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1 ʇʆʅʗʊʀɽ ɸʕʈʆɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄ 

 

ɸʵʨʦʟʦʣʠ ï ʵʪʦ ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʩ ʛʘʟʦʦʙʨʘʟʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ ʠ ʪʚʝʨʜʦʡ (ʜʳʤ, ʧʳʣʴ) ʠʣʠ ʞʠʜʢʦʡ (ʪʫ-

ʤʘʥ) ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʦʡ. ɼʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʯʘʩʪʠʮ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ (ʤʦʥʦʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ) ʠʣʠ 

ʠʟ ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ (ʧʦʣʠʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʘʵʨʦʟʦʣʠ  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʘʵ-

ʨʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ, ʘ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʳʝ ʨʘʟʤʝʨʳ (ʧʦʣʠʜʠʩʧʝʨʩʥʳʝ) ʠ/ʠʣʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʦʝ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ [1]. 

 

1.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ 
 

ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ [2], ʧʦʷʩʥʷʶʱʘʷ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʟʦʣʝʡ. ʆʥʘ ʜʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ  ʠʩʪʦʯʥʠʢʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʚ ʥʘʫʢʝ, ʪʝʭʥʠʢʝ ʠ ʙʳʪʫ. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʝ ʘʵʨʦʟʦʣʠ, ʠʩʭʦʜʷ ʠʟ ʠʭ ʧʨʠʨʦʜʳ ʠ ʚʝʣʠʯʠʥʳ ʯʘʩʪʠʮ [3], ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʙʦʣʴʰʠʭ ʢʣʘʩʩʘ: ʧʳʣʠ, ʜʳʤʳ ʠ ʪʫʤʘʥʳ.  

ʇʳʣʠ ʩʦʩʪʦʷʪ ʠʟ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ 

ʪʚʝʨʜʳʭ ʪʝʣ (ʥʘʧʨʠʤʝʨ,  ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʠ ʪʦʥʢʦʤ ʠʟʤʝʣʴʯʝʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ, ʧʨʠ ʙʫʨʝʥʠʠ ʠ ʚʟʨʳʚʥʳʭ ʨʘ-

ʙʦʪʘʭ) ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ (ʥʘʧʨʠʤʝʨ, ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ) ʥʘ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ. ɺ ʦʙʳ-

ʜʝʥʥʦʡ ʞʠʟʥʠ ʧʳʣʴʶ ʥʝʨʝʜʢʦ ʥʘʟʳʚʘʶʪ ʦʩʘʜʦʢ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ  ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʱʠʭ ʦʙʨʘʪʥʦ 

ʚʦ ʚʟʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʳʣʠ ï ʚʝʩʴʤʘ ʧʦʣʠʜʠʩʧʝʨʩʥʳʝ ʤʘʣʦʫʩʪʦʡʯʠʚʳʝ ʩʠʩʪʝʤʳ; ʦʥʠ ʩʦʜʝʨ-

ʞʘʪ ʙʦʣʴʰʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʯʝʤ ʜʳʤʳ ʠ ʪʫʤʘʥʳ, ʭʦʪʷ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʳʣʠ ʧʦ ʨʘʟʤʝʨʫ ʥʝʨʝʜʢʦ ʟʘʭʦʜʷʪ ʠ 

ʚ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ.  

ɼʳʤ rï ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʛʨʫʧʧʘ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʯʘʩʪʠʮ ʩ ʤʘʣʦʡ ʫʧʨʫʛʦʩʪʴʶ ʧʘʨʘ ʠ ʤʘ-

ʣʦʡ ʩʢʦʨʦʩʪʴʶ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ɺʝʩʴʤʘ ʚʘʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʜʳʤʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʠʭ ʦʙʨʘʟʦ-

ʚʘʥʠʷ. ʈʘʥʴʰʝ ʜʳʤʘʤʠ ʥʘʟʳʚʘʣʠ ʣʠʰʴ ʘʵʨʦʟʦʣʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʛʦʨʝʥʠʠ ʠ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʧʝʨʝʛʦʥʢʝ, ʦʜʥʘʢʦ ʚ ʥʘ-

ʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʨʤʠʥ ʜʳʤ ʚʢʣʶʯʘʝʪ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʘʵʨʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʥʠ ʢ ʧʳʣʷʤ, ʥʠ ʢ 

ʪʫʤʘʥʘʤ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʘʵʨʦʟʦʣʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʚʦʟʛʦʥʢʝ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʂ ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʜʳʤʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʘʵʨʦʟʦʣʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ 

ʧʘʨʦʚ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʘʤʤʠʘʢʘ ʠ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ, ʧʨʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʤ 

ʨʘʟʣʦʞʝʥʠʠ ʧʘʨʦʚ ʧʝʥʪʘʢʘʨʙʦʥʠʣʘ ʞʝʣʝʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʳʤʘ ʦʢʠʩʠ ʞʝʣʝʟʘ ʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʧʘʨʦʚ ʤʝʪʘʣʣʦʚ ʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʜʫʛʝ. ɺʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʦʵʪʦʤʫ ʜʘʞʝ ʘʵʨʦʟʦʣʴ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʢʘ-

ʢʦʛʦ-ʥʠʙʫʜʴ ʨʘʩʪʚʦʨʘ ʠ ʚʳʩʳʭʘʥʠʠ ʢʘʧʝʣʝʢ, ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʜʳʤʦʤ, ʝʩʣʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʯʘʩʪʠʮʳ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ. ɺʝ-

ʣʠʯʠʥʘ ʯʘʩʪʠʮ ʚ ʜʳʤʘʭ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʤʢʤ ʜʦ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʪ.ʝ. ʤʝʥʝʝ 0,1 ʤʢʤ. 

 

 
ʈʠʩʫʥʦʢ 1.1 ï ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʟʦʣʝʡ 
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ȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 
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ʊʫʤʘʥʳ ʩʦʩʪʦʷʪ ʠʟ ʢʘʧʝʣʝʢ ʞʠʜʢʦʩʪʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʠʣʠ ʨʘʩʧʳʣʝʥʠʠ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚ 

ʢʘʧʝʣʴʢʘʭ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʠʣʠ ʩʫʩʧʝʥʜʠʨʦʚʘʥʥʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ. ʊʫʤʘʥʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʨʦʜʥʳʝ, ʩʦʩʪʦʷʪ ʠʟ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʢʘʧʝʣʝʢ, ʩʦ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ ʜʦ 15 ʤʢʤ. ʍʘʨʘʢʪʝʨʥʳʤ 

ʧʨʠʟʥʘʢʦʤ, ʦʪʣʠʯʘʶʱʠʤ ʪʫʤʘʥʳ ʦʪ ʜʳʤʦʚ, ʩʣʫʞʠʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ. 

 

1.2 ʀʩʪʦʯʥʠʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʵʨʦʟʦʣʝʡ 

 

ɺʩʝ ʠʩʪʦʯʥʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ.  

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʘʵʨʦʟʦʣʝʡ ʦʙʫʩʣʦʚʣʝʥʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʂ ʥʠʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʨʘʟʣʠʯʥʳʝ ʘʚʘʨʠʠ, ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʪʳʩ. ʪ.) ʧʦ ʦʩʥʦʚʥʳʤ ʦʪʨʘʩʣʷʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʚʝ-

ʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.2 [4]. 

 

 
ʈʠʩʫʥʦʢ 1.2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ  

ʚʝʱʝʩʪʚ ʧʦ ʦʩʥʦʚʥʳʤ ʦʪʨʘʩʣʷʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʪʳʩ. ʪ.) 

 

çʆʩʥʦʚʥʦʡ ʚʢʣʘʜè ʚ ʚʳʙʨʦʩ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚʥʦʩʷʪ ʧʨʝʜʧʨʠʷʪʠʷ ʯʝʨʥʦʡ ʤʝ-

ʪʘʣʣʫʨʛʠʠ ʠ  ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ (ʪʝʧʣʦʚʳʝ ʠ ʘʪʦʤʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʛʦʨʦʜʩʢʠʝ ʢʦʪʝʣʴʥʳʝ). ɼʘʣʝʝ ʩʣʝ-

ʜʫʶʪ ʪʦʧʣʠʚʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʧʠʱʝ-

ʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʦʢʦʣʦ 11,4 % ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʚʩʝʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ɹʦʣʝʝ 17,3 % ʚʳʙʨʦʩʦʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʚʩʝʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʆʢʦʣʦ 3,18 % ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ ʚʩʝʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ ʪʦʧʣʠʚʥʦʡ (ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ) ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʨʝʜʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ 

ï ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï 2,23 %; ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʘ ï 4,8 %; ʭʠʤʠʯʝʩʢʘʷ ʠ ʥʝʬ-

ʪʝʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï 3,6 %; ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï 3,17 %. ɼʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʠ ʣʝʛʢʘʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʴ ʚʤʝʩʪʝ ʩ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʝʡ ʜʘʶʪ ʦʢʦʣʦ 1,5 %. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʪʝʨʤʠʯʝ-

ʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʦʙʨʘʟʫʶʪʩʷ ʦʪʭʦʜʷʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʛʘʟʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʢʘʢ ʪʚʝʨʜʳʝ, 

ʪʘʢ ʠ ʞʠʜʢʠʝ ʯʘʩʪʠʮʳ.  

ɽʩʪʝʩʪʚʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʙʫʩʣʦʚʣʝʥʦ ʵʨʦʟʠʝʡ ʧʦʯʚʳ, ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʜʳʤʦʤ ʦʪ ʣʝʩʥʳʭ ʠ 

ʩʪʝʧʥʳʭ ʧʦʞʘʨʦʚ, ʤʝʪʝʦʨʠʪʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʴʶ, ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʝ ʠʟ ʥʠʭ ï ʠʟ-

ʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʨʘʢʘʪʘʫ ʚ ʀʥʜʦʥʝʟʠʠ ʚ 1883 ʛʦʜʫ ï ʚʳʟʚʘʣʦ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʟʘʪʝʤʥʝʥʠʝ ʉʦʣʥʮʘ ʚ ʦʢʨʫʛʝ ʥʘ ʤʥʦʛʠʝ 

ʩʦʪʥʠ ʤʠʣʴ, ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʕʡʷʬʴʷʪʣʘʡʦʢʫʜʣʴ ʚ ʀʩʣʘʥʜʠʠ ʚ 2010 ʛʦʜʫ ʧʨʠʚʝʣʦ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʧʘʨʘʣʠʯʫ  

ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʚ ɽʚʨʦʧʝ.  

ʇʦ ʩʧʦʩʦʙʫ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʵʨʦʟʦʣʠ ʨʘʟʜʝʣʷʶʪ ʥʘ ʜʠʩʧʝʨʛʘʮʠʦʥʥʳʝ (ʜʠʩʧʝʨʩʠʦʥʥʳʝ) ʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʘʵʨʦʟʦ-

ʣʠ. 

ɼʠʩʧʝʨʛʘʮʠʦʥʥʳʝ ʘʵʨʦʟʦʣʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ (ʠʟʤʝʣʴʯʝʥʠʠ, ʨʘʩʧʳʣʝʥʠʠ) ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʪʝʣ ʠ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʪʝʣ ʚʦ ʚʟʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʩʦʪʨʷʩʝʥʠʡ ʠ ʪ.ʜ. 

ʂʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʘʵʨʦʟʦʣʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʦʙʲʝʤʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʧʝʨʝʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʘʟʦʚʳʭ 

ʨʝʘʢʮʠʡ, ʥʘʧʨʠʤʝʨ, ʩʘʞʠ.  

ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʜʠʩʧʝʨʛʘʮʠʦʥʥʳʤʠ ʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤʠ  ʘʵʨʦʜʠʩʧʝʨʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʘʵʨʦʟʦʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʥʘʯʠʪʝʣʴʥʦ ʛʨʫʙʝʝ, ʯʝʤ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʧʦʣʠʜʠʩ-

ʧʝʨʩʥʦʩʪʴʶ ʠ, ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ  ʪʚʝʨʜʦʡ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʦʙʳʯʥʦ ʩʦʩʪʦʷʪ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʣʠ ʩʣʘʙʦ ʘʛʨʝʛʠʨʦʚʘʥ-

ʥʳʭ ʯʘʩʪʠʮ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʘʚʠʣʴʥʦ ʬʦʨʤʳ. ɺ ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʞʝ ʘʵʨʦʟʦʣʷʭ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʚʝʩʴʤʘ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚ-
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ʣʷʶʪ ʩʦʙʦʡ ʨʳʭʣʳʝ ʘʛʨʝʛʘʪʳ ʠʟ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʧʨʘʚʠʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʠʣʠ 

ʰʘʨʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. 

 

 

 

 

1.3 ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

 

ʌʦʨʤʘ ʯʘʩʪʠʮ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʟʘʚʠʩʠʪ ʦʪ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ɺ ʪʫʤʘʥʘʭ ʯʘʩ-

ʪʠʮʳ  ʞʠʜʢʦʩʪʠ ʠʤʝʶʪ ʰʘʨʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ɺ ʜʳʤʘʭ ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ ʩʘʤʫʶ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʥʘʧʨʠʤʝʨ, ʠʛʦʣʴ-

ʯʘʪʫʶ, ʧʣʘʩʪʠʥʯʘʪʫʶ, ʟʚʝʟʜʦʦʙʨʘʟʥʫʶ. ɺ ʜʳʤʘʭ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʠ ʩʣʦʞʥʳʝ ʘʛʨʝʛʘʪʳ, ʪʦʛʜʘ ʢʘʢ ʚ ʪʫ-

ʤʘʥʘʭ ʩʪʦʣʢʥʦʚʝʥʠʝ ʢʘʧʝʣʝʢ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʧʝʣʴ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. 

ʇʦ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʘʵʨʦʟʦʣʠ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ: 

- ʥʘ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʘʵʨʦʟʦʣʠ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ 0,001ï0,01 ʤʢʤ; 

- ʥʘ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʘʵʨʦʟʦʣʠ (ɺɼɸ) ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʚ ʠʥʪʝʨʚʘʣʝ 0,01ï0,1 ʤʢʤ; 

- ʥʘ ʩʨʝʜʥʝʜʠʩʧʝʨʩʥʳʝ ʘʵʨʦʟʦʣʠ (ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤʠ) ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʚ ʠʥʪʝʨʚʘʣʝ 

0,1ï10 ʤʢʤ; 

- ʥʘ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʝ ʘʵʨʦʟʦʣʠ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʚ ʠʥʪʝʨʚʘʣʝ 10ï100 ʤʢʤ; 

ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʥʝʢʦʪʦʨʳʭ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ [5]. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʘʵʨʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ (ʘʵʨʦʟʦʣʠ) ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʝʜʠʩ-

ʧʝʨʩʥʳʤ ʠʣʠ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʘʵʨʦʟʦʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤ 

ʠʣʠ ʢ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʤ ʘʵʨʦʟʦʣʷʤ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʠʭ ʫʣʘʚʣʠʚʘ-

ʥʠʷ. 

ʂʨʦʤʝ ʪʝʭʥʦʛʝʥʥʳʭ ʘʵʨʦʟʦʣʝʡ,  ʥʝ ʤʝʥʝʝ ʦʧʘʩʥʳʤʠ ʜʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʘʵʨʦʟʦʣʠ, ʥʘ-

ʧʨʠʤʝʨ ʪʫʤʘʥʳ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʫʤʘʥʘ ʥʘ ʘʚʪʦʪʨʘʩʩʘʭ, ʚ ʧʦʨʪʘʭ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʛʦʥʘʭ, ʥʘ ʨʝʢʘʭ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ. ʇʣʦʭʘʷ ʚʠʜʠʤʦʩʪʴ ʚ ʪʫʤʘʥʝ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʩʢʘʞʝʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʘʭ, 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ. 

 
ʈʠʩʫʥʦʢ 1.3 ï ʍʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ 

 

1.4 ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʘʵʨʦʟʦʣʝʡ  

1.4.1 ʇʳʣʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ  ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʠʯʝʤ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ [6]. ʇʨʠ ʘʛʣʦʤʝʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʚʦʟʜʫʭ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʧʳʣʴ, ʩʝʨʥʠʩʪʳʡ ʛʘʟ ʠ ʦʢʩʠʜʳ ʫʛʣʝʨʦʜʘ. ɺ ʵʣʝʢ-

ʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠ ʚʳʧʫʩʢʝ 1 ʤʣʥ ʪ ʩʪʘʣʠ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ (ʪʘʙʣʠʮʘ 1.1). 
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ʊʘʙʣʠʮʘ 1.1 ï ɺr ʙʨʦʩʳ (ʪ/ʩʫʪʢʠ) ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 1 ʤʣʥ ʪ ʩʪʘʣʠ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʊʚʝʨʜʳʝ  

ʯʘʩʪʠʮʳ 

ʉʝʨʥʠʩʪʳʡ  

ʛʘʟ 

ʆʢʩʠʜ  

ʫʛʣʝʨʦʜʘ 

1 2 3 4 

ʆʛʥʝʫʧʦʨʥʦʝ 84 0,3 0,2 

ʌʝʨʨʦʩʧʣʘʚʥʦʝ  2,1 0,3 5,0 

ɸʛʣʦʤʝʨʘʮʠʦʥʥʦʝ 91 14,5 250 

ʂʦʢʩʦʭʠʤʠʯʝʩʢʦʝ 1,0 1,3 14,2 

ɼʦʤʝʥʥʦʝ 11,0 3,3 10,6 

ʂʦʥʚʝʨʪʦʨʥʦʝ 7,0 1,2 1,5 

ʕʣʝʢʪʨʦʩʪʘʣʝʧʣʘʚʠʣʴʥʦʝ 1,1 0,3 ï 

ʄʘʨʪʝʥʦʚʩʢʦʝ 14,0 1,2 0,7 

ʕʥʝʨʛʦʩʥʘʙʞʝʥʠʝ 223,0 13,3 ï 

ʧʨʦʯʠʝ 66,7 10,8 78,0 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʝ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. 

 

1.4.2 ʀʩʪʦʯʥʠʢʠ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

 

ɻʘʣʴʚʘʥʠʯʝʩʢʠʝ ʮʝʭʠ.  ɺ ʚʦʟʜʫʭʝ, ʫʜʘʣʷʝʤʦʤ ʠʟ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʮʝʭʦʚ, ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ ʧʳʣʠ, 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʪʫʤʘʥʘ, ʧʘʨʦʚ ʠ ʛʘʟʦʚ. ʅʘʠʙʦʣʝʝ  ʠʥʪʝʥʩʠʚʥʦ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʚʳʜʝʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʢʠʩʣʦʪʥʦʛʦ ʠ 

ʱʝʣʦʯʥʦʛʦ ʪʨʘʚʣʝʥʠʷ [7]. ʄʘʩʩʫ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ S, ʤ2
 , ʟʝʨʢʘʣʘ ʚʘʥʥʳ, 

ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ Smm Ö=  ʤʛ/ʤʠʥ, ʛʜʝ m  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʟʝʨ-

ʢʘʣʘ ʚʘʥʥʳ, ʤʛ/ʤ
2
ʤʠʥ. ɿʥʘʯʝʥʠʷ m ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2. 

 

ʊʘʙʣʠʮʘ 1.2 ï ɿʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʩʪʘʣʠ 

ʥ
ʦ
ʤ
ʝ
ʨ

 

ʄʘʨʢʘ 

ʩʪʘʣʠ 

ʊʨʘʚʠʣʴʥʳʡ ʨʘʩʪʚʦʨ 

m , 

ʤʛ/ʤ
2
ʤ

ʠʥ 

ɺʳʜʝʣʷʶʱʠʝ-

ʩʷ ʚʝʱʝʩʪʚʘ ʠ 

ʠʭ ʘʛʨʝʛʘʪʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʉ
ʦ
ʩ
ʪ
ʘ
ʚ

 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ

, 

Á
ʉ 

1 2 3 4 5 6 

1 20 15 % ʨʘʩʪʚʦʨ 

ʩʝʨʥʦʡ ʢʠ-

ʩʣʦʪʳ ʙʝʟ ʠʥ-

ʛʠʙʠʪʦʨʘ 

70 200 ʉʝʨʥʘʷ ʢʠʩʣʦ-

ʪʘ, ʘʵʨʦʟʦʣʴ 

2 20 15 % ʨʘʩʪʚʦʨ 

ʩʝʨʥʦʡ ʢʠ-

ʩʣʦʪʳ ʩ ʠʥ-

ʛʠʙʠʪʦʨʘ 

70 30 ʉʝʨʥʘʷ ʢʠʩʣʦ-

ʪʘ, ʘʵʨʦʟʦʣʴ 

3 10 20 % ʨʘʩʪʚʦʨ 

ʩʦʣʷʥʦʡ ʢʠ-

ʩʣʦʪʳ 

70-80 26000 ʉʦʣʷʥʘʷ ʢʠ-

ʩʣʦʪʘ, ʧʘʨʳ 

4 12ʍ18ʅ10ʊ 10ï12 % ʨʘʩ-

ʪʚʦʨ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ 

60 4300 ʆʢʩʠʜ ʘʟʦʪʘ ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ 

N2O3 (ʧʘʨʳ) 

5 12ʍ18ʅ10ʊ 4ï5 % ʨʘʩ-

ʪʚʦʨ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ 

60 4700 ʉʫʤʤʘʨʥʦ 

NO2+HNO3 ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ 

N2O3 (ʧʘʨʳ) 

6 08ʍ15ʅ24ɺ

4ʊʈ 

15,5 % ʨʘʩ-

ʪʚʦʨ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ 

50 118 ʌʪʦʨʠʩʪʳʡ 

ʚʦʜʦʨʦʜ, ʧʘ-

ʨʳ. ʆʢʩʠʜ 

ʘʟʦʪʘ ʚ ʧʝʨʝ-

ʩʯʝʪʝ ʥʘ N2O3 

(ʧʘʨʳ) 
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7 12ʍ18ʅ10ʊ 15,5 % ʨʘʩ-

ʪʚʦʨ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ 

50 185 ʉʫʤʤʘʨʥʦ 

N2O3+HNO3 ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ 

N2O3 (ʧʘʨʳ) 

8 08ʍ18ʅ10ʊ 20ï22 % ʨʘʩ-

ʪʚʦʨ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ 

60 940 ʉʫʤʤʘʨʥʦ 

SO2+H2SO4 ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ 

H2SO4 (ʘʵʨʦ-

ʟʦʣʴ) 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʮʝʭʘʭ (ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʠ ʦʙʝʟʞʠʨʠʚʘʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ) ʚʳʜʝʣʷʶʪʩʷ ʧʳʣʴ, ʧʘʨʳ ʙʝʥʟʠʥʘ, ʢʝʨʦʩʠʥʘ, ʪʨʠʭʣʦʨʵʪʠʣʝʥʘ, ʪʫʤʘʥʳ ʱʝʣʦʯʝʡ.  

ɸʥʘʣʠʟ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʪʫʤʘʥʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʤʝʨʦʚ 5ï6 ʤʢʤ ʧʨʠ 

ʪʨʘʚʣʝʥʠʠ, 8ï10 ʤʢʤ ʧʨʠ ʭʨʦʤʠʨʦʚʘʥʠʠ ʠ 5ï8 ʤʢʤ ʧʨʠ ʮʠʘʥʠʩʪʦʤ ʮʠʥʢʦʚʘʥʠʠ. 

ʎʝʭʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʥʘ ʩʪʘʥʢʘʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʧʳʣʠ, 

ʩʪʨʫʞʢʠ, ʪʫʤʘʥʦʚ  ʤʘʩʝʣ ʠ ʵʤʫʣʴʩʠʡ, ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠʟ ʧʦʤʝʱʝʥʠʡ. ɺ ʪʘʙʣʠʮʝ 

1.3 ʧʨʠʚʝʜʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʦʚ ʚʦʜʳ, ʪʫʤʘʥʦʚ ʤʘʩʝʣ ʠ ʵʤʫʣʴʩʠʡ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ 1 ʯ ʧʨʠ ʨʘʙʦʪʝ ʩʪʘʥʢʦʚ ʚ ʨʘʩʯʝʪʝ ʥʘ 

1 ʢɺʪ ʤʦʱʥʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʩʪʘʥʢʘʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 

ʊʘʙʣʠʮʘ 1.3 ï ʂʦʣʠʯʝʩʪʚʦ ʧʘʨʦʚ ʚʦʜʳ, ʪʫʤʘʥʦʚ ʤʘʩʝʣ ʠ ʵʤʫʣʴʩʠʡ,  ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ 1 ʯ ʧʨʠ ʨʘʙʦʪʝ ʩʪʘʥʢʦʚ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʄʘʩʩʘ, ʛ 

ʧʘʨʳ 

ʚʦʜʳ 

ʤʘʩʣʷʥʳʡ 

ʪʫʤʘʥ 

ʪʫʤʘʥ 

ʵʤʫʣʴʩʦʥʘ 

ʄʝʪʘʣʣʦʨʝʞʫʱʠʝ ʩʪʘʥʢʠ ʧʨʠ 

ʤʘʩʣʷʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 

ï 0,2 ï 

ʄʝʪʘʣʣʦʨʝʞʫʱʠʝ ʩʪʘʥʢʠ ʧʨʠ 

ʵʤʫʣʴʩʠʦʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 

150 ï 0,0063 

ʐʣʠʬʦʚʘʣʴʥʳʝ ʩʪʘʥʢʠ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʵʤʫʣʴʩʠʝʡ ʠ ʩʦ-

ʜʦʚʳʤ ʨʘʩʪʚʦʨʦʤ 

150 ï 0,165 

ʐʣʠʬʦʚʘʣʴʥʳʝ ʩʪʘʥʢʠ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʤʘʩʣʦʤ 

ï 30 ï 

 

ʇʳʣ,ɹ ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʧʨʦʮʝʩʩʝ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʦʩʪʦʠʪ ʥʘ 30ï40 % ʠʟ ʤʘʪʝʨʠʘʣʘ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ, ʥʘ 60ï

70 % ʠʟ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. ʄʝʜʠʘʥʥʳʡ ʨʘʟʤʝʨ ʧʳʣʠ ʟʘʪʦʯʥʳʭ ʩʪʘʥʢʦʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʮʝʭʘ 38 ʤʢʤ 

ʧʨʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤ ʦʪʢʣʦʥʝʥʠʠ 1,64; ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʮ ʧʳʣʠ 4,23 ʛ/ʩʤ
3
. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʧʳʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʨʝʚʝʩʠʥʳ, ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚ, ʛʨʘʬʠʪʘ ʠ 

ʜʨʫʛʠʭ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʪʘʙʣʠʮʝ 1.4 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʳʣʠ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ  ʦʙʨʘʙʦʪʢʝ ʪʝʢʩʪʦʣʠʪʘ, 

ʩʪʝʢʣʦʪʢʘʥʠ, ʢʘʨʙʦʣʠʪʘ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ (ʛ/ʯ ʥʘ ʝʜʠʥʠʮʫ ʦʙʦʨʫʜʦʚʘʥʠʷ). 

 

ʊʘʙʣʠʮʘ 1.4 ï ʂʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʳʣʠ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ  ʦʙʨʘʙʦʪʢʝ ʪʝʢʩʪʦʣʠʪʘ, ʩʪʝʢʣʦʪʢʘʥʠ, ʢʘʨʙʦʣʠʪʘ ʠ ʦʨʛʘ-

ʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʂʦʣʠʯʝʩʪʚʦ  

ʚʳʜʝʣʠʚʰʝʡʩʷ ʧʳʣʠ, ʛ/ʯ 

1 2 

ʆʙʨʘʙʦʪʢʘ ʪʝʢʩʪʦʣʠʪʘ ʥʘ ʩʪʘʥʢʘʭ: 

ʪʦʢʘʨʥʳʭ 50ï80 

ʬʨʝʟʝʨʥʳʭ 100ï120 

ʟʫʙʦʬʨʝʟʝʨʥʳʭ 20ï40 

ʈʘʩʢʨʦʡ ʩʪʝʢʣʦʪʢʘʥʠ ʥʘ ʣʝʥʪʦʯʥʦʤ 

ʩʪʘʥʢʝ 

9ï20 

ʆʙʨʘʙʦʪʢʘ ʢʘʨʙʦʣʠʪʘ ʥʘ ʩʪʘʥʢʘʭ: 

ʪʦʢʘʨʥʳʭ ʠ ʨʘʩʪʦʯʥʳʭ 40ï80 

ʬʨʝʟʝʨʥʳʭ 180ï280 

ʩʚʝʨʣʠʣʴʥʳʭ 36ï60 

ʈʝʟʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʜʠʩʢʦʚʳ-

ʤʠ ʧʠʣʘʤʠ 

800ï950 

ʉʚʘʨʦʯʥʳʝ ʮʝʭʠ. ʅʘʠʙʦʣʴʰʠʝ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʫʯʥʦʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʚʘʨ-

ʢʠ ʧʦʢʨʳʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʇʨʠ ʨʘʩʭʦʜʝ 1 ʢʛ ʵʣʝʢʪʨʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʩʪʘʣʠ ʦʙʨʘʟʫʝʪʩʷ ʜʦ 40 ʛ ʧr-

ʣʠ, ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʯʫʛʫʥʘ ï ʜʦ 45 ʛ ʧʳʣʠ. 



U- sonic .ru  ï ȱɆɇɔɖɆɘɔɖɎɥ ɆɐəɗɘɎɝɋɗɐɎɛ ɕɖɔɜɋɗɗɔɈ Ɏ ɆɕɕɆɖɆɘɔɈ ȧȸȮ Ȧɑɘȩȸȹ 

ȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 
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ʉʚʘʨʦʯʥʘʷ ʧʳʣʴ ʥʘ 99 % ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʚ ʦʪ 10
-3
 ʜʦ 1 ʤʢʤ, ʦʢʦʣʦ 1 % ʧʳʣʠ ʠʤʝʝʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 1ï5 ʤʢʤ, 

ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 5 ʤʢʤ ʩʦʩʪʘʚʣʷʶʪ ʚʩʝʛʦ ʜʝʩʷʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ. ɺʘʣʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʩʚʘʨ-

ʢʝ (ʥʘ 1 ʢʛ ʨʘʩʭʦʜʫʝʤʳʭ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.5.  

ʊʘʙʣʠʮʘ 1.5 ï ɺʘʣʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʩʚʘʨʢʝ 

ɺʠʜ ʩʚʘʨʢʠ 

ʅʘʠʤʝʥʦʚʘ-

ʥʠʝ ʠ ʤʘʨʢʠ 

ʩʚʘʨʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʉʚʘʨʦʯʥʳʡ ʘʵʨʦʟʦʣʴ, ʛ/ʢʛ 
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1 2 3 4 5 6 7 

ʨʫʯʥʘʷ ʜʫʛʦ-

ʚʘʷ ʩʚʘʨʢʘ 

ʩʪʘʣʝʡ ʰʪʫʯ-

ʥʳʤʠ ʵʣʝʢ-

ʪʨʦʜʘʤʠ 

ʕʣʝʢʪʨʦʜʳ: 

ʋʆʅʀ 13/45 14 0,51 ï 1,4 (ʬʪʦ-

ʨʠʜʳ) 

1,4 

ɸʅʆ-3 17 1,8 ï ï ï 

ʕɸ 606/11 11 0,68 0,6 ï ï 

ʧʦʣʫʘʚʪʦʤʘ-

ʪʠʯʝʩʢʘʷ 

ʩʚʘʨʢʘ ʩʪʘʣʝʡ 

ʚ ʩʨʝʜʝ CO2 

ʇʨʦʚʦʣʦʢʠ: 

ʉʚ-08ɻ2ʉ 9,7 0,5 0,02 ï Fe2O3 

7,48 

ʉʚ-

ʍ19ʅ9ʌ2ʉ3 

7 0,42 0,3 ï Ni 0,04 

ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʘʷ ʩʚʘʨʢʘ 

ʩʪʘʣʝʡ ʚ ʩʨʝ-

ʜʝ CO2 

ʇʨʦʚʦʣʦʢʘ: 

08ʍɻʅ2ʄʊ 6,5 ï ï 0,03 Ti 0,4 

ʧʦʣʫʘʚʪʦʤʘ-

ʪʠʯʝʩʢʘʷ 

ʩʚʘʨʢʘ ʘʣʶ-

ʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ ʚ 

ʠʥʝʨʪʥʳʭ ʛʘ-

ʟʘʭ 

ʇʨʦʚʦʣʦʢʘ: 

ɸʄʎ 22,1 0,62 ï ï Al 2O3 

20,4 

ɸʣʶʤʠʥʠʝ-

ʚʘʷ 

10 ï ï ï ï 

ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʘʷ ʩʚʘʨʢʘ 

ʩʪʘʣʠ ʧʦʜ 

ʬʣʶʩʦʤ 

ʌʣʶʩʳ  

ʆʉʎ-45 0,09 0,03 ï 0,03 (ʬʪʦ-

ʨʠʜʳ) 

0,36 

ɸʅ-348ɸ 0,1 0,024 ï 0,05 (ʬʪʦ-

ʨʠʜʳ) 

0,16 

ʧʦʣʫʘʚʪʦʤʘ-

ʪʠʯʝʩʢʘʷ 

ʩʚʘʨʢʘ ʧʦ-

ʨʦhʢʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ 

ʙʝʟ ʛʘʟʦʚʦʡ 

ʟʘʱʠʪʳ 

ʇʨʦʚʦʣʦʢʘ 

ʇʇ-ɼʉʂ-1 11,7 0,77 ï ï ï 

ʇʇ-ɸʅ-3 13,7 1,36 ï ï (ʬʪʦ-

ʨʠʜʳ) 

2,7 

ʧʦʣʫʘʚʪʦʤʘ-

ʪʠʯʝʩʢʘʷ 

ʩʚʘʨʢʘ ʤʝʜʠ ʠ 

ʩʧʣʘʚʦʚ ʚ 

ʩʨʝʜʝ ʘʟʦʪʘ 

ʕʣʝʢʪʨʦʜʥʘʷ ʧʨʦʚʦʣʦʢʘ: 

ʄʅɾ-ʂɻ-5-

1-02-0,2 

16,2 0,2 ï ï Cu 11 

Ni 0,5 

 

ɻʘʟʦʚʘʷ ʠ ʧʣʘʟʤʝʥʥʘʷ ʨʝʟʢʘ ʤʝʪʘʣʣʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʧʳʣʠ ʠ ʚʨʝʜʥʳʭ ʛʘʟʦʚ. ʇʳʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʥʜʝʥʩʘʪ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʤʢʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʳʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚ-



U- sonic .ru  ï ȱɆɇɔɖɆɘɔɖɎɥ ɆɐəɗɘɎɝɋɗɐɎɛ ɕɖɔɜɋɗɗɔɈ Ɏ ɆɕɕɆɖɆɘɔɈ ȧȸȮ Ȧɑɘȩȸȹ 

ȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 
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ʥʳʤ ʦʙʨʘʟʦʤ ʤʘʨʢʦʡ ʨʘʟʨʝʟʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʨʝʟʢʝ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʭʨʦʤʘ ʠ ʥʠʢʝʣʷ, 

ʤʘʨʛʘʥʝʮ, ʚʨʝʜʥʳʝ ʛʘʟʳ ï CO, NOx, ʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʦʙʨʘʟʫʝʪʩʷ ʝʱʝ ʠ ʦʟʦʥ. 

ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ ʤʘʩʩʳ (ʛ) ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʳʣʠ ʠ ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʨʝʟʢʝ 1 ʤ 

ʤʝʪʘʣʣʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.6. 

 

ʊʘʙʣʠʮʘ 1.6 ï ʉʦʦʪʥʦʰʝʥʠʷ ʜʣʷ  ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ ʤʘʩʩʳ (ʛ)  ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ 

ʊʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʌʦʨʤʫʣʘ 
*
 

ʆʢʩʠʜʳ ʘʣʶʤʠʥʠʷ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʩʧʣʘʚʦʚ 

ʘʣʶʤʠʥʠʷ 
d2,1  

ʆʢʩʠʜʳ ʪʠʪʘʥʘ ʧʨʠ ʛʘʟʦʚʦʡ ʨʝʟʢʝ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘ-

ʚʦʚ 
d3  

ʆʢʩʠʜʳ ʞʝʣʝʟʘ ʧʨʠ ʛʘʟʦʚʦʡ ʨʝʟʢʝ ʣʝʛʠʨʦʚʘʥʥʦʡ 

ʩʪʘʣʠ 
d25,0  

ʄʘʨʛʘʥʝʮ ʧʨʠ ʛʘʟʦʚʦʡ ʨʝʟʢʝ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ d25,0 Mn/100 

ʆʢʩʠʜʳ ʭʨʦʤʘ ʧʨʠ ʨʝʟʢʝ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ d065,0 Cr/100 
*d ï ʪʦʣʱʠʥʘ ʨʘʟʨʝʟʘʝʤʦʛʦ ʣʠʩʪʘ ʤʝʪʘʣʣʘ, Mn, Cr ï ʩʦʜʝʨʞʘʥʠʝ ʚ 

(%) ʤʘʨʛʘʥʮʘ ʠ ʭʨʦʤʘ ʚ ʩʪʘʣʠ 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʧʨʠ ʨʝʟʢʝ ʤʝ-

ʪʘʣʣʦʚ. 

 

1.4.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ  

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

 

ʇʨʝʜʧʨʠʷʪʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʨʝʜʥʳʭ ʠ 

ʪʦʢʩʠʯʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʙʠʦʩʬʝʨʫ. ɺ ʪʘʙʣʠʮʝ 1.7 ʧʨʠʚʦʜʠʪʩʷ ʩʦʩʪʘʚ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚʳʙʨʦʩʦʚ ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʘʪʤʦʩʬʝʨʫ. 

 

ʊʘʙʣʠʮʘ 1.7 ï ɺʝʱʝʩʪʚʘ, ʚʳʙʨʘʩʳʚʘʝʤʳʝ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʝʜʧʨʠʷʪʠʝʤ  ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʚʝʱʝʩʪʚʘ 

ɺʳʙʨʦʩ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʛ/ʩʝʢ ʪ/ʛʦʜ 

1 2 3 

ɺʘʥʘʜʠʷ ʧʷʪʠʦʢʠʩʴ (ʘʵʨʦʟʦʣ)ɹ 0,035 0,368 

ʉʦʜʘ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʘʷ (ʧʳʣʴ) 41,618 952,90 

ʀʟʚʝʩʪʴ (ʘʵʨʦʟʦʣʴ) 0,695 5,234 

ɸʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ (ʘʵʨʦʟʦʣʴ) 32,409 357,237 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ (ʘʵʨʦʟʦʣʴ) 0,517 14,078 

ʇʳʣʴ ʩʝʨʳ 0,011 0,074 

ʂʘʨʙʘʤʠʜ (ʘʵʨʦʟʦʣʴ) 28,397 558,760 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʳʣʝʚʳʜʝʣʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 

1.4.3.1 ʀʩʪʦʯʥʠʢʠ ʧʳʣʠ ʚ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ  

 

ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʘʶʪ ʠʟ ʛʘʟʦʚ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʦʙʞʠʛʝ ʩʝʨʥʦʛʦ ʢʦʣʯʝʜʘʥʘ ʠ ʩʫʣʴʬʠʜ-

ʥʳʭ ʨʫʜ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ: ʤʝʜʠ, ʩʚʠʥʮʘ, ʮʠʥʢʘ ʠ ʜʨ. ʊʘʢ ʧʨʠ ʦʙʞʠʛʝ 1 ʪ ʩʝʨʥʦʛʦ ʢʦʣʯʝʜʘʥʘ ʦʙʨʘʟʫʝʪʩʷ 0,7ï0,78 ʪ ʦʛʘʨ-

ʢʘ. ʇʦʣʫʯʝʥʥʘʷ ʧʨʠ ʦʙʞʠʛʝ ʛʘʟʦʚʘʷ ʩʤʝʩʴ ʩʦʩʪʦʠʪ ʠʟ SO2, O2, N2, ʧʨʠʤʝʩʝʡ SO3, ʧʘʨʦʚ H2O, ʘ ʪʘʢʞʝ As2O3, SeO2 ʠ ʩʦʜʝʨ-

ʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʛʘʨʢʦʚʦʡ ʧʳʣʠ ï ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ.  

ɼʦ ʧʦʩʪʫʧʣʝʥʠʷ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʦʛʘʨʢʦʚʘʷ ʧʳʣʴ ʜʦʣʞʥʘ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʫʜʘʣʝʥʘ, ʪʘʢ ʢʘʢ ʦʥʘ 

ʟʘʩʦʨʷʝʪ ʘʧʧʘʨʘʪʫʨʫ ʠ ʛʘʟʦʧʨʦʚʦʜʳ, ʧʦʚʳʰʘʝʪ ʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʩʦʟʜʘʝʪ ʨʷʜ ʟʘʪʨʫʜʥʝʥʠʡ ʚ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʳʣʠ ʚ ʦʙʞʠʛʦʚʳʭ ʛʘʟʘʭ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʳʨʴʷ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʯʝʡ [8] (ʪʘʙʣʠʮʘ 1.8). 
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ʊʘʙʣʠʮʘ 1.8 ï ʉʦʜʝʨʞʘʥʠʝ ʦʛʘʨʢʦʚʦʡ ʧʳʣʠ ʚ ʧʝʯʥʳʭ ʛʘʟʘʭ 

ʊʠʧ ʧʝʯʠ ʍʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘ ʛʘʟʦʧʨʦʚʦʜʘ 

ʉʦʩʪʘʚ ʰʠʭʪʳ ɿʘʧʳʣʝʥ-

ʥʦʩʪʴ ʛʘ-

ʟʦʚ, ʛ/ʤ
3
 

1 2 3 4 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʧʦʣʦʯʥʳʝ ʧʝʯʠ 

(ʩ ʚʨʘʱʘʶʱʠ-

ʤʠʩʷ ʛʨʝʙʢʘ-

ʤʠ) 

ɼʣʠʥʥʳʝ 

èè 

 

èè 

 

ʂʦʨʦʪʢʠʝ 

ʈʷʜʦʚʦʡ ʢʦʣʯʝʜʘʥ  

30ï50 % ʬʣʦʪʘʮʠ-

ʦʥʥʳʭ ʭʚʦʩʪʦʚ  

40ï70 % ʬʣʦʪʘʮʠ-

ʦʥʥʳʭ ʭʚʦʩʪʦʚ 

50 % ʬʣʦʪʘʮʠʦʥ-

ʥʳʭ ʭʚʦʩʪʦʚ 

3,0ï4,2 

 

4,2ï4,8 

 

2,0ï3,4 

 

5,1ï8,5 

ʇʝʯʠ ʧʳʣʝ-

ʚʠʜʥʦʛʦ ʦʙʞʠ-

ʛʘ 

ʂʦʨʦʪʢʠʝ ʩ 

ʧʳʣʴʥʠʢʘʤʠ 

ʌʣʦʪʘʮʠʦʥʥʳʝ 

ʭʚʦʩʪʳ 

40ï45 

ɼʣʠʥʥʳʝ ʩ 

ʧʳʣʴʥʠʢʘʤʠ; 

ʠʤʝʶʪʩʷ ʚʦʟ-

ʜʫʰʥʳʝ ʭʦʣʦ-

ʜʠʣʴʥʠʢʠ 

ʊʦ ʞʝ 20ï25 

ʂʦʨʦʪʢʠʝ; 

ʠʤʝʶʪʩʷ ʢʦʪ-

ʣ-r

ʫʪʠʣʠʟʘʪʦʨʳ 

èè 52 

ʇʝʯʠ ʂʉ  ʂʦʨʦʪʢʠʝ; ʠʤʝ-

ʝʪʩʷ ʧʳʣʝʚʘʷ 

ʢʘʤʝʨʘ 

èè 120ï150 

ʢʦʨʦʪʢʠʝ èè 180ï250 

 

ʇʨʠ ʢʦʥʪʘʢʪʥʦʤ  ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩʝʨʥʠʩʪʳʝ ʛʘʟʳ, ʥʘʛʨʝʪʳʝ ʜʦ 420ï500 Áʉ, ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ 

4ï5 ʩʣʦʝʚ ʚʘʥʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ V2O5. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ SO3, ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʚʦʜʦʡ ʧʦʣʫʯʘʝʪʩʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ. ɺ ʦʙʞʠʛʦʚʦʤ ʛʘʟʝ ʩʦʜʝʨʞʠʪʩʷ ʜʦ 300 ʛ/ʤ
3
 ʧʳʣʠ, ʢʦʪʦʨʘʷ ʥʘ ʩʪʘʜʠʠ ʢʦʥʪʘʢʪʠ-

ʨʦʚʘʥʠʷ ʟʘʩʦʨʷʝʪ ʘʧʧʘʨʘʪʫʨʫ ʠ ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʪʫʤʘʥ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʚʝʱʝʩʪʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʷʜʘʤʠ ʠʣʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʮʝʥʥʦʩʪʴ ʢʘʢ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ [9]. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʦʙʞʠʛʦ-

ʚʦʤ ʛʘʟʝ ʧʨʠʤʝʩʠ ʚʨʝʜʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʠʩʣʦʪʳ. ʉʦʝʜʠʥʝʥʠʷ ʩʝʣʝʥʘ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʤʘʩʩʫ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʦʣʥʦʤʫ ʠʟʚʣʝʯʝʥʠʶ ʜʠʦʢʩʠʜʘ ʩʝʣʝʥʘ SeO2, ʪʘʢ ʢʘʢ ʠʟ 

ʥʝʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʟʚʣʝʢʘʶʪ ʮʝʥʥʳʡ ʧʨʦʜʫʢʪ ï ʩʝʣʝʥ. 

ɹʦʣʝʝ ʥʠʟʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʯʠʩʪʢʝ ʛʘʟʦʚ ʦʪ ʦʛʘʨʢʦʚʦʡ ʧʳʣʠ ʠ ʩʦʝʜʠʥʝʥʠʡ ʤʳʰʴʷʢʘ ʧʨʝʜʲʷʚʣʷʶʪ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦ ʥʠʪʨʦʟʥʦʤʫ ʩʧʦʩʦʙʫ, ʢʦʛʜʘ ʩʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʙʘʰʥʠ, ʦʨʦʰʘʝʤʳʝ ʥʠʪʨʦʟʦʡ ï 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ ʦʛʘʨʢʦʚʦʡ ʧʳʣʠ ʚ ʛʘʟʘʭ ʜʦ 50 ʤʛ/ʤ
3
. ʅʘʣʠʯʠʝ ʦʢʩʠ-

ʜʦʚ ʤʳʰʴʷʢʘ ʠ ʩʝʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ.   

 

1.4.3.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʳʣʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ  

ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙ-

ʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʳʣʴ, ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʛʘʟʳ ʠ ʘʤʤʠʘʢ. 

ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ ʦʙʨʘʟʫʝʪʩʷ ʥʘ  ʩʪʘʜʠʷʭ  ʩʫʰʢʠ, ʦʙʞʠʛʘ ʬʦʩʬʦʨʠʪʘ. 

ʉʫʰʢʘ. ʉʫʰʠʣʴʥʳʝ ʙʘʨʘʙʘʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʫʰʢʠ ʢʚʘʨʮʘ ʠ ʢʦʢʩʘ, ʘ ʪʘʢʞʝ ʬʦʩʬʦʨʠʪʘ (ʧʨʠ ʥʝʧʦʣʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ). ɺ ʪʘʙʣʠʮʝ 1.9 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʳʣʝʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʩʫʰʠʣʴ-

ʥʳʭ ʙʘʨʘʙʘʥʦʚ 

 

ʊʘʙʣʠʮʘ 1.9 ï ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʳʣʝʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ  ʩʫʰʠʣʴʥʳʭ ʙʘʨʘʙʘʥʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʧʳʣʝʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʌʦʩʬʦʨʠʪ ʂʚʘʨʮʠʪ ʂʦʢʩ 

ʈʘʩʭʦʜ ʛʘʟʘ, ʪʳʩ. ʤ
3
/ʯ 19ï23 16ï18 40ï45 

ɿʘʧʳʣʝʥʥʦʩʪʴ, ʛ/ʤ
3
 20ï28 25ï32 6ï20 

 

ʆʙʞʠʛ ʬʦʩʬʦʨʠʪʘ.  ʇʦ ʦʜʥʦʡ ʠʟ ʩʭʝʤ ʧʦʜʛʦʪʦʚʢʠ  ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʩʬʦʨʘ ʬʦʩʬʦʨʠʪ ʧʦʜʚʝʨʛʘʶʪ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʚ ʰʘʭʪʥʦʡ ʱʝʣʝʚʦʡ ʧʝʯʠ. ʇʳʣʴ, ʫʥʦʩʠʤʘʷ ʠʟ ʟʦʥʳ ʦʙʞʠʛʘ ʱʝʣʝʚʦʡ ʧʝʯʠ, ʩʦʜʝʨʞʠʪ 45 % ʯʘʩʪʠʮ ʢʨʫʧʥʝʝ 

50 ʤʢʤ ʠ 17 % ʤʝʣʴʯʝ 10 ʤʢʤ [8]. ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʳʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʘ ʚʳʥʦʩʠʪʩʷ ʚ 
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ʦʩʥʦʚʥʦʤ ʠʟ ʟʦʥʳ ʧʦʜʦʛʨʝʚʘ. ʇʳʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʰʘʭʪʦʚʦʡ ʱʝʣʝʚʦʡ ʧʝʯʠ ʝʩʪʴ ʬʫʥʢʮʠʷ ʠʩʪʠʨʘʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟ-

ʣʦʞʝʥʠʷ ʩʳʨʴʷ, ʧʦʵʪʦʤʫ  ʫʥʦʩ ʧʳʣʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʝʯʠ. ɻʘʟʦʧʳ-

ʣʝʚʳʝ ʚʳʙʨʦʩʳ ʟʦʥʳ ʦʙʞʠʛʘ ʰʘʭʪʥʦʡ ʧʝʯʠ ʩʦʜʝʨʞʘʪ 140ï160 ʤʛ/ʤ
3
 ʧʳʣʠ.  

ɸʛʣʦʤʝʨʘʮʠʷ ʬʦʩʬʘʪʥʦʛʦ ʩʳʨʴʷ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʢʫʩʢʦʚʘʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʬʦʩʬʘʪʥʦʛʦ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʘʛ-

ʣʦʤʝʨʘʮʠʷ ï ʩʧʝʢʘʥʠʝ ʚ ʩʣʦʝ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʪʭʦʜʷʱʠʝ ʛʘʟʳ ʘʛʣʦʤʝʨʘʮʠʦʥʥʦʡ ʤʘʰʠʥʳ ʩʦʜʝʨʞʘʪ ʚ ʩʨʝʜʥʝʤ, 

ʤʛ/ʤ
3
: SO2 ï 1500, SO3 ï 20, P2O5 ï 30, SiF3 ï 15, ʧʳʣʴ ï 2300. ʇʨʠ ʵʪʦʤ ʛʘʟ ʩʦʜʝʨʞʠʪ  SO3, P2O5 ʠ ʦʢʦʣʦ 30 % ʬʪʦʨʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ  ʚ ʚʠʜʝ ʘʵʨʦʟʦʣʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʠʭʩʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʦʤʝʱʝʥʠʷ ʠ ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ ʚʤʝʩʪʝ 

ʩ ʦʪʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
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1.4.4 ʀʩʪʦʯʥʠʢʠ ʚʳʜʝʣʝʥʠʷ ʧʳʣʠ ʚ ʮʝʤʝʥʪʥʦʡ  

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

 

ɺʩʝ ʩʳʨʴʝʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʝʤʝʥʪʘ, ʧʦʩʣʝ ʜʦʙʳʯʠ ʚ ʢʘʨʴʝʨʘʭ ʠ ʜʦʩʪʘʚʢʠ ʥʘ ʟʘʚʦʜ 

ʧʦʜʩʫʰʠʚʘʶʪ, ʜʨʦʙʷʪ ʠ ʠʟʤʝʣʴʯʘʶʪ (ʧʨʠ ʩʫʭʦʤ ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ ʜʦ ʧʳʣʝʚʠʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ), ʯʪʦʙʳ ʫʚʝʣʠ-

ʯʠʪʴ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʣʫʯʝʥʥʫʶ ʩʳʨʴʝʚʫʶ ʰʠʭʪʫ (ʧʦʩʣʝ ʫʩʨʝʜʥʝʥʠʷ ʝʝ ʩʦʩʪʘʚʘ) ʦʙʞʠʛʘʶʪ ʧʨʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʣʠʥʢʝʨʦʦʙʞʠʛʘʪʝʣʴʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʠʣʠ ʰʘʭʪʥʳʭ ʧʝʯʘʭ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʶʪ ʚ ʭʦʣʦʜʠʣʴʥʠʢʘʭ. ʇʦʩʣʝ ʵʪʦ-

ʛʦ ʦʥʘ ʧʦʩʪʫʧʘʝʪ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʢʣʘʜ. ʇʨʦʜʫʢʪ ʦʙʞʠʛʘ ʢʣʠʥʢʝʨʘ ʩ ʛʠʧʩʦʤ ʠ ʜʨʫʛʠʤʠ ʜʦʙʘʚʢʘʤʠ ʠʟʤʝʣʴʯʘʶʪ ʚ ʤʝʣʴ-

ʥʠʮʘʭ; ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʵʪʦʤ ʮʝʤʝʥʪ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʥʘ ʩʢʣʘʜ (ʚ ʩʠʣʦʩʳ), ʦʪʢʫʜʘ ʦʥ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʘʨʝ ʦʪʧʨʘʚʣʷʝʪʩʷ 

ʧʦʪʨʝʙʠʪʝʣʶ. ɺ ʪʘʙʣʠʮʝ 1.10 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʳʣʠ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʊʘʙʣʠʮʘ 1.10 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʳʣʠ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ ʛ/ʤ

3
 ɼʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʯʘʩʪʠʮ ʤʝʥʝʝ 5 ʤʢʤ, % 

ʇʝʯʠ ʩ ʢʦʥʮʝʥʪʨʘʪʘʤʠ ʰʣʘʤʘ  

40ï99 

 

6ï20 

ʇʝʯʠ ʩ ʢʦʥʚʝʡʝʨʥʳʤ ʢʘʣʴʮʠʥʘʪʦʨʦʤ  

10ï28 

 

10ï20 

ʇʝʯʠ ʩ ʮʠʢʣʦʥʥʳʤʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʤʠ  

16ï60 

 

50ï75 

ʎʝʤʝʥʪʥʳʝ ʤʝʣʴʥʠʮʳ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ  

300ï960 

 

5ï39 

ʎʝʤʝʥʪʥʳʝ ʤʝʣʴʥʠʮʳ ʩʝʧʘʨʘʮʠʦʥʥʳʝ  

545ï850 

 

15ï35 

ʉʳʨʴʝʚʳʝ ʤʝʣʴʥʠʮʳ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ  

120ï410 

 

26ï65 

ʉʳʨʴʝʚʳʝ ʤʝʣʴʥʠʮʳ ʩʝʧʘʨʘʮʠʦʥʥʳʝ  

400ï500 

 

20ï30 

ʉʫʰʠʣʴʥʳʝ ʙʘʨʘʙʘʥʳ  15ï70 5ï36 

ʈʝʘʢʪʦʨʥʳʝ ʩʫʰʠʣʢʠ 25-80 10ï40 

ɹʦʣʝʝ 80 % ʧʳʣʠ, ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʚ ʘʪʤʦʩʬʝʨʫ, ʚʳʜʝʣʷʝʪʩʷ ʚʨʘʱʘʶʱʠʤʠʩʷ ʧʝʯʘʤʠ, ʘ ʦʩʪʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ ï 

ʮʝʤʝʥʪʥʳʤʠ ʠ ʩʳʨʴʝʚʳʤʠ ʤʝʣʴʥʠʮʘʤʠ (ʩʫʭʦʛʦ ʧʦʤʦʣʘ), ʜʨʦʙʠʣʴʥʦ-ʩʫʰʠʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʘ ʪʘʢʞʝ ʩʠʣʦʩʘʤʠ ʭʨʘʥʝ-

ʥʠʷ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʙʘʚʦʢ, ʢʣʠʥʢʝʨʘ ʠ ʮʝʤʝʥʪʘ [1]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʳʣʝʚʳʜʝʣʝʥʠʷ ʥʘ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʘʭ ʷʚʣʷʶʪʩʷ ʧʝʯʠ ʜʣʷ ʦʙʞʠʛʘ ʢʣʠʥʢʝʨʘ ʤʦʢʨʦʛʦ 

ʠ ʩʫʭʦʛʦ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʇʨʠ ʤʦʢʨʦʤ ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʢʘʞʜʫʶ ʪʦʥʥʫ ʦʙʞʠʛʘʝʤʦʛʦ ʢʣʠʥʢʝʨʘ ʠʟ ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʝʡ ʚʳʥʦʩʠʪʩʷ ʩ ʟʘ-

ʧʳʣʝʥʥʳʤʠ ʛʘʟʘʤʠ 5,3ï7,3 ʪ ʧʳʣʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 140ï400 Áʉ, ʩʦʜʝʨʞʘʱʠʭ (ʜʘʞʝ ʧʨʠ ʭʦʨʦʰʠʭ ʚʥʫʪʨʠʧʝʯʥʳʭ ʧʳʣʝʧʦ-

ʜʘʚʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ï ʛʠʨʣʷʥʜʥrʭ ʮʝʧʥʳʭ ʟʘʚʝʩʘʭ) ʦʪ 80 ʜʦ 250 ʢʛ ʧʦʣʫʦʙʦʞʞʝʥʥʦʡ ʩʳʨʴʝʚʦʡ ʰʠʭʪʳ ʚ ʚʠʜʝ ʜʠʩ-

ʧʝʨʩʥʦʡ ʧʳʣʠ. 

ʇʨʠ ʩʫʭʦʤ ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʠʭ ʟʘʧʳʣʝʥʥʳʭ ʛʘʟʦʚ, ʚʳʥʦʩʠʤʳʭ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʯʝʡ, ʥʘ 25ï

45 % ʤʝʥʴʰʝ, ʦʜʥʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʭ ʜʦʩʪʠʛʘʝʪ 350ï400 Áʉ, ʘ ʤʘʩʩʘ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʧʳʣʠ ʩʦʩʪʘʚʣʷʝʪ 50ï120 ʢʛ ʥʘ ʪʦʥ-

ʥʫ ʢʣʠʥʢʝʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʢʦʣʦʩʥʠʢʦʚʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʢʣʠʥʢʝʨʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʫ ʚʩʝʭ ʤʦʱʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʯʝʡ, ʚʳ-

ʙʨʘʩʳʚʘʝʪʩʷ ʥʘ ʢʘʞʜʫʶ ʪʦʥʥʫ ʢʣʠʥʢʝʨʘ 1,1ï1,8 ʪ ʩʫʭʦʛʦ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ (ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 150ï290 Áʉ), ʩʦʜʝʨʞʘʱʝʛʦ 7ï

10 ʢʛ ʢʣʠʥʢʝʨʥʳʭ ʯʘʩʪʠʮ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʳʣʝʥʥʦʛʦ ʘʩʧʠʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʨʝʜʥʝʤ 500 ʢʛ ʧʳʣʠ ʥʘ 1 ʪ ʢʣʠʥʢʝʨʘ ʠʟ 

ʩʳʨʴʝʚʦʡ ʠ ʮʝʤʝʥʪʥʦʡ ʤʝʣʴʥʠʮʳ, ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 25 % ʦʪ ʤʘʩʩʳ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʧʝʯʠ ʤʦʢʨʦʛʦ ʩʧʦʩʦʙʘ. 

 

1.4.5 ʇʳʣʝʚʳʜʝʣʝʥʠʝ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ 

 

ʇʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʊʕʉ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ [6]. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʚʳʙʨʘʩʳʚʘʶʪ ʝʞʝʛʦʜʥʦ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʨʷʜʢʘ 1 ʤʣʨʜ ʪ ʟʦʣʳ, ʦʢʦʣʦ 

400 ʤʣʥ ʪ ʩʝʨʥʠʩʪʦʛʦ ʘʥʛʠʜʨʠʜʘ (ʪʘʙʣʠʮʘ 1.11).  

 

 

 

 

 

 

 



U- sonic .ru  ï ȱɆɇɔɖɆɘɔɖɎɥ ɆɐəɗɘɎɝɋɗɐɎɛ ɕɖɔɜɋɗɗɔɈ Ɏ ɆɕɕɆɖɆɘɔɈ ȧȸȮ Ȧɑɘȩȸȹ 

ȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 

 

15 
 

ʊʘʙʣʠʮʘ 1.11 ï ɽʞʝʛʦʜʥʳʝ ʚʳʙʨʦʩʳ ʩ ʊʕʉ 

ʕʣʝʤʝʥʪ ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʙʨʦʩʘʭ, ʢʛ/ʛʦʜ 

ʄʳʰʴʷʢ 90000 

ɹʘʨʠʡ 300000 

ʍʣʦʨ 20000 

ʄʘʨʛʘʥʝʮ 70000 

ʈʪʫʪʴ 20000 

ʅʠʢʝʣʴ 70000 

ɺʘʥʘʜʠʡ 70000 

ɿʦʣʘ ʠ ʧʳʣʴ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʚʦʟʜʫʭʝ, ʫʤʝʥʴʰʘʶʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʨʘʟʤʝʱʝʥʳ 

ʢʨʫʧʥʳʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʳʙʨʦʩʘʭ ʊʕʉ ʚ 407 ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʥʦʨʤʫ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʢʘʟʳʚʘʶʪ ʟʦʣʦʰʣʘʢʦʚʳʝ ʦʪʚʘʣʳ ʊʕʉ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ ʟʦʣʳ, ʪʠʧʘ ʢʦʥʩʝʨʚʘʮʠʠ, ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʨʠʪʦʨʠʡ ʤʦʛʫʪ ʟʘʛʨʷʟʥʷʪʴ 

ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʚʨʝʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʉ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʦʣʦʦʪʚʘʣʦʚ ʚʝʪʝʨ ʧʦʜʥʠʤʘʝʪ 

ʟʦʣʫ, ʦʙʨʘʟʫʷ ʧʳʣʴʥʳʝ ʙʫʨʠ, ʫʭʫʜʰʘʶʱʠʝ ʩʘʥʠʪʘʨʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʧʨʠʣʝʛʘʶʱʠʭ ʨʘʡʦʥʦʚ.  

 

1.5 ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʨʘʟʣʠʯʥʳʭ  

ʚʝʱʝʩʪʚ 

 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʟʘʛʨʷʟʥʝʥʠʡ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʠʭ ʚʳʙʨʦ-

ʩʘʭ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʝʱʝʩʪʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʝʥ-

ʪʠʣʷʮʠʦʥʥʳʭ (ʧʨʦʤʳʰʣʝʥʥʳʭ) ʚʳʙʨʦʩʘʭ ʯʘʩʪʦ ʥʝʚʝʣʠʢʘ, ʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ (ʧʨʦʤʳʰʣʝʥʥʦʛʦ) 

ʚʦʟʜʫʭʘ ʚʘʣʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ, ʟʥʘʯʠʪʝʣʴʥʳ. ɺ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚʳʙʨʦʩʳ ʧʨʦʠʟ-

ʚʦʜʷʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʡ ʚʳʩʦʪʳ ʚʳʙʨʦʩʘ, ʙʦʣʴʰʦʡ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʩʪʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʣʦʭʦʡ ʦʯʠʩʪʢʠ, 

ʦʥʠ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʷʶʪ ʚʦʟʜʫʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʡ.  

ʇʳʣʴ ʦʢʘʟʳʚʘʝʪ ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʳ ʜʳʭʘʥʠʷ, ʟʨʝʥʠʷ ʢʦʞʫ, ʘ ʧʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ï 

ʪʘʢʞʝ ʥʘ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ. ʇʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʩ ʦʩʪʨʳʤʠ ʟʘʟʫʙʨʝʥʥʳʤʠ ʢʨʘʷʤʠ ʦʢʘʟʳʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʩʣʠʟʠʩʪʫʶ ʦʙʦʣʦʯʢʫ, ʦʥʠ ʪʨʘʚʤʠʨʫʶʪ ʠ ʨʘʟʜʨʘʞʘʶʪ ʝʝ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦʝ ʪʨʘʚʤʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘ-

ʶʪ ʧʳʣʠʥʢʠ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʧʳʣʴ ʤʝʪʘʣʣʠʯʝʩʢʘʷ, ʩʪʝʢʣʷʥʥʘʷ, ʢʚʘʨʮʝʚʘʷ ʠ ʜʨ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʣʶʜʝʡ. ʄʥʦʛʠʝ ʚʠʜʳ  ʧʳʣʠ, ʧʨʦʥʠʢʘʷ ʛʣʫʙʦʢʦ ʚ ʣʝʛʢʠʝ,  ʚʳʟʳʚʘʶʪ ʨʘʟʚʠʪʠʝ ʚ ʥʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ. 

ʂ ʦʩʥʦʚʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʚʳʟʚʘʥʥʳʤ ʧʨʝʚʳʰʝʥʠʝʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 

(ʇɼʂ), ʦʪʥʦʩʷʪʩʷ:  

ï ʧʥʝʚʤʦʢʦʥʠʦʟʳ ï ʙʦʣʝʟʥʠ ʣʝʛʢʠʭ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʜʳʭʘʥʠʠ ʧʳʣʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠ-

ʜʳ ʧʥʝʚʤʦʢʦʥʠʦʟʦʚ: ʩʠʣʠʢʦʟ ï ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʘʷ ʬʦʨʤʘ ʧʥʝʚʤʦʢʦʥʠʦʟʘ, ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʧʨʠ ʚʜʳʭʘʥʠʠ ʧʳʣʠ, ʩʦʜʝʨʞʘ-

ʱʝʡ ʩʚʦʙʦʜʥʳʡ ʢʨʝʤʥʝʟʝʤ (SiO2), ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʣʝʛʦʯʥʦʡ ʪʢʘʥʠ; ʩʠʣʠʢʘʪʦʟ ï ʩʢʣʝʨʦʪʠʯʝʩʢʦʝ ʟʘʙʦ-

ʣʝʚʘʥʠʝ ʣʝʛʢʠʭ, ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʧʨʠ ʚʜʳʭʘʥʠʠ ʧʳʣʠ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ SiO2 ʚ ʩʚʷʟʥʦʤ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦʩʪʦʷʥʠʠ 

(Mg, Ca, Al, Fe ʠ ʜʨ.); ʵʣʝʢʪʨʦʩʚʘʨʦʯʥʳʡ ʧʥʝʚʤʦʢʦʥʠʦʟ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʘʨʦʯʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʦʢʩʠʜ ʞʝʣʝʟʘ, ʩʦʝʜʠʥʝʥʠʷ ʤʘʨʛʘʥʮʘ ʠʣʠ ʬʪʦʨʘ; ʘʩʙʝʩʪʦʟ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʜʳʭʘʥʠʠ ʧʳʣʠ ʘʩʙʝʩʪʘ ʠ ʜʨ.; 

ï ʭʨʦʥʠʯʝʩʢʠʡ ʙʨʦʥʭʠʪ,  ʣʘʨʠʥʛʠʪʳ (ʨʘʟʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ  ʚʦʩʧʘʣʝʥʠʝʤ ʛʦʨʪʘʥʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʟʘ-

ʧʳʣʸʥʥʳʡ ʚʦʟʜʫʭ), ʪʨʘʭʝʠʪʳ (ʚʦʩʧʘʣʝʥʠʝ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʪʨʘʭʝʠ); 

ï ʧʥʝʚʤʦʥʠʪ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʫʶ ʬʦʨʤʫ ʧʥʝʚʤʦʥʠʠ, ʚʳʟʳʚʘʝʤʫʶ ʜʝʡʩʪʚʠʝʤ ʘʵʨʦʟʦʣʝʡ ʤʘʨʛʘʥʮʘ, ʚʘʥʘʜʠʷ, 

ʢʘʜʤʠʷ ʠ ʙʝʨʠʣʣʠʷ; 

ï ʦʪʨʘʚʣʝʥʠʝ ʪʦʢʩʠʯʥʳʤʠ ʧʳʣʷʤʠ (ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ, ʭʨʦʤʘ, ʤʳʰʴʷʢʘ ʠ ʨʪʫʪʠ). ʊʘʢʦʛʦ ʨʦʜʘ ʧʳʣʠ ʦʢʘʟʳʚʘʶʪ ʷʜʦ-

ʚʠʪʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʜʳʭʘʥʠʠ, ʧʨʦʛʣʘʪʳʚʘʥʠʠ ʠ ʦʩʝʜʘʥʠʠ ʥʘ ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʘʭ ʢʦʞʠ. ʈʘʩʪʚʦʨʷʷʩʴ ʚ 

ʩʣʶʥʝ, ʟʘʜʝʨʞʠʚʘʷʩʴ ʥʘ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʢʘʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʠ ʧʠʱʝʚʦʛʦ ʪʨʘʢʪʘ, ʦʥʘ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʞʠʜʢʠʡ ʷʜ; 

ï ʢʦʥʲʶʢʪʠʚʠʪ ï ʚʦʩʧʘʣʝʥʠʝ ʦʨʛʘʥʘ ʟʨʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʳʣʠ, ʜʳʤʘ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʤʝʩʠ ʚ ʚʦʟʜʫʭʝ. 

ɹʝʟʫʩʣʦʚʥʦ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ ʦʪ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʵ-

ʨʦʟʦʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ  ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʘʪʤʦʩʬʝʨʳ. ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʙʝʟʦʧʘʩʥʳʤ ʚʳʙʨʦʩʦʤ  ʦʯʠʩʪʢʘ ʦʪʭʦʜʷʱʠʭ 

ʛʘʟʦʚ ʦʪ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʨʷʜ ʟʘʜʘʯ,  ʚʦʟʥʠʢʘʶʱʠʭ  ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʷʜʘ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʯʘʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʝʨʝʭʦʜʠʪ ʚ ʘʵʨʦʟʦʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʫʜʘʣʷʝʪʩʷ (ʚʳʙʨʘʩʳʚʘʝʪʩʷ) ʚ ʘʪʤʦʩʬʝʨʫ ʚʤʝʩʪʝ ʦʪʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ. ʊʘʢʠʝ ʧʦʪʝʨʠ ʧʨʦʜʫʢʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʩʪʘʚʣʷʶʪ 

ʜʦ 15 % ʦʪ ʤʘʩʩʳ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ  ʷʚʣʷʝʪʩʷ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʧʳʣʝ-

ʫʣʘʚʣʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʧʳʣʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦʟʚʨʘʱʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɼʨʫʛʠʝ ʧʳʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʧʳʣʠ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ. ʇʳʣʴ (ʠʣʠ 

ʪʫʤʘʥ), ʚʳʜʝʣʷʶʱʘʷʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʢʦʛʦ - ʣʠʙʦ ʚʝʱʝʩʪʚʘ (ʤʘʪʝʨʠʘʣʘ), ʤʦʞʝʪ ʦʢʘʟʳ-

ʚʘʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷ, ʫʭʫʜʰʘʷ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

http://ru.wikipedia.org/wiki/%D0%93%D0%BE%D1%80%D1%82%D0%B0%D0%BD%D1%8C
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ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʜʝʣʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʵʨʦʟʦʣʝʡ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʝʨʥʦʢʠʩʣʦʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ 

ʪʠʧʘ ʍʂ-30, ʍʂ-45. ɺ ʮʝʭʘʭ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʧʝʯʘʤʠ ʧʳʣʝʚʠʜʥʦʛʦ ʦʙʞʠʛʘ ʢʦʥʮʝʥʪʨʘʪʘ, ʧʨʠʤʝʥʷʶʪ  ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʆɻ-

4-8 ʠ ʆɻ-4-16. ɼʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʪʫʤʘʥʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʦʢʠʩʣʦʚ ʤʳʰʴʷʢʘ ʠ ʩʝʣʝʥʘ ʚ ʢʦʥʪʘʢʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʩʝʨ-

ʥʦʡ ʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʫʶʪ ʤʦʢʨʳʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʪʠʧʘ ʄ ʠ ʐʄʂ. 

ʅʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʜʣʷ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʟʦʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʮʠʢʣʦʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʤʦʢʨʳʝ ʟʦ-

ʣʦʫʣʦʚʠʪʝʣʠ ʩʝʨʠʠ çʄʦʜʘʚè. ʅʘ ʢʨʫʧʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʛʜʝ ʨʝʘʣʠʟʫʝʪʩʷ  ʧʳʣʝʚʠʜʥʦʝ ʩʞʠʛʘʥʠʝ ʥʠʟʢʦʩʦʨʪʥʳʭ ʫʛʣʝʡ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʪʠʧʘ ɼɺʇ, ɼɻʇ, ʇɻɼʉ ʠ ʋɻ. 

ɺ ʜʦʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʙʣʝʤʫ ʫʣʘʚʣʠʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʨʝʰʘʶʪ ʩ ʧʦʤʦʱʴʶ ʠʩ-

ʧʦʣɹʟʦʚʘʥʠʷ ʤʦʢʨʦʡ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʛʘʟʦʦʯʠʩʪʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʢʨʫʙʙʝʨʘ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ 

ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ, ʩʢʦʤʧʦʥʦʚʘʥʥʳʭ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʩʣʝ ʮʠʢʣʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ.  

ɼʣʷ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʮʝʪʠʣʝʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʩʠʩʪʝʤʳ ʧʳʣʝʛʘʟʦʫʣʘʚʣʠʚʘʥʠʷ: 1) ʠʟ ʯʝʪʳʨʝʭ ʩʪʫʧʝ-

ʥʝʡ ʮʠʢʣʦʥʦʚ ʪʠʧʘ ʎʅʉ-8, ʧʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʩʢʨʫʙʙʝʨʘ ɺʝʥʪʫʨʠ; 2) ʠʟ ʧʦʣʦʛʦ ʩʢʨʫʙʙʝʨʘ; 3) ʠʟ ʩʢʨʫʙʙʝʨʘ ʠ ʵʣʝʢʪʨʦ-

ʬʠʣʴʪʨʘ ʪʠʧʘ ʉʇʄ-8.  

ɺ ʮʝʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʘʧʧʘʨʘʪʳ ʧʳ-

ʣʝʫʣʘʚʣʠʚʘʥʠʷ: ʧʨʠ ʨʘʟʤʦʣʝ ʠ ʩʫʰʢʝ ʫʛʣʷ ʠʩʧʦʣʴʟʫʶʪ ʩʫʭʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʪʠʧʘ ʋ; ʜʣʷ ʨʘʟʤʦʣʘ ʢʣʠʥʢʝ-

ʨʘ ï ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʪʠʧʘ ʎ ʠ ʨʫʢʘʚʥʳʝ ʬʠʣʴʪʨʳ; ʜʣʷ  ʦʯʠʩʪʢʠ ʧʝʯʥʳʭ ʛʘʟʦʚ ï ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ ʪʠʧʘ ʇɻɼʉ (ʋɻ). ɼʣʷ 

ʦʯʠʩʪʢʠ ʤʘʨʪʝʥʦʚʩʢʠʭ ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʥʢʫʶ ʧʳʣʴ ʚʦʟʛʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʫʭʦʡ ʪʨʝʭʧʦʣʴʥʳʡ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʳʡ ʵʣʝʢʪʨʦʬʠʣʴʪʨ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʧʦʩʣʝ ʢʦʪʣʘ-ʫʪʠʣʠʟʘʪʦʨʘ.  

ʆʜʥʘʢʦ ʜʘʞʝ ʪʘʢʦʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʠ ʙʝʟʦʧʘʩʥʡr ʚʳʙʨʦʩ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʦʵʪʦʤʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʫʯʝʥʳʤʠ ʚʩʝʛʦ ʤʠʨʘ, ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʧʦ ʦʯʠʩʪʢʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ.  

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʩʥʦʚʥʦʛʦ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ,  ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ  ʛʘʟʦʚ. 



U- sonic .ru  ï ȱɆɇɔɖɆɘɔɖɎɥ ɆɐəɗɘɎɝɋɗɐɎɛ ɕɖɔɜɋɗɗɔɈ Ɏ ɆɕɕɆɖɆɘɔɈ ȧȸȮ Ȧɑɘȩȸȹ 

ȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 

 

17 
 

2 ʇʓʃɽʋʃɸɺʃʀɺɸʖʑɽɽ ʆɹʆʈʋɼʆɺɸʅʀɽ  

ɼʃʗ ʆʏʀʉʊʂʀ ʇʈʆʄʓʐʃɽʅʅʓʍ ɻɸɿʆɺ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʦʮʝʩʩʘ ʦʪʜʝʣʝʥʠʷ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʪ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ ʨʘʟʜʝʣʷʝʪ ʝʛʦ [7]: 

ï ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʧʳʣʠ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪʩʷ ʮʠʢʣʦʥʳ, ʧʳʣʝʦʩʘʜʠʪʝʣʴʥʳʝ ʢʘʤʝ-

ʨr, ʚʠʭʨʝʚʳʝ ʮʠʢʣʦʥʳ, ʞʘʣʶʟʠʡʥʳʝ ʠ ʨʦʪʘʮʠʦʥʥʳʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ, ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ, ʬʠʣʴʪʨʳ; 

ï ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʧʳʣʠ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪʩʷ ʩʢʨʫʙʙʝʨʳ ɺʝʥʪʫʨʠ, ʬʦʨʩʫʥʦʯ-

ʥʳʝ ʩʢʨʫʙʙʝʨʳ, ʧʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʪ.ʧ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʭʦʛʦ ʠ ʤʦʢʨʦʛʦ  ʧʨʦʮʝʩʩʦʚ ʦʪʜʝʣʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʪ ʛʘʟʦʚʦʡ 

ʬʘʟʳ. 

 

2.1 ʉʫʭʦʝ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʝ 

 

ɼʝʡʩʪʚʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʫʣʦʚʠʪʝʣʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʏʘʩʪʠʮʳ 

ʚʩʣʝʜʩʪʚʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ, ʢʦʪʦʨʳʤ ʦʥʠ ʦʙʣʘʜʘʶʪ, ʩʦʭʨʘʥʷʶʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠ ʧʦʧʘʜʘʶʪ ʚ 

ʩʙʦʨʥʳʡ ʙʫʥʢʝʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʦʩʚʦʙʦʞʜʝʥʥʳʡ ʦʪ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʚʳʭʦʜʠʪ ʠʟ ʫʣʦʚʠʪʝʣʷ. ʀʥʝʨʮʠʦʥʥʳʝ 

ʫʣʦʚʠʪʝʣʠ ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʝʤ ʧʨʦʩʪʳʝ ʧʳʣʝʦʩʘʜʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷ-

ʶʪʩʷ ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʦʩʘʜʠʪʝʣʴʥʳʭ ʢʘʤʝʨ, ʘ ʪʘʢʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʫʣʘʚʣʠʚʘʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʜʦ 20 ʤʢʤ. 

ɺ ʪʘʢʦʤ ʘʧʧʘʨʘʪʝ ʚʭʦʜʥʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʪʨʫʙʘ ʧʨʠʜʘʝʪ ʯʘʩʪʠʮʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʝ ʤʦʤʝʥʪ, 

ʨʘʚʥʳʡ ʧʨʠʤʝʨʥʦ ʪʨʝʪʠ ʦʪ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ (g/3) [1, 10]. ʅʘʧʨʠʤʝʨ, ʪʘʢʦʡ ʧʳʣʝʫʣʦʚʠʪʝʣʴ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ 

ʟʘ ʜʦʤʝʥʥʦʡ ʧʝʯʴʶ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ >30 ʤʢʤ ʜʦ 65ï80 %. 

ʊʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʵʪʦʛʦ ʢʣʘʩʩʘ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ çʧʳʣʝʚʳʝ ʤʝʰʢʠè (ʨʠʩʫʥʦʢ 2.1), ʢʦʪʦʨʳʝ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʪʘʣʣʫʨʛʠʠ [4]. 

ʀʥʝʨʮʠʦʥʥʳʡ ʧʳʣʝʫʣʦʚʠʪʝʣʴ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2.1, ʙ, ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʛʘʟʦʭʦʜ ʜʠʘʤʝʪʨʦʤ >2 ʤ [1]. ɺʳʧʘʜʝʥʠʝ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚ ʙʫʥʢʝʨ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦʪʦʢʘ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

 
 

ʘ) ʙ) 

  

ʚ) ʛ) 

ʘ ï ʢʘʤʝʨʘ ʩ ʧʝʨʝʛʦʨʦʜʢʦʡ; ʙ ï ʢʘʤʝʨʘ ʩ ʧʣʘʚʥʳʤ ʧʦʚʦʨʦʪʦʤ  

ʛʘʟʦʚʦʛʦ ʟʘʪʚʦʨʘ; ʚ ï ʢʘʤʝʨʘ ʩ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʢʦʥʫʩʦʤ;  

ʛ ï ʢʘʤʝʨʘ ʩ ʟʘʛʣʫʙʣʝʥʥʳʤ ʙʫʥʢʝʨʦʤ 

ʈʠʩʫʥʦʢ 2.1 ï ʀʥʝʨʮʠʦʥʥʳʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.1, ʚ ʧʦʢʘʟʘʥ ʠʥʝʨʮʠʦʥʥʳʡ ʧʳʣʝʫʣʦʚʠʪʝʣʴ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʫʩʘ ʩ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠ-

ʯʠʚʘʶʱʠʤʩʷ ʜʠʘʤʝʪʨʦʤ. ʉʢʦʨʦʩʪʴ ʛʘʟʘ ʫ ʜʥʘ ʧʳʣʝʫʣʦʚʠʪʝʣʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʩʥʠʞʘʝʪʩʷ ʠ ʫʚʣʝʯʝʥʠʝ ʯʘʩʪʠʮ. ʇʦʜʦʙʥʳʝ ʩʦ-

ʦʙʨʘʞʝʥʠʷ ʣʝʞʘʪ ʠ ʚ ʦʩʥʦʚʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʧʳʣʝʦʪʜʝʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʇʨʦʢʢʵʪʘ, ʥʘʧʦʤʠʥʘʶʱʝʡ ʚʦʨʦʥʢʫ ʩ ʚʳ-

ʩʦʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʴʶ (ʨʠʩʫʥʦʢ 2.1, ʛ). 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʩʫʭʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʧʦʣʫʯʠʣʠ ʪʘʢʞʝ ʮʠʢʣʦʥʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʨʠʩʫʥʦʢ 2.2) [7]. 

ɻʘʟʦʚʳʡ ʧʦʪʦʢ ʚʚʦʜʠʪʩʷ ʚ ʮʠʢʣʦʥ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 2 ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ 1 ʠ ʩʦʚʝʨʰʘ-

ʝʪ ʚʨʘʱʘʪʝʣʴʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʢʦʨʧʫʩʘ ʢ ʙʫʥʢʝʨʫ 4. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʯʘʩʪʠʮʳ ʧʳʣʠ 

ʦʙʨʘʟʫʶʪ ʥʘ ʩʪʝʥʢʘʭ ʮʠʢʣʦʥʘ ʧʳʣʝʚʦʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʚʤʝʩʪʝ ʩ ʯʘʩʪʴʶ ʛʘʟʘ ʧʦʧʘʜʘʝʪ ʚ ʙʫʥʢʝʨ. ʆʪʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʳʣʠ ʦʪ 

ʛʘʟʘ, ʧʦʧʘʚʰʝʛʦ ʚ ʙʫʥʢʝʨ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʦʨʦʪʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʙʫʥʢʝʨʝ ʥʘ 180Á. ʆʩʚʦʙʦʜʠʚʰʠʩʴ ʦʪ ʧʳʣʠ, ʛʘʟʦʚʳʡ 
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ʧʦʪʦʢ ʦʙʨʘʟʫʝʪ ʚʠʭʨʴ ʠ ʚʳʭʦʜʠʪ ʠʟ ʙʫʥʢʝʨʘ, ʜʘʚʘʷ ʥʘʯʘʣʦ ʚʠʭʨʶ ʛʘʟʘ, ʧʦʢʠʜʘʶʱʝʛʦ ʮʠʢʣʦʥ ʯʝʨʝʟ ʚʳʭʦʜʥʫʶ ʪʨʫʙʫ 3. ɼʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʮʠʢʣʦʥʘ ʥʝʦʙʭʦʜʠʤʘ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʙʫʥʢʝʨʘ. ɽʩʣʠ ʙʫʥʢʝʨ ʥʝʛʝʨʤʝʪʠʯʝʥ, ʪʦ ʠʟ-ʟʘ ʧʦʜʥʦʩʘ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʥʦʩ ʧʳʣʠ ʩ ʧʦʪʦʢʦʤ ʛʘʟʘ ʯʝʨʝʟ ʚʳʭʦʜʥʫʶ ʪʨʫʙʫ.  

 

 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.2 ï ʂʦʥʩʪʨʫʢʮʠʷ (ʘ) ʠ ʬʦʪʦ (ʙ) ʮʠʢʣʦʥʘ 

 

ʇʨʦʩʪʝʡʰʠʝ ʠʥʝʨʮʠʦʥʥʳʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ ʪʠʧʘ ʦʩʘʜʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ, ʞʘʣʶʟʠʡʥʳʭ ʨʝʰʝʪʦʢ ʠʣʠ ʧʳʣʝʚʦʛʦ ʤʝʰʢʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʧʨʘʚʜʘʥʦ ʜʣʷ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʢʨʫʧʥʳʭ ʬʨʘʢʮʠʡ ʧʳʣʠ (ʙʦʣʝ 30 ʤʢʤ). 

ɽʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʮʠʢʣʦʥʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦ ʚ ʦʩʥʦʚʥʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠʭ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʜʝʞʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝ-

ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪʘʭ. ʕʪʠ ʟʘʪʨʘʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʪʨʘʪ ʥʘ ʨʫ-

ʢʘʚʥʳʝ ʬʠʣʴʪʨʳ, ʘ ʪʝʤ ʙʦʣʝʝ ʥʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʮʠʢʣʦʥʘ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ 

ʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʫʣʘʚʣʠʚʘʥʠʠ ʧʳʣʠ ʜʦ 5ï10 ʤʢʤ. ʊʘʢʞʝ ʥʝʜʦʩʪʘʪʢʘʤʠ ʘʧʧʘʨʘʪʦʚ ʩʫʭʦʛʦ ʧʳʣʝʫʣʘʚʣʠʚʘ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʛʘʟʦʚ ʠ ʩʣʦʞʥʦʩʪʴ, ʘ ʠʥʦʛʜʘ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝ-

ʥʠʷ ʢ ʚʟʨʳʚʦʦʧʘʩʥʳʤ ʛʘʟʘʤ. 
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2.2 ʕʣʝʢʪʨʦʬʠʣʴʪʨʳ 

 

ʕʣʝʢʪʨʦʬʠʣʴʪʨʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. 

ʕʣʝʢʪʨʦʬʠʣʴʪʨʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ, ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝ-

ʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʜʦʙʨʝʥʠʡ ʠ 

ʫʪʠʣʠʟʘʮʠʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ.   

ʉʫʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ.  ɻʘʟ, ʩʦʜʝʨʞʘʱʠʡ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩ-

ʪʠʮʳ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʟʘʟʝʤʣʝʥʥʳʭ ʦʩʘʜʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠ ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩ-

ʩʪʦʷʥʠʠ (ʥʘʟʳʚʘʝʤʦʤ ʤʝʞʵʣʝʢʪʨʦʜʥʳʤ ʧʨʦʤʝʞʫʪʢʦʤ) ʢʦʨʦʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʜʦʚ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʚʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩʫʥʦʢ 2.3). ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʧʨʠʣʦʞʝʥʥʦʤ ʢ ʤʝʞʵʣʝʢ-

ʪʨʦʜʥʦʤʫ ʧʨʦʤʝʞʫʪʢʫ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʦʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʘʷ ʫʜʘʨʥʘʷ ʠʦʥʠʟʘʮʠʷ ʛʘʟʘ, ʩʦ-

ʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ (ʢʦʨʦʥʳ), ʢʦʪʦʨʳʡ ʥʘ ʚʝʩʴ ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʥʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʟʘʪʫʭʘʝʪ ʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʘʜʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦ-

ʜʘ [1].  

 

 
1 ï ʢʦʨʦʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ; 2 ï ʵʣʝʢʪʨʦʥʳ; 3 ï ʠʦʥʳ;  

4 ï ʯʘʩʪʠʮʳ ʧʳʣʠ; 5 ï ʦʩʘʜʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ 

ʈʠʩʫʥʦʢ 2.3 ï ʄʝʭʘʥʠʟʤ ʟʘʨʷʜʢʠ ʠ ʦʩʘʞʜʝʥʠʷ ʚ ʵʣʝʢʪʨʦʬʠʣʴʪʨʝ 

ɻʘʟʦʚʳʝ ʠʦʥʳ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʟʦʥʝ ʢʦʨʦʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʜʚʠ-

ʞʫʪʩʷ ʢ ʨʘʟʥʦʠʤʝʥʥʳʤ ʵʣʝʢʪʨʦʜʘʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʥʘʟʳ-

ʚʘʝʤʳʡ ʪʦʢʦʤ ʢʦʨʦʥʳ. ʋʣʘʚʣʠʚʘʝʤʳʝ ʯʘʩʪʠʮʳ ʠʟ-ʟʘ ʘʜʩʦʨʙʮʠʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠʦʥʦʚ ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ 

ʧʨʦʤʝʞʫʪʢʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʚʠʞʫʪʩʷ ʢ ʵʣʝʢʪʨʦʜʘʤ, ʦʩʘʞʜʘʷʩʴ ʥʘ ʥʠʭ. 

ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʤʝʥʴʰʘʷ ʠʭ ʯʘʩʪʴ ʧʦʧʘʜʘʝʪ 

ʥʘ ʢʦʨʦʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʜʳ. ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʦʩʘʞʜʝʥʥʳʝ ʯʘʩʪʠʮʳ ʫʜʘʣʷʶʪʩʷ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʠʣʠ 

ʧʨʦʤʳʚʢʦʡ ʵʣʝʢʪʨʦʜʦʚ.  

ʌʦʪʦʛʨʘʬʠʷ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.4. 

 

 

 
ʘ) ʙ) 

1 ï ʢʦʨʧʫʩ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ; 2 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ; 3 ï ʚʭʦʜ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ; 4 ï ʢʦʨʦʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ; 5 ï ʙʫʥʢʝʨ ʩʙʦʨʘ ʧʳʣʠ;  

6 ï ʦʩʘʜʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ; 7 ï ʩʠʩʪʝʤʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʬʠʣʴʪʨʘ 

ʈʠʩʫʥʦʢ 2.4 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ (ʘ) ʠ ʬʦʪʦʛʨʘʬʠʷ (ʙ)  

ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ 
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ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʫʙʯʘʪʳʝ ʠ ʧʣʘʩʪʠʥʯʘʪʳʝ [11]. ɺ ʪʨʫʙʯʘʪʳʭ ʵʣʝʢʪʨʦʬʠʣʴʪʘʭ 

ʟʘʛʨʷʟʥʝʥʥʳʡ ʚʦʟʜʫʭ ʧʨʦʧʫʩʢʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʪʨʫʙʘʤ ʜʠʘʤʝʪʨʦʤ 20ï25 ʩʤ, ʧʦ ʮʝʥʪʨʫ ʢʦʪʦʨʳʭ ʥʘʪʷʥʫʪʘ ʧʨʦʚʦʣʦ-

ʢʘ. ʆʩʘʜʠʪʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʩʪʝʥʢʠ ʪʨʫʙʢʠ, ʘ ʧʨʦʚʦʣʦʢʘ ï ʢʦʨʦʥʠʨʫʶʱʠʤ ʵʣʝʢʪʨʦʜʦʤ. ɺ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ ʦʩʘʜʠʪʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʧʣʘʩʪʠʥʢʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʪʷʥʫʪʘ ʧʨʦʚʦʣʦʢʘ ï ʢʦʨʦʥʠʨʫʶ-

ʱʠʡ ʵʣʝʢʪʨʦʜ. 

ɺ ʪʨʫʙʯʘʪʳʭ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʯʝʤ ʚ ʧʣʘʩʪʠʥʯʘʪʳʭ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʧʣʘʩʪʠʥʯʘʪʳʭ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ ʧʨʦʱʝ ʨʝʰʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʛʘʟʦʚ ʚ ʝʜʠʥʦʤ 

ʘʧʧʘʨʘʪʝ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ (ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʜʝʬʝʢʪʘʤ ʚ ʘʢʪʠʚʥʦʡ 

ʟʦʥʝ ʘʧʧʘʨʘʪʘ. 

ʕʣʝʢʪʨʦʬʠʣʴʪʨ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʧʳʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝʤ. ʂʨʦʤʝ  ʪʦʛʦ, ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ ʥʝ ʧʨʠʤʝʥʷʶʪ, ʝʩʣʠ ʛʘʟ ʷʚʣʷʝʪʩʷ ʚʟʨʳʚʦʦʧʘʩʥʦʡ ʩʤʝʩʴʶ ʠʣʠ ʪʘʢʘʷ ʩʤʝʩʴ 

ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ,  ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʨʘ-

ʙʦʪʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʩʢʨʦʚʳʭ ʨʘʟʨʷʜʦʚ. 

 

2.3 ʌʠʣʴʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ 

 

ɼʣʷ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʯʘʩʪʠʮ ʠ ʢʘʧʝʣʝʢ ʞʠʜʢʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʦʚʘʥʠʷ. ʌʠʣʴʪʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʧʨʦʧʫʩʢʘʥʠʠ ʘʵʨʦʟʦʣʷ ʯʝʨʝʟ ʬʠʣʴʪʨʦʚʘʣʴʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʧʨʦʭʦʞʜʝʥʠʝ ʚʦʟʜʫʭʘ, ʥʦ ʟʘʜʝʨʞʠ-

ʚʘʶʪ ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ. 

ɺ ʬʠʣʴʪʨ (ʨʠʩʫʥʦʢ 2.5) ʧʦʩʪʫʧʘʝʪ ʟʘʛʨʷʟʥʝʥʥʳʡ ʛʘʟ, ʯʘʩʪʠʮʳ ʧʨʠʤʝʩʝʡ ʦʩʝʜʘʶʪ ʥʘ ʚʭʦʜʥʦʡ ʯʘʩʪʠ ʚʦʣʦʢʥʠʩʪʦʡ ʧʝ-

ʨʝʛʦʨʦʜʢʠ (ʬʠʣʴʪʨʫʶʱʘʷ ʧʦʨʠʩʪʘʷ ʧʝʨʝʛʦʨʦʜʢʘ) ʠ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʧʦʨʘʭ ʤʝʞʜʫ ʚʦʣʦʢʦʥ, ʦʙʨʘʟʫʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝ-

ʛʦʨʦʜʢʠ ʩʣʦʡ. 

 

 
ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʬʠʣʴʪʨʘ 

 

ʆʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʦʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʵʬ-

ʬʝʢʪʘ ʟʘʮʝʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ, ʠʥʝʨʮʠʦʥʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ. ʇʳʣʴ ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʚ ʦʩ-

ʥʦʚʥʦʤ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʩ ʚʦʣʦʢʥʘʤʠ ʠ ʥʠʪʷʤʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʣʠʧʘ-

ʥʠʷ ʯʘʩʪʠʮ ʢ ʚʦʣʦʢʥʘʤ [12].  

ʆʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ, ʦʩʦʙʝʥʥʦ ʪʚʝʨʜʳʭ, ʥʘ ʚʦʣʦʢʥʘʭ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʭ ʘʛʨʝʛʘʮʠʝʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʟʤʝ-

ʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʩʠʩʪʝʤʳ, ʝʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʦʫʜʘ-

ʨʝʥʠʷ ʯʘʩʪʠʮ ʩ ʚʦʣʦʢʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʣʠʧʰʠʝ ʢ ʚʦʣʦʢʥʘʤ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ, ʟʘʪʝʤ 

ʩʜʫʪʳ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʠ ʚʥʦʚʴ ʦʩʘʜʠʪʴʩʷ ʥʘ ʬʠʣʴʪʨʫʶʱʝʤ ʩʣʦʝ ʠʣʠ ʧʨʦʩʢʦʯʠʪʴ ʯʝʨʝʟ ʥʝʛʦ. 

ʅʘ ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʘʵʨʦʟʦʣʝʡ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʥʘʣʠʯʠʝ ʟʘʨʷʜʘ ʥʘ ʚʦʣʦʢʥʘʭ ʠʣʠ ʯʘʩʪʠʮʘʭ, ʠʣʠ ʥʘ ʪʝʭ ʠ ʜʨʫʛʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʊʢʘʥʝʚʳʝ ʬʠʣʴʪʨʳ. ʊʝʢʩʪʠʣʴʥʳʝ ʪʢʘʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʘʵʨʦʟʦʣʝʡ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʫʣʦʚʣʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ ʠʟ ʪʢʘʥʠ ʠʣʠ ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ ʥʘʩʪʦʣʴʢʦ ʤʘʣʘ, ʯʪʦ ʯʘʩʪʦʡ ʟʘʤʝʥʳ ʪʢʘʥʠ ʥʝ ʪʨʝʙʫ-

ʝʪʩʷ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʫʢʘʚʥʳʝ ʬʠʣʴʪʨʳ, ʩʦʝʜʠʥʷʝʤʳʝ ʚ ʙʘʪʘʨʝʠ. ʆʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʰʝʨʩʪʷʥʳʝ ʠ 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʝ ʪʢʘʥʠ; ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʰʣʠ ʚ ʫʧʦʪʨʝʙʣʝʥʠʝ ʪʘʢʞʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʪʢʘʥʠ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʦʣʠʩʪʠ-

ʨʦʣʘ ʠ ʪʝʨʠʣʝʥʘ. ʇʨʝʜʝʣʴʥʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʠʝʤʣʝʤʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʬʠʣʴʪʨʘ, ʩʦʩʪʘʚʣʷʝʪ 70 Áʉ 

ʜʣʷ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʪʢʘʥʝʡ ʠ 100 Áʉ ʜʣʷ ʰʝʨʩʪʷʥʳʭ. 

ʄʘʩʣʷʥʳʝ ʬʠʣʴʪʨʳ. ʕʪʦ ʬʠʣʴʪʨʳ ʩ ʦʯʝʥʴ ʨʳʭʣʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠ ʧʦʵʪʦʤʫ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʣʠ ʙʳ ʣʝʛʢʦ ʩʜʫ-

ʚʘʪʴʩʷ ʩ ʥʠʭ ʧʦʪʦʢʦʤ ʛʘʟʘ, ʝʩʣʠ ʙʳ ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʥʝ ʙʳʣ ʧʦʢʨʳʪ ʩʣʦʝʤ ʣʠʧʢʦʛʦ ʚʷʟʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʙʳʯʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʩʣʘ ʠʣʠ ʢʦʥʩʠʩʪʝʥʪʥʳʝ ʩʤʘʟʢʠ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʩʧʳʰʢʠ, ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘ ʠ ʭʦʨʦʰʦ ʩʤʘ-

ʯʠʚʘʶʱʠʝ ʧʳʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʚʘʪʫ, ʛʨʫʙʫʶ ʩʪʝʢʣʷʥʥʫʶ ʚʘʪʫ, 

ʚʦʣʦʩ ʞʠʚʦʪʥʳʭ ʠʣʠ ʚʦʣʦʢʥʘ ʧʝʥʴʢʠ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʚ ʨʘʤʢʫ ʨʘʟʤʝʨʦʤ  500³500 ʤʤ ʛʣʫʙʠʥʦʡ 100 ʤʤ. ʄʘʩʣʷʥʳʝ 
ʬʠʣʴʪʨʳ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ ʣʠʰʴ ʜʣʷ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 10 ʤʢʤ. ɽʩʣʠ ʬʠʣʴʪʨ ʧʝʨʝʛʨʫʞʝʥ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʧʳʣʴ ʫʞʝ 

ʥʝ ʧʦʛʣʦʱʘʝʪʩʷ ʩʤʘʟʢʦʡ, ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩʝʨʴʝʟʥʦʝ ʧʘʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ: ʦʙʳʯʥʦ ʦʯʠʱʘʶʪ ʠʣʠ ʟʘʤʝʥʷ-

ʶʪ ʬʠʣʴʪʨ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʜʝʣ ʧʦʛʣʦʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʘʩʣʘ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʛʦʨʷʯʝʡ ʘʪʤʦʩʬʝʨʝ, ʢʦʛʜʘ 

ʚʷʟʢʦʩʪʴ ʤʘʩʣʘ ʩʠʣʴʥʦ ʧʘʜʘʝʪ, ʚʤʝʩʪʝ ʩ ʫʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʤʦʛʫʪ ʫʥʦʩʠʪʴʩʷ ʠ ʙʨʳʟʛʠ ʤʘʩʣʘ. 
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ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʢʘʥʝʚʳʭ ʬʠʣʴʪʨʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚʳʜʝʨʞʘʪʴ ʜʦʧʫʩʪʠʤʳʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʠʱʘʝʤʳʭ 

ʛʘʟʦʚ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ  ʦʛʨʘʥʠʯʝʥ ʪʝʤʧʝʨʘʪʫʨʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʪʢʘʥʠ. ʉʨʦʢ ʩʣʫʞʙʳ ʧʨʠ ʟʘʚʳʰʝʥʠʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʩʦʢʨʘʱʘʝʪʩʷ, ʨʫʢʘʚʘ ʩʪʘʥʦʚʷʪʩʷ ʭʨʫʧʢʠʤʠ ʠ ʙʳʩʪʨʦ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ. ʅʠʞʥʠʡ ʧʨʝʜʝʣ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʜʦʣ-

ʞʝʥ ʙʳʪʴ ʥʘ 25ï30 Áʉ ʚʳʰʝ ʪʦʯʢʠ ʨʦʩʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʷʚʣʷʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʥʘʣʠʧʘʥʠʷ ʧʳʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʫ-

ʢʘʚʦʚ, ʩʤʦʯʝʥʥʫʶ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʚʣʘʛʦʡ. ʇʦʨʳ ʪʢʘʥʠ ʟʘʤʘʟʳʚʘʶʪʩʷ, ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ, ʠ ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʬʠʣʴʪʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ. 

 

2.4 ʄʦʢʨʦʝ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʝ 

 

ʇʨʠ ʫʜʘʣʝʥʠʠ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʧʦʤʦʱʴʶ ʞʠʜʢʦʩʪʠ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʠʚʝʩʪʠ ʯʘʩʪʠʮʳ ʚ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ ʞʠʜʢʦʩʪʴʶ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʘ ʫʜʘʣʷʝʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ. ʏʪʦʙʳ ʧʦʚʳʩʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʯʘʩʪʠʮ ʠʟ 

ʛʘʟʘ, ʞʠʜʢʦʩʪʴ ʦʙʳʯʥʦ ʧʦʜʘʶʪ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʙʨʳʟʛ ʠʣʠ ʪʫʤʘʥʘ, ʠ ʜʝʣʦ ʩʚʦʜʠʪʩʷ ʢ ʫʣʘʚʣʠʚʘʥʠʶ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ ʢʘʧʣʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʦʩʝʜʘʥʠʷ. 

ʄʦʢʨʦʝ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʨʦʩʠʪʝʣʴʥʳʭ ʙʘʰʥʷʭ, ʩʢʨʫʙʙʝʨʘʭ ɺʝʥʪʫʨʠ, ʮʠʢʣʦʥʥʳʭ (ʮʝʥʪʨʦʙʝʞ-

ʥʳʭ) ʩʢʨʫʙʙʝʨʘʭ ʠ ʚʨʘʱʘʶʱʠʭʩʷ ʧʨʦʤʳʚʘʪʝʣʷʭ. 

ɺ ʦʨʦʩʠʪʝʣʴʥʫʶ ʙʘʰʥʶ ʟʘʧʳʣʝʥʥʳʡ ʛʘʟ ʧʦʩʪʫʧʘʝʪ ʩʥʠʟʫ ʠ ʚʩʪʨʝʯʘʝʪ ʧʦʪʦʢ ʨʘʩʧʳʣʝʥʥʦʡ ʞʠʜʢʦʩʪʠ. ʏʘʩʪʠʮʳ ʧʳʣʠ 

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʧʘʜʘʶʱʠʤʠ ʢʘʧʣʷʤʠ; ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʘʜʘʶʪ ʚʥʠʟ, ʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʫʣʘʚʣʠʚʘʶʪʩʷ ʨʷʜʦʤ ʧʝʨʝʛʦʨʦʜʦʢ, ʩ ʢʦ-

ʪʦʨʳʭ ʞʠʜʢʦʩʪʴ ʚʤʝʩʪʝ ʩ ʫʣʦʚʣʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʪʝʢʘʝʪ ʚ ʦʪʩʪʦʡʥʠʢ; ʦʯʠʱʝʥʥʳʡ ʛʘʟ ʚʳʭʦʜʠʪ ʠʟ ʙʘʰʥʠ ʩʚʝʨʭʫ. ʊʘʢʦʡ 

ʩʧʦʩʦʙ, ʦʯʝʚʠʜʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʣʠʰʴ ʜʣʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʭʚʘʪʘ ʤʝʣʢʠʭ ʯʘʩʪʠʮ 

ʢʨʫʧʥʳʤʠ ʢʘʧʣʷʤʠ ʥʠʟʢʘ. ʉʧʦʩʦʙ ʙʳʣ ʠʩʧʳʪʘʥ ʜʣʷ ʦʙʝʩʧʳʣʠʚʘʥʠʷ ʨʫʜʥʠʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʦʜʥʘʢʦ ʜʣʷ ʦʯʝʥʴ ʤʝʣʢʠʭ ʯʘʩʪʠʮ 

ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʧʣʦʭʠʤʠ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʘʯʠʚʘʶʱʠʭ ʜʦʙʘʚʦʢ. 

ʆʩʦʙʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʩʢʨʫʙʙʝʨ ɺʝʥʪʫʨʠ. ʆʨʦʰʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʚ ʛʦʨʣʦʚʠʥʫ ʪʨʫʙʳ ʠʣʠ 

ʥʝʤʥʦʛʦ ʥʝ ʜʦʭʦʜʷ ʜʦ ʥʝʝ ʧʦʜ ʥʠʟʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʞʠʜʢʦʡ ʟʘʚʝʩʳ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʛʦʨʣʦ-

ʚʠʥʳ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʤʘʢʩʠʤʘʣʴʥʘ (ʨʠʩʫʥʦʢ 2.6) [13].  

ɿʘʧʳʣʝʥʥʳʡ ʛʘʟ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʦʙʳʯʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦʩʣʝ ʮʠʢʣʦʥʘ. ɼʚʠʛʘʷʩʴ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 60ï120 ʤ/ʩʝʢ, ʛʘʟ ʨʘʟʙʠʚʘʝʪ ʞʠʜʢʦʩʪ ɹʥʘ ʢʘʧʣʠ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ ʥʘʙʠʨʘʶʪ ʩʢʦʨʦʩʪʠ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʚʳʩʦʢʦʡ 

ʥʘʯʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʩʦʫʜʘʨʝʥʠʷ ʤʝʞʜʫ ʢʘʧʣʷʤʠ ʠ ʯʘʩʪʠʮʘʤʠ ʧʳʣʠ. ʆʩʥʦʚʥʦʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ 

ʚ ʛʦʨʣʦʚʠʥʝ ʩʢʨʫʙʙʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʡ ʜʦʣʝʡ,  ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʫʩʢʦʨʝʥʠʝ ʛʘʟʘ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʥʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʨʘʩ-

ʰʠʨʷʶʱʝʡʩʷ ʯʘʩʪʠ ʪʨʫʙʳ ɺʝʥʪʫʨʠ. ɺʚʠʜʫ ʵʪʦʡ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʫʙʳ ɺʝʥʪʫʨʠ ʧʨʠ ʩʨʝʜ-

ʥʝʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚ ʛʦʨʣʦʚʠʥʝ 135 ʤ/ʩʝʢ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 93 Áʉ ʩʦʩʪʘʚʣʷʝʪ 2,2 ʄʇʘ. 

 

 

 
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.6 ï ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʨʫʙʙʝʨʘ ɺʝʥʪʫʨʠ (ʘ) ʠ ʬʦʪʦ ʛʨʫʧʧʦʚʦʛʦ 

ʩʢʨʫʙʙʝʨʘ ɺʝʥʪʫʨʠ (ʙ) 

 

ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ 60 ʤ/ʩʝʢ ʠ ʜʠʘʤʝʪʨʝ ʢʘʧʝʣʴ 50 ʤʢʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʚ ʪʨʫʙʝ ɺʝʥʪʫʨʠ 

ʯʘʩʪʠʮ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 0,3 ʤʢʤ ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ 60 %. 

ʅʘ ʦʩʥʦʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʨʫʙʙʝʨʘ ɺʝʥʪʫʨʠ > 90 % ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦ-

ʟʥʘʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʩʢʨʫʙʙʝʨʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʚʳʩʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʣʘʚʣʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʛʦʨʣʦʚʠʥʝ, ʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʦʚʠʥʢʘʭ ʵʪʘ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 1200 ʤ/ʩʝʢ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʚ ʤʦʢʨʳʭ ʧʳʣʝʫʣʘʚʠʪʝʣʷʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ, 

ʢʘʯʝʩʪʚʘ ʝʝ ʨʘʩʧʳʣʘ, ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʚ ʫʩʪʘʥʦʚʢʝ. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʩʢʨʫʙʝʨʨʦʚ ɺʝʥʪʫʨʠ ï ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʟʜʘʥʠʝʤ ʪʫʨʙʫʣʠʟʦʚʘʥʥʦʡ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʛʘʟʘ ʚ ʘʧʧʘʨʘʪʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʜʦʩʪʘʪʢʘʤʠ ʘʧʧʘʨʘʪʦʚ ʤʦʢʨʦʛʦ ʧʳʣʝ-

ʫʣʘʚʣʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʰʣʘʤʦʚ, ʟʘʙʠʚʘʥʠʝ ʛʘʟʦʭʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʚʝʨ-

ʜʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝ ʚ ï ʙʨʳʟʛʦʫʥʦʩ (ʧʨʠʚʦʜʷʱʠʡ ʢ ʙʝʟʚʦʟʚʨʘʪʥʳʤ ʧʦʪʝʨʷʤ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ 

ʠ ʢʦʨʨʦʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ). ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʢʨʳʭ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʚʦʜʦʧʨʦʚʦ-

ʜʳ ʠ ʚʦʜʦʦʯʠʩʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɺʩʝ ʵʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩ-

ʭʦʜʦʚ. 
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ɽʱʝ ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʢʨʳʭ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʧʦʣʝʟʥʳʭ 

ʚʠʜʦʚ ʧʳʣʠ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʚʦʟʜʫʭʘ ʧʫʪʝʤ ʧʨʦʤʳʚʢʠ ʝʛʦ ʞʠʜʢʦʩʪʴʶ. ʉʤʘ-

ʯʠʚʘʷʩʴ, ʦʥʠ ʦʩʝʜʘʶʪ ʠʣʠ ʧʨʠʣʠʧʘʶʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʩʚʦʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

2.5 ʇʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʯʠʩʪʢʠ  

ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʦʪ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʯʠ-

ʩʪʢʠ ʛʘʟʦʚ ʩʚʷʟʘʥʳ ʩ  ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦʣʦʞʝʥʥʳʭ ʚ ʠʭ ʦʩʥʦʚʫ ʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ  ʩʥʠʞʝʥʠʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʫʣʘʚʣʠʚʘʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ. 

ʅʝʤʘʣʦʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ. ʀʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʧʳʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʦ-

ʩʪʦʷʱʠʝ ʠʟ ʢʦʤʧʣʝʢʩʘ ʩʦʙʩʪʚʝʥʥʦ ʛʘʟʦʦʯʠʩʪʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʚʝʥʪʠʣʷʪʦʨʳ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʥʘʩʦʩʳ) 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʤʦʥʪʘʞʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʴʶ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʣʘʚʣʠʚʘʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʠ ʦʩʘʞʜʝʥʠʝʤ çʧʦʣʝʟʥʦʡè ʧʳʣʠ ʠ (ʠʣʠ) ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢ-

ʪʘ. 

ɿʘʜʘʯʘ ʫʣʘʚʣʠʚʘʥʠʷ çʧʦʣʝʟʥʦʡè ʧʳʣʠ, ʘ ʪʘʢʞʝ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʷʜʝ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ (ʥʘʧʨʠʤʝʨ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʨʝʤ-

ʥʠʷ). ʆʜʥʘʢʦ ʨʝʰʠʪʴ ʚʳʰʝʫʢʘʟʘʥʥʫʶ ʟʘʜʘʯʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʜʦʚʦʣʴʥʦ 

ʩʣʦʞʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʢʨʦʛʦ ʩʧʦʩʦʙʘ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʜʣʷ ʥʘʟʚʘʥʥʦʡ ʮʝʣʠ ʥʝ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʩʠʣʫ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʧʦʣʦʞʝʥʥʦʛʦ ʚ ʝʛʦ ʦʩʥʦʚʫ (ʫʣʘʚʣʠʚʘʥʠʝ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʳʣʠ). ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨʦʚ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʠʣʫ ʝʛʦ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʛʘʟʦʚ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʝʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ.  

ʅʘʠʙʦʣʝʝ ʦʩʪʨʦ ʧʨʦʙʣʝʤʳ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʛʘʟʦʚ ʦʪ ʪʚʝʨʜʳʭ ʧʨʠʤʝʩʝʡ ʩ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ. ʆʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʦʪ 

ʯʘʩʪʠʮ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠ ʧʦʤʦʱʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʨʝʜʩʪʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʚʦʟʤʦʞʥʳʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʝ ʫʩʪʘʥʦʚʢʠ ʚ ʪʦʡ ʠʣʠ  ʠʥʦʡ ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʘʶʪ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʳʣʠ.  

ʋʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ (ʫʣʘʚʣʠʚʘʥʠʷ) ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ ʦʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚʦʟʤʦʞʥʦ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠʣʠ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʫʩʦʚʝʨʰʝʥʩʪ-

ʚʦʚʘʥʠʷ ʪʝʭʥʠʢʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʦʯʠʩʪʢʠ.  

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʥʪʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʝʪʩʷ ʩ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ, ʘ ʠʥʦʛʜʘ ʠ ʚʦʚʩʝ ʥʝʚʦʟʤʦʞʥʦ, ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʩʧʦʩʦʙʦʤ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʦʪ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʧʫʪʴ. ɺʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʦʚʦʛʦ ʚʠʜʘ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʫʣʴʪ-

ʨʘʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʢʦʘʛʫʣʷʮʠʷ). 

ʂʦʘʛʫʣʷʮʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

ï ʧʦʟʚʦʣʷʝʪ ʦʩʘʞʜʘʪʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʘʵʨʦʟʦʣʠ, ʫʣʘʚʣʠʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʙʳʯʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘ-

ʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʘ ʠʥʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ; 

ï ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʛʘʟʘʤ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ; 

ï ʢʦʤʧʘʢʪʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʘʩʧʠʨʘʮʠʦʥʥʫʶ ʰʘʭʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠ-

ʤʝʩʝʡ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʦʯʠʩʪʢʠ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʛʦ ʦʙʝʩʧʳʣʝʚʘʥʠ.̫ 
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3 ʋʃʔʊʈɸɿɺʋʂʆɺɸʗ ʂʆɸɻʋʃʗʎʀʗ 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʢʦʘʛʫʣʷʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʧʨʦʮʝʩʩ ʩʙʣʠʞʝʥʠʷ ʠ ʫʢʨʫʧʥʝʥʠʷ, ʚʟʚʝʰʝʥʥʳʭ ʚ ʛʘʟʝ ʠʣʠ ʞʠʜʢʦʩʪʠ 

ʤʝʣʢʠʭ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ, ʞʠʜʢʠʭ ʢʘʧʝʣʝʢ ʠ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʟʚʫʢʦʚʳʭ ʠʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ. 

ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʥʘ ʨʠʩʫʥʢʝ 3.1 ʠʟʦʙʨʘʞʝʥʳ ʚʦʩʝʤʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʷʪʳʭ ʤʠʢʨʦ-

ʬʦʪʦʛʨʘʬʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ  ʧʦʣʝ [14].  

 

 
ʈʠʩʫʥʦʢ 3.1 ï ʂʦʘʛʫʣʷʮʠʷ ʜʳʤʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ 

 

ʅʘ ʩʥʠʤʢʝ 3.1, ʘ ʘʵʨʦʟʦʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʋɿ). ʅʘ ʩʥʠʤʢʝ 3.1, ʙ ʫʞʝ ʥʘʯʘʣʦʩʴ 

ʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʢʦʣʝʙʣʶʪʩʷ. ʉʣʝʜʫʶʱʠʝ ʩʥʠʤʢʠ ʦʪ 3.1, ʚ ʜʦ 3.1, ʝ  ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘ-

ʟʳ ʢʦʘʛʫʣʷʮʠʠ ʯʘʩʪʠʮ. ɺʠʜʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʷʪʩʷ ʢʨʫʧʥʝʝ ʠ ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʫʪʩʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ. ɼʚʘ ʧʦʩʣʝʜʥʠʭ 

ʩʥʠʤʢʘ 3.1, ʞ ʠ 3.1, ʟ ʧʦʢʘʟʳʚʘʶʪ ʦʩʝʜʘʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ. ʉʣʠʧʰʠʝʩʷ ʯʘʩʪʠʮʳ 

ʧʨʦʭʦʜʷʪ ʧʦʯʪʠ ʚʩʝ ʧʦʣʝ ʟʨʝʥʠʷ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ (1/25 ʩ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʩʢʦʘʛʫʣʠʨʦʚʘʚʰʠʝ ʯʘʩʪʠʮʳ, ʢʘʢ 

ʵʪʦ ʙʳʣʦ ʚʠʜʥʦ ʥʘ ʩʥʠʤʢʝ 3.1, ʘ, ʦʩʪʘʶʪʩʷ ʥʘ ʤʝʩʪʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3.1 ʨʘʟʣʠʯʘʶʪ ʜʚʝ ʩʪʘʜʠʠ ʢʦʘʛʫʣʷʮʠʠ. ɺʥʘʯʘʣʝ ʯʘʩʪʠ-

ʮʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʠ ʩʣʝʜʫʶʪ ʟʘ ʜʚʠʞʝʥʠʝʤ ʛʘʟʘ ʤʝʞʜʫ ʧʫʯʥʦʩʪʷʤʠ ʠ ʫʟʣʘʤʠ ʢʦʣʝʙʘʥʠʡ. 

ʇʨʠ ʵʪʦʤ ʦʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʩʣʠʧʘʶʪʩʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟ-

ʤʝʨʘʭ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʫʚʝʣʠʯʠʚʰʠʝʩʷ ʯʘʩʪʠʮʳ ʫʞʝ ʥʝ ʩʣʝʜʫʶʪ ʟʘ ʟʚʫʢʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʘ ʩʦʚʝʨʰʘʶʪ ʭʘʦʪʠʯʝʩʢʠʝ 

ʜʚʠʞʝʥʠʷ. ʇʨʠʯʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʦʚʳʭ ʚʟʘʠʤʥʳʭ ʩʦʫʜʘʨʝʥʠʡ ʠ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʤʝʥʴʰʠʤʠ ʯʘʩʪʠʮʘʤʠ ʠʭ ʨʘʟʤʝʨʳ ʧʨʦ-

ʜʦʣʞʘʶʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

 

3.1 ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʢʦʘʛʫʣʷʮʠʠ  

 

ʉʢʦʨʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ, ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ ʦʪ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ ʩ ʧʦʤʦ-

ʱʴʶ ʥʘʣʦʞʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ: 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʢʦʣʝʙʘʥʠʡ; 

ï ʚʨʝʤʝʥʝʤ ʵʢʩʧʦʟʠʮʠʠ; 

ï ʯʘʩʪʦʪʦʡ; 

ï ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʘʵʨʦʟʦʣʴ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʚʨʝʤʝ-

ʥʠ ʦʟʚʫʯʠʚʘʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ ʘʵʨʦʟʦʣʝʡ. ɺ ʨʘʙʦʪʝ [15] ʠ  ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʜʦʩʪʘʪʦʯʥʦ 4ï5 ʩ; ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʦʟʚʫʯʠʚʘʥʠʷ ʙʦʣʝʝ 30 ʩ ʥʝ ʫʩʠʣʠʚʘʝʪ ʵʬʬʝʢʪ ʢʦʘ-

ʛʫʣʷʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝʤ  ʇʘʨʢʝʨʘ ʠ ɹʨʘʥʜʪʘ [16]  ʩʯʝʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ  ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʠ ʥʝ-

ʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʘʟʳʚʘʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʘʛʫʣʷʮʠʠ. ʊʘʢʘʷ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʇʦʜʦʰʝʚʥʠʢʦʚʳʤ 

[17]: 

,
2)(0002,008,0
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(3.1)

 
ʛʜʝ n ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʘʵʨʦʟʦʣʷ ʯʝʨʝʟ ʚʨʝʤʷ t ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʟʚʫʯʠʚʘʥʠʷ;  

      n0 ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ;  

      p ï ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ. 

ɺʝʣʠʯʠʥʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ (ʦʩʘʞʜʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʛʘʟʦʚ) ʧʦ ʇʦʜʦʰʝʚʥʠ-

ʢʦʚʫ, ʷʚʣʷʝʪʩʷ çʟʚʫʢʦʚʘʷ ʵʢʩʧʦʟʠʮʠʷè pt. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ pt ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʘ-

ʜʠʫʩʘ ʩʢʦʘʛʫʣʠʨʦʚʘʚʰʝʛʦ ʘʵʨʦʟʦʣʷ ʦʢʘʟʳʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ pt ʚʳʰʝ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʴ 

ʫʤʝʥʴʰʝʥʠʷ ʩʯʝʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʧʘʜʘʝʪ. 

ɺʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʘʵʨʦʟʦʣʷ ʩʥʘʯʘʣʘ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʦ, ʥʘʯʠʥʘʷ ʩ ʜʘʚʣʝʥʠʷ 2ʭ10
4
 

ʙʘʨ, ʧʝʨʝʩʪʘʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʩʚʦʝʛʦ ʨʦʜʘ ʥʘʩʳʱʝʥʠʷ, 

ʢʦʛʜʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ ʧʝʨʝʩʪʘʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʟʚʫʯʠʚʘʥʠʷ ʠ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʪʝʧʝʥʴ ʠ ʩʢʦʨʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʘʛʫʣʷʮʠʠ, ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʘʵʨʦʟʦʣʷ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ɺʠʚʠʘʥʘ, ʉʪʦʢʩʘ ʠ ʂʠʜʫ [14] ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʢʦʘʛʫʣʷʮʠʠ E, ʯʠʩ-

ʣʦʤ ʯʘʩʪʠʮ G ʚ 1 ʩʤ
3
 ʠ ʚʨʝʤʝʥʝʤ ʦʙʣʫʯʝʥʠʷ t ʟʚʫʢʦʤ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ J: 
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ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʯʘʩʪʦʪʳ, ʧʨʠʨʦʜʳ ʯʘʩʪʠʮ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʧʧʘʨʘʪʫʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʢʦʘʛʫʣʷʮʠʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʘʵʨʦʟʦʣʝʡ ʩ ʤʘʣʦʡ ʩʯʝʪʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ, ʪʘʢ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʤʘʣʘ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠʭ ʩʙʣʠʞʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʯʥʫʪ ʜʝʡʩʪʚʦʚʘʪʴ  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʩʣʠʰʢʦʤ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʯʘʩʪʠʮʳ ʜʣʷ ʟʘʪʨʘʚʢʠ. ɼʣʷ  ʥʝʢʦʪʦʨʳʭ ʘʵʨʦʟʦʣʝʡ 

ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʘʛʫʣʷʮʠʶ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʚʚʦʜʷ ʚʦʜʥʳʡ ʪʫʤʘʥ. ʇʦʩʣʝʜʥʝʝ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʳʣʴ 

ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʦʡ ʬʦʨʤʳ ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ, ʧʳʣʴ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʠʟʥʦʩʝ ʦʪ ʪʨʝʥʠʷ) ʣʠʰʴ ʩ ʪʨʫʜʦʤ ʩʣʠʧʘʝʪʩʷ ʠ ʦʙ-

ʨʘʟʫʝʪ ʭʣʦʧʴʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʦʩʘʞʜʝʥʠʷ, ʚʨʝʤʝʥʝʤ ʦʙʣʫʯʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʫʣʴʪʨʘʟʚʫʢʘ ʜʣʷ ʪʫʤʘʥʘ ʭʣʦʨʠʩʪʦʛʦ ʘʤʤʦʥʠʷ ʧʣʦʪʥʦʩʪʴʶ 2 ʤʛ/ʣ, ʧʦ ʜʘʥʥʳʤ ʂʣʵʨʘ [14, 18].  

 
ʈʠʩʫʥʦʢ 3.2 ï ɿʘʚʠʩʠʤʦʩʪʠ  ʩʪʝʧʝʥʠ ʦʩʘʞʜʝʥʠʷ n/n0  

ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫʯʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  

ʜʣʷ ʪʫʤʘʥʘ ʭʣʦʨʠʩʪʦʛʦ ʘʤʤʦʥʠʷ 

 

ʕʪʠ ʦʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʩʣʠʧʘʥʠʝ ʯʘʩʪʠʮ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʚʫʢʘ. ʇʨʠ ʙʦʣʴʰʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ 

ʟʚʫʢʘ ʤʦʞʥʦ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʜʦʙʠʪʴʩʷ ʪʦʡ ʞʝ ʩʪʝʧʝʥʠ ʢʦʘʛʫʣʷʮʠʠ, ʢʘʢ ʧʨʠ ʤʘʣʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʟʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝ-

ʤʷ. ʂʦʘʛʫʣʷʮʠʷ ʯʘʩʪʠʮ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʚʫʢʘ 0,01ï0,15 ɺʪ/ʩʤ
2
. ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʧʨʠʝʤʣʝʤʳʭ ʜʣʷ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʢʦʘʛʫʣʷʮʠʠ, ʥʝʦʙʭʦʜʠʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʚʫʢʘ, ʙʣʠʟʢʠʝ ʢ 1 ɺʪ/ʩʤ
2
, ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʝ-

ʙʳʚʘʥʠʷ ʯʘʩʪʠʮ ʚ ʟʚʫʢʦʚʦʤ ʧʦʣʝ ʥʝ ʤʝʥʝʝ 4 ʩ. 
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25 
 

ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʘʵʨʦʟʦʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʢʦʘʛʫʣʷʮʠʠ, ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʯʘʩ-

ʪʦʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ, ʢʘʢ [19] 

,
2

3
20

R
F

pr

m
=

 (3.3)
 

ʛʜʝ m ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ; 

      r ï ʧʣʦʪʥʦʩʪʴ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ; 

      R  ï ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ. 

ʇʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʚʟʚʝʰʝʥʥʦʡ ʯʘʩʪʠʮʳ ʢ ʘʤʧʣʠʪʫʜʝ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʜʠʩʧʝʨ-

ʩʠʦʥʥʦʡ ʩʨʝʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʳ f ʠʟʣʫʯʝʥʠʷ ʟʚʫʢʘ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ 0F  ʠʤʝʝʪ ʘʩʠʤʧʪʦ-

ʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [13, 16] ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʢʦʘʛʫʣʷʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ. ʅʘʧʨʠʤʝʨ, ʉʪʦʢʩ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʭ ʧʦ ʢʦʘʛʫʣʷʮʠʠ ʩʘʞʝʚʳʭ ʜʳʤʦʚ ʦʧʨʝʜʝʣʠʣ ʦʧʪʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ ʚ ʨʘʡʦʥʝ 3ï4 ʢɻʮ. ɼʣʷ ʜʳʤʘ ʦʢʠʩʠ ʮʠʥʢʘ 

(ʜʠʘʤʝʪʨ 5 ʤʢʤ) ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʯʘʩʪʦʪʘ 3ï3,5 ʢɻʮ, ʜʣʷ ʩʤʦʣʷʥʦʛʦ ʪʫʤʘʥʘ ʛʘʟʘ ʢʦʢʩʦʚʳʭ ʧʝʯʝʡ (1ï10 ʤʢʤ) ï 4 ʢɻʮ, ʜʣʷ 

ʪʫʤʘʥʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (5ï100) ï 1 ʢɻʮ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʥʥʦ ʪʘʢʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ 

ʚ ʪʦ ʚʨʝʤʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʟʣʫʯʘʪʝʣʝʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʵʨʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ. ʅʦ ʦʪʩʫʪʩʪʚʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦ-

ʛʦ ʜʠʘʧʘʟʦʥʘ ʥʝ ʧʦʟʚʦʣʠʣʦ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʟʘ ʩʯʝʪ ʥʘʣʦʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝ-

ʙʘʥʠʡ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʙʦʣʝʝ 20 ʢɻʮ). 

ʉʦʛʣʘʩʥʦ [10, 14] ʯʘʩʪʦʪʘ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ  ʨʘʟʤʝʨʫ ʢʦʘʛʫʣʠʨʫʝʤʳʭ ʯʘʩʪʠʮ. ɻʨʘʬʠʢ 

ʚʣʠʷʥʠʷ ʯʘʩʪʦʪʳ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʥʘ ʜʦʣʶ ʯʘʩʪʠʮ ʨʘʟʥʦʛʦ ʨʘʜʠʫʩʘ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʢʦʣʝʙʘʥʠʷʤ ʚʤʝʩʪʝ ʩ ʛʘʟʦʤ, ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.3. ʇʨʠ ʜʦʣʝ ʯʘʩʪʠʮ ʙʦʣʝʝ 0,8 ʢʦʘʛʫʣʷʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

 

 
ʈʠʩʫʥʦʢ 3.3 ï ɺʣʠʷʥʠʝ ʯʘʩʪʦʪʳ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʥʘ ʜʦʣʶ ʯʘʩʪʠʮ  

ʨʘʟʥʦʛʦ ʨʘʜʠʫʩʘ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʢʦʣʝʙʘʥʠʷʤ ʚʤʝʩʪʝ ʩ ʛʘʟʦʤ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.3, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʢʦʘʛʫʣʠʨʦʚʘʪʴ ʯʘʩʪʠʮʳ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ, ʘ ʜʣʷ ʦʩʘʞʜʝʥʠʷ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʣʫʯʰʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʪʴ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ. 

ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʘʵʨʦʟʦʣʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʝ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʧʨʦʮʝʩʩ ʢʦʘʛʫʣʷʮʠʠ ʚʣʠʷʶʪ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʵʨʦʟʦʣʷ (ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ), ʪʘʢ ʠ ʘʢʫ-

ʩʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʯʘʩʪʦʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʚʫʢʘ, ʚʨʝʤʷ ʦʟʚʫʯʠʚʘʥʠʷ). 

3.2 ɸʢʫʩʪʠʯʝʩʢʠʝ ʠʟʣʫʯʘʪʝʣʠ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʘʟʦʚʳʝ  

ʩʨʝʜʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʨʷʜ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʪʦʯʥʠʢʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʪʝʥʩʠ-

ʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ.  ʀʟʣʫʯʘʪʝʣʠ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

3.4. 
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ʈʠʩʫʥʦʢ 3.4 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʘʟʦʚʳʝ ʩʨʝʜʳ 

 

ɼʘʣʝʝ ʫʢʘʟʘʥʥʳʝ ʠʟʣʫʯʘʪʝʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

 

3.3 ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʣʫʯʘʪʝʣʠ 

 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʣʫʯʘʪʝʣʠ ʧʨʝʦʙʨʘʟʫʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʦʪʦʢʘ ʛʘʟʘ ʚ ʵʥʝʨʛʠʶ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʫʣʴʪ-

ʨʘʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ. ʊʘʢʠʝ ʠʟʣʫʯʘʪʝʣʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʥʝʩʣʦʞʥʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤʠ ʩʨʝʜʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʘʟʦʚʳʝ ʩʨʝʜʳ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘ-

ʮʠʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʢʦʘʛʫʣʷʮʠʷ, ʩʫʰʢʘ, ʧʝʥʦʛʘʰʝʥʠʝ, ʷʚʣʷʶʪʩʷ  ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʨʝʥʳ ʠ ʩʪʘʪʠʯʝʩʢʠʝ ʩʠʨʝʥʳ (ʛʘʟʦ-

ʩʪʨʫʡʥʳʝ ʩʚʠʩʪʢʠ). 

 

3.3.1 ɻʘʟʦʩʪʨʫʡʥʳʝ ʩʚʠʩʪʢʠ 

 

ɺ ʛʘʟʦʩʪʨʫʡʥʳʭ ʩʚʠʩʪʢʘʭ ʛʘʟ, ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʩʦʧʣʘ 1 ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʧʦʣʥʷʝʪ ʨʝʟʦʥʘ-

ʪʦʨ 2, ʟʘʪʝʤ ʩʪʨʫʷ ʛʘʟʘ, ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ ʨʝʟʦʥʘʪʦʨʘ, ʚʩʪʨʝʯʘʝʪ ʩʪʨʫʶ ʛʘʟʘ, ʚʳʪʝʢʘʶʱʫʶ ʠʟ ʩʦʧʣʘ. ʆʙʨʘʟʫʝʪʩʷ ʩʢʘʯʦʢ ʫʧ-

ʣʦʪʥʝʥʠʷ, ʢʦʪʦʨʳʡ, ʦʩʮʠʣʣʠʨʫʷ, ʛʝʥʝʨʠʨʫʝʪ ʟʚʫʢ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʚʠʜʝ ʛʘʟʦʩʪʨʫʡʥʳʡ ʩʚʠʩʪʦʢ (ʢʦʥʩʪʨʫʢʮʠʷ ʩʭʝʤʘʪʠʯʥʦ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.5), ʧʨʝʜʣʦʞʝʥʥʳʡ ɻʘʨʪʤʘʥʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʩʦʧʣʘ, ʨʝʟʦʥʘʪʦʨʘ ʠ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʫʣʠʨʦʚʢʠ ʦʙʲʝʤʘ ʨʝ-

ʟʦʥʘʪʦʨʘ [20]. 

 

 
1 ï ʩʦʧʣʦ; 2 ï ʨʝʟʦʥʘʪʦʨ 

ʈʠʩʫʥʦʢ 3.5 ï ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ  ʛʘʟʦʩʪʨʫʡʥʦʛʦ ʩʚʠʩʪʢʘ 

 

ɺ ʩʚʠʩʪʢʘʭ ʛʝʥʝʨʘʮʠʷ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʪʨʫʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʝʝ ʠʩʪʝʯʝʥʠʷ. ɺ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʩʚʠʩʪʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ, ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 3.6. 

 

ʊʠʧʳ ʠʟʣʫʯʘʪʝʣʝʡ 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʉʪʘʪʠʯʝʩʢʠʝ 

ʩʠʨʝʥʳ (ʛʘʟʦ-

ʩʪʨʫʡʥʳʝ  

ʩʚʠʩʪʢʠ) 

ɼʠʥʘʤʠʯʝʩʢʠʝ 

ʩʠʨʝʥʳ 

ʄʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʝ ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 



U- sonic .ru  ï ȱɆɇɔɖɆɘɔɖɎɥ ɆɐəɗɘɎɝɋɗɐɎɛ ɕɖɔɜɋɗɗɔɈ Ɏ ɆɕɕɆɖɆɘɔɈ ȧȸȮ Ȧɑɘȩȸȹ 

ȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 

 

27 
 

 
ʘ ï ʚʠʭʨʝʚʦʡ ʩʚʠʩʪʦʢ; ʙ ï ʩʚʠʩʪʦʢ ɻʘʣʴʪʦʥʘ; ʚ ï ʩʚʠʩʪʦʢ ʃʝʚʘʩʩʝʨʘ 

ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʛʘʟʦʩʪʨʫʡʥʳʭ  

ʠʟʣʫʯʘʪʝʣʝʡ-ʛʝʥʝʨʘʪʦʨʦʚ 

 

ɺ ʚʠʭʨʝʚʦʤ ʩʚʠʩʪʢʝ (ʨʠʩʫʥʢʝ 3.6, ʘ) ʩʪʨʫʷ ʛʘʟʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʚʚʦʜʠʪʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʢʘʤʝʨʫ, 

ʛʜʝ ʧʦʪʦʢ ʟʘʢʨʫʯʠʚʘʝʪʩʷ ʠ ʧʦʩʪʫʧʘʝʪ ʚ ʚʳʭʦʜʥʫʶ ʪʨʫʙʢʫ, ʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʢʘʤʝʨʫ [21]. ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʠʭʨʷ 

ʚ ʪʨʫʙʢʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ ʧʝʨʝʧʘʜʘ ʜʠʘʤʝʪʨʦʚ, ʜʘʚʣʝʥʠʝ ʥʘ ʦʩʠ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. ʇʦʵʪʦʤʫ ʦʙʨʘʟʫ-

ʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʨʦʩʢʦʢ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʢʫ, ʪ.ʝ. ʧʫʣʴʩʘʮʠʷ ʜʘʚʣʝʥʠʷ. ʏʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

p

Äp

pd

ac
f = , (3.4) 

ʛʜʝ ʘ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟ-ʟʘ ʪʨʝʥʠʷ;  

      ʩ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ;  

      d ï ʜʠʘʤʝʪʨ ʢʘʤʝʨʳ;  

      Dp ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ  ʚʳʭʦʜʝ ʠʟʣʫʯʘʪʝʣʷ;  

      p ï ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ. 

ɺʠʭʨʝʚʳʝ ʩʚʠʩʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʦʩʪʳ, ʦʜʥʘʢʦ ʠʭ ʤʦʱʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʚʘʪʪ ʧʨʠ ʯʘʩʪʦʪʝ ʠʟʣʫʯʝ-

ʥʠʷ ʜʦ 20 ʢɻʮ. ʂʇɼ ʚʠʭʨʝʚʳʭ ʩʚʠʩʪʢʦʚ, ʪ. ʝ. ʦʪʥʦʰʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʢ ʤʦʱʥʦʩʪʠ ʩʪʨʫʠ, ʜʦʩʪʠʛʘʝʪ 28 %. 

ʉʚʠʩʪʦʢ ɻʘʣʴʪʦʥʘ (ʨʠʩʫʥʦʢ 3.6, ʙ) ʩʦʩʪʦʠʪ ʠʟ ʩʦʧʣʘ ʚ ʚʠʜʝ ʫʟʢʦʡ ʢʦʣʴʮʝʚʦʡ ʱʝʣʠ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩʦ 

ʩʧʣʦʰʥʳʤ ʜʥʦʤ ʠ ʦʩʪʨʳʤʠ ʢʨʦʤʢʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʢ ʩʦʧʣʫ. ɺ ʥʘʪʝʢʘʶʱʝʡ ʥʘ ʢʣʠʥ ʩʪʨʫʝ ʦʙʨʘʟʫʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʚʠʭʨʠ ʩ ʯʘʩʪʦʪʦʡ ʧʫʣʴʩʘʮʠʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ: 

,466,0
l

nf
n

=  (3.5) 

ʛʜʝ v ï ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ ʛʘʟʘ;  

      l ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʱʝʣʠ ʜʦ ʢʣʠʥʘ; 

      n = 1, 2, 3. 

ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʚʦʟʜʫʭʝ ʩʚʠʩʪʢʠ ɻʘʣʴʪʦʥʘ ʠʤʝʶʪ ʤʦʱʥʦʩʪʴ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʚʘʪʪ ʧʨʠ ʧʨʝʜʝʣʴʥʦʡ ʯʘʩʪʦʪʝ 20 ʢɻʮ ʠ 

ʂʇɼ 15ï25 %. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ ʣʠʙʦ ʥʘʛʨʝʚʘʶʪ ʛʘʟ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪ ʛʘʟ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʥʝʤ, ʥʘʧʨʠʤʝʨ ʚʦʜʦʨʦʜ, ʧʨʠ ʧʨʦʜʫʚʢʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʜʦʩʪʠʛʘʝʪ 100 ʢɻʮ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʚʠʩʪʢʦʚ ʃʝʚʘʩʩʝʨʘ (ʨʠʩʫʥʦʢ 3.6, ʚ) ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʪʦʨʦʠʜʘʣʴʥʳʭ ʨʝʟʦʥʘʪʦʨ-

ʥʳʭ ʢʘʤʝʨ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʩʣʝ ʢʦʣʴʮʝʚʦʡ ʱʝʣʠ. ɺʦ ʚʪʦʨʠʯʥʫʶ ʨʝʟʦʥʘʪʦʨʥʫʶ ʢʘʤʝʨʫ ʧʦʪʦʢ ʧʦʧʘʜʘʝʪ 

ʧʦʩʣʝ ʦʙʪʝʢʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ɺʪʦʨʠʯʥʳʡ ʨʝʟʦʥʘʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ-

ʣʫʯʘʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʊʘʢ, ʧʨʠ ʜʘʚʣʝʥʠʠ ʥʘ ʚʭʦʜʝ 4
.
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4
 ʇʘ ʠ ʨʘʩʭʦʜʝ ʚʦʟʜʫʭʘ 390 ʤ

3
/ʯ ʤʦʱʥʦʩʪʴ ʟʚʫʢʘ ʩʦʩʪʘʚʣʷʝʪ 260 ɺʪ 

ʧʨʠ ʂʇɼ 21 %.  

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠʩʧʦʣʴʟʫʶʪ ʩʚʠʩʪʢʠ ʚʳʩʦ-

ʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʠʧʘ ʛʝʥʝʨʘʪʦʨʘ ɻʘʨʪʤʘʥʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʛʝʥʝʨʘʪʦʨ ɻʘʨʪʤʘʥʘ ʚʳʧʦʣʥʝʥ ʦʯʝʥʴ ʧʨʦʩʪʦ: ʢʦʥʠʯʝʩʢʦʝ ʩʦʧʣʦ, 

ʩʦʦʩʥʦ ʩʦʧʨʷʞʝʥʥʦʝ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʨʝʟʦʥʘʪʦʨʦʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʘʥʘʣʦʛʠʯʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʩʚʠʩʪʢʘ ɻʘʣʴʪʦʥʘ. ʆʜʥʘʢʦ 

ʤʝʭʘʥʠʟʤ ʠʟʣʫʯʝʥʠʷ ʚ ʛʝʥʝʨʘʪʦʨʝ ɻʘʨʪʤʘʥʘ ʠ ʚ ʩʚʠʩʪʢʝ ɻʘʣʴʪʦʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʀʟʣʫʯʘʪʝʣʴ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ 

ʧʨʠ ʜʘʚʣʝʥʠʠ ʚ ʩʦʧʣʝ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʢʦʪʦʨʦʝ ʜʣʷ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ 01 88,1 pp êð= , ʛʜʝ 0p  ï ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʚʥʝ ʩʦʧʣʘ ʧʦʪʦʢ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ɺʦʟʤʫʱʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʩʨʝʟʝ ʩʦʧʣʘ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʨʫʠ, ʦʙʨʘʟʫʶʪ ʷʯʝʠʩʪʳʡ ʧʦʪʦʢ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʜʘʚʣʝʥʠʡ ʧʦ ʦʩʠ ʩʪʨʫʠ. ʅʘʠʙʦʣʝʝ ʯʝʪʢʦ ʧʫʣʴʩʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ ʩʪʨʫʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʝʨʚʳʭ ʷʯʝʡʢʘʭ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʪʫʨʙʫʣʠʟʘʮʠʷ ʩʪʨʫʠ ʨʘʟʤʳʚʘʝʪ ʢʘʨʪʠʥʫ.  

ɻʝʥʝʨʘʪʦʨʳ ɻʘʨʪʤʘʥʘ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʠʩʪʢʘʤʠ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʥʠʟʢʠʡ ʂʇɼ 

ï ʥʝ ʙʦʣʝʝ 6 %, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʝʦʙʨʘʪʠʤʳʤʠ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʷʤʦʛʦ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ.  



U- sonic .ru  ï ȱɆɇɔɖɆɘɔɖɎɥ ɆɐəɗɘɎɝɋɗɐɎɛ ɕɖɔɜɋɗɗɔɈ Ɏ ɆɕɕɆɖɆɘɔɈ ȧȸȮ Ȧɑɘȩȸȹ 

ȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 

 

28 
 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʥʝʢʦʪʦʨʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʛʘʟʦʩʪʨʫʡʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʛʘʨʪʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 3.7. 

 
ʘ ï ʩ ʧʨʷʤʳʤ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ; ʙ, ʚ ï ʩ ʢʦʩʳʤ ʩʢʘʯʢʦʤ ʫʧʣʦʪʥʝʥʠʷ; 

ʛ ï ʩ ʪʦʨʦʠʜʘʣʴʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʢʘʤʝʨʦʡ 

ʈʠʩʫʥʦʢ 3.7 ï ʉʭʝʤʳ ʢʦʥʩʪʨʫʢʮʠʡ ʛʘʟʦʩʪʨʫʡʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ  

ʛʘʨʪʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʠʟʣʫʯʘʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʠʬʠʢʘʮʠʶ ʛʝʥʝʨʘʪʦʨʘ ɻʘʨʪʤʘʥʘ, ʦʪʣʠʯʘʶʱʫʶʩʷ ʢʦʩʳʤ ʩʢʘʯʢʦʤ 

ʫʧʣʦʪʥʝʥʠʷ. ʇʦ ʦʩʠ ʧʦʪʦʢʘ ʚʚʦʜʷʪ ʨʘʩʩʝʢʘʪʝʣʴ, ʠʟʤʝʥʷʶʱʠʡ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʦʩʠ ʠ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʩʢʘʯʢʘ 

ʜʘʚʣʝʥʠʷ ʠ ʦʩʴʶ ʩʪʨʫʠ. ʇʨʠ ʵʪʦʤ  ʫʤʝʥʴʰʘʝʪʩʷ ʧʝʨʝʧʘʜ ʩʢʦʨʦʩʪʝʡ ʜʦ ʠ ʧʦʩʣʝ ʩʢʘʯʢʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

ʥʘ ʧʝʨʝʭʦʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʂʇɼ ʠʟʣʫʯʘʪʝʣʝʡ ɻʘʨʪʤʘʥʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʂʇɼ ʩʚʠʩʪʢʦʚ ɻʘʣʴʪʦʥʘ, ʪʦ ʝʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 18ï

25 % ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʜʦ  ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʚʘʪʪ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʩʘʥʪʠʤʝʪʨ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʛʘʟʦʩʪʨʫʡʥʳʝ ʠʟʣʫʯʘʪʝʣʠ, ʩʧʦʩʦʙʥʳʝ ʛʝʥʝʨʠʨʦʚʘʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ [22, 23, 24]. ɻʘʟʦʩʪʨʫʡʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʠʟʤʝʥʷʝʤʦʡ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʦʧʣʘ ʜʦ ʨʝʟʦʥʘʪʦʨʘ (ʨʠʩʫʥʦʢ 3.8) ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ 

ʰʠʨʦʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʛʘʟʦʩʪʨʫʡʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩʦʜʝʨʞʠʪ 

ʢʦʘʢʩʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʩʦʧʣʦ 1 ʠ ʩʪʝʨʞʝʥʴ 2 ʩ ʨʝʟʦʥʘʪʦʨʦʤ 3. ʉʪʝʨʞʝʥʴ 3 ʩ ʨʝʟʦʥʘʪʦʨʦʤ 2 ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʝ ʞʝʩʪʢʦ, ʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 5, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʪʘʢʘʥʘ ʠʟʣʫʯʘʪʝʣʷ 1 ʜʦ 

ʨʝʟʦʥʘʪʦʨʘ 2 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ ʠʟʣʫʯʘʝʤʳʭ ʋɿ ʢʦʣʝʙʘʥʠʡ. 

 

 
1 ï ʩʦʧʣʦ ʠʟʣʫʯʘʪʝʣʷ; 2 ï ʨʝʟʦʥʘʪʦʨ ʠʟʣʫʯʘʪʝʣʷ; 3 ï ʩʪʝʨʞʝʥʴ; 

4 ï ʤʝʤʙʨʘʥʘ; 5 ï ʛʠʙʢʦʝ ʢʨʝʧʣʝʥʠʝ 

ʈʠʩʫʥʦʢ 3.8 ï ɻʘʟʦʩʪʨʫʡʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʠʟʤʝʥʷʝʤʦʡ  

ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.9 ʧʨʝʜʩʪʘʚʣʝʥ ʛʘʟʦʩʪʨʫʡʥʳʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʠʟʣʫʯʘʪʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʥʦʛʦʯʘʩʪʦʪʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ. 

 

 
ʈʠʩʫʥʦʢ 3.9 ï ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʬʦʪʦʛʨʘʬʠʷ  ʛʘʟʦʩʪʨʫʡʥʦʛʦ  

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʘʟʦʩʪʨʫʡʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʛʝʥʝʨʠʨʫʝʤʳʭ ʯʘʩʪʦʪ ʧʨʝʜʣʘʛʘ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʧʣʘʤʠ ʠ ʨʝʟʦʥʘʪʦʨʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʨʘʙʦʪʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦ-

ʪʘʤʠ ʚ ʥʝʢʦʪʦʨʦʤ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʩʤ. ʨʠʩʫʥʦʢ 3.9). ɺ ʠʪʦʛʝ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʧʝʣ ʠ ʨʝʟʦʥʘ-

ʪʦʨʦʚ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʠʭ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʠ ʧʦʣʫʯʘʶʪʩʷ ʰʠ-

ʨʦʢʦʧʦʣʦʩʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

 

3.3.2 ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʨʝʥʳ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʨʝʥ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʨʳʚʘʥʠʠ ʧʦʪʦʢʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ [18]. ɺʦʟʜʫʭ ʧʨʦʜʫʚʘʝʪʩʷ ʯʝ-

ʨʝʟ ʩʠʩʪʝʤʫ ʦʪʚʝʨʩʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʨʫʛ ʧʨʦʪʠʚ ʜʨʫʛʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʜʚʫʭ ʩʦʦʩʥʳʭ ʜʠʩʢʦʚ: ʥʝʧʦʜʚʠʞʥʦʛʦ (ʩʪʘʪʦʨʘ) 

ʠ ʚʨʘʱʘʶʱʝʛʦʩʷ (ʨʦʪʦʨʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʷ ʚʦʟʜʫʭʘ ʧʨʝʨʳʚʘʝʪʩʷ ʧʝʨʝʤʳʯʢʘʤʠ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʨʦʪʦʨʘ, ʥʘʜʚʠ-

ʛʘʶʱʠʤʠʩʷ ʥʘ ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʘʪʦʨʝ. ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʟʘʢʨʳʪʠʷ ʠ ʦʪʢʨʳʪʠʷ ʵʪʠʭ ʦʪʚʝʨʩʪʠʡ ʩʦʟʜʘʶʪ ʧʝʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʥʘ ʧʫʪʠ ʩʪʨʫʠ ʚʦʟʜʫʭʘ. ʕʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʦʪʚʝʨʩʪʠʝ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦ) 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʦʪʚʝʨʩʪʠʝ ʟʘʢʨʳʪʦ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʨʘʟʨʝʞʝʥʠʶ ʠ ʩʞʘʪʠʶ ʚʦʟʜʫʭʘ, ʪ.ʝ. ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʨʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.10. 

 

  
ʈʠʩʫʥʦʢ 3.10 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʠʨʝʥʳ 

ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʠʟʣʫʯʘʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʨʝʥʦʡ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 60/mnf = , ʛʜʝ m ï ʯʠʩʣʦ ʦʪ-

ʚʝʨʩʪʠʡ ʚ ʩʪʘʪʦʨʝ (ʩʪʦʣʴʢʦ ʞʝ ʚ ʨʦʪʦʨʝ); n ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʨʦʪʦʨʘ ʩʠʨʝʥʳ ʚ ʤʠʥʫʪʫ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʚʠʜʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʨʝʥ: ʘʢʩʠʘʣʴʥʳʝ ʠ ʨʘʜʠʘʣʴʥʳʝ. ʋ ʩʠʨʝʥ ʧʝʨʚʦʛʦ ʚʠʜʘ ʦʩʠ ʦʪʚʝʨʩʪʠʡ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʩʠʨʝʥʳ ʠ ʟʚʫʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʤʝʨʫ ʦʟʚʫʯʠʚʘʥʠʷ; ʫ ʩʠʨʝʥ ʚʪʦʨʦʛʦ ʚʠʜʘ ʦʩʠ 

ʦʪʚʝʨʩʪʠʡ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʩʠʨʝʥʳ ʠ ʟʚʫʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʘʤʝʨʫ ʦʟʚʫʯʠʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ-

ʛʦ ʨʝʬʣʝʢʪʦʨʘ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ ʩʠʨʝʥʳ ʘʢʩʠʘʣʴʥʦʛʦ ʪʠʧʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʛʘʙʘʨʠʪʳ ʫʩʪʘʥʦʚʢʠ. 

ɺ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʨʝʥʘʭ ʨʦʪʦʨ ʚʨʘʱʘʝʪʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʠʩʧʳʪʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷ-

ʞʝʥʠʷ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʨʦʪʦʨ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʣʝʛʢʠʭ ʩʧʣʘʚʦʚ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʷʜʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʠʨʝʥ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʦʩʪʠʛʘʶʪ 20000 ʦʙ/ʤʠʥ. 

ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʝʨʳʚʘʝʤʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚ ʩʠʨʝʥʝ ʨʦʪʦʨ ʜʦʣʞʝʥ ʧʣʦʪʥʦ ʥʘ-

ʢʣʘʜʳʚʘʪʴʩʷ ʥʘ ʜʠʩʢ ʩʪʘʪʦʨʘ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʪʴ ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʘʪʦʨʝ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʩʚʦʙʦʜ-

ʥʦʛʦ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʤʝʞʜʫ ʥʠʤʠ ʥʝʢʦʪʦʨʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʟʦʨ. ʇʦʵʪʦ-

ʤʫ ʧʦʣʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʦʪʚʝʨʩʪʠʡ ʩʪʘʪʦʨʘ ʜʦʩʪʠʛʥʫʪʴ ʥʝʚʦʟʤʦʞʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʠʨʝʥʳ ʙʫʜʝʪ ʪʝʤ 

ʙʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʫʪʝʯʢʘ ʚʦʟʜʫʭʘ ʚ ʤʦʤʝʥʪ ʧʝʨʝʢʨʳʪʠʷ ʦʪʚʝʨʩʪʠʡ (ʯʝʤ ʤʝʥʴʰʝ ʟʘʟʦʨ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʂʇɼ 

ʩʠʨʝʥʳ ʜʦʩʪʠʛʘʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʥʠʮʳ ʜʠʘʤʝʪʨʦʚ ʦʪʚʝʨʩʪʠʡ ʚ ʨʦʪʦʨʝ ʠ ʩʪʘʪʦʨʝ, ʪ.ʝ. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʧʝʨʝʢʨʳʪʠʷ ʦʪʚʝʨʩʪʠʡ ʩʪʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠʤʝʣʠ ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʘʪʦʨʝ, ʩʦʧʨʠʢʘʩʘʶ-

ʱʝʤʩʷ ʩ ʦʟʚʫʯʠʚʘʝʤʳʤ ʦʙʲʝʤʦʤ ʛʘʟʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʝʝ. ɺʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʪʚʝʨʩʪʠʝ ʦʪʢʨʳʚʘ-

ʝʪʩʷ, ʙʫʜʝʪ ʨʘʚʥʦ ʚʨʝʤʝʥʠ ʝʛʦ ʟʘʢʨʳʚʘʥʠʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʩʦʩʪʘʚʠʪ ʧʦʣʦʚʠʥʫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʩʦʩʝʜʥʠʭ ʦʪʚʝʨʩʪʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʦʟʚʫʯʠʚʘʝʤʦʡ ʩʨʝʜʝ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʯʝʨʝʜʦʚʘʥʠʝ ʠʤʧʫʣʴʩʦʚ ʩʞʘʪʠʷ ʠ ʨʘʟ-

ʨʝʞʝʥʠʷ ʯʝʨʝʟ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʠʨʝʥʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʝʝ ʚʦʟʜʫʰʥʦʤʫ 

ʧʦʪʦʢʫ ʦʪ ʨʘʩʭʦʜʘ ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʥʝʡ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʛʝʥʝʨʠʨʫʝʤʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʆʙʳʯʥʦ ʜʘʚʣʝʥʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʩʠʨʝʥʳ, ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʦʪ 0,02 ʜʦ 0,4 ʄʇʘ. ʋʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝ-

ʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʟʚʫʢʦʚʫʶ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʫʶ ʩʠʨʝʥʦʡ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʠʨʝʥ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʟʚʫʢʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʦʪʜʝʣʴʥʳʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ [14]. ɼʦʚʦʣʴʥʦ ʪʠʧʠʯʥʦʡ ʷʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʪʘʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʢʦʛʜʘ ʙʦʣʝʝ 90 % ʚʩʝʡ ʤʦʱ-
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ȼɋɓɘɖ əɑɢɘɖɆɍɈəɐɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 

 

30 
 

ʥʦʩʪʠ ʠʟʣʫʯʘʝʪʩʷ ʚ ʫʛʣʝ Ñ40Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʠʨʝʥʳ (ʨʠʩʫʥʦʢ 3.11). ʆʙʳʯʥʦ ʟʚʫʢ ʠʟʣʫʯʘʝʪʩʷ ʚʥʫʪʨʠ ʨʫʧʦʨʦʚ, ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʨʝʥ. ʈʫʧʦʨʳ ʧʦ ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʟʫʶʱʝʡ ʙʳʚʘʶʪ ʢʦʥʠʯʝʩʢʠʝ, ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʳʝ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʠ ʜʨ. 

 
ʈʠʩʫʥʦʢ 3.11 ï ʇʨʠʤʝʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʨʝʥʳ 

 

ʇʨʠʤʝʥʝʥʠʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʫʧʦʨʘ (ʜʣʷ ʩʠʨʝʥ ʘʢʩʠʘʣʴʥʦʛʦ ʪʠʧʘ) ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʠʟʣʫʯʘʝʤʫʶ ʤʦʱʥʦʩʪʴ ʩʠ-

ʨʝʥʳ ʧʨʠʤʝʨʥʦ ʥʘ 10 %. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʨʝʥ ʜʦʩʪʠʛʘʶʪ 1 ʄɺʪ/ʤ
2
 (100 ɺʪ/ʩʤ

2
) ʧʨʠ ʂʇɼ ʜʦ 20 %; 

ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 200 ʢɻʮ, ʘʢʫʩʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 35 ʢɺʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʨʷʜ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʨʝʥ. ʅʘʨʷʜʫ ʩ ʩʠʨʝʥʘʤʠ ʩ ʦʜʥʠʤ 

ʚʨʘʱʘʶʱʠʤʩʷ ʨʦʪʦʨʦʤ ʠʤʝʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʜʚʫʤʷ ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʨʦʪʦʨʘʤʠ. ʇʨʠʚʦʜ ʨʦʪʦʨʦʚ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ.  

ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʨʝʥʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

ï ʩʠʨʝʥʳ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ ʦʟʚʫʯʠʚʘʝʤʦʡ ʩʨʝʜʳ ʨʘʙʦʯʠʤ ʛʘʟʦʤ; 

ï ʩʠʨʝʥʳ, ʨʘʙʦʪʘʶʱʠʝ ʙʝʟ ʨʘʟʙʘʚʣʝʥʠʷ ʦʟʚʫʯʠʚʘʝʤʦʡ ʩʨʝʜʳ ʨʘʙʦʯʠʤ ʛʘʟʦʤ. 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʠʨʝʥʳ ʪʠʧʦʚ ʋɿɻ-1ʅ, ʋɿɻ-1ɺ, ʋɿɻ-2, ʋɿɻ-3, ʋɿɻ-4, ʋɿɻ-4ɸ ʠ ʋɿɻ-5. 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʩʠʨʝʥʳ ʪʠʧʦʚ ʋɿɻ-7, ʋɿɻ-7ɸ, ʋɿɻ-7ɻ, ʉ-34, ʉ-43 ʠ ɸʉ-ɼ. 

ʅʠʞʝ ʦʧʠʩʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʨʝʥ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʠʨʝʥʳ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ ʦʟʚʫʯʠʚʘʝʤʦʡ ʩʨʝʜʳ ʨʘʙʦʯʠʤ ʛʘʟʦʤ. ʉʠʨʝʥʳ ʪʠʧʦʚ ʋɿɻ-2, ʋɿɻ-

3, ʋɿɻ-4, ʋɿɻ-4ɸ ʠ ʋɿɻ-5 ʠʤʝʶʪ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 3.12, ʘ. ɺʥʝʰʥʠʡ ʚʠʜ ʦʜʥʦʡ ʠʟ ʩʠʨʝʥ ʵʪʦʛʦ ʪʠʧʘ ʧʦ-

ʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3.12, ʙ. 

 

 
 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 3.12 ï ʉʭʝʤʘ (ʘ) ʠ ʚʥʝʰʥʠʡ ʚʠʜ (ʙ) ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʨʝʥʳ,  

ʨʘʙʦʪʘʶʱʝʡ ʩ ʨʘʟʙʘʚʣʝʥʠʝʤ ʦʟʚʫʯʠʚʘʝʤʦʡ ʩʨʝʜʳ ʨʘʙʦʯʠʤ ʛʘʟʦʤ 

 

ʉʪʘʪʦʨ ʩʠʨʝʥʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʥʘʨʫʞʥʦʛʦ ʢʦʣʴʮʘ 1 ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʩʢʘ, 2, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʝʟʴ-

ʙʦʚʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʚʠʜʘ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʜʠʩʢʝ 2 ʠʤʝʶʪʩʷ ʣʦʧʘʪʢʠ 4 ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʧʝʨʝʜ ʝʛʦ ʧʦʧʘʜʘʥʠ-

ʝʤ ʚ ʨʦʪʦʨ. ʉʪʘʪʦʨ ʨʘʟʤʝʱʝʥ ʚ ʢʦʨʧʫʩʝ 3, ʨʦʪʦʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ. ʉʪʘʪʦʨ ʜʘʚʣʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʧʨʠʞʘʪ ʢ 


