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ʄʳ ʚʩʸ ʯʘʱʝ ʞʘʣʫʝʤʩʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ-

ʚʳʯʥʦ ʚʠʥʠʤ ʚʦ ʚʩʝʭ ʥʘʰʠʭ ʙʝʜʘʭ çʧʣʦʭʫʶ ʵʢʦʣʦʛʠʶè.  ɹʦʣʠʪ ʛʦʣʦʚʘ 

ï ʵʪʦ ʵʢʦʣʦʛʠʷ ʚʠʥʦʚʘʪʘ. ʇʦʜʥʷʣʦʩʴ ʜʘʚʣʝʥʠʝ ï ʦʧʷʪʴ ʚʩʸ ʠʟ-ʟʘ ʥʝʸ. 

ʄʝʞʜʫ ʪʝʤ ʵʢʦʣʦʛʠʷ ï ʵʪʦ ʥʘʫʢʘ. ʊʦʯʥʦ ʪʘʢʘʷ ʞʝ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʬʠ-

ʟʠʢʘ ʠʣʠ ʭʠʤʠʷ. ɸ ʥʘʫʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʣʦʭʦʡ ʠʣʠ ʭʦʨʦʰʝʡ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʫʯʝʙʥʠʢʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʨʘʩʩʢʘʟʘʪʴ ʦʙ ʦʩʥʦʚ-

ʥʳʭ ʧʨʠʯʠʥʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʆ ʪʝʭ ʚʝʱʝʩʪʚʘʭ, 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʚ ʘʪʤʦʩʬʝʨʝ ʥʝʞʝʣʘʪʝʣʴʥʦ. ʅʦ ʢʦʪʦʨʳʝ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʚ ʚʦʟʜʫʭʝ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʷʚʣʷʷʩʴ ʥʝʠʟʙʝʞʥʦʡ ʧʣʘʪʦʡ ʟʘ ʩʪʨʝʤ-

ʣʝʥʠʝ ʯʝʣʦʚʝʢʘ ʞʠʪʴ ʚ ʢʦʤʬʦʨʪʝ. ʅʦ ʥʘʩʢʦʣʴʢʦ ʚʝʣʠʢʘ ʵʪʘ ʧʣʘʪʘ? ʀ 

ʝʩʪʴ ʣʠ ʧʫʪʠ ʝʸ ʫʤʝʥʴʰʝʥʠʷ? 

ɺ ʢʥʠʛʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʚʦʟʜʫʰʥʫʶ ʩʨʝ-

ʜʫ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʛʝʪʝʨʦʛʝʥʥʳʭ ʠ ʛʦʤʦʛʝʥ-

ʥʳʭ) ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʉʘʤʘʨʩʢʦʤ 

ʨʝʛʠʦʥʝ. ʇʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʲʝʢʪʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʠʩ-

ʪʦʯʥʠʢʘʤʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʟʜʫʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩ-

ʩʳ ʠ ʘʧʧʘʨʘʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶ-

ʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʦʣʥʦʮʚʝʪʥʳʡ ʚʘʨʠʘʥʪ ʫʯʝʙʥʠʢʘ ʚ ʬʦʨʤʘʪʝ .pdf ʧʦʤʝʱʸʥ ʥʘ 
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ɺɺɽɼɽʅʀɽ 

 

ʋʯʝʙʥʳʤ ʧʣʘʥʦʤ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

18.03.02 çʕʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʝʬʪʝʭʠʤʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠè ʧʦ ʧʨʦʬʠʣʶ çʆʭʨʘʥʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨ-

ʩʦʚè ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʫʯʝʥʠʝ ʜʠʩʮʠʧʣʠʥʳ çɿʘʱʠʪʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝ-

ʜʳè. ʆʙʲʸʤ ʢʫʨʩʘ: ʣʝʢʮʠʠ ï 18 ʯʘʩʦʚ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ï 18 ʯʘ-

ʩʦʚ, ʣʘʙʦʨʘʪʦʨʥʳʝ ï 36 ʯʘʩʦʚ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ï 72 

ʯʘʩʘ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʧʦʩʦʙʠʷ ï ʧʦʤʦʯʴ ʩʪʫʜʝʥʪʘʤ ʚ ʦʚʣʘʜʝʥʠʠ ʢʫʨ-

ʩʦʤ çɿʘʱʠʪʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳè ʠ ʧʦʠʩʢʝ ʤʘʪʝʨʠʘʣʘ ʢ ʨʘʟʜʝʣʘʤ, ʢʦ-

ʪʦʨʳʝ ʚʳʥʝʩʝʥʳ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ. ʋʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

ʥʘ çʙʫʤʘʞʥʦʤ ʥʦʩʠʪʝʣʝè, ʪ.ʝ. ʦʙʳʯʥʳʭ ʢʥʠʛ, ʠʟʜʘʥʦ ʥʝ ʪʘʢ-ʪʦ ʠ ʤʥʦ-

ʛʦ. ɸ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ ʧʦʨʘʞʘʶʪ ʩʚʦʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʠʟʦʙʠʣʠʝʤ, 

ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʢʦʪʦʨʳʭ ʧʦʨʦʡ ʪʨʫʜʥʦ ʜʘʞʝ ʩʧʝʮʠʘʣʠʩʪʫ. 

ɺ ʦʩʥʦʚʫ ʧʦʩʦʙʠʷ ʧʦʣʦʞʝʥʳ ʣʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 

ʯʠʪʘʣʠʩʴ ʘʚʪʦʨʦʤ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ çʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ ʵʢʦʣʦʛʠʷè, çʆʭʨʘʥʘ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘè, 

çɿʘʱʠʪʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳè, çʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠè. 

ʀʟ ʪʨʸʭ ʩʨʝʜ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʥʘʰʝʡ ʞʠʟʥʠ, ʘʪʤʦʩʬʝʨʫ, 

ʚʦʟʜʫʭ ʤʦʞʥʦ ʩʤʝʣʦ ʚ ʨʝʡʪʠʥʛʝ ʟʥʘʯʠʤʦʩʪʠ ʧʦʩʪʘʚʠʪʴ ʥʘ ʧʝʨʚʦʝ ʤʝ-

ʩʪʦ. ɽʩʣʠ ʤʳ ʭʦʪʠʤ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʯʝʛʦ-ʣʠʙʦ, 

ʤʳ ʛʦʚʦʨʠʤ: çʅʫʞʝʥ, ʢʘʢ ʚʦʟʜʫʭè. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʙʝʟ ʧʠʱʠ ʯʝʣʦʚʝʢ 

ʤʦʞʝʪ ʧʨʦʞʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ, ʙʝʟ ʚʦʜʳ ï ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ɸ ʙʝʟ 

ʚʦʟʜʫʭʘ ʥʝ ʧʨʦʞʠʚʸʪ ʠ ʧʷʪʠ ʤʠʥʫʪ. ʅʦ ʚʦʪ ʢʘʯʝʩʪʚʦ ʵʪʦʛʦ ʚʦʟʜʫʭʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ, ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ. ʕʪʦ ʥʝʠʟ-

ʙʝʞʥʘʷ ʧʣʘʪʘ ʟʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʥʦʩʪʠ ʞʠʟʥʝʥʥʳʭ ʫʩʣʦʚʠʡ. 

ɿʘ ʚʩʸ ʥʘʜʦ ʧʣʘʪʠʪʴ. ɿʘ ʘʚʪʦʤʦʙʠʣʴ ʧʦʜ ʦʢʥʘʤʠ. ɿʘ ʪʝʧʣʦ ʚ ʜʦʤʝ. ɿʘ 

ʚʳʩʦʢʫʶ ʵʥʝʨʛʦʚʦʦʨʫʞʸʥʥʦʩʪʴ ʥʘʰʝʛʦ ʙʳʪʘ. ɿʘ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʤʝʥʶ 

ʥʘʰʝʛʦ ʨʘʮʠʦʥʘ. ʄʦʞʥʦ ʣʠ ʫʤʝʥʴʰʠʪʴ ʵʪʫ ʧʣʘʪʫ? ʄʦʞʥʦ ʣʠ ʩʜʝʣʘʪʴ 

ʚʦʟʜʫʭ ʯʠʱʝ, ʟʘʱʠʪʠʪʴ ʝʛʦ ʦʪ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʰʝʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ? ʂʦʥʝʯʥʦ, ʤʦʞʥʦ. ɺʦʧʨʦʩ ʚ ʮʝʥʝ. ʆʯʠʩʪʠʪʴ ʤʦʞʥʦ ʚʩʸ ʦʪ ʚʩʝʛʦ. 
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ɺʦʧʨʦʩ ï ʩʢʦʣʴʢʦ ʵʪʦ ʙʫʜʝʪ ʩʪʦʠʪʴ. ʅʘ ʢʘʢʠʝ ʟʘʪʨʘʪʳ ʛʦʪʦʚʦ ʧʦʡʪʠ 

ʦʙʱʝʩʪʚʦ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʚʜʳʭʘʝʤʳʡ ʚʦʟʜʫʭ (ʠʣʠ ʚʦʜʫ) ï ʚʦʪ ʛʣʘʚ-

ʥʳʡ ʚʦʧʨʦʩ, ʦ ʢʦʪʦʨʦʤ ʥʘʜʦ ʧʦʤʥʠʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʠʥ-

ʞʝʥʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ɺ ʜʘʥʥʦʤ ʧʦʩʦʙʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʚʦʟʜʫʰʥʦʡ 

ʩʨʝʜʳ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ. ʇʦʩʦʙʠʝ ʧʦʩʪʨʦʝʥʦ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ. 

ʈʘʟ ʠʤʝʝʪʩʷ ʦʙʲʝʢʪ ʦʭʨʘʥʳ ï ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʪʦ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʶʨʠʜʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʪʘʢʦʡ ʟʘʱʠʪʳ. 

ʅʝʦʙʭʦʜʠʤ ʟʘʢʦʥ. ʀ ʪʘʢʦʡ ʟʘʢʦʥ ʚ ʈʦʩʩʠʠ ʝʩʪʴ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʦʥ ʙʫ-

ʜʝʪ ʨʘʩʩʤʦʪʨʝʥ. 

ɺʪʦʨʦʡ ʣʦʛʠʯʝʩʢʠʡ ʚʦʧʨʦʩ ï ʘ ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʢʪ 

ʦʭʨʘʥʳ? ʂʘʢʦʚʳ ʝʛʦ ʩʪʨʦʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ? ʂʘʢʦʡ ʭʠʤʠ-

ʯʝʩʢʠʡ ʩʦʩʪʘʚ? ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʘʪʤʦʩʬʝʨʫ ʩ ʬʠʟʠ-

ʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

çɺʨʘʛʘ ʥʘʜʦ ʟʥʘʪʴ ʚ ʣʠʮʦè ï ʧʝʨʚʘʷ ʟʘʧʦʚʝʜʴ ʚʦʠʥʘ. ɸ ʤʳ ʠʤʝʥ-

ʥʦ ʚʦʠʥʳ ï ʥʘʰʘ ʟʘʜʘʯʘ çʫʥʠʯʪʦʞʠʪʴ ʚʨʘʛʘè. ɸ ʣʫʯʰʝ ï ʧʨʝʜʦʪʚʨʘ-

ʪʠʪʴ ʝʛʦ ʧʦʷʚʣʝʥʠʝ ʚʦʦʙʱʝ. ʅʦ ʩʥʘʯʘʣʘ ʥʘʜʦ ʫʟʥʘʪʴ ï ʘ ʢʪʦ ʞʝ ʥʘʰʠ 

çʚʨʘʛʠè? ʕʪʦ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʧʦʩʦʙʠʷ. 

ʉʦʚʩʝʤ ʠʟʙʝʞʘʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦ-

ʩʪʘʚʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚʨʷʜ ʣʠ ʫʜʘʩʪʩʷ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴʩʷ, ʩ ʢʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʩʝʡ ʤʦʞʥʦ ʩʤʠʨʠʪʴʩʷ ʥʘ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʚʦʦʙʱʝ ʠ ʪʝʭʥʠʢʠ ʟʘʱʠʪʳ ʚʦʟ-

ʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʯʘʩʪʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʥʦʨ-

ʤʠʨʦʚʘʥʠʝ, ʚ ʟʘʜʘʯʫ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʢʘʢ ʨʘʟ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠ-

ʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʕʪʦ ʙʫ-

ʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʯʝʪʚʸʨʪʦʤ ʨʘʟʜʝʣʝ. ɿʜʝʩʴ ʞʝ ʤʳ ʥʝʤʥʦʛʦ ʧʦʛʦʚʦ-

ʨʠʤ ʦ ʪʝʭ ʤʝʪʦʜʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʰʠʭ 

çʚʨʘʛʦʚè. 

ɼʘʣʝʝ ʤʳ ʧʝʨʝʡʜʸʤ ʢ ʩʘʤʦʤʫ, ʥʘʚʝʨʥʦʝ, ʚʘʞʥʦʤʫ ʨʘʟʜʝʣʫ ï ʤʝ-

ʪʦʜʘʤ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ (ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʚʳʙʨʦʩʦʚ) ʦʪ ʚʨʝʜʥʳʭ ʚʝ-

ʱʝʩʪʚ. ʕʪʠʭ ʤʝʪʦʜʦʚ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. ʅʝ ʚʩʝ ʧʨʠʤʝʥʷʶʪʩʷ ʦʜʠʥʘʢʦʚʦ 

ʯʘʩʪʦ. ɽʩʪʴ ʥʝʜʦʨʦʛʠʝ, ʥʦ ʚʧʦʣʥʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʠʸʤʳ ʦʯʠʩʪʢʠ, ʝʩʪʴ 
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ʩʣʦʞʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʯʠʩʪʠʪʴ ʚʦʟʜʫʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʦʪ ʙʘʢʪʝʨʠʡ. 

ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝ-

ʢʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ʇʨʠʦʨʠʪʝʪ ʧʨʠ ʵʪʦʤ 

ʙʫʜʝʪ ʦʪʜʘʥ ʦʪʨʘʩʣʷʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʤ ʚ ʉʘʤʘʨ-

ʩʢʦʤ ʨʝʛʠʦʥʝ. 
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1. ʌɽɼɽʈɸʃʔʅʓʁ ɿɸʂʆʅ ʆʊ 04.05.1999 N 96-ʌɿ (ʨʝʜ. ʦʪ 

13.07.2015) çʆʙ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè 
 

ɸʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʷʚʣʷʝʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦ-

ʚʝʢʘ, ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. 

 

ɺ 1999 ʛʦʜʫ ʚʩʪʫʧʠʣ ʚ ʜʝʡʩʪʚʠʝ ʬʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʦʭʨʘʥʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè. ʕʪʦʪ ʟʘʢʦʥ ʟʘʤʝʥʠʣ ʟʘʢʦʥ ʈʉʌʉʈ çʆʙ 

ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè, ʧʨʠʥʷʪʳʡ ʚ 1982 ʛʦʜʫ. ɺ ʪʝʯʝʥʠʝ 2004 

ï 2015 ʛʦʜʦʚ ʚ ʟʘʢʦʥ ʚʥʦʩʠʣʠʩʴ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ, ʛʣʘʚʥʳʤ ʦʙʨʘ-

ʟʦʤ, ʩ ʫʪʦʯʥʝʥʠʝʤ ʧʦʣʥʦʤʦʯʠʡ ʩʫʙʲʝʢʪʦʚ ʈʌ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘ-

ʟʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 13 

ʠʶʣʷ 2015 ʛʦʜʘ ɿʘʢʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʝʩʷʪʴ ʛʣʘʚ [1]: 

1. ɻʣʘʚʘ I. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ (ʩʪʘʪʴʠ 1 ʠ 2). 

2. ɻʣʘʚʘ II. ʋʧʨʘʚʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

(ʩʪʘʪʴʠ ʩ 3 ʧʦ 8). 

3. ɻʣʘʚʘ III. ʆʨʛʘʥʠʟʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ʩʪʘʪʴʠ ʩ 9 ʧʦ 20). 

4. ɻʣʘʚʘ IV. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʯʝʪ ʚʨʝʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʘʪ-

ʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʠʭ ʠʩʪʦʯʥʠʢʦʚ (ʩʪʘʪʴʠ 21 ʠ 22). 

5. ɻʣʘʚʘ V. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʜʟʦʨ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʠ ʦʙʱʝʩʪʚʝʥʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʄʦʥʠʪʦʨʠʥʛ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ʩʪʘʪʴʠ ʩ 23 ʧʦ 27). 

6. ɻʣʘʚʘ VI. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ (ʩʪʘʪʴʷ 28). 

7. ɻʣʘʚʘ VII. ʇʨʘʚʘ ʛʨʘʞʜʘʥ, ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʦʙʲʝʜʠʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ʩʪʘʪʴʠ 

29 ʠ 30). 

8. ɻʣʘʚʘ VIII . ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟ-

ʜʫʭʘ (ʩʪʘʪʴʠ 31 ʠ 32). 

9. ɻʣʘʚʘ IX. ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ʩʪʘʪʴʷ 33). 
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10. ɻʣʘʚʘ X. ɿʘʢʣʶʯʠʪʝʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ (ʩʪʘʪʴʷ 34). 

ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪ-

ʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʂʦʥʩʪʠʪʫʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʠ ʩʦʩʪʦʠʪ ʠʟ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆʙ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘè ʠ ʧʨʠʥʠʤʘʝʤʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ ʜʨʫʛʠʭ ʬʝʜʝʨʘʣʴʥʳʭ 

ʟʘʢʦʥʦʚ ʠ ʠʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʟʘʢʦʥʦʚ ʠ ʠʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʩʫʙʲʝʢʪʦʚ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɺ ʛʣʘʚʝ 1 ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆʙ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫ-

ʭʘè ʜʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ: ʟʘʛʨʷʟʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ; ʪʨʘʥʩʛʨʘʥʠʯʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ; ʪʝʭʥʠʯʝʩʢʠʡ ʥʦʨʤʘʪʠʚ ʚʳʙʨʦʩʘ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ (ʢʨʠ-

ʪʠʯʝʩʢʘʷ) ʥʘʛʨʫʟʢʘ; ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʚʳʙʨʦʩ; ʚʨʝʤʝʥʥʦ ʩʦʛʣʘ-

ʩʦʚʘʥʥʳʡ ʚʳʙʨʦʩ; ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʥʦʨʤʘʪʠʚ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ; ʢʘʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ɻʣʘʚʘ 2 ʧʦʩʚʷʱʝʥʘ ʫʧʨʘʚʣʝʥʠʶ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦ-

ʛʦ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʯʝʨʝʟ ʬʝʜʝʨʘʣʴʥʳʡ ʦʨʛʘʥ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘ-

ʩʪʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʛʣʘʚʝ 2 ʪʘʢʞʝ ʨʘʩʩʤʦʪ-

ʨʝʥʳ ʧʦʣʥʦʤʦʯʠʷ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ, ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦ-

ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʬʝʨʝ ʦʪʥʦʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ. 

ɺ ʛʣʘʚʝ 3 ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʠ (ʠʣʠ) ʙʝʟʚʨʝʜʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʣʶʜʝʡ, ʨʘʩʪʝʥʠʷ ʠ ʞʠʚʦʪʥʳʭ, ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʙʲʝʢʪʳ, ʘ ʪʘʢʞʝ ʚ ʮʝʣʷʭ ʦʮʝʥ-

ʢʠ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʛʠʛʠʝʥʠʯʝʩʢʠʝ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʨʝ-

ʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʥʝʛʦ. ɺ ʮʝʣʷʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) 

ʚʝɦʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʦʨʤʘ-
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ʪʠʚʳ ʪʘʢʠʭ ʚʳʙʨʦʩʦʚ: ʪʝʭʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ ʚʳʙʨʦʩʦʚ; ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʚʳʙʨʦʩʳ. ɺʳʙʨʦʩ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʪʘʮʠʦʥʘʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʨʘʟʨʝʰʝʥʠʷ. 

ɻʣʘʚʘ 4 ʧʦʩʚʷʱʝʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʫʯʝʪʫ ʚʨʝʜʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʖʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ, 

ʠʤʝʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʠʩʪʦʯʥʠʢʠ ʚʨʝʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʚʳʙʨʦʩʦʚ ʚʨʝʜ-

ʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʚʠʜʳ ʠ ʨʘʟʤʝʨʳ 

ʚʨʝʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʥʝʛʦ ʧʦʜʣʝʞʘʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʤʫ ʫʯʝʪʫ ʚ ʧʦʨʷʜʢʝ, ʦʧʨʝʜʝʣʝʥʥʦʤ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠ. ʊʘʢʞʝ ʶʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ, ʠʤʝʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ 

ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʚʨʝʜʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʥʝʛʦ, ʧʨʦʚʦʜʷʪ ʠʥʚʝʥʪʘʨʠʟʘʮʠʶ ʚʳʙʨʦʩʦʚ 

ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʚʨʝʜʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺ ʛʣʘʚʝ 5 ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʢʦʥʪʨʦʣʷ ʟʘ ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʚʦʟʜʫʭʘ. ʂʦʥʪʨʦʣʴ ʟʘ ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʤʦʥʠʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ, ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʡ ʠ ʦʙʱʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫ-

ʭʘ. ʄʦʥʠʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʨʛʘʥʠʟʫʶʪ ʚ ʮʝʣʷʭ ʥʘʙʣʶʜʝ-

ʥʠʷ ʟʘ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʠ 

ʧʨʦʛʥʦʟʘ ʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡ ʚʣʘʩʪʠ, ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʥʘʩʝʣʝ-

ʥʠʷ ʪʝʢʫʱʝʡ ʠ ʵʢʩʪʨʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫ-

ʭʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʨʘʟʨʝʰʝʥʠʷʤʠ ʥʘ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦ-

ʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʥʘ ʚʨʝʜʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ; ʩʪʘʥ-

ʜʘʨʪʦʚ, ʥʦʨʤʘʪʠʚʦʚ, ʧʨʘʚʠʣ ʠ ʠʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ 

ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ; ʨʝʞʠʤʘ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʭ ʟʦʥ 

ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ (ʟʘ-
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ʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʟʘ ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʶʨʠʜʠʯʝ-

ʩʢʠʝ ʣʠʮʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʠʩʪʦʯʥʠʢʠ ʚʨʝʜʥʳʭ ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʢʦʪʦʨʳʝ 

ʥʘʟʥʘʯʘʶʪ ʣʠʮ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʟʘ ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʠ (ʠʣʠ) ʦʨʛʘʥʠʟʫʶʪ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʝ ʩʣʫʞʙʳ. ʆʙʱʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʦʭʨʘʥʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʦʨʷʜʢʝ, ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ɻʣʘʚʘ 6 ʧʦʩʚʷʱʝʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʦʭʨʘʥʳ ʘʪʤʦ-

ʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɿʘ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚʳ-

ʙʨʦʩʘʤʠ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ 

ʜʨʫʛʠʝ ʚʠʜʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʩ ʬʠʟʠʯʝʩʢʠʭ ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ 

ʚʟʠʤʘʝʪʩʷ ʧʣʘʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠ. 

ɺ ʛʣʘʚʝ 7 ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʘʚʘ ʛʨʘʞʜʘʥ, ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ ʠ ʦʙ-

ʱʝʩʪʚʝʥʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʖʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ, ʠʤʝʶʱʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ 

ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʦʙʷʟʘʥʳ: 

¶ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ 

(ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʥʦʨʤʘʪʠʚʦʚ ʚʨʝʜʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨ-

ʥʳʡ ʚʦʟʜʫʭ; 

¶ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʤʝʩʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ; 

¶ ʚʥʝʜʨʷʪʴ ʤʘʣʦʦʪʭʦʜʥʳʝ ʠ ʙʝʟʦʪʭʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʮʝʣʷʭ 

ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ; 

¶ ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʣʘʚʣʠʚʘʥʠʶ, 

ʫʪʠʣʠʟʘʮʠʠ, ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷ-

ʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʩʦʢʨʘʱʝʥʠʶ ʠʣʠ ʠʩ-

ʢʣʶʯʝʥʠʶ ʪʘʢʠʭ ʚʳʙʨʦʩʦʚ; 
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¶ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʯʝʪ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝ-

ʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʥʦʨʤʘʪʠʚʦʚ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪ-

ʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ; 

¶ ʩʦʙʣʶʜʘʪʴ ʧʨʘʚʠʣʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ 

(ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ; 

¶ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʭ ʟʦʥ 

ʦʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ; 

¶ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʚʳʚʦʟ ʟʘʛʨʷʟʥʷʶʱʠʭ ʘʪʤʦ-

ʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʦʪʭʦʜʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʦʙʲ-

ʝʢʪʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʝ ʤʝʩʪʘ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʷ ʪʘʢʠʭ ʦʪʭʦʜʦʚ, 

ʘ ʪʘʢʞʝ ʥʘ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʘʢʠʝ ʦʪʭʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ; 

¶ ʥʝʤʝʜʣʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʚʘʨʠʡʥʳʭ ʚʳʙʨʦʩʘʭ, 

ʚʳʟʚʘʚʰʠʭ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʦʝ ʤʦ-

ʞʝʪ ʫʛʨʦʞʘʪʴ ʠʣʠ ʫʛʨʦʞʘʝʪ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ ʣʠʙʦ 

ʥʘʥʝʩʣʦ ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ ʠ (ʠʣʠ) ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜ-

ʥʦʡ ʩʨʝʜʝ, ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʥʘʜʟʦʨʘ ʠ ʢʦʥʪʨʦʣʷ. 

ʖʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ ʠ ʛʨʘʞʜʘʥʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʠʥʳʭ ʧʝʨʝʜʚʠʞʥʳʭ ʩʨʝʜʩʪʚ ʠ ʫʩʪʘʥʦʚʦʢ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʣʷ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʠ ʫʩʪʘʥʦʚʦʢ ʥʝ ʧʨʝʚʳʰʝʥʠʝ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ ʚʳʙʨʦʩʦʚ. 

ɻʣʘʚʳ 8, 9 ʠ 10 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʚʷʱʝʥʳ: ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ 

ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘ-

ʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ; ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʦʨʷʜʢʫ 

ʚʩʪʫʧʣʝʥʠʷ ʚ ʩʠʣʫ ʟʘʢʦʥʘ çʆʙ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè. 

ʃʠʮʘ, ʚʠʥʦʚʥʳʝ ʚ ʥʘʨʫʰʝʥʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝ-

ʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʥʝʩʫʪ ʫʛʦʣʦʚʥʫʶ, 
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ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫʶ ʠ ʠʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦ-

ʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺʨʝʜ, ʧʨʠʯʠʥʝʥʥʳʡ ʟʜʦʨʦʚʴʶ, 

ʠʤʫʱʝʩʪʚʫ ʛʨʘʞʜʘʥ, ʠʤʫʱʝʩʪʚʫ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʜʣʝʞʠʪ ʚʦʟ-

ʤʝʱʝʥʠʶ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʪʘʢʩʘʤʠ ʠ ʤʝʪʦʜʠʢʘʤʠ ʠʩʯʠʩʣʝʥʠʷ ʨʘʟʤʝʨʘ 

ʚʨʝʜʘ, ʧʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʘʢʪʠ-

ʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʜʦʨʦʚʴʷ, ʠʤʫʱʝʩʪʚʘ ʛʨʘʞʜʘʥ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʬʠʟʠʯʝʩʢʠʭ ʠ ʶʨʠʜʠ-

ʯʝʩʢʠʭ ʣʠʮ, ʚʠʥʦʚʥʳʭ ʚ ʟʘʛʨʷʟʥʝʥʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʈʦʩʩʠʡ-

ʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʦʙ-

ʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʜʦʛʦʚʦʨʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 
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2. ɸʊʄʆʉʌɽʈɸ ʂɸʂ ʆɹʒɽʂʊ ɿɸʑʀʊʓ 
 

ɸʪʤʦʩʬʝʨʘ ï ʦʪ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ Űɛɧɠ ï ʧʘʨ ʠ ůűŬɟŬ ï ʰʘʨ. ɸʪ-

ʤʦʩʬʝʨʘ ï ʵʪʦ ʚʦʟʜʫʰʥʘʷ ʦʙʦʣʦʯʢʘ ʚʦʢʨʫʛ ɿʝʤʣʠ, ʫʜʝʨʞʠʚʘʝʤʘʷ ʛʨʘ-

ʚʠʪʘʮʠʝʡ. ʂʦʛʜʘ ʭʦʪʷʪ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʯʝʛʦ-

ʣʠʙʦ, ʛʦʚʦʨʷʪ: çʅʫʞʝʥ, ʢʘʢ ʚʦʟʜʫʭè. 

ɹʝʟ ʧʠʱʠ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʧʨʦʞʠʪʴ 5 ʥʝʜʝʣʴ, ʙʝʟ ʚʦʜʳ 5 ʜʥʝʡ, ʙʝʟ 

ʚʦʟʜʫʭʘ 5 ʤʠʥʫʪ. ʇʦʪʨʝʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚ ʚʦʟʜʫʭʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ 

5-10 ʣ/ʤʠʥ; ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ï 30 ʣ/ʤʠʥ; ʧʨʠ ʙʦʣʴʰʦʡ ʥʘʛʨʫʟ-

ʢʝ 100 ʣ/ʤʠʥ. ɿʘ ʩʫʪʢʠ ʤʳ ʧʦʪʨʝʙʣʷʝʤ ʚ ʩʨʝʜʥʝʤ 30 ʢʛ ʚʦʟʜʫʭʘ. ɺʝʨ-

ʥʝʝ, ʥʘʤ ʜʣʷ ʞʠʟʥʠ ʥʫʞʝʥ ʢʠʩʣʦʨʦʜ. ɺʦ ʚʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʝʛʦ 

20,94 % ʦʙ., ʘ ʚ ʚʳʜʳʭʘʝʤʦʤ 16,3 % ʦʙ
1
. 

ʅʘ ʚʦʟʜʫʰʥʳʡ ʙʘʩʩʝʡʥ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʘ ʤʦʞʥʦ ï ʩ ʭʠʤʠʯʝʩʢʦʡ. 
 

2.1. ɺʦʟʜʫʰʥʘʷ ʩʨʝʜʘ ʛʣʘʟʘʤʠ ʬʠʟʠʢʘ 
 

ɿʜʝʩʴ ʥʘʩ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʪʝʨʝʩʫʝʪ ʩʪʨʫʢʪʫʨʘ ʘʪʤʦʩʬʝʨʳ ʠ 

ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʚʳʩʦʪʝ. 

ʄʘʩʩʘ ʘʪʤʦʩʬʝʨʳ ʧʨʠʤʝʨʥʦ 5,51³10
15

 ʪ. ʍʦʪʷ ʵʪʦ ʠ ʦʛʨʦʤʥʘʷ ʚʝ-

ʣʠʯʠʥʘ, ʥʦ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 10
-6
 ʤʘʩʩʳ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʇʨʠ ʥʦʨ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 1 ʢʫʙʠʯʝʩʢʠʡ ʤʝʪʨ ʚʦʟʜʫʭʘ 

ʚʝʩʠʪ 1,29 ʢʛ. ʉ ʚʳʩʦʪʦʡ ʧʘʜʘʝʪ ʜʘʚʣʝʥʠʝ, ʠʟʤʝʥʷʝʪʩʷ ʠ ʧʣʦʪʥʦʩʪʴ ï 

ʥʘ ʚʳʩʦʪʝ 20 ʢʤ ʦʥʘ ʨʘʚʥʘ 0,09 ʢʛ/ʤ
3
, ʘ ʥʘ ʚʳʩʦʪʝ 40 ʢʤ ï ʚʩʝʛʦ 4 ʛ/ʤ

3
. 

ɼʘʚʣʝʥʠʝ ʧʘʜʘʝʪ ʣʠʥʝʡʥʦ ʠ ʤʦʥʦʪʦʥʥʦ ʠ ʥʘ ʚʳʩʦʪʝ 100 ʢʤ ʨʘʚʥʦ 0. ɸ 

ʚʦʪ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦ (ʨʠʩ. 2.1). 

ɺ ʩʪʨʫʢʪʫʨʝ ʘʪʤʦʩʬʝʨʳ ʨʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʩʣʦʸʚ, ʦʪʣʠʯʘʶ-

ʱʠʭʩʷ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ, ʜʘʚʣʝʥʠʶ ʠ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʊʨʦʧʦʩʬʝʨʘ ï ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ ʜʦ 10 ʢʤ ʥʘʜ ʧʦʣʶʩʘʤʠ, 12 

ʢʤ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʠ 18 ʢʤ ʥʘʜ ʵʢʚʘʪʦʨʦʤ. ɺ ʥʝʡ ʥʘʭʦʜʠʪʩʷ 

ʧʨʠʤʝʨʥʦ 80% ʚʩʝʛʦ ʚʦʟʜʫʭʘ ʧʣʘʥʝʪʳ. ʕʪʦʪ ʩʣʦʡ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥ. ɺ ʪʨʦʧʦʩʬʝʨʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʚʳʩʦʪʝ ʩʥʠʞʘʝʪʩʷ ʥʘ 5-6 Áʉ (ʜʦ 

8 Áʉ) ʥʘ ʢʘʞʜʳʡ ʢʠʣʦʤʝʪʨ (ʵʪʘ ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

                                                 
1
 ʉʦʩʪʘʚ ʛʘʟʦʚ ʚʩʝʛʜʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʲʸʤʥʳʭ ʧʨʦʮʝʥʪʘʭ, ʧʦʵʪʦʤʫ ʜʘʣʴʰʝ ʩʠʤ-

ʚʦʣ çʦʙ.è ʩʪʘʚʠʪʩʷ ʥʝ ʙʫʜʝʪ. 



13 

 

ʛʨʘʜʠʝʥʪ). ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʩʘʤ ʚʦʟʜʫʭ ʜʣʷ ʩʦʣ-

ʥʝʯʥʳʭ ʣʫʯʝʡ ʘʙʩʦʣʶʪʥʦ ʧʨʦʟʨʘʯʝʥ ï ʦʥʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʜʚʫʭʘʪʦʤ-

ʥʳʝ ʛʘʟʳ ʘʟʦʪ ʠ ʢʠʩʣʦʨʦʜ, ʥʝ ʥʘʛʨʝʚʘʷ ʠʭ. ʅʘʛʨʝʚʘʝʪʩʷ, ʧʦʛʣʦʱʘʷ ʪʝʧ-

ʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʪʦʣʴʢʦ ʟʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʫʞʝ ʦʥʘ ʥʘʛʨʝʚʘʝʪ 

ʚʦʟʜʫʭ. 

 

 
 

ʈʠʩ. 2.1. ʉʪʨʦʝʥʠʝ ʘʪʤʦʩʬʝʨʳ. ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʚʳʩʦʪʝ 
 

ʃʝʪʦʤ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʧʨʦʛʨʝʚʘʝʪʩʷ ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ 

ʩʠʣʴʥʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʆʪ ʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ. ʅʘ ʩʤʝʥʫ ʧʦʜʥʷʚʰʝʤʫʩʷ ʚʦʟ-

ʜʫʭʫ ʧʨʠʪʝʢʘʝʪ ʚʦʟʜʫʭ ʠʟ ʤʝʥʝʝ ʥʘʛʨʝʪʳʭ ʟʦʥ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʟʘʤʝʱʘʝʪʩʷ ʚʦʟʜʫʭʦʤ ʠʟ ʚʝʨʭʥʠʭ ʩʣʦʸʚ ʘʪʤʦʩʬʝʨʳ. ɺʦʟʥʠʢʘʝʪ 

ʢʦʥʚʝʢʮʠ,̫ ʚʳʟʳʚʘʶʱʘʷ ʧʝʨʝʤʝʱʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʘʢʪʠʚʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʧʦʷʚʣʷʶʪʩʷ ʦʙʣʘʢʘ, ʮʠʢʣʦʥʳ 

ʠ ʘʥʪʠʮʠʢʣʦʥʳ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʛʦʜʘ. 
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ɿʠʤʦʡ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʟʝʤʥʦʡ ʦʩʠ ʢ ʧʣʦʩʢʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʩʠʣʴʥʦ ʦʭʣʘʞʜʘʝʪʩʷ. 

ʉʦʣʥʝʯʥʳʝ ʣʫʯʠ ʪʝʧʝʨʴ ʧʘʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʞʠʪ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, ʢʦʪʦʨʳʡ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʦʪʨʘʞʝʥʠʝ ʣʫʯʠʩʪʦʡ ɻʥʝʨʛʠʠ (ʘʣɹʙʝӢʜʦ). ʇʦ ɻʪʦʡ ʧʨʠʯʠʥʝ ʚʦʟ-

ʜʫʭ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʭʦʣʦʜʥʝʝ, ʯʝʤ ʚʚʝʨʭʫ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʥʘʟʳʚʘʝʪʩʷ ʠʥʚʝʨʩʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠʥʚʝʨʩʠʷ 

ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ï ʧʨʠ ʘʥʪʠʮʠʢʣʦʥʘʭ, ʪ.ʝ. ʚ ʦʙʣʘʩʪʷʭ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʠ ʧʨʠ ʰʪʠʣʝʚʦʡ ʧʦʛʦʜʝ: ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʩʣʦʠ ʚʦʟʜʫʭʘ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʥʘʛʨʝʪʳʤʠ, ʯʝʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʠ-

ʞʝ. ʅʦʨʤʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ ʧʨʝʢʨʘʱʘʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʝʤ-

ʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʙʳ ʥʘʢʨʳʪʦʡ ʦʜʝʷʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʘʪʤʦʩʬʝʨʫ ʟʘʛʨʷʟʥʠʪʝʣʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʧʨʠʟʝʤ-

ʥʦʤ ʩʣʦʝ ʠ ʥʝ ʚʳʥʦʩʷʪʩʷ. ʊʘʢʠʝ ʧʝʨʠʦʜʳ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʳʤʠ ʤʝʪʝʦʫʩʣʦʚʠʷʤʠ (ʅʄʋ). ʉʣʫʞʙʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷ-

ʪʠʡ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʅʄʋ ʠ ʨʝʢʦʤʝʥʜʫʶʪ ʥʝ ʧʨʦʚʦʜʠʪʴ ʚ ʵʪʠ ʧʝʨʠʦʜʳ 

ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʫ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝ-

ʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ, ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ. ʅʦʨʤʘʣʴʥʦʝ ʠ ʥʝʥʦʨ-

ʤʘʣʴʥʦʝ ʨʘʩʩʝʠʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʠʣʣʶʩʪʨʠʨʫʶʪ ʬʦʪʦʛʨʘʬʠʠ 

(ʨʠʩ. 2.2). 
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ʈʠʩ. 2.2. ʈʘʩʩʝʠʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ʘ ï ʥʦʨʤʘʣʴʥʦʝ 

ʨʘʩʩʝʠʚʘʥʠʝ; ʙ, ʚ - ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠʥʚʝʨʩʠʷ, ʚʳʟʚʘʥʥʘʷ ʅʄʋ. 
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ɽʩʣʠ ʥʝ ʨʘʩʩʝʠʚʘʝʪʩʷ ʜʳʤ ʦʪ ʢʦʩʪʨʘ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʬʦʪʦ, ʪʦ ʵʪʦ, ʚʦʟʤʦʞʥʦ, ʥʝʧʨʠʷʪʥʦ, ʥʦ ʫʞ ʪʦʯʥʦ ʥʝ ʩʤʝʨ-

ʪʝʣʴʥʦ. ɻʦʨʘʟʜʦ ʭʫʞʝ, ʝʩʣʠ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʦʪ ʘʚʪʦʤʦʙʠʣʴ-

ʥʳʭ ʚʳʭʣʦʧʦʚ ʚ ʯʘʩʳ ʧʠʢ ʦʩʪʘʶʪʩʷ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʤʝʛʘʧʦʣʠʩʦʚ. 

ɺʩʝ ʠʥʚʝʨʩʠʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʨʠʟʝʤʥʳʝ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴ)ʁ ʠ ʧʨʠʧʦʜʥʷʪʳʝ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʝ). ʈʘʥʴʰʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʠʥʚʝʨʩʠʷ ï 

ʷʚʣʝʥʠʝ ʨʝʜʢʦʝ. ʉʝʡʯʘʩ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʚʝʨʩʠʚʥʦʝ (ʘʥʦʤʘʣʴʥʦʝ) 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʚʳʩʦʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʧʦ-

ʣʦʚʠʥʝ ʩʣʫʯʘʝʚ, ʪ.ʝ. ʟʘ ʛʦʜ ʧʨʠʤʝʨʥʦ 53%. ʇʨʠʯʸʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʚʨʝʤʝʥʘʤ ʛʦʜʘ ʧʦʯʪʠ ʨʘʚʥʦʤʝʨʥʦʝ: ʟʠʤʦʡ 57%, ʚʝʩʥʦʡ 53%, ʣʝʪʦʤ 

47%, ʦʩʝʥʴʶ 56%. 

 
 

ʉʪʨʘʪʦʩʬʝʨʘ ï ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʪʨʦʧʦʩʬʝʨʦʡ ʜʦ ʚʳʩʦʪʳ 50-55 ʢʤ. 

ʅʘ ʝʸ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʝʝ 20% ʤʘʩʩʳ ʚʦʟʜʫʭʘ. ʇʝʨʝʤʝʱʝʥʠʝ ʚʦʟ-

ʜʫʰʥʳʭ ʤʘʩʩ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʨʘʩʪʘ-

ʝʪ ʠ ʜʦʩʪʠʛʘʝʪ 0Áʉ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 100%. 

ʉʘʤʦʝ ʛʣʘʚʥʦʝ, ʯʪʦ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʨʘʩʧʦʣʦʞʝʥ ʦʟʦʥʦʚʳʡ ʩʣʦʡ, 

ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ɿʝʤʣʶ ʦʪ ʛʫʙʠʪʝʣʴʥʦʛʦ ʞʸʩʪʢʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦ-

ʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘ ʠʟ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ï ʨʘʟʨʫʰʝʥʠʝ ʵʪʦʛʦ 

ʩʣʦʷ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ʩʯʠʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʣʦʚʝʢʦʤ 

ʭʣʦʨʬʪʦʨʧʨʦʠʟʚʦʜʥʳʭ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ 

ʚ ʨʘʟʜʝʣʝ 3.2.6. 
 

ʄʝʟʦʩʬʝʨʘ ï ʨʘʩʧʦʣʦʞʝʥʘ ʚʳʰʝ ʩʪʨʘʪʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʝ 50-80 

ʢʤ. ʅʘ ʝʸ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʝʝ 1% ʤʘʩʩʳ ʚʦʟʜʫʭʘ. ɺ ʤʝʟʦʩʬʝʨʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 0Áʉ ʥʘ ʛʨʘʥʠʮʝ ʩʦ 

ʩʪʨʘʪʦʩʬʝʨʦʡ ʜʦ -90Áʉ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ. 
 

ʀʦʥʦʩʬʝʨʘ ï ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʤʝʟʦʩʬʝʨʦʡ. ɼʣʷ ʥʝʸ ʭʘʨʘʢʪʝʨʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʠ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʀʭ ʦʙʨʘʟʦ-

ʚʘʥʠʝ, ʪ.ʝ. ʠʦʥʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʩʠʣʴʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 



17 

 

2.2. ɺʦʟʜʫʰʥʘʷ ʩʨʝʜʘ ʛʣʘʟʘʤʠ ʭʠʤʠʢʘ 
 

ʇʨʝʞʜʝ ʯʝʤ ʟʘʱʠʱʘʪʴ ʚʦʟʜʫʰʥʳʡ ʙʘʩʩʝʡʥ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦ-

ʚʠʪʴ ʧʨʠʨʦʜʥʳʡ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʊ.ʝ. ʚʳʷʩʥʠʪʴ, ʘ ʯʪʦ 

ʞʝ ʩʯʠʪʘʪʴ ʵʪʘʣʦʥʦʤ. 

ʇʨʠʨʦʜʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʘʙʩʦʣʶʪ-

ʥʦ ʩʫʭʦʡ ʚʦʟʜʫʭ ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 2.1. 

 

ʊʘʙʣʠʮʘ 2.1 

ʇʨʠʨʦʜʥʳʡ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ [2] 

ˉ ʂʦʤʧʦʥʝʥʪ ʂʦʥʮʝʥʪʨʘʮʠʷ, % ʦʙ. ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

1 ɸʟʦʪ 78,084 10
6
 ʣʝʪ 

2 ʂʠʩʣʦʨʦʜ 20,9474 10
4
 ʣʝʪ 

3 ʇʘʨʳ ʚʦʜʳ 3õ4 10 ʩʫʪʦʢ 

4 ɸʨʛʦʥ 0,934 ʥʝʪ ʜʘʥʥʳʭ 

5 ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ 3,14Ĭ10
-2
 5-10 ʣʝʪ 

6 ʅʝʦʥ 1,818Ĭ10
-3
 ʥʝʪ ʜʘʥʥʳʭ 

7 ɻʝʣʠʡ 5,24Ĭ10
-4
 ʥʝʪ ʜʘʥʥʳʭ 

8 ʂʨʠʧʪʦʥ 1,14Ĭ10
-4
 ʥʝʪ ʜʘʥʥʳʭ 

9 ɺʦʜʦʨʦʜ 5Ĭ10
-5
 4-8 ʣʝʪ 

10 ʂʩʝʥʦʥ 8,7Ĭ10
-6
 ʥʝʪ ʜʘʥʥʳʭ 

11 ʆʟʦʥ: 
ʣʝʪʦʤ 7,2Ĭ10

-6
 

0,3-2 ʛʦʜʘ 
ʟʠʤʦʡ 2,0Ĭ10

-6
 

 

ʀʥʪʝʨʝʩʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʘʪ-

ʤʦʩʬʝʨʝ. ɻʣʷʜʷ ʥʘ ʵʪʠ ʙʫʢʚʘʣʴʥʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, 

ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʩʠʶ ʤʠʥʫʪʫ ʚ ʥʘʰʠʭ ʣʸʛʢʠʭ ʥʘʭʦʜʠʪʩʷ ʘʟʦʪ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʚ ʣʸʛʢʠʭ ʜʠʥʦʟʘʚʨʦʚ. ɸ ʢʠʩʣʦʨʦʜʦʤ, ʚʦʟʤʦʞʥʦ, ʜʳʰʘʣʠ 

ʝʛʠʧʝʪʩʢʠʝ ʬʘʨʘʦʥʳ (ʥʘʧʦʤʥʠʤ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ ʠʩʧʦʣʴ-

ʟʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʢʠʩʣʦʨʦʜʘ). ɻʦʚʦʨʠʪʴ ʦ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘ-

ʥʠʷ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ (ʘʨʛʦʥʘ, ʥʝʦʥʘ, ʛʝʣʠʷ, ʢʨʠʧʪʦʥʘ ʠ ʢʩʝʥʦʥʘ) ʥʝʚʦʟ-

ʤʦʞʥʦ. ʆʥʠ ʧʦʪʦʤʫ ʠ ʥʘʟʳʚʘʶʪʩʷ ʠʥʝʨʪʥʳʤʠ ʠʣʠ ʙʣʘʛʦʨʦʜʥʳʤʠ, ʯʪʦ 

ʥʝ ʚʩʪʫʧʘʶʪ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʠ ʚ ʢʘʢʠʝ ʨʝʘʢʮʠʠ. 

ʇʨʠʚʝʜʸʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 2.1 ʩʦʩʪʘʚ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʩʦʩʪʘʚʦʤ 

ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʚ ʮʝʣʦʤ. ʄʝʞʜʫ ʪʝʤ, ʚ ʩʦʩʪʘʚʝ ʘʪʤʦʩʬʝ-
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ʨʳ ʨʘʟʣʠʯʘʶʪ ʧʦʩʪʦʷʥʥʳʝ, ʧʝʨʝʤʝʥʥʳʝ ʠ ʩʣʫʯʘʡʥʳʝ ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ. 

ʇʦʩʪʦʷʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. ʈʘʩʩʤʦʪ-

ʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ɸʟʦʪ ï ʜʚʫʭʘʪʦʤʥʳʡ ʛʘʟ, ʝʛʦ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ N2, ʤʦʣʷʨʥʘʷ 

ʤʘʩʩʘ 28 ʢʛ/ʢʤʦʣʴ. ʗʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʪʤʦʩʬʝʨʳ. ʍʠ-

ʤʠʯʝʩʢʠ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚ, ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʩʪʫʧʘʝʪ ʥʠ ʚ ʢʘ-

ʢʠʝ ʨʝʘʢʮʠʠ. ʆʙʨʘʟʫʝʪʩʷ ʘʟʦʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦ-

ʦʨʛʘʥʠʟʤʦʚ ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʜʝʥʠʪʨʠʬʠʢʘʮʠʷ
2
. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ 

ʘʪʤʦʩʬʝʨʝ ɺʝʥʝʨʳ ʘʟʦʪʘ 1,9%, ʄʘʨʩʘ ï 2,7%. ʊ.ʝ. ʪʘʤ, ʛʜʝ ʥʝʪ ʞʠʟʥʠ, 

ʥʝʪ ʠ ʘʟʦʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʘʟʦʪ ʧʦʩʪʫʧʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʫʣ-

ʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɸʟʦʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʤʠʥʦʢʠʩʣʦʪ, ʘ ʦʥʠ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʨʘʟʫʶʪ ʙʝʣʦʢ ï ʦʩʥʦʚʫ ʞʠʟʥʠ. ʈʦʣʴ ʘʟʦʪʘ ʚ ʞʠʟʥʠ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʦʛʨʦʤʥʘ. ɼʨʫʛʦʝ ʜʝʣʦ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ ʷʚ-

ʣʷʝʪʩʷ ʪʨʫʜʥʦʫʩʚʦʷʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʩʠʣʫ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʧʘʩ-

ʩʠʚʥʦʩʪʠ. ʇʦʛʣʦʱʝʥʠʝ ʝʛʦ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʠʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʯʘ-

ʩʪʠʝʤ ʘʟʦʪʬʠʢʩʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ. ɿʘʪʦ ʚʩʝ ʘʤʠʥʳ ʠ ʥʠʪʨʘʪʳ ʷʚʣ̫-

ʶʪʩʷ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ɺʥʝʩʝʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʧʦʯʚʫ ʚʳʟʳʚʘʝʪ ʙʫʨʥʳʡ ʨʦʩʪ ʨʘʩʪʝʥʠʡ. 

ʂʠʩʣʦʨʦʜ ï ʪʦʞʝ ʜʚʫʭʘʪʦʤʥʳʡ ʛʘʟ, ʬʦʨʤʫʣʘ ʆ2, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ 

32 ʢʛ/ʢʤʦʣʴ. ʍʠʤʠʯʝʩʢʠ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʠʚʝʥ. ɺʳʨʘʙʘʪʳʚʘʝʪʩʷ ʟʝʣʸ-

ʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ: ʬʠʪʦʧʣʘʥʢʪʦʥ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (70%), ʣʝʩʘ ɸʤʘ-

ʟʦʥʢʠ ʠ ʉʠʙʠʨʠ. ɽʛʦ ʛʦʜʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 100 ʤʣʨʜ. ʪ. 

ɺʨʦʜʝ ʙʳ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʥʦ ʠ ʨʘʩʭʦʜʫʝʪʩʷ ʢʠʩʣʦʨʦʜ ʪʦʞʝ ʚ 

ʦʛʨʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺʝʜʴ ʥʝ ʙʫʜʴ ʵʪʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʚ ʘʪʤʦʩʬʝʨʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʙʳ ʥʘʢʦʧʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ. ʅʦ ʥʠʢʘʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʝʪ. 

ʉʪʘʪʝʡ ʨʘʩʭʦʜʘ ʢʠʩʣʦʨʦʜʘ ʥʝʩʢʦʣʴʢʦ, ʥʦ ʨʘʟʜʝʣʠʪʴ ʠʭ ʤʦʞʥʦ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʪʝʭʥʦʛʝʥʥʦʝ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʦʝ. 

ɺʩʝ ʞʠʚʳʝ ʩʫʱʝʩʪʚʘ ʜʳʰʘʪ, ʪ.ʝ. ʧʦʪʨʝʙʣʷʶʪ ʢʠʩʣʦʨʦʜ, ʢʦʪʦʨʳʡ ʥʫ-

ʞʝʥ ʜʣʷ ʦʢʠʩʣʝʥʠʷ. ɺ ʦʛʨʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʨʘʩʭʦʜʫʝʪʩʷ ʢʠʩʣʦʨʦʜ 

                                                 
2
 ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʘʪʘ) ï ʩʫʤʤʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʘʪʦʚ ʜʦ ʥʠʪʨʠʪʦʚ ʠ ʜʘʣʝʝ ʜʦ ʛʘʟʦʦʙʨʘʟʥʳʭ ʦʢʩʠ-

ʜʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʟʦʪ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʩʪʘ-

ʥʦʚʠʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤ ʙʦʣʴʰʠʥʩʪʚʫ ʦʨʛʘʥʠʟʤʦʚ. 
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ʥʘ ʧʨʦʮʝʩʩʳ ʛʥʠʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʧʦʞʘʨʳ 

ʪʦʞʝ ʧʦʪʨʝʙʣʷʶʪ ʤʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ. ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ï 

ʵʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʦʢʠʩʣʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. ʄʳ 

ʫʪʨʦʤ ʟʘʞʛʣʠ ʛʘʟʦʚʫʶ ʢʦʥʬʦʨʢʫ ʥʘ ʢʫʭʥʝ ï ʧʦʰʣʦ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩ-

ʣʦʨʦʜʘ ʥʘ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ. ɿʘʧʫʩʪʠʣʠ ʜʚʠʛʘʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ ï ʥʘʯʘʣ 

ʧʦʪʨʝʙʣʷʪʴʩʷ ʢʠʩʣʦʨʦʜ ʥʘ ʛʦʨʝʥʠʝ ʧʘʨʦʚ ʙʝʥʟʠʥʘ. ɺʳʨʘʙʦʪʢʘ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʥʘ ʊʕʎ, ʧʦʣʸʪ ʩʘʤʦʣʸʪʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʝʥʦʣʘ-ʘʮʝʪʦʥʘ ï 

ʥʘ ʚʩʸ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʢʠʩʣʦʨʦʜ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʩʛʦʨʘʥʠʷ 

1 ʢʛ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʝʨʦʩʠʥʘ ʠʣʠ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ ʪʨʝʙʫʝʪʩʷ 11 ʢʛ 

ʚʦʟʜʫʭʘ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 12 ʢʛ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ɺʩʝʛʦ ʞʝ ʟʘ 

ʦʜʠʥ ʪʨʘʥʩʘʪʣʘʥʪʠʯʝʩʢʠʡ ʧʝʨʝʣʸʪ ʩʘʤʦʣʸʪ çʩʲʝʜʘʝʪè ʜʦ 100 ʪ ʯʠʩʪʦʛʦ 

ʢʠʩʣʦʨʦʜʘ. ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦ-

ʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʨʦʜʦʡ ʘʙʩʦ-

ʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 240 

ʤʣʨʜ. ʪ ʠ ʧʨʦʜʦʣʞʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʥʘ 10 ʤʣʨʜ. ʪ. ʝʞʝʛʦʜʥʦ. ɽʩʣʠ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʫʧʘʜʸʪ ʜʦ 16%, ʧʨʝʢʨʘʪʷʪʩʷ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩ-

ʩʳ ï ʜʳʭʘʥʠʝ, ʛʦʨʝʥʠʝ, ʛʥʠʝʥʠʝ. ʇʨʝʢʨʘʪʠʪʩʷ ʞʠʟʥʴ. 

ɺ ʯʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʤʦʩʬʝʨʳ ʚʭʦʜʷʪ ʧʘʨʳ 

ʚʦʜʳ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʀʟ ʵʪʠʭ ʜʚʫʭ ʚʝʱʝʩʪʚ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ɺ ʪʨʦʧʠʢʘʭ ʝʛʦ 3%, ʚ 

ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ 2%, ʘ ʚ ɸʥʪʘʨʢʪʠʜʝ (ʖʞʥʳʡ ʧʦʣʶʩ) ï 2Ĭ10
-5
 %. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʚʦʟʜʫʭʝ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʢʦʤʬʦʨʪʥʦʩʪʴ ʞʠʟʥʝʥʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʧʘʨʦʚ ʚʦʜʳ ʚʦʟʜʫʭ ʧʣʦʭʦ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʯʝʣʦʚʝʢ ʦʱʫʱʘʝʪ ʧʦʩʪʦʷʥʥʳʝ ʫʜʘʨʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ʀʟʣʠʰʥʝ ʩʫʭʦʡ ʚʦʟʜʫʭ ʚ ʧʦʤʝʱʝʥʠʠ ʚʳʟʳʚʘʝʪ ʜʠʩʢʦʤʬʦʨʪ ʧʨʠ ʜʳʭʘ-

ʥʠʠ ï ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʭʦʩʪʴ ʚ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʷʭ. ʇʦʵʪʦʤʫ ʚ ʧʨʦʜʘʞʝ 

ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʫʚʣʘʞʥʠʪʝʣʠ ʚʦʟʜʫʭʘ. ʇʨʠ ʠʟʙʳʪʦʯʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʚʣʘʛʠ ʫʭʫʜʰʘʝʪʩʷ ʪʝʨʤʦʨʝʛʫʣʷʮʠʷ ʦʨʛʘʥʠʟʤʘ, ʯʝʣʦʚʝʢ 

ʥʘʯʠʥʘʝʪ ʧʦʪʝʪʴ. ʇʦʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʘʨʦʚ ʚʦʜʳ ʜʦʚʦʣʴʥʦ ʧʨʦ-

ʩʪʦ ï ʩ ʵʪʠʤ ʧʨʝʢʨʘʩʥʦ ʩʧʨʘʚʣʷʶʪʩʷ ʦʙʳʯʥʳʝ ʙʳʪʦʚʳʝ ʢʦʥʜʠʮʠʦʥʝ-

ʨʳ. ɸ ʚʦʪ ʩ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʩʠʪʫʘʮʠʷ ʜʘʣʝʢʦ ʥʝʦʜʥʦʟʥʘʯʥʘʷ. 

ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʉʆ2 ï ʪʨʸʭʘʪʦʤʥʳʡ ʛʘʟ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 44 

ʢʛ/ʢʤʦʣʴ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ 
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ʪʚʸʨʜʦʤ ʚʠʜʝ ʠʟʚʝʩʪʝʥ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʩʫʭʦʡ ʣʸʜè, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʣʶʙʳʭ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʚ ʧʨʠʨʦʜʥʳʭ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ: 

¶ ʜʳʭʘʥʠʝ ʚʩʝʭ ʦʨʛʘʥʠʟʤʦʚ; 

¶ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʛʥʠʝʥʠʝ); 

¶ ʚʳʜʝʣʝʥʠʝ ʧʦ ʪʨʝʱʠʥʘʤ ʟʝʤʥʦʡ ʢʦʨʳ ʠʟ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ; 

¶ ʚʳʜʝʣʝʥʠʝ ʠʟ ʤʘʥʪʠʠ ɿʝʤʣʠ ʧʨʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʟʚʝʨʞʝʥʠʷʭ; 

¶ ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ. 

ʆʜʥʘʢʦ, ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʦ ʠʜʸʪ ʠ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ï ʧʦʛʣʦʱʝ-

ʥʠʝ ʉʆ2, ʧʨʠʯʸʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʚ ʘʪʤʦʩʬʝʨʝ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, 

ʯʝʤ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʙʳʪʴ. ʂʫʜʘ ʞʝ ʨʘʩʭʦʜʫʝʪʩʷ ʉʆ2? ɸ ʚʦʪ ʢʫʜʘ: 

Å ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥʪʝʟʘ; 

Å ʨʝʘʢʮʠʠ ʩ ʢʘʨʙʦʥʘʪʘʤʠ ʚ ʦʢʝʘʥʝ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʦʛʨʦʤʥʘʷ ʙʫʬʝʨʥʘʷ ʩʠʩʪʝʤʘ (ʥʘ 1 ʤ
2
 ʩʫʰʠ ʧʨʠʭʦʜʠʪʩʷ 1000 

ʤ
3
 ʦʢʝʘʥʘ). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɿʝʤʣʠ ʝʸ ʘʪʤʦʩʬʝʨʘ ʠ 

ʛʠʜʨʦʩʬʝʨʘ ʧʦʣʫʯʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

2Ĭ10
17

 ʪʦʥʥ ʉʆ2. ʅʘ ʩʝʛʦʜʥʷ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʠ ʜʨʫʛʠʭ ʚʦʜʦʸʤʘʭ ʝʛʦ 

ʨʘʩʪʚʦʨʝʥʦ 130Ĭ10
12

 ʪʦʥʥ. ɸʪʤʦʩʬʝʨʘ ʩʦʜʝʨʞʠʪ ʝʱʸ 2,6Ĭ10
12

 ʪʦʥʥ. 

ɻʜʝ ʞʝ ʦʩʪʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ? ʋʯʸʥʳʝ ʦʪʚʝʯʘʶʪ ï ʫʰʸʣ ʚ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʡ ʪʫʧʠʢ. ʄʝʭʘʥʠʟʤ ʵʪʦʛʦ ʧʝʨʝʭʦʜʘ ʪʘʢʦʡ. 

ɸʪʤʦʩʬʝʨʘ ʚʩʝ ʚʨʝʤʷ ʦʙʤʝʥʠʚʘʝʪʩʷ ʛʘʟʘʤʠ ʩ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦ-

ʜʦʡ. ɸ ʦʢʝʘʥʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʜʝʨʞʘʪ ʚ 50 ʨʘʟ ʙʦʣʴʰʝ ʉʆ2, ʯʝʤ 

ʘʪʤʦʩʬʝʨʘ. ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʥʝʧʨʝʨʳʚʥʦ ʧʫʪʝʰʝʩʪʚʫʶʪ ʤʝʞʜʫ ʘʪ-

ʤʦʩʬʝʨʦʡ ʠ ʦʢʝʘʥʦʤ. ɺ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʝ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʫʝʪ 

ʫʛʦʣʴʥʫʶ ʢʠʩʣʦʪʫ; ʧʨʠ ʝʝ ʜʠʩʩʦʮʠʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʢʘʨʙʦʥʘʪ-

ʙʠʢʘʨʙʦʥʘʪʥʘʷ ʙʫʬʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʠ ʨʝʛʫʣʠʨʫʝʪ ʨʅ ʦʢʝʘʥʘ. 

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʉʆ2 ʚ ʭʦʣʦʜʥʳʭ ʚʦʜʘʭ ʚʳʩʦʢʠʭ ʰʠʨʦʪ 

ʣʫʯʰʝ, ʯʝʤ ʚ ʪʝʧʣʳʭ ʪʨʦʧʠʯʝʩʢʠʭ ʚʦʜʘʭ, ʦʢʝʘʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʥʘʩʦʩ. 

ʆʥ ʧʦʛʣʦʱʘʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚ ʭʦʣʦʜʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʦʪʜʘʝʪ ʝʛʦ ʚ ʘʪ-

ʤʦʩʬʝʨʫ ʚ ʪʨʦʧʠʢʘʭ, ʢʫʜʘ ʉʆ2 ʧʨʠʥʦʩʠʪʩʷ ʛʣʫʙʠʥʥʳʤʠ ʭʦʣʦʜʥʳʤʠ 
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ʪʝʯʝʥʠʷʤʠ. ʇʦʵʪʦʤʫ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʝ ʪʨʦʧʠ-

ʢʦʚ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. 

ɺ ʮʝʣʦʤ ʧʦ ʧʣʘʥʝʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʜʝʙʘʣʘʥʩ ʧʦ 

ʜʠʦʢʩʠʜʫ ʫʛʣʝʨʦʜʘ ï ʠʜʸʪ ʝʛʦ ʥʘʢʦʧʣʝʥʠʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ 

ʪʘʢʠʝ ʮʠʬʨʳ: ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ2 ʩʦʩʪʘʚʣʷʣʘ 270 ʤʦ-

ʣʝʢʫʣ ʥʘ ʤʠʣʣʠʦʥ, ʘ ʟʘ ʧʦʩʣʝʜʥʝʝ ʩʪʦʣʝʪʠʝ ʧʦʜʥʷʣʘʩʴ ʜʦ 379 ʥʘ ʤʠʣ-

ʣʠʦʥ. ɺʨʦʜʝ ʙʳ, ʧʣʦʭʦ. ʅʦ ʚ ʜʘʣʸʢʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ ɿʝʤʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʜʦʩʪʠʛʘʣʘ 6000 ʥʘ ʤʠʣʣʠʦʥ! ʇʨʠʨʦʜʘ 

ʧʨʠ ʵʪʦʤ ʙʣʘʛʦʫʭʘʣʘ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʨʘʟʚʠʚʘʣʘʩʴ ʯʨʝʟʚʳʯʘʡʥʦ ʙʫʨʥʦ. 

ʂʘʞʜʳʡ ʛʦʜ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʩʪʫʧʘʝʪ 6 ʤʣʨʜ. ʪ ʉʆ2, ʠʟ ʥʠʭ 3 ʤʣʨʜ. 

ʪ ʫʩʚʘʠʚʘʝʪʩʷ ʨʘʩʪʝʥʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ, ʘ ʦʩʪʘʚʰʠʝʩʷ 3 

ʤʣʨʜ. ʪ ʥʘʢʘʧʣʠʚʘʶʪʩʷ. ʆʙʱʘʷ ʩʫʤʤʘ ʥʘʢʦʧʣʝʥʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʩʪʦ 

ʣʝʪ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 170 ʤʣʨʜ. ʪ. 

ɺʳʰʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ, ʯʪʦ ʉʆ2 ʷʚʣʷʝʪʩʷ ʪʨʸʭʘʪʦʤʥʳʤ ʛʘʟʦʤ. ʀʟ 

ʢʫʨʩʘ ʬʠʟʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʚʫʭʘʪʦʤʥʳʝ ʛʘʟʳ (ʢʠʩʣʦʨʦʜ, ʘʟʦʪ) ʧʨʦ-

ʟʨʘʯʥʳ ʜʣʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʠʘʪʝʨʤʠʯʥʳ), ʪ.ʝ. ʦʥʠ ʥʠ ʧʦ-

ʛʣʦʱʘʶʪ, ʥʠ ʠʟʣʫʯʘʶʪ ʪʝʧʣʦʚʳʝ ʚʦʣʥʳ. ʀʥʦʝ ʜʝʣʦ ʪʨʸʭʘʪʦʤʥʳʝ ʛʘʟʳ 

ï ʦʥʠ ʥʝʧʨʦʟʨʘʯʥʳ ʜʣʷ ʪʝʧʣʦʚʳʭ ʣʫʯʝʡ. ɽʞʝʯʘʩʥʦ ʧʦʩʪʫʧʘʶʱʠʝ ʚ 

ʘʪʤʦʩʬʝʨʫ ʤʠʣʣʠʦʥʳ ʪʦʥʥ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʩʪʨʘ-

ʪʦʩʬʝʨʝ. ʂʘʢ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʸʥʢʘ ʚ ʧʘʨʥʠʢʝ, ʵʪʦʪ ʛʘʟ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʪʝʧʣʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ ɿʝʤʣʠ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʅʘʙʣʶʜʘ-

ʝʪʩʷ ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ çʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪè. 

ʊʝʨʤʠʥ çʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪè ʙʳʣ ʚʧʝʨʚʳʝ ʚʚʝʜʸʥ ʰʚʝʜʩʢʠʤ 

ʫʯʸʥʳʤ ʉʚʘʥʪʝ ɸʨʨʝʥʠʫʩʦʤ ʦʢʦʣʦ 100 ʣʝʪ ʥʘʟʘʜ. ʆʥ ʩʨʘʚʥʠʚʘʣ ʧʨʦ-

ʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʩ ʷʚʣʝʥʠʝʤ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʧʘʨʥʠʢʝ. ʉʫʪʴ 

çʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘè (ʨʠʩ. 2.3): ʧʨʠʭʦʜʷʱʘʷ ʦʪ ʉʦʣʥʮʘ ʥʘ ɿʝʤʣʶ 

ʣʫʯʠʩʪʘʷ ʵʥʝʨʛʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʯʘʩʪʠʯʥʦ ʨʘʩʩʝʠʚʘʝʪʩʷ, ʯʘʩʪʠʯʥʦ ʦʪʨʘ-

ʞʘʝʪʩʷ ʠ ʯʘʩʪʠʯʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ ʙʝʟ ʟʘʜʝʨʞʢʠ ʜʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʇʨʠʯʸʤ ʜʦ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʭʦʜʠʪ ʪʦʣʴʢʦ 25% ʩʦʣ-

ʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʅʦ ʥʘʛʨʝʪʘʷ ɿʝʤʣʷ ʪʦʞʝ ʥʘʯʠʥʘʝʪ ʠʟʣʫʯʘʪʴ ʚ ʠʥʬʨʘ-

ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʯʘʩʪʴ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʘʢʞʝ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʘʪʤʦ-

ʩʬʝʨʦʡ. ʉʦʟʜʘʸʪʩʷ ʵʬʬʝʢʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʘʨʥʠʢʘ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ɿʝʤʣʠ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʝʟ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʪʝʤ-
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ʧʝʨʘʪʫʨʘ ʙʳʣʘ ʙʳ ʥʘ 30Áʉ ʥʠʞʝ, ʯʝʤ ʩʝʡʯʘʩ. ɸ ʩʝʡʯʘʩ ʩʨʝʜʥʷʷ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ 15Áʉ. 

 

 
ʈʠʩ. 2.3. ʉʭʝʤʘ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ 

 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʜʠ ʥʘʜʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʠʥʦʚʥʠʢʦʤ çʧʘʨʥʠʢʦʚʦ-

ʛʦ ʵʬʬʝʢʪʘè ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʥʦ ʠ ʜʨʫʛʠʝ ʪʨʸʭ- ʠ 

ʙʦʣʝʝ ʘʪʦʤʥʳʝ ʛʘʟʳ: ʤʝʪʘʥ, ʟʘʢʠʩʴ ʘʟʦʪʘ, ʦʢʩʠʜ ʘʟʦʪʘ, ʚʦʜʷʥʦʡ ʧʘʨ, 

ʭʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʳ. ʅʝʜʘʨʦʤ ʠʭ ʥʘʟʳʚʘʶʪ ʧʘʨʥʠʢʦʚʳʤʠ ʛʘʟʘʤʠ
3
. 

ʋʚʝʣʠʯʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʦʜʝ ʙʳ ʧʨʠʚʦʜʠʪ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦ-

ʪʝʧʣʝʥʠʶ ʧʣʘʥʝʪʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʦʚʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʪʘʷʥʠʝ 

ʘʨʢʪʠʯʝʩʢʠʭ ʣʴʜʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʣʝʜʥʠʢʦʚ ɻʨʝʥʣʘʥʜʠʠ, ʧʦʜʥʷ-

ʪʠʶ ʫʨʦʚʥʷ ʚʦʜ, ʟʘʪʦʧʣʝʥʠʶ ʩʪʨʘʥ ɽʚʨʦʧʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʚʦʟʤʦʞʥʦ ʧʦʜʪʘʠʚʘʥʠʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʦʯʪʠ 

60% ʥʘʰʝʡ ʪʝʨʨʠʪʦʨʠʠ. 

                                                 
3
 ʇʘʨʥʠʢʦʚʳʝ ʛʘʟʳ ð ʛʘʟʳ ʩ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʩ 

ʚʳʩʦʢʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʜʘʣʴʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ 

ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʘʭ ʧʣʘʥʝʪ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ 

[ru.wikipedia.org]. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʫʯʸʥʳʝ ʩʦʛʣʘʩʥʳ ʩ ʪʘʢʦʡ ʞʸʩʪʢʦʡ 

ʩʚʷʟʴʶ çʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ Ÿ ʫʩʠʣʝʥʠʝ 

çʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘè Ÿ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʥʝʪʳè. ʅʦ ʪʝ, 

ʢʪʦ ʪʘʢʫʶ ʩʚʷʟʴ ʩʯʠʪʘʝʪ ʙʝʩʩʧʦʨʥʦʡ, ʚʠʜʷʪ ʚʳʭʦʜ ʚ ʦʜʥʦʤ ï ʫʤʝʥʴ-

ʰʝʥʠʝ ʚʳʙʨʦʩʦʚ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ. ɸ ʵʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʫʪʸʤ 

ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦ-

ʙʣʝʤʘ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʴ 

ʧʦʣʠʪʠʢʠ ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ, ʨʝʰʘʪʴ ʢʦʪʦʨʫʶ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ʅʦ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦ-

ʙʣʝʤʳ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʪʝʨʝʩʳ ʈʦʩʩʠʠ, ʘ ʥʝ ʜʨʫ-

ʛʠʭ ʩʪʨʘʥ. ʆʪʚʝʪʴʪʝ ʩʝʙʝ ʯʝʩʪʥʦ ï ʚʘʩ ʦʯʝʥʴ ʚʦʣʥʫʝʪ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ 

ʊʝʤʟʝ? ʋ ʚʘʩ ʜʦʤ ʚ ʃʦʥʜʦʥʝ? ʀʣʠ ʥʘ ɺʦʣʛʝ? ʂʪʦ ʠʟ ʥʘʩ ʧʨʦʪʠʚ ʪʦʛʦ, 

ʯʪʦʙʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʩʥʠʤʘʣʠ ʜʚʘ ʫʨʦʞʘʷ ʚ ʛʦʜ, ʘ ʥʝ ʦʜʠʥ? 

ʀʪʘʢ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʦʩʥʦʚʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʪ-

ʤʦʩʬʝʨʳ. ʇʦʨʘ ʧʝʨʝʭʦʜʠʪʴ ʢ ʥʘʰʠʤ çʚʨʘʛʘʤè. 
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3. ɿɸɻʈʗɿʅʀʊɽʃʀ ɺʆɿɼʋʐʅʆɻʆ ɹɸʉʉɽʁʅɸ 
 

 

ʉʣʫʯʘʡʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʪʤʦʩʬʝʨʳ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ: 

¶ ʛʝʪʝʨʦʛʝʥʥʳʝ (ʤʝʭʘʥʠʯʝʩʢʠʝ); 

¶ ʛʦʤʦʛʝʥʥʳʝ (ʭʠʤʠʯʝʩʢʠʝ); 

¶ ʙʠʦʣʦʛʠʯʝʩʢʠʝ. 

 

3.1. ɻʝʪʝʨʦʛʝʥʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ (ʧʳʣʠ, ʜʳʤʳ, ʪʫʤʘʥʳ) 
 

ɻʝʪʝʨʦʛʝʥʥʳʝ (ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ) ʟʘʛʨʷʟʥʝʥʠʷ ʠʣʠ ʘʵʨʦʟʦʣʠ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪ ʥʘ ʧʳʣʠ, ʜʳʤ rʠ ʪʫʤʘʥʳ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʠʣʠ ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ 

ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ. ʕʪʠ ʬʘʟʳ ʤʦʛʫʪ 

ʙʳʪʴ ʦʪʜʝʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ. 

ʃʶʙʘʷ ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʠʩʧʝʨʩʥʦʡ ʠʣʠ ʚʥʫʪ-

ʨʝʥʥʝʡ ʬʘʟʳ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʠʣʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ʊʘʢ ʢʘʢ ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʪʦ ʩʧʣʦʰʥʦʡ ʩʨʝʜʦʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʜʫʭ. ɸ ʚʦʪ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʪʚʸʨʜʦʤ, ʪʘʢ ʠ 

ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ɽʩʣʠ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ 

ʙʳʚʘʝʪ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʪʦ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ 

ʧʳʣʴʶ ʠʣʠ ʜʳʤʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ), ʘ ʝʩʣʠ ʚ ʞʠʜ-

ʢʦʤ, ʪʦ ʩ ʪʫʤʘʥʦʤ. 

ʇʳʣʠ ʠ ʜʳʤʳ ï ʵʪʦ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʛʘʟʘ ʠ ʨʘʩʧʨʝʜʝʣʸʥ-

ʥʳʭ ʚ ʥʸʤ ʯʘʩʪʠʮ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʳʣʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʤʝʭʘʥʠ-

ʯʝʩʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʠʮ ʚ ʛʘʟʝ. ɼʳʤʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʛʦʨʝʥʠʠ. 

ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʚ ʜʳʤʘʭ ʥʘ ʧʦʨʷʜʦʢ, ʪ.ʝ. ʚ 10 ʨʘʟ, ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʳ-

ʣʠ. ɽʩʣʠ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ ʦʙʨʘʟʦʚʘʥʘ ʯʘʩʪʠʮʘʤʠ ʞʠʜʢʦʩʪʠ, ʪʦ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪʩʷ ʪʫʤʘʥʘʤʠ. ʇʳʣʠ, ʜʳʤʳ ʠ ʪʫʤʘʥʳ ʧʨʝʜʩʪʘʚʣʷ-

ʶʪ ʩʦʙʦʡ ʘʵʨʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ ʠʣʠ ʘʵʨʦʟʦʣʠ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʥʘʯʥʸʤ ʩ ʧʳʣʝʡ. ɹʳʪʫʝʪ 

ʤʥʝʥʠʝ, ʯʪʦ ʚ ʯʠʩʪʦʤ ʧʨʠʨʦʜʥʦʤ ʚʦʟʜʫʭʝ, ʛʜʝ-ʥʠʙʫʜʴ ʚ ɻʠʤʘʣʘʷʭ, 

ʧʳʣʠ ʥʝʪ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʧʳʣʠ ʷʚʣʷʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. ʕʪʦ 
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ʥʝ ʪʘʢ. ʇʳʣʴ ʝʩʪʴ ʚʩʝʛʜʘ. ɺʦʧʨʦʩ ʪʦʣʴʢʦ ʚ ʢʦʣʠʯʝʩʪʚʝ. ʈʘʟʣʠʯʘʶʪ 

ʧr ʣʴ ʧʨʠʨʦʜʥʫʶ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʫʶ ʠ ʘʥʪʨʦʧʦʛʝʥʥʫʶ. 

ʇʨʠʨʦʜʥʘʷ ʧʳʣʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʧʨʠʨʦʜʫ: 

1. ʢʦʩʤʠʯʝʩʢʘʷ ʧʳʣʴ (ʯʠʩʪʘʷ ʥʝʦʨʛʘʥʠʢʘ, ʦʨʛʘʥʠʢʠ ʪʘʤ ʥʝʪ); 

2. ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ (ʛʝʦʣʦʛʠʯʝʩʢʘʷ) ʧʳʣʴ, ʧʦʜʥʠʤʘʝʤʘʷ ʩ ʟʝʤʣʠ, 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʦʚ, ʧʨʠʨʦʜʥʳʭ ʧʦʞʘ-

ʨʦʚ, ʧʝʩʯʘʥʳʭ ʙʫʨʴ, ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʨʦʜ; 

3. ʦʨʛʘʥʠʯʝʩʢʘʷ (ʙʠʦʣʦʛʠʯʝʩʢʘʷ) ʧʳʣʴ: ʧʳʣʴʮʘ ʠ ʩʝʤʝʥʘ ʨʘʩʪʝ-

ʥʠʡ, ʧʣʘʥʢʪʦʥ, ʩʧʦʨʳ ʠ ʚʠʨʫʩʳ; 

4. ʩʦʣʝʚʘʷ ʧʳʣʴ ʥʘʜ ʦʢʝʘʥʘʤʠ, ʦʙʨʘʟʫʶʱʘʩ̫ʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ 

ʢʘʧʝʣʴ ʚʦʜʳ. 

ʇʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʧʳʣʠ: 

1. ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ (ʜʨʦʙʣʝʥʠʝ, ʨʘʟʨʘʚʥʠ-

ʚʘʥʠʝ, ʧʠʣʝʥʠʝ); 

2. ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ (ʩʞʠʛʘʥʠʝ, ʦʙʞʠʛ, 

ʘʛʣʦʤʝʨʘʮʠʷ, ʫʧʘʨʠʚʘʥʠʝ, ʩʫʰʢʘ); 

3. ʪʨʘʥʩʧʦʨʪ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦʛʨʫʟʢʘ, ʚʳʛʨʫʟʢʘ, ʩʦʨ-

ʪʠʨʦʚʘʥʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʩʤʝʰʠʚʘʥʠʝ ʠ ʪ.ʜ.); 

4. ʩʦʝʜʠʥʝʥʠʝ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ (ʙʨʠʢʝʪʠʨʦʚʘʥʠʝ, 

ʩʤʝʰʝʥʠʝ); 

5. ʠʟʥʦʩ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʢʦʨʨʦʟʠʷ. 

ʀʥʪʝʨʝʩʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʬʘʢʪ. ɺʦ ʚʩʪʫʧʣʝʥʠʠ ʢ ʧʦʵʤʝ çʄʝʜ-

ʥʳʡ ʚʩʘʜʥʠʢè ɸ.ʉ. ʇʫʰʢʠʥʘ ʝʩʪʴ ʩʣʦʚʘ: çʇʠʰʫ, ʯʠʪʘʶ ʙʝʟ ʣʘʤʧʘ-

ʜʳéè. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʇʫʰʢʠʥ ʧʠʩʘʣ ʵʪʠ ʩʪʨʦʢʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. 

ʅʦ ʧʠʩʘʣ ʚ ʘʚʛʫʩʪʝ 1833 ʛʦʜʘ, ʠʟʚʝʩʪʥʳʝ ʧʠʪʝʨʩʢʠʝ ʙʝʣʳʝ ʥʦʯʠ ʫʞʝ 

ʟʘʢʦʥʯʠʣʠʩʴ. ʋʯʸʥʳʝ ʟʘʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʵʪʠʤ ʬʘʢʪʦʤ ʠ ʚʳʷʩʥʠʣʠ, ʯʪʦ 

ʚ ʘʚʛʫʩʪʝ 1833 ʛʦʜʘ, ʢʦʛʜʘ ʇʫʰʢʠʥ ʧʠʩʘʣ çʄʝʜʥʦʛʦ ʚʩʘʜʥʠʢʘè, ʧʨʦ-

ʠʟʦʰʣʦ ʦʯʝʥʴ ʩʠʣʴʥʦʝ ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʨʘʢʘʪʘʫ (ʀʥʜʦʥʝʟʠʷ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʘʪʤʦʩʬʝʨʫ ʙʳʣʦ ʚʳʙʨʦʰʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʫʣ-

ʢʘʥʠʯʝʩʢʦʡ ʧʳʣʠ, ʢʦʪʦʨʘʷ ʨʘʩʩʝʠʚʘʣʘ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʥʘ ʙʦʣʴʰʦʡ 

ʚʳʩʦʪʝ. ɺʦʪ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘʰ ʚʝʣʠʢʠʡ ʧʦʵʪ ʠ ʤʦʛ ʯʠʪʘʪʴ ʠ ʧʠʩʘʪʴ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ. 

ɼʳʤ rʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʧʝʨʝʭʦʜʘ ʚ ʪʚʸʨ-

ʜʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʚ ʜʳʤʝ 
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0,3-5 ʤʢʤ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʠʢʨʦʥ ï ʵʪʦ ʦʜʥʘ ʤʠʣʣʠʦʥʥʘʷ ʤʝʪʨʘ ʠʣʠ 

ʦʜʥʘ ʪʳʩʷʯʥʘʷ ʤʠʣʣʠʤʝʪʨʘ. 

ʊʫʤʘʥʳ ï ʨʝʟʫʣʴʪʘʪ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ 

ʞʠʜʢʦʩʪʠ ʩ ʨʘʟʤʝʨʦʤ ʢʘʢ ʫ ʜʳʤʦʚ 0,3-5 ʤʢʤ. 

 

3.2. ɻʦʤʦʛʝʥʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ 
 

ɺʩʝ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʩʦʩʪʘʚ ʛʦʨʦʜʩʢʦʛʦ ʚʦʟʜʫʭʘ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ 

ʣʫʯʰʝʛʦ, ʯʪʦ ʚ ʥʸʤ ʤʥʦʛʦ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʠ ʚʨʝʜʥʳʤ ʧʨʠʤʝʩʝʡ. ʅʦ 

ʚʦʪ ʚʦʧʨʦʩ: ʤʥʦʛʦ ï ʵʪʦ ʩʢʦʣʴʢʦ? ɺ ʨʘʙʦʪʝ [3] ʧʨʠʚʦʜʠʪʩʷ ʪʘʢʦʡ ʬʘʢʪ: 

ʚ ʛʦʨʦʜʩʢʦʤ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʦʙʥʘʨʫʞʝʥʦ 589 (!) ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ 1-ʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ ï 49 ʚʝʱʝʩʪʚ (8,3%), 2-ʛʦ 

ʢʣʘʩʩʘ -178 (30,2%), 3-ʛʦ ʢʣʘʩʩʘ ï 236 (40,1%), 4-ʛʦ ʢʣʘʩʩʘ ï 126 

(21,2%). ʇʫʛʘʝʪ, ʥʝ ʧʨʘʚʜʘ ʣʠ? ʏʝʤ ʞʝ ʤʳ ʜʳʰʠʤ? ɸ ʤʦʞʝʪ, ʚʩʸ ʥʝ 

ʪʘʢ ʩʪʨʘʰʥʦ? ɼʘʚʘʡʪʝ ʨʘʟʙʠʨʘʪʴʩʷ. 

ʇʦʨʷʜʦʢ ʨʘʩʩʤʦʪʨʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦ-

ʩʪʨʦʠʤ ʧʦ ʤʘʩʩʘʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʯʥʸʤ ʩ ʩʘʤʦʛʦ ʤʥʦʛʦʪʦʥʥʘʞʥʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʊʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ, ʢʘʢ ʵʪʦ ʥʠ ʩʪʨʘʥʥʦ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. 

 

3.2.1. ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ 
 

ʉʠʥʦʥʠʤʳ ï ʫʛʘʨʥʳʡ ʛʘʟ, ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ 

II. ʏʝʪʚʸʨʪʳʡ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʧʦ ʛʠʛʠʝʥʠʯʝʩʢʦʤʫ ʥʦʨʤʘʪʠʚʫ çɻʅ 

2.2.5.686-98 ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ. ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳè. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʉʆ. ɹʝʩ-

ʮʚʝʪʥʳʡ, ʛʦʨʶʯʠʡ, ʪʦʢʩʠʯʥʳʡ ʛʘʟ ʙʝʟ ʟʘʧʘʭʘ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 

28 ʢʛ/ʢʤʦʣʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʤʠʥʫʩ 206
0
ʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝ-

ʥʠʷ ʤʠʥʫʩ 191,5
0
ʉ, ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 1,25 ʢʛ/ʤ

3
. 

ʇʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ï 2,17 ʤʣ ʚ 100 ʤʣ ʚʦʜʳ ʧʨʠ 25Áʉ. ʀ ʵʪʦ 

ʦʯʝʥʴ ʭʦʨʦʰʦ ï ʧʦʯʝʤʫ, ʩʢʘʞʝʤ ʯʫʪʴ ʧʦʟʞʝ. ɻʦʨʠʪ (ʜʦʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʉʆ2) ʩ ʚʳʜʝʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ. ʇʦʵʪʦʤʫ ʚ ʨʷ-

ʜʝ ʧʨʦʠʟʚʦʜʩʪʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʪʦʧʣʠʚʦ. ʉʚʷʟʴ ʤʦʣʝʢʫʣʷʨʥʘʷ, ʦʯʝʥʴ 
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ʧʨʦʯʥʘʷ. ʄʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʧʦʯʪʠ ʥʝ ʧʦʛʣʦʱʘʝʪʩʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ 

ʫʛʣʝʤ. 
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ʈʠʩ. 3.1. ɼʝʡʩʪʚʠʝ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʥʘ ʯʝʣʦʚʝʢʘ 

 

ɼʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ. ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ ï ʩʤʝʨʪʝʣʴʥʳʡ ʜʣʷ ʯʝ-

ʣʦʚʝʢʘ ʷʜ. ɽʛʦ ʪʦʢʩʠʯʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʉʆ ʨʝʘʛʠʨʦʚʘʪʴ 

ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ ʢʨʦʚʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ ʚʤʝʩʪʦ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʳʭʘʥʠʷ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ. ɸ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥ ï ʵʪʦ 

ʧʝʨʝʥʦʩʯʠʢ ʢʠʩʣʦʨʦʜʘ ʚ ʦʨʛʘʥʠʟʤʝ. ɻʣʘʚʥʳʡ ʠ ʩʘʤʳʡ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʢʠʩʣʦʨʦʜʘ ï ʤʦʟʛ. ʊʘʢ ʚʦʪ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʥʦʦʢʩʠʜʘ ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ (ʩʨʦʜʩʪʚʦ ʢ ʛʝʤʦʛʣʦʙʠʥʫ) ʚ 240 ʨʘʟ 

ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʩ ʢʠʩʣʦʨʦʜʦʤ! ʅʘ ʩʯʝ-

ʪʫ ʵʪʦʛʦ ʛʘʟʘ ʪʳʩʷʯʠ ʫʥʝʩʝʥʥʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʞʠʟʥʝʡ. ɺʦʪ ʧʦʯʝʤʫ 

ʭʦʨʦʰʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʉʆ ʚ ʚʦʜʝ (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʨʦʚʠ) ʥʝ-

ʚʳʩʦʢʘʷ. ɸ ʨʘʩʪʚʦʨʷʡʩʷ ʦʥ ʚ ʢʨʦʚʠ ʣʫʯʰʝ, ʯʠʩʣʦ ʞʝʨʪʚ ʙʳʣʦ ʙʳ 

ʙʦʣʴʰʝ. ʅʘ ʨʠʩ. 3.1 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʨʝʤʝʥʠ ʚʜʳʭʘ-

ʥʠʷ. 
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ʀʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠ-

ʷʭ ʉʆ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʧʦʵʪʦʤʫ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʳ. ʊʘʢ ʚ ʧʨʠʥʮʠʧʝ ʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ï ʚ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠʜʸʪ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʘ, ʘ ʥʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ. ʌʦʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚʝʩʴʤʘ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʘ: ʦʪ ʩʦʪʳʭ ʜʦʣʝʡ ʜʦ 0,2 ʤʣʥ
-1
 [5]. ɺ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ 

ʩʦʜʝʨʞʘʥʠʝ ʉʆ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʪʨʠ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʖʞʥʦʤ. ʅʦ ʚ 

ʛʦʨʦʜʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ ʛʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1000 ʨʘʟ ʠ ʩʪʘʥʦ-

ʚʠʪʩʷ ʫʛʨʦʞʘʶʱʝʡ [5]. 

ʆʙʨʘʟʫʝʪʩʷ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʧʨʠ ʥʝʧʦʣʥʦʤ ʩʛʦʨʘʥʠʠ ʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ ʤʦʞʥʦ ʩʪʨʦʛʦ ʨʘʩʩʯʠ-

ʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʩʞʠʛʘʥʠʷ ʝʜʠʥʠʮʳ 

ʚʝʩʘ ʣʶʙʦʛʦ ʪʦʧʣʠʚʘ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ (ʩʪʝʭʠʦʤʝʪ-

ʨʠʯʝʩʢʠʡ) ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ. ʅʘ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʫʜʘʸʪʩʷ ʪʘʢ 

ʧʝʨʝʤʝʰʘʪʴ ʚʦʟʜʫʭ ʠ ʪʦʧʣʠʚʦ, ʯʪʦʙʳ ʧʨʦʰʣʦ ʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ. ʇʦ-

ʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʦʜʘʚʘʪʴ ʠʟʙʳʪʦʢ ʚʦʟʜʫʭʘ. ʇʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ (ʢʦʪʣʳ ʊʕʎ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʝʯʠ) ʫʧʨʘʚʣʷʪʴ ʩʦ-

ʦʪʥʦʰʝʥʠʝʤ ʚʦʟʜʫʭʘ ʠ ʪʦʧʣʠʚʘ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ. ɻʦʨʘʟʜʦ ʩʣʦʞʥʝʝ 

ʠʜʸʪ ʛʦʨʝʥʠʝ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ
4
. ɺʦ ʚʨʝʤʷ ʧʫʩʢʘ ʭʦʣʦʜʥʦ-

ʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʨʘʟʛʦʥʘ ʘʚʪʦʤʦʙʠʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʦʙʦʛʘʱʸʥʥʘʷ 

ʛʦʨʶʯʘʷ ʩʤʝʩʴ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʜʫʭʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʧʣʠʚʫ ʥʝ ʭʚʘʪʘ-

ʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʜʸʪ ʦʙʨʘʟʦʚʘʥʠʝ ʉʆ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠ-

ʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪ. ɺ ʉʐɸ 

ʘʚʪʦʤʦʙʠʣʠ ʝʞʝʛʦʜʥʦ ʚʳʙʨʘʩʳʚʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ 120 ʄʪ ʵʪʦʛʦ ʛʘʟʘ 

[4] ʠʣʠ 66% ʦʪ ʚʩʝʛʦ ʦʙʲʸʤʘ ʦʙʨʘʟʦʚʘʥʠʷ [5]. ʇʨʠʤʝʨʥʦ ʪʘʢʘʷ ʞʝ ʢʘʨ-

ʪʠʥʘ ʠ ʚ ʤʘʩʰʪʘʙʝ ʧʣʘʥʝʪʳ ï ʥʘ ʜʦʣʶ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʨʠʭʦʜʠʪʩʷ 

55% ʦʙʨʘʟʦʚʘʥʠʷ ʉʆ. ɸʙʩʦʣʶʪʥʦʝ ʞʝ ʤʠʨʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʮʝʥʠʚʘ-

ʝʪʩʷ ʚ 350Ĭ10
6
 ʪ/ʛʦʜ [3], ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʸʪ ʩʞʠʛʘʥʠʷ: 

¶ ʙʝʥʟʠʥʘ     270 ʄʪ; 

¶ ʫʛʣʷ      15 ʄʪ; 

¶ ʜʨʦʚ      15 ʄʪ; 

                                                 
4
 ɺʣʠʷʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʚʠʛʘ-

ʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʦʪʜʝʣʴʥʦʡ ʛʣʘʚʝ. 
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¶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ  35 ʄʪ; 

¶ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ   15ʄʪ. 

ʊʘʢ ʢʘʢ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴ, ʪʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʉʆ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʜʦʨʦʛʘʭ ʚ ʧʠʢʦʚʳʝ ʯʘʩr. ʀ ʦʯʝʥʴ ʤʥʦʛʦ ʦʙ-

ʨʘʟʫʝʪʩʷ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʨʦʙʢʘʭ. 

ʍʦʪʷ ʧʘʨʢ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʟʘʤʝʪʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʉʆ ʚ ʘʪʤʦʩʬʝʨʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʨʦʜ-

ʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ ʉʆ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʆʅÁ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ ï 1,5Ĭ10
6
 ʯʘʩʪʠʮ/ʩʤ

3
 

 

ʆʅÁ+ʉʆŸʉʆ2 + ʅ 

 

ʅʝ ʠʩʢʣʶʯʘʶʪʩʷ ʠ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʩʪʨʘʪʦ-

ʩʬʝʨʫ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ, ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʘʤʠ ʦʢʝʘʥʘ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʧʦʣʫʯʘʶʪ ʚʦ ʚʩʸ ʙʦʣʴʰʠʭ 

ʤʘʩʰʪʘʙʘʭ ʛʘʟʠʬʠʢʘʮʠʝʡ ʫʛʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʫʝʪ-

ʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʩʠʥʪʝʟ-ʛʘʟ ï ʩʤʝʩʴ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦ-

ʜʘ. ɸ ʠʟ ʵʪʦʡ ʩʤʝʩʠ ʧʦ ʨʝʘʢʮʠʠ ʌʠʰʝʨʘ ï ʊʨʦʧʰʘ
5
 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʢʦʥʢʫʨʝʥʮʠʶ ʪʨʘʜʠʮʠʦʥʥʦʤʫ 

ʥʝʬʪʷʥʦʤʫ. ʕʪʫ ʪʝʭʥʦʣʦʛʠʶ ʥʘʟʳʚʘʶʪ CTL (Coal-to-Liquid ï çʠʟ ʫʛʣʷ 

ʚ ʞʠʜʢʦʩʪʴè). ɺ 1980-1990 ʛʦʜʘʭ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʩʠʥʪʝʟ-ʛʘʟʘ ï ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʦ-

ʚʳʡ ʧʨʦʮʝʩʩ GTL (Gas-to-Liquid) ï çʠʟ ʛʘʟʘ ʚ ʞʠʜʢʦʩʪʴè. 

 

3.2.2. ɼʠʦʢʩʠʜ ʩʝʨʳ 
 

ʆʥ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʤʘʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʠʥʦʥʠʤʳ: 

ʩʝʨʥʠʩʪʳʡ ʛʘʟ, ʩʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ, ʦʢʩʠʜ ʩʝʨʳ (II). 

                                                 
5
 ɺ 1913 ʛ. ʚ ɻʝʨʤʘʥʠʠ ʌʨʘʥʮ ʌʠʰʝʨ ʠ ɻʘʥʩ ʊʨʦʧʰ ʨʘʟʨʘʙʦʪʘʣʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʠʭ ʪʦʧʣʠʚ ʠʟ ʫʛʣʷ, ʧʦʟʞʝ ʥʘʟʚʘʥʥʳʡ ʠʭ ʠʤʝʥʘʤʠ. 

ʈʝʘʢʮʠʷ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ ï ʵʪʦ ʛʝʪʝʨʦʛʝʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ ʭʦʜʝ ʢʦ-

ʪʦʨʦʛʦ ʠʟ ʛʘʟʘ ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ï SO2. 

ʄʦʣʨ̫ʥʘʷ ʤʘʩʩʘ 64 ʢʛ/ʢʤʦʣʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʤʠʥʫʩ 75,5
0
ʉ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʤʠʥʫʩ 10,2
0
ʉ. ʕʪʦ ʙʝʩʮʚʝʪʥʳʡ ʛʘʟ ʩ ʦʩʪʨʳʤ ʨʘʟ-

ʜʨʘʞʘʶʱʠʤ ʟʘʧʘʭʦʤ. ɿʘʧʘʭ ʟʘʞʞʸʥʥʦʡ ʩʧʠʯʢʠ ʟʥʘʝʪʝ? ʕʪʦ ʠ ʝʩʪʴ ʟʘ-

ʧʘʭ ʜʠʦʢʩʠʜʘ ʩʝʨʳ. ɼʠʦʢʩʠʜ ʩʝʨʳ ʥʝ ʚʟʨʳʚʘʝʪʩʷ ʠ ʥʝ ʚʦʩʧʣʘʤʝʥʷʝʪʩʷ 

(ʚ ʦʪʣʠʯʠʠ ʦʪ ʉʆ). ʇʦʨʦʛʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 50% ʠʩʧʳ-

ʪʫʝʤʳʭ ʥʘʯʠʥʘʶʪ ʨʘʟʣʠʯʘʪʴ ʝʛʦ ʟʘʧʘʭ, ʩʦʩʪʘʚʣʷʝʪ 1000 ʤʣʥ.
-1
. ʆʯʝʥʴ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ: 10,5 ʛ/100 ʤʣ ʚʦʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʘʙʩʦʨʙʮʠʶ ʚʦʜʦʡ ʠʣʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʢʘʢ ʩʧʦʩʦʙ ʫʜʘʣʝ-

ʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʣʫʞʠʪ ʠʩʭʦʜʥʳʤ ʩʳʨʴʸʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʝʨʳ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʉʝʨʫ ʧʦʣʫʯʘʶʪ ʪʝʨʤʠʯʝʩʢʠʤ 

ʦʢʠʩʣʝʥʠʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ ʜʦ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ (ʤʝʪʦʜ ʂʣʘʫʩʘ) 

 

ʅ2S + 3/2 O2 Ÿ H2O + SO2 + 0,55 ʄɼʞ 

2 H2S + SO2Ÿ2 H2O + 3/n Sn. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʜʠʦʢʩʠʜ ʩʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʣʴ-

ʬʠʪʦʚ ʠ ʨʘʟʣʠʯʥʦʡ ʩʫʣʴʬʦʦʨʛʘʥʠʢʠ. 

ɼʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ. ʉʠʤʧʪʦʤʳ ʧʨʠ ʦʪʨʘʚʣʝʥʠʠ ʩʝʨʥʠʩʪʳʤ 

ʛʘʟʦʤ ï ʥʘʩʤʦʨʢ, ʢʘʰʝʣʴ, ʦʭʨʠʧʣʦʩʪʴ, ʩʠʣʴʥʦʝ ʧʝʨʰʝʥʠʝ ʚ ʛʦʨʣʝ ʠ 

ʩʚʦʝʦʙʨʘʟʥʳʡ ʧʨʠʚʢʫʩ. ʇʨʠ ʚʜʳʭʘʥʠʠ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʫʜʫʰʴʝ, ʨʘʩʩʪʨʦʡʩʪʚʦ ʨʝʯʠ, ʟʘʪʨʫʜʥʝʥʠʝ 

ʛʣʦʪʘʥʠʷ, ʨʚʦʪʘ, ʚʦʟʤʦʞʝʥ ʦʩʪʨʳʡ ʦʪʸʢ ʣʸʛʢʠʭ. ʀʩʪʦʨʠʯʝʩʢʠʡ ʬʘʢʪ: 

ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ɺʝʟʫʚʠʷ ʚ 79 ʛ. ʥ.ʵ. ʤʥʦʛʠʝ ʞʠʪʝʣʠ ʇʦʤʧʝʠ ʧʦʛʠʙʣʠ 

ʠʤʝʥʥʦ ʦʪ ʦʪʨʘʚʣʝʥʠʷ ʩʝʨʥʠʩʪʳʤ ʛʘʟʦʤ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʩʦʜʝʨʞʘ-

ʥʠʷ SO2 ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ ʣʸʛʢʠʭ (ʪʘʙʣʠʮʘ 3.1). 
 

ʊʘʙʣʠʮʘ 3.1 

ɺʣʠʷʥʠʝ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʥʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʙʨʦʥʭʠʪʦʤ 
 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ, 

ʤʛ/ʤ
3
 

ʇʨʦʮʝʥʪ ʦʙʦʩʪʨʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʙʨʦʥʭʠʪʘ (ʚ ʯʝʣʦʚʝʢʦ-ʜʥʷʭ) 

0,13 13,0 

0,26 17,1 
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0,39 18,7 

0,52 18,2 

0,66 18,6 

0,78 22,1 

ʚʳʰʝ 0,78 26,5 

 

ʀʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʂ ʧʨʠʨʦʜʥʳʤ (ʝʩʪʝ-

ʩʪʚʝʥʥʳʤ) ʠʩʪʦʯʥʠʢʘʤ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʦʪʥʦʩʷʪ ʚʫʣʢʘʥʳ, ʣʝʩʥʳʝ ʧʦ-

ʞʘʨʳ, ʤʦʨʩʢʘʷ ʧʝʥʘ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʝʨʦʩʦʜʝʨ-

ʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʩʥʦʚʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ï 

ʩʞʠʛʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʝʨʫ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʚ ʤʠʨʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 140-145 ʤʣʥ. ʪ. 72% ʦʪ ʵʪʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 20% ï ʥʘ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʴ, 8% ï ʥʘ ʪʨʘʥʩʧʦʨʪ [5]. ʀʟ ʪʦʧʣʠʚʘ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ 

ʫʛʦʣʴ ï ʦʪ ʝʛʦ ʩʞʠʛʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʜʦ 90% ʚʩʝʛʦ ʜʠʦʢʩʠʜʘ ʩʝʨʳ (ʧʦ 

ʜʨʫʛʠʤ ʜʘʥʥʳʤ ï 70%). ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʤʘʟʫʪ, ʚ ʢʦʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʇʦʧʘʚ ʚ ʘʪʤʦʩʬʝʨʫ, SO2 ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʚʨʘʱʝ-

ʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʦʥ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʬʠʦ-

ʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ 

 

2 SO2 + O2 Ÿ2 SO3 + 185 ʢɼʞ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʦʟʜʫʭʝ ʚʩʝʛʜʘ ʤʥʦʛʦ ʚʣʘʛʠ, ʧʦʵʪʦʤʫ ʧʨʦʪʝʢʘʝʪ 

ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʥʠʩʪʦʡ ʢʠʩʣʦʪʳ H2SO3 

 

SO2 + H2O Ÿ H2SO3 + 76 ʢɼʞ. 

 

ʉʝʨʥʳʡ ʘʥʛʠʜʨʠʜ ʜʘʸʪ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ 

 

SO3+H2O Ÿ H2SO4. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʝʪʩʷ ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ 

çʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠè. 

ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʜʠ ʥʘʜʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʠʥʦʚʘʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ ʜʠʦʢʩʠʜ ʩʝʨʳ ʪʦʣʴʢʦ ʥʘ 2/3, ʘ ʥʘ 1/3 ʚʠʥʦʚʘʪʳ ʦʢ-

ʩʠʜʳ ʘʟʦʪʘ, ʦ ʯʸʤ ʤʳ ʧʦʛʦʚʦʨʠʤ ʯʫʪʴ ʧʦʟʞʝ. 

ʊʝʨʤʠʥ çʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠè ʧʦʷʚʠʣʩʷ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ï ʚ ɸʥ-

ʛʣʠʠ ʚ XIX  ʚʝʢʝ. ʋʯʸʥʳʡ ɼʞ. ʉʤʠʪ ʫʧʦʪʨʝʙʠʣ ʵʪʦʪ ʪʝʨʤʠʥ ʚ ʩʚʦʝʡ 

ʢʥʠʛʝ çɺʦʟʜʫʭ ʠ ʜʦʞʜʴ: ʥʘʯʘʣʘ ʭʠʤʠʯʝʩʢʦʡ ʢʣʠʤʘʪʦʣʦʛʠʠè. ɸ ʧʨʠʤʝ-

ʥʠʣ ʦʥ ʝʛʦ, ʦʧʠʩʳʚʘʷ ʦʩʘʜʢʠ ʚʦʢʨʫʛ ʄʘʥʯʝʩʪʝʨʘ. ɼʦʞʜʝʚʘʷ ʚʦʜʘ ʚ ʯʠ-

ʩʪʳʭ ʨʘʡʦʥʘʭ ʠʤʝʝʪ ʨʅ=5,8õ6 ʟʘ ʩʯʸʪ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʜʠʦʢ-

ʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʩʣʘʙʘʷ ʫʛʦʣʴʥʘʷ ʢʠʩʣʦʪʘ 

 

ʉʆ2 + ʅ2ʆ Ÿ ʅ2ʉʆ3. 

 

ʆʩʘʜʢʠ, ʚʳʧʘʜʘʶʱʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʠʤʝʶʪ 

ʨʅ=4, ʘ ʩʘʤʦʝ ʥʠʟʢʦʝ ʠʟ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʅ=2,25 ʟʘʬʠʢ-

ʩʠʨʦʚʘʥʦ ʚ 1981 ʛ. ʚ ʂʠʪʘʝ ʚ ʨʘʡʦʥʝ ʩ ʩʠʣʴʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʨʅ ʢʦʨʦʚʴʝʛʦ ʤʦʣʦʢʘ 6,6, ʪʦʤʘʪʥʦʛʦ ʩʦʢʘ 4,3, ʢʦʢʘ-

ʢʦʣʳ ï 2,8. 

ʀʥʪʝʨʝʩʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʠʩʣʦʪʥʳʡ ʜʦʞʜʴ ʯʘʩʪʦ ʚʳʧʘʜʘʝʪ ʜʘʣʝ-

ʢʦ ʦʪ ʤʝʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ. 

ʅʘ ʯʪʦ ʚʣʠʷʝʪ ʢʠʩʣʦʪʥʳʡ ʜʦʞʜʴ? ɺʦ-ʧʝʨʚʳʭ, ʥʘ ʧʦʧʫʣʷʮʠʶ ʨʳʙ. 

ʕʪʦ ʠ ʧʦʥʷʪʥʦ ï ʨʳʙʳ ʞʠʚʫʪ ʚ ʚʦʜʝ, ʚ ʢʦʪʦʨʫʶ ʧʦʧʘʜʘʶʪ ʩʪʦʢʠ ʧʦʩʣʝ 

ʜʦʞʜʷ. ʀʩʯʝʟʘʝʪ ʨʳʙʘ ï ʠʩʯʝʟʘʶʪ ʠ ʞʠʚʦʪʥʳʝ, ʝʶ ʧʠʪʘʶʱʠʝʩʷ ï ʪʨʦ-

ʬʠʯʝʩʢʠʝ ʮʝʧʠ ʜʝʡʩʪʚʫʶ ʢʘʢ ʥʘ ʩʫʰʝ, ʪʘʢ ʠ ʚ ʚʦʜʝ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʦʜʢʠʩʣʝʥʥʘʷ ʚʦʜʘ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪ ʤʠʥʝʨʘʣʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʳ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ (ʨʪʫʪʠ, ʥʘʧʨʠʤʝʨ) ʤʦʛʫʪ ʧʝʨʝʡʪʠ 

ʚ ʨʘʩʪʚʦʨ. 

ɺ-ʪʨʝʪʴʠʭ, ʜʠʦʢʩʠʜ ʩʝʨʳ ʫʩʢʦʨʷʝʪ ʢʦʨʨʦʟʠʶ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ 

ʢʦʨʨʦʜʠʨʫʶʪ ʩʧʣʘʚʳ ʯʸʨʥʳʭ ʤʝʪʘʣʣʦʚ. ʎʚʝʪʥʳʝ ʧʦʜʚʝʨʞʝʥʳ ʢʦʨʨʦ-

ʟʠʠ ʤʝʥʴʰʝ. ʅʘʧʨʠʤʝʨ, ʥʘ ʘʣʶʤʠʥʠʠ ʧʦʷʚʣʷʝʪʩʷ ʥʝʚʠʜʠʤʘʷ ʟʘʱʠʪʥʘʷ 

ʧʣʸʥʢʘ. ʅʘ ʤʝʜʠ ʦʥʘ ʪʦʞʝ ʧʦʷʚʣʷʝʪʩʷ, ʥʦ ʝʸ ʭʦʨʦʰʦ ʚʠʜʥʦ ʠʟ-ʟʘ ʟʝʣʸ-

ʥʦʛʦ ʮʚʝʪʘ ʠ ʥʘʟʳʚʘʝʪʩʷ ʦʥʘ ʧʘʪʠʥʘ. 
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ɺ-ʯʝʪʚʸʨʪʳʭ, ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ ʨʘʟʨʫʰʘʶʪ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʤʷʪʥʠʢʠ ʘʨʭʠʪʝʢʪʫʨʳ. ɺʝʜʴ ʩʪʨʦʝʥʠʷ ʩʦʩʪʦ-

ʷʪ ʠʟ ʮʝʤʝʥʪʘ, ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʛʠʧʩʘ, ʪ.ʝ. 

ʠʟ ʚʝʱʝʩʪʚ ʩʦ ʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ. ʀʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʨʘʟʨʫʰʝʥʠʷ 

ʟʜʘʥʠʡ ʚ ʈʠʤʝ, ʌʣʦʨʝʥʮʠʠ, ʗʧʦʥʠʠ (ʫʩʳʧʘʣʴʥʠʮʳ ʠʤʧʝʨʘʪʦʨʦʚ). ʇʘ-

ʤʷʪʥʠʢʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʘʢʠʝ, ʢʘʢ ɸʢʨʦʧʦʣʴ ʚ ɸʬʠʥʘʭ, ʂʦʣʠʟʝʡ ʚ ʈʠʤʝ 

ʠ ʊʘʜʞ-ʄʘʭʘʣ ʚ ʀʥʜʠʠ, ʧʨʦʩʪʦʷʣʠ ʪʳʩʷʯʠ ʣʝʪ, ʥʦ ʚ ʍʍ ʩʪʦʣʝʪʠʠ ʠʟ-

ʟʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘʯʘʣʠ ʨʘʟʨʫʰʘʪʴʩʷ. ɺ ʢʦʥʮʝ XIX  ʚʝʢʘ ʚ ɸʥ-

ʛʣʠʶ ʧʨʠʚʝʟʣʠ ʠʟ ɽʛʠʧʪʘ ʦʙʝʣʠʩʢ ʂʣʝʦʧʘʪʨʳ, ʪʘʢ ʦʥ ʟʘ 85 ʣʝʪ ʧʨʝʙʳ-

ʚʘʥʠʷ ʚ ʊʫʤʘʥʥʦʤ ɸʣʴʙʠʦʥʝ ʨʘʟʨʫʰʠʣʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʟʘ 3000 ʣʝʪ ʚ 

ɽʛʠʧʪʝ. ɽʩʪʴ ʝʱʸ ʦʜʥʘ ʥʘʧʘʩʪʴ ï ʙʘʢʪʝʨʠʠ, ʧʦʪʨʝʙʣʷʶʱʠʝ ʩʝʨʫ. ʆʥʠ 

ʧʝʨʝʚʦʜʷʪ ʝʸ ʠʟ ʯʝʪʳʨʸʭʚʘʣʝʥʪʥʦʛʦ ʚ ʰʝʩʪʠʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪ.ʝ. 

ʧʨʝʚʨʘʱʘʶʪ ʚ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ. ɸ ʦʥʘ ʨʘʟʨʫʰʘʝʪ ʠʟʚʝʩʪʥʷʢ ʟʜʘʥʠʡ. 

ʇʨʠʭʦʜʠʪʩʷ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʜʘʥʠʷ ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʠʣʠ ʙʘʢʪʝʨʠʮʠʜʥʳ-

ʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. 

ʊʘʢʞʝ ʜʠʦʢʩʠʜ ʩʝʨʳ ʨʘʟʨʫʰʘʝʪ ʢʨʘʩʢʠ ʠ ʫʭʫʜʰʘʝʪ ʠʭ ʥʘʥʝʩʝʥʠʝ. 

ʊʝʢʩʪʠʣʴʥʳʝ ʪʦʚʘʨʳ (ʪʢʘʥʠ) ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʥʳʭ 

ʜʦʞʜʝʡ. 

ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ, ʭʦʪʷ ʥʝ ʩʨʘʟʫ, ʚʣʠʷʥʠʝ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ ʥʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ɺ ʣʠʪʝʨʘʪʫʨʝ [6] ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʵʪʦ ʚʣʠʷʥʠʝ ʥʘ 

ʭʚʦʡʥʳʝ ʠ ʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ. 

ʂʘʢʦʚʳ ʩʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʢʠʩʣʦʪʥʳʤʠ ʜʦʞʜʷʤʠ? ʄʦʞʥʦ ʣʝʯʠʪʴ 

ʧʦʩʣʝʜʩʪʚʠʷ, ʘ ʤʦʞʥʦ ʣʝʯʠʪʴ ʧʨʠʯʠʥʫ. ɼʣʷ ʣʝʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ 

ʧʨʝʜʣʘʛʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʟʘʱʝʣʘʯʠʚʘʪʴ ʧʦʨʘʞʸʥʥʳʝ ʚʦʜʦʸʤʳ ʠʟʚʝʩʪ-

ʥʷʢʦʤ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ 

 

CaCO3 + H2SO4 Ÿ CaSO4Ź + H2O + CO2ŷ 

 

ɺʥʝʩʝʥʠʝ ʠʟʚʝʩʪʥʷʢʘ ʚ ʧʦʯʚʫ (ʠʟʚʝʩʪʢʦʚʘʥʠʝ) ʪʦʞʝ ʜʘʸʪ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʅʦ ʚʥʦʩʠʪʴ ʥʘʜʦ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, 

ʚ ʐʚʘʨʮʚʘʣʴʜʝ (ɻʝʨʤʘʥʠʷ) ʚʥʝʩʣʠ 800 ʢʛ/ʛʘ ʩʫʣʴʬʘʪʘ ʤʘʛʥʠʷ ʠ 2270 

ʢʛ/ʛʘ ʠʟʚʝʩʪʥʷʢʘ. ʇʦʩʣʝ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʨʝʚʴʷ ʚʳʟʜʦʨʦʚʝʣʠ. 
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ʅʦ ʵʪʦ ʣʝʯʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ. ɸ ʧʨʠʯʠʥʘ ï ʧʦʷʚʣʝʥʠʝ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. ʅʘʜʦ ʝʛʦ ʦʪʪʫʜʘ ʫʙʨʘʪʴ. ʉʜʝʣʘʪʴ 

ʵʪʦ ʤʦʞʥʦ ʜʚʫʤʷ ʧʫʪʷʤʠ: 

1. ʫʜʘʣʷʪʴ ʩʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ; 

2. ʫʜʘʣʷʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʠʟ ʪʦʧʣʠʚʘ ʜʦ ʝʛʦ ʩʞʠʛʘʥʠʷ. 

ʇʦʟʞʝ, ʚ ʛʣʘʚʝ, ʧʦʩʚʷʱʸʥʥʦʡ ʪʦʧʣʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʤʳ ʨʘʩ-

ʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʫʜʘʣʝʥʠʷ SO2 ʢʘʢ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, 

ʪʘʢ ʠ ʠʟ ʩʘʤʦʛʦ ʪʦʧʣʠʚʘ ʜʦ ʝʛʦ ʩʞʠʛʘʥʠʷ. ʇʦʢʘ ʣʠʰʴ ʦʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ 

ʦʯʠʩʪʢʠ ʦʪ SO2 ʦʪʭʦʜʷʱʠʭ ʪʦʧʦʯʥʳʭ ʛʘʟʦʚ ʧʨʝʜʣʦʞʝʥʦ 70 ʩʧʦʩʦʙʦʚ: 

26 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 34 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ 10 ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ. ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʣʘʛʘ-

ʝʤʳʭ ʤʝʪʦʜʦʚ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʯʪʦ 

ʵʪʘ ʧʨʦʙʣʝʤʘ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘ. ʇʝʨʚʘʷ ʠ ʛʣʘʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ï ʦʛʨʦʤ-

ʥʳʝ ʦʙʲʸʤʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. ʀʟ ʨʘʩʯʸʪʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʩʛʦ-

ʨʘʥʠʠ 1 ʢʛ ʪʦʧʣʠʚʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠʤʝʨʥʦ 20 ʢʛ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. 

ʊ.ʝ. ʠʜʸʪ ʜʚʘʜʮʘʪʠʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ. ɺʪʦʨʘʷ ʩʣʦʞʥʦʩʪʴ ï ʵʪʦ 

ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ: ʘʟʦʪ, ʧʘʨʳ ʚʦʜʳ, ʜʠʦʢʩʠʜ ʠ ʦʢ-

ʩʠʜ ʫʛʣʝʨʦʜʘ, ʦʩʪʘʚʰʠʡʩʷ ʢʠʩʣʦʨʦʜ, ʦʢʩʠʜʳ ʘʟʦʪʘ ʠ ʜʠʦʢʩʠʜ ʩʝʨʳ. 

ʊʨʝʪʴʷ ʩʣʦʞʥʦʩʪʴ ï ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʦʱʝ ʦʯʠʩʪʠʪʴ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ 1 ʢʛ ʪʦʧʣʠʚʘ, 

ʯʝʤ 20 ʢʛ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʩʛʦʨʘʥʠʷ ʦʪ ʜʠʦʢʩʠʜʘ. ʇʦʵʪʦʤʫ ʧʘʨʘʣʣʝʣʴʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩʧʦʩʦʙʳ ʫʜʘʣʝʥʠʷ ʩʝʨʳ ʠʟ ʪʦʧʣʠ-

ʚʘ. ʏʪʦ ʪʘʢʦʝ ʪʦʧʣʠʚʦ? ʕʪʦ ʧʨʠʨʦʜʥʦʝ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʝ ʚʝʱʝʩʪʚʦ, 

ʩʦʜʝʨʞʘʱʝʝ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʵʥʝʨʛʠʶ ʉʦʣʥʮʘ. ʆʩʥʦʚʥʳʤʠ 

ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜ ʠ ʚʦʜʦʨʦʜ. ʕʪʦ ʚʝʱʝʩʪʚʦ, ʢʘʢ ʠ 

ʣʶʙʦʝ ʜʨʫʛʦʝ, ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʪʨʸʭ ʘʛʨʝʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ï 

ʪʚʸʨʜʦʝ, ʞʠʜʢʦʝ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʝ. ʆʯʠʩʪʠʪʴ ʦʪ ʩʝʨʥʠʩʪʳʭ ʛʘʟʦʦʙʨʘʟ-

ʥʦʝ ʪʦʧʣʠʚʦ ʦʯʝʥʴ ʧʨʦʩʪʦ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʛʣʘʚʝ, 

ʧʦʩʚʷʱʸʥʥʦʡ ʦʭʨʘʥʝ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ. 

ʆʯʠʩʪʢʘ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ (ʤʘʟʫʪʘ) ʚʦʟʤʦʞʥʘ, ʥʦ ʜʦ-

ʚʦʣʴʥʦ ʩʣʦʞʥʘ. ʊʦʧʣʠʚʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ (ʙʝʥʟʠʥ ʠ ʜʠʟʝʣʴʥʦʝ) ʦʯʠʱʘ-

ʝʪʩʷ ʦʯʝʥʴ ʪʱʘʪʝʣʴʥʦ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ 

ʩʝʨʳ ʚ ʥʠʭ ʫʩʢʦʨʷʝʪ ʠʟʥʦʩ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʕʢʦʣʦʛʠ-

ʯʝʩʢʠʡ ʘʩʧʝʢʪ ʪʫʪ ʫʭʦʜʠʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ. ɸ ʚʦʪ ʦʯʠʩʪʢʘ ʪʚʸʨʜʦʛʦ 
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ʪʦʧʣʠʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ. ʇʦʵʪʦʤʫ ʩʝʨʥʠʩʪʳʝ ʫʛʣʠ ʚ ʪʦʧʣʠʚ-

ʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

 

3.2.3. ʆʢʩʠʜ rʘʟʦʪʘ 
 

ʆʢʩʠʜʳ ʘʟʦʪʘ ʟʘʥʠʤʘʶʪ ʪʨʝʪʴʝ ʤʝʩʪʦ ʧʦ ʦʙʲʸʤʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʨʝʜʠ ʛʦʤʦʛʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɸʟʦʪ ʦʙʨʘʟʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ ʨʝ-

ʢʦʨʜʥʦʝ ʯʠʩʣʦ ʦʢʩʠʜʦʚ ï ʩʝʤʴ ï ʩ ʨʘʟʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ: 

1. ʦʢʩʠʜ ʘʟʦʪʘ (I) N2O (ʟʘʢʠʩʴ ʘʟʦʪʘ, ʚʝʩʝʣʷʱʠʡ ʛʘʟ); 

2. ʦʢʩʠʜ ʘʟʦʪʘ (II) NO; 

3. ʜʠʦʢʩʠʜ ʘʟʦʪʘ NO2; 

4. ʪʨʠʦʢʩʠʜ ʘʟʦʪʘ NO3; 

5. ʦʢʩʠʜ ʘʟʦʪʘ (III ) N2O3; 

6. ʪʝʪʨʦʢʩʠʜ ʘʟʦʪʘ N2O4; 

7. ʦʢʩʠʜ ʘʟʦʪʘ (V) N2O5. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʟʘʱʠʪʝ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʪʦʣʴʢʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʦʢʩʠʜʳ: NO ʠ NO2. ʊʘʢ ʢʘʢ NO ʣʝʛʢʦ 

ʦʢʠʩʣʷʝʪʩʷ ʜʦ NO2, ʘ ʪʦʪ ʦʧʷʪʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ NO, ʪʦ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʨʘʩʯʸʪʦʚ ʵʪʠ ʜʚʘ ʦʢʠʩʣʘ ʦʙʲʝʜʠʥʷʶʪ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ NOʍ. ʆʜʥʘʢʦ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ ʚʥʦʩʠʪ ʧʝʨʚʳʡ 

ʠʟ ʦʢʩʠʜʦʚ ï ʟʘʢʠʩʴ ʘʟʦʪʘ. 

ʆʢʩʠʜ ʘʟʦʪʘ (I) N2O. ɹʝʩʮʚʝʪʥʳʡ ʛʘʟ ʩʦ ʩʣʘʙʳʤ ʧʨʠʷʪʥʳʤ ʟʘʧʘ-

ʭʦʤ ʠ ʩʣʘʜʢʦʚʘʪʳʤ ʚʢʫʩʦʤ. ʂʠʩʣʦʨʦʜʦʤ ʥʝ ʦʢʠʩʣʷʝʪʩʷ. ɺ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʧʦʣʫʯʘʶʪ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ 

NH4NO3. ʗʚʣʷʝʪʩʷ ʘʥʘʣʛʝʪʠʢʦʤ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ 

ʥʘʨʢʦʟʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʦʧʝʨʘʮʠʷʭ. ɺ ʧʨʠʨʦʜʝ ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʟʘʢʠʩʠ 

ʘʟʦʪʘ ʧʨʦʠʟʚʦʜʷʪ ʧʦʯʚʝʥʥʳʝ ʙʘʢʪʝʨʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, 

ʪʘʢʠʝ ʙʘʢʪʝʨʠʠ ʣʫʯʰʝ ʞʠʚʫʪ ʚ ʧʦʯʚʝ ʣʝʩʦʚ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʯʪʦ ʧʦʯʚʳ 

ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʚʳʜʝʣʷʶʪ ʙʦʣʴʰʝ N2O, ʯʝʤ ʧʦʯʚʳ ʭʚʦʡʥʳʭ. ʀʟʤʝ-

ʥʝʥʠʝ ʢʣʠʤʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʣʠʩʪʚʝʥʥʳʤʠ ʠ 

ʭʚʦʡʥʳʤʠ ʣʝʩʘʤʠ ʩʤʝʱʘʝʪʩʷ ʥʘ ʩʝʚʝʨ. ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʭʚʦʡʥʳʭ ʧʦ-

ʨʦʜ ʣʠʩʪʚʝʥʥʳʤʠ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʜʚʫʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʵʤʠʩʩʠʠ 

N2O ʠʟ ʧʦʯʚʳ ʚ ʘʪʤʦʩʬʝʨʫ. 
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ɺʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʥʝʦʜʠ-

ʥʘʢʦʚ. ɽʛʦ ʦʮʝʥʠʚʘʶʪ ʧʦ ʫʪʝʧʣʷʶʱʝʤʫ ʧʦʪʝʥʮʠʘʣʫ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʛʘʟʘ ʠ ʚʨʝʤʝʥʠ ʝʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ. ʊʘʢ ʚʦʪ, 

ʫʪʝʧʣʷʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʟʘʢʠʩʠ ʘʟʦʪʘ ʚ 296 (!) ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʜʠʦʢ-

ʩʠʜʘ ʫʛʣʝʨʦʜʘ. ʀ ʭʦʪʷ ʢʦʥʮʝʥʪʨʘʮʠʷ N2O ʚ 1000 ʨʘʟ ʤʝʥʴʰʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʉʆ2, ʟʘʢʠʩʴ ʘʟʦʪʘ ʧʦʩʪʫʧʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦ-

ʩʪʴʶ, ʫʚʝʣʠʯʠʚʘʷ ʩʚʦʡ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ. 

ʆʢʩʠʜ ʘʟʦʪʘ (II ) NO ï ʙʝʩʮʚʝʪʥʳʡ ʛʘʟ ʙʝʟ ʟʘʧʘʭʘ. ʆʥ ʥʝ ʛʦʨʠʪ ʠ 

ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ. ʍʠʤʠʯʝʩʢʠ ʜʦʚʦʣʴʥʦ ʘʢʪʠʚʝʥ, ʧʦʵʪʦʤʫ ʥʘ 

ʚʦʟʜʫʭʝ ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪ ʚ NO2. ʆʯʝʥʴ ʪʦʢʩʠʯʝʥ. ɺʳʟʳʚʘʝʪ ʨʘʟʜʨʘʞʝ-

ʥʠʝ ʛʣʘʟ, ʧʝʨʰʝʥʠʝ ʚ ʛʦʨʣʝ ʠ ʭʨʦʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʣʸʛʢʠʭ ʠ ʚʝʨʭ-

ʥʠʭ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 3 ʤʛ/ʤ
3
 ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠ 

ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʤʛ/ʤ
3
 ʟʘʧʘʭ ʯʫʪʴ ʟʘʤʝʪʝʥ. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 15 ʤʛ/ʤ
3
 ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʜʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʇɼʂ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʟʥʘʯʝʥʠʝ 0,085 ʤʛ/ʤ
3
. ɺ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ NO ʧʦʩʪʫʧʘʝʪ ʠʟ ʜʚʫʭ 

ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

¶ ʚ ʚʠʜʝ ʧʨʦʜʫʢʪʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʡ; 

¶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ. 

ɽʩʪʴ ʝʱʸ ʪʨʝʪʠʡ ʠʩʪʦʯʥʠʢ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ʅʦ 

ʥʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʥʝ ʙʦʣʝʝ 1% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ 

NOʍ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʫʧʣʝʥʠʷ NO ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 450 ʤʣʥ. ʪ/ʛʦʜ, ʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʘ 

ʘʟʦʪʘ (II) ʠʟ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ï ʚ 48 ʤʣʥ. ʪ/ʛʦʜ. ɺʨʝʤʷ ʧʨʝ-

ʙʳʚʘʥʠʷ NO ʚ ʘʪʤʦʩʬʝʨʝ 9 ʩʫʪʦʢ [2]. 

ɼʠʦʢʩʠʜ ʘʟʦʪʘ NO2 ï ʢʨʘʩʥʦʚʘʪʦ-ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʳʡ ʛʘʟ ʩ 

ʦʩʪʨʳʤ ʨʝʟʢʠʤ ʟʘʧʘʭʦʤ. ɽʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʤʠʥʫʩ 11,3
0
ʉ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ +21,12
0
ʉ. ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 8-11 

ʩʫʪʦʢ. ʆʙʨʘʟʫʝʪʩʷ ʠʟ NO ʧʨʠ ʝʛʦ ʦʢʠʩʣʝʥʠʠ ʚʦʟʜʫʭʦʤ ʧʨʠ ʧʦʥʠʞʝʥ-

ʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

2 NO + O2 Ÿ 2 NO2. 
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ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʫʶ ʧʨʦʠʟʚʦʜʷʪ ʧʫʪʸʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ ʚʦʟʜʫʭʦʤ ʥʘ ʧʣʘʪʠʥʦʨʦʜʠʝʚʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ. ʆʙ̫-

ʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʶʪʩʷ ʪʨʫʙʳ, ʠʟ ʢʦʪʦʨʳʭ ʚ 

ʘʪʤʦʩʬʝʨʫ ʚʳʭʦʜʠʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʦʢʩʠʜ ʘʟʦʪʘ. ʆʢʠʩʣʷʷʩʴ ʜʦ 

NO2, ʦʥ ʤʝʥʷʝʪ ʦʢʨʘʩʢʫ ʥʘ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʫʶ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ 

çʣʠʩʠʡ ʭʚʦʩʪè (ʨʠʩ. 3.2)
6
. 

 

  
 

ʈʠʩ. 3.2. çʃʠʩʠʡ ʭʚʦʩʪè 

 

ɺ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʥʘ ʜʦʣʶ NO2 ʧʨʠ-

ʭʦʜʠʪʩʷ ʥʝ ʙʦʣʝʝ 10%. 

ɻʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ NOʍ ï ʧʨʦʮʝʩʩʳ 

ʛʦʨʝʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ. 

ʀʟ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʟʦʪ N2ï ʜʦʚʦʣʴʥʦ ʠʥʝʨʪʥʳʡ 

ʛʘʟ. ʅʦ ʠ ʦʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1000
0
ʉ ʥʘʯʠʥʘʝʪ ʦʢʠʩʣʷʪʴʩʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʨʘʟʣʠʯʘʶʱʠʝ-

ʩʷ ʧʦ ʩʧʦʩʦʙʫ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʦ ʥʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ: 

                                                 
6
 ʇʦʣʥʦʮʚʝʪʥʘʷ ʚʝʨʩʠʷ ʧʦʩʦʙʠʷ ʨʘʟʤʝʱʝʥʘ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʩʘʡʪʝ ʘʚʪʦʨʘ 

http://filippov.samgtu.ru/ 
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¶ ʪʝʧʣʦʚʳʝ ʦʢʩʠʜʳ ʘʟʦʪʘ (ʪʝʧʣʦʚʳʝ NOʍ); 

¶ ʙʳʩʪʨʳʝ ʦʢʩʠʜʳ ʘʟʦʪʘ (ʙʳʩʪʨʳʝ NOʍ); 

¶ ʪʦʧʣʠʚʥʳʝ ʦʢʩʠʜʳ ʘʟʦʪʘ (ʪʦʧʣʠʚʥʳʝ NOʍ). 

ʊʝʧʣʦʚʳʝ ʦʢʩʠʜʳ ʘʟʦʪʘ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʠʥʩʪʚʦ, ʦʙʨʘʟʫ-

ʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 1300Áʉ ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʘ ʚ ʧʨʦʮʝʩʩʝ ʛʦ-

ʨʝʥʠʷ. ʊʝʧʣʦʚʳʝ ʦʢʩʠʜʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʡ ʘʟʦʪ. 

ɹʳʩʪʨʳʝ ʦʢʩʠʜʳ ʘʟʦʪʘ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʘʟʦʪʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (ʨʘʜʠʢʘʣʘʤʠ), ʢʦʪʦʨʳʝ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʚ ʟʦʥʝ ʬʘʢʝʣʘ. ʉʢʦʨʦʩʪʴ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠ-

ʜʦʚ ʦʯʝʥʴ ʚʳʩʦʢʘʷ, ʦʪʩʶʜʘ ʠʭ ʥʘʟʚʘʥʠʝ ï ʙʳʩʪʨʳʝ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʙʳʩʪʨʳʭ ʦʢʩʠʜʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʚ ʢʦʨʥʝʚʦʡ ʯʘ-

ʩʪʠ ʬʘʢʝʣʘ. ʇʨʠ ʛʦʨʝʥʠʠ ʩ ʠʟʙʳʪʢʦʤ ʢʠʩʣʦʨʦʜʘ ʠʭ ʚʢʣʘʜ ʥʝʟʥʘʯʠʪʝ-

ʣʝʥ. ʅʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʦʙʦʛʘʱʝʥʥʳʭ ʩʤʝʩʝʡ ʠ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʦʤ ʛʦʨʝʥʠʠ ʜʦʣʷ ʙʳʩʪʨʳʭ ʦʢʩʠʜʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 25% ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. 

ʊʦʧʣʠʚʥʳʝ ʦʢʩʠʜʳ ʘʟʦʪʘ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʛʦʨʝʥʠʠ ʪʦʧʣʠʚʘ, ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʡ ʘʟʦʪ. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʪʦʧʣʠʚʥʳʭ ʦʢʩʠʜʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʝʩʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʦʧʣʠʚʝ ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚ ʧʨʝʚʳʰʘʝʪ 0,1% ʦʪ 

ʚʝʩʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʪʦʣʴʢʦ ʞʠʜʢʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. 

ʊʝʦʨʠʷ ʦʢʠʩʣʝʥʠʷ ʘʟʦʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣʘ ʨʘʟʨʘ-

ʙʦʪʘʥʘ ʩʦʚʝʪʩʢʠʤ ʬʠʟʠʢʦʤ ʘʢʘʜʝʤʠʢʦʤ ʗ.ɹ. ɿʝʣʴʜʦʚʠʯʝʤ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʧʣʠ-

ʚʦ/ʚʦʟʜʫʭ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʧʣʠʚʘ ʥʘʜ ʩʪʝʭʠʦʤʝʪʨʠ-

ʯʝʩʢʦʡ, ʪ.ʝ. ʧʨʠ ʠʟʙʳʪʢʝ ʪʦʧʣʠʚʘ (ʦʙʦʛʘʱʸʥʥʘʷ ʩʤʝʩʴ) ʦʙʨʘʟʦʚʘʥʠʝ 

NO ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʧʣʠʚʘ ʥʠʞʝ ʩʪʝ-

ʭʠʦʤʝʪʨʠʯʝʩʢʦʡ (ʦʙʝʜʥʸʥʥʘʷ ʩʤʝʩʴ) ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʤʝʥʠ ʪʘʢʞʝ 

ʩʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, ʪʘʢ ʢʘʢ ʪʝʧʣʦʪʘ ʛʦʨʝʥʠʷ ʨʘʩʭʦʜʫʝʪ-

ʩʷ ʥʘ ʝʛʦ ʥʘʛʨʝʚ. ʆʙʨʘʟʦʚʘʥʠʝ NO ʧʨʠ ʵʪʦʤ ʪʦʞʝ ʥʝʚʝʣʠʢʦ. ʅʦ ʧʨʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʛʦʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ ʠ ʦʙʨʘʟʦ-

ʚʘʥʠʝ NO ʚʦʟʨʘʩʪʘʝʪ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʚʦʟʜʫʭʘ ʧʦʜʘʚʘʪʴ 

ʤʝʥʴʰʝ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʪʦ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʥʝʜʦ-
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ʞʦʛ ʪʦʧʣʠʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʶʪʩʷ ʯʘʩʪʠʮʳ ʩʘʞʠ, ʉʆ, ʫʛʣʝʚʦʜʦ-

ʨʦʜʳ. ʇʦʜʨʦʙʥʦ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʧʦʩʦʙʳ 

ʧʦʜʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʛʣʘʚʝ, 

ʧʦʩʚʷʱʸʥʥʦʡ ʪʦʧʣʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ. 

 

3.2.4. ʋʛʣʝʚʦʜʦʨʦʜʳ 
 

ʉʣʝʜʫʶʱʠʡ ʟʘʛʨʷʟʥʠʪʝʣʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ - ʫʛʣʝʚʦʜʦʨʦʜʳ. 

ʆʙʳʯʥʦ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʛʣʝʚʦʜʦʨʦʜʳ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʦʪ 1 ʜʦ 10. ʆʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʶʪʩʷ ʘʣ-

ʢʘʥʳ, ʘʣʢʝʥʳ, ʘʨʝʥʳ. ɺ ʯʠʩʣʦ ʧʦʩʣʝʜʥʠʭ ʚʭʦʜʠʪ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʦʧʘʩ-

ʥʳʭ ʚʝʱʝʩʪʚ ʙʝʥʟ(ʘ)ʧʠʨʝʥ ʉ20ʅ12, ʦʙʣʘʜʘʶʱʠʡ ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʴʶ. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ï 

ʘʣʴʜʝʛʠʜʳ, ʢʝʪʦʥʳ, ʩʧʠʨʪʳ. ʇʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: 

¶ ʥʝʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ ʙʝʥʟʠʥʘ ʚ ʜʚʠʛʘʪʝʣʷʭ; 

¶ ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ (ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʪʘʢʠʝ ʧʨʦʮʝʩ-

ʩʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ); 

¶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪ ɹʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʤʝʪʘʥ ʥʘ ʧʦʣʠʛʦʥʘʭ 

ʧʦ ʟʘʭʦʨʦʥʝʥʠʶ ʦʪʭʦʜʦʚ ʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ). 

ʉʢʦʣʴʢʦ ʚʳʜʝʣʷʶʪ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, 

ʩʢʘʟʘʪʴ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ. ɺʦʪ 

ʩʚʝʜʝʥʠʷ ʧʦ ʉʐɸ: 

¶ ʪʨʘʥʩʧʦʨʪ ï 40%; 

¶ ʩʪʘʮʠʦʥʘʨʥʳʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ï 5%; 

¶ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʘ ï 3%; 

¶ ʥʝʬʪʝʭʠʤʠʷ ï 5%; 

¶ ʫʪʠʣʠʟʘʮʠʷ ʊɹʆ ï 3%; 

¶ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ (ʧʦʞʘʨʳ, ʜʦʙʳʯʘ ʥʝʬʪʠ ʠ ʛʘʟʘ) ï 44%. 

ɺʩʝʛʦ ʞʝ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʉʐɸ ʧʦʩʪʫʧʘʝʪ ʋɺ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʨʠʤʝʨʥʦ 28 ʤʣʥ. ʪ/ʛʦʜ. ʆʪ ʙʠʦʛʝʥʥʳʭ ï 65 ʤʣʥ. ʪ/ʛʦʜ. ʆʪ-

ʜʝʣʴʥʦʡ ʩʪʨʦʢʦʡ ʧʨʦʭʦʜʠʪ ʤʝʪʘʥ ï 50 ʤʣʥ. ʪ/ʛʦʜ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʤʝ-

ʪʘʥ ʩʯʠʪʘʝʪʩʷ ʦʯʝʥʴ ʧʘʩʩʠʚʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʘʪʤʦʩʬʝʨʝ 
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ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʇʦʵʪʦʤʫ ʝʛʦ ʦʙʳʯʥʦ ʚʳʯʠʪʘʶʪ ʠʟ ʦʙʱʝʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɹʝʥʟʠʥ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʪʦʧʣʠʚʦʤ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʧʨʠʤʝʨʥʦ 2000 ʢʦʤ-

ʧʦʥʝʥʪʦʚ. ɺʳʢʠʧʘʝʪ ʵʪʘ ʩʤʝʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 40Áʉ ʜʦ 

180
0
ʉ. ʇʨʦʮʝʩʩ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʜʚʠʛʘʪʝʣʝ ʷʚ-

ʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ, ʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ (ʧʦʜʨʦʙʥʦ ʵʪʦʪ ʚʦʧʨʦʩ 

ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ ʛʣʘʚʝ, ʧʦʩʚʷʱʸʥʥʦʡ ʟʘʛʨʷʟʥʝʥʠʶ ʘʪʤʦʩʬʝʨʳ ʘʚ-

ʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʜʝʩʷʪʠ ʦʩʥʦʚ-

ʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ ʘʚʪʦʤʦʙʠʣʷ, 

ʰʝʩʪʴ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ ʠʩʭʦʜʥʦʤ ʙʝʥʟʠʥʝ. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ 

64% ʦʪ ʩʫʤʤʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʘʥ, ʵʪʘʥ, ʵʪʠʣʝʥ, 

ʧʨʦʧʠʣʝʥ, ʘʮʝʪʠʣʝʥ, ʙʫʪʝʥ. ʆʩʪʘʚʰʠʝʩʷ ʯʝʪʳʨʝ ï ʵʪʦ ʪʦʣʫʦʣ, ʢʩʠʣʦ-

ʣʳ, ʙʫʪʘʥ ʠ ʧʝʥʪʘʥ. 

ʄʥʦʛʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʝ ʠʤʝʶʪ ʟʘʧʘʭʘ. ʅʘʧʨʠʤʝʨ, ʦʙʳʯʥʳʡ 

ʙʳʪʦʚʦʡ ʛʘʟ (ʩʤʝʩʴ ʧʨʦʧʘʥʘ ʠ ʙʫʪʘʥʘ) ʥʝ ʧʘʭʥʝʪ. ɸ ʵʪʦ ʦʧʘʩʥʦ ï ʧʨʠ 

ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʞʠʣʦʝ ʧʦʤʝʱʝʥʠʝ ʤʳ ʝʛʦ ʥʝ ʧʦʯʫʚʩʪʚʫʝʤ. ʇʦʵʪʦʤʫ ʛʘʟ 

ʦʜʦʨʠʨʫʶʪ ʪʠʦʣʘʤʠ (ʩʪʘʨʦʝ ʥʘʟʚʘʥʠʝ ï ʤʝʨʢʘʧʪʘʥʳ)
7
. ʇʦʨʦʛ ʦʙʦʥʷ-

ʪʝʣʴʥʦʛʦ ʦʱʫʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʙʝʥʟʠʥʦʚ ʨʘʚʝʥ 7-10 ʤʛ/ʤ
3
, ʘ ʜʣʷ 

ʙʝʥʟʦʣʘ ï 3 ʤʛ/ʤ
3
. 

ʀʟ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦ-

ʜʦʚ ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʘʤʠ ʩ ʥʝʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʅʦ 

ʚ ʘʪʤʦʩʬʝʨʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʵʪʠ 

ʠʥʝʨʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʯʠʥʘʶʪ ʨʘʟʣʘʛʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʠʩʣʠ-

ʪʝʣʝʡ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʤʦʛʘ. ʊʘʢʠʝ ʨʝʘʢʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʬʦʪʦʣʠ-

ʟʦʤ. 

ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʣʘʜʘʶʪ ʤʫ-

ʪʘʛʝʥʥʦʡ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʷʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʭʣʦʨʦʬʦʨʤ, 

ʯʝʪʳʨʸʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ, ʜʠʭʣʦʨʵʪʘʥ, ʙʝʥʟʦʣ, ʬʦʨʤʘʣʴʜʝʛʠʜ. 

                                                 
7
 ʊʠʦʣʳ ð ʩʝʨʥʠʩʪʳʝ ʘʥʘʣʦʛʠ ʩʧʠʨʪʦʚ ʦʙʱʝʡ ʬʦʨʤʫʣʳ RSH, ʛʜʝ R ð ʫʛʣʝʚʦ-

ʜʦʨʦʜʥʳʡ ʨʘʜʠʢʘʣ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʥʪʠʦʣ, ʵʪʘʥʪʠʦʣ ʠ ʪ. ʜ., ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ 

IUPAC ʥʘʟʚʘʥʠʝ çʤʝʨʢʘʧʪʘʥʳè ʧʨʠʟʥʘʥʦ ʫʩʪʘʨʝʚʰʠʤ ʠ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ. 
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ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʠʟ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï ʤʝʪʘʥ ï ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʚʨʝʜʥʳʭ ʜʣʷ ʢʣʠʤʘʪʘ ʛʘʟʦʚ. ʄʳ ʫʞʝ ʛʦʚʦʨʠʣʠ ʧʨʦ ʧʘʨʥʠʢʦʚʳʡ 

ʵʬʬʝʢʪ ʠ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ, ʫʧʦʤʷʥʫʚ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʛʣʘʚʥʳʤ 

ʚʠʥʦʚʥʠʢʦʤ ʥʘʟʥʘʯʝʥ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ɽʩʣʠ ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʴ ʩʪʝ-

ʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʢʣʠʤʘʪ ʟʘ ʝʜʠʥʠʮʫ, ʪʦ ʧʘʨʥʠʢʦ-

ʚʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʫʪʝʧʣʷʶʱʠʡ ʧʦʪʝʥʮʠʘʣ) ʤʝʪʘʥʘ ʩʦʩʪʘʚʠʪ 23 ʝʜʠʥʠ-

ʮʳ. ʆʙ ʵʪʦʤ ʩʚʦʡʩʪʚʝ ʤʝʪʘʥʘ ʚʩʧʦʤʥʠʣʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ 

ʧʦʧʳʪʢʘʤʠ ʥʘʯʘʪʴ ʜʦʙʳʯʫ ʵʪʦʛʦ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʠʟ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦ-

ʛʠʜʨʘʪʥʳʭ
8
 ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ ʨʘʟʚʝʜʘʥʥʳʝ ʤʠ-

ʨʦʚʳʝ ʟʘʧʘʩʳ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʦʮʝʥʠʚʘʶʪʩʷ ʚ 1,8Ĭ10
14

 ʪʦʥʥ, ʘ ʟʘʧʘʩʳ 

ʛʘʟʦʛʠʜʨʘʪʘ ʧʦ ʩʘʤʳʤ ʩʢʨʦʤʥʳʤ ʨʘʩʯʸʪʘʤ ʩʦʩʪʘʚʣʷʶʪ 1,5Ĭ10
16

 ʪʦʥʥ. 

ʇʦʪɻʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʜʝʬʠʮʠʪʘ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ ï ʚʦʧʨʦʩ ʚʨʝʤʝʥʠ. ʂʘʢ ʵʪʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ï ʧʨʝʜʩʢʘʟʘʪʴ ʥʝ ʤʦʞʝʪ ʥʠʢʪʦ. 

ʆʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʥʘ ʧʦʩʪʫʧʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɾʠʚʦʪʥʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʨʫʧ-

ʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʠʱʝʚʘʨʝʥʠʷ ʚʳʜʳʭʘʶʪ ʦʯʝʥʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʛʦ ʛʘʟʘ. ʆʥ ʪʘʢʞʝ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

3.2.5. ʉʝʨʦʚʦʜʦʨʦʜ 
 

ʕʪʦ ʙʝʩʮʚʝʪʥʳʡ ʛʦʨʶʯʠʡ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʡ ʛʘʟ ʩ ʟʘʧʘʭʦʤ ʪʫʭ-

ʣʳʭ ʷʠʮ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ H2S. ɺ ʧʨʠʨʦʜʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʣʢʘʥʦʚ ʠ ʛʝʦʪʝʨʤʘʣʴ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʢʫʨʦʨʪ ʉʝʨʥʳʝ ɺʦʜʳ ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘ-

ʩʪʠ). ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ï ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʠ ʛʘʟʦʧʝ-

ʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʟʘʚʦʜʳ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʢʩʘ ʠ ʜʨ. ʊʝʭʥʦʣʦʛʠʷ ʝʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠʟ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ʠ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʚʦ ʚʩʸʤ ʤʠʨʝ. ʅʘ ʟʘʚʦʜʘʭ, ʛʜʝ ʚʳʜʝʣʷʝʪʩʷ ʩʝʨʦʚʦʜʦʨʦʜ, ʝʛʦ ʠʩ-

ʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʨʳ ʠʣʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

                                                 
8
 ɻʘʟʦʚʳʝ ʛʠʜʨʘʪʳ ï ʵʪʦ ʤʠʥʝʨʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʦʣʝʢʫʣ ʛʘʟʘ (ʥʘʧʨʠʤʝʨ, ʤʝʪʘ-

ʥʘ), ʟʘʢʣʶʯʸʥʥʳʭ ʚ ʷʯʝʡʢʠ ʠʟ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʆʜʠʥ ʦʙʲʸʤ ʛʘʟʦʛʠʜʨʘʪʘ ʩʦʜʝʨʞʠʪ 

160 ʦʙʲʸʤʦʚ ʤʝʪʘʥʘ.  
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ɺʝʱʝʩʪʚʦ ʜʦʚʦʣʴʥʦ ʘʢʪʠʚʥʦʝ, ʧʦʵʪʦʤʫ ʚ ʘʪʤʦʩʬʝʨʝ ʞʠʚʸʪ ʚʩʝʛʦ 

1 ʩʫʪʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʢʠʩʣʷʝʪʩʷ ʜʦ SO2. ʇʦʨʦʛ ʦʙʦʥʷʪʝʣʴʥʦʛʦ ʦʱʫʱʝ-

ʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,012-0,03 ʤʛ/ʤ
3
. 

 

3.2.6. ʍʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʳ (ʬʨʝʦʥʳ) 
 

ʌʨʝʦʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʘʢ ʨʘʙʦʯʝʝ ʚʝʱʝʩʪʚʦ ʚ 

ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʝ. 

ʀʩʢʫʩʩʪʚʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ï ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʭʦʣʦʜʘ ʟʘ ʩʯʸʪ ʢʠ-

ʧʝʥʠʷ ʭʣʘʜʦʘʛʝʥʪʘ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʣʘ ʧʨʦʙʣʝʤʘ ï ʢʘʢʦʝ ʚʝʱʝʩʪʚʦ ʧʨʠʤʝ-

ʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ? ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʚ ɻʪʦʡ ʨʦʣʠ ʚʳʩʪʫʧʘʣʠ ʘʤʤʠʘʢ, ʚʦʜʘ, ʤʝʪʘʥ, ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʧʨʦ-

ʧʘʥ, ʵʪʘʥ, ʵʪʠʣʝʥ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ. ʅʦ ʥʠ ʦʜʥʦ ʠʟ ʥʠʭ ʠʥʞʝ-

ʥʝʨʦʚ ʥʝ ʫʩʪʨʘʠʚʘʣʦ. 

ʉʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ ʚ 1928 ʛʦʜʫ, ʢʦʛʜʘ ʘʤʝʨʠʢʘʥʩʢʠʡ ʭʠʤʠʢ 

ʢʦʨʧʦʨʘʮʠʠ çɼʞʝʥʝʨʘʣ ʄʦʪʦʨʩè (çGeneral Motors Researchè) ʊʦʤʘʩ 

ʄʠʜʛʣʝʡ ʤʣʘʜʰʠʡ (Thomas Midgley, Jr.) ʚʧʝʨʚʳʝ ʚʳʜʝʣʠʣ ʠ ʩʠʥʪʝʟʠ-

ʨʦʚʘʣ ʚ ʩʚʦʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʠʭʣʦʨʜʠʬʪʦʨʤʝ-

ʪʘʥ CCl2F2, ʥʘʟʚʘʥʥʦʝ ʚʧʦʩʣʝʜʩʪʚʠʠ çʬʨʝʦʥè (ʦʪ ʣʘʪʠʥʩʢʦʛʦ frigor ï 

ʭʦʣʦʜ). ʕʪʫ ʪʦʨʛʦʚʫʶ ʤʘʨʢʫ çʬʨʝʦʥè FREONÈ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʘ 

ʢʦʤʧʘʥʠʷ ɼʶʧʦʥ. ʇʦʟʞʝ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʮʝʣʘʷ ʛʨʫʧʧʘ ʧʦʜʦʙʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʥʠ ʦʢʘʟʘʣʠʩʴ ʥʦʩʠʪʝʣʷʤʠ ʫʥʠʢʘʣʴʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʢʘʢ ʙʫʜʪʦ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʬʨʝʦʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘ-

ʪʠʥʩʢʘʷ ʙʫʢʚʘ çRè ʦʪ ʩʣʦʚʘ Refrigerant (ʭʣʘʜʦʥ) ʠ ʢʦʤʙʠʥʘʮʠʠ ʮʠʬʨ 

(ʮʠʬʨʦʚʦʡ ʢʦʜ). ɺ ʵʪʦʤ ʢʦʜʝ ʧʝʨʚʘʷ ʮʠʬʨʘ ʦʙʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ ʬʨʝʦʥʘ ʤʠʥʫʩ 1 (ʪ.ʝ. n-1). ɼʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʤʝ-

ʪʘʥʘ ʧʦʣʫʯʘʝʪʩʷ ʥʦʣʴ ï ʦʥ ʥʝ ʩʪʘʚʠʪʩʷ. ɺʪʦʨʘʷ ʮʠʬʨʘ ï ʯʠʩʣʦ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʧʣʶʩ 1. ʀ ʪʨʝʪʴʷ ʮʠʬʨʘ ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʤʦʣʝʢʫʣʝ 

ʬʨʝʦʥʘ. ʅʘʧʨʠʤʝʨ, ʜʠʭʣʦʨʜʠʬʪʦʨʤʝʪʘʥ ʙʫʜʝʪ ʠʤʝʪʴ ʦʙʦʟʥʘʯʝʥʠʝ R-

12. 

ʉʘʤʳʭ ʟʥʘʤʝʥʠʪʳʭ ʭʣʘʜʦʘʛʝʥʪʦʚ ʧʷʪʴ: 
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¶ ʪʨʠʭʣʦʨʬʪʦʨʤʝʪʘʥ (CCl3F) R-11; 

¶ ʜʠʭʣʦʨʜʠʬʪʦʨʤʝʪʘʥ (CCl2F2) R-12; 

¶ ʭʣʦʨʜʠʬʪʦʨʤʝʪʘʥ (CHClF2) R-22; 

¶ ʪʨʠʭʣʦʨʪʨʠʬʪʦʨʵʪʘʥ (CCl2F-CClF2) R-113; 

¶ ʜʠʭʣʦʨʪʝʪʨʘʬʪʦʨʵʪʘʥ (CClF2-CClF2) R-114. 

ɺʩʝ ʵʪʠ ʭʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ʭʦ-

ʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʢʦʥʜʠʮʠʦʥʝʨʘʭ, ʥʦ ʠ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʠʩ-

ʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ, ʢʘʢ ʧʨʦʧʝʣʣʝʥʪʳ ï ʥʘʧʦʣ-

ʥʠʪʝʣʠ ʘʵʨʦʟʦʣʴʥʳʭ ʙʘʣʣʦʥʯʠʢʦʚ. 

ɺ 1970-ʭ ʛʦʜʘʭ ʘʤʝʨʠʢʘʥʩʢʠʝ ʫʯʸʥʳʝ ʐʝʨʚʫʜ ʈʦʫʣʝʥʜ ʠ ʄʘʨʠʦ 

ʄʘʣʠʥʘ ʦʧʠʩʘʣʠ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʘʤʠ (ʍʌʋ) 

ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʟʘ ʯʪʦ ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ. ʆʟʦʥʦʚʳʡ 

ʩʣʦʡ ʟʘʱʠʱʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʦʪ ʛʫʙʠʪʝʣʴʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦ-

ʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʭʦʜʷʱʝʛʦ ʦʪ ʉʦʣʥʮʘ. 

ʆʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʜʝʨʞʠʪʩʷ ʤʝʥʝʝ 0,001 ʧʨʦʮʝʥʪʘ, ʘ ʧʦʛʣʦ-

ʱʘʝʪ ʦʥ 99% ʠʟʣʫʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʚ ʘʪʤʦʩʬʝʨʝ ʤʦʞʝʪ 

ʠʤʝʪʴ ʛʫʙʠʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

ɺʦʦʙʱʝ-ʪʦ ʍʌʋ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳ ʠ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ 

ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ. ʅʦ ʩʦ ʚʨʝʤʝʥʝʤ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʩʪʨʘʪʦʩʬʝʨʫ ʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʞʸʩʪʢʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʩʧʘʜʘʶʪʩʷ ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ ClÁ (ʘʪʦʤʘʨʥʳʡ ʭʣʦʨ). ʕʪʦʪ ʘʪʦʤʘʨʥʳʡ ʭʣʦʨ 

ʥʘʯʠʥʘʝʪ ʨʘʟʨʫʰʘʪʴ ʦʟʦʥ, ʧʨʝʚʨʘʱʘʷ ʝʛʦ ʚ ʢʠʩʣʦʨʦʜ. ʇʨʠʯʸʤ ʦʜʠʥ 

ʘʪʦʤ ʭʣʦʨʘ ʤʦʞʝʪ çʫʙʠʪʴè ʦʢʦʣʦ ʤʠʣʣʠʦʥʘ ʤʦʣʝʢʫʣ ʦʟʦʥʘ. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʍʌʋ ʦʙʲʷʚʠʣʠ ʚʠʥʦʚʥʠʢʘʤʠ ʧʦʷʚʣʝʥʠʷ ʦʟʦʥʦʚʳʭ ʜʳʨ ʠ ʧʨʠʛʦ-

ʚʦʨʠʣʠ ʢ çʣʠʢʚʠʜʘʮʠʠè. ɺ 1987 ʛʦʜʫ ʙʳʣ ʧʦʜʧʠʩʘʥ ʄʦʥʨʝʘʣʴʩʢʠʡ 

ʧʨʦʪʦʢʦʣ ʧʦ ʚʝʱʝʩʪʚʘʤ, ʨʘʟʨʫʰʘʶʱʠʤ ʦʟʦʥʦʚʳʡ ʩʣʦʡ. ʇʦʜʧʠʩʘʣʠ 

ʝʛʦ 150 ʛʦʩʫʜʘʨʩʪʚ. ʇʨʦʪʦʢʦʣ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʵʪʘʧʥʳʡ ʚʳʚʦʜ ʠʟ 

ʦʙʨʘʱʝʥʠʷ ʩʥʘʯʘʣʘ ʍʌʋ, ʘ ʟʘʪʝʤ ʛʠʜʨʦʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ ɻʍʌʋ. ɺ 

2010 ʛʦʜʫ ʧʝʨʚʳʡ ʵʪʘʧ ʟʘʚʝʨʰʠʣʩʷ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʍʌʋ ʧʝʨʚʦʛʦ ʧʦ-

ʢʦʣʝʥʠʷ R-11, R-12, R-114, R-115 ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʝʥʦ. ʆʜʥʘʢʦ ʨʝ-

ʟʫʣʴʪʘʪ ʤʦʞʥʦ ʙʫʜʝʪ ʫʚʠʜʝʪʴ ʪʦʣʴʢʦ ʯʝʨʝʟ 50 ʣʝʪ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ 

ʵʤʠʩʩʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ɽʩʪʝʩʪʚʝʥʥʦ, ʚʩʪʘʣ ʚʦʧʨʦʩ ï ʘ ʯʝʤ 

ʟʘʤʝʥʠʪʴ ʵʪʠ ʬʨʝʦʥʳ? 



44 

 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʬʪʦʨʫʛʣʝʨʦʜʳ ʜʝʣʷʪʩʷ 

ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

¶ ʚʝʱʝʩʪʚʘ ʩ ʚʳʩʦʢʦʡ ʦʟʦʥʨʘʟʨʫʰʘʶʱʝʡ ʩʠʣʦʡ (ʍʌʋ); 

¶ ʩ ʥʠʟʢʦʡ ʦʟʦʥʨʘʟʨʫʰʘʶʱʝʡ ʩʠʣʦʡ (ɻʍʌʋ); 

¶ ʧʦʣʥʦʩʪʴʶ ʙʝʟʦʧʘʩʥʳʝ ʜʣʷ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʠ ʩʦʜʝʨʞʘʱʠʝ 

ʪʦʣʴʢʦ ʫʛʣʝʨʦʜ ʠ ʬʪʦʨ (ʌʋ) ʠʣʠ ʫʛʣʝʨʦʜ, ʚʦʜʦʨʦʜ ʠ ʬʪʦʨ 

(ɻɺʋ). 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ çʦʟʦʥʦʚʦʡ ʧʨʦʙʣʝʤʳè ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʌʋ ʠ ɻʌʋ. 

ʆʜʥʘʢʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ: 

¶ ʧʦʣʫʯʘʪʴ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʝʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʝ-

ʥʘ ʠʭ ʙʫʜʝʪ ʚʳʰʝ; 

¶ ʫʪʝʧʣʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 1300ð8500 

ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ; 

¶ ʚʨʝʤʷ ʠʭ ʞʠʟʥʠ ʚ ʘʪʤʦʩʬʝʨʝ ʜʦʩʪʠʛʘʝʪ 50 000 ʣʝʪ. 

ʄʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ï ʥʫ, ʩʢʦʣʴʢʦ ʭʣʘʜʦʘʛʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʠʢʘ ʠʣʠ ʢʦʥʜʠʮʠʦʥʝʨʘ? ʅʦ ʠʭ ʪʘʢ ʤʥʦʛʦ, ʯʪʦ ʤʘʩ-

ʰʪʘʙʳ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʯʘʶʪʩʷ ʧʨʦʩʪʦ ʦʛʨʦʤʥʳʤʠ. ʇʦ 

ʜʘʥʥʳʤ 2009 ʛ. ʪʦʣʴʢʦ ʚ ʉʐɸ ʨʘʙʦʪʘ 135 ʤʠʣʣʠʘʨʜʦʚ ʝʜʠʥʠʮ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʟʘʚʠʩʝʣʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʘʜʦʘʛʝʥʪʦʚ. 

ɺ ʈʦʩʩʠʠ ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʜʦʤʘʰʥʠʝ ʢʦʥʜʠʮʠʦʥʝʨʳ ʙʳ-

ʣʠ ʨʝʜʢʦʩʪʴʶ. ʊʝʧʝʨʴ ʞʝ ʵʪʦ ʦʙʳʯʥʳʡ ʘʪʨʠʙʫʪ ʣʶʙʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ. 

ʌʨʝʦʥʳ ʦʯʝʥʴ ʠʥʝʨʪʥʳ ʚ ʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʥʝ ʛʦʨʷʪ ʥʘ ʚʦʟʜʫʭʝ, ʥʝʚʟʨʳʚʦʦʧʘʩʥʳ ʜʘʞʝ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʦʪʢʨʳʪʳʤ 

ʧʣʘʤʝʥʝʤ. ʆʜʥʘʢʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʬʨʝʦʥʦʚ ʩʚʳʰʝ 250 ÁC ʦʙʨʘʟʫʶʪʩʷ 

ʚʝʩɹʤʘ ʷʜʦʚʠʪʳʝ ʧʨʦʜʫʢʪʳ, ʥʘʧʨʠʤʝʨ ʬʦʩʛʝʥ COCl2, ʢʦʪʦʨʳʡ ʚ ʛʦʜʳ 

ʧʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʙʦʝʚʦʝ ʦʪʨʘʚʣʷʶʱʝʝ ʚʝʱʝ-

ʩʪʚʦ. 

ʇʝʯʘʣʴʥʳʡ ʬʘʢʪ. 8 ʥʦʷʙʨʷ 2008 ʛ. ʚʦ ʚʨʝʤʷ ʭʦʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ 

ʥʘ ʘʪʦʤʥʦʡ ʩʫʙʤʘʨʠʥʝ çʅʝʨʧʘè ʧʨʦʠʟʦʰʣʦ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʝ 

ʩʨʘʙʘʪʳʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʚʳʙʨʦʩ 

ʬʨʝʦʥʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʩʠʩʪʝʤʝ. ɾʝʨʪʚʘʤʠ ʘʚʘʨʠʠ ʩʪʘʣʠ 20 ʯʝʣʦʚʝʢ 
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ï ʪʨʦʝ ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ ʠ 17 ʛʨʘʞʜʘʥʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺʦʪ ʚʘʤ ʠ 

ʬʨʝʦʥʳé.. 

ʀ ʚ ʟʘʢʣʶʯʝʥʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʫʪʝʧʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯ-

ʥʳʭ ʛʘʟʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʪʘʙʣʠʮʘ 3.2). 

 

ʊʘʙʣʠʮʘ 3.2 

ʋʪʝʧʣʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ 

 

ɻʘʟ ʋʪʝʧʣʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʉʆ2 1 

ʄʝʪʘʥ ʉʅ4 30 

ɿʘʢʠʩʴ ʘʟʦʪʘ N2O 296 

ʍʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʳ (ʍʌʋ) 

CH3CCl3 1230 

ʌʨʝʦʥ-22 (ʉʅF2Cl) 7500 

ʌʨʝʦʥ-11 (CHCl3) 22000 

ʌʨʝʦʥ-12 (CF2Cl2) 25000 

 

3.2.7. ʍʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ 
 

ɺ ʦʙʳʯʥʦʡ ʞʠʟʥʠ ʤʳ ʧʨʠʚʳʢʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦ-

ʝʜʠʥʝʥʠʷʤʠ ʥʠʯʝʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʘʮʝʪʦʥ ʚ ʙʫʪʳʣʢʝ ʦʩʪʘʸʪʩʷ ʘʮʝʪʦʥʦʤ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ. ʅʦ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʚʩʸ ʠʥʘʯʝ. 

ʇʦʩʪʫʧʘʶʱʠʝ ʚ ʘʪʤʦʩʬʝʨʫ ʚʝʱʝʩʪʚʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʣʦʞʥʳʝ ʠ 

ʧʦʜʯʘʩ ʪʨʫʜʥʦ ʦʙʲʷʩʥʠʤʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʀʥʦʛʜʘ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʜʘʞʝ ʨʘʟʜʝʣʷʶʪ ʥʘ ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ. ɻʣʘʚ-

ʥʳʤ ʬʘʢʪʦʨʦʤ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ. ɽʩʪʴ 

ʜʘʞʝ ʩʧʝʮʠʘʣʴʥʳʡ ʨʘʟʜʝʣ ʭʠʤʠʠ, ʠʟʫʯʘʶʱʠʡ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ï ʬʦʪʦʭʠʤʠʷ. ɺ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ 

ʍʍ ʚʝʢʘ ʘʢʘʜʝʤʠʢ ʂ. ɿʘʤʘʨʘʝʚ, ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʉʠʙʠʨ-

ʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ʠʥʠʮʠʠʨʦʚʘʣ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʢʦ-

ʪʦʨʳʭ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʘʥʘʣʠʟʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʥʝʦʞʠʜʘʥʥʳʤʠ. 
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ʏʪʦ ʪʘʢʦʝ ʘʪʤʦʩʬʝʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʢʘ? ʇʦ ʩʫʪʠ ʜʝʣʘ, ʵʪʦ 

ʦʛʨʦʤʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʠʟʚʝʩʪʥʳ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤ-

ʧʝʨʘʪʫʨʘ. ʆʙʳʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʤʦʞʝʪ ʙʳʪʴ, ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʦ ʧʨʦʪʝʢʘʶʪ ʚ ʘʪʤʦʩʬʝʨʝ ʜʦʚʦʣʴʥʦ ʚʷʣʦ, ʧʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ-

ʚʳʩʦʢʘ. ɸ ʚʦʪ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ (ʬʦʪʦʣʠʟ), ʢʦʪʦʨʳʝ ʠʥʠʮʠʠʨʫʶʪʩʷ ʩʚʝʪʦʤ (ʘ ʩʚʝʪʘ ʪʘʤ 

ʧʨʝʜʦʩʪʘʪʦʯʥʦ) ʦʯʝʥʴ ʜʘʞʝ ʠʜʫʪ. ɺ ʦʩʥʦʚʥʦʤ ʫʯʝʥʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ʨʝ-

ʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʞʝʩʪʢʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʚ ʚʝʨʭ-

ʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ, ʧʦʩʢʦʣʴʢʫ ʞʝʩʪʢʠʡ ʫʣʴʪʨʘʬʠʦʣʝʪ ʜʦ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʜʦʭʦʜʠʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʨʦ-

ʧʦʩʬʝʨʥʦʡ ʧʳʣʠ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʪʚʝʨʜʳʭ ʘʵʨʦʟʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʦ-

ʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ, ʪʠʪʘʥʘ, ʮʠʥʢʘ ʠ ʪ. ʜ. ɸ ʦʥʠ ʚʦ ʤʥʦʛʦʤ ʥʘʧʦʤʠʥʘʶʪ 

ʢʘʪʘʣʠʟʘʪʦʨʳ. ʇʦʵʪʦʤʫ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʪ.ʝ. ʥʠʞʥʝʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ, 

ʤʦʛʫʪ ʠʜʪʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʫʩʢʦʨʷʝʤʳʝ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ. 

ʀ ʵʪʠ ʨʝʘʢʮʠʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʝ ʞʝʩʪʢʠʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ, ʘ ʚʠʜʠʤʳʤ 

ʩʚʝʪʦʤ. 

ʄʳ ʫʞʝ ʟʥʘʝʤ, ʯʪʦ ʢʠʩʣʳʝ ʛʘʟʳ SO2 ʠ NOʍ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ. ʀʤʝʶʱʘʷʩʷ 

ʚ ʚʦʟʜʫʭʝ ʧʳʣʴ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʠ ʫʩʢʦʨʷʪʴ ʤʝʜʣʝʥ-

ʥʳʝ ʨʝʘʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ: 

 

SO2 + O2 +H2O Ÿ H2SO4; 

H2SO4 + NH3 Ÿ (NH4)2SO4. 

 

ʆʢʠʩʣʝʥʠʝ ï ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʦʮʝʩʩ. 

ʅʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ʚʣʠʷʶʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ, 

ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦ 

ʚʣʠʷʝʪ ʩʚʝʪ ʥʘ ʦʢʠʩʣʝʥʠʝ ʩʝʨʳ, ʘʟʦʪʘ ʠ ʘʣʴʜʝʛʠʜʦʚ. ʕʪʠ ʧʨʝʚʨʘʱʝʥʠʷ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʷʤʠ: 

 

SO2 + O2 Ÿ SO3 + O; 

HCHO + O2 Ÿ HCOOH + O; 

H2S + O2 Ÿ H2O + S + O; 

NO + O2 Ÿ NO2 + O; 
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CH4 + O2 Ÿ CH3OH + O; 

C2H6 + O2 Ÿ C2H4 + H2 + O; 

CO + O2 Ÿ CO2 + O; 

 

ʪ.ʝ. ʚ ʢʘʞʜʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ. ʅʦ 

ʤʝʞʜʫ ʵʪʠʤʠ ʨʝʘʢʮʠʷʤʠ ʝʩʪʴ ʠ ʦʪʣʠʯʠʝ. ʈʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ ʠ ʘʣʴʜʝʛʠʜʦʚ ʧʨʦʪʝʢʘʶʪ ʥʝʦʙʨʘʪʠʤʦ. ʇʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘ-

ʟʦʚʘʚʰʝʛʦʩʷ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʝʚʝʣʠʢʦ. ʆʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦ-

ʜʝʨʞʘʥʠʶ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʘʣʴʜʝʛʠʜʘ ʚ ʘʪʤʦʩʬʝʨʝ. ɸ ʚʦʪ ʨʝʘʢʮʠʷ 

ʦʢʠʩʣʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʜʠʦʢʩʠʜ ʦʙʨʘʪʠʤʘ: 

 

NO2 Ÿ NO + O; 

NO2 + O Ÿ NO + O2; 

O + O2 Ÿ O3. 

 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʠʩʯʝʟʥʝʪ ʜʠʦʢʩʠʜ ʘʟʦʪʘ. ɸ 

ʠʩʯʝʟʥʫʪʴ ʦʥ ʤʦʞʝʪ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʘʟʦʪʥʫʶ ʢʠʩ-

ʣʦʪʫ ʠʣʠ ʦʙʨʘʟʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠ-

ʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʦʟʦʥʘ. 

ʇʦʵʪʦʤʫ ʦʢʩʠʜ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʪ.ʥ. ʦʢʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʩʤʦʛʘ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʝʨʤʠʥ ʩʤʦʛ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʩʣʦʚ ʜʳʤ 

(smoke) ʠ ʪʫʤʘʥ (fog). ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʩ ʧʦ-

ʥʠʞʝʥʥʦʡ ʚʠʜʠʤʦʩʪʴʶ ʟʘ ʩʯʸʪ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʘʚʪʦʤʦʙʠʣʝʡ. ʉʤʦʛ ʚʳʟʳʚʘʝʪ ʩʠʣʴ-

ʥʦʝ ʨʘʟʜʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʠ ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ. 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʩʤʦʛʘ: ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʠʣʠ ʣʦʥʜʦʥʩʢʠʡ 

(ʪʘʢ ʢʘʢ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʩʷ ʚ ɸʥʛʣʠʠ) ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʦʢʠʩʣʠ-

ʪʝʣʴʥʳʡ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʃʦʩ-ɸʥʞʝʣʝʩʝ ï ʛʦʨʦʜʝ ʩ ʚʳʩʦ-

ʢʦʡ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʝʡ ʥʘʩʝʣʝʥʠʷ ʠ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʦʣʥʝʯʥʳʭ ʜʥʝʡ 

ʚ ʛʦʜʫ. 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʩʤʦʛ ï ʵʪʦ ʩʤʝʩʴ ʜʳʤʘ, ʩʘʞʠ ʠ ʜʠʦʢʩʠʜʘ ʩʝ-

ʨʳ. ʆʥ ʧʦʷʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʪʨʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 0
0
ʉ ʠ 
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ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ʆʙʷʟʘʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ï 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠʥʚʝʨʩʠʷ. ɺ 1952 ʛ. ʩʤʦʛ ʚ ʃʦʥʜʦʥʝ ʩʪʘʣ ʧʨʠʯʠʥʦʡ 

ʩʤʝʨʪʠ ʧʨʠʤʝʨʥʦ ʯʝʪʳʨʸʭ ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʚʩʝʛʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. 

ʌʦʪʦʭʠʤʠʯʝʩʢʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʤʦʛ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʢ 

ʧʦʣʫʜʥʶ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24-32
0
ʉ. ɺʣʘʞʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʠʟʢʦʡ. 

ɸ ʚʦʪ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʠʥʚʝʨʩʠʷ ʦʧʷʪʴ ʦʙʷʟʘʪʝʣʴʥʘ. ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠ-

ʝʤ ʧʦʷʚʣʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʤʦʛʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠ-

ʯʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʝʜʸʥʥʳʭ ʨʘʥʝʝ ʨʝ-

ʘʢʮʠʡ ʧʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ ʢʠʩʣʦʨʦʜ ʚ ʜʚʫʭ ʩʚʦʠʭ ʬʦʨ-

ʤʘʭ: ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ ʠ ʦʟʦʥ. ʆʥʠ ʚʳʟʳʚʘʶʪ ʮʝʧʴ ʜʨʫʛʠʭ ʧʨʝ-

ʚʨʘʱʝʥʠʡ. ʕʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪ ʧʳʣʴ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ, ʘʜʩʦʨʙʠʨʫʷ ʤʦʣʝʢʫʣʳ ʛʘʟʘ, ʪ.ʝ. ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʅʘ ʬʦʪʦ (ʨʠʩ. 3.3) ʧʦʢʘʟʘʥʘ ʵʩʪʘʢʘʜʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʦʜʥʦʛʦ ʠʟ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʛ. ʅʦʚʦʢʫʡʙʳʰʝʚʩʢʘ. ʉʥʠʤʦʢ ʩʜʝʣʘʥ ʩʦʣ-

ʥʝʯʥʳʤ ʘʚʛʫʩʪʦʚʩʢʠʤ ʜʥʸʤ. ɽʩʣʠ ʧʨʠʩʤʦʪʨʝʪʴʩʷ, ʥʘ ʩʥʠʤʢʝ ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ ʜʳʤʢʫ. ʕʪʦ ʥʝ ʜʝʬʝʢʪ ʩʥʠʤʢʘ. ʕʪʦ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʦʢʠʩʣʠ-

ʪʝʣʴʥʳʡ ʩʤʦʛ. 
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4. ʕʂʆʃʆɻʀʏɽʉʂʆɽ ʅʆʈʄʀʈʆɺɸʅʀɽ ʀ ʄɽʊʆɼʓ 

ɸʅɸʃʀɿɸ ɿɸɻʈʗɿʅɽʅʀʁ ɺ ɺʆɿɼʋʐʅʆʁ ʉʈɽɼɽ 
 

4.1. ʅʦʨʤʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ 
 

ʂʦʥʚʝʥʮʠʷ ʆʙʱʝʝʚʨʦʧʝʡʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ ɽʚʨʦʧʝʡʩʢʦʡ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ ʆʆʅ ʩʬʦʨʤʫʣʠʨʦʚʘʣʘ ʩʣʝʜʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ: 

ʘ) çʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘè ʦʟʥʘʯʘʝʪ ʚʚʝʜʝʥʠʝ ʯʝʣʦʚʝʢʦʤ, ʧʨʷʤʦ 

ʠʣʠ ʢʦʩʚʝʥʥʦ, ʚʝʱʝʩʪʚ ʠʣʠ ʵʥʝʨʛʠʠ ʚ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ, ʚʣʝʢʫʱʝʝ ʟʘ 

ʩʦʙʦʡ ʚʨʝʜʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʘʢ ʫʛʨʦʟʘ ʟʜʦʨʦʚʴʶ 

ʣʶʜʝʡ, ʥʘʥʝʩʝʥʠʝ ʚʨʝʜʘ ʞʠʚʳʤ ʨʝʩʫʨʩʘʤ, ʵʢʦʩʠʩʪʝʤʘʤ ʠ ʤʘʪʝʨʠʘʣʴ-

ʥʳʤ ʮʝʥʥʦʩʪʷʤ, ʘ ʪʘʢʞʝ ʥʘʥʝʩʝʥʠʝ ʫʱʝʨʙʘ ʮʝʥʥʦʩʪʠ ʣʘʥʜʰʘʬʪʘ ʠʣʠ 

ʧʦʤʝʭʠ ʜʨʫʛʠʤ ʟʘʢʦʥʥʳʤ ʚʠʜʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

ʦʧʨʝʜʝʣʝʥʠʝ çʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘè ʧʦʥʠʤʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʙʨʘʟʦʤ;  

ʙ) çʪʨʘʥʩʛʨʘʥʠʯʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷ-

ʥʠʷè ʦʟʥʘʯʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ, ʬʠʟʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʢʦʪʦʨʦʛʦ 

ʥʘʭʦʜʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ, ʥʘʭʦʜʷ-

ʱʝʡʩʷ ʧʦʜ ʥʘʮʠʦʥʘʣʴʥʦʡ ʶʨʠʩʜʠʢʮʠʝʡ ʦʜʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʠ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʧʦʜ ʶʨʠʩʜʠʢʮʠʝʡ ʜʨʫʛʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʘ ʪʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʯʪʦ ʚ 

ʮʝʣʦʤ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʣʶ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʣʠ 

ʛʨʫʧʧ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ. 

ɺʦ ʚʩʸʤ ʤʠʨʝ, ʛʜʝ-ʪʦ ʨʘʥʴʰʝ, ʛʜʝ-ʪʦ ʧʦʟʞʝ, ʧʦʷʚʠʣʘʩʴ ʟʘʜʘʯʘ 

ʥʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʦʨʤʠʨʦʚʘʥʠʝ ï ʵʪʦ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʠ-

ʨʦʜʫ. ʅʘʠʙʦʣʝʝ ʨʘʟʨʘʙʦʪʘʥʦ ʛʠʛʠʝʥʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ï ʩʠʩʪʝ-

ʤʘ ʥʦʨʤ, ʧʨʘʚʠʣ ʠ ʨʝʛʣʘʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ 

ʥʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (ʇɼʂ). 

ʇɼʂ ï ʵʪʦ ʪʘʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦ-

ʚʝʢʘ ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʫ ʝʛʦ ʧʦʪʦʤ-

ʩʪʚʘ. 
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ɼʣʷ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ, ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʘʪʤʦʩʬʝʨʫ, ʫʩʪʘʥʦʚʣʝʥʦ 

ʪʨʠ ʥʦʨʤʘʪʠʚʘ: 

1. ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʦʚʘʷ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʟʘ 20-ʤʠʥʫʪʥʳʡ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʷ ï ʇɼʂʤ.ʨ., ʤʛ/ʤ
3
; 

2. ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʪ.ʝ. 

ʦʩʨʝʜʥʸʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘ ʜʣʠʪʝʣʴʥʳʡ, ʚʧʣʦʪʴ ʜʦ ʛʦʜʘ, 

ʧʝʨʠʦʜ (ʇɼʂʩ.ʩ.), ʤʛ/ʤ
3
; 

3. ʇɼʂ ʨʘʙʦʯʝʡ ʟʦʥʳ (ʇɼʂʨ.ʟ.) ï ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʨʠ 

ʨʘʙʦʪʝ ʥʝ ʙʦʣʝʝ 41 ʯʘʩʘ ʚ ʥʝʜʝʣʶ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʨʘʙʦʯʝʛʦ 

ʩʪʘʞʘ ʥʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʨʘʙʦʪʘʶʱʠʭ ʠ ʠʭ ʜʝ-

ʪʝʡ. 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʦʨʛʘʥʠʟʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʩʫʤʤʘ ʦʪʥʦʰʝʥʠʡ ʬʘʢʪʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʞʜʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʢ ʝʛʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

1 
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ɼʣʷ ʢʫʨʦʨʪʥʳʭ ʤʝʩʪ, ʟʦʥ ʨʘʟʤʝʱʝʥʠʷ ʩʘʥʘʪʦʨʠʝʚ, ʜʦʤʦʚ ʦʪʜʳʭʘ 

ʵʪʘ ʩʫʤʤʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 0,8. 

ɻʠʛʠʝʥʠʯʝʩʢʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʥʘʯʘʣʦʩʴ ʚ 20-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʩ ʚʚʝʜʝʥʠʷ ʇɼʂ ʚ ʨʘʙʦʯʠʭ ʧʦʤʝʱʝʥʠʷʭ. ɺ 1951 ʛ. ʜʣʷ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʚʦʟʜʫʭʘ ʙʳʣʠ ʚʚʝʜʝʥʳ ʧʝʨʚʳʝ ʇɼʂ ʜʣʷ 10 ʚʝʱʝʩʪʚ. ʊʝʧʝʨʴ ʠʭ 

ʫʞʝ ʦʢʦʣʦ 500. 

ʀʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ ʇɼʂ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʉʐɸ, ʝʚʨʦʧʝʡʩʢʠʭ 

ʩʪʨʘʥʘʭ ʠ ʚ ʈʦʩʩʠʠ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ 80% ʩʣʫʯʘʝʚ ʨʦʩʩʠʡʩʢʠʝ ʥʦʨ-

ʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʞʸʩʪʯʝ. ʊʘʢ, ʜʣʷ ʘʥʠʣʠʥʘ ʇɼʂʨ.ʟ. ʚ ʉʐɸ 19 ʤʛ/ʤ
3
, ʚ 

ʈʦʩʩʠʠ ï 0,1 ʤʛ/ʤ
3
, ʜʣʷ ʜʠʦʢʩʘʥʘ 360 ʠ 10, ʦʢʩʠʜʘ ʵʪʠʣʝʥʘ 90,0 ʠ 1,0. 

ʉʦʟʜʘʸʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʚʣʘʩʪʠ ʪʦʣʴʢʦ ʠ ʜʝʣʘʶʪ, ʯʪʦ ʟʘ-

ʙʦʪʷʪʩʷ ʦ ʟʜʦʨʦʚʴʝ ʥʘʨʦʜʘ. ʇʦʥʷʪʥʦ, ʯʪʦ ʵʪʦ ʥʝ ʪʘʢ. ɺʦ-ʧʝʨʚʳʭ, ʨʦʩ-

ʩʠʡʩʢʠʝ ʩʪʘʥʜʘʨʪʳ ʪʝʭʥʠʯʝʩʢʠ ʧʨʦʩʪʦ ʥʝʜʦʩʪʠʞʠʤʳ. ɸ ʚʦ-ʚʪʦʨʳʭ, 
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ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝ-

ʜʝʣʷʪʴ ʩʪʦʣʴ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

4.2. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʫ 
 

ʅʝʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʪʝʤ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʠʟʤʝʨʠʪʴ. ʄʳ ʭʦ-

ʪʠʤ ʫʧʨʘʚʣʷʪʴ ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠ-

ʤʦ ʠʟʤʝʨʷʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝ-

ʨʫ. ʆʮʝʥʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʟʚʘʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʡ ʚʳʙʨʦʩ (ʇɼɺ), ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʪʤʦʩʬʝ-

ʨʫ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʩʦʙʣʶʜʘʪʴʩʷ ʫʩʣʦʚʠʝ: ʚʳʙʨʦʩʳ ʜʘʥʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʚ ʩʫʤʤʝ ʩ ʚʳʙʨʦʩʘʤʠ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝ 

ʜʦʣʞʥʳ ʚʳʟʳʚʘʪʴ ʧʨʠʟʝʤʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʝ-

ʚʳʰʘʶʱʫʶ ʇɼʂ. 

ʇʨʠ ʨʘʩʯʸʪʝ ʇɼɺ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

1. ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʪʦʯʥʠʢʘ ʚʳʙʨʦʩʘ (ʦʜʠʥʦʯʥʘʷ ʜʳʤʦʚʘʷ ʪʨʫʙʘ 

ʠʣʠ ʛʨʫʧʧʘ ʪʨʫʙ, ʚʳʩʦʪʥʳʡ ʠʣʠ ʥʘʟʝʤʥʳʡ ʠʩʪʦʯʥʠʢ ʠ ʪ.ʜ.); 

2. ʩʚʦʡʩʪʚʘ ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʚʨʝʜʥʦʡ ʧʨʠʤʝʩʠ; 

3. ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʪʤʦʩʬʝʨʳ (ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʚʝʪʨʘ, ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʰʪʠʣʝʡ ʠ ʜʨ.); 

4. ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʡʦʥʘ (ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʠʣʠ ʥʠ-

ʟʠʥʘ, ʥʘʣʠʯʠʝ ʚʦʜʦʸʤʦʚ, ʟʘʩʪʨʦʡʢʠ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇɼɺ ʝʩʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ 

ʥʦʨʤʘ ʚʳʙʨʦʩʘ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʚ ʘʪʤʦʩʬʝʨʫ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʚʳʙʨʦʩʦʚ (ʇɼɺ) ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʟʘ-

ʢʨʝʧʣʝʥʘ ʬʝʜʝʨʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ çʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ʠ 

çʆʙ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʤʝʶʱʝʛʦ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ 
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ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟ-

ʜʫʭʘ. 

ʅʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʘʷ ʧʦʨʷʜʦʢ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨ-

ʤʘʪʠʚʦʚ ʇɼɺ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ: ʬʝʜʝ-

ʨʘʣʴʥʳʝ ʟʘʢʦʥʳ, ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, ʨʫʢʦʚʦʜʷʱʠʝ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʫʧʦʣʥʦ-

ʤʦʯʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘ-

ʥʳ ʚ ʛʣ. 5 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆʙ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ʦʪ 

10.01.2002 ˉ 7-ʌɿ. 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ çʆʙ ʦʭʨʘʥʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘè ʦʪ 

4.05.1999 ˉ 96-ʌɿ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʣʥʦʤʦʯʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘ-

ʥʦʚ ʚ ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, 

ʚʠʜʳ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʦʨʤʘʪʠʚʦʚ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪ. 30 ʟʘʢʦʥʘ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʚʝʜʝʥʠʷ ʠʥʚʝʥʪʘʨʠʟʘ-

ʮʠʠ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʚʦʟʣʦʞʝʥʳ ʥʘ ʶʨʠʜʠ-

ʯʝʩʢʠʭ ʣʠʮ, ʠʤʝʶʱʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶ-

ʱʠʭ ʚʝʱʝʩʪʚ. 

ʇʦʨʜ̫ʦʢ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʥʦʨʤʘʪʠʚʦʚ ʚʳʙʨʦʩʦʚ ʦʧʨʝ-

ʜʝʣʝʥ ʧʦʩʪʘʥʦʚʣʝʥʠʷʤʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 3.08.1992 ˉ 545 ʠ ʦʪ 

2.03.2000 ˉ 183. 

ɺʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʚʘʣʦʚʳʭ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝ-

ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʇʝʨʝʯʝʥʴ ʜʦʢʫʤʝʥʪʦʚ ʧʦ 

ʨʘʩʯʝʪʫ ʚʳʜʝʣʝʥʠʡ (ʚʳʙʨʦʩʦʚ) ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʝʞʝʛʦʜʥʦ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥ-

ʩʪʠʪʫʪʦʤ ʦʭʨʘʥʳ ʚʦʟʜʫʭʘ (ʅʀʀ ɸʪʤʦʩʬʝʨʘ). 

ʈʘʟʨʘʙʦʪʢʘ ʇʨʦʝʢʪʘ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʵʪʘʧʦʚ: 

¶ ʧʨʦʚʝʜʝʥʠʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷ-

ʶʱʠʭ ʚʝʱʝʩʪʚ; 

¶ ʨʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ; 



54 

 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦ-

ʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʷʭ ʩʥʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ; 

¶ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʷ ʦʮʝʥ-

ʢʫ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʘ ʥʦʨʤʘʪʠʚʦʚ 

ʇɼɺ; ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʨʦʝʢʪʘ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ʫʧʦʣʥʦʤʦʯʝʥ-

ʥʳʤʠ ʬʝʜʝʨʘʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ ʠ ʦʨʛʘʥʘʤʠ ʩʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʘʜʟʦʨʘ; 

¶ ʧʦʣʫʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʚʳʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʦʨ-

ʤʘʪʠʚʘʤʠ. 

ʀʥʚʝʥʪʘʨʠʟʘʮʠʶ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʧʨʦʚʦʜʷʪ ʩ ʧʝʨʠʦʜʠʯʥʦ-

ʩʪʴʶ 1 ʨʘʟ ʚ 5 ʣʝʪ. ɺ ʭʦʜʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʚʳʷʚʣʷʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʪʘʮʠʦ-

ʥʘʨʥʳʝ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʠʭ ʢʦʣʠ-

ʯʝʩʪʚʦ, ʧʘʨʘʤʝʪʨʳ ʚʳʙʨʦʩʦʚ, ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʳʣʝʛʘʟʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʨʦʩʦʚ ʚ 

ʭʦʜʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʠ ʨʝʛʣʘʤʝʥʪʥʦʡ 

ʥʘʛʨʫʟʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʧʳʣʝʛʘʟʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʀʥʚʝʥʪʘʨʠʟʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ 

ʤʝʪʦʜʦʚ. ɼʣʷ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʜʣʷ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʣʠʙʦ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ï ʨʘʩʯʝʪʥʳʭ. 

ʈʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʘʥʳ ʥʘ ʜʘʥʥʳʭ ʤʘʪʝʨʠ-

ʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ, ʩʚʝʜʝʥʠʷʭ ʦʙ ʫʜʝʣʴʥʳʭ ʥʦʨʤʘʪʠʚʘʭ ʚʳʙʨʦʩʦʚ ʠʣʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʨʦʪʝʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɺ ʦʩʥʦʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʙʨʦʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʢʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ, ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʚ ʩʠʩʪʝʤʝ 

ɻʦʩʩʪʘʥʜʘʨʪʘ ʈʦʩʩʠʠ. 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʨʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʧʦʣʴ-

ʟʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʅʀʀ ɸʪʤʦʩʬʝʨʘ 

ʠʣʠ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʕʪʠ ʤʝʪʦʜʠʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚ 

ʇʝʨʝʯʝʥʴ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʨʘʩʯʝʪʫ ʚʳʜʝʣʝʥʠʡ (ʚʳʙʨʦʩʦʚ) ʟʘʛʨʷʟʥʷʶ-

ʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʦʬʦʨʤʣʷʶʪ ʚ ʚʠʜʝ çʆʪʯʝʪʘ ʧʦ ʠʥ-

ʚʝʥʪʘʨʠʟʘʮʠʠ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ (ʟʘʛʨʷʟʥʷʶʱʠʭ) ʚʝʱʝʩʪʚ ʚ ʘʪʤʦ-

ʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʧʨʝʜʧʨʠʷʪʠʷè. 

ʇʨʦʚʝʜʝʥʠʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦ ʥʘʯʠʥʘʪʴ ʩ ʠʟʫʯʝʥʠʷ ʦʪʯʝʪʘ ʦ ʧʨʝʜʳʜʫʱʝʡ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ, ʧʝʨʝʯ-

ʥʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʨʘʪʢʦʛʦ ʦʧʠʩʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʢʘʨʪʳ-ʩʭʝʤʳ ʧʨʦʤʧʣʦʱʘʜʢʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʫʢʘʟʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪ-

ʯʠʢʫ ʚʳʷʚʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝ-

ʱʝʩʪʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝ-

ʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʯʝʥʴ ʨʘʩʯʝʪʥʳʭ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʚʝʥʪʘ-

ʨʠʟʘʮʠʠ. 

ʄʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ: ʩʚʘʨʢʘ ʠ 

ʨʝʟʢʘ ʤʝʪʘʣʣʦʚ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠ ʪ.ʧ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʤʝʪʦʜʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʮʠ-

ʬʠʯʥʳʤ ʜʣʷ ʥʝʝ ʥʘʙʦʨʦʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʘʢʠʭ 

ʥʘʙʦʨʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʙʣʘʥʢʠ ʜʣʷ ʩʙʦʨʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ï 

çʆʧʨʦʩʥʳʝ ʣʠʩʪʳè. ʆʙʳʯʥʦ ʫ ʨʘʟʨʘʙʦʪʯʠʢʘ ʪʘʢʠʝ çʆʧʨʦʩʥʳʝ ʣʠʩʪʳè 

ʜʣʷ ʪʠʧʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʬʦʨʤʠʨʦʚʘʥʳ ʟʘʨʘʥʝʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ 

çʆʧʨʦʩʥʳʭ ʣʠʩʪʦʚè, ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʙʘ-

ʣʘʥʩʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʜʦʢʫʤʝʥʪʘʮʠʶ ʧʦ ʫʯʝʪʫ ʥʘʨʘʙʦʪʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʘʩʧʦʨʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ. 



56 

 

ɺ ʮʝʣʷʭ ʩʦʢʨʘʱʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʜʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩʦʙʨʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʝʝ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʚʳʙʨʦʩʦʚ (ʚʳʜʝʣʝ-

ʥʠʡ) ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ). ʆʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙʦ ʚʩʝʭ ʠʩʪʦʯʥʠʢʘʭ ʚʳʙʨʦ-

ʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʦʚʦʜʠʤʳʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʧʳʣʝʛʘʟʦʦʯʠʩʪʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʘ 

ʪʘʢʞʝ ʥʘʙʦʨ ʤʝʪʦʜʠʢ ʧʦ ʨʘʩʯʝʪʫ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʚʘʣʦʚʳʭ ʚʳʙʨʦʩʦʚ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇʆ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʠʥʚʝʥʪʘʨʠʟʘ-

ʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ çʆʪʯʝʪ ʧʦ ʠʥʚʝʥʪʘ-

ʨʠʟʘʮʠʠè. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʧʨʦʚʦʜʷʪ ʨʘʩʯʝʪ ʧʨʠʟʝʤʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʄʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʘʪ-

ʤʦʩʬʝʨʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʳʙʨʦʩʘʭ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʆʅɼ-86). ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʠʟʝʤʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʟʘʛʨʷʟ-

ʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʆʅɼ-86. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ 

ʧʨʦʛʨʘʤʤ ʦʧʨʝʜʝʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʧʣʦʱʘʜʢʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʠ ʥʘ ʛʨʘʥʠʮʘʭ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʧʨʝʜʧʨʠʷʪʠʷ (ʜʣʷ 

ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ) ʩ ʫʯʝʪʦʤ ʬʦ-

ʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝ-

ʨʳ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ɻʆʉʊ 

17.2.3.02-78). 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʠʟʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘ-

ʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩʣʫʞʘʪ: 

¶ ʠʥʬʦʨʤʘʮʠʷ ʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚʘʭ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ 

ʢʘʞʜʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʝʜʧʨʠʷʪʠʷ; 

¶ ʜʘʥʥʳʝ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝ-

ʨʳ; 
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¶ ʣʦʢʘʣʴʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ; 

¶ ʟʥʘʯʝʥʠʷ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɼʘʥʥʳʝ ʦ ʤʝʪʝʦʧʘʨʘʤʝʪʨʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʝʩʪʥʦʩʪʠ, ʠ ʟʥʘ-

ʯʝʥʠʷ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʦʪ ʤʝʩʪʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʈʦʩʛʠʜʨʦʤʝʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘ-

ʧʨʦʩʘ ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʦʝʢʪʘ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ. 

ɼʦ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʧʨʠʟʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʛʨʫʧʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʈʘʩʯʝʪʳ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ 

ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɽʩʣʠ ʚ ʩʦʩʪʘʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩʫʱʝʩʪʚʫʶʪ ʦʙʲʝʢʪʳ ʩ ʩʝʟʦʥʥʳʤ ʛʨʘʬʠʢʦʤ ʨʘʙʦʪʳ 

(ʥʘʧʨʠʤʝʨ, ʢʦʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ), ʨʘʩʯʝʪʳ ʨʘʩʩʝʠʚʘʥʠʷ ʚʳʙʨʦʩʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʦʪʜʝʣʴʥʦ ʜʣʷ ʫʩʣʦʚʠʡ ʟʠʤʥʝʛʦ ʠ ʣʝʪʥʝʛʦ ʚʨʝ-

ʤʝʥʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʜʣʷ ʫʩʣʦ-

ʚʠʡ ʣʝʪʥʝʛʦ ʚʨʝʤʝʥʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʧʨʠʟʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʥʦʨʤʘʪʠʚʘʤ ʇɼɺ ʠ ʧʝʨʝʯʥʶ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʪʝʦʨʦʣʦ-

ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦ-

ʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ). 

ɺ ʮʝʣʷʭ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ʤʘʪʝ-

ʨʠʘʣʳ ʧʨʦʝʢʪʘ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ʧʨʝʜʧʨʠʷʪʠʷ ʬʦʨʤʠʨʫʶʪ ʥʘ ʙʘʟʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʰʘʙʣʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʈʝʢʦ-

ʤʝʥʜʘʮʠʷʤ ʧʦ ʦʬʦʨʤʣʝʥʠʶ ʠ ʩʦʜʝʨʞʘʥʠʶ ʧʨʦʝʢʪʘ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʨʝʜʧʨʠʷʪʠʷ, ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ, ʨʘʩ-

ʯʝʪʦʚ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʦʚ. 

ʉʨʦʢ ʜʝʡʩʪʚʠʷ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ï 5 ʣʝʪ. ʇʦ ʨʝʰʝʥʠʶ ʫʧʦʣʥʦʤʦ-

ʯʝʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʨʛʘʥʘ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ ʵʪʦʪ ʩʨʦʢ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ. ʅʦʨʤʘʪʠʚʳ ʇɼɺ ʧʦʜʣʝʞʘʪ ʧʝʨʝ-

ʩʤʦʪʨʫ ʜʦʩʨʦʯʥʦ ʚ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʥʝʫʯʪʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦ-

ʩʦʚ ʠʣʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʠʟʤʝʥʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ 

ʚʳʙʨʦʩʦʚ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʇʨʦʝʢʪʘ ʥʦʨʤʘʪʠʚʦʚ ʇɼɺ ʧʨʝʜ-

ʧʨʠʷʪʠʶ ʚʳʜʘʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʚʳʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʣʘʪʝʞʝʡ ʟʘ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ. 

ɿʥʘʯʝʥʠʝ ʇɼɺ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘ-

ʶʪʩʷ ʬʦʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʬ: ʉ=ʉʨ+ʉʬ, ʛʜʝ ʉ ʨʘʩʯʸʪʥʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʥʘʩʝʣʸʥʥʳʭ ʤʝʩʪ, ʤʛ/ʤ
3
, ʉʨ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʩʯʸʪʥʦʡ ʪʦʯʢʝ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʳ-

ʙʨʦʩʦʚ ʠ ʦʮʝʥʢʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʫʯʸʪʦʤ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʦʩʣʝʜʥʠʡ ʵʪʘʧ ï ʦʨʛʘʥʠʟʘʮʠʷ ʢʦʥʪʨʦʣʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ. ʀ ʪʫʪ ʤʳ ʧʦʜʭʦʜʠʤ ʢ ʧʨʦʙʣʝʤʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʚʦʟʜʫʭʝ. ʕʪʦ ʫʞʝ ʯʠʩʪʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʟʘʜʘʯʘ. 

 

4.3. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 
 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ï ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘʷ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ: ʚʦ-

ʧʝʨʚʳʭ, ʥʘʜʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʫʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʩʤʝʩʴ; ʚʦ-

ʚʪʦʨʳʭ, ʦʧʨʝʜʝʣʠʪʴ ʥʘʜʦ ʦʯʝʥʴ ʤʘʣʝʥʴʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʝʱʝʩʪʚʘ, 

ʥʘ ʫʨʦʚʥʝ ʇɼʂ ʠ ʥʠʞʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʛʨʘʥʠʯʝʥʦ ʚʨʝʤʷ ʘʥʘʣʠʟʘ, ʦʙʳʯ-

ʥʦ ʥʝ ʙʦʣʝʝ 30 ʤʠʥ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʭʝʤʘ ʘʥʘʣʠʟʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: 

1. ʦʪʙʦʨʳ ʧʨʦʙ ʚʦʟʜʫʭʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʤʠʢʨʦʧʨʠʤʝʩʝʡ 

ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ; 

2. ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʙ ʢ ʘʥʘʣʠʟʫ; 

3. ʩʦʙʩʪʚʝʥʥʦ ʘʥʘʣʠʟ ʤʠʢʨʦʧʨʠʤʝʩʝʡ; 

4. ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʦʧʝʨʘʮʠʠ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦ-

ʙʘʤʠ: ʚ ʩʦʩʫʜ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʦʙʲʸʤʘ, ʠʣʠ, ʛʦʨʘʟʜʦ ʯʘʱʝ, ʘʩʧʠʨʘʮʠ-

ʦʥʥʳʤ ʤʝʪʦʜʦʤ. ɸʩʧʠʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʚʣʝʯʝʥʠʠ ʠʥʪʝ-



59 

 

ʨʝʩʫʶʱʝʛʦ ʥʘʩ ʚʝʱʝʩʪʚʘ ʨʘʩʪʚʦʨʦʤ ʠʣʠ ʪʚʸʨʜʳʤ ʧʦʛʣʦʪʠʪʝʣʝʤ. ɽʩʣʠ 

ʞʝ ʫʣʘʚʣʠʚʘʝʪʩʷ ʘʵʨʦʟʦʣʴ, ʪ.ʝ. ʛʝʪʝʨʦʛʝʥʥʘʷ ʧʨʠʤʝʩʴ, ʪʦ ʚ ʘʩʧʠʨʘʪʦʨʝ
9
 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ. 

ɸʩʧʠʨʘʪʦʨʳ ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 

1. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʙʳʚʘʶʪ ʤʘʣʦʨʘʩʭʦʜʥʳʝ ʠ 

ʚʳʩʦʢʦʨʘʩʭʦʜʥʳʝ; 

2. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ï ʩʝʪʝʚʳʝ, ʘʢʢʫʤʫʣʷ-

ʪʦʨʥʳʝ, ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʨʫʯʥʳʝ; 

3. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʦʪʙʠʨʘʝʤʦʡ ʧʨʦʙʳ ï ʜʣʷ ʛʦʤʦ-

ʛʝʥʥʳʭ ʠʣʠ ʘʵʨʦʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ; 

4. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ï ʥʘ ʘʩʧʠʨʘʪʦʨʳ 

ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ; 

5. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʝ, 

ʧʝʨʝʥʦʩʥʳʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ. 

ʉʘʤ ʢʦʥʪʨʦʣʴ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

1. ʅʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʧʦ-

ʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ 

ʩʧʦʩʦʙ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ 

ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ. 

2. ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʪʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʛʨʘʬʠʢʦʤ ʠʣʠ 

ʧʨʠʚʷʟʘʥʳ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʩʪʘʜʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʦʨʛʘʥʠʟʘʮʠʠ ʘʥʘʣʠʟ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ. 

3. ʕʢʩʧʨʝʩʩ-ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ʠʣʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ (ʚ ʚʦʟʜʫʭʝ 

ʨʘʙʦʯʝʡ ʟʦʥʳ). 

ʊʝʧʝʨʴ ʢʦʨʦʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʩʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ (ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ) ʚʨʝʜ-

ʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ
10

. 

                                                 
9
 ɸʩʧʠʨʘʪʦʨ ï (ʦʪ ʣʘʪ. aspiro ï ʜʫʶ, ʚʜʳʭʘʶ, ʚʳʜʳʭʘʶ) ʧʨʠʙʦʨ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ 

ʚʦʟʜʫʭʘ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʘʪʤʦʩʬʝʨʳ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʝʛʦ ʩʦʩʪʘʚʘ ʠ ʟʘʧʳ-

ʣʝʥʥʦʩʪʠ. 
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ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪ 

ʥʘ ʛʨʫʧʧʳ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ï ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝ-

ʣʝʥʠʠ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʭ ʥʝʩʢʦʣʴʢʦ: ʘʙʩʦʨʙʮʠʦʥʥʳʝ, ʵʤʠʩʩʠʦʥʥʳʝ, ʦʧ-

ʪʠʢʦ-ʘʢʫʩʪʠʯʝʩʢʠʝ, ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ, ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ. 

1. ɸʙʩʦʨʙʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ï ʦʩʥʦʚʘʥʳ ʥʘ ʦʩʣʘʙʣʝʥʠʠ ʘʢʪʠʚʥʦ-

ʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʧʨʠ ʠʭ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʠʩʩʣʝ-

ʜʫʝʤʫʶ ʚʦʟʜʫʰʥʫʶ ʩʤʝʩʴ. 

2. ʕʤʠʩʩʠʦʥʥʳʝ ï ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʛʘʟʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚ ʚʦʟʜʫʭʝ. 

3. ʆʧʪʠʢʦ-ʘʢʫʩʪʠʯʝʩʢʠʝ ï ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ 

ʛʘʟʦʤ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

4. ʌʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ï ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʧʦʛʣʦʱʝ-

ʥʠʷ ʛʘʟʦʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

5. ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ï ʦʩʥʦʚʘʥʳ ʥʘ ʠʟʤʝʨʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʛʘʟʦʤ 

ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ï ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɺʠʜʦʚ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʪʦʞʝ ʥʝʩʢʦʣʴʢʦ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʛʘ-

ʟʦʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ (ɻɾʍ). ʉʫʪʴ ʤʝʪʦʜʘ: ʥʘ ʪʚʸʨʜʳʡ ʚʳʩʦ-

ʢʦʧʦʨʠʩʪʳʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʥʦʩʠʪʝʣʴ ʥʘʥʦʩʠʪʩʷ ʞʠʜʢʘʷ ʬʘʟʘ
11
, ʚʳ-

ʩʪʫʧʘʶʱʘʷ ʚ ʨʦʣʠ ʘʙʩʦʨʙʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʟʘʩʳʧʘʝʪʩʷ ʚ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʦʥʢʫ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʦʣʦʥʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʪʨʫʙʢʫ ʜʠʘʤʝʪʨʦʤ ʧʨʠʤʝʨʥʦ 5 ʤʤ ʠ 

ʜʣʠʥʦʡ ʦʪ ʤʝʪʨʘ ʠ ʚʳʰʝ. ɿʘʪʝʤ ʧʝʨʝʰʣʠ ʥʘ ʢʘʧʠʣʣʷʨʥʳʝ ʢʦʣʦʥʢʠ ï 

ʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ 0,1 ʤʤ ʠ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ. ɼʣʷ ʥʠʭ ʫʞʝ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʪʚʸʨʜʳʡ ʥʦʩʠʪʝʣʴ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ï ʦʥʘ ʥʘʥʦ-

ʩʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʝʥʢʠ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʠ. ʅʘ ʚʭʦʜ ʢʦ-

ʣʦʥʢʠ ʧʦʜʘʸʪʩʷ ʛʘʟ-ʥʦʩʠʪʝʣʴ: ʘʟʦʪ, ʚʦʜʦʨʦʜ ʠʣʠ ʛʝʣʠʡ. ʈʘʩʭʦʜ ʛʘʟʘ 

                                                                                                                                                                  
10

 ʕʪʦʪ ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʟʜʝʩʴ ʧʨʠ-

ʚʦʜʷʪʩʷ ʣʠʰʴ ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ. 
11

 ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʞʠʜʢʦʡ ʬʘʟʳ ʦʧʨʝʜʝʣʷʝʪ ʫʩʧʝʭ ʚʩʝʛʦ ʘʥʘʣʠʟʘ. ʕʪʫ ʚʘʞ-

ʥʫʶ ʟʘʜʘʯʫ ʨʝʰʘʝʪ ʭʠʤʠʢ-ʘʥʘʣʠʪʠʢ. 
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ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʪʨʦʛʦ ʧʦʩʪʦʷʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʙʣʦʢʘ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʢʦʣʦʥʢʠ ʦʥʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʪʝʨʤʦʩʪʘʪ ʩ ʦʧʨʝʜʝ-

ʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʢʦʪʦʨʫʶ ʧʦʜʙʠʨʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʣʠ ʨʫ-

ʢʦʚʦʜʩʪʚʫʶʪʩʷ ʤʝʪʦʜʠʢʦʡ. ɸʥʘʣʠʟʠʨʫʝʤʘʷ ʧʨʦʙʘ ʚʚʦʜʠʪʩʷ ʰʧʨʠʮʝʤ 

ʚ ʥʘʯʘʣʦ ʢʦʣʦʥʢʠ ʚ ʧʦʪʦʢ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ, ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʧʘʨʦʦʙʨʘʟʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʩ ʧʦʤʦʱʴʶ ʠʩʧʘʨʠʪʝʣʷ (ʝʩʣʠ ʵʪʦ ʞʠʜʢʦʩʪʴ) ʠ ʥʘʯʠʥʘʝʪ ʧʝ-

ʨʝʤʝʱʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ. ʇʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʩʤʝʩʠ ʝʸ ʢʦʤʧʦʥʝʥ-

ʪʳ ʩʦʨʙʠʨʫʶʪʩʷ-ʜʝʩʦʨʙʠʨʫʶʪʩʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʢʦ-

ʣʦʥʢʝ. ʊʘʢ ʢʘʢ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʣʠʯʥʘ, ʪʦ ʦʥʠ ʜʚʠʛʘ-

ʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ w: ʧʦʷʚʣʷʶʪʩʷ ʣʠʜʝʨʳ ʠ ʘʫʪʩʘʡʜʝʨʳ. 

ʇʦʵʪʦʤʫ ʢ ʬʠʥʠʰʫ, ʪ.ʝ. ʢ ʢʦʥʮʫ ʢʦʣʦʥʢʠ, ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʭʦʜʷʪ ʧʦ-

ʨʦʟʥʴ (ʨʠʩ. 4.1). ɸ ʵʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ. ʇʨʦʙʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʢʦʤʧʦʥʝʥ-

ʪʳ. 
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ɺʚʦʜ ʧʨʦʙr

ʈʘʟʜʝʣyʥʥʘ̫ ʩʤʝʩɹ

ʥʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘ̫

ʢʦʣʦʥʢʘ

w3 w2 w1  
 

ʈʠʩ. 4.1. ʈʘʟʜʝʣʝʥʠʝ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ ʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ 

 

ʊʝʧʝʨʴ ʥʘʜʦ ʫʟʥʘʪʴ, ʩʢʦʣʴʢʦ ʢʘʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʳʣʦ ʚ ʠʩʭʦʜ-

ʥʦʡ ʧʨʦʙʝ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʣʦʥʢʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʝʪʝʢʪʦʨ. 

ʊʠʧʦʚ ʵʪʠʭ ʜʝʪʝʢʪʦʨʦʚ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʷʚʣʷʝʪʩʷ 

ʜʝʪʝʢʪʦʨ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ï ʢʘʪʘʨʦʤʝʪʨ. ʆʥ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝ-

ʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʝʛʦ ʧʦʪʦʢʘ ʛʘʟʘ. ʐʠʨʦ-

ʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ (ʇʀɼ). ɺʳ-

ʰʝʜʰʠʡ ʠʟ ʢʦʣʦʥʢʠ ʛʘʟ ʧʦʧʘʜʘʝʪ ʚ ʤʘʣʝʥʴʢʠʡ ʬʘʢʝʣ ʧʣʘʤʝʥʠ, ʦʙʨʘ-

ʟʦʚʘʥʥʳʡ ʛʦʨʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʝ. ʕʪʦʪ ʬʘʢʝʣ ʥʘʭʦʜʠʪʩʷ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʩʠʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. 

ʇʦʢʘ ʠʟ ʢʦʣʦʥʢʠ ʚʳʭʦʜʠʪ ʯʠʩʪʳʡ ʛʘʟ-ʥʦʩʠʪʝʣʴ, ʠʦʥʠʟʘʮʠʷ ʧʣʘʤʝʥʠ 

ʧʦʩʪʦʷʥʥʘ ʠ ʩʠʛʥʘʣ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʧʣʘʤʷ ʢʘʢʦʛʦ-

ʣʠʙʦ ʚʝʱʝʩʪʚʘ ʦʥʦ ʤʦʤʝʥʪʘʣʴʥʦ ʩʛʦʨʘʝʪ, ʦʙʨʘʟʫʶʪʩʷ ʥʦʩʠʪʝʣʠ ʟʘʨʷ-

ʜʘ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʣʘʤʝʥʠ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ. ʌʠʢʩʠʨʫʶʱʠʡ ʧʨʠ-

ʙʦʨ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚ ʚʠʜʝ ʧʠʢʘ. ʇʨʠʯʸʤ, ʯʝʤ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 
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ʚʝʱʝʩʪʚʘ, ʪʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʚʳʩʦʪʘ ʠ ʰʠʨʠʥʘ ʵʪʦʛʦ ʧʠʢʘ. ɿʘʪʝʤ ʚʳ-

ʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ ʚʝʱʝʩʪʚʦ, ʠ ʢʘʨʪʠʥʘ ʧʦʚʪʦʨʷʝʪʩʷ. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʜʨʫʛʠʝ ʪʠʧʳ ʜʝʪʝʢʪʦʨʦʚ. ʅʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʘʥʘʣʠʟʘ ʙʫʜʝʪ ʭʨʦʤʘʪʦʛʨʘʤʤʘ (ʨʠʩ. 

4.2). 

ʆʜʥʘʢʦ ʩʨʘʟʫ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʩʦʩʪʘʚ ʘʥʘʣʠʟʠʨʫʝ-

ʤʦʡ ʩʤʝʩʠ ʥʝ ʧʦʣʫʯʠʪʩʷ. ɺʦ-ʧʝʨʚʳʭ, ʥʘʜʦ ʫʟʥʘʪʴ, ʢʘʢʦʡ ʧʠʢ ʢʘʢʦʤʫ 

ʢʦʤʧʦʥʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ. ʕʪʦ ʫ ʩʧʦʨʪʩʤʝʥʦʚ ʥʘ ʛʨʫʜʠ ʥʦʤʝʨʘ, ʫ ʚʝ-

ʱʝʩʪʚ ʪʘʢʠʭ ʥʦʤʝʨʦʚ ʥʝʪ. ʂʦʤʧʦʥʝʥʪ 1 ï ʵʪʦ çʢʪʦè? ʂʨʦʤʝ ʪʦʛʦ, ʥʠ-

ʢʪʦ ʥʝ ʜʦʢʘʟʘʣ, ʯʪʦ ʜʝʪʝʢʪʦʨ ʦʜʠʥʘʢʦʚʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʆʥ ʤʦʞʝʪ ʥʘ ʢʘʢʦʝ-ʪʦ ʚʝʱʝʩʪʚʦ ʨʝʘʛʠʨʦʚʘʪʴ ʩʠʣʴʥʦ, ʘ ʜʨʫʛʦʝ ʧʦʯʪʠ 

ʥʝ ʟʘʤʝʯʘʪʴ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʩʤʝʩʠ ʠ ʚʚʦʜʷʪ ʧʦ-

ʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ʆʙʨʘʙʦʪʢʘ ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʟʤʝʨʝʥʠʠ ʧʣʦʱʘʜʝʡ ʚʩʝʭ ʧʠʢʦʚ ʠ ʥʘʭʦʞʜʝʥʠʠ ʜʦʣʠ ʠʥʪʝʨʝʩʫʶʱʝʛʦ 

ʥʘʩ ʚʨʝʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʈʘʥʴʰʝ ʵʪʦ ʜʝʣʘʣʠ ʚʨʫʯʥʫʶ, ʪʝʧʝʨʴ ʠʩʧʦʣʴ-

ʟʫʶʪ ʢʦʤʧʴʶʪʝʨʳ. 
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ʈʠʩ. 4.2. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ 
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ʊʨʝʪʴʷ ʛʨʫʧʧʘ ï ʵʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʦʩʥʦʚʝ ʢʦ-

ʪʦʨʳʭ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʵʣʝʢʪʨʦʣʠʟʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ-

ʣʷʨʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠʟʚʝʩʪʝʥ ʩ 1922 ʛ. ʇʦʣʷʨʦʛʨʘʬʠʷ ï 

ʵʪʦ ʵʣʝʢʪʨʦʣʠʟ ʩ ʢʘʧʘʶʱʠʤ ʨʪʫʪʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪ-

ʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʷʚ-

ʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ɺʝʣʠʯʠʥʫ ʵʪʦʛʦ 

ʪʦʢʘ ʥʘʭʦʜʷʪ ʧʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʦʣʷʨʦʛʨʘʤʤʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦ-

ʙʦʡ ʢʨʠʚʫʶ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ I ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

I=f(U). ʕʪʫ ʢʨʠʚʫʶ ʥʘʟʳʚʘʶʪ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʦʡ ʚʦʣʥʦʡ. ɽʸ ʚʳʩʦ-

ʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ. 

1. ɿʘʛʨʷʟʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʘʩʧʠʨʘʪʦʨʘ ʧʝʨʝʚʦʜʷʪ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦ-

ʜʦʙʨʘʥʥʳʡ ʨʘʩʪʚʦʨ. 

2. ʈʘʩʪʚʦʨ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʧʦʣʷʨʦʛʨʘʬʝ, ʩʥʠʤʘʝʪʩʷ ʧʦʣʷʨʦʛʨʘʤ-

ʤʘ. 

3. ʇʦ ʚʳʩʦʪʝ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘʭʦʜʷʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʠʦʥʘ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙ-

ʣʠʮʝ 4.1. 

ʊʘʙʣʠʮʘ 4.1 

ʇʨʝʜʝʣʳ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 
 

ʄʝʪʦʜ ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ 

ʋʌ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 10
-8 

ʀʂ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 10
-5 

ɸʪʦʤʥʘʷ ʘʙʩʦʨʙʮʠʷ 10
-8 

ʕʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 10
-8 

ʇʣʘʟʤʝʥʥʘʷ ʬʦʪʦʤʝʪʨʠʷ 10
-8 

ʇʦʣʷʨʦʛʨʘʬʠʷ 10
-11 

ʊʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 10
-9 

ɻʘʟʦʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ: 

    ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

    ʩ ʵʣʝʢʪʨʦʥʥʦ-ʟʘʭʚʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ 

 

10
-10

 

10
-12 
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ʂ ʯʝʪʚʸʨʪʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʥʜʠʢʘʪʦʨʥʳʝ ʪʨʫʙʢʠ. 

ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʟʨʘʯʥʳʝ (ʢʘʢ ʧʨʘʚʠʣʦ 

ʩʪʝʢʣʷʥʥʳʝ) ʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ 4 ʠʣʠ 7 ʤʤ, ʜʣʠʥʦʡ 100 ʤʤ ʠ ʙʦʣʝʝ ʩ 

ʥʘʧʦʣʥʠʪʝʣʝʤ (ʜʨʦʙʣʝʥʳʡ ʩʠʣʠʢʘʛʝʣ,ɹ ʩʪʝʢʣʷʥʥʘʷ ʠʣʠ ʬʘʨʬʦʨʦʚʘʷ 

ʢʨʦʰʢʘ ʠ ʜʨ.), ʦʙʨʘʙʦʪʘʥʥʳʤ ʨʘʩʪʚʦʨʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ɽʩʣʠ 

ʨʝʘʛʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠʭ ʨʘʩʪʚʦʨʳ ʟʘʧʘʠʚʘʶʪ ʚ 

ʨʘʟʥʳʝ ʘʤʧʫʣʳ, ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʶʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʜʠʢʘʪʦʨ-

ʥʳʭ ʪʨʫʙʦʢ. ɼʣʷ ʩʚʷʟʳʚʘʥʠʷ ʤʝʰʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʱʝʩʪʚ ʧʨʠ-

ʤʝʥʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʧʦʛʣʦʪʠʪʝʣʠ, ʧʦʤʝʱʘʝʤʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʠʥʜʠʢʘʪʦʨʥʳʝ ʪʨʫʙʢʠ ʠʣʠ ʚ ʬʠʣʴʪʨʫʶʱʠʝ ʧʨʠʩʪʘʚʢʠ ʢ ʥʠʤ. ʇʨʠ ʧʨʦ-

ʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʪʨʫʙʢʫ ʚʩʢʨʳʚʘʶʪ ʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ (ʘʩʧʠʨʘʪʦʨʘ) ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʟʜʫʭʘ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʠʤʝʩʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦ ʜʣʠʥʝ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʨʘʰʠʚʘʥʠʷ ʧʨʦʨʝʘʛʠ-

ʨʦʚʘʚʰʝʛʦ ʩʣʦʷ ʥʘʧʦʣʥʠʪʝʣʷ. ʇʨʦʩʪʦʪʘ ʠ ʙʳʩʪʨʦʪʘ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ 

ʥʘʛʣʷʜʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʰʠʨʦʢʦʤʫ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʠʥʜʠʢʘʪʦʨʥʳʭ ʪʨʫʙʦʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʚʦʟʜʫʭʝ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ. ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚʳʧʫʩʢʘʝʪ-

ʩʷ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʥʜʠʢʘʪʦʨʥʳʭ ʪʨʫʙʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʚʝʱʝʩʪʚ ʚ ʣʶʙʳʭ ʜʠʘʧʘʟʦʥʘʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ. 

ɼʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʳ 

ʧʘʩʩʠʚʥʦʛʦ ʧʨʦʙʦʦʪʙʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʪʨʫʙʢʠ ʠʣʠ ʩʧʝʮʠ-

ʘʣʴʥʳʝ ʧʘʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʝʥʳ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʩʦʨʙʝʥʪʘʤʠ ʠ 

ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʷʱʠʢʘʭ. 

ʆʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʦʨʙʮʠʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʙʦʦʪʙʦʨʥʠʢʝ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʦ ʨʝʘʣʴʥʳʭ ʩʨʝʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʪʦʢ-

ʩʠʢʘʥʪʦʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ. 

ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʜʝʨʞʘʥʠʷ ʪʦʢʩʠʢʘʥʪʦʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟ-

ʜʫʭʝ ʠʟʤʝʨʷʶʪ ʠʭ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫ-
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ʶʱʠʤ ʥʦʨʤʘʪʠʚʘʤ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʧʦʣʥʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝ-

ʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʝʜʚʠʞʥʳʭ ʠʣʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʪʘʥʮʠʷʭ ʧʨʠ ʢʦʥʪʨʦʣʝ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʠʣʠ ʩʝʨʳ ʩ ʧʦ-

ʤʦʱʴʶ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʚʦʜʠʪʩʷ ʜʠʩ-

ʢʨʝʪʥʳʡ ʦʪʙʦʨ ʧʨʦʙ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʠʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʠ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʩʠʩʪʝʤʳ ʧʘʩ-

ʩʠʚʥʦʛʦ ʧʨʦʙʦʦʪʙʦʨʘè. 

ʉʨʝʜʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ʟʘ-

ʛʨʷʟʥʠʪʝʣʷʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ ʘʨʦʤʘ-

ʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʵʪʠʣʙʝʥʟʦʣ ʠ ʠʟʦʤʝʨʥʳʝ 

ʢʩʠʣʦʣʳ (ɹʊʕʂ), ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ï ʧʦʢʘʟʘʪʝʣʴ ɺʊɽʍ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ 

ɹʊʕʂ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʨʘʟʨʘʙʦʪʘʥʳ ʧʘʩʩʠʚʥʳʝ ʧʨʦʙʦʦʪʙʦʨʥʠ-

ʢʠ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʭ ʨʘʟʤʝʱʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦ-

ʚʠʷ ʘʥʘʣʠʟʘ ʦʪʦʙʨʘʥʥʳʭ ʚʝʱʝʩʪʚ. ʉʭʝʤʘ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝ-

ʜʫʶʱʝʤ: ʧʨʦʙʦʦʪʙʦʨʥʠʢ ï ʩʪʝʢʣʷʥʥʘʷ ʪʨʫʙʢʘ, ʟʘʧʦʣʥʝʥʥʘʷ ʩʦʨʙʝʥ-

ʪʦʤ ʠ ʟʘʛʣʫʰʝʥʥʘʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ï ʧʦʤʝʱʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʡ 

ʢʦʥʪʝʡʥʝʨ (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʪʘʥʮʠʡ), ʯʝʨʝʟ 

ʜʚʝ ʥʝʜʝʣʠ ʧʨʦʙʦʦʪʙʦʨʥʠʢ ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʥʦʚʳʡ, ʘ ʦʪʦʙʨʘʥʥʘʷ ʧʨʦʙʘ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʶ. 

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ʈʘʟʚʠʪʠʝ ʛʘʟʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠʜʸʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

1. ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ; 

2. ʩʥʠʞʝʥʠʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ; 

3. ʫʚʝʣʠʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ; 

4. ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ, ʛʘʙʘʨʠʪʦʚ ʠ ʩʪʦʠʤʦʩʪʠ. 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ ʠʟ-

ʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʨʠ-

ʙʦʨʦʚ. 

1. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝ-

ʩʢʦʤ ʧʨʠʥʮʠʧʝ. 
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2. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʩʦʨʙʮʠʠ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʥʘʥʝʩʸʥʥʦʛʦ ʥʘ ʧʴʝʟʦʵʣʝʤʝʥʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʜʚʠʛ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘ-

ʣʝʥ ʢʦʣʠʯʝʩʪʚʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ. 

3. ɼʠʦʜʥʳʝ ʠ ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʜʘʪʯʠʢʠ. ʀʭ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʩʥʦ-

ʚʘʥ ʥʘ ʠʟʤʝʥʝʥʠʠ ʠʣʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠʣʠ ʵʥʝʨʛʠʠ ʚʳʭʦʜʘ ʵʣʝʢ-

ʪʨʦʥʘ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʦ-

ʛʦ ʚʦʟʜʫʭʘ. 

4. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʦʨʙʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʇʇʉʕ). ʀʭ ʧʨʠʥ-

ʮʠʧ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʘʟʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʁʵʣʝʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʷʝʪʩʷ ʝʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

5. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʩʯʠʪʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʘʪ-

ʤʦʩʬʝʨʝ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ 

ʙʝʟ ʦʪʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʢʦʥ-

ʪʨʦʣʷ ʚ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ, ʥʘʧʨʠʤʝʨ, ʚ [7]. 
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5. ʇʈʆʎɽʉʉʓ ʀ ɸʇʇɸʈɸʊɸʊʓ ʆʏʀʉʊʂʀ ɻɸɿʆɺʓʍ 

ɺʓɹʈʆʉʆɺ ʆʊ ɻɽʊɽʈʆɻɽʅʅʓʍ ɿɸɻʈʗɿʅɽʅʀʁ 
 

ʇʦʩʪʦʨʦʥʥʠʝ ʧʨʠʤʝʩʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʚʦʟʜʫʭʝ, ʤʦʛʫʪ ʙʳʪʴ ʛʝ-

ʪʝʨʦʛʝʥʥʳʤʠ ʠʣʠ ʛʦʤʦʛʝʥʥʳʤʠ. ʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʜʣʷ ʠʭ ʫʜʘʣʝʥʠʷ, ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳʝ [8, 9].  

ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʧʳʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʣʳ (ʨʠʩ. 5.1): 

1. ʩ ʧʦʤʦʱʴʶ ʩʠʣʳ ʪʷʞʝʩʪʠ (ʧʳʣʝʦʩʘʜʠʪʝʣʴʥʳʝ ʢʘʤʝʨʳ); 

2. ʩ ʧʦʤʦʱʴʶ ʩʠʣʳ ʠʥʝʨʮʠʠ; 

3. ʩ ʧʦʤʦʱʴʶ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʵʣʝʢʪʨʦʬʠʣʴ-

ʪʨʳ); 

4. ʬʠʣʴʪʨʦʚʘʥʠʝ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʧʝʨʝʛʦʨʦʜʢʫ; 

5. ʤʦʢʨʘʷ ʦʯʠʩʪʢʘ (ʤʦʢʨʳʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ). 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ
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ʌʠʣɹʪʨʦʚʘʥʠʝ ʄʦʢʨrʝ ʤʝʪʦʜr
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ʘʩ
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ʥ
ʯ
ʘʪr
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ʛʦ
ʨ
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ʥ
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ʄ
ʦ
ʢ
ʨr
ʝ ɻ
ʣ
ʝʢ
ʪʨ
ʦ
ʬ
ʠ
ʣɹ
ʪʨr

ʕʣʝʢʪʨʦʬʠʣɹʪʨr

ʄʝʪʦʜr ʫʜʘʣʝʥʠ̫ ʛʝʪʝʨʦʛʝʥʥrʭ ʧʨʠʤʝʩʝʡ

 

ʈʠʩ. 5.1. ʄʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʠʤʝʩʝʡ 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘʟʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪ-

ʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ. 

ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

¶ Gʚʭ ï ʨʘʩʭʦʜ ʠʩʭʦʜʥʦʡ ʧʳʣʝʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʢʛ/ʩ; 

¶ Gʚʳʭ ï ʨʘʩʭʦʜ ʦʯʠʱʝʥʥʦʛʦ ʛʘʟʘ, ʢʛ/ʩ; 
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¶ Gʧʣ ï ʨʘʩʭʦʜ ʦʪʜʝʣʸʥʥʦʡ ʧʳʣʠ; ʢʛ/ʩ; 

¶ ʭʚʭ ï ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʠ ʚ ʠʩʭʦʜʥʦʤ ʛʘʟʝ, ʤʘʩʩ. ʜʦʣʠ; 

¶ ʭʚʳʭ ï ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʠ ʚ ʦʯʠʱʝʥʥʦʤ ʛʘʟʝ, ʤʘʩʩ. ʜʦʣʠ. 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ: 

ʧʦ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ (ʩʫʤʤʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʜʠʩ-

ʧʝʨʩʥʦʡ ʬʘʟʳ) ʠ ʪʦʣʴʢʦ ʧʦ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʝ. 

ʋʨʘʚʥʝʥʠʝ ʧʦ ʦʙʱʝʤʫ ʧʦʪʦʢʫ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʚʠʜ 

 

.GGG ʧʣʚʳʭʚʭ +=  (5.1) 

 

ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʦ ʧʳʣʠ ï ʚʩʷ ʚʦʰʝʜʰʘʷ 

ʧʳʣʴ ʨʘʟʜʝʣʠʣʘʩʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʦʜʥʘ ʦʩʪʘʣʘʩʴ ʚ ʘʧʧʘʨʘʪʝ, ʚʪʦʨʘʷ ʚʳ-

ʰʣʘ ʩ ʧʦʪʦʢʦʤ ʛʘʟʘ 

 

ʧʣʚʳʭʚʳʭʚʭ GʭGʭG ʚʭ += . (5.1ʘ) 

 

ʂʇɼ ʘʧʧʘʨʘʪʘ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʯʝʨʝʟ ʩʪʝʧʝʥʴ ʫʣʘʚʣʠʚʘ-

ʥʠʷ ʧʳʣʠ 

.
x

xx
100

ʚʭ

ʚʳʭʚʭ ³
-

=h  (5.2) 

 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʵʬʬʝʢʪʠʚʥʦ ʦʯʠʩʪʠʪʴ ʛʘʟ ʪʦʣʴʢʦ ʢʘʢʠʤ-ʪʦ ʦʜʥʠʤ 

ʩʧʦʩʦʙʦʤ ʥʝ ʫʜʘʸʪʩʷ. ʊʦʛʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʦʯʠʩʪʢʘ. 

ɼʣʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʦʯʠʩʪʢʠ ʚʚʦʜʠʪʩʷ ʦʙʱʠʡ ʂʇɼ ʩ ʫʯʸʪʦʤ ʢʘʯʝ-

ʩʪʚʘ ʫʣʘʚʣʠʚʘʥʠʷ ʧʳʣʠ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ 

 

)....)()(( 321 1111 h-h-h--=h . (5.3) 

 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʢʦʢʘ 
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.
x

x
K

ʚʭ

ʚʳʭ=  (5.4) 

 

ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʂʇɼ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʢʦʢʘ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝʤ h-=1K . 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʘʧʧʘʨʘʪ ʟʘʧʳʣʸʥʥʦʛʦ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʪʝʨʷ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʧʨʠʥʷʪʦ ʚʳʨʘʞʘʪʴ ʯʝʨʝʟ ʧʦʪʝʨʶ ʜʘʚʣʝʥʠʷ ʚ 

ʘʧʧʘʨʘʪʝ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʶʱʠʡ ʧʘʨʘʤʝʪʨ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʘʧʧʘʨʘʪʘ 

 

ʚʳʭʚʭ PPP -=D . (5.5) 

 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʦʯʝʥʴ ʚʘʞʥʘ, ʪʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ. ɿʥʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʡ ʩʠ-

ʩʪʝʤʳ ʦʯʠʩʪʢʠ, ʤʳ ʤʦʞʝʤ ʧʦʜʦʙʨʘʪʴ ʚʝʥʪʠʣʷʪʦʨ ʠʣʠ ʜʨʫʛʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʟʘʜʘʥʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ. ɺ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ ʠʣʠ ʢʘʩʢʘʜʘ ʘʧʧʘʨʘʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʥʘʯʘʣʴʥʦ-

ʛʦ ʟʥʘʯʝʥʠʷ ȹʈʥʘʯ ʜʦ ʢʦʥʝʯʥʦʛʦ ȹʈʢʦʥ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʝʯʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʮʝʩʩ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʢʨʘʪʠʪʴ ʠ ʧʨʦʚʝʩʪʠ ʨʝʛʝʥʝʨʘ-

ʮʠʶ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʬʠʣʴʪʨʦʚ. 

 

5.1. ʆʪʜʝʣʝʥʠʝ ʧʳʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʕʪʦ ʜʦʚʦʣʴʥʦ ʧʨʠʤʠʪʠʚʥʳʡ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ. ʅʦ ʜʝʰʸ-

ʚʳʡ. ɼʣʷ ʝʛʦ ʨʘʩʯʸʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʣʞʥʳ 

ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

1. ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʧʦʜʣʝʞʘʱʝʛʦ ʦʯʠʩʪʢʝ ʛʘʟʘ; 

2. ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʦʜʣʝʞʘʱʠʭ ʦʪʜʝʣʝʥʠʶ; 

3. ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ ʚ ʛʘʟʝ; 

4. ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ). 

ʋʜʘʣʝʥʠʝ ʧʳʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʦʩʘʜʠʪʝʣʴʥʳʭ ʢʘʤʝʨʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʵʪʠʭ ʢʘʤʝʨ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʯʘʩʪʠʮʳ ʧʳʣʠ ʟʘ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 
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ʛʘʟʘ ʚ ʢʘʤʝʨʝ ʜʦʣʞʥʳ ʫʩʧʝʪʴ ʦʧʫʩʪʠʪʴʩʷ ʥʘ ʜʥʦ ʘʧʧʘʨʘʪʘ. ɺ ʭʦʜʝ ʨʘʩ-

ʯʸʪʘ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʢʘʤʝʨʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʚʝʜʝʥʠʝ ʪʚʸʨʜʦʡ ʯʘʩʪʠʮʳ ʚ ʧʦʪʦʢʝ ʛʘʟʘ, ʢʦʪʦʨʳʡ 

ʟʘʭʦʜʠʪ ʚ ʦʩʘʜʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ (ʨʠʩ. 5.2). 

 

ʅ

L
b

wʦʩ

wʛʦʨ

w

 

ʈʠʩ. 5.2. ʂ ʨʘʩʯʸʪʫ ʦʩʘʜʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ. 

 

ʂʘʤʝʨʘ ʠʤʝʝʪ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ: ʜʣʠʥʘ L, ʰʠʨʠʥʘ b, ʚʳʩʦʪʘ ʅ. 

ʀʥʪʝʨʝʩʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʦʡ (ʠʣʠ ʢʘʢʠʝ) ʨʘʟʤʝʨ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷ-

ʶʱʠʤ. 

ʇʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ ʢʘʤʝʨʳ ʨʘʚʥʘ 

 

,LbS=  (5.6) 

 

ʘ ʩʝʯʝʥʠʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ ʛʘʟʘ 

 

.Hbf =  (5.7) 

 

ʇʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʟʘʧʳʣʸʥʥʦʛʦ ʛʘʟʘ ʚʜʦʣʴ ʢʘʤʝʨʳ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʝʧʝʥʥʦʝ ʦʩʘʞʜʝʥʠʝ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ. ʀʟ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʙʫʜʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʜʚʫʭ ʜʚʠʞʝʥʠʷʭ: 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʩw , ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʠʣʘ 

ʪʷʞʝʩʪʠ, ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʛʦʨw , ʚʳʟʚʘʥʥʦʤ ʩʠʣʦʡ 

ʠʥʝʨʮʠʠ. ʇʦʣʫʯʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ: ʩʢʦ-



71 

 

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ w ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩw  ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʛʦʨw . 

ʆʙʦʟʥʘʯʠʤ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʛʘʟʘ ʚ ʥʘʰʝʤ ʘʧʧʘʨʘʪʝ ʯʝʨʝʟ ʧʨt , ʘ 

ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠʮʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʜʘʥʥʦʛʦ 

ʨʘʟʤʝʨʘ ʯʝʨʝʟ ʦʩt . ʊʦʛʜʘ ʫʩʣʦʚʠʝ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʪʘʢ 

 

ʦʩʧʨ t²t . (5.8) 

 

ɺʳʨʘʟʠʤ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʠ ʚʨʝʤʷ ʦʩʘʞʜʝʥʠʷ ʯʝʨʝʟ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʧʫʪʠ ʠ ʩʢʦʨʦʩʪʠ 

 

;
w

L

ʛʦʨ
ʧʨ=t  (5.9) 

 

ʛʜʝ ʛʦʨw  ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʨʘʩʭʦʜʘ 

 

ʛʦʨfwV= , (5.10) 

  

Hb

V

f

V
w ==ʛʦʨ , (5.11) 

 

ʛʜʝ V ï ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʟʘʧʳʣʸʥʥʦʛʦ ʛʘʟʘ. 

ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ (5.9) ʟʥʘʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ ʩʢʦʨʦʩʪʠ ʠʟ ʫʨʘʚʥʝʥʠʷ (5.11), ʥʘʡʜʸʤ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʯʘʩʪʠ-

ʮʳ ʚ ʦʩʘʜʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ 

 

.
V

HS

V

LHb
==tʧʨ  (5.12) 
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ʇʨʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮʳ ʦʩw  ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮʳ, ʙʫʜʝʪ ʨʘʚʥʦ 

 

.
w

H

ʦʩ
ʦʩ=t  (5.13) 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʚʨʝʤʸʥ ʧʨʝʙʳ-

ʚʘʥʠʷ (5.12) ʠ ʦʩʘʞʜʝʥʠʠ (5.13) ʚ ʩʦʦʪʥʦʰʝʥʠʝ (5.8) ʧʦʣʫʯʠʤ 

 

.
w

H

V

HS

ʦʩ

²  (5.14) 

 

ʇʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ ʥʘʭʦʜʠʤ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʨʘʙʦʪʳ 

ʦʩʘʜʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ 

 

.SwV ʦʩ¢  (5.15) 

 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʩʘʜʠʪʝʣʴʥʦʡ ʢʘʤʝ-

ʨʳ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʝʸ ʚʳʩʦʪʳ, ʘ ʦʪ ʧʣʦʱʘʜʠ ʦʩʥʦʚʘʥʠʷ. 

ɺ ʬʦʨʤʫʣʫ ʚʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʦʩw . ɺ ʪʝʦʨʠʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʠʩʪʝʤ 

ʵʪʫ ʩʢʦʨʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ ʉʪʦʢʩʘ 

 

m

r-r
=

18

ʛʪʚ
2

ʦʩ

)(gd
w  (5.16) 

 

ʛʜʝ d ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ, ʤ; ɟʪʚ ï ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʧʳʣʠ, ʢʛ/ʤ
3
; ɟʛ ï 

ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ ʧʨʠ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ, ʢʛ/ʤ
3
, ɛ ï ʚʷʟʢʦʩʪʴ ʛʘʟʘ ʧʨʠ ʨʘ-

ʙʦʯʠʭ ʫʩʣʦʚʠʷʭ, ʇʘĬʩ,; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ
2
. 

ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʧʳʣʠ ʦʙʳʯʥʦ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ 

ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ, ʪʦ ʬʦʨʤʫʣʫ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʸʪʘ ʤʦʞʥʦ 

ʫʧʨʦʩʪʠʪʴ 
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m

r
=

18

ʪʚ
2

ʦʩ

gd
w  (5.16ʘ) 

 

ʇʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣ (5.16) ʠ (5.16ʘ) ʜʝʣʘʝʪʩʷ ʨʷʜ ʜʦʧʫʱʝʥʠʡ, 

ʥʘʧʨʠʤʝʨ, ʦ ʪʦʤ, ʯʪʦ ʬʦʨʤʘ ʯʘʩʪʠʮʳ ï ʰʘʨ. ʇʦʵʪʦʤʫ ʚ ʨʘʩʯʸʪʘʭ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʳʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ 

ʫʩʨʝʜʥʝʥʥʳʭ ʯʘʩʪʠʮ ʧʳʣʠ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ (ʪʘʙʣ. 5.1) 

 

ʊʘʙʣʠʮʘ 5.1 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ 
 

d, ʤʤ 0,01 0,044 0,074 0,104 0,147 0,208 0,295 0,417 0,813 

wʦʩĿ10
2
, ʤ/ʩ 0,61 11,6 28,4 49 82 125 183 265 520 

 

ʂʦʥʩʪʨʫʢʮʠʡ ʧʳʣʝʦʩʘʜʠʪʝʣʴʥʳʭ ʢʘʤʝʨ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. ʆʩʥʦʚ-

ʥʳʝ ʪʠʧʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5.3. ʇʦʣʘʷ ʢʘʤʝʨʘ (ʨʠʩ. 5.3 ʘ) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʧʳʣʠ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʘʧʧʘʨʘʪʘ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʚʝʨʪʠ-

ʢʘʣʴʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ (ʨʠʩ. 5.3 ʙ, ʚ), ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʛʘʟʘ ʠ ʟʘʩʪʘʚʣʷʶʪ, ʢʨʦʤʝ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʡ ʩʠʣʳ, ʨʘʙʦʪʘʪʴ ʩʠʣʫ ʠʥʝʨʮʠʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʧʳʣʠ ʚ ʢʘʤʝʨʝ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ (ʧʦʣʢʠ) (ʨʠʩ. 5.3 ʛ). ɿʘʯʝʤ ʠʭ 

ʩʪʘʚʷʪ? ʅʘ ʵʪʦʪ ʚʦʧʨʦʩ ʦʪʚʝʯʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʫʨʘʚʥʝʥʠʷ. ɽʩʣʠ 

ʚʳʨʘʟʠʪʴ ʠʟ ʥʠʭ ʜʣʠʥʫ ʢʘʤʝʨʳ L, ʪʦ ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ 

 

.
fw

HV
L

ʦʩ

=  (5.17) 

 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʠʥʘ ʧʫʪʠ ʛʘʟʘ ʚ ʘʧʧʘʨʘʪʝ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʘ ʚʳʩʦʪʝ ʅ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʧʫʪʴ, ʫʤʝʥʴʰʘʝʤ 

ʚʳʩʦʪʫ. 
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ʄʦʞʥʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʨʘʟʤʝʨʦʚ ʘʧʧʘʨʘʪʘ ʩ ʜʠʘʤʝʪʨʦʤ 

ʯʘʩʪʠʮ ʧʳʣʠ. ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ (5.17) ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟ ʟʘ-

ʢʦʥʘ ʉʪʦʢʩʘ (5.16ʘ), ʧʦʣʫʯʠʤ 

 

.
gfd

HV
L

r

m
=

2

18
 (5.18) 

 
1

2

ʆʯʠɦ ʝʥʥr ʡ 

ʛʘʟ

ɿʘʧr ʣʝʥʥr ʡ 

ʛʘʟ

ʇr ʣɹ

3

 
ʘ 

1

2

3

5

ʇr ʣɹ

ɿʘʧr ʣʝʥʥr ʡ 

ʛʘʟ

ʆʯʠɦ ʝʥʥr ʡ 

ʛʘʟ

 
ʙ 

1

5

3 2

ɿʘʧr ʣʝʥʥr ʡ 

ʛʘʟ

ʇr ʣɹ

ʆʯʠɦ ʝʥʥr ʡ 

ʛʘʟ

 
ʚ 

1 4

ɿʘʧr ʣʝʥʥr ʡ 

ʛʘʟ
ʆʯʠɦ ʝʥʥr ʡ 

ʛʘʟ

 
ʛ 

ʈʠʩ. 5.3. ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʳʣʝʦʩʘʜʠʪʝʣʴʥʳʭ 

ʢʘʤʝʨ: ʘ ï ʧʦʣʘʷ ʢʘʤʝʨʘ, ʙ, ʚ ï ʢʘʤʝʨʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜ-

ʢʘʤʠ, ʛ ï ʤʥʦʛʦʩʝʢʮʠʦʥʥʘʷ ʢʘʤʝʨʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʧʦʣʢʘʤʠ (ʨʘ-

ʙʦʪʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʮʠʢʣʳ ʦʯʠʩʪʢʠ ʛʘʟʘ ʠ ʧʨʦʜʫʚʢʠ ʢʘʤʝʨʳ ʯʝʨʝ-
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ʜʫʶʪʩʷ); 1 ï ʢʦʨʧʫʩ ʢʘʤʝʨʳ, 2 ï ʙʫʥʢʝʨ, 3-ʰʪʫʮʝʨ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʳ-

ʣʠ, 4 ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ, 5 ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʛʦʨʦʜʢʠ. 

 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (5.18) ʚʠʜʥʦ, ʯʪʦ ʜʣʠʥʘ ʧʫʪʠ ʛʘʟʘ ʦʙʨʘʪʥʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʜʠʘʤʝʪʨʘ ʧʳʣʠʥʦʢ. ʊ.ʝ. ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʜʣʠʥʫ ʢʘʤʝʨʳ 

ʧʨʠʜʸʪʩʷ ʫʚʝʣʠʯʠʪʴ ʚ 4 ʨʘʟʘ. 

ʋ ʤʥʦʛʦʩʝʢʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʧʦʣʢʘʤʠ (ʨʠʩ. 

5.3ʛ) ʝʩʪʴ ʝʱʸ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʝʨʚʘʷ ï ʵʪʦ ʥʘʣʠʯʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ 5 ʥʘ ʧʫʪʠ ʛʘʟʘ. ɽʩʣʠ ʝʸ ʥʝ ʙʫʜʝʪ, ʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟ-

ʥʳʭ ʩʝʢʮʠʡ ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʠʥʘ ʧʫʪʠ 

ʛʘʟʘ ʤʝʞʜʫ ʧʦʣʢʘʤʠ ʨʘʟʣʠʯʥʘʷ ï ʜʣʷ ʚʝʨʭʥʠʭ ʦʥʘ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʜʣʷ 

ʥʠʞʥʠʭ ï ʙʦʣʴʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʦʢ ʧʦʡʜʸʪ ʧʦ ʚʝʨʭʥʠʤ ʧʦʣʢʘʤ, ʛʜʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʥʴʰʝ, ʩʦʟʜʘʚ ʪʘʤ ʙ·ʣʴʰʫʶ ʩʢʦʨʦʩʪʴ. ɻʘʟ ʙʫʜʝʪ 

ʦʯʠʱʘʪʴʩʷ ʧʣʦʭʦ. ʅʠʞʥʠʝ ʩʝʢʮʠʠ ʦʢʘʞʫʪʩʷ ʥʝʜʦʛʨʫʞʝʥʥʳʤʠ, ʚʨʝʤʷ 

ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʧʦ ʥʠʤ ʙʫʜʝʪ ʥʝʦʧʨʘʚʜʘʥʥʦ ʙʦʣʴʰʠʤ. ʅʘʣʠʯʠʝ ʧʝʨʝ-

ʛʦʨʦʜʢʠ ʚʳʨʘʚʥʠʚʘʝʪ ʧʫʪʠ, ʘ ʟʥʘʯʠʪ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʝʢʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʦʢ ʛʘʟʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʝʢʮʠʷʤ ʨʘʚʥʦ-

ʤʝʨʥʦ. 

ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝ-

ʥʠʷ ʧʦʪʦʢʘ. ʇʨʠ ʧʦʚʦʨʦʪʝ ʧʦʪʦʢʘ ʦʩʪʘʚʰʠʝʩʷ ʚ ʥʸʤ ʯʘʩʪʠʮʳ ʧʦʜʚʝʨ-

ʛʘʶʪʩʷ ʜʝʡʩʪʚʠʶ ʥʦʚʦʡ ʩʠʣʳ ï ʩʠʣʳ ʠʥʝʨʮʠʠ. ʇʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʛʘʟʘ. ʇʨʠʯʸʤ ʚʦʟʥʠʢʘʶʱʘʷ ʩʠʣʘ ʠʥʝʨʮʠʠ ʤʦʞʝʪ ʧʨʝ-

ʚʦʩʭʦʜʠʪʴ ʩʠʣʫ ʪʷʞʝʩʪʠ. ʀ ʪʫʪ ʤʳ ʧʦʜʭʦʜʠʤ ʢʦ ʚʪʦʨʦʤʫ ʤʝʪʦʜʫ ʦʪʜʝ-

ʣʝʥʠʷ ʧʳʣʠ ʠʟ ʧʦʪʦʢʘ ʛʘʟʘ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʳ ʠʥʝʨʮʠʠ. 

 

5.2. ʆʪʜʝʣʝʥʠʝ ʧʳʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʳ ʠʥʝʨʮʠʠ 

ʉʠʣʘ ʪʷʞʝʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʣʢʠʤ ʯʘʩʪʠʮʘʤ ʜʦʚʦʣʴʥʦ ʩʣʘ-

ʙʘʷ. ʕʪʦ ʜʣʷ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʦʥʘ ʚʣʠʷʪʝʣʴʥʘ. ʇʦʵʪʦʤʫ ʚ ʧʳʣʝʦʩʘ-

ʜʠʪʝʣʴʥʳʭ ʢʘʤʝʨʘʭ ʩ ʝʸ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʫʜʘʣʷʪʴ ʧʳʣʴ ʩ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ʜʦ 50 ʤʢʤ. ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʥʝʚʳʩʦʢʘ ï 40 ï 50%. ɿʘʪʦ ʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ ʥʝʙʦʣʴʰʦʝ ï ʦʪ 50 ʜʦ 150 ʇʘ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʩʪʘʚʠʪʴ ʨʘʙʦʪʘʪʴ ʩʠʣʫ ʠʥʝʨʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʟʢʦ ʠʟʤʝʥʠʪʴ ʪʨʘʝʢʪʦʨʠʶ ʧʦʪʦʢʘ, ʧʨʠʯʸʤ ʣʫʯʰʝ ʵʪʦ ʩʜʝʣʘʪʴ ʥʝ 
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ʦʜʠʥ ʨʘʟ, ʘ ʥʝʩʢʦʣʴʢʦ. ʏʘʩʪʠʮʳ ʧʳʣʠ ʧʨʠ ʢʘʞʜʦʤ ʧʦʚʦʨʦʪʝ ʙʫʜʫʪ 

ʜʚʠʛʘʪʴʩʷ ʚ ʧʨʝʞʥʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʠʟ ʧʦʪʦʢʘ. 

ʊʘʢʦʡ ʧʨʠʸʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʥʝʨʮʠʦʥʥʳʭ ʫʣʦʚʠʪʝʣʷʭ, ʦʜʠʥ ʠʟ ʢʦʪʦ-

ʨʳʭ ï ʞʘʣʶʟʠʡʥʳʡ ï ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 5.4. ɺ ʘʧʧʘʨʘʪ ʟʘʭʦʜʠʪ ʦʜʠʥ ʧʦ-

ʪʦʢ, ʘ ʚʳʭʦʜʠʪ ʜʚʘ: ʦʜʠʥ ʩʯʠʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʦʯʠʱʝʥʥʳʤ (ʧʨʠʤʝʨʥʦ 

ʥʘ 90%), ʘ ʚʪʦʨʦʡ ʠʜʸʪ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʚ ʮʠʢʣʦʥ ʠʣʠ 

ʬʠʣʴʪʨ. ʆʙʳʯʥʦ ʞʘʣʶʟʠʡʥʳʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʟʘʜʝʨʞʠʚʘʪʴ 

ʧʳʣʴ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʜʦ 20 ʤʢʤ. ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʘʧʧʘʨʘʪʘ 100 ï 400 ʇʘ, ʩʢʦʨʦʩʪʴ ʛʘʟʘ 5 ï 25 ʤ/ʩ, ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʛʘʟʘ ʜʦ 450
0
ʉ. 

 

ʆʯʠɦ ʝʥʥr ʡ

 ʛʘʟ

ɿʘʧr ʣʝʥʥr ʡ

 ʛʘʟ

ɿʘʧr ʣʝʥʥr ʡ

 ʛʘʟ

1

2

 
ʈʠʩ. 5.4. ɾʘʣʶʟʠʡʥʳʡ ʧʳʣʝʫʣʦʚʠʪʝʣʴ. 1-ʢʦʨʧʫʩ, 2-ʨʝʰʸʪʢʘ. 

 

5.3. ʆʪʜʝʣʝʥʠʝ ʧʳʣʠ ʚ ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʫʧʨʘʚʣʷʝʤʘ. ɸʧʧʘʨʘʪʳ, 

ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʧʳʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʧʦ-

ʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʮʠʢʣʦʥʦʚ. ɽʩʪʴ ʝʱʸ ʢʣʘʩʩ ʘʧʧʘʨʘʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ï ʵʪʦ ʮʝʥʪʨʠʬʫʛʠ ʠ ʩʝʧʘʨʘʪʦʨʳ. ʅʦ 

ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʞʠʜʢʠʭ ʩʨʝʜ (ʩʫʩ-

ʧʝʥʟʠʠ ʠ ʵʤʫʣʴʩʠʠ). 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦ-

ʙʝʞʥʦʡ ʩʠʣʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ ʦʩʘʞʜʝʥʠʝʤ ʧʦʜ ʜʝʡʩʪʚʠ-
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ʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʎʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʮF , ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ, 

ʨʘʚʥʘ 

 

,
r

mw
F r

2

ʮ=  (5.19) 

 

ʛʜʝ m ï ʤʘʩʩʘ ʯʘʩʪʠʮʳ, r ï ʨʘʜʠʫʩ ʝʸ ʚʨʘʱʝʥʠʷ, wr ï ʦʢʨʫʞʥʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʯʘʩʪʠʮʳ ʚʤʝʩʪʝ ʩ ʧʦʪʦʢʦʤ ʥʘ ʨʘʜʠʫʩʝ r. 

ʉʠʣʘ ʪʷʞʝʩʪʠ ʥʘʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ 

 

.mgF =ʪ  (5.20) 

ʅʘʡʜʸʤ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʩʠʣ, ʨʘʟʜʝʣʠʚ ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʠʣʫ ʥʘ 

ʩʠʣʫ ʪʷʞʝʩʪʠ 

 

r

2

ʪ

ʮ

g

w

F

F
r=  (5.21) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʚʦ 

ʩʪʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʮʝʥʪʨʦʙʝʞʥʦʝ 

ʫʩʢʦʨʝʥʠʝ 
r

wr
2

 ʙʦʣʴʰʝ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g. ʆʪʥʦʰʝʥʠʝ 

ʵʪʠʭ ʫʩʢʦʨʝʥʠʡ ʥʘʟʳʚʘʶʪ ʬʘʢʪʦʨʦʤ ʨʘʟʜʝʣʝʥʠʷ ʂʨ 

 

.
gr

w
K r

2

P=  (5.22) 

 

ʆʢʨʫʞʥʫʶ ʩʢʦʨʦʩʪʴ wr ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ n 

 

rnwr p=2  (5.23) 

 

ʊʦʛʜʘ ʬʘʢʪʦʨ ʨʘʟʜʝʣʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 
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442 p
=

p
=

p
=  (5.24) 

 

ɼʣʷ ʮʠʢʣʦʥʦʚ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ ʨʘʟʜʝʣʝʥʠʷ ʂʨ ʩʦʩʪʘʚʣʷʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʩʦʪʝʥ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ ʧʳʣʠ ʮʝʥ-

ʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʚ ʩʦʪʥʠ ʨʘʟ ʙʦʣʴʰʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʮʠʢʣʦ-

ʥʘʭ ʤʦʞʥʦ ʦʩʘʞʜʘʪʴ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʢʤ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʧʦʣʝ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. ʆʜʥʘʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʨʘʩʯʸʪʦʚ ʮʠʢʣʦʥʦʚ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʪʘʢ ʢʘʢ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʣʘʤʠʥʘʨ-

ʥʦʛʦ ʨʝʞʠʤʘ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʠʭʨʝʡ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʨʝʜʧʦʣʘ-

ʛʘʶʪ, ʯʪʦ ʦʪʜʝʣʷʝʤʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʠʤʝʶʪ ʬʦʨʤʫ ʰʘʨʘ. ʇʦʵʪʦʤʫ 

ʧʨʦʝʢʪʥʳʡ ʨʘʩʯʸʪ ʮʠʢʣʦʥʦʚ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ, ʵʪʘʧʳ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʧʦʢʘʟʘʥʳ ʥʠʞʝ. 

ʋʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʮʠʢʣʦʥʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5.5. 

ʎʠʢʣʦʥ ʩʦʩʪʦʠʪ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ ʩ ʢʦʥʠʯʝʩʢʠʤ ʜʥʠʱʝʤ. 

ɿʘʧʳʣʸʥʥʳʡ ʛʘʟ ʚʚʦʜʠʪʩʷ ʚ ʢʦʨʧʫʩ ʯʝʨʝʟ ʰʪʫʮʝʨ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 20 ï 30 ʤ/ʩ. ɺʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʜʦʩʨʦʯʥʦʝ ʚʳʧʘʜʝʥʠʝ ʯʘʩʪʠʮ ʧʳʣʠ ʠʟ ʧʦʪʦʢʘ. ɹʣʘʛʦʜʘʨʷ ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʦʤʫ ʚʚʦʜʫ ʛʘʟ ʧʨʠʦʙʨʝʪʘʝʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʢʨʫʛ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʪʨʫʙʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʚʦʜʘ ʦʯʠʱʝʥʥʦʛʦ ʛʘʟʘ 

ʠʟ ʘʧʧʘʨʘʪʘ. ʉʜʝʣʘʚ 2-3 ʦʙʦʨʦʪʘ ʠ ʧʦʪʝʨʷʚ ʵʥʝʨʛʠʶ, ʦʯʠʱʝʥʥʳʡ ʛʘʟ 

ʧʦʢʠʜʘʝʪ ʘʧʧʘʨʘʪ. ʏʘʩʪʠʮʳ ʧʳʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ 

ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʢ ʩʪʝʥʢʘʤ ʢʦʨʧʫʩʘ, ʘ ʟʘʪʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝ-

ʩʪʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʙʫʥʢʝʨ. ɺ ʘʧʧʘʨʘʪʝ ʩʦʟʜʘʶʪʩʷ ʜʚʘ ʩʧʠʨʘʣʴʥʳʭ 

ʧʦʪʦʢʘ: ʚʥʝʰʥʠʡ ʧʦʪʦʢ ʟʘʧʳʣʸʥʥʦʛʦ ʛʘʟʘ ʜʚʠʞʝʪʩʷ ʚʥʠʟ ʚʜʦʣʴ ʩʪʝʥʦʢ 

ʢʦʨʧʫʩʘ, ʘ ʚʥʫʪʨʝʥʥʠʡ ʧʦʪʦʢ ʫʞʝ ʦʯʠʱʝʥʥʦʛʦ ʛʘʟʘ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ 

ʠ ʫʜʘʣʷʝʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ. 
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ʈʠʩ. 5.5. ʎʠʢʣʦʥ ʠ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ 

 

ʎʠʢʣʦʥ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʧʦʜ ʥʘʧʦʨʦʤ (ʛʘʟʦʜʫʚʢʘ, ʚʝʥʪʠʣʷ-

ʪʦʨ ʠʣʠ ʢʦʤʧʨʝʩʩʦʨ ʧʝʨʝʜ ʮʠʢʣʦʥʦʤ ʩʦʟʜʘʶʪ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ), 

ʪʘʢ ʠ ʧʦʜ ʨʘʟʨʝʞʝʥʠʝʤ (ʚʝʥʪʠʣʷʪʦʨ ʠʣʠ ʚʘʢʫʫʤ-ʥʘʩʦʩ ʧʦʩʣʝ ʮʠʢʣʦʥʘ 

ʩʦʟʜʘʶʪ ʚʘʢʫʫʤ). ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʫʟʝʣ ʚʳʚʦʜʘ ʪʚʸʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʮʠʢʣʦʥʘ ʜʦʣʞʝʥ ʙʳʪʴ ʛʝʨʤʝʪʠʟʠʨʦʚʘʥ (ʰʥʝʢ, ʤʠʛʘʣʢʘ, ʰʣʶʟʦʚʦʡ ʠʣʠ 

ʩʝʢʪʦʨʥʳʡ ʟʘʪʚʦʨ ʠ ʪ.ʜ.). ʀʥʘʯʝ, ʝʩʣʠ ʘʧʧʘʨʘʪ ʨʘʙʦʪʘʝʪ ʧʦʜ ʜʘʚʣʝʥʠ-

ʝʤ, ʚʤʝʩʪʝ ʩ ʪʚʸʨʜʳʤ ʤʘʪʝʨʠʘʣʦʤ ʥʘʨʫʞʫ ʚʳʡʜʝʪ ʛʘʟ. ɽʩʣʠ ʞʝ ʚ ʘʧʧʘ-

ʨʘʪʝ ʚʘʢʫʫʤ, ʪʦ ʙʫʜʝʪ ʟʘʩʘʩʳʚʘʪʴʩʷ ʚʦʟʜʫʭ ʩʥʘʨʫʞʠ, ʢʦʪʦʨʳʡ ʧʦʜʭʚʘ-

ʪʠʪ ʦʩʝʚʰʠʝ ʯʘʩʪʠʮʳ. 

ʂʦʣʴʮʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʦʨʧʫʩʦʤ ʮʠʢʣʦʥʘ ʠ ʮʝʥʪʨʘʣʴ-

ʥʦʡ ʪʨʫʙʦʡ ʥʘʟʳʚʘʝʪʩʷ ʨʘʙʦʯʠʤ ʦʙʲʸʤʦʤ ʮʠʢʣʦʥʘ. ʇʨʦʭʦʜʷ ʨʘʙʦʯʠʡ 

ʦʙ̡ʸʤ, ʛʘʟ ʜʝʣʘʝʪ 2 ï 3 ʧʦʣʥʳʭ ʚʠʪʢʘ. ʇʨʠ ʵʪʦʤ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ 

ʫʩʧʝʚʘʶʪ ʜʦʩʪʠʛʥʫʪʴ ʩʪʝʥʦʢ ʠ ʦʩʝʩʪʴ ʥʘ ʥʠʭ, ʘ ʤʝʣʢʠʝ ʦʩʝʜʘʶʪ ʪʦʣʴʢʦ 

ʯʘʩʪʠʯʥʦ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʮʠʢʣʦʥ ʦʙʣʘʜʘʝʪ ʩʝʧʘʨʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠ-

ʝʤ. 

ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʛʘʟʘ ʚ ʮʠʢʣʦʥʘʭ ʪʝʤ ʣʫʯʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʬʘʢʪʦʨ 

ʨʘʟʜʝʣʝʥʠʷ ʂʨ. ʀʟ ʚʳʨʘʞʝʥʠʷ (5.24) ʚʠʜʥʦ, ʯʪʦ ʬʘʢʪʦʨ ʨʘʟʜʝʣʝʥʠʷ 
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ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʣʠʙʦ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ ʚʨʘʱʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦ-

ʢʘ, ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʩʢʦʨʦʩʪʠ. ʆʜʥʘʢʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʜʠʫʩʘ 

ʮʠʢʣʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʫʤʝʥʴʰʘʝʪʩʷ 

ʩʝʯʝʥʠʝ ʧʦʪʦʢʘ). ɸ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʟʳʚʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʢʦʪʦʨʘʷ ʫʭʫʜʰʘʝʪ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʦʯʠʱʝʥʥʦʛʦ ʛʘʟʘ ʩ ʟʘʧʳʣʸʥʥʳʤ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʘʭ ʟʘʧʳʣʸʥʥʦʛʦ ʛʘʟʘ ʚʤʝʩʪʦ ʦʜʥʦʛʦ 

ʮʠʢʣʦʥʘ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠʤʝʥʷʶʪ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ ï ʧʦʣʫʯʘ-

ʝʪʩʷ ʙʘʪʘʨʝʡʥʳʡ ʮʠʢʣʦʥ ʠʣʠ ʤʫʣʴʪʠʮʠʢʣʦʥ (ʨʠʩ. 5.6). ɼʠʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʮʠʢʣʦʥʘ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ 100, 150 ʠ 250 

ʤʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʥʠʭ ʦʪ 3,5 ʜʦ 4,75 ʤ/ʩ. 

ɼʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʮʠʢʣʦʥʘ ʜʦʣʞʥ rʙʳʪʴ ʟʘʜʘʥ:r 

1. ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʛʘʟʫ; 

2. ʧʨʝʜʝʣʴʥʳʡ ʨʘʟʤʝʨ ʫʣʘʚʣʠʚʘʝʤʳʭ ʯʘʩʪʠʮ; 

3. ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʛʘʟʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʦʯʝʥʴ ʩʣʦʞʝʥ, ʧʦʵʪʦʤʫ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʧʨʦʱʸʥʥʘʷ ʤʝʪʦʜʠʢʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʠʢʣʦʥʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʫʨʘʚʥʝʥʠʝʤ 

,
w

P
2

2r
x=D  (5.25) 

ʛʜʝ w ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʮʠʢʣʦʥʝ, ;,
S

V
w ʤ/ʩ =  -x ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʠʢʣʦʥʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʥʠ-

ʤʘʝʪ ʟʥʘʯʝʥʠʷ 60, 160 ʠ 250, S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ. 
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ɸɸ

ʇr ʣɹ

ɿʘʧr ʣʝʥʥr ʡ 

ʛʘʟ

ʆʯʠɦ ʝʥʥr ʡ

1

2

3

4

5

4

ɸ - ɸ

ʛʘʟ

    
ʈʠʩ. 5.6. ʋʩʪʨʦʡʩʪʚʦ ʤʫʣʴʪʠʮʠʢʣʦʥʘ. 1-ʧʳʣʝʩʙʦʨʥʳʡ ʙʫʥʢʝʨ; 2-

ʤʫʣʴʪʠʮʠʢʣʦʥʥʳʡ ʙʣʦʢ; 3-ʥʘʧʨʘʚʣʷʶʱʠʡ ʘʧʧʘʨʘʪ ʩ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʣʦʧʘʪʢʘʤʠ 

ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ; 4-ʦʧʦʨʥʳʡ ʧʦʷʩ; 5-ʢʦʨʧʫʩ. 

 

ɺʳʨʘʟʠʤ ʜʨʦʙʴ 

.
wP

2

2

x=
r

D
 (5.26) 

ʀʟ ʦʧʳʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ 
r

Dʈ
 ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʮʠʢʣʦʥʘ ʠʤʝʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʙʳʯʥʦ 500 ï 750 ʤ
2
/ʩ

2
. ɺr-

ʙʨʘʚ ʟʥʘʯʝʥʠʝ ʜʨʦʙʠ ʠ ʟʥʘʷ x, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (5.26) ʤʦʞʥʦ ʨʘʩʩʯʠ-

ʪʘʪʴ ʬʠʢʪʠʚʥʫʶ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʮʠʢʣʦʥʝ w. ɼʘʣʝʝ ʠʟ ʫʨʘʚʥʝʥʠʷ ʨʘʩ-

ʭʦʜʘ ʥʘʭʦʜʠʪʩʷ ʜʠʘʤʝʪʨ ʘʧʧʘʨʘʪʘ D. ɼʣʷ ʥʘʡʜʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʘ-

ʤʝʪʨʘ ʧʦ ʥʦʨʤʘʣʷʤ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʛʘʟʘ. ɽʩʣʠ ʥʘʡʜʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʦʢʘʞʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ 

ʧʝʨʝʩʯʸʪ, ʫʚʝʣʠʯʠʚ ʦʪʥʦʰʝʥʠʝ 
r

Dʈ
 ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʚ ʩʢʦ-

ʨʦʩʪʴ w ʠ ʫʤʝʥʴʰʠʚ ʜʠʘʤʝʪʨ ʮʠʢʣʦʥʘ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʮʠʢʣʦʥʥʳʭ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ: 

1. ʦʪʩʫʪʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ; 

2. ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʛʘʟʘ, ʠʤʝʶʱʝʛʦ ʚʳʩʦʢʫʶ (ʜʦ 500
0
ʉ) 

ʪʝʤʧʝʨʘʪʫʨʫ; 

3. ʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ; 

4. ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

5. ʦʪʜʝʣʷʝʤʘʷ ʧʳʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ; 
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6. ʧʦʩʪʦʷʥʩʪʚʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ; 

7. ʨʦʩʪ ʟʘʧʳʣʸʥʥʦʩʪʠ ʛʘʟʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʦʯʠʩʪʢʠ; 

8. ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʮʠʢʣʦʥʳ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦ-

ʚʘʪʴʩʷ ʜʝʩʷʪʢʠ ʣʝʪ. 

ʅʝʜʦʩʪʘʪʢʠ ʮʠʢʣʦʥʦʚ: 

1. ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï ʜʦ 1250 

ï 1500 ʇʘ; 

2. ʧʣʦʭʦʝ ʫʣʘʚʣʠʚʘʥʠʝ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʴʰʝ 5 ʤʢʤ; 

3. ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʯʠʩʪʢʠ ʛʘʟʘ ʦʪ ʣʠʧʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. 

 

5.4. ʆʪʜʝʣʝʥʠʝ ʧʳʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ 
 

ʌʠʣʴʪʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʪʦʥʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʧʳʣʠ ʦʪ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʦʯʝʥʴ ʧʨʦʩʪʘ: ʪʚʸʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘ-

ʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ, ʦʙʨʘʟʫʷ 

ʦʩʘʜʦʢ, ʠʣʠ ʧʨʦʥʠʢʘʶʪ ʚ ʧʦʨʳ ʧʝʨʝʛʦʨʦʜʢʠ ʠ ʦʩʪʘʶʪʩʷ ʪʘʤ. ʇʦʵʪʦʤʫ 

ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷ: 

1. ʬʠʣʴʪʨʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʘʜʢʘ; 

2. ʬʠʣʴʪʨʦʚʘʥʠʝ ʩ ʟʘʢʫʧʦʨʠʚʘʥʠʝʤ ʧʦʨ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʨʘʙʦʪʘʶʪ ʦʙʘ ʤʝʭʘʥʠʟʤʘ ï ʠ ʦʩʘʜʦʢ ʦʙʨʘʟʫ-

ʝʪʩʷ, ʠ ʧʦʨʳ ʟʘʢʫʧʦʨʠʚʘʶʪʩʷ. 

ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʜʘʚ-

ʣʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ. ʕʪʘ ʨʘʟʥʦʩʪʴ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʩʪʦʷʥʥʦʡ, ʪʦʛʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʩʣʦʷ ʦʩʘʜʢʘ ʩʢʦ-

ʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɸ ʤʦʞʝʪ ʠʜʪʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ, 

ʜʣʷ ʵʪʦʛʦ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʷ ʥʘʜʦ ʫʚʝʣʠʯʠʚʘʪʴ. 

ʉ ʧʨʦʮʝʩʩʦʤ ʬʠʣʴʪʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ ʚʩʝ ʠʟ ʥʘʩ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳ. 

ʆʙʳʯʥʳʡ ʙʳʪʦʚʦʡ ʧʳʣʝʩʦʩ ï ʵʪʦ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʬʠʣʴʪʨ. ʈʘʙʦʪʘʝʪ 

ʦʥ ʧʦʜ ʚʘʢʫʫʤʦʤ ï ʪʫʨʙʠʥʘ ʚʝʥʪʠʣʷʪʦʨʘ ʩʦʟʜʘʸʪ ʚ ʧʳʣʝʩʦʩʝ ʨʘʟʨʝʞʝ-

ʥʠʝ. ʇʳʣʴ ʦʪʜʝʣʷʝʪʩʷ ʥʘ ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʪʢʘʥʥʦʡ ʠ ʧʦʜʣʝʞʠʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʯʠʩʪʢʝ, ʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝ-

ʪʢʘʥʥʦʡ ï ʙʫʤʘʞʥʳʡ ʤʝʰʦʢ, ʢʦʪʦʨʳʡ ʧʦ ʤʝʨʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʩʪʦ ʟʘ-

ʤʝʥʷʝʪʩʷ ʥʘ ʥʦʚʳʡ. ɼʣʷ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʠ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦ-
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ʜʚʠʛʘʪʝʣʷ ʧʳʣʝʩʦʩʘ ʚ ʥʸʤ ʫʩʪʘʥʦʚʣʝʥ ʝʱʸ ʦʜʠʥ ʬʠʣʴʪʨʫʶʱʠʡ ʵʣʝ-

ʤʝʥʪ ʜʣʷ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʧʦʣʠʤʝʨʥʘʷ ʧʦʨʠʩʪʘʷ ʧʝ-

ʨʝʛʦʨʦʜʢʘ. ɽʸ ʪʦʞʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʯʠʱʘʪʴ. 

ɽʩʣʠ ʜʣʷ ʬʠʣʴʪʨʦʚʘʥʠʷ ʩʫʩʧʝʥʟʠʡ ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʴ ʢʘʢʘʷ-ʪʦ 

ʪʝʦʨʠʷ, ʪʦ ʜʣʷ ʬʠʣʴʪʨʦʚʘʥʠʷ ʛʘʟʦʚ ʪʝʦʨʠʠ ʥʝʪ. ʇʦʵʪʦʤʫ ʨʘʩʯʸʪ ʛʘʟʦ-

ʚʳʭ ʬʠʣʴʪʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʦʧʳʪʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ʨʘʟʣʠʯʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʬʠʣʴʪʨʳ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚ. 

1. ʉ ʛʠʙʢʠʤʠ ʧʦʨʠʩʪʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦ-

ʨʳʭ ʧʨʠʤʝʥʷʶʪ: 

¶ ʪʢʘʥʝʚʳʝ ʤʘʪʝʨʠʘʣʳ (ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʣʠ ʧʨʠʨʦʜʥʳʭ ʚʦ-

ʣʦʢʦʥ); 

¶  ʥʝʪʢʘʥʥʳʝ ʚʦʣʦʢʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ (ʚʦʡʣʦʢ, ʢʘʨʪʦʥ); 

¶ ʤʝʪʘʣʣʦʪʢʘʥʠ. 

2. ʉ ʧʦʣʫʞʸʩʪʢʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ (ʩʣʦʠ ʠʟ ʚʦʣʦʢʦʥ, ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʝʪʢʠ). 

3. ʉ ʞʸʩʪʢʠʤʠ ʧʦʨʠʩʪʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ (ʠʟ ʢʝʨʘʤʠʢʠ, ʧʣʘʩʪʤʘʩʩ, 

ʩʧʝʯʸʥʥʳʭ ʠʣʠ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ); 

4. ʉ ʟʝʨʥʠʩʪʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ (ʩʣʦʠ ʰʣʘʢʘ, ʛʨʘʚʠʷ, ʧʝʩʢʘ). 

ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʛʦʨʦʜʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 

ʧʳʣʠ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʘʟʘ, ʝʛʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʜʦʧʫʩʪʠʤʳʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ɿʘʜʘʯʫ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʪ ʧʳʣʠ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʚ ʩʘʤʳʭ 

ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʢʘʢʠʭ-ʪʦ ʧʨʦʠʟʚʦʜʩʪʚ ʪʨʝʙʫʝʪʩʷ 

ʦʯʝʥʴ ʪʱʘʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʤʝʱʝʥʠʷ. ɸ ʛʜʝ-ʪʦ ʪʨʝʙʫʝʪʩʷ ʦʯʠʩʪʠʪʴ ʚʦʟʜʫʭ, ʚʳʙʨʘʩʳʚʘʝʤʳʡ ʠʟ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɼʣʷ ʢʘʢʠʭ-ʪʦ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʫʣʦʚʠʪʴ ʧʳʣʴ ʩ ʨʘʟʤʝʨʦʤ 10 ʤʢʤ. ɸ 

ʛʜʝ-ʪʦ ʥʘʜʦ ʟʘʜʝʨʞʘʪʴ ʙʘʢʪʝʨʠʠ. ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ-

ʨʦʜʠʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʣʴʪʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʦʯʠʩʪʢʠ 

ʚʦʟʜʫʭʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʟʜʫʰʥʳʭ ʬʠʣʴʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʦʯʠʩʪʢʠ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʪʘʥʜʘʨʪʘʤʠ 
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ɻʆʉʊ-ʈ-ɽʅ 779-2007, ɻʆʉʊ-ʈ-ɽʅ 1822-1-2010 ʠ ɽʚʨʦʩʪʘʥʜʘʨʪʘʤʠ 

EN 779 ʠ EN 1822. 

ʇʦ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʚʩʝ ʬʠʣʴʪʨʳ ʜʝʣʷʪʩʷ ʥʘ ʯʝʪʳʨʝ ʢʘʪʝʛʦʨʠʠ: 

1. ʛʨʫʙʘʷ ʦʯʠʩʪʢʘ; 

2. ʪʦʥʢʘʷ ʦʯʠʩʪʢʘ; 

3. ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʦʯʠʩʪʢʘ (ʅɽʈɸ ï High Efficiency Particulate 

Air, ʯʪʦ ʚ ʜʦʩʣʦʚʥʦʤ ʧʝʨʝʚʦʜʝ ʦʟʥʘʯʘʝʪ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ 

ʫʣʦʚʠʪʝʣʴ ʯʘʩʪʠʮ, ʯʠʪʘʝʪʩʷ çʭʝʧʘè-ʬʠʣʴʪʨ); 

4. ʩʚʝʨʭʚʳʩʦʢʘʷ (ULPA ï Ultra Low Penetrating Air). 

ɺ ʧʨʠʥʮʠʧʝ ʣʶʙʦʡ ʧʳʣʝʚʦʡ ʬʠʣʴʪʨ ʤʦʞʥʦ ʥʘʟʚʘʪʴ HEPA, ʥʦ ʥʝ 

ʚʩʝ ʦʥʠ ʦʯʠʱʘʶʪ ʚʦʟʜʫʭ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ. ʇʦʵʪʦʤʫ ʚ ɽʚʨʦʧʝ 

ʙʳʣ ʧʨʠʥʷʪ ʩʪʘʥʜʘʨʪ EN 1822, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʢʣʘʩʩ HEPA-

ʬʠʣʴʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʟʘʜʝʨʞʢʝ ʯʘʩʪʠʮ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʘʥʛʣ. MPPS ï Most 

Penetrating Particle Size). ɼʣʷ ʅɽʈɸ-ʬʠʣʴʪʨʦʚ MPPS ʥʘʯʠʥʘʝʪʩʷ ʦʪ 0,3 

ʤʢʤ ʠ ʚʳʰʝ. 

ʉʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʩʫʱʝʩʪʚʫʝʪ 17 ʢʣʘʩʩʦʚ 

ʬʠʣʴʪʨʘʮʠʠ ʦʪ G1 ʜʦ U17. ʏʝʤ ʚʳʰʝ ʢʣʘʩʩ, ʪʝʤ ʣʫʯʰʝ ʢʘʯʝʩʪʚʦ 

ʬʠʣʴʪʨʘʮʠʠ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʬʠʣʴʪʨʦʚ ʛʨʫʙʦʡ ʦʯʠʩʪʢʠ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʢʣʘʩʩʘ: G1, 

G2, G3 ʠ G4, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʴʶ ʦʪʜʝʣʝʥʠʷ ʧʳʣʠ. 

ʌʠʣʴʪʨʳ ʛʨʫʙʦʡ ʦʯʠʩʪʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʤʝʱʝʥʠʷʭ ʠ ʧʨʦʮʝʩʩʘʭ ʩ 

ʥʠʟʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʯʠʩʪʦʪʝ ʚʦʟʜʫʭʘ. ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʚ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʜʠʮʠʦ-

ʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʭʦʣʦʜʠʣʴʥʳʭ 

ʤʘʰʠʥ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ ʟʘʧʳʣʝʥʥʦʩʪʠ. 

ɼʣʷ ʬʠʣʴʪʨʦʚ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʢʣʘʩʩʘ: 

F1, F2, F3 ʠ F4. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʯʠʩʪʢʘ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʚʦʟ-

ʜʫʭʘ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʦʚ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ 

ʦʯʠʩʪʢʠ (ʜʦʦʯʠʩʪʢʠ). ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʥʠʯʥʳʭ ʧʘʣʘʪʘʭ, ʘʜ-

ʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʟʜʘʥʠʷʭ, ʛʦʩʪʠʥʠʮʘʭ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ, ʣʝʢʘʨʩʪʚ, ʚ ʵʣʝʢʪʨʦʥʥʦʡ, ʤʷʩʦʤʦʣʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ. 

ɼʣʷ ʬʠʣʴʪʨʦʚ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ (HEPA-ʬʠʣʴʪʨʦʚ) 

ɻʆʉʊ ʈ 51251-99 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʷʪʴ ʢʣʘʩʩʦʚ: ʦʪ ʅ10 ʜʦ ʅ14. 
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ʌʠʣʴʪʨʳ ʘʙʩʦʣʶʪʥʦʡ ʦʯʠʩʪʢʠ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʯʠʩʪʳʭ ʟʦʥ ʠ ʯʠʩʪʳʭ 

ʧʦʤʝʱʝʥʠʡ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʷʭ, ʚ ʢʘʯʝʩʪʚʝ çʬʠʥʠʰʥʳʭè ʬʠʣʴʪʨʦʚ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦ-

ʙʣʝʤ ʩʘʥʠʪʘʨʠʠ, ʛʠʛʠʝʥʳ ʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʣʝʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ 

(ʦʧʝʨʘʮʠʦʥʥʳʝ); ʥʘ ɸʕʉ; ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ (ʙʨʦ-

ʜʠʣʴʥʳʝ ʦʪʜʝʣʝʥʠʷ), ʣʝʢʘʨʩʪʚ. ʆʥʠ ʟʘʜʝʨʞʠʚʘʶʪ 99% ʯʘʩʪʠʮ ʩ ʨʘʟʤʝ-

ʨʦʤ ʜʦ 0,3 ʤʢʤ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʘʣʣʝʨʛʝʥʦʚ (ʧʳʣʴʮʘ, ʩʧʦʨʳ 

ʛʨʠʙʦʚ, ʰʝʨʩʪʴ ʠ ʧʝʨʭʦʪʴ ʞʠʚʦʪʥʳʭ, ʧʨʦʜʫʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʳʣʝʚʳʭ ʢʣʝʱʝʡ) ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʙʦʣʝʝ 1 ʤʢʤ, HEPA-ʬʠʣʴʪʨʳ ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʘʣʣʝʨʛʠʠ. 

ʌʠʣʴʪʨʳ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ (ULPA) ʧʨʠʤʝʥʷʶʪʩʷ 

ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʯʠʩʪʦʪʝ ʚʦʟʜʫʭʘ. 

ʀʭ ʜʝʣʷʪ ʥʘ ʪʨʠ ʢʣʘʩʩʘ: U15, U16 ʠ U17. ʕʪʠ ʬʠʣʴʪʨʳ ʤʦʛʫʪ ʫʣʘʚʣʠ-

ʚʘʪʴ ʜʦ 99,999% ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʜʦ 0,1 ʤʢʤ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪ-

ʩʷ ʨʫʢʘʚʥʳʡ ʬʠʣʴʪʨ (ʨʠʩ. 5.7). ʕʪʦ ʬʠʣʴʪʨ ʩ ʛʠʙʢʦʡ ʧʦʨʠʩʪʦʡ ʧʝʨʝʛʦ-

ʨʦʜʢʦʡ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʪʢʘʥʝʚʳʝ ʤʝʰ-

ʢʠ-ʨʫʢʘʚʘ. ʅʠʞʥʠʝ ʢʦʥʮʳ ʨʫʢʘʚʦʚ ʦʪʢʨʳʪʳ, ʘ ʚʝʨʭʥʠʝ ʟʘʢʨʳʪʳ (ʟʘ-

ʰʠʪʳ). ʉʥʠʟʫ ʨʫʢʘʚʘ ʦʜʝʪʳ ʥʘ ʧʘʪʨʫʙʢʠ ʪʨʫʙʥʦʡ ʨʝʰʸʪʢʠ, ʘ ʩʚʝʨʭʫ 

ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʚʩʪʨʷʭʠʚʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ. 

ɿʘʧʳʣʸʥʥʳʡ ʛʘʟ ʚʚʦʜʠʪʩʷ ʚ ʘʧʧʘʨʘʪ ʯʝʨʝʟ ʙʦʢʦʚʦʡ ʰʪʫʮʝʨ ʠ ʧʦ-

ʧʘʜʘʝʪ ʚʥʫʪʨʴ ʨʫʢʘʚʦʚ. ɺʳʭʦʜ ʫ ʥʝʛʦ ʪʦʣʴʢʦ ʯʝʨʝʟ ʪʢʘʥʴ. ɻʘʟ ʧʨʦʭʦ-

ʜʠʪ ʯʝʨʝʟ ʧʦʨʳ, ʩʥʦʚʘ ʦʙʲʝʜʠʥʷʝʪʩʷ ʚ ʦʙʱʠʡ ʧʦʪʦʢ ʠ ʚʳʭʦʜʠʪ ʯʝʨʝʟ 

ʚʝʨʭʥʠʡ ʰʪʫʮʝʨ. ʇʳʣʴ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʪʢʘʥʠ ʠ ʚ ʝʸ ʧʦʨʘʭ. ʇʦʥʷʪʥʦ, 

ʯʪʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʤʝʨʝ ʨʘʙʦʪʳ ʚʦʟʨʘʩʪʘʝʪ. ʂʦʛʜʘ 

ʦʥʦ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʫʢʘʚʘ ʦʯʠʱʘʶʪ. ɸʧʧʘʨʘʪ 

ʦʪʢʣʶʯʘʶʪ ʦʪ ʣʠʥʠʠ ʧʦʜʘʯʠ ʟʘʧʳʣʸʥʥʦʛʦ ʛʘʟʘ, ʥʘ ʚʩʪʨʷʭʠʚʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʘʸʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ, ʧʳʣʴ ʧʘʜʘʝʪ ʚ ʨʘʟʛʨʫ-

ʟʦʯʥʳʡ ʙʫʥʢʝʨ ʠ ʝʸ ʫʜʘʣʷʶʪ ʰʥʝʢʦʤ. ɼʣʷ ʦʯʠʩʪʢʠ ʧʦʨ ʚ ʘʧʧʘʨʘʪ ʧʦ-

ʜʘʶʪ ʦʙʨʘʪʥʳʤ ʭʦʜʦʤ ʯʠʩʪʳʡ ʚʦʟʜʫʭ. ʏʪʦʙʳ ʨʫʢʘʚʘ ʧʨʠ ʧʨʦʜʫʚʢʝ ʥʝ 

ʩʣʦʞʠʣʠʩʴ, ʦʥʠ ʥʘʜʝʪʳ ʥʘ ʢʦʣʴʮʘ ʞʸʩʪʢʦʩʪʠ (ʨʠʩ. 5.8). 
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ʈʠʩ. 5.7. ʈʫʢʘʚʥʳʡ ʬʠʣʴʪʨ. 1-ʨʫʢʘʚʘ; 2-ʦʧʦʨʥʘʷ ʧʣʠʪʘ 

ʩʦ ʰʪʫʮʝʨʘʤʠ ʜʣʷ ʨʫʢʘʚʦʚ; 3-ʢʦʥʫʩ; 4-ʰʥʝʢ; 5-

ʚʩʪʨʷʭʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 

 

ʅʘʠʙʦʣʝʝ ʥʘʜʸʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʬʠʣʴ-

ʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ. 

ʀʤʧʫʣʴʩʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ, ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʦʩʫʰʝʥʥʳʤ ʠ ʦʯʠʱʝʥʥʳʤ ʦʪ ʤʘʩʣʘ, ʚʣʘʛʠ ʠ ʧʳʣʠ, ʜʘʚʣʝ-

ʥʠʝʤ 0,35-0,6 ʄʇʘ. ʈʘʩʭʦʜ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʨʝʛʝʥʝ-

ʨʘʮʠʶ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,1% ʦʪ ʦʙʲʸ-

ʤʘ ʦʯʠʱʘʝʤʦʛʦ ʛʘʟʘ. ʈʝʛʝʥʝʨʘʮʠʷ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʫʢʘʚʥʳʡ ʬʠʣʴʪʨ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥ ʩ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʨʝʞʠʤʦʚ ʩʠʩʪʝʤʳ ʨʝʛʝʥʝʨʘʮʠʠ: 

¶ ʨʝʞʠʤ çON LINEè - ʪʨʘʜʠʮʠʦʥʥʳʡ, çʱʘʜʷʱʠʡ ʨʝʞʠʤè, ʢʦʛʜʘ 

ʧʨʦʮʝʩʩ ʨʝʛʝʥʝʨʘʮʠʷ ʬʠʣʴʪʨʫʶʱʠʭ ʨʫʢʘʚʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʛʘʟʘ ʥʘ ʵʪʠʭ ʞʝ ʬʠʣʴʪʨʫʶʱʠʭ ʵʣʝ-

ʤʝʥʪʘʭ; 


