ. ʪʦʥʥ. ʅʦ, 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʟʜʝʨʞʝʢ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʪʥʷʪʳʭ ʧʦʨʦʩʷʪ ʦʪ 

ʩʚʠʥʦʤʘʪʢʠ ʟʘ ʦʜʠʥ ʦʧʦʨʦʩ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ 
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ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʩʷʪ ʢ ʧʨʠʝʤʥʳʤ 

ʩʚʠʥʦʤʘʪʢʘʤ ʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʫʯʥʦʡ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʢʦʨʤʢʠ ʧʦʨʦʩʷʪ-

ʩʦʩʫʥʦʚ [3-5]. 

ɼʘʥʥʳʝ ʩʧʦʩʦʙʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʡ ʠʟ-ʟʘ ʙʦʨʴʙʳ ʟʘ ʩʦʩʢʠ, 

ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʝʞʝʩʫʪʦʯʥʳʭ 

ʧʨʠʚʝʩʦʚ ʚʩʝʛʦ ʛʥʝʟʜʘ [6].  

ɼʣʷ ʨʝʰʝʥʠʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʚ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʦ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʦʣʥʫʶ ʟʘʤʝʥʫ 

ʩʚʠʥʦʤʘʪʢʠ. 

ɼʣʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʭʦʡ 

ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ, ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʚʦʜʳ ʜʣʷ 

ʧʨʦʤʳʚʢʠ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʨʘʩʭʦʜʫ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʦʪʦʚʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. 

ɼʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-

ʩʦʩʫʥʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ ʩʦʩʫʥʦʚ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʦʡ 

ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-

ʩʦʩʫʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʝʛʦ ʧʨʦʤʳʚʢʠ ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʢʦʨʤʣʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʨʘʩʯʝʪʥʦ-

ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʨʤʘʪʠʚʥʳʭ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʨʘʩʭʦʜʫ ʩʫʭʦʡ 

ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ, ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ 

ʚʦʜʳ ʜʣʷ ʧʨʦʤʳʚʢʠ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʦʟʨʘʩʪʘ ʚʳʧʘʠʚʘʝʤʳʭ ʧʦʨʦʩʷʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ: MS Excel ʠ MS Word. 

ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Pascal ABC. [7] 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʋʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʩʚʠʥʦʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʝʞʝʛʦʜʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʲʝʤʘ ʵʢʩʧʦʨʪʘ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʟʜʝʨʞʝʢ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʚʳʨʘʱʠʚʘʥʠʷ 

ʩʚʠʥʝʡ ʥʘ ʤʷʩʦ, ʷʚʣʷʝʪʩʷ ʧʦʜʩʦʩʥʳʡ ʧʝʨʠʦʜ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʛʝʥʝʪʠʯʝʩʢʦʤʫ 

ʧʦʪʝʥʮʠʘʣʫ, ʟʘ ʦʜʠʥ ʦʧʦʨʦʩ ʩʚʠʥʦʤʘʪʢʘ 

ʤʦʞʝʪ ʧʨʠʥʦʩʠʪʴ ʜʦ 19 ʧʦʨʦʩʷʪ, ʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʨʦʞʜʝʥʥʳʭ ʧʦʨʦʩʷʪ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʥʝʭʚʘʪʢʠ ʩʦʩʢʦʚ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʚʳʩʦʢʦʤʫ 

ʧʨʦʮʝʥʪʫ ʧʘʜʝʞʘ, ʜʦʩʪʠʛʘʶʱʝʤʫ 15%, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʳʩʦʢʠʤ ʧʨʦʮʝʥʪʦʤ 

ʩʪʨʝʩʩʦʚʳʭ ʩʠʪʫʘʮʠʡ ʠʟ-ʟʘ ʙʦʨʴʙʳ ʟʘ ʩʦʩʢʠ, 

ʟʘʜʘʚʣʠʚʘʥʠʝʤ ʧʦʨʦʩʷʪ ʩʚʠʥʦʤʘʪʢʦʡ ʚʚʠʜʫ 

ʩʥʠʞʝʥʠʷ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʙʦʣʝʟʥʝʡ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ   

ʩʧʦʩʦʙʳ ʚʳʢʘʨʤʣʠʚʘʥʠʷ ʠ ʜʦʢʘʨʤʣʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ ʥʝ ʨʝʰʘʶʪ ʦʙʦʟʥʘʯʝʥʥʳʭ 

ʧʨʦʙʣʝʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ 

ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʝ 
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ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 [6,8]. 

 

 
ʈʠʩ.2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʳʧʘʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ 

 

ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʧʝʨʘʮʠʷʤʠ ʚ ʮʠʢʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʦʡ 

ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʷʚʣʷʶʪʩʷ, ʪʦʯʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʟʳ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ï 

ʟʘʤʝʥʠʪʝʣʷ ʮʝʣʴʥʦʛʦ ʤʦʣʦʢʘ (ɿʎʄ), 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʚʦʜʳ ʜʣʷ ʧʨʦʤʳʚʢʠ 

ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʢʦʨʤʣʝʥʠʷ ʧʦʨʦʩʷʪ-

ʩʦʩʫʥʦʚ. ʀʤʝʥʥʦ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʷʪ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʨʘʩʭʦʜʫ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ, ʧʠʪʴʝʚʦʡ 

ʚʦʜr, ʘ ʪʘʢʞʝ ʚʦʜʳ ʜʣʷ ʧʨʦʤʳʚʢʠ ʩʠʩʪʝʤʳ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ [9] ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʩʫʪʦʯʥʦʛʦ ʠ 

ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ, 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʚʦʜʳ ʜʣʷ ʧʨʦʤʳʚʢʠ 

ʩʠʩʪʝʤʳ, ʚ ʧʨʦʮʝʩʩʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʚr ʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. 

ʉʨʦʢ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʳʧʘʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 28 ʜʥʝʡ ʩ 

ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʧʦʨʮʠʠ 

ʤʦʣʦʟʠʚʘ ʦʪ ʩʚʠʥʦʤʘʪʢʠ, ʪʦ ʝʩʪʴ ʩ 1 ʧʦ 28 

ʜʝʥʴ ʩ ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ ʧʦʨʦʩʝʥʢʘ [10]. 

ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ, ʚʳʧʘʠʚʘʝʤʳʭ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʦʩʪʘʚʣʷʝʪ 

14 ʛʦʣʦʚ. ʉʤʝʩʴ ʜʣʷ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ 

ʛʦʪʦʚʠʪʩʷ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʧʦʨʮʠʠ: 

ʥʘ ʦʜʠʥ ʢʠʣʦʛʨʘʤʤ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ 

ʧʨʠʭʦʜʠʪʩʷ ʧʷʪʴ ʣʠʪʨʦʚ ʧʠʪʴʝʚʦʡ ʚʦʜʳ [9]. 

ʉʨʝʜʥʝʩʫʪʦʯʥʦʝ ʥʦʨʤʘʪʠʚʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʛʦʪʦʚʦʡ ʩʤʝʩʠ ʦʜʥʠʤ ʧʦʨʦʩʝʥʢʦʤ-ʩʦʩʫʥʦʤ ʚ 

ʨʘʟʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʝʛʦ 

ʚʳʧʘʠʚʘʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 1 [9]. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʝʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʛʦʪʦʚʦʡ ʩʤʝʩʠ ʧʦʨʦʩʷʪʘʤʠ ʩʦʩʫʥʘʤʠ 

ˉ ʩʫʪʦʢ ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʛʦʪʦʚʦʡ ʩʤʝʩʠ ʦʜʥʠʤ ʧʦʨʦʩʝʥʢʦʤ 

ʟʘ ʜʝʥʴ, (ʤʣ) 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʨʤʣʝʥʠʡ ʚ 

ʜʝʥʴ, (ʨʘʟ) 

1ï4 360 12 

5ï10 500 6 

11ï20 800 5 

21ï28 1000 4 
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ʉʯʠʪʘʝʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʡ 

ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʨʦʩʝʥʢʫ-

ʩʦʩʫʥʫ ʚ ʜʝʥʴ, ʚ ʢʘʞʜʦʤ ʠʟ ʯʝʪʳʨʝʭ 

ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʩʦʜʝʨʞʘʥʠʷ (ʪʘʙʣ. 

1) ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ.  

ʇʣʦʪʥʦʩʪʴ ɟ  ʛʦʪʦʚʦʡ ʩʤʝʩʠ ʚ ʢʘʞʜʦʤ 

ʚʨʝʤʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʳʧʘʠʚʘʥʠʷ  

ʧʦʨʦʩʝʥʢʘ-ʩʦʩʫʥʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 

ʥʦʨʤʘʪʠʚʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʂʦʣʠʯʝʩʪʚʦ ʩʫʭʦʡ 

ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ÆÔ   Ôɴ ρȟȣȟςψ      ʥʘ 

ʚʩʝʤ ʧʨʦʤʝʞʫʪʢʝ ʚʳʧʘʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

çʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡè ʬʫʥʢʮʠʝʡ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʘʨʛʫʤʝʥʪʘ t ʠ ʠʤʝʝʪ ʚʠʜ: 

 

Ὢὸ

ừ
Ử
Ử
Ừ

Ử
Ử
ứ
σφπ

φ
Ͻ”ȟ̆ ̒̌̉ ρ ὸ τ

υππ

φ
Ͻ”ȟ̆ ̒̌̉ υ ὸ ρπ

ψππ

φ
Ͻ”ȟ̆ ̒̌̉ ρρ ὸ ςπ

ρπππ

φ
Ͻ”ȟ̆ ̒̌̉ ςρ ὸ ςψȟ

                   ρ 

 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʛʦʪʦʚʦʡ ʩʤʝʩʠ, ʛ/ʤʣ; 

 Ô ï ʥʦʤʝʨ ʩʫʪʦʢ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʝʥʢʘ 

ʩʦʩʫʥʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʩʯʠʪʘʝʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʢʘʞʜʦʤ ʠʟ ʯʝʪʳʨʝʭ 

ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʩʦʜʝʨʞʘʥʠʷ (ʪʘʙʣ. 

1) ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ.  

ʂʦʣʠʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ÆÔ   Ôɴ

ρȟȣȟςψ      ʥʘ ʚʩʝʤ ʧʨʦʤʝʞʫʪʢʝ 

ʚʳʧʘʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ çʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡè 

ʬʫʥʢʮʠʝʡ ʥʘʪʫʨʘʣʴʥʦʛʦ ʘʨʛʫʤʝʥʪʘ t ʠ ʠʤʝʝʪ 

ʚʠʜ: 

Ὢὸ

ừ
Ử
Ử
Ừ

Ử
Ử
ứ
σφπϽυϽ”

φ
ȟ̆ ̒̌̉ ρ ὸ τ

υππϽυϽ”

φ
ȟ̆ ̒̌̉ υ ὸ ρπ

ψππϽυϽ”

φ
ȟ̆ ̒̌̉ ρρ ὸ ςπ

ρπππϽυϽ”

φ
ȟ̆ ̒̌̉ ςρ ὸ ςψ

             ς 

 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ 

ʩʤʝʩʠ -̈ ̗,̍ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʜʥʦʛʦ 

ʧʦʨʦʩʝʥʢʘ-ʩʦʩʫʥʘ ʟʘ ʮʠʢʣ ʚʳʧʘʠʚʘʥʠʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʥʘʭʦʜʠʤ 

ʩʫʤʤʠʨʦʚʘʥʠʝʤ: 

ὓ̈ ̗̍ τϽ
σφπ

φ
Ͻ” φϽ

υππ

φ
Ͻ” ρπϽ

ψππϽ”

φ
ψϽ
ρπππϽ”

φ
 

ρπςςπ

σ
Ͻ”                                                               σ 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʴʝʚʦʡ ʚʦʜʳ -̃ , 

ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʨʦʩʝʥʢʫ-ʩʦʩʫʥʫ  ʟʘ ʮʠʢʣ 

ʚʳʧʘʠʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤ ʚ ʚʠʜʝ: 

ὓ̃ τϽ
σφπϽυϽ”

φ
φϽ
υππϽυϽ”

φ
ρπϽ
ψππϽυϽ”

φ
ψϽ
ρπππϽυϽ”

φ
 

υρρππ

σ
Ͻ”                                                                        τ 

ɼʣʷ ʧʨʦʤʳʚʢʠ ʩʠʩʪʝʤʳ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ ʩʦʩʫʥʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʩʦʩʘ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ 

ʬʦʨʩʫʥʦʢ. ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʚʦʜʳ 6 ʜʣʷ 

ʧʨʦʤʳʚʢʠ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

ὠ ὔϽ‎ϽὝϽὲ                                                           υ 

ʛʜʝ ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʩʫʥʦʢ; ‎ ï 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʡ ʬʦʨʩʫʥʢʠ, ʣ/ʩ; Ὕ 

ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʬʦʨʩʫʥʦʢ, ʩ; ὲ ï ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʨʤʣʝʥʠʡ ʚ ʜʝʥʴ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ 

ʤʦʜʝʣʠ ʥʘ ʧʨʘʢʪʠʢʝ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ 

ʷʟʳʢʝ Pascal ABC, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ 

ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʣʦʪʥʦʩʪʠ ʛʦʪʦʚʦʡ ʩʤʝʩʠ (ʨʠʩ.3).
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ʈʠʩ.3 ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ 

ʩʤʝʩʠ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʭʦʡ 

ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʦʡ ʢʦʨʤʦʩʤʝʩʠ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʥʷ ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-

ʩʦʩʫʥʦʚ. ʆʧʨʝʜʝʣʝʥʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʚʳʧʘʠʚʘʥʠʷ 

ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʇʨʠʚʝʜʝʥʦ 

ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ ʧʨʦʤʳʚʢʠ ʩʠʩʪʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʮʠʢʣ 

ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ. ɼʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʥʘ ʷʟʳʢʝ Pascal ABC, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʦʧʨʝʜʝʣʷʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʩʫʭʦʡ ʢʦʨʤʦʚʦʡ ʩʤʝʩʠ ʠ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʦʡ 

ʢʦʨʤʦʩʤʝʩʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʥʷ 

ʚʳʧʘʠʚʘʥʠʷ ʧʦʨʦʩʷʪ-ʩʦʩʫʥʦʚ.  
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One type of waste containing the animal excrement is the manure-bearing wastewater from the milking 

parlour ï a mixture of natural animal excreta and process water. Plant growing facilities may be the 

significant consumers of both the nutrients and water from this waste. IEEP ï branch of FSAC VIM 

developed a technology to prepare this wastewater for the subsequent use as a nutrient solution to grow 

flowers in the greenhouses. The study objective was to determine the economic effect of the subsurface 

application of manure-bearing wastewater from the milking parlour in the adjacent operating greenhouse for 

growing roses by traditional techniques. It was established that to prepare and apply all the manure-bearing 

wastewater from the milking parlour of the dairy farm for 640 cows, the useful area of such a greenhouse 

should be 2281 m
2
. The relevant capital investments were found to amount to 1, 714. 654 thousand roubles. 

The annual economic effect from the cost savings to purchase the fertilisers and the profit from the increase 

in the flowers yield amounted to 6,173.576 thousand roubles per year.  The estimated payback period of the 

system of subsurface application of manure-bearing wastewater from milking parlours was 3.3 months. The 

high payback of additional capital investments allows recommending the developed system of subsurface 

application of manure-bearing wastewater from milking parlours in the operating adjacent greenhouse for 

growing roses. 
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ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʉʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ ʚ ʦʙʣʘʩʪʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦʡʥʦʛʦ ʩʪʘʜʘ, ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ 

ʦʪ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʚʷʟʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (72% 

ʧʦʛʦʣʦʚʴʷ) ʢ ʙʝʩʧʨʠʚʷʟʥʦʤʫ [1]. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʝʣʴʭʦʟ-

ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʜʦʝʥʠʝʤ ʢʦʨʦʚ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʦʠʣʴʥʳʭ ʟʘʣʘʭ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʜʦʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ 

ʩʪʦʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪ ʤʳʪʴʷ ʜʦʠʣʴʥʦʛʦ 

ʟʘʣʘ. ɺ ʩʠʣʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʫʪʠʣʠʟʘʮʠʠ, 

ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʚ ʩʦʢʨʘʱʝʥʠʷ ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ 

ʩʪʦʢʦʚ ʜʦʠʣʴʥʳʭ ʟʘʣʦʚ (ʅʉɼɿ) ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʜʦʠʣʴʥʳʭ ʟʘʣʦʚ 

ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ, ʢʘʢ ʢʦʨʦʚʥʠʢʦʚ, 

ʪʘʢ ʠ ʜʦʠʣʴʥʳʭ ʟʘʣʦʚ [2]. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʫʪʠʣʠʟʘʮʠʷ ʥʘʚʦʟʦ-

ʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʜʦʠʣʴʥʳʭ ʟʘʣʦʚ 

ʚʦʟʤʦʞʥʘ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʥʘ ʧʦʣʷ ʧʦʩʣʝ 

ʰʝʩʪʠʤʝʩʷʯʥʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ʠʣʠ 

ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʦʢ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʭ ʚ ʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʠʪʘʪʝʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 

ʟʝʣʝʥʳʭ ʚʠʪʘʤʠʥʥʳʭ ʢʦʨʤʦʚ ʛʠʜʨʦʧʦʥʥʳʤ 

ʩʧʦʩʦʙʦʤ [3] ʠʣʠ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 

ʮʚʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʚ ʛʨʫʥʪʦʚʳʭ 

ʪʝʧʣʠʮʘʭ [4]. 

ʋʯʠʪʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ 

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʜʦʠʣʴʥʳʭ ʟʘʣʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ.  

ʈʘʥʝʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʯʪʦ, ʜʣʷ ʩʪʘʜʘ 

ʧʦʛʦʣʦʚʴʝʤ 600 ï 650  ʢʦʨʦʚ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʟʦʚʦʛʦ ʜʦʝʥʠʷ, 
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ʨʘʚʥʦʛʦ 5 ʯʘʩʘʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʚʳʭʦʜʘ 

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʠʟ ʜʦʠʣʴʥʦʛʦ ʟʘʣʘ 

ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʜʦʡʥʦʛʦ ʩʪʘʜʘ 

ʩʦʩʪʘʚʣʷʝʪ 640 ʛʦʣʦʚ [5]. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ 64 

ʛʦʣʦʚʳ, ʜʚʫʭʨʘʟʦʚʦʝ ʜʦʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʪʠʧʘ çʂʘʨʫʩʝʣʴè ʩ 

ʚʥʝʰʥʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʦʚ 

ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ï 26. ʆʧʨʝʜʝʣʠʤ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʅʉɼɿ 

(ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʅʉɼɿ) ʜʣʷ 

ʵʪʦʡ ʬʝʨʤʳ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʨʠʬʝʨʤʩʢʫʶ 

ʪʝʧʣʠʮʫ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ 

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʜʦʠʣʴʥʦʤ ʟʘʣʝ ʤʦʣʦʯʥʦʡ ʬʝʨʤʳ ʥʘ 640 ʢʦʨʦʚ 

ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʨʠʬʝʨʤʩʢʫʶ ʪʝʧʣʠʮʫ ʩ 

ʚʳʨʘʱʠʚʘʥʠʝʤ ʨʦʟ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ʇʨʠʤʝʨʥʳʡ ʩʫʪʦʯʥʳʡ ʚʳʭʦʜ 

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʠʟ ʜʦʠʣʴʥʦʛʦ ʟʘʣʘ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʷʤ [2], ʟʥʘʷ ʨʘʟʤʝʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʛʨʫʧʧʳ, ʨʘʟʤʝʨ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʝʢ ʧʦʣʘ ʠ ʚʨʝʤʷ ʜʦʝʥʠʷ 

ʞʠʚʦʪʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ 

ʦʮʝʥʠʪʴ ʪʨʝʙʫʝʤʳʝ ʸʤʢʦʩʪʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʠ ʧʣʦʱʘʜʠ ʜʣʷ ʠʭ 

ʫʪʠʣʠʟʘʮʠʠ. 

ʄʠʥʠʤʘʣʴʥʫʶ ʧʦʣʝʟʥʫʶ ʧʣʦʱʘʜʴ 

ʧʨʠʬʝʨʤʩʢʦʡ ʪʝʧʣʠʮʳ, ʥʘ ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʠʪʴ ʩʠʩʪʝʤʫ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʅʉɼɿ ʜʣʷ ʠʭ 

ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʠ, ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ [6] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ çʇʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ 

ʧʣʦʱʘʜʠ ʧʨʠʬʝʨʤʩʢʦʡ ʪʝʧʣʠʮʳ ʜʣʷ 

ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚè. 

ɺʘʞʥʝʡʰʠʝ ʵʣʝʤʝʥʪʳ ʪʝʭʥʠʢʠ ʧʦʣʠʚʘ, 

ʪʘʢʠʝ ʢʘʢ ʝʜʠʥʠʯʥʘʷ ʧʦʣʠʚʥʘʷ ʥʦʨʤʘ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʝ ʧʦʜʘʯʠ, ʨʘʩʯʝʪʥʳʡ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʠ ʥʘʧʦʨ ʚ ʫʚʣʘʞʥʠʪʝʣʝ, 

ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ [7]. ɼʣʷ ʨʘʩʯʸʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʛʠʜʨʘʚʣʠʢʝ [8], ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʘ ʩʪʦʢʦʚ ʧʦ ʪʨʫʙʘʤ [9].  

ʇʨʠ ʨʘʩʯʝʪʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ 

ʚʥʝʩʝʥʠʷ ʅʉɼɿ (ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʦʡ ʅʉɼɿ) ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʧʨʠʬʝʨʤʩʢʫʶ ʪʝʧʣʠʮʫ ʧʨʠʤʝʥʷʝʤ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʰʠʥ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

[10, 11]. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [6, 12, 13]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʦʜʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʅʉɼɿ ʦʪ 

ʬʝʨʤʳ ʠ ʧʨʠʙʳʣʠ ʦʪ ʮʚʝʪʦʚ (ʨʦʟ) ʟʘ ʩʯʝʪ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʠ 

ʟʘʪʨʘʪ ʥʘ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʥʷʪʘ 

ʪʝʭʥʦʣʦʛʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʪʝʧʣʠʮʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʣʠʚʘ ʠ 

ʧʦʜʢʦʨʤʢʘʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ï ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʅʉɼɿ (ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʅʉɼɿ) ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʨʠʬʝʨʤʩʢʫʶ ʪʝʧʣʠʮʫ. 

ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʠʩʯʠʩʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ 

ʧʨʦʜʫʢʪʘ ʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ 

ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʫʜʦʙʨʝʥʠʡ 

ʠ ʧʨʠʙʳʣʠ ʦʪ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʷ ʮʚʝʪʦʚ: 

ʕɻ ʬ=ʕʫʜ + ʇʮ, ʪʳʩ. ʨʫʙ. / ʛʦʜ;   (1) 
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ʛʜʝ ʕʫʜ ï ʵʢʦʥʦʤʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʫʜʦʙʨʝʥʠʡ, ʨʫʙ./ʛʦʜ; ʇʮ ï ʧʨʠʙʳʣʴ ʦʪ 

ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʷ ʮʚʝʪʦʚ, ʨʫʙ./ʛʦʜ. 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ [14]: 

ʵʬʕ

ʂ
ʊ= ;     (2) 

ʛʜʝ ʂ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ 

ʚʣʦʞʝʥʠʷ ʚ ʧʨʦʝʢʪʠʨʫʝʤʦʤ ʚʘʨʠʘʥʪʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʫ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʷʤ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʫʜʝʣʴʥʳʡ 

ʚʳʭʦʜ ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʚ ʩʫʪʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 7 ʣ/ʛʦʣ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 

ʞʠʞʝʩʙʦʨʥʠʢ ʪʘʢʦʡ ʤʦʣʦʯʥʦʡ ʬʝʨʤʳ ʥʘ 640 

ʢʦʨʦʚ ʝʞʝʩʫʪʦʯʥʦ ʧʦʩʪʫʧʘʝʪ ʦʢʦʣʦ 4,4 ʪ 

ʩʪʦʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʧʨʠʤʝʨʥʦ ʠʟ 0,1 ʪ 

ʢʦʨʦʚʴʠʭ ʵʢʩʢʨʝʤʝʥʪʦʚ ʠ 4,3 ʪ ʚʦʜʳ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʤʳʪʴʷ ʜʦʠʣʴʥʦʛʦ ʟʘʣʘ. ɼʣʷ 

ʠʭ ʥʘʢʦʧʣʝʥʠʷ, ʦʪʩʪʘʠʚʘʥʠʷ ʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 6-ʪʠ 

ʩʫʪʦʢ ʥʝʦʙʭʦʜʠʤʳ ʯʝʪʳʨʝ ʧʨʠʝʤʥʳʭ 

ʨʝʟʝʨʚʫʘʨʘ ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʲʝʤʦʤ ʧʦ 9 ʤ
3
. 

ʄʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʘʵʨʦʪʝʥʢʘ ʜʣʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʅʉɼɿ ʩʦʩʪʘʚʠʪ 

4,8 ʤ
3
.  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʨʝʜʥʷʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʨʦʟʳ ʧʨʠ ʧʦʜʢʦʨʤʢʘʭ ʅʉɼɿ 

ʩʦʩʪʘʚʣʷʝʪ 260 ʰʪ/ʤ
2
. ʋʯʠʪʳʚʘʷ ʩʦʜʝʨʞʘʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, 

ʢʘʣʠʷ (NPK) ʚ ʫʨʦʞʘʝ [15] ʠ ʚ ʅʉɼɿ [5] 

ʛʦʜʦʚʘʷ ʥʦʨʤʘ ʚʥʝʩʝʥʠʷ ʩʪʦʢʦʚ ʧʦ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʩʦʩʪʘʚʠʪ 704 ʣ/ʤ
2
 ʚ 

ʛʦʜ ʠʣʠ 1,93 ʣ/ʤ
2
 ʚ ʩʫʪʢʠ.  

ʇʦʣʝʟʥʘʷ ʧʣʦʱʘʜʴ ʧʨʠʬʝʨʤʩʢʦʡ 

ʪʝʧʣʠʮʳ ʩ ʚʳʨʘʱʠʚʘʥʠʝʤ ʨʦʟ ʜʣʷ ʧʦʣʥʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ʅʉɼɿ ʜʣʷ ʬʝʨʤʳ ʥʘ 640 ʜʦʡʥʳʭ 

ʢʦʨʦʚ ʩʦʩʪʘʚʠʪ 2281 ʤ
2
. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʘ 

ʵʪʫ ʧʣʦʱʘʜʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʪʨʝʙʫʝʪʩʷ 

ʚʥʝʩʪʠ ʦʢʦʣʦ 2 434 ʢʛ ʘʟʦʪʥʳʭ ʠ 461 ʢʛ 

ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ, 1 521 ʤ
3
 ʚʦʜʳ ʜʣʷ 

ʧʦʣʠʚʘ. 

ɼʦʧʫʩʢʘʝʤ, ʯʪʦ ʧʨʠʬʝʨʤʩʢʘʷ ʪʝʧʣʠʮʘ ï 

ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʣʦʯʥʦʛʦ ʪʠʧʘ ʩ 

ʰʠʨʠʥʦʡ ʧʨʦʣʝʪʘ 9,6 ʤ [16], ʩʧʦʩʦʙ ʧʦʩʘʜʢʠ 

ʨʦʟ ï ʣʝʥʪʦʯʥʳʡ, ʩ ʰʠʨʠʥʦʡ ʣʝʥʪʳ 800 ʤʤ ʠ 

ʧʦʣʝʟʥʦʡ ʜʣʠʥʦʡ ï 60 ʤ [17]. ʉʠʩʪʝʤʘ 

ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʫʚʣʘʞʥʠʪʝʣʝʡ ʜʣʷ ʚʥʝʩʝʥʠʷ 

ʅʉɼɿ ʩʦʩʪʦʠʪ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 1-ʛʦ 

ʧʦʨʷʜʢʘ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʩʪʦʢʠ ʦʪ ʫʟʣʘ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦ 

ʫʯʘʩʪʢʦʚ ʩ ʨʘʩʪʝʥʠʷʤʠ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ 2-ʛʦ 

ʧʦʨʷʜʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʪʦʢʦʚ ʚ ʛʨʫʥʪʝ ʠ ʧʦʜʘʶʱʠʭ ʧʠʪʘʪʝʣʴʥʳʡ 

ʨʘʩʪʚʦʨ ʧʦʜ ʢʦʨʥʠ ʮʚʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ.  

ɼʣʷ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ ʠ ʚʥʝʩʝʥʠʷ ʅʉɼɿ 

ʠʩʧʦʣʴʟʫʝʤ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ 

ʜʣʠʥʦʡ 30 ʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ. 

ɻʨʷʜʘ ʨʦʟʘʨʠʝʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʷʜʦʚ, ʠ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʝ ʫʚʣʘʞʥʠʪʝʣʠ ʨʘʮʠʦʥʘʣʴʥʦ 

ʫʢʣʘʜʳʚʘʪʴ ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ ʨʘʩʪʝʥʠʷʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʨʷʜʘʤ ʥʘ 

ʛʣʫʙʠʥʫ 100-150 ʤʤ, ʧʨʝʜʫʧʨʝʞʜʘʶʱʫʶ 

ʧʨʦʩʘʯʠʚʘʥʠʝ ʩʪʦʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ. 

ʐʘʛ ʧʝʨʬʦʨʘʮʠʠ ʧʦʜʧʦʯʚʝʥʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠʥʠʤʘʝʤ 250 ʤʤ ʠʩʭʦʜʷ ʠʟ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʤʠ ʚ ʨʷʜʫ, ʪʦʛʜʘ 

ʜʠʘʤʝʪʨ ʧʝʨʬʦʨʘʮʠʠ ʧʦʣʠʚʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʩʪʘʚʠʪ 2 ʤʤ. 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʩʪʦʢʠ ʦʪ ʫʟʣʘ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦ 

ʫʯʘʩʪʢʦʚ ʩ ʨʘʩʪʝʥʠʷʤʠ, ʨʘʚʝʥ 61,4 ʤʤ (ʧʨʠ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʱʠʭ 

ʧʦʜʧʦʯʚʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 0,25). ʇʨʠ 

ʵʪʦʤ ʪʨʝʙʫʝʤʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 0,016 ʤ
3
/ʩ, ʘ ʜʘʚʣʝʥʠʝ 1,1 

ʄʇʘ. ʇʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ ʧʦ 

ʜʣʠʥʝ ʧʦʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ ʙʫʜʝʪ 

ʧʨʝʚʳʰʘʪʴ 10 %. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʠ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
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ʊʘʙʣʠʮʘ 1 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʇʦʢʘʟʘʪʝʣʠ ɿʥʘʯʝʥʠʝ 

ʇʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʨʦʟʘʤʠ, ʤ
2
 2281 

ɺʥʫʪʨʠʧʦʯʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʥʝʩʝʥʠʷ, ʪʳʩ. ʨʫʙ. 1 199,612 

ʉʪʦʠʤʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, 4 ʰʪ., V=9 ʤ
3
, ʪʳʩ. ʨʫʙ. 244,8 

ʉʪʦʠʤʦʩʪʴ ʘʵʨʦʪʝʥʢʘ-ʦʪʩʪʦʡʥʠʢʘ (V=5 ʤ
3
) ʩ ʪʨʫʙʯʘʪʳʤʠ ʘʵʨʘʪʦʨʘʤʠ (5 

ʰʪ. 1000 ʤʤ ʭ 90 ʤʤ), ʪʳʩ. ʨʫʙ. 
52,9 

ʂʦʤʧʨʝʩʩʦʨ ʜʣʷ ʘʵʨʘʮʠʠ (ɺʠʭʨʝʚʘʷ ʚʦʟʜʫʭʦʜʫʚʢʘ SB 0140 D0 SAMOS 

Busch), ʪʳʩ. ʨʫʙ. 
44,092 

ʉʪʦʠʤʦʩʪʴ ʥʘʩʦʩʦʚ: 

ʎʄʂ 45-35 

Nocchi OMNIA 80/5 AUT, ʪʳʩ. ʨʫʙ. 

129,9 

117,344 

12,547 

ʉʪʦʠʤʦʩʪʴ ʝʤʢʦʩʪʠ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, V=5 ʤ
3
, 

ʪʳʩ. ʨʫʙ. 
38 

ʉʪʦʠʤʦʩʪʴ ʩʝʪʯʘʪʦʛʦ ʬʠʣʴʪʨʘ, ʪʳʩ. ʨʫʙ. 5,35 

ʉʫʪʦʯʥʘʷ ʥʦʨʤʘ ʚʥʝʩʝʥʠʷ ʅʉɼɿ ʚ ʪʝʧʣʠʮʝ, ʣ/ʤ
2
 1,93 

ɻʦʜʦʚʘʷ ʥʦʨʤʘ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ (ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʜ.ʚ.), ʢʛ/ʤ
2
: 

ʘʟʦʪ N /  ʢʘʣʠʡ K / ʬʦʩʬʦʨ ʈ 

 

1,07 / 0,2 / - 

ʉʪʦʠʤʦʩʪʴ ʫʜʦʙʨʝʥʠʡ (ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʜ.ʚ.), ʨʫʙ./ʢʛ: 

ʘʟʦʪ N /  ʢʘʣʠʡ K / ʬʦʩʬʦʨ ʈ 

 

71,4 / 50,0 /114,9 

ʆʧʪʦʚʘʷ ʮʝʥʘ ʨʦʟ (50 ʩʤ), ʨʫʙ./ʰʪ. 50 

ɻʦʜʦʚʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʰʪ./ʤ
2
 205 

ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʷ, % 26,7 

ʉʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʫʙ./ʢɺʪ Āʯ. 7,82 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ 

ʥʘ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ 

ʚʥʝʩʝʥʠʷ ʅʉɼɿ (ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʦʡ ʅʉɼɿ) ʩʦʩʪʘʚʣʷʶʪ 1 714,654 

ʪʳʩ. ʨʫʙ. ɿʘʪʨʘʪʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʩʨʝʜʩʪʚ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʝ 

ʦʪʯʠʩʣʝʥʠʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ, ʠʭ ʨʘʩʯʸʪ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʸʪ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʦʪʯʠʩʣʝʥʠʡ ʠ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

 ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʅʦʨʤʘʪʠʚʳ, % ʦʪ ʙʘʣʘʥʩʦʚʦʡ 

ʩʪʦʠʤʦʩʪʠ ɹʘʣʘʥʩʦʚʘʷ 

ʩʪʦʠʤʦʩʪʴ, 

ʪʳʩ. ʨʫʙ. 

ɸʤʦʨʪʠʟʘʮʠʦʥʥʳʝ 

ʦʪʯʠʩʣʝʥʠʷ, ʪʳʩ. ʨʫʙ. 

ɿʘʪʨʘʪʳ 

ʥʘ ʊʆ ʠ 

ʨʝʤʦʥʪ, 

ʪʳʩ. ʨʫʙ. 

ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʝ 

ʦʪʯʠʩʣʝʥʠʷ 

ʟʘʪʨʘʪʳ 

ʥʘ ʊʆ ʠ 

ʨʝʤʦʥʪ 

ɺʥʫʪʨʠʧʦʯʚʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʚʥʝʩʝʥʠʷ 
3,3 2 1 199,612 39,587 23,992 

ʇʨʠʝʤʥʳʡ ʨʝʟʝʨʚʫʘʨ, 

4 ʰʪ. 
2 2 244,8 4,896 4,896 

ɸʵʨʦʪʝʥʢ-ʦʪʩʪʦʡʥʠʢ 2,5 5 52,9 1,323 2,645 

ʂʦʤʧʨʝʩʩʦʨ ʜʣʷ 

ʘʵʨʘʮʠʠ 
17 2 44,092 7,496 0,882 

ʅʘʩʦʩʳ, 2 ʰʪ. 40 5,1 129,9 51,96 6,625 

ɪʤʢʦʩʪʴ ʜʣʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

2 2 38 0,76 0,76 

ʉʝʪʯʘʪʳʡ ʬʠʣʴʪʨ 2 2 5,35 0,1 0,1 

ʀʪʦʛʦ:   1 714,654 106,122 39,9 
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ʀʟ ʪʘʙʣʠʮʳ 2 ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʦʙʱʠʭ 

ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʦʪʯʠʩʣʝʥʠʡ ʩʦʩʪʘʚʠʪ 

106,122 ʪʳʩ. ʨʫʙ., ʘ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ 39,9 ʪʳʩ. ʨʫʙ. 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʅʉɼɿ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʭ ʧʦʜʛʦʪʦʚʢʦʡ ʪʨʝʙʫʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʈʘʩʯʸʪ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʨʘʙʦʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ʈʘʩʯʸʪ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʨʘʙʦʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

 ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʄʦ -ɦ

ʥʦʩʪʴ, 

ʢɺʪ 

ʂʦʣʠʯʝ-

ʩʪʚʦ, ʰʪ. 

ɺʨʝʤʷ 

ʨʘʙʦʪʳ ʚ 

ʩʫʪʢʠ, ʯʘʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʱʥʦʩʪʠ 

ʈʘʩʭʦʜ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʢɺʪĀʯ 

ʉʪʦʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʨʫʙ. 

ʂʦʤʧʨʝʩʩʦʨ ʜʣʷ ʘʵʨʘʮʠʠ 

(ɺʠʭʨʝʚʘʷ ʚʦʟʜʫʭʦʜʫʚʢʘ 

SB 0140 D0 SAMOS 

Busch) 

0,7 1 4,8 0,7 2,4 18,8 

ʅʘʩʦʩʳ:       

ʎʄʂ 45-35 12 1 1,79 0,7 15,0 117,3 

Nocchi OMNIA 80/5 AUT 0,3 1 1,9 0,7 0,4 3,1 

ʀʪʦʛʦ ʚ ʩʫʪʢʠ:     17,8 139,2 

ʀʪʦʛʦ ʚ ʛʦʜ:     6 497 50 808 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚ ʜʝʥʴ 

ʩʦʩʪʘʚʷʪ 17,8 ʢɺʪĀʯ, ʠʪʦʛʦ ʚ ʛʦʜ ï 

6 497 ʢɺʪĀʯ. ɻʦʜʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ, 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʦʩʪʘʚʠʪ 50,808 ʪʳʩ. ʨʫʙ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʚʥʝʩʝʥʠʷ ʅʉɼɿ ʥʝ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʢʦʨʤʢʘʤʠ 

ʨʘʩʪʝʥʠʡ, ʧʦʵʪʦʤʫ ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ ʠ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʯʝʣ.-ʯʘʩʘʭ ʦʩʪʘʝʪʩʷ 

ʦʜʠʥʘʢʦʚʦʡ, ʢʘʢ ʠ ʧʨʠ ʙʘʟʦʚʦʤ ʚʘʨʠʘʥʪʝ. 

ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʦʙʫʩʣʦʚʣʝʥ ʵʢʦʥʦʤʠʝʡ ʟʘʪʨʘʪ ʥʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ï 97,656 ʪʳʩ. ʨʫʙ. ʠ 

ʧʨʠʙʳʣʴʶ ʦʪ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʷ ʮʚʝʪʦʚ ï 

6075,92 ʪʳʩ. ʨʫʙ. 

ʇʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʚʥʝʩʝʥʠʷ 

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʜʦʠʣʴʥʳʭ ʟʘʣʦʚ ʚ 

ʪʝʧʣʠʮʫ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 

ʇʦʢʘʟʘʪʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʚʥʝʩʝʥʠʷ  

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ ʚ ʪʝʧʣʠʮʫ 

ʇʦʢʘʟʘʪʝʣʠ ɿʥʘʯʝʥʠʝ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ, ʪʳʩ. ʨʫʙ. 1 714,654 

ɸʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʦʪʯʠʩʣʝʥʠʷ, ʪʳʩ. ʨʫʙ. 106,122 

ʆʪʯʠʩʣʝʥʠʷ ʥʘ ʊʆ ʠ ʨʝʤʦʥʪ, ʪʳʩ. ʨʫʙ. 39,9 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʪʳʩ. ʨʫʙ. 50,808 

ɺʳʨʫʯʢʘ ʦʪ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʷ ʮʚʝʪʦʚ, ʪʳʩ. ʨʫʙ. 6 272,750 

ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʪʳʩ. ʨʫʙ. 6 173,576 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ, ʤʝʩ. 3,3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ 

ʚʥʝʩʝʥʠʷ ʅʉɼɿ ʚ ʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ 

ʚʳʨʘʱʠʚʘʥʠʷ ʨʦʟ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʩʦʩʪʘʚʠʪ ï 6 173,576 ʪʳʩ. ʨʫʙ. ʚ ʛʦʜ, ʩʨʦʢ 
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ʦʢʫʧʘʝʤʦʩʪʠ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ 

ʚʥʝʩʝʥʠʷ ʅʉɼɿ ï 3,3 ʤʝʩʷʮʘ.  

ʂʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ 

ʚʥʝʩʝʥʠʷ ʅʉɼɿ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʭ 

ʧʦʜʛʦʪʦʚʢʦʡ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʨʠʬʝʨʤʩʢʫʶ 

ʪʝʧʣʠʮʫ ʩʦʩʪʘʚʣʷʶʪ 1 714, 654 ʪʳʩ. ʨʫʙ., ʧʨʠ 

ʵʪʦʤ ʦʢʫʧʘʝʤʦʩʪʴ ʵʪʠʭ ʟʘʪʨʘʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ 

ʮʚʝʪʦʚ ʦʪ ʚʥʝʩʝʥʠʷ ʅʉɼɿ ʠ, ʚ ʮʝʣʦʤ, 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʚ ʥʝʡ 

ʧʨʦʜʫʢʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʭʦʟʷʡʩʪʚ ʦʪʩʫʪʩʪʚʫʝʪ 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʨʷʜʦʤ ʪʝʧʣʠʯʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʘʩʯʝʪ ʩʨʦʢʘ 

ʦʢʫʧʘʝʤʦʩʪʠ ʪʝʧʣʠʮʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ 

ʫʪʠʣʠʟʘʮʠʠ ʅʉɼɿ.  

ɺʳʚʦʜʳ  

ɺ ʞʠʞʝʩʙʦʨʥʠʢ ʤʦʣʦʯʥʦʡ ʬʝʨʤʳ ʥʘ 640 

ʢʦʨʦʚ ʝʞʝʩʫʪʦʯʥʦ ʧʦʩʪʫʧʘʝʪ ʦʢʦʣʦ 4,4 ʪ 

ʩʪʦʢʦʚ. ɼʣʷ ʧʦʣʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʅʉɼɿ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʜʦʠʣʴʥʦʤ ʟʘʣʝ, ʧʦʣʝʟʥʘʷ 

ʧʣʦʱʘʜʴ ʧʨʠʬʝʨʤʩʢʦʡ ʪʝʧʣʠʮʳ ʩ 

ʚʳʨʘʱʠʚʘʥʠʝʤ ʨʦʟ ʩʦʩʪʘʚʠʪ 2281 ʤ
2
. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʅʉɼɿ 

ʚ ʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. 

ʂʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ 

ʚʥʝʩʝʥʠʷ ʅʉɼɿ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʭ 

ʧʦʜʛʦʪʦʚʢʦʡ ʚ ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʨʠʬʝʨʤʩʢʫʶ 

ʪʝʧʣʠʮʫ ʩʦʩʪʘʚʣʷʶʪ 1 714, 654 ʪʳʩ. ʨʫʙ., ʧʨʠ 

ʵʪʦʤ ʦʢʫʧʘʝʤʦʩʪʴ ʵʪʠʭ ʟʘʪʨʘʪ ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 3,3 ʤʝʩʷʮʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʅʉɼɿ ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʨʠʬʝʨʤʩʢʫʶ ʪʝʧʣʠʮʫ ʩ 

ʚʳʨʘʱʠʚʘʥʠʝʤ ʨʦʟ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʭʦʟʷʡʩʪʚ 

ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʨʷʜʦʤ 

ʪʝʧʣʠʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʨʘʩʯʝʪ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʪʝʧʣʠʮʳ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʅʉɼɿ. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘ ɺʳʩʰʘʷ 

ʰʢʦʣʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʵʥʝʨʛʝʪʠʢʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

      

ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʪʠʣʠʟʘʮʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ  ʙʳʪʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ  (ʥʝ ʚʳʰʝ 3-ʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ). 

ʆʧʨʝʜʝʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʚʪʦʥʦʤʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʨʝʘʣʠʟʫʶʱʝʡ ʤʝʪʦʜ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʚʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (ʉʂɺʆ),  ʢʦʪʦʨʫʶ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ  

ʪʘʢʠʭ ʤʘʩʩʦʚʳʭ ʚʠʜʦʚ ʦʪʭʦʜʦʚ  ʢʘʢ  ʢʫʨʠʥʳʡ  ʧʦʤʝʪ ʠ  ʦʩʘʜʦʢ ʩʪʦʯʥʳʭ ʚʦʜ ʛʦʨʦʜʩʢʠʭ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ.  

ɹʠʦʣʦʛʠʯʝʩʢʘʷ   ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʤʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʪʨʝʙʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ  ʨʝʞʠʤʘ,  ʨʝʘʣʠʟʘʮʠʷ  ʢʦʪʦʨʦʛʦ  ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʈʌ  

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ.  ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʞʠʛʘʥʠʷ ʠ ʛʘʟʠʬʠʢʘʮʠʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʜʘʚʣʝʥʠʠ  ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʦʚ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʪʭʦʜʘ.  ʆʜʥʘʢʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʫʶʪʩʷ ʠ ʧʦʧʘʜʘʶʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʪʘʢʠʝ ʦʧʘʩʥʳʝ  ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ 

ʜʠʦʢʩʠʥʳ, ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʦʢʠʩʣʳ ʘʟʦʪʘ, ʩʝʨʳ, ʘ ʪʘʢ ʞʝ ʧʘʨʥʠʢʦʚʳʝ 

ʛʘʟʳ  ʉʆ2 ,  CH4, NH3 . ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʦʝ ʥʘʯʘʣʴʥʦʝ  ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʧʦʤʝʪʝ  ʠ ʚ ʦʩʘʜʢʝ ʩʪʦʯʥʳʭ 

ʚʦʜ ʪʨʝʙʫʝʪ  ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ  ʥʘ ʩʫʰʢʫ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ 

ʩʞʠʛʘʥʠʷ ʠ ʛʘʟʠʬʠʢʘʮʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ  ʉʂɺʆ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʢʠ ʧʨʠ 

ʠʩʢʣʶʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʧʘʨʠʚʘʥʠʷ  ʚʦʜʳ. ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʬʣʶʠʜʘ (ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʊ ~ 500 
o
C, P~ 25 

ʄʇʘ) ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʵʥʝʨʛʦʧʨʦʠʟʚʦʜʷʱʝʤ  ʦʙʦʨʫʜʦʚʘʥʠʠ, ʚʢʣʶʯʝʥʥʳʤ ʦʪʜʝʣʴʥʳʤ 

ʤʦʜʫʣʝʤ ʚ ʘʚʪʦʥʦʤʥʫʶ ʫʩʪʘʥʦʚʢʫ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ  ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ  ʤʝʪʦʜʦʚ 

ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʢʠ  ï ʦʪʩʫʪʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʘʪʤʦʩʬʝʨʫ. 
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The paper deals with the highly efficient environmentally friendly technology for utilization of 

agricultural and domestic organic waste attributed to below Class 3 of hazard.  It describes the technical 

parameters of an autonomous installation, which implements the method of supercritical water oxidation 

(SCWO). The installation is  designed for utilisation of waste significant in terms of its production volume, 

namely chicken manure and sewage sludge from urban wastewater treatment facilities. Biological processing 

of poultry manure lasts for a long time and requires a certain temperature regime. To maintain this regime 

under the climatic conditions of the Russian Federation involves additional costs. The use of combustion and 

gasification methods at the normal pressure can reduce the amounts of accumulated waste. However, due to 

the high temperature of the processes, the hazardous compounds such as dioxins, polycyclic aromatic 

hydrocarbons, nitrogen oxides, sulfur, as well as the greenhouse gases CO2, CH4, NH3 are generated and 

released into the environment. In addition, these methods require significant energy inputs for drying the 

source material due to the high initial water content in the poultry manure and the sewage sludge. The 

advantages of SCWO method are the possibility of complete oxidation of the organic matter and, at the same 

time, avoidance of the long process of water evaporation. The substance, resulting from the reaction ï fluid 

that is a gas-vapor mixture with the temperature about 500C̄ and pressure about 25 MPa ï shall be used as a 

working medium in the power generating equipment, which is included as a separate module in the 

considered autonomous installation. This solution will significantly reduce the costs of the process. A 

significant difference from the common thermal methods for the organic matter utilisation is the absence of 

emissions of reaction products into the atmosphere. 

 

Key words: supercritical water, organic waste, poultry factory, waste utilisation, tubular flow reactor, 

corrosion.  
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ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤʠ ʠ ʘʢʪʫʘʣʴʥʳʤʠ ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʘʥʳ. 

 ɼʣʷ ʈʦʩʩʠʡʩʢʦʡ  ʌʝʜʝʨʘʮʠʠ ʦʩʥʦʚʥʳʤ  

ʧʫʪʝʤ ʨʝʘʣʠʟʘʮʠʠ ʠʤʝʶʱʝʛʦʩʷ ʧʦʪʝʥʮʠʘʣʘ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʠʥʪʝʥʩʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʪʨʘʩʣʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ʆʩʦʙʝʥʥʦ ʵʪʦ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ   ʥʘ 

ʧʨʠʤʝʨʝ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʛʜʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ, ʢʨʫʧʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. ɿʜʝʩʴ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʨʠʩʢʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ 

ʩʠʩʪʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʉɿʌʆ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦ 85% ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʪ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʠʩʪʝʤ 

ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʘ, ʧʦʤʝʪʘ. /1/ 

ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʚ   

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ - ʤʠʥʠʤʘʣʴʥʳʡ 

ʛʦʜʦʚʦʡ ʚʳʭʦʜ  ʵʢʩʢʨʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ: ʦʪ   

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ï 2,4 ʤʣʥ. ʪʦʥʥ,  

 ʢʫʨ ï 1,6 ʤʣʥ. ʪʦʥʥ,   ʩʚʠʥʝʡ ï 0,7 ʤʣʥ. 

ʪʦʥʥ.   ɽʞʝʛʦʜʥʳʡ  ʫʱʝʨʙ, ʥʘʥʦʩʠʤʳʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ,  ʩʦʩʪʘʚʣʷʝʪ  ʧʦʨʷʜʢʘ 4 
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ʤʣʨʜ. ʨʫʙʣʝʡ.(ɼʣʷ ʩʧʨʘʚʢʠ: ʥʘ 2012 ʛ, ʧʦ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ  ʧʣʘʪʘ ʟʘ 

ʨʘʟʤʝʱʝʥʠʝ 1 ʪʦʥʥʳ ʦʪʭʦʜʘ 4 ʢʣʘʩʩʘ 

ʦʧʘʩʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ  1350 ʨʫʙʣʝʡ /2/.)  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʪʘʢ ʞʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ  

ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ - ʩʘʤʦʛʦ  

ʤʘʩʩʦʚʦʛʦ  ʚʠʜʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ: 

ʠʣʦʚʦʛʦ ʦʩʘʜʢʘ  ʛʦʨʦʜʩʢʠʭ ʚʦʜʦʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ɺ ʩʪʨʘʥʘʭ  ɽʉ, ʥʘʧʨʠʤʝʨ, ʙʦʣʝʝ 

11 ʤʣʥ. ʪʦʥʥ ʦʩʘʜʢʘ   ʚ ʩʫʭʦʤ ʚʝʩʝ ʝʞʝʛʦʜʥʦ 

ʦʙʨʘʟʫʝʪʩʷ  ʝʞʝʛʦʜʥʦ, ʘ ʧʦ ʄʦʩʢʚʝ -  ʙʦʣʝʝ 

300 000 ʪʦʥʥ.  

ɺ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʚʦʧʨʦʩʳ 

ʦʧʪʠʤʘʣʴʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʧʦʢʘ ʥʝ ʨʝʰʝʥʳ.  ɺ 

ʨʷʜʝ  ʩʪʨʘʥ  ɽʚʨʦʧʳ ʧʦʩʪʨʦʝʥʳ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʠʣʦʩʞʠʛʘʪʝʣʠ ʚ ʢʦʪʦʨʳʭ 

ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʦʩʘʜʢʘ ʩʞʠʛʘʝʪʩʷ, ʘ 

ʧʦʣʫʯʝʥʥʘʷ ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ,  ʩʚʷʟʘʥʥʳʝ ʩ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʦʙʨʘʟʫʶʱʝʡʩʷ ʟʦʣʳ. 

ɺ ʢʘʞʜʦʤ ʛʦʨʦʜʝ ʩ ʥʘʩʝʣʝʥʠʝʤ ʦʢʦʣʦ  

ʦʜʥʦʛʦ  ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ,  ʚ ʢʦʪʦʨʦʤ 

ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ,  ʝʞʝʛʦʜʥʦ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʩʚʳʰʝ 30 000 ʪʦʥʥ ʠʣʦʚʦʛʦ 

ʦʩʘʜʢʘ (ʚ ʩʫʭʦʤ ʚʝʩʝ). ɺ ʈʌ ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʦʩʘʜʢʘ ʚʳʚʦʟʠʪʩʷ ʥʘ 

ʧʦʣʠʛʦʥʳ, ʦʜʥʘʢʦ  ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ  ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ  ʦʙʨʘʙʦʪʢʠ 

ʦʪʭʦʜʦʚ. 

ɺʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʘʜʤʠʥʠʩʪʨʘʮʠʡ 

ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʧʨʠʚʣʝʢʘʝʪ ʦʧʳʪ 

ʚʦʜʦʢʘʥʘʣʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʦ ʩʞʠʛʘʥʠʶ 

ʦʩʘʜʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʚʥʠʤʘʥʠʝ  ʥʝʤʫ 

ʧʦʥʷʪʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʥʝʦʪʣʦʞʥʦʤ 

ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʚʳʙʠʨʘʶʪ ʦʜʠʥ ʠʟ 

ʛʦʪʦʚʳʭ ʠ ʦʧʨʦʙʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʥʝ ʪʨʘʪʷ 

ʚʨʝʤʝʥʠ ʥʘ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʤʝʪʦʜʦʚ  ʪʝʨʤʠʯʝʩʢʦʡ ʫʪʠʣʠʟʘʮʠʠ ʠʣʦʚʳʭ 

ʦʩʘʜʢʦʚ ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʪʦʷʥʥʦ. ʆʪʜʝʣʴʥʳʝ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʝʜʣʘʛʘʶʪ  ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜ ʧʠʨʦʣʠʟʘ, ʢʦʪʦʨʳʡ  ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʤʘʣʦʦʪʭʦʜʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠʣʦʚʦʛʦ ʦʩʘʜʢʘ ʚ 

ʧʦʣʝʟʥʳʡ ʧʨʦʜʫʢʪ ï ʙʠʦʢʦʢʩ /3/  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʠ  ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ  ʘʚʪʦʥʦʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ  

ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ (ʢʫʨʠʥʦʛʦ 

ʧʦʤʝʪʘ ʠ ʦʩʘʜʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʦʯʠʩʪʥʳʭ  ʩʦʦʨʫʞʝʥʠʡ), 

ʨʝʘʣʠʟʫʶʱʠʡ ʩʧʦʩʦʙ ʩʚʝʨʭ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʚʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (ʉʂɺʆ). ʈʝʘʣʠʟʘʮʠʷ  

ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʟʚʦʣʷʝʪ  ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʦʙʲʝʤʳ ʦʪʭʦʜʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʠʟʫʯʝʥʠʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ  

ʛʘʟʦʚ ʧʦʷʚʠʣʠʩʴ ʚ ʥʘʯʘʣʝ 19 ʚʝʢʘ (1822ʛ., 

ʂʝʥʴʷʨʜ  ʜʝ ʣʘ ʊʫʨ).  ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʬʘʟʦʚʳʭ ʛʨʘʥʠʮ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʜʥʘʢʦ ʧʝʨʚʳʡ ʵʪʘʧ ʨʘʙʦʪ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ 

ʥʝ ʧʨʠʚʝʣ ʢ ʢʘʢʠʤ ʣʠʙʦ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʩʢʦʣʴʢʫ ʦʪʩʫʪʩʪʚʦʚʘʣʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ  

ʩʦʟʜʘʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

 ʉ 1980-ʭ ʛʦʜʦʚ ʪʝʭʥʦʣʦʛʠʠ  ʩʚʝʨʭ 

ʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ  (ʉʂʌ) ʩʪʘʣʠ ʰʠʨʦʢʦ 

ʜʦʩʪʫʧʥʳʤʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʘʧʧʘʨʘʪʫʨʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʚʳʩʦʢʦʡ  

ʨʘʩʪʚʦʨʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʣʶʠʜʦʚ. 

ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʥʠʟʰʠʡ ʦʢʩʠʜ ʘʟʦʪʘ, 

ʵʪʠʣʝʥ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʛʘʟʳ ʚ ʩʦʩʪʦʷʥʠʠ 

ʉʂʌ ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʚʦʨʷʪʴ 

ʤʥʦʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ.  ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ  ʧʦʚʳʰʝʥʥʳʤ ʠʥʪʝʨʝʩʦʤ ʢ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʦʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦ 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʠʟʫʯʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʋʥʠʢʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ 

ʵʢʩʪʨʘʢʮʠʠ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ  ʦʙʝʟʚʨʝʞʠʚʘʥʠʠ 

ʪʦʢʩʠʯʥʳʭ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʠ ʪ.ʜ. 

ʈʘʟʚʠʪʠʝ ʉʂʌ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ 

ʂʦʥʩʦʨʮʠʫʤ ʉʂʌʊ, ʦʙʲʝʜʠʥʷʶʱʠʡ 32 

ʦʨʛʘʥʠʟʘʮʠʠ, ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ  ʚ 2005 ʛʦʜʫ. 

ʇʨʝʟʠʜʝʥʪʦʤ ʢʦʥʩʦʨʮʠʫʤʘ ʠʟʙʨʘʥ ʘʢʘʜʝʤʠʢ 

ʈɸʅ ɺ.ɺ. ʃʫʥʠʥ, ʜʝʢʘʥ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ.  

ʇʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʝʘʣʠʟʫʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ.  

ʉ ʦʢʪʷʙʨʷ 2006 ʛ ʠʟʜʘʝʪʩʷ ʞʫʨʥʘʣ 

"ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʌʣʶʠʜʳ: ʊʝʦʨʠʷ ʠ 

ʇʨʘʢʪʠʢʘ" (ʉʂʌ-ʊʇ), ISSN 1992-8130.  ʂʘʢ 

ʣʶʙʦʡ ʥʘʫʯʥʳʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ, ʉʂʌ-ʊʇ ʷʚʣʷʝʪʩʷ ʛʦʣʦʩʦʤ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʥʦʚʦʡ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʥʦʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ /4-7/. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʧʨʠʟʚʘʥ ʩʪʘʪʴ ʧʣʦʱʘʜʢʦʡ, ʥʘ 

ʢʦʪʦʨʦʡ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʤʝʪʦʜʠʢ, ʤʘʪʝʨʠʘʣʦʚ.  

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ï 4 ʚʳʧʫʩʢʘ ʚ ʛʦʜ. 

ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʨʝʘʢʪʦʨʝ ʉʂɺʆ. 

ʇʨʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ  ʫʩʣʦʚʠʷʭ ʚʦʜʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʷʝʪ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ, ʥʦ ʥʝ ʨʘʩʪʚʦʨʷʝʪ ʤʠʥʝʨʘʣʴʥʳʝ 

ʩʦʣʠ.  

ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʳ ʵʪʦ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʝʝ ʩʚʦʡʩʪʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʚʳʰʝ 374,6ÁC ʠ ʜʘʚʣʝʥʠʠ ʩʚʳʰʝ 22,1 ʄʇʘ 

(ʨʠʩ.1.). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠ ʛʣʫʙʠʥʘ ʦʢʠʩʣʝʥʠʷ 

ʚʝɦʝʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʩʦʢʨʘʱʘʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʚʦʝʤʫ ʟʥʘʯʝʥʠʶ, ʠ 

ʟʥʘʯʠʪ, ʫʚʝʣʠʯʠʚʘʝʪ ʯʠʩʣʦ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʤʦʣʝʢʫʣ ʨʝʘʛʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʘʢ, ʝʩʣʠ 

ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ 

ʢʠʩʣʦʨʦʜʘ ʧʨʠ 27 ÁC ʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 4,17 10
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 ʩʤ, 

ʪʦ ʧʨʠ ʜʘʚʣʝʥʠʠ 22,1 ʄʇʘ ʦʥʘ ʩʦʢʨʘʪʠʪʩʷ ʜʦ 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʠʟʢʘʷ ʚʷʟʢʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʉʂɺʆ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʦʨʳ 

ʪʚʝʨʜʳʭ ʩʫʙʩʪʘʥʮʠʡ ʠ ʵʢʩʪʨʘʢʮʠʡ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʟʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʫʪʠʣʠʟʘʮʠʠ /7-10/. 

ʍʠʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʦʚ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʫʨʠʥʦʛʦ 

ʧʦʤʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1ʠ 2  
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ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʭʦʜʦʚ 

ɺʠʜ 

ʦʪʭʦʜʦʚ 

ɺʣʘʞʥʦʩʪʴ,% ʋʛʣʝʨʦʜ, 

% 

ʉ 

ɺʦʜʦʨʦʜ,% 

ʅ2 

ʂʠʩʣʦʨʦʜ,% 

ʆ2 

ɸʟʦʪ,% 

N2 

ɿʦʣʘ,% 

ɸ 

ʋʜʝʣʴʥʘʷ 

ʪʝʧʣʦʪʘ 

ʩʛʦʨʘʥʠʷ 

ʥʘ ʩʫʭʫʶ 

ʦʩʥʦʚʫ Q, 

ʢɼʞ/ʢʛ 

ʂʫʨʠʥʥʳʡ 

ʧʦʤʝʪ 

15-20 

(75-80) 

43-45 5-6 35-37 4,0-5,0  18000-

22000 

ʇʠʱʝʚʳʝ 

ʦʪʭʦʜʳ 

30,0-40,0 36,0-38,0 5,8 16,0 0,7 1,9 18000-

22000 

ʊʂʆ 15-30 43,0-48,0 -6-8 -28-36  10-20 14000-

20000 

ʆʩʘʜʢʠ 

ʩʪʦʯʥʳʭ 

ʚʦʜ 

15-20 

(80-90) 

54,0-60,0 7,0-10,0 24-31 4,0-

10,0 

18,0-

24,0 

16000-

22000 

 

ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʝʥʠʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ ʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ  

ʪʦʧʣʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʦʢʘʟʘʪʝʣʠ ʂʫʨʠʥʥʳʡ 

ʧʦʤʝʪ 

ʆʉɺ ɼʨʝʚʝʩʠʥʘ ʊʦʨʬ ɹʫʨʳʡ ʫʛʦʣʴ 

C 44-45 54-65 51 57,8 64-78 

H 5,0-6,0 7,3-10,2 6,1 6,0 3,8-6,3 

S 0,9-1,0 0,9-1,6 0 0,3 0,3-6 

N 0,4-0,6 4,3-9,8 0,6 2,5 0,6-1,6 

O 35-37 24-31 42,3 33,4 15-26 

ɿʦʣʴʥʦʩʪʴ,% 10-12 0 1,0 11-25 23-25 

ʊʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʄɼʞ/ʢʛ 

16-20 16-22 18,5 17-19 18-27 

ɾʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 
ʦ
ʉ 

1900-2000 2040-2070 1980 2050 2090 

ɺʳʭʦʜ ʣʝʪʫʯʠʭ 

ʚʝʱʝʩʪʚ,% 

75 80-86 85 70 45-65 

ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʥʘ 

ʛʦʨʝʥʠʝ ʤ
3
/ʢʛ 

6,0 4,4-4,9 4,2 3,0-5,2 4-4,6 

 

ʆʮʝʥʢʘ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ 

ʙʘʣʘʥʩʘ  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ  ʙʨʫʪʪʦ ʬʦʨʤʫʣʘ  

ʦʨʛʘʥʠʢʠ ʥʝʠʟʚʝʩʪʥʘ, ʪ.ʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ 

ʚʳʜʝʣʷʝʤʳʭ ʧʨʠ  ʦʢʠʩʣʝʥʠʷ  ʙʫʜʝʪ 

ʦʮʝʥʦʯʥʦʡ. ʂʫʨʠʥʳʡ ʧʦʤʝʪ ï ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʪʦʛʜʘ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ 

ʉʭ(ʅ2ʆ)ʫ + ʭʆ2 = ʭʉʆ2+ʫʅ2ʆ, 

ʯʪʦ ʦʟʥʘʯʘʝʪ ʚʳʜʝʣʝʥʠʝ ʦʜʥʦʛʦ ʤʦʣʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʦʜʠʥ ʤʦʣʴ ʢʠʩʣʦʨʦʜʘ 

ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ ʦʢʠʩʣʝʥʠʝ. 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʢʠʩʣʦʨʦʜʘ ʤʝʥʴʰʝ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ  ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  ʧʨʦʠʟʦʡʜʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʘ ʛʘʟʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ  ʤʦʜʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ: 

1. ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 1,2 ʢʛ/ʤ
3
 . ɺ 1 ʤ

3
 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

          ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʚʦʟʜʫʭʘ ʩʦʜʝʨʞʠʪʩʷ 276 ʛ ʢʠʩʣʦʨʦʜʘ.  

1 ʛ ʢʠʩʣʦʨʦʜʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 3,6 ʣʠʪʨʘʭ 

ʚʦʟʜʫʭʘ  

2. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʉʂɺʆ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʘʚʘʪʴ ʦʢʠʩʣʠʪʝʣʴ ʩ ʠʟʙʳʪʢʦʤ ʥʘ 10-20 % 

ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ.  

3. ʅʘ ʧʝʨʝʨʘʙʦʪʢʫ 1 ʢʛ ʦʪʭʦʜʦʚ ʪʨʝʙʫʝʪʩʷ: 

 - ʚʦʟʜʫʭʘ, ʥʤ
3
: ʍʇʂ(ʛ/ʢʛ) ʭ 10

-3
 ʭ 3,6 ʭ 1,2;  

- 50 % ʅ2ʆ2, ʢʛ: ʍʇʂ(ʛ/ʢʛ) ʭ 10
-3
 ʭ 4,24 ʭ1,2.  

4. ʅʘʧʨʠʤʝʨ: ʜʣʷ 1 ʢʛ 20 ʤʘʩʩ % ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʵʪʘʥʦʣʘ ʧʦʪʨʝʙʫʝʪʩʷ: 

 - 1, 8 ʥʤ
3
 ʚʦʟʜʫʭʘ (0,2 ʭ 2 087 ʭ 10

-3
 ʭ 3,6 ʭ 

1,2 = 1, 803 ʥʤ
3
); 

  -2,1 ʢʛ 50 % ʅ2ʆ2 (0,2 ʭ 2 087 ʭ 10
-3

 ʭ 4,24 ʭ 

1,2 = 2,122 ʢʛ)[15] 

5. ʦʙʲʝʤ ʨʝʘʢʪʦʨʘ 1.5 ʣʠʪʨʘ  

6. ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ 

100 ʢʛ\ʯʘʩ 

7. ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 600 
ʦ
ʉ 

8. ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 300 ʘʪʤ. 

9. ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

0.03,  

10.ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʦʨʛʘʥʠʢʠ 0.2,  

11.ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 20 ʄɼʞ\ʢʛ,  

12. ʍʇʂ ʧʦʤʝʪʘ - 30 ʛʨ\ʢʛ, ʧʣʦʪʥʦʩʪʴ-  1 ʢʛ\ʣ,  

ʇʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʨʘʙʦʪ /10, 11/ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʪʨʘʙʦʪʢʫ ʪʝʭʥʦʣʦʛʠʠ 

ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʩʣʝʜʫʝʪ 

ʧʨʦʚʦʜʠʪʴ ʥʘ ʤʦʜʝʣʴʥʦʤ ʩʦʩʪʘʚʝ  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʦʢʩʘʥʘ (ʉ4ʅ8ʆ2), ʢʦʪʦʨʳʡ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ. ʆʢʠʩʣʠʪʝʣʴʥʳʤ 

ʘʛʝʥʪʦʤ ʙʫʜʫʪ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ ʠ ʧʝʨʝʢʠʩʴ 

ʚʦʜʦʨʦʜʘ. 

ʊʝʧʣʦʚʳʝ ʟʘʪʨʘʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʫʩʪʘʥʦʚʢʠ: 

 ɸ)  ʥʘ ʥʘʛʨʝʚ ʚʦʜʳ 

(1-ʍ)*(ʉv*DeltaT + Rv + DeltaH) 

ʛʜʝ ʉv ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ 4.19 

ʂɼʞ\ʢʛ; DeltaT  ï ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʭʦʜʥʦʡ ʚʦʜʳ ʧʨʠʥʠʤʘʝʤʦʡ ʨʘʚʥʦʡ; 20 
o
C ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ 100
 o

C (= 80 
o
C ); Rv ï 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ: 2 447 

ʢɼʞ\ʢʛ; DeltaH ï ʨʘʟʥʦʩʪʴ ʫʜʝʣʴʥʳʭ 

ʵʥʪʘʣʴʧʠʡ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʠʧʝʥʠʷ ʠ 

ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʳ:  -

330 ʂɼʞ\ʢʛ 

ʉv*DeltaT + Rv + DeltaH = 2452 ʂɼʞ\ʢʛ 

ɹ) ʟʘʪʨʘʪʳ ʪʝʧʣʘ ʥʘ ʥʘʛʨʝʚ ʦʨʛʘʥʠʢʠ ʥʘ 

ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʥʘʛʨʝʚ ʚʦʜʳ 

ʧʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʤʳ ʵʪʦʡ ʚʝʣʠʯʠʥʦʡ 

ʧʨʝʥʝʙʨʝʛʘʝʤ 

ʊʝʧʣʦ ʚʳʜʝʣʷʝʤʦʝ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 1 ʢʛ 

ʩʫʩʧʝʥʟʠʠ: 

(1- ʂʧ)*ʍ*q, 

ʛʜʝ ʂʧ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ 

ʫʩʪʘʥʦʚʢʠ; ʍ - ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʛʘʥʠʢʠ; q ï 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ: 20 000 ʂɼʞ\ʢʛ 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʢʠ 

ʨʝʰʘʝʤ ʨʘʚʝʥʩʪʚʦ 

(1-ʍ)*(ʉʚ*DeltaT + Rʚ + DeltaH)=(1 ï 

ʂʧ)*ʍ*q 

ʉʯʠʪʘʷ  ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʨʘʚʥʳʤʠ ʥʫʣʶ,  

ʧʦʣʫʯʠʤ ʍ=0.1 ʠʣʠ 10% 

ʇʨʝʥʝʙʨʝʞʝʥʠʝ ʪʝʧʣʦʚʳʤʠ ʧʦʪʝʨʷʤʠ ʠ 

ʦʙʥʫʣʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʥʘʛʨʝʚ ʦʨʛʘʥʠʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʢʠ ʚ ʩʫʩʧʝʥʟʠʠ 

ʧʦʜʘʚʘʝʤʦʡ ʚ ʫʩʪʘʥʦʚʢʫ ʉʂɺʆ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: ʧʦʣʫʯʠʣʠ ʦʮʝʥʢʫ 

ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʉʂɺʆ ʥʝ 

ʪʨʝʙʫʶʱʝʛʦ ʚʥʝʰʥʝʛʦ ʥʘʛʨʝʚʘ. 

2. ʄʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʠʟʙʳʪʦʢ ʦʢʠʩʣʠʪʝʣʷ 

20% 

ɸ) ʚʦʟʜʫʭ ʍ*(ʍʇʂ*5)*3.6*1.2 = 64 ʣʠʪʨʦʚ 

ʚʦʟʜʫʭʘ 

ɹ) ʧʝʨʝʢʠʩʴ ʍ*(ʍʇʂ*5)*5.75*1.2 = 105 ʛʨ 

ʧʝʨʝʢʠʩʠ (37%) 

ʆʙʲʝʤ ʚʦʟʜʫʭʘ 64 ʣʠʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʠʪ 0.65 ʣʠʪʨʦʚ 

ʆʙʲʝʤ ʚʦʜʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʪʚʦʨʝʥʘ 

ʦʨʛʘʥʠʢʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʠʪ 12,3 

ʣʠʪʨʦʚ 

(V=MĬRĬT/(muĬP)= 12.3 ʣʠʪʨʘ 

ʀʪʘʢ, ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʪʦʨʘ 1 ʣʠʪʨ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ ʦʢʠʩʣʠʪʝʣʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʉʂɺʆ (ʠʟʙʳʪʦʢ ʦʢʠʩʣʠʪʝʣʷ 

20%) ʙʫʜʫʪ ʟʘʥʠʤʘʪʴ ʧʦʨʷʜʢʘ 14 ʣʠʪʨʦʚ, 

ʠʩʭʦʜʷ ʠʟ ʦʙʲʝʤʘ ʨʝʘʢʪʦʨʘ 1.5 ʣʠʪʨʘ ʚ 
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ʨʝʘʢʪʦʨʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʩʷ 100 ʛʨʘʤʤʦʚ 10% 

ʩʳʨʴʷ ʧʣʶʩ ʦʢʠʩʣʠʪʝʣʴ (ʚʦʟʜʫʭ). 

ʇʨʠʤʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʣʫʥ-

ʞʝʨʥʦʛʦ ʥʘʩʦʩʘ  ʨʘʚʥʦʡ 100 ʢʛ\ʯʘʩ, 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ  ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʝʢʘʝʪ ʟʘ  ʚʨʝʤʷ, ʨʘʚʥʦʝ - 1 

ʩʝʢ, 5ʩʝʢ, 10 ʩʝʢ, 20 ʩʝʢ, 30 ʩʝʢ. 

ɺ  ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ   ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʦ  ʨʘʩʭʦʜʘʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ.  

ʊʘʙʣʠʮʘ 3 

ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʛʨʫʟʢʘ ʥʘʩʦʩʘ 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ 1 ʩʝʢ 5 ʩʝʢ 10 ʩʝʢ 20 ʩʝʢ 30ʩʝʢ 

ʉʝʢʫʥʜʥʳʡ ʨʘʩʭʦʜ, 

ʛʨʘʤʤ 

100 20 10 5 3 

ʄʠʥʫʪʥʳʡ ʨʘʩʭʦʜ, 

ʛʨʘʤʤ 

6000 1200 600 300 180 

ʏʘʩʦʚʦʡ ʨʘʩʭʦʜ, ʢʛ 360 72 36 18 11 

ɿʘʛʨʫʟʢʘ ʥʘʩʦʩʘ, %% 360 70 35 20 10 

 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ  ʚʘʨʠʘʥʪʦʤ 

ʢʦʤʧʦʥʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ  

ʩʭʝʤʳ  ʘʚʪʦʥʦʤʥʦʡ ʤʦʙʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ  

ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʢʠ  ʙʫʜʝʪ ʪʝʭʥʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ /12/, ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ.2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʥʘ ʙʘʟʝ 

ʤʝʪʦʜʘ ʉʂɺʆ 

 

ɼʣʷ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ  ʩʦʙʩʪʚʝʥʥʳʭ  

ʥʫʞʜ ʫʪʠʣʠʟʘʮʠʦʥʥʦʛʦ  ʢʦʤʧʣʝʢʩʘ   

ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ  ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ  

ʫʩʪʘʥʦʚʦʢ   ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ (100-250 ʢɺʪ), 

ʨʘʟʨʘʙʦʪʢʫ ʢʦʪʦʨʳʭ ʚʝʜʝʪ ʬʠʨʤʘ çɼʦʥʩʢʠʝ 

ʊʝʭʥʦʣʦʛʠʠè  /8/.  

ɺ ʩʣʫʯʘʝ ʧʝʨʝʨʘʙʦʪʢʠ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ 

ʧʪʠʮʝʬʘʙʨʠʢ ʚ ʤʦʙʠʣʴʥʦʡ ʘʚʪʦʥʦʤʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʢʠ  

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ  ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʤʝʩʠ  ʧʝʨʝʜ 

ʧʦʜʘʯʝʡ ʝʝ ʚ ʧʨʷʤʦʪʦʯʥʳʡ ʨʝʘʢʪʦʨ. ʆʯʠʩʪʢʘ 
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ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ (ʧʝʩʦʢ, ʢʘʤʥʠ, 

ʱʝʧʢʠ, ʧʝʨʴʷ ʠ ʪ.ʜ) /12/. 

ɺʳʚʦʜʳ 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʘʢʪʦʨ ʜʣʷ  ʘʚʪʦʥʦʤʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 25 ʪʦʥʥ ʚ 

ʩʫʪʢʠ (1250 ʢʛ\ʯʘʩ) ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʙʲʝʤ 

ʧʦʨʷʜʢʘ 50 ʣʠʪʨʦʚ. 

ʄʦʙʠʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʝʥʘ, ʧʨʠ ʤʦʥʪʘʞʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ 40-ʬʫʪʦʚʦʤ ʢʦʥʪʝʡʥʝʨʝ.  

ɼʣ̫ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ 

ʫʪʠʣʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʤʝʥʷʶʪʩʷ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʨʦʢʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʥʘʚʦʟʘ / ʧʦʤʝʪʘ, ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ 

ʩʝʨʴʝʟʥʦʛʦ ʫʱʝʨʙʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʉ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʳʭ 

ʜʘʥʥʳʭ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 29% ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ, ʧʦ ʨʘʩʯʝʪʘʤ ʧʦʨʷʜʢʘ 20% ʠʤʝʶʪ 

ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴ, 51% ʭʨʘʥʠʣʠʱ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ; ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʩʚʠʥʝʡ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 87%, ʧʦ ʨʘʩʯʝʪʘʤ ʦʢʦʣʦ 13% ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴ; 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʪʠʮʳ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ 27%, ʧʦ ʨʘʩʯʝʪʘʤ ʦʢʦʣʦ 55% ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴ, 18% ʭʨʘʥʠʣʠʱ ʥʝ ʚ 
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ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʩʫʤʤʘʨʥʳʡ 

ʦʙʲʝʤ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʥʘ 1,6 ʤʣʥ. ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ 

ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ. 
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SURVEY OF MANURE STORAGES IN LENINGRAD REGION 

 

N.S. Vasileva;  

E.A. Vorobyeva;  

V.B. Minin, Cand. Sc. (Agriculture);  

E.V. Vasilev, Cand. Sc. (Engineering) 

 

Institute for Engineering and Environmental Problems in Agricultural Production ï IEEP ï branch of FSAC 

VIM), Saint Petersburg, Russia 

 

Farm animal and poultry manure is a valuable raw material for production and field application of 

organic fertilisers as the only way to maintain and improve soil fertility. However, the violation of designing 

and operational requirements for manure storages as well as the time limits of accumulation and storing of 

animal/poultry manure may jeopardise the environmental sustainability of rural areas. In order to forecast the 

ecological status of the natural environment, the manure storage facilities on livestock and poultry 

enterprises in Leningrad Region were analysed by the open-access data. In cattle farming, 29% of manure 

storage facilities were found in the satisfactory condition; 20% were estimated to have the insufficient 

capacity and 51% did not meet the requirements of the current legislation fully. In intensive pig rearing, 87% 

of manure storage facilities were found in the satisfactory condition and about 13% were estimated to have 

the insufficient capacity. In intensive poultry farming, 27% of poultry manure storages were found in the 

satisfactory condition; 55% were estimated to have the insufficient capacity and 18% did not meet the 

requirements of the current legislation fully. In the future, the total volume of manure storages in Leningrad 

Region needs to be increased by 1.6 million cubic meters through the upgrading of the existing facilities and 

the construction of new ones. 

 

Key words: environmental compliance, machine-based technologies, manure storage, rural area, 

sustainability. 
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ɺʚʝʜʝʥʠʝ  

ʇʝʨʩʧʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʟʝʤʣʝʜʝʣʠʷ ʥʘ 

ʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʝʭ ʚʠʜʦʚ 

ʫʜʦʙʨʝʥʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʫʨʦʞʘʡʥʦʩʪʠ ʠʤʝʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʫʜʦʙʨʝʥʠʷ. ɼʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʥʝʦʙʭʦʜʠʤʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʨʦʞʘʷ, ʨʦʣʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʢʘʢ 
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ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ, ʬʘʢʪʦʨʘ ʫʣʫʯʰʝʥʠʷ ʝʝ 

ʩʚʦʡʩʪʚ ʠ ʫʩʣʦʚʠʡ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʥʝ 

ʫʤʝʥʴʰʠʪʩʷ.  

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ 

ʫʜʦʙʨʝʥʠʝʤ, ʧʦ ʟʥʘʯʠʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ 

ʫʜʦʙʨʝʥʠʷ ʠʟ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ, ʥʦ 

ʜʘʣʴʥʝʡʰʝʝ ʫʛʣʫʙʣʝʥʠʝ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʧʝʨʝʭʦʜ ʢ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʷʩʘ 

ʠ ʤʦʣʦʢʘ ʪʨʝʙʫʶʪ ʢʦʨʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʧʦʩʦʙʘʭ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ 

ʪʝʭʥʦʣʦʛʠʠ ʫʙʦʨʢʠ, ʭʨʘʥʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʚʦʟʘ. ɺʦʟʨʘʩʪʘʶʪ ʦʙʲʝʤʳ 

ʥʘʢʦʧʣʝʥʠʷ ʙʝʩʧʦʪʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ, 

ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʚʥʝʩʝʥʠʷ 

ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʥʘʚʦʟ ʠ ʧʦʤʝʪ ʚ ʥʝ 

ʧʝʨʝʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ, ʘ ʪʘʢʞʝ ʠ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʥʝ ʥʘʜʣʝʞʘʱʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ 

ʦʪʭʦʜʦʤ, ʩʧʦʩʦʙʥʳʤ ʥʘʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʫʱʝʨʙ ʩʦʩʪʦʷʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʪʝʤ 

ʩʘʤʳʤ ʦʢʘʟʳʚʘʷ ʩʝʨʴʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜ.  

ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ ʩ 

ʭʨʘʥʝʥʠʝʤ ʥʝʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʥʘʚʦʟʘ, 

ʧʦʤʝʪʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ: 

-ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ;  

-ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʤʝʩʪʠʤʦʩʪʴ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʠʩʭʦʜʷ ʠʟ ʧʦʛʦʣʦʚʴʷ, 

ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ; 

-ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (çARCGISè), 

ʥʘʪʫʨʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʭʦʟʷʡʩʪʚ, ʦʪʢʨʳʪʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ [1, 2].  

ʇʨʠ ʨʘʩʯʸʪʘʭ ʚʳʭʦʜʦʚ ʥʘʚʦʟʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʫʢʨʫʧʥʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ, 

ʘʧʨʦʙʠʨʦʚʘʥʥʘʷ ʥʘ ʨʷʜʝ ʧʨʝʜʧʨʠʷʪʠʡ ʉɿʌʆ 

(ʪʘʙʣʠʮʘ 1) [3 - 7]. 

ʊʘʙʣʠʮʘ 1 

ʉʫʪʦʯʥʳʡ ʚʳʭʦʜ ʥʘʚʦʟʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ɺʠʜ 

ʞʠʚʦʪʥʳʭ 
ʊʝʭʥʦʣʦʛʠʷ, ʪʠʧ ʭʦʟʷʡʩʪʚʘ 

ʚʳʭʦʜ 

ʥʘʚʦʟʘ, 

ʢʛ/ʩʫʪ 

ʆʙʦʟʥʘʯʝʥʠʝ 

ʂʈʉ 
ʧʨʠʚʷʟʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 97ʍ 

ʍ- ʢʦʣʠʯʝʩʪʚʦ ʬʫʨʘʞʥʳʭ ʢʦʨʦʚ 
ʙʝʩʧʨʠʚʷʟʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 109ʍ 

ʉʚʠʥʴʠ 

 

ʭʦʟʷʡʩʪʚʘ ʩ ʟʘʢʦʥʯʝʥʥʳʤ 

ʮʠʢʣʦʤ 
8,4 ʍ 

ʍ ï ʦʙʱʝʝ ʧʦʛʦʣʦʚʴʝ ʩʚʠʥʝʡ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʨʝʧʨʦʜʫʢʪʦʨʥʳʝ ʭʦʟʷʡʩʪʚʘ 7,3 ʍ 

ʦʪʢʦʨʤʦʯʥʳʝ ʭʦʟʷʡʩʪʚʘ 10,25ʍ 

ʇʪʠʮʘ 

ʧʪʠʮʝʬʘʙʨʠʢʠ ʷʠʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ 

0,13ʍ+0,12

ʭ 

ʍ ï ʯʠʩʣʦ ʢʫʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʩʪʘʜʘ (ʚʟʨʦʩʣʘʷ ʧʪʠʮʘ), ʭ - 

ʨʝʤʦʥʪʥʳʡ ʤʦʣʦʜʥʷʢ  

(10-12ʥʝʜʝʣʴ) 

ʙʨʦʡʣʝʨʥʳʝ ʧʪʠʮʝʬʘʙʨʠʢʠ, 

ʩʦʜʝʨʞʘʥʠʝ ʥʘ ʧʦʣʫ 
0,11ʍ ʍ - ʯʠʩʣʦ ʛʦʣʦʚ ʙʨʦʡʣʝʨʦʚ 

ʙʨʦʡʣʝʨʥʳʝ ʧʪʠʮʝʬʘʙʨʠʢʠ, 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʣʝʪʢʘʭ 
0,09ʭ ʭ - ʯʠʩʣʦ ʛʦʣʦʚ ʙʨʦʡʣʝʨʦʚ 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʨʠʩʫʥʦʢ 1), ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʦ 116 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ: 160 

ʪʳʩ. ʛʦʣʦʚʳ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, 185 

ʪʳʩ. ʛʦʣʦʚ ʩʚʠʥʝʡ ʠ 29 000 ʪʳʩ. ʛʦʣʦʚ ʧʪʠʮʳ 

[1].  

ɺ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ 

96 ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʚʝʜʝʥʠʝʤ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʩ ʢʦʪʦʨʳʭ ʚ ʛʦʜ ʦʙʨʘʟʫʝʪʩʷ 

ʙʦʣʝʝ 3 ʤʣʥ ʪʦʥʥ ʥʘʚʦʟʘ. ʉ 8 ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 604 ʪʳʩ. ʪʦʥʥ 

ʥʘʚʦʟʘ, ʘ ʩ 12 ʧʪʠʮʝʬʘʙʨʠʢ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 

1,3 ʤʣʥ ʪʦʥʥ ʧʦʤʝʪʘ [2, 3].  

 

 
ʈʠʩ. 1. ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ɺʦ ʚʩʝʤ ʦʙʨʘʟʫʝʤʦʤ ʥʘʚʦʟʝ/ʧʦʤʝʪʝ 

ʩʦʜʝʨʞʠʪʩʷ ʦʙʱʝʛʦ ʘʟʦʪʘ ï 31900 ʪ, ʦʙʱʝʛʦ 

ʬʦʩʬʦʨʘ ï 6800 ʪ (ʥʘ ʜʝʡʩʪʚʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ) [2, 3]. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ 

ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʞʥʦ ʚʥʝʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʥʘ ʙʦʣʝʝ 190000 ʛʘ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ.  

ɺʤʝʩʪʠʤʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ (ʧʣʦʱʘʜʢʠ ʪʚʝʨʜʦʛʦ ʥʘʚʦʟʘ 

ʠ ʭʨʘʥʠʣʠʱʘ ʧʦʣʫʞʠʜʢʦʛʦ, ʞʠʜʢʦʛʦ ʥʘʚʦʟʘ ʠ 

ʥʘʚʦʟʦʩʦʜʝʨʞʘʱʠʭ ʩʪʦʢʦʚ) ʜʦʣʞʥʘ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʚʨʝʤʝʥʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ. 

ʉʨʘʚʥʠʚʘʣʩʷ ʦʙʲʝʤ ʦʙʨʘʟʫʝʤʦʛʦ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ 

/ʙʝʪʦʥʠʨʦʚʘʥʥʳʭ ʧʣʦʱʘʜʦʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ.  

ʆʮʝʥʠʚʘʣʠʩʴ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʦʱʘʜʦʢ ʠ 

ʭʨʘʥʠʣʠʱ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢ ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʢ ʥʠʤ ʪʨʝʙʦʚʘʥʠʷʤ (ʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʥʘʣʠʯʠʝ 

ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʢʠ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʤʠʥʠʤʘʣʴʥʳʭ ʵʤʠʩʩʠʡ ʠ ʪ.ʧ.).  
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ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 34%, ʧʦ 

ʨʘʩʯʝʪʘʤ ʧʦʨʷʜʢʘ 23% ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ 

ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴ, 43% ʭʨʘʥʠʣʠʱ ʥʝ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ (ʨʠʩʫʥʦʢ 2) [6,7].  

 

 
ʈʠʩ. 2. ʉʦʩʪʦʷʥʠʝ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʣʘʞʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʦʛʦ ʥʘʚʦʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʚʣʘʞʥʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʳʜʝʣʝʥʠʡ 

ʞʠʚʦʪʥʳʭ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʦʙʲʝʤ ʜʦ 250%, ʟʘ 

ʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟʣʠʰʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ. ɼʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʠʩʢʫ ʥʝʭʚʘʪʢʠ 

ʠʤʝʶʱʝʡʩʷ ʚʤʝʩʪʠʤʦʩʪʠ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱʘ 

ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʫʜʦʙʨʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʚʦʟʘ ʥʘ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʝʡ ʤʦʞʝʪ ʥʘʥʝʩʪʠ 

ʫʨʦʥ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ ʠ ʧʦʯʚʝʥʥʦʤʫ 

ʧʦʢʨʦʚʫ. [5 - 8].  

ʆʙʩʣʝʜʦʚʘʥʠʷ ʭʦʟʷʡʩʪʚ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʙʦʣʝʝ 50% ʚʩʝʭ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʧʦʩʪʨʦʝʥʳ 

ʙʝʟ ʟʘʱʠʪʳ ʦʪ ʚʦʟʤʦʞʥʳʭ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʫʪʝʯʝʢ, ʥʘʧʨʠʤʝʨ, 

ʪʚʝʨʜʳʡ ʥʘʚʦʟ ʥʝ ʭʨʘʥʠʪʩʷ ʚ ʭʨʘʥʠʣʠʱʘʭ ʩ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʤ ʜʥʠʱʝʤ ʠ ʩʪʝʥʘʤʠ, 

ʞʠʜʢʠʡ ʥʘʚʦʟ ʠ ʞʠʜʢʠʝ ʦʪʭʦʜʳ ʬʝʨʤ ʥʝ 

ʭʨʘʥʷʪʩʷ ʚ ʝʤʢʦʩʪʷʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʧʨʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʜʣʷ 

ʚʣʘʛʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʚʦ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʥʘʚʦʟʦʤ. ʍʨʘʥʠʣʠʱʘ 

ʞʠʜʢʦʛʦ ʥʘʚʦʟʘ ʥʝ ʠʤʝʶʪ ʢʨʦʚʣʠ ʠʣʠ ʥʝ 

ʟʘʱʠʱʝʥʳ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʥʠʞʝʥʠʷ 

ʚʳʙʨʦʩʦʚ ʘʤʤʠʘʢʘ. ɼʘʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʦʜʥʘʢʦ ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʘ ʥʘ ʩʠʩʪʝʤʫ ʅɼʊ, 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱʘ ʙʫʜʫʪ ʪʨʝʙʦʚʘʪʴ 

ʤʦʜʝʨʥʠʟʘʮʠʠ [9-12].  

ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 29% 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ, ʧʦ ʨʘʩʯʝʪʘʤ ʧʦʨʷʜʢʘ 20% 

ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴ, 51% 

ʭʨʘʥʠʣʠʱ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ (ʨʠʩʫʥʦʢ 2).  

ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʝʜʝʥʠʝ 
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ʩʚʠʥʝʡ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 

87% ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ, ʧʦ ʨʘʩʯʝʪʘʤ ʦʢʦʣʦ 

13% ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴ 

(ʨʠʩʫʥʦʢ 2).  

ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʝʜʝʥʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʪʠʮʳ ʚ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 27% 

ʧʦʤʝʪʦʭʨʘʥʠʣʠʱ, ʧʦ ʨʘʩʯʝʪʘʤ ʦʢʦʣʦ 55% 

ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴ, 18% 

ʭʨʘʥʠʣʠʱ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ (ʨʠʩ. 2).  

ɺ ʮʝʣʦʤ ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʨʷʜʢʘ 66% 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱʘ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʦʙʲʝʤʦʚ ʦʙʨʘʟʫʝʤʳʭ ʩʪʦʢʦʚ ʠ ʥʘʚʦʟʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ (ʨʠʩʫʥʦʢ 3). 

ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʝʤʦʛʦ 

ʥʘʚʦʟʘ/ʧʦʤʝʪʘ ʠ ʩʪʦʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 5,2 

ʤʣʥ. ʪʦʥʥ ʚ ʛʦʜ. 

ʈʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ, ʧʨʦʚʝʜʝʥʥʳʡ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ [3, 6] ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʥʘ 1,6 ʤʣʥ. ʢʫʙʠʯʝʩʢʠʭ 

ʤʝʪʨʦʚ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ 

ʠʥʚʝʩʪʠʮʠʡ ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ 5 600 ʤʣʥ 

ʨʫʙʣʝʡ [14]. 

 

 
ʈʠʩ. 3. ʄʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ 

 

ɺʳʚʦʜʳ  

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʠ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʢʦʣʦ 66% ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱʘ. 
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ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʨʷʜʢʘ 1,9 

ʤʣʥ. ʪʦʥʥ/ʛʦʜ ʥʘʚʦʟʘ ʠ ʧʦʤʝʪʘ ʦʪ ʦʙʱʝʛʦ 

ʦʙʨʘʟʫʝʤʦʛʦ ʦʙʲʝʤʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʥʝʧʦʣʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʀʟ 

ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʧʦʚʳʰʝʥʥʳʝ 

ʧʦʪʝʨʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʧʘʜʘʥʠʝ ʠʭ 

ʥʘ ʦʪʢʨʳʪʳʝ ʛʨʫʥʪʳ ʠ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʧʨʠ 

ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʥʘʨʫʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ 

ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʜʣʷ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʫʯʸʪʦʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʦʨʤʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʩʫʤʤʘʨʥʳʡ 

ʦʙʲʝʤ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʥʘ 1,6 ʤʣʥ. 

ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ, ʧʨʠ 

ʵʪʦʤ ʨʘʟʤʝʨ ʠʥʚʝʩʪʠʮʠʡ ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ 5 

600 ʤʣʥ ʨʫʙʣʝʡ ʙʝʟ ʫʯʝʪʘ ʩʪʦʠʤʦʩʪʠ 

ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜʲʝʟʜʥʳʭ 

ʜʦʨʦʛ ʠ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʪʨʝʙʫʝʤʳʤʠ 

ʩʦʛʣʘʩʦʚʘʥʠʷʤʠ.   
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ʩʦʩʪʘʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ ʪʚʝʨʜʦʬʘʟʥʦʡ ʘʵʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʌʘʢʪʦʨʦʤ ʧʦʢʘʟʘʪʝʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʝʨʤʝʥʪʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʩʪʠʛʘʝʤʘʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʙʠʦʬʝʨʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʇʨʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʝʟʦʬʠʣʴʥʦʤ 

ʨʝʞʠʤʝ (+20é+55Áʉ), ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ï ʧʝʨʝʭʦʜ ʚ ʪʝʨʤʦʬʠʣʴʥʳʡ ʨʝʞʠʤ (ʩʚʳʰʝ +55Áʉ). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʠʥʦʡ ʥʘʚʦʟ, ʘʵʨʦʙʥʘʷ ʬʝʨʤʝʥʪʘʮʠʷ, ʪʝʨʤʦʬʠʣʴʥʳʡ ʨʝʞʠʤ, ʤʝʟʦʬʠʣʴʥʳʡ 
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Modern requirements for pig farming lead to a search for new, more efficient technologies of manure 

utilisation. The solid-phase aerobic fermentation in closed installations shows promise in this respect.  

However, the previous studies demonstrated this technology to be not efficient enough when processing the 

separated solid fraction of pig manure. The objective of the study was to establish experimentally the optimal 

physical and chemical composition of the starting material for sufficiently intensive solid-phase aerobic 
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fermentation. The initial components were the solid fraction of pig manure produced on the block of AGM 

separators and the solid fraction of pig manure produced the block of decanter centrifuges. They were mixed 

with mechanical grain cleaning waste and water. BIAGUM organic fertiliser produced from bedding poultry 

manure by the solid-phase aerobic fermentation was added in one of the test samples. The intensity factor of 

the fermentation process was the temperature reached by the processed material in the biofermentation 

installation. Under the investigated operating modes, the stable temperature was recorded in the mesophilic 

mode (20-55Áʉ); in special cases, the transition to the thermophilic mode (over 55Áʉ) was registered. 
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ɺʚʝʜʝʥʠʝ 

ɺʥʝʜʨʝʥʠʝ ʚ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʷʭ 

ʵʢʦʥʦʤʠʢʠ ʧʨʠʥʮʠʧʦʚ ʅʘʠʣʫʯʰʠʭ 

ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʅɼʊ) ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʨʝʰʝʥʠʝʤ ʨʷʜʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ 

ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʦʚʳʭ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠʥʷʪʳʡ ʚ 2017 ʛʦʜʫ ʩʧʨʘʚʦʯʥʠʢ 

ʅɼʊ ʚ ʩʚʠʥʦʚʦʜʩʪʚʝ ʧʦ-ʥʦʚʦʤʫ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʚʝʜʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ [1, 2]. ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʙʦʨʢʠ ʥʘʚʦʟʘ ʠʟ ʧʦʤʝʱʝʥʠʡ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʜʝʣʝʥʠʝʤ ʥʘʚʦʟʘ ʥʘ ʬʨʘʢʮʠʠ, 

ʩʪʘʚʠʪ ʧʝʨʝʜ ʥʘʫʢʦʡ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʘʧʨʦʙʘʮʠʠ ʥʦʚʳʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʙʠʦʬʝʨʤʝʥʪʘʮʠʠ ʚ ʫʩʪʘʥʦʚʢʘʭ ʟʘʢʨʳʪʦʛʦ 

ʪʠʧʘ. ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʪʚʝʨʜʦʬʘʟʥʦʡ ʘʵʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ ʚ 

ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʟʘʪʨʫʜʥʝʥʦ 

ʚ ʩʠʣʫ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ [3]. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 

ʮʝʣʴ ʪʝʢʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʫʙʩʪʨʘʪʘ ʜʣʷ 

ʬʝʨʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ 

ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʜʦʣʞʥʘ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ ʩʯʝʪ ʧʨʠʚʝʜʝʥʠʷ 

ʩʫʙʩʪʨʘʪʘ ʢ ʦʧʪʠʤʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʥʘʠʙʦʣʝʝ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʭʦʜ 

ʧʨʦʮʝʩʩʘ ʪʚʝʨʜʦʬʘʟʥʦʡ ʘʵʨʦʙʥʦʡ 

ʬʝʨʤʝʥʪʘʮʠʠ ʚ ʤʝʟʦʬʠʣʴʥʫʶ ʠ 

ʪʝʨʤʦʬʠʣʴʥʫʶ ʬʘʟʳ [4-6]: 

¶ ʚʣʘʞʥʦʩʪʴ: 50-70%; 

¶ ʢʠʩʣʦʪʥʦʩʪʴ: 7,5-8,5. 

¶ ʩʦʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʢ ʘʟʦʪʫ: 

1
2515- . 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠʤʝʥʝʥʘ ʪʚʝʨʜʘʷ ʬʨʘʢʮʠʷ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʙʣʦʢʘ AGM ʩʝʧʘʨʘʪʦʨʦʚ ʠ 

ʧʦʩʣʝ ʙʣʦʢʘ ʜʝʢʘʥʪʝʨʥʳʭ ʮʝʥʪʨʠʬʫʛ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʢʦʥʚʝʨʩʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ï ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ 

ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩ/ʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʬʠʣʠʘʣʘ ʌɻɹʅʋ ʌʅɸʎ 

ɺʀʄ ʚ ʤʘʨʪʝ 2019 ʛʦʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ 

ʦʙʨʘʟʮʘ ˉ1 ʚʳʩʪʫʧʠʣʠ ʪʚʝʨʜʘʷ ʬʨʘʢʮʠʷ 

ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʙʣʦʢʘ 

AGM ʩʝʧʘʨʘʪʦʨʦʚ, ʪʚʝʨʜʘʷ ʬʨʘʢʮʠʷ ʩʚʠʥʦʛʦ 

ʥʘʚʦʟʘ ʧʦʩʣʝ ʙʣʦʢʘ ʜʝʢʘʥʪʝʨʥʳʭ ʮʝʥʪʨʠʬʫʛ ʠ 

ʦʪʭʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ (ʨʠʩ. 1). ʇʨʠ ʩʤʝʰʠʚʘʥʠʠ 
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ʦʙʨʘʟʮʘ ˉ2 ʢ ʫʢʘʟʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʚ ʀɸʕʇ ï 

ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʫʜʦʙʨʝʥʠʝ çɹʀɸɻʋʄè, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʥʘ 

ʦʩʥʦʚʝ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ 

ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʡ ʘʵʨʦʙʥʦʡ 

ʬʝʨʤʝʥʪʘʮʠʠ ʠ ʠʤʝʶʱʝʝ ʩʝʨʪʠʬʠʢʘʪ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ɻʆʉʊ ʈ 53117-2008 

çʋʜʦʙʨʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘè. 

 
ʈʠʩ. 1. ʂʦʤʧʦʥʝʥʪʳ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

1 ï ʪʚʝʨʜʘʷ ʬʨʘʢʮʠʷ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʩʣʝ ʙʣʦʢʘ AGM ʩʝʧʘʨʘʪʦʨʦʚ; 2 ï ʪʚʝʨʜʘʷ ʬʨʘʢʮʠʷ ʩʚʠʥʦʛʦ 

ʥʘʚʦʟʘ ʧʦʩʣʝ ʙʣʦʢʘ ʜʝʢʘʥʪʝʨʥʳʭ ʮʝʥʪʨʠʬʫʛ; 3 ï ʦʪʭʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ 

 

ʈʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʧʨʦʠʟʚʝʜʝʥ ʩ ʫʯʝʪʦʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɺʟʚʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʰʢʘʣʴʥʳʭ ʪʦʚʘʨʥʳʭ 

ʚʝʩʦʚ ɺʊ-1995. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʪʚʝʨʜʦʬʘʟʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʵʢʩʧʨʝʩʩ-ʬʝʨʤʝʥʪʘʪʦʨʝ (ʨʠʩ. 

2). ʊʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʵʢʩʧʨʝʩʩ-ʬʝʨʤʝʥʪʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ 

ʠʤʠʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʬʝʨʤʝʥʪʘʮʠʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʠ ʚ 

ʨʝʞʠʤʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

ʇʦʜʘʯʘ ʚʦʟʜʫʭʘ ʚ ʵʢʩʧʨʝʩʩ-ʬʝʨʤʝʥʪʘʪʦʨ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʨʝʩʩʦʨʘ 

ʈʂ 102-10-50. 

 
ʈʠʩ. 2. ʃʘʙʦʨʘʪʦʨʥʳʡ ʵʢʩʧʨʝʩʩ-ʬʝʨʤʝʥʪʘʪʦʨ: 

1 ï ʢʘʤʝʨʘ ʙʠʦʬʝʨʤʝʥʪʘʪʦʨʘ; 2 ï ʩʲʸʤʥʘʷ ʢʨʳʰʢʘ; 3 ï ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ ʧʣʘʩʪʠʥʘ;  

4 ï ʘʵʨʘʮʠʦʥʥʘʷ ʪʨʫʙʘ; 5 ï ʧʘʪʨʫʙʦʢ ʚʦʟʜʫʰʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ; 6 ï ʧʝʨʝʤʝʰʠʚʘʪʝʣʴ ʤʘʪʝʨʠʘʣʘ;  

7 ï ʩʲʝʤʥʘʷ ʨʫʢʦʷʪʢʘ; 8 ï ʟʘʛʣʫʰʢʠ; 9 ï ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʟʘʤʝʨʘ ʪʝʤʧʝʨʘʪʫʨ r
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ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʛʦ ʬʘʢʪʦʨʘ ʫʩʧʝʰʥʦʛʦ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʘʵʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ 

ʚʳʙʨʘʥ ʬʘʢʪ ʧʦʜʜʝʨʞʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʳʰʝ 55Áʉ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ [7]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: ʟʘʤʝʨ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʪʝʨʤʦʤʝʪʨʘ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʊʉ-77; 

ʟʘʤʝʨ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʵʢʩʧʨʝʩʩ-

ʬʝʨʤʝʥʪʘʪʦʨʘ ï ʧʨʠ ʧʦʤʦʱʠ ʪʝʨʤʦʤʝʪʨʘ 

ʊʎʄ 9410/ʄ2, ʦʩʥʘʱʝʥʥʦʛʦ ʪʝʨʤʦʱʫʧʦʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʧʦʣʥʷʣʦʩʴ 

ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɻʆʉʊʦʚ:  

¶ ɻʆʉʊ 26713-85. ʋʜʦʙʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʠ 

ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ. 

¶ ɻʆʉʊ 26714-85. ʋʜʦʙʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʣʳ. 

¶ ɻʆʉʊ 26715-85. ʋʜʦʙʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ 

ʘʟʦʪʘ. 

¶ ɻʆʉʊ 26716-85. ʋʜʦʙʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ. 

¶ ɻʆʉʊ 26717-85. ʋʜʦʙʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ 

ʬʦʩʬʦʨʘ. 

¶ ɻʆʉʊ 26718-85. ʋʜʦʙʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ 

ʢʘʣʠʷ. 

¶ ɻʆʉʊ 27979-88. ʋʜʦʙʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʅ. 

¶ ɻʆʉʊ 27980-88. ʋʜʦʙʨʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʆʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ɻʆʉʊ ʈ 54519-2011. 

ʋʜʦʙʨʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʝ. ʄʝʪʦʜʳ ʦʪʙʦʨʘ 

ʧʨʦʙ. 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʵʢʩʧʨʝʩʩ-ʬʝʨʤʝʥʪʘʪʦʨʘ 

ʫʩʪʘʥʦʚʣʝʥ ʩ ʫʯʝʪʦʤ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʦʬʘʟʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ 

ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ ʠ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʥʘʚʦʟʘ 

ʂʈʉ ʠ ʘʥʘʣʦʛʠʯʥʳ ʧʨʠʤʝʥʷʝʤʳʤ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ [8-10]: 

¶ I ʨʝʞʠʤ: ʚʨʝʤʷ ʘʵʨʘʮʠʠ ï 20 ʤʠʥ/ʯ; 

ʩʢʦʨʦʩʪʴ ʘʵʨʘʮʠʠ ï 10 ʤ/ʩ; ʠʥʪʝʨʚʘʣ 

ʚʨʘʱʝʥʠʷ ï 24 ʯ; 

¶ II  ʨʝʞʠʤ: ʚʨʝʤʷ ʘʵʨʘʮʠʠ ï 13 ʤʠʥ/ʯ; 

ʩʢʦʨʦʩʪʴ ʘʵʨʘʮʠʠ ï 7,5 ʤ/ʩ; ʠʥʪʝʨʚʘʣ 

ʚʨʘʱʝʥʠʷ ï 24 ʯ; 

¶ III  ʨʝʞʠʤ: ʚʨʝʤʷ ʘʵʨʘʮʠʠ ï 7 ʤʠʥ/ʯ; 

ʩʢʦʨʦʩʪʴ ʘʵʨʘʮʠʠ ï 5,5 ʤ/ʩ; ʠʥʪʝʨʚʘʣ 

ʚʨʘʱʝʥʠʷ ï 12 ʯ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʌʝʨʤʝʥʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ, 

ʤʥʦʛʦʩʦʩʪʘʚʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʥʘ ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʤʥʦʞʝʩʪʚʦ 

ʬʘʢʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ [7]. 

ʇʨʝʜʳʜʫʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʢʘʟʘʣʠ 

ʟʘʪʨʫʜʥʝʥʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʫʶ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (C/N) [3]. ʉ 

ʫʯʝʪʦʤ ʵʪʦʛʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʟʤʝʥʠʪʴ 

ʩʦʩʪʘʚ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʦʪʭʦʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʟʝʨʥʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ 

çɹʀɸɻʋʄè. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʚʝʜʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ ʠʭ ʩʦʩʪʘʚʘ 

(ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʇʦʢʘʟʘʪʝʣʴ 
ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʊʚʝʨʜʘʷ 

ʬʨʘʢʮʠʷ ʧʦʩʣʝ 

AGM 

ʩʝʧʘʨʘʪʦʨʦʚ 

ʊʚʝʨʜʘʷ 

ʬʨʘʢʮʠʷ ʧʦʩʣʝ 

ʜʝʢʘʥʪʝʨʥʳʭ 

ʮʝʥʪʨʠʬʫʛ 

ʆʪʭʦʜʳ 

ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʯʠʩʪʢʠ ʟʝʨʥʘ 

ʋʜʦʙʨʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʝ 

çɹʀɸɻʋʄè 

ɺʣʘʞʥʦʩʪʴ % 71,26 66,86 13,86 62,2 

ʨʅ - 8,0 12,0 6,9 8,5 

NH4
+
 ʤʛ/ʢʛ 443,0 61,4 167,0 2770,0 

NO3
-
 ʤʛ/ʢʛ 117,5 921,5 47,2 890,0 

K
+
 ʤʛ/ʢʛ 492,0 473,0 1373,0 2890,0 

ʈʦʙʱ ʤʛ/ʢʛ 2000,0 8100,0 3300,0 4970,0 

Nʦʙʱ 

(ʂʲʝʣʴʜʘʣʴ) 
ʤʛ/ʢʛ 5320,0 8128,0 1036,0 20500,0 

ɿʦʣʴʥʦʩʪʴ % 6,4 45,4 12,5 19,2 

 

ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʫʙʩʪʨʘʪʘ ʦʧʨʝʜʝʣʝʥʦ ʩ ʫʯʝʪʦʤ 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ, 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʦ ʚʚʝʜʝʥʠʠ, ʟʘʜʘʥʥʦʛʦ 

ʬʦʨʤʫʣʦʡ, ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʙʦʨʘ ʩʨʝʜʠ 

ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ:  

 

ʨʘʩʯɹʀɸɻʋʄʨʘʩʯɺʆɼɸʨʘʩʯʆʄʆɿʨʘʩʯɼʎʨʘʩʯAGM

ɹʀɸɻʋʄiʨʘʩʯɹʀɸɻʋʄɺʆɼɸiʨʘʩʯɺʆɼɸʆʄʆɿiʨʘʩʯʆʄʆɿɼʎiʨʘʩʯɼʎAGMiʨʘʩʯAGM

ʉ
ʄʄʄʄʄ

XʄXʄXʄXʄXʄ
X

++++

Ö+Ö+Ö+Ö+Ö
=  

 

ʛʜʝ Xi ʉ ï ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ i-ʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʩʫʙʩʪʨʘʪʘ (W, pH, C/N) ʩ ʫʯʝʪʦʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ; ʄʨʘʩʯAGM ï 

ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ 

ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʩʣʝ AGM ʩʝʧʘʨʘʪʦʨʦʚ, ʢʛ; 

Xi AGM ï ʟʥʘʯʝʥʠʝ i-ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʚʝʨʜʦʡ 

ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʩʣʝ AGM 

ʩʝʧʘʨʘʪʦʨʦʚ; ʄʨʘʩʯɼʎ ï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʩʩʳ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ 

ʧʦʩʣʝ ʜʝʢʘʥʪʝʨʥʳʭ ʮʝʥʪʨʠʬʫʛ, ʢʛ; Xi ɼʎ ï 

ʟʥʘʯʝʥʠʝ i-ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ 

ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʩʣʝ ʜʝʢʘʥʪʝʨʥʳʭ 

ʮʝʥʪʨʠʬʫʛ; ʄʨʘʩʯʆʄʆɿ ï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʩʩʳ ʦʪʭʦʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, 

ʢʛ; Xi ʆʄʆɿ ï ʟʥʘʯʝʥʠʝ i-ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʪʭʦʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ; 

ʄʨʘʩʯɺʆɼɸ ï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʚʦʜʳ, 

ʢʛ; Xi ɺʆɼɸ ï ʟʥʘʯʝʥʠʝ i-ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦʜʳ; 

ʄʨʘʩʯɹʀɸɻʋʄ ï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ çɹʀɸɻʋʄè, ʢʛ; Xi 

ɹʀɸɻʋʄ ï ʟʥʘʯʝʥʠʝ i-ʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ çɹʀɸɻʋʄè. 

ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʩʦʩʪʘʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʬʝʨʤʝʥʪʘʮʠʠ (ʪʘʙʣ. 2). 
 

ʊʘʙʣʠʮʘ 2 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʫʙʩʪʨʘʪʘ 

ʂʦʤʧʦʥʝʥʪ 
ʆʙʨʘʟʝʮ ˉ1 ʆʙʨʘʟʝʮ ˉ2 

ʢʛ % ʂʛ % 

ʊʚʝʨʜʘʷ ʬʨʘʢʮʠʷ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʩʣʝ ʙʣʦʢʘ AGM 

ʩʝʧʘʨʘʪʦʨʦʚ 
36,75 45,6 42,2 52,5 

ʊʚʝʨʜʘʷ ʬʨʘʢʮʠʷ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʩʣʝ ʙʣʦʢʘ 

ʜʝʢʘʥʪʝʨʥʳʭ ʮʝʥʪʨʠʬʫʛ 
21,6 26,8 26,65 33,2 

ʆʪʭʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ 5,4 6,7 5,9 7,4 

ɺʦʜʘ 4,2 5,2 5,55 6,9 

ʋʜʦʙʨʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʝ çɹʀɸɻʋʄè 12,6 15,6 - - 

ɺʉɽɻʆ 80,55 100 80,3 100 
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ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʠ ʟʘʢʣʘʜʢʘ ʚ 

ʵʢʩʧʨʝʩʩ-ʬʝʨʤʝʥʪʘʪʦʨʳ ʧʨʦʚʝʜʝʥʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʟʘʢʣʘʜʢʠ ʚ 

ʵʢʩʧʨʝʩʩ-ʬʝʨʤʝʥʪʘʪʦʨʳ 

 

ʋʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʳʣʠ 

ʦʜʠʥʘʢʦʚʳʤʠ. ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʦʩʪʘʚʣʷʣʘ 12Ñ1Áʉ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʢʩʧʨʝʩʩ-

ʬʝʨʤʝʥʪʘʪʦʨʘʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 9 

ʩʫʪʦʢ (ʨʠʩʫʥʦʢ 4) ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʨʘʟ ʚ 

ʩʫʪʢʠ. ʉ ʫʯʝʪʦʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʘʥʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʘ ʠ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʟʘʤʝʨʘ ʙʳʣʘ ʧʨʠʟʥʘʥʘ 

ʦʧʪʠʤʘʣʴʥʦʡ [3, 8, 9]. 

 
ʈʠʩ. 4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʢʩʧʨʝʩʩ-

ʬʝʨʤʝʥʪʘʪʦʨʦʚ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʠ ʩʪʘʙʠʣʴʥʦ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʟʦʬʠʣʴʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (+20é+55Áʉ), ʘ ʪʘʢʞʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʚ ʪʝʨʤʦʬʠʣʴʥʫʶ 

ʬʘʟʫ (ʩʚʳʰʝ +55Áʉ). ʇʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʜʘʥʥʳʭ ʬʘʟʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝʤ 

ʩʣʦʞʥʳʭ ʫʛʣʝʚʦʜʦʚ, ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʣʠʥʛʠʥʘ. 

ʉʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʣʘ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʤʘʩʩʘ 

ʩʫʙʩʪʨʘʪʘ. ɼʣʷ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʜʘʥʥʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʨʠʪʴ 

ʟʘʷʚʣʝʥʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʥʘ ʜʘʥʥʦʤ 

ʩʫʙʩʪʨʘʪʝ ʙʦʣʴʰʝʡ ʤʘʩʩʳ, ʥʘʧʨʠʤʝʨ, ʦʪ 500 

ʢʛ. 

ʉʤʝʰʠʚʘʥʠʝ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ 

ʥʘʚʦʟʘ ʧʦʩʣʝ ʙʣʦʢʘ AGM ʩʝʧʘʨʘʪʦʨʦʚ, 

ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʩʣʝ ʙʣʦʢʘ 

ʜʝʢʘʥʪʝʨʥʳʭ ʮʝʥʪʨʠʬʫʛ ʠ ʦʪʭʦʜʦʚ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʩʢʘʟʘʣʦʩʴ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʩʜʝʣʘʚ 

ʝʛʦ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʦʡ 

ʘʵʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ. ɼʦʙʘʚʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ çɹʀɸɻʋʄè ʚ 

ʦʙʨʘʟʝʮ ˉ1 ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʡ ʜʠʥʘʤʠʢʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ: 

ʝʩʣʠ ʧʨʠ ʨʝʞʠʤʝ I ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ 

ʩʫʙʩʪʨʘʪʦʚ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6Áʉ (12-25%), 

ʩʚʷʟʘʥʥʳʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʥʘʙʦʨʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʧʨʠ ʨʝʞʠʤʝ III, ʢʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʢʩʧʨʝʩʩ-ʬʝʨʤʝʪʘʪʦʨʘʭ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʜʦʩʪʠʛʘʣ 2-4Áʉ (3,5-7%). ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, 

ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ ʫʪʚʝʨʞʜʝʥʠʝ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʷ 

çɹʀɸɻʋʄè ʠʣʠ ʧʦʜʦʙʥʦʛʦ ʝʤʫ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʮʝʩʩʘ ʪʚʝʨʜʦʬʘʟʥʦʡ 

ʘʵʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ ʧʨʠ ʥʘʯʘʣʝ 

ʧʝʨʝʨʘʙʦʪʢʠ. 

ɺʳʚʦʜʳ 

ʉʤʝʰʠʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʟʘʜʘʥʥʳʭ ʧʨʦʧʦʨʮʠʷʭ ʧʦʟʚʦʣʠʣʦ 

ʧʦʜʛʦʪʦʚʠʪʴ ʩʫʙʩʪʨʘʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʥʦʨʤʘʣʴʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʬʝʨʤʝʥʪʠʨʫʝʤʘʷ ʩʤʝʩʴ ʚ 

ʩʦʩʪʘʚʝ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ 

ʧʦʩʣʝ ʙʣʦʢʘ AGM ʩʝʧʘʨʘʪʦʨʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19 ɺʳʧ. 3(100) 

194 
 

45,6é52,5% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ, ʪʚʝʨʜʦʡ 

ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʩʣʝ ʙʣʦʢʘ 

ʜʝʢʘʥʪʝʨʥʳʭ ʮʝʥʪʨʠʬʫʛ ï 26,8é33,2%, 

ʦʪʭʦʜʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ï 

6,7é7,4% ʠ ʚʦʜʳ ï 5,2é6,9% 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ 

ʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɼʦʙʘʚʣʝʥʠʝ ʚ ʩʫʙʩʪʨʘʪ ʥʘ ʵʪʘʧʝ 

ʧʦʜʛʦʪʦʚʢʠ ʢʘʪʘʣʠʟʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ 

çɹʀɸɻʋʄè, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʧʪʠʯʴʝʛʦ ʧʦʤʝʪʘ, ʩʧʦʩʦʙʥʦ 

ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʩʘʤʦʨʘʟʦʛʨʝʚʘ ʩʫʙʩʪʨʘʪʘ ʠ 

ʜʦʩʪʠʯʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 

+59Áʉ), ʦʜʥʘʢʦ ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʨʘʙʦʯʠʝ 

ʟʥʘʯʝʥʠʷ ʜʘʥʥʘʷ ʨʘʟʥʠʮʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ï 

3,5-7%. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 

ʢ ʧʨʠʤʝʨʫ, ʧʨʠ ʨʝʞʠʤʝ I (ʚʨʝʤʷ ʘʵʨʘʮʠʠ ï 20 

ʤʠʥ/ʯ; ʩʢʦʨʦʩʪʴ ʘʵʨʘʮʠʠ ï 10 ʤ/ʩ; ʠʥʪʝʨʚʘʣ 

ʚʨʘʱʝʥʠʷ ï 24 ʯ) ʥʘʙʣʶʜʘʣʘʩʴ ʥʘʠʤʝʥʴʰʘʷ 

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʵʢʩʧʨʝʩʩ-

ʬʝʨʤʝʥʪʘʪʦʨʦʚ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʜʠʥʘʤʠʢʘ ʝʝ ʥʘʙʦʨʘ. ʇʨʠ 

ʨʝʞʠʤʘʭ ʧʝʨʝʨʘʙʦʪʢʠ II (ʚʨʝʤʷ ʘʵʨʘʮʠʠ ï 13 

ʤʠʥ/ʯ; ʩʢʦʨʦʩʪʴ ʘʵʨʘʮʠʠ ï 7,5 ʤ/ʩ; ʠʥʪʝʨʚʘʣ 

ʚʨʘʱʝʥʠʷ ï 24 ʯ) ʠ III  (ʚʨʝʤʷ ʘʵʨʘʮʠʠ ï 7 

ʤʠʥ/ʯ; ʩʢʦʨʦʩʪʴ ʘʵʨʘʮʠʠ ï 5,5 ʤ/ʩ; ʠʥʪʝʨʚʘʣ 

ʚʨʘʱʝʥʠʷ ï 12 ʯ) ʥʘʙʣʶʜʘʣʘʩʴ ʩʭʦʞʘʷ 

ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ï 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʜʠʘʧʘʟʦʥʝ +50é+55Áʉ, ʘ 

ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʨʝʚʳʰʝʥʠʝ ʜʘʥʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʠ ʚʳʭʦʜ ʚ ʪʝʨʤʦʬʠʣʴʥʳʡ ʨʝʞʠʤ 

ʬʝʨʤʝʥʪʘʮʠʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʬʝʨʤʝʥʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ 

ʥʘʚʦʟʘ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʘʤʦʪʝʯʥʘʷ 

ʩʠʩʪʝʤʘ ʫʜʘʣʝʥʠʷ ʥʘʚʦʟʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚʘʥʥʦ-ʪʨʫʙʥʦʛʦ ʪʠʧʘ. ʆʜʥʘʢʦ, ʜʠʘʤʝʪʨ ʢʦʣʣʝʢʪʦʨʘ 

ʩʠʩʪʝʤʳ ʥʘʚʦʟʦʫʜʘʣʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʶʪ ʙʝʟ ʦʙʦʩʥʦʚʘʥʠʷ. ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ 

ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʚ ʦʩʥʦʚʥʦʤ ʚʣʠʷʝʪ ʥʘ ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ 

ʧʦ ʪʨʫʙʘʤ, ʢʘʥʘʣʘʤ ʠ ʣʦʪʢʘʤ. ɹʝʩʧʦʜʩʪʠʣʦʯʥʳʡ ʥʘʚʦʟ ʧʦʯʪʠ ʦʜʥʦʨʦʜʝʥ ʧʦ ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ. 

ʋʨʘʚʥʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʨʘʩʯʸʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʚʷʟʳʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʜʢʦʡ ʩʨʝʜʳ, ʩʦʟʜʘʚʘʝʤʳʡ ʥʘʧʦʨ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʝʥʦ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ï ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʢ ʩʣʫʯʘʶ ʪʝʯʝʥʠʷ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʧʦ ʢʦʣʣʝʢʪʦʨʫ. ʇʦʪʝʨʠ 

ʥʘʧʦʨʘ ʧʦ ʜʣʠʥʝ ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʬʦʨʤʫʣʝ ɼʘʨʩʠ ï ɺʝʡʩʙʘʭʘ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʝʢʫʥʜʥʦʛʦ ʨʘʩʭʦʜʘ 

ʧʦʪʦʢʘ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʠʘʤʝʪʨʦʤ d ʠ ʦʧʠʩʘʪʴ ʜʚʠʞʝʥʠʝ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʜʣʷ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʪʦʢʘ ʚ ʢʦʣʣʝʢʪʦʨʝ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʙʦʩʥʦʚʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ 

ʚʳʙʦʨʫ ʜʠʘʤʝʪʨʘ ʢʦʣʣʝʢʪʦʨʘ ʩʠʩʪʝʤʳ ʥʘʚʦʟʦʫʜʘʣʝʥʠʷ. 
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At present, the pig farms are mostly equipped with the gravity flow pipe-and-pit systems with periodic 

slurry removal from the livestock houses. However, at the system designing stage, the diameter of the slurry 

pipeline is chosen without the proper justification. The fractional composition of pig slurry affects mainly its 

viscoplastic properties and the movement pattern through the pipes, channels, and pits. The bedding-free 

slurry is almost uniform in terms of fractional composition. The equations underlying the pipeline sizing 

bridge the physical and rheological characteristics of the fluid medium, the generated pressure, and 

kinematic and geometric factors. In the theoretical study, the basic hydrodynamic equation, the Bernoulli 

equation, was applied to the case of the slurry flow in the pipeline. The pressure loss along the round-section 
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pipe length was determined by the Darcy ï Weisbach equation. The theoretical study performed allowed to 

obtain an equation for finding the flow rate of slurry in the pipeline of diameter d and to describe the steady 

slurry flow through the round-section pipeline. This will provide a reasonable approach to the choice of the 

pipeline diameter within the slurry removal system. 

 

Keywords: agriculture, pig breeding, pig housing, manure, pipeline sizing 

 

For citation: Trifanov A.V., Bazykin V.I. Steady slurry flow through the round-section pipeline. 

Tekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva produkcii rastenievodstva i 

zhivotnovodstva. 2019. 3(100): 196- 202 (In Russian) 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 

ʩʘʤʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ ʫʜʘʣʝʥʠʷ ʥʘʚʦʟʘ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚʘʥʥʦ-ʪʨʫʙʥʦʛʦ 

ʪʠʧʘ [1]. ʆʪʣʠʯʠʝ ʦʪ ʩʘʤʦʪʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʜ ʢʘʞʜʳʤ 

ʥʘʚʦʟʦʧʨʠʝʤʥʳʤ ʢʘʥʘʣʦʤ ʧʨʦʣʦʞʝʥʳ 

ʧʣʘʩʪʠʢʦʚʳʝ ʢʦʣʣʝʢʪʦʨʳ. ɺ ʢʘʥʘʣʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʦʡʥʠʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ 

ʥʘʚʦʟʦʧʨʠʝʤʥʳʡ ʢʘʥʘʣ ʩ ʢʦʣʣʝʢʪʦʨʦʤ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʪʨʦʡʥʠʢʘ ʩ ʧʦʤʦʱʴʶ 

ʨʝʟʠʥʦʚʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ ʩʦʝʜʠʥʝʥʘ 

ʩ ʩʘʤʦʪʝʯʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʤʝʪʨʘ, ʘ ʚʝʨʪʠʢʘʣʴʥʘʷ, 

ʩʤʦʥʪʠʨʦʚʘʥʘ ʟʘʧʦʜʣʠʮʦ ʩ ʦʩʥʦʚʘʥʠʝʤ ʯʘʰʠ, 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʨʦʙʢʦʡ, ʩʥʘʙʞʝʥʥʦʡ 

ʫʧʣʦʪʥʠʪʝʣʝʤ ʠʟ ʧʦʨʠʩʪʦʡ ʨʝʟʠʥʳ [2, 3]. 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʥʘʚʦʟʘ ʚ ʦʩʥʦʚʥʦʤ 

ʚʣʠʷʝʪ ʥʘ ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʧʦ 

ʪʨʫʙʘʤ, ʢʘʥʘʣʘʤ ʠ ʣʦʪʢʘʤ. ɹʝʩʧʦʜʩʪʠʣʦʯʥʳʡ 

ʥʘʚʦʟ ʧʦʯʪʠ ʦʜʥʦʨʦʜʝʥ ʧʦ ʬʨʘʢʮʠʦʥʥʦʤʫ 

ʩʦʩʪʘʚʫ. ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʜʣʠʥʘ ʯʘʩʪʠʮ ʚ 

ʵʢʩʢʨʝʤʝʥʪʘʭ ʂʈʉ ʨʘʚʥʘ 2,6 ʤʤ, ʘ ʯʘʩʪʠʮ 

ʜʣʠʥʦʡ ʩʚʳʰʝ 10 ʤʤ ʩʦʜʝʨʞʠʪʩʷ ʥʝ ʙʦʣʝʝ 1 

%. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ 

ʩʦʩʪʘʚʣʷʝʪ 0,63...1,24 ʤʤ [4]. 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʥʘʧʦʨʘ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ï ʩʠʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʶ ʚ 

ʤʝʩʪʘʭ ʧʦʚʦʨʦʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʠ ʝʛʦ 

ʨʘʩʰʠʨʝʥʠʠ ï ʩʫʞʝʥʠʠ ʠʣʠ ʚ ʤʝʩʪʘʭ 

ʫʩʪʘʥʦʚʢʠ ʟʘʜʚʠʞʝʢ. ʋʨʘʚʥʝʥʠʷ, ʣʝʞʘʱʠʝ ʚ 

ʦʩʥʦʚʝ ʨʘʩʯʸʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʚʷʟʳʚʘʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʠʝ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʜʢʦʡ ʩʨʝʜʳ, ʩʦʟʜʘʚʘʝʤʳʡ 

ʥʘʧʦʨ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ [5, 6].  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʩʚʠʥʦʢʦʤʧʣʝʢʩʘ, ʚʳʙʦʨ ʜʠʘʤʝʪʨʘ ʢʦʣʣʝʢʪʦʨʘ 

ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʠʷ ʥʘʚʦʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ, ʙʝʟ ʧʦʜʨʦʙʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ. ɺʳʙʦʨ ʜʠʘʤʝʪʨʘ ʢʦʣʣʝʢʪʦʨʘ 

ʤʝʥʴʰʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʝ ʧʦʟʚʦʣʠʪ 

ʥʦʨʤʘʣʴʥʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʥʘʚʦʟʥʫʶ 

ʤʘʩʩʫ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ 

ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʠʷ ʥʘʚʦʟʘ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ 

ʨʘʙʦʪʘʤ ʧʦ ʝʝ ʜʝʤʦʥʪʘʞʫ ʠ ʫʢʣʘʜʢʝ ʥʦʚʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ ʥʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʢʫʥʜʥʦʛʦ ʨʘʩʭʦʜʘ ʥʘʚʦʟʥʦʡ 

ʤʘʩʩʳ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʪʦʢʘ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʜʠʘʤʝʪʨʘ ʢʦʣʣʝʢʪʦʨʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʠʤ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ï ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʢ 

ʩʣʫʯʘʶ ʪʝʯʝʥʠʷ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʧʦ 

ʢʦʣʣʝʢʪʦʨʫ ʜʠʘʤʝʪʨʦʤ Ὠ̋ ʜʣʠʥʦʡ ὒ̋ ʩ 

ʫʢʣʦʥʦʤ Ὥ̋ ÓÉÎ‌ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʭʝʤʘ ʢ ʜʚʠʞʝʥʠʶ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʧʦ 

ʢʦʣʣʝʢʪʦʨʫ 

 

ʊʝʯʝʥʠʝ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʚ ʢʦʣʣʝʢʪʦʨʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʛʣʘʜʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ: 

- ʪʝʯʝʥʠʝ ʧʦ ʢʦʣʣʝʢʪʦʨʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ Ὄ̐ Ὤ̃ Ὤ̋, ʛʜʝ Ὤ̋ ï ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʯʘʩʪʴ ʢʦʣʣʝʢʪʦʨʘ;  

- ʧʦ ʜʣʠʥʝ ʢʦʣʣʝʢʪʦʨʘ ʥʘʭʦʜʷʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʦʙʨʘʟʫʶʪʩʷ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʦʢʘ (ʤʝʩʪʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ); 

- ʠʩʪʝʯʝʥʠʝ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (ʩʝʯʝʥʠʝ 2 ï 2); 

- ʧʦ ʪʠʧʫ ʪʝʯʝʥʠʝ ʚ ʢʦʣʣʝʢʪʦʨʝ ʷʚʣʷʝʪʩʷ 

ʪʫʨʙʫʣʝʥʪʥʳʤ; 

ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʚ ʦʙʱʝʤ ʚʠʜʝ [7, 8]: 

ᾀ ᾀ Ὤ̐ ̏,̓ (1) 

ʛʜʝ  ᾀ ʠ ᾀ ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʚʳʩʦʪʳ ʚ 

ʩʝʯʝʥʠʷʭ 1 ï 1 ʠ 2 ï 2, ʤ;  ʠ  ï 

ʧʲʟʦʤʝʪʨʠʯʝʩʢʠʝ ʚʳʩʦʪʳ ʚ ʩʝʯʝʥʠʷʭ 1 ï 1 ʠ 2 

ï 2, ʤ;  ʠ  ï ʩʢʦʨʦʩʪʥʳʝ ʚʳʩʦʪʳ ʚ 

ʩʝʯʝʥʠʷʭ 1 ï 1 ʠ 2 ï 2, ʤ; Ὤ̐ ̏ ̓ ï ʧʦʪʝʨʠ 

ʥʘʧʦʨʘ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ 1 ï 1 ʠ 2 ï 2, ʤ; Ŭ1 ʠ 

Ŭ2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʂʦʨʠʦʣʠʩʘ. 

ʇʦʪʝʨʠ ʥʘʧʦʨʘ ʧʦ ʜʣʠʥʝ ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ 

ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ ɼʘʨʩʠ ï 

ɺʝʡʩʙʘʭʘ [6, 7]: 

Ὤ̅ ̌ ʇ
̋

̋
,      (2) 

ʛʜʝ  ʇ ï ʢʦʵʬʬʠʮʠʝʥʪ ɼʘʨʩʠ; Lk ï ʜʣʠʥʘ 

ʢʦʣʣʝʢʪʦʨʘ, ʤ.; dk ï ʜʠʘʤʝʪʨ ʢʦʣʣʝʢʪʦʨʘ, ʤ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʩ ʫʯʸʪʦʤ 

ʥʘʣʠʯʠʷ i-ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʩʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ 

ʥʝʠʟʤʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ [9, 10]: 

Ὤ̐ ̏̓ ʇ̋

̋
В ʁ ,    (3) 

ʛʜʝ ʁ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʦʧʳʪʥʳʤ ʧʫʪʸʤ.  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʤʫ ʩʣʫʯʘʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʩʨʘʚʥʝʥʠʷ, 

ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʮʝʥʪʨʦʤ ʩʠʤʤʝʪʨʠʠ ʩʝʯʝʥʠʷ 

2 ï 2, ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ:  

ᾀ Ὄ̐ Ὤ̐ ̏,̓     (4) 

ᾀ ὒ̋ÓÉÎ‌ ὒ̋Ὥ̋.     (5) 

ʉ ʫʯʸʪʦʤ ὠ
̋ ̋

 ʚʳʨʘʞʝʥʠʝ (3) 

ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʚʠʜʫ:  

Ὤ̐ ̏̓ ʇ̋

̋
В ʁ

̋
.    (6)  

ʉ ʫʯʸʪʦʤ (6) ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

ὒ̋Ὥ̋ Ὄ̐ ʇ̋

̋
В ʁ

̋
.    (7) 

ʊʘʢ ʢʘʢ ʦʪʚʦʜʳ ʢʦʣʣʝʢʪʦʨʘ (ʧʦʚʦʨʦʪ 

ʧʦʪʦʢʘ ʥʘ ωπ̏) ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʜʠʘʤʝʪʨ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ 

ʫʛʣʘʤʠ ‍ ρπ ωπ̏ ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

ʁ̐̏̃
‍
ωπ̏

ȟ

[2, ʩ. 226], ʩʫʤʤʫ В ʁ 

ʠʩʢʣʶʯʠʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʦʪʝʨʴ ʥʘʧʦʨʘ. 

ʊʦʛʜʘ: 

ὒ̋Ὥ̋ Ὄ̐ ʇ̋

̋ ̋
.    (8) 

ʛʜʝ ʇ πȟςςψὙὩȟ  (ὙὩ ï ʯʠʩʣʦ ʠʣʠ 

ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ) [2]. 

ʊʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ὗ ὪὌ̐  ʧʨʠʤʝʪ 

ʚʠʜ:  

ὗ πȟχτ
ȟ

̋
ȟ

̋
ὒ̋Ὥ̋ Ὄ̐ , 

ὗ χȟςχτ
ȟ

̋
ȟ 

̋
ὒ̋Ὥ̋ Ὄ̐ .   (9) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ὙὩ ̋

̋
, 

ʧʦʜʩʪʘʚʠʤ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʚ (9) ʚ 

ʧʘʨʘʤʝʪʨʝ ʇ. ʇʦʩʣʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ: 
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ὗ ὑ ὑ Ὄ̐ ȟ ,   (10) 

ʛʜʝ ὑ
ȟ ̋

ȟ

ȟ
̋
ȟ ; ὑ ὒ̋Ὥ̋. 

ʆʧʨʝʜʝʣʠʤ ʩʝʢʫʥʜʥʳʡ ʨʘʩʭʦʜ ὗ̒. ɼʣʷ 

ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ ὙὩ, 

ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ, ʠʛʨʘʶʱʠʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ. ʂʨʠʪʝʨʠʡ 

ʈʝʡʥʦʣʴʜʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʝʟʨʘʟʤʝʨʥʦʝ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʶ ʩʠʣ ʠʥʝʨʮʠʠ 

ʢ ʩʠʣʘʤ ʪʨʝʥʠʷ. ɺ ʤʝʭʘʥʠʢʝ ʞʠʜʢʦʩʪʠ ʩʠʣʳ 

ʠʥʝʨʮʠʠ ʠ ʪʨʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʧʨʦʠʟʚʝʜʝʥʠʶ [6]: 

- ʩʠʣʘ ʠʥʝʨʮʠʠ ʍὠὰ; 

- ʩʠʣʘ ʪʨʝʥʠʷ ʂὠὰ; 

ʛʜʝ ὰ ï ʭʘʨʘʢʪʝʨʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ.  

ɿʘʧʠʰʝʤ:  

ὙὩ ̉̎

̓̑
.   (11) 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ 

ʧʨʠʥʷʪʴ ʜʠʘʤʝʪʨ ʢʦʣʣʝʢʪʦʨʘ Ὠ̋, ʢʨʠʪʝʨʠʡ 

ʈʝʡʥʦʣʴʜʩʘ ʧʨʠʤʝʪ ʚʠʜ: 

ὙὩ ̒̋

̋

̒

̋
,     (12) 

ʛʜʝ ʉ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ, ʤ
2
/ʩ; ὡ̒  ï ʩʝʢʫʥʜʥʳʡ ʨʘʩʭʦʜ, ʤ

3
/ʩ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʸʪʘ ʧʨʠʤʝʤ ʨʷʜ 

ʜʦʧʫʱʝʥʠʡ: 

- ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʥʘ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʨʘʚʥʘ ʥʫʣʶ; 

- ʧʣʦʪʥʦʩʪʴ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʍ ὧέὲίὸ 

(ʫʩʣʦʚʠʝ ʥʝʩʞʠʤʘʝʤʦʩʪʠ); 

- ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʦʟʥʦʡ 

ʤʘʩʩʳ ʧʦʩʪʦʷʥʥʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʜʣʠʥʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʳʜʝʣʠʤ ʚ ʧʝʨʝʤʝʱʘʝʤʦʤ ʥʘʚʦʟʝ ʦʪʩʝʢ ʚ 

ʚʠʜʝ ʮʠʣʠʥʜʨʘ ʨʘʜʠʫʩʦʤ Ὑ ʠ ʜʣʠʥʦʡ ὒ, 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʝʯʝʥʠʷʤʠ 1 ï 1 ʠ 2 ï 2 (ʨʠʩ. 

3). ʋʩʣʦʚʥʦ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʝʛʦ ʦʪʚʝʨʜʝʚʰʠʤ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ. ʀʩʭʦʜʷ ʠʟ ʨʘʚʝʥʩʪʚʘ 

ʩʠʣ ʜʘʚʣʝʥʠʷ ʥʘ ʪʦʨʮʘʭ ʮʠʣʠʥʜʨʘ ʠ ʩʠʣ 

ʪʨʝʥʠʷ (ʩʠʣ ʚʷʟʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ), 

ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʝʛʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʟʘʧʠʰʝʤ ʫʩʣʦʚʠʝ ʜʚʠʞʝʥʠʷ: 

 Ўὴ“Ὑ ς“Ὑὒ†,     (13) 

ʛʜʝ Ўὴ ï ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʥʘ ʪʦʨʮʘʭ 

ʮʠʣʠʥʜʨʘ (Ўὴ ὴ ὴ). 

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʪʝʯʝʥʠʷ ʚʷʟʢʦ ï ʧʣʘʩʪʠʯʥʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʝ 

 

ʀʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (13), ʚʳʨʘʟʠʤ 

ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ †: 

†
Ў Ў

.      (14) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (14) ʚʠʜʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʥʘ ʩʪʝʥʢʝ ʮʠʣʠʥʜʨʘ, ʠ ʨʘʚʥʳ 

ʥʫʣʶ ʧʨʠ Ὑ π, ʨʘʩʧʨʝʜʝʣʝʥʠʝ † ʧʦ ʞʠʚʦʤʫ 

ʩʝʯʝʥʠʶ ï ʣʠʥʝʡʥʦ. ʆʙʦʟʥʘʯʠʤ †  ï 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʪʝʥʢʝ, † ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʜʠʫʩʝ ὶ. ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ 

ʩʦʦʪʥʦʰʝʥʠʝ:  

 .       (15) 

ʆʧʨʝʜʝʣʠʤ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ  ʢʘʢ 

‎†, ʛʜʝ Ὠὠ ï ʩʢʦʨʦʩʪʴ ʩʣʦʷ 

ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʜʠʫʩʝ ὶ. 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ὶȣὙ: 

ὠ ὠ ᷿‎†Ὠὶ.    (16) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʨʘʩʭʦʜʘ 

ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʝʢʫʥʜʥʦʡ ʧʦʜʘʯʠ 

ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʣʦʡ ʨʘʜʠʫʩʦʤ ὶ ʠ 

ʪʦʣʱʠʥʦʡ Ὠὶ: 

Ὠὡ̒ ς“ὶὠὨὶ.      (17) 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʣʝʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ πȣὡ̒, ʧʨʘʚʫʶ ʚ ʧʨʝʜʝʣʘʭ πȣὙ: 

ὡ̒ ᷿ς“ὶὠὨὶ.      (18) 

ʀʥʪʝʛʨʠʨʫʝʤ ʧʦ ʯʘʩʪʷʤ:  
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ὡ̒ “ὶὠ᷿ ᷿“ὶ Ὠὶ.  (19) 

ʇʨʠ ὶ Ὑ ʩʢʦʨʦʩʪʴ ὠ π, ʧʦʵʪʦʤʫ: 

ὡ̒ “᷿ ὶ ‎†Ὠὶ.   (20) 

ʀʟ ʬʦʨʤʫʣʳ (15) ʧʦʣʫʯʠʤ: 

ὶ Ὑ , Ὠὶ Ὑ .    (21) 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (20) ʧʨʠʤʝʪ ʚʠʜ: 

ὡ̒ ᷿†‎†Ὠ†.     (22) 

ʋʨʘʚʥʝʥʠʝ (22) ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʰʴ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ‎† ʚʳʨʘʞʘʝʪʩʷ ʦʜʥʦʡ 

ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ. ɺ ʫʨʘʚʥʝʥʠʠ 

ʐʚʝʜʦʚʘ ï ɹʠʥʛʘʤʘ ʷʜʨʦ ʧʦʪʦʢʘ ʜʚʠʞʝʪʩʷ 

ʢʘʢ ʪʚʸʨʜʳʡ ʩʪʝʨʞʝʥʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʙʝʨʸʪʩʷ ʚ ʧʨʝʜʝʣʘʭ πȣ†, 

ʪʘʢ ʢʘʢ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʷʜʨʘ ʨʘʚʝʥ ʥʫʣʶ. 

ɺ ʧʨʠʩʪʝʥʥʦʤ ʩʣʦʝ ‎† π, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚʪʦʨʦʡ ʠʥʪʝʛʨʘʣ ʠʤʝʝʪ ʧʨʝʜʝʣʳ †ȣ† . 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʐʚʝʜʦʚʘ ï ɹʠʥʛʘʤʘ 

ʧʨʠʤʝʪ ʚʠʜ: 

† † ʂ̐ ‎̌† ʠʣʠ ‎†
̐̌

.  (23) 

ʇʦʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ (23) ʚ ʫʨʘʚʥʝʥʠʝ 

(22). ʇʦʣʫʯʠʤ: 

ὡ̒ ᷿ †‎†Ὠ†᷿ †
̐̌
Ὠ†.      

(24) 

ʇʝʨʚʳʡ ʠʥʪʝʛʨʘʣ ʨʘʚʝʥ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʚ 

ʷʜʨʝ ʧʦʪʦʢʘ ʧʨʠ π ὶ Ὑ ʠ ʧʨʠ π †

†, ʛʜʝ Ὑ ï ʨʘʜʠʫʩ ʷʜʨʘ ʧʦʪʦʢʘ. 

ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʚʪʦʨʦʡ ʠʥʪʝʛʨʘʣ, ʧʦʣʫʯʠʤ:  

ὡ̒
̐̌
ρ .   (25) 

ʋʯʠʪʳʚʘʷ ʫʨʘʚʥʝʥʠʝ (14) †
Ў

 ʠ 

†
Ў
, ʫʨʘʚʥʝʥʠʝ (25) ʧʨʠʤʝʪ ʚʠʜ: 

ὡ̒
Ў

̐̌
ρ ,   (26) 

ʛʜʝ Ὠ ςὙ ï ʜʠʘʤʝʪʨ ʷʜʨʘ ʧʦʪʦʢʘ. 

ɺʳʚʦʜʳ 

ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ 

ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʝʢʫʥʜʥʦʛʦ ʨʘʩʭʦʜʘ ʧʦʪʦʢʘ 

ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʠʘʤʝʪʨʦʤ 

d ʠ ʦʧʠʩʘʪʴ ʜʚʠʞʝʥʠʝ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʜʣʷ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʪʦʢʘ ʚ ʢʦʣʣʝʢʪʦʨʝ 

ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ 

ʜʠʘʤʝʪʨʘ ʢʦʣʣʝʢʪʦʨʘ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʠʷ 

ʥʘʚʦʟʘ ʥʘ ʩʚʠʥʦʬʝʨʤʘʭ. ʉʝʢʫʥʜʥʳʡ ʨʘʩʭʦʜ 

ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʚ ʦʩʥʦʚʥʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʧʣʦʪʥʦʩʪʠ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠ ʜʠʘʤʝʪʨʘ ʷʜʨʘ ʧʦʪʦʢʘ.  
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where the national bioeconomic strategy has been adopted at the country level, were examined. The relevant 

Russian conditions were analysed and the obstacles for the introduction of the bioeconomic approach were 

identified. The tasks were outlined, which need to be completed for the effective development of 

bioeconomics in Russia. The targeted outcome of the project ï the harmonization of educational, research 

and technical approaches will be achieved by the joint creation of the Competence Center, including the 

development of relevant training programs and materials. 
 

Key words: bioeconomy, competence centre, renewable energy sources, international cooperation, 

agriculture. 
 

For citation: Erk A.F., Timofeev E.V., Smirnova L.Yu., Subbotin I.A., Razmuk V.A., Ranta-Korhonen 

T. The background for development of bioeconomics in agriculture. Tekhnologii i tekhnicheskie sredstva 

mekhanizirovannogo proizvodstva produkcii rastenievodstva i zhivotnovodstva. 2019. 3(100): 203-211  (In 

Russian) 

 

ɺʚʝʜʝʥʠʝ  

ʈʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʘʢ ʚ 

ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚ ʌʠʥʣʷʥʜʠʠ, ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʶ ʧʦʣʫʯʘʶʪ ʠʟ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʳʡ 

ʩʚʝʪ, ʙʠʦʤʘʩʩʘ, ʚʝʪʝʨ, ʚʦʜʥʳʝ ʧʦʪʦʢʠ, 

ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʪʝʧʣʦʪʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ, ʪʦ ʝʩʪʴ ʧʦʧʦʣʥʷʶʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʸʤ. ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʚʣʠʷʶʱʠʝ ʥʘ ʛʣʦʙʘʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʪʘʢ ʢʘʢ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚʥʦʩʠʪ 

ʩʞʠʛʘʥʠʝ ʫʛʣʷ, ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺ ʩʣʫʯʘʝ ʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝʤ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʳʨʴʷ. ʏʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ 

ʌʠʥʣʷʥʜʠʠ ʚ ʥʘʯʘʣʝ 2014 ʛʦʜʘ ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦ ʙʠʦʵʢʦʥʦʤʠʢʝ 

[1], ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʤʝʞʩʝʢʪʦʨʘʣʴʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʤʷʛʯʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʘʜʘʧʪʘʮʠʠ ʩ ʢʦʥʝʯʥʦʡ 

ʮʝʣʴʶ ʩʜʝʣʘʪʴ ʌʠʥʣʷʥʜʠʶ ʫʛʣʝʨʦʜʥʦ-

ʥʝʡʪʨʘʣʴʥʳʤ ʦʙʱʝʩʪʚʦʤ ʢ 2030 ʛʦʜʫ (ʨʠʩ.1). 

 
ʈʠʩ. 1.ʉʪʨʫʢʪʫʨʘ ʙʠʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʌʠʥʣʷʥʜʠʠ 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ, ʚ 

ʘʛʨʘʨʥʦʡ ʩʬʝʨʝ ʜʝʡʩʪʚʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ.  ʀʥʚʝʩ-

ʪʠʨʦʚʘʥʠʝ ʚ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʧʦʪʨʝʙʣʝʥʠʝ ʙʠʦʪʦʧʣʠʚʘ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʦʢʨʘʱʝʥʠʶ ʧʣʦʱʘʜʝʡ ʧʦʩʝʚʦʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚʳʭ ʢʫʣʴʪʫʨ ʠʟ-ʟʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

(ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ) ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ.  ʉʦʟʜʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʢ 

ʠʟʤʝʥʷʶʱʝʤʫʩʷ ʢʣʠʤʘʪʫ ʧʦʪʨʝʙʫʝʪ 

ʧʝʨʝʩʤʦʪʨʘ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ 

ʘʛʨʦʩʝʢʪʦʨʝ. 

ʈʦʩʩʠʡʩʢʠʡ ʘʛʨʘʨʥʳʡ ʩʝʢʪʦʨ ʪʘʢʞʝ 

ʩʪʨʝʤʠʪʩʷ ʢ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʧʮʠʠ 

ʙʠʦʵʢʦʥʦʤʠʢʠ. ɿʥʘʯʠʤʳʤ ʜʨʘʡʚʝʨʦʤ 

ʵʢʦʣʦʛʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʦʨʤʘʪʠʚʥʦ-

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʚ ʦʙʣʘʩʪʠ ʥʘʠʣʫʯʰʠʭ 

ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʅɼʊ) 

[2]. ʆʙʩʣʝʜʦʚʘʥʠʷ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ, 

ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʧʦʢʘʟʘʣʠ 

ʨʦʩʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʧʣʘʥʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʣʴʭʦ-

ʟʧʨʦʠʟʚʦʜʩʪʚʘ [3]. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ 

ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʯʠʥʘʶʪ ʘʢʪʠʚʥʦ ʧʨʦʨʘʙʘʪʳʚʘʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ, ʥʦ ʠ, ʥʘ ʵʪʘʧʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ [4,5]. ʀʜʝʦʣʦʛʠʷ 

ʙʠʦʵʢʦʥʦʤʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʦʩʥʦʚʥʳʤʠ 

ʮʝʣʷʤʠ ʨʦʩʩʠʡʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʜʦ 2020 ʛʦʜʘ  

ʠ ʜʨʫʛʠʭ ʩʪʨʘʪʝʛʠʡ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ  ʈʦʩʩʠʠ. 

ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʌʠʥʣʷʥʜʠʷ ʠ 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʨʘʡʦʥʘʤʠ ʈʦʩʩʠʠ ʠ 

ʨʦʩʩʠʡʩʢʦ-ʬʠʥʣʷʥʜʩʢʠʝ ʪʨʘʥʩʛʨʘʥʠʯʥʳʝ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʇʨʦʛʨʘʤʤʳ ʚʥʦʩʷʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ  ʚ ʤʝʩʪʥʫʶ ʵʢʦʥʦʤʠʢʫ, ʘ 

ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ.  ʉʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʙʠʦʵʢʦ-

ʥʦʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʛʨʘʥʠʮʳ ʤʦʞʝʪ ʜʘʪʴ ʩʝʨʴʝʟʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʠ ʩʠʥʪʝʟ, ʩʨʘʚʥʝʥʠʝ, ʦʙʦʙʱʝʥʠʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʬʘʢʪʦʚ. 

ɹʳʣ ʧʨʦʚʝʜʸʥ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ ʥʘ 

ʤʦʣʦʜʸʞʥʦʤ ʬʦʨʫʤʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ɺʤʝʩʪʝʗʨʯʝ ʚ ʛ.ʃʫʛʘ ʤʝʪʦʜʦʤ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 

246 ʯʝʣʦʚʝʢ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 13 ʜʦ 20 ʣʝʪ. 

ʊʘʢʞʝ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ 

(ʜʣʷ ʦʮʝʥʢʠ ʩʠʪʫʘʮʠʠ ʚ ʮʝʣʦʤ) [1-7] ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʩʣʝʜʦʚʘʥʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʜʣʷ 

ʦʮʝʥʢʠ ʩʠʪʫʘʮʠʠ ʥʘ ʫʨʦʚʥʝ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ) [8]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʩʘ ʧʦ 

ʦʮʝʥʢʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʤʦʣʦʜʸʞʠ ʦ 

ʙʠʦʵʢʦʥʦʤʠʢʝ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʵʥʝʨʛʠʠ ʧʦʢʘʟʘʣ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʠʟʢʫʶ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʤʦʣʦʜʸʞʠ ʦ 

ʙʠʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ï ʧʦʟʠʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ ʚ 

ʮʝʣʦʤ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʚʦʧʨʦʩʫ ʠ ʩʨʘʚʥʝʥʠʝ 

ʩʠʪʫʘʮʠʠ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚ 

ʈʦʩʩʠʠ ʠ ʌʠʥʣʷʥʜʠʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʙʘʨʴʝʨʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ 

ʙʠʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ: 
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Å ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʦ 

ʚʳʙʨʦʩʘʭ ʦʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʧʨʦʩʪʳʭ ʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ. 

Å ʅʝʜʦʩʪʘʪʦʢ ʟʥʘʥʠʡ ʤʝʩʪʥʳʭ ʜʝʣʦʚʳʭ 

ʢʨʫʛʦʚ (ʚʢʣʶʯʘʷ ʘʛʨʘʨʥʳʡ ʩʝʢʪʦʨ) ʠ 

ʥʘʩʝʣʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮʳ ʦ 

ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʘʭ 

ʠ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʙʠʦʵʢʦʥʦʤʠʢʠ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʧʠʱʝʚʳʭ ʦʪʨʘʩʣʷʭ. 

Å ʆʛʨʘʥʠʯʝʥʥʳʡ ʩʧʠʩʦʢ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ 

ʢʫʨʩʦʚ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ (ʩʪʘʨʰʠʝ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʰʢʦʣʳ, ʰʢʦʣʳ ʜʣʷ 

ʧʨʦʜʚʠʥʫʪʳʭ, ʟʘʚʝʜʝʥʠʷ ʜʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʢʫʨʩʳ), 

ʜʦʩʪʫʧʥʳʭ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ ʨʝʛʠʦʥʘʭ, 

ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʦʚ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, 

ʩʦʪʨʫʜʥʠʢʦʚ, ʤʝʩʪʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ 

ʜʨʫʛʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʙʠʦʵʢʦʥʦʤʠʢʠ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʝʡ [9, 10]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʛʣʘʚʥʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ: 

ʚʥʝʜʨʝʥʠʝ ʠ ʧʨʦʜʚʠʞʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʠ 

ʧʦʜʭʦʜʦʚ ʙʠʦʵʢʦʥʦʤʠʢʠ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʧʨʠʛʨʘʥʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʌʠʥʣʷʥʜʠʠ ʠ 

ʈʦʩʩʠʠ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʥʘʨʘʱʠʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʧʨʠʤʝʨʳ ʜʣʷ ʤʝʩʪʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ.  

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʙʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ 

ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ  

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʥʘ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ. 

2. ʉʦʟʜʘʪʴ ʧʦʩʪʦʷʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʮʝʣʝʡ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʧʨʦʮʝʩʩ ʥʘʨʘʱʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘ 

ʮʝʣʝʚʳʭ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʧʨʦʝʢʪʘ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ 

ʨʦʩʩʠʡʩʢʦ-ʬʠʥʣʷʥʜʩʢʦʛʦ ʮʝʥʪʨʘ 

ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʙʠʦʵʢʦʥʦʤʠʢʠ. 

3. ʀʥʪʝʛʨʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʳ ʠ ʧʦʜʭʦʜʳ 

ʙʠʦʵʢʦʥʦʤʠʢʠ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʚ 

ʨʝʛʠʦʥʘʣʴʥʦʝ ʠ ʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ ʘʛʨʘʨʥʦʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʯʪʦ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʠʭ ʧʨʠʥʷʪʠʷ 

ʤʝʩʪʥʳʤʠ ʦʪʨʘʩʣʷʤʠ ʠ ʩʦʦʙʱʝʩʪʚʘ ʚ 

ʧʨʠʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʘʭ ʈʦʩʩʠʠ ʠ ʌʠʥʣʷʥʜʠʠ. 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʧʨʦʝʢʪʘ ʦʞʠʜʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ:  

1. ʈʘʟʚʠʪʠʝ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʫʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ 

ʞʠʟʥʠ ʚ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʩ ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʥʘ ʧʨʠʛʨʘʥʠʯʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʘʟʚʠʪʠʠ 

ʢʦʤʧʝʪʝʥʮʠʡ ʨʘʙʦʪʥʠʢʦʚ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʬʠʥʣʷʥʜʩʢʠʭ ʭʦʟʷʡʩʪʚ, ʚ ʦʙʫʯʝʥʠʠ ʤʦʣʦʜʳʭ 

ʩʪʫʜʝʥʪʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 

ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʧʦʚʳʰʝʥʠʠ 

ʢʦʤʧʝʪʝʥʮʠʠ ʣʝʢʪʦʨʦʚ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʰʢʦʣ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʘ 

ʪʘʢʞʝ ʧʨʠʚʣʝʯʝʥʠʷ ʥʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠʟ 

ʜʨʫʛʠʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʠʛʥʦʨʠʨʦʚʘʣʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʢʘʢ 
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çʥʠʟʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʫʶè ʠ 

çʫʩʪʘʨʝʚʰʫʶè ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

2. ʉʦʟʜʘʥʠʝ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ 

ʙʠʦʵʢʦʥʦʤʠʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʈʦʩʩʠʠ ʠ 

ʌʠʥʣʷʥʜʠʠ (ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʜʨʫʛʠʭ ʠʛʨʦʢʦʚ ʩʪʨʘʥ ɽʉ), ʧʨʝʚʨʘʱʝʥʥʳʝ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʜʦʩʪʫʧʥʳʝ ʜʣʷ 

ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʠ ʫʯʘʩʪʥʠʢʦʚ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʯʘʩʪʠ ʙʫʜʫʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʜʦʩʪʫʧʥʳʤ ʚʝʙ-ʩʘʡʪʦʤ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

3. ʈʘʟʚʠʪʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʝʪʠ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʥʠʷ, ʦʙʤʝʥʘ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʙʠʦʵʢʦʥʦʤʠʢʠ, 

ʪʝʭʥʦʣʦʛʠʡ ɺʀʕ ʜʣʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚ ʪ.ʯ. ʠʥʞʠʥʠʨʠʥʛ, ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʆɺʆʉ ʠ ʪ. ʜ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʈʦʩʩʠʠ ʠ 

ʌʠʥʣʷʥʜʠʠ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʩʙʦʨʘ ʠ ʦʮʝʥʢʠ ʜʘʥʥʳʭ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʬʠʥʣʷʥʜʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʚ ʧʦʛʨʘʥʠʯʥʦʡ 

ʟʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʩʣʘʙʳʝ ʤʝʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʨʠʤʝʥʠʪʴ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ ʠ 

ʚʳʧʦʣʥʠʤʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʭʝʤʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 

5. ʈʝʢʦʤʝʥʜʘʮʠʠ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ ʧʦ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ɺʀʕ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷʭ (ʚ ʬʦʨʤʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʠʧʦʚʦʡ ʢʦʥʮʝʧʮʠʠ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʟʦʥʳ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʩʝʢʪʦʨʘ) ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ ʠ ʪʠʧʦʚ ʧʦʤʦʞʝʪ 

ʧʨʦʜʚʠʛʘʪʴ ʙʠʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʜʣʷ 

ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ 

ʨʝʛʠʦʥʘʭ; 

6. ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʤʝʩʪʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʥʘ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ 

ʧʨʠʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʘʭ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʝʜʥʠʭ ʭʦʟʷʡʩʪʚ ʠ 

ʧʦʥʠʞʝʥʠʷ ʨʠʩʢʘ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʦʪ 

ʩʞʠʛʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʟʘ ʩʯʝʪ 

ʚʥʝʜʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʙʠʦʵʢʦʥʦʤʠʢʠ, ʚ 

ʪ.ʯ. ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ). 

7. ɹʦʣʝʝ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʙʫʜʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʝʣʝʚʳʭ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʝʢʪʘ ʠ 

ʩʥʠʞʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ 

ʨʝʛʠʦʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʚ ʮʝʣʦʤ. 

ʇʨʦʝʢʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʮʝʣʝʚʳʝ ʛʨʫʧʧʳ: 

1. ʕʢʩʧʝʨʪʳ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʝʪʠʢʠ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʛʨʘʥʠʮʳ, ʩ 

ʦʩʦʙʳʤ ʘʢʮʝʥʪʦʤ ʥʘ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

2. ɺʣʘʜʝʣʴʮʳ ʠ ʨʫʢʦʚʦʜʠʪʝʣʠ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ ʚ ʮʝʣʝʚʳʭ ʨʘʡʦʥʘʭ 

ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʪ ʟʥʘʥʠʷ ʧʦ 

ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʛʝʥʝʨʠʨʫʶʱʠʭ  ʨʝʰʝʥʠʡ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʚʳʰʝʥʥʘʷ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʣʫʯʰʝʥʠʝ ʚʣʠʷʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʜʘʜʫʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʯʝʩʪʚʦ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʟʘʪʨʘʪʳ. 

3. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, 

ʩʪʫʜʝʥʪʳ ʠ ʰʢʦʣʴʥʠʢʠ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ 

ʨʝʛʠʦʥʘʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʪ ʥʦʚʳʝ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʩ ʥʘʣʠʯʠʝʤ 

çʦʙʫʯʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝè ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʤʝʩʪʘʭ. 

ɹʝʥʝʬʠʮʠʘʨʳ ʧʨʦʝʢʪʘ: 

1. ɺʣʘʜʝʣʴʮʳ ʠ ʨʫʢʦʚʦʜʠʪʝʣʠ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʠʭ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 
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2. ʂʦʥʝʯʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʧʨʦʜʫʢʮʠʠ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʪ ʙʦʣʝʝ ʯʠʩʪʳʝ, ʙʝʟʦʧʘʩʥʳʝ ʠ 

ʜʝʰʝʚʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ. 

3. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʪ ʥʦʚʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʷʤ ʙʠʦʵʢʦʥʦʤʠʢʠ ʜʣʷ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʪʫʜʝʥʪʦʚ, ʚ ʪ.ʯ. ʧʦʚʳʰʝʥʠʝ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʧʦʜʛʦʪʦʚʢʘ. 

4. ʄʝʩʪʥʦʝ ʥʘʩʝʣʝʥʠʝ ʠʟ-ʟʘ ʫʣʫʯʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ 

ʨʘʡʦʥʘʭ ʠ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚʘ. 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʟʘʜʘʯ ʧʨʠʚʝʜʸʪ ʢ ʜʦʩʪʠʞʝʥʠʶ ʩʣʝʜʫʶʱʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʘ: 

1. ɹʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥʦ ʨʘʟʚʠʪʠʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʢʦʤʧʝʪʝʥʮʠʡ: 

- ʩʦʟʜʘʥ ʨʦʩʩʠʡʩʢʦ-ʬʠʥʣʷʥʜʩʢʠʡ ʮʝʥʪʨ 

ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʦʙʣʘʩʪʠ ʙʠʦʵʢʦʥʦʤʠʢʠ, ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

- ʨʘʟʨʘʙʦʪʘʥ ʥʘʙʦʨ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʧʨʦʜʚʠʞʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʜʣʷ 

ʮʝʥʪʨʘ 

2. ɹʫʜʝʪ ʩʦʟʜʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʦʙʲʝʜʠʥʝʥʥʘʷ 

ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʠʟʤʝʨʝʥʠʷʤ: 

-  ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʪʯʝʪʳ ʦʙ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ  ʚ 

ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ʌʠʥʣʷʥʜʠʠ, ʩ 

ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʧʦ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʠʥʩʧʝʢʮʠʠ ʥʘ 

ʘʛʨʦʧʨʝʜʧʨʠʷʪʠʷʭ ʚ ʈʦʩʩʠʠ ʠ ʌʠʥʣʷʥʜʠʠ 

- ʩʬʦʨʤʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʟʦʥ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʧʨʦʝʢʪ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʦʚ. 

3. ɹʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʥʝʜʨʝʥʠʶ ɺʀʕ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʴʥʳʭ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʝ ʟʦʥ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘ 

ʦʩʥʦʚʝ ʜʦʩʪʠʛʥʫʪʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [11]. 

ɻʘʨʤʦʥʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ 

ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ 

ʧʦʟʚʦʣʠʪ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ 

ʧʦʜʭʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʠʛʨʘʥʠʯʥʦʛʦ 

ʨʝʛʠʦʥʘ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ 

ʚʣʠʷʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʥʠʨʫʝʪʩʷ 

ʨʘʟʫʤʥʳʡ ʙʘʣʘʥʩ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʩʦʚʤʝʩʪʥʦʛʦ ʩʤʷʛʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʜʣʷ ʧʨʠʛʨʘʥʠʯʥʳʭ 

ʈʦʩʩʠʡʩʢʠʭ ʠ ʌʠʥʣʷʥʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʉʦʟʜʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʧʦ ʥʘʨʘʱʠʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ) ʟʘʧʦʣʥʠʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʨʦʙʝʣ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʙʠʦʵʢʦʥʦʤʠʢʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʛʨʘʤʤʳ. 

ʇʦʜʜʝʨʞʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ  KS1675 

BIOCOM ʇʨʦʛʨʘʤʤʳ ʇʉ çʈʦʩʩʠʷ ï ʖʛʦ-

ɺʦʩʪʦʯʥʘʷ ʌʠʥʣʷʥʜʠʷ 2014-2020è ʠ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ʅʀʈ 0581-2019-0026. 
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ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʪʦʪʦʡ ʚʧʘʜʘʶʱʠʭ ʚ ʥʝʛʦ ʨʝʢ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʯʨʝʟʤʝʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ʠʟ 

ʥʘʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʢʦʤʤʫʥʘʣʴʥʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʢʦʪʦʨʳʝ 

ʚʳʟʳʚʘʶʪ ʷʚʣʝʥʠʝ ʵʚʪʨʦʬʠʢʘʮʠʠ, ʦʪʨʘʞʘʶʱʝʝʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʭʫʜʰʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʛʠʙʝʣʠ ʤʥʦʛʠʭ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʳʝ 

ʨʦʩʩʠʡʩʢʦ-ʬʠʥʣʷʥʜʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʨʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ 2012-

2014 ʛʦʜʘʭ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ʃʫʛʘ, ʪʘʢʞʝ ʚʧʘʜʘʶʱʝʡ ʚ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ. ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʦ ʛʨʘʥʪʫ ʇʨʦʛʨʘʤʤʳ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʌʠʥʣʷʥʜʠʷïʈʦʩʩʠʷ 2007-

2013è, ʬʦʨʤʠʨʫʝʤʦʡ ʠʟ ʩʨʝʜʩʪʚ ɽʉ, ʌʠʥʣʷʥʜʠʠ ʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʩʦʟʜʘʥʠʝ 

ʫʩʣʦʚʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʚ ʨʝʢʘʭ ʃʫʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʂʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʚʢʣʶʯʘʣ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʝʢʠ ʃʫʛʘ, ʪʘʢ ʠ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʥʝʛʦ ʚʦʟʜʝʡʩʪʚʫʶʪ. ʆʥ ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʡ ʚʣʘʩʪʠ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ 

ʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʣʦʜʝʞʠ, ʢʦʪʦʨʳʝ ʞʠʚʫʪ ʫ ʨʝʢʠ ʠ ʧʦʣʴʟʫʶʪʩʷ ʝʝ 

ʨʝʩʫʨʩʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠʭ ʠʥʪʝʨʝʩʘ ʢ ʤʝʩʪʥʦʡ ʧʨʠʨʦʜʝ ʠ ʝʝ ʩʦʭʨʘʥʝʥʠʶ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʣ ʫʞʝ ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ ʧʨʦʝʢʪʘ ʧʝʨʝʡʪʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʜʝʡʩʪʚʠʷʤ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʃʫʛʘ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʂʦʥʮʝʧʮʠʶ ʠ ʩʪʨʘʪʝʛʠʶ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʜʦʢʫʤʝʥʪʘ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 
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Good environmental status of the Baltic Sea depends on the cleanness of the draining rivers. In recent 

years, the Baltic Sea is suffering from the excessive inputs of nutrients from the land-based sources 

associated with municipal and agricultural activities. The result is a rapid development of blue-green algae, 

which cause such a phenomenon as eutrophication manifested in significant deterioration of the seawater 

physical and chemical properties and the death of many marine organisms. The paper considers the joint 

Russian-Finnish studies and practical measures  carried out in the period from 2012 to 2014 in the middle 

reaches of the Luga River, which also flows into the Baltic Sea. These activities were financed by a grant 

from the South-East Finland ï Russia Cross-Border Cooperation Programme, funded by the EU, Finland and 

the Russian Federation. The aim of these activities was to create conditions for improving the environmental 

status of water in the rivers of the Luga River basin. With this aim in view, an integrated approach was 

applied. It included a wide range of studies on both the ecological status of the Luga River and the affecting 

factors, as well as collaboration with the representatives of agricultural enterprises, local authorities, 

entrepreneurs and various groups of local residents, primarily young people, who live near the river and 

employ its resources. Such an approach allowed to proceed to concrete actions in the second phase of the 

project aimed to improve the ecological status of the Luga River basin. The Concept and Strategy for optimal 

environmental management in the Luga River basin was elaborated. This document became the basis of the 

follow-up project ï LUGABALT2, which was launched on February 1, 2019. 
 

Key words: environmental research; the Luga River; international project; Russian-Finnish cooperation; 

chemical properties of water  
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ɺʚʝʜʝʥʠʝ 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ 

ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ, ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʟʘʙʦʪʳ 

ʚʩʝʭ ʩʪʨʘʥ ɹʘʣʪʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺʦʜʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʢ, ʨʝʯʝʢ ʠ ʨʫʯʴʝʚ 

ʧʝʨʚʳʤʠ ʧʨʠʥʠʤʘʶʪ ʚ ʩʝʙʷ ʧʦʪʦʢʠ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʍɽʃʂʆʄ, ʠʟʙʳʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʷʚʣʝʥʠʶ 

çʵʚʪʨʦʬʠʢʘʮʠʷè, ʦʪʨʘʞʘʶʱʝʤʩʷ ʚ 

ʠʥʪʝʥʩʠʚʥʦʤ ʨʘʟʚʠʪʠʠ ʩʠʥʝʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ, ʩʥʠʞʝʥʠʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʠ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʝʝ ʢʠʩʣʦʨʦʜʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʛʠʙʝʣʠ ʤʥʦʛʠʭ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʛʨʦʟ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 

ʟʜʦʨʦʚʴʶ ʚʩʝʛʦ ʙʘʩʩʝʡʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. 

ʈʝʢʘ ʃʫʛʘ ï ʩʘʤʘʷ ʜʣʠʥʥʘʷ ʠʟ ʨʝʢ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʧʘʜʘʶʱʠʭ ʚ 

ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ. ʅʘ ʝʝ ʙʝʨʝʛʘʭ ʨʘʩʧʦʣʦʞʝʥʦ 

ʦʢʦʣʦ 50 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚʝʣʠʢʘ 

ʧʣʦʪʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʯʘʩʪʥʳʭ 

ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ ʠ ʦʙʲʝʢʪʦʚ ʨʝʢʨʝʘʮʠʠ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʪʭʦʜʦʚ 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʤʝʩʪʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʚʠʪʦʩʪʴʶ  ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʭʦʜʘʤʠ ï ʜʦʩʪʘʪʦʯʥʦ 

ʟʥʘʯʠʤʳʝ ʬʘʢʪʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʘʩʩʝʡʥ ʨʝʢʠ ʃʫʛʘ ʢʘʢ ʟʦʥʫ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ.  

ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʃʫʞʩʢʦʛʦ 

ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪ ʧʦʣʠʪʠʢʫ ʧʦʜʜʝʨʞʢʠ ʠ 

ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʪʫʨʠʟʤʘ, ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [1]. 

ʕʪʠ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʣʠʪʠʢʠ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʉʦʶʟʘ ʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ɺ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʃʫʞʩʢʦʤ ʨʘʡʦʥʝ, ʘʢʪʠʚʥʦ 

ʫʯʘʩʪʚʫʶʪ ʤʝʩʪʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, 

ʬʝʨʤʝʨʳ ʠ ʩʘʜʦʚʦʜʳ, ʰʢʦʣʴʥʠʢʠ ʠ ʫʯʠʪʝʣʷ, 

ʩʦʪʨʫʜʥʠʢʠ ʫʯʨʝʞʜʝʥʠʡ ʢʫʣʴʪʫʨʳ, ʯʣʝʥʳ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ 

ʧʠʣʦʪʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ.  

ɺ ʜʝʢʘʙʨʝ 2012 ʛ. ʩʪʘʨʪʦʚʘʣ 

ʜʚʫʭʛʦʜʠʯʥʳʡ ʧʨʦʝʢʪ ʇʨʦʛʨʘʤʤʳ 

ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ (ENPI CBC 

South-East Finland ï Russia 2007-2013), 

ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ çʏʠʩʪʳʝ ʨʝʢʠ ï ʚ 

ʟʜʦʨʦʚʦʝ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ (ʃʋɻɸ-ɹɸʃʊ)è 

[2,10]. ʇʨʦʝʢʪ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʚʠʪʠʝ 

ʨʦʩʩʠʡʩʢʦ-ʬʠʥʣʷʥʜʩʢʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ ʧʦ 

ʟʘʱʠʪʝ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʃʫʛʘ ʦʪ ʥʘʟʝʤʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʠ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ 

ʨʝʰʝʥʠʝ ʨʷʜʘ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʠʟʫʯʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʙʘʩʩʝʡʥʝ 

ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢʠ ʃʫʛʘ, ʨʘʟʨʘʙʦʪʢʫ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʘʢʮʠʡ.  

ʇʘʨʪʥʝʨʘʤʠ ʧʨʦʝʢʪʘ ʷʚʣʷʣʠʩʴ: 

ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʃʫʞʩʢʦʛʦ ʄʫʥʠʮʠʧʘʣʴʥʦʛʦ 

ʨʘʡʦʥʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʚʝʜʫʱʠʡ 

ʧʘʨʪʥʝʨ), ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ -  

ʬʠʣʠʘʣ ʌɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ ʅʘʫʯʥʳʡ 

ɸʛʨʦʠʥʞʝʥʝʨʥʳʡ ʎʝʥʪʨ ɺʀʄè (ʀɸʕʇ), 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʉʇʙɻɸʋ), 

ʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʦʙʱʝʩʪʚʝʥʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ çʆʙʱʝʩʪʚʦ ʩʦʜʝʡʩʪʚʠʷ 

ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡè (ʄʆʆ ʆʉʋʈʉʊ), ʀʥʩʪʠʪʫʪ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʌʠʥʣʷʥʜʠʠ (LUKE), 

ʋʥʠʚʝʨʩʠʪʝʪ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʛʦʨʦʜʘ 

ʄʠʢʢʝʣʠ (ʄɸʄʂ, FINLAND), 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʆɸʆ 
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çʇʘʨʪʠʟʘʥè, ʂʦʤʠʪʝʪ ʧʦ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤʫ ʠ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʣʫʯʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʦʷʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ 

ʃʫʛʘ ʪʨʝʙʫʝʪ ʤʫʣʴʪʠ ʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʢʦʥʩʦʨʮʠʫʤʦʤ ʫʯʝʥʳʭ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

ʥʘʫʯʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʘʨʪʥʝʨʘʤʠ ʧʨʦʝʢʪʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʝʢʪʝ 

ʷʚʣʷʣʠʩʴ: ʨʝʢʘ ʃʫʛʘ ʠ ʝʝ ʧʨʠʪʦʢʠ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʠʣʦʪʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ,  

ʦʪʥʦʰʝʥʠʝ ʥʘʩʝʣʝʥʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʤʦʣʦʜʝʞʠ, ʢ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  

[1, 2,3]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʣʦʩʴ 

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 

ʤʦʣʦʜʝʞʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ, 

ʦʙʲʝʜʠʥʠʚʰʠʭ ʫʯʠʪʝʣʝʡ ʠ ʫʯʘʱʠʭʩʷ ʠʟ ʧʷʪʠ 

ʩʨʝʜʥʠʭ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣ 

ʃʫʞʩʢʦʛʦ ʨʘʡʦʥʘ. ʖʥʳʝ ʵʢʦʣʦʛʠ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʵʢʩʧʝʨʪʦʚ ʧʨʦʝʢʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʥʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ 

ʢʘʞʜʦʤ ʠʟ ʧʨʦʝʢʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʃʫʛʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ. ɺ ʯʘʩʪʥʦʩʪʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚ ʚʦʜʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʝʢʠ ʃʫʛʘ ʠ ʨʷʜʘ ʝʝ ʧʨʠʪʦʢʦʚ 

(ʨʝʢʘ ʉʘʙʘ, ʨʝʢʘ ʗʱʝʨʘ, ʨʝʢʘ ʉʠʪʝʥʢʘ, ʨʝʢʘ 

ʆʩʪʨʦʚʝʥʢʘ, ʨʝʢʘ ʅʘʧʣʘʪʠʥʢʘ, ʨʝʢʘ ʂʝʤʢʘ, 

ʨʫʯʝʡ ɾʠʚʦʡ, ʨʫʯʝʡ ʉʪʨʝʣʴʥʳʡ, ʨʫʯʝʡ 

ʄʝʣʝʰʥʳʡ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚʝʣʠʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʥʝʩʢʦʣʴʢʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ï ʧʘʨʪʥʝʨʘʤʠ ʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʧʨʦʝʢʪʘ. 

 ɻʨʫʧʧʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ɿʦʦʣʦʛʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʈɸʅ, ʷʚʣʷʶʱʠʝʩʷ ʵʢʩʧʝʨʪʘʤʠ 

ʧʨʦʝʢʪʘ ʧʦ ʘʢʚʘʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʝʤʘʪʠʢʝ,  

ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʣʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ 

ʧʠʣʦʪʥʦʡ ʯʘʩʪʠ ʨʝʢʠ ʃʫʛʘ ʠ ʝʝ ʧʨʠʪʦʢʦʚ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʠʜʦʚʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʟʦʦʙʝʥʪʦʩʘ, ʘ 

ʪʘʢʞʝ ʨʳʙ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʚʳʝʟʜʘ ʠ 

ʦʪʙʦʨ ʧʨʦʙ ʩ 18 ʩʪʘʥʮʠʡ ʥʘ ʨʝʢʘʭ ʃʫʛʘ, ʉʘʙʘ 

ʠ ʗʱʝʨʘ.  ʇʨʦʙʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʩʦʙʠʨʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ʪʦʪʘʣʴʥʦʛʦ ʦʙʣʦʚʘ ʩʝʪʢʦʡ ɼʞʝʞʠ, ʘ 

ʜʣʷ ʩʙʦʨʘ ʧʨʦʙ ʟʦʦʙʝʥʪʦʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʥʦʯʝʨʧʘʪʝʣʠ ʜʚʫʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʦʙʳ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ, ʠʭ ʨʘʟʙʦʨ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ [4].  ʇʘʨʘʣʣʝʣʴʥʦ, 

ʠʟʫʯʘʣʠʩʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʥʦʡ 

ʬʣʦʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʭʦʜʠʣʠ ʥʘ 22 

ʩʪʘʥʮʠʷʭ ʤʦʥʠʪʦʨʠʥʛʘ, ʚ ʙʠʦʪʦʧʘʭ ʩ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʩ ʫʯʝʪʦʤ 

ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ. ʀʟʫʯʘʣʠʩʴ ʪʦʣʴʢʦ 

ʮʚʝʪʢʦʚʳʝ ʨʘʩʪʝʥʠʷ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʝ ʚ 

ʧʦʩʪʦʷʥʥʦ ʦʙʚʦʜʥʝʥʥʦʡ ʟʦʥʦʡ ʠ ʟʦʥʝ ʫʨʝʟʘ 

ʚʦʜʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ 

ʦʧʨʝʜʝʣʠʪʝʣʷʤ [5].  

ʉʧʝʮʠʘʣʠʩʪʳ ʀɸʕʇ ʦʨʛʘʥʠʟʦʚʘʣʠ 

ʤʦʥʠʪʦʨʠʥʛ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʝʢʠ ʃʫʛʘ 

ʠ ʩʦʩʨʝʜʦʪʦʯʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʫʯʝʥʠʠ 

ʚʣʠʷʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. ɺ ʧʨʦʙʘʭ 

ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ, ʢʠʩʣʦʨʦʜʘ, ʬʦʩʬʦʨʘ, ʠʦʥʦʚ 

ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʤʝʪʦʜʘʤʠ 

[7]. 

ɺ ʟʘʜʘʯʠ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʉʇʙɻɸʋ 

ʚʭʦʜʠʣʦ ʠʟʤʝʨʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʦʙʫʯʝʥʠʝ ʠ 

ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝ ʶʥʳʭ ʵʢʦʣʦʛʦʚ[3]. 

ʇʠʣʦʪʥʳʝ ʰʢʦʣʳ ʃʫʞʩʢʦʛʦ ʨʘʡʦʥʘ ʟʘ ʩʯʝʪ 

ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʘ ʙʳʣʠ ʦʙʝʩʧʝʯʝʥʳ ʪʝʩʪ-

ʢʦʤʧʣʝʢʪʘʤʠ ʠ ʨʝʘʢʪʠʚʘʤʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʦʜʳ. ʅʘ ʩʧʝʮʠʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʩʝʤʠʥʘʨʘʭ ʵʢʩʧʝʨʪʳ ʉʇʙɻɸʋ ʧʨʦʚʝʣʠ 

ʦʙʫʯʝʥʠʝ ʫʯʠʪʝʣʝʡ ʠ ʫʯʘʱʠʭʩʷ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. ɺ ʭʦʜʝ ʧʨʦʝʢʪʘ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʫʩʠʣʠʷ ʵʢʩʧʝʨʪʦʚ, ʰʢʦʣʴʥʳʭ 
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ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠ ʩʪʫʜʝʥʪʦʚ ʉʇʙɻɸʋ, 

ʧʨʦʭʦʜʷʱʠʭ ʣʝʪʥʶʶ ʫʯʝʙʥʫʶ ʧʨʘʢʪʠʢʫ, ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʃʫʛʘ ʠ ʝʝ 

ʧʨʠʪʦʢʦʚ. ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ 

ʩʪʘʥʮʠʠ ʥʘʙʣʶʜʝʥʠʷ [3,11].  

ʂʨʦʤʝ ʪʦʛʦ ʵʢʩʧʝʨʪʳ ʀɸʕʇ, ʉʇʙɻɸʋ ʠ 

ʬʠʥʩʢʠʝ ʢʦʣʣʝʛʠ ʠʟ ʧʘʨʪʥʝʨʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʧʨʦʚʝʣʠ ʦʩʤʦʪʨ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ, ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʤʝʩʪ ʩʙʦʨʘ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. ʇʨʠ 

ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʰʢʦʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʛʨʫʧʧ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʨʦʩʩʠʡʩʢʠʝ ʠ ʬʠʥʩʢʠʝ ʵʢʩʧʝʨʪʳ ʩʦʙʨʘʣʠ 

ʦʙʰʠʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʦʩʦʙʘʭ 

ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʦʪʭʦʜʦʚ.  

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʝʛʦ 

ʵʪʘʧʘʭ, ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ ʦʙ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʠ ʤʝʩʪʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤʘʭ ʠ ʦʙ ʠʭ ʞʝʣʘʥʠʠ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʢʮʠʷʭ.  ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʧʨʦʩʘ. ɹʳʣʦ ʩʦʩʪʘʚʣʝʥʦ ʪʨʠ ʛʨʫʧʧʳ ʘʥʢʝʪ 

ʜʣʷ ʪʨʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ [13,14]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʄʦʥʠʪʦʨʠʥʛ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʝʢʪʥʦʛʦ 

ʧʝʨʠʦʜʘ. ʕʪʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ 

ʚʳʷʩʥʨʠʪʴ ʜʠʥʘʤʠʢʫ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʧʠʣʦʪʥʳʭ ʨʝʢʘʭ, ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ 

ʚʦʟʤʦʞʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʠ 

ʥʘʤʝʪʠʪʴ ʚʦʟʤʦʞʥʳʝ çʛʦʨʷʯʠʝ ʪʦʯʢʠè, ʚ 

ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʥʳʭ 

ɸ.ʉ. ʆʛʣʫʟʜʠʥʳʤ (ʀɸʕʇ, 

ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʨʷʜʝ ʥʝʙʦʣʴʰʠʭ ʨʫʯʴʝʚ, ʚʧʘʜʘʶʱʠʭ ʚ ʨʝʢʫ 

ʃʫʛʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ 

ʬʦʩʬʦʨʘ, ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪʦʚ. ʂʘʯʝʩʪʚʦ ʚʦʜ 

ʚ ʧʠʣʦʪʥʳʭ ʨʝʢʘʭ ʃʫʛʘ (ʊʘʙʣ.1) , ʉʘʙʘ ʠ 

ʗʱʝʨʘ ʚ ʧʨʝʜʝʣʘʭ ʧʠʣʦʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ 

ʫʯʘʩʪʢʘʭ ʩ ʥʠʟʢʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ 

ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʘʤ 1 ʠ 2 ï 

çʫʩʣʦʚʥʦ ʯʠʩʪʳʝè ʠ çʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʳʝè. 

ʂʘʯʝʩʪʚʦ ʚʦʜ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʚʳʩʦʢʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ 2 ï çʩʣʘʙʦ 

ʟʘʛʨʷʟʥʝʥʥʳʝè. ʂʘʯʝʩʪʚʦ ʚʦʜ ʚ ʤʘʣʳʭ ʨʝʢʘʭ 

ʠ ʨʫʯʴʷʭ, ʚʧʘʜʘʶʱʠʭ ʚ ʨʝʢʫ ʃʫʛʘ, ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ 3ʘ 

ï çʟʘʛʨʷʟʥʝʥʥʳʝè. ʆʪʤʝʯʝʥʦ ʧʨʝʚʳʰʝʥʠʝ 

ʇɼʂ ʞʝʣʝʟʘ ʠ ʘʤʤʦʥʠʷ ʧʨʠ ʦʜʥʦʤ ʠʟ 

ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʨʝʢʝ ʗʱʝʨʘ (ʪʘʙʣ. 2) [3]. 

ɺʩʝ ʚʦʜʦʪʦʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʤʝʶʪ 

ʚʦʜʦʩʙʦʨ ʩ ʪʝʨʨʠʪʦʨʠʡ, ʟʘʥʷʪʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʧʦʣʷʤʠ, 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʤʠ ʬʝʨʤʘʤʠ ʣʠʙʦ 

ʢʨʫʧʥʳʤʠ ʩʝʣʴʩʢʠʤʠ ʧʦʩʝʣʝʥʠʷʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʚ ʧʠʣʦʪʥʳʭ ʧʦʩʝʣʝʥʠʷʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʠ ʢʦʤʤʫʥʘʣʴʥʳʝ 

ʦʪʭʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ [3,4, 9, 10]. 
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ʊʘʙʣʠʮʘ 1 

ʈʘʟʤʘʭ ʢʦʣʝʙʘʥʠʡ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ  ʦʪʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʚʦʜʳ ʨʝʢʠ ʃʫʛʘ ʠ ʨʫʯʴʷ ʚ2013ð2014 ʛʦʜʘʭ 

ʅʦʤʝʨ 

ʪʦʯʢʠ 

ʦʪʙʦʨʘ 

ʄʝʩʪʦ ʦʪʙʦʨʘ 

ʧʨʦʙʳ ʚʦʜʳ ʚ 

ʨʝʢʠ ʃʫʛʘ 

ʕʣʝʢʪʨʦʧʨʦʚʦ

ʜʠʤʦʩʪʴ, 

 

ɺʟʚʝʰʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ 

ʆ2 NH4 NO3 

mS/sm ʤʛ/ʜʤ
3
 

1 ɼʝʨʝʚʥʷ 

ʊʦʨʦʰʢʦʚʠʯʠ 

0,26-0,59 32-42 5,8-9,1 0,18-0,41 0,04-3,41 

2 ʈʫʯʝʡ ʚ ʨʘʡʦʥʝ 

ʏʝʛʦʣʤ 

0,46-0,48 17-20 6,5-7,6 1,12-1,84 1,71-6,19 

5 ɻʦʨʦʜ ʃʫʛʘ, 

ʎʝʥʪʨ 

0,41-0,42 45-50 7,6-7,9 0,41-0,42 0,04-0,05 

6 ʇʦʩʣʝ 

ɻʦʨʦʜʩʢʠʭ 

ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʷ 

0,42-0,43 21-44 6,1-8,7 0,18-0,45 0,05-0,10 

 

ʊʘʙʣʠʮʘ 2 

ʇʦʢʘʟʘʪʝʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʢʘ ʗʱʝʨʘ, ʮʝʥʪʨ ʜʝʨʝʚʥʠ ʇʝʭʝʥʝʮ 

ʇʦʢʘʟʘʪʝʣʠ 

 

ɼʘʪr ʦʪʙʦʨʘ ʧʨʦʙ 
ʅʦʨʤʘʪʠʚʳ ʠ ʇɼʂ 

( 29-30.05. 2013 06-07.08. 2013 

ʨʅ 6,95 6,88 6,5-8,5 

ʆʙʱʘʷ ʞʝʩʪʢʦʩʪʴ,Áɾ 1,8 2,4 > 7* 

ʎʚʝʪʥʦʩʪʴ, Á 300 300 200 

ɾʝʣʝʟʦ, ʤʛ/ʣ (Fe, mg/L) 1,5 1,0-1,5 0,1 

ʂʘʨʙʦʥʘʪ-ʘʥʠʦʥʳ/ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-

ʘʥʠʦʥʳ, ʤʛ/ʣ 
0/36,6 0/170,8 100/1000 

ʅʠʪʨʘʪʳ, ʤʛ/ʣ - 0,0 45 

ɸʤʤʦʥʠʡ, ʤʛ/ʣ - 1,0 0,5 

ʍʣʦʨʠʜʳ, ʤʛ/ʣ - 7,1 300 (350) 

ɹʇʂ, ʤʛ/ʣ - 6,24  

 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʊ.ɸ.ɸʩʘʥʦʚʦʡ ʠ ʊ.ɺ. ʅʠʢʠʪʠʥʦʡ [5]  ʧʨʠʰʣʠ 

ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʝʢ ʃʫʛʘ, ʉʘʙʘ ʠ 

ʗʱʝʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ, ʘ 

ʨʘʟʚʠʪʠʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʧʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʩʦʩʪʦʷʥʠʝ ʢʦʨʤʦʚʦʡ ʙʘʟʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ 

ʨʦʩʪʫ ʠ ʥʘʛʫʣʫ ʨʳʙ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʢʘʢ ʙʣʘʛʦʧʨʠʷʪʥʦʝ. ʈʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʧʦʡʤʳ ʨʝʢʠ ʃʫʛʘ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 15-20 ʢʛ/ʛʘ ʚ ʛʦʜ, ʨʝʢ  ʉʘʙʘ ʠ 

ʗʱʝʨʘ -10 ʢʛ/ʛʘ ʚ ʛʦʜ. ʀʭʪʠʦʬʘʫʥʘ ʨʝʢ 

ʚʢʣʶʯʘʝʪ ʮʝʣʳʡ ʨʷʜ ʮʝʥʥʳʭ ʠ ʦʭʨʘʥʷʝʤʳʭ 

ʚʠʜʦʚ ï ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʠʥʦʛʘ, ʣʦʩʦʩʴ, 

ʢʫʞʤʘ, ʨʫʯʴʝʚʘʷ ʬʦʨʝʣʴ ʠ ʜʨʫʛʠʝ. ɺ ʮʝʣʦʤ, 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʜʦʪʦʢʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʩʦʙʩʪʚʝʥʥʳʭ 

ʨʳʙʥʳʭ ʟʘʧʘʩʦʚ, ʩ ʜʨʫʛʦʡ ʠʭ ʨʦʣʴʶ ʚ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʨʳʙʥʳʭ ʟʘʧʘʩʦʚ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ [5]. 

ʕʢʩʧʝʨʪ ʃ.ɺ. ɾʘʢʦʚʘ [6]   ʦʪʤʝʪʠʣʘ, ʯʪʦ 

ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʝʥʠʡ ʠ 

ʠʭ ʩʦʦʙʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʝʢ ʃʫʛʘ, ʉʘʙʘ ʠ ʗʱʝʨʘ ʚ 

ʧʨʝʜʝʣʘʭ ʧʠʣʦʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʝʪʩʷ 



          ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 
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ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʨʝʢ ʜʘʥʥʦʛʦ ʪʠʧʘ. ɺʩʝʛʦ, ʚ 

ʚʦʜʥʳʭ ʠ ʧʨʠʙʨʝʞʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ 65 ʚʠʜʦʚ ʤʘʢʨʦʬʠʪʦʚ. ʉʘʤʦʝ 

ʚʳʩʦʢʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʦʪʤʝʯʝʥʦ ʥʘ ʨʝʢʝ ʃʫʛʘ ï 54 ʚʠʜʘ. ʕʢʩʧʝʨʪ 

ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʟʘʨʘʩʪʘʥʠʷ ʨʝʢ 

ʤʝʥʷʝʪʩʷ ʦʪ ʥʝʟʘʨʘʩʪʘʶʱʝʡ ʜʦ ʦʯʝʥʴ ʩʠʣʴʥʦ 

ʟʘʨʘʩʪʘʶʱʝʡ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ 

ʫʨʦʚʥʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʝʢʫ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ  

ʤʝʩʪʝ.   

ʈʝʟʫʣʴʪʘʪʳ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʥʘʯʘʣʝ ʠ ʚ 

ʢʦʥʮʝ ʧʨʦʝʢʪʥʦʛʦ ʧʝʨʠʦʜʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʰʢʦʣʴʥʠʢʦʚ. ʅʘʯʘʣʴʥʘʷ ʧʘʩʩʠʚʥʘʷ ʧʦʟʠʮʠʷ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʨʝʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʩʪʦʨʦʥʥʠʤʠ ʣʠʮʘʤʠ, ʢʦʪʦʨʘʷ 

ʧʨʦʷʚʣʷʣʘʩʴ ʚʦ ʚʩʝʭ ʪʨʝʭ ʛʨʫʧʧʘ 

ʨʝʩʧʦʥʜʝʥʪʦʚ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ, 

ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʬʦʨʤ ʨʘʙʦʪʳ ʩ ʥʘʩʝʣʝʥʠʝʤ, 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʚʥʠʤʘʥʠʝʤ ʢ ʨʝʰʝʥʠʶ 

ʣʦʢʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʦ 

ʩʪʦʨʦʥʳ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʤʠʨʦʚʦʟʨʝʥʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʩʝʣʴʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʘʢʪʠʚʥʘʷ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʟʥʘʢʦʤʩʪʚʦ ʩ 

ʧʨʠʤʝʨʘʤʠ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʧʦʥʜʝʥʪʦʚ, ʥʠʯʝʛʦ ʥʝ 

ʟʥʘʶʱʠʭ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʙʝʟ ʫʯʝʪʘ ʟʘʪʨʫʜʥʷʶʱʠʭʩʷ ʦʪʚʝʪʠʪʴ) 

ʩʦʢʨʘʪʠʣʦʩʴ ʩ 41% ʜʦ 11%. ʂʦʣʠʯʝʩʪʚʦ ʞʝ 

ʫʯʘʱʠʭʩʷ, ʞʝʣʘʶʱʠʭ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʘʢʮʠʷʭ, 

ʫʚʝʣʠʯʠʣʦʩʴ ʩ 40% ʜʦ 100%. [13,14]. 

ɻʣʘʚʥʳʤʠ ʩʦʙʳʪʠʷʤʠ, ʧʦʚʣʠʷʚʰʠʤʠ ʥʘ 

ʦʪʥʦʰʝʥʠʝ ʰʢʦʣʴʥʠʢʦʚ ʢ ʟʘʱʠʪʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʙʳʣʠ ʥʘʟʚʘʥʳ ʃʝʪʥʠʝ 

ʤʦʣʦʜʝʞʥʳʝ ʰʢʦʣʳ, ʧʦʝʟʜʢʘ ʚ ʌʠʥʣʷʥʜʠʶ ʠ 

ʦʙʱʝʥʠʝ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ 

ʉʇʙɻɸʋ[11].  

ʆʪʚʝʪʳ ʨʝʩʧʦʥʜʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ: 

- ʚʦʚʣʝʢʘʪʴ ʚʩʝ ʛʨʫʧʧʳ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʚʝʜʫʱʠʝ ʢ 

ʚʠʜʠʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ; 

- ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʫʩʧʝʰʥʳʤ ʦʧʳʪʦʤ ʨʝʰʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʠ 

ʨʝʛʠʦʥʘʭ; 

- ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʩʦʟʥʘʥʠʶ ʟʥʘʯʠʤʦʩʪʠ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʨʘʙʦʪʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʝ 

ʤʘʩʰʪʘʙʘ. 

ʇʦʩʣʝ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʝʢʪʘ ʃʋɻɸɹɸʃʊ ʠ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʧʝʨʚʠʯʥʳʭ ʚʳʚʦʜʦʚ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʝʨ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ [1,12,15]. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʨʳ ʧʦʜʨʘʟʜʝʣʷʣʠʩʴ ʥʘ 2 

ʢʘʪʝʛʦʨʠʠ: 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ï ʢʨʫʧʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ, ʪʨʝʙʫʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʥʘ ʧʦʵʪʘʧʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʚ ʪʝʯʝʥʠʝ 5 ï 7 ʣʝʪ 

ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʝʢʪʘ; 

ɸʢʪʫʘʣʴʥʳʝ ï ʤʝʨʦʧʨʠʷʪʠʷ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ/ʘʧʨʦʙʠʨʦʚʘʥʠʝ 

ʚ ʪʝʯʝʥʠʝ ʧʨʦʝʢʪʥʦʛʦ ʧʝʨʠʦʜʘ ʠ 

ʚʳʧʦʣʥʷʝʤʳʝ ʩʠʣʘʤʠ ʧʘʨʪʥʝʨʦʚ ʠ ʮʝʣʝʚʳʭ 

ʛʨʫʧʧ ʧʨʦʝʢʪʘ. 

ɺ ʯʠʩʣʦ ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʤʝʨ ʚʦʰʣʠ: 

1. ʇʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʠʣʦʪʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʧʨʦʝʢʪʥʳʡ 

ʜʦʢʫʤʝʥʪ çʂʦʥʮʝʧʮʠʷ ʠ ʉʪʨʘʪʝʛʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʃʫʛʘè; 
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2. ʇʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʚʝʨʜʳʤʠ ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ ʚ 

ʧʠʣʦʪʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 

(ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʪʘʤʠ ʬʠʥʩʢʦʡ 

ʧʘʨʪʥʝʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʄɸʄʂ); 

3. ʇʨʝʜʣʦʞʝʥʠʷ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ 

ʦʟʥʘʢʦʤʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʨʘʟʚʠʪʠʶ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʪʘʤʠ 

ʀɸʕʇ ʠ ʬʠʥʩʢʦʡ ʧʘʨʪʥʝʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

LUKE); 

4. ʇʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʦʪʜʳʭʘ ʥʘ ʨʝʢʝ ʃʫʛʘ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʨʫʩʣʘ ʨʝʢʠ ʪʚʝʨʜʳʤʠ 

ʙʳʪʦʚʳʤʠ ʦʪʭʦʜʘʤʠ; 

ʂ ʘʢʪʫʘʣʴʥʳʤ ʤʝʨʘʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ 

ʚʦʰʣʠ: 

1. ɼʣʷ ʪʨʝʭ ʧʠʣʦʪʥʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʭʦʟʷʡʩʪʚ ʵʢʩʧʝʨʪʘʤʠ ʀɸʕʇ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ 

ʜʦʢʫʤʝʥʪʳ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʉʪʘʥʜʘʨʪ 

ʦʨʛʘʥʠʟʘʮʠʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʚʦʟʘ (ʧʦʤʝʪʘ) ʚ ʢʘʯʝʩʪʚʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡè. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʵʪʠʭ ʭʦʟʷʡʩʪʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʙʘʣʘʥʩʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ɼʘʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ 

ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʥʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤʘʭ ʨʘʟʣʠʯʥʦʛʦ 

ʫʨʦʚʥʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ [7,9]. ʂʨʦʤʝ ʪʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ 

çʇʘʨʪʠʟʘʥè ʧʦ ʠʪʦʛʘʤ ʧʨʦʝʢʪʘ ʧʦʣʫʯʠʣʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʢʫʧʢʠ 

ʥʘʚʦʟʦʨʘʟʙʨʘʩʳʚʘʪʝʣʷ.  

2.ʕʢʩʧʝʨʪʳ ʉʇʙɻɸʋ, ʀɸʕʇ ʠ ʄʆʆ 

ʆʉʋʈʉʊ ʦʙʝʩʧʝʯʠʣʠ ʥʘʫʯʥʦʝ 

ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝ ʤʦʣʦʜʝʞʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʠ ʦʩʥʘʱʝʥʠʝ ʰʢʦʣʴʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʧʨʠʙʦʨʘʤʠ. ʕʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʨʘʩʩʯʠʪʘʥʳ ʥʘ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʨʘʟʚʠʪʠʷ 

ʤʦʣʦʜʝʞʥʦʛʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

[11,12].   ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʜʣʷ ʶʥʳʭ 

ʵʢʦʣʦʛʦʚ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ 2 ʣʝʪʥʠʭ 

ʤʦʣʦʜʝʞʥʳʭ ʰʢʦʣʳ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʠʥʪʝʥʩʠʚʥʳʝ ʢʫʨʩʳ ʠʟʫʯʝʥʠʷ ʵʢʦʣʦʛʠʠ 

ʃʫʞʩʢʦʛʦ ʨʘʡʦʥʘ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ 

ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʠʩʢ ʨʝʰʝʥʠʡ 

ʤʝʩʪʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʅʘ ʃʝʪʥʝʡ 

ʰʢʦʣʝ 2013ʛ. ʫʯʘʩʪʥʠʢʠ ʨʝʘʣʠʟʦʚʘʣʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʤʠʥʠ-ʧʨʦʝʢʪʳ ʜʣʷ ʧʦʤʦʱʠ 

ʫʜʘʣʝʥʥʳʤ ʩʝʣʴʩʢʠʤ ʧʦʩʝʣʝʥʠʷʤ: ʧʦʩʪʨʦʠʣʠ 

ʦʙʱʝʩʪʚʝʥʥʳʡ ʢʦʤʧʦʩʪʝʨ ʧʦ ʬʠʥʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʡ 

ʪʫʨʠʩʪʠʯʝʩʢʠʡ ʤʘʨʰʨʫʪ, ʙʣʘʛʦʫʩʪʨʦʠʣʠ ʟʦʥʫ 

ʦʪʜʳʭʘ ʥʘ ʨʝʢʝ ʉʘʙʘ. ɺ 2014ʛ. ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ 

ʉʇʙɻɸʋ ʰʢʦʣʴʥʠʢʠ ʧʨʦʚʝʣʠ ʦʧʳʪ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʟʦʥ ʧʝʨʝʭʚʘʪʘ ʙʠʦʛʝʥʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʠʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʚ 

ʌʠʥʣʷʥʜʠʠ, ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

[11].  

 ʇʨʠ ʧʦʜʜʝʨʞʢʝ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʚʣʘʩʪʝʡ 

ʚʦ ʚʩʝʭ ʧʠʣʦʪʥʳʭ ʧʦʩʝʣʝʥʠʷʭ ʩʦʩʪʦʷʣʠʩʴ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʘʢʮʠʠ, ʧʦʟʚʦʣʠʚʰʠʝ 

ʟʘʤʝʪʥʦ ʩʥʠʟʠʪʴ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʦʭʦʜʠʣʠ ʘʢʮʠʠ çʏʠʩʪʳʡ 

ʙʝʨʝʛè, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʦʚʘʣʠ ʰʢʦʣʴʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʤʝʩʪʥʳʝ 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʵʢʩʧʝʨʪʳ 

ʧʨʦʝʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʙʨʝʞʥʳʝ ʤʝʩʪʘ 

ʦʪʜʳʭʘ ʚ ʛʨʘʥʠʮʘʭ ʛʦʨʦʜʘ ʃʫʛʘ ʙʳʣʠ 

ʦʯʠʱʝʥʳ ʦʪ ʙʳʪʦʚʦʛʦ ʤʫʩʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʚʝʜʝʥʦ 8 ʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʘʢʚʘʣʘʥʛʠʩʪʦʚ, 

ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʯʠʩʪʢʘ ʨʫʩʣʘ ʨʝʢʠ 

ʃʫʛʘ ʦʪ ʪʦʢʩʠʯʥʳʭ ʠ ʪʨʘʚʤʦʦʧʘʩʥʳʭ 

ʦʪʭʦʜʦʚ. ʖʥʳʝ ʵʢʦʣʦʛʠ ʚʤʝʩʪʝ ʩ ʫʯʠʪʝʣʷʤʠ 

ʚʝʣʠ ʫʯʝʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʠ 

ʪʦʢʩʠʯʥʳʭ ʩʪʦʢʦʚ, ʟʘʥʠʤʘʣʠʩʴ 

ʨʘʟʲʷʩʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʦʡ ʩʨʝʜʠ ʚʟʨʦʩʣʦʛʦ 
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ʥʘʩʝʣʝʥʠʷ. ʇʦ ʠʥʠʮʠʘʪʠʚʝ ʵʢʩʧʝʨʪʦʚ 

ʧʨʦʝʢʪʘ, ʩʠʣʘʤʠ  ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ  ʙʳʣʦ 

ʣʠʢʚʠʜʠʨʦʚʘʥʦ 14 ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʩʚʘʣʦʢ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 755 ʢʫʙʦʤʝʪʨʦʚ; 

ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʧʠʣʦʪʥʳʭ ʤʝʩʪʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʫʣʫʯʰʠʣʠ  ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʛʦʨʦʜʩʢʠʭ ʠ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ 

ʢʦʥʪʝʡʥʝʨʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ ʠ ʢʦʥʪʝʡʥʝʨʘʤʠ 

ʜʣʷ ʊɹʆ. [2,11,12,15]. 

ʇʨʠ ʧʦʜʚʝʜʝʥʠʠ ʠʪʦʛʦʚ ʧʨʦʝʢʪʘ ʙʳʣʦ 

ʚʳʩʢʘʟʘʥʦ ʦʙʱʝʝ ʤʥʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʙʦʪʳ, ʥʘʯʘʪʦʡ ʚ ʧʨʦʝʢʪʝ 

çʃʋɻɸ-ɹɸʃʊè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 2017 ʛ. 

ʙʳʣʘ ʧʦʜʘʥʘ ʠ ʦʜʦʙʨʝʥʘ ʟʘʷʚʢʘ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʛʨʘʥʪʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ çɹʣʘʛʦʧʨʠʷʪʥʘʷ 

ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʠ ʯʠʩʪʳʝ ʚʦʜʥʳʝ ʧʫʪʠ ʚ 

ʛʦʣʫʙʦʝ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ - ʃʋɻɸ-ɹɸʃʊ 2è. 

ɼʝʷʪʝʣʴʥʦʩʪʴ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ 

ʃʋɻɸɹɸʃʊ2 ʥʘʯʘʣʘʩʴ 01.02.2019 ʛ., 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ 30 

ʤʝʩʷʮʝʚ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʨʦʝʢʪʘ ï 24 ʤʝʩʷʮʘ) [10]. 

ʇʘʨʪʥʝʨʳ ʧʨʦʝʢʪʘ çʃʋɻɸ-ɹɸʃʊ 2è: 

1. ʄʫʥʠʮʠʧʘʣʴʥʳʡ ʬʦʥʜ ʧʦʜʜʝʨʞʢʠ 

ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ 

ʃʫʞʩʢʦʛʦ ʨʘʡʦʥʘ (ɺʝʜʫʱʠʡ ʧʘʨʪʥʝʨ); 

2. ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ - 

ʬʠʣʠʘʣ ʌɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ ʅʘʫʯʥʳʡ 

ɸʛʨʦʠʥʞʝʥʝʨʥʳʡ ʎʝʥʪʨ ɺʀʄè; 

3. ʄʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʦʙʱʝʩʪʚʝʥʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ çʆʙʱʝʩʪʚʦ ʩʦʜʝʡʩʪʚʠʷ 

ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡè; 

4. ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʌʠʥʣʷʥʜʠʠ ; 

5. ʋʥʠʚʝʨʩʠʪʝʪ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʖʛʦ-

ɺʦʩʪʦʯʥʦʡ ʌʠʥʣʷʥʜʠʠ (XAMK), ʨʘʥʝʝ ï 

ʋʥʠʚʝʨʩʠʪʝʪ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʛʦʨʦʜʘ 

ʄʠʢʢʝʣʠ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʥʦʚʦʛʦ 

ʧʨʦʝʢʪʘ ʙʳʣʠ ʫʯʪʝʥʳ:  

- ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

- ʚʳʷʚʣʝʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʦʞʝʣʘʥʠʷ 

ʮʝʣʝʚʳʭ ʛʨʫʧʧ; 

- ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʃʫʞʩʢʦʤ 

ʨʘʡʦʥʝ, ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʨʝʛʠʦʥʝ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʚ ʧʝʨʠʦʜ 2014 ï 2018 ʛʛ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʃʫʞʩʢʦʤ ʨʘʡʦʥʝ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʩʚʠʥʦʚʦʜʩʪʚʦ, ʯʪʦ ʤʦʞʝʪ ʩʦʟʜʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʛʨʦʟʫ ʜʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ɼʣʷ ʧʨʦʝʢʪʘ çʃʋɻɸ-ɹɸʃʊ 2è ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ:  

- ʉʦʟʜʘʥʠʝ ʚ ʃʫʞʩʢʦʤ ʨʘʡʦʥʝ ʫʩʪʦʡʯʠʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʘʢʪʫʘʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʛʨʫʧʧ ʥʘʩʝʣʝʥʠʷ (ʃʫʞʩʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ); 

- ʋʛʣʫʙʣʝʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʙʘʩʩʝʡʥʘʭ 

ʨʝʢʠ ʃʫʛʘ (ʈʦʩʩʠʷ) ʠ ʦʟʝʨʘ ʉʘʡʤʘ 

(ʌʠʥʣʷʥʜʠʷ); 

-  ʉʦʚʤʝʩʪʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʨʦʩʩʠʡʩʢʠʤʠ ʠ 

ʬʠʥʩʢʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʤʦʜʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ 

ʠ ʦʙʲʝʢʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʥʠʞʝʥʠʶ 

ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʃʫʛʘ ʠ ʦʟʝʨʦ 

ʉʘʡʤʘ; 

- ʇʨʦʜʦʣʞʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʰʢʦʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ; 

- ʇʦʜʜʝʨʞʢʘ ʠ ʨʘʟʚʠʪʠʝ ʤʝʨ, 

ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʟʥʘʥʠʝ ʠ ʩʦʙʣʶʜʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ; 

ʋʯʘʩʪʥʠʢʠ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ 

ʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʠʜʝʡ ʠ ʜʝʡʩʪʚʠʡ, 

ʟʘʣʦʞʝʥʥʳʭ ʚ ʧʨʦʝʢʪʝ çʃʋɻɸ-ɹɸʃʊè, ʙʫʜʝʪ 

ʫʩʧʝʰʥʦ ʧʨʦʜʦʣʞʝʥʦ ʚ ʥʘʩʪʦʷʱʝʤ ʧʨʦʝʢʪʝ 

çʃʋɻɸ-ɹɸʃʊ 2è. ʆʙʘ ʵʪʠʭ ʧʨʦʝʢʪʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʫʩʪʦʡʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʳʪʘ ʠ ʘʢʪʠʚʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʥʘʩʝʣʝʥʠʷ ʧʠʣʦʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ɺʳʚʦʜʳ 

ʇʨʦʝʢʪ ʇʨʦʛʨʘʤʤʳ ʧʨʠʛʨʘʥʠʯʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ (ENPI CBC South-East 

Finland ï Russia 2007-2013), çʏʠʩʪʳʝ ʨʝʢʠ ï 
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ʚ ʟʜʦʨʦʚʦʝ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ (ʃʋɻɸ-ɹɸʃʊ)è 

ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʧʝʨʠʦʜ 2012 ï 2014 ʛ.ʛ. 

ʇʨʦʝʢʪ ʧʦʟʚʦʣʠʣ ʚʳʧʦʣʥʠʪʴ ʜʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʢʠ ʃʫʛʘ ʩ ʧʨʠʪʦʢʘʤʠ, 

ʫʩʪʘʥʦʚʠʪʴ ʜʠʥʘʤʠʢʫ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʚʦʜʳ ʚ ʨʝʢʘʭ ʠ ʫʨʦʚʝʥʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʚʦʜ ʚ 

ʧʠʣʦʪʥʳʭ ʨʝʢʘʭ ʃʫʛʘ, ʉʘʙʘ ʠ ʗʱʝʨʘ ʚ 

ʧʨʝʜʝʣʘʭ ʧʠʣʦʪʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʘʤ 1 ʠ 2 ï çʫʩʣʦʚʥʦ 

ʯʠʩʪʳʝè ʠ çʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʳʝè, ʭʦʪʷ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʚʳʩʦʢʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʦʥʦ ʤʦʞʝʪ 

ʫʭʫʜʰʘʪʴʩʷ ʜʦ ʩʦʩʪʦʷʥʠʷ  çʩʣʘʙʦ 

ʟʘʛʨʷʟʥʝʥʥʳʝè. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜ ʚ 

ʤʘʣʳʭ ʨʝʢʘʭ ʠ ʨʫʯʴʷʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʯʝʨʝʟ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ ʠ ʞʠʣʳʝ 

ʧʦʩʝʣʝʥʠʷ.  

ɺʦʜʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʨʝʢ 

ʃʫʛʘ, ʉʘʙʘ ʠ ʗʱʝʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦʰʝʤ 

ʩʦʩʪʦʷʥʠʠ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʣʘʛʦʧʦʣʫʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʨʤʦʚʦʡ ʙʘʟʳ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʨʦʩʪʫ ʠ ʥʘʛʫʣʫ ʨʳʙ. 

ʈʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦʡʤʳ ʨʝʢʠ ʃʫʛʘ ʚ 

ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 15-20 ʢʛ/ʛʘ ʚ 

ʛʦʜ. 

ʇʨʦʝʢʪ ʦʢʘʟʘʣ ʨʝʘʣʴʥʦʝ  ʩʦʜʝʡʩʪʚʠʝ 

ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʃʫʛʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʤʦʪʠʚʠʨʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʞʠʪʝʣʝʡ ʃʫʞʩʢʦʛʦ ʨʘʡʦʥʘ, ʦʩʦʙʝʥʥʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʦʣʦʜʝʞʠ. ɹʳʣʦ ʩʦʟʜʘʥʦ 5 

ʤʦʣʦʜʝʞʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʚ 

ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʦʚʘʣʠ ʙʦʣʝʝ 80 ʫʯʘʱʠʭʩʷ, 

ʙʦʣʝʝ 60 ʯʝʣʦʚʝʢ (ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʙʠʟʥʝʩʤʝʥʳ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʝʩʪʥʳʭ 

ʘʜʤʠʥʠʩʪʨʘʮʠʡ) ʧʦʣʫʯʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʥʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʧʠʣʦʪʥʳʭ ʪʝʨʨʠʪʦʨʠʠ 

ʃʫʞʩʢʦʛʦ ʨʘʡʦʥʘ ʠ ʟʘʧʣʘʥʠʨʦʚʘʪʴ ʥʦʚʳʝ. 

ʇʨʦʝʢʪ ʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʤʦʱʴ ʚ 

ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʛʣʘʤʝʥʪʳ 

ʧʦ ʦʙʨʘʱʝʥʠʶ ʩ ʥʘʚʦʟʦʤ ʜʣʷ ʪʨʝʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʥʘʯʘʣʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ, ʦʜʥʦ ʠʟ ʥʠʭ ʧʦʣʫʯʠʣ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʢʫʧʢʠ 

ʥʘʚʦʟʦʨʘʟʙʨʘʩʳʚʘʪʝʣʷ.  

ɺ ʥʦʚʦʤ ʧʨʦʝʢʪʝ, ʢʦʪʦʨʳʡ ʥʘʯʘʣʩʷ 1 

ʬʝʚʨʘʣʷ 2019 ʛʦʜʘ, ʧʘʨʪʥʝʨʳ ʧʨʦʝʢʪʘ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʧʨʦʝʢʪʘ, 

ʧʝʨʝʡʜʫʪ ʢ ʩʦʟʜʘʥʠʶ  ʫʩʣʦʚʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʠ ʢ ʦʮʝʥʢʝ ʵʪʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʩ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ.   
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