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ʋɼʂ 631.6:93/94 

ʈʦʩʩʠʡʩʢʦʤʫ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ  

ʠʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ 90 ʣʝʪ 

ʈʦʤʘʥ ʉʪʝʧʘʥʦʚʠʯ ʄʘʩʥʳʡ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʩʚʝʱʝʥʘ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʠ ʩʪʘʥʦʚʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʛʦ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʝʥʳʭ ʠʥʩʪʠʪʫʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʩʪʠʪʫʪ, ʤʝʣʠʦʨʘʮʠʷ, ʦʨʦʰʘʝʤʳʝ ʟʝʤʣʠ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

**********  

Russian Scientific Research Institute  

of Land Improvement Problems is 90 years 

Roman S. Masnyi  
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation  

Abstract. The history of development and formation of Russian Scientific Research 

Institute of Land Improvement Problems is highlighted. The main directions of research activ-

ities of the Institute's scientists are presented. 

Keywords: institute, land reclamation, irrigated lands, research activity 

ɺ ʩʝʥʪʷʙʨʝ 2021 ʛ. ʠʩʧʦʣʥʷʝʪʩʷ 90 ʣʝʪ ʩʦ ʜʥʷ ʩʦʟʜʘʥʠʷ ʈʦʩʩʠʡ-

ʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ ï 

ʦʜʥʦʛʦ ʠʟ ʚʝʜʫʱʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʤʝʣʠʦʨʘ-

ʪʠʚʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʩʪʨʘʥʝ. ʀʩʪʦʨʠʷ ʠʥʩʪʠʪʫʪʘ ʥʘʯʘʣʘʩʴ ʚ ʜʘʣʝʢʦʤ 

1931 ʛ., ʢʦʛʜʘ ʥʘ ʙʘʟʝ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʡ ʦʧʳʪʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʦʡ 

ʩʪʘʥʮʠʠ, ʧʝʨʝʚʝʜʝʥʥʦʡ ʚ ʅʦʚʦʯʝʨʢʘʩʩʢ ʠʟ ɺʣʘʜʠʢʘʚʢʘʟʘ ʚ ʩʚʷʟʠ ʩ ʨʘʟ-

ʚʠʪʠʝʤ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʙʳʣ ʩʦʟʜʘʥ ʉʝʚʝʨʦ-ʂʘʚʢʘʟ-

ʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʠʜʨʦʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ 

ʢʘʢ ʬʠʣʠʘʣ ɺʩʝʩʦʶʟʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛʠʜ-

ʨʦʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ. ɺ ʟʘʜʘʯʠ ʩʦʟʜʘʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚʭʦʜʠʣʦ 

ʠʟʫʯʝʥʠʝ ʚʦʜʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʧʨʦʙʣʝʤ ʨʝʛʠʦʥʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʪʠ 

ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʊʝʨʝʢ ʠ ʚ ʉʘʣʴʩʢʦʤ ʦʢʨʫʛʝ ʚ ʩʚʷʟʠ 

ʩ ʧʨʦʙʣʝʤʦʡ ʦʙʚʦʜʥʝʥʠʷ ʩʦʚʭʦʟʦʚ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ. ɼʝʷʪʝʣʴʥʦʩʪʴ 

ʬʠʣʠʘʣʘ ʦʭʚʘʪʳʚʘʣʘ ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ ʩ ʚʭʦʜʷʱʠʤʠ ʘʚʪʦʥʦʤʥʳʤʠ ʦʙ-

ʣʘʩʪʷʤʠ ʠ ɼʘʛʝʩʪʘʥʩʢʫʶ ɸʉʉʈ. ʇʦʟʞʝ ʠʥʩʪʠʪʫʪ ʙʳʣ ʧʝʨʝʠʤʝʥʦʚʘʥ 
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ʚ ʖʞʅʀʀɻʠʄ ï ʖʞʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʠʜʨʦ-

ʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ.  

ʇʝʨʚʳʤ ʜʠʨʝʢʪʦʨʦʤ ʠʥʩʪʠʪʫʪʘ ʩʪʘʣ ʠʟʚʝʩʪʥʳʡ ʫʯʝʥʳʡ ʚ ʦʙʣʘʩʪʠ 

ʤʝʣʠʦʨʘʮʠʠ, ʧʨʦʬʝʩʩʦʨ ʉ. ʄ. ɸʣʧʘʪʴʝʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʥʩʪʠʪʫʪ ʚʦʟ-

ʛʣʘʚʣʷʣʠ ɻ. ʀ. ʄʳʰʘʥʩʢʠʡ, ʇ. ɸ. ʏʠʢʠʥ, ʂ. ʌ. ɻʘʡʜʫʢʦʚ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʪʝʭ ʣʝʪ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʨʝʞʠʤʘʤ ʠ ʩʧʦʩʦʙʘʤ ʦʨʦʰʝʥʠʷ, ʠʟʫʯʘ-

ʣʦʩʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʳ, ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʩʧʦʩʦʙʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʦʣʠʚʘ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʙʦʨʴʙʳ 

ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʠʟ ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʦʦʨʫʞʝʥʠʡ 

ʥʘ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʪʦʪ ʧʝʨʠʦʜ ʙʦʣʴʰʦʝ ʨʘʟʚʠʪʠʝ ʚ ʠʥʩʪʠʪʫ-

ʪʝ ʧʦʣʫʯʠʣʠ ʨʘʙʦʪʳ ʧʦ ʤʝʭʘʥʠʟʘʮʠʠ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʧʣʘʥʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʯʚʳ, ʥʘʨʝʟʢʠ ʙʦʨʦʟʜ, ʥʘʩʳʧʢʠ ʟʝʤʣʷʥʳʭ ʚʘʣʦʚ ʠ ʜʨ. ʀʟʫʯʘʣʠʩʴ ʚʦ-

ʧʨʦʩʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ.  

ʅʘʨʷʜʫ ʩ ʨʘʟʚʠʪʠʝʤ ʩʘʤʦʛʦ ʠʥʩʪʠʪʫʪʘ ʨʘʩʰʠʨʷʣʘʩʴ ʠ ʢʨʝʧʣʘ 

ʩʝʪʴ ʦʧʳʪʥʳʭ ʩʪʘʥʮʠʡ ʠ ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʠʣʠ ʥʝ ʪʦʣʴʢʦ ʚʝʩʴ 

ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ, ʥʦ ʠ ʅʠʞʥʝʝ ʇʦʚʦʣʞʴʝ, ʂʘʣʤʳʮʢʫʶ ɸʉʉʈ.  

ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ-

ʜʝʨʞʘʣʦʩʴ ʥʘʯʘʚʰʝʡʩʷ ʚʦʡʥʦʡ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʖʞʅʀʀɻʠʄ ʙʳʣʘ ʚʦʟ-

ʦʙʥʦʚʣʝʥʘ ʚ 1943 ʛ., ʢʦʛʜʘ ʜʠʨʝʢʪʦʨʦʤ ʙʳʣ ʥʘʟʥʘʯʝʥ ʊ. ʅ. ɹʦʷʨʯʫʢ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʤʝʣʠʦʨʘʮʠʶ ʚʥʝʩʣʠ ʫʯʝʥʳʝ ʖʞʅʀʀɻʠʄ 

ʚ ʧʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ. ɹʳʣʦ ʥʘʯʘʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʫʧʥʝʡʰʠʭ ʥʘ ʉʝ-

ʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʩʪʘʣʠ ʚʦʚʣʝʢʘʪʴʩʷ ʚ ʦʩʚʦʝʥʠʝ 

ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ. ʈʘʟʨʘʙʦʪʢʠ ʠʥʩʪʠʪʫʪʘ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʷʜʘ 

ʢʨʫʧʥʳʭ ʛʠʜʨʦʫʟʣʦʚ, ʚ ʪ. ʯ. ɺʦʣʛʦ-ɼʦʥʩʢʦʛʦ ʢʘʥʘʣʘ, ʎʠʤʣʷʥʩʢʦʛʦ ʚʦ-

ʜʦʭʨʘʥʠʣʠʱʘ, ʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʰʠʨʦʢʦʤʘʩ-

ʰʪʘʙʥʦʛʦ ʠʨʨʠʛʘʮʠʦʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ɼʦʥʫ, ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ 

ʠ ʚ ʇʦʚʦʣʞʴʝ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʠʥʩʪʠʪʫʪʝ ʨʘʙʦʪʘʣʠ ʠʟʚʝʩʪʥʳʝ ʫʯʝʥʳʝ-

ʤʝʣʠʦʨʘʪʦʨʳ: ʧʨʦʬʝʩʩʦʨ ɺ. ʇ. ɺʠʪʪʝ, ʘʢʘʜʝʤʠʢ ɺɸʉʍʅʀʃ ɹ. ɸ. ʐʫ-

ʤʘʢʦʚ, ʧʨʦʬʝʩʩʦʨ ɺ. ʉ. ʆʚʦʜʦʚ ʠ ʜʨ.  

ʆʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʙʘʟʳ ʠʥʩʪʠʪʫʪʘ ʚʥʝʩ 

ʇ. ʉ. ʄʠʨʦʰʥʠʯʝʥʢʦ, ʢʦʪʦʨʳʡ ʚʦʟʛʣʘʚʣʷʣ ʖʞʅʀʀɻʠʄ ʚ 1962ï1971 ʛʛ. 

ʇʨʠ ʥʝʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʥʦʚʳʝ ʢʦʨʧʫʩʘ, ʚ ʢʦʪʦʨʳʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʘʝʪ ʢʦʣʣʝʢʪʠʚ ʠʥʩʪʠʪʫʪʘ. 
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ɺ 1971 ʛ. ʠʥʩʪʠʪʫʪ ʚʦʟʛʣʘʚʠʣ ʢʨʫʧʥʳʡ ʫʯʝʥʳʡ-ʤʝʣʠʦʨʘʪʦʨ 

ɹ. ɹ. ʐʫʤʘʢʦʚ. ʇʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣʠ ʩʦʟʜʘʥʳ ʣʘʙʦʨʘʪʦʨʠʠ, ʟʘ-

ʥʠʤʘʶʱʠʝʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʛʦ ʚʳʨʘ-

ʱʠʚʘʥʠʷ ʫʨʦʞʘʝʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤ-

ʣʷʭ, ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ ʠ ʪʝʭʥʠʢʠ ʧʦʣʠʚʘ 

ʩʦʠ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʦʡ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʦʨʦʰʝʥʠʠ ʩ ʧʦʣʫʯʝ-

ʥʠʝʤ ʜʚʫʭ-ʪʨʝʭ ʫʨʦʞʘʝʚ ʚ ʛʦʜ. ɺʝʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜ ʤʝʩʪʥʦʛʦ ʩʪʦʢʘ ʜʣʷ ʦʨʦʰʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜ-

ʨʝʥʠʶ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʠʚʘ, ʚʢʣʶʯʘʷ ʢʘʧʝʣʴʥʦʝ ʠ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ. 

ʉ 1973 ʧʦ 1978 ʛ. ʠʥʩʪʠʪʫʪʦʤ ʨʫʢʦʚʦʜʠʣ ʧʨʦʬʝʩʩʦʨ ʖ. ʇ. ʇʦʣʷ-

ʢʦʚ, ʩ 1978 ʧʦ 1989 ʛ. ï ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʉʍʅ ɺ. ʀ. ʆʣʴʛʘʨʝʥ-

ʢʦ, ʩ 1989 ʧʦ 2018 ʛ. ï ʘʢʘʜʝʤʠʢ ɺ. ʅ. ʑʝʜʨʠʥ. ɿʘ ʵʪʠ ʛʦʜʳ ʠʥʩʪʠʪʫʪ 

ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʥʘ 

ʶʛʝ ʈʦʩʩʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʭʚʘʪʳʚʘʣʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʧʨʦʩʦʚ ʧʦ 

ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ: 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʝʨʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, 

ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʠʤ, ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʚʥʝʜʨʝʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʭʦʜʘ ʟʘ ʦʪʢʨʳʪʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʴʶ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʘʢ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘ-

ʰʠʥ ʢʦʥʩʪʨʫʢʮʠʠ ʖʞʅʀʀɻʠʄ, ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʦʨʦʰʘʝ-

ʤʳʭ ʟʝʤʣʷʭ, ʤʝʣʠʦʨʘʮʠʠ ʩʦʣʦʥʮʦʚʳʭ ʧʦʯʚ, ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʦʨʦʰʝʥʠʷ ʠ ʜʨ. ʅʘʨʷʜʫ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʦʝʢʪʥʳʤʠ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʦʨʦʰʘ-

ʝʤʳʤʠ ʭʦʟʷʡʩʪʚʘʤʠ. ʇʨʦʜʦʣʞʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ. 

ɺ 1997 ʛ. ʧʨʠʢʘʟʦʤ ʄʠʥʩʝʣʴʭʦʟʧʨʦʜʘ ʈʦʩʩʠʠ ʥʘ ʠʥʩʪʠʪʫʪ ʙʳʣʠ 

ʚʦʟʣʦʞʝʥʳ ʢʦʥʪʨʦʣʴʥʦ-ʥʦʨʤʘʪʠʚʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʥʩʫʣʴ-

ʪʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ, ʩ 2000 ʛ. ʠʥʩʪʠʪʫʪ ʩʪʘʥʦʚʠʪʩʷ ʛʦʣʦʚʥʦʡ ʦʨʛʘʥʠʟʘ-
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ʮʠʝʡ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʩʦʟʜʘʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʙʘʟ ʜʘʥʥʳʭ ʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ɼʝʧʤʝʣʠʦʚʦʜʭʦʟʘ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ʚ ʰʠʨʦ-

ʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʣʠʦʨʘ-

ʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨ-

ʛʘʥʠʟʘʮʠʡ, ʦʩʥʘʱʝʥʠʝ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʩʨʝʜʩʪʚʘʤʠ ʚʦʜʦʫʯʝʪʘ, 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʣʠʦʨʠʨʫʝʤʳʭ ʟʝʤʝʣʴ, 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʚʝʜʝʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʢʘʜʘʩʪʨʘ ʠ 

ʜʨ. ɺ 2001 ʛ. ʧʨʠʢʘʟʦʤ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ɻʋ çʖʞʅʀʀɻʠʄè ʙʳʣʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʯʪʦ ʷʚʠʣʦʩʴ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʟʥʘʥʠʷ ʦʛʨʦʤʥʝʡ-

ʰʝʡ ʨʘʙʦʪʳ ʠʥʩʪʠʪʫʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ï ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ 

ʚ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʦʪʨʘʩʣʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. 

ɺ ʩʪʨʫʢʪʫʨʫ ʠʥʩʪʠʪʫʪʘ ʚʭʦʜʷʪ ʚʦʩʝʤʴ ʥʘʫʯʥʳʭ ʦʪʜʝʣʦʚ. ʉʝʛʦʜʥʷ ʩʬʝ-

ʨʘ ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ ʫʯʝʥʳʭ ʠʥʩʪʠʪʫʪʘ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ: ʨʘʟʨʘʙʦʪʢʘ ʠʜʝʦʣʦʛʠʠ ʤʝ-

ʣʠʦʨʘʮʠʠ, ʚ ʪ. ʯ. ʮʠʬʨʦʚʦʡ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ 

ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ɸʇʂ ʩʪʨʘʥʳ, ʩʦ-

ʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʥʦ-

ʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʜʦʞʜʝʚʘʣʴʥʦʡ ʠ ʜʨʫʛʦʡ ʤʝʣʠʦʨʘʪʠʚʥʦʡ 

ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʨʦʰʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʟʝʤʣʝ-

ʜʝʣʠʷ, ʨʘʟʨʘʙʦʪʢʘ ɻʀʉ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʩʦʦʨʫ-

ʞʝʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʜʨ. 

ʉʧʝʮʠʘʣʠʩʪʘʤʠ ʦʪʜʝʣʘ ʨʝʰʝʥʠʷ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʚ ɸʇʂ ʚʳʧʦʣ-

ʥ̫ ʝʪʩʷ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-

ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ɻʊʉ, ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʚʦʜʦʜʝʬʠʮʠʪʥʳʭ ʨʘʡʦʥʦʚ, ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʟʦʥʝ ʛʦʨʦʜ-

ʩʢʠʭ ʘʛʣʦʤʝʨʘʮʠʡ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʘʚʘʨʠʡʥʦʛʦ ʧʨʦʧʫʩʢʘ ʧʘʚʦʜʢʦʚ ʠ ʧʦʣʦʚʦʜʠʡ, ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʛʨʘʥʠʮ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚʳʧʦʣʥʝʥʠʶ ʠʥ-

ʞʝʥʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦ- 

ʛʠʯʝʩʢʠʭ, ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʦ-

ʟʜʘʥʠʶ ʠ ʦʙʥʦʚʣʝʥʠʶ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʮʝʣʷʭ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʣʠʦʨʘ-

ʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʤʝʣʠʦʨʠʨʦʚʘʥ-

ʥʳʭ ʟʝʤʝʣʴ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠʥʩʪʠʪʫʪʦʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ɻʆʉʊʳ, 

ʉʅʠʇʳ, ʉʊʆ, ʉʇ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʠʭ ʣʝʪ ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʣʠʦʨʘ-

ʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʭʨʘʥʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʧʣʦ-

ʜʦʨʦʜʠʷ ʧʦʯʚ, ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʦʨʦʰʘʝ-

ʤʳʭ ʟʝʤʣʷʭ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʩʝʚʦʦʙʦʨʦʪʦʚ, ʧʦʜʙʦʨ ʩʦʨʪʦʚ, ʩʨʦʢʠ 

ʠ ʩʧʦʩʦʙʳ ʧʦʩʝʚʘ, ʥʦʨʤʳ ʚʳʩʝʚʘ, ʩʠʩʪʝʤʫ ʫʜʦʙʨʝʥʠʡ, ʨʝʞʠʤ ʦʨʦʰʝ-

ʥʠʷ, ʩʠʩʪʝʤʫ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʚʨʝʜʠʪʝʣʝʡ, ʙʦʣʝʟʥʝʡ ʠ ʩʦʨʥʦʡ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ ʩʥʠʞʝʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉ 2001 ʛ. ʚʦʟʦʙʥʦʚʣʝʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʵʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘ-

ʙʦʨʘʪʦʨʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʘʙʦʨʘʪʦʨʠʷ ʦʩʥʘʱʝʥʘ ʩʦʚʨʝʤʝʥʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʧʨʠʙʦʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʯʚʳ, ʧʨʠʨʦʜʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ ʠ ʛʘʟʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. 

ʆʪʜʝʣ ʦʧʳʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʥʳʡ ʚ 2020 ʛ., ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʪ ʧʨʦʝʢʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥ-

ʪʘ ɻʊʉ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉʧʝʮʠʘʣʠʩʪʳ ʦʪ-

ʜʝʣʘ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦ ʨʝʰʘʶʪ ʣʶʙʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʚʦʧʨʦʩʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ɻʊʉ.  

ʀʥʩʪʠʪʫʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ ʧʦ ʜʝʢʣʘ-

ʨʠʨʦʚʘʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ, ʘʚʘʨʠʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ 
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ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʏʉ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʠ, ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʥʩʝʨʚʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ. 

ʉʦʟʜʘʥʥʳʡ ʚ ʠʥʩʪʠʪʫʪʝ ʵʢʩʧʝʨʪʥʳʡ ʮʝʥʪʨ ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʠʪ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʵʢʩʧʝʨʪʠʟʫ ʜʝʢʣʘʨʘʮʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɻʊʉ ʠ ʤʝʣʠʦ-

ʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. ʎʝʥʪʨ ʚʭʦʜʠʪ ʚ ʧʝʨʝʯʝʥʴ ʵʢʩʧʝʨʪʥʳʭ ʮʝʥʪʨʦʚ ʌʝ-

ʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʘʪʦʤʥʦ-

ʤʫ ʥʘʜʟʦʨʫ. 

ɺʝʜʝʪʩʷ ʘʢʪʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʪʘʥʦʚʣʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ 

ʂʨʳʤʩʢʦʛʦ ʬʠʣʠʘʣʘ ʈʦʩʅʀʀʇʄ, ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʚ ʦʙʣʘʩʪʠ ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦ-

ʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ɺ ʦʪʜʝʣʝ ʘʩʧʠʨʘʥʪʫʨʳ ʚʝʜʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘ-

ʣʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʝʩʩʨʦʯʥʦʡ ʣʠʮʝʥʟʠʠ ʥʘ ʧʨʘʚʦ ʚʝʜʝʥʠʷ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʚʳʩ-

ʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʧʨʦʛʨʘʤʤʘʤ ʧʦʜʛʦʪʦʚʢʠ ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʚ ʘʩʧʠʨʘʥʪʫʨʝ ʧʦ ʯʝʪʳʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

08.06.01 çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘè, 35.06.01 çʉʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦè, 35.06.04 çʊʝʭʥʦʣʦʛʠʠ, ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ, ʣʝʩʥʦʤ ʠ ʨʳʙʥʦʤ ʭʦʟʷʡʩʪʚʝè, 

38.06.01 çʕʢʦʥʦʤʠʢʘè. ɺ ʧʝʨʠʦʜ 2009ï2021 ʛʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠ-

ʪʫʪʘ ʟʘʱʠʱʝʥʦ 23 ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʪʨʠ ʜʦʢʪʦʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɸʢʪʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʠʥʩʪʠʪʫʪʝ ʨʘʟʚʝʨʥʫʪʘ ʚ ʦʙʣʘʩʪʠ ʧʦʜ-

ʛʦʪʦʚʢʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ. ʈʝʘʣʠʟʘʮʠʝʡ ʧʨʦʛʨʘʤʤ ʧʦʚʳʰʝʥʠʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʦʪʨʘʩʣʠ ʟʘʥʠʤʘʝʪʩʷ ʩʦ-

ʟʜʘʥʥʳʡ ʦʪʜʝʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʩʣʫʰʘʪʝʣʝʡ ʚʝʜʝʪʩʷ ʧʦ 15 ʧʨʦʛʨʘʤʤʘʤ 

ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʪʘʢʠʤ ʢʘʢ ʛʠʜʨʦʤʝʣʠʦʨʘʮʠʷ, ɻʊʉ, ʟʝʤʣʝ-

ʫʩʪʨʦʡʩʪʚʦ, ʤʝʣʠʦʨʘʪʠʚʥʦʝ ʧʦʯʚʦʚʝʜʝʥʠʝ ʠ ʜʨ. 

ʉ ʮʝʣʴʶ ʨʝʢʣʘʤʳ, ʧʨʦʧʘʛʘʥʜʳ ʠ ʦʩʚʦʝʥʠʷ ʨʘʟʨʘʙʦʪʦʢ ʠʥʩʪʠʪʫ-

ʪʘ ʠ ʜʨʫʛʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʘʢʪʠʚʥʦ 

ʚʝʜʝʪʩʷ ʠʟʜʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʉ ʮʝʣʴʶ ʦʙʤʝʥʘ ʠʪʦʛʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ, 

ʘʜʘʧʪʘʮʠʠ ʥʦʚʳʭ ʠʜʝʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʠ ʚ ʤʠʨʦʚʦʝ 

ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫ-

ʪʦʤ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ ʧʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʢʦʥʬʝʨʝʥ-
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ʮʠʠ, ʩʝʤʠʥʘʨʳ, ʢʨʫʛʣʳʝ ʩʪʦʣʳ. ʉʦʪʨʫʜʥʠʢʠ ʠʥʩʪʠʪʫʪʘ ʪʘʢʞʝ ʧʨʠʥʠ-

ʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʩʝʤʠʥʘ-

ʨʦʚ, ʩʦʚʝʱʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. 

ɺ ʠʥʩʪʠʪʫʪʝ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʯʝʪʫ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʈʘʟʨʘʙʦʪʢʠ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʥʘ ʚʳʩʪʘʚ-

ʢʘʭ ʜʦʩʪʠʞʝʥʠʡ ʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ, ʥʘʛʨʘʞʜʝʥʳ ʜʠʧʣʦʤʘʤʠ ʠ ʤʝʜʘʣʷʤʠ. 

ʈʦʩʅʀʀʇʄ ʦʢʘʟʳʚʘʝʪ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʳʝ ʫʩʣʫʛʠ ʌɻɹʋ, ʥʘʭʦ-

ʜʷʱʠʤʩʷ ʚ ʚʝʜʝʥʠʠ ɼʝʧʟʝʤʤʝʣʠʦʨʘʮʠʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, ʨʝʛʠʦ-

ʥʘʣʴʥʳʤ ʦʨʛʘʥʘʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʠ ʜʨʫʛʠʤ ʶʨʠʜʠʯʝʩʢʠʤ ʠ 

ʬʠʟʠʯʝʩʢʠʤ ʣʠʮʘʤ, ʩʧʝʮʠʘʣʠʩʪʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʦʜ, ʦʭʨʘʥʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʫʯʘʩʪ-

ʚʫʝʪ ʚ ʩʦʚʝʱʘʥʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ, ʢʦʤʠʩʩʠʦʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʷʭ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʝʜʫʪʩʷ ʅʀʆʂʈ ʚ ʨʘʤ-

ʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ. 

ɿʘ ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʦ 

ʧʨʘʚʫ ʦʧʨʘʚʜʘʣ ʩʚʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʷ ʘʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʤʝʣʠʦʨʘʮʠʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ, ʚʳʩʦʢʠʡ ʥʘʫʯʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʤʦʣʦʜʳʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʥʘʫʯʥʳʝ ʢʘʜʨʳ ï ʚʩʝ ʵʪʦ ʜʘʝʪ 

ʦʩʥʦʚʘʥʠʷ ʚʠʜʝʪʴ ʚ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ʦʜʥʦʛʦ ʠʟ ʣʠʜʝʨʦʚ ʥʘʫʯʥʦ-

ʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ. 
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ʇʨʦʛʥʦʟ ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ  

ʜʣʷ ʯʝʨʥʦʟʝʤʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʦʙʣʘʩʪʠ 

ʃʠʜʠʷ ʄʠʭʘʡʣʦʚʥʘ ɼʦʢʫʯʘʝʚʘ, ʈʠʪʘ ɽʚʛʝʥʴʝʚʥʘ ʖʨʢʦʚʘ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ: ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʛʥʦʟʘ ʧʨʦʚʝʜʝʥʠʷ ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʜʣʠʪʝʣʴʥʦ ʦʨʦʰʘʝʤʳʭ ʯʝʨʥʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ ʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʎʝʥ-

ʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʦʙʣʘʩʪʠ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʚʳʧʦʣʥʝʥ ʧʨʦʛʥʦʟ ʤʝʣʠʦʨʘʪʠʚ-

ʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʯʝʨʥʦʟʝʤʦʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʚʦʡʩʪʚ ʧʦʯʚ ï ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʨʝʟ 15 ʣʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʯʝʨ-

ʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʜʦʩʪʠʛʥʝʪ 3,95 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ ʠ ʧʦʯ-

ʚʳ ʧʨʠʙʣʠʟʷʪʩʷ ʢ ʩʨʝʜʥʝʢʠʩʣʳʤ, ʝʞʝʛʦʜʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʙʤʝʥʥʦʛʦ ʢʘʣʴʮʠʷ 

ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ï 0,81 %, ʚʦʜʦʧʨʦʯʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʫʤʝʥʴʰʠʪʩʷ 

ʥʘ 55 %, ʧʦʯʚʘ ʦʩʪʘʥʝʪʩʷ ʩʠʣʴʥʦ ʫʧʣʦʪʥʝʥʥʦʡ (1,36 ʪ/ʤ3). ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʦʩʪʘʝʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʯʝʨʥʦʟʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʭ, 

ʪʦʣʴʢʦ ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚ ʦʩʪʘʝʪʩʷ ʥʝʡʪʨʘʣʴʥʦʡ. ʆʧʨʝʜʝʣʝʥʘ ʪʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ. ɺʳʚʦʜʳ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʧʨʦʛʥʦʟʘʤ, 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ ʯʝʨʥʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʦʙʣʘʩʪʠ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʭʠʤʠʯʝʩʢʘʷ ʤʝʣʠʦʨʘʮʠʷ ʤʝʪʦʜʦʤ ʠʟʚʝʩʪʢʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʧʦʯʚ ʦʨʛʘʥʠʢʦʡ ʠ ʠʭ ʨʘʟʫʧʣʦʪʥʝʥʠʶ (ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ), 

ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴ ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ ʜʣʷ ʵʪʦʡ ʟʦʥʳ. ɼʣʷ ʯʝʨʥʦʟʝʤʦʚ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʪʘʢʠʝ ʞʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʦ ʭʠʤʠʯʝʩʢʘʷ ʤʝʣʠʦʨʘʮʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʛʠʧʩʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʨʥʦʟʝʤ ʦʙʳʢʥʦʚʝʥʥʳʡ, ʯʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ, ʤʝʪʦʜ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ, ʜʣʠʪʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʩʚʦʡʩʪʚʘ ʧʦʯʚ  
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Abstract. Purpose: to forecast the agroreclamation measures for long-term irrigated 

typical and ordinary chernozems of the Central Black Earth Region. Materials and methods: 

the forecast of reclamation measures for chernozems in Voronezh region was carried out by 

the extrapolation method, the determination of the relationship between the indicators of soil 

properties was carried out by the functional dependencies method. Results. It was found that 

in 15 years of long-term irrigation of typical chernozem, the hydrolytic acidity will reach 

3.95 mmol(eq)/100 g and the soils will approach medium acidic, the annual decrease in the 

amount of exchangeable calcium in the soil absorbing complex is 0.81 %, the aggregates wa-

ter stability will decrease by 55 %, the soil will remain highly compacted (1.36 t/m3). 

The humus content remains stable. Similar processes are observed in ordinary chernozems, 
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only the soil acidity remains neutral. A close relationship was determined between the indica-

tors of the studied soils properties. Conclusions. According to the forecasts obtained, during 

long-term irrigation of typical chernozems of the Central Black Earth Region, chemical rec-

lamation by liming, as well as measures for soil enrichment with organic matter and their de-

compaction (deep loosening) should be provided, it is necessary to strictly observe the farm-

ing systems for this zone. For ordinary chernozems, the same measures are recommended, but 

chemical reclamation provides for gypsum plastering.  

Keywords: ordinary chernozem, typical chernozem, prediction method, long-term irri-

gation, agroreclamation measures, soil properties 

ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʩʦʙʝʥʥʦ ʘʢʪʫ-

ʘʣʴʥʘ. ʅʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʦʨʦʰʝʥʠʠ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʜʦʧʫʩʪʠʤʦ ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʢʫʣʴʪʫʨ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. 

ɺ ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʟʝʤʣʝʜʝʣʠʷ ʙʝʟ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʚ ʩʪʝʧʥʦʡ ʟʦʥʝ 

ʠʨʨʠʛʘʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥ-

ʥʳʭ ʫʨʦʞʘʝʚ. 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʜʣʠʪʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ 

(ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ, ʚʪʦʨʠʯʥʦʝ ʟʘʩʦʣʝʥʠʝ, ʦʱʝʣʘʯʠʚʘʥʠʝ, ʧʦʜʢʠʩʣʝʥʠʝ, 

ʦʩʦʣʦʥʮʝʚʘʥʠʝ, ʦʙʝʩʩʪʨʫʢʪʫʨʠʚʘʥʠʝ, ʜʝʛʫʤʠʬʠʢʘʮʠʷ ʠ ʜʨ.). ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʝʤʝʣʴ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠ 

ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ [1ï7]. ʀʟ ʝʞʝʛʦʜʥʳʭ ʜʦʢʣʘʜʦʚ ʦ ʩʦʩʪʦʷʥʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʧʣʦʱʘʜʠ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʤʝʣʠʦʨʘ-

ʪʠʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʪʠ [8]. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʷʚʣʝ-

ʥʠʡ ʧʨʠ ʦʨʦʰʝʥʠʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝ-

ʥʠʷ ʩʚʦʡʩʪʚ ʧʦʯʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʠʯʠʥ. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʧʦʯʚ ʥʘʠʣʫʯʰʠʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʝ̫ʪʩʷ 

ʤʝʪʦʜ ʵʢʩʪʨʘʧʦʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝ-

ʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. ʕʪʦʪ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʜʣʝʥʠʠ ʨʘʥʝʝ ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʚʦʡʩʪʚʘʤ 

ʧʦʯʚ ʚ ʙʫʜʫʱʝʝ. ʅʦ ʚ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʪʫʨʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʥʝ ʤʝʥʴʰʝ 5ï8 ʣʝʪ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ, 

ʙʝʟ ʠʩʢʘʞʝʥʠʡ ʠ ʫʧʨʦʱʝʥʠʡ ʠʟʫʯʠʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ [9, 10]. 

ʉʫʪʴ ʧʨʦʛʥʦʟʥʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʟʘʢʦʥʦ-
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ʤʝʨʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ ʠʟʫʯʘʝʤʦʤʫ ʧʨʦʮʝʩʩʫ ʚ ʧʨʦʰʣʦʤ, ʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ. ʀʩʭʦʜʷ ʠʟ ʪʦ-

ʛʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʠʟʤʝʥʝʥʠʝ ʦʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʣʝʯʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʜʨʫʛʠʭ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʛʘʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ [11]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟ ʧʨʦʚʝʜʝʥʠʷ ʘʛʨʦʤʝʣʠʦʨʘ-

ʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʜʣʠʪʝʣʴʥʦ ʦʨʦʰʘʝʤʳʭ ʯʝʨʥʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ 

ʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʦʙʣʘʩʪʠ (ʎʏʆ) ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦ-

ʢʘʟʘʪʝʣʷʤʠ ʩʚʦʡʩʪʚ ʧʦʯʚ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʜʣʠʪʝʣʴʥʦ ʦʨʦʰʘʝʤʳʭ ʯʝʨʥʦʟʝʤʦʚ ʎʏʆ, ʢʘʢ ʫʢʘʟʳ-

ʚʘʣʦʩʴ ʚʳʰʝ, ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ï 

ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʥʳʝ ʚʝʣʠʯʠʥʳ 

ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʛʦ 

ʧʨʠʨʦʩʪʘ (ʫʙʳʣʠ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ʎʏʆ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʜʚʫʭ ʟʦʥʘʭ: ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʩʪʝʧʥʦʡ. ʏʝʨʥʦ-

ʟʝʤʳ ʪʠʧʠʯʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʝ, ʚ ʢʦʪʦʨʦʡ ʟʘ ʛʦʜ ʚʳʧʘ-

ʜʘʝʪ 550ï600 ʤʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʦʙʳʢʥʦʚʝʥʥʳʝ ï ʚ ʩʪʝʧʥʦʡ, 

ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 400ï450 ʤʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʩʦʛʣʘʩʥʦ ʢʣʠʤʘʪʠʯʝ-

ʩʢʠʤ ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʷʶʪ ʦʨʦʰʝʥʠʝ ʚ ʵʪʠʭ ʟʦʥʘʭ. ʆʨʦʩʠʪʝʣʴʥʳʝ 

ʥʦʨʤʳ ʥʝ ʧʨʝʚʳʰʘʶʪ 2000 ʤ3/ʛʘ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ ʧʨʦ-

ʚʝʜʝʥ ʦʪʙʦʨ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʫʯʘʩʪʢʝ, ʦʨʦʰʘʝʤʦʤ ʦʢʦʣʦ 10 ʣʝʪ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʍʦʭʦʣʴʩʢʦʤ ʨʘʡʦʥʝ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ɻʨʫʥʪʦʚʳʝ 

ʚʦʜʳ ʟʘʣʝʛʘʶʪ ʛʣʫʙʞʝ 15 ʤ. ʍʦʨʦʰʘʷ ʝʩʪʝʩʪʚʝʥʥʘʷ ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʴ ʠ 

ʱʘʜʷʱʠʝ ʦʨʦʩʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʜʲʝʤʫ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ. ʀʩʪʦʯʥʠʢ ʦʨʦʰʝʥʠʷ ï ʧʨʫʜ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʩʦʩʪʘʚ-

ʣʷʝʪ 0,54 ʛ/ʜʤ3, ʚʦʜʘ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʦʜʝʨʞʘ-

ʥʠʝ ʚ ʥʝʡ ʥʘʪʨʠʷ ʚ ʪʝʧʣʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʥʝ ʧʨʝʚʳʰʘʝʪ 12 %. 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ ʚ ɹʦʛʫʯʘʨʩʢʦʤ ʨʘʡʦʥʝ ɺʦ-

ʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʦʨʦʰʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʙʦʣʝʝ 

10 ʣʝʪ. ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʟʘʣʝʛʘʶʪ ʛʣʫʙʞʝ 15 ʤ ʙʣʘʛʦʜʘʨʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 
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ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 0,82 ʛ/ʜʤ3, ʚʦʜʘ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʩʦʩʪʘʚʘ. ʅʦ ʚ ʪʝʧʣʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʵʪʦʡ ʚʦʜʝ ʜʦʩʪʠʛʘʝʪ 22 %, ʯʪʦ ʤʦʞʝʪ ʩʦʜʝʡʩʪʚʦ-

ʚʘʪʴ ʥʘʢʦʧʣʝʥʠʶ ʥʘʪʨʠʷ ʚ ʧʦʯʚʝ, ʪ. ʝ. ʧʦʷʚʣʝʥʠʶ ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ.  

ʇʨʦʚʝʜʝʥʳ ʘʥʘʣʠʟʳ ʧʦʯʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ1, ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ2, ʦʙʤʝʥʥʳʭ ʬʦʨʤ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ3 

ʠ ʥʘʪʨʠʷ4 ʧʦʯʚʝʥʥʦʛʦ ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ (ʇʇʂ), ʩʦʜʝʨʞʘʥʠʷ 

ʛʫʤʫʩʘ5, ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʢʦʣʴʮʘ 

ʧʦ ʅ. ɸ. ʂʘʯʠʥʩʢʦʤʫ6. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʨʦʰʘʝʤʦʛʦ ʫʯʘʩʪʢʘ 

ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʝʝ ʤʝʣʠʦʨʘʪʠʚ-

ʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʯʚ ʦʪʤʝʯʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ 

ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ (ʪʘʙʣʠʮʘ 1). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʙʣʜʁʘʝʪʩʷ 

ʧʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚ. ɼʦ ʦʨʦʰʝʥʠʷ ʠ ʥʘ ʙʦʛʘʨʥʳʭ ʫʯʘʩʪʢʘʭ ʪʠʧʠʯʥʳʝ 

ʯʝʨʥʦʟʝʤʳ ʦʙʣʘʜʘʶʪ, ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦ-

ʩʪʠ (ʅr), ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʝʡ. ʏʝʨʝʟ 10 ʣʝʪ ʦʨʦʰʝʥʠʷ ʦʥʘ ʫʞʝ ʩʦʩʪʘ-

ʚʠʣʘ 3,30 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʯʚʫ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘ-

ʪʝʣʶ ʢʘʢ ʩʣʘʙʦʢʠʩʣʫʶ. ʇʨʦʛʥʦʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʧʦʜʢʠʩʣʝʥʠʝ ʯʝʨʥʦʟʝ-

ʤʦʚ ʪʠʧʠʯʥʳʭ, ʯʝʨʝʟ 15 ʣʝʪ ʅr ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ 3,95 ʤʤʦʣʴ(ʵʢʚ)/100 ʛ ʠ 

ʧʦʯʚʳ ʧʦ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʠʙʣʠʟʷʪʩʷ ʢ ʩʨʝʜʥʝʢʠʩʣʳʤ. ʆʪʩʶʜʘ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʟʚʝʩʪʢʦʚʘʥʠʷ ʥʘ ʦʨʦʰʘʝʤʳʭ 

ʯʝʨʥʦʟʝʤʘʭ ʪʠʧʠʯʥʳʭ. ɼʦʟʳ ʠʟʚʝʩʪʠ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʩʦʩʪʦʷ-

ʥʠʶ ʧʦʯʚ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʨʘʙʦʪ. ʆ ʧʦʜʢʠʩʣʝʥʠʠ ʵʪʠʭ ʧʦʯʚ ʧʨʠ ʦʨʦʰʝʥʠʠ ʧʨʝʩʥʦʡ ʚʦʜʦʡ ʩʚʠʜʝ-
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ʬʦʨʤ, 2011. 4 ʩ. 
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ɼʦʩʪʫʧ ʠʟ ʀʉ çʊʝʭʵʢʩʧʝʨʪ: 6 ʧʦʢʦʣʝʥʠʝè ʀʥʪʨʘʥʝʪ. 
4ɻʆʉʊ 26950-86. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ɺʚʝʜ. 1987-07-01. ɼʦʩʪʫʧ ʠʟ ʀʉ çʊʝʭʵʢʩʧʝʨʪ: 6 ʧʦʢʦʣʝʥʠʝè ʀʥʪʨʘʥʝʪ. 
5ɻʆʉʊ 26213-91. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ɺʚʝʜ. 1993-07-01. ɼʦʩʪʫʧ ʠʟ ʀʉ çʊʝʭʵʢʩʧʝʨʪ: 6 ʧʦʢʦʣʝʥʠʝè ʀʥʪʨʘʥʝʪ. 
6ɺʘʜʶʥʠʥʘ ɸ. ʌ., ʂʦʨʯʘʛʠʥʘ ɿ. ɸ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʯʚ. ʄ.: ɸʛʨʦʧʨʦʤʠʟʜʘʪ, 1986. 416 ʩ. 
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ʪʝʣʴʩʪʚʫʶʪ ʠ ʜʘʥʥʳʝ ʦ ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ, ʢʦʪʦʨʘʷ ʢ 15-ʤʫ ʛʦʜʫ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ 6,45 ʝʜ. ʨʅ, ʘ ʜʦ ʦʨʦʰʝʥʠʷ ʨʘʚʥʷʣʘʩʴ 7,20 ʝʜ. ʨʅ. 

ʊʘʙʣʠʮʘ 1 ï ʇʨʦʛʥʦʟ ʧʨʦʚʝʜʝʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʦ ʩʚʦʡʩʪʚʘʤ ʯʝʨʥʦʟʝʤʘ ʪʠʧʠʯʥʦʛʦ ʠ ʦʙʳʢʥʦʚʝʥʥʦʛʦ 

ʎʏʆ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʉʚʦʡʩʪʚʦ ʧʦʯʚʳ 

ɼʦ 

ʦʨʦʝh-

ʥʠʷ 

ʇʦʩʣʝ 

10 ʣʝʪ 

ʇʨʠʨʦʩʪ 

(ʫʙʳʣʴ) 

ʛʦʜʠʯʥʳʡ 

ʇʨʦʛʥʦʟ, ʣʝʪ 
ʄʝʣʠʦʨʘʪʠʚʥʦʝ 

ʤʝʨʦʧʨʠʪ̫ʠʝ 5 15 

ʏʝʨʥʦʟʝʤ ʪʠʧʠʯʥʳʡ 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ, 

ʤʤʦʣʴ(ʵʢʚ)/100 ʛ 

2 3,30 0,13 2,65 3,95 
ʍʠʤʠʯʝʩʢʘʷ ʤʝʣʠʦ-

ʨʘʮʠʷ (ʠʟʚʝʩʪʢʦʚʘ-

ʥʠʝ) 
ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ 7,2 6,75 ï0,05 6,95 6,45 

ʆʙʤʝʥʥʳʡ ʢʘʣʴʮʠʡ, 

% ʦʪ × ʇʇʂ 
90 81 ï0,9 85,5 76,5 

ʆʙʦʛʘʱʝʥʠʝ ʧʦʯʚ 

ʢʘʣʴʮʠʝʤ 

ʆʙʤʝʥʥʳʡ ʤʘʛʥʠʡ, % 

ʦʪ × ʇʇʂ 
9,9 18 0,81 13,95 22,0 

ʆʙʤʝʥʥʳʡ ʥʘʪʨʠʡ, % 

ʦʪ × ʇʇʂ 
0,1 1 0,09 0,55 1,45 

ʉʆ2 ʢʘʨʙʦʥʘʪʦʚ, % 0,47 0,15 ï0,03 0,31 0,02 

ɺʦʜʦʧʨʦʯʥʦʩʪʴ, % 60 37,9 ï2,21 48,9 26,8 

ʆʙʦʛʘʱʝʥʠʝ ʧʦʯʚ 

ʢʘʣʴʮʠʝʤ ʠ ʦʨʛʘʥʠ-

ʢʦʡ 

ʇʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ 

ʧʦʯʚʳ, ʪ/ʤ3 
1,15 1,29 0,014 1,22 1,36 ʈʳʭʣʝʥʠʝ 

ɻʫʤʫʩ, % 7,19 7,27 0,01 7,23 7,34 
ʉʦʙʣʶʜʝʥʠʝ ʩʠʩʪʝ-

ʤʳ ʟʝʤʣʝʜʝʣʠʷ 

ʏʝʨʥʦʟʝʤ ʦʙʳʢʥʦʚʝʥʥʳʡ 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ, 

ʤʤʦʣʴ(ʵʢʚ)/100ʛ 

1,9 2,1 0,02 2,0 2,2 

ʄʝʨʦʧʨʠʪ̫ʠʡ ʥʝ 

ʪʨʝʙʫʝʪʩʷ, ʧʦʯʚʘ 

ʦʩʪʘʝʪʩʷ ʧʦ ʵʪʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ 

ʥʝʡʪʨʘʣʴʥʦʡ 
ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ 7,10 7,15 0,05 7,35 7,85 

ʆʙʤʝʥʥʳʡ ʢʘʣʴʮʠʡ, 

% ʦʪ × ʇʇʂ 
90 80 ï1 85 75 

ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʦʙʦʛʘɦ ʝʥʠʶ ʧʦʯʚ 

ʢʘʣɹʮʠʝʤ 

ʆʙʤʝʥʥʳʡ ʤʘʛʥʠʡ, % 

ʦʪ × ʇʇʂ 
9 18 0,9 13,5 22,5 

ʆʙʤʝʥʥʳʡ ʥʘʪʨʠʡ, % 

ʦʪ × ʇʇʂ 
1 2 0,1 1,5 2,5 

ʉʆ2 ʢʘʨʙʦʥʘʪʦʚ 0,86 0,43 ï0,043 0,64 0,22 

ɺʦʜʦʧʨʦʯʥʦʩʪʴ, % 60 34,7 ï2,53 47,4 22 ʆʙʦʛʘʱʝʥʠʝ ʧʦʯʚ 

ʢʘʣʴʮʠʝʤ, ʦʨʛʘʥʠ-

ʢʦʡ ʠ ʨʳʭʣʝʥʠʝ, 

ʩʦʙʣʶʜʝʥʠʝ ʩʠʩʪʝ-

ʤʳ ʟʝʤʣʝʜʝʣʠʷ 

ʇʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ 

ʧʦʯʚ, ʪ/ʤ3 
1,20 1,32 0,012 1,26 1,38 

ɻʫʤʫʩ, % 6,10 6,23 0,013 6,17 6,19 
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ʇʇʂ ʯʝʨʥʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ: 

ʜʦ ʦʨʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ (ʉʘ) ʩʦʩʪʘʚʣʷʣʦ 90 % ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ (Na). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʦʣʠʚʘʭ ʧʨʝʩʥʦʡ ʚʦ-

ʜʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʉʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʦʠʩʭʦ-

ʜʠʪ ʠ ʚ ʠʟʫʯʘʝʤʳʭ ʥʘʤʠ ʧʦʯʚʘʭ. ɽʞʝʛʦʜʥʦʝ ʩʥʠʞʝʥʠʝ ʉʘ ʩʦʩʪʘʚʠʣʦ 

0,81 % ʦʪ × ʇʇʂ, ʧʦʵʪʦʤʫ ʯʝʨʝʟ 10 ʣʝʪ ʦʨʦʰʝʥʠʷ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʩʦ-

ʩʪʘʚʠʣʦ 81 % ʦʪ × ʇʇʂ, ʘ ʯʝʨʝʟ 15 ʣʝʪ ʝʛʦ ʚ ʜʘʥʥʳʭ ʧʦʯʚʘʭ ʙʫʜʝʪ 

76 %, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʧʦʯʚ ʢʘʣʴʮʠʝʤ. 

ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʦʣʠʚʘʭ ʧʨʝʩʥʦʡ ʚʦʜʦʡ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʚ ʩʣʦʝ 0ï40 ʩʤ 

(ʩʤ. ʪʘʙʣʠʮʫ 1). 

ʃʶʙʦʝ ʦʨʦʰʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʧʳʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʘʛʨʝ-

ʛʘʪʦʚ. ɺ ʯʝʨʥʦʟʝʤʘʭ ʪʠʧʠʯʥʳʭ ʟʘ 10 ʣʝʪ ʦʨʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦ-

ʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 37 %, ʘ ʧʦ ʧʨʦʛʥʦʟʫ ʯʝʨʝʟ 15 ʣʝʪ 

ʦʨʦʰʝʥʠʷ ʜʘʥʥʳʝ ʧʦʯʚʳ ʧʦʧʘʜʫʪ ʚ ʢʘʪʝʛʦʨʠʶ ʧʦʯʚ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʉʦʭʨʘʥʠʪʴ 

ʚʦʜʦʧʨʦʯʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʣʮɹʠ-

ʝʚʦʛʦ ʨʝʞʠʤʘ. ʇʦʪʝʨʷ ʢʘʣʴʮʠʷ ʠ ʥʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʥ̫ʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʫʧʣʦʪʥʝʥʠʶ ʧʦʯʚ. ɿʘ 10 ʣʝʪ ʦʨʦʰʝʥʠʷ ʧʣʦʪʥʦʩʪʴ ʩʣʦ-

ʞʝʥʠʷ ʧʦʯʚ ʚʦʟʨʦʩʣʘ ʚʩʝʛʦ ʥʘ 12 %, ʘ ʯʝʨʝʟ 15 ʣʝʪ ʝʝ ʚʝʣʠʯʠʥʘ 

ʧʦ ʧʨʦʛʥʦʟʫ ʩʦʩʪʘʚʠʪ 1,36 ʪ/ʤ3, ʪ. ʝ. ʧʦʯʚʘ ʫʧʣʦʪʥʠʪʩʷ, ʥʦ ʧʦʢʘ ʦʩʪʘʥʝʪ-

ʩʷ ʥʘ ʫʨʦʚʥʝ ʩʠʣʴʥʦ ʫʧʣʦʪʥʝʥʥʦʡ ʧʘʰʥʠ. ɺʠʜʠʤʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʘ-

ʙʠʣʠʟʘʮʠʝʡ ʠ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʛʫʤʫʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʧʦ-

ʢʘʟʘʣʠ, ʯʪʦ ʢʠʩʣʦʪʥʦʩʪʴ, ʩʚʦʡʩʪʚʝʥʥʘʷ ʵʪʠʤ ʧʦʯʚʘʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʨʦʰʝʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʝʡʪʨʘʣʴʥʦʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʯʝʨʥʦʟʝʤʘ 

ʪʠʧʠʯʥʦʛʦ, ʛʜʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʜʢʠʩʣʝʥʠʝ ʧʦʯʚ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʜʘʥʥʳʝ ʢʘʢ ʦ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ, ʪʘʢ ʠ ʦ ʨʝʘʢʮʠʠ 

ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ (ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ) (ʩʤ. ʪʘʙʣʠʮʫ 1). ʅʝʡʪʨʘʣʠʟʘ-

ʮʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʣʘ ʙʣʘʛʦʜʘʨʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦ-

ʥʘʪʨʠʝʚʦʤʫ ʩʦʩʪʘʚʫ ʧʦʣʠʚʥʦʡ ʚʦʜʳ. ʅʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʠʚʳ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʣʠ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʚ ʧʦʣʠʚʥʦʡ ʚʦʜʝ ʚ ʚʝʛʝ-

ʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʪʨʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʢʘʣʴʮʠʷ ʠʟ ʇʇʂ ʠ ʉʆ2 ʢʘʨʙʦʥʘʪʦʚ. ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʫ ʧʨʠ ʧʦʣʠʚʘʭ 

ʜʘʥʥʳʭ ʯʝʨʥʦʟʝʤʦʚ ʪʘʢʦʡ ʚʦʜʦʡ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʇʇʂ ʯʝʨʝʟ 
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15 ʣʝʪ ʩʦʢʨʘʪʠʪʩʷ ʥʘ 17 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʨʦʰʘʝʤʳʤʠ ʘʥʘʣʦʛʘʤʠ, 

ʘ ʉʆ2 ʢʘʨʙʦʥʘʪʦʚ ï ʥʘ 75 %. 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʴʮʠʷ ʚ ʧʦʯʚʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʢʘʟʳʚʘ-

ʝʪʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʠʤʝʥʥʦ ʥʘ ʚʦʜʦʧʨʦʯʥʦʩʪʠ ʘʛʨʝʛʘ-

ʪʦʚ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʣʝ 10 ʣʝʪ ʦʨʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʚʦ-

ʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 40 % ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠ-

ʮʘʭ, ʘ ʩʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʫ ʯʝʨʝʟ 15 ʣʝʪ ʦʨʦʰʝʥʠʷ ʵʪʠʭ ʧʦʯʚ ʠʭ ʩʦʜʝʨ-

ʞʘʥʠʝ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʚʩʝʛʦ 22 % ʧʨʠ 60 % ʜʦ ʦʨʦʰʝʥʠʷ (ʩʤ. ʪʘʙʣʠ-

ʮʫ 1). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʯʝʨʥʦʟʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʝ ʧʦ ʵʪʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ ʧʨʠʦʙʨʝʪʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ. ʇʨʠ ʧʦʪʝʨʝ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʮʳ ʧʦʯʚʳ ʨʘʩʧʳʣʷʶʪʩʷ ʠ ʫʧʣʦʪʥʷ-

ʶʪʩʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1, ʜʦ ʦʨʦʰʝʥʠʷ ʧʘʰʥʷ ʵʪʠʭ ʧʦʯʚ 

ʙʳʣʘ ʫʧʣʦʪʥʝʥʘ (1,2 ʪ/ʤ3). ʏʝʨʝʟ 10 ʣʝʪ ʦʨʦʰʝʥʠʷ ʧʘʰʥʷ ʵʪʠʭ ʧʦʯʚ 

ʫʞʝ ʩʠʣʴʥʦ ʫʧʣʦʪʥʝʥʘ (1,32 ʪ/ʤ3). ɸ ʧʦ ʧʨʦʛʥʦʟʫ ʯʝʨʝʟ 15 ʣʝʪ ʦʨʦʰʝ-

ʥʠʷ ʯʝʨʥʦʟʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʝ ʙʫʜʫʪ ʦʪʥʦʩʠʪʴʩʷ ʫ ʢʘʪʝʛʦʨʠʠ ʩʠʣʴʥʦ 

ʫʧʣʦʪʥʝʥʥʳʭ ʧʦʯʚ (1,38 ʪ/ʤ3). 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʥʝʛʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʯʝʨ-

ʥʦʟʝʤʦʚ ʦʙʳʢʥʦʚʝʥʥʳʭ ʎʏʆ ʧʨʠ ʦʨʦʰʝʥʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ 

ʚ ʧʦʯʚʝ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʠ ʜʘʞʝ ʠʤʝʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʝʛʦ ʚʦʟʨʘʩ-

ʪʘʥʠʶ, ʯʪʦ ʥʘʙʣʜʁʘʣʦʩʴ ʠ ʥʘ ʯʝʨʥʦʟʝʤʘʭ ʪʠʧʠʯʥʳʭ. 

ʇʨʦʛʥʦʟʳ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʯʝʨʥʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ ʎʏʆ ʧʨʠ ʜʣʠ-

ʪʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʵʢʩʪʨʘʧʦʣʮ̫ʠʠ, 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʷʤʠ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʚʦʡʩʪʚ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩʫʥʢʠ 1ï3). 

ʉʠʣʴʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʤʝʞʜʫ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ ʚʦʜʦʧʨʦʯʥʦʩʪʴʶ ʘʛʨʝʛʘʪʦʚ (R2 = 0,88), ʤʝʞʜʫ ʛʠʜ-

ʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ ʦʙʤʝʥʥʳʤ ʢʘʣʴʮʠʝʤ (R2 = 0,91) 

(ʩʤ. ʨʠʩʫʥʦʢ 1). ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʅ ʚʦʜʥʦʡ 

ʚʳʪʷʞʢʠ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ (ʩʤ. ʨʠʩʫʥʦʢ 2). ʈʘʟʨʫʰʝʥʠʝ ʚʦʜʦʧʨʦʯ-

ʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʧʣʦʪʥʝʥʠʶ ʧʦʯʚ, ʠ ʧʨʦʛʥʦʟ ʜʠʥʘʤʠʢʠ ʵʪʦ-

ʛʦ ʧʨʦʮʝʩʩʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʣʠʷʥʠʷ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ 

ʧʨʠ ʦʨʦʰʝʥʠʠ ʚ ʯʝʨʥʦʟʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʎʏʆ ʥʘ ʠʭ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʢʦʪʦʨʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʝʪʦ-

ʜʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩʫʥʦʢ 4). 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʩʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʙʤʝʥʥʳʤ ʢʘʣʴʮʠʝʤ ʠ 
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ʚʦʜʦʧʨʦʯʥʦʩʪʴʶ ʘʛʨʝʛʘʪʦʚ, ʤʝʞʜʫ ʦʙʤʝʥʥʳʤ ʢʘʣʴʮʠʝʤ ʠ ʧʣʦʪʥʦʩʪʴʶ 

ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ (R2 = 0,92 ʠ R2 = 0,95) 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʧʨʦʚʝʜʝʥʠʷ ʘʛʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝ-

ʨʦʧʨʠʷʪʠʡ.  

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 1 ï ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ 

ʠ ʚʦʜʦʧʨʦʯʥʦʩʪʴʶ ʘʛʨʝʛʘʪʦʚ (ʘ), ʤʝʞʜʫ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ ʦʙʤʝʥʥʳʤ ʢʘʣʴʮʠʝʤ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ 

ʢʦʤʧʣʝʢʩʝ (ʙ) ʠ ʧʨʦʛʥʦʟ ʠʭ ʜʠʥʘʤʠʢʠ ʥʘ ʯʝʨʥʦʟʝʤʘʭ 

ʪʠʧʠʯʥʳʭ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʦʙʣʘʩʪʠ 

 

ʈʠʩʫʥʦʢ 2 ï ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ 

ʨʅ ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʠ ʧʨʦʛʥʦʟ ʝʝ ʜʠʥʘʤʠʢʠ ʥʘ ʯʝʨʥʦʟʝʤʘʭ 

ʪʠʧʠʯʥʳʭ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʦʙʣʘʩʪʠ 
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ʈʠʩʫʥʦʢ 3 ï ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʦʜʦʧʨʦʯʥʦʩʪʴʶ ʘʛʨʝʛʘʪʦʚ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ ʠ ʧʨʦʛʥʦʟ ʝʝ ʜʠʥʘʤʠʢʠ  

ʥʘ ʯʝʨʥʦʟʝʤʘʭ ʪʠʧʠʯʥʳʭ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʦʙʣʘʩʪʠ 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 4 ï ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʦʙʤʝʥʥʳʤ ʢʘʣʴʮʠʝʤ ʠ 

ʚʦʜʦʧʨʦʯʥʦʩʪʴʶ ʘʛʨʝʛʘʪʦʚ (ʘ), ʤʝʞʜʫ ʦʙʤʝʥʥʳʤ ʢʘʣʴʮʠʝʤ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ (ʙ) ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ 

ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʦʛʥʦʟ ʝʝ ʜʠʥʘʤʠʢʠ 

ɺʳʚʦʜʳ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʧʨʦʛʥʦʟʘʤ, ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʦʨʦʰʝʥʠʠ ʯʝʨʥʦʟʝʤʦʚ ʪʠʧʠʯʥʳʭ ʎʏʆ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʭʠʤʠʯʝʩʢʘʷ ʤʝʣʠʦʨʘʮʠʷ ʤʝʪʦʜʦʤ ʠʟʚʝʩʪʢʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʧʦʯʚ ʦʨʛʘʥʠʢʦʡ ʠ ʠʭ ʨʘʟʫʧʣʦʪʥʝʥʠʶ (ʛʣʫʙʦʢʦʝ ʨʳʭ-

ʣʝʥʠʝ), ʩʣʝʜʫʝʪ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴ ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ ʜʣʷ ʵʪʦʡ ʟʦʥʳ. 
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ɼʣʷ ʩʥʠʞʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʢʘʣʴʮʠʷ ʠʟ ʇʇʂ ʠ 

ʉʆ2 ʢʘʨʙʦʥʘʪʦʚ ʠʟ ʯʝʨʥʦʟʝʤʦʚ ʦʙʳʢʥʦʚʝʥʥʳʭ ʧʨʠ ʧʦʣʠʚʘʭ ʩʣʝʜʫʝʪ 

ʦʙʦʛʘʱʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʯʚʳ ʢʘʣʴʮʠʝʤ. ʕʪʦ ʪʘʢʞʝ ʙʫʜʝʪ ʩʦʜʝʡ-

ʩʪʚʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʨʘʟʫʧʣʦʪʥʝʥʠʶ ʧʦʯʚ. 

ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʵʪʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʠ ʥʝʜʦʧʫʱʝʥʠʷ ʜʝʛʫʤʠʬʠʢʘʮʠʠ 

ʧʨʠ ʦʨʦʰʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʘʟ ʚ 3ï4 ʛʦʜʘ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʦʨʛʘʥʠʢʠ ʠ ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʘʪʴ 

ʚʳʩʦʢʫʶ ʢʫʣʴʪʫʨʫ ʟʝʤʣʝʜʝʣʠʷ. 
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ʋɼʂ 631.674.6:635.655 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ  

ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʩʦʠ 

ʉʝʨʛʝʡ ɸʨʪʫʨʦʚʠʯ ʉʝʣʠʮʢʠʡ, ɻʝʦʨʛʠʡ ʊʨʠʬʦʥʦʚʠʯ ɹʘʣʘʢʘʡ  
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ï ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠ-

ʩʪʝʤ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʩʦʠ. ɺ ʨʘʙʦʪʝ ʠʟʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʧʦʣʦ-

ʞʠʪʝʣɹʥʳʝ ʩʪʦʨʦʥʳ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷ-

ʥʠʷ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ, ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʩʧʦʩʦʙʦʚ ʧʦʩʝʚʘ, ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʠ-

ʢʠ ʥʘ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ 

ʜʘʥʥʳʭ ʦ ʧʦʣʠʚʥʦʤ ʨʝʞʠʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʫʚʣʘʞʥʝʥʠʷ ʠ ʛʣʫʙʠʥʳ ʧʨʦʤʘʯʠʚʘ-

ʥʠʷ ʧʦʯʚʳ. ɸʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷ-

ʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʨʝʞʠʤ ʦʨʦʰʝʥʠʷ ʧʦ ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʩʦʠ. ɺʳʚʦʜ. ʇʨʠʤʝʥʝʥʠʝ 

ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʩʦʠ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʤʝʩʪʥʳʤ ʘʛ-

ʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʫʨʦ-

ʞʘʡʥʦʩʪʠ ʟʝʨʥʘ ʩʦʠ ʥʘ ʫʨʦʚʥʝ 4,0ï5,0 ʪ/ʛʘ. ʊʘʢʦʡ ʫʨʦʚʝʥʴ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʦʟ-

ʜʝʣʳʚʘʥʠʝ ʩʦʠ ʧʨʠ ʦʨʦʰʝʥʠʠ ʩʠʩʪʝʤʘʤʠ ʢʘʧʝʣʴʥʦʛʦ ʧʦʣʠʚʘ ʩʜʝʣʘʪʴ ʨʝʥʪʘʙʝʣʴʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʜʣʷ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʷ, ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʨʝʞʠʤ ʦʨʦʰʝʥʠʷ, ʛʣʫʙʠʥʘ ʧʨʦʤʘʯʠ-

ʚʘʥʠʷ, ʫʨʦʞʘʡʥʦʩʪʴ, ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʩʧʦʩʦʙ ʧʦʩʝʚʘ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ 
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The use of drip irrigation systems on soybean crops 

Sergey A. Selitsky, Georgiy T. Balakay 
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Russian Federation  

Abstract. The purpose is the analysis of scientific research in the field of drip irriga-

tion application on soybean crops. The advantages and benefits of drip irrigation are outlined. 

The results of studies of the influence of the irrigation regime, mineral fertilizers, sowing 

methods, varietal agricultural techniques on the growth, development of plants and root sys-

tem, and the soybean yield are presented. The data review on irrigation regime depending on 

the moisture level and the wetted depth is presented. The considered data analysis shows that 

according to the phases of soybean development the differentiated irrigation regime is the most 

effective. Conclusion. The use of drip irrigation on soybean crops, subject to cultivation tech-

nologies adapted to local agro-climatic conditions, ensures the soybean yield at the level of  

4.0ï5.0 t/ha. This level of productivity allows the cultivation of soybeans under drip irrigation 

systems to be profitable and economically beneficial for agricultural producers.  

Keywords: soybeans, drip irrigation, irrigation regime, wetted depth, yield, mineral 

fertilizers, planting method, profitability.  

ɺʚʝʜʝʥʠʝ. ʉʦʷ ʜʘʚʥʦ ʟʘʥʷʣʘ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʩʨʝʜʠ ʟʝʨʥʦ-

ʙʦʙʦʚʳʭ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʮʝʥʥʝʡʰʠʭ ʙʝʣʢʦʚʦ-ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʩʦʠ ʧʨʝʜʦʧʨʝʜʝ-
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ʣʷʶʪ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʣʶʜʝʡ, ʚʳʩʦʢʦʧʠ-

ʪʘʪʝʣʴʥʳʭ ʧʨʦʪʝʠʥʦʚʳʭ ʢʦʨʤʦʚ ʜʣʷ ʞʠʚʦʪʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʝ 

ʫʩʪʦʡʯʠʚʦʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ [1].  

ʉʦʶ ʚʦʟʜʝʣʳʚʘʶʪ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ, ʥʦ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʧʨʦʠʟ-

ʚʦʜʠʤʳʭ ʩʦʝʚʳʭ ʙʦʙʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʪʨʝʭ ʩʪʨʘʥʘʭ ï ʉʐɸ, ɹʨʘʟʠʣʠʠ ʠ 

ɸʨʛʝʥʪʠʥʝ, ʠʭ ʚʢʣʘʜ ʚ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʚʳʰʘʝʪ 80 % [2]. ʇʨʦ-

ʠʟʚʦʜʩʪʚʦ ʩʦʝʚʳʭ ʙʦʙʦʚ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 1,3 % ʦʪ ʤʠʨʦʚʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ, ʠʣʠ 4630 ʪʳʩ. ʪ [3ï5]. ʉʨʝʜʠ ʨʦʩʩʠʡʩʢʠʭ ʨʝʛʠʦʥʦʚ ï ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʝʡ ʩʦʠ ʪʨʘʜʠʮʠʦʥʥʦ ʣʠʜʠʨʫʝʪ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʦʢʨʫʛ (51 %), ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩʣʘ ʜʦʣʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩʦʠ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ (32 %), ʘ ʚ ʖʞʥʦʤ ʠ 

ʇʨʠʚʦʣʞʩʢʦʤ ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ ʜʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʠ ʩʦʩʪʘʚʣʷ-

ʝʪ 10,0 ʠ 3,4 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʨʘʩʰʠʨʝʥʠʷ ʧʦ-

ʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʩʦʠ ʷʚʣʷʶʪʩʷ ʘʛʨʦʢʣʠ-

ʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ï ʪʝʧʣʦ- ʠ ʚʣʘ-

ʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʨʪʘ ʩʦʠ ʧʦʟʚʦʣʷʶʪ ʚʦʟʜʝʣʳʚʘʪʴ ʵʪʫ ʢʫʣʴʪʫʨʫ 

ʚ ʨʘʡʦʥʘʭ ʩ ʩʫʤʤʦʡ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʙʦʣʝʝ 10 Áʉ ʟʘ ʚʝʛʝʪʘʮʠʦʥ-

ʥʳʡ ʧʝʨʠʦʜ ʦʪ 1700 ʜʦ 3500 Áʉ [6]. ʋʨʦʞʘʡʥʦʩʪʴ ʩʦʠ ʙʦʣʴʰʝ ʚʩʝʛʦ ʟʘ-

ʚʠʩʠʪ ʦʪ ʥʝʜʦʩʪʘʪʢʘ ʚʣʘʛʠ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ.  

ʖʛ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ, ʦʩʘʜʢʠ ʚʳ-

ʧʘʜʘʁ ʪ ʟʜʝʩʴ ʦʛʨʘʥʠʯʝʥʥʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʉʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʠ 

ʩʦʩʪʘʚʣʷʝʪ 15 ʮ/ʛʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʛʦʜʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʝʩʧʝ-

ʯʝʥʥʦʩʪʠ ʦʩʘʜʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʦʠ ʥʘ ʦʨʦʰʘʝʤʳʭ 

ʟʝʤʣʷʭ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʠ ʧʦʚʳʰʘʝʪ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʠ ʜʦ 4,0ï4,5 ʪ/ʛʘ ʠ 

ʚʳʰʝ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ, ʨʝʥʪʘ-

ʙʝʣʴʥʳʤ. ɺ ʦʩʥʦʚʥʦʤ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʦʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʞʜʝʚʘ-

ʥʠʝ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʚʦʜʦʩʙʝ-

ʨʝʛʘʶʱʝʝ ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʘʚʥʦʤʝʨʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʚʣʘʛʦʡ ʢʦʨʥʝʦʙʠʪʘʝʤʳʡ ʩʣʦʡ ʧʦʯʚʳ, ʜʦʟʠʨʦʚʘʥʥʦ ʚʥʦʩʠʪʴ ʫʜʦʙʨʝʥʠʷ 

ʩ ʧʦʣʠʚʥʦʡ ʚʦʜʦʡ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʦʚʦʜʠʤʳʭ ʥʘʫʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷ-

ʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʩʦʨʪʦʚ ʩʦʠ, ʨʘʟʨʘ-

ʙʦʪʢʝ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʦʨʦʰʝʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʩʦʢʠʡ ʧʦʪʝʥ-

ʮʠʘʣ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʪʦʡ ʢʫʣʴʪʫʨʳ. 
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ʆʙʩʫʞʜʝʥʠʝ. ʉʠʩʪʝʤʳ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʚʦʟ-

ʜʝʣʳʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦ-

ʨʷʜʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʩʝʚʘ: ʢʫʢʫʨʫʟʳ ʥʘ ʟʝʨʥʦ, ʩʦʠ, ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ 

ʦʪʢʨʳʪʦʛʦ ʠ ʟʘʢʨʳʪʦʛʦ ʛʨʫʥʪʘ, ʢʘʨʪʦʬʝʣʷ, ʩʘʜʦʚ ʠ ʚʠʥʦʛʨʘʜʥʠʢʦʚ, 

ʭʣʦʧʯʘʪʥʠʢʘ ʠ ʜʨ. ʕʪʠ ʩʠʩʪʝʤʳ ʫʜʦʙʥʳ ʪʝʤ, ʯʪʦ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʣʘʛʦʡ ʢʦʨʥʝʦʙʠʪʘʝʤʳʡ ʩʣʦʡ ʧʦʯʚʳ, ʥʝ ʦʙʨʘʟʫʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, 

ʥʝ ʪʨʝʙʫʶʪ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʤʝʥʠʤʳ ʥʘ ʚʩʝʭ ʪʠʧʘʭ 

ʧʦʯʚ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʘ-

ʧʝʣʴʥʦʤ ʧʦʣʠʚʝ ʵʢʦʥʦʤʠʷ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 47 % 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʞʜʝʚʘʥʠʝʤ ʠ ʜʦ 60 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʠʚʘ [7, 8]. 

ʂ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝ-

ʩʪʠ ʪʦ, ʯʪʦ ʫʚʣʘʞʥʝʥʠʝ ʧʦʯʚʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʠʢʦʨʥʝʚʦʡ ʟʦʥʝ, ʪʝʤ 

ʩʘʤʳʤ ʩʦʢʨʘʱʘʶʪʩʷ ʧʦʪʝʨʠ ʥʘ ʠʩʧʘʨʝʥʠʝ. ʇʨʦʤʘʯʠʚʘʥʠʝ ʧʦʯʚʳ ʧʨʦ-

ʠʩʭʦʜʠʪ ʫʟʢʦʡ ʧʦʣʦʩʦʡ, ʤʝʞʜʫʨʷʜʴʷ ʦʩʪʘʶʪʩʷ ʩʫʭʠʤʠ, ʯʪʦ ʥʝ ʧʦʟʚʦ-

ʣʷʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʩʦʨʥʳʤ ʨʘʩʪʝʥʠʷʤ. ʇʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʤʝʩʪʝ ʩ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʦʡ ʧʦʜʘʚʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ 

ʫʜʦʙʨʝʥʠʷ ʜʨʦʙʥʳʤʠ ʯʘʩʪʷʤʠ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʷʤʦ ʢ ʢʦʨʥʝ-

ʚʦʡ ʩʠʩʪʝʤʝ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʜʦʟʳ ʚʥʦʩʠʤʳʭ 

ʫʜʦʙʨʝʥʠʡ ʠ ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ. 

ʈʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʦʠ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦ-

ʰʝʥʠʠ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʫʯʝʥʳʝ, ʦʜʥʘʢʦ ʠʟʫʯʝʥʠʝ ʨʝʞʠʤʘ ʦʨʦʰʝ-

ʥʠʷ ʜʦ ʩʠʭ ʧʦʨ ʘʢʪʫʘʣʴʥʦ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ɺ. ɺ. ɹʦʨʦʜʳʯʝʚʳʤ, ʄ. ʅ. ʃʳʪʦʚʳʤ, 

ɸ. ɺ. ʐʫʨʘʚʠʣʠʥʳʤ ʚ ɼʫʙʦʚʩʢʦʤ ʨʘʡʦʥʝ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʥʘ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʭ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ, ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ 

ʠʟʫʯʝʥʠʶ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ ʩʦʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʤʠʥʝʨʘʣʴʥʦ-

ʛʦ ʧʠʪʘʥʠʷ [9]. 

ɺ ʧʨʦʚʦʜʠʤʳʭ ʦʧʳʪʘʭ ʠʟʫʯʘʣʦʩʴ ʬʘʢʪʦʨʥʦʝ ʚʣʠʷʥʠʝ ʫʨʦʚʥʷ 

ʧʨʝʜʧʦʣʠʚʥʦʡ ʚʣʘʞʥʦʩʪʠ (ʬʘʢʪʦʨ ɸ) ʠ ʨʘʟʤʝʨʦʚ ʟʦʥʳ ʫʚʣʘʞʥʝʥʠʷ 

(ʬʘʢʪʦʨ ɺ) ʧʦʯʚʳ, ʫʨʦʚʥʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ (ʬʘʢʪʦʨ ʉ).  

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ ʚ ʧʝʨʠʦʜ ʧʦʩʝʚʘ ï ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ ʥʘ ʫʨʦʚʥʝ 70 % ʅɺ ʚ ʩʣʦʝ 

ʧʦʯʚʳ 0,3 ʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʝʩʪʠ 3ï10 ʧʦʣʠʚʦʚ ʥʦʨʤʦʡ 115 ʤ3/ʛʘ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 80 % ʅɺ ʚ ʪʘʢʦʡ ʞʝ ʧʝ-

ʨʠʦʜ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʝʩʪʠ 7ï19 ʧʦʣʠʚʦʚ ʧʦ 70 ʤ3/ʛʘ. 
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ʇʦʣʠʚʥʦʡ ʨʝʞʠʤ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ï ʥʘʯʘʣʘ ʩʦʟʨʝʚʘʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 70 % ʅɺ ʚ ʩʣʦʝ ʧʦʯʚʳ 0,3 ʤ 

ʚʢʣʶʯʘʣ 12ï17 ʧʦʣʠʚʦʚ ʥʦʨʤʦʡ 115 ʤ3/ʛʘ ʠ 6ï9 ʧʦʣʠʚʦʚ ʧʦ 215 ʤ3/ʛʘ 

ʜʣʷ ʩʣʦʷ ʧʨʦʤʘʯʠʚʘʥʠʷ 0,5 ʤ. ʇʦʣʠʚʥʦʡ ʨʝʞʠʤ ʜʣʷ ʚʘʨʠʘʥʪʘ ʩ ʫʨʦʚʥʝʤ 

ʫʚʣʘʞʥʝʥʠʷ 80 % ʅɺ ʠ ʩʣʦʝʤ ʧʨʦʤʘʯʠʚʘʥʠʷ 0,3 ʤ ʚʢʣʶʯʘʣ 18ï34 ʧʦʣʠ-

ʚʘ ʧʦ 70 ʤ3/ʛʘ ʠ 6ï9 ʧʦʣʠʚʦʚ ʧʦ 215 ʤ3/ʛʘ ʜʣʷ ʩʣʦʷ ʧʨʦʤʘʯʠʚʘʥʠʷ 0,5 ʤ. 

ʆʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ ʚʦʜ-

ʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʳ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʦʪ 1770 ʜʦ 3720 ʤ3/ʛʘ.  

ɺ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ ʩ ʨʝʞʠʤʦʤ ʦʨʦʰʝʥʠʷ 80ï80 % ʅɺ ʚ ʩʣʦʝ 0,3 ʤ 

ʥʘ ʬʦʥʝ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʜʦʟʝ N110P100K70 ʙʳʣʘ ʧʦ-

ʣʫʯʝʥʘ ʥʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʠ (4,97 ʪ/ʛʘ), ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦ-

ʧʦʪʨʝʙʣʝʥʠʷ ʩʦʩʪʘʚʠʣ 808ï826 ʤ3/ʪ. 

ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʦʠ ʥʘ ʩʝ-

ʤʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ ʩʚʳʰʝ 4,0 ʪ/ʛʘ, ʵʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʨʝʞʠʤʦʤ ʦʨʦʰʝʥʠʷ 80ï80 % ʅɺ 

ʚ ʩʣʦʷʭ ʧʨʦʤʘʯʠʚʘʥʠʷ 0,3 ʠ 0,3ï0,5 ʤ ʧʨʠ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʜʦʟʦʡ N110P100K70 ʠ N85P80K50 [9]. 

ʅ. ɻ. ɼʝʟʦʨʮʝʚʳʤ ʚ 2011ï2013 ʛʛ. ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʦʩʪʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʦʨʥʝʡ ʩʦʠ ʚ ʧʦʯʚʝ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ ʥʘ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʭ 

ʧʦʯʚʘʭ ʉʦʚʝʪʩʢʦʛʦ ʨʘʡʦʥʘ ʛ. ɺʦʣʛʦʛʨʘʜʘ [10]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʩʦʨʪʦʚ ʩʦʠ (ɺʅʀʀʆɿ 86 

ʠ ɺʅʀʀʆɿ 11) ʠʟʫʯʘʣʦʩʴ ʥʘ ʬʦʥʝ ʧʦʜʜʝʨʞʘʥʠʷ ʜʚʫʭ ʫʨʦʚʥʝʡ ʫʚʣʘʞ-

ʥʝʥʠʷ ʧʦʯʚʳ (70 ʠ 80 % ʅɺ) ʧʨʠ ʛʣʫʙʠʥʝ ʧʨʦʤʘʯʠʚʘʥʠʷ 0,6 ʤ ʚ ʪʝʯʝ-

ʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʛʣʫʙʠʥʝ ʧʨʦʤʘ-

ʯʠʚʘʥʠʷ ʧʦ ʬʘʟʘʤ ʨʘʟʚʠʪʠʷ ʩʦʠ (0,4 ʠ 0,6 ʤ). 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʢʦʨʥʝʚʘʷ ʤʘʩʩʘ ʩʦʠ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʣʦʝ ʧʦʯʚʳ 0ï0,3 ʤ, ʧʨʠʯʝʤ ʥʘ ʧʦʩʝʚʘʭ ʩʦʨʪʘ ɺʅʀʀʆɿ 86 

ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ ʩʣʦʷ 0,6 ʤ ʥʘ ʫʨʦʚʥʝ 70 % ʅɺ ʚ ʩʣʦʝ 0,1ï0,2 ʤ ʘʙʩʦ-

ʣʶʪʥʦ ʩʫʭʘʷ ʤʘʩʩʘ ʢʦʨʥʝʡ ʩʦʩʪʘʚʠʣʘ 0,51 ʪ/ʛʘ, ʠʣʠ 35,7 % ʦʪ ʦʙʱʝʡ 

ʤʘʩʩʳ. ʅʘ ʧʦʩʝʚʘʭ ʩʦʨʪʘ ɺʅʀʀʆɿ 11 ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ ʩʣʦʷ ʧʦʯʚʳ 

0,6 ʤ ʥʘ ʫʨʦʚʥʝ 80 % ʅɺ ï 1,83 ʪ/ʛʘ, ʠʣʠ 40,7 %.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʟʘʤʠ ʫʜʦʙʨʝʥʠʡ ʥʘ ʬʦʥʝ 

ʦʨʦʰʝʥʠʷ, ʧʦʜʜʝʨʞʘʥʠʷ ʫʨʦʚʥʷ ʫʚʣʘʞʥʝʥʠʷ 80 % ʅɺ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦ-
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ʚʘʥʥʦʡ ʛʣʫʙʠʥʳ ʧʨʦʤʘʯʠʚʘʥʠʷ 0,4 ʠ 0,6 ʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʘʨʠʘʥʪʝ 

ʩ ʜʦʟʦʡ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ N120P80K50 ʙʳʣʦ ʩʬʦʨʤʠʨʦ-

ʚʘʥʦ 2,18 ʪ/ʛʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʡ ʤʘʩʩʳ ʢʦʨʥʝʡ, ʵʪʦ ʙʦʣʴʰʝ ʥʘ 0,21 ʪ/ʛʘ, 

ʯʝʤ ʚ ʚʘʨʠʘʥʪʝ ʚʥʝʩʝʥʠʷ ʜʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ N90P60K40, ʠ 

ʥʘ 0,62 ʪ/ʛʘ, ʯʝʤ ʚ ʚʘʨʠʘʥʪʝ ʚʥʝʩʝʥʠʷ ʜʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

N60P40K30. 

ɸʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʜʥʳʡ ʠ ʧʠʪʘʪʝʣʴ-

ʥʳʡ ʨʝʞʠʤʳ ʧʦʯʚʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʩʦʠ [10].  

ʉ. ɸ. ʂʫʨʙʘʥʦʚʳʤ ʠ ʜʨ. [10] ʩ 2009 ʛ. ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ, ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʠ ʩʦʨʪʦʚ ʩʦʠ ʨʘʟʥʳʭ ʛʨʫʧʧ ʩʧʝʣʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʣʫʛʦʚʳʭ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ ʚ ʫʩʣʦʚʠʷʭ 

ʩʫʭʦʩʪʝʧʥʦʡ ʟʦʥʳ ɼʘʛʝʩʪʘʥʘ. ʉʭʝʤʦʡ ʦʧʳʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʠʟʫ-

ʯʝʥʠʝ ʪʨʝʭ ʩʦʨʪʦʚ ʩʝʣʝʢʮʠʠ ɺʅʀʀʄʂ ʠʤ. ɺ. ʉ. ʇʫʩʪʦʚʦʡʪʘ (ʃʠʨʘ 

(ʩʢʦʨʦʩʧʝʣʳʡ), ɸʣʴʙʘ (ʨʘʥʥʝʩʧʝʣʳʡ) ʠ ɺʠʣʘʥʘ (ʩʨʝʜʥʝʩʧʝʣʳʡ)) ʥʘ ʬʦʥʝ 

ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ. ɺ ʩʠʩʪʝʤʘʭ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʦʣʠʚʥʳʝ 

ʪʨʫʙʦʧʨʦʚʦʜʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʯʝʨʝʟ 0,45 ʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʧʝʣʴ-

ʥʠʮʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 0,3 ʤ ʧʨʠ ʨʘʩʭʦʜʝ ʚʦʜʳ 2 ʣ/ʯ. ʈʝʞʠʤ ʦʨʦʰʝʥʠʷ ʩʦʨ-

ʪʦʚ ʩʦʠ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʫʨʦʚʥʝʡ ʫʚʣʘʞʥʝʥʠʷ 60, 70, 80 ʠ 

90 % ʅɺ ʚ ʩʣʦʝ 0,5 ʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ.  

ʇʦʣʠʚʥʦʡ ʨʝʞʠʤ ʩʦʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʨʦʚʥʷʭ ʫʚʣʘʞʥʝʥʠʷ ʚʢʣʶ-

ʯʘʣ ʜʣʷ 60 % ʅɺ 7ï12 ʧʦʣʠʚʦʚ ʧʦʣʠʚʥʦʡ ʥʦʨʤʦʡ 300 ʤ3/ʛʘ, ʜʣʷ ʫʨʦʚʥʷ 

70 % ʅɺ ï 9ï16 ʧʦʣʠʚʦʚ ʥʦʨʤʦʡ 225 ʤ3/ʛʘ, ʜʣʷ 80 % ʅɺ ï 13ï23 ʧʦ-

ʣʠʚʘ ʥʦʨʤʦʡ 150 ʤ3/ʛʘ, ʜʣʷ 90 % ʅɺ ï 28ï46 ʧʦʣʠʚʦʚ ʥʦʨʤʦʡ 75 ʤ3/ʛʘ.  

ɸʚʪʦʨʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴ-

ʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʤʷʥ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʧʦʪʨʝʙʣʝ-

ʥʠʷ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʨʝʜʧʦʣʠʚʥʦʛʦ ʧʦʨʦʛʘ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ 80 % ʅɺ ʚ ʩʣʦʝ 0,5 ʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʚʝʛʝʪʘʮʠʠ, ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ ʩʦʠ. ʅʘ ʧʦʩʝʚʘʭ ʩʦʨʪʘ ɺʠʣʘʥʘ ʜʣʷ ʵʪʠʭ 

ʫʩʣʦʚʠʡ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 

3,75 ʪ/ʛʘ ʠ 1170 ʤ3/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʩʦʨʪʘ ʃʠʨʘ ï 2,62 ʪ/ʛʘ ʠ 

1460 ʤ3/ʪ, ʜʣʷ ʩʦʨʪʘ ɸʣʴʙʘ ï 3,21 ʪ/ʛʘ ʠ 1045 ʤ3/ʪ [11].  

ɺ ʩʪʘʪʴʝ ɽ. ɺ. ʋʰʘʢʦʚʦʡ ʠ ɺ. ɺ. ʄʝʣʠʭʦʚʘ [12] ʧʨʠʚʝʜʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ 2009ï2011 ʛʛ. ʜʣʷ ʫʩʣʦʚʠʡ 

ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʭ ʧʦʯʚ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʙʦʩ-
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ʥʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʩʦʠ ʨʘʟʥʦʛʦ ʩʨʦʢʘ ʩʦʟʨʝ-

ʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʳ ʚʳʩʝʚʘ ʩʝʤʷʥ ʠ ʫʨʦʚʥʷ ʫʚʣʘʞʥʝʥʠʷ. 

ʉʧʦʩʦʙ ʧʦʩʝʚʘ ʩʦʠ ʠ ʚʦʜʥʳʡ ʨʝʞʠʤ ʧʦʯʚʳ ʠʟʫʯʘʣʩʷ ʜʣʷ ʜʚʫʭ ʩʦʨ-

ʪʦʚ ï ɺʅʀʀʆɿ 31 ʠ ɺʅʀʀʆɿ 86. ɺʘʨʠʘʥʪʳ ʠʟʫʯʝʥʠʷ ʩʧʦʩʦʙʦʚ ʧʦʩʝʚʘ 

ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʧʦʩʝʚʝ ʣʝʥʪʦʯʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʚʳʩʝʚʝ ʚ ʪʨʠ ʩʪʨʦʢʠ 

ʥʘ ʦʜʥʫ ʢʘʧʝʣʴʥʫʶ ʣʠʥʠʶ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʨʷʜʢʘʤʠ ʚ ʣʝʥʪʝ 

0,2 ʤ, ʤʝʞʜʫ ʢʘʧʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ï 1,4 ʤ, ʘ ʪʘʢʞʝ ʚ ʧʦʩʝʚʝ ʣʝʥʪʦʯ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʨʘʩʢʣʘʜʢʦʡ ʩʧʘʨʝʥʥʳʭ ʢʘʧʝʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʧʦʩʝʚʝ ʧʦ ʯʝʪʳʨʝ ʨʷʜʢʘ ʥʘ ʢʘʞʜʦʡ ʢʘʧʝʣʴʥʦʡ ʣʠʥʠʠ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʢʘʧʝʣʴʥʠʮʳ 2 ʣ/ʯ, ʨʘʟʤʝʱʝʥʠʝ ʢʘʧʝʣʴʥʠʮ ʥʘ ʧʦʣʠʚʥʦʤ ʪʨʫʙʦ-

ʧʨʦʚʦʜʝ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 0,5 ʤ. 

ʆʧʳʪ ʧʦ ʠʟʫʯʝʥʠʶ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚʢʣʶʯʘʣ ʪʨʠ ʚʘʨʠʘʥʪʘ: 

1) ʧʦʜʜʝʨʞʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʦʨʦʛʘ ʧʨʝʜʧʦʣʠʚʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʩʣʦʷ ʧʦʯʚʳ 0,5 ʤ ʧʦ ʩʭʝʤʝ 70-80-70 % ʅɺ: 80 % ʅɺ ʚ ʧʝʨʠʦʜ ʦʪ ʬʘʟʳ 

ʚʝʪʚʣʝʥʠʷ ʜʦ ʥʘʣʠʚʘ ʟʝʨʥʘ, 70 % ʅɺ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ; 2) ʧʦʜʜʝʨʞʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʦʨʦʛʘ ʧʨʝʜʧʦʣʠʚʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʩʣʦʷ ʧʦʯʚʳ 0,5 ʤ ʧʦ ʩʭʝʤʝ 70-80-80 % ʅɺ: ʜʦ ʬʘʟʳ ʚʝʪʚʣʝ-

ʥʠʷ 70 % ʅɺ ʠ ʚ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 80 % ʅɺ; 

3) ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʨʦʛʘ ʧʨʝʜʧʦʣʠʚʥʦʡ ʚʣʘʞʥʦʩʪʠ ʩʣʦʷ ʧʦʯʚʳ 0,5 ʤ 

ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʠ ʥʝ ʥʠʞʝ 80 % ʅɺ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʨʘʥʥʠʡ ʩʦʨʪ ɺʅʀʀʆɿ 31 ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʨʦʛʘ ʧʨʝʜʧʦʣʠʚʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʝ ʥʠʞʝ 80 % ʅɺ ʠ ʨʘʟʤʝʱʝʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʧʦʩʝʚʘʭ 

ʧʦ ʩʭʝʤʝ ʚʘʨʠʘʥʪʘ ɺ2 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ 4,45 ʪ/ʛʘ.  

ʅʘ ʧʦʩʝʚʘʭ ʩʦʨʪʘ ɺʅʀʀʆɿ 86 (ʦʯʝʥʴ ʨʘʥʥʝʛʦ ʩʨʦʢʘ ʩʦʟʨʝʚʘʥʠʷ) 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʘ ʩʦʠ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʨʠ ʨʝʞʠʤʝ 

ʦʨʦʰʝʥʠʷ 70-80-80 % ʅɺ ʠ ʨʘʟʤʝʱʝʥʠʠ ʨʘʩʪʝʥʠʡ ʚ ʧʦʩʝʚʘʭ ʧʦ ʩʭʝʤʝ 

ʚʘʨʠʘʥʪʘ ɺ2 ʠ ʩʦʩʪʘʚʠʣʘ 3,72 ʪ/ʛʘ [12]. 

ɺʳʚʦʜ. ʇʨʦʚʝʜʝʥʥʳʡ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʧʨʠʤʝʥʝʥʠʷ ʢʘʧʝʣʴʥʦʛʦ 

ʦʨʦʰʝʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʩʦʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʩʧʦ-

ʩʦʙ ʦʨʦʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ, ʩʦʢʨʘʱʝ-

ʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʥʦʩʠʤʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʣʫʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʩʦʠ 

ʥʘ ʫʨʦʚʥʝ 4,0 ʪ/ʛʘ ʠ ʚʳʰʝ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝ-

ʣʳʚʘʥʠʷ ʩʦʠ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ ʛʦʚʦʨʠʪ ʦ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʵʪʦ-

ʛʦ ʩʧʦʩʦʙʘ ʦʨʦʰʝʥʠʷ ʥʘ ʧʦʩʝʚʘʭ ʩʦʠ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʦʠ ʥʘ ʟʝʨʥʦ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ 
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ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʥʦʩʪʦʨʦʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʦʪʨʘʙʦʪʢʝ ʩʦʨʪʦʚʦʡ ʘʛʨʦʪʝʭʥʠʢʠ, ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ, 

ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ, ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʩʝʚʘ ʠ ʥʦʨʤ ʚʳʩʝʚʘ, ʠʥʦʢʫʣʷʮʠʠ ʩʝʤʷʥ ʠ ʪ. ʜ. 
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ʋɼʂ 626.885 

ʈʳʙʦʚʦʜʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʟʜʦʨʦʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʪʦʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ 

ɺʠʢʪʦʨ ʅʠʢʦʣʘʝʚʠʯ ʐʢʫʨʘ, ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ ʐʝʚʯʝʥʢʦ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ: ʦʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʢʦʤʧʦʥʦʚʦʯʥʳʝ 

ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʦʝʤʥʳʭ ʨʳʙʦʚʦʜʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

(ʠʭʪʠʦʣʦʛʠʯʝʩʢʦʡ) ʤʝʣʠʦʨʘʮʠʠ, ʧʦʚʳʰʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʵʚʪʨʦʬʠʮʠʨʦʚʘʥʥʳʭ (ʬʠʪʦʟʘʛʨʷʟʥʝʥʥʳʭ) ʚʦʜʦʭʨʘʥʠʣʠʱ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʕʤʧʠʨʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʩʦʩʪʘʚʠʣʠ ʤʘʪʝʨʠʘʣʳ ʘʚʪʦʨʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʬʠ-

ʪʦʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʠ ʠʟʚʝʩʪʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʟʜʦʨʦʚʣʝʥʠʠ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʟʘʨʳʙʣʝʥʠʷ ʪʨʘʚʦʷʜʥʳʤʠ ʚʠʜʘʤʠ ʨʳʙ. ʈʝʟʫʣʴʪʘʪʳ. ʇʦ ʜʘʥʥʳʤ ʦʙʩʣʝʜʦʚʘ-

ʥʠʷ ɺʝʩʣyʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʨ. ɿʘʧʘʜʥʳʡ ʄʘʥʳʯ ʜʘʥʘ ʦʮʝʥʢʘ ʝʛʦ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʝʛʦ ʦʟʜʦʨʦʚʣʝʥʠʶ, ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʚ ʥʝʤ ʠʭʪʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʣʠʦʨʘʮʠʡ. ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʤʝʣʠʦʨʠʨʫʶʱʠʭ ʚʦʜʦʝʤ, ʧʨʝʜʣʦʞʠʣʠ ʩʦʟʜʘʪʴ ʧʨʠʚʦ-

ʜʦʭʨʘʥʠʣʠʱʥʳʡ ʨʳʙʦʚʦʜʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦ ʚʳʨʘʱʠʚʘʶ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ 

ʢ ʫʩʣʦʚʠʷʤ ʚʦʜʦʝʤʘ ʨʳʙʦʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʬʠʪʦʬʘʛʦʚ, ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʠʶ ʨʳʙ 

ʚ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʠ ʠʭ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʚ ʥʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʝʛʦ ʦʯʠʩʪʢʫ ʦʪ ʠʟʙʳʪʦʯʥʦʡ 

ʥʘʜʚʦʜʥʦʡ ʠ ʚʥʫʪʨʠʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɺʳʚʦʜ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘ-

ʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʦʜʦʭʨʘʥʠʣʠʱʥʳʭ ʨʳʙʦʚʦʜʥʦ-

ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʟʜʦʨʦʚʣʝʥʠʷ ʬʠʪʦʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ-

ʥʳʭ ʦʙʲʝʢʪʦʚ ʩʨʝʜʩʪʚʘʤʠ ʠʭʪʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʣʠʦʨʘʮʠʡ ʠ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʪʦʟʘʛʨʷʟʥʝʥʥʳʝ ʚʦʜʦʝʤʳ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʟʜʦʨʦʚʣʝʥʠʝ, ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʝ ʤʝʣʠʦʨʘʮʠʠ, ʟʘʨʳʙʣʝʥʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʠʝ ʨʳʙ 

**** ******  

Fish-breeding and reclamation complexes as a means  

of ecological improvement and increasing the complexity and 

efficiency of using phyto-contaminated reservoirs 

Viktor N. Shkura, Alexey V. Shevchenko 
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

Abstract. Purpose: justification of the feasibility of creating and layout solutions for 

near-water body fish-breeding and reclamation complexes for biological (ichthyological) rec-

lamation, increasing the complexity and efficiency of using eutrophied (phyto-polluted) res-

ervoirs. Materials and methods. The empirical basis of the project was the authorsô survey 

of phyto-contaminated water bodies and the known information about their ecological im-

provement through stocking with herbivorous fish species. Results. According to the survey 

of the Veselovsky reservoir on the Zapadny Manych river, an assessment of its ecological 

state and recommendations for its improvement were given, the need for ichthyological rec-
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lamation in it was determined. Taking into account the insufficient efficiency of the measures 

carried out to reclaim the reservoir, it was proposed to create the near water body fish breed-

ing and reclamation complex for cultivating fish planting material adapted to the reservoir 

conditions ï phytophags, the introduction of fish into the water body and their acclimatization 

in it, which will ensure its purification from excess above-water and intra-aquatic vegetation. 

Conclusions. The scientific justification of the feasibility of creating and using fish-breeding 

and reclamation complexes near water bodied for ecological improvement of phyto-

contaminated water bodies by means of ichthyological reclamation and improving the condi-

tions and efficiency of the complex use of their natural resource potential. 

Keywords: phytocontaminated water bodies, ecological improvement, biological rec-

lamation, fish stocking of reservoirs, fish introduction  

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʧʘʨʘʜʠʛʤʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʠʭ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʦʟʜʦʨʦʚʣʝʥʠʶ, ʤʝʣʠʦʨʠʨʦʚʘʥʠʶ 

ʠ ʦʙʫʩʪʨʦʡʩʪʚʫ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʣʠʦʨʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʦʚ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʩʣʦʞʠʚʰʠʤʩʷ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ. ɹʦʣʝʝ 80 % ʠʩʧʦʣʴ-

ʟʫʝʤʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʙʳʣʠ ʩʦʟʜʘʥʳ ʙʦʣʝʝ 50 ʣʝʪ ʥʘʟʘʜ, ʠ ʠʭ ʵʢʦʩʠ-

ʩʪʝʤʳ ʚʩʪʫʧʠʣʠ ʚ ʩʪʘʜʠʶ ʩʪʘʨʝʥʠʷ. ɼʣʷ ʪʘʢʠʭ ʚʦʜʦʝʤʦʚ ʭʘʨʘʢʪʝʨʥʦ 

ʧʨʦʷʚʣʝʥʠʝ ʠʭ ʵʚʪʨʦʬʠʢʘʮʠʠ, ʟʘʨʘʩʪʘʥʠʝ ʤʝʣʢʦʚʦʜʠʡ ʨʘʩʪʠʪʝʣʴʥʦ-

ʩʪʴʶ, ʧʝʨʝʥʘʩʳʱʝʥʠʝ ʚʦʜʥʦʡ ʪʦʣʱʠ ʚʥʫʪʨʠʚʦʜʥʳʤʠ ʚʠʜʘʤʠ ʬʣʦʨʳ ʠ 

ʚʦʜʦʨʦʩʣʷʤʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢʘʨʜʠʥʘʣʴʥʘʷ, ʢʘʯʝ-

ʩʪʚʝʥʥʘʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʦʷʚʠʣʘʩʴ ʚ ʬʘʫʥʝ ʪʘʢʠʭ 

ʚʦʜʦʭʨʘʥʠʣʠʱ (ʚ ʯʘʩʪʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʫʛʥʝʪʝʥʠʷ ʮʝʥʥʳʭ 

ʚʠʜʦʚ ʛʠʜʨʦʙʠʦʥʪʦʚ). ʋʢʘʟʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʨʠʚʝʣʠ ʢ ʫʭʫʜʰʝ-

ʥʠʶ ʫʩʣʦʚʠʡ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʘʞʝ ʦʪʢʘʟʫ ʦʪ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʚʠ-

ʜʦʚ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ: ʩʥʠ-

ʞʝʥʠʝ ʚʦʜʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʠʩʧʘʨʷʝʤʦʩʪʠ, ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜ, ʩʥʠʞʝʥʠʝ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʦʝʤʦʚ ʧʦ ʮʝʥ-

ʥʳʤ ʚ ʧʨʦʤʳʩʣʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʚʠʜʘʤ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʫʭʫʜʰʝʥʠʝ ʵʩ-

ʪʝʪʠʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʩʥʠʞʝʥʠʝ ʝʛʦ ʚʦʜ-

ʥʦ-ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʫʭʫʜʰʝʥʠʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʠ ʨʘʟʚʠʪʠʝ ʚʨʝʜʦʥʦʩʥʦʡ ʠ ʥʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʣʦʨʳ ʠ ʬʘʫ-

ʥʳ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʦʝʤʘ, ʫʚʝʣʠʯʝʥʠʶ ʟʘ-

ʪʨʘʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʝʛʦ ʚʦʜʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʬʠʪʦʟʘʛʨʷʟʥʝʥʥʳʭ 
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ʚʦʜʦʭʨʘʥʠʣʠʱ, ʫʣʫʯʰʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ ʚʠʜʦʚ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, 

ʧʦʚʳʰʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʭ ʤʝʣʠʦʨʘʮʠʠ ʠ ʦʙʫʩʪʨʦʡʩʪʚʘ. ʆʜʠʥ ʠʟ ʚʠʜʦʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʟʜʦʨʦʚʣʝʥʠʷ ʬʠʪʦʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ï ʠʭʪʠʦʣʦ-

ʛʠʯʝʩʢʠʝ ʤʝʣʠʦʨʘʮʠʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʠʝʤ ʚ ʥʠʭ ʪʨʘʚʦ-

ʷʜʥʳʭ ʚʠʜʦʚ ʨʳʙ. ʇʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʝʣʠʦʨʘʮʠʡ ʨʘʩʧʦʣʘ-

ʛʘʝʪ ʧʨʠʤʝʨʘʤʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʠʭ ʧʨʦʚʝʜʝʥʠʷ. 

ʅʘ ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʨʝʘʣʠ-

ʟʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳ-

ʙʨʘʥʦ ʵʚʪʨʦʬʠʮʠʨʦʚʘʥʥʦʝ (ʬʠʪʦʟʘʛʨʷʟʥʝʥʥʦʝ) ɺʝʩʣyʦʚʩʢʦʝ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʝ ʥʘ ʨ. ɿʘʧʘʜʥʳʡ ʄʘʥʳʯ, ʤʘʪʝʨʠʘʣʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ 

ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʚʦʜʦʭʨʘʥʠʣʠʱʥʦʛʦ ʨʳʙʦʚʦʜʥʦ-

ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʩʣʝʜʦʚʘʥʠʝ ɺʝʩʣyʦʚʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ [1], ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʠʞʝʩʣʝʜʫʶʱʝʝ. 

1 ɺʝʩyʣʦʚʩʢʦʝ ʨʫʩʣʦ-ʧʦʡʤʝʥʥʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʬʦʨʤʠʨʦʚʘʥʦ 

ʫʩʪʨʦʡʩʪʚʦʤ ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʝʯʥʦʛʦ ʛʠʜʨʦʫʟʣʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʦʜʦʝʤʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʧʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʦʨʦʰʝʥʠʷ ʟʝʤʝʣʴ, ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ, ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʨʝʢʨʝʘʮʠʡ, ʦʙ-

ʚʦʜʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʠ ʫʩʣʦʚʠʡ ʞʠʟʥʠ 

ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ. 

2 ʄʦʨʬʦʤʝʪʨʠʷ ʚʦʜʦʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: ʦʙʲʝʤʦʤ (1,2 Ñ 0,2) ʢʤ3, 

ʧʣʦʱʘʜʴʶ ʘʢʚʘʪʦʨʠʠ (300 Ñ 24) ʢʤ2 ʠ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʦʡ (3,0 Ñ 0,45) ʤ. 

3 ʉʦʜʝʨʞʘʱʘʷʩʷ ʚ ʯʘʰʝ ʚʦʜʦʝʤʘ ʚʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʫʤʝʨʝʥ-

ʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ III ʢʣʘʩʩʘ ʧʦ ʢʘʯʝʩʪʚʫ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʥʳʭ ʤʘʩʩ 

ʚ ʩʨʝʜʥʝʤ (ʧʦ ʘʢʚʘʪʦʨʠʘʣʴʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʘʤ ʛʦʜʘ) ʩʦ-

ʩʪʘʚʣʷʝʪ (1,5 Ñ 0,4) ʛ/ʣ ʠ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʦʚ ʦʧʨʝʩʥʠʪʝʣʴʥʳʭ ʧʦʧʫʩ-

ʢʦʚ ʠʟ ɼʦʥʩʢʦʛʦ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ. ʇʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʩʦʩʪʘʚ-

ʣʷʝʪ (0,4 Ñ 0,1) ʤ. 

4 ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʦʝʤ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʢʘʢ ʤʝʟʦʪʨʦʬʥʦ-ʵʚʪʨʦʬʥʳʡ ʩ ʪʝʥʜʝʥʮʠʝʡ ʫʚʝʣʠʯʝʥʠʷ ʪʨʦʬʥʦʩʪʠ. 
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5 ʌʠʪʦʤʝʪʨʠʷ ʚʦʜʦʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘ-

ʪʝʣʷʤʠ. 

5.1 ʇʨʠʙʨʝʞʥʘʷ ʟʦʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʤʝʣʢʦʚʦʜʴʷ ʟʘʨʦʩʣʠ 

ʚʳʩʰʝʡ ʚʦʟʜʫʰʥʦ-ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ɺ ʩʨʝʜʥʝʤ ʧʦ ʘʢʚʘʪʦʨʠʠ 

ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ (50 Ñ 6) %, 

ʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʩʪʠʛʘʝʪ 90ï95 % ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʩʪʝʙʣʝʩʪʦʷ 

ʚ ʟʦʥʘʭ ʟʘʨʘʩʪʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʡ (100 Ñ 50) ʨʘʩʪ./ʤ2, ʩ ʬʠʪʦʤʘʩʩʦʡ 

ʦʪ 2,0 ʜʦ 6,0 ʢʛ/ʤ2. 

5.2 ɺ ʚʦʜʥʦʡ ʪʦʣʱʝ ʬʠʢʩʠʨʫʶʪʩʷ ʩʢʦʧʣʝʥʠʷ ʚʥʫʪʨʠʚʦʜʥʦʡ ʨʘʩ-

ʪʠʪʝʣʴʥʦʩʪʠ ʠ ʚʦʜʦʨʦʩʣʝʡ ʩʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ, ʩʦʩʪʘʚʣʷʶʱʝʡ 

30 ʪʳʩ. ʢʣ./ʣ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʧʨʝʜʩʪʘʚʣʝʥ 30 ʚʠʜʘʤʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ 

ʩʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ 200 ʤʣʥ ʢʣ./ʤ3 ʠ ʙʠʦʤʘʩʩʦʡ, ʩʦʩʪʘʚʣʷʶʱʝʡ 

150 ʤʛ/ʤ3. 

6 ɿʦʦʤʝʪʨʠʷ ʚʦʜʦʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

6.1 ɿʦʦʧʣʘʥʢʪʦʥ ʚʦʜʦʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʦʙʱʝʩʪʚʦʤ ʠʟ 27 ʚʠʜʦʚ 

ʩʨʝʜʥʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ (15000 Ñ 800) ʵʢʟ./ʤ3 ʠ ʙʠʦʤʘʩʩʦʡ (40 Ñ 2,5) ʤʛ/ʤ3. 

6.2 ɿʦʦʙʝʥʪʦʩ ʩʦʩʪʘʚʣʷʶʪ 17 ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚʠʜʦʚ ʧʨʠ ʩʨʝʜʥʝʡ 

ʯʠʩʣʝʥʥʦʩʪʠ (3000 Ñ 150) ʵʢʟ./ʤ2 ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʘʩʩʦʡ (7,0 Ñ 0,3) ʛ/ʤ2. 

6.3 ʀʭʪʠʦʬʘʫʥʫ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 40 ʚʠʜʦʚ ʨʳʙ. 

7 ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʤʝʯʘʚʰʝʛʦʩʷ ʧʨʠ ʝʛʦ ʩʦʟʜʘʥʠʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʞʝʩʣʝʜʫʶʱʠʤ. 

7.1 ʈʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʦʜʦʝʤʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʜʨʦʵʥʝʨʛʝ-

ʪʠʢʘʤʠ ʠ ʚ ʤʘʣʦʤ ʦʙʲʝʤʝ ʜʣʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ɺʦʜʦʝʤ, ʧʦ ʩʫʱʝʩʪʚʫ, ʫʪʨʘʪʠʣ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʚʦʜʥʦ-ʨʝʢʨʝʘʮʠʦʥʥʳʡ 

ʦʙʲʝʢʪ. 

7.2 ʆʩʥʦʚʥʳʤʠ ʦʪʨʘʩʣʝʚʳʤʠ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʘ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʤʝʣʠʦʨʘʪʦʨʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʟʘʙʦʨ ʚʦʜʳ 

ʜʣʷ ʦʨʦʰʝʥʠʷ ʟʝʤʝʣʴ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɸʟʦʚʩʢʠʡ ʤʘʛʠʩʪʨʘʣʴʥʳʡ 

ʢʘʥʘʣ; ʦʥʠ ʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʛʦ ʦʙʚʦʜʥʝʥʠʝ (çʜʝʤʠʥʝʨʘʣʠʟʘʮʠʶè). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʝ ʬʠʪʦʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʝʤʘ, ʫʭʫʜʰʘʶʱʝʝ 

ʫʩʣʦʚʠʷ ʟʘʙʦʨʘ ʚʦʜʳ, ʧʦʪʨʝʙʦʚʘʣʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʦʛʦ ʚʦʜʦʟʘʙʦʨʥʦ-

ʛʦ ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʢʘʥʘʣʘ. 

7.3 ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʝʛʦ ʨʳʙʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʝʛʦ ʦʙʫʩʪʨʦʡʩʪʚʦ ʠ ʩʦ-

ʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ. ʀʟʥʘʯʘʣʴ-
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ʥʦ ʚʳʩʦʢʠʝ ʫʣʦʚʳ ʮʝʥʥʳʭ ʚʠʜʦʚ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ ʩʠʩʪʝʤʥʦ ʩʥʠʞʘ-

ʣʠʩʴ ʠ ʧʨʦʜʦʣʞʘʶʪ ʫʤʝʥʴʰʘʪʴʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩʦ ʩʥʠʞʝʥʠʝʤ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʤʳʩʣʦʚʳʭ ʧʦʧʫʣʷʮʠʡ ʩ 60-ʭ ʛʛ. ʍʍ ʚ. ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ 

ʟʘʨʳʙʣʝʥʠʷ ʚʦʜʦʝʤʘ, ʥʦ ʜʦʣʞʥʳʡ ʵʬʬʝʢʪ ʥʝ ʙʳʣ ʜʦʩʪʠʛʥʫʪ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʩʥʠʞʝʥʠʝ ʫʣʦʚʦʚ ʠ ʧʨʦʤʳʩʣʦʚʳʭ ʟʘʧʘʩʦʚ, ʚʦʜʦʭʨʘʥʠʣʠɦ ʝ ʦʪʥʦʩʠ-

ʣʦʩʴ ʢ ʚʦʜʦʝʤʘʤ ʚʳʩʰʝʡ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʘʪʝʛʦʨʠʠ [2]. ʋʯʠʪʳʚʘʷ 

ʩʢʣʘʜʳʚʘʶʱʠʝʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʵʢʦʪʦʧʝ ʠ ʠʟʤʝʥʝʥʠʷ ʢʦʨ-

ʤʦʚʦʡ ʙʘʟʳ, ʩ 2007 ʛ. ʩʪʘʣʠ ʧʨʦʚʦʜʠʪʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʟʘʨʳʙʣʝʥʠʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʪʨʘʚʦʷʜʥʳʤʠ ʚʠʜʘʤʠ ʨʳʙ (ʘʤʫʨʘʤʠ, ʪʦʣʩʪʦʣʦʙʠʢʘʤʠ, 

ʩʘʟʘʥʦʤ ʠ ʜʨ.) ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 0,2 ʜʦ 3,5 ʤʣʥ ʦʩʦʙʝʡ (ʩʝʛʦʣʝʪʦʢ, ʛʦʜʦ-

ʚʠʢʦʚ ʠ ʜʚʫʭʛʦʜʦʚʠʢʦʚ) ʚ ʛʦʜ. 

7.4 ɺ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʙʲʝʢʪʘ ʣʶʙʠʪʝʣʴʩʢʦʛʦ ʨʳʙʦʚʦʜʩʪʚʘ ʠ ʦʭʦʪʳ ʥʘ ʚʦʜʦʧʣʘʚʘʶʱʫʶ 

ʜʠʯʴ. 

7.5 ɺʝʩyʣʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʷʚʣʷʝʪʩʷ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʤ 

ʧʨʠʨʦʜʥʳʤ ʦʙʲʝʢʪʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʝ ʫʛʦʜʴʝ ʜʣʷ 

ʚʨʝʤʝʥʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʥʝʤ ʧʝʨʝʣʝʪʥʳʭ ʧʪʠʮ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʠʪʘ-

ʥʠʷ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʥʝʤ ʚʠʜʦʚ (ʚʢʣʶʯʘʷ çʢʨʘʩʥʦʢʥʠʞʥʳʝè) 

ʬʣʦʨʳ ʠ ʬʘʫʥʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦ ʚʨʝʤʝʥʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʟʘʨʳʙ-

ʣʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠʟʥʘʢʠ ʝʛʦ ʠʟʙʳʪʦʯʥʦʡ ʬʠʪʦʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

ʧʨʦʷʚʠʣʠʩʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʘ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʝʛʦ ʦʯʠʩʪʢʝ ʥʝ ʧʨʦʚʦʜʠ-

ʣʠʩʴ. ʉʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʵʚʪʨʦʬʠʮʠʨʦʚʘʥʥʦʩʪʠ 

ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʤʦʛʫʪ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴʩʷ ʚʳʩʦʢʦʮʝʥʥʳʝ ʧʦʨʦʜʳ ʨʳʙ. 

ʋʢʘʟʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʥʘʨʷʜʫ ʩ ʮʝʣʴʶ ʙʳʩʪʨʦʛʦ ʧʦʚʳʰʝʥʠʷ ʨʳ-

ʙʦʧʨʦʜʫʢʪʠʚʥʦʡ ʦʪʜʘʯʠ ʦʪ ʟʘʨʳʙʣʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʦʧʨʝʜʝʣʠʣʠ 

ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʠʥʪʨʦʜʫʮʝʥʪʦʚ ʚ ʧʦʣʴʟʫ ʨʘʩʪʠʪʝʣʴʥʦʷʜʥʳʭ ʧʦʨʦʜ 

ʢʘʨʧʦʚʳʭ ʨʳʙ ï ʬʠʪʦʬʘʛʦʚ. 

ʆʧʳʪ ʚʩʝʣʝʥʠʷ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʝʛʦʣʝʪʦʢ, ʛʦʜʦʚʠʢʦʚ ʠ ʜʚʫʭ-

ʛʦʜʦʚʠʢʦʚ ʪʨʘʚʦʷʜʥʳʭ ʚʠʜʦʚ ʨʳʙ ʧʦʟʚʦʣʷʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʵʢʦʪʦʧʘ ʜʣʷ ʠʭ ʦʙʠʪʘʥʠʷ ʚ ʚʦ-

ʜʦʝʤʝ, ʦʞʠʜʘʝʤʳʡ ʨʳʙʦʧʨʦʜʫʢʮʠʦʥʥʳʡ ʠ ʤʝʣʠʦʨʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 

ʥʝ ʙʳʣ ʧʦʣʫʯʝʥ. 

ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ʢʨʦʝʪʩʷ ʚ ʥʠʟʢʦʤ ʢʘʯʝʩʪʚʝ ʧʨʦʮʝʩʩʘ ʠʥʪʨʦʜʫʢʮʠʠ ʠ ʥʝʧʨʦʚʝʜʝʥʠʠ 
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ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʨʳʙ. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʧʨʠ-

ʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʨʳʙʣʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʷʚʣʷʶʪʩʷ ʥʠʞʝʩʣʝ-

ʜʫʶʱʠʝ. 

1 ɼʣʷ ʟʘʨʳʙʣʝʥʠʷ ʚʦʜʦʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʳʙʦʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝ-

ʨʠʘʣ, ʚʳʨʘʱʝʥʥʳʡ ʚ ʨʳʙʦʧʠʪʦʤʥʠʢʘʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʦʙʲʝʢʪʘ ʟʘʨʳʙ-

ʣʝʥʠʷ. ʀʥʪʨʦʜʫʮʠʨʫʝʤʳʝ ʛʠʜʨʦʙʠʦʥʪʳ ʚʳʨʘʱʠʚʘʣʠʩʴ ʧʦ ʧʨʫʜʦʚʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʫʩʣʦʚʠʷʭ, ʦʪʣʠʯʥʳʭ ʦʪ ʩʨʝʜʳ ʙʫʜʫʱʝʛʦ ʦʙʠʪʘʥʠʷ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʦʨʤʘ ʠ ʥʝ ʙʳʣʠ ʘʜʘʧʪʠʨʦʚʘʥʳ 

ʢ ʫʩʣʦʚʠʷʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

2 ʇʨʠ ʦʪʣʦʚʝ ʚʳʨʘʱʝʥʥʦʛʦ ʚ ʧʨʫʜʘʭ ʨʳʙʦʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ, ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʞʠʚʦʨʳʙʥʳʝ ʝʤʢʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʠ 

ʚʳʧʫʩʢʝ ʨʳʙ ʠʟ ʥʠʭ ʚ ʟʘʨʳʙʣʷʝʤʳʡ ʚʦʜʦʝʤ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʦʜʥʦʢʨʘʪ-

ʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʳʙ ʠ ʥʝʦʜʥʦʢʨʘʪʥʘʷ ʩʤʝʥʘ ʩʨʝʜʦʚʳʭ 

ʫʩʣʦʚʠʡ ʠʭ ʧʨʝʙʳʚʘʥʠʷ. ʋʢʘʟʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠ-

ʪʝʣʴʥʦʤʫ ʦʪʩʝʚʫ ʨʳʙʦʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʛʥʝʪʝʥʠʶ ʨʳʙ, ʩʥʠʞʝ-

ʥʠʶ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʚʳʞʠʚʘʥʠʶ ʚ ʥʦʚʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ. 

ʉʠʪʫʘʮʠʷ ʩ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʨʳʙʦʧʦʩʘʜʦʯ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʟʘʨʳʙʣʝʥʠʠ ʚʦʜʦʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ ʥʝʧʨʦʚʝʜʝʥʠʝʤ 

ʘʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʨʝʟʫʣʴʪʘʪ ʵʪʦʛʦ ï ʥʠʟʢʘʷ ʧʨʦʜʫʢ-

ʮʠʦʥʥʘʷ ʠ ʤʝʣʠʦʨʠʨʫʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʦʡ ʨʘʙʦʪʳ ʧʦ ʝʛʦ 

ʟʘʨʳʙʣʝʥʠʶ. 

ʆʪʤʝʯʝʥʥʳʝ ʥʝʛʘʪʠʚʳ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʳ ʧʨʠ ʩʦ-

ʟʜʘʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʚʦʜʦʭʨʘʥʠʣʠʱʥʦʛʦ ʨʳʙʦʚʦʜʥʦ-ʤʝʣʠʦ-

ʨʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [3ï5], ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1 ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʠʪ ʨʳʙʦ-

ʧʠʪʦʤʥʠʢ, ʘʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʳʡ ʚʦʜʦʝʤ ʩ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʭ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʚʢʣʶʯʘʶʱʝʡ ʩʠʩʪʝʤʫ 

ʚʦʜʦʧʦʜʘʯʠ ʠ ʚʳʧʫʩʢʘ, ʩʠʩʪʝʤʫ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʨʳʙ ʠ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ ʞʠʚʦʛʦ ʢʦʨʤʘ. ʈʳʙʦʧʠʪʦʤʥʠʢ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʫʩʣʦʚʠʷʤ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ ʨʳʙʦʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʢʣʶʯʘʶʪ: ʠʥ-

ʢʫʙʘʮʠʦʥʥʳʡ ʮʝʭ, ʣʠʯʠʥʦʯʥʳʡ, ʤʘʣʴʢʦʚʳʡ, ʩʝʛʦʣʝʪʦʯʥʳʡ ʠ ʛʦʜʦʚʠ-

ʢʦʚʳʡ ʚʳʨʦʩʪʥʳʝ ʙʘʩʩʝʡʥʳ. 
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ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʞʙʘʩʩʝʡʥʦʚʦʛʦ ʧʝʨʝʪʦʢʘ ʚʦʜʳ ʠ ʙʝʩʢʦʥʪʘʢʪ-

ʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʨʳʙ ʙʘʩʩʝʡʥʳ ʫʩʪʨʘʠʚʘʶʪʩʷ ʢʘʩʢʘʜʥʦ ʩ ʧʨʝʚʳʰʝ-

ʥʠʝʤ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʣʠʯʠʥʦʯʥʦʤ ʙʘʩʩʝʡʥʝ ʥʘʜ ʫʨʦʚʥʝʤ ʚʦʜʳ ʚ ʤʘʣʴ-

ʢʦʚʦʤ, ʘ ʚ ʤʘʣʴʢʦʚʦʤ ʥʘʜ ʩʝʛʦʣʝʪʦʯʥʳʤ ʠ ʪ. ʜ. ʇʝʨʝʤʝʱʝʥʠʝ ʨʳʙ 

ʠʟ ʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʜʨʫʛʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʚʦʜʦʨʳʙʦʦʪʚʝ-

ʜʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʙʘʩʩʝʡʥʦʚʳʝ ʚʦʜʦʨʳʙʦʚʳʧʫʩʢʠ ʠ ʪʨʫʙʦʧʨʦʚʦʜ-

ʥʳʝ ʣʠʥʠʠ. 

ʆʪʚʦʜ ʚʦʜʳ ʠʟ ʙʘʩʩʝʡʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦ-

ʪʦʯʥʦʩʪʴ ʠ ʠʭ ʯʘʩʪʠʯʥʦʝ ʦʧʦʨʦʞʥʝʥʠʝ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʚʦ-

ʜʦʦʪʚʝʜʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʙʘʩʩʝʡʥʦʚʳʝ ʚʦʜʦʚʳʧʫʩʢʠ ʠ ʚʦʜʦʩʙʨʦʩʥʦʡ 

ʪʨʫʙʦʧʨʦʚʦʜ. 

ɺʦʜʦʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʚʦʜʥʦʛʦ 

ʧʠʪʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʚʦʜʦʧʨʠʝʤʥʠʢ, ʥʘʩʦʩʥʫʶ ʩʪʘʥʮʠʶ, ʥʘʧʦʨʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ ʩ ʚʦʜʦʦʪʚʦʜʘʤʠ, ʣʦʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚʧʫʩʢʘ ʚʦʜʳ ʚ ʙʘʩ-

ʩʝʡʥʳ. 

ʊʝʭʥʦʣʦʛʠʷ ʚʳʨʘʱʠʚʘʥʠʷ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʚʦʜʦʝʤʫ ʨʳʙʦʧʦ-

ʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʥʠʞʝʩʣʝʜʫʶʱʠʭ 

ʦʧʝʨʘʮʠʡ. 

1 ɺ ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʮʝʭʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʨʦʙʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʧʨʦʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʨʳʙ ʜʦ ʩʪʘʜʠʠ ʣʠʯʠʥʢʠ. 

2 ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʣʠʯʠʥʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʝʛʦ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʡ ʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʥʝʤ ʞʠʚʦʛʦ ʢʦʨʤʘ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʣʠʯʠʥʦʢ ʠʟ ʠʥʢʫʙʘʮʠʦʥʥʦ-ʣʠʯʠʥʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚ ʣʠʯʠʥʦʯʥʳʡ 

ʚʳʧʫʩʢʦʤ ʚʦʜʳ ʠʟ ʥʠʭ ʯʝʨʝʟ ʚʦʜʦʨʳʙʦʚʳʧʫʩʢʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ. 

ɺ ʘʢʚʘʪʦʨʠʠ ʣʠʯʠʥʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʙʣʠʟʢʠʝ ʢ ʦʧʪʠ-

ʤʘʣʴʥʳʤ ʩʨʝʜʦʚʳʤ (ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʠ ʜʨ.) ʫʩʣʦ-

ʚʠʷ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʦʧʪʠʤʫʤʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 

20 %. ʇʠʱʝʚʦʡ ʨʘʮʠʦʥ ʚʢʣʶʯʘʝʪ 75ï80 % ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠ 25ï20 % 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʙʘʩʩʝʡʥʝ, ʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʦʙʚrʘ-

ʝʤʦʛʦ ʣʠʯʠʥʢʘʤʠ ʢʦʨʤʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʙʘʩʩʝʡʥ ʤʦʞʝʪ ʜʦʩʪʘʚ-

ʣʷʪʴʩʷ ʦʪʜʝʣʴʥʦ ʢʫʣʴʪʠʚʠʨʫʝʤʳʡ ʞʠʚʦʡ ʢʦʨʤ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʦʜʝʨʞʘʥʠʷ ʣʠʯʠʥʢʠ ʚ ʵʪʦʤ ʙʘʩʩʝʡʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʜʠ-

ʮʠʡ ʧʦʜʨʘʱʝʥʥʳʝ ʣʠʯʠʥʢʠ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʤʘʣʴʢʦʚʳʡ ʙʘʩʩʝʡʥ. ʇʝʨʝ-

ʤʝʱʝʥʠʝ ʧʦʜʨʘʱʝʥʥʳʭ ʣʠʯʠʥʦʢ ʠʟ ʣʠʯʠʥʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʤʘʣʴʢʦ-
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ʚʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʧʫʩʢʦʤ ʚʦʜʳ ʠ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʚʦʜʥʦʤ ʧʦʪʦʢʝ 

ʨʳʙʳ ʯʝʨʝʟ ʜʦʥʥʳʡ ʚʦʜʦʨʳʙʦʚʳʧʫʩʢ, ʩʦʝʜʠʥʷʶʱʠʡ ʙʘʩʩʝʡʥʳ ʫʯʘ-

ʩʪʦʢ ʨʳʙʦʧʨʦʚʦʜʷʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʤʘʣʴʢʦʚʦ-ʙʘʩʩʝʡʥʦʚʳʡ ʚʦʜʦ-

ʨʳʙʦʚʧʫʩʢ. 

ɿʘʨʳʙʣʝʥʠʶ ʤʘʣʴʢʦʚʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʝʛʦ ʧʦʜʛʦʪʦʚʢʘ ʢ 

ʧʨʠʝʤʫ ʣʠʯʠʥʦʢ, ʚʢʣʶʯʘʷ ʯʘʩʪʠʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʝʛʦ ʚʦʜʦʡ ʠ ʢʫʣʪɹʠʚʠ-

ʨʦʚʘʥʠʝ ʚ ʥʝʤ ʞʠʚʦʛʦ ʢʦʨʤʘ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʨʳʙʦʧʦʩʘʜʦʯʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʙʘʩʩʝʡʥ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʜʦʡ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʘʣʴʢʘ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʳʙ, ʠʭ ʘʜʘʧʪʠʨʦʚʘ-

ʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʙʫʜʫʱʝʛʦ ʦʙʠʪʘʥʠʷ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ɺ ʙʘʩʩʝʡʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʨʝʜʦʚʳʭ ʫʩʣʦʚʠʡ, ʜʦʧʫʩʢʘʶʱʝʝ 

ʫʭʫʜʰʝʥʠʝ ʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ 30ï40 % ʦʪ ʦʧʪʠʤʫʤʘ ʠʣʠ ʜʦʧʫʩʪʠʤʦʛʦ 

ʠʭ ʢʦʣʝʙʘʥʠʷ. ʋʢʘʟʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʦʚʳʭ ʫʩʣʦʚʠʡ 

ʧʦʟʚʦʣʠʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʫ ʛʠʜʨʦʙʠʦʥʪʦʚ, 

ʪ. ʝ. ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʳʙʦʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʢ ʩʨʝʜʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠ-

ʷʤ. ɺ ʮʝʣʷʭ ʘʜʘʧʪʠʨʦʚʘʥʠʷ ʨʳʙ ʬʦʨʤʠʨʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʨʤʦ-

ʚʳʝ ʫʩʣʦʚʠʷ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚ ʨʘʮʠʦʥʝ ʨʳʙ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʦʨʤ 

ʩʦʩʪʘʚʣʷʝʪ 70 %, ʘ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʤʘʣʴʢʘ ʝʛʦ ʜʦʣʷ ʩʠʩʪʝʤʥʦ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 60 ʠ 50 % ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʘ 

ʞʠʚʦʛʦ ʢʦʨʤʘ. ʅʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʞʠʚʦʛʦ ʢʦʨʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʯʘʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ, ʟʘ ʩʯʝʪ ʝʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʙʘʩʩʝʡʥʝ ʠ 

ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʝʛʦ ʧʦʜʘʯʠ ʠʟ ʣʠʯʠʥʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʦʛʦ ʟʦʦ- ʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʥʦʨʤʘʪʠʚʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʜʨʘ-

ʱʝʥʥʳʡ ʤʘʣʝʢ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʝʛʦʣʝʪʦʯʥʳʡ ʙʘʩʩʝʡʥ. ʇʝʨʝʤʝʱʝʥʠʝ 

ʤʘʣʴʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʨʦʩʦʤ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʚʦʜʦʨʳʙʦʚʳ-

ʧʫʩʢʥʫʶ ʩʠʩʪʝʤʫ. ɺ ʩʝʛʦʣʝʪʦʯʥʦʤ ʙʘʩʩʝʡʥʝ ʫʨʦʚʝʥʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʦʚʳʭ ʫʩʣʦʚʠʡ ʩʥʠʞʘʝʪʩʷ ʜʦ ʩʨʝʟʢʠ ʧʠʢʦʚʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʚ 20ï25 %, ʘ ʢʦʣʠʯʝʩʪʚʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʦʨʤʘ ʩʥʠʞʘʝʪʩʷ 

ʦʪ 50 % ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʜʦ 30ï20 % ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʢʫʣʴ-

ʪʠʚʠʨʦʚʘʥʠʷ ʨʳʙ. ʆʙʲʝʤ ʢʦʨʤʘ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨ-

ʤʘʪʠʚʘʤʠ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʦʙʲʝʤʘ ʝʛʦ ʞʠʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ɺʳʨʘʱʝʥʥʳʡ ʜʦ ʩʪʘʜʠʠ ʩʝʛʦʣʝʪʦʢ ʨʳʙʦʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʟʠʤʦʚʘʣʴʥʳʡ ʙʘʩʩʝʡʥ ʠ (ʠʣʠ) ʘʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʳʡ 

ʚʦʜʦʝʤ. 
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ɿʘʨʳʙʣʝʥʠʶ ʚʦʜʦʝʤʘ ʧʨʝʜʰʝʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ ʦʙʫʩʪʨʦʡʩʪʚʫ ʠ 

ʧʦʜʛʦʪʦʚʢʝ ʘʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʦʛʦ ʚʦʜʦʝʤʘ. ʇʦʜ ʘʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʳʡ 

ʚʦʜʦʝʤ ʚʳʙʠʨʘʝʪʩʷ ʟʘʣʠʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʦʪʛʦʨʘʞʠʚʘʝʤʳʡ ʦʪ ʝʛʦ ʘʢ-

ʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʝʪʯʘʪʳʤ ʟʘʛʨʘʞʜʝʥʠʝʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʪʝʩʥʝʥʠʝ ʠʟ ʟʘʣʠʚʘ ʠʭʪʠʦʬʘʛʦʚ ʠ ʝʛʦ ʦʙʫʩʪʨʦʡʩʪʚʦ. 

ɸʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʦʜʢʘʨʤʣʠʚʘ-

ʥʠʝ ʠʥʪʨʦʜʫʮʝʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʢʦʨʤʦʤ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʭʪʠʦʣʦʛʠ-

ʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʘʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ʦʛʨʘʞʜʝʥʠʝ ʩʥʠʤʘʝʪʩʷ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʩʚʦʙʦʜ-

ʥʦʛʦ ʚʳʭʦʜʘ ʨʳʙ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

ɼʣʷ ʟʘʨʳʙʣʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʦʪ ʨʳʙʦʧʠʪʦʤʥʠʢʘ ʟʦʥ ʚʦʜʦʭʨʘʥʠʣʠ-

ʱʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʨʳʙʦʫʣʦʚʠʪʝʣʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʳʙʦʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ [6]. 

ɺʳʚʦʜʳ  

1 ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭʪʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʣʠʦʨʘʮʠʡ 

ʵʚʪʨʦʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʜʦʝʤʦʚ ʠ ʚʝʜʝʥʠʷ ʨʳʙʦʚʦʜʩʪʚʘ ʚ ʬʠʪʦʟʘʛʨʷʟ-

ʥʝʥʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʘʠʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ-

ʚʦʜʦʭʨʘʥʠʣʠʱʥʳʝ ʨʳʙʦʚʦʜʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

2 ʇʨʝʜʣʦʞʝʥʦ ʢʦʤʧʦʥʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʩʠʩʪʝʤ ʢʦʤʧʣʝʢʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʨʳʙ ʠ 

ʩʚʦʙʦʜʥʳʡ ʚʳʭʦʜ ʠʭ ʚ ʘʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʳʡ ʚʦʜʦʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

3 ʂʦʤʧʦʥʦʚʦʯʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʫʩʪʨʘʠʚʘʝʤʦʛʦ ʚ ʩʦʩʪʘ-

ʚʝ ʢʦʤʧʣʝʢʩʘ ʨʳʙʦʧʠʪʦʤʥʠʢʘ ʠ ʧʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʝʛʦ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʨʘʱʠʚʘʪʴ ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʢ ʫʩʣʦʚʠʷʤ ʟʘ-

ʨʳʙʣʷʝʤʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨʳʙʦʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. ɼʣʷ ʫʣʫʯʰʝ-

ʥʠʷ ʫʩʣʦʚʠʡ ʘʢʢʣʠʤʘʪʠʟʘʮʠʠ ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʭ ʨʳʙ ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʩʦʟʜʘʥʠʝ ʘʢʢʣʠʤʘʪʠʟʘʮʠʦʥʥʦʛʦ ʚʦʜʦʝʤʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʘʢʢʣʠʤʘʪʠʟʘ-

ʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʛʝʦʣʦʛʦ-ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʅʠʞʥʝʡ ʂʫʙʘʥʠ ʠ ʢʦʤʧʣʝʢʩ  

ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʭ ʧʣʦʜʦʨʦʜʠʷ  

ʅʘʜʝʞʜʘ ʅʠʢʦʣʘʝʚʥʘ ʄʘʣʳʰʝʚʘ1, ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ 

ʂʘʨʘʯʝʥʮʝʚ2, ɸʨʪʝʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɹʘʨʘʥʦʚ2, ʆʣʝʛ ʅʠʢʦʣʘʝʚʠʯ 

ʂʘʜʘʥʮʝʚ2 
1ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ. ʊ. ʊʨʫʙʠʣʠʥʘ, 

ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
2ʋʧʨʘʚʣʝʥʠʝ çʂʫʙʘʥʴʤʝʣʠʦʚʦʜʭʦʟè, ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ: ʧʨʦʚʝʜʝʥʠʝ ʧʦʯʚʝʥʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʨʦh ʘ-

ʝʤʳʭ ʟʝʤʝʣʴ ʅʠʞʥʝʡ ʂʫʙʘʥʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳh ʝ-

ʥʠʝ ʠʭ ʧʣʦʜʦʨʦʜʠʷ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʚʳʧʦʣʥʝʥ ʤʦʥʠʪʦʨʠʥʛ ʧʦʯʚʝʥʥʦ-

ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʥʘ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʨʠʩʦʚʦʡ ʦʨʦʩʠʪʝʣʴ-

ʥʦʡ ʩʠʩʪʝʤʝ, ʜʘʥʘ ʦʮʝʥʢʘ ʛʠʜʨʦʛʝʦʣʦʛʦ-ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʘ-

ʪʝʨʠʘʣʳ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʂʫʙʘʥʴʤʝʣʠʦʚʦʜʭʦʟè, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʠ ʪʝʭʥʠʯʝ-

ʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʤʝʣʠʦʨʘʪʠʚʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ.  

ʈʝʟʫʣʴʪʘʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʠʟʫʯʝʥʥʦʤ ʤʘʩʩʠʚʝ 

ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 1,62 ʤ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ï 4,6 ʛ/ʣ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʠʣʴʥʦ ʠ ʦʯʝʥʴ 

ʩʠʣʴʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ï 837 ʛʘ, ʩʨʝʜʥʝʟʘʩʦʣʝʥʥʳʭ ï 8742 ʛʘ, ʩʣʘʙʦʟʘʩʦʣʝʥʥʳʭ ï 

10093 ʛʘ, ʥʝʟʘʩʦʣʝʥʥʳʭ ï 11528 ʛʘ, ʥʝʩʦʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚ ï 32120 ʛʘ, ʩʣʘʙʦʩʦʣʦʥʮʝʚʘ-

ʪʳʭ ï 1082 ʛʘ. ɼʣʷ ʦʢʫʣʴʪʫʨʠʚʘʥʠʷ ʩʦʣʦʥʮʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʭʠʤʠʯʝʩʢʘʷ ʤʝʣʠʦʨʘʮʠʷ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ. ʇʨʝʜʣʦʞʝʥ ʩʝʚʦʦʙʦʨʦʪ ʩ ʥʘʩʳʱʝʥʠʝʤ ʩʦʝʡ ʠ 

ʨʘʧʩʦʤ. ɺʳʚʦʜʳ. ʆʧʨʝʜʝʣʝʥʳ ʩʪʝʧʝʥʴ ʠ ʪʠʧ ʟʘʩʦʣʝʥʠʷ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ, ʫʩʪʘ-
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ʥʦʚʣʝʥʳ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʣʝʚʳʤ ʨʝʞʠʤʦʤ ʧʦʯʚ ʠ ʨʝʞʠʤʦʤ ʫʨʦʚʥʷ, ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʣʦʜʦʨʦʜʠʝʤ ʟʘʩʦʣʝʥʥʳʭ 

ʧʦʯʚ ʤʝʣʠʦʨʠʨʫʝʤʳʭ ʟʝʤʝʣʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʝ ʟʝʤʣʠ, ʧʦʯʚʳ ʨʠʩʦʚʳʭ ʧʦʣʝʡ, ʨʠʩʦʚʘʷ ʦʨʦ-

ʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʟʘʩʦʣʝʥʠʝ, ʩʦʣʦʥʮʝʚʘʪʦʩʪʴ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʩʝʚʦ-

ʦʙʦʨʦʪ, ʭʠʤʠʯʝʩʢʘʷ ʤʝʣʠʦʨʘʮʠʷ, ʬʠʪʦʤʝʣʠʦʨʘʮʠʷ 
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Study of the hydrogeological-reclamation situation  

on the irrigated lands of the Lower Kuban and  

a set of measures to increase their fertility 
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Abstract. Purpose: conducting the soil reclamation survey of irrigated lands in the 

Lower Kuban and determining measures aimed at increasing their fertility. Materials and 

methods: the monitoring of the soil-reclamation state of irrigated lands on the Cher-

noerkovskaya rice irrigation system was carried out, an assessment of the hydrogeological-

reclamation situation was given. The materials of the Federal State Budgetary Establishment 

ñKuban Land Reclamation Departmentò, regulatory and technical documentation for control 

over the reclamation state of irrigated lands were used. Results. It is shown that the ground-

water depth in the studied massif is on average 1.62 m, salinity is 4.6 g/l. It was revealed that 

strongly and very strongly saline soils occupy 837 hectares, moderately saline ones occupy 

8742 hectares, slightly saline soils occupy 10093 hectares, non-saline soils occupy 11528 hec-

tares, non-saline soils occupy 32120 hectares, slightly saline soils occupy 1082 hectares. 

For alkali soils cultivation chemical reclamation in combination with organic fertilization is 

recommended. The crop rotation with soybeans and rapeseed saturation is proposed. Conclu-

sions. The degree and type of salinization of reclaimed lands have been determined, relation-

ships between the soil salt regime and the level regime and the chemical composition of 

groundwater have been established, and recommendations for managing saline soils fertility 

in reclaimed lands have been given.  

Keywords: reclaimed lands, rice field soils, rice irrigation system, salinization, alkalin-

ity, groundwater, mineralization, crop rotation, chemical reclamation, phytoreclamation 

ɺʚʝʜʝʥʠʝ. ʆʨʦʰʘʝʤʳʝ ʟʝʤʣʠ ʅʠʞʥʝʡ ʂʫʙʘʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

12 ʨʠʩʦʚʳʤʠ ʦʨʦʩʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʩ-

ʪʝʥʠʝʚʦʜʩʪʚʝ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʠ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ʯʘʩʪʴʶ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʛʠʦʥʘ. ʏʝʨʥʦʝʨʢʦʚʩʢʘʷ ʦʨʦʩʠʪʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʉʣʘʚʷʥʩʢʦʤ ʨʘʡʦʥʝ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ ʥʘ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 33200 ʛʘ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʦʡ ʧʦ ʧʦʯ-

ʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ ʅʠʞʥʝʡ ʂʫʙʘʥʠ.  
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ʇʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʦʥʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʂʫʙʘʥʩʢʦʛʦ ʜʝʣʴʪʦ-ʧʣʘʚʥʝʚʦʛʦ ʨʘʡʦʥʘ, ʧʨʠʯʝʤ ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʥʘʭʦ-

ʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʨʘʡʦʥʘ ʇʨʠʘʟʦʚʩʢʠʭ ʧʣʘʚʥʝʡ, ʘ ʶʞʥʘʷ ï 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʨʘʡʦʥʘ ʢ ʉʪʘʨʦʡ ʜʝʣʴʪʝ. ʅʘ ʏʝʨʥʦʝʨʢʦʚ-

ʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʝʨʝʛʥʦʡʥʦ-

ʛʣʝʝʚʳʝ, ʪʦʨʬʷʥʦ-ʛʣʝʝʚʳʝ ʠ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʝ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʨʠʩʘ ʧʨʝʪʝʨʧʝʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʥʫʞʜʘʶʪʩʷ ʚ ʫʣʫʯʰʝʥʠʠ ʧʣʦʜʦʨʦʜʠʷ [1, 2]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʥʠʪʦʨʠʥʛ ʧʦʯʚʝʥʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʨʦh ʘʝʤʳʭ ʟʝʤʝʣʴ ʥʘ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʨʠʩʦʚʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʮʝʣʝ-

ʚʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʠʩʘ ʠ ʢʫʣʴʪʫʨ ʨʠʩʦʚʦʛʦ ʩʝʚʦʦʙʦ-

ʨʦʪʘ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʶ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʠ ʚʳʙʳʪʠʶ ʠʭ ʠʟ ʩʝʣʴʭʦʟʦʙʦʨʦʪʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʛʦʜʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʵʢʩʧʣʫʘʪʠʨʫʶ-

ʱʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ çʋʧʨʘʚ-

ʣʝʥʠʝ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʧʦ ʂʨʘʩʥʦʜʘʨʩʢʦʤʫ ʢʨʘʶè; ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʨʝʛʣʘʤʝʥʪ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʫʩʣʫʛʠ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʩʚʝʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʯʝʪʘ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ [3]; ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʌɻʅʋ çʈʦʩʅʀʀʇʄè ʧʦ ʢʦʥʪʨʦʣʶ ʟʘ ʤʝʣʠʦʨʘʪʠʚʥʳʤ ʩʦʩʪʦ-

ʷʥʠʝʤ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ [4]; ɻʆʉʊ 26423-85 ï ɻʆʉʊ 26428-85 [5]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʘ-

ʟʝ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦ ʂʨʘʩʥʦʜʘʨʩʢʦʤʫ ʢʨʘʶè ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʩʪʘʮʠʦʥʘʨ-

ʥʳʝ ʩʢʚʘʞʠʥʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʛʠʜʨʦ-

ʛʝʦʣʦʛʦ-ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʝʞʝʛʦʜʥʘʷ ʩʦʣʝʚʘʷ ʩʲʝʤʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʣʦʱʘʜʢʘʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʩʢʨʳʪʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʚ ʩʨʝʜʥʝʤ ʟʘ ʧʦʩʣʝʜʥʠʝ 3 ʛʦʜʘ (2017ï2019 ʛʛ.) ʥʘʭʦʜʠʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

1,62 ʤ ʠ ʢʦʣʝʙʘʣʦʩʴ ʦʪ 0,93 ʤ (ʩʢʚʘʞʠʥʘ ˉ 75ʩ) ʜʦ 2,77 ʤ (ʩʢʚʘʞʠʥ r

ˉ 42, 48). ʇʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʣʦʱʘʜʠ ʩʠʩʪʝʤʳ ʨʘʩ-

ʧʨʝʜʝʣʠʣʠʩʴ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: ʤʝʥʝʝ 1,0 ʤ ï 378 ʛʘ (1 % ʦʪ ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ ʩʠʩʪʝʤʳ); ʦʪ 1,0 ʜʦ 1,5 ʤ ï 11187 ʛʘ (34 %); ʦʪ 1,5 ʜʦ 2,0 ʤ ï 
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18079 ʛʘ (54 %); ʦʪ 2,0 ʜʦ 3,0 ʤ ï 3194 ʛʘ (9 %); ʦʪ 3,0 ʤ ʠ ʙʦʣʝʝ ï 

362 ʛʘ (1 %).  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʩʨʝʜʥʷʷ ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʟʘ ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 

4,6 ʛ/ʣ. ʇʣʦʱʘʜʴ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʚʳʰʝ 3 ʛ/ʣ ʩʦʩʪʘʚʣʷʝʪ 18337 ʛʘ, ʠʣʠ 56 % ʦʪ ʦʙʩʣʝʜʦ-

ʚʘʥʥʳʭ ʟʝʤʝʣʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʭ ʢʘʢ ʩʠʣʴʥʦ ʩʦʣʦʥʦʚʘʪʳʝ. 

ʅʘ ʦʩʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ 14863 ʛʘ ʛʨʫʥʪʦʚʘʷ ʚʦʜʘ ʩʦʣʦʥʦʚʘʪʘʷ ʩ ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʝʡ ʦʪ 1 ʜʦ 3 ʛ/ʣ. ʇʨʝʩʥʳʭ ʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʟʝ-

ʤʝʣʴ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʨʠʩʦʚʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʝʡ ʤʝʥʝʝ 1 ʛ/ʣ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʈʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʟʘʩʦʣʝʥʠʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʦʥʠʞʝʥʠʝ ʠʭ ʫʨʦʚʥʷ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʪʝʧʝʥʥʦ, ʯʝʤʫ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʨʦʤʳʚʥʦʡ ʨʝʞʠʤ ʧʦʯʚ ʧʦʜ ʢʫʣʴʪʫʨʦʡ ʨʠʩʘ ʠ ʢʨʫʛʣʦ-

ʛʦʜʠʯʥʘʷ ʨʘʙʦʪʘ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʦʡ ʩʝʪʠ. ʊʘʢ, ʚ ʥʘʯʘʣʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʨʠʩʦʚʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ 1977 ʛ. 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʯʝʥʴ ʙʣʠʟʢʦʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʟʘʣʝʛʘʥʠʝ ʛʨʫʥʪʦ-

ʚʳʭ ʚʦʜ 0,92 ʤ, ʘ ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ 10,2 ʛ/ʣ. ʇʨʠ ʜʘʣʴ-

ʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʯʝʨʝʟ 10 ʣʝʪ ʢ 1986 ʛ. (ʨʠʩʫʥʦʢ 1).  

 

ʈʠʩʫʥʦʢ 1 ï ʋʨʦʚʝʥʴ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʥʘ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, 1977ï1986 ʛʛ.  

ʉ 1986 ʧʦ 2001 ʛ. ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʙʳʣʠ ʥʘ ʦʪʤʝʪʢʘʭ 1,49 ʤ, ʘ ʠʭ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ 5,02 ʛ/ʣ. 
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ɼʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʥʘ ʦʪʤʝʪʢʘʭ 1,41ï1,62 ʤ ʠ ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ 4,46ï4,76 ʛ/ʣ 

ʥʘʙʣʶʜʘʣʠʩʴ ʩ 2002 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʤʳʚ-

ʥʳʤ ʨʝʞʠʤʦʤ ʧʦʯʚ ʠ ʜʦʢʘʟʳʚʘʝʪ ʝʱʝ ʨʘʟ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʱʠʚʘ-

ʥʠʷ ʨʠʩʘ, ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʣʠʦʨʘʥʪʘ, ʚ ʩʠʩʪʝʤʝ ʩʝʚʦʦʙʦʨʦʪʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʯ-

ʚʳ ʥʘ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʝ-

ʧʝʥʴ ʟʘʩʦʣʝʥʠʷ: ʩʠʣʴʥʦ ʠ ʦʯʝʥʴ ʩʠʣʴʥʦ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʠʤʝʝʪʩʷ 

837 ʛʘ (2 %), ʩʨʝʜʥʝʟʘʩʦʣʝʥʥʳʭ ï 8742 ʛʘ (26 %), ʩʣʘʙʦʟʘʩʦʣʝʥʥʳʭ ï 

10093 ʛʘ (37 %), ʥʝʟʘʩʦʣʝʥʥʳʭ ï 11528 ʛʘ (35 %).  

ʇʦ ʩʦʣʦʥʮʝʚʘʪʦʩʪʠ ʧʦʯʚʳ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʥʝʩʦʣʦʥʮʝʚʘʪʳʝ (32120 ʛʘ, ʠʣʠ 97 %) ʠ ʩʣʘʙʦʩʦʣʦʥʮʝʚʘʪʳʝ (1082 ʛʘ, 

ʠʣʠ 3 %). 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʦʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʝʣʠʦʨʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʥʘ ʏʝʨ-

ʥʦʝʨʢʦʚʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ: ʠʟ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 33200 ʛʘ ʚ ʭʦ-

ʨʦh ʝʤ ʩʦʩʪʦʷʥʠʠ ʥʘʭʦʜʷʪʩʷ 7413 ʛʘ, ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 8448 ʛʘ. 

ʇʣʦʱʘʜʠ ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʩʦʩʪʘʚʣʷʶʪ 17339 ʛʘ, 

ʚ ʪ. ʯ. ʧʦ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʫʨʦʚʥʶ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 7760 ʛʘ, ʟʘ-

ʩʦʣʝʥʠʶ 5570 ʛʘ, ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʫʨʦʚʥʶ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʟʘʩʦʣʝʥʠʶ 

4009 ʛʘ.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʛʠʜʨʦʣʦʛʦ-ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ 

ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʦʙʝʥ-

ʥʦ ʥʘ ʧʣʦʱʘʜʷʭ ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʝʣʠʦʨʘʪʠʚ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʭ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ: ʨʝʤʦʥʪʥʘʷ ʧʣʘʥʠʨʦʚʢʘ ʯʝʢʦʚ, 

ʫʩʪʨʦʡʩʪʚʦ ʢʨʦʪʦʚʦʛʦ ʜʨʝʥʘʞʘ ʠ ʥʘʨʝʟʢʘ ʚʦʜʦʦʪʚʦʜʥʳʭ ʙʦʨʦʟʜ. 

ɼʣʷ ʦʢʫʣʴʪʫʨʠʚʘʥʠʷ ʩʦʣʦʥʮʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ 

ʤʝʣʠʦʨʘʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ. ʅʘ ʩʣʘʙʦ- ʠ 

ʩʨʝʜʥʝʩʦʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚʘʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʥʦʩʠʪʴ ʛʠʧʩ: ʥʘ ʩʣʘʙʦʩʦ-

ʣʦʥʮʝʚʘʪʳʭ ʧʦʯʚʘʭ ï 3ï5 ʪ/ʛʘ, ʥʘ ʩʨʝʜʥʝʩʦʣʦʥʮʝʚʘʪʳʭ ï 5ï9 ʪ/ʛʘ [6]. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʛʠʧʩʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʩʬʦʛʠʧʩ ʚ ʢʦ-

ʣʠʯʝʩʪʚʝ 3ï8 ʪ/ʛʘ. ʅʘ ʩʦʣʦʥʮʘʭ ʪʷʞʝʣʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʛʦ ʨʝʞʠʤʘ ʠ ʚʳʤʳʚʘʥʠʷ ʩʦʣʝʡ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʨʦʪʦʚʘʥʠʝ ʠʣʠ ʱʝʣʝʚʘʥʠʝ [7]. 
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ʅʘʨʷʜʫ ʩ ʚʥʝʩʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʤʝʣʠʦʨʘʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳ ʛʣʫ-

ʙʦʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʠʣʠ 

ʛʠʧʩʘ ʩʘʤʦʡ ʧʦʯʚʳ (ʩʘʤʦʤʝʣʠʦʨʘʮʠʷ ʧʦʯʚʳ), ʚʥʝʩʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʨʘʚʦʩʝʷʥʠʝ ʥʘ ʬʦʥʝ ʦʨʦʰʝʥʠʷ [8]. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʩʩʦʣʝʥʠʷ ʧʦʯʚʳ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʧʦʯʚʝʥʥʳʤ ʧʣʦʜʦʨʦʜʠʝʤ ʨʠʩʦʚʳʭ ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʩʝʚʦʦʙʦʨʦʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʠʩʦʩʝʶʱʠʭ ʭʦʟʷʡʩʪʚʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦ-

ʢʨʘʱʝʥʠʷ ʧʦʛʦʣʦʚʴʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʦʪ-

ʩʫʪʩʪʚʠʝ ʚ ʨʦʪʘʮʠʠ ʨʠʩʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʣʶʮʝʨʥʝ 

ʚ ʨʠʩʦʚʳʭ ʩʝʚʦʦʙʦʨʦʪʘʭ ʷʚʣʷʝʪʩʷ ʩʦʷ, ʨʘʩʪʝʥʠʷ ʢʦʪʦʨʦʡ ʦʙʣʘʜʘʶʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʩʚʘʠʚʘʪʴ ʘʪʤʦʩʬʝʨʥʳʡ ʘʟʦʪ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʤʙʠʦʟʘ 

ʩ ʢʣʫʙʝʥʴʢʦʚʳʤʠ ʙʘʢʪʝʨʠʷʤʠ, ʪ. ʝ. ʧʦʚʳʰʘʪʴ ʧʦʯʚʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ. 

ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ ʧʦʜ ʧʦʩʝʚʘʤʠ ʩʦʠ ʚ ʧʦʯʚʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʜʦ 100 ʢʛ/ʛʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʟʦʪʘ. ʈʘʟʤʝʱʘʶʪ ʩʦʶ ʚ ʪʝʭ ʯʝʢʘʭ, ʛʜʝ 

ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʝ ʚʳʰʝ 40ï50 ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʥʝʪ 

ʧʦʜʪʦʧʣʝʥʠʷ. ɺ ʩʝʚʦʦʙʦʨʦʪʝ ʩʦʷ ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʩʳʱʝʥʠʝ 

ʜʦ 50 % ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʩ ʨʠʩʦʤ, ʪ. ʝ. ʝʝ ʤʦʞʥʦ ʫʩʧʝʰʥʦ ʚʦʟʜʝʣʳ-

ʚʘʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʨʦʪʢʦʨʦʪʘʮʠʦʥʥʳʭ (ʯʝʪʳʨʝʭʧʦʣʴʥʳʭ) 

ʩʝʚʦʦʙʦʨʦʪʘʭ [9]. 

ɺ ʧʝʨʚʳʡ ʛʦʜ ʧʦʩʣʝ ʩʦʠ ʫʨʦʞʘʠ ʨʠʩʘ ʥʘ 5,3 % ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʣʶʮʝʨʥʦʡ, ʘ ʥʘ ʚʪʦʨʦʡ ʛʦʜ ʵʪʠ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ 10ï15 %. 

ʇʨʠʯʠʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʫʨʦʞʘʝʚ ʨʠʩʘ ʢʨʦʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʣʶʮʝʨʥʦʡ ʩʦʷ, ʚʦ-ʧʝʨʚʳʭ, ʦʩʪʘʚʣʷʝʪ ʚ ʧʦʯʚʝ ʤʝʥʴʰʝ ʧʠʪʘʪʝʣʥɹʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʠʜʝ ʢʦʨʥʝʡ ʠ ʧʦʞʥʠʚʥʳʭ ʦʩʪʘʪʢʦʚ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʦʙʣʘʜʘʷ 

ʤʝʥʝʝ ʨʘʟʚʠʪʦʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ, ʵʪʘ ʢʫʣʴʪʫʨʘ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʣʞʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ. ʈʝʰʝʥʠʝ ʵʪʦʡ 

ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʬʠʪʦʤʝʣʠʦʨʘʮʠʠ ʠ ʟʘʤʝʥʳ ʩʦʠ ʚʦ ʚʪʦʨʦʤ ʧʦ-

ʣʝ ʥʘ ʨʘʧʩ (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 ï ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʭʝʤʳ ʚʦʩʴʤʠʧʦʣʴʥʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ 

ʥʘ ʨʠʩʦʚʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ˉ 

ʧʦʣʷ 

ɹʘʟʦʚʳʡ 

ʩʝʚʦʦʙʦʨʦʪ 

ʇʝʨʩʧʝʢʪʠʚʥʳʡ ʩʝʚʦʦʙʦʨʦʪ 

ʩ ʥʘʩʳʱʝʥʠʝʤ ʨʠʩʦʤ 62,5 %  ʩ ʥʘʩʳʱʝʥʠʝʤ ʨʠʩʦʤ 50 %  

1 2 3 4 

1 ʃʶʮʝʨʥʘ ʉʦʷ ʉʦʷ ʉʦʷ 

2 ʃʶʮʝʨʥʘ ʉʦʷ ʈʘʧʩ ʉʦʷ 

3 ʈʠʩ ʈʠʩ ʈʠʩ ʈʠʩ 

4 ʈʠʩ ʈʠʩ ʈʠʩ ʈʠʩ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 

5 ʈʠʩ ʈʠʩ ʈʠʩ ʉʦʷ 

6 ɸʄʇ 
ɿʘʥʷʪʦʡ ʧʘʨ (50 % 

ʩʦʷ, 50 % ʨʘʧʩ) 

ɿʘʥʷʪʦʡ ʧʘʨ 

(50 % ʩʦʷ) 

ɿʘʥʷʪʦʡ ʧʘʨ  

(50 % ʩʦʷ, 50 % ʨʘʧʩ) 

7 ʈʠʩ ʈʠʩ ʈʠʩ ʈʠʩ 

8 ʈʠʩ ʈʠʩ ʈʠʩ ʈʠʩ 

ʆʟʠʤʳʡ ʨʘʧʩ ʧʨʠ ʝʛʦ ʚʦʟʜʝʣʳʚʘʥʠʠ ʥʘ ʟʝʨʥʦ ʠʣʠ ʢʘʢ ʩʠʜʝʨʘʣʴ-

ʥʦʡ ʢʫʣʴʪʫʨʳ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʬʠʪʦʤʝʣʠʦʨʘʥʪʘ. ʆʥ ʨʘʟʚʠʚʘʝʪ 

ʤʦʱʥʫʶ, ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʱʫʶ ʚ ʧʦʯʚʫ (ʜʦ 3 ʤ) ʩʪʝʨʞʥʝʚʫʶ ʢʦʨʥʝ-

ʚʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ, ʧʨʦʥʠʟʳʚʘʷ ʛʨʫʥʪ, ʫʣʫʯʰʘʝʪ ʚʦʜʦ- ʠ ʚʦʟʜʫʭʦ-

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʯʚʳ. ʉʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚ, ʧʦ-

ʚʳʰʘʝʪ ʝʝ ʧʣʦʜʦʨʦʜʠʝ, ʦʯʠʱʘʝʪ ʦʪ ʩʦʨʥʷʢʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 

ʬʠʪʦʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʣʷ. ʅʘ 1 ʛʘ ʦʟʠʤʳʡ ʨʘʧʩ ʦʩʪʘʚʣʷʝʪ ʧʨʠ-

ʤʝʨʥʦ 60 ʮ ʢʦʨʥʝʚʳʭ ʦʩʪʘʪʢʦʚ ï ʙʦʣʴʰʝ, ʯʝʤ ʦʟʠʤʳʝ ʢʦʣʦʩʦʚʳʝ ʢʫʣʴ-

ʪʫʨʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʨʠʩʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʧʩ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. ɺ ʧʦʯʚʫ ʚʦʟʚʨʘʱʘʝʪʩʷ 10ï15 ʪ/ʛʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʢʦʨʥʝʡ, ʣʠʩʪʴʝʚ, ʩʦʣʦʤʳ, ʘ ʠʟ ʩʘʤʦʩʝʚʘ ʚʳʨʘʩʪʘʝʪ ʝʱʝ 10ï20 ʪ ʟʝʣʝʥʦʡ 

ʙʠʦʤʘʩʩʳ, ʢʦʪʦʨʫʶ ʨʘʥʥʝʡ ʚʝʩʥʦʡ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʨʠʩʘ ʚʦʟʤʦʞʥʦ ʠʟ-

ʤʝʣʴʯʠʪʴ ʜʠʩʢʦʚʳʤʠ ʦʨʫʜʠʷʤʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘʜʝʣʢʦʡ ʚ ʧʦʯʚʫ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʨʛʘʥʠʢʠ. ʇʦʩʣʝ ʫʙʦʨʢʠ 

ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʥʘ ʩʝʤʝʥʘ ʚ ʧʦʯʚʝ ʦʩʪʘʝʪʩʷ ʚ 6ï7 ʨʘʟ ʙʦʣʴʰʝ ʢʦʨʥʝʚʳʭ 

ʦʩʪʘʪʢʦʚ, ʯʝʤ ʧʦʩʣʝ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʉ ʥʠʤʠ ʚ ʧʦʯʚʫ ʧʦʩʪʫʧʘʝʪ 

ʜʦ 10 ʢʛ/ʛʘ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʧʩʘ ʚ ʢʘʯʝʩʪʚʝ ʩʠʜʝʨʘʪʘ ʨʘʚʥʦʩʠʣʴʥʦ ʚʥʝʩʝʥʠʶ ʥʘʚʦʟʘ, 

ʘ ʟʘʪʨʘʪʳ ʚ 1,5ï2,0 ʨʘʟʘ ʥʠʞʝ [10].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʨʠʩʦʚʦʛʦ ʩʝʚʦʦʙʦʨʦʪʘ ʩʦʷ ʠ ʨʘʧʩ ʥʝ ʪʦʣʴʢʦ ʷʚ-

ʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʜʣʷ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ï ʨʠʩʘ, 

ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʤʝʣʠʦʨʠʨʫʝʤʳʭ 

ʟʝʤʝʣʴ ʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʭ ʜʝʛʨʘʜʘʮʠʠ. 

ɺʳʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ 

ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʧʦʟʚʦʣʷʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʠʭ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʧʨʘʚʣʝ-

ʥʠʶ ʧʦʯʚʝʥʥʳʤ ʧʣʦʜʦʨʦʜʠʝʤ. 
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ʈʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʏʝʨʥʦʝʨʢʦʚʩʢʦʡ ʨʠʩʦʚʦʡ ʦʨʦʩʠ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʘʣʦʩʴ ʠʭ ʨʘʩʩʦʣʝʥʠʝ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʧʨʦʤʳʚʥʦʡ ʨʝʞʠʤ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʣʳʚʘʥʠʷ ʨʠʩʘ.  

ʄʦʥʠʪʦʨʠʥʛ ʛʠʜʨʦʣʦʛʦ-ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʏʝʨʥʦʝʨ-

ʢʦʚʩʢʦʡ ʨʠʩʦʚʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʣʠʣ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʟʝʤʣʠ ʧʦ ʟʘʩʦʣʝʥʥʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʳ ʩʪʝʧʝʥʴ, ʪʠʧ ʠʭ 

ʟʘʩʦʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʣʦʜʦʨʦʜʠʝʤ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʤʝʣʠʦʨʠʨʫʝʤʳʭ 

ʟʝʤʝʣʴ. 

ʇʨʝʜʣʦʞʝʥ ʚʦʩʴʤʠʧʦʣʴʥʳʡ ʩʝʚʦʦʙʦʨʦʪ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩ ʥʘʩʳʱʝʥʠʝʤ ʝʛʦ ʧʦʩʝʚʘʤʠ ʩʦʠ ʠ ʨʘʧʩʘ, ʢʦʪʦ-

ʨʳʡ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʟʘʩʦʣʝʥʠʷ ʧʦʯʚ, ʩʦʟʜʘʥʠʶ ʙʣʘ-

ʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʤʠʥʝʨʘʣʠ-

ʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝɦ ʝʩʪʚ, ʫʣʫʯʰʝʥʠʶ ʬʠʪʦʩʘʥʠʪʘʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʥʘ ʨʠʩʦʚʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʅʠʞʥʝʡ ʂʫʙʘʥʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ  

ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ʖʯʝʥʢʦ, ɸʥʘʩʪʘʩʠʷ ɺʠʪʘʣʴʝʚʥʘ ʈʝʜʠʥʘ, 

ʆʢʩʘʥʘ ʅʠʢʦʣʘʝʚʥʘ ʏʝʨʥʦʚʘ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ï ʧʦʣʫʯʝʥʠʝ 

ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟ-

ʤʝʨʝʥʠʡ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʦʪʜʝʣʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠʥʩʪʠʪʫʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʨʝʜʩʪʚʦ ʚʦʜʦʫʯʝʪʘ ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʠ ʦʙʲʝʤʘ ʚʦʜʳ ʧʦ ʫʨʦʚʥʶ ʚʦʜʳ ʚ ʢʘʥʘʣʝ ʩ ʥʝʧʨʝʨʳʚʥʦʡ 

ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ (ʚ ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʥʢʪ). ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʧʨʦʛʨʘʤʤʝ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ 

ʜʦʢʫʤʝʥʪʘʤ ɻʆʉʊ 19.301, ɻʆʉʊ ʈ 52931, ʄʀ 1759. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʛʨʘʜʫʠ-

ʨʦʚʢʠ ʥʘ ʢʘʥʘʣʝ ʄʂ-1 ʠ ʧʦʣʫʯʝʥʘ ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʦʪ ʫʨʦʚʥʷ ʚʦʜʳ 

(Q = f (h)), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʪʘʨʠʨʦʚʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ. ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʢʘʥʘʣʝ ʄʂ-1 ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ ʠʩʧʳʪʳʚʘʝʤʦʛʦ 

ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʧʦʟʚʦʣʠʣʦ ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ ʦ ʨʘʩʭʦʜʝ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ  

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʘʨʠʨʦʚʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʠʩʧʳʪʘʥʠʡ.  
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Results of the first stage of full-scale experiments  

of water metering facility under development 

Lyubov V. Yuchenko, Anastasia V. Redina, Oksana N. Chernova  
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

Abstract. The purpose of the first stage of full-scale experiments is to obtain a cali-

bration dependence for determining the water flow in the stated measurement range of the 

tested water meter. Materials and methods. In the Instituteôs Department of reclamation sys-

tems operation, a water metering device with the ability to determine the flow rate and water 

volume by the water level in the channel with continuous data transmission over a distance 

(to the control point) is being developed. Full-scale tests were carried out according to the 

previously developed test program, as well as in accordance with the regulatory documents 

GOST 19.301, GOST R 52931, MI 1759. As a result  of the calibration on the MK-1 channel, 

a calibration dependence of flow rate on water level was obtained (Q = f(h)), which will be 

used for further calibration of the developed water metering device. Conclusions. Obtaining a 

calibration dependence for determining the water flow rate on the MK-1 channel in the stated 

measurement range of the tested water metering device made it possible to compile a water 

flow data table, which will be used to calibrate the developed water metering device at the 

second stage of experiments.  

Keywords: irrigation system, open canal, water metering, water metering station, serv-

er, control point 

ɺʚʝʜʝʥʠʝ. ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʚʦʜʦʫʯʝʪʘ ʚ ʤʝʣʠʦʨʘʮʠʠ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʨʦʰʣʘ ʨʷʜ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ. 

ʊʘʢ, ʚ 40ï60-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʨʘʟʚʠʚʘʣʘʩʴ ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʩʦ-

ʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʩʥʘʱʝʥʥʳʭ 

ʧʨʦʩʪʝʡʰʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʟʤʝʨʝʥʠʡ. ɺ 70ï80-ʭ ʛʛ. ʚ ʦʩʥʦʚʥʦʤ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʣʦʩʴ ʧʨʠʙʦʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʜʦʫʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥ-

ʮʠʧʦʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʛʠʜʨʦʤʝʪʨʠʠ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ [1]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʭʦʟʷʡʩʪʚʘʭ, ʟʘʥʠʤʘʶ-

ʱʠʭʩʷ ʧʦʣʠʚʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʨʘʟʚʠʚʘʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʩʚʷʟʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʝʨʝʜʘʯʫ ʩʚʝ-

ʜʝʥʠʡ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʳ ʧʨʠ ʧʦʣʠʚʝ ʠʣʠ ʦʪʚʦʜʝ ʩʪʦʢʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʦʧʳʪʫ ʧʣʘʥʦʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝ-

ʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʯʝʪʫ ʚʦʜʳ ʥʘ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ: 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʚ ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʧʫʥʢʪʘʭ ʦ ʨʘʩʭʦ-
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ʜʘʭ ʠ ʩʪʦʢʘʭ, ʧʨʦʩʪʦʪʘ ʫʯʝʪʘ ʨʘʩʭʦʜʦʚ ʠ ʩʪʦʢʦʚ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʥʝ ʙʦʣʝʝ Ñ5 %, ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚʦʜʦʤʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʠ ʪʨʝʙʦ-

ʚʘʥʠʷ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʚʦʜʦʤʝʨʥʳʭ ʧʫʥʢʪʦʚ ʠ ʨʘʟʚʠʪʠʝ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʚʷʟʠ ʥʘ ʩʠʩʪʝʤʘʭ [2].  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʯʝʪʘ ʚʦʜʳ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʧʝʨʚʠʯʥʳʝ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʣʠ ʨʘʩʭʦʜʳ ʧʦ ʦʜʥʦʤʫ 

ʠʣʠ ʜʚʫʤ ʧʝʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ (ʧʦʨʦʛʠ, ʚʦʜʦʩʣʠʚʳ, ʥʘʩʘʜʢʠ, ʚʦ-

ʜʦʚʳʧʫʩʢʠ-ʚʦʜʦʤʝʨʳ). ʇʝʨʚʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʜʩʦʝʜʠʥʠʪʴ ʩʨʝʜʩʪʚʘ ʪʝʣʝʤʝʭʘʥʠʢʠ ʠ ʘʚʪʦʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʯʠʩʣʝ ʠʟʤʝʨʷʝʤʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʫʧʨʦʱʘʣʘʩʴ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʪʝʣʝʠʟʤʝʨʝʥʠʡ ʠ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ ʩʦʦʨʫʞʝʥʠʷʤʠ [3].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʣʝ ʟʘʩʪʦʡʥʦʛʦ ʧʝʨʠʦʜʘ 90-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ ʦʧʷʪʴ ʚʦʟʨʦʩʣʦ ʚʥʠʤʘʥʠʝ ʢ ʪʦʯʥʦʤʫ ʫʯʝʪʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʦʙʲʝʤʫ ʩʪʦʢʘ ʩ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʝʨʝʜ ʫʯʝʥʳʤʠ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʫʣʫʯ-

ʰʝʥʠʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʦʜʦʤʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʫʥʢʪʦʚ ʚʦʜʦ-

ʫʯʝʪʘ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ [4]. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ, ʢʦʪʦʨʦ-

ʤʫ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʧʫʥʢʪ ʚʦʜʦʫʯʝʪʘ, ï ʵʪʦ ʤʘ-

ʣʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʷʝʤʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʝʨʘ-

ʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʦʪʜʝʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤ ʠʥʩʪʠʪʫʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʨʝʜʩʪʚʦ ʚʦʜʦʫʯʝʪʘ ʩ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʠ ʦʙʲʝʤʘ ʚʦʜʳ ʧʦ ʫʨʦʚʥʶ ʚʦʜʳ ʚ ʢʘʥʘʣʝ 

ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ (ʜʠʩʧʝʪʯʝʨʩʢʠʡ 

ʧʫʥʢʪ). ɺ ʩʦʩʪʘʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʚʭʦʜʠʪ ʫʨʦʚʥʝʤʝʨ 

(ʜʘʪʯʠʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʛʨʫʞʥʦʛʦ ʪʠʧʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ). ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʫʨʦʚʥʝʤʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʢʘʟʳʚʘʝʤʦʛʦ ʞʠʜʢʦʩʪʴʶ ʥʘ ʜʥʦ ʚʦʜʦ-

ʝʤʘ ʠ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʚʳʩʦʪʳ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʥʘʜ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʧʨʠʙʦʨʦʤ [5, 6]. ʅʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʨʘʥʝʝ ʧʨʦʛʨʘʤʤʝ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫ-

ʤʝʥʪʘʤ [7ï9].  

ɺʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʩʦʩʪʦʠʪ 

ʠʟ ʜʘʪʯʠʢʘ ʫʨʦʚʥʷ (ʜʘʪʯʠʢʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ) ʠ ʘʚʪʦʥʦʤʥʦ-

ʛʦ ʙʣʦʢʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ (ɹɼʂ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʢʨʝʧ-
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ʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʦʪʢʨʳʪʦʛʦ ʢʘʥʘʣʘ. ɹɼʂ ʠʤʝʝʪ ʚʘʥʜʘʣʦʟʘʱʠʱʝʥʥʳʡ 

ʢʦʨʧʫʩ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ: ʢʦʥʪʨʦʣʣʝʨ-ʤʦʜʝʤ, ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘ-

ʪʘʨʝʷ ʠ ʘʥʪʝʥʥʘ GSM. ɼʘʪʯʠʢ ʫʨʦʚʥʷ ʧʨʠʩʦʝʜʠʥʝʥ ʢ ɹɼʂ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ ʟʘʱʠʪʥʦʡ ʪʨʫʙʝ. ʄʝʩʪʦ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʙʣʠʮʦʚʦʯʥʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʘ ʚʦʜʳ ʤʝʪʦʜʦʤ çʩʢʦ-

ʨʦʩʪʴ ï ʧʣʦʱʘʜʴè ʧʨʠ ʛʨʘʜʫʠʨʦʚʢʝ ʠ ʧʦʚʝʨʢʝ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʨʘʩ-

ʭʦʜʘ [7]. ʄʦʥʪʘʞ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʩʪʚʦʨʝ ʧʫʥʢʪʘ ʚʦʜʦ-

ʫʯʝʪʘ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʦʩʘ ʢʘʥʘʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,5 ʤ 

ʦʪ ʙʝʨʤʳ ʢʘʥʘʣʘ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝ-

ʪʘ ʥʘ ʦʪʢʨʳʪʦʤ ʦʨʦʩʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

1 ï ʦʙʣʠʮʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ ʢʘʥʘʣʘ;  

2 ï ʦʪʢʦʩ ʢʘʥʘʣʘ; 3 ï ʜʥʦ ʢʘʥʘʣʘ;  

4 ï ʘʚʪʦʥʦʤʥʳʡ ʙʣʦʢ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ;  

5 ï ʧʨʦʚʦʜʷʱʠʡ ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ  

ʢʘʙʝʣʴ; 6 ï ʟʘʱʠʪʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʪʨʫʙʘ; 7 ï ʜʘʪʯʠʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ; 8 ï ʦʧʦʨʥʘʷ ʧʣʘʩʪʠʥʘ;  

9 ï ʰʚʝʣʣʝʨ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʠʩʧʳʪʳʚʘʝʤʦʛʦ 

ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʥʘ ʦʨʦʩʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ 

ɼʘʪʯʠʢ ʫʨʦʚʥʷ (ʜʘʪʯʠʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ) ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʝʡ ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʦʢʦ-

ʚʳʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. ɼʘʪʯʠʢ ʩʦʩʪʦʠʪ ʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʝʜʠʥʦʤ 

ʢʦʨʧʫʩʝ. ʕʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʦʙʨʘʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʦʢʦʚʳʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʠʣʠ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ. ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʤʦʥʪʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʫ ʜʥʘ ʢʘʥʘʣʘ ʠʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʧʣʦʩʢʦʩʪʠ, ʧʨʠʥʷʪʦʡ ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʫʨʦʚʥʷ (ʠʟʤʝʨʝʥʠʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʦʙʫʩʣʦʚʣʝʥʦ ʜʘʚ-

ʣʝʥʠʝʤ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʥʘʜ ʜʘʪʯʠʢʦʤ). 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 

ʚʥʝʩʝʥ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʠ ʠʤʝʝʪ ʣʠʮʝʥ-

ʟʠʶ ʈʦʩʪʝʭʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
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ɹʣʦʢ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʣʫʞʠʪ 

ʜʣʷ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʢʦʤʧʴʶʪʝʨ (ʩʝʨʚʝʨ) 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʥʢʪʘ. ʅʘ ʩʝʨʚʝʨʝ ʧʦʣʫʯʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ʚʦʜʦʫʯʝʪʘ 

(ʫʨʦʚʝʥʴ) ʙʫʜʝʪ ʧʝʨʝʚʝʜʝʥ ʚ ʨʘʩʭʦʜ ʧʨʠ ʧʦʤʦʱʠ ʚʚʝʜʝʥʠʷ ʚ ʧʨʦʛʨʘʤ-

ʤʫ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Q = f(h), ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʛʨʘʜʫʠʨʦʚʢʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴ-

ʪʘʪʳ ʚʦʜʦʫʯʝʪʘ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ, ʙʫʜʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ-

ʩʷ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʚʝʜʦʤʦʩʪʷʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʥʢʪʘ. 

ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʪ-

ʯʠʢʘ ʠ ʧʝʨʝʜʘʯʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʥʢʪ 

ʧʨʠ ʧʦʤʦʱʠ ɹɼʂ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

1 ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ; 2 ï ʢʦʥʪʨʦʣʣʝʨ-ʤʦʜʝʤ; 3 ï ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ 

ʙʘʪʘʨʝʷ; 4 ï ʘʥʪʝʥʥʘ GSM; 5 ï ʩʚʷʟʴ GSM; 6 ï ʩʝʨʚʝʨ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʥʢʪʘ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʥʘ ʩʝʨʚʝʨ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʥʢʪʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʥʦʝ 

ʩʨʝʜʩʪʚʦ ʚʦʜʦʫʯʝʪʘ ʧʨʦʭʦʜʠʪ ʠʩʧʳʪʘʥʠʝ ʥʘ ʦʪʢʨʳʪʦʤ ʢʘʥʘʣʝ (ʄʂ-1) 

ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ɹʘʛʘʝʚ-

ʩʢʦʤʫ ʬʠʣʠʘʣʫ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʈʦʩʪʦʚʤʝʣʠʦʚʦʜʭʦʟè. ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʄʂ-1 ï ʦʪ 0,3 ʜʦ 3,0 ʤ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʭʦʜʘ ʚʦʜʳ ï ʦʪ 1,3 ʜʦ 9,0 ʤ3/ʩ. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʘ ʚ ʤʝʩʪʝ 

ʫʩʪʘʥʦʚʢʠ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʩʣʝʜʫʶʱʠʝ: ʰʠʨʠʥʘ ʧʦ ʚʝʨʭʫ ï 12,6 ʤ, 

ʰʠʨʠʥʘ ʧʦ ʜʥʫ ï 3,0 ʤ, ʛʣʫʙʠʥʘ ï 3,2 ʤ. ʇʨʠ ʛʨʘʜʫʠʨʦʚʢʝ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʡ ʩʪʚʦʨ ʥʘ ʇʂ 1 + 90 ʠ ʣʦʜʦʯʥʘʷ ʧʝʨʝʧʨʘʚʘ 
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ʠʟ ʜʚʫʭ ʪʨʦʩʦʚ. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʚʦʜʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʜʝʪʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʤ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦ-

ʢʘ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ ʧʷʪʠ ʪʦʯʢʘʭ ʥʘ ʢʘʞʜʦʡ ʚʝʨʪʠʢʘʣʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞ-

ʜʫ ʩʢʦʨʦʩʪʥʳʤʠ ʚʝʨʪʠʢʘʣʷʤʠ ʩʦʩʪʘʚʣʷʣʦ 1,4 ʤ, ʯʠʩʣʦ ʩʢʦʨʦʩʪʥʳʭ 

ʚʝʨʪʠʢʘʣʝʡ ï ʚʦʩʝʤʴ.  

ʎʝʣʴ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʪʢʨʳʪʦʛʦ ʢʘʥʘʣʘ 

ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ-

ʧʫʩʪʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ.  

ʎʝʣʴ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ï ʧʦʣʫʯʝʥʠʝ 

ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʫʢʘʟʘʥ-

ʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠ-

ʩʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʢʘʥʘʣʘ ʩ ʚʝʣʠʯʠʥʦʡ ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʛʨʘʜʫʠʨʦʚʢʘ ʥʘ ʢʘʥʘʣʝ ʄʂ-1. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʨʘʜʫʠʨʦʚʢʠ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʛʨʘʜʫʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʩʪʚʦʨ ʥʘ ʫʯʘʩʪʢʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʨʫʩʣʘ ʢʘʥʘʣʘ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ (ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʘʷ 

ʚʝʨʪʫʰʢʘ ʠ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʘʷ ʨʝʡʢʘ) ʧʦ ʤʝʪʦʜʫ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝ-

ʥʠʡ çʩʢʦʨʦʩʪʴ ï ʧʣʦʱʘʜʴè. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝ-

ʥʠʡ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʘʥʘʣʘʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʨʫʩʣʦʤ ʤʝʪʦʜʦʤ çʩʢʦʨʦʩʪʴ ï ʧʣʦʱʘʜʴè ʚʳʧʦʣʥʣ̫ʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʄɺʀ-05-90 [10].  

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʦʪʢʨʳʪʦʤ ʦʨʦʩʠʪʝʣʴʥʦʤ ʢʘʥʘ-

ʣʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʫʩʣʦʤ ʤʝʪʦʜʦʤ çʩʢʦʨʦʩʪʴ ï ʧʣʦʱʘʜʴè, ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʈʝʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 24 ʩʝʥ-

ʪʷʙʨʷ 2020 ʛ. (ʩʚʠʜʝʪʝʣʴʩʪʚʦ ˉ 2020661514) [11]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝ-

ʜʝʥʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ ʧʦʣʫ-

ʯʝʥʘ ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʦʪ ʫʨʦʚʥʷ ʚʦʜʳ ʠ ʧʦʩʪʨʦʝ-

ʥʘ ʢʨʠʚʘʷ (Q = f (h)), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʪʘ-

ʨʠʨʦʚʢʠ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ. ɻʨʘʜʫʠʨʦʚʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʜʫʠʨʦʚʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʣʝʥʘ ʨʘʩʭʦʜ-

ʥʘʷ ʪʘʙʣʠʮʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʩʪʘʪʴ ʨʘʙʦʯʠʤ ʜʦʢʫʤʝʥʪʦʤ ʧʨʠ ʠʩʧʳʪʘ-

ʥʠʠ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ. ɼʘʥʥʳʝ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦ-

ʜʘ ʦʪ ʫʨʦʚʥʷ ʢʘʥʘʣʘ ʄʂ-1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʊʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʋʨʦʚʝʥʴ 

ʚʦʜʳ ʚ ʢʘ-

ʥʘʣʝ h, ʤ 

ʈʘʩʭʦʜ ʚʦʜʳ ʚ ʢʘʥʘʣʝ Q, ʤ3/ʩ 

ɼʦʣʷ ʧʘʨʘʤʝʪʨʘ ʫʨʦʚʥʷ, ʤ 

0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 

1 2 3 4 5 6 7 8 9 10 11 

0,3 ï ï ï ï ï ï ï ï ï 0,20 

0,4 0,21 0,22 0,23 0,23 0,25 0,26 0,28 0,30 0,32 0,33 

0,5 0,35 0,37 0,38 0,40 0,41 0,43 0,45 0,47 0,50 0,52 

0,6 0,51 0,53 0,55 0,57 0,59 0,60 0,62 0,65 0,67 0,69 

0,7 0,71 0,72 0,74 0,76 0,78 0,80 0,82 0,84 0,86 0,88 

0,8 0,90 0,91 0,93 0,95 0,97 1,02 1,04 1,06 1,08 1,10 

0,9 1,12 1,15 1,17 1,19 1,21 1,23 1,25 1,27 1,29 1,31 

1,0 1,32 1,33 1,34 1,35 1,36 1,37 1,38 1,40 1,43 1,47 

1,1 1,51 1,56 1,60 1,65 1,68 1,72 1,76 1,80 1,84 1,90 

1,2 1,94 2,01 2,31 2,35 2,40 2,43 2,46 2,51 2,54 2,60 

1,3 2,64 2,69 2,73 2,76 2,80 2,84 2,87 2,91 2,96 3,00 

1,4 3,06 3,08 3,11 3,13 3,16 3,18 3,21 3,23 3,25 3,28 

1,5 3,30 3,33 3,35 3,38 3,40 3,42 3,44 3,46 3,49 3,51 

1,6 3,54 3,56 3,59 3,61 3,63 3,65  3,67 3,69 3,71 3,73 

1,7 3,75 3,77 3,79 3,82 3,84 3,87 3,89 3,91 3,93 3,95 

1,8 3,97 3,99 4,01 4,03 4,05 4,07 4,09 4,11 4,13 4,15 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 5 6 7 8 9 10 11 

1,9 4,17 4,20 4,22 4,25 4,30 4,32 4,34 4,36 4,38 4,40 

2,0 4,44 4,49 4,53 4,57 4,62 4,66 4,70 4,74 4,79 4,83 

2,1 4,87 4,91 4,96 4,99 5,05 5,09 5,13 5,17 5,22 5,26 

2,2 5,30 5,34 5,37 5,41 5,45 5,49 5,55 5,59 5,63 5,67 

2,3 5,71 5,75 5,79 5,83 5,87 5,91 5,95 5,99 6,04 6,08 

2,4 6,12 6,16 6,20 6,24 6,28 6,32 6,37 6,39 6,41 6,45 

2,5 6,49 6,53 6,58 6,62 6,67 6,71 6,75 6,79 6,83 6,87 

2,6 6,92 6,96 7,01 7,05 7,09 7,13 7,17 7,21 7,25 7,29 

2,7 7,34 7,38 7,42 7,46 7,50 7,54 7,59 7,63 7,67 7,72 

2,8 7,79 7,86 7,93 8,00 8,08 8,12 8,19 8,25 8,32 8,39 

2,9 8,45 8,54 8,61 8,68 8,73 8,79 8,84 8,90 8,95 9,00 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠ ʪʦʯʥʦʩʪʠ 

ʧʦʢʘʟʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʢʘʥʘʣʝ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʥhʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʥʦʚʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ. 

ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʠʝ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʢʘʥʘʣʝ ʄʂ-1 ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝ-

ʥʠʡ ʠʩʧʳʪʚrʘʝʤʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʧʦʟʚʦʣʠʣʦ ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ 

ʜʘʥʥʳʭ ʦ ʨʘʩʭʦʜʝ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʘʨʠʨʦʚʢʠ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦʜʦʫʯʝʪʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʧʳʪʘʥʠʡ.  
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ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʦʢʘ ʥʘʥʦʩʦʚ 

ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʦʝʤʳ (ʙʘʩʩʝʡʥ ʨʝʢʠ ʂʫʥʜʨʶʯʴʷ) 

ʊʘʠʩʠʷ ʉʝʨʛʝʝʚʥʘ ʇʦʥʦʤʘʨʝʥʢʦ, ɸʥʥʘ ɺʠʢʪʦʨʦʚʥʘ ɹʨʝʝʚʘ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʢʘ ʥʘʥʦʩʦʚ 

ʠ ʧʨʦʛʥʦʟ ʩʨʦʢʘ ʟʘʠʣʝʥʠʷ ʚʦʜʦʝʤʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʯʘʩʪʠ ʚʦʜʦʩʙʦʨʘ ʨ. ʂʫʥʜʨʶʯʴʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʚ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʨʘʚʦʯʥʳʡ ʠ ʣʠʪʝʨʘʪʫʨʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʧʨʠʚʝʜʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʠ ʚʳʯʠʩʣʝʥ ʩʨʦʢ ʟʘʠʣʝʥʠʷ 

ʚʦʜʦʝʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 52 ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʚʦʜʦ-

ʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ ʨ. ʂʫʥʜʨʶʯʴʷ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʩʪʦʢʘ ʥʘʥʦʩʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʙ. ɻʘʣʫʪʘ, ʩʘʤʳʡ ʥʠʟʢʠʡ ʚ ʙ. ʉʦʢʦʣʦʚʩʢʘʷ. ʉʘʤʳʡ 

ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʛʦʜʦʚʦʛʦ ʤʦʜʫʣʷ ʥʘʥʦʩʦʚ 25,6 ʪ/ʢʤ2 ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ ʟʘʬʠʢʩʠ-

ʨʦʚʘʥ ʪʘʢʞʝ ʚ ʙ. ɻʘʣʫʪʘ, ʘ ʩʘʤʳʡ ʥʠʟʢʠʡ 16,7 ʪ/ʢʤ2 ʚ ʙ. ʉʦʣʸʥʘʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʘʩʯʝʪ-

ʥʳʭ ʩʨʦʢʦʚ ʟʘʠʣʝʥʠʷ ʤʝʨʪʚʦʛʦ ʦʙʲʝʤʘ, ʪʦ ʜʣʷ ʰʝʩʪʠ ʧʨʫʜʦʚ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʠʪ ʤʝ-

ʥʝʝ 10 ʣʝʪ. ɽʱʝ ʜʣʷ ʰʝʩʪʠ ï ʤʝʥʝʝ 20 ʣʝʪ. ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙ-



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ  

çɸʂʊʋɸʃʔʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ  

ʄɽʃʀʆʈɸʊʀɺʅʆɻʆ ʂʆʄʇʃɽʂʉɸè 

56 

ʱʠʡ ʦʙʲʝʤ ʥʘʥʦʩʦʚ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʭʩʷ ʚ ʚʦʜʦʝʤʘʭ, ʟʘ ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 2948,4 ʪ, ʘ ʟʘ-

ʠʣʝʥʠʝ ʚʦʜʦʝʤʦʚ ʚʦʟʤʦʞʥʦ ʚ ʙʣʠʞʘʡʰʠʝ 10 ʣʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʘ ʂʫʥʜʨʶʯʴʷ, ʢʘʩʢʘʜ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʪʚʝʨʜʳʡ ʩʪʦʢ, ʟʘʠʣʝ-

ʥʠʝ, ʤʫʪʥʦʩʪʴ 

**** ******  

Calculation of quantitative indicators of sediment runoff and  

their impact on water bodies (the Kundryuchya river basin) 

Taisiya S. Ponomarenko, Anna V. Breeva 
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

Abstract. The purpose is to determine the quantitative characteristics of the sediment 

runoff and to forecast the period of reservoir silting in the studied part of the catchment of the 

Kundryuchya river. Materials and methods: the reference and literary material is used, the 

quantitative indicators of suspended sediment is provided and the period of reservoir silting 

using bathygraphic characteristics of 52 reservoirs in the catchment area of the Kundryuchya 

river is calculated. Results and discussions. The highest rate of sediment runoff was recorded 

in the Galuta basin, the lowest is recorded in the Sokolovskaya basin. The highest indicator of 

the annual sediment module of the catchment area of 25.6 t/km2 was also recorded in the Ga-

luta basin, and the lowest is 16.7 t/km2 in the Salty basin. As for the estimated dead volume 

silting time, this value will be less than 10 years for six ponds. For another six it will be less 

than 20 years. Conclusions. As a result, it was found that the total volume of sediment accu-

mulated in water bodies per year is 2948.4 tons, and water bodies sedimentation is possible in 

the next 10 years.  

Keywords: the Kundryuchya river, cascade of reservoirs, solid runoff, silting, turbidity 

ɺʚʝʜʝʥʠʝ. ʅʘ ʨʘʚʥʠʥʘʭ ʇʨʠʘʟʦʚʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʧʦʚʩʝʤʝʩʪʥʦ 

ʨʘʟʚʠʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʯʥʳʭ ʥʘʥʦʩʦʚ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʨʝʯʥʦʡ, ʩʢʣʦʥʦʚʦʡ, ʦʚʨʘʞʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩ-

ʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʦʜʥʦʡ ʵʨʦʟʠʠ ʷʚʣʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʣʠʚʥʠ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʠ ʣʠʪʦʣʦʛʠʠ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨ ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴ-

ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʪ̫ʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. 

ʋʩʪʨʦʡʩʪʚʦ ʥʘ ʨʝʢʘʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚʥʦʩʠʪ ʩʚʦʠ ʥʝʦʙʨʘʪʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʦʜʦʪʦʢʘ: ʫʤʝʥʴʰʘʶʪʩʷ ʫʢʣʦʥʳ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʛʣʫʙʠʥʳ ʧʦʪʦʢʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʥʦʩʳ, 

ʚʣʝʢʦʤʳʝ ʧʦʪʦʢʦʤ ʧʦ ʜʥʫ ʠʣʠ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʩʘʞʜʘʶʪʩʷ 

ʠ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʚ ʯʘʰʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  

ʆ ʢʦʣʠʯʝʩʪʚʝ ʥʘʥʦʩʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʫʩʣʘ ʤʘʣʳʭ ʚʦʜʦʪʦʢʦʚ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʣʦʱʘʜʷʤʠ ʚʦʜʦʩʙʦʨʦʚ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʦʙʲʝʤʫ ʦʪ-

ʣʦʞʝʥʠʡ ʟʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ 

ʧʨʫʜʦʚ, ʘ ʠʤʝʥʥʦ ʧʦ ʩʪʝʧʝʥʠ ʟʘʠʣʝʥʠʷ. 
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ʆʙʲʝʤ ʟʘʠʣʝʥʠʷ ʢʘʢ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʥʘ ʜʥʝ ʚʦʜʦʝ-

ʤʦʚ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʭʨʘʥʠ-

ʣʠʱʘ [1ï3].  

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʣʩʷ ʨʘʩʯʝʪ ʩʪʝʧʝʥʠ ʟʘʠʣʝʥʠʷ 

ʠ ʚʳʷʚʣʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʘʩʢʘʜʘ ʧʦʜʧʦʨʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦ-

ʦʨʫʞʝʥʠʡ (ɻʊʉ).  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʯʘʩʪʴ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʨ. ʂʫʥʜʨʶʯʴʷ, ʘ ʠʤʝʥʥʦ ʧʨʠʪʦʢʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʙ. ʉʦʢʦ-

ʣʦʚʩʢʘʷ, ʙʘʩʩʝʡʥ ʨ. ɻʘʣʫʪʘ, ʙʘʩʩʝʡʥ ʨ. ʉʦʣʸʥʘʷ, ʙʘʩʩʝʡʥ ʨ. ʄʘʣʘʷ ɹʫ-

ʛʫʪʢʘ ʠ ʙ. ɹʦʣʴʰʘʷ ɹʫʛʫʪʢʘ). 

ɹʘʩʩʝʡʥ ʨ. ʂʫʥʜʨʶʯʴʷ ʯʘʩʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ 2320 ʢʤ2, ʠʟ ʢʦʪʦʨʳʭ 240 ʢʤ2 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʨʨʠʪʦʨʠʠ ʃʫʛʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʈʝʢʘ ʠʤʝʝʪ ʭʦʨʦʰʦ ʨʘʟ-

ʚʠʪʫʶ ʨʝʯʥʫʶ ʩʝʪʴ ʢʦʨʦʪʢʠʭ (10ï20 ʢʤ) ʧʨʠʪʦʢʦʚ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦ-

ʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʤ ʩʢʣʦʥʝ ʜʦʣʠʥʳ. ɺʩʝ ʧʨʠʪʦʢʠ 

ʨ. ʂʫʥʜʨʶʯʴʷ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʣʳʤ ʨʝʢʘʤ ʠ ʨʫʯʴʷʤ. ɼʣʠʥʘ ʨʝʢʠ ʩʦʩʪʘʚ-

ʣʷʝʪ 244 ʢʤ, ʘ ʦʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʨʠʪʦʢʦʚ ʜʦʩʪʠʛʘʝʪ 137 ʢʤ. 

ɺ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʙʘʩʩʝʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʝʥʫ-

ʜʘʮʠʦʥʥʦ-ʵʨʦʟʠʦʥʥʫʶ ʨʘʚʥʠʥʫ ʥʘ ʩʢʣʘʜʯʘʪʦʤ ʦʩʥʦʚʘʥʠʠ ʩ ʘʥʪʨʦʧʦ-

ʛʝʥʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ (ʪʝʨʨʠʢʦʥʳ) [1]. 

ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʨ. ʂʫʥʜʨʶʯʴʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʝ-

ʨʝʧʨʫʞʝʥ ʛʨʫʥʪʦʚʳʤʠ ʧʣʦʪʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʠʝ ʚʦ-

ʜʦʭʨʘʥʠʣʠʱʘ ʩʝʟʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ (ʧʦʨʷʜʢʘ 52 ʧʦʜʧʦʨʥʳʭ 

ɻʊʉ) (ʨʠʩʫʥʦʢ 1). 

ɼʘʥʥʳʝ ʛʠʜʨʦʫʟʣʳ ʦʙʨʘʟʫʶʪ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʝʤʘ 

ʠ ʧʣʦʱʘʜʠ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ ʷʚʣʷʝʪʩʷ ʉʦʢʦʣʦʚ-

ʩʢʦʝ, ʝʛʦ ʧʦʣʥʳʡ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 13,57 ʤʣʥ ʤ3. ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ 

ʟʘʧʦʣʥʝʥʠʷ ʦʩʪʘʣʴʥʳʭ 52 ʧʨʫʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʙʦʢʦʚʦʡ ʧʨʠʪʦʯ-

ʥʦʩʪʠ ʨ. ʂʫʥʜʨʶʯʴʷ, ʩʦʩʪʘʚʣʷʝʪ 1,06 ʤʣʥ ʤ3, ʠʣʠ 8 % ʦʪ ʧʦʣʥʦʛʦ ʦʙʲʝ-

ʤʘ ʉʦʢʦʣʦʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɺ ʫʩʣʦʚʠʷʭ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʙʦʢʦʚʦʡ ʧʨʠʪʦʯʥʦ-

ʩʪʠ ʨ. ʂʫʥʜʨʶʯʴʷ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 

ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʩʪʦʢʘ, ʧʝʨʝʭʚʘʪʳʚʘʝʤʳʡ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʧʨʫʜʘʤʠ, ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʘʩʩʝʡʥ ʨ. ɻʘʣʫʪʘ. ʆʥ ʩʦʩʪʘʚʣʷʝʪ 542 ʪʳʩ. ʤ3, 

ʵʪʦ ʙʦʣʝʝ 50 %. ɺ ʙʘʩʩʝʡʥʝ ʨ. ɻʘʣʫʪʘ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʨʫʜʦʚ (18), ʘ ʪʘʢʞʝ ʚʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʩʣʝ ʉʦʢʦʣʦʚʩʢʦʛʦ 
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ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʫʜ (ˉ 33) ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʫʥʜʨʶʯʴʷ ʦʙʲʝʤʦʤ ʙʦʣʝʝ 

300 ʪʳʩ. ʤ3. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨ. ʂʫʥʜʨʶʯʴʷ 
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ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʨ. ʂʫʥʜʨʶʯʴʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʥʘʙʞʝʥʠʷ ʚʦ-

ʜʦʡ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʳʭ, ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʳʭ, ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʦʨʦʰʝʥʠʷ ʟʝʤʝʣʴ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʝʢʘ ʧʦ ʢʘʯʝʩʪʚʫ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʛʨʷʟʥʘʷ ʠ ʠʩʧʳʪʳʚʘʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʚ ʚʠʜʝ ʩʙʨʦʩʦʚ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʠʥʪʝʥʩʠʚʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝ-

ʷʪʝʣʴʥʦʩʪʠ ʠ ʟʘʨʝʛʫʣʠʨʦʚʘʥʥʦʩʪʠ ʩʪʦʢʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʧʦʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʟʘʥʠʤʘʶʪ ʜʦ 90 % ʚʦʜʦʩʙʦʨʘ ʨʝʢʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʥʘʥʦʩʦʚ ʠ ʧʨʦʛʥʦʟ ʩʨʦʢʘ ʟʘʠʣʝʥʠʷ ʚʦʜʦʝʤʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʯʘ-

ʩʪʠ ʚʦʜʦʩʙʦʨʘ ʨ. ʂʫʥʜʨʶʯʴʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʣʠʩʴ ʙʘʪʠʛʨʘ-

ʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʯʘʩʪʠ ʚʦʜʦ-

ʩʙʦʨʘ ʨ. ʂʫʥʜʨʶʯʴʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʈʦʩʅʀʀʇʄ. 

ʈʘʩʯʝʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ (ʩʪʦʢʘ 

ʥʘʥʦʩʦʚ) ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʪʠʛʨʘʬʠʯʝ-

ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʜʧʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʄʝʪʦʜʠʢʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʜʘʥʥʳʭ ʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʤ ʨʘʩʭʦʜʝ ʚʦʜʳ ʧʦ 

ʚʩʝʤ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʝʪʦʜʠʢʘʤ ʩʦʛʣʘʩʥʦ ʉʇ 33-101-2003 [4]. 

ʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ (ʦʪʩʫʪʩʪʚʠʝ) ʜʘʥʥʳʭ ʦ ʩʪʦʢʝ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦ-

ʩʦʚ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʨʝʢ (ʚʦʜʦʪʦʢʦʚ) ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʨʝʯʥʳʭ ʥʘʥʦʩʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʪʳ ʩʨʝʜʥʝʡ ʤʫʪʥʦʩʪʠ ʨʝʢ ʉʉʉʈ (ʧʦ ɻ. ʀ. ʐʘʤʦʚʫ) [5]. 

ʇʦʣʴʟʫʷʩʴ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ 2019 ʛ. [6], 

ʧʨʠʥʠʤʘʝʤ ʟʘ ʨʘʩʯʝʪʥʫʶ ʚʝʣʠʯʠʥʫ ʤʫʪʥʦʩʪʠ ʨ. ʂʫʥʜʨʶʯʴʷ 400 ʛ/ʤ3.  

ɻʣʘʚʥʳʝ ʨʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʚʟʚʝʰʝʥʥʳʭ 

ʥʘʥʦʩʦʚ ï ʥʦʨʤʘ ʩʪʦʢʘ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ 
0

R, ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʤʫʪ-

ʥʦʩʪʴ ʤ.ʩʨ.r , ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʥʘʥʦʩʦʚ ʥW, ʤʦʜʫʣʴ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʥʘʥʦ-

ʩʦʚ ʥM , ʪ/ʢʤ2 [6]. 

ɼʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ ʥʘʥʦʩʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʩ ʫʯʝʪʦʤ ʠʭ ʢʘʩʢʘʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ [7]: 

)( 12ʥʘʢ FFMW -= , 
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ʛʜʝ 2F  ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʜʦ ʦʩʠ ʧʣʦʪʠʥʳ ʜʘʥʥʦʛʦ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʘ, ʢʤ2; 

1F  ï ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʜʦ ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ, 

ʢʤ2. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʠʣʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʦ ʦʪʤʝʪʢʠ ʤʝʨʪ-

ʚʦʛʦ ʦʙʲʝʤʘ ʥʘʟʳʚʘʶʪ ʩʨʦʢʦʤ ʟʘʠʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʩʨʦʢʘ ʟʘʠʣʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠʥʠʤʘʶʪ ʧʦʢʘʟʘʪʝʣʴ 

ʫʩʣʦʚʥʦʡ ʟʘʠʣʷʝʤʦʩʪʠ [7]: 

ʥ

ʤʦ
ʫ

W

W
t = , 

ʛʜʝ ʤʦW  ï ʤʝʨʪʚʳʡ ʦʙʲʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʤ3; 

ʥW  ï ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ ʦʙʲʝʤ ʥʘʥʦʩʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʝ, ʤ3/ʛʦʜ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʭʦʜʦʚ ʠ ʦʙʲʝʤʦʚ ʥʘʥʦʩʦʚ ʧʦ 

52 ʩʦʦʨʫʞʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩʨʦʢ ʠʭ ʟʘʠʣʝʥʠʷ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ˉ ɻʊʉ 

ʧʦ ʨʠ-

ʩʫʥʢʫ 1 

ɺʦʜʦʩʙʦʨʥʘʷ 

ʧʣʦʱʘʜʴ, ʢʤ2 

ʉʨʝʜʥʝʛʦ-

ʜʦʚʦʡ ʨʘʩ-

ʭʦʜ ʚʦʜʳ, 

ʤ3/ʩ 

ʉʪʦʢ ʚʟʚʝʰʝʥʥʳʭ 

ʥʘʥʦʩʦʚ, ʢʛ/ʩ/ 

ʤʦʜʫʣʴ ʩʪʦʢʘ ʥʘʥʦ-

ʩʦʚ, ʪ/(ʢʤ2Ŀʛʦʜ) 

ʆʙʲʝʤ 

ʥʘʥʦʩʦʚ, 

ʪ 

ʉʨʦʢ ʟʘ-

ʠʣʝʥʠʷ, ʣʝʪ 

1 2 3 4 5 6 

ʙ. ɹʦʣʴʰʘʷ ɹʫʛʫʪʢʘ 

1 14,13 

0,08 0,032/18,8 

266,1 22 

2 14,95 15,4 ʙʦʣʝʝ 70 

3 15,45 9,4 22 

4 20,31 91,5 20 

5 23,42 58,6 3 

6 27,05 68,4 69 

7 33,52 121,8 43 

7/8 39,56 113,7 3 

8 45,74 116,4 6 

9 50,97 98,5 50 

10 52,26 24,3 ʙʦʣʝʝ 70 

11 53,53 23,9 15 

ʙ. ʄʘʣʘʷ ɹʫʛʫʪʢʘ 

12 5,04 

0,03 0,012/22,8 

115,0 3 

13 6,77 39,5 ʙʦʣʝʝ 70 

14 7,68 20,8 ʙʦʣʝʝ 70 

15 2,46 56,2 29 

16 11,49 30,8 34 

17 13,56 47,3 ʙʦʣʝʝ 70 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 5 6 

18 14,76 
0,03 0,012/22,8 

27,4 19 

19 16,56 41,1 62 

ʙ. ʉʦʣʸʥʘʷ 

20 2,57 

0,01 0,004/16,7 

42,9 16 

21 3,64 17,9 27 

22 3,75 1,8 ʙʦʣʝʝ 70 

23 0,87 14,5 45 

24 1,27 6,7 45 

25 5,42 6,7 ʙʦʣʝʝ 70 

26 5,67 4,2 ʙʦʣʝʝ 70 

27 6,3 10,5 ʙʦʣʝʝ 70 

28 7,29 16,5 ʙʦʣʝʝ 70 

29 7,55 4,3 ʙʦʣʝʝ 70 

ʙ. ɻʘʣʫʪʘ 

30 2,14 

0,11 0,044/25,6 

54,8 17 

31 2,20 1,54 ʙʦʣʝʝ 70 

32 2,72 13,31 ʙʦʣʝʝ 70 

33 37,17 881,9 57 

34 4,04 103,4 8 

35 5,63 40,70 ʙʦʣʝʝ 70 

36 6,29 16,90 ʙʦʣʝʝ 70 

37 6,65 9,22 ʙʦʣʝʝ 70 

38 9,64 23,04 ʙʦʣʝʝ 70 

39 2,09 53,50 39 

40 1,39 35,58 9 

41 1,67 42,75 10 

42 3,67 15,62 23 

43 4,04 9,47 ʙʦʣʝʝ 70 

44 4,88 21,50 63 

45 5,23 8,96 ʙʦʣʝʝ 70 

46 6,09 22,02 ʙʦʣʝʝ 70 

47 1,24 31,74 10 

ʙ. ʉʦʢʦʣʦʚʩʢʘ ̫

48 0,47 

0,004 0,0016/20,7 

9,7 

ʙʦʣʝʝ 70 

49 1,79 27,27 

50 1,96 3,51 

51 2,21 5,16 

52 2,44 4,75 

ʉʪʦʢ ʥʘʥʦʩʦʚ ʨʘʟʣʠʯʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʙ. ɻʘʣʫʪʘ, ʩʘʤʳʡ ʥʠʟʢʠʡ ʚ ʙ. ʉʦʢʦʣʦʚʩʢʘʷ. ɻʦʜʦ-

ʚʦʡ ʤʦʜʫʣʴ ʥʘʥʦʩʦʚ ʪʘʢʞʝ ʨʘʟʣʠʯʝʥ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 
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(25,6 ʪ/ʢʤ2) ʟʘʬʠʢʩʠʨʦʚʘʥ ʪʘʢʞʝ ʚ ʙ. ɻʘʣʫʪʘ, ʘ ʩʘʤʳʡ ʥʠʟʢʠʡ (16,7 ʪ/ʢʤ2) 

ʚ ʙ. ʉʦʣʸʥʘʷ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʘʩʯʝʪʥʳʭ ʩʨʦʢʦʚ ʟʘʠʣʝʥʠʷ ʤʝʨʪʚʦʛʦ ʦʙʲʝʤʘ, 

ʪʦ ʜʣʷ ʰʝʩʪʠ ʧʨʫʜʦʚ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʠʪ ʤʝʥʝʝ 10 ʣʝʪ. ʕʪʦ ʪʨʠ ʩʦ-

ʦʨʫʞʝʥʠʷ ʥʘ ɹʦʣʴʰʦʡ ɹʫʛʫʪʢʝ, ʜʚʘ ʥʘ ɻʘʣʫʪʝ ʠ ʦʜʠʥ ʚʦʜʦʝʤ ʥʘ ʄʘʣʦʡ 

ɹʫʛʫʪʢʝ. ʇʦ ʨʘʩʯʝʪʘʤ ʤʝʨʪʚʳʡ ʦʙʲʝʤ ʚʦʜʦʝʤʦʚ ˉ 5 ʠ 7/8 ʙʫʜʝʪ ʟʘ-

ʠʣʝʥ ʯʝʨʝʟ 3 ʛʦʜʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʣʝʟʥʦʛʦ ʦʙʲʝʤʘ ʠ 

ʚ ʮʝʣʦʤ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɼʣʷ ʰʝʩʪʠ ʚʦʜʦʝʤʦʚ ʩʨʦʢ 

ʟʘʠʣʝʥʠʷ ʩʦʩʪʘʚʠʪ ʤʝʥʝʝ 20 ʣʝʪ. ʉʫʤʤʘʨʥʦ 23 % ʚʦʜʦʝʤʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʠʣʝʥʳ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʠʭ 10ï20 ʣʝʪ. 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʦʢʘ ʥʘʥʦʩʦʚ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʭʦʜ ʥʘʥʦʩʦʚ, ʦʙʲʝʤ ʠ ʤʦ-

ʜʫʣʴ ʩʪʦʢʘ ʥʘʥʦʩʦʚ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʩ ʫʯʝʪʦʤ ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ 

ʚ ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʜʦʝʤʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʱʠʡ ʦʙʲʝʤ ʥʘʥʦ-

ʩʦʚ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʭʩʷ ʚ ʚʦʜʦʝʤʘʭ, ʟʘ ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 2948,4 ʪ. ʆʧʨʝ-

ʜʝʣʝʥʳ ʚʦʜʦʝʤʳ, ʟʘʠʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚ ʙʣʠʞʘʡʰʠʝ 10 ʣʝʪ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ. ʊ. 7. ɼʦʥʩʢʦʡ ʨʘʡʦʥ / ʩʦʩʪ.: ʀ. ʅ. ɽʞʦʚ [ʠ ʜʨ.]. 

ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1964. 265 ʩ. 

2. ʄʫʭʠʥ ʃ. ʌ. ʈʝʩʫʨʩʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʉʉʉʈ. ʆʩʥʦʚʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊ. 7. ɼʦʥʩʢʦʡ ʨʘʡʦʥ. ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1973. 460 ʩ. 

3. ɾʝʣʝʟʥʷʢʦʚ ɻ. ɺ., ʅʝʛʦʚʩʢʘʷ ʊ. ɸ., ʆʚʯʘʨʦʚ ɽ. ɽ. ɻʠʜʨʦʣʦʛʠʷ, ʛʠʜʨʦʤʝʪʨʠʷ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ / ʧʦʜ ʨʝʜ. ɻ. ɺ. ɾʝʣʝʟʥʷʢʦʚʘ. ʄ.: ʂʦʣʦʩ, 1984. 205 ʩ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʉʇ 33-

101-2003: ʫʪʚ. ɻʦʩʩʪʨʦʝʤ ʈʦʩʩʠʠ 26.12.03. ʄ.: ɻʦʩʩʪʨʦʡ ʈʦʩʩʠʠ, 2004. 85 ʩ. 

5. ʐʘʤʦʚ ɻ. ʀ. ʈʝʯʥʳʝ ʥʘʥʦʩʳ. ʈʝʞʠʤ, ʨʘʩʯʝʪʳ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ. ʄ.: ɻʠʜ-

ʨʦʤʝʪʝʦʠʟʜʘʪ, 1959. 37 ʩ. 

6. ʇʦʥʦʤʘʨʝʥʢʦ ʊ. ʉ., ɹʨʝʝʚʘ ɸ. ɺ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʪʦʢʘ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦ-

ʩʦʚ ʨʝʢʠ ʂʫʥʜʨʶʯʴʷ // ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. 2019. 

ˉ 2(74). ʉ. 61ï66. 

7. ɺʦʩʢʨʝʩʝʥʩʢʠʡ ʂ. ʇ. ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʦʨʫʞʝ-

ʥʠʡ ʥʘ ʤʘʣʳʭ ʨʝʢʘʭ, ʨʫʯʴʷʭ ʠ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʘʭ (ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʧʨʘʢʪʠʢʘ). 

ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1956. 467 c. 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʚʪʦʨʘʭ 

ʊ. ʉ. ʇʦʥʦʤʘʨʝʥʢʦ ï ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ; 

ɸ. ɺ. ɹʨʝʝʚʘ ï ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ. 

Information about the authors 

T. S. Ponomarenko ï Researcher; 

A. V. Breeva ï Junior Researcher. 

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ.  

The authors declare no conflicts of interests. 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ  

çɸʂʊʋɸʃʔʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ  

ʄɽʃʀʆʈɸʊʀɺʅʆɻʆ ʂʆʄʇʃɽʂʉɸè 

63 

ʋɼʂ 631.81 

ʋʧʨʘʚʣʝʥʠʝ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ  

ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʫʯʝʪʦʤ ʪʨʝʥʜʦʚ  

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʀʚʘʥ ʇʝʪʨʦʚʠʯ ɸʙʨʘʤʝʥʢʦ, ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʂʦʚʘʣʝʚ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʩʧʝʢʪʦʚ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʘʥ-

ʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʀɸʉ) çɸʛʨʦʢʣʠʤʘʪʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʝʨʨʠʪʦʨʠʠè. ʈʝʟʫʣʴʪʘʪʳ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʠʟ ʀɸʉ çɸʛʨʦʢʣʠʤʘʪʠʯʝ-

ʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʝʨʨʠʪʦʨʠʠè ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦʩʭʦʜʷʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʨʝʥʜ ʥʝʨʘʚʥʦ-

ʤʝʨʝʥ ʚ ʨʘʟʨʝʟʝ ʚʨʝʤʝʥ ʛʦʜʘ. ɽʞʝʤʝʩʷʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ +1,63 Áʉ ʪʦʣʴʢʦ ʟʘ ʧʝʨʠʦʜ 1997ï2016 ʛʛ., ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʦʚʳʰʝʥʠʠ 

ʨʘʩʭʦʜʘ ʥʘ ʠʩʧʘʨʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʦʪʨʘʞʘʶʪ ʚʦʩʭʦʜʷʱʫʶ 

ʜʠʥʘʤʠʢʫ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ.  

ɺʳʚʦʜʳ. ʈʘʩʯʝʪʳ ʚʦʜʥʳʭ ʙʘʣʘʥʩʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʪʨʝʙʫʶʪ ʘʢʪʫʘʣʴʥʳʭ ʢʦʨʨʝʢʪʠʨʦʚʦʢ. ɸʤʧʣʠʪʫʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʤʦʚ ʚʳʧʘʜʘʶʱʠʭ 

ʦʩʘʜʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʣʠʤʘʪ, ʚʦʜ-

ʥʳʡ ʙʘʣʘʥʩ, ʏʦʛʨʘʡʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

**** ******  
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Abstract. The purpose is to study the aspects of the influence of natural and climatic 

factors on water management activities of a water body. Materials and methods. In the pro-

cess of research, the method of comparative analysis and data obtained from the information 

and analytical system (IAS) ñAgroclimatic Territory Potentialò were used. Results. Data 

analysis from the IAS ñAgroclimatic Territory Potentialò showed that the upward temperature 

trend is uneven in the context of seasons. Monthly temperature indicators in winter increased 

by +1.63 Áʉ only for the period 1997ï2016, which is reflected in evaporation consumption 

increase. The results of long-term observations reflect the upward dynamics of the amount of 

precipitation in Stavropol Territory. Conclusions. Calculations of water balances for the 

Chograi reservoir operation require actual adjustments. Amplitude fluctuations in the volume 

of precipitation should be taken into account when planning a water use scheme.  
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ɺʚʝʜʝʥʠʝ. ɽʩʪʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ. ʆʜʥʠʤ 

ʠʟ ʨʝʛʠʦʥʦʚ, ʛʜʝ ʪʘʢʦʡ ʜʝʬʠʮʠʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʦʩʪʨʦʡ ʬʦʨʤʝ, 

ʷʚʣʷʝʪʩʷ ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ [1]. 

ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʨʝʛʫʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ ʠ ʈʝʩʧʫʙʣʠ-

ʢʠ ʂʘʣʤʳʢʠʷ. 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ï ʛʠʜʨʦʤʝ-

ʣʠʦʨʘʮʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩ-

ʧʫʙʣʠʢʠ ʂʘʣʤʳʢʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʦʜʦʙʥʦʡ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʙʨʝ-

ʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʫʯʘʱʘʶʱʠʤʠʩʷ ʥʘʙʣʶʜʝʥʠ-

ʷʤʠ ʪʘʢʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʤʘʣʦʚʦʜʥʦʩʪʴ [2]. 

ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʉʪʘʚʨʦʧʦʣʴʩʢʦʤʫ 

ʢʨʘʶ ʩʦʩʪʘʚʣʷʶʪ +10 Áʉ, ʧʨʠ ʵʪʦʤ ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚʦʜʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ (ʩ ʘʧʨʝʣʷ ʧʦ ʦʢʪʷʙʨʴ) +17 Áʉ, ʘ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠ-

ʦʜ (ʩ ʥʦʷʙʨʷ ʧʦ ʤʘʨʪ) +0,1 Áʉ. ʈʝʟʢʠʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠ-

ʤʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʘʡʦʥʘʤʠ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ ʥʝ ʥʘʙʣʶʜʘ-

ʝʪʩʷ, ʧʦʵʪʦʤʫ ʩʨʝʜʥʠʝ ʮʠʬʨʳ ʧʨʠʤʝʥʠʤʳ ʢ ʘʨʝʘʣʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩ-

ʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʷ. ɻʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠ-

ʤʘʪʘ, ʬʠʢʩʠʨʫʝʤʦʝ ʚ ʤʠʨʝ, ʚ ʮʝʣʦʤ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʚʦʩʭʦʜʷɦ ʝʤ 

ʪʨʝʥʜʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ. ʉʨʝʜʥʠʡ ʪʝʤʧ 

ʨʦʩʪʘ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʩʦʩʪʘʚʠʣ +0,35 Áʉ ʟʘ ʢʘʞʜʳʝ 10 ʣʝʪ [3]. 

ʆʙʩʫʞʜʝʥʠʝ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ (ʀɸʉ) çɸʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʝʨʨʠʪʦʨʠʠè ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʦʩʭʦʜʷʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʨʝʥʜ ʥʝʨʘʚʥʦʤʝʨʝʥ ʚ ʨʘʟʨʝʟʝ ʚʨʝʤʝʥ 

ʛʦʜʘ, ʪʘʢ, ʥʘʠʙʦʣʴʰʝʝ ʧʦʪʝʧʣʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʟʠʤʥʠʝ ʤʝʩʷʮʳ. 

ɽʞʝʤʝʩʷʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʫʚʝʣʠʯʠ-

ʣʠʩʴ ʥʘ +1,63 Áʉ ʪʦʣʴʢʦ ʟʘ ʧʝʨʠʦʜ 1997ï2016 ʛʛ., ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʧʦʚʳʰʝʥʠʠ ʨʘʩʭʦʜʘ ʥʘ ʠʩʧʘʨʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʏʦʛʨʘʡʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 

500 ʤʤ, ʦʜʥʘʢʦ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢʨʘʷ ʦʥʘ ʥʠʞʝ ʩʨʝʜʥʝʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 

365 ʤʤ. 
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ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʦʪʨʘʞʘʶʪ ʚʦʩʭʦʜʷʱʫʶ 

ʜʠʥʘʤʠʢʫ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʪʘʚʨʦ-

ʧʦʣʴʩʢʦʛʦ ʢʨʘʷ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ ʩʨʝʜʥʝʤ +12 ʤʤ ʢʘʞʜʳʝ 10 ʣʝʪ. 

ʇʨʠ ʵʪʦʤ ʠʤʝʶʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʤʦʚ ʦʩʘʜʢʦʚ ʚ 

ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʥʘʙʣʶʜʝʥʠʡ. ɸʤʧʣʠʪʫʜʘ ʪʘʢʠʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʩʦ-

ʩʪʘʚʣʷʪʴ ʜʦ Ñ130...140 ʤʤ.  

ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝ-

ʢʘʤʠ, ʦʟʝʨʘʤʠ, ʚʨʝʤʝʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ ʙʘʣʦʯʥʳʭ ʩʠʩʪʝʤ. ʅʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʥɹʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ 

ʨ. ɺʦʩʪʦʯʥʳʡ ʄʘʥʳʯ ʜʣʠʥʦʡ 141 ʢʤ ʩ ʧʣʦʱʘʜʴʶ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩ-

ʩʝʡʥʘ 12500 ʢʤ2 ʠ ʨ. ʂʘʣʘʫʩ ʜʣʠʥʦʡ 436 ʢʤ ʩ ʧʣʦʱʘʜʴʶ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ 9700 ʢʤ2, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʣʤʳʢʠʷ ʠ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ (ʨʠʩʫʥʦʢ 1) [4]. 

 

ʈʠʩʫʥʦʢ 1 ï ɺʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ ʨʝʢ ɺʦʩʪʦʯʥʳʡ ʄʘʥʳʯ ʠ ʂʘʣʘʫʩ 

ɺ ʙʘʩʩʝʡʥʝ ʨ. ɺʦʩʪʦʯʥʳʡ ʄʘʥʳʯ ʤʥʦʛʦ ʩʦʣʝʥʳʭ ʦʟʝʨ ʠ ʩʦʣʦʥʯʘ-

ʢʦʚ, ʢ ʢʦʥʮʫ ʣʝʪʘ ʦʥʠ ʧʝʨʝʩʳʭʘʶʪ ʠ ʠʭ ʜʥʠʱʘ ʧʦʢʨʳʚʘʶʪʩʷ ʢʦʨʢʦʡ 

ʩʦʣʝʡ. ʇʠʪʘʥʠʝ ʨʝʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʥʝʛʦʚʦʝ. 

ɺʦʩʪʦʯʥʳʡ ʄʘʥʳʯ ʚʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ ʚʦʜʦʝʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʂʫʤʦ-ʄʘʥʳʯʩʢʦʡ ʚʧʘʜʠʥʝ, ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʩʩʝʡʥʫ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦ-

ʨʷ, ʦʜʥʘʢʦ ʜʦ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʨʝʢʘ ʥʝ ʜʦʪʝʢʘʝʪ, ʘ ʪʝʨʷʝʪʩʷ ʚ ʉʦ-

ʩʪʠʥʩʢʠʭ ʦʟʝʨʘʭ. 
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ʈʝʢʘ ʂʘʣʘʫʩ ʙʝʨʝʪ ʥʘʯʘʣʦ ʥʘ ʉʫʣʪʘʥʩʢʠʭ ʚʳʩʦʪʘʭ. ʉʨʝʜʥʝʤʥʦ-

ʛʦʣʝʪʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ʚ 60 ʢʤ ʦʪ ʫʩʪʴʷ 4,26 ʤ3/ʩ (ʦʙʲʝʤ ʩʪʦʢʘ 

0,134 ʢʤ3/ʛʦʜ). ɺ ʧʝʨʠʦʜ ʣʝʪʥʝʡ ʤʝʞʝʥʠ ʥʘʠʤʝʥʴʰʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,40 ʤ3/ʩ, ʚ ʧʝʨʠʦʜ ʟʠʤʥʝʡ ʤʝʞʝʥʠ ï 0,24 ʤ3/ʩ. ʉʨʝʜ-

ʥʠʡ ʨʘʟʤʘʭ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ 3,8 ʤ, ʤʘʢʩʠʤʘʣʴʥʳʡ ï 

6,9 ʤ. ɺʝʩʝʥʥʝʝ ʧʦʣʦʚʦʜʴʝ ʢʦʨʦʪʢʦʝ, ʥʘʯʠʥʘʝʪʩʷ ʚ ʢʦʥʮʝ ʬʝʚʨʘʣʷ, 

ʧʠʢ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʝʨʝʜʠʥʫ ʤʘʨʪʘ, ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʦʣʦʚʦʜʴʝ ʚ ʩʝʨʝ-

ʜʠʥʝ ʘʧʨʝʣʷ, ʘ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚ ʩʨʝʜʥʝʤ 52 ʜʥʷ. ɿʘ ʵʪʦʪ ʧʝ-

ʨʠʦʜ ʧʨʦʭʦʜʠʪ ʦʢʦʣʦ 35 % ʛʦʜʦʚʦʛʦ ʚʦʜʥʦʛʦ ʩʪʦʢʘ. ʃʝʪʥʷʷ ʤʝʞʝʥʴ 

ʫʩʪʦʡʯʠʚʘʷ ʩ ʵʧʠʟʦʜʠʯʝʩʢʠʤʠ ʧʘʚʦʜʢʘʤʠ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʴʶ ʜʦ 12 ʜʥʝʡ [5]. 

ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʩʨʝʜʠ ʤʝʩʪʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ï  

ʏʦʛʨʘʡʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʏʝʨʥʦʟʝʤʝʣʴʩʢʠʡ ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʘʥʘʣ, 

ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʤ ʨʝʞʠʤʝ ʠ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʳʡ 

ʏʦʛʨʘʡʩʢʠʡ ʛʠʜʨʦʫʟʝʣ. 

ʏʦʛʨʘʡʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʣʦʱʘʜʴʶ ʟʝʨʢʘʣʘ 193 ʢʤ2 ʩ ʦʪʤʝʪ-

ʢʦʡ ʧʨʠ ʅʇʋ 24,2 ʤ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʨ. ɺʦʩʪʦʯʥʳʡ ʄʘʥʳʯ ʚ ɸʨʟʛʠʨ-

ʩʢʦʤ ʨʘʡʦʥʝ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ ʠ ʀʢʠ-ɹʫʨʫʣʴʩʢʦʤ ʠ ʇʨʠʶʪʥʝʥ-

ʩʢʦʤ ʨʘʡʦʥʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʣʤʳʢʠʷ. ɺʭʦʜʠʪ ʚ ʢʘʩʢʘʜ ʄʘʥʳʯʩʢʠʭ ʚʦ-

ʜʦʝʤʦʚ (ʦʟ. ʃʳʩʳʡ ʃʠʤʘʥ, ʦʟ. ʄʘʥʳʯ-ɻʫʜʠʣʦ, ʇʨʦʣʝʪʘʨʩʢʦʝ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʝ). 

ɺ ʏʦʛʨʘʡʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚʧʘʜʘʝʪ ʪʨʠ ʧʨʠʪʦʢʘ, ʵʪʦ ʨ. ʈʘʛʫʣʠ 

(ʜʣʠʥʦʡ 117 ʢʤ ʩ ʧʣʦʱʘʜʴʶ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ 1060 ʢʤ2), ɻʦʣʫʙʴ 

(ʜʣʠʥʦʡ 38 ʢʤ ʩ ʧʣʦʱʘʜʴʶ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ 360 ʢʤ2) ʠ ʏʦʛʨʘʡ 

(ʜʣʠʥʦʡ 111 ʢʤ ʩ ʧʣʦʱʘʜʴʶ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ 1480 ʢʤ2). 

ʇʠʪʘʥʠʝ ʨʝʢ ʩʤʝʰʘʥʥʦʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʛʨʫʥʪʦʚʳʭ ʠ ʧʨʠʪʦʯʥʳʭ 

ʚʦʜ, ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʪʘʣʦʛʦ ʩʥʝʛʘ. ʅʘ ʨ. ʏʦʛʨʘʡ ʚʦ ʚʨʝʤʷ ʪʘʷʥʠʷ 

ʩʥʝʛʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʦʚʦʜʴʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʚʦʜʳ ʩʦ-

ʩʪʘʚʣʷʝʪ 3 ʤ. ɺ ʞʘʨʢʠʝ ʤʝʩʷʮʳ ʣʝʪʘ ʨʝʢʘ ʧʝʨʝʩʳʭʘʝʪ, ʘ ʟʠʤʦʡ ʟʘʤʝʨʟʘʝʪ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ 

ʜʣʷ ʨ. ʈʘʛʫʣʠ, ɻʦʣʫʙʴ, ʏʦʛʨʘʡ ʠ ʂʘʣʘʫʩ (ʨʠʩʫʥʦʢ 2) ʠ ʧʦʩʪʨʦʝʥʘ ʢʨʠ-

ʚʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨ. ʂʘʣʘʫʩ ʧʦ ʛʧ. ɺʦʟʜʚʠʞʝʥʩʢʦʝ (ʨʠʩʫʥʦʢ 3). 

ʇʦ ʛʧ. ɺʦʟʜʚʠʞʝʥʩʢʦʝ ʠʤʝʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʨʷʜ ʥʘʙʣʶʜʝ-

ʥʠʡ (82 ʛʦʜʘ) ʢʘʢ ʚ ʛʦʜʦʚʦʤ, ʪʘʢ ʠ ʚ ʧʦʤʝʩʷʯʥʦʤ ʨʘʟʨʝʟʝ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʜʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʨʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ (ʉʇ 33-101-2003).  
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ʨʘʩʭʦʜʦʚ ʧʦ ʨ. ʂʘʣʘʫʩ (ʛʧ. ɺʦʟʜʚʠʞʝʥʩʢʦʝ) 
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ɼʣʷ ʚʦʜʦʪʦʢʦʚ ʏʦʛʨʘʡ, ɻʦʣʫʙʴ ʠ ʈʘʛʫʣʠ ʨʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʧʦ ʜʚʫʤ 

ʤʝʪʦʜʠʢʘʤ: ʧʨʠ ʥʘʣʠʯʠʠ ʘʥʘʣʦʛʘ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ. ɸʥʘʣʦʛʦʤ ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʧʦʩʣʫʞʠʣʘ ʨ. ʂʘʣʘʫʩ (ʛʧ. ɺʦʟʜʚʠʞʝʥʩʢʦʝ). ʉʦʧʦʩʪʘʚʣʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʚʳʷʚʠʣʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʨʘʩ-

ʯʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʧʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ ʚʥʫʪʨʠʛʦʜʦʚʦ-

ʛʦ ʩʪʦʢʘ ʧʨʠʥʷʪʳ ʨʘʩʭʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʥʘʣʦʛʠʠ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʦʜʦʚʳʭ ʨʘʩʭʦʜʦʚ 

ʧʦ ʠʩʩʣʝʜʫʝʤʳʤ ʚʦʜʦʪʦʢʘʤ.  

ʊʘʙʣʠʮʘ 1 ï ɻʦʜʦʚʦʡ ʨʘʩʭʦʜ ʩʪʦʢʘ  

ɺ ʤ3/ʩ 

ʉʪʚʦʨ 
ʇʣʦʱʘʜʴ  

ʚʦʜʦʩʙʦʨʘ ɸ, ʢʤ2 
CV CS 

ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʈ, % 

25 50 75 95 

ʨ. ʂʘʣʘʫʩ, 

ʛʧ. ɺʦʟʜʚʠʞʝʥʩʢʦʝ 9100 0,61 0,44 9,47 6,55 3,91 0,56 

ʨ. ʈʘʛʫʣʠ, ʫʩʪʴʝ 1034 0,7 1,4 0,28 0,18 0,10 0,04 

ʨ. ʏʦʛʨʘʡ, ʫʩʪʴʝ 1534 0,7 1,4 0,41 0,26 0,15 0,06 

ʨ. ɻʦʣʫʙʴ, ʫʩʪʴʝ 448 0,7 1,4 0,12 0,08 0,04 0,02 

ʈʘʩʯʝʪ ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʢʘ ʜʣʷ ʨ. ʂʘʣʘʫʩ ʚʳʧʦʣ-

ʥʝʥ ʧʦ ʤʝʪʦʜʫ ʨʝʘʣʴʥʦʛʦ ʛʦʜʘ (ʛʧ. ɺʦʟʜʚʠʞʝʥʩʢʦʝ). ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʜʦʣʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʢʘ ʚʦʜʦʪʦʢʦʚ ʏʦʛʨʘʡ, ɻʦʣʫʙʴ ʠ ʈʘʛʫʣʠ (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2 ï ɻʦʜʦʚʦʡ ʦʙʲʝʤ ʩʪʦʢʘ  

ɺ ʤʣʥ ʤ3 

ʉʪʚʦʨ 
ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ ʈ, % 

25 50 75 95 

ʨ. ʂʘʣʘʫʩ, ʛʧ. ɺʦʟʜʚʠʞʝʥʩʢʦʝ 298,69 206,51 123,20 17,51 

ʨ. ʈʘʛʫʣʠ, ʫʩʪʴʝ 8,74 5,52 3,19 1,18 

ʨ. ʏʦʛʨʘʡ, ʫʩʪʴʝ 12,96 8,18 4,73 1,75 

ʨ. ɻʦʣʫʙʴ, ʫʩʪʴʝ 3,79 2,39 1,38 0,51 

ɺʳʚʦʜʳ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʠʭ ʥʦʨʤ ʦʩʘʜ-

ʢʦʚ ʠ ʨʘʩʭʦʜʦʚ ʥʘ ʠʩʧʘʨʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦ-

ʣʦʞʝʥʘ ʠʩʩʣʝʜʫʝʤʘʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ 

ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ. ʈʘʩʯʝʪʳ ʚʦʜʥʳʭ ʙʘʣʘʥ-

ʩʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʪʨʝʙʫʶʪ ʘʢʪʫ-

ʘʣʴʥʳʭ ʢʦʨʨʝʢʪʠʨʦʚʦʢ ʚ ʩʚʷʟʠ ʩ ʚʦʟʨʘʩʪʘʶʱʠʤʠ ʨʘʩʭʦʜʘʤʠ ʥʘ ʠʩʧʘ-

ʨʝʥʠʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ɸʤʧʣʠʪʫʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʤʦʚ ʚʳʧʘʜʘʶ-

ʱʠʭ ʦʩʘʜʢʦʚ, ʬʠʢʩʠʨʫʶʱʠʝʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʆʙʲʝʤʳ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʠʝ 
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ʚ ʏʦʛʨʘʡʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠʟ ʧʨʠʪʦʯʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʣʝʜʫʝʪ 

ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. 
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ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʩʪʨʫʡʥʦʤ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʧʦʣʠʚʝ ʩʝʤʷʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʝʚʦʤ 

ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ɹʘʙʠʯʝʚ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴ-

ʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ ʧʨʠ ʩʪʨʫʡʥʦʤ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʧʦ-

ʣʠʚʝ ʩʝʤʷʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʝʚʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʦʨʦh ʘ-

ʝʤʦʡ ʟʦʥʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʚ 2016ï2018 ʛʛ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʠʢʠ, ʫʩʪʨʦʡʩʪʚʦ, 

ʪʝʭʥʦʣʦʛʠʷ ʠ ʧʦʣʠʚʥʳʝ ʥʦʨʤʳ ʜʣʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʠʚʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʪʨʫʜʥʠ-
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ʢʘʤʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʈʦʩʩʠʡʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠè (ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ 5 %, ʧʨʠ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ï 67,3 ʪ/ʛʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʡʥʳʡ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʧʦʣʠʚ ʩʝʤʷʥ ʧʨʠ ʧʦʩʝʚʝ, ʩʚʝʢʣʘ 

ʩʪʦʣʦʚʘʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʫʨʦʞʘʡʥʦʩʪʴ, ʚʩʭʦʞʝʩʪʴ 

**** ******  

Productivity of table beet depending on nutrient content during 

subsurface jet irrigation of seeds along with sowing 

Aleksandr N. Babichev  
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

Abstract. The purpose of the research is to determine the effect of nutrient content on 

the table beet productivity in case of subsurface jet irrigation of seeds along with sowing. 

The studies were carried out in the Central irrigated zone of Rostov region on meadow cher-

nozem soils in 2016ï2018. During the research, the generally accepted methods, tools, tech-

nology and irrigation rates developed by researchers of the Federal State Budget Scientific 

Establishment ñRussian Scientific Research Institute of Land Improvement Problemsò (FSBSE 

ñRSRILIPò) for this irrigation method were used. As a result of the research it was found that the 

optimal nutrients concentration, when the highest yield ï 67.3 t/ha ï was obtained, is 5 %. 

Keywords: subsurface jet irrigation of seeds during sowing, table beet, nutrient 

content, yield, germination ability 

ɺʚʝʜʝʥʠʝ. ɺʦʟʜʝʣʳʚʘʥʠʝ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʦʩʦʙʝʥʥʦ ʥʘ ʶʛʝ 

ʥʘʰʝʡ ʩʪʨʘʥʳ, ʟʘʯʘʩʪʫʶ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʨʦʰʝʥʠʷ. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʢʫʣʴʪʫʨ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʶʪ ʫʨʦʞʘʡ ʥʘ ʙʦʛʘʨʝ, ʥʦ ʠ ʜʘʞʝ ʥʝ ʜʘʶʪ 

ʚʩʭʦʜʳ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʧʨʠ ʩʫʭʦʡ ʪʝʧʣʦʡ ʚʝʩʥʝ, ʢʦʛʜʘ 

ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʧʣʦʣʶʙʠʚʳʭ ʢʫʣʴʪʫʨ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʣʘʛʠ ʜʣʷ ʧʨʦ-

ʨʘʩʪʘʥʠʷ ʩʝʤʷʥ [1ï4]. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʩʫʱʝʩʪʚʫʝʪ 

ʫʩʪʨʦʡʩʪʚʦ ʠ ʩʧʦʩʦʙ ʧʦʩʝʚʘ ʩʝʤʷʥ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʣʠʚʦʤ, ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ʠ ʚʥʝʜʨʝʥʥʳʝ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ [5ï7]. 

ʅʘʨʷʜʫ ʩ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʧʦʣʠʚʦʤ ʩʝʤʷʥ ʧʨʠ ʧʦʩʝʚʝ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʜʨʫʞʥʳʭ ʠ ʨʘʚʥʦʤʝʨʥʳʭ ʚʩʭʦʜʦʚ ʧʦʣʠʚ ʧʨʦʚʦʜʷʪ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʩ ʚʥʝʩʝʥʠʝʤ ʞʠʜʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʪʠʤʫʣʷʪʦʨʦʚ 

ʨʦʩʪʘ, ʪʘʢʠʭ ʢʘʢ ʄʠʢʨʦʤʘʢ ɸ. ʅʦ ʙʝʩʢʦʥʪʨʦʣʴʥʦʝ ʚʥʝʩʝʥʠʝ ʘʛʨʦʭʠ-

ʤʠʢʘʪʦʚ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ, ʥʦ ʠ 

ʢ ʧʦʣʥʦʡ ʝʝ ʧʦʪʝʨʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʩʝʚʘʭ 

ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ. 
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ʉʪʦʣʦʚʘʷ ʩʚʝʢʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʠʟ-ʟʘ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ɽʝ ʤʦʞʥʦ ʚʦʟʜʝʣʳ-

ʚʘʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʥʘʰʝʡ ʩʪʨʘʥʳ. ʆʩʦʙʝʥʥʦʩʪʴ ʝʝ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʢʦʨʦʪʢʠʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʠ 

ʥʝʡʪʨʘʣʴʥʘ ʢ ʜʣʠʥʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʨʦʢʠ ʧʦʩʝʚʘ 

ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ ʥʘ ʶʛʝ ʈʦʩʩʠʠ ʨʘʩʪʷʥʫʪʳ ʩ ʢʦʥʮʘ ʘʧʨʝʣʷ ʜʦ ʥʘʯʘʣʘ 

ʠʁ ʣʷ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʝʪʥʠʡ ʩʨʦʢ ʧʦʩʝʚʘ, ʪʘʢ ʢʘʢ 

ʫʙʦʨʢʘ ʝʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʠʥʫ ï ʢʦʥʝʮ ʦʩʝʥʠ. ʋʨʦʞʘʡ ʩʚʝʢʣʳ 

ʩʪʦʣʦʚʦʡ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʜʘʥʥʳʡ ʧʝʨʠʦʜ, ʭʦʨʦʰʦ ʭʨʘʥʠʪʩʷ ʚʧʣʦʪʴ 

ʜʦ ʢʦʥʮʘ ʚʝʩʥʳ. 

ʅʦ ʚ ʣʝʪʥʠʡ ʩʨʦʢ ʧʦʩʝʚʘ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʤʘʢʩʠʤʘʣʴ-

ʥʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʘʪʤʦʩʬʝʨʥʘʷ ʠ ʧʦʯʚʝʥʥʘʷ ʟʘʩʫʭʘ, ʩʝʤʝʥʘ ʨʘʩʪʝʥʠʡ 

ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ ʠʩʧʳʪʳʚʘʶʪ ʩʪʨʝʩʩ, ʜʘʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʠʚʦʚ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʦʨʦʩʰʠʝ ʩʝʤʝʥʘ ʧʦʛʠʙʘʶʪ, ʠ ʧʦʣʫʯʝʥʠʝ ʜʨʫʞʥʳʭ ʠ 

ʨʘʚʥʦʤʝʨʥʳʭ ʚʩʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʚʦʟʜʝʣʳʚʘ-

ʥʠʠ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ ʣʝʪʥʝʛʦ ʩʨʦʢʘ ʧʦʩʝʚʘ. 

ʄʝʪʦʜʠʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʚʦʨʝ ʧʦʣʠʚʥʦʡ ʚʦʜʳ, ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʦʨʦʰʘʝʤʦʡ ʟʦʥʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʣʫʛʦʚʦ-

ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚʘʭ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʭ ʚ 2016ï2018 ʛʛ. ʇʘʭʦʪʥʳʡ 

ʩʣʦʡ ʧʦʯʚʳ (0ï25 ʩʤ) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ, ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʦʚʘʣʦ ʧʦ ʛʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪ 17,6 

ʜʦ 18,2 ʤʛ/ʢʛ ʧʦʯʚʳ, ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ 

(25,4ï29,2 ʤʛ/ʢʛ ʧʦʯʚʳ) ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ 

(365ï378 ʤʛ/ʢʛ ʧʦʯʚʳ). ʇʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʩʘʜʢʘʤʠ 2016 ʠ 2017 ʛʛ. 

ʙʳʣʠ ʩʫʭʠʤʠ, 2018 ʛ. ï ʩʨʝʜʥʠʤ. 

ʉʭʝʤʘ ʦʧʳʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʧʦʣʝʚʫʶ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ: 

- ʚʘʨʠʘʥʪ 1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 1 %; 

- ʚʘʨʠʘʥʪ 2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 3 %; 

- ʚʘʨʠʘʥʪ 3. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 5 %; 

- ʚʘʨʠʘʥʪ 4. ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 10 %; 

- ʚʘʨʠʘʥʪ 5. ɹʝʟ ʩʪʨʫʡʥʦʛʦ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʧʦʣʠʚʘ. 

ʈʘʩʯʝʪ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ, ʟʘ-

ʜʘʥʥʦʡ ʩʭʝʤʦʡ ʦʧʳʪʘ, ʧʨʠʚʝʜʝʥ ʜʣʷ 100 ʣ ʨʘʩʪʚʦʨʘ. ʈʘʩʪʚʦʨ ʜʣʷ ʩʪʨʫʡ-
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ʥʦʛʦ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʧʦʣʠʚʘ ʩʝʤʷʥ ʠʟʛʦʪʦʚʣʷʣʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʳʤ ʜʦʟʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʯʝʪʥʳʝ ʜʦʟʳ ʞʠʜʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʜʦʙʨʝʥʠʷ 

(ɾʂʋ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʪʚʦʨʘ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɺʠʜ ʫʜʦʙʨʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʫʜʦʙʨʝʥʠʠ NPK, 

ʢʛ ʜ. ʚ. ʚ 1 ʣ 

ɾʂʋ 

ɼʦʟʘ ɾʂʋ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʜʘʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʧʦ ʚʘʨʠʘʥʪʘʤ 

ʦʧʳʪʘ ʠʟ ʨʘʩʯʝʪʘ ʥʘ 100 ʣ ʨʘʩʪʚʦʨʘ (ʚ ʣ) 

1 % 3 % 5 % 10 % 

ɾʂʋ (N5P10K5) 0,2 5 15 25 50 

ɸʛʨʦʪʝʭʥʠʢʘ ʚ ʦʧʳʪʘʭ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʜʝʡʩʪʚʫʶʱʠʭ 

ʟʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʝʤʣʝʜʝʣʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʠ 

ʩʦʩʪʦʥ̫ʠʷ ʧʦʣʷ. 

ʇʦʩʝʚ ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʛʦʜʘʤ ʩ 1 ʧʦ 4 ʠʶʣʷ. 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʷʣʢʘ çʂʣʝʥè, ʦʙʦʨʫʜʦʚʘʥʥʘʷ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʚʥʫʪ-

ʨʠʧʦʯʚʝʥʥʦʛʦ ʩʪʨʫʡʥʦʛʦ ʧʦʣʠʚʘ ʩʝʤʷʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʝʚʦʤ. 

ʅʦʨʤʘ ʧʨʠ ʩʪʨʫʡʥʦʤ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʧʦʣʠʚʝ ʩʦʩʪʘʚʠʣʘ 1,2 ʤ3/ʛʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʦʨʪʝ ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ ʂʨʳʤʩʢʘʷ ɹʦʨ-

ʱʝʚʘʷ 1. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʱʝʧʨʠʥʷ-

ʪʳʝ ʤʝʪʦʜʠʢʠ [8ï14]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʉʪʨʫʡʥʳʡ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʡ ʧʦʣʠʚ 

ʦʢʘʟʳʚʘʣ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʝʚʫʶ ʚʩʭʦʞʝʩʪʴ ʨʘʩʪʝʥʠʡ 

ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʚʣʘʛʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

(ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 ï ʇʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ ʨʘʩʪʝʥʠʡ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ 

ɺ % 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 
ɺʳʞʠʚʘʝʤʦʩʪʴ 

2016 ʛ. 2017 ʛ. 2018 ʛ. ʩʨʝʜʥʝʝ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 1 % 85,0 82,3 87,5 84,9 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 3 % 85,8 83,5 89,9 86,4 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 5 % 86,0 84,7 89,1 86,6 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 10 % 84,6 83,2 87,8 85,2 

ɹʝʟ ʩʪʨʫʡʥʦʛʦ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦ-

ʛʦ ʧʦʣʠʚʘ (ʢʦʥʪʨʦʣʴ) 81,6 79,1 77,9 79,5 

ʅʉʈ0,5, ʪ/ʛʘ 0,18 

ʅʉʈ0,5, % 0,20 

ʅʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʩʚʝʢʣʳ ʩʪʦʣʦ-

ʚʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʘʨʠʘʥʪʝ, ʚ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʚʦʨʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 5 %, ʚʩʭʦʞʝʩʪʴ ʟʜʝʩʴ 

ʩʦʩʪʘʚʠʣʘ 86,6 % ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ.  
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ʅʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʩʭʦʞʝʩʪʠ ʨʘʩʪʝʥʠʡ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ 

ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʞʘʡ (ʪʘʙʣʠʮʘ 3). ʊʘʢ, ʚ ʚʘʨʠ-

ʘʥʪʝ ʦʧʳʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʘ 5 % ʫʨʦʞʘʡʥʦʩʪʴ ʧʦ ʛʦʜʘʤ ʚʘʨʴ-

ʠʨʦʚʘʣʘ ʦʪ 65,2 ʪ/ʛʘ ʚ 2017 ʛ. ʜʦ 69,8 ʪ/ʛʘ ʚ 2018 ʛ. ɺ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 67,3 ʪ/ʛʘ. 

ʊʘʙʣʠʮʘ 3 ï ʋʨʦʞʘʡʥʦʩʪʴ ʢʦʨʥʝʧʣʦʜʦʚ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ 

ɺ ʪ/ʛʘ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 
ʋʨʦʞʘʡʥʦʩʪʴ 

2016 ʛ. 2017 ʛ. 2018 ʛ. ʩʨʝʜʥʝʝ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 1 % 61,10 60,00 63,5 61,5 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 3 % 65,10 64,30 67,3 65,6 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 5 % 66,80 65,20 69,8 67,3 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 10 % 63,30 62,40 65,5 63,7 

ɹʝʟ ʩʪʨʫʡʥʦʛʦ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦ-

ʛʦ ʧʦʣʠʚʘ (ʢʦʥʪʨʦʣʴ) 57,10 56,40 59,0 57,5 

ʅʉʈ0,5, ʪ/ʛʘ 0,48 

ʅʉʈ0,5, % 0,80 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 3 ʦʙ ʫʨʦʞʘʡʥʦʩʪʠ ʩʚʝʢʣʳ 

ʩʪʦʣʦʚʦʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʫʩʪʘʥʦ-

ʚʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ 

ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʘʧʧʨʦʢʩʠ-

ʤʘʮʠʠ (R2 = 0,87), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ 
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ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɺʳʚʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʦʨʦʰʘʝ-

ʤʦʡ ʟʦʥʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚʘʭ, ʧʦʟʚʦ-

ʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʧʨʠ ʩʪʨʫʡʥʦʤ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʧʦʣʠʚʝ ʩʝʤʷʥ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʩ ʧʦʩʝʚʦʤ. ʅʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 5 %, ʧʦʣʝʚʘʷ ʚʩʭʦʞʝʩʪʴ ʩʦʩʪʘ-

ʚʠʣʘ ʚ ʩʨʝʜʥʝʤ ʟʘ 3 ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 86,6 %, ʫʨʦʞʘʡʥʦʩʪʴ ï 67,3 ʪ/ʛʘ. 

ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʚʝʢʣʳ ʩʪʦʣʦʚʦʡ ʧʨʠ ʩʪʨʫʡʥʦʤ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʧʦ-

ʣʠʚʝ ʩʝʤʷʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʝʚʦʤ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʫʨʘʚʥʝʥʠʝʤ: y = ï0,2725x2 + 3,2913x + 57,99, ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʠʣ R2 = 0,87. 
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ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  

ɹʦʣʴʰʦʛʦ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʘʥʘʣʘ 

ʖʨʠʡ ʄʠʭʘʡʣʦʚʠʯ ʂʦʩʠʯʝʥʢʦ, ʆʣʝʛ ɸʥʜʨʝʝʚʠʯ ɹʘʝʚ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 
ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ: ʠʟʫʯʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɹʦʣʴʰʦʛʦ ʉʪʘʚʨʦ-

ʧʦʣʴʩʢʦʛʦ ʢʘʥʘʣʘ ʥʘ ʧʨʠʤʝʨʝ ʝʛʦ ʯʝʪʚʝʨʪʦʡ ʦʯʝʨʝʜʠ (ɹʉʂ-4). ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: 

ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɹʉʂ-4 ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʐʝʟʠ ʠ ʨʘʩʭʦʜʫ 

ʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ: ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʢʨʳʪʠʷ: ʘ) ʩ ʟʘʢʨʳʪʦʡ 

ʛʝʦʤʝʤʙʨʘʥʦʡ; ʙ) ʩ ʦʪʢʨʳʪʦʡ ʛʝʦʤʝʤʙʨʘʥʦʡ; ʚ) ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʙʝʥʪʦʤʘʪʦʚ ʠ ʢʘʤʝʥʥʦʡ 

ʥʘʙʨʦʩʢʠ. ɸʥʘʣʠʟ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʘʨʠʘʥʪʳ 1 ʠ 2 ʜʘʶʪ ʙʣʠʟʢʠʝ ʢ ʧʨʦʝʢʪʥʦʤʫ 

ʨʘʩʭʦʜʫ ʢʘʥʘʣʘ ʨʝʟʫʣʴʪʘʪʳ (53,0 ʤ3/ʩ). ʆʜʥʘʢʦ ʜʣʷ ʚʘʨʠʘʥʪʘ 3 ʨʘʩʭʦʜ ʚʦʜʳ ʩʦʩʪʘʚʠʣ 

32,0 ʤ3/ʩ, ʯʪʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʧʨʦʝʢʪʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʥʘ 40 %). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʧʦʢʨʳʪʠʷ ʠʟ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʠ (n  = 0,030). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʥʝ 

ʤʦʞʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʨʘʩʯʝʪ ʚʦʜʦ-

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠʟ ʛʝʦʤʝʤʙʨʘʥʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʘ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʭʦʜ ʧʨʠ ʢʦʣʠʯʝ-

ʩʪʚʝ ʧʦʚʨʝʞʜʝʥʠʡ 50=n  ʰʪ. (217,00 =q  ʤ3/ʩʫʪ), ʘ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʚʨʝʞʜʝ-

ʥʠʡ 500 =n  ʰʪ. ʨʘʩʭʦʜ ʙʫʜʝʪ 158,8 ʤ3/ʩʫʪ. ɺʳʚʦʜʳ: ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʜʣʷ ʚʘʨʠʘʥʪʦʚ 1 ʠ 2 ʦʥʠ ʙʣʠʟʢʦ ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʦʝʢʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʢʘʥʘʣʘ 

ɹʉʂ-4 53 ʤ3/ʩ, ʘ ʜʣʷ ʚʘʨʠʘʥʪʘ 3 ʨʘʩʭʦʜ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 32,0 ʤ3/ʩ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʝʨʠʤʝʪʨʘ ʢʘʥʘʣʘ ʧʨʠ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʝ. 
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Hydraulic efficiency of the Great Stavropol Canal 

Yury M. Kosichenko, Oleg A. Baev 
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

Abstract. Purpose: to study the hydraulic efficiency of the Great Stavropol Canal on 

the example of its fourth stage (GSC-4). Materials and methods: the hydraulic efficiency of 

GSC-4 was determined by the Shezy coefficient and water flow. Results: the calculation was 

performed for each coating option: a) with a closed geomembrane; b) with an open geomem-

brane; c) coated with bentomat and rockfill. Calculation analysis showed that options 1 and 

2 give results close to the canal design flow rate (53.0 m3/s). However, for option 3, the water 

flow was 32.0 m3/s, which is much less than the design value (by 40 %). This is due to the 

presence of a rock fill coating (n = 0.030). It follows that the latter option cannot be recom-

mended for use. In addition, the calculation of geomembrane coating water permeability was 

performed. Based on the filtration calculation, it was found that the smallest value of filtration 

flow rate is the flow rate for the number of damages 50 =n  pcs. ( 217,00 =q  m3/day), and 

with a large number of damages 500 =n  pcs. the flow rate will be 158.8 m3/day. Conclu-

sions: analysis of the calculation results showed that for options 1 and 2 they closely coincide 

with the design value of the flow rate of the GSC-4 canal of 53 m3/s, and for option 3 the flow 

rate is greatly reduced and reaches a value of 32.0 m3/s. This is due to the large roughness of 

the canal perimeter during rock placement.  

Keywords: roughness, canal lining, geocomposite materials, geomembrane coating, 

main canal, hydraulic efficiency 

ɺʚʝʜʝʥʠʝ. ʆʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ɹʦʣʴʰʦʛʦ ʉʪʘʚ-

ʨʦʧʦʣʴʩʢʦʛʦ ʢʘʥʘʣʘ (ɹʉʂ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ 

17 ʥʘʠʙʦʣʝʝ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʦʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ [1]. 

ʂʨʫʧʥʝʡʰʘʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠ-

ʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʭʚʘʪʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʙʝʟʚʦʜʥʫʶ ʠ ʟʘʩʫʰʣʠʚʫʶ ʯʘʩʪʴ 

ʢʨʘʷ ʧʣʦʱʘʜʴʶ 2,6 ʤʣʥ ʛʘ. 

ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ɹʉʂ ʦʭʚʘʪʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʜʦʣʠ-

ʥʳ ʤʝʞʜʫ ʨ. ʂʫʙʘʥʴ, ʂʘʣʘʫʩ, ʄʘʥʳʯ ʠ ʂʫʤʘ (ʨʠʩʫʥʦʢ 1). 

ʇʨʦʝʢʪʥʘʷ ʜʣʠʥʘ ʢʘʥʘʣʘ 480 ʢʤ, ʠʟ ʥʠʭ ʧʦʩʪʨʦʝʥʦ 323,5 ʢʤ. ɹʣʘ-

ʛʦʜʘʨʷ ʟʘʚʝʨʰʝʥʠʶ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʝʨʚʦʡ ï ʯʝʪʚʝʨʪʦʡ ʦʯʝʨʝʜʠ ʢʘʥʘʣʘ 

ʨʝʛʠʦʥ ʩʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ ʜʦ 200 ʪʳʩ. ʛʘ. ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʢʘʥʘʣʘ ɹʉʂ-1 ʩʦ-

ʩʪʘʚʣʷʝʪ 180 ʤ3/ʩ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʧʷʪʫʶ ʠ ʰʝ-

ʩʪʫʶ ʦʯʝʨʝʜʠ ɹʉʂ ʜʣʷ ʦʙʚʦʜʥʝʥʠʷ ʩʚʳʰʝ 100 ʪʳʩ. ʛʘ ʚ ʟʘʩʫʰʣʠʚʳʭ 

ʨʘʡʦʥʘʭ ʢʨʘʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ɹʦʣʴʰʦʛʦ 

ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʘʥʘʣʘ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʪʝʨʨʠʪʦʨʠʶ 

ʜʦʣʠʥʳ ʤʝʞʜʫ ʂʫʙʘʥʴʶ, ʂʘʣʘʫʩʦʤ ʠ ʂʫʤʦʡ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ɹʉʂ-1 ʙʳʣʦ ʥʘʯʘʪʦ ʝʱʝ ʚ 1957 ʛ., ʘ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦ ʯʝʪʚʝʨʪʦʡ ʦʯʝʨʝʜʠ ɹʉʂ-4 ï ʚ 1984 ʛ. ʇʝʨʚʳʡ ʧʫʩʢ ʚʦʜʳ ʧʦ ɹʉʂ-4 

ʦʩʫʱʝʩʪʚʠʣʠ ʚ 2006 ʛ. ʏʝʪʚʝʨʪʘʷ ʦʯʝʨʝʜʴ ʢʘʥʘʣʘ ʦʙʝʩʧʝʯʠʪ ʉʪʘʚʨʦ-

ʧʦʣʴʩʢʦʤʫ ʢʨʘʶ 78 ʪʳʩ. ʛʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʠ ʧʦʟʚʦʣʠʪ ʜʘʪʴ ʥʘʜʝʞ-

ʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ 160 ʪʳʩ. ʯʝʣ. 

ʏʝʪʚʝʨʪʘʷ ʦʯʝʨʝʜʴ ʢʘʥʘʣʘ ʩʥʘʯʘʣʘ ʩʪʨʦʠʣʘʩʴ ʚ ʧʝʨʠʦʜ ʩ 1984 

ʧʦ 1992 ʛ., ʟʘʪʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʠʦʩʪʘʥʦʚʠʣʠ ʠ ʚʥʦʚʴ ʚʦʟʦʙʥʦʚʠʣʠ 

ʚ 1999 ʛ., ʧʫʩʢ ʚʦʜʳ ʧʨʦʚʝʣʠ ʚ 2006 ʛ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʢʘʥʘʣʘ ɹʉʂ-4 ʩʦʩʪʘʚʠʣʘ 57 ʢʤ, ʨʘʩʭʦʜ ʚʦʜʳ 53 ʤ3/ʩ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝ-

ʥʠʝ ʧʨʠʥʷʪʦ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤ ʩ ʰʠʨʠʥʦʡ ʢʘʥʘʣʘ ʧʦ ʜʥʫ 3,5 ʤ, ʟʘʣʦ-

ʞʝʥʠʝʤ ʦʪʢʦʩʦʚ 1:3 ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʦʡ 4 ʤ. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʙr -
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ʣʠ ʩʦʦʨʫʞʝʥʳ ʩʙʨʦʩ ʚ ʙʘʣʢʫ ʂʘʤʙʫʣʘʪ, ʆʨʝʭʦʚʩʢʠʡ ʜʶʢʝʨ, ʇʨʦʩʷʥʩʢʠʡ 

ʩʙʨʦʩ, ʘ ʚ 1990 ʛ. ʧʦʩʪʨʦʝʥʳ ɻʨʫʰʝʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʝʤʢʦʩʪʴʶ 

60 ʤʣʥ ʤ3), ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʘʥʘʣ ɹʉʂ-4 ʦʪ 38-ʛʦ ʜʦ 57-ʛʦ ʢʠʣʦʤʝʪʨʘ. 

ɺʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʯʝʪʚʝʨʪʦʡ ʦʯʝʨʝʜʠ ʠ ʦʙʚʦʜʥʝʥʠʝ ʙʘʣʢʠ 

ʂʘʤʙʫʣʘʪ ʠ ʨ. ɸʡʛʫʨʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʠ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 

ʚʦʩʴʤʠ ʨʘʡʦʥʦʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ. 

ɺ 2014 ʛ. ʥʘ ʢʘʥʘʣʝ ɹʉʂ-4 ʚʥʦʚʴ ʧʨʦʜʦʣʞʠʣʠʩʴ ʨʘʙʦʪʳ (ʧʦ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ). ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ, ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʠ ʙʳʩʪʨʦʪʦʢʘ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 2 ʢʤ. ʕʪʠ ʫʯʘʩʪʢʠ ʢʘ-

ʥʘʣʘ ʩʪʘʣʠ ʧʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʩ ʧʨʦʝʢʪʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ 53,0 ʜʦ 5,3 ʤ3/ʩ, ʚʤʝʩʪʦ ʙʝʪʦʥʥʦʛʦ ʣʦʪʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʫʙʳ, 

ʢʦʪʦʨʳʝ ʥʝ ʚʤʝʱʘʣʠ ʧʨʦʝʢʪʥʳʡ ʨʘʩʭʦʜ. 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʚʦʜʳ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʜʥʦ ʠ ʦʪʢʦʩʳ ʢʘ-

ʥʘʣʘ ʚʳʧʦʣʥʝʥʳ ʩ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʢʦʪʦʨʦʝ 

ʚʢʣʶʯʘʣʦ ʩʣʦʡ ʩʫʛʣʠʥʢʘ ʪʦʣʱʠʥʦʡ 1,0 ʤ, ʧʦʣʠʤʝʨʥʫʶ ʛʝʦʤʝʤʙʨʘʥʫ 

ʪʦʣʱʠʥʦʡ 1,0 ʤʤ, ʧʦʢʨʳʪʫʶ ʩʚʝʨʭʫ ʛʝʦʪʝʢʩʪʠʣʝʤ ʧʣʦʪʥʦʩʪʴʶ 600 ʛ/ʤ2 

ʠ ʩʝʪʢʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʩ ʧʦʢʨʳʪʠʝʤ ʩʣʦʝʤ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ 

(ʨʠʩʫʥʦʢ 2). ʇʣʦʱʘʜʴ ʫʢʣʘʜʢʠ ʛʝʦʤʝʤʙʨʘʥʳ, ʩʦʚʤʝʱʝʥʥʦʡ ʩ ʛʝʦʪʝʢ-

ʩʪʠʣʝʤ, ʩʦʩʪʘʚʠʣʘ 61046,1 Ö  ʤ2. 

 

ʈʠʩʫʥʦʢ 2 ï ʆʙʣʠʮʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ ɹʉʂ-4  

(ʘʚʪʦʨ ʬʦʪʦ ɸ. ʖ. ɻʘʨʙʫʟ) 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩ-

ʧʦʣʴʟʫʝʤ ʠʟʚʝʩʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [2ï4], 

ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʢʘʥʘʣʘ ɹʉʂ-4 (ʧʦʣʠʤʝʨʥʘʷ ʛʝʦʤʝʤ-

ʙʨʘʥʘ ʠ ʛʝʦʢʦʤʧʦʟʠʪʥʳʡ ʵʣʝʤʝʥʪ ʩ ʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʫʩʪʨʦʡʩʪʚʦ 

ʦʪʢʨʳʪʦʡ ʛʝʦʤʝʤʙʨʘʥʥʦʡ ʦʙʣʠʮʦʚʢʠ ʠ ʫʩʪʨʦʡʩʪʚʦ ʧʦʢʨʳʪʠʷ ʠʟ ʢʘʤʝʥ-

ʥʦʡ ʥʘʙʨʦʩʢʠ ʠ ʙʝʥʪʦʤʘʪʘ) [5ï11]. 
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ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʘʥʘʣʘ ɹʉʂ-4 ʚʢʣʶʯʘʝʪ: 

1 ɿʘʜʘʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʘ: ʰʠʨʠʥʘ ʢʘʥʘʣʘ ʧʦ ʜʥʫ 

5,3=b  ʤ, ʛʣʫʙʠʥʘ ʩʝʯʝʥʠʷ 5,3=h  ʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʣʦʞʝʥʠʷ ʦʪʢʦʩʘ 

3=m . 

2 ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʤʦʯʝʥʥʳʡ ʧʝʨʠʤʝʪʨ c, ʤ, ʠ ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ w, ʤ2: 

212 mhb ++=c , 

hmhb Ö+=w )( . 

3 ɺʳʯʠʩʣʷʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ R, ʤ: 

c

w
=R . 

4 ʆʧʨʝʜʝʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʐʝʟʠ C  ʧʦ ʬʦʨʤʫʣʝ ʅ. ʅ. ʇʘʚʣʦʚ-

ʩʢʦʛʦ [1, 2]: 

yR
n

C
1
= , 

ʛʜʝ ny 3,1=  ʧʨʠ 0,1>R  ʤ; 

n ï ʢʦʵʬʬʠʮʠʝʥʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʚʘʨʠ-

ʘʥʪʘ 1 016,0=n , ʜʣʷ ʚʘʨʠʘʥʪʘ 2 012,0=n , ʜʣʷ ʚʘʨʠʘʥʪʘ 3 030,0=n . 

5 ʅʘʭʦʜʠʤ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ v, ʤ/ʩ, ʧʦ ʬʦʨʤʫ-

ʣʝ ʐʝʟʠ [2]: 

iRCv Ö= , 

ʛʜʝ i  ï ʫʢʣʦʥ ʜʥʘ ʢʘʥʘʣʘ, ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ 0,00015. 

6 ɺʳʯʠʩʣʷʝʤ ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʢʘʥʘʣʝ Q, ʤ3/ʩ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʘ-

ʨʠʘʥʪʦʚ ʧʦʢʨʪrʠʷ ʨʫʩʣʘ ʧʦ ʬʦʨʤʫʣʝ: 

vQ Öw= . 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʝʤ 

ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʢʨʳʪʠʷ ʢʘʥʘʣʘ: 

ʘ) ʩ ʧʦʣʠʤʝʨʥʦʡ ʛʝʦʤʝʤʙʨʘʥʦʡ ʠ ʛʝʦʢʦʤʧʦʟʠʪʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʚ ʚʠʜʝ ʛʝʦʪʝʢʩʪʠʣʷ ʠ ʫʣʦʞʝʥʥʳʤ ʩʚʝʨʭʫ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ʪʦʣʱʠʥʦʡ 0,10 ʤ; 

ʙ) ʩ ʦʪʢʨʳʪʦʡ ʛʝʦʤʝʤʙʨʘʥʥʦʡ ʦʙʣʠʮʦʚʢʦʡ ʪʦʣʱʠʥʦʡ 3,0 ʤʤ  

(ʧʦʚʳʰʝʥʥʘʷ ʪʦʣʱʠʥʘ ʛʝʦʤʝʤʙʨʘʥʳ ʧʨʠʥʷʪʘ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʝʝ 

ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ). 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ  

çɸʂʊʋɸʃʔʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ  

ʄɽʃʀʆʈɸʊʀɺʅʆɻʆ ʂʆʄʇʃɽʂʉɸè 

80 

ʇʦʜʦʙʥʳʡ ʚʘʨʠʘʥʪ ʙʳʣ ʧʨʠʥʷʪ ɸ. ʄ. ʉʢʫʝʨʦ ʠ ɻ. ʃ. ɺʘʩʢʝʪʪʠ [7] 

ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʦʙʣʠʮʦʚʢʝ ʢʘʥʘʣʦʚ ʛʝʦʤʝʤʙʨʘʥʳ ʠʤʝʶʪ ʥʝʢʦ-

ʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʥʘʧʨʠʤʝʨ 

ʙʝʪʦʥʦʤ ʠʣʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ (ʩʦʭʨʘʥʷʪʴ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ 

ʚʳʜʝʨʞʠʚʘʪʴ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʪʨʝʱʠʥʳ). ʂʨʦʤʝ ʪʦʛʦ, ʦʯʝʥʴ ʥʠʟʢʘʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ, 

ʤʘʣʘʷ ʪʦʣʱʠʥʘ ʛʝʦʤʝʤʙʨʘʥʳ ʥʝ ʫʤʝʥʴʰʘʝʪ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ. 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ [7], ʛʝʦʤʝʤʙʨʘʥʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʢʘʥʘʣʘʭ 

ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʪʘʚʣʷʶʪ ʦʪʢʨʳʪʳʤʠ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʝʯʝʥʠʝ ʢʘ-

ʥʘʣʘ ʠ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʨʳʪʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʨʘʩʭʦʜʘ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʩʢʣʘʜʦʢ ʛʝʦʤʝʤʙʨʘʥʥʦʝ ʧʦ-

ʢʨʳʪʠʝ ʥʘʪʷʛʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʢʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʊʘʢ, ʥʘ ʢʘʥʘʣʝ ʉʝʥʴʦʨʘ ʜʦ ʇʦʨʪʘ (ʇʦʨʪʫʛʘʣʠʷ) ʧʨʦʧʫʩʢʥʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʪʨʝʱʠʥ ʠ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ [7]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʛʝʨʤʝʪʠʟʘ-

ʮʠʷ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ; 

ʚ) ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʠ ʪʦʣʱʠʥʦʡ 0,3 ʤ ʠ ʙʝʥʪʦ-

ʥʠʪʦʚʳʭ ʤʘʪʦʚ ʪʦʣʱʠʥʦʡ 6,0 ʤʤ. ʇʨʠʤʝʥʝʥʠʝ ʙʝʥʪʦʤʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʨʝʛʝʥʝʨʘʮʠʶ ʠ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʘ ʧʦʢʨʳ-

ʪʠʝ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʦʡ ʩʣʫʞʠʪ ʟʘʱʠʪʦʡ ʜʣʷ ʙʝʥʪʦʥʠʪʦʚʳʭ ʤʘʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʦʢʨʳʪʠʷ.  

ʘ ʙ 

  

ʚ 

 

ʘ ï ʩ ʧʦʣʠʤʝʨʥʦʡ ʛʝʦʤʝʤʙʨʘʥʦʡ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ; ʙ ï ʩ ʦʪʢʨʳʪʦʡ 

ʛʝʦʤʝʤʙʨʘʥʦʡ; ʚ ï ʩ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʦʡ ʠ ʙʝʥʪʦʤʘʪʘʤʠ; 1 ï ʞʝʣʝʟʦʙʝʪʦʥʥʦʝ 

ʧʦʢʨʳʪʠʝ; 2 ï ʛʝʦʪʝʢʩʪʠʣʴ; 3 ï ʛʝʦʤʝʤʙʨʘʥʘ; 4 ï ʢʘʤʝʥʥʘʷ ʥʘʙʨʦʩʢʘ; 5 ï ʙʝʥʪʦʤʘʪʳ 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʳ ʚʘʨʠʘʥʪʦʚ ʧʦʢʨʳʪʠʷ ʢʘʥʘʣʘ ɹʉʂ-4 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʢʘ-

ʥʘʣʘ ɹʉʂ-4 ʩ ʪʨʝʤʷ ʚʘʨʠʘʥʪʘʤʠ. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʢʘʥʘʣʘ ɹʉʂ-4 

ʩ ʛʝʦʢʦʤʧʦʟʠʪʥʳʤ ʧʦʢʨʳʪʠʝʤ ʜʣʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʈʘʩʯʝʪʥʘʷ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʢʘʥʘʣʘ 

ɺʘʨʠʘʥʪ 1 ɺʘʨʠʘʥʪ 2 ɺʘʨʠʘʥʪ 3 

ʩ ʧʦʣʠʤʝʨʥʦʡ ʛʝʦʤʝʤʙʨʘ-

ʥʦʡ ʠ ʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ 
ʩ ʦʪʢʨʳʪʦʡ 

ʛʝʦʤʝʤʙʨʘ-

ʥʦʡ 3=d  ʤʤ 

ʩ ʧʦʢʨʳʪʠʝʤ ʢʘ-

ʤʝʥʥʦʡ ʥʘʙʨʦʩʢʦʡ 

10=d  ʩʤ ʠ ʙʝʥ-

ʪʦʤʘʪʦʤ 6=d  ʤʤ 
ʧʨʠ 1=d  ʤʤ ʧʨʠ 2=d  ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʠ n  0,016 0,016 0,012 0,030 

ʉʤʦʯʝʥʥʳʡ ʧʝʨʠ-

ʤʝʪʨ c, ʤ 25,63 24,37 22,47 25,63 

ʇʣʦʱʘʜʴ ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ w, ʤ2 49,0 44,22 37,50 49,0 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʨʘʜʠʫʩ R, ʤ 1,91 1,77 1,67 1,91 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʐʝʟʠ C, ʤ0,5/ʩ 69,50 68,88 89,63 38,56 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ v, ʤ/ʩ 1,176 1,134 1,418 0,653 

ʈʘʩʭʦʜ ʚʦʜʳ ʚ ʢʘ-

ʥʘʣʝ Q, ʤ3/ʩ 57,64 50,15 53,17 32,00 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʘʨʠʘʥʪʳ 1 ʠ 2 ʜʘʶʪ ʨʝʟʫʣʴ-

ʪʘʪʳ, ʙʣʠʟʢʠʝ ʢ ʧʨʦʝʢʪʥʦʤʫ ʨʘʩʭʦʜʫ ʢʘʥʘʣʘ ɹʉʂ-4 (ʨʘʩʭʦʜ 53,0 ʤ3/ʩ). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʚʘʨʠʘʥʪʘ 3 ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʢʘʥʘʣʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 

ʧʨʦʝʢʪʥʦʛʦ (32,0 ʤ3/ʩ). ʆʯʝʚʠʜʥʦ, ʵʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʝʨʠʤʝʪʨ ʢʘʥʘʣʘ 

ʩ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʦʡ (ʧʨʠ 030,0=n ) ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʴ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʐʝʟʠ 56,38=C  ʤ0,5/ʩ ʠ 

ʤʘʣʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʚ ʢʘʥʘʣʝ 653,0=v  ʤ/ʩ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦ-

ʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʚʠʜʫ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʫʩʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʭ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʢʘʥʘʣʝ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʥʘʣʘ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʠʟʫʯʝʥʠʝ ʛʠʜʨʘʚʣʠʢʠ, ʥʦ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ 

ʠʟ ʢʘʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥ-

ʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʧʦʪʝʨʠ ʚʦʜʳ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʯʝʨʝʟ ʦʙ-

ʣʠʮʦʚʢʫ (ʠʣʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʨʘʩʯʝʪ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ). 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʩʤʦʪʨʠʤ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʨʘʩʯʝʪ ʚʦʜʦʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ ʛʝʦʢʦʤʧʦʟʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʘʥʘʣʘ. 

ʈʘʩʯʝʪ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʢʨʳʪʠʷ ʢʘʥʘʣʘ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʨʘʩʯʝʪ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʣʠʮʦʚʢʠ. 

ʌʠʣʴʪʨʘʮʠʦʥʥʳʡ ʨʘʩʭʦʜ ʦʪʜʝʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ (ʦʪʚʝʨʩʪʠʷ) 

ʯʝʨʝʟ ʦʙʣʠʮʦʚʢʫ (ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ) ʢʘʥʘʣʘ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʢʘʢ ʜʚʠʞʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʦʚʨʝʞʜʝʥʠʝ. 

ʈʷʜʦʤ ʫʯʝʥʳʭ, ʪʘʢʠʭ ʢʘʢ ɸ. ɺ. ʀʱʝʥʢʦ, ɸ. ɻ. ɸʣʠʤʦʚ, ʖ. ʄ. ʂʦʩʠ-

ʯʝʥʢʦ, ʆ. ɸ. ɹʘʝʚ, ʉ. ɺ. ʉʦʣʴʩʢʠʡ, ɸ. ʄ. ʉʢʫʝʨʦ, ɻ. ʃ. ɺʘʩʢʝʪʪʠ, 

J. P. Giroud [8, 10, 12] ʠ ʜʨ., ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥ-

ʥʳʝ ʵʢʨʘʥʳ ʠʟ ʛʝʦʤʝʤʙʨʘʥʳ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ 

ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʛʝʦʤʝʤʙʨʘʥʫ ʩ ʧʦ-

ʟʠʮʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʣʘʙʦ-

ʨʘʪʦʨʥʳʤ, ʥʘʪʫʨʥʳʤ ʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʌʠʣʴʪʨʘʮʠʦʥʥʳʡ ʨʘʩʯʝʪ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʝʦʤʝʤʙʨʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʟʘʢʣʯʁʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ [13]. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʵʢʨʘʥʘ ʷʚʣʷʝʪʩʷ ʨʘʩʭʦʜ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʧʦʚʨʝʞʜʝʥʠʝ (ʦʪʚʝʨʩʪʠʝ). 

ʊʘʢ, ʨʘʩʭʦʜ ʬʠʣʴʪʨʘʮʠʠ ʥʘʡʜʝʤ ʜʣʷ ʦʪʜʝʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ 

ʢɻʨʘʥʝ ʧʦ ʥʠʞʝʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ [13]: 

- ʧʨʠ 10/ 12 >kk : 
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ʛʜʝ 1k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʤ3/ʩʫʪ; 

0d  ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʚ ʵʢʨʘʥʝ ʙʝʥʪʦʤʘʪʘ, ʤ; 

0h  ï ʛʣʫʙʠʥʘ ʚʦʜʳ ʚ ʢʘʥʘʣʝ, ʤ; 

0d ï ʪʦʣʱʠʥʘ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ, ʤ; 

0r  ï ʨʘʜʠʫʩ ʦʪʚʝʨʩʪʠʷ ʚ ʵʢʨʘʥʝ ʙʝʥʪʦʤʘʪʘ, ʤ; 

- ʧʨʠ 10/ 12 ¢kk : 
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ʛʜʝ 1h  ï ʥʘʧʦʨ, ʚʦʟʥʠʢʘʶʱʠʡ ʤʝʞʜʫ ʧʦʜʩʪʠʣʘʶʱʠʤ ʠ ʟʘʱʠʪʥʳʤ ʩʣʦ-

ʝʤ, ʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

)/8ln(4

)/8ln(4)(
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pd+sp

pd-d+sp
= , 

ʛʜʝ 21 / kk=s ; 

ʢH  ï ʢʘʧʠʣʣʷʨʥʳʡ ʚʘʢʫʫʤ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ, ʤ. 

ʅʘʡʜʝʤ ʪʝʧʝʨʴ ʨʘʩʭʦʜ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʛʝʦʤʝʤ-

ʙʨʘʥʥʦʛʦ ʵʢʨʘʥʘ ʧʦ ʬʦʨʤʫʣʝ (1) ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

0h  = 5,0 ʤ, 0d = 0,5 ʤ, 0d  = 0,05 ʤ, 1k  = 1,0 ʤ/ʩʫʪ, 0r  = 0,025 ʤ. ʂʦʣʠʯʝ-

ʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ =n 5...10 (ʧʦ ʜʘʥʥʳʤ J. P. Giroud [11]). 

ʇʦʜʩʪʘʚʠʤ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʬʦʨʤʫʣʫ (1) ʩ ʫʯʝʪʦʤ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʚʨʝʞʜʝʥʠʡ 0n . ʇʨʠ 50 =n : 

217,0
)025,014,3/5,08ln(

5)5,00,5(05,00,114,3
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ʉ ʫʯʝʪʦʤ ʚʩʝʡ ʧʣʦʱʘʜʠ ʦʙʣʠʮʦʚʢʠ ʢʘʥʘʣʘ ɹʉʂ-4: 

63,2557000ʢʢ0 Ö=cÖ=LF  ʤ 61046,1 Ö=  ʤ2, 

ʛʜʝ 0F  ï ʧʣʦʱʘʜʴ ʦʙʣʠʮʦʚʢʠ ʢʘʥʘʣʘ, ʤ2; 

ʢL  ï ʜʣʠʥʘ ʢʘʥʘʣʘ, ʢʤ; 

ʢc ï ʩʤʦʯʝʥʥʳʡ ʧʝʨʠʤʝʪʨ, ʤ. 

ʉ ʫʯʝʪʦʤ ʩʫʤʤʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʢʨʫʛʣʳʝ ʦʪʚʝʨ-

ʩʪʠʷ ʥʘʡʜʝʤ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ: 

8,158730217,000ʬ =Ö=Ö= änqQ  ʤ3/ʩʫʪ, 

ʛʜʝ ä 0n  ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʧʣʦʱʘʜʠ 0F . 

ɽʩʣʠ ʫʯʝʩʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʧʣʦʱʘʜʠ ʦʙʣʠ-

ʮʦʚʢʠ 
6

0 1046,1 Ö=F  ʤ2 ʧʨʠ 500=n  ʥʘ 10000 ʤ2, ʦʙʱʠʡ ʨʘʩʭʦʜ ʙʫʜʝʪ 

ʨʘʚʝʥ: 

0,15847300217,000ʬ =Ö=Ö= änqQ  ʤ3/ʩʫʪ. 

ɺʳʚʦʜʳ 

1 ɺʘʨʠʘʥʪʳ 1 ʠ 2 ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩʤʦʯʝʥʥʦ-

ʛʦ ʧʝʨʠʤʝʪʨʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʢʘʥʘʣʘ ʠʟ ʛʝʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʙʣʠʟʢʠʝ ʢ ʧʨʦʝʢʪʥʦʤʫ ʨʘʩʭʦʜʫ, ʨʘʚʥʦʤʫ 

0,53=Q  ʤ3/ʩ. 
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2 ɺʘʨʠʘʥʪ 3 ʧʦʢʨʳʪʠʷ ʠʟ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʠ ʠ ʛʝʦʤʝʤʙʨʘʥʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʠʡ ʨʘʩʭʦʜ ʚ ʢʘʥʘʣʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʠ, ʯʪʦ ʥʝʧʨʠʤʝʥʠʤʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʥʘʣʘ. 

3 ʇʦʪʝʨʠ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʠʟ ʢʘʥʘʣʘ ɹʉʂ-4 ʦʙʫʩʣʦʚʣʝʥʳ ʚʦʟʤʦʞ-

ʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʛʝʦʤʝʤʙʨʘʥʳ ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʝʦʢʦʤ-

ʧʦʟʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

4 ʇʨʦʚʝʜʷ ʨʘʩʯʝʪʳ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʝʦʢʦʤʧʦʟʠʪʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʩ ʚʦʟʤʦʞʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʛʝʦʤʝʤʙʨʘʥʳ ʚ ʧʝʨʠʦʜ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʧʦʚʨʝʞʜʝʥʠʡ (ʦʪʚʝʨʩʪʠʡ) 

50=n  ʰʪ./ʤ2 (ʠʣʠ 7300=än  ʰʪ. ʥʘ ʧʣʦʱʘʜʠ 6
0 1046,1 Ö=F  ʤ2) ʩʫʤ-

ʤʘʨʥʳʡ ʨʘʩʭʦʜ ʧʦʪʝʨʴ ʥʘ ʬʠʣʴʪʨʘʮʠʶ ʩʦʩʪʘʚʠʪ 8,158ʬ=Q  ʤ3/ʩʫʪ. 
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ʋʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʶʛʘ ʈʦʩʩʠʠ 

ɺʘʣʝʨʠʡ ɸʣʝʢʩʝʝʚʠʯ ʄʦʥʘʩʪʳʨʩʢʠʡ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 
ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ: ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʫʨʦʞʘʡ-
ʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ ʥʘ ʶʛʝ ʈʦʩʩʠʠ. ʄʘʪʝ-

ʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʧʳʪʥʦʤ ʧʦʣʠʛʦʥʝ ɹʠʨʶʯʝʢʫʪʩʢʦʡ 
ʦʚʦʱʥʦʡ ʩʝʣʝʢʮʠʦʥʥʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ʚ ɹʘʛʘʝʚʩʢʦʤ ʨʘʡʦʥʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 
ʥʘ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʩʨʝʜʥʝʤʦʱʥʦʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦ-
ʚʘʣʠʩʴ ʤʝʪʦʜʠʢʠ ɹ. ɸ. ɼʦʩʧʝʭʦʚʘ, ɺ. ʌ. ʄʦʠʩʝʡʯʝʥʢʦ ʠ ʄ. ʂ. ʂʘʶʤʦʚʘ. ɼʦʟʳ ʤʠʥʝ-
ʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ ˉ 2018663750 çʈʘʩʯʝʪ 
ʜʦʟ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡè ʥʘ ʧʣʘʥʠʨʫʝʤʫʶ ʫʨʦʞʘʡʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ: 
ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ 
ʫʜʦʙʨʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʞʘʷ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʜʦ ʚʝʣʠʯʠʥʳ ʧʣʘʥʠʨʫʝ-
ʤʦʡ ʫʨʦʞʘʡʥʦʩʪʠ 40 ʪ/ʛʘ. ʌʘʢʪʠʯʝʩʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʝʚʳʰʘʣʘ ʨʘʩʯʝʪʥʫʶ ʧʦ ʚʘʨʠʘʥ-
ʪʘʤ 1ï5 ʥʘ 1,3ï2,1 ʪ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʧʣʘʥʠʨʫʝʤʦʛʦ 
ʫʨʦʞʘʷ 45 ʪ/ʛʘ ʠ ʙʦʣʝʝ ʥʝ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫ-
ʨʳ. ʌʘʢʪʠʯʝʩʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʚ ʚʘʨʠʘʥʪʘʭ 6 ʠ 7 ʚʤʝʩʪʦ 45 ʠ 50 ʪ/ʛʘ ʩʦʩʪʘʚʠʣʘ 44,2 ʠ 
47,1 ʪ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʚʦʜʳ: ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʫʨʦʞʘʡʥʦʩʪʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʦʪ ʩʫʤʤʘʨʥʦʡ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ, ʩʫʤʤʘʨʥʦʛʦ ʚʦ-
ʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʷ ʢʣʫʙʥʝʡ ʥʘ 1 ʢʛ ʜ. ʚ. 
ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʪʦʬʝʣʴ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ, ʜʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙ-
ʨʝʥʠʡ, ʦʨʦʰʝʥʠʝ, ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʷ 
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Abstract. Purpose: to study the impact of mineral fertilizers doses on spring planting 

potatoes yield under irrigation conditions in the south of Russia. Materials and methods: 

the research was carried out at the experimental site of the Biryuchekutskaya vegetable selec-

tion experimental station in Bagaevsky district Rostov region on ordinary medium-thick cher-

nozem. The methods of B. A. Dospekhov, V. F. Moiseychenko and M. K. Kayumov were 

used during the research. The mineral fertilizers doses were calculated using the program 

no. 2018663750 ñCalculation of Mineral Fertilizers Dosesò for the planned yield. Results: 

the analysis of the data obtained found out that with an increase in the mineral fertilizers dos-

es, the potato tubers yield increased to the value of the planned yield of 40 t/ha. The actual 

yield exceeded the calculated one for options 1ï5 by 1.3ï2.1 t/ha, respectively. The fertilizers 

application when calculating the planned yield of 45 t/ha and more did not allow obtaining the 

planned yield of the crop. The actual yield in options 6 and 7 was 44.2 and 47.1 t/ha, instead 

of 45 and 50 t/ha, respectively. Conclusions: according to the research results, the depend-

ence of the potato tubers yield on the total dose of fertilizers, total water consumption and wa-

ter consumption coefficient, increase in the yield of tubers per 1 kg of active agents mineral 

fertilizers was determined. 

Keywords: potatoes of spring planting, doses of mineral fertilizers, irrigation, yield in-

crease 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʨʝʜʠ ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʡ ʧʦʧʫʣʷʨʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʠʝʤʳ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʘʛʨʦʮʝʥʦʟʦʚ, ʩʧʦʩʦʙʘʭ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦ-

ʨʦʜʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ [1, 2]. 

ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚʦʟʜʝ-

ʣʳʚʘʝʤʳʭ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʶʛʘ ʈʦʩʩʠʠ, ʷʚʣʷʝʪʩʷ ʢʘʨʪʦʬʝʣʴ. 

ɺ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ 

ʧʦʩʘʜʢʠ, ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʥʘʠʙʦʣʴ-

ʰʠʝ ʟʘʪʨʘʪʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ʇʦ-

ʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʜʦʟ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝ-

ʥʠʡ ï ʦʜʥʘ ʠʟ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [2ï7]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʮʠʬʨʦʚʠ-

ʟʘʮʠʝʡ ʵʢʦʥʦʤʠʢʠ, ʩʪʦʠʪ ʦʩʪʨʦ ʚʦʧʨʦʩ ʦ ʚʥʝʜʨʝʥʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʪʨʫʜʥʠʢʘʤʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʜʣʷ ʕɺʄ ʜʣʷ ʨʘʩʯʝʪʘ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʜʦʟ ʚʥʝʩʝʥʠʷ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʢʘʣʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʣʘʥʠʨʫʝʤʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ 

ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʝʥʠʷ 
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ʚ ʧʦʩ. ʗʩʥʦʤ ɹʘʛʘʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ɹʠʨʶʯʝʢʫʪʩʢʘʷ 

ʆʉʆʉ ï ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅʎʆ) ʚ 2018ï2019 ʛʛ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ï 

ʯʝʨʥʦʟʝʤ ʦʙʳʢʥʦʚʝʥʥʳʡ ʩʨʝʜʥʝʤʦʱʥʳʡ. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʳ ʚ ʩʣʦʝ  

0ï1,0 ʤ ʧʦʯʚʳ ï ʙʦʣʝʝ 55 %. ɹʠʨʶʯʝʢʫʪʩʢʘʷ ʆʉʆʉ ï ʬʠʣʠʘʣ ʌɻɹʅʋ 

ʌʅʎʆ ʥʘʭʦʜʠʪʩʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʦʨʦʰʘʝʤʦʡ ʟʦʥʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɼʘʥʥʘʷ ʤʝʩʪʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʞʘʨʢʠʤ ʠ ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ. 

ɻʊʂ ʧʦ ʉʝʣʷʥʠʥʦʚʫ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,7, ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʣʘʞʥʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʅ. H. ʀʚʘʥʦʚʫ ï 0,33ï0,44. ʉʫʤʤʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 3200ï3400 Áʉ. ʇʝʨʝʭʦʜ ʪʝʤʧʝʨʘʪʫ-

ʨr  ʯʝʨʝʟ 10 Áʉ ʥʘʩʪʫʧʘʝʪ ʚ ʩʨʝʜʠʥʝ ʘʧʨʝʣʷ. ɿʘ ʛʦʜ ʚʳʧʘʜʘʝʪ ʜʦ 500 ʤʤ 

ʦʩʘʜʢʦʚ, 200ï250 ʤʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ɺ ʪʝʯʝʥʠʝ 

ʛʦʜʘ ʦʩʘʜʢʠ ʚʳʧʘʜʘʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʥʦʩʷʪ ʣʠʚʥʝʚʳʡ ʭʘʨʘʢʪʝʨ [8]. 

ɸʛʨʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʧʳʪ-

ʥʦʤ ʫʯʘʩʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ  

ʉʣʦʡ 

ʧʦʯʚʳ, ʤ 

ʆʨʛʘʥʠʯʝ-

ʩʢʦʝ ʚʝʱʝ-

ʩʪʚʦ, % 

ʉʦʜʝʨʞʘʥʠʝ, ʤʛ/ʢʛ ʧʦʯʚʳ ɽʤʢʦʩʪʴ ʧʦʛʣʦʱʝ-

ʥʠʷ, ʤʛ(ʵʢʚ)/ʢʛ 

ʧʦʯʚʳ 
ɸʟʦʪ  

ʥʠʪʨʘʪʥʳʡ 

ʌʦʩʬʦʨ 

ʧʦʜʚʠʞʥʳʡ 

ʂʘʣʠʡ  

ʦʙʤʝʥʥʳʡ 

0ï0,3 3,7 33 19 390 2,56ï2,88 

0,3ï0,6 2,4 21 23 270 2,11ï2,64 

ɸʛʨʦʪʝʭʥʠʢʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʙʱʝ-

ʧʨʠʥʷʪʦʡ ʜʣʷ ʶʛʘ ʈʦʩʩʠʠ. ɺʳʩʘʞʠʚʘʣʩʷ ʨʘʡʦʥʠʨʦʚʘʥʥʳʡ ʩʦʨʪ ʢʘʨʪʦ-

ʬʝʣʷ ɾʫʢʦʚʩʢʠʡ ʨʘʥʥʠʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʦʙʱʝʧʨʠʥʷʪʳʝ ʤʝʪʦʜʠʢʠ ʧʦʩʪʘʥʦʚʢʠ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ ʠ ʦʙʨʘʙʦʪ-

ʢʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [9ï13]. 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʕɺʄ, ʨʘʩʩʯʠʪʘʣʠ ʜʦʟʳ ʫʜʦʙʨʝʥʠʷ ʥʘ 

ʧʣʘʥʠʨʫʝʤʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʢʦʨʥʝʧʣʦʜʦʚ ʢʘʨʪʦʬʝʣʷ ʦʪ 20 ʜʦ 50 ʪ/ʛʘ, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ɼʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʧʣʘʥʠʨʫʝʤʫʶ 

ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʡ ʧʦʩʘʜʢʠ 

ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 

ʇʣʘʥʠʨʫʝʤʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ, 

ʪ/ʛʘ 

ɼʦʟʘ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, 

ʢʛ ʜ. ʚ./ʛʘ 
ʉʫʤʤʘʨʥʘʷ ʜʦʟʘ 

ʫʜʦʙʨʝʥʠʡ, 

ʢʛ ʜ. ʚ./ʛʘ N P K 

1 20 78,8 87,8 72,2 238,8 

2 25 98,8 109,8 92,2 300,8 

3 30 118,8 131,8 112,2 362,8 

4 35 138,8 153,8 132,2 424,8 

5 (ʢʦʥʪʨʦʣʴ) 40 158,8 175,8 152,2 486,8 

6 45 178,8 197,8 172,2 548,8 

7 50 198,8 219,8 192,2 610,8 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʶʛʘ ʈʦʩʩʠʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 

40 ʪ/ʛʘ, ʯʪʦ ʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʟʘ ʢʦʥʪʨʦʣʴ. ʇʣʘʥʠʨʫʝʤʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʩ-

ʩʯʠʪʘʥʘ ʦʪ ʥʘʠʤʝʥʴʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢ ʥʘʠʙʦʣʴʰʠʤ, ʢʦʛʜʘ-ʣʠʙʦ ʧʦʣʫ-

ʯʝʥʥʳʤ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʜʘʥʥʦʛʦ ʩʦʨʪʘ, ʩ ʰʘʛʦʤ 5 ʪ/ʛʘ. ɺ ʪʘʙʣʠʮʝ 3 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʣʘʥʠʨʫ-

ʝʤʫʶ ʠ ʬʘʢʪʠʯʝʩʢʫʶ ʫʨʦʞʘʡʥʦʩʪʴ, ʩʫʤʤʘʨʥʫʶ ʜʦʟʫ ʫʜʦʙʨʝʥʠʡ ʠ ʧʨʠ-

ʙʘʚʢʫ ʫʨʦʞʘʷ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʥʘ 1 ʢʛ ʜ. ʚ. 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʬʘʢʪʠʯʝʩʢʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʧʨʝʚʳʰʘʣʘ ʧʣʘʥʠʨʫʝʤʫʶ ʚ ʚʘʨʠʘʥʪʘʭ 1ï5 ʥʘ 4,8ï10,6 %. 

ɺ ʚʘʨʠʘʥʪʘʭ ʩ ʧʣʘʥʠʨʫʝʤʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ 45 ʠ 50 ʪ/ʛʘ ʬʘʢʪʠʯʝʩʢʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʙʳʣʘ ʤʝʥʴʰʝ ʥʘ 1,8 ʠ 6,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʙʣʠʮʘ 3 ï ʋʨʦʞʘʡʥʦʩʪʴ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ 

ʧʦʩʘʜʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ  

ɺʘʨʠʘʥʪ  

ʦʧʳʪʘ 

ʇʣʘʥʠʨʫʝ-

ʤʘʷ ʫʨʦʞʘʡ-

ʥʦʩʪʴ, ʪ/ʛʘ 

ʌʘʢʪʠʯʝʩʢʘʷ 

ʫʨʦʞʘʡ-

ʥʦʩʪʴ, ʪ/ʛʘ 

ʉʫʤʤʘʨʥʘʷ ʜʦ-

ʟʘ ʫʜʦʙʨʝʥʠʡ,  

ʢʛ ʜ. ʚ./ʛʘ 

ɿʘʪʨʘʪʳ ʫʜʦʙʨʝʥʠʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʢʛ 

ʧʨʦʜʫʢʮʠʠ, ʢʛ ʜ. ʚ. 

1 20 22,1 238,8 92,5 

2 25 27,6 300,8 91,8 

3 30 33,2 362,8 91,5 

4 35 36,7 424,8 86,4 

5 (ʢʦʥʪʨʦʣʴ) 40 41,3 486,8 84,8 

6 45 44,2 548,8 80,5 

7 50 47,1 610,8 77,1 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʫʨʦʞʘʡʥʦʩʪʠ ʦʪ ʩʫʤʤʘʨʥʦʡ ʜʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ (ʨʠʩʫʥʦʢ 1).  

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʫʤ-

ʤʘʨʥʦʡ ʜʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʚʳʰʘʝʪʩʷ ʠ ʫʨʦʞʘʡʥʦʩʪʴ. 

ɺ ʦʨʦʰʘʝʤʦʤ ʟʝʤʣʝʜʝʣʠʠ ʦʜʥʠ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʩʫʤʤʘʨʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.  

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ 

ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʥʝ ʧʨʝ-

ʚʳʰʘʣʘ 2100 ʤ3/ʛʘ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʜʠʘʧʘʟʦʥʝ 4477ï4715 ʤ3/ʛʘ. 
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʤʤʘʨʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ 

ʤʝʞʜʫ ʚʘʨʠʘʥʪʘʤʠ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʭʦʪʷ ʫʨʦʞʘʡʥʦʩʪʴ ʨʘʟ-

ʥʠʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ʊʘʢ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 22,1 ʪ/ʛʘ ʧʨʦʜʫʢʮʠʠ ʙʳ-

ʣʦ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 4477 ʤ3/ʛʘ ʜʦʩʪʫʧʥʦʡ ʚʣʘʛʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʦʨʦʩʠʪʝʣʴ-

ʥʘʷ ʥʦʨʤʘ ʩʦʩʪʘʚʠʣʘ 44,5 %. ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦ-

ʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʝʥʠʶ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ʊʘʢ, ʚ ʚʘʨʠʘʥʪʘʭ 5ï7 ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1 ʪ ʧʨʦ-

ʜʫʢʮʠʠ ʙʳʣʦ ʟʘʪʨʘʯʝʥʦ ʥʝ ʙʦʣʝʝ 120 ʤ3/ʪ, ʘ ʚ ʚʘʨʠʘʥʪʝ 1, ʛʜʝ ʙʳʣʘ 

ʥʘʠʤʝʥʴʰʘʷ ʜʦʟʘ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʧʦʪʨʝʙ-

ʣʝʥʠʷ ʩʦʩʪʘʚʠʣ 202,6 ʤ3/ʪ. ɿʘʚʠʩʠʤʦʩʪʠ ʫʨʦʞʘʡʥʦʩʪʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦ-

ʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ  

ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʦʪ ʩʫʤʤʘʨʥʦʡ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ 

ʊʘʙʣʠʮʘ 4 ï ɺʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʡ ʧʦʩʘʜʢʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ɺʘʨʠʘʥʪ  

ʦʧʳʪʘ 

ʉʫʤʤʘʨʥʦʝ  

ʚʦʜʦʧʦʪʨʝʙʣʝ-

ʥʠʝ, ʤ3/ʛʘ 

ɺ ʪ. ʯ. ʦʨʦʩʠ-

ʪʝʣʴʥʘʷ ʥʦʨʤʘ, 

ʤ3/ʛʘ 

ʋʨʦʞʘʡʥʦʩʪʴ, 

ʪ/ʛʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʦʜʦʧʦʪʨʝʙʣʝ-

ʥʠʷ, ʤ3/ʪ 

1 4477 2100 22,1 202,6 

2 4518 2100 27,6 163,7 

3 4552 2100 33,2 137,1 

4 4569 2100 36,7 124,5 

5 (ʢʦʥʪʨʦʣʴ) 4613 2100 41,3 111,7 

6 4650 2100 44,2 105,2 

7 4715 2100 47,1 100,1 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪ ʩʫʤʤʘʨʥʦʛʦ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʫʤ-

ʤʘʨʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʞʘʡʥʦʩʪʴ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʩʥʠʞʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʎʝʥ-

ʪʨʘʣʴʥʦʡ ʦʨʦʰʘʝʤʦʡ ʟʦʥʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʢʘʨʪʦʬʝʣʝ ʚʝʩʝʥʥʝʛʦ 

ʩʨʦʢʘ ʧʦʩʘʜʢʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʫʤʤʘʨʥʦʡ ʜʦʟʳ ʤʠʥʝ-
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ʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʨʘʩʪʝʪ ʫʨʦʞʘʡʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʧʨʠʙʘʚʢʘ ʫʨʦʞʘʷ 

ʥʘ 1 ʢʛ ʜ. ʚ. ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʥʠʞʘʝʪʩʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ: 

- ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ ʦʪ ʩʫʤʤʘʨʥʦʡ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ ʚ ʚʠʜʝ 

ʫʨʘʚʥʝʥʠʷ: y = ï0,00008x2 + 0,1309x ï 4,8534, R2 = 0,99;  

- ʫʨʦʞʘʡʥʦʩʪʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ 

ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ: y = ï0,0003x2 + 3,2461x ï 7670, R2 =  

= 0,99;  

- ʫʨʦʞʘʡʥʦʩʪʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʜʦʧʦ-

ʪʨʝʙʣʝʥʠʷ: y = 0,0018x2 ï 0,7899x + 107,12, R2 = 0,99.  
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ʌʠʪʦʤʝʣʠʦʨʘʮʠʷ ï ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ 

ɸʣʝʢʩʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɹʘʙʝʥʢʦ, ʃʠʜʠʷ ʄʠʭʘʡʣʦʚʥʘ ɼʦʢʫʯʘʝʚʘ  
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʦʧʳʪʦʚ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʯʝʥʳʭ ʚ ʦʙʣʘʩʪʠ ʬʠʪʦʤʝʣʠʦʨʘʮʠʠ. 

ʇʨʠʚʝʜʝʥʘ ʚʘʞʥʦʩʪʴ ʨʦʣʠ ʬʠʪʦʤʝʣʠʦʨʘʮʠʠ ʚ ʙʦʨʴʙʝ ʩ ʜʝʛʨʘʜʘʮʠʝʡ ʧʦʯʚ. ɼʦʢʘʟʘʥʦ ʚʣʠ-

ʷʥʠʝ ʬʠʪʦʤʝʣʠʦʨʘʮʠʠ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʝʛʦ ʟʘʧʘʩʦʚ ʚ ʧʦʯʚʝ, ʠʟʤʝʥʝ-

ʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʧʦʯʚʝ, ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʌʠʪʦʤʝʣʠʦʨʘʮʠʷ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʳ, ʫʣʫʯʰʘʝʪ ʝʝ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʧʣʦʪʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ, ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ). ʇʨʠʤʝʥʝʥʠʝ ʬʠʪʦ-

ʤʝʣʠʦʨʘʥʪʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʯʚʳ, ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʥʘ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ ʪʘʢʠʭ ʢʫʣʴʪʫʨ, ʢʘʢ 

ʩʣʘʜʢʠʡ ʩʦʣʦʜʢʦʚʳʡ ʢʦʨʝʥʴ, ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʣʶʮʝʨʥʳ, ʢʦʩʪʨʝʮ ʙʝʟʦʩʪʳʡ, ʢʣʝʚʝʨ ʣʫʛʦ-

ʚʦʡ, ʛʨʝʯʠʭʘ, ʩʫʜʘʥʩʢʘʷ ʪʨʘʚʘ, ʩʦʨʛʦ, ʩʦʷ ʠ ʩʘʬʣʦʨ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ 

ʧʦʯʚʳ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʪʦʤʝʣʠʦʨʘʮʠʷ, ʟʘʩʦʣʝʥʠʝ, ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʣʦʜʦʨʦʜʠʝ, 

ʤʝʣʠʦʨʠʨʫʝʤʳʝ ʧʦʯʚʳ 

**** ******  

Phytoreclamation ï a way of increasing soil fertility 

Alexey A. Babenko, Lidiya  M. Dokuchaeva  
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation  

Abstract. The purpose of the study was to analyze the results of scientific experi-

ments carried out by foreign and Russian scientists in the field of phytoreclamation. The im-
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portance of the vegetative reclamation in controlling soil degradation is given. The influence 

of vegetative reclamation on the increase in humus content and its reserves in soil, a change in 

the content of mobile humic acids in soil and enzymatic activity have been proved. Phytorec-

lamation affects the soil texture, improves its physical properties (density, porosity, structural 

composition). The use of phytomeliorants contributed to the salinity degree decrease in vari-

ous soil horizons, the productivity increase of various agricultural crops on degraded soils. 

The use of such crops as sweet licorice, various types of alfalfa, awnless brome, meadow clo-

ver, buckwheat, Sudanese grass, sorghum, soybeans and safflower as phytomeliorants helps 

to improve soil properties and increase the productivity of cultivated crops.  

Keywords: phytoreclamation, salinization, humification, fertility, reclaimed soils  

ɺʚʝʜʝʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ 

ʧʦʯʚ (ʟʘʩʦʣʝʥʠʝ, ʦʢʠʩʣʝʥʠʝ, ʟʘʙʦʣʘʯʠʚʘʥʠʝ, ʨʘʟʥʳʝ ʚʠʜʳ ʵʨʦʟʠʡ) 

ʢʨʘʡʥʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʢʝ ʚ ʘʛʨʘʨʥʦʤ ʩʝʢʪʦʨʝ ʠ 

ʟʘʩʪʘʚʣʷʝʪ ʫʯʝʥʳʭ ʠ ʨʘʙʦʪʥʠʢʦʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʫʜʝʣʷʪʴ ʙʦʣʴʰʦʝ ʚʥʠ-

ʤʘʥʠʝ ʨʘʟʨʘʙʦʪʢʘʤ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʫʩʢʦʨʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʨʝʩʪʘʚʨʘʮʠʠ ʧʦʯʚ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ 

ʷʚʣʷʝʪʩʷ ʬʠʪʦʤʝʣʠʦʨʘʮʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʩʦʭʨʘʥʝʥʠʶ, ʦʙʦʛʘʱʝʥʠʶ 

ʠ ʦʭʨʘʥʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʠ ʵʢʦʪʠʧʳ ʨʘʩʪʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʩʦʣʝʥʠʶ 

ʧʦʯʚ, ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʵʨʦʟʠʠ, ʦʙʦ-

ʛʘʱʘʶʪ ʧʦʯʚʫ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʫʣʫʯʰʘʶʪ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʯʚ (ʧʣʦʪʥʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ, ʩʪʨʫʢʪʫʨʥʳʡ ʩʦʩʪʘʚ). 

ʆʙʩʫʞʜʝʥʠʝ. ʇʨʦʚʝʜʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʚʦʜʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʥʝ ʩʤʦʛʣʦ ʧʨʠʦʩʪʘʥʦʚʠʪʴ ʪʝʥ-

ʜʝʥʮʠʶ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʟʘʩʦʣʝʥʥʦʩʪʠ ʛʨʫʥʪʘ. ɺ ʧʦʩʣʝʜ-

ʥʝʝ ʚʨʝʤʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩʪʘʣʠ ʫʜʝʣʷʪʴ ʚʥʠʤʘ-

ʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʨʝʥʘʞʘ ʬʠʪʦʤʝʣʠʦ-

ʨʘʥʪʦʚ (ʢʣʝʚʝʨ, ʩʣʘʜʢʠʡ ʩʦʣʦʜʢʦʚʳʡ ʢʦʨʝʥʴ, ʪʦʧʦʣʴ, ʠʚʘ, ʰʝʣʢʦʚʠʮʘ 

ʙʝʣʘʷ, ʚʷʟ ʧʨʠʟʝʤʠʩʪʳʡ, ʷʩʝʥʴ ʧʝʥʩʠʣʴʚʘʥʩʢʠʡ) [2]. 

ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ ʚʳʨʘʱʠʚʘʥʠʝ 

ʩʦʣʦʜʢʦʚʦʛʦ ʢʦʨʥʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʮʝʥʥʝʡʰʠʤ ʩʳʨʴʝʚʳʤ ʨʘʩʪʝʥʠʝʤ, 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʤʝʥʴʰʝʥʠʶ ʟʘʩʦʣʝʥʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ 

ʧʦʯʚʳ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʊʘʢ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀ. ʈʘʭʤʦʥʦʚʘ, ʋ. ʊʘʰʙʝʢʦʚʘ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦ-

ʣʦʜʢʦʚʦʛʦ ʢʦʨʥʷ ʚ ʫʣʫʯʰʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ, ʫʤʝʥʴʰʝʥʠʠ 

ʠʭ ʟʘʩʦʣʝʥʥʦʩʪʠ ʠ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ [2]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ 2014 ʧʦ 2018 ʛ. ʚ ʦʧʳʪʥʦʤ ʭʦ-

ʟʷʡʩʪʚʝ çɻʘʣʘʙʘ ʠ ʅʘʚʙʘʭʦʨè (ɹʘʷʫʪʩʢʠʡ ʨʘʡʦʥ ʉʳʨʜʘʨʴʠʥʩʢʦʡ ʦʙ-

https://www.multitran.com/m.exe?s=awnless+brome&l1=1&l2=2
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ʣʘʩʪʠ) ʥʘ ʩʝʨʦʟʝʤʥʦ-ʣʫʛʦʚʳʭ ʦʜʥʦʨʦʜʥʳʭ, ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯ-

ʚʘʭ ʩʦ ʩʣʘʙʳʤ ʠ ʩʨʝʜʥʠʤ ʟʘʩʦʣʝʥʠʝʤ ʧʦ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦ-

ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʤʫ ʪʠʧʫ. ɺʩʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʝʞʠʤʦʤ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ (ʢʦʣʝʙʘʥʠʷ ʦʪ 1,65 ʜʦ 3,2 ʤ) ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʢʦʣʝʙʘʥʠʷ ʦʪ 4ï5 

ʜʦ 5ï6,5 ʛ/ʜʤ3) ʧʦʯʚ ʚʳʧʦʣʥʷʣʠʩʴ ʢʨʫʛʣʦʛʦʜʠʯʥʦ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʛʣʫʙʠʥʫ 20ï30 ʩʤ. ʈʘʟʤʝʨ ʧʦ-

ʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʜʣʠʥʘ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ï 10ï15 ʩʤ, ʜʠʘʤʝʪʨ  

1ï1,5 ʩʤ, ʩ ʦʩʪʘʚʣʝʥʠʝʤ ʪʨʝʭ-ʯʝʪʳʨʝʭ ʧʦʯʝʢ. ʉʭʝʤʘ ʧʦʩʘʜʢʠ 70 Ĭ  

Ĭ 10...15 ʩʤ, ʛʣʫʙʠʥʘ ʧʦʩʘʜʢʠ ʦʩʝʥʴʶ 15ï20 ʩʤ, ʘ ʣʝʪʦʤ ï 10ï15 ʩʤ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʝʛʝʪʘʮʠʠ ï ʦʪ 207 ʜʦ 234 ʜʥʝʡ. ɺ ʤʘʝ ʚʥʦʩʠʣʠʩʴ 

ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ: 150 ʢʛ/ʛʘ ʘʟʦʪʘ, 50 ʢʛ/ʛʘ ʬʦʩʬʦʨʘ, 50 ʢʛ/ʛʘ ʢʘ-

ʣʠʷ, ʠ ʧʨʦʚʦʜʠʣʩʷ ʧʦʣʠʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʥʝ ʤʝʥʝʝ 70ï75 %. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʦʣʦʜʢʦʚʦʛʦ ʢʦʨʥʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʫʶ ʧʦʨʦʟʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ ʘʵʨʘʮʠʠ 

ʩʣʘʙʦ- ʠ ʩʨʝʜʥʝʟʘʩʦʣʝʥʥʳʭ ʩʝʨʦʟʝʤʥʦ-ʣʫʛʦʚʳʭ ʧʦʯʚ ʟʘ ʩʯʝʪ ʥʘʢʦʧʣʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʧʦʯʚʝ, ʩʥʠʟʠʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ. 

ɿʘʩʦʣʝʥʥʦʩʪʴ ʧʦʯʚ ʚ ʚʘʨʠʘʥʪʘʭ ʙʝʟ ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʦʣʦʜʢʦʚʦʛʦ 

ʢʦʨʥʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʚ ʣʝʪ-

ʥʠʡ ʧʝʨʠʦʜ, ʘ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʩʦʣʦʜʢʦʚʳʤ ʢʦʨʥʝʤ ʟʘ ʩʯʝʪ ʨʘʩʭʦʜʘ ʚʣʘʛʠ 

ʥʘ ʪʨʘʥʩʧʠʨʘʮʠʶ ʥʘʢʦʧʣʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʥʝ ʥʘʙʣʶʜʘ-

ʣʦʩʴ. ʌʠʪʦʤʝʣʠʦʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʩʦʣʦʜʢʦʚʦʛʦ ʢʦʨʥʷ ʧʨʦʷʚʣʷʝʪʩʷ 

ʥʘ 2ï3-ʡ ʛʦʜ ʞʠʟʥʠ. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʚʦʟʜʝʣʳʚʘʥʠʝ ʩʦʣʦʜʢʦʚʦʛʦ ʢʦʨʥʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ ʫʣʫʯʰʘ-

ʝʪ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʫʤʝʥʴʰʘʝʪ ʩʪʝʧʝʥʴ ʠʭ ʟʘʩʦʣʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʧʣʦʜʦʨʦʜʠʝ ʤʝ-

ʣʠʦʨʠʨʫʝʤʳʭ ʧʦʯʚ [2]. 

ʌʠʪʦʤʝʣʠʦʨʘʥʪʳ ʚ ʚʠʜʝ ʣʝʩʥʳʭ ʠ ʧʣʦʜʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ (ʣʶʮʝʨʥʘ, ʢʣʝʚʝʨ, ʪʨʘʚʦʩʤʝʩʠ) ʠʛʨʘʶʪ 

ʨʦʣʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʨʝʥʘʞʘ, ʧʦʥʠʞʘʷ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʜʦ ʢʨʠ-

ʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ [3]. 

ɺʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʠʛʨʘʝʪ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʥʘʢʦʧʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʚʠʜʝ ʢʦʨʥʝʚʳʭ ʦʩʪʘʪʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʪʝʢʘ-

ʥʠʷ ʧʨʦʮʝʩʩʘ ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʌʠʪʦʤʝʣʠʦʨʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ 
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ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʤʝʪʦʜ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ, ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [4]. 

ʃ. ʅ. ʇʫpʪʦʚʘ, ʀ. ɺ. ʂʠʩʝʣʝʚʘ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʚʦʜʠʣʠ 

ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʧʦʩʝʚʦʚ ʨʘʟʣʠʯʥʳʭ ʪʨʘʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫ-

ʤʫʩʘ, ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚʳ, ʬʝʨʤʝʥʪʘʪʠʚ-

ʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ ʘʛʨʦʪʝʤʥʦʛʫʤʫʩʦʚʳʭ ʦʪʙʝ-

ʣʝʥʥʳʭ ʧʦʯʚ ʇʨʠʤʦʨʴʷ [4]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2014ï2015 ʛʛ. 

ʚ ʇʨʠʤʅʀʀʉʍ ʥʘ ʘʛʨʦʪʝʤʥʦʛʫʤʫʩʦʚʳʭ ʦʪʙʝʣʝʥʥʳʭ ʧʦʯʚʘʭ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʝʣʠʦʨʘʥʪʦʚ ʩʣʝʜʫʶʱʠʭ ʢʫʣʴʪʫʨ: ʣʶʮʝʨʥʘ 

(ʩʦʨʪ ʅʘʭʦʜʢʘ), ʢʦʩʪʨʝʮ (ʇʝʨʚʦʤʘʡʩʢʠʡ), ʢʣʝʚʝʨ (ʂʦʤʘʥʜʦʨ), ʜʦʥʥʠʢ 

(ʆʙʩʢʠʡ ʛʠʛʘʥʪ), ʛʨʝʯʠʭʘ (ʩʦʨʪ ʇʨʠʤʦʨʩʢʠʡ 71). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ ʥʘ ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ (ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʝʛʦ ʵʥʝʨʛʦʟʘʧʘʩʦʚ). 

ʅʘʠʙʦʣʴʰʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫ-

ʩʘ ʠ ʝʛʦ ʵʥʝʨʛʦʟʘʧʘʩʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʧʦʩʝʚʘʤʠ ʣʶʮʝʨ-

ʥʳ ʠ ʢʦʩʪʨʝʮʘ. ʆʪʤʝʯʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʛʫʤʫʩʘ ʠ ʩʥʠ-

ʞʝʥʠʝ ʫʨʦʚʥʷ ʢʘʪʘʣʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ ʧʦʩʝʚʘʭ ʣʶʮʝʨʥʳ, ʢʦʩʪʨʝʮʘ ʠ ʢʣʝʚʝʨʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʬʠʪʦʤʝʣʠʦʨʘ-

ʪʠʚʥʦʛʦ ʦʧʳʪʘ ʧʨʦʪʝʢʘʣʦ ʧʨʠ ʩʣʘʙʦʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʩʨʝʜʳ ʣʝʪʦʤ ʠ 

ʥʝʡʪʨʘʣʴʥʦʡ ï ʦʩʝʥʴʶ. ʇʦʢʘʟʘʪʝʣʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʳ ʚ ʧʦʩʝʚʘʭ ʣʶʮʝʨʥʳ, ʢʦʩʪʨʝʮʘ ʠ ʜʦʥʥʠʢʘ (4,64ï8,84 ʤʛ/100 ʛ 

ʧʦʯʚʳ) ʠ ʚʦʟʨʘʩʪʘʶʪ ʜʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʚ ʚʘʨʠʘʥʪʘʭ: ʢʦʥʪʨʦʣʴ, 

ʢʣʝʚʝʨ, ʛʨʝʯʠʭʘ [4]. 

ʃ. ʅ. ʇʫʨʪʦʚʘ, ʃ. ʅ. ʑʘʧʦʚʘ, ɸ. ʅ. ɽʤʝʣʴʷʥʦʚ, ʉ. ʅ. ʀʥʰʘʢʦʚʘ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ ʥʘ ʧʣʦ-

ʜʦʨʦʜʠʝ ʘʛʨʦʘʙʨʘʟʝʤʦʚ ʇʨʠʤʦʨʴʷ [5]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2012ï2013 ʛʛ. ʥʘ ʧʦʣʷʭ ʇʨʠʤʅʀʀʉʍ 

ʚ ʧʨʝʜʝʣʘʭ ʩʫʭʦʜʦʣʴʥʦʡ ʯʘʩʪʠ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. ʉʦʜʝʨʞʘʥʠʝ 

ʛʫʤʫʩʘ ʥʠʟʢʦʝ, ʚ ʢʘʯʝʩʪʚʝ ʤʝʣʠʦʨʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʶʮʝʨʥʘ ʠʟ-

ʤʝʥʯʠʚʘʷ, ʢʦʩʪʨʝʮ ʙʝʟʦʩʪʳʡ, ʢʣʝʚʝʨ ʣʫʛʦʚʦʡ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʠʣ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ ʥʘ ʛʫʤʫʩʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʘʛʨʦʘʙʨʘʟʝʤʦʚ ʇʨʠʤʦʨʴʷ. ɻʫʤʫʩ ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʠ ʟʘʧʘʩʳ, ʜʦʤʠʥʠʨʫʶʪ ʛʫʤʠʥʦ-
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ʚʳʝ ʢʠʩʣʦʪʳ. ɺʦʟʨʘʩʪʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʩʦʩʪʘʚʝ ʛʫ-

ʤʫʩʘ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʫʣʫʯʰʝʥʠʠ ʝʛʦ ʢʘʯʝʩʪʚʘ. 

ɸʛʨʦʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʚ ʠʟʤʝʥʷʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴʶ ʞʠʟʥʠ ʪʨʘʚ (ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ ʠ ʫʤʝʥʴʰʝ-

ʥʠʝ ʧʦʨʠʩʪʦʩʪʠ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʘʛʨʦʪʝʭʥʠ-

ʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʨʘʟʫʧʣʦʪʥʝʥʠʶ ʧʦʯʚʳ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʬʠʪʦʤʝʣʠʦʨʘʥ-

ʪʦʤ ʥʘ ʘʛʨʦʘʙʨʘʟʝʤʘʭ ʇʨʠʤʦʨʴʷ ʷʚʣʷʝʪʩʷ ʣʶʮʝʨʥʘ. 

ɿʘʬʠʢʩʠʨʦʚʘʥʳ ʧʦʟʠʪʠʚʥʳʝ ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝ-

ʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʛʫʤʫʩʘ (ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʛʫʤʫʩʘ ʩ ʬʫʣʴʚʘʪʥʦʛʦ ʥʘ ʬʫʣʴʚʘʪʥʦ-ʛʫʤʘʪʥʳʡ) [5]. 

ʊ. ɸʪʘʢʫʣʦʚ, ɾ. ʆʩʧʘʥʙʘʝʚ, ʂ. ɽʨʞʘʥʦʚʘ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʬʠʪʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʝʚʦʦʙʦʨʦʪʦʚ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠ-

ʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʜʠʥʘʤʠʢʫ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʡ 

ʚ ʧʦʯʚʝ [6]. ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2016 ʛ. ʥʘ ʩʝʨʦ-

ʙʫʨʳʭ, ʪʘʢʳʨʦʚʠʜʥʳʭ ʧʦʯʚʘʭ ɹʘʣʭʘʰʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʤʘʪʠʥʩʢʦʡ ʦʙ-

ʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ, 

ʩʦʨʛʦ, ʩʦʠ ʠ ʩʘʬʣʦʨʘ. ʇʦʯʚʳ ï ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ. ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 70 % ʅɺ ʢʘ-

ʧʝʣʴʥʳʤ ʦʨʦʰʝʥʠʝʤ. ʇʦʩʝʚ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 23 ʤʘʷ 

2016 ʛ., ʘ ʫʙʦʨʢʘ 25 ʘʚʛʫʩʪʘ 2016 ʛ. 

ɸʥʘʣʠʟ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʜʝʨʞʘʥʠʠ ʧʣʦʪʥʦʛʦ ʦʩʪʘʪʢʘ 

ʩʦʣʝʡ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʠ ʦʩʪʘʪʦʯʥʳʭ ʩʦʣʝʡ ʧʝʨʝʜ ʫʙʦʨʢʦʡ ʚʳʷʚʠʣ, ʯʪʦ 

ʬʠʪʦʤʝʣʠʦʨʘʥʪʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʝʡ 

ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʥʘ 31ï34 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʫʣʴʪʫʨʳ ʠ  

ʥʘ 20ï23 % ï ʚ ʥʠʞʥʝʤ. ʀʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʬʠʪʦʤʝʣʠʦʨʘʥ-

ʪʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʩʦʨʛʦ 

(731,2 ʮ/ʛʘ), ʩʫʜʘʥʩʢʦʡ ʪʨʘʚʳ (954,4 ʮ/ʛʘ), ʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʤʷʥ ʩʦʠ 

ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 54,0ï54,5 ʮ/ʛʘ [6]. 

ʌʠʪʦʤʝʣʠʦʨʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʛʫʤʫʩʘ ʠ ʵʣʝʤʝʥʪʦʚ 

ʧʠʪʘʥʠʷ ʚ ʧʦʯʚʝ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ ʝʝ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʣʷ ʟʘ-

ʢʨʝʧʣʝʥʠʷ ʜʦʩʪʠʛʥʫʪʦʛʦ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʥʝʜʨʷʪʴ ʥʘ ʵʪʠʭ ʧʦʯʚʘʭ ʩʠʩʪʝʤʳ ʩʝʚʦʦʙʦʨʦʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟ-

ʣʠʯʥʳʭ ʧʘʨʦʚ [7]. 

ʅʝʢʦʪʦʨʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʭ ʩʦ-

ʣʦʥʮʦʚ ʦʢʘʟʳʚʘʶʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ  

çɸʂʊʋɸʃʔʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ  

ʄɽʃʀʆʈɸʊʀɺʅʆɻʆ ʂʆʄʇʃɽʂʉɸè 

97 

ʧʦʯʚʳ (ʪʝʧʣʦʝʤʢʦʩʪʴ, ʪʝʧʣʦ- ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ), ʟʘʚʠʩʷʱʠʝ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ, 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʣʘʞʥʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʩʣʦ-

ʞʝʥʠʷ ʠ ʧʦʨʦʟʥʦʩʪʠ. 

ʉ. ɺ. ʄʘʢʘʨʳʯʝʚ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʫʯʘʣ ʜʠʥʘʤʠʢʫ ʪʝʧ-

ʣʦʚʳʭ ʩʚʦʡʩʪʚ ʥʘ ʩʦʣʦʥʮʘʭ ʣʫʛʦʚʳʭ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʭ, ʤʘʣʦ-

ʥʘʪʨʠʝʚʳʭ ʚ ʩʝʚʦʦʙʦʨʦʪʘʭ ʩ ʩʠʜʝʨʘʣʴʥʳʤ ʠ ʯʝʨʥʳʤ ʧʘʨʘʤʠ, ʘ ʪʘʢʞʝ 

ʥʘ ʯʝʨʥʦʟʝʤʥʦ-ʣʫʛʦʚʦʡ ʧʦʯʚʝ ʚ ʧʦʜʟʦʥʝ ʶʞʥʳʭ ʯʝʨʥʦʟʝʤʦʚ ʟʘʩʫʰʣʠ-

ʚʦʡ ʩʪʝʧʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʭʦʟʘ çɻʫʩʝʣʝʪʦʚ-

ʩʢʠʡè ʈʦʤʘʥʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʚ ʢʘʯʝʩʪʚʝ ʬʠʪʦʤʝʣʠʦ-

ʨʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʫʜʘʥʩʢʘʷ ʪʨʘʚʘ ʠ ʣʦʤʢʦʢʦʣʦʩʥʠʢ ʩʠʪʥʠʢʦʚʳʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʵʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ 5ï6 %, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʤʝʥʥʦʛʦ ʥʘʪʨʠʷ ʚ ʠʣʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 10 %. 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʜʝʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʜʦʥʥʠʢ, ʟʘʜʝʣʢʘ 

ʚ ʧʦʯʚʫ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʪʷʞʝʣʦʡ ʜʠʩʢʦʚʦʡ ʙʦʨʦʥʦʡ ɹɼʊ-2,5ɸ 

ʚ ʪʨʠ ʩʣʝʜʘ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 15 ʩʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʢʘʪʳʚʘʥʠʝʤ 

ʢʦʣʴʯʘʪʳʤʠ ʢʘʪʢʘʤʠ ʚ ʜʚʘ ʩʣʝʜʘ ʠ ʙʝʟʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʥʘ ʛʣʫ-

ʙʠʥʫ 25ï27 ʩʤ ʜʣʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʨʝ-

ʜʝʣʠʣʠ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʠʪʦʤʝʣʠʦʨʘʮʠʠ ʧʨʦʠʟʦʰʣʦ ʫʣʫʯʰʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ, ʪʘʢ ʢʘʢ ʩʚʝʞʝʦʙʨʘʟʦʚʘʥʥʳʝ ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʟʜʘʥʠʶ ʚʦʜʦʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʦ-

ʧʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʧʦʣʷʭ ʩ ʩʠʜʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʙʦʣʝʝ ʯʝʤ 

ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʣʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʧʦʣʷʭ ʩ ʯʝʨʥʳʤ ʧʘʨʦʤ. ʆʪʤʝʯʝ-

ʥʦ ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʤʝʣʠʦʨʠʨʦʚʘʥʥʦʛʦ ʩʦʣʦʥʮʘ. ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʠʜʝʨʘʣʴʥʳʡ ʧʘʨ ʩʦʟʜʘʝʪ ʚ ʧʦʯʚʝʥ-

ʥʦʤ ʧʨʦʬʠʣʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʚʣʠʷʶʱʝʝ ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʠ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ [7]. 

ʆʩʥʦʚʫ ʘʛʨʦʙʠʦʮʝʥʦʟʘ ʥʘ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʴʷʭ ʩʦʩʪʘʚʣʷʶʪ ʢʫʣʴʪʫʨʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʦʩʪʦʷʥʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʦʨʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ [8]. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ɽ. ʇ. ɼʝʥʠʩʦʚʘ, 

ɸ. ʇ. ʉʦʣʦʜʦʚʥʠʢʦʚʘ, ɸ. ɺ. ʃʝʪʫʯʝʛʦ, ɼ. ʉ. ʉʪʝʧʘʥʦʚʘ ʷʚʣʷʣʦʩʴ ʠʟʫ-
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ʯʝʥʠʝ ʬʠʪʦʤʝʣʠʦʨʘʪʠʚʥʦʡ ʨʦʣʠ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʚ ʩʥʠʞʝʥʠʠ ʟʘʩʦ-

ʨʝʥʥʦʩʪʠ ʧʦʩʝʚʦʚ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʠ ʧʦʚʳʰʝʥʠʠ ʝʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʉʘʨʘʪʦʚʩʢʠʤ ɻɸʋ ʠʤ. ʅ. ʀ. ɺʘʚʠʣʦ-

ʚʘ ʚ 2011ï2013 ʛʛ. ʥʘ ʶʞʥʳʭ ʩʨʝʜʥʝʤʦʱʥʳʭ ʩʣʘʙʦʛʫʤʫʩʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʭ ʯʝʨʥʦʟʝʤʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ ʧʨʠʤʝ-

ʥʷʣʠ ʩʝʤʴ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ: ʚʠʢʦ-ʦʚʩʷʥʘʷ ʩʤʝʩʴ, ʣʶʮʝʨʥʘ ʩʠʥʷʷ, ʵʩ-

ʧʘʨʮʝʪ ʧʝʩʯʘʥʳʡ, ʣʷʜʚʝʥʝʮ ʨʦʛʘʪʳʡ, ʢʦʩʪʝʨ ʙʝʟʦʩʪʳʡ, ʩʚʝʨʙʠʛʘ ʚʦ-

ʩʪʦʯʥʘʷ, ʱʘʚʝʣʴ ʢʦʨʤʦʚʦʡ. ɺʦʟʜʝʣʳʚʘʣʩʷ ʩʦʨʪ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʌʘʚʦ-

ʨʠʪ. ʅʘʣʠʯʠʝ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚʠʟʫʘʣʥɹʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʦʜʩʯʝʪʦʤ ʩʪʝʙʣʝʡ ʩ ʧʦʤʦʱʴʶ ʨʘʤʢʠ 0,25 ʤ2. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʨʝʭʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʡ ʬʠʪʦʤʝʣʠʦʨʘʪʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʧʦʜʘʚʣʝʥʠʠ ʩʦʨ-

ʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪʣʠʯʘʣʠʩʴ ʢʦʩʪʨʝʮ ʙʝʟʦʩʪʳʡ ʠ ʣʶʮʝʨʥʘ ʩʠʥʷʷ, ʩʥʠʞʘ-

ʶʱʠʝ ʦʙʱʫʶ ʟʘʩʦʨʝʥʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 8,4 ʠ 2,1 ʨʘʟʘ. 

ʋʨʦʞʘʡʥʦʩʪʴ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʘ ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʧʦʯʚʳ, ʪʘʢ ʢʘʢ ʦʙʱʘʷ ʟʘʩʦʨʝʥʥʦʩʪʴ ʧʦʩʝʚʦʚ ʧʦ ʧʣʘʩʪʫ ʤʥʦʛʦʣʝʪ-

ʥʠʭ ʪʨʘʚ ʥʝ ʧʨʝʚʳʰʘʣʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ ʚʨʝʜʦʥʦʩʥʦʩʪʠ. ʄʘʢ-

ʩʠʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ (ʥʘ 59,5ï76,4 %) 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʦʩʣʝ ʙʦʙʦʚʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ [8]. 

ʋʯʝʥʳʤʠ ʈʦʩʅʀʀʇʄ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʯʠʩʪʢʠ ʧʦʯʚ 

ʩʧʦʩʦʙʦʤ ʬʠʪʦʤʝʣʠʦʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴ-

ʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʢʩʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʛʣʦʱʘʪʴ ʠʭ ʚ ʧʨʦʮʝʩʩʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [9]. 

ʀ. ɺ. ɻʫʨʠʥʘ, ʅ. ɺ. ʄʠʭʝʝʚ, ɸ. ɸ. ʂʘʣʘʰʥʠʢʦʚ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʭ ʨʘʟʨʘʙʦʪʘʣʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʬʠʪʦʤʝʣʠʦʨʘ-

ʮʠʠ ʛʨʫʥʪʦʚʦʡ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ, ʧʦʟʚʦʣʷʶʱʫʶ ʩʦʟʜʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʜʝʨʥʦʚʳʡ ʧʦʢʨʦʚ ʥʦʨʤʘʪʠʚʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʩʦʙʣʶʜʝ-

ʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʵʨʦʜʨʦʤʦʚ ʤʘʣʦʡ 

ʘʚʠʘʮʠʠ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʧʦʜʛʦʪʦʚʢʫ ʧʦʯʚʳ, ʧʦʜʙʦʨ ʪʨʘʚ, ʧʦʩʝʚ 

ʪʨʘʚʦʩʤʝʩʠ, ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʠʝ ʫʭʦʜʥʳʭ ʨʘʙʦʪ [10]. 

ɺʳʚʦʜ. ʌʠʪʦʤʝʣʠʦʨʘʮʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʦʨʴʙʝ ʩ ʜʝʛʨʘ-

ʜʘʮʠʝʡ ʧʦʯʚ, ʫʣʫʯʰʘʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʳ ʠ ʝʝ ʬʠʟʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʥʠʞʘʷ ʩʪʝʧʝʥʴ ʟʘʩʦʣʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʯʚʳ ʠ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʌʠʪʦʤʝʣʠʦʨʘʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝ-

ʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʝʛʦ ʟʘʧʘʩʦʚ ʚ ʧʦʯʚʝ, ʠʟʤʝʥʷʝʪ ʩʦʜʝʨ-

ʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʧʦʯʚʝ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʯʝ-
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ʩʢʫʶ ʚʳʛʦʜʫ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʘʣʦʚʦʛʦ ʩʙʦʨʘ ʦʩʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʩʙʦʨʘ ʫʨʦʞʘʷ ʩʘʤʠʭ ʬʠʪʦʤʝʣʠʦʨʘʥʪʦʚ. 
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ʋɼʂ 626.81 

ʏʝʨʥʦʟʝʤʝʣʴʩʢʘʷ ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ: 

ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ ʦʪʢʨʳʪʦʡ ʩʝʪʠ 

ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 

ʃʠʜʠʷ ɸʥʘʪʦʣʴʝʚʥʘ ɺʦʝʚʦʜʠʥʘ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ  

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ: ʦʙʦʩʥʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʟʘʤʝʥʳ ʦʪ-

ʢʨʳʪʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ ʢʘʥʘʣʦʚ ʏʝʨʥʦʟʝʤʝʣʴʩʢʦʡ ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʪʨʫʙʦʧʨʦʚʦʜʦʤ. ʆʙʩʫʞʜʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʟ ʦʪʢʨʳʪʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʂʘʣʤʤʝ-

ʣʠʦʚʦʜʭʦʟè. ɸʥʘʣʠʟ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʚʦʜʳ ʪʝ-

ʨʷʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʛʦ ʂʇɼ ʩʠʩʪʝʤʳ (34 %), ʚ ʪ. ʯ. ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʯʝʢ ʠʟ ʢʘʥʘ-

ʣʦʚ, ʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʙʨʦʩʦʚ ʚ ʚʦʜʦʝʤʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʦʥʮʝʚʳʭ 

ʫʯʘʩʪʢʘʭ ʏʝʨʥʦʟʝʤʝʣʴʩʢʦʡ ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (49 %). ɺʳʚʦʜʳ. 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʦʙʲʝʤʘʤʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʏʝʨʥʦʟʝ-

ʤʝʣʴʩʢʦʡ ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʜʦʭʦʜʠʚʰʠʤʠ ʚ 2020 ʛ. ʜʦ 240 ʤʣʥ ʤ3, 

ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʘ ʦʪʢʨʳʪʦʡ 

ʩʝʪʠ ʢʘʥʘʣʦʚ ʏʝʨʥʦʟʝʤʝʣʴʩʢʦʡ ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʨʫʙʦʧʨʦʚʦʜʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʏʦʛʨʘʡʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʏʝʨʥʦʟʝʤʝʣʴʩʢʘʷ ʦʙʚʦʜʥʠʪʝʣʴʥʦ-

ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨ-

ʩʦʚ, ʪʨʫʙʦʧʨʦʚʦʜ 

**** ******  

The Chernozemelskaya watering and irrigation system: justification of 

the need to replace the open irrigation canal network with a pipeline 

Lidiya A. Voyevodina 
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

Abstract. Purpose: to substantiate the necessity and expediency of replacing the open 

irrigation canal network of the Chernozemelskaya watering and irrigation system with a pipe-

line. Discussion. The open information sources data, materials provided by the FSBE ñKal-

myk Land Reclamation Departmentò were used. The analysis of water use shows that signifi-

cant water volumes are lost due to the low efficiency of the system (34 %), including leakages 

from the canals, and unproductive discharges into water bodies that are located at the end sec-

tions of the Chernozemelskaya watering and irrigation system (49 %). Conclusions. In con-

nection with great unproductive water volumes on the Chernozemelskaya watering and irriga-

tion system, which reached 240 million m3 in 2020, there is a need to search for solutions to 

improve the rational use of water resources. One of these options may be the replacement of the 

open canal network of the Chernozemelskaya watering and irrigation system with a pipeline.  

Keywords: the Chograi reservoir, the Chernozemelskaya watering and irrigation sys-

tem, water resources, irrational use of water resources, pipeline 
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ɺʚʝʜʝʥʠʝ. ʏʦʛʨʘʡʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʏɺ) ʠ ʩʝʪʴ ʢʘʥʘʣʦʚ, ʧʦ-

ʪʨʝʙʣʷʶʱʠʭ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ (ɺʈ) ʠʟ ʥʝʛʦ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʢʦʣʦ ʧʦʣʫ-

ʚʝʢʘ ʥʘʟʘʜ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʏɺ ʷʚʣʷʣʘʩʴ ʧʦʜʘʯʘ ʚʦʜʳ ʚ ʏʝʨʥʦʟʝ-

ʤʝʣʴʩʢʫʶ ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ (ʏʆʆʉ) ʜʣʷ ʛʠʜʨʦ-

ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ. ʏʆʆʉ ʦʨʦʰʘʝʪ ʠ ʦʙʚʦʜʥʷʝʪ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʣʤʳʢʠʷ (ʈʂ), ʚʢʣʶʯʘʶʱʫʶ ʀʢʠ-ɹʫʨʫʣʴʩʢʠʡ, ʏʝʨʥʦʟʝ-

ʤʝʣʴʩʢʠʡ, ʗʰʢʫʣʴʩʢʠʡ, ʎʝʣʠʥʥʳʡ ʠ ʂʝʪʯʝʥʝʨʦʚʩʢʠʡ ʨʘʡʦʥʳ. ʈʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʚʦʜʳ ʧʦ ʢʘʥʘʣʘʤ ʏʆʆʉ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʪʝʯʥʦ, ʢʘʥʘʣʳ 

ʧʨʦʣʦʞʝʥʳ ʚ ʟʝʤʣʷʥʦʤ ʨʫʩʣʝ. ɺ ʮʝʣʦʤ ʥʘ ʏʆʆʉ ʦʪʤʝʯʘʶʪʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ɺʈ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦʩʪʠ ʟʘʤʝʥʳ ʦʪʢʨʳʪʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ ʏʆʆʉ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʤ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ  

(ʈʦʩʚʦʜʨʝʩʫʨʩʳ), ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʢʠ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʨʪʘʣʘ ʌɻɹʅʋ ɺʅʀʀ çʈʘʜʫʛʘè, ʦʪʯʝʪʦʚ ʌɻɹʅʋ 

çʈʦʩʅʀʀʇʄè, ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ 

çʂʘʣʤʤʝʣʠʦʚʦʜʭʦʟè, ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂʫʤʩʢʠʭ ʛʠʜ-

ʨʦʫʟʣʦʚ ʠ ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘè.  

ʆʙʩʫʞʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʬʝʜʝʨʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 

ʥʘʭʦʜʠʪʩʷ 15 ʦʙʲʝʢʪʦʚ ʏʆʆʉ. ʀʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 ï ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʦʚ ʏʝʨʥʦʟʝʤʝʣʴʩʢʦʡ 

ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʂʘʥʘʣ 
ɼʣʠʥʘ, 

ʢʤ 

ʈʘʩʭʦʜ, ʤ3/ʩ 
ʐʠ-

ʨʠʥʘ 

ʧʦ 

ʜʥʫ, ʤ 

ɻʣʫʙʠʥʘ 

ʥʘʧʦʣʥʝʥʠʷ 

ʧʨʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʤ 

ʨʘʩʭʦʜʝ, ʤ 

ʊʝʭ-

ʥʠʯʝ-

ʩʢʦʝ 

ʩʦʩʪʦ-

ʥ̫ʠʝ* 

ʧʨʦ-

ʝʢʪ-

ʥʳʡ 

ʬʘʢʪʠ-

ʯʝʩʢʠʡ 

1 2 3 4 5 6 7 

ʏʝʨʥʦʟʝʤʝʣʴʩʢʠʡ ʤʘʛʠʩʪʨʘʣʥɹʳʡ 

ʢʘʥʘʣ (ʏʄʂ) 140 39,0 20 8 3 ʊʈ 

ʂʘʥʘʣ 1-ʍ-1 17 2,0 0,5 ʥ/ʜ ʥ/ʜ ʊʊʈ 

ʗʰʢʫʣʴʩʢʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ 

ʢʘʥʘʣ 56,5 5,0 3,0 3 1,9 ʊʊʈ 

ɻʘʰʫʥʩʢʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ 

ʢʘʥʘʣ 46,4 15 8,5 6 1,8 ʊʈ 

ʇʨʠʦʟʝʨʥʳʡ ʢʘʥʘʣ 62,0 6,0 1,5 4 2 ʊʊʈ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 5 6 7 

ʏʝʨʥʦʟʝʤʝʣʴʩʢʠʡ ʩʙʨʦʩʥʦʡ ʢʘʥʘʣ 159,4 10,0 3,0 3 2,5 ʊʊʈ 

ʂʘʥʘʣ ʋʉ-1 ʠ ʩʘʡʛʘʯʠʡ ʧʝʨʝʭʦʜ 6,8 1,5 0,5 1,5 1 ʊʊʈ 

ʂʘʥʘʣ ʋʉ-2 9,61 2,0 1,5 2 1,5 ʊʊʈ 

ʉʙʨʦʩʥʦʡ ʢʘʥʘʣ ʋʉ-3 28,9 3,0 1,5 4 1,7 ʊʊʈ 

ʂʘʥʘʣ ʋʉ-4 50,4 5,0 2,0 2,5 2 ʊʊʈ 

ʉʙʨʦʩʥʦʡ ʢʘʥʘʣ ʋʉ-5 52,9 4,5 2,0 ʥ/ʜ ʥ/ʜ ʊʊʈ 

ʏʦʛʨʘʡʩʢʠʡ ʩʙʨʦʩʥʦʡ ʢʘʥʘʣ 62,5 10 10 ʥ/ʜ ʥ/ʜ ʊʊʈ 

ʉʙʨʦʩʥʦʡ ʢʘʥʘʣ  13,5 2,0 1,5 ʥ/ʜ ʥ/ʜ ʅʕ 

ɻʘʰʫʥʩʢʠʡ ʩʙʨʦʩʥʦʡ ʢʘʥʘʣ  5,3 2,0 1,0 ʥ/ʜ ʥ/ʜ ʅʕ 

ʉʙʨʦʩʥʦʡ ʢʘʥʘʣ ʜʨʝʥʘʞʥʳʭ ʚʦʜ 17,7 2,0 0,5 ʥ/ʜ ʥ/ʜ ʅʕ 

ʇʨʠʤʝʯʘʥʠʝ ï ʊʈ ï ʪʨʝʙʫʝʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ; ʅʕ ï ʥʝ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ; ʊʊʈ ï 

ʪʨʝʙʫʝʪ ʪʝʢʫʱʝʛʦ ʨʝʤʦʥʪʘ; ʥ/ʜ ï ʥʝʪ ʜʘʥʥʳʭ; * ï ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʥ̫ʠʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʢʩʧʣʫ-

ʘʪʠʨʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚʩʝ ʢʘʥʘʣʳ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, 

ʥʫʞʜʘʶʪʩʷ ʚ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪʘʭ. ʊʨʠ ʢʘʥʘʣʘ ʥʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ, ʜʚʘ 

ʪʨʝʙʫʶʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʀʟ 15 ʢʘʥʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, 

ʧʷʪʴ ʷʚʣʷʶʪʩʷ ʦʨʦʩʠʪʝʣʴʥʳʤʠ, ʦʩʪʘʣʴʥʳʝ ï ʩʙʨʦʩʥʳʝ. ʆʙʱʘʷ ʧʨʦʪʷ-

ʞʝʥʥʦʩʪʴ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 321,9 ʢʤ, ʩʙʨʦʩʥʳʭ ï 

407,1 ʢʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʥʘʣʳ ʋʉ-1, ʋʉ-2, ʋʉ-3, ʋʉ-4 ʠ 

ʋʉ-5 (ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 148,61 ʢʤ) ʷʚʣʷʶʪʩʷ ʢʘʥʘʣʘʤʠ, ʚ ʢʦʪʦ-

ʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʠʚʘʥʠʝ ʦʨʦʩʠʪʝʣʴʥʳʭ ʠ ʩʙʨʦʩʥʳʭ ʚʦʜ. ʇʦ ʜʘʥ-

ʥʳʤ ʉ. ɹ. ɸʜʴʷʝʚʘ, ʕ. ɹ. ɼʝʜʦʚʦʡ, ʄ. ɸ. ʉʘʟʘʥʦʚʘ [1], ʥʘ ʏʆʆʉ ʩʤʝ-

ʰʠʚʘʥʠʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʦʨʦʩʠʪʝʣʷʭ-ʩʙʨʦʩʘʭ (ʋʉ-4, 

ʋʉ-5 ʠ ʜʨ.), ʚ ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʝʪ ʚʦʜʘ ʩ ʦʨʦʰʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʠ 

ʠʟ ʏʄʂ ʠ ɻʘʰʫʥʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. ʇʦ ʩʦʦʙʱʝʥʠʶ ʚʳ-

ʰʝʫʧʦʤʷʥʫʪʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʘʯʝʩʪʚʦ ʩʤʝʰʘʥʥʳʭ ʚʦʜ çéʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʙʨʦʩʥʦʡ ʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳè [1]. ʄʠʥʝʨʘ-

ʣʠʟʘʮʠʷ ʩʙʨʦʩʥʦʡ ʚʦʜʳ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,1 ʜʦ 4,6 ʛ/ʜʤ3, ʭʠʤʠʟʤ ʩʤʝ-

ʰʘʥʥʳʭ ʚʦʜ ʚ ʦʩʥʦʚʥʦʤ ʩʫʣʴʬʘʪʥʦ-ʥʘʪʨʠʝʚʳʡ. 

ʂʨʦʤʝ ʢʘʥʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʬʝʜʝʨʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, 

ʠʤʝʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʧʦ ʪʝʨʨʠʪʦ-

ʨʠʠ ʭʦʟʷʡʩʪʚ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʩʪʦʷʪ ʥʘ ʙʘʣʘʥʩʝ 

ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʂʘʣʤʤʝʣʠʦʚʦʜʭʦʟè, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʠʭ ʢʘʥʘ-

ʣʘʭ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʩʝʨʴʝʟʥʦ ʦʩʣʦʞʥʷʝʪ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʂʘʣʤʤʝʣʠʦʚʦʜʭʦʟè. ʉʦʛʣʘʩʥʦ ʫʩʪʘʚʫ [2], 

çéʮʝʣʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʋʯʨʝʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 
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ʫʩʣʦʚʠʡ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ, ʢʫʣʴʪʫʨʪʝʭʥʠʯʝ-

ʩʢʠʭ, ʘʛʨʦʣʝʩʦʤʝʣʠʦʨʘʪʠʚʥʳʭ, ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥ-

ʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʧʝʨʝʜʘʥʥʳʭ 

ʋʯʨʝʞʜʝʥʠʶ ʚ ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʨʝʘʣʠʟʘʮʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʮʝ-

ʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌè.  

ɹʝʟ ʠʥʬʦʨʤʘʮʠʠ ʦʙʦ ʚʩʝʭ ʦʙʲʝʢʪʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʝʣʠʦʨʘ-

ʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʢʦʤʧʣʝʢʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʫʩʪʘʚʝ ʤʝʨʦʧʨʠʷʪʠʡ (ʘʛʨʦʭʠ-

ʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ, ʢʫʣʴʪʫʨʪʝʭʥʠʯʝʩʢʠʭ, ʘʛʨʦʣʝʩʦʤʝʣʠ-

ʦʨʘʪʠʚʥʳʭ, ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ) ʜʘʞʝ ʜʣʷ ʪʦʡ ʯʘ-

ʩʪʠ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʝʨʘʪʠʚʥʦʤ 

ʫʧʨʘʚʣʝʥʠʠ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʂʘʣʤʤʝʣʠʦʚʦʜʭʦʟè. ʊʘʢʞʝ ʙʝʟ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʥʝʚʦʟʤʦʞʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʫʯʠʪʳʚʘʶʱʝʡ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʧʨʠʨʦʜʥʳʝ ʘʩʧʝʢʪʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʧʦ-

ʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʨʷʜʘ ʘʚʪʦʨʦʚ [3ï5]. ɺ 2010 ʛ. ʚ ʄʠʥʩʝʣʴʭʦʟʝ ʈʦʩʩʠʠ 

ʦʙʩʫʞʜʘʣʘʩʴ çʂʦʥʮʝʧʮʠʷ ʧʨʦʝʢʪʘ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴè, ʢʦʪʦʨʘʷ 

ʙʳʣʘ ʥʘʮʝʣʝʥʘ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʦʪʥʦʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ, ʫʪʦʯʥʝʥʠʝ ʧʦʣʥʦʤʦʯʠʡ ʦʨ-

ʛʘʥʦʚ ʚʣʘʩʪʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʠ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ, ʠ ʜʨ. [6]. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴè ʚʥʝʩʝʥʦ 

ʥʝ ʙʳʣʦ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘ-

ʩʪʠ ʤʝʣʠʦʨʘʮʠʠ ʥʝ ʩʥʠʞʘʝʪʩʷ, ʘ ʩʢʦʨʝʝ ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦ ʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʠʟʥʦʩʦʤ, ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʚʣʦʞʝʥʠʷʭ ʚ ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʦʙʲʝʢʪʳ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʟʝʤʣʷʭ ʥʦʩʠʪ ʙʦʣʝʝ 

ʩʪʘʙʠʣʥɹʳʡ ʭʘʨʘʢʪʝʨ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʈʂ, 
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ʚ ʯʘʩʪʠ ʘʥʘʣʠʟʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʈ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʙʦʣʴʰʘʷ ʜʦʣʷ ɺʈ, ʟʘʙʠʨʘʝʤʳʭ ʠʟ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ-

ʵʬʬʝʢʪʠʚʥʦ. ʊʘʢ, ʚ 2020 ʛ., ʧʦ ʜʘʥʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʨʪʘʣʘ 

ʌɻɹʅʋ ɺʅʀʀ çʈʘʜʫʛʘè, ʥʘ ʏʆʆʉ ʚ ʈʂ ʠʟ 291,25 ʤʣʥ ʤ3 ʪʦʣʴʢʦ 

50,26 ʤʣʥ ʤ3, ʠʣʠ 17 %, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʧʦʣʝʟʥʳʝ ʥʫʞʜʳ: ʦʨʦ-

ʰʝʥʠʝ, ʦʙʚʦʜʥʝʥʠʝ, ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʫʞʜʳ. ɸ 240,99 ʤʣʥ ʤ3 ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʨʘʮʠʦʥʘʣʴʥʦ: 34 % ʚʦʜʳ ʙʳʣʦ ʧʦʪʝʨʷʥʦ ʚʚʠʜʫ ʥʠʟʢʦ-

ʛʦ ʂʇɼ ʩʠʩʪʝʤʳ (ʚ ʪ. ʯ. ʚʩʣʝʜʩʪʚʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ, 

ʩʦʩʪʘʚʣʷʶʱʝʛʦ 87,49 %), 49 % ʠʟʨʘʩʭʦʜʦʚʘʥʦ ʥʘ ʧʨʦʯʠʝ ʥʫʞʜʳ, ʚ ʦʩ-

ʥʦʚʥʦʤ ʜʣʷ ʧʦʜʧʠʪʢʠ ʚʦʜʦʝʤʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʚʳʤʠ ʩʙʨʦ-

ʩʘʤʠ ʏʆʆʉ [7]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, çéʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʝʞʝʛʦʜʥʦ ʙʝʩ-

ʧʦʣʝʟʥʦ ʪʝʨʷʝʪʩʷ 650 ʤʣʥ ʤ3è [8], ʥʦ ʝʩʣʠ ʟʜʝʩʴ ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴ-

ʟʫʝʤʘʷ ʚʦʜʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʩʙʨʦʩ, ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʨ. ɼʦʥ, 

ʪʦ ʚ ʈʂ ʩʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ.  

ɺʦʜʘ ʦʪ ʧʨʦʪʝʯʝʢ ʠʟ ʢʘʥʘʣʦʚ ʏʆʆʉ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʟʝʤʣʷʥʦʤ 

ʨʫʩʣʝ, ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ, ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʚ ʥʠʞʝʣʝʞʘ-

ʱʠʝ ʧʦʯʚʝʥʥʳʝ ʩʣʦʠ, ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜʪʦʧʣʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʪ. ʯ. ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʢʘ-

ʯʝʩʪʚʦ ʞʠʟʥʠ ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʥʠʭ ʣʶʜʝʡ. ʉ. ʉ. ʋʣʘʥʦʚʘ ʩʦʦʙʱʘʝʪ [9], 

ʯʪʦ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʈʂ ʩʦʩʪʘʚʣʷʝʪ 7,7ï65,9 ʛ/ʜʤ3. 

ʇʦ ʜʘʥʥʳʤ ʉ. ɹ. ɸʜʴʷʝʚʘ ʠ ʜʨ. [1], ʥʘ 90 % ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘʜʝʡ 

ʏʆʆʉ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʝʚʳʰʘʝʪ 3 ʛ/ʜʤ3. ɺ ʩʣʫʯʘʝ 

ʧʦʜʲʝʤʘ ʪʘʢʠʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʨʦʮʝʩʩʳ ʟʘʩʦʣʝʥʠʷ 

ʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʱʠʝ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʠ ʩʦ-

ʢʨʘʱʘʶʱʠʝ ʘʩʩʦʨʪʠʤʝʥʪ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴ-

ʪʫʨ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʦʨʦʰʝʥʠʠ, ʠʤʝʚʰʝʤ ʤʝʩʪʦ ʚ 1980-ʭ ʛʛ., ʧʨʦʠʩ-

ʭʦʜʠʣ ʧʦʜʲʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʢʦʛʜʘ ʜʦʣʷ ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘʜʝʡ 

ʩ ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʙʦʣʝʝ 5 ʤ ʩʦʢʨʘʪʠʣʘʩʴ ʜʦ 15 % [1]. 

ɺʦʜʘ ʦʪ ʩʙʨʦʩʦʚ ʥʘ ʏʆʆʉ ʟʘʯʘʩʪʫʶ ʧʦʩʪʫʧʘʝʪ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʧʦʥʠʞʝʥʠʷ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʚ 1970-ʭ ʛʛ. ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʚʦʜʦʝʤʘ ʷʚʣʷʝʪ-

ʩʷ ʦʟ. ɹʫʟʛʘ. ʊʘʢʞʝ ʩʙʨʦʩʥʳʝ ʚʦʜʳ ʏʆʆʉ ʧʦʩʪʫʧʘʶʪ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʚʦʜʦʝʤʳ, ʥʘʧʨʠʤʝʨ ɼʝʝʜ-ʍʫʣʩʫʥ, ʉʦʩʪʠʥʩʢʠʝ ʦʟʝʨʘ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 

ʚ ʜʘʥʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʘʭ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʞʝ ʜʣʷ ʧʦʝʥʠʷ ʩʢʦʪʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʩʙʨʦʩʥʳʭ ʚʦʜ 
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ʩ ʏʆʆʉ ʦʧʨʝʩʥʷʝʪ ʠʭ, ʥʦ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʘʷ ʛʣʫʙʠʥʘ, ʩʠʣʴʥʦʝ ʟʘʨʘʩʪʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʚʦʜʳ ʥʘ ʠʩʧʘʨʝʥʠʝ. 

ɺʦʜʦʧʦʪʨʝʙʠʪʝʣʠ, ʩʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ ʩ ʩʘʡʪʘ ʈʦʩʚʦʜʨʝʩʫʨ-

ʩʦʚ [10], ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʦʜʦʟʘʙʦʨ ʪʘʢʞʝ ʠ ʠʟ ʦʨʦʩʠʪʝʣʝʡ-ʩʙʨʦʩʦʚ 

(ʋʉ-4, ʋʉ-5 ʠ ʜʨ.) ʠ ʩʙʨʦʩʥʳʭ ʢʘʥʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʟ ʏʝʨʥʦʟʝʤʝʣʴ-

ʩʢʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʚʦʜʦʧʦʪʨʝʙʠʪʝʣʝʡ ʢʨʘʡʥʝ ʤʘʣʦ. 

ʊʘʢ, ʚ 2021 ʛ. ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʷʣʦʩʴ ʜʚʫʤ, ʦʜʠʥ ʠʟ ʥʠʭ ʦʩʫʱʝʩʪʚ-

ʣʷʣ ʟʘʪʦʧʣʝʥʠʝ ʣʠʤʘʥʦʚ ʥʘ ʧʣʦʱʘʜʠ 800 ʛʘ, ʘ ʜʨʫʛʦʡ ï ʚʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʦʣʠʚ ʢʦʨʤʦʚʳʭ ʪʨʘʚ (ʣʶʮʝʨʥʘ, ʩʫʜʘʥʩʢʘʷ ʪʨʘʚʘ) ʥʘ ʧʣʦʱʘʜʠ 300 ʛʘ. 

ɺʦʜʦʟʘʙʦʨ ʩʦʩʪʘʚʠʣ 2,4 ʠ 1,6 ʤʣʥ ʤ3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʂʘʣʤʤʝ-

ʣʠʦʚʦʜʭʦʟè, ʥʘ ʏʆʆʉ ʚʦʜʦʟʘʙʦʨ ʦʩʫʱʝʩʪʚʣʷʶʪ 40 ʚʦʜʦʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ. ʊʨʠ ʠʟ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʦʜʦʟʘʙʦʨ ʜʣʷ ʮʝʣʝʡ ʧʠʪʴʝʚʦʛʦ ʠ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʆʙʲʝʤ ʚʦʜʳ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʩʦ-

ʩʪʘʚʠʣ 0,45 ʤʣʥ ʤ3. ʆʜʠʥ ï ʜʣʷ ʨʳʙʦʚʦʜʩʪʚʘ (0,3 ʤʣʥ ʤ3). ʆʩʪʘʣʴʥʳʝ ï 

ʜʣʷ ʛʠʜʨʦʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ, ʦʙʲʝʤ ʚʦʜʦʟʘʙʦʨʘ ʥʘ ʦʨʦʰʝʥʠʝ ʩʦʩʪʘʚʠʣ 

ʚ 2020 ʛ. ʦʢʦʣʦ 34 ʤʣʥ ʤ3, ʚ 2021 ʛ. ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʦʢʦʣʦ 25 ʤʣʥ ʤ3. ʉʦ-

ʛʣʘʩʥʦ ʜʘʥʥʳʤ ʥʘ 17 ʤʘʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ 

çʂʘʣʤʤʝʣʠʦʚʦʜʭʦʟè, ʚ 2020 ʛ. ʦʨʦʰʘʣʦʩʴ 11226 ʛʘ, ʚ 2021 ʛ. ʟʘʧʣʘʥʠ-

ʨʦʚʘʥʦ 10864 ʛʘ, ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʵʪʠʭ ʧʣʦʱʘʜʝʡ ʧʨʠʤʝʥʷʝʪʩʷ ʣʠ-

ʤʘʥʥʦʝ ʦʨʦʰʝʥʠʝ (82 % ʚ 2020 ʛ. ʠ 89 % ʚ 2021 ʛ.) (ʨʠʩʫʥʦʢ 1).  

 

ʈʠʩʫʥʦʢ 1 ï ʆʨʦʰʘʝʤʳʝ ʧʣʦʱʘʜʠ ʏʝʨʥʦʟʝʤʝʣʴʩʢʦʡ 

ʦʙʚʦʜʥʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ 2020 ʠ 2021 ʛʛ. 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ  

çɸʂʊʋɸʃʔʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ  

ʄɽʃʀʆʈɸʊʀɺʅʆɻʆ ʂʆʄʇʃɽʂʉɸè 

106 

ʉʦʛʣʘʩʥʦ ʧʝʨʚʠʯʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʌɻɹʋ 

çʋʧʨʘʚʣʝʥʠʝ çʂʘʣʤʤʝʣʠʦʚʦʜʭʦʟè, ʣʠʤʘʥʥʦʝ ʦʨʦʰʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʚ ʧʝʨʠʦʜ ʬʝʚʨʘʣʴ ï ʘʧʨʝʣʴ. ʆʙʲʝʤ ʚʦʜʳ ʥʘ ʣʠʤʘʥʥʦʝ ʦʨʦʰʝʥʠʝ 

ʚ 2020 ʛ. ʩʦʩʪʘʚʠʣ 20,7 ʤʣʥ ʤ3. ɺʝʛʝʪʘʮʠʦʥʥʳʝ ʧʦʣʠʚʳ ʚ 2020 ʛ. ʦʩʫ-

ʱʝʩʪʚʣʷʣʠ 14 ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺʦʜʦʟʘʙʦʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʝʛʝʪʘ-

ʮʠʦʥʥʳʭ ʧʦʣʠʚʦʚ ʚ 2020 ʛ. ʩʦʩʪʘʚʠʣ 13,5327 ʤʣʥ ʤ3. ʋʢʘʟʘʥʥʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʚʦʜʳ ʧʨʠʤʝʥʷʣʦʩʴ ʜʣʷ ʦʨʦʰʝʥʠʷ 2046 ʛʘ. ʉʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ 

ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʧʦʣʠʚʦʚ ï ʩ ʘʧʨʝʣʷ ʧʦ ʩʝʥʪʷʙʨʴ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʜʣʷ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʧʦʣʠʚʦʚ 

ʦʩʫʝɦʩʪʚʣʷʶʪ ʚʦʜʦʟʘʙʦʨ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʥʘʯʘʣʘ ʏʄʂ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʜʘʯʠ ʠʤ ʚʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʏʄʂ 

ʠ ʜʨʫʛʠʭ ʢʘʥʘʣʘʭ ʏʆʆʉ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ. ɺʩʣʝʜʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ 

ʏʆʆʉ, ʛʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʩʝʪʴ ʤʘʛʠʩʪʨʘʣʴʥʳʭ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʠ ʩʙʨʦʩʥʳʭ ʢʘʥʘʣʦʚ ʚʳʧʦʣʥʝʥʘ ʚ ʟʝʤʣʷʥʦʤ ʨʫʩʣʝ ʙʝʟ ʧʨʦʪʠʚʦʬʠʣʴ-

ʪʨʘʮʠʦʥʥʳʭ ʵʢʨʘʥʦʚ, ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʚʦʜʳ ʧʦ-

ʪʨʝʙʠʪʝʣʷʤ ʟʘʯʘʩʪʫʶ ʥʘʭʦʜʷʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʠ ʜʘʞʝ ʘʚʘʨʠʡʥʦʤ (ʨʠʩʫʥʦʢ 2), ʦʪʩʫʪʩʪʚʫʶʪ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʧʦʜʘʯʠ ʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʜʦʩʪʘʚʢʘ ʪʨʝʙʫʝʤʦʛʦ 

ʧʦʣʝʟʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʩʦʧʨʷʞʝʥʘ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ, ʠʜʫʱʠʤʠ 

ʥʘ ʩʙʨʦʩ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʷʤʠ ʚʩʣʝʜʩʪʚʠʝ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠʟ ʢʘʥʘʣʦʚ. 

 

ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʛʦʨʘʞʠʚʘʶʱʝʝ ʩʦʦʨʫʞʝʥʠʝ ʜʚʫʭʦʯʢʦʚʦʛʦ 

ʪʨʫʙʯʘʪʦʛʦ ʚʦʜʦʚʳʜʝʣʘ ʥʘ ʢʘʥʘʣʝ 3-X-1 [11]  

(ʘʚʪʦʨ ʬʦʪʦ ɸ. ʖ. ɻʘʨʙʫʟ) 

ʇʦ ʜʘʥʥʳʤ M. M. Satpute, P. V. Khandve, M. L. Gulhane [12], ʜʣʷ 

ʦʪʢʨʳʪʦʡ ʩʝʪʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 41 ʜʦ 48 %, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʧʘʜʘʝʪ ʜʦ 20ï35 %.  
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʏʆʆʉ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʥʠʞʝ 

20 %, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʏʆʆʉ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʙʳʯʥʦʤ 

ʫʨʦʚʥʝ ʜʣʷ ʪʘʢʦʛʦ ʚʠʜʘ ʩʠʩʪʝʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʝ ʨʘʙʦʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʧʨʠʥʷʪʳ ʨʝʰʠʪʝʣʴʥʳʝ ʰʘʛʠ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʷʚʣ̫ʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʦʙʣʠʮʦʚʦʢ ʢʘʥʘʣʦʚ, 

ʦʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʳ ʢʘʥʘʣʦʚ, ʘ ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʘʨʝʥʠʝʤ ʚʦʜʳ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʦʚ ʠ ʟʘʨʘʩʪʘʥʠʝʤ ʣʦʞʘ ʢʘʥʘʣʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, 

ʨʘʟʨʫʰʘʶʱʝʡ ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʦʜʝʞʜʳ, ʦʩʪʘʥʫʪʩʷ. ɽʱʝ ʦʜ-

ʥʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʝ̫ʪʩʷ ʟʘʤʝʥʘ ʦʪʢʨʳʪʦʡ ʩʝʪʠ ʢʘʥʘʣʦʚ ʟʘʢʨʳʪʦʡ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʝʪʴʶ. ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʟʘʤʝʥʳ 

ʦʪʢʨʳʪʦʡ ʩʝʪʠ ʢʘʥʘʣʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʩʦʦʙʱʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ʤʥʦ-

ʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [12ï16]. 

ʊʨʫʙʦʧʨʦʚʦʜʥʘʷ ʩʝʪʴ ʪʘʢʞʝ ʤʦʞʝʪ ʦʙʣʝʛʯʠʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʧʦʜʘ-

ʯʝʡ ʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤʠ ʦʪʙʦʨʘʤʠ ʚʦʜʳ 

ʠʟ ʩʠʩʪʝʤʳ, ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʠ ʧʦʜʘʯʠ ʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠ ʚʥʝʜʨʠʪʴ ʩʧʨʘʚʝʜʣʠʚʫʶ ʠ ʪʝʭʥʦ-

ʣʦʛʠʯʥʫʶ ʩʠʩʪʝʤʫ ʧʣʘʪʳ ʟʘ ʚʦʜʫ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʷʝʤʦʡ ʚʦ-

ʜʳ. ʇʨʦʮʝʩʩʳ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʫʙʦʧʨʦ-

ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʝʶ ʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʙʦʣʝʝ ʩʣʦʞ-

ʥʳʤʠ, ʥʦ ʠʭ ʣʝʛʯʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. 

ʇʨʠʤʝʨʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʈʌ ʜʣʷ ʤʝʩʪʥʦʩʪʠ, ʠʩ-

ʧʳʪʳʚʘʶʱʝʡ ʦʩʪʨʳʡ ʜʝʬʠʮʠʪ ɺʈ, ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʠʩʪʝʤʳ ʚʦ-

ʜʦʧʦʜʘʯʠ ʚ ʂʨʳʤʫ, ʢʦʪʦʨʦʝ ʚʝʜʝʪ ɸʆ çʆʙʲʝʜʠʥʝʥʥʘʷ ʵʥʝʨʛʦʩʪʨʦʠ-

ʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷè [17]. ʇʦ ʩʦʦʙʱʝʥʠʷʤ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, çéʧʨʦʝʢʪ 

ʚʢʣʶʯʘʝʪ ʧʨʦʢʣʘʜʢʫ ʪʨʘʩʩʳ ʚʦʜʦʚʦʜʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 65 ʢʤ ʦʪ ʚʦʜʦ-

ʟʘʙʦʨʦʚ ʢ ʧʝʨʚʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ (ʵʪʘ ʯʘʩʪʴ ʢʦʥʪʨʘʢʪʘ ʩʪʦʠʤʦʩʪʴʶ 

ʯʫʪʴ ʤʝʥʝʝ 5,2 ʤʣʨʜ ʨʫʙʣʝʡ ʫʞʝ ʟʘʢʨʳʪʘ) ʠ 153,5 ʢʤ ʚʦʜʦʚʦʜʘ ʜʦ ʌʝʦ-

ʜʦʩʠʠ ʠ ʂʝʨʯʠ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʷʪʠ ʥʘʩʦʩʥʳʭè [18]. ʇʨʦʝʢʪ 

ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʴʶ ʙʦʣʝʝ 19 ʤʣʨʜ ʨʫʙ. ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʩʠʩʪʝʤʳ ʚʦ-

ʜʦʩʥʘʙʞʝʥʠʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʨʳʤʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʨʝʘʣʠʟʫʝʪʩʷ 

ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʂʨʳʤʘ ʠ ʉʝʚʘ-

ʩʪʦʧʦʣʷ [19].  

ɺʳʚʦʜʳ. ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʨʘʩʭʦʜʘʤʠ 

ɺʈ ʥʘ ʏʆʆʉ, ʜʦʭʦʜʠʚʰʠʤʠ ʚ 2020 ʛ. ʜʦ 83 %, ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʧʦʠʩʢʘ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ɺʈ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʘ ʦʪʢʨʳʪʦʡ ʩʝ-

ʪʠ ʢʘʥʘʣʦʚ ʏʆʆʉ ʪʨʫʙʦʧʨʦʚʦʜʦʤ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ  

ʥʘ ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ ʐʝʧʝʣʝʚ, ɸʨʢʘʜʠʡ ʇʘʚʣʦʚʠʯ ɺʘʩʠʣʴʯʝʥʢʦ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ: ʨʘʩʯʝʪ ʦʞʠʜʘʝʤʦʛʦ ʛʦʜʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʳ-

ʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʩʥʘʱʝʥʠʶ ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʨʠ-

ʩʦʚʦʡ ʩʝʪʠ ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝ-

ʪʦʜʳ: ʥʘʤʠ ʚʳʧʦʣʥʝʥ ʧʦʵʪʘʧʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʨʘʮʠʦʥʘ-

ʣʠʟʘʪʦʨʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ ʚ ʦʨʦʰʝʥʠʠ ʟʝʤʝʣʴ, ʦʙʚʦʜʥʝʥʠʠ ʧʘʩʪʙʠʱ ʠ ʤʝʣʠʦʨʘʪʠʚʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʈʝʟʫʣʴʪʘʪʳ: ʧʨʦʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝ-

ʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʦʡ ʚ ʟʦʥʫ ʦʨʦ-

ʰʝʥʠʷ ʚʦʜʳ, ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʙʲʝʤʳ ʚʦʜʦʧʦʜʘʯʠ ʥʘ 1,865 %. ɺʳʚʦʜʳ: 

ʦʙʱʠʡ ʦʞʠʜʘʝʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 
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ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩʦʩʪʘʚʠʪ 

1953 ʪʳʩ. ʨʫʙ. ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʥʚʝʩʪʠʨʫʝʤʳʡ ʧʨʦʝʢʪ 

(ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ) ʚʳʡʜʝʪ ʥʘ ʦʢʫʧʘʝ-

ʤʦʩʪʴ, ʩʦʩʪʘʚʣʷʝʪ 4,2 ʛʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʠʩʪʝʤʘ, ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʳ, ʫʯʝʪ, 

ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʝʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʢʘʟʘʪʝʣʴ, ʧʨʠʙʳʣʴ 
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Economic benefit determination of remote metering  

systems implementation of water and energy resources  

on the Nizhne-Manych irrigation system  

Aleksandr E. Shepelev, Arkadiy P. Vasilchenko 
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

Abstract. Purpose: the expected annual economic benefit calculation from the imple-

mentation of a set of measures to equip the Nizhne-Manych rice irrigation network with a re-

mote metering system for water and energy resources. Materials and methods: a step-by-

step calculation of indicators of the economic efficiency of metrological work, as well as the 

use of new technology, inventions and rationalization proposals in land irrigation, pastures 

watering and land reclamation construction have been performed. Results: the calculation 

showed that the remote metering system introduction for water and energy resources at the 

Nizhne-Manych irrigation system provides accurate and prompt measurement of the amount 

of water supplied to the irrigation zone, which made it possible to adjust the water supply 

volume by 1.865 %. Conclusions: the total expected economic effect from the introduction of 

a remote metering system for water and energy resources at the Nizhne-Manych irrigation 

system will amount to 1953 thousand rubles. The predicted period during which the invested 

project (the introduction of a remote metering system for water and energy resources) will 

reach payback is 4.2 years.  

Keywords: economic benefit, system, water and energy resources, metering, irrigation 

network, coefficient, indicator, profit  

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ˉ 261-ʌɿ ʠ 

ʧʨʠʢʘʟʘʤʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ʧʝʨʝʜʘʚʘʝʤʳʝ ʠ ʧʦʪʨʝʙʣʷʝʤʳʝ ʨʝʩʫʨ-

ʩʳ ʧʦʜʣʝʞʘʪ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʫʯʝʪʫ [1ï3]. ʋʯʝʪ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 

ʥʘ ʦʪʢʨʳʪʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʠʥʷ-

ʪʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʨ, ʥʦ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʧʝʨʘʪʠʚʥʦʤ ʦʙʤʝʥʝ ʠʥʬʦʨʤʘ-

ʮʠʝʡ ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʮʝʧʦʯʢʠ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ ʫʯʝʪʘ ʚʦʜʦʧʦʜʘʯʠ ʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ [4]. ʇʦʵʪʦʤʫ ʦʨʛʘʥʠʟʘ-

ʮʠʷʤ ʚ ʩʬʝʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʩʣʫʞʠʚʘʶʱʠʤ ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʝʥʠʝ ʧʫʥʢʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʥʝʨʛʦʫʯʝʪʘ ʠ 

ʚʦʜʦʠʟʤʝʨʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦ-

ʪʦʨʳʝ ʙʫʜʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʧʝʨʘʪʠʚʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʭʦʜʘ ʠ 
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ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʚ ʪʦʯʢʘʭ ʚʦʜʦʚʳʜʝʣʦʚ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʨʝʙ-

ʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʦʜʦʧʦʜʘʯʠ 

ʥʘ ʦʨʦʰʘʝʤʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ. ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʜʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʟʘʪʨʘʛʠʚʘʝʪ ʦʪʢʨʳʪʳʝ ʦʨʦʩʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʟʘʜʝʡʩʪʚʦ-

ʚʘʥʥʳʝ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʧʦʣʠʚʝ ʨʠʩʦʚʳʭ ʢʫʣʴʪʫʨ, ʦʙʲʝʤʳ ʧʦʜʘʯʠ 

ʚʦʜʳ ʟʜʝʩʴ ʠʩʯʠʩʣʷʶʪʩʷ 50 ʤʣʥ ʤ3 ʥʘ 2 ʪʳʩ. ʛʘ ʧʣʦʱʘʜʠ ʦʨʦʰʝʥʠʷ [5]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝ-

ʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʰʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʥʝʜʨʝ-

ʥʠʶ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ ʚʳʩʦ-

ʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʩʦʩʪʘʚʠʣʠ ʧʦʣʦʞʝʥʠʷ ʥʦʨʤʘʪʠʚʥʳʭ, ʤʝʪʦʜʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ 

ʪʨʫʜʦʚ ʠ ʨʘʟʨʘʙʦʪʦʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʤʝʪʦʜʘʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʦʡ ʪʝʭʥʠʢʠ, ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʨʘʮʠʦʥʘʣʠʟʘʪʦʨʩʢʠʭ 

ʧʨʝʜʣʦʞʝʥʠʡ ʚ ʦʨʦʰʝʥʠʠ ʟʝʤʝʣʴ, ʦʙʚʦʜʥʝʥʠʠ ʧʘʩʪʙʠʱ ʠ ʤʝʣʠʦʨʘʪʠʚ-

ʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʦʧʠʩʘʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ, ʤʝʪʦ-

ʜʦʚ ʩʦʧʦʩʪʘʚʣʝʥʠʷ, ʘʥʘʣʦʛʠʠ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ [6ï9]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʩʥʘʱʝʥʠʶ ʩʠʩʪʝʤʦʡ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʚʳʧʦʣʥʝʥ ʥʘ ʧʨʠʤʝʨʝ 

ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ɹʘʛʘʝʚʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʈʦʩʪʦʚʤʝʣʠʦʚʦʜʭʦʟè. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʟʘ 2020 ʛ.) ʜʣʷ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʦʡ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ 

ʧʦ ʦʩʥʘʱʝʥʠʶ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦ-

ʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʚʦʜʦʧʦ-

ʜʘʯʠ, ʟʘ ʧʦʣʠʚʥʦʡ ʩʝʟʦʥ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠ-

ʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʠʪ ʟʘ ʩʯʝʪ 
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ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʥʫʞʜʳ ʦʨʦʰʝʥʠʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʦʙʲʝʤʳ WD , ʪʳʩ. ʤ3, ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ: 

2,10242,538964,54920ʚʙ =-=-=D WWW  ʪʳʩ. ʤ3, 

ʛʜʝ ʙW  ï ʬʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʦʜʦʧʦʜʘʯʠ ʟʘ ʧʦʣʠʚʥʦʡ ʩʝʟʦʥ ʜʦ ʦʩʥʘ-

ʱʝʥʠʷ ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʤ3; 

ʚW  ï ʬʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʦʜʦʧʦʜʘʯʠ ʟʘ ʧʦʣʠʚʥʦʡ ʩʝʟʦʥ ʧʦʩʣʝ 

ʦʩʥʘʱʝʥʠʷ ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʤ3. 

ʊʘʙʣʠʮʘ 1 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʩʥʘʱʝʥʠʶ ʦʨʦʩʠʪʝʣʴʥʦʡ 

ʩʝʪʠ ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʆʙʦʟʥʘ-

ʯʝʥʠʝ 

ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ʌʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʦʜʦʧʦʜʘʯʠ ʟʘ ʧʦʣʠʚʥʦʡ ʩʝ-

ʟʦʥ ʙW  ʪʳʩ. ʤ3 54920,4 

ʌʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʦʜʦʧʦʜʘʯʠ ʟʘ ʧʦʣʠʚʥʦʡ ʩʝ-

ʟʦʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜ-

ʥʳʭ ʨʝʩʫʨʩʦʚ ʚW  ʪʳʩ. ʤ3 53896,2 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʨʠʩʘ ʦʨV  ʤ3/ʛʘ 25300 

ʋʨʦʞʘʡʥʦʩʪʴ ʨʠʩʘ ʧʙʋ  ʮ/ʛʘ 65 

ʇʣʘʥʠʨʫʝʤʳʡ ʧʨʠʨʦʩʪ ʧʨʠʙʳʣʠ ʟʘ ʩʯʝʪ ʧʦʣʠʚʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʦʨʦʰʝʥʠʷ ʇD  ʨʫʙ./ʛʘ 11613,5 

ʂʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʩɿ ʨʫʙ. 8141221,1 

ʋʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʤʝʣʠʦʨʘʪʠʚ-

ʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʂ  ʨʫʙ./ʛʘ 2604,2 

ʅʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘ-

ʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʥɽ  ï 0,15 

ʉʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʠʩʦʚʳʭ ʢʫʣʴʪʫʨ ʧʙʉ  ʨʫʙ./ʮ 216 

ʉʪʦʠʤʦʩʪʴ ʫʩʣʫʛ ʧʦ ʧʦʜʘʯʝ ʚʦʜʳ ʚʉ  ʨʫʙ./ʤ3 1,38 

ʕʢʦʥʦʤʠʷ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ 

ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ-

ʩʷ ʩʦʙʣʶʜʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʨʘʟ-

ʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʚʦʜʦ-

ʠʟʤʝʨʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʵʢʦʥʦʤʠʪʴ 1,865 % ʚʦʜʳ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲ-

ʝʤʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʥʫʞʜʳ ʦʨʦʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʟʘ ʩʯʝʪ 

ʦʨʦʰʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ. ʇʦ ʜʘʥʥʳʤ ɹʘʛʘʝʚʩʢʦʛʦ ʬʠʣʠʘʣʘ 
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ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʈʦʩʪʦʚʤʝʣʠʦʚʦʜʭʦʟè, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʦʨʦʩʠ-

ʪʝʣʴʥʘʷ ʥʦʨʤʘ ʙʨʫʪʪʦ ʩʦʩʪʘʚʣʷʝʪ 25,3 ʪʳʩ. ʤ3/ʛʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʵʢʦʥʦʤʣʝʥʥʦʡ ʚʦʜʦʡ ʤʦʞʥʦ ʦʨʦʩʠʪʴ: 

48,403,25/2,1024/ ʦʨʜʦʧ ==D= VWS  ʛʘ, 

ʛʜʝ ʜʦʧS  ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ, ʛʘ; 

WD  ï ʦʙʲʝʤ ʩʵʢʦʥʦʤʣʝʥʥʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ, ʪʳʩ. ʤ3; 

ʦʨV  ï ʦʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʨʠʩʘ, ʪʳʩ. ʤ3/ʛʘ. 

ɺ ʨʘʩʯʝʪʝ ʧʨʠʥʷʪʦ ʟʘʪʦʧʣʝʥʠʝ ʨʠʩʦʚʳʭ ʢʫʣʴʪʫʨ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʡ ʧʣʦʱʘʜʠ. ʋʜʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʦʨʦʰʝʥʠʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

87,112222,260415,05,11613ʂʇʕ ʤʥʫʜ =Ö-=Ö-D= ɽ  ʨʫʙ./ʛʘ, 

ʛʜʝ ʫʜʕ  ï ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 

ʩ 1 ʛʘ, ʨʫʙ./ʛʘ; 

ʇD  ï ʧʣʘʥʠʨʫʝʤʳʡ ʧʨʠʨʦʩʪ ʧʨʠʙʳʣʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʟʜʝʣʳʚʘʥʠʝʤ ʨʠʩʘ ʙʝʟ ʧʦʣʠʚʘ, ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 1 ʛʘ, 

ʨʫʙ./ʛʘ; 

ʥɽ  ï ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ ( )15,0=
ʥ
ɽ ; 

ʤʂ  ï ʫʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʤʝʣʠʦʨʘʪʠʚʥʦʝ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ, ʨʫʙ./ʛʘ. 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʤ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʵʢʦʥʦʤʠʠ 

ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ, ʵ.ʚ.ʕ , ʨʫʙ.: 

78,45430148,4087,11222ʕʕ ʜʦʧʫʜʵ.ʚ. =Ö=Ö= S  ʨʫʙ., 

ʛʜʝ ʫʜʕ  ï ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ 

ʩ 1 ʛʘ, ʨʫʙ./ʛʘ; 

ʜʦʧS  ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ, ʛʘ. 

ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʦʥʦʤʠʠ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʦʜʦʧʦʜʘʯʠ: 

141340038,11024200Cʕ ʚʵ.ʵ. =Ö=ÖD= W  ʨʫʙ., 

ʛʜʝ ɻ.ʵ.ʕ  ï ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ, ʨʫʙ.; 

WD  ï ʦʙʲʝʤ ʩʵʢʦʥʦʤʣʝʥʥʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ, ʤ3; 

ʚC  ï ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛ ʧʦ ʧʦʜʘʯʝ 1 ʤ3 ʚʦʜʳ, ʨʫʙ./ʤ3. 
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ɺ ʠʪʦʛʝ ʧʨʦʠʟʚʦʜʠʤ ʨʘʩʯʝʪ ʛʦʜʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

(ʕ, ʨʫʙ.) ʧʦ ʬʦʨʤʫʣʝ: 

 ʵ.ʵ.ʵ.ʚ.ʕʕʕ += , (1) 

ʛʜʝ ɻ.ʚ.ʕ  ï ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʦʥʦʤʠʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ, 

ʨʫʙ.; 

ʵ.ʵ.ʕ  ï ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʫʙ. 

ʀʪʘʢ, ʦʞʠʜʘʝʤʳʡ ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʅʠʞʥʝ-

ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ (ʨʠʩʫʥʦʢ 1) ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ ʦʨʦ-

ʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝ-

ʥʠ ʁ(1) ʠ ʨʘʚʝʥ: 

78,86770111413400454301,78ʕ =+=  ʨʫʙ./ʛʦʜ. 

 

ʈʠʩʫʥʦʢ 1 ï ʆʞʠʜʘʝʤʳʡ ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ  

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʇʦʜ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚʦ ʚʥʝʜ-

ʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʧʦʥʠʤʘ-

ʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʣʦʞʝʥʥʳʤʠ ʜʝʥʴʛʘʤʠ ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʚ ʚʠʜʝ ʧʨʠʙʳʣʠ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʝʨʠʦʜʘ, ʚ ʪʝʯʝʥʠʝ ʢʦ-

ʪʦʨʦʛʦ ʠʥʚʝʩʪʠʨʫʝʤʳʡ ʧʨʦʝʢʪ ʚʳʡʜʝʪ ʥʘ ʦʢʫʧʘʝʤʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ: 
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4,4
78,1867701

1,8141221

ʕ

ɿʩ ===ʊ  ʛʦʜʘ, 

ʛʜʝ ʩɿ ï ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʨʠʩʦʚʦʡ ʩʠʩʪʝʤʝ, 

ʨʫʙ.; 

ʕ ï ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʨʫʙ./ʛʦʜ. 

ɺʳʚʦʜʳ 

1 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʝʜʝʨʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ʠ ʧʨʠʢʘʟʘʤʠ ʄʠʥ-

ʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ʧʝʨʝʜʘʚʘʝʤʳʝ ʠ ʧʦʪʨʝʙʣʷʝʤʳʝ ʨʝʩʫʨʩʳ ʧʦʜʣʝʞʘʪ ʦʙʷ-

ʟʘʪʝʣʴʥʦʤʫ ʫʯʝʪʫ. ʋʯʝʪ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʦʪʢʨʳʪʦʡ ʦʨʦʩʠ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʠʥʷʪʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʤʝʨ, ʥʦ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʪʠ. 

2 ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʪ̫ʠʡ 

ʧʦ ʦʩʥʘʱʝʥʠʶ ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʨʠʩʦʚʦʡ ʩʝʪʠ ʩʠʩʪʝ-

ʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦ-

ʙʣʶʜʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʚʦʜʦʧʦʜʘʯʠ ʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 

ʥʫʞʜʳ ʦʨʦʰʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʯʝʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʝ ʠ 

ʦʧʝʨʘʪʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʦʡ ʚ ʟʦʥʫ ʦʨʦʰʝʥʠʷ ʚʦʜʳ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʙʲʝʤʳ ʚʦʜʦʧʦʜʘʯʠ ʥʘ 1,865 %. 

3 ʆʞʠʜʘʝʤʳʡ ʛʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʦʥʦʤʠʠ ʦʨʦ-

ʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʩʦʩʪʘʚʠʪ 454 ʪʳʩ. ʨʫʙ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʵʢʦ-

ʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ï 1413 ʪʳʩ. ʨʫʙ. ʆʙʱʠʡ ʦʞʠʜʘʝʤʳʡ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʅʠʞʥʝ-ʄʘʥʳʯʩʢʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩʦʩʪʘʚʠʪ 

1868 ʪʳʩ. ʨʫʙ. 

4 ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʥʚʝʩʪʠʨʫʝʤʳʡ 

ʧʨʦʝʢʪ (ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʯʝʪʘ ʚʦʜʦ- ʠ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩʦʚ) ʚʳʡʜʝʪ ʥʘ ʦʢʫʧʘʝʤʦʩʪʴ, ʩʦʩʪʘʚʣʷʝʪ 4,4 ʛʦʜʘ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʨʷʜʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʪʳ ʟʘ ʦʢʘʟʘʥʠʝ ʬʝʜʝʨʘʣʴʥʳʤ ʙʶʜ-

ʞʝʪʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʚʝʜʝʥʠʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, ʛʨʘʞʜʘʥʘʤ ʠ ʶʨʠ-

ʜʠʯʝʩʢʠʤ ʣʠʮʘʤ ʫʩʣʫʛ (ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ), ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʇʨʠʢʘʟ ʄʠʥʩʝʣʴʭʦʟʘ 

ʈʦʩʩʠʠ ʦʪ 31 ʘʚʛ. 2010 ʛ. ˉ 300: ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 21 ʜʝʢ. 2012 ʛ. ɼʦʩʪʫʧ ʠʟ ʩʧʨʘʚ. ʧʨʘ-

ʚʦʚʦʡ ʩʠʩʪʝʤʳ çɻʘʨʘʥʪè. 
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2. ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʨʷʜʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʪʳ ʟʘ ʦʢʘʟʘʥʠʝ ʬʝʜʝʨʘʣʴʥʳʤ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʳʤ ʙʶʜʞʝʪʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʤʝʣʠʦʨʘʮʠʠ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʚʝʜʝʥʠʠ 
ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, ʛʨʘʞʜʘʥʘʤ ʠ ʶʨʠʜʠʯʝʩʢʠʤ ʣʠʮʘʤ ʫʩʣʫʛ (ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ), ʦʪ-
ʥʦʩʷʱʠʭʩʷ ʢ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦ-
ʛʦ ʫʯʨʝʞʜʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʇʨʠʢʘʟ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ʦʪ 18 ʬʝʚʨ. 2013 ʛ. 

 ̄79. ɼʦʩʪʫʧ ʠʟ ʩʧʨʘʚ. ʧʨʘʚʦʚʦʡ ʩʠʩʪʝʤʳ çɻʘʨʘʥʪè. 
3. ʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʦ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦ ʚʥʝ-

ʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʌ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʌʝʜʝʨ. 
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ɸʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ  
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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ: ʧʨʦʚʝʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦ-
ʚʨʝʤʝʥʥʦʡ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʨʨʠʛʘʮʠʦʥʥʦʛʦ ʬʦʥʜʘ ʉʝ-
ʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 
ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 2015ï2020 ʛʛ. ʆʮʝʥʠʚʘʣʠʩʴ 
ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʦʨʦʰʝʥʠʷ ʠ ʚʦʜʦʧʦʜʘʯʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ 
ʜʘʥʥʳʤʠ ʟʘ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʈʝʟʫʣʴʪʘʪʳ. ɺ 2020 ʛ. ʩʫʤʤʘʨʥʳʡ ʚʦʜʦʟʘʙʦʨ ʩʦʩʪʘʚʠʣ 
6,51 ʢʤ3, ʯʪʦ ʥʘ 5 % ʤʝʥʴʰʝ, ʯʝʤ ʚ 2019 ʛ. ʉʫʤʤʘʨʥʘʷ ʧʦʜʘʯʘ ʚʦʜʳ ʥʘ ʚʩʝ ʥʫʞʜʳ ʩʦʩʪʘ-
ʚʠʣʘ 4,56 ʢʤ3, ʯʪʦ ʥʘ 4 % ʤʝʥʴʰʝ, ʯʝʤ ʚ 2019 ʛ. ʇʦʜʘʯʘ ʚʦʜʳ ʥʘ ʦʨʦʰʝʥʠʝ ʧʨʝʚʳʰʘʝʪ 
ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘ 10 % (2,3 ʢʤ3). ʇʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 491,5 ʪʳʩ. ʛʘ, ʯʪʦ 
ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘ 6 %. ɺʳʚʦʜʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʚʦʜʦ-
ʟʘʙʦʨʘ, ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʘʢ ʦʙʲʝʤʦʚ ʚʦʜʳ, ʧʝʨʝʜʘʥʥʦʡ ʥʘ ʦʨʦʰʝʥʠʝ, ʪʘʢ ʠ ʧʣʦʱʘ-
ʜʝʡ ʦʨʦʰʝʥʠʷ. ʇʝʨʠʦʜ ʤʘʣʦʚʦʜʴʷ 2020 ʛ. ʙʳʣ ʧʨʝʦʜʦʣʝʥ ʙʝʟ ʧʦʪʝʨʴ ʦʨʦʰʘʝʤʳʭ ʧʣʦʱʘ-
ʜʝʡ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
ʩʦʢʨʘʱʘʝʪʩʷ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʧʦʜʧʠʪʢʫ ʨʝʢ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʝ ʟʝʤʣʠ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʦʨʦʰʘʝʤʦʝ ʟʝʤʣʝ-
ʜʝʣʠʝ, ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʣʦʱʘʜʴ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝ-
ʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ 

**** ******  

Analysis of the water resources and reclaimed lands utilization  

of the North Caucasian Federal District of the Russian Federation 

Aleksey N. Ryzhakov, Alexander ɸ. Kuzmitchev  
Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 
Russian Federation 

Abstract. Purpose: to conduct information and analytical studies of the current water 
management situation and the use of the irrigation fund of the North Caucasus Federal Dis-
trict of the Russian Federation. Materials and methods. The analysis is based on actual data 
for the period 2015ï2020. The indicators of changes in the irrigated area and water supply in 
comparison with the averaged data for a five-year period were evaluated. Results. In 2020, 
the total water withdrawal amounted to 6.51 km3, which is 5 % less than in 2019. The total 
water supply for all needs was 4.56 km3, which is 4 % less than in 2019. Water supply for ir-
rigation exceeds the average by 10 % (2.3 km3). The irrigated area was 491.5 thousand hec-
tares, which exceeds the average value by 6 %. Conclusions. Despite the reduction in water 
withdrawal volume, the increase in both the volume of water supplied for irrigation and the 
irrigation area was noted. The low water period in 2020 was overcome without loss of irrigat-
ed areas. If it is necessary to reduce the water resources consumption, first of all, the water 
consumption for feeding the rivers is reduced.  

Keywords: reclaimed land, water resources, irrigated agriculture, water resources 
shortage, irrigated land area, the North Caucasian Federal District  

ɺʚʝʜʝʥʠʝ. ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ (ʉʂʌʆ) ʚʭʦ-

ʜʠʪ ʚ ʯʠʩʣʦ ʧʨʠʦʨʠʪʝʪʥʳʭ ʨʝʛʠʦʥʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʚʦʟ-

ʤʦʞʥʦʩʪʷʤ ʨʘʟʚʠʪʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʠ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʦ-

ʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴ-

ʪʫʨ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʛʦʜʳ.  
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ʆʜʥʘʢʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʯʘʩʪʦ ʧʦʚʪʦʨʷ-

ʶʱʠʝʩʷ ʟʘʩʫʭʠ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʫʨʦʞʘʡʥʦʩʪʠ. 

ʊʘʢʠʤ ʙʳʣ 2020 ʛ., ʚ ʫʩʣʦʚʠʷʭ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʤʘʣʦʚʦʜʴʝ ʦʩ-

ʥʦʚʥʳʭ ʨʝʢ-ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ ʧʦ ʚʩʝʤʫ ʶʛʫ ʈʦʩʩʠʠ. 

ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟ-

ʚʠʪʠʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ [1].  

ʄʝʞʜʫ ʪʝʤ ʢʘʢ ʚ ʮʝʣʦʤ ʧʦ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʚ ʨʝʛʠʦʥʘʭ ʉʂʌʆ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦ-

ʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ. ʈʝʦʨʛʘʥʠʟʘʮʠʷ ʢʨʫʧʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʦʩʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʠʭ ʪʝʨʨʠʪʦʨʠʠ ʥʦʚʳʭ ʨʘʟ-

ʨʦʟʥʝʥʥʳʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ. ʀʟʤʝʥʠʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʩʦʙʩʪʚʝʥʥʠ-

ʢʦʚ ʩʝʣʴʭʦʟʫʛʦʜʠʡ, ʠ ʥʝʢʦʛʜʘ ʩʪʨʦʡʥʘʷ ʩʠʩʪʝʤʘ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʨʝʪʝʨʧʝʣʘ ʠʟʤʝʥʝʥʠʷ, ʩʪʘʚ ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʠʣʠ ʚʦʚʩʝ ʙʝʩʭʦʟʥʦʡ, ʥʝ ʦʪʚʝʯʘʶʱʝʡ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ [2].  

ʉʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʫʧʨʘʚʣʷ-

ʶʱʠʤʠ ʦʨʦʩʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʧʨʠʤʝʥʷ-

ʝʤʳʭ ʩʧʦʩʦʙʦʚ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʩʚʝʜʝʥʠʡ ʦʙ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ï ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʘ 

ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʛʨʘʜ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜʳ ʧʨʠ ʦʨʦh ʝʥʠʠ [3ï5].  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʨʨʠʛʘ-

ʮʠʦʥʥʦʛʦ ʬʦʥʜʘ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɸʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʠ ʤʝʣʠʦʨʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 2015ï2020 ʛʛ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʦʢʘʟʘʪʝʣʷʤ: ʦʙʲʝʤ ʚʦʜʦʟʘʙʦʨʘ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʥʘ ʥʫʞʜʳ ʧʠʪʴʝʚʦʛʦ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʙʳʪʦʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʥʫʞʜʳ; ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʠʪʳʝ ʦʨʦʰʘʝʤʳʝ ʧʣʦʱʘʜʠ ʟʝ-

ʤʝʣʴ. ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦ 11 ʫʧʨʘʚʣʝʥʠʷʤ ʤʝʣʠʦ-

ʨʘʮʠʠ ʟʝʤʝʣʴ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʭʚʘʪʠʪʴ ʚʝʩʴ ʉʂʌʆ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʉʫʤʤʘʨʥʳʡ ʚʦʜʦʟʘʙʦʨ ʠʟ ʧʨʠʨʦʜ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʷʤ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ ʉʂʌʆ ʟʘ ʠʟʫ-
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ʯʝʥʥʳʡ ʧʝʨʠʦʜ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 6,3ï6,8 ʢʤ3. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʚʳ-

ʷʚʠʣ ʩʣʝʜʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ (ʨʠʩʫʥʦʢ 1).  

 

ʈʠʩʫʥʦʢ 1 ï ʉʫʤʤʘʨʥʳʡ ʚʦʜʦʟʘʙʦʨ ʠʟ ʧʨʠʨʦʜʥʳʭ  

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʫʧʨʘʚʣʝʥʠʷʤ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ  

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ 

ɺ 2020 ʛ. ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʚʦʜʦʟʘʙʦʨʘ ʦʪʤʝʯʝʥʦ 

ʧʦ ʋʧʨʘʚʣʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʦʣʴʰʦʛʦ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʘʥʘʣʘ 

(ʋʕɹʉʂ). ɺ ʵʪʦʪ ʛʦʜ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʦ ʟʘʙʨʘʥʦ 1,7 ʢʤ3 

ʚʦʜʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʟʘ 2019 ʛ. ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 20 %, 

ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʟʘ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ï 23 %.  

ʇʦʢʘʟʘʪʝʣʠ ʚʦʜʦʟʘʙʦʨʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʠʩʴ ʧʦ ʫʧʨʘʚ-

ʣʝʥʠʶ çʂʘʙʙʘʣʢʤʝʣʠʦʚʦʜʭʦʟè. ɺ 2020 ʛ. ʟʘʙʦʨ ʚʦʜʳ ʠʟ ʧʨʠʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʩʦʩʪʘʚʠʣ 368,5 ʤʣʥ ʤ3. ʇʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʟʘ 2019 ʛ. ʦʙʲʝʤ ʚʦʜʦʟʘʙʦʨʘ ʩʥʠʟʠʣʩʷ ʥʘ 14 %, 

ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 18 %.  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʚʦʜʦʟʘʙʦʨʘ ʦʪʤʝʯʝʥʦ ʧʦ ʋʧʨʘʚ-

ʣʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʝʨʩʢʦ-ʂʫʤʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ (ʋʕʊʂɻ), ʢʦʪʦʨʳʡ 

ʚ 2020 ʛ. ʩʦʩʪʘʚʠʣ 1,1 ʢʤ3. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʟʘ 2019 ʛ. ʦʙʲʝʤ 

ʚʦʜʦʟʘʙʦʨʘ ʚʳʨʦʩ ʥʘ 8 %, ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʟʘ ʧʝʨʠʦʜ 2015ï2020 ʛʛ. ʫʚʝʣʠʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 25 %.  

ʇʦ ʫʧʨʘʚʣʝʥʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʞʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ (ʋʕʄʄʂ), ʂʫʤʩʢʠʭ ʛʠʜʨʦʫʟʣʦʚ ʠ ʏʦʛʨʘʡʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʋʕʂɻʠʏɺ), ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʷʤ ʤʝʣʠʦʨʘʮʠʠ ʠ ʚʦʜ-

ʥʦʛʦ ʭʦʟʷʡʩʪʚʘ çʉʪʘʚʨʦʧʦʣʴʤʝʣʠʦʚʦʜʭʦʟè ʠ çʏʝʯʝʥʤʝʣʠʦʚʦʜʭʦʟè ʦʪ-
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ʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʦʟʘʙʦʨʘ ʠʟ ʧʨʠ-

ʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 5 %. ʇʦ ʫʧʨʘʚʣʝʥʠʶ çʄʠʥʤʝ-

ʣʠʦʚʦʜʭʦʟ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥè ʚ ʧʦʩʣʝʜʥʠʝ 2 ʛʦʜʘ ʦʪʤʝʯʘʝʪʩʷ ʥʝ-

ʙʦʣhɹʦʡ ʨʦʩʪ ʦʙʲʝʤʘ ʚʦʜʦʟʘʙʦʨʘ (ʥʘ 6 %). ʋʧʨʘʚʣʝʥʠʷʤʠ ʧʦ ʤʝʣʠʦ-

ʨʘʮʠʠ ʠ ʚʦʜʥʦʤʫ ʭʦʟʷʡʩʪʚʫ ʨʝʩʧʫʙʣʠʢ ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʠʷ, ʉʝʚʝʨʥʘʷ 

ʆʩʝʪʠʷ ï ɸʣʘʥʠʷ ʠ ʀʥʛʫʰʝʪʠʷ ʚʦʜʦʟʘʙʦʨ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚ 2020 ʛ. ʥʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ.  

ʅʘʠʙʦʣʴʰʠʤ ʩʫʤʤʘʨʥʳʤ ʟʘʙʦʨʦʤ ʚʦʜʳ ʠʟ ʚʦʜʦʠʩʪʦʯʥʠʢʘ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ çʄʠʥʤʝʣʠʦʚʦʜʭʦʟ ʈɼè. ʆʙʲʝʤ ʟʘ-

ʙʨʘʥʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 2020 ʛ. ʩʦʩʪʘʚʠʣ 3101,01 ʤʣʥ ʤ3, ʠʣʠ ʦʢʦ-

ʣʦ ʪʨʝʪʠ ʦʪ ʦʙʱʝʛʦ ʟʘʙʦʨʘ ʧʦ ʚʩʝʤ ʫʧʨʘʚʣʝʥʠʷʤ ʉʂʌʆ.  

ɺ ʮʝʣʦʤ ʞʝ ʚ 2020 ʛ. ʠʟ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʦ ʟʘ-

ʙʨʘʥʦ 6,51 ʢʤ3 ʚʦʜʳ, ʯʪʦ ʥʘ 5 % ʤʝʥʴʰʝ, ʯʝʤ ʚ 2019 ʛ. (6,83 ʢʤ3). 

ɺ 2020 ʛ. ʩʫʤʤʘʨʥʘʷ ʧʦʜʘʯʘ ʚʦʜʳ ʥʘ ʚʩʝ ʥʫʞʜʳ ʭʦʟʷʡʩʪʚ ʠ ʩʠʩʪʝʤ 

ʦʢʨʫʛʘ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣʘ 4,56 ʢʤ3 (70 % ʦʪ ʦʙʱʝʛʦ ʚʦ-

ʜʦʟʘʙʦʨʘ), ʯʪʦ ʥʘ 4 % ʤʝʥʴʰʝ, ʯʝʤ ʚ 2019 ʛ., ʘ ʧʦʪʝʨʠ ï 1,96 ʢʤ3 

(30 %). ɻʨʘʬʠʢ ʩʫʤʤʘʨʥʦʡ ʧʦʜʘʯʠ ʥʘ ʚʩʝ ʥʫʞʜʳ ʭʦʟʷʡʩʪʚ ʠ ʩʠʩʪʝʤ ʧʦ 

ʫʧʨʘʚʣʝʥʠʷʤ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ ʉʂʌʆ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩʫʥʦʢ 2 ï ʉʫʤʤʘʨʥʘʷ ʧʦʜʘʯʘ ʥʘ ʚʩʝ ʥʫʞʜʳ ʭʦʟʷʡʩʪʚ 

ʧʦ ʫʧʨʘʚʣʝʥʠʷʤ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ 

ʆʙʲʝʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʜʘʚʘʝʤʳʡ ʥʘ ʚʩʝ ʥʫʞʜʳ, ʩʢʣʘʜʳʚʘʝʪ-

ʩʷ ʠʟ ʪʘʢʠʭ ʨʘʩʭʦʜʥʳʭ ʩʪʘʪʝʡ, ʢʘʢ ʦʨʦʰʝʥʠʝ, ʧʠʪʴʝʚʦʝ ʠ ʭʦʟʷʡʩʪʚʝʥ-

ʥʦ-ʙʳʪʦʚʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʥʫʞʜʳ, ʥʫʞʜʳ ʨʳʙʥʦ-

ʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʥʫʞʜʳ, ʧʦʜʧʠʪʢʘ ʨʝʢ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʜʨ.  
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ʀʟ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʚʩʝ ʥʫʞʜʳ 

ʧʦ ʦʨʦʩʠʪʝʣʴʥʳʤ ʩʠʩʪʝʤʘʤ, ʥʘʠʙʦʣʴʰʝʡ ʨʘʩʭʦʜʥʦʡ ʩʪʘʪʴʝʡ ʷʚʣʷʝʪʩʷ 

ʦʨʦʝhʥʠʝ.  

ʉʨʝʜʠ ʚʩʝʭ ʨʝʛʠʦʥʦʚ ʉʂʌʆ ʈʝʩʧʫʙʣʠʢʘ ɼʘʛʝʩʪʘʥ ʟʘʥʠʤʘʝʪ ʧʝʨ-

ʚʦʝ ʤʝʩʪʦ ʧʦ ʨʘʟʚʠʪʠʶ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɿʜʝʩʴ ʦʨʦʰʘʝʤʦʝ 

ʟʝʤʣʝʜʝʣʠʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʥʘ 80 % ʦʪ ʚʩʝʡ ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ ʨʝʛʠʦʥʘ 

(357,6 ʪʳʩ. ʛʘ). ɺ 2020 ʛ. ʚ ʨʝʩʧʫʙʣʠʢʝ ʙʳʣʦ ʧʦʣʠʪʦ 284,8 ʪʳʩ. ʛʘ, ʠʣʠ 

58 % ʚʩʝʡ ʦʨʦh ʘʝʤʦʡ ʧʣʦʱʘʜʠ ʉʂʌʆ. ʂʦʣʠʯʝʩʪʚʦ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ 

ʫʚʝʣʠʯʠʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘ ʧʨʝʜʳʜʫʱʠʝ 

5 ʣʝʪ ʥʘ 4 %. ʆʙʝ̡ʤ ʚʦʜʳ, ʧʝʨʝʜʘʥʥʳʡ ʥʘ ʦʨʦʰʝʥʠʝ, ʪʘʢʞʝ ʧʨʝʚʳʩʠʣ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ʥʘ 14 %). 

ɺ ʏʝʯʝʥʩʢʦʡ ʠ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʨʝʩʧʫʙʣʠʢʘʭ ʦʨʦʰʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 21 % ʦʪ ʚʩʝʡ ʧʦʩʝʚʥʦʡ ʧʣʦʱʘʜʠ ʵʪʠʭ ʨʝʛʠʦʥʦʚ 

(259,4 ʠ 281,8 ʪʳʩ. ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʵʪʦʤ ʚ 2020 ʛ. ʚ ʂʘʙʘʨʜʠ-

ʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʦʪʤʝʯʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʢʘʢ ʦʙʲ-

ʝʤʘ ʚʦʜʳ, ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʦʨʦʰʝʥʠʝ, ʪʘʢ ʠ ʧʣʦʱʘʜʠ ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʠ-

ʪʳʭ ʟʝʤʝʣʴ. ʆʙʲʝʤ ʚʦʜʳ ʜʣʷ ʦʨʦʰʝʥʠʷ ʩʦʢʨʘʪʠʣʩʷ ʥʘ 19 % ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩʦ ʩʨʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʘ ʧʣʦʱʘʜʴ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʫʤʝʥʴ-

ʰʠʣʘʩʴ ʥʘ 13 %. ɺ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʝ 

ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʚʦʜʳ, ʧʝʨʝʜʘʥʥʦʡ ʥʘ ʦʨʦʰʝʥʠʝ (ʥʘ 2 %), ʦʨʦʰʘʝʤʘʷ 

ʧʣʦʱʘʜʴ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʥʘ 9 % ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʠ ʩʦʩʪʘʚʠʣʘ 54,2 ʪʳʩ. ʛʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʦʨʦʰʝʥʠʷ ʠ ʦʙʲʝʤʘ ʦʨʦʩʠ-

ʪʝʣʴʥʦʡ ʚʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʪʤʝʯʘʝʪʩʷ 

ʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʤ ʢʨʘʝ. ɿʜʝʩʴ ʚ 2020 ʛ. ʦʙʲʝʤ ʚʦʜʳ, ʧʝʨʝʜʘʥʥʳʡ 

ʜʣʷ ʮʝʣʝʡ ʦʨʦʰʝʥʠʷ, ʫʚʝʣʠʯʠʣʩʷ ʥʘ 10 % ʠ ʩʦʩʪʘʚʠʣ 158,7 ʤʣʥ ʤ3, 

ʘ ʧʣʦʱʘʜʴ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʚʳʨʦʩʣʘ ʥʘ 19 % ʜʦ 52,6 ʪʳʩ. ʛʘ. ʆʜʥʘʢʦ 

ʨʘʟʚʠʪʠʝ ʤʝʣʠʦʨʘʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ ʧʦʣʫ-

ʯʠʣ ʣʠʰʴ ʥʘ 2 % ʦʪ ʚʩʝʭ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ (2900 ʪʳʩ. ʛʘ), ʯʪʦ ʷʚʣʷ-

ʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʚʩʝʛʦ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ.  

ɺ ʦʩʪʘʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʦʢʨʫʛʘ ʚ 2020 ʛ. ʦʨʦʰʝʥʠʝ ʙʳʣʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʦʢʨʘʱʝʥʦ. 

ʆʙʲʝʤ ʚʦʜʳ, ʧʦʜʘʥʥʦʡ ʥʘ ʦʨʦʰʝʥʠʝ ʚ 2020 ʛ. ʧʦ ʚʩʝʤ ʦʨʦʩʠ-

ʪʝʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʉʂʌʆ, ʩʦʩʪʘʚʠʣ 2,47 ʢʤ3, ʠʣʠ 54 % ʦʪ ʦʙʱʝʛʦ ʦʙʲ-

ʝʤʘ. ʇʨʝʚʳʰʝʥʠʝ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʜ ʩʨʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʟʘ ʧʨʝʜʳʜʫʱʠʝ 5 ʣʝʪ ʩʦʩʪʘʚʠʣʦ 10 % (2,3 ʢʤ3). ʇʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ  

çɸʂʊʋɸʃʔʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ  

ʄɽʃʀʆʈɸʊʀɺʅʆɻʆ ʂʆʄʇʃɽʂʉɸè 

122 

ʟʘ ɻ ʪʦʪ ʞʝ ʛʦʜ ʩʦʩʪʘʚʠʣʘ 491,5 ʪʳʩ. ʛʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, 

ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʠʪʳʭ ʧʣʦʱʘʜʝʡ ʥʘ 6 % 

(461,8 ʪʳʩ. ʛʘ) (ʨʠʩʫʥʦʢ 3). 

 

ʘ) ʧʦʜʘʯʘ ʚʦʜʳ ʥʘ ʦʨʦʰʝʥʠʝ 

 

ʙ) ʦʨʦʰʘʝʤʳʝ ʧʣʦʱʘʜʠ 

ʈʠʩʫʥʦʢ 3 ï ʆʙʲʝʤ ʚʦʜʳ, ʧʝʨʝʜʘʥʥʳʡ ʥʘ ʦʨʦʰʝʥʠʝ, ʠ  

ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʠʪʳʝ ʧʣʦʱʘʜʠ ʧʦ ʨʝʛʠʦʥʘʤ  

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ, 2020 ʛ. 
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ʂʨʦʤʝ ʧʦʜʘʯʠ ʚʦʜʳ ʥʘ ʦʨʦʰʝʥʠʝ ʦʨʦʩʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʦʩʫʝɦʩʪʚʣʷʣʘʩʴ ʧʦʜʘʯʘ ʚʦʜʳ ʜʣʷ ʧʠʪʴʝʚʦʛʦ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʦʙʲʝʤʝ 211,1 ʤʣʥ ʤ3, ʠʣʠ 5 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ, 

ʥʘ ʥʫʞʜʳ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ï 305,6 ʤʣʥ ʤ3 (7 %), ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʥʫʞʜʳ ï 140 ʤʣʥ ʤ3 (3 %). ʅʘ ʪʝʭʥʠʯʝʩʢʠʝ ʥʫʞʜʳ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

217,3 ʤʣʥ ʤ3 ʚʦʜʳ, ʠʣʠ 5 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ. ʆʙʲʝʤ ʚʦʜʳ, ʧʦʜʘʚʘʝ-

ʤʳʡ ʥʘ ʜʨʫʛʠʝ ʥʫʞʜʳ, ʩʦʩʪʘʚʠʣ 263,2 ʤʣʥ ʤ3 (6 %). 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʙʩʪʘ-

ʥʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʨʨʠʛʘʮʠʦʥʥʦʛʦ ʬʦʥʜʘ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 2020 ʛ. ʦʙʲʝʤ ʚʦʜʳ, ʧʝʨʝʜʘʥʥʳʡ ʥʘ ʦʨʦʰʝ-

ʥʠʝ, ʩʦʩʪʘʚʠʣ 2,3 ʢʤ3, ʵʪʦ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘ ʧʨʝʜʳʜʫ-

ʱʠʡ ʧʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘ 10 %, ʘ ʧʣʦʱʘʜʴ ʦʨʦʰʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 

491,5 ʪʳʩ. ʛʘ, ʵʪʦ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʥʘ 6 % (461,8 ʪʳʩ. ʛʘ).  

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʝʨʠʦʜ ʤʘʣʦʚʦʜʴʷ 2020 ʛ. ʙʳʣ ʧʨʝʦʜʦʣʝʥ ʙʝʟ ʧʦ-

ʪʝʨʴ ʧʣʦʱʘʜʝʡ ʦʨʦʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʢʨʘʱʝ-

ʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʉʂʌʆ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʢʨʘʱʘʝʪʩʷ ʩʪʘʪʴʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʧʦʜʧʠʪʢʫ ʨʝʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʮʝʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʮʝʣʷʭ ʤʝʣʠʦʨʘʮʠʠ. 
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ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʨʘʩʭʦʜʦʤʝʨʦʚ ʥʘ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ 

ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ʖʯʝʥʢʦ, ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ 

ʂʦʨʝʥʦʚʩʢʠʡ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʦʪʢʨʪrʦʡ 

ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ ʠʟʚʝʩʪʥʳʭ, ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʨʘʩʭʦ-

ʜʦʤʝʨʦʚ. ʆʙʩʫʞʜʝʥʠʝ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʯʝʪʳʨʝ ʧʨʠʙʦʨʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʪʨʠ ʟʘʨʫ-

ʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ ʥʘ ʙʝʟʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʦʪʢʨʳ-

ʪʳʭ ʢʘʥʘʣʘʭ. ʆʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ: ʥʝʩʣʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʩʙʦʨʢʠ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʙʦʨʘ ʩ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʦʪʢʨʳ-

ʪʦʤ ʢʘʥʘʣʝ ʠʣʠ ʣʦʪʢʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʚʦʜʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. ɺʳʚʦʜʳ. ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʨʘʩʭʦʜʦʤʝʨʳ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʠ ʦʙʝ̡ʤʘ 

ʚʦʜʳ ʚ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʘʭ ʠʣʠ ʣʦʪʢʘʭ ʥʘ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʥʦ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺʦ ʚʩʝʭ ʩʣʫ-

ʯʘʷʭ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʘʩʭʦʜʦʤʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ ʦʙʲ-

ʝʢʪʘ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʠʣʠ ʣʦʪʢʘ ʠ ʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ, ʪʨʝʙʫʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠ ʩʪʦʠʤʦʩʪʠ ʧʨʠʙʦʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʭʦʜʦʤʝʨ, ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ, ʫʨʦʚʝʥʴ ʚʦʜʳ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, 

ʨʘʩʭʦʜ, ʦʙʲʝʤ, ʫʣʴʪʨʘʟʚʫʢ, ʣʦʪʦʢ, ʚʦʜʦʩʣʠʚ 
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Abstract. The purpose of the research is to analyze the possibility of using well-known 

industrial ultrasonic flow meters on an open irrigation network. Discussion. Four domestic and 

three foreign production instruments which were originally determined for measuring industrial 

and domestic wastewater on gravity pipelines and open canals were considered. The main selec-

tion criteria are: ease of structure assembly when using the device together with a hydrometric 

instrument in an open canal or chute, the ability to perform the necessary measurements of wa-

ter parameters, high measurement accuracy. Conclusions. All considered ultrasonic flow me-

ters can be used theoretically to measure the flow and volume of water in open canals or 

flumes on an irrigation network, but further research of their effective use in this area is re-

quired. In all cases, the choice of one or another flow meter depends on the specific local con-

ditions of the object, the canal or flume cross-section configuration and their hydraulic char-

acteristics, the required measurement error and the cost of the device.  

Keywords: flow meter, measurement method, water level, flow rate, water rate, vol-

ume, ultrasound, flume, weir 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝ ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʠ ʠ ʢʦʥʪʨʦʣʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ ʚʦʜʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʘʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɼʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʜʠʢʪʫʝʪ ʧʦʠʩʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʩʨʝʜʩʪʚ ʚʦʜʦʫʯʝ-

ʪʘ, ʦʙʣʘʜʘʶʱʠʭ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ, ʥʘʠʙʦʣʴʰʠʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ 

ʥʘʠʤʝʥʴʰʠʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ɽʩʣʠ ʜʣʷ ʟʘʢʨʳʪʳʭ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʧʨʦʙʣʝʤʘ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʝʰʝʥʘ, ʪʦ ʜʣʷ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ 

ʠ ʣʦʪʢʦʚ ʦʥʘ ʦʩʪʘʝʪʩʷ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʨʝʜʩʪʚ ʚʦʜʦʫʯʝʪʘ 

ʠʣʠ ʧʦʠʩʢʘ ʧʨʠʤʝʥʝʥʠʷ ʫʞʝ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ ʨʘʩʭʦʜʦʤʝʨʦʚ [1].  

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʭʦʜʦʤʝʨʦʚ ʠ ʨʝʘʣʠʟʫʝʤʳʝ ʩ ʠʭ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʝʱʝ ʚ 70-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ 

ʫʯʝʥʳʤʠ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ [2]. ʈʘʩʭʦʜʦ-

ʤʝʨ ʜʣʷ ʦʪʢʨʳʪʳʭ ʧʦʪʦʢʦʚ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʩʦʩʪʦʷʱʠʭ 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʟ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʛʠʜʨʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ [3].  

ʆʙʩʫʞʜʝʥʠʝ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʘʭ ʧʨʠ ʧʦʤʦ-

ʱʠ ʨʘʩʭʦʜʦʤʝʨʦʚ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʨʘʩ-

ʭʦʜʘ ʠ ʦʙʲʝʤʘ ʚʦʜʳ: ʧʝʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ, ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʫʩʣʘ ʠ 

çʫʨʦʚʝʥʴ ï ʩʢʦʨʦʩʪʴè [4]. 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʫʞʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʚʩʪʨʘʠʚʘʝʤʳʭ ʚ ʦʪʢʨʳʪʳʡ ʢʘ-

ʥʘʣ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʟʥʘʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʨʘʩʭʦʜʦʤ ʠ 

ʫʨʦʚʥʝʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ 

ʄʀ 2406-97 [5] ʠ ʜʘʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʩʫʞʘʶ-
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ʱʠʭ ʫʩʪʨʦʡʩʪʚ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʥʘʩʘʜʢʠ, ʚʦʜʦʩʣʠʚʳ, ʣʦʪʢʠ. ʈʘʩʭʦʜʦ-

ʤʝʨʳ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʚʦʜʦʩʣʠʚʘʤʠ ʠ ʣʦʪʢʘʤʠ ʜʦʧʫʩʢʘʝʪʩʷ ʢʦʤʧʣʝʢ-

ʪʦʚʘʪʴ ʙʫʡʢʦʚʳʤʠ, ʝʤʢʦʩʪʥʳʤʠ, ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʘʢʫʩʪʠʯʝʩʢʠʤʠ 

ʫʨʦʚʥʝʤʝʨʘʤʠ, ʜʠʬʤʘʥʦʤʝʪʨʘʤʠ-ʫʨʦʚʥʝʤʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʝʤʝʨ-

ʥʳʤʠ ʨʝʡʢʘʤʠ. ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʫʨʦʚʥʷ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʠʟʤʝʨʝʥʠʷ ʠ ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʭʦʜʦʤʝʨʘ [6].  

ʄʝʪʦʜ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʫʩʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʫʨʦʚʥʷ 

ʥʘ ʥʝʧʦʜʪʦʧʣʝʥʥʦʤ ʜʦʩʪʘʪʦʯʥʦ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʢʘʥʘʣʘ. ɿʘʚʠ-

ʩʠʤʦʩʪʴ ʤʝʞʜʫ ʨʘʩʭʦʜʦʤ ʠ ʫʨʦʚʥʝʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘ-

ʜʫʠʨʦʚʢʠ ʧʦ ʤʝʩʪʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʜʦʤ çʧʣʦʱʘʜʴ ï ʩʢʦʨʦʩʪʴè. ʄʝ-

ʪʦʜ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʫʩʣʘ ʤʝʥʝʝ ʪʦʯʝʥ, ʯʝʤ ʠʟʤʝʨʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʩʫʞʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʦʪ ʚʦʟ-

ʤʦʞʥʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ [7]. 

ʄʝʪʦʜ çʫʨʦʚʝʥʴ ï ʩʢʦʨʦʩʪʴè ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʢʘʢ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʪʘʢ ʠ ʫʨʦʚʥʷ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ ʤʝʪʦʜ, ʦʜ-

ʥʘʢʦ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʨʝʘʣʠʟʫʶʱʠʝ ʜʘʥʥʳʡ ʤʝʪʦʜ, ʥʝ ʧʦʣʫʯʠʣʠ 

ʧʦʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ [8]. 

ʂʘʞʜʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʨʘʩʭʦʜʦʤʝ-

ʨʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʚʳʧʫʩʢʘʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦ ʠ ʚʥʝʩʝʥʳ ʚ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʈʌ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦ-

ʢʦʚ. ʅʘ ʩʝʛʦʜʥʷʥhʠʡ ʜʝʥʴ ʜʘʥʥʳʝ ʪʠʧʳ ʧʨʠʙʦʨʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʯʝʪʳʨʝ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʙʝʟʥʘʧʦʨʥʦʛʦ ʧʦʪʦʢʘ: ʙʝʩʢʦʥʪʘʢʪ-

ʥʳʡ ʨʘʜʘʨʥʳʡ, ʧʦʛʨʫʞʥʦʡ ʜʦʧʣʝʨʦʚʩʢʠʡ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʠ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʡ [9].  

ʀʟʚʝʩʪʥʳʝ ʨʘʩʭʦʜʦʤʝʨʳ ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ 

ʧʨʠʙʦʨʦʚ. ʇʝʨʚʳʡ ʪʠʧ ʦʙʲʝʜʠʥʷʝʪ ʧʨʠʙʦʨʳ, ʠʟʤʝʨʷʶʱʠʝ ʪʦʣʴʢʦ ʫʨʦ-

ʚʝʥʴ ʧʦʪʦʢʘ, ʘ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʩʚʝʥʥʦ ʧʦ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʥʘʣʘ ʠʣʠ ʣʦʪʢʘ. ɺʪʦʨʦʡ ʪʠʧ ï ʧʨʠ-

ʙʦʨʳ, ʠʟʤʝʨʷʶʱʠʝ ʨʘʩʭʦʜ ʧʦ ʧʨʠʥʮʠʧʫ çʧʣʦʱʘʜʴ ï ʩʢʦʨʦʩʪʴè ʠ ʦʩʫ-

ʱʝʩʪʚʣʷʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ.  

ʀʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ ʢ ʧʝʨʚʦʤʫ ʪʠʧʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʕʍʆ-ʈ-03 (ʈʦʩʩʠʷ), çɺʟʣʝʪ ʈʉʃ-212è (ʈʉʃ-222) (ʈʦʩʩʠʷ), SLO-500F 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ʜʨʫʛʠʝ ʠʤ ʧʦʜʦʙʥʳʝ [10ï12]. ɼʘʥʥʳʝ ʨʘʩʭʦʜʦʤʝ-

ʨʳ ʠʩʧʦʣʴʟʫʶʪ ʫʣʴʪʨʘʟʚʫʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʣʴʢʦ ʫʨʦʚʥʷ ʚ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʤ ʨʫʩʣʝ ʢʘʥʘʣʘ (ʣʦʪʢʘ).  
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ʇʨʠʥʮʠʧ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʫʨʦʚʥʝʤʝʨʦʚ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʜʘʯʝ ʠ ʧʨʠ-

ʝʤʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ, ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘʜ ʢʘʥʘʣʦʤ (ʣʦʪʢʦʤ), ʠʟʣʫʯʘʪʝʣʴ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥ 

ʚʥʠʟ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ɺʨʝʤʷ ʦʪʨʘʞʝʥʠʷ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʫʨʦʚʥʝʤ ʚʦʜʳ ʚ ʢʘʥʘʣʝ, ʘ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʨʘʩʭʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʘʣʘ.  

ɺʳʯʠʩʣʝʥʠʝ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʘʥʘʣʘ (ʣʦʪʢʘ) ʬʫʥʢʮʠʝʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ ʧʦʪʦʢʘ ʦʪ ʠʟʤʝʨʝʥʥʦʛʦ ʫʨʦʚʥʷ. ʅʘ ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʚʣʠʷʶʪ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʜʧʦʨʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʢʘʥʘʣʘʭ (ʣʦʪʢʘʭ) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʟʘʩʦʨʦʚ, ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʦʪʦʢʘ, ʟʘʠʣʠʚʘʥʠʷ ʠ ʪ. ʜ. [13]. 

ʂʦ ʚʪʦʨʦʤʫ ʪʠʧʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʩʭʦʜʦʤʝʨʳ ʪʠʧʘ çɼʥʝʧʨ-7è 

(ʈʦʩʩʠʷ), çɻʝʦʩʪʨʠʤ 71è (ʈʦʩʩʠʷ), UVH-2000 (ʗʧʦʥʠʷ), Flo-Dar (ʉʐɸ) 

ʠ ʜʨ., ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ [14ï17]. 

ʈʘʙʦʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ 

ʵʪʦʛʦ ʪʠʧʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʚʤʝʱʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʫʨʦʚʥʷ ʫʣʴʪʨʘʟʚʫʢʦʤ 

ʠ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʩʠʛʥʘʣʦʤ ʧʦ ʜʦʧʣʝ-

ʨʦʚʩʢʦʤʫ ʩʤʝʱʝʥʠʶ ʯʘʩʪʦʪʳ ʠʟʣʫʯʘʪʝʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʝʢʦʪʦ-

ʨʦʡ ʪʦʯʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʜʥʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʋʩʪʨʦʡʩʪʚʦ ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʩʦʚʤʝʱʝʥʥʳʡ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ ʜʣʷ ʧʨʠʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʛʥʘʣʦʚ. ɺ ʧʘʤʷʪʴ ʫʩʪʨʦʡʩʪʚʘ ʟʘʣʦʞʝʥʦ 

ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʦʪʢʨʳʪʦʤ ʧʦʪʦʢʝ ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʥʘʧʦʣʥʝʥʠʷʭ ʢʘʥʘʣʘ (ʣʦʪʢʘ), ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʡ 

ʠʟʤʝʨʷʝʪʩʷ, ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʘ (ʣʦʪʢʘ), ʥʘ ʢʦʪʦʨʦʤ 

ʦʥʦ ʫʩʪʘʥʦʚʣʝʥʦ. ʊʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʘʷ ʪʝʭʥʦ-

ʣʦʛʠʷ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʦ ʠʟʤʝʨʝʥʥʦʡ ʚ ʠʟʚʝʩʪ-

ʥʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʢʦʨʦʩʪʠ [18].  

ɺ ʪʘʙʣʠʮʘʭ 1, 2 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʭʦʜʦʤʝʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ, ʢʦʪʦʨʳʝ ʚʳʙʨʘʥʳ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʴʶ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩ-

ʭʦʜʘ ʠ ʦʙʲʝʤʘ ʩʪʦʢʘ ʚ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʘʭ ʠ ʣʦʪʢʘʭ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

ɺʩʝ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʨʘʩʭʦʜʦʤʝʨʘʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʠʟ ʥʠʭ ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʧʨʠʙʦʨʘ. 
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ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʭʦʜʦʤʝʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʋʩʣʦʚʠʷ ʧʨʠ-

ʤʝʥʝʥʠʷ ʠ ʪʝʭ-

ʥʠʯʝʩʢʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʩʭʦʜʦʤʝʨʘ 

ʕʍʆ-ʈ-03  
çɺʟʣʝʪ ʈʉʃ-212è, 

çɺʟʣʝʪ ʈʉʃ-222è  
çɼʥʝʧʨ-7è  çɻʝʦʩʪʨʠʤ 71è  

1 2 3 4 5 

ʆʙʱʠʡ ʚʠʜ 

ʧʨʠʙʦʨʘ 

 [10]  [11]  [14]  [15] 

ʇʨʝʜʥʘʟʥʘʯʝ-

ʥʠʝ ʠ ʫʩʣʦʚʠʷ 

ʧʨʠʤʝʥʝʥʠʷ  

ɼʣʷ ʙʝʟʥʘʧʦʨʥʳʭ ʢʘ-

ʥʘʣʦʚ ʩ ʫʩʪʘʥʦʚʠʚ-

ʰʠʤʩʷ ʨʝʞʠʤʦʤ ʪʝ-

ʯʝʥʠʷ ʚʦʜʳ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʚʦʜʦʩʣʠʚʦʚ, 

ʣʦʪʢʦʚ 

ɼʣʷ U-ʦʙʨʘʟʥʳʭ ʣʦʪʢʦʚ, 

ʩʪʘʥʜʘʨʪʥʳʭ ʚʦʜʦʩʣʠʚʦʚ 

ʠ ʣʦʪʢʦʚ, ʘ ʪʘʢʞʝ ʦʪʢʨʳ-

ʪʳʭ ʢʘʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴ-

ʥʦʡ ʬʦʨʤʳ ʩ ʫʩʪʘʥʦʚʠʚ-

ʰʠʤʩʷ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ 

ʚʦʜʳ 

ɼʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ, ʪʨʘʧʝʮʝ-

ʠʜʘʣʴʥʳʭ ʠ U-ʦʙʨʘʟʥʳʭ ʣʦʪ-

ʢʦʚ ʩ ʙʝʟʥʘʧʦʨʥʳʤ ʨʝʞʠʤʦʤ 

ʧʦʪʦʢʘ 

ɼʣʷ ʙʝʟʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ (ʣʦʪʢʦʚ) ʠ ʦʪʢʨʳʪʳʭ ʢʘʥʘ-

ʣʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʞʠʜ-

ʢʦʩʪʠ ʜʦ 5,0 ʤ/ʩ 

ʀʟʤʝʨʷʝʤʳʝ 

ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʠʝ ʧʘʨʘʤʝʪ-

ʨʳ (ʧʨʝʜʝʣʳ 

ʠʟʤʝʨʝʥʠʡ) 

ʋʨʦʚʝʥʴ ʚʦʜʳ (ʜʦ 3,0 ʤ) 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳ-

ʯʠʩʣʝʥʠʝʤ ʦʙʲʝʤʥʦʛʦ 

ʨʘʩʭʦʜʘ 

ʋʨʦʚʝʥʴ ʚʦʜʳ (ʜʦ 4,0 ʤ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝ-

ʥʠʝʤ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ 

(ʜʦ 1Ŀ107 ʤ3/ʯ)  

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʦʙʲ-

ʝʤʥʦʛʦ ʨʘʩʭʦʜʘ (ʜʦ 1850 ʤ3/ʯ)  

ʋʨʦʚʝʥʴ ʚʦʜʳ (ʜʦ 3,5 ʤ) ʠ 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʦʙʲ-

ʝʤʥʦʛʦ ʨʘʩʭʦʜʘ (ʜʦ 5Ŀ104 ʤ3/ʯ)  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 5 

ʉʧʦʩʦʙ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ  

ʋʨʦʚʝʥʴ ʚʦʜʳ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʳʤ (ʘʢʫʩʪʠʯʝʩʢʠʤ) 

ʩʧʦʩʦʙʦʤ. ʈʘʩʭʦʜ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʡ ʨʘʩʭʦʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʥʘ-

ʣʘ ʧʦ ʬʫʥʢʮʠʠ ʟʘʚʠ-

ʩʠʤʦʩʪʠ çʫʨʦʚʝʥʴ ï 

ʨʘʩʭʦʜè ʧʨʠ ʧʦʤʦʱʠ 

ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʚʳʯʠʩʣʝʥʠʝʤ 

ʋʨʦʚʝʥʴ ʚʦʜʳ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ 

(ʘʢʫʩʪʠʯʝʩʢʠʤ) ʩʧʦʩʦʙʦʤ. 

ʈʘʩʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʩʭʦʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʥʘʣʘ ʧʦ 

ʬʫʥʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 

çʫʨʦʚʝʥʴ ï ʨʘʩʭʦʜè ʧʨʠ 

ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʯʠʩʣʝ-

ʥʠʝʤ 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʵʬʬʝʢʪʫ ɼʦ-

ʧʣʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ. ʈʘʩʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʧʣʦʱʘʜʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʪʦʢʘ 

ʥʘ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ. ʇʣʦ-

ʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʘʙʣʠʮʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʧʣʦʱʘʜʠ ʦʪ ʫʨʦʚʥʷ 

ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʡ, ʢʦʪʦʨʘʷ 

ʚʥʦʩʠʪʩʷ ʚ ʧʘʤʷʪʴ ʨʘʩʭʦʜʦʤʝ-

ʨʘ ʧʨʠ ʝʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ 

ʋʨʦʚʝʥʴ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʘʪʯʠʢʦʤ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ 

ʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʫʨʦʚʥʝ-

ʤʝʨʦʤ ʢʦʤʧʘʢʪʥʦʛʦ ʠʟʤʝʨʝ-

ʥʠʷ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʠʟʤʝʨʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ 

ʠʤʧʫʣʴʩʥʦ-ʜʦʧʣʝʨʦʚʩʢʠʤ ʜʘʪ-

ʯʠʢʦʤ. ʈʘʩʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʦʜʦʩʣʠʚʘʭ ʠ 

ʣʦʪʢʘʭ (ʫʨʦʚʝʥʴ) ï ʧʦ ʄʀ 

2406-97 [3]; ʥʘ ʦʪʢʨʳʪʳʭ ʢʘ-

ʥʘʣʘʭ (ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦ-

ʢʘ) ï ʧʦ ʄʀ 2220-96 [15] 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ 

ʇʦʛʨʝʰʥʦʩʪʴ ʫʨʦʚʥʷ 

Ñ2 ʤʤ. ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ 

Ñ3,0 % 

ʇʦʛʨʝʰʥʦʩʪʴ ʫʨʦʚʥʷ Ñ2 ʤʤ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ 

ʨʘʩʭʦʜʘ Ñ4 % 

ʇʦʛʨʝʰʥʦʩʪʴ ʫʨʦʚʥʷ Ñ2 ʤʤ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʨʘʩ-

ʭʦʜʘ 2,5 % 

ʇʦʛʨʝʰʥʦʩʪʴ ʫʨʦʚʥʷ Ñ1,5 ʤʤ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʨʘʩ-

ʭʦʜʘ Ñ2 % 

ɼʦʩʪʦʠʥʩʪʚʘ 

ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝ-

ʨʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚʦʜʳ 

ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʚʦʜ  r

ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʘ-

ʨʘʤʝʪʨʘ ʚʦʜʳ 

ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʠ ʢʦʥʪʘʢʪʥʦʝ 

ʠʟʤʝʨʝʥʠʝ. ʄʠʥʠʤʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʷʤʦʣʠʥʝʡʥʦ-

ʩʪʠ ʫʯʘʩʪʢʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 4 5 

ʅʝʜʦʩʪʘʪʢʠ 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʪʨʝʙʦ-

ʚʘʥʠʝ ï ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʜʪʦʧʣʝʥʠʷ ʩʫʞʘʶ-

ʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ. ʅʘ ʢʦʨʨʝʢʪ-

ʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩ-

ʭʦʜʘ ʚʣʠʷʝʪ ʠʟʤʝʥʝ-

ʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʪʦʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʜʧʦʨʘ ʦʪ ʟʘʩʦʨʘ, 

ʟʘʠʣʝʥʠʷ ʠ ʪ. ʧ. 

ʄʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʩ ʛʠʜʨʦʤʝʪʨʠʯʝ-

ʩʢʠʤʠ ʣʦʪʢʘʤʠ ʠʣʠ ʚʦʜʦ-

ʩʣʠʚʘʤʠ 

ʅʘ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʚʣʠʷʶʪ: ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʜʝ 

ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ, ʟʘʩʦʨʝʥ-

ʥʦʩʪʴ ʧʦʪʦʢʘ (ʚʦʟʤʦʞʥʘ ʧʦʪʝ-

ʨʷ ʩʠʛʥʘʣʘ), ʩʣʦʞʥʦʩʪʴ ʩʝʣʝʢ-

ʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʦʱʥʳʭ ʧʦʤʝʭ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʪ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʙʷ-

ʟʘʪʝʣʴʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʜʣʠʥ 

ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ ʫʯʘʩʪʢʘ  

ɺʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʦʩʘʜʢʘʤ, 

ʠʩʧʘʨʝʥʠʷʤ, ʪʫʤʘʥʘʤ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʛʣʦʱʘʪʴ ʦʪʨʘʞʘʶʱʠʡ 

ʫʣʴʪʨʘʟʚʫʢ ʠ ʫʚʝʣʠʯʠʚʘʪʴ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʏʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʙʦʨʘ ʢ ʧʝ-

ʨʝʢʦʩʘʤ ʧʦʪʦʢʘ 

ʉʨʦʢ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ, ʣʝʪ  6 12 12 10 

ʎʝʥʘ, ʪʳʩ. ʨʫʙ. ʦʪ 58 ʦʪ 67 82 ï 
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ʊʘʙʣʠʮʘ 2 ï ʆʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʭʦʜʦʤʝʨʦʚ ʟʘʨʫʙʝʞʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʋʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ ʠ 
ʪʝʭʥʠʯʝʩʢʘʷ  
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʩʭʦʜʦʤʝʨʘ 

Marsh-McBirney Flo-Dar (ʉʐɸ) Tokyo Keiki UVH-2000 (ʗʧʦʥʠʷ) 
Streamlux SLO-500F  
(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) 

1 2 3 4 

ʆʙʱʠʡ ʚʠʜ ʧʨʠʙʦʨʘ 

 [17]  [16]  [12] 

ʇʨʝʜʥʘʟʥʘʯʝʥʠʝ ʠ 
ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ  

ɼʣʷ ʙʝʟʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦ-
ʜʦʚ ʠ ʢʘʥʘʣʦʚ ʛʣʫʙʠʥʦʡ ʜʦ 6,0 ʤ 
ʠ ʰʠʨʠʥʦʡ ʜʦ 20,0 ʤ 

ɼʣʷ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ ʧʨʷʤʦ-
ʫʛʦʣʴʥʦʡ, ʢʨʫʛʣʦʡ ʠ ʜʨʫʛʦʡ ʬʦʨ-
ʤʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ 
ʜʦ 5,0 ʤ/ʩ 

ɼʣʷ ʙʝʟʥʘʧʦʨʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 
ʢʘʥʘʣʦʚ ʣʶʙʦʛʦ ʪʠʧʘ. ʄʦʞʝʪ ʙʳʪʴ 
ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʡ 
ʣʦʪʦʢ 

ʀʟʤʝʨʷʝʤʳʝ ʛʠʜʨʘʚʣʠ-
ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ  
(ʧʨʝʜʝʣʳ ʠʟʤʝʨʝʥʠʡ) 

ʋʨʦʚʝʥʴ ʚʦʜʳ (ʜʦ 6,0 ʤ), ʩʢʦ-
ʨʦʩʪʴ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝ-
ʣʝʥʠʝʤ ʨʘʩʭʦʜʘ 

ʋʨʦʚʝʥʴ ʚʦʜʳ (ʜʦ 5,0 ʤ) ʩ ʧʦʩʣʝ-
ʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʨʘʩʭʦʜʘ. 
ʉʢʦʨʦʩʪʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʣʫʯʘ ʩ ʧʦʩʣʝʜʫ-
ʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʭʦʜʘ 

ʋʨʦʚʝʥʴ ʚʦʜʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳ-
ʯʠʩʣʝʥʠʝʤ ʨʘʩʭʦʜʘ (ʜʦ 1,2Ŀ105 ʤ3/ʯ) 

ʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʘʨʘ-
ʤʝʪʨʦʚ  

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʨʘʜʘʨʥʳʤ ʩʧʦ-
ʩʦʙʦʤ; ʫʨʦʚʝʥʴ ï ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʳʤ ʩʧʦʩʦʙʦʤ. ʈʘʩʭʦʜ ʦʧʨʝʜʝ-
ʣʷʝʪʩʷ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʩ-
ʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʥʘʣʘ 
ʧʦ ʬʫʥʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ çʩʢʦ-
ʨʦʩʪʴ ï ʧʣʦʱʘʜʴè ʧʨʠ ʧʦʤʦʱʠ 
ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 
ʚʳʯʠʩʣʝʥʠʝʤ 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʠʤʧʫʣʴʩʥʳʤ ʩʧʦ-
ʩʦʙʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʵʬʬʝʢʪʝ 
ɼʦʧʣʝʨʘ, ʫʨʦʚʝʥʴ ʚʦʜʳ ï ʚʨʝʤʝʥʝʤ 
ʜʚʠʞʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤ-
ʧʫʣʴʩʘ. ʈʘʩʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 
ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʝ ʢʘʥʘʣʘ ʧʦ ʬʫʥʢʮʠʠ ʟʘʚʠ-
ʩʠʤʦʩʪʠ çʩʢʦʨʦʩʪʴ ï ʧʣʦʱʘʜʴè 
ʧʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʦʛʦ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʠʤ ʚʳʯʠʩʣʝʥʠʝʤ 

ʋʨʦʚʝʥʴ ʚʦʜʳ ʠʟʤʝʨʷʝʪʩʷ ʫʣʴʪʨʘ-
ʟʚʫʢʦʚʳʤ ʜʘʪʯʠʢʦʤ. ʈʘʩʭʦʜ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʠʩʧʦʣʴʟʫʝ-
ʤʦʛʦ ʣʦʪʢʘ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣ 
ʠʣʠ ʪʘʙʣʠʯʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʚʥʦ-
ʩʷʪʩʷ ʚ ʧʘʤʷʪʴ ʨʘʩʭʦʜʦʤʝʨʘ ʧʨʠ ʝʛʦ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

1 2 3 4 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝ-
ʥʠʷ 

ʇʦʛʨʝʰʥʦʩʪʴ ʩʢʦʨʦʩʪʠ Ñ1,0 ʤʤ. 
ʇʦʛʨʝʰʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦ-
ʜʘ Ñ3 % 

ʇʦʛʨʝʰʥʦʩʪʴ ʩʢʦʨʦʩʪʠ Ñ1,0 ʤʤ. 
ʇʦʛʨʝʰʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ 
Ñ3 % 

ʇʦʛʨʝʰʥʦʩʪʴ ʫʨʦʚʥʷ Ñ2,0 ʤʤ. ʇʦ-
ʛʨʝʰʥʦʩʪʴ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ Ñ3 % 

ɼʦʩʪʦʠʥʩʪʚʘ 

ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘ-

ʤʝʪʨʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʟʘʪʦʧʣʝʥʠʷ 

ʧʨʠʙʦʨ ʠʩʧʦʣʴʟʫʝʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʧʦʛʨʫʞʥʳʝ ʜʘʪʯʠʢʠ: 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ (ʫʨʦʚʝʥʴ) ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ (ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ) 

ʇʨʠʙʦʨ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʘʢʞʝ 

ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʥʳʭ ʩʪʦʢʘʭ, 

ʚʢʣʶʯʘʶʱʠʭ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ 

ʛʨʷʟʠ, ʤʝʣʢʠʝ ʧʫʟʳʨʴʢʠ 

ʇʨʠʙʦʨ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ɸʉʋʊʇ, ʚʭʦ-

ʜʷʱʫʶ ʚ ʙʘʟʦʚʫʶ ʢʦʤʧʣʝʢʪʘʮʠʶ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʨʪʦʚ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʫʜʘʣʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʩʭʦʜʝ 

ʅʝʜʦʩʪʘʪʢʠ 

ʉʦʙʣʶʜʝʥʠʝ ʜʣʠʥ ʧʨʷʤʳʭ 

ʫʯʘʩʪʢʦʚ. ʉʣʦʞʥʦʩʪʴ ʚ ʫʩʪʘʥʦʚ-

ʢʝ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʋʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʳʭ ʦʩʘʜʢʘʭ, ʠʩ-

ʧʘʨʝʥʠʷʭ, ʪʫʤʘʥʘʭ 

ʇʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʭ ʠ ʢʨʫʛʣʳʭ ʢʦʥʬʠʛʫʨʘ-

ʮʠʡ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ  

ʇʨʠʙʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʩ ʛʠʜ-

ʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʣʦʪʢʘʤʠ ʪʠʧʘ ɺʝʥ-

ʪʫʨʠ ʠʣʠ ʇʘʨʰʘʣʣʘ 

ʉʨʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʣʝʪ 10 8 8 

ʎʝʥʘ, ʪʳʩ. ʨʫʙ.  ï ʦʪ 300 67 

 

 


