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Technical sciences 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 621.331.621.611 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɽʈɽʍʆɼʅʓʍ ʇʈʆʎɽʉʉʆɺ  

ʇʈʀ ʅʆʈʄɸʃʔʅʓʍ ʀ ɸɺɸʈʀʁʅʓʍ ʈɽɾʀʄɸʍ ʈɸɹʆʊʓ ʉʀʉʊɽʄʓ  

ʊʗɻʆɺʆɻʆ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 2ʭ25ʢɺ ɺ ʉʈɽɼɽ MATLAB/SIMULINK 
 

 ɺ.ɺ. ɸʥʜʨʝʝʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʠʤʧʝʨʘʪʦʨʘ ʅʠʢʦʣʘʷ II, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʦʨʤʘʣʴʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 2ʭ25ʢɺ ʥʘ ʜʚʫʭʧʫʪʥʦʤ ʫʯʘʩʪʢʝ ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. ʇʨʝʜʣʘ-

ʛʘʝʤʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʤʦʜʝʣʝʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ [1-4], ʥʘ ʩʣʫʯʘʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠ-

ʩʪʝʤʝ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʤʘʩʩʠʚʥʳʭ ʯʘʩʪʷʭ ʪʷ-

ʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʨʘʙʦʪʫ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ 2ʭ25ʢɺ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

MatLab/Simulink, ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʪʷʛʦʚʘʷ ʩʝʪʴ, ʧʫʥʢʪʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʪʷʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʚʠʭʨʝʚʳʝ ʪʦʢʠ. 

 

ɺ [1-4] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʪʷʛʦ-

ʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 2ʭ25ʢɺ ʚ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

ʆʜʥʘʢʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʚ ʨʘʤʢʘʭ ʪʘʢʠʭ ʤʦʜʝʣʝʡ. ʆʮʝʥʢʘ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ ʚʣʠʷʥʠʷ ʫʩʪʨʦʡʩʪʚ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘ ʩʤʝʞʥʳʝ ʣʠʥʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʟʘʱʠʪ ʬʠ-

ʜʝʨʦʚ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ, ʦʮʝʥʢʘ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʜʨʫʛʠʭ 

ʪʨʝʙʫʶʪ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʥʦʨʤʘʣʴʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ (ʚʳʥʫʞʜʝʥʥʳʭ) 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʪʷʛʦʚʦʡ ʩʝʪʠ ʠ ʕʇʉ. 

ʇʦʨʷʜʦʢ ʩʣʦʞʥʦʩʪʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʞʝ ʥʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʝʢʪʦʨʥʳʡ ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜ-

ʥʳʭ ʨʝʞʠʤʦʚ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢʦʚʦʡ ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ 2ʭ25ʢɺ, ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʘʤʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

Matlab/Simulink ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʘʤ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪ ʙʦʛʘʪʳʤ ʥʘʙʦʨʦʤ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʢʘʢ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ, ʪʘʢ ʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʜʣʷ 

ʞʸʩʪʢʠʭ ʠ ʥʝʞʸʩʪʢʠʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʆʪʤʝʪʠʤ, ʚ ʧʦʩʣʝʜʥʠʭ ʚʝʨʩʠʷʭ ʧʨʦʜʫʢʪʘ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʨʝʰʘʪʝʣʝʡ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʜʘʥʥʫʶ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ. 

ʇʦʩʢʦʣʴʢʫ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʟʜʘʚʘʷ ʠʤʠʪʘ-

ʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʣʝʜʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʸ, ʯʪʦ ʙʳʣʦ 

ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʜʣʷ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʨʦʮʝʩʩʦʚ.  

ɹʣʦʢʠ ʪʨʸʭʬʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʧʨʷʞʝʥʠʡ, ʙʣʦʢʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʥʝ ʧʨʝ-

ʪʝʨʧʝʚʘʶʪ ʠʟʤʝʥʝʥʠʡ ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʝʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʤʦʜʝʣʴ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʪʷʛʦʚʦʡ ʩʝʪʠ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʪʷʛʦʚʦʡ ʩʝʪʠ ʜʚʫʭʧʫʪ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ (ʨʠʩ. 1) ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʪʦʯʥʦ ʪʘʢʞʝ, ʢʘʢ ʠ ʚ [4]. ʆʪʣʠʯʠʝ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʚ ʪʦʤ, 

ʯʪʦ ʧʦʜʩʠʩʪʝʤʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʧʨʦʚʦʜʘ ʪʷʛʦʚʦʡ ʩʝʪʠ, ʙʫʜʫʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʸʥʥʳʭ 

ʧʦʜʩʠʩʪʝʤ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʫʨʦʚ (ʨʠʩ.1). ɺ 

ʧʦʜʩʠʩʪʝʤʘʭ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ, ʜʦʙʘʚʣʝʥʳ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʩ ʤʘʣʦʡ ʧʦʩʪʦʷʥ-

ʥʦʡ ʚʨʝʤʝʥʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʢʦʥʪʫʨʦʚ [7].  
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʤʦʜʝʣʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʪʷʛʦʚʦʡ ʩʝʪʠ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ,  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʜʥʦʤʫ ʫʩʣʦʚʥʦʤʫ ʧʝʨʝʛʦʥʫ. RLF1x, RLF2x ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʠʪʘʶʱʠʭ 

ʬʠʜʝʨʦʚ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʫʪʠ; RLK1x, RLK2x ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʧʨʦʚʦʜʦʚ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʫʪʠ; RLRx ï ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʝʣʴʩʘ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ; ATP1x, ATP2x ï ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʧʫʥʢʪʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʫʪʠ; 

ET1x, ET2x ï çʩʢʦʣʴʟʷʱʠʝ ʢʦʥʪʘʢʪʳè ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʫʪʠ, ʧʦʜʩʚʝʪʢʘ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ  

ʦ ʟʘʥʷʪʦʩʪʠ ʧʝʨʝʛʦʥʘ ʵʣʝʢʪʨʦʧʦʝʟʜʦʤ, ʧʦʜʩʚʝʪʢʘ ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʝʛʦʥ ʩʚʦʙʦʜʝʥ 

 

 
 

ʈʠʩʫʥʦʢ 2. ʇʦʜʩʠʩʪʝʤʳ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ 

ʧʨʦʚʦʜʦʚ ʪʷʛʦʚʦʡ ʩʝʪʠ 2ʭ25ʢɺ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ (ʧʨʠʤʝʨ ʜʣʷ ʧʠʪʘʶʱʝʛʦ ʧʨʦʚʦʜʘ ʧʦʚʳʰʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ) 

 

 
 

ʈʠʩʫʥʦʢ 3. ʇʦʜʩʠʩʪʝʤʳ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ  

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʝʣʴʩʘ ʪʷʛʦʚʦʡ ʩʝʪʠ 2ʭ25ʢɺ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ 
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ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʝʨʝʤʝʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚʟʘʠʤʥʳʭ  

ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʦʚʦʜʦʚ ʪʷʛʦʚʦʡ ʩʝʪʠ 2ʭ25ʢɺ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ 

 

 
 

ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʝʨʝʤʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʨʝʣʴʩʘ ʠ ʚʟʘʠʤʥʳʭ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ 

ʧʨʦʚʦʜʦʚ ʪʷʛʦʚʦʡ ʩʝʪʠ 2ʭ25ʢɺ ʜʚʫʭʧʫʪʥʦʛʦ ʫʯʘʩʪʢʘ 

 
ʅʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʸʪʘ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʬʠʜʝʨʘ ʜʦ ʤʝʩʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ.  
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ʈʠʩʫʥʦʢ 6. ʄʛʥʦʚʝʥʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʬʠʜʝʨʝ ʪʷʛʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʚ ʬʫʥʢʮʠʠ  

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʤʝʩʪʘ ʢʦʨʦʪʢʦʛʦ. ʆʜʥʦʧʫʪʥʳʡ ʫʯʘʩʪʦʢ, ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦ ʩʠʩʪʝʤʝ 1ʭ25ʢɺ 
 

 
 

ʈʠʩʫʥʦʢ 7. ʄʛʥʦʚʝʥʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʬʠʜʝʨʝ  

ʪʛ̫ʦʚʦʡ ʧʦʜʩʪʘʥʮʠʠ ʚ ʬʫʥʢʮʠʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʤʝʩʪʘ ʢʦʨʦʪʢʦʛʦ. ɼʚʫʭʧʫʪʥʳʡ ʫʯʘʩʪʦʢ,  

ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦ ʩʠʩʪʝʤʝ 2ʭ25 ʢɺ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʭʝʤʘ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ 
 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʙʳʣʠ ʚʟʷʪʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʠʩʪʝʤ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ: ʉʊʕ 1ʭ25ʢɺ (ʨʠʩ. 6) ʠ 2ʭ25 ʢɺ (ʨʠʩ.7) ʥʘ ʜʚʫʭʧʫʪʥʦʤ ʫʯʘʩʪʢʝ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʦʡ ʢʦʥ-

ʪʘʢʪʥʦʡ ʩʝʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ 2ʭ25 ʢɺ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʝʞʜʫ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʤʠ ʧʫʥʢ-

ʪʘʤʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʣʦʢʘ ʕʇʉ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʝʡ ʧʝʨʝ-

ʭʦʜʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʠ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 2ʭ25ʢɺ 

ɺ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʙʣʦʢ ʫʧʨʘʚ-

ʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʚ ʢʘʯʝʩʪʚʝ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ [1-4]. 

ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʦʢʦʧʨʠʸʤʥʠʢʝ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʦʢʘ, ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʪʦʢʘ, ʘ ʪʘʢʞʝ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʪʦʢʘ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʪʦʢʦʚ ʌʫʢʦ (ʚʠʭʨʝʚʳʭ) ʚ ʤʘʩʩʠʚ-

ʥʳʭ ʯʘʩʪʷʭ ʧʦʣʶʩʦʚ ʠ ʢʦʨʧʫʩʦʚ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʨʦ-

ʬʝʩʩʦʨʦʤ, ʜʦʢʪʦʨʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʄʀʀʊʘ ʇʫʧʳʥʠʥʳʤ ɺ.ʅ., ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʨʘʙʦʪʳ ʈ. ʈʶʜʝʥʙʝʨ-

ʛʘ ʠ ʄ.ɿ. ɾʠʮʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʩʣʘʙʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʆʩʥʦʚʥʳʝ ʧʦʣʦ-

ʞʝʥʠʷ ʨʘʙʦʪʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [6]. 
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ʈʠʩʫʥʦʢ 8. ʄʘʩʢʠʨʦʚʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ çVL80cè 

 

 
 

ʈʠʩʫʥʦʢ 9. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʘʩʢʠʨʦʚʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ çVL80cè: ʧʦʜʩʠʩʪʝʤʘ çʕɼʉè, 

 ʬʦʨʤʠʨʫʶʱʘʷ ʧʨʦʪʠʚʦʵʜʩ ʵʣʝʢʪʨʦʚʦʟʘ; ʧʦʜʩʠʩʪʝʤʘ çMdpè, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ; ʧʦʜʩʠʩʪʝʤʘ çʉʠʛʥʘʣè, ʫʧʨʘʚʣʷʶʱʘʷ ʤʦʤʝʥʪʦʤ ʦʪʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʩ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʥʮʠʠ ʠ ʚʳʭʦʜʘ ʝʛʦ ʟʘ ʧʨʝʜʝʣʳ ʫʯʘʩʪʢʘ; ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʘʛʨʝʛʘʪ ʵʣʝʢʪʨʦʚʦʟʘ; ʢʦʥʪʘʢʪʦʨ, ʚʳʧʦʣʥʷʶʱʠʡ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʦʜʝʣʠ ʕʇʉ ʩ ʦʜʥʦʛʦ ʙʣʦʢ-ʫʯʘʩʪʢʘ ʥʘ ʜʨʫʛʦʡ 

 

 
 

ʈʠʩʫʥʦʢ 10. ʇʦʜʩʠʩʪʝʤʘ çʕɼʉè ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ. ʆʜʥʘ ʠʟ ʥʠʭ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʛʘʪʝʣʷ (çʌ_dʌ/dtè), ʘ ʚʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ ʩʫʤʤʘʨʥʫʶ ʧʨʦʪʠʚʦʵʜʩ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʵʜʩ ʷʢʦʨʷ ʠ ʵʜʩ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ ʚ ʤʘʩʩʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʚʠʛʘʪʝʣʝʡ (çɽ=ɽʷ+ɽʚè) 
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ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʠʚʝʜʝʥʘ ʤʘʩʢʠʨʦʚʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʤʦʜʝʣʠ ʛʨʫʟʦʚʦʛʦ ʵʣʝʢʪʨʦʚʦʟʘ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʨʘʩ-

ʢʨʳʚʘʝʪʩʷ ʥʘ ʨʠʩʫʥʢʘʭ 9, 10, 13 ʠ 14. 

ɺ ʩʦʩʪʘʚ ʤʘʩʢʠʨʦʚʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚʭʦʜʷʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʩʠʩʪʝʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʵʣʝʢʪʨʦʚʦʟʘ. 

ʅʘ ʨʠʩ. 11 ʧʨʠʚʝʜʝʥʘ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʠʧʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ. 

 

 
 

ʈʠʩʫʥʦʢ 11. ʄʘʛʥʠʪʥʘʷ ʤʦʜʝʣʴ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ 

 
ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʤʘʛʥʠʪʥʘʷ ʮʝʧʴ ʦʙʨʘʟʫʝʪ ʜʚʘ ʢʦʥʪʫʨʘ.  

ʇʝʨʚʳʡ ʢʦʥʪʫʨ ï ʥʝʣʠʥʝʡʥʘʷ ʯʘʩʪʴ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʌ ʠ ʤʘʛʥʠʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝʤ Rm ʠ ʣʠʥʝʡʥʘʷ ʯʘʩʪʴ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʌ1 ʠ ʤʘʛʥʠʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rm1.  

ɺʪʦʨʦʡ ʢʦʥʪʫʨ ʩʦʩʪʦʠʪ ʠʟ ʥʝʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʌ ʠ ʤʘʛʥʠʪʥʳʤ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝʤ Rm ʠ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʌ2 ʠ ʤʘʛʥʠʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Rm2.  

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ1 ʠ ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rm1 ʤʦʜʝʣʠʨʫʶʪ ʧʝʨʚʫʶ ʛʘʨʤʦʥʠʢʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʪʦʢʘ. 

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ2 ʠ ʤʘʛʥʠʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rm2 ï ʤʦʜʝʣʠʨʫʶʪ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ. 

ʄʘʛʥʠʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʧʨʠʚʝʜʸʥʥʳʝ ʢ ʚʠʜʫ, ʫʜʦʙʥʦʤʫ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝ-

ʪʦʜʘʤʠ ʠʤʝʶʪ ʚʠʜ: 

 

 

 
 

ɺ ʧʨʠʚʝʜʸʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʷʛʦʚʦʤ ʜʚʠʛʘ-

ʪʝʣʝ, ʤʘʛʥʠʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʚʠʜʘ 

 

, 

 

ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 12. 

ʇʝʨʝʭʦʜʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 

 

 
 

ʇʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ MatLab/Simulink ʧʨʠ ʧʦʤʦʱʠ SPS-ʤʦʜʝʣʠ (ʨʠʩ. 9), ʘ ʤʘʛ-

ʥʠʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ S-ʤʦʜʝʣʠ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ S-ʤʦʜʝʣʠ, ʨʝʘʣʠʟʫʶʱʘʷ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 13. 
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ʅʘ ʨʠʩʫʥʢʝ 14 ʧʦʢʘʟʘʥʘ ʧʦʜʩʠʩʪʝʤʘ ʚ ʚʠʜʝ S-ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʪʠʚʦʵʜʩ ʵʣʝʢʪʨʦʚʦʟʘ, 

ʵʜʩ, ʛʝʥʝʨʠʨʫʝʤʫʶ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ, ʠ ʩʠʣʫ ʪʷʛʠ, ʨʘʟʚʠʚʘʝʤʫʶ ʵʣʝʢʪʨʦʚʦʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʇʦ ʠʟʚʝʩʪʥʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʦʙ/ʤʠʥ 

 

 
 

 
 

ʈʠʩʫʥʦʢ 12. ɻʨʘʬʠʢ ʤʘʛʥʠʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ï ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʛʥʠʪʥʦʡ ʤʦʜʝʣʠ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

ʇʨʦʪʠʚʦʵʜʩ ʵʣʝʢʪʨʦʚʦʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʪʷʛʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ 

 

 
 

ʕʜʩ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʪʷʛʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ 

 

 
 

ʉʫʤʤʘʨʥʘʷ ʵʜʩ ʨʘʚʥʘ 
 

 
 

ʉʠʣʘ ʪʷʛʠ ʵʣʝʢʪʨʦʚʦʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʪʦʢʫ ʠ ʤʘʛʥʠʪʥʦʤʫ ʧʦʪʦʢʫ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 
 

 
 

ʆʛʨʘʥʠʯʝʥʠʝ ʩʠʣʳ ʪʷʛʠ ʧʦ ʩʮʝʧʣʝʥʠʶ 
 

 
 

ʛʜʝ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ 

 

 
 

ɹʣʦʢ Simulink ï Saturation Dynamic ʥʘ ʨʠʩʫʥʢʝ 14 ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʝʚʳʰʝʥʠʝʤ ʜʦʧʫ-

ʩʪʠʤʦʡ ʩʠʣʳ ʪʷʛʠ ʧʦ ʩʮʝʧʣʝʥʠʶ. 
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ʅʘ ʨʠʩʫʥʢʘʭ 15, 16 ʠ 17 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʸʪʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʥʦʨ-

ʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʷʛʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ.  

ʅʘ ʨʠʩ. 15 ʧʨʠʚʝʜʝʥʳ ʪʦʢʠ ʚ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ ʪʷʛʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʵʣʝʢʪʨʦʚʦʟʘ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘ-

ʝʚ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʦʩʪʘʪʦʯʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʪʦʢʝ ʚ 

ʤʦʤʝʥʪ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʨʠʩ. 15 ʥʘ ʨʠʩ. 16 ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʪʝʭ ʞʝ ʩʣʫʯʘʝʚ ʪʦʢʠ ʥʘ ʚʳʧʨʷʤʣʝʥ-

ʥʦʡ ʩʪʦʨʦʥʝ ï  ʩʪʦʨʦʥʝ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʅʘ ʨʠʩ. 17 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʟʘ ʚʳ-

ʧʨʷʤʠʪʝʣʝʤ ʵʣʝʢʪʨʦʚʦʟʘ. ʇʦʢʘʟʘʥʳ ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʧʝʨʚʠʯʥʦʡ ʩʪʦʨʦʥʝ ʕʇʉ ʠ ʪʦʢʠ ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʦʧʠʩʘʥʥʘʷ ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʦʙʦʙʱʸʥʥʦʡ ʤʦʜʝʣʠ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʥʝʝ ʚ [5]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ 

ʦʙʦʙʱʸʥʥʘʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʜʘʪʴ ʠʥʞʝʥʝʨʫ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʰʝʥʠʷ 

ʥʦʚʳʭ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʝʨʴʸʟʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʢ ʩʦʟʜʘʥʠʶ ʦʙʦʙʱʸʥʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 13. S-ʤʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʨʝʰʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ.  

ɺʭʦʜʥʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦʢ ʵʣʝʢʪʨʦʚʦʟʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʢ ʦʜʥʦʤʫ ʜʚʠʛʘʪʝʣʶ. ʅʘ ʚʳʭʦʜʝ ʤʦʜʝʣʠ ʜʚʝ ʚʝʣʠʯʠʥʳ ï 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʪʷʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʘʷ 

 

 
 

ʈʠʩʫʥʦʢ 14. S-ʤʦʜʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʸʪʘ ʩʫʤʤʘʨʥʦʡ ʧʨʦʪʠʚʦʵʜʩ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʷʢʦʨʷʭ ʠ ʦʙʤʦʪʢʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʪʷʛʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʠʤʝʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʜʣʷ ʨʘʩʯʸʪʘ ʩʠʣʘ ʪʷʛʠ ʵʣʝʢʪʨʦʚʦʟʘ. ɺʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ʤʦʜʝʣʠ ï 

ʩʢʦʨʦʩʪʴ, ʪʦʢ, ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʘʷ. ɺʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ï ʩʫʤʤʘʨʥʘʷ ʧʨʦʪʠʚʦʵʜʩ ʠ ʩʠʣʘ ʪʷʛʠ 



ISSN 2311-2158. The Way of Science. 2016. ˉ 9 (31). Vol. I.  

 

 

16 

 

 
 

ʈʠʩʫʥʦʢ 15. ʊʦʢ ʚ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ ʪʷʛʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʵʣʝʢʪʨʦʚʦʟʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝ ʪʷʛʦʚʦʡ 

ʩʝʪʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʤʦʤʝʥʪ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʪʷʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʨʘʟʤʘʛʥʠʯʝʥʳ, ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ ʚ ʢʦʥʪʘʢʪʥʦʡ 

ʩʝʪʠ ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʪʦʢʠ 
 

 
 

ʈʠʩʫʥʦʢ 16. ʊʦʢ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʚʳʧʨʷʤʣʝʥʥʦʡ ʩʪʦʨʦʥʝ ʵʣʝʢʪʨʦʚʦʟʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝ ʪʷʛʦʚʦʡ ʩʝʪʠ.  

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʤʦʤʝʥʪ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʪʷʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʨʘʟʤʘʛʥʠʯʝʥʳ, ʚ ʥʠʭ ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʪʦʢʠ 
 

 
 

ʈʠʩʫʥʦʢ 17. ʈʝʞʠʤ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʟʘ ʚʳʧʨʷʤʠʪʝʣʝʤ ʵʣʝʢʪʨʦʚʦʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʦʜʥʦʤ ʠʟ ʧʫʪʝʡ ʠ ʧʦʣʫʯʘʶʱʝʛʦ ʧʠʪʘʥʠʝ 

ʦʪ ʢʦʥʪʘʢʪʥʦʡ ʩʝʪʠ ʚ ʩʠʩʪʝʤʝ 2ʭ25ʢɺ. ɺ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʵʣʝʢʪʨʦʚʦʟʘ ʠ ʚ ʪʷʛʦʚʦʡ ʩʝʪʠ ʚʦʟʥʠʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʪʦʢʠ. ɺ ʩʘʤʦʤ ʵʣʝʢʪʨʦʚʦʟʝ ʚʦʟʥʠʢʘʶʪ ʪʦʢʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ 
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MATLAB/SIMULINK -BASED MODELING OF TRANSITION PROCESSES 

AT NORMAL AND EMERGENCY OPERAT ION OF TRACTION POWER SYSTEM OF 2ʭ25 kV 
 

V.V. Andreev, Candidate of Technical Sciences, Associate Professor 

Moscow State University of Railway Engineering, Russia 

 

Abstract. In this article the simulated model for investigation of transition processes at normal and emergency 

operation of traction power alternating-current system of 2ʭ25 kV on the double line of the electric railway is consid-

ered. The suggested model is generalization of models considered in [1-4] in case of dynamic processes in traction 

power system. In the article the model of alternating-current electric motive power for transition processes considering 

influence of eddy-current arising in massive parts of traction engines is considered. The diagrams illustrating simulated 

model work for various cases are provided.  

Keywords: railway, transition processes, electric power supply of 2ʭ25 kV, simulating, MatLab/Simulink, com-

pensator balancer, electric traction network, parallel connection points, traction engine, eddy-current. 
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ʆʎɽʅʂɸ ʅɸʇʈʗɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ (ʅɼʉ)  

ɿʆʅʓ ɺʄʗʊʀʅʓ ɺ ʉʊɽʅʂɽ ɺɽʈʊʀʂɸʃʔʅʆɻʆ ʎʀʃʀʅɼʈʀʏɽʉʂʆɻʆ ʈɽɿɽʈɺʋɸʈɸ 
 

 ʋ.ʉ. ʉʫʣʝʡʤʝʥʦʚ1, ʄ.ɸ. ʂʘʤʙʘʨʦʚ2, ʍ.ɸ. ɸʙʰʝʥʦʚ3, ɸ.ɸ. ʉʘʨʩʝʥʙʘʝʚ4 
1 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

3 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 4 ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ), ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʟʦʥʳ ʚʤʷʪʠʥʳ ʚ ʩʪʝʥʢʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʜʣʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʆʧʠʩʘʥʘ 

ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʦʜʝʣʠ ʬʨʘʛʤʝʥʪʘ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʚʤʷʪʠʥʦʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʦʥʳ ʚʤʷʪʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʨʘʟʤʝʨʦʚ ʚʤʷʪʠʥʳ. ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩ-

ʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʦʥʳ ʚʤʷʪʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʙʝʟ-

ʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʤʷʪʠʥʫ ʚ ʩʪʝʥʢʝ: ʙʝʟʨʘʟʤʝʨʥʦʡ ʛʣʫʙʠʥʳ x
 
ʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʨʘʜʠʫʩʘ z 

ʚʤʷʪʠʥʳ. ʇʦʣʫʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ 

ʦʪ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʦʩʥʦʚʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 

ʚ ʨʘʩʯʝʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʟʝʨʚʫʘʨʳ, ʚʤʷʪʠʥʳ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

I. ɺʚʝʜʝʥʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʨʝʟʝʨʚʫʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʬʦʨʤʳ ʚ ʚʠʜʝ ʚʤʷʪʠʥ [2, 3]. ʇʨʠʩʫʪʩʪʚʠʝ ʚʤʷʪʠʥ ʚ ʩʪʝʥʢʝ ʨʝʟʝʨʚʫʘʨʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʝʪ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʦʥʝ ʜʝʬʝʢʪʘ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʅɼʉ ʟʦʥʳ ʚʤʷʪʠʥʳ ʚ ʩʪʝʥʢʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. 

II. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʤʦʜʝʣʝʡ ʬʨʘʛ-

ʤʝʥʪʦʚ ʩʪʝʥʦʢ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʚʤʷʪʠʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʅɼʉ ʪʦʥʢʦʩʪʝʥ-

ʥʦʡ ʦʙʦʣʦʯʢʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʠ, ʥʘʛʨʫʞʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʘʩ-

ʰʪʘʙ ʤʦʜʝʣʠ ʧʨʠʥʷʪ 1:10 ʢ ʪʠʧʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʡ ʨʝʟʝʨʚʫʘʨʘ ʦʙʲʝʤʦʤ 5000 ʤ3. 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʤʦʜʝʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 1200ʭ1000ʭ160ʤʤ. ʉʪʝʥʢʘ ʤʦʜʝʣʠ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʣʠʩʪʦʚ ʩʪʘ-

ʣʠ ʤʘʨʢʠ ʉ 255 ʪʦʣʱʠʥʦʡ 1ʤʤ. ʉʪʝʥʢʘ ʤʦʜʝʣʠ ʩʚʘʣʴʮʦʚʘʥʘ ʧʦʜ ʨʘʜʠʫʩ 2280ʤʤ. ʆʙʱʠʡ ʚʠʜ ʤʦʜʝʣʠ ʬʨʘʛʤʝʥʪʘ 

ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʚʤʷʪʠʥʘʤʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

   
 

ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʚʠʜ ʤʦʜʝʣʠ ʬʨʘʛʤʝʥʪʘ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʚʤʷʪʠʥʘʤʠ 

                                                           
É ʉʫʣʝʡʤʝʥʦʚ ʋ.ʉ., ʂʘʤʙʘʨʦʚ ʄ.ɸ., ɸʙʰʝʥʦʚ ʍ.ɸ., ʉʘʨʩʝʥʙʘʝʚ ɸ.ɸ. / Suleymenov U.S., Kambarov M.A., Abshenov Kh.A., 

Sarsenbayev A.A., 2016 
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ʅʘ ʤʦʜʝʣʠ ʬʨʘʛʤʝʥʪʘ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʣʠʮʝʚʦʡ (ʧʦʚʝʨʭʥʦʩʪʴ ɸ) ʠ ʪʳʣʴʥʦʡ (ʧʦʚʝʨʭʥʦʩʪʴ ɹ) ʩʪʦʨʦʥ 

ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚʤʷʪʠʥʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʌʦʨʤʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʚʤʷʪʠʥ ʥʘ ʩʪʝʥʢʝ ʤʦʜʝʣʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 
ʄʦʜʝʣʴ ʇʦʚʝʨʭʥʦʩʪʴ 

ʤʦʜʝʣʠ 

ʌʦʨʤʘ ʚʤʷʪʠʥʳ ʈʘʜʠʫʩ ʚʤʷʪʠʥʳ, ʤʤ ɻʣʫʙʠʥʘ ʚʤʷʪʠʥʳ, ʤʤ 

ʤʘʣʳʡ ʙʦʣʴʰʦʡ ʥʘʯʘʣʴʥʘʷ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ 

ʄ 1 ɸ ʩʬʝʨʠʯʝʩʢʘʷ 252 - 4,32 3,68 

ɹ ʵʣʣʠʧʩʦʚʠʜʥʘʷ 185 820 3,53 2,71 

ʄ 2 ɸ ʵʣʣʠʧʩʦʚʠʜʥʘʷ 175 830 4,86 3,73 

ɹ ʵʣʣʠʧʩʦʚʠʜʥʘʷ 190 640 2,84 1,84 

 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʝʟʜʝʬʝʢʪʥʦʡ ʟʦʥʝ ʩʪʝʥʢʠ ʤʦʜʝʣʠ ʢ ʤʝʩʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ ʚʤʷʪʠʥʳ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʟʦʥʳ ʜʝʬʝʢʪʘ ʚ ʩʪʝʥʢʝ 

ʨʝʟʝʨʚʫʘʨʘ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʅɼʉ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʛʠʧʦʪʝʟʘʤʠ ʂʠʨʭʛʦʬʘ ʪʝʦʨʠʠ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʠʭ ʦʙʦʣʦʯʝʢ [1, 4]. ʇʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ, ʠ 

ʧʦʵʪʦʤʫ ʩʚʷʟʴ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʥʷʪʘ ʣʠʥʝʡʥʦʡ. 

ɺ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ, ʯʪʦ ʦʙʦʣʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ 
0p . ʊʦʣʱʠʥʘ 

ʦʙʦʣʦʯʢʠ t, ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ R, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʙʦʣʦʯʢʠ Eʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥ u. 

ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʦʡ ʦʙʦʣʦʯʢʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʠ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʨʦ-

ʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʭ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ q. 

ʆʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʣʦʯʢʠ ʦʧʠʩʘʥʦ ʦʙʳʢʥʦʚʝʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʜʠʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ : 

 

     (1) 

 

ʛʜʝ  ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ; . 

ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶ-

ʱʝʤ ʚʠʜʝ: 
 

                            (2) 

 

ʛʜʝ - ʢʦʥʩʪʘʥʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ . 

ʈʝʰʝʥʠʝ (2) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʦʧʠʩʳʚʘʝʪ ʅɼʉ, ʢʦʪʦʨʦʝ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʦʙʦʣʦʯʢʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʦʙʦʣʦʯʝʢ ʦʢʨʫʞʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʠʣʦʚʳʝ ʬʘʢʪʦʨʳ qN  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

 

                                                                         (3) 

 

ɽʩʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (3) ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʠʟ (2), 

ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʦʢʨʫʞʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʭʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

.                                                                              (4) 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʙʦʣʦʯʢʫ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʠ ʟʘʧʦʣʥʝʥʥʫʶ ʞʠʜʢʦʩʪʴʶ ʚʳʩʦʪʦʡ h, ʜʘʚʣʝʥʠʝ ʞʠʜʢʦ-
ʩʪʠ ʥʘ ʩʪʝʥʢʫ ʦʙʦʣʦʯʢʠ ʦʧʨʝʜʝʣʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

 

( )hxpo --=g ,                                                                        (5) 

 

ʛʜʝ  ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʞʠʜʢʦʩʪʠ;  ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. 
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ʈʝʰʝʥʠʝ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [4]. ɺʳʨʘʞʝʥʠʝ (5) ʚʚʝʜʷ ʚ ʫʨʘʚʥʝʥʠʝ (1) 

ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ: 

 

 

                                (6) 

 

ʛʜʝ  ʧʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (4) ʦʢʨʫʞʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʦʣʦʯʢʝ  ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠ-

ʝʤ: 

 

                                                                                 (7) 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʤʷʪʠʥʳ ʚʚʝʜʝʤ ʜʚʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘ: ʙʝʟʨʘʟʤʝʨʥʳʡ ʨʘʜʠʫʩ ʚʤʷʪʠʥʳ 

tR

rʚ

Ö
=x  ʠ ʙʝʟʨʘʟʤʝʨʥʘʷ ʛʣʫʙʠʥʘ ʚʤʷʪʠʥʳ 

t

f
=V , ʛʜʝ Rʠ tï ʨʘʜʠʫʩ ʠ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ, ʚr ʠ 

f ï ʨʘʜʠʫʩ ʠ ʛʣʫʙʠʥʘ ʚʤʷʪʠʥʳ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʥ ʚ ʇʂ 

ANSYS. 

III. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʦʤʠʥʘʣʴʥʳʝ ʦʢʨʫʞʥʳʝ ʥʘʧʨʷ-

ʞʝʥʠʷ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ ʩʪʝʥʢʠ ʤʦʜʝʣʝʡ ʩʦʩʪʘʚʠʣʠ: ʚ ʤʦʜʝʣʠ ʄ 1-ɸ ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʢʇʘ-11,8 ʄʇʘ, ʧʨʠ 

ʜʘʚʣʝʥʠʠ 30 ʢʇʘ-53,61 ʄʇʘ, ʚ ʤʦʜʝʣʠ ʄ1-ɹ ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʢʇʘ-11,92 ʄʇʘ, ʧʨʠ ʜʘʚʣʝʥʠʠ 30 ʢʇʘ-35,36 ʄʇʘ, 

ʚ ʤʦʜʝʣʠ ʄ2-ɸ ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ʢʇʘ-12,25 ʄʇʘ, ʧʨʠ ʜʘʚʣʝʥʠʠ 30 ʢʇʘ-34,91 ʄʇʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2 ʵʧʶʨʳ ʦʢʨʫʞʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ ʟʦʥʳ ʚʤʷʪʠʥʳ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʤʝʩʪʥʳʡ ʜʝʬʝʢʪ ʚ ʚʠʜʝ ʚʤʷʪʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʚʦʟʤʫʱʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ. 
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ʈʠʩʫʥʦʢ 2. ʕʧʶʨʳ ʦʢʨʫʞʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ 

 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʠʛʨʘʥʠʯʥʦʡ ʟʦʥʝ ʚʤʷʪʠʥʳ ʠʤʝʝʪʩʷ ʟʦʥʘ ʨʘʟʛʨʫʟʢʠ, ʛʜʝ ʤʝʩʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʠʞʝ 

ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʊʘʢ, ʚ ʤʦʜʝʣʠ ʄ1-ɸ ʵʪʦ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʜʦ 1,2 ʨʘʟʘ, ʚ ʤʦʜʝʣʠ ʄ1-ɹ ï ʜʦ 1,06 

ʨʘʟʘ, ʚ ʤʦʜʝʣʠ ʄ2-ɸ ï ʜʦ 1,15 ʨʘʟʘ. ʉʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʚʤʷʪʠʥʳ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʠʨʘʶ-

ʱʠʤ ʚʣʠʷʥʠʝʤ ʩʦʛʥʫʪʦʡ ʯʘʩʪʠ ʚʤʷʪʠʥʳ. 

ɺ ʤʦʜʝʣʠ ʄ2-ɸ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ 26 ʢʇʘ ʥʘʙʣʶʜʘʣʩʷ ʵʬʬʝʢʪ çʚʳʱʝʣʢʠʚʘʥʠʷè 

ʩʪʝʥʢʠ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʭʣʦʧʢʦʤ ʠ ʨʝʟʢʠʤ ʚʳʛʠʙʦʤ ʮʝʥʪʨʘʣʴʥʳʡ ʟʦʥʳ ʚʤʷʪʠʥʳ ʥʘʨʫ-

ʞʫ. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʳʱʝʣʢʠʚʘʥʠʷ ʩʪʝʥʢʠ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʟʦʥ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʢ ʙʦʢʦʚʳʤ ʪʦʯʢʘʤ, ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʨʘʥʠʯʥʳʭ ʟʦʥʘʭ ʚʤʷʪʠʥʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʚ ʤʦʜʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ (ʂʂʅ) ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʟʦʥʝ ʚʤʷʪʠʥʳ ʫʤʝʥʴʰʠʣʠʩʴ: ʚ ʤʦʜʝʣʠ ʄ1-ɸ- ʥʘ 30 %, ʚ ʤʦʜʝʣʠ ʄ1-ɹ ï ʥʘ 31 %, ʚ ʤʦʜʝʣʠ ʄ2-ɸ ʥʘ 26 

%, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʧʨʷʤʣʝʥʠʝʤ ʚʤʷʪʠʥ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʂʂʅ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ɺʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʤʦʜʝʣʠ, ʨ, ʢʇʘ
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʤʦʜʝʣʠ 

 

ɿʘʤʝʯʝʥʦ, ʯʪʦ ʚ ʤʦʜʝʣʷʭ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʳʛʠʙʘʤʠ ʛʨʘʥʠʮ ʚʤʷʪʠʥ ʂʂʅ ʚ ʟʦʥʝ ʙʝʨʝʛʦʚ ʚʤʷʪʠʥʳ ʥʘʤʥʦ-

ʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʤʦʜʝʣʷʭ, ʛʜʝ ʛʨʘʥʠʮʳ ʚʤʷʪʠʥ ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʦʩʥʦʚʥʫʶ ʩʪʝʥʢʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥ ʨʝʟʝʨʚʫʘʨ ʦʙʲʝʤʦʤ 3000 ʤ3. 

ʊʦʣʱʠʥʳ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ: I ʧʦʷʩ ï 8ʤʤ, II ʧʦʷʩ ï 6ʤʤ, III ʧʦʷʩ ʠ IV ʧʦʷʩʘ ï 5ʤʤ, V-VIII ʧʦʷʩʘ ï 4ʤʤ. 

ɺʤʷʪʠʥʳ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚ ʚʝʨʭʥʝʤ ʧʦʷʩʝ ʨʝʟʝʨʚʫʘʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʇʂ ANSYS ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʙʝʟʨʘʟ-

ʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ xʠ Vʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 

 

  

4,9 == Vx .                                                                       4,7 == Vx . 

 

ʈʠʩʫʥʦʢ 4. ʇʦʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʚʤʷʪʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ x ʠ V 
 

ɸʥʘʣʠʟ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʚʤʷʪʠʥ (ʨʠʩʫʥʦʢ 4) ʧʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʟʦʥʝ ʚʤʷʪʠʥ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʳ ʚʤʷʪʠʥʳ V ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʚʤʷʪʠʥʳ, ʘ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ V ʦʙʣʘʩʪʴ ʤʘʢʩʠʤʘʣʴ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʫʛʣʫʙʣʷʝʪʩʷ ʚʚʝʨʭ. 
ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ɼʣʷ ʯʝʛʦ ʥʘʭʦʜʠʣʩʷ 

ʫʟʝʣ ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 
maxs , ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʙʝʟʜʝ-

ʬʝʢʪʥʦʡ ʟʦʥʝ qs. ɿʥʘʯʝʥʠʷ ʂʂʅ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
 

q

s
s

smax=K .                                                                             (8) 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʛʣʫʙʠʥʳ V ʠ ʨʘʜʠʫʩʘ ʚʤʷʪʠʥʳ 

9;8;7;6;5;4;3;2=x  

 

IV. ʇʦʜʚʝʜʝʥʠʝ ʠʪʦʛʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʅɼʉ ʟʦʥʳ ʚʤʷʪʠʥʳ ʚ ʩʪʝʥʢʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

ʠʟʫʯʝʥʳ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʜʝʬʝʢʪʘ. 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʅɼʉ ʟʦʥʳ ʚʤʷʪʠʥ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ z ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ x. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʅɼʉ ʟʦʥʳ ʚʤʷʪʠʥʳ ʠ ʦʙʦʩʥʦ-

ʚʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚ ʨʘʩʯʝʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʢʘʟʘʥʥʦʡ ʟʦʥʝ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ 

ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʚʤʷʪʠʥʘʤʠ ʚ ʩʪʝʥʢʝ. 
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Abstract. In this article the estimation issue of the stressed-deformed state of dimple zones in the wall of the 

vertical cylindrical tank for oil and oil products is considered. The technique of experiments on the model of tank wall 

fragment with dimple and research results of the stressed-deformed state of dimple zones is described. The experimental 

dependences of stress-concentration factor on the dimple sizes are established. Results of numerical investigation of the 

stressed-deformed state of dimple zones at various values of non-dimensional parameters describing a dimple in the 

wall are discussed: non-dimensional depth x
 
and non-dimensional radius zof dimple. Theoretical dependences of 

stress-concentration factor in dimple zone on the above-stated non-dimensional parameters are obtained. The research 

results prove the need of the account for calculations of stress-concentration for a dimple zone and method development 

for calculation of strength and endurance capability of tanks. 
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ʀɿʄɽʅɽʅʀɽ ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ ʇʆʏɺʆʆɹʈɸɿʆɺɸʅʀʗ  

ɻʆʈʅʓʍ ʀ ʇʈɽɼɻʆʈʅʓʍ ʇʆʏɺ ʌɽʈɻɸʅʉʂʆʁ ɼʆʃʀʅʓ 
 

 ʄ.ʊ. ʀʩʘʛʘʣʠʝʚ1, ɻ.ʖ. ʖʣʜʘʰʝʚ2 
1 ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʢʪʦʨʘʥʪ, 2 ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

1 ʀʥʩʪʠʪʫʪ ʧʦʯʚʦʚʝʜʝʥʠʷ ʠ ʘʛʨʦʭʠʤʠʠ (ʊʘʰʢʝʥʪ), 
2 ʌʝʨʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʛʦʨʥʦʡ ʠ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ, ʛʜʝ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʌʝʨʛʘʥʝ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ ʟʘ 1924-1977 ʛʦʜʘʭ ʩʦʩʪʘʚʠʣʘ 12,9 Üʉ, ʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 

1,85 Üʉ, ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʦʩʪ ʘʨʠʜʠʟʘʮʠʠ. ʆʙʥʘʨʫʞʝʥ ʧʘʨʘʜʦʢʩ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʦʩʘʜʢʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʚ ʵʪʦʡ 

ʯʘʩʪʠ ʜʦʣʠʥʳ ʠʜʝʪ ʤʝʜʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʘʨʠʜʠʟʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʮ ʧʦʯʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʦʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʠʜʠʟʘʮʠʷ, ʢʣʠʤʘʪ, ʟʦʥʘ, ʠʥʚʝʨʩʠʷ, ʦʩʫʰʝʥʠʝ, ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ, ʫʚʣʘʞʥʝʥʠʝ, ʪʠʧ, 

ʧʦʜʪʠʧ. 
 

ɺ.ɺ. ɼʦʢʫʯʘʝʚʳʤ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʝʨʥʦʟʝʤʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʥʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʛʫʤʫʩʘ, ʠ ʦʥʘ ʧʦʩʣʫʞʠʣʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʘ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦʯʚ ʚ ʮʝʣʦʤ ʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʯʚ ʦʪ ʢʣʠʤʘʪʘ. ʇʦʤʠʤʦ ɼʦʢʫʯʘʝʚʘ, ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʯʚ ʦʪ ʢʣʠʤʘʪʘ ʫʩʪʘʥʦʚʠʣ ʠ ʦʩʥʦʚʘʪʝʣʴ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʧʦʯʚʦʚʝʜʝʥʠʷ ɻʠʣʴʛʘʨʜʪ [3, 78-109 ʩ.].  

ʂʣʠʤʘʪ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʟʘ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʇʦ ʩʚʝʜʝʥʠ-

ʷʤ ɸ.ʌ. ʄʠʜʜʝʥʜʦʨʬʘ, ɺ.ʇ. ʅʘʣʠʚʢʠʥʘ, ɺ.ɺ. ɹʘʨʪʦʣʴʜʘ ʜʥʦ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʚ ʧʨʦʰʣʦʤ ʙʳʣʦ ʧʦʢʨʳʪʦ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʤʠ ʦʟʝʨʘʤʠ ʠ ʙʦʣʦʪʘʤʠ ʩ ʛʫʩʪʳʤʠ ʢʘʤʳʰʦʚʳʤʠ ʟʘʨʦʩʣʷʤʠ. ʈʝʢʠ, ʩʪʝʢʘʶʱʠʝ ʩ ʌʝʨʛʘʥʩʢʦʛʦ, ʏʘʪʢʘʣʴ-

ʩʢʦʛʦ, ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʠ ɸʣʘʡʩʢʦʛʦ ʭʨʝʙʪʦʚ, ʧʦʜʜʝʨʞʠʚʘʣʠ ʵʪʠ ʦʟʝʨʘ, ʠ ʙʦʣʦʪʘ ʜʦʩʪʠʛʣʠ ʉʳʨʜʘʨʴʠ [1, 20-21 ʩ.]. 

ʇʦ ʄ.ɸ. ʇʘʥʢʦʚʫ ʠ ɿ.ʅ. ɸʥʪʦʰʠʥʦʡ [4, 16-78 ʩ.] ʚ ʥʝʢʦʪʦʨʳʭ ʘʜʳʨʘʭ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʥʳʥʝ ʢ ʧʫʩʪʳʥʥʦʡ ʟʦʥʝ, ʠʤʝʶʪʩʷ ʩʣʝʜʳ ʙʳʣʦʛʦ ʜʨʝʚʥʝʛʦ ʩʪʝʧʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʌʝʨʛʘʥʩʢʦʡ 

ʜʦʣʠʥʝ ʚ ʧʨʦʰʣʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʦʧʫʩʢʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʟʦʥ ʥʘ 600-700 ʤ ʠ ʧʦʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦ-

ʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 3,5-4Ü ʉ. ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʦʪʩʪʫʧʣʝʥʠʝʤ ʚʣʘʞʥʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ ʥʘ ʨʘʚʥʠʥʥʳʭ, 

ʧʨʝʜʛʦʨʥʳʭ ʠ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʜʦʣʠʥʳ ʩʪʘʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʫʩʪʳʥʥʳʡ ʢʣʠʤʘʪ.  

ʌʝʨʛʘʥʩʢʘʷ ʜʦʣʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʦʜʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʝ ʩʦ ʩʨʝʜʥʝʡ ʯʘʩʪʴʶ ɹʘʣʢʘʥʩʢʦʛʦ ʧʦ-

ʣʫʦʩʪʨʦʚʘ, ʀʪʘʣʠʠ ʠ ʀʩʧʘʥʠʠ, ʩ ʫʤʝʨʝʥʥʳʤ ʤʦʨʩʢʠʤ ʢʣʠʤʘʪʦʤ. ʅʦ ʦʪʜʘʣʝʥʥʦʩʪʴ ʦʪ ʢʨʫʧʥʳʭ ʚʦʜʦʝʤʦʚ, ʙʣʠ-

ʟʦʩʪʴ ʩʠʣʴʥʦ ʦʭʣʘʞʜʝʥʥʦʡ ʩʝʚʝʨʥʦʡ ɸʟʠʠ ʦʙʫʩʣʦʚʠʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʢʣʠʤʘʪʘ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ. 

ɺ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʟʦʥʫ ʧʫʩʪʳʥʴ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪ ʚ 

ʦʩʥʦʚʥʦʤ ʙʦʣʴʰʠʝ ʨʘʚʥʠʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʧʫʩʪʳʥʥʦ-ʩʪʝʧʥʦʡ ʧʨʝʜʛʦʨʥʦʡ (ʩʝʨʦʟʝʤʥʦʡ) ʠ ʛʦʨʥʦʡ.  

ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʯʘʩʪʷʤʠ ʧʣʘʚʥʘʷ, ʧʨʦʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʀʩʬʘʨʠʥʩʢʦʛʦ, ʉʦʭʩʢʦʛʦ 

ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ, ʉʦʭ-ʀʩʬʘʡʨʘʤʩʢʦʛʦ ʤʝʞʢʦʥʫʩʥʦʛʦ ʧʦʥʠʞʝʥʠʷ. ʇʦʪʦʤ ʛʨʘʥʠʮʘ ʟʦʥʳ ʧʫʩʪʳʥʴ ʠʜʝʪ ʥʘ ʩʝʚʝʨ, 

ʧʨʦʡʜʷ ʧʦ ʟʘʧʘʜʥʦʡ ʦʢʦʥʯʝʥʥʦʩʪʠ ʧʝʨʠʬʝʨʠʠ ɸʨʘʚʘʥ-ʐʘʭʨʠʭʘʥʩʢʦʛʦ ʢʦʥʫʩʘ ʚʳʥʦʩʘ, ʠ ʟʘʧʘʜʥʝʝ ʫʨʦʯʠʱʘ ɹʫʩ, 

ʜʦʭʦʜʠʪ ʜʦ ʨ. ʉʳʨʜʘʨʴʠ, ʜʘʣʴʰʝ ʧʦ ʪʝʯʝʥʠʶ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʟʘʧʘʜ, ʠ ʦʙʭʦʜʷ ʏʫʩʪ-ʇʘʧʩʢʠʝ ʘʜʳʨʳ, ʇʫʥʛʘʥʩʢʠʝ 

ʧʦʢʘʪʳʝ ʨʘʚʥʠʥʳ, ɸʢ-ɹʝʣʴ, ɸʢ-ʏʦʧ ʠ ʉʫʧʝʪʘʫʩʢʠʝ ʦʩʪʘʥʮʦʚʳʝ ʛʦʨʳ (ʘʜʳʨʦʚ), ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʦʨʦʥʫ ʛʦʨʣʦʚʠʥʳ 

ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ [2, 22-63 ʩ.]. 

ʉʝʨʦʟʝʤʥʳʡ ʧʦʷʩ ʜʦʣʠʥʳ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʝʚʝʨʥʳʝ, ʚʦʩʪʦʯʥʳʝ ʠ ʶʞ-

ʥʳʝ. ɼʣʷ ʋʟʙʝʢʠʩʪʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ, ʭʘʨʘʢʪʝʨʥʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʷʩʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʘʷ 

ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʉʝʨʦʟʝʤʥʳʡ ʧʦʷʩ ʟʘʥʠʤʘʝʪ ʟʦʥʫ ʩ ʚʳʩʦʪʘʤʠ ʦʪ 200 ʤ ʜʦ 1300 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ. ʇʦ ʢʣʠʤʘʪʫ ʦʥ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ ʫʤʝʨʝʥʥʦ-ʪʝʧʣʳʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʢʦʨʦʪʢʦʡ ʪʝʧʣʦʡ ʟʠʤʦʡ ʠ 

ʞʘʨʢʠʤ, ʩʫʭʠʤ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʣʝʪʦʤ. ʂʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʜʦʣʠʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʩʝʨʦʟʝʤ-

ʥʦʤ ʧʦʷʩʝ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 150-178 ʤʤ ʥʘ ʩʚʝʪʣʳʭ ʩʝʨʦʟʝʤʘʭ ʜʦ 342-410 ʤʤ ʥʘ ʪʝʤʥʳʭ ʩʝʨʦʟʝʤʘʭ, ʘ 

ʪʠʧʠʯʥʳʝ ʩʝʨʦʟʝʤʳ ʚ ʵʪʦʤ ʧʣʘʥʝ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ ʧʦ ʘʧʨʝʣʴ, ʪʦ ʝʩʪʴ ʚ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. 

ʅʘʠʙʦʣʝʝ ʚʣʘʞʥʳʝ ʤʝʩʷʮʳ ï ʤʘʨʪ ʠ ʘʧʨʝʣʴ. ʋʩʪʦʡʯʠʚʳʡ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʙʳʚʘʝʪ ʨʝʜʢʦ, ʙʦʣʝʝ 20-40 ʜʥʝʡ ʚ ʛʦʜ. 

ʇʦʷʩ ʛʦʨʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʦʯʚ ʟʘʥʠʤʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʥʘ ʚʳʩʦʪʝ ʦʪ 1200 ʜʦ 2600 (2900) ʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. ɿʜʝʩʴ ʷʚʥʦ ʚʳʜʝʣʷʶʪʩʷ ʙʫʨʳʝ ʛʦʨʥʦʣʝʩʥʳʝ ʠ ʛʦʨʥʦ-
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ʢʦʨʠʯʥʝʚʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʯʚʳ. ʇʦʜʧʦʷʩ ʙʫʨʳʭ ʛʦʨʥʦʣʝʩʥʳʭ, ʛʦʨʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʯʚ ʦʭʚʘʪʳʚʘ-

ʝʪ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʦʷʩʘ, ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʝ ʠ ʩʢʘʣʠʩʪʳʝ ʩʢʣʦʥʳ ʭʨʝʙʪʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ɸʣʘʷ, ʏʘʪʢʘʣʘ ʠ 

ʌʝʨʛʘʥʳ. ʊʘʢʞʝ ʦʙʰʠʨʥʳʝ ʤʘʩʩʠʚʳ ʭʦʣʤʠʩʪʳʭ ʧʨʝʜʛʦʨʠʡ ʩ ʤʦʱʥʳʤ ʯʝʭʣʦʤ ʣʝʩʩʘ ʠ ʣʝʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʦʚ, 

ʜʝʣʶʚʠʡ, ʵʣʶʚʠʡ, ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʨʫʛʠʭ ʧʦʨʦʜ. ʂʣʠʤʘʪ ʧʦʷʩʘ ʙʫʨʳʭ ʛʦʨʥʦʣʝʩʥʳʭ ʠ ʛʦʨʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʧʦʯʚ ʩ 

ʤʷʛʢʦʡ ʟʠʤʦʡ ʠ ʪʝʧʣʳʤ ʩʫʭʠʤ ʣʝʪʦʤ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʫʤʝʨʝʥʥʳʤ. 

ɻʦʜʦʚʘʷ ʩʫʤʤʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʙʦʣʝʝ 450 ʤʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʝʪ ʪʘʢʞʝ ʚ ʟʠʤʥʝ-

ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. ʂʣʠʤʘʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʙʦʣʝʝ ʧʨʦʭʣʘʜʥʳʡ ʠ ʚʣʘʞʥʳʡ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʦʩʘʜʢʦʚ ʵʪʦ ʩʘʤʘʷ ʚʣʘʞʥʘʷ 

ʪʝʨʨʠʪʦʨʠʷ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ. ɻʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʚ ʩʢʣʦʥʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʩʧʦʟʠʮʠʠ ʭʨʝʙʪʦʚ, ʢʦʣʝʙʣʝʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 460-800 ʤʤ, ʨʝʜʢʦ 900 ʤʤ ʠ ʙʦʣʝʝ. ɼʠʥʘʤʠʢʘ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʌʝʨʛʘʥʩʢʦʡ 

ʜʦʣʠʥʝ ʥʝ ʩʪʘʙʠʣʴʥʘ, ʧʦʢʘʟʘʪʝʣʠ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʨʠʩʫʥʢʝ (1, 2). ʉʨʝʜʥʝʝ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ ʚ ʉʝʚʝʨʥʦʡ ʯʘʩʪʠ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʥʘ ʚʳʩʦʪʝ 700 ʤ ï ʦʢʦʣʦ 13-13,6 Üʉ, ʥʘ ʚʳʩʦʪʝ 1500 ʤ ï ʦʢʦʣʦ 8,6 Üʉ. 

ɿʠʤʦʡ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʚʝʨʩʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʤʝʨʟʘʥʠʶ ʧʦʯʚ. ʅʘ ʚʳʩʦʪʝ 1500 ʤ 

ʩ ʤʘʷ ʧʦ ʩʝʥʪʷʙʨʴ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ 10Ü, ʘ ʚ ʷʥʚʘʨʝ ʠ ʬʝʚʨʘʣʝ -4-5Ü ʉ, ʛʦʜʦʚʘʷ ʘʤʧʣʠʪʫʜʘ 24Ü ʉ. 

ɸʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʚ ʇʦʜʰʘ-ɸʪʘ -27,7 Üʉ, ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ +33 Üʉ. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʦʙʣʘʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 52 %. ʆʙʱʝʝ ʯʠʩʣʦ ʷʩʥʳʭ ʜʥʝʡ ʚ ʛʦʜʫ ʚ ʅʘʤʘʥʛʘʥʝ ï 132, ʚ ʇʘʜ-

ʰʘ-ɸʪʝ ï 97. ʇʘʩʤʫʨʥʳʭ ʜʥʝʡ ʚ ʅʘʤʘʥʛʘʥʝ ï 79, ʚ ʇʘʜʰʘ-ɸʪʝ ï 103. ɻʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʥʘ ʚʳʩʦʪʝ 

400-500 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʦʢʦʣʦ 200 ʤʤ ʚ ʛʦʜ, ʥʘ ʚʳʩʦʪʝ 500-600 ʤ ï 250 ʤʤ, 1000 ʤ ï 600 ʤʤ. ʄʘʢʩʠʤʫʤ 

ʦʩʘʜʢʦʚ ʥʘ ʚʳʩʦʪʝ 500-600 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʨʪ-ʘʧʨʝʣʴ, ʥʘ ʚʳʩʦʪʝ 1000-1500 ʤ ï ʥʘ ʘʧʨʝʣʴ-

ʤʘʡ. ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʣʠʥʠʠ ʅʘʤʘʥʛʘʥ ï ʇʘʜʰʘ-ɸʪʘ. 

ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚʭʦʜʠʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʣʘʞʥʫʶ ʟʦ-

ʥʫ. ɿʘʧʘʜʥʳʝ ʚʝʪʨʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʟʘʧʘʜʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʌʝʨʛʘʥʳ, ʟʜʝʩʴ ʩʤʷʛʯʘʶʪʩʷ, ʚ ʨʘʡʦʥʝ ʂʘʤʧʠʨʨʘ-

ʚʘʪʘ ʧʨʝʦʙʣʘʜʘʶʪ ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ. ʉʨʝʜʥʷʷ ʠʭ ʩʢʦʨʦʩʪʴ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ 4-5 ʤ / ʩ. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʛ. ʌʝʨʛʘʥʝ 14,7 Üʉ, ʚ ʛ. ɸʥʜʠʞʘʥʝ 14,6 Üʉ, ʚ ʂʘʤʧʠʨʨʘʚʘʪʝ 13 Üʉ, 

ʚ ɼʞʠʛʠʨʪʘʣʝ ʥʘ ʚʳʩʦʪʝ 2000 ʤ ʥʘʜ ʫʨ. ʤ. 9,8 Üʉ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʦ ʜʘʥʥʳʤ ʚ ʂʘʤʧʠʨʨʘʚʘʪʝ 

ʣʝʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 49-55 %, ʟʠʤʦʡ ï 78-85 %. ɺ ɼʞʘʣʘʣʘʙʘʜʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʣʷʝʪ ï 30-72 ʠ 62-71 %. ɺ 

ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʌʝʨʛʘʥʩʢʦʛʦ ʭʨʝʙʪʘ ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʚʳʩʦʪʝ 800-1000 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʝ ʨʘʚʥʦ 500 ʤʤ, ʥʘ ʚʳʩʦʪʝ 1800-2000 ʤ ʠ 650-700 ʤʤ, ʝʱʝ ʚʳʰʝ ï ʜʦ 1500 ʤʤ. 

ʇʨʝʜʛʦʨʴʝ ʖʞʥʦʡ ʌʝʨʛʘʥʳ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʟʦʥʘʤʠ ʜʦʣʠʥʳ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʫʭʦʝ (ʨʠʩ. 1). ʖʞʥʘʷ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʙʦʣʝʝ ʫʚʣʘʞʥʝʥʥʳʝ, ʤʝʥʝʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠ ʥʘʧʦ-

ʤʠʥʘʶʪ ʧʨʝʜʛʦʨʴʷ ʉʝʚʝʨʥʦʡ ʌʝʨʛʘʥʳ. ʆʪ ʛʦʨʦʜʘ ʌʝʨʛʘʥʳ ʥʘ ʶʛ ʚ ʩʪʦʨʦʥʫ ʐʘʭʠʤʘʨʜʘʥʘ ʠ ʥʘ ʚʦʩʪʦʢ ʚ ʛ. ʆʰ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʯʠʩʣʦ ʜʥʝʡ ʩʦ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ. 

ʊʘʢ, ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ ʚ ʛʦʨʦʜʝ ʌʝʨʛʘʥʘ 450 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 178 

ʤʤ, ʚ ʛ. ʆʰ 1000 ʤ 365 ʤʤ, ʚ ʐʘʭʠʤʘʨʜʘʥʝ 1380 ʤ ʚʳʩʦʪʝ 324-628 ʤʤ, ʩʨʝʜʥʝʤ ʟʘ 10 ʣʝʪ 448 ʤʤ. 

ʉʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʜʦʣʠʥʳ ʧʦʜʚʝʨʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʦʪ ʛʦʜʘ ʢ ʛʦʜʫ. ɿʘ 

ʧʝʨʠʦʜ 1924-1977 ʛʛ. ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʌʝʨʛʘʥʳ ʩʦʩʪʘʚʠʣʘ 12,9 Üʉ, ʘ ʚ 

ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ (2006-2015) ʩʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʠʣʘ 14,75 Üʉ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʘʨʠʜʥʦʩʪʴ ʚ ʟʦʥʝ ʨʘʩʪʝʪ (ʨʠʩ. 1).  

ɼʣʷ ʌʝʨʛʘʥʳ, ʢʘʢ ʠ ʜʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʘʚʥʠʥʥʦʡ, ʧʨʝʜʛʦʨʥʦʡ ʠ ʛʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦʣʠʥʳ, ʭʘʨʘʢʪʝʨʥʳʤ 

ʷʚʣʷʝʪʩʷ ʛʦʜʦʚʦʡ ʭʦʜ ʦʩʘʜʢʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʝʪʦʤ. ɺ 1924-1977 ʛʛ. ʩʨʝʜʥʝʝ ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜ-

ʢʦʚ ʨʘʚʥʦ 172 ʤʤ, ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ (2006-2015 ʛʛ.) ʙʳʣʦ ʨʘʚʥʦ 178,3 ʤʤ, ʪʦ ʝʩʪʴ ʥʘ 6,3 ʤʤ ʙʦʣʴʰʝ. 

ʀʤʝʝʪʩʷ ʧʘʨʘʜʦʢʩ ï ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʥʦ ʚʩʝ ʞʝ, ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ. 
 

 
 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʧʨʝʜʛʦʨʥʦʡ ʟʦʥʳ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ 



ISSN 2311-2158. The Way of Science. 2016. ˉ 9 (31). Vol. I.  

 

 

25 

 

ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʝʚʝʨʝ ʜʦʣʠʥʳ, ʛʜʝ ʠʜʝʪ ʤʝʜʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. ʆʪʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʛʦʨʥʦʡ ʟʦʥʳ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʨʠʩ. 2.  

 

 
 

ʈʠʩ. 2. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʨʥʳʭ ʧʦʯʚ ʜʦʣʠʥʳ (2006-2015 ʛʛ.) 

 

ɺ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʣʠʤʘʪʘ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʮ ʪʠʧʦʚ, ʧʦʜʪʠ-

ʧʦʚ ʧʦʯʚ ʢʘʢ ʚ ʶʞʥʦʡ, ʪʘʢ ʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʜʦʣʠʥʳ. 
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Abstract. New data on climatic factors of soil-formation of mountain and submontane soils in Fergana valley 

are given in this research work; it was found out that the average annual temperature in Fergana for 1924-1977 was 

12,9 Üʉ, and there is a growth of this indicator by 1,85 Üʉ over the last 10 years that points at aridization growth. The 

paradox is found out ï the precipitation level increase is observed with rising temperature. On the basis of long-term 

climatic research, the conclusion is drawn that in this part of the valley we consider the slow aridization process and 

change of soil borders of vertical zones. 

Keywords: aridization, climate, zone, inversion, drainage, soil formation, precipitation, type, subtype. 
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THE GENETIC POTENTIAL OF INTRASPECIFIC POLYMORPHIC  
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Abstract. The article presents the data on the systematic position and phylogenetic relationships and breeding 

capability of the wild, ruderal, tropical and subtropical varieties and forms of the diploid polymorphic species 

G.herbaceum L. and G.arboreum L. of the genus Gossypium L. in practical breeding. Transgressive intra and interspe-

cies hybrid forms obtained can be used in breeding as donors economically valuable traits that will appreciably enrich 

the potential of the cotton genepool with a new germplasm. 

Keywords: cotton, genepool, species, subspecies, varieties, forms, morphologic and biologic traits, intra- and 

interspecific hybrids, phylogenetic relationships. 

 

Rational and purposeful use of the unique world of the cotton genepool of the genus Gossypium L. is stored in 

in-situ, plays an important role to meet the requirements of modern agriculture, increasing the potential stability of the 

cotton cultivars to abiotic and biotic factors of the environment and to ensure economic efficiency. 

Intraspecific diversity of the cultivated diploid cotton species G.herbaceum L., G.arboreum L. has the genetic 

potential such as earliness, high yield, tolerance to the pest and insects, stress factors of the external environment, high 

temperature, drought, soil salinity and absolute humidity. Using these properties to create great opportunities resolve 

some urgent issues [7, 8]. 

Despite the existence of many taxonomic research [1-4, 6, 7, 9] valuable information about phylogenetic rela-

tionships of the subspecies and forms to biologic and morphologic polymorphism, evolutionary development, systemat-

ic role of the diploid cotton species is still dubious and data about the heredity, the generation of the symbols is almost 

there. To find theoretical and practical solutions of category for the diploid species to the issues listed above is the ef-

fective use of their genetic potential prospects. 

Phylogenetic relationships between the intraspecific diversity of the polymorphic species G.herbaceum L. and 

G.arboreum L. was identified basing on the intra and interspecific hybrids. 

Based on the conducted research there were determined close relationships in the phylogenetic ratio between: 

1) wild (ssp. africanum) and ruderal forms (ssp. pseudoarboreum, ssp. pseudoarboreum f. harga) with cultivated form 

(ssp. euherbaceum (377 cultivar)) of the species G.herbaceum L.; 2) wild form (ssp. obtusifolium) with cultivated form 

(ssp. euarboreum (VIR 1372 cultivar)) of the species G.arboreum L.; 3) wild forms of the species G.herbaceum L. (ssp. 

africanum) and G.arboreum L. (ssp. obtusifolium); 4) wild form (ssp. obtusifolium var. indicum) of the species 

G.arboreum L. with tropical forms (ssp. neglectum and ssp. neglectum f. sanguineum) of the species G.arboreum L. and 

ruderal form (ssp. pseudoarboreum) of the species G.herbaceum L. The phylogenetic ratio between the wild form (ssp. 

obtusifolium) with ruderal (ssp. perenne) and tropical (ssp. neglectum) forms of the species G.arboreum L. have long-

range relationships. 

Based on the analyses of hybridization and comparative morphology it was determined that ruderal form of 

G.herbaceum ssp. pseudoarboreum f. harga has long range phylogenetic relationship with the ssp. pseudoarboreum 

subspecies and a close relationship with the cultivated forms of the given species. It in turn shows that the ssp. pseudo-

arboreum f. harga ruderal form in the evolutionary ratio is more advanced compared to ruderal forms and intermediate 

position between the ruderal and cultivated forms or as an independent tropical form. The ssp. neglectum f. sanguineum 

tropical form of the G.arboreum L. species has such status as well. 

In the analysis of the trait, viability of the pollen grain of hybrids F1, obtained from crosses of intraspecific di-

versity of the G.herbaceum L. species exposed the phenomenon, indicating phylogenetic kindred of wild forms with 

ruderal and cultivated forms. Indicators of this trait almost all hybrid combinations, which was attended by the repre-

sentatives of intraspecific diversity of the G.arboreum L. species had high value. It should be noted that reciprocal hy-

brids F1, obtained from interspecific crosses of intraspecies diversity of the species G.herbaceum L. and G.arboreum L. 

noting the relatively low value in the following combinations between: 1) ruderal form with tropical one (f. harga x f. 

sanguineum ï 66,0 %) and opposite combination (f. sanguineum x f. harga ï 77,7 %); 2) ruderal form and cultivated 

one (f. harga x ssp. nanking (with brown fiber) ï 67,4 %) and opposite combination (ssp. nanking (with brown fiber) x 

f. harga ï 60,7 %). This phenomenon indicates the comparatively long-range relationships current forms compared to 

other forms. 

S.T. Khajjidoni et al. [5] note that there is no difference between a number of valuable indicators of the eco-

nomic character of the parents and the quantity of one-plant bolls of interspecies F1 hybrid combinations as a result of 

crossbreeding the cultivars of the G.herbaceum L. and G.arboreum L. species. In our research, wild ruderal, tropical 
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and cultural forms of these species differ from the cultivar of the species G.herbaceum L. and G.arboreum L., result of 

mating inter and intraspecific F1 hybrids has proved the high productivity in terms of selection and the existence of a 

possibility hybrid genotypes. According to the sign of early-maturity of the inter- and intraspecific F1 hybrids over dom-

inance and completely dominant and intermediate position inheritance was determined. High transgressive forms were 

selected among the hybrids F2 which are much early maturity with the vegetation period is 109.0-119.0 days than the 

primary sources results. 

When inheritance of agronomic traits, such as weight of raw cotton per one boll and 1000 seeds weight, fiber 

length, fiber output and fiber index of the intra and interspecific hybrids F1 mainly was determined the over, partial and 

complete dominance, as well as intermediate dominance. In hybrids of F2 generation positive and negative transgressive 

variability in fiber length and fiber output, and the positive transgressive variability in 1000 seeds weight and fiber in-

dex are observed. 

It is known that the research on the inheritance nature of morphological and biological traits peculiar to many 

wild forms facilitates the interspecific crosses, developing science-based methods of genetic research. 

At the intra and interspecific hybrids F1 morphological characteristics (corolla and fiber color) are inherited in-

termediately and at F2 hybrids disjoining was seen in the ratio of 1: 2:1 and monogenic inherited in incomplete domi-

nance. 

Application of the research work using integrated methods resulted in obtaining, for the first time, new data on 

phylogenetic relationship congeniality, the systematic position of intraspecific genetic varieties and the forms of the 

G.herbaceum L. and G.arboreum L. polymorphic species was specified. For the reasons of geographical distribution, 

the results of intra- and interspecific hybridization, and the distinct morphological and biological traits, it is proposed to 

elevate the taxonomic rank of f. harga (G.herbaceum ssp. pseudoarboreum) and f. sangiuneum (G.arboreum ssp. ne-

glectum) to subspecies. The nature of inheritance and the degree of correlative interconnection of the studied morpho-

logical and biological, and economically valuable traits of the F1 and F2 plants of intra- and interspecific hybrids were 

revealed. The scheme of phylogenetic relationship congeniality of the intra- and interspecific varieties of the 

G.herbaceum L. and G.arboreum L. species was developed. 

The intra- and interspecific transgressive hybrid forms obtained in the results of research will be used in breed-

ing as donors of valuable agronomic traits. Received forms substantially replenish and enrich the cotton genepool with 

the new germplasm. 

The resulting study of the intra- and interspecific hybrid transgressive forms can be used in breeding as donors 

of economically valuable traits derived form substantially replenish and enrich the genepool of potential new cotton 

germplasm. 

Based on this research, the scheme of phylogenetic relationships between intraspecific diversity of the 

G.herbaceum L. and G.arboreum L. species, which will increase the efficiency of genetic and breeding research to ob-

tain primary sources and the developing of competitive cotton varieties meet the requirements of international stand-

ards. 
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ɻɽʅɽʊʀʏɽʉʂʀʁ ʇʆʊɽʅʎʀɸʃ ɺʅʋʊʈʀɺʀɼʆɺʓʍ ʈɸɿʅʆɺʀɼʅʆʉʊɽʁ  

ʇʆʃʀʄʆʈʌʅʓʍ ɼʀʇʃʆʀɼʅʓʍ ɺʀɼʆɺ ʈʆɼɸ GOSSYPIUM L. 
 

ʍ.ɸ. ʄʫʤʠʥʦʚ1, ʌ.ʍ. ɸʙʜʫʣʣʘʝʚ2 
1 ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 2 ʢʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪ ʛʝʥʝʪʠʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ɸʅ ʈʋʟ (ʊʘʰʢʝʥʪ), ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦ-

ʦʪʥʦʰʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʩʝʣʝʢʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʝʣʝʢʮʠʠ ʜʠʢʠʭ, ʨʫʜʝʨʘʣʴʥʳʭ, ʪʨʦʧʠʯʝʩʢʠʭ 

ʠ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠ ʬʦʨʤ ʜʠʧʣʦʠʜʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʚʠʜʦʚ G.herbaceum L. ʠ G.arboreum L. ʨʦ-

ʜʘ Gossypium L. ʇʦʣʫʯʝʥʥʳʝ ʚʥʫʪʨʠ- ʠ ʤʝʞʚʠʜʦʚʳʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʝ ʛʠʙʨʠʜʥʳʝ ʬʦʨʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʥr ʚ ʩʝʣʝʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦ ʮʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʧʦʣʥʷʪ ʠ ʦʙʦʛʘ-

ʪʷʪ ʧʦʪʝʥʮʠʘʣ ʛʝʥʦʬʦʥʜʘ ʭʣʦʧʯʘʪʥʠʢʘ ʥʦʚʦʡ ʛʝʨʤʦʧʣʘʟʤʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʣʦʧʯʘʪʥʠʢ, ʛʝʥʦʬʦʥʜ, ʚʠʜʳ, ʧʦʜʚʠʜʳ, ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʬʦʨʤʳ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʚʥʫʪʨʠ- ʠ ʤʝʞʚʠʜʦʚʳʝ ʛʠʙʨʠʜʳ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ. 
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AND ASSOCIATED MICROFUNGI OF ROOT ROT PATHOCOMPLEX IN SPRING  
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Abstract. In the south of Uzbekistan an urgent issue is cotton plant seeding affected by black root rot (BRR). In 

years favourable for pathogene development significant yield losses are observed up to replanting needed. In the mod-

ern literary sources there is no data on the area of spread of the disease, its appearance indicators at different stages of 

plant development, injuriousness in Uzbekistan. At the same time, significant sums of money are spent on the fight 

against T.basicola by means of seed treatment, which reduces profitability of cotton growing. The study aim is monitor-

ing of BRR of cotton plant in spring and autumn in Surkhandarya region of Uzbekistan. As a result of phytopathological 

studies of Sultan cotton plant seeding in 2015 spring and autumn it was determined that field areas with cotton plants, 

affected mostly by BRR were the following: 10-15 % in Jarkurgan, 20-30 % in Denov, 15-20 % in Termez. 17 samples 

of affected plants (10-15 plants in each) were collected, including 8 samples in spring, 9 ï in autumn and 3 samples of 

soil. After spring-sample evaluation, the index of plant root disease was 4-5 according to scale of Rothrock, Colyer et 

al. [22] and with 4-5 leaves. Manifestations of disease were studied in spring and autumn. For development and recov-

ery of T.basicola fungus from plants and soil, the methods of carrot biological attractants and selective medium were 

used. Morphological features of pathogene were studied. Pure cultures of the main pathocomplex of sprout diseases are 

allocated in many cotton-breeding world regions: T.basicola; Rhizoctonia solani ; species ʨ. Fusarium Link. : F. ox-

ysporum , F. solani, F. gibbosum, F. verticillioides, F. equiseti, Fusarium sp. Nowadays there are no species resistant to 

BRR, cultures allocated can be used for creation of high-resistant hybrid combinations and the new cotton plant species. 

Keywords: monitoring of cotton plant, black root rot, pathogene morphology, pathocomplex of root rot. 
 

Introduction  

The common notion of black root rot is based on dark pigmented chlamydospores formed in root cells of hosts [5]. 

It is considered that one of the main disease causes is seeding in cold soil. Infection is the most severe when 

root area is flooded or poorly aerated with the temperature of root area of 15-20 0C and pH of 5.7-5.9 [18]. 

In years, favourable for pathogene development, significant yield losses up to replanting required are observed. 

Black root rot was found out by G. Zaprometov (G. Zaprometov, 1929) in 1926 in Uzbekistan. Many scientists studied 

this issue since. Th. basicola was registered in 1922 in USA [14]. 

The studies of pathogene have shown that host plants of Th. basicola are more than 230 species. It is a destruc-

tive root pathogene for many cultivated and ornamental plants [9, 23]. 

Nowadays T. basicolais is recognized worldwide as an economically significant pathogene of cotton plant 

sprouts [6, 10]. 

In the modern literary sources, there is no data on the area of spread of disease in the south of Uzbekistan, its ap-

pearance indicators at different stages of plant development and injuriousness. At the same time, significant sums of mon-

ey are spent on the fight against T.basicola by means of seed treatment, which reduces profitability of cotton growing. 

The study aim is monitoring of BRR of cotton plant in spring and autumn in Surkhandarya region of Uzbekistan. 

Surkhandarya region is the southernmost region (wilayah) in Uzbekistan. The central and southern parts of the 

region are lowland ones. Climate varies from dry desert in the south to subtropical in the north. Mean air temperature is 

+3 0ʉ in January and 30 0ʉ in July. There are mostly sierozemic and gray-brown soils. Precipitation in the lowlands 

varies from 130 to 360 mm per year, in piedmont areas ï from 440 to 620 mm [26]. 

According to studies of H. Wang, et al. and T. Wheeler et al., conducted in 1997 and 1990 respectively, there are no cul-

tural species of cotton plant resistant to BRR and efficient seed disinfectants [12, 28, 29]. The issue is still of current concern. 

To reduce yield losses timely diagnostics of disease excitants and creation of resistant species are necessary. 

Methodology. The study materials were Sultan cotton plant samples, collected in spring and autumn on the 

fields of three areas in Surkhandarya region.  
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Disease manifestation evaluation was conducted according to the scale [22]. 

Hypocotyl disease severity index 

1 = no signs, 

2 = few pinpoint abnormalities or scattered bleached areas, 

3 = distinct necrotic bruises, 

4 = circular bruises, 

5 = dead germ. 

Root disease index 

1 = no signs, 

2 = 1-10 % of root system is bleached, 

3 = 11-25 % of root system is bleached, 

4 = 26-50 % of root system is bleached, 

5 = 50 % of root system is bleached. 

Mycological examination has been held according to the methods [4, 20, 32]. 

For development and recovery of T.basicola the methods of biological attractants were used ï fresh carrot slic-

es [8, 33] and halves of carrot slit [30]. Taxonomical feature of pathogenes was determined according to [1-3, 15]. 

The study results 

Phytopathological research of Sultan cotton plant seedings, conducted in spring and autumn in Surkhandarya 

region in the same management units have showm that indices of field area with plants (%) affected mostly by black 

root rot (BRR) vary in different areas (Table 1). 

As a result of monitoring of cotton plant seeding, 17 samples of affected plants (10-15 plants in each), includ-

ing 8 in spring and 9 in autumn and 3 samples of soil from root rhizosphere of ill plants, were collected. 
 

Table 1 

Area indices of fields with plants,  

affected by BRR mostly, in three areas of Surkhandarya region in 2015 spring and winter 
No. Area 

 

Spring examination date Autumn examination date Area indices of fields with plants,  

affected by BRR mostly 

1. Jarkurgan 29.05.2016 13.10.2016 10-15 

2. Denov 28.05.2016 14.10.2016 20-30 

3. Termez 27.05.2016 15.10.2016 15-20 
 

Basing on the samples from all areas, collected in spring, root disease index of plants according to the scale 

and with 4-5 leaves in certain fields with shallow groundwater occurrence was 4-5 points. Cotton plants with two true 

leaves had reddish-black roots, while the colour and turgor of footstalk and leaves have not changed, footstalk brown 

staining was noted only on single samples. Samples at the stage of 4-5 of trues leaves had features of root rot and foot-

stalk brown staining of various bleaching degrees [25]. 

The cross-section and lengthwise cut of internal part of plant footstalk with 2 and 4-5 leaves were clean. There 

were no signs of conducting system browning at affected cotton plants (G. hirsutum L.) that corresponds to the report [27] 

on invasion of T. basicola fungus spores into trachenchyma of G. hirsutum cotton plant only in the presence of eelworms. 

A part of herbarial cotton plant samples from Termez area, collected on the same fields in autumn had reddish- 

or brownish black colour of footstalk conducting system the whole 10-12 cm from root; some lateral roots were black 

and lower footstalk was thickened. Eelworms were detected on the samples. Manifestations of disease were less signifi-

cant at herbarial plant samples from Denov and Jarkurgan areas. 
 

 
 

Fig. 1, 2. Cotton plants with black root rot collected in spring in Jarkurgan area (1) and in autumn in Termez area (2) 




