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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

ʊʨʫʙʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ ʦʪʨʘʩʣʝʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʊʘʢʠʝ ʦʪ-

ʨʘʩʣʠ, ʢʘʢ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʘ, ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʘ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʪʨʝʙʫʶʪ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʩʘʤʦʛʦ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʘ.  ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʪʨʫʙ, ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʬʦʨʤʦʚʢʘ ʥʘ ʪʨʫʙʦʵʣʝʢʪʨʦʩʚʘʨʦʯʥʳʭ ʘʛʨʝʛʘʪʘʭ 

(ʊʕʉɸ), ʪʘʢ ʢʘʢ ʜʦʧʫʩʢʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʨʫʙ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʠʘʤʝʪʨʦʚ (10 ï 530 ʤʤ) ʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʤʘʨʦʯʥʳʤ ʩʦʨʪʘʤʝʥʪʦʤ. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʪʨʫʙ ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠ-

ʯʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ, ʢʘʣʠʙʨʦʚʦʢ ʠ ʚʘʣʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

ʇʨʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ (ʊɿ) ʚ ʢʣʝʪʷʭ ʬʦʨʤʦʚʦʯʥʦʛʦ ʩʪʘʥʘ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʷʚʣʷʝʪʩʷ ʫʪʦʯʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠ ʚʦʧʨʦʩʦʚ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦ-

ʮʝʩʩʦʚ ʥʝʧʨʝʨʳʚʥʦʡ ʬʦʨʤʦʚʢʠ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʪʨʫʙ ʚ ʣʠʥʠʷʭ ʬʦʨʤʦʚʦʯʥʳʭ ʩʪʘʥʦʚ ʊʕʉɸ. 

ɸʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʦʩʪʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʚʘʣʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʊɿ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦ-

ʠʟʤʝʥʝʥʠʷ ʊɿ ʥʘ ʨʝʘʣʴʥʦʤ ʤʝʪʘʣʣʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʝʛʦ ʙʦʣʝʝ ʪʦʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʝʡ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʬʘʢʪʦʨʘ ʬʦʨʤʳ ʧʦʟʚʦʣʠʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʢʦʥʪʫʨ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʟʘʜʘʥʥʳʤ ʢʨʘʡʥʠʤ 

ʪʦʯʢʘʤ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʥʫʱʠʭ ʫʩʠʣʠʡ ʩ ʫʯʝʪʦʤ ʢʦʥʪʘʢʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʦʨʤʦʟʷʱʠʤʠ ʠ ʪʷʥʫʱʠʤʠ ʩʠʣʘʤʠ ʪʨʝʥʠʷ ʩ 

ʮʝʣʴʶ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʚʩʝʡ ʣʠʥʠʠ ʬʦʨʤʦʚʦʯʥʦʛʦ ʩʪʘʥʘ ʠ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʪʨʫʙ. 
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ʎʝʣʴ ʨʘʙʦʪʳ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʣʢʦʚʦʡ ʬʦʨʤʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ 

ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʦʯʘʛʦʚ ʩʚʦʨʘʯʠʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʢʘʣʠʙʨʘʭ ʬʦʨʤʦ-

ʚʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʊʕʉɸ; 

- ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʧʦʣʦʩʳ ʩ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ 

ʧʣʦʱʘʜʝʡ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʦʩʳ ʩ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ 

ʬʦʨʤʦʚʢʝ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʪʷʥʫʱʠʭ ʫʩʠʣʠʡ ʧʨʠ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʊɿ 

ʩ ʫʯʝʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʘʥʘʣʠʟʘ ʪʷ-

ʥʫʱʠʭ ʫʩʠʣʠʡ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʢʘʣʠʙʨʘʭ ʬʦʨʤʦʚʦʯʥʦʛʦ ʩʪʘʥʘ ʩ ʫʨʘʚʥʦ-

ʚʝʰʝʥʥʳʤʠ ʪʷʥʫʱʠʤʠ ʫʩʠʣʠʷʤʠ ʧʦ ʢʣʝʪʷʤ; 

- ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʠʢ ʧʨʝʜʣʦʞʠʪʴ ʚʘʣʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩ ʢʦʤʧʦ-

ʥʦʚʢʦʡ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤʠ ʪʷʥʫʱʠʤʠ 

ʫʩʠʣʠʷʤʠ ʧʦ ʢʣʝʪʷʤ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʪʨʫʙ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

- ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʷʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦ ʚʩʝʡ ʣʠ-

ʥʠʠ ʬʦʨʤʦʚʢʠ ʥʝʧʨʝʨʳʚʥʳʭ ʪʨʫʙʦʵʣʝʢʪʨʦʩʚʘʨʦʯʥʳʭ ʘʛʨʝʛʘʪʦʚ; 

- ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʨʠʚʦʣʠ-

ʥʝʡʥʦʡ ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʘ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʧʦʣʦʩʳ ʩ ʚʘʣʢʘʤʠ;  

- ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʝʡ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʊɿ ʩ ʚʘʣʢʦʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʘʢʪʦʨʘ ʬʦʨʤʳ; 

- ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʷʥʫʱʠʭ ʫʩʠʣʠʡ, ʫʯʠʪʳ-

ʚʘʶʱʠʝ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʊɿ 

ʚʦ ʚʩʝʭ ʢʣʝʪʷʭ ʬʦʨʤʦʚʦʯʥʦʛʦ ʩʪʘʥʘ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʪʷʥʫʱʠʭ ʠ ʪʦʨʤʦʟʷʱʠʭ ʫʩʠʣʠʡ ʧʨʠ ʧʨʦ-
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ʮʝʩʩʝ ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʣʢʦʚʦʡ ʬʦʨʤʦʚʢʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʫʯʝʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʪʘʢʪʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ; 

- ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʚʘʣʢʦʚʦʛʦ ʠ 

ʚʘʣʢʦʚʦ-ʨʦʣʠʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʢʦʤʧʦʥʦʚʢʦʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

- ʬʦʨʤʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʝʡ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʦʥ-

ʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʊɿ ʠ ʠʥʩʪʨʫʤʝʥʪʦʤ;  

- ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʪʷʥʫʱʠʭ ʠ ʪʦʨʤʦʟʷʱʠʭ ʫʩʠʣʠʡ ʩ ʫʯʝʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʫʩʠʣʠʷ ʧʦ ʰʠʨʠʥʘʤ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘ ̫ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʕɺʄ ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʢʨʠʚʦ-

ʣʠʥʝʡʥʳʝ ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʘ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʣʦʱʘʜʠ ʢʦʥ-

ʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʘʢʪʦʨʘ ʬʦʨʤʳ; 

- ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʚʘʣʢʦʚʦʛʦ ʠ ʚʘʣʢʦʚʦ-ʨʦʣʠʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ 

ʢʦʤʧʦʥʦʚʢʦʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ; 

- ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʊɿ ʩ ʚʘʣʢʦʚʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʣʢʦʚʦʡ ʬʦʨʤʦʚʢʠ ʠ ʨʘʩʯʝʪʘ ʪʷʥʫʱʠʭ ʫʩʠʣʠʡ ʧʨʠ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʬʦʨʤʫʝʤʦʡ ʧʦʣʦʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʘʢʘ-

ʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʦʚ ʥʘ ʢʘʬʝʜʨʝ ʆʄɼ ʅʀʊʋ çʄʀʉʠʉè. 

 

ʇʦʣʦʞʝʥʠʷ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

- ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʛʨʘʥʠʮ ʥʘʨʫʞʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ; 

- ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʣʦʱʘʜʝʡ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʬʘʢʪʦʨʘ ʬʦʨʤʳ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʦʧʝʨʝʞʝʥʠʷ ʠ ʟʦʥ ʦʪʩʪʘʚʘʥʠʷ ʫʯʝʪʦʤ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʛʨʘʥʠʮ 

ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

- ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʪʷʥʫʱʠʭ ʫʩʠʣʠʡ ʧʨʠ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʊɿ ʩ 

ʫʯʝʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʣʢʦʚʦʡ ʬʦʨʤʦʚ-

ʢʠ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʪʨʫʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʝʘʣʴʥʦʤ ʤʝʪʘʣʣʝ. 

ʌʠʟʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʥʪʨʘ ʢʘʬʝʜʨʳ ʆʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ 

ʅʀʊʋ çʄʀʉʠʉè ʥʘ ʬʦʨʤʦʚʦʯʥʦʤ ʩʪʘʥʝ ʊʕʉɸ 30-50.   

ʌʠʢʩʠʨʦʚʘʥʠʝ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ 

ʧʦʣʦʩʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʙʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʉʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʦʩʥʘʩʪʢʘ (ʰʘʙʣʦʥ-

ʪʨʘʥʩʧʦʨʪʠʨʳ) ʜʣʷ ʟʘʤʝʨʘ ʫʛʣʦʚ ʢʦʥʪʘʢʪʘ ʊɿ ʧʦ ʨʝʙʦʨʜʘʤ ʚʘʣʢʦʚ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʥʳʭ ʦʪʧʝʯʘʪʢʦʚ ʥʘ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʝ ʧʨʠʤʝʥʷʣʩʷ ʢʦʥʪʫʨʥʳʡ ʰʘʙʣʦʥ. 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ SOLIDWORKS 3D. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ-

ʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʊʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʘʚʪʦʨʝʬʝʨʘʪʘ ʧʨʦʚʝʨʝʥ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʣʘʛʠʘʪʘ ʠ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʪʝʢʩʪʘ ʩ ʧʦʤʦʱʴʶ "ɸʥʪʠʧʣʘʛʠʘʪ" (http://antiplagiat.ru). 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ: In-

ternational Conference on Modern Trends in Manufacturing Technologies and Equipment 2020 (IC-

MTMTE 2020); VIII ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʝʞʚʫʟʦʚʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʊʚʦʨʯʝ-

ʩʪʚʦ ʤʦʣʦʜʳʭ - ʨʦʜʥʦʤʫ ʨʝʛʠʦʥʫ". 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʢʘʬʝʜʨʝ ʆʄɼ ʅʀʊʋ çʄʀʉʠʉè 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʘʢʘʣʘʚʨʦʚ ʠ ʤʘʛʠʩʪʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ çʄʝʪʘʣʣʫʨʛʠʷè ʠ çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷè.  

 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟ-

ʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ ʚʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʠ ʈʌ.  ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʩʪʘʪʴʠ ʚʭʦʜʷʪ ʚ 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʨʝʬʝʨʘʪʠʚʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʈʀʅʎ, Scopus ʠ Web of Science. ʇʦʣʫʯʝʥʳ 

ʜʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ.  
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ʃʠʯʥʳʡ ʚʢʣʘʜ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʯʝʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʙʦʙʱʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʩʦʩʪʦʷʣ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘ-

ʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʨʘʩʯʸʪʘ ʛʨʘʥʠʮ ʠ ʧʣʦʱʘʜʝʡ ʢʦʥʪʘʢʪʥʳʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʊɿ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʘʢʪʦʨʘ ʬʦʨʤʳ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʪʷʥʫʱʠʭ ʫʩʠʣʠʡ ʩ ʫʯʝʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʚʳ-

ʚʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʘʚʪʦʨʦʤ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦ-

ʜʦʚ, ʠʟʣʦʞʝʥʘ ʥʘ 113 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 25 ʪʘʙʣʠʮ rʠ 71 ʨʠʩʫʥʢʦʚ, 

ʩʥʘʙʞʝʥʥʳʭ ʧʦʜʨʠʩʫʥʦʯʥʳʤʠ ʧʦʜʧʠʩʷʤʠ ʠ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʠʟ 77 

ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʣʘʚʘ 1 ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1 ʌʦʨʤʦʠʟʤʝʥʝʥʠʝ ʧʦʣʦʩʳ ʧʨʠ ʧʨʦʮʝʩʩʝ ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʣʢʦʚʦʡ ʬʦʨʤʦʚʢʠ ʵʣʝʢʪʨʦ-

ʩʚʘʨʥʳʭ ʪʨʫʙ 

ʇʨʦʮʝʩʩ ʥʝʧʨʝʨʳʚʥʦʛʦ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʦʨʘʯʠʚʘʥʠʠ ʚ ʧʦʧʝʨʝʯ-

ʥʦʤ ʩʝʯʝʥʠʠ ʦʪ ʧʣʦʩʢʦʡ ʧʦʣʦʩʳ ʚ ʥʘʯʘʣʝ ʵʪʘʧʘ ʧʨʦʮʝʩʩʘ ʜʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢʨʦʤʦʢ ʠ ʦʙʨʘʟʦ-

ʚʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʬʠʣʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʥʘ ʟʘʚʝʱʘʶʱʝʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʠʟʤʝ-

ʥʝʥʠʷ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʡ ʬʦʨʤʦʚʢʠ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʪʨʫʙ ʤʘʣʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ (ʫʛʣʝʨʦʜʠʩʪʳʭ, ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ, ʢʦʨʨʦ-

ʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ; ʪʠʪʘʥʦʚʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ) ʧʨʠʤʝʥʷʶʪ ʪʨʫʙʦʵʣʝʢʪʨʦʩʚʘʨʦʯʥʳʝ 

ʘʛʨʝʛʘʪʳ (ʊʕʉɸ). ɺ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʬʦʨʤʦʚʦʯʥʳʡ ʩʪʘʥ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʩʦʙʦ 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ - ʥʝʧʨʝʨʳʚʥʫʶ ʬʦʨʤʦʚʢʫ ʧʦʣʦʩʳ. ʌʦʨʤʦʚʦʯʥʳʡ ʩʪʘʥ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʣʝʪʝʡ ʩ ʧʨʦʬʠʣʠʨʦʚʦʯʥʳʤ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʐʠʨʦʢʠʡ 

ʩʦʨʪʘʤʝʥʪ ʵʣʝʢʪʨʦʩʚʘʨʥʳʭ ʪʨʫʙ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʤʧʦʥʦʚʦʢ ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʢʣʝʪʝʡ ʠ ʢʘʣʠʙʨʦʚʦʢ ʚʘʣʢʦʚʦʛʦ ʠ ʚʘʣʢʦʚʦ-ʨʦʣʠʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [1-13]. 

ɺ ʨʘʤʢʘʭ ʦʜʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʣʝʪʝʡ ʬʦʨʤʦʚʦʯʥʦʛʦ ʩʪʘʥʘ ʤʦʞʥʦ ʧʨʦʠʟ-

ʚʦʜʠʪʴ ʪʨʫʙʳ ʦʙʳʯʥʦʛʦ, ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʠ ʪʦʣʩʪʦʩʪʝʥʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ. ʕʪʦ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʦʯʘʛʘ ʩʚʦʨʘʯʠʚʘʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʘ ʠʤʝʥʥʦ: ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʚʠʟʥʳ ʬʦʨʤʦʚ-

ʢʠ ʊɿ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʩʚʦʨʘʯʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ [11]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʠʧʦʚ ʢʘʣʠʙʨʦʚʦʢ ʥʝʧʨʝʨʳʚ-

ʥʳʭ ʚʘʣʢʦʚʳʭ ʬʦʨʤʦʚʦʯʥʳʭ ʩʪʘʥʦʚ [12-15]. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʘʣʠʙʨʦʚʢʠ ʷʚʣʷʶʪʩʷ, ʜʚʫʭʨʘ-

ʜʠʫʩʥʘʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʯʘʩʪʢʦʤ, ʜʚʫʭʨʘʜʠʫʩʥʘʷ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʠʬʝʨʠʡʥʳʤ 

ʫʯʘʩʪʢʦʤ, ʜʚʫʭʨʘʜʠʫʩʥʘʷ ʩ ʧʣʦʩʢʠʤ ʫʯʘʩʪʢʦʤ ʠ ʦʜʥʦʨʘʜʠʫʩʥʘʷ.  

ʆʜʥʦʨʘʜʠʫʩʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʥʘʩʪʨʦʡʢʠ. ʇʨʦʮʝʩʩ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʠʩʧʦʣʥʝʥʠʷ ʟʘ ʩʯʝʪ, ʠʟʤʝʥʝʥʠʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʢʨʠʚʠʟʥʳ ʧʨʦʬʠʣʷ ʟʘʛʦʪʦʚʢʠ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʩʚʦʨʘʯʠʚʘʥʠʷ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦ ʦʜʥʦʨʘʜʠʫʩʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʚ ʪʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘ ʫʯʘʩʪʢʝ ʦʪʢʨʳʪʳʭ ʢʘʣʠʙʨʦʚ ʧʨʦʠʟʚʦ-

ʜʠʪʴ ʬʦʨʤʦʚʢʫ ʥʘ ʦʜʥʦʤ ʚʘʣʢʦʚʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʜʣʷ ʪʨʫʙ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ [12,13,17]. 

ʇʨʦʬʠʣʴ ʜʚʫʭʨʘʜʠʫʩʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʯʘʩʪʢʦʤ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: ʦʜʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʜʚʫʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʯʘʩʪʢʦʚ. ʎʝʥʪʨʘʣʴʥʳʡ 

ʫʯʘʩʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʨʘʜʠʫʩʦʤ Rʮ ʠ ʜʣʠʥʦʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʫʛʣʦʤ 

ʮ. ʈʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʦʢ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʫʛʦʣ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʬʦʨʤʦʚʢʠ. ʇʝʨʠʬʝʨʠʡʥʳʝ ʫʯʘʩʪʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʥʴʰʠʤ ʨʘʜʠʫ-

ʩʦʚ rʧ ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ʛʦʪʦʚʦʡ ʪʨʫʙʳ, ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʣʠʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʝʨʠʬʝʨʠʡ-
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ʥʳʤ ʫʛʣʦʤ ʧh = 40Á- 45Á. ʇʘʨʘʤʝʪʨʳ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʬʦʨʤʦʚʢʠ 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʢʘʣʠʙʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʯʘʩʪ-

ʢʠ, ʩʬʦʨʤʦʚʘʥʥʳʝ ʚ ʧʝʨʚʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʣʝʪʷʭ, ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʪʘʢʪ, ʢʦʛʜʘ ʰʠʨʠʥʘ ʮʝʥ-

ʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʜʦʩʪʠʛʘʝʪ 0,4-0,5 ʰʠʨʠʥʳ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ [12-15].  

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʜʚʫʭʨʘʜʠʫʩʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʜʚʫʭʨʘʜʠʫʩʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʩ 

ʧʣʦʩʢʠʤ ʫʯʘʩʪʢʦʤ. ʇʨʦʬʠʣʴ ʜʚʫʭʨʘʜʠʫʩʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʩ ʧʣʦʩʢʠʤ ʫʯʘʩʪʢʦʤ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʵʣʝʤʝʥʪʦʚ: ʦʜʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʜʚʫʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʯʘʩʪʢʦʚ. ʎʝʥʪʨʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʚʳʧʦʣʥʝʥ ʧʣʦʩʢʠʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ Rʮ= Ð. ʇʝʨʠʬʝʨʠʡʥʳʡ ʫʯʘʩʪʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʥʴ-

ʰʠʤ ʨʘʜʠʫʩʦʚ rʧ ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ʛʦʪʦʚʦʡ ʪʨʫʙʳ, ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʧʝʨʠʬʝʨʠʡ-

ʥʳʤ ʫʛʣʦʤ ʧh ʦʪ ʢʣʝʪʠ ʢ ʢʣʝʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʬʦʨʤʦʚʢʠ. ʊʘʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦ-

ʩʚʘʨʥʳʭ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ ʙʦʣʴʰʝ 168 ʤʤ [12,13]. 

ʇʨʦʬʠʣʴ ʜʚʫʭʨʘʜʠʫʩʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʯʘʩʪʢʦʤ ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: ʦʜʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʜʚʫʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʯʘʩʪʢʦʚ. ʎʝʥʪʨʘʣʴʥʳʡ 

ʫʯʘʩʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʨʘʜʠʫʩʦʤ Rʮ ʠ ʜʣʠʥʦʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʫʛʣʦʤ 

ʮ. ʈʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʦʢ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʫʛʦʣ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʠʟʤʝ-

ʥʷʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʛʣʘ. ʇʝʨʠʬʝʨʠʡʥʳʡ ʫʯʘʩʪʦʢ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʚ rʧ ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ʛʦʪʦʚʦʡ ʪʨʫʙʳ ʠʣʠ ʙʣʠʟʢʠʡ ʢ ʥʝʤʫ, ʠ ʧʦ-

ʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʧʝʨʠʬʝʨʠʡʥʳʤ ʫʛʣʦʤ ʧh ʦʪ ʢʣʝʪʠ ʢ ʢʣʝʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʬʦʨ-

ʤʦʚʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʥʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʨʘʜʠʫʩ ʠ ʫʛʦʣ, ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʛʦʣ ʦʪ ʢʣʝʪʠ ʢ 

ʢʣʝʪʠ, ʧʦʩʪʦʷʥʥʳʤ ʦʩʪʘʸʪʩʷ ʨʘʜʠʫʩ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʯʘʩʪʢʦʚ [16]. 

ʅʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚʘʣʢʦʚʦ-ʨʦʣʠʢʦʚʳʡ ʠʥ-

ʩʪʨʫʤʝʥʪ [18-22]. ʌʦʨʤʦʚʦʯʥʳʝ ʩʪʘʥʳ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʚʘʣʢʦʚʦ-ʨʦʣʠʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟ-

ʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʦʯʘʛ ʬʦʨʤʦʚʢʠ ʙʣʠʟʢʠʡ ʢ ʤʦʥʦʪʦʥʥʦʤʫ ʠ ʬʦʨʤʦʚʘʪʴ ʵʣʝʢʪʨʦʩʚʘʨʥʳʝ ʪʨʫʙʳ ʚ 

ʰʠʨʦʢʦʤ ʩʦʨʪʘʤʝʥʪʝ. ʅʘ ʫʯʘʩʪʢʝ ʦʪʢʨʳʪʳʭ ʢʘʣʠʙʨʦʚ ʧʨʦʬʠʣʴ ʚʘʣʢʦʚ ʚʳʧʦʣʥʝʥ ʧʦ ʵʣʣʠʧʪʠʯʝ-

ʩʢʦʡ ʢʨʠʚʠʟʥʝ [18]. ʌʦʨʤʦʚʢʘ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʯʘʩʪʢʦʚ ʢ 

ʮʝʥʪʨʫ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ. ʈʦʣʠʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʥʘ ʫʯʘʩʪʢʝ ʦʪʢʨʳʪʳʭ ʢʘʣʠʙʨʦʚ [18,19]. ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʛʦ ʠʥ-

ʩʪʨʫʤʝʥʪʘ, ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʨʫʙʥʫʶ ʟʘʛʦʪʦʚʢʫ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʚʢʠ. ʊʘʢ 

ʢʘʢ ʢʘʣʠʙʨ ʵʪʠʭ ʬʦʨʤʦʚʦʯʥʳʭ ʩʪʘʥʦʚ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʦʣʠʢʦʚ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʩʝʚʳʤʠ 

ʚʘʣʘʤʠ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʤʦʚʦʯʥʳʭ ʢʣʝʪʝʡ ʠ ʦʙʦʡʤ ʠ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺ ʨʘʙʦʪʝ [23] ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʟʘʤʝʨʘʤ ʟʦʥ ʢʦʥʪʘʢʪʘ ʣʝʥʪʳ ʩ 

ʚʘʣʢʘʤʠ ʥʘ ʬʦʨʤʦʚʦʯʥʦʤ ʩʪʘʥʝ ʊʕʉɸ 159-529 ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ 273 ʤʤ - ʨʠ-
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ʩʫʥʦʢ 1.1 (ʟʦʥʳ ʚʘʣʢʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʬʦʨʤʫʝʤʦʡ ʣʝʥʪʦʡ ʟʘʰʪʨʠʭʦʚʘʥʳ). ʀʟ ʵʪʠʭ 

ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʬʦʨʤʦʚʢʝ ʣʝʥʪʳ ʚ ʪʨʫʙʥʫʶ ʟʘʛʦʪʦʚʢʫ ʢʦʥʪʘʢʪ ʩ ʚʘʣʢʘʤʠ ʠʤʝʝʪ ʤʝʩʪʦ 

ʪʦʣʴʢʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʘʣʠʙʨʘ ʚʘʣʢʘ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʟʦʥ ʚʘʣʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʤʝʪʘʣʣʦʤ ʠ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʬʦʨʤʦʚʢʝ ʧʦʣʦʩʳ ʚ ʪʨʫʙʥʫʶ ʟʘʛʦʪʦʚʢʫ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʨʠʥʳ ʚʘʣʢʦʚ 

ʢʨʘʡʥʝ ʥʠʟʢʘʷ (ʥʠʞʥʠʭ ʚʘʣʢʦʚ 3 - 30 %, ʚʝʨʭʥʠʭ 14 - 64 %) ʠ ʥʝ ʦʧʨʘʚʜʳʚʘʝʪ ʠʭ ʛʘʙʘʨʠʪʳ ʠ ʟʥʘ-

ʯʠʪʝʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʬʦʨʤʦʚʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʨʝʜʣʦʞʝʥʳ ʬʦʨʤʫʶʱʠʝ ʨʦʣʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʦʡ ʬʦʨʤʦʚʢʠ ʧʦʣʦʩʳ ʚ ʪʨʫʙʥʫʶ 

ʟʘʛʦʪʦʚʢʫ. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʈʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʘ ʟʦʥ ʢʦʥʪʘʢʪʘ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʘʤʠ ʥʘ ʬʦʨʤʦʚʦʯʥʦʤ 

ʩʪʘʥʝ ʪʨʫʙʦʩʚʘʨʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ 159 -529 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ 

ʩ ʚʘʣʢʘʤʠ ʧʦʣʥʦʛʦ ʧʨʦʬʠʣʷ ʢʘʣʠʙʨʘ ʥʘ ʬʦʨʤʦʚʦʯʥʦʤ ʩʪʘʥʝ ʪʨʫʙʦʩʚʘʨʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ 159 -529 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʘʣʢʦʚʦ-ʨʦʣʠʢʦʚʦʛʦ ʢʘʣʠʙʨʘ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʝ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦ ʧʨʠʤʝʥʠʤʦ ʥʘ ʜʨʫʛʠʭ ʊʕʉɸ, ʪʘʢ ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʪʨʫʙʳ.  
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1.2 ʊʷʥʫʱʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʥʝʧʨʝʨʳʚʥʦʡ ʬʦʨʤʦʚʢʠ ʪʨʫʙʥʦʡ ʟʘ-

ʛʦʪʦʚʢʠ  

ɺ ʨʘʙʦʪʝ [23] ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʟʘʜʘʶʪ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʯʪʦʙʳ ʚ ʧʨʠʚʦʜʥʳʭ ʢʣʝʪʷʭ ʩʦʟʜʘʚʘʣʠʩʴ ʪʷʥʫʱʠʝ ʫʩʠʣʠʷ, ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʬʦʨʤʦʚʢʠ ʠ ʧʨʦ-

ʜʚʠʞʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʦ ʚʩʝʤʫ ʬʦʨʤʦʚʦʯʥʦʤʫ ʫʯʘʩʪʢʫ.  

ВὝ̠̓̎ВὝ̓̏̑Вὖ̄ ВῳὝ πȟ (1.1) 

ʛʜʝ Ὕ̠̓ ̎ ï ʪʷʥʫʱʘʷ ʩʠʣʘ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʣʝʥʪʫ ʦʪ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʢʘ ʠ 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ ʭʦʜʫ ʬʦʨʤʦʚʢʠ; 

Ὕ̓̏̑ ï ʪʦʨʤʦʟʷʱʘʷ ʩʠʣʘ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʣʝʥʪʫ ʦʪ ʧʨʠʚʦʜʥʦʛʦ ʚʘʣʢʘ; 

ὖ̄ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʫʩʠʣʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʝʬʦʨʤʘʮʠʠ ʣʝʥʪʳ ʚ ʧʨʠʚʦʜʥʳʭ ʠ 

ʥʝʧʨʠʚʦʜʥʳʭ ʚʘʣʢʘʭ; 

ȹʊ ï ʪʦʨʤʦʟʷʱʘʷ ʩʠʣʘ ʪʨʝʥʠʷ  ʥʝʧʨʠʚʦʜʥʦʛʦ ʚʘʣʢʘ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʦʧʦʨʘʭ ʚʘʣʢʦʚ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ). 

 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʦʩʪʦʚʣʷʶʱʠʝ ʈʦ, ʈʟ, ʈʢ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʥʘ ʚʘʣʢʦʚʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʩʦʦʪʚʝʩʪʚʝʥʥʦ ʚ ʧʨʠʚʦʜʥʳʭ ʢʣʝʪʷʭ ʬʦʨʤʦʚʦʯʥʦʛʦ ʩ ʦʪʢʨʳʪʳʤ ʠ ʟʘʢʨʳʪʳʤ 

ʢʘʣʠʙʨʦʤ, ʘ ʪʘʢʞʝ ʚ ʢʣʝʪʷʭ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʩʪʘʥʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [23]: 

ὖ̏Ὢὒ̏ ρ ὖ̄Ȣ̏ȟ (1.2) 

ὖ̈Ὢὒ̈ ρ ὖ̄Ȣ̈ȟ (1.3) 

ὖ̋Ὢὒ̋ ρ
„

Ὁ
ὖ̄Ȣ̋ȟ (1.4) 

ὒ̏ȟ̈ȟ̋
Ὂ̃
Ὓ̃

Ὂ̎
Ὓ̎

Ὂ̃
Ὓ̃

Ὂ̎
Ὓ̎
ȟ (1.5) 

ʛʜʝ  Ὢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʣʝʥʪʦʡ ʠ ʚʘʣʢʘʤʠ, ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʡ ʜʣʷ ʚʩʝʭ 

ʢʣʝʪʝʡ; 

(1+ɓ) ʠ ρ ρππ ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ ʫʩʠʣʠʷ ʬʦʨʤʦʚʢʠ ʟʘ 

ʩʯʝʪ ʧʨʫʞʠʥʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʟʘ ʚʳʭʦʜʦʤ ʩʝʯʝʥʠʷ ʢʘʣʠʙʨʘ; 

ὖ̄Ȣ̏ȟὖ̄Ȣ̈ ̉ ὖ̄Ȣ̋ ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʫʩʠʣʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʢʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʚ ʢʣʝʪʷʭ ʩ ʦʪʢʨʳʪʳʤ ʢʘʣʠʙʨʦʚ ʠ ʟʘʢʨʳʪʳʤ ʢʘʣʠʙʨʦʤ, ʘ ʪʘʢʞʝ ʚ ʢʣʝʪʷʭ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ 

ʩʪʘʥʘ; 

F1ʚ ʠ F1ʥ ï ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʝʥʳ ʪʷʥʫʱʠʝ ʩʠʣʳ ʪʨʝʥʠʷ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ; 

F2ʚ ʠ F2ʥ ï ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʝʥʳ ʪʦʨʤʦʟʷʱʠʝ ʩʠʣʳ ʪʨʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ; 
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Sʚ ʠ Sʥ ï ʧʨʦʝʢʮʠʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʜʣʷ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʢʠ-

ʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʳ ʥʝʧʨʝʨʳʚʥʦʡ ʚʘʣʢʦʚʦʡ ʬʦʨʤʦʚʢʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʛʦʪʦ-

ʚʳʭ ʪʨʫʙ [25-28].  

ɺ ʨʘʙʦʪʘʭ [25,26] ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʩʭʝʤr ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʦʚʢʠ ʪʨʫʙʥʦʡ ʟʘ-

ʛʦʪʦʚʢʠ ʚ ʚʘʣʢʦʚʦʤ ʢʘʣʠʙʨʝ - ʨʠʩʫʥʦʢ 1.2. ʃʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ ʚʘʣʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘ ʥʝʦʜʠ-

ʥʘʢʦʚʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 

ʜʣʷ ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ 

‡̃ ̃ ϽὙ Ƞ̃ (1.6) 

ʜʣʷ ʥʠʞʥʝʛʦ ʚʘʣʢʘ 

‡̎ ̎ ϽὙ ȟ̎ (1.7) 

ʛʜʝ ɡʚ, ɡʥ ï ʣʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ; 

ɤʚ, ɤʥ ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ; 

Rxʚ, Rxʥ ï ʧʝʨʝʤʝʥʥʳʝ ʨʘʜʠʫʩʳ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ. 

 

ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʦʩʪʦʷʥʥʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʦʚ 

ʠʤʝʶʪʩʷ ʪʦʯʢʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʢʨʫʞʥʳʝ ʩʢʦʨʦʩʪʠ ʚʘʣʢʘ ʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ 

ʦʜʠʥʘʢʦʚʳ, ʪ. ʝ. 

‡̓̈ ̃ ϽὙ̋Ȣ̃  ̎ ϽὙ̋Ȣ̎, (1.8) 

ʛʜʝ - Rʢ.ʚ, Rʢ.ʥ ï ʢʘʪʘʶʱʠʝ ʨʘʜʠʫʩʳ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʚʘʣʢʦʚ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʡ ʬʦʨʤʦʚʢʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʚʘʣʢʦʚʦʤ  

ʢʘʣʠʙʨʝ 
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ɺ ʨʘʙʦʪʝ [22] ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʦʥʦʚʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʦʤ ʚʳʜʝʣʷʶʪ 

ʫʯʘʩʪʢʠ Ὂ̃ǰ ʠ Ὂ̎ǰ ʛʜʝ ʩʢʦʨʦʩʪʴ ʚʘʣʢʘ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʠ ʫʯʘʩʪʢʠ Ὂ̃ǰǰ ʠ Ὂ̎ǰǰ, ʛʜʝ 

ʩʢʦʨʦʩʪʴ ʚʘʣʢʘ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ. ʂʘʪʘʶʱʠʡ ʜʠʘʤʝʪʨ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʠʟ ʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʦʚ ʪʨʝʥʠʷ ʥʘ ʫʯʘʩʪʢʘʭ  Ὂ̃ǰ ̉  Ὂ̃ǰǰ ʜʣʷ ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ, Ὂ̎ǰ ̉  Ὂ̎ǰǰ - ʜʣʷ ʥʠʞʥʝʛʦ 

ʚʘʣʢʘ, ʪ. ʝ. 

ὓ̓ ̑
ǰ
ὓ̓ ̑

ǰǰ
ȟ (1.9) 

ʠʣʠ 

ὓ̓ ̑
ǰǰ
ὓ̓ ̑ ὓ̓ ̑

ǰ
ȟ (1.10) 

ʪʦʛʜʘ 

ὓ̓ ̑ ς ὓ̓ ̑
ǰ
Ȣ (1.11) 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʩʠʣʘ ʪʨʝʥʠʷ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ ʧʝʨʠʤʝʪʨʘ ʢʘʣʠʙʨʘ: 

ὨὝ ὪὴὨὊὪὴά Ὠὼ (1.12) 

ʛʜʝ mx ï ʧʝʨʝʤʝʥʥʘʷ ʜʣʠʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ 

ά ά
ςά

ὦ
ὼȢ (1.13) 

ʉʦʦʪʚʝʩʪʚʝʥʥʦ ʵʣʝʤʝʥʪʘʨʥʳʡ ʤʦʤʝʥʪ ʪʨʝʥʠʷ 

Ὠὓ̓ ̑ Ὢὴά ὙὨὼȢ (1.14) 

 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣ ʪʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ  

ʨʠʩʫʥʢʝ 1.3 

  

ʘ ʙ 

ʘ ï ʜʣʷ ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ; ʙ ï ʜʣʷ ʥʠʞʥʝʛʦ ʚʘʣʢʘ 

ʈʠʩʫʥʦʢ 1.3 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣ ʪʨʝʥʠʷ 
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ɺ ʩʪʘʪʴʷʭ [27,28] ʨʘʩʩʤʦʪʨʝʥʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʬʦʨʤʦʚʦʯʥʳʤʠ ʚʘʣʢʘʤʠ. ʅʘ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘ 

ʪʨʫʙʥʫʶ ʟʘʛʦʪʦʚʢʫ ʩʦ ʩʪʦʨʦʥʳ ʚʘʣʢʦʚ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʦʚ, ʠ ʩʠʣʳ ʪʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʘʣʢʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʠʭ ʚʨʘʱʝʥʠʷ ï ʨʠʩʫʥʦʢ 1.4. 

ɺ ʨʘʙʦʪʝ [27] ʵʣʝʤʝʥʪʘʨʥʳʝ ʩʠʣʳ, ʧʨʠʣʘʛʘʝʤʳʝ ʢ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʝ ʩʦ ʩʪʦʨʦʥʳ ʥʠʞʥʝʛʦ 

(ʚʝʨʭʥʝʛʦ) ʬʦʨʤʦʚʦʯʥʦʛʦ ʚʘʣʢʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʚʠʜʝ ʪʨʝʭ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ: ʨʘʚʥʦʜʝʡ-

ʩʪʚʫʶʱʝʡ - ὖ, ʩʠʣ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ - ʨ1 ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʝ - S1 ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʭ -  

Ὕǰ ʠ Ὕǰǰʩʠʣ ʪʨʝʥʠʷ - t1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʟʦʥʘʭ ʦʧʝʨʝʞʝʥʠʷ - Ὓǰ   ʠ ʩ ʦʪʩʪʘʚʘʥʠʷ - Ὓ 
ǰǰ. ʉʦ ʩʪʦʨʦʥʳ 

ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ ʥʘ ʬʦʨʤʫʝʤʳʡ ʤʝʪʘʣʣ ʜʝʡʩʪʚʫʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʣʳ ὖ, Ὕǰ ʠ Ὕǰǰ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʧʨʦʮʝʩʩʝ ʩʠʣʳ ʚʟʘʠʤʥʦ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪʩʷ: 

Ὕǰǰ Ὕǰǰ Ὕǰ Ὕǰ ὖ ὖ πȢ (1.15) 

ʂʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ï ʨʠʩʫʥʦʢ 1.4 ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʟʘʤʢʥʫʪʳ-

ʤʠ ʬʠʛʫʨʘʤʠ abc - ʜʣʷ ʥʠʞʥʝʛʦ ʬʦʨʤʦʚʦʯʥʦʛʦ ʚʘʣʢʘ ʠ deg - ʜʣʷ ʚʝʨʭʥʝʛʦ ʬʦʨʤʦʚʦʯʥʦʛʦ ʚʘʣʢʘ. 

ʃʠʥʠʠ ʘʩ ʠ eg ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʚʭʦʜʝ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʢʘʣʠʙʨ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʷʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ: 

ᶫ=kŬ, (1.16) 

ɣ= ɣ0, (1.17) 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ; 

ɣ ï ʧʦʩʪʦʷʥʥʳʡ ʫʛʦʣ ʦʭʚʘʪʘ ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʦʡ. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʕʣʝʤʝʥʪʘʨʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʨʫʙʥʫʶ ʟʘʛʦʪʦʚʢʫ ʩʦ ʩʪʦʨʦʥ ʚʘʣʢʦʚ ʠ ʛʨʘ-

ʥʠʮʳ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
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ɺ ʨʘʙʦʪʘʭ [29] ʪʷʥʫʱʠʝ ʫʩʠʣʠʷ ʜʣʷ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʚʘʣʢʦʚ ʜʣʷ ʦʜʥʦʨʘʜʠʫʩʥʳʭ ʢʘʣʠʙ-

ʨʦʚʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʟʦʥ ʦʧʝʨʝʞʝʥʠʷ ʠ ʦʪʩʪʘʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʘʤʠ. 

ʊi = (fÖĬ ʈiʬ/2)Ö(1 ï 8(biʦʪ / bi)
3), (1.18) 

ʛʜʝ ʊi ï ʪʷʥʫʱʝʝ ʫʩʠʣʠʝ, ʅ; 

f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, (f = 0,08é0,12); 

bi ï ʜʣʠʥʘ ʜʫʛʠ ʢʦʥʪʘʢʪʘ, ʤʤ; 

biʦʪ ï ʜʣʠʥʘ ʜʫʛʠ ʟʘʛʦʪʦʚʢʠ ʚ ʟʦʥʝ ʦʪʩʪʘʚʘʥʠʷ, ʤʤ. 

ɺ ʨʘʙʦʪʝ [30] ʪʷʥʫʱʠʝ ʫʩʠʣʠʷ ʜʣʷ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʚʘʣʢʦʚ ʜʣʷ ʤʥʦʛʦʨʘʜʠʫʩʥʳʭ ʢʘʣʠʙ-

ʨʦʚʦʢ ʦʧʨʝʜʝʣʷʣʠ, ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʪʷʥʫʱʠʭ ʠ ʪʦʨʤʦʟʷʱʠʭ ʟʦʥ ʧʦ ʬʦʨʤʫʣʝ: 

ʊi = (fÖ ʈi
ʬ/2)Ö(1 ï 8(Fiʦʪ /Fi)

3), (1.19) 

ʛʜʝ: ʊi ï ʪʷʥʫʱʝʝ ʫʩʠʣʠʝ, ʅ; 

f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, (f = 0,08é0,12); 

Fi ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ, ʤʤ; 

Fiʦʪ ï ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ ʚ ʟʦʥʝ ʦʪʩʪʘʚʘʥʠʷ, ʤʤ. 

 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʠʢ ʧʨʠʤʝ-

ʥʷʶʪ ʨʘʩʯʝʪ ʬʦʨʤʳ ʠ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʤʝʥʝ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

(ʥʝʣʠʥʝʡʥʦʡ) ʢʦʥʪʘʢʪʥʦʡ ʛʨʘʥʠʮʳ ʭʦʨʜʘʤʠ. ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʠ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʠʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ. 

1.3 ʂʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʦʩʦʚʦʡ ʟʘʛʦʪʦʚ-

ʢʠ ʩ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʬʦʨʤʦʚʢʠ ï ʨʠʩʫʥʦʢ 1.5 ʧʨʝʜʣʦʞʠʣ ɻ. ʄʝʢʢʝʣʴʪ. 

 ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʩʠʣʠʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʛʠʙʘ ʧʦʣʦʩʦʚʦʡ ʟʘʛʦʪʦʚʢʠ 

ʥʘʧʨʘʚʣʝʥʦ ʢ ʪʦʯʢʝ ʥʘʯʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʦʣʦʩʳ ʩ ʚʝʨʭʥʠʤʠ ʚʘʣʢʦʤ ʠ ʩʦʟʜʘʝʪ ʠʟʛʠʙʘʶʱʠʡ ʤʦ-

ʤʝʥʪ ʥʘ ʫʯʘʩʪʢʝ ʧʦʣʦʩʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ l1. ʋʯʘʩʪʦʢ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ l1 ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʣʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʘʯʘʣʦʤ ʫʯʘʩʪʢʘ l1 ʷʚʣʷʝʪʩʷ ʪʦʯ-

ʢʘ, ʛʜʝ ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʦʩʷʤʠ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʚʘʣʢʦʚ, ʨʘʚʝʥ Ŭ/2. ʂʦʥʝʮ 

ʫʯʘʩʪʢʘ l1, ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ, ʛʜʝ ʧʦʣʦʩʘ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʚʝʨʭʥʠʤ ʚʘʣʢʦʤ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʝ-

ʨʝʩʝʯʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ʚʘʣʢʦʚ. ʋʯʘʩʪʦʢ ʢʦʥʪʘʢʪʘ ʧʦʣʦʩʳ ʩ ʚʘʣʢʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 

ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʜʠʘʤʝʪʨʦʚ ʚʘʣʢʠ ʥʘ ʚʭʦʜ ʚ ʢʘʣʠʙʨ ʜʦ ʦʩʝʚʦʡ ʧʣʦʩʢʦʩʪʠ ʢʘʣʠʙʨʘ.  
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 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʯʘʩʪʢʘ l1 ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʠʤʝʥʷʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ʚʘʣʢʦʚ ʢʘ-

ʣʠʙʨʘ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʠʘʤʝʪʨʳ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʷʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ.  ʇʨʠ ʨʘʩʯʝʪʝ 

ʨʘʟʣʠʯʥʳʭ ʢʘʣʠʙʨʦʚʦʢ ʚʘʣʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʧʦʜʭʦʜʠʪ, ʪʘʢ ʢʘʢ ʨʘʟʤʝʨʳ ʛʘʙʘ-

ʨʠʪʥʳʭ ʜʠʘʤʝʪʨʦʚ ʥʝ ʦʜʠʥʘʢʦʚʳ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʜʣʠʥʫ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. 

   

ʘ ʙ ʚ 

ʘ ï ʚʠʜ ʩʙʦʢʫ; ʙ ï ʬʨʦʥʪʘʣʴʥʳʡ ʚʠʜ ʚ ʩʝʯʝʥʠʠ ɸ-ɸ; ʚ ï ʬʨʦʥʪʘʣʴʥʳʡ ʚʠʜ ʚ ʩʝʯʝʥʠʠ ɹ-ɹ 

ʈʠʩʫʥʦʢ 1.5 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʦʩʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʦʚʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ 

ɺ ʨʘʙʦʪʝ [31], ʄʘʪʚʝʝʚ ʖ.ʄ. ʧʨʝʜʣʦʞʠʣ ʩʭʝʤʫ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʫʩʠʣʠʷ 

ʚ ʢʘʣʠʙʨʝ, ʢʘʢ ʧʣʘʩʪʠʯʝʩʢʠʡ ʠʟʛʠʙ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʙʨʫʩʘ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʧʨʦʮʝʩʩʫ ʬʦʨʤʦʚʢʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ï ʨʠʩʫʥʦʢ 1.6. ʀʟʛʠʙ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʥʝʧʨʝʨʳʚʥʦ ʦʪʜʝʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ) ʚ ʢʘʣʠʙʨʝ ʦʙʨʘʟʫʝʤʦʤ ʜʚʫʤʷ ʧʨʦʬʠʣʠ-

ʨʦʚʦʯʥʳʤʠ ʚʘʣʢʘʤʠ. ɼʝʬʦʨʤʘʮʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʬʦʨʤʦʚʦʯʥʳʤʠ 

ʚʘʣʢʘʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʪʨʝʭ ʩʝʯʝʥʠʷʭ (I-I; II -II ; III -III). ɺ ʩʝʯʝʥʠʠ I-I ʜʝʬʦʨʤʘʮʠʷ ʪʨʫʙʥʦʡ 

ʟʘʛʦʪʦʚʢʠ (ʊɿ) ʥʘʯʠʥʘʝʪʩʷ, ʢʦʛʜʘ ʊɿ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʚ ʜʚʫʭ ʢʨʘʡʥʠʭ ʪʦʯʢʘʭ ʥʘ ʨʝ-

ʙʦʨʜʘʭ ʥʠʞʥʝʛʦ ʚʘʣʢʘ ʠ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʧʦ ʦʩʠ ʩ ʚʝʨʭʥʠʤ ʚʘʣʢʦʤ. ʊʨʫʙʥʘʷ ʟʘʛʦʪʦʚʢʘ, ʧʨʦʜʚʠʛʘ-

ʷʩʴ ʤʝʞʜʫ ʚʘʣʢʘʤʠ, ʧʦʩʪʝʧʝʥʥʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʝʯʝʥʠʠ II -II. ɼʘʣʝʝ ʪʨʫʙʥʘʷ ʟʘʛʦʪʦʚʢʘ ʜʝʬʦʨ-

ʤʠʨʫʝʪʩʷ ʠ ʚ ʦʩʝʚʦʡ ʧʣʦʩʢʦʩʪʠ ʢʘʣʠʙʨʘ ʚ ʩʝʯʝʥʠʠ III -III  ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʝʪ ʢʘʣʠʙʨ ʤʝʞʜʫ 

ʚʘʣʢʘʤʠ, ʠ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʢʘʣʠʙʨʘ. ʉʭʝʤʘ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝʪ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʣʶʙʦʤʫ ʦʪʢʨʳʪʦʤʫ ʬʦʨʤʦʚʦʯʥʦʤʫ ʢʘʣʠʙʨʫ ʊʕʉɸ, ʪʘʢ ʢʘʢ ʜʝʬʦʨʤʘʮʠʷ ʤʝʞʜʫ ʧʨʠʚʦʜ-
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ʥʳʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʢʣʝʪʷʤʠ ʩʪʘʥʘ ʚ ʥʘʯʘʣʴʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʙʫ-

ʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʯʘʛʫ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʨʝʜʳʜʫʱʝʛʦ ʢʘʣʠʙʨʘ. 

  

ʘ ʙ 

  

ʚ ʛ 

ʘ ï ʚʠʜ ʩʙʦʢʫ; ʙ ï ʥʘʯʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʊɿ ʩ ʚʘʣʢʘʤʠ ʚ ʩʝʯʝʥʠʠ I-I; ʚ ï ʩʝʯʝʥʠʝ II -II; ʛ ï ʊɿ ʧʨʠʥʠ-

ʤʘʝʪ ʬʦʨʤʫ ʢʘʣʠʙʨʘ ʚ ʩʝʯʝʥʠʠ III -III  

ʈʠʩʫʥʦʢ 1.6 ï ʉʭʝʤʘ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʠʟʛʠʙʝ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʬʦʨʤʦʚʦʯʥʦʤ  

ʢʘʣʠʙʨʝ 

ɺ ʨʘʙʦʪʝ [27] ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʨʦʝʢʮʠʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʭʝʤʝ  ʧʨʝʜʩʪʘʚʣʝʥʥʡ ʥʘ ʨʠʩʫʥʢʝ 1.7. 
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ʘ ʙ 

ʘ ï ʜʣʷ ʚʝʨʭʥʝʛʦ ʚʘʣʢʘ; ʙ ï ʜʣʷ ʥʠʞʥʝʛʦ ʚʘʣʢʘ 

ʈʠʩʫʥʦʢ 1.7 ï ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʮʳ ʧʨʦʝʢʮʠʡ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʨʠʥʠʤʘʣʘʩʴ ʚʚʠʜʝ ʧʨʷʤʦʡ ʣʠʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ  ʩ ʚʘʣʢʘʤʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ: 

- ʩ ʚʝʨʭʥʠʤ ʚʘʣʢʦʤ 

Ὂ̃
ά ὦ̃

ς
ȟ (1.20) 

- ʩ ʥʠʞʥʠʤ ʚʘʣʢʦʤ 

Ὂ̎
ά ὦ̎

ς
ȟ (1.21) 

ʛʜʝ m ï ʜʣʠʥʘ ʢʦʥʪʘʢʪʘ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʧʦ ʜʥʫ ʩ ʚʝʨʭʥʠʤ ʚʘʣʢʦʤ ʠ ʧʦ ʨʝʙʦʨʜʝ ʩ 

ʥʠʞʥʠʤ ʚʘʣʢʦʤ; 

bʚ ï ʰʠʨʠʥʘ ʢʦʥʪʘʢʪʘ ʩ ʚʝʨʭʥʠʤ ʚʘʣʢʦʤ; 

bʥ ï ʰʠʨʠʥʘ ʢʦʥʪʘʢʪʘ ʩ ʥʠʞʥʠʤ ʚʘʣʢʦʤ. 

1.4 ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʦ-

ʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ɺ ʨʘʙʦʪʝ [12] ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʠʟʛʠʙʘ ʧʦʣʦʩʳ ʩ 

ʜʝʬʦʨʤʠʨʫʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ.  ʌʦʨʤʦʠʟʤʝʥʝʥʠʝ ʧʦʣʦʩʳ ʧʨʠ ʛʠʙʢʠ ʚ ʰʪʘʤʧʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 1.8. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʙʢʠ ʧʦʣʦʩʳ ʠʟʦʙʨʘʞʝʥʦ ʯʝʪʳʨʝ ʩʪʘʜʠʠ ʬʦʨʤʦ-

ʠʟʤʝʥʝʥʠʷ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ï ʨʠʩʫʥʦʢ 8ʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʪʘʢʪ ʧʦʣʦʩʳ ʩ ʚʝʨʭʥʠʤ ʰʪʘʤʧʦʚ ʚ 

ʦʩʝʚʦʡ ʝʛʦ ʯʘʩʪʠ, ʢʦʥʪʘʢʪ ʧʦʣʦʩʳ ʩ ʥʠʞʥʠʤ ʰʪʘʤʧʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʝʛʦ ʢʨʘʷʤ. ɼʘʣʝʝ ʟʘʬʠʢʩʠ-

ʨʦʚʘʥʦ ʜʚʝ ʩʪʘʜʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚʥʠʟ ʚʝʨʭʥʝʛʦ ʰʪʘʤʧʘ ʨʠʩʫʥʦʢ 8ʙ, ʨʠʩʫʥʦʢ 8ʚ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʪʘʢʪʘ ʧʦʣʦʩʳ ʩ ʚʝʨʭʥʠʤ ʰʪʘʤʧʦʤ, ʘ ʢʦʥʪʘʢʪ ʧʦʣʦʩʳ ʧʦ ʢʨʘʷʤ ʩ ʥʠʞʥʠʤ ʚʘʣʢʦʤ 

ʦʩʪʘʝʪʩʷ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʳʤ, ʫʤʝʥʴʰʘʝʪʩʷ ʟʘʟʦʨ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ʰʪʘʤʧʘʤʠ. ʅʘ ʧʦ-

ʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʦʡ ʩʪʘʜʠʠ ʠʟʛʠʙʘ ʧʦʣʦʩʘ - ʨʠʩʫʥʦʢ 8ʛ ʧʨʠʥʠʤʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʬʦʨʤʫ, ʩʦʦʪ-
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ʚʝʪʩʪʚʫʶʱʫʶ ʧʨʦʬʠʣʷʤ ʰʪʘʤʧʦʚ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʳʡ ʢʦʥʪʘʢʪ ʧʦʣʦʩʳ ʩ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ 

ʰʪʘʤʧʘʤʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʩʭʝʤʘ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩʳ ʚ ʰʪʘʤʧʘʭ ʠ ʚ ʬʦʨʤʦʚʦʯ-

ʥʳʭ ʚʘʣʢʘʭ ʘʥʘʣʦʛʠʯʥʘ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʫ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʥʝʧʨʝʨʳʚ-

ʥʦʡ ʬʦʨʤʦʚʢʠ ʚ ʥʝʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʧʨʦʮʝʩʩʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʤʝʪʦ-

ʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚ ʚʘʣʢʦʚʦʤ ʢʘʣʠʙʨʝ, ʠ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦ-

ʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʥʦʛʦ ʠ ʚʥʝʢʦʥʪʘʢʪʥʦʛʦ ʫʯʘʩʪʢʦʚ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. ʄʝ-

ʪʦʜʠʢʘ [12] ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

  

ʘ ʙ 

  

ʚ ʛ 

ʘ ï ʧʝʨʚʘʷ ʩʪʘʜʠʷ; ʙ ï ʚʪʦʨʘʷ ʩʪʘʜʠʷ; ʚ ï ʪʨʝʪʴʷ ʩʪʘʜʠʷ; ʛ ï ʯʝʪʚʝʨʪʘʷ ʩʪʘʜʠʷ 

ʈʠʩʫʥʦʢ 1.8 ï ʉʪʘʜʠʠ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩʳ ʧʨʠ ʝʝ ʛʠʙʢʝ ʚ ʰʪʘʤʧʘʭ 

ɺ ʨʘʙʦʪʝ [32] ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦ-

ʱʘʜʝʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʥʝ ʪʦʣʴʢʦ ʚʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ, ʥʦ ʠ ʚʳʭʦʜ-

ʥʦʛʦ ʫʯʘʩʪʢʘ. ʇʦʜ ʚʭʦʜʥʳʤ ʫʯʘʩʪʢʦʤ ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʪʘʢʪ ʪʨʫʙʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʚʘʣʢʦʚʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʦʪ ʧʝʨʚʦʡ ʪʦʯʢʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ 

ʦʩʠ ʚʘʣʢʦʚ, ʘ ʧʦʜ ʚʳʭʦʜʥʳʤʠ ʦʪ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ ʦʩʠ ʚʘʣʢʦʚ ʜʦ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʠ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. 


