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ɺʚʝʜʝʥʠʝ 

 

ʇʦʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ (ʕʄʉ, EMC) ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ (ʊʉ) ʧʦʥʠʤʘʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʥʘʤʝʨʝʥ-

ʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʩʦʭʨʘ-

ʥʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʟʜʘʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳʭ ʧʦʤʝʭ ʵʪʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʨʫʛʠʤ ʊʉ. 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ                       

ʄʕʂ 61326-1:2012, ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʢʦʤʠʪʝʪʦʤ 65ɸ "ʉʠʩʪʝʤʥʳʝ ʘʩ-

ʧʝʢʪʳ" ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʄʕʂ 65 "ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ". 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʳʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘʯʘʩʪʫʶ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ ʠ ʧʦʵʪʦʤʫ ʨʘʙʦʪʘʶʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʤʠʩʩʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʥʝʥʘʜʣʝʞʘʱʝʛʦ ʚʣʠʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʣʶ-

ʙʦʝ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʥʝʤʫ. ʅʦʨʤʳ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʄʕʂ ʠ ʄʝʞʜʫʥʘʨʦʜʥʦ-

ʛʦ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʨʘʜʠʦʧʦʤʝʭʘʤ (ʉʀʉʇʈ) ʠ ʧʨʠʚʝʜʝʥʳ ʠʟ ʪʘʢʠʭ 

ʧʫʙʣʠʢʘʮʠʡ. 

ʆʜʥʘʢʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʪʠʧʠʯʥʦʡ ʜʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʤʝʩʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʨʝʜʳ ʠ ʫʨʦʚʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʚʦʧʨʦʩʘʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʤ ʦʙʩʪʘʥʦʚʢʘʤ, ʧʨʠʚʝʜʝʥʘ ʚ ʄʕʂ 61000-2-5. 
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ʉʣʦʞʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʧʣʘʥʠʨʦʚʘ-

ʥʠʷ ʕʄʉ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʩ ʫʯʝʪʦʤ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʩʨʝʜʳ, ʦʩʦʙʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʝʨʴʝʟʥʦʩʪʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʕʄʉ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʶʪ ʢʦ ʚʩʝʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʩʪʦʷʱʝʛʦ ʩʪʘʥʜʘʨʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ ʠʣʠ ʠʟʤʝʥʝʥʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʥʳʤʠ ʚ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʷʭ ʩʪʘʥʜʘʨʪʦʚ ʩʝʨʠʠ ʄʕʂ 61326-

2, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʪʦʨʦʝ ʠʟʜʘʥʠʝ ʄʕʂ 61326-1:2012 ʦʪʤʝʥʷʝʪ ʠ ʟʘʤʝʥʷʝʪ ʧʝʨʚʦʝ ʠʟʜʘ-

ʥʠʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʝ ʚ 2005 ʛʦʜʫ. 

ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʠʟʜʘ-

ʥʠʶ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

- ʧʝʨʝʩʤʦʪʨʝʥʳ ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʢʨʠʪʝ-

ʨʠʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

- ʫʪʦʯʥʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʨʪʘʪʠʚʥʦʤʫ ʠʩʧʳʪʘʪʝʣʴʥʦʤʫ ʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ; 

- ʫʪʦʯʥʝʥʦ ʦʧʠʩʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʪʜʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. ʕʪʠ ʧʦʤʝʭʠ ʤʦʛʫʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʪʴʩʷ ʧʦ ʩʠʣʦʚʳʤ ʠ ʩʠʛʥʘʣʴʥʳʤ ʣʠʥʠʷʤ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʣʫ-

ʯʘʪʴʩʷ ʚʦ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʣʠʷʪʴ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʨʫʛʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʚʣʠʷʪʴ ʥʘ ʚʥʝʰʥʶʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʨʝʜʫ. 

ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʤʠʩʩʠʠ, ʫʩʪʘʥʦʚʣʝʥʳ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʤʝʭʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠʣʠ ʩʠʩʪʝʤʘʤʠ ʚ 

ʩʣʫʯʘʝ ʠʭ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʣʠ ʟʥʘʯʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʣʠ ʙʳ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʠʭ ʥʘʟʥʘʯʝʥʠʝʤ. 
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ʀʟʛʦʪʦʚʠʪʝʣʴ ʦʙʷʟʘʥ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʧʦʪʨʝʙʠʪʝʣʷ, ʯʪʦ ʧʨʠ ʧʦʜʢʣʶʯʝ-

ʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʦʙʲʝʢʪʫ ʠʩʧʳʪʘʥʠʡ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʵʤʠʩʩʠʠ, ʧʨʝʚʳʰʘʶʱʝʡ ʫʨʦʚʝʥʴ, ʫʢʘʟʘʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʥ-

ʜʘʨʪʝ. 
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1 ʀʥʞʝʥʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ  

ELCUT  

1.1 ʊʠʧʳ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ ʧʘʢʝʪʝ ELCUT  

ELCUTï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, ʪʝʧʣʦʚʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʧʘʢʝʪʝ ELCUT ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ ELCUT ʤʦʞʥʦ ʨʝʰʘʪʴ ʧʣʦʩʢʠʝ ʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʟʘʜʘʯʠ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ (ʪʘʙʣʠʮʘ 1.1). 

 

ʊʘʙʣʠʮʘ 1.1 ï ʊʠʧʳ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ ʧʘʢʝʪʝ ELCUT 

ʄʘʛʥʠʪʥʳʡ ʨʘʩʯʝʪ 

 

ʄʘʛʥʠʪʥʳʝ ʟʘʜʘʯʠ 

ʄʘʛʥʠʪʦʩʪʘʪʠʢʘ 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʝʨʝʤʝʥʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ 

ʪʦʢʦʚ 

ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ 

ʕʣʝʢʪʨʦʩʪʘʪʠʢʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥ-

ʥʳʭ ʪʦʢʦʚ 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʝʨʝʤʝʥʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴ-

ʥʳʭ ʪʦʢʦʚ 

ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 

ʊʝʧʣʦʚʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

 

ʊʝʧʣʦʚʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʟʘʜʘʯʠ 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ 

ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ 

ɸʥʘʣʠʟ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ 
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1.2 ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ELCUT  

ELCUT ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʠʤʝʥ-

ʥʦ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʟʘʜʘʯʠ, ʙʠʙʣʠʦʪʝʢʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠ-

ʤʠ. ɼʦʢʫʤʝʥʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʦʪʢʨʳʚʘʝʪʩʷ ʚ ʩʚʦʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʦʢʥʝ 

ʚʥʫʪʨʠ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʧʘʢʝʪʘ ELCUT. ʉʠʥʭʨʦʥʥʦ ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʩʢʦʣʴ ʫʛʦʜ-

ʥʦʝ ʯʠʩʣʦ ʣʶʙʳʭ ʦʢʦʥ. ʉʦʚʝʨʰʘʷ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʛʦ ʦʢʥʘ ʚ ʜʨʫʛʦʝ, ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ ʜʦʢʫʤʝʥʪʘʤʠ. ɺ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʘʢʪʠʚʥʳʤ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʦʢʥʦ. ʇʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʝ ʚ ʩʦʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ 

ʧʦʟʠʮʠʷʤʠ ʤʝʥʶ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʥʶ ʨʘʟʥʦʝ ʜʣʷ ʜʦʢʫʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʦʚ.  

ʊʘʢ ʞʝ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʘʥʝʣʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʢʦʥʪʝʢʩʪʥʳʤ 

ʤʝʥʶ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʟʚʘʪʴ, ʥʘʞʘʚ ʧʨʘʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ ʥʘ ʦʙʲʝʢʪ ʚ 

ʦʢʥʝ.  

ɺ ʧʘʢʝʪʝ ELCUT ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʢʫʤʝʥʪʳ ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ: 

ʆʧʠʩʘʥʠʝ ʟʘʜʘʯʠ ʦʪʚʝʯʘʝʪ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ ʟʘʜʘʯʝ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ELCUT. ɼʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʪʠʧ ʟʘʜʘʯʠ (ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘ, ʤʘʛʥʠʪʦʩʪʘ-

ʪʠʢʘ, ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʠ ʧʨʦʯʠʝ), ʢʣʘʩʩ ʤʦʜʝʣʠ (ʣʠʙʦ ʧʣʦʩʢʘʷ, ʣʠʙʦ ʦʩʝʩʠʤʤʝʪ-

ʨʠʯʥʘʷ), ʠʤʝʥʘ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʦʪʨʘʞʝʥʠʝ 

ʛʝʦʤʝʪʨʠʠ ʟʘʜʘʯʠ, ʤʝʪʢʠ ʯʘʩʪʝʡ ʤʦʜʝʣʠ ʠ ʨʘʩʯʝʪʥʫʶ ʩʝʪʢʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʙʱʘʷ ʤʦʜʝʣʴ, 

ʯʪʦ ʧʦʣʝʟʥʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ. 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʠʣʠ ʜʘʥʥʳʝ, ʨʘʟʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʜʘʯ 

(ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ ʚ 

ʥʝʠʜʝʘʣʴʥʦʤ ʜʠʵʣʝʢʪʨʠʢʝ ʠ ʪʘʢ ʜʘʣʝʝ). ʊʘʢʠʝ ʜʦʢʫʤʝʥʪʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʲʝʢ-
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ʪʦʚ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʷ. ɼʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝ-

ʥʝʥ ʢʘʢ ʙʠʙʣʠʦʪʝʢʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʥʳʭ ʟʘʜʘʯ.  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʭʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʘ ʪʘʢ 

ʞʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʜʘʥʥʦʡ ʮʝʧʠ. ʇʨʠʤʝʥʠʪʴ ʩʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘ-

ʯʠ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʧʨʠʩʦʝʜʠʥʸʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʮʝʧʠ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʚʷʟʘʪʴ ʩ ʥʝʡ ʠʤʝʥʘ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʠʤʝʥ-

ʥʦ ʤʦʜʝʣʠ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʩʪʠ ʟʘʜʘʯʘ ʤʦʞʝʪ ʩʩʳʣʘʪʴʩʷ 

ʩʨʘʟʫ ʥʘ ʜʚʘ ʜʦʢʫʤʝʥʪʘ ʩʚʦʡʩʪʚ. ʇʝʨʚʳʡ ʜʦʢʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʨʘ-

ʚʦʯʥʠʢ ʩʚʦʡʩʪʚ, ʩʦʜʝʨʞʠʪ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʪʦʨʦʡ ʜʦʢʫʤʝʥʪ ʩʦʜʝʨʞʠʪ ʩʧʝʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠʣʠ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʘʜʘʯ. ʇʨʠ ʨʝʰʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʜʘʯʠ ʧʨʦʛʨʘʤʤʘ ELCUT ʩʦ-

ʟʜʘʝʪ ʬʘʡʣ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʘʥʥʳʡ ʬʘʡʣ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʚ ʧʘʧʢʫ, ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʬʘʡʣ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ʌʘʡʣ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʝʝʪ ʠʤʷ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ 

ʬʘʡʣ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʚʩʝʛʜʘ ʠʤʝʝʪ ʨʘʟʨʝʰʝʥʠʝ .res.  

ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʦʢʘʟʘʥʘ ʧʨʦʮʝʜʫʨʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʙʣʦʢ-ʩʭʝʤʳ. 
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ʈʠʩʫʥʦʢ 1.1 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʧʘʢʝʪʝ ELCUT 

 

1.2.1 ʉʪʨʫʢʪʫʨʘ ʟʘʜʘʯʠ 

ʉʪʨʫʢʪʫʨʘ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʨʠʩʫʥʢʝ 1.2). 
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ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʘ ʟʘʜʘʯʠ 

 

1.2.2 ʉʦʟʜʘʥʠʝ ʟʘʜʘʯʠ 

ʉʦʟʜʘʪʴ ʥʦʚʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

1. ɺ ʤʝʥʶ ʌʘʡʣ ʚʳʙʨʘʪʴ ʧʝʨʚʳʡ ʧʫʥʢʪ - ʉʦʟʜʘʪʴ ʟʘʜʘʯʫ. 

2. ʊʘʢ ʞʝ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰ Ctrl+N. 

 
 

ʈʠʩʫʥʦʢ 1.3 ï ʉʦʟʜʘʥʠʝ ʥʦʚʦʡ ʟʘʜʘʯʠ 
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ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʠʧ ʜʦʢʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʭʦ-

ʯʝʪ ʩʦʟʜʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʥʘʧʨʠʤʝʨ ELCUT ʠ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ ʆK (ʨʠʩʫʥʦʢ 

1.4). 

 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ɺʳʙʦʨ ʪʠʧʘ ʜʦʢʫʤʝʥʪʘ 

 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʪʠʧʘ ʜʦʢʫʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʠʤʷ ʟʘʜʘʯʠ (magnet)  

ʠ ʚʳʙʨʘʪʴ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʚʳʙʨʘʪʴ ʥʫʞʥʫʶ ʧʘʧʢʫ ʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʢʥʦʧ-

ʢʫ ʆʙʟʦʨ, ʚ ʟʘʚʝʨʰʝʥʠʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ɼʘʣʝʝ (ʨʠʩʫʥʦʢ 1.5). 

 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ɺʳʙʦʨ ʠʤʝʥʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʘʡʣʘ 
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1.2.3 ɺʳʙʦʨ ʪʠʧʘ ʟʘʜʘʯʠ ʠ ʢʣʘʩʩʘ ʤʦʜʝʣʠ 

ɺ ʛʨʘʬʝ ʊʠʧ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ Magnetostatics, ʚ ʛʨʘʬʝ ʢʣʘʩʩ ʤʦʜʝʣʠ 

ʫʢʘʟʘʪʴ ʇʣʦʩʢʘʷ. ʀʤʝʥʘ ʬʘʡʣʦʚ ɻʝʦʤʝʪʨʠʷ ʠ ʉʚʦʡʩʪʚʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʪʘ-

ʚʠʪʴ ʧʦ ʫʤʦʣʯʘʥʠʶ (ʨʠʩʫʥʦʢ 1.6). 

 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ɺʳʙʦʨ ʪʠʧʘ ʟʘʜʘʯʠ ʠ ʢʣʘʩʩʘ ʤʦʜʝʣʠ 

 

1.2.4 ɺʳʙʦʨ ʝʜʠʥʠʮ ʜʣʠʥʳ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ɺ ʛʨʘʬʝ ʝʜʠʥʠʮʳ ʜʣʠʥʳ ʫʢʘʞʝʤ, ʥʘʧʨʠʤʝʨ, ʤʠʣʣʠʤʝʪʨʳ ʠ ʚʳʙʝʨʝʤ, 

ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ, ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ɻʦʪʦʚʦ 

(ʨʠʩʫʥʦʢ 1.7). 
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ʈʠʩʫʥʦʢ 1.7 ï ɺʳʙʦʨ ʝʜʠʥʠʮ ʜʣʠʥʳ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 

ʉʦʟʜʘʥʥʫʶ ʥʘʤʠ ʟʘʜʘʯʫ ELCUT ʦʪʢʨʦʝʪ ʚ ʥʦʚʦʤ ʦʢʥʝ, ʟʘʜʘʯʫ ʤʦʞʥʦ 

ʩʦʭʨʘʥʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʠʟ ʄʝʥʶ ʌʘʡʣ > ʉʦʭʨʘʥʠʪʴ, ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʢʦʤʙʠʥʘʮʠʶ ʢʣʘʚʠʰ Ctrl+S (ʨʠʩʫʥʦʢ 1.8).  

 

 

 

ʈʠʩʫʥʦʢ 1.8 ï ʉʦʭʨʘʥʝʥʠʝ ʟʘʜʘʯʠ 

 

1.2.5 ʉʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚ ʤʝʥʶ ɿʘʜʘʯʘ ʚʳ-

ʙʨʘʪʴ ʧʝʨʚʳʡ ʧʫʥʢʪ ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 1.9). 



15 

 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʉʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʉʝʪʢʦʡ ʧʨʠʚʷʟʢʠ. ʉʝʪ-

ʢʫ ʧʨʠʚʷʟʢʠ ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʠʟ ʤʝʥʶ ʇʨʘʚʢʘ ʠʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʥ-

ʪʝʢʩʪʥʳʤ ʤʝʥʶ (ʨʠʩʫʥʦʢ 1.10). 

 

 

 

ʈʠʩʫʥʦʢ 1.10 ï ɺʳʟʦʚ ʩʝʪʢʠ ʧʨʠʚʷʟʢʠ ʯʝʨʝʟ ʢʦʥʪʝʢʩʪʥʦʝ ʤʝʥʶ 

 

ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʰʘʛ ʩʝʪʢʠ 

(ʥʘʧʨʠʤʝʨ, 10 ʤʤ), ʘ ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʧʦʟʠʮʠʶ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ, ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʪʦʯʢʘ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ (0;0). ɿʘʢʦʥʯʠʪʴ ʧʨʦʮʝʜʫʨʫ ʥʘʩʪʨʦʡʢʠ ʥʘʞʘʪʠʝʤ 

ʢʥʦʧʢʠ ʆK (ʨʠʩʫʥʦʢ 1.11). 
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ʈʠʩʫʥʦʢ 1.11 ï ʅʘʩʪʨʦʡʢʘ ʩʝʪʢʠ ʧʨʠʚʷʟʢʠ 

 

ʊʝʧʝʨʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʩʦʟʜʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ 

ʛʝʦʤʝʪʨʠʷ. 

1.2.6 ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ 

ɺ ʧʘʢʝʪʝ ELCUT ʜʣʷ ʟʘʜʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢ-

ʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʫʞʥʦ ʧʨʠʩʚʦʠʪʴ ʤʝʪʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʦʙʣʘʩʪʷʤ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʜʣʷ ʩʦʟʜʘʥʥʳʭ ʤʝʪʦʢ ʫʩʪʘʥʦʚʠʪʴ ʩʚʦʡʩʪʚʦ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. ʇʦ ʪʘʢʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ ʧʨʦʠʩʭʦʜʠʪ ʟʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ.  

ɼʣʷ ʟʘʜʘʥʠʷ ʤʝʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʱʝʣʢʥʫʪʴ ʜʚʘʞʜʳ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ 

ʥʘ ʠʥʪʝʨʝʩʫʶʱʠʡ ʦʙʲʝʢʪ, ʦʙʲʝʢʪ ʙʫʜʝʪ ʚʳʜʝʣʝʥ ʠ ʦʪʢʨʦʝʪʩʷ ʦʢʥʦ ʉʚʦʡʩʪʚʘ 

ʚʳʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʛʨʘʬʝ ʤʝʪʢʘ ʫʢʘʟʘʪʴ ʠʤʷ ʉʪʘʣʴ, ʘʥʘʣʦʛʠʯʥʦ ʩʦʟʜʘʶʪ-

ʩʷ ʠ ʜʨʫʛʠʝ ʤʝʪʢʠ, ʧʦ ʦʢʦʥʯʘʥʠʠ ʜʝʡʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ OK 

(ʨʠʩʫʥʦʢ 1.12). 
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ʈʠʩʫʥʦʢ 1.12 ï ʆʢʥʦ ʩʚʦʡʩʪʚ ʚʳʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

 

 

 

ʈʠʩʫʥʦʢ 1.13 ï ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ, ʧʨʠʩʚʦʝʥʠʝ ʤʝʪʦʢ ʙʣʦʢʘʤ 

 

ɺʦʧʨʦʩʠʪʝʣʴʥʳʡ ʟʥʘʢ ʚ ʛʨʘʬʝ ʄʝʪʢʠ ʙʣʦʢʦʚ ʚ ʦʢʥʝ ʟʘʜʘʯʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʤʝʪʢʠ ʩʦʟʜʘʥʳ, ʥʦ ʠʭ ʩʚʦʡʩʪʚʘ ʝʱʝ ʥʝ ʙʳʣʠ ʟʘʜʘʥʳ.  
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ɼʣʷ ʟʘʜʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʜʚʘʞʜʳ ʱʝʣʢʥʫʪʴ ʧʦ 

ʤʝʪʢʝ (ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʢʠ ɺʦʟʜʫʭ). ɺʚʝʜʝʤ ʚ ʧʝʨʚʦʝ ʧʦʣʝ ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʥʟʦʨʘ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɿʘʚʝʨʰʠʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ 

ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ ʆʂ (ʨʠʩʫʥʦʢ 1.14).  

 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʤʝʪʢʠ ʙʣʦʢʘ ɺʦʟʜʫʭ 

 

1.2.7 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʏʪʦʙʳ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʈʝʰʠʪʴ ʟʘʜʘʯʫ ʠʟ ʤʝʥʶ 

ʇʨʘʚʢʘ. ʇʦ ʦʢʦʥʯʘʥʠʶ ʨʘʩʯʝʪʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʛʣʘʚʥʦʛʦ ʵʢʨʘʥʘ ʧʦʷʚʠʪʩʷ ʨʘʩ-

ʩʯʠʪʘʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʣʷ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ (ʨʠʩʫʥʦʢ 1.15). 
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ʈʠʩʫʥʦʢ 1.15 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʜʘʯʠ 

 

1.2.8 ʇʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʚ ʧʘʢʝʪʝ ELCUT ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ:  

¶ ɺ ʚʠʜʝ ʢʘʨʪʠʥʳ ʧʦʣʷ, 

¶ ʚ ʚʠʜʝ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, 

¶ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, 

¶ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, 

¶ ʚ ʚʠʜʝ ʪʘʙʣʠʮ. 

1.2.9 ʂʘʨʪʠʥʘ ʧʦʣʷ 

ɺ ʤʝʥʶ ɺʠʜ > ʂʘʨʪʠʥʘ ʧʦʣʷ ʚ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʤʦʞʥʦ ʤʝʥʷʪʴ ʤʘʩ-

ʰʪʘʙ ʧʨʦʨʠʩʦʚʢʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʠʟʤʝʥʠʪʴ ʧʝʨʝʤʝʥʥʫʶ, ʧʦ ʢʦʪʦʨʦʡ ʩʪʨʦʠʪ-

ʩʷ ʢʘʨʪʠʥʘ ʧʦʣʷ ʠ ʜʨ. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ (ʨʠʩʫʥʦʢ 1.16). 
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ʈʠʩʫʥʦʢ 1.16 ï ʆʢʥʦ ʢʘʨʪʠʥʳ ʧʦʣʷ 

 

1.2.10 ʃʦʢʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʥʘʩ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʝ, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʢʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʫʥʢʪ 

ʤʝʥʶ ɺʠʜ > ʃʦʢʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʆʪʢʨʦʝʪʩʷ ʥʦʚʦʝ ʦʢʥʦ, ʚ ʥʝʤ ʙʫʜʫʪ ʦʪʦʙ-

ʨʘʞʘʪʴʩʷ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʚ ʪʦʯʢʝ, ʚʳʙʨʘʥʥʳʝ ʥʘ ʦʙʱʝʡ ʢʘʨʪʠʥʝ ʧʦʣʷ 

(ʨʠʩʫʥʦʢ 1.17). 
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ʈʠʩʫʥʦʢ 1.17 ï ʆʢʥʦ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

 

1.2.11 ʀʥʪʝʛʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷ 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʦʩʪʨʦʝʥʠʝ ʢʦʥʪʫʨʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ.  

ʂʦʥʪʫʨ ʩʪʨʦʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ñʤʳʰʠò ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʶ ʂʦʥʪʫʨ > 

ɼʦʙʘʚʠʪʴ. ɿʘʤʢʥʫʪʴ ʢʦʥʪʫʨ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ ʂʦʥʪʫʨ > ɿʘʤʢʥʫʪʴ. 

ʂʦʛʜʘ ʢʦʥʪʫʨ ʧʦʩʪʨʦʝʥ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʟʚʘʪʴ ʤʝʥʶ ɺʠʜ > ʀʥʪʝʛʨʘʣʴʥʳʝ ʟʥʘ-

ʯʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʢʦʤʘʥʜʳ ʧʦʷʚʠʪʩʷ ʥʦʚʦʝ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʠ 

ʙʫʜʫʪ ʦʪʨʘʞʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩʫʥʦʢ 1.18). 
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ʈʠʩʫʥʦʢ 1.18 ï ʆʢʥʦ ʠʥʪʝʛʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

 

1.2.12 ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʢʦʥʪʫʨ ʠʣʠ ʦʪʨʝʟʦʢ ʣʠʥʠʠ, 

ʚʳʟʚʘʪʴ ʤʝʥʶ ɺʠʜ > ɻʨʘʬʠʢ ʠ ʥʝʦʙʭʦʜʠʤʳʡ ʛʨʘʬʠʢ ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʥʘ ʵʢʨʘʥ 

(ʨʠʩʫʥʦʢ 1.19). ʏʪʦʙʳ ʠʟʤʝʥʠʪʴ ʧʝʨʝʤʝʥʥʫʶ, ʦʪʦʙʨʘʞʘʝʤʫʶ ʥʘ ʛʨʘʬʠʢʝ, 

ʥʫʞʥʦ ʚʳʟʚʘʪʴ ʤʝʥʶ ɻʨʘʬʠʢ > ʂʨʠʚʳʝ ʥʘ ʛʨʘʬʠʢʝ ʠ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʧʝʨʝʤʝʥʥʫʶ. 

 

 

 

ʈʠʩʫʥʦʢ 1.19 ï ʆʢʥʦ ʪʨʝʙʫʝʤʦʛʦ ʛʨʘʬʠʢʘ 
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1.2.13 ʉʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ 

ELCUT ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ, ʪ.ʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʨʝʰʝʥʠʷ ʜʨʫʛʦʡ ʟʘʜʘʯʠ. 

 

 

 

ʈʠʩʫʥʦʢ 1.20 ï ʉʚʷʟʘʥʥʳʝ ʟʘʜʘʯʠ 

 

1.2.14 ʉʧʨʘʚʢʘ ʧʦ ELCUT 

ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʫʜʥʦʩʪʝʡ ʠʣʠ ʥʝʧʦʥʷʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʟʦʚʘ ʩʧʨʘʚʢʠ, ʛʜʝ ʨʘʟʲʷʩʥʝʥʳ ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʨʘʙʦʪʳ ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ. ɺ ʠʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʪʠʪʝʩʴ ʢ ʧʨʝʧʦʜʘʚʘʪʝʣʶ. 

ɼʣʷ ʚʳʟʦʚʘ ʩʧʨʘʚʢʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʣʘʚʠʰʫ F1, ʧʦʩʣʝ ʯʝʛʦ ʜʦʣʞ-

ʥʦ ʦʪʦʙʨʘʟʠʪʩɹʷ ʦʢʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 1.21. 
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ʈʠʩʫʥʦʢ 1.21 ï ʉʧʨʘʚʢʘ ʧʦ ELCUT 

 

2 ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʜʣʠʥʥʦʛʦ ʩʦʣʝʥʦʠʜʘ 

2.1 ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ 

 

ʗʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʦʪʢʨʳʪʦʝ ʌʘʨʘʜʝʝʤ, ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʦʢʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʟʘʤʢʥʫʪʦʤ ʧʨʦʚʦʜʷ-

ʱʝʤ ʢʦʥʪʫʨʝ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʪʠʤ ʢʦʥʪʫʨʦʤ, ʚʦʟʥʠʢʘʝʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʕʪʦʪ ʪʦʢ ʥʘʟʳʚʘʝʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʤ ʪʦʢʦʤ ʠ ʩʚʷʟʘʥ ʩ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝʤ ʚ ʢʦʥʪʫʨʝ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ (ʕɼʉ) ʠʥʜʫʢʮʠʠ (Ůi). ʇʨʠʯʠ-

ʥʳ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʝʪʩʷ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ, ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ: 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʫʨʘ, ʧʝʨʝʤʝʱʝʥʠʝ ʜʨʫ-

ʛʦʛʦ ʢʦʥʪʫʨʘ ʩ ʪʦʢʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʣʠʙʦ ʚ ʜʨʫʛʦʤ 

ʢʦʥʪʫʨʝ, ʣʠʙʦ ʚ ʥʝʤ ʩʘʤʦʤ. ʄʘʢʩʚʝʣʣ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʕɼʉ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʢʦʥʪʫʨʦʤ. 
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dʌ
Ů

dt
i =- .                                              (2.1) 

 

ɿʥʘʢ ʤʠʥʫʩ ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʚʠʣʫ ʃʝʥʮʘ: ʠʥʜʫʢʮʠʦʥ-

ʥʳʡ ʪʦʢ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥ ʪʘʢ, ʯʪʦʙʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʧʨʠʯʠʥʝ, ʝʛʦ ʚʳʟʳ-

ʚʘʶʱʝʡ. 

ʉʘʤʦʠʥʜʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʥʠʟʳʚʘʶʱʝʛʦ ʢʦʥʪʫʨ ʩ ʪʦ-

ʢʦʤ, ʩʦʟʜʘʶʱʠʤ ʵʪʦʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ. ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʠʣʝ ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʚ ʢʦʥʪʫʨʝ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʌ L I= Ö,                                                (2.2) 

 

ʛʜʝ    L ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʥʘʟʳʚʘʝʤʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ 

ʢʦʥʪʫʨʘ.  

ʇʨʠʤʝʥʷʷ ʢ ʷʚʣʝʥʠʶ ʩʘʤʦʠʥʜʫʢʮʠʠ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ (ʚ ʩʣʫʯʘʝ L = 

Const). 

dt

dI
LŮS -=                                                        (2.3) 

 

ʊʦ ʝʩʪʴ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʠ-

ʣʳ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ. 

ʀʟ ʬʦʨʤʫʣʳ (2.2) ʚʠʜʥʦ, ʯʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ L - ʝʩʪʴ ʬʠʟʠʯʝ-

ʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʧʦʪʦʢʫ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʯʝʨʝʟ ʧʣʦʱʘʜʴ, 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʢʦʥʪʫʨʦʤ, ʝʩʣʠ ʧʦ ʵʪʦʤʫ ʢʦʥʪʫʨʫ ʪʝʯʝʪ ʪʦʢ, ʩʠʣʘ ʢʦʪʦʨʦʛʦ 

ʨʘʚʥʘ ʝʜʠʥʠʮʝ. 

ɺ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʉʀ ʝʜʠʥʠʮʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʩʣʫʞʠʪ ʛʝʥʨʠ (ɻʥ). ʀʟ 

ʬʦʨʤʫʣʳ (2.2) ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʚ 1 ʛʝʥʨʠ ʦʙʣʘʜʘʝʪ ʪʘʢʦʡ ʧʨʦ-

ʚʦʜʥʠʢ, ʢʦʪʦʨʳʡ ʧʨʠ ʪʦʢʝ ʚ 1 ʘʤʧʝʨ ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚ 1 ʚʝʙʝʨ, ʪ. ʝ. 
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1 ʛʝʥʨʠ = 1 ʚʝʙʝʨ / 1 ʘʤʧʝʨ = 1 
Bʙ

A
 

 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʘʥʥʦʛʦ ʢʦʥʪʫʨʘ, ʦʧʨʝʜʝʣʷ-

ʶʱʝʡ ʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʚʦʡʩʪʚʘ ʚ ʮʝʧʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʟʘʚʠʩʷʱʝʡ 

ʦʪ ʝʛʦ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʥ 

ʥʘʭʦʜʠʪʩʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʪʝʡ-

ʰʠʭ ʩʣʫʯʘʷʭ ʝʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʧʨʠʤʝʨʘ ʩʦʣʝʥʦʠʜ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʤʥʦʛʦ ʙʦʣʴʰʝ ʝʛʦ 

ʜʠʘʤʝʪʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʩʦʣʝʥʦʠʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

0

N
B ɛ ɛ I

l
= Ö Ö Ö ,                                                  (2.4) 

 

ʛʜʝ    ɛ0 - ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘ 4pÖ10
-7
 ɻʥ/ʤ; 

ɛ - ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ, ʟʘʧʦʣʥʷʶʱʝʡ ʩʦʣʝʥʦʠʜ; 

N - ʯʠʩʣʦ ʚʠʪʢʦʚ ʩʦʣʝʥʦʠʜʘ;  

I - ʩʠʣʘ ʪʦʢʘ. 

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʯʝʨʝʟ N ʚʠʪʢʦʚ ʩʦʣʝʥʦʠʜʘ ʙʫʜʝʪ ʨʘʚʝʥ 

 

2

0

N
ʌ N B Sɛ ɛ I

l
= Ö Ö = Ö Ö Ö,                                           (2.5) 

 

ʛʜʝ    S ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʩʦʣʝʥʦʠʜʘ.  

ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (2.5) ʠ (2.2) ʣʝʛʢʦ ʥʘʡʪʠ, ʯʪʦ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʦʣʝ-

ʥʦʠʜʘ ʩʦʩʪʘʚʠʪ: 

2

0

N
L ɛ ɛ S

l
= Ö Ö Ö                                                 (2.6)  
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ɽʩʣʠ ʜʣʠʥʘ ʩʦʣʝʥʦʠʜʘ ʩʨʘʚʥʠʤʘ ʩ ʝʛʦ ʜʠʘʤʝʪʨʦʤ, ʪʦ ʚ ʬʦʨʤʫʣʫ (2.6) 

ʚʚʦʜʠʪʩʷ ʧʦʧʨʘʚʦʯʥʳʡ ʤʥʦʞʠʪʝʣʴ: 

 

2

0

N
L K ɛ ɛ S

l
= Ö Ö Ö Ö ,                                         (2.7)  

 

ʛʜʝ      K ï ʧʦʧʨʘʚʦʯʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʦʥʝʯʥʳʝ ʨʘʟʤʝʨʳ ʩʦʣʝ-

ʥʦʠʜʘ. 

ʀʟ ʬʦʨʤʫʣʳ (2.7) ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ ʩʨʝʜʳ m, ʟʘʧʦʣʥʷʶʱʝʡ ʩʦʣʝʥʦʠʜ, ʠʟʤʝʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʝʛʦ ʠʥʜʫʢ-

ʪʠʚʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʨʝʜʦʡ, ʟʘʧʦʣʥʷʶʱʝʡ ʩʦʣʝʥʦʠʜ, ʷʚʣʷʝʪʩʷ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʛʦ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʪ. ʝ. ʦʪ ʩʠʣʳ ʪʦʢʘ, ʩʦʟʜʘʶʱʝʛʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʩʦʣʝʥʦʠʜʝ.  

ʇʦʵʪʦʤʫ ʧʨʠ ʥʘʣʠʯʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ L = f(I) ʩʣʝʜʫʝʪ 

ʫʩʨʝʜʥʷʪʴ L, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ ʪʦʯʢʘʭ. 

ʉʦʣʝʥʦʠʜʳ, ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ð ʵʪʦ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʨʠʩʫ-

ʥʦʢ 2.1), ʢʦʪʦʨʳʝ ʥʘʤʦʪʘʥʳ ʧʨʦʚʦʜʥʠʢʦʤ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʘʨʢʘʩ, ʦʥʠ ʤʦ-

ʛʫʪ ʙʳʪʴ ʦʜʥʦʩʣʦʡʥʳʤʠ, ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʳʤʠ.  

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʣʝʥʦʠʜʘ 
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ʊʘʢ ʢʘʢ ʜʣʠʥʘ ʥʘʤʦʪʢʠ ʩʦʣʝʥʦʠʜʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʜʠʘʤʝʪʨ, 

ʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʪʘʢʫʶ ʦʙʤʦʪʢʫ, ʚʥʫʪʨʠ ʥʝʝ, ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ, ʦʙʨʘʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ɽʩʣʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʣʝʥʦʠʜʘ ʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ 

ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚʜʦʣʴ ʦʩʠ ʢʘʪʫʰʢʠ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʥʜʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ: 

 

0 0

N
ɛ ɛB n I

l
= Ö = Ö Ö

 ,                                     
(2.8) 

 

ʛʜʝ    N ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʚ ʩʦʣʝʥʦʠʜʝ; 

l ï ʜʣʠʥʘ ʥʘʤʦʪʢʠ ʩʦʣʝʥʦʠʜʘ; 

I ï ʪʦʢ ʚ ʩʦʣʝʥʦʠʜʝ; 

ɛ0 ð ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ. 

ʅʘ ʢʨʘʷʭ ʩʦʣʝʥʦʠʜʘ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʚʥʫʪʨʠ ʥʝ-

ʛʦ, ʧʦʩʢʦʣʴʢʫ ʦʙʝ ʧʦʣʦʚʠʥʳ ʩʦʣʝʥʦʠʜʘ ʚ ʤʝʩʪʝ ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʠʚʥʦʩʷʪ 

ʨʘʚʥʳʡ ʚʢʣʘʜ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʪʦʢʦʤ ʩʦʣʝʥʦʠʜʘ. ʕʪʦ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ ʦ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʤ ʩʦʣʝʥʦʠʜʝ ʠʣʠ ʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʦʡ, ʧʦ ʦʪʥʦʝh-

ʥʠʶ ʢ ʜʠʘʤʝʪʨʫ ʢʘʨʢʘʩʘ, ʢʘʪʫʰʢʝ. ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʧʦ ʢʨʘʷʤ ʙʫʜʝʪ ʨʘʚ-

ʥʘ: 

            
0
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ɛ

2
ʂʈB n I= Ö Ö Ö

                                      
(2.9) 

 

ʊʘʢ ʢʘʢ ʩʦʣʝʥʦʠʜ ð ʵʪʦ ʝʩʪʴ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʪʦ, ʢʘʢ ʠ ʣʶʙʘʷ 

ʢʘʪʫʰʢʘ, ʦʙʣʘʜʘʶʱʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ, ʩʦʣʝʥʦʠʜ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴ ʚ ʤʘʛ-

ʥʠʪʥʦʤ ʧʦʣʝ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʨʘʙʦʪʝ, ʢʦʪʦʨʫʶ ʩʦʚʝʨʰʘʝʪ 

ʠʩʪʦʯʥʠʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚ ʦʙʤʦʪʢʝ ʪʦʢʘ, ʧʦʨʦʞʜʘʶʱʝʛʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʣʝ-

ʥʦʠʜʘ: 
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(2.10) 

 

ʀʟʤʝʥʝʥʠʝ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ ʧʨʠʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʕɼʉ ʩʘʤʦʠʥʜʫʢ-

ʮʠʠ, ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʨʘʷʭ ʧʨʦʚʦʜʘ ʦʙʤʦʪʢʠ ʩʦʣʝʥʦʠʜʘ ʙʫʜʝʪ ʨʘʚʥʦ: 

 

dI
L

dt
e=-

                                           
(2.11) 

 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʩʦʣʝʥʦʠʜʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

 

2
2 0

0
4

z
L n V

l

m
m

p
= Ö Ö = Ö

 ,                             
(2.12) 

 

ʛʜʝ     V ï ʦʙʲʝʤ ʩʦʣʝʥʦʠʜʘ; 

z ï ʜʣʠʥʘ ʧʨʦʚʦʜʘ ʚ ʦʙʤʦʪʢʝ ʩʦʣʝʥʦʠʜʘ; 

n ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʚ ʝʜʠʥʠʮʝ ʜʣʠʥʳ ʩʦʣʝʥʦʠʜʘ; 

l ï ʜʣʠʥʘ ʩʦʣʝʥʦʠʜʘ; 

ɛ0 ð ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ. 

ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʧʨʦʚʦʜ ʩʦʣʝʥʦʠʜʘ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʩʦʣʝʥʦʠʜʘ ʪʘʢ ʞʝ ʙʫʜʝʪ ʧʝʨʝʤʝʥʥʳʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʣʝʥʦʠʜʘ ʧʝʨʝ-

ʤʝʥʥʦʤʫ ʪʦʢʫ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʘʢʪʠʚʥʫʶ, 

ʪʘʢ ʠ ʨʝʘʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʘʢʪʠʚʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʦʚʦʜʘ ʦʙʤʦʪʢʠ. 

2.1.1 ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʝʥʦʠʜʦʚ 

ʉʦʣʝʥʦʠʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʦ 

ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʛʨʘʞʜʘʥʩʢʦʡ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʏʘʩʪʦ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʳ ð ʵʪʦ ʢʘʢ ʨʘʟ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʩʦʣʝʥʦʠʜʦʚ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦ-
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ʢʝ. ʅʦʞʥʠʮʳ ʦʪʨʝʟʘʥʠʷ ʯʝʢʦʚ ʚ ʢʘʩʩʦʚʳʭ ʘʧʧʘʨʘʪʘʭ, ʢʣʘʧʘʥʳ ʜʚʠʛʘʪʝʣʝʡ, ʪʷ-

ʛʦʚʦʝ ʨʝʣʝ ʩʪʘʨʪʝʨʘ, ʢʣʘʧʘʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʪ. ʜ. ʅʘ ʧʝʨʝʤʝʥʥʦʤ 

ʪʦʢʝ ʩʦʣʝʥʦʠʜʳ ʨʘʙʦʪʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʫʢʪʦʨʦʚ ʪʠʛʝʣʴʥʳʭ ʧʝʯʝʡ. 

ʆʙʤʦʪʢʠ ʩʦʣʝʥʦʠʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʤʝʜʥʦʛʦ, ʨʝʞʝ ð 

ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʘ. ɺ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʠʤʝʥʷʶʪ ʦʙ-

ʤʦʪʢʠ ʠʟ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ. ʉʝʨʜʝʯʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʞʝʣʝʟʥʳʤʠ, ʯʫʛʫʥʥʳʤʠ, 

ʬʝʨʨʠʪʦʚʳʤʠ ʠʣʠ ʠʟ ʠʥʳʭ ʩʧʣʘʚʦʚ, ʯʘʩʪʦ ʚ ʬʦʨʤʝ ʧʘʢʝʪʘ ʣʠʩʪʦʚ, ʘ ʤʦʛʫʪ ʠ 

ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʩʝʨʜʝʯʥʠʢ ʜʝʣʘ-

ʝʪʩʷ ʠʟ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʋʩʪʨʦʡʩʪʚʘ ʪʠʧʘ ʧʦʜʲʝʤʥʳʭ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʦʚ, ʩʦʨʪʠʨʫʶʱʠʝ ʩʝʤʝʥʘ, ʦʯʠʩʪʠʪʝʣʠ ʫʛʣʷ ʠ ʪ. ʜ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝ-

ʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʝʥʦʠʜʦʚ. 

 

2.2 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ELCUT  

 

ʎʝʣʴ ʨʘʙʦʪʳ: ʅʘʡʪʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʜʣʠʥʥʦʛʦ ʩʦʣʝʥʦʠʜʘ. 

ʊʠʧ ʟʘʜʘʯʠ: ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʟʘʜʘʯʘ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ. 

ɻʝʦʤʝʪʨʠʷ ʩʦʣʝʥʦʠʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ɻʝʦʤʝʪʨʠʷ ʩʦʣʝʥʦʠʜʘ 

 

http://electricalschool.info/main/electrotehnolog/1136-shemy-indukcionnykh-pechejj.html
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ɼʘʥʦ: 

R1 = 30 ʤʤ, R2= 35 ʤʤ, ʩʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ I = 1 A, ʯʠʩʣʦ ʚʠʪʢʦʚ    

N = 100, ʜʣʠʥʘ ʩʦʣʝʥʦʠʜʘ l = 0.5 ʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʦ-

ʣʝʥʦʠʜʘ, ʢʦʪʦʨʘʷ  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

2

0 N S
L

l

m mÖ Ö Ö
=

 ,                                       
(2.13) 

 

ʛʜʝ    S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʣʝʥʦʠʜʘ (ʤ
2
). 

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ELCUT ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʯʝʨʝʟ ʢʦʥʪʫʨ, ʧʝʨʝʩʝʢʘʶʱʠʡ ʩʦʣʝʥʦʠʜ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʯʠʩʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ. ɼʘʣʝʝ, ʟʥʘʷ ʧʦʪʦʢ, ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ 

ʠʩʢʦʤʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʦʣʝʥʦʠʜʘ: 

 

2N ʌ
L

I

Ö
=

                                       
(2.14) 

 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʦʧʠʩʳʚʘʝʪ ʠʜʝʘʣʴʥʳʡ ʩʦʣʝʥʦʠʜ, ʫ ʢʦʪʦʨʦʛʦ 

ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʘʝʚʳʝ ʵʬʬʝʢʪʳ ʠ ʦʙʤʦʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʥʢʠʤ ʪʦʢʦʚʳʤ ʩʣʦ-

ʝʤ. ʉ ʧʦʤʦʱʴʶ ELCUT ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʪʘʢʞʝ ʠ ʨʝʘʣʴʥʳʡ ʩʦʣʝʥʦʠʜ, 

ʧʦʩʯʠʪʘʚ ʧʦʣʝ ʚ ʦʢʨʫʞʘʶʱʝʤ ʚʦʟʜʫʭʝ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ: 

1 ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʟʘʜʘʯʫ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ʉʦʟʜʘʪʴ. ɺʚʝʜʠʪʝ ʠʤʷ ʟʘʜʘʯʠ 

ʠ ʧʘʧʢʫ ʜʣʷ ʭʨʘʥʝʥʠʷ ʬʘʡʣʘ.  

2 ɺʳʙʝʨʠʪʝ ʪʠʧ ʟʘʜʘʯʠ ʄʘʛʥʠʪʦʩʪʘʪʠʢʘ. ɺʳʙʝʨʠʪʝ ʢʣʘʩʩ ʤʦʜʝʣʠ ʆʩʝ-

ʩʠʤʤʝʪʨʠʯʥʘʷ. ɺʚʝʜʠʪʝ ʠʤʝʥʘ ʬʘʡʣʘ ʤʦʜʝʣʠ ʠ ʬʘʡʣʘ ʩʚʦʡʩʪʚ. 

3 ɺʳʙʝʨʠʪʝ ʝʜʠʥʠʮʳ ʜʣʠʥʳ (ʤʤ) ʠ ʟʘʜʘʡʪʝ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (ɼʝ-

ʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ). 
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4 ɿʘʜʘʪʴ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɿʘʜʘʪʴ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

5 ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ. ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ çʆʪʢʨʳʪʴ ʤʦʜʝʣʴè. ʅʘʩʪʨʦʡʪʝ 

ʰʘʛ ʩʝʪʢʠ ʧʨʠʚʷʟʢʠ, ʚ ʤʝʥʶ ɺʠʜ ʦʪʢʨʳʪʴ ʉʝʪʢʘ ʧʨʠʚʷʟʢʠ. 

6 ʇʝʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ɺʩʪʘʚʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ. ʇʦʩʪʨʦʡʪʝ ʤʦ-

ʜʝʣʴ, ʠʩʧʦʣʴʟʫʷ ʧʨʷʤʳʝ ʣʠʥʠʠ.  

ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʩʦʣʝʥʦʠʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

 

 
 

ʈʠʩʫʥʦʢ 2.3 ï ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʩʦʣʝʥʦʠʜʘ 

 

7 ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʢ ʥʘʟʥʘʯʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ, ʠʩʪʦʯʥʠʢʠ. ʏʪʦʙʳ ʧʨʠʩʚʦʠʪʴ ʤʝʪʢʫ ʦʙʲʝʢʪʫ, ʝʛʦ ʥʘʜʦ ʚʳ-

ʜʝʣʠʪʴ. ʇʝʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ʚʳʜʝʣʝʥʠʷ. ɺʳʜʝʣʠʪʝ ʦʙʲʝʢʪ ʠ ʚ ʢʦʥ-

ʪʝʢʩʪʥʦʤ ʤʝʥʶ ʚʳʙʝʨʠʪʝ ʉʚʦʡʩʪʚʘ. ɺʚʝʜʠʪʝ ʠʤʷ ʤʝʪʢʠ (ʆʙʤʦʪʢʘ, 

ɺʦʟʜʫʭ). ʈʝʙʨʘ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ ɻʨʘʥʠʮʘ ʠ ʆʩʝʚʳʝ.  
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8 ʑʝʣʢʥʠʪʝ ʜʚʘʞʜʳ ʧʦ ʤʝʪʢʝ, ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʦʢʥʦ ʝʝ ʩʚʦʡʩʪʚ. ɿʘʜʘ-

ʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʝʪʦʢ. 

 
 

ʈʠʩʫʥʦʢ 2.4 ï ʉʚʦʡʩʪʚʘ ʚʦʟʜʫʭʘ 
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ʈʠʩʫʥʦʢ 2.5 ï ʉʚʦʡʩʪʚʘ ʦʙʤʦʪʢʠ 

 

9 ɺ ʩʚʦʡʩʪʚʘʭ ʛʨʘʥʠʮʳ ʟʘʜʘʝʤ ʅʫʣʝʚʦʡ ʥʦʨʤʘʣʴʥʳʡ ʧʦʪʦʢ. 

10 ʄʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ. ʏʪʦʙʳ ʟʘʧʫʩʪʠʪʴ ʨʝʰʘʪʝʣʴ, 

ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ʈʝʰʠʪʴ. 

11 ʉ ʧʦʤʦʱʴʶ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʦʪʢʨʳʪʴ ʉʚʦʡʩʪʚʘ ʢʘʨʪʠʥʳ ʧʦʣʷ, 

ʚʳʙʨʘʪʴ ʎʚʝʪʥʘʷ ʢʘʨʪʘ. 

12 ɿʘʜʘʝʤ ɺʝʢʪʦʨ ʠʥʜʫʢʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.6. 
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ʈʠʩʫʥʦʢ 2.6 ï ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

 

13 ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ɼʦʙʘʚʠʪʴ ʢ ʢʦʥʪʫʨʫ, 

ʧʨʦʚʝʩʪʠ ʢʦʥʪʫʨ ʧʦ ʛʨʘʥʠʮʝ ʩʦʣʝʥʦʠʜʘ. ɿʘʪʝʤ ʦʪʢʨʳʪʴ ʛʨʘʬʠʢ ʠʥ-

ʜʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ ɻʨʘʬʠʢ. 

ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.7. 

14 ɼʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʩʣʝʜʫʝʪ ʧʦʜʢʣʶʯʠʪʴ ɻʝʦ-

ʤʝʪʨʠʶ ʚʦ ʚʢʣʘʜʢʝ ʩʚʷʟʴ ʟʘʜʘʯ. ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ ʩʤʝʥʠʪʴ ʪʠʧ ʟʘʜʘʯʠ 

ʥʘ ʋʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ.  
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ʈʠʩʫʥʦʢ 2.7 ï ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ 

 

15 ʄʝʥʷʝʪ ʤʝʪʢʠ ʙʣʦʢʦʚ. 

ʉʚʦʡʩʪʚʘ ʚʦʟʜʫʭʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.8. ʉʚʦʡʩʪʚʘ ʦʙʤʦʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.9. ʉʚʦʡʩʪʚʘ ʛʨʘʥʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

2.10. 

 

 

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʚʦʡʩʪʚʘ ʚʦʟʜʫʭʘ 
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ʈʠʩʫʥʦʢ 2.9 ï ʉʚʦʡʩʪʚʘ ʦʙʤʦʪʢʠ 

 

 
 

ʈʠʩʫʥʦʢ 2.10 ï ʉʚʦʡʩʪʚʘ ʛʨʘʥʠʮʳ 

 

ʉʚʦʡʩʪʚʘ ʦʩʝʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.11. 
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ʈʠʩʫʥʦʢ 2.11 ï ʉʚʦʡʩʪʚʘ ʦʩʝʚʳʭ 

 

16 ʄʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ. ʏʪʦʙʳ ʟʘʧʫʩʪʠʪʴ ʨʝʰʝʥʠʝ ʟʘ-

ʜʘʯʠ, ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ʈʝʰʠʪʴ.  

17 ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʩʣʝʜʫʝʪ ʥʘʞʘʪʴ ʢʥʦʧʢʫ ɼʦʙʘʚʠʪʴ ʢ ʢʦʥʪʫʨʫ, 

ʧʨʦʚʝʩʪʠ ʢʦʥʪʫʨ ʧʦ ʛʨʘʥʠʮʝ ʩʦʣʝʥʦʠʜʘ. ɿʘʪʝʤ ʦʪʢʨʳʪʴ ʛʨʘʬʠʢ ʠʥ-

ʜʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ ɻʨʘʬʠʢ. ɿʘʜʘʯʘ ʨʝʰʝʥʘ. 

ʈʝʟʫʣʴʪʘʪ: 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʣʝʥʦʠʜʘ: 

 

╢ ⱫϽ
╡ ╡

Ͻ Ȣ Ͻ
Ȣ Ȣ

Ͻ Ȣ  ̍  

 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʩʦʣʝʥʦʠʜʘ: 

 

╛ Ͻ ϽȢ Ͻ Ͻ
Ȣ

Ȣ
Ȣ  ̍̋ː̎ 
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ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʜʝʘʣʴʥʦʛʦ ʩʦʣʝʥʦʠʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.12. 

 

 

 

ʈʠʩʫʥʦʢ 2.12 ï ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʜʝʘʣʴʥʦʛʦ ʩʦʣʝʥʦʠʜʘ 

 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʝʘʣʴʥʦʛʦ ʩʦʣʝʥʦʠʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.13. 

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 2.1. 

 

 

 

ʈʠʩʫʥʦʢ 2.13 ï ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʝʘʣʴʥʦʛʦ ʩʦʣʝʥʦʠʜʘ 
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ʊʘʙʣʠʮʘ 2.1 ï ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

 ʀʥʜʫʢʪʠʚʥʦʩʪʴ L 

ʀʜʝʘʣʴʥʳʡ ʩʦʣʝʥʦʠʜ, ʪʝʦʨʠʷ 83.45 ʤʢɻʥ 

ʀʜʝʘʣʴʥʳʡ ʩʦʣʝʥʦʠʜ, ELCUT 83.55 ʤʢɻʥ 

ʈʝʘʣʴʥʳʡ ʩʦʣʝʥʦʠʜ, ELCUT 82.75 ʢɻʥ 

 

3 ʇʨʦʚʦʜʷʱʠʡ ʮʠʣʠʥʜʨ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

3.1 ɺʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʫʶ ʬʦʨʤʫ ʤʘʪʝ-

ʨʠʠ, ʚʦʟʥʠʢʘʶʱʫʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʚ ʧʨʦʚʦʜʷʱʠʭ ʤʘ-

ʪʝʨʠʘʣʘʭ. ʆʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʚʦʢʨʫʛ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʀʟʦʙʨʘʞʝ-

ʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1. 

 

 

 

ʈʠʩʫʥʦʢ 3.1 ï ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʣʝʥʦʠʜʘ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ 
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ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʚʦʢʨʫʛ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʚ ʜʚʠʞʝʥʠʠ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʝ ʧʦʣʝ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ, ʠ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʝ ʧʦʣʝ. 

ʉʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ:  

1 ʆʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. 

2  ʉʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʣʶʙʦʡ ʪʦʯʢʠ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʠʥ-

ʜʫʢʮʠʷ B, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʢʦʪʦʨʦʛʦ ï ʊʝʩʣʘ, ʊʣ.  

3 ʄʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʩ ʧʨʦʚʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʜʨʫ-

ʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

4 ʅʝ ʤʦʞʝʪ ʦʱʫʱʘʪʴʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ. 

5 ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ, ʧʦʪʦʤʫ ʯʪʦ ʩʫʱʝ-

ʩʪʚʫʝʪ ʣʠʰʴ ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʚʠ-

ʞʫʱʠʝʩʷ ʟʘʨʷʜʳ.  

6 ɿʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʷʤ ʧʦʣʷ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʙʳʚʘʝʪ ʧʦʩʪʦʷʥʥʳʤ ʠ ʧʝʨʝʤʝʥʥʳʤ. ʇʦʩʪʦʷʥʥʦʝ ʧʦʣʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʧʨʦʚʦʜʷʱʫʶ ʩʨʝʜʫ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʝʤʝʥʥʦʝ ï ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɺ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʢʝ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʣʫʯʠʣʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ, ʯʝʤ ʧʦʩʪʦʷʥʥʦʝ. 

ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʧʦ ʦʙʤʦʪʢʝ ʢʘʪʫʰʢʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʪʦʢʘ ʚʦʢʨʫʛ ʥʝʸ ʦʙʨʘʟʫʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʢʦʪʦʨʦʛʦ ʤʝ-

ʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ (ʧʫʣʴʩʠʨʫʝʪ) ʚʜʦʣʴ ʢʘʪʫʰʢʠ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

ʄʛʥʦʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʤʦʪʢʠ ʢʘʪʫʰ-

ʢʠ ʠ ʤʛʥʦʚʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ ʚ ʥʝʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʧʨʘ-

ʚʠʣʫ ʙʫʨʘʚʯʠʢʘ. ʊʘʢ ʜʣʷ ʩʣʫʯʘʷ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3.2, ʚʝʢʪʦʨ ʠʥ-

ʜʫʢʮʠʠ ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʩʠ ʢʘʪʫʰʢʠ ʚʚʝʨʭ. ʏʝʨʝʟ ʧʦʣʧʝʨʠʦʜʘ, ʢʦʛʜʘ, ʧʨʠ ʪʦʤ 

ʞʝ ʤʦʜʫʣʝ, ʪʦʢ ʠʟʤʝʥʠʪ ʩʚʦʡ ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ, ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ, ʧʨʠ ʪʦʡ ʞʝ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ, ʧʦʤʝʥʷʝʪ ʩʚʦʶ ʦʨʠʝʥʪʘʮʠʶ ʚ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ 180 ʛʨʘʜʫʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʢʘʪʫʰʢʠ ʩ ʩʠ-

ʥʫʩʦʠʜʘʣʴʥʳʤ ʪʦʢʦʤ ʥʘʟʳʚʘʶʪ ʧʫʣʴʩʠʨʫʶʱʠʤ. 

 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʢʘʪʫʰʢʠ ʩ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʪʦʢʦʤ 

 

ʇʫʣʴʩʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʰʣʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, 

ʦʩʦʙʝʥʥʦ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʰʠʥʘʭ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩ-

ʧʦʣʦʞʝʥʠʠ ʢʘʪʫʰʝʢ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʧʦ ʥʠʤ ʪʦʢʘ ʚ ʟʫʙ-

ʮʦʚʦʡ ʟʦʥʝ ʤʘʰʠʥʳ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ ʚʨʘʱʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʉ ʮʝʣʴʶ ʫʩʠʣʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʰʠʥʝ ʜʣʷ ʥʝʛʦ ʩʦʟʜʘʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʮʝʧʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ 

(ʩʝʨʜʝʯʥʠʢʦʚ) ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ (ʨʠʩʫʥʦʢ 3.3). 

 

 

 

ʈʠʩʫʥʦʢ 3.3 ï ʂʦʥʩʪʨʫʢʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 
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ʅʘ ʩʪʘʪʦʨʝ ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʢʘʪʫʰʢʠ, ʤʘʛʥʠʪʥʳʝ ʦʩʠ ʢʦʪʦʨʳʭ ʩʜʚʠʥʫ-

ʪʳ ʧʦ ʨʘʩʪʦʯʢʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʥʘ 2/3 ʧʦʣʶʩʥʦʛʦ ʜʝʣʝʥʠʷ , ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

 

       ,    (3.1) 

 

ʛʜʝ    R ï ʨʘʜʠʫʩ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩʪʘʪʦʨʘ; 

ʨ ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʜʚʠʛʘʪʝʣʷ (ʯʠʩʣʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ).  

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʦʪʤʝʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʧʫʣʴʩʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚʜʦʣʴ ʦʩʝʡ ʢʘʞʜʦʡ ʠʟ ʦʙʤʦʪʦʢ (ɸ, ɺ 

ʠ ʉ).  

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢʘʪʫʰʝʢ ʢ ʩʠʩʪʝʤʝ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʠʟʤʝ-

ʥʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʚ ʢʘʞʜʦʡ ʬʘʟʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʦʛʣʘʩ-

ʥʦ ʛʨʘʬʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 3.4. 

 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʦʢʦʚ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠ-

ʛʘʪʝʣʷ 

2

2

R R

p p

p p
t= =
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ʅʘ ʨʠʩʫʥʢʝ 3.5 ʠʟʦʙʨʘʞʝʥʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝ ʤʘʰʠʥʳ ʜʣʷ ʤʦʤʝʥ-

ʪʦʚ ʚʨʝʤʝʥʠ t1, t2, t3. 

 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʀʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʦ ʚʨʝʤʝ-

ʥʠ 

 

ʅʘ ʦʩʥʦʚʝ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʨʫʛʦʚʳʤ ʚʨʘʱʘʶ-

ʱʠʤʩʷ ʧʦʣʝʤ ʥʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʢʦʪʦʨʦʛʦ ʚʨʘʘɦ-

ʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʝ ʠʟʤʝʥʷʷʩʴ ʧʦ ʤʦʜʫ-

ʣʶ. 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ:  

1 ʊʦʢʠ, ʧʠʪʘʶʱʠʝ ʢʘʪʫʰʢʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʚʠʥʫʪʳ ʧʦ ʬʘʟʝ ʥʘ ʥʝʢʦʪʦ-

ʨʳʡ ʫʛʦʣ (ʜʣʷ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ï ʥʘ 900, ʜʣʷ ʪʨʝʭʬʘʟʥʦʡ ï ʥʘ 1200).  

2 ʆʩʠ ʢʘʪʫʰʝʢ ʜʦʣʞʥʳ ʙʳʪʴ ʩʜʚʠʥʫʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʨʫʛ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʜʨʫʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʤʝʱʝʥʠʶ ʚʝʢʪʦʨʦʚ ʪʦʢʦʚ.  

ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʟʫʙʮʦʚʦʡ ʟʦʥʳ ʤʘʰʠʥʳ Bx ʧʦʩʪʦ-

ʷʥʥʘ, ʝʩʣʠ ˊʭ/Ű ï wt  = const. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʤʳʩʣʝʥʥʦ ʚʳʙʨʘʪʴ ʚ ʚʦʟ-
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ʜʫʰʥʦʤ ʟʘʟʦʨʝ ʥʝʢʦʪʦʨʫʶ ʪʦʯʢʫ ʠ ʧʝʨʝʤʝʱʘʪʴ ʝʝ ʚʜʦʣʴ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ:  

 

   (3.2) 

 

ʊʦ ʪʦʛʜʘ ʠʥʜʫʢʮʠʷ ʜʣʷ ʵʪʦʡ ʪʦʯʢʠ ʙʫʜʝʪ ʥʝʠʟʤʝʥʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʚʜʦʣʴ ʨʘʩʪʦʯʢʠ ʩʪʘʪʦʨʘ, ʥʝ ʤʝʥʷʷ ʩʚʦʝʡ ʬʦʨʤʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʠʨʫ-

ʶʱʝʝ ʧʦʣʝ ʚʨʘʱʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʫʶ ʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʷʪʴ 

ʚ ʦʙʦʨʦʪʘʭ ʚ ʤʠʥʫʪʫ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ: 

 

           (3.3) 

 

ɺʳʨʘʞʝʥʠʝ (3.3) ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʩʠʥʭʨʦʥʥʳʭ ʠ ʘʩʠʥ-

ʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʯʘ-

ʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʦʣʷ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ, ʦʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʥʘ 

ʚʝʣʠʯʠʥʫ ʩʢʦʣʴʞʝʥʠʷ. 

ɺʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʣʶʙʦʡ 

ʤʥʦʛʦʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʪ. ʝ. ʩʠʩʪʝʤʳ ʩ ʯʠʩʣʦʤ ʬʘʟ ð ʜʚʝ, 

ʪʨʠ ʠ ʪ. ʜ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʫʯʠʣʦ ʚʨʘ-

ʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʠ ʤʘʰʠʥʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

ɺʳʰʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ, ʪʝʧʝʨʴ ʩʣʝʜʫʝʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʦ ʪʦʤ, ʢʘʢ ʙʫʜʝʪ ʚʣʠʷʪʴ ʪʘʢʦʝ ʧʦ-

ʣʝ ʥʘ ʧʦʣʳʡ ʧʨʦʚʦʜʷʱʠʡ ʮʠʣʠʥʜʨ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʪʦʷʥʥʦʝ ʧʦʣʝ ʚʦʟʥʠʢʘʝʪ ʚʦʢʨʫʛ ʜʚʠʞʫʱʠʭʩʷ ʟʘʨʷʞʝʥ-

ʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʝʪʩʷ ʬʝʨʨʦ- ʠ ʬʝʨʨʠʤʘʛʥʝʪʠʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʤʘʢʨʦ-

ʩʢʦʧʠʯʝʩʢʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʙʫʩʣʦʚʣʝʥ ʚʥʫʪʨʠʘʪʦʤʥʳʤʠ ʪʦʢʘʤʠ. ɸ ʤʦ-

ʞʝʪ ʣʠ ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʝ ʧʦʣʝ ʚ ʥʝʤʘʛʥʠʪʥʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʧʨʦʚʦʜ-
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ʥʠʢʝ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʥʝ ʧʨʦʧʫʩʢʘʶʪ ʪʦʢ? ʄʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʧʨʦʩʪʦʡ ʵʢʩʧʝʨʠ-

ʤʝʥʪ.  ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʘʣʶʤʠʥʠʝʚʳʡ ʮʠʣʠʥʜʨ, ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ - 

200 ʤʤ, ʜʣʠʥʘ - 200 ʤʤ ʠ ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ - 20 ʤʤ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʧʦʣʦʛʦ ʮʠ-

ʣʠʥʜʨʘ ʚʦ ʚʥʝʰʥʝʤ ʧʦʩʪʦʷʥʥʦʤ ʧʦʣʝ, ʚ ʥʝʤ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʘʣʶ-

ʤʠʥʠʝʚʦʛʦ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ 60 ʨʘʜ/ʩ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠʥʜʫʢʮʠ-

ʝʡ 1,6Ŀ10
-4
 ʊʣ ʩʦʟʜʘʝʪʩʷ ʚʪʦʨʠʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʚʥʝʰ-

ʥʝʤʫ ʧʦʣʶ (ʨʠʩʫʥʦʢ 3.6). ʇʦʷʚʠʚʰʝʝʩʷ ʚʪʦʨʠʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʠʥʜʫʢʮʠʝʡ ʨʘʚʥʦ ~10
-4
 ʊʣ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ ʦʪ 5 ʤʤ ʜʦ 10 ʤʤ ʦʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ.  

 

 

1 ï ʧʦʣʳʡ ʥʝʤʘʛʥʠʪʥʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʮʠʣʠʥʜʨ; 2 ï ʦʩʴ ʮʠʣʠʥʜʨʘ; 3 ï 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʧʦʨʘ; B0 ï ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ,ɤ 

ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, Bm ïʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʈʠʩʫʥʦʢ 3.6 ï ʉʝʯʝʥʠʝ ʧʦʣʦʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ  
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ʅʘ ʨʠʩʫʥʢʝ 3.6 ʩʪʨʝʣʢʘʤʠ ʠʟʦʙʨʘʞʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢ-

ʮʠʠ, ʥʘʚʦʜʷʱʝʡʩʷ ʣʦʢʘʣʴʥʳʤʠ ʪʦʢʦʚʳʤʠ ʜʠʧʦʣʷʤʠ ʧʨʦʚʦʜʥʠʢʘ. ʅʝʙʦʣʴʰʠ-

ʤʠ ʦʢʨʫʞʥʦʩʪʷʤʠ ʩ ʪʦʯʢʘʤʠ ʠ ʩ ʢʨʝʩʪʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝ-

ʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʚʨʘʱʝʥʠʠ ʮʠʣʠʥʜʨʘ. 

ɿʘ ʷʚʣʝʥʠʝ ʥʘʚʝʜʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʷ ʦʪʚʝʪʩʪʚʝʥʥʘ ʩʠʣʘ ʃʦʨʝʥʮʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʣʝʢʪʨʦʥʳ ʚʨʘʱʘʶʱʝʛʦʩʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʮʠʣʠʥʜʨʘ. ʆʥʘ ʚʳ-

ʟʳʚʘʝʪ ʚ ʤʘʪʝʨʠʘʣʝ ʮʠʣʠʥʜʨʘ ʟʘʤʢʥʫʪʳʝ ʧʫʣʴʩʠʨʫʶʱʠʝ ʪʦʢʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ 

ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɻʝʥʝʨʠʨʫʝʤʦʝ ʚʪʦʨʠʯʥʦʝ ʧʦ-

ʣʝ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʧʦʣʴʥʳʤ ʚ ʩʝʯʝʥʠʠ ʵʪʦʛʦ ʮʠʣʠʥʜʨʘ, ʘ ʦʙʱʝʝ ʚʪʦʨʠʯʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʩʝʛʦ ʮʠʣʠʥʜʨʘ ï ʜʠʧʦʣʴʥʦʝ. ʄʫʣʴʪʠʧʦʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʙʣʶʜʘʝʤʘʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʣʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʫʪʠ ʧʨʦʪʝ-

ʢʘʥʠʷ ʪʦʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘʚʦʜʠʤʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫʙʳʚʘʝʪ 

ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʧʨʦʚʦʜʥʠʢʘ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʦʣʝ ʦʙʳʯʥʦʛʦ ʤʘʛʥʠʪʥʦ-

ʛʦ ʜʠʧʦʣʷ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʨʠ ʚʨʘʱʝʥʠʠ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʥʝʤʘʛʥʠʪʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 

 (4) 

 

ʛʜʝ    Bm ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʥʘʚʦʜʠʤʦʡ ʚʨʘʱʘʶ-

ʱʠʤʩʷ ʮʠʣʠʥʜʨʦʤ; 

km(ů, d) ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʬʦʨʤʳ ʠ ʚʝʣʠʯʠ-

ʥʳ ʮʠʣʠʥʜʨʘ; 

B0 ï ʠʥʜʫʢʮʠʷ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 

ɤ ï ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʮʠʣʠʥʜʨʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ km(ů,d) ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʦʣʱʠʥʝ ʠ ʨʘʜʠʫ-

ʩʫ ʮʠʣʠʥʜʨʘ. 

[ ]0( , )m mB k d B ws= ³
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ɺʝʣʠʯʠʥʘ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʨʘʟʫʤʝʝʪʩʷ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʩ-

ʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʨʘʱʘʶʱʠʤʩʷ ʧʨʦʚʦʜʥʠʢʦʤ ʠ ʪʦʯʢʦʡ ʠʟʤʝʨʝʥʠʷ ʚʪʦʨʠʯʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʈʘʩʩʝʯʸʥʥʳʡ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʧʦʣʳʡ ʘʣʶʤʠʥʠʝ-

ʚʳʡ ʮʠʣʠʥʜʨ ʩʦʭʨʘʥʷʝʪ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢ ʩʦʟʜʘʥʠʶ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʆʜʥʦʨʦʜʥʳʡ ʠ ʩʧʣʦʰʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʠʣʠʥʜʨ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚʦ 

ʚʥʝʰʥʝʤ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʪʘʢʞʝ ʛʝʥʝʨʠʨʫʝʪ ʚʪʦʨʠʯʥʦʝ ʤʘʛʥʠʪ-

ʥʦʝ ʧʦʣʝ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʳ, ʯʝʤ ʧʦʣʳʡ ʮʠʣʠʥʜʨ. ʇʦʣʳʡ ʮʠ-

ʣʠʥʜʨ ʩʦ ʩʪʝʥʢʘʤʠ, ʥʘʚʠʪʳʤʠ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ, ʛʝʥʝʨʠʨʫʝʪ ʚʪʦʨʠʯʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʩʣʦʝʚ 

ʬʦʣʴʛʠ, ʪʦ ʝʩʪʴ ʪʦʣʱʠʥʝ ʵʪʦʛʦ ʮʠʣʠʥʜʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʚʨʘʱʘʶʱʠʡʩʷ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪ-

ʥʦʤ ʧʦʣʝ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʥʝʤʘʛʥʠʪʥʳʡ ʧʨʦʚʦʜʥʠʢ ʩʦʟʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʝ ʚʪʦ-

ʨʠʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʚʥʝʰʥʝʤʫ ʧʦʩʪʦʷʥʥʦʤʫ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʘʤ ʚʨʘʱʘʶʱʠʡʩʷ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ) ʧʨʦʚʦʜʥʠʢ ʧʦʜʦʙʝʥ 

ʫʥʠʧʦʣʷʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʝ ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ. 

ʊʦ, ʯʪʦ ʵʬʬʝʢʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʟʜʘʝʪʩʷ 

ʠʤʝʥʥʦ ʚʥʝʰʥʠʤʠ, ʚʘʣʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʥʠʢʘ ʩʣʝʜʫʝʪ ʠʟ ʩʠʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʚʝʣʠʯʠʥʫ ʵʬ-

ʬʝʢʪʘ. ʎʠʣʠʥʜʨ ʠʟ ʙʦʣʝʝ ʧʨʦʚʦʜʷʱʝʛʦ ʤʝʪʘʣʣʘ ʩʦʟʜʘʝʪ ʙʦʣʴʰʝʝ ʧʦ ʚʝʣʠʯʠʥʝ 

ʚʪʦʨʠʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʯʝʤ ʮʠʣʠʥʜʨ ʠʟ ʤʝʥʝʝ ʧʨʦʚʦʜʷʱʝʛʦ ʤʝʪʘʣʣʘ ʠʣʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦ-

ʣʝ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʨʘʟʤʝʨʳ). ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʩʚʦʙʦʜ-

ʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʘʷ ʚ ʤʝʪʘʣʣʘʭ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʚ ʪʳʩʷʯʠ ʨʘʟ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘ ʜʣʠʥʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦ-

ʙʝʛʘ ʵʣʝʢʪʨʦʥʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʩʚʦʙʦʜʥʳʝ ʯʘʩʪʠʮʳ: ʦʥʠ ʦʙʣʘʜʘʶʪ ʠʥʝʨʮʠʝʡ, 

ʪʦ ʝʩʪʴ ʩʪʨʝʤʷʪʩʷ ʩʦʭʨʘʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʜʚʠʞʝʥʠʷ ʚ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʧʳʪʳ ʉʪʶʘʨʪʘ ʠ ʊʦʣʤʝʥʘ ʩ ʪʦʨʤʦʞʝʥʠʝʤ 
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ʚʨʘʱʘʶʱʠʭʩʷ ʢʘʪʫʰʝʢ, ʘ ʪʘʢʞʝ ʠʥʝʨʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦ-

ʥʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʪʦʢʝ ʩʘʤʦʠʥʜʫʢʮʠʠ. ʅʘ ʵʣʝʢʪʨʦʥʳ ʧʨʦ-

ʚʦʜʥʠʢʦʚ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʠ-

ʣʳ. ʇʨʠʤʝʨ ʜʝʡʩʪʚʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ï ʵʪʦ ʨʘʙʦʪʘ ʫʥʠʧʦʣʷʨʥʦʛʦ ʠʥʜʫʢ-

ʪʦʨʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʦʡ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʚʥʝʰʥʠʝ ʵʣʝʢ-

ʪʨʦʥʳ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ.  

ʕʬʬʝʢʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʚʨʘ-

ʱʘʶʱʝʤʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ï ʵʪʦ ʧʨʠʤʝʨ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʃʦʨʝʥʮʘ ʥʘ ʚʥʝʰ-

ʥʠʝ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʥʠʢʘ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʦʪ ʦʜʥʦʛʦ ʘʪʦʤʘ 

ʢ ʜʨʫʛʦʤʫ. ʈʘʩʩʪʦʷʥʠʝ, ʧʨʝʦʜʦʣʝʚʘʝʤʦʝ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝ-

ʥʠʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʧʨʦʚʦʜʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ, 

ʢʘʢ ʝʩʣʠ ʙʳ ʵʪʠ ʵʣʝʢʪʨʦʥʳ ʙʳʣʠ ʩʚʦʙʦʜʥʳʤʠ. ɹʦʣʴʰʘʷ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ï ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʝʪʘʣ-

ʣʘʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ, ʢʦʛʜʘ ʠʭ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ~2Ĭ10
-6 
ʆʤĀʤ. ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʝʣʴʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʦʚʦʜʥʠʢʘ çʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘè ʵʣʝʢʪʨʦʥʦʚ ʨʘʚʥʘ 

ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ, ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʩʯʝʟʘʝʪ ʷʚʣʝʥʠʝ 

ʩʘʤʦʠʥʜʫʢʮʠʠ, ʧʨʝʢʨʘʱʘʝʪʩʷ ʨʘʙʦʪʘ ʫʥʠʧʦʣʷʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʚʝʜʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʨʘʱʘʶʱʠʤʩʷ ʧʨʦʚʦʜʥʠʢʦʤ. 

ʂʦʛʜʘ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʥʝʪ, ʪʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʨʘʱʘʶʱʠʡʩʷ ʥʝʤʘʛʥʠʪ-

ʥʳʡ ʧʨʦʚʦʜʥʠʢ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʚʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ 

ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʥʠʢʘ ʜʦʣʞʥʘ ʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛʘʷ ʩʠʣʘ, ʥʘʧʨʠ-

ʤʝʨ, ʮʝʥʪʨʦʙʝʞʥʘʷ, ʢʘʢ ʚ ʫʥʠʧʦʣʷʨʥʦʤ ʠʥʜʫʢʪʦʨʝ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʩʦʝʜʠ-

ʥʠʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʠ ʧʝʨʠʬʝʨʠʡʥʳʡ ʫʯʘʩʪʢʠ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʨʦʚʦʜ-

ʥʠʢʘ ʯʝʨʝʟ ʪʦʢʦʩʲʝʤʥʳʝ ʢʦʣʴʮʘ. ɼʨʫʛʠʝ ʩʠʣʳ ʠʥʝʨʮʠʠ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʧʨʠ-

ʚʝʩʪʠ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʥʠʢʘ ʚ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠ ʩʦʟʜʘʪʴ ʚʦʢʨʫʛ ʥʝʛʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚʨʘʱʘʶʱʠʭʩʷ ʧʨʦʚʦʜʥʠʢʦʚ ï ʵʪʦ ʩʠʣʘ 

ʠʥʝʨʮʠʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʦʧʳʪʳ ʉʪʶʘʨʪʘ ʠ ʊʦʣʤʝʥʘ), ʘ ʧʨʠ ʧʨʷʤʦ-

ʣʠʥʝʡʥʦʤ ʪʦʨʤʦʞʝʥʠʠ ï ʩʠʣʘ ʅʴʶʪʦʥʘ. 
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ɺʪʦʨʠʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʙʫʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚ ʪʦʥʢʦʤ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʜʠʩʢʝ, ʝʩʣʠ ʝʛʦ ʦʩʴ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ, ʘ ʚʝʢʪʦʨ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʘʨʘʣʣʝʣʝʥ ʧʣʦʩʢʦʩʪʠ ʵʪʦʛʦ ʜʠʩʢʘ. ʇʨʠ ʨʘʚʥʦ-

ʤʝʨʥʦʤ ʚʨʘʱʝʥʠʠ ʪʘʢʦʛʦ ʥʘʙʦʨʥʦʛʦ ʜʠʩʢʘ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʦ 200 ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ ʚʝʣʠʯʠʥʘ ʚʪʦʨʠʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢ-

ʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ (ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ~10
-6
 ʦʪ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢ-

ʮʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ) ʧʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʢʪʦʨʫ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠʢʘ-

ʢʠʭ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʨʦʤʝ ʢʘʢ 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʥʝʪ. ɺ ʵʪʦʤ ʦʧʳʪʝ ʜʝʡʩʪʚʠʝ ʩʠʣʳ ʃʦʨʝʥʮʘ ʠʩʢʣʶʯʘʣʘʩʴ 

ʫʩʪʨʦʡʩʪʚʦʤ ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ.  ɺʪʦʨʠʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʘʢʞʝ ʥʝ ʚʦʟ-

ʥʠʢʘʝʪ ʚ ʨʘʟʦʤʢʥʫʪʦʤ (ʤʝʜʥʦʤ) ʩʦʣʝʥʦʠʜʝ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʚʜʦʣʴ ʧʨʦʜʦʣʴ-

ʥʦʡ ʦʩʠ. 

ʇʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʵʪʦʡ ʧʨʦʩʪʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʣʦʞʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʪʝʤ ʟʚʝʥʦʤ, ʢʦʪʦʨʦʝ ʧʦʤʦʞʝʪ ʧʦʥʷʪʴ ʧʨʠ-

ʯʠʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʤʘʛʥʝʪʠʢʘʭ. 

3.2 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ELCUT  

ʊʠʧ ʟʘʜʘʯʠ: ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ. ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.7. 

 

 

 

ʈʠʩʫʥʦʢ 3.7 ï ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ 
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ɼʘʥʦ: 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʧʨʦʚʦʜʥʠʢʘ ɛ = 1; 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ ɔ = 6.3Ŀ107 ʉʤ/ʤ; 

ɺʝʣʠʯʠʥʘ ʠʥʜʫʢʮʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ B0 = 1 ʊʣ; 

ʏʠʩʣʦ ʧʦʣʶʩʦʚ 2p = 6; 

ʏʘʩʪʦʪʘ ʪʦʢʘ f = 50 ɻʮ. 

ʕʪʘʧʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

1 ɺʳʙʦʨ ʪʠʧʘ ʟʘʜʘʯʠ ʠ ʬʘʡʣʦʚ ʤʦʜʝʣʠ. 

2 ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ. 

3 ɿʘʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

4 ʈʝʰʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. 

1 ɺʳʙʦʨ ʪʠʧʘ ʟʘʜʘʯʠ ʠ ʬʘʡʣʦʚ ʤʦʜʝʣʠ 

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʟʘʜʘʯʫ, ʥʘʞʠʤʘʝʤ ʢʥʦʧʢʫ çʉʦʟʜʘʪʴè ʠ ʚʳʙʠʨʘʝʤ çɿʘʜʘ-

ʯʘ ElCutè. ʉʦʟʜʘʥʠʝ ʟʘʜʘʯʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.8. 

 

 

 

ʈʠʩʫʥʦʢ 3.8 ï ʉʦʟʜʘʥʠʝ ʟʘʜʘʯʠ 

 

ɺʚʦʜʠʤ ʠʤʷ ʟʘʜʘʯʠ ʠ ʧʘʧʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ. ʇʨʠʩʚʦʝʥʠʝ ʠʤʝʥʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.9. 
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ʈʠʩʫʥʦʢ 3.9 ï ʇʨʠʩʚʦʝʥʠʝ ʠʤʝʥʠ 

 

ɺʳʙʠʨʘʝʤ ʪʠʧ ʟʘʜʘʯʠ çʄʘʛʥʠʪʥʦʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʣʝè, ʢʣʘʩʩ ʤʦʜʝʣʠ 

- çʇʣʦʩʢʘʷè, ʝʜ. ʜʣʠʥʳ - ʤʝʪʨʳ, ʢʦʦʨʜʠʥʘʪʳ ï ʧʦʣʷʨʥʳʝ. ʉʚʦʡʩʪʚʘ ʟʘʜʘʯʠ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.10. 

 

 

ʈʠʩʫʥʦʢ 3.10 ï ʉʚʦʡʩʪʚʘ ʟʘʜʘʯʠ 
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2 ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ 

ʅʘ ʧʘʥʝʣʠ ʚʳʙʠʨʘʝʤ ʨʝʞʠʤ ʚʩʪʘʚʢʠ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩʫʥʦʢ 3.11) ʠ 

ʩʦʟʜʘʝʤ ʛʝʦʤʝʪʨʠʶ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.12 (ɹʣʘʛʦʜʘʨʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʤ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʫ ʤʦʜʝʣʠ). 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ɺr ʙʦʨ ʨʝʞʠʤʘ ʚʩʪʘʚʢʠ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ 

 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ɻʝʦʤʝʪʨʠʷ ʟʘʜʘʯʠ 
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ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʩʝʪʢʫ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʧʨʠʤʝʨ ʥʘ ʨʠʩʫʥʢʝ 3.13. 

 

 

 

ʈʠʩʫʥʦʢ 3.13 ï ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

3 ɿʘʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʩʚʦʠʪʴ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʩʥʘʯʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʝʛʦ ʜʚʦʡʥʳʤ ʢʣʠʢʦʤ, ʠ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʟʘʜʘʪʴ 

ʤʝʪʢʫ ʦʙʲʝʢʪʘ, ʜʣʷ ʚʦʟʜʫʭʘ (ʨʠʩʫʥʦʢ 3.14), ʜʣʷ ʜʠʩʢʘ (ʨʠʩʫʥʦʢ 3.15), ʜʣʷ ʨʝ-

ʙʝʨ (ʨʠʩʫʥʦʢ 3.16),ʧʝʨʠʦʜʠʯʥʦʩʪʴ (ʨʠʩʫʥʦʢ 3.17). 
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ʈʠʩʫʥʦʢ 3.14 ï ɿʘʜʘʥʠʝ ʤʝʪʢʠ ʦʙʲʝʢʪʘ (ʚʦʟʜʫʭ) 

 

 

 

ʈʠʩʫʥʦʢ 3.15 ï ɿʘʜʘʥʠʝ ʤʝʪʢʠ ʜʣʷ ʜʠʩʢʘ 
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ʈʠʩʫʥʦʢ 3.16 ï ɿʘʜʘʥʠʝ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ 

 

 

ʈʠʩʫʥʦʢ 3.17 ï ɿʘʜʘʥʠʝ ʤʝʪʢʠ ʫʩʣʦʚʠʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

 

ɺʩʝ ʟʘʜʘʥʥʳʝ ʤʝʪʢʠ ʥʘʭʦʜʷʪʩʷ ʩʣʝʚʘ ʥʘ ʧʘʥʝʣʠ (ʨʠʩʫʥʦʢ 3.18). 



57 

 

 

 

 

ʈʠʩʫʥʦʢ 3.18 - ʇʘʥʝʣʴ ʤʝʪʦʢ 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʝʪʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʱʝʣʢʥʫʪʴ ʥʘ ʥʝʝ 

ʜʚʘʞʜʳ ʠ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʟʘʜʘʪʴ ʥʫʞʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʜʫʭʘ ʨʘʚʥʘ 1, ʨʠʩʫʥʦʢ 3.19. 
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ʈʠʩʫʥʦʢ 3.19 ï ʉʚʦʡʩʪʚʘ ʤʝʪʢʠ ɺʦʟʜʫʭ 

 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ ʨʘʚʥʘ ʪʘʢ ʞʝ 1, ʘ ʣɻʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦ-

ʚʦʜʥʠʢʘ ɔ = 6.3Ŀ10
7
 ʉʤ/ʤ, ʨʠʩʫʥʦʢ 3.20. 

 

 

ʈʠʩʫʥʦʢ 3.20 - ʉʚʦʡʩʪʚʘ ʤʝʪʢʠ ɼʠʩʢ 
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ʏʪʦʙʳ ʟʘʜʘʪʴ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʦʙʣʘ-

ʩʪʠ, Bn = B0 sin (ɤt - pű), ʧʨʠʣʦʞʠʤ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ɼʠʨʠʭʣʝ ʚʠʜʘ: A = cos 

(18000*t - 3*atan2 (y/x)) / 60. ʂʦʵʬʬʠʮʠʝʥʪ A0 = 1/60 ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʚʳʨʘʞʝ-

ʥʠʷ: Bn = (1/r)(ÖA/Öű) = A0pĿsin(ɤt - pű) / r  ʠ A0 = B0Ŀr/p (ʨʠʩʫʥʦʢ 3.21).   

 

 

ʈʠʩʫʥʦʢ 3.21 - ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ 

 

ɹʣʘʛʦʜʘʨʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʤ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʫ ʤʦʜʝʣʠ ʠ 

ʟʘʜʘʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ A1 = -A2 ʥʘ ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʝʟʘ (ʨʠ-

ʩʫʥʦʢ 3.22). 
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ʈʠʩʫʥʦʢ 3.22 - ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʚʩʝʭ ʩʚʦʡʩʪʚ ʤʝʪʦʢ, ʟʘʜʘʝʤ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɿʘʜʘ-

ʯʘŸʉʚʦʡʩʪʚʘ ʟʘʜʘʯʠŸ ɺʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. ɺʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 0,5 ʩ  

(ʨʠʩʫʥʦʢ 3.23). 

 

 

ʈʠʩʫʥʦʢ 3.23 - ɿʘʜʘʥʠʝ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

 

4 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ      

(ʨʠʩʫʥʦʢ 3.24). 
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ʈʠʩʫʥʦʢ 3.24 - ʈʝʰʝʥʠʝ ʤʦʜʝʣʠ 

 

ɺʠʜʠʤ ʨʝʟʫʣʴʪʘʪ, ʢʘʢ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʮʠʣʠʥʜʨ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪ-

ʥʦʤ ʧʦʣʝ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʟʘʧʫʩʢʘʝʤ ʘʥʠʤʘʮʠʶ, ʢʘʢ ʧʦʢʘʟʘʥʦ                          

ʥʘ ʨʠʩʫʥʢʝ 3.25. 
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ʈʠʩʫʥʦʢ 3.25 ï ʈʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
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4 ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ  

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

4.1 ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʤʧʫʣʴʩʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ 

 

ʀʤʧʫʣʴʩʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ (ʀʊ) ʩʣʫʞʘʪ ʜʣʷ ʧʦʜʘʯʠ ʠʤʧʫʣʴʩʦʚ ʩ ʥʝ-

ʙʦʣʴʰʠʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠʩʢʘʞʝʥʠʷʤʠ ʠ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʚʷʟʫʶʱʝʛʦ ʵʣʝ-

ʤʝʥʪʘ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʀʊ ʦʙ-

ʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ: 

1) ʠʟʤʝʥʷʶʪ ʫʨʦʚʥʠ ʠ ʧʦʣʷʨʥʦʩʪʠ ʬʦʨʤʠʨʫʝʤʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʠʣʠ 

ʥʘʧʨʷʞʝʥʠʷ;  

2) ʩʦʛʣʘʩʦʚʳʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʠ ʧʦʪʨʝʙʣʷʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ; 

3) ʨʘʟʜʝʣʷʶʪ ʧʦʪʝʥʮʠʘʣʳ ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ ʠʤʧʫʣʴʩʦʚ;  

4) ʩʦʟʜʘʶʪ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʚ ʩʭʝʤʝ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʠʙʦʨʘ; 

ʌʦʨʤʘ ʠʤʧʫʣʴʩʦʚ ʥʘ ʚʳʭʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤ-

ʧʫʣʴʩʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʀʊ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʚʠʜʘ (ʨʠ-

ʩʫʥʦʢ 4.1) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʩʝʨʜʝʯʥʠʢʘ ʠ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʥʝʤ ʢʘʪʫ-

ʰʝʢ: 

1) ʩʪʝʨʞʥʝʚʦʡ ï ʦʙʤʦʪʢʠ ʦʭʚʘʪʳʚʘʶʪ ʤʘʛʥʠʪʦʧʨʦʚʦʜ; 

2) ʙʨʦʥʝʚʦʡ ï ʦʙʤʦʪʢʠ ʦʭʚʘʪʳʚʘʶʪʩʷ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʤ, ʠ ʦʙʨʘʟʫʶʪ 

ʩʚʦʝʦʙʨʘʟʥʫʶ çʙʨʦʥʶè; 

3) ʪʦʨʦʠʜʘʣʴʥʳʡ ï ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʬʠʛʫʨʳ ʪʦʨʘ; 

4) ʙʨʦʥʝʩʪʝʨʞʥʝʚʦʡ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʶʶ ʢʦʥʩʪʨʫʢʮʠʶ ʤʝʞ-

ʜʫ ʙʨʦʥʝʚʳʤ ʠ ʩʪʝʨʞʥʝʚʳʤ ʚʠʜʦʤ. 
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1) 2) 3) 4)

 

 

A ð ʤʘʛʥʠʪʦʧʨʦʚʦʜʥʳʡ ʢʦʥʪʫʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʤʘʨʦʢ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʥʦʡ ʩʪʘʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʭʦʣʦʜʥʦʛʦ ʠʣʠ ʛʦʨʷʯʝʛʦ ʤʝʪʘʣ-

ʣʦʧʨʦʢʘʪʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʝʨʜʝʯʥʠʢʘ ʪʦʨʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ, ʦʥ ʠʟʛʦʪʘʚʣʠ-

ʚʘʝʪʩʷ ʠʟ ʬʝʨʨʠʪʘ); 

ɺ ð ʢʘʪʫʰʢʘ ʠʟ ʠʟʦʣʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ; 

ʉ ð ʧʨʦʚʦʜʘ, ʩʦʟʜʘʶʱʠʝ ʠʥʜʫʢʪʠʚʥʫʶ ʩʚʷʟʴ 

 

ʈʠʩʫʥʦʢ 4.1 ï ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʩʧʦʣʥʝʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʦʚ 

 

ʊʘʢ ʞʝ, ʧʦʤʠʤʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʘʟʣʠʯʠʡ, ʀʊ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʬʦʨ-

ʤʫ ʦʙʤʦʪʦʢ: 

1) ʩʧʠʨʘʣʴʥʳʝ ʦʙʤʦʪʢʠ ï ʥʘʤʦʪʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʰʠʨʦʢʦʡ ʠ ʪʦʥʢʦʡ 

ʬʦʣʴʛʦʡ ʠʣʠ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ ʣʝʥʪʦʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʀʊ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʠʥ-

ʜʫʢʪʠʚʥʦʩʪʴʶ ʨʘʩʩʝʷʥʠʷ; 

2) ʢʦʥʠʯʝʩʢʠʝ ʦʙʤʦʪʢʠ ï ʪʦʣʱʠʥʘ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʙʤʦʪʢʘʤʠ ʧʨʤ̫ʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦ-

ʨʠʯʥʦʡ ʦʙʤʦʪʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʀʊ ʩ ʤʘʣʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʝʤʢʦʩʪʠ ʦʙʤʦʪʦʢ; 

3) ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʤʦʪʢʠ ï ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ ʨʘʩʩʝʷ-

ʥʠʷ ʠ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. 
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ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʠʤʧʫʣʴʩʥʳʝ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʳ ʠʤʝʶʪ ʦʙʱʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʠʜʝʥʪʠʯʥʘ ʩ 

ʦʙʳʯʥʳʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.2. 

 

ʈʠʩʫʥʦʢ 4.2 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

ʅʦ ʩʦʚʩʝʤ ʠʥʘʯʝ ʚʳʛʣʷʜʠʪ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʧʫʣʴʩʥʦʛʦ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 4.3. 

 

ʈʠʩʫʥʦʢ 4.3 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʧʫʣʴʩʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ  
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ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʠʘʛʨʘʤʤʫ. ʅʘ ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ ʧʦʩʪʫʧʘʶʪ ʠʤ-

ʧʫʣʴʩʥʳʝ ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʝ(t). ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨ-

ʚʘʣ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʠʥ-

ʜʫʢʪʠʚʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʠʥʪʝʨʚʘʣʘ tu, ʜʘʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʩʧʘʜ ʚ ʠʥʪʝʨʚʘʣʝ 

(ʊ-tu). 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʧʘʜʦʚ ʠʥʜʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʧʦʩʪʦʷʥʥʦʝ ʚʨʝʤʷ 

ʧʦ ʬʦʨʤʫʣʝ:  

Űp=L0/Rʥ. (4.1) 

ʈʘʟʥʦʩʪʴ ʠʥʜʫʢʪʠʚʥʦʛʦ ʧʝʨʝʧʘʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

æɺ=ɺmax ð ɺr , (4.2) 

ʛʜʝ    ɺmax ï ʫʨʦʚʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ; 

ɺr ïʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʠʥʜʫʢʮʠʠ. 

ʀʟ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʚʪʦʨʠʯʥʘʷ ʢʘʪʫʰʢʘ ʠʤʝʝʪ ʫʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʷ U2, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʨʘʪʥʳʝ ʚʳʙʨʦʩʳ ï ʵʪʦ ʚʣʠʷʥʠʝ 

ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

(ʧʘʨʘʤʝʪʨ iu). 

ʀʤʧʫʣʴʩʳ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʧʝʨʚʠʯʥʫʶ ʢʘʪʫʰʢʫ, ʦʪʣʠʯʘʶʪʩʷ 

ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ ʬʦʨʤʦʡ, ʧʦʩʢʦʣʴʢʫ ʪʦʢʠ ʥʘʛʨʫʟʢʠ ʠ ʣʠʥʝʡʥʳʝ (ʚʳʟʚʘʥʥʳʝ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʝʤ ʩʝʨʜʝʯʥʠʢʘ) ʩʦʚʤʝʱʘʶʪʩʷ. 

ʋʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ tu ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ 

(ʝt=Um). ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʪʦʨʠʯʥʦʡ ʢʘʪʫʰʢʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

╤□
▀ⱶ

▀◄
╦ Ͻ

▀l

▀◄
╢Ͻ╦ Ͻ

▀║

▀◄
 ȟ 

(4.3) 

ʛʜʝ   Ɋ ð ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ; 

S ï ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʝʯʝʥʠʝ ʩʝʨʜʝʯʥʠʢʘ. 

ʊʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʧʝʨʚʠʯʥʫʶ 

ʢʘʪʫʰʢʫ, ʷʚʣʷʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʦ ʠ ʥʘʨʘʩʪʘʥʠʝ ʠʥʜʫʢʮʠʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ 



67 

 

ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʣʠʥʝʡʥʦ. ʇʦʵʪʦʤʫ ʚʤʝʩʪʦ ʧʨʦʠʟʚʦʜʥʦʡ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʩʜʝʣʘʥʥʳʭ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. ʀʟʤʝʥʝʥʥʘʷ 

ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ: 

╤□ ╢Ͻ╦ Ͻ
Ў║

Ў◄
 

(4.4) 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ æt ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪɹʩʷ ʧʘʨʘʤʝʪʨʦʤ tu, ʪ.ʝ. ʜʣʠʪʝʣʴʥʦ-

ʩʪʴʶ ʧʨʦʪʝʢʘʥʠʷ ʚʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘʧʨʷʞʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʠʤʧʫʣʴʩʘ (ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʀʊ) ʥʝʦʙ-

ʭʦʜʠʤʦ ʦʙʝ ʯʘʩʪʠ ʬʦʨʤʫʣʳ ʫʤʥʦʞʠʪʴ ʥʘ tu: 

Um Ā tu =S Ā W1 Ā æɺ (4.5) 

 

ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ, ʦʧʠʩʳʚʘʶʱʠʡ ʨʘʙʦʪʫ ʀʊ, ð ʧʝʨʝʧʘʜ ʠʥʜʫʢʮʠʠ, ʟʘ-

ʚʠʩʷʱʠʡ ʦʪ ʩʝʯʝʥʠʷ, ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʝʨʜʝʯʥʠʢʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ 

ʠ ʯʠʩʣʘ ʚʠʪʢʦʚ ʥʘ ʢʘʪʫʰʢʝ: 

╛
╦ Ͻ╢ϽⱧ╪
■̒̑

 (4.6) 

Ⱨ╪
║□ ║►
╗□

Ў║

╗□
 ȟ 

(4.7) 

 

ʛʜʝ    L0 ð ʧʝʨʝʧʘʜ ʠʥʜʫʢʮʠʠ; 

Õʘ ð ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʝʨʜʝʯʥʠʢʘ; 

W1 ð ʯʠʩʣʦ ʚʠʪʢʦʚ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ; 

S ð ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʩʝʨʜʝʯʥʠʢʘ;  

lcʨ ð ʜʣʠʥʘ (ʧʝʨʠʤʝʪʨ) ʩʝʨʜʝʯʥʠʢʘ (ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ); 

ɺr ð ʚʝʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʦʡ ʠʥʜʫʢʮʠʠ; 

ɺmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʜʫʢʮʠʷ; 

Hm ð ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
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ʀʤʧʫʣʴʩʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʢʘʢ ʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʠʤʝ-

ʝʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, ʩʢʣʘʜʳʚʘʶʱʠʝʩʷ ʠʟ: 

1) ʧʦʪʝʨʠ ʦʪ ʛʠʩʪʝʨʝʟʠʩʘ; 

2) ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ; 

3) ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʠʟʦʣʷʮʠʷ; 

4) ʚʠʭʨʝʚʳʝ ʪʦʢʠ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʊ ʧʦʪʝʨʠ ʥʫʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ. ɼʣʷ 

ʵʪʦʛʦ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʤʘʨʢʠ ʩʪʘʣʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʨʴ (ʧʨʠ ʵʪʦʤ ʬʦʨʤʘ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠʙʣʠ-

ʞʘʝʪʩʷ ʢ ʬʦʨʤʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ). ʊʘʢ ʞʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʚʠʭʨʝʚʳʝ 

ʪʦʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʨʘʟʲʝʜʠʥʷʶʪ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʩ ʙʦʣʴ-

ʰʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʤʧʫʣʴʩʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʪ.ʢ. ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʠ ʨʘ-

ʙʦʪʫ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʘ. ʄʘʪʝʨʠʘʣ ʩʝʨʜʝʯʥʠʢʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʦʮʝʥʠʚʘʝʪ-

ʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʩʚʦʡʩʪʚ: 

1) ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʙʦʨʘ; 

 2) ʠʥʜʫʢʮʠʷ ʥʘʩʳʱʝʥʠʷ; 

 3) ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʳʭ ʪʦʥʢʠʭ ʣʠʩʪʦʚ ʩʪʘʣʠ ʠʣʠ ʣʝʥʪ; 

 4) ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ. 

ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʩʪʘʣʴ 

ɺ ʀʊ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʩʪʘʣʴ ʤʘʨʢʠ ʦʪ 3405 ʜʦ 3425, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ʥʘʩʳʱʝʥʠʷ ʠ ʥʠʟʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʷʤʦʫʛʦʣʴʥʦ-

ʩʪʠ ʬʦʨʤʳ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʮʠʢʣʘ. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʦʙʨʝʣ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. 

ʇʝʨʤʘʣʣʦʡ 

ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʧʨʝʮʠʟʠʦʥʥʳʤ ʩʧʣʘʚʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʤʘʛʥʠʪʦ-

ʤʷʛʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʥ ʯʘʱʝ ʚʩʝʛʦ ʩʦʩʪʦʠʪ ʠʟ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ, ʩ ʜʦʙʘʚʣʝ-

ʥʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 
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ʌʝʨʨʠʪʳ 

ɼʨʫʛʠʤ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʝʨʜʝʯ-

ʥʠʢʘ ʷʚʣʷʶʪʩʷ ʬʝʨʨʠʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ. ʆʥʠ ʠʤʝʶʪ ʤʘʣʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʭ ʠʤʧʫʣʴʩʦʚ. ʊʘʢʠʝ ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥ-

ʥʳʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʥʝ ʠʤʝʶʪ ʧʦʪʝʨʴ ʦʪ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ. ʆʥʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʤʧʫʣʴʩʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ ʠʤʧʫʣʴʩʦʚ, 

ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʥʦʩʝʢʫʥʜʘʤʠ. 

 

4.2 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ELCUT  

ʎʝʣʴ ʨʘʙʦʪʳ: ʈʘʩʩʯʠʪʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʢʨʫʛ 

ʩʪʨʦʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ. 

ʊʠʧ ʟʘʜʘʯʠ: ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ. 

ɻʝʦʤʝʪʨʠʷ ʀʊ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.4. 

 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ɻʝʦʤʝʪʨʠʷ ʀʊ ʟʘʜʘʯʠ 
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ʀʤʧʫʣʴʩʥʳʡ (ʩʪʨʦʯʥʳʡ) ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɼʘʥʦ: 

ʄʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʬʝʨʨʠʪʘ ɛ=1000, 

ʏʘʩʪʦʪʘ f=1 ʢɻʮ, 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʨʘʙʦʪʘʝʪ ʚ ʧʦʚʪʦʨʥʦ-ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʨʝʞʠʤʝ, ʪʦʢʠ ʚ 

ʦʙʤʦʪʢʘʭ ʠʟʚʝʩʪʥʳ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.5. 

 

ʈʠʩʫʥʦʢ 4.5 ï ʊʦʢʠ ʚ ʦʙʤʦʪʢʘʭ ʀʊ 

 

ʈʝʰʝʥʠʝ: 

ɿʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʘ ʠ ʨʝʰʝʥʘ ʢʘʢ ʟʘʜʘʯʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ: 

1 ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʟʘʜʘʯʫ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ʉʦʟʜʘʪʴ. ɺʚʝʜʠʪʝ ʠʤʷ ʟʘʜʘʯʠ 

ʠ ʧʘʧʢʫ ʜʣʷ ʭʨʘʥʝʥʠʷ ʬʘʡʣʘ.  

2 ɺʳʙʝʨʠʪʝ ʪʠʧ ʟʘʜʘʯʠ ʄʘʛʥʠʪʥʦʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʣʝ. ɺʳʙʝʨʠʪʝ 

ʢʣʘʩʩ ʤʦʜʝʣʠ ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ. ɺʚʝʜʠʪʝ ʠʤʝʥʘ ʬʘʡʣʘ ʤʦʜʝʣʠ ʠ ʬʘʡʣʘ 

ʩʚʦʡʩʪʚ. 

3 ɺʳʙʝʨʠʪʝ ʝʜʠʥʠʮʳ ʜʣʠʥʳ (ʤʤ) ʠ ʟʘʜʘʡʪʝ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (ɼʝ-

ʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ). 
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4 ɿʘʜʘʪʴ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (0,002 ʩ). ɿʘʜʘʪʴ ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ (0,00001 ʩ). 

5 ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ. ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ ʆʪʢʨʳʪʴ ʤʦʜʝʣʴ. ʅʘʩʪʨʦʡʪʝ 

ʰʘʛ ʩʝʪʢʠ ʧʨʠʚʷʟʢʠ, ʚ ʤʝʥʶ ɺʠʜ ʦʪʢʨʳʪʴ ʉʝʪʢʘ ʧʨʠʚʷʟʢʠ.  

6 ʇʝʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ɺʩʪʘʚʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ. ʇʦʩʪʨʦʡʪʝ ʤʦ-

ʜʝʣʴ, ʠʩʧʦʣʴʟʫʷ ʧʨʷʤʳʝ ʣʠʥʠʠ ʠ ʜʫʛʠ. 

ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.6. 

 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

7 ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʢ ʥʘʟʥʘʯʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ, ʠʩʪʦʯʥʠʢʠ. ʏʪʦʙʳ ʧʨʠʩʚʦʠʪʴ ʤʝʪʢʫ ʦʙʲʝʢʪʫ, ʝʛʦ ʥʘʜʦ ʚʳʜʝʣʠʪʴ. ʇʝ-

ʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ʚʳʜʝʣʝʥʠʷ. ɺʳʜʝʣʠʪʝ ʦʙʲʝʢʪ ʠ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ʚʳʙʝ-

ʨʠʪʝ ʉʚʦʡʩʪʚʘ. ɺʚʝʜʠʪʝ ʠʤʷ ʤʝʪʢʠ(ɺʦʟʜʫʭ, ʌʝʨʨʠʪʦʚʳʡ ʩʝʨʜʝʯʥʠʢ, ʇʝʨʚʠʯ-

ʥʘʷ ʦʙʤʦʪʢʘ, ɺʪʦʨʠʯʥʘʷ ʦʙʤʦʪʢʘ, ɺʥʝʰʥʷʷ ʛʨʘʥʠʮʘ).  

8 ʑʝʣʢʥʠʪʝ ʜʚʘʞʜʳ ʧʦ ʤʝʪʢʝ, ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʦʢʥʦ ʝʝ ʩʚʦʡʩʪʚ. 

ʄʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʦʟʜʫʭʘ ʨʘʚʥʘ 1, ʬʝʨʨʠʪʦʚʦʛʦ ʩʝʨʜʝʯʥʠʢʘ ʨʘʚʥʘ 

400, ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʨʘʚʥʘ 1, ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʨʘʚʥʘ 1. ɼʣʷ ʦʙʤʦʪʦʢ 
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ʟʘʜʘʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (57000000 ʉʤ/ʤ) ʠ ʪʠʧ ʩʦʝʜʠʥʝʥʠʷ ʚʠʪʢʦʚ (ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ). ʄʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ ʨʘʚʝʥ 0. 

9 ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ, ʜʣʷ ʝʝ ʧʨʦ-

ʩʤʦʪʨʘ ʩʣʝʜʫʝʪ ʦʪʢʨʳʪʴ ʕʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ. 

10 ʏʪʦʙʳ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ, ʩʣʝʜʫʝʪ ʦʪʢʨʳʪʴ ʂʘʨ-

ʪʠʥʫ ʧʦʣʷ. ʆʪʢʨʳʚʘʝʤ ʉʚʦʡʩʪʚʘ ʢʘʨʪʠʥʳ ʧʦʣʷ, ʯʪʦʙʳ ʧʦʩʤʦʪʨʝʪʴ ʮʚʝʪʥʫʶ 

ʢʘʨʪʫ ʧʦʣʷ.  

11  ɿʘʜʘʜʠʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʨʝʜʝʣ ʧʦʣʷ ( ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 0,1ʤʊʣ) ʠ 

ʚʢʣʶʯʘʝʤ ɸʥʠʤʘʮʠʶ  

12  ʆʪʢʨʳʪʴ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʤʝʥʶ ɻʨʘʬʠʢ ʧʦ ʚʨʝʤʝʥʠ. ʅʘ ʥʝʤ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʧʠʣʦʦʙʨʘʟʥʳʝ ʪʦʢʠ ʚ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʮʝʧʷʭ. ɿʘʜʘʯʘ ʨʝʰʝ-

ʥʘ. ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʘʭ 4.7 ʠ 4.8. 

 

ʈʠʩʫʥʦʢ 4.7 ï ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʦʢʨʫʛ ʩʪʨʦʯʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʩʤ ʦʪ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ 
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5 ʈʘʩʯʸʪ ʪʦʢʦʚ ʚ ʪʨʝʭʬʘʟʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ,  

ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʥʘʛʨʫʟʢʫ 

 

5.1 ʊʨʝʭʬʘʟʥʘʷ ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʣʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦ-

ʚʦʜʥʠʢʠ, ʧʨʦʪʷʥʫʪʳʝ ʥʘ ʥʝʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʩ ʧʦʤʦʱʴʶ 

ʃʕʇ ʩʚʷʟʘʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʙʦʣʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʪʝʨʠ 

ʧʨʠ ʧʝʨʝʜʘʯʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʚʦʜʘ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʝʤʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʦʨʘʭ, ʠʣʠ ʢʘʙʝ-

ʣʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʷʱʠʝ ʞʠʣʳ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ ʠ ʟʘʱʠʱʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʨʦʚʘʤʠ ʠ ʙʨʦʥʝʡ.  

ʇʦʯʪʠ ʚʦ ʚʩʝʤ ʤʠʨʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ʪʨʝʭʬʘʟʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʯʘʩʪʦʪʦʡ 50 ʠʣʠ 60 ɻʮ. ʆʜʥʘʢʦ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʥʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦ-

ʛʦ ʪʦʢʘ. ɹʫʜʝʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʪʨʝʭʬʘʟʥʳʝ ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʪʦʢʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʜʦ 1150 ʢɺ), ʧʝʨʝʜʘʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ). 

ʇʝʨʝʜʘʯʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʃʕʇ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚʳʛʦʜʥʘ ʚ ʩʚʷʟʠ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʚʦʜʘʭ ʠ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. ʇʦʷʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʦʢʦʚ ʩʤʝʱʝʥʠʷ ï ʟʘʨʷʜʥʳʭ ʪʦʢʦʚ (ʨʠʩʫʥʦʢ 5.1). ɽʤʢʦʩʪʥʳʝ 

ʪʦʢʠ ʚʣʠʷʶʪ ʥʘ ʥʘʛʨʫʟʦʯʥʳʡ ʪʦʢ ʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ 

ʚʜʦʣʴ ɺʃ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʦʢʦʤ ʃʕʇ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʩʪʦʷʥʥʘ ʚʜʦʣʴ ʣʠʥʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʠ-

ʨʦʚʘʥʠʶ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʠ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝʨʘʚʥʳ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʣʠʥʠʠ. ʅʝʨʘʚʝʥʩʪʚʦ ʵʪʠʭ ʕɼʉ ʩʦʟʜʘʝʪ ʩʣʦʞʥʳʡ ʟʘʢʦʥ ʠʟ-
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ʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚʜʦʣʴ ɺʃ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʪʦ-

ʢʦʚ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʣʠʥʠʠ. 

 

ʈʠʩʫʥʦʢ 5.1 ï ʋʩʣʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʚʜʦʣʴ ʧʨʦ-

ʚʦʜʘ ʃʕʇ 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʠʥʠʶ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʲʝʢʪ ʩ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʳʤʠ ʚʜʦʣʴ ʦʜʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʘʨʘʤʝʪʨʘʤʠ (ʚʜʦʣʴ 

ʃʕʇ). ʇʘʨʘʤʝʪʨʳ ʃʕʇ (ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʘʢʪʠʚʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʝʤʢʦʩʪʴ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʣʠʥʠʠ) ʩʯʠʪʘʶʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʳʤʠ ʚʜʦʣʴ ʝʝ ʜʣʠʥʳ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʣʠʥʠʡ ʥʘʟʳʚʘʶʪ ʦʜʥʦʨʦʜʥʦ-

ʩʪɹʶ. 

ʇʨʦʚʦʜʘ ɺʃ ʚʳʧʦʣʥʷʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʷʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʶʤʠʥʠʡ ʠʣʠ ʝʛʦ ʩʧʣʘʚ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʣʝʘʣʶʤʠʥʠʝʚʳʝ ʧʨʦʚʦʜʘ ʤʘʨʢʠ ɸʉ. ʀʭ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʦ r = 29,1 ʆʤ ʤʤ
2
 / ʢʤ. ɸʢʪʠʚʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʬʬʝʢʪʘ, ʦʜʥʘʢʦ, ʜʣʷ ʯʘʩʪʦʪʳ     

50 ɻʮ - ʵʪʦ ʨʘʟʣʠʯʠʝ ʥʝʚʝʣʠʢʦ. ɸʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʣʠʥʠʠ ʷʚʣʷʝʪʩʷ ʧʘ-

ʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʮʝʩʩ ʨʘʩʩʝʠʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʦʪʜʘʯʠ ʪʝʧʣʘ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʃʕʇ ʩʦʟʜʘʝʪʩʷ ʷʚʣʝʥʠʷʤʠ ʩʘʤʦʠʥʜʫʢʮʠʠ ʠ ʚʟʘʠʤʦʠʥ-

ʜʫʢʮʠʠ ʬʘʟ ʣʠʥʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʧʨʦʚʦʜʦʚ ʬʘʟʳ 

ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ. ɺ ʧʨʘʢʪʠʢʝ ʨʘʩʯʝʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠʩ-

ʧʦʣʴʟʫʶʪ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟ ʃʕʇ. ʇʦʛʦʥʥʦʝ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦ-
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ʧʨʦʪʠʚʣʝʥʠʝ ɺʃ ʥʘʧʨʷʞʝʥʠʝʤ ʦʪ 330 ʢɺ ʜʦ 1150 ʢɺ x0 ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʦ       

0,31 ʆʤ / ʢʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʠʟʦʣʷʮʠʠ ɺʃ ʠ ʷʚʣʝʥʠʷ ʢʦʨʦʥʠʨʦʚʘʥʠʷ ʚ 

ʤʝʩʪʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʦʚ ʢ ʛʠʨʣʷʥʜʘʤ ʠʟʦʣʷʪʦʨʦʚ ɺʃ ʠʤʝʶʪ ʤʝʩʪʦ 

ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʪʦʢʦʚ ʫʪʝʯʢʠ ʧʦ ʠʟʦʣʷʪʦʨʘʤ ɺʃ ʠ ʢʦʨʦʥʳ. ɿʥʘʯʠ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʪʠ ʧʦʪʝʨʠ ʦʢʘʟʳʚʘʶʪ ʚʣʘʞʥʦʩʪʴ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘ-

ʶʱʝʛʦ ʚʦʟʜʫʭʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʳ ʧʦʪʝʨʠ ʦʪ ʪʦʢʦʚ ʫʪʝʯʢʠ ʠ ʥʘ ʢʦʨʦʥʫ 

ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʝʨʴ ʚ ʠʟʦʣʷʮʠʠ ɺʃ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʚʚʝʜʝʥʠʷ ʘʢʪʠʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ g0, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ɺʃ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ɺʃ ʥʘʧʨʷʞʝʥʠʝʤ ʦʪ 330 ʢɺ ʜʦ 1150 ʢɺ 

ʧʦʛʦʥʥʘʷ ʘʢʪʠʚʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,01 ʤʢʉʤ / ʢʤ ʜʦ 

0,1 ʤʢʉʤ / ʢʤ. 

ɽʤʢʦʩʪʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʞʜʫ ʬʘʟʘʤʠ ʠ ʤʝʞʜʫ ʧʨʦʚʦʜʘʤʠ ʠ ʟʝʤʣʝʡ, 

ʛʨʦʟʦʟʘʱʠʪʥʳʤʠ ʪʨʦʩʘʤʠ ʠ ʟʘʟʝʤʣʝʥʥʳʤʠ ʯʘʩʪʷʤʠ ʦʧʦʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʜ-

ʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ï ʝʤʢʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʬʘʟʳ b0. ɺʝʣʠʯʠʥʘ ʧʦʛʦʥʥʦʡ 

ʝʤʢʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ɺʃ ʥʘʧʨʷʞʝʥʠʝʤ ʦʪ 330 ʢɺ ʜʦ 1150 ʢɺ ʚ ʩʨʝʜʥʝʤ 

ʨʘʚʥʘ 3,5 ʤʢʉʤ / ʢʤ. 

ɺ ʮʝʧʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚʜʦʣʴ ʣʠʥʠʠ ʩʦʧʦʩʪʘʚʠʤ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝ-

ʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʥʘ ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠ-

ʥʫ ʦʪ ʧʦʣʥʦʛʦ ʠʭ ʠʟʤʝʥʝʥʠʷ. 

ʉʚʦʡʩʪʚʘʤʠ ʃʕʇ ʤʦʞʥʦ ʩʯʠʪʘʪʴ: 

- ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʝʨʝʤʝʥʥʳʭ; 

- ʦʜʥʦʤʝʨʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʤʥʦʛʦʤʝʨʥʦʩʪʴ ʚ ʦʪʥʦʰʝ-

ʥʠʠ ʧʝʨʝʤʝʥʥʳʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʙʦʪʳ ʣʠʥʠʠ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʣʠʥʠʠ; 

- ʣʠʥʝʡʥʦʩʪʴ ʠʣʠ ʥʝʣʠʥʝʡʥʦʩʪʴ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳ-

ʚʘʶʱʠʭ ʨʝʞʠʤ ʨʘʙʦʪʳ ʣʠʥʠʠ) ï ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʣʠʥʠʠ ʩʯʠʪʘʶʪʩʷ ʧʦ-

ʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 
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- ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ; 

- ʩʪʘʪʠʯʥʦʩʪʴ ʠʣʠ ʜʠʥʘʤʠʯʥʦʩʪʴ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦ-

ʮʝʩʩʦʚ). 

ɺ ʦʪʥʦʰʝʥʠʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ ʠ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ ʠʤʝʶʪʩʷ ʨʘʟʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʃʕʇ ï ʧʘʨʘʤʝʪʨʳ ʠ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʠ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʃʶʙʘʷ ʃʕʇ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʜʦʣʴʥʳʤʠ ʘʢʪʠʚʥʦ-

ʠʥʜʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (╛̕ʠ  ╡̕), ʤʝʞʜʫʬʘʟʥʳʤʠ ʚʟʘʠʤʥʳʤʠ ʠʥʜʫʢʪʠʚ-

ʥʦʩʪʷʤʠ ̇ , ʧʦʧʝʨʝʯʥʳʤʠ ʘʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (╒̕ʠ ╖̕) ʠ 

ʤʝʞʜʫʬʘʟʥʳʤʠ ʝʤʢʦʩʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ╒̕  ̕(ʨʠʩʫʥʦʢ 5.2). 

 

 

ʈʠʩʫʥʦʢ 5.2 ï ʈʘʟʨʝʟ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʨʦʜʦʣʴ-

ʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
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ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʧʨʝ-

ʥʝʙʨʝʯʴ, ʪʦ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʚ ʪʘʢʠʭ ʦʙʲʝʢʪʘʭ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩ-

ʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʦ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʙʳʢʥʦʚʝʥʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚ-

ʥʝʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ. 

ʃʕʇ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʤʝʥʝʝ 300 ʢʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʇ-

ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 5.3), ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ʇʘʨʘʤʝʪʨʳ ʪʘʢʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʧʦʛʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʠʠ ʥʘ ʝʝ ʜʣʠʥʫ. ʉʪʦʠʪ ʦʪʤʝ-

ʪʠʪɹ, ʯʪʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʩʯʝʪʘ ʤʥʦʛʦʯʘʩʪʦʪʥʳʭ ʧʝʨʝ-

ʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʟʜʘʝʪʩʷ ʮʝʧʦʯʝʯʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝ-

ʨʝʜʘʯʠ ʠʟ ʇ-ʦʙʨʘʟʥʳʭ ʩʭʝʤ ʟʘʤʝʱʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 5.3 ï ʇ-ʦʙʨʘʟʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʃʕʇ 

 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʚ ʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʦ-

ʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ: ʧʝʨʚʘʷ ʯʘʩʪʴ ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʣʴ-

ʢʦ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʘʷ ʯʘʩʪʴ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ), ʘ ʚʪʦʨʘʷ 

ʯʘʩʪʴ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʦʪʨʘʞʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ (ʘʢʪʠʚʥʦ-

ʝʤʢʦʩʪʥʘʷ ʯʘʩʪʴ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ). 
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ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʫʶ ʯʘʩʪʴ ʩʭʝʤʳ ʟʘʤʝ-

ʱʝʥʠʷ ʃʕʇ (ʨʠʩʫʥʦʢ 5.4). 

 

ʈʠʩʫʥʦʢ 5.4 ï ɸʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʘʷ ʯʘʩʪʴ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʪʨʝʭʬʘʟ-

ʥʦʡ ʃʕʇ 

 

ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦ-

ʜʷʱʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʧʝʨʚʦʡ ʫʯʘʩʪʦʢ ʧʦʣʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ): 

Ў╤═ ╩═Ͻ╘═ ╩═║Ͻ╘║ ╩═╒Ͻ╘╒
Ў╤═ ╩═Ͻ╘═ ╩═║Ͻ╘║ ╩═╒Ͻ╘╒
Ў╤═ ╩═Ͻ╘═ ╩═║Ͻ╘║ ╩═╒Ͻ╘╒

 (5.1) 

 

ʛʜʝ     ╩═ȟ╩║ȟ╩╒ - ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʃʕʇ; 

╩═║ȟ╩═╒ȟ╩╒║- ʚʟʘʠʤʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʃʕʇ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʘʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʫʶ ʯʘʩʪʴ ʩʭʝʤʳ ʟʘʤʝʱʝ-

ʥʠʷ ʪʨʝʭʬʘʟʥʦʡ ʃʕʇ (ʨʠʩʫʥʦʢ 5.5). 
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ʈʠʩʫʥʦʢ 5.5 ï ɸʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʘʷ ʯʘʩʪʴ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʪʨʝʭʬʘʟʥʦʡ 

ʃʕʇ 

 

ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦ-

ʜʷʱʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ ʵʣʝʢ-

ʪʨʦʧʝʨʝʜʘʯʠ (ʚʪʦʨʦʡ ʫʯʘʩʪʦʢ ʧʦʣʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ): 

ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʩʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

 

╤═║ ╤═ ╤║
╤║╒ ╤║ ╤╒
╤╒═ ╤╒ ╤═

 (5.2) 

 

ʇʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ ʩʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

 

╘═ͅ╒ ╘╒═ͅ╒ ╘═║ͅ╒ ╘═ ╘═
╘║ͅ╒ ╘═║ͅ╒ ╘║╒ͅ╒ ╘║ ╘║
╘╒ͅ╒ ╘║╒ͅ╒ ╘╒═ͅ╒ ╘╒ ╘╒

 (5.3) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦ-

ʜʷʱʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

 

╤═Ͻ
╨═

╤╒ ╤═ Ͻ
╨═║

╤═ ╤║ Ͻ
╨═╒

╘═ ╘═

╤║Ͻ
╨║

╤═ ╤║ Ͻ
╨║═

╤║ ╤╒ Ͻ
╨║╒

╘║ ╘║

╤╒Ͻ
╨╒

╤║ ╤╒ Ͻ
╨╒═

╤╒ ╤═ Ͻ
╨╒║

╘╒ ╘╒

 (5.4) 

 

ʛʜʝ      ╨═ȟ╨║ȟ╨╒ - ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝ-

ʨʝʜʘʯʠ ʥʘ ʟʝʤʣʶ; 

             ╨═║ȟ╨═╒ȟ╨╒║ - ʚʟʘʠʤʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʣʠʥʠʠ ʵʣʝʢʪʨʦ-

ʧʝʨʝʜʘʯʠ. 

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩʦʜʝʨʞʘʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʝʤʢʦʩʪ-

ʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ: 

 

╩═ ╩║ ╩╒ ̉ ╩═║ ╩═╒ ╩╒║ 

 

╨═ ╨║ ╨╒ ̉ ╨═║ ╨═╒ ╨╒║ 

 

ɼʣʷ ʧʨʠʨʘʚʥʠʚʘʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʧʨʦʚʦ-

ʜʠʤʦʩʪʝʡ ʚʳʧʦʣʥʷʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʪʨʘʥʩʧʦʟʠʮʠʶ ʧʨʦʚʦʜʦʚ ɺʃ. ʇʦʜ 

ʪʨʘʥʩʧʦʟʠʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʘʷ ʩʤʝʥʘ ʬʘʟ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫ-

ʛʫ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʣʠʥʠʠ: ʧʨʦʚʦʜ ʢʘʞʜʦʡ ʬʘʟʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʜʥʫ ʪʨʝʪʴ 

ʜʣʠʥʳ ʣʠʥʠʠ ʥʘ ʦʜʥʦʤ, ʚʪʦʨʫʶ - ʥʘ ʜʨʫʛʦʤ ʠ ʪʨʝʪʴʶ - ʥʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ. ʊʘ-

ʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʚʦʜʦʚ ʥʘʟʳʚʘʶʪ ʧʦʣʥʳʤ ʮʠʢʣʦʤ ʪʨʘʥʩʧʦʟʠʮʠʠ. ʐʘʛ 

ʪʨʘʥʩʧʦʟʠʮʠʠ ʧʦ ʫʩʣʦʚʠʶ ʚʣʠʷʥʠʡ ʥʘ ʣʠʥʠʠ ʩʚʷʟʠ ʥʝ ʥʦʨʤʠʨʫʝʪʩʷ. ʇʨʠ ʵʪʦʤ 

ʪʨʘʥʩʧʦʟʠʮʠʷ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʘʢ, ʯʪʦʙʳ ʩʫʤʤʘʨʥʳʝ ʜʣʠʥʳ ʫʯʘʩʪʢʦʚ 

ɺʃ ʩ ʨʘʟʣʠʯʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʬʘʟ ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ (ʨʠʩʫʥʦʢ 5.6). 
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ʈʠʩʫʥʦʢ 5.6 ï ʇʦʣʥʳʡ ʮʠʢʣ ʪʨʘʥʩʧʦʟʠʮʠʠ ʥʘ ɺʃ 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʦʟʜʫʰʥʫʶ ʣʠʥʠʶ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩ ʧʦʣʥʳʤ ʮʠʢʣʦʤ 

ʪʨʘʥʩʧʦʟʠʮʠʝʡ ʬʘʟ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʚʦʜʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʟʝʤʣʝ. ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʃʕʇ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʬʘʟ ʦʜʠʥʘʢʦ-

ʚʳʝ, ʘ ʚʟʘʠʤʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ï ʨʘʟʣʠʯʥʳ. 

ʇʦʢʘʞʝʤ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʃʕʇ ʥʘ ʙʘʟʝ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʦʡ 

ʯʘʩʪʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ (ʨʠʩʫʥʦʢ 5.7). 

 

 

 

ʈʠʩʫʥʦʢ 5.7 ï ɺʟʘʠʤʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʬʘʟʳ ɸ ʧʨʠ ʧʦʣʥʦʤ ʮʠʢʣʝ 

ʪʨʘʥʩʧʦʟʠʮʠʠ ʬʘʟ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 

 

ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʝ ʬʘʟʳ ɸ ʥʘ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʩʭʝ-

ʤ  rʟʘʤʝʱʝʥʠʷ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ, ʢʘʢ: 
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Ў╤═ ╩═Ͻ╘═Ͻ■ ╩Ͻ
■
Ͻ╘║ ╩ Ͻ

■
Ͻ╘╒

╩ Ͻ
■
Ͻ╘║ ╩Ͻ

■
Ͻ╘╒ ╩ Ͻ

■
Ͻ╘║ ╩ Ͻ

■
Ͻ╘╒

╩═Ͻ■Ͻ╘═
╩ ╩ ╩

Ͻ■Ͻ╘║
╩ ╩ ╩

Ͻ■Ͻ╘╒

╩═Ͻ■Ͻ╘═ ╩̇ Ͻ■Ͻ╘║ ╩̇ Ͻ■Ͻ╘╒ 

(5.5) 

 

ʇʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ ʜʨʫʛʠʭ ʬʘʟ ʘʢʪʠʚʥʦ-

ʠʥʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʘʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʦʡ ʯʘʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʳʡ ʮʠʢʣ ʪʨʘʥʩʧʦʟʠʮʠʠ ʥʘ ɺʃ ʫʩʨʝʜʥʷʝʪ ʠ ʚʳʨʘʚ-

ʥʠʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʣʠʥʠʠ: ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʘʟ, ʚʟʘʠʤʥʳʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ, ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʬʘʟ ʥʘ ʣʠʥʠʠ ʠ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ ʤʝʞʜʫ ʬʘʟʘʤʠ ʣʠʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 

1 ɼʣʷ ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ: 

 

Ў╤═ ╩╛Ͻ╘═ ╩╜Ͻ╘║ ╩╜Ͻ╘╒
Ў╤║ ╩╜Ͻ╘═ ╩╛Ͻ╘║ ╩╜Ͻ╘╒
Ў╤╒ ╩╜Ͻ╘═ ╩╜Ͻ╘║ ╩╛Ͻ╘╒

 (5.6) 

 

ʛʜʝ      ╩╛- ʩʦʙʩʪʚʝʥʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ; 

            ╩╜- ʚʟʘʠʤʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

2 ɼʣʷ ʘʢʪʠʚʥʦ-ʝʤʢʦʩʪʥʦʡ ʯʘʩʪʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ: 
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╤═Ͻ
╨̕

╤╒ ╤═ Ͻ
╨̕ ̕

╤═ ╤║ Ͻ
╨̕ ̕

╘═ ╘═

╤║Ͻ
╨̕

╤═ ╤║ Ͻ
╨̕ ̕

╤║ ╤╒ Ͻ
╨̕ ̕

╘║ ╘║

╤╒Ͻ
╨̕

╤║ ╤╒ Ͻ
╨̕ ̕

╤╒ ╤═ Ͻ
╨̕ ̕

╘╒ ╘╒

 (5.7) 

 

ʛʜʝ      ╨̕ - ʩʦʙʩʪʚʝʥʥʘʷ ʝʤʢʦʩʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʣʠʥʠʠ  ɻ ʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʥʘ 

ʟʝʤʣʶ; 

              ╨̕ -̕ ʚʟʘʠʤʥʘʷ ʝʤʢʦʩʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

 

5.2 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ELCUT  

ʊʠʧ ʟʘʜʘʯʠ: ʇʣʦʩʢʘʷ ʟʘʜʘʯʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ. 

ɻʝʦʤʝʪʨʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 5.8. 

 

 

 

ʈʠʩʫʥʦʢ 5.8 - ɻʝʦʤʝʪʨʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

 

 

https://elcut.ru/acmag_r.htm
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ɼʘʥʦ: 

ɼʣʠʥʘ ʣʠʥʠʠ l = 4 ʢʤ;  

ɼʠʘʤʝʪʨ ʧʨʦʚʦʜʘ d = 1 ʤʤ;  

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʜʠ g = 58Ŀ10
6
 ʉʤ/ʤ;  

ʅʘʧʨʷʞʝʥʠʝ U = 400 ɺ;  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ R_A = 2 ʆʤ;  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ R_B = 2.5 ʆʤ;  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ R_C = 1 ʆʤ;  

ʀʥʜʫʢʪʠʚʥʦʩʪʴ L = 0.002 ɻʥ;  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʟʝʤʣʝʥʠʷ = 8 ʆʤ. 

ɿʘʜʘʯʘ:  

ʈʘʩʩʯʠʪʘʪʴ ʪʦʢʠ ʚ ʪʨʝʭʬʘʟʥʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ 

ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʥʘʛʨʫʟʢʫ. 

ʈʝʰʝʥʠʝ: 

1 ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʟʘʜʘʯʫ, ʥʘʞʠʤʘʝʤ ʢʥʦʧʢʫ çʉʦʟʜʘʪʴè ʠ ʚʳʙʠʨʘʝʤ çɿʘʜʘʯʘ 

ElCutè (ʨʠʩʫʥʦʢ 5.9). 

 

 

ʈʠʩʫʥʦʢ 5.9 ï ʉʦʟʜʘʥʠʝ ʟʘʜʘʯʠ 

 

ɺʚʦʜʠʤ ʠʤʷ ʟʘʜʘʯʠ ʠ ʧʘʧʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ (ʨʠʩʫʥʦʢ 5.10). 
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ʈʠʩʫʥʦʢ 5.10 ï ʉʦʟʜʘʥʠʝ ʟʘʜʘʯʠ 

 

2 ɺʳʙʝʨʠʪʝ ʪʠʧ ʟʘʜʘʯʠ - ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ. ɺʳʙʝʨʠʪʝ 

ʢʣʘʩʩ ʤʦʜʝʣʠ - ʧʣʦʩʢʘʷ. ʋʢʘʞʠʪʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ. ɺʚʝʜʠʪʝ ʠʤʝʥʘ ʬʘʡʣʘ ʤʦʜʝ-

ʣʠ ʠ ʬʘʡʣʘ ʩʚʦʡʩʪʚ çʃʠʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯè. ɺʳʙʝʨʠʪʝ ʝʜʠʥʠʮʳ ʜʣʠʥʳ (ʩʤ) 

ʠ ʟʘʜʘʡʪʝ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (ɼʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ) (ʨʠʩʫʥʦʢ 5.11). 

 

 

ʈʠʩʫʥʦʢ 5.11 ï ʉʚʦʡʩʪʚʘ ʟʘʜʘʯʠ 
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3 ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ. ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ. ʅʘʞʤʠʪʝ ʢʥʦʧʢʫ çʦʪ-

ʢʨʳʪʴ ʤʦʜʝʣʴè. 

4 ʅʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʩʝʪʢʫ ʧʨʠʚʷʟʢʠ. ɼʣʷ ʵʪʦʛʦ ɺʠʜ-> ʉʝʪʢʘ ʧʨʠ-

ʚʷʟʢʠ. ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʫʜʦʙʥʘ ʩʝʪʢʘ ʩ ʰʘʛʦʤ 1 ʩʤ. 

5 ʇʝʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ʚʩʪʘʚʢʠ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʤʦʜʝʣʠ. ʇʦʩʪʨʦʡʪʝ ʤʦ-

ʜʝʣʴ,  ʠʩʧʦʣʴʟʫʷ  ʧʨʷʤʳʝ  ʣʠʥʠʠ  ʠ ʜʫʛʠ. ɺʝʨʭʥʠʡ ʧʨʦʚʦʜʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚ 

65 ʩʤ ʥʘʜ ʮʝʥʪʨʦʤ (ʨʠʩʫʥʦʢ 5.12). 

 

ʈʠʩʫʥʦʢ 5.12 ï ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ 

 

6 ɼʨʫʛʠʝ ʧʨʦʚʦʜʥʠʢʠ ʧʦʣʫʯʘʝʤ ʢʦʧʠʨʦʚʘʥʠʝʤ. ʇʨʦʚʦʜʥʠʢʠ ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʥʘ 120 ʛʨʘʜʫʩʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ (ʨʠʩʫʥʦʢ 5.13). ʅʘʞʤʠʪʝ çʧʦ-

ʢʘʟ ʤʦʜʝʣʠ ʮʝʣʠʢʦʤè. ʆʙʣʘʩʪʴ ʨʘʩʯʝʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʘ (ʨʠʩʫʥʦʢ 

5.14). 
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ʈʠʩʫʥʦʢ 5.13 ï ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ 

 

 

ʈʠʩʫʥʦʢ 5.14 ï ɿʘʜʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʜʝʣʠ 

 

7 ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʟʥʘʯʝʥʠʝ ʩʚʦʡʩʪʚ. ʏʪʦʙʳ 

ʧʨʠʩʚʦʠʪʴ ʤʝʪʢʫ, ʱʝʣʢʥʠʪʝ ʥʘʜ ʦʙʲʝʢʪʦʤ ʧʨʘʚʦʡ ʢʣʘʚʠʰʝʡ ʤʳʰʠ ʠ ʚʳʙʝʨʠʪʝ 

çʉʚʦʡʩʪʚʘè, ʚʚʝʜʠʪʝ ʠʤʷ ʤʝʪʢʠ çɺʦʟʜʫʭè, çʌʘʟʘ ɸè, çʌʘʟʘ ɺè , çʌʘʟʘ ʉè, 

çɻʨʘʥʠʮʘè (ʨʠʩʫʥʢʠ 5.15 ʠ 5.16). 
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ʈʠʩʫʥʦʢ 5.15 ï ɿʘʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

 

 

ʈʠʩʫʥʦʢ 5.16 ï ɿʘʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

8 ɺʩʝ ʤʝʪʢʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 3 ʛʨʫʧʧʳ ʄʝʪʢʠ ʨʝʙʝʨ, ʄʝʪʢʠ ʚʝʨʰʠʥ, ʄʝʪ-

ʢʠ ʙʣʦʢʦʚ. ʑʝʣʢʥʠʪʝ ʜʚʘʞʜʳ ʧʦ ʤʝʪʢʝ, ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʦʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʝʝ ʩʚʦʡʩʪʚ. ʋʢʘʞʠʪʝ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʠ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ (ʨʠʩʫʥʢʠ 5.17 ï 5.20). 
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ʈʠʩʫʥʦʢ 5.17 ï ʉʚʦʡʩʪʚʘ ʤʝʪʢʠ ʙʣʦʢʘ - ʚʦʟʜʫʭ 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.18 ï ʉʚʦʡʩʪʚʘ ʤʝʪʢʠ ʙʣʦʢʘ - ɸ 
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ʈʠʩʫʥʦʢ 5.19 ï ʉʚʦʡʩʪʚʘ ʤʝʪʦʢ ʙʣʦʢʦʚ ɺ ʠ ʉ 

 

ʈʠʩʫʥʦʢ 5.20 ï ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʤʝʪʢʠ ʨʝʙʨʘ - ʛʨʘʥʠʮʘ 
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9 ɿʘʢʦʥʯʠʚ ʩ ʦʧʠʩʘʥʠʝʤ ʤʝʪʦʢ, ʧʨʠʩʪʫʧʘʝʤ ʢ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʮʝʧʠ. 

ɼʣʷ ʵʪʦʛʦ ʜʦʙʘʚʴʪʝ ʵʣʝʤʝʥʪʳ ʠ ʩʦʝʜʠʥʠʪʝ ʠʭ ʧʨʦʚʦʜʘʤʠ (ʨʠʩʫʥʦʢ 5.21).  

 

ʈʠʩʫʥʦʢ 5.21 ï ɿʘʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

10 ʇʦʩʪʨʦʡʪʝ ʮʝʧʴ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʤʝʥʪʳ. ɺʚʝʜʠʪʝ ʘʤʧʣʠ-

ʪʫʜʫ ʠ ʬʘʟʫ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩʫʥʦʢ 5.22). ʇʝʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ çɺʳʜʝʣʝʥʠʷè ʠ 

ʟʘʜʘʡʪʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʢʠ 5.23 - 5.25).  

 

ʈʠʩʫʥʦʢ 5.22 ï ɿʘʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʠʩʪʦʯʥʠʢʘ UA 
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ʈʠʩʫʥʦʢ 5.23 ï ɿʘʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʠʩʪʦʯʥʠʢʘ UA 

 

ʈʠʩʫʥʦʢ 5.24 ï ɿʘʜʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʠʩʪʦʯʥʠʢʘ UA 
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ʈʠʩʫʥʦʢ 5.25 ï ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʜʣʷ ʠʩʪʦʯʥʠʢʘ UC 

11 ɿʘʜʘʡʪʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʥʘʛʨʫʟʦʢ (ʨʠʩʫʥʢʠ 5.26 ï 5.28). 

 

ʈʠʩʫʥʦʢ 5.26 ï ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʜʣʷ ʥʘʛʨʫʟʢʠ ʬʘʟʳ ɺ 
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ʈʠʩʫʥʦʢ 5.27 ï ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʜʣʷ ʥʘʛʨʫʟʢʠ ʬʘʟʳ ʉ 

 

ʈʠʩʫʥʦʢ 5.28 ï ɿʘʜʘʥʠʝ ʩʚʦʡʩʪʚ ʜʣʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʬʘʟʳ ʉ 
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12 ɺʳʙʝʨʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʢʠ ʜʣʷ ʙʣʦʢʦʚ Elcut (ʨʠʩʫʥʢʠ 5.29 ï 

5.32). 

 

ʈʠʩʫʥʦʢ 5.29 ï ʇʨʠʩʚʦʝʥʠʝ ʤʝʪʢʠ ʜʣʷ ʙʣʦʢʦʚ 

 

ʈʠʩʫʥʦʢ 5.30 ï ʇʨʠʩʚʦʝʥʠʝ ʤʝʪʢʠ ʜʣʷ ʬʘʟʳ ɸ 

 



96 

 

 

ʈʠʩʫʥʦʢ 5.31 ï ʇʨʠʩʚʦʝʥʠʝ ʤʝʪʢʠ ʜʣʷ ʬʘʟʳ ɺ 

 

ʈʠʩʫʥʦʢ 5.32 ï ʇʨʠʩʚʦʝʥʠʝ ʤʝʪʢʠ ʜʣʷ ʬʘʟʳ ʉ 
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13 ʋʢʘʞʠʪʝ ʚʝʣʠʯʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʟʝʤʣʝʥʠʷ (ʨʠʩʫʥʦʢ 5.33). 

 

ʈʠʩʫʥʦʢ 5.33 ï ɺʚʦʜ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʘʟʝʤʣʝʥʠʷ 

14 ɿʘʢʦʥʯʠʚ ʩ ʦʧʠʩʘʥʠʝʤ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʘʞʤʠʪʝ ʥʘ ʢʥʦʧʢʫ çʈʝʰʠʪʴè (ʨʠʩʫʥʦʢ 5.34). 

 

ʈʠʩʫʥʦʢ 5.34 ï ɿʘʧʫʩʢ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
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15 ʅʘ ʵʢʨʘʥʝ ʚʳʩʚʝʪʠʪʩʷ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʚʳ-

ʯʠʩʣʝʥʥʳʭ ʪʦʢʦʚ ʚʢʣʶʯʠʪʝ ʦʢʥʦ ʮʝʧʠ (ʨʠʩʫʥʦʢ 5.35). 

 

ʈʠʩʫʥʦʢ 5.35 ï ɿʘʧʫʩʢ ʧʨʦʩʤʦʪʨʘ ʚʳʯʠʩʣʝʥʥʳʭ ʪʦʢʦʚ 

16 ʑʝʣʢʥʠʪʝ ʵʣʝʤʝʥʪ ʚ ʩʧʠʩʢʝ, ʯʪʦʙʳ ʧʦʩʤʦʪʨʝʪʴ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠ ̫

(ʨʠʩʫʥʦʢ 5.36). 

 

ʈʠʩʫʥʦʢ 5.36 ï ɿʘʧʫʩʢ ʧʨʦʩʤʦʪʨʘ ʚʳʯʠʩʣʝʥʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ 
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17 ɿʘʜʘʯʘ ʨʝʰʝʥʘ. ʊʦʢʠ ʥʘʡʜʝʥʳ (ʨʠʩʫʥʦʢ 5.37). 

 

ʈʠʩʫʥʦʢ 5.37 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 
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6 ʈʘʩʯʸʪ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ 

6.1 ʇʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ 

 

ʇʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ ï ʬʠʣʴʪʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʦ-

ʧʫʩʢʘʥʠʷ ʯʘʩʪʦʪ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 

ʇʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ ʫʩʠʣʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʣʘʩʪʴ ʯʘʩʪʦʪ, ʦʪ ʯʘʩʪʦʪʳ 

ʥʠʞʥʝʛʦ ʩʨʝʟʘ (█̎ )̒ ʜʦ ʯʘʩʪʦʪʳ ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ (█̃ )̒. ʎʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʣʝʤʝʥʪʳ ʬʠʣʴʪʨʦʚ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (ʨʠʩʫʥʦʢ 6.1). 

 

ʈʠʩʫʥʦʢ 6.1 ï ʇʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʚʳʨʘʞʝʥʠʡ: 

╚▫╬
╩

╩

╡ᴁ
▒ⱷ╒

╡
▒ⱷ╒╡

╡

╡
Ͻ

▒ⱷ╒╡
Ͻ

▒ⱷ╒╡
 

 

(6.1) 

https://dic.academic.ru/dic.nsf/ruwiki/133123
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ȿ╚▫╬ȿ
╡

╡
Ͻ

ⱷⱲ
Ͻ

ⱷⱲ
Ȣ (6.2) 

 

ʛʜʝ      Ⱳ ╒╡Ƞ 

              Ⱳ ╒╡Ƞ 

   ⱲȟⱲ ï ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʚ ʦʙʣʘʩʪʷʭ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. 

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

6.2. 

 

ʈʠʩʫʥʦʢ 6.2 ï ɸʏʍ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ 

 

ʏʘʩʪʦʪʳ ʩʨʝʟʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʚʳʨʘʞʝʥʠʷʤ: 

█̃ ̒ Ⱬ╡╒
Ƞ 

 

(6.3) 

█̎ ̒ Ⱬ╡╒
Ȣ (6.4) 
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ʌʠʣʴʪʨ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʦʡ ʢʨʫʪʠʟ-

ʥʦʡ ʩʧʘʜʘ ɸʏʍ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ 40dB ʥʘ ʜʝʢʘʜʫ (ʨʠʩʫʥʦʢ 6.3). 

ʂʨʫʪʠʟʥʫ  ʩʧʘʜʘ  20 dB  ʩʦʟʜʘʝʪ  ʧʘʩʩʠʚʥʳʡ  ʬʠʣʴʪʨ ɺʏ (╡╒) ʠ ʝʱʝ 

20 dB - ʘʢʪʠʚʥʳʡ ʬʠʣʴʪʨ ɺʏ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ 

ʚʳʨʘʞʝʥʠʷʤ: 

 

ȿ╚▫╬ȿ
╡

╡ ╡
Ͻ

ⱷⱲ
Ͻ

ⱷⱲ
ȟ (6.5) 

 

ʛʜʝ      Ⱳ ╒╡ᴁ╡Ƞ 

             Ⱳ ╒╡Ȣ 

 

ʈʠʩʫʥʦʢ 6.3 - ʌʠʣʴʪʨ ʅʏ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ɸʏʍ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.4. 
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ʈʠʩʫʥʦʢ 6.4 ï ɸʏʍ ʬʠʣʴʪʨʘ ʅʏ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

 

ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʘ ɸʏʍ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

╒ʠ ╒ . 

ʋʟʢʦʧʦʣʦʩʥʳʡ ʬʠʣʴʪʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʦʜʥʦʡ ʯʘ-

ʩʪʦʪʳ, ʥʘ ʜʨʫʛʠʭ ʯʘʩʪʦʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʩʧʘʜ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ. 

ʎʝʧʴ ʦʙʨʘʪʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 2ʊ-ʦʙʨʘʟʥʳʡ ʤʦʩʪ (ʨʠʩʫʥʦʢ 6.5). 

 

ʈʠʩʫʥʦʢ 6.5 ς 2ʊ-ʦʙʨʘʟʥʳʡ ʤʦʩʪ 

 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʙʨʝʣ ʩʠʤʤʝʪʨʠʯʥʳʡ ʤʦʩʪ, ʫ ʢʦʪʦʨʦʛʦ: 
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╒ ╒ ╒Ƞ 

╡ ╡ ╡Ƞ 

╒ ╒Ƞ 

╡
╡
Ȣ 

ɸʏ ʠ ʬʘʟʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʤʦʩʪʘ ȿ╚╜ȿ ╕█ȟ 

 ⱴ ╕█, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6.6. 

ʄʦʩʪ ʷʚʣʷʝʪʩʷ ʧʘʩʩʠʚʥʳʤ ʨʝʞʝʢʪʦʨʥʳʤ ʬʠʣʴʪʨʦʤ. ʄʦʩʪ ʫʨʘʚʥʦʚʝʰʝʥ, 

ʧʨʠ ʯʘʩʪʦʪʝ: 

 

█
Ⱬ╡╒

 ȟ (6.6) 

 

ʛʜʝ      █ ï ʯʘʩʪʦʪʘ ʨʝʞʝʢʮʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʫʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʦʛʦ ʤʦʩʪʘ ȿ╚╜

ȿ. 
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ʈʠʩʫʥʦʢ 6.6 - ɸʏ ï ʘ, ʬʘʟʦʚʘʷ ïb ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 2ʊ ʤʦʩʪʘ 

 

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʤʦʩʪʘ ʚ ʮʝʧʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʣʫʯʠʪʩʷ ʩʭʝʤʘ ʫʟʢʦ-

ʧʦʣʦʩʥʦʛʦ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ (ʨʠʩʫʥʦʢ 6.7). 

ʀʟ ʝʛʦ ɸʏʍ (ʨʠʩʫʥʦʢ 6.8) ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʥʘ ʯʘʩʪʦʪʝ █ ʤʦʩʪ ʫʨʘʚ-

ʥʦʚʝʰʝʥ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ╚▫╬ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʨʝʟʠ-

ʩʪʦʨʦʚ 
╡

╡
. ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ █ ʧʦʷʚʣʷʝʪʩʷ ʦʪʨʠ-

ʮʘʪʝʣʴʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ╚▫╬. 
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ʈʠʩʫʥʦʢ 6.7 - ʋʟʢʦʧʦʣʦʩʥʳʡ ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ 

 

ʈʠʩʫʥʦʢ 6.8 ï ɸʏʍ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 

 

ʇʨʠ ʧʦʤʦʱʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʟ-

ʙʠʨʘʪʝʣʴʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʚʳʜʝʣʷʪʴ ʩʠʛʥʘʣ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ. 

╠̞ ̋

█

█
╠╜Ͻ╚▫╬ ȟ ╚▫╬Ȣ (6.7) 
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ʛʜʝ ╠╜ ï ʜʦʙʨʦʪʥʦʩʪʴ ʤʦʩʪʘ, ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʤʦʩʪʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 

0.25. 

 

6.2 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ELCUT  

ʊʠʧ ʟʘʜʘʯʠ: ʧʣʦʩʢʘʷ ʟʘʜʘʯʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.9. 

 

 

ʈʠʩʫʥʦʢ 6.9 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 

 

ɼʘʥʦ:  

R1 = 150 ʆʤ;  

R2 = 150 ʆʤ;  

C1 = 840 ʧʌ;  

C2 = 0.1637 ʤʢʌ;  

C3 = 852 ʧʌ;  

C4 = 0.0558 ʤʢʌ;  

L1 = 12.11 ʤɻʥ;  

L2 = 11.91 ʤɻʥ;  

L3 = 182.3 ʤʢɻʥ;  

ɿʘʜʘʯʘ: ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʬʠʣʴʪʨʘ.  

ʈʝʰʝʥʠʝ:  

ʏʪʦʙʳ ʩʦʟʜʘʪʴ ʟʘʜʘʯʫ, ʥʘʞʠʤʘʝʤ ʢʥʦʧʢʫ çʉʦʟʜʘʪʴè ʠ ʚʳʙʠʨʘʝʤ çɿʘʜʘ-

ʯʘ ElCutè (ʨʠʩʫʥʦʢ 6.10). 
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ʈʠʩʫʥʦʢ 6.10 ï ʉʦʟʜʘʥʠʝ ʟʘʜʘʯʠ 

ɺʚʦʜʠʤ ʠʤʷ ʟʘʜʘʯʠ ʠ ʧʘʧʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ (ʨʠʩʫʥʦʢ 6.11). 

 

 
 

ʈʠʩʫʥʦʢ 6.11 ï ʉʦʟʜʘʥʠʝ ʟʘʜʘʯʠ 

 

ɺʳʙʠʨʘʝʤ ʪʠʧ ʟʘʜʘʯʠ çʇʣʦʩʢʘʷ ʟʘʜʘʯʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʝʥʥʳʭ 

ʪʦʢʦʚè, ʢʣʘʩʩ ʤʦʜʝʣʠ - çʇʣʦʩʢʘʷè, ʝʜ. ʜʣʠʥʳ ï ʤʝʪʨʳ (ʨʠʩʫʥʢʠ 6.12 ʠ 6.13). 
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ʈʠʩʫʥʦʢ 6.12 ï ʉʚʦʡʩʪʚʘ ʟʘʜʘʯʠ 

 

 

 

ʈʠʩʫʥʦʢ 6.13 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ 

 

ʅʘʙʦʨ ʟʘʜʘʯ ʩʦʟʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ 

LabelMover (ʨʠʩʫʥʦʢ 6.14), ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʧʘʢʝʪʘ ELCUT. ɺʭʦʜʥʦʝ 
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ʥʘʧʨʷʞʝʥʠʝ ʠʤʝʝʪ ʘʤʧʣʠʪʫʜʫ 1 ɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ ʧʝʨʝʜʘʪʦʯʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʬʠʣʴʪʨʘ. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʚʳʩʦʢʦʦʤʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ.  

ʉʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʣʩʷ ʰʠʨʦʢʠʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ (ʦʪ 0 ɻʮ ʜʦ 1 ʄɻʮ 

ʩ ʰʘʛʦʤ 50 ʢɻʮ). ɿʘʪʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʣʘʩʴ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ (ʜʠʘ-

ʧʘʟʦʥ ʦʪ 40 ʢɻʮ ʜʦ 60 ʢɻʮ ʩ ʰʘʛʦʤ 1 ʢɻʮ).  

 

 

 

ʈʠʩʫʥʦʢ 6.14 ï ɿʘʧʫʩʢ ʫʪʠʣʠʪʳ LabelMover 

 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 6.14, ʧʦʟʚʦʣʷʶʱʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʩʯʝʪʳ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩʫʥʦʢ 6.15). 
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ʈʠʩʫʥʦʢ 6.15 ï ɿʘʜʘʥʠʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʚʦʜʠʪʴʩʷ ʥʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɹʫʜʝʪ ʚʚʦʜʠʪʴʩʷ 4 ʚʝʣʠʯʠʥʳ (ʨʠʩʫʥʦʢ 6.16), ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ɺ ʧʦʣʝ çʜʦʙʘʚʣʝ-

ʥʠʝ ʟʥʘʯʝʥʠʡè ʚʳʙʠʨʘʝʪʩʷ ʵʣʝʤʝʥʪ ʮʝʧʠ, ʥʘʧʨʠʤʝʨ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ R2, ʠ ʚʳ-

ʙʠʨʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʚʳʚʝʩʪʠ (ʪʦʢ, ʥʘʧʨʷʞʝʥʠʝ). 

 

 

 

ʈʠʩʫʥʦʢ 6.16 ï ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ 




































