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ʕʂʆʃʆɻʀʏʅʓʁ ɹʀʆʉʆʈɹɽʅʊ ʅɸ ʆʉʅʆɺɽ ʍʃʆʇʂʆɺʆʁ ʎɽʃʃʖʃʆɿʓ 

 

C ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʦʥ ʭʣʦʧʢʘ ʧʦʣʫʯʝʥ 

ʩʦʚʤʝʩʪʠʤʳʡ ʩ ʪʢʘʥʷʤʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʙʠʦʩʦʨʙʝʥʪ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ 

ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʣʶʜʝʡ, ʩʪʨʘʜʘʶʱʠʭ 

ʦʪ ʦʧʨʝʣʦʩʪʝʡ, ʧʨʦʣʝʞʥʝʡ, ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʜʨ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʮʝʣʣʶʣʦʟʘ, ʙʠʦʩʦʨʙʝʥʪ, ʙʘʢʪʝʨʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ.    

   

 ʉʧʝʮʠʘʣʴʥʳʤ ʨʘʟʜʝʣʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ  ʨʘʟʜʝʣ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ, 

ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʩʦ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʩʨʝʜʘ ʦʙʠʪʘʥʠʷ  ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʣʫʯʰʠʤ ʦʙʨʘʟʦʤ. ʆʪ ʢʦʥʪʘʢʪʘ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʨʘʟʚʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʦʪ ʘʣʣʝʨʛʠʠ ʜʦ ʦʥʢʦʣʦʛʠʠ.  

ʂʘʯʝʩʪʚʦ ʞʠʟʥʠ ʩʠʣʴʥʦ ʫʭʫʜʰʘʝʪʩʷ ʜʘʞʝ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʧʦʪʝʨʪʦʩʪʝʡ, ʦʧʨʝʣʦʩʪʝʡ ʫ ʣʶʜʝʡ 

ʬʠʟʠʯʝʩʢʦʛʦ ʪʨʫʜʘ, ʪʝʤ ʙʦʣʝʝ ʧʨʦʣʝʞʥʝʡ ʫ ʣʝʞʘʯʠʭ ʙʦʣʴʥʳʭ. ɹʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠ ʟʘʱʠʪʳ ʨʘʥʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʜʘʞʝ ʥʝʩʣʦʞʥʳʝ ʦʧʝʨʘʮʠʠ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ.   

 ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʘʚʘʨʠʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʧʨʠʚʦʜʠʪ ʢ ʪʷʞʝʣʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢ ʢʘʢ 

ʚʦʜʠʪʝʣʠ ʠ ʧʘʩʩʘʞʠʨʳ ʧʦʣʫʯʘʶʪ ʪʷʞʝʣʳʝ ʪʨʘʚʤʳ ʩ ʨʚʘʥʳʤʠ ʨʘʥʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʘʪʳ ʠ ʙʠʥʪʦʚ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʜʘʣʴʥʝʡʰʝʛʦ ʣʝʯʝʥʠʷ ʧʦʩʪʨʘʜʘʚʰʠʭ. 

 ɺʳʭʦʜʦʤ ʠʟ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʩʦʨʙʝʥʪʘ ʥʘ 

ʦʩʥʦʚʝ ʭʣʦʧʢʦʚʦʡ ʮʝʣʣʶʣʦʟʳ. 

 ʉʚʦʡʩʪʚʘ ʮʝʣʣʶʣʦʟʳ.  ʍʣʦʧʢʦʚʳʝ ʚʦʣʦʢʥʘ ʠʤʝʶʪ ʪʦʣʱʠʥʫ 1,5-2 ʤʢʤ - (ʚ ʜʝʩʷʪʴ ʨʘʟ 

ʪʦʥʴʰʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʣʦʩʘ) ʧʨʠ ʜʣʠʥʝ 20-50 ʤʤ ʠ ʩʦʩʪʦʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 100%  ʠʟ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʠʨʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ ï ʮʝʣʣʶʣʦʟʳ. 

 ʎʝʣʣʶʣʦʟʘ [1,2] ʠʣʠ ʢʣʝʪʯʘʪʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʘʤ 

(ʮʝʣʣʶʣʦʟʘ, ʛʣʠʢʦʛʝʥ, ʢʨʘʭʤʘʣ). ɺ  ʨʘʩʪʝʥʠʷʭ ʮʝʣʣʶʣʦʟʘ ʩʦʩʪʘʚʣʷʝʪ  50-95% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ 

ʦʨʛʘʥʠʢʠ. ʆʩʦʙʝʥʥʦ ʙʦʛʘʪʳ ʮʝʣʣʶʣʦʟʦʡ ʭʣʦʧʦʢ, ʣʝʥ, ʢʦʥʦʧʣʷ ( ʜʦ 95% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ  

ʦʨʛʘʥʠʢʠ). ʉʪʨʦʝʥʠʝ  ʛʣʶʢʦʟʳ ʠ ʢʨʘʭʤʘʣʘ ʩʭʦʜʥʦ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʘʭʤʘʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʦʩʪʘʪʢʦʚ  Ŭ-ʛʣʶʢʦʟʳ, ʮʝʣʣʶʣʦʟʘ ʩʦʩʪʦʠʪ ʠʟ ʦʩʪʘʪʢʦʚ ɓ-ʛʣʶʢʦʟʳ (ʨʠʩ.1): 
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ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʮʝʣʣʶʣʦʟʳ. 

 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʢʨʘʭʤʘʣ ʠ ʮʝʣʣʶʣʦʟʘ ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʬʦʨʤ ʛʣʶʢʦʟʳ, 

ʦʙʲʷʩʥʷʝʪ ʨʘʟʣʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʜʚʫʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ. ʂʨʘʭʤʘʣ ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ. ʎʝʣʣʶʣʦʟʘ ʥʝ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʬʝʨʤʝʥʪʘʤʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʬʝʨʤʝʥʪʳ 

ʨʘʩʱʝʧʣʷʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʦʩʪʘʪʢʘʤʠ Ŭ-ʛʣʶʢʦʟʳ, ʥʦ ʥʝ ʜʝʡʩʪʚʫʶʪ  ʥʘ ʩʚʷʟʠ ʤʝʞʜʫ ʦʩʪʘʪʢʘʤʠ  

ɓ-ʛʣʶʢʦʟʳ, ʠʟ ʢʦʪʦʨʳʭ ʠ ʩʦʩʪʦʠʪ ʮʝʣʣʶʣʦʟʘ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʮʝʣʣʶʣʦʟʘ ʢʘʢ 

ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʪ ʯʝʣʦʚʝʢʦʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ. ʅʘʧʨʦʪʠʚ ʞʠʚʦʪʥʳʝ, ʦʩʦʙʝʥʥʦ 

ʞʚʘʯʥʳʝ,  ʫʩʧʝʰʥʦ ʫʩʚʘʠʚʘʶʪ ʢʣʝʪʯʘʪʢʫ, ʧʦʩʢʦʣʴʢʫ  ʚ ʠʭ ʦʨʛʘʥʠʟʤʝ ʩʦʜʝʨʞʘʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʝ ʛʠʜʨʦʣʠʟʘ ʬʝʨʤʝʥʪʳ. 

 ʎʝʣʣʶʣʦʟʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʝʥʠʷʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʚʠʜʝ ʚʦʣʦʢʦʥ. ʆʥʘ ʪʝʩʥʦ 

ʧʝʨʝʧʣʝʪʝʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʥʢʨʫʩʪʠʨʫʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʣʠʛʥʠʥ, ʞʠʨʳ, ʩʤʦʣʳ, 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ). ʅʘʠʙʦʣʝʝ ʯʠʩʪʘʷ ʮʝʣʣʶʣʦʟʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʝʢʩʪʠʣʴʥʳʭ 

ʚʦʣʦʢʥʘʭ (ʭʣʦʧʯʘʪʥʠʢ, ʣʝʥ). ʎʝʣʣʶʣʦʟʘ, ʠʟʚʣʝʢʘʝʤʘʷ ʠʟ ʵʪʦʛʦ ʩʳʨʴʷ, ʩʦʜʝʨʞʠʪ ʜʦ 99% 

ʯʠʩʪʦʡ ʮʝʣʣʶʣʦʟʳ ʠ ʥʝ ʙʦʣʝʝ  0,25% ʟʦʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

 ʎʝʣʣʶʣʦʟʘ ʩʦʩʪʦʠʪ ʠʟ ʥʠʪʝʚʠʜʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʚ ʢʦʪʦʨʳʭ ʦʩʪʘʪʢʠ D-

ʛʣʶʢʦʧʠʨʦʥʦʟʳ ʩʚʷʟʘʥʳ ʩ ɓ-ʛʣʶʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 1,4 ʯʝʨʝʟ ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ ʠ ʧʦʚʝʨʥʫʪʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘ 180
ʦ
: 

 ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ ʢʦʥʬʦʨʤʘʮʠʶ ʮʠʢʣʦʚ  D-ʛʣʶʢʦʧʠʨʦʥʦʟʳ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʬʦʨʤʫʣʘ, ʦʪʚʝʯʘʶʱʘʷ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʮʝʣʣʶʣʦʟʳ (ʨʠʩ.2): 

 

 
ʈʠʩ.2. ʆʩʥʦʚʥʳʝ ʟʚʝʥʴʷ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʮʝʣʣʶʣʦʟʳ. 

 

 ʇʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ  ʮʝʣʣʶʣʦʟʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʘʪʦʤʳ ʧʷʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣ (ʨʠʩ.3).  ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʨʠʩʪʘʣʣʦʚ ʦʙʳʯʥʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ,  ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʦʣʝʢʫʣ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ, 

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʮʝʣʣʶʣʦʟʳ ʩʦʜʝʨʞʠʪʩʷ ʥʝ ʚ ʦʜʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ, ʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʷʯʝʝʢ.  ʂ ʩʦʞʘʣʝʥʠʶ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʜʣʠʥʫ ʤʘʢʨʦʤʦʣʝʢʫʣ ʮʝʣʣʶʣʦʟʳ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 700.000. ɼʣʠʥʳ 
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ʵʪʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʥʝ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʦʣʦʢʥʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʠʭ ʢʦʥʮʳ ʥʝ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

 
ʈʠʩ.3. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʮʝʣʣʶʣʦʟʳ ʧʦ ʜʘʥʥʳʤ ʈʉɸ. 

 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʮʝʣʣʶʣʦʟʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʩʪʘʪʢʦʚ ʛʣʶʢʦʟʳ, ʨʘʩʧʦʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʥʝ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʚʦʣʦʢʦʥ, ʘ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʟʳʚʘʝʤʳʭ ʢʨʠʩʪʘʣʣʠʪʘʤʠ. ɺ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʤʦʣʝʢʫʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʧʨʘʚʠʣʴʥʦ, ʘʤʦʨʬʥʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʝʞʜʫ 

ʥʠʤʠ ʦʩʪʘʝʪʩʷ  ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʨʠʩ.4): 

   

 
 

ʈʠʩ.4. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʘʤʦʨʬʥʳʝ ʫʯʘʩʪʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʮʝʣʣʶʣʦʟʳ. 

 

ʏʝʤ ʣʫʯʰʝ ʚʟʘʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʪʝʤ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʦʣʦʢʥʘ  

ʩʦʩʪʘʚʣʷʶʪ ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ï ʢʨʠʩʪʘʣʣʠʪʳ ʠ ʪʝʤ ʚʳʰʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ 

ʚʦʣʦʢʥʘ.  ʅʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠʣʠ ʤʠʮʝʣʣ, ʦʙʨʘʟʫʶʪ ʬʠʙʨʠʣʣʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚʦʣʦʢʥʘ, ʨʘʟʣʠʯʠʤʦʡ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ. (ʨʠʩ 5). 

 



 
 

10 

 
 

 

ʈʠʩ.5. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ. 

(ʫʚʝʣʠʯʝʥʠʝ 24000
ʭ
) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʪʝʨʤʠʥʦʤ ʮʝʣʣʶʣʦʟʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʦʙʳʯʥʳʭ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ, ʘ ʢʘʪʝʛʦʨʠʷ ʚʝʱʝʩʪʚ ʩ ʤʦʣʝʢʫʣʘʤʠ, 

ʧʦʩʪʨʦʝʥʥʳʤʠ ʧʦ ʦʜʠʥʘʢʦʚʦʤʫ ʧʨʠʥʮʠʧʫ, ʥʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ, ʧʦ ʚʝʣʠʯʠʥʝ. 

 ʄʝʭʘʥʦʭʠʤʠʯʝʩʢʦʝ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʭʣʦʧʢʦʚʦʡ ʮʝʣʣʶʣʦʟʳ. ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ,  

ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʮʝʣʣʶʣʦʟʳ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 2-3 ʪʳʩʷʯʠ ʟʚʝʥʴʝʚ, ʜʦʩʪʠʛʘʷ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ  ʜʦ  700.000, ʧʨʠ ʵʪʦʤ ʜʣʠʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʤʢʤ, ʧʨʠ ʪʦʣʱʠʥʝ ʚʩʝʛʦ 

0,5 ʥʤ.  ʇʦʵʪʦʤʫ ʫʚʠʜʝʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ʮʝʣʣʶʣʦʟʳ ʜʘʞʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʥʝ ʫʜʘʝʪʩʷ.  ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʮʝʣʣʶʣʦʟ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʪʝʧʝʥʴʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʦʙʲʷʩʥʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʣʝʛʢʦʩʪʴʶ ʨʘʟʨʳʚʘ 

ʤʘʢʨʦʤʦʣʝʢʫʣ  ʝʝ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʬʨʘʛʤʝʥʪʳ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʨʘʟʨʳʚʘ ʤʘʢʨʦʤʦʣʝʢʫʣ, 

ʥʘ ʠʭ ʢʦʥʮʝʚʳʭ ʫʯʘʩʪʢʘʭ  ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ R
*
: 

 

 
 

 ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ  ʢʦʥʮʝʚʳʭ 

ʛʨʫʧʧ ʤʘʢʨʦʤʦʣʝʢʫʣ.  ʇʨʠ ʵʪʦʤ, ʥʝ ʠʩʢʣʶʯʝʥʘ ʨʝʢʦʤʙʠʥʘʮʠʷ  ʵʪʠʭ ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ   

ʧʝʨʦʢʩʠʜʥʳʭ  ʟʚʝʥʴʝʚ ʠʣʠ ʜʘʞʝ ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (ʅ2ʆ2).  ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ 

ʠʟʚʝʩʪʝʥ ʩʚʦʠʤʠ ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

 ʇʦʜʦʙʥʳʡ ʨʘʟʨʳʚ  ʩʚʷʟʝʡ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʮʝʣʣʶʣʦʟʳ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, 

ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ ʠʣʠ ʚ ʢʦʣʣʦʠʜʥʳʭ ʤʝʣʴʥʠʮʘʭ. ʇʨʠ ʵʪʦʤ  ʭʣʦʧʢʦʚʦʝ 

ʚʦʣʦʢʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʣʴʯʝʥʦ ʜʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʦʨʷʜʢʘ  0,1 ʤʢʤ ʠ ʤʝʥʝʝ, ʯʪʦ  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʳʚʫ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʬʨʘʛʤʝʥʪʦʚ (ʨʠʩ.6). 
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ʈʠʩ.6. ɺʦʣʦʢʥʘ ʭʣʦʧʢʦʚʦʡ ʮʝʣʣʶʣʦʟʳ ʧʦʩʣʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʠʷ. 

 

ɽʩʣʠ ʞʝ  ʧʦʜʚʝʨʛʥʫʪʴ ʭʣʦʧʢʦʚʦʝ ʚʦʣʦʢʥʦ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʩʜʚʠʛʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʪʦ 

ʧʦʤʠʤʦ  ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʩʘʤʦʛʦ 

ʚʦʣʦʢʥʘ.  ʌʠʙʨʠʣʣʳ, ʦʙʨʘʟʫʶʱʠʝ ʢʨʠʩʪʘʣʣʠʪʳ, ʨʘʩʱʝʧʣʷʶʪʩʷ ʠ ʬʦʨʤʠʨʫʶʪ ʙʦʣʝʝ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʘʤʦʨʬʥʳʝ  ʫʯʘʩʪʢʠ ʚʦʣʦʢʥʘ, ʟʘ ʩʯʝʪ ʩʜʚʠʛʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ  ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʥʦʚʳʝ ʬʠʙʨʠʣʣʳ, ʧʨʝʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʪʳ.  

ɺ ʮʝʣʦʤ  ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʮʝʣʣʶʣʦʟʳ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ. ʇʨʠ ʵʪʦʤ  ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ 

ʥʦʚʳʝ ʟʦʥʳ ʘʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʜʦ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚʦʣʦʢʥʘ. 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʦʣʦʢʦʥ ʭʣʦʧʢʦʚʦʡ 

ʮʝʣʣʶʣʦʟʳ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʩʜʚʠʛʦʚʦʛʦ 

ʪʠʧʘ.  ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʩʣʝʞʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ.  ʕʪʦʪ 

ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʪʥʦʡ ʠ ʘʤʦʨʬʥʦʡ ʯʘʩʪʝʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʮʝʣʣʶʣʦʟʳ. ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʭʣʦʧʢʦʚʦʛʦ 

ʚʦʣʦʢʥʘ ( ʜʣʠʥʘ ʚʦʣʦʢʦʥ  50-60 ʤʤ) ʠ  ʚʦʣʦʢʦʥ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʠʟʤʝʣʴʯʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʩʜʚʠʛʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 20-50 ʤʢʤ,  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ.7. 
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ʈʠʩ.7. ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ: 1 ï ʭʣʦʧʢʦʚʘʷ ʚʘʪʘ, 

2 ï ʭʣʦʧʢʦʚʳʡ ʧʦʨʦʰʦʢ (ʙʠʦʩʦʨʙʝʥʪ). 

 

 ʀʟ ʨʠʩ.7 ʚʠʜʥʦ, ʯʪʦ ʭʣʦʧʢʦʚʦʝ ʚʦʣʦʢʥʦ, ʧʦʜʚʝʨʛʥʫʪʦʝ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʩʜʚʠʛʦʚʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ, ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ.   ʇʠʢ ʢʨʠʩʪʘʣʣʠʪʥʦʡ ʬʘʟʳ ( ʧʨʠ 

2ɗ=22,8
ʦ
) ʫʚʝʣʠʯʠʣʩʷ ʧʦʩʣʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʧʦʯʪʠ  ʥʘ 

ʧʦʨʷʜʦʢ, ʘ ʧʠʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʤʦʨʬʥʦʡ ʬʘʟʝ ( ʧʨʠ 2ɗ = 15
ʦ
) ʨʘʩʱʝʧʠʣʩʷ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʠʢʘ ( ʧʨʠ 2ɗ = 16,5
ʦ
), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʦʚʦʡ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʩʜʚʠʛʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʨʫʰʘʶʪʩʷ ʠʤʝʥʥʦ ʘʤʦʨʬʥʳʝ ʫʯʘʩʪʢʠ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʝ ʟʚʝʥʦ ʚ ʩʪʨʫʢʪʫʨʝ ʮʝʣʣʶʣʦʟʳ. ʇʦʷʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʧʠʢʘ ʜʣʷ ʘʤʦʨʬʥʦʡ ʬʘʟʳ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʨʘʟʨʫʰʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʵʪʦʡ ʬʘʟʳ. 

  ʆʙʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʢʨʠʩʪʘʣʣʠʪʥʦʡ ʠ ʘʤʦʨʬʥʦʡ ʬʘʟ ʜʣʷ 

ʠʩʭʦʜʥʦʛʦ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʝʪ  ʢʘʢ 1:1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʝʪ ʢʘʢ 5:1. 

 ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʨʠʩʪʘʣʣʠʪʥʦʡ ʬʘʟʳ ʩ ʫʯʝʪʦʤ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʮʝʣʣʶʣʦʟʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ  ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʬʠʙʨʠʣʣ ʠ ʨʘʟʨʳʭʣʷʝʪ ʠʭ 

ʩʪʨʫʢʪʫʨʫ.  ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʝʟʫʩʣʦʚʥʦ  ʜʦʣʞʥʦ  ʙʳʪʴ ʫʚʝʣʠʯʝʥʠʝ  

ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ  ʠ ʜʨʫʛʠʤ ʞʠʜʢʠʤ 

ʩʫʙʩʪʨʘʪʘʤ. 

 ʋʚʝʣʠʯʝʥʠʝ ʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʭʣʦʧʢʦʚʦʡ ʮʝʣʣʶʣʦʟʳ ʢ ʥʘʙʫʭʘʥʠʶ (ʪ.ʝ. ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʧʦʛʣʦʱʝʥʠʶ ʚʣʘʛʠ) ʠ  ʨʘʩʪʚʦʨʝʥʠʶ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. 

 ʉʪʨʫʢʪʫʨʘ ʠʟʤʝʣʴʯʝʥʥʳʭ  ʚʦʣʦʢʦʥ ʭʣʦʧʢʦʚʦʡ ʮʝʣʣʶʣʦʟʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʚʦʣʦʢʦʥ ʭʣʦʧʢʦʚʦʡ ʚʘʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ ʩ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 20-50 ʤʢʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ʠʛʣʳ ʩ ʦʯʝʥʴ ʦʩʪʨʳʤʠ  ʢʦʩʦ 

ʩʨʝʟʘʥʥʳʤʠ ʢʨʘʷʤʠ. ʊʘʢʠʝ ʠʛʣʳ (ʨʠʩ.6) ʜʦʣʞʥʳ ʠʤʝʪʴ ʭʦʨʦʰʝʝ ʩʮʝʧʣʝʥʠʝ ʩ  ʤʝʤʙʨʘʥʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʣʝʪʦʢ ʢʘʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʪʘʢ ʠ ʪʢʘʥʝʡ  ʯʝʣʦʚʝʢʘ, ʣʝʛʢʦ ʫʜʝʨʞʠʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚʦʜʫ, ʥʦ ʠ  ʵʣʝʤʝʥʪʳ ʢʨʦʚʠ ʠ ʣʠʤʬʳ.    ʕʪʦ ʷʚʣʷʝʪʩʷ  ʥʦʚʳʤ ʩʚʦʡʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʥʝ ʪʦʣʴʢʦ ʩ ʭʣʦʧʢʦʚʦʡ ʚʘʪʦʡ, ʥʦ ʠ ʣʶʙʳʤʠ ʜʨʫʛʠʤʠ ʤʝʜʠʮʠʥʩʢʠʤʠ ʩʦʨʙʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʙʳʯʥʦ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʩʬʝʨʦʣʠʪʦʚ. 

 ʅʦʚʳʡ ʤʘʪʝʨʠʘʣ ï ʙʠʦʩʦʨʙʝʥʪ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ ʥʘʟʚʘʥʠʝʤ çʮʝʣʦʬʦʨʤè ʙʳʣ 

ʪʝʩʪʠʨʦʚʘʥ ʥʘʤʠ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʞʠʜʢʦʩʪʷʤ (ʢʨʦʚʴ). 
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 ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʤʝʩʪʥʦʤ ʣʝʯʝʥʠʠ ʨʘʥ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʫʧʧʘ ʤʝʜʠʮʠʥʩʢʠʭ ʩʦʨʙʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʤʝʩʪʥʦʛʦ ʣʝʯʝʥʠʷ ʨʘʥ ʩ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʚʝʣʘ ʢ ʨʘʟʚʠʪʠʶ ʮʝʣʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʠʚʰʝʛʦ ʥʘʟʚʘʥʠʝ 

ʩʦʨʙʮʠʦʥʥʦ-ʘʧʣʠʢʘʮʠʦʥʥʦʡ ʪʝʨʘʧʠʠ. ɸʢʪʠʚʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʩʦʨʙʝʥʪʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʨʦʚʥʝʤ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʚʩʘʩʳʚʘʥʠʶ ʚ ʪʢʘʥʠ 

ʦʪʜʝʣʷʝʤʦʛʦ ʨʘʥʳ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ ʦʪʪʦʢ, ʫʜʘʣʷʪʴ ʤʠʢʨʦʙʥʳʝ ʪʝʣʘ ʠ ʧʨʦʜʫʢʪʳ ʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʨʘʞʝʥʥʦʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʥʝʢʨʦʣʠʪʠʯʝʩʢʦʝ, 

ʦʙʝʟʙʦʣʠʚʘʶʱʝʝ, ʧʨʦʪʠʚʦʦʪʝʯʥʦʝ ʜʝʡʩʪʚʠʝ, ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʨʝʧʘʨʘʮʠʠ. 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʩʦʨʙʝʥʪʦʚ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦʨʙʮʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʳʡ ʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ 

ʦʯʠʱʝʥʠʷ ʨʘʥ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʦʪʪʦʢʘ ʤʠʢʨʦʙʥʦʡ ʬʣʦʨʳ ʠ ʨʘʥʝʚʦʛʦ ʦʪʜʝʣʷʝʤʦʛʦ ʩʦ ʜʥʘ ʨʘʥʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʜʦʥʘʙʫʭʘʶʱʠʝ ʩʦʨʙʝʥʪʳ. ʀʟ ʤʝʜʠʮʠʥʩʢʠʭ ʩʦʨʙʝʥʪʦʚ ʥʘʰʝ ʚʥʠʤʘʥʠʝ 

ʧʨʠʚʣʝʢʣʠ ʮʝʣʣʦʩʦʨʙ ʠ ʛʝʣʝʮʝʣ ï ʚʦʜʦʥʘʙʫʭʘʶʱʠʝ ʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ. ɺʳʙʦʨ ʠʭ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʪʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʩʨʦʜʩʪʚʦ ʩ 

ʧʝʨʝʚʷʟʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ (ʠ ʪʝ ʠ ʜʨʫʛʠʝ ʛʦʪʦʚʷʪʩʷ ʠʟ ʭʣʦʧʢʦʚʦʡ ʮʝʣʣʶʣʦʟʳ) ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʜʦʨʦʛʠ. ʆʜʥʘʢʦ, ʦʥʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʘʣʠʯʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ, ʩʚʷʟʳʚʘʷ ʙʝʣʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʞʠʜʢʦʩʪʝʡ, ʦʙʨʘʟʫʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʩʦʨʙʝʥʪʘ ʩʚʦʝʛʦ ʨʦʜʘ ʟʘʱʠʪʥʳʡ ʙʘʨʴʝʨ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʜʠʬʬʫʟʠʠ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʜʨʝʥʠʨʫʶʱʠʡ ʵʬʬʝʢʪ. 

ɺʳʩʦʢʦʨʘʟʚʠʪʘʷ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʛʣʦʱʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. ʇʨʠ ʵʪʦʤ ʚʦʣʦʢʥʘ ʥʘʙʫʭʘʶʪ, ʦʙʲʝʤ ʠʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʙʫʭʘʥʠʝ ʘʥʠʟʦʪʨʦʧʥʦ, ʪ. ʝ. ʥʝʦʜʠʥʘʢʦʚʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʠʥʳ ʠ 

ʧʦʧʝʨʝʯʥʠʢʘ ʚʦʣʦʢʥʘ. ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧʘʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʨʳʚʦʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ. ɺʦʜʘ ʧʦʛʣʦʱʘʝʪʩʷ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʘʤʦʨʬʥʳʭ ʫʯʘʩʪʢʘʭ ʚʦʣʦʢʦʥ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ. ɺʣʘʞʥʦʩʪʴ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ ʟʘʚʠʩʠʪ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩ ʢʦʪʦʨʦʡ ʚʦʣʦʢʥʦ 

ʩʦʧʨʠʢʘʩʘʝʪʩʷ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʭʣʦʧʢʦʚʦʝ ʚʦʣʦʢʥʦ ʧʦʜʩʳʭʘʝʪ ʠ, ʥʘʦʙʦʨʦʪ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ï ʫʚʣʘʞʥʷʝʪʩʷ. ʍʠʤʠʯʝʩʢʠ ʦʯʠʱʝʥʥʦʝ ʭʣʦʧʢʦʚʦʝ ʚʦʣʦʢʥʦ ʧʦʛʣʦʱʘʝʪ 

ʤʝʥʴʰʝ ʚʣʘʛʠ, ʯʝʤ ʥʝʦʯʠʱʝʥʥʦʝ. ʇʦʛʣʦʱʝʥʠʝ ʚʣʘʛʠ ʚʦʣʦʢʥʦʤ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʝʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʉʫʭʦʝ ʚʦʣʦʢʥʦ ʩʥʘʯʘʣʘ ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʦʛʣʦʱʘʝʪ ʚʣʘʛʫ, ʟʘʪʝʤ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʟʘʤʝʜʣʷʝʪʩʷ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʩʦʨʙʝʥʪ çʎʝʣʦʬʦʨʤè ʠʟ ʮʝʣʣʶʣʦʟʳ ʭʣʦʧʢʦʚʦʡ - ʚʝʱʝʩʪʚʦ ʙʝʣʦʛʦ 

ʮʚʝʪʘ, ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʡ ʤʷʛʢʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʝ, ʩ ʨʘʟʤʝʨʦʤ ʚʦʣʦʢʦʥ 20-50 

ʤʢʤ.  

ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʮʝʣʦʬʦʨʤʘ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.1. 

ʊʘʙʣʠʮʘ 1. 

ʅʝʢʦʪʦʨʳʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʨʙʝʥʪʦʚ 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʦʨʙʝʥʪʦʚ 

ɻʝʣʝʮʝʣ ʎʝʣʣʦʩʦʨʙ ʎʝʣʦʬʦʨʤ 

ʉʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʚʦʜʝ 

(ʤʘʢʩ.), ʛ/ʛ 

120Ñ3 40Ñ2 14,8Ñ0,2 

ʉʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʢʨʦʚʠ 

(ʤʘʢʩ.) ʛ/ʛ 

30Ñ4 15Ñ0,5 25,5Ñ0,3 

ʉʢʦʨʦʩʪʴ ʩʤʘʯʠʚʘʥʠʷ: 

ʧʦ ʚʦʜʝ 

ʧʦ ʢʨʦʚʠ 

 

10 ʩʝʢ 

3 ʯʘʩʘ 

 

3 ʯʘʩʘ 

24 ʯʘʩʘ 

 

10 ʩʝʢ 

3 ʩʝʢ 



 
 

14 

 

 ʎʝʣʦʬʦʨʤ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʩʦʨʙʝʥʪʦʚ ʭʦʨʦʰʝʡ ʩʦʨʙʮʠʦʥʥʦʡ ʸʤʢʦʩʪʴʶ 

ʢ  ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʞʠʜʢʦʩʪʷʤ (ʢʨʦʚʴ) ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʢʘʥʷʤ 

ʦʨʛʘʥʠʟʤʘ. 

 ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʮʝʣʦʬʦʨʤʘ [10-14]  ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʨʘʟʨʳʚ 

ʚʦʣʦʢʦʥ ʭʣʦʧʢʦʚʦʡ  ʮʝʣʣʶʣʦʟʳ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʨʝʩʩʠʦʥʥʦ-ʩʜʚʠʛʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ  ʩ ʢʦʥʮʝʚʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠʣʠ 

ʫʛʣʝʨʦʜʘ ( - 0*  ʠ ï ʉ*). ʕʪʠ ʢʦʥʮʝʚʳʝ ʘʪʦʤʳ ʩʚʷʟʘʥʳ ʩ ʬʨʘʛʤʝʥʪʦʤ  ɓ-ʛʣʶʢʦʟʳ ʠ ʦʩʪʘʣʴʥʦʡ 

ʯʘʩʪʴʶ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʮʝʣʣʶʣʦʟʳ.  

 ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ ʵʪʠ ʩʚʘʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʤʦʛʫʪ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʤʝʤʙʨʘʥʫ ʢʣʝʪʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ.  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʢʣʝʪʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʤʘʢʨʦʤʦʣʝʢʫʣʦʡ ʬʘʢʪʠʯʝʩʢʠ ʦʙʝʟʜʚʠʞʠʚʘʝʪʩʷ 

ʠ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʠ ʢʦʥʪʘʢʪʫ ʩ ʪʢʘʥʷʤʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʪʘʢʦʛʦ ʦʙʝʟʜʚʠʞʠʚʘʥʠʷ ʠ ʥʘʨʫʰʝʥʠʷ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʢʣʝʪʢʠ ʦʥʘ ʧʦʛʠʙʘʝʪ, ʪ.ʝ. ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʢʪʝʨʠʮʠʜʥʦʝ ʜʝʡʩʪʚʠʝ  ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ. 

 ʇʘʨʘʣʣʝʣʴʥʦ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʨʦʮʝʩʩ ʩʪʘʣʢʠʚʘʥʠʷ ʜʚʠʞʫʱʝʡʩʷ ʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʢʣʝʪʢʠ, ʢʦʪʦʨʘʷ ʥʝ ʚʩʪʫʧʠʣʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʝʪʘʤʠ, ʩ 

ʠʛʣʦʦʙʨʘʟʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʮʝʣʣʶʣʦʟʳ. ʕʪʦ ʥʝʠʟʙʝʞʥʦ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʳʚʫ 

ʤʝʤʙʨʘʥ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʪʘʢʞʝ ʧʨʠʚʝʜʝʪ ʢ ʠʭ ʛʠʙʝʣʠ. 

 ɺ ʮʝʣʦʤ ʙʘʢʪʝʨʠʮʠʜʥʦʩʪʴ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʵʪʠʭ ʜʚʫʭ ʬʘʢʪʦʨʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʘʣʦʧʨʝʜʩʢʘʟʫʝʤʘ. 

 ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʮʝʣʦʬʦʨʤʘ ʥʘ  ʠʥʬʠʮʠʨʦʚʘʥʥʫʶ ʨʘʥʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʯʘʩʪʠʯʥʦʝ ʨʘʩʩʘʩʳʚʘʥʠʝ ʧʦʨʦʰʢʘ ʮʝʣʣʶʣʦʟʳ. ʈʘʥʝʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʮʝʣʣʶʣʦʟʳ, ʩʦʜʝʨʞʘʱʠʝ  ʬʨʘʛʤʝʥʪʳ ɓ-ʛʣʶʢʦʟʳ ʥʝ ʧʦʜʜʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ ʯʝʣʦʚʝʢʘ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʣʝʛʢʦ ʫʩʚʘʠʚʘʶʪʩʷ ʚ 

ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʤ ʪʨʘʢʪʝ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ.  ʉʘʤ ʧʨʦʮʝʩʩ ʧʝʨʝʞʝʚʳʚʘʥʠʷ  ʮʝʣʣʶʣʦʟʥʳʭ 

ʚʦʣʦʢʦʥ ʠ ʝʩʪʴ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʝ ʠʭ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʤʠʢʨʦʬʣʦʨʘ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʩʱʝʧʣʝʥʠʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʮʝʣʣʶʣʦʩʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʶʢʦʟʳ. ʕʪʠ ʙʘʢʪʝʨʠʠ ʯʨʝʟʚʳʯʘʡʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ  ʠ  ʨʝʘʣʴʥʦ ʧʨʠʚʦʜʷʪ ʢ ʥʘʛʥʦʝʥʠʶ ʨʘʥ, ʦʜʥʘʢʦ ʚ ʧʨʠʨʦʜʝ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʦʠʭ ʬʝʨʤʝʥʪʦʚ ʦʥʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʦʢʠʩʣʝʥʠʝ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʮʝʣʣʶʣʦʟʳ 

ʤʝʨʪʚʳʭ ʨʘʩʪʝʥʠʡ ʠ ʚʦʟʚʨʘʱʘʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʬʦʪʦʩʠʥʪʝʟʘ. ʈʦʣʴ ʵʪʠʭ ʛʥʠʣʦʩʪʥʳʭ ʙʘʢʪʝʨʠʡ ʦʯʝʥʴ ʚʝʣʠʢʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʷ ʚ 

ʧʨʠʨʦʜʝ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʥʘʢʦʧʠʣʠʩʴ ʙʳ ʥʝʩʦʠʟʤʝʨʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʣʶʣʦʟʳ ʠ 

ʠʩʯʝʟ ʙʳ ʚʝʩʴ ʟʘʧʘʩ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

 ʌʝʨʤʝʥʪ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʛʥʠʣʦʩʪʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ï ʮʝʣʣʶʣʘʟʘ ʛʠʜʨʦʣʠʟʫʝʪ 

ʮʝʣʣʶʣʦʟʫ ʚ ʮʝʣʣʦʙʠʦʟʫ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʣʝʛʢʦ  ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʜʦ ʛʣʶʢʦʟʳ.  ʇʦ-ʚʠʜʠʤʦʤʫ,  ʚ 

ʫʩʣʦʚʠʷʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʥ ʠʤʝʥʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ  ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʩʩʘʩʳʚʘʥʠʶ 

ʧʦʨʦʰʢʦʚʦʡ  ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ. ʆʙʨʘʟʫʶʱʘʷʩʷ ʮʝʣʣʦʙʠʦʟʘ  

ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʩʚʦʙʦʜʥʳʡ ʨʘʜʠʢʘʣ ʠ ʫʩʠʣʠʚʘʝʪ ʙʘʢʪʝʨʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ ʮʝʣʦʬʦʨʤʘ. 

 ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ  ʮʝʣʦʬʦʨʤ ʦʙʣʘʜʘʝʪ 

ʚʳʨʘʞʝʥʥʦʡ ʙʘʢʪʝʨʠʮʠʜʥʦʩʪʴʶ, ʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʥ ʩʧʦʩʦʙʝʥ  ʨʘʩʩʘʩʳʚʘʪʴʩʷ, 

ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʜʠʘʧʘʟʦʥ ʝʛʦ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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01.01.02 

 

ɸ. ʉ. ɸʥʜʨʝʝʚ ʜ.ʬ.-ʤ.ʥ., ʈ. ʌ. ɻʠʤʘʟʝʪʜʠʥʦʚ,  ʉ. ɺ. ʇʘʚʣʠʢʦʚ ʜ.ʬ.-ʤ.ʥ. 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʬʘʢʫʣʴʪʝʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʈʦʩʩʠʷ, ʋʣʴʷʥʦʚʩʢ 

AndreevAS@ulsu.ru  

 

ʇʈʗʄʆʁ ʄɽʊʆɼ ʃʗʇʋʅʆɺɸ ɺ ɿɸɼɸʏɸʍ ʋʉʊʆʁʏʀɺʆʉʊʀ 

ʌʋʅʂʎʀʆʅɸʃʔʅʆ-ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ʉ ʈɸɿʈʓɺʅʆʁ 

ʇʈɸɺʆʁ ʏɸʉʊʔʖ 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪ 11-01-00541), ɸɺʎʇ çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʰʝʡ ʰʢʦʣʳè (ʧʨʦʝʢʪ 2.1.1/11180), ʉʦʚʝʪʘ 

ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʄɼ-7549.2010.1) ʠ ʌʎʇ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ 

ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè (ʛʦʩʢʦʥʪʨʘʢʪʳ ʇ/1122, 14.740.12.0837). 

 

ɺ  ʨʘʙʦʪʝ ʜʘʥʦ ʨʘʟʚʠʪʠʝ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ ʃʷʧʫʥʦʚʘ ʚ ʟʘʜʘʯʘʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʨʘʟʨʳʚʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠʭ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʨʝʜʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʬʫʥʢʮʠʦʥʘʣ ʃʷʧʫʥʦʚʘ. 

 

1. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʢʦʥʝʯʥʳʤ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ 

 ( ) = ( , ), ( ,0) 0,tx t f t x f t ¹  (1.1) 

nx RÍ , ( , )tt x R C+Í ³ , nR  ð n-ʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʥʦʨʤʦʡ | |x , C  ð ʙʘʥʘʭʦʚʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ :[ ,0] nh Rj -   ʩ ʥʦʨʤʦʡ = (| ( ) |, 0)sup s h sj j - ¢ ¢P P . 

ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ C  ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ ( =1, )jC j r , 

ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʟʘʜʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʥʦʰʝʥʠʡ 

 ( ) = 0, (0) = 0 ( =1, )e eg g e sj  

ʪʘʢ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʠʟ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ jC  ʬʫʥʢʮʠʷ f  ʥʝʧʨʝʨʳʚʥʘ, ʦʛʨʘʥʠʯʝʥʘ ʚ 

ʦʙʣʘʩʪʠ ={ : = const}HC Hj j¢P P , ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʃʠʧʰʠʮʘ ʥʘ ʤʥʦʞʝʩʪʚʝ H jC C  

ʠ ʠʤʝʝʪ ʢʦʥʝʯʥʳʡ ʧʨʝʜʝʣ ʜʣʷ ʢʘʞʜʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ { , \ }k k jC Cj j j Í . 

ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʫʨʘʚʥʝʥʠʶ (1.1) ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʚʢʣʶʯʝʥʠʝ [1] 

 ( ) ( , ), ( ,0) 0.tx t F t x F tÍ ¹  (1.2) 

ʀʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ, ʨʘʟʚʠʚʘʶʱʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

[1] ʪʝʤ, ʯʪʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʫʨʘʚʥʝʥʠʷ. 

ʊʝʦʨʝʤʘ 1.1 ɼʦʧʫʩʪʠʤ, ʯʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʬʫʥʢʮʠʦʥʘʣ = ( , )V V t u  ʪʘʢʦʡ, ʯʪʦ: 

1) 1 2(| ( ) |) ( , ) (| ( ) |)h g V t h gj j j¢ ¢ ; 

2) ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ V, ʚʳʯʠʩʣʝʥʥʘʷ ʚ ʩʠʣʫ (1.2), ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ  

3( , ) (| ( ) |);V t h gj j¢-  
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3) ʨʝʰʝʥʠʷ (1.2) ʠʟ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ 
0 0{ : , 0 < < }C H Hj jÍ ¢ +¤P P  ʨʘʚʥʦʤʝʨʥʦ 

ʦʛʨʘʥʠʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʣʘʩʪʴʶ 1{ : }C Hj jÍ ¢P P ; 

4) ʨʝʰʝʥʠʝ = 0x  ʨʘʚʥʦʤʝʨʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ, ʛʣʦʙʘʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ 

ʧʨʠʪʷʛʠʚʘʶʱʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʰʝʥʠʡ (1.2), ʥʘʯʠʥʘʶʱʠʭʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ { ( ) = 0}gj . 

ʊʦʛʜʘ ʨʝʰʝʥʠʝ = 0x  ʫʨʘʚʥʝʥʠʷ (1.1) ʛʣʦʙʘʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʦ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ 

ʇʫʩʪʴ   ʝʩʪʴ ʥʝʧʨʝʨʳʚʥʘʷ ʠʣʠ ʥʝʧʨʝʨʳʚʥʦ-

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ʃʷʧʫʥʦʚʘ, ʠʤʝʶʱʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʚ ʩʠʣʫ 

ʫʨʘʚʥʝʥʠʷ (1.2)  ʩʦʛʣʘʩʥʦ ʨʘʚʝʥʩʪʚʫ 

  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ   ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ  ʪʘʢʠʭ, ʯʪʦ  

 

ʯʝʨʝʟ  ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ  ʪʘʢʠʭ, ʯʪʦ 

  

ʂʨʦʤʝ ʵʪʦʛʦ ʚʚʝʜʝʤ ʪʘʢʞʝ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ 3.1 ʇʫʩʪʴ  ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ,   

ʄʥʦʞʝʩʪʚʦ  ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ  ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʧʨʠ  ʪʘʢʘʷ, ʯʪʦ   

ʇʨʠ ʵʪʦʤ  ʝʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ   

ʇʫʩʪʴ  ʝʩʪʴ ʬʫʥʢʮʠʦʥʘʣ, ʦʛʨʘʥʠʯʝʥʥʳʡ, ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʡ ʥʘ 

ʢʘʞʜʦʤ ʤʥʦʞʝʩʪʚʝ   ï ʢʦʤʧʘʢʪ. ɼʣʷ ʥʝʛʦ ʦʧʨʝʜʝʣʠʤ ʩʝʤʝʡʩʪʚʦ ʧʨʝʜʝʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʦʚ . ʄʥʦʞʝʩʪʚʘ  ʠ  ʙʫʜʝʤ ʜʘʣʝʝ ʦʧʨʝʜʝʣʷʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ  ʜʣʷ ʢʦʪʦʨʦʡ  ʩʭʦʜʠʪʩʷ ʢ  ʚ 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1.2) 

ʚʦʟʤʦʞʥʦ ʩʣʝʜʫʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ. 

ʊʝʦʨʝʤʘ 3.1 ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ: 

1) ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ  ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʥʠʟʫ ʥʘ ʤʥʦʞʝʩʪʚʝ  

  ʜʣʷ   ʧʨʦʠʟʚʦʜʥʘʷ ʢʦʪʦʨʦʡ  ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ 

 ʪʘʢʦʡ, ʯʪʦ   

2) ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʦʥʘʣ  ʦʛʨʘʥʠʯʝʥʥʳʡ, ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʡ 

ʥʘ  ʠ ʪʘʢʦʡ, ʯʪʦ ʜʣʷ ʚʩʝʭ  :   

3) ʥʝʢʦʪʦʨʦʝ ʨʝʰʝʥʠʝ (1.2)   ʦʛʨʘʥʠʯʝʥʦ, 

 ʜʣʷ ʚʩʝʭ  

ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʯʠʩʣʦ  ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ  ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ  ʠ ʬʫʥʢʮʠʦʥʘʣ , ʪʘʢʠʝ, ʯʪʦ 
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 ʠ  ʜʣʷ ʚʩʝʭ  ʢʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʢʘʞʜʦʛʦ  ʥʘʡʜʝʪʩʷ 

ʟʥʘʯʝʥʠʝ  ʪʘʢʦʝ, ʯʪʦ  ʧʨʠ ʵʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʪʝʦʨʝʤʳ 3.1 ʠʤʝʝʤ ʩʣʝʜʫʶʱʫʶ ʪʝʦʨʝʤʫ. 

ʊʝʦʨʝʤʘ 3.2 ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 3.1 ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʫʩʣʦʚʠʝ 

3) ʜʣʷ ʢʘʞʜʦʛʦ  ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ  

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʤʥʦʞʝʩʪʚʝ  ʪʘʢʠʭ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ  ʥʘʡʜʝʪʩʷ  

ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ  ʠ  

ʊʦʛʜʘ ʚ ʪʝʦʨʝʤʝ 3.1 ʯʠʩʣʦ  ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʜʦʣʴ ʨʝʰʝʥʠʷ  

ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

  (3.1) 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʚ ʟʘʜʘʯʝ ʦ 

ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ  ʨʝʰʝʥʠʷ  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʆʧʨʝʜʝʣʝʥʠʝ 3.2 ʇʫʩʪʴ , ʝʩʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.2), ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʜʣʷ ʚʩʝʭ  ʊʦʯʢʘ   ʥʘʟʳʚʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʡ ʪʦʯʢʦʡ 

ʨʝʰʝʥʠʷ ʚ  ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʪʘʢʘʷ, ʯʪʦ   

ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʘʢʠʭ ʪʦʯʝʢ ʝʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʨʝʜʝʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ  ʚ  

ʂʘʢ ʠ ʜʣʷ  ʜʣʷ ʤʥʦʞʝʩʪʚʘ  ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ ʣʝʤʤʘ. 

ʃʝʤʤʘ 3.1 ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʠʟ [1]. ʊʦʛʜʘ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ  

ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ  ʪʘʢʦʝ, ʯʪʦ  

 ʠ ʜʣʷ ʢʘʞʜʦʛʦ  ʥʘʡʜʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʪʘʢʘʷ, ʯʪʦ 

 ʩʭʦʜʠʪʩʷ ʢ  ʨʘʚʥʦʤʝʨʥʦ ʧʦ  

ʆʧʨʝʜʝʣʝʥʠʝ 3.3 ʇʫʩʪʴ  ʝʩʪʴ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʃʷʧʫʥʦʚʘ,  

ʝʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʨʝʜʝʣʴʥʳʡ ʢ  ʬʫʥʢʮʠʦʥʘʣ  ɼʣʷ 

ʢʘʞʜʦʛʦ  ʠ  ʦʧʨʝʜʝʣʠʤ ʤʥʦʞʝʩʪʚʘ  ʠ  ʢʘʢ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ  ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʷ ʙʳ 

ʦʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʪʘʢʘʷ, ʯʪʦ   

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʝʤʤʦʡ 3.1 ʘʥʘʣʦʛʠʯʥʦ ʪʝʦʨʝʤʘʤ 3.1 ʠ 3.2 ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ 

ʪʝʦʨʝʤʳ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ  

ʊʝʦʨʝʤʘ 3.3 ɺ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 3.1 ʠʤʝʝʪ ʤʝʩʪʦ ʪʘʢʞʝ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʩʫʱʝʩʪʚʫʝʪ 

ʯʠʩʣʦ  ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʷ ʢʘʞʜʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʦʯʢʠ  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ  ʠ ʬʫʥʢʮʠʦʥʘʣ  ʪʘʢʠʝ, ʯʪʦ  ʠ 

 ʜʣʷ ʚʩʝʭ  ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ  ʥʘʡʜʝʪʩʷ ʟʥʘʯʝʥʠʝ 

 ʧʨʠ ʢʦʪʦʨʦʤ   

ʊʝʦʨʝʤʘ 3.4 ɺ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 3.1 ʜʦʧʫʩʪʠʤ ʪʘʢʞʝ, ʯʪʦ: 
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3) ʜʣʷ ʢʘʞʜʦʛʦ  ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 

 ʪʘʢʦʛʦ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ  ʥʘʡʜʝʪʩʷ  ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ  ʠ  

ʊʦʛʜʘ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʝʦʨʝʤʝ 3.3, ʯʠʩʣʦ  ʪ.ʝ. ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ (3.1).  

ʇʫʩʪʴ  ʪʘʢ ʯʪʦ ʫʨʘʚʥʝʥʠʝ (1.2) ʠʤʝʝʪ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ , ʢʦʪʦʨʦʝ 

ʧʦʣʘʛʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʣʷ . ɺʳʚʝʜʝʤ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʝʛʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʟʥʘʢʦʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ  

ʊʝʦʨʝʤʘ 3.5 ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʬʫʥʢʮʠʶ ʃʷʧʫʥʦʚʘ  

 ʪʘʢʫʶ, ʯʪʦ 

1) ʬʫʥʢʮʠʷ  ʜʣʷ ʚʩʝʭ    

2) ʧʨʦʠʟʚʦʜʥʘʷ  ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ  ʪʘʢʦʡ, ʯʪʦ 

 

3) ʧʨʦʠʟʚʦʜʥʘʷ  ʜʣʷ ʚʩʝʭ  

4) ʜʣʷ ʢʘʞʜʦʛʦ  ʝʜʠʥʩʪʚʝʥʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʢʨʠʚʦʡ   ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 ʪʘʢʦʡ, ʯʪʦ  ʧʨʠ  ʠ ʜʣʷ ʢʘʞʜʦʛʦ  ʥʘʡʜʝʪʩʷ ʟʥʘʯʝʥʠʝ 

 ʚ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ   ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ  

ʊʦʛʜʘ ʨʝʰʝʥʠʝ  ʫʨʘʚʥʝʥʠʷ (1.2) ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ. 

ʊʝʦʨʝʤʘ 3.6 ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ 1) ʠ 2) ʪʝʦʨʝʤʳ 3.5, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ   ʪʘʢʘʷ, ʯʪʦ 

3) ʧʨʦʠʟʚʦʜʥʘʷ  ʜʣʷ ʚʩʝʭ  

4) ʜʣʷ ʢʘʞʜʦʛʦ  ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʦʡ ʢʨʠʚʦʡ  

 ʧʨʠ  ʪʘʢʦʡ, ʯʪʦ ʥʘ ʥʝʡ ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ  

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ   

ʊʦʛʜʘ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ  ʫʨʘʚʥʝʥʠʷ (1.2) ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ ʨʘʚʥʦʤʝʨʥʦ 

ʧʦ  

ʊʝʦʨʝʤʘ 3.7 ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʦʧʨʝʜʝʣʝʥʥʦ-ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ 

 ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʫʩʣʦʚʠʷʤ ʪʝʦʨʝʤʳ 3.5 ʠ ʪʘʢʫʶ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʦʚ      

ʝʩʪʴ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦ  ʬʫʥʢʮʠʦʥʘʣ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʜʣʷ 

ʵʪʠʭ  ʥʝʨʘʚʝʥʩʪʚʫ   

ʊʦʛʜʘ ʨʝʰʝʥʠʝ  ʫʨʘʚʥʝʥʠʷ (1.2) ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ   

ʊʝʦʨʝʤʘ ʦ ʨʘʚʥʦʤʝʨʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʬʫʥʢʮʠʷ  ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦ ʥʝʧʨʝʨʳʚʥʦʡ 

ʥʘ ʢʘʞʜʦʤ ʤʥʦʞʝʩʪʚʝ   ʪ.ʝ. ʜʣʷ ʢʘʞʜʦʛʦ  ʩʫʱʝʩʪʚʫʝʪ 

 ʠ ʜʣʷ ʣʶʙʦʛʦ ʤʘʣʦʛʦ  ʥʘʡʜʝʪʩʷ  ʪʘʢʠʝ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

    ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ  

  (3.2) 
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ʉʝʤʝʡʩʪʚʦ ʩʜʚʠʛʦʚ  ʙʫʜʝʪ ʧʨʝʜʢʦʤʧʘʢʪʥʦ ʚ ʥʝʢʦʪʦʨʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ  ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʩ ʦʪʢʨʳʪʦ ʢʦʤʧʘʢʪʥʦʡ ʪʦʧʦʣʦʛʠʝʡ. ɼʣʷ ʧʘʨʳ  

ʬʫʥʢʮʠʠ  ʠ ʬʫʥʢʮʠʦʥʘʣʘ  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʝʤʝʡʩʪʚʦ 

ʧʨʝʜʝʣʴʥʳʭ ʧʘʨ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  

ɿʘʤʝʪʠʤ ʠʟ ʫʩʣʦʚʠʷ (3.2) ʩʣʝʜʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ  ʜʦʧʫʩʢʘʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ 

ʚʳʩʰʠʡ ʧʨʝʜʝʣ,  ʜʣʷ   

ʊʝʦʨʝʤʘ 3.8 ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʬʫʥʢʮʠʶ ʃʷʧʫʥʦʚʘ  

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʫʩʣʦʚʠʶ (3.2), ʠ ʪʘʢʫʶ, ʯʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ 1ï2 ʪʝʦʨʝʤʳ 3.5, ʘ 

ʪʘʢʞʝ: 

4) ʜʣʷ ʢʘʞʜʦʛʦ  ʠ ʢʘʞʜʦʡ ʧʘʨʳ  ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʳʭ ʢʨʠʚʳʭ 

  ʧʨʠ  ʪʘʢʠʭ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ  ʥʘʡʜʝʪʩʷ 

 ʧʨʠ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʣʠʩʴ ʙʳ ʨʘʚʝʥʩʪʚʘ  ʠ 

 

ʊʦʛʜʘ ʨʝʰʝʥʠʝ  ʫʨʘʚʥʝʥʠʷ (1.2) ʨʘʚʥʦʤʝʨʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ.  

ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʪʝʦʨʝʤʳ 3.8 ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʊʝʦʨʝʤʘ 3.9 ɺʳʚʦʜ ʦ ʨʘʚʥʦʤʝʨʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ  

ʫʨʘʚʥʝʥʠʷ (1.2) ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚ, ʝʩʣʠ ʚʤʝʩʪʦ ʫʩʣʦʚʠʷ 4) ʪʝʦʨʝʤʳ 3.8 ʧʨʝʜʧʦʣʦʞʠʪʴ: 

4') ʬʫʥʢʮʠʦʥʘʣ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ  ʜʣʷ ʢʘʞʜʦʡ 

ʬʫʥʢʮʠʠ  ʪʘʢʦʡ, ʯʪʦ  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

 

1. ʇʘʚʣʠʢʦʚ ʉ.ɺ., ʐʝʧʝʣʝʚ ɻ.ɸ. ʂ ʤʝʪʦʜʫ ʬʫʥʢʮʠʦʥʘʣʦʚ ʃʷʧʫʥʦʚʘ ʚ ʟʘʜʘʯʝ ʦʙ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʨʘʟʨʳʚʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ // 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯ. ʚʝʩʪʥʠʢ ʇʦʚʦʣʞʴʷ. 2011. ˉ 1. ʉ. 163ð165. 
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ʄ. ʃ. ɸʥʜʨʝʝʚ, ʅ. ɸ. ɿʘʨʢʝʚʠʯ Ph.D., ɸ. ʅ. ʀʩʘʢʦʚ, ʆ. ʀ. ʂʦʟʳʨʝʚʘ, 

ʀ. ɺ. ʇʣʦʭʦʚ ʜ.ʪ.ʥ. 

 

ʇʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

ʢʘʬʝʜʨʘ ʬʠʟʠʢʠ, ʢʘʬʝʜʨʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʈʦʩʩʠʷ, ʇʩʢʦʚ, 

zarkev@mail.ru 

 

ʈɸɿɹʀɽʅʀɽ N-ʄɽʈʅʆɻʆ ʂʋɹɸ ʅɸ ʉʀʄʇʃɽʂʉʓ  

ʉ ʉʆʍʈɸʅɽʅʀɽʄ ʉʀʄʄɽʊʈʀʀ 

 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʟʙʠʝʥʠʷ n-ʤʝʨʥʦʛʦ ʢʫʙʘ ʠ ʝʛʦ ʜʝʬʦʨʤʘʮʠʡ ʥʘ 

ʩʠʤʧʣʝʢʩʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ. ɸʣʛʦʨʠʪʤ ʧʨʠʛʦʜʝʥ ʜʣʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʤʥʦʛʦʧʦʣʝʚʳʭ ʟʘʜʘʯ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤ, ʩʠʤʤʝʪʨʠʷ, ʩʠʤʧʣʝʢʩ, ʪʨʠʘʥʛʫʣʷʮʠʷ, ʤʥʦʛʦʤʝʨʥʳʡ ʢʫʙ.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʇʩʢʦʚʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʚʝʜʸʪʩʷ ʥʘʫʯʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʮʝʥʥʦʩʪʴ.  ɺ ʨʘʤʢʘʭ ʜʚʫʭ ʧʨʦʝʢʪʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʝʨʤʦʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʵʥʝʨʛʠʠ ʠ ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʡ 

ʜʚʠʛʘʪʝʣʴ ʩ ʚʥʝʰʥʠʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ (ʧʘʪʝʥʪ ˉ2374526). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ 

ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʤʥʦʛʦʧʦʣʝʚʳʭ ʟʘʜʘʯ ʩ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʠʟʠʢʦʡ ʚ ʦʙʣʘʩʪʷʭ ʩʦ 

ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʨʝʘʣʠʟʫʝʤ ʤʥʦʛʦʤʝʨʥʳʡ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʪʨʠʘʥʛʫʣʷʮʠʠ n-ʤʝʨʥʦʛʦ ʢʫʙʘ ʠ 

ʝʛʦ ʜʝʬʦʨʤʘʮʠʡ. 

ʊʨʠʘʥʛʫʣʷʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʟʘʜʘʯʘ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʶʱʘʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ. ʋʞʝ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʢʚʘʜʨʘʪ ʥʘ 2 ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ (ʜʝʣʝʥʠʝʤ ʧʦʧʦʣʘʤ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʜʠʘʛʦʥʘʣʝʡ, ʨʠʩ. 1a ʠ b), ʦʜʥʘʢʦ 

ʧʨʠ ʪʘʢʦʤ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʟʙʠʝʥʠʠ ʯʘʩʪʠʯʥʦ ʪʝʨʷʝʪʩʷ ʩʠʤʤʝʪʨʠʷ. ɿʘʜʘʯʘ ʨʘʟʙʠʝʥʠʷ n-

ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʩʠʤʧʣʝʢʩʳ ʫʩʣʦʞʥʷʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʥʦʩʪʠ n. ʉʠʤʧʣʝʢʩ ï ʵʪʦ n-

ʤʝʨʥʦʝ ʦʙʦʙʱʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠʣʠ ʪʝʪʨʘʵʜʨʘ. ʉʠʤʧʣʝʢʩ ʠʤʝʝʪ (n+1) ʚʝʨʰʠʥ, n(n+1)/2 

ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʷʶʱʠʭ ʚʩʝ ʚʝʨʰʠʥʳ ʦʜʥʦʤʝʨʥʳʭ ʨʸʙʝʨ, ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ Cn
k
 k-ʤʝʨʥʳʭ 

ʛʨʘʥʝʡ, ʛʜʝ Cn
k
 = n!/[k! (nïk)!] ï ʙʠʥʦʤʠʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ 

ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʝʡ ʩʠʤʧʣʝʢʩʘ ʦʪ ʚʝʨʰʠʥ ʜʦ (nï1)-ʤʝʨʥʳʭ ʛʨʘʥʝʡ ʨʘʚʥʦ (2
n+1 
ï1). ʆʙʲʸʤ 

ʩʠʤʧʣʝʢʩʘ ʤʦʞʥʦ ʥʘʡʪʠ, ʧʦʜʩʪʘʚʠʚ ʜʣʠʥʳ ʚʩʝʭ ʨʸʙʝʨ ʠʣʠ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʚʝʨʰʠʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʝʪʝʨʤʠʥʘʥʪ. ʇʨʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʩʫʤʤʘ ʦʙʲʸʤʦʚ ʚʩʝʭ ʩʠʤʧʣʝʢʩʦʚ ʜʦʣʞʥʘ 

ʙʳʪʴ ʨʘʚʥʘ ʦʙʲʸʤʫ ʨʘʟʙʠʚʘʝʤʦʡ ʬʠʛʫʨʳ. 

ʆʙʲʸʤ n-ʤʝʨʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠʣʠ ʢʫʙʘ (n-ʢʫʙʘ) ʨʘʚʝʥ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʩʝʭ ʚʟʘʠʤʥʦ-ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʪʦʨʦʥ (a
n
 ʜʣʷ n-ʤʝʨʥʦʛʦ ʢʫʙʘ ʩʦ ʩʪʦʨʦʥʦʡ a). 

ʏʠʩʣʦ k-ʤʝʨʥʳʭ ʛʨʘʥʝʡ n-ʢʫʙʘ ʨʘʚʥʦ 2
(nïk)
Ön!/[k! (nïk)!]. ɺ ʯʘʩʪʥʦʩʪʠ, n-ʢʫʙ ʠʤʝʝʪ 2

n
 ʚʝʨʰʠʥ, 

nÖ2
(nï1)

 ʦʜʥʦʤʝʨʥʳʭ ʨʸʙʝʨ ʠ 2n ʛʨʘʥʝʡ ʨʘʟʤʝʨʥʦʩʪʠ (nï1). ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʤʧʣʝʢʩʘ, ʥʝ ʚʩʝ 

ʚʝʨʰʠʥʳ ʢʫʙʘ ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʝʥʳ ʦʜʥʦʤʝʨʥʳʤʠ ʨʸʙʨʘʤʠ. ʈʘʟʙʠʝʥʠʝ n-ʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ n-ʤʝʨʥʳʝ ʢʫʙʳ ʠʣʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ ʥʘʙʦʨʘʤʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ï 

ʧʨʦʙʣʝʤʘ ʣʝʛʢʦ ʨʝʰʘʝʤʘʷ. ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʫʶ ʟʘʜʘʯʫ ʨʘʟʙʠʝʥʠʷ n-

ʤʝʨʥʦʛʦ ʢʫʙʘ ʥʘ ʩʠʤʧʣʝʢʩʳ.  

ʄʥʦʞʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʤʤʝʪʨʠʠ ʣʶʙʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʠʛʫʨʳ (ʚ ʪʦʤ ʯʠʩʣʝ n-

ʢʫʙʘ) ʦʙʨʘʟʫʝʪ ʛʨʫʧʧʫ. ʊʨʠʘʥʛʫʣʷʮʠʷ ʬʠʛʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪ ʝʸ ʩʣʦʞʥʦʩʪʴ, ʜʦʙʘʚʣʷʷ ʥʦʚʳʝ 
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ʵʣʝʤʝʥʪʳ: ʚʝʨʰʠʥʳ, ʨʸʙʨʘ ʠ ʛʨʘʥʠ ʩʠʤʧʣʝʢʩʦʚ. ɽʩʣʠ ʧʦʩʣʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ʚʩʝ ʩʠʤʧʣʝʢʩʳ 

ʧʝʨʝʭʦʜʷʪ ʚ ʪʘʢʠʝ ʞʝ ʩʠʤʧʣʝʢʩʳ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʩʠʤʤʝʪʨʠʠ, ʪʦ ʪʨʠʘʥʛʫʣʷʮʠʷ 

ʩʦʭʨʘʥʷʝʪ ʩʠʤʤʝʪʨʠʶ. ʅʘʧʨʠʤʝʨ, ʪʨʠʘʥʛʫʣʷʮʠʷ ʢʚʘʜʨʘʪʘ ʥʘ ʨʠʩ. 1 (a, b) ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʘʝʪ 

ʩʠʤʤʝʪʨʠʶ, ʘ ʥʘ ʨʠʩ. 1 (c, d, e) ï ʩʦʭʨʘʥʷʝʪ. ʀʟ ʩʦʭʨʘʥʷʶʱʠʭ ʩʠʤʤʝʪʨʠʶ ʚʘʨʠʘʥʪʦʚ 

ʪʨʠʘʥʛʫʣʷʮʠʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ (c) ʩʠʤʧʣʝʢʩ ʥʘʠʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʟʘʧʦʣʥʷʝʪ ʚʩʶ ʬʠʛʫʨʫ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ. ʅʘ ʨʠʩ. 1d ʥʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʤʤʝʪʨʠʠ, ʧʝʨʝʚʦʜʷʱʝʛʦ 

ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʮʝʥʪʨʫ ʢʚʘʜʨʘʪʘ ʪʨʝʫʛʦʣʴʥʠʢ ʚ ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʚʝʨʰʠʥʝ ʢʚʘʜʨʘʪʘ. ɿʘʤʝʪʠʤ, 

ʯʪʦ ʧʨʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʘʨʠʘʥʪʳ (c) ʠ (d) ʵʢʚʠʚʘʣʝʥʪʥʳ. ʉʠʤʧʣʝʢʩʳ 

ʥʘ ʨʠʩ. 1e ï ʥʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ.  

 

 
ʈʠʩ. 1 ï ʊʨʠʘʥʛʫʣʷʮʠʷ ʢʚʘʜʨʘʪʘ. ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ. 

 

               
ʈʠʩ. 2 ï ʊʨʠʘʥʛʫʣʷʮʠʷ ʚ 0, 1, 2 ʠ 3 ʠʟʤʝʨʝʥʠʷʭ (ʚʳʜʝʣʝʥʳ ʚʝʨʰʠʥʳ ʠ ʛʨʘʥʠ ʦʜʥʦʛʦ ʠʟ 

ʩʠʤʧʣʝʢʩʦʚ). ʅʘ ʨʠʩ. (d) ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ 8 ʠʟ 48 ʪʝʪʨʘʵʜʨʦʚ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʥʘ ʦʜʥʦʡ ʠʟ 6 

ʛʨʘʥʝʡ ʢʫʙʘ; ʧʦʣʫʢʫʙ ʦʛʨʘʥʠʯʝʥ ʧʫʥʢʪʠʨʦʤ. 

 

ɽʩʣʠ ʯʝʨʝʟ ʮʝʥʪʨ n-ʤʝʨʥʦʛʦ ʢʫʙʘ ʧʨʦʚʝʩʪʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ (nï1)-ʤʝʨʥʳʝ ʧʣʦʩʢʦʩʪʠ 

ʩʠʤʤʝʪʨʠʠ, ʪʦ ʵʪʠ ʧʣʦʩʢʦʩʪʠ ʨʘʟʦʙʴʶʪ n-ʢʫʙ ʥʘ ʩʠʤʧʣʝʢʩʳ, ʥʝ ʨʘʟʨʫʰʘʷ ʢʫʙʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʠ (ʨʠʩ. 2 ʠ 1c). ʇʦ ʧʦʩʪʨʦʝʥʠʶ, ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪ ʥʠ ʦʜʠʥ ʠʟ 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʤʠ ʩʠʤʧʣʝʢʩʦʚ. ʂʦʣʠʯʝʩʪʚʦ ʩʠʤʧʣʝʢʩʦʚ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ ʯʠʩʣʫ ʵʣʝʤʝʥʪʦʚ 

ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ n-ʤʝʨʥʦʛʦ ʢʫʙʘ. ʕʪʦ ʯʠʩʣʦ ʨʘʚʥʦ 2 ï ʜʣʷ ʦʪʨʝʟʢʘ, 8 ï ʜʣʷ ʢʚʘʜʨʘʪʘ, 48 ï 

ʜʣʷ ʢʫʙʘ ʠ (2n)!! = 2Ö4Ö6ÖéÖ(2n) ï ʜʣʷ n-ʢʫʙʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 1, 2, 3 ʠ n ʠʟʤʝʨʝʥʠʷʭ. ʇʨʠ 

ʪʘʢʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ ʩʠʤʧʣʝʢʩ ʥʘʠʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʟʘʧʦʣʥʷʝʪ ʚʝʩʴ n-ʢʫʙ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ.  

ʀʪʘʢ, ʧʦʣʫʯʝʥ ʨʝʮʝʧʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʠ n-ʢʫʙʘ. ʆʩʪʘʸʪʩʷ 

ʦʧʠʩʘʪʴ ʘʣʛʦʨʠʪʤ ʪʘʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʛʨʘʥʴ n-ʤʝʨʥʦʛʦ ʢʫʙʘ ʷʚʣʷʝʪʩʷ (nï1)-

ʤʝʨʥʳʤ ʢʫʙʦʤ, ʤʳ ʧʨʠʤʝʥʠʤ ʨʝʢʫʨʩʠʶ. ʂʘʞʜʳʡ n-ʤʝʨʥʳʡ ʩʠʤʧʣʝʢʩ ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʥ, ʝʩʣʠ 

ʟʘʜʘʥʳ ʚʩʝ ʝʛʦ (n+1) ʚʝʨʰʠʥʳ. ʊʨʠʘʥʛʫʣʷʮʠʷ 0-ʤʝʨʥʦʛʦ ʢʫʙʘ ʪʨʠʚʠʘʣʴʥʘ, ʧʦʩʢʦʣʴʢʫ ʠ 0-ʢʫʙ 

ʠ 0-ʩʠʤʧʣʝʢʩ ʷʚʣʷʶʪʩʷ (ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ) ʪʦʯʢʦʡ (ʨʠʩ. 2a).  

ʇʫʩʪʴ ʪʨʠʘʥʛʫʣʷʮʠʷ (nï1)-ʤʝʨʥʦʛʦ ʢʫʙʘ (ʛʨʘʥʠ n-ʢʫʙʘ) ʧʨʦʚʝʜʝʥʘ. ʂʘʞʜʳʡ (nï1)-

ʤʝʨʥʳʡ ʩʠʤʧʣʝʢʩ ʟʘʜʘʥ ʤʥʦʞʝʩʪʚʦʤ n ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʚ (nï1)-ʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʨʘʥʠ. 

ɼʦʙʘʚʠʚ ʢ ʵʪʠʤ n ʪʦʯʢʘʤ ʝʱʸ ʦʜʥʫ (ʮʝʥʪʨ n-ʢʫʙʘ), ʣʝʞʘʱʫʶ ʚʥʝ (nï1)-ʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʛʨʘʥʠ, ʧʦʣʫʯʘʝʤ (n+1) ʚʝʨʰʠʥ n-ʤʝʨʥʦʛʦ ʩʠʤʧʣʝʢʩʘ. ʕʪʫ ʧʨʦʮʝʜʫʨʫ ʧʨʠʜʸʪʩʷ ʧʨʦʚʝʩʪʠ ʜʣʷ 

ʢʘʞʜʦʛʦ (nï1)-ʤʝʨʥʦʛʦ ʩʠʤʧʣʝʢʩʘ (nï1)-ʤʝʨʥʦʡ ʛʨʘʥʠ, ʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 2n ʛʨʘʥʝʡ.  

ʈʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʢʫʙʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩ. 2. ʈʠʩ. 2a 

ʠʟʦʙʨʘʞʘʝʪ 0-ʤʝʨʥʳʡ ʢʫʙ ʠ 0-ʤʝʨʥʳʡ ʩʠʤʧʣʝʢʩ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʦʡ. 

ñʆʜʥʦʤʝʨʥʳʡ ʢʫʙò (ʦʪʨʝʟʦʢ) ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2b: ʝʛʦ 0-ʤʝʨʥʳʝ ʛʨʘʥʠ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ï 

ʢʦʥʮʘʤʠ ʦʪʨʝʟʢʘ. ʊʨʠʘʥʛʫʣʷʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʘʞʜʦʡ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ (0-

ʤʝʨʥʦʤʫ ʩʠʤʧʣʝʢʩʫ) ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ 2 ʦʪʨʝʟʢʘ ʠʣʠ ñʦʜʥʦʤʝʨʥʳʭ 
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ʩʠʤʧʣʝʢʩʘò (ʚʳʰʝ ʠ ʥʠʞʝ ʮʝʥʪʨʘ). ʅʘ ʨʠʩ. 2c ʢ ʦʜʥʦʤʝʨʥʦʤʫ ʩʠʤʧʣʝʢʩʫ ʚ ʧʨʘʚʦʡ ñʛʨʘʥʠò 

(ʩʪʦʨʦʥʝ ʢʚʘʜʨʘʪʘ) ʜʦʙʘʚʣʷʝʤ ʮʝʥʪʨ ʢʚʘʜʨʘʪʘ, ʜʦʧʦʣʥʷʷ ʦʪʨʝʟʦʢ ʜʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʂʘʞʜʘʷ 

ʩʪʦʨʦʥʘ ʢʚʘʜʨʘʪʘ ʨʘʟʙʠʪʘ ʥʘ 2 ʦʜʥʦʤʝʨʥʳʭ ʩʠʤʧʣʝʢʩʘ, ʪʘʢʠʭ ʩʪʦʨʦʥ 4, ʠʪʦʛʦ ʧʦʣʫʯʘʝʪʩʷ 8 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚ ñʜʚʫʤʝʨʥʦʤ ʢʫʙʝò. ʅʘ ʨʠʩ. 2d ʧʨʦʚʝʜʝʥʘ ʪʨʠʘʥʛʫʣʷʮʠʷ ʥʠʞʥʝʡ ʛʨʘʥʠ 

ʪʨʸʭʤʝʨʥʦʛʦ ʢʫʙʘ, ʠ ʢ 2-ʤʝʨʥʳʤ ʩʠʤʧʣʝʢʩʘʤ ʚ ʧʣʦʩʢʦʩʪʠ ʛʨʘʥʠ ʜʦʙʘʚʣʝʥʘ ʝʱʸ ʦʜʥʘ ʪʦʯʢʘ ï 

ʮʝʥʪʨ ʢʫʙʘ, ʜʦʧʦʣʥʷʶʱʘʷ ʪʨʝʫʛʦʣʴʥʠʢʠ ʜʦ ʪʝʪʨʘʵʜʨʦʚ. ɼʣʷ ʢʘʞʜʦʡ ʠʟ 6 ʛʨʘʥʝʡ ʠʟ 8 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦʣʫʯʘʝʪʩʷ 8 ʪʝʪʨʘʵʜʨʦʚ: ʠʪʦʛʦ 6Ö8=48 ʪʝʪʨʘʵʜʨʦʚ ʚ ʢʫʙʝ.  

4-ʤʝʨʥʳʡ ʢʫʙ ʠʤʝʝʪ 2n=8 ʪʨʸʭʤʝʨʥʳʭ ʛʨʘʥʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 3-ʤʝʨʥʳʤ 

ʢʫʙʦʤ ʠ ʨʘʟʙʠʪʘ ʥʘ 48 ʪʝʪʨʘʵʜʨʦʚ. ɼʦʙʘʚʣʷʷ ʢ ʢʘʞʜʦʤʫ ʠʟ 48 ʪʝʪʨʘʵʜʨʦʚ ʚ ʢʘʞʜʦʡ ʠʟ 8 ʛʨʘʥʝʡ 

ʮʝʥʪʨʘʣʴʥʫʶ ʪʦʯʢʫ 4-ʤʝʨʥʦʛʦ ʢʫʙʘ, ʧʦʣʫʯʘʝʤ ʚʩʝ 384 ʯʝʪʳʨʸʭʤʝʨʥʳʭ ʩʠʤʧʣʝʢʩʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʙʠʝʥʠʝ (ʪʨʠʘʥʛʫʣʷʮʠʷ) ʣʶʙʦʛʦ n-ʤʝʨʥʦʛʦ ʢʫʙʘ ʥʘ (2n)!! 

ʩʠʤʧʣʝʢʩʦʚ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʰʝʛʦ ʤʥʦʛʦʤʝʨʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʨʠʘʥʛʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ ʩʠʤʤʝʪʨʠʠ. ɺ n-ʢʫʙʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʦʜʠʥ n-ʤʝʨʥʳʡ ʩʠʤʧʣʝʢʩ ʠ ʧʦʣʫʯʠʪʴ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ c ʧʦʤʦʱʴʶ (2n)!! ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ. ʇʦ ʧʦʩʪʨʦʝʥʠʶ, ʚʩʝ ʩʠʤʧʣʝʢʩʳ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʬʦʨʤʫ ʠ ʦʙʲʸʤ, ʨʘʚʥʳʡ 1/(2n)!! ʦʙʲʸʤʘ n-ʢʫʙʘ. ʉʦʭʨʘʥʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʠ 

ʨʘʚʝʥʩʪʚʦ ʬʦʨʤ ʠ ʦʙʲʸʤʦʚ ʩʠʤʧʣʝʢʩʦʚ ʜʝʣʘʶʪ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [2] ʧʨʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʬʠʛʫʨ, ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʦʜʛʨʫʧʧʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ. ʕʪʦʪ ʤʝʪʦʜ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʝʱʝʩʪʚ [1], ʷʚʣʝʥʠʡ ʠ ʫʩʪʨʦʡʩʪʚ [3]. 

ɺʝʨʰʠʥʳ ʩʠʤʧʣʝʢʩʦʚ ʦʙʨʘʟʫʶʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʝʪʢʫ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ 

ʙʣʠʞʘʡʰʠʤʠ ʪʦʯʢʘʤʠ, ʨʘʚʥʳʤʠ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʩʪʦʨʦʥʳ n-ʢʫʙʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʪʨʠʘʥʛʫʣʷʮʠʠ n-ʢʫʙʦʚ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʝʪʢʫ, ʧʦʣʫʯʘʝʤ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʝʪʢʫ ʫʜʚʦʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʊʨʠʘʥʛʫʣʷʮʠʷ ʦʪʨʝʟʢʘ (ʦʜʥʦʤʝʨʥʦʛʦ 

ʢʫʙʘ) ʦʜʥʠʤ ʩʠʤʧʣʝʢʩʦʤ (ʙʝʟ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ) c ʜʘʣʴʥʝʡʰʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʞʝ 

ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʣʘ ʙʳ ʢ ʫʜʚʦʝʥʥʦʤʫ ʦʙʲʸʤʫ ʚʩʝʭ ʩʠʤʧʣʝʢʩʦʚ ʨʘʟʤʝʨʥʦʩʪʠ ʦʪ 1 ʜʦ n, ʢ 

ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʚʦʨʦʪʫ ʩʝʪʢʠ ʚʝʨʰʠʥ ʩʠʤʧʣʝʢʩʦʚ (ʨʠʩ. 1e). ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʟʙʠʝʥʠʷ 

ʦʪʨʝʟʢʘ ʥʘ 1, 2 ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʜʥʦʤʝʨʥʳʭ ʩʠʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʙʠʝʥʠʷ n-

ʢʫʙʦʚ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠʣʠ ʩʣʠʷʥʠʷ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʨʘʟʙʠʝʥʠʷ ʧʨʠ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ [1].  

ɼʝʬʦʨʤʘʮʠʷ n-ʢʫʙʘ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʩʠʤʤʝʪʨʠʠ. ʇʦʩʣʝ 

ʪʨʠʘʥʛʫʣʷʮʠʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʤʝʥʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ ʩʠʤʧʣʝʢʩʦʚ. ʇʦʩʣʝ 

ʜʝʬʦʨʤʘʮʠʠ n-ʤʝʨʥʳʡ ʩʠʤʧʣʝʢʩ ʤʦʞʥʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʧʨʝʜʝʣʷʪʴ ʤʥʦʞʝʩʪʚʦʤ (n+1) ʪʦʯʝʢ ï 

ʝʛʦ ʚʝʨʰʠʥ, ʝʩʣʠ ʜʝʬʦʨʤʘʮʠʷ ʥʝ ʧʨʠʚʝʣʘ ʢ ñʩʭʣʦʧʳʚʘʥʠʶò, ʪ.ʝ. ʦʙʨʘʱʝʥʠʶ ʦʙʲʸʤʘ ʚ ʥʦʣʴ. 

ʆʪʩʫʪʩʪʚʠʝ ʪʦʯʝʢ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ï ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʫʩʣʦʚʠʝ ʥʝʩʭʣʦʧʳʚʘʥʠʷ ʩʠʤʧʣʝʢʩʦʚ. ʅʘʧʨʠʤʝʨ, ʪʨʝʫʛʦʣʴʥʠʢ ʤʦʞʥʦ ʠʟʦʛʥʫʪʴ (ʠʩʢʨʠʚʠʚ ʝʛʦ 

ʩʪʦʨʦʥʳ) ʪʘʢ, ʯʪʦ ʧʣʦʱʘʜʴ (ʦʙʲʸʤ) ʦʩʪʘʥʝʪʩʷ ʢʦʥʝʯʥʦʡ (ʚʦʟʤʦʞʥʦ ʥʝʠʟʤʝʥʥʦʡ), ʥʦ 3 ʝʛʦ 

ʚʝʨʰʠʥʳ ʙʫʜʫʪ ʣʝʞʘʪʴ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ. ʇʨʠ ʚʳʧʨʷʤʣʝʥʠʠ ʩʪʦʨʦʥ (ʟʘʜʘʥʠʠ ʥʦʚʦʛʦ 

ʩʠʤʧʣʝʢʩʘ ʝʛʦ ʚʝʨʰʠʥʘʤʠ) ʦʙʲʸʤ ʠʟʤʝʥʷʝʪʩʷ (ʚ ʩʣʫʯʘʝ 3 ʪʦʯʝʢ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ ï ʜʦ ʥʫʣʷ). 

ɼʝʬʦʨʤʘʮʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʶʱʘʷ ʦʙʲʸʤ ʠʣʠ ʫʛʣʳ ʩʠʤʧʣʝʢʩʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʧʦʪʝʨʝ ʪʦʯʥʦʩʪʠ ʚ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [2], ʧʦʵʪʦʤʫ ʧʨʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʟʤʝʥʷʪʴ ʤʘʩʰʪʘʙ ʠʣʠ ʩʧʦʩʦʙ ʪʨʠʘʥʛʫʣʷʮʠʠ. ɺʘʞʥʦ, ʯʪʦ ʧʨʠ 

ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝ ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ n-ʢʫʙʘ ʥʘʰ ʩʧʦʩʦʙ ʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʠʪʴ ʦʩʪʘʚʰʫʶʩʷ ʩʠʤʤʝʪʨʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʰʘ ʪʨʠʘʥʛʫʣʷʮʠʷ ʩʦʭʨʘʥʷʝʪ ʩʠʤʤʝʪʨʠʠ 

ʨʦʤʙʘ, ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʠ ʨʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʟʙʠʝʥʠʷ n-ʤʝʨʥʦʛʦ 

ʢʫʙʘ ʠ ʝʛʦ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʩʠʤʧʣʝʢʩʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʵʪʦʪ 

ʘʣʛʦʨʠʪʤ ʜʣʷ ʪʨʠʘʥʛʫʣʷʮʠʠ n-ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʠʟʠʢʦʡ ʠ ʨʝʰʝʥʠʷ ʤʥʦʛʦʧʦʣʝʚʳʭ ʟʘʜʘʯ.  
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ʗʏɽʀʉʊʓɽ ʅɸʇʆʃʅʀʊɽʃʀ ɿɺʋʂʆʇʆɻʃʆʑɸʖʑɽɻʆ ʂʆʅʊʋʈɸ 

ɸɺʀɸʎʀʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʷʯʝʠʩʪʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʝ ʠʭ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʷʯʝʠʩʪʦʛʦ ʪʠʧʘ çʨʝʟʦʥʘʥʩʥʳʭ ʷʯʝʝʢè ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ 

ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʥʪʫʨʘ ʦʙʰʠʚʢʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʚʠʘʜʚʠʛʘʪʝʣʴ, ʧʦʣʠʤʝʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ.  

 

ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʥʘʭʦʜʷʪ ʚʦʣʦʢʥʠʩʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʇʂʄ), 

ʘʨʤʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʧʨʦʯʥʳʤʠ ʠ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʤʠ ʥʝʧʨʝʨʳʚʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʞʝʩʪʢʦʩʪʴʶ, ʤʘʣʳʤ ʚʝʩʦʤ, ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʫʩʪʘʣʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. ʉʝʛʦʜʥʷ ʇʂʄ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʤʝʪʘʣʣʘʤʠ ʠ 

ʩʧʣʘʚʘʤʠ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʪʦʣʴʢʦ ʠʟ ʥʠʭ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʪʘʣʠ ʠ 

ʫʟʣʳ ʩ ʟʘʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʠʟ ʇʂʄ: ʵʣʝʤʝʥʪʳ ʥʘʨʫʞʥʦʡ ʦʙʰʠʚʢʠ, ʦʙʪʝʢʘʪʝʣʠ, ʢʦʞʫʭʘ, 

ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ ʧʘʥʝʣʠ, ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʪ.ʜ. 

ɺ ʈʦʩʩʠʠ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʦʮʝʥʢʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʤʫ ʚʥʝʜʨʝʥʠʶ ʇʂʄ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʥʘʯʘʣʝ 90-ʳʭ 

ʛʦʜʦʚ ʥʘ ʜʚʠʛʘʪʝʣʝ ʇʉ-90ɸ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʥʘʯʘʣʫ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʨʘʙʦʪ 

ʜʚʠʛʘʪʝʣʴ ʫʞʝ ʚʳʧʫʩʢʘʣʩʷ ʩʝʨʠʡʥʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʜʝʪʘʣʝʡ ʠ 

ʫʟʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʩʣʦʚʠʝʤ ʧʦʣʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʘʥʘʣʦʛʘʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʣʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʇʂʄ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʜʣʷ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʤʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʥʘ ʢʦʤʧʦʟʠʪʥʳʝ 

ʘʥʘʣʦʛʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʢʦʣʦ 30 ʫʟʣʦʚ [2]. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʠ ʰʫʤʘ, ʦʢʘʟʘʣʠʩʴ ʢʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ 

ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʥʪʫʨʘ (ɿʇʂ) ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʄʝʞʜʫ ʩʣʦʷʤʠ ʥʘʨʫʞʥʦʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʩʠʣʦʚʦʡ ʦʙʰʠʚʢʠ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʨʘʩʧʦʣʦʞʝʥʳ çʨʝʟʦʥʘʥʩʥʳʝ ʷʯʝʡʢʠ 

ɻʝʣʴʤʛʦʣʴʮʘè ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʧʨʠ ʵʪʦʤ ʩʣʦʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʰʠʚʢʠ ʠʤʝʶʪ ʧʝʨʬʦʨʘʮʠʶ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʧʦʧʘʜʘʷ ʚ çʨʝʟʦʥʘʥʩʥʫʶ ʷʯʝʡʢʫè, ʪʝʨʷʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘ 

ʩʯʝʪ ʩʣʦʞʝʥʠʷ ʘʤʧʣʠʪʫʜ ʧʨʷʤʦʡ ʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ [3]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥʘ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʘʷ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ ʧʘʥʝʣʴ ʚʝʥʪʠʣʷʪʦʨʘ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ɿʇʂ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʉʊï69ʅ ʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʂʄʋï11ʕ. 
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ʈʠʩ. 1- ʇʘʥʝʣʴ ʚʝʥʪʠʣʷʪʦʨʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ɿʇʂ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ, ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʉʊï69ʅ ʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʂʄʋï11ʕ. 

 

ʇʘʨʘʤʝʪʨʳ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʩ ɿʇʂ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ çʨʝʟʦʥʘʥʩʥʳʭ ʷʯʝʝʢè. ʂʨʦʤʝ ʪʦʛʦ, ʦʪ ʵʪʦʛʦ ʞʝ ʟʘʚʠʩʠʪ ʠ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ɿʇʂ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʯʝʠʩʪʦʛʦ ʪʠʧʘ 

çʨʝʟʦʥʘʥʩʥʳʭ ʷʯʝʝʢè, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʚʦʣʦʢʥʠʩʪʳʭ ʇʂʄ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʠʭ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ɿʇʂ ʦʙʰʠʚʢʠ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

 

ʅʘ ʆɸʆ çʇʝʨʤʩʢʠʡ ʟʘʚʦʜ çʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴè ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ɿʇʂ 

ʠʟ ʇʂʄ [ʧʘʪʝʥʪʳ ˉ2247878, ˉ2268380, ˉ2282735, ʟʘʷʚʢʠ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ2009134211, 

ˉ2010110916], ʥʘ ʦʩʥʦʚʝ ʷʯʝʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʚ ʜʚʫʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʩʧʦʣʥʝʥʠʷʭ (ʨʠʩ.2 ʘ, ʙ). ɿʘʧʦʣʥʠʪʝʣʴ ʥʘ ʨʠʩ.2ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʥʝʣʴ 

ʩ ʚʳʜʘʚʣʝʥʥʳʤʠ ʚ ʪʨʠʢʦʪʘʞʥʦʤ ʧʦʣʦʪʥʝ ʷʯʝʡʢʘʤʠ, ʠʤʝʶʱʠʤʠ ʬʦʨʤʫ ʫʩʝʯʸʥʥʳʭ ʧʠʨʘʤʠʜ. 

ʅʘ ʨʠʩ.2ʙ ʷʯʝʠʩʪʳʡ ʟʘʧʦʣʥʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʙʦʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʛʜʝ ʚ 

ʛʦʬʨʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ, ʠʤʝʶʱʠʡ ʧʦʧʝʨʝʯʥʳʝ ʧʘʟʳ, ʧʦʜ ʫʛʣʦʤ 90Á ʚʩʪʘʚʣʷʝʪʩʷ ʜʨʫʛʦʡ 

ʛʦʬʨʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ.  

ʗʯʝʠʩʪʳʝ ɿʇʂ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʧʦʩʣʝ ʩʙʦʨʢʠ 

ʟʘʤʢʥʫʪʳʝ ʧʦʣʦʩʪʠ (ʷʯʝʡʢʠ) ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʂʘʞʜʘʷ ʷʯʝʡʢʘ ʷʚʣʷʝʪʩʷ 

ʵʣʝʤʝʥʪʘʨʥʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ɻʝʣʴʤʛʦʣʴʮʘ. ʈʘʟʤʝʨʳ ʷʯʝʝʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʢʫʩʪʠʯʝʩʢʠʤ 

ʨʘʩʯʝʪʦʤ ʠ ʚʳʙʠʨʘʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʘʰʝʥʠʷ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʥʫʞʥʳʭ 

ʯʘʩʪʦʪʘʭ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʷʯʝʠʩʪʳʝ ɿʇʂ ʚʳʧʦʣʥʝʥʳ ʠʟ ʩʠʣʦʚʦʡ ʦʙʦʣʦʯʢʠ ʧʦʟ.1, ʩʠʣʦʚʦʡ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʦʙʦʣʦʯʢʠ ʧʦʟ.3 ʠ ʷʯʝʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʧʦʟ.2 ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ 

ʥʠʤʠ (ʨʠʩ. 2ʘ, ʙ) 

 

   

 

 

 

 

 

 

 

 

ʘ       ʙ 

 

ʈʠʩ.2 ï ɿʇʂ ʩ ʷʯʝʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ. 
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ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʦʩʥʘʩʪʢʝ ʬʦʨʤʫʝʪʩʷ ʷʯʝʠʩʪʳʡ ʟʘʧʦʣʥʠʪʝʣʴ; 

2. ɿʘʧʦʣʥʠʪʝʣʴ ʥʘʨʝʟʘʝʪʩʷ ʥʘ ʪʨʝʙʫʝʤʳʡ ʨʘʟʤʝʨ; 

3. ɿʘʧʦʣʥʠʪʝʣʴ ʚʳʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʣʦʡ ʧʨʝʧʨʝʛʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʩʠʣʦʚʦʡ ʦʙʦʣʦʯʢʦʡ 
ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ; 

4. ʉʚʝʨʭʫ ʫʢʣʘʜʳʚʘʝʪʩʷ ʜʨʫʛʦʡ ʩʣʦʡ ʧʨʝʧʨʝʛʘ ʠʣʠ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, 
ʷʚʣʷʶʱʝʛʦʩʷ ʪʘʢʞʝ ʩʠʣʦʚʦʡ ʦʙʦʣʦʯʢʦʡ; 

5. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʩʦʙʨʘʥʥʦʡ ʧʘʥʝʣʠ ʚ ʘʚʪʦʢʣʘʚʝ. 

6. ʇʦʜʨʝʟʢʘ ʪʦʨʮʦʚ, ʧʝʨʬʦʨʘʮʠʷ ʦʪʚʝʨʩʪʠʡ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʢʝʪʳ ʷʯʝʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʆɸʆ çʇɿ 

çʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴè. 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ, ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʥʘ ʆɸʆ çʇɿ çʄʘʰʠʥʦʩʪʨʦʠʪʝʣʴè 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʘʥʝʣʠ ʚʝʥʪʠʣʷʪʦʨʘ 94-01-2754, ʩʥʠʞʝʥʠʝ 

ʪʨʫʜʦʸʤʢʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʪʨʫʙʯʘʪʦʛʦ  ʟʘʧʦʣʥʠʪʝʣʷ. ʉʥʠʞʝʥʠʝ ʪʨʫʜʦʸʤʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ 

ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʝʨʘʮʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʦʙʤʦʪʢʠ ʠ ʫʜʘʣʝʥʠʷ 

ʨʝʟʠʥʦʚʳʭ ʚʢʣʘʜʳʰʝʡ.  

 

 

 

 

 

 

   

 

 

ʘ         ʙ 

 

ʈʠʩ. 3 - ʄʘʢʝʪ ʷʯʝʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ: ʦʜʥʦʩʣʦʡʥʘʷ ʧʘʥʝʣʴ ʩ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʨʝʟʦʤ, 

ʧʨʦʣʦʞʝʥʥʳʤ ʪʢʘʥʴʶ (ʘ), ʜʚʫʭʩʣʦʡʥʘʷ ʧʘʥʝʣʴ ʩ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʨʝʟʦʤ,  

ʧʨʦʣʦʞʝʥʥʳʤ ʪʢʘʥʴʶ (ʙ). 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ ʧʘʥʝʣʝʡ ɿʇʂ (100Ĭ100)ʤʤ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ ʠʟ ʇʂʄ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 

ʎɼ-20, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ɿʇʂ ʩ ʷʯʝʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ 

ʤʝʥʴʰʝ ʯʝʤ ʫ ɿʇʂ ʩ ʩʦʪʦʚʳʤ ʠ ʪʨʫʙʯʘʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ, ʥʦ ʚʳʰʝ, ʯʝʤ ʫ ɿʇʂ ʩ 

ʟʘʧʦʣʥʠʪʝʣʝʤ ʩ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤ ʢʘʥʘʣʦʤ ʠ ʩʢʣʘʜʯʘʪʳʤ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʟʘ ʩʯʝʪ 

ʙʦʣʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʫʨʦʚʝʥʴ ʩʜʚʠʛʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʚʠʙʨʦʧʨʦʯʥʦʩʪʠ ɿʇʂ ʩ 

ʷʯʝʠʩʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʙʫʜʝʪ ʚʳʰʝ, ʯʝʤ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʘʥʘʣʦʛʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɿʇʂ ʩ 

ʪʨʫʙʯʘʪʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ.  
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ʊʘʙʣʠʮʘ 1- ʈʝʟʫʣʴʪʘʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ ʧʘʥʝʣʝʡ ɿʇʂ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʟʘʧʦʣʥʠʪʝʣʝʡ. 

ˉ

 ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ɿʇʂ ɺʳʩʦʪʘ 

ʈʘʟʨʫʰʘʶʱʘʷ 

ʥʘʛʨʫʟʢʘ ʧʨʠ 

ʩʞʘʪʠʠ, ʢʛ/ʩʤ
2 

5 ʗʯʝʠʩʪʘʷ ʦʜʥʦʩʣʦʡʥʘʷ ʧʝʨʬʦʨʠʨʦʚʘʥʘʷ 11 13,85 

6 ʗʯʝʠʩʪʘʷ ʜʚʫʭʩʣʦʡʥʘʷ ʧʝʨʬʦʨʠʨʦʚʘʥʘʷ 21,8 12,4 

1 ʉʢʣʘʜʯʘʪʘʷ ʦʜʥʦʩʣʦʡʥʘʷ  - 0,5* 

2 ʉʦʪʦʚʘʷ ʦʜʥʦʩʣʦʡʥʘʷ 10 34,5 

3 ʉ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤ ʢʘʥʘʣʦʤ ʦʜʥʦʩʣʦʡʥʘʷ 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ 

10,5 5,88 

4 ʉ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤ ʢʘʥʘʣʦʤ ʜʚʫʭʩʣʦʡʥʘʷ 

ʧʝʨʬʦʨʠʨʦʚʘʥʘʷ 

20,5 7,1 

7 ʊʨʫʙʯʘʪʘʷ ʜʚʫʭʩʣʦʡʥʘʷ  21,3 28,1 

*ɼʘʥʥʳʝ ʨʘʙʦʪʳ [4] 

 

ɸʢʫʩʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʷʯʝʠʩʪʳʭ ɿʇʂ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʥʘ ʫʩʪʘʥʦʚʢʘʭ "ʂʘʥʘʣ ʩ 

ʧʦʪʦʢʦʤ" ʚ ʌɻʋʇ "ʎɸɻʀ" ʠ ʌɻʋʇ "ʎʀɸʄ". ɺ ʮʝʣʦʤ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʯʝʠʩʪʳʭ ɿʇʂ ʙʣʠʟʢʠ ʢ ɿʇʂ ʩ ʩʦʪʦʚʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ. ʇʨʠ ʵʪʦʤ ʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (2000-4000 

ɻʮ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʄ=0,325 (ʨʠʩ.4)), ʧʨʠʯʝʤ ʚ ʤʘʢʩʠʤʫʤʘʭ ʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʣʠʯʠʥʘ ʟʘʪʫʭʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ 

ʟʘʪʫʭʘʥʠʝʤ.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.4 - ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʜʣʷ ɿʇʂ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

ʇʦʣʫʯʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʥʠʞʝʥʠʷ ʰʫʤʘ ʜʣʷ ɿʇʂ ʷʯʝʠʩʪʦʛʦ ʪʠʧʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ (ʷʯʝʝʢ) ʚʦʟʤʦʞʥʦ ʨʘʩʰʠʨʝʥʠʝ 

ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ɿʇʂ ʩ ʷʯʝʠʩʪʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʷʯʝʠʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʫʟʣʘʭ ʜʚʠʛʘʪʝʣʷ ʠ ʧʣʘʥʝʨʘ, ʥʝ 

ʠʩʧʳʪʳʚʘʶʱʠʭ ʙʦʣʴʰʠʭ ʩʠʣʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʪʘʢʠʭ ʢʘʢ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʧʘʥʝʣʠ ʩʘʣʦʥʘ, 

ʦʙʣʠʮʦʚʢʘ ʠ ʪ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʷʯʝʠʩʪʳʡ ʥʘʧʦʣʥʠʪʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʟʚʫʢʦʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʚ ʩʝʨʠʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ɿʇʂ ʩ ʪʨʫʙʯʘʪʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ʂ. ɺ. ʇʘʭʦʤʦʚ, ʆ. ɸ. ʇʝʨʝʛʫʜʦʚʘ ʜ.ʬ.-ʤ.ʥ.,  ʇ. ʇ. ʉʠʣʘʥʪʴʝʚ 

 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʬʘʢʫʣʴʪʝʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, 

ʈʦʩʩʠʷ, ʋʣʴʷʥʦʚʩʢ  

peregudovaoa@sv.ulsu.ru  

 

ʋʇʈɸɺʃɽʅʀɽ ɼɺʀɾɽʅʀɽʄ ʅɽɻʆʃʆʅʆʄʅʆɻʆ ʄʆɹʀʃʔʅʆɻʆ ʈʆɹʆʊɸ 

ʅɸ ʆʉʅʆɺɽ ʄɽʊʆɼɸ ɹʕʂʉʊɽʇʇʀʅɻɸ 

 

ɺ  ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʥʝʧʨʝʨʳʚʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ɿʘʜʘʯʘ ʨʝʰʝʥʘ 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʢʦʧʦʩʪʦʷʥʥʳʭ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ ʠ ʧʨʦʮʝʜʫʨʳ ʤʝʪʦʜʘ 

ʙʵʢʩʪʝʧʧʠʥʛʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʙʠʣʴʥʳʡ ʢʦʣʝʩʥʳʡ ʨʦʙʦʪ, ʫʧʨʘʚʣʝʥʠʝ ʩ ʥʘʩʳʱʝʥʠʝʤ, ʙʵʢʩʪʝʧʧʠʥʛ, 

ʟʥʘʢʦʧʦʩʪʦʷʥʥʘʷ ʬʫʥʢʮʠʷ ʃʷʧʫʥʦʚʘ. 

 

ɿʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʥʝʛʦʣʦʥʦʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʥʝʠʥʪʝʛʨʠʨʫʝʤʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʟʘʜʘʯʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩ ʢʘʯʝʥʠʝʤ, ʪʘʢʠʤʠ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʢʦʣʝʩʥʳʝ ʵʢʠʧʘʞʠ, 

ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ, ʤʘʥʠʧʫʣʷʪʦʨʳ ʥʘ ʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ ʠ ʪ.ʜ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʠʧʳ 

ʢʦʣʝʩʥʳʭ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʠ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʧʣʘʥʝʪʦʭʦʜʦʚ, ʙʦʨʴʙʘ ʩ ʪʝʨʨʦʨʠʟʤʦʤ ʠ ʨʘʟʤʠʥʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʧʦʞʘʨʦʪʫʰʝʥʠʝ ʠ ʪ.ʜ.   

ʂʦʥʢʨʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʫʧʨʘʚʣʝʥʠʡ ʯʘʩʪʥʳʤ ʢʣʘʩʩʦʤ ʥʝʛʦʣʦʥʦʤʥʳʭ 

ʩʠʩʪʝʤ ï ʢʦʣʝʩʥʳʤʠ ʤʦʙʠʣʴʥʳʤʠ ʨʦʙʦʪʘʤʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ ɺ.ʄ. ɹʫʜʘʥʦʚʘ, ʖ.ɻ. 

ʄʘʨʪʳʥʝʥʢʦ, ɸ.ʄ. ʌʦʨʤʘʣʴʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʫʯʝʥʳʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [1] ʧʦʣʫʯʝʥʦ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʜʦʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ ʧʦʚʦʨʦʪʘʤʠ ʪʨʸʭʢʦʣʸʩʥʳʭ ʨʦʙʦʪʦʚ ʩ ʜʚʫʤʷ ʚʝʜʫʱʠʤʠ 

ʠ ʧʘʩʩʠʚʥʳʤ ʨʦʷʣʴʥʳʤ ʢʦʣʸʩʘʤʠ. ɺ ʨʘʙʦʪʝ [2] ʧʦʩʪʨʦʝʥʦ ʣʠʥʝʡʥʦʝ ʧʦ ʬʘʟʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ 

ʫʧʨʘʚʣʝʥʠʝ ʩ ʥʘʩʳʱʝʥʠʝʤ ʧʨʦʜʦʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʤʦʥʦʮʠʢʣʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ ʥʝʛʦʣʦʥʦʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʣʝʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩ ʫʯʝʪʦʤ 

ʜʝʡʩʪʚʫʶʱʠʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʚ ʨʘʙʦʪʘʭ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ɽ.ʉ. ʇʷʪʥʠʮʢʦʛʦ ʧʦʩʪʨʦʝʥʳ ʨʝʣʝʡʥʳʝ ʟʘʢʦʥʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ, ʥʘʧʨʠʤʝʨ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʢʦʣʝʩʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ 

ʥʝʢʦʪʦʨʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [3] ʠʟʫʯʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʢʦʣʝʩʥʳʭ ʩʠʩʪʝʤ, ʧʦʩʪʨʦʝʥ ʨʝʣʝʡʥʳʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʜʚʠʞʝʥʠʝ 

ʢʦʣʸʩʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʧʣʦʩʢʦʡ ʛʣʘʜʢʦʡ ʢʨʠʚʦʡ).  ʆʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʣʠʰʴ ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʥʝʛʦʣʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʠʣʠ ʤʝʜʣʝʥʥʦ 

ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʳ ʚ ʧʨʠʤʝʥʝʥʠʠ  ʢ  ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ 

ʥʝʛʦʣʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ  ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ 

ʃʷʧʫʥʦʚʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ɿʘʜʘʯʘ ʨʝʰʝʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʬʫʥʢʮʠʝʡ ʥʘʩʳʱʝʥʠʷ.  ʅʘ ʦʩʥʦʚʝ ʧʨʦʮʝʜʫʨʳ ʤʝʪʦʜʘ 

ʙʵʢʩʪʝʧʧʠʥʛʘ ʦʩʫʱʝʩʪʚʣʝʥ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʩʪʦʡ ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʢ ʟʘʜʘʯʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʨʠʤʝʥʝʥʠʝ ʟʥʘʢʦʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʠ 

ʃʷʧʫʥʦʚʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʟʥʘʢʦʦʧʨʝʜʝʣʝʥʥʦʡ, ʧʦʟʚʦʣʠʣʦ ʫʧʨʦʩʪʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʫʧʨʘʚʣʝʥʠʷ. 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʘʜʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʪʨʸʭʢʦʣʸʩʥʦʛʦ ʨʦʙʦʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʩʭʝʤʝ ʪʨʠʮʠʢʣʘ, ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʸʤ ʜʚʫʤʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ. ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʚʣʠʷʥʠʝʤ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʨʦʷʣʴʥʦʛʦ ʢʦʣʝʩʘ ʠ ʝʛʦ 

ʚʠʣʢʠ ʥʘ ʜʠʥʘʤʠʢʫ ʨʦʙʦʪʘ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʪʘʢʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ 

 

2

1 1 2 1 1 2

1 2
1 1 2 2

( ) = 0, ( ) = 0,

( ) = , ( ) = ,

nc ncl
mV m a i i J m aV i i

r r

di dinc nc
L Ri V l U L Ri V l U

dt r dt r

ë
- W - + W+ W- -îî

ì
î + + + W + + - W
îí

      (1.1)     

ʛʜʝ V  ï  ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ;A  W ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʪʬʦʨʤʳ; 1i  ʠ 2i  ï ʪʦʢʠ ʚʦ 

ʚʥʝʰʥʠʭ ʮʝʧʷʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ; r  ï ʨʘʜʠʫʩ ʟʘʜʥʠʭ ʢʦʣʝʩ; 1m  ï ʤʘʩʩʘ ʧʣʘʪʬʦʨʤʳ; L  ï 

ʦʙʦʙʱʸʥʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʮʝʧʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; c  ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; R  ï ʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʨʦʪʦʨʘ; n  ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ 

ʨʝʜʫʢʪʦʨʘ; = ;a AC   

 2 2

1 1 1 12
= 2 2 , = 2 ( ) ,

y

k kz

J
m m m J J J m m l m a

r
+ + + + - + 

ʟʜʝʩʴ km  ï ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʚʝʜʫʱʝʛʦ ʢʦʣʝʩʘ ʠ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 1J  ï ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʧʣʘʪʬʦʨʤʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ;C  kzJ  ï 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʝʜʫʱʝʛʦ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ; yJ  ï ʧʨʠʚʝʜʸʥʥʳʡ 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʦʣʝʩʘ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʨʦʙʦʪʘ ʠʤʝʶʪ ʚʠʜ  

 = cos , = sin , = .x V y Vy y yW                             (1.2) 

 

 
ʈʠʩ. 1. ʄʦʙʠʣʴʥʳʡ ʢʦʣʝʩʥʳʡ ʨʦʙʦʪ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 
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ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ: ʧʫʪʝʤ ʚʳʙʦʨʘ ʫʧʨʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ 1U  ʠ 
2U  (

0| |< = > 0,iU U const  =1,2i ) ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʨʦʙʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʦʨʜʠʥʘʪʳ 

ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤʫ ʟʘʢʦʥʫ 

= ( ), = ( ), = ( ).r r rx x t y y t ty y                             (1.3) 

2. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ.  ɺʚʝʜʝʤ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (1.3) ʧʦ ʬʦʨʤʫʣʝ 

cos sin 0

sin cos 0

0 0 1

e r

e r

e r

x x x

y y y

y y

y y

y y y

-è ø å õè ø
æ öé ù é ù
= - -æ öé ù é ù
æ öé ù é ù-ê ú ç ÷ê ú

 

ʊʦʛʜʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ (1.2) ʚ ʦʪʢʣʦʥʝʥʠʷʭ ʧʨʠʤʫʪ ʚʠʜ 

 

= ( )cos ,

= ( )sin ,

= ( )

e e r e

e e r e

e r

x y V V t

y x V t

t

y

y

y

W - +ë
î

-W +ì
î W -Wí

                                  (2.1) 

ɺʳʙʝʨʝʤ ʩʣʝʜʫʶʱʠʡ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (2.1) 

 1 2= ( ) , = ( )r e r eV V t k x t kw w q+ + ,                                (2.2)    

ʛʜʝ 1k  ʠ 2k  ï ʥʝʢʦʪʦʨʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

ɺ ʨʘʙʦʪʝ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (2.2) ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʫʣʝʚʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʦʪʢʣʦʥʝʥʠʷʭ (2.1). 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʦʙʦʪʘ (1.1). ɺ ʧʨʝʥʝʙʨʝʞʝʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʥʜʫʢʪʠʚʥʦʩʪʠ L  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʨʦʙʦʪʘ  

2 2 2 2 2
2

1 3 1 42 2

= ( )cos ,

= ( )sin ,

= ( ) ,

2 2
= , = ,

e e r e

e e r e

e r

x y V V t

y x V t

t

n c nc n c l ncl
mV m a V U J m aV U

r R rR r R rR

y

y

y

W - +ë
î

-W +
îî

W -Wì
î
î - W + W+ W+ W
îí

    (2.3) 

ʛʜʝ 3 1 2=U U U+  ʠ 4 1 2=U U U- . 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʤʝʪʦʜʘ ʙʵʢʩʪʝʧʧʠʥʛʘ ʧʦʩʪʨʦʠʤ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʵʪʦʡ 

ʤʦʜʝʣʠ. ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ  

 

1 1 1 2

2 2 2 2 2
21 1

1 3 2 42 2

= ( ) , = ( ) ,

2 2
= , = ,

r e r eV V V t k x t k

m a m an c nc n c l ncl
u V U u V U

m mr R mrR J Jr R JrR

y- - W W-W -ë
î
ì

W - + W- W+î
í

 

 ʇʦʣʦʞʠʚ  1 1 1 2 2 2= ( ) , = ( )r e r eu u V t k x u u t ky- - -W -,  ʧʨʝʦʙʨʘʟʫʝʤ ʩʠʩʪʝʤʫ (2.3) ʚ 

ʢʘʩʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ  

1 2 1 1

1 2

1 2

1 1 1 2

= ( ( ) ) ( ) ( )cos ,

= ( ( ) ) ( )sin ,

= ,

= , = .

e r e e r e r e

e r e e r e

e e

x t k y V V t k x V t

y t k x V t

k

V u u

y y

y y

y y

W +W + - - - +ë
î

- W +W + +î
ì

-W -î
î Wí

           (2.4) 

 ɺʳʙʝʨʝʤ ʜʣʷ ʩʠʩʪʝʤʳ (2.4) ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 1u  ʠ 2u  ʚ ʚʠʜʝ  

1 3 1 2 4 1= ( ), = ( )u k sat V u k sat- - W,  ʛʜʝ 3 4,k k  ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, sat( )¶ ï ʬʫʥʢʮʠʷ 

ʥʘʩʳʱʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʣʠʥʠʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ. 
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ʉ ʧʦʤʦʱʴʶ ʟʥʘʢʦʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ 
2 2

1 1=v V +W ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ [5] 

ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ 1 1= = = = = 0e e ex y Vy W  ʩʠʩʪʝʤʳ (2.4) ʨʘʚʥʦʤʝʨʥʦ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʟʘʜʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ (1.3), ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ:  

1 1 3 1

2 2 4 2

= ( ) ( ( )cos ) sat( ( ) ),

= ( ) ( ( ) ) sat( ( ) )

r e r e r e

r r r e

u V t k y V V t k V V t k x

u t k t k t k

q

q

ë + W - + - - -î
ì

W + W -W - W-W -îí

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʧʨʦʝʢʪ ʄɼ-

7549.2010.1), ɸɺʎʇ çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʰʝʡ ʰʢʦʣʳè (ʧʨʦʝʢʪ ˉ 2.1.1/11180), 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɼʉ ʀ ʆʎɽʅʂɸ ʇʈʆʏʅʆʉʊʀ ʌʃɸʅʎɸ ʂʆɾʋʍɸ 

ɸɺʀɸʎʀʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ʉ ʈɸɿʃʀʏʅʓʄʀ ʉʍɽʄɸʄʀ ɸʈʄʀʈʆɺɸʅʀʗ 

 

ʉ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ ANSYS ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʬʣʘʥʮʘ ʢʦʞʫʭʘ ʥʘʨʫʞʥʦʛʦ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ 

ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʤʝʩʪʦ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʫʛʣʝʧʣʘʩʪʠʢʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʘʤʝʥʘ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʬʣʘʥʮʘ ʥʘ ʫʛʣʝʧʣʘʩʪʠʢ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʜʝʣʠʷ ï ʥʘ 5-10%.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʪʝʢʣʦʧʣʘʩʪʠʢ, ʫʛʣʝʧʣʘʩʪʠʢ, 

ʬʣʘʥʮʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʘʚʠʘʜʚʠʛʘʪʝʣʴ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ.  

 

ɺ ʧʨʘʢʪʠʢʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʧʝʨʚʳʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ 

ʚʘʨʠʘʥʪʳ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʜʣʷ 

ʜʚʠʛʘʪʝʣʷ ʇʉ-90, ʨʘʟʨʘʙʦʪʢʠ ʆɸʆ çɸʚʠʘʜʚʠʛʘʪʝʣʴè (ʛ. ʇʝʨʤʴ). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʰʫʤʦʟʘʱʠʪʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʜʚʠʛʘʪʝʣʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʜʚʠʛʘʪʝʣʷ ʇʉ-90ɸ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʢʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ ʟʚʫʢʦʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʥʪʫʨʘ (ɿʇʂ) [1]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʛʨʫʟʦʢ ʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ 

[2] ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʪʠʭ ʜʝʪʘʣʝʡ 

ʷʚʣʷʶʪʩʷ ʬʣʘʥʮʝʚʳʝ ʫʟʣʳ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʠʧʦʚʦʡ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʥʝʩʫʱʠʡ ʬʣʘʥʝʮ ʢʦʞʫʭʘ 

ʥʘʨʫʞʥʦʛʦ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʤʥʦʛʦʩʣʦʡʥʳʡ ʪʦʨʮʝʚʦʡ ʬʣʘʥʝʮ 

ʠʟ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ɺʇʉ-33  ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʣʦʪʢʘʥʠ ʊ-10-14 ʠ ʵʧʦʢʩʠʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

ʕʅʌɹ-2ʤ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ, ʚ ʧʨʠʥʮʠʧʝ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʩʪʝʢʣʦ-, ʫʛʣʝ- ʠ ʦʨʛʘʥʦʧʣʘʩʪʠʢʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʘʨʤʠʨʫʶʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʘ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʪʠʧʠʯʥʦʡ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ, ʚʢʣʶʯʘʶʱʝʡ ʪʦʨʮʝʚʦʡ ʬʣʘʥʝʮ ʠ ʧʘʥʝʣʠ ɿʇʂ. ɺ ʩʦʩʪʘʚ ʬʣʘʥʮʘ 

ʚʭʦʜʷʪ ʩʣʦʠ ɺʇʉ-33 ʪʦʣʱʠʥʦʡ 0,23 ʤʤ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʦʩʥʦʚʳ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ, ʘ 

ʪʘʢʞʝ ʩʣʦʠ, ʦʨʠʝʥʪʘʮʠʷ ʢʦʪʦʨʳʭ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɺ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʜʝʪʘʣʝʡ ʜʣʷ ʪʘʢʠʭ ʩʣʦʝʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʩʣʦʠ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʣʦʞʝʥʳ ʩ ʥʘʧʨʘʚʣʝʥʠʝ ʫʪʦʯʥʦʡ ʥʠʪʠ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ, ʫʯʝʪ ʪʘʢʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠʜʝʪ ʚ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ. 

ʆʧʳʪ ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʠʣʦʚʳʝ ʫʩʣʦʚʠʷ 

ʥʘʛʨʫʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʛʠʙʫ ʫʯʘʩʪʢʘ ʢʦʞʫʭʘ. ʀʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 

ʚʦʟʥʠʢʘʝʪ ʚ ʚʝʨʭʥʠʭ ʩʠʣʦʚʳʭ ʩʣʦʷʭ ʢʦʞʫʭʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʛʠʙʫ ʢʘʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ, ʪʘʢ 

ʠ ʪʦʨʮʝʚʦʛʦ ʫʯʘʩʪʢʦʚ ʬʣʘʥʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɼʘʥʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʫ ʤʝʞʩʣʦʡʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ 

ʩʝʯʝʥʠʷʭ. 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʪʘʢʦʛʦ ʬʣʘʥʮʘ 

ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ 

ʟʦʥʘʭ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʪʢʘʥʦʛʦ ʠʣʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʥʳʭ ʦʮʝʥʦʢ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ 

ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ. 

ɿʘʜʘʯʘ ʚ ʚʘʨʠʘʮʠʦʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ V ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʪʳʩʢʘʥʠʠ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʃʘʛʨʘʥʞʘ [3], ʚʘʨʠʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʤʘʩʩʦʚʳʭ ʩʠʣ ʠʤʝʝʪ ʚʠʜ,    (1) 

ʛʜʝ  ʠ - ʪʝʥʟʦʨ ʠ ʚʘʨʠʘʮʠʷ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ, - ʪʝʥʟʦʨ ʫʧʨʫʛʠʭ ʤʦʜʫʣʝʡ, - ʚʘʨʠʘʮʠʷ 

ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ, - ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʩʠʣ.  

 

 
ʈʠʩ. 1 ï  ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʠ ʩʪʨʫʢʪʫʨʘ ʘʨʤʠʨʦʚʘʥʠʷ ʬʣʘʥʮʘ ʢʦʞʫʭʘ ʥʘʨʫʞʥʦʛʦ  

ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ. 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ (1) ʷʚʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʂʦʰʠ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ï ʟʘʧʨʝʪ 

ʦʩʝʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʫʩʣʦʚʠʷ ʠʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʨʪʦʪʨʦʧʥʦʛʦ ʩʣʦʷ ʧʦʜʦʙʣʘʩʪʠ V
(p)

 ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʤʦʜʫʣʝʡ 

ʫʧʨʫʛʦʩʪʠ  ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʦʪ ʝʛʦ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ  ʩʣʦʷ 

ʧʨʝʧʨʝʛʘ ʠʟ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

,            (5) 

ʛʜʝ - ʤʘʪʨʠʮʘ ʢʦʩʠʥʫʩʦʚ ʫʛʣʦʚ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʝʡ ʣʦʢʘʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ ʠ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʩʣʦʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʦʮʝʥʦʯʥʳʭ ʨʘʩʯʝʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2.  
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ʊʘʙʣʠʮʘ 1 ï ʊʝʭʥʠʯʝʩʢʠʝ ʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʦʝʚ 

ʄʘʪʝʨʠʘʣ 
E11, 

ɻʇʘ 

E22, 

ɻʇʘ 

E33, 

ɻʇʘ 

G12, 

ɻʇʘ 

G13, 

ɻʇʘ 

G23, 

ɻʇʘ 
n21 n13 n32 

ʊʢʘʥʳʡ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢ [4] 
24,6 18,6 6 4 3 3 0,15 0,42 0,18 

ʆʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ 

ʫʛʣʝʧʣʘʩʪʠʢ [4] 
125 7 7 5,4 5,4 3 0,018 0,32 0,3 

ʋʛʣʝʧʣʘʩʪʠʢ  

ʂʄʋ-4ʕ-2ʄ 
125 9,5 3,5 4,7 3 3 0,31 0,31 0,2 

ʊʢʘʥʳʡ ʫʛʣʝʧʣʘʩʪʠʢ 

ʕʅʌɹ 3692-ʅʊɸ-0,2-40 
65 55,3 - - - - - - - 

 

ʊʘʙʣʠʮʘ 2 ï ʇʨʝʜʝʣʳ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʩʣʦʝʚ 

ʄʘʪʝʨʠʘʣ 
ʇ11

+
, 

ʄʇʘ 

ʇ22
+

, 

ʄʇʘ 

ʇ33
+

, 

ʄʇʘ 

ʇ11
-
, 

ʄʇʘ 

ʇ22
-
, 

ʄʇʘ 

ʇ33
-
, 

ʄʇʘ 

ʇ12, 

ʄʇʘ 

ʊʢʘʥʳʡ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢ [4] 
600 300 44 (30) 450 295 128 45 

ʆʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ 

ʫʛʣʝʧʣʘʩʪʠʢ [4] 
1047 44 (30) 44 (30) 724 128 128 74 

ʋʛʣʝʧʣʘʩʪʠʢ ʂʄʋ-4ʕ-2ʄ 1000 30 44 (30) 1000 180 - 65 

ʊʢʘʥʳʡ ʫʛʣʝʧʣʘʩʪʠʢ ʕʅʌɹ 

3692-ʅʊɸ-0,2-40 
699 604 44 (30) - - - - 

 

ʉʠʩʪʝʤʘ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʚʦʜʠʪʩʷ ʢ 

ʩʫʤʤʘʨʥʦʡ ʨʘʩʪʷʛʠʚʘʶʱʝʡ ʩʠʣʝ ʈ, ʢʦʪʦʨʦʡ ʵʢʚʠʚʘʣʝʥʪʥʘ ʥʘʛʨʫʟʢʘ ʨ,  ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʨʮʝʚʳʭ ʩʠʣʦʚʳʭ ʩʣʦʝʚ. ʅʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʢʦʥʮʝ 

ʬʣʘʥʮʘ ʟʘʜʘʶʪʩʷ ʧʣʦʱʘʜʢʠ ʩʚʦʙʦʜʥʦʛʦ ʦʧʠʨʘʥʠʷ ʨʘʟʤʝʨʦʤ ʩ ʜʠʘʤʝʪʨ ʰʘʡʙʳ ʙʦʣʪʦʚʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ʉʭʝʤʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʈʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 4 ʚʘʨʠʘʥʪʘ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʬʣʘʥʮʘ: ʰʝʩʪʴ ʩʣʦʝʚ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʚ ʪʦʨʮʝʚʦʡ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʟʦʥʝ ʬʣʘʥʮʘ ʟʘʤʝʥʷʣʠʩʴ ʥʘ:  

- ʪʢʘʥʳʡ ʫʛʣʝʧʣʘʩʪʠʢ ʕʅʌɹ 3692-ʅʊɸ-0,2-40 - ʤʦʜʝʣʴ ˉ1; 

- ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʫʛʣʝʧʣʘʩʪʠʢ - ʤʦʜʝʣʴ ˉ2; 

- ʫʛʣʝʧʣʘʩʪʠʢ ʂʄʋ-4ʕ-2ʄ - ʤʦʜʝʣʴ ˉ3. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʤʦʜʝʣʠ ˉ3 ʩ ʰʝʩʪʴʶ ʩʣʦʷʤʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʂʄʋ-4ʕ-2ʄ ʥʘ ʪʦʨʮʝ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʘʨʠʘʥʪ ʟʘʤʝʥʳ ʥʘ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʜʚʫʭ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ï ʤʦʜʝʣʴ ˉ4. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʣʦʝʚ ɺʇʉ-33 ʥʘ ʫʯʘʩʪʢʝ ʩ ʥʝʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ ʩʭʝʤʦʡ ʫʢʣʘʜʢʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʥʦʚʳ ʚʳʙʨʘʥʦ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ, ʯʪʦ ʪʘʢʞʝ ʜʦʣʞʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ 

ʠʟʜʝʣʠʷ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʩʠʣʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ ʬʣʘʥʮʘ ʚ ʧʘʢʝʪʝ ANSYS ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ 

ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ï ʥʘ ʛʨʘʥʠʮʝ ʩʣʦʝʚ, ʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ ʦʮʝʥʠʚʘʣʩʷ ʟʘʧʘʩ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. ɼʣʷ ʦʮʝʥʢʠ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʩʣʦʝʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʞʩʣʦʡʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩ ʧʨʝʜʝʣʘʤʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʤʝʞʩʣʦʡʥʦʤ ʦʪʨʳʚʝ ʠʣʠ ʩʜʚʠʛʝ ʧʦʟʚʦʣʷʣʠ ʦʮʝʥʠʪʴ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʤʝʞʩʣʦʡʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʠʩʪʦʛʦ ʧʘʢʝʪʘ.  

ʈʘʩʯʝʪʳ, ʢʘʢ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʜʣʷ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʦʛʦ ʬʣʘʥʮʘ, ʪʘʢ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ,  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 
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ʤʝʞʩʣʦʡʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ 

ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʩʣʦʝʤ, ʦʪʩʯʠʪʳʚʘʝʤʳʭ ʦʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘ ʨʠʩ. 2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʝʚʳʭ  ʥʘʧʨʷʞʝʥʠʡ ůzz 

ʧʦ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ˉ1 ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʭʦʜʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʬʣʘʥʮʘ ʚ ʪʦʨʮʝʚʫʶ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʝʯʝʥʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʞʩʣʦʡʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʵʧʶʨʘ ʤʝʞʩʣʦʡʥʳʭ 

ʦʪʨʳʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʯʝʥʠʠ 1 ʦʪ ʝʜʠʥʠʯʥʦʡ ʥʘʛʨʫʟʢʠ ʨ=1ʄʇʘ,  ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʪʦʨʮʘʤ ʩʠʣʦʚʳʭ ʩʣʦʝʚ ʢʦʞʫʭʘ. ʅʘ ʨʠʩ. 3 ï ʧʦʣʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʭʦʜʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʬʣʘʥʮʘ ʥʘ ʥʘʨʫʞʥʫʶ ʦʙʦʣʦʯʢʫ ʢʦʞʫʭʘ ʧʦʜ 

ʫʛʣʦʤ 55Ü ʢ ʦʙʨʘʟʫʶʱʝʡ ʠ ʵʧʶʨʘ ʤʝʞʩʣʦʡʥʳʭ ʦʪʨʳʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʯʝʥʠʠ 16. 

 

 
ʈʠʩ. 2 - ʇʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ůzz  (ʄʇʘ) ʚ ʛʣʦʙʘʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ 

ʵʧʶʨʘ ʤʝʞʩʣʦʡʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʯʝʥʠʠ 1. 

 

 
ʈʠʩ. 3 ï ʇʦʣʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ Űƍ|| (ʄʇʘ) ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ 

ʵʧʶʨʘ ʤʝʞʩʣʦʡʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʯʝʥʠʠ 16. 

 

ɸʥʘʣʠʟ ʅɼʉ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʤʦʜʝʣʠ ˉ1, ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʤʝʞʩʣʦʡʥʳʭ ʦʪʨʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ůƍƍ=3,14 ʄʇʘ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʝʯʝʥʠʠ 16 ʚ 

ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʩʣʦʝʚ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʬʣʘʥʮʘ ʥʘ ʥʘʨʫʞʥʫʶ ʦʙʦʣʦʯʢʫ ʢʦʞʫʭʘ ʧʦʜ 

ʫʛʣʦʤ 55Ü ʢ ʦʙʨʘʟʫʶʱʝʡ ʦʙʦʣʦʯʢʠ. ʇʨʠʥʠʤʘʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʨʳʚʘʶʱʠʭ 

ʤʝʞʩʣʦʝʚʳʭ ʥʘʧʨʷʞʝʥʠʡ [ůƍƍ] = 30õ44 ʄʇʘ (ʩʤ. ʪʘʙʣ. 2), ʧʦʣʫʯʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʦʞʫʭ, 

p = 9,55õ14 ʄʇʘ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʫʤʤʘʨʥʦʡ ʩʠʣʝ 78 290 õ 114 772 ʅ. 

 ɸʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʪʦʨʮʝʚʦʛʦ ʬʣʘʥʮʘ ʧʦ ʤʦʜʝʣʷʤ ˉˉ 2-4 ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

ʫʛʣʝʧʣʘʩʪʠʢʘ.  
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 ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʤʦʜʝʣʷʤ ˉˉ 1-4 ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʪʠʧʦʚʳʤ ʚʘʨʠʘʥʪʦʤ ʬʣʘʥʮʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʪʦʣʴʢʦ ʠʟ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ. 

 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʄʦʜʝʣʴ 

0
*
 

ʄʦʜʝʣʴ 

ˉ1 

ʄʦʜʝʣʴ 

ˉ2 

ʄʦʜʝʣʴ 

ˉ3 

ʄʦʜʝʣʴ 

ˉ4 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʤʝʞʩʣʦʡʥʳʝ 

ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʩʝʯʝʥʠʠ ˉ1, ʄʇʘ 

3,02 
2,656 

(-12,1%) 

2,615 

(-13,4%) 

2,6 

(-13,9%) 

2,638 

(-12,6%) 

ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ ʧʦ ʵʧʶʨʝ ˉ1, ʅ 
81980õ 

118871 

92640õ 

136087 

94280õ 

137726 

94600õ 

138710 

93210õ 

136743 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʦʩʝʚʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ˉ4 ʬʣʘʥʮʘ, 

ʜʣʷ ʩʣʦʝʚ, ʫʣʦʞʝʥʥʳʭ ʧʦ ʦʩʥʦʚʝ 

(ůzz = ů||), ʄʇʘ 

5,88 

 

6,798 

(+15,5%) 

6,69 

(+13,7%) 

6,65 

(+13%) 

6,627 

(+12,6%) 

ʈʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʜʣʷ ʩʣʦʝʚ, 

ʫʣʦʞʝʥʥʳʭ ʧʦ ʦʩʥʦʚʝ, ʚ ʩʝʯʝʥʠʠ 

ˉ4 (ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ), ʅ 

836 500 

 

723 600 

 

735 200 

 

739 700 

 

742 200 

 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʤʝʞʩʣʦʡʥʳʝ 

ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʩʝʯʝʥʠʠ ˉ16, ʄʇʘ 

3,332 
3,142 

(-5,7%) 

3,116 

(-6,5%) 

3,108 

(-6,7%) 

3,00 

(-10%) 

ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ ʧʦ ʵʧʶʨʝ ˉ16, ʅ 
73780õ 

108624 

78290õ 

114772 

78950õ 

115756 

79110õ 

116084 

81980õ 

120265 

* - ʇʦʷʩʥʝʥʠʝ: 

ʄʦʜʝʣʴ 0 ï ʪʠʧʦʚʦʡ ʚʘʨʠʘʥʪ ʬʣʘʥʮʘ ʠʟ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ; 

ʄʦʜʝʣʴ ˉ1 ï 6 ʩʣʦʝʚ ʥʘ ʪʦʨʮʝ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʪʢʘʥʦʛʦ ʕʅʌɹ 3692-ʅʊɸ-0,2-40; 

ʄʦʜʝʣʴ ˉ2 ï 6 ʩʣʦʝʚ ʥʘ ʪʦʨʮʝ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ;  

ʄʦʜʝʣʴ ˉ3 ï 6 ʩʣʦʝʚ ʥʘ ʪʦʨʮʝ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʂʄʋ-4ʕ-2ʄ; 

ʄʦʜʝʣʴ ˉ4 ï 6 ʩʣʦʝʚ ʥʘ ʪʦʨʮʝ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʂʄʋ-4ʕ-2ʄ + 2 ʩʣʦʷ ʂʄʋ-4ʕ-2ʄ ʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʤʝʥʘ 6 ʩʣʦʝʚ 

ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʚ ʪʦʨʮʝʚʦʡ ʦʙʣʘʩʪʠ ʬʣʘʥʮʘ ʥʘ ʫʛʣʝʧʣʘʩʪʠʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʘʪʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ï ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʨʘʟʨʫʰʘʶʱʘʷ ʥʘʛʨʫʟʢʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 6%. ʆʜʥʘʢʦ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʩʥʠʞʝʥʠʷ ʤʝʞʩʣʦʡʥʳʭ ʦʪʨʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʚʥʝʰʥʠʤʠ ʩʣʦʷʤʠ ʥʘ ʫʯʘʩʪʢʝ 

ʧʝʨʝʭʦʜʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʬʣʘʥʮʘ ʚ ʪʦʨʮʝʚʫʶ ʜʦ 14%. 

ɿʘʤʝʥʘ ʰʝʩʪʠ ʩʣʦʝʚ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʚ ʟʦʥʝ ʩʪʳʢʘ ʬʣʘʥʮʘ ʠ ʜʚʫʭ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʝʚ 

ʢʦʞʫʭʘ ʩʣʦʷʤʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʂʄʋ-4ʕ-2ʄ ʜʘʝʪ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ï 10%.  

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʤʝʩʪʦʤ ʬʣʘʥʮʘ ʢʦʞʫʭʘ ʥʘʨʫʞʥʦʛʦ ʟʘʜʥʝʡ 

ʧʦʜʚʝʩʢʠ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʫʩʠʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʝʯʝʥʠʝ ˉ16 ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʘ 

ʩʣʦʝʚ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʬʣʘʥʮʘ ʥʘ ʥʘʨʫʞʥʫʶ ʦʙʦʣʦʯʢʫ ʢʦʞʫʭʘ. 

 

 

 

 

 

 

 



 
 

39 
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01.01.06 

 

ʅ. ɺ. ʐʘʣʘʛʠʥʦʚʘ 

 

ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʬʘʢʫʣʴʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ, ʤʘʪʝʤʘʪʠʢʠ 

ʠ ʬʠʟʠʢʠ, ʢʘʬʝʜʨʘ ʘʣʛʝʙʨʳ ʠ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, 

ʈʦʩʩʠʷ, ʂʠʨʦʚ, 

korshunnv@mail.ru 

 

ʆ ʇʆʃʋʂʆʃʔʎɸʍ ʈʆʉʊʂʆɺ ʅɽʇʈɽʈʓɺʅʓʍ 

 ʅɽʆʊʈʀʎɸʊɽʃʔʅʓʍ ʌʋʅʂʎʀʁ 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʧʦʣʫʢʦʣʝʮ ʨʦʩʪʢʦʚ ʥʝʧʨʝʨʳʚʥʳʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʤ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ X . ɺ ʪʝʨʤʠʥʘʭ ʵʪʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ P-ʧʨʦʩʪʨʘʥʩʪʚ ʠ F-ʧʨʦʩʪʨʘʥʩʪʚ X .  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʩʪʦʢ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʣʫʢʦʣʴʮʦ ʨʦʩʪʢʦʚ, ʧʫʯʦʢ, ʪʠʭʦʥʦʚʩʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

ʊʝʦʨʠʷ ʧʦʣʫʢʦʣʝʮ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʧʦʣʫʯʠʣʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʚ 90-ʳʝ 

ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪʳ [1]. ʂ ʠʟʫʯʝʥʠʶ ʧʦʣʫʢʦʣʝʮ ʥʝʧʨʝʨʳʚʥʳʭ 

ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʧʫʯʢʦʚʳʡ ʧʦʜʭʦʜ [2] (ʜʣʷ ʢʦʣʝʮ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ [3]). 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʫʯʢʦʚ ʩʣʫʞʠʪ ʧʫʯʦʢ ʨʦʩʪʢʦʚ ʥʝʧʨʝʨʳʚʥʳʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

ɽʛʦ ʩʣʦʠ ï ʧʦʣʫʢʦʣʴʮʘ ʨʦʩʪʢʦʚ ï ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʘʤʠʭ ʧʦʣʫʢʦʣʝʮ 

ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ. 

ʇʦʣʫʢʦʣʴʮʦʤ ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ( )1,0,,, Ö+S , ʚ ʢʦʪʦʨʦʡ ( )0,,+S  ð 

ʢʦʤʤʫʪʘʪʠʚʥʳʡ ʤʦʥʦʠʜ, ( )1,,ÖS  ð ʤʦʥʦʠʜ, ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʢʦʥʳ ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʠ 

ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʝʥʠʷ, ʪʦʞʜʝʩʪʚʝʥʥʦ 000 =Ö=Ö xx  ʠ 10¸ . 

ʇʦʣʫʧʦʣʝʤ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʤʫʪʘʪʠʚʥʦʝ ʜʝʣʠʤʦʝ ʧʦʣʫʢʦʣʴʮʦ. 

ʇʫʩʪʴ X  ï ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ()XC+
 ï ʢʦʤʤʫʪʘʪʠʚʥʦʝ ʧʦʣʫʢʦʣʴʮʦ ʩ 

ʝʜʠʥʠʮʝʡ ʚʩʝʭ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʥʘ X  ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚ ʧʦʣʫʧʦʣʝ 
+R  ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ, ʩ ʧʦʪʦʯʝʯʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʩʣʦʞʝʥʠʷʤʠ ʠ ʫʤʥʦʞʝʥʠʷ. 

ɿʘʬʠʢʩʠʨʫʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ X  ʪʦʯʢʫ x. ɺʚʝʜʝʤ ʥʘ ʧʦʣʫʢʦʣʴʮʝ()XC+
 ʦʪʥʦʰʝʥʠʝ 

ʢʦʥʛʨʫʵʥʪʥʦʩʪʠ xr: gf xr  ʦʟʥʘʯʘʝʪ, ʯʪʦ gf =  ʥʘ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ U  ʪʦʯʢʠ x . 

ʊʦʛʜʘ ʢʣʘʩʩ ʢʦʥʛʨʫʵʥʪʥʦʩʪʠ ʜʣʷ ʬʫʥʢʮʠʠ ()XCf +Í  ʥʘʟʳʚʘʝʪʩʷ ʨʦʩʪʢʦʤ ʥʝʧʨʝʨʳʚʥʳʭ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚ ʪʦʯʢʝ x  ʠ ʠʤʝʝʪ ʚʠʜ: 

[] (){ }xUfgXCgf
x

ʪʦʯʢʠʠʦʢʨʝʩʪʥʦʩʪʥʝʢʦʪʦʨʦʡʥʘ| =Í= +
r . 

ʂʣʘʩʩ ʥʫʣʷ  

[] (){ }
x

OxUfXCf ==Í= + ʪʦʯʢʠʠʦʢʨʝʩʪʥʦʩʪʥʝʢʦʪʦʨʦʡʜʣʷ0|0  

ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʦʤ ʚ ()XC+
. ʌʘʢʪʦʨ-ʧʦʣʫʢʦʣʴʮʦ ()

x
XC r+

 ʙʫʜʝʪ ʧʦʣʫʢʦʣʴʮʦʤ 

ʨʦʩʪʢʦʚ ʚ ʪʦʯʢʝ x, ʦʙʦʟʥʘʯʘʝʤʳʤ ()
x

XC+
. 

ɺ ʧʦʣʫʢʦʣʴʮʝ ()XC+
 ʦʪʢʨʳʪʦʝ ʩʝʤʝʡʩʪʚʦ ʚʩʝʭ ʢʦʥʛʨʫʵʥʮʠʡ ( )

Xxx Í
r  ʧʦʨʦʞʜʘʝʪ 

ʬʘʢʪʦʨʥʳʡ ʧʫʯʦʢ 
X
q  ʧʦʣʫʢʦʣʝʮ ()

x
XC+

 ʥʘʜ X  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʬʘʢʪʦʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ () ( )
X
ɗXC ɻ:

1
+a . ɼʣʷ ʣʶʙʳʭ ()XCgf +Í,  ʠ XxÍ  ʠʤʝʝʤ: 
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() ff Ĕ
1
=a , ()[]( ) ()

xO
XCfxf

x

+Í=
r

Ĕ  ʠ () ()xgxf ĔĔ =  ʦʟʥʘʯʘʝʪ, ʯʪʦ gf =  ʥʘ ʥʝʢʦʪʦʨʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ x . 

ʏʝʨʝʟ ʢʘʞʜʫʶ ʪʦʯʢʫ []
x

f
r  ʥʘʢʨʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (){ }XxXCP

x
Í= +

¶

:8  

ʧʨʦʭʦʜʠʪ ʛʣʦʙʘʣʴʥʦʝ ʩʝʯʝʥʠʝ fĔ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʬʫʥʢʮʠʠ ()XCf +Í , ʢʦʪʦʨʦʝ 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ []
x

f
r  ʚ ʪʦʯʢʝ XxÍ , ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

1
a ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ. ʊʘʢ 

ʢʘʢ { }Xx
x
Í:r1  ï ʵʪʦ ʥʫʣʝʚʘʷ ʢʦʥʛʨʫʵʥʮʠʷ ʥʘ ()XC+

, ʪʦ 
1
a ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
1
a ï ʠʟʦʤʦʨʬʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʫʢʦʣʴʮʘ ()XC+

 ʚ ʧʫʯʢʝ 
X
ɗ  ʧʦʣʫʢʦʣʝʮ 

()
x

XC+
. 

ʆʧʨʝʜʝʣʠʤ ʧʫʯʦʢ 
X
j  ʧʦʣʫʢʦʣʝʮ ʨʦʩʪʢʦʚ ʥʝʧʨʝʨʳʚʥʳʭ 

+
R -ʟʥʘʯʥʳʭ ʬʫʥʢʮʠʡ ʥʘʜ X  

ʢʘʢ ʧʨʝʜʧʫʯʦʢ ʧʦʣʫʢʦʣʝʮ ()AC+
 ʧʦ ʚʩʝʤ ʦʪʢʨʳʪʳʤ ʧʦʜʤʥʦʞʝʩʪʚʘʤ A ʧʨʦʩʪʨʘʥʩʪʚʘ X  ʩ 

ʛʦʤʦʤʦʨʬʠʟʤʘʤʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʕʣʝʤʝʥʪʘʤʠ ʩʣʦʷ 
x

S  ( )XxÍ  ʧʫʯʢʘ 
X
j  ʩʣʫʞʘʪ ʨʦʩʪʢʠ 

ʥʝʧʨʝʨʳʚʥʳʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʥʘ ʦʢʨʝʩʪʥʦʩʪʷʭ ʪʦʯʢʠ x. ʇʨʠ ʵʪʦʤ 
ʧʦʣʫʢʦʣʴʮʦ ()XC+

 ʢʘʥʦʥʠʯʝʩʢʠ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʜʧʦʣʫʢʦʣʴʮʦʤ ʧʦʣʫʢʦʣʴʮʘ ( )
X
jɻ  

ʛʣʦʙʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʧʫʯʢʘ 
X
j . 

ɻʦʤʦʤʦʨʬʠʟʤ ff Ĕ:^  , ( )
X

f jɻĔÍ  ʠ ()[]( ) xO
Sfxf

x
Í=

r
Ĕ  ʷʚʣʷʝʪʩʷ ʤʦʥʦʤʦʨʬʠʟʤʦʤ, 

ʪʘʢ ʢʘʢ ʜʣʷ ʣʶʙʳʭ ʬʫʥʢʮʠʡ ()XCgf +Í, , gf ¸  ʥʘʡʜʝʪʩʷ ʪʦʯʢʘ 
0

x , ʜʣʷ ʢʦʪʦʨʦʡ 

() ()
00

xgxf ¸ , ʦʪʩʶʜʘ, () ()
00

ĔĔ xgxf ¸ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, () ( )
X

XC jɻ:^ +
 ï ʠʟʦʤʦʨʬʥʦʝ 

ʚʣʦʞʝʥʠʝ.  

ʃʝʤʤʘ 1. ɽʩʣʠ X  - ʪʠʭʦʥʦʚʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʪʦ ʧʫʯʦʢ 
X
j  ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʥʳʤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʤʦʨʬʥʦ. 

ʆʙʨʘʪʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʥʝ ʚʝʨʥʦ. ʇʨʠʤʝʨʦʤ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤ ʵʪʦ, ʷʚʣʷʝʪʩʷ 

ʘʥʪʠʜʠʩʢʨʝʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ X  ʤʦʱʥʦʩʪʠ ʙʦʣʴʰʝ 1. ʇʫʯʦʢ ʧʦʣʫʢʦʣʝʮ ʥʘʜ ʪʘʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʥʳʤ, ʪʘʢ ʢʘʢ ʣʶʙʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʟ X  ʚ ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦ. ʅʦ ʘʥʪʠʜʠʩʢʨʝʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝ ʙʫʜʝʪ 

ʪʠʭʦʥʦʚʩʢʠʤ, ʪʘʢ ʢʘʢ ʥʝ ʷʚʣʷʝʪʩʷ 
1

T  ʧʨʦʩʪʨʘʥʩʪʚʦʤ. 

ʃʝʤʤʘ 2. ʇʫʯʦʢ 
X
j  ʩʦʚʧʘʜʘʝʪ ʩ ʧʫʯʢʦʤ 

X
q  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

X
j  ï 

ʬʘʢʪʦʨʥʳʡ ʧʫʯʦʢ.  

ʇʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʠʜʝʘʣʫ () (){ }0| =Í= + xfXCfM
x

, XxÍ , ʚ ()XC+
 ʦʧʨʝʜʝʣʠʤ 

ʦʪʥʦʰʝʥʠʝ ʢʦʥʛʨʫʵʥʪʥʦʩʪʠ 
xM

r : 

()XCgf +Í" , : gf
xM

r , ʦʟʥʘʯʘʝʪ, ʯʪʦ () 0>$ xh , ʯʪʦ ghfh= . 

ɼʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ ()XCf +Í  ʝʝ ʢʣʘʩʩ ʢʦʥʛʨʫʵʥʪʥʦʩʪʠ 

[] () ()()( ){ }ghfhʠxhXChXCgf
xM

=>Í$Í= ++ 0:
r

. 

ʆʪʢʨʳʪʦʝ ʩʝʤʝʡʩʪʚʦ ʢʦʥʛʨʫʵʥʮʠʡ ( )
xM

r  ʧʦ ʚʩʝʤ XxÍ  ʧʦʨʦʞʜʘʝʪ ʬʘʢʪʦʨʥʳʡ ʧʫʯʦʢ 

X
Ů ʧʦʣʫʢʦʣʝʮ ()

xM
XC r/+

 ʥʘʜ X  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʬʘʢʪʦʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

() ( )
X

XC ea ɻ:
2

+
. ɼʣʷ ʣʶʙʳʭ ()XCgf +Í,  ʠ XxÍ  ʠʤʝʝʤ: () ff Ĕ

2
=a , 
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()[] ()
xxM M

XCfxf r
r

/Ĕ +Í=  ʠ () ()xgxf ĔĔ =  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʬʫʥʢʮʠʷ 

()XCh +Í , ʯʪʦ () 0>xh  ʠ ghfh= . 

ʊʘʢ ʢʘʢ { }Xx
xM
Í:r1  ï ʵʪʦ ʥʫʣʝʚʘʷ ʢʦʥʛʨʫʵʥʮʠʷ, ʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

2
a  ʪʦʯʥʦ. ʀʟ 

ʬʘʢʪʦʨʥʦʩʪʠ ʧʫʯʢʘ ʩʣʝʜʫʝʪ ʧʦʣʥʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
2
a. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

2
a  ï ʠʟʦʤʦʨʬʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʫʢʦʣʴʮʘ ()XC+
 ʚ ʧʫʯʢʝ 

X
Ů ʧʦʣʫʢʦʣʝʮ ()

xM
XC r/+

. 

ʃʝʤʤʘ 3. ɼʣʷ ʣʶʙʦʡ ʪʦʯʢʠ XxÍ  ʪʠʭʦʥʦʚʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ X  ʢʦʥʛʨʫʵʥʮʠʠ 

( )
x

Or  ʠ 
xM

r ʩʦʚʧʘʜʘʶʪ. 

ʇʨʝʜʣʦʞʝʥʠʝ 1. ɼʣʷ ʣʶʙʦʛʦ ʪʠʭʦʥʦʚʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ X  ʧʫʯʢʠ 
X
q , 

X
e  ʠ 

X
j  

ʩʦʚʧʘʜʘʶʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʟʦʤʦʨʬʥʳʤʠ. 

ʊʠʭʦʥʦʚʦʩʪʴ ʙʘʟʠʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ X  ʜʘʝʪ ʩʦʚʧʘʜʝʥʠʝ ʚʩʝʭ ʪʨʝʭ ʧʫʯʢʦʚ, ʧʦʵʪʦʤʫ 

ʜʘʣʝʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʪʠʭʦʥʦʚʩʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʫʯʦʢ 
X
j . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ XxÍ  ʩʣʦʡ ʧʫʯʢʘ ʷʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʪʠʚʥʳʤ, ʘʜʜʠʪʠʚʥʦ 

ʩʦʢʨʘʪʠʤʳʤ ʧʦʣʫʢʦʣʴʮʦʤ ()
x

XC+
 ʩ ʝʜʠʥʠʮʝʡ. ɼʘʣʝʝ ʧʝʨʝʯʠʩʣʠʤ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʢʦʣʴʮʘ ()
x

XC+
 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʪʦʯʢʠ x . 

ʅʘʧʦʤʥʠʤ, ʪʦʯʢʘ x  ʧʨʦʩʪʨʘʥʩʪʚʘ X  ʥʘʟʳʚʘʝʪʩʷ P-ʪʦʯʢʦʡ, ʝʩʣʠ ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ 

()XCf +Í  ʠʟ ()fZxÍ  ʩʣʝʜʫʝʪ ()fZx 0Í . ʊʦʯʢʘ x  ʧʨʦʩʪʨʘʥʩʪʚʘ X  ʥʘʟʳʚʘʝʪʩʷ F-

ʪʦʯʢʦʡ, ʝʩʣʠ ʜʣʷ ʣʶʙʳʭ ʬʫʥʢʮʠʠ ()XCgf +Í,  ʠʟ ʪʦʛʦ, ʯʪʦ ʪʦʯʢʘ ( )gfZx ÖÍ 0
, ʩʣʝʜʫʝʪ 

ʯʪʦ ()fZx 0Í  ʠʣʠ ()gZx 0Í . 

ʇʨʝʜʣʦʞʝʥʠʝ 2. ɼʣʷ ʣʶʙʦʡ ʪʦʯʢʠ XxÍ  ʵʢʚʠʚʘʣʝʥʪʥʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 1) 

x  ï P-ʪʦʯʢʘ; 2) 
x

O  ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʜʝʘʣ ʚ ()XC+
; 3) () ++ @RXC

x ; 4) ()
x

XC+
 ï 

ʧʦʣʫʧʦʣʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 3 Ý  4. 

1 Ý  2. ʇʫʩʪʴ x  ï P-ʪʦʯʢʘ ʠ xM . ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʤʘʢʩʠʤʘʣʴʥʦʩʪʠ ʠʜʝʘʣʘ 
x

O , ʥʘʜʦ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ 
xx

MO = . ʃʶʙʘʷ ʬʫʥʢʮʠʷ f  ʠʟ 
x

M  ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ ʥʝ ʪʦʣʴʢʦ ʚ ʪʦʯʢʝ x, ʥʦ 

ʠ ʚ ʥʝʢʦʪʦʨʦʡ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ U. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
x

Of Í . ɺ ʩʠʣʫ ʧʨʦʠʟʚʦʣʴʥʦʩʪʠ f  

ʧʦʣʫʯʠʤ 
xx

MO Ì . 

2 Ý  3. ʈʘʩʩʤʦʪʨʠʤ ʦʪʦʙʨʘʞʝʥʠʝ () ++ RXC
z

:j , ʧʨʠ ʢʦʪʦʨʦʤ []( ) rf =j , ʠ 

ʜʦʢʘʞʝʤ ʯʪʦ j ʷʚʣʷʝʪʩʷ ʠʟʦʤʦʨʬʠʟʤʦʤ. ʇʫʩʪʴ []( )
11
rf =j  ʠ []( )

22
rf =j . ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʝʩʣʠ 
21

rr = , ʪʦ 
21

ff =  ʥʘ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ, ʪʦ ʝʩʪʴ [][]
21

ff = . ɿʥʘʯʠʪ, j ʠʥʲʝʢʪʠʚʥʦ. 

ʌʫʥʢʮʠʷ-ʢʦʥʩʪʘʥʪʘ r, ʧʨʠʥʠʤʘʶʱʘʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ X  ʬʠʢʩʠʨʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ 
+ÍRr , ʧʦʨʦʞʜʘʝʪ ʢʣʘʩʩ ʢʦʥʛʨʫʵʥʪʥʦʩʪʠ []r . ʆʯʝʚʠʜʥʦ, ʯʪʦ []() r=rj . ɿʥʘʯʠʪ, j 

ʩʶʨʲʝʢʪʠʚʥʦ. ʊʘʢ ʢʘʢ j ʩʦʭʨʘʥʷʝʪ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ ʪʦ j ʷʚʣʷʝʪʩʷ 

ʛʦʤʦʤʦʨʬʠʟʤʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, j ï ʠʟʦʤʦʨʬʠʟʤ. 

4 Ý  1. ʇʨʝʜʧʦʣʦʞʠʤ ʦʪ ʧʨʦʪʠʚʥʦʛʦ, ʯʪʦ 
p

Of Î . ʊʦʛʜʘ [] 0̧f  ʚ ʧʦʣʫʧʦʣʝ ()
x

XC+
, 

ʧʦʵʪʦʤʫ [][][]1=Ögf  ʜʣʷ ()XCg +Í . ʀʤʝʝʤ ( )1
x

Ogf rÖ , ʪʦ ʝʩʪʴ 1=Ögf  ʥʘ ʥʝʢʦʪʦʨʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ x. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, () 0̧xf . ʇʨʦʪʠʚʦʨʝʯʠʝ. 
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ʇʨʝʜʣʦʞʝʥʠʝ 3. ɼʣʷ ʣʶʙʦʡ ʪʦʯʢʠ XxÍ  ʵʢʚʠʚʘʣʝʥʪʥʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 1) 

x  ʷʚʣʷʝʪʩʷ F-ʪʦʯʢʦʡ; 2) 
x

O  ï ʧʨʦʩʪʦʡ ʠʜʝʘʣ ʚ ()XC+
; 3) ʧʦʣʫʢʦʣʴʮʦ ()

x
XC+

 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦ ʩʦʢʨʘʪʠʤʦ; 4) ()
x

XC+
 ï ʧʦʣʫʧʦʣʝ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 1 Ý  2. 

2.Ý  3. ʇʫʩʪʴ ʚʳʧʦʣʥʷʝʪʩʷ [][][][]hghf Ö=Ö  ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ [][][] ()
x

XChgf +Í,,

, 
p

OhÎ . ʆʪʩʶʜʘ ʠʤʝʝʤ [ ][ ]hghf Ö=Ö . ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ hgf Ö- , ʢʦʪʦʨʘʷ ʨʘʚʥʘ 

ʥʫʣʶ ʥʘ ʦʢʨʝʩʪʥʦʩʪʠ U  ʪʦʯʢʠ x. ʊʘʢ ʢʘʢ x  ï ʵʪʦ F-ʪʦʯʢʘ, ʪʦ ʠʟ ʪʦʛʦ, ʯʪʦ ( )hgfZx Ö-Í 0
 

ʩʣʝʜʫʝʪ ( )gfZx -Í 0
 ʠʣʠ ()hZx 0Í . ʅʦ 

p
OhÎ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

p
Ogf Í- , ʪʦ ʝʩʪʴ 

0=-gf  ʥʘ ʦʢʨʝʩʪʥʦʩʪʠ U  ʪʦʯʢʠ x. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
UU

gf =  ʠ [][]gf = . 

3. Ý  4. ɺʳʧʦʣʥʷʝʪʩʷ ʚ ʣʶʙʦʤ ʧʦʣʫʢʦʣʴʮʝ. 

4. Ý  1. ʇʫʩʪʴ ʧʦʣʫʢʦʣʴʮʦ ()
x

XC+
 ʙʝʟ ʜʝʣʠʪʝʣʝʡ ʥʫʣʷ, ʪʦ ʝʩʪʴ ʝʩʣʠ ( )gfZx ÖÍ 0

, ʪʦ 

()fZx 0Í  ʠʣʠ ()gZx 0Í  ʜʣʷ ʣʶʙʳʭ ()XCgf +Í, . ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ x  ʷʚʣʷʝʪʩʷ F-

ʪʦʯʢʦʡ. 

ʇʨʝʜʣʦʞʝʥʠʝ 4. ʊʠʭʦʥʦʚʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ X  ʷʚʣʷʝʪʩʷ P-ʧʨʦʩʪʨʘʥʩʪʚʦʤ (F-

ʧʨʦʩʪʨʘʥʩʪʚʦʤ) ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʣʦʠ ʧʫʯʢʘ ʨʦʩʪʢʦʚ ʥʘʜ X  ʠʟʦʤʦʨʬʥʳ 

ʧʦʣʫʧʦʣʶ 
+R  (ʷʚʣʷʶʪʩʷ ʧʦʣʫʢʦʣʴʮʘʤʠ ʙʝʟ ʜʝʣʠʪʝʣʝʡ ʥʫʣʷ). 

ʕʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʚʳʪʝʢʘʝʪ ʠʟ ʧʨʝʜʣʦʞʝʥʠʡ 2 ʠ 3. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

 

1. ɺʘʨʘʥʢʠʥʘ ɺ. ʀ., ɺʝʯʪʦʤʦʚ ɽ. ʄ., ʉʝʤʝʥʦʚʘ ʀ. ɸ., ʇʦʣʫʢʦʣʴʮʘ ʥʝʧʨʝʨʳʚʥʳʭ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ: ʜʝʣʠʤʦʩʪʴ, ʠʜʝʘʣʳ, ʢʦʥʛʨʫʵʥʮʠʠ // ʌʫʥʜʘʤ. ʠ ʧʨʠʢʣ. ʤʘʪʝʤʘʪʠʢʘ. 

1998. ʊ. 4, ˉ 2. C. 493-510. 

2. ʐʘʣʘʛʠʥʦʚʘ ʅ. ɺ. ʊʨʠ ʧʫʯʢʘ ʧʦʣʫʢʦʣʝʮ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ // ʂʘʟʘʥʴ, ʊʨʫʜʳ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʠʤʝʥʠ ʅ. ʀ. ʃʦʙʦʯʝʚʩʢʦʛʦ: ʄʘʪʝʨʠʘʣʳ ɼʝʚʷʪʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʥʘʫʯʥʦʡ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ çʃʦʙʘʯʝʚʩʢʠʝ ʯʪʝʥʠʷ ï 2010è. 2010. ʊ. 40. ʉ. 367-372. 

3. Vechtomov E. M. Rings of continuous functions with values in topologicals division ring // 

J.Math.Sci. 1996, V. 78, ˉ 6, P. 702-753. 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

44 

ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 
05.02.13 

 

ɸ. ʉ. ɸʣʝʭʠʥ, ʉ. ʅ. ɸʣʝʭʠʥ ʢ.ʪ.ʥ., ʉ. ʇ. ʇʝʪʨʦʩʦʚ ʜ.ʪ.ʥ.,  

ɺ. ɻ. ʌʝʪʠʩʦʚ ʜ.ʬ.-ʤ.ʥ., ʀ. ɺ. ʌʝʪʠʩʦʚ 

 

ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʩʝʨʚʠʩʘ, 

ʬʘʢʫʣʴʪʝʪ ʤʝʭʘʥʠʢʦ-ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ, 

ʢʘʬʝʜʨʘ ʤʘʰʠʥʳ ʠ ʘʧʧʘʨʘʪʳ ʙʳʪʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʈʦʩʩʠʷ, ʐʘʭʪʳ, 

alex_cn@mail.ru  

 

ʊɽʆʈɽʊʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ɸʄʇʃʀʊʋɼ ʉʃʋʏɸʁʅʓʍ ʂʆʃɽɹɸʅʀʁ 

ʇʆɼɺɽʉʅʆʁ ʏɸʉʊʀʉʊʀʈɸʃʔʅʓʍ ʄɸʐʀʅ ʇʈʀ ʆʊɾʀʄɽ 

 
ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ 

ʮʝʥʪʨʘ ʤʘʩʩ ʠʟʜʝʣʠʡ ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʝʩʥʦʡ 

ʯʘʩʪʠ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ, ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʮʝʥʪʨʘ ʤʘʩʩ ʠʟʜʝʣʠʡ, ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʝʩʥʦʡ ʯʘʩʪʠ. 

 

ʉʪʠʨʘʣʴʥʳʝ ʤʘʰʠʥʳ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʚʠʙʨʦʘʢʪʠʚʥʳʭ 

ʠʟʜʝʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʙʦʪʢʦʡ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʦʤʤʫʥʘʣʴʥʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ-ʧʨʘʯʝʯʥʳʭ ʠ ʚ ʮʝʣʦʤ ʚ ʩʬʝʨʝ ʩʝʨʚʠʩʘ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ ʧʨʠ ʦʪʞʠʤʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʝʤʳʡ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʢʩʪʠʣʴʥʳʭ 

ʠʟʜʝʣʠʡ ʧʦ ʦʙʝʯʘʡʢʝ ʩʪʠʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. 

ɸʥʘʣʠʟ ʨʘʙʦʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʜʠʩʢʨʝʪʥʳʝ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ, ʘ ʫʯʝʪ ʩʣʫʯʘʡʥʦʛʦ ʬʘʢʪʦʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʟʫʯʝʥ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ [3] ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʯʘʝʪʩʷ, çéʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ, ʘ ʤʝʪʦʜʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʦʥʷʪʠʠ ʜʝʪʝʨʤʠʥʠʟʤʘ, ʥʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʦʙʲʷʩʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʙʦʪʝ ʧʨʠʙʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʘʭéè, ʘ 

ʪʘʢʞʝ çéʢʦʛʜʘ ʥʘ ʩʠʩʪʝʤʫ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʣʫʯʘʡʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʘ ʩʪʘʥʦʚʷʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤʠ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʜʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʝʪʦʜʳè. 

ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ ʧʨʠ ʦʪʞʠʤʝ. 

ɺ ʨʘʙʦʪʝ [4] ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʜʝʣʠʡ ʧʦ ʦʙʝʯʘʡʢʝ ʩʪʠʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʧʨʠ ʩʣʫʯʘʡʥʳʭ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʷʚʣʷʝʪʩʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʮʝʥʪʨʘ ʤʘʩʩ ʠʟʜʝʣʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʨʠʚʝʜʝʥʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʮʝʥʪʨʘ ʤʘʩʩ 

ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʦʪʞʠʤʝ, ʦʜʥʘʢʦ, ʦʥʠ ʥʝ ʦʪʨʘʞʘʶʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ: reå0.04Dɹ, ʛʜʝ Dɹ ï ʜʠʘʤʝʪʨ ʩʪʠʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥ. 

ɿʥʘʯʝʥʠʷ ʞʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʳ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʨʝʞʠʤʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʚ ʨʘʙʦʪʝ [3]. ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ 
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ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʫʯʝʪʘ ʫʩʣʦʚʠʡ ʩʣʫʯʘʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʜʝʣʠʡ ʧʦ ʦʙʝʯʘʡʢʝ ʙʘʨʘʙʘʥʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ɼʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʢʦʣʝʙʘʥʠʷ ʧʦʜʚʝʩʥʦʡ ʯʘʩʪʠ ʩʪʠʨʘʣʴʥʳʭ 

ʤʘʰʠʥ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʚʳʨʘʙʦʪʘʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ 

ʧʦ ʩʥʠʞʝʥʠʶ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥ ʧʨʠ ʦʪʞʠʤʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʮʝʥʪʨʘ ʤʘʩʩ ʠʟʜʝʣʠʡ ʩ ʫʯʝʪʦʤ ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʦʪʞʠʤʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʠʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ. ʄʝʪʦʜʠʢʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ rʝ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ Dɹ ï ʜʠʘʤʝʪʨ ʙʘʨʘʙʘʥʘ, dʙ ï ʜʠʘʤʝʪʨ ʦʢʨʫʞʥʦʩʪʠ ʩ ʮʝʥʪʨʦʤ ʆ1 ʩʝʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʝʢʩʪʠʣʴʥʳʤʠ ʠʟʜʝʣʠʷʤʠ (ʙʝʣʴʝʤ) ʧʨʠ ʦʪʞʠʤʝ; lʆʆ1 ï 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʩ ʮʝʥʪʨʦʤ ʦʢʨʫʞʥʦʩʪʠ ʆ ʠ ʮʝʥʪʨʦʤ ʦʢʨʫʞʥʦʩʪʠ 

ʆ1 ʩʝʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʜʝʣʠʷʤʠ. 

ɺʭʦʜʷʱʠʝ ʚ ʬʦʨʤʫʣʫ (1) ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 
(1)

iʙV = ( )ip

ʙo em
001033.0

5461.04545.00133.0
-

+ ,  (2) 

ʛʜʝ Vʙi ï ʦʙʲʝʤ ʠʟʜʝʣʠʡ ʚ ʙʘʨʘʙʘʥʝ ʚ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʪʞʠʤʘ; mʙʦ ï ʤʘʩʩʘ ʠʟʜʝʣʠʡ ʚ 

ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ; ʨi ï ʜʘʚʣʝʥʠʝ ʥʘ ʠʟʜʝʣʠʷ ʚ ʙʘʨʘʙʘʥʝ ʧʨʠ ʦʪʞʠʤʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ 

ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʘʧʘʟʦʥʳ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʳ ʠʟʜʝʣʠʡ ʧʨʠ ʦʪʞʠʤʝ ʚ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʳ Electrolux 

EWS 1105. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʜʠʘʧʘʟʦʥ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʨʠ ʟʘʛʨʫʟʢʝ ʙʘʨʘʙʘʥʘ ʠʟʜʝʣʠʷʤʠ ʤʘʩʩʦʡ 2 

ʢʛ. 

 
 

ʈʠʩ. 1- ɼʠʘʧʘʟʦʥ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʡʥʳʭ 

ʟʥʘʯʝʥʠʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʨʠ ʟʘʛʨʫʟʢʝ ʙʘʨʘʙʘʥʘ ʠʟʜʝʣʠʷʤʠ ʤʘʩʩʦʡ 2 ʢʛ. 

0

0,01

0,02

0,03

0,04

0,05

0,06

0,07

˭
ͤ
͊
;
͔
ͤ
͙
͔
 
Ή
͟
ͫ
ͼ
͔
ͤ
ͭ
ͪ
͙
ͫ
͙
ͭ
͔
ͭ
͊
Σ
 
͔

 

ˤ͔ͪͣΎ ͙ͦͭ͗ͣ͊Σ ͫ 



 
 

46 

ʅʠʞʝ, ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʟʥʘʯʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʤʘʩʩʳ ʠʟʜʝʣʠʡ ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʦʪʞʠʤʘ. 

 
 

ʈʠʩ. 2- ɻʨʘʬʠʢʠ ʟʥʘʯʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʝʣʠʯʠʥʘʭ ʤʘʩʩʳ ʠʟʜʝʣʠʡ. 
 
ʈʘʩʯʝʪʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ ʠʟʜʝʣʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ. 

ɿʥʘʷ ʜʠʘʧʘʟʦʥ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʣʷ ʟʘʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʤʘʩʩʳ 

ʠʟʜʝʣʠʡ, ʨʘʟʤʝʨʦʚ ʩʪʠʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ ʠ ʯʘʩʪʦʪʳ ʝʛʦ ʚʨʘʱʝʥʠʷ, ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʣʫʯʘʡʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʦʜʚʝʩʥʫʶ ʯʘʩʪʴ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ. ʉ ʫʯʝʪʦʤ 

ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʙʨʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʝʩʥʦʡ ʯʘʩʪʠ ʧʨʠ 

ʦʪʞʠʤʝ ʚ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʝ Electrolux EWS 1105 ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ 

ʧʦʜʚʝʩʢʠ. 

ʅʘ ʨʠʩ. 3 ʠ 4 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʛʨʘʬʠʢʠ ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʝʩʥʦʡ ʯʘʩʪʠ ʩʪʠʨʘʣʴʥʳʭ 

ʤʘʰʠʥ ʚ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʪʞʠʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʳ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʠʟʜʝʣʠʡ, ʛʜʝ ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʘ ʥʘ ʨʠʩ. 4 ï

ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʠ ʧʦʚʝʜʝʥʠʝ ʢʨʠʚʳʭ 

ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʩʪʠʨʘʣʴʥʳʭ 

ʤʘʰʠʥ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʧʨʠ ʦʪʞʠʤʝ, ʛʜʝ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 5.2 %. 
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˭͎͊ͪͯ͊͘͟ лΦп ͎͟ 

˭͎͊ͪͯ͊͘͟ лΦу ͎͟ 

˭͎͊ͪͯ͊͘͟ мΦн ͎͟ 

˭͎͊ͪͯ͊͘͟ мΦс ͎͟ 

˭͎͊ͪͯ͊͘͟ н ͎͟ 

˭͎͊ͪͯ͊͘͟ нΦп ͎͟ 

˭͎͊ͪͯ͊͘͟ нΦу ͎͟ 

˭͎͊ͪͯ͊͘͟ оΦн ͎͟ 
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ʈʠʩ. 3- ɺʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʝʩʥʦʡ ʯʘʩʪʠ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ 

ʧʨʠ ʦʪʞʠʤʝ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. 

 

 

ʈʠʩ. 4 - ɺʠʙʨʦʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʝʩʥʦʡ ʯʘʩʪʠ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ 

ʧʨʠ ʦʪʞʠʤʝ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ. 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ 

ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ ʩ ʫʯʝʪʦʤ 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʩʪʠʨʢʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʠʨʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʘ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʙʘʟʦʚʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʘ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ ʩʥʠʞʝʥʠʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʠʭ ʧʦʜʚʝʩʥʦʡ ʯʘʩʪʠ.  
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸʑʀʊʅʆɻʆ ʇʆʂʈʓʊʀʗ ɼʃʗ 

ʋɻʃɽʈʆɼ-ʋɻʃɽʈʆɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ  ʧʨʝʜʩʪʘʚʣʝʥ  ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʟʘʱʠʪʳ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʋʋʂʄ). ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʱʠʪʥʳʤ ʧʦʢʨʳʪʠʷʤ 

ʜʣʷ ʋʋʂʄ. ʈʘʟʨʘʙʦʪʘʥʦ  ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʨʦʟʠʦʥʥʫʶ 

ʟʘʱʠʪʫ ʜʣʷ ʋʋʂʄ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ  ʜʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʙʦʣʝʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ, ʯʝʤ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʋʋʂʄ), ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʂʊʃʈ), ʵʨʦʟʠʷ. 

 

ʇʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ 

ʜʣʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚ 

ʩʚʷʟʠ ʩ ʠʤʝʶʱʝʡʩʷ ʧʦʪʨʝʙʥʦʩʪʴʶ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʩʧʦʩʦʙʥʳʭ 

ʨʘʙʦʪʘʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʦʭʨʘʥʷʷ ʧʨʦʯʥʦʩʪʴ.  

ʉʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʦʢʨʳʪʠʡ ʜʣʷ ʪʘʢʠʭ  ʤʘʪʝʨʠʘʣʦʚ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʩʘʤʦʛʦ ʫʛʣʝʨʦʜʘ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

ʚʳʩʦʢʦʡ ʦʢʠʩʣʷʝʤʦʩʪʴʶ, ʥʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 200-300
0
ʉ.  

ʉʣʦʡ ʧʦʢʨʳʪʠʷ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʡ ʩ ʫʛʣʝʨʦʜʦʤ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʩʚʦʡʩʪʚ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʢʨʳʪʠʶ ʩʣʝʜʫʶʱʠʝ: 

1) ɺʳʩʦʢʘʷ ʘʜʛʝʟʠʷ ʢ ʫʛʣʝʨʦʜʥʦʡ ʦʩʥʦʚʝ; 

2) ʍʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʫʛʣʝʨʦʜʦʤ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ; 

3) ʉʣʘʙʘʷ ʜʠʬʬʫʟʠʷ ʫʛʣʝʨʦʜʘ ʯʝʨʝʟ ʜʝʤʧʬʠʨʫʶʱʠʡ ʩʣʦʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʨʳʪʠʷ. 

ʄʥʦʛʠʝ ʫʯʝʥʳʝ ʩʝʡʯʘʩ ʪʨʫʜʷʪʩʷ ʥʘʜ ʨʝʰʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ ʠ ʩʦʟʜʘʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʋʋʂʄ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʚʳʩʠʪʴ 

ʩʪʦʡʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʋʋʂʄ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ  ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʷ/ʩʠʣʠʢʘʪ ʠʪʪʨʠʷ/ʩʪʝʢʣʦ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʪʝʭʥʦʣʦʛʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʦʛʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠ ʩʧʝʢʘʥʠʷ. ɺ 

ʪʝʯʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʷ  ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʷʚʣʷʶʪʩʷ 

ʣʫʯʰʠʤ ʩʚʷʟʫʶʱʠʤ ʩʣʦʝʤ ʤʝʞʜʫ ʋʋʂʄ ʠ ʚʥʝʰʥʠʤ ʢʝʨʘʤʠʯʝʩʢʠʤ ʩʣʦʝʤ.   

ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʦʩʘʞʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʟʘʱʠʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʘ ʋʋʂʄ. ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʘʚʪʦʨʦʚ ʣʫʯʰʠʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʢʨʳʪʠʷ ʜʣʷ ʟʘʱʠʪʳ 

ʋʋʂʄ ʷʚʣʷʝʪʩʷ ʩʠʣʠʢʘʪ ʠʪʪʨʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʦʢʨʳʪʠʷ: 

ï ʧʝʨʚʳʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʯʘʩʪʠʮʳ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ ʚ ʩʦʜʝʨʞʘʱʝʤ ʙʘʨʠʡ ʠ ʙʦʨ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʤ ʩʪʝʢʣʝ; 

ï ʚʪʦʨʦʡ (ʚʥʝʰʥʠʡ) ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʴʶ ʠʪʪʨʠʷ ʫʢʘʟʘʥʥʦʛʦ 

ʚʳʰʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ. 
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50 

ɼʦʙʘʚʣʝʥʠʝ ʚ ʘʣʶʤʦʙʦʨʦʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ ʯʘʩʪʠʮ MoSi2 (ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ) ʠ Y2O3 

(ʚʥʝʰʥʠʡ) ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʷʟʢʦʩʪʴ ʩʪʝʢʣʷʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɺʝʨʦʷʪʥʦ ʜʘʥʥʦʝ ʧʦʢʨʳʪʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʟʘʱʠʪʫ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʨʦʟʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢ ʢʘʢ ʨʘʟʤʷʛʯʝʥʠʝ ʩʪʝʢʣʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʝʜʝʪ ʢ 

ʵʨʦʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ ʧʦʢʨʳʪʠʷ. 

ɺ ʨʘʙʦʪʝ [3] ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʋʋʂʄ 

ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʪʠʚʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʦʢʨʳʪʠʝ, ʧʨʦʠʟʚʝʜʝʥʥʦʝ ʧʦ ʤʝʪʦʜʫ ʜʚʫʭ ʵʪʘʧʥʦʡ 

ʮʝʤʝʥʪʘʮʠʠ ʚ ʘʨʛʦʥʦʚʦʡ ʘʪʤʦʩʬʝʨʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʣʷ ʋʋʂʄ, ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʦʢʠʩʣʷʝʤʦʩʪʴ ʩʣʝʜʫʶʱʠʝ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʨʦʟʠʦʥʥʦ ʩʪʦʡʢʠʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ (ʪʘʙʣʠʮʘ ). 

 

çʊʘʙʣʠʮʘè - ɺʘʨʠʘʥʪʳ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʪʝʨʤʦʵʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʋʋʂʄ  

ˉ ʧ/ʧ ʉʦʩʪʘʚ ʧʦʢʨʳʪʠʷ 

1 C-C+SiC+Al2O3+ʉʪʝʢʣʦ+Al2O3+ʉʪʝʢʣʦ 

2 C-C+Al2O3+ɹʫʨʘ 

3 ʉ-ʉ+ZC+NiO 

4 ʉ-ʉ+SiC+ɹʫʨʘ+NbC+C2O3+Al+Al 2O3 

5 C-C+SiC+ʉʪʝʢʣʦ+Al2O3 

6 ʉ-ʉ+SiC+ɹʫʨʘ+NbC+C2O3+Al+Al 2O3 ʚ ʧʝʯʠ 

7 ʉ-ʉ+SiC+ʰʧʠʥʝʣʴ+10%Al 

8 C-C+SiC+Al2O3 

9 C-C+SiC ʚ ʧʝʯʠ ʙʝʟ ʧʦʢʨʳʪʠʷ 

 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʋʋʂʄ ʜʦʣʞʥʦ ʨʘʙʦʪʘʪʴ ʚ ʘʛʨʝʩʩʠʚʥʦʡ 

ʩʨʝʜʝ, ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ, ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʧʣʠʚ ʠ ʩʦʣʠ, ʟʘʥʦʩʠʤʳʝ ʚ 

ʜʚʠʛʘʪʝʣʴ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɸ ʪʘʢ ʞʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. 

ɺʩʝ ʵʪʦ ʬʦʨʤʠʨʫʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʱʠʪʥʦʤʫ ʧʦʢʨʳʪʠʶ ʥʘ ʋʋʂʄ. 

ʇʦʵʪʦʤʫ ʧʦʢʨʳʪʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʤʥʦʛʦʩʣʦʡʥʳʤ ʠ ʚʳʧʦʣʥʷʪʴ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʟʘʱʠʪʫ  ʋʋʂʄ ʦʪ ʦʢʠʩʣʝʥʠʷ ʠ ʵʨʦʟʠʦʥʥʦʛʦ 

ʠʟʥʦʩʘ. ɸʚʪʦʨʘʤʠ  ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ  (ʨʠʩ. 1).  

 

 

 

 

 

 

 

 

 



 
 

51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1- ʉʭʝʤʘ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

ʊʨʝʙʦʚʘʥʠʷʤ ʢ ʜʝʤʧʬʠʨʫʶʱʝʤʫ ʩʣʦʶ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʷ (SiC). ʂʘʢ ʧʨʘʚʠʣʦ, ʜʝʤʧʬʠʨʫʶʱʠʡ ʩʣʦʡ ʧʦʣʫʯʘʶʪ ʣʠʙʦ ʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, 

ʣʠʙʦ ʭʠʤʠʯʝʩʢʠʤ ʦʩʘʞʜʝʥʠʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ (ʜʣʷ ʨʘʙʦʪʳ ʜʦ 1300 
0
ʉ) ʤʦʞʥʦ ʚʟʷʪʴ 

Al 2O3 ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʣʝʛʢʦʧʣʘʚʢʠʤ ʙʦʨʦʩʠʣʠʢʘʪʥʳʤ ʩʪʝʢʣʦʤ. Al2O3 ʫʩʪʦʡʯʠʚ ʚ ʚʦʟʜʫʰʥʦʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʢʨʳʪʠʝ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʝʩʫʨʩ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ  ʧʨʠʤʝʥʝʥʠʷ Al2O3  

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʨʘʚʥʦʡ 2040ʉ̄ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʯʘʣʘ 

ʪʚʝʨʜʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ ʠ ʦʢʩʠʜʦʤ. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʘ 1650ʉ̄, ʯʪʦ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ. 

ɼʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʝʛʢʦʧʣʘʚʢʦʝ ʙʦʨʦʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʟʘʢʨʳʪʠʝ ʧʦʨ ʚ ʜʝʤʬʠʨʫʶʱʝʤ ʩʣʦʝ ʠ ʟʘʣʝʯʠʚʘʥʠʝ ʪʨʝʱʠʥ ʚ ʩʣʫʯʘʝ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʵʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʦʛʦ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ (ʩʣʦʠ Al2O3 ) ʠ 

ʰʣʠʢʝʨʥʳʤ ʤʝʪʦʜʦʤ (ʩʣʦʠ ʩʪʝʢʣʘ). 

ʊʘʢʘʷ ʩʭʝʤʘ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʥʘʠʣʫʯʰʝʡ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ 

ʥʘ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʵʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ (ʨʠʩ. 2.). ʅʘ ʜʘʥʥʦʤ 

ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʩ ʟʘʱʠʪʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʥʘ ʋʋʂʄ, 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ.  

ʆʮʝʥʢʘ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. 

ɼʣʷ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʠʟ ʉ/ʉ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʢʨʳʪʠʝʤ, ʠʤʝʶʱʠʝ ʨʘʟʤʝʨʳ  20Ĭ20Ĭ5 ʤʤ, 

ʧʦʤʝʱʘʣʠʩʴ ʚ  ʫʩʪʘʥʦʚʢʫ, ʛʜʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʠʩʧʳʪʘʥʠʶ ʚ ʧʦʪʦʢʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʙʝʥʟʠʥʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (1000-1200)
0
ʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 

ʧʦʪʦʢʘ 20-25 [ʤ/ʩ] ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ (4,5-5,5). 
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ʈʠʩ. 2- ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʋʋʂʄ ʩ  ʟʘʱʠʪʥʳʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ 

ʧʦʢʨʳʪʠʷʤʠ. 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ, ʤʥʦʛʦʩʣʦʡʥʦʝ 

ʪʝʨʤʦʵʨʦʟʠʦʥʥʦʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ: 

¶ ɻ ʨʦʟʠʦʥʥʦʩʪʦʡʢʠʡ ʩʣʦʡ ï Al 2O3+ʉʪʝʢʣʦ  

¶ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ï ʉʪʝʢʣʦ 

¶ ʜʝʤʧʬʠʨʫʶʱʠʡ ʩʣʦʡ ï SiC+Al2O3 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʧʦʪʦʢʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʱʠʪʳ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ 

ʵʨʦʟʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʄʘʩʩʦʚʳʡ ʫʥʦʩ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ ˉ1 ʩʦʩʪʘʚʠʣ 

1,2*10
-6

 [ʢʛ] ʟʘ 20 ʯʘʩʦʚ ʠʩʧʳʪʘʥʠʡ, ʪʝʥʜʝʥʮʠʠ ʢ ʨʦʩʪʫ ʫʥʦʩʘ ʤʘʩʩʳ ʥʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʣʝʯʠʚʘʥʠʠ ʧʦʨ ʠ ʪʨʝʱʠʥ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʘʤʠ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʨʦʟʠʦʥʥʦ ʩʪʦʡʢʦʛʦ ʧʦʢʨʳʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ, 

ʩʥʠʞʘʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ ʂʊʃʈ 

ʤʝʞʜʫ ʧʦʢʨʳʪʠʝʤ ʠ ʦʩʥʦʚʦʡ.  
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ʊɽʍʅʆʃʆɻʀʗ ʉʆɿɼɸʅʀʗ ʌʀɿʀʂʆ-ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ʉʈɽɼ 

ʅɸ ʆʉʅʆɺɽ ʇʆʉʊʈʆɽʅʀʗ ʆʇʊʀʄɸʃʔʅʓʍ ʈɽʐɽʅʀʁ  

ʆɹʈɸʊʅʓʍ ɿɸɼɸʏ 

 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʨʝʜ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʚʝʨʩʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʨʝʜʳ 

çGeoVIPè, ʘ ʪʘʢʞʝ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʚʝʨʩʠʷ, ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʨʦʛʨʘʤʤʥʳʡ 

ʨʝʜʘʢʪʦʨ çGeoVIPè. 

 

ʇʦʥʷʪʠʝ ʤʦʜʝʣʠ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʤ ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʝ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʤʳʩʣʦʚ, ʚʢʣʘʜʳʚʘʝʤʳʭ ʚ ʵʪʦ ʧʦʥʷʪʠʝ, ʩʪʦʣʴ ʚʝʣʠʢʦ, ʯʪʦ ʟʘʯʘʩʪʫʶ 

ʨʘʟʣʠʯʥʳʝ ʚʟʛʣʷʜʳ ʦʢʘʟʳʚʘʶʪʩʷ ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʤʠ. ɺ ʵʪʦʤ, ʩʦʙʩʪʚʝʥʥʦ, ʥʝ ʙʳʣʦ ʙʳ 

ʥʠʯʝʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ, ʝʩʣʠ ʙʳ ʩʦʟʜʘʪʝʣʠ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʷʣʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʥʷʪʠʷ 

ʤʦʜʝʣʝʡ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʠʭ ʦʪʥʦʰʝʥʠʝ ʢ çʨʝʘʣʴʥʦʡè ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʬʠʟʠʢʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ. ʉʤʝʰʝʥʠʝ ʵʪʠʭ ʧʦʥʷʪʠʡ ʤʦʞʝʪ ʚʝʩʪʠ ʠ ʚʝʜʝʪ ʢ ʟʘʚʝʜʦʤʦ 

ʦʰʠʙʦʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʙ ʦʪʥʦʰʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ çʤʦʜʝʣʝʡ ʩʨʝʜʳè ʢ çʤʦʜʝʣʷʤ 

ʨʝʘʣʴʥʦʡ ʩʨʝʜʳè ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʥʝʚʝʨʥʳʤ  ʚʳʚʦʜʘʤ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʇʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʦʯʝʥʴ ʤʥʦʛʦ. ʎʝʣʳʡ ʠʭ 

ʧʣʘʩʪ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ ɾʠʨʥʦʚʘ ɸ.ʄ.[1]. ʉʤʝʰʝʥʠʝ ʵʪʦ ʟʘʯʘʩʪʫʶ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʦʟʥʘʪʝʣʴʥʦ, ʚ ʨʘʩʯʝʪʝ ʥʘ ʥʝʚʣʘʜʝʥʠʝ ʛʝʦʣʦʛʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʫʪʴ ʤʝʪʦʜʦʚ,  ʤʘʩʢʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʳʤʠ 

çʟʘʢʦʚʳʨʠʩʪʳʤʠè ʥʘʟʚʘʥʠʷʤʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

çʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝè, çʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʪʦʤʦʛʨʘʬʠʷè ʠ ʧʨʦʯʠʝ. ʊʠʧʠʯʥʦʡ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ, ʚʳʧʦʣʥʷʝʤʳʭ ʛʝʦʬʠʟʠʢʦʤ, ʩʣʫʞʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʧʦʣʷ ʠ ʦʪʥʝʩʝʥʥʦʛʦ ʢ 

ʢʦʦʨʜʠʥʘʪʘʤ ʪʦʯʝʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ɺʦʟʤʦʞʥʦ, ʵʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʞʝ ʧʨʠʚʝʜʝʥʦ ʢ ʨʘʟʤʝʨʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʥʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʩʪʠ ʠʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʘʣʝʝ ʦʥʦ ʧʝʨʝʜʘʝʪʩʷ ʛʝʦʣʦʛʫ ʢʘʢ  ʨʝʟʫʣʴʪʘʪ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʟʘʯʘʩʪʫʶ ʙʝʟ ʨʘʩʢʨʳʪʠʷ ʠʩʪʠʥʥʦʡ ʩʫʪʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ. ʕʪʘ ʢʦʤʧʦʥʝʥʪʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʪʝʨʤʠʥʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʛʝʦʣʦʛʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʤʧʦʥʝʥʪʘ (ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠʙʣʠʞʝʥʥʘʷ) ʨʝʘʣʴʥʦʡ ʬʠʟʠʢʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ ï ʝʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʦʧʠʩʘʥʠʝ, ʠ ʥʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʜʝʣʘʶʪʩʷ 

ʜʘʣʝʢʦ ʠʜʫʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʚʳʚʦʜʳ. ʅʘʧʨʠʤʝʨ, ʚ ʤʦʥʦʛʨʘʬʠʠ çʃʠʪʦʩʬʝʨʘ ʊʠʤʘʥʦ-

ʉʝʚʝʨʦʫʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘè[2] ʜʝʣʘʶʪʩʷ ʚʳʚʦʜʳ ʦ ʩʪʨʦʝʥʠʠ ʥʠʞʥʝʡ ʢʦʨʳ ʨʝʛʠʦʥʘ, 

ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʚʳʜʝʣʝʥʥʳʝ ʧʣʦʪʥʦʩʪʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʢʦʨʝ çʤʝʪʦʜʦʤ 
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ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷè.  ʄʝʪʦʜ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ð ʥʝʩʦʤʥʝʥʥʦ 

ʧʦʣʝʟʥʳʡ ʧʨʠʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʥʦ ʜʣʷ ʧʦʜʦʙʥʳʭ ʚʳʚʦʜʦʚ 

ʪʨʝʙʫʝʪʩʷ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʧʨʦʚʝʨʢʫ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ð ʘ ʵʪʦ 

ʩʝʨʴʝʟʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʨʝʙʫʶʱʝʝ ʫʞʝ ʠʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʟʘʪʨʘʪ ʩʠʣ ʠ ʨʝʩʫʨʩʦʚ. ʆʰʠʙʢʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʧʦʩʪʨʦʝʥʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ (ʜʘʞʝ ʪʝʭ, ʥʘʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʝʜʠʥʩʪʚʝʥʥʦ) 

ʜʦʣʞʥʘ ʦʙʦʩʥʦʚʳʚʘʪʴʩʷ, ʘ ʥʝ ʧʨʠʥʠʤʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʧʘʜʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʝʡ, ʪʫʤʘʥʥʳʭ 

ʨʘʩʩʫʞʜʝʥʠʡ ʦ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ ʧʦʣʷ, ʧʦʜʤʝʥʷʶʱʠʭ ʧʦʥʷʪʠʝ 

ʦʩʦʙʦʡ ʪʦʯʢʠ ʩʨʝʜʳ ʥʘ ʦʩʦʙʫʶ ʪʦʯʢʫ ʧʦʣʷ. ʋʪʚʝʨʞʜʝʥʠʷ ʪʠʧʘ çʧʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʦʪʨʘʞʘʝʪ 

ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʩʪʨʦʝʥʠʷ ʩʨʝʜʳè ʙʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʵʪʦʤʫ ð ʛʨʫʙʘʷ ʦʰʠʙʢʘ, 

ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʯʘʱʝ ʚʩʝʛʦ ʣʠʰʴ ʧʦʞʝʣʘʥʠʷ, ʥʦ ʥʝ ʬʘʢʪ, ʠ ʚʚʦʜʠʪ ʚ ʟʘʙʣʫʞʜʝʥʠʷ, ʧʨʠʤʝʨʦʚ 

ʢʦʪʦʨʳʤ ʤʥʦʛʦ. ʕʪʦ ʦʙʦʩʥʦʚʘʥʠʝ ð ʦʯʝʥʴ ʩʝʨʴʝʟʥʘʷ ʟʘʜʘʯʘ, ʦʥʦ ʥʠʢʘʢ ʥʝ ʩʣʝʜʫʝʪ ʜʘʞʝ ʠʟ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ  ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʫʞ ʪʝʤ ʙʦʣʝʝ ʠʟ ʩʦʚʧʘʜʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʝʡ 

ʥʘʡʜʝʥʥʦʛʦ ʠ ʪʨʝʙʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʫʧʦʨ ʩʜʝʣʘʥ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʘʜʝʢʚʘʪʥʳʭ ʨʝʘʣʴʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʤʦʜʝʣʝʡ ʩʨʝʜ ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʙʣʶʜʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʕʪʦ 

ʪʨʝʙʦʚʘʥʠʝ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʤʦʜʝʣʠ. 

ʂʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʝʥ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʵʣʝʤʝʥʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʘʨʘʢʪʝʨʝ ʤʦʜʝʣʠ ʠʟʫʯʘʝʤʦʡ ʩʨʝʜʳ. ʆʥ ʩʦʜʝʨʞʠʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʥʝʟʠʩʝ ʠʟʫʯʘʝʤʦʛʦ  ʦʙʲʝʢʪʘ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʚʦ ʚʚʝʜʝʥʠʠ ʚ ʢʨʠʪʝʨʠʡ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʛʝʦʜʠʥʘʤʠʢʠ, ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʥʘʧʦʣʥʝʥʠʷ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʪʨʝʙʦʚʘʥʠʡ ʤʘʢʩʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʘʠʤʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ ʨʘʟʥʦʛʦ ʢʣʘʩʩʘ, ʪʨʝʙʦʚʘʥʠʡ ʙʣʠʟʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʤʦʜʝʣʠ ʢ ʧʨʠʥʷʪʳʤ ʥʫʣʝʚʳʤ ʧʨʠʙʣʠʞʝʥʠʷʤ ʩ ʫʯʝʪʦʤ ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʫʩʣʦʚʠʡ ʩʦʙʣʶʜʝʥʠʷ ʜʨʫʛʠʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. ɺʚʝʜʝʥʠʝ ʪʘʢʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʧʦʣʫʯʘʝʤʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʜʝʣʴ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʫʩʣʦʚʠʝ 

ʩʦʙʣʶʜʝʥʠʷ ʧʦʣʷ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʠ ʥʘʠʣʫʯʰʝʡ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʜʣʷ 

ʚʚʝʜʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʠʟʣʦʞʝʥʳ 

ʚ ʨʘʙʦʪʘʭ [3], [4] ʠ ʩʦʩʪʦʷʪ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ: 

)()]([ 0suvA =s ; 

0]v),([ =X vs ; 

Mv Í)(s ; 

[ ] min)( vJs . 

ɿʜʝʩʴ )()]([ 0suvA =s ð ʫʨʘʚʥʝʥʠʝ ʦʧʨʝʜʝʣʷʶʱʝʝ ʪʨʝʙʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʝʣʠ 

)(vs ʟʘʜʘʥʥʦʤʫ ʧʦʣʶ )( 0su ; 0]v),([ =X vs ð ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʠ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʡʩʪʚʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩ 

ʧʘʨʘʤʝʪʨʦʤ v. ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʝʱʝʩʪʚʘ ʩ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ v . 

ʊʨʝʙʦʚʘʥʠʝ Mv Í)(s ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʣʘʩʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʤʥʦʛʦʦʙʨʘʟʠʝʤ M , 

ʠ ʪʨʝʙʦʚʘʥʠʝ [ ] min)( vJs ʬʠʢʩʠʨʫʝʪ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʜʣʷ ʠʩʢʦʤʦʡ ʤʦʜʝʣʠ 

ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ ʠ ʨʘʥʞʠʨʦʚʘʥʥʳʝ ʤʝʨʳ 

ʫʢʣʦʥʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

ʉʦʚʤʝʩʪʥʦʩʪʴ ʫʩʣʦʚʠʡ ʠ ʨʘʟʨʝʰʠʤʦʩʪʴ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʠʭ ʧʨʠʙʣʠʞʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ, 

ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʝʣʠ ʩʣʫʞʘʪ ʪʨʝʙʦʚʘʥʠʷ ʝʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʘʥʥʳʤ ʦ 

ʩʪʨʦʝʥʠʠ ð ʛʝʥʝʟʠʩʝ, ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ, ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠ, 
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ʩʦʙʩʪʚʝʥʥʦ, ʪʨʝʙʦʚʘʥʠʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʣʶ ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ çʰʪʨʠʭʘè, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʚʩʝʡ ʵʪʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʠ ʨʘʟʥʦʨʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʙʣʶʜʝʥʠʝ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʣʣʝʢʪʠʚʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ  ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʚʫʤʝʨʥʦʛʦ 

ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ. ʇʦʜʦʙʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʥʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ ʩʨʝʜ, ʘ ʪʘʢʞʝ ʦʙʲʝʜʠʥʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʨʷʜʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʋʭʪʠʥʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ, ʚ ʝʜʠʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʟʘʜʘʯ ʚ ʋɻʊʋ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʛʨʘʤʤ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ GCIS 

(Geophysical Complex Interpretation System, ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ), ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʝʢʪʦʨʠʟʘʮʠʠ ʨʘʩʪʨʦʚʳʭ ʢʘʨʪ, ʠʥʞʝʥʝʨʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ, ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ. ʉʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʝʩʧʝʯʠʪ ʧʦʣʥʦʮʝʥʥʦʝ ʧʣʦʩʢʦʝ ʠ ʪʨʝʭʤʝʨʥʦʝ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʙʝʟ ʠʟʜʝʨʞʝʢ ʥʘ 

ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʙʳʯʥʦ ʜʣʷ ʠʥʪʝʨ- ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʘʥʥʳʭ ʚ ʧʦʜʦʙʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, 

ʥʝ ʫʯʠʪʳʚʘʶʱʠʝ ʘʧʨʠʦʨʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ. ʆʜʥʘ ʠʟ ʟʘʜʘʯ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ð ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʚʳʧʦʣʥʷʪʴ ʚʟʘʠʤʥʫʶ ʫʚʷʟʢʫ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ. 

ʆʩʥʦʚʦʡ ʩʦʟʜʘʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʩʣʫʞʠʪ ʨʝʜʘʢʪʦʨ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ GeoVIP, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʣʣʝʢʪʠʚʦʤ ʣʘʙʦʨʘʪʦʨʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ ʋɻʊʋ. ʈʝʜʘʢʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʤʦʜʫʣʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʦʙʱʝʡ ʙʘʟʦʡ 

ʜʘʥʥʳʭ ʠ ʝʜʠʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʜʘʢʪʦʨʘ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʥʘʣʦʛʠ ʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʦʜʫʣʠ (ʨʠʩ. 1). 
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ʈʠʩ. 1 ð ʄʦʜʫʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʜʘʢʪʦʨʘ çGeoVIPè. 

 

ɺ ʙʣʦʢʝ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʩʥʦʚʥʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʚʦʜ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʧʨʦʬʠʣʝʡ, ʧʣʘʩʪʦʚ, ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʪ ʠ ʜʨʫʛʠʭ) ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʧʦ ʧʨʦʬʠʣʷʤ, 

ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʢʚʘʞʠʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʯʠʭ) ʧʦ ʵʪʠʤ ʦʙʲʝʢʪʘʤ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʜʫʣʠ ʧʦʟʚʦʣʷʶʪ ʟʘʧʦʣʥʠʪʴ ʵʪʠ ʵʣʝʤʝʥʪʳ ʜʘʥʥʳʤʠ ʠ ʩʦʭʨʘʥʠʪʴ ʠʭ 

ʚ ʝʜʠʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʦʧʝʨʘʮʠʠ ʥʘʜ ʥʠʤʠ. ʆʩʥʦʚʦʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʣʫʞʠʪ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠʝʨʘʨʭʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʯʝʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ. ɼʣʷ 

ʧʦʜʜʝʨʞʢʠ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʉʋɹɼ Microsoft SQL Server 2008 Express Edition, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʮʝʣʦʩʪʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʠʟ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʦʨʤʘʪʳ, ʧʨʠ ʵʪʦʤ 

ʙʘʟʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʭʨʘʥʠʣʠʱʝʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʩʪʨʦʠʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʦʜʝʣʴ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ.  

ʊʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʙʘʟʦʚʳʝ ʤʦʜʫʣʠ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʨʝʜ (ʨʠʩ. 2).  
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ʈʠʩ. 2 ð ɺʠʟʫʘʣʠʟʘʮʠʷ 2D ʧʨʦʬʠʣʷ ʚ GeoVIP ʥʘ ʧʨʠʤʝʨʝ ʛʨʷʜʳ ʏʝʨʥʳʰʝʚʘ ð 

ʩʪʨʫʢʪʫʨʥʦ-ʧʣʦʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʛʦʨʠʟʦʥʪʦʚ. 

 

ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʬʦʨʤʘʪʦʚ ʭʨʘʥʝʥʠʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʨʘʥʷʪʩʷ ʚ ʦʙʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʫʷ ʢʦʤʧʣʝʢʩʥʫʶ 

ʤʦʜʝʣʴ ʩʨʝʜʳ ʥʘʨʷʜʫ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʝʜʠʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʚʝʩʪʠ ʨʝʯʴ ʦ ʢʦʤʧʣʝʢʩʥʦʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ. ʆʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʣʷ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʦʨʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʦʮʝʜʫʨʳ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʨʘʩʯʸʪʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʘʣʛʦʨʠʪʤʳ ʩʦʟʜʘʥʠʷ 

ʧʦʣʥʦʮʝʥʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʤʦʜʝʣʴ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʯʘʩʪʠʯʥʳʡ ʠʣʠ ʧʦʣʥʳʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʜʘʥʥʳʭ) ʧʝʨʝʩʯʸʪ ʤʦʜʝʣʠ, ʧʨʦʚʝʨʢʘ ʠ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ. ʀʟ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʠʟʚʦʣʴʥʳʡ ʩʣʦʡ ʠʣʠ 

ʩʨʝʟ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʥʦʡ ʤʦʜʝʣʠ ʠ ʵʢʩʧʦʨʪʘ ʚ ʦʜʠʥ ʠʟ ʬʦʨʤʘʪʦʚ.  

ʇʦʩʢʦʣʴʢʫ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʧʦʣʥʦʮʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ, ʚ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʧʣʦʪʥʦʩʪʥʳʝ ʤʦʜʝʣʝʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɿʘʛʨʫʞʘʷ 

ʥʘʙʦʨ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʪ ʠ ʟʘʜʘʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʙʲʸʤʥʫʶ ʤʦʜʝʣʴ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ. ʈʝʘʣʠʟʦʚʘʥ ʛʠʙʢʠʡ ʤʝʭʘʥʠʟʤ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʳʙʠʨʘʪʴ ʪʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʦʙʨʘʟʠʪʴ ʜʣʷ ʪʝʢʫʱʝʡ ʤʦʜʝʣʠ ʙʝʟ 

ʧʦʩʪʦʷʥʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʩʦʟʜʘʥʠʝ ʠ ʧʝʨʝʩʯʸʪ ʪʨʸʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʝʘʣʠʟʦʚʘʥʳ 

ʤʝʭʘʥʠʟʤʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʜʝʪʘʣʴʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʨʠʩ. 3). 
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ʈʠʩ. 3 ð ʊʨʸʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ, 

ʠʤʝʶʱʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʠʩʢʘ ʋɺ ʚ ʧʨʝʜʝʣʘʭ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5]. ʕʪʦʪ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʰʘʪʴ ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʰʘʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʄʊɿ ʚ ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ.  

ɺ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ GeoVIP ʚʢʣʶʯʝʥ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ 

ʭʨʘʥʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʢʚʘʞʠʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʝʩʪʦʚʦʤ ʨʝʞʠʤʝ 

ʦʪʣʘʞʠʚʘʝʪʩʷ ʧʦʜʩʯʸʪ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ (ʨʠʩ. 4): 

1) ʟʘʛʨʫʟʢʘ ʪʨʘʝʢʪʦʨʠʡ ʩʢʚʘʞʠʥ;  

2) ʟʘʛʨʫʟʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

3) ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ ʧʦ ʩʢʚʘʞʠʥʘʤ; 

4) ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʩʫʨʩʦʚ ʠ ʧʦʜʩʯʸʪ ʟʘʧʘʩʦʚ ʧʦ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
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ʈʠʩ. 4 ð ʊʨʸʭʤʝʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʨʘʝʢʪʦʨʠʡ ʩʢʚʘʞʠʥ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ. 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʨʝʜʘʢʪʦʨ GeoVIP ʙʳʣ  ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʤʦʜʝʣʷʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ ʩʪʨʫʢʪʫʨ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʦʛʦ ʠ ʂʘʨʩʢʦʛʦ ʨʝʛʠʦʥʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʲʝʤʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʧʣʦʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʆʜʠʥ ʠʟ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ð ɻʝʦʬʠʟʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ 

ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʆʙʩʢʦʡ ʛʫʙʳ ʠ ʧʨʠʫʨʦʯʝʥʥʦʝ ʢ ʦʜʥʦʠʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ð 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʛʫʩʪʫʶ ʨʘʟʙʫʨʝʥʥʦʩʪʴ 

ʜʦʙʳʚʘʶʱʠʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʪʝʨʨʠʪʦʨʠʷ ʧʦʢʨʳʪʘ ʨʝʜʢʦʡ ʩʭʝʤʦʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ. 

ʌʘʢʪʠʯʝʩʢʠʤ ʠʩʭʦʜʥʳʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʩʣʫʞʠʣʠ ʢʘʨʪʳ ʥʘʙʣʶʜʝʥʥʦʛʦ 

ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʆʙʩʢʦʡ ʛʫʙʳ ʤʘʩʰʪʘʙʘ 1:100 000 ʠ 1:200 000, 

ʫʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʦʩʥʦʚʥʳʤ ʦʪʨʘʞʘʶʱʠʤ ʛʦʨʠʟʦʥʪʘʤ 

(ʆɻ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʫʪʦʯʥʝʥʠʝ ʛʝʦʧʣʦʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ 

ʩʭʝʤʝ: ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʚ ʧʨʦʬʠʣʴʥʦʤ ʚʘʨʠʘʥʪʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʨʝʰʝʥʠʷ 2D ʦʙʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʟʘʜʘʯʠ ʛʨʘʚʠʨʘʟʚʝʜʢʠ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʛʨʘʚʠʨʘʟʚʝʜʢʠ ʚ 

ʢʣʘʩʩʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ GCIS, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʘʷ ʩʝʙʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʦʧʦʠʩʢʦʚʘʥʠʷ ʋɺ ʩʳʨʴʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʟʘʢʣʶʯʘʣʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʲʝʤʥʦʡ ʛʝʦʧʣʦʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʢʦʤʧʣʝʢʩʥʦʤ ʨʝʜʘʢʪʦʨʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ çGeoVIPè ʥʘ 

ʦʩʥʦʚʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʚʫʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ. 

ʕʪʦʪ ʵʪʘʧ ʚʢʣʶʯʠʣ ʚ ʩʝʙʷ: 

¶ ʚʚʦʜ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʬʠʣʝʡ, 

ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʪ ʠ ʧʣʘʩʪʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ); 

¶ ʟʘʛʨʫʟʢʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʬʠʣʝʡ (ʛʝʦʤʝʪʨʠʷ, ʧʣʦʪʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ); 

¶ ʟʘʛʨʫʟʢʫ ʥʘʙʣʶʜʸʥʥʦʛʦ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ 2D ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʧʦ ʚʩʝʤ 

ʧʨʦʬʠʣʷʤ; 

¶ ʠʥʪʝʨʧʦʣʷʮʠʶ ʩʪʨʫʢʪʫʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 
ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʠ ʧʨʦʬʠʣʝʡ ʫʯʘʩʪʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʚʝʨʩʠʠ; 

¶ ʟʘʛʨʫʟʢʫ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʪ ʧʣʘʩʪʦʚ ʎʝʥʪʨʘʣʴʥʦ-ʆʙʩʢʦʛʦ ʫʯʘʩʪʢʘ; 


