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ɺɺɽɼɽʅʀɽ 

 

ʇʦʩʦʙʠʝ çʄʝʪʘʣʣʦʚʝʜʝʥʠʝè ʘʜʨʝʩʦʚʘʥʦ ʩʪʫʜʝʥʪʘʤ, ʦʙʫʯʘʶʱʠʤʩʷ 

ʧʦ ʧʨʦʛʨʘʤʤʝ ʙʘʢʘʣʘʚʨʠʘʪʘ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʠ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ; ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚ ʥʫʞʥʳʭ ʦʪʨʘʩʣʷʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ; ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦ ʩʚʦʡʩʪʚʘʤ, ʩʪʨʫʢʪʫʨʝ ʠ ʥʘʟʥʘʯʝʥʠʶ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥʳ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ çʄʝʪʘʣʣʦʚʝʜʝʥʠʝè 

ʧʦʤʦʞʝʪ ʦʩʚʦʠʪʴ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʤʝʪʘʣʣʦʚʝʜʘʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʙʫʜʫʪ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʤʧʝʪʝʥʮʠʠ: 

ï ʟʥʘʪʴ ʧʦʥʷʪʠʷ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʢʦʥʩʪʨʫʢʮʠʦʥ-

ʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

ï ʟʥʘʪʴ ʚʠʜʳ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʪʠʧʳ ʩʧʣʘʚʦʚ 

ʠ ʫʩʣʦʚʠʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ; 

ï ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ, ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʧʣʘʚʦʚ ʠ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ; 

ï ʫʤʝʪʴ ʚʳʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙ-

ʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʫʤʝʪʴ ʚʳʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʫʤʝʪʴ ʚʳʙʠʨʘʪʴ ʤʘʪʝʨʠʘʣ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʭʦʜʷ ʠʟ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ; 

ï ʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ  

ʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʨʤʦ-

ʦʙʨʘʙʦʪʢʠ; 

ï ʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʩʦʟʜʘʥʠʷ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘ-

ʜʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʠʩʭʦʜʷ ʠʟ ʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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1. ʂʈʀʉʊɸʃʃʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ  

ʄɽʊɸʃʃʆɺ 

 

ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ï ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ʄʝʪʘʣʣʳ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʝʣʘ, ʪ.ʝ. ʚ ʥʠʭ ʘʪʦʤʳ ʨʘʩʧʦʣʦʞʝʥʳ  

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʢʦʥʦʤʝʨʥʳʤ ʧʦʨʷʜʢʦʤ. 

ɺ ʘʤʦʨʬʥʳʭ (ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ) ʪʝʣʘʭ ʪʘʢʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ 

ʦʪʩʫʪʩʪʚʫʝʪ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʪʝʣʘʭ. 

ʋʧʦʨʷʜʦʯʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ (ʠʦʥʦʚ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʘʟrʚʘʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʥʘʟrʚʘʶʪ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠʩʧʦʣʴʟʫʶʪ ʰʝʩʪʴ ʚʝʣʠʯʠʥ:  

ʪʨʠ ʦʪʨʝʟʢʘ: a, b, c ï ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ ʧʦ ʢʦʦʨʜʠʥʘʪ-

ʥʳʤ ʦʩʷʤ ʠ ʪʨʠ ʫʛʣʘ a, b, g ʤʝʞʜʫ ʵʪʠʤʠ ʦʪʨʝʟʢʘʤʠ. 

 

 
  

 ʘ)        ʙ) 

 

ʈʠʩ. 1. ʋʩʣʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ  

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ (ʘ) ʠ ʘʤʦʨʬʥʦʤ (ʙ) ʚʝʱʝʩʪʚʝ 
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  ʘ)      ʙ)     ʚ) 

 

ʈʠʩ. 2. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ: 

ʘ ï ʆʎʂ (Fea, Cr, Mo, W, V, Ta ʠ ʜʨ.);  

ʙ ï ɻʎʂ (Feg, Ni, Cu, Al ʠ ʜʨ.); ʚ ï ɻʇʋ (Cd, Zn, Mg, Co) 

 

ɺ ʤʝʪʘʣʣʘʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʪʨʠ ʪʠʧʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ: ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝ-

ʩʢʘʷ (ʆʎʂ), ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ (ɻʎʂ) ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ 

ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʘʷ (ɻʇʋ), ʨʠʩ. 2. 

ʊʠʧ ʩʚʷʟʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ. ʉʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ  

ʚ ʤʝʪʘʣʣʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤè,  

ʠʣʠ ʢʦʣʣʝʢʪʠʚʠʟʠʨʦʚʘʥʥʳʤʠ ʚʥʝʰʥʠʤʠ ʚʘʣʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ.  

ɺʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ  

ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʤʫ çʩʚʦʝʤʫè ʘʪʦʤʫ, ʘ ʦʪʜʘʥʳ ʘʪʦʤʘʤʠ ʚ ʦʙʱʝʝ 

ʧʦʣʴʟʦʚʘʥʠʝ. ɺʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʪʘʣ-

ʣʦʚ ʦʙʲʷʩʥʷʪʁʩʷ ʣʝʛʢʦʧʦʜʚʠʞʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ. 

 

1.1. ʈɽɸʃʔʅʆɽ ʉʊʈʆɽʅʀɽ ʄɽʊɸʃʃʆɺ 

 

ʆʧʠʩʘʥʥʦʝ ʩʪʨʦʝʥʠʝ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʫʧʦʨʷʜʦʯʝʥʥʳʤ. 

ɸʙʩʦʣʶʪʥʳʡ ʧʦʨʷʜʦʢ ʧʨʦʪʠʚʦʝʩʪʝʩʪʚʝʥʝʥ ʨʝʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ. ʋʩʪʦʡ-

ʯʠʚʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʙʝʩʧʦʨʷʜʢʘ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ʟʘʧʘʩ  
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ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ). ɺ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʭ ʪʝʣʘʭ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʙʝʩʧʦʨʷʜʢʘ (ʜʝʬʝʢʪʦʚ). 

ʊʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ: ʚʘʢʘʥʩʠʠ, ʘʪʦʤʳ 

ʟʘʤʝʱʝʥʠʷ ʠ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʘʪʦʤʳ, ʨʠʩ. 3. 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠ-

ʩʪʘʣʣʝ ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ: ʩ ʧʦʚʳʰʝʥʠ-

ʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʚʝʣʠʯʠ- 

ʚʘʝʪʩʷ. 

ʃʠʥʝʡʥʳʝ ʜʝʬʝʢʪʳ. ʂ ʣʠʥʝʡʥʳʤ ʜʝ-

ʬʝʢʪʘʤ ʦʪʥʦʩʷʪʩʷ ʜʠʩʣʦʢʘʮʠʠ. ɼʠʩʣʦʢʘʮʠʶ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʛʨʘʥʠʮʫ ʠʣʠ ʢʨʘʡ 

ʦʙʦʨʚʘʥʥʦʡ (ʥʝʧʦʣʥʦʡ) ʘʪʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʨʠʩ. 4. 

ʇʨʠ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʷʭ t ʜʠʩʣʦ-

ʢʘʮʠʦʥʥʳʝ ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʤʦʛʫʪ ʧʝʨʝʜʚʠ-

ʛʘʪʴʩʷ ʧʦ ʢʨʠʩʪʘʣʣʫ ʠ ʤʝʥʷʪʴ ʩʚʦʝ ʧʦʣʦʞʝ-

ʥʠʝ, ʨʠʩ. 5. 

ʅʘʣʠʯʠʝʤ ʜʠʩʣʦʢʘʮʠʡ ʠ ʩʨʘʚʥʠʪʝʣʴ-

ʥʦʡ ʣʝʛʢʦʩʪʴʶ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ (ʩʢʦʣʴʞʝʥʠʷ) ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣ-

ʣʝ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

 

 

ʈʠʩ. 5. ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʢʨʘʝʚʦʡ ʜʠʩʣʦʢʘʮʠʠ (ʧʣʘʩʪʠʯʝʩʢʦʝ ʩʢʦʣʴʞʝʥʠʝ) 

 
 

ʈʠʩ. 3. ʊʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ  

ʚ ʢʨʠʩʪʘʣʣʝ: 

1 ï ʚʘʢʘʥʩʠʷ;  

2 ï ʤʝʞʜʦʫʟʝʣʴʥʳʡ ʘʪʦʤ 

 

 

 
 

ʈʠʩ. 4. ʉʭʝʤʘ ʜʠʩʣʦʢʘʮʠʠ: 

(ɸïɸ) ï ʥʝʧʦʣʥʘʷ ʘʪʦʤʥʘʷ 

ʧʣʦʩʢʦʩʪʴ; ʧʫʥʢʪʠʨʦʤ  

ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ  

ʜ̫ʨʘ ʜʠʩʣʦʢʘʮʠʠ 
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ʈʠʩ. 6. ʉʭʝʤʘ ʚʣʠʷʥʠ ̫ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠʛʫ  

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʣʦʢʘʮʠʡ (ʠʭ ʧʣʦʪʥʦʩʪʠ) ʧʣʘʩʪʠʯ-

ʥʦʩʪʴ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ, ʨʠʩ. 6. ʉʫʱʝ-

ʩʪʚʫʶʪ ʤʝʭʘʥʠʟʤʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʘʚʣʷʪʴ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʩʣʦʢʘʮʠʡ, ʘ ʟʥʘʯʠʪ, ʠ ʩʚʦʡʩʪʚʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʆʙʲʝʤʥʳʝ ʜʝʬʝʢʪʳ. ʆʩʥʦʚʥʳʤ ʦʙʲʝʤʥʳʤ ʜʝʬʝʢʪʦʤ ʷʚʣʷʶʪʩʷ 

ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʠʪʦʚ (ʟʝʨʝʥ). ʈʝʘʣʴʥʳʝ ʤʝʪʘʣʣʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ  

ʩʦʙʦʡ ʝʜʠʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠ-

ʩʪʘʣʣʦʚ (ʟʝʨʝʥ) ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʨʠʩ. 7. 

ʇʘʨʘʣʣʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʟʝʨʥʘ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ. 

 

 
 

ʈʠʩ. 7. ɿʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ 
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ʄʥʦʛʦʟʝʨʝʥʥʘʷ (ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ) ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʦʚ ʦʙʲʷʩ-

ʥ̫ʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʟʘʪʚʝʨʜʝʚʘʥʠʷ) ʤʝʪʘʣʣʦʚ. ʂʨʠʩʪʘʣ-

ʣʠʟʘʮʠʷ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ ʮʝʥʪʨʦʚ (ʟʘʨʦʜʳʰʝʡ) ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʉʥʘʯʘʣʘ ʨʘʩʪʫʱʠʝ ʢʨʠ-

ʩʪʘʣʣʳ ʠʤʝʁ ʪ ʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ (ʦʛʨʘʥʢʫ), ʟʘʪʝʤ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʟʘʪʚʝʨʜʝʚʰʝʡ ʯʘʩʪʠ ʵʪʠ ʢʨʠʩʪʘʣʣʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʠ çʤʝʰʘʶʪè ʜʨʫʛ ʜʨʫ-

ʛʫ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʘʚʠʣʴʥʦʡ ʦʛʨʘʥʢʠ. 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

 

1. ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʝʣʘ ʦʪ ʘʤʦʨʬʥʳʭ? 

2. ʅʘʟʦʚʠʪʝ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʝʪʘʣʣʦʚ. 

3. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʤʝʪʘʣʣʦʚ. 

4. ʇʦʯʝʤʫ ʨʝʘʣʴʥʳʝ ʤʝʪʘʣʣʳ ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ ʠʜʝʘʣʴʥʫʶ (ʙʝʟʜʝ-

ʬʝʢʪʥʫʶ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ? 

5. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʥʝʩʦʚʝʨʰʝʥʩʪʚ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. 

 

1.2. ʊʀʇʓ ʉʇʃɸɺʆɺ 

 

ʉʧʣʘʚʘʤʠ ʥʘʟʳʚʘʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʩʧʣʘʚʣʝʥʠʝʤ ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʧʣʘʚʳ ʥʝ ʪʦʣʴʢʦ ʧʣʘʚʣʝʥʠʝʤ, ʥʦ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʝʡ, ʜʠʬʬʫʟʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ (ʧʨʦʧʠʪʳʚʘʥʠʝ 

ʚʝʱʝʩʪʚʘ ʚ ʪʚʝʨʜʦʝ ʪʝʣʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ), ʧʣʘʟʤʝʥʥʳʤ ʥʘʧʳ-

ʣʝʥʠʝʤ, ʵʣʝʢʪʨʦʣʠʟʦʤ. 

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʩʧʣʘʚʦʚ. 

1. ʉʧʣʘʚʳ ï ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ. ɸʪʦʤʳ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ɺ 

ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ɸ. ʄʦʞʥʦ ʩʢʘ-
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ʟʘʪʴ, ʯʪʦ ʩʧʣʘʚʳ ï ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʷʚʣʷʶʪʩʷ ʤʝʞʘʪʦʤʥʳʤʠ ʩʤʝʩʷʤʠ. 

ɸʪʦʤʳ ʵʣʝʤʝʥʪʘ ɺ ʣʠʙʦ ʟʘʤʝʱʘʶʪ ʘʪʦʤʳ ʵʣʝʤʝʥʪʘ ɸ ʚ ʫʟʣʘʭ ʨʝʰʝʪʢʠ, 

ʣʠʙʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʤʝʞʜʦʫʟʣʠʷ ï ʧʦʨʳ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʧʣʘʚʳ ʥʘʟʳ-

ʚʘʶʪʩʷ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʟʘʤʝʱʝʥʠʷ, ʚʦ ʚʪʦʨʦʤ ï ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦ-

ʨʘʤʠ ʚʥʝʜʨʝʥʠʷ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʷ ʨʘʩ-

ʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʷ ʪʝʭ ʠ ʜʨʫʛʠʭ. ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʘʤʠ ʛʨʝʯʝʩʢʦʛʦ ʘʣʬʘʚʠʪʘ: a, b, g, d ʠ ʪ.ʜ. 

ʅʝʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʜʠʥʘʢʦʚʳʝ (ʠʟʦʤʦʨʬʥʳ) 

ʠ ʘʪʦʤʥʳʝ ʨʘʜʠʫʩʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 8%. ʇʨʠ ʨʘʟʥʠʮʝ 

ʚ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʘʭ ʦʪ 8 ʜʦ 15% ʦʙʨʘʟʫʶʪʩʷ ʩʧʣʘʚʳ ï ʪʚʝʨʜʳʝ ʨʘʩʪʚʦ-

ʨʳ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ. ɽʩʣʠ ʨʘʟʥʠʮʘ ʚ ʘʪʦʤʥʳʭ ʨʘʟʤʝʨʘʭ 

ʧʨʝʚʳh ʘʝʪ 15%, ʪʦ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʘ ʬʦʨʤʠʨʫʶʪʩʷ 

ʪʘʢ ʥʘʟʚrʘʝʤʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʘʟʳ (ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ) ʠʣʠ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʩʤʝʩʠ ʢʨʠʩʪʘʣʣʦʚ ʩʧʣʘʚʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʨʠʩʫʥʢʝ 8 

ʧʦʢʘʟʘʥʘ ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ.  

ʅʝʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʣʘʚʘʭ: Cu + Al, 

Cu + Ni, Ge + Si, Fe + Ni ʠ ʜʨ. 

 

  
 

ʘ)     ʙ) 

 

ʈʠʩ. 8. ʉʭʝʤʘ ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ:  

ʘ ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʟʘʤʝʱʝʥʠʷ; ʙ ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʚʥʝʜʨʝʥʠʷ 
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ʆʛʨʘʥʠʯʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʤʝʶʪ ʩʧʣʘʚʳ: Al + Cu, Sn + Sb,  

Cu + Sn, Fe + Si ʠ ʜʨ. 

ʀʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚʥʝʜʨʝʥʠʷ, ʠʤʝʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘ-

ʯʝʥʠʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʠʩʪʝʤʳ: Fe + C, Fe + N, Fe + B. 

2. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʬʘʟʳ (ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʦʜ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʬʘʟʘʤʠ ʧʦʥʠʤʘʶʪ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʩʧʣʘ- 

ʚʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʡ ʪʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝh ʝʪʢʠ,  

ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʨʝʰʝʪʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʘʩʧʦʣʦʞʝʥʠʝ 

ʘʪʦʤʦʚ ʚ ʵʪʦʡ ʨʝʰʝʪʢʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʫʧʦʨʜ̫ʦ-

ʯʝʥʥʳʤ. ʇʦʢʘ ʥʝʪ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ. 

ʏʘʱʝ ʚʩʝʛʦ ʠʭ ʦʙʦʟʥʘʯʘʶʪ ʚ ʚʠʜʝ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʦʪʨʘʞʘʶʱʠʭ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʩʪʝʭʠʦʤʝʪʨʠʶ): Fe3C, NbC, WC, W2C ï ʢʘʨʙʠʜʳ, 

Cu31Sn8, CuZn, Cu5Zn8 ï ʵʣʝʢʪʨʦʥʥʳʝ ʬʘʟʳ, NbFe2, TiFe2, TiCr2 ï ʬʘʟʳ 

ʃʘʚʝʩʘ ʠ ʪ.ʜ. 

3. ʉʧʣʘʚʳ ï ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʤʝʩʠ. ɺ ʧʨʠʨʦʜʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʘʣ-

ʣʦʚ, ʘʙʩʦʣʶʪʥʦ ʥʝ ʨʘʩʪʚʦʨʠʤʳʭ ʜʨʫʛ ʚ ʜʨʫʛʝ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʇʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʝʝ ʙʳʣʦ ʥʘʟʳʚʘʪʴ ʵʪʦʪ ʪʠʧ ʩʧʣʘʚʦʚ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʤʝʩʷʤʠ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʥʝ ʩʧʣʘʚʘʤʠ ï ʤʝʭʘ-

ʥʠʯʝʩʢʠʤʠ ʩʤʝʩʤ̫ʠ ʢʨʠʩʪʘʣʣʦʚ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ. ʂ ʪʘʢʦʤʫ ʪʠʧʫ ʩʧʣʘ-

ʚʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʠʩʪʝʤʳ Al + Si, Pb + Sb, Fe + Pb ʠ ʜʨ., ʛʜʝ ʢʦʤʧʦ-

ʥʝʥʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳ ʜʨʫʛ ʚ ʜʨʫʛʝ. 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

 

1. ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʩʧʣʘʚʦʚ. 

2. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʫʩʣʦʚʠʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

3. ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʩʧʣʘʚʳ ï ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʦʪ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʬʘʟ? 
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1.3. ʂʈʀʉʊɸʃʃʀɿɸʎʀʗ ʄɽʊɸʃʃʆɺ ʀ ʉʇʃɸɺʆɺ 

 

ʉʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ (ʟʘʪʚʝʨʜʝʚʘʥʠʝ) ʦʙʫʩʣʦʚʣʝʥʘ 

ʩʪʨʝʤʣʝʥʠʝʤ ʩʠʩʪʝʤʳ ʧʝʨʝʡʪʠ ʚ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʤʝʥʴʰʠʤ 

ʟʘʧʘʩʦʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ (ʩ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ G). ʅʘ ʨʠʩʫʥʢʝ 9 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʞʠʜʢʦʛʦ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʈʠʩ. 9. ʀʟʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ G  

ʜʣʷ ʞʠʜʢʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ 

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊS ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʞʠʜʢʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʩʦʩʪʦʷʥʠʡ ʩʪʘʥʦʚʷʪʩʷ 

ʨʘʚʥʤrʠ. ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ (ʟʘʪʚʝʨʜʝʚʘʥʠʷ). ɺʳʰʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ 

ʷʚʣʷʝʪʩʷ ʨʘʩʧʣʘʚʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʘʢ ʢʘʢ ʨʘʩʧʣʘʚ ʠʤʝʝʪ ʤʝʥʴʰʝʝ  

ʟʥʘʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʤ, ʥʘ ʚʝʣʠʯʠʥʫ DG2, ʘ ʥʠʞʝ ʊS ï ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʙʫʜʝʪ ʪʚʝʨʜʦʝ  

ʩʦʩʪʦʷʥʠʝ. 

ʇʦʥʷʪʠʷ: ʢʦʤʧʦʥʝʥʪ, ʬʘʟʘ, ʩʪʨʫʢʪʫʨʘ, ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ.  

ʂʦʤʧʦʥʝʥʪʳ ï ʚʝʱʝʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʧʣʘʚ. 
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ʌʘʟʘ ï ʯʘʩʪʴ ʩʧʣʘʚʘ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʜʝʣʘ, ʧʨʠ ʧʝ-

ʨʝʭʦʜʝ ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʩʚʦʡʩʪʚʘ ʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ. 

ʇʨʠʤʝʨ: ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ. ɺ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʜʚʝ ʬʘʟʳ: ʞʠʜʢʘʷ ʠ ʢʨʠʩʪʘʣʣʳ ʯʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʉʪʨʫʢʪʫʨʘ ï ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ  

ʚ ʩʧʣʘʚʝ. ʅʘ ʨʠʩʫʥʢʝ 10 ʧʦʢʘʟʘʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʩʧʣʘʚʘ ʞʝʣʝʟʘ ʩ 0,8% ʉ ʧʦʩʣʝ ʨʘʟʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ɺʠʜʥʦ, ʯʪʦ ʬʦʨʤʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʬʘʟ ʨʘʟʥʳʝ,  

ʪ.ʝ. ʭʦʪʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʥʘ ʨʠʩ. 10, ʘ, ʙ ʦʜʠʥ ʠ ʪʦʪ ʞʝ (a ʠ Fe3C),  

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʉʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ (ʢʦʥʮʝʥʪʨʘʮʠʷ)  

ʠ ʚʥʝʰʥʠʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ) ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʬʘʟ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ ʚʳʨʘʞʘʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠ ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʠʣʦʤ 

ʬʘʟ ɻʠʙʙʩʘ. ʇʨʘʚʠʣʦ ʬʘʟ ɻʠʙʙʩʘ ʤʦʞʝʪ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢ ʙʫʜʝʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʧʣʘʚʣʝʥʠʷ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʠ ʫʢʘʟʳʚʘʝʪ, ʢʨʦʤʝ ʪʦʛʦ, ʩʢʦʣʴʢʦ ʬʘʟ  

ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ. ʆʙʳʯʥʦ ʧʨʘʚʠʣʦ ʬʘʟ ɻʠʙʙʩʘ ʟʘʧʠʩʳʚʘʝʪ-

ʩʷ ʚ ʩʣʝʜʫʶɦ ʝʤ ʚʠʜʝ: ʉ = ʂ ï ʌ + 1 ʜʣʷ ʩʣʫʯʘʷ, ʝʩʣʠ ʧʨʦʮʝʩʩʳ ʠʜʫʪ  

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʛʜʝ ʉ ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʂ ï ʯʠʩʣʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʧʣʘʚʝ, ʌ ï ʯʠʩʣʦ ʬʘʟ. 

 

 
 

ʈʠʩ. 10. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ ʞʝʣʝʟʘ ʩ 0,8% ʉ ʧʦʩʣʝ ʨʘʟʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ: 

a ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʫʛʣʝʨʦʜʘ ʚ Fea; Fe3C ï ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʘʨʙʠʜ ʞʝʣʝʟʘ 
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ʇʨʠʤʝʨ 1: ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʯʘʩʪʚʫʶʪ ʜʚʝ ʬʘʟʳ: ʞʠʜʢʘʷ ʠ ʪʚʝʨʜʘʷ 

(ʢʨʠʩʪʘʣʣʳ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ): 

ʉ = ʂ ï ʌ + 1 = 1 ï 2 + 1 = 0. 

ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ ʜʦʣʞʥʘ 

ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ: ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʝʩʴ ʤʝʪʘʣʣ  

ʥʝ ʟʘʪʚʝʨʜʝʝʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʇʨʠʤʝʨ 2: ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʣʘʚʘ ï ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʬʘʟ ʜʚʝ ï ʞʠʜʢʘʷ ʬʘʟʘ ʠ ʢʨʠʩʪʘʣʣʳ ʪʚʝʨʜʦʛʦ  

ʨʘʩʪʚʦʨʘ: 

ʉ = ʂ ï ʌ + 1 = 2 ï 2 + 1 = 1. 

ʊʘʢ ʢʘʢ ʉ = 1, ʪʦ ʪʝʨʤʦʜʠʥʘʤʠʢʘ çʨʘʟʨʝʰʘʝʪè ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. 

 

1.4. ɼʀɸɻʈɸʄʄʓ ʉʆʉʊʆʗʅʀʗ (ʈɸɺʅʆɺɽʉʀʗ)  

ɼɺʆʁʅʓʍ ʉʇʃɸɺʆɺ 

 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʦʛʦ ʩʧʣʘʚʘ ʜʘʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʥʘʷ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʷ, ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʶʙʦʛʦ ʩʧʣʘʚʘ ʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

ʪʝʤʧʝʨʘʪʫʨʘïʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

1.4.1. ʆʩʥʦʚʥʳʝ ʨʘʚʥʦʚʝʩʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ ʩʧʣʘʚʦʚ 

 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʥʝʦʛʨʘʥʠ-

ʯʝʥʥʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʪʚʝʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ 

ʊʘʢʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 11. ʊʘʢ ʢʘʢ ʜʠʘʛʨʘʤʤʳ ʩʪʨʦ-

ʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʦ ʤʥʦʛʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʜʠʘ-

ʛʨʘʤʤʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. 
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ʈʠʩ. 11. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ  

ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤ  rʚ ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ: 

ɾ ï ʨʘʩʧʣʘʚ, a ï ʢʨʠʩʪʘʣʣʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Ni ʚ Cu ʠʣʠ Cu ʚ Ni,  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʝʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʝʤ 

 

ʅʘ ʵʪʦʡ ʜʠʘʛʨʘʤʤʝ ʣʠʥʠʷ ɸmɺ ʥʘʟʳʚʘʝʪʩʷ ʣʠʢʚʠʜʫʩʦʤ ʠʣʠ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʡ ʣʠʥʠʝʡ ʥʘʯʘʣʘ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩʧʣʘʚʦʚ. ʃʠʥʠʷ ɸnɺ ï ʩʦʣʠʜʫʩ, 

ʠʣʠ ʣʠʥʠʷ ʦʢʦʥʯʘʥʠʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩʧʣʘʚʦʚ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ ʧʦʣʝʟʥʦ ʫʩʚʦʠʪʴ ʥʝʢʦ-

ʪʦʨʳʝ ʬʦʨʤʘʣʴʥʳʝ ʧʨʘʚʠʣʘ ʟʘʧʦʣʥʝʥʠʷ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ: 

1) ʚ ʣʶʙʦʡ ʠʟ ʦʙʣʘʩʪʝʡ ʜʠʘʛʨʘʤʤʳ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ  

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʜʚʫʭ ʬʘʟ; 

2) ʨ̫ ʜʦʤ ʩ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʴʶ (ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ!) ʚʩʝʛʜʘ ʨʘʩʧʦʣʘ-

ʛʘʁ ʪʩʷ ʦʜʥʦʬʘʟʥʳʝ, ʨʠʩ. 11; 

3) ʚ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʪʝ ʞʝ ʬʘʟʳ, ʯʪʦ ʠ ʚ ʧʨʠʣʝʛʘ-

ʶɦ ʠʭ ʢ ʥʝʡ ʦʜʥʦʬʘʟʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʪʠʧʠʯʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 12. 

ʇʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʬʘʟʦʚʳʤʠ ʧʨʝʚʨʘ-

ʝɦʥʠʷʤʠ ʣʶʙʦʛʦ ʩʧʣʘʚʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ (ʭʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ) ʬʘʟ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʭ ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʠʤʝʥʷʶʪ ʧʨʘʚʠʣʦ ʦʪʨʝʟʢʦʚ. 
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ʘ)      ʙ)     ʚ)    ʛ) 
 

ʈʠʩ. 12. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʪʠʧʠʯʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʥ̫ʠʷ: 

ʘ ï ʜʠʘʛʨʘʤʤʘ ʩ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ; ʙ ï ʜʠʘʛʨʘʤʤʘ ʩ ʵʚʪʝʢʪʠʢʦʡ  

(ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʠ ʠʤʝʝʪʩʷ ʪʦʯʢʘ, ʦʪ ʢʦʪʦʨʦʡ ʚʚʝʨʭ ʦʪʭʦʜʷʪ ʜʚʝ ʣʠʥʠʠ);  

ʚ ï ʜʠʘʛʨʘʤʤʘ ʩ ʧʝʨʠʪʝʢʪʠʢʦʡ (ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʠ ʝʩʪʴ ʪʦʯʢʘ,  

ʦʪ ʢʦʪʦʨʦʡ ʦʪʭʦʜʷʪ ʜʚʝ ʣʠʥʠʠ ʚʥʠʟ); ʛ ï ʜʠʘʛʨʘʤʤʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʦʡ  

(ʭʠʤʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʧʣʘʚ I, ʨʠʩ. 11. ʕʪʦʪ ʩʧʣʘʚ ʥʘʯʠ-

ʥʘʝʪ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʯʢʠ 1, ʘ ʟʘʢʘʥʯʠʚʘʝʪ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʯʢʠ 2. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘɦ ʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʪʘʢ ʢʘʢ ʥʝ ʧʝʨʝʩʝʢʘʪʁʩʷ ʥʠʢʘʢʠʝ ʣʠʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʪʦʷʥʠʝ ʩʧʣʘʚʘ I ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʯʢʠ ʩ. ʇʨʠ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʧʣʘʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʬʘʟ: ʞʠʜʢʦʡ (ʞ) ʠ ʢʨʠʩʪʘʣʣʦʚ ʪʚʝʨ-

ʜʦʛʦ ʨʘʩʪʚʦʨʘ a. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ 

(ʩʢʦʣʴʢʦ ʟʘʪʚʝʨʜʝʣʦ ʠ ʩʢʦʣʴʢʦ ʝʱʝ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ), ʥʝʦʙʭʦʜʠʤʦ 

ʯʝʨʝʟ ʪʦʯʢʫ ʩ ʧʨʦʚʝʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʣʠʥʠʶ ʘʩb ʜʦ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ. 

ɽʩʣʠ ʚʝʣʠʯʠʥʫ ʦʪʨʝʟʢʘ ʘb ʧʨʠʥʷʪʴ ʟʘ ʝʜʠʥʠʮʫ ʩʧʣʘʚʘ (ʠʣʠ ʟʘ 100%),  

ʪʦ ʦʪʨʝʟʦʢ ʘʩ ʧʦʢʘʞʝʪ ʢʦʣʠʯʝʩʪʚʦ a-ʢʨʠʩʪʘʣʣʦʚ (ʪʚʝʨʜʘʷ ʬʘʟʘ), ʘ ʦʪʨʝ-

ʟʦʢ ʩb ï ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ (ʥʝʟʘʪʚʝʨʜʝʚʰʝʡ) ʯʘʩʪʠ ʩʧʣʘʚʘ. ʕʪʠ ʩʦʦʪ-

ʥʦʰʝʥʠʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʧʨʦʮʝʥʪʘʭ: 

%100% ʞ
ab

cb
Q =    ʠ   %100%

ab

ac
Q =a , 

ʛʜʝ %Qʞ ʠ %Qa ï ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ ʚ %. 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ Cu ʠ Ni ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʯʢʦʡ ʘ¡ (ʧʨʦʝʢʮʠʝʡ ʪʦʯʢʠ ʘ ʥʘ ʦʩʴ ʢʦʥʮʝʥʪʨʘʮʠʡ), ʘ ʩʦʜʝʨʞʘʥʠʝ Cu  

ʠ Ni ʚ a-ʢʨʠʩʪʘʣʣʘʭ ʫʢʘʞʝʪ ʪʦʯʢʘ b¡ (ʧʨʦʝʢʮʠʷ ʪʦʯʢʠ è ʥʘ ʦʩʴ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ). 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʥʦ 

ʨʘʩʪʚʦʨʠʤʳ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙʨʘʟʫʶʪ ʵʚʪʝʢʪʠʢʫ 

ʊʘʢʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 13 (ʥʘ ʧʨʠʤʝʨʝ ʩʧʣʘʚʦʚ AlïSi). 

ʅʘ ʵʪʦʡ ʜʠʘʛʨʘʤʤʝ ʣʠʥʠʷ ɸʉɺ ï ʣʠʢʚʠʜʫʩ, ʣʠʥʠʷ ɸɼʉɽɺ ï  

ʩʦʣʠʜʫʩ, Fɼ ï ʣʠʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Si ʚ a-ʨʘʩʪʚʦʨʝ, ʣʠʥʠʷ 

EG ï ʣʠʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Al ʚ b-ʨʘʩʪʚʦʨʝ. ʃʠʥʠʷ ɼʉɽ 

ʥʘʟʳʚʘʝʪʩʷ ʵʚʪʝʢʪʠʯʝʩʢʦʡ. ɸʥʘʣʠʟ ʜʠʘʛʨʘʤʤʳ ʥʘʯʠʥʘʝʪʩʷ ʩ ʟʘʧʦʣʥʝʥʠʷ 

ʦʙʣʘʩʪʝʡ ʬʘʟʘʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʚʠʣʘ, ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ. ɺ ʵʪʦʡ  

ʩʠʩʪʝʤʝ ʠʤʝʶʪʩʷ ʩʧʣʘʚʳ (ʤʝʞʜʫ ʪʦʯʢʘʤʠ ɼ ʠ ɽ), ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʴ ʥʝʟʘ-

ʪʚʝʨʜʝʚʰʝʡ ʞʠʜʢʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʪʨʝʭ ʬʘʟ. ʇʦʵʪʦʤʫ  

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʬʘʟ ɻʠʙʙʩʘ ʪʘʢʘʷ ʨʝʘʢʮʠʷ ʜʦʣʞʥʘ ʧʨʦʪʝʢʘʪʴ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʦʜʥʦʛʦ  

ʠʟ ʪʘʢʠʭ ʩʧʣʘʚʦʚ, ʥʘʧʨʠʤʝʨ, ʩʧʣʘʚʘ I. 

 
I 

C'

ô  
 

ʈʠʩ. 13. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ AlïSi (ʩʭʝʤʘ): 

a ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Si ʚ Al; b ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Al ʚ Si 
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ɺ ʪʦʯʢʝ 1 ʥʘʯʠʥʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʞ  b. ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ ʬʘʟʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ  

b-ʢʨʠʩʪʘʣʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ Al ʠ Si ʚ ʞʠʜ-

ʢʦʡ ʬʘʟʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 1  ʉ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʭ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ (b) ʠʟʤʝʥʷʝʪʩʷ 1  ɽ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʥʠʠ ɼʉɽ  

ʚ ʩʧʣʘʚʝ I ʠ ʝʤʫ ʧʦʜʦʙʥʳʭ ʩʧʣʘʚʘʭ ʩʦʭʨʘʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʞʠʜʢʦʡ ʬʘʟʳ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʟʘʪʚʝʨʜʝʚʰʝʡ ʯʘʩʪʠ ʚ ʩʧʣʘʚʝ I ʦʧʨʝʜʝ-

ʣʠʪʩʷ ʦʪʨʝʟʢʦʤ 2ɽ (ʧʦ ʧʨʘʚʠʣʫ ʦʪʨʝʟʢʦʚ). ʆʩʪʘʚʰʘʷʩʷ ʞʠʜʢʦʩʪʴ ʚʦ ʚʩʝʭ 

ʩʧʣʘʚʘʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʣʠʥʠʶ ɼʉɽ, ʧʨʠʤʝʪ ʦʜʠʥʘʢʦʚʳʡ ʩʦʩʪʘʚ, ʦʧʨʝ-

ʜʝʣʷʝʤʳʡ ʧʨʦʝʢʮʠʝʡ ʪʦʯʢʠ ʉ ʥʘ ʦʩʴ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʉ¡). ɾʠʜʢʦʩʪʴ ʪʘʢʦ-

ʛʦ ʩʦʩʪʘʚʘ ʟʘʪʚʝʨʜʝʝʪ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʤʝʣʢʫʶ ʤʝʭʘʥʠʯʝ-

ʩʢʫʶ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ a + b ʧʦ ʨʝʘʢʮʠʠ ʞʉ  (a + b). ʕʪʘ ʨʝʘʢʮʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʵʚʪʝʢʪʠʯʝʩʢʦʡ (ʦʜʥʘ ʬʘʟʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʚʝ ʥʦʚʳʝ),  

ʘ ʩʪʨʫʢʪʫʨʫ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʥʘʟʳʚʘʶʪ 

ʵʚʪʝʢʪʠʢʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʧʣʘʚʘʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʣʠʥʠʶ ɼʉɽ ʧʨʠ ʦʭʣʘ-

ʞʜʝʥʠʠ ʚ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʧʦʣʫʯʠʪʩʷ ʩʪʨʫʢʪʫʨʘ: 

ʘ) ʚ ʩʧʣʘʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ɼ ʠ ʉ ï a + ʵʚʪʝʢʪʠ-

ʢʘ (a + b), ʨʠʩ. 14, ʘ); 

 

 
 

ʘ)   ʙ)   ʚ) 

 

ʈʠʩ. 14. ʊʠʧʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʚʪʝʢʪʠʢʫ: 

ʘ ï ʜʦʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʧʣʘʚʳ; ʙ ï ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʧʣʘʚ; ʚ ï ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʧʣʘʚʳ 
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ʙ) ʚ ʩʧʣʘʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʉ ʠ ɽ ï b + ʵʚʪʝʢʪʠʢʘ 

(a + b), ʨʠʩ. 14, ʚ); 

ʚ) ʚ ʩʧʣʘʚʝ ʩʦʩʪʘʚʘ ʉ ʦʙʨʘʟʫʝʪʩʷ 100% ʵʚʪʝʢʪʠʢʠ, ʨʠʩ. 14, ʙ). 

ɺ ʩʧʣʘʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʣʝʚʝʝ ʪʦʯʢʠ ɼ ʠ ʧʨʘʚʝʝ ʪʦʯʢʠ ɽ, ʵʚʪʝʢ-

ʪʠʢʠ ʥʝ ʙʫʜʝʪ. 

ɺ ʩʧʣʘʚʘʭ, ʣʝʞʘʱʠʭ ʣʝʚʝʝ ʪʦʯʢʠ ɼ, ʥʘʙʣʶʜʘʪʁʩʷ ʜʚʘ ʪʠʧʘ ʩʪʨʫʢ-

ʪʫʨʳ: 

ʘ) ʣʝʚʝʝ ʪʦʯʢʠ F ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʜʥʦʬʘʟʥʳʝ ʩʧʣʘʚʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

a ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʠʩ. 15, ʘ); 

ʙ) ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʪʦʯʢʘʤʠ F ʠ ɼ ʩʫʱʝʩʪʚʫʶʪ ʜʚʫʭ-

ʬʘʟʥʳʝ ʩʧʣʘʚʳ, ʠʤʝʶʱʠʝ ʩʪʨʫʢʪʫʨʫ a + bII; ʚʪʦʨʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʷʚ-

ʣʷʪʁʩʷ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Si ʚ a-ʨʘʩʪʚʦʨʝ ʥʠʞʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʣʠʥʠʠ Fɼ, ʨʠʩ. 15, ʙ);  

ʚ) ʧʨʘʚʝʝ ʪʦʯʢʠ G ʥʘʭʦʜʷʪʩʷ ʦʜʥʦʬʘʟʥʳʝ ʩʧʣʘʚʳ ï ʪʚʝʨʜʳʝ ʨʘʩ-

ʪʚʦʨ  r(b) ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʢʨʝʤʥʠʷ, ʨʠʩ. 15, ʚ). 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩ ʧʝʨʠʪʝʢʪʠʢʦʡ  

ʇʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 16. ʂʦʤʧʦʥʝʥʪʳ 

Sn ʠ Sb ʚʳʙʨʘʥʳ ʫʩʣʦʚʥʦ.  

ʃʠʥʠʷ ɸʉɺ ï ʣʠʢʚʠʜʫʩ, ʣʠʥʠʷ ɸɼɽɺ ï ʩʦʣʠʜʫʩ, ʣʠʥʠʷ ʉɼɽ ï  

ʣʠʥʠʷ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ɼF ʠ EG ï ʣʠʥʠʠ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʪʚʦ-

ʨʠʤʦʩʪʠ. 

 

 

 

ʘ)   ʙ)   ʚ) 

 

ʈʠʩ. 15. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Al + Si, ʥʝ ʩʦʜʝʨʞʘɦ ʠʭ ʵʚʪʝʢʪʠʢʠ 
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ʈʠʩ. 16. ɼʠʘʛʨʘʤʤʘ ʩ ʧʝʨʠʪʝʢʪʠʢʦʡ: 

a ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Sb ʚ Sn; b ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ Sn ʚ Sb 

 

ʀʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʘ, ʟʘʧʦʣʥʠʤ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʷ ʬʘʟʘʤʠ (ʧʨʝʜ-

ʧʦʣʘʛʘʝʪʩʷ ʩʪʫʜʝʥʪʘʤ ʩʜʝʣʘʪʴ ʵʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ). ʈʘʩʩʤʦʪʨʠʤ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʶ ʦʜʥʦʛʦ ʠʟ ʩʧʣʘʚʦʚ, ʥʘʧʨʠʤʝʨ, ʩʧʣʘʚʘ I. ɺ ʵʪʦʤ ʩʧʣʘʚʝ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʯʢʠ 1 ʩ ʚʳʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣ-

ʣʦʚ b ï ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʞ  b) ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʦʯʢʠ 2. ʂ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʭʨʘʥʷʝʪʩʷ ʞʠʜʢʘʷ ʬʘʟʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʠʪʩʷ 

ʦʪʨʝʟʢʦʤ 2ɽ. ʉʦʩʪʘʚ ʵʪʦʡ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʠʪʩʷ ʧʨʦʝʢʮʠʝʡ ʪʦʯʢʠ ʉ  

ʥʘ ʦʩʴ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʉ¡). ɺ ʪʦʯʢʝ 2 ʥʘʯʥʝʪʩʷ ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ  

ʞʉ + b  a + b: ʜʚʝ ʬʘʟ  r(ʞ + b) ʨʝʘʛʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʦʙʨʘʟʫʶʪ 

ʢʨʠʩʪʘʣʣʳ ʥʦʚʦʡ ʬʘʟʳ (a). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʧʣʘʚʝ ʢʨʠʩʪʘʣʣʦʚ b 

ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʜʦ ʜʣʷ ʨʝʘʢʮʠʠ ʠ ʦʥʠ ʦʩʪʘʣʠʩʴ ʚ ʠʟʙʳʪʢʝ.  

ʉʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʠʩʘʪʴ ʧʝʨʠʪʝʢʪʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʜʣʷ ʩʧʣʘʚʦʚ 

ʪʠʧʘ II , ʠ ʫʢʘʟʘʪʴ ʩʧʣʘʚ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠʜʝʪ  

ʙʝʟ ʦʩʪʘʪʢʘ. 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʬʘʟʘʤʠ (ʨʠʩ. 17). 

ʉʪʫʜʝʥʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʧʦʣʥʠʪʴ ʵʪʫ ʜʠʘʛʨʘʤʤʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 



20 

 
 

ʈʠʩ. 17. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʬʘʟʘʤʠ 

 

ʋʢʘʟʘʥʠʷ: ʵʪʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʵʚʪʝʢʪʠ-

ʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ. ʂʘʞʜʫʶ ʜʠʘʛʨʘʤʤʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ, 

ʩʯʠʪʘʷ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʢʦʤʧʦʥʝʥʪʘʤʠ As + InAs ʠ InAs + In. 

 

1.5. ʉɺʗɿʔ ʉɺʆʁʉʊɺ ʉʇʃɸɺʆɺ ʉ ʊʀʇʆʄ ɼʀɸɻʈɸʄʄʓ  

ʉʆʉʊʆʗʅʀʗ (ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʂʋʈʅɸʂʆɺɸ) 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ï ʪʚʝʨʜʦʩʪʴ ʅ, ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ r ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 18. 

ɺ ʩʧʣʘʚʘʭ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʩʚʦʡʩʪʚʘ ʠʟʤʝʥʷʶʪ-

ʩʷ ʧʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ (ʤʘʢʩʠʤʫʤ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ) ʥʘʙʣʶʜʘʝʪʩʷ,  

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ 50% (ʘʪʦʤʥʳʭ) ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʣʠʥʝʡʥʘʷ. 

ɿʥʘʷ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʦʚ, ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ 

ʪʦʯʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʉʘʤʦʡ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙʳʯʥʦ ʦʜʥʦʬʘʟʥʳʝ 

ʩʧʣʘʚʳ, ʥʦ ʦʥʠ ʧʣʦʭʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʟʘʥʠʝʤ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʶʪ  

ʠʟ-ʟʘ ʙʦʣʴh ʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚʠʪʫʶ ʩʪʨʫʞʢʫ. ʇʦʵʪʦʤʫ ʚ ʠʟʜʝʣʠʷʭ  

ʠʟ ʪʘʢʠʭ ʩʧʣʘʚʦʚ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ.  
 

As In 
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ʈʠʩ. 18. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʦʪ ʪʠʧʘ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ: 

H ï ʪʚʝʨʜʦʩʪʴ; r ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ 

 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʙʦʣɹh ʠʥʩʪʚʦ ʦʜʥʦʬʘʟʥʳʭ ʩʧʣʘʚʦʚ ʠʤʝʶʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʳʝ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɼʚʫʭʬʘʟʥʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʠʭ 

ʤʦʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʪʦʣʴʢʦ ʛʦʨʷʯʝʡ ʦʙʨʘʙʦʪʢʝ ʜʘʚʣʝʥʠʝʤ. ʆʜʥʘʢʦ ʵʪʠ 

ʩʧʣʘʚʳ ʭʦʨʦʰʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʟʘʥʠʝʤ. ʆʙʨʘʙʦʪʢʦʡ ʨʝʟʘʥʠʝʤ ʚ ʥʠʭ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʦʯʝʥʴ ʤʘʣʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʦʣʴʰʠʥ-

ʩʪʚʦ ʜʚʫʭʬʘʟʥʳʭ ʩʧʣʘʚʦʚ ʠʤʝʶʪ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʧʦʵʪʦʤʫ 

ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʠ ʜʨʫ-

ʛʠʭ ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʥʘʧʨʠʤʝʨ ʚ ʧʘʨʘʭ. ɼʚʫʭʬʘʟʥʳʝ ʩʧʣʘʚʳ 

ʠʤʝʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʣʠʪʝʡʥʳʝ ʩʚʦʡʩʪʚʘ; ʥʘʠʣʫʯʰʠʤʠ ʣʠʪʝʡ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʁ ʪ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʧʣʘʚʳ ʠ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘ-

ʱʠʝ ʵʚʪʝʢʪʠʢʫ.  
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

 

1. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʦʥʷʪʠʷ: ʢʦʤʧʦʥʝʥʪ, ʬʘʟʘ, ʩʪʨʫʢʪʫʨʘ, ʩʪʝʧʝʥʴ 

ʩʚʦʙʦʜʳ. 

2. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʚ ʩʧʣʘʚʘʭ ʥʘ ʣʠʥʠʷʭ ʣʠʢʚʠʜʫʩ ʠ ʩʦ-

ʣʠʜʫʩ? 

3. ʅʘʟʦʚʠʪʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟ ʚ ʣʶʙʦʡ ʠʟ ʦʙʣʘʩʪʝʡ 

ʜʠʘʛʨʘʤʳ ʩʦʩʪʦʷʥʠʷ. 

4. ʉʢʦʣʴʢʦ ʬʘʟ ʤʦʞʝʪ ʙʳʪʴ ʚ ʦʙʣʘʩʪʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʩʣʝʚʘ  

ʠ ʩʧʨʘʚʘ ʢ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʠ? 

5. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʚ ʩʧʣʘʚʘʭ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʠʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʪʦʷʥʠʷ? 

6. ʏʪʦ ʪʘʢʦʝ ʵʚʪʝʢʪʠʯʝʩʢʘʷ (ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ) ʨʝʘʢʮʠʷ? 

7. ʉʨʘʚʥʠʪʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʬʘʟʥʳʭ 

ʠ ʜʚʫʭʬʘʟʥʳʭ ʩʧʣʘʚʦʚ ʠ ʩʧʣʘʚʦʚ ï ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʘʢʠʝ  

ʠʟ ʵʪʠʭ ʩʧʣʘʚʦʚ ʩʘʤʳʝ ʧʣʘʩʪʠʯʥʳʝ ʠ ʢʘʢʠʝ ʩʘʤʳʝ ʪʚʝʨʜʳʝ (ʭʨʫʧʢʠʝ)? 

 

ʊʠʧʦʚʳʝ ʟʘʜʘʯʠ 

ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʧʨʦʡʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʣʫʯʝʥʠʷ ʟʘʯʝʪʘ  

ʨʝʰʠʪʝ ʩʣʝʜʫʶʱʠʝ ʪʠʧʦʚʳʝ ʟʘʜʘʯʠ. 

1. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ (ʟʘʪʚʝʨʜʝʚʘʥʠʝ) ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠʤʝʥʠʚ 

ʧʨʘʚʠʣʦ ʬʘʟ ɻʠʙʙʩʘ, ʧʦʢʘʞʠʪʝ, ʢʘʢ ʟʘʪʚʝʨʜʝʚʘʝʪ ʯʠʩʪʳʡ ʤʝʪʘʣʣ:  

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

2. ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʧʣʘʚ ʟʘʪʚʝʨʜʝʚʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʨʠʤʝʥʠʚ ʧʨʘʚʠʣʦ ʬʘʟ ɻʠʙʙʩʘ, ʩʢʘʞʠʪʝ, ʩʢʦʣʴʢʦ ʬʘʟ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦ-

ʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ? 

3. ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʧʣʘʚ ʟʘʪʚʝʨʜʝʚʘʝʪ ʧʦ ʨʝʘʢʮʠʠ: ʞ  a + b. 

ʇʨʠʤʝʥʠʚ ʧʨʘʚʠʣʦ ʬʘʟ, ʦʪʚʝʪʴʪʝ, ʢʘʢ ʟʘʪʚʝʨʜʝʚʘʝʪ ʵʪʦʪ ʩʧʣʘʚ: ʧʨʠ  

ʧʦʩʪʦ̫ ʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ? 
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ʈʠʩ. 19. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ ɸ + ɺ 

 

4. ɿʘʧʦʣʥʠʪʝ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ɸ ʠ ɺ, 

ʬʘʟʘʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʨʠʩ. 19. 

4.1. ɺ ʩʧʣʘʚʝ I ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪ. 3 ʧʦʢʘʞʠʪʝ, ʢʘʢ ʦʧʨʝʜʝʣʠʪʴ  

ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ ʬʘʟʳ Qʞ ʠ ʢʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʦʡ ʬʘʟʳ a. 

4.2. ʅʘʧʠʰʠʪʝ ʨʝʘʢʮʠʶ, ʧʨʦʠʩʭʦʜʷʱʫʶ ʚ ʩʧʣʘʚʝ II ʚ ʪ. 3 ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ. 

4.3. ɺ ʩʧʣʘʚʝ III ʚ ʪ. 3 ʧʦʢʘʞʠʪʝ, ʢʘʢ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʢʦʤʧʦʥʝʥʪʦʚ ɸ ʠ ɺ ʚ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟʘʭ. 

4.4. ʀʟ ʩʧʣʘʚʦʚ IV ʠ I ʚʳʙʝʨʠʪʝ (ʦʙʦʩʥʫʡʪʝ) ʩʧʣʘʚʳ ʜʣʷ ʭʦʣʦʜʥʦʡ 

ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʪʫʣʢʠ ï ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ. 

4.5. ʀʟ ʩʧʣʘʚʦʚ I ï V ʚʳʙʝʨʠʪʝ ʩʧʣʘʚ, ʦʙʣʘʜʘʶʱʠʡ ʥʘʠʣʫʯh ʠʤʠ  

ʣʠʪʝʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʰʥʷ ʤʝʪʦʜʦʤ ʣʠʪʴʷ. 

4.6. ʇʦʢʘʞʠʪʝ, ʢʘʢ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʵʚʪʝʢʪʠʢʠ ʚ ʩʧʣʘʚʝ III 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

4.7. ʉʨʘʚʥʠʪʝ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʩʧʣʘʚʦʚ IV ʠ I. 

4.8. ʅʘʧʠʰʠʪʝ ʨʝʘʢʮʠʶ, ʧʨʦʠʩʭʦʜʷʱʫʶ ʚ ʩʧʣʘʚʝ III ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʪ. 4. 
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2. ɺʃʀʗʅʀɽ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ  

ʅɸ ʉʊʈʋʂʊʋʈʋ ʀ ʉɺʆʁʉʊɺɸ ʄɽʊɸʃʃʆɺ ʀ ʉʇʃɸɺʆɺ 

 

ɼʝʬʦʨʤʘʮʠʷ ï ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ. 

ʈʘʟʣʠʯʘʶʪ ʫʧʨʫʛʫʶ ʠ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ. ʇʦʩʣʝ ʦʢʦʥʯʘ-

ʥʠʷ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ ʠʩʯʝʟʘʶʪ, ʘ ʧʣʘʩʪʠʯʝ-

ʩʢʠʝ ʦʩʪʘʶʪʩʷ. 

ɺ ʨʘʩʯʝʪʘʭ ʥʘ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʣʴʟʫʶʪ-

ʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʚʦʡʩʪʚ: sʫʧʨ, sʪ ʠ sʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʯʥʦʩʪʠ. ʅʘʧʨʷʞʝʥʠʷ sʫʧʨ, sʪ ʠ sʚ 

ʧʦʣʫʯʘʶʪʩʷ ʜʝʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ (ʈʫʧʨ, ʈʪ ʠ Pmax)  

ʥʘ ʥʘʯʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʀʩʪʠʥʥʳʡ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʠʪʴ ʦʯʝʥʴ ʪʨʫʜʥʦ, 

ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʟʘ ʧʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ʧʨʠʥʠʤʘʶʪ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʜʦʩʪʠʛʘʝʪ ʦʯʝʥʴ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ. 

ʏʘɦ ʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 0,001;  

0,005; 0,02; 0,05%. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜʝʣʳ ʫʧʨʫʛʦʩʪʠ ʦʙʦʟʥʘʯʘʶʪʩʷ 

s0,005; s0,02 ʠ ʪ.ʜ. 

ʇʨʝʜʝʣ ʫʧʨʫʛʦʩʪʠ ï ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʠ ʨʘʩʯʝʪʝ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ: ʧʨʫʞʠʥ, ʨʝʩʩʦʨ ʠ ʪ.ʜ. 

ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ (ʫʩʣʦʚʥʳʡ) ï ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ 

ʦʩʪʘʪʦʯʥʫʶ ʜʝʬʦʨʤʘʮʠʶ 0,2% ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ s0,2. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠʣʠ ʚʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ sʚ ï ʵʪʦ ʥʘʧʨʷ-

ʞʝʥʠʝ, ʚʳʟʳʚʘʶʱʝʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ d ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ y ʩʫʞʝʥʠʝ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ: 
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( )[ ]100/% 00 IIIk-=d ; 

( )[ ]100/% 00 FFF k-=y . 

ʛʜʝ 0I  ʠ F0 ï ʥʘʯʘʣʴʥʳʝ ʜʣʠʥʘ ʠ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʘʥ-

ʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ; kI  ï ʢʦʥʝʯʥʘʷ ʜʣʠʥʘ; Fk ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝ-

ʥʠʷ ʚ ʤʝʩʪʝ ʨʘʟʨʚrʘ. 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ Kʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʫʜʘʨʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ; ʵʪʦ ʝʩʪʴ ʨʘʙʦʪʘ ʫʜʘʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʝʜʠʥʠʮʳ 

ʩʝʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ ï ʥʘʜʨʝʟʦʤ: 

Kʉ = K/S0 , 

ʛʜʝ K ï ʨʘʙʦʪʘ ʨʘʟʨʫʰʝʥʠʷ ʄɼɾ; S0 ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤ2 

ʚ ʤʝʩʪʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʤʦʞʝʪ 

ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ KCU, KCV, KCT. ɹʫʢʚʳ U, V, T ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʠʧ  

ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ: U-ʦʙʨʘʟʥʳʡ ʩ ʨʘʜʠʫʩʦʤ 1 ʤʤ, V-ʦʙʨʘʟʥʳʡ  

ʩ ʨʘʜʠʫʩʦʤ 0,25 ʤʤ ʠ ʊ ï ʪʨʝʱʠʥʘ ʫʩʪʘʣʦʩʪʠ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʪʦʨ U-ʪʠʧʘ. 

 

2.1. ʄɽʍɸʅʀɿʄ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ 

 

ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʩʜʚʠʛ ʦʜʥʦʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ) ï ʜʚʠʞʝʥʠʝ ʜʠʩʣʦʢʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ (tʢʨ). ʅʘ ʨʠʩʫʥʢʝ 20 ʧʦʢʘʟʘʥʦ ʧʝʨʝʤʝʱʝʥʠʝ (ʩʢʦʣʴ-

ʞʝʥʠʝ) ʦʜʠʥʦʯʥʦʡ ʢʨʘʝʚʦʡ ʜʠʩʣʦʢʘʮʠʠ.  
 

 
 

ʈʠʩ. 20. ʉʢʦʣʴʞʝʥʠʝ ʦʜʠʥʦʯʥʦʡ ʢʨʘʝʚʦʡ ʜʠʩʣʦʢʘʮʠʠ 
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ɽʩʣʠ ʙʳ ʚ ʢʨʠʩʪʘʣʣʝ ʥʝ ʙʳʣʦ ʜʠʩʣʦʢʘʮʠʡ, ʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʜʚʠ-

ʛʫ ʙʳʣʦ ʙʳ ʚ 1000 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʩ ʜʠʩʣʦʢʘʮʠʷʤʠ. ɼʠʩʣʦʢʘʮʠʠ ʦʙʣʝʛʯʘʶʪ ʧʨʦʪʝʢʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝ-

ʬʦʨʤʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʜʠʩʣʦʢʘʮʠʠ ʤʦʛʫʪ ʨʘʟʤʥʦʞʘʪʴʩʷ, 

ʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʠʭ 106...108 ʩʤï2 ʦʥʠ ʫʞʝ ʥʘʯʠʥʘʶʪ ʤʝʰʘʪʴ ʜʨʫʛ ʜʨʫʛʫ 

ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (t) ʩ ʵʪʦʛʦ 

ʤʦʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪ.ʝ. ʤʝʪʘʣʣ ʫʧʨʦʯʥʷʝʪʩʷ. 

ɼʠʩʣʦʢʘʮʠʠ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʥʝʚʳʛʦʜʥʳʭ ʜʣʷ ʩʢʦʣʴʞʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʷʭ, ʨʠʩ. 21. ɼʣʷ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʪʨʝ-

ʙʫʁ ʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ t. 

ʀʟ ʨʠʩʫʥʢʘ 21 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ t ʚʳʟʦʚʫʪ  

ʧʝʨʝʤʝʱʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ɸ ʠ ɺ. ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʜʠʩʣʦʢʘʮʠʠ ɼ ʧʦ-

ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ, ʘ ʜʠʩʣʦʢʘʮʠʷ ʉ  

ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʩʭʝʤʝ ʥʘʛʨʫʞʝʥʠʷ (t) ʚʦʦʙʱʝ ʙʫʜʝʪ ʣʠʰʝʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʝʨʝʤʝʱʘʪʩɹʷ. 

ʇʨʠ ʭʦʣʦʜʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʝʪʘʣʣʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʥʝ ʚʦ ʚʩʝʭ ʟʝʨʥʘʭ, ʘ ʣʠʰʴ ʚ ʪʝʭ, ʢʦʪʦ-

ʨʳʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʝʬʦʨʤʘʮʠʶ ʧʦʩʪʝʧʝʥʥʦ ʚʦʚʣʝʢʘʝʪʩʷ  

 

 

 

ʈʠʩ. 21. ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʨʘʝʚʳʭ ʜʠʩʣʦʢʘʮʠʡ 

ʚ ʨʘʚʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʷʭ (ʩʭʝʤʘ) 
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ʈʠʩ. 22. ʀʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ  

ʧʨʠ ʭʦʣʦʜʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʩʭʝʤʘ): 

ʘ ï e = 0%; ʙ ï e º 1%; ʚ ï e º 40%; ʛ ï e º 80é90% 

 

ʚʩʝ ʙʦʣʴh ʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʤʝʪʘʣʣʘ. ʌʦʨʤʘ ʟʝʨʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘ-

ʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʟʤʝʥʷʝʪʩʷ: ʦʥʠ ʚʳʪʷʛʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ. ɺʥʫʪʨʠ ʟʝʨʝʥ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ 

ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʄʝʪʘʣʣ ʧʨʠʦʙʨʝʪʘʝʪ  

ʚʳʨʘʞʝʥʥʦʝ ʚʦʣʦʢʥʠʩʪʦʝ ʩʪʨʦʝʥʠʝ (ʪʝʢʩʪʫʨʦʚʘʥʥʦʩʪʴ). ɻʨʘʥʠʮʳ ʟʝʨʝʥ 

ʨʘʟʣʠʯʘʶʪʩʷ ʩ ʪʨʫʜʦʤ, ʨʠʩ. 22. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʫʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ: ʪʚʝʨʜʦʩʪʴ ʅɺ, ʧʨʦʯʥʦʩʪʴ sʚ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ s0,2 ʠ ʫʧʨʫ-

ʛʦʩʪʠ sʫʧʨ, ʥʦ ʩʞʠʤʘʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: d, y ʠ Kʉ,  

ʨʠʩ. 23. 

 

 
 

ʈʠc. 23. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʝʪʘʣʣʘ  

ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ: 

sʚ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ; s0,2 ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ; d ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 

         ʘ)                      ʙ)                       ʚ)                       ʛ) 
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ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ, ʚʳʟʚʘʥʥʳʝ ʭʦʣʦʜʥʦʡ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ, ʥʘʟʳʚʘʝʪʩʷ ʥʘʢʣʝʧʦʤ. 

ʉ ʥʘʢʣʝʧʦʤ ʩʚʷʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʫʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʢʦʵʨʮʠʪʠʚ-

ʥʘʷ ʩʠʣʘ, ʧʦʥʠʞʘʶʪʩʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʫʭʫʜh ʘʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʫʣʫʯʰʘʝʪʩʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ  

ʨʝʟʘʥʠʝʤ ʪʘʢʠʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʣʘʪʫʥʠ, ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʠʥʠʷ ʠ ʜʨ. 

ʉʪʨʫʢʪʫʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʚ̫ʣʷʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʠ ʦʩʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʪʦʣʴʢʦ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʟʳʚʘʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʊʨʝʢ):  

ʊʨʝʢ º ʘʊ. ɼʣʷ ʦʯʝʥʴ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʘ ¢ 0,3. ɼʣʷ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʩʧʣʘʚʦʚ ʘ º 0,4. ʊʝʤʧʝʨʘʪʫʨʫ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʦʙʨʘʙʦʪʢʦʡ 

ʜʘʚʣʝʥʠʝʤ. ʇʝʨʝʭʦʜ ʥʘʢʣʝʧʘʥʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 

ʥʘʛʨʝʚʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɺʦʟʚʨʘʪ ï ʠʟʤʝʥʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʥʫʪʨʠ ʟʝʨʝʥ ʥʘʢʣʝʧʘʥ-

ʥʦʛʦ ʤʝʪʘʣʣʘ; ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʟʝʨʝʥ ʩʦʭʨʘʥʷʶʪʩʷ. ɺʦʟʚʨʘʪ ʚ ʩʚʦʶ  

ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʩʪʘʜʠʡ: 

ʘ ï ʦʪʜʳʭ, ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʩʥʠʞʘʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ, ʠ ʩʥʠʞʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩʣʦʢʘʮʠʡ ʨʘʟʥʳʭ ʟʥʘ-

ʢʦʚ; ʩʥʠʞʘʝʪʩʷ ʪʚʝʨʜʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʭʦʪʷ ʠ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ (¢10%); 

ʙ ï ʧʦʣʠʛʦʥʠʟʘʮʠʷ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ 

ʟʝʨʥʘ ʥʦʚʳʭ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʟʘ ʩʯʝʪ ʩʢʦʣʴʞʝʥʠʷ ʠ ʧʝʨʝʧʦʣʟʘʥʠʷ 

ʜʠʩʣʦʢʘʮʠʡ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʝʨʥʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʫʙʟʝʨʥʘ ï ʧʦʣʠʛʦʥʳ  

ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʳʝ ʦʪ ʜʠʩʣʦʢʘʮʠʡ, ʨʠʩ. 24. 
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ʈʠʩ. 24. ʉʭʝʤʘ ʧʦʣʠʛʦʥʠʟʘʮʠʠ: 

ʘ, ʙ ï ʥʘʢʣʝʧʘʥʥʳʡ ʤʝʪʘʣʣ ʜʦ ʠ ʧʦʩʣʝ ʧʦʣʠʛʦʥʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʇʨʠ ʧʦʣʠʛʦʥʠʟʘʮʠʠ ʧʨʦʜʦʣʞʘʶʪ ʩʥʠʞʘʪʴʩʷ ʪʚʝʨʜʦʩʪʴ ʠ ʧʨʦʯ-

ʥʦʩʪʴ, ʚʦʟʨʘʩʪʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ. 

ʈʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʟʘʨʦʞʜʝʥʠʝʤ ʠ ʨʦʩʪʦʤ ʥʦʚʳʭ ʙʦʣʝʝ 

ʩʦʚʝʨʰʝʥʥʳʭ ʟʝʨʝʥ. ʈʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʘʩʪʫʧʘʝʪ ʥʝ ʚ ʣʶʙʦʤ ʥʘʢʣʝʧʘʥ-

ʥʦʤ ʤʝʪʘʣʣʝ, ʘ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʚʳʰʘʝʪ 

ʢʨʠʪʠʯʝʩʢʫʶ ʩʪʝʧʝʥʴ. ɼʣʷ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ ʦʥʘ ʨʘʟʣʠʯʥʘ ʠ ʥʘʭʦʜʠʪʩʷ  

ʚ ʧʨʝʜʝʣʘʭ 2...8% (ʜʣʷ ʘʣʶʤʠʥʠʷ ~2%, ʜʣʷ ʞʝʣʝʟʘ ~7% , ʜʣʷ ʤʝʜʠ ~5%). 

ʇʨʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʚʦʡʩʪʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʪʘʜʠʝʡ ʧʦʣʠʛʦʥʠʟʘʮʠʠ. ʇʦʣʠʛʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷ-

ʝʪʩʷ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʦʡ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʯʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʘ  

ʥʘ ʨʠʩ. 25. 

 

 

         ʘ)                             ʙ)                                 ʚ)                            ʛ) 
 

ʈʠʩ. 25. ʉʭʝʤʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʢʣʝʧʘʥʥʦʛʦ ʤʝʪʘʣʣʘ:  

ʘ ï ʥʘʢʣʝʧʘʥʥʳʡ ʤʝʪʘʣʣ; ʙ ï ʥʘʯʘʣʦ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  

(ʟʘʨʦʞʜʝʥʠʝ ʥʦʚʳʭ ʟʝʨʝʥ); ʚ ï ʟʘʚʝʨʰʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ;  

ʛ ï ʚʪʦʨʠʯʥʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ (ʨʦʩʪ ʟʝʨʝʥ) 

 ʙ) 

 ʘ) 
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

 

1. ʅʘʟʦʚʠʪʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʦʢʘʟʘʪʝʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʦʚ (sʚ, s0,2, d, ʅɺ). 

2. ʆʧʠʰʠʪʝ ʜʠʩʣʦʢʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨ- 

ʤʘʮʠʠ. 

3. ʂʘʢ ʠ ʟʘ ʩʯʝʪ ʯʝʛʦ ʠʟʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ ʧʨʠ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ? ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ (ʠʟʦʙʨʘʟʠʪʝ ʩʭʝʤʫ)? 

4. ʏʪʦ ʪʘʢʦʝ ʥʘʢʣʝʧ? 

5. ʅʘʟʦʚʠʪʝ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ. 

6. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʥʘʛʨʝʚʝ ʥʘʢʣʝ-

ʧʘʥʥʦʛʦ ʤʝʪʘʣʣʘ: 

ʘ) ʯʪʦ ʪʘʢʦʝ ʚʦʟʚʨʘʪ? 

ʙ) ʯʪʦ ʪʘʢʦʝ ʧʦʣʠʛʦʥʠʟʘʮʠʷ? 

ʚ) ʯʪʦ ʪʘʢʦʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ? 

7. ʂʘʢ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

ʘ) ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ (ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ); 

ʙ) ʦʩʪʘʪʦʯʥʘʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ (ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ); 

ʚ) ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ; 

ʛ) ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ; 

ʜ) ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʨʝʟʘʥʠʝʤ. 

8. ʇʨʠ ʭʦʣʦʜʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʧʣʘʩʪʠʯʥʦʩʪʴ. ʈʝʢʦʤʝʥʜʫʡʪʝ ʩʧʦʩʦʙ ʠ ʫʢʘʞʠʪʝ ʨʝ-

ʞʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ Cu (tʧʣ º 1083 ʉ̄) ʠ Fe (tʧʣ º 1540 ʉ̄). 
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3. ɾɽʃɽɿʆʋɻʃɽʈʆɼʀʉʊʓɽ ʉʇʃɸɺʓ.  

ɼʀɸɻʈɸʄʄɸ ʉʆʉʊʆʗʅʀʗ  

ɾɽʃɽɿʆʋɻʃɽʈʆɼʀʉʊʓʍ ʉʇʃɸɺʆɺ 

 

ɾʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʧʣʘʚʳ ʠ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ  

ʤʘh ʠʥ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʵʪʦʤʫ ʜʠʘʛʨʘʤʤʘ ʞʝʣʝʟʦïʫʛʣʝʨʦʜ 

ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʥʦ ʠ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʂʦʤʧʦʥʝʥʪʳ, ʬʘʟʳ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚ ʩʧʣʘʚʘʭ ʞʝ-

ʣʝʟʘ ʩ ʫʛʣʝʨʦʜʦʤ 

ɾʝʣʝʟʦ ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ:  

Fea ʩ ʨʝʰʝʪʢʦʡ ʆʎʂ ʠ Feg ï ʩ ʨʝʰʝʪʢʦʡ ɻʎʂ. Fea ʩʫʱʝʩʪʚʫʝʪ ʚ ʠʥʪʝʨ-

ʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ 910 ʠ ʦʪ 1396 ʉ̄ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

1539 ʉ̄. ɾʝʣʝʟʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 768 ʉ̄ (ʪʦʯʢʘ ʂʶʨʠ) ʬʝʨʨʦʤʘʛʥʠʪʥʦ. 

ʋʛʣʝʨʦʜ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʩʧʣʘʚʘʭ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʘ ʚ ʜʚʫʭ 

ʬʦʨʤʘʭ: ʚ ʚʠʜʝ ʛʨʘʬʠʪʘ ʠ ʚ ʚʠʜʝ Fe3ʉ. ʌʘʟʘʤʠ ʷʚʣʷʶʪʩʷ: ʞʠʜʢʠʡ ʨʘʩ-

ʪʚʦʨ (ʨʘʩʧʣʘʚ), ʬʝʨʨʠʪ, ʘʫʩʪʝʥʠʪ, ʮʝʤʝʥʪʠʪ ʠ ʩʚʦʙʦʜʥʳʡ ʫʛʣʝʨʦʜ ʚ ʚʠʜʝ 

ʛʨʘʬʠʪʘ. 

ʌʝʨʨʠʪ (F ʠʣʠ a) ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʚʥʝʜʨʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ Fea. 

ʌʝʨʨʠʪ ʩʧʦʩʦʙʝʥ ʨʘʩʪʚʦʨʠʪʴ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦ-

ʜʘ. ʅʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

730 ̄ʉ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0,02% ʉ, ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʬʝʨʨʠʪʝ ʦʩʪʘʝʪʩʷ 

ʣʠʰʴ ʪʩrʷʯʥʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʫʛʣʝʨʦʜʘ.  

ʌʝʨʨʠʪ ï ʦʯʝʥʴ ʤʷʛʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʠʤʝʶʱʘʷ ʪʚʝʨʜʦʩʪʴ  

80...100 ʅɺ (ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ 800é1000  ʄʇʘ), sʚ º 300 ʄʇʘ  

(30 ʢʛʩ/ʤʤ2), d º 40%. 

ʎʝʤʝʥʪʠʪ (ʎ ʠʣʠ Fe3ʉ) ï ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʠʪ  

ʦʢʦʣʦ 6,67% ʉ. ʎʝʤʝʥʪʠʪ ʭʨʫʧʦʢ ʠ ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ 
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~800 ʅɺ (ʠʣʠ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ 8000 ʅɺ, ʄʇʘ). ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ ʮʝʤʝʥʪʠʪʘ ʪʦʯʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ 

ʦʥ ʩʧʦʩʦʙʝʥ ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ Feg ʠ ʛʨʘʬʠʪ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʮʝʤʝʥʪʠʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ 1260 ʉ̄. 

ɸʫʩʪʝʥʠʪ (ɸ ʠʣʠ g) ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʚʥʝʜʨʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ Feg. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ 2,0% ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 1130 ʉ̄ (ʪʦʯʢʘ ɽ ʥʘ ʜʠʘʛʨʘʤʤʝ ʞʝʣʝʟʦ ï ʫʛʣʝʨʦʜ). ʉ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʦʥ ʚʳʜʝʣʷʝʪʩʷ  

ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʘʫʩʪʝʥʠʪʘ, ʥʦ ʥʝ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʘ ʚ ʚʠʜʝ ʮʝʤʝʥʪʠʪʘ ʎII, 

ʨʠʩ. 26. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʘʫʩʪʝʥʠʪʝ ʩʥʠʞʘʝʪʩʷ  

ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 730 ʉ̄ (ʣʠʥʠʷ PSK ʥʘ ʜʠʘʛʨʘʤʤʝ) ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 

0,83% ʉ. 

ʅʠʞʝ ʣʠʥʠʠ PSK (730 ʉ̄ ʘʫʩʪʝʥʠʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʞʝʪ,  

ʦʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʦʚʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʝʨʣʠʪ ʇ  

ʧʦ ʨʝʘʢʮʠʠ ɸ0,8% ʉ  ʇ (ʌ + ʎ). 

 

 
 

ʘ)                                                            ʙ)                       

 

ʈʠʩ. 26. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Fe + 2% ʉ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ:  

ʘ ï 1130 ʉ̄; ʙ ï 730 ̄ʉ 
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ʈʠʩ. 27. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʧʝʨʣʠʪʘ  

ʚ ʩʧʣʘʚʝ Fe + 0,8% ʉ 

 

ʕʪʘ ʨʝʘʢʮʠʷ ʧʦʭʦʞʘ ʥʘ ʵʚʪʝʢʪʠʯʝʩʢʫʶ, ʥʦ ʧʨʦʪʝʢʘʶʱʫʶ ʚ ʪʚʝʨ-

ʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʵʪʦʤʫ ʝʝ ʥʘʟʚʘʣʠ ʵʚʪʝʢʪʦʠʜʥʦʡ (ʧʦʜʦʙʥʦʡ ʵʚʪʝʢʪʠʯʝ-

ʩʢʦʡ), ʘ ʧʨʦʜʫʢʪ ʵʚʪʝʢʪʦʠʜʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ï ʧʝʨʣʠʪ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ 

ʵʚʪʝʢʪʦʠʜʦʤ. ʇʨʝʚʨʘʱʝʥʠʝ ʘʫʩʪʝʥʠʪʘ ʚ ʧʝʨʣʠʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʝʠʟ-

ʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʧʨʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʘʚʠʣʦʤ ʬʘʟ ɻʠʙʙʩʘ. 

ʇʝʨʣʠʪ ï ʤʝʣʢʘʷ ʧʣʘʩʪʠʥʯʘʪʘʷ ʩʤʝʩʴ ʬʝʨʨʠʪʘ ʠ ʮʝʤʝʥʪʠʪʘ, ʩʦʜʝʨ-

ʞʠʪ ~0,83% ʫʛʣʝʨʦʜʘ, ʨʠʩ. 27. 

ʊʚʝʨʜʦʩʪʴ ʧʝʨʣʠʪʘ ʦʢʦʣʦ 180é200 ʅɺ (1800é2000 ʅɺ, ʄʇʘ). 

ʃʝʜʝʙʫʨʠʪ (ʃ) ï ʵʚʪʝʢʪʠʢʘ, ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʞʠʜʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ 

4,3% ʉ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʥʠʠ ECF (~1130 ʉ̄) ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ 

ʧʦ ʨʝʘʢʮʠʠ: 

ɾ4,3%  ʃ (ɸ2,0% ʉ + ʎ6,67% ʉ). 

ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʣʝʜʝʙʫʨʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʢʘʢ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʉ = 0.  

(ʉ = k ï f + 1 = 2 ï 3 + 1 = 0). 



34 

 

ʈʠʩ. 28. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʧʣʘʚʘ Fe +4,3% ʉ, ʣʝʜʝʙʫʨʠʪ (ʧʨʝʚʨʘʱʝʥʥʳʡ) 

 

ʅʠʞʝ ʣʠʥʠʠ PSK ʣʝʜʝʙʫʨʠʪ ʙʫʜʝʪ ʠʤʝʪʴ ʜʨʫʛʦʡ ʬʘʟʦʚʳʡ  

ʩʦʩʪʘʚ ʃ¡ (ʇ + ʎ), ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʣʠʥʠʠ PSK (730 ʉ̄) 

ʧʨʦʠʟʦʡʜʝʪ ʵʚʪʝʢʪʦʠʜʥʘʷ ʨʝʘʢʮʠʷ ɸ  ʇ (ʌ + ʎ). ʃʝʜʝʙʫʨʠʪ, ʩʦʩʪʦʷ-

ʱʠʡ ʠʟ ʧʝʨʣʠʪʘ ʠ ʮʝʤʝʥʪʠʪʘ, ʥʘʟʳʚʘʶʪ ʧʨʝʚʨʘʱʝʥʥʳʤ, ʨʠʩ. 28. ʃʝʜʝʙʫ-

ʨʠʪ ʭʨʫʧʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ 

~ 400 ʅɺ (4000 ʅɺ, ʄʇʘ). 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʣʘʚʦʚ ʜʦ 6,67% ʉ 

(ʜʦ Fe3C) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 29. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ Fe + Fe3C ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ 

ʥʘ ʪʦ, ʯʪʦ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ: 

ʘ) ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ï ʣʝʚʳʡ ʚʝʨʭʥʠʡ ʫʛʦʣ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ 

HJB, ʠ ʦʪ ʪʦʯʢʠ J ʦʪʭʦʜʷʪ ʜʚʝ ʣʠʥʠʠ ʚʥʠʟ); 

ʙ) ʵʚʪʝʢʪʠʯʝʩʢʦʡ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ ECF ʠ ʦʪ ʪʦʯʢʠ ʉ ʚʚʝʨʭ 

ʦʪʭʦʜʷʪ ʣʠʥʠʠ ʉɺ ʠ ʉD; 

ʚ) ʵʚʪʝʢʪʦʠʜʥʦʡ (ʧʦʜʦʙʥʦʡ ʵʚʪʝʢʪʠʯʝʩʢʦʡ) ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ  

ʣʠʥʠʷ PSK, ʦʪ ʪʦʯʢʠ S ʦʪʭʦʜʷʪ ʜʚʝ ʣʠʥʠʠ ʚʚʝʨʭ. 

ɺʘʞʥʦ ʚʩʧʦʤʥʠʪʴ ʧʨʘʚʠʣʘ ʟʘʧʦʣʥʝʥʠʷ ʬʘʟʘʤʠ ʦʙʣʘʩʪʝʡ ʜʠʘʛʨʘʤ-

ʤʳ ʩʦʩʪʦʷʥʠʷ (ʚ ʣʶʙʦʡ ʠʟ ʦʙʣʘʩʪʝʡ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ ʜʚʫʭ ʬʘʟ  

ʠ ʪ.ʜ.). 
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ʈʠʩ. 29. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ (ʥʝ ʚ ʤʘʩʰʪʘʙʝ) ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʣʘʚʦʚ 

 

ʆʧʠʰʝʤ ʚʘʞʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠ-

ʩʪʳʭ ʩʧʣʘʚʘʭ. 

1. ɺʦ ʚʩʝʭ ʩʧʣʘʚʘʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʣʠʥʠʶ ECF, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʩʦʭʨʘʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʡ ʬʘʟʳ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ 

ʚʦ ʚʩʝʭ ʩʧʣʘʚʘʭ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (1130 ʉ̄) ʦʜʠʥʘʢʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ~4,3% ʉ. ɾʠʜʢʦʩʪʴ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(ECF, 1130 ̄ʉ) ʟʘʪʚʝʨʜʝʚʘʝʪ ʚ ʵʚʪʝʢʪʠʢʫ ï ʣʝʜʝʙʫʨʠʪ (ʃ) ʧʦ ʨʝʘʢʮʠʠ 

ɾ4,3%  ʃ (ɸ2,0% ʉ + ʎI). 

ʅʠʢʘʢʠʭ ʜʨʫʛʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʵʪʦʡ (ECF) ʣʠʥʠʠ ʥʝ ʧʨʦ- 

ʠʩʭʦʜʠʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʜʦʵʚʪʝʢʪʠ-

ʯʝʩʢʠʭ ʩʧʣʘʚʘʭ (ʦʪ 2 ʜʦ 4,3% ʉ) ʦʙʨʘʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ɸ + ʃ (ɸ + ʎI),  

ʘ ʚ ʟʘʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ ï ʎI + ʃ (ɸ + ʎI). 

2. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʧʣʘʚʦʚ (0,80...6,67% ʉ) ʥʠʞʝ ʣʠʥʠʠ SECF  

ʜʦ ʣʠʥʠʠ PSK ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʚ ʘʫʩʪʝʥʠʪʝ ʫʤʝʥʴʰʘʝʪʩʷ,  


