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Abstract 

A disaster of social sciences is in the basis of globalization of the biospheric ecological 

crisis. In economic activity the human civilization catastrophe is reflected in the promotion of 
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liberal market-oriented economy directed at the satisfaction of ever-increasing degradation-

parasitic needs. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʥʘʥʠʷ, ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʘʷ ʧʦʟʠʮʠʷ, ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ. 

Keywords: methodology of knowledge, individual worldview, educational prerequi-

sites  

 

ʉʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ ʚ ʠʭ ʧʨʝʜʝʣʴʥʦʤ ʦʙʦʙʱʝʥʠʠ ʬʦʨʤʠ-

ʨʫʝʪ ʩʦʮʠʦʣʦʛʠʶ ʠ ʩʦʧʨʷʞʝʥʥʳʝ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʟʨʝʥʠʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʞʠʟʥʝʫʩʪʨʦʡʩʪʚʘ. ʆʩʚʦʝʥʠʝ ʩʦʮʠʦʣʦʛʠʠ ʥʘʯʠʥʘʝʪʩʷ ʚ ʰʢʦʣʴʥʳʭ ʢʫʨʩʘʭ 

ʥʘ ʫʨʦʚʥʝ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʦʚʝʜʝʥʠʷ, ʙʠʦʣʦʛʠʠ, ʠʩʪʦʨʠʠ ʠ ʦʙʱʝʩʪʚʦʟʥʘʥʠʷ. ɺ ʚʫʟʘʭ ʩʦ-

ʮʠʦʣʦʛʠʷ ʠʟʫʯʘʝʪʩʷ ʣʠʙʦ ʥʘ ʫʨʦʚʥʝ ʦʙʱʝʢʫʣʴʪʫʨʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʣʠʙʦ ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʫʙʣʝʥʥʳʭ ʟʥʘʥʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʤ ʧʦʜʛʦʪʦʚʢʠ ʛʫʤʘʥʠʪʘʨʥʦ-

ʦʙʨʘʟʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʮʝʚ. ɽʩʣʠ ʩʦʮʠʦʣʦʛʠʷ ʠ ʩʦʧʨʷʞʝʥʥʳʝ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʟʨʝ-

ʥʠʷ, ʢʫʣʴʪʠʚʠʨʫʝʤʳʝ ʚ ʦʙʱʝʩʪʚʝ, ʥʝ ʘʜʝʢʚʘʪʥʳ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ʦʙʲʝʢʪʠʚʥʦ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ), ʪʦ ʤʥʦʞʝʩʪʚʦ ʣʶʜʝʡ ʩʪʘʥʦʚʷʪʩʷ ʟʘʣʦʞʥʠʢʘʤʠ 

çʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭè ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ɹʦʣʝʝ ʪʦʛʦ, ʢʘʢ ʙʳ ʩʘʤ ʩʦʙʦʡ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦ-

ʪʝʥʮʠʘʣ ʢʘʪʘʩʪʨʦʬ ʚ ʙʣʠʞʘʡʰʝʤ ʠ ʦʪʜʘʣʝʥʥʦʤ ʙʫʜʫʱʝʤ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʞʠʟʥʝʫʩʪʨʦʡ-

ʩʪʚʘ. ʅʨʘʚʳ ʠ ʦʙʨʘʟ ʤʳʩʣʝʡ ʨʦʩʩʠʡʩʢʦʡ ʣʠʙʝʨʘʣʴʥʦʡ ʠʥʪʝʣʣʠʛʝʥʮʠʠ ʢʦʥʮʘ XIX  ï ʥʘʯʘ-

ʣʘ ʍʍ ʚʝʢʦʚ ʧʨʠʚʝʣʠ ʢ ʫʥʠʯʪʦʞʝʥʠʶ ʧʨʝʞʥʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ 

ʥʦʚʦʚʚʝʜʝʥʠʷʤ ʚ ʛʫʤʘʥʠʪʘʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʚʝʪʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʉʦʮʠʘʣʴʥʘʷ ʢʘʪʘ-

ʩʪʨʦʬʘ 1985-1991 ʛʦʜʦʚ ʪʘʢʞʝ ʧʦʪʨʝʙʦʚʘʣʘ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʦʚʦʚʚʝʜʝʥʠʡ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʚ ʮʝʣʦʤ ʟʥʘʯʠʤʦʩʪʠ. ʆ ʥʝʚʝʞʝʩʪʚʝ ʚ ʦʙʣʘʩʪʠ ʩʦʮʠʦʣʦʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʧʨʠʟʥʘʶʪʩʷ 

ʫʧʨʘʚʣʝʥʮʳ ʚʳʩʦʢʦʛʦ ʨʘʥʛʘ. ʅʘʧʨʠʤʝʨ, ɻ. ʊʨʫʤʵʥ, ʙʫʜʫʯʠ ʧʨʝʟʠʜʝʥʪʦʤ ʉʐɸ: çɼʘʡʪʝ 

ʤʥʝ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʵʢʦʥʦʤʠʩʪʘ! ɺʩʝ ʤʦʠ ʵʢʦʥʦʤʠʩʪʳ ʛʦʚʦʨʷʪ: çʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳé ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳè. ɺ.ʉ. ʏʝʨʥʦʤʳʨʜʠʥ, ʙʫʜʫʯʠ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨʦʤ ʈʦʩʩʠʠ: çʍʦʪʝʣʠ ʢʘʢ 

ʣʫʯʰʝ, ʘ ʧʦʣʫʯʠʣʦʩʴ ʢʘʢ ʚʩʝʛʜʘè. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʚ 21 ʚʝʢʝ ʙʣʘʛʦʥʘʤʝʨʝʥʥʳʝ ʜʝʢʣʘ-

ʨʘʮʠʠ, ʥʝ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʇʦʩʣʝʜʫʶʱʠʝ ʧʦʢʘʷʥʠʷ ʧʦʣʠʪʠʢʦʚ çʭʦʪʝ-

ʣʠ, ʥʦ ʥʝ ʧʦʣʫʯʠʣʦʩʴè ʥʝ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʷ ʢ ʞʠʟʥʠ ʣʶʜʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʮʠʘʣʴʥʦʡ ʢʘ-

ʪʘʩʪʨʦʬʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʘʜʝʢʚʘʪʥʳʝ ʞʠʟʥʠ ʛʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ 

ʠ ʩʦʧʨʷʞʝʥʥʳʝ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʟʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦʧʘʩʥʦ-

ʙʝʩʢʦʥʬʣʠʢʪʥʦʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʮʝʣʦʤ. ʀʤʝʥʥʦ ʪʘʢ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʮʠ-

ʘʣʴʥʳʡ ʵʬʬʝʢʪ çʝʱʝ ʣʫʯʰʝ, ʯʝʤ ʭʦʪʝʣʦʩʴè. 

ʇʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ ʩʦʮʠʦʣʦʛʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʩʪʦʨʦʥʳ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ ʢʘʢ 

ʩʠʩʪʝʤʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʤʥʦʞʝʩʪʚʦʤ ʣʶʜʝʡ ʚ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʧʦʢʦʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʘʩʧʝʢʪʳ ʞʠʟʥʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʝʥʥʳ ʜʣʷ 

ʚʩʝʭ ʣʶʜʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʱʝʩʪʚʦ ʠʣʠ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʥʘʮʠʦʥʘʣʴʥʦ-

ʩʚʦʝʦʙʨʘʟʥʳʭ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʦ-

ʚʦʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩ ʦʙʲʝʤʣʶʱʠʤʠ ʞʠʟʥʴ ʧʨʠʨʦʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʢʦʥ-

ʮʘ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʪʘʣʦ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʛʣʦʙʘʣʴʥʦʡ ʩʦʮʠʦʣʦʛʠʠ. ɼʝ-

ʣʦ ʚ ʪʦʤ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ ʨʘʟʚʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ, ʧʦ ʩʫʱʝʩʪʚʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʳʡ ʮʝʡʪʥʦʪ ʚ 

(ʩʘʤʦ)ʫʧʨʘʚʣʝʥʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠ-ʙʠʦʩʬʝʨʥʳʤʠ ʧʦʩʣʝʜ-

ʩʪʚʠʷʤʠ. 

ʇʦʩʢʦʣʴʢʫ ʯʝʣʦʚʝʢ ï ʯʘʩʪʴ ʙʠʦʩʬʝʨʳ ʇʣʘʥʝʪʳ, ʪʦ ʩʦʮʠʦʣʦʛʠʷ, ʢʘʢ ʥʘʫʢʘ, ʙʘʟʠʨʫ-

ʝʪʩʷ ʥʘ ʘʜʝʢʚʘʪʥʦʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʠ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʱʝʡ 

ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: çʏʪʦ ʝʩʪʴ ʞʠʟʥʴ?è ʷʚ-

ʣʷʝʪʩʷ ʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤ ʚ ʬʫʥʜʘʤʝʥʪʝ ʧʦʩʪʨʦʝʥʠʷ ʚʩʷʢʦʛʦ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ. ʄʝ-

ʪʦʜʦʣʦʛʠʷ ʧʦʟʥʘʥʠʷ ʦʪʥʦʩʠʪ ʙʠʦʣʦʛʠʶ ʢ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʥʘʫʢʘʤ. ʆʜʥʘʢʦ ʩʚʝʨʭ-

ʩʣʦʞʥʦʝ ʟʥʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ, ʧʦ ʤʥʝʥʠʶ ʬʠʟʠʢʦʚ, ʚ ʨʘʩʰʠʬʨʦʚʢʝ ʤʝʭʘʥʠʟʤʦʚ ʠʥʜʠʚʠ-
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ʜʫʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʨʘʟʫʤʝʥʠʷ. ɼʦʩʪʠʞʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢ-

ʪʘ çɻʝʥʦʤ ʯʝʣʦʚʝʢʘè ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʪʛʝʥʦʤʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘ-

ʣʠ ʬʘʢʪʦʣʦʛʠʯʝʩʢʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʵʚʦʣʶʮʠʦʥʥʦʡ ʙʠʦʣʦʛʠʠ. ʉ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʟʠʮʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʯʝʣʦʚʝʢʘ ʣʠʙʦ 

ʦʪ ʚʠʨʫʩʠʥʬʠʮʠʨʦʚʘʥʥʦʡ ʰʠʤʧʘʥʟʝ, ʣʠʙʦ ʢʘʢ ʘʢʪ ʊʚʦʨʝʥʠʷ. 

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʫʣʴʪʫʨʘ, ʪ.ʝ. ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʦʩʦʟʥʘʥʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʢ ʦʧʳʪʫ ʧʨʦʰʣʳʭ ʧʦʢʦʣʝʥʠʡ. ʋʩʧʝʭʠ ʚ ʨʘʩʰʠʬʨʦʚʢʝ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ ʛʝʥʝʨʠʨʦʚʘʣʠ ʛʝʥʝʪʠʟʘʮʠʶ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ʚ ʪ.ʯ. ʩʦʟʜʘʣʠ 

ʪʫʧʠʢʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ çʧʩʠʭʦʛʝʥʦʤʠʢʘè. ʉ ʤʝʪʦʜʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʠʟʜʝʨʞʢʠ ʧʩʠʭʦʛʝʥʦʤʠʢʠ (ʛʝʥ ʘʛʨʝʩʩʠʚʥʦʩʪʠ, ʛʝʥ ʪʨʝʚʦʞʥʦʩʪʠ, ʛʝʥ 

ʥʘʨʢʦʤʘʥʠʠ-ʘʣʢʦʛʦʣʠʟʤʘ, ʛʝʥ ʚʪʦʨʦʩʦʨʪʥʦʩʪʠ ʤʘʪʝʨʝʡ, ʛʝʥʳ ʠʥʥʦʚʘʮʠʡ ʠ ʛʝʥʠʘʣʴʥʦ-

ʩʪʠ) ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʪʝʦʨʠʶ ʵʚʦʣʶʮʠʦʥʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʩʦʧʨʷʞʝʥ-

ʥʳʝ ʥʘʮʠʩʪʩʢʦ-ʠʥʪʝʨʥʘʮʠʩʪʩʪʢʠʝ ʧʨʦʛʨʘʤʤʳ. ɽʩʣʠ çʧʨʘʢʪʠʢʘ ï ʢʨʠʪʝʨʠʡ ʠʩʪʠʥʳè, ʪʦ 

ʢʫʣɹʪʫʨʦʣʦʛʠʷ, ʢʘʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʥʘʫʢʘ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʜʝ-

ʝʩʧʦʩʦʙʥʦʡ ʩʦʮʠʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ ʨʝʣʠʛʠʦʟʥʦʩʪʴ, ʚʝʨʦʚʘʥʠʷ ʠ ʤʠʩʪʠʮʠʟʤ, ʩʚʦʡʩʪʚʝʥ-

ʥʳʝ ʣʶʜʷʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʦʢʘʟʳʚʘʣʠ ʠ ʦʢʘʟʳʚʘʶʪ ʦʩʥʦʚʦ-

ʧʦʣʘʛʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʫʜʴʙʳ ʥʘʨʦʜʦʚ ʠ ʮʠʚʠʣʠʟʘʮʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʜʝʨʞʘʪʝʣʴ-

ʥʳʡ ʩʤʳʩʣ ʢʫʣʴʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʚʝʨʦʫʯʝʥʠʡ ʜʦʣʞʝʥ ʚʭʦʜʠʪʴ ʚ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ 

ʥʘʫʢʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚʝʨʫʝʪ ʩʘʤ ʩʦʮʠʦʣʦʛ-ʦʙʱʝʩʪʚʦʚʝʜ ʣʠʙʦ ʥʝʪ, ʤʠʩʪʠʢ ʦʥ ʣʠʙʦ 

çʧʨʘʛʤʘʪʠʯʥʳʡ ʨʝʘʣʠʩʪè. 

ɾʠʟʥʝʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʜʦʚʳʭ ʜʝʤʦʢʨʘʪʠʡ ʩ ʚʳʩʦʢʠʤ ʠʥʜʝʢʩʦʤ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝ-

ʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʢʦʣʣʝʢʪʠʚ-

ʥʦʛʦ ʪʨʫʜʘ ʤʥʦʞʝʩʪʚʘ ʣʶʜʝʡ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʊ. 

ɿʦʤʤʝʨʘ ʚ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʚʝʨʩʠʠ ʞʫʨʥʘʣʘ ɻʝʨʤʘʥʠʷ (ˉ 3, 1995 ʛʦʜ) ʵʢʦʥʦʤʠʢʠ ʧʝʨʝ-

ʜʦʚʳʭ ʩʪʨʘʥ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʣʠʙʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʠʙʦ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ. ʉ ʧʦʟʠʮʠʡ ʜʦ-

ʩʪʘʪʦʯʥʦ ʦʙʱʝʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʵʢʦʥʦʤʠʢʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʢʪʠʚʥʳʡ ʧʘʨʘʟʠʪʠʟʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʧʨʠʝʤʣʝʤʳʭ ʩʦʮʠʦʣʦ-

ʛʠʯʝʩʢʠʭ ʚʦʟʟʨʝʥʠʷʭ. ʉʦʜʝʨʞʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʪʝʦʨʠʡ ʧʨʷʤʦ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʩʤʳʩʣʦʤ ʦʙʱʝʩʪʚʦʚʝʜʝʥʠʷ-ʩʦʮʠʦʣʦʛʠʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʚ 

ʦʙʱʝʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʕʢʦ-

ʥʦʤʠʯʝʩʢʘʷ ʥʘʫʢʘ, ʢʘʢ ʦʜʥʘ ʠʟ ʧʨʠʢʣʘʜʥʳʭ ʦʪʨʘʩʣʝʡ ʩʦʮʠʦʣʦʛʠʠ, ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʤʦʞʝʪ 

çʙʦʣʝʪʴ ʣʠʙʦ ʚʳʟʜʦʨʘʚʣʠʚʘʪʴè, ʪ.ʯ. ʙʳʪʴ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦ ʟʥʘʯʠʤʳʭ ʠ, 

ʪʝʤ ʙʦʣʝʝ, ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʜʦʙʨʦʩʦʚʝʩʪʥʦ ʪʨʫʜʷʱʠʭʩʷ ʣʶʜʝʡ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʚʳʢʣʘʜʢʠ, ʦʨʠʝʥʪʠ-

ʨʫʶʱʠʝ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ ʥʘ: 

- ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʨʠʙʳʣʠ ʥʘ ʝʜʠʥʠʮʫ ʟʘʝʤʥʦʛʦ ʢʘʧʠʪʘʣʘ; 

- ʩʫʙʲʝʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ çʯʝʤ ʚʳʰʝ ʩʧʨʦʩ 
ï ʪʝʤ ʚʳʰʝ ʮʝʥʘè. 

çɿʘʣʦʞʝʥʥʦʝ ʚ ʜʫʭʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʤʘʪʝʨʠʘʣʴʥʦ-ʚʝʱʝʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʝè. ʋʨʦʚʝʥʴ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʝʨʝʜʦʚʳʭ ʜʝʤʦʢʨʘʪʠʡ ʠ ʩʦʧʨʷʞʝʥʥʳʡ ʀʥʜʝʢʩ 

ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʠ ʢʦʣʣʝʢʪʠʚ-

ʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʩʠʭʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʩʠʭʦʣʦʛʠʷ ï ʦʜʥʘ ʠʟ 

ʧʨʠʢʣʘʜʥʳʭ ʦʪʨʘʩʣʝʡ ʩʦʮʠʦʣʦʛʠʠ. ʀʤʝʥʥʦ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʟʨʝʥʠʷ, ʚʦʩʧʨʦʠʟʚʦʜʠ-

ʤʳʝ ʚ ʦʙʱʝʩʪʚʝ, ʧʦʟʚʦʣʷʶʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʝʬʝʢʪʥʦʩʪʴ ʧʩʠʭʠʢʠ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʠʣʠ 

ʦʙʱʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ. ʇʝʨʝʜʦʚʳʝ ʜʝʤʦʢʨʘʪʠʠ ʜʦʧʫʩʢʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠ ʦʙʱʝʩʪʚʘ ʠʟ ʥʝʦʙʨʘʟʦʚʘʥʥʳʭ ʣʶʜʝʡ: çʭʦʯʝʰʴ ʙʳʪʴ ʥʝʫʯʝʤ ʙʫʜʴ 

ʠʤè. ʊʘʢʦʛʦ ʢʘʯʝʩʪʚʘ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʙʳʣʘ ʜʦʧʫʩʪʠʤʘ ʚʦ ʚʨʝʤʝʥʘ 

ɸ.ʉ. ʇʫʰʢʠʥʘ çʄʳ ʚʩʝ ʫʯʠʣʠʩʴ ʧʦʥʝʤʥʦʛʫ, ʯʝʤʫ-ʥʠʙʫʜʴ ʠ ʢʘʢ-ʥʠʙʫʜʴè. ʆʜʥʘʢʦ ʚ 21 

ʚʝʢʝ ʫʯʠʪʴ ʠ ʫʯʠʪʴʩʷ çʯʝʤʫ-ʥʠʙʫʜʴ ʠ ʢʘʢ-ʥʠʙʫʜʴè - ʦʙʲʝʢʪʠʚʥʦ ʧʦʨʦʯʥʦ, ʪ.ʝ. ʦʧʘʩʥʦ ʠ 

ʧʨʝʩʪʫʧʥʦ. ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʠ ʢʦʣʣʝʢʪʠʚʥʘʷ ʧʩʠʭʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʶ 
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ʠ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʩʚʦʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ-ʧʨʦʩʚʝʱʝʥʠʷ. ɺ 

ʧʨʝʜʝʣʴʥʦ ʦʙʦʙʱʘʶʱʠʭ ʢʘʪʝʛʦʨʠʷʭ ʚʩʝʛʦ ʣʠʰʴ ʦʪʤʝʪʠʤ: ʝʩʣʠ ʚ ʧʩʠʭʠʢʝ ʯʝʣʦʚʝʢʘ ʥʝʪ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʥʝʪ ʠ ʯʝʣʦʚʝʢʘ. ʇʨʠʤʝʨʳ ʪʦʤʫ ï ʨʝʘʣʴʥʳʝ ʄʘʫʛʣʠ, ʢʦʪʦʨʳʝ ʩʘʤʠ ʠʟ 

ʣʝʩʘ ʥʝ ʚʳʰʣʠ ʠ ʚʳʭʦʜʠʪʴ ʥʝ ʭʦʪʝʣʠ. ʀʭ ʩʫʜʴʙʳ ʪʨʘʛʠʯʥʳ, ʦʥʠ ʥʝ ʩʤʦʛʣʠ ʩʦʮʠʘʣʠʟʠ-

ʨʦʚʘʪʴʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʩʠʣʠʷ ʧʩʠʭʦʣʦʛʦʚ ʠ ʧʩʠʭʦʪʝʨʘʧʝʚʪʦʚ. 

ʆʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʩʠʭʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʤʠ ʠ ʨʘʟʨʘʙʦʪʢʘʤʠ. ʅʘʫʢʘ-ʦʙʨʘʟʦʚʘʥʠʝ-ʚʦʩʧʠʪʘʥʠʝ ʠ ʧʨʦʩʚʝʱʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʦʜʥʘ ʠʟ ʦʙʣʘʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʮʠʦʣʦʛʠʠ. ʆʙʦʙʱʝʥʥʦʝ ʟʥʘʥʠʝ, ʦʩʚʦʝʥʥʦʝ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ï ʵʪʦ ʥʝ ʥʦʣʴ, ʥʦ ʚʝʣʠʯʠʥʘ, 

ʙʣʠʟʢʘʷ ʢ ʥʫʣʶ, ʪ.ʝ. ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʘʷ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ ʟʥʘʥʠʷ ʠ ʢʫʣʴʪʫʨʳ 

ʚ ʩʚʦʝʡ ʧʝʨʚʦʦʩʥʦʚʝ ʦʧʠʨʘʶʪʩʷ ʥʘ ʦʙʲʝʢʪʠʚʥʳʝ ʥʘʫʢʠ ʠ ʩʫʙʲʝʢʪʠʚʥʳʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ʆʙʲʝʢʪʠʚʥʳʭ ʥʘʫʢ ʚʩʝʛʦ ʣʠʰʴ ʜʚʝ ï ʤʘʪʝʤʘʪʠʢʘ ʠ ʛʝʦʛʨʘʬʠʷ. ʀʭ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʦʙʫ-

ʩʣʦʚʣʝʥʘ ʦʜʥʦʟʥʘʯʥʳʤ ʧʦʥʠʤʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʣʠʙʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʪʘʣʴʥʳʝ ʥʘʫʢʠ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʩʫʙʲʝʢʪʠʚʥʳʝ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʠ ʞʠʟʥʝʥʥʳʭ ʷʚʣʝʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʝʩʪʝʩʪʚʝʥʥʳʝ), ʪʝʢʩʪʦʚ ʠ ʘʨ-

ʪʝʬʘʢʪʦʚ (ʛʫʤʘʥʠʪʘʨʥʳʝ). ɺ ʥʝʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʲʝʜʠʥʷʣʘ ʬʠʣʦʩʦʬʠʷ, ʝʸ ʦʩʥʦʚʥʦʡ ʨʘʟʜʝʣ ï ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʥʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʩʦ-

ʚʝʪʩʢʦʡ ʥʘʫʢʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʝʩʪʝʩʪʚʝʥʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʡ ʧʦʜʭʦʜ ʚ ʨʘʤʢʘʭ ʨʝʰʝ-

ʥʠʷ ʦʩʥʦʚʥʦʛʦ ʚʦʧʨʦʩʘ ʬʠʣʦʩʦʬʠʠ çʦ ʧʝʨʚʠʯʥʦʩʪʠ ʪʦ ʣʠ ʤʘʪʝʨʠʠ, ʪʦ ʣʠ ʩʦʟʥʘʥʠʷè, 

ʦʨʠʝʥʪʠʨʫʷ ʜʝʨʞʘʚʥʫʶ ʤʦʱʴ ʢʫʣʴʪʫʨʳ ʉʉʉʈ ʥʘ ʦʩʚʦʝʥʠʝ ʙʣʠʞʥʝʛʦ ʂʦʩʤʦʩʘ ʩ ʮʝʣʴʶ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʥʘʩʝʣʝʥʠʷ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ: çʋʪʚʝʨʞʜʘʶʪ ʢʦʩʤʦʥʘʚʪʳ ʠ ʤʝʯʪʘ-

ʪʝʣʠ, ʯʪʦ ʥʘ ʄʘʨʩʝ ʙʫʜʫʪ ʷʙʣʦʥʠ ʮʚʝʩʪʠè. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʙ ʵʪʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ ʛʣʦʙʘʣʴ-

ʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʤʠʨʦʚʦʡ ʥʘʫʢʝ ʠʟʚʝʩʪʥʦ ʩ ʥʘʯʘʣʘ 19-ʛʦ ʚʝʢʘ. ɹʦʣʝʝ 200 ʣʝʪ 

ʥʘʟʘʜ ʊ. ʄʘʣʴʪʫʩ ʘʢʪʫʘʣʠʟʠʨʦʚʘʣ ʧʨʝʜʝʣ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʨʘʟ-

ʚʠʪʠʷ ʝʩʪʝʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ʥʝ ʛʝʥʝʨʠʨʫʝʪ ʫʛʨʦʟʳ ʠ ʚʳʟʦʚʳ 21 ʚʝʢʘ. ʇʨʦʙʣʝ-

ʤʦʡ ʜʣʷ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠʟʚʨʘʱʝʥʠʝ ʩʤʳʩʣʘ ʛʫʤʘʥʠʪʘʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʫʣʴʪʫʨʳ ʚ ʛʣʦʙʘʣʴʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʅʘʤʝʪʠʣʘʩʴ ʦʙʱʝʟʨʠʤʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʚ ʧʦʪʨʝʙʠ-

ʪʝʣʴʩʪʚʝ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʥʘʚʳʢʦʚ ʚ ʫʢʣʦʥʝʥʠʠ ʦʪ ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʦ-ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʠ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʝʟʥʦʛʦ ʪʨʫʜʘ. ʅʘ ʦʩʥʦʚʝ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʝ-

ʢʣʘʨʘʮʠʡ çʦ ʚʩʝʦʙʱʝʤ ʙʣʘʛʦʜʝʥʩʪʚʠʠè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʨʝʤʘʩʪʠʯʝʩʢʠʭ (ʧʩʝʚʜʦʥʘʫʯ-

ʥʳʭ) ʪʝʦʨʠʡ ʩ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚʦʟʨʦʩʣʦ ʪʝʭʥʦʛʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʞʠʟʥʝʦʙʝʩʧʝ-

ʯʝʥʠʷ çʧʝʨʝʜʦʚʳʭè ʩʪʨʘʥ ʥʘ ʙʠʦʩʬʝʨʫ ɿʝʤʣʠ ʠ ʧʨʠʨʦʜʫ ʚ ʮʝʣʦʤ [1, 2, 3]. ɸʙʩʪʨʘʢʪʥʳʝ 

ʨʘʩʩʫʞʜʝʥʠʷ ʚ ʨʘʤʢʘʭ çʧʨʝʩʣʦʚʫʪʦʛʦ ʛʫʤʘʥʠʟʤʘè ʧʨʠʚʝʣʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʧʨʘʚ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʦʛʦ ʯʝʣʦʚʝʢʘ ʟʘ ʩʯʝʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ. ʌʠʣʦʩʦʬʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʦʙʦʩʦʙʣʝʥʥʦʛʦ 

ʦʙʨʘʟʘ ʞʠʟʥʠ, ʢʘʢ ʥʦʨʤʳ ʞʠʟʥʠ ʚʩʝʭ ʯʣʝʥʦʚ ʦʙʱʝʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʧʝʨʚʦʦʩʥʦʚʫ ʩʪʘʜʥʦʛʦ ʩʫʤʘʩʰʝʩʪʚʠʷ ʪʦʣʧʳ ʚ ʧʨʦʪʝʩʪʥʳʭ ʜʚʠʞʝʥʠʷʭ. ʅʘʠʙʦʣʝʝ ʧʨʦʪʠ-

ʚʦʝʩʪʝʩʪʚʝʥʥʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ ʚ ʞʠʟʥʝʫʩʪʨʦʡʩʪʚʦ ʯʝʣʦʚʝʯʝʩʪʚʘ ʢʘʩʘʝʪʩʷ ʧʨʠʚʘʪʠʟʘʮʠʠ 

ʇʨʠʨʦʜʳ ï ʚʳʩʰʝʡ ʮʝʥʥʦʩʪʠ ʄʠʨʦʟʜʘʥʠʷ. ʀʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʥʝʧʨʠʝʤʣʝʤʳʝ ʯʘʩʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʧʩʠʭʠʢʝ ʤʥʦʞʝʩʪʚʘ ʣʶʜʝʡ çʧʝʨʝʜʦʚʳʭ ʩʪʨʘʥè, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʩʦ-

ʮʠʦʣʦʛʠʶ ʠ ʩʦʧʨʷʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʣʠʙʝʨʘʣʴʥʦ-ʨʳʥʦʯʥʦʡ ʜʝʤʦʢʨʘʪʠʠ [2, 3, 4]. 

ʆʜʥʦ ʠʟ ʢʫʣʴʪʦʚʳʭ ʤʥʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʩʦʮʠʦʣʦʛʠʷ ɿʘʧʘʜʘ ʨʘ-

ʙʦʪʘʝʪ ʥʘ ʚʦʧʣʦʱʝʥʠʝ ʚ ʞʠʟʥʴ ʢʦʤʧʣʝʢʩʘ ʠʜʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʧʨʘʚʘʤʠ 

ʯʝʣʦʚʝʢʘè. ʉʚʦʜ ʵʪʠʭ ʠʜʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʨʘʚʝʥʩʪʚʦ ʣʶʜʝʡ ʚ ʠʭ ʧʨʘʚʘʭ; ʩʚʦʙʦʜʫ ʣʠʯ-

ʥʦʩʪʠ ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ; ʩʚʦʙʦʜʫ ʯʘʩʪʥʦʡ ʧʨʝʜʧʨʠʥʠʤʘ-

ʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʛʘʨʘʥʪʠʠ ʥʝʧʨʠʢʦʩʥʦʚʝʥʥʦʩʪʠ ʣʠʯʥʦʩʪʠ, ʞʠʣʠʱʘ, ʩʦʙʩʪʚʝʥʥʦ-

ʩʪʠ. ʂʘʟʘʣʦʩʴ ʙʳ, ʚ ʵʪʠʭ ʜʝʢʣʘʨʘʮʠʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʀʜʝʷ ʛʣʦʙʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʥʝʦʙ-

ʭʦʜʠʤʘʷ ʚʩʝʤʫ ʯʝʣʦʚʝʯʝʩʪʚʫ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ çʘʢʪʠʚʥʳʝ ʧʨʘʚʦʟʘʱʠʪʥʠʢʠè ʠ ʠʥʠʮʠʘʪʦ-

ʨʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʝʨʝʚʦʨʦʪʦʚ ʧʳʪʘʶʪʩʷ ʫʙʝʜʠʪʴ ʚʩʝ ʥʘʩʝʣʝʥʠʝ ʇʣʘʥʝʪʳ. ʆʜʥʘʢʦ 

ʵʪʦ ʥʝ ʪʘʢ. ʉʫʪʴ ʠʜʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʦʧʣʝʢʠ ʩʦʮʠʘʣʴʥʳʭ ʥʦʚʦʚʚʝʜʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʠʝʨʘʨʭʠʠ ʚʟʘʠʤʥʦʛʦ ʧʘʨʘʟʠʪʠʟʤʘ ʠ ʚʩʝʜʦʟʚʦʣʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʟ-

ʚʨʘʱʝʥʥʦʡ ʵʪʠʢʠ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʟʚʨʘʱʝʥʠʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʜʫʭʘ. ʊʘʢʦʝ ʚʦʟʤʦʞʥʦ, 
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ʝʩʣʠ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ-ʧʨʦʩʚʝʱʝʥʠʷ ʟʘʣʦʞʠʪʴ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʥʘʠʛʣʘʚʥʝʡʰʠʭ (ʛʫʤʘʥʠʪʘʨʥʳʭ) ʧʨʠʦʨʠʪʝʪʘʭ ʦʙʦʙʱʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʘʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʜʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʫʩʪʨʦʡʩʪʚʘ ʥʘʩʝʣʝʥʠʷ çʨʘʟʚʠʪʳʭ ʩʪʨʘʥè ʧʨʝʜʩʪʘʚʣʝʥʘ çʚʳʩʦ-

ʢʦʮʠʚʠʣʠʟʦʚʘʥʥʦʡè ʩʠʩʪʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʙʦʚʣʘʜʝʥʠʷ. çʇʝʨʝʜʦʚʦʡè ʦʙʨʘʟ ʞʠʟʥʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʘʬʠʦʟʥʦ-ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʤʦʥʦʧʦʣʠʝʡ ʥʘ: ʨʦʩʪʦʚʱʠʯʝʩʪʚʦ; ʙʠʨʞʝʚʳʝ 

ʢʦʪʠʨʦʚʢʠ; ʚʪʦʨʠʯʥʳʝ ʨʳʥʢʠ ʮʝʥʥʳʭ ʙʫʤʘʛ; ʩʢʫʧʢʫ ʘʚʪʦʨʩʢʠʭ ʠ ʩʤʝʞʥʳʭ ʧʨʘʚ ʠ ʚʩʝ-

ʦʙʲʝʤʣʶʱʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʜʝʟʠʥʬʦʨʤʠʨʫʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʉʄʀ. ʀʟʣʦʞʝʥʥʘʷ ʩʠ-

ʩʪʝʤʘ ʧʘʨʘʟʠʪʠʟʤʘ ʥʝ ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʚʩʝʜʦʟʚʦʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪ-

ʩʷ ʚ ʫʩʪʨʝʤʣʝʥʥʦʩʪʠ ʢ ʩʚʦʝʢʦʨʳʩʪʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʯʫʞʠʭ ʠ ʦʙʱʠʭ ʚʩʝʤ ʨʝʩʫʨʩʦʚ, 

ʚʦʧʨʝʢʠ ʞʠʟʥʝʥʥʳʤ ʠʥʪʝʨʝʩʘʤ ʩʦʚʨʝʤʝʥʥʠʢʦʚ ʠ ʧʦʪʦʤʢʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʨ-

ʛʘʥʠʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʮʝʣʴʶ ʥʠʟʚʝʜʝʥʠʷ çʚʪʦʨʦʩʦʨʪʥʳʭè ʣʶʜʝʡ 

ʜʦ ʢʘʪʝʛʦʨʠʠ ʨʝʩʫʨʩʦʚ ʩ ʶʨʠʜʠʯʝʩʢʠ ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʦʨʤʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʘʤʢʘʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʥʪʝʨʝʩʦʚ ʢʦʨʧʦʨʘʪʠʚʥʦ-ʣʠʯʥʦʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ʂʦʣʣʝʢʪʠʚʥʘʷ ʧʩʠʭʠʢʘ ʧʘʨʘʟʠʪʠʟʤʘ ʪʘʢʦʚʘ, ʯʪʦ ʵʤʙʨʠʦʥ ʧʨʦʪʠʚʦʝʩʪʝʩʪʚʝʥʥʦʡ 

ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ ʧʦʨʦʞʜʘʝʪ ʩʧʝʮʠʬʠʢʫ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ (ʩʘʤʦ)ʫʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʧʦʩʦʙʥʳ ʩʣʦʞʠʪʴ ʠʝʨʘʨʭʠʶ ʚʟʘʠʤʥʦʛʦ ʧʘʨʘʟʠʪʠʟ-

ʤʘ ʠ ʶʨʠʜʠʯʝʩʢʠ ʫʟʘʢʦʥʝʥʥʫʶ ʚʩʝʜʦʟʚʦʣʝʥʥʦʩʪʴ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʚʣʘʩʪʴ ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʥʦʚʘʮʠʡ (ʥʦʚʦʚʚʝʜʝʥʠʡ) ʚ ʪʨʘʜʠʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 

ʨʘʙʦʚʣʘʜʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʩʣʫʞʠʚʘʪʴ ʛʣʦʙʘʣʴʥʫʶ ʩʦʮʠʦʣʦʛʠʶ ʚ ʤʝʞʛʦ-

ʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʉʨʝʜʩʪʚʦʤ ʜʦʩʪʠʞʝʥʠʷ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʵʣʠ-

ʪʘʨʥʦʛʦ ʤʝʥʴʰʠʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʚʩʝʩʪʦʨʦʥʥʝʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʝ ʦʙʝʩʧʝ-

ʯʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʞʝ ʩʣʦʞʠʚʰʝʛʦʩʷ çʩʚʦʙʦʜʥʦʛʦ ʨʳʥʢʘè ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʧʨʦʪʠʚʦʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʝʛʦ, ʷʢʦʙʳ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʘʟʚʠʪʠʶ ʩʘʤʦ-

ʨʝʛʫʣʷʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ-ʧʨʦʩʚʝʱʝʥʠʷ ʥʘʚʷʟʳʚʘʝʪʩʷ ʠʩʢʘʞʝʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ çʩʚʦʙʦʜʥʦʤè ʨʳʥʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʘʩ-

ʰʪʘʙʘ, ʥʘ ʢʦʪʦʨʦʤ ʷʢʦʙʳ ʧʨʦʜʘʝʪʩʷ ʚʩʸ, ʥʘ ʯʪʦ ʝʩʪʴ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʳʡ ʩʧʨʦʩ, ʘ ʚ ʮʝʥʦ-

ʦʙʨʘʟʦʚʘʥʠʠ ʷʢʦʙʳ ʚʳʨʘʞʘʝʪʩʷ ʥʝʢʠʡ ʙʘʣʘʥʩ ʠʥʪʝʨʝʩʦʚ ʧʨʦʜʘʚʮʘ ʠ ʧʦʢʫʧʘʪʝʣʷ. ʆʜʥʘʢʦ 

ʵʪʦ ʥʝ ʪʘʢ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʩʫʙʲʝʢʪʦʚ ʨʳʥʢʘ ʧʦʜʯʠʥʝʥʘ ʤʘʢʩʠʤʠʟʘʮʠʠ 

ʯʘʩʪʥʳʭ ʜʦʭʦʜʦʚ ʠ ʩʦʢʨʘʱʝʥʠʶ ʯʘʩʪʥʳʭ ʠʟʜʝʨʞʝʢ. ʇʨʠ ʵʪʦʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʝ ʙʣʘʛʦ-

ʧʦʣʫʯʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘ 

ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʘʮʠʠ ʣʠʯʥʦʩʪʥʦʛʦ (ʩʘʤʦ)ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

çʠʥʦʙʳʪʠʷè: çʤʘʢʩʠʤʫʤ ʜʝʥʝʞʥʦʡ ʧʨʠʙʳʣʠ ʥʘ ʝʜʠʥʠʮʫ ʟʘʝʤʥʦʛʦ/ʫʯʪʝʥʥʦʛʦ ʢʘʧʠʪʘʣʘè 

ʠ çʯʝʤ ʚʳʰʝ ʩʧʨʦʩ, ʪʝʤ ʚʳʰʝ ʮʝʥʘè. 

ʀʤʝʥʥʦ ʪʘʢʦʛʦ ʢʘʯʝʩʪʚʘ ʜʝʟʠʥʬʦʨʤʘʮʠʷ ʚʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʩʠʭʠʢʫ ʧʦʜʨʘʩʪʘʶʱʠʭ 

ʧʦʢʦʣʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ-ʧʨʦʩʚʝʱʝʥʠʷ. ʇʦʜʛʦʪʦʚʢʘ ʵʢʦʥʦʤʠʩʪʦʚ-ʤʝʥʝʜʞʝʨʦʚ ʠ 

ʪʝʤ ʙʦʣʝʝ ʬʠʥʘʥʩʠʩʪʦʚ ʢʘʢ ʫʟʢʦ-ʧʨʦʬʠʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʩʚʦʝʥʠʝ 

ʨʘʟʥʦʛʦ ʨʦʜʘ çʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭè ʟʥʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, çʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʢʦʤʧʝʪʝʥʮʠʠè, ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʝʨʚʦʦʩʥʦʚʘ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʥʝ 

ʨʘʩʢʨʳʚʘʝʪ ʥʨʘʚʩʪʚʝʥʥʦ-ʵʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʩʦʚʝʩʪʴʶ. ʇʦʵʪʦʤʫ 

ʩʦʢʨʘʱʝʥʠʷ ʠʟʜʝʨʞʝʢ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ ʣʠʯʥʦʩʪʠ ʜʦʙʠʚʘʶʪʩʷ ʣʶʙʳʤʠ ʧʫʪʷʤʠ ʠ 

ʩʧʦʩʦʙʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʩʬʝʨʥʦ-ʥʝʜʦʧʫʩʪʠʤʳʭ ʧʦʜʭʦʜʦʚ ʠ ʥʘ ʦʩʥʦʚʝ ʣʝʛʘʣʠʟʦ-

ʚʘʥʥʳʭ ʛʫʤʘʥʠʪʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʦʙʱʝʟʨʠʤʳʤ ʫʨʦʚʥʝʤ ʚʨʝʜʦʥʦʩʥʦʩʪʠ. ʏʪʦ ʥʝ ʟʘ-

ʧʨʝʱʝʥʦ ʟʘʢʦʥʦʤ, ʪʦ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʨʝʰʝʥʦ. ɼʝʤʦʢʨʘʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʢʫʣʴʪʫʨʝ ʧʨʠ 

ʟʘʩʠʣʠʠ ʤʝʨʪʚʦʡ ʙʫʢʚʳ ʟʘʢʦʥʘ ï ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʙʝʩʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʶʨʠʜʠʯʝʩʢʠʝ 

ʧʨʦʮʝʜʫʨʳ. ʅʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʜʫʨʥʳʭ ʬʦʨʤ ʜʣʷ ʧʝʨʝʜʦʚʳʭ ʛʦʩʫʜʘʨʩʪʚ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʦ. ʂ ʥʘʠʤʝʥʝʝ ʟʥʘʯʠʤʦʤʫ, ʣʠʙʦ ʢ ʘʙʩʦʣʶʪʥʦ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʦʪʥʦʩʷʪ 

ʩʦʟʜʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ-

ʧʨʦʩʚʝʱʝʥʠʷ ʚ ʨʝʞʠʤʝ ʫʩʪʨʝʤʣʝʥʥʦʩʪʠ ʧʦʜʨʘʩʪʘʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʢ ʦʙʲʝʢʪʠʚʥʦ ʧʦʣʝʟ-

ʥʦʤʫ ʦʙʱʝʩʪʚʝʥʥʦʤʫ ʞʠʟʥʝʫʩʪʨʦʡʩʪʚʫ. ʀʤʝʥʥʦ ʠʟʜʝʨʞʢʠ ʢʫʣʴʪʫʨʳ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʠʥʬʦʨʤʘʮʠʠ ʬʠʣʦʩʦʬʩʢʦ-ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʦʟʚʦʣʷʶʪ ʚ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦ-
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ʢʨʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʧʦʜʤʝʥʷʪʴ ʜʝʤʦʢʨʘʪʠʶ ʟʘʢʦʥʦʪʚʦʨʯʝʩʪʚʦʤ ʥʘ ʦʩʥʦʚʝ ʦʭʣʦ-

ʢʨʘʪʠʠ. ʆʭʣʦʢʨʘʪʠʷ (ʚʣʘʩʪʴ ʜʝʥʝʛ) ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʩʧʦʩʦʙʥʘ ʢ ʚʳʨʘʙʦʪʢʝ ʞʠʟʥʝʥʥʦ ʩʦ-

ʩʪʦʷʪʝʣʴʥʳʭ ʠʜʝʡ ʠ ʩʦʧʨʷʞʝʥʥʦʡ ʶʨʠʩʧʨʫʜʝʥʮʠʠ, ʚ ʪ.ʯ. ʢ ʵʚʦʣʶʮʠʠ ʩʤʳʩʣʘ ʶʨʠʜʠʯʝ-

ʩʢʠʭ ʟʘʢʦʥʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʝʣʘʤʠ ʦʙʱʝʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ. 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʜʝʝʩʧʦʩʦʙʥʦʡ ʢʫʣʴʪʫʨʝ ʛʫʤʘʥʠʪʘʨʥʳʝ ʥʘʫʢʠ ʜʦʣʞʥʳ ʩʪʘʪʴ ʩʧʝ-

ʮʠʬʠʯʝʩʢʦʡ ʯʘʩʪʴʶ ʥʘʫʯʥʦʛʦ (ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʩʦʩʪʦʷʪʝʣʴʥʦʛʦ) ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ʇʦ 

ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʝʩʪʝʩʪʚʝʥʥʦ-ʛʫʤʘʥʠʪʘʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʞʠʟʥʠ ʚ ʝʸ ʤʥʦ-

ʛʦʦʙʨʘʟʠʠ ʪʨʝʙʫʝʪ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʨʘʩʢʨʳʪʴ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʠʭ ʧʨʦ-

ʛʨʘʤʤʘʭ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʈʳʥʦʢ ʥʝ ʩʧʦʩʦʙʝʥ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʞʠʟʥʝʥʥʦʩʦʩʪʦʷʪʝʣʴʥʳʭ ʮʝʣʝʡ, ʥʝʦʙʭʦ-
ʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʚ ʧʝʨʝʜʦʚʳʭ ʠ ʦʪʩʪʘʣʳʭ 

ʩʪʨʘʥʘʭ. 

2. ʈʳʥʦʯʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʥʘʩʪʨʦʡʢʠ ʭʦʟʷʡʩʪʚʝʥ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʙʠʦʩʬʝʨʥʦ-ʜʦʧʫʩʪʠʤʦʤ ʨʝʞʠʤʝ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʚ ʮʝʣʦʤ ʟʥʘʯʠʤʦʩʪʠ. ɹʝʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʙʝʟʦʧʘʩʥʫʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʴ, ʠʩʪʦʢʠ ʢʦʪʦʨʦʡ ʟʘʢʣʘʜʳʚʘ-

ʶʪʩʷ ʚ ʠʥʬʦʨʤʘʮʠʶ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʢ ʦʩʚʦʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ-

ʧʨʦʩʚʝʱʝʥʠʷ-ʚʦʩʧʠʪʘʥʠʷ. 

3. ʅʘ ʧʨʠʥʮʠʧʘʭ ʩʘʤʦʦʢʫʧʘʝʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʣʠʙʝʨʘʣʴʥʦ-ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ (ʩʘʤʦ)ʨʝʛʫʣʷʮʠʠ ʥʝ ʦʩʫʱʝʩʪʚʠʤʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʪʝʛʦʨʠʠ ʦʙ-

ʱʝʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ. ʃʠʙʝʨʘʣʴʥʦ-ʨʳʥʦʯʥʘʷ ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ 

ʥʝ ʬʦʨʤʠʨʫʝʪ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʳʡ ʩʧʨʦʩ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʪʨʫʜʘ. 

4. ɺ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ ʜʝʥʴʛʠ ʧʨʠʦʙʨʝʪʘʶʪ ʬʫʥʢʮʠʶ ʪʦʚʘʨʘ. ʎʝʥʘ ʜʝʥʝʛ ï 

ʩʩʫʜʥʳʡ ʧʨʦʮʝʥʪ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʴ, ʜʦʧʫʩʪʠʚʰʘʷ ʚ ʩʚʦʝʡ ʢʨʝʜʠʪʥʦ-ʬʠʥʘʥʩʦʚʦʡ ʩʠ-

ʩʪʝʤʝ ʢʨʝʜʠʪʦʚʘʥʠʝ ʧʦʜ ʧʨʦʮʝʥʪ, ʫʪʨʘʯʠʚʘʝʪ çʵʢʦʥʦʤʠʯʝʩʢʠʡè ʩʫʚʝʨʝʥʠʪʝʪ ʠ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʚʣʘʩʪʠ çʅʘʜʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘè ʦʩʫʱʝʩʪʚʣʷʝʪ ʫʧʨʘʚʣʝʥʠʝ ʜʝʣʘ-

ʤʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʥʪʝʨʝʩʦʚ ʩʦʙʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

5. ɺ ʛʦʩʫʜʘʨʩʪʚʘʭ-ʣʠʜʝʨʘʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʧʨʦʧʘʛʘʥʜʝ ʣʠʙʝʨʘʣʴʥʦ-ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʧʨʠʥʮʠʧʳ 

ʨʳʥʦʯʥʦʛʦ ʣʠʙʝʨʘʣʠʟʤʘ ʥʠʢʦʛʜʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʝ ʜʝʡʩʪʚʦʚʘʣʠ. ʇʨʝʜʤʝʪʥʦ-ʢʦʥʢʨʝʪʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʐɸ ʩ ʪʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ 

ʦʙʦʩʥʦʚʘʣʠ ʠʟʚʝʩʪʥʳʝ ʧʦʣʠʪʠʢʠ ʠ ʵʢʦʥʦʤʠʩʪʳ, ʚ ʪ.ʯ. ɸ. ʃʠʥʢʦʣʴʥ, ʌ.ɼ. ʈʫʟʚʝʣʴʪ ʠ ɼʞ. 

ʂ. ɻʵʣʙʨʝʡʪ [5,6]. 

ʀʩʪʦʨʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ çʠʥʥʦʚʘʮʠʦʥʥʳʝè ʟʘʢʦʥʳ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʣʠʙʝ-

ʨʘʣʴʥʦ-ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ ʠʟ ʧʦʢʦʣʝʥʠʷ ʚ ʧʦʢʦʣʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʤʘʩʩʦʚʫʶ ʥʠʱʝ-

ʪʫ, ʜʝʛʨʘʜʘʮʠʶ ʢʫʣʴʪʫʨʳ, ʛʝʥʦʮʠʜ ʥʘʩʝʣʝʥʠʷ ʠ ʟʘʧʫʩʪʝʥʠʝ ʪʝʨʨʠʪʦʨʠʡ. ʆʜʥʘʢʦ ʚ 60-ʭ 

ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʢʘʪʘʩʪʨʦʬʘ ʦʙʱʝʡ ʥʘʤ ʚʩʝʤ ʢʫʣʴʪʫʨʳ ʧʨʠʦʙʨʝʣʘ ʭʘʨʘʢʪʝʨ ʧʣʘʥʝ-

ʪʘʨʥʦʛʦ ʙʠʦʩʬʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. ɺ ʧʨʦʰʣʦʤ ʠʟʜʝʨʞʢʠ ʢʫʣʴʪʫʨʳ ʩʚʦʜʠʣʠ ʢ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʘʤʢʘʭ ʧʨʦʙʣʝʤʘʪʠʢʠ çʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩè. ʀʤʝʥʥʦ 

ʙʠʦʣʦʛʠʷ ʧʝʨʝʚʝʣʘ çʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷè ʥʘ ʛʣʦʙʘʣʴʥʳʡ ʬʫʥʜʘʤʝʥʪ çʙʠʦʩʬʝʨʥʘʷ 

ʢʘʪʘʩʪʨʦʬʘè. ʏʝʣʦʚʝʢ ï ʤʝʨʘ ʚʩʝʭ ʚʝʱʝʡ, ʧʦʵʪʦʤʫ ʙʠʦʩʬʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩ, ʧʦ 

ʩʫʱʝʩʪʚʫ, ʷʚʣʷʝʪʩʷ ʢʘʪʘʩʪʨʦʬʦʡ ʚʩʝʭ ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʬʠʣʦʩʦʬʠʠ ʠ 

ʧʝʜʘʛʦʛʠʢʠ. ɺ ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠʟʚʝʩʪʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʸ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʙʠʦʩʬʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠ-

ʩʘ. ʆʜʥʘʢʦ ʵʪʠ ʟʥʘʥʠʷ ʥʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʧʨʠʢʣʘʜʥʦʤ ʩʝʢʪʦʨʝ (ʩʘʤʦ)ʫʧʨʘʚʣʝʥʠʷ, ʧʦ-

ʩʢʦʣʴʢʫ ʥʘʫʢʘ ʚ ʮʝʣʦʤ ʧʦʜʯʠʥʝʥʘ ʧʨʦʠʟʚʦʣʫ ʣʠʙʝʨʘʣʴʥʦ-ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠʤʝʥʥʦ 

ʚ ʪʦʡ ʧʨʝʜʤʝʪʥʦ-ʢʦʥʢʨʝʪʥʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʫ: çʯʝʤʫ ʫʯʠʣʠ, ʪʦ 

ʠ ʧʦʣʫʯʠʣʠè. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘ-

ʮʠʠ, ʠʟʣʦʞʝʥʦ ʚ ʪʨʫʜʘʭ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʚ ʝʛʦ ʫʯʝʥʠʠ ʦ ʥʦʦʩʬʝʨʝ. 
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postgraduate student 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʧʣʦʪʥʳʤ ʜʚʠ-

ʞʫʱʠʤʩʷ ʠ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ ʚ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʦʤ ʚʠʜʝ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʦʟʜʫʭʘ, ʤʦʜʝʣʠʨʫ-

ʶʱʘʷ ʪʝʧʣʦʚʦʡ ʙʣʦʢ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʅʘ ʦʩʥʦʚʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʤʦʜʝ-

ʣʠ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʜʚʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʛʘʟʦʚʦʤ ʠ ʪʚʝʨʜʦʤ ʢʦʤʧʦʥʝʥʪʝ, ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʪʝʧʣʦʦʙʤʝʥʘ. ʈʝʰʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ Ma-

ple15.  

Abstract 

A mathematical model of the heat transfer process between the dense moving and fixed 

bed of particulate material and a gaseous medium in the differential form. It presents the de-

sign scheme of motion of particles and air, which simulates the heat exchanger unit of the 

contact. On the basis of the two-component model, which consists of two differential equa-

tions for the stationary process of heat transfer in the gas and the solid component, prepared 

according to calculate the temperature at the stationary heat transfer mode. The solution of the 

mathematical model obtained by the program compiled in computer algebra system Maple15. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʝʞʢʦʤʧʦʥʝʥʪʥʳʡ ʪʝʧʣʦʦʙ-

ʤʝʥ, ʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ. 

Keywords: mathematical modeling, Interconnects heat exchange, the particulate mate-

rial, the heat transfer coefficient, intensification. 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ. ʋʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʤʠʪʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ. ʉʦʟʜʘʥʠʝ 

ʤʦʜʝʣʠ ï ʚʘʞʥʝʡʰʠʡ ʵʪʘʧ ʣʶʙʦʡ ʪʝʦʨʠʠ. ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʦʙʲʷʩʥʷʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʬʘʢ-

ʪʳ, ʪ.ʝ. ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʦʩʪʴ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʝʱʝ 

ʥʝʠʟʚʝʩʪʥʳʝ ʬʘʢʪʳ. ʄʦʜʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʨʨʝʢʪʥʦʡ, ʪ.ʝ. ʤʘʣʳʝ ʦʰʠʙʢʠ ʥʝ ʜʦʣʞʥʳ 

ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʤʝʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ (ʧʨʠʥʮʠʧ ʢʦʨʨʝʢʪʥʦʩʪʠ ɸʜʘʤʘʨʘ). ʇʦ ʪʦʯʥʦʩʪʠ 

ʦʥʘ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ.  

ʀʟʚʝʩʪʥʳ ʧʦʜʦʙʥʳʝ ʨʘʙʦʪʳ [1] ɺ.ɸ. ʇʨʫʪʩʢʠʭ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʧʝʨʝʤʝʱʘʶʱʝʤʩʷ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʜʠʩʧʝʨʩ-
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ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ. ɺ ʩʚʦʝ ʨʘʙʦʪʝ [2] ʄʝʜʚʝʜʝʚ ɺ.ɹ. 

ʦʧʠʩʳʚʘʝʪ ʷʯʝʝʯʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʪʦʭʘ-

ʩʪʠʯʝʩʢʠ ʜʚʠʞʫʱʠʤʠʩʷ ʧʦʪʦʢʘʤʠ ʛʘʟʘ ʠ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʆʜʥʘʢʦ ʙʦʣʝʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʢʦʤ-

ʧʦʥʝʥʪʥʦʡ ʤʦʜʝʣʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʶʪʩʷ ʜʚʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʦ-

ʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʛʘʟʝ ʠ ʥʘʩʘʜʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʩʚʦʜʠʪʩʷ ʢ ʜʚʫʤ ʩʦʧʨʷ-

ʞʝʥʥʳʤ ʯʝʨʝʟ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟ-

ʚʦʜʥʳʭ. ʕʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʘ ʯʠʩʣʝʥʥʳʝ ʤʝ-

ʪʦʜʳ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʡʜʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ.  

ʎʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʥʘʛʨʝʪʳʤ ʚʦʟʜʫʭʦʤ ʠ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʜʚʠʞʫ-

ʱʠʤʠʩʷ ʚ ʚʠʜʝ ʧʣʦʪʥʦʛʦ ʩʣʦʷ ʚʥʠʟ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ï ʪʝʧʣʦʫʪʠʣʠʟʘʪʦʨʝ ʩ ʜʠʩʧʝʨʩʥʦʡ ʥʘʩʘʜ-

ʢʦʡ. ʇʨʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʧʦʟʚʦ-

ʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ (ʪʝʧʣʘ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʠ ʧʦ-

ʪʦʢʘ ʯʘʩʪʠʮ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʫʶ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʫʶ ʰʘʭʪʫ, ʚ ʢʦʪʦʨʫʶ ʠʟ ʚʝʨʭʥʝʛʦ ʙʫʥʢʝʨʘ ʧʦʩʪʫʧʘʝʪ ʩʳʧʫʯʠʡ ʤʘʪʝʨʠʘʣ, ʜʚʠ-

ʞʫʱʠʡʩʷ ʚʥʠʟ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ. ɼʚʠʞʝʥʠʝ ʚ ʚʠʜʝ ʧʣʦʪʥʦʛʦ ʩʣʦʷ, ʥʝ-

ʦʙʭʦʜʠʤʳʡ ʨʘʩʭʦʜ ʠ ʦʪʚʦʜ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʚʳʧʫʩʢʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʇʨʦ-

ʜʫʚʢʘ ʛʘʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʭʝʤʝ ʧʨʦʪʠʚʦʪʦʢʘ ʨʠʩ 1. 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ  

 

ʊʝʧʣʦʧʝʨʝʥʦʩ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʦʥʪʘʢʪʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝ-

ʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

- ʵʥʝʨʛʠʠ ʜʣʷ ʛʘʟʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 
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ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

00;:0 ʪʪʛʛ tttt ===t  
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''
ʛw  - ʩʢʦʨʦʩʪʠ ʩʣʦʷ ʠ ʚʦʟʜʫʭʘ ʚ ʢʦʥʪʘʢʪʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ, L  - ʚʳ-

ʩʦʪʘ ʩʣʦʷ, x - ʧʨʦʜʦʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ. 

ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʪʝʧʣʦʦʙʤʝʥʘ, ʪ.ʝ. 0=
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c . ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʚ 

ʩʠʩʪʝʤʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ Maple15.  

ɺʠʜ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʙʳʣ ʫʧʨʦʱʝʥ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ (ʂ2, ʂ3,ʂ4), ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʜʣʷ ʛʘʟʦʚʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʦʚʦʛʦ tg(x) ʠ ʪʚʝʨʜʦʛʦ tm(x) ʢʦʤʧʦʥʝʥʪʘ:. 
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ɸʧʨʦʙʘʮʠʷ ʤʦʜʝʣʠ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʢʘʟʘʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ, ʯʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʝ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʩ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʥʘʩʘʜʢʦʡ.  
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ʈʠʩ. 2. ʈʘʩʯʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʚʳʩʦʪʝ ʥʘʩʘʜʢʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʘʭ ʯʘʩʪʠʮ (ʢʝʨʘʤʟʠʪ) 
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ʈʠʩ. 3. ʅʘʛʨʝʚ ʢʝʨʘʤʟʠʪʘ ʚ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ 

ʬʠʣʴʪʨʘʮʠʠ ʚʦʟʜʫʭʘ (ʵʢʩʧʝʨʠʤʝʥʪ) 

 

ɺʳʚʦʜʳ 

ʈʝʰʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʧʣʦʪʥʦʛʦ ʩʣʦʷ 

ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʛʘʟʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʘ ʠ ʯʘʩʪʠʮ ʧʦ ʚʳʩʦʪʝ 

ʘʧʧʘʨʘʪʘ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʦʛʨʝʰʥʦʩʪʴʶ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʜʠʩʧʝʨʩʥʦʡ 

ʥʘʩʘʜʢʦʡ. 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʜʚʝʩʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ʇʨʠʚʝʜʝʥʳ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʫʩʠʣʠʶ ʥʘ ʧʦʯʚʫ. ɺ ʦʩ-

ʥʦʚʥʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʧʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʤʘʰʠʥ. ʇʨʠʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʥʘʩʪʨʦʡʢʠ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʚʝʩʢʠ. ɸʚʪʦʨʳ ʥʘ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ ʧʦʢʘʟʘʣʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʥʘʩʪʨʦʡʢʝ ʤʝʭʘʥʠʟ-

ʤʦʚ ʧʦʜʚʝʩʢʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʨʷʜʦʢ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʚʝʩ-

ʢʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ ʠ ʩʭʝʤʘ-

ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʘ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʚʝʩʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʤʘʰʠʥ. 
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ɸʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʚʝʩʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ, 

ʛʨʦʤʦʟʜʢʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʬʦʨʤʫʣ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʦʜʠʢʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʢʠ. ʂʨʦʤʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ, ʠ ʥʘʜʦ ʧʨʦʚʝʨʠʪʴ ʩʦʪʥʠ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʘ ʯʘʩʪʴ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ 

ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ, ʧʦʨʦʡ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʯʪʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʠ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʦʪʚʝʪ, ʚ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʦʙʩʪʦʷʪʝʣʴ-

ʩʪʚʘʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʆʪʩʫʪʩʪʚʠʷ ʝʜʠʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ, ʥʘʩʪʨʦʡʢʠ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʚʝʩ-

ʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʦʨʦʞʜʘʝʪ ʩʦʟʜʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʢʘʢ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʚʝʩʢʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝ-

ʛʜʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʟʣʦʞʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʘʚʪʦʨʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʚʝʩʢʠ ʨʘʙʦ-

ʯʠʭ ʦʨʛʘʥʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʤʦʞʥʦ ʨʝʢʦʤʝʥ-

ʜʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʘʣʛʦʨʠʪʤ, ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

Abstract  
The article discusses the various mechanisms of the suspension of working bodies of 

agricultural machines. Their characteristics are presented according to the stress on the soil. 

Mostly considered a copying device working bodies of agricultural machinery. The us fea-

tures of a technique of adjustment of the suspension. The authors of the specific examples 

showed inconsistencies in the recommendations for setting up suspension devices proposed 

by different researchers. 

Considered the main well-known methods, and the analysis of the mechanisms of sus-

pension. Based on the analysis the authors proposed a General block diagram of the analysis 

and the scheme of the algorithm of synthesis of mechanisms of the suspension of working 

bodies of agricultural machinery. 

The authors point out that a priori information shows that obtaining the optimal parame-

ters of the suspension analytical method is difficult because of the complexity, cumbersome 

activity of the obtained formulas and the lack of techniques and the impossibility of analytical 

determination given suspension stiffness. In addition, it should be noted follow-ing: the origin 

is chosen arbitrarily, and need to check hundreds of possible solutions to problems, and part 

of the data you will need to obtain a graphical plot of the mi, sometimes only experimentally, 

which reduces accuracy and can not get a satisfactory reply, in connection with said circum-

stances, it is recommended to use information technologies in the study of agricultural ma-

chines. 

The lack of a single logical methods of analysis, adjustment of the suspension RA work-

ing bodies of agricultural machinery gives rise to the diverse in con-design and principle of 

operation of suspension devices, which do not always allow to obtain the required characteris-

tics.  

Based on the material, the authors confirm about the necessity of upgrading the existing 

methods of analysis and synthesis of mechanisms of the suspension working or-Ganov. To 

solve this problem with the requirements it is possible to recommend the development botany 

us algorithm as one of the possible solutions to the problem. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʭʘʥʠʟʤ ʧʦʜʚʝʩʢʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʢʦʥʩʪʨʫʢʮʠʷ, ʤʝʪʦʜʠʢʘ ʥʘʩʪʨʦʡʢʠ, ʵʢʩʧʝʨʠʤʝʥʪ. 

Keywords: theoretical studies, the mechanism of suspension of the agricultural ma-

chines, construction, method of tuning, experiment. 
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ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ ʨʘʙʦʪʘʶʪ ʚ ʦʯʝʥʴ ʪʷʞʝʣʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʦʚ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʠʩʧʦʣʥʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪ-

ʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʅʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚʣʠʷʶʪ ʥʘ ʜʦʧʫʩʪʠʤʦʝ ʫʜʝ-

ʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʦʧʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʧʦʯʚʫ: ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩ-

ʪʠ ʧʦʣʷ ñʥʘʚʷʟʳʚʘʝʪò ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʙʦʯʠʡ ʭʦʜ ʤʝʭʘʥʠʟʤʘ ʧʦʜʚʝʩʢʠ (ʄʇ) ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʨʘʤʳ ʤʘʰʠʥʳ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʛʣʫʙʣʝʥʠʷ ʧʨʠ ʧʦʩʝʚʝ, ʩʥʠʞʝʥʠʷ ʚʳʩʦʪʳ ʩʨʝ-

ʟʘ ʧʨʠ ʩʢʘʰʠʚʘʥʠʠ. 

ʀʟʚʝʩʪʥʳʝ ʄʇ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʢʦʧʠʨʦʚʘʥʠʠ ʨʝʣʴʝʬʘ 

ʧʦʣʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʄʇ ʠ ʠʭ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʚʦ-

ʜʷʪ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ [1,2].  

ʄʇ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʯʠʩʣʦʤ ʧʨʫʞʠʥ, ʠʭ ʞʝʩʪʢʦʩʪʴʶ, ʥʘʟʥʘʯʝʥʠʝʤ, ʫʧʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺʩʪʨʝʯʘʝʪʩʷ ʨʘʟʥʦʚʘʨʠʘʥʪʥʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʙʣʦ-

ʢʦʚ ʧʨʫʞʠʥ ʚ ʄʇ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʧʨʫʞʠʥ, ʧʨʠʯʝʤ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʜʚʦʡʥʳʝ ʧʨʫʞʠʥʳ, ʪ.ʝ. ʚ ʦʜʥʦʡ ʧʨʫʞʠʥʝ ʚʥʫʪʨʠ ʨʘʟʤʝʱʘʝʪʩʷ ʚʪʦʨʘʷ ʧʨʫ-

ʞʠʥʘ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʥʘ ʦʪ ʧʝʨʚʦʡ ʞʝʩʪʢʦʩʪʴʶ. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʥʝʥʠʷ ʄʇ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʥʘ ʟʝʨʥʦʫʙʦʨʦʯʥʦʤ ʢʦʤʙʘʡʥʝ ñʅʠʚʘò, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ ʪʘʙʣʠʮʝ 1.1. ʅʘ ʢʦʤʙʘʡʥʘʭ ñɼʆʅò ʠ ñʈʦʪʦʨò ʚ ʄʇ ʞʘʪʢʠ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ 3 , ʘ ʩ ʣʝ-

ʚʦʡ - 5 ʧʨʫʞʠʥ. ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʠʭ 

ʥʘʩʪʨʦʝʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʥʘʛʨʫʟʢʝ ʥʘ ʢʦʧʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚʳʟʳʚʘʝʪ ʤʥʦʛʦ 

ʚʦʧʨʦʩʦʚ, ʪʘʢ ʢʘʢ ʧʦʨʦʡ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʤʥʝʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [2]. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ 

ʄʇ ʨʘʟʥʳʭ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. ɺ ʭʦʜʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ï ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʊʘʙʣʠʮʘ 1.1. ʂʦʣʠʯʝʩʪʚʦ ʧʨʫʞʠʥ ʚ ʙʣʦʢʝ ʄʇ ʞʘʪʦʢ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʦʚ 

ʐʠʨʠʥʘ ʂʦʣʠʯʝʩʪʚʦ ʧʨʫʞʠʥ ʚ ʙʣʦʢʝ 

ʟʘʭʚʘʪʘ ʃʝʚʘʷ ʩʪʦʨʦʥʘ  ʇʨʘʚʘʷ ʩʪʦʨʦʥʘ 

ʞʘʪʢʠ, ʤ ʦʜʠʥʘʨʥʳʭ ʜʚʦʡʥʳʭ ʦʜʠʥʘʨʥʳʭ 

4,1 3 - 2 

5,0 - 3 3 

6,0 - 3 3 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʤʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠʟʤʝʥʷʝʪʩʷ ʠ ʥʘʛʨʫʟʢʘ 

ʥʘ ʧʨʫʞʠʥʥʳʡ ʄʇ. ʅʘʧʨʠʤʝʨ: ʤʘʩʩʘ ʞʘʪʢʠ ɽ-025 ʜʣʷ ʢʦʰʝʥʠʷ ʪʨʘʚ ʨʘʚʥʘ 1365 ʢʛ; ɽ - 

023 (ʜʣʷ ʢʦʰʝʥʠʷ ʪʨʘʚ) - 1235 ʢʛ; ɽ-309 (ʜʣʷ ʢʦʰʝʥʠʷ ʟʝʨʥʦʚʳʭ) - 1540 ʢʛ ʠ ʚʘʣʢʦʦʙʦ-

ʨʘʯʠʚʘʪʝʣʷ ɽ-318 (850 ʢʛ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘʪʷʞʝʥʠʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʧʨʫʞʠʥ ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʥʘ ʙʘʰʤʘʢʠ ʙʳʣʘ ʥʘʛʨʫʟʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦ-

ʷʥʠʷ ʧʦʣʷ 250...300 ʅ ʥʘ ʢʘʞʜʳʡ ʙʘʰʤʘʢ. ɸʥʘʣʦʛʠʯʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʜʘʶʪʩʷ ʧʦ ʢʦʨʤʦʫʙʦʨʦʯʥʦʤʫ ʢʦʤʙʘʡʥʫ ñʄʘʨʘʣò. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʫʧʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʥʘʚʝʰʠʚʘ-

ʥʠʠ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ ʨʘʟʥʦʡ ʤʘʩʩʦʡ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ 

ʄʇ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ. 

ʇʨʠ ʩʤʝʥʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʨʫʛʫʶ ʤʘʩʩʫ, ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʰʠ-

ʥʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʫʞʠʥ ʄʇ (ʪʘʙʣ. 1.1, 1.2).  
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ʊʘʙʣʠʮʘ 1.2. ʏʠʩʣʦ ʧʨʫʞʠʥ ʄʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʤʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢʦʨʤʦʫʙʦ-

ʨʦʯʥʦʡ ʤʘʰʠʥʳ 

ʈʘʙʦʯʠʡ ʦʨʛʘʥ 

ʏʠʩʣʦ ʧʨʫʞʠʥ ʩʤʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʛʦ 

ʩʣʝʚʘ ʩʧʨʘʚʘ 

ʇʦʜʙʦʨʱʠʢ 1* 2 

ɾʘʪʢʘ ʜʣʷ ʫʙʦʨʢʠ ʪʨʘʚ 3 4 

ɾʘʪʢʘ ʜʣʷ ʫʙʦʨʢʠ ʢʫʢʫʨʫʟʳ 3 5 

* - ɼʣʠʥʘ ʩʪʷʞʢʠ 310 ʤʤ (ʜʣʠʥʘ ʦʩʪʘʣʴʥʳʭ ʩʪʷʞʝʢ 193 ʤʤ) 

ɸʥʘʣʠʟʠʨʫʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʣʷ ʨʘʟʥʳʭ ʤʘʰʠʥ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʜʘʥʥʳʝ 

(ʪʘʙʣ. 1.3), ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʥʘʞʘʪʠʷ çʜʘʚʣʝʥʠʷè ʢʦʧʠʨʫʶ-

ʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʫʩʠʣʠʷ ʚʦʟʜʝʡʩʪʚʠʷ) ʥʘ ʧʦʯʚʫ ʢʦʣʝʙʣʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʦʪ 5...8 ʜʦ 1200...1500 ʅ. 

ʊʘʙʣʠʮʘ 1.3. ɺʝʣʠʯʠʥʘ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʧʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʝʣʴʭʦʟʤʘʰʠʥ 

 

ˉ, 

ʧ/ʧ 
ʄʘʨʢʘ ʤʘʰʠʥʳ 

ʆʩʦʙʳʝ ʫʩʣʦʚʠʷ, 

ʪʠʧ ʧʦʯʚʳ 

ʄʝʩʪʦ ʧʨʠʣʦ-

ʞʝʥʠʷ ʥʘʛʨʫʟ-

ʢʠ 

ʅʘʛʨʫʟʢʘ, ʅ 

1 2 3 4 5 

1 
ʂɼʇ - 4,0  

(ʘʥʘʣʦʛ ʂʉ -2,1) 

- ʚʥʫʪʨʝʥʥʠʡ 

ʥʘʨʫʞʥʳʡ 

250 ...350 

30 ...150  

2 ʂʉ - 2,6 - ʜʝʣʠʪʝʣʴ 300 ...500  

3 ɺʘʣʢʦʚʳʝ ʞʘʪʢʠ* - ʜʝʣʠʪʝʣʴ 250 ...350  

4 ʇʇʋ - 0,5 - ʜʝʣʠʪʝʣʴ 200  

5 ʇʉ - 1,6** ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʫʩʧʦʢʦʠʪʝʣʴ 200  

6 ʇʈʇ - 1,6 ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʫʩʧʦʢʦʠʪʝʣʴ 200  

7 

 

ʂʉ - 2,1 

 

- 

- 

ʥʘ ʪʚʝʨʜʦʡ ʧʦʯʚʝ  

ʥʘ ʤʷʛʢʦʡ ʧʦʯʚʝ 

ʚʥʫʪʨʝʥʥʠʡ  

ʥʘʨʫʞʥʳʡ 

ʚʥʫʪʨʝʥʥʠʡ  

ʥʘʨʫʞʥʳʡ 

ʚʥʫʪʨʝʥʥʠʡ  

ʥʘʨʫʞʥʳʡ 

250 ...350  

80 ... 150  

180 ...220  

15 ...20  

30 ... 50  

5 ... 8  

8 

ɻɺʂ - 6,0 ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʦʪ 

ʧʦʯʚʳ 

ʧʦ ʨʘʙʦʯʠʤ 

ʢʦʣʝʩʘʤ 

30 ...80 

ʯʝʨʝʟ  

10 ʅ  

9 
ʂʈʅ - 2,1 - ʚʥʫʪʨʝʥʥʠʡ  

ʥʘʨʫʞʥʳʡ 

270 ... 700 100 

...200  

10 
ʂʇʈʅ - 3,0 ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʟʘʣʘʤʳʚʘʶʱʠʡ 

ʙʨʫʩ 

600 ....650  

11 
ʂʇʉ - 5ɻ ʤʷʛʢʘʷ 

ʪʚʝʨʜʘʷ  

ʟʘʣʘʤʳʚʘʶʱʠʡ 

ʙʨʫʩ 

900...1200 

1200..1500 

12 ʇʂ - 1,6 - ʫʩʧʦʢʦʠʪʝʣ ɹ 120 ...150  

13 ʇʊʅ - 4,0 - ʫʩʧʦʢʦʠʪʝʣʴ 50 ... 100  

14 ʂʋʌ - 1,8 - ʜʝʣʠʪʝʣʴ 120 ...150  

15 
ʂʉʂ - 100 - ʟʘʣʘʤʳʚʘʶʱʠʡ 

ʙʨʫʩ 

300 ...500  

16 
ʂʉ - 1,8 ñɺʠʭʨʴò ʤʷʛʢʘʷ 

ʪʚʝʨʜʘʷ  

ʜʝʣʠʪʝʣʴ 300 ...400  

400 ...500  

17 
ʂʉ - 2,1 - ʚʥʫʪʨʝʥʥʠʝ  

ʥʘʨʫʞʥʳʝ 

250...350  

80 ...150  



19 

18 
ʂʇʉ - 5ɻ - ʟʘʣʘʤʳʚʘʶʱʠʡ 

ʙʨʫʩ 

300  

19 
ʇʦʜʙʦʨʱʠʢ - ʪʨʘʥʩʧʦʨʪʝʨ ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʪʨʫʙʘ ʫʩʧʦʢʦʠ-

ʪʝʣʷ 

250  

20 ʂʋʌ - 1,8 ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʜʝʣʠʪʝʣʴ 150 ...200 

21 ʂʉ - 1,8 ñɺʠʭʨʴò ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʜʝʣʠʪʝʣʴ 300 ...500  

22 
ɽ 280, (ɽ 281) ʩ ʞʘʪʢʦʡ,  

ʩ ʧʦʜʙʦʨʱʠʢʦʤ 

- ʙʘʰʤʘʢ 250 ...300  

23 
ɽ - 301, 303 

 

- 

 ʩʣʘʙʦʥʝʩʫʱʘʷ 

ʙʘʰʤʘʢ 250 ...300 

100 ...150 

24 
ʂʈʅ - 2,1 - ʚʥʫʪʨʝʥʥʠʝ  

ʥʘʨʫʞʥʳʝ 

270 ...700 

 100 ...300  

25 
ʂʇʈʅ - 3,0 ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʟʘʣʘʤʳʚʘʶʱʠʡ 

ʙʨʫʩ 

650 ...700 

26 
ʉʂ ï 5ʄ ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ 

ʩʣʘʙʦʥʝʩʫʱʘʷ 

ʥʘ ʥʦʩʢʝ  

ʜʝʣʠʪʝʣʷ 

250 é300 

100 é150 

27 
ɼʦʥ-1500 ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʥʘ ʥʦʩʢʝ  

ʜʝʣʠʪʝʣʷ 

300 é400 

ʇʨʠʤʝʯʘʥʠʷ:* - ʥʘʛʨʫʟʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ ʩ ʤʦʤʝʥʪʘ ʦʪʨʳʚʘ ʦʪ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ ʜʦ 10 ʩʤ ʧʦ ʤʝʨʝ ʧʦʜʲʝʤʘ; ** - ʥʘʛʨʫʟʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʤʦʤʝʥʪ ʦʪ-

ʨʳʚʘ ʢʦʧʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 

 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʞʫʱʠʭ ʘʧʧʘʨʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʘʣʢʦʚʳʝ ʞʘʪʢʠ ʦʢʘ-

ʟʳʚʘʶʪ ʥʘʞʘʪʠʝ (ʜʘʚʣʝʥʠʝ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ 25...35 ʢʛʩ (ʢʛʩ/ʙʘʰʤʘʢ), ʘ 

ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʤʘʩʩʝ ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʯʘʩʪʠ ʞʘʪʢʠ ʜʣʷ ʩʢʘʰʠʚʘʥʠʷ ʪʨʘʚ ʥʘ ʢʦʨʤʦʫʙʦ-

ʨʦʯʥʳʭ ʤʘʰʠʥʘʭ ʂʇʉ-5ɻ - ʜʦ 150 ʢʛʩ. ʇʦʣʦʟʢʠ ʫ ʂʇʈʅ-3,0 ʦʢʘʟʳʚʘʶʪ ʥʘʞʘʪʠʝ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ - 65...70 ʢʛʩ ʠ ʙʦʣʝʝ, ʭʦʪʷ ʤʘʩʩʘ ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʯʘʩʪʠ ʥʘ ʧʦʨʷʜʦʢ 

ʤʝʥʴʰʝ.  

ʉʨʘʚʥʝʥʠʝ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʇ ʜʣʷ ʂʉ-2,1 (ʥʘʞʘʪʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ 

ʚʥʫʪʨʝʥʥʝʛʦ ʙʘʰʤʘʢʘ 25...35 ʢʛʩ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʄʇ ʚʘʣʢʦʚʳʭ ʞʘʪʦʢ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩ, 

ʧʦʯʝʤʫ ʧʨʠ ʨʘʟʥʳʭ ʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʤʘʩʩʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʜʚʘ 

ʧʦʨʷʜʢʘ, ʦʜʠʥʘʢʦʚʳʝ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʥʘʛʨʫʟʢʠ ʢʦʧʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ?!  

ʅʘ ʥʝʢʦʪʦʨʳʭ ʢʦʨʤʦʫʙʦʨʦʯʥʳʭ ʠ ʟʝʨʥʦʫʙʦʨʦʯʥʳʭ ʢʦʤʙʘʡʥʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʛʠʜ-

ʨʦʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʦʜʚʝʩʢʠ, ʯʪʦ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʠʟ-ʟʘ ʦʪʩʪʘʚʘ-

ʥʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʥʘʩʪʨʦʡʢʝ ʄʇ ʩ ʫʧʨʫʛʠʤʠ ʟʚʝʥʴ-

ʷʤʠ. ʏʘʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʘʛʨʝʛʘʪʘ ʨʝʢʦʤʝʥʜʫʝʪ 

ʫʤʝʥʴʰʠʪʴ ʥʘʞʘʪʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʢʦʧʠʨʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [3], ʘ ʜʨʫʛʘʷ 

ʯʘʩʪʴ, ï ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʞʘʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʢʦʧʠʨʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʨʝʢʦʤʝʥʜʫʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʠ ʨʘʙʦʯʫʶ ʩʢʦʨʦʩʪʴ ʘʛʨʝʛʘʪʘ [4, 5]. ʇʨʠ ʫʙʦʨʢʝ 

ʥʠʟʢʦʫʨʦʞʘʡʥʳʭ ʢʫʣʴʪʫʨ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʝʢʦʤʝʥʜʫʶʪ ʥʘʪʷʞʝʥʠʝ ʧʨʫʞʠʥ ʫʚʝʣʠʯʠʪʴ, 

ʪ.ʝ. ʫʤʝʥʴʰʠʪʴ ʥʘʞʘʪʠʝ ʙʘʰʤʘʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ. 

ʄʥʦʛʠʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʵʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ ʟʘʤʝʥʦʡ ʩʪʘʨʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʚʝʩʢʠ ʛʠʜʨʦ-, 

ʧʥʝʚʤʦ-, ʵʣʝʢʪʨʦʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʥʠ-

ʤʘʶʪ, ʯʪʦ ʘʚʪʦʤʘʪʠʢʘ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʠʟ-ʟʘ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚ-

ʪʦʤʘʪʠʢʠ [6]. 

ʏʝʤ ʞʝ ʦʙʲʷʩʥʠʪʴ ʪʘʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʥʝʥʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʫʞʠʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚ ʢʘʯʝʩʪʚʝ ʄʇ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ? 

ʆʯʝʚʠʜʥʦ, ʪʘʢʦʝ ʨʘʟʥʦʛʣʘʩʠʝ ʚʦʟʥʠʢʘʝʪ ʠʟïʟʘ ʨʘʟʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʇ ʨʘʙʦʯʠʭ ʦʨʛʘ-

ʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, ʠʭ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʪʨʦʡʥʦʡ ʪʝʦ-
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ʨʠʠ ʠ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʄʇ.  

ʄʇ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʧʨʫʛʠʤʠ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʰʠʥʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ, ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʦʢʘʟʳʚʘʶʪ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʇ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ 2 ʚʘʨʠʘʥʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʫʞʠʥ ʧʦʜʚʝʩʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʳʯʘʛʘ 

ʧʦʜʚʝʩʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ.  

  
ɸ)  ɹ) 

  
ɺ) ɻ) 

ʈʠʩʫʥʦʢ ï 1 ʤʝʭʘʥʠʟʤʳ ʧʦʜʚʝʩʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ: 

 ɸ ï ʄʇ ʢʫʣʴʪʠʚʘʪʦʨʘ ʦʢʫʯʥʠʢʘ,  

ɹ ï ʄʇ ʢʫʣʴʪʠʚʘʪʦʨʘ ʩʧʣʦʰʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ɺ ï ʄʇ ʧʦʜʙʦʨʱʠʢʘ ʦʯʝʩʳʚʘʪʝʣʷ ʣʴʥʘ, 

ɻ- ʄʇ ʩʦʰʥʠʢʦʚ ʟʝʨʥʦʚʦʡ ʩʝʷʣʢʠ. 

 

ʅʘ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʫʩʠʣʠʝ ʩʦʟʜʘʚʘʝʤʦʝ ʧʨʫʞʠʥʦʡ ʩʞʘʪʠʷ ʚ ʄʇ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʘʤ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ, ʭʦʪʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʵʪʠ ʄʇ 

ʜʦʣʞʥʳ ʩʦʟʜʘʚʘʪʴ ʩʪʘʙʠʣʴʥʦʝ ʫʩʠʣʠʝ (ʥʘʞʘʪʠʝ) ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘ-

ʛʣʫʙʣʝʥʠʷ ʚ ʧʦʯʚʫ. 

ʅʘ ʨʠʩ. 1ɸ ʫʛʦʣ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʫʞʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʠʤʝʨʥʦ 

ʨʘʚʝʥ 200, ʘ ʥʘ ʨʠʩ. 1ɹ - 800. ʄʇ ʧʦʜʙʦʨʱʠʢʘ ʦʯʝʩʳʚʘʪʝʣʷ ʣʴʥʘ (ʨʠʩ. 1ɺ) ʩʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥ ʪʘʢ, ʯʪʦ ʫʩʠʣʠʝ ʦʪ ʧʨʫʞʠʥʳ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʛʠʙʢʠʡ ʢʘʥʘʪ ʧʦʜ ʫʛʣʦʤ 900.  

ʆʩʦʙʦ ʦʪʤʝʪʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʫʞʠʥ ʜʣʷ ʟʝʨʥʦʚʦʡ ʩʝʷʣʢʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 

1ɻ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʜʣʷ ʨʳʯʘʛʦʚ ʧʦʜʚʝʩʘ ʩʦʰʥʠʢʦʚ ʚʪʦʨʦʛʦ ʨʷʜʘ ʧʨʫʞʠʥʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʳʯʘʛʦʚ ʧʦʜʚʝʩʘ ʜʠʩʢʦʚʳʭ ʩʦʰʥʠʢʦʚ ʧʦʜ 

ʫʛʣʦʤ 900, ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʨʷʜʘ ʩʦʰʥʠʢʦʚ ʠ ʦʢʦʣʦ 75-800 ʜʣʷ ʚʪʦʨʦʛʦ ʨʷʜʘ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʦ ʧʦʣʶ ʩʦʰʥʠʢʠ ʙʫʜʫʪ ʧʝʨʝʤʝ-



21 

ʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʤʳ ʤʘʰʠʥʳ ʠʟ-ʟʘ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʣʷ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ 

ʩʦʰʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʤʳ ʤʘʰʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʜʝ-

ʬʦʨʤʘʮʠʠ ʧʨʫʞʠʥʳ ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ, ʥʦ ʠ ʫʩʠʣʠʷ ʥʘʞʘʪʠʷ ʩʦʰʥʠʢʘ ʄʇ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʟʘʛʣʫʙʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʧʦʯʚʫ. ʇʨʠ ʪʘʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʨʫ-

ʞʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʳʯʘʛʘ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʠʪʴʩʷ ʠ ʛʣʫʙʠʥʘ ʟʘʜʝʣʢʠ ʩʝʤʷʥ ʚ ʧʦʯʚʫ. 

ʉʣʝʜʫʝʪ ʩʦʛʣʘʩʠʪʴʩʷ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʨʫʞʠʥ, ʠʟʤʝʥʝʥʠʝ ʫʩʠʣʠʷ, ʩʦʟʜʘʚʘ-

ʝʤʦʛʦ ʜʣʷ ʟʘʛʣʫʙʣʝʥʠʷ ʩʦʰʥʠʢʦʚ ʧʝʨʚʦʛʦ ʠʣʠ ʚʪʦʨʦʛʦ ʨʷʜʘ, ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʩʦʰʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʦʚʘ ʤʘʰʠʥʳ [6, 7, 8]. 

ʅʘ ʄʇ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʛʨʫʧʧʳ ʩʠʣ: ʚʥʫʪʨʝʥʥʠʝ ʩʠʣʳ ï ʩʠʣʳ ʧʨʫʞʠʥʳ; ʚʥʝʰʥʠʝ 

ʩʠʣʳ ï ʩʠʣʘ ʪʷʞʝʩʪʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʶ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, 

ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʛʣʫʙʣʝʥʠʶ ʚ ʧʦʯʚʫ ʠ ʪ.ʜ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʥʝʦʙʭʦʜʠʤʦ ʩʠʩʪʝʤʘʪʠ-

ʟʠʨʦʚʘʪʴ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʇ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ [8, 9]. 

ɺ ʦʩʥʦʚʥʦʤ ʧʨʠ ʩʠʥʪʝʟʝ ʧʘʨʘʤʝʪʨʦʚ ʄʇ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʤʝʪʦʜ ʩʠʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʦʩʥʦʚʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝ-

ʩʠʷ ʪʚʝʨʜʳʭ ʪʝʣ (ʣʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ).  

ɺ ʪʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʧʦʣʥʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʩʠʥʪʝʟʫ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʇ ʩ ʫʧʨʫʛʠʤʠ ʟʚʝʥʴʷʤʠ, ʚ ʦʩʥʦʚʥʦʤ ʵʪʠ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝ-

ʥʳ ʩʠʥʪʝʟʫ ʧʘʨʘʤʝʪʨʦʚ ʧʨʫʞʠʥ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦ-

ʜʦʚ: 

1) ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʨʫʞʠʥʳ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨ-

ʛʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʧʨʫʞʠʥʳ; 

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ, ʫʨʘʚʥʝʥʠʷ 

ʃʘʛʨʘʥʞʘ 2-ʛʦ ʨʦʜʘ ʩ ʜʦʧʫʱʝʥʠʝʤ ʣʠʥʝʡʥʦʩʪʠ ʫʧʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ; 

3) ʩʠʥʪʝʟ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʟʤʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ, ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʤʝʪʦ-

ʜʘʤʠ ʧʨʠʙʣʠʞʝʥʠʷ ʬʫʥʢʮʠʡ: ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ, ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, 

ʥʘʠʣʫʯʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʧʨʠʧʘʩʦʚʳʚʘʥʠʷ ʠ ʪ.ʜ.; 

4) ʩʠʥʪʝʟ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʦʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʥʘʪʫʨʥʦʡ ʤʦ-

ʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʠ ʤʝʪʦʜʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (ʧʦ ʧʨʠʥʮʠʧʫ 

ñʚʭʦʜ - ʚʳʭʦʜò). 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʝʨʚʳʡ ʤʝʪʦʜ, ʦʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʫʯʠʪʳ-

ʚʘʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʟʚʝʥʴʝʚ ʤʝʭʘʥʠʟʤʦʚ, 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʝ ʚʩʝʛʜʘ ʜʘʝʪ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʩʠʥʪʝʟʠʨʫʝʪʩʷ 

ʪʦʣʴʢʦ ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʙʝʟʦʪʨʳʚʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʝ ʨʘʚ-

ʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ [1, 8]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʜʝʞʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʦʙʣʶʜʝ-

ʥʠʠ ʫʩʣʦʚʠʷ ʙʝʟʦʪʨʳʚʥʦʩʪʠ ʢʦʧʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ. 

ɺ ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʩ.ʭ. ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʘʚ-

ʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʧʨʠʙʝʛʘʶʪ ʢʦ ʚʪʦʨʦʤʫ ʤʝʪʦʜʫ 

ʩʠʥʪʝʟʘ ʧʘʨʘʤʝʪʨʦʚ ʄʇ. 

ʇʨʠ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ [10, 11, 12], ʯʪʦ ʧʦ-

ʣʫʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʚʝʩʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ, ʛʨʦʤʦʟʜʢʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʬʦʨʤʫʣ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʦʜʠʢʠ ʠ ʥʝ-

ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʢʠ. ʂʨʦʤʝ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ, ʠ 

ʥʘʜʦ ʧʨʦʚʝʨʠʪʴ ʩʦʪʥʠ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʘ ʯʘʩʪʴ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʛʨʘʬʠʯʝʩʢʠʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ, ʧʦʨʦʡ ʪʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʦʪʚʝʪ, ʚ ʩʚʷʟʠ ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ [13, 14]. 
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ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʥʪʝʟʘ ʠ ʘʥʘʣʠʟʘ ʄʇ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʘʥʘʣʠʟʝ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʭʝʤʫ ʩʠʥʪʝʟʘ ʠ ʚʳʙʦ-

ʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 
 

ʆʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʩʪʦʚ 

ʤʘʰʠʥʳ 
ʄʝʭʘʥʠʟʤ 

ʧʦʜʚʝʩʢʠ 

ɺʳʙʦʨ ʪʠʧʘ 

ʤʝʭʘʥʠʟʤʘ 

ʈʘʙʦʯʠʡ 

ʦʨʛʘʥ 

ʅʘʟʥʘʯʝʥʠʝ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʊʨʝʙʦʚʘʥʠʷ ʢ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʤʝʭʘʥʠʟʤʘ 

ʆʧʪʠʤʠʟʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʟʚʝʥʴʝʚ 

ʄʦʜʝʣʠ-
ʨʦʚʘʥʠʝ 

ɸʛʨʦʪʝʭ-
ʪʨʝʙʦʚʘʥʠʷ 

ʆʧʪʠʤʠʟʘʮʠʷ 

ʫʧʨʫʛʠʭ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɸʥʘʣʠʟ  
ʩʪʨʫʢʪʫʨʳ 

ʤʝʭʘʥʠʟʤʘ  

ʇʘʨʘʤʝʪʨʳ  

ʢʦʥʩʪʨʫʢʮʠʠ 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ï 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ 

 
ʈʠʩʫʥʦʢ - 2 ʉʭʝʤʘ-ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ʄʇ 

 

ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʩʭʝʤʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʠʥʪʝʟʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯ ʩʠʥʪʝʟʘ ʠ ʜʣʷ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʤʝʪʦʜʦʤ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ ʷʚʣʝʥʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʫʨʥʳʤʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘ-

ʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨ-

ʚʦʩʪʝʧʝʥʥʦʡ ʚʘʞʥʦʩʪʠ [14]. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʄʇ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʥʠ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ 

ʦʪʨʘʞʘʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʇ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʳʝ, ʯʪʦʙʳ ʥʝ ʪʦʣʴʢʦ ʦʙʲʷʩʥʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ 

ʠ ʠʟʤʝʥʠʪʴ ʠʭ ʚ ʪʨʝʙʫʝʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʧʦʨʦʡ ʥʝ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʦʪʜʝʣʴʥʳʭ ʥʘʪʫʨ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʅʘʣʠʯʠʝ ʠ ʩʦʟʜʘʥʠʝ ʙʝʩʯʠʩʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʫ-

ʞʠʥʥʳʭ ʄʇ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʘʥʘʣʠʟʘ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʄʇ (ʨʠʩ. 1) ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ, 

ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʠʟʤʝʥʝʥʠʶ ʫʩʠʣʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʦʜʠʢʠ ʥʘʩʪʨʦʡʢʠ ʄʇ, ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦʨʦʡ ʠʤʝʶʪ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʥʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʳ. ʆʪʩʫʪʩʪʚʠʷ 

ʝʜʠʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʥʘʩʪʨʦʡʢʠ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜ-

ʚʝʩʢʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʦʨʦʞʜʘʝʪ ʩʦʟʜʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʭ ʢʘʢ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʚʝʩʢʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʯʠʪʘʝʤ, ʯʪʦ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘ-
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ʥʠʡ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʘʣʛʦʨʠʪʤʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʷʤʦʪʦʯʥʦʛʦ ʛʠʜʨʦʮʠʢʣʦʥʘ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʩʤʝʰʝʥʠʷ ʧʝʥʦʦʙʨʘʟʫʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʥʳ. 

Abstract 

A method for calculation of direct-flow cylindrical hydrocyclone is designed for mixing 

foaming liquids without the formation of foam. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ, ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʛʠʜʨʦʮʠʢʣʦʥ, ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ. 

Keywords: The method of calculation, foaming, hydrocyclone, the tangential velocity. 

 

ɺ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʟʘʚʦʜʝ çʇʨʦʛʨʝʩʩè ʚ ʛ. ʉʪʝʧʥʦʛʦʨʩʢ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʚʚʝʣʠ ʚ ʨʘʙʦʪʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʨʷʤʦ-

ʪʦʯʥʳʡ ʛʠʜʨʦʮʠʢʣʦʥ ʜʣʷ ʧʦʜʢʠʩʣʝʥʠʷ ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ɺ ʜʝʡʩʪʚʫ-

ʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʝʤʢʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘ-

ʣʘʩʴ ʧʝʥʘ, ʟʘʥʠʤʘʶʱʘʷ ʜʦ Ĳ ʝʛʦ ʝʝ ʦʙʲʝʤʘ. ʇʨʠ ʩʤʝʰʝʥʠʠ ʜʘʥʥʳʭ ʧʝʥʦʦʙʨʘʟʫʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ, ʧʝʥʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʪʘʣʘ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ. ʇʦʣʦʞʠʪʝʣʴ-

ʥʳʡ ʵʬʬʝʢʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʷʤʦʪʦʯʥʦʛʦ ʛʠʜʨʦʮʠʢʣʦʥʘ ʜʣʷ ʧʦʜʢʠʩ-

ʣʝʥʠʷ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝ ʙʳʣ ʦʙʦʩʥʦʚʘʥ ʪʝʦʨʝʪʠʯʝʩʢʠ. 

ɺ ʨʘʙʦʪʝ [1] ʥʘʤʠ ʙʳʣʦ ʜʘʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʮʝʩ-

ʩʘ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʩʤʝʰʝʥʠʠ ʧʝʥʦʦʙʨʘʟʫʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʧʨʷʤʦʪʦʯʥʦʤ ʛʠʜʨʦʮʠʢʣʦʥʝ, ʥʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʜʘʥʥʳʭ 

ʛʠʜʨʦʮʠʢʣʦʥʦʚ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʨʘʙʦʪʘʶ-

ʱʝʛʦ ʢʘʢ ʘʧʧʘʨʘʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

 - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʅ/ʤ;  
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 ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʇʘĬʩ; 

 ï ʧʣʦʪʥʦʩʪʴ ʩʤʝʰʘʥʥʦʛʦ ʧʦʪʦʢʘ, ʢʛ/ʤ3; 

 1,  2ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʞʠʜʢʦʩʪʠ ʤ
3/ʩ; 

 ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʩʤʝʰʘʥʥʳʭ ʧʦʪʦʢʦʚ, ʤ3/ʩ. 

 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʝʡ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʨʷʤʦʪʦʯʥʳʡ ʛʠʜʨʦʮʠʢʣʦʥ. 1-

ʨʘʟʛʨʫʟʦʯʥʳʡ ʰʪʫʮʝʨ; 2-ʦʙʝʯʘʡʢʘ; 3-ʰʪʫʮʝʨ ʦʪʚʦʜʘ ʛʘʟʘ; 4-ʧʠʪʘʶʱʠʡ ʰʪʫʮʝʨ; 5-

ʰʪʫʮʝʨ ʧʦʜʘʯʠ ʧʦʪʦʢʘ ; 6-ʰʪʫʮʝʨ ʧʦʜʘʯʠ ʧʦʪʦʢʘ ;  ï ʜʣʠʥʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʤ;  ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʤ; - ʜʠʘʤʝʪʨ 

ʧʠʪʘʶʱʝʛʦ ʰʪʫʮʝʨʘ, ʤ; G ï ʛʘʟ;  ï ʧʦʪʦʢ ʩʤʝʰʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. 

ʉʤʝʰʠʚʘʝʤʳʝ ʧʦʪʦʢʠ  ʠ , ʯʝʨʝʟ ʰʪʫʮʝʨʘ 5 ʠ 6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʧʘʜʘʶʪ ʚ 

ʧʠʪʘʶʱʠʡ ʰʪʫʮʝʨ 4, ʛʜʝ ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʤʝʰʝʥʠʷ ʵʪʠʭ ʧʦʪʦʢʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʟʘʨʦʜʳʰʝʡ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ (ʧʝʥʳ, ʢʘʢ ʪʘʢʦʚʦʡ, ʥʝ ʦʙʨʘʟʫʝʪʩʷ). ɼʘʣʝʝ ʧʦʪʦʢ ʩʤʝʰʘʥʥʳʡ 

ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ  ʩ ʟʘʨʦʜʳʰʘʤʠ ʧʫʟʳʨʴʢʦʚ ʯʝʨʝʟ ʧʠʪʘʶʱʠʡ ʰʪʫʮʝʨ 4 ʪʘʥʛʝʥʮʠʘʣʴʥʦ 

ʧʦʜʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʨʷʤʦʪʦʯʥʳʡ ʛʠʜʨʦʮʠʢʣʦʥ, ʛʜʝ ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʪʠ ʠ ʚʳʜʝ-

ʣʷʪʴʩʷ ʧʫʟʳʨʴʢʠ ʛʘʟʘ G. ɺ ʛʠʜʨʦʮʠʢʣʦʥʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʪʘʣʢʠʚʘʶʱʝʡ ʩʠʣʳ, ʧʫ-

ʟʳʨʴʢʠ ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ, ʛʜʝ ʦʥʠ ʨʘʟʨʫʰʘʶʪʩʷ ʠʣʠ ʦʙʨʘʟʫʶʪ ʧʝ-

ʥʫ. ɺʳʜʝʣʠʚʰʠʡʩʷ ʛʘʟ G ʦʪʚʦʜʠʪʩʷ ʠʟ ʰʪʫʮʝʨʘ 3, ʘ ʩʤʝʰʘʥʥʳʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ  ʚʳ-

ʚʦʜʠʪʩʷ ʠʟ ʰʪʫʮʝʨʘ 1 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʦʮʠʢʣʦʥʘ ï ʵʪʦ 

, , . 

ʉʦʛʣʘʩʥʦ [2] ʜʠʘʤʝʪʨ ʧʘʪʨʫʙʢʘ ʥʘ ʚʭʦʜʝ ʚ ʛʠʜʨʦʮʠʢʣʦʥ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ: 
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      (1) 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [3], ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ 

ʛʠʜʨʦʮʠʢʣʦʥʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʧʦ ʚʳʩʦʪʝ ʘʧʧʘʨʘʪʘ  ʥʘ ʫʯʘʩʪʢʝ ʨʘʚʥʦʤ  (ʫʯʘʩʪʦʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ), ʢʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʩʪʘʙʠ-

ʣʠʟʠʨʫʝʪʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦ ʨʘʜʠʫʩʫ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʧʦʵʪʦʤʫ ʜʦʣʞʥʦ ʚʳ-

ʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ . ɽʩʣʠ ʜʣʠʥʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʛʠʜʨʦʮʠʢʣʦʥʘ ʙʫʜʝʪ 

ʦʯʝʥʴ ʙʦʣʴʰʦʡ, ʪʦ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ ʥʘʯʥʝʪ ʧʘʜʘʪʴ. ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳ-

ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷ-

ʝʪʩʷ ʧʨʠ , ʧʦʵʪʦʤʫ ʨʘʮʠʦʥʘʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʣʠʥʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʛʠʜʨʦʮʠʢʣʦʥʘ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ: 

      (2) 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ , ʩ ʧʦʜʩʪʘʥʦʚʢʦʡ (1) ʙʫʜʝʪ: 

      (3) 

ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ [3, 4, 5]: 

    (4) 

ʇʦʜʩʪʘʚʠʤ ʚ (4) ʟʘʚʠʩʠʤʦʩʪʠ (1) ʠ (2), ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 

     (5) 

ʎʝʥʪʨʦʙʝʞʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦʪʦʢʘ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ: 

      (6) 

ɻʠʜʨʦʮʠʢʣʦʥ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ  ʤ, 

 ʤ,  ʤ, ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʩʪʘʙʠʣʴʥʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦ-

ʢʘ ʥʘ ʚʭʦʜʝ  ʤ/ʩ [1], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʦʙʝʞʥʦʤʫ ʫʩʢʦʨʝʥʠʶ 

 ʤ/ʩ2, ʪʦʛʜʘ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʛʠʜʨʦʮʠʢʣʦʥ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (1), (2) ʥʘʯʥʝʪ ʨʘʙʦʪʘʪʴ ʩʪʘʙʠʣʴʥʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʟ (6) ʧʦ ʬʦʨʤʫʣʝ: 

      (7) 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʛʠʜʨʦʮʠʢʣʦʥ ʥʘʯʥʝʪ ʨʘʙʦʪʘʪʴ ʩʪʘʙʠʣʴʥʦ 

ʠʟ (5), (7) ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

     (8) 

ʊʦ ʝʩʪʴ ʛʠʜʨʦʮʠʢʣʦʥ ʥʘʯʥʝʪ ʨʘʙʦʪʘʪʴ ʩʪʘʙʠʣʴʥʦ, ʝʩʣʠ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ: 

     (9) 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʤʝʪʨ ʧʘʪʨʫʙʢʘ ʥʘ ʚʭʦʜʝ ʚ ʛʠʜʨʦʮʠʢʣʦʥ ʠ ʜʣʠʥʫ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʦʡ ʯʘʩʪʠ ʛʠʜʨʦʮʠʢʣʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴʩʷ ʪʘʢʠʤ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʛʠʜʨʦ-

ʮʠʢʣʦʥʘ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ (9), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʮʝʥʪʨʦʙʝʞʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʧʦʪʦʢʘ ʚ ʘʧʧʘʨʘʪʝ ʙʫʜʝʪ ʤʝʥʴʰʝ  ʤ/ʩ2 ʠ ʛʠʜʨʦʮʠʢʣʦʥ ʥʝ ʚʳʡʜʝʪ ʥʘ ʨʘʙʦ-

ʯʠʡ ʨʝʞʠʤ. ɼʠʘʤʝʪʨ ʧʘʪʨʫʙʢʘ ʥʘ ʚʭʦʜʝ ʚ ʛʠʜʨʦʮʠʢʣʦʥ ʠ ʜʣʠʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʛʠʜʨʦʮʠʢʣʦʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ (1) ʠ (2) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟ (9) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥ ʙʫ-

ʜʝʪ ʨʘʙʦʪʘʪʴ ʩʪʘʙʠʣʴʥʦ ʧʨʠ: 

     (10) 

 ð ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʛʠʜʨʦʮʠʢʣʦʥ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩʪʘʙʠʣʴʥʦ 
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ʂʘʢ ʧʦʢʘʟʘʣ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ [1], ʛʠʜʨʦʮʠʢʣʦʥ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ (1) ʠ (2) ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʘʧʧʘʨʘʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʥʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʞʠʤʥʦʤ ʜʠʘʧʘʟʦʥʝ.  

ʂʘʢ ʤʳ ʚʳʷʩʥʠʣʠ ʚʳʰʝ, ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ 

 ʤ/ʩ2. ɺ ʨʘʙʦʪʝ [1] ʥʘʤʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ , ʛʠʜʨʦʮʠʢʣʦʥ ʧʨʝ-

ʢʨʘʱʘʣ ʨʘʙʦʪʘʪʴ ʢʘʢ ʘʧʧʘʨʘʪ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʧʨʦʮʝʩʩ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢ ʞʝ ʙʳ-

ʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʨʝʞʠʤʘ ʨʘ-

ʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʩʤʝʰʘʥʥʳʭ 

ʞʠʜʢʦʩʪʝʡ  ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʢʣʦʥʘ . ɺ ʚʠʜʫ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʳ ʧʦ-

ʩʪʨʦʠʣʠ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ ï 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ , ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦ-

ʪʦʨʦʛʦ ʚ ʛʠʜʨʦʮʠʢʣʦʥʝ ʥʘʯʥʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʝʥʘ, ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ  (ʨʠʩʫʥʦʢ 2) ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʢʣʦʥʘ  (ʨʠʩʫʥʦʢ 3) ʚ ʣʦʛʘ-

ʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

 
ʈʠʩʫʥʦʢ 2. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ 

 ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ  ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ. ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʛʠʜʨʦʮʠʢʣʦʥʘ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ ʛʨʘʬʠʢʝ ï  ʤ,  ʤ,  
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ʤ; ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʘ ʛʨʘʬʠʢʝ ï  ʤ,  ʤ, 

 ʤ. 

 
ʈʠʩʫʥʦʢ 3.  

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ 

 ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʢʣʦʥʘ  ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʛʠʜʨʦʮʠʢʣʦʥʘ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳ-

ʤʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ (1) ʠ (2) ʧʘʨʘʤʝʪʨʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

 ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ ʛʨʘʬʠʢʝ ï 0,03 ʅ/ʤ; ʧʫʥʢʪʠʨʥʘʷ ʣʠ-

ʥʠʷ ï 0,071 ʅ/ʤ. 

ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʠʢʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ (ʨʠʩʫʥʦʢ 2) ʠ (ʨʠʩʫʥʦʢ 3), ʦʧʨʝʜʝʣʷʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʦ-

ʙʝʞʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ  ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝ-

ʥʠʷ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨ ʛʠʜʨʦʮʠʢʣʦʥʘ: 

   (11) 

ʋʨʘʚʥʝʥʠʝ (11) ʠ ʝʩʪʴ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʨʘʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʘʥʥʦʡ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʛʠʜʨʦʮʠʢʣʦʥ ʧʨʝʢʨʘ-

ʱʘʣ ʨʘʙʦʪʘʪʴ ʢʘʢ ʘʧʧʘʨʘʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2 ʠ ʨʠʩʫʥʢʘ 3 ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʨʘʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ. 

ʀ ʪʘʢ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʠʜʨʦʮʠʢʣʦʥ ʩʤʝʰʠʚʘʣ ʧʝʥʦʦʙʨʘʟʫʶʱʠʝ ʞʠʜʢʦʩʪʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʨʦʮʝʩʩ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʥ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʨʝʞʠʤʥʦʤ 

ʜʠʘʧʘʟʦʥʝ:  

    (12) 
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ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʠʜʨʦʮʠʢʣʦʥʘ ʢʘʢ ʘʧ-

ʧʘʨʘʪʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠ ʩʤʝʰʝʥʠʠ ʧʝʥʦʦʙʨʘʟʫʶ-

ʱʠʭ ʞʠʜʢʦʩʪʝʡ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʛʠʜʨʦʮʠʢʣʦʥʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʘʪʘʨʝʡʥʳʭ ʛʠʜʨʦʮʠʢʣʦʥʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʥɹʳʭ ʢʨʠʚʳʭ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʨʘʟʤʝʨʘʤ ʢʘʧʠʣʣʷʨʦʚ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʦʯʝʪʘʥʠʠ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʧʦ 

ʦʙʨʘʟʮʫ ʪʢʘʥʠ ʩ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʧʦʛʣʦʱʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. 

Abstract 
Discusses the results of capillary characteristics of capillary-porous bodes: on speed of 

linear vertical lift designs and volumetric liquid absorption speed model of capillary-porous 

body. Are the equations for the calculation of capillary parameter of capillary-porous solids 

based on the results of measuring liquid absorption. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʤʘʯʠʚʘʥʠʝ, ʢʘʧʠʣʣʷʨʥʦʩʪʴ, ʨʘʟʤʝʨ ʢʘʧʠʣʣʷʨʦʚ, ʫʛʦʣ ʩʤʘʯʠʚʘ-

ʥʠʷ, ʜʠʥʘʤʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʧʠʣʣʷʨʦʚ ʧʦ ʨʘʟʤʝʨʘʤ. 
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Keywords. Wetting, capillarity, capillary size, angle of wetting, dynamic absorption, 

capillary distribution. 

 

ɺʚʝʜʝʥʠʝ. ʈʘʟʤʝʨ ʢʘʧʠʣʣʷʨʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ 

ʨʘʟʤʝʨʘʤ ʢʘʧʠʣʣʷʨʦʚ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʤ-

ʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1-3], ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʝʦʪʝʢʩʪʠʣʷ [4], ʚ 

ʧʨʦʮʝʩʩʘʭ ʧʨʦʧʠʪʢʠ ʪʢʘʥʝʡ ʧʨʠ ʠʭ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʠ ʠ ʦʪʜʝʣʢʝ [5], ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʟʜʘ-

ʥʠʠ ʬʠʣʴʪʨʦʚʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʥʘʥʦʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ [6]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʦʧʨʝʜʝʣʝʥʠʝ, ʢʘʢ ʨʘʟʤʝʨʘ ʢʘʧʠʣʣʷʨʦʚ, ʪʘʢ ʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʨʘʟʤʝʨʘʤ ʢʘʧʠʣʣʷʨʦʚ.  

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʢʘʧʠʣʣʷʨʦʚ ʦʧʠʩʘʥ ʥʘʤʠ ʨʘʥʝʝ [7,8]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʧʠʩʘʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʢʘʧʠʣʣʷʨ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʩʯʝʪʘ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ 

ʢʘʧʠʣʣʷʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 
ɼʣʷ ʦʧʠʩʘʥʠʷ ʦʙʲʝʤʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʧʦ ʢʘʧʠʣʣʷʨʘʤ [9,10] ʠʩʧʦʣʴʟʫʝʤ 

ʫʨʘʚʥʝʥʠʝ ʇʫʘʟʝʡʣʷ 
4

8

r
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p
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,       (1) 

ʛʜʝ: V - ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʧʨʦʰʝʜʰʝʡ ʟʘ ʚʨʝʤʷ t ʯʝʨʝʟ ʢʘʧʠʣʣʷʨ ʨʘʜʠʫʩʘ r ʠ ʜʣʠʥʦʡ 

l ʧʦʜ ʜʘʚʣʝʥʠʝʤ P;  

P = (Pʢ - Pʛ),  (2) 

 

ʛʜʝ Pʢ- ʢʘʧʠʣʣʷʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʃʘʧʣʘʩʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʠ ʨʘʜʠʫʩʦʤ ʢʘʧʠʣʣʷʨʦʚ 

r
Pʢ

qscos2
=  ;      (3) 

q- ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʴʶ ʚʦʣʦʢʦʥ ʪʢʘʥʠ; Pʛ - ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ: 

ʛP glr=
,       (4) 

ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʘʧʠʣʣʷʨʘ l - ʚʳʩʦʪʘ ʤʝʥʠʩʢʘ ʥʘʜ ʫʨʦʚʥʝʤ ʞʠʜʢʦʩʪʠ. 

ʋʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʘʠʙʦʣʴʰʝʡ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʧʦ 

ʦʙʨʘʟʮʫ ʪʢʘʥʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɾʶʨʝʥʘ 
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.     (5) 

ɼʣʷ ʣʠʥʝʡʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ 

ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʦʙʨʘʟʮʫ ʪʢʘʥʠ ʦʪ ʚʨʝʤʝʥʠ ʚʧʠʪʳʚʘʥʠʷ [7] 
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ʛʜʝ lm - ʧʨʝʜʝʣʴʥʘʷ ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʧʦ ʪʢʘʥʠ, r-ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ 

ʞʠʜʢʦʩʪʠ 

ɼʣʷ n ʢʘʧʠʣʣʷʨʦʚ ʨʘʜʠʫʩʘ r ʠʟ ʫʨʘʚʥʝʥʠʷ (1) ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (5) ʤʦʞʝʤ 

ʟʘʧʠʩʘʪʴ ʜʣʷ ʦʙʲʝʤʘ ʧʦʛʣʦʱʝʥʥʦʡ ʟʘ ʚʨʝʤʷ t ʞʠʜʢʦʩʪʠ 
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ʇʦʩʣʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (7) ʧʦʣʫʯʠʤ 
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ʉ ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (5) ʠʟ ʫʨʘʚʥʝʥʠʷ (8) ʜʣʷ ʦʙʲʝʤʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ  
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ʠʣʠ, ʫʤʥʦʞʘʷ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (9) ʥʘ n r2, 

ʧʦʣʫʯʠʤ ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʧʦ ʦʙʨʘʟʮʫ ʪʢʘʥʠ 

 ù
ú

ø
é
ê

è -
=

V

VV

l

nr

dt

dV m

h

p

8

4

      (10) 

ʛʜʝ Vm- ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʧʦʛʣʦʱʝʥʥʦʡ ʜʘʥʥʳʤ ʦʙʨʘʟʮʦʤ ʪʢʘʥʠ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (10) ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʠʩʠʤʦʩʪʠ  

t
gnr

V
VV

V
V

m

m
m

h

rp

8
ln

4

=-
-

.     (11) 

ʋʨʘʚʥʝʥʠʝ (11) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ n ʨʘʜʠʫʩʘ r ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʪʝʢʫʱʝʛʦ ʦʙʲʝʤʘ ʧʦʛʣʦʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ɽʩʪʝʩʪʚʝʥʥʦ, 

ʯʪʦ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ - ʚʷʟʢʦʩʪʴ (h ) ʠ 

ʧʣʦʪʥʦʩʪʴ (r), ʘ ʨʘʜʠʫʩʳ ʢʘʧʠʣʣʷʨʦʚ ʥʘʡʜʝʥʳ ʥʝʟʘʚʠʩʠʤʳʤ ʤʝʪʦʜʦʤ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʧʠʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 
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ʛʜʝ to,v - ʚʨʝʤʷ ʧʦʣʦʚʠʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʪʢʘʥʠ ʞʠʜʢʦʩʪʴʶ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʚʨʝʤʝʥʝʤ ʧʦʣʦʚʠʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʧʦ ʢʘʧʠʣʣʷʨʘʤ. 

ʉʢʦʨʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʧʦ ʢʘʧʠʣʣʷʨʘʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ r2, ʘ ʩʢʦʨʦʩʪʴ 

ʦʙʲʝʤʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ r4. 

ʃʠʥʝʡʥʳʝ ʬʦʨʤʳ ʫʨʘʚʥʝʥʠʷ (12) ʠʤʝʶʪ ʚʠʜ  
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ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʭʦʜʠʤ Vm ʠ to,v, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʠʤ 

ʨʘʩʯʝʪ ʢʘʧʠʣʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʪʢʘʥʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʢʘʥʠ 

ʧʦ ʨʘʟʤʝʨʘʤ ʢʘʧʠʣʣʷʨʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʢʘʧʠʣʣʷʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ 

ʧʝʨʝʧʣʝʪʝʥʠʠ ʚʦʣʦʢʦʥ ʚ ʥʠʪʠ ʠ ʥʠʪʝʡ ʚ ʪʢʘʥʴ, ʪʦ ʧʨʦʮʝʩʩ ʚʧʠʪʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ 

ʧʨʦʪʝʢʘʝʪ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦ ʨʘʟʤʝʨʘʤ ʢʘʧʠʣʣʷʨʘʭ. ʅʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʢʨʫʧʥʳʭ 
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ʢʘʧʠʣʣʷʨʦʚ, ʘ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʨʘʟʤʝʨʦʚ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʧʠʪʳʚʘʥʠʝ ʞʠʜʢʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝ ʢʘʧʠʣʣʷʨʳ, ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʠʟ 

ʥʠʭ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʧʨʦʮʝʩʩʘ ʚʧʠʪʳʚʘʥʠʷ, ʟʘʪʝʤ ʠʩʢʣʶʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʨʘʢʮʠʷ 

ʢʘʧʠʣʣʷʨʦʚ ʠ ʪ.ʜ. ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʧʠʪʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʧʠʣʣʷʨʳ ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ. ʕʪʦ, ʦʜʥʘʢʦ, ʦʪʥʶʜʴ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʧʠʣʣʷʨʳ ʚ ʪʢʘʥʠ 

ʟʘʧʦʣʥʝʥʳ ʧʦʣʥʦʩʪʴʶ. ʇʨʦʩʪʦ ʚ ʥʠʭ ʫʩʪʘʥʦʚʠʣʦʩʴ ʨʘʚʥʦʚʝʩʠʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʠ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʡ. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʚʳʩʦʪʝ ʢʘʧʠʣʣʷʨʦʚ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʚ ʢʘʧʠʣʣʷʨʘʭ ʩ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʢʘʧʠʣʣʷʨʥʳʤ 

ʨʘʚʥʦʚʝʩʠʝʤ ʤʦʞʝʤ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ 

ʟʘʧʦʣʥʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʋʨʘʚʥʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʘʢʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʠʤʝʝʪ ʚʠʜ 

t
dt

dV
VV ii += ,0       (15) 

ʛʜʝ Vo,i - ʦʙʲʝʤ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʭ ni ʢʘʧʠʣʣʷʨʦʚ ʨʘʜʠʫʩʘ r i - ʦʪʨʝʟʦʢ, ʦʪʩʝʢʘʝʤʳʡ 

ʢʘʩʘʪʝʣʴʥʦʡ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ, dV/dt - ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʩʠ ʘʙʩʮʠʩʩ - 

ʩʢʦʨʦʩʪʴ ʚʧʠʪʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʪʢʘʥʴʶ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʟʘʧʦʣʥʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ ʚ 

ʪʢʘʥʠ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ 

ʢʘʧʠʣʣʷʨʘʭ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ 

ʨʘʟʤʝʨʘ.  

ʈʠʩ. 2. ʂʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʦʙʲʝʤʥʦʛʦ 

ʚʧʠʪʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʪʢʘʥʴʶ. 

 

 

ʉʢʦʨʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ ʛʨʘʬʠʯʝʩʢʠ, ʪʘʢ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ (12). ʊʦʛʜʘ 

( )20

0

tt

t
V

dt

dV

v

v
m

+
=       (16) 

ʉʦʯʝʪʘʷ ʫʨʘʚʥʝʥʠʷ (15) ʠ (16) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʚ ʪʝʭ 

ʢʘʧʠʣʣʷʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʫʞʝ ʫʩʪʘʥʦʚʠʣʦʩʴ ʢʘʧʠʣʣʷʨʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t: 
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2

2

,0

2

,0
)(

bm

v

mi V
tt

t
VV =

+
=

     (17) 

ʛʜʝ     b = t/ (tov +  t)       (18) 

ʇʨʠ ʢʘʧʠʣʣʷʨʥʦʤ ʨʘʚʥʦʚʝʩʠʠ, ʥʘʩʪʫʧʠʚʰʝʤ ʧʦʩʣʝ ʚʧʠʪʳʚʘʥʠʷ ʦʙʲʝʤʘ Vo,i 

ʞʠʜʢʦʩʪʠ, ʧʦʤʥʦʞʘʷ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (5) ʥʘ p nir i
2 ʧʦʣʫʯʠʤ ʜʣʷ 

ʣʦʢʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

iii gVrn ,00cos2 rqsp =  ,     (19) 

ʦʪʢʫʜʘ 

iv

i

ii VK
gV

rn ,0

0

,0

cos2
==

qps

r
     (20) 

ʠʣʠ 

constK
V

rn
v

i

ii ==
,0

 ,     (21) 

ʛʜʝ 

0cos2 qps

rg
Kv = .     (22)  

ʀʟ ʫʨ. (20) ʥʘʭʦʜʠʤ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʢʘʧʠʣʣʷʨʦʚ ni ʨʘʜʠʫʩʘ r i 

i

iv

i
r

VK
n

,0
=  .      (23) 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ 

ʚʧʠʪʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʪʢʘʥʴʶ ʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ ʠʥʪʝʛʨʘʣʴʥʫʶ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ 

ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʢʘʥʠ ʧʦ ʨʘʟʤʝʨʘʤ ʢʘʧʠʣʣʷʨʦʚ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʨʘʟʤʝʨ ʢʘʧʠʣʣʷʨʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʧʠʪʳʚʘʥʠʠ ʞʠʜʢʦʩʪʠ ʦʙʨʘʟʮʦʤ ʪʢʘʥʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʧʠʣʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʴ ʟʘʥʠʤʘʝʪ 

ʪʦʣʴʢʦ ʯʘʩʪʴ ʦʙʲʝʤʘ ʢʘʧʠʣʣʷʨʦʚ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ, ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʢʘʥʠ ʧʦ 

ʨʘʟʤʝʨʘʤ. ʇʦʵʪʦʤʫ ʚʚʝʜʝʤ ʧʦʥʷʪʠʝ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʢʘʧʠʣʣʷʨʦʚ Vs,i, ʦʪʥʝʩʝʥʥʦʛʦ ʢ 

ʤʘʩʩʝ ʄ = 1 ʢʛ ʪʢʘʥʠ, ʦʙʨʘʟʝʮ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʜʣʠʥʫ L = 1 ʤ. ʐʠʨʠʥʘ ʪʢʘʥʠ h ʜʦʣʞʥʘ 

ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʠʩʭʦʜʷ ʠʟ ʝʝ ʤʘʩʩʳ.  

ʋʜʝʣʴʥʳʡ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ ʧʨʠ ʧʦʣʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʢʘʧʠʣʣʷʨʦʚ, ʨʘʜʠʫʩʘ r i ʚ 1 ʢʛ 

ʪʢʘʥʠ  

LrnV ihiis

2

,, p=
| ʤ3/ʢʛ |     (24) 

ʛʜʝ ni,h = nih/he - ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ ʨʘʜʠʫʩʘ r i, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʰʠʨʠʥʫ 

ʪʢʘʥʠ h, ni - ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ, ʥʘʡʜʝʥʥʦʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʧʠʣʣʷʨʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʪʢʘʥʠ ʰʠʨʠʥʦʡ he. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʨʘʩʩʯʠʪʳʚʘʝʤ ʦʙʲʝʤ ʢʘʧʠʣʣʷʨʦʚ, 

ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʚʩʝ ʢʘʧʠʣʣʷʨʳ, ʠʤʝʶʱʠʝ ʨʘʟʤʝʨ ʦʪ rmin
 ʜʦ rmax. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʧʦʛʣʦʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 3. ɾʠʜʢʦʩʪʴ ʟʘʣʠʚʘʝʪʩʷ ʚ ʙʶʨʝʪʢʫ ʠ ʧʦ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʨʫʙʢʝ ʧʦʧʘʜʘʝʪ ʚ ʧʝʨʬʦ-
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ʨʠʨʦʚʘʥʥʳʡ ʩʪʝʢʣʷʥʥʳʡ ʬʠʣʴʪʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʟʘʢʨʳʪʦʤ ʩʪʝʢʣʷʥʥʦʤ ʮʠʣʠʥʜʨʝ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʞʠʜʢʦʩʪʴ ï ʧʘʨ ʪʨʝʙʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʧʦʵʪʦʤʫ 

ʪʢʘʥʴ, ʥʘʤʦʪʘʥʥʘʷ ʥʘ ʩʪʝʢʣʷʥʥʳʡ ʩʪʝʨʞʝʥʴ ʦʧʫʩʢʘʝʪʩʷ ʚ ʞʠʜʢʦʩʪʴ ʦʜʥʠʤ ʢʦʥʮʦʤ ʪʦʣʴ-

ʢʦ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʜʣʷ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʢʘʥʠ. ʇʦʩʣʝ ʦʧʫʩʢʘʥʠʷ ʪʢʘʥʠ ʚ ʞʠʜʢʦʩʪʴ 

ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʣʦʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝ-

ʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʧʦʜʜʝʨʞʠʚʘʷ ʧʦʩʪʦʷʥʥʳʤ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ ʩʪʝʢʣʷʥʥʦʤ ʬʠʣʴʪʨʝ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʲʝʤʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʫʨʦʚʥʝʤ ʞʠʜʢʦʩʪʠ ʧʨʦʚʦʜʷʪ ʩ ʧʦʤʦ-

ʱʴʶ ʢʘʧʠʣʣʷʨʘ.  

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʢʘʥʠ ʧʦ ʨʘʟʤʝ-

ʨʘʤ ʢʘʧʠʣʣʷʨʦʚ 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʠ ʦʙʲʝʤʥʦʛʦ ʧʦʛʣʦʱʝ-

ʥʠʷ ʚʦʜʳ ʦʙʨʘʟʮʦʤ ʦʪʙʝʣʝʥʥʦʡ ʭ/ʙ ʪʢʘʥʠ ʜʣʠʥʦʡ 20 ʩʤ ʠ ʰʠʨʠʥʦʡ 15 ʩʤ. ʄʘʩʩʘ ʦʙʨʘʟ-

ʮʘ m = 14,55 ʛ. 

 
ʈʠʩ.3. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʧʦʛʣʦʱʘʝʤʦʡ ʪʢʘʥʴʶ 

ʞʠʜʢʦʩʪʠ. 1- ʰʪʘʪʠʚ, 2-ʮʠʣʠʥʜʨ, 3-ʩʪʝʢʣʷʥʥʳʡ ʩʪʝʨʞʝʥʴ, 4- ʪʢʘʥʴ, 5-

ʧʦʨʠʩʪʳʡ ʬʠʣʴʪʨ, 6-ʢʘʧʠʣʣʷʨ, 7-ʙʶʨʝʪʢʘ, 8- ʧʦʜʲʝʤʥʳʡ ʤʝʭʘʥʠʟʤ, 9-

ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʨʫʙʢʘ. 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʪʢʘʥʠ 

ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʧʨʠ 20ʦʉ 

  ̄

ʧ/ʧ 

ʇʦʢʘʟʘ-

ʪʝʣʴ 

ɺʳʩʦʪʘ ʧʦʜʲʝʤʘ ʠ ʦʙʲʝʤ ʧʦʛʣʦʱʝʥʥʦʡ ʚʦʜʳ ʟʘ 

ʚʨʝʤʷ t ʤʠʥ.  

5 10 15 20 25 30 

1 l, ʤʤ 33,2 51,0 62,1 69,6 75,1 79,3 

2 V, ʩʤ3 1,29 2,05 2,55 2,9 3,15 3,35 

ɺʷʟʢʦʩʪʴ ʚʦʜʳ  h = 10-3 [ʅÖʩ/ʤ2]; ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ  r = 103 [ʢʛ/ʤ3]; ʋʩʢʦʨʝʥʠʝ ʩʠʣʳ 

ʪʷʞʝʩʪʠ g =  9,8 [ʤ/c2]; ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚʦʜʳ s = 72,75 Ŀ10-3 [ɼʞ/ʤ2]  

 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

 ʈʝʟʫʣʴʪʘʪʳ ʣʠʥʝʡʥʦʛʦ ʧʦʜʲʝʤʘ ʚʦʜʳ ʧʦ ʦʙʨʘʟʮʫ ʪʢʘʥʠ ʦʙʨʘʙʘʪʳʚʘʣʠ, ʢʘʢ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚʳʰʝ. ʅʘʡʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʧʠʣʣʷʨʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.  

ɿʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤ ʢʠʥʝʪʠʯʝʩʢʫʶ ʢʨʠʚʫʶ ʦʙʲʝʤʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʳ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (25) ʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʥʘʭʦʜʠʤ ʦʙʲʝʤʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʧʠʣʣʷʨʥʦʩʪʠ (Vm, t0,v) ʠ ʧʨʠʚʦʜʠʤ ʠʭ ʚ ʪʘʙʣʠʮʝ 3. ʇʨʠʤʝʨ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.4. 



35 

 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ 

1. ʈʘʩʩʯʠʪʳʚʘʝʤ ʜʣʠʥʫ ʟʘʧʦʣʥʝʥʥʳʭ ʢʘʧʠʣʣʷʨʦʚ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t ʧʦ ʫʨʘʚʥʝ-

ʥʠ ʁ
2

,0 ami ll = ,[ʤ]       (25)  

ʛʜʝ a = t / ( to + t )[7], t0 ï ʚʨʝʤʷ ʧʦʣʦʚʠʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʚʳʩʦʪʳ ʢʘʧʠʣʣʷʨʦʚ 

(ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʧʦʜʲʝʤʘ ʚʦʜʳ ʧʦ 

ʦʙʨʘʟʮʫ ʪʢʘʥʠ). 

2. ʈʘʩʩʯʠʪʳʚʘʝʤ ʨʘʟʤʝʨ ʢʘʧʠʣʣʷʨʦʚ, ʟʘʧʦʣʥʝʥʥʳʭ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t ʧʦ ʫʨʘʚ-

ʥʝʥʠʶ 

ili lKr ,0/= , [ʤ]     (26) 

ʛʜʝ 

7

3

3

1083,1
8,910

01235,01075,722cos2 -
-

Ö=
Ö

ÖÖÖ
==

g
K l

r

qs
  (27)  

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ ʣʠʥʝʡʥʦʛʦ ʧʦʜʲʝʤʘ ʚʦʜʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʨʘʟʤʝʨ ʢʘʧʠʣʣʷ-

ʨʦʚ, ʟʘʧʦʣʥʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

3. ʈʘʩʩʯʠʪʳʚʘʝʤ ʦʙʲʝʤ ʟʘʧʦʣʥʝʥʥʳʭ ʢʘʧʠʣʣʷʨʦʚ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t ʧʦ 

ʫʨʘʚʥʝʥʠʶ (17) 
2

0 ɓVV m,i =  , [ʤ3] 

ʛʜʝ  = t / (to,v + t); t0,v = 13,94 ʤʠʥ.; Vm = 4,91Ŀ10-6 ʤ3/ʢʛ. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ. 

4. ʈʘʩʩʯʠʪʳʚʘʝʤ ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ ni ʨʘʜʠʫʩʘ r i, ʟʘʧʦʣʥʝʥʥʳʭ ʢ ʤʦʤʝʥʪʫ 

ʚʨʝʤʝʥʠ t, ʧʦ ʫʨʘʚʥʝʥʠʶ (23) 

0,i v i in KV r=  

ʂʦʥʩʪʘʥʪʫ Kv ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʫʨʘʚʥʝʥʠʶ (20) 

6

3

3

107439,1
0123,01075,7214,32

108,9

cos2
Ö=

ÖÖÖÖ

Ö
==

-qp

rg
Kv    (28) 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʢʦʥʩʪʘʥʪʳ Kv ʥʘʭʦʜʠʤ ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ ni ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʨʘʜʠʫʩʘ r i . 

t,ʤʠʥ

0 5 10 15 20 25 30 35

t/V, ʤʠʥ/ʩʤ3
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ʈʠʩ.4. ʂʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʦʙʲʝʤʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʳ ʚʝʨʪʠʢʘʣʴʥʳʤ ʦʙʨʘʟʮʦʤ ʭ/ʙ 

ʪʢʘʥʠ (ʙʷʟʴ ɸʨʪ.132) ʚ ʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 
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5. ʈʘʩʯʝʪ ʫʜʝʣʴʥʦʡ ʰʠʨʠʥʳ ʪʢʘʥʠ (ʤ/ʢʛ). 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʰʠʨʠʥʳ ʪʢʘʥʠ 

ʚʟʚʝʰʠʚʘʣʩʷ ʦʙʨʘʟʝʮ ʪʢʘʥʠ ʧʣʦʱʘʜʴʶ ɸ1=20 ʩʤ ʍ 15 ʩʤ = 3,0Ŀ10
-2 ʤ2. ʄʘʩʩʘ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʠʣʘ 14,55Ŀ10-3 ʢʛ. ʊʦʛʜʘ ʚ 1 ʢʛ ʪʢʘʥʠ ʙʫʜʝʪ N = 1000/14,55 = 68,72 ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ. 

ʇʣʦʱʘʜʴ ʦʙʨʘʟʮʘ ʪʢʘʥʠ ʤʘʩʩʦʡ 1 ʢʛ ʩʦʩʪʘʚʠʪ ɸ = hL = 68,72Ŀ3,0Ŀ10-2 = 2,06 ʤ2. ʆʪʢʫʜʘ h 

= 2,06 ʤ ʧʨʠ L = 1 ʤ. 

6. ʈʘʩʯʝʪ ʫʜʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʧʠʣʣʷʨʦʚ 

ʈʘʩʩʯʠʪʳʚʘʝʤ ʤʥʦʞʠʪʝʣʴ h/he = 2,06/0,15 = 13,73. ɼʘʣʝʝ ʥʘʭʦʜʠʤ ʫʜʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ ns,i ʨʘʜʠʫʩʘ r i, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʰʠʨʠʥʫ ʪʢʘʥʠ h, ʪ.ʝ. ʜʣʷ 1 ʢʛ 

ʪʢʘʥʠ, 

 ns,i = nih/he,       (29) 

ʛʜʝ ni - ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʣʣʷʨʦʚ, ʥʘʡʜʝʥʥʦʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʧʠʣ-ʣʷʨʥʦʩʪʠ 

ʦʙʨʘʟʮʘ ʪʢʘʥʠ ʰʠʨʠʥʦʡ he. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ he = 0,15 ʤ. 

7. ʈʘʩʯʝʪ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʢʘʧʠʣʣʷʨʦʚ ʧʨʦʚʦʜʠʤ ʧʦ ʫʨʘʚʥʝʥʠʶ (24) 

isiis lrnV 2

,, p= , | ʤ3/ʢʛ | 

ʇʨʠ ʜʣʠʥʝ ʦʙʨʘʟʮʘ ʪʢʘʥʠ l i = 1 ʤ 
2

,, iisis rnV p= .      (30) 

ʉ ʫʯʝʪʦʤ ʫʨ. 23; 28; 30 

iiii

e

vis VBrVr
h

h
KV ,0,0, ==p  ,     (31) 

86 10752,073,1310744,114,3 Ö=ÖÖÖ==
e

v
h

h
KB p    (32)  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʦʛʣʦʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʚʦʜʠʪʴ 

ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʢʘʧʠʣʣʷʨʦʚ ʠ ʫʜʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʧʠʣʣʷʨʦʚ ʚ ʦʙʨʘʟʮʝ ʪʢʘʥʠ ʥʝ 

ʪʨʝʙʫʝʪʩʷ. 

ɼʣʷ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʤ ʨʘʩʯʝʪ ʠ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

Vs,i ʧʨʠʚʦʜʠʤ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. ʂʘʧʠʣʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ ʭ/ʙ ʪʢʘʥʠ (ʙʷʟʴ ɸʨʪ.132) 

lm = 109,7 ʤʤ, cos Q = 0,01235, to = 11,52 ʤʠʥ, rmin=1,67Ŀ10
-6 ʤ, Kl = 1,83Ŀ10-7, Vm = 

4,91Ŀ10-6ʤ3, tov = 13,94 ʤʠʥ, Kv= 1,744Ŀ10
6, Vsm= 6,166 Ŀ10

-4 ʤ3/ʢʛ, h/he = 13,73.  

 ̄

ʧ/ʧ 

t, 

ʤʠʥ 
a b 

lo,iĿ10
3, 

ʤ 

Vo,iĿ10
6, 

ʤ3 

r iĿ10
6, 

ʤ 

Vs,iĿ10
4 

ʤ3/ʢʛ 
(DVs,i./Dr i) 

Ŀ10-2, ʤ2/ʢʛ 

rʩʨ 
Ŀ106, ʤ 

1 1 0,0798 0,0699 0,698 0,022 264,6 4,300   

2 2 0,1479 0,1255 2,403 0,077 75,98 4,417 0,000612 169,4 

3 3 0,2066 0,1771 4,685 0,154 38,97 4,513 0,0026 57,8 

4 5 0,3020 0,2640 10,01 0,342 18,28 4,701 0,0078 28,7 

5 10 0,4650 0,4177 23,71 0,857 7,72 4,975 0,0281 13,0 

6 15 0,5656 0,5183 35,10 1,319 5,20 5,160 0,0788 6,50 

7 20 0,6345 0,5893 44,18 1,705 4,10 5,257 0,1325 4,69 

8 40 0,7760 0,7416 66,08 2,696 2,77 5,610 0,2263 3,46 

9 60 0,8380 0,8115 77,05 3,233 2,37 5,760 0,3677 2,58 

10 120 0,9124 0,8959 91,35 3,941 2,00 5,920 0,4887 2,19 

11 500 0,9775 0,9729 104,8 4,647 1,74 6,084 0,6423 1,88 

12 2291 0,9950 0,9939 109,6 4,910 1,67 6,166 0,7514 1,72 

 

8. ʇʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ ʪʢʘʥʠ ʧʦ ʨʘʟʤʝʨʘʤ 
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ ʧʦ ʨʘʟʤʝʨʘʤ ʠʩ-

ʧʦʣʴʟʫʝʤ ʟʥʘʯʝʥʠʷ Vs,i ʠ r i, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʨ̫ʦʚ ʪʢʘʥʠ ʧʦ 

ʨʘʟʤʝʨʘʤ ʨʘʩʩʯʠʪʳʚʘʝʤ ʟʥʘʯʝʥʠʷ DVs,i = Vs,1 -Vs,(i -1), Dr i= r i -r i -1, DVs,i /Dr i ʠ rʩʨ=  (r i +r i -

1)/2 ʠ ʧʨʠʚʦʜʠʤ ʠʭ ʚ ʪʘʙʣʠʮʝ 3. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 8 ʠ 9. ɺ ʩʚʷʟʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʢʣʘʜʦʤ ʚ ʦʙʱʠʡ ʦʙʲʝʤ ʢʘʧʠʣʣʷʨʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʤʝʨ ʙʦʣʝʝ r = 10Ŀ10-6 ʤ ʠʤʠ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ ʧʦ 

ʨʘʟʤʝʨʘʤ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʙʫʜʝʪ ʪʦʪ ʨʘʟʤʝʨ ʢʘʧʠʣʣʷʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʘʢʩʠʤʫʤʫ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

r .106, ʤ0 20 40 60

Vs.104, ʤ3/ʢʛ

4,5

5,0
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6,0

 

r .106, ʤ5 10
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ʈʠʩ. 5. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ ʤʝʞʜʫ 

ʚʦʣʦʢʥʘʤʠ ʭ/ʙ ʪʢʘʥʠ ʧʦ ʨʘʟʤʝʨʘʤ 

ʈʠʩ.6. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʢʘʧʠʣʣʷʨʦʚ ʤʝʞʜʫ 

ʚʦʣʦʢʥʘʤʠ ʭ/ʙ ʪʢʘʥʠ ʧʦ ʨʘʟʤʝʨʘʤ 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʘʷ, ʪʘʢ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʤʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʚʦʜʦʡ, ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʢʘʧʠʣʣʷʨʦʚ. ʄʘʢʩʠʤʫʤʘ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʢʨʠʚʦʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʣʢʠʭ ʢʘʧʠʣʣʷʨʦʚ ʚ ʦʙʱʝʤ 

ʦʙʲʝʤʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʦ, ʧʦʩʢʦʣʴʢʫ ʫʤʝʥʴʰʝʥʠʝ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʚʦʣʦʢʦʥ ʩ ʚʦʟʜʫʭʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʠʧʘʥʠʷ ʚʦʣʦʢʦʥ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʧʠʣʣʷʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ (ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ). 

ʇʦʩʢʦʣʴʢʫ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ï ʜʝʣʦ ʫʪʦʤʠʪʝʣʴʥʦʝ ʠ 

ʥʝʙʣʘʛʦʜʘʨʥʦʝ, ʪʦ ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ʨʘʟʤʝʨʘʤ ʢʘʧʠʣʣʷʨʦʚ ʙʳʣ ʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʇʕɺʄ 

[10] ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ, ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ ñcapilar 2ò. ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 7. 
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ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʨʫʯʥʦʛʦ ʠ ʤʘʰʠʥʥʦʛʦ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠʭ 

ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ.  
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INVESTIGATION OF THE OPTIMAL OPERATION OF A COMBITED 

CYCLE POWER PLANT WHILE ACCOUNTING FOR THE LIFE REDUCTION  

 

Kozhevnikov A.I. 

PhD, assistant of the chair of Thermal and Nuclear Power Plants, Yuri Gagarin Sara-

tov State Technical University 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʘʨʦʛʘʟʦʚʦʡ ʫʩʪʘ-

ʥʦʚʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʨʘʥʘ ʩʫʤʤʘ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, ʩʚʷ-

ʟʘʥʥʳʭ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʝʩʫʨʩʘ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʥʮʠʠ, ʠ ʟʘʪʨʘʪ ʥʘ ʪʦʧʣʠʚʦ. 

ʈʝʩʫʨʩʥʳʝ ʟʘʪʨʘʪʳ ʙʳʣʠ ʦʮʝʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝ-

ʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʭʦʞʜʝʥʠʝ ʥʦʯʥʦʡ ʧʨʦʚʘʣʴʥʦʡ ʯʘʩʪʠ ʩʫʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʚʩʝʡ ʫʩʪʘ-

ʥʦʚʢʠ ʙʝʟ ʦʩʪʘʥʦʚʘ ʧʘʨʦʚʦʡ ʯʘʩʪʠ. 

Abstract 

The article presents the investigation of the optimal operation mode of a combined cycle 

gas turbine unit. The optimization criteria was the sum of the expenditures associated with life 

reduction of the main generating equipment and the fuel expenditures. The depreciation costs 

were estimated using statistical approach. The calculation results show that passing the off-

pick part of the daily electric load curve is more suitable by mean of load reduction of whole 

combined cycle unit instead of shut down of the steam turbine. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʦʛʘʟʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ 

ʥʘʨʘʙʦʪʢʘ, ʦʧʪʠʤʠʟʘʮʠʷ 

Keywords: combined cycle gas turbine unit, equipment depreciation, equivalent operat-

ing hours, optimization 
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ʵʬʬʝʢʪʠʚʥʳʭ ʛʝʥʝʨʠʨʫʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʧʜ. ʊʘʢʞʝ ʧʘ-

ʨʦʛʘʟʦʚʳʝ ʵʥʝʨʛʦʙʣʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʥʝʚʨʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʩʫʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʟʘʜʘʥʥʦʡ ʇɻʋ: 

1) ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʇɻʋ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ɻʊʋ ʠ 
ʇʊʋ; 

2) ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʟʘ ʩʯʝʪ ʦʪʢʣʶʯʝʥʠʷ ʧʘʨʦʩʠʣʦʚʦʡ ʯʘʩʪʠ ʙʣʦʢʘ (ʨʘʙʦʪʘʝʪ 

ʪʦʣʴʢʦ ɻʊʋ). 

ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʦ ʧʦ ʢʨʠʪʝʨʠʶ ʩʫʤʤʳ ʪʦʧʣʠʚʥʳʭ ʟʘʪʨʘʪ ʠ ʟʘ-

ʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʝʩʫʨʩʘ ʦʩʥʦʚʥʦʛʦ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

ʨʝʩʪʦʧʣʩʫʤ ɿɿɿ += . (1) 

ʊʦʧʣʠʚʥʳʝ ʟʘʪʨʘʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ʪʦʧʣʧʫʩʢʪʦʧʣʪʦʧʣ ʎBNBɿ Ö+= ))(( , (2) 

ʟʜʝʩʴ )(NBʪʦʧʣ  - ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ; ʧʫʩʢB  - ʧʫʩʢʦʚʦʡ ʨʘʩ-

ʭʦʜ ʪʦʧʣʠʚʘ; ʪʦʧʣʎ  - ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʦʧʣʠʚʘ. 

ʈʝʩʫʨʩʥʳʝ ʟʘʪʨʘʪʳ ʥʘʭʦʜʷʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʙʘʟʧʫʩʢʨʝʩ ɿɿɿ += , (3) 

ʛʜʝ ʧʫʩʢɿ  - ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʨʝʩʫʨʩʘ ʧʨʠ ʧʫʩʢʦ-ʦʩʪʘʥʦʚʦʯʥʳʭ 

ʦʧʝʨʘʮʠʷʭ; ʙʘʟɿ  - ʩʥʠʞʝʥʠʝ ʨʝʩʫʨʩʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʝ. 

ʈʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ɻʊ ʠ ʇɻʋ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1 ʠ 2. 

 
ʈʠʩʫʥʦʢ 1. ʈʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʊ [1], [2]. 
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ʈʠʩʫʥʦʢ 2. ʈʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇɻʋ [1], [2]. 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʫʪʦʯʥʦʛʦ ʛʨʘʬʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʜʘʥʥʳʝ ʧʦ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʆʕʉ ʎʝʥʪʨʘ ʈʦʩʩʠʠ ʟʘ 1 ʠʶʥʷ 2016 ʛʦʜʘ (ʩʨʝʜʘ) 

[3] (ʩʤ. ʨʠʩ.3). 

 
ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ɿʘʪʝʤ ʵʪʦʪ ʛʨʘʬʠʢ ʙʳʣ ʦʪʤʘʩʰʪʘʙʠʨʦʚʘʥ ʜʦ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ ʇɻʋ (ʩʤ. ʨʠʩ.4). 


