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ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʌɻʆʉ ɺʆ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘ-

ʣʘʚʨʦʚ 13.03.02 çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 
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ɺɺɽɼɽʅʀɽ 

 

ɺ ʩʚʷʟʠ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʌʝʜʝʨʘʣʴʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ 

ʩʪʘʥʜʘʨʪʫ (ʌɻʆʉ). ʕʪʦ ʧʦʚʣʝʢʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʘʫʜʠʪʦʨʥʳʭ 

ʯʘʩʦʚ ʧʨʝʧʦʜʘʚʘʝʤʳʭ ʜʠʩʮʠʧʣʠʥ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʝʞʥʝʛʦ ʦʙʲʝʤʘ ʫʯʝʙ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʝʨʝʨʘʙʦʪʘʥʦ ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʥʦ-

ʚʭr ʧʦʜʭʦʜʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʝʝhʥʠʝ ʟʘʜʘʯ ʩʧʦʩʦʙʩʪ-

ʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʟʘʢʦʥʦʚ. ʂʘʯʝʩʪ-

ʚʦ ʫʩʚʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʦʚ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 

ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʦʪʚʝʜʝʥʥʦʝ ʧʦ ʫʯʝʙʥʦʤʫ ʧʣʘ-

ʥʫ ʚʨʝʤʷ. 

ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʟʘʜʘʯʠ ʧʦ ʚʩʝʤ ʨʘʟʜʝʣʘʤ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ, ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʪʦʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʟʘʜʘʯʠ ʧʦ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʤ ʠ 

ʢʚʘʥʪʦʚʦʦʧʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʚʝʱʝʩʪʚʦ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʨʘʙʦʪʦʡ ʩ ʫʯʝʙʥʠʢʘʤʠ ʧʦ ʬʠʟʠ-

ʢʝ [5ï9] ʠ ʢʦʥʩʧʝʢʪʘʤʠ ʣʝʢʮʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʡ ʪʝʤʳ ʧʨʠʚʝʜʝʥʳ ʢʨʘʪʢʠʝ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʠʤʝʨʦʚ ʟʘʜʘʯ. ʌʦʨʤʫʣʳ ʚ ʪʝʢʩʪʝ ʧʨʠʚʝʜʝʥʳ ʚ ʩʠʩʪʝʤʝ ʉʀ. ʀʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʠ ʯʠʩʣʦʚʳʝ ʦʪʚʝʪʳ ʜʘʥʳ ʩ ʫʯʝʪʦʤ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠ-

ʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʧʨʘʚʠʣ ʜʝʡʩʪʚʠʷ ʥʘʜ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʯʠʩʣʘʤʠ. 

ɺ ʧʨʠʣ. 1ï7 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʙʦʨʥʠʢʘ ʟʘʜʘʯ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʩʪʦʯʥʠʢʠ [1ï4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ çʌʠʟʠʢʘè ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ:  

1)  ʟʥʘʪʴ:  

ï ʦʩʥʦʚʳ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʬʠ-

ʟʠʢʠ ʠ ʦʩʥʦʚʥʳʭ ʝʸ ʦʪʢʨʳʪʠʡ; 

ï ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʟʘʢʦʥʳ ʠ ʤʦʜʝʣʠ ʤʝʭʘʥʠʢʠ, ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ 

ʤʘʛʥʝʪʠʟʤʘ, ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʣʥ, ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠ-

ʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ; 

ï ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʟʘʢʦʥʦʚ ʠ ʤʦʜʝʣʝʡ ʚ ʚʘʞʥʝʡʰʠʭ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ; 

ï ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ; 
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ï ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʬʠʟʠʢʝ; 

ï ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʨʘʩʯʝʪʘ ʠ ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ; 

ï ʧʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʚ ʫʯʝʙʥʦ-ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

2)  ʫʤʝʪʴ:  

ï ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥ-

ʞʝʥʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ï ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʩʧʨʘʚʦʯʥʦʡ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ; 

ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʝʤʳ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

ï ʫʤʝʪʴ ʚ ʫʩʪʥʦʡ ʠ ʧʠʩʴʤʝʥʥʦʡ ʬʦʨʤʝ ʣʦʛʠʯʝʩʢʠ ʚʝʨʥʦ ʠ ʘʨʛʫʤʝʥʪʠʨʦ-

ʚʘʥʦ ʟʘʱʠʱʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ï ʨʝʰʘʪʴ ʪʠʧʦʚʳʝ ʟʘʜʘʯʠ ʧʦ ʦʩʥʦʚʥʳʤ ʨʘʟʜʝʣʘʤ ʬʠʟʠʢʠ, ʠʩʧʦʣʴʟʫʷ ʤʝ-

ʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ;  

ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ;  

3)  ʚʣʘʜʝʪʴ:  

ï ʤʝʪʦʜʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʪʠʧʦʚʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ; 

ï ʤʝʪʦʜʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʬʠʟʠʢʝ (ʧʣʘʥʠʨʦʚʘ-

ʥʠʝ, ʧʦʩʪʘʥʦʚʢʘ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ, ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠ ʛʨʘʬʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ); 

ï ʥʘʚʳʢʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

ï ʥʘʚʳʢʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ï ʥʘʚʳʢʘʤʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ.   

ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦʜʛʦʪʦʚʣʝʥ ʢ 75-ʣʝʪʠʶ ʢʘʬʝʜʨʳ çʌʠʟʠʢʘ ʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʘʷ ʤʝʭʘʥʠʢʘè. 
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ʆɹʑʀɽ ʄɽʊʆɼʀʏɽʉʂʀɽ ʈɽʂʆʄɽʅɼɸʎʀʀ ʂ ʈɽʐɽʅʀʖ ɿɸɼɸʏ 

 

1. ʇʨʠʩʪʫʧʘʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʦʯʠʪʘʡʪʝ ʫʩʣʦʚʠʝ ʟʘ-

ʜʘʯʠ, ʧʦʧʳʪʘʡʪʝʩʴ ʩʥʘʯʘʣʘ ʧʨʝʜʩʪʘʚʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (ʷʚʣʝʥʠʝ) ʦ 

ʢʦʪʦʨʦʤ ʠʜʝʪ ʨʝʯʴ ʠ ʧʦʥʷʪʴ ʧʦʩʪʘʥʦʚʢʫ ʚʦʧʨʦʩʘ. ʋʩʪʘʥʦʚʠʪʝ, ʢʘʢʠʝ ʬʠʟʠ-

ʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠʟʚʝʩʪʥʳ. ʅʝʜʦʩʪʘʶʱʠʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʟʘʜʘʯʠ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʧʨʘʚʦʯʥʳʭ ʪʘʙʣʠʮʘʭ ʚ ʧʨʠʣ. 1ï7.  

2. ʆʙʷʟʘʪʝʣʴʥʦ ʩʜʝʣʘʡʪʝ ʩʭʝʤʘʪʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ, ʧʦʷʩʥʷʶʱʠʡ ʩʫʱ-

ʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʷʚʣʝʥʠʷ), ʵʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʣʝʛʯʠʪ ʢʘʢ ʧʦʠʩʢ ʨʝʰʝʥʠʷ, ʪʘʢ ʠ ʩʘʤʦ ʨʝʰʝʥʠʝ. 

3. ʉʪʘʨʘʡʪʝʩʴ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚ ʦʙʱʝʤ ʚʠʜʝ (ʪ. ʝ. ʚ ʙʫʢʚʝʥʥʳʭ ʦʙʦʟʥʘʯʝ-

ʥʠʷʭ), ʯʪʦʙʳ ʠʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ ʙʳʣʘ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʚʝʣʠʯʠʥʳ. 

ʈʝʰʝʥʠʝ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʴ, ʧʦʢʘʟʳʚʘʶʱʫʶ, ʢʘʢ ʟʘʚʠʩʠʪ ʠʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ ʦʪ ʟʘʜʘʥʥʳʭ ʚʝʣʠʯʠʥ. 

4. ʇʦʣʫʯʠʚ ʨʝʰʝʥʠʝ ʚ ʦʙʱʝʤ ʚʠʜʝ, ʧʨʦʚʝʨʴʪʝ ʝʛʦ ʨʘʟʤʝʨʥʦʩʪʴ. ʅʝʚʝʨ-

ʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʰʠʙʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ. ɽʩʣʠ ʚʦʟʤʦʞʥʦ, ʠʩ-

ʩʣʝʜʫʡʪʝ ʧʦʚʝʜʝʥʠʝ ʨʝʰʝʥʠʷ ʚ ʧʨʝʜʝʣʴʥʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ. 

5. ʇʨʠ ʨʘʩʯʝʪʘʭ ʨʫʢʦʚʦʜʩʪʚʫʡʪʝʩʴ ʧʨʘʚʠʣʘʤʠ ʜʝʡʩʪʚʠʡ ʩ ʧʨʠʙʣʠʞʝʥ-

ʥʳʤʠ ʯʠʩʣʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʣʫʯʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʚʳʯʠʩʣʝʥʥʦʡ ʚʝʣʠʯʠ-

ʥʳ ʥʫʞʥʦ ʩʦʭʨʘʥʠʪʴ ʧʦʩʣʝʜʥʠʤ ʪʦʪ ʟʥʘʢ, ʝʜʠʥʠʮʘ ʢʦʪʦʨʦʛʦ ʝʱʝ ʧʨʝʚʳʰʘʝʪ 

ʧʦʛʨʝʰʥʦʩʪʴ ʵʪʦʡ ʚʝʣʠʯʠʥʳ. ɺʩʝ ʩʣʝʜʫʶʱʠʝ ʮʠʬʨʳ ʥʘʜʦ ʦʪʙʨʦʩʠʪʴ. 

6. ʇʦʣʫʯʠʚ ʯʠʩʣʦʚʦʡ ʨʝʟʫʣʴʪʘʪ, ʦʮʝʥʠʪʝ ʝʛʦ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʴ.  

ʊʘʢʘʷ ʦʮʝʥʢʘ ʤʦʞʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʥʘʨʫʞʠʪʴ ʦʰʠʙʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 
 

 

ʊʈɽɹʆɺɸʅʀʗ ʂ ʆʌʆʈʄʃɽʅʀʖ ʊʀʇʆɺʆɻʆ ʈɸʉʏɽʊɸ 

 

ʇʨʠ ʦʬʦʨʤʣʝʥʠʠ ʪʠʧʦʚʦʛʦ ʨʘʩʯʝʪʘ (ʜʦʤʘʰʥʝʛʦ ʟʘʜʘʥʠʷ) ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

ï ʥʦʤʝʨ ʟʘʜʘʯʠ ʪʠʧʦʚʦʛʦ ʨʘʩʯʝʪʘ ʥʘʟʥʘʯʘʝʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

ï ʪʠʧʦʚʦʡ ʨʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʪʜʝʣʴʥʦʡ ʪʝʪʨʘʜʠ; 

ï ʪʠʪʫʣʴʥʳʡ ʣʠʩʪ ʪʠʧʦʚʦʛʦ ʨʘʩʯʝʪʘ ʦʬʦʨʤʣʷʝʪʩʷ ʧʦ ʦʙʨʘʟʮʫ ʪʠʪʫʣʴʥʦ-

ʛʦ ʣʠʩʪʘ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ; 

ï ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ ʚ ʪʠʧʦʚʦʤ ʨʘʩʯʝʪʝ ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ; 

ï ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʨʘʪʢʦʡ ʟʘʧʠʩʠ ʫʩʣʦʚʠʷ, ʛʜʝ ʚʩʝ ʬʠʟʠʯʝ-

ʩʢʠʝ ʚʝʣʠʯʠʥʳ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʉʀ; 

ï ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩʭʝʤʘʪʠʯʝʩʢʠʤ ʨʠʩʫʥʢʦʤ 

ʩ ʫʢʘʟʘʥʥʳʤʠ ʚʝʢʪʦʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʢʨʘʪʢʠʤʠ, ʥʦ ʠʩʯʝʨʧʳʚʘʶʱʠ-

ʤʠ ʧʦʷʩʥʝʥʠʷʤʠ. 
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ɻʣʘʚʘ 1. ʕʃɽʂʊʈʀʏɽʉʂʆɽ ʇʆʃɽ.  
                ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ɿɸʈʗɼʆɺ. ɿɸʂʆʅ ʂʋʃʆʅɸ.  
                ʊɽʆʈɽʄɸ ʆʉʊʈʆɻʈɸɼʉʂʆɻʆïɻɸʋʉʉɸ 
 

1.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 
 

ɿʘʢʦʥ ʂʫʣʦʥʘ. ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ ʚ ʚʘʢʫʫʤʝ 
ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʵʪʠ ʟʘʨʷʜʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ 
ʚʝʣʠʯʠʥʘʤ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ 

r

r

r

qq
k

r

r

r

qq
F

CCC
2
21

2
0 Ů

21

4

1

epe
== , 

ʛʜʝ ʌ/ʤ109
ˊŮ4

1 9

0

Ö==k  ï ʢʦʵʬʬʠʮʠʝʥʪ; 
21

, q q  ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, 

ʤ/ʌ1085,8Ů 12
0

-Ö=  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ; Ů ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ; r
C
 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʩʦʝʜʠʥʷʶʱʠʡ ʟʘʨʷʜ r

1
q  ʠ 

2
q , 

rr
C
= . 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʟʘʨʷ-
ʜʦʚ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ: 

const
1

=ä
=

n

i
iq ,                                              

ʛʜʝ n  ï ʯʠʩʣʦ ʟʘʨʷʜʦʚ. 
ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʧʦʣʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʯʠʩ-
ʣʝʥʥʦ ʨʘʚʥʘʷ ʩʠʣʝ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʝʜʠʥʠʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, 
ʧʦʤʝʱʝʥʥʳʡ ʚ ʵʪʫ ʪʦʯʢʫ ʧʦʣʷ: 

q

F
ɽ

C
C
= , 

ʛʜʝ F
C

 ï ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʦʯʝʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ q . 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʦʯʝʥʳʤ ʟʘʨʷʜʦʤ q  

ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʟʘʨʷʜʘ, ʠʤʝʝʪ ʚʠʜ: 

r

r

r

q
E

CC
2

04

1

epe
= , 

ʛʜʝ Ů ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ; r
C
 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʥʘ-

ʧʨʘʚʣʝʥʥʳʡ ʦʪ ʟʘʨʷʜʘ ʚʦ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 
ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ N  ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʨʘʚʥʘ ʚʝʢʪʦʨʥʦʡ (ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʦʡ) ʩʫʤʤʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʩʢʣʘʜʳʚʘʝʤʳʭ ʧʦʣʝʡ: 

ä
=

=
N

i
iEɽ

1

CC
. 
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ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ
C

 ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

ʘ) ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S, ʧʦʤʝʱʝʥʥʫʶ ʚ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦʣʝ: 

ñ=
S

ɽ dSEʌ ,Ŭcos  ʠʣʠ dSEʌ
S

nE ñ= , 

ʛʜʝ Ŭ ï  ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ
C

 ʠ ʥʦʨʤʘʣʴʶ n
C
 ʢ ʵʣʝʤʝʥʪʫ 

ʧʦʚʝʨʭʥʦʩʪʠ; dSï ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ; nɽ  ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʥʦʨʤʘʣʴ; 
ʙ) ʯʝʨʝʟ ʧʣʦʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʤʝʱʝʥʥʫʶ ʚ ʦʜʥʦʨʦʜʥʦʝ ʧʦʣʝ: 

ŬcosɽSʌɽ= . 

ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E  ʯʝʨʝʟ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ  

ʌɽ = ώ En dS, 

ʛʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦïɻʘʫʩʩʘ. ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ
C

 ʯʝ-

ʨʝʟ ʣʶʙʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤ-
ʤʝ ʟʘʨʷʜʦʚ, ʟʘʢʣʶʯʝʥʥʳʭ ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: 

ä
=

=
n

i
iɽ qʌ

10ŮŮ

1
, 

ʛʜʝ n  ï ʯʠʩʣʦ ʟʘʨʷʜʦʚ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦ 

ʟʘʨʷʞʝʥʥʦʡ ʥʠʪʴʶ (ʠʣʠ ʮʠʣʠʥʜʨʦʤ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʝʝ ʦʩʠ: 

r

r

r
ɽ

CC

Ů

Ű2

ˊŮ4

1

0

= , 

ʛʜʝ Ű ï ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ; r
C
 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ 

ʟʘʨʷʞʝʥʥʦʡ ʥʠʪʠ ʚʦ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʪʦʡ ʥʠʪʠ. 

ʃʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ 
ʥʠʪʠ l : 

l

q

d

d
=t . 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʙʝʩʢʦʥʝʯʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥ-

ʥʦʡ ʧʣʦʩʢʦʩʪʴʶ: 

r

r
ɽ

CC

0ŮŮ

ů

2

1
= , 

ʛʜʝ ů ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ; r
C
 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʡ ʦʪ ʟʘʨʷʞʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʦ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʟʘʨʷʜʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ S: 

S

q

d

d
=s . 



 8 

1.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 1.1. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʘ ʥʂʣ1321  qqq ===

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʠʩ. 1.1). ʂʘʢʦʡ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ 4q  ʥʫʞʥʦ ʧʦʤʝʩʪʠʪʴ ʚ ʮʝʥʪʨʝ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʯʪʦʙʳ 

ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʩ ʝʛʦ ʩʪʦʨʦʥʳ ʫʨʘʚʥʦʚʝʩʠʣʘ ʩʠʣʳ ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘ-

ʥʠʷ ʟʘʨʷʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʝʨʰʠʥʘʭ? 

 

 
 

ʈʠʩ. 1.1 

 

ʈʝʰʝʥʠʝ. ɺʩʝ ʪʨʠ ʟʘʨʷʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʝʨʰʠʥʘʭ ʪʨʝʫʛʦʣʴʥʠʢʘ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯ-

ʥʦ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʡ ʟʘʨʷʜ ʩʣʝʜʫʝʪ ʧʦʤʝʩʪʠʪʴ ʚ ʮʝʥʪʨʝ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʯʪʦʙʳ 

ʦʜʠʥ ʠʟ ʪʨʝʭ ʟʘʨʷʜʦʚ, ʥʘʧʨʠʤʝʨ 1q, ʥʘʭʦʜʠʣʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. ɺ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ ʥʘ ʟʘʨʷʜ ʜʝʡʩʪʚʫʝʪ ʢʘʞʜʳʡ ʟʘʨʷʜ ʥʝʟʘʚʠ-

ʩʠʤʦ ʦʪ ʦʩʪʘʣʴʥʳʭ. ʇʦʵʪʦʤʫ ʟʘʨʷʜ 1q  ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ, ʝʩʣʠ 

ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ ʩʠʣ ʨʘʚʥʘ ʥʫʣʶ: 
 

04432 =+=++ FFFFF
CCCCC

,                                   (1.1) 
 

ʛʜʝ 432 ,, F F F
CCC

 ï ʩʠʣʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʡʩʪʚʫʶʪ ʥʘ ʟʘʨʷʜ 1q  

ʟʘʨʷʜʳ 32,qq  ʠ 4q ; F
C

 ï ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣ 2F
C

 ʠ 3F
C

. 

ʊʘʢ ʢʘʢ ʩʠʣʳ F
C

 ʠ 4F
C

 ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʦʜʥʦʡ ʧʨʷʤʦʡ, ʪʦ ʚʝʢʪʦʨʥʦʝ ʨʘ-

ʚʝʥʩʪʚʦ (1.1) ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʩʢʘʣʷʨʥʦʡ ʩʫʤʤʦʡ: 

04=-FF . 

r1 

F
C

 

3F
C

 

2F
C

 

4F
C

 

q1 

q2 

q3 

q4 

r 
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ɺʳʨʘʟʠʚ F  ʯʝʨʝʟ 2F  ʠ 3F , ʫʯʠʪʳʚʘʷ, ʯʪʦ 32 FF = , ʧʦʣʫʯʠʤ 

( )a+= cos1224 FF . 

ʇʨʠʤʝʥʷʷ ʟʘʢʦʥ ʂʫʣʦʥʘ ʠ ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ 321 qqq == , ʥʘʡʜʝʤ 

( )a+
e

=
e

cos12
2

2
1

2
1

41

r

q
k

r

qq
k , 

ʦʪʢʫʜʘ 
 

( )a+= cos12
2

2
11

4
r

rq
q .                                      (1.2) 

 

ʀʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʚ ʨʘʚʥʦʩʪʦʨʦʥʥʝʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʣʝʜʫ-

ʝʪ, ʯʪʦ 

330cos

2/
1

rr
r =

¯
= , 

2

1
60cosŬcos =̄= . 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʬʦʨʤʫʣʘ (1.2) ʧʨʠʤʝʪ ʚʠʜ:  

3

1
4

q
q = . 

ʇʦʜʩʪʘʚʠʚ ʩʶʜʘ ʟʥʘʯʝʥʠʝ 1q, ʧʦʣʫʯʠʤ ʥʂʣ58,04  q = . 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ ʟʘʨʷʜʦʚ ʙʫʜʝʪ ʥʝʫʩʪʦʡʯʠʚʳʤ. 

ʇʨʠʤʝʨ 1.2. ʅʘ ʧʣʘʩʪʠʥʘʭ ʧʣʦʩʢʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘʭʦ-

ʜʠʪʩʷ ʟʘʨʷʜ ʥʂʣ10  q= . ʇʣʦʱʘʜʴ S ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʘ 
2ʩʤ 100 . ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F, ʩ ʢʦʪʦʨʦʡ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʧʣʘʩʪʠʥʳ. ʇʦʣʝ 

ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʩʯʠʪʘʪʴ ʦʜʥʦʨʦʜʥʳʤ. 

ʈʝʰʝʥʠʝ. ɿʘʨʷʜ q  ʦʜʥʦʡ ʧʣʘʩʪʠʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʝ, ʩʦʟʜʘʥʥʦʤ ʟʘʨʷ-

ʜʦʤ ʜʨʫʛʦʡ ʧʣʘʩʪʠʥʳ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʧʝʨʚʳʡ ʟʘʨʷʜ ʜʝʡ-

ʩʪʚʫʝʪ ʩʠʣʘ (ʨʠʩ. 1.2) 
 

qEF 1

CC
= ,                                                 (1.3) 

 

ʛʜʝ 1E
C

 ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘʨʷʜʦʤ ʦʜʥʦʡ ʧʣʘʩʪʠʥʳ. 
 

 
 

ʈʠʩ. 1.2 

ï q 

+ q 

F
C

 

ï ï ï ï ï 

+ + + + + 

1E
C

 

1E
C
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ʅʦ 
S

q
ɽ

00
1

22 e
=

e

s
= , ʛʜʝ ů ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʧʣʘʩʪʠʥʳ. 

 

ʌʦʨʤʫʣʘ (1.3) ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 1E  ʧʨʠʤʝʪ ʚʠʜ: 

S

q
F

0

2

2e
= . 

ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ q , 0e, S ʚ ʵʪʫ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʠʤ 

ʤʢʅ565 F= . 

ʇʨʠʤʝʨ 1.3. ʊʦʥʢʠʡ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ ʩʤ 30=l  (ʨʠʩ. 1.3) ʥʝʩʝʪ ʨʘʚʥʦ-

ʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʜʣʠʥʝ ʟʘʨʷʜ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʢʂʣ/ʤ 1Ű= . 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ cʤ r 200=  ʩʤ ʦʪ ʩʪʝʨʞʥʷ  ʥʘʭʦʜʠʪʩʷ ʟʘʨʷʜ ʥʂʣ101  q = , ʨʘʚʥʦ-

ʫʜʘʣʝʥʥʳʡ ʦʪ ʢʦʥʮʦʚ ʩʪʝʨʞʥʷ. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʯʝʯ-

ʥʦʛʦ ʟʘʨʷʜʘ ʩ ʟʘʨʷʞʝʥʥʳʤ ʩʪʝʨʞʥʝʤ.  

 

 
 

ʈʠʩ. 1.3 

 

ʈʝʰʝʥʠʝ. ɿʘʢʦʥ ʂʫʣʦʥʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦ-

ʯʝʯʥʳʭ ʟʘʨʷʜʦʚ. ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ, ʦʜʠʥ ʠʟ ʟʘʨʷʜʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʪʦʯʝʯ-

ʥʳʤ, ʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ. ʆʜʥʘʢʦ ʝʩʣʠ ʚʳʜʝʣʠʪʴ 

ʥʘ ʩʪʝʨʞʥʝ ʤʘʣʳʡ ʫʯʘʩʪʦʢ ʜʣʠʥʦʡ ld , ʪʦ ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʥʝʤ ʟʘʨʷʜ 

F
C

d  

q1 

l  

dl 

a 

b 

r  

r0 

da 

rda 

1dF
C

 

2dF
C

 

a 
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lq dd t=  ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ ʪʦʯʝʯʥʳʡ, ʠ ʧʦ ʟʘʢʦʥʫ ʂʫʣʦʥʘ ʩʠʣʘ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ 1q  ʠ qd  
 

2
1

0

d

4

1
d

r

lq
F

t

pe
= ,                                          (1.4) 

 

ʛʜʝ r  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦ ʟʘʨʷʜʘ 1q . 

ʀʟ ʨʠʩ. 1.3 ʩʣʝʜʫʝʪ, ʯʪʦ 
Ŭcos

0rr =  ʠ 
Ŭcos

Ŭd
d

r
l = . ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ r  ʠ 

ld  ʚ ʬʦʨʤʫʣʫ (1.4), ʧʦʣʫʯʠʤ 
 

a
pe

t
= d

4
d

00

1

r

q
F .                                          (1.5) 

 

ʈʘʟʣʦʞʠʤ ʚʝʢʪʦʨ F
C

d  ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: 1dF
C
, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ 

ʩʪʝʨʞʥʶ, ʠ 2dF
C
, ʧʘʨʘʣʣʝʣʴʥʫʶ ʝʤʫ. 

ʀʟ ʨʠʩ. 1.3 ʚʠʜʥʦ, ʯʪʦ a= cosdd 1 FF , a= sindd 2 FF . ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝ-

ʥʠʝ Fd  ʠʟ ʚʳʨʘʞʝʥʠʷ (1.5) ʚ ʵʪʠ ʬʦʨʤʫʣʳ, ʥʘʡʜʝʤ 

a
pe

at
= d

4

cos
d

00

1
1

r

q
F ; a

pe

at
= d

4

sin
d

00

1
2

r

q
F . 

ʀʥʪʝʛʨʠʨʫʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ɓ-  ʜʦ ɓ+ , ʧʦʣʫʯʠʤ 

b
pe

t
=a=

t
=a

t
=

b+

b-

b+

b-

b+

b-

ññ sin2
4

sin
ˊŮ4

Ű
ŬdŬcos

ˊŮ4
d

ˊŮ4

Ŭcos

00

1

00

1

00

1

00

1
1

r

q

r

q

r

q

r

q
F ; 

b
pe

t
= sin

2 00

1
1

r

q
F . 

ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʨʷʜʘ 1q  ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʨʞʥʷ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʘʝʪ ʥʫʣʴ: 

0Ŭcos
ˊŮ4

ŬdŬsin
ˊŮ4 00

1

00

1 =
t

-=
t

=
b+

b-

b+

b-

ñ
r

q

r

q
F2 . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʟʘʨʷʜ 1q , 
 

b
pe

t
== sin

2 00

1
1

r

q
FF .    (1.6) 
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ʀʟ ʨʠʩ. 1.3 ʩʣʝʜʫʝʪ, ʯʪʦ 
22

0
22

0 44/

2/
sin

lr

l

lr

l

+
=

+
=b . ʇʦʜʩʪʘʚʠʚ ʵʪʦ 

ʚʳʨʘʞʝʥʠʝ ʚ ʬʦʨʤʫʣʫ (1.6), ʧʦʣʫʯʠʤ 

22
000

1

42 lr

l

r

q
F

+pe

t
= . 

ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʣʫʯʠʤ ʤʅ54,0  F= . 

ʇʨʠʤʝʨ 1.4. ɼʚʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʷʱʠʝ ʩʬʝʨʳ ʨʘʜʠʫʩʘʤʠ 

cʤ61  R =  ʠ cʤ102  R =  ʥʝʩʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʨʷʜʳ ʥʂʣ11  q =  ʠ ʥʂʣ5,02  q -= . 

ʅʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ E  ʧʦʣʷ ʚ ʪʦʯʢʘʭ, ʦʪʩʪʦʷʱʠʭ ʦʪ ʮʝʥʪʨʘ ʩʬʝʨ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʷʭ cʤ51  r = ,  cʤ92=r  ʠ  cʤ153=r . ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ )(rE . 

ʈʝʰʝʥʠʝ. ɿʘʤʝʪʠʤ, ʯʪʦ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ, ʣʝʞʘʪ ʚ ʪʨʝʭ ʦʙʣʘʩʪʷʭ (ʨʠʩ. 1.4): 

ʦʙʣʘʩʪʴ I (11 Rr < ), ʦʙʣʘʩʪʴ II (221 RrR << ), 

ʦʙʣʘʩʪʴ III (23 Rr > ).  

1. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 1E  

ʚ ʦʙʣʘʩʪʠ I ʧʨʦʚʝʜʝʤ ʩʬʝʨʠʯʝʩʢʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ 1S  ʨʘʜʠʫʩʦʤ 1r  ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʪʝʦʨʝʤʦʡ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦïɻʘʫʩʩʘ. 

ʊʘʢ ʢʘʢ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ I ʟʘʨʷʜʦʚ ʥʝʪ, 

ʪʦ ʩʦʛʣʘʩʥʦ ʫʢʘʟʘʥʥʦʡ ʪʝʦʨʝʤʝ ʧʦʣʫʯʠʤ 

ʨʘʚʝʥʩʪʚʦ 
 

ώ En dS = 0
S1

,                                               (1.7) 

 

ʛʜʝ nE  ï ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʀʟ ʩʦʦʙʨʘʞʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ nE  ʜʦʣʞʥʘ ʙʳʪʴ 

ʨʘʚʥʘ ʩʘʤʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʘ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ʩʬʝʨʳ,  

ʪ. ʝ. const1==EEn . ʇʦʵʪʦʤʫ ʝʝ ʤʦʞʥʦ ʚʳʥʝʩʪʠ ʟʘ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ. 

ʈʘʚʝʥʩʪʚʦ (1.7) ʧʨʠʤʝʪ ʚʠʜ: 

E1 ώ dS = 0
S1

. 

ʊʘʢ ʢʘʢ ʧʣʦʱʘʜʴ ʩʬʝʨʳ S ʥʝ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ 01=E , ʪ. ʝ. ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʧʦʣʷ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ 11 Rr < , ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ. 

ʈʠʩ. 1.4 

r1 

R1 

r2 

R2 

2E
C

 

r3 

 I  

3E
C

 

 II  

 

 III  
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2. ɺ ʦʙʣʘʩʪʠ II ʧʨʦʚʝʜʝʤ ʩʬʝʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʜʠʫʩʦʤ 2r .  

ʊʘʢ ʢʘʢ ʚʥʫʪʨʠ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʟʘʨʷʜ 1q, ʪʦ ʜʣʷ ʥʝʝ ʩʦʛʣʘʩʥʦ 

ʪʝʦʨʝʤʝ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦïɻʘʫʩʩʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʨʘʚʝʥʩʪʚʦ 

ώ En dS = 
S2

q1

Ů0 . 

ʊʘʢ ʢʘʢ const2==EEn , ʪʦ ʠʟ ʫʩʣʦʚʠʡ ʩʠʤʤʝʪʨʠʠ ʩʣʝʜʫʝʪ: 

E ώ dS = ES2 = 
S2

q1

Ů0
, 

ʦʪʢʫʜʘ 

20

1
2
ŮS

q
E = . 

ʇʦʜʩʪʘʚʠʚ ʩʶʜʘ ʚʳʨʘʞʝʥʠʝ ʧʣʦʱʘʜʠ ʩʬʝʨʳ, ʧʦʣʫʯʠʤ 
 

2
2

1

0
2

ˊŮ4

1

r

Q
E = .                                            (1.8) 

 

3. ɺ ʦʙʣʘʩʪʠ III ʩʬʝʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʚʝʜʝʤ ʨʘʜʠʫʩʦʤ 3r .  

ʕʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʭʚʘʪʳʚʘʝʪ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ )( 21 qq + . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʣʷ ʥʝʝ ʫʨʘʚʥʝʥʠʝ, ʟʘʧʠʩʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦïɻʘʫʩʩʘ, 
ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

ώ En dS =
S3

q1 + q2

Ů0 . 

ʆʪʩʶʜʘ, ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʚʳʤ ʜʚʫʤ ʩʣʫʯʘʷʤ, ʥʘʡʜʝʤ 
 

2
3

21

0
3

ˊŮ4

1

r

qq
E

+
= .                                      (1.9) 

 

ʋʙʝʜʠʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʘʚʳʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚ (1.8) ʠ (1.9) ʜʘʶʪ ʝʜʠʥʠʮʫ 
ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

[]

[][]
ʤ/ɺ1

ʤʌ1

ʂʣ1

ʤ1ʤ/ʌ1

ʂʣ1

Ů
22

0

=
Ö

=
Ö

=
r

q
. 

ɺʳʨʘʟʠʤ ʚʩʝ ʚʝʣʠʯʠʥʳ ʚ ʝʜʠʥʠʮʘʭ ʉʀ: ʂʣ10 9
1  q -= , ʂʣ105,0 9

2  q -Ö= , 

ʤ09,02  r = , ʤ15,03  r = , ( ) ʤ/ʌ 109ˊŮ4/1 9

0 Ö=  ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

( )
;ʤʢɺ11,1ʤɺ1011,1ʤɺ

09,0

10
109 3

2

9
9

2 =Ö=Ö=
-

E

( )

( )
ʤɺ200ʤɺ

15,0

105,01
109

2

9
9

3 =
Ö-

Ö=
-

E . 



 14 

4. ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢ )(rE . ɺ ʦʙʣʘʩʪʠ I (11 Rr < ) ʥʘʧʨʷʞʝʥʥʦʩʪʴ 0=E .  

ɺ ʦʙʣʘʩʪʠ II ( 221 RrR ¢¢ ) ʥʘʧʨʷʞʝʥʥʦʩʪʴ )(2 rE  ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ 2/1 r . 

ɺ ʪʦʯʢʝ 1Rr =  ʥʘʧʨʷʞʝʥʥʦʩʪʴ ( ) ( ) ʤɺ25004 2
10112 =pe= RqRE . 

ɺ ʪʦʯʢʝ 2Rr =  ( r  ʩʪʨʝʤʠʪʩʷ ʢ 2R  ʩʣʝ-

ʚʘ) ( ) ( ) ʤɺ9004 2
20122 =pe= RqRE . ɺ ʦʙ-

ʣʘʩʪʠ III  ( 2Rr > ) )(3 rE  ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʟʘ-

ʢʦʥʫ 2/1 r , ʧʨʠʯʝʤ ʚ ʪʦʯʢʝ 2Rr =   

( r  ʩʪʨʝʤʠʪʩʷ ʢ 2R  ʩʧʨʘʚʘ) 

( )( )( ) ʤɺ4504 2
202123 =pe-= RqqRE . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ )(rE  ʚ ʪʦʯ-

ʢʘʭ 1Rr =  ʠ 2Rr =  ʪʝʨʧʠʪ ʨʘʟʨʳʚ.  

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ )(rE  ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ. 1.5. 
 

1.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 
 

1.1. ɼʚʘ ʰʘʨʠʢʘ ʤʘʩʩʦʡ m = 0,1 ʛ ʢʘʞʜʳʡ ʧʦʜʚʝʰʝʥʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʥʘ 

ʥʠʪʷʭ ʜʣʠʥʦʡ l = 20 ʩʤ ʢʘʞʜʘʷ. ʇʦʣʫʯʠʚ ʦʜʠʥʘʢʦʚʳʡ ʟʘʨʷʜ, ʰʘʨʠʢʠ ʨʘʟʦ-

ʰʣʠʩʴ ʪʘʢ, ʯʪʦ ʥʠʪʠ ʦʙʨʘʟʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʫʛʦʣ a = 60̄. ʅʘʡʪʠ ʟʘʨʷʜ 

ʢʘʞʜʦʛʦ ʰʘʨʠʢʘ. (ʆʪʚʝʪ: q = 50,1 ʥʂʣ). 

1.2. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʟʘʨʷʞʝʥʥʳʭ ʰʘʨʠʢʘ ʧʦʜʚʝʰʝʥʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʥʘ 

ʥʠʪʷʭ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ. ʇʨʠ ʵʪʦʤ ʥʠʪʠ ʨʘʟʦʰʣʠʩʴ ʥʘ ʫʛʦʣ a. ʐʘʨʠʢʠ 

ʧʦʛʨʫʞʘʶʪʩʷ ʚ ʤʘʩʣʦ ʧʣʦʪʥʦʩʪʴʶ r0 = 8Ö10
2
 ʢʛ/ʤ

3
. ʆʧʨʝʜʝʣʠʪʴ ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ e ʤʘʩʣʘ, ʝʩʣʠ ʫʛʦʣ ʨʘʩʭʦʞʜʝʥʠʷ ʥʠʪʝʡ ʧʨʠ ʧʦʛʨʫ-

ʞʝʥʠʠ ʰʘʨʠʢʦʚ ʚ ʤʘʩʣʦ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʰʘ-

ʨʠʢʦʚ r = 1,6Ö10
3
 ʢʛ/ʤ

3
. (ʆʪʚʝʪ: =e 2). 

1.3. ɼʘʥʳ ʜʚʘ ʰʘʨʠʢʘ ʤʘʩʩʦʡ m = 1 ʛ ʢʘʞʜʳʡ. ʂʘʢʦʡ ʟʘʨʷʜ q ʥʫʞʥʦ ʩʦ-

ʦʙʱʠʪʴ ʢʘʞʜʦʤʫ ʰʘʨʠʢʫ, ʯʪʦʙʳ ʩʠʣʘ ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʟʘʨʷʜʦʚ 

ʫʨʘʚʥʦʚʝʩʠʣʘ ʩʠʣʫ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʰʘʨʠʢʦʚ ʧʦ ʟʘʢʦʥʫ ʪʷʛʦʪʝʥʠʷ 

ʅʴʶʪʦʥʘ? ʈʘʩʩʤʘʪʨʠʚʘʪʴ ʰʘʨʠʢʠ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ. (ʆʪʚʝʪ:  

q = 86,7Ö10
ï15

 ʂʣ). 

1.4. ɺ ʵʣʝʤʝʥʪʘʨʥʦʡ ʪʝʦʨʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʧʨʠʥʠʤʘʶʪ, ʯʪʦ ʵʣʝʢʪʨʦʥ 

ʦʙʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʷʜʨʘ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ. ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ɡ ʵʣʝʢ-

ʪʨʦʥʘ, ʝʩʣʠ ʨʘʜʠʫʩ ʦʨʙʠʪʳ r = 53 ʧʤ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʫ n ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦ-

ʥʘ. (ʆʪʚʝʪ: ɡ = 2,19 Ö 10
6
 ʤ/ʩ). 

1.5. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ q1 = 1 ʤʢʂʣ ʠ q2 = ïq1 

ʨʘʚʥʦ 10 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ  

ʈʠʩ. 1.5 

r  R2 R1 

450 

900 

2500 

E, ɺ/ʤ 

 I 

 II  

 III  



 15 

q = 0,1 ʤʢʂʣ, ʫʜʘʣʝʥʥʳʡ ʥʘ r1 = 6 ʩʤ ʦʪ ʧʝʨʚʦʛʦ ʠ ʥʘ r2 = 8 ʩʤ ʦʪ ʚʪʦʨʦʛʦ ʟʘ-

ʨʷʜʦʚ. (ʆʪʚʝʪ: F = 287 ʤʅ). 

1.6. ɺ ʚʝʨʰʠʥʘʭ ʧʨʘʚʠʣʴʥʦʛʦ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ ʩʦ ʩʪʦʨʦʥʦʡ ʘ = 10 ʩʤ 

ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʯʝʯʥʳʝ ʟʘʨʷʜʳ q, 2q, 3q, 4q, 5q, 6q (q = 0,1 ʤʢʂʣ). ʅʘʡʪʠ 

ʩʠʣʫ F, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q, ʣʝʞʘʱʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʰʝʩʪʠ-

ʫʛʦʣʴʥʠʢʘ ʠ ʨʘʚʥʦʫʜʘʣʝʥʥʳʡ ʦʪ ʝʛʦ ʚʝʨʰʠʥ. (ʆʪʚʝʪ: F = 54 ʤʅ). 

1.7. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʚʦʜʷʱʠʭ ʟʘʨʷʞʝʥʥʳʭ ʰʘʨʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ r = 60 ʩʤ. ʉʠʣʘ ʦʪʪʘʣʢʠʚʘʥʠʷ F1 ʰʘʨʦʚ ʨʘʚʥʘ 70Ö10
ï6

 ʅ. ʇʦʩʣʝ ʪʦ-

ʛʦ ʢʘʢ ʰʘʨʳ ʧʨʠʚʝʣʠ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʠ ʫʜʘʣʠʣʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʧʨʝʞ-

ʥʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʩʠʣʘ ʦʪʪʘʣʢʠʚʘʥʠʷ ʚʦʟʨʦʩʣʘ ʠ ʩʪʘʣʘ ʨʘʚʥʦʡ F2 = 1,6Ö10
ï4

 ʅ. 

ɺʳʯʠʩʣʠʪʴ ʟʘʨʷʜʳ q1 ʠ q2, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘ ʰʘʨʘʭ ʜʦ ʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ɼʠʘʤʝʪʨ ʰʘʨʦʚ ʩʯʠʪʘʪʴ ʤʥʦʛʦ ʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. (ʆʪ-

ʚʝʪ: q1 = 0, q2 = 14 ʤʢʂʣ). 

1.8. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʚʦʜʷʱʠʭ ʟʘʨʷʞʝʥʥʳʭ ʰʘʨʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ r = 30 ʩʤ. ʉʠʣʘ ʧʨʠʪʷʞʝʥʠʷ F1 ʰʘʨʦʚ ʨʘʚʥʘ 90 ʤʢʅ. ʇʦʩʣʝ ʪʦʛʦ 

ʢʘʢ ʰʘʨʳ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʠ ʫʜʘʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʧʨʝʞʥʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʦʥʠ ʩʪʘʣʠ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʩ ʩʠʣʦʡ F2 = 160 ʤʢʅ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʟʘʨʷʜʳ q1 ʠ q2, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘ ʰʘʨʘʭ ʜʦ ʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ɼʠʘʤʝʪʨ ʰʘʨʦʚ ʩʯʠʪʘʪʴ ʤʥʦʛʦ ʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. (ʆʪ-

ʚʝʪ: q1 = 0,09 ʤʢʂʣ; q2 = ï0,01 ʤʢʂʣ). 

1.9. ɼʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʘ q ʠ 4q ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ l = 60 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʡ ʪʦʯʢʝ ʥʘ ʧʨʷʤʦʡ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʨʷʜʳ, ʩʣʝʜʫʝʪ ʧʦʤʝʩʪʠʪʴ ʪʨʝʪʠʡ ʟʘʨʷʜ q1 ʪʘʢ, ʯʪʦʙʳ 

ʦʥ ʥʘʭʦʜʠʣʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. ʋʢʘʟʘʪʴ, ʢʘʢʦʡ ʟʥʘʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʵʪʦʪ ʟʘʨʷʜ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʚʥʦʚʝʩʠʝ ʙʳʣʦ ʫʩʪʦʡʯʠʚʳʤ, ʝʩʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʨʷʜʘ 

ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʢʨʝʧʣʝʥʥʳʝ ʟʘʨʷʜʳ. 

(ʆʪʚʝʪ: ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 40 ʩʤ ʦʪ 4q, ʧʦʣʦʞʠʪʝʣʴʥʳʡ). 

1.10. ʈʘʩʩʪʦʷʥʠʝ l ʤʝʞʜʫ ʩʚʦʙʦʜʥʳʤʠ ʟʘʨʷʜʘʤʠ q1 = 180 ʥʂʣ ʠ  

q2 = 720 ʥʂʣ ʨʘʚʥʦ 60 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʥʘ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝ-

ʨʝʟ ʟʘʨʷʜʳ, ʚ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʧʦʤʝʩʪʠʪʴ ʪʨʝʪʠʡ ʟʘʨʷʜ q3 ʪʘʢ, ʯʪʦʙʳ ʩʠʩʪʝ-

ʤʘ ʟʘʨʷʜʦʚ ʥʘʭʦʜʠʣʘʩʴ ʚ ʨʘʚʥʦʚʝʩʠʠ. ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʠ ʟʥʘʢ ʟʘʨʷʜʘ. 

ʋʩʪʦʡʯʠʚʦʝ ʠʣʠ ʥʝʫʩʪʦʡʯʠʚʦʝ ʙʫʜʝʪ ʨʘʚʥʦʚʝʩʠʝ? (ʆʪʚʝʪ: ʪʦʯʢʘ ʥʘʭʦʜʠʪ-

ʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʩʤ ʦʪ ʟʘʨʷʜʘ q1, ï8Ö10
ï8

 ʂʣ, ʥʝʫʩʪʦʡʯʠʚʦʝ). 

1.11. ʏʝʪʳʨʝ ʦʜʠʥʘʢʦʚʳʭ ʟʘʨʷʜʘ q ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʚʝʨʰʠʥʘʤ ʢʚʘʜʨʘʪʘ, 

ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ q1= ï0,57 ʥʂʣ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʢʚʘʜʨʘʪʘ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʢʘʞʜʦʛʦ ʟʘʨʷʜʘ q, ʝʩʣʠ ʩʠʩʪʝʤʘ ʟʘʨʷʜʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚ-

ʥʦʚʝʩʠʠ. ɹʫʜʝʪ ʣʠ ʨʘʚʥʦʚʝʩʠʝ ʫʩʪʦʡʯʠʚʳʤ? (ʆʪʚʝʪ: q = 0,5 ʥʂʣ). 

1.12. ʊʦʥʢʠʡ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ l = 10 ʩʤ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥ. ʃʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ t ʟʘʨʷʜʘ ʨʘʚʥʘ 1 ʤʢʂʣ/ʤ. ʅʘ ʧʨʦʜʦʣʞʝʥʠʠ ʦʩʠ ʩʪʝʨʞʥʷ ʥʘ ʨʘʩ-
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ʩʪʦʷʥʠʠ ʘ = 20 ʩʤ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʝʛʦ ʢʦʥʮʘ ʥʘʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ  

q = 100 ʥʂʣ. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʩʪʝʨʞʥʷ ʠ 

ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ. (ʆʪʚʝʪ: F = 1,5 ʤʅ). 

1.13. ʊʦʥʢʠʡ ʜʣʠʥʥʳʡ ʩʪʝʨʞʝʥʴ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪ-

ʥʦʩʪʴʶ t ʟʘʨʷʜʘ. ʅʘ ʧʨʦʜʦʣʞʝʥʠʠ ʦʩʠ ʩʪʝʨʞʥʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʘ = 20 ʩʤ ʦʪ 

ʝʛʦ ʢʦʥʮʘ ʥʘʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q = 10 ʥʂʣ. ʆʧʨʝʜʝʣʠʪʴ ʣʠʥʝʡʥʫʶ 

ʧʣʦʪʥʦʩʪʴ t ʟʘʨʷʜʘ, ʝʩʣʠ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʩʪʝʨʞʥʷ ʠ ʪʦ-

ʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʨʘʚʥʘ F = 4,5 ʤʅ. (ʆʪʚʝʪ: t = 10
4
 ʥʂʣ/ʤ). 

1.14. ʊʦʥʢʠʡ ʦʯʝʥʴ ʜʣʠʥʥʳʡ ʩʪʝʨʞʝʥʴ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥ ʩ ʣʠʥʝʡʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ t ʟʘʨʷʜʘ, ʨʘʚʥʦʡ 10
4
 ʥʂʣ/ʤ. ʅʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝ ʢ ʦʩʠ ʩʪʝʨʞʥʷ, 

ʚʦʩʩʪʘʚʣʝʥʥʦʤ ʠʟ ʝʛʦ ʢʦʥʮʘ, ʥʘʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q = 10 ʥʂʣ.  

ʈʘʩʩʪʦʷʥʠʝ ʘ ʟʘʨʷʜʘ ʦʪ ʢʦʥʮʘ ʩʪʝʨʞʥʷ ʨʘʚʥʦ 20 ʩʤ. ʅʘʡʪʠ ʩʠʣʫ F ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʩʪʝʨʞʥʷ ʠ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ. (ʆʪʚʝʪ: F = 6,37 ʤʅ). 

1.15. ʊʦʥʢʘʷ ʥʠʪʴ ʜʣʠʥʦʡ l = 20 ʩʤ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʘ ʩ ʣʠʥʝʡʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ t = 10 ʥʂʣ/ʤ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ ʘ = 10 ʩʤ ʦʪ ʥʠʪʠ, ʧʨʦʪʠʚ ʝʝ ʩʝʨʝ-

ʜʠʥʳ, ʥʘʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q = 1 ʥʂʣ. ɺʳʯʠʩʣʠʪʴ ʩʠʣʫ F, ʜʝʡʩʪʚʫʶ-

ʱʫʶ ʥʘ ʵʪʦʪ ʟʘʨʷʜ ʩʦ ʩʪʦʨʦʥʳ ʟʘʨʷʞʝʥʥʦʡ ʥʠʪʠ. (ʆʪʚʝʪ: F = 1,27 ʤʢʅ). 

1.16. ʊʦʥʢʠʡ ʜʣʠʥʥʳʡ ʩʪʝʨʞʝʥʴ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪ-

ʥʦʩʪʴʶ t = 10
4
 ʥʂʣ/ʤ. ʅʘ ʩʝʨʝʜʠʥʥʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝ ʢ ʦʩʠ ʩʪʝʨʞʥʷ ʥʘʭʦ-

ʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q = 10 ʥʂʣ. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʘ ʦʪ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ 

ʜʦ ʟʘʨʷʞʝʥʥʦʛʦ ʩʪʝʨʞʥʷ, ʝʩʣʠ ʩʠʣʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʚʥʘ F = 9 ʤʅ. 

(ʆʪʚʝʪ: a = 0,2 ʤ). 

1.17. ʊʦʥʢʘʷ ʙʝʩʢʦʥʝʯʥʘʷ ʥʠʪʴ ʩʦʛʥʫʪʘ ʧʦʜ ʫʛʣʦʤ 90.̄ ʅʠʪʴ ʥʝʩʝʪ ʟʘ-

ʨʷʜ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ t = 1 ʤʢʂʣ/ʤ. 

ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q = 0,1 ʤʢʂʣ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʡ ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʦʜʥʦʡ ʠʟ ʩʪʦʨʦʥ ʠ ʫʜʘʣʝʥʥʳʡ ʦʪ ʚʝʨʰʠʥʳ ʫʛʣʘ 

ʥʘ ʘ = 50 ʩʤ. (ʆʪʚʝʪ: F = 4,03 ʤʅ). 

1.18. ʊʦʥʢʦʝ ʢʦʣʴʮʦ ʨʘʜʠʫʩʦʤ R = 10 ʩʤ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʦ ʩ ʣʠʥʝʡ-

ʥʦʡ ʧʣʦʪʥʦʩʪʴʶ t = 10
3
 ʥʂʣ/ʤ. ʅʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝ ʢ ʧʣʦʩʢʦʩʪʠ ʢʦʣʴʮʘ, ʚʦʩ-

ʩʪʘʚʣʝʥʥʦʤ ʠʟ ʝʛʦ ʩʝʨʝʜʠʥʳ, ʥʘʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q = 10 ʥʂʣ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʩʠʣʫ F, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q ʩʦ ʩʪʦʨʦʥʳ ʟʘʨʷʞʝʥʥʦʛʦ 

ʢʦʣʴʮʘ, ʝʩʣʠ ʦʥ ʫʜʘʣʝʥ ʦʪ ʮʝʥʪʨʘ ʢʦʣʴʮʘ ʥʘ: 1) l1 = 20 ʩʤ; 2) l2 = 2 ʤ. 

(ʆʪʚʝʪ: F1 = 1 ʤʅ; F2 = 15,3 ʤʢʅ). 

1.19. ʊʦʥʢʦʝ ʧʦʣʫʢʦʣʴʮʦ ʨʘʜʠʫʩʦʤ R = 10 ʩʤ ʥʝʩʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʳʡ ʟʘʨʷʜ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ t = 10
3
 ʥʂʣ/ʤ. ɺ ʮʝʥʪʨʝ ʢʨʠʚʠʟʥʳ 

ʧʦʣʫʢʦʣʴʮʘ ʥʘʭʦʜʠʪʩʷ ʟʘʨʷʜ q = 20 ʥʂʣ. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʠ ʟʘʨʷʞʝʥʥʦʛʦ ʧʦʣʫʢʦʣʴʮʘ. (ʆʪʚʝʪ: F = 3,6 ʤʅ). 

1.20. ʇʦ ʪʦʥʢʦʤʫ ʢʦʣʴʮʫ ʨʘʜʠʫʩʦʤ R = 10 ʩʤ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ 

ʟʘʨʷʜ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ t = 1 ʥʂʣ/ʤ. ɺ ʮʝʥʪʨʝ ʢʦʣʴʮʘ ʥʘʭʦʜʠʪʩʷ ʟʘ-
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ʨʷʜ q = 400 ʥʂʣ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʩʪʷʛʠʚʘʶʱʫʶ ʧʨʦʜʦʣʴʥʫʶ ʩʠʣʫ F, ʜʝʡʩʪ-

ʚʫʶʱʫʶ ʚ ʢʦʣʴʮʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘʨʷʜʦʚ ʢʦʣʴʮʘ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ:  

F = 36 ʤʢʅ). 

1.21. ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʪʦʯʝʯʥʳʤ ʟʘʨʷʜʦʤ q = 10 ʥʂʣ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r = 10 ʩʤ ʦʪ ʥʝʛʦ. ɼʠʵʣʝʢ-

ʪʨʠʢ ï ʤʘʩʣʦ. (ʆʪʚʝʪ: E = 4,09 ʢɺ/ʤ). 

1.22. ʈʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ q1 = +8 ʥʂʣ ʠ  

q2 = ï5,3 ʥʂʣ ʨʘʚʥʦ 40 ʩʤ. ɺʳʯʠʩʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʚ ʪʦʯʢʝ, ʣʝ-

ʞʘʱʝʡ ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ. ʏʝʤʫ ʙʫʜʝʪ ʨʘʚʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʝʩ-

ʣʠ ʚʪʦʨʦʡ ʟʘʨʷʜ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ? (ʆʪʚʝʪ: E = 2,99 ʢɺ/ʤ). 

1.23. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ q1 = 10 ʥʂʣ 

ʠ q2 = ï20 ʥʂʣ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d = 20 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʚ ʪʦʯʢʝ, ʫʜʘʣʝʥʥʦʡ ʦʪ ʧʝʨʚʦʛʦ ʟʘʨʷʜʘ ʥʘ  

r1 = 30 ʩʤ ʠ ʦʪ ʚʪʦʨʦʛʦ ï ʥʘ r2 = 50 ʩʤ. (ʆʪʚʝʪ: E = 280 ɺ/ʤ). 

1.24. ʈʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʘʨʷʜʘʤʠ 

q1 = 9q ʠ q2 = q ʨʘʚʥʦ 8 ʩʤ. ʅʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʧʝʨʚʦʛʦ ʟʘʨʷʜʘ ʥʘʭʦ-

ʜʠʪʩʷ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʟʘʨʷʜʦʚ ʨʘʚʥʘ ʥʫʣʶ?  

ɻʜʝ ʥʘʭʦʜʠʣʘʩʴ ʙʳ ʵʪʘ ʪʦʯʢʘ, ʝʩʣʠ ʙʳ ʚʪʦʨʦʡ ʟʘʨʷʜ ʙʳʣ ʦʪʨʠʮʘʪʝʣʴʥʳʤ? 

(ʆʪʚʝʪ: r = 6 ʩʤ, r = 12 ʩʤ). 

1.25. ɼʚʘ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʘ q1 = 2q ʠ q2 = ï q ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘʡʪʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʥʘ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʵʪʠ 

ʟʘʨʷʜʳ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʚ ʢʦʪʦʨʦʡ ʨʘʚʥʘ ʥʫʣʶ. (ʆʪʚʝʪ: ʟʘ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ )12(1 +=dd ). 

1.26. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ q1 = 40 ʥʂʣ 

ʠ q2 = ï10 ʥʂʣ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d = 10 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʚ ʪʦʯʢʝ, ʫʜʘʣʝʥʥʦʡ ʦʪ ʧʝʨʚʦʛʦ ʟʘʨʷʜʘ ʥʘ  

r1 = 12 ʩʤ ʠ ʦʪ ʚʪʦʨʦʛʦ ʥʘ r2 = 6 ʩʤ. (ʆʪʚʝʪ: E = 34 ʢɺ/ʤ). 

1.27. ʊʦʥʢʦʝ ʢʦʣʴʮʦ ʨʘʜʠʫʩʦʤ R = 8 ʩʤ ʥʝʩʝʪ ʟʘʨʷʜ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʳʡ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ t = 10 ʥʂʣ/ʤ. ʂʘʢʦʚʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ, ʨʘʚʥʦʫʜʘʣʝʥʥʦʡ ʦʪ ʚʩʝʭ ʪʦʯʝʢ ʢʦʣʴʮʘ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʝ r = 10 ʩʤ? (ʆʪʚʝʪ: E = 2,71 ʢɺ/ʤ). 

1.28. ʅʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʬʝʨʝ ʨʘʜʠʫʩʦʤ R = 10 ʩʤ ʥʘʭʦʜʠʪʩʷ ʟʘʨʷʜ  

q = 1 ʥʂʣ. ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʩʣʝʜʫʶ-

ʱʠʭ ʪʦʯʢʘʭ: 1) ʥʘ ʨʘʩʩʪʦʷʥʠʠ r1 = 8 ʩʤ ʦʪ ʮʝʥʪʨʘ ʩʬʝʨʳ; 2) ʥʘ ʝʝ ʧʦʚʝʨʭ-

ʥʦʩʪʠ; 3) ʥʘ ʨʘʩʩʪʦʷʥʠʠ r2 = 15 ʩʤ ʦʪ ʮʝʥʪʨʘ ʩʬʝʨʳ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ɽ ʦʪ r. (ʆʪʚʝʪ: E1 = 0, ER = 900 ɺ/ʤ; E2 = 400 ɺ/ʤ). 

1.29. ʆʯʝʥʴ ʜʣʠʥʥʘʷ ʪʦʥʢʘʷ ʧʨʷʤʘʷ ʧʨʦʚʦʣʦʢʘ ʥʝʩʝʪ ʟʘʨʷʜ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʚʩʝʡ ʝʝ ʜʣʠʥʝ. ɺʳʯʠʩʣʠʪʴ ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ t ʟʘʨ̫-
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ʜʘ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʘ = 0,5 ʤ ʦʪ ʧʨʦʚʦʣʦʢʠ ʧʨʦ-

ʪʠʚ ʝʝ ʩʝʨʝʜʠʥʳ ʨʘʚʥʘ 200 B/ʤ. (ʆʪʚʝʪ: t = 5,55 ʥʂʣ/ʤ). 

1.30. ʈʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʜʚʫʤʷ ʜʣʠʥʥʳʤʠ ʪʦʥʢʠʤʠ ʧʨʦʚʦʣʦʢʘʤʠ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ, ʨʘʚʥʦ 16 ʩʤ. ʇʨʦʚʦʣʦʢʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘ-

ʨʷʞʝʥʳ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ¼t¼ = 150 ʤʢʂʣ/ʤ. 

ʂʘʢʦʚʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʚ ʪʦʯʢʝ, ʫʜʘʣʝʥʥʦʡ ʥʘ r = 10 ʩʤ ʢʘʢ ʦʪ ʧʝʨʚʦʡ, 

ʪʘʢ ʠ ʦʪ ʚʪʦʨʦʡ ʧʨʦʚʦʣʦʢʠ? (ʆʪʚʝʪ: E = 43,2 ʄɺ/ʤ). 

1.31. ʇʨʷʤʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ ʜʠʘʤʝʪʨʦʤ d = 5 ʩʤ ʠ ʜʣʠʥʦʡ  

l = 4 ʤ ʥʝʩʝʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʜ  

q = 500 ʥʂʣ. ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʚ ʪʦʯʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʧʨʦʪʠʚ ʩʝʨʝʜʠʥʳ ʩʪʝʨʞʥʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʘ = 1 ʩʤ ʦʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ.  

(ʆʪʚʝʪ: E = 64,3 ʢɺ/ʤ). 

1.32. ʅʘ ʦʪʨʝʟʢʝ ʪʦʥʢʦʛʦ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʜʣʠʥʦʡ l = 10 ʩʤ ʨʘʚʥʦ-

ʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʟʘʨʷʜ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ t = 3 ʤʢʂʣ/ʤ. ɺʳʯʠʩʣʠʪʴ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ, ʩʦʟʜʘʚʘʝʤʫʶ ʵʪʠʤ ʟʘʨʷʜʦʤ ʚ ʪʦʯʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʦʩʠ ʧʨʦʚʦʜʥʠʢʘ ʠ ʫʜʘʣʝʥʥʦʡ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʢʦʥʮʘ ʦʪʨʝʟʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, 

ʨʘʚʥʦʝ ʜʣʠʥʝ ʵʪʦʛʦ ʦʪʨʝʟʢʘ. (ʆʪʚʝʪ: E = 135 ʢɺ/ʤ). 

1.33. ʊʦʥʢʠʡ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ l = 12 ʩʤ ʟʘʨʷʞʝʥ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ t = 200 ʥʂʣ/ʤ. ʅʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r = 5 ʩʤ ʦʪ ʩʪʝʨʞʥʷ ʧʨʦʪʠʚ ʝʛʦ ʩʝʨʝʜʠʥʳ.  

(ʆʪʚʝʪ: E = 55,7ʢɺ). 

1.34. ɼʚʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʟʘʨʷʞʝʥʥʳʝ ʩʬʝʨʳ ʨʘʜʠʫʩʘ-

ʤʠ 6 ʩʤ ʠ 10 ʩʤ ʥʝʩʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʨʷʜʳ 1 ʥʂʣ ʠ ï 0,5 ʥʂʣ. ʅʘʡʪʠ ʥʘ-

ʧʨʷʞʝʥʥʦʩʪʠ ɽ ʧʦʣʷ ʚ ʪʦʯʢʘʭ, ʦʪʩʪʦʷʱʠʭ ʦʪ ʮʝʥʪʨʘ ʩʬʝʨ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ  

5 ʩʤ, 9 ʩʤ, 15 ʩʤ. (ʆʪʚʝʪ: E1 = 0; E2 = 1,11 ʢɺ/ʤ; E3 = 200 ɺ/ʤ). 

1.35. ɼʚʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʟʘʨʷʞʝʥʥʳʝ ʩʬʝʨʳ ʨʘʜʠʫʩʘ-

ʤʠ 6 ʩʤ ʠ 10 ʩʤ ʥʝʩʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʨʷʜʳ 1 ʥʂʣ ʠ 0,5 ʥʂʣ. ʅʘʡʪʠ ʥʘ-

ʧʨʷʞʝʥʥʦʩʪʠ ɽ ʧʦʣʷ ʚ ʪʦʯʢʘʭ, ʦʪʩʪʦʷʱʠʭ ʦʪ ʮʝʥʪʨʘ ʩʬʝʨ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ  

5 ʩʤ, 9 ʩʤ, 15 ʩʤ. (ʆʪʚʝʪ: E1 = 0; E2 = 1,11 ʢɺ/ʤ; E3 = 600 ɺ/ʤ). 
 

 

ɻʣʘʚʘ 2. ʇʆʊɽʅʎʀɸʃʔʅɸʗ ʕʅɽʈɻʀʗ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ  

                ʕʃɽʂʊʈʀʏɽʉʂʀʍ ɿɸʈʗɼʆɺ.  

                ʈɸɿʅʆʉʊʔ ʇʆʊɽʅʎʀɸʃʆɺ 
 

2.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 
 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ, ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 0=¤W : 

r

qq
W 21

0ˊŮ4

1
= . 
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ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

qW=j , 

ʛʜʝ W ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʙʥʦʛʦ ʟʘʨʷʜʘ q, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʜʘʥʥʫʶ 

ʪʦʯʢʫ ʧʦʣʷ. 

ʈʘʙʦʪʘ, ʩʦʚʝʨʰʝʥʥʘʷ ʩʠʣʘʤʠ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ q ʠʟ ʪʦʯʢʠ 1 

ʚ ʪʦʯʢʫ 2, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
 

)(ȹ 21 j-j=-= qWɸ .                                       (2.1) 
 

ʈʘʙʦʪʫ ʩʠʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 
 

lEqdlFɸ ll d
2

1

2

1

ññ == ,                                         (2.2) 

 

ʛʜʝ lE  ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E
C

 ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ld . ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʜʦʣʴ ʣʶʙʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʪʦʯʢʠ 1 

ʠ 2. 

ʀʟ ʬʦʨʤʫʣ (2.1) ʠ (2.2) ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

lEld
2

1

21 ñ=j-j , 

lEl ddj-= , 

ʛʜʝ ʧʨʦʠʟʚʦʜʥʘʷ lddj  ʙʝʨʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʩʪʨʝʡʰʝʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦ-

ʪʝʥʮʠʘʣʘ, ʪ. ʝ. ʚʜʦʣʴ ʩʠʣʦʚʦʡ ʣʠʥʠʠ. 

ɼʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ( )const=E
C

 
( )lE 21 j-j= , 

ʛʜʝ lï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 1 ʠ 2, ʠʟʤʝʨʝʥʥʦʝ ʚʜʦʣʴ ʩʠʣʦʚʦʡ ʣʠʥʠʠ. 

ʇʦʪʝʥʮʠʘʣ ʧʦʣʷ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ q ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʥʝʛʦ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

r

q

0ˊŮ4

1
=j . 

ʇʦʪʝʥʮʠʘʣ ʧʦʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʫʩʘ R, ʧʦ ʢʦʪʦʨʦʡ ʨʘʚ-

ʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʟʘʨʷʜ q, ʜʣʷ ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʚʥʝ ʩʬʝʨʳ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ r  ʦʪ ʝʝ ʮʝʥʪʨʘ 

r

q

0ˊŮ4

1
=j , 

ʘ ʜʣʷ ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʠʣʠ ʚʥʫʪʨʠ ʩʬʝʨʳ 

R

q

0ˊŮ4

1
=j . 
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ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦ-
ʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ n  ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʨʘʚʝʥ ʘʣʛʝʙ-
ʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʧʦʪʝʥʮʠʘʣʦʚ njjj ,...., , 21 , ʩʦʟʜʘʚʘʝʤʳʭ ʦʪʜʝʣʴʥʳʤʠ ʪʦ-

ʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ nq ...., ,q ,q 21 , 

ä
=

j=j
n

i
i

1

. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ n  ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ 

nq ...., ,q ,q 21 , ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʟʘʨʷʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʪʦʡ, 

ʢʦʪʦʨʫʶ ʵʪʘ ʩʠʩʪʝʤʘ ʟʘʨʷʜʦʚ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ ʧʨʠ ʫʜʘʣʝʥʠʠ ʠʭ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ, ʠ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

ä
=

j=
n

i
iiqW

12

1
, 

ʛʜʝ ij ï ʧʦʪʝʥʮʠʘʣ, ʩʦʟʜʘʚʘʝʤʳʡ ʚ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ i -ʛʦ ʟʘʨʷʜʘ ʩʠʩʪʝ-

ʤʦʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ i -ʛʦ ʟʘʨʷʜʘ. 

ʇʦʪʝʥʮʠʘʣ j ʩʚʷʟʘʥ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E
C

: 

ö
÷

õ
æ
ç

å

µ

jµ
+

µ

jµ
+

µ

jµ
-=j-= k

z
j

y
i

x
E

CCCC
grad . 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ E
C

 ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʫʙʳʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. 
ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, 

ʵʪʘ ʩʚʷʟʴ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

r

r

r

d
E

CC

d

j
-= .       

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʜʠʧʦʣʴ ʝʩʪʴ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʨʘʚʥʳʭ ʧʦ ʤʦ-

ʜʫʣʶ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦ ʟʥʘʢʫ ʟʘʨʷʜʦʚ. ɺʝʢʪʦʨ l
C
, ʧʨʦʚʝʜʝʥʥʳʡ ʦʪ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦʛʦ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʟʘʨʷʜʫ, ʥʘʟʳʚʘʝʪʩʷ ʧʣʝʯʦʤ ʜʠʧʦʣʷ. 
ɼʠʧʦʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ p

C
: 

lqp
CC

= , 

ʛʜʝ q  ï ʟʘʨʷʜ ʜʠʧʦʣʷ. ɼʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ p
C

 ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ ʜʠʧʦʣʷ 

ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ. 
ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ ʧʨʠʥʷʪʦ ʚʳʨʘʞʘʪʴ ʚ ʝʜʠ-

ʥʠʮʘʭ ʘʪʦʤʥʦʛʦ ʤʘʩʰʪʘʙʘ ï ʜʝʙʘʡ (D) = 3,33Ā10
ï30

 ʂʣĀʤ. 
ɼʠʧʦʣʴ ʥʘʟʳʚʘʝʪʩʷ ʪʦʯʝʯʥʳʤ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ r ʦʪ ʮʝʥʪʨʘ ʜʠʧʦʣʷ ʜʦ 

ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʝʡʩʪʚʠʝ ʜʠʧʦʣʷ, ʤʥʦʛʦ ʙʦʣʴʰʝ ʧʣʝʯʘ 
ʜʠʧʦʣʷ l . 
ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʜʠʧʦʣʷ ʠʤʝʝʪ ʚʠʜ: 
 

ö
÷

õ
æ
ç

å
-

34
0

)(3

ŮˊŮ4

1

r

p

r

r

r

rp
=Ed

CCCCC
, ʠʣʠ a

epe

2

3
0

cos3+1
4

1
=

r

p
Ed ,          (2.3) 
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ʛʜʝ a ï ʫʛʦʣ ʤʝʞʜʫ ʨʘʜʠʫʩʦʤ-ʚʝʢʪʦʨʦʤ r
C
 ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ p
C

. 

ʇʦʪʝʥʮʠʘʣ  ʧʦʣʷ ʜʠʧʦʣʷ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 
 

a
pe

j cos
4

= 2
0r

p
d .                                          (2.4) 

 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʠʧʦʣʷ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ɽ
C

 

q-=-=   pE   Ep W cos
CC

 , 

ʛʜʝ q ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ p
C

 ʠ ɽ
C

. 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʜʠʧʦʣʴ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʠ-

ʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ p
C
, ʧʦʤʝʱʝʥʥʳʡ ʚ ʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ɽ

C
, 

][ Epʄ
CCC

=  ʠʣʠ q= sinpEʄ . 

 

2.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 2.1. ʅʘʡʪʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʟʘʨʷʜʘʤʠ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚʜʦʣʴ ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʷʤʦʡ ʥʠʪʠ ʩ ʣʠʥʝʡʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ t. 

ʈʝʰʝʥʠʝ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʦ ʚʩʝʭ ʧʣʦʩʢʦʩʪʷʭ, ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʳʭ ʢ ʟʘʨʷʞʝʥʥʦʡ ʥʠʪʠ, ʦʜʠʥʘʢʦʚʦ. ʕʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʘʢʩʠʘʣʴʥʳʝ ʮʠʣʠʥʜʨʳ, ʦʩʴ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʟʘ-

ʨʷʞʝʥʥʦʡ ʥʠʪʴʶ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʡ ʥʠ-

ʪʠ ʚ ʪʦʯʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʥʝʝ 

r

r

r
ɽ

C

0ˊŮ2

Ű
= , 

ʛʜʝ r
C
 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʟʘʨʷʞʝʥʥʦʡ ʥʠʪʠ ʚʦ ʚʥʝʰʥʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʪʦʡ ʥʠʪʠ. 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʩʚʷʟʘʥʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʁʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ: 

1

2

00
21 ln

22

2

1

2

1
r

r

r

dr
Edr-

r

r

r

r
pe

t
=

pe

t
==jj ññ , ( )12 rr > . 

ʇʦʣʴʟʫʷʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʙʝʩʢʦʥʝʯʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ, ʤʦʞʥʦ ʨʘʩʩʯʠ-

ʪʳʚʘʪʴ ʧʦʣʝ ʪʦʣʴʢʦ ʚʙʣʠʟʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʤʘʣʳʭ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʧʨʦʚʦʜʥʠʢʘ. ɺʩʷʢʠʡ ʟʘʨʷʞʝʥʥʳʡ ʧʨʦʚʦʜʥʠʢ ʥʘ ʜʦʩ-

ʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʦʯʢʫ. 
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ʇʨʠʤʝʨ 2.2. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ ʜʠʧʦʣʝʤ, ʪ. ʝ. ʜʚʫʤʷ ʦʜʠʥʘ-

ʢʦʚʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ q+  ʠ q- , ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ l  ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘʡʪʠ ʧʦʪʝʥʮʠʘʣ ʵʪʦʛʦ ʧʦʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r , 

ʙʦʣʴʰʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʦʤ ʜʠʧʦʣʷ. 

ʈʝʰʝʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʜʠʧʦʣʷ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʶ 

ʧʦʣʝʡ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ q+  ʠ q- , ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ j ʚ ʪʦʯʢʝ A, 

ʦʪʩʪʦʷʱʝʡ ʦʪ ʟʘʨʷʜʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 1r  ʠ 2r , ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

( )

21

21

0210 ˊŮ4

111

ˊŮ4

1

rr

rrq

rr
q=

Ö

-
=ö
÷

õ
æ
ç

å
-j . 

ʀʟ ʨʠʩ. 2.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 1/ <<rl  ʨʘʟ-

ʥʦʩʪʴ ( ) aº- cos21 lrr  (a Ƅ ʫʛʦʣ ʤʝʞʜʫ ʨʘʜʠʫ-

ʩʦʤ-ʚʝʢʪʦʨʦʤ r
C
 ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʠʧʦʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ p
C

), ʘ ʧʨʦʠʟʚʝʜʝʥʠʝ 2
21 rrr =Ö . 

ʊʦʛʜʘ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʜʠʧʦʣʷ: 
 

a=
a

j cos
ˊŮ4

1cos 

ˊŮ4

1
2

0
2

0 r

 p

r

ql
= . (2.5) 

 

ʀʟ ʚʳʨʘʞʝʥʠʷ (2.5) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʜʠʧʦʣʷ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʪʝʥʮʠʘʣʘ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ, ʫʙʳʚʘʶʱʝʛʦ ʢʘʢ r/1 , ʫʙʳʚʘʝʪ ʩ ʨʘʩʩʪʦʷʥʠ-

ʝʤ ʢʘʢ 2/1 r , ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʪʦʯʢʫ ʥʘʙʣʶʜʝʥʠʷ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʤʦʛʦ ʫʛʣʦʤ a. 

ʇʨʠʤʝʨ 2.3. ʊʨʠ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʘ 321 q,q,q  ʦʙʨʘʟʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡ-

ʪʨʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʧʨʠʯʝʤ ʥʂʣ1021  qq == . ɿʘʨʷʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠ-

ʥʘʭ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʆʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ maxE  ʠ ʧʦʪʝʥʮʠʘʣʘ maxj  ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʪʦʡ ʩʠʩʪʝʤʦʡ 

ʟʘʨʷʜʦʚ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  = 1 ʤ ʦʪ ʮʝʥʪʨʘ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʜʣʠʥʘ ʩʪʦʨʦʥʳ ʢʦ-

ʪʦʨʦʛʦ ʩʤ10=ʘ . 

ʈʝʰʝʥʠʝ. ʅʝʡʪʨʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ, 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʠʧʦʣʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, çʮʝʥʪʨ ʪʷʞʝʩʪʠè ʟʘʨʷ-

ʜʦʚ 1q  ʠ 2q  ʣʝʞʠʪ ʥʘ ʩʝʨʝʜʠʥʝ ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʵʪʠ ʟʘʨʷʜʳ 

(ʨʠʩ. 2.2). ɺ ʵʪʦʡ ʪʦʯʢʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤ ʟʘʨʷʜ 

121 2qqqq =+= . ʊʘʢ ʢʘʢ ʩʠʩʪʝʤʘ ʟʘʨʷʜʦʚ ʥʝʡʪʨʘʣʴʥʘʷ, ʪʦ 

qqqq -=+-= )( 213 . 

ɸ 

ī + 

p
C

 

r
C

 

l q q 

a 
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ʊʘʢ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ 3q  ʠ q  ʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʷ r  

(ʨʠʩ. 2.3), ʪʦ ʩʠʩʪʝʤʫ ʵʪʠʭ ʜʚʫʭ ʟʘʨʷʜʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʠʧʦʣʝʤ ʩ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ lqp
CC

= , ʛʜʝ 
2

3a
==ll
C

 ï ʧʣʝʯʦ ʜʠʧʦʣʷ. 

 

 
ʈʠʩ. 2.2                                                                    ʈʠʩ. 2.3 

 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʠʧʦʣʷ ʙʫʜʝʪ ʨʘʚʝʥ 

3aqp= . 

ʊʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʨʫʛʠʤ ʩʧʦ-

ʩʦʙʦʤ. ʉʠʩʪʝʤʫ ʠʟ ʪʨʝʭ ʟʘʨʷʜʦʚ ʧʨʝʜʩʪʘʚʠʤ ʢʘʢ ʜʚʘ 

ʜʠʧʦʣʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʦʤʝʥʪʘʤʠ (ʨʠʩ. 2.4), 

ʨʘʚʥʳʤʠ ʧʦ ʤʦʜʫʣʶ: aqpp 111 ==
C

; aqpp 222 ==
C

. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ p
C

 ʩʠʩʪʝʤʳ ʟʘʨʷʜʦʚ ʥʘʡʜʝʤ 

ʢʘʢ ʚʝʢʪʦʨʥʫʶ ʩʫʤʤʫ 21 ppp
CCC
+=  (ʨʠʩ. 2.4), ʘ ʝʛʦ 

ʤʦʜʫʣʴ ( )22 1 /cosb= pp . ʊʘʢ ʢʘʢ aqp 11=  ʠ 3́=ɓ , 

ʪʦ 3
2

3
2 11 aa qqp == , ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʡʜʝʥʥʳʤ ʨʘʥʝʝ ʟʥʘʯʝʥʠʝʤ. 

ʉʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʷʤ (2.3) ʠ (2.4), ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ 

ʜʠʧʦʣʷ ʠʤʝʁʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ a = 0: 

3max

0ˊŮ4
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ɺʳʯʠʩʣʝʥʠʷ ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ɺ/ʤ E 12,3max= ; ɺ 561max ,=j . 

ʇʨʠʤʝʨ 2.4. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣ ʚ ʮʝʥʪʨʝ ʢʦʣʴʮʘ ʩ ʚʥʝʰʥʠʤ ʜʠʘ-

ʤʝʪʨʦʤ ʤ8,0  D=  ʠ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʤ4,0  d= , ʝʩʣʠ ʧʦ ʥʝʤʫ ʨʘʚʥʦ-

ʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʟʘʨʷʜ ʂʣ106 7-Ö=q . 

ʈʝʰʝʥʠʝ. ʈʘʟʦʙʴʝʤ ʢʦʣʴʮʦ ʥʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʝ 

ʢʦʣʴʮʘ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ rrS d2d Öp= , ʛʜʝ r  ï ʨʘʜʠʫʩ ʢʦʣʴʮʘ. ʇʦʪʝʥʮʠʘʣ, 

ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʚ ʮʝʥʪʨʝ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʦʝ ʢʦʣʴʮʦ ʨʘʜʠʫʩʦʤ r , ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʘʢ 

r

S

epe

sÖ
=j

04

d
d . 

ʇʦʪʝʥʮʠʘʣ ʚ ʮʝʥʪʨʝ ʢʦʣʴʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 
 

( )12
000 Ů22

d

4

d2 2

1

2

1

RR
r

r

rr
R

R

R

R

-
s

=
e

sÖÖ
=

pe

sÖÖp
=j ññ .                      (2.6) 

 

ʋʤʥʦʞʠʤ ʠ ʨʘʟʜʝʣʠʤ ʚʳʨʘʞʝʥʠʝ (2.6) ʥʘ ( )12 RR +p , ʧʦʣʫʯʠʤ: 

( )
( )

( ) ( )
ɺ108,1

ˊŮ2
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RR . 

 

2.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

2.1. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʚ 1 ʤʢʂʣ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʰʘʨʘ ʨʘʜʠʫʩʦʤ 0,1 ʤ. ʅʘʡʪʠ ʧʦʪʝʥʮʠʘʣ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘ-

ʙʦʪʫ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ, ʯʪʦʙʳ ʧʝʨʝʤʝʩʪʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʧʨʦʙʥʳʡ ʟʘʨʷʜ ʚ 810-  ʂʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʰʘʨʘ ʠʟ ʪʦʯʢʠ, ʫʜʘʣʝʥʥʦʡ ʥʘ 

0,3 ʤ ʦʪ ʝʛʦ ʮʝʥʪʨʘ. (ʆʪʚʝʪ: ɺ103 4Ö=j ; ɼʞ106 4-Ö=ɸ ). 

2.2. ɼʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʩʬʝʨʳ ʩ ʨʘʜʠʫʩʘʤʠ 15 ʠ 30 ʩʤ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʦʟʜʫʭʝ. ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥ ʟʘʨʷʜ 8102 -Ö  ʂʣ, 

ʘ ʧʦʪʝʥʮʠʘʣ ʚʥʝʰʥʝʡ cʬʝʨr  ʨʘʚʝʥ 450 ɺ. ɺʳʯʠʩʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʧʦ-

ʪʝʥʮʠʘʣ ʚ ʪʦʯʢʘʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʮʝʥʪʨʘ ʩʬʝʨ ʥʘ 10, 20 ʠ 36 ʩʤ. (ʆʪʚʝʪ: 

01=E ; 45002=E ɺ/ʤ; 25003=E ɺ/ʤ; 7501=j ɺ; 4502=j ɺ; 1253=j ɺ). 

2.3. ʇʨʠ ʧʨʠʢʦʩʥʦʚʝʥʠʠ ʢ ʥʘʵʣʝʢʪʨʠʟʦʚʘʥʥʳʤ ʪʝʣʘʤ ʤʝʞʜʫ ʥʠʤʠ ʠ ʨʫ-

ʢʦʡ ʧʨʦʩʢʘʢʠʚʘʶʪ ʩʘʥʪʠʤʝʪʨʦʚʳʝ ʠʩʢʨʳ, ʪ. ʝ. ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʪ 410  ʜʦ 4102Ö  ɺ. ʉʢʦʣʴʢʦ ʵʥʝʨʛʠʠ ʚʳ ʟʘʧʘʩʘʝʪʝ, ʧʦʣʫʯʠʚ ʟʘʨʷʜ 

ʚ 0,1 ʤʢʂʣ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʚ 10 000 ɺ? ʏʝʤʫ ʨʘʚʝʥ ʪʦʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦ-

ʛʦ ʨʘʟʨʷʜʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠ ʦʥ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ? 
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2.4. ɼʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʪʦʥʢʠʭ ʢʦʣʴʮʘ, ʨʘʜʠʫʩʳ ʢʦʪʦʨʳʭ ʦʜʠʥʘʢʦʚʳ ʠ 

ʨʘʚʥʳ r, ʠʤʝʶʪ ʚ ʚʘʢʫʫʤʝ ʦʙʱʫʶ ʦʩʴ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʭ ʮʝʥʪʨʘʤʠ d . 

ʅʘ ʧʝʨʚʦʤ ʢʦʣʴʮʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ 1q, ʥʘ 

ʚʪʦʨʦʤ ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ï 2q . ʆʧʨʝʜʝʣʠʪʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʦʣʝʮ. (ʆʪʚʝʪ: öö
÷

õ
ææ
ç

å

+
-

pe

+
=j-j

22
0

21
21

11

4 drr

qq
). 

2.5. ʉʪʦ ʤʘʣʝʥʴʢʠʭ ʦʜʠʥʘʢʦʚʳʭ ʢʘʧʝʣʴ, ʢʘʞʜʘʷ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 3 ɺ, ʧʨʠ 

ʩʣʠʷʥʠʠ ʦʙʨʘʟʦʚʘʣʠ ʦʜʥʫ ʢʘʧʣʶ. ʂʘʢʦʚ ʝʝ ʧʦʪʝʥʮʠʘʣ? (ʆʪʚʝʪ: 651=j  ɺ). 

2.6. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʦʙʨʘʟʦʚʘʥʦ ʪʦʯʝʯʥʳʤ ʟʘʨʷʜʦʤ 
9105,1 -Ö  ʂʣ.  

ʅʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʘʢʫʫʤʝ ʜʚʝ ʵʢʚʠʧʦ-

ʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʪʝʥʮʠʘʣʘʤʠ 45 ʠ 30 ɺ. (ʆʪʚʝʪ: 15,0=d  ʤ). 

2.7. ʂʘʢʫʶ ʪʨʝʙʫʝʪʩʷ ʩʦʚʝʨʰʠʪʴ ʨʘʙʦʪʫ, ʯʪʦʙʳ ʜʚʘ ʟʘʨʷʜʘ ʧʦ 6103 -Ö  ʂʣ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʚʦʟʜʫʭʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,6 ʤ, ʩʙʣʠʟʠʪʴ ʜʦ 0,2 ʤ?  

(ʆʪʚʝʪ: 27,0=A  ɼʞ). 

2.8. ʇʳʣʠʥʢʘ ʤʘʩʩʦʡ 1110-  ʛ ʠʤʝʝʪ ʟʘʨʷʜ, ʨʘʚʥʳʡ 20 ʵʣʝʤʝʥʪʘʨʥʳʤ ʟʘ-

ʨʷʜʘʤ, ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʤʝʞʜʫ ʜʚʫʤʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 153 ɺ. ʂʘʢʦʚʦ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ? ɺ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩ ʢʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʙʫʜʝʪ 

ʜʚʠʛʘʪʴʩʷ ʧʳʣʠʥʢʘ, ʝʩʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʧʣʘʩʪʠʥʘʭ ʫʚʝʣʠʯʠʪʴ ʥʘ 

2 ɺ? (ʆʪʚʝʪ: 005,0=d  ʤ; ʚʚʝʨʭ; 12,0=a  ʤ/ʩ
2
). 

2.9. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʪʦʯʝʯʥʦʛʦ ʜʠʧʦʣʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦ-

ʤʝʥʪ ʢʦʪʦʨʦʛʦ 14-102Ö=p  ʂʣĿʤ, ʚ ʪʦʯʢʝ, ʣʝʞʘʱʝʡ ʥʘ ʦʩʠ ʜʠʧʦʣʷ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ r  = 0,1 ʤ ʦʪ ʝʛʦ ʮʝʥʪʨʘ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ.  

(ʆʪʚʝʪ: 18=j  ʤɺ). 

2.10. ʊʦʥʢʠʡ ʜʠʩʢ ʨʘʜʠʫʩʦʤ r  ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ s. ʅʘʡʪʠ ʧʦʪʝʥʮʠʘʣ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʪʦʯʢʝ ɸ, ʣʝʞʘʱʝʡ ʥʘ ʦʩʠ ʜʠʩʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʘ ʦʪ ʥʝʛʦ. (ʆʪʚʝʪ: 

( )ʘrʘ 2 -+
e

s
=j 2

02
; öö

÷

õ
ææ
ç

å

+
-=
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2.11. ʈʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʳʡ ʰʘʨ ʨʘʜʠʫʩʦʤ 2 ʩʤ ʚ ʚʘʢʫʫʤʝ ʠʤʝʝʪ ʧʦ-

ʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ 7105 -Ö  ʂʣ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʚ 

ʪʦʯʢʝ, ʦʪʩʪʦʷʱʝʡ ʥʘ 0,5 ʤ ʦʪ ʮʝʥʪʨʘ ʰʘʨʘ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣ ʠ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʧʦʣʷ ʚʥʫʪʨʠ ʰʘʨʘ. (ʆʪʚʝʪ: 501=j  ɺ; 3
2 10=j  ɺ; E = 0). 

2.12. ʊʳʩʷʯʘ ʦʜʠʥʘʢʦʚʳʭ ʥʘʵʣʝʢʪʨʠʟʦʚʘʥʥʳʭ ʜʦʞʜʝʚʳʭ ʢʘʧʝʣʴ ʩʣʠʚʘ-

ʶʪʩʷ ʚ ʦʜʥʫ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ ʦʙʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʢʘʧʝʣʴ, ʝʩʣʠ ʠʭ 

ʦʙʱʠʡ ʟʘʨʷʜ ʩʦʭʨʘʥʷʝʪʩʷ? ʉʯʠʪʘʪʴ, ʯʪʦ ʢʘʧʣʠ ʩʬʝʨʠʯʝʩʢʠʝ ʠ ʯʪʦ ʤʘʣʝʥʴ-
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ʢʠʝ ʢʘʧʣʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. (ʆʪʚʝʪ: ʵʥʝʨ-

ʛʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 100 ʨʘʟ). 

2.13. ɺ ʪʦʯʢʝ 1, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4,11=l ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʰʘʨʘ ʨʘʜʠʫʩʦʤ 20=r  ʩʤ, ʠʤʝʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷ-

ʜʘ 2ʤʢʂʣ/ʤ30 =s , ʥʘʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ ʤʢʂʣ2 q= . ʅʘʡʪʠ ʨʘʙʦʪʫ, 

ʩʦʚʝʨʰʘʝʤʫʶ ʧʨʠ ʧʝʨʝʥʝʩʝʥʠʠ ʵʪʦʛʦ ʟʘʨʷʜʘ ʚ ʪʦʯʢʫ 2, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 402=l  ʩʤ ʦʪ ʮʝʥʪʨʘ ʰʘʨʘ. (ʆʪʚʝʪ: ɼʞ51,0=ɸ ). 

2.14. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʫ 

ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʠ ʨʘʚʝʥ (ʚ ʩʨʝʜʥʝʤ) 130 ɺ/ʤ. 

ʅʘʡʪʠ ʩʨʝʜʥʶʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ɿʝʤʣʠ. (ʆʪʚʝʪ: 
29- ʂʣ/ʤ1015,1 Ö-=s ).  

2.15. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 5=d  ʤʤ, 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 150 ɺ. ʅʘ ʥʠʞʥʝʡ ʧʣʘʩʪʠʥʝ ʣʝʞʠʪ ʧʣʠʪʢʘ ʧʘʨʘʬʠʥʘ 

(Ů = 2) ʪʦʣʱʠʥʦʡ 41=d  ʤʤ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʩʚʷ-

ʟʘʥʥʳʭ ʟʘʨʷʜʦʚ ʵʪʦʡ ʧʣʘʩʪʠʥʢʠ. (ʆʪʚʝʪ: 27- ʂʣ/ʤ1021,2  Ö=s ). 

2.16. ɿʘʨʷʜʳ ʜʠʧʦʣʷ q+  ʠ q-  ʧʦʤʝʱʝʥʳ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʦʯʢʠ A ʠ B  (ʨʠʩ. 2.5). ʅʘ ʢʘʢʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʆʉ ʦʪ ʮʝʥʪʨʘ ʜʠʧʦʣʷ O  ʧʦʪʝʥʮʠʘʣ 

ʧʦʣʷ ʜʠʧʦʣʷ ʙʫʜʝʪ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʧʦ-

ʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘʨʷʜʦʤ q+ , ʧʦʤʝʱʝʥʥʤr ʚ 

ʪʦʯʢʝ O? ɼʦʢʘʞʠʪʝ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʜʠʧʦʣʷ ʫʙʳʚʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʧʦʣʷ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ, ʚ ʧʨʘʚʫʶ ʩʪʦʨʦʥʫ ʦʪ ʪʦʯʢʠ C ). (ʆʪʚʝʪ: r = 1,207l). 

2.17. ɺ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ ʧʣʦʩʢʠʭ ʢʦʥʜʝʥ-

ʩʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʘʨʘʬʠʥʠʨʦʚʘʥ-

ʥʘʷ ʙʫʤʘʛʘ (Ů = 2). ɺʪʦʨʦʡ ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ ʠʤʝ-

ʝʪ ʚ 3,5 ʨʘʟʘ ʙʦʣʴʰʫʶ ʝʤʢʦʩʪʴ, ʯʝʤ ʧʝʨʚʳʡ ʢʦʥʜʝʥʩʘʪʦʨ (C2 = 3,5C1).  

ʂʘʢʦʚʦ ʦʪʥʦʰʝʥʠʝ ʧʣʦʪʥʦʩʪʝʡ ʩʚʷʟʘʥʥʳʭ ʟʘʨʷʜʦʚ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʠʭ ʢ 

ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʠʩʪʦʯʥʠʢʫ ʥʘʧʨʷʞʝʥʠʷ? (ʆʪʚʝʪ: 6
1

2 =
s

s
). 

2.18. ʇʦʪʝʥʮʠʘʣ ʧʨʦʚʦʜʷʱʝʛʦ ʰʘʨʠʢʘ ʨʘʜʠʫʩʦʤ 0,04 ʤ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ 

ʢʝʨʦʩʠʥ, ʨʘʚʝʥ 180 ɺ. ʆʧʨʝʜʝʣʠʪʴ ʩʦʦʙʱʝʥʥʳʡ ʰʘʨʠʢʫ ʟʘʨʷʜ. ɺʳʯʠʩʣʠʪʴ 

ʨʘʙʦʪʫ, ʩʦʚʝʨʰʘʝʤʫʶ ʧʦʣʝʤ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʨʷʜʘ 
10105,0 -Ö  ʂʣ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʝ 0,08 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʠʢʘ, ʩʯʠʪʘʷ ʧʦ ʩʠʣʦʚʦʡ ʣʠʥʠʠ.  

(ʆʪʚʝʪ: 9-106,1 Ö=q  ʂʣ; 9-106Ö=ɸ  ɼʞ). 

2.19. ʂʘʢʫʶ ʨʘʙʦʪʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ, ʯʪʦʙʳ ʧʝʨʝʥʝʩʪʠ ʥʘʭʦʜʷ-

ʱʠʡʩʷ ʚ ʚʦʟʜʫʭʝ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ 8102 -Ö  ʂʣ ʠʟ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚ ʪʦʯʢʫ, ʨʘʩ-

ʈʠʩ. 2.5 

+ 

l q q 

ʉ ɸ ɺ 
ī 

ʆ 
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ʧʦʣʦʞʝʥʥʫʶ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,28 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʷʱʝʛʦ ʰʘʨʘ ʨʘ-

ʜʠʫʩʦʤ 0,02 ʤ, ʝʩʣʠ ʧʦʪʝʥʮʠʘʣ ʰʘʨʘ ʨʘʚʝʥ 300 ɺ? (ʆʪʚʝʪ: 7-104Ö=ɸ  ɼʞ). 

2.20. ʈʘʙʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘ-

ʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʟʘʢʨʝʧʣʝʥʥʦʡ ʯʘʩʪʠʮʝ, ʟʘʨʷʞʝʥʥʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʘʚʥʘ 9 ɼʞ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʧʦʣʦʚʠʥʫ 

ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʟʘʢʨʝʧʣʝʥʥʦʡ ʯʘʩʪʠʮʳ. ʂʘʢʘʷ ʨʘʙʦʪʘ ʩʦʚʝʨʰʝʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʥʘ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʧʫʪʠ? (ʆʪʚʝʪ: 3=ɸ  ɼʞ). 

2.21. ʅʘʡʪʠ ʧʦʪʝʥʮʠʘʣ j ʪʦʯʢʠ ʧʦʣʷ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

1,0=r  ʤ ʦʪ ʮʝʥʪʨʘ ʟʘʨʷʞʝʥʥʦʛʦ ʰʘʨʘ ʨʘʜʠʫʩʦʤ 01,0=R  ʤ. ɿʘʜʘʯʫ ʨʝʰʠʪʴ, 

ʝʩʣʠ: ʘ) ʟʘʜʘʥʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʥʘ ʰʘʨʝ 26 /ʤʂʣ101,0 -Ö=s ; 

ʙ) ʟʘʜʘʥ ʧʦʪʝʥʮʠʘʣ ʰʘʨʘ 3000=j  ɺ. (ʆʪʚʝʪ: ʘ) 3,11=j  ɺ; ʙ) 30=j  ɺ). 

2.22. ʐʘʨʠʢ, ʠʤʝʶʱʠʡ ʤʘʩʩʫ 001,0=m  ʢʛ ʠ ʟʘʨʷʜ 10=q  ʥʂʣ, ʧʝʨʝʤʝ-

ʱʘʝʪʩʷ ʠʟ ʪʦʯʢʠ 1 ʩ ʧʦʪʝʥʮʠʘʣʦʤ 6001=j  ɺ, ʚ ʪʦʯʢʫ 2 ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

02=j . ʅʘʡʪʠ ʝʛʦ ʩʢʦʨʦʩʪʴ ʚ ʪʦʯʢʝ 1, ʝʩʣʠ ʚ ʪʦʯʢʝ 2 ʦʥʘ ʨʘʚʥʘ 2,02=u  ʤ/ʩ. 

(ʆʪʚʝʪ: 167,01=u  ʤ/ʩ). 

2.23. ʇʨʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʨʘʩʧʘʜʝ ʠʟ ʷʜʨʘ ʘʪʦʤʘ ʧʦʣʦʥʠʷ ʚʳʣʝʪʘʝʪ  

a-ʯʘʩʪʠʮʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 7106,1 Ö=u  ʤ/ʩ. ʅʘʡʪʠ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʢW  a-ʯʘʩʪʠʮʳ ʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U  ʧʦʣʷ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʨʘʟʦ-

ʛʥʘʪʴ ʧʦʢʦʷʱʫʶʩʷ a-ʯʘʩʪʠʮʫ ʜʦ ʪʘʢʦʡ ʞʝ ʩʢʦʨʦʩʪʠ. (ʆʪʚʝʪ: 
13-105,8 Ö=ʢW  ɼʞ; 56,2=U  ʤɺ). 

2.24. ʕʣʝʢʪʨʦʥ, ʧʨʦʡʜʷ ʚ ʧʣʦʩʢʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ ʧʫʪʴ ʦʪ ʦʜʥʦʡ ʧʣʘʩʪʠ-

ʥʳ ʜʦ ʜʨʫʛʦʡ, ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ 610=u  ʤ/ʩ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘ-

ʩʪʠʥʘʤʠ 3-103,5 Ö=d  ʤ. ʅʘʡʪʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U  ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ, 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʧʦʚʝʨʭʥʦ-

ʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ s ʥʘ ʧʣʘʩʪʠʥʘʭ. (ʆʪʚʝʪ: 8,2=U  ɺ; 530=ɽ  ɺ/ʤ; 
2ʥʂʣ/ʤ7,4=s ). 

2.25. ʇʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 3000=U  ɺ, 

ʧʨʦʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʣʘʩʪʠʥʘʤ ʥʝʟʘʨʷʞʝʥʥʦʛʦ ʧʣʦʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ  ʜʘʝʪ ʩʚʝʪʷʱʝʝʩʷ ʧʷʪʥʦ ʥʘ ʬʣʶʦʨʝʩʮʠʨʫʶʱʝʤ ʵʢʨʘʥʝ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 12,0=x  ʤ ʦʪ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʨʠ ʟʘʨʷʜʢʝ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘ ʧʷʪʥʦ ʥʘ ʵʢʨʘʥʝ ʩʤʝʱʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 03,0=y  ʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞ-

ʜʫ ʧʣʘʩʪʠʥʘʤʠ 014,0=d  ʤ; ʜʣʠʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘ 06,0=l  ʤ. ʅʘʡʪʠ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ U, ʧʨʠʣʦʞʝʥʥʫʶ ʢ ʧʣʘʩʪʠʥʘʤ ʢʦʥʜʝʥʩʘʪʦʨʘ. (ʆʪʚʝʪ: 

( )
28
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2.26. ʕʣʝʢʪʨʦʥ ʚʣʝʪʘʝʪ ʚ ʧʣʦʩʢʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʢʦʥ-

ʜʝʥʩʘʪʦʨ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʘʩʪʠʥʘʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 4
0 109Ö=u  ʤ/ʩ. ʈʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ 100=U  ɺ; ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ 

01,0=d  ʤ. ʅʘʡʪʠ ʥʦʨʤʘʣʴʥʦʝ na , ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ta  ʠ ʧʦʣʥʦʝ a  ʫʩʢʦʨʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘ ʯʝʨʝʟ ʚʨʝʤʷ 10=t  ʥʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ. 

(ʆʪʚʝʪ: 14107,15 Ö=ta  ʤ/ʩ
2
; 14108Ö=na  ʤ/ʩ

2
; 14106,17 Ö=a  ʤ/ʩ

2
). 

2.27. ɺ ʪʨʝʭ ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʘ ʩʦ ʩʪʦʨʦʥʦʡ 0,4 ʤ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʜʠʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜʳ, ʨʘʚʥʳʝ ʧʦ ʤʦʜʫʣʶ 5 ʥʂʣ 

ʢʘʞʜʳʡ. ʅʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 1ɽ ʠ ʧʦʪʝʥʮʠʘʣ 1j ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʯʝʪʚʝʨʪʦʡ ʚʝʨʰʠʥʝ, ʝʩʣʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦ ʜʠʘʛʦʥʘʣʠ ʚʝʨʰʠʥʝ ʥʘʭʦ-

ʜʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ. (ʆʪʚʝʪ: 3001=ɽ  ɺ/ʤ, 1ɽ ʥʘʧʨʘʚʣʝʥ ʧʦ ʧʨʦ-

ʜʦʣʞʝʥʠʶ ʜʠʘʛʦʥʘʣʠ; 1451ºj  ɺ). 

2.28. ɺʦʩʝʤʴ ʢʘʧʝʣʴ ʨʪʫʪʠ ʨʘʜʠʫʩʦʤ 3-10=r  ʤ, ʥʘ ʢʦʪʦʨʳʝ ʧʦʤʝʱʝʥʳ 

ʦʜʠʥʘʢʦʚʳʝ ʟʘʨʷʜʳ ʧʦ 0,066 ʥʂʣ, ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʫ ʢʘʧʣʶ. ʅʘʡʪʠ ʧʦʪʝʥ-

ʮʠʘʣ ʵʪʦʡ ʢʘʧʣʠ. (ʆʪʚʝʪ: 4,2=j  ɺ). 

2.29. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 0,9 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ ʨʘʜʠʫʩʦʤ 0,1 ʤ, ʟʘʨ̫-

ʞʝʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 26- ʂʣ/ʤ1030Ö=s , ʥʘ-

ʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ 7 ʤʢʂʣ. ʂʘʢʫʶ ʨʘʙʦʪʫ ʥʝʦʙʭʦʜʠ-

ʤʦ ʧʨʦʠʟʚʝʩʪʠ, ʯʪʦʙʳ ʧʝʨʝʥʝʩʪʠ ʟʘʨʷʜ ʚ ʪʦʯʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ 0,5 ʤ ʦʪ ʮʝʥʪʨʘ ʰʘʨʘ? ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ï ʢʝʨʦʩʠʥ. (ʆʪʚʝʪ: 

24,0=ɸ  ɼʞ). 

2.30. ʏʝʪʳʨʝ ʦʜʠʥʘʢʦʚʳʭ ʟʘʨʷʜʘ ʧʦ 10 ʤʢʂʣ ʢʘʞʜʳʡ ʧʦʤʝʱʝʥʳ ʚ ʚʝʨ-

ʰʠʥʳ ʢʚʘʜʨʘʪʘ ʩʦ ʩʪʦʨʦʥʦʡ 5 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ 

ʵʪʦʡ ʩʠʩʪʝʤʳ. (ʆʪʚʝʪ: 244,0=W  ɼʞ). 

2.31. ʈʘʩʩʪʦʷʥʠʝ l  ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ 2,3°=q  ʥʂʣ ʜʠʧʦʣʷ ʨʘʚʥʦ 12 ʩʤ. 

ʅʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʠ ʧʦʪʝʥʮʠʘʣ j ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʜʠʧʦʣʝʤ ʚ ʪʦʯ-

ʢʝ A, ʫʜʘʣʝʥʥʦʡ ʥʘ 8=r  ʩʤ ʦʪ ʧʝʨʚʦʛʦ ʠ ʦʪ ʚʪʦʨʦʛʦ ʟʘʨʷʜʘ. (ʆʪʚʝʪ: 

75,6=ɽ  ʢɺ/ʤ; 0=j  ɺ). 

2.32. ɼʠʧʦʣʴ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ 

ʤʥʂʣ12,0 Ö=p  ʦʙʨʘʟʦʚʘʥ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷ-

ʜʘʤʠ ʧʦ 1°=q  ʥʂʣ. ʅʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʠ 

ʧʦʪʝʥʮʠʘʣ j ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʘʭ A  ʠ 

B  (ʨʠʩ. 2.6), ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 8=r  ʩʤ 

ʦʪ ʮʝʥʪʨʘ ʜʠʧʦʣʷ. (ʆʪʚʝʪ: 08,1=ɸɽ  ʢɺ/ʤ; 0ɸ=j ; 

22=ɺɽ  ʢɺ/ʤ; 386=jɺ  ɺ). ʈʠʩ. 2.6 
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2.33. ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʠ ʧʦʪʝʥʮʠʘʣ j ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʜʠʧʦʣʝʤ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʤʂʣ10 12 Ö= -p  ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10=r  ʩʤ 

ʦʪ ʮʝʥʪʨʘ ʜʠʧʦʣʷ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʤ ʫʛʦʣ  30Ŭ A= ʩ ʚʝʢʪʦʨʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. (ʆʪʚʝʪ: 6,19=ɽ  ɺ/ʤ; 8,0=j  ɺ). 

2.34. ɼʠʧʦʣʴ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʤʂʣ10 12 Ö= -p  ʨʘʚʥʦʤʝʨʥʦ 

ʚʨʘʱʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ  n 13 - c10=  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʮʝʥʪʨ ʜʠʧʦʣʷ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʝʛʦ ʧʣʝʯʫ. ɺʳʚʝʩʪʠ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʚʨʝʤʝʥʠ ʚ ʪʦʯʢʝ C , ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʜʠʧʦʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1=r  ʩʤ ʦʪ ʮʝʥʪʨʘ ʜʠʧʦʣʷ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʧʦʪʝʥʮʠʘʣ ʚ ʪʦʯʢʝ C  ʨʘʚʝʥ 00 =j . ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

)(tj . (ʆʪʚʝʪ: tɸt ɤsin)( =j ; ɺ90=ɸ ; 1-3 ʩ1028,6ɤ Ö= ). 

2.35. ɼʠʧʦʣʴ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ ʤʂʣ10 12 Ö= -p  ʨʘʚʥʦʤʝʨʥʦ 

ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  1-4  ʩ10ɤ=  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʮʝʥʪʨ ʜʠʧʦʣʷ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʝʛʦ ʧʣʝʯʫ. ʆʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʇ  ʟʘʨʷʜʘ 1=q  ʥʂʣ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ 2=r  ʩʤ ʠ ʣʝʞʘʱʝʛʦ ʚ ʧʣʦʩʢʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʟʘ ʚʨʝʤʷ, ʨʘʚʥʦʝ ʧʦʣʫʧʝ-

ʨʠʦʜʫ (ʦʪ 01=t  ʜʦ 22 ʊt = ). ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʯʠʪʘʪʴ 0=ʇ . 

(ʆʪʚʝʪ: ʥɼʞ3,14d
ˊ2
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tt
TTr

pq
t

r

pq
=ʇ ). 

 

 

ɻʣʘʚʘ 3. ʈɸɹʆʊɸ ʉʀʃ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ ʇʆʃʗ. 

                      ɼɺʀɾɽʅʀɽ ɿɸʈʗɼʆɺ ɺ ʕʃɽʂʊʈʀʏɽʉʂʆʄ ʇʆʃɽ 
 

3.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ  
 

ʉʚʷʟʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʠ ʧʦʪʝʥʮʠʘʣʦʤ: 

gradj-=E
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.
 

ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ, 

ʵʪʘ ʩʚʷʟʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

r

r

r
E

CC
Ö

j
-=

d

d
 , 

ʪʦʛʜʘ ʧʦʪʝʥʮʠʘʣ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

ñ=j-j
2

1

21 drE . 
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ʈʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʦʯʝʯʥʦ-

ʛʦ ʟʘʨʷʜʘ q  ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʧʦʣʷ, ʠʤʝʶʱʝʡ ʧʦʪʝʥʮʠʘʣ 1j, ʚ ʜʨʫʛʫʶ, 

ʠʤʝʶʱʫʶ ʧʦʪʝʥʮʠʘʣ 2j , 
 

( )21 j-j=qA  ʠʣʠ ñ=
L

l lEq dA ,     (3.1) 

 

ʛʜʝ lE ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E
C

 ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ; 

ld ï ʧʝʨʝʤʝʱʝʥʠʝ. 

ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʦʜʠʥʘʢʦʚʘ ʧʦ ʤʦʜʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ, ʬʦʨʤʫʣʘ (3.1) ʧʨʠʦʙʨʝʪʝʪ ʚʠʜ: 

aÖÖ= coslEqA , 

ʛʜʝ l  ï ʧʝʨʝʤʝʱʝʥʠʝ; Ŭï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ E
C

 ʠ ʧʝʨʝʤʝʱʝʥʠʷ l
C
. 

 

3.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
 

ʇʨʠʤʝʨ 3.1. ɺʙʣʠʟʠ ʙʝʩʢʦʥʝʯʥʦʡ ʟʘʨʷʞʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʪʦ-

ʯʝʯʥʳʡ ʟʘʨʷʜ q. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʟʘʨʷʜ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʩʠʣʦʚʦʡ 

ʣʠʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ r  ʦʪ ʧʣʦʩʢʦʩʪʠ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦ-

ʪʫ A. ʆʧʨʝʜʝʣʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ s ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʈʝʰʝʥʠʝ. ɹʝʩʢʦʥʝʯʥʦ ʟʘʨʷʞʝʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʩʦʟʜʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʈʘʙʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
aÖÖ= cosrFA , 

ʛʜʝ EqF=  ï ʩʠʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ E
C
, ʜʝʡʩʪ-

ʚʫʶʱʘʷ ʥʘ ʟʘʨʷʜ q ; r  ï ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʟʘʨʷʜ;  

Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʠ ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʝʱʝʥʠʷ. ʊʘʢ ʢʘʢ ʟʘ-

ʨʷʜ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʩʠʣʦʚʦʡ ʣʠʥʠʠ, ʪʦ ʫʛʦʣ 0=a . ʊʦʛʜʘ ʨʘʙʦʪʘ 
 

rqEA ÖÖ= .                                                (3.2) 
 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʙʝʩʢʦʥʝʯʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
 

02ee

s
=E ,                                                  (3.3) 

 

ʛʜʝ ů ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ; 0e ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

Ů ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ. 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (3.3) ʚ (3.2), ʧʦʣʫʯʠʤ  

02ee

ÖsÖ
=

rq
A , 
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ʦʪʩʶʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʙʝʩʢʦʥʝʯʥʦ ʟʘʨʷʞʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

rq

A

Ö

ee
=s 02

. 

ʇʨʦʚʝʨʢʘ ʨʘʟʤʝʨʥʦʩʪʠ [] ùú
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ʇʨʠʤʝʨ 3.2. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘ-

ʥʦ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ ʤʂʣ21=q  ʠ 

ʤʂʣ32 -=q , ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʤ2,0=ʘ  ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ, 

ʢʦʪʦʨʫʶ ʩʦʚʝʨʰʘʶʪ ʩʠʣʳ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝ-

ʝɦʥʠʶ ʟʘʨʷʜʘ ʤʂʣ5=q  ʠʟ ʪʦʯʢʠ 1, ʥʘʭʦ-

ʜʷʝɦʡʩʷ ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ, ʚ 

ʪʦʯʢʫ 2, ʣʝʞʘʱʫʶ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤ2,0=a  

ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʢ ʪʦʯ-

ʢʝ 1 (ʨʠʩ. 3.1). 

ʈʝʰʝʥʠʝ. ʈʘʙʦʪʘ ʩʠʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ 
 

( )21 j-j=qA ,     (3.4) 
 

ʛʜʝ 1j ï ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʪʦʯʢʝ 1; 2j  ï ʧʦʪʝʥʮʠʘʣ ʚ ʪʦʯ-

ʢʝ 2. ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʡ ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʧʦ-

ʣʷ ʦʪ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ 1q  ʠ 2q , ʪʦʛʜʘ 
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ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʟʘʨʷʜʦʚ 1q  ʠ 2q  ʜʦ ʪʦʯʢʠ 2. 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ (3.5) ʠ (3.6) ʚ (3.4), ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ 
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ʇʨʦʚʝʨʢʘ ʨʘʟʤʝʨʥʦʩʪʠ [] [ ][ ]ɼʞɺʂʣ
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ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʧʦʣʫʯʝʥʥʫʶ ʬʦʨʤʫʣʫ, ʦʧʨʝʜʝʣʷʝʤ 
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ʇʨʠʤʝʨ 3.3. ɸʣʴʬʘ-ʯʘʩʪʠʮʘ ( ʢʛ107,6 27-Ö=m , ʂʣ102,3 19-Ö=q ) ʚʳʣʝʪʘʝʪ 

ʠʟ ʷʜʨʘ ʨʘʜʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩ/ʄʤ200=u  ʠ ʧʦʧʘʜʘʝʪ ʚ ʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʠ ʨʘʟʛʦʥʷʝʪʩʷ ʜʦ ʩʢʦʨʦʩʪʠ ʩ/ʄʤ400=u . ɺʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 

ʯʘʩʪʠʮʳ ʩʦʥʘʧʨʘʚʣʝʥ ʩ ʚʝʢʪʦʨʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʂʘʢʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʭʦʜʠʪ ʘʣʴʬʘ-ʯʘʩʪʠʮʘ? ʂʘʢʦʡ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʝʩʣʠ ʘʣʴʬʘ-ʯʘʩʪʠʮʘ ʧʨʠ ʵʪʦʤ ʧʨʦʭʦʜʠʪ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤ2=d ? 

ʈʝʰʝʥʠʝ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʨʘʟʛʦʥʷʷ ʘʣʴʬʘ-ʯʘʩʪʠʮʫ, ʩʦʚʝʨʰʘʝʪ ʨʘ-

ʙʦʪʫ A. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

AWW =- 12 , 
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W  ï ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ. 

ʈʘʙʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

( )21 j-j=qA , 

ʛʜʝ ( )21 j-j  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʘʣʴʬʘ-ʯʘʩʪʠʮʘ. 

ʇʨʠʨʘʚʥʠʚʘʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ, ʧʦʣʫʯʠʤ 
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ʇʨʠʤʝʨ 3.4. ʇʨʦʪʦʥ, ʠʤʝʶʱʠʡ ʩʢʦʨʦʩʪʴ ʩ/ʤ105,9 4
0 Ö=u , ʚʣʝʪʘʝʪ ʚ 

ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʣʘʩʪʠʥ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʉʢʦʨʦʩʪʴ ʧʨʦʪʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʘʩʪʠʥʘʤ. ʇʨʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ 

ʧʣʘʩʪʠʥʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ B14=U  ʧʨʦʪʦʥ ʩʤʝʱʘʝʪʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʦʧʘʜʘʝʪ ʚ ʪʦʯʢʫ C  ʥʘ ʵʢʨʘʥʝ. ʆʧʨʝʜʝʣʠʪʴ ʩʤʝʱʝʥʠʝ ʧʨʦ-

ʪʦʥʘ OC  (ʨʠʩ. 3.2), ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ 
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ʩʤ4,2=d , ʜʣʠʥʘ ʧʣʘʩʪʠʥ ʩʤ2,6=b , ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʦ ʵʢʨʘʥʘ 

ʩʤ45=l . ɼʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʝʥʝʙʨʝʯʴ. ɿʘʨʷʜ ʧʨʦʪʦʥʘ ʂʣ106,1 19-Ö , 

ʤʘʩʩʘ ʧʨʦʪʦʥʘ ʢʛ106,1 27-Ö .  

 

 
ʈʠʩ. 3.2 

 

ʈʝʰʝʥʠʝ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʨʦʪʦʥʘ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʥʘ ʯʘʩʪʠʮʫ ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ EqF
CC

=  ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʦʩʠ OY. 

ɼʚʠʞʝʥʠʝ ʧʨʦʪʦʥʘ ʚ ʧʦʣʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ: 

ʨʘʚʥʦʤʝʨʥʳʤ ï ʚʜʦʣʴ ʦʩʠ OX ʠ ʨʘʚʥʦʫʩʢʦʨʝʥʥʳʤ ï ʚʜʦʣʴ ʦʩʠ ʆY. 

ʉʦʚʤʝʩʪʠʤ ʦʩʴ ʆY ʩ ʧʣʦʩʢʦʩʪʴʶ ʵʢʨʘʥʘ (ʨʠʩ. 3.2). ʇʨʦʪʦʥ, ʧʦʧʘʚ ʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʧʘʨʘʙʦʣʝ ʠ ʦʪʢʣʦʥʠʪʩʷ ʦʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1y . ɺʳʣʝʪʝʚ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʯʘʩʪʠʮʘ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʠʥʝʨʮʠʠ ʠ ʩʤʝʩʪʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 2y . ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʪʦʥ ʩʤʝʩʪʠʪʩʷ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 
y= OC (ʨʠʩ. 3.2) 

21 yyy += . 

ʋʩʢʦʨʝʥʠʝ ʧʨʦʪʦʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ 
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ʊʘʢ ʢʘʢ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʦʩʠ ʆʍ ï ʨʘʚʥʦʤʝʨʥʦʝ, ʪʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 1t  
ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 

 

0
1
u
=

b
t .                                                 (3.8) 

 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʤʝʱʝʥʠʷ 1y  ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
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ʛʜʝ 1aty =u  ï ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ.  

ʇʦʜʩʪʘʚʠʚ ʚ ʚʳʨʘʞʝʥʠʝ (3.9) ʬʦʨʤʫʣʳ (3.7) ʠ (3.8), ʧʦʣʫʯʠʤ  
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3.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

3.1. ʊʦʯʝʯʥʳʡ ʟʘʨʷʜ 30 ʥʂʣ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʩʤ ʦʪ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʨʘʜʠʫʩʦʤ 10 ʩʤ, ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ  

1 ʤʢʂʣ/ʤ
2
 ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʂʘʢʘʷ ʧʨʠ ʵʪʦʤ ʩʦʚʝʨʰʘʝʪʩʷ ʨʘ-

ʙʦʪʘ? (ʆʪʚʝʪ: ɸ = 113 ʤʢɼʞ). 

3.2. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʩʤ ʦʪ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʟʘʨʷʞʝʥʥʦʡ ʥʠʪʠ ʥʘ-

ʭʦʜʠʪʩʷ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ 0,7 ʥʂʣ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʟʘʨʷʜ ʧʨʠʙʣʠʞʘʝʪʩʷ 
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ʢ ʥʠʪʠ ʜʦ ʨʘʩʩʪʦʷʥʠʷ 2 ʩʤ, ʧʨʠ ʵʪʦʤ ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ 5 ʤʢɼʞ. ʅʘʡʪʠ 

ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ. (ʆʪʚʝʪ: =t  0,3 ʤʢʂʣ/ʤ). 

3.3. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʟʤʝʥʷ-

ʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʟʘʢʦʥʫ ɸrE= , ʛʜʝ ɸ = 4 ɺ/ʤ
2
. ʇʨʦʪʦʥ 

ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ, ʠʟ ʧʦʣʦʞʝʥʠʷ 0=r . ʂʘʢʫʶ ʩʢʦ-

ʨʦʩʪʴ ʦʥ ʧʨʠʦʙʨʝʪʝʪ, ʧʨʦʡʜʷ ʧʫʪʴ 1 ʤ ʚʜʦʣʴ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ? ʄʘʩʩʘ 

ʧʨʦʪʦʥʘ ʢʛ106,1 27-Ö , ʟʘʨʷʜ ʧʨʦʪʦʥʘ ʂʣ106,1 19-Ö . (ʆʪʚʝʪ: =u  20 ʢʤ/ʩ). 

3.4. ʅʘ ʦʪʨʝʟʢʝ ʧʨʷʤʦʛʦ ʧʨʦʚʦʜʘ ʨʘʚʥʦ-

ʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʟʘʨʷʜ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ 1 ʤʢʂʣ/ʤ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʩʠʣ ʧʦʣʷ 

ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ 1 ʥʂʣ ʠʟ ʪʦʯʢʠ ɸ ʚ 

ʪʦʯʢʫ ɺ (ʨʠʩ. 3.3). (ʆʪʚʝʪ: ɸ = 3,6 ʤɼʞ). 

3.5. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ ʜʚʫʤʷ ʪʦʯʝʯʥʳ-

ʤʠ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ q-  ʠ q3 . ʅʘʡʪʠ ʨʘʙʦʪʫ 

ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʥʂʣ5,00=q  ʠʟ ʪʦʯ-

ʢʠ ɸ ʚ ʪʦʯʢʫ ɺ, ʝʩʣʠ ʤʦʜʫʣʴ ʟʘʨʷʜʘ ʤʢʂʣ1=q , ʨʘʩ-

ʩʪʦʷʥʠʝ ʩʤ1=ʘ  (ʨʠʩ. 3.4). (ʆʪʚʝʪ: ɸ = ï1,15ʤɼʞ). 

3.6. ɿʘʨʷʜ 1 ʥʂʣ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʦʣʝ ʙʝʩʢʦʥʝʯʥʦ 
ʟʘʨʷʞʝʥʥʦʡ ʜʣʠʥʥʦʡ ʥʠʪʠ ʩ ʨʘʩʩʪʦʷʥʠʷ 12 ʩʤ ʜʦ 6 ʩʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʠʪʠ. ʃʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʟʘʨʷʞʝʥ-

ʥʦʡ ʥʠʪʠ ʨʘʚʥʘ 8 ʤʢʂʣ/ʤ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ 

ʵʪʦʛʦ ʟʘʨʷʜʘ. (ʆʪʚʝʪ: ɸ = 0,1 ʤɼʞ). 

3.7. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʩʬʝʨʦʡ ʨʘʜʠʫʩʦʤ R = 4 ʩʤ, 

ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʡ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ů = 1 ʤʢʂʣ/ʤ
2
.  

ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʤʢʂʣ1=q  ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ ʧʦʣʷ, ʣʝʞʘʱʠʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʩʤ61  r =  ʠ ʩʤ102  r =  ʦʪ ʮʝʥʪʨʘ 

ʩʬʝʨʳ. (ʆʪʚʝʪ: ɸ = 12 ʤʢɼʞ). 

3.8. ʊʦʥʢʠʡ ʩʪʝʨʞʝʥʴ ʩʦʛʥʫʪ ʚ ʢʦʣʴʮʦ ʨʘʜʠʫʩʦʤ R=10 ʩʤ. ʆʥ ʟʘʨʷʞʝʥ ʩ 

ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ Ű = 300 ʥʂʣ/ʤ. ʂʘʢʫʶ ʨʘʙʦʪʫ ʥʘʜʦ ʩʦʚʝʨʰʠʪʴ, ʯʪʦʙʳ 

ʧʝʨʝʥʝʩʪʠ ʟʘʨʷʜ ʥʂʣ5=q  ʠʟ ʮʝʥʪʨʘ ʢʦʣʴʮʘ ʚ ʪʦʯʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʦʩʠ 

ʢʦʣʴʮʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ cʤ20=L ʦʪ ʝʛʦ ʮʝʥʪʨʘ? (ʆʪʚʝʪ: ɸ = 46,6 ʤʢɼʞ). 

3.9. ʊʦʯʝʯʥʳʝ ʟʘʨʷʜʳ ʤʢʂʣ11=q  ʠ ʤʢʂʣ1,02=q  ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ ʩʤ101  r =  ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʂʘʢʫʶ ʨʘʙʦʪʫ ʩʦʚʝʨʰʘʪ ʩʠʣʳ ʧʦʣʷ, ʝʩʣʠ ʚʪʦ-

ʨʦʡ ʟʘʨʷʜ, ʦʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʧʝʨʚʦʛʦ, ʫʜʘʣʷʝʪʩʷ ʦʪ ʥʝʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʝ:  

1) ʤ102  r = ; 2) ¤=3r . (ʆʪʚʝʪ: ɸ1 = 8,91 ʤɼʞ; ɸ2 = 9 ʤɼʞ). 
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3.10. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ 

ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʤrʠ 

ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ q. ʅʘʡʪʠ ʨʘʙʦʪʫ ʩʠʣ 

ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʥʂʣ100=q  

ʠʟ ʪʦʯʢʠ 1 ʩ ʧʦʪʝʥʮʠʘʣʦʤ ű = 300 ɺ ʚ 

ʪʦʯʢʫ 2 (ʨʠʩ. 3.5). (ʆʪʚʝʪ: ɸ = 1 ʤʢɼʞ). 

3.11. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʤʢʂʣ10=q  

ʚ ʧʦʣʝ, ʩʦʟʜʘʥʥʦʤ ʟʘʨʷʞʝʥʥʳʤ ʰʘʨʦʤ ʨʘʜʠʫʩʘ R, ʠʟ ʪʦʯʢʠ 1, ʫʜʘʣʝʥʥʦʡ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ R, ʜʦ ʪʦʯʢʠ 2, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ R2  ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʪʝʥʮʠʘʣ ʰʘʨʘ ʨʘʚʝʥ ű = 1000 ɺ. (ʆʪʚʝʪ:  

ɸ = 0,17 ʤɼʞ). 

3.12. ʊʦʥʢʠʡ ʩʪʝʨʞʝʥʴ ʩʦʛʥʫʪ ʚ ʧʦʣʫʢʦʣʴʮʦ. ʉʪʝʨʞʝʥʴ ʟʘʨʷʞʝʥ ʩ ʣʠ-

ʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ Ű = 100 ʥʂʣ/ʤ. ʂʘʢʫʶ ʨʘʙʦʪʫ ʥʘʜʦ ʩʦʚʝʨʰʠʪʴ, ʯʪʦʙʳ 

ʧʝʨʝʥʝʩʪʠ ʟʘʨʷʜ ʥʂʣ50=q  ʠʟ ʮʝʥʪʨʘ ʧʦʣʫʢʦʣʴʮʘ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ?  

(ɺʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʣʴʮʘ). (ʆʪʚʝʪ: ɸ = 14,13 ʤɼʞ). 

3.13. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ ʯʝʪʳʨʴʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʪʦʯʝʯʥʳʤʠ 

ʟʘʨʷʜʘʤʠ ʤʢʂʣ100=q , ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʘ ʩʦ ʩʪʦʨʦʥʦʡ 

ʩʤ5 a= . ʅʘʡʪʠ ʨʘʙʦʪʫ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʥʂʣ500=q  ʠʟ 

ʮʝʥʪʨʘ ʢʚʘʜʨʘʪʘ ʚ ʪʦʯʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫ  ʁʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝ, ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʥʦʤ ʚ ʮʝʥʪʨʝ ʢʚʘʜʨʘʪʘ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʩʤ51  r =  ʦʪ ʮʝʥʪʨʘ ʬʠʛʫʨʳ.  

(ʆʪʚʝʪ: ɸ = 216 ɼʞ). 

3.14. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ 

ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘ-

ʤʠ q-  ʠ q3 . ʅʘʡʪʠ ʨʘʙʦʪʫ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝ-

ʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʥʂʣ50=q  ʠʟ ʪʦʯʢʠ ɸ 

ʚ ʪʦʯʢʫ ɺ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ű = 300 ɺ  

(ʨʠʩ. 3.6). (ʆʪʚʝʪ: ɸ = 3 ʤʢɼʞ). 

3.15. ʕʣʝʢʪʨʦʥ ʠ ʧʨʦʪʦʥ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʤ101  r = . ʂʘʢʘʷ ʨʘ-

ʙʦʪʘ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʘ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʟʘʨʷʜʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʤʤ62  r = . 

(ʆʪʚʝʪ: ɸ = ɼʞ105,1 26-Ö ). 

3.16. ɼʚʝ ʙʝʩʢʦʥʝʯʥʳʝ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʳʝ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʦʚ ů1 = 10 ʥʂʣ/ʤ
2
 ʠ ů2 = ï10ʥʂʣ/ʤ

2
 ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ cʤ20 d= . ʂʘʢʫʶ ʨʘʙʦʪʫ ʩʦʚʝʨʰʠʪ ʧʦʣʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʵʣʝʢʪʨʦʥʘ ʦʪ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ ʜʨʫʛʦʡ? (ʆʪʚʝʪ: ɸ = 0,36Ŀ10
ï16

 ɼʞ). 

3.17. ɿʘʨʷʜ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʕʣʝʢ-

ʪʨʦʥ ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʧʦʣʷ ʚ ʜʨʫʛʫʶ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠ-

ʤʠ ʨʘʚʥʦ cʤ10 d= . ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʠ ʵʪʦʤ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ  

ʈʠʩ. 3.5 

a a a 

2 1 q q 
+ + 

ʈʠʩ. 3.6 

a a a 

B A q 3q 
+ ï 
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ʈʠʩ. 3.7 

A 

r 
q1 

q3 

L 

B 

q2 

15 ʥɼʞ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʧʣʦʩʢʦʩʪʠ. (ʆʪʚʝʪ: 

=s 8,3 ʂʣ/ʤ
2
). 

3.18. ɼʚʝ ʙʝʩʢʦʥʝʯʥʳʝ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʳʝ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʦʚ ů1 = 10 ʥʂʣ/ʤ
2
 ʠ ů2 = 3ʥʂʣ/ʤ

2
 ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ cʤ10 d= . ʂʘʢʫʶ ʨʘʙʦʪʫ ʩʦʚʝʨʰʠʪ ʧʦʣʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘ-

ʨʷʜʘ ʥʂʣ50=q  ʦʪ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ ʜʨʫʛʦʡ? (ʆʪʚʝʪ: ɸ = 56,5 ɼʞ). 

3.19. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʦʙʨʘʟʦʚʘʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʙʝʩ-

ʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʥʠʪʴʶ. ɼʚʠʛʘʷʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʧʦʣʷ ʦʪ ʪʦʯʢʠ, ʥʘ-

ʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʩʤ ʦʪ ʥʠʪʠ, ʜʦ ʪʦʯʢʠ 4 ʩʤ, ʘʣʴʬʘ-ʯʘʩʪʠʮʘ ʠʟ-

ʤʝʥʠʣʘ ʩʚʦʶ ʩʢʦʨʦʩʪʴ ʦʪ 2Ŀ10
5
 ʤ/ʩ ʜʦ 3Ŀ10

5
 ʤ/ʩ. ʅʘʡʪʠ ʣʠʥʝʡʥʫʶ ʧʣʦʪ-

ʥʦʩʪʴ ʟʘʨʷʜʘ ʥʠʪʠ. (ʆʪʚʝʪ: =t 3,7 ʤʢʂʣ/ʤ). 

3.20. ɺ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʦʜʥʦʨʦʜʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 400 ɺ/ʤ 

ʠ 300 ɺ/ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʛʦ ʧʦʣʷ ʚʣʝʪʘʝʪ ʵʣʝʢʪʨʦʥ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘ ʧʫʪʠ 2,7 ʤ ʠʟʤʝʥʷ-

ʝʪʩʷ ʚ 2 ʨʘʟʘ. ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʚ ʢʦʥʮʝ ʧʫʪʠ. (ʆʪʚʝʪ:  

=u 0,39 ʄʤ/ʩ). 

3.21. ʃʝʪʷʱʠʡ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ ʵʣʝʢʪʨʦʥ ʧʦʧʘʜʘʝʪ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʧʦʣʝ ʠ, ʜʚʠʛʘʷʩʴ ʚʜʦʣʴ ʣʠʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʪʦʛʦ ʧʦʣʷ, ʧʦʣʥʦʩʪʴʶ 

ʪʝʨʷʝʪ ʩʚʦʶ ʩʢʦʨʦʩʪʴ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 400 ɺ.  

ʆʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ. (ʆʪʚʝʪ: =u 1,1Ŀ107
 ʤ/ʩ). 

3.22. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʦʙʨʘʟʦʚʘʥʦ ʚ ʚʘʢʫʫʤʝ 

ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ ʥʂʣ401=q  ʠ ʥʂʣ52 -=q . 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ 30 ʩʤ. ʂʘʢʫʶ ʨʘʙʦʪʫ ʩʦ-

ʚʝʨʰʠʪ ʧʦʣʝ, ʧʝʨʝʤʝʱʘʷ ʟʘʨʷʜ ʥʂʣ53=q  ʠʟ ʪʦʯʢʠ ɸ ʚ 

ʪʦʯʢʫ ɺ ʧʦ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ 0,4 ʤ (ʨʠʩ. 3.7). 

(ʆʪʚʝʪ: ɸ = 1,8Ŀ10
ï6

 ɼʞ). 

3.23. ɺ ʧʣʦʩʢʠʡ ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʧʘʨʘʣʣʝʣʴʥʦ ʝʛʦ ʧʣʘʩʪʠʥʘʤ 
ʚʣʝʪʘʝʪ ʵʣʝʢʪʨʦʥ ʩʦ ʩʢʦʨʦʩʪʴʶ 30 ʄʤ/ʩ. ʇʨʠ ʚʳʣʝʪʝ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʦʥ 

ʩʤʝʱʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʦʜʥʦʡ ʠʟ ʧʣʘʩʪʠʥ ʥʘ 1,76 ʤʤ. ʆʧʨʝʜʝʣʠʪʴ 

ʦʪʥʦʰʝʥʠʝ ʟʘʨʷʜʘ ʵʣʝʢʪʨʦʥʘ ʢ ʝʛʦ ʤʘʩʩʝ. ɼʣʠʥʘ ʧʣʘʩʪʠʥ ʢʦʥʜʝʥʩʘʪʦʨʘ  

3 ʩʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ 0,2 ʤʤ ʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ 400 ɺ. (ʆʪʚʝʪ: q/m = 1,76Ŀ10
11

 ʂʣ/ʢʛ). 

3.24. ʕʣʝʢʪʨʦʥ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʠʟ ʪʦʯʢʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 8,6 ɺ ʠ ʟʘ ʚʨʝʤʷ 0,1 ʤʢʩ ʧʨʦʣʝʪʘʝʪ ʨʘʩʩʪʦʷʥʠʝ  

10 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ 

ʵʣʝʢʪʨʦʥ, ʠ ʧʦʪʝʥʮʠʘʣ ʚ ʢʦʥʝʯʥʦʡ ʪʦʯʢʝ ʵʪʦʛʦ ʧʫʪʠ. (ʆʪʚʝʪ: E = 114 ɺ/ʤ, 

=j 20 ɺ). 
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3.25. ɺ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʣʘʩʪʠʥ  ʚʣʝʪʘʝʪ 
ʵʣʝʢʪʨʦʥ ʧʘʨʘʣʣʝʣʴʥʦ ʵʪʠʤ ʧʣʘʩʪʠʥʘʤ. ʉʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ 10 ʄʤ/ʩ.  

ɼʣʠʥʘ ʧʣʘʩʪʠʥ 10 ʩʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 2 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʥʘʠʤʝʥʴ-

ʰʝʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʵʣʝʢʪʨʦʥ ʥʝ ʚʳʣʝʪʠʪ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ. (ʆʪʚʝʪ: =jD 22,75 ɺ). 

3.26. ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʥʘ ʵʢʨʘʥʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʦʩʮʠʣʣʦʛʨʘʬʘ, ʝʩʣʠ ʫʩʢʦʨʷʶʱʝʝ (ʘʥʦʜʥʦʝ) ʥʘʧʨʷʞʝʥʠʝ 10

3
 ɺ, ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʦʪʢʣʦʥʷʶʱʠʭ ʧʣʘʩʪʠʥʘʭ 150 ɺ, ʜʣʠʥʘ ʦʪʢʣʦʥʷʶʱʠʭ ʧʣʘʩʪʠʥ 1 ʩʤ, ʘ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʪʢʣʦʥʷʶʱʠʭ ʧʣʘʩʪʠʥ ʜʦ ʵʢʨʘʥʘ 15 ʩʤ. (ʆʪʚʝʪ: y = 5,1 ʩʤ). 

3.27. ʕʣʝʢʪʨʦʥ ʚʣʝʪʘʝʪ ʚ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʜʣʠʥʦʡ 10 ʩʤ ʧʦʜ ʫʛʣʦʤ 
45Á ʢ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥ, ʘ ʚʳʣʝʪʘʝʪ ʧʦʜ ʫʛʣʦʤ 30Á. ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʘ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʣʘʩʪʠʥʘʭ 

ʢʦʥʜʝʥʩʘʪʦʨʘ 158 ɺ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 1 ʩʤ. (ʆʪʚʝʪ: W = 937,5 ʵɺ). 

3.28. ɹʝʩʢʦʥʝʯʥʘʷ ʧʣʦʩʢʦʩʪʴ ʟʘʨʷʞʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 
ʧʣʦʪʥʦʩʪʴʶ 35,4 ʥʂʣ/ʤ

2
. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ 

ʧʣʦʩʢʦʩʪʴʶ, ʣʝʪʠʪ ʵʣʝʢʪʨʦʥ. ʆʧʨʝʜʝʣʠʪʝ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦ-

ʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʣʦʩʢʦʩʪʠ ʵʣʝʢʪʨʦʥ, ʝʩʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʩʤ 

ʦʥ ʠʤʝʣ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 80 ʵɺ. (ʆʪʚʝʪ: r2 = 4 ʩʤ). 

3.29. ʕʣʝʢʪʨʦʥ, ʠʤʝʷ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 0u, ʧʨʦʭʦʜʠʪ ʚ ʦʜʥʦʨʦʜʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ ʧʫʪʴ l. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ u. ʆʧʨʝʜʝʣʠʪʝ 

ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʩʣʠ ʝʛʦ ʟʘʨʷʜ q, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘ-

ʩʪʠʥʘʤʠ d . 
( )ö

ö
÷

õ
ææ
ç

å

u-u

ÖÖ
=

dm

qel
C 

2
0

2

2
ʆʪʚʝʪ:

.
 

3.30. ʇʨʦʪʦʥ ʠ Ŭ-ʯʘʩʪʠʮʘ, ʫʩʢʦʨʝʥʥʳʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʘʟʥʦʩʪʴʶ ʧʦ-

ʪʝʥʮʠʘʣʦʚ, ʚʣʝʪʘʶʪ ʚ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʘʩʪʠʥʘʤ.  

ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʪʦʥʘ ʧʦʣʝʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʫʜʝʪ ʙʦʣʴʰʝ ʦʪ-

ʢʣʦʥʝʥʠʷ Ŭ-ʯʘʩʪʠʮʳ? (ʆʪʚʝʪ: 1). 
 

 

ɻʣʘʚʘ 4. ʕʃɽʂʊʈʀʏɽʉʂɸʗ ɽʄʂʆʉʊʔ. ʂʆʅɼɽʅʉɸʊʆʈʓ 
 

4.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 
 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʫʝʜʠʥʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ: 

fD
=
Dq

C , 

ʛʜʝ qD  ï ʟʘʨʷʜ, ʩʦʦʙʱʝʥʥʳʡ ʧʨʦʚʦʜʥʠʢʫ; ȹj ï ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ, 

ʚʳʟʚʘʥʥʦʝ ʵʪʠʤ ʟʘʨʷʜʦʤ. 
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ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʫʝʜʠʥʝʥʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʩʬʝʨʳ ʨʘʜʠʫʩʦʤ R, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʝ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e, 

RC epe= 04 . 

ɽʩʣʠ ʩʬʝʨʘ ʧʦʣʘʷ ʠ ʟʘʧʦʣʥʝʥʘ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʪʦ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʝʝ ʦʪ 

ʵʪʦʛʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 
 

,0

d

S
C

ee
=

                                               
 (4.1) 

 

ʛʜʝ S ï ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥ (ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ); d  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ; 

e ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ n  ʩʣʦ̫-

ʤʠ ʜʠʵʣʝʢʪʨʠʢʘ ʪʦʣʱʠʥʦʡ id  ʢʘʞʜʳʡ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʷʤʠ ie (ʩʣʦʠʩʪʳʡ ʢʦʥʜʝʥʩʘʪʦʨ), 

.

2

2

1

1

0

n

nddd

S
C

e
++

e
+

e

e
=

3

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʩʬʝʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʜʚʝ ʢʦʥʮʝʥʪʨʠ-

ʯʝʩʢʠʝ ʩʬʝʨʳ ʨʘʜʠʫʩʘʤʠ 1R  ʠ 2R , ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʧʦʣʥʝ-

ʥʦ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e) 

.
4

12

210

RR

RR
C

-

epe
=  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʜʚʘ ʢʦʘʢʩʠ-

ʘʣʴʥʳʭ ʮʠʣʠʥʜʨʘ ʜʣʠʥʦʡ l  ʠ ʨʘʜʠʫʩʘʤʠ 1R  ʠ 2R , ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʢʦ-

ʪʦʨʳʤʠ ʟʘʧʦʣʥʝʥʦ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e)  

.
)/(ln

2

12

0

RR

l
C

epe
=  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ C  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

,
1111

21 nCCCC
+++= 3  

ʛʜʝ n  ï ʯʠʩʣʦ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

nCCCC +++= 321 . 

ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 
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.
222

22

C

qCUqU
W ===

                                     
 (4.2) 

ʛʜʝ ʉ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ; U  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʇʦʜʩʪʘʚʠʤ ʚ (4.2) ʬʦʨʤʫʣʫ (4.1) ʜʣʷ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʧʦʣʫʯʠʤ 

VȺW Öee= 2
0

2

1
, 

ʛʜʝ E  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʩʨʝʜʝ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e. 

ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʧʦʣʷ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ E, ʩʦʟʜʘʥʥʦʛʦ ʚ ʩʨʝʜʝ ʩ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e 

2
ɤ

2
0E

V

W ee
== . 

ʉʠʣʘ, ʩ ʢʦʪʦʨʦʡ ʧʣʘʩʪʠʥʳ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠʪʷʛʠʚʘʶʪʩ ̫ʜʨʫʛ 

ʢ ʜʨʫʛʫ, 

S

q
F

0

2

2ee
-= , 

ʛʜʝ S ï ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥ; e ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ, ʤʠ-

ʥʫʩ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʣʘ F  ʷʚʣʷʝʪʩʷ ʩʠʣʦʡ ʧʨʠʪʷʞʝʥʠʷ. 

ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʜʚʫʭ ʟʘʨʷʞʝʥʥʳʭ ʪʝʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

1221 WWWW ++= , 

ʛʜʝ 21,W W  ï ʵʥʝʨʛʠʠ ʟʘʨʷʞʝʥʥʳʭ ʪʝʣ; 12W  ï ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ. 

 

4.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 4.1. ʆʧʨʝʜʝʣʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘ-

ʪʦʨʘ ʩ ʜʚʫʤʷ ʩʣʦʷʤʠ ʜʠʵʣʝʢʪʨʠʢʦʚ: ʬʘʨʬʦʨʘ ʪʦʣʱʠʥʦʡ ʤʤ21  d =  ʠ ʵʙʦʥʠʪʘ 

ʪʦʣʱʠʥʦʡ ʤʤ52  d = , ʝʩʣʠ ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥ ʨʘʚʥʘ 2cʤ100 S= . 

ʈʝʰʝʥʠʝ. ɽʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʘ 
U

q
C= , ʛʜʝ  

q  ï ʟʘʨʷʜ ʥʘ ʧʣʘʩʪʠʥʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ; U  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʧʣʘʩʪʠʥ. 

ɿʘʤʝʥʠʚ ʚ ʵʪʦʤ ʨʘʚʝʥʩʪʚʝ ʦʙʱʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U  ʩʫʤʤʦʡ ʥʘʧʨʷ-

ʞʝʥʠʡ ʥʘ ʩʣʦʷʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 21 UU + , ʧʦʣʫʯʠʤ 
 

.
21 UU

q
C

+
=

                                             
(4.3) 
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ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ Sq s= , ,ʠ
20

2221
10

111
ee

==
ee

==
D

dEUd
D

dEU  

ʨʘʚʝʥʩʪʚʦ (4.3) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
 

2
20

1
10

d
D

d
D

S
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ee
+

ee

s
= ,                                        (4.4) 

 

ʛʜʝ s ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʥʘ ʧʣʘʩʪʠʥʘʭ; 1E  ʠ 2E  ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʧʦʣʷ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʩʣʦʷʭ ʜʠʵʣʝʢʪʨʠʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; D  ï ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʤʝʱʝʥʠʝ ʧʦʣʷ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ. ʋʤʥʦʞʠʚ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘ-

ʤʝʥʘʪʝʣʴ ʨʘʚʝʥʩʪʚʘ (4.4) ʥʘ 0e ʠ ʫʯʪʷ, ʯʪʦ s=D , ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ  
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1
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e
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e

e
=

dd
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(4.5) 

 

ʉʜʝʣʘʚ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (4.5), ʥʘʡʜʝʤ: 
.ʧʌ3,98  C=  

ʇʨʠʤʝʨ 4.2. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʧʣʦʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʠ ʟʘʨʷʞʝʥʳ ʜʦ ʥʘʧʨʷʞʝʥʠʷ ɺ4800  U = . ʇʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ ʪʦʢʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʦʜʥʦʛʦ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʫʤʝʥʴʰʠʣʠ ʚ ʜʚʘ ʨʘʟʘ. ʂʘʢʠʤ ʩʪʘʥʝʪ ʥʘʧʨʷʞʝʥʠʝ U  ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ.  

ʈʝʰʝʥʠʝ. ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠʭ ʦʙʱʘʷ ʝʤʢʦʩʪʴ  

CCCC 221ʙʘʪ =+= . 

ɿʘʨʷʜ ʙʘʪʘʨʝʠ 00ʙʘʪ1 2CUUCq == . 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚ ʜʚʘ ʨʘʟʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘ-

ʪʦʨʘ ʝʛʦ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʫʚʝʣʠʯʠʪʩʷ ʚ ʜʚʘ ʨʘʟʘ (ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 

d

S
C

ee
= 0 ) ʠ ʩʪʘʥʝʪ CC 2'= , ʪʦʛʜʘ ʠʭ ʦʙʱʘʷ ʝʤʢʦʩʪʴ ʙʫʜʝʪ ʨʘʚʥʘ 

CCCC 32'
ʙʘʪ =+= . 

ɿʘʨʷʜ ʩʪʘʥʝʪ ʨʘʚʥʳʤ CU UCq 3'
ʙʘʪ2 == . 

ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 21 qq = , ʪʘʢ ʢʘʢ ʙʘʪʘʨʝʷ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʦʪʢʣʶʯʝʥʘ ʦʪ ʠʩʪʦʯʥʠʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, CU CU 32 0= , ʦʪ-

ʢʫʜʘ 
3

2 0U
U = ;  

 ɺ320480
3

2
=Ö=U . 
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ʇʨʠʤʝʨ 4.3. ʂʦʥʜʝʥʩʘʪʦʨ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴʶ ʤʢʌ31  ʉ=  ʙʳʣ ʟʘʨʷʞʝʥ ʜʦ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ɺ401  U = . ʇʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʢʦʥ-

ʜʝʥʩʘʪʦʨ ʙʳʣ ʩʦʝʜʠʥʝʥ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʜʨʫʛʠʤ ʥʝʟʘʨʷʞʝʥʥʳʤ ʢʦʥʜʝʥʩʘʪʦ-

ʨʦʤ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴʶ ʤʢʌ52  ʉ = . ʆʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʫʶ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠʩʢʨʳ ʚ ʤʦʤʝʥʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʪʦʨʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʈʝʰʝʥʠʝ. ʕʥʝʨʛʠʷ, ʠʟʨʘʩʭʦʜʦʚʘʥʥʘʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠʩʢʨʳ, ʠʤʝʝʪ ʚʠʜ: 
 

21 WWW -=D ,      (4.6) 
 

ʛʜʝ 1W  ï ʵʥʝʨʛʠʷ, ʢʦʪʦʨʦʡ ʦʙʣʘʜʘʣ ʧʝʨʚʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʜʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʥʝʤʫ ʚʪʦʨʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ; 2W  ï ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʠʤʝʝʪ ʙʘʪʘʨʝʷ, ʩʦʩʪʘʚ-

ʣʝʥʥʘʷ ʠʟ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʇʦʜʩʪʘʚʠʚ ʚ ʨʘʚʝʥʩʪʚʦ (4.6) 

ʬʦʨʤʫʣʫ ʵʥʝʨʛʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 
2

2CU
W=  ʠ ʧʨʠʥʷʚ ʚʦ ʚʥʠʤʘ-

ʥʠʝ, ʯʪʦ ʦʙʱʘʷ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʨʘʚʥʘ ʩʫʤʤʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʧʦʣʫʯʠʤ 
 

( )

22

2
221

2
11 UCCUC

W
+

-=D ,                                   (4.7) 

 

ʛʜʝ 1C  ʠ 2C  ï ʵʣʝʢʪʨʦʝʤʢʦʩʪʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʦʚ; 1U  ï ʨʘʟ-

ʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʜʦ ʢʦʪʦʨʦʡ ʙʳʣ ʟʘʨʷʞʝʥ ʧʝʨʚʳʡ ʢʦʥʜʝʥʩʘʪʦʨ;  

2U  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʟʘʞʠʤʘʭ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʟʘʨʷʜ ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʪʦʨʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʦʩʪʘʣ-

ʩʷ ʧʨʝʞʥʠʤ, ʚʳʨʘʟʠʤ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 2U  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

21

11

21
2

CC

UC

CC

q
U

+
=

+
= .                                    (4.8) 

 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (4.8) ʚ (4.7), ʧʦʣʫʯʠʤ 

( )

( )221

2
1

2
121

2
11

22 CC

UCCCUC
W

+

+
-=D . 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʡʜʝʤ: 

( )
2
1

21

21

2

1
U

CC

CC
W

+
=D . 

ʇʨʠʤʝʨ 4.4. ʇʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʞʝʥ ʜʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 
ʢɺ1 U= . ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʤ1 d= . ɼʠʵʣʝʢʪʨʠʢ ï 

ʩʪʝʢʣʦ. ʆʧʨʝʜʝʣʠʪʴ ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʧʦʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ. 
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ʈʝʰʝʥʠʝ. ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʢʦʥʜʝʥʩʘʪʦʨʘ 
 

V

W
=w ,       (4.9) 

 

ʛʜʝ W  ï ʵʥʝʨʛʠʷ ʧʦʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ; SdV=  ï ʦʙʲʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʢʣʶ-

ʯʝʥʥʦʛʦ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʕʥʝʨʛʠʷ ʧʦʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
 

2

2CU
W= ,     (4.10) 

 

ʛʜʝ U  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʜʦ ʢʦʪʦʨʦʡ ʟʘʨʷʞʝʥʳ ʧʣʘʩʪʠʥʳ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘ; 
d

S
C 0ee=  ï ʝʛʦ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ. ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʝʤʢʦʩʪʠ ʉ ʚ ʬʦʨʤʫʣʫ (4.10) ʠ ʟʘʪʝʤ ʚʳʨʘʞʝʥʠʷ W  ʠ V  ʚ ʬʦʨ-

ʤʫʣʫ (4.9), ʧʦʣʫʯʠʤ: 

2

2
0

2d

Uee
=w ;  

3ʤ

ɼʞ
,3090ɤ= . 

 

4.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

4.1. ʅʘʡʜʠʪʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʉ ʫʝʜʠʥʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʰʘʨʘ ʨʘ-

ʜʠʫʩʦʤ R = 1 ʩʤ. (ʆʪʚʝʪ: ʉ = 1,11 ʧʌ). 

4.2. ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜʳ ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʥʜʝʥ-

ʩʘʪʦʨʦʚ ʚ ʮʝʧʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 4.1, ʝʩʣʠ  

ʉ1 = 2 ʤʢʌ, ʉ2 = 4 ʤʢʌ, ʉ3 = 6 ʤʢʌ, ɝ = 18 ɺ. 
(ʆʪʚʝʪ: q1 = 30 ʤʢʂʣ; q2 = 12 ʤʢʂʣ; q3 = 18 ʤʢʂʣ). 

4.3. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʉ ɿʝʤʣʠ, 

ʧʨʠʥʠʤʘʷ ʝʝ ʟʘ ʰʘʨ ʨʘʜʠʫʩʦʤ R = 6400 ʢʤ. (ʆʪ-

ʚʝʪ: ʉ = 180 ʧʌ). 

4.4. ʐʘʨ ʨʘʜʠʫʩʦʤ R1 = 6 ʩʤ ʟʘʨʷʞʝʥ ʜʦ ʧʦʪʝʥʮʠʘʣʘ ű1 = 300 ɺ, ʘ ʰʘʨ 

ʨʘʜʠʫʩʦʤ R2 = 4 ʩʤ ï ʜʦ ʧʦʪʝʥʮʠʘʣʘ ű2 = 500 ɺ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣ ű 

ʰʘʨʦʚ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʠʭ ʩʦʝʜʠʥʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʨʦʚʦʜʥʠʢʦʤ. ɽʤʢʦ-

ʩʪʴʶ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: 

B380
21

2211  
RR

RR
=

+

j+j
=j ). 

4.5. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʉ ʧʣʦʩʢʦʛʦ ʩʣʶʜʷʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʧʣʦʱʘʜʴ S ʧʣʘʩʪʠʥ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 100 ʩʤ
2
, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʨʘʚʥʦ 

0,1 ʤʤ (ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʣʶʜʳ e = 7). (ʆʪʚʝʪ: ʉ = 6,2 ʥʌ). 

 

ʈʠʩ. 4.1 

ʉ2 

ɝ ʉ3 

ʉ1 
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4.6. ʇʷʪʴ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʦʜʠʥʘʢʦʚʦʡ ʝʤʢʦʩʪʠ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʚ ʙʘʪʘʨʝʶ. ʇʘʨʘʣʣʝʣʴʥʦ ʦʜʥʦʤʫ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʦʜʢʣʶʯʝʥ ʩʪʘ-

ʪʠʯʝʩʢʠʡ ʚʦʣʴʪʤʝʪʨ, ʝʤʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʝʤʢʦʩʪʠ ʢʘʞʜʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. ɺʦʣʴʪʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ UV  = 500 ɺ. ʂʘʢʦʚʘ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥ-

ʮʠʘʣʦʚ ʥʘ ʚʩʝʡ ʙʘʪʘʨʝʝ? (ʆʪʚʝʪ: U = 3500 ɺ). 

4.7. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʦ  

d = 1,33 ʤʤ, ʧʣʦʱʘʜʴ S ʧʣʘʩʪʠʥ ʨʘʚʥʘ 20 ʩʤ
2
. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʧʣʘ-

ʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʩʣʦʷ ʜʠʵʣʝʢʪʨʠʢʦʚ: ʩʣʶʜʳ ʪʦʣʱʠʥʦʡ 

d1 = 0,7 ʤʤ ʠ ʵʙʦʥʠʪʘ ʪʦʣʱʠʥʦʡ d2 = 0,3 ʤʤ. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ 

ʢʦʥʜʝʥʩʘʪʦʨʘ (ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʣʶʜʳ e = 7, ʵʙʦʥʠʪʘ  

e = 3). (ʆʪʚʝʪ: 
( )

ʧʌ4,35

3

21

2

2

1

1

0  
ddddd

S
C =

e

+-
+

e
+

e

e
= ). 

4.8. ɼʚʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʬʝʨʳ ʨʘʜʠʫʩʘʤʠ R1 = 2 ʩʤ ʠ 

R2 = 2,1 ʩʤ ʦʙʨʘʟʫʶʪ ʩʬʝʨʠʯʝʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ. ʆʧʨʝʜʝʣʠʪʝ ʝʛʦ ʵʣʝʢʪʨʦʝʤ-

ʢʦʩʪʴ ʉ, ʝʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʬʝʨʘʤʠ ʟʘʧʦʣʥʝʥʦ ʧʘʨʘʬʠʥʦʤ (ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʘʨʘʬʠʥʘ e = 2). (ʆʪʚʝʪ: ʧʌ3,93
4

12

210  
RR

RR
ʉ =

-

epe
= ). 

4.9. ɺ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʚʜʚʠʥʫʣʠ ʧʣʠʪʢʫ ʧʘʨʘʬʠʥʘ ʪʦʣʱʠʥʦʡ  

d = 1 ʩʤ, ʢʦʪʦʨʘʷ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʝʪ ʢ ʝʛʦ ʧʣʘʩʪʠʥʘʤ. ʅʘ ʩʢʦʣʴʢʦ ʥʫʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʝʞʥʶʶ ʝʤ-

ʢʦʩʪʴ? (ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʘʨʘʬʠʥʘ e = 2). (ʆʪʚʝʪ:  

=Dd 0,5 ʩʤ). 

4.10. ʂʦʥʜʝʥʩʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʬʝʨ. ʈʘʜʠʫʩ R1 

ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ ʨʘʚʝʥ 10 ʩʤ, ʚʥʝʰʥʝʡ R2 = 10,2 ʩʤ. ʇʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ 

ʩʬʝʨʘʤʠ ʟʘʧʦʣʥʝʥ ʧʘʨʘʬʠʥʦʤ. ɺʥʫʪʨʝʥʥʝʡ ʩʬʝʨʝ ʩʦʦʙʱʝʥ ʟʘʨʷʜ q = 5 ʤʢʂʣ. 

ʆʧʨʝʜʝʣʠʪʝ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U ʤʝʞʜʫ ʩʬʝʨʘʤʠ. (ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʘʨʘʬʠʥʘ e = 2). (ʆʪʚʝʪ: U = 4, 41 ʢɺ). 

4.11. ʂ ʚʦʟʜʫʰʥʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʫ, ʟʘʨʷʞʝʥʥʦʤʫ ʜʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥ-

ʮʠʘʣʦʚ U = 600 ɺ ʠ ʦʪʢʣʶʯʝʥʥʦʤʫ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʩʦʝʜʠʥʠ-

ʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʚʪʦʨʦʡ ʥʝʟʘʨʷʞʝʥʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʪʘʢʠʭ ʞʝ ʨʘʟʤʝʨʦʚ ʠ 

ʬʦʨʤʳ, ʥʦ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ (ʬʘʨʬʦʨ). ʆʧʨʝʜʝʣʠʪʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴ Ů ʬʘʨʬʦʨʘ, ʝʩʣʠ ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʪʦʨʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʜʦ U1 = 100 ɺ. (ʆʪʚʝʪ: =e 5). 

4.12. ɼʚʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʵʣʝʢʪʨʦʝʤʢʦʩʪʷʤʠ ʉ1 = 3 ʤʢʌ ʠ ʉ2 = 6 ʤʢʌ ʩʦ-

ʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʙʘʪʘʨʝʝ ʩ ʵʜʩ, ʨʘʚʥʦʡ 120 ɺ.  

ʆʧʨʝʜʝʣʠʪʴ ʟʘʨʷʜʳ q1 ʠ q2 ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U1 ʠ U2 
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ʤʝʞʜʫ ʠʭ ʦʙʢʣʘʜʢʘʤʠ, ʝʩʣʠ ʢʦʥʜʝʥʩʘʪʦʨʳ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ. (ʆʪʚʝʪ: 

q1 = 360 ʤʢʂʣ; q2 = 720 ʤʢʂʣ; U = 120 ɺ). 

4.13. ʂʦʥʜʝʥʩʘʪʦʨ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴʶ ʉ1 = 0,2 ʤʢʌ ʙʳʣ ʟʘʨʷʞʝʥ ʜʦ ʨʘʟʥʦ-

ʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U1 = 320 ɺ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʝʛʦ ʩʦʝʜʠʥʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦ 

ʚʪʦʨʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, ʟʘʨʷʞʝʥʥʳʤ ʜʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U2 = 450 ɺ, 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʝʨʚʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ ʠʟʤʝʥʠʣʦʩʴ ʜʦ U = 400 ɺ. ɺʳʯʠʩʣʠʪʴ 

ʝʤʢʦʩʪʴ ʉ2 ʚʪʦʨʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. (ʆʪʚʝʪ: ʤʢʌ32,01
12

1
2  C

UU

UU
C =

-

-
= ). 

4.14. ʂʦʥʜʝʥʩʘʪʦʨ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴʶ ʉ1 = 0,6 ʤʢʌ ʙʳʣ ʟʘʨʷʞʝʥ ʜʦ ʨʘʟʥʦ-

ʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U1 = 300 ɺ ʠ ʩʦʝʜʠʥʝʥ ʩʦ ʚʪʦʨʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʵʣʝʢʪʨʦ-

ʝʤʢʦʩʪʴʶ ʉ2 = 0,4 ʤʢʌ, ʟʘʨʷʞʝʥʥʳʤ ʜʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U2 = 150 ɺ. 

ʅʘʡʪʠ ʟʘʨʷʜ ȹq, ʧʝʨʝʪʝʢʰʠʡ ʩ ʧʣʘʩʪʠʥ ʧʝʨʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʚʪʦʨʦʡ. 

(ʆʪʚʝʪ: ( ) ʤʢʂʣ3621
1

21  UU
CC

CC
q =-

+
=D ). 

4.15. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʣʦʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ. ʕʣʝʢʪʨʦʝʤʢʦʩʪʴ ʉ ʪʘʢʦʡ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʨʘʚʥʘ 80 ʧʌ. 

ʇʣʦʱʘʜʴ S ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʘ 100 ʩʤ
2
. ɼʠʵʣʝʢʪʨʠʢ ï 

ʩʪʝʢʣʦ (e = 7). ʂʘʢʦʚʘ ʪʦʣʱʠʥʘ d ʩʪʝʢʣʘ? (ʆʪʚʝʪ: d = 2,32 ʤʤ). 

4.16. ʂʦʥʜʝʥʩʘʪʦʨʳ ʩʦʝʜʠʥʝʥʳ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.2. ʕʣʝʢ-

ʪʨʦʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ: ʉ1 = 0,2 ʤʢʌ, ʉ2 = 0,1 ʤʢʌ, ʉ3 = 0,3 ʤʢʌ,  

ʉ4 = 0,4 ʤʢʌ. ʆʧʨʝʜʝʣʠʪʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʉ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ.  

(ʆʪʚʝʪ: C = 0,21 ʤʢʌ). 

4.17. ʂʦʥʜʝʥʩʘʪʦʨʳ ʩ ʵʣʝʢʪʨʦʝʤʢʦʩʪʷʤʠ ʉ1 = 10 ʥʌ, ʉ2 = 40 ʥʌ,  

ʉ3 = 2 ʥʌ, ʉ4 = 30 ʥʌ ʩʦʝʜʠʥʝʥʳ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.3. ʆʧʨʝ-

ʜʝʣʠʪʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʉ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. (ʆʪʚʝʪ: C = 20 ʧʌ). 

 

 
ʈʠʩ. 4.2                                                  ʈʠʩ. 4.3 

 

4.18. ʂʦʥʜʝʥʩʘʪʦʨʳ ʩʦʝʜʠʥʝʥʳ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.4. ʕʣʝʢ-

ʪʨʦʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ: ʉ1 = 2 ʤʢʌ, ʉ2 = 2 ʤʢʌ, ʉ3 = 3 ʤʢʌ, ʉ4 = 1 ʤʢʌ. 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʦʙʢʣʘʜʢʘʭ ʯʝʪʚʝʨʪʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ U4 = 100 ɺ. 

ʅʘʡʪʠ ʟʘʨʷʜʳ ʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʦʙʢʣʘʜʢʘʭ ʢʘʞʜʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʘ ʪʘʢʞʝ ʦʙʱʠʡ ʟʘʨʷʜ ʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ.  

 

C4 

 

C3 

C2 C1 

C4 C3 

C2 C1 
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(ʆʪʚʝʪ: q1 = 200 ʤʢʂʣ; q2 = 120 ʤʢʂʣ; q3 = 120 ʤʢʂʣ; q4 = 100 ʤʢʂʣ;  

U1 = 110 ɺ; U2 = 60 ɺ; U3 = 40 ɺ; q = 220 ʤʢʂʣ; U = 210 ɺ). 

4.19. ʂʦʥʜʝʥʩʘʪʦʨʳ ʵʣʝʢʪʨʦʝʤʢʦʩʪʷʤʠ ʉ1 = 1 ʧʌ, ʉ2 = 2 ʧʌ, ʉ3 = 2 ʧʌ, 

ʉ4 = 4 ʧʌ, ʉ5 = 3 ʧʌ ʩʦʝʜʠʥʝʥʳ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.5. ʆʧʨʝʜʝ-

ʣʠʪʝ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʉ ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. (ʆʪʚʝʪ: C = 2 ʧʌ. ʋʢʘʟʘʥʠʝ. 

ɼʦʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ ʉ1/ʉ2 = ʉ3/ʉ4, ʪʦ űA = űB, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʤʢʦʩʪʴ ʉ5 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʱʝʡ ʝʤʢʦʩʪʠ ʩʭʝʤʳ ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʝʪ). 
 

 
 

ʈʠʩ. 4.4                                                ʈʠʩ. 4.5 
 

4.20. ʇʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ 

ʧʣʘʩʪʠʥʢʘ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e, ʧʨʠʩʦʝʜʠʥʝʥ ʢ ʘʢʢʫʤʫʣʷ-

ʪʦʨʫ. ɿʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʝʥ q0. ʂʘʢʦʡ ʟʘʨʷʜ ȹq ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʘʢʢʫʤʫ-

ʣʷʪʦʨ ʧʨʠ ʫʜʘʣʝʥʠʠ ʧʣʘʩʪʠʥʢʠ? (ʆʪʚʝʪ: 0

1
qq

e

-e
=D ). 

4.21. ʇʣʦʩʢʠʡ ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʞʝʥ ʜʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘ-

ʣʦʚ U = 1000 ɺ. ʉ ʢʘʢʦʡ ʩʠʣʦʡ F ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʦʜʥʘ ʢ ʜʨʫʛʦʡ ʝʛʦ ʧʣʘʩʪʠ-

ʥʳ? ʇʣʦʱʘʜʴ ʧʣʘʩʪʠʥ S = 100 ʩʤ
2
, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ d = 1 ʤʤ.  

(ʆʪʚʝʪ: ʅ104,4
2

2

2

2
0 -Ö=
e
=

d

SU
F ). 

4.22. ʅʘ ʧʣʘʩʪʠʥʘʭ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʟʘ-

ʨʷʜ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ů = 0,2 ʤʢʂʣ / ʤ
2
. ʈʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ ʨʘʚʥʦ 1 ʤʤ. ʅʘʩʢʦʣʴʢʦ ʠʟʤʝʥʠʪʩʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ 

ʝʛʦ ʦʙʢʣʘʜʢʘʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ d ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʜʦ 3 ʤʤ? 

(ʆʪʚʝʪ: =DU 22,6 ɺ). 

4.23. ʈʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦ-

ʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʦ 2 ʩʤ, ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘ-

ʣʦʚ U = 6 ʢɺ. ɿʘʨʷʜ q ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ ʨʘʚʝʥ  

10 ʥʂʣ. ɺʳʯʠʩʣʠʪʝ ʵʥʝʨʛʠʶ W ʧʦʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʠ ʩʠʣʫ F ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʧʣʘʩʪʠʥ. (ʆʪʚʝʪ: 

W = 30 ʤʢɼʞ, F = 30 ʤʢʅ).  

4.24. ʆʧʨʝʜʝʣʠʪʝ ʟʘʨʷʜʳ ʢʦʥʜʝʥʩʘʪʦʨʦʚ q1, q2, 

q3 ʚ ʮʝʧʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.6.  
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(ʆʪʚʝʪ: 
( )

;
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1
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4.25. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʨʘʟʨʷʜʝ ʧʣʦʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʩʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʨʘʚʥʘ  

15 ʢɺ, ʨʘʩʩʪʦʷʥʠʝ d  = 1 ʤʤ, ʜʠʵʣʝʢʪʨʠʢ ï ʩʣʶʜʘ ʠ ʧʣʦʱʘʜʴ ʢʘʞʜʦʡ ʧʣʘ-

ʩʪʠʥʳ ʨʘʚʥʘ S = 300 ʩʤ
2
. (ʆʪʚʝʪ: Q = 0,209 ɼʞ). 

4.26. ʉʠʣʘ F ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʢʦʥ-

ʜʝʥʩʘʪʦʨʘ ʨʘʚʥʘ 50 ʤʅ. ʇʣʦʱʘʜʴ S ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ ʨʘʚʥʘ 200 ʩʤ
2
.  

ʅʘʡʜʠʪʝ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ɤ ʧʦʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ. (ʆʪʚʝʪ: ɤ = 2,5 ɼʞ/ʤ
3
). 

4.27. ʇʣʦʩʢʠʡ ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʨʫʛʣʳʭ ʧʣʘ-

ʩʪʠʥ ʨʘʜʠʫʩʦʤ r = 10 ʩʤ ʢʘʞʜʘʷ. ʈʘʩʩʪʦʷʥʠʝ d1 ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʨʘʚʥʦ  

1 ʩʤ. ʂʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʜʠʣʠ ʜʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U = 1,2 ʢɺ ʠ ʦʪʢʣʶ-

ʯʠʣʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. ʂʘʢʫʶ ʨʘʙʦʪʫ ɸ ʥʫʞʥʦ ʩʦʚʝʨʰʠʪʴ, ʯʪʦʙʳ, ʫʜʘʣʷʷ 

ʧʣʘʩʪʠʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʫʚʝʣʠʯʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʜʦ d2 = 3,5 ʩʤ. 

(ʆʪʚʝʪ: ɸ  = 50 ʤʢɼʞ). 

4.28. ʂʦʥʜʝʥʩʘʪʦʨʳ ʵʣʝʢʪʨʦʝʤʢʦʩʪʷʤʠ ʉ1 = 1 ʤʢʌ, ʉ2 = 2 ʤʢʌ, ʉ3 = 3 ʤʢʌ 

ʚʢʣʶʯʝʥʳ ʚ ʮʝʧʴ ʩ ʥʘʧʨʷʞʝʥʠʝʤ U = 1,1 ʢɺ. ʆʧʨʝʜʝʣʠʪʝ ʵʥʝʨʛʠʶ ʢʘʞʜʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʩʣʫʯʘʷʭ: 1) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʭ ʚʢʣʶʯʝʥʠʷ; 2) ʧʘʨʘʣ-

ʣʝʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ. (ʆʪʚʝʪ: 1) ɼʞ605,11=W  ɼʞ; ɼʞ21,32=W  ɼʞ; ɼʞ815,43=W  ɼʞ; 

2) ɼʞ18,01=W  ɼʞ; ɼʞ9,02=W  ɼʞ; ɼʞ6,03=W  ɼʞ). 

4.29. ʕʣʝʢʪʨʦʝʤʢʦʩʪʴ ʉ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʘ 111 ʧʌ. ɼʠʵʣʝʢ-

ʪʨʠʢ ï ʬʘʨʬʦʨ. ʂʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʜʠʣʠ ʜʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U = 600 ɺ 

ʠ ʦʪʢʣʶʯʠʣʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ. ʂʘʢʫʶ ʨʘʙʦʪʫ ɸ ʥʫʞʥʦ ʩʦʚʝʨ-

ʰʠʪʴ, ʯʪʦʙʳ ʚʳʥʫʪʴ ʜʠʵʣʝʢʪʨʠʢ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘ? ʊʨʝʥʠʝ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʦ. (ʆʪʚʝʪ: ɸ = 0,18 ɼʞ). 

4.30. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩ ʜʠʵʣʝʢʪʨʠ-

ʢʦʤ ʠʟ ʧʘʨʘʬʠʥʦʚʦʡ ʙʫʤʘʛʠ (Ů = 2) ʨʘʚʥʦ 2 ʤʤ, ʘ ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠ-

ʥʘʤʠ ʨʘʚʥʦ 200 ɺ. ʅʘʡʪʠ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʧʦʣʷ. (ʆʪʚʝʪ: ɤ = 88 ʤɼʞ/ʤ
3
). 

4.31. ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ  

300 ɼʞ/ʤ
3
, ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥ S = 10

ï2
 ʤ

2
. ʉ ʢʘʢʦʡ ʩʠʣʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ? (ʆʪʚʝʪ: F = 3 ʅ). 

4.32. ʆʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ, ʧʝʨʝʰʝʜʰʫʶ ʚ ʪʝʧʣʦ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʚʦʟ-

ʜʫʰʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʦʙʢʣʘʜʢʘʤʠ. ɽʤʢʦʩʪʴ 

ʧʝʨʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ1 = 2 ʤʢʌ, ʚʪʦʨʦʛʦ ï ʉ2 = 0,5 ʤʢʌ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ 

ʧʝʨʚʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ ʜʦ ʩʦʝʜʠʥʝʥʠʷ U1 = 100 ɺ, ʘ ʥʘ ʚʪʦʨʦʤ ï U2 = 50 ɺ. 

(ʆʪʚʝʪ: W = 0,5 ʤɼʞ). 
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4.33. ɽʤʢʦʩʪʴ ʦʜʥʦʛʦ ʰʘʨʘ 8 ʤʢʌ, ʘ ʧʦʪʝʥʮʠʘʣ =j1  1000 ɺ. ɽʤʢʦʩʪʴ 

ʚʪʦʨʦʛʦ ʰʘʨʘ 2 ʤʢʌ, ʧʦʪʝʥʮʠʘʣ =j2  1000 ɺ. ʉʢʦʣʴʢʦ ʵʥʝʨʛʠʠ ʚʳʜʝʣʠʪʩʷ 

ʚ ʧʨʦʚʦʜʥʠʢʝ, ʢʦʪʦʨʳʤ ʩʦʝʜʠʥʷʶʪ ʰʘʨʳ? (ʆʪʚʝʪ: W = 3,2 ɼʞ). 

4.34. ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʟʘʟʝʤʣʝʥʠʠ ʟʘʨʷʞʝʥʥʦ-

ʛʦ ʜʦ ʧʦʪʝʥʮʠʘʣʘ ű = 3000 ɺ ʰʘʨʘ ʨʘʜʠʫʩʘ R = 5 ʩʤ. (ʆʪʚʝʪ: W = 25 ʤʢɼʞ). 

4.35. ʇʣʦʩʢʠʡ ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʜʠʣʠ ʠ ʦʪʢʣʶʯʠʣʠ ʦʪ ʠʩ-

ʪʦʯʥʠʢʘ, ʘ ʟʘʪʝʤ ʧʦʛʨʫʟʠʣʠ ʚ ʢʝʨʦʩʠʥ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 2. ʆʧʨʝʜʝʣʠʪʴ ʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʧʘ-

ʩʸʥʥʦʡ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʢ ʢʦʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. (ʆʪʚʝʪ: W0/W = 0,5). 
 

 

ɻʣʘʚʘ 5. ɿɸʂʆʅʓ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 
 

5.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ  
 

ʋʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠʣʠ ʪʝʣ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʝʝ ʩʦʙʦʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ, ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ʕʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʥʘʟʳʚʘʝʤʦʡ ʩʠʣʦʡ ʪʦʢʘ.  

ʉʠʣʘ ʪʦʢʘ I  ï ʩʢʘʣʷʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʦʪʥʦ-

ʰʝʥʠʶ ʟʘʨʷʜʘ, ʧʝʨʝʥʦʩʠʤʦʛʦ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ, ʢ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ: 

t

q
I

d

d
= , 

ʛʜʝ qd  ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʧʨʦʭʦʜʷʱʠʡ ʟʘ ʚʨʝʤʷ td  ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ. 

ɽʩʣʠ ʩʠʣʘ ʪʦʢʘ ʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, 

ʪʦ ʪʦʢ ʥʘʟʳʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ: 

t

q
I = . 

ɺ ʩʠʩʪʝʤʝ ʉʀ ʝʜʠʥʠʮʝʡ ʩʠʣʳ ʪʦʢʘ ʩʣʫʞʠʪ ʘʤʧʝʨ (ɸ): 

1 ʘʤʧʝʨ 
ʩʝʢʫʥʜʘ1

ʢʫʣʦʥ1
ɸʤʧʝʨ1

 

 
 = . 

ɿʘ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʧʨʠʥʠʤʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʭ ʟʘʨʷʜʦʚ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʪʦʤʫ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʴʥʦ ʜʚʠʞʫʪʩʷ ʩʚʦ-

ʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʚ ʤʝʪʘʣʣʝ.  

ʌʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʠʣʦʡ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʪʦʢʘ, ʥʘʟʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ: 

S

I
j

d

d
= . 
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ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ [] 2ʤ/ɸ1=j . 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨ-
ʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʝʛʦ ʢʦʥʮʘʭ, ʪ. ʝ. ʥʫʞʥʦ ʩʦʟ-
ʜʘʚʘʪʴ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʉʠʣʘ ʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠ-
ʯʠʥʳ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ (ʦʪ ʥʘʧʨʷʞʝʥʠʷ). 
ʅʘʧʨʷʞʝʥʠʝʤ U  ʥʘ ʫʯʘʩʪʢʝ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝ-

ʣʷʝʤʘʷ ʨʘʙʦʪʦʡ, ʩʦʚʝʨʰʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 
ʝʜʠʥʠʯʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʮʝʧʠ. 
ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ ʮʝʧʠ: ʩʠʣʘ ʪʦʢʘ I, ʪʝʢʫʱʝʛʦ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ 

ʧʨʦʚʦʜʥʠʢʫ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʘʧʨʷʞʝʥʠʶ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦ-
ʥʘʣʴʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʧʨʦʚʦʜʥʠʢʘ: 

R

U
I = . 

ɿʘʢʦʥ ʆʤʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʝʜʠʥʠʮʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 1 ʆʤ ï ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 1 ɺ ʪʝʯʝʪ ʪʦʢ 
1 ɸ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʤʘʪʝ-
ʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʥʠʢ ʠʟʛʦʪʦʚʣʝʥ. ɼʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 
ʧʨʦʚʦʜʥʠʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʛʦ ʜʣʠʥʝ l  ʠ ʦʙ-
ʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ

S

: 

S

l
R r= , 

ʛʜʝ r ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [] ʤʆʤ1 Ö=r  . 

ɺʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʧʨʦʚʦʜʥʠʢʘ, ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʧʨʦ-
ʚʦʜʠʤʦʩʪʴʶ: 

R
G

1
= . 

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ [] Cʤ=G  (ʩʠʤʝʥʩ). 

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝ-
ʨʘʪʫʨʳ: 

í
ì
ë

a+=

a+r=r

)1(

)1(

0

0

tRR

t
, 

ʛʜʝ r ʠ 0r, R ʠ 0R  ï ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʫʜʝʣʴʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ  
t = 0 ÁC; a ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝ-

ʥʠʠ ʧʨʦʚʦʜʥʠʢʦʚ ʩʠʣʘ ʪʦʢʘ ʦʩʪʘʝʪ-
ʩʷ ʧʦʩʪʦʷʥʥʦʡ const=I  (ʨʠʩ. 5.1).  ʈʠʩ. 5.1 

1
R

1V 2V

V

2
R

A
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ʆʙʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʚʥʦ 

ʩʫʤʤʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ 21 UUU += . 

ɸʥʘʣʦʛʠʯʥʦ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠ ʠʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʨʘʚʥʦ ʩʫʤʤʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʧʨʦ-

ʚʦʜʥʠʢʦʚ: 

ä
=

=
n

i
iRR

1

 ʠʣʠ 21 RRR += . 

ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ 

ʧʨʦʚʦʜʥʠʢʦʚ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʞ-

ʜʦʤ ʠʟ ʥʠʭ ʦʜʠʥʘʢʦʚʦ const=U , 

21 III +=  (ʨʠʩ. 5.2) 

ʆʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜ-

ʥʠʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ, 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʧʦ ʬʦʨʤʫʣʝ 
 

ä
=

=
n

i iRR 1

11
.  (5.1) 

 

ʌʦʨʤʫʣʘ (5.1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʱʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʷʜʘ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʢʣʶʯʝʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʨʘʚʥʘ ʩʫʤʤʝ ʠʭ ʦʪʜʝʣʴʥʳʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʣʳ ʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʫʯʘʩʪʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʥʝʦʙʭʦʜʠʤʦ: 

1) ʥʘʯʝʨʪʠʪʴ ʩʭʝʤʫ, ʫʢʘʟʘʚ ʥʘ ʥʝʡ ʚʩʝ ʵʣʝʤʝʥʪʳ ʮʝʧʠ; 

2) ʫʩʪʘʥʦʚʠʪʴ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʮʝʧʠ; 

3) ʫʢʘʟʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʮʝʧʠ; 

4) ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʚʦʜʥʠʢʦʚ, ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ; 

5) ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʆʤʘ, ʨʘʩʩʯʠʪʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ: ʦʧʨʝʜʝʣʠʪʴ 

ʩʠʣʫ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʘʭ ʮʝʧʠ. 

 

5.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 5.1. ʇʦ ʤʝʜʥʦʤʫ ʧʨʦʚʦʜʫ ʩʝ-

ʯʝʥʠʝʤ 0,3 ʤʤ
2
 (ʨʠʩ. 5.3) ʪʝʯʝʪ ʪʦʢ 0,3 ɸ. 

ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ ʪʦʢʘ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʩʦ ʩʪʦ-

ʨʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʋʜʝʣʴʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʤʝʜʠ 17 ʥʆʤĿʤ. 

l

E
C

F
C

e

1j 2j

ʈʠʩ. 5.3 

ʈʠʩ. 5.2 

1R

2RA

1A

2A

V
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ʈʝʰʝʥʠʝ. ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʣʝʢʪʨʦʥ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, eEF= , ʛʜʝ E  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʚʷʟʘʥʘ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 21 j-j=U  ʩʦʦʪʥʦʰʝ-

ʥʠʝʤ 
l

U
E= . 

ʀʟ ʟʘʢʦʥʘ ʆʤʘ ʥʘʭʦʜʠʤ ʥʘʧʨʷʞʝʥʠʝ IRU = , ʛʜʝ R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʨʦʚʦʜʥʠʢʘ. ʆʧʨʝʜʝʣʷʝʤ 
S

l
R r= , ʛʜʝ r ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦ-

ʚʦʜʥʠʢʘ; l  ï ʝʛʦ ʜʣʠʥʘ; S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʦʜʩʪʘʚʠʤ 

ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʠʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ: 

S

I

lS

Il

l

IR

l

U
E

r
=
r

=== . 

ʅʘʡʜʝʤ ʟʥʘʯʝʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʵʣʝʢʪʨʦʥ, 
S

I
eF
ɟ

= . 

ʇʨʦʚʝʨʠʤ ʨʘʟʤʝʨʥʦʩʪʴ: 

ʅ
ʤ

ɼʞ

ɸʤ

ɺɸ
ʂʣ

ʤ

ʤʆʤɸ
ʂʣ

2
=
ùú

ø
éê

è
=
ùú

ø
éê

è

Ö

Ö
Ö=

ùú

ø
éê

è ÖÖ
Ö=F . 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʝ: 

21

6

9
19 1072,2

103,0

1017
3,0106,1 -

-

-
- Ö=

Ö

Ö
ÖÖÖ=F  (ʅ). 

ʇʨʠʤʝʨ 5.2. ʆʧʨʝʜʝʣʠʪʴ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʷʝʪʩʷ ʩʠʣʘ ʪʦʢʘ, ʧʨʦʭʦ-

ʜʷʱʝʛʦ ʯʝʨʝʟ ʧʣʘʪʠʥʦʚʫʶ ʧʝʯʴ, ʝʩʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʟʘ-

ʞʠʤʘʭ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪʩʷ ʦʪ 20 ʜʦ 1200 Áʉ. 

ʈʝʰʝʥʠʝ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ ʦʥʠ ʥʘʛʨʝʚʘʶʪʩʷ, ʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ )1(0 tRR a+= , ʛʜʝ 0R  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ  

t = 0 ÁC, R ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1t  ʨʘʚʥʦ 

)1( 101 tRR a+= , ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2t  ï )1( 202 tRR a+= . 

ɽʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪʦʛʜʘ 2211 RIRI = . 

ʆʧʨʝʜʝʣʠʤ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ: 

2

1

20

10

1

2

2

1

1

1

)1(

)1(

t

t

tR

tR

R

R

I

I

a+

a+
=

a+

a+
== . 

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ: 

5
201065,31

12001065,31
3

3

2

1 =
ÖÖ+

ÖÖ+
=

-

-

I

I
. 
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ʇʨʠʤʝʨ 5.3. ʆʧʨʝʜʝʣʠʪʴ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩ. 5.4. ʉʜʝʣʘʪʴ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

 ʆʤ
2

1
1  R = ; ʆʤ

2

3
2  R = ; ʆʤ1643  RRR === ; ʆʤ

3

2
5  R = . 

 

 
 

ʈʠʩ. 5.4 

 

ʈʝʰʝʥʠʝ. ʅʘʯʝʨʪʠʤ ʩʭʝʤʫ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 5.4 

(ʨʠʩ. 5.5). 

 

 
ʈʠʩ. 5.5 

 

ʀʟ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 3R  ʠ 

6R  ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ: 

ʆʤ
2

1

63

63
6,3  

RR

RR
R =

+

Ö
= . 

ʂ ʥʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʩʦʝʜʠʥʝʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 2R : 

ʆʤ2
2

1

2

3
R 6,322,6,3  RR =+=+= . 

ʇʘʨʘʣʣʝʣʴʥʦ ʢ ʵʪʠʤ ʪʨʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ ʧʨʠʩʦʝʜʠʥʝʥʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ 5R : 

ʆʤ
2

1

52,6,3

52,6,3
5,2,6,3  

RR

RR
R =

+

Ö
= .      

 

1R 2R

4R

5R

3R

6R

1R 2R 3R

4R 5R 6R
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ʉʦʧʨʦʪʠʚʣʝʥʠʝ1R  ʧʨʠʩʦʝʜʠʥʝʥʦ ʚʥʦʚʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

ʆʤ1
2

1

2

1
5,2,6,311,5,2,6,3  RRR =+=+= . 

ʇʘʨʘʣʣʝʣʴʥʦ ʚʩʝʡ ʮʝʧʦʯʢʝ ʧʦʜʢʣʶʯʝʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 4R : 

ʆʤ
2

1

11

11

41,5,2,6,3

41,5,2,6,3
4,1,5,2,6,3  

RR

RR
R =

+

Ö
=

+

Ö
= . 

ʆʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʆʤ
2

1
ʦʙʱ  R = . 

 

5.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

5.1. ʅʘ ʢʦʥʮʘʭ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ ʜʣʠʥʦʡ 5 ʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘʧʨʷʞʝ-

ʥʠʝ 1 ɺ. ʆʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ. (ʆʪʚʝʪ: 71018,1 Ö=j

ɸ/ʤ
2
). 

5.2. ʇʦ ʤʝʜʥʦʤʫ ʧʨʦʚʦʜʥʠʢʫ ʩʝʯʝʥʠʝʤ 1 ʤʤ
2
 ʪʝʯʝʪ ʪʦʢ 1 ɸ. ʆʧʨʝʜʝʣʠʪʴ 

ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʧʨʦʚʦʜʥʠ-

ʢʘ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʥʘ ʢʘʞʜʳʡ ʘʪʦʤ ʤʝʜʠ ʧʨʠʭʦʜʠʪʩʷ ʦʜʠʥ ʩʚʦʙʦʜʥʳʡ 

ʵʣʝʢʪʨʦʥ. (ʆʪʚʝʪ: 74=u  ʤʢʤ/ʩ). 

5.3. ʆʧʨʝʜʝʣʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝ-

ʯʝʥʠʝ ʧʨʦʚʦʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R = 3 ʆʤ, ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʥʘʨʘʩʪʘʥʠʠ ʥʘ-

ʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ʧʨʦʚʦʜʘ ʦʪ 2 ʜʦ 4 ɺ ʚ ʪʝʯʝʥʠʝ 20 ʩ. (ʆʪʚʝʪ: Q = 20 ʂʣ). 

5.4. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʞʝʣʝʟʥʦʤ ʧʨʦʚʦʜʥʠʢʝ ʜʣʠʥʦʡ 10 ʤ ʨʘʚʥʘ  

6,1 ʤɸ/ʤ
2
. ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʝʤ. (ʆʪʚʝʪ: U = 6 ɺ). 

5.5. ʉʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʨʘʚʥʦʤʝʨʥʦ ʥʘʨʘʩʪʘʝʪ ʦʪ 0 ʜʦ 3 ɸ ʚ ʪʝʯʝʥʠʝ 

10 ʩ. ʆʧʨʝʜʝʣʠʪʴ ʟʘʨʷʜ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ. (ʆʪʚʝʪ: Q = 15 ʂʣ). 

5.6. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʰʠʥʘʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 6,6 ʢɺ. ʇʦʪʨʝʙʠʪʝʣʴ ʥʘʭʦ-

ʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʢʤ. ʉʝʯʝʥʠʝ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʣʠ-

ʥʠʠ ʧʝʨʝʜʘʯ 51042,3 -Ö  ʤ
2
. ʇʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʚʦʜʘʭ ʥʝ ʜʦʣʞʥʳ ʧʨʝ-

ʚʳʰʘʪʴ 9 %. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ ʪʦʢʘ. (ʆʪʚʝʪ: I = 20 ɸ). 

5.7. ɺʦʣʴʪʤʝʪʨ ʚʢʣʶʯʝʥ ʧʘʨʘʣʣʝʣʴʥʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ R1 = 4 ʆʤ ʠ ʧʦʢʘʟʳʚʘʝʪ 

34,8 ɺ (ʨʠʩ. 5.6). ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʢʣʝʤʤʘʭ 

ʠʩʪʦʯʥʠʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ 

ʨʘʚʥʳʤ 100 ɺ. ʅʘʡʪʠ ʦʪʥʦʰʝʥʠʝ ʪʦʢʘ, 

ʠʜʫʱʝʛʦ ʯʝʨʝʟ ʚʦʣʴʪʤʝʪʨ, ʢ ʪʦʢʫ, ʠʜʫʱʝ-

ʤʫ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R2 = 6 ʆʤ.  

(ʆʪʚʝʪ: 2,0
2

º
I

IV ). 
ʈʠʩ. 5.6 

1R 2R

V

ɺ100
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5.8. ʂʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʥʦ ʧʨʠʣʦʞʠʪʴ ʢ ʢʘʪʫʰʢʝ, ʠʤʝʶʱʝʡ  

1000 ʚʠʪʢʦʚ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ (ʜʠʘʤʝʪʨ ʚʠʪʢʦʚ 6 ʩʤ), ʝʩʣʠ ʜʦʧʫʩʪʠʤʘʷ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 2 ɸ/ʤ
2
? (ʆʪʚʝʪ: U = 6,4 ɺ). 

5.9. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʣʘʤʧʦʯʢʘ ʩ ʚʦʣʴʬʨʘʤʦʚʦʡ ʥʠʪʴʶ ʚʢʣʶʯʝʥʘ ʚ ʮʝʧʴ 

ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ. ʇʨʠ ʵʪʦʤ ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʟʘʣ 

10 ʤɺ, ʘʤʧʝʨʤʝʪʨ 4 ʤɸ. ɺ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ 

ʣʘʤʧʦʯʢʠ 120 ɺ, ʩʠʣʘ ʪʦʢʘ 4 ɸ. ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʣʴʬʨʘʤʦʚʦʡ 

ʥʠʪʠ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʣʴʬʨʘʤʘ 13K102,4 --Ö=a . (ʆʪʚʝʪ: t = 2650 Áʉ). 

5.10. ʋʛʦʣʴʥʳʡ ʩʪʝʨʞʝʥʴ ʩʦʝʜʠʥʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʞʝʣʝʟʥʳʤ ʩʪʝʨʞ-

ʥʝʤ ʪʘʢʦʡ ʞʝ ʪʦʣʱʠʥʳ. ʇʨʠ ʢʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʠʭ ʜʣʠʥ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʜʘʥʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ? ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʛʣʷ 13
1 K108,0 --Ö=a , ʞʝʣʝʟʘ ï 13

2 K106 --Ö=a . ʋʜʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʛʣʷ ʤʆʤ104 5
1 ÖÖ=r - , ʞʝʣʝʟʘ ï ʤʆʤ102,1 7

2 ÖÖ=r - . (ʆʪʚʝʪ: 

44

1

2

1 =
I

I
). 

5.11. ʆʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R, ʝʩʣʠ ʘʤʧʝʨʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ ʪʦʢ 

5 ɸ, ʚʦʣʴʪʤʝʪʨ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʢʦʥʮʘʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ï ʥʘʧʨʷʞʝʥʠʝ 

100 ɺ, ʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʴʪʤʝʪʨʘ 2500 ʆʤ. ʂʘʢʦʚʘ ʦʰʠʙʢʘ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʝʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠ-

ʝʤ ʚʦʣʴʪʤʝʪʨʘ? (ʆʪʚʝʪ:  R = 20 ʆʤ; 008,0=
D

R

R
). 

5.12. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʰʫʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 100 ʆʤ ʧʘʨʘʣʣʝʣʴʥʦ ʠʟ-

ʤʝʨʠʪʝʣʴʥʦʤʫ ʧʨʠʙʦʨʫ ʩʪʨʝʣʢʘ ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʚʩʶ ʰʢʘʣʫ ʧʨʠ ʪʦʢʝ ʚʦ 

ʚʥʝʰʥʝʡ ʮʝʧʠ 3 ɸ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʜʦʙʘʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 300 ʆʤ ʢ 

ʥʝ ʟʘʰʫʥʪʠʨʦʚʘʥʥʦʤʫ ʛʘʣʴʚʘʥʦʤʝʪʨʫ ʰʢʘʣʘ ʧʨʠʙʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʚ ʯʝʪʳʨʝ 

ʨʘʟʘ ʛʨʫʙʝʝ, ʯʝʤ ʙʝʟ ʜʦʙʘʚʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʰʫʥʪʘ. ʂʘʢʦʡ ʰʫʥʪ ʥʘ-

ʜʦ ʚʟʷʪʴ, ʯʪʦʙʳ ʩʪʨʝʣʢʘ ʦʪʢʣʦʥʷʣʘʩʴ ʥʘ ʚʩʶ ʰʢʘʣʫ ʧʨʠ ʪʦʢʝ ʚʦ ʚʥʝʰʥʝʡ 

ʮʝʧʠ 7,5 ɸ? (ʆʪʚʝʪ: Rh  = 25 ʆʤ). 

5.13. ʀʤʝʝʪʩʷ ʧʨʠʙʦʨ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 10 ʤʢɸ. ʐʢʘʣʘ ʧʨʠʙʦʨʘ ʠʤʝʝʪ 

100 ʜʝʣʝʥʠʡ, ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʙʦʨʘ 50 ʆʤ. ʂʘʢ ʠʟ ʵʪʦʛʦ ʧʨʠ-

ʙʦʨʘ ʩʜʝʣʘʪʴ ʚʦʣʴʪʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 200 ɺ ʠʣʠ ʤʠʣʣʠ-

ʘʤʧʝʨʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʜʦ 800 ʤɸ? (ʆʪʚʝʪ: Rʜ = 200 ʢʆʤ;  

Rh  = 0,0625 ʆʤ). 

5.14. ʂ ʩʝʪʠ ʥʘʧʨʷʞʝʥʠʝʤ 120 ɺ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʚʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʨʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʪʦʢ ʨʘʚʝʥ 3 ɸ, ʘ ʧʨʠ ʧʘʨʘʣʣʝʣʴ-

ʥʦʤ ï ʩʫʤʤʘʨʥʳʡ ʪʦʢ ʨʘʚʝʥ 16 ɸ. ʏʝʤʫ ʨʘʚʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ? (ʆʪʚʝʪ: 

R1 = 100 Oʤ; R2 = 30 ʆʤ). 
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5.15. ɽʩʣʠ ʥʘ ʚʭʦʜ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʮʝʧʠ ʧʦʜʘʥʦ ʥʘʧʨʷʞʝʥʠʝ 

100 ɺ, ʪʦ ʥʘ ʚʳʭʦʜʝ ʥʘʧʨʷʞʝʥʠʝ 

ʙʫʜʝʪ 40 ɺ. ʇʨʠ ʵʪʦʤ ʯʝʨʝʟ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ R2 ʠʜʝʪ ʪʦʢ 1 ɸ. ɽʩʣʠ ʥʘ 

ʚʳʭʦʜ ʮʝʧʠ ʧʦʜʘʪʴ ʥʘʧʨʷʞʝʥʠʝ 

60 ɺ, ʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ ʦʢʘ-

ʞʝʪʩʷ 15 ɺ. ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R1, R2 ʠ R3 (ʨʠʩ. 5.7). 

(ʆʪʚʝʪ: R1 = 20 ʆʤ; R2 = 60 ʆʤ; R3 = 40 ʆʤ).  

5.16. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʜʚʫʭʧʨʦʚʦʜʥʫʶ ʩʝʪʴ ʧʦʢʘʟʘʥʠʷ ʚʦʣʴʪʤʝʪʨʘ ʩʪʘ-

ʣʦ 125 ɺ. ʂʦʛʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʚʦʣʴʪʤʝʪʨʦʤ ʚʢʣʶʯʠʣʠ ʥʝʠʟʚʝʩʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʟʘʣ 120 ɺ. ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʥʝʠʟʚʝʩʪ-

ʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʝʩʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʴʪʤʝʪʨʘ 1,5 ʢʆʤ. (ʆʪʚʝʪ:  

Rx = 62,5 ʆʤ). 

5.17. ʃʠʥʠʷ ʩʚʷʟʠ ʜʣʠʥʦʡ 80 ʢʤ ʨʘʙʦʪʘʝʪ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ 30 ɺ. ʂʦʛʜʘ 

ʥʘ ʣʠʥʠʠ ʧʨʦʠʟʦʰʣʦ ʟʘʤʳʢʘʥʠʝ, ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ ʩʪʘʣʦ 24 ɺ. ʅʘ ʢʘ-

ʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʧʨʦʠʟʦʰʣʦ ʟʘʤʳʢʘʥʠʝ? (ʆʪʚʝʪ: Lx = 64 ʢʤ).  

5.18. ʂʘʢʠʤ ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ R3, ʯʪʦʙʳ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʤʝʞʜʫ ʢʣʝʤʤʘʤʠ ʪʦʞʝ ʙʳʣʦ R3?  

(ʨʠʩ. 5.8). (ʆʪʚʝʪ: R3 = 1,7R). 

5.19. ɼʫʛʦʚʦʡ ʬʦʥʘʨʴ, ʪʨʝʙʫʶʱʠʡ ʜʣʷ 

ʩʚʦʝʛʦ ʧʠʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʝ 40 ɺ ʠ ʩʠʣʫ 

ʪʦʢʘ 10 ɸ, ʚʢʣʶʯʝʥ ʚ ʩʝʪʴ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 

120 ɺ ʯʝʨʝʟ ʨʝʦʩʪʘʪ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ 

ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩʝʯʝʥʠʝʤ  

2 ʤʤ
2
. ʆʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʦʩʪʘʪʘ ʠ ʜʣʠʥʫ ʧʨʦʚʦʣʦʢʠ, ʥʝʦʙʭʦʜʠ-

ʤʦʡ ʜʣʷ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. (ʆʪʚʝʪ:  l = 80 ʤ; R = 150 ʆʤ). 

5.20. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʠʪʢʘ ʧʦʜʢʣʶʯʝʥʘ ʢ ʩʝʪʠ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 220 ɺ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʚʦʜʦʚ, ʠʤʝʶʱʠʭ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ 5 ʆʤ, ʧʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʧʣʠʪʢʝ ʨʘʚʥʦ 210 ɺ. ʏʝʤʫ ʙʫʜʝʪ 

ʨʘʚʥʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʣʠʪʢʝ, ʝʩʣʠ ʢ 

ʥʝʡ ʧʦʜʢʣʶʯʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʪʘʢʫʶ 

ʞʝ ʧʣʠʪʢʫ? (ʆʪʚʝʪ: U = 200 ɺ). 

5.21. ʆʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʩʠʣʳ ʪʦʢ 

ʠʜʝʪ ʯʝʨʝʟ ʘʤʧʝʨʤʝʪʨ, ʝʩʣʠ U = 15 ɺ, 

R1 = 5 ʆʤ, R2 = 10 ʆʤ, R3 = 10 ʆʤ,  

R4 = 5 ʆʤ (ʨʠʩ. 5.9). (ʆʪʚʝʪ: I = 0,5 ɸ). 

ʈʠʩ. 5.7 

ʚʭʦʜ ʚʳʭʦʜ

1R

2R

3R

ʈʠʩ. 5.8 

3RR

R R

1R

ɸ

2R

3R

4R

ʈʠʩ. 5.9 
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5.22. ʇʘʨʘʣʣʝʣʴʥʦ ʘʤʧʝʨʤʝʪʨʫ, ʠʤʝʶʱʝʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 0,02 ʆʤ, 

ʚʢʣʶʯʝʥ ʤʝʜʥʳʡ ʧʨʦʚʦʜʥʠʢ ʜʣʠʥʦʡ 20 ʩʤ ʠ ʩʝʯʝʥʠʝʤ 3,4 ʤʤ
2
. ʆʧʨʝʜʝʣʠʪʴ 

ʩʠʣʫ ʪʦʢʘ ʚ ʮʝʧʠ, ʝʩʣʠ ʘʤʧʝʨʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ 0,3 ɸ. (ʆʪʚʝʪ: I = 6,3 ɸ). 

5.23. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʞʝʣʝʟʥʦʛʦ ʩʪʝʨʞʥʷ 0,0018 ʆʤ, ʤʘʩʩʘ 1 ʢʛ. ʆʧʨʝ-

ʜʝʣʠʪʴ ʜʠʘʤʝʪʨ ʵʪʦʛʦ ʩʪʝʨʞʥʷ. (ʆʪʚʝʪ: d = 1 ʩʤ). 

5.24. ʅʠʭʨʦʤʦʚʘʷ ʩʧʠʨʘʣʴ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ R = 30 ʆʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʢʘʣʘ 900 Áʉ. ʉʢʦʣʴʢʦ ʤʝʪʨʦʚ 

ʧʨʦʚʦʣʦʢʠ ʥʘʜʦ ʚʟʷʪʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʠʨʘʣʠ, ʝʩʣʠ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʚʦʣʦʢʠ 0,3 ʤʤ
2
? (ʆʪʚʝʪ: l = 6 ʤ). 

5.25. ɼʦ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʝʪʩʷ ʥʠʭʨʦʤʦʚʘʷ ʵʣʝʢʪʨʦʛʨʝʣʢʘ, 

ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʦʙʤʦʪʢʫ ʚ ʤʦʤʝʥʪ ʝʝ ʚʢʣʶʯʝʥʠʷ 

(t1 = 20 Áʉ), ʚ 0,09 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʨʘʙʦʯʠʡ ʪʦʢ? (ʆʪʚʝʪ: t = 247 Áʉ). 

5.26. ɼʫʛʦʚʦʡ ʬʦʥʘʨʴ, ʪʨʝʙʫʶʱʠʡ ʜʣʷ ʩʚʦʝʛʦ ʧʠʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʝ 40 ɺ 

ʠ ʩʠʣʫ ʪʦʢʘ 10 ɸ, ʚʢʣʶʯʝʥ ʚ ʩʝʪʴ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 120 ɺ ʯʝʨʝʟ ʨʝʦʩʪʘʪ, ʠʟ-

ʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩʝʯʝʥʠʝʤ 2 ʤʤ
2
. ʆʧʨʝʜʝʣʠʪʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʦʩʪʘʪʘ ʠ ʜʣʠʥʫ ʧʨʦʚʦʣʦʢʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʝʛʦ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ? (ʆʪʚʝʪ: R = 8 ʆʤ; l = 32 ʤ). 

5.27. ɺ ʩʝʪʴ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 24 ɺ ʧʦʜʢʣʶʯʝʥʳ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦ-

ʝʜʠʥʝʥʥʳʭ ʨʝʟʠʩʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʩʠʣʘ ʪʦʢʘ ʩʪʘʣʘ ʨʘʚʥʦʡ 0,6 ɸ. ʂʦʛʜʘ ʨʝʟʠ-

ʩʪʦʨʳ ʧʦʜʢʣʶʯʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ, ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʪʦʢʘ ʩʪʘʣʘ ʨʘʚʥʦʡ 3,2 ɸ. 

ʆʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʦʚ. (ʆʪʚʝʪ: R1 = 80 ʆʤ; R2 = 10 ʆʤ). 

5.28. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʩʝʪʠ ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ 

ʩʠʣʘ ʪʦʢʘ ʚ 6,25 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʦʜʢʣʶʯʝʥʠʠ ʵʪʠʭ 

ʧʨʦʚʦʜʥʠʢʦʚ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʦʪʣʠʯʘʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ? 

(ʆʪʚʝʪ: ʚ 4 ʨʘʟʘ). 

5.29. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʪʨʝʭ ʧʨʦʚʦʜʥʠʢʦʚ ʦʜʠʥʘʢʦʚʦʡ 

ʜʣʠʥʳ ʠ ʩʜʝʣʘʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʚʦʜʥʠʢ ʩʝʯʝʥʠʝʤ S1 = 3 ʤʤ
2
 

ʩʦʝʜʠʥʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ 

ʩʝʯʝʥʠʷʤʠ 2 ʤʤ
2
 ʠ 4 ʤʤ

2
. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʢʦʥʮʘʭ ʮʝʧʠ 12 ɺ. ʉʠʣʘ 

ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ ʩʝʯʝʥʠʝʤ S1, ʨʘʚʥʘ 1 ɸ. ʆʧʨʝʜʝʣʠʪʴ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʩʠʣʫ ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʯʝʨʝʟ ʢʘʞʜʳʡ ʧʨʦ-

ʚʦʜʥʠʢ ʠ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʧʨʦʚʦʜʥʠʢʝ. (ʆʪʚʝʪ: R1 = 8 ʆʤ; 

I1 = 1 ɸ; U1 = 8 ɺ; R2 = 12 ʆʤ; I2 = 1/3 ɸ; U2,3 = 4 ɺ; R3 = 6 ʆʤ; I3 = 2/3 ɸ). 

5.30. ɸʤʧʝʨʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 10 ʆʤ ʨʘʩʩʯʠʪʘʥ ʥʘ ʩʠʣʫ ʪʦʢʘ 30 ʤɸ. 

ʂʘʢʠʝ ʜʦʙʘʚʦʯʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʜʦ ʚʟʷʪʴ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʠʟʤʝʨʷʪʴ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʯʝʪʳʨʝʭ ʧʨʝʜʝʣʘʭ: 3, 15, 75 ʠ 150 ɺ? (ʆʪʚʝʪ: R1 = 90 ʆʤ; 

R2 = 0,49 ʢʆʤ; R3 = 2,5 ʢʆʤ; R4 = 5 ʢʆʤ). 
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ɻʣʘʚʘ 6. ɿɸɺʀʉʀʄʆʉʊʔ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʆʊ ʊɽʄʇɽʈɸʊʋʈʓ 

 

6.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ  

 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

( )tRRt a+= 10 , 

ʛʜʝ tR  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t; 0R  ï ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 C̄; 
tR

RRt

0

0-
=a  ï ʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʨʦʜʘ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʥʠʢʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɟ 
ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: 

( )tt a+r=r 10 , 

ʛʜʝ 0r ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʧʨʠ t = 0 ÁC. 

 

6.2. ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

 

ʇʨʠʤʝʨ 6.1. ɺ ʩʦʟʜʘʥʥʳʭ ɸ.ʅ. ʃʦʜʳʛʠʥʳʤ ʧʝʨʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʣʘʤʧʘʭ ʥʘʢʘʣʠʚʘʥʠʷ (1872 ʛ.) ʥʘʢʘʣʠʚʘʣʩʷ ʫʛʦʣʴʥʳʡ ʩʪʝʨʞʝʥʝʢ. ʇʦʜʩʯʠ-

ʪʘʪʴ ʤʦʱʥʦʩʪʴ ʰʝʩʪʠʚʦʣʴʪʦʚʦʡ ʣʘʤʧʦʯʢʠ ʃʦʜʳʛʠʥʘ, ʝʩʣʠ ʫʛʦʣʴʥʳʡ ʩʪʝʨ-

ʞʝʥʝʢ ʠʤʝʝʪ ʜʣʠʥʫ 6 ʩʤ ʠ ʜʠʘʤʝʪʨ 2 ʤʤ. ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʛʣʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0 C̄ 
0
r = 7Ā10

ï5
 ʆʤĀʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʢʘʣʘ ʩʪʝʨʞʝʥʴʢʘ 

1660 C̄, ʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 4102 -Ö-=a  -1ʛʨʘʜ. 

ʈʝʰʝʥʠʝ. ʀʟ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʣʝʜʫʝʪ 

R

U
U

R

U
IUP

2

=== , 

ʛʜʝ U ï ʥʘʧʨʷʞʝʥʠʝ; R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ( )tRR a+= 10 , 
S

l
R 00 r= . 
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6.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 
 

6.1ï6.30. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʘʤʧʦʯʢʠ ʥʘʧʨʷʞʝʥʠʝʤ U ʠ ʤʦʱʥʦ-

ʩʪʴʶ P ʚ ʥʘʢʘʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʭʦʣʦʜʥʦʤ ʚ n ʨʘʟ. ʅʘʡʪʠ ʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʢʘʣʘ ʥʠʪʠ t, C̄. (ɺʘʨʠʘʥʪʳ ʫʩʣʦʚʠʡ ʟʘ-

ʜʘʯʠ ʩʤ. ʚ ʪʘʙʣ. 6.1). 
 

ʊʘʙʣʠʮʘ 6.1 

ɺʘʨʠʘʥʪʳ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ 
 

 ̄ 

ʚʘʨʠʘʥʪʘ 
U, ɺ P, ɺʪ n, ʨʘʟ t, C̄ 

 ̄ 

ʚʘʨʠʘʥʪʘ 
U, ɺ P, ɺʪ n, ʨʘʟ t, C̄ 

6.1 120 100 10 2000 6.16 205 100 13 2450 

6.2 127 150 8 1600 6.17 210 150 11 2350 

6.3 220 40 12 1700 6.18 215 75 10 2200 

6.4 150 15 15 1500 6.19 225 60 9 2100 

6.5 300 60 11 2500 6.20 230 40 12 2000 

6.6 125 75 9 2300 6.21 240 15 20 1950 

6.7 210 200 5 2250 6.22 235 25 10 1900 

6.8 200 250 13 2100 6.23 380 200 8 1700 

6.9 240 90 15 1900 6.24 127 40 11 1600 

6.10 230 100 7 1850 6.25 120 15 15 1650 

6.11 235 60 15 1750 6.26 165 75 10 1750 

6.12 215 75 10 1650 6.27 150 60 14 1850 

6.13 180 40 20 2050 6.28 220 75 9 2000 

6.14 190 15 18 2150 6.29 210 150 10 2050 

6.15 195 25 15 2300 6.30 200 60 8 2100 

 

 

ɻʣʘʚʘ 7. ɿɸʂʆʅ ʆʄɸ ɼʃʗ ʅɽʆɼʅʆʈʆɼʅʆʁ ʎɽʇʀ 
 

7.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 
 

ʅʝʦʜʥʦʨʦʜʥʦʡ ʥʘʟʳʚʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʩ ʚʢʣʶʯʝʥʥʦʡ ʚ ʥʝʝ ʦʜ-

ʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʵʜʩ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥ ʆʤʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

R
I

ää x°j
= , 

ʛʜʝ äj ï ʩʫʤʤʘ ʨʘʟʥʦʩʪʝʡ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʮʝʧʠ ʠʣʠ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ; 

äx ï ʩʫʤʤʘ ʵʜʩ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʮʝʧʴ. 

ɿʥʘʢʠ ȹű ʠ ȹɝ ʚʳʙʠʨʘʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʙʭʦʜʘ. 
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7.2. ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
 

ʇʨʠʤʝʨ 7.1. ʇʦʪʝʥʮʠʦʤʝʪʨ ʩ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝʤ R = 100 ʆʤ ʧʦʜʢʣʶʯʝʥ ʢ ʠʩʪʦʯ-

ʥʠʢʫ ʪʦʢʘ, ʵʜʩ ʢʦʪʦʨʦʛʦ ɝ = 150 ɺ ʠ ʚʥʫʪ-
ʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r = 50 ʆʤ (ʨʠʩ. 7.1). 
ʆʧʨʝʜʝʣʠʪʴ ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝʤ RV = 500 ʆʤ, ʩʦʝʜʠʥʝʥʥʦʛʦ 
ʧʨʦʚʦʜʥʠʢʦʤ ʩ ʦʜʥʦʡ ʠʟ ʢʣʝʤʤ ʧʦʪʝʥʮʠʦ-
ʤʝʪʨʘ ʠ ʧʦʜʚʠʞʥʳʤ ʢʦʥʪʘʢʪʦʤ ʩ ʩʝʨʝʜʠʥʦʡ ʦʙʤʦʪʢʠ ʧʦʪʝʥʮʠʦʤʝʪʨʘ. ʂʘʢʦʚʘ 
ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʝʤʠ ʞʝ ʪʦʯʢʘʤʠ ʧʦʪʝʥʮʠʦʤʝʪʨʘ ɸ ʠ ɺ ʧʨʠ ʦʪ-
ʢʣʶʯʝʥʠʠ ʚʦʣʴʪʤʝʪʨʘ? 

ʈʝʰʝʥʠʝ. ɿʘʧʠʰʝʤ ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʮʝʧʠ 
1R

U
I

x°
= , ʦʪʢʫʜʘ: 

x-= 1IRU  ,  

ʛʜʝ 2/1 RrR += . 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ 0/ RI x= , ʛʜʝ 
V

V

RR

RRR
rR

+

Ö
++=

2/

2/

2
0  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʡ 

ʮʝʧʠ, ʪʦʛʜʘ 
R1 = 50 + 50 = 100 ʆʤ; R0 = 50 + 50 + 45,5 = 145,5 ʆʤ; 

9,46150100
5,145

150
-=-Ö=U  ɺ. 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʚʦʣʴʪʤʝʪʨʘ: 
R1 = r + R/2; R0 = r + R; R1 = 50 + 50 = 100 ʆʤ; R0 = 50 + 100 = 15 ʆʤ; 

50150100
150

150
-=-Ö=U  (ɺ). 

ɿʥʘʢ çʤʠʥʫʩè ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ űA < űB. 
 

7.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 
 

7.1ï7.15. ʅʘ ʨʠʩ. 7.2 ʠʟʦʙʨʘʞʝʥʘ ʮʝʧʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 
ʪʨʝʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʟʥʦʩʪʴ 
ʧʦʪʝʥʮʠʘʣʦʚ ű1 < ű2 ʤʝʞʜʫ ʪʦʯʢʘʤʠ 1 ʠ 2. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ 
ʪʦʢʘ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ ʧʨʝʥʝʙʨʝʯʴ. ɺʘʨʠʘʥʪʳ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ 
ʩʤ. ʚ ʪʘʙʣ. 7.1. 

 

 
 

R1 

R2 R3 1 2 

ɝ2 ɝ1 ɝ3 

ʈʠʩ. 7.1 

A 

ɝ 

B 

V 
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ʈʠʩ. 7.2 

ʊʘʙʣʠʮʘ 7.1 

ɺʘʨʠʘʥʪʳ ʫʩʣʦʚʠʡ ʟʘʜʘʯ 7.1ï7.15 

 
ˉ ʚʘʨʠʘʥʪʘ R1, ʆʤ R2, ʆʤ R3, ʆʤ ɝ1, ɺ ɝ2, ɺ ɝ3, ɺ 

7.1 3 1 2 2 5 2 

7.2 4 4 4 3 2 4 

7.3 4 3 1 2 4 6 

7.4 5 2 2 6 1 5 

7.5 3 2 1 5 2 2 

7.6 2 1 4 3 5 2 

7.7 6 3 1 4 5 2 

7.8 1 2 2 2 4 1 

7.9 5 5 5 2 2 2 

7.10 5 2 4 3 5 3 

7.11 3 3 3 2 1 1 

7.12 2 2 2 3 3 3 

7.13 5 1 3 2 5 2 

7.14 6 3 3 4 6 3 

7.15 3 4 4 2 4 6 

 

7.16ï7.30. N ʦʜʠʥʘʢʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʪʦʢʘ ʩ ʵʜʩ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠ-

ʝʤ R0 ʠ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʠʥʘʢʦ-

ʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫ-

ʪʫʶ ʮʝʧʴ ʠʟ N ʟʚʝʥʴʝʚ (ʨʠʩ. 7.3). ʅʘʡʪʠ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ɸ 

ʠ ɺ, ʜʝʣʷʱʠʤʠ ʮʝʧʴ ʥʘ n ʠ (N ï n) ʟʚʝʥʴ-

ʝʚ. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʧʨʦʚʦʜʦʚ ʧʨʝʥʝʙʨʝʯʴ. 

ɺʘʨʠʘʥʪʳ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʩʤ. ʚ  

ʪʘʙʣ. 7.2. 

 

ʊʘʙʣʠʮʘ 7.2 

ɺʘʨʠʘʥʪʳ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ 

 
ˉ ʚʘʨʠʘʥʪʘ N n R0, ʆʤ R, ʆʤ ɝ, ɺ 

7.16 30 10 5 10 15 

7.17 25 15 1 5 8 

7.18 20 15 1 4 6 

7.19 10 5 4 8 6 

ʈʠʩ. 7.3 

ɸ 

ɝ 

R 

ɺ 

R 

R R 

R 

R 

ɝ 

ɝ 

ɝ 

ɝ 

ɝ 
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7.20 15 7 2 3 10 

                                                                              ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 7.2 

 

ˉ ʚʘʨʠʘʥʪʘ N n R0, ʆʤ R, ʆʤ ɝ, ɺ 

7.21 9 3 1 6 6 

7.22 24 6 1 5 8 

7.23 20 10 3 4 5 

7.24 21 7 0,5 10 10 

7.25 18 6 0,5 15 15 

7.26 15 4 1 7 9 

7.27 12 6 2 6 6 

7.28 10 4 2 5 6 

7.29 8 4 2 8 8 

7.30 28 7 1 10 10 

 

 

ɻʣʘʚʘ 8. ʈɸɿɺɽʊɺʃɽʅʀɽ ʎɽʇʀ. ʇʈɸɺʀʃɸ ʂʀʈʍɻʆʌɸ 

 

8.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ  

 

ʈʘʟʚʝʪʚʣʝʥʥʘʷ ʮʝʧʴ ï ɻ ʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ, ʩʦʜʝʨʞʘʱʘʷ ʭʦʪʷ ʙʳ ʦʜʠʥ ʫʟʝʣ. 

ʋʟʝʣ ï ʵʪʦ ʪʦʯʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʚ ʢʦʪʦʨʦʡ ʩʭʦʜʷʪʩʷ ʥʝ ʤʝʥʝʝ 

ʪʨʝʭ ʧʨʦʚʦʜʥʠʢʦʚ. 

ʇʝʨʚʦʝ ʧʨʘʚʠʣʦ ʂʠʨʭʛʦʬʘ. ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʩʠʣ ʪʦʢʦʚ, ʩʭʦʜʷ-

ʱʠʭʩʷ ʚ ʫʟʣʝ, ʨʘʚʥʘ ʥʫʣʶ: 
 

0=ä
=

N

0i
iI .       (8.1) 

 

ʇʨʘʚʠʣʦ ʟʥʘʢʦʚ: ʪʦʢʠ, ʠʜʫʱʠʝ ʢ ʫʟʣʫ, ʩʯʠʪʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʘ 

ʠʩʭʦʜʷʱʠʝ ʠʟ ʫʟʣʘ ï ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. 

ɺʪʦʨʦʝ ʧʨʘʚʠʣʦ ʂʠʨʭʛʦʬʘ. ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝ-

ʥʠʡ (ʪʦ ʝʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʡ IR) ʜʣʷ ʣʶʙʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʮʝʧʠ ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʵʜʩ, ʠʤʝʶʱʠʭʩʷ ʚ ʵʪʦʤ ʢʦʥʪʫʨʝ: 
 

ää
==

x=
k

j
j

N

0i
ii RI

1

.                                          (8.2) 
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ʇʨʘʚʠʣʦ ʟʥʘʢʦʚ: ʝʩʣʠ ʪʦʢʠ ʚ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ ʩʦʚʧʘʜʘʶʪ ʩ ʚʳʙʨʘʥ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ ʜʘʥʥʦʛʦ ʢʦʥʪʫʨʘ, ʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ii RI  ʩʯʠʪʘʝʪ-

ʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ɽʩʣʠ ʵʜʩ ʧʦʚr-

ʰʘʝʪ ʧʦʪʝʥʮʠʘʣ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʭʦʜʘ ʢʦʥʪʫʨʘ, ʪ. ʝ. ʝʩʣʠ ʧʨʠ ʦʙʭʦʜʝ ʧʨʠ-

ʭʦʜʠʪʩʷ ʠʜʪʠ ʦʪ ʤʠʥʫʩʘ ʢ ʧʣʶʩʫ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ, ʪʦ ʦʥʦ ʩʯʠʪʘʝʪʩʷ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ʋʢʘʟʘʥʠʷ ʧʦ ʨʘʩʯʝʪʫ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʘ-

ʚʠʣ ʂʠʨʭʛʦʬʘ. 

1. ʆʙʦʟʥʘʯʠʪʴ ʩʪʨʝʣʢʘʤʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ, ʥʝ ʟʘ-

ʜʫʤʳʚʘʷʩʴ ʥʘʜ ʪʝʤ, ʢʫʜʘ ʵʪʠ ʩʪʨʝʣʢʠ ʥʘʧʨʘʚʠʪʴ. ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩ-

ʣʝʥʠʡ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʪʦʢ ʧʦʣʦʞʠʪʝʣʝʥ, ʪʦ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʙʨʘʥʦ ʧʨʘ-

ʚʠʣʴʥʦ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʪʦʢ ʪʝʯʝʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

2. ɽʩʣʠ ʚ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʠ ʠʤʝʝʪʩʷ N ʪʦʢʦʚ, ʪʦ ʥʝʟʘʚʠʩʠʤʳʝ ʫʨʘʚʥʝ-

ʥʠʷ ʪʠʧʘ (8.1) ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʣʠʰʴ ʜʣʷ (Nï1) ʫʟʣʦʚ; ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦ-

ʩʣʝʜʥʝʛʦ ʫʟʣʘ ʙʫʜʝʪ ʩʣʝʜʩʪʚʠʝʤ ʧʨʝʜʳʜʫʱʠʭ. 

3. ʅʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ ʜʣʷ ʣʶʙʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʚʳʙʠʨʘʝʪʩʷ 

ʧʨʦʠʟʚʦʣʴʥʦ (ʥʘʧʨʠʤʝʨ, ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ), ʚʩʝ ʝʛʦ ʫʯʘʩʪʢʠ ʩʣʝʜʫʝʪ ʦʙ-

ʭʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʚʳʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɽʩʣʠ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ 

ʧʦʣʫʯʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʦ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʢ ʯʝʨʝʟ ʜʘʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʝʯʝʪ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʤʫ. 

4. ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ ʧʦ 

ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʂʠʨʭʛʦʬʘ (8.2), ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ ʯʠʩʣʘ ʟʘʤʢʥʫʪʳʭ 

ʢʦʥʪʫʨʦʚ ʚ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʠ. ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʳʡ ʢʦʥ-

ʪʫʨ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ. ɺʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʢʦʥʪʫʨʳ ʩʣʝʜʫʝʪ ʚʳʙʠ-

ʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʢʘʞʜʳʡ ʥʦʚʳʡ ʢʦʥʪʫʨ ʚʭʦʜʠʣʘ ʭʦʪʷ ʙʳ ʦʜʥʘ 

ʚʝʪʚʴ ʮʝʧʠ, ʥʝ ʫʯʘʩʪʚʦʚʘʚʰʘʷ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʢʦʥʪʫ-

ʨʦʚ. ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (8.2) ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ ʥʘʠ-

ʤʝʥʴʰʝʤʫ ʯʠʩʣʫ ʨʘʟʨʳʚʦʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ ʚ ʮʝʧʠ, ʯʪʦʙʳ ʥʘʨʫ-

ʰʠʪʴ ʚʩʝ ʢʦʥʪʫʨʳ. 

 

8.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 8.1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʪʨʝʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʛʘʣʴʚʘʥʦʤʝʪʨʘ (ʨʠʩ. 8.1). ɺ ʵʪʦʡ ʮʝʧʠ  

R1 = 100 ʆʤ, R2 = 50 ʆʤ, R3 = 20 ʆʤ, ɝ1 = 2 ɺ. ɻʘʣʴʚʘʥʦʤʝʪʨ ʨʝʛʠʩʪʨʠʨʫʝʪ 
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ʩʠʣʫ ʪʦʢʘ I = 50 ʤɸ, ʠʜʫʱʝʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʫʢʘʟʘʥʥʦʤ ʩʪʨʝʣʢʦʡ. ʆʧʨʝ-

ʜʝʣʠʪʴ ɝ2, I1 ʠ I2. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ. ɺʳʙʝʨʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʦʚ ʚ ʮʝʧʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.2, 

ʠ ʫʩʣʦʚʠʤʩʷ ʦʙʭʦʜʠʪʴ ʟʘʤʢʥʫʪʳʝ ʢʦʥʪʫʨʳ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 

 

       
 

ʈʠʩ. 8.1                                                                ʈʠʩ. 8.2 

 

ɺ ʮʝʧʠ ʠʤʝʝʪʩʷ ʜʚʘ ʫʟʣʘ ï C ʠ D. ʇʦ ʧʝʨʚʦʤʫ ʧʨʘʚʠʣʫ ʂʠʨʭʛʦʬʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʥʝʟʘʚʠʩʠʤʦʝ ʫʨʘʚʥʝʥʠʝ. ɺʳʙʝʨʝʤ ʫʟʝʣ D: 

0321 =-- III . 

ɺ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʠ ʠʤʝʝʪʩʷ ʪʨʠ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʘ: ABEDCA, 

CDKFC, ABEDKFCA, ʥʦ ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʨʘʟʨʳʚʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʩʜʝ-

ʣʘʪʴ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʚʩʝʭ ʢʦʥʪʫʨʦʚ, ʨʘʚʥʦ ʜʚʫʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʚʪʦʨʦ-

ʤʫ ʧʨʘʚʠʣʫ ʂʠʨʭʛʦʬʘ ʥʫʞʥʦ ʩʦʩʪʘʚʠʪʴ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʷ: 

ï ʜʣʷ ʢʦʥʪʫʨʘ ABEDCA: 

11122 x-=-- RIRI  

ʠʣʠ           ;RIRI 11122 x=+     

ï ʜʣʷ ʢʦʥʪʫʨʘ CDKFC: 
.23311 x=+ RIRI  

ʇʦʣʫʯʠʤ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʩ ʪʨʝʤʷ ʥʝʠʟʚʝʩʪʥʳ-

ʤʠ I1, I2 ʠ ɝ2: 
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ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʦʧʨʝʜʝʣʠʪʝʣʝʡ: 
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;25.2)125.1(
251

1105
1
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01105
2

2

1
-=+-=

-Ö
Ö-=
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-Ö

=D
-

-

I  

;5.1)5.21(
150

05.010
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11100

0150

005.01

2
=--=Ö-=

--

=DI  

=
-

Ö-
-
Ö=

-
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30075225)5025()25.11(100 -=--=+---= . 

ʆʧʨʝʜʝʣʷʝʤ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ: 

03.0
75

25.21
1 =

-

-
=

D

D
=

I
I (ɸ); 02.0

75

5.12
2 =

-
=

D

D
=

I
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4
75

3002
2 =

-

-
=

D

D
=x

x
(ɺ). 

ɿʥʘʢ çʤʠʥʫʩè ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʦʢʘ I2 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ 

ʨʠʩʫʥʢʝ ʚʳʙʨʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ I2, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ. 

ʇʨʠʤʝʨ 8.2. ʅʘ ʨʠʩ. 8.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʮʝʧʴ ʩ ʵʣʝʢʪʨʦ-

ʜʚʠʞʫʱʠʤʠ ʩʠʣʘʤʠ ɝ1 = 10 ɺ ʠ ɝ2 = 4 ɺ, ʚʥʫʪʨʝʥʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩ-

ʪʦʯʥʠʢʦʚ ʪʦʢʘ ʨʘʚʥʳ ʥʫʣʶ. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʳ ʪʦʢʦʚ, ʪʝʢʫʱʠʭ ʚ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷʭ R2 ʠ R3, ʝʩʣʠ R1 = R4 = 2 ʆʤ, R2 = R3 = 4 ʆʤ. 

ʈʝʰʝʥʠʝ. ɺʳʙʝʨʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.4; ʟʘʤʢ-

ʥʫʪʳʝ ʢʦʥʪʫʨʳ ʙʫʜʝʤ ʦʙʭʦʜʠʪʴ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 
 

 
 

ʈʠʩ. 8.3                                                                                  ʈʠʩ. 8.4 

 

ɺ ʮʝʧʠ ʠʤʝʝʪʩʷ ʜʚʘ ʫʟʣʘ: M ʠ N. ʇʦ ʧʝʨʚʦʤʫ ʧʨʘʚʠʣʫ ʂʠʨʭʛʦʬʘ ʥʘʜʦ 

ʩʦʩʪʘʚʠʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ. ɺʳʙʝʨʝʤ ʫʟʝʣ N: 
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04321 =--+ IIII . 

ʅʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʨʘʟʨʳʚʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʜʣʷ ʥʘʨʫʰʝʥʠʷ 

ʚʩʝʭ ʢʦʥʪʫʨʦʚ, ʨʘʚʥʦ 3. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʚʪʦʨʦʤʫ ʧʨʘʚʠʣʫ ʂʠʨʭʛʦʬʘ 

ʥʫʞʥʦ ʩʦʩʪʘʚʠʪʴ ʪʨʠ ʥʝʟʘʚʠʩʷʱʠʭ ʫʨʘʚʥʝʥʠʷ: 

ï ʜʣʷ ʢʦʥʪʫʨʘ MBCNM:  ;212211 x-x=- RIRI   

ï ʜʣʷ ʢʦʥʪʫʨʘ AMNDA:  ;23322 x=+ RIRI   

ï ʜʣʷ ʢʦʥʪʫʨʘ GKMNEFG: ;24422 x=+ RIRI .  

ʇʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ ʠʟ ʯʝʪʳʨʝʭ ʫʨʘʚʥʝʥʠʡ ʩ ʯʝʪʳʨʴʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ I1, 

I2, I3, I4: 
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ʇʦʜʩʪʘʚʣʷʝʤ ʚ ʫʨʘʚʥʝʥʠʷ ʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʮʝʧʠ ʠ ʨʝ-

ʰʘʝʤ ʩʠʩʪʝʤʫ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʦʧʨʝʜʝʣʠʪʝʣʝʡ. ʊʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʧʦ 

ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝʛʦ ʜʚʘ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʦʢʦʚ I2 ʠ I3, ʪʦ ʜʦʩ-

ʪʘʪʦʯʥʦ ʚʳʯʠʩʣʠʪʴ ʪʨʠ ʦʧʨʝʜʝʣʠʪʝʣʷ: ȹ, ȹI2 ʠ ȹI3. ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʠʟ-

ʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ ʚ ʩʠʩʪʝʤʫ (8.10) ʧʦʣʫʯʘʝʤ: 
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ʅʘʭʦʜʠʤ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʨʝʜʝʣʠʪʝʣʠ ʩʠʩʪʝʤʳ. 
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ʆʧʨʝʜʝʣʷʝʤ ʟʥʘʯʝʥʠʷ ʩʠʣ ʪʦʢʦʚ I2 ʠ I3: 
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8.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

8.1. ɺ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ (ʨʠʩ. 8.5) ʚʢʣʶʯʝ-

ʥʳ ʪʨʠ ʨʝʟʠʩʪʦʨʘ: R1 = R2 = R3 = 25 ʆʤ. ʕʜʩ ʙʘʪʘ-

ʨʝʠ ɝ = 120 ɺ. ʅʘʡʪʠ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʫʶʩʷ 

ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ R1. (ʆʪʚʝʪ: P = 16 ɺʪ). 

8.2. ʕʜʩ ʙʘʪʘʨʝʠ ɝ = 100 ɺ, ʝʝ ʚʥʫʪʨʝʥʥʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ r = 20 ʆʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ  

R1 = 250 ʆʤ ʠ R2 = 780 ʆʤ (ʨʠʩ. 8.6). ʅʘ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ R1 ʚʳʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ 16 ɺʪ. ʂʘʢʦʡ 

ʪʦʢ ʧʦʢʘʟʳʚʘʝʪ ʘʤʧʝʨʤʝʪʨ? (ʆʪʚʝʪ: I = 1 ɸ). 

8.3. ʅʘʡʪʠ ʪʦʢ ʚ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʷʭ ʤʦʩʪʠʢʘ ʋʠʪʩʪʦʥʘ (ʨʠʩ. 8.7) ʧʨʠ  

ʫʩʣʦʚʠʠ, ʯʪʦ ʯʝʨʝʟ ʛʘʣʴʚʘʥʦʤʝʪʨ ʠʜʝʪ ʪʦʢ, ʨʘʚʥʳʡ ʥʫʣʶ. ʕʜʩ ʵʣʝʤʝʥʪʘ  

ɝ = 2 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ R1 = 30 ʆʤ, R2 = 45 ʆʤ ʠ R3 = 200 ʆʤ. (ʆʪʚʝʪ:  

I1 = I2 = 26,7 ʤɸ; I3 = I4 = 4 ʤɸ). 

 

R1 

R2 R3 

ɝ 
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                                    ʈʠʩ. 8.6                                                                  ʈʠʩ. 8.7 

8.4. ʕʜʩ ʵʣʝʤʝʥʪʦʚ ɝ1 = 2,1 ɺ ʠ ɝ2 = 1,9 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = 45 ʆʤ,  

R2 = R3 = 10 ʆʤ (ʨʠʩ. 8.8). ʅʘʡʪʠ ʪʦʢʠ ʚʦ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʮʝʧʠ. (ʆʪʚʝʪ:  

I1 = 40 ʤɸ, I2 = 10 ʤɸ, I3 = 30 ʤɸ). 

8.5. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 8.9, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ɝ1 = ɝ2 = 4 ɺ, r1 = r2 = 0,5 ʆʤ, I1 = 2 ɸ. ʆʧʨʝʜʝʣʠʪʴ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ R; ʪʦʢ I2, ʪʝʢʫʱʠʡ ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʩ ʵʜʩ ɝ2; ʩʠʣʫ ʪʦʢʘ I, ʪʝʢʫʱʝʛʦ ʯʝʨʝʟ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ R. (ʆʪʚʝʪ: R = 0,75 ʆʤ, I2 = 2 ɸ, I = 4 ɸ). 

 

 
 

                            ʈʠʩ. 8.8                                                                ʈʠʩ. 8.9 

 

8.6. ɼʚʘ ʵʣʝʤʝʥʪʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʵʜʩ ɝ1 = ɝ2 = 2 ɺ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷʤʠ r1 = 1 ʆʤ ʠ r2 = 2 ʆʤ ʟʘʤʢʥʫʪʳ ʥʘ ʚʥʝʰʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R. 

ʏʝʨʝʟ ʵʣʝʤʝʥʪ ʩ ʵʜʩ ɝ1 ʪʝʯʝʪ ʪʦʢ I1 = 1 ɸ. ʅʘʡʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʠ ʪʦʢ I1, 

ʪʝʢʫʱʠʡ ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʩ ʵʜʩ ɝ2. ʂʘʢʦʡ ʪʦʢ I ʪʝʯʝʪ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R? 

(ʆʪʚʝʪ: R = 0,66 ʆʤ; I1 = 0,5 ɸ; I = 1,5 ɸ). 

8.7. ɹʘʪʘʨʝʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩ. 8.10) ʠʤʝʶʪ ʵʜʩ ɝ1 = 110 ɺ ʠ  

ɝ2 = 220 ɺ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ R1 = R2 = 100 ʆʤ, R3 = 500 ʆʤ. ʅʘʡʪʠ ʧʦʢʘʟʘʥʠʝ 

ʘʤʧʝʨʤʝʪʨʘ. (ʆʪʚʝʪ: I = 0,4 ɸ). 
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8.8. ɹʘʪʘʨʝʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩ. 8.10) ʠʤʝʶʪ ʵʜʩ ɝ1 = 2 ɺ ʠ  

ɝ2 = 4 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ R1 = 0,5 ʆʤ. ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʠ R2 ʨʘʚʥʦ U2 = 1 ɺ (ʪʦʢ ʯʝʨʝʟ R2 ʥʘʧʨʘʚʣʝʥ ʩʧʨʘʚʘ ʥʘʣʝʚʦ). ʅʘʡʪʠ ʧʦʢʘ-

ʟʘʥʠʷ ʘʤʧʝʨʤʝʪʨʘ. (ʆʪʚʝʪ: I = 2 ɸ). 

8.9. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = 30 ɺ ʠ ɝ2 = 5 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ R2 = 10 ʆʤ, 

R3 = 20 ʆʤ (ʨʠʩ. 8.10). ʏʝʨʝʟ ʘʤʧʝʨʤʝʪʨ ʪʝʯʝʪ ʪʦʢ I = 1 ɸ, ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʦʪ R3 ʢ R1. ʅʘʡʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R1. (ʆʪʚʝʪ: R1 = 20 ʆʤ). 

8.10. ɹʘʪʘʨʝʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩ. 8.11) ʠʤʝʶʪ ʵʜʩ ɝ1 = 2 ɺ ʠ  

ɝ2 = 1 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = 1 ʢʆʤ, R2 = 0,5 ʢʆʤ, R3 = 0,2 ʢʆʤ, ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʘʤʧʝʨʤʝʪʨʘ RA = 0,2 ʢʆʤ. ʅʘʡʪʠ ʧʦʢʘʟʘʥʠʷ ʘʤʧʝʨʤʝʪʨʘ. (ʆʪʚʝʪ:  

I = 0,45 ʤɸ). 

 
 

                                  ʈʠʩ. 8.10                                                 ʈʠʩ. 8.11 

 

8.11. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = 2 ɺ ʠ ɝ2 = 3 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ  

R3 = 1,5 ʢʆʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʤʧʝʨʤʝʪʨʘ RA = 0,5 ʢʆʤ (ʨʠʩ. 8.11). ʇʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ R2 ʨʘʚʥʦ U2 = 1 ɺ (ʪʦʢ ʯʝʨʝʟ R2 ʥʘʧʨʘʚʣʝʥ 

ʩʚʝʨʭʫ ʚʥʠʟ). ʅʘʡʪʠ ʧʦʢʘʟʘʥʠʝ ʘʤʧʝʨʤʝʪʨʘ. (ʆʪʚʝʪ: I = 308 ʤɸ). 

8.12. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = 2 ɺ, ɝ2 = 4 ɺ ʠ ɝ3 = 4 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

R1 = 4 ʆʤ, R2 = 6 ʆʤ ʠ R3 = 8 ʆʤ (ʨʠʩ. 8.12). ʅʘʡʪʠ ʪʦʢʠ ʚʦ ʚʩʝʭ ʫʯʘʩʪʢʘʭ 

ʮʝʧʠ. (ʆʪʚʝʪ: I1 = 385 ʤɸ; I2 = 77 ʤɸ; I3 = 308 ʤɸ). 

8.13. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = ɝ2 = ɝ3 = 6 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = 20 ʆʤ,  

R2 = 12 ʆʤ (ʨʠʩ. 8.12). ʇʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʚʝʨʭʥʝʛʦ ʫʟʣʘ ʩʭʝʤʳ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʞʠʤʦʤ ʙʘʪʘʨʝʡ ʯʝʨʝʟ ʟʘʤʳʢʘʶʱʠʡ ʧʨʦʚʦʜ ʪʝʯʝʪ ʪʦʢ  

I = 1,6 ɸ. ʅʘʡʪʠ ʪʦʢʠ ʚʦ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʮʝʧʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R3. (ʆʪʚʝʪ:  

I1 = 0,3 ɸ; I2 = 0,5 ɸ; I3 = 0,8ɸ; R3 = 7,5 ʆʤ). 

8.14. ɼʚʝ ʙʘʪʘʨʝʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ (ɝ1 = 10 ɺ, r1 = 1 ʆʤ, ɝ2 = 8 ɺ, r2 = 2 ʆʤ) 

ʠ ʨʝʦʩʪʘʪ (R = 6 ʆʤ) ʩʦʝʜʠʥʝʥʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.13. ʅʘʡʪʠ ʩʠʣʫ ʪʦʢʘ ʚ 

ʙʘʪʘʨʝʷʭ ʠ ʨʝʦʩʪʘʪʝ. (ʆʪʚʝʪ: I1 = 1,6 ɸ, I2 = 0,2 ɸ, IR = 1,4 ɸ). 
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                             ʈʠʩ. 8.12                                                                   ʈʠʩ. 8.13 

 

8.15. ʊʨʠ ʙʘʪʘʨʝʠ (ɝ1 = 12 ɺ, ɝ2 = 5 ɺ ʠ ɝ3 = 10 ɺ) ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʚʥʫʪ-

ʨʝʥʥʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ r1 = r2 = r3 = 1 ʆʤ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʦʜ-

ʥʦʠʤʝʥʥʳʤʠ ʧʦʣʶʩʘʤʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ ʥʠ-

ʯʪʦʞʥʦ ʤʘʣʦ. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʳ ʪʦʢʦʚ, ʪʝʢʫʱʠʭ ʯʝʨʝʟ ʢʘʞʜʫʶ ʙʘʪʘʨʝʶ. 

(ʆʪʚʝʪ: I1 = 3 ɸ; I2 = 4 ɸ; I3 = 1 ʤɸ). 

8.16. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = ɝ2 = 100 ɺ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = 20 ʆʤ, R2 = 10 ʆʤ,  

R3 = 40 ʆʤ ʠ R4 = 40 ʆʤ (ʨʠʩ. 8.14). ʅʘʡʪʠ 

ʧʦʢʘʟʘʥʠʝ ʘʤʧʝʨʤʝʪʨʘ. (ʆʪʚʝʪ: I = 0,45 ʤɸ). 

8.17. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = 2ɝ2, ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ R1 = R3 = 20 ʆʤ, R2 = 15 ʆʤ ʠ  

R4 = 40 ʆʤ (ʨʠʩ. 8.14). ʏʝʨʝʟ ʘʤʧʝʨʤʝʪʨ ʪʝʯʝʪ 

ʪʦʢ I = 1,5 ɸ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʥʠʟʫ ʚʚʝʨʭ. 

ʅʘʡʪʠ ʵʜʩ ɝ1 ʠ ɝ2, ʘ ʪʘʢʞʝ ʪʦʢʠ I2 ʠ I3, ʪʝʢʫ-

ʱʠʝ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R2 ʠ R3. (ʆʪʚʝʪ:  

ɝ1 = 24 ɺ; ɝ2 = 12 ɺ; I2 = 1,2 ɸ; I3 = 0,3 ɸ). 

8.18. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʤʝʥʪʘ ʠʤʝʶʪ ʵʜʩ 

ɝ1 = ɝ2 = 2 ɺ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

r1 = r2 = 0,5 ʆʤ (ʨʠʩ. 8.15). ʅʘʡʪʠ ʪʦʢʠ I1 ʠ I2, 

ʪʝʢʫʱʠʝ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = 0,5 ʆʤ ʠ 

R2 = 1,5 ʆʤ, ʘ ʪʘʢʞʝ ʪʦʢ I ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʩ ʵʜʩ 

ɝ1. (ʆʪʚʝʪ: I1 = 2,28 ɸ; I2 = 0,56 ɸ; I = 1,72 ɸ). 

8.19. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = ɝ2, ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ R2 = 2R1 (ʨʠʩ. 8.16). ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ 

ʪʦʢ, ʪʝʢʫʱʠʡ ʯʝʨʝʟ ʚʦʣʴʪʤʝʪʨ, ʙʦʣʴʰʝ ʪʦʢʘ, 

ʪʝʢʫʱʝʛʦ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R2? (ʆʪʚʝʪ: ʚ 

3 ʨʘʟʘ). 

8.20. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = ɝ2 = 110 ɺ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = R2 = 0,2 ʢʆʤ, ʩʦʧʨʦʪʠʚʣʝ-
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ʥʠʝ ʚʦʣʴʪʤʝʪʨʘ RV = 1 ʢʆʤ (ʨʠʩ. 8.16). ʅʘʡʪʠ ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ. (ʆʪʚʝʪ: 

U = 100 ɺ). 

8.21. ɹʘʪʘʨʝʠ ʠʤʝʶʪ ʵʜʩ ɝ1 = ɝ2, ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = R2 = 100 ʆʤ, ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʴʪʤʝʪʨʘ RV = 150 ʆʤ (ʨʠʩ. 8.16). ʇʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ U 

= 150 ɺ. ʅʘʡʪʠ ʵʜʩ ɝ1 ʠ ɝ2 ʙʘʪʘʨʝʡ. (ʆʪʚʝʪ: ɝ1 = ɝ2 = 200 ɺ). 

8.22. ʕʣʝʤʝʥʪʳ ʠʤʝʶʪ ʵʜʩ ɝ1 = ɝ2 = 1,5ɺ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

r1 = r2 = 0,5 ʆʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʷ R1 = R2 = 2 ʆʤ ʠ R3 = 1 ʆʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʘʤʧʝʨʤʝʪʨʘ RA = 3 ʆʤ (ʨʠʩ. 8.17). ʅʘʡʪʠ ʧʦʢʘʟʘʥʠʝ ʘʤʧʝʨʤʝʪʨʘ. (ʆʪʚʝʪ:  

I = 75 ʤɸ).  

8.23. ʕʣʝʤʝʥʪ ʵʜʩ ɝ = 200 ɺ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = 2 ʢʆʤ ʠ R2 = 3 ʢʆʤ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʣʴʪʤʝʪʨʘ RV1 = 3 ʢʆʤ ʠ RV2 = 2 ʢʆʤ (ʨʠʩ. 8.18). ʅʘʡʪʠ 

ʧʦʢʘʟʘʥʠʷ ʚʦʣʴʪʤʝʪʨʦʚ U1 ʠ U2, ʝʩʣʠ ʢʣʶʯ ʂ: ʘ) ʨʘʟʦʤʢʥʫʪʳʡ; ʙ) ʟʘʤʢʥʫ-

ʪʳʡ. (ʆʪʚʝʪ: ʘ) U1 = 120 ɺ; U2 = 80 ɺ; ʙ) U1 = U2 = 100 ɺ). 

 

 
 

                              ʈʠʩ. 8.17                                                                 ʈʠʩ. 8.18 

 

8.24. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ ʪʦʢʘ I3 ʚ ʨʝʟʠʩʪʦʨʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R3 (ʨʠʩ. 8.19) 

ʠ ʥʘʧʨʷʞʝʥʠʝ U3 ʥʘ ʢʦʥʮʘʭ ʨʝʟʠʩʪʦʨʘ, ʝʩʣʠ ɝ1 = 4 ɺ, ɝ2 = 3 ɺ, R1 = 2 ʆʤ,  

R2 = 6 ʆʤ, R3 = 1 ʆʤ. ɺʥʫʪʨʝʥʥʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʧʨʝ-

ʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: I3 = 0; U3 = 0). 

8.25. ʊʨʠ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʩ ʵʜʩ ɝ1 = 11 ɺ, ɝ2 = 4 ɺ ʠ ɝ3 = 6 ɺ ʠ ʪʨʠ ʨʝʦ-

ʩʪʘʪʘ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ R1 = 5 ʆʤ, R2 = 10 ʆʤ, R3 = 2 ʆʤ ʩʦʝʜʠʥʝʥʳ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.20. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʳ ʪʦʢʦʚ ʚ ʨʝʦʩʪʘʪʘʭ. ɺʥʫʪʨʝʥʥʝʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. (ʆʪʚʝʪ: I1 = 0,8 ɸ;  

I2 = 0,3 ɸ; I3 = 0,5 ɸ). 
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                                    ʈʠʩ. 8.19                                                   ʈʠʩ. 8.20 

 

8.26. ʊʨʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R1 = 5 ʆʤ, R2 = 1 ʆʤ, R3 = 3 ʆʤ, ʘ ʪʘʢʞʝ ʠʩ-

ʪʦʯʥʠʢ ʪʦʢʘ ʩ ʵʜʩ ɝ1 = 1,4 ɺ ʩʦʝʜʠʥʝʥʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8.21. ʆʧʨʝʜʝ-

ʣʠʪʴ ʵʜʩ ɝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʥʘʜʦ ʧʦʜʢʣʶʯʠʪʴ ʚ ʮʝʧʴ ʤʝʞʜʫ ʪʦʯʢʘ-

ʤʠ A ʠ B, ʯʪʦʙʳ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʠ R3 ʰʝʣ ʪʦʢ ʩʠʣʦʡ I = 1 ɸ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʫʢʘʟʘʥʥʦʤ ʩʪʨʝʣʢʦʡ. ʉʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʧʨʝʥʝʙʨʝʯʴ.  

(ʆʪʚʝʪ: ɝ = 3,6 ɺ). 

8.27. ʅʘ ʨʠʩ. 8.22 ʠʟʦʙʨʘʞʝʥʘ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʮʝʧʴ ʩ ʵʜʩ ɝ1 = 1 ɺ, ɝ2 = 2 ɺ, 

ɝ3 = 3 ɺ, ɝ4 = 4 ɺ, R1 = 1 ʆʤ, R2 = 2 ʆʤ, R3 = 3 ʆʤ ʠ R4 = 4 ʆʤ. ʆʧʨʝʜʝʣʠʪʴ 

ʪʦʢʠ, ʪʝʢʫʱʠʝ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ 

ʧʨʝʥʝʙʨʝʯʴ. ʂʘʢ ʠʟʤʝʥʷʪʩʷ ʪʦʢʠ, ʝʩʣʠ ʨʘʟʨʝʟʘʪʴ ʧʨʦʚʦʜʘ ʚ ʪʦʯʢʘʭ A ʠ B. 

(ʆʪʚʝʪ: I1 = I3 = 1 ɸ; I2 = I4 = ï1 ɸ; ʥʝ ʠʟʤʝʥʠʪʩʷ). 
 

 
                              

                              ʈʠʩ. 8.21                                                            ʈʠʩ. 8.22 
 

8.28. ʅʘ ʨʠʩ. 8.23 ʠʟʦʙʨʘʞʝʥʘ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʮʝʧʴ ʩ ʵʜʩ ɝ1 = 1 ɺ, ɝ2 = 2 ɺ, 

ɝ3 = 3 ɺ, ɝ4 = 4 ɺ, R1 = 1 ʆʤ, R2 = 2 ʆʤ, R3 = 3 ʆʤ ʠ R4 = 4 ʆʤ. ʆʧʨʝʜʝʣʠʪʴ 

ʪʦʢʠ, ʪʝʢʫʱʠʝ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺʥʫʪʨʝʥʥʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʠʩ-

ʪʦʯʥʠʢʦʚ ʪʦʢʘ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: I1 = ï0,92 ɸ; I2 = 0,04 ɸ; I3 = 0,36 ɸ;  

I4 = 0,52 ɸ). 
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8.29. ʕʣʝʤʝʥʪʳ ʩʭʝʤʳ (ʨʠʩ. 8.24) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ɝ1 = 1 ɺ, 

ɝ2 = 2 ɺ, ɝ3 = 3 ɺ, R1 = 100 ʆʤ, R2 = 200 ʆʤ, R3 = 300 ʆʤ ʠ R4 = 400 ʆʤ. 

ʆʧʨʝʜʝʣʠʪʴ ʪʦʢʠ, ʪʝʢʫʱʠʝ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʠʩʪʦʯ-

ʥʠʢʦʚ ʪʦʢʘ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: I1 = 6,3 ʤɸ;  

I2 = 1,8 ʤɸ; I3 = 4,5 ʤɸ; I4 = 0 ʤɸ). 
 

 
 

                             ʈʠʩ. 8.23                                                          

ʈʠʩ. 8.24 

8.30. ʅʘ ʩʭʝʤʝ (ʨʠʩ. 8.25) ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

R1 = R2 = R3 = R4 = 1 ʢʆʤ, ɝ1 = 1,5 ɺ, ɝ2 = 1,8 ɺ. 

ʆʧʨʝʜʝʣʠʪʴ ʪʦʢʠ, ʪʝʢʫʱʠʝ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ. (ʆʪʚʝʪ: I1 = 0,4 ʤɸ; I2 = 0,7 ʤɸ;  

I3 = 1,1 ʤɸ; I4 = 0 ʤɸ). 

 

 

ɻʣʘʚʘ 9. ɿɸʂʆʅ ɼɾʆʋʃʗïʃɽʅʎɸ 

 

9.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ  

 

ʈʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʩʪʦʨʦʥʥʠʤʠ ʩʠʣʘʤʠ 

ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ tIq dd =  ʥʘ ʫʯʘʩʪʢʝ ʮʝʧʠ 1ï2 

qUlEqlEqA dddddd
2

1

ʩʪ

2

1

12 =+= ññ
CCCC

, 

ʛʜʝ U  ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ʮʝʧʠ 1ï2. 

ʈʘʙʦʪʘ ʪʦʢʘ ʥʘ ʫʯʘʩʪʢʝ ʮʝʧʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R ʟʘ ʚʨʝʤʷ td  

dtRIdtUIdA 2=ÖÖ= . 

ʄʦʱʥʦʩʪʴ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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UI
t

A
P Ö==

d

d
. 

ɿʘʢʦʥ ɼʞʦʫʣʷïʃʝʥʮʘ ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ, ʚ ʢʦʪʦʨʦʤ ʥʝ 

ʩʦʚʝʨʰʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ: 
 

tRIQ dd 2 ÖÖ= ,     (9.1) 
 

ʛʜʝ Qd  ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʶʱʝʝʩʷ ʚ ʫʯʘʩʪʢʝ ʮʝʧʠ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝʤ R ʟʘ ʚʨʝʤʷ td . 

 

9.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 9.1. ʉʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 20 ʆʤ ʨʘʚʥʦ-

ʤʝʨʥʦ ʥʘʨʘʩʪʘʝʪ ʦʪ A00  I =  ʜʦ A6max  I =  ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ 2 ʩ. ʆʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʠʝʩʷ ʚ ʧʨʦʚʦʜʥʠʢʝ ʟʘ ʧʝʨʚʫʶ ʩʝʢʫʥʜʫ. 

ʈʝʰʝʥʠʝ. ʉʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʠʟʤʝʥʷʝʪʩʷ. ʉʦʛʣʘʩʥʦ (9.1) ʟʘʢʦʥ 

ɼʞʦʫʣʷïʃʝʥʮʘ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ: 

tRIQ dd 2 ÖÖ= , 

ʛʜʝ ʩʠʣʘ ʪʦʢʘ I  ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ. ʊʘʢ ʢʘʢ ʚ ʜʘʥʥʦʡ 

ʟʘʜʘʯʝ ʩʠʣʘ ʪʦʢʘ ʥʘʨʘʩʪʘʝʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʪʦ 
 

ktI = ,                                                 (9.2) 
 

ʛʜʝ k  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 

t

II

t

I
k

)( 0max-=
D

D
= . 

ʉ ʫʯʝʪʦʤ ʨʘʚʝʥʩʪʚʘ (9.2) ʬʦʨʤʫʣʘ (9.1) ʧʨʠʤʝʪ ʚʠʜ: 
 

ttRkQ dd 22 ÖÖÖ= .                                        (9.3) 
 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʚʳʨʘʞʝʥʠʝ (9.3) 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ 01=t  ʜʦ c12  t = : 

( ) 60
3

1
d 3

1
3
2

222
2

1

=-=Ö= ñ ttRkttRkQ

t

t

ɼʞ. 

ʇʨʠʤʝʨ 9.2. ɼʘʥ ʠʩʪʦʯʥʠʢ ʪʦʢʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ  

0,4 ʆʤ, ʟʘʤʢʥʫʪʳʡ ʥʘ ʥʝʢʦʪʦʨʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 3 ʆʤ. ʏʝʤʫ ʨʘʚʝʥ ʢʧʜ ʠʩ-

ʪʦʯʥʠʢʘ ʪʦʢʘ? 

ʈʝʰʝʥʠʝ. ʂʧʜ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ  

(ʪ. ʝ. ʤʦʱʥʦʩʪʠ, ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʚʥʝʰʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ) ʢʦ ʚʩʝʡ ʤʦʱʥʦʩʪʠ 

(ʪ. ʝ. ʤʦʱʥʦʩʪʠ, ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʚʥʝʰʥʝʤ ʠ ʚʥʫʪʨʝʥʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ): 
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P

Pʧ=h , ʛʜʝ RIP 2
ʧ=  ʠ ( )rRIP += 2 . 

ʂʧʜ ʠʩʪʦʯʥʠʢʘ 

rR

R

rRI

RI

+
=

+
=h

)(2

2

. 

ʇʨʠʤʝʨ 9.3. ʂ ʦʜʥʦʨʦʜʥʦʤʫ ʤʝʜʥʦʤʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤʫ ʧʨʦʚʦʜʥʠʢʫ 

ʜʣʠʥʦʡ 40 ʤ ʧʨʠʣʦʞʠʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 10 ɺ. ʂʘʢʠʤ ʙʫʜʝʪ ʠʟʤʝʥʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʥʠʢʘ ʯʝʨʝʟ 15 ʩ? ʀʟʤʝʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦ-

ʚʦʜʥʠʢʘ ʠ ʨʘʩʩʝʷʥʠʝʤ ʪʝʧʣʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʝʤʦʝ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʦʧʨʝʜʝʣʠʤ 

ʧʦ ʬʦʨʤʫʣʝ 
 

t
R

U
Q

2

= ,      (9.4) 

 

ʛʜʝ R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʜʣʠʥʳ ʧʨʦʚʦʜʥʠʢʘ l ,  

ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ S ʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ r: 
 

S

l
R r= .      (9.5) 

 

ʇʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ (9.5) ʚ ʚʳʨʘʞʝʥʠʝ (9.4): 
 

t
l

SU
Q

ɟ

2

= .                                                (9.6) 

 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ 

ʊʪcQ D= , 

ʛʜʝ c  ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʝʜʠ; m ï ʤʘʩʩʘ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ  

SlVm ʧʣʧʣ r=r= , 

ʛʜʝ lSV=  ï ʦʙʲʝʤ ʧʨʦʚʦʜʥʠʢʘ; ʧʣr  ï ʧʣʦʪʥʦʩʪʴ ʤʝʜʠ, 
 

ʪʦʛʜʘ                                         TlScQ ʧʣ Dr= .                                         (9.7) 
 

ʇʨʠʨʘʚʥʷʝʤ ʧʨʘʚʳʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʡ (9.6) ʠ (9.7) ʠ ʚʳʨʘʟʠʤ ʠʟʤʝʥʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʥʠʢʘ 

TlSt
l

SU
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9.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

9.1. ʕʜʩ ʙʘʪʘʨʝʠ ʨʘʚʥʘ 20 ɺ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ R ʚʥʝʰʥʝʡ ʮʝʧʠ ʨʘʚʥʦ  

2 ʆʤ, ʩʠʣʘ ʪʦʢʘ A4 I = . ʅʘʡʪʠ ʢʧʜ ʙʘʪʘʨʝʠ. ʇʨʠ ʢʘʢʦʤ ʟʥʘʯʝʥʠʠ ʚʥʝʰʥʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʢʧʜ ʙʘʪʘʨʝʠ ʙʫʜʝʪ ʨʘʚʝʥ 99%? (ʆʪʚʝʪ: %99=h ; 

ʆʤ297 R= ). 

9.2. ʂ ʟʘʞʠʤʘʤ ʙʘʪʘʨʝʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʨʠʩʦʝʜʠʥʝʥ ʥʘʛʨʝʚʘʪʝʣʴ.  

ʕʜʩ ʙʘʪʘʨʝʠ ʨʘʚʥʘ 24 ɺ, ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 1 ʆʤ. ʅʘʛʨʝʚʘʪʝʣʴ, 

ʚʢʣʶʯʝʥʥʳʡ ʚ ʮʝʧʴ, ʧʦʪʨʝʙʣʷʝʪ ʤʦʱʥʦʩʪʴ 80 ɺʪ. ɺʳʯʠʩʣʠʪʴ ʩʠʣʫ ʪʦʢʘ ʚ 

ʮʝʧʠ ʠ ʢʧʜ ʥʘʛʨʝʚʘʪʝʣʷ. (ʆʪʚʝʪ: %17=h , A20=I ). 

9.3. ʉʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 100 ʆʤ ʨʘʚʥʦʤʝʨʥʦ ʥʘ-

ʨʘʩʪʘʝʪ ʦʪ A00  I =  ʜʦ A10max  I =  ʚ ʪʝʯʝʥʠʝ 30 ʩ. ʆʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧ-

ʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʟʘ ʵʪʦ ʚʨʝʤʷ ʚ ʧʨʦʚʦʜʥʠʢʝ. (ʆʪʚʝʪ: ʢɼʞ100 Q= ). 

9.4. ʉʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 12 ʆʤ ʨʘʚʥʦʤʝʨʥʦ ʫʙʳ-

ʚʘʝʪ ʦʪ A50  I =  ʜʦ A0 I =  ʚ ʪʝʯʝʥʠʝ 30 ʩ. ʆʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 

ʚʳʜʝʣʠʚʰʝʝʩʷ ʟʘ ʵʪʦ ʚʨʝʤʷ ʚ ʧʨʦʚʦʜʥʠʢʝ. (ʆʪʚʝʪ: ʢɼʞ3 Q= ). 

9.5. ʇʦ ʧʨʦʚʦʜʥʠʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 3 ʆʤ ʪʝʯʝʪ ʪʦʢ, ʩʠʣʘ ʢʦʪʦʨʦʛʦ 
ʚʦʟʨʘʩʪʘʝʪ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʧʨʦʚʦʜʥʠʢʝ ʟʘ ʚʨʝʤʷ 8 ʩ, 
ʨʘʚʥʦ 200 ɼʞ. ʆʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʨʦʪʝʢʰʝʝ ʟʘ ʵʪʦ 
ʚʨʝʤʷ ʧʦ ʧʨʦʚʦʜʥʠʢʫ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʠʥʷʪʳʡ ʟʘ ʥʘʯʘʣʴʥʳʡ, ʩʠʣʘ 

ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʨʘʚʥʘ ʥʫʣʶ. (ʆʪʚʝʪ: ʂʣ20 q= ). 

9.6. ʉʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 15 ʆʤ ʨʘʚʥʦʤʝʨʥʦ ʚʦʟ-

ʨʘʩʪʘʝʪ ʦʪ A00  I =  ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 5 ʩ.  

ɿʘ ʵʪʦ ʚʨʝʤʷ ʚ ʧʨʦʚʦʜʥʠʢʝ ʚʳʜʝʣʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ 10 ʢɼʞ. ʅʘʡʪʠ 
ʩʨʝʜʥʶʶ ʩʠʣʫ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʟʘ ʵʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. (ʆʪʚʝʪ: 

A10 I = ). 

9.7. ʉʠʣʘ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʨʘʚʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ A00  I =  ʜʦ ʥʝʢʦ-

ʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 10 ʩ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʚ ʧʨʦʚʦʜʥʠʢʝ 
ʚʳʜʝʣʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ 1 ʢɼʞ. ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ 

ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʝʩʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʛʦ ʨʘʚʥʦ 3 ʆʤ. (ʆʪʚʝʪ: c/A1 
t

I
=

D

D
). 

9.8. ʅʘʡʪʠ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ 
ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 300 ʢɸ/ʤ

2
. (ʆʪʚʝʪ: 

ɼʞ1530=Q ). 

9.9. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʯʘʡʥʠʢ, ʩʦʜʝʨʞʘʱʠʡ ʦʙʲʝʤ 600 ʩʤ
3
 ʚʦʜʳ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 9 Áʉ ʥʘʛʨʝʚʘʶʪ. ʏʝʨʝʟ ʢʘʢʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʚʦʜʘ ʚ ʯʘʡ-
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ʥʠʢʝ ʚʳʢʠʧʠʪ ʧʦʣʥʦʩʪʴʶ? ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʷ ʯʘʡʥʠʢʘ ʨʘʚʥʦ  
16 ʆʤ, ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʪʠ 120 ɺ. ʂʧʜ ʥʘʛʨʝʚʘʪʝʣʷ 60%. (ʆʪʚʝʪ: ʤʠʥ49 t= ). 

9.10. ʂ ʢʦʥʮʘʤ ʩʚʠʥʮʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʣʠʥʦʡ 1 ʤ ʧʨʠʣʦʞʝʥʘ ʨʘʟʥʦʩʪʴ 
ʧʦʪʝʥʮʠʘʣʦʚ 10 ɺ. ʂʘʢʦʝ ʧʨʦʡʜʝʪ ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ ʧʨʦʧʫʩʢʘʥʠʷ ʪʦʢʘ ʜʦ 
ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʩʚʠʥʝʮ ʥʘʯʥʝʪ ʧʣʘʚʠʪʴʩʷ? ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʠʥʮʘ 
20 Áʉ. (ʆʪʚʝʪ: ʩ1 t= ). 

9.11. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʜʲʝʤʥʦʛʦ ʢʨʘʥʘ ʨʘʙʦʪʘʝʪ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ 
380 ɺ ʠ ʧʦʪʨʝʙʣʷʝʪ ʩʠʣʫ ʪʦʢʘ 20 ɸ. ʂʘʢʦʚ ʢʧʜ ʫʩʪʘʥʦʚʢʠ, ʝʩʣʠ ʛʨʫʟ ʤʘʩʩʦʡ 

1 ʪ ʢʨʘʥ ʧʦʜʥʠʤʘʝʪ ʥʘ ʚʳʩʦʪʫ 19 ʤ ʟʘ 50 ʩ? (ʆʪʚʝʪ: %50=h ). 

9.12. ʊʨʦʣʣʝʡʙʫʩ ʤʘʩʩʦʡ 11 ʪ ʜʚʠʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ  
36 ʢʤ/ʯ. ʅʘʡʪʠ ʩʠʣʫ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ ʜʚʠʛʘʪʝʣʷ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ  
550 ɺ ʠ ʢʧʜ ʨʘʚʝʥ 80%. ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʨʘʚʝʥ 
0,02. (ʆʪʚʝʪ: A50=I ). 

9.13. ɺ ʵʣʝʢʪʨʦʢʠʧʷʪʠʣʴʥʠʢʝ ʝʤʢʦʩʪʴʶ 5 ʣ ʩ ʢʧʜ 70% ʚʦʜʘ ʥʘʛʨʝʚʘʝʪʩʷ 
ʦʪ 10 ʜʦ 100 Áʉ ʟʘ 20 ʤʠʥ. ʂʘʢʦʡ ʩʠʣʳ ʪʦʢ ʧʨʦʭʦʜʠʪ ʧʦ ʦʙʤʦʪʢʝ ʥʘʛʨʝʚʘ-
ʪʝʣʷ, ʝʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʪʠ 220 ɺ? (ʆʪʚʝʪ: ʤA46 I = ).  

9.14. ʆʧʨʝʜʝʣʠʪʝ, ʥʘ ʢʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʩʩʯʠʪʘʥ ʵʣʝʢʪʨʦʢʠʧʷʪʠʣʴ-

ʥʠʢ, ʢʦʪʦʨʳʡ ʟʘ 5 ʤʠʥ ʥʘʛʨʝʚʘʝʪ 0,2 ʢʛ ʚʦʜʳ ʦʪ 14 Áʉ ʜʦ ʢʠʧʝʥʠʷ, ʧʨʠ  

ʫʩʣʦʚʠʠ, ʯʪʦ ʧʦ ʝʛʦ ʦʙʤʦʪʢʝ ʧʨʦʪʝʢʘʝʪ ʪʦʢ 2 ɸ. ʇʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ ʧʨʝʥʝʙ-

ʨʝʯʴ. (ʆʪʚʝʪ: ɺ120=U ). 

9.15. ʕʣʝʢʪʨʦʢʠʧʷʪʠʣʴʥʠʢ ʩʦ ʩʧʠʨʘʣʴʶ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 160 ʆʤ ʧʦ-

ʤʝʩʪʠʣʠ ʚ ʩʦʩʫʜ, ʩʦʜʝʨʞʘʱʠʡ 0,5 ʢʛ ʚʦʜʳ ʧʨʠ 20 Áʉ, ʠ ʚʢʣʶʯʠʣʠ ʝʛʦ ʚ ʩʝʪʴ 

ʩ ʥʘʧʨʷʞʝʥʠʝʤ 220 ɺ. ʏʝʨʝʟ ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʚʦʜʘ ʟʘʢʠʧʠʪ? ʂʧʜ ʢʠʧ̫-

ʪʠʣʴʥʠʢʘ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 80%.( ʆʪʚʝʪ: ʤʠʥ12 t= ). 

9.16. ʂʠʧʷʪʠʣʴʥʠʢ ʩ ʢʧʜ 80% ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʥʠʭʨʦʤʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʩʝ-

ʯʝʥʠʝʤ 0,84 ʤʤ
2
 ʠ ʚʢʣʶʯʝʥ ʚ ʩʝʪʴ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 220 ɺ. ɿʘ 20 ʤʠʥ ʩ ʝʛʦ 

ʧʦʤʦɦɹʶ ʙʳʣʦ ʥʘʛʨʝʪʦ 4 ʣ ʚʦʜʳ ʦʪ 10 ʜʦ 90 Áʉ. ʂʘʢʦʚʘ ʜʣʠʥʘ ʧʨʦʚʦʣʦʢʠ, 

ʠʟ ʢʦʪʦʨʦʡ ʠʟʛʦʪʦʚʣʝʥ ʢʠʧʷʪʠʣʴʥʠʢ? (ʆʪʚʝʪ: ʤ33 l = ). 

9.17. ɿʘ ʚʨʝʤʷ 40 ʩ ʚ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʚʦʜʥʠ-

ʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʝʪʴ, ʚʳʜʝʣʠʣʦʩʴ ʥʝʢʦʪʦ-

ʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. ɿʘ ʢʘʢʦʝ ʚʨʝʤʷ ʚʳʜʝʣʠʪʩʷ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʪʳ, ʝʩʣʠ ʧʨʦʚʦʜʥʠʢʠ ʩʦʝʜʠʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ? (ʆʪʚʝʪ: ʤʠʥ6 t= ). 

9.18. ɼʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʣʘʤʧʦʯʢʠ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʆʤ3501  R =  ʠ 

ʆʤ2402  R =  ʚʢʣʶʯʝʥʳ ʚ ʩʝʪʴ ʧʘʨʘʣʣʝʣʴʥʦ. ʂʘʢʘʷ ʠʟ ʣʘʤʧʦʯʝʢ ʧʦʪʨʝʙʣʷʝʪ 

ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ? ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ? (ʆʪʚʝʪ: ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ ʧʦʪʨʝʙ-

ʣʷʝʪ ʣʘʤʧʦʯʢʘ ʩ ʤʝʥʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ; ʚ 1,5 ʨʘʟʘ) 

9.19. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʙʘʪʘʨʝʠ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

101=R  ʆʤ ʧʝʨʚʳʡ ʨʘʟ ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʚʪʦʨʦʡ ʨʘʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ.  

ʇʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚ 



 77 

4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʫʶ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. ʆʧʨʝʜʝʣʠʪʴ 

ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʜʥʦʡ ʙʘʪʘʨʝʠ (ʆʪʚʝʪ: ʆʤ2 r = ). 

9.20. ʀʩʪʦʯʥʠʢ ʪʦʢʘ ʩ ʵʜʩ 5 ɺ ʦʜʠʥ ʨʘʟ ʟʘʤʳʢʘʝʪʩʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʆʤ41  R = , ʜʨʫʛʦʡ ʨʘʟ ʆʤ92  R = . ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘ ʚʥʝʰʥʝʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʘʷ ʤʦʱʥʦʩʪʴ. ʅʘʡʪʠ ʵʪʫ ʤʦʱʥʦʩʪʴ P  ʠ ʚʥʫʪʨʝʥ-

ʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ r. (ʆʪʚʝʪ: ɺʪ1 P= ; ʆʤ6 r= ). 

9.21. ʂʘʢʦʡ ʜʣʠʥʳ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʥʠʭʨʦʤʦ-

ʚʫʶ ʧʨʦʚʦʣʦʢʫ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʠʧʷʪʠʣʴʥʠʢʘ ʥʘ ʥʘʧʨʷ-

ʞʝʥʠʝ 120 ɺ, ʤʦʱʥʦʩʪʴ 480 ɺʪ? ɼʦʧʫʩʪʠʤʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 10 ɸ/ʤʤ
2
. 

(ʆʪʚʝʪ: 2ʤʤ4,0   S= ; ʤ11 l = ). 

9.22. ʅʝʦʙʭʦʜʠʤʦ ʥʘʛʨʝʪʴ 2 ʣ ʚʦʜʳ ʦʪ 20 Áʉ ʜʦ ʢʠʧʝʥʠʷ. ʀʤʝʶʪʩʷ ʜʚʘ 

ʥʘʛʨʝʚʘʪʝʣʷ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʠ P  = 250 ɺʪ. ʅʘʡʪʠ ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ, 

ʝʩʣʠ ʜʚʘ ʥʘʛʨʝʚʘʪʝʣʷ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ. ʂʧʜ ʥʘʛʨʝʚʘʪʝʣʷ 60%.  

(ʆʪʚʝʪ: ʤʠʥ4,22  t= ). 

9.23. ʂ ʦʜʥʦʨʦʜʥʦʤʫ ʤʝʜʥʦʤʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤʫ ʧʨʦʚʦʜʥʠʢʫ ʜʣʠʥʦʡ 
40 ʤ ʧʨʠʣʦʞʠʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 10 ɺ. ʂʘʢʠʤ ʙʫʜʝʪ ʠʟʤʝʥʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʥʠʢʘ ʟʘ 15 ʩ? ʀʟʤʝʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʠ 

ʨʘʩʩʝʷʥʠʝʤ ʪʝʧʣʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: t = 16 ÁC). 

9.24. ʏʝʨʝʟ ʦʜʥʦʨʦʜʥʳʡ ʤʝʜʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ ʜʣʠʥʦʡ 
40 ʤ ʧʨʦʧʫʩʢʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʆʧʨʝʜʝʣʠʪʝ ʨʘʟʥʦʩʪʴ ʧʦ-

ʪʝʥʮʠʘʣʦʚ, ʝʩʣʠ ʟʘ 15 ʩ ʧʨʦʚʦʜʥʠʢ ʥʘʛʨʝʣʩʷ ʥʘ 16 ʂ. ʀʟʤʝʥʝʥʠʝʤ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʠ ʨʘʩʩʝʷʥʠʝʤ ʪʝʧʣʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ ʧʨʝʥʝʙʨʝʯʴ. 

(ʆʪʚʝʪ: ɺ10 U = ). 

9.25. ʆʧʨʝʜʝʣʠʪʝ ʩʠʣʫ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʦʜʥʦʨʦʜʥʳʡ ʮʠʣʠʥʜ-

ʨʠʯʝʩʢʠʡ ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʦʚʦʜʥʠʢ ʩʝʯʝʥʠʝʤ 2Ŀ10
ï6

 ʤ
2
, ʝʩʣʠ ʟʘ 15 ʩ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 10 ʂ. ʀʟʤʝʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ 

ʠ ʨʘʩʩʝʷʥʠʝʤ ʪʝʧʣʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ ʧʨʝʥʝʙʨʝʯʴ. (ʆʪʚʝʪ: A16 I = ). 

9.26. ʇʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 100 ʆʤ ʪʦʢ ʠʟ-

ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʟʘʢʦʥʫ tI = . ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʚʳʜʝʣʷ-

ʝʪʩʷ ʥʘ ʨʝʟʠʩʪʦʨʝ ʟʘ 6 ʩ? (ʆʪʚʝʪ: ɼʞ1800=Q ). 

9.27. ʕʜʩ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 2 ɺ, ʘ ʝʛʦ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ 1 ʆʤ. ʄʦʱʥʦʩʪʴ ʪʦʢʘ ʥʘ ʨʝʟʠʩʪʦʨʝ, ʧʦʜʢʣʶʯʝʥʥʦʤ ʢ ʠʩʪʦʯʥʠʢʫ, 

0,75 ɺʪ. ʏʝʤʫ ʨʘʚʥʘ ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ? (ʆʪʚʝʪ: A5,0=I  ʠʣʠ A5,1=I ). 

9.28. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʠ ʨʝʦʩʪʘʪʘ.  

ʕʜʩ ʠʩʪʦʯʥʠʢʘ 6 ɺ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʪʦʢʘ, ʚʳʜʝʣʷʝʤʘʷ ʥʘ ʨʝʦʩʪʘ-

ʪʝ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʟʥʘʯʝʥʠʠ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʨʘʚʥʘ 

4,5 ɺʪ. ʏʝʤʫ ʨʘʚʥʦ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ? 
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9.29. ɽʩʣʠ ʠʩʪʦʯʥʠʢ ʪʦʢʘ ʩ ʵʜʩ 20 ɺ ʟʘʤʢʥʫʪʴ ʥʘ ʣʘʤʧʫ ʩʦʧʨʦʪʠʚʣʝʥʠ-

ʝʤ 10 ʆʤ, ʪʦ ʢʧʜ ʠʩʪʦʯʥʠʢʘ ʙʫʜʝʪ 80 %. ʅʘʡʪʠ ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ, ʚʳʜʝ-

ʣʷʝʤʫʶ ʥʘ ʣʘʤʧʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʨʘʚʥʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʶ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. 

9.30.  ʃʘʤʧʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʪʦʨʳʭ 3 ʠ 12 ʆʤ, ʧʦʦʯʝʨʝʜʥʦ ʧʦʜʢʣʶ-

ʯʝʥʳ ʢ ʥʝʢʦʪʦʨʦʤʫ ʠʩʪʦʯʥʠʢʫ ʪʦʢʘ, ʧʦʪʨʝʙʣʷʶʪ ʦʜʠʥʘʢʦʚʫʶ ʤʦʱʥʦʩʪʴ. 

ʅʘʡʜʠʪʝ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. (ʆʪʚʝʪ: ʆʤ6 r= ). 
 

 

ɻʣʘʚʘ 10. ʊɽʈʄʆʕʃɽʂʊʈʆʅʅɸʗ  

                  ʀ ɸɺʊʆʕʃɽʂʊʈʆʅʅɸʗ ʕʄʀʉʉʀʀ 
 

10.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ  
 

ʊʝʨʤʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ ï ʠʩʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘʛʨʝʪʳʤʠ ʪʝʣʘ-

ʤʠ (ʵʤʠʪʪʝʨʘʤʠ) ʚ ʚʘʢʫʫʤ ʠʣʠ ʜʨʫʛʫʶ ʩʨʝʜʫ. 

ʈʘʙʦʪʘ ʚʳʭʦʜʘ ï ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʜʣʷ ʫʜʘʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʥʘ ʠʟ ʪʚʝʨʜʦʛʦ ʠʣʠ ʞʠʜʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺʳʡʪʠ ʠʟ ʪʝʣʘ ʤʦʛʫʪ ʪʦʣʴʢʦ ʪʝ ʵʣʝʢʪʨʦʥʳ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ ʨʘ-

ʙʦʪʳ ʚʳʭʦʜʘ. ʏʠʩʣʦ ʪʘʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʥʠʯʪʦʞʥʦ ʤʘʣʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ ʂ300 ʊº  ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ çʦʪʩʘʩʳʚʘʶʱʝʛʦè ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʠʣʠ ʧʨʠ ʤʘʣʦʡ 

ʝʛʦ ʚʝʣʠʯʠʥʝ) ʚʳʣʝʪʝʚʰʠʝ ʵʣʝʢʪʨʦʥʳ ʦʙʨʘʟʫʶʪ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʤʠʪ-

ʪʝʨʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʟʘʨʷʜ (ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ). 

ɽʩʣʠ ʚ ʚʘʢʫʫʤʝ ʠʤʝʪʁʩʷ ʜʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʧʨʠʣʦʞʝʥʘ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʪʦ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʥʠʢʘʝʪ ʪʝʨʤʦʵʣʝʢʪʨʦʥ-

ʥʳʡ ʪʦʢ. ʉʠʣʘ ʪʦʢʘ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ. ʉʫʱʝʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʪʦʢʘ, ʢʦʛʜʘ ʚʩʝ ʵʣʝʢʪʨʦʥʳ, ʧʦʧʘʜʘʶʱʠʝ ʯʝʨʝʟ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʵʤʠʪʪʝʨʘ (ʢʘʪʦʜʘ) ʚ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ, ʫʚʣʝʢʘʶʪʩʷ ʚʥʝʰʥʠʤ ʧʦʣʝʤ ʢ 

ʘʥʦʜʫ. ʕʪʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʪʦʢʘ ʥʘʟʳʚʘʝʪʩʷ ʪʦʢʦʤ ʥʘʩʳʱʝʥʠʷ. 

ʊʦʢ ʥʘʩʳʱʝʥʠʷ ʥI  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
 

kT

A

ʥ eTSBI
-

= 2 ,     (10.1) 
 

ʛʜʝ ;  S ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ; T  ï ʘʙʩʦʣʶʪ-

ʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; A ï ʨʘʙʦʪʘ ʚʳʭʦʜʘ; k  ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. 

ɸʚʪʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ (ʪʫʥʥʝʣʴʥʘʷ ʵʤʠʩʩʠʷ, ʧʦʣʝʚʘʷ ʵʤʠʩʩʠʷ) ï 

ʠʩʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʷʱʠʤʠ ʪʚʝʨʜʳʤʠ ʠ ʞʠʜʢʠʤʠ ʪʝʣʘʤʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʩʤ/ɺ107=E . ʄʝʭʘʥʠʟʤ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ï ʪʫʥʥʝʣʴʥʦʝ ʧʨʦʭʦʞ-

226 ʂʤ/ɸ102,1 ÖÖ=B
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ʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩʢʚʦʟʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ ʥʘ ʛʨʘʥʠʮʝ çʧʨʦʚʦʜʥʠʢ ï 

ʥʝʧʨʦʚʦʜʷʱʘʷ ʩʨʝʜʘè.  

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʚ ʚʘʢʫʫʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʬʦʨʤʫʣʳ ʌʘʫʣʝʨʘïʅʦʨʜʛʝʡʤʘ: 
 

()
()ù
ú

ø
é
ê

è
ÖÖÖ-Ö

Ö
ÖÖ= - yQ

E

A

Ayt

E
j

23
7

22

2
6 1085,6exp1055,1 ,         (10.2) 

 

ʛʜʝ A ï ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʠʟ ʤʝʪʘʣʣʘ, ʵɺ; j  ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, 2ʩʤ/ɸ ;  

E  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʤ/ɺ ; ()yt  ʠ ()yQ  ï ʬʫʥʢʮʠʠ 

ʚʝʣʠʯʠʥʳ 1214 A1062,3 -- ÖÖÖ= Ey . 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʧʨʠʥʷʪʴ: ()1ºyt ; () 203,195,0 ʫyQ -= . 

ʇʨʠ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ 2108 ʩʤ/ɸ1010 -  ʘʚʪʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ ʧʨʠʭʦ-

ʜʠʪ ʚ ʥʦʚʳʡ ʨʝʞʠʤ ï ʚʟʨʳʚʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʵʤʠʩʩʠʶ. 

ɺʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʝʡ ʥʘʟʳʚʘʶʪ ʠʩʧʫʩʢʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʦʢʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʘʪʦʜʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʚʟʨʳ-

ʚʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʟʨʳʚ ʦʙʳʯʥʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʥʘʛʨʝʚʘ ʤʠʢʨʦʫʯʘʩʪʢʦʚ ʢʘʪʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ 

ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʪʦʢ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʵʤʠʩʩʠʠ ʩ ʢʘʪʦʜʥʳʭ ʤʠʢʨʦʚʳʩʪʫʧʦʚ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʠ ʚʳʩʦʢʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʜʦʩʪʠʛʘʝʪ 29 ʩʤ/ɸ10  ʠ ʙʦʣʝʝ. 

ɺʦ ʚʨʝʤʷ ʚʟʨʳʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʢʨʦʚʳʩʪʫʧʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʣʘʚʠʥ ʠʣʠ ʧʘʢʝʪʦʚ ʵʣʝʢʪʨʦ-

ʥʦʚ. ʊʘʢʠʝ ʣʘʚʠʥʳ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʦʚ) ʥʘʟʳʚʘʶʪ ʵʢʪʦʥʘʤʠ. 

ɺʟʨʳʚʥʘʷ ʵʤʠʩʩʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʵʢʪʦʥʳ ʠʛʨʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʦʣʴ 

ʚ ʚʘʢʫʫʤʥʳʭ ʠʩʢʨʘʭ ʠ ʜʫʛʘʭ, ʚ ʨʘʟʨʷʜʘʭ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʩʞʘʪʳʭ ʠ ʚʳ-

ʩʦʢʦʧʨʦʯʥʳʭ ʛʘʟʘʭ, ʚ ʤʠʢʨʦʧʨʦʤʝʞʫʪʢʘʭ ʠ ʪʘʢ ʜʘʣʝʝ, ʪ. ʝ. ʪʘʤ, ʛʜʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʚʳʩʦʢʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ. 

ʆʪʢʨʳʪʠʝ ʠ ʦʙʩʪʦʷʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩ-

ʩʠʠ, ʘ ʪʘʢʞʝ ʫʩʧʝʭʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʢʠ ʤʦʱʥʳʭ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʠʤ-

ʧʫʣʴʩʦʚ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʵʣʝʢʪʨʦʥʦʚ ʤʦʱʥʦ-

ʩʪʴʶ ʜʦ ɺʪ1013  ʠ ʙʦʣʝʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʩ1010 610 -- - , ʪʦʢʝ 

ʵʣʝʢʪʨʦʥʦʚ ɸ101 6-  ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʵɺ1010 74- . 

 

10.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 10.1. ʅʘʡʪʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ K300 , ʝʩʣʠ ʨʘʙʦʪʘ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʤʝʪʘʣʣʘ ʨʘʚʥʘ ʵɺ3 . 

ʈʝʰʝʥʠʝ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ 
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( ) ( )ʤ/ɸ1043001038,1/106,13exp300102,1 40231926
ʥ

--- Ö=ÖÖÖÖ-ÖÖ=j . 

ʇʨʠʤʝʨ 10.2. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ 1ʥj  

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʪʦʜʘ ʥʘ 5 ʂ ʧʦ ʩʨʘʚʥʝʥʠʶ c 2ʥj  ʧʨʠ 

K3001=T  ( )ʵɺ3 A= . 
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ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʚ 6,9 ʨʘʟ. 

 

 

10.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

10.1. ʂʘʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ u ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʚʦʙʦʜʥʳʝ 

ʵʣʝʢʪʨʦʥʳ ʚ ʮʝʟʠʠ ʠ ʧʣʘʪʠʥʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʧʦʢʠʥʫʪʴ ʤʝʪʘʣʣ? 

(ʆʪʚʝʪ: ʩ/ʤ104,1;ʩ/ʤ103,8 5
2

5
1 Ö=uÖ=u ). 

10.2. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠʟʤʝʥʠʪʩʷ ʫʜʝʣʴʥʘʷ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ 

ʚʦʣʴʬʨʘʤʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ K24001  T = , ʝʩʣʠ ʧʦʚʳʩʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʣʴʬʨʘʤʘ ʥʘ K100 T=D  ? (ʆʪʚʝʪ: 6,212 =jj ). 

10.3. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʢʘʪʦʜ ʠʟ ʪʘʨʠʨʦʚʘʥʥʦʛʦ ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ K1800 T=  ʜʘʝʪ ʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʵʤʠʩʩʠʶ, ʯʝʤ ʢʘʪʦʜ ʠʟ ʯʠʩʪʦʛʦ 

ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ? ʕʤʠʩʩʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʜʣʷ ʯʠʩʪʦʛʦ 

ʚʦʣʴʬʨʘʤʘ 226
1 ʂʤ/ɸ106,0 ÖÖ=B , ʜʣʷ ʪʘʨʠʨʦʚʘʥʥʦʛʦ ʚʦʣʴʬʨʘʤʘ 

227
2 ʂʤ/ɸ103,0 ÖÖ=ɺ . (ʆʪʚʝʪ: 4

12 101,1 Ö=jj ). 

10.4. ʇʨʠ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 2T  ʪʘʨʠʨʦʚʘʥʥʳʡ ʚʦʣʴʬʨʘʤ ʙʫʜʝʪ ʜʘʚʘʪʴ 

ʪʘʢʫʶ ʞʝ ʫʜʝʣʴʥʫʶ ʵʤʠʩʩʠʶ, ʢʘʢʫʶ ʜʘʝʪ ʯʠʩʪʳʡ ʚʦʣʴʬʨʘʤ ʧʨʠ 

ʂ25001  T = ? ʅʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʚʟʷʪʴ ʠʟ ʟʘʜʘʯʠ 10.3. (ʆʪʚʝʪ: 

K17602  T º ). 

10.5. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʝʪʘʣʣʘ, ʝʩʣʠ ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʣʘʤʧʳ ʧʨʠ 1T  ʨʘʚʥʘ 1j , ʘ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ 2T  ʨʘʚʥʘ 2j . (ʆʪʚʝʪ: 
( ) ö

ö

÷

õ

æ
æ

ç

å
ÖÖ

-

Ö
=

2
1

2
2

2

1

21

21 ln
T

T

j

j

TT

TkT
A . 
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10.6. ɺʳʚʝʩʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ.r 

10.7. ʂʘʪʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʣʘʤʧʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨ ʨʘʜʠʫ-

ʩʦʤ 0r  ʠ ʜʣʠʥʦʡ l, ʘ ʘʥʦʜ ï ʢʦʘʢʩʠʘʣʴʥʳʡ ʩ ʥʠʤ ʮʠʣʠʥʜʨ ʨʘʜʠʫʩʦʤ R, 

ʧʨʠʯʝʤ 0rRl >>> . ʅʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j  ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʦʩʠ ʢʘʪʦʜʘ, ʪʦʢ I  ʚ ʘʥʦʜʥʦʡ ʮʝʧʠ ʣʘʤʧʳ ʠʟʚʝʩʪʝʥ. (ʆʪʚʝʪ: 

( ) Rrr rIj <<p= 0,2/ ). 

10.8. ʉʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ u, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩʧʘʜʘʝʪ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʦʩʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ ʧʦ ʟʘʢʦʥʫ () ( )2
0

2
0 expn rrnr -Ö= , ʛʜʝ 0n  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʥʘ ʦʩʠ ʧʫʯʢʘ; r  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʧʫʯʢʘ; 0r  ï ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʧʫʯ-

ʢʘ. ʅʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʫʯʢʘ j  ʠ ʥʘʡʪʠ ʩʠʣʫ ʪʦʢʘ. 

(ʆʪʚʝʪ: ( ) () 2
00

0

2
0

2
0

0

d2;exp rnerrrjI  rrnej

r

Öpu=pÖ=-Öu= ñ
2

00 rne pu ). 

10.9. ɺ ʫʩʣʦʚʠʷʭ ʟʘʜʘʯʠ 10.8 ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʦʩʠ ʧʫʯʢʘ, ʝʩʣʠ ʤɸ100 I = ; c950,=u  (c  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ); ʩʤ5,00  r = ?  

(ʆʪʚʝʪ: 313
0 ʤ108,2 -Ö@n ). 

10.10. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝ-

ʣʘʭ 300é2500 ʂ. 

10.11. ʈʘʩʩʯʠʪʘʪʴ ʪʦʢ ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʢʘʪʦʜʘ CsW+  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ 2ʩʤ5,0  . 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ 300é2000 ʂ. 

10.12. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʙʦʪʳ 

ʚʳʭʦʜʘ A ( A ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1,0  ʜʦ ɻɺ5  ) ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ K5001=T , 

K11002  T = . (ʆʪʚʝʪ: 23
2

22
1 ʤ/ɸ10,ʤ/ɸ10 == jj ). 

10.13. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ [ʬʦʨʤʫʣʘ (10.1)] 

ʯʣʝʥʘ 2T  ʠ ( )A/kT-exp  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ T. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ. 

10.14. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ ʚʦʣʴʬ-

ʨʘʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E  ( Eʠʟʤʝʥʷ-

ʝʪʩʷ ʦʪ 10 ʜʦ ʩʤ/ɺ106 ). ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.15. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩ-

ʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʤʦʣʠʙʜʝʥʘ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.16. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩ-

ʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʤʝʜʠ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 
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10.17. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩ-

ʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʘʣʶʤʠʥʠʷ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.18. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩ-

ʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʞʝʣʝʟʘ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.19. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩ-

ʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʥʠʢʝʣʷ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.20. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ 

ʚʦʣʴʬʨʘʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E .  

ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.21. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ 

ʤʦʣʠʙʜʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E .  

ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.22. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ 

ʘʣʶʤʠʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E .  

ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.23. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ 

ʞʝʣʝʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E. ʇʦʩʪʨʦ-

ʠʪʴ ʛʨʘʬʠʢ. 

10.24. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ 

ʥʠʢʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E. ʇʦʩʪʨʦ-

ʠʪʴ ʛʨʘʬʠʢ. 

10.25. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ 

ʧʣʘʪʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E .  

ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.26. ʈʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʜʣʷ 

ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʙʦʪʳ ʚʳʭʦʜʘ A ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 26 ʩʤ/ɺ10=E . ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ. 

10.27. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʣʘʪʠʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʮʝʟʠʠ, ʝʩʣʠ ʦʪʥʦʰʝʥʠʝ ʨʘʙʦʪ 

ʚʳʭʦʜʘ 7,2
Cs

Pt =
A

A
? (ʆʪʚʝʪ: 65,1

Cs

Pt

Cs

Pt ==
u

u

A

A
). 

10.28. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʣʘʤʧʳ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 1T  ʨʘʚʥʘ 1ʥj . ɸ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2T  ï 2ʥj . ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʤʘʪʝʨʠʘʣ, 

ʠʟ ʢʦʪʦʨʦʛʦ ʩʜʝʣʘʥ ʢʘʪʦʜ ʣʘʤʧʳ? (ʆʪʚʝʪ: 
( ) ö

ö

÷

õ

æ
æ

ç

å
ÖÖ

-

Ö
=

2
1

2
2

2ʥ

1ʥ

21

21 ln
T

T

j

j

TT

TkT
A ). 

10.29. ʂʘʪʦʜ ʠ ʘʥʦʜ ʵʣʝʢʪʨʦʥʥʦʡ ʣʘʤʧʳ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʧʣʦʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ. ʄʝʞʜʫ ʥʠʤʠ ʧʨʠʣʦʞʝʥʘ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U. ʆʧʨʝʜʝ-

ʣʠʪʴ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʫʶ ʣʘʤʧʦʡ ʚ ʦʙʣʘʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʘ ɹʦʛʫ-
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ʩʣʘʚʩʢʦʛʦ-ʃʝʥʛʤʶʨʘ, ʝʩʣʠ ʧʣʦʱʘʜʴ ʘʥʦʜʘ S, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʥʦʜʦʤ ʠ 
ʢʘʪʦʜʦʤ d . ʋʢʘʟʘʥʠʝ. ɺʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ ɹʦʛʫʩʣʘʚʩʢʦʛʦïʃʝʥʛʤʶ-

ʨʘ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 
2

23 11

9

2
;

dm
B BUj ÖÖ

p
==  ʜʣʷ ʧʣʦʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ. 

(ʆʪʚʝʪ: 
25

2

1

9

2
U

d

S

m
IUP ÖÖÖ

p
== ). 

10.30. ʇʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʦʡ ʈʠʯʘʨʜʩʦʥʘïɼʵʰʤʝʥʘ, ʚʳʚʝʩʪʠ ʩʦʦʪʥʦʰʝ-

ʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. (ʆʪʚʝʪ: kT

A
 

r

A
TC

ʊ

j -

Öö
÷

õ
æ
ç

å
+=

µ

µ
e2ʥ ). 

ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʣ. 1. 

 

 

 

ɻʣʘʚʘ 11. ɿɸʂʆʅʓ ʕʃɽʂʊʈʆʃʀɿɸ. ɿɸʂʆʅʓ ʌɸʈɸɼɽʗ 

 

11.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ  

 

ʇʝʨʚʳʡ ʟʘʢʦʥ ʌʘʨʘʜʝʷ: 

Kqm= , 

ʛʜʝ m ï ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʯʝʨʝʟ ʵʣʝʢʪʨʦʣʠʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ q ; K  ï ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʚʠ-

ʚʘʣʝʥʪ ʚʝʱʝʩʪʚʘ. 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʌʘʨʘʜʝʷ: 

( )FzMK /= , 

ʛʜʝ M ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ; F ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ 

(F = 96,5 ʢʂʣ/ʤʦʣʴ); z ï ʚʘʣʝʥʪʥʦʩʪʴ ʠʦʥʦʚ. 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʟʘʢʦʥ ʌʘʨʘʜʝʷ: 

It
Fz

M
q

Fz

M
m == . 

ʇʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ 
Eb /u= , 

ʛʜʝ u ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ; ɽ ï ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ɿʘʢʦʥ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ: 

( )Ebbqnj
CC

-++= , 
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ʛʜʝ q ï ʟʘʨʷʜ ʠʦʥʘ; n ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ; ( )-++bb  ï ʧʦʜʚʠʞʥʦʩʪʴ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ. 

ʋʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ n ʠʦʥʦʚ ʚ ʞʠʜʢʦʤ ʠʟʦʣʷʪʦʨʝ: 

j
q

rg
t

n C
div

1

d

d
--= , 

ʛʜʝ g  ʠ r ï ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ; q ï ʟʘʨʷʜ ʠʦʥʘ; 

j ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ. 

 

11.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 11.1. ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ u, ʤʢʤ/ʯ, ʩ ʢʦʪʦʨʦʡ ʨʘʩʪʝʪ ʩʣʦʡ 

ʥʠʢʝʣʷ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ, ʝʩʣʠ ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʢʘ j, ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʵʣʝʢʪʨʦʣʠʪ, ʨʘʚʥʘ 30 ɸ/ʤ
2
. ʅʠʢʝʣʴ 

ʩʯʠʪʘʪʴ ʜʚʫʭʚʘʣʝʥʪʥʳʤ. 

 

 

ʈʝʰʝʥʠʝ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʦʙʲʝʜʠʥʝʥʥʳʤ ʟʘʢʦʥʦʤ ʌʘʨʘʜʝʷ 
 

It
Fz

M
m= .     (11.1) 

 

ʉʯʠʪʘʷ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʜʝʪ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʚʳʨʘʞʘʝʤ ʤʘʩʩʫ m ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʟʘ ʚʨʝʤʷ t ʥʠʢʝʣʷ ʯʝʨʝʟ 

ʧʣʦʪʥʦʩʪʴ r, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ S ʤʝʪʘʣʣʘ ʠ ʪʦʣʱʠʥʫ h ʩʣʦʷ ʥʠʢʝʣʷ: 
 

Shm r= .     (11.2) 
 

ʇʦʜʩʪʘʚʣʷʝʤ ʚʳʨʘʞʝʥʠʝ (11.2) ʚ ʬʦʨʤʫʣʫ (11.1), ʫʯʠʪʳʚʘʷ, ʯʪʦ I = jS: 
 

jt
Fz

M
h=r .     (11.3) 

 

ʇʨʠ ʥʝʠʟʤʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘʨʘʩʪʘʥʠʝ ʩʣʦʷ ʥʠʢʝʣʷ ʙʫʜʝʪ ʧʨʦʠʩ-

ʭʦʜʠʪʴ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ u = h/t. ʊʦʛʜʘ ʠʟ ʚʳʨʘʞʝʥʠʷ (11.3) ʩʣʝʜʫʝʪ: 
 

r
=

Fz

Mj
u .     (11.4) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ (11.4) ʟʥʘʯʝʥʠʷ 41065,9 Ö=F  ʂʣ/ʤʦʣʴ, 
3107,58 -Ö=M  ʢʛ/ʤʦʣʴ, z = 2, j = 30 2ʤ/ɸ , 3108,8 Ö=r  3ʤ/ʢʛ , ʧʦʣʫʯʘʝʤ 

91004,1 -Ö=u  ʤ/ʩ = 3,74 ʤʢʤ/ʯ. 
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ʇʨʠʤʝʨ 11.2. ɻʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠʦʥʦʚ. ʀʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʧʦʜʚʠʞʥʦ-

ʩʪʠ ʠʦʥʦʚ ʥʘʨʫʰʘʝʪʩʷ ʥʝʡʪʨʘʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʧʦʣʝ, ʚʳʨʘʚʥʠʚʘʶʱʝʝ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ +u  ʠ -u  ʠʦʥʦʚ ʨʘʟʥʦʛʦ ʟʥʘʢʘ. 

ʉʯʠʪʘʷ, ʯʪʦ ʚ ʨʘʚʥʦʚʝʩʠʠ ʵʪʠ ʩʢʦʨʦʩʪʠ ʦʜʠʥʘʢʦʚʳ 0u=u=u -+ , ʚʳʨʘʟʠʪʴ 

0u ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ +D  ʠ -D  ʠ ʧʦʜʚʠʞʥʦʩʪʠ +b  ʠ -b  ʠʦʥʦʚ. 

ʈʝʰʝʥʠʝ. ʉʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʬʬʫʟʠʝʡ ʠ ʚʝʣʠʯʠ-

ʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ 

Ebn
n

D
+

+
+ +=u )(grad ; Ebn

n

D
-

-
- +=u )(grad . 

ʉʯʠʪʘʷ, ʯʪʦ 0u=u=u -+ , ʠʩʢʣʶʯʘʝʤ ʧʦʣʝ ɽ 

)(grad0 n
)nb(b

bDbD
-

+

+
=u

-+

+--+ . 

 
 

11.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

11.1. ʇʨʠ ʩʠʣʝ ʪʦʢʘ I = 5 ɸ ʟʘ ʚʨʝʤʷ t = 10 ʤʠʥ ʚ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ 

ʚʘʥʥʝ ʚʳʜʝʣʠʣʦʩʴ m = 1,02 ʛ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ. ʆʧʨʝʜʝʣʠʪʴ ʝʛʦ ʦʪ-

ʥʦʩʠʪʝʣʴʥʫʶ ʘʪʦʤʥʫʶ ʤʘʩʩʫ ɸ. (ʆʪʚʝʪ: A = 65,4 ʘ.ʝ.ʤ.). 

11.2. ɼʚʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ ʚʘʥʥʳ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ.  

ɺ ʧʝʨʚʦʡ ʚʘʥʥʝ ʚʳʜʝʣʠʣʦʩʴ 9,31=m  ʛ ʮʠʥʢʘ, ʚʦ ʚʪʦʨʦʡ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ 

24,22=m  ʛ ʞʝʣʝʟʘ. ʎʠʥʢ ʜʚʫʭʚʘʣʝʥʪʝʥ. ʆʧʨʝʜʝʣʠʪʴ ʚʘʣʝʥʪʥʦʩʪʴ z ʞʝʣʝʟʘ. 

(ʆʪʚʝʪ: z = 3). 

11.3. ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ ʚʘʥʥʘ ʩ ʨʘʩʪʚʦʨʦʤ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ ʧʨʠʩʦʝ-

ʜʠʥʝʥʘ ʢ ʙʘʪʘʨʝʝ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʩ ʵʜʩ 4=x  ɺ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝʤ r = 0,1 ʆʤ. ʆʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ m ʤʝʜʠ, ʚʳʜʝʣʠʚʰʝʡʩʷ ʧʨʠ ʵʣʝʢʪʨʦʣʠ-

ʟʝ ʟʘ ʚʨʝʤʷ t = 1 ʤʠʥ, ʝʩʣʠ ʵʜʩ ʧʦʣʷʨʠʟʘʮʠʠ 5,1
n
=x  ɺ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʘʩʪʚʦʨʘ ʨʘʚʥʦ R = 0,5 ʆʤ. ʄʝʜʴ ʜʚʫʭʚʘʣʝʥʪʥʘ. (ʆʪʚʝʪ: m = 0,83 ʛ). 

11.4. ʆʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ h ʩʣʦʷ ʤʝʜʠ, ʚʳʜʝʣʠʚʰʝʡʩʷ ʟʘ ʚʨʝʤʷ t = 5 ʤʠʥ 

ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ, ʝʩʣʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ j = 80 2ʤ/ɸ . (ʆʪʚʝʪ: 

h = 54 ʤʢʤ). 

11.5. ʉʠʣʘ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʫʶ ʚʘʥʥʫ ʩ ʨʘʩ-

ʪʚʦʨʦʤ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ, ʨʘʚʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ 

20=Dt  ʩ ʦʪ 00=I  ʜʦ 2=I  ɸ. ʅʘʡʪʠ ʤʘʩʩʫ ʤʝʜʠ, ʚʳʜʝʣʠʚʰʝʡʩʷ ʟʘ ʵʪʦ 

ʚʨʝʤʷ ʥʘ ʢʘʪʦʜʝ ʚʘʥʥʳ. (ʆʪʚʝʪ: m = 6,6 ʤʛ). 
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11.6. ɺ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʚʘʥʥʝ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʧʨʦʰʝʣ ʟʘʨʷʜ q = 193 ʢʂʣ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʪʦʜʝ ʚʳʜʝʣʠʣʩʷ ʤʝʪʘʣʣ ʚ ʢʦʣʠʯʝʩʪʚʝ 1 ʤʦʣʴ. ʆʧʨʝʜʝʣʠʪʴ ʚʘ-

ʣʝʥʪʥʦʩʪʴ z ʤʝʪʘʣʣʘ. (ʆʪʚʝʪ: z = 2). 

11.7. ʆʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ n ʠ ʯʠʩʣʦ ʘʪʦʤʦʚ N ʜʚʫʭʚʘʣʝʥʪ-

ʥʦʛʦ ʤʝʪʘʣʣʘ, ʦʪʣʦʞʠʚʰʝʛʦʩʷ ʥʘ ʢʘʪʦʜʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʚʘʥʥʳ, ʝʩʣʠ 

ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t = 5 ʤʠʥ ʰʝʣ ʪʦʢ ʩʠʣʦʡ 2=I  ɸ. (ʆʪʚʝʪ: 
31012,3 -Ö=n  ʤʦʣʴ; 211087,1 Ö=N ). 

11.8. ʉʢʦʣʴʢʦ ʘʪʦʤʦʚ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʤʝʪʘʣʣʘ ʚʳʜʝʣʠʪʩʷ ʥʘ 1 2ʩʤ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʟʘ ʚʨʝʤʷ t = 5 ʤʠʥ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j = 10 2ʤ/ɸ ? 

(ʆʪʚʝʪ: 17103,9 Ö=N ). 

11.9. ʇʨʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʤ ʥʠʢʝʣʠʨʦʚʘʥʠʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʪʦʢ 

ʧʣʦʪʥʦʩʪʴʶ 40 2ʤ/ɸ . ʉʯʠʪʘʷ, ʯʪʦ ʥʠʢʝʣʴ ʜʚʫʭʚʘʣʝʥʪʝʥ, ʠ, ʫʯʠʪʳʚʘʷ ʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʘʪʦʤʥʫʶ ʤʘʩʩʫ ɸ = 58,7 ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, 

ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʷ ʥʠʢʝʣʷ ʪʦʣʱʠʥʦʡ 0,02 ʤʤ. ʇʣʦʪʥʦʩʪʴ ʥʠ-

ʢʝʣʷ ʨʘʚʥʘ 3108,8 Ö  3ʤ/ʢʛ . (ʆʪʚʝʪ: t = 4 ʯ). 

11.10. ʉʢʦʣʴʢʦ ʮʠʥʢʘ ʨʘʩʪʚʦʨʠʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʢʘ ʚ ʵʣʝʤʝʥʪʝ ɼʘʥʠ-

ʵʣʷ (ʤʝʜʥʦ-ʮʠʥʢʦʚʳʡ ʵʣʝʤʝʥʪ), ʝʩʣʠ ʦʥ ʚʳʨʘʙʘʪʳʚʘʝʪ ʪʦʢ ʩʠʣʳ 0,5 ɸ ʚ ʪʝʯʝ-

ʥʠʝ 5 ʤʠʥ? ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʮʠʥʢʘ ʨʘʚʝʥ 6103388,0 -Ö  ʂʣ/ʢʛ . 

(ʆʪʚʝʪ: m = 0,051 ʛ). 

11.11. ɺ ʛʘʣʴʚʘʥʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ ɼʘʥʠʵʣʷ (ʵʣʝʢʪʨʦʜʳ ʠʟ ʤʝʜʠ ʠ ʮʠʥ-

ʢʘ) ʧʨʦʠʩʭʦʜʷʱʝʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʪʚʦʨʝʥʠʝ ʮʠʥʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ 5104,4 Ö  ʤʦʣʴ/ɼʞ . ʉʯʠʪʘʷ ʚʘʣʝʥʪʥʦʩʪʴ ʠʦʥʦʚ z = 2, 

ʥʘʡʪʠ ʵʜʩ ʵʣʝʤʝʥʪʘ ɼʘʥʠʵʣʷ x. (ʆʪʚʝʪ: 07,1=x  ɺ). 

11.12. ɿʥʘʷ, ʯʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʚʦʜʦʨʦʜʘ ʨʘʚʝʥ 
810045,1 -Ö  ʂʣ/ʢʛ , ʚʳʯʠʩʣʠʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʭʣʦʨʘ.  

ɺʘʣʝʥʪʥʦʩʪʴ ʭʣʦʨʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʘʪʦʤʥʳʝ ʤʘʩʩʳ ʭʣʦʨʘ ʠ 

ʚʦʜʦʨʦʜʘ ʨʘʚʥʳ 35,45 ʠ 1,008. (ʆʪʚʝʪ: 610368,0 -Ö=K  ʂʣ/ʢʛ ). 

11.13. ʅʘʡʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʵʢʚʠʚʘʣʝʥʪʳ ʩʚʠʥʮʘ. ʉʢʦʣʴʢʦ ʵʪʦʛʦ 

ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʦ ʪʦʢʦʤ 5 ɸ ʚ ʪʝʯʝʥʠʝ 10 ʯ? (ʆʪʚʝʪ: 
610074,1 -Ö=K  ʂʣ/ʢʛ ; m = 0,1933 ʢʛ). 

11.14. ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʘʣʶʤʠʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʥʘ-

ʧʨʷʞʝʥʠʠ 5 ɺ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 40 2ʤ/ɸ . ʂʘʢʦʚʘ ʤʦʱʥʦʩʪʴ ʪʦʢʘ ʈ, ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 150 ʢʛ ʘʣʶʤʠʥʠʷ ʚ ʩʫʪʢʠ, ʝʩʣʠ ʧʦʪʝʨʠ 

ʩʦʩʪʘʚʣʷʶʪ 5 % ʚʩʝʡ ʟʘʪʨʘʯʝʥʥʦʡ ʵʥʝʨʛʠʠ? ʂʘʢʦʚʘ ʥʝʦʙʭʦʜʠʤʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ S? (ʆʪʚʝʪ: P = 3 ʢɺʪ; S = 15 2ʤ). 

11.15. ʂʘʢʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ W ʥʘʜʦ ʟʘʪʨʘʪʠʪʴ, ʯʪʦʙʳ ʧʨʠ 

ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʘ 
3

AgNO  ʚʳʜʝʣʠʣʘʩʴ ʤʘʩʩʘ m = 500 ʤʛ ʩʝʨʝʙʨʘ?  

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʵʣʝʢʪʨʦʜʘʭ U = 4 ɺ. (ʆʪʚʝʪ: W = 1,8 ʢɼʞ). 
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11.16. ʅʘʡʪʠ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 0L  ʜʣʷ ʦʯʝʥʴ ʩʣʘʙʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. (ʆʪʚʝʪ: 3
0 106,37 -Ö=L  ʤʦʣʴʆʤ/ʤ2 Ö ). 

11.17. ʅʘʡʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʨʘʩʪʚʦʨʘ 
3

AgNO , ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʨʫʙʢʫ 

ʜʣʠʥʦʡ l = 84 ʩʤ ʠ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ S = 5 2ʤʤ. ʕʢʚʠʚʘʣʝʥʪ-

ʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 1,0=h  ʣ/ʤʦʣ ,ɹ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ 81=a  %. 

(ʆʪʚʝʪ: R = 180 ʢʆʤ). 

11.18. ɺ ʚʦʜʦʨʦʜʥʦ-ʢʠʩʣʦʨʦʜʥʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʥʝʨʛʠʷ, ʦʩʚʦʙʦʞʜʘʶʱʘʷʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ ʚʦʜʦʨʦʜʘ ʚ ʢʠʩʣʦʨʦʜʝ, ʢʦʪʦʨʘʷ 

ʨʘʚʥʘ 8104,2 Ö  ʢʤʦʣʴ/ɼʞ . ʉʯʠʪʘʷ, ʯʪʦ ʢʘʞʜʳʝ ʜʚʘ ʠʦʥʘ ʚʦʜʦʨʦʜʘ ʦʪʥʠʤʘʶʪ 

ʫ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʠ ʜʚʘ ʵʣʝʢʪʨʦʥʘ, ʥʘʡʪʠ 

ʵʜʩ ʪɻʦʛʦ ʵʣʝʤʝʥʪʘ. (ʆʪʚʝʪ: 23,1=x  ɺ). 

11.19. ɺ ʯʠʩʪʦʡ ʚʦʜʝ ʠʤʝʝʪʩʷ ʜʠʩʩʦʮʠʘʮʠʷ ʥʘ ʠʦʥʳ +H  ʠ ( )-OH . ɺʩʣʝʜ-

ʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʜʳ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ ʠ ʨʘʚʥʘ 6104 -Ö  11 ʤʆʤ --Ö . 

ʂʦʥʮʝʥʪʨʘʮʠʷ +H -ʠʦʥʦʚ ʧʨʠ ʵʪʦʤ ʨʘʚʥʘ 710-  3ʤ/ʢʤʦʣ .ɹ ʉʯʠʪʘʷ, ʯʪʦ ʧʦʜ-

ʚʠʞʥʦʩʪʴ +H -ʠʦʥʦʚ 7103,3 -
+ Ö=b  ʩɺ/ʤ2 Ö, ʥʘʡʪʠ ʧʦʜʚʠʞʥʦʩʪʴ ( )-OH -ʠʦʥʦʚ. 

(ʆʪʚʝʪ: 7107,0 -
- Ö=b  ʩɺ/ʤ2 Ö). 

11.20. ɺ ʵʣʝʢʪʨʦʣʠʪʝ ʠʦʥʳ ʦʙʨʘʟʫʶʪ ʚʦʢʨʫʛ ʩʝʙʷ ʦʙʦʣʦʯʢʫ ʠʟ ʥʝʡ-

ʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʩʦʣʴʚʘʪʘʮʠʷ). ʉʯʠʪʘʷ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʨʝʥʠʷ ʠʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤ ʉʪʦʢcʘ, ʚʳʨʘʟʠʪʴ ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ R 

ʯʝʨʝʟ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ h ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʘ b. (ʆʪʚʝʪ: ph= 6/qbR ). 

11.21. ʉʯʠʪʘʷ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦ-

ʥʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʤʝʝʪ ʪʘ-

ʢʦʡ ʞʝ ʚʠʜ, ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ (ʬʦʨʤʫʣʘ ɹʦʣʴʮʤʘ-

ʥʘ) ʚʩʣʝʜʩʪʚʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʜʨʝʡʬʦʤ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʚ ʧʦʣʝ ʠ ʜʠʬʬʫʟʠʦʥʥʳʤ ʜʨʝʡʬʦʤ ʠʦʥʦʚ, ʧʦʣʫʯʠʪʴ ʩʚʷʟʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ D ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʦʥʦʚ b. (ʆʪʚʝʪ: D = KTb/q). 

11.22. ʋʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʝʮʠʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠ-

ʩʣʦʪʳ 5,3=s  ʉʤ/ʤ. ʅʘʡʪʠ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ a. (ʆʪʚʝʪ: 92=a %). 

11.23. ʅʘʡʪʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʚ ʵʣʝʢʪʨʦʣʠ-

ʪʝ, ʚ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʨʘʚʥʘ 1n  ʠ 2n . ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫ-

ʟʠʠ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʨʘʚʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ +D , +b  ʠ -D , -b . (ʆʪʚʝʪ: 
1

2ln
n

n

bb

DD
U ö

÷

õ
æ
ç

å

+

-
=

-+

-+ ). 

11.24. ɺ ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʦ ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʚ ʵʣʝʢʪʨʦʣʠʪʝ ʪʦʢ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʦʢʘ ʜʠʬʬʫʟʠʠ ʠ ʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʦʣʝʤ. (ʉʯʠʪʘʷ ʟʘʜʘʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ+D  ʠ -D ʠ ʧʦʜʚʠʞʥʦ-
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ʩʪʠ +b  ʠ -b  ʠʦʥʦʚ ʨʘʟʥʦʛʦ ʟʥʘʢʘ, ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʧʦʣ-

ʥʦʛʦ ʪʦʢʘ j. (ʆʪʚʝʪ: ( )ö
÷

õ
æ
ç

å

+

+
+s=

-+

+- n
bb

DD
Ej lngrad ). 

11.25. ʇʨʦʚʦʜʠʤʦʩʪʴ ʦʯʝʥʴ ʯʠʩʪʦʡ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 C̄ ʨʘʚʥʘ 
6104 -Ö  11 ʤʆʤ --Ö . ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ Kʉl ʚ ʢʦʣʠʯʝʩʪ-

ʚʝ 210-  3ʤ/ʢʤʦʣ  ɹʧʨʦʚʦʜʠʤʦʩʪʴ ʝʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 0,14 11 ʤʆʤ --Ö , ʪ. ʝ. ʚ 

30000 ʨʘʟ. ʇʨʝʥʝʙʨʝʛʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʟʘ ʩʯʝʪ ʠʦʥʦʚ +H  ʠ ( )-OH , ʥʘʡʪʠ 

ʩʫʤʤʘʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ +K  ʠ -Cl . (ʆʪʚʝʪ: 5104,1 -
-+ Ö=+bb  ʩɺ/ʤ2 Ö). 

11.26. ʅʘʡʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʨʘʩʪʚʦʨʘ 
3

AgNO , ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʨʫʙʢʫ 

ʜʣʠʥʦʡ l = 84 ʩʤ ʠ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ S = 5 2ʤʤ. ʕʢʚʠʚʘʣʝʥʪ-

ʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 1,0=h  ʣ/ʤʦʣ ,ɹ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ 81=a  %. 

(ʆʪʚʝʪ: R = 180 ʢʆʤ). 

11.27. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʪʚʦʨʘ Kʉl ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʨʘʚʥʘ 3102,12 -Ö=L  ʤʦʣʴʆʤ/ʤ2 Ö , ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ 

ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 122,0=s  11 ʤʆʤ --Ö , ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʚʝʜʝʥʠʠ 31013 -
¤ Ö=L  ʤʦʣʴʆʤ/ʤ2 Ö . ʅʘʡʪʠ ʩʪʝʧʝʥʴ ʜʠʩʩʦ-

ʮʠʘʮʠʠ a ʨʘʩʪʚʦʨʘ Kʉl ʧʨʠ ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. (ʆʪʚʝʪ: 94=a  %). 

11.28. ʅʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʞʠʜʢʦʤ ʠʟʦ-

ʣʷʪʦʨʝ ʦʪ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ g ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ r, ʩʯʠʪʘʷ ʠʭ ʧʦʩʪʦʷʥʥʳʤʠ 

ʚʜʦʣʴ ʷʯʝʡʢʠ ʩ ʨʘʟʤʝʨʦʤ d ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. (ʆʪʚʝʪ: j = q(g ï r)d). 

11.29. ʇʨʠ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʷʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʞʠʜʢʦʤ 

ʜʠʵʣʝʢʪʨʠʢʝ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʧʨʝʥʝʙʨʝʯʴ. 

ʅʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʦʢʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ 

ʥʦʩʠʪʝʣʝʡ g ʠ ʨʘʩʩʪʦʷʥʠʷ d ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. (ʆʪʚʝʪ: j = qgd). 

11.30. ɺ ʦʯʝʥʴ ʩʣʘʙʳʭ ʧʦʣʷʭ ʚ ʞʠʜʢʦʤ ʠʟʦʣʷʪʦʨʝ ʨʝʢʦʤʙʠʥʘʮʠʷ ʥʘ-

ʩʪʦʣʴʢʦ ʩʠʣʴʥʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ, ʪ. ʝ. ʤʦʞʥʦ ʧʨʝʥʝʙ-

ʨʝʯʴ ʧʦʪʝʨʷʤʠ ʥʦʩʠʪʝʣʝʡ ʚʩʣʝʜʩʪʚʠʝ ʜʨʝʡʬʘ ʚ ʧʦʣʝ. ʉʯʠʪʘʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʨʝʢʦʤʙʠʥʘʮʠʠ 2nr r= , ʛʜʝ r ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʢʦʤʙʠʥʘʮʠʠ; n ï ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ, ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j, ʦʪ ʧʦʜʚʠʞʥʦʩʪʠ 

ʠʦʥʦʚ ʠ ʩʢʦʨʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ g. (ʆʪʚʝʪ: ( )Ebbgqj -++r= / ). 

 

 

ɻʣʘʚʘ 12. ʕʃɽʂʊʈʀʏɽʉʂʀʁ ʊʆʂ ɺ ɻɸɿɸʍ 

 

12.1. ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ  

 

ʇʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 
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Eb /u= , 

ʛʜʝ u ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ; E  ï ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʚ ʛʘʟʝ, ʩʧʨʘʚʝʜʣʠʚ ʟʘʢʦʥ ʆʤʘ: 

EEbbqnj
CCC
d=+= -+ )( , 

ʛʜʝ )( -++=d bbqn  ï ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʛʘʟʘ; q  ï ʟʘʨʷʜ ʠʦʥʘ; n  ï ʯʠʩʣʦ 

ʠʦʥʦʚ ʢʘʞʜʦʛʦ ʟʥʘʢʘ (ʯʠʩʣʦ ʧʘʨ ʠʦʥʦʚ), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ 

ʛʘʟʘ ( 3ʤ- ); +b  ʠ -b  ï ʧʦʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ; E
C

 ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ. 

ʇʨʠ ʵʪʦʤ g= Nn , ʛʜʝ N  ï ʯʠʩʣʦ ʧʘʨ ʠʦʥʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʠʦʥʠʟʠ-

ʨʫʶʱʠʤ ʘʛʝʥʪʦʤ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʤ
ï3
Ŀʩ
ï1

; g ï ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʩʤ3 . 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ ʚ ʛʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

dqNjʥ= , 

ʛʜʝ d  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ɼʣʷ ʧʨʦʙʦʷ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ ʪʨʝʙʫʶʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʝ ʧʦʣʷ ʚ 

ʩʚʝʪʦʚʦʡ ʚʦʣʥʝ (10
6
é10

7
) ɺ/ʩʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ 

ʧʦʨʷʜʢʘ 510 2cʤ/ʄɺʪ . 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʧʦʣʝ ʚ ʩʚʝʪʦʚʦʡ ʚʦʣʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

( )21
4

/
/cSE p= , 

ʛʜʝ S ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʚ ʬʦʢʫʩʝ; ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

ɼʠʘʤʝʪʨ ʢʨʫʞʢʘ ʬʦʢʫʩʠʨʦʚʢʠ 1d  ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ ʨʘʩʭʦʜʠʤʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ q ʠ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʣʠʥʟʳ f :  

qÖ=fd . 

 

12.2. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 12.1. ʄʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʣʦʱʘʜʴʶ 2ʩʤ250 S=

ʢʘʞʜʘʷ ʥʘʭʦʜʠʪʩʷ ʚʦʜʦʨʦʜ ʦʙʲʝʤʦʤ 3ʩʤ375 V= . ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚ ʛʘ-

ʟʝ ʨʘʚʥʘ 37ʩʤ103,5 -Ö=n . ʂʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ U  ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ ʢ ʧʣʘʩʪʠ-

ʥʘʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʦʢ ʩʠʣʦʡ ʤʢɸ2 I = ? ʇʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ: ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ( )cBʩʤ4,5 2 Ö=+  b , ʦʪʨʠʮʘʪʝʣʴʥʳʭ ( )cBʩʤ4,7 2 Ö=-  b . 

ʈʝʰʝʥʠʝ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʧʣʘʩʪʠʥʘʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʚʷʟʘʥʦ ʩ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴʶ ɽ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʨʘʩʩʪʦʷʥʠʝʤ d ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʩʦʦʪ-

ʥʦʰʝʥʠʝʤ: 

EdU = . 
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ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʣʦʪʥʦ-

ʩʪʠ ʪʦʢʘ: 
Ebbqnj )( -++= . 

ʆʪʩʶʜʘ 

Sbbqn

I

bbqn

j
E

)()( _+
=

+
=

+-+

. 

ʊʘʢ ʢʘʢ ʦʙʲʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ, ʨʘʚʝʥ 

Sd, ʪʦ  V/Sd= . ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ E  ʠ d  ʚ ʬʦʨʤʫʣʫ (12.5), ʧʦʣʫʯʠʤ 

2
_ )( Sbbqn

IV
U

+
=

+

. 

ʇʨʦʠʟʚʝʜʷ ʚʳʯʠʩʣʝʥʠʷ, ʥʘʡʜʝʤ U = 110 B. 

ʇʨʠʤʝʨ 12.2. ɺʦʟʜʫʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʩ ʨʘʟʤʝʨʘʤʠ 3ʩʤ5,21010  ³³  ʠʦʥʠʟʠʨʫʝʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ 

ʣʫʯʘʤʠ ʪʘʢ, ʯʪʦ ʚ 3ʩʤ1  ʟʘ ʩ1  ʦʙʨʘʟʫʝʪʩʷ 910  ʠʦʥʦʚ ʠ ʩʪʦʣʴʢʦ ʞʝ ʩʚʦʙʦʜ-

ʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʣʘʩʪʠʥʳ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʝʜʠʥʝʥʳ ʩ ʠʩʪʦʯʥʠʢʦʤ ʥʘ-

ʧʨʷʞʝʥʠʷ ɺ1300 U =  ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʆʤ1010
1  R = .  

ʈʝʟʠʩʪʦʨ ʩ ʪʘʢʠʤ ʞʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʆʤ1010
2  R =  ʚʢʣʶʯʝʥ ʧʘʨʘʣʣʝʣʴʥʦ 

ʢʦʥʜʝʥʩʘʪʦʨʫ (ʨʠʩ. 12.1). ʂʘʢʦʡ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʯʝ-

ʨʝʟ ʨʝʟʠʩʪʦʨ 1R? ʉʯʠʪʘʪʴ, ʯʪʦ ʠʦʥʳ ʠ ʵʣʝʢʪʨʦʥʳ 

ʜʦʩʪʠʛʘʶʪ ʧʣʘʩʪʠʥ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʥʝ ʫʩʧʝʚ ʨʝʢʦʤ-

ʙʠʥʠʨʦʚʘʪʴ, ʠ ʯʪʦ ʟʘʨʷʜ ʢʘʞʜʦʛʦ ʠʦʥʘ ʨʘʚʝʥ ʧʦ 

ʤʦʜʫʣʶ ʟʘʨʷʜʫ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. 

ʈʝʰʝʥʠʝ. ʀʦʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʚʥʫʪʨʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʥʘʯʠ-

ʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʢ ʧʣʘʩʪʠʥʘʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʥʝʤʫ ʥʘʧʨʷʞʝʥʠʷ.  

ʊʦʢ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ VenIC = , ʛʜʝ n  ï ʯʠʩʣʦ ʠʦʥʦʚ (ʠʣʠ ʵʣʝʢʪʨʦʥʦʚ), 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʢʦʥʜʝʥʩʘʪʦʨʘ; e ï ʟʘ-

ʨʷʜ ʠʦʥʘ; V  ï ʦʙʲʝʤ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʀʤʝʝʤ 

1122 RIRIUUU RRbcab +=+= . 

ʂʨʦʤʝ ʪʦʛʦ, 21 RʉR III += . 

ʀʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 

ɸ105,8
)( 8

21

2
1

-Ö=
+

=
+

+
=

2R

neVRU

RR

RIU
I ʉ

R . 

 

ʈʠʩ. 12.1 

R1 

R2 
a b 

c 

C 



 91 

12.3. ɿʘʜʘʯʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 

 

12.1. ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 181018,2 -Ö=iE  ɼʞ. ʆʧʨʝʜʝ-

ʣʠʪʴ ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ iU  ʚʦʜʦʨʦʜʘ. (ʆʪʚʝʪ: iU  = 13,6 ɺ). 

12.2. ʂʘʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ minu  ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʵʣʝʢʪʨʦʥ, 

ʯʪʦʙʳ ʠʦʥʠʟʠʨʦʚʘʪʴ ʘʪʦʤ ʘʟʦʪʘ, ʝʩʣʠ ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ iU  ʘʟʦʪʘ ʨʘʚʝʥ 

14,5 ɺ? (ʆʪʚʝʪ: c/ʤ103,2 6
min Ö=u ). 

12.3. ʇʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʨʪʫʪʠ iU  = 10,4 ɺ. ʂʘʢʦʡ ʥʘʠʤʝʥʴ-

ʰʝʡ ʩʢʦʨʦʩʪʴʶ minu  ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʵʣʝʢʪʨʦʥ, ʯʪʦʙʳ ʠʦʥʠʟʠʨʦʚʘʪʴ ʘʪʦʤ 

ʨʪʫʪʠ ʧʨʠ ʫʜʘʨʝ? (ʆʪʚʝʪ: c/ʤ1092,1 6
min Ö=u ). 

12.4. ʂʘʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ minu  ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʵʣʝʢʪʨʦʥ, 

ʯʪʦʙʳ ʠʦʥʠʟʠʨʦʚʘʪʴ ʘʪʦʤ ʛʝʣʠʷ? ʕʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʛʝʣʠʷ  

iE  = 24,5 ʵɺ. (ʆʪʚʝʪ: c/ʤ1094,2 6
min Ö=u ). 

12.5. ʂʘʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ minu  ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʵʣʝʢʪʨʦʥ, 

ʯʪʦʙʳ ʠʦʥʠʟʠʨʦʚʘʪʴ ʘʪʦʤ ʚʦʜʦʨʦʜʘ? ʇʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦ-

ʜʘ U = 13,6 ɺ. (ʆʪʚʝʪ: c/ʤ102,2 6
min Ö=u ). 

12.6. ʂʘʢʦʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʊ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʯʪʦʙʳ 

ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ ʙʳʣʘ 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʠʦʥʠʟʘʮʠʠ ʧʫʪʝʤ ʩʦʫʜʘʨʝʥʠʡ? ʇʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ iU  

ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʨʘʚʝʥ 13,6 ɺ. (ʆʪʚʝʪ: T = 210 ʢʂ). 

12.7. ʇʨʠ ʢʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʊ ʘʪʦʤʳ ʨʪʫʪʠ ʠʤʝʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨ-

ʛʠʶ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʦʥʠʟʘʮʠʠ? ʇʦʪʝʥʮʠʘʣ 

ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʨʪʫʪʠ iU  = 10,4  ɺ. (ʆʪʚʝʪ: K108T 4Ö= ). 

12.8. ʇʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʠʦʥʠʟʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʧʨʦʣʝʪʝ-

ʣʘ Ŭ-ʯʘʩʪʠʮʘ, ʜʚʠʛʘʷʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʵʣʝʢʪʨʦʜʘʤ, ʠ ʦʙʨʘʟʦʚʘʣʘ ʥʘ ʩʚʦʝʤ ʧʫ-

ʪʠ ʮʝʧʦʯʢʫ ʠʦʥʦʚ. ʉʧʫʩʪʷ ʢʘʢʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʧʨʦʣʝʪʘ Ŭ-ʯʘʩʪʠʮʳ ʠʦʥʳ 
ʜʦʡʜʫʪ ʜʦ ʵʣʝʢʪʨʦʜʦʚ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʨʘʚʥʦ 4 ʩʤ, 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U = 5 ʢɺ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ ʦʙʦʠʭ ʟʥʘʢʦʚ ʚ ʩʨʝʜ-

ʥʝʤ ( )cBʩʤ2 2 Ö==-+ bb ? (ʆʪʚʝʪ: t = 0,8 ʤʩ). 

12.9. ɸʟʦʪ ʠʦʥʠʟʠʨʫʝʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʣʫʯʘʤʠ. ʆʧʨʝʜʝʣʠʪʴ ʧʨʦʚʦ-

ʜʠʤʦʩʪʴ G ʘʟʦʪʘ, ʝʩʣʠ ʚ ʢʘʞʜʦʤ ʢʫʙʠʯʝʩʢʦʤ ʩʘʥʪʠʤʝʪʨʝ ʛʘʟʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ 710=n  ʧʘʨ ʠʦʥʦʚ. ʇʦʜʚʠʞʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦ-

ʥʦʚ ( )cBʩʤ27,1 2 Ö=+b  ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ( )cBʩʤ81,1 2 Ö=-  b ? (ʆʪʚʝʪ:  

G = 0,5 ʥʉʤ). 




