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THE PILOT STUDY OF THE FO REST ENVIRONMENT INFLUENCE  

ON DISTRIBUTION OF BROADBAND SIGNALS  

 
The results of experiments on radio sounding of forest vegetation by broadband pulse signals are de-

scribed. Essential differences in changes of ranges of signals at interaction with different types of the woods 

are noted. 

Key words: broadband radio sounding, pulse signals, range, forest vegetation. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʣʝʩʥʳʭ ʧʦʢʨʦʚʦʚ, ʪʘʢ ʢʘʢ ʣʝʩʘʤʠ ʧʦʢʨʳʪʘ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʫʰʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʝ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʧʪʠ-

ʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʣʝʩʥʦʡ ʧʦʢʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʚʦʣʥ 

ʣʝʩ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘ ʚʩʶ ʛʣʫʙʠʥʫ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʦʚ ʠ ʜʨʫʛʠʭ ʮʝʣʝʡ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʥʳʭ ʧʦʢʨʦʚʦʚ ʥʝʦʙʭʦʜʠʤʘ ʘʜʝʢʚʘʪʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʜʠʦʠʟʣʫʯʝ-

ʥʠʷ ʩ ʣʝʩʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ ʧʨʦʜʦʣʞʘʝʪʩʷ [1-3]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦ-

ʙʝʥʥʦʩʪʴʶ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʣʝʩʥʦʡ 

ʧʦʣʦʛ ʢʘʢ ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʩʝʠʚʘʶʱʠʭ ʚʦʣʥʳ ʵʣʝ-

ʤʝʥʪʦʚ (ʣʠʩʪʴʷ, ʩʫʯʴʷ, ʚʝʪʚʠ ʠ ʧʦʙʝʛʠ, ʩʪʚʦʣʳ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʜʣʷ ʩʚʦʝʛʦ ʦʧʠʩʘ-

ʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ (ʢʦʤʧʣʝʢʩʥʘʷ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʝʩʘ ʩʪʘʥʦʚʷʪʩʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʜʣʷ ʦʜʥʦ-

ʟʥʘʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ 

ʨʘʙʦʪʘʶʪ ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʩʠ-

ʩʪʝʤʦʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʵʪʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ʇʦʵʪʦʤʫ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʢʘʢ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʪʘʢ ʠ ʚ ʨʘʜʠʦ-
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ʩʚʷʟʠ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʨʘʩʰʠ-

ʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

(ʉʐʇ) ʩʠʛʥʘʣʦʚ. 

ʉʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʧʦʯʚʳ, ʘʪʤʦʩʬʝʨʳ ʠ ʪ.ʜ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʢʨʦʚʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʨʝʜʳ, ʩʦ ʩʧʫʪʥʠʢʦʚ, ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʥʘʟʝʤ-

ʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʡ ʩ ʟʝʤʥʳʤʠ ʧʦʢʨʦʚʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʟʝʤʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʝʩʥʳʭ ʩʨʝʜ ʠʤʝʶʪ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʠʢʣʘʜ-

ʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʟʝʤʥʦʡ ʨʘʜʠʦʩʚʷʟʠ, ʪʘʢ ʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʣʝʩʥʦʡ 

ʩʨʝʜʳ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʠʨʦʢʦʧʦʣʦʩ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠ ʥʘʟʝʤʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʝʨʚʳʡ ʪʠʧ 

 ʩʦʩʥʦʚʳʡ ʣʝʩ ʧʣʦʪʥʦʩʪʴʶ ʜʨʝʚʦʩʪʦʷ 0,07 ʤ-2, ʢʨʦʥʳ ʜʝʨʝʚʴʝʚ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʩʪʨʦʛʦ ʚʝʨ-

ʪʠʢʘʣʴʥʳʭ ʩʪʚʦʣʘʭ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 3 ʤ, ʢʫʩʪʘʨʥʠʢʠ ʠ ʚʳʩʦʢʘʷ ʪʨʘʚʘ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɺʪʦʨʦʡ 

ʪʠʧ ï ʩʤʝʰʘʥʥʳʡ ʣʝʩ, ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʪʣʠʯʘʣʘʩʴ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʠʟ-

ʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʝʪʚʝʡ ʠ ʥʘʣʠʯʠʝʤ ʧʦʜʣʝʩʢʘ, ʩʦʩʪʦʷʣ ʠʟ ʩʦʩʥʳ, ʙʝʨʝʟʳ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʢʫʩʪʘʨʥʠʢʦʚ (ʦʢʦʣʦ 4 ʢʫʩʪʦʚ ʥʘ 10 ʤ2), ʧʣʦʪʥʦʩʪʴ ʜʨʝʚʦʩʪʦʷ 0,04 ʤ-2.  

ɺ ʢʘʯʝʩʪʚʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʠʜʝʦʠʤʧʫʣʴ-

ʩʦʚ. ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʦʚ (ʧʝʨʠʦʜ  39,96 ʥʩ, ʜʣʠʪʝʣʴʥʦʩʪʴ  3,33 ʥʩ) ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ 

ʪʝʤ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝ-

ʨʘʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʯʘʩʪʴ ʛʘʨʤʦʥʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʋʂɺ-

ʜʠʘʧʘʟʦʥʘ, ʧʦʧʘʜʘʣʦ ʚ ʨʝʟʦʥʘʥʩʥʫʶ ʦʙʣʘʩʪʴ, ʪ.ʝ. ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʙʳʣʦ 

ʙʣʠʟʢʦ ʢ ʜʣʠʥʝ ʚʦʣʥʳ. 

ɼʣʷ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʧʝʨʝʜʘʪʯʠʢ  ʛʝʥʝ-

ʨʘʪʦʨ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ɻ5-72, ʧʨʠʝʤʥʘʷ ʠ ʧʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʳ  ʧʦʣʫʚʦʣʥʦʚʳʝ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʠʙʨʘʪʦʨʳ, ʧʨʠʝʤʥʠʢʦʤ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʀʊ-08. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʜʦʣʴ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 

ʪʨʘʩʩ ʠ ʫʩʨʝʜʥʷʣʠʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʣʝʩʘ. ɸʥʪʝʥʥʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʪ-

ʤʝʪʢʘʭ 10, 20, 30 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʚʳʩʦʪʝ 2 ʤ ʥʘʜ ʟʝʤʣʝʡ. ʀʭ ʦʨʠʝʥʪʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʚʝʨ-

ʪʠʢʘʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʠʟʣʫʯʝʥʠʷ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʧʝʢʪʨʦʛʨʘʤʤ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ (ʚ ʧʦʣʝ) ʠ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʩʨʝʜʝ. ʏʪʦʙʳ ʚʣʠʷʥʠʝ ʧʦʤʝʭ ʥʘ 

ʩʧʝʢʪʨ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʦ, ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʦʚ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʥʦʨʤʠʨʦʚʘʣʠʩʴ ʢ ʫʨʦʚʥʶ ʬʦʥʦʚʳʭ ʧʦʤʝʭʦʚʳʭ ʩʠʛʥʘʣʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʩʧʝʢʪʨʦʛʨʘʤʤʘ, ʩʥʷʪʘʷ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ, 

ʠʤʝʶʱʝʡ ʙʣʠʟʢʠʝ ʢ ʣʝʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ 

ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʝʨʚʦʤ ʪʠʧʝ ʣʝʩʘ, ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ 10 ʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩʧʝʢʪʨʘ ʠʩʭʦʜ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʩʫ-

ʱʝʩʪʚʝʥʥʦʤ ʦʩʣʘʙʣʝʥʠʠ ʢʘʢ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ, ʪʘʢ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʛʘʨʤʦʥʠʢ ʚ ʣʝʩʫ ʚ ʩʨʝʜ-

ʥʝʤ ʥʘ 17 ʜɹʤĿʢɺ, ʢʦʪʦʨʦʝ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʩʩʝʷʥʠʝʤ ʠ ʧʦʛʣʦʱʝʥʠʝʤ ʚʦʣʥ ʩʪʚʦʣʘʤʠ ʜʝʨʝʚʴʝʚ. 

ʆʜʥʘʢʦ ʥʘ ʛʨʘʬʠʢʘʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʘʨʤʦʥʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʘʩʪʦʪʘʤ 74, 98, 270 ʄɻʮ, 

ʩʨʝʜʥʝʝ ʟʘʪʫʭʘʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 6 ʜɹʤĿʢɺ. ʊʘʢʫʶ ʞʝ ʪʝʥʜʝʥʮʠʶ ʤʦʞʥʦ ʥʘʙʣʶ-

ʜʘʪʴ ʥʘ ʵʪʠʭ ʯʘʩʪʦʪʘʭ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʤʠ ʧʫʥʢʪʘʤʠ 

(ʨʠʩ. 3, 4). ʊʘʢʦʝ ʚʣʠʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ 

ʤʦʞʥʦ  ʦʙʲʷʩʥʠʪʴ  ʢʘʢ  ʣʦʢʘʣʠʟʘʮʠʶ  ʠʟʣʫʯʝʥʠʷ  ʚ  ʦʪʜʝʣʴʥʳʭ  ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʤʦʜʘʭ ʚ 
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ʈʠʩ. 1. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ (ʧʦʣʝ, ʨʘʩʩʪʦʷʥʠʝ 10 ʤ) 

 

 
 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʣʝʩʫ ʧʝʨʚʦʛʦ ʪʠʧʘ (ʨʘʩʩʪʦʷʥʠʝ 10 ʤ) 

 

 
 

ʈʠʩ. 3. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ (ʨʘʩʩʪʦʷʥʠʝ 30 ʤ) 

 

 
 

ʈʠʩ. 4. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʣʝʩʫ ʧʝʨʚʦʛʦ ʪʠʧʘ (ʨʘʩʩʪʦʷʥʠʝ 30 ʤ)  

 

ʜʠʩʢʨʝʪʥʦʡ ʩʨʝʜʝ, ʫʢʘʟʳʚʘʶʱʫʶ ʥʘ ʨʝʟʦʥʘʥʩʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʩ ʣʝʩʥʳʤʠ 

ʩʨʝʜʘʤʠ. 
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ʅʘ ʨʠʩʫʥʢʘʭ 5, 6 ʧʦʢʘʟʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʩʧʝʢʪʨʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʣʝʩʫ ʚʪʦʨʦʛʦ 

ʪʠʧʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʜʝʩʴ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʟʘʪʫʭʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ  

 
 

ʈʠʩ. 5. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʪʢʨʳʪʦʡ ʤʝʩʪʥʦʩʪʠ ʨʷʜʦʤ ʩʦ ʚʪʦʨʳʤ ʪʠʧʦʤ ʣʝʩʘ  

(ʨʘʩʩʪʦʷʥʠʝ 10 ʤ) 

 
 

ʈʠʩ. 6. ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʡ ʚʦ ʚʪʦʨʦʤ ʪʠʧʝ ʣʝʩʘ (ʨʘʩʩʪʦʷʥʠʝ 10 ʤ) 

 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʩʥʠʟʠʣʩʷ ʜʦ 14 ʜɹʤĿʢɺ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʩ-

ʩʝʷʥʠʷ ʠʟʣʫʯʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʚʦʣʘʤʠ ʜʝʨʝʚʴʝʚ, ʘ ʥʘʠʤʝʥʝʝ ʧʦʜʚʝʨʛʣʠʩʴ ʟʘʪʫʭʘʥʠʶ (ʚ 

ʩʨʝʜʥʝʤ ʥʘ 2 ʜɹʤĿʢɺ) ʛʘʨʤʦʥʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʘʩʪʦʪʘʤ 48, 148, 294 ʄɻʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʠʟʤʝʥʝʥʠʠ ʩʧʝʢʪʨʦʚ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʘʭ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʕʪʦʪ ʬʘʢʪ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʦʚ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʣʝʩʥʳʭ ʧʦʢʨʦʚʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. 
 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ14-08-31447. 
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APPLICATION OF THE THEORY OF INDISTINCT SETS TO CREATION  

OF MODELS OF RISK OF ELECTROINSTALLATIONS  

 
The new approach to creation of difficult multicriteria model of the risk analysis of danger of electro 

installations in the conditions of parametrical and structural uncertainty is formulated. As mathematical ap-

paratus the theory of odd sets which is not demanding aprioristic knowledge of statistical distributions and 

their numerical parameters is offered. 

Key words: security system of electro installations, technological hazards and uncertainty, theory of 

odd sets. 

 

ɸʥʘʣʠʟ ʩʣʦʞʥʳʭ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʝ ʢʦʤʧʦʥʝʥʪʳ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ çʯʝʣʦʚʝʢè, çɻ ʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘè ʠ çʚʥʝʰʥʷʷ ʩʨʝʜʘè, ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʫʩʣʦʚʠʷʭ ʦʙʲʝʢʪʠʚ-

ʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʠʟ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ [1]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ (ʉɹʕ) ʜʦʣʞʥʘ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʠʣʠ ʥʘʠʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʨʠʩʢʘ), ʘ ʩ ʜʨʫʛʦʡ  ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʵʪʦʤ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʨʝʩʫʨʩʦʚ (ʤʘʪʝʨʠʘʣʴʥʳʭ, ʬʠʥʘʥʩʦʚʳʭ, ʪʨʫʜʦʚʳʭ). ʇʦʵʪʦʤʫ ʦʯʝʚʠʜʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʥʦʛʦ-

ʢʨʠʪʝʨʠʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʉɹʕ. ʕʪʠ ʢʨʠʪʝʨʠʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʪʝʭʥʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʯʠʩʣʘ ʵʣʝʢʪʨʦʧʦʨʘʞʝʥʠʡ, ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʵʣʝʢ-

ʪʨʦʧʦʨʘʞʝʥʠʷ, ʥʘʜʝʞʥʦʩʪʴ (ʙʝʟʦʪʢʘʟʥʦʩʪʴ) ʨʘʙʦʪʳ ʦʧʪʠʤʘʣʴʥʦʡ ʉɹʕ. ʊʘʢʞʝ ʢ ʪʝʭʥʠʯʝʩʢʠʤ 

ʢʨʠʪʝʨʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʯʠʩʣʘ ʧʨʝʜʦʪʚʨʘʱʝʥʥʳʭ ʩʣʫʯʘʝʚ ʵʣʝʢ-

ʪʨʦʪʨʘʚʤ ʠʣʠ ʧʦʞʘʨʦʚ [2]. ʂ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ 

ʚ ʉɹʕ, ʚʝʣʠʯʠʥʫ ʧʨʝʜʦʪʚʨʘʱʝʥʥʦʛʦ ʫʱʝʨʙʘ, ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʉɹʕ ʠ ʪ.ʜ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʦʮʠʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʫʭʫʜʰʝʥʠʝ ʫʩʣʦʚʠʡ ʞʠʟʥʠ, ʣʶʜʩʢʠʝ ʧʦʪʝʨʠ ʦʪ ʧʦʞʘʨʦʚ 

ʠ ʵʣʝʢʪʨʦʧʦʨʘʞʝʥʠʡ, ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʦʪ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠ ʪ.ʜ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʵʪʠ ʢʨʠʪʝʨʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʊʘʢ, ʥʘʜʝʞʥʦʩʪʴ, ʷʚʣʷʷʩʴ ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʚʣʠʷʝʪ ʥʘ 

mailto:a.k.brit@mail.ru


ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 

 

ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ. ˉ 4 (55). 2015 10 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ: ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʉɹʕ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʝʝ ʩʦ-

ʟʜʘʥʠʝ, ʘ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʫʭʫʜʰʘʝʪ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʫʱʝʨʙʦʚ. 

ʄʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʉɹʕ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʥʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʢ ʝʜʠʥʦʤʫ ʤʘʩʰʪʘʙʫ, ʪʘʢ ʢʘʢ ʧʨʠʨʦʜʘ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʨʘʟ-

ʣʠʯʥʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʝʨʘʮʠʠ ʩ ʥʠʤʠ. ʅʦʨʤʠʨʦʚʘʥʠʝ  ɻ ʪʦ, ʧʦ ʩʫʱʝʩʪʚʫ, ʚʳʨʘʞʝʥʠʝ ʯʠʩʣʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʠ ʚ ʦʜʥʦʤ ʤʘʩʰʪʘʙʝ (ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʪ 0 ʜʦ 1). 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʬʦʨʤʳ ʩʚʝʨʪʢʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ  ʘʜʜʠʪʠʚʥʘʷ ʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ. 

ʉʦʛʣʘʩʥʦ ʘʜʜʠʪʠʚʥʦʡ ʬʦʨʤʝ ʩʚʝʨʪʢʠ ʦʮʝʥʦʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ F ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

               

                                                                       Ὂ В ὪӶϽ‗,                                                                  (1) 

 

ʛʜʝ ὪӶ ״ ʥʦʨʤʠʨʦʚʘʥʥʳʡ i-ʡ ʯʘʩʪʥʳʡ ʢʨʠʪʝʨʠʡ; ‗  ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʦʮʝʥʠʚʘʶʱʠʡ ʟʥʘ-

ʯʠʤʦʩʪʴ i-ʛʦ ʢʨʠʪʝʨʠʷ. 

ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʚʝʨʪʢʠ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʮʝʥʦʯ-

ʥʳʡ ʬʫʥʢʮʠʦʥʘʣ: 

 

                                                                        Ὂ Б Ὢὥȟ                                                                        (2) 

 

ʛʜʝ ‌ ״ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʯʠʤʦʩʪʠ i-ʛʦ ʯʘʩʪʥʦʛʦ ʢʨʠʪʝʨʠʷ. ɽʩʣʠ ʦʮʝʥʦʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʦʣʞʝʥ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʤʫʤʫ, ʘ ʯʘʩʪʥʳʡ ʢʨʠʪʝʨʠʡ ʢ ʤʘʢʩʠʤʫʤʫ ʠʣʠ ʥʘʦʙʦʨʦʪ, ʪʦ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ 

ʢʨʠʪʝʨʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ ʚ ʩʪʝʧʝʥʠ (-1). 

ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʬʦʨʤʘ ʩʚʝʨʪʢʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ, ʪʘʢ ʢʘʢ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. ʀʩʢʣʶʯʝ-

ʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʯʘʩʪʥʳʝ ʢʨʠʪʝʨʠʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʝ ʥʦʣʴ, ʪʦʛʜʘ ʩʣʝʜʫʝʪ ʧʝ-

ʨʝʭʦʜʠʪʴ ʢ ʘʜʜʠʪʠʚʥʦʡ ʬʦʨʤʝ ʩʚʝʨʪʢʠ, ʠʩʧʦʣʴʟʫʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʠʣʠ ʥʦʨʤʠʨʦ-

ʚʘʥʠʝ ʧʦ ʉʵʚʠʜʞʫ [3]. 

ʄʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʉɹʕ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʷʚʣʝʥʠʡ 

(ʧʨʦʮʝʩʩʦʚ) ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ (ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ, ʥʝʯʝʪʢʦʛʦ) ʭʘʨʘʢʪʝʨʘ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ [4] ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʝʪʝʨʤʠʨʦʚʘʥ-

ʥʫʶ, ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʫʶ: 

 ʜʝʪʝʨʤʠʨʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʟʘʜʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ (ʬʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪ.ʜ.), ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʦʧʠʩʳʚʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ; 

 ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʦʙʣʘʜʘʶʪ ʩʣʫʯʘʡʥʦʡ ʧʨʠʨʦʜʦʡ ʩ ʠʟʚʝʩʪʥʳʤʠ ʟʘʢʦʥʘʤʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ; 

 ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʟʘʜʘʶʪʩʷ ʣʠʰʴ ʦʙʣʘʩʪʴʶ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʦʥʠ ʤʦʛʫʪ ʥʘʭʦ-

ʜʠʪʴʩʷ, ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʩʣʦʞʥʳʭ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʂ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʬʘʢʪʦʨʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʨʠʩʢʠ ʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʧʦʨʘʞʝʥʠʡ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ, ʚʝʣʠ-

ʯʠʥʫ ʫʱʝʨʙʦʚ ʠ ʧʦʪʝʨʴ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʬʘʢʪʦʨʳ, ʧʦʣʫʯʝ-

ʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʮʝʥʦʡ ʟʘʪʨʘʪ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʠʭ, ʯʝʤ ʵʬʬʝʢʪ ʦʪ ʦʞʠʜʘ-

ʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʨʝʰʝʥʠʷ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ çʧʨʠʨʦʜʳè ʠʣʠ çʩʨʝʜʳè. ɺ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦ-

ʜʦʚ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʜʘʶʱʠʝ ʥʘʠʣʫʯʰʝʝ ʨʝʰʝʥʠʝ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʥʝʯʝʪʢʫʶ ʣʦʛʠʢʫ.  

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʠʭ ʚʦʧʨʦʩʘʭ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, 

ʩʦʧʨʷʞʝʥʳ ʩ ʘʥʘʣʠʟʦʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʝ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʝʪʦʜʳ. ʆʜʥʘʢʦ 
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ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʥʦʛʦʢʨʠ-

ʪʝʨʠʘʣʴʥʳʝ ʤʦʜʝʣʠ ʠ ʢʦʥʬʣʠʢʪʥʘʷ ʚʥʝʰʥʷʷ ʩʨʝʜʘ, ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦ-

ʩʪʴʶ. ʕʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚʳʟʚʘʥʘ ʣʠʙʦ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʣʠʙʦ ʨʘʟʥʦ-

ʨʦʜʥʦʩʪʴʶ ʠ ʥʝʯʝʪʢʦʩʪʴʶ, ʛʜʝ ʥʘʨʷʜʫ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ï ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ  ʚʠʜʳ (çʭʦʨʦʰʝʝ ï ʧʣʦʭʦʝè). ɿʜʝʩʴ çʥʝ ʨʘʙʦʪʘʶʪè ʚʝʨʦʷʪ-

ʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʣʠ ʜʨʫʛʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩʥʷ-

ʪʠʷ ʵʪʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʨʝʦʜʦʣʝʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʚʨʠʩʪʠʯʝ-

ʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ (ʅʃ). ɸʧʧʘʨʘʪ ʅʃ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, ʧʦʟʚʦʣʷ-

ʶʱʝʛʦ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʛʦʩʷ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʦʨʦʜʥʳʭ ʨʠʩʢʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʠʪʴ ʠʥʬʦʣʦʛʠʯʝʩʢʫʶ ʢʣʘʩʪʝʨʥʫʶ ʤʦʜʝʣʴ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʩʠʤʚʦʣʴʥʦʛʦ, ʘ ʥʝ ʯʠʩʣʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ*. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. ʉʮʝʥʘʨʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʳ (ʏ  ʕʋ  ʉ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 

ʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʧʧʘʨʘʪʘ ʅʃ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʘʧʨʠ-

ʦʨʥʦʛʦ ʟʥʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʠʭ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʦʟʚʦ-

ʣʷʝʪ ʦʮʝʥʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ (ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ (ʕʋ)) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʢʣʘʩʩʫ ʩʦʩʪʦʷʥʠʡ ʚʠʜʘ (ʜʦʧʫʩʪʠʤʦʝ, ʦʧʘʩʥʦʝ, ʢʨʠʪʠʯʝʩʢʦʝ). ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ ʨʠʩʢ ʕʋ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʧʫʪʝʤ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʕʋ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ-

ʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʨʳ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʦʪʢʘʟʦʚ, ʘʚʘʨʠʠ, ʧʦʞʘʨʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʕʋ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʥʠʢʘʝʪ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩ ʮʝʣʴʶ ʚʳʚʦʜʘ ʚ ʨʝʤʦʥʪ ʠʣʠ ʜʝʤʦʥʪʘʞʘ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʠʩʢʘ ʦʧʘʩʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

________________________ 
* ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  ʠʥʩʪʨʫʤʝʥʪ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ ʢʦʥʮʝʧ-

ʮʠʠ, ʧʦʥʷʪʥʦʡ ʯʝʣʦʚʝʢʫ [5]. 

 

ʉʮʝʥʘʨʠʡ II  

ʀʟʚʝʩʪʥʳ ʛʨʘʥʠʮʳ 

ʠʥʪʝʨʚʘʣʘ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʠ 

ɻʨʫʧʧʳ ʩʮʝʥʘʨʠʝʚ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ 

ʉʮʝʥʘʨʠʡ I 

ʀʟʚʝʩʪʥʳ ʛʨʘʥʠʮʳ 

ʠʥʪʝʨʚʘʣʘ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʉʮʝʥʘʨʠʡ III  

ʇʦʣʥʘʷ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʴ (ʥʘʩʣʝʜ-

ʩʪʚʝʥʥʘʷ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʴ) 

ɺʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ 

ɺʦʟʤʦʞʥʦ ʧʦʣʫʯʝ-

ʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ ʅʝʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʅʝʧʦʣʥʦʪʘ ʟʥʘʥʠʡ. 

ʆʪʩʫʪʩʪʚʠʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ 
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ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʩʣʫʯʘʝʤ ʠʥʪʝʨʚʘʣʴʥʦʡ. ɺʳ-

ʙʦʨ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʥʦʪʳ ʠ ʭʘʨʘʢʪʝʨʘ ʠʥʬʦʨʤʘʮʠʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ, 

ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʫʨʦʚʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʘʥʘʣʠʟʝ ʯʝʣʦʚʝʢʦ-ʤʘ-

ʰʠʥʥʳʭ ʩʠʩʪʝʤ (ʏ ï ʕʋ ï ʉ). 

ʇʝʨʚʳʡ ʩʮʝʥʘʨʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʨʝʜ-

ʧʦʣʘʛʘʷ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɺʪʦʨʦʡ  ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦ-

ʨʠʠ ʥʝʯʝʪʥʳʭ ʤʥʦʞʝʩʪʚ. 

ʊʨʝʪʠʡ  ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ ɹʘʡʝʩʘ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʪʦ-

ʯʝʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʠʪʝʨʠʡ ɹʘʡʝʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ ʨʝʰʝʥʠʷ ʧʦ ʤʠʥʠʤʫʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 

ʦʮʝʥʦʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ: 

                                   ὄὴȟ•  άὭὲ
ˡ
ὄὴȟ• άὭὲ

ˡ
В ὖϽὪ ȟ                           (3) 

ʛʜʝ ʒ   ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ; 0  ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʨʝʜʳ, ʧʨʠʯʝʤ В 0 ρ; 

"Ðȟʒ   ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʦʮʝʥʦʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʨʝʰʝʥʠʷ. 

ɹʘʡʝʩʦʚʩʢʠʝ ʩʝʪʠ ʜʦʚʝʨʠʷ [5] ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʮʝʥʘʨʠʝʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʣʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ (ʠʣʠ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʫʶ ʩʝʪʴ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʣʶʙʳʝ ʩʦ-

ʙʳʪʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʤʠ ʩʚʷʟʷʤʠ. ʉʦʝʜʠʥʝʥʠʝ ʤʝʪʦʜʦʤ ʧʨʠʯʠʥ ʠ 

ʩʣʝʜʩʪʚʠʡ ʩ ʧʦʤʦʱʴʶ ʚʝʨʙʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʱʝ ʦʮʝʥʠʪʴ (ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ) 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʮʝʥʘʨʠʷ II, ʢʦʛʜʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʤʧʦʥʝʥʪʘʭ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʡ ʩʠʩʪʝʤʳ ʥʦʩʠʪ ʥʝʯʝʪʢʠʡ 

ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ [6].  

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʩʚʷʟʘʥʘ ʩʦ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʤ ʘʥʘʣʠʟʦʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʦ ʨʠʩʢʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʘʭ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥ-

ʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠʯʝʤ ʵʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦ-

ʵʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʘʧʨʠʦʨʥʦʛʦ ʟʥʘʥʠʷ ʟʘ-

ʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʘ ʙʘʟʝ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʘʧʧʘʨʘʪʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝ-

ʤʝʥʥʦʡ. ʅʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʘʩʩ ʕʋ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʟʢʘʷ ʛʨʘʥʠʮʘ 

ʤʝʞʜʫ ʪʝʤʠ ʕʋ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʵʪʦʪ ʢʣʘʩʩ, ʠ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʚ ʥʝʛʦ ʥʝ ʚʭʦʜʷʪ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʙʦʣʝʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ Q = (q) ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʕʋ. ʊʦʛʜʘ ʥʝ-

ʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ D ʚ Q ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʧʘʨ D = (q, ÕD(q), q Qɴ), ʛʜʝ ÕD(q) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ q ʢ D, ÕD: Q ŸM ï ʬʫʥʢʮʠʷ, ʦʪʨʘʞʘʶʱʘʷ Q ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʄ, ʥʘʟʳʚʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʂʦʛʜʘ ʄ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʜʚʝ 

ʪʦʯʢʠ 0 ʠ 1, D ̫ ʚʣʷʝʪʩʷ ʯʝʪʢʠʤ ʠ ʝʛʦ ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ ʦʙʳʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ [6]. ɼʘʣʝʝ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʄ ʝʩʪʴ ʠʥʪʝʨʚʘʣ [0,1], ʧʨʠʯʝʤ 

0 ʠ 1 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʟʰʫʶ ʠ ʚʳʩʰʫʶ ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʦʩʥʦʚʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʧʣʳʚʯʘʪʦʝ ʤʥʦʞʝʩʪʚʦ D, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝ-

ʯʝʪʢʦʩʪʴ ʝʛʦ ʛʨʘʥʠʮʳ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʘʞ-

ʜʦʤʫ ʦʙʲʝʢʪʫ ʭ ʯʠʩʣʘ, ʣʝʞʘʱʝʛʦ ʤʝʞʜʫ 0 ʠ 1, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʪʝʧʝʥʴ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ ʢ D [7]. 

ʇʦʷʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩʪʘʣʦ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʟ-

ʚʠʪʠʷ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʯʠʩʣʦʚʦʡ ʧʝʨʝ-

ʤʝʥʥʦʡ ʪʝʤ, ʯʪʦ ʝʝ ʟʥʘʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʥʝ ʯʠʩʣʘ, ʘ ʩʣʦʚʘ ʠʣʠ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʠʣʠ ʬʦʨʤʘʣʴʥʦʤ ʷʟʳʢʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʣʦʚʘ ʚʩʝʛʜʘ ʤʝʥʝʝ ʪʦʯʥʳ, ʯʝʤ ʯʠʩʣʘ, ʧʦʥʷʪʠʝ ʣʠʥʛʚʠ-

ʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʠʩʳʚʘʪʴ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʩʪʦʣʴʢʦ 

ʩʣʦʞʥʳ, ʯʪʦ ʥʝ ʧʦʜʜʘʶʪʩʷ ʦʧʠʩʘʥʠʶ ʚ ʦʙʱʝʧʨʠʥʷʪʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʪʝʨʤʠʥʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʦʛʨʘʥʠʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩʦ ʟʥʘʯʝʥʠʝʤ ʣʠʥʛʚʠʩʪʠ-

ʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʘʟʣʠʯʥʳʭ ʧʦʜ-

ʢʣʘʩʩʦʚ ʵʣʝʤʝʥʪʦʚ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʨʦʣʴ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʘʥʘʣʦ-
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ʛʠʯʥʘ ʪʦʡ ʨʦʣʠ, ʢʦʪʦʨʫʶ ʠʛʨʘʶʪ ʩʣʦʚʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ. ʅʘʧʨʠʤʝʨ, ʧʦʥʷ-

ʪʠʝ çʨʠʩʢ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠè ʦʪʨʘʞʘʝʪ ʪʝʭʥʦʛʝʥʥʫʶ ʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʘ. ʊʦʛʜʘ ʪʝʨʤʠʥʳ çʚʳ-

ʩʦʢʠʡè, çʥʠʟʢʠʡè ʠ ʪ.ʜ. ï ʥʘʟʚʘʥʠʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʫʪʝʤ ʜʝʡʩʪʚʠʷ ʤʦʜʠ-

ʬʠʢʘʪʦʨʦʚ çʚʳʩʦʢʠʡè, çʥʠʟʢʠʡè ʠ ʪ.ʧ. ʥʘ ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ çʨʠʩʢè. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʥʷʪʠʝ 

çʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷè ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, ʯʝʤ ʥʝʯʝʪʥʘʷ ʧʝʨʝ-

ʤʝʥʥʘʷ, ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʟʥʘʯʝʥʠʷʤʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʶʪʩʷ ʥʝʯʝʪʢʠʝ ʧʝʨʝ-

ʤʝʥʥʳʝ. ʇʦʵʪʦʤʫ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ [X, T(x), Q, G, M], ʚ 

ʢʦʪʦʨʦʤ ʍ ï ʥʘʟʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ; T(x) ï ʦʙʦʟʥʘʯʘʝʪ ʪʝʨʤ ï ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʤʝʥʥʦʡ ʍ, ʪ.ʝ. 

ʤʥʦʞʝʩʪʚʦ ʥʘʟʚʘʥʠʡ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʦʡ ʍ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʛʦ ʤʥʦʞʝʩʪʚʘ Qʩ ʙʘʟʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ q; G ï cʠʥʪʘʢʩʠʯʝʩʢʦʝ ʧʨʘʚʠʣʦ, ʧʦʨʦʞʜʘʶʱʝʝ ʥʘʟʚʘ-

ʥʠʝ ʍ ʧʝʨʝʤʝʥʥʦʡ ʭ; ʄ ï ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʧʨʘʚʠʣʦ, ʢʦʪʦʨʦʝ ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʡ ʧʝʨʝ-
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THE DETERMINATION OF ELECTROLYTES SOLUTION CONCENTRATION  

BY PLASMA AND HYDRODYNAMIC METHOD  

 

The possibility of theoretical estimates of electrolytes concentration within plasma and hydrodynamic 

model of ions state in electrolytes solutions is shown. The concentration of water solutions of halogenides of 

alkaline metals depending on electroconductivity are defined within this concept.  

Key words: plasma and hydrodynamic model, viscosity, electroconductivity, concentration, solutions of 

electrolytes. 

 

 ɺʚʝʜʝʥʠʝ 

ʈʘʩʪʚʦʨʳ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʦʚʝʥʴ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠ-

ʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʝʛʦ ʘʨʩʝʥʘʣʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʠʟʚʝʩʪʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʣʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʢʪʨʦ-

ʣʠʪʘ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʞʝ ʤʦʜʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʣʘʟʤʝʥʥʦ-ʛʠʜʨʦʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

 

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʊʘʢ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ 

ʬʠʟʠʢʝ, ʛʘʟʦʚʦʡ ʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʧʣʘʟʤʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʨʘʩʪʚʦʨʘʤ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʠʭ ʯʘʩʪʠʮ [1-3]. ɼʘʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ ʤʥʦʛʦʯʘʩʪʠʯ-

ʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ ʬʦʨʤʘʣʠʟʫʶʪʩʷ ʧʣʘʟʤʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ Lw . 

ʀʟʚʝʩʪʥ rʜʚʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

                                                                  ɽj lru== ,                                                                   (1) 

ʛʜʝ enÖ=r   ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʦʚ; n   ʧʣʦʪʥʦʩʪʴ ʯʠʩʣʘ ʠʦʥʦʚ ʚ 1 ʩʤ3 ʨʘʩʪʚʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʫʜʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ l; E   ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʡ 

ʠʦʥʳ ʧʨʠʦʙʨʝʪʘʶʪ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ u. 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ E/rul= . ʕʪʘ ʚʝʣʠʯʠʥʘ ʩʚʷʟʘʥʘ ʩ ʤʦʣʷʨʥʦʡ (ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ) ʧʨʦ-

ʚʦʜʠʤʦʩʪʴʶ L ʩʣʝʜʫʶʱʠʤ ʩʪʘʥʜʘʨʪʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʧʨʠ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʢʚʠʚʘ-

ʣʝʥʪʘ ʵʣʝʢʪʨʦʣʠʪʘ C  ʚ ʚʠʜʝ C/1000lÖ=L . ʋʯʠʪʳʚʘʷ ʟʜʝʩʴ ʧʨʝʜʳʜʫʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ l, 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ: 

CE

ur1000
=L . 

ʉʦʛʣʘʩʥʦ [4] ʧʣʦʪʥʦʩʪʴ ʯʠʩʣʘ ʠʦʥʦʚ n  ʨʘʚʥʘ: 

),exp(0
Tk

e
enn

ɹ

j
-=  

ʠ ʨʘʚʥʦʚʝʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʯʠʩʣʘ ʠʦʥʦʚ 0n  ʚ 1 ʩʤ3 ʨʘʩʪʚʦʨʘ ʩʚʷʟʘʥʘ ʩ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʵʢʚʠʚʘʣʝʥʪʘ ʵʣʝʢʪʨʦʣʠʪʘ C  ʩʣʝʜʫʶʱʠʤ ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 1000/0 ACNn = . ʊʦʛʜʘ 

E

TkeF ɹ )/exp( ju -Ö
=L , 

ʛʜʝ FeNA = ï ʯʠʩʣʦ ʌʘʨʘʜʝʷ; AN ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ. ɽʩʣʠ ʫʤʥʦʞʠʪʴ ʠ ʨʘʟʜʝʣʠʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ 

ʥʘ ʚʝʣʠʯʠʥʫ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʘʨʷʜʘ e: 

                                                           
eE

TkeeF ɹ )/exp( ju -
=L ,                                                      (2) 

ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʘʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʦʚ uʩ ʩʠʣʦʡ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ eE ʠ ʩ ʩʠʣʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʚʠʜʝ ʩʠʣʳ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʚF  ʧʦʩʨʝʜʩʪʚʦʤ ʫʨʘʚʥʝ-

ʥʠʷ ʜʚʠʞʝʥʠʷ: 

ʚFeE
dt

d
m -=Ö
u

. 

ɿʜʝʩʴ ʚF  ï ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʪʦʤʫ ʠʤʝʝʪ ʟʥʘʢ (ï). 

ɺ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʦʢʘ ʚ ʨʘʩʪʚʦʨʝ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ const=u , ʠʤʝʝʪ ʤʝʩʪʦ 

ʚFeE= . ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (2) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ: 

Fʚ

TkeeF ɹ )/exp( ju -
=L . 

ɿʥʘʯʝʥʠʝ ʩʠʣʳ ʚʷʟʢʦʩʪʠ ʚF  ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʩʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʦʡ ʟʘʜʘʯʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ 

ʚʠʜʝ [5]: 
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R
RFʚ +=phu , 

ʚ ʢʦʪʦʨʦʤ hï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚ ʧʫʘʟ (ʧʫʘʟ = ʛÖʩ-1ʩʤ-1), sR ï ʧʨʠʚʝʜʝʥʥʳʡ ʨʘʜʠʫʩ ʛʠʜʨʘ-

ʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ: 
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sr  ʠ 

An
sr ï ʨʘʜʠʫʩʳ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ  
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Dr ï ʜʝʙʘʝʚʩʢʠʡ ʨʘʜʠʫʩ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʨʷʜʦʚ, ʨʘʚʥʳʡ: 
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ʟʜʝʩʴ eï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʦʜʳ e= 78 ʧʨʠ 250ʉ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʷʨʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʘ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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 .                                                 (3) 

ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʚʝʣʠʯʠʥ ʚ (3) ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʉɻʉ, ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʠ 

ʥʘʛʣʷʜʥʦʡ (ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ), ʪʦ ʨʘʟʤʝʨʥʦʩʪʴLʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

ʩʤ3Öʩ-1 =ʩʤ2ÖʩʤÖʩ-1. ʉʦʛʣʘʩʥʦ [6], ʨʘʟʤʝʨʥʦʩʪʴ ʩʤÖʩ-1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʪʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʆʤ-1, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚ ʩʠʩʪʝʤʝ ʉɻʉ ʟʥʘʯʝʥʠʝ 1 ʆʤ = 1,11Ö10-12ʩʤ-1Öʩ. 
ʈʘʟʤʝʨʥʦʩʪʴL ʚ ʦʙʱʝʧʨʠʥʷʪʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʜʘʝʪʩʷ ʚ ʚʠʜʝ 

ʆʤ-1Öʩʤ2ÖʤʦʣʴÖɻʢʚ-1 ʠʣʠ ʆʤ-1Öʤ2ÖʤʦʣʴÖɻʢʚ-1.  ʅʦ ʧʨʠ ʵʪʦʤ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʯʠʩʣʘ ʌʘʨʘʜʝʷ 

AeNF = , ʠʤʝʝʪ ʤʝʩʪʦ: 

                                                     12
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ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ ʦʩʪʘʝʪʩʷ ʥʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʢʦʣʣʝʢʪʠʚʥʳʭ 

ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʠʩʪʝʤʳ ʠʦʥʦʚ. ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʠ ʥʘʛʣʷʜʥʦ ʵʪʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ j ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʨʷʜʘ ʧʦ ʵʣʝʤʝʥʪʫ 

ʦʙʲʝʤʘ dV : 

ñ=
R

dVr
j , 

ʚ ʢʦʪʦʨʦʤ R  ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ʜʦ ʵʣʝʤʝʥʪʘ ʦʙʲʝʤʘ drrdV 24p=  ʧʨʠ ʫʩʣʦ-

ʚʠʠ, ʯʪʦ R  ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʨʘʟʤʝʨʳ ʦʙʲʝʤʘ dV . 

ɺ ʧʨʠʥʮʠʧʝ, ʤʦʞʥʦ ʟʘʜʘʪʴ ʫʩʣʦʚʠʝ ʥʘʭʦʞʜʝʥʠʷ j ʚʥʫʪʨʠ ʦʙʲʝʤʘ dV, ʧʦʣʘʛʘʷ rR= . ʊʦ-

ʛʜʘ ʧʨʠ en=r , ʚʦʟʤʦʞʥʦ: 

2

4 2enrp
j= . 

ʆʪʩʶʜʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ je ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 
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4 22nre
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p
j= . 

ɽʩʣʠ ʫʤʥʦʞʠʪʴ ʠ ʨʘʟʜʝʣʠʪʴ ʧʨʘʚʫʶ ʯʘʩʪʴ ʥʘ ʧʨʠʚʝʜʝʥʥʫʶ ʤʘʩʩʫ m ʵʣʝʢʪʨʦʣʠʪʘ, ʪʦ:  
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2 4
=  ï ʢʚʘʜʨʘʪ ʣʝʥʛʤʶʨʦʚʩʢʦʡ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʳ. 

ʊʦʛʜʘ ʩʦʛʣʘʩʥʦ [8] 
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j=  

ʝʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʦʩʮʠʣʣʷʪʦʨʘ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ r/uw= . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 
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ʛʜʝ p=mu ï ʠʤʧʫʣʴʩ ʠ >=pr ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʨʝʜʝʣ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ɻʝʡ-

ʟʝʥʙʝʨʛʘ. ʇʦʵʪʦʤʫ 

wj >=ʝ , 

ʛʜʝ w> ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʧʣʘʟʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʤʝ ʚʠʨʠʘʣʘ ʦ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ʵʥʝʨʛʠʠ [9]. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʧʣʘʟʤʝʥʥʦ-ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ: 
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, ʆʤ-1ʩʤ2ʤʦʣʴ-1 .                              (5) 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʚ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʠ ʧʨʦ-

ʚʝʜʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʤʳ ʧʦʣʫʯʠʣʠ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʚʠʜʝ: 
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ʈʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

 

KTʩʤRNaCl ʧʨʠʚ

s 298;1076,0;92,13: 8 =Ö== -m  

Lʣʠʪ.[8], 

ʆʤ-1Öʩʤ2Öʤʦʣʴ-1 

123,74 118,51 106 92 75 57,8 

ʉ ʣʠʪ., ʤʦʣʴ/ʣ 0,001 0,01 0,1 1,0 2,0 3,0 

ʉ ʨʘʩʩʯ., ʤʦʣʴ/ʣ 0,001 0,0098 0,1 0,73 1,53 2,47 

KTʩʤRNaBr ʧʨʠʚ

s 298;1024,7;86,17: 9 =Ö== -m  

Lʣʠʪ. [8], 

ʆʤ-1Öʩʤ2Öʤʦʣʴ-1 

107 95,5 90 80 70,3 62 

ʉ ʣʠʪ., ʤʦʣʴ/ʣ 0,2 0,5 1,0 2,0 3,0 4,0 

ʉ ʨʘʩʩʯ., ʤʦʣʴ/ʣ 0,18 0,45 0,9 1,55 2,66 3,47 

 KTʩʤRKCl ʧʨʠʚ

s 298;102,7;59,18: 9 =Ö== -m  

Lʣʠʪ. [8], 

ʆʤ-1Öʩʤ2Öʤʦʣʴ-1 

146,95 141,4 136,65 133,65 129 143,95 

ʉ ʣʠʪ., ʤʦʣʴ/ʣ 0,001 0,01 0,02 0,05 0,1 0,005 

ʉ ʨʘʩʩʯ., ʤʦʣʴ/ʣ 0,00075 0,0068 0,0164 0,038 0,067 0,0033 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

 

KTʩʤRKBr ʧʨʠʚ

s 298;1088,6;25,26: 9 =Ö== -m  

Lʣʠʪ. [8], 

ʆʤ-1Öʩʤ2Öʤʦʣʴ-1 

146,09 143,43 135,68 131,39 115,5 108 

ʉ ʣʠʪ., ʤʦʣʴ/ʣ 0,005 0,01 0,05 0,1 0,906 2,2 

ʉ ʨʘʩʩʯ., ʤʦʣʴ/ʣ 0,0038 0,0073 0,042 0,083 0,845 1,735 

KTʩʤRLiCl ʧʨʠʚ

s 298;1038,8;8,5: 9 =Ö== -m  

Lʣʠʪ. [8], 

ʆʤ-1Öʩʤ2Öʤʦʣʴ-1 

107,32 95,86 80,5 59,8 49,4 33,5 

ʉ ʣʠʪ., ʤʦʣʴ/ʣ 0,01 0,1 0,593 2,1 3,25 5,62 

ʉ ʨʘʩʩʯ., ʤʦʣʴ/ʣ 0,0098 0,087 0,49 2,5 3,41 5,93 

KTʩʤRLiBr ʧʨʠʚ

s 298;1096,7;39,6: 9 =Ö== -m  

Lʣʠʪ. [8], 

ʆʤ-1Öʩʤ2Öʤʦʣʴ-1 

98 84 75,7 64,2 51,5 40,4 

ʉ ʣʠʪ., ʤʦʣʴ/ʣ 0,139 0,5 1,0 2,21 3,76 5,3 

ʉ ʨʘʩʩʯ., ʤʦʣʴ/ʣ 0,152 0,45 0,81 2,87 4,28 5,22 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʘʟʤʝʥʥʦ-ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ.  
  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʄʆ ʠ ʅ ʈʌ ˉ 2014-23. 
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ʀʉʇʓʊɸʅʀɽ ʀɿɼɽʃʀʁ ɸɺʀɸʎʀʆʅʅʆʁ ʊɽʍʅʀʂʀ  

ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʅʆɺʆɻʆ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ  

ɼʃʗ ʉɹʆʈɸ, ʆɹʈɸɹʆʊʂʀ ɼɸʅʅʓʍ ʀ ʇʆʉʊʈʆɽʅʀʗ  

ʊɽʂʋʑɽɻʆ ʉʆʉʊʆʗʅʀʗ ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʀɿɼɽʃʀʗ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʝʥʜʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ.  

ʈʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʥʜʦʚ ʜʣʷ ʨʝʩʫʨʩʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘ-

ʥʠʡ ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʇʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʠ 

ʩʭʝʤʳ ʩʪʝʥʜʦʚ.  

ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʣʦʧʘʩʪʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʠʟʛʠʙʘ ʚ ʧʣʦʩʢʦʩʪʷʭ 

ʥʘʠʤʝʥʴʰʝʡ ʠ ʥʘʠʙʦʣʴʰʝʡ ʞʝʩʪʢʦʩʪʠ ʣʦʧʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʢʠ ʧʝʨʝʤʝʥʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥ-

ʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʣʦʧʘʩʪʷʭ ʚ ʧʣʦʩʢʦʩʪʷʭ ʪʷʛʠ ʠ ʚʨʘʱʝʥʠʷ.  

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʘʫʯʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʩʫʨʩʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʣʦʧʘʩʪʴ ʚʝʨʪʦʣʝʪʘ, ʘʚʠʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʨʘʟʨʫ-

ʰʝʥʠʝ, ʤʝʪʦʜʠʢʘ, ʩʪʝʥʜʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ. 
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TEST OF AIRCRAFT EQUIPMENT USING NEW SOFTWARE FOR THE COLLECTION 

AND PROCESSING OF DATA AND BUILDING OF CURRENT STATE  

OF DEFORMED PRODUCTS 

 
The article discusses the technique of testing of aircraft products (including rotor blades) using special-

ized test stands and special software for the analysis of test results. 

The process of design and manufacture of stands for resource dynamic testing of fatigue strength of 

rotor blades is reviewed. Photographs and diagrams of the stands are shown. 

The process of testing of bladesô samples is described. As the results of the test functional dependency 

graphics of alternate tensions arising from a bend in the bladesô planes of maximum and minimum stiffness 

are received, and the graphics of alternate bending moments arising in traction and rotation planes of the 

blades are received. 

It is concluded that the achieved results are of the scientific significance, because they can be used in 

future studies to create an adequate system of quality control. 

Key words: endurance tests, helicopter blade, aircraft materials, fracture, technique, test stands. 

 

ɺʚʝʜʝʥʠʝ 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧ-

ʧʘʨʘʪʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʯ-

ʥʦʩʪʠ ʚʳʩʦʢʦʥʘʧʨʷʞʝʥʥʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ 

ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ ʪʨʝʙʫʝʪ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʩʪʘʣʦʩʪʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʢʘʢ ʩʘʤʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʠʟʜʝʣʠʷ ʚ ʮʝʣʦʤ ʩ ʫʯʝʪʦʤ ʜʠʩʩʠʧʘ-

ʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʨʦʩʣʦ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʨʘʟʨʫʰʝʥʠʷ 
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ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʫʩʪʘʣʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥ ʥʘʨʷʜʫ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʝʡ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʚʦʟʨʘʩʪʘʶ-

ʱʫʶ ʩʪʝʧʝʥʴ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʚʦ-ʚʪʦʨʳʭ, ʧʨʠʤʝʥʷʶʪʩʷ ʥʦʚʳʝ ʚʳ-

ʩʦʢʦʧʨʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʟʘʯʘʩʪʫʶ ʩ ʥʝʚʳʩʦʢʠʤʠ ʫʩʪʘʣʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; ʚ-ʪʨʝʪʴʠʭ, 

ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʜʝʣʠʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʩʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʧʨʦʷʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘ-

ʶʱʠʭ ʢʘʢ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʚ ʩʘʤʦʤ ʤʘʪʝʨʠʘʣʝ [1]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʧʝʨʚʳʝ ʠ ʦʙʣʘʜʘʝʪ ʥʝʩʦʤʥʝʥʥʦʡ ʥʘʫʯʥʦʡ ʟʥʘʯʠʤʦ-

ʩʪʴʶ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷʤ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʷ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʝʬʦʨ-

ʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ.  

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ: ʩʙʦʨʦʯʥʳʝ, ʜʝ-

ʪʘʣʠʨʦʚʦʯʥʳʝ ʯʝʨʪʝʞʠ, ʫʯʝʙʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʣʘʢʘʪʳ, ʬʦʨʤʫʣʷʨʳ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʩʪʝʥʜʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʯʝʨʪʝʞʠ ʯʝʪʳʨʝʭ ʩʪʝʥʜʦʚ: ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʠ ʙʝʟ ʥʝʝ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1; ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʢʦʤʣʝʚʦʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ; ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʢʦʤʣʝʚʦʛʦ ʫʯʘʩʪʢʘ ʣʦ-

ʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ. 

ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʯʝʨʪʝʞʘʤ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʩʪʝʥʜʳ ʜʣʷ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟ-

ʮʦʚ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ: ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫ-

ʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʧʨʦʪʠʚʦʦʙʣʝʜʠʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2 ʘ; ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ 

ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2 ʙ; ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʢʦʤʣʝʚʦʛʦ 

ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠ-

ʩʫʥʢʝ 2 ʚ; ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʢʦʤʣʝʚʦʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩ-

ʢʦʩʪʠ ʪʷʛʠ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2 ʛ [2]. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ 

ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ 

 

ʉʪʝʥʜʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ 

ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘʛʨʫʟʦʢ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʨʦ-

ʛʨʘʤʤʦʡ ʠʩʧʳʪʘʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʦʙʲʝʢʪʘ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ɼʣʷ ʚʩʝʭ ʩʪʝʥʜʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʬʦʨʤʫʣʷʨʳ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʘʞʥʝʡʰʠʤ ʩʚʦʡʩʪʚʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʥʘʜʝʞʥʦʩʪʴ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʷʚʣʷ-

ʝʪʩʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ ʨʝʩʫʨʩʦʤ. ʈʝʩʫʨʩ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: ʫʩʪʘʣʦʩʪʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʜʝʪʘʣʝʡ, ʠʟʥʦʩʦʤ ʜʝʪʘʣʝʡ, 

ʥʘʣʠʯʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʨʨʦʟʠʝʡ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ [3]. ʇʨʦʚʝʜʝʥʠʝ ʫʩʪʘʣʦʩʪ-

ʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠ ʥʘʛʨʫʟʢʘʭ, ʢʦʪʦʨʳʝ ʚʳ-

ʙʨʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʨʫʣʝʚʦʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʧʝʨʝʤʝʥʥʳʭ ʠʟʛʠʙʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʣʦʩʢʦ-

ʩʪʷʭ ʥʘʠʤʝʥʴʰʝʡ ʠ ʥʘʠʙʦʣʴʰʝʡ ʞʝʩʪʢʦʩʪʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʨʘʜʠʫʩʝ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʚʝʨ-

ʪʦʣʝʪʘ. ɺ [4] ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʛʜʝ ʠʩ-

ʧʦʣʴʟʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʠʣʦʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠʩʧʳʪʘʥʠʡ. ɺ [5, 6] ʧʨʠʚʝʜʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

 
                                    ʘ                                     ʙ                                   ʚ                                    ʛ 

ʈʠʩ. 2. ʉʪʝʥʜʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʣʦʧʘʩʪʝʡ ʥʝʩʫʱʝʛʦ  

ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ: ʘ  ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ  

ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʧʨʦʪʠʚʦʦʙʣʝʜʠʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; ʙ  ʩʪʝʥʜ  

ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ  

ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; ʚ  ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʢʦʤʣʝʚʦʛʦ ʫʯʘʩʪʢʘ 

ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ; ʛ  ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ 

ʢʦʤʣʝʚʦʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ 

 

ʇʨʦʚʝʜʝʥʠʝ ʫʩʪʘʣʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʣʦʧʘʩʪʝʡ ʚʠʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʥʘʛʨʫʟʢʘʭ, ʢʦʪʦʨʳʝ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʣʦʧʘʩʪʝʡ ʥʝʩʫ-

ʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʠʩʧʳʪʘʥʠʡ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 3. 
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ʃʝʚʘʷ ʦʧʦʨʘʆʙʨʘʟʝʮ ɺʠʙʨʘʪʦʨ ʊʨʦʩʦʚʘʷ ʧʝʣʝʥʘ

ʇʨʘʚʘʷ ʦʧʦʨʘ

N

ɼʝʪʘʣʴ ʩʪʝʥʜʘ

 
ʈʠʩ. 3. ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4 ʠ 5 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʠʟʛʠʙʘ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʣʦʩʢʦʩʪʷʭ ʥʘʠʤʝʥʴʰʝʡ ʠ ʥʘʠʙʦʣʴʰʝʡ ʞʝʩʪʢʦʩʪʠ, ʚʳ-

ʟʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʢʦʨʦʩʪʥʦʛʦ ʧʦʪʦʢʘ. 

 
ʈʠʩ. 4. ɻʨʘʬʠʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ  

ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʠʤʝʥʴʰʝʡ ʞʝʩʪʢʦʩʪʠ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʣʠʥʝ ʣʦʧʘʩʪʠ ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʣʦʩʢʦʩʪʷʭ ʪʷʛʠ ʠ ʚʨʘʱʝʥʠʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ. 

 

 
ʈʠʩ. 5. ɻʨʘʬʠʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ 

ʚ ʧʣʦʩʢʦʩʪʠ ʥʘʠʙʦʣʴʰʝʡ ʞʝʩʪʢʦʩʪʠ 
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ʈʠʩ. 6. ɻʨʘʬʠʢʠ ʧʝʨʝʤʝʥʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ 

 

 
ʈʠʩ. 7. ɻʨʘʬʠʢʠ ʧʝʨʝʤʝʥʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ 

 

ɺʳʚʦʜʳ ʠ ʟʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ: ʩʙʦʨʦʯʥʳʝ, ʜʝ-

ʪʘʣʠʨʦʚʦʯʥʳʝ ʯʝʨʪʝʞʠ, ʫʯʝʙʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʧʣʘʢʘʪʳ, ʬʦʨʤʫʣʷʨʳ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʧʦ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʩʪʝʥʜʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʳ ʯʝʨʪʝʞʠ ʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʯʝʪʳʨʝ ʩʪʝʥʜʘ: ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʩʨʝʜʥʝʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ 

ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʙʝʟ ʥʝʝ, ʩʪʝʥʜ ʜʣʷ ʠʩʧʳ-

ʪʘʥʠʷ ʢʦʤʣʝʚʦʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ; ʩʪʝʥʜ ʜʣʷ 

ʠʩʧʳʪʘʥʠʷ ʢʦʤʣʝʚʦʛʦ ʫʯʘʩʪʢʘ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʪʷʛʠ. ʈʘʟʨʘʙʦ-

ʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦ ʟʘʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʠʩʧʳʪʘʥʠʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʝʩʫʨʩʘ ʣʦʧʘʩʪʝʡ ʚʠʥʪʘ ʚʝʨʪʦʣʝʪʘ. ɼʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʣʘʜʘʶʪ ʥʝʩʦʤʥʝʥʥʦʡ ʥʘʫʯʥʦʡ ʟʥʘʯʠʤʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦ-

ʟʜʘʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʩʨʦʢʘ ʠʭ ʩʣʫʞʙʳ. 
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ʋɼɸʃɽʅʀɽ ʄʓʐʔʗʂɸ  

ʇʈʀ ʆɹɾʀɻɽ ʉʂʆʈʆɼʀʊʉʆɼɽʈɾɸʑɽʁ ʈʋɼʓ  

ɺ ɸʊʄʆʉʌɽʈɽ ɺʆɼʗʅʆɻʆ ʇɸʈɸ 

 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʟʘʧʘʩʦʚ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʧʨʠʭʦ-

ʜʠʪʩʷ ʚʦʚʣʝʢʘʪʴ ʪʨʫʜʥʦʦʙʦʛʘʪʠʤʳʝ ʨʫʜʳ. ʂ ʪʘʢʠʤ ʨʫʜʘʤ ʦʪʥʦʩʷʪʩʷ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʤʳʰʴʷʢʦʚʠʩʪʳʝ 

(ʩʢʦʨʦʜʠʪʦʚʳʝ). ʆʥʠ ʩʦʜʝʨʞʘʪ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʦʝ ʠ ʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ. ʆʙʞʠʛ ʩʢʦʨʦʜʠʪʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʚ ʘʪʤʦʩʬʝʨʝ ʧʝʨʝʛʨʝʪʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʩ ʩʝ-

ʨʦʩʦʜʝʨʞʘʱʠʤ ʘʛʝʥʪʦʤ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʤʳʰʴʷʢ ʚ ʤʘʣʦʪʦʢʩʠʯʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʝ ʠ ʧʦʚʳʩʠʪʴ 

ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʜʝʘʨʩʝʥʠʟʘʮʠʠ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ ʩʢʦʨʦʜʠʪʦʚʦʡ ʨʫʜʳ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʞʠʛʝ ʩʢʦ-

ʨʦʜʠʪʘ ʩ ʧʠʨʠʪʦʤ ʚ ʘʪʤʦʩʬʝʨʝ ʧʝʨʝʛʨʝʪʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʤʳʰʴʷʢʘ ʠ 

ʩʝʨʳ ʠʟ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʝʛʦ ʩʫʣʴʬʠʜʦʚ, ʘ ʪʘʢʞʝ ʚʩʢʨʳʪʠʝ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʅʘ ʦʩ-

ʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʢʦʣʦʛʦʙʝʟʦʧʘʩʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʫʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʦʨʦʜʠʪ, ʨʫʜʘ, ʧʠʨʠʪ, ʦʙʞʠʛ, ʧʝʨʝʛʨʝʪʳʡ ʚʦʜʷʥʦʡ ʧʘʨ.  
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ARSENIC REMOVAL WHEN  FIRING SCORODITE CONTAINING  

ORE IN STEAM ATMOSPHERE  

 
In modern conditions in connection with exhaustion of reserves of placer gold, it is necessary to involve 

refractory ores in processing. These ores are gold-quartz-arsenic (sʩorodite). They contain finely disseminated 

and dispersed gold and have not yet been developed. Firing of scorodite containing ore in an atmosphere of 

superheated water from the sulfur-containing agents allows to remove arsenic in a small and toxic sulphidic 

form and to increase gold extraction. The results of pilot studies of dearsenization process of gold-bearing 

skorodite ore are given in the atmosphere of water vapor. It is shown that when firing a skorodite with pyrites 

in the atmosphere of superheated water vapor there is a full removal of arsenic and sulfur from initial material 

in the form of its sulfides, and also opening of precious metal. On the basis of the received results, creation of 

a combination of ecologically safe technologies for processing of this type of ore is possible. 

Key words: sʩorodite, ore, pyrite, roasting, superheated steam. 

 

ɺʚʝʜʝʥʠʝ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʳʭ 

ʨʫʜ ʩ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʤ ʟʦʣʦʪʦʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ 

ʨʫʜʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʩ ʨʝʟʢʦ ʚʦʟʨʦʩʰʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʩʳʨʴʷ ʠ ʢ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɼʘʥʥʳʡ ʪʠʧ ʨʫʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤ ʚʝʱʝʩʪʚʝʥ-

ʥʳʤ ʩʦʩʪʘʚʦʤ. ʂ ʪʘʢʠʤ ʨʫʜʘʤ ʦʪʥʦʩʷʪʩʷ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʤʳʰʴʷʢʦʚʠʩʪʳʝ (ʩʢʦʨʦʜʠʪʦʚʳʝ). ʆʥʠ 

ʩʦʜʝʨʞʘʪ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʦʝ ʟʦʣʦʪʦ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ.  

ɺ ɿʘʙʘʡʢʘʣʴʝ ʠʤʝʶʪʩʷ ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʨʫʜ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʥʢʦʝ ʠ ʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ. 

ɿʦʣʦʪʦ ʚ ʵʪʠʭ ʨʫʜʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩʦ ʩʢʦʨʦʜʠʪʦʤ. ɼʘʥʥʳʝ ʨʫʜʳ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʢʨʫʧʥʳʡ ʩʳʨʴʝʚʦʡ ʠʩʪʦʯʥʠʢ ʧʦʣʫʯʝʥʠʷ ʟʦʣʦʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʙʫ ʦʢʠʩʣʝʥʥʦʡ ʨʫʜr ʂʦʟʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ (ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ, ʂʘʣʛʠʥʩʢʠʡ ʨʘʡʦʥ (ʨʠʩ. 1)). ʇʦ ʜʘʥʥʳʤ ʧʨʦʙʠʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʠʩ-

ʩʣʝʜʫʝʤʦʡ ʧʨʦʙʝ ʨʫʜʳ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 16,9 ʛ/ʪ. 
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ʈʠʩ. 1. ʄʠʢʨʦʰʣʠʚ ʨʫʜʳ ʂʦʟʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʦʜʛʦʪʦʚʢʠ ʤʳʰʴʷʢʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʢ ʮʠʘʥʠʨʦʚʘʥʠʶ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʛʦ ʪʨʠʦʢʩʠʜʘ ʤʳʰʴʷʢʘ, 

ʙʦʣʴʰʦʛʦ ʧʳʣʝʫʥʦʩʘ, ʢʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʩʧʦʩʦʙʳ ʠʤʝʁʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ:  

 ʩʣʦʞʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

 ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʫʣʴʬʠʜʠʟʘʪʦʨʘ ʯʠʩʪʦʛʦ ʧʠʨʠʪʘ, ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʵʣʝʤʝʥʪʘʨ-

ʥʦʡ ʩʝʨʳ; 

 ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʩʢʨʳʪʠʝ ʩʢʦʨʦʜʠʪʘ; 

 ʥʝʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʤʳʰʴʷʢʘ; 

 ʦʪʚʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʭʨʘʥʝʥʠʠ ʨʘʩʪʚʦʨʷʶʪʩʷ ʠ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ [1]. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʩʫʣʴʬʠʜʠʟʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʟʦʣʦʪʦ-ʤʳʰʴʷʢʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʩ ʧʠʨʠ-

ʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ ʩʝʨʳ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢʠʩʣʦʨʦʜʘ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʫʛʣʝʨʦʜʩʦ-

ʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʦʛʦ 

ʚʘʢʫʫʤ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʳ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʚʩʢʨʳʪʠʷ ʟʦʣʦʪʘ ʠ ʫʜʘʣʝʥʠʷ ʤʳʰʴʷʢʘ ʠʟ ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ ʩʫʣʴ-

ʬʠʜʥʦʡ ʬʦʨʤʝ ʷʚʣʷʝʪʩʷ ʦʙʞʠʛ ʩʢʦʨʦʜʠʪʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʚ ʘʪʤʦʩʬʝʨʝ ʧʝʨʝʛʨʝʪʦʛʦ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ ʩ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤ ʘʛʝʥʪʦʤ. ʇʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʢʨʠʧʠʪʘʮʠʝʡ ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʚʳʜʝʣʝʥʠʝ ʟʦʣʦʪʘ.  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʦʣʦʛʠʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ʄʘʣʦʪʦʢʩʠʯʥʳʡ ʩʫʣʴʬʠʜ ʤʳʰʴʷʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ, ʦʥ ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, ʥʝ ʪʨʝʙʫʝʪ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʚʝʱʝʩʪʚʘʤ 

4-ʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ [2].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʙʞʠʛʫ ʩʢʦʨʦʜʠʪʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʩ ʩʫʣʴʬʠʜʠʟʘʪʦʨʦʤ ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʨʠʩ. 2). ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ ï ʵʣʝʢʪʨʦʧʝʯʠ, ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʨʝʘʢʪʦʨʘ ʠ ʧʦʛʣʦʪʠʪʝʣʝʡ ʛʘʟʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚ ʧʝʯʘʭ ʠʟʤʝʨʷʝʪʩʷ ʪʝʨʤʦʧʘʨʘʤʠ ʪʠʧʘ ʍɸ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ ʄʇʈʊ-22, ʢʦʪʦʨʳʡ ʙʳʣ ʚʥʝʜʨʝʥ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ.  

ʋʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝ-

ʘʢʪʦʨʝ ʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ ʚ ʫʩʪʘʥʦʚʢʫ ʧʦʜʘʝʪʩʷ ʚʦʜʘ. ʇʦʩʣʝ ʧʨʦʤʳʚʘʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʧʘʨʘʤʠ 

ʚʦʜʳ ʚ ʨʝʘʢʪʦʨ ʟʘʛʨʫʞʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘʚʝʩʢʘ ʰʠʭʪʳ. ʊʘʢ ʢʘʢ ʚ ʨʝʘʢʪʦʨʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚ-

ʣʝʥʠʝ ʧʘʨʦʚʦʡ ʩʤʝʩʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ (ʜʦ 1-2 %) ʘʪʤʦʩʬʝʨʥʦʛʦ, ʧʦʧʘʜʘʥʠʝ ʚ ʨʝʘʢʪʦʨ ʢʠʩʣʦ-

ʨʦʜʘ ʚʦʟʜʫʭʘ ʠʩʢʣʶʯʘʝʪʩʷ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ  

ʚ ʘʪʤʦʩʬʝʨʝ ʧʝʨʝʛʨʝʪʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ: 1 ï ʨʦʪʘʤʝʪʨ; 2 ï ʵʣʝʢʪʨʦʧʝʯʠ; 3 ï ʧʘʨʦʛʝʥʝʨʘʪʦʨ;  

4 ï ʨʝʘʢʪʦʨ; 5 ï ʧʦʛʣʦʪʠʪʝʣʠ ʛʘʟʦʚ 

 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʜʝʘʨʩʝʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʪʨʠʮʘ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ [3], ʧʦ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ (ʭ1), 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ (ʭ2) ʠ ʨʘʩʭʦʜ ʩʫʣʴʬʠʜʠʟʘʪʦʨʘ (ʭ3). ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʝʝ 

ʟʘʚʠʩʠʤʦʩʪʠ: ʩʪʝʧʝʥʴ ʜʝʘʨʩʝʥʠʟʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪ ʚʨʝʤʝʥʠ (ʨʠʩ. 3, 4).  

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʝʘʨʩʝʥʠʟʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʜʝʘʨʩʝʥʠʟʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʮʝʩʩʘ ʷʚʣʷ-

ʶʪʩʷ: ʪʝʤʧʝʨʘʪʫʨʘ 700-750 ʦʉ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʞʠʛʘ 20-25 ʤʠʥ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʜʠʪ-

ʩʦʜʝʨʞʘʱʘʷ ʨʫʜʘ : ʧʠʨʠʪʥʳʡ ʢʦʥʮʝʥʪʨʘʪ 3:1 [4]. 

ʌʘʟʦʚʳʝ ʩʦʩʪʘʚʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʚʝʨʜʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8 ADVANCE ʬʠʨʤʳ çBruker AXSè. ʈʘʩʰʠʬʨʦʚʢʘ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʬʘ-

ʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʳʰʴʷʢ ʫʜʘʣʷʝʪʩʷ ʩ ʛʘʟʦʚʦʡ ʬʘʟʦʡ ʚ ʬʦʨʤʝ ʩʫʣʴʬʠʜʘ (AsS) ʠ 

ʜʠʩʫʣʴʬʠʜʘ (As2S2). ʇʦʤʠʤʦ ʜʠʩʫʣʴʬʠʜʘ ʤʳʰʴʷʢʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʬʘʟʘ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʩʝʨʳ. ʆʩʥʦʚʥʳʤʠ ʞʝ ʧʨʦʜʫʢʪʘʤʠ ʦʙʞʠʛʘ ʷʚʣʷʶʪʩʷ FeS, SiO2 ʠ ʤʘʛʥʝʪʠʪ Fe3O4, ʬʘʟʳ ʤʳʰʴʷʢʘ 

ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʨʫʜʳ ʠ ʦʛʘʨʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʨʘʩʪʨʦʚʦʤ 

ʤʠʢʨʦʩʢʦʧʝ JSM-6510LV JROL (ʗʧʦʥʠʷ) ʩ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 350, Oxford 

Instruments (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʇʨʦʛʨʝʩʩè ɺʉɻʋʊʋ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ ʚ ʠʩʭʦʜʥʦʡ ʨʫʜʝ ʩʦʩʪʘʚʣʷʝʪ 5,11 %, 

ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʮʠʘʥʠʨʦʚʘʥʠʷ. ʇʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ 

ʦʛʘʨʢʝ ʤʳʰʴʷʢ ʥʝ ʦʙʥʘʨʫʞʝʥ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʨʝʥʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʦʚ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʩ ʛʠʧʦʬʦʩʬʠʪʦʤ ʥʘʪʨʠʷ, ʧʦ ʦʢʨʘʩʢʝ ʢʦʣ-

ʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʉʪʝʧʝʥʴ ʜʝʘʨʩʝʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 99,9 %. 

 

ɺʳʚʦʜ 

ʆʙʞʠʛ ʩʢʦʨʦʜʠʪʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʚ ʘʪʤʦʩʬʝʨʝ ʧʝʨʝʛʨʝʪʦʛʦ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʧʦʢʘʟʘʣ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʤʳʰʴʷʢʘ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʦʙʞʠʛʘ ʩʢʦʨʦʜʠʪʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʝʨʝʛʨʝʪʦʛʦ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ ʩ ʧʠʨʠʪʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʦʟʛʦʥʢʫ ʠ ʚʳʜʝʣʝʥʠʝ ʤʳ-

ʰʴʷʢʘ: ʪʝʤʧʝʨʘʪʫʨʘ 700-750 ʦʉ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʞʠʛʘ 20-25 ʤʠʥ, ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦ-

ʜʠʪʩʦʜʝʨʞʘʱʘʷ ʨʫʜʘ : ʧʠʨʠʪʥʳʡ ʢʦʥʮʝʥʪʨʘʪ (FeAsʆ4 : FeS2) 3:1. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʫʣʴʬʠʜʠ-

ʟʠʨʫʶʱʝʛʦ ʦʙʞʠʛʘ ʩʢʦʨʦʜʠʪʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ ʩ ʚʳʚʦʜʦʤ ʤʳʰʴʷʢʘ ʚ ʤʘʣʦʪʦʢʩʠʯʥʦʡ ʩʫʣʴʬʠʜ-

ʥʦʡ ʬʦʨʤʝ ʠ ʧʦʚʳʰʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʤʳʰʴʷʢʦʚʠʩʪʳʭ (ʩʢʦʨʦʜʠʪʦʚʳʭ) 

ʨʫʜ, ʯʪʦ ʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʫʜ.  
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ɺʃʀʗʅʀɽ ʇʈɽɼɺɸʈʀʊɽʃʔʅʆɻʆ ʅɸʇʈʗɾɽʅʀʗ  

ɺʓʉʆʂʆʇʈʆʏʅʆʁ ɸʈʄɸʊʋʈʅʆʁ ʉʊɸʃʀ ʂʃɸʉʉɸ ɸʪï1200 (ɸʪ-VII ) 

ʅɸ ʅɽʉʋʑʋʖ ʉʇʆʉʆɹʅʆʉʊʔ  

ʀɿɻʀɹɸɽʄʓʍ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʕʃɽʄɽʅʊʆɺ 
 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʧʝʨʚʳʝ ʧʨʦʢʘʪʘʥʥʳʭ ʧʦ ʚʩʝʤʫ ʩʦʨʪʘʤʝʥʪʫ (10é32 ʤʤ) ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠ ʫʧʨʦʯʥʝʥʥʦʡ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ ʢʣʘʩʩʘ ɸʪ -1200 

ʤʘʨʢʠ 30ʍɻʉ2 ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʠʟ ʚʩʝʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʳ. 

ɼʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʦʮʝʥʢʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʩʣʫʞʝʙʥʳʭ ʩʚʦʡʩʪʚ ʚ ʮʝʣʦʤ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʘʨ-

ʤʘʪʫʨʥʦʡ ʩʪʘʣʠ ʢʘʢ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʆʪʨʘʞʝʥʳ 

ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ ɸʪ-1200 ʥʘ ʠʟʤʝʥʝʥʠʝ ʝʝ ʧʨʦʯʥʦʩʪ-

ʥʳʭ ʠ ʜʝʬʦʨʤʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ. ʇʨʝʜʣʦʞʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʭʦʜ-

ʥʦʡ ʠ çʫʧʨʦʯʥʝʥʥʦʡè ʜʠʘʛʨʘʤʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʣʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠ-

ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʳʪʥʳʭ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʴʶ ɸʪ-1200 ʢʘʢ ʚ ʜʦʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʦʡ ʩʪʘʜʠʠ ʦʪʧʫʩʢʘ ʥʘʪʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ ʠ ʚʳʜʝʨʞʢʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʪʘʢ ʠ ʚ ʩʪʘʜʠʠ, ʤʦʜʝ-

ʣʠʨʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʥʘʛʨʫʞʝʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʳ: ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʥʦʡ ʦʮʝʥʢʠ ʧʨʦʜʦʣʴʥʦʡ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʦʥʮʝʚʳʭ ʫʯʘʩʪʢʦʚ ʙʘʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʪʧʫʩʢʝ ʥʘʪʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ ʠ ʤʝ-

ʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʜʠʘʛʨʘʤʤ ʨʘʩʪʷʞʝʥʠʷ 

ʘʨʤʘʪʫʨʳ. ɼʦʢʘʟʘʥʦ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ-ʥʘʧʨʷʞʝʥʥʳʭ ʠʟʛʠ-

ʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘ ʩʯʝʪ ʚʳʷʚʣʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʫʧʨʦʯʥʝʥʠʷ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ. ʆʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʣʠ ʢʣʘʩʩʘ ɸʪ-1200 ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʳ ʠʟʛʠʙʘ-

ʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʤʘʪʫʨʥʘʷ ʩʪʘʣʴ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ, ʜʠʘʛʨʘʤʤʘ ʨʘʩʪʷʞʝʥʠʷ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

 

A.I.  Kaurov , Assoc. Prof. 

 

THE INFLUENCE OF PRESTRESSED HIGH-STRENGTH REINFORCED  

At- 1200 (At-VII) STEEL ON THE BEARING CAPACITY  

OF FLEXURAL REINFORCED MEMBERS  

 
The article presents the trial results of the thermo-mechanical reinforced 30HGS2 (30ʍɻʉ2) grade ɸt-

1200 steel, one of the best high-strength Russian reinforced steels, on the basis of the first time ever rolled 

assortment test lots (10 ... 32 mm). It gives a generalized assessment of physical, mechanical and service 

properties for the given grade of reinforced steel in as-delivered condition and after prestressing. It reflects 

the research data of ɸt-1200 reinforced steel prestressing influence on strength and deformation properties. 

An analytical dependence for the initial and "reinforced" diagrams approximation of deformed steel is offered. 

The following methods are developed according to the results of experimental and theoretical studies of the 

trial flexural members with ɸt-1200 reinforced steel during preoperational stage of reinforcement tension 

release, under load and at simulation of load phase: a calculation method of the longitudinal crack resistance 

of the end sections of beam elements at reinforcement tension release, and a calculation method of the standard 

cross-sections using real rebar load-elongation diagram. It is proved that strength increase of standard cross-

sections of prestressed flexural members is due to identified strengthening effect of the reinforced steel. The 

rational use of ɸt-1200 steel as prestressed steel for flexural members is justified. 

Key words: reinforced steel, reinforced concrete structures, prestressing, load-elongation diagram, 

load-bearing capacity. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʞʝʣʝʟʦʙʝʪʦʥ ʷʚʣʷʝʪʩʷ ʠ, ʧʦ ʤʠʨʦʚʳʤ ʧʨʦʛʥʦʟʘʤ, ʚ ʦʙʦʟ-

ʨʠʤʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʩʪʘʥʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʈʦʩʩʠʠ 
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ʥʝʧʨʝʨʳʚʥʦ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ 

ʩʪʘʣʴʥʦʛʦ ʘʨʤʘʪʫʨʥʦʛʦ ʧʨʦʢʘʪʘ. 

ʊʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠ ʫʧʨʦʯʥʝʥʥʘʷ ʘʨʤʘʪʫʨʥʘʷ ʩʪʘʣʴ ʢʣʘʩʩʘ ɸʪ-1200 (ɸʪ-VII) *, ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʘʨʪʠʠ ʢʦʪʦʨʦʡ ʚ ʧʦʣʥʦʤ ʩʦʨʪʘʤʝʥʪʝ (ʜʠʘʤʝʪʨʦʤ 10é32 ʤʤ) ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʧʨʦʢʘʪʘʥʳ ʘʚʪʦʨʦʤ ʥʘ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʤ ʠ ʂʨʠʚʦʨʦʞʩʢʦʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʪʘʭ ʠʟ 

ʩʪʘʣʠ ʤʘʨʦʢ 30ʍʉ2 ʠ 30ʍɻʉ2 [1, 2, 3], ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦ-

ʧʨʦʯʥʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʚʠʜʦʤ ʩʪʝʨʞʥʝʚʦʡ ʘʨʤʘʪʫʨʳ ʩ ʫʩʣʦʚʥʳʤ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ „ȟ Ó 

1200 ʅ/ʤʤ2 ʠ ʚʨʝʤʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ „ Ó 1450 ʅ/ʤʤ2.  

ɺ  ʨʝʟʫʣʴʪʘʪʝ  ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ  ʦʙʨʘʙʦʪʢʠ  ʜʘʥʥʳʭ  ʠʩʧʳʪʘʥʠʡ  ʦʙʨʘʟʮʦʚ  ʩʪʘʣʠ ʢʣʘʩʩʘ 

ɸʪ-1200 ʧʦ ʧʦʣʥʦʤʫ ʩʦʨʪʘʤʝʥʪʫ ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ ʫʩʪʘʥʦʚʣʝʥʦ [2], ʯʪʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 10884-94 ʠ ʩʦʩʪʘʚ-

ʣʷʶʪ: „  = 1531 ʅ/ʤʤ2; „ȟ   = 1187 ʅ/ʤʤ2; ‏Ӷ ρρȟωυϷ ; ‏Ӷ σȟψψϷ ; Ὁ = 1,964 Ͻ 105 ʅ/ʤʤ2.      

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ „ȟ, ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʩ ʜʦ-

ʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ P Ó 0,95. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ S ʧʨʦʯʥʦʩʪʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ „ȟ ʠ „  ʚ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʩʧʳʪʘʥʠʡ, ʨʘʚʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 23,5 ʠ 

62,7 ʅ/ʤʤ2, ʥʝ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʠʨʫʝʤʳʭ ɻʆʉʊ 10884-94 ʟʥʘʯʝʥʠʡ. 

ʇʦʩʣʝ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʜʦ „ πȟψυȣȢȢπȟωυ „ȟ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʘʣʠ 

ʤʘʣʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʚʢʣʶʯʘʷ   „ȟ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ [2] ʠ, ʢʘʢ ʧʨʘ-
ʚʠʣʦ, ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤ ʧʨʠ P Ó 0,95. ʇʦʵʪʦʤʫ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 10884-94 ʜʣʷ ʩʪʘʣʠ 

ʢʣʘʩʩʘ ɸʪ-1200 ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ ʜʦʧʫʩʢʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʜʦ 

1150 ʅ/ʤʤ2. 

ʅʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʘʷ ʩʪʘʣʴ ʦʙʣʘʜʘʝʪ ʠ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ï 

ʫʢʘʟʘʥʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ‏Ӷ   ʠ ‏Ӷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʥʦʨʤʠʨʫ-

ʝʤʳʭ ɻʆʉʊ ʚʝʣʠʯʠʥ (‏ φϷ ʠ ‏ ςϷ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʩʦʤʥʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʠʩʩʣʝʜʫ-

ʝʤʦʡ ʩʪʘʣʠ.  

ʆʩʥʦʚʥʳʝ ʥʦʨʤʠʨʫʝʤʳʝ ɻʆʉʊ 10884-94, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʩʣʫʞʝʙʥʳʝ (ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʝ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 1. 

ʅʘ ʦʩʥʦʚʝ ʦʙʰʠʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [2] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

„  (ʎȟ  ; „ȟ; „ȟ  ʠ ʪ.ʜ.) ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ ʤʘʣʳʤ ʧʣʘʩʪʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʦʩʝʚʦʝ ʨʘʩʪʷʞʝʥʠʝ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʙʨʘʟʮʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʤʝʭʘʥʠʯʝ-

ʩʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʠʣʦʚʦʤ ʩʪʝʥʜʝ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʜ çʫʧʨʦʯʥʝʥʥʦʡè ʜʠʘ-

ʛʨʘʤʤʳ ʥʘ ʧʨʠʤʝʨʝ ʘʨʤʘʪʫʨʳ ʜʠʘʤʝʪʨʦʤ 25 ʤʤ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 2.  

ɺʳʷʚʣʝʥʥʳʡ ʵʬʬʝʢʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʦʩʠʪ ʧʨʠ ʵʪʦʤ ʩʪʘʙʠʣʴʥʳʡ ʠ ʟʘʢʦ-

ʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʦʩʥʦʚʘʪʴ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʪʝʭʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʦʯʥʝʥʠʷ [4] ʢ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ 

ʢʣʘʩʩʘ ɸʪ-1200.   
ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ ʢʣʘʩʩʘ ɸʪ-1200  
 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʄʘʨʢʘ ʩʪʘʣʠ 30ʍʉ2;   30 ʍɻʉ2 

ɺʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʨʳʚʫ „̃, ʥʝ ʤʝʥʝʝ 1450 ʅ/ʤʤ2 

ʋʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ „ȟ , ʥʝ ʤʝʥʝʝ 1200 ʅ/ʤʤ2 

ʋʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ „ȟ  , ʥʝ ʤʝʥʝʝ 0,85 „ȟ 

 

_________________________ 

 

* ɸʪ-VII   ʦʙʦʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʘʨʤʘʪʫʨʳ ʩʦʛʣʘʩʥʦ ɻʆʉʊ10884-81, ʫʪʨʘʪʠʚʰʝʛʦ ʩʠʣʫ ʩ 

ʚʚʝʜʝʥʠʝʤ ʚ ʜʝʡʩʪʚʠʝ ʩ 01.01.1996 ʥʦʚʦʛʦ ɻʆʉʊ 10884-94, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʚʚʝʜʝʥʦ ʠ ʧʨʠ-

ʥʷʪʦ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʦʚʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ  ɸʪ-1200.  



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 
 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ‏, ʥʝ ʤʝʥʝʝ 6% 

ʈʘʚʥʦʤʝʨʥʦʝ ʫʜʣʠʥʝʥʠʝ ̑‏, ʥʝ ʤʝʥʝʝ 2% 

ʈʝʣʘʢʩʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ (ʟʘ 1000 ʯ ʧʨʠ ʠʩʭʦʜʥʦʤ ʫʩʠʣʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʤ 

70% ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʠʣʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʶ ʨʘʟʨʳʚʫ), ʥʝ ʙʦʣʝʝ 

 

4% 

ʋʩʪʘʣʦʩʪʥʘʷ ʧʨʦʯʥʦʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ 

70% ʥʦʤʠʥʘʣʴʥʦʛʦ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʧʨʠ ʠʥʪʝʨʚʘʣʝ 

ʥʘʧʨʷʞʝʥʠʡ 195 ʥ/ʤʤ2), ʥʝ ʤʝʥʝʝ 

 

2 ʤʣʥ. ʮʠʢʣʦʚ 

ʀʩʧʳʪʘʥʠʝ ʥʘ ʠʟʛʠʙ ʩ ʨʘʟʛʠʙʦʤ (ʠʟʛʠʙ ʚ ʥʘʛʨʝʚʝ ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʛʣʘ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʨʘʟʛʠʙʦʤ): 

 ʫʛʦʣ ʠʟʛʠʙʘ; 

 ʜʠʘʤʝʪʨ ʦʧʨʘʚʢʠ 

 

 

45 ʛʨʘʜ. 

5d 

ɼʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʥʦʛʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘ 450 ᴈ 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: 

 ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʧʨʠ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ; 

 ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʦʡ  

  ʩʝʡʩʤʠʯʥʦʩʪʴʶ 

 

- 55 ᴈ 

- 40 ᴈ 

 

 
ʊʘʙʣʠʮʘ 2 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʠʨʘʱʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ ʢʣʘʩʩʘ ɸʪ-1200 ʜʠʘʤʝʪʨʦʤ 25 ʤʤ 

ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ 

 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʠʨʘʱʝʥʠʷ  ɝ„ =  
 ɀ 

  ʭ 100% 

ʧʨʠ ʫʨʦʚʥʷʭ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ 

ȟ

  =0,55 
ȟ

 = 0,75 
ȟ

 =0,95 

ɝ„ȟ  13,33 32,94 41,06 

ɝ„ȟ  5,32 13,97 28,71 

ɝ„ȟ 1,07 4,05 11,54 

ɝ„ȟ ~ 0,00 0,11 4,28 

ɝ„ ~ 0,00 ~ 0,00 ~ 0,00 
 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʧʦʣʟʫʯʝʩʪʠ, ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʤʝʪʘʣʦʬʠʟʠʢʠ ʠ ʪʝʦʨʠʠ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʩʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʢʦʥʝʯʥʳʤ ʥʘʙʦ-

ʨʦʤ ʠʟʤʝʨʷʝʤʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ çʠʩʪʦʨʠʝʡè ʥʘʛʨʫʞʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ ʢʘʢ ʜʠʩʩʠʧʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ „  

çʫʧʨʦʯʥʝʥʥʦʡè ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ: 

                                         В‐ȟ   ‐ȟ    ‐   ȣȢȢ  Ὢ  „ ȟ                                                 (1) 

ʛʜʝ ‐ȟ   ʫʩʣʦʚʥʦ-ʤʛʥʦʚʝʥʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ (ʋʄʇɼ) ʦʪ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ; ‐ȟ    

 ʜʦʧʫʩʢ ʥʘ ʚʝʣʠʯʠʥʫ ʋʄʇɼ ʜʣʷ ʠʩʢʦʤʦʛʦ ʧʘʨʘʤʝʪʨʘ „  (ʪʘʢ, ʜʣʷ „ȟ  ‐ȟ πȟππς  ʠ ʪ.ʧ.); 

‐   ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʟʫʯʝʩʪʠ; Ὢ  „   ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʩʭʦʜʥʫʶ ʜʠʘʛʨʘʤʤʫ ʋʄʇɼ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʧʦʩʪʘʥʦʚʢʝ (1) ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʥʘʠʙʦ-

ʣʝʝ ʢʦʨʨʝʢʪʥʦʛʦ ʩʧʦʩʦʙʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ ʩʪʘʣʠ ʠ ʦʮʝʥʢʘ ʜʝ-

ʬʦʨʤʘʮʠʡ ʧʦʣʟʫʯʝʩʪʠ  ‐  ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ.    

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʨʘʪʢʦ-

ʚʨʝʤʝʥʥʦʝ ʦʩʝʚʦʝ ʨʘʩʪʷʞʝʥʠʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ ʩʪʘʣʠ ʢʣʘʩʩʘ ɸʪ-1200 ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʤʥʦʛʦʠʥʪʝʨʚʘʣʴʥʦʡ (ʩʧʣʘʡʥ) ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ   Ὢ  „ , ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʠʩʭʦʜʥʫʶ ʜʠʘʛʨʘʤʤʫ ʋʄʇɼ, 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʧʣʘʡʥ-ʬʫʥʢʮʠʷ ʦʙʱʝʛʦ ʚʠʜʘ: 
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                                     Ὢ  „ В ά   
ȟ  
 –  ȟ                                                                      (2) 

ʛʜʝ  ά ȟ  –,  ὲ ɀ̂ ̜̆̈̑́̈̍̆̑̎̆ ̜̐́̑́̍̆̓̑ ̒̐̌́̊̎́Ƞ  ὔ  ʥʦʤʝʨ ʠʥʪʝʨʚʘʣʘ ʥʝʣʠʥʝʡʥʦʡ ʯʘ-

ʩʪʠ, ʥʘ ʢʦʪʦʨʦʤ ʦʮʝʥʠʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨ ‐  , ά  
ȟ
  ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʫʞʝʥʠʷ 

ʩʪʘʣʠ.     
         

ɼʣʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ ʬʫʥʢʮʠʷ ʧʨʠʙʣʠʞʝʥʠʷ (2) ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:                  

  ‐

ừ
Ử
Ử
Ừ

Ử
Ử
ứ

ȟ           π „ „                                                                                                            

       ά
ȟ
–  ȟ          „ „ „ȟ                                                                 

       ά
ȟ
–  ά

ȟ
–

 

 ȟ            „ȟ „ „ȟ                               
 

  ά
ȟ
– ά

ȟ
–

 

ά
ȟ
–

 

ȟ   „ȟ „ „

         (3) 

         

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ (3) ʪʘʢʞʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʣʘʡʥ-ʬʫʥʢʮʠʷ ʦʙʱʝʛʦ ʚʠʜʘ ʣʝʛʢʦ 

ʬʦʨʤʘʣʠʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ, ʫʧʨʦʱʝʥʥʳʭ ʠ ʙʦʣʝʝ ʫʜʦʙʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʘʢ-

ʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʠʷ. ʊʘʢ, ʚ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʚ ʧʦʨʷʜʢʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʦʧʳʪʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʩʪʘʣʠ ɸʪ-1200 ʩʧʣʘʡʥʘʤʠ ʥʝʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʪʝʧʝʥʠ ὲ, ʘ ʠʤʝʥʥʦ ʩʧʣʘʡʥʦʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʚʘʜʨʘʪʠʯʥʦʡ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦ-

ʣʷʮʠʠ ʠ ʢʫʙʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ 

ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʫʙʠʯʝ-

ʩʢʦʛʦ ʩʧʣʘʡʥʘ. 

ʈʘʩʯʝʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʪʘʣʠ ʢʣʘʩʩʘ ɸʪ-1200 ʧʦʣʫʯʝʥʘ ʢʘʢ ʨʘʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

(3) ʧʨʠ   ὲ  ὲ =  ὲ σȟ  ʪ.ʝ. ʧʦʩʨʝʜʩʪʚʦʤ ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ 

ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ, ʭʦʪʷ ʠ ʚʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʫʶ ʧʦʛʨʝʰʥʦʩʪʴ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʙʦʣʝʝ 1,5%), 

ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ ʜʦʧʫʩʪʠʤʳʭ ʚ ʧʨʘʢʪʠʢʝ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʡ. 

ʇʨʠ ʟʘʜʘʥʠʠ ʬʫʥʢʮʠʠ Ὢ  „  ʚ ʚʠʜʝ ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ ʚʳʨʘʞʝʥʠʝ (1) ʧʨʠʦʙʨʝʪʘʝʪ 

ʚʠʜ: 
 

   В‐ȟ  ‐ȟ ‐  Ễ ά
ȟ

–  ά
ȟ

–  ά
ȟ

– ȟ           (4) 

ʛʜʝ „ȟ  ï ʠʩʭʦʜʥʦʝ (ʜʦ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ) ʟʥʘʯʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ. 
 

ʈʝʟʫʣʴʪʘʪʳ  ʦʧʨʝʜʝʣʝʥʠʷ  ʦʩʥʦʚʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ  çʫʧʨʦʯʥʝʥʥʦʡè   ʜʠʘʛʨʘʤʤʳ  ʢʣʘʩʩʘ 

ɸʪ-1200 ʧʦ ʚʳʨʘʞʝʥʠʶ (4) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʦʧʳʪʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥ-

ʥʳʭ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʣʝʥʥʳʡ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʩʪʘʣʠ ʢʣʘʩʩʘ ɸʪ-1200 ʜʦʩʪʦʚʝʨʥʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʚʳʨʘʞʝʥʠʝ 

(1), ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʭʦʜʥʦʡ ʠ çʫʧʨʦʯʥʝʥʥʦʡè ʜʠʘʛʨʘʤʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʥʦʛʦʠʥʪʝʨʚʘʣʴʥʦʡ (ʩʧʣʘʡʥ) ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʢʘʢ ʚ ʜʦ ʵʢʩʧʣʫʪʘʮʠʦʥʥʦʡ ʩʪʘʜʠʠ ʦʪʧʫʩʢʘ ʥʘʪʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ ʠ ʚʳʜʝʨʞʢʠ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ, ʪʘʢ ʠ ʚ ʩʪʘʜʠʠ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʥʘʛʨʫʞʝʥʠʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʡʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠʟʛʠʙʘʝʤʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʘʨʤʘ-

ʪʫʨʦʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʜʠʘʤʝʪʨʦʤ 12, 18 ʠ 25 ʤʤ. ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ-ʥʘʧʨʷʞʝʥʥʳʝ ʙʘʣʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ 

ʚʩʝʭ ʥʦʤʠʥʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ: ʜʣʠʥʘ l = 2800 ʤʤ, ʰʠʨʠʥʘ b = 150 ʤʤ, ʚʳʩʦʪʘ h = 300 ʤʤ. 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 

 

                                                                                                                ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ. ˉ 4 (55). 2015  35 

ɿʘʜʘʚʘʝʤʳʝ ʫʨʦʚʥʠ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʠ „ /„ȟ    0,55; 0,75 ʠ 0,95, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʥʘ ʤʦʤʝʥʪ ʦʪʧʫʩʢʘ ʥʘʪʷʞʝʥʠʷ „   550; 750 ʠ 1050 ʅ/ʤʤ2  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝ-

ʟʫʣʴʪʘʪʳ: 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʥʦʡ ʦʮʝʥʢʠ ʧʨʦʜʦʣʴʥʦʡ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʦʥʮʝʚʳʭ ʫʯʘʩʪʢʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʠʟʛʠʙʘʝʤʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʰʠʨʠʥʳ ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ 

ʨʘʩʢʘʣʳʚʘʥʠʷ (5), ʧʦʟʚʦʣʷʶʱʘʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʥʘʧʨʷʛʘʝʤʦʡ 

ʘʨʤʘʪʫʨʳ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʠʣʝʥʠʶ ʝʝ ʘʥʢʝʨʦʚʢʠ ʥʘʟʥʘʯʘʪʴ ʚʝʣʠʯʠʥʳ ʜʦ-

ʧʫʩʪʠʤʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ůcon  ʠ ʪʨʝʙʫʝʤʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝ-

ʪʦʥʘ Ὑ : 

                                               ὥ ȟ    ὃ          ὄ  ȟ                                                  (5) 

ʛʜʝ  „  ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʘʨʤʘʪʫʨʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʥʘ ʤʦʤʝʥʪ ʦʪʧʫʩʢʘ ʥʘʪʷ-

ʞʝʥʠʷ, ʅ/ʤʤ2; Ὑ    ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ, ʅ/ʤʤ2; Ὠ  ʜʠʘ-

ʤʝʪʨ  ʥʘʧʨʷʛʘʝʤʦʡ  ʘʨʤʘʪʫʨʳ, ʤʤ; ὃȟὄ    ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: ὃ = 0,75 ʭ 10-7 ʤʤ-1; 

ὄ = 0,01 ʤʤ; n  ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ὥ ȟ   Ὢ •  ʩ ʠʟʤʝʥʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʳ; •   ʫʩʣʦʚʥʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʘʨʤʠʨʦʚʘʥʠʷ ʧʨʠʦʧʦʨʥʦʡ ʟʦʥʳ, ʢʦʤʧʣʝʢʩʥʦ ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦ-

ʨʦʚ ʥʘ ʘʥʢʝʨʦʚʢʫ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʠ ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʬʦʨʤʫʣʝ (6): 
 

                                     •   ρ ρππ‘  ÌÎ  
ȟ
 ρ    ȟ                                                    (6) 

  
ʛʜʝ ὥ  ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ, ʤʤ; Ὠ   ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʠʭ ʧʨʠʦʧʦʨʥʳʭ 

ʘʥʢʝʨʦʚ ʥʘ ʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʝ, ʤʤ; ‘   ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʩʚʝʥʥʦʛʦ (ʧʦʧʝʨʝʯʥʦʛʦ) ʘʨʤʠʨʦ-

ʚʘʥʠʷ, ʧʨʠ ʝʛʦ ʥʘʟʥʘʯʝʥʠʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʘ)  ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʨʘʟʤʝ-
ʱʝʥʠʷ ʢʦʩʚʝʥʥʦʡ ʘʨʤʘʪʫʨʳ  ὰ    0,6 ὰ; ʙ) ʰʘʛ ʢʦʩʚʝʥʥʦʡ ʘʨʤʘʪʫʨʳ  S  ὰ ; ʧʨʠ S  ὰ ‘ =0. 

ɼʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ, ʩ ʧʦʟʠʮʠʠ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʨʘʩʢʘʣʳʚʘʥʠʷ, ʚʝʣʠʯʠʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ 

  „  ʫʨʘʚʥʝʥʠʝ (5) ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥʳ  „  ʧʨʠ ὥ ȟ = 0: 

                                                       „   Ὑ           Ȣ                                                              (7) 

2. ʈʝʢʦʤʝʥʜʦʚʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (8), ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʧʨʦ-

ʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʨʘʩʢʘʣʳʚʘʥʠʷ ʥʘ ʜʣʠʥʫ ʟʦʥʳ ʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʡ ʩ ʘʨʤʘʪʫʨʳ ʥʘ ʙʝʪʦʥ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʘʭ ʫʩʠʣʝʥʠʷ ʘʥʢʝʨʦʚʢʠ ʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʳ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʢʣʘʩʩʘ: 

                                                      ὰ̑      
ȟ    

   
ȟ

 Ȣ                                                                       (8) 

3. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʚʣʠʷ-

ʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ ʢʣʘʩʩʘ ɸʪ-1200 ʥʘ ʥʝʩʫʱʫʶ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʜʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʧʨʝʜʥʘʧʨʷʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʠ ʞʝʩʪ-

ʢʦʩʪʴ, ʢʘʢ ʵʪʦ ʧʨʝʜʧʠʩʳʚʘʶʪ ʜʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʳ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʟʘ ʩʯʝʪ ʚʳʷʚʣʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʫʧʨʦʯʥʝʥʠʷ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ. ʇʦʚʳʰʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ʦʧʳʪʥʦʛʦ ʨʘʟʨʫʰʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ὓ  ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʙʘʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ (ʧʨʠ „̑ π ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ ʧʨʠ:  

   „̑ πȟ 55 „ȟ
̑
      7,5 %; 

   „̑ πȟ 75 „ȟ
̑
      14,8 %; 

   „̑ πȟ 95 „ȟ
̑
      17, 5 %.        



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʴʶ ʢʣʘʩʩʘ ɸʪ-1200 ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʘ ʨʘʩ-

ʯʝʪʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘ ʦʩʥʦʚʝ ʜʠʘʛʨʘʤʤʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ̫ ʚʣʷʶʱʝʛʦʩʷ ʥʦʚʳʤ ʥʘʧʨʘʚ-

ʣʝʥʠʝʤ ʚ ʪʝʦʨʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʘ [4, 5].   

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ  ὓ  ʧʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʚʚʝʜʝ-

ʥʠʝʤ ʚ ʨʘʩʯʝʪʥʳʡ ʘʧʧʘʨʘʪ çʫʧʨʦʯʥʝʥʥʦʡè ʜʠʘʛʨʘʤʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʣʠ, ʘʧʧʨʦʢʩʠʤʠʨʦ-

ʚʘʥʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʤʥʦʛʦʠʥʪʝʨʚʘʣʴʥʦʡ (ʩʧʣʘʡʥ) ʠʥʪʝʨʧʦʣʷʮʠʠ. ʈʘʩʭʦʞʜʝ-

ʥʠʝ ʦʧʳʪʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ   ὓ  ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 4,5% [2].   

4. ɺʧʝʨʚʳʝ ʜʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʫʱʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʴʶ ʢʣʘʩʩʘ ɸʪ-1200 ʧʨʦ-

ʜʦʣʴʥʳʭ ʪʨʝʱʠʥ ʨʘʩʢʘʣʳʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʰʠʨʠʥʳ ʨʘʩʢʨʳʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʩ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩ ʧʦʟʠʮʠʠ ʦʩʣʘʙʣʝʥʠʷ ʘʥʢʝʨʦʚʢʠ ʠ ʨʘʥʝʝ ʥʝ ʚʩʪʨʝʯʘʶʱʝʤʩʷ 

ʩʦʯʝʪʘʥʠʠ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʜʠʘʤʝʪʨʘ ʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʳ ds = 25ʤʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ůsp =  0,95 ů0,2
sup

 (~1050 ʥ/ʤʤ
2), ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʠʣʝʥʠʶ ʘʥʢʝʨʦʚʢʠ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʭʝʤʳ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʠʭ ʚʥʝʜʨʝʥʠʠ, ʢʘʢ ʥʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʪʘʢ ʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ.           

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʵʢʦʥʦʤ-

ʥʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʜʦʨʦʛʦ-

ʩʪʦʷʱʠʭ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ (ʬʝʨʨʦʩʧʣʘʚʦʚ ʠ ʪ.ʜ.), ʪʘʢ ʢʘʢ ʟʘʜʘʥʥʳʝ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʦʩʪʠʛʘʶʪʩʷ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʪʦʢʝ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʜʝʣʦʚ. 

ʅʘʠʙʦʣʴʰʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʢʘʢ ʦʩ-

ʥʦʚʥʦʤ ʧʦʪʨʝʙʠʪʝʣʝ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʠ ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ ʤʝʪʘʣʣʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ  ʥʘʧʨʷʞʝʥʥʳʭ  ʢʦʥʩʪʨʫʢʮʠʷʭ  ʥʦʚʦʡ  ʚʳʩʦʢʦʧʨʦʯʥʦʡ  ʘʨʤʘʪʫʨʥʦʡ  ʩʪʘʣʠ ʢʣʘʩʩʘ 

ɸʪ-1200  ʚʟʘʤʝʥ  ʩʪʝʨʞʥʝʚʦʡ  ʘʨʤʘʪʫʨʳ  ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ  ʢʣʘʩʩʦʚ ɸʪ-600, ɸʪ-800, 

ɸʪ-1000. ʋʯʝʪ ʞʝ ʚʳʷʚʣʝʥʥʦʛʦ ʠ ʧʦʜʜʘʶʱʝʛʦʩʷ ʜʦʩʪʦʚʝʨʥʦʡ ʨʘʩʯʝʪʥʦʡ ʦʮʝʥʢʝ ʵʬʬʝʢʪʘ ʧʦʚʳ-

ʰʝʥʠʷ  ʧʨʦʯʥʦʩʪʠ  ʧʨʝʜʥʘʧʨʷʞʝʥʥʳʭ  ʠʟʛʠʙʘʝʤʳʭ  ʵʣʝʤʝʥʪʦʚ  ʩ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʴʶ ʢʣʘʩʩʘ 

ɸʪ-1200 ʧʦʟʚʦʣʷʝʪ ʝʱʝ ʙʦʣʝʝ ʩʥʠʟʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.           

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʧʨʦʯʥʦʡ ʩʪʘʣʠ ʢʣʘʩʩʘ ɸʪ-1200 ʚ 

ʧʦʣʥʦʤ ʩʦʨʪʘʤʝʥʪʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʠʟʛʠʙʘʝʤʳʭ 

ʦʧʳʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʝʝ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʳ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪʥʳʡ ʘʧʧʘʨʘʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʛʠʙʘʝʤʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʘʨʤʘʪʫʨʥʦʡ ʩʪʘʣʴʶ ʢʣʘʩʩʘ ɸʪ-1200 ʜʠʘʤʝʪʨʦʤ 
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çʏɽʃʆɺɽʂ ï ʄɸʐʀʅɸ  ɺʅɽʐʅʗʗ ʉʈɽɼɸè 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʠʙʨʦʦʧʘʩʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʫʯʥʳʭ ʤʘʰʠʥ, ʘ 

ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʣʠʮ ʚʠʙʨʦʦʧʘʩʥʳʭ ʧʨʦʬʝʩʩʠʡ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

ʫʩʣʦʚʠʷ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʚʠʙʨʦʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. ʇʨʠʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʷ, ʢʦʪʦ-

ʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʷʚʣʝʥʠʝ, ʠʤʝʶʱʝʝ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʧʨʠʨʦʜʫ. ɺʳ-

ʷʚʣʝʥʠʝ, ʘʥʘʣʠʟ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʬʘʢʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʪ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʫʩʣʦʚʠʷ ʪʨʫʜʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ çʯʝʣʦʚʝʢ ⱷ ʤʘʰʠʥʘ ⱷ ʚʥʝʰʥʷʷ ʩʨʝʜʘè. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʘ çʯʝʣʦʚʝʢè 

ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ çʯʝʣʦʚʝʢ ⱷ 

ʤʘʰʠʥʘ ⱷ ʚʥʝʰʥʷʷ ʩʨʝʜʘè, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ ʜʨʫʛʦʡ ï çʯʝʣʦʚʝʢè ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʦʥʝʥʪ çʤʘʰʠʥʘè ʠ çʚʥʝʰʥʷʷ ʩʨʝʜʘè ʠ ʠʭ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʢ ʩʣʦʞʥʦʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ, ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʬʘʢʪʦʨʳ, ʩʠʩʪʝʤʘ, ʚʠʙʨʘʮʠʷ, ʚʠʙʨʦʙʝʟ-

ʦʧʘʩʥʦʩʪʴ. 
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MONITORING OF SOCIAL AND TECHNOLOGICAL SYSTEM  

çMAN-MACHINE -EXTERNAL ENVIRONMENTè 

 
The article discusses vibration threatening processes with the use of manual machines and also, spe-

cific features of working conditions of persons of vibrodangerous professions that create conditions of in-

creased risk of vibration disease. The concept of a vibrodisease is given, which is a complex phenomenon with 

probabilistic and deterministic nature. The identification, analysis, systematization of the factors characteriz-

ing a vibrodisease, allow to quantify the impact of production factors on labor conditions. The components of 

the system ñman-machine-environmentò are analyzed. It is revealed that a component of ñpersonò has a direct 

impact on the nature of changes in the structure of the system ñman-machine-environmentò on the one hand, 

and on the other ñmanò is in direct dependence on a state of the ñmachineò  components and ñenvironmentò 

components and their interferences at each other. It is established that the introduction of monitor control 

conditions determines the need to consider the production process as a complex social and technological sys-

tem. 

Key words: safety, working conditions, factors, system, vibration, vibrosafety. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʙʨʦʦʧʘʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʘʞʥʦʡ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʪʨʫʜʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʬʝʨʫ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʝʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦ-

ʚʝʢʘ ʚʦ ʚʨʝʤʷ ʪʨʫʜʘ. ʆʪ ʩʦʩʪʦʷʥʠʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʭʦʜʪ̫ʩʷ ʫʨʦʚʝʥʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʨʘʙʦʪʳ, ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ, ʦʪʥʦʰʝʥʠʝ ʢ ʪʨʫʜʫ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʩʪʘʚʣʷʝʪ ʫʩʣʦʚʠʷ ʪʨʫʜʘ. 
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ʂ ʚʠʙʨʦʦʧʘʩʥʳʤ ʧʨʦʬʝʩʩʠʷʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʬʝʩʩʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 

ʩʤʝʥʳ ʨʫʯʥʳʭ ʤʘʰʠʥ ʠʣʠ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʚʠʙʨʘʮʠʶ, 

ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʨʫʢʠ ʠʣʠ ʪʝʣʦ ʦʧʝʨʘʪʦʨʘ.  

ʈʘʙʦʯʠʝ ʚʠʙʨʦʦʧʘʩʥʳʭ ʧʨʦʬʝʩʩʠʡ ʚʳʧʦʣʥʷʶʪ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʳʭ, ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʭʘʥʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʨʫʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʦʡ ʠʟ ʚʠʙʨʦʦʧʘʩʥʳʭ ʧʨʦʬʝʩʩʠʡ ʩ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ɺʚʝʜʝʥʠʝ ʤʦʥʠʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʢ ʩʣʦʞʥʦʡ ʩʦʮʠʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʪʴ ʫʨʦʚʝʥʴ ʚʠʙʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ, ʦʧʨʝʜʝʣʠʪʴ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʯʝʪʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʨʝʜʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʨʝ-

ʟʫʣʴʪʘʪʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʫʱʝʨʙʘ ʦʪ ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʷ. ʎʝʣʴ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʦʜʯʠʥʝʥʘ ʨʝʰʝʥʠʶ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ ï ʦʙʝʩʧʝʯʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ, ʚʢʣʶʯʘʷ ʢʘʯʝ-

ʩʪʚʦ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 

ʆʩʥʦʚʥʳʤ ʚʨʝʜʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʠʙʨʘʮʠʷ. ɺʨʝʜʥʦʩʪʴ ʚʠʙʨʘ-

ʮʠʠ ʫʩʫʛʫʙʣʷʝʪʩʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʨʘʙʦʪʘʶʱʠʭ ʪʘʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ ʧʦʥʠʞʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʧʦʚʳʰʝʥʥʳʝ ʫʨʦʚʥʠ ʰʫʤʘ, 

ʦʭʣʘʞʜʝʥʠʝ ʨʫʢ ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʫʯʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʟʘʧʳʣʝʥʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʥʝ-

ʫʜʦʙʥʘʷ ʨʘʙʦʯʘʷ ʧʦʟʘ, ʜʣʠʪʝʣʴʥʦʝ ʩʪʘʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʳʰʮ, ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʨʘʙʦʪʘʶ-

ʱʝʛʦ ʩ ʚʠʙʨʠʨʫʶʱʠʤʠ ʤʘʰʠʥʘʤʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʚʠʙʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʦʩʥʦʚʘʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ ʩʠʩʪʝʤʳ çʯʝ-

ʣʦʚʝʢ ï ʤʘʰʠʥʘ ï ʚʥʝʰʥʷʷ ʩʨʝʜʘè ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʝʝ ʦʧʪʠʤʠʟʘʮʠʝʡ ʥʘ ʦʩʥʦʚʝ ʜʝʡʩʪʚʫʶʱʠʭ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʦʚʦʢʫʧʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʩ ʚʠʙʨʘʮʠʝʡ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠ-

ʷʤʠ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥ ʠ ʧʦ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʨʠʟʥʘʢʫ ʦʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʜʝʡ-

ʩʪʚʫʶʪ ʧʦʩʪʦʷʥʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʠ ʧʨʦʮʝʩʩʘ. ʌʘʢʪʦʨʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʨʘʟʜʝʣʠʤ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʬʘʢʪʦʨʳ, ʥʝ 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦ-ʧʨʠʨʦʜʥʳʝ, ʩʦʮʠʘʣʴʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ.  

ʌʘʢʪʦʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ ʩʦʮʠ-

ʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʦʞʥʦʝ ʩʦʙʳʪʠʝ, ʥʘ ʢʦʪʦʨʦʝ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠʯʝʤ ʵʪʠ ʬʘʢʪʦʨʳ ʠʤʝʶʪ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ [1]. ʅʘʣʠʯʠʝ ʚʩʝʭ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʩʦʟʜʘʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʯʠʥ, ʦʪ ʢʦʪʦʨʳʭ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʢʦʥʮʝʧʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʪʨʫʜʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʝʜʠʥʦʡ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ çʯʝʣʦʚʝʢ 

ï ʤʘʰʠʥʘ ï ʚʥʝʰʥʷʷ ʩʨʝʜʘè. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʠʩʪʝʤʫ çʯʝʣʦʚʝʢ ï ʤʘʰʠʥʘ ï ʚʥʝʰʥʷʷ ʩʨʝʜʘè, ʩʣʝʜʫʝʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʚʠʙʨʦʦʧʘʩʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʵʪʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʷʤʳʤ ʝʝ ʩʣʝʜʩʪʚʠʝʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʙʨʦʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠʤʤʘʥʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ (ʧʦʜʩʠʩʪʝʤ) ʩʠʩʪʝʤʳ, 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʬʦʨʤʠʨʫʶʱʠʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʦʧʘʩʥʫʶ ʩʠʪʫʘʮʠʶ ʠ ʚʣʠʷʶʱʠʝ ʥʘ ʠʩʭʦʜ ʚʠʙʨʦʟʘʙʦʣʝʚʘ-

ʥʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʩʠʩʪʝʤʫ 

çʯʝʣʦʚʝʢ ï ʤʘhʠʥʘ ï ʚʥʝʰʥʷʷ ʩʨʝʜʘè ʢ ʦʜʥʦʤʫ ʠʟ ʩʦʩʪʦʷʥʠʡ: 

 ʙʝʟʦʧʘʩʥʦʝ; 

 ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʦʝ; 

 ʦʧʘʩʥʦʝ; 

 ʦʩʦʙʦ ʦʧʘʩʥʦʝ. 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʩʪʦʷʥʠʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʩ ʫʯʝʪʦʤ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ.                                                                                                     
                     ʊʘʙʣʠʮʘ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʠʙʨʘʮʠʠ  

ʠ ʚʨʝʜʥʳʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ 

 
ʂʘʪʝʛʦʨʠʷ ʋʩʣʦʚʠʷ ʪʨʫʜʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ɼʠʘʧʘʟʦʥ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʷ 

I ɹʝʟʦʧʘʩʥʦʝ ʅʝ ʚʳʟʳʚʘʶʪ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ 

< 1*10-4 

II  ʆʪʥʦʩʠʪʝʣʴʥʦ  

ʙʝʟʦʧʘʩʥʦʝ 

ʅʝ ʩʥʠʞʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 1*10-4- 1*10-3 

III  ʆʧʘʩʥʦʝ ʅʝ ʚʳʟʳʚʘʶʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

1*10-3 ï 1*10-2 

IV ʆʩʦʙʦ ʦʧʘʩʥʦʝ ɺʦʟʤʦʞʥʳ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ > 1*10-2 

 

ʈʝʟʫʣʴʪʘʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʝʩʪʴ ʩʣʫʯʘʡʥʦʝ ʩʦʙʳʪʠʝ, ʜʣʷ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʦʪʦʨʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ [2] ʧʦʢʘʟʘʪʝʣʠ ʈ(ɺʇ) ï 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʘʩʥʦʩʪʠ ʚʠʙʨʦʧʦʨʘʞʝʥʠʷ ʠʣʠ ʈ(ɺɹ) ï ʚʝʨʦʷʪʥʦʩʪʴ ʚʠʙʨʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥ-

ʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʈ(ɺʇ) = 1 ï ʈ(ɺɹ). 

ɺʝʨʦʷʪʥʦʩʪʴ ʚʠʙʨʦʧʦʨʘʞʝʥʠʷ ʈ(ɺʇ), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʴʶ, ʤʦʞʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʝʢʦʪʦʨʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʚ ʜʨʫʛʦʝ, ʪ.ʝ. 

ʈ(ɺʇ) = ʈ(ʧʝʨ 1-2)Ŀʈ(ʧʝʨ 2-3)Ŀʈ(ʧʝʨ 3-4),                                              (1) 

ʛʜʝ ʈ(ʧʝʨ 1-2), ʈ(ʧʝʨ 3-4), ʈ(ʧʝʨ 2-3) ï ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʚʦ ʚʪʦʨʦʝ, ʪʨʝʪʴʝ ʠ ʯʝʪ-

ʚʝʨʪʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ (1) ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʩʚʦʶ ʫʥʠʢʘʣʴʥʦʩʪʴ ʠʣʠ ʟʘʢʦʥʯʝʥʥʦʩʪʴ. 

ʆʥʦ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

[3, 4] ʠʟʚʝʩʪʥʳ ʧʦʜʦʙʥʳʝ ʧʦʜʭʦʜʳ ʠ ʦʧʠʩʘʥʠʷ ʚʠʙʨʦʧʦʨʘʞʝʥʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʩʣʦʞʥʳʤ ʷʚ-

ʣʷʝʪʩʷ ʥʝ ʩʘʤʦ ʧʦʣʫʯʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʘ ʝʛʦ ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ 

ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʯʠʭ ʚʠʙʨʦʦʧʘʩʥʳʭ ʧʨʦʬʝʩʩʠʡ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʠʙʨʘʮʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʢʘʣʴʥʫʶ ʚʠʙʨʘ-

ʮʠʶ ʩʦʟʜʘʶʪ ʨʫʯʥʳʝ ʤʘʰʠʥʳ ʫʜʘʨʥʦʛʦ, ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʚʠʙʨʦʦʧʘʩʥʳʝ ʤʘʰʠʥʳ ï ʵʪʦ ʛʝʥʝʨʠʨʫʶʱʠʝ ʚʠʙʨʘʮʠʶ ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ 

ʭʦʪ̫ ʙʳ ʧʨʠ ʦʜʥʦʤ ʠʟ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦ-

ʢʫʤʝʥʪʘʮʠʝʡ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʠʙʨʦʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩʨʝʜʩʪʚ ʧʦ ʟʘʱʠʪʝ ʨʘʙʦʪʘʶʱʠʭ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʢʣʝʧʘʣʴʥʳʝ, ʨʫ-

ʙʠʣʴʥʳʝ, ʦʪʙʦʡʥʳʝ ʤʦʣʦʪʢʠ, ʧʝʨʬʦʨʘʪʦʨʳ, ʙʝʪʦʥʦʣʦʤʳ, ʪʨʘʤʙʦʚʢʠ, ʛʘʡʢʦʚʝʨʪʳ, ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʝ ʠ ʛʣʫʙʠʥʥʳʝ ʨʫʯʥʳʝ ʚʠʙʨʘʪʦʨʳ, ʰʣʠʬʦʚʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʛʦʨʥʳʝ ʩʚʝʨʣʘ, ʙʝʥʟʦʤʦʪʦʨʥʳʝ 

ʧʠʣʳ, ʵʣʝʢʪʨʦʧʠʣʳ ʠ ʜʨ. ɺʠʙʨʦʦʧʘʩʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʧʝʨʘʮʠʠ 

ʟʘʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʟʘʯʠʩʪʢʘ ʠ ʦʙʜʠʨʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʰʚʦʚ, ʦʙʨʫʙʢʘ ʣʠʪʥʠʢʦʚ, 

ʫʧʣʦʪʥʝʥʠʝ ʩʤʝʩʝʡ, ʫʧʣʦʪʥʝʥʠʝ ʬʦʨʤʦʚʦʯʥʦʡ ʟʝʤʣʠ, ʛʨʫʥʪʘ, ʙʝʪʦʥʘ, ʢʘʥʘʣʦʚ ʧʨʠ ʜʦʨʦʞʥʳʭ ʠ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪʘʭ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʦʚ ʦʧʝʨʘʮʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʫʯʥʳʝ ʤʘʰʠʥʳ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ ʪʘʢʞʝ, ʯʪʦ 90% ʚʩʝʛʦ ʧʘʨʢʘ ʨʫʯʥʳʭ ʤʘʰʠʥ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʦ ʚʠʙʨʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʘʥʠʪʘʨʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʚʠʙʨʦ-

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ. 

çʄʘʰʠʥʘè ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʦʨʫʜʠʝ ʪʨʫʜʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ 

ʤʘʰʠʥʦʡ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʧʦʩʣʝʜʥʠʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʘ-

ʰʠʥʘ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʩʠʩʪʝʤʳ ʩʘʤʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʍʘʨʘʢʪʝʨ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʭ ʨʝʞʠʤʳ ʨʘʙʦʪ ʨʫʯʥʦʡ ʤʘʰʠʥʳ, ʪʘʢʠʭ ʢʘʢ: ʯʠʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʥʩʪʨʫ-

ʤʝʥʪʘ; ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʤʘʛʠʩʪʨʘʣʠ; ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʤʘʰʠʥ; ʥʘʣʠʯʠʝ ʰʫʤʘ; ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʨʫʯʥʦʡ ʤʘʰʠʥʳ. ʆʮʝʥʢʘ ʚʠʙʨʦʦʧʘʩʥʦʩʪʠ ʤʘʰʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʥʦʚʦʡ ʘʥʘʣʠʟʘ ʩʣʫʞʠʪ ʠʟʫʯʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ. ʊʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʥʦ-

ʩʷʪʩʷ ʚ ʩʪʘʥʜʘʨʪʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʤʘʰʠʥʳ, ʚʠʙʨʘʮʠʷ ʢʦʪʦʨʳʭ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʠʣʠ 

ʚ ʤʝʩʪʘʭ ʦʙʭʚʘʪʘ ʨʫʢʘʤʠ ʧʨʝʚʳʰʘʝʪ (ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ) 20% (ʠʣʠ 1/5) ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʥʦʨʤʳ. 

ʂʦʥʪʨʦʣʴ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʵʪʘʧʘʤ: 

1. ʀʟʫʯʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʚʠʙʨʦʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʪʨʫʜʘ. 

2. ɺʳʷʚʣʝʥʠʝ ʤʘʰʠʥ, ʩʦʟʜʘʶʱʠʭ ʢʦʥʪʘʢʪʥʫʶ ʚʠʙʨʘʮʠʶ. 

3. ʀʟʤʝʨʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʦʧʝʨʘʪʦʨʦʚ ʩ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʘʰʠʥʦʡ ʟʘ 

ʩʤʝʥʫ. 

5. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

6. ʆʮʝʥʢʘ ʚʠʙʨʦʦʧʘʩʥʦʩʪʠ ʤʘʰʠʥ ʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʪʘʶʱʠʭ. 

ʀʩʪʦʯʥʠʢʦʤ  ʠʥʬʦʨʤʘʮʠʠ  ʧʦ  ʢʦʥʪʨʦʣʶ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ (ɻʆʉʊ), ʩʘʥʠʪʘʨʥʳʝ ʥʦʨʤʳ (ʉʅ), ʜʘʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʧʘʩʧʦʨʪʦʚ, ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʜʘʥʥʳʝ ʭʨʦʥʦʤʝʪʨʘʞʘ, 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʠ ʚʳʷʚʣʝʥʠʝ ʚʠʙʨʦʦʧʘʩʥʳʭ ʤʘʰʠʥ. 

ʉʚʷʟʠ çʯʝʣʦʚʝʢ  ʨʫʯʥʘʷ ʤʘʰʠʥʘè ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ: 

ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʳ, ʭʘʨʘʢʪʝʨʦʤ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘ-

ʮʠʠ, ʫʨʦʚʥʝʤ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʚʠʙʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʦʧʘʩ-

ʥʦʩʪʝʡ: 

1. ʆʧʘʩʥʦʩʪʴ, ʚʳʟʚʘʥʥʘʷ ʨʘʙʦʪʦʡ ʨʫʯʥʦʡ ʤʘʰʠʥʳ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ 

ʥʘ ʪʷʞʝʩʪʴ ʠ ʠʩʭʦʜ ʚʠʙʨʦʧʦʨʘʞʝʥʠʷ, ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʝ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ. 

2. ʆʧʘʩʥʳʝ ʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʚʦʟʤʦʞʥʳ ʧʨʠ ʥʝʙʝʟʦʧʘʩʥʳʭ ʨʘʙʦʪʘʭ. 

ʆʧʘʩʥʦʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ, ʝʩʣʠ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠ ʠ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʧʨʝʚʳ-

ʰʘʁʪ ʜʦʧʫʩʪʠʤʦʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʟʥʘʯʝʥʠʝ. 

çɺʥʝʰʥʷʷ ʩʨʝʜʘè  ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʫ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʘ-

ʰʠʥʳ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦʟʠʪʠʚʥʦʝ ʠʣʠ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ɺʥʝʰʥʷʷ ʩʨʝʜʘ (ʨʘʙʦʯʘʷ ʩʨʝʜʘ) ï ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʚʢʣʶʯʘʷ ʧʨʝʜʤʝʪʳ ʪʨʫʜʘ), ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʪʦʨʦʡ ʩʦʚʝʨʰʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʨʘʙʦʪ ʩ ʤʘʰʠʥʦʡ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ.  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʩʨʝʜʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʤʘʰʠʥʫ ʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚʠʙʨʘʮʠʠ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ɺʳʩʦʢʠʡ ʨʠʩʢ ʨʘʟ-

ʚʠʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʘʪʦʣʦʛʠʠ (ʚʠʙʨʘʮʠʦʥʥʦʡ) ʫ ʨʘʙʦʯʠʭ ʨʷʜʘ ʧʨʦʬʝʩʩʠʡ, ʠʩʧʦʣʴʟʫʶ-

ʱʠʭ ʚʠʙʨʦʤʘʰʠʥʳ, ʧʨʝʜʣʘʛʘʝʪ ʜʝʪʘʣʴʥʫʶ ʦʮʝʥʢʫ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʪʨʫʜʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʧʦʜʩʠʩʪʝʤʳ çʚʥʝʰʥʷʷ ʩʨʝʜʘè  ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʝ. ʌʘʢʪʦʨʳ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʝ çʚʥʝʰʥʶʶ ʩʨʝʜʫè,  ʵʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞ-

ʥʦʩʪʴ, ʧʦʜʚʠʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʥʘʣʠʯʠʝ ʜʠʩʧʝʨʩʥʦʡ ʧʳʣʠ, ʛʘʟʦʚ, ʦʩʚʝʱʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʙʘʨʦ-

ʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ. 
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çʏʝʣʦʚʝʢè (ʦʧʝʨʘʪʦʨ ʨʫʯʥʳʭ ʤʘʰʠʥ) ʩʚʷʟʘʥ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʠ ʤʘʰʠʥʦʡ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ ʠʣʠ ʦʧʝʨʘʪʦʨʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʬʫʥʢʮʠʠ. ʂʘʢ ʦʙʲʝʢʪ ʟʘʱʠʪʳ ʯʝʣʦʚʝʢ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ: ʧʦʣ, ʚʦʟ-

ʨʘʩʪ, ʤʝʜʠʮʠʥʩʢʠʝ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʠʷ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʦ-

ʬʝʩʩʠ,̫ ʩʪʘʞ ʨʘʙʦʪʳ, ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘ ̫ʛʨʫʧʧʘ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʯʝʣʦʚʝʢʘ ʚ ʩʠʩʪʝʤʝ çʯʝʣʦʚʝʢ  ʤʘʰʠʥʘ  ʚʥʝʰʥʷʷ ʩʨʝʜʘè ʢʘʢ ʦʧʝʨʘ-

ʪʦʨʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʨʘʙʦʪ ʠʣʠ ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘ-

ʮʠʷʭ, ʥʘ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

ʆʧʝʨʘʪʦʨ, ʨʘʙʦʪʘʶʱʠʡ ʩ ʤʘʰʠʥʦʡ, ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ ʥʝʧʨʘʚʠʣʴʥʳʝ ʠ ʦʰʠʙʦʯʥʳʝ ʜʝʡʩʪʚʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝʩʦʙʣʶʜʝʥʠʝ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʨʫʯʥʳʭ ʤʘʰʠʥ ʠ ʪ.ʜ. ɺʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʳʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʧʝʨʩʦʥʘʣʘ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʫʩʣʦʚʠʷ ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʥʝʜʦʧʫʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʯʝʣʦʚʝʢʘ ʢʘʢ ʦʧʝʨʘʪʦʨʘ, ʷʚ-

ʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ. ʆʙʱʝʧʨʠʥʷʪʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʚʦʡʩʪʚ 

ʣʠʯʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʬʝʩʩʠʠ, ʚʢʣʶʯʘʶʱʠʭ ʝʝ ʦʪʥʦʰʝʥʠʝ ʢ ʨʘʙʦʪʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʥʘʣʠʯʠʝ ʥʫʞʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, ʥʘʚʳʢʦʚ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʦʧʘʩʥʘʷ ʩʠʪʫʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʪʘʢʠʤʠ ʢʘʢ: ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ; ʜʣʠʪʝʣʴʥʦʝ 

ʩʪʘʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʳʰʮ; ʫʩʠʣʠʝ ʥʘʞʘʪʠʷ ʥʘ ʨʫʢʦʷʪʢʫ; ʥʝʫʜʦʙʥʘʷ ʨʘʙʦʯʘʷ ʧʦʟʘ; ʬʠʟʠ-

ʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ. 

ʇʦʵʪʦʤʫ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʤʦ-

ʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʠʙʨʦʙʝʟʦʧʘʩʥʳʭ ʨʫʯʥʳʭ ʤʘʰʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. 

ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ʀʟ ʤʠʨʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʘʚʘʨʠʡ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʢ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʠʙʨʦʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʩʥʠʞʝʥʠʝ ʝʝ ʧʦʩʣʝʜʩʪʚʠʡ 

ʜʦʣʞʥ rʧʨʦʚʦʜʠʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠ-

ʩʪʝʤʳ çʯʝʣʦʚʝʢ  ʤʘʰʠʥʘ  ʚʥʝʰʥʷʷ ʩʨʝʜʘè. ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʜʦʣʞʥʦ 

ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

1. ʅʦʨʤʘʪʠʚʥʳʝ ʧʨʘʚʦʚʳʝ ʘʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʘʰʠʥʳ. 

2. ʂʦʤʧʣʝʢʩ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʩʨʝʜʩʪʚ. 

3. ʉʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

4. ʉʙʦʨ, ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʩ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʧʨʠʥʷʪʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʨʝʰʝʥʠʡ. 

ʉʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ çʯʝʣʦʚʝʢ  ʤʘʰʠʥʘ  ʚʥʝʰʥʷʷ ʩʨʝʜʘè (ʏ  ʄ  ʉ), ʚʣʠʷ-

ʶʱʠʝ ʥʘ ʚʠʙʨʦʟʘʙʦʣʝʚʘʝʤʦʩʪʴ, ʫʯʠʪʳʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʦʚ (ʬʘʢ-

ʪʦʨʦʚ), ʢʘʯʝʩʪʚʝʥʥʦ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʳ ʠ ʵʣʝʤʝʥʪʳ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʷ ʝʩʪʴ ʩʦʙʳʪʠʝ ʩʣʫʯʘʡʥʦʝ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʩʣʫʯʘʡʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʦʙʳʪʠʡ, ʘ ʧʦʵʪʦʤʫ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝ-

ʥʴʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʥʘʣʠʟ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʜʦʣʞʝʥ ʦʧʠ-

ʨʘʪʴʩʷ ʥʘ ʪʝʦʨʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʩʪʘʪʠʩʪʠʢʫ, ʚʢʣʶʯʘʷ ʵʪʘʧʳ ʦʧʨʝʜʝʣʝʥʠ ̫ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ ʦʧʘʩʥʦʩʪʠ ʨʫʯʥʦʡ ʤʘʰʠʥʳ, ʨʘʟʨʘʙʦʪʢʫ ʣʦʛʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʙʨʦʟʘʙʦʣʝʚʘʥʠʷ, ʦʙʦʩʥʦʚʘʥʠ ̫ʩʨʝʜʩʪʚ ʚʠʙʨʦʟʘʱʠʪʳ ʠ ʚʳʙʦʨ ʠʟ 

ʥʠʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ.  
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ʈɽɿʋʃʔʊɸʊʓ ʈɸɿʈɸɹʆʊʂʀ ʀ ɺʅɽɼʈɽʅʀʗ ʊɽʍʅʆʃʆɻʀʁ 

ʆɹʈɸɹʆʊʂʀ ɿɽʈʅɸ ʀ ʈɸɹʆʏʀʍ ʆʈɻɸʅʆɺ ʉɽʇɸʈɸʊʆʈʆɺ 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʯʠʩʪʢʠ 

ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʤʝʩʪʥʳʭ ʩʦʨʪʦʚ, ʦʙʦʩʥʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʜʝ-

ʣʝʥʠʷ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ɿʘʙʘʡʢʘʣʴʝ; ʨʘʟʨʘʙʦʪʢʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʣʦʧʘʩʪʥʳʭ ʟʝʨ-

ʥʦʤʝʪʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʩʣʝʫʙʦʨʦʯʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʬʨʘʢʮʠʦʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠ 

ʦʯʠʩʪʢʫ ʟʝʨʥʘ ʦʪ ʧʨʠʤʝʩʝʡ ʣʝʛʢʠʭ, ʧʦ ʜʣʠʥʝ ʠ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ 

ʟʝʨʥʘ ʠ ʩʝʤʷʥ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ ʧʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʠ ʚ ʨʘʙʦʯʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʤʘʰʠʥ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʵʣʝʤʝʥʪʘ ï 

ʷʯʝʡʢʠ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʪʨʠʝʨʦʚ, ʜʠʩʢʦʚʦʛʦ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʝʧʘʨʘʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ ʢʫʢʦʣʷ 

ʠ ʦʚʩʶʛʘ ʜʦ 4 ʨʘʟ. 
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THE RESULTS OF DEVELOPMENT AND DEPLOYMENT OF TECHNOLOGIES  

OF PROCESSING OF GRAIN AND WORKING BODIES OF SEPARATORS 

  
The article presents results of the research and identification of  technological features of clearing 

wheat grains of local varieties, justification of conditions of postharvest processing and technologies of divi-

sion of grain material in Transbaikalia; the development of aerodynamic devices and impeller grain throwers, 

providing efficient handling of, fractional separation and the purification of grain from light impurities, on 

length and densities to enhance the quality of food grains and seeds. On the basis of research results and laws 

of motion of the grain over the surface and in working spaces of machines basic designs of the working element 

have been developed ⱷ cells and high-performance grain-cleaning machines, disk and cylindrical separators 

providing change of technological process and productivity increase of corn cockle and wild oats purification 

to 4 times.  

Key words: grain, separation, purification, quality, development, efficiency 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦ-

ʨʦʪʢʦʛʦ ʙʝʟʤʦʨʦʟʥʦʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜ-

ʢʦʚ ʚ ʧʝʨʠʦʜ ʫʙʦʨʢʠ ʫʨʦʞʘʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʣʝʫʙʦ-

ʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ (ʇʆɿ) ʠ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ɿʘʙʘʡʢʘʣʴʷ. 
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ʋʩʣʦʚʠʷ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʋʩʣʦʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʘ ʠ ʇʆɿ ʠʩʩʣʝʜʦʚʘʥʳ ʦʧʨʝʜʝʣʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʩ (ɻʊʂ) ɻ.ʊ. ʉʝʣʷʥʠʥʘ ʠ ʂ (ʂWt) ʄ.ɻ. ɻʦʣʠʢʘ. ɺ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʩ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʦʥʘʭ ʨʘʡʦʥʠʨʦʚʘʥʳ ʤʝʩʪʥʳʝ 

ʩʦʨʪʘ ʧʰʝʥʠʮʳ ʠ ʜʨʫʛʠʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ɿʘʙʘʡʢʘʣʴʝ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ ʧʦʜʟʦʥʳ: ʚʣʘʞʥʘʷ, 

ʛʜʝ ʂʩ =1,5é..2,0 ʠ ʚʳʭʦʜ ʟʝʨʥʘ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 57é79%, ʠ ʟʘʩʫʰʣʠʚʘʷ, ʛʜʝ ʂʩ= 

1,0é1,5 ʠ ʚʳʭʦʜ 37é53%. ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂ ʟʘʚʠʩʠʪ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʟʦʥʳ ʠ ʚʣʠʷʝʪ ʥʘ ʚʣʘʞʥʦʩʪʴ ʩʚʝʞʝʫʙʨʘʥʥʦʛʦ ʟʝʨʥʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʲʝʤ ʇʆɿ. ʀʟ-

ʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʫʩʣʦʚʠʡ ʚʦ ʚʨʝʤʷ ʫʙʦʨʢʠ ʢʘʞ-

ʜʦʛʦ ʛʦʜʘ ʟʘ ʧʝʨʠʦʜ 11 ʣʝʪ, ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʝʛʦ ʩʚʷʟʴ ʩ ʚʣʘʞʥʦʩʪʴʶ ʟʝʨʥʘ. ʇʦ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʂ ʠ ʫʩʣʦʚʠʷʤ ʇʆɿ ʟʦʥʘ ɿʘʙʘʡʢʘʣʴʷ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʧʦʜʟʦʥʳ: ʚʣʘʞʥʘʷ, ʛʜʝ 

ʂ=5,36é8,01, ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʭʘʷ ʂ = 3,06é4,97, ʘ ʠʭ ʩʚʷʟʴ ʩ ʚʣʘʞʥʦʩʪʴʶ ʠ ʦʙʲʝʤʦʤ ʇʆɿ 

ʦʧʨʝʜʝʣʝʥʘ ʫʨʘʚʥʝʥʠʝʤ ʩʚʷʟʠ [1, 2]. 

ʄʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ, ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʩʚʦʡʩʪʚ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʤʝʩʪʥʳʭ ʩʦʨʪʦʚ, ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʨʘʙʦʯʠʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘʭ ʤʘʰʠʥ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʦʯʠʩʪʢʠ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʙʦʩʥʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʝʧʘʨʘʪʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ [1, 2, 3, 4, 5]. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ɿʘʙʘʡʢʘʣʴʷ ʥʘ ʜʚʝ ʧʦʜʟʦʥʳ ʧʦ ʫʩʣʦʚʠʷʤ ʇʆɿ ʧʨʦ-

ʚʝʨʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦ F-ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʛʠʧʦʪʝʟʝ ʦ ʨʘʚʝʥʩʪʚʝ ʜʠʩʧʝʨʩʠʠ [1]. ɿʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʦʙʱʠʤ ʦʙʲʝʤʦʤ Y ʚʣʘʞʥʦʛʦ ʠ ʩʳʨʦʛʦ ʟʝʨʥʘ ʩ ʩʦʨʥʦʡ ʧʨʠʤʝʩʴʶ ʚʳʰʝ ʙʘʟʠʩʥʦʡ ʢʦʥʜʠ-

ʮʠʠ (ʚ %) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ K ʚ ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʡ ʫʙʦʨʢʠ ʠ ʟʘʛʦʪʦʚʢʠ ʟʝʨʥʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʦʩʪʨʦʝʥʠʷ ʩʚʷʟʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʠ: 

 

Y=49,87+22,59K1/3  (rʢ.ʫ=0,716).     (1) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʝʨʚʦʡ ʧʦʜʟʦʥʝ ʦʙʲʝʤ ʟʝʨʥʘ ʚʣʘʞʥʦʩʪʴʶ 

W=16é20% ʩʦʩʪʘʚʣʷʝʪ 85,6%, ʘ ʚʦ ʚʪʦʨʦʡ  99,87% ʦʪ ʚʘʣʦʚʦʛʦ ʩʙʦʨʘ. ʇʨʠ ʵʪʦʤ ʟʘʩʦʨʝʥʥʦʩʪʴ 

ʟʝʨʥʘ ʩʦʩʪʘʚʣʷʝʪ 14é16%, ʠ ʚʩʝ ʫʙʨʘʥʥʦʝ ʟʝʨʥʦ ʧʦʜʣʝʞʠʪ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʀʟ 

99,87 % ʚʣʘʞʥʦʛʦ ʟʝʨʥʘ ʚʦ ʚʪʦʨʦʡ ʧʦʜʟʦʥʝ ʦʢʦʣʦ 38% ʩʦʩʪʘʚʣʷʝʪ ʟʝʨʥʦ ʩʳʨʦʝ  W Ó 20%, ʦʥʦ 

ʪʨʝʙʫʝʪ ʩʫʰʢʠ ʥʘ ʟʝʨʥʦʩʫʰʠʣʢʘʭ ʠ ʂɿʉ. ʇʦʵʪʦʤʫ ʚʦ 2-ʡ ʧʦʜʟʦʥʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʂɿʉ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ 1-ʡ, ʥʘ 38% ʩ ʫʯʝʪʦʤ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʦʚ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʟʝʨʥʘ ʚ ʢʘʞʜʦʡ 

ʧʦʜʟʦʥʝ ʥʘ ʧʫʥʢʪʘʭ ʇʆɿ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦʨʦʭʦʦʯʠʩʪʠʪʝʣʠ, ʟʝʨʥʦʤʝʪʘʪʝʣʠ, ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʘʢ-

ʪʠʚʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʭʣʘʞʜʝʥʠʷ, ʧʦʜʩʫʰʢʠ ʠ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʟʝʨʥʘ [3]. 

ʆʙʨʘʙʦʪʢʘ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʣʦʧʘʩʪ-

ʥʳʭ ʟʝʨʥʦʤʝʪʘʪʝʣʷʭ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʝʨʥʘ ʜʦ 10 ʤ ʥʘ ʧʫʥʢʪʘʭ ʇʆɿ, ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʩʥʠʞʝʥʠʝ ʝʛʦ ʚʣʘʞʥʦʩʪʠ ʥʘ 2-3 0ʉ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʠ ʫʚʝʣʠ-

ʯʝʥʠʝ ʩʨʦʢʘ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚ 1,5é2 ʨʘʟʘ.  

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʥʘ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ: ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʪʝʧʣʦ-

ʚʦʡ ʦʙʨʘʙʦʪʢʠ (ɸʉ ˉ552486, ʉʉʉʈ ʦʧʫʙʣ. 1977, ʙʶʣ. ˉ 12) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʰʢʫ ʠ ʦʯʠʩʪʢʫ 

ʟʝʨʥʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜʥʦʛʦ 

ʚʦʟʜʫʭʘ ʠ ʟʥʘʯʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ R>1,8G; ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʩʫʰʢʠ (ʇʘʪʝʥʪ ʉʉʉʈ, ˉ 

879220, ʦʧʫʙʣ. 1981, ʙʶʣ.  ̄41) ʧʨʦʠʟʚʦʜʠʪ ʧʦʜʩʫʰʢʫ ʠ ʦʯʠʩʪʢʫ ʟʝʨʥʘ ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʮʠʢ-

ʣʦʚ ʝʛʦ ʧʦʜʲʝʤʘ ʚ ʨʝʞʠʤʝ ʘʵʨʦʬʦʥʪʠʨʦʚʘʥʠʷ ʧʨʠ R>1,8G ʠ ʧʝʨʝʤʝʱʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦ-

ʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʥʘʢʣʦʥʥʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʧʣʘʩʪʠʥʘʤ ʧʨʠ R<G; ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʪʝʧ-

ʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ (ʇʘʪʝʥʪ ʉʉʉʈ ˉ1267143, ʦʧʫʙʣ. 1986, ʙʶʣ. 

 ̄40) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʰʢʫ ʠ ʦʯʠʩʪʢʫ ʟʝʨʥʘ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʣʦʝ ʧʨʠ R=G ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʪʨʘʥʩʧʦʨʪʝʨʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 1 ʘ). ʂʨʦʤʝ 
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ʪʦʛʦ, ʦʙʨʘʙʦʪʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʠ ʥʘ ʚʦʟʜʫʰʥʦ-ʩʠʪʦʚʳʭ ʩʝʧʘʨʘʪʦʨʘʭ. ʅʘ ʩʠʪʦʚʦʤ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ ʦʙʝʩʧʝʯʠʚʘʪʁʩʷ ʨʘʟ-

ʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 36-40% ʟʝʨʥʘ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ (ʂʌ), 38-45% ʩʨʝʜ-

ʥʝʡ (ʉʌ) ʠ ʚʳʜʝʣʝʥʠʝʤ ʦʢʦʣʦ 70% ʦʚʩʶʛʘ ʦʪ ʝʛʦ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ 

ʩʭʦʜʦʤ ʩ ʩʦʨʪʠʨʦʚʦʯʥʦʛʦ ʩʠʪʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʦʯʠʩʪʢʘ ʤʘʪʝʨʠʘʣʘ ʦʪ ʤʝʣʢʠʭ 

ʧʨʠʤʝʩʝʡ ʥʘ ʧʦʜʩʝʚʥʦʤ ʩʠʪʝ ʩʝʧʘʨʘʪʦʨʘ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʥʠʞʝʥʠʷ ʦʙʱʠʭ ʟʘʪʨʘʪ ʥʘ ʦʯʠʩʪʢʫ ʟʝʨʥʘ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʦʙ-

ʨʘʙʦʪʢʠ ʠ ʚʳʷʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʤʝʩʪʥʳʭ ʩʦʨʪʦʚ 

ʦʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʦʨʥʷʢʦʚ ʠ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʭʦʟʷʡʩʪʚʘʭ ʚʳʧʦʣʥʝʥʳ ʧʦ ʭʦʟʜʦʛʦʚʦʨʥʳʤ ʨʘʙʦ-

ʪʘʤ ʩ ʭʦʟʷʡʩʪʚʘʤʠ ʈɹ. 

ʈʠʩ. 1. ʉʭʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʘ ʥʘ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʟʝʨʥʦʤʝʪʘʪʝʣʝ: 

ʘ ï ʧʦʜʩʫʰʢʘ ʠ ʦʯʠʩʪʢʘ ʟʝʨʥʘ ʚʦʟʜʫʭʦʤ ʥʘ ʫʩʪʘʥʦʚʢʘʭ: ʜʣʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ  

ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʥʦʡ ʣʝʥʪʝ (ʊ) ʧʨʠ R>1,8G;  

ʜʣʷ ʩʫʰʢʠ ʚ ʨʝʞʠʤʝ ʘʵʬʦʥʪʠʨʦʚʘʥʠʷ ʩ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʢʠ (ɺ)  

ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ R<G; ʜʣʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ  

ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʦʤ ʩʣʦʝ ʧʨʠ R=G; ʙ ï ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʚ ʧʥʝʚʤʦʩʝʧʘʨʘʮʠʦʥʥʦʤ ʢʘʥʘʣʝ  

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʩʝʧʘʨʘʪʦʨʘ: I ï ʟʝʨʥʦ ʦʯʠʱʝʥʥʦʝ: II ï ʦʪʥʦʩʳ ʪʷʞʝʣʳʝ; III ï ʚʦʟʜʫʭ  

ʩ ʣʝʛʢʠʤʠ ʦʪʥʦʩʘʤʠ; ʚ ï ʚʘʨʠʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʧʦ ʜʘʣʴʥʦʩʪʠ ʦʪʣʝʪʘ; 1 ï ʟʝʨʥʦ ʧʰʝʥʠʮʳ;  

2 ï ʟʝʨʥʦʚʢʠ ʦʚʩʶʛʘ; 3 ï ʯʘʩʪʠʮʳ ʛʘʣʴʢʠ; 4 ï ʢʫʢʦʣʷ; ʂʌ ï ʢʨʫʧʥʘʷ ʬʨʘʢʮʠʷ ʟʝʨʥʘ;  

ʉʌ ï ʩʨʝʜʥʷʷ ʬʨʘʢʮʠʷ ʟʝʨʥʘ; ʆɿ ï ʬʨʘʢʮʠʷ ʟʝʨʥʘ ʩ ʦʚʩʶʛʦʤ;  

ʇɿ ï ʧʦʪʝʨʠ ʤʝʣʢʠʭ ʟʝʨʝʥ ʚ ʦʪʭʦʜʳ ʩ ʦʚʩʶʛʦʤ 

 

ʌʨʘʢʮʠʦʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʫ ʟʝʨʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʝʥʪʨʠʬʫʛʠ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʠ ʟʘʱʠʱʝʥʳ ʧʘʪʝʥʪʘʤʠ ʈʌ. ʎʝʥʪʨʠʬʫʛʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʜʝʣʝʥʠʝ ʦʚʩʶʛʘ ʩ ʣʝʛʢʠʤʠ ʧʨʠ-

ʤʝʩʷʤʠ ʚ ʟʝʨʥʝ ʉʌ, ʩʦʩʪʘʚʣʷʶʱʝʡ 30% ʦʪ ʝʛʦ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʫʤʝʥʴʰʘʝʪ ʦʙʲʝʤ ʪʨʠʝʨ-

ʥʦʡ ʦʯʠʩʪʢʠ ʥʘ 70% ʠ ʦʯʠʱʘʝʪ ʟʝʨʥʦ ʦʪ ʤʠʥʝʨʘʣʴʥʦʡ ʧʨʠʤʝʩʠ (ʛʘʣʴʢʠ), ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ [1]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʡʩʪʚʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʟʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟ-

ʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʥʝʚʤʘʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʩ ʢʦʣʴʮʝʚʳʤ ʩʝʯʝʥʠʝʤ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʮʝʥʪʨʦʙʝʞʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʜʘʯʠ ʨʘʩʩʣʦʝʥʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʥʢʠʤ ʩʣʦʝʤ ʚ ʢʘ-

ʥʘʣ ʠ ʦʙʨʘʙʦʪʢʠ ʩʣʦʷ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 1 ʙ). ʋʩʣʦʚʠʷ ʦʯʠʩʪʠ 

ʦʪ ʧʨʠʤʝʩʝʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʁ ʜʚʠʞʝʥʠʝ ʟʝʨʥʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʩʝʪʢʠ ʧʨʠ KV2>ɤ2r, ʛʜʝ K  ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʫʩʥʦʩʪʠ; V  ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣʝ, ʤ/ʩ; r  

ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ ʢʘʥʘʣʘ, ʤ; ɤ  ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʟʝʨʥʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʪʢʠ, ʩ-1. 

ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ ʫʥʦʩʷʪʩʷ ʚʦʟʜʫʭʦʤ ʚ ʩʪʦʨʦʥʫ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʩʣʦʝ, ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʧʨʠʝʤʥʠʢʫ ʣʝʛʢʠʭ ʧʨʠʤʝʩʝʡ. ʇʨʠ ʵʪʦʤ ʢʨʘʡʥʷʷ ʚʝʨʭʥʷʷ ʪʨʘʝʢʪʦʨʠʷ ʟʦʥʳ ʜʚʠ-

ʞʝʥʠʷ ʟʝʨʥʘ ʜʦʣʞʥʘ ʧʨʦʭʦʜʠʪʴ ʥʠʞʝ ʪʦʯʢʠ ʉ ʢʨʦʤʢʠ ʦʪʚʝʨʩʪʠʷ ʧʨʠʝʤʥʦʛʦ ʧʘʪʨʫʙʢʘ ʜʣʷ ʪʷ-

ʞʝʣʳʭ ʦʪʥʦʩʦʚ II ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ: 

 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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,                                                                         (2) 

ʛʜʝ Y ʠ X ï ʢʦʦʨʜʠʥʘʪʳ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ ʧʦ ʦʩʷʤ ʩʠʩʪʝʤʳ OXY. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʧʥʝʚʤʦʩʝʧʘʨʠʨʫʶʱʝʛʦ ʢʘʥʘʣʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʥʘ 6% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʧʘʨʘʪʦʨʦʤ ʈ3-

ɹʉɼ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʟʘʱʠʱʝʥʳ ʧʘʪʝʥʪʘʤʠ ʈʌ, ʘ ʠʭ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʚʝʨʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʀʨʢʫʪʩʢʦʛʦ ʤʝʣʴʟʘʚʦʜʘ 

ʧʦ ʭʦʟʜʦʛʦʚʦʨʥʦʡ ʨʘʙʦʪʝ [3].  

ʃʦʧʘʩʪʥʳʝ ʟʝʨʥʦʤʝʪʘʪʝʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʥʠʷ 

ʟʝʨʥʘ ʚ ʚʦʟʜʫʭ, ʟʘʱʠʱʝʥʳ ʧʘʪʝʥʪʘʤʠ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ, ʫʩʪʨʘʥʷʪʁ ʥʝʜʦʩʪʘʪʢʠ ʠ ʩʦʚʝʨʰʝʥ-

ʩʪʚʫʶʪ ʢʦʥʩʪʨʫʢʮʠʶ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʝʪʘʪʝʣʷ ɿʄ-60, ʥʘʰʝʜʰʝʛʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʥʘ ʧʫʥʢʪʘʭ ʇʆɿ ʭʦʟʷʡʩʪʚ. ʃʦʧʘʩʪʥʳʝ ʤʝʪʘʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʨʮʠʦʥʥʦʝ 

ʤʝʪʘʥʠʝ ʟʝʨʥʘ ʚ ʚʦʟʜʫʭ ʠ ʫʣʫʯʰʘʶʪ ʧʨʦʮʝʩʩʳ ʝʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʟʝʨʥʘ ʚ ʚʦʟʜʫʭʝ ʧʨʠ ʤʝʪʘʥʠʠ ʧʦʜ ʫʛʣʦʤ 

450 ʢ ʛʦʨʠʟʦʥʪʫ ʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ V0. ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʧʫʪʠ ʜʚʠʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʦʪʣʝʪʘ 

ʟʝʨʥʘ, ʧʨʠʤʝʩʝʡ ʣʝʛʢʠʭ, ʧʦ ʜʣʠʥʝ ʠ ʛʘʣʴʢʠ (ʨʠʩ. 1 ʚ). ɼʠʬʬʝʨʝʥʮʠʨʫʷ Vx ʠ Vy ʩʢʦʨʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʟʝʨʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʝʪʘ ʠ ʧʦ ʚʳʩʦʪʝ ʧʦʣʝʪʘ, ʧʦ ʫʛʣʫ Ŭ ʠ ʠʩʢʣʶʯʘʷ ʚʨʝʤʷ dt ʜʝʣʝʥʠʝʤ 

ʧʦʯʣʝʥʥʦ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ: 

 

dV= - kĀVĀcosŬĀVdt,     (3) 

 

ʛʜʝ Vx=VĀcosŬ  ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ; VĀdt ï ʜʠʬʬʝʨʝʥʮʠʘʣ ʧʫʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʪʘʥʠʷ. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʫʨʘʚʥʝʥʠʷ (3) ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʜʘʣʴʥʦʩʪʠ ʦʪʣʝʪʘ ʟʝʨʥʘ [1, 4]. ɸʥʘʣʠʟ ʚʘʨʠʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʧʦ ʜʘʣʴʥʦʩʪʠ ʦʪʣʝʪʘ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʣʦʧʘʩʪʥʦʡ ʙʝʟʨʝʤʝʥʥʳʡ ʟʝʨʥʦʤʝʪʘʪʝʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʟʝʨʥʦ-

ʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʟʝʨʥʦ ʂʌ-50% ʠ ʉʌ-40% ʩ ʧʦʣʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʢʫʢʦʣʷ ʠ 60% ʦʚʩʶʛʘ, ʦʪ 

ʝʛʦ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʚ ʦʪʭʦʜʳ (ʌʆ). ɺ ʫʩʣʦʚʠʷʭ ɿʘʙʘʡʢʘʣʴʷ ʥʘ ʣʦʧʘʩʪʥʦʤ ʤʝʪʘʪʝʣʝ ʦʙʝʩ-

ʧʝʯʠʚʘʪʁʩʷ ʦʪʙʦʨ ʟʝʨʥʘ ʂʌ ʜʣʷ ʩʝʤʷʥ, ʧʦʣʥʘʷ ʦʯʠʩʪʢʘ ʤʘʪʝʨʠʘʣʘ ʦʪ ʛʘʣʴʢʠ ʠ ʢʫʢʦʣʷ, ʘ ʯʘʩʪʴ 

ʦʚʩʶʛʘ ʦʩʪʘʝʪʩʷ ʚ ʟʝʨʥʝ ʉʌ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʝʤ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʥʘ ʪʨʠʝʨʝ ʚ ʜʚʘ ʠ 

ʙʦʣʝʝ ʨʘʟʘ. ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʨʝʤʝʥʥʦʛʦ ʠ ʙʝʟʨʝʤʝʥʥʦʛʦ ʣʦʧʘʩʪʥʳʭ ʤʝʪʘʪʝʣʝʡ ʚʥʝʜʨʝʥʳ ʠ ʠʩ-

ʧʳʪʘʥʳ ʥʘ ʧʫʥʢʪʘʭ ʇʆɿ ʭʦʟʷʡʩʪʚ ʈɹ ʧʦ ʭʦʟʜʦʛʦʚʦʨʥʳʤ ʨʘʙʦʪʘʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ ʧʦ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʠʝʨʘ ʧʦʣʫʯʝʥʘ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʧʨʦʜʦʣʛʦʚʘʪʦʛʦ ʟʝʨʥʘ ʜʣʠʥ-

ʥʦʡ ʦʩʴʶ ʚ ʩʪʦʨʦʥʫ ʚʨʘʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʫʛʦʣ ꜟ ʦʨʠʝʥʪʘʮʠʠ ʤʝʞʜʫ ʜʣʠʥʥʦʡ ʦʩʴʶ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ: 

ᴆ=ɸĀsin (Ѝ )+Ů ,      (4) 

ʛʜʝ ɸ ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ; Ů ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ; ὐ  ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʟʝʨʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ʦʧʦʨʳ ɸ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʆʍ ʚ ʧʣʦʩʢʦʩʪʠ ʜʚʠʞʝʥʠʷ; 

ʄ=mĀsinŬ+tgű[cosŬ+ɤa
2R/g]+sinɣĀcosɣ; ʭ ï ʚʝʣʠʯʠʥʘ ʥʝʩʦʚʧʘʜʝʥʠʷ ʪʦʯʝʢ ʧʨʠʣʦʞʝʥʠʷ ʨʘʚʥʦ-

ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ ʪʷʞʝʩʪʠ mg ʠ ʠʥʝʨʮʠʠ (Ra) ʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (Rc) ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʢʘʩʘ-

ʪʝʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ; Ŭ ï ʫʛʦʣ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʝʨʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ; 

ɤʘ
2R ï ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ [1, 5, 6]. ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʨʘʟʤʝʨʘʤʠ ʟʝʨʥʘ ʦʙʦʩʥʦʚʘʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʜʦʣʛʦʚʘʪʦʡ ʷʯʝʡʢʠ 

ʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʪʨʠʝʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʝʥʳ ʧʘʪʝʥʪʘʤʠ ʠ ʘʚʪʦʨʩʢʠʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ. ʅʦ-

ʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʷʯʝʝʢ ʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʟʘʤʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʷʯʝʝʢ, ʬʦʨʤʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘ ʨʫʙʝʞʦʤ ʚ ʩʝʨʝʜʠʥʝ XIX  ʚ. ʉʦʟʜʘʥʠʝ 

ʥʦʚʳʭ ʷʯʝʠʩʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʜʠʩʢʦʚʳʭ ʪʨʠʝʨʦʚ ʚʳʧʦʣʥʝʥʳ ʧʦ ʧʣʘʥʘʤ ʛ/ʙ 

ʅʀʈ ɺʉʊʀ-ɺʉɻʋʊʋ, ʧʦ ʭ/ʜ ʨʘʙʦʪʘʤ ʩ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʤʠ ʟʘʚʦʜʘʤʠ çʇʨʦʜʤʘʰè 

(ʛ. ʆʜʝʩʩʘ) ʠ çɺʦʨʦʥʝʞʟʝʨʥʦʤʘʰè. ʀʩʩʣʝʜʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʯʠʩʪʢʠ ʟʝʨʥʦ-

ʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʧʨʠʤʝʩʝʡ ʧʦ ʜʣʠʥʝ, ʠ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʟʘʧʘʜʘʥʠʷ ʟʝʨʥʘ 
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ʚ ʷʯʝʡʢʫ ʠ ʝʛʦ ʚʳʧʘʜʝʥʠʷ ʠʟ ʥʝʝ. ʆʧʨʝʜʝʣʝʥʳ ʟʦʥʳ ʟʘʧʘʜʘʥʠʡ ʠ ʚʳʧʘʜʝʥʠʡ ʟʝʨʝʥ ʠ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʠʝʨʦʚ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦ-

ʜʦʣʛʦʚʘʪʦʡ ʷʯʝʡʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 1,4-

2,4 ʨʘʟʘ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 1,5-2,6 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʪʨʠʝʨʘʤʠ [1, 5, 6]. ʇʨʦʜʦʣʛʦʚʘʪʳʝ ʷʯʝʡʢʠ ʠ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʠʩʢʦʚʳʭ ʪʨʠʝʨʦʚ ʚ 1,4-1,6 ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ  ʚ 1,8-2,4 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ [1, 5]. ʅʦʚʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʧʨʠʥʷʪʳ ʢ ʚʥʝʜʨʝʥʠʶ ʥʘ ʟʘʚʦʜʝ çʇʨʦʜʤʘʰè ʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʢʘʬʝʜʨʝ, ʘ ʷʯʝʠʩʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʪʨʠʝʨʦʚ ʠʟʛʦʪʦʚʣʝʥʳ 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʟʘʚʦʜʝ ɺʀʄ, ʢʘʬʝʜʨʝ ʠ ʟʘʚʦʜʝ ʠʤ. ʌʨʫʥʟʝ (ʛ. ʍʘʨʴʢʦʚ). ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʠ ʪʨʠʝʨʦʚ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ ʟʝʨʥʘ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʚʩʶʞʥʳʭ ʪʨʠʝʨʘʭ ʧʨʦʠʩʭʦ-

ʜʠʪ ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʠʟ-ʟʘ ʚʳʥʦʩʘ ʟʝʨʝʥ ʧʰʝʥʠʮʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʚ ʠʩʭʦʜʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ ʦʢʦʣʦ 97% ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʦʚʩʶʛʘ 3%, ʷʯʝʡʢʘʤʠ ʠʟ ʩʣʦʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʠʝʤʥʦ ʚʳʧʫʩʢʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʇɺʋ). ʇʨʠ ʵʪʦʤ ʧʦ ʜʣʠʥʝ ʪʨʠʝʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʮʝʩʩ ʦʙʝʜʥʝʥʠʷ ʩʣʦʷ ʟʝʨʥʦʤ ʠ ʦʙʦʛʘʱʝʥʠʷ ʟʝʨʥʦʚʢʘʤʠ ʦʚʩʶʛʘ ʠ ʩʥʠʞʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ɽ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ɽ=0,3 (ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʉʭʝʤʳ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʚ ʷʯʝʠʩʪʳʭ ʩʝʧʘʨʘʪʦʨʘʭ: 1 ï ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʪʨʠʝʨʝ;  

2 ï ʚ ʜʠʩʢʦʚʦʤ ʪʨʠʝʨʝ; 3, 4 ï ʚ ʦʚʩʶʛʦʦʪʙʦʨʥʠʢʘʭ; 5 ï ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʝʧʘʨʘʪʦʨʝ;  

6 ï ʚ ʜʠʩʢʦʚʦʤ ʩʝʧʘʨʘʪʦʨʝ 

 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʚ 

ʦʚʩʶʛʦʦʪʙʦʨʥʠʢʝ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʷʯʝʡʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʨʘʟʤʝʨʘʤʠ 

ʟʝʨʥʦʚʢʠ ʦʚʩʶʛʘ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʷʯʝʡʢʠ ʜʣʷ ʦʚʩʶʛʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ ʧʫʪʝʤ ʚʳʥʦʩʘ ʟʝʨʥʦʚʦʢ ʦʚʩʶʛʘ, ʩʦʜʝʨ-

ʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʠʩʭʦʜʥʦʤ ʟʝʨʥʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 3% ʷʯʝʡʢʘʤʠ ʠʟ ʩʣʦʷ ʚ ʇɺʋ. ʕʪʦ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʚʳʥʦʩ ʟʝʨʥʦʚʦʢ ʦʚʩʶʛʘ. ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʧʨʠ 

ʵʪʦʤ ʧʝʨʝʤʝʱʘʝʪʩʷ, ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚʳʭʦʜʠʪ ʚ ʢʦʥʮʝ ʮʠʣʠʥʜʨʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʚʩʶʛʦʦʪʙʦʨʥʠʢʘ ʟʘʱʠʱʝʥʘ ʧʘʪʝʥʪʦʤ ʈʌ, ʠ ʝʛʦ ʨʘʙʦʯʠʝ ʧʘʨʘ-

ʤʝʪʨʳ ʦʙʦʩʥʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [1, 5, 7]. ɸʥʘʣʦʛʠʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʙʦʩʥʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘ-

ʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʚ ʜʠʩʢʦʚʦʤ ʦʚʩʶʛʦʦʪʙʦʨʥʠʢʝ ʚ ʜʠʩ-

ʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩ ʟʘʱʠʪʦʡ [8]. 

ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ 

ʦʚʩʶʛʘ ʚ ʦʚʩʶʛʦʦʪʙʦʨʥʠʢʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʠʥʘʢʦʚʦ ʩ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʚ ʢʫʢʦʣʝʦʪʙʦʨʥʠʢʝ 

ʧʨʠ 3%-ʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʫʢʦʣʷ ʚ ʠʩʭʦʜʥʦʡ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ E=0,03. ʇʦʵʪʦʤʫ 

ʧʨʦʮʝʩʩʳ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ ʦʚʩʶʛʘ ʠ ʢʫʢʦʣʷ ʤʦʞʥʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩʦʚʤʝʩʪʠʪʴ ʚ ʦʜʥʦʡ ʤʘʰʠʥʝ. ʇʨʠ ʵʪʦʤ ʥʦʚʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝ-

ʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ 3% ʢʫʢʦʣʷ ʠ 3% ʦʚʩʶʛʘ ʚʳʥʦʩʦʤ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ 

ʇɺʋ ʩʝʧʘʨʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʜʠʩʢʦʚʦʛʦ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʝʧʘ-

ʨʘʪʦʨʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʚʤʝʱʝʥʠʝ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ ʢʫʢʦʣʷ ʠ ʦʚʩʶʛʘ ʚ ʦʜʥʦʡ ʤʘʰʠʥʝ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʟʘʤʝʥʫ ʨʘʙʦʪʳ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʢʫʢʦʣʴʥʦʛʦ ʠ ʦʚʩʶʞʥʦʛʦ ʪʨʠʝʨʦʚ ʨʘʙʦʪʦʡ ʦʜʥʦʛʦ ʮʠ-
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ʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʥʘ ʧʫʥʢʪʘʭ ʇʆɿ ʠʣʠ ʜʠʩʢʦʚʦʛʦ ʥʘ ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜ-

ʧʨʠʷʪʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ ʷʯʝʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʠʩʢʦʚʦʛʦ ʨʦʪʦʨʘ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʩʝʧʘʨʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʠʩʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʥʘ ʦʪ ʩʚʷʟʘʥʥʦʡ ʧʳʣʠ ʠ ʚʳʧʦʣʥʷʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʙʦʪʫ ʦʙʦʝʯʥʦʡ ʤʘʰʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʝʩʧʝʯʠʚʘʪʁʩʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʜʦ 4 ʨʘʟ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʦʚ ʵʥʝʨʛʠʠ ʠ ʤʘʪʝʨʠʘ-

ʣʦʚ [9, 10]. ʈʘʙʦʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʦʙʦʩʥʦʚʘʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠ ʜʠʩʢʦʚʦʛʦ 

ʩʝʧʘʨʘʪʦʨʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʩʥʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʲʝʤ ʠ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ 

ʇʆɿ ʚ ɿʘʙʘʡʢʘʣʴʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʣʦʧʘʩʪʥʳʝ ʟʝʨʥʦ-

ʤʝʪʘʪʝʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʬʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʠ ʦʯʠʩʪʢʠ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʟʝʨʥʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʠ ʚ ʨʘʙʦʯʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʤʘʰʠʥ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʨʘʟʜʝʣʝʥʠʷ 

ʟʝʨʥʘ, ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ, ʧʨʦʜʦʣʛʦʚʘʪʦʡ ʷʯʝʡʢʠ ʠ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʜʠʩʢʦʚʳʭ ʪʨʠʝʨʦʚ-ʦʚʩʶʛʦʦʪʙʦʨʥʠʢʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʟʜʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠ ʜʠʩʢʦʚʦʛʦ ʩʝʧʘʨʘʪʦʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʚʤʝʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ ʢʫʢʦʣʷ ʠ ʦʚʩʶʛʘ ʚ 

ʦʜʥʦʡ ʤʘʰʠʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʢʫʢʦʣʴʥʦʛʦ ʠ ʦʚʩʶʞʥʦʛʦ ʪʨʠʝʨʦʚ ʚʳʧʦʣ-

ʥʷʁʪʩʷ ʚ ʦʜʥʦʤ ʩʝʧʘʨʘʪʦʨʝ, ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʦʪ ʧʨʠʤʝʩʝʡ ʧʦ 

ʜʣʠʥʝ ʜʦ 4 ʨʘʟ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʨʠʝʨʘʤʠ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩ-

ʭʦʜʘ ʤʦʱʥʦʩʪʠ ʠ ʩʨʝʜʩʪʚ ʥʘ ʦʯʠʩʪʢʫ ʟʝʨʥʘ ʦʪ ʢʫʢʦʣʷ ʠ ʦʚʩʶʛʘ. 
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ʙʦʪʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʥʘ ʩʪʘʣʠ 20 ʠ ʋ12. ʀʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ 
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ʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʥʦʛʦ ʮʝʤʝʥʪʠʪʘ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ.  
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INFLUENCE OF CHEMICAL TREATMENT THERMOCYCLI C 

ON STRUCTURE AND PROPERTIES BORONALLYUMINISING LAYERS  
 

The results of investigation of the chemical-thermocycling treatment influence upon  formation of the 

boroaluminized layer on steels 20 and U12 are presented in the paper. Different modes of thermocycling are 

investigated. The rate of cooling and heating of the samples in the pastes are set. Metallographic analysis, 

microhardness measurement of boroaluminized layers are conducted. It is shown that the chemical-thermocy-

cling treatment leads to formation of fine structure and rounding crystal boron cementite in the transition zone 

in the high-carbon steel. 

Key words: chemical-thermocicling treatment, boroaluminising in pastes, thermocycling, microhard-

ness.  

ɺʚʝʜʝʥʠʝ 

ʍʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʍʊʆ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʰʠ-

ʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʦʪ-

ʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ (ʜʨʦʙʝʩʪʨʫʡʥʳʡ 

ʥʘʢʣʝʧ, ʥʘʢʘʪʢʘ ʨʦʣʠʢʘʤʠ, ʠʥʜʫʢʮʠʦʥʥʘʷ, ʛʘʟʦʧʣʘʤʝʥʥʘʷ ʠ ʵʣʝʢʪʨʦʣʠʪʥʘʷ ʟʘʢʘʣʢʘ, ʣʘʟʝʨʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʠ ʪ.ʜ.) ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʯʘʩʪʦ ʫʩʪʫʧʘʷ ʠʤ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ [1]. 

_________________________ 
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ʍʊʆ ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʜʝʪʘʣʠ ʣʶʙʳʭ ʨʘʟʤʝʨʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʝʪʘʣʠ 

ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʜʚʝʨʛʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ ʠʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʥʘʢʘʪʢʘ ʨʦʣʠʢʘʤʠ ʠʣʠ ʟʘʢʘʣʢʘ ʊɺʏ) ʚʝʩʴʤʘ ʩʣʦʞʥʦ ʠʣʠ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʦ. 

ɼʠʬʬʫʟʠʦʥʥʦʝ ʥʘʩʳʱʝʥʠʝ ʩʪʘʣʠ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠʟʦʪʝʨʤʠ-

ʯʝʩʢʦʡ ʚʳʜʝʨʞʢʝ, ʯʪʦ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʧʝʨʝʛʨʝʚʫ, ʨʝʟʢʦ ʫʭʫʜʰʘʶ ʝɦʤʫ ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ. ʉʪʘʣʴʥʘʷ ʦʩʥʦʚʘ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʭʨʫʧʢʦʡ, ʧʣʦʭʦ ʚʳʜʝʨʞʠʚʘʝʪ ʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʠ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʠʟʜʝʣʠʡ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʍʊʆ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ (ʊʎʆ). ʍʠʤʠʢʦ-ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

(ʍʊʎʆ) ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʛʦ ʥʘʩʳʱʝʥʠʷ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʍʊʎʆ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʩʢʦʨʷʶʪ ʜʠʬʬʫʟʠʶ ʘʪʦʤʦʚ ʚ ʥʘʩʳʱʘʝʤʳʡ ʤʝʪʘʣʣ, ʪʘʢ ʞʝ 

ʍʊʎʆ ʧʦʟʚʦʣʷʝʪ ʥʝ ʜʦʧʫʩʪʠʪ ɹʧʝʨʝʛʨʝʚ (ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʩʪʴ) ʠ ʜʨʫʛʠʝ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ, ʧʦ-

ʣʫʯʘʝʤʳʝ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʍʊʆ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʙʦʨʦʘʣʠ-

ʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʥʘ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʩʪʘʣʝʡ 20 ʠ ʋ12 ʨʘʟʤʝʨʘʤʠ 10Ĭ10Ĭ5 ʤʤ. ʅʘ ʦʙ-

ʨʘʟʮʳ ʥʘʥʦʩʠʣʠ ʦʙʤʘʟʢʫ ʩʦʩʪʘʚʘ (ʚʝʩ, %): 78 ï B4C; 18 ï Al ; 4 ï NaF [2,3]. ʊʦʣʱʠʥʘ ʦʙʤʘʟʢʠ 

ʩʦʩʪʘʚʣʷʣʘ 4-6 ʤʤ. ʀʟʦʪʝʨʤʠʯʝʩʢʫʶ ʠ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 950 Áʉ, 

ʦʙʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʦʚ ʩʦʩʪʘʚʣʷʣʦ 4 ʯ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʠ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ 

ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʩʦʩʪʘʚʠʣʘ 1,6 ʠ 0,4 ʛʨʘʜ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ï 4, 8 ʠ 16 

(ʨʠʩ. 1).  
 

 

                                ʘ                                              ʙ                                              ʚ 
ʈʠʩ. 1. ʈʝʞʠʤʳ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ: ʘ  4 ʮʠʢʣʘ; ʙ  8 ʮʠʢʣʦʚ; ʚ  16 ʮʠʢʣʦʚ 

 
ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʤʘ-

ʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛ. ɼʨʝʟʜʝʥʘ (TUD). ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ 

ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3ʄ. ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JSM-6510LV JEOL ʩ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 350 ʚ 

ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʇʨʦʛʨʝʩʩè ɺʉɻʋʊʋ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʛʦ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʘʣʠ 20 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʦʥʥʳʝ ʩʣʦʠ ʢʦʥʛʣʦʤʝʨʘʪʥʦʛʦ [4] ʪʠʧʘ (ʨʠʩ. 2). ɺ ʘʣʠʪʠʨʦ-

ʚʘʥʥʦʡ ʯʘʩʪʠ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʘʣʶʤʠʥʠʜʦʚ ʞʝʣʝʟʘ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʦʨʠʜʳ ʞʝʣʝʟʘ ʠʛʣʦʦʙ-

ʨʘʟʥʦʡ ʬʦʨʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʣʠ ʧʦʜ ʫʛʣʦʤ ʜʦ 70-80Ü ʢ ʦʩʥʦʚʝ ʤʝʪʘʣʣʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘ ʚ ʩʣʦʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʩ ʙʦʣʴʰʝʡ ʠʣʠ 

ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʦʨʠʜʦʚ. ʇʨʠ ʍʊʎʆ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪʘ ʟʝʨʥʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ, 

ʪʘʢ ʢʘʢ ʪʝʨʤʦʮʠʢʣʠʢʣʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʚʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʝ. 
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ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ʛʣʫʙʠʥʝ ʩʣʦʷ ʧʦʩʣʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʠ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʦʢ 

ʧʦ ʨʝʞʠʤʫ ʩ 4 ʮʠʢʣʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 450 ï 500 HV, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʣʶʤʠʥʠʜʘʤ FeAl ʠ Fe3Al . 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʘʤ ʩ 8 ʠ 16 ʮʠʢʣʘʤʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 800 ï 

850 HV, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʣʶʤʠʥʠʜʘʤ FeAl3 ʠ Fe2Al 5 [5]. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠ-

ʩʪʘʣʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʩʣʦʝ, ʩʦʩʪʘʚʣʷʝʪ 2500 ï 2700 HV, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʢ-

ʨʦʪʚʝʨʜʦʩʪʠ ʙʦʨʠʜʘ ʞʝʣʝʟʘ FeB [5].  

  

  
ʘ ʙ 

  
ʚ ʛ 

 
ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʥʘ ʩʪʘʣʠ 20, Ĭ400: ʘ  ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʥʘʛʨʝʚ; 

ʙ  ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ 4 ʮʠʢʣʘ; ʚ  ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ 8 ʮʠʢʣʦʚ; 

ʛ  ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ 16 ʮʠʢʣʦʚ 

 

ʇʨʠ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʠʠ ʩʪʘʣʠ ʋ12 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʠʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʬʬʫʟʠ-

ʦʥʥʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʘʣʠʪʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ (ʨʠʩ. 3). ʇʨʠ ʠʟʦʪʝʨʤʠʯʝ-

ʩʢʦʡ ʚʳʜʝʨʞʢʝ ʙʦʨ ʦʙʨʘʟʫʝʪ ʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʨʠʜʦʚ ʚ ʚʠʜʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʟʫʙʯʘʪʳʭ ʢʨʠ-

ʩʪʘʣʣʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʧʝʨʝʭʦʜʥʦʡ ʯʘʩʪʠ ʩʣʦʷ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʫ ʩ 4 ʮʠʢʣʘʤʠ 

ʢʘʙʦʙʦʨʠʜʳ ʠʤʝʶʪ ʬʦʨʤʫ çʤʦʟʘʠʯʥʦʡè ʩʪʨʫʢʪʫʨʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʢʘʨʙʦ-

ʨʠʜʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʦʢʨʫʛʣʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ ʋ12 ʧʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʚʝʨʜʦʩʪʴ ʩʦ-

ʩʪʘʚʣʷʝʪ 1000 ï 1300 HV ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʩʣʦʷ, ʯʪʦ ʙʣʠʟʢʦ ʧʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʢ ʜʠʙʦʨʠʜʫ 

ʞʝʣʝʟʘ Fe2B, ʘ ʧʦʩʣʝ ʨʝʞʠʤʘ ʩ 4 ʮʠʢʣʘʤʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʩʦʩʪʘʚʠʣʘ 

1700 HV, ʜʘʣʝʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʨʝʟʢʦ ʧʘʜʘʝʪ ʜʦ 500 ï 650 HV. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦ ʨʝʞʠʤʘʤ ʩ 

8 ʠ 16 ʮʠʢʣʘʤʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 900 ï 1000 HV, ʜʘʣʝʝ ʩʥʠʞʘʝʪʩʷ ʜʦ 400  700 HV ʠ 

ʟʘʪʝʤ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 850 HV ʚ ʦʙʣʘʩʪʠ ʦʢʨʫʛʣʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʥʦʛʦ ʮʝʤʝʥʪʠʪʘ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ. 

ʉʦʛʣʘʩʥʦ [6-8] ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʩʣʦʝʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʤʝʭʘʥʠʟʤʫ: ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʙʦʨʘ (RB = 0,08 ʥʤ) ʤʝʥʴʰʝ, ʯʝʤ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʘʣʶʤʠʥʠʷ 

(Rɸ1 = 0,143 ʥʤ), ʚʥʘʯʘʣʝ ʠʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʨʠʜʥʦʡ ʟʦʥʳ ʩʣʦʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʦʨʦʘʣʠʪʠʨʦ-

ʚʘʥʥʦʛʦ ʩʣʦʷ ʥʘ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʙʦʨʘ 

ʚ ʞʝʣʝʟʝ, ʟʘʪʝʤ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʧʨʝʜʝʣʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʦʨʘ ʧʦʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʬʘʟʳ 

Fe2B, ʠʟ ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʚ ʚʠʜʝ çʮʝʧʦʯʢʠè ʢʨʠʩʪʘʣʣʦʚ. 
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ʈʠʩ. 3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʥʘ ʩʪʘʣʠ ʋ12, Ĭ1000: 

ʘ  ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʥʘʛʨʝʚ; ʙ  ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ 4 ʮʠʢʣʘ; ʚ  ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ 

8 ʮʠʢʣʦʚ; ʛ  ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ 16 ʮʠʢʣʦʚ 

 

ʅʘ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ ʧʦʤʠʤʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʙʦʨʠʜʘ Fe2B ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ 

Fʝ3(B, ʉ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʪʝʩʥʝʥʠʷ ʫʛʣʝʨʦʜʘ ʜʠʬʬʫʥʜʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʘʤʦʜʠʬʬʫʟʠʠ ʞʝʣʝʟʘ ʦʙʨʘʟʫʝʪʩʷ ʟʦʥʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʚʠʜʝ ʬʘʟʳ Fe3C. ɺʧʦʩʣʝʜʩʪʚʠʠ ʯʘʩʪʴ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʨʝʰʝʪʢʝ ʮʝʤʝʥʪʠʪʘ ʟʘʤʝʱʘʝʪʩʷ 

ʙʦʨʦʤ [9]. 

ʈʘʥʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ [10], ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʦʢʨʫʛʣʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʥʦʛʦ ʮʝʤʝʥʪʠʪʘ, ʦʙʨʘ-

ʟʫʶʱʘʷʩʷ ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ ʥʘ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʷʭ, ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʨʠ ʪʨʝʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʢʨʘʰʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʦʩʥʦʚʳ ʤʝʪʘʣʣʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʛʣʫʙʠʥʳ ʩʣʦʷ ʥʘ ʚʩʝʭ ʩʪʘ-

ʣʷʭ (ʨʠʩ. 4), ʪʘʢ ʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʟʤʝʨ ʢʘʨʙʦʙʦʨʠʜʦʚ ʥʘ ʩʪʘʣʠ ʋ12 ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʩ 13-15 

ʜʦ 4-5 ʤʢʤ (ʨʠʩ. 5). 

  

ʈʠʩ. 4. ɻʣʫʙʠʥʘ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ 

 

ʈʠʩ. 5. ʈʘʟʤʝʨ ʢʘʨʙʦʙʦʨʠʜʦʚ  

ʥʘ ʩʪʘʣʠ ʋ12 ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ 

 

 


