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ɺʉʊʋʇ 
ɺʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ 

 

ʅʘʫʢʘ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʪʠʭ ʧʽʨ,  

ʢʦʣʠ ʧʦʯʠʥʘʶʪʴ ʚʠʤʽʨʶʚʘʪʠ. 

ʊʦʯʥʘ ʥʘʫʢʘ ʥʝʤʠʩʣʠʤʘ ʙʝʟ 

ʚʠʤʽʨʶʚʘʥʴ. 

                ɼ.ɯ.ʄʝʥʜʝʣʻʻʚ 

   

ɺʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤʫ 

ʧʨʘʢʪʠʢʫʤʽ, ʤʘʶʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʽʟʥʘʚʘʣʴʥʫ ʤʝʪʫ. ʋ ʣʝʢʮʽʡʥʦʤʫ ʢʫʨʩʽ 

ʩʪʫʜʝʥʪʠ ʚʠʚʯʘʶʪʴ ʪʝʦʨʽʶ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʽ ʩʪʦʨʦʥʠ ʨʝʘʣʴʥʦʛʦ 

ʩʚʽʪʫ, ʷʢʽ ʽʩʥʫʶʯʘ ʪʝʦʨʽʷ ʚʚʘʞʘʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ. ʄʦʞʝ ʪʨʘʧʠʪʠʩʴ ʪʘʢ, ʱʦ 

ʟʥʘʡʦʤʩʪʚʦ ʩʪʫʜʝʥʪʽʚ ʟ ʩʚʽʪʦʤ ʧʨʠʨʦʜʠ ʦʙʤʝʞʠʪʴʩʷ ʣʠʰʝ ʮʠʤʠ ʩʪʦʨʦʥʘʤʠ, 

ʽ ʚʦʥʠ ʙʫʜʫʪʴ ʛʣʠʙʦʢʦ ʚʧʝʚʥʝʥʽ, ʱʦ ʮʝ ʽ ʻ ʚʝʩʴ ʨʝʘʣʴʥʠʡ ʩʚʽʪ, ʘ ʥʝ ʡʦʛʦ 

ʦʢʨʝʤʽ ʩʪʦʨʦʥʠ. ɼʦ ʪʦʛʦ ʞ ʚ ʪʝʦʨʽʾ ʚʩʝ ʜʦʩʠʪʴ ʛʘʨʤʦʥʽʡʥʦ ʧʦʚôʷʟʘʥʝ ʽ ʜʫʞʝ 

ʣʝʛʢʦ ʚʪʨʘʪʠʪʠ ʫʷʚʣʝʥʥʷ, ʷʢʠʤʠ ʥʝʡʤʦʚʽʨʥʠʤʠ ʟʫʩʠʣʣʷʤʠ ʣʶʜʩʴʢʦʛʦ 

ʨʦʟʫʤʫ ʚʦʥʘ ʩʪʚʦʨʝʥʘ. ɿʘʡʤʘʶʯʠʩʴ ʣʘʙʦʨʘʪʦʨʥʠʤ ʧʨʘʢʪʠʢʫʤʦʤ, ʩʪʫʜʝʥʪʠ 

ʥʘʩʘʤʧʝʨʝʜ ʜʽʟʥʘʶʪʴʩʷ, ʷʢ ʚʘʞʢʦ ʙʫʚʘʻ ʧʝʨʝʚʽʨʠʪʠ ʪʝʦʨʽʶ, ʽ ʥʘʚʯʘʪʴʩʷ 

ʧʝʨʝʙʦʨʶʚʘʪʠ ʪʨʫʜʥʦʱʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ, ʘʣʝ ʢʨʽʤ ʚʩʴʦʛʦ ʽʥʰʦʛʦ 

ʫ ʥʠʭ ʟôʷʚʠʪʴʩʷ ʧʦʛʣʷʜ ʥʘ ʬʽʟʠʢʫ ʚ ʮʽʣʦʤʫ, ʥʘ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʝʦʨʽʻʶ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʱʦ ʩʢʣʘʜʘʻ ʛʦʣʦʚʥʠʡ ʟʤʽʩʪ ʬʽʟʠʢʠ ʷʢ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʨʝʜʤʝʪʘ. 

ʌʽʟʠʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʥʘʟʠʚʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢʘ ʷʢʽʩʥʦ ʻ ʩʧʽʣʴʥʦʶ 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʬʽʟʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʘʣʝ ʢʽʣʴʢʽʩʥʦ ʨʽʟʥʦʶ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. 

ʂʦʞʥʘ ʟ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʦʧʠʩʫʻ ʷʢʫʩʴ ʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʽʟʠʯʥʦʛʦ 

ʦʙôʻʢʪʫ. ʅʘʧʨʠʢʣʘʜ, ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʽʚ: ʜʦʚʞʠʥʘ, ʤʘʩʘ, ʝʣʝʢʪʨʠʯʥʠʡ 

ʦʧʽʨ; ʩʪʘʥʠ ʩʠʩʪʝʤ: ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ, ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ; ʧʨʦʮʝʩʠ: 

ʰʚʠʜʢʽʩʪʴ, ʧʨʠʩʢʦʨʝʥʥʷ, ʨʦʙʦʪʘ, ʧʦʪʫʞʥʽʩʪʴ ʽ ʪ. ʜ. 

ʋ ʧʽʟʥʘʥʥʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʚʽʪʫ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʢʽʣʴʢʽʩʥʽ 

ʦʮʽʥʢʠ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʢʨʠʪʠ ʜʽʶʯʽ ʚ ʧʨʠʨʦʜʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʚʨʘʭʫʚʘʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʚʠʟʥʘʯʠʪʠ ʷʢʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʽ ʪ. ʧ. ʉʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʮʽʥʦʢ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʬʽʟʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɺʠʤʽʨʶʚʘʥʥʷʤ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʟ 

ʜʝʷʢʠʤ ʾʾ ʟʥʘʯʝʥʥʷʤ, ʧʨʠʡʥʷʪʠʤ ʟʘ ʦʜʠʥʠʮʶ ʚʠʤʽʨʶʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪ 

ʬʽʟʠʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʪʘʢʦʛʦ ʨʽʚʥʷʥʥʷ: 

 

     Q = n [ Q ]              (1) 

ʜʝ n ï ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ Q; [ Q ]  ï ʾʾ ʦʜʠʥʠʮʷ 

ʚʠʤʽʨʶʚʘʥʥʷ. 
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ʉʫʢʫʧʥʽʩʪʴ ʦʜʠʥʠʮʴ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʦʭʦʧʣʶʻ 

ʧʝʚʥʽ ʛʘʣʫʟʽ ʚʠʤʽʨʶʚʘʥʴ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʦʜʠʥʠʮʴ. 

ʂʦʞʥʘ ʩʠʩʪʝʤʘ ʦʜʠʥʠʮʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʠʭ ʪʘ 

ʧʦʭʽʜʥʠʭ ʦʜʠʥʠʮʴ. ʆʩʥʦʚʥʦʶ ʦʜʠʥʠʮʝʶ ʩʠʩʪʝʤʠ ʦʜʠʥʠʮʴ ʥʘʟʠʚʘʻʪʴʩʷ 

ʦʜʠʥʠʮʷ, ʷʢʘ ʧʨʠʡʥʷʪʘ ʟʘ ʥʝʟʘʣʝʞʥʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʰʠʭ ʦʜʠʥʠʮʴ ʩʠʩʪʝʤʠ. ʇʦʭʽʜʥʦʶ ʦʜʠʥʠʮʝʶ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʻʪʴʩʷ 

ʦʜʠʥʠʮʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʦʩʥʦʚʥʽ ʦʜʠʥʠʮʽ. ɹʽʣʴʰʽʩʪʴ ʧʦʭʽʜʥʠʭ 

ʦʜʠʥʠʮʴ ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʨʽʚʥʷʥʴ ʟʚôʷʟʢʫ ʤʽʞ ʬʽʟʠʯʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʻ ʾʾ ʨʦʟʤʽʨʥʽʩʪʴ. 

ʈʦʟʤʽʨʥʽʩʪʶ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʶʪʴ ʚʠʨʘʟ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʟʚôʷʟʦʢ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʟ ʦʩʥʦʚʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ ʦʜʠʥʠʮʴ. ʎʝʡ ʚʠʨʘʟ ʻ ʦʜʥʦʯʣʝʥʦʤ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ ʩʠʤʚʦʣʽʚ 

ʦʩʥʦʚʥʠʭ ʦʜʠʥʠʮʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʝʧʝʥʷʭ (ʮʽʣʠʭ ʘʙʦ ʜʨʦʙʦʚʠʭ, ʜʦʜʘʪʥʠʭ 

ʘʙʦ ʚʽʜôʻʤʥʠʭ). ʅʘʧʨʠʢʣʘʜ, ʨʦʟʤʽʨʥʽʩʪʴ ʩʠʣʠ ʚ ʩʠʩʪʝʤʽ ʉɯ ʟʘʧʠʩʫʻʪʴʩʷ ʚ 

ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

[ F ] = L M T
-2
, 

ʜʝ  L ï ʜʦʚʞʠʥʘ; ʄ ï ʤʘʩʘ; ʊ ï ʯʘʩ. 

ʌʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʙʝʟʨʦʟʤʽʨʥʦʶ, ʷʢʱʦ ʫ ʚʠʨʘʟʽ ʾʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʚʩʽ ʦʩʥʦʚʥʽ ʦʜʠʥʠʮʽ ʚʭʦʜʷʪʴ ʫ ʥʫʣʴʦʚʦʤʫ ʩʪʝʧʝʥʽ. 

ɺʽʜʥʦʩʥʦ ʩʠʛʥʘʣʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʘʢʪʠʚʥʽ ʽ ʧʘʩʠʚʥʽ. ɸʢʪʠʚʥʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʬʽʟʠʯʥʽ 

ʚʝʣʠʯʠʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʫ ʩʠʛʥʘʣ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ʊʘʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʻ, 

ʥʘʧʨʠʢʣʘʜ, ʩʠʣʘ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ ʽ ʪ. ʜ. ɼʦ ʧʘʩʠʚʥʠʭ 

ʚʝʣʠʯʠʥ, ʥʘʧʨʠʢʣʘʜ, ʥʘʣʝʞʘʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʤʘʩʘ ʽ ʪ. ʜ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʞʠʪʪʽ ʣʶʜʠʥʠ. ɹʝʟ 

ʚʠʤʽʨʶʚʘʥʴ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʽʩʥʫʚʘʥʥʷ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʤʝʜʠʮʠʥʠ, ʪʦʨʛʽʚʣʽ. ɺʠʤʽʨʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʽ ʚ 

ʧʦʙʫʪʽ, ʩʧʦʨʪʽ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʝʡ. ʉʴʦʛʦʜʥʽ ʚʦʥʠ 

ʚʠʢʦʥʫʶʪʴʩʷ ʚʩʶʜʠ: ʚ ʟʝʤʥʠʭ ʫʤʦʚʘʭ, ʚ ʘʪʤʦʩʬʝʨʽ, ʚ ʢʦʩʤʦʩʽ, ʥʘ ʽʥʰʠʭ 

ʧʣʘʥʝʪʘʭ. ɺʠʤʽʨʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʢʝʨʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʥʘʨʦʜʥʠʤ ʛʦʩʧʦʜʘʨʩʪʚʦʤ ʫ ʮʽʣʦʤʫ. ɺʠʤʽʨʶʚʘʣʴʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʣʘ ʧʦʩʪʽʡʥʠʤ ʩʫʧʫʪʥʠʢʦʤ ʣʶʜʠʥʠ. 

ɿ ʨʦʟʰʠʨʝʥʥʷʤ ʩʬʝʨʠ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʦʭʦʧʣʶʶʪʴ 

ʚʩʝ ʥʦʚʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʶʶʪʴʩʷ ʜʽʘʧʘʟʦʥʠ ʚʠʤʽʨʶʚʘʥʴ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʚʞʠʥʠ ʩʢʣʘʜʘʻ ʚʽʜ 20-100 ʥʤ ʜʦ 

ʤʽʣʴʡʦʥʽʚ ʢʽʣʦʤʝʪʨʽʚ, ʪʝʤʧʝʨʘʪʫʨʠ ð ʚʽʜ 0.5ʂ ʜʦ ʢʽʣʴʢʦʭ ʤʽʣʴʡʦʥʽʚ 

ʢʝʣɹʚʽʥʽʚ, ʪʠʩʢʫ ð ʚʽʜ 1·10
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10
-16 
ɸ ʜʦ ʩʦʪʝʥʴ  ʘʤʧʝʨ. 

ʉʴʦʛʦʜʥʽ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʪʠ ʧʦʥʘʜ 2000 ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ. ɯʩʥʫʶʯʽ ʥʠʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʪʠ ʣʠʰʝ 

ʙʣʠʟʴʢʦ 800 ʚʝʣʠʯʠʥ. ʆʪʞʝ, ʻ ʧʦʩʪʽʡʥʘ ʧʨʦʙʣʝʤʘ ʨʦʟʨʦʙʣʷʪʠ ʽ ʦʩʚʦʶʚʘʪʠ 

ʥʦʚʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʢʦʥʩʪʨʫʶʚʘʪʠ ʪʘ ʚʠʛʦʪʦʚʣʷʪʠ ʥʦʚʽ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ. 

ʈʽʟʢʦ ʟʨʦʩʣʠ ʽ ʧʨʦʜʦʚʞʫʶʪʴ ʟʨʦʩʪʘʪʠ ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ, 

ʰʚʠʜʢʦʩʪʽ ʦʜʝʨʞʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʰʚʠʜʢʦʧʨʦʪʽʢʘʶʯʽ 

ʧʨʦʮʝʩʠ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʥʫʯʢʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʣʽʥʽʡ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʤʽʨʶʚʘʥʴ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, 

ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʴ, ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʨʦʙʦʪʽʚ. 

ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ 

ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʜʦʚʞʠʥ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʪʦʚʱʠʥʠ ʪʦʥʢʠʭ ʽ ʥʘʜʪʦʥʢʠʭ 

ʧʣʽʚʦʢ ʽ ʧʦʢʨʠʪʪʽʚ ʫ ʤʽʢʨʦ- ʽ ʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ, ʦʙôʻʤʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ʧʨʠ ʛʝʦʣʦʛʽʯʥʽʡ ʨʦʟʚʽʜʮʽ, ʚʠʪʨʘʪʠ ʩʠʨʦʚʠʥʠ ʫ ʜʦʙʫʚʥʠʭ ʽ ʧʝʨʝʨʦʙʥʠʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʪ. ʜ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʬʽʟʠʯʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʨʷʤʽ, ʧʦʩʝʨʝʜʥʽ, ʩʫʢʫʧʥʽ ʪʘ ʩʫʤʽʩʥʽ. 

ʇʨʷʤʠʤʠ ʥʘʟʠʚʘʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʨʠ ʷʢʠʭ ʧʝʚʥʘ ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʦʜʠʥʠʮʝʶ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ, ʧʨʦʛʨʘʜʫʡʦʚʘʥʦʛʦ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʦʜʠʥʠʮʷʭ. ɼʦ 

ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʥʦʩʷʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʚʞʠʥʠ ʤʘʩʰʪʘʙʥʦʶ 

ʣʽʥʽʡʢʦʶ, ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ, ʧʣʠʪʢʘʤʠ ʁʦʛʘʥʩʦʥʘ ʽ ʪ. ʜ. ; ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʘʩʠ ʥʘ ʪʝʨʝʟʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʚʘʞʦʢ; ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʦʜʠʥʥʠʢʘ ʘʙʦ ʩʝʢʫʥʜʦʤʽʨʘ; ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʤʝʪʨʘ, ʩʠʣʠ ʩʪʨʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʤʧʝʨʤʝʪʨʘ ʽ ʪ. ʜ. 

ʇʦʩʝʨʝʜʥʽʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʨʠ ʷʢʠʭ ʰʫʢʘʥʝ ʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʟʥʘʭʦʜʷʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʚʽʜʦʤʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʮʽʻʶ 

ʚʝʣʠʯʠʥʦʶ ʽ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. 

ʇʨʠʢʣʘʜʘʤʠ ʧʦʩʝʨʝʜʥʽʭ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʽʚʥʦʤʽʨʥʦʛʦ (ʘʙʦ ʨʽʚʥʦʧʨʠʩʢʦʨʝʥʦʛʦ)  ʨʫʭʫ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʷʤʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ ʽ ʧʨʦʤʽʞʢʫ ʯʘʩʫ; ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʪʽʣʘ 

ʽ ʪ. ʜ. 

ʉʫʢʫʧʥʠʤʠ ʥʘʟʠʚʘʶʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʨʠ ʷʢʠʭ ʦʜʥʦʯʘʩʥʦ ʚʠʤʽʨʶʻʪʴʩʷ 

ʜʝʢʽʣʴʢʘ ʦʜʥʦʡʤʝʥʥʠʭ ʚʝʣʠʯʠʥ, ʘ ʰʫʢʘʥʫ ʚʝʣʠʯʠʥʫ ʚʠʟʥʘʯʘʶʪʴ ʰʣʷʭʦʤ 

ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʦʜʝʨʞʘʥʠʭ ʧʨʠ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʨʽʟʥʠʭ 

ʩʧʦʣʫʯʝʥʴ ʮʠʭ ʚʝʣʠʯʠʥ. 

ʉʫʤʽʩʥʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʨʠ ʷʢʠʭ ʦʜʥʦʯʘʩʥʦ 

ʚʠʤʽʨʶʶʪʴʩʷ ʜʚʽ ʘʙʦ ʜʝʢʽʣʴʢʘ ʥʝ ʦʜʥʦʡʤʝʥʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 
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ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʠʤʠ. ʉʫʤʽʩʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʧʨʦʚʽʜʥʠʢʽʚ ʘʙʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʛʦ ʦʩʣʘʙʣʝʥʥʷ g - ʧʨʦʤʝʥʽʚ ʽ  

ʪ. ʜ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʚʠʤʽʨʶʚʘʥʴ ʩʣʽʜ ʯʽʪʢʦ ʨʦʟʨʽʟʥʷʪʠ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʽ ʾʭ ʝʤʧʽʨʠʯʥʽ ʧʨʦʷʚʠ ð ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ. 

ɯʩʪʠʥʥʠʤ ʟʥʘʯʝʥʥʷʤ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʽʜʝʘʣʴʥʦ ʚ ʷʢʽʩʥʦʤʫ ʽ ʢʽʣʴʢʽʩʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʽʜʦʙʨʘʞʘʻ ʚʽʜʧʦʚʽʜʥʫ 

ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ. ɺʦʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʩʦʙʽʚ ʥʘʰʦʛʦ ʧʽʟʥʘʥʥʷ ʽ ʻ ʪʽʻʶ 

ʘʙʩʦʣʶʪʥʦ ʽʩʪʠʥʦʶ, ʜʦ ʷʢʦʾ ʤʠ ʧʨʘʛʥʝʤʦ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʥʘʚʧʘʢʠ, ʻ ʧʨʦʜʫʢʪʘʤʠ ʥʘʰʦʛʦ ʧʽʟʥʘʥʥʷ. ʎʝ 

ʥʘʙʣʠʞʝʥʽ ʦʮʽʥʢʠ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʟʥʘʡʜʝʥʽ ʰʣʷʭʦʤ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɺʦʥʠ 

ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʩʘʤʠʭ ʚʝʣʠʯʠʥ, ʘʣʝ ʱʝ ʡ ʚʽʜ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʚʽʜ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʧʨʦʚʝʜʝʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʽ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʨʛʘʥʽʚ ʚʽʜʯʫʪʪʷ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ 

ʚʠʤʽʨʶʚʘʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʦʜʝʨʞʘʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʘʟʠʚʘʻʪʴʩʷ ʜʽʡʩʥʠʤ ʟʥʘʯʝʥʥʷʤ. ɺʚʘʞʘʶʪʴ, ʱʦ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʥʘʩʪʽʣʴʢʠ 

ʙʣʠʟʴʢʝ ʜʦ ʽʩʪʠʥʥʦʛʦ, ʱʦ ʤʦʞʝ ʡʦʛʦ ʟʘʤʽʥʠʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʝʨʝʟ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʦʨʛʘʥʽʚ 

ʚʽʜʯʫʪʪʷ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʙʘʛʘʪʦ ʯʠʩʣʝʥʥʽ ʟʙʫʨʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʭ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʡʦʛʦ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʭ0, ʪʦʙʪʦ ʤʘʻ ʧʦʭʠʙʢʫ. 

ʇʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ʈʦʟʨʽʟʥʷʶʪʴ 

ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ. 

ʇʦʭʠʙʢʘ:Dʭ= x - x0 ,    (2) 

 

ʷʢʘ ʚʠʨʘʞʝʥʘ ʚ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʘʙʩʦʣʶʪʥʦʶ 

ʧʦʭʠʙʢʦʶ, ʘ ʧʦʭʠʙʢʘ: 

0

0

0 x

xx

x

x -
=

D
=e      (3) 

 

ʷʢʘ ʚʠʨʘʞʝʥʘ ʚ ʯʘʩʪʠʥʘʭ ʘʙʦ ʧʨʦʮʝʥʪʘʭ ʚʽʜ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦʶ ʧʦʭʠʙʢʦʶ. 

ʆʩʢʽʣʴʢʠ ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ  ʭ0  ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʥʝʚʽʜʦʤʝ, ʪʦ 

ʥʝʚʽʜʦʤʽ ʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ Dʭ  ʽ  e. ʑʦʙ ʦʪʨʠʤʘʪʠ ʭʦʯʘ ʙ ʥʘʙʣʠʞʝʥʽ 
ʨʝʟʫʣʴʪʘʪʠ, ʜʦʚʦʜʠʪʴʩʷ ʟʘʤʽʩʪʴ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʽʜʩʪʘʚʣʷʪʠ ʡʦʛʦ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʷʚʠ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʪʠʧʠ: ʛʨʫʙʽ, ʩʠʩʪʝʤʘʪʠʯʥʽ ʽ ʚʠʧʘʜʢʦʚʽ. 
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ɻʨʫʙʦʶ ʧʦʭʠʙʢʦʶ ʘʙʦ ʧʨʦʤʘʭʦʤ ʥʘʟʠʚʘʶʪʴ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʷʢʘ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʻ ʦʯʽʢʫʚʘʥʫ ʧʨʠ ʜʘʥʠʭ ʫʤʦʚʘʭ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʉʠʩʪʝʤʘʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ ʥʘʟʠʚʘʶʪʴ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʘ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʘʙʦ ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʧʦʚʪʦʨʥʠʭ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʚʝʣʠʯʠʥʠ. ʉʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ ʯʘʩʪʦ 

ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʪʝ, ʱʦ ʫʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʪʝʦʨʽʻʶ, ʘ ʧʦʧʨʘʚʢʠ ʥʘ ʮʶ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʝ ʟʨʦʙʣʝʥʦ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʜʞʝʨʝʣʦʤ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʻ ʧʦʭʠʙʢʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. 

ɺʠʧʘʜʢʦʚʦʶ ʧʦʭʠʙʢʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʭʠʙʢʘ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ 

ʚʠʧʘʜʢʦʚʦ ʧʨʠ ʧʦʚʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. 

ɺʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʰʣʷʭʦʤ ʧʦʚʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʂʨʽʤ 

ʪʦʛʦ, ʟʙʽʣʴʰʫʶʯʠ ʯʠʩʣʦ ʚʠʤʽʨʶʚʘʥʴ ʽ ʟʥʘʭʦʜʷʯʠ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʾʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʤʠ ʙʫʜʝʤʦ ʦʪʨʠʤʫʚʘʪʠ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ 

ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɸʣʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʠʩʪʝʤʘʪʠʯʥʦʾ 

ʧʦʭʠʙʢʠ ʮʝ ʥʽʯʦʛʦ ʥʝ ʜʘʩʪʴ. ʇʦʚʪʦʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʽ 

ʪʦʛʦ ʞ ʧʨʠʣʘʜʫ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʥʽ ʚʠʷʚʠʪʠ, ʥʽ ʫʩʫʥʫʪʠ ʩʠʩʪʝʤʘʪʠʯʥʽ 

ʧʦʭʠʙʢʠ. ʊʦʤʫ ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ ʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ, ʥʽʞ ʚʠʧʘʜʢʦʚʽ. 

ʗʢʱʦ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʧʫʱʝʥʽ ʚʝʣʠʢʽ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ, ʪʦ ʚʦʥʠ 

ʚʠʷʚʣʷʪʴ ʩʝʙʝ ʫ ʚʝʣʠʢʽʡ ʚʝʣʠʯʠʥʽ ʧʦʭʠʙʢʠ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʩʽ ʙʫʜʫʪʴ ʦʩʚʽʜʦʤʣʝʥʥʽ ʧʨʦ ʥʝʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʽ ʮʝ ʥʝ ʟʘʚʜʘʩʪʴ 

ʥʽʢʦʤʫ ʥʽʷʢʦʾ ʰʢʦʜʠ, ʭʽʙʘ ʱʦ ʪʽʣʴʢʠ ʩʘʤʦʣʶʙʩʪʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ, 

ʦʩʢʽʣʴʢʠ ʦʜʝʨʞʘʥʠʡ ʥʠʤ ʨʝʟʫʣʴʪʘʪ ʥʽ ʥʘ ʢʦʛʦ ʥʝ ʩʧʨʘʚʠʪʴ ʧʨʠʻʤʥʦʛʦ 

ʚʨʘʞʝʥʥʷ. ɯʥʰʘ ʩʧʨʘʚʘ, ʢʦʣʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʧʨʠʭʦʚʘʥʦʾ ʩʠʩʪʝʤʘʪʠʯʥʦʾ 

ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʮʽʣʢʦʤ ʥʘʜʽʡʥʠʤ, ʷʢʱʦ ʚʽʥ ʥʘʚʝʜʝʥʠʡ ʟ 

ʤʘʣʦʶ ʧʦʭʠʙʢʦʶ, ʭʦʯʘ ʥʘʩʧʨʘʚʜʽ ʚʽʥ ʥʝʧʨʘʚʠʣʴʥʠʡ. ʂʣʘʩʠʯʥʠʤ 

ʧʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʤʦʞʝ ʩʣʫʞʠʪʠ ʜʦʩʣʽʜ ʄʽʣʣʽʢʝʥʘ ʟ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. ʋ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ 

ʚô̫ʟʢʽʩʪʴ ʧʦʚʽʪʨʷ. ɺʽʜʦʤʝ ʥʘ ʪʦʡ ʯʘʩ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚ'ʷʟʢʦʩʪʽ ʧʦʚʽʪʨʷ 

ʚʠʷʚʠʣʦʩʴ ʟʘʥʠʞʝʥʠʤ. ʊʦʤʫ ʄʽʣʣʽʢʝʥ ʦʜʝʨʞʘʚ ʨʝʟʫʣʴʪʘʪ: 

 

ʝ=1,591 ± 0,002·10
-19

 ʂʣ 

ʉʴʦʛʦʜʥʽ ʜʣʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʧʨʠʡʤʘʶʪʴ ʟʥʘʯʝʥʥʷ: 

ʝ= ( 1,60217733 ± 0,00000049)·10
-19

  ʂʣ 

ɸʞ ʜʦ 1930 ʨ. ʚʢʣʶʯʥʦ, ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʨʷʜʫ ʽʥʰʠʭ ʘʪʦʤʥʠʭ 

ʢʦʥʩʪʘʥʪ, ʪʘʢʠʭ, ʷʢ ʩʪʘʣʘ ʇʣʘʥʢʘ ʽ ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʙʘʟʫʚʘʣʠʩʴ ʥʘ 

ʤʽʣʣʽʢʝʥʽʚʩʴʢʦʤʫ ʟʥʘʯʝʥʥʽ e , ʦʪʞʝ, ʤʽʩʪʠʣʠ ʩʠʩʪʝʤʘʪʠʯʥʫ ʧʦʭʠʙʢʫ, ʙʽʣʴʰʫ 

ʟʘ 0,5%. 

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʽ ʽ ʨʦʟʨʦʙʣʝʥʽ 

ʤʝʪʦʜʠ ʾʭ ʦʮʽʥʦʢ. ʇʦʷʚʘ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ ʻ ʪʘʢ ʟʚʘʥʦʶ 
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ʚʠʧʘʜʢʦʚʦʶ ʧʦʜʽʻʶ. ɺʠʧʘʜʢʦʚʠʤʠ ʧʦʜʽʷʤʠ ʥʘʟʠʚʘʶʪʴ ʪʘʢʽ ʧʦʜʽʾ, ʧʦʷʚʘ 

ʷʢʠʭ ʥʝ ʤʦʞʝ ʙʫʪʠ ʪʦʯʥʦ ʧʝʨʝʜʙʘʯʝʥʦʶ. ɺʦʥʠ ʚʠʚʯʘʶʪʴʩʷ ʪʝʦʨʽʻʶ 

ʽʤʦʚʽʨʥʦʩʪʝʡ, ʷʢʘ ʜʘʻ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʽʤʦʚʽʨʥʦʩʪʽ ʾʭ ʧʦʷʚʠ. 

ɺʠʤʽʨʶʚʘʥʥʷ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ  ʧʨʠ ʜʦʜʘʪʢʦʚʠʭ ʫʤʦʚʘʭ, ʦʜʥʠʤ ʽ ʪʠʤ 

ʞʝ ʜʦʩʣʽʜʥʠʢʦʤ, ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʧʨʠʣʘʜʦʤ, ʟʘ ʪʽʻʶ ʞ ʩʘʤʦʶ ʤʝʪʦʜʠʢʦʶ 

ʚʠʤʽʨʶʚʘʥʴ, ʥʘʟʠʚʘʶʪʴʩʷ ʨʽʚʥʦ ʪʦʯʥʠʤʠ. ʅʝʭʘʡ ʧʨʠ ʧʦʚʪʦʨʥʠʭ ʨʽʚʥʦ 

ʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ ʜʝʷʢʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ  x ʦʜʝʨʞʘʣʠ n  ʯʠʩʣʦʚʠʭ 

ʟʥʘʯʝʥʴ, ʷʢʽ ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ: 

 

ʭ1, ʭ2, ʭ3, ...  ʭn. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʮʴʦʤʫ ʨʷʜʽ ʥʝʤʘʻ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʽ ʛʨʫʙʠʭ ʧʦʭʠʙʦʢ. ʊʦʜʽ 

ʚʽʜʭʠʣʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ʽʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʽ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʠʧʘʜʢʦʚʦʶ ʧʦʭʠʙʢʦʶ ʮʴʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ: 

Dxi  =  xi ï x0. 

ʈʽʟʥʽ ʟʘ ʯʠʩʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʭʠʙʢʠ ʤʘʶʪʴ ʨʽʟʥʫ ʽʤʦʚʽʨʥʽʩʪʴ ʩʚʦʻʾ 

ʧʦʷʚʠ. ʋ ʙʽʣʴʰʦʩʪʽ ʬʽʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʦʧʠʩʫʶʪʴʩʷ 

ʪʘʢ ʟʚʘʥʠʤ ʟʘʢʦʥʦʤ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʙʦ ʬʦʨʤʫʣʦʶ ɻʘʫʩʩʘ. ʎʷ 

ʬʦʨʤʫʣʘ ʦʜʝʨʞʘʥʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʝʤʧʽʨʠʯʥʠʭ  ʧʦʣʦʞʝʥʴ: 

1) ̔ ʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʦʭʠʙʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʾʾ 

ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦʙʪʦ ʯʠʤ ʙʽʣʴʰʘ ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ 

ʧʦʭʠʙʢʠ, ʪʠʤ ʨʽʜʰʝ ʚʦʥʘ ʟʫʩʪʨʽʯʘʻʪʴʩʷ; 

2) ʧʨʠ ʚʝʣʠʢʦʤʫ ʯʠʩʣʽ ʚʠʤʽʨʶʚʘʥʴ ʧʦʭʠʙʢʠ ʦʜʥʘʢʦʚʦʾ ʘʙʩʦʣʶʪʥʦʾ 

ʚʝʣʠʯʠʥʠ, ʘʣʝ ʨʽʟʥʠʭ ʟʥʘʢʽʚ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʽʤʦʚʽʨʥʽʩʪʴ. 

ʌʦʨʤʫʣʘ ɻʘʫʩʩʘ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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ʜʝ   y(Dxi) ï ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʧʦʭʠʙʢʠ Dxi;  
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Dxi =  xi - x0  ; 
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ɻʨʘʬʽʢʠ ʬʦʨʤʫʣʠ ɻʘʫʩʩʘ ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ s  ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.1. 
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ʈʠʩ. 1.  

3 ʮʴʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʯʠʤ ʤʝʥʰʝ  s, ʪʠʤ ʤʝʥʰʘ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ 

ʚʝʣʠʢʦʾ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʠ Dxi. 

ʉʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ  s ʨʝʟʫʣʴʪʘʪʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʦʟʢʠʜ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ xi ʜʘʥʦʛʦ ʨʷʜʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʏʠʤ ʤʝʥʰʝ s, ʪʠʤ ʤʝʥʰʠʡ ʨʦʟʢʠʜ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ xi, ʪʦʙʪʦ 

ʚʠʱʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʢʨʠʚʦʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ 

(ʨʠʩ. 1), ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʚʽʜʭʠʣʝʥʴ ʧʝʚʥʦʛʦ ʯʠʩʣʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ. ɸʣʝ ʱʝ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, 

ʱʦ ʚʽʜʭʠʣʝʥʥʷ Dxi  ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ  - Dx ʜʦ Dx, ʪʦʙʪʦ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ 

ʚʽʜʭʠʣʝʥʴ Dxi , ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʷʢʦʛʦ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ¼Dx¼. ʎʶ ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʟʠʚʘʶʪʴ ʜʦʚʽʨʯʦʶ ʽʤʦʚʽʨʥʽʩʪʶ ʽ 

ʧʦʟʥʘʯʘʶʪʴ ʙʫʢʚʦʶ  p. 

ɯʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ ʚʽʜ  x0  - Dx  ʜʦ x0  + Dx, ʚ ʷʢʠʡ ʧʦʧʘʜʘʻ ʜʽʡʩʥʝ 

ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʽʟ ʟʘʜʘʥʦʶ ʽʤʦʚʽʨʥʽʩʪʶ p ʥʘʟʠʚʘʶʪʴ 

ʜʦʚʽʨʯʠʤ ʽʥʪʝʨʚʘʣʦʤ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʦʾ ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʤʠ 

ʚʠʤʘʛʘʻʤʦ, ʪʠʤ ʙʽʣʴʰʠʤ ʙʫʜʝ ʚʽʜʧʦʚʽʜʥʠʡ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ, ʽ, ʥʘʚʧʘʢʠ, 

ʯʠʤ ʙʽʣʴʰʠʡ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʤʠ ʟʘʜʘʻʤʦ, ʪʠʤ ʽʤʦʚʽʨʥʽʰʝ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʚʠʡʜʫʪʴ ʟʘ ʡʦʛʦ ʤʝʞʽ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʙʠʨʘʪʠ ʜʦʚʽʨʯʫ 

ʽʤʦʚʽʨʥʽʩʪʴ p=0,9. ʇʨʠ ʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ (n= 5...10) ʚʚʦʜʷʪʴ 

ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ tp,n , ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʚʠʤʽʨʶʚʘʥʴ n  ̔ ʽ 

ʜʦʚʽʨʯʦʾ ʽʤʦʚʽʨʥʦʩʪʽ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ  

n  ʧʨʠ ʜʦʚʽʨʯʽʡ ʽʤʦʚʽʨʥʦʩʪʽ p=0,9 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.1. 
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ʊʘʙʣʠʮʷ 1 

n 3  4  5  6  7  8  9  10 30 ¤ 

tp,n 2,92 2,35 2,13 2,02 1,94 1,93 1,8ʙ 1,83 1,70 1,65 

ʇʦʭʠʙʢʠ ʧʨʷʤʠʭ ʚʠʤ̔ʨʶʚʘʥʴ 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʛʨʫʙʽ ʧʦʭʠʙʢʠ ʚʽʜʩʫʪʥʽ, ʘ ʩʠʩʪʝʤʘʪʠʯʥʽ ʧʦʭʠʙʢʠ 

ʚʠʣʫʯʝʥʽ, ʪʦʙʪʦ ʥʝʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʦʭʠʙʢʦʶ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ  ̔ʚʠʧʘʜʢʦʚʠʤʠ ʧʦʭʠʙʢʘʤʠ. ʄʦʞʣʠʚʽ ʪʨʠ ʚʠʧʘʜʢʠ: 

 

1) ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʤʝʥʰʽ ʟʘ ʧʦʭʠʙʢʠ ʧʨʠʣʘʜʫ; 

2) ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʪʘʢʦʛʦ ʞ ʧʦʨʷʜʢʫ, ʷʢ ʧʦʭʠʙʢʠ ʧʨʠʣʘʜʫ; 

3) ʚʠʧʘʜʢʦʚʽ ʧʦʭʠʙʢʠ ʙʽʣʴʰʽ ʟʘ ʧʦʭʠʙʢʠ ʧʨʠʣʘʜʫ. 

 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʟʘ 

ʧʦʭʠʙʢʦʶ ʧʨʠʣʘʜʫ, ʘ ʚ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʷʢʽ ʜʘʻ ʪʝʦʨʽʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ. 

ɼʣʷ ʟ'ʷʩʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʧʘʜʦʢ ʤʘʻ ʤʽʩʮʝ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʜʝʢʽʣʴʢʘ 

ʦʜʥʘʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʩʽʭ ʚʠʤʽʨʶʚʘʥʴ ʦʜʥʘʢʦʚʽ ʚ 

ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʧʨʠʣʘʜʫ, ʪʦ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʭʠʙʢʦʶ 

ʧʨʠʣʘʜʫ  (ʩʠʩʪʝʤʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ): 

     ,
3

,

ʧʨ

pi

x
tx
D

=D ¤      (7) 

ʜʝ   tp,¤ ï ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ ʧʨʠ n ­ ¤, 

      Dxnp ï ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʧʨʠʣʘʜʫ. 

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʧʨʠʣʘʜʫ, ʷʢ ʧʨʘʚʠʣʦ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʮʽʥʠ ʡʦʛʦ 

ʧʦʜʽʣʢʠ ʘʙʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʣʘʩʦʤ ʡʦʛʦ ʪʦʯʥʦʩʪʽ (ʥʘʡʯʘʩʪʽʰʝ ʜʣʷ 

ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ). 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʚʦʜʷʪʴ n  ʨʽʚʥʦʪʦʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʊʝʦʨʽʷ 

ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʜʦʚʦʜʠʪʴ, ʱʦ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʜʦ ʽʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʻ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʨʷʜʫ ʨʽʚʥʦ ʪʦʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʪʦʙʪʦ 

      ,1

n

x

x

n

t

iä
==      (8) 

ʜʝ  xi  ï ʯʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʘʥʝ ʧʨʠ ʽ-ʤʫ ʚʠʤʽʨʶʚʘʥʥʽ. 

ʆʩʢʽʣʴʢʠ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ Dx ʚʽʜ ʽʩʪʠʥʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ (4) ʥʘʤ ʥʝʚʽʜʦʤʝ (ʚʥʘʩʣʽʜʦʢ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ x0), ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʥʘʤ ʥʝʚʽʜʦʤʘ ʽ ʚʝʣʠʯʠʥʘ s , ʷʢʘ 
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ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (6). ʊʦʤʫ ʚʚʦʜʷʪʴ ʚʝʣʠʯʠʥʫ 

 

     ,
)1(

)(
1

2

-

-

=
ä
=

nn

xx

S

n

t

i

x               (9) 

 

ʷʢʫ ʥʘʟʠʚʘʶʪʴ ʦʮʽʥʢʦʶ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜ ʾʭ ʩʝʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ. 

ʗʢʱʦ ʚʠʤʽʨʶʚʘʥʴ ʜʫʞʝ ʙʘʛʘʪʦ, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

     x
n

S
­¤

=lims  

ɺʠʧʘʜʢʦʚʘ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:
 

       Dx2 = tp,n Sx,              (10) 

ʜʝ tp,n  ï ʢʦʝʬʽʮʽʻʥʪ ʉʪʴʶʜʝʥʪʘ. 

ɿʘʛʘʣʴʥʘ ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ: 

 

     .)()( 2

2

2

1 xxx D+D°=D     (11) 

ʋ ʪʨʝʪʴʦʤʫ ʚʠʧʘʜʢʫ, ʦʯʝʚʠʜʥʦ, ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (10).   

ʆʩʪʘʪʦʯʥʽ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʫ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʶʪʴ ʬʦʨʤʫ: 

 

xxx D°=0    %,100Ö
D
°=

x

x
e             (12) 

ʜʝ  E ï ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɿʘʧʠʩ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ 

 

     xxx D°=0  

ʦʟʥʘʯʘʻ, ʱʦ ʽʩʪʠʥʥʝ ʟʥʘʯʝʥʥʷ x0 ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʟ ʽʤʦʚʽʨʥʽʩʪʶ p 

ʣʝʞʠʪʴ ʚ ʩʝʨʝʜʠʥʽ ʽʥʪʝʨʚʘʣʫ [ xx D- , xx D+ ]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʩʣʽʜʫʶʯʠʡ ʧʦʨʷʜʦʢ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ: 

1) ʟʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʩʠʩʪʝʤʘʪʠʯʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʢʦʨʠʩʪʫʶʯʠʩʴ ʬʦʨʤʫʣʦʶ (7); 

2) ʟʥʘʡʪʠ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʟʘ 
ʬʦʨʤʫʣʦʶ (8); 
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3) ʟʥʘʡʪʠ ʦʮʽʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(9); 

4) ʟʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʚʠʧʘʜʢʦʚʫ ʧʦʭʠʙʢʫ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʪʘʙʣ. 1 ʽ 
ʬʦʨʤʫʣʦʶ (10); 

5) ʟʥʘʡʪʠ ʟʘʛʘʣʴʥʫ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 
(11); 

6) ʟʘʧʠʩʘʪʠ ʦʩʪʘʪʦʯʥʠʡ ʨʝʟʫʣʴʪʘʪ  (12). 

 

ʇʦʭʠʙʢʠ ʧʦʩʝʨʝʜʥʽʭ ʚʠʤʽʨʶʚʘʥʴ 

ʅʝʭʘʡ ʚʠʤʽʨʶʻʪʴʩʷ ʜʝʷʢʘ ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ  y,    ʷʢʘ   ʻ    ʬʫʥʢʮʽʻʶ 
ʥʝʟʘʣʝʞʥʠʭ   ʚʝʣʠʯʠʥ ʭ1, ʭ2 ,...,  ʭn ,  ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ: 

 

     y = f(ʭ1, ʭ2 ,...,  ʭn),              (13) 

 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ  y  ʟʘ ʚʽʜʦʤʠʤʠ 

ʧʦʭʠʙʢʘʤʠ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ  xi,  i = 1, é ,n. 

ɸʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ y ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ  

ʬʦʨʤʫʣʦʶ:   

                                                 

( ) ( ) ( ) ( ),...
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2

2
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=
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÷
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÷
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÷

õ
ææ
ç

å
°=D

n

i

i

i

n

n

x
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x

x

y
x

x

y
x

x

y
y

J

J

J

J

J

J

J

J
   (14) 

 

ʜʝ Dxi  ï ʟʘʛʘʣʴʥʽ ʘʙʩʦʣʶʪʥʽ ʧʦʭʠʙʢʠ ʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʝʣʠʯʠʥ x1, x2,x3, 

..., xn, ʟʥʘʡʜʝʥʠʭ ʟʘ ʧʨʘʚʠʣʘʤʠ, ʨʦʟʛʣʷʥʫʪʠʤʠ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. 

ʉʝʨʝʜʥʻ      ʟʥʘʯʝʥʥʷ        y  ʦʪʨʠʤʫʻʪʴʩʷ ʧʽʜʩʪʘʥʦʚʢʦʶ ʚ (13) ʩʝʨʝʜʥʽʭ 

ʘʨʠʬʤʝʪʠʯʥʠʭ    x1, x2, ... ,    ʭn. ɿʥʘʯʝʥʥʷ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ ʫ ʬʦʨʤʫʣʽ 

(14) ʟʥʘʭʦʜʷʪʴʩʷ ʜʣʷ ʩʝʨʝʜʥʽʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ x1, x2, ... , xn. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʩʝʨʝʜʥʽʭ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʥʘ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʩʣʽʜʫʶʯʠʡ ʧʦʨʷʜʦʢ: 

1) ʚʠʤʽʨʷʪʠ ʢʽʣʴʢʘ ʨʘʟʽʚ ʚʝʣʠʯʠʥʠ x1, x2, ... , xn (ʘʣʝ ʥʝ ʤʝʥʰʝ 3 

ʚʠʤʽʨʶʚʘʥʴ ʢʦʞʥʦʾ ʟ ʥʠʭ); 

2) ʚʠʢʦʥʘʪʠ ʧ.ʧ. 1-6 ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʜʽʣʫ; 

3) ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʝʣʠʯʠʥʠ  y  ʟʘ 

ʬʦʨʤʫʣʦʶ:  

y = f ( x1,  x2, ... ,  xn); 

 

4) ʟʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ y ʟʘ 
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ʬʦʨʤʫʣʦʶ (14);  

5) ʟʘʧʠʩʘʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ:  

;9,0%;100, =Ö
D
°=D°= p

y

y
yyy e  

6) ʟʨʦʙʠʪʠ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʩʥʦʚʢʠ. 

 

ʇʨʠ ʤʘʪʝʤʘʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʚʦʜʠʪʴʩʷ  

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʙʣʠʯʥʽ ʜʘʥʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ. ʎʽ ʜʘʥʽ 

ʥʘʚʦʜʷʪʴʩʷ ʟ ʧʨʘʚʠʣʴʥʠʤʠ ʮʠʬʨʘʤʠ ʽ ʦʜʥʽʻʶ (ʦʩʪʘʥʥʴʦʶ) ʩʫʤʥʽʚʥʦʶ. ɿʘ 

ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ ʪʘʙʣʠʯʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʡʤʘʶʪʴ ʧʦʣʦʚʠʥʫ ʦʜʠʥʠʮʽ 

ʩʫʤʥʽʚʥʦʾ ʮʠʬʨʠ. ʅʘʧʨʠʢʣʘʜ,  sin 58°= 0,8480.  

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʜʦʨʽʚʥʶʻ ±0,00005. 

ʋ ʬʽʟʠʯʥʦʤʫ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʧʨʘʢʪʠʢʫʤʽ ʻ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ, ʚ ʷʢʠʭ 

ʪʘ ʯʠ ʽʥʰʘ ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ ʦʪʨʠʤʫʻʪʴʩʷ ʰʣʷʭʦʤ ʩʫʤʽʩʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ, ʩʪʘʣʦʾ ʪʝʨʤʦ-ʝ.ʨ.ʩ. 

ʊʝʦʨʽʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʭʠʙʦʢ ʨʝʢʦʤʝʥʜʫʻ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʪʘʢ ʟʚʘʥʠʡ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. 

ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ 

ʥʝʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. 

ʆʜʥʠʤ ʟ ʥʠʭ ʻ ʤʝʪʦʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʥʷʪʪʽ ʥʝʯʽʪʢʠʭ (ʨʦʟʤʠʪʠʭ) 

ʤʥʦʞʠʥ. ʊʝʦʨʽʷ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ ʟʘ ʩʚʦʾ 25 ʨʦʢʽʚ ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʠʣʘʩʴ 

ʫ ʨʦʟʚʠʥʫʪʫ ʪʝʦʨʽʶ, ʷʢʘ ʤʘʻ ʚʘʞʣʠʚʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʠʭ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʘʜʘʯʽ ʥʝ ʜʦʧʫʩʢʘʶʪʴ ʪʦʯʥʦʛʦ ʬʦʨʤʫʣʶʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ 

ʥʝʪʦʯʥʦʩʪʽ ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. 
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ʈʦʟʜʽʣ ʧʝʨʰʠʡ 

ʄʝʭʘʥʽʢʘ 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʫ ʥʝʦʙʭʽʜʥʦ 

ʦʜʝʨʞʘʪʠ ʜʦʧʫʩʢ ʜʦ ʨʦʙʦʪʠ. ɼʣʷ ʮʴʦʛʦ ʡʦʤʫ ʩʣʽʜ ʚʽʜʧʦʚʽʩʪʠ  ʥʘ ʜʝʢʽʣʴʢʘ 

ʟʘʧʠʪʘʥʴ ʟ ʪʝʦʨʽʾ ʤʝʪʦʜʫ ʽ ʟʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʆʜʝʨʞʘʚʰʠ 

ʚʽʜʤʽʪʢʫ ʧʨʦ ʜʦʧʫʩʢ ʥʘ  ʙʣʘʥʢʫ ʟʚʽʪʫ, ʩʪʫʜʝʥʪ ʤʦʞʝ ʧʨʠʩʪʫʧʠʪʠ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ. 

ʇʨʦʨʦʙʠʚʰʠ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʟʘʧʠʩʘʚʰʠ ʾʭ ʚ ʟʚʽʪ ʩʪʫʜʝʥʪ 

ʚʠʢʦʥʫʻ ʢʦʥʪʨʦʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʪʦʙʪʦ ʟʥʘʭʦʜʠʪʴ ʦʜʥʫ ʘʙʦ ʜʝʢʽʣʴʢʘ 

ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫʟʛʦʜʞʫʻ ʾʭ ʫ ʚʠʢʣʘʜʘʯʘ. ɹʣʘʥʢ 

ʟʚʽʪʫ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʽʜʧʠʩʫʻʪʴʩʷ ʫ ʚʠʢʣʘʜʘʯʘ.  

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʦʜʘʥʥʷ ʪʝʦʨʽʾ ʤʝʪʦʜʫ ʜʦ ʢʦʞʥʦʾ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʩʠʣʘʥʥʷ ʥʘ ʧʽʜʨʫʯʥʠʢʠ, ʷʢʽ ʚ ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʻ ʚ ʥʘʫʢʦʚʽʡ ʙʽʙʣʽʦʪʝʮʽ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

1. ʉʘʚʝʣʴʻʚ ʀ.ɺ. "ʂʫʨʩ ʦʙʱʝʡ ʬʠʟʠʢʠ". ʊ.ɯ.ʄ:ʅʘʫʢʘ:1977. 

2. ʗʚʦʨʩʢʠʡ ɹ.ʄ. ʽ.ʽʥʰ. "ʂʫʨʩ ʬʠʟʠʢʠ". ʊ.ɯ.ʄ:ʅʘʫʢʘ:1977. 

ʉʪʫʜʝʥʪ ʤʦʞʝ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʪʘʢʦʞ ʙʫʜʴ-ʷʢʠʤ ʽʥʰʠʤ ʧʽʜʨʫʯʥʠʢʦʤ ʜʝ 

ʻ ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ  ˉ 1-1 

ɼʦʩʣ̔ʜʞʝʥʥʷ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʨʫʭʫ ʪʽʣ ʚ ʧʦʣʽ 

ʪʷʞʽʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥʠ ɸʪʚʫʜʘ. 

ʃ. 1. §§ 3, 4, 7, 8. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʜʦʩʣʽʜʠʪʠ ʟʘʢʦʥʠ ʨʫʭʫ ʪʽʣ ʚ ʧʦʣʽ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ:  ʤʘʰʠʥʘ ɸʪʚʫʜʘ, ʥʘʙʽʨ ʚʘʞʢʽʚ, ʜʦʜʘʪʢʦʚʽ 

                                       ʪʷʛʘʨʮʽ, ʝʣʝʢʪʨʦʥʥʠʡ ʩʝʢʫʥʜʦʤʽʨ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

ʄʘʰʠʥʘ ɸʪʚʫʜʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʽʚ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʘ ʨʽʚʥʦʤʽʨʥʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʫʭʽʚ ʽ, ʟʦʢʨʝʤʘ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʪʽʣ. 

ɹʫʜʦʚʘ ʤʘʰʠʥʠ ɸʪʚʫʜʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1. ʇʨʠʥʮʠʧ ʾʾ ʜʽʾ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʢʦʥʽʚ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʪʽʣ ʚ ʧʦʚʽʪʨʽ. ʏʝʨʝʟ ʥʝʨʫʭʦʤʠʡ 

ʙʣʦʢ, ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʷʢʦʛʦ ʩʠʣʦʶ ʪʝʨʪʷ ʚ ʦʩʽ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʧʝʨʝʢʠʥʫʪʘ 

ʥʠʪʢʘ ʟ ʜʚʦʤʘ ʦʜʥʘʢʦʚʠʤʠ ʚʘʥʪʘʞʘʤʠ ʤʘʩʦʶ ʄ ʢʦʞʥʠʡ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ. ʗʢʱʦ ʥʘ ʦʜʠʥ ʟ ʚʘʥʪʘʞʽʚ ʧʦʢʣʘʩʪʠ 
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ʥʝʚʝʣʠʢʠʡ ʜʦʜʘʪʢʦʚʠʡ ʪʷʛʘʨʝʮʴ ʤʘʩʦʶ m, ʪʦ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʚʘʥʪʘʞʽʚ ʽ ʪʷʛʘʨʮʷ, ʦʜʝʨʞʠʪʴ  ʜʝʷʢʝ  ʧʨʠʩʢʦʨʝʥʥʷ a ʧʽʜ ʜʽʻʶ ʩʠʣʠ F= 

mg  ̔  ʥʘ ʰʣʷʭʫ S1 , ʙʫʜʝ ʨʫʭʘʪʠʩʴ ʟ ʮʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ. 

M 

M 

P 

m 
S1 

S2 

ʈʠʩ.1 

 
ʂʽʣʴʮʝʤ ʈ ʜʽʷ ʜʦʜʘʪʢʦʚʦʛʦ ʪʷʛʘʨʮʷ m ʧʨʠʧʠʥʷʻʪʴʩʷ ʽ ʚʘʥʪʘʞʽ, 

ʨʫʭʘʶʯʠʩʴ ʨʽʚʥʦʤʽʨʥʦ, ʧʨʦʡʜʫʪʴ ʰʣʷʭ S2. 

ɿʥʘʡʜʝʤʦ ʟʘʢʦʥ ʨʫʭʫ ʚʘʥʪʘʞʫ ʄ , ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʨʘʚʦʨʫʯ. ɼʣʷ ʮʴʦʛʦ 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʩʠʩʪʝʤʦʶ ʢʦʦʨʜʠʥʘʪ, ʧʦʯʘʪʦʢ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʩʽ 

ʙʣʦʢʘ, ʘ ʚʽʩʴ ox ʥʘʧʨʷʤʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʅʘ ʚʘʥʪʘʞ ʄ ʜʽʶʪʴ ʜʚʽ ʩʠʣʠ 

: ʩʠʣʘ ʪʷʞʽʥʥʷ  (ʄ+m)g ʪʘ ʩʠʣʘ ʥʘʪʷʛʫ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʥʠʪʢʠ ʊ1. ɿʘʧʠʰʝʤʦ 

ʜʨʫʛʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ:           

                  ( ʄ + m ) g - T1 = ( M + m ) a ,          (1) 

ʜʝ ʘ ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʘʥʪʘʞʫ ʄ. 

ʊʝʧʝʨ ʟʘʩʪʦʩʫʻʤʦ ʜʨʫʛʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʦ ʚʘʥʪʘʞʫ ʄ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʣʽʚʦʨʫʯ. ʊʘʢ ʷʢ ʥʠʪʢʘ ʥʝʨʦʟʪʷʞʥʘ, ʧʨʠʩʢʦʨʝʥʥʷ ʣʽʚʦʛʦ 

ʚʘʥʪʘʞʫ ʟʘ ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʽʚʥʝ ʧʨʠʩʢʦʨʝʥʥʶ ʧʨʘʚʦʛʦ, ʘʣʝ 

ʥʘʧʨʘʚʣʝʥʝ ʚ ʧʨʦʪʠʣʝʞʥʠʡ ʙʽʢ, ʪʦʙʪʦ ʚʦʥʦ ʨʽʚʥʝ ï ʘ. ʅʘʪʷʛ ʣʽʚʦʛʦ ʢʽʥʮʷ 

ʥʠʪʢʠ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʊ2 , ʪʦʜʽ : 

      ʄ g - T2 = - M ʘ,     (2) 

ʋ ʚʠʧʘʜʢʫ ʥʝʚʘʛʦʤʦʛʦ ʙʣʦʢʘ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʣʠ ʪʝʨʪʷ ʚ ʡʦʛʦ ʦʩʽ : 

      ʊ1 = ʊ2 .     (3)  

ɿ ʨʽʚʥʷʥʴ ( 1 ) , ( 2 ) ʪʘ ( 3 ) ʟʥʘʡʜʝʤʦ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʩʪʝʤʠ : 

     .
2 mM

mg
a

+
=      (4) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʚʘʞʘʶʯʠ  g  ʚʽʜʦʤʠʤ ʪʘ ʧʨʦʚʦʜʷʯʠ ʜʦʩʣʽʜʠ ʟ ʨʽʟʥʠʤʠ 
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ʚʘʥʪʘʞʘʤʠ ʄ ʽ ʜʦʜʘʪʢʦʚʠʤʠ ʪʷʛʘʨʮʷʤʠ m, ʟʘ ʬʦʨʤʫʣʦʶ (4) ʤʦʞʥʘ 

ʚʠʨʘʭʫʚʘʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʘ ʽ ʟʜʽʡʩʥʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ 

ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ.  

ʄʘʰʠʥʘ ɸʪʚʫʜʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ g, ʱʦ ʡ ʩʢʣʘʜʘʻ ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ. ɼʣʷ 

ʮʴʦʛʦ ʟ ʬʦʨʤʫʣʠ  (4) ʟʥʘʡʜʝʤʦ g : 

     .
2

a
m

mM
g

+
=      (5) 

ʇʨʠʩʢʦʨʝʥʥʷ ʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʷʪʠ ʥʝʤʦʞʣʠʚʦ, ʘʣʝ ʡʦʛʦ ʣʝʛʢʦ 

ʚʠʨʘʭʫʚʘʪʠ, ʚʠʤʽʨʷʚʰʠ ʰʣʷʭ S1 , ʧʨʦʡʜʝʥʠʡ ʚʘʥʪʘʞʝʤ ʄ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦ 

ʧʨʠʩʢʦʨʝʥʦʤʫ ʨʫʩʽ, ʘ ʪʘʢʦʞ ʰʣʷʭ S2 ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʫʭʫ ʪʘ ʯʘʩ t ʡʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥʷ.  

ɼʣʷ ʨʽʚʥʦʤʽʨʥʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʫʭʫ, ʧʨʠ ʫʤʦʚʽ, ʱʦ ʧʦʯʘʪʢʦʚʘ 

ʰʚʠʜʢʽʩʪʴ V0 ʨʽʚʥʘ ʥʫʣʝʚʽ, ʧʨʦʡʜʝʥʠʡ ʰʣʷʭ ʤʦʞʥʘ ʟʥʘʡʪʠ, ʤʘʶʯʠ ʢʽʥʮʝʚʫ 

ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ :       

      .
2

2

1
a

V
S =      (6) 

ʂʽʥʮʝʚʘ ʰʚʠʜʢʽʩʪʴ V  ʥʘʙʫʚʘʻʪʴʩʷ ʚʘʥʪʘʞʝʤ ʄ ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʜʞʝʥʥʷ 

ʢʽʣʴʮʷ ʈ, ʷʢʝ ʧʨʠʧʠʥʷʻ ʜʽʶ ʜʦʜʘʪʢʦʚʦʛʦ ʪʷʛʘʨʮʷ. ɼʘʣʽ ʟ ʮʽʻʶ ʰʚʠʜʢʽʩʪʶ 

ʚʘʥʪʘʞ ʨʫʭʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʽ ʟʘ ʯʘʩ t ʧʨʦʭʦʜʠʪʴ ʰʣʷʭ S2 . ʊʦʤʫ :  

                  .2

t

S
V=      (7) 

ɿ ʬʦʨʤʫʣ (6) ʽ (7)  ʟʥʘʭʦʜʠʤʦ ʧʨʠʩʢʦʨʝʥʥʷ ʘ , ʧʽʜʩʪʘʚʣʷʶʯʠ ʡʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚ ʚʠʨʘʟ (5) ,ʦʩʪʘʪʦʯʥʦ ʦʜʝʨʞʫʻʤʦ :  

 

     ,
2

2
2

1

2

2

tS

S

m

mM
g Ö

+
=     (8) 

 ʜʝ   ʄ ï ʤʘʩʘ ʚʝʣʠʢʦʛʦ ʚʘʥʪʘʞʫ;  

       M ï ʤʘʩʘ ʜʦʜʘʪʢʦʚʦʛʦ ʪʷʛʘʨʮʷ;   

       S1 ï ʰʣʷʭ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʚʘʥʪʘʞ (ʄ+m) ʧʨʠ ʨʽʚʥʦʤʽʨʥʦ ʧʨʠʩʢʦʨʝʥʦʤʫ 

ʨʫʩʽ; 

      S2 ï ʰʣʷʭ, ʧʨʦʡʜʝʥʠʡ ʚʘʥʪʘʞʝʤ ʄ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʫʩʽ; 

      T ï ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʰʣʷʭʫ S2. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ʇʽʜʛʦʪʫʚʘʪʠ ʧʨʠʣʘʜ ʜʦ ʚʠʤʽʨʶʚʘʥʴ, ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ : 

¶ ʟ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʶʶʯʠʭ ʥʽʞʦʢ ʚʩʪʘʥʦʚʠʪʠ ʢʦʣʦʥʢʫ ʧʨʠʣʘʜʫ ʩʪʨʦʛʦ 
ʚʝʨʪʠʢʘʣʴʥʦ ; 
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¶ ʟʤʽʩʪʠʪʠ ʧʨʘʚʠʡ ʚʘʥʪʘʞ ʫ ʚʝʨʭʥʻ ʧʦʣʦʞʝʥʥʷ, ʧʦʢʣʘʩʪʠ ʥʘ ʥʴʦʛʦ 

ʜʦʜʘʪʢʦʚʠʡ ʪʷʛʘʨʝʮʴ ʪʘ ʚʧʝʚʥʠʪʠʩʴ, ʱʦ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ 

ʩʧʦʢʦʶ; 

¶ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ ñʇʋʉʂò ʽ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʯʠ ʧʨʠʡʰʣʘ ʩʠʩʪʝʤʘ ʚ 
ʨʫʭ, ʯʠ ʙʫʚ ʟʘʪʨʠʤʘʥʠʡ ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʢʨʦʥʰʪʝʡʥʽ ʜʦʜʘʪʢʦʚʠʡ 

ʪʷʛʘʨʝʮʴ, ʯʠ ʚʠʤʽʨʷʚ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʘʚʠʤ 

ʚʘʥʪʘʞʝʤ ʰʣʷʭʫ  S2 ʪʘ ʯʠ ʙʫʣʘ ʩʠʩʪʝʤʘ ʟʘʛʘʣʴʤʦʚʘʥʘ ʚ ʢʽʥʮʽ ʮʴʦʛʦ 

ʰʣʷʭʫ; 

¶ ʟʚʽʣʴʥʠʪʠ ʢʣʘʚʽʰʫ ñʉɹʈʆʉò ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʯʠ ʚʽʜʙʫʣʦʩʴ ʦʙʥʫʣʽʥʥʷ 
ʧʦʢʘʟʽʚ ʚʠʤʽʨʶʚʘʯʘ ʽ ʟʚʽʣʴʥʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ 

ʨʦʣʠʢʘ; 

¶ ʟʤʽʩʪʠʪʠ ʧʨʘʚʠʡ ʚʘʥʪʘʞ ʫ ʚʝʨʭʥʻ ʧʦʣʦʞʝʥʥʷ ʽ ʟʚʽʣʴʥʠʪʠ ʢʣʘʚʽʰʫ 

ñʇʋʉʂò, ʘ ʪʘʢʦʞ ʧʝʨʝʚʽʨʠʪʠ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʙʣʦʢʫʚʘʥʥʷ 

ʨʦʣʠʢʘ; 

2. ʅʘ ʧʨʘʚʠʡ ʚʘʥʪʘʞ ʚʩʪʘʥʦʚʠʪʠ ʦʜʠʥ ʟ ʜʦʜʘʪʢʦʚʠʭ ʪʷʛʘʨʮʽʚ. 

3. ʉʫʤʽʩʪʠʪʠ ʥʠʞʥʶ ʛʨʘʥʴ ʧʨʘʚʦʛʦ ʚʘʥʪʘʞʫ ʟ ʨʠʩʢʦʶ, ʱʦ ʥʘʥʝʩʝʥʘ ʥʘ 
ʚʝʨʭʥʴʦʤʫ ʢʨʦʥʰʪʝʡʥʽ. 

4. ɺʠʤʽʨʷʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʰʢʘʣʠ ʢʦʣʦʥʢʠ ʰʣʷʭʠ ʨʽʚʥʦʤʽʨʥʦʧʨʠʩʢʦʨʝʥʦʛʦ 

ʨʫʭʫ S1 ʪʘ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʫʭʫ S2. 

5. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ ñʇʋʉʂò. 

6. ɿʘʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʫ t. 

7. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʚʪʦʨʠʪʠ ʥʝ ʤʝʥʰʝ 5 ʨʘʟʽʚ. 

8. ɼʘʥʽ ʚʩʽʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ: 

ˉ  

ʜʦʩʣʽʜʫ 

ʄ, ʢʛ m, ʢʛ S1, ʤ S2, ʤ t, ʩ g, ʤ/c
2
 Dg, ʤ/ʩ2 e, % 

 

         

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʾʭ ʘʥʘʣʽʟ 
1. ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʫʭʫ ʚʘʥʪʘʞʫ ʥʘ ʰʣʷʭʫ S2 ʟʘ 

ʬʦʨʤʫʣʦʶ: 

,
1

1

ä
=

=
n

i

it
n

t  

ʜʝ   n ï ʢʽʣʴʢʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

       ti ï ʯʘʩ ʽ-ʪʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. 

2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (8) ʚʠʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ 

ʧʘʜʽʥʥʷ ʪʽʣ. 

3. ɺʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

 
1. ʄʝʭʘʥʽʯʥʠʡ ʨʫʭ ʷʢ ʥʘʡʧʨʦʩʪʽʰʘ ʬʦʨʤʘ ʨʫʭʫ ʤʘʪʝʨʽʾ. ɺʽʜʥʦʩʥʽʩʪʴ ʨʫʭʫ. 
ɺʠʜʠ ʨʫʭʫ. 

2. ʂʽʥʝʤʘʪʠʢʘ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ: ʪʨʘʻʢʪʦʨʽʷ, ʰʣʷʭ, ʧʝʨʝʤʽʱʝʥʥʷ, 

ʰʚʠʜʢʽʩʪʴ, ʧʨʠʩʢʦʨʝʥʥʷ.  ʇʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

3. ʇʨʦʘʥʘʣʽʟʫʡʪʝ ʤʦʞʣʠʚʽ ʜʞʝʨʝʣʘ ʪʘ ʧʨʠʯʠʥʠ ʧʦʭʠʙʦʢ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ g. 

 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1-2 

ɺʠʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ  

ʟ ʜʦʧʦʤʦʛʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ 

ʃ.1. §§ 4. 2. §§ 64. 65. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ 

ʪʽʣ ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʣʠʚʘʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʬʽʟʠʯʥʦʛʦ 

ʤʘʷʪʥʠʢʽʚ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʫʩʪʘʥʦʚʢʘ, ʦʙʣʘʜʥʘʥʘ ʤʘʪʝʤʘʪʠʯʥʠʤ ʽ ʬʽʟʠʯʥʠʤ 

ʤʘʷʪʥʠʢʘʤʠ; ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨʦʤ ʽ 

ʬʦʪʦ-ʝʣʝʢʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
I. ʇʘʜʽʥʥʷ ʪʽʣ ʥʘ ɿʝʤʣʽ ð ʦʜʥʝ ʟ ʧʨʦʷʚʣʝʥʴ ʟʘʢʦʥʫ ʚʩʝʩʚʽʪʥʴʦʛʦ 

ʪʷʞʽʥʥʷ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ F ʜʚʦʭ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ ʟ ʤʘʩʘʤʠ 

m1 i m2 ʥʘ ʚʽʜʜʘʣʽ r  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

     ,
2
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r

mm
F g=      (1) 

ʜʝ  g = 6.67·10
-11

  ʤ
3
/ʢʛÖʩ2 ð ʛʨʘʚʽʪʘʮʽʡʥʘ ʩʪʘʣʘ. 

ʇʽʜ ʜʽʻʶ ʩʠʣʠ ʧʨʠʪʷʛʘʥʥʷ ʜʦ ɿʝʤʣʽ ʚʩʽ ʪʽʣʘ ʧʘʜʘʶʪʴ ʟ ʦʜʥʘʢʦʚʠʤ 

ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʧʨʠʩʢʦʨʝʥʥʷʤ, ʷʢʝ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʘʪʠ ʙʫʢʚʦʶ g. 

ʎʝ ʟʥʘʯʠʪʴ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ, ʟʚôʷʟʘʥʦʶ ʟ ɿʝʤʣʝʶ, ʥʘ ʚʩʷʢʝ ʪʽʣʦ ʤʘʩʦʶ 

m ʜʽʻ ʩʠʣʘ:                 

ʈ = m g.      (2) 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʘʥʫ ʩʠʩʪʝʤʫ ʚʽʜʣʽʢʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʽʥʝʨʮʽʘʣʴʥʦʶ. 

ʅʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʪʷʞʽʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʧʦʚʠʥʥʝ ʙʫʪʠ: 
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,
2R

M
g g=       (3) 

ʜʝ    ʄ ï ʤʘʩʘ ɿʝʤʣʽ ,  

       R ï ʨʘʜʽʫʩ ɿʝʤʣʽ ʚ ʜʘʥʦʤʫ ʤʽʩʮʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʨʘʭʫʚʘʪʠ ʤʘʩʫ ɿʝʤʣʽ ʪʘ ʩʝʨʝʜʥʶ ʛʫʩʪʠʥʫ ʾʾ ʩʢʣʘʜʫ (ʄ=5,96Ö10
24

 ʢʛ,   

r=5,5Ö10
3
 ʢʛ/ʤ

3
 ). ɿʙʽʣʴʰʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʚʽʜ ʝʢʚʘʪʦʨʘ ʜʦ ʧʦʣʶʩʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ɿʝʤʣʷ ʤʘʻ ʬʦʨʤʫ 

ʩʧʣʶʩʥʫʪʦʛʦ ʚʟʜʦʚʞ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʛʝʦʾʜʘ. 

ɿʝʤʥʘ ʢʦʨʘ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ  ʤʘʻ ʥʝʦʜʥʘʢʦʚʠʡ ʩʢʣʘʜ, ʪʦʤʫ ʚ ʤʽʩʮʷʭ, ʜʝ 

ʢʦʨʘ ʤʘʻ ʙʽʣʴʰʫ ʛʫʩʪʠʥʫ, ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ . ʎʝ 

ʷʚʠʱʝ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʶ ʦʜʥʦʛʦ ʟ ʤʝʪʦʜʽʚ ʨʦʟʚʽʜʢʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ.  

ɿʛʽʜʥʦ ʟʘʢʦʥʫ ʪʷʞʽʥʥʷ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ɿʝʤʣʽ ʧʨʠʩʢʦʨʝʥʥʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʦʚʽ ʚʽʜʜʘʣʽ ʜʦ ʮʝʥʪʨʫ ɿʝʤʣʽ. ʎʝ 

ʟʤʝʥʰʝʥʥʷ ʷʚʣʷʻʪʴʩʷ ʩʫʪʪʻʚʠʤ ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʜʦ ʫʚʘʛʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʨʫʭʫ ʰʪʫʯʥʠʭ ʢʦʩʤʽʯʥʠʭ ʪʽʣ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʨʫʭʫ ʪʽʣ ʚʽʜʥʦʩʥʦ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ 

ʫʚʘʟʽ, ʱʦ ʩʠʩʪʝʤʘ ʚʽʜʣʽʢʫ, ʟʚôʷʟʘʥʘ ʟ ɿʝʤʣʝʶ ʥʝ ʻ ʽʥʝʨʮʽʘʣʴʥʦʶ. ʇʨʠʩʢʦʨʝʥ-

ʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʫʭʦʚʽ ʧʦ ʦʨʙʽʪʽ, ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʝ 

ʟʚôʷʟʘʥʝ ʟ ʜʦʙʦʚʠʤ ʦʙʝʨʪʘʥʥʷʤ ɿʝʤʣʽ. ʊʦʤʫ ʟ ʜʦʩʪʘʥʴʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ, ʱʦ ʩʠʩʪʝʤʘ ʚʽʜʣʽʢʫ, ʱʦ ʟʚôʷʟʘʥʘ ʟ ɿʝʤʣʝʶ, ʦʙʝʨʪʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʽʥʝʨʮʽʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ w. ʊʘʢʠʤ ʯʠʥʦʤ, 
ʨʦʟʛʣʷʜʘʶʯʠ ʨʫʭ ʪʽʣ ʚʽʜʥʦʩʥʦ ɿʝʤʣʽ, ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ 

ʽʥʝʨʮʽʾ :    

 

Fi = m w2 
r,      (4) 

ʜʝ    m ï ʤʘʩʘ ʪʽʣʘ;  

        r ï ʚʽʜʜʘʣʴ ʪʽʣʘ ʜʦ ʟʝʤʥʦʾ ʦʩʽ (ʨʠʩ.2). 

ʆʙʤʝʞʫʶʯʠʩʴ ʚʠʧʘʜʢʘʤʠ, ʢʦʣʠ ʚʠʩʦʪʘ ʪʽʣ ʥʘʜ ʧʦʚʝʨʭʥʝʶ ɿʝʤʣʽ 

ʥʝʚʝʣʠʢʘ , ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ r ʨʽʚʥʠʤ: 

r = R  cos j  ,        (5) 

ʜʝ    R ï ʨʘʜʽʫʩ ɿʝʤʣʽ ; 

       j ï ʰʠʨʦʪʘ ʤʽʩʮʝʚʦʩʪʽ ( ʨʠʩ.1 ). 

ɺʠʨʘʟ ʜʣʷ ʩʠʣʠ ʽʥʝʨʮʽʾ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

 

Fi = m w2 R cos j     (6) 



 

23 

r

N

j
R
j

S

a

mgP=
C

iF
C

gF
C

 

   ʈʠʩ.1              ʈʠʩ.2 

ʆʪʞʝ, ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʪʽʣ ʚʽʜʥʦʩʥʦ ɿʝʤʣʽ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʜʽʻʶ ʜʚʦʭ ʩʠʣ: ʩʠʣʠ ʪʷʞʽʥʥʷ gF ʪʘ ʩʠʣʠ ʽʥʝʨʮʽʾ iF . 

ʈʝʟʫʣʴʪʫʶʯʘ ʮʠʭ ʜʚʦʭ ʩʠʣ:      

,ig FFp +=       (7) 

ʻ ʚʘʛʦʶ ʪʽʣʘ ( ʜʠʚ. ʬʦʨʤʫʣʫ ( 2 )). 

ʈʽʟʥʠʮʷ ʤʽʞ ʚʘʛʦʶ ʪʽʣʘ  P   ʽ ʩʠʣʦʶ ʧʨʠʪʷʛʘʥʥʷ ʜʦ ɿʝʤʣʽ gF  ʥʝʚʝʣʠʢʘ, ʪʘʢ 

ʷʢ ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʽʥʝʨʮʽʾ iF  ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘ gF . ʂʫʪ a ʤʽʞ ʥʘʧʨʷʤʢʘʤʠ 

gF  ʪʘ P  ʤʦʞʥʘ ʦʮʽʥʠʪʠ, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʪʝʦʨʝʤʦʶ ʩʠʥʫʩʽʚ ( ʨʠʩ. 2 ): 

    

,cos0035,0
8,9

cos035,0cos

sin

sin 2

j
jjw

j

a
º===

mg

Rm

P

Fi
 

ʟʚʽʜʢʠ sin a = 0,0035 sin j Ö cos j = 0,0018 sin 2j. 

 

ʊʘʢ ʷʢ ʢʫʪ a ʤʘʣʠʡ, ʪʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

  

     a = 0,0018 sin 2j.    (8) 

 

ʅʘʧʨʷʤʦʢ ʜʽʾ ʚʘʛʠ ʪʽʣʘ P, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʚʠʩʢʘ, ʫ 

ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʢʨʽʤ ʧʦʣʶʩʽʚ ʽ ʝʢʚʘʪʦʨʘ, ʥʝ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʥʘʧʨʷʤʦʤ ʜʦ ʮʝʥʪʨʘ ɿʝʤʣʽ, ʚʟʜʦʚʞ ʷʢʦʛʦ ʜʽʻ ʩʠʣʘ ʪʷʞʽʥʥʷ gF . ɸʣʝ ʢʫʪ a 

ʤʽʞ ʥʠʤʠ ʜʫʞʝ ʤʘʣʠʡ ʽ ʥʘ ʧʨʦʤʽʞʥʠʭ ʰʠʨʦʪʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (8). 

ʈʽʟʥʠʮʷ ʤʽʞ ʩʠʣʦʶ ʪʷʞʽʥʥʷ ʪʘ ʚʘʛʦʶ ʪʽʣʘ ʥʘ ʧʦʣʶʩʘʭ ʨʽʚʥʘ ʥʫʣʝʚʽ, ʘ 
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ʥʘ ʝʢʚʘʪʦʨʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ, ʨʽʚʥʦʛʦ 0,3% ʩʠʣʠ ʪʷʞʽʥʥʷ gF . 

ɿʘʚʜʷʢʠ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʽʥʝʨʮʽʾ ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʩʧʣʶʩʥʫʪʦʩʪʽ 

ʟʝʤʥʦʾ ʢʫʣʽ ʙʽʣʷ ʧʦʣʶʩʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ g ʟʤʽʥʶʻʪʴʩʷ ʟ 

ʰʠʨʦʪʦʶ ʚ ʤʝʞʘʭ   ʚʽʜ  9,780 ʤ/ʩ
2
 ʥʘ ʝʢʚʘʪʦʨʽ   ʜʦ   9,832 ʤ/ʩ

2
   ʥʘ   

ʧʦʣʶʩʘʭ.   ɿʥʘʯʝʥʥʷ   g=9,80665 ʤ/ʩ
2 
ʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʥʦʨʤʘʣʴʥʝ 

(ʩʪʘʥʜʘʨʪʥʝ) ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʪʽʣ ʥʘ ɿʝʤʣʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʤʦʞʥʘ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʢʦʣʠʚʘʥʴ ʬʽʟʠʯʥʦʛʦ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʘʷʪʥʠʢʽʚ. 

II. ʌʽʟʠʯʥʠʤ ʤʘʷʪʥʠʢʦʤ ʥʘʟʠʚʘʶʪʴ ʪʚʝʨʜʝ ʪʽʣʦ, ʱʦ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ 

ʢʦʣʠʚʘʥʥʷ ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ  ʪʦʯʢʠ, ʷʢʘ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʽʥʝʨʮʽʾ. ʋ 

ʧʦʣʦʞʝʥʥʽ ʨʽʚʥʦʚʘʛʠ ʮʝʥʪʨ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ C ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʪʦʯʢʦʶ 

ʧʽʜʚʽʩʘ ʤʘʷʪʥʠʢʘ O ʥʘ ʦʜʥʽʡ ʟ ʥʝʶ ʚʝʨʪʠʢʘʣʽ (ʨʠʩ.3). 

ʇʨʠ ʚʽʜʭʠʣʝʥʥʽ ʤʘʷʪʥʠʢʘ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʠʣʘ P=mg ʚʠ-

ʢʣʠʢʘʻ ʧʦʷʚʫ ʪʘʢ ʟʚʘʥʦʾ ʢʚʘʟʽʧʨʫʞʥʦʾ ʩʠʣʠ, ʷʢʘ ʥʘʤʘʛʘʻʪʴʩʷ ʧʦʚʝʨʥʫʪʠ   

ʤʘʷʪʥʠʢ ʚ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ʎʷ ʩʠʣʘ ʘʥʘʣʦʛʽʯʥʦ ʧʨʫʞʥʽʡ ʦʧʠʩʫʻʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ  

 

  F=-kx.        (9) 

O  

a

 

ʉ

 

l

Ó

lʟʚ

mg  

 
                                                            ʈʠʩ. 3 

 

ɿʥʘʢ ñ - òʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʤʽʱʝʥʥʷ x ʽ ʩʠʣʘ F ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ 

ʥʘʧʨʷʤʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʤʘʷʪʥʠʢʘ ʚʽʜ ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʥʘ ʢʫʪ a  ʚʠʥʠʢʘʻ ʤʦʤʝʥʪ ʩʠʣʠ, ʱʦ ʧʨʘʛʥʝ ʧʦʚʝʨʥʫʪʠ ʤʘʷʪʥʠʢ ʚ 

ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ʎʝʡ ʤʦʤʝʥʪ ʩʠʣʠ ʜʦʨʽʚʥʶʻ: 

  

M= -mgl sin a ,     (10) 

 

ʜʝ    m ï ʤʘʩʘ ʤʘʷʪʥʠʢʘ, 
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        l ï ʚʽʜʜʘʣʴ ʤʽʞ ʪʦʯʢʦʶ ʧʽʜʚʽʩʫ ʽ ʮʝʥʪʨʦʤ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ. 

ʇʦʟʥʘʯʠʚʰʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʪʦʯʢʫ ʧʽʜʚʽʩʫ, ʙʫʢʚʦʶ I, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ 

ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ:       

Ie = -mgl sin a ,    (11) 

2

2

dt

d a
e=  

ʜʝ Ů ï ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʚʠʧʘʜʢʠ ʤʘʣʠʭ ʢʦʣʠʚʘʥʴ, ʢʦʣʠ ʢʫʪ a ʤʘʣʠʡ ʽ ʩʧʨʘʚʜʞʫ-

ʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ sin a = a   ʪʘ ʚʚʽʚʰʠ ʧʦʟʥʘʯʝʥʥʷ 

,2

0
I

mgl
=w       (12) 

ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ( 11 ) ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ:  

     .02

02

2

=+ aw
a

dt

d
     (13) 

ʎʝ ʣʽʥʽʡʥʝ ʦʜʥʦʨʽʜʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʁʦʛʦ 

ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʤʘʻ ʚʠʛʣʷʜ:  

     a = a cos ( w t + ű0 ) .           (14) 

ʆʪʞʝ, ʧʨʠ ʤʘʣʠʭ ʢʦʣʠʚʘʥʥʷʭ ʢʫʪʦʚʝ ʚʽʜʭʠʣʝʥʥʷ ʤʘʷʪʥʠʢʘ ʟʤʽʥʶʻʪʴʩʷ 

ʟ ʯʘʩʦʤ ʟʘ ʛʘʨʤʦʥʽʯʥʠʤ ʟʘʢʦʥʦʤ. 

ʊʘʢ ʷʢ ʮʠʢʣʽʯʥʘ ʯʘʩʪʦʪʘ w0 ʟʚôʷʟʘʥʘ ʟ ʧʝʨʽʦʜʦʤ ʢʦʣʠʚʘʥʴ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷʤ: 

      ,
2

0
T

p
w =      (15) 

ʪʦ, ʚʨʘʭʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (12), ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ 

ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ:               

     .2
mgl

I
T p=                     (16) 

ʅʝʭʘʡ ʬʽʟʠʯʥʠʡ ʤʘʷʪʥʠʢ ʻ ʤʘʪʝʨʽʘʣʴʥʦ  ʁ ʪʦʯʢʦ  ʁ ʤʘʩʦʶ m, 

ʧʽʜʚʽʰʝʥʦ  ʁʥʘ ʥʝʚʘʛʦʤʽʡ ʥʝʨʦʟʪʷʞʥʽʡ ʥʠʪʮʽ ʜʦʚʞʠʥʦʶ l . ʊʘʢʠʡ ʤʘʷʪʥʠʢ 

ʥʘʟʠʚʘʶʪʴ ʤʘʪʝʤʘʪʠʯʥʠʤ. ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʡʦʛʦ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʧʽʜʚʽʩʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

I = m l 
2
.     (17) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟʠ (16) ʪʘ (17), ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʬʦʨʤʫʣʫ 

ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ: 
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      .2
g

l
T p=      (18) 

ɼʦʩʪʘʪʥʴʦ ʟʘʜʦʚʽʣʴʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ 

ʤʦʞʝ ʩʣʫʞʠʪʠ ʥʝʚʝʣʠʯʢʘ ʢʫʣʴʢʘ , ʧʽʜʚʽʰʝʥʘ ʥʘ ʜʦʚʛʽʡ ʪʦʥʢʽʡ ʥʠʪʮʽ.  

ɯʟ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʬʦʨʤʫʣ (16) ʪʘ (18) ʦʜʝʨʞʫʻʤʦ ʱʦ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʤʘʷʪʥʠʢ ʜʦʚʞʠʥʦʶ    

      ,
ml

I
lʟʚ=      (19) 

ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʞʝ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ, ʷʢ ʽ ʜʘʥʠʡ ʬʽʟʠʯʥʠʡ ʤʘʷʪʥʠʢ. 

ɺʝʣʠʯʠʥʫ lʟʚ ʥʘʟʠʚʘʶʪʴ ʟʚʝʜʝʥʦʶ ʜʦʚʞʠʥʦʶ ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʚʝʜʝʥʘ ʜʦʚʞʠʥʘ ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ ð ʮʝ ʜʦʚʞʠʥʘ ʪʘʢʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ, ʧʝʨʽʦʜ  ʢʦʣʠʚʘʥʴ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʻ ʟ ʧʝʨʽʦʜʦʤ 

ʢʦʣʠʚʘʥʴ ʜʘʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ.  

ʊʦʯʢʘ ʥʘ ʧʨʷʤʽʡ,  ʱʦ ʟôʻʜʥʫʻ ʪʦʯʢʫ ʧʽʜʚʽʩʫ ʟ ʮʝʥʪʨʦʤ ʽʥʝʨʮʽʾ ʪʘ 

ʣʝʞʠʪʴ ʥʘ ʚʽʜʩʪʘʥʽ ʟʚʝʜʝʥʦʾ ʜʦʚʞʠʥʠ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʮʝʥʪʨʦʤ ʢʦʣʠʚʘʥʴ ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ (ʪʦʯʢʘ ʆ ʥʘ ʨʠʩ. 3). ʎʝʥʪʨ ʢʦʣʠʚʘʥʴ 

ʽ ʪʦʯʢʘ ʧʽʜʚʽʩʫ ð ʩʧʨʷʞʝʥʽ ʪʦʯʢʠ: ʷʢʱʦ ʾʭ ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ, ʪʦ ʧʝʨʽʦʜ 

ʢʦʣʠʚʘʥʴ ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ ʥʝ ʟʤʽʥʠʪʴʩʷ. 

ɼʽʡʩʥʦ, ʟʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʐʪʝʡʥʝʨʘ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ 

ʚʽʜʥʦʩʥʦ ʦʩʽ ʆ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ: 

 

                      I = I0 + ml
2
.                                                  (20) 

ʜʝ I0 ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʧʘʨʘʣʝʣʴʥʘ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʽ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ. ʇʽʜʩʪʘʚʣʷʶʯʠ (20) ʚ ʬʦʨʤʫʣʫ 

(19), ʦʜʝʨʞʫʻʤʦ:  

.0 l
ml

I
lʟʚ +=       (21) 

ɿ ʮɹʦʛʦ ʚʠʨʘʟʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʟʚʝʜʝʥʘ ʜʦʚʞʠʥʘ ʤʘʷʪʥʠʢʘ ʟʘʚʞʜʠ 

ʙʽʣʴʰʘ l, ʪʦʤʫ ʪʦʯʢʘ ʧʽʜʚʽʩʫ ʆ ʽ ʮʝʥʪʨ ʢʦʣʠʚʘʥʥʷ ʆ¡ ʣʝʞʘʪʴ ʧʦ ʨʽʟʥʽ  ʙʦʢʠ 
ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʽʥʝʨʮʽʾ. 

ʊʝʧʝʨ ʧʽʜʚʽʩʠʤʦ ʤʘʷʪʥʠʢ ʚ ʪʦʯʮʽ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʢʦʣʠʚʘʥʴ ʆ¡. 
ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (21) ʟʚʝʜʝʥʘ ʜʦʚʞʠʥʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʨʽʚʥʦʶ:   

     l
lm

I
l ʟʚ ¡+

¡
=¡ 0

             (22) 

ʜʝ l¡ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʧʝʨʝʜʥʽʤ ʮʝʥʪʨʦʤ ʢʦʣʠʚʘʥʴ ʪʘ ʮʝʥʪʨʦʤ ʽʥʝʨʮʽʾ 

ʤʘʷʪʥʠʢʘ. 

ʗʢ ʙʘʯʠʤʦ,  l ¡ʟʚ = l ʟʚ = O C + C O¡ = l + l¡ ,   ʟʚʽʜʢʠ ʚʠʧʣʠʚʘʻ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʧʨʠ ʧʽʜʚʽʰʫʚʘʥʥʽ ʤʘʷʪʥʠʢʘ ʚ ʮʝʥʪʨʽ ʢʦʣʠʚʘʥʴ ʡʦʛʦ ʟʚʝʜʝʥʘ ʜʦʚʞʠʥʘ, ʘ 
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ʟʥʘʯʠʪʴ ʽ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ, ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʪʦʙʪʦ ʮʝʥʪʨ ʢʦʣʠʚʘʥʴ ʽ ʪʦʯʢʘ 

ʧʽʜʚʽʩʫ       ʻ ʚʟʘʻʤʥʦ ʩʧʨʷʞʝʥʠʤʠ ʪʦʯʢʘʤʠ. 

IV. ɼʦʚʝʜʝʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʩʧʨʷʞʝʥʦʩʪʽ ʧʦʢʣʘʜʝʥʘ ʚ ʦʩʥʦʚʫ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ ʪʘʢ ʟʚʘʥʦʛʦ ʦʙʦʨʦʪʥʦʛʦ 

ʤʘʷʪʥʠʢʘ. ʆʙʦʨʦʪʥʠʤ ʥʘʟʠʚʘʶʪʴ ʪʘʢʠʡ ʤʘʷʪʥʠʢ, ʫ ʷʢʦʛʦ ʧʦʙʣʠʟʫ ʢʽʥʮʽʚ ʻ 

ʜʚʽ ʧʘʨʘʣʝʣʴʥʽ ʦʜʥʘ ʦʜʥʽʡ ʦʧʦʨʥʽ ʧʨʠʟʤʠ, ʟʘ ʷʢʽ ʚʽʥ ʤʦʞʝ ʧʦ ʯʝʨʟʽ 

ʧʽʜʚʽʰʫʚʘʪʠʩʴ. ɺʟʜʦʚʞ ʤʘʷʪʥʠʢʘ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʪʘ 

ʟʘʢʨʽʧʣʶʚʘʪʠʩʴ ʥʘ ʥʴʦʤʫ ʚʘʞʢʽ ʚʘʥʪʘʞʽ ʟʜʝʙʽʣʴʰʦʛʦ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʽʚ 

ʘʙʦ ʜʠʩʢʽʚ. ʇʝʨʝʤʽʱʝʥʥʷʤ ʜʦʙʠʚʘʶʪʴʩʷ ʪʦʛʦ, ʱʦʙ ʧʨʠ ʧʽʜʚʽʰʫʚʘʥʥʽ 

ʤʘʷʪʥʠʢʘ ʟʘ ʣʶʙʫ ʽʟ ʧʨʠʟʤ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʙʫʚ ʦʜʥʘʢʦʚʠʤ. ʊʦʜʽ ʚʽʜʩʪʘʥ ɹ

ʤʽʞ ʦʧʦʨʥʠʤʠ ʨʝʙʨʘʤʠ ʧʨʠʟʤ ʙʫʜʝ ʨʽʚʥʦʶ l ʟʚ.  ɺʠʤʽʨʶʶʯʠ ʧʝʨʽʦʜ 

ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ ʽ ʟʥʘʶʯʠ ʟʚʝʜʝʥʫ ʜʦʚʞʠʥʫ ʡʦʛʦ l ʟʚ  ʟʘ ʬʦʨʤʫʣʦʶ 

 

     ,2
g

l
T ʟʚp=                     (23) 

ʟʥʘʭʦʜʷʪʴ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ g . 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʣʘʜ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʠʪʠ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ 

ʬʽʟʠʯʥʦʛʦ (ʦʙʦʨʦʪʥʦʛʦ) ʤʘʷʪʥʠʢʽʚ ʟ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ 

ʡ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨʘ. ɿ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʧʨʠʣʘʜʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩ t  ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ n ʧʦʚʥʠʭ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ, ʘ ʧʦʪʽʤ ʟʘ 

ʬʦʨʤʫʣʦʶ [24]  ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ 

    
n

t
T= .      (24) 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

 ʘ). ʄʘʪʝʤʘʪʠʯʥʠʡ ʤʘʷʪʥʠʢ. 

1. ʅʠʞʥʽʡ ʢʨʦʥʰʪʝʡʥ ʟ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ ʚʩʪʘʥʦʚʠʪʠ ʚ ʥʠʞʥʽʡ 
ʯʘʩʪʠʥʽ ʢʦʣʦʥʢʠ, ʱʦʙ ʚʝʨʭʥʷ ʛʨʘʥʴ ʢʨʦʥʰʪʝʡʥʘ ʧʦʢʘʟʫʚʘʣʘ ʥʘ ʰʢʘʣʽ 

ʜʦʚʞʠʥʫ ʥʝ ʤʝʥʰʝ 50 ʩʤ. 

2. ʇʦʚʝʨʪʘʶʯʠ ʚʝʨʭʥʽʡ ʢʨʦʥʰʪʝʡʥ, ʧʦʤʽʩʪʠʪʠ ʥʘʜ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤ 

ʜʘʪʯʠʢʦʤ ʤʘʪʝʤʘʪʠʯʥʠʡ ʤʘʷʪʥʠʢ. 

3. ʆʙʝʨʪʘʶʯʠ ʢʦʨʙʦʯʢʫ ʥʘ ʚʝʨʭʥʴʦʤʫ ʢʨʦʥʰʪʝʡʥʽ ʚʩʪʘʥʦʚʠʪʠ ʜʦʚʞʠʥʫ 
ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ ʪʘʢ, ʱʦʙ ʢʫʣʴʢʘ ʧʝʨʝʢʨʠʚʘʣʘ ʦʧʪʠʯʥʫ ʚʽʩʴ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ. 

4. ɺʚʽʤʢʥʫʪʠ ʧʨʠʣʘʜ ʧʝʨʝʤʠʢʘʯʝʤ "ʉʝʪʴ". 

5. ɺʽʜʭʠʣʠʪʠ ʢʫʣʴʢʫ ʥʘ 4-5Á ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. 

6. ʅʘʪʠʩʥʫʪʠ ʢʥʦʧʢʫ "ʉʙʨʦʩ". 

7. ʇʽʩʣʷ ʧʽʜʨʘʭʫʥʢʫ ʚʠʤʽʨʶʚʘʯʝʤ ʙʣʠʟʴʢʦ 10 ʢʦʣʠʚʘʥʴ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ 
"ʉʪʦʧ". 
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8. ɿʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʣʠʚʘʥʴ n ʪʘ ʯʘʩʫ t ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ. 

9. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʚʪʦʨʠʪʠ 3-5 ʨʘʟʽʚ. 

10.ʇʦ ʰʢʘʣʽ ʢʦʣʦʥʢʠ ʚʠʟʥʘʯʠʪʠ ʜʦʚʞʠʥʫ ʤʘʷʪʥʠʢʘ l. 

ʚ). ʌʽʟʠʯʥʠʡ (ʦʙʦʨʦʪʥʠʡ) ʤʘʷʪʥʠʢ. 

1. ʇʦʚʝʨʥʫʪʠ ʚʝʨʭʥʽʡ ʢʨʦʥʰʪʝʡʥ ʥʘ 180Á.  

2. ɺʩʪʘʥʦʚʠʪʠ ʤʘʷʪʥʠʢ ʦʧʦʨʥʦʶ ʧʨʠʟʤʦʶ ʥʘ ʚʢʣʘʜʠʰʝʚʽ ʚʝʨʭʥʴʦʛʦ 

ʢʨʦʥʰʪʝʡʥʘ. 

3. ʅʠʞʥʽʡ ʢʨʦʥʰʪʝʡʥ ʨʘʟʦʤ ʟ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ ʧʝʨʝʤʽʩʪʠʪʠ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʪʝʨʞʝʥʴ ʤʘʷʪʥʠʢʘ ʧʝʨʝʢʨʠʚʘʚ ʦʧʪʠʯʥʫ ʚʽʩʴ. 

4. ɺʽʜʭʠʣʠʪʠ ʤʘʷʪʥʠʢ ʥʘ 4-5Á ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. 

5. ɺʠʢʦʥʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ. 

6. ɺʩʪʘʥʦʚʠʪʠ ʤʘʷʪʥʠʢ ʥʘ ʜʨʫʛʽʡ ʦʧʦʨʥʽʡ ʧʨʠʟʤʽ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʢʦʨʝʢʮʽʶ ʧʦʣʦʞʝʥʥʷ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ. 

7. ɺʠʟʥʘʯʠʪʠ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʫ ʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ. 

8. ʇʝʨʝʤʽʱʝʥʥʷʤ ʚʘʥʪʘʞʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʦʧʦʨʥʠʤʠ ʧʨʠʟʤʘʤʠ, 
ʜʦʙʠʪʠʩʷ ʩʧʽʚʧʘʜʘʥʥʷ ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ ʧʨʠ ʧʽʜʚʽʰʫʚʘʥʥʽ ʟʘ ʷʢʫ-ʥʝʙʫʜʴ 

ʽʟ ʧʨʠʟʤ ʟ ʪʦʯʥʽʩʪʶ 0,5 % . 

9. ɺʠʟʥʘʯʠʪʠ ʟʚʝʜʝʥʫ ʜʦʚʞʠʥʫ ʦʙʦʨʦʪʥʦʛʦ ʤʘʷʪʥʠʢʘ l
ʟʚ
, ʧʽʜʨʘʭʦʚʫʶʯʠ 

ʯʠʩʣʦ ʨʠʩʦʢ ʥʘ ʩʪʝʨʞʥʽ ʤʽʞ ʦʧʦʨʥʠʤʠ ʛʨʘʥʷʤʠ ʧʨʠʟʤ, ʱʦ ʥʘʥʝʩʝʥʽ ʯʝʨʝʟ 

ʢʦʞʥʽ 10 ʤʤ. 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (24) ʧʽʜʨʘʭʫʚʘʪʠ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʘʷʪʥʠ-

ʢʘ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (18), ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴ-

ʥʦʛʦ  ʧʘʜʽʥʥʷ. 

3. ɿʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

4. ɿʘ ʬʦʨʤʫʣʦʶ (23) ʚʠʟʥʘʯʠʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. 

5. ɿʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʏʦʤʫ ʢʦʣʠʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʽʚ ʦʧʠʩʫʶʪʴʩʷ 
ʛʘʨʤʦʥʽʯʥʠʤ ʟʘʢʦʥʦʤ ʪʽʣʴʢʠ ʧʨʠ ʤʘʣʠʭ ʢʫʪʘʭ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ? 

2. ʗʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʨʽʦʜʠ ʢʦʣʠʚʘʥʴ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ 
ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʽʚ? 

3. ʑʦ ʪʘʢʝ ʟʚʝʜʝʥʘ ʜʦʚʞʠʥʘ ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ? 

4. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʦʩʥʦʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʮʝʥʪʨʘ ʢʦʣʠʚʘʥʴ ʬʽʟʠʯʥʦʛʦ 

ʤʘʷʪʥʠʢʘ? 

5. ʏʠ ʙʫʜʫʪʴ ʨʽʚʥʠʤʠ ʤʽʞ ʩʦʙʦʶ ʧʝʨʽʦʜʠ ʢʦʣʠʚʘʥʴ ʦʜʥʘʢʦʚʠʭ ʤʘʷʪʥʠʢʽʚ, 
ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʝʢʚʘʪʦʨʽ ʽ ʥʘ ʧʦʣʶʩʘʭ ʟʝʤʥʦʾ ʢʫʣʽ? 

6. ʆʮʽʥʠʪʠ ʧʦʭʠʙʢʫ  ʚʠʤʽʨʶʚʘʥʥʷ g  ʟ ʜʦʧʦʤʦʛʦʶ ʦʙʦʨʦʪʥʦʛʦ ʤʘʷʪʥʠʢʘ. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1 -3 

 ɺʠʚʯʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʜʘʨʫ ʢʫʣʴ  

ʣ.1. ÄÄ 16, 17, 24, 25 

ʄʝʪʘ ʨʦʙʦʪʠ:  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʦʥʽʚ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʽʤʧʫʣʴʩʫ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʜʘʨʫ 

ʢʫʣʴ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʽʪʢʥʝʥʥʷ ʪʽʣ; ʰʪʘʥʛʝʥ-

ʮʠʨʢʫʣʴ; ʣʽʥʽʡʢʘ; ʪʝʨʝʟʠ ʟ ʢʦʤʧʣʝʢʪʦʤ ʚʘʞʢʽʚ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʎʝʥʪʨʘʣʴʥʠʤ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʠʡ ʫʜʘʨ ʢʫʣʴ, ʧʨʠ ʷʢʦʤʫ ʚʝʢʪʦʨʠ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʢʫʣʴ ʫ ʤʦʤʝʥʪ ʾʭ ʟʽʪʢʥʝʥʥʷ ʣʝʞʘʪʴ ʥʘ ʧʨʷʤʽʡ, ʱʦ ʩʧʦʣʫʯʘʻ 

ʮʝʥʪʨʠ ʢʫʣʴ. ʇʨʦʤʽʞʦʢ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʜʘʨ, 

ʟʜʝʙʽʣʴʰʦʛʦ ʜʫʞʝ ʤʘʣʠʡ ʽ ʩʢʣʘʜʘʻ ʚʽʜ 10
-4
 ʩ ʜʦ 10

-6
 ʩ. ʇʨʠ ʫʜʘʨʽ ʥʘ 

ʧʣʦʱʠʥʘʭ ʢʦʥʪʘʢʪʫ ʪʽʣ ʚʠʥʠʢʘʶʪʴ ʩʠʣʠ, ʱʦ ʦʜʝʨʞʘʣʠ ʥʘʟʚʫ ʫʜʘʨʥʠʭ ʘʙʦ 

ʤʠʪʪʻʚʠʭ. ɿʤʽʥʶʶʪʴʩʷ ʚʦʥʠ ʧʽʜ ʯʘʩ ʫʜʘʨʫ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʽ ʜʦʩʷʛʘʶʪʴ 

ʟʥʘʯʝʥʴ, ʧʨʠ ʷʢʠʭ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʪʠʩʢʫ (ʥʘʧʨʫʛʠ) ʥʘ ʧʣʦʱʠʥʘʭ 

ʢʦʥʪʘʢʪʫ ʜʦʩʷʛʘʶ ʟʥʘʯʝʥʥʷ 10
9
 ʽ ʥʘʚʽʪʴ          10

10
 ʅ/ʤ

2
. 

ɼʽʷ ʫʜʘʨʥʠʭ ʩʠʣ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʚʩʽʭ ʪʦʯʦʢ ʪʽʣʘ 

ʧʨʦʪʷʛʦʤ ʫʜʘʨʫ. ʅʘʩʣʽʜʢʦʤ ʫʜʘʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ ʟʘʣʠʰʢʦʚʽ 

ʜʝʬʦʨʤʘʮʽʾ, ʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ, ʥʘʛʨʽʚʘʥʥʷ ʪʽʣ ʪʘ ʽʥ., ʘ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ 

ʟʽʪʢʥʝʥʥʷ, ʷʢʽ ʧʝʨʝʚʘʞʘʶʪʴ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ, - ʨʫʡʥʫʚʘʥʥʷ ʪʽʣ ʚ ʤʽʩʮʽ 

ʫʜʘʨʫ. ʂʨʠʪʠʯʥʽ ʰʚʠʜʢʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʽʜʽ ʩʢʣʘʜʘʶʪʴ ʙʽʣʷ 15 ʤ/ʩ, ʘ 

ʜʣʷ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʩʪʘʣʽ - 150 ʤ/ʩ ʽ ʙʽʣʴʰʝ. 

ʇʨʦʮʝʩ ʫʜʘʨʫ ʪʽʣ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʬʘʟʠ. ʇʝʨʰʘ -  ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʤʦʤʝʥʪʫ ʜʦʪʠʢʘʥʥʷ ʪʽʣ ʽ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʢʽʥʮʷ ʾʭ ʟʙʣʠʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʯʘʩʪʠʥʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʽʣ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ 

ʜʝʬʦʨʤʘʮʽʾ. 

ʇʽʜ ʯʘʩ ʜʨʫʛʦʾ ʬʘʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʦʨʦʪʥʽʡ ʧʝʨʝʭʽʜ ʧʦʪʝʥʮʽʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʪʽʣ. ʇʨʠ ʮʴʦʤʫ ʪʽʣʘ 

ʧʦʯʠʥʘʶʪʴ ʨʦʟʭʦʜʠʪʠʩʴ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ ʽ ʧʽʜ ʢʽʥʝʮʴ ʜʨʫʛʦʾ ʬʘʟʠ ʚʦʥʠ 

ʨʫʭʘʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʚʽʜʥʦʩʥʦ ʟʘʛʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩ. 

ʗʢʱʦ ʧʽʩʣʷ ʫʜʘʨʫ ʪʽʣʘ ʧʦʚʥʽʩʪʶ ʚʽʜʥʦʚʣʶʶʪʴ ʩʚʦʶ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ, ʘ 

ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʥʘʙʫʚʘʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʪʦ ʫʜʘʨ 

ʥʘʟʠʚʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʧʨʫʞʥʠʤ. 

ʗʢʱʦ ʞ ʫʜʘʨ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ ʧʝʨʰʽʡ ʬʘʟʽ ʽ ʪʽʣʘ ʧʽʩʣʷ ʫʜʘʨʫ ʨʫʭʘʶʪʴʩʷ 

ʷʢ ʦʜʥʝ ʮʽʣʝ, ʪʦ ʫʜʘʨ ʥʘʟʠʚʘʻʪʴʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʫʞʥʠʤ. ʄʝʭʘʥʽʯʥʘ 

ʝʥʝʨʛʽʷ ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʯʘʩʪʠʥʘ ʾʾ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʶ 

ʝʥʝʨʛʽʶ ʪʽʣ. 

ʇʨʠ ʫʜʘʨʽ ʨʝʘʣʴʥʠʭ ʪʽʣ ʧʨʠʩʫʪʥʽ ʦʙʠʜʚʽ ʬʘʟʠ, ʘʣʝ ʧʦʚʥʦʛʦ ʧʦʚʝʨʥʝʥʥʷ 

ʬʦʨʤʠ ʪʽʣ, ʱʦ ʩʪʠʢʘʶʪʴʩʷ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 
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ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʯʝʨʝʟ ʚʪʨʘʪʠ ʥʘ ʟʘʣʠʰʢʦʚʫ ʜʝʬʦʨʤʘʮʽʶ ; ʥʘʛʨʽʚʘʥʥʷ ʪʽʣ 

ʪʘ ʽʥʰʝ. 

ʇʦʚʥʠʡ ʦʧʠʩ ʧʨʦʮʝʩʽʚ ʜʣʷ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʪʽʣ, ʱʦ 

ʩʪʠʢʘʶʪʴʩʷ, ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʚ ʤʝʞʘʭ ʜʠʥʘʤʽʯʥʠʭ ʟʘʢʦʥʽʚ, ʷʢʽ ʜʝʪʘʣʴʥʦ 

ʟʤʘʣʴʦʚʫʶʪʴ ʚʩʽ ʟʤʽʥʠ ʩʠʩʪʝʤʠ ʟ ʯʘʩʦʤ. ɸʣʝ ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ, ʱʦ ʜʣʷ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ ʪʽʣ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʚʠʧʣʠʚʘʶʪʴ ʟ ʟʘʢʦʥʽʚ ʜʠʥʘʤʽʢʠ, ʜʫʞʝ ʩʢʣʘʜʥʽ ʘʙʦ 

ʚʽʜʩʫʪʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʜʝʷʢʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʮʽ ʨʽʚʥʷʥʥʷ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʚʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʟʘʢʦʥʘʤʠ ʟʙʝʨʝʞʝʥʥʷ, ʱʦ ʜʽʡʩʥʽ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ 

ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʪʦʙʪʦ, ʪʘʢʠʭ ʩʠʩʪʝʤ, ʥʘ ʪʽʣʘ ʷʢʠʭ ʥʝ ʜʽʶʪʴ ʟʦʚʥʽʰʥʽ 

ʩʠʣʠ, ʻ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ,  ʽʤʧʫʣʴʩʫ, ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. 

ɿʦʢʨʝʤʘ, ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: ʽʤʧʫʣʴʩ 

ʽʟʦʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʽʣ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʠʤ 
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ɿʛʘʜʘʻʤʦ, ʱʦ ʽʤʧʫʣʴʩ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʛʝʦʤʝʪʨʠʯʥʘ ʩʫʤʘ 

ʽʤʧʫʣʴʩʽʚ ʦʢʨʝʤʠʭ ʪʽʣ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʜʘʥʫ ʩʠʩʪʝʤʫ, ʘ ʽʤʧʫʣʴʩ ʪʽʣʘ - ʮʝ 

ʚʝʢʪʦʨ, ʨʽʚʥʠʡ ʜʦʙʫʪʢʫ ʤʘʩʠ ʪʽʣʘ ʥʘ ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ: 
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ɯʤʧʫʣʴʩ ʩʠʩʪʝʤʠ ʪʽʣ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʪʘʢʦʞ ʜʦʙʫʪʢʦʤ ʩʫʤʘʨʥʦʾ 

ʤʘʩʠ ʪʽʣ ʩʠʩʪʝʤʠ  ä mi ʥʘ ʰʚʠʜʢʽʩʪʴ ʮʝʥʪʨʘ ʤʘʩ ʮʽʻʾ ʩʠʩʪʝʤʠ ʩu . 

ʎʝʥʪʨ ʤʘʩ (ʮʝʥʪʨ ʽʥʝʨʮʽʾ) - ʮʝ ʛʝʦʤʝʪʨʠʯʥʘ ʪʦʯʢʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʨʦʟʧʦʜʽʣ ʤʘʩʠ ʚ ʪʽʣʽ ʯʠ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ. ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʤʘʩ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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R      (3) 

ʜʝ  mi ï ʤʘʩʘ; 

     Ri ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ -̔ʪʦʛʦ ʪʽʣʘ.  

ʇʽʜ ʯʘʩ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʾʾ ʮʝʥʪʨ ʤʘʩ ʨʫʭʘʻʪʴʩʷ ʪʘʢ, ʷʢ 

ʨʫʭʘʣʘʩʴ ʙʠ ʤʘʪʝʨʽʘʣʴʥʘ ʪʦʯʢʘ, ʱʦ ʤʘʻ ʤʘʩʫ, ʨʽʚʥʫ ʤʘʩʽ ʩʠʩʪʝʤʠ ʽ ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʚʩʽʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʩʠʩʪʝʤʠ. ɿ 
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ʦʩʪʘʥʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʟ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʮʝʥʪʨ ʤʘʩ ʽʟʦʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʘʙʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʘʙʦ 

ʨʫʭʘʻʪʴʩʷ ʟ ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ. 

 ɼʦ ʯʠʩʣʘ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʘʣʝ ʚ 

ʥʴʦʤʫ ʤʦʚʘ ʡʜʝ ʧʨʦ ʧʦʚʥʫ ʝʥʝʨʛʽʶ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʥʝʨʛʽʾ ʚʩʽʭ 

ʚʠʜʽʚ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʽʣ. ɼʣʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʨʽʚʥʘ ʩʫʤʽ 

ʢʽʥʝʪʠʯʥʦʾ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ 

ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ, ʘʣʝ ʚʽʥ ʥʝ ʷʚʣʷʻʪʴʩʷ ʟʘʛʘʣʴʥʠʤ,ʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʠʩʣʘ 

ʟʘʢʦʥʽʚ, ʷʢʽ ʩʧʨʘʚʜʞʫʶʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʦʙʤʝʞʝʥʦʛʦ ʢʣʘʩʫ ʩʠʩʪʝʤ ʽ ʷʚʠʱ. 

ʄʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʫʤʦʚʽ ʜʽʾ ʤʽʞ ʪʽʣʘʤʠ ʩʠʩʪʝʤʠ ʪʽʣʴʢʠ 

ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʩʠʣ. ʂʦʥʩʝʨʚʘʪʠʚʥʠʤʠ ʥʘʟʠʚʘʶʪʴ ʪʘʢʽ ʩʠʣʠ, ʨʦʙʦʪʘ ʷʢʠʭ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʰʣʷʭʫ. ɼʦ ʯʠʩʣʘ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ 

ʛʨʘʚʽʪʘʮʽʡʥʽ, ʧʨʫʞʥʽ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʪʘ ʜʝʷʢʽ ʽʥʰʽ ʩʠʣʠ. ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʤʘʻ ʪʘʢʝ ʬʦʨʤʫʣʶʚʘʥʥʷ: ʧʦʚʥʘ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ 

ʽʟʦʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʽʣ, ʤʽʞ ʷʢʠʤʠ ʜʽʶʪʴ ʪʽʣʴʢʠ ʢʦʥʩʝʨʚʘʪʠʚʥʽ ʩʠʣʠ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ. 

ʂʘʞʫʯʠ ʧʨʦ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʮʽ ʟʘʢʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚ ʪʝʦʨʽʾ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʜʝ ʢʨʽʤ ʫʞʝ 

ʚʽʜʦʤʠʭ ʚʽʜʢʨʠʪʦ ʙʘʛʘʪʦ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ: ʙʘʨʽʦʥʥʦʛʦ 

ʟʘʨʷʜʫ, ʣʝʧʪʦʥʥʦʛʦ ʟʘʨʷʜʫ ʪʘ ʽʥʰʽ. ɿʥʘʯʝʥʥʷ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʚ ʪʝʦʨʽʾ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʣʝʛʢʦ 

ʟʥʘʭʦʜʠʪʠ ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ ʜʣʷ ʨʝʘʢʮʽʡ ʤʽʞ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, 

ʪʦʙʪʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ, ʷʢʽ ʨʝʘʢʮʽʾ ʚ ʧʨʠʨʦʜʽ ʤʦʞʣʠʚʽ, ʘ ʷʢʽ ʟʘʙʦʨʦʥʝʥʽ. 

ɿʛʽʜʥʦ ʟ ʩʫʯʘʩʥʠʤ ʫʷʚʣʝʥʥʷʤ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʤʝʪʨʽʾ ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ. ʊʝʦʨʝʤʘ ʅʝʪʝʨ ʩʪʚʝʨʜʞʫʻ, ʱʦ 

ʥʘʷʚʥʽʩʪʴ ʫ ʩʠʩʪʝʤʽ ʩʠʤʝʪʨʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʜʣʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʽʩʥʫʻ 

ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʎʷ ʪʝʦʨʝʤʘ ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦʶ, ʙʦ 

ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʷʚʣʝʥʠʭ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ 

ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʚʽʪʫ, ʚ ʷʢʦʤʫ ʤʠ 

ʞʠʚʝʤʦ.ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʽʤʧʫʣʴʩʫ ʪʘ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ 

ʟʚ'ʷʟʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʜʥʦʨʽʜʥʽʩʪʶ ʯʘʩʫ, ʦʜʥʦʨʽʜʥʽʩʪʶ ʧʨʦʩʪʦʨʫ ʪʘ 

ʽʟʦʪʨʦʧʥʽʩʪʶ ʧʨʦʩʪʦʨʫ. 

ʊʦʤʫ ʧʝʨʝʚʽʨʢʘ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʷʚʣʷʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʚʽʨʢʦʶ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʤʝʪʨʽʾ ʧʨʦʩʪʦʨʫ ʽ ʯʘʩʫ. 

ɿʘʩʪʦʩʫʻʤʦ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʜʘʨʫ ʜʚʦʭ 

ʢʫʣʴ. 

ɼʣʷ ʧʨʷʤʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʜʘʨʫ ʜʚʦʭ ʢʫʣʴ ʾʭ ʰʚʠʜʢʦʩʪʽ ʜʦ ʫʜʘʨʫ 

(ʷʢʱʦ ʩʠʩʪʝʤʘ ʽʟʦʣʴʦʚʘʥʘ, ʪʦ ʪʘʢʦʞ ʽ ʧʽʩʣʷ ʫʜʘʨʫ) ʥʘʧʨʘʚʣʝʥʽ ʚʟʜʦʚʞ 

ʧʨʷʤʦʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨʠ ʢʫʣʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʢʫʣʽ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʽʟʦʣʴʦʚʘʥʫ 

ʩʠʩʪʝʤʫ, ʟʜʽʡʩʥʶʶʪʴ ʘʙʩʦʣʶʪʥʦ ʧʨʫʞʥʠʡ ʫʜʘʨ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. ɿʛʽʜʥʦ ʟ 
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ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ, ʽʤʧʫʣʴʩ ʜʚʦʭ ʢʫʣʴ ʜʦ ʫʜʘʨʫ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʨʽʚʥʠʤ ʽʤʧʫʣʴʩʫ ʮʠʭ ʞʝ ʢʫʣʴ ʧʽʩʣʷ ʫʜʘʨʫ: 

                    

.22112211 UmUmmm
CCCC

+=+ uu    (4) 

                                    

ʆʩʢʽʣʴʢʠ ʰʚʠʜʢʦʩʪʽ ʥʘʧʨʘʚʣʝʥʽ ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʧʨʷʤʦʾ, ʛʝʦʤʝʪʨʠʯʥʫ 

ʩʫʤʫ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʩʫʤʦʶ ʘʣʛʝʙʨʘʾʯʥʦʶ: 

           

m1 ɡ1 + m2 ɡ 2 = m1 U1 + m2 U2  .   (5) 

 

ɺʚʘʞʘʶʯʠ, ʱʦ ʢʫʣʽ ʚʟʘʻʤʦʜʽʶʪʴ ʪʽʣʴʢʠ ʧʽʜ ʯʘʩ ʫʜʘʨʫ ʪʘ ʚʨʘʭʦʚʫʶʯʠ 

ʽʟʦʣʴʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʚʥʘ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʦʙʦʭ 

ʢʫʣʴ ʜʦ ʽ ʧʽʩʣʷ ʫʜʘʨʫ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʾʭ ʢʽʥʝʪʠʯʥʠʭ ʝʥʝʨʛʽʡ ʚ ʚʽʜʧʦʚʽʜʥʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ. ʊʦʤʫ ʚʽʜʧʦʚʽʜʥʦ ʟʘʢʦʥʦʚʽ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʝʤʦ 

ʟʘʧʠʩʘʪʠ: 
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ʈʽʚʥʷʥʥʷ (5) ʪʘ (6) ʟʚʝʜʝʤʦ ʜʦ ʚʠʜʫ: 

     

m1 (ɡ 1 - U1 ) = m2  ( U2 ï ɡ2),    (7) 
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 2
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).             (8) 

 

ʇʦʜʽʣʠʚʰʠ (8) ʥʘ (7),  ʦʜʝʨʞʫʻʤʦ:  

 

ɡ 1 + U1  =  U2 + ɡ 2 .    (9) 

 

ʈʦʟʚôʷʟʫʶʯʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (7) ʪʘ (9), ʟʥʘʭʦʜʠʤʦ ʚʠʨʘʟʠ ʜʣʷ 

ʰʚʠʜʢʦʩʪʽ ʢʫʣʴ ʧʽʩʣʷ ʫʜʘʨʫ: 
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uu
    (11) 

 

ʗʢʱʦ ʤʘʩʠ ʢʫʣʴ ʦʜʥʘʢʦʚʽ, ʪʦ: 

 

m1 = m2 = m.      (12) 

 

ʇʽʜʩʪʘʚʠʚʰʠ (12) ʚ (10) ʪʘ (11), ʦʜʝʨʞʫʻʤʦ:  
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11 u=U ;    22 u=U ,    (13) 

 

ʊʦʙʪʦ ʢʫʣʽ ʦʙʤʽʥʶʶʪʴʩʷ ʰʚʠʜʢʦʩʪʷʤʠ. 

ɿʥʘʶʯʠ ʤʘʩʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʢʫʣʴ ʜʦ ʽ ʧʽʩʣʷ ʫʜʘʨʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʩʝʨʝʜʥʶ ʩʠʣʫ ʫʜʘʨʫ ʢʫʣʴ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʫʻʤʦ ʜʨʫʛʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, 

ʥʘʧʨʠʢʣʘʜ, ʜʦ ʜʨʫʛʦʾ ʢʫʣʽ:      

    ,
)()( 22222

t

u

t

u -
=

D
=

Umm
F     (14) 

ʜʝ t ï ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʜʙʫʚʘʚʩʷ ʫʜʘʨ. 

 ʗʢʱʦ ʜʦ ʫʜʘʨʫ ʜʨʫʛʘ ʢʫʣʷ ʙʫʣʘ ʥʝʨʫʭʦʤʘ, ʪʦ ɡ 2 = 0    (15) 

ʧʽʜʩʪʘʚʣʷʶʯʠ (12), (13), ʪʘ (15) ʚ (14), ʤʘʻʤʦ: 

 

.1

t

um
F =       (16) 

 

ʋ ʚʠʧʘʜʢʫ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʫʞʥʦʛʦ ʫʜʘʨʫ ʜʚʦʭ ʢʫʣʴ ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ 

ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʟʘʧʠʰʝʤʦ: 

m1 ɡ 1 +  m2 ɡ 2 = ( m1 +m2 ) U ,   (17) 

 

ʜʝ U ï ʰʚʠʜʢʽʩʪʴ ʦʙʦʭ ʢʫʣʴ ʧʽʩʣʷ ʫʜʘʨʫ. 

ɿʚʽʜʢʠ ʟʥʘʭʦʜʠʤʦ 

.
21

2211

mm

mm
U

+

+
=

uu
     (18) 

 

ɺʪʨʘʪʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʫʞʥʦʤʫ ʫʜʘʨʽ ʟʥʘʡʜʝʤʦ 

ʷʢ ʨʽʟʥʠʮʶ ʢʽʥʝʪʠʯʥʠʭ ʝʥʝʨʛʽʡ ʦʙʦʭ ʢʫʣʴ ʜʦ ʪʘ ʧʽʩʣʷ ʫʜʘʨʫ: 

 

.
2

)(

22
W-WWW

2

21

2

22

2

11
2-121

Ummmm +
-+=+=D

uu
  (19) 

ʇʽʜʩʪʘʚʠʚʰʠ (18) ʚ (19) ʧʨʠʡʜʝʤʦ ʜʦ   ʪʘʢʦʛʦ   ʚʠʨʘʟʫ: 

.)(
)(2

2

21

21

21 uu-
+

=D
mm

mm
W     (20) 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʽ ʢʽʥʮʝʚʠʭ ʰʚʠʜʢʦʩʪʝʡ 

ʢʫʣʴ, ʘ ʪʘʢʦʞ ʯʘʩʫ ʫʜʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʣʘʜ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʰʪʘʪʠʚʘ 1 (ʜʠʚ. ʨʠʩ.1), ʥʘ ʷʢʦʤʫ ʟ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 2 

ʧʨʠʢʨʽʧʣʝʥʽ ʧʽʜʚʽʩʠ ʟ ʢʫʣʷʤʠ 3, ʜʚʦʭ ʢʫʪʦʤʨ̔ʥʠʭ ʰʢʘʣ 4, ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ 5 

ʪʘ ʩʝʢʫʥʜʦʤʽʨʘ 6.   
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ʈʠʩ. 1      ʈʠʩ. 2 

 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʧʨʫʞʥʦʛʦ ʫʜʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʩʪʘʣʴʥʽ ʢʫʣʽ, ʘ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʥʝʧʨʫʞʥʦʛʦ ʫʜʘʨʫ - ʧʣʘʩʪʠʣʽʥʦʚʽ. ɽʣʝʢʪʨʦʤʘʛʥʽʪ ʩʣʫʞʠʪʴ ʜʣʷ 

ʫʪʨʠʤʘʥʥʷ ʧʝʨʰʦʾ ʢʫʣʽ ʚ ʚʽʜʭʠʣʝʥʦʤʫ ʥʘ ʢʫʪ a1 ʧʦʣʦʞʝʥʥʽ. ɼʨʫʛʘ ʢʫʣʷ ʜʦ 

ʧʦʯʘʪʢʫ ʚʠʤʽʨʶʚʘʥʴ ʥʝʨʫʭʦʤʘ ʚ ʧʦʣʦʞʝʥʥʽ ʨʽʚʥʦʚʘʛʠ. 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʰʦʾ ʢʫʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʫʜʘʨʦʤ ʤʦʞʥʘ ʚʠ-

ʨʘʭʫʚʘʪʠ, ʟʥʘʶʯʠ ʜʦʚʞʠʥʫ ʧʽʜʚʽʩʫ ʪʘ ʧʦʯʘʪʢʦʚʠʡ ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʢʫʣʽ 

(ɼʠʚ.ʨʠʩ. 2 ). 

ʆʩʢʽʣʴʢʠ ʟ ʧʦʣʦʞʝʥʥʷ ɸ ʚ ʧʦʣʦʞʝʥʥʷ ɺ ʢʫʣʷ ʨʫʭʘʻʪʴʩʷ ʪʽʣʴʢʠ ʧʽʜ ʜʽʻʶ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ, ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʥʘ ʦʩʥʦʚʽ 

ʷʢʦʛʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

.
2

2

11um
hmg =D      (21) 

ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʧʦʣʦʞʝʥʥʽ ɺ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ 

ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ. ɿ ʨʠʩʫʥʢʘ 2. ʚʠʜʥʦ, ʱʦ: 

                .21 hhh -=D                (22) 

ɿ ʨʽʚʥʷʥʴ (21) ʪʘ (22) ʟʥʘʭʦʜʠʤʦ: 

.2 hgD=u                            (23) 

ɿʘ ʮʽʻʶ ʞ ʬʦʨʤʫʣʦʶ ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʚʠʜʢʦʩʪʽ ʢʫʣʴ ʧʽʩʣʷ ʫʜʘʨʫ.  

ʏʘʩ ʫʜʘʨʫ ʚʠʤʽʨʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨʦʤ.  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʥʽʡ ʤʝʪʦʜ ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʩʧʦʩʽʙ 

ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʤʘʶʪʴ ʧʝʚʥʽ ʧʦʭʠʙʢʠ, ʷʢʽ ʙʝʟʫʤʦʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ. 

ɼʽʡʩʥʦ, ʤʠ ʚʚʘʞʘʣʠ ʩʠʩʪʝʤʫ ʢʫʣʴ ʽʟʦʣʴʦʚʘʥʦʶ ʽ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʩʠʣ 

ʪʝʨʪʷ ʟ ʙʦʢʫ ʢʨʦʥʰʪʝʡʥʘ ʪʘ ʧʦʚʽʪʨʷ. ʄʠ ʪʘʢʦʞ ʚʚʘʞʘʣʠ ʩʪʘʣʴʥʽ ʢʫʣʽ 

ʘʙʩʦʣʶʪʥʦ ʧʨʫʞʥʠʤʠ, ʘ ʧʣʘʩʪʠʣʽʥʦʚʽ ï ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʫʞʥʠʤʠ, ʱʦ ʻ 
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ʽʜʝʘʣʽʟʘʮʽʻʶ ʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʣʘʩʪʠʚʦʩʪʷʤ ʨʝʘʣʴʥʠʭ ʪʽʣ. ʂʨʽʤ ʮʴʦʛʦ 

ʥʝʤʠʥʫʯʽ ʧʦʭʠʙʢʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʜʦʚʞʠʥʠ ʧʽʜʚʽʩʫ ʪʘ ʢʫʪʦʚʠʭ ʚʽʜʭʠʣʝʥʴ 

ʢʫʣʴ, ʪʦʤʫ ʚʠʢʦʥʘʥʥʷ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʩʣʽʜ ʯʝʢʘʪʠ ʚ ʨʘʤʢʘʭ ʮʠʭ 

ʧʦʭʠʙʦʢ. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
ɸ. ʇʨʫʞʥʠʡ ʫʜʘʨ ʢʫʣʴ. 

1. ʇʦʚʝʨʪʘʶʯʠ ʢʦʨʙʦʯʢʫ 7, ʚʩʪʘʥʦʚʠʪʠ ʪʘʢʫ ʚʽʜʜʘʣʴ ʤʽʞ ʩʪʝʨʞʥʷʤʠ, ʱʦʙ 
ʢʫʣʽ ʜʦʪʠʢʘʣʠʩʴ ʦʜʥʘ ʜʦ ʦʜʥʦʾ. 

2. ɺʩʪʘʥʦʚʠʪʠ ʢʫʪʦʤʽʨʠ ʪʘʢ, ʱʦʙ ʣʝʟʘ ʧʽʜʚʽʩʽʚ ʚ ʧʦʣʦʞʝʥʥʽ ʨʽʚʥʦʚʘʛʠ 
ʧʦʢʘʟʫʚʘʣʠ ʥʘ ʰʢʘʣʘʭ ʥʫʣʽ. ʐʢʘʣʠ ʟʘʢʨʽʧʠʪʠ ʛʘʡʢʘʤʠ. 

3. ɺʚʽʤʢʥʫʪʠ ʩʝʢʫʥʜʦʤʽʨ ʚ ʤʝʨʝʞʫ; ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʝʪʴ" ʤʽʣʽʩʝʢʫʥʜʦ-

ʤʽʨʘ; ʚʽʜʧʫʩʪʠʪʠ ʢʣʘʚʽʰʫ ʧʫʩʢ "ʉʪʘʨʪ".  ʇʨʘʚʫ ʢʫʣʶ ʚʽʜʭʠʣʠʪʠ ʚ ʙʽʢ 

ʝʣʝʢ-ʪʨʦʤʘʛʥʽʪʫ ʽ ʙʣʦʢʫʚʘʪʠ ʚ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʽ. 

4. ɿʘʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ ʢʫʪʘ a1;  ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʙʨʦʩ"; ʥʘʪʠʩʥʫʪʠ 

ʢʣʘʚʽʰʫ ʧʫʩʢ "ʉʪʘʨʪ". 

5. ʇʽʩʣʷ ʟʽʪʢʥʝʥʥʷ ʢʫʣʴ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ a1¡ ʽ a2¡, ʘ ʪʘʢʦʞ 
ʟʘʧʠʩʘʪʠ ʯʘʩ ʟʽʪʢʥʝʥʥʷ. 

6. ɼʦʩʣʽʜ ʧʦʚʪʦʨʠʪʠ ʥʝ ʤʝʥʰʝ 10 ʨʘʟʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʽ ʯʘʩʫ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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7. ɺʠʤʽʨʷʪʠ ʚʠʩʦʪʫ ʧʽʜʥʽʤʘʥʥʷ ʢʫʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʨʠʩ.2. 

8. ʅʘ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʘʭ ʚʠʟʥʘʯʠʪʠ ʤʘʩʫ ʢʫʣʽ ʟ ʪʦʯʥʽʩʪʶ °0,12ʛ. ʇʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʝʟʽʚ ʤʘʩʫ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ rp 3

3

4
Rm= , ʜʝ 

./108,7 33 ʤʢʛÖ=r  

9. ɺʩʽ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ:  

ʊʘʙʣʠʮʷ 1 

ˉ  

ʜʦʩʣʽʜʫ 
a1,  

ʛʨʘʜ 

a1¡, 
ʛʨʘʜ 

a2¡, 
ʛʨʘʜ 

Dh, 

ʤ 

m, 

ʢʛ 
t, 
ʩ 

       

 

ɺ. ʅʝʧʨʫʞʥʠʡ ʫʜʘʨ ʢʫʣʴ. 

1. ɿʘʤʽʥʠʪʠ ʥʘ ʧʨʠʣʘʜʽ ʩʪʘʣʴʥʽ ʢʫʣʽ ʧʣʘʩʪʠʣʽʥʦʚʠʤʠ. 

2. ɺʠʢʦʥʘʪʠ ʧʫʥʢʪʠ 1- 4 ʟʘʚʜʘʥʥʷ ɸ. 

3. ʇʽʩʣʷ ʟʽʪʢʥʝʥʥʷ ʢʫʣʴ ʚʠʟʥʘʯʠʪʠ ʢʫʪ a2±. 
4. ɼʦʩʣʽʜ ʧʦʚʪʦʨʠʪʠ ʥʝ ʤʝʥʰʝ 10 ʨʘʟʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʫʪʘ 
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ʟʘ ʬʦʨʤʫʣʦʶ:  

                               .
1

1

22 ä
=

¡¡=¡¡
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i

i
n
aa  

5. ɺʠʢʦʥʘʪʠ ʧʫʥʢʪʠ 7 - 9  ʟʘʚʜʘʥʥʷ ɸ.  

 

ʊʘʙʣʠʮʷ 2. 

ˉ  

ʜʦʩʣʽʜʫ 
a1,  

ʛʨʘʜ 

a2±, 
ʛʨʘʜ 

m, 

ʢʛ 

l, 

ʤ 

     

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʾʭ ʘʥʘʣʽʟ 
ɸ.1. ɿʘ ʬʦʨʤʫʣʦʶ (23), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 1, ʚʠʨʘʭʫʚʘʪʠ 

ʰʚʠʜʢʦʩʪʽ ʢʫʣʴ ʜʦ ʫʜʘʨʫ ɡ1 ʪʘ ɡ2, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʫʜʘʨʫ U1 ʪʘ U2 . 

2.  ɿʘ ʬʦʨʤʫʣʘʤʠ (5) ʪʘ (6) ʧʝʨʝʚʽʨʠʪʠ ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʟʘʢʦʥʽʚ 

ʟʙʝʨʝʞʝʥʥʷ. ɺʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

3.  ɿʘ ʬʦʨʤʫʣʦʶ (16) ʟʥʘʡʪʠ ʩʝʨʝʜʥʶ ʩʠʣʫ ʫʜʘʨʫ. ʆʮʽʥʠʪʠ ʾʾ ʚʝʣʠʯʠʥʫ. 

4.  ɿʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ.  

ɺ.1. ɿʘ ʬʦʨʤʫʣʦʶ (23), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 2, ʚʠʨʘʭʫʚʘʪʠ 

ʰʚʠʜʢʦʩʪʽ ʢʫʣʴ ʜʦ ʫʜʘʨʫ ɡ1 ʪʘ ɡ2, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʫʜʘʨʫ U. 

2. ɿʘ ʬʦʨʤʫʣʦʶ (17) ʧʝʨʝʚʽʨʠʪʠ ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ 

ʽʤʧʫʣʴʩʫ. 

3.  ɿʘ ʬʦʨʤʫʣʦʶ (19) ʟʥʘʡʪʠ ʚʪʨʘʪʠ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. 

4.  ɺʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʠʨʘʭʫʚʘʪʠ ʘʙʩʦʣʶʪʥʫ ʽ 

ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ɯʤʧʫʣʴʩ ʪʽʣʘ. ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ. ʎʝʥʪʨ ʤʘʩ ʩʠʩʪʝʤʠ. 

2. ʋʜʘʨ. ɸʙʩʦʣʶʪʥʦ ʧʨʫʞʥʠʡ ʪʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʫʞʥʠʡ ʫʜʘʨʠ. 

3. ɽʥʝʨʛʽʷ. ɺʠʜʠ ʝʥʝʨʛʽʾ ʚ ʤʝʭʘʥʽʮʽ. ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ. ʏʠ ʟʘʚʞʜʠ 
ʚʽʥ ʩʧʨʘʚʜʞʫʻʪʴʩʷ? 

4. ʇʝʨʝʨʘʭʫʡʪʝ ʜʞʝʨʝʣʘ ʧʦʭʠʙʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1-4 

ɺʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʫʣʽ  

ʟ ʜʦʧʦʤʦʛʦʶ ʙʘʣʽʩʪʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ  

ʣ.1. ÄÄ 16, 17, 24, 25 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʫʞʥʦʤʫ 

ʟʽʪʢʥʝʥʥʽ ʪʽʣ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʫʣʽ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʙʘʣʽʩʪʠʯʥʠʡ ʤʘʷʪʥʠʢ, ʧʥʝʚʤʘʪʠʯʥʘ ʛʚʠʥʪʽʚʢʘ, 
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ʘʥʘʣʽʪʠʯʥʽ ʪʝʨʝʟʠ, ʣʽʥʽʡʢʘ. 

ʆʧʠʩ ʫʩʪʘʥʦʚʢʠ 
(ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʦʧʠʩʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ 1 - 3 ) 

ɹʘʣʽʩʪʠʯʥʠʤ ʤʘʷʪʥʠʢʦʤ ʚ ʥʘʰʽʡ ʨʦʙʦʪʽ ʷʚʣʷʻʪʴʩʷ ʤʘʩʠʚʥʠʡ ʮʠʣʽʥʜʨ, 

ʟʘʧʦʚ-ʥʝʥʠʡ ʧʣʘʩʪʠʣʽʥʦʤ ʽ ʧʽʜʚʽʰʝʥʠʡ ʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝʨʦʟʪʷʞʥʠʭ ʥʠʪʢʘʭ 

(ʨʠʩ. 1). 

ʅʘ ʜʝʷʢʽʡ ʚʽʜʜʘʣʽ ʚʽʜ ʮʠʣʽʥʜʨʘ ʥʘ ʡʦʛʦ ʦʩʽ ʟʘʢʨʽʧʣʝʥʘ ʧʥʝʚʤʘʪʠʯʥʘ 

ʛʚʠʥʪʽʚʢʘ. ʇʨʠ ʧʦʩʪʨʽʣʽ ʰʚʠʜʢʽʩʪʴ ʢʫʣʽ ʥʘʧʨʘʚʣʝʥʘ ʚʟʜʦʚʞ ʧʨʷʤʦʾ, ʷʢʘ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ ʤʘʷʪʥʠʢʘ. ʂʫʣʷ ʤʘʩʦʶ m ʧʽʩʣʷ ʟʽʪʢʥʝʥʥʷ ʟʘ-

ʩʪʨʷʛʘʻ ʚ ʧʣʘʩʪʠʣʽʥʽ ʤʘʷʪʥʠʢʘ, ʪʦʤʫ ʫʜʘʨ ʚʚʘʞʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʫʞʥʠʤ. 

ʊʘʢ ʷʢ ʤʘʷʪʥʠʢ ʜʦ ʫʜʘʨʫ ʙʫʚ ʥʝʨʫʭʦʤʠʡ, ʪʦʙʪʦ ɡ1 = ʆ, ʪʦ ʽʟ ʩʧʽʚ-

ʚʽʜʥʦʰʝʥʥʷ (1) ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ˉ 3 ʦʜʝʨʞʠʤʦ: 

,
mM

m
U

+
=

u
     (1) 

ʜʝ   m ï ʤʘʩʘ ʢʫʣʽ;  

      ɡ ï ʰʚʠʜʢʽʩʪʴ ʢʫʣʽ ʧʝʨʝʜ ʫʜʘʨʦʤ;  

     M ï ʤʘʩʘ ʤʘʷʪʥʠʢʘ. 

LSA

a/2 B

h

C

O¡

l

a/2

a

O

 
ʈʠʩ.1 (ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʣʴʦʪʫ ʢʫʣʽ.) 

 

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʩʠʣʘʤʠ ʪʝʨʪʷ ʚ ʥʠʪʢʘʭ, ʥʘ ʷʢʠʭ ʧʽʜʚʽʰʝʥʠʡ ʤʘʷʪʥʠʢ 

ʽ ʦʧʦʨʦʤ ʧʦʚʽʪʨʷ, ʪʦ ʩʠʩʪʝʤʘ ʤʘʷʪʥʠʢ-ʢʫʣʷ ʧʽʩʣʷ ʫʜʘʨʫ ʻ ʽʟʦʣʴʦʚʘʥʦʶ ʽ 

ʢʦʥ-ʩʝʨʚʘʪʠʚʥʦʶ. ʊʫʪ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʝʥʝʨʛʽʾ: 

   

.2  ʽ    ,)(
2

)( 2

ghUʜʢʠʟʚghmM
UmM

=+=
+

  (2) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʧʽʜʥʽʤʘʥʥʷ 

ʤʘʷʪʥʠʢʘ ʧʽʩʣʷ ʧʦʧʘʜʘʥʥʷ ʚ ʥʴʦʛʦ ʢʫʣʽ.  

,
2

    
a

tgBChABC Ö=D  ʘʣʝ ʪʘʢ ʷʢ ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʤʘʣʠʡ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ 
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.
22

sin
l

AC

l

OA
=
¡

=
a

  OAO ¡D  ʟʥʘʭʦʜʠʤʦ 
l

AC

l

OA

22
sin =

¡
=

a
 ʪʦʤʫ 

.
22

2

l

AC

l

AC
ACh =Ö=  

ʋ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ AB º ɸʉ,  
ʜʝ    AB=S ï ʚʽʜʜʘʣʴ, ʥʘ ʷʢʫ ʟʤʽʱʫʻʪʴʩʷ ʧʦʢʘʞʯʠʢ ʥʘ ʣʽʥʽʡʮʽ L.  

ʆʩʪʘʪʦʯʥʦ ʦʜʝʨʞʫʻʤʦ: 

.
2

2

l

S
h=      (3)  

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ï (3), ʦʜʝʨʞʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʫʣʽ: 

 

   .2
)(

l

g
S

m

mM
gh

m
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m

mM +
=
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=Ö
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=u   (4) 

 

ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (4) ʚʝʣʠʯʠʥʠ M, m, l, S ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʣʽʜ: 

1. ʟʚʘʞʠʪʠ ʙʘʣʽʩʪʠʯʥʠʡ ʤʘʷʪʥʠʢ; 

2. ʟʚʘʞʠʪʠ ʢʫʣʽ; 

3. ʧʽʜʚʽʩʠʪʠ ʤʘʷʪʥʠʢ ʪʘʢ, ʱʦʙ ʚʽʩʴ ʮʠʣʽʥʜʨʘ ʟʥʘʭʦʜʠʣʘʩʴ ʥʘ ʣʽʥʽʾ ʧʦʣʴʦʪʫ 
ʢʫʣʽ. ʇʦʢʘʞʯʠʢ ʥʘ ʣʽʥʽʡʮʽ ʧʽʜʚʝʩʪʠ ʚʧʨʠʪʫʣ ʜʦ ʟʘʜʥʴʦʾ ʩʪʽʥʢʠ ʮʠʣʽʥʜʨʘ. 

ɺʠʤʽʨʷʪʠ ʜʦʚʞʠʥʫ ʧʽʜʚʽʩʫ ʤʘʷʪʥʠʢʘ; 

4. ʟʜʽʡʩʥʠʪʠ ʧʦʩʪʨʽʣ ʽ ʟʤʽʱʝʥʥʷ ʧʦʢʘʞʯʠʢʘ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ; 

5. ʜʦʩʣʽʜ ʧʦʚʪʦʨʠʪʠ ʢʽʣʴʢʘ ʨʘʟʽʚ. 

 

ˉ 

ʜʦʩʣʽʜʫ 

 

M,  ʢʛ 

 

m, ʢʛ 

 

l, ʤ 

 

S, ʤ 

 

ʩʤ ,u  

1.       

2.       

3.       

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʾʭ ʘʥʘʣʽʟ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (4) ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʢʫʣʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʩʪʨʽʣʫ 
ʦʢʨʝʤʦ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʘʩʘ ʤʘʷʪʥʠʢʘ ʧʽʩʣʷ 

ʢʦʞʥʦʛʦ ʧʦʩʪʨʽʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʩʠ ʢʫʣʽ. 

2. ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʽʚ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʫʣʽ; 
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ʘʙʩʦʣʶʪʥʫ ʽ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ; ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʽʜʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʂʦʥʪʨʦʣʴʥʽ  ʟʘʧʠʪʘʥʥʷ 
1. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʣʽʩʪʠʯʥʠʤ ʤʘʷʪʥʠʢʦʤ? 

2. ɿʘʧʠʩʘʪʠ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʜʣʷ ʧʨʫʞʥʦʛʦ ʽ ʥʝʧʨʫʞʥʦʛʦ ʫʜʘʨʽʚ ʢʫʣʴ. 

3. ʗʢ ʨʦʟʨʘʭʫʚʘʪʠ ʟʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ "ʤʘʷʪʥʠʢ-ʢʫʣʷ" ʧʨʠ 

ʥʝʧʨʫʞʥʦʤʫ ʫʜʘʨʽ? 

4. ʗʢ ʟʤʽʥʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʱʦ ʢʫʣʷ ʚʣʽʪʘʻ ʚ ʤʘʷʪʥʠʢ ʧʽʜ 

ʜʝʷʢʠʤ ʢʫʪʦʤ b  ʜʦ ʛʦʨʠʟʦʥʪʫ? 

5. ʗʢ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʨʦʟʭʦʜʞʝʥʥʷ ʚ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʢʫʣʽ, 

ʦʜʝʨʞʘʥʠʭ ʽʟ ʜʘʥʠʭ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʽ ʜʠʥʘʤʽʯʥʦʛʦ ʤʝʪʦʜʽʚ? 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1-5 
ɺʠʚʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦ ʧʨʫʞʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʜʘʨʫ ʢʫʣʴ  

ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʭʨʦʥʦʤʝʪʨʘ  

ʣ.1. ÄÄ 16,17,24,25 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʧʨʫʞʥʦʤʫ ʫʜʘʨʽ 

ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʫʜʘʨʫ;  ʩʝʨʝʜʥʴʦʾ ʩʠʣʠ ʫʜʘʨʫ ʽ 

ʰʚʠʜʢʦʩʪʽ ʢʫʣʽ ʚ ʤʦʤʝʥʪ ʫʜʘʨʫ ʟ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʭʨʦʥʦʤʝʪʨʘ.  

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ; ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ ʽ 

ʣʽʥʽʡʢʘ. 

ʆʧʠʩ ʫʩʪʘʥʦʚʢʠ 
( ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʦʧʠʩʘʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ˉ.1 - 3 ) 

ʏʘʩ ʟʽʪʢʥʝʥʥʷ t ʪʽʣ ʥʘʩʪʽʣʴʢʠ ʤʘʣʠʡ, ʱʦ ʡʦʛʦ ʥʝʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ 

ʩʝʢʫʥʜʦ-ʤʽʨʦʤ. ʁʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʭʨʦʥʦʤʝʪʨʘ, 

ʧʨʠʥʮʠʧ 

ʜʽʾ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʩʣʽʜʫʶʯʦʤʫ: ʢʫʣʷ ʧʨʠ ʫʜʘʨʽ ʟʘʤʠʢʘʻ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʘʨʷʜʞʝʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ, ʨʝʟʠʩʪʦʨʘ R ʽ 

ʛʘʣʴʚʘʥʦʤʝʪʨʘ G, ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʟʛʽʜʥʦ ʟ ʨʠʩ. 1. 
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ʈʠʩ.1 (ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʫʜʘʨʫ ʢʫʣʴ.) 
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ʅʝʭʘʡ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t ʢʦʥʜʝʥʩʘʪʦʨ ʤʘʚ ʟʘʨʷʜ q. ɿʘ ʯʘʩ Dt 
ʧʨʠ ʫʜʘʨʽ ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʤʝʥʰʠʚʩʷ ʥʘ Dq. ɺʠʭʦʜʷʯʠ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɯ=dq/dt, ʤʘʻʤʦ dq=ɯdt,  
ʜʝ  

ɯ ï ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ (ʡʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʟʘʢʦʥʫ ʆʤʘ) ɯ=U/R, 

ʘʣʝ U=q/C,  ʜʝ  ʉ ï ʻʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ; R ï ʦʧʽʨ ʢʦʣʘ. 

ʊʦʜʽ dq=(- q/RC)dt.  
ʈʦʟʜʽʣʠʤʦ ʟʤʽʥʥʽ ʽ ʧʨʦʽʥʪʝʛʨʫʻʤʦ ʦʩʪʘʥʥʽʡ ʚʠʨʘʟ: 

 

ññ =­-=

t
t

0

0ln;

0
RCq

q

RC

dt

q

dq
q

q

 

ɿʚʽʜʢʠ :  

t = C R ln q0/q , 

ʜʝ  q0 ï ʧʦʯʘʪʢʦʚʠʡ ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ;   

     q ï ʟʘʨʷʜ, ʷʢʠʡ ʟʘʣʠʰʠʚʩʷ ʧʽʩʣʷ ʫʜʘʨʫ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʨʷʜʫ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʛʘʣʴʚʘʥʦʤʝʪʨʦʤ, ʚʽʜʭʠʣʝʥʥʷ 

ʧʦʢʘʞʯʠʢʘ ʷʢʦʛʦ n ʧʨʦʧʦʨʮʽʡʥʝ ʟʥʘʯʝʥʥʶ ʟʘʨʷʜʫ. ʊʦʙʪʦ q0 ~ n0, ʘ q ~ n. 

ʊʦʜʽ  

t  = ʉ R ln n0/n. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ɺʽʜʚʝʩʪʠ ʦʜʥʫ ʽʟ ʢʫʣʴ ʽ ʟʘʢʨʽʧʠʪʠ ʾʾ ʬʽʢʩʘʪʦʨʦʤ, ʟʘʨʷʜʠʪʠ ʢʦʥʜʝʥʩʘʪʦʨ, 
ʧʦʩʪʘʚʠʚʰʠ ʧʝʨʝʤʠʢʘʯ ʇ ʚ ʧʦʣʦʞʝʥʥʷ "ɿʘʨʷʜʢʘ" ʥʘ 3-4 ʩ, ʘ ʧʦʪʽʤ 

ʨʦʟʨʷʜʠʪʠ ʡʦʛʦ ʯʝʨʝʟ ʛʘʣʴʚʘʥʦʤʝʪʨ ʰʣʷʭʦʤ ʧʝʨʝʚʝʜʝʥʥʷ ʧʝʨʝʤʠʢʘʯʘ ʇ ʚ 

ʧʦʣʦʞʝʥʥʷ "ʈʦʟʨʷʜʢʘ". ɿʘʧʠʩʘʪʠ ʧʦʢʘʟ ʛʘʣʴʚʘʥʦʤʝʪʨʘ n0 . ɼʦʩʣʽʜ 

ʧʦʚʪʦʨʠʪʠ ʥʝ ʤʝʥʰʝ 10 ʨʘʟʽʚ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ. 

ɼʣʷ ʟʘʩʧʦʢʦʻʥʥʷ ʧʦʢʘʞʯʠʢʘ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʩʣʽʜ ʧʝʨʽʦʜʠʯʥʦ ʥʘʪʠʩʢʘʪʠ 

ʢʥʦʧʢʫ ʂ . 

2. ɿʘʨʷʜʠʪʠ ʢʦʥʜʝʥʩʘʪʦʨ, ʧʝʨʝʚʽʚʰʠ ʧʝʨʝʤʠʢʘʯ ʇ ʩʧʦʯʘʪʢʫ ʚ ʧʦʣʦʞʝʥʥʷ 
"ɿʘʨʷʜʢʘ" ʥʘ 3-4 ʩ, ʘ ʧʦʪʽʤ ʚ ʥʝʡʪʨʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ. ʇʨʦʚʝʩʪʠ ʫʜʘʨ ʢʫʣʴ, 

ʟʚʽʣʴʥʠʚʰʠ ʧʨʠ ʮʴʦʤʫ ʬʽʢʩʘʪʦʨ. ʇʦʪʽʤ ʧʝʨʝʤʠʢʘʯ ʇ ʧʝʨʝʚʝʩʪʠ ʚ 

ʧʦʣʦʞʝʥʥʷ "ʈʦʟʨʷʜʢʘ" ʽ ʟʘʧʠʩʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʧʦʢʘʞʯʠʢʘ ʛʘʣʴʚʘʥʦʤʝʪʨʘ 

n. ɼʦʩʣʽʜ ʧʦʚʪʦʨʠʪʠ ʥʝ ʤʝʥʰʝ 10 ʨʘʟʽʚ. 

3. ɺʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʧʽʜʥʽʤʘʥʥʷ ʢʫʣʽ Dh ʽ ʾʾ ʨʘʜʽʫʩ r , ʘ ʪʘʢʦʞ 

ʟʘʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʢʦʣʘ R ʽ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ C . 

 

    C, ʌ     R ,  ʆʤ    n0, ʧʦʜ.     n, ʧʦʜ.       Dh, ʤ           r,  ʤ 
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ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʾʭ ʘʥʘʣʽʟ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (23) ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʢʫʣʽ ʧʨʠ ʫʜʘʨʽ(ʣ.ʨ. 1-3). 

2. ɿʘ ʬʦʨʤʫʣʦʶ (1) ʚʠʟʥʘʯʠʪʠ ʯʘʩ ʟʽʪʢʥʝʥʥʷ ʢʫʣʴ. ɿʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʽ 

ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ t . 
3. ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʢʫʣʽ ʽ ʟʘ ʬʦʨʤʫʣʦʶ (16) ʚʠʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʶ ʩʠʣʫ ʫʜʘʨʫ. 
ʇʦʷʩʥʠʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʣ.ʨ. 1-3). 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʑʦ ʪʘʢʝ ʧʨʫʞʥʠʡ ʽ ʥʝʧʨʫʞʥʠʡ ʫʜʘʨʠ? 

2. ʗʢʠʡ ʙʫʜʝ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʢʫʣʴ ʧʽʩʣʷ ʫʜʘʨʫ? 

3. ʆʜʝʨʞʘʪʠ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʥʦʩʥʦʾ ʽ ʘʙʩʦʣʶʪʥʦʾ ʧʦʭʠʙʦʢ 
ʚʠʤʽʨʶʚʘʥʠʭ   ʚʝʣʠʯʠʥ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1-6 

ɺʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʪʚʝʨʜʠʭ ʪʽʣ ʟ 

ʜʦʧʦʤʦʛʦʶ ʪʨʠʬʽʣʷʨʥʦʛʦ ʧʽʜʚʽʩʫ 

ʧ.1. ÄÄ 31, 23. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘʙʫʪʠ ʥʘʚʠʯʦʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ 

ʽʥʝʨʮʽʾ ʪʚʝʨʜʠʭ ʪʽʣ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʪʝʦʨʝʤʫ ʐʪʝʡʥʝʨʘ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʪʨʠʬʽʣʷʨʥʠʡ ʧʽʜʚʽʩ; ʪʝʨʝʟʠ; ʢʦʤʧʣʝʢʪ ʨʽʟʥʦʚʘʞʢʽʚ; 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ;  ʜʦʩʣʽʜʞʫʚʘʥʽ  ʪʽʣʘ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ - ʮʝ ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʻ ʤʽʨʦʶ ʽʥʝʨʪʥʦʩʪʽ ʪʽʣ ʧʨʠ 

ʦʙʝʨʪʦʚʦʤʫ ʨʫʩʽ. ʏʠʩʝʣʴʥʦ ʚʦʥʘ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʦʙʫʪʢʽʚ ʤʘʩ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʪʦʯʦʢ, ʥʘ ʷʢʽ ʧʦʜʫʤʢʠ ʨʦʟʙʠʚʘʶʪʴ ʪʽʣʦ, ʥʘ ʢʚʘʜʨʘʪʠ ʾʭ ʚʽʜʜʘʣʝʡ ʚʽʜ ʦʩʽ  

ʦʙʝʨʪʘʥʥʷ: 

.
1

2ä
=

=
n

i

ii rmI  

ʋ ʚʠʧʘʜʢʫ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʩʫʤʘ ʟʘʤʽʥʶʻʪʴʩʷ 

ʽʥʪʝʛʨʫʚʘʥʥʷʤ. ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ 

ʪʚʝʨʜʠʭ ʪʽʣ ʥʝʦʜʥʦʨʽʜʥʠʭ ʘʙʦ ʜʦʚʽʣʴʥʦʾ (ʥʝʧʨʘʚʠʣʴʥʦʾ) ʬʦʨʤʠ. ʋ ʪʘʢʠʭ 

ʚʠʧʘʜʢʘʭ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʻ ʤʝʪʦʜ ʪʨʠʬʽʣʷʨʥʦʛʦ ʧʽʜʚʽʩʫ. ʊʨʠʬʽʣʷʨʥʠʡ 

ʧʽʜʚʽʩ ʷʚʣʷʻ ʩʦʙʦʶ ʢʨʫʛʣʫ ʧʣʘʪʬʦʨʤʫ, ʱʦ ʧʽʜʚʽʰʝʥʘ ʥʘ ʪʨʴʦʭ ʩʠʤʝʪʨʠʯʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʠʪʢʘʭ, ʧʨʠʢʨʽʧʣʝʥʠʭ ʜʦ ʢʨʘʾʚ ʮʽʻʾ ʧʣʘʪʬʦʨʤʠ. ɿʚʝʨʭʫ ʮʽ 

ʥʠʪʢʠ ʪʘʢʦʞ ʩʠʤʝʪʨʠʯʥʦ ʧʨʠʢʨʽʧʣʝʥʽ ʜʦ ʜʠʩʢʘ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʘ, ʥʽʞ 
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ʜʽʘʤʝʪʨ ʧʣʘʪʬʦʨʤʠ. ʇʣʘʪʬʦʨʤʘ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ 

ʥʘʚʢʦʣʦ ( ʈʠʩ.1. ) 

 

B 

h 

B 

r 

R  

O C  A 

a 
A¡ 

C¡ 
O¡ 

 

 
                                                              ʈʠʩ 1. 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʱʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʾʾ ʧʣʦʱʠʥʠ ʪʘ ʧʨʦʭʦʜʠʪʴ                                                                                                                  

ʯʝʨʝʟ ʾʾ ʩʝʨʝʜʠʥʫ. ʎʝʥʪʨ ʤʘʩ ʧʣʘʪʬʦʨʤʠ ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʟʜʦʚʞ 

ʦʩʽ ʦʙʝʨʪʘʥʥʷ. ʇʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʧʣʘʪʬʦʨʤʠ. ɺʽʥ ʙʫʜʝ ʽʥʰʠʤ, ʷʢʱʦ ʧʣʘʪʬʦʨʤʫ ʥʘʚʘʥʪʘʞʠʪʠ ʷʢʠʤ-ʥʝʙʫʜʴ 

ʪʽʣʦʤ. ʎʝ ʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ʗʢʱʦ ʧʣʘʪʬʦʨʤʘ ʤʘʩʦʶ m , ʦʙʝʨʪʘʶʯʠʩʴ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, 

ʧʽʜʥʷʣʘʩʴ ʥʘ ʚʠʩʦʪʫ h , ʪʦ ʚʦʥʘ ʥʘʙʫʜʝ ʧʨʠʨʦʩʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

                 

W = m g h , 

 

 ʜʝ  g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ.  

ʆʙʝʨʪʘʶʯʠʩʴ ʚ ʜʨʫʛʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʣʘʪʬʦʨʤʘ ʧʨʠʡʜʝ ʚ ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʟ ʢʽʥʝʪʠʯʥʦʶ ʝʥʝʨʛʽʻʶ: 

,
2

2

0wIWk =  

ʜʝ    ɯ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʣʘʪʬʦʨʤʠ ; 

       w0 ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʣʘʪʬʦʨʤʠ ʚ ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ ʥʝʶ ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ. 

ɿʥʝʭʪʫʚʘʚʰʠ ʨʦʙʦʪʦʶ ʩʠʣ ʪʝʨʪʷ, ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

.
2

2

0 mgh
I
=

w
      (1) 

ɺʚʘʞʘʶʯʠ, ʱʦ ʧʣʘʪʬʦʨʤʘ ʟʜʽʡʩʥʶʻ ʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʤʦʞʝʤʦ 

ʟʘʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ʚʽʜ ʯʘʩʫ ʚ ʚʠʛʣʷʜʽ:    

    

.
2

sin0 t
T
Ö=
p

aa  

ʜʝ    a ï ʢʫʪʦʚʝ ʟʤʽʱʝʥʥʷ ʧʣʘʪʬʦʨʤʠ ; 

        a0 ï ʘʤʧʣʽʪʫʜʘ ʟʤʽʱʝʥʥʷ ; 
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        ʊ ï ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ; 

        t ï ʧʦʪʦʯʥʠʡ ʯʘʩ. 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ w ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʚʽʜ ʢʫʪʘ  a  ʟʘ 

ʯʘʩʦʤ, ʪʦʙʪʦ: 

.
2

cos
2

t
TTdt

d
k ÖÖ==

ppaa
w  

ɺ ʤʦʤʝʥʪʠ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ (t = 0, 0.5ʊ; 1.5ʊ 

ʽ ʪ.ʜ.) ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʾʾ ʙʫʜʝ: 

.
2 0

0
T

pa
w=  

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ w0  ʚ ʨʽʚʥʷʥʥʷ (1), ʦʜʝʨʞʠʤʦ: 

.
2

2

1
2

0

öö
÷

õ
ææ
ç

å
=

T
Imgh
pa

    (2) 

ʗʢʱʦ  l ï ʜʦʚʞʠʥʘ ʥʠʪʦʢ ʧʽʜʚʽʩʫ, R ï ʨʘʜʽʫʩ ʧʣʘʪʬʦʨʤʠ, r ï ʨʘʜʽʫʩ 

ʚʝʨʭʥʴʦʛʦ ʜʠʩʢʘ, ʪʦ ʟ ʨʠʩ.1. ʚʠʜʥʦ, ʱʦ 

   ,
1

2

1

2

1
BCBC

BCBC
BCBCOOh

-

-
=-=¡=  

ʘʣʝ  

   ;)( 222

1

22 rRlACABBC --=-=  

,)cos2( 2

0

222

11

2

1

2

1 aRrrRlCABABC -+-=-=  

ʪʦʤʫ  

   .2
sin4

)cos1(2

1

02

1

0

BCBC

Rr

BCBC

Rr
h

+
=

+

-
=

a
a

 

ʇʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ a
0
 ʩʠʥʫʩ ʮʴʦʛʦ ʢʫʪʘ ʤʦʞʥʘ 

ʟʘʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷʤ ʩʘʤʦʛʦ ʢʫʪʘ ʚ ʨʘʜʽʘʥʘʭ, ʘ ʟʥʘʤʝʥʥʠʢ ʚʚʘʞʘʪʠ ʨʽʚʥʠʤ 

2l. ɺʨʘʭʫʚʘʚʰʠ ʮʝ, ʦʜʝʨʞʠʤʦ: 

.
2

2

0

l

Rr
h

a
=  

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ  h ʫ ʨʽʚʥʷʥʥʷ (2), ʤʘʻʤʦ: 

.
2

2

1

2

2

0

2

0

öö
÷

õ
ææ
ç

å Ö
=

T
I

l

Rr
mg

apa
    (3) 

ʟʚʽʜʢʠ ʦʜʝʨʞʫʻʤʦ ʦʩʪʘʪʦʯʥʦ: 

 .
4

2

2
T

l

mgRr
I

p
=     (4) 

 

ɿʘ ʬʦʨʤʫʣʦʶ (4) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʽ ʩʘʤʦʾ ʧʣʘʪʬʦʨʤʠ ʽ 
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ʪʽʣʘ, ʱʦ ʧʦʢʣʘʜʝʥʝ ʥʘ ʥʝʾ, ʪʘʢ ʷʢ ʚʩʽ ʚʝʣʠʯʠʥʠ, ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʬʦʨʤʫʣʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʷʥʽ. 

ʊʨʠʬʽʣʷʨʥʠʡ ʧʽʜʚʽʩ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʘʢʦʞ ʧʝʨʝʚʽʨʠʪʠ ʪʝʦʨʝʤʫ 

ʐʪʝʡʥʝʨʘ:                                 

 ɯ = ɯ0 + ma
2 
.     (5) 

 

 ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʷʢʦʾ ʥʝʙʫʜʴ ʦʩʽ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʤʦʤʝʥʪʫ 

ʡʦʛʦ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʧʘʨʘʣʝʣʴʥʦʾ ʦʩʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ, ʪʘ 

ʜʦʙʫʪʢʫ ʤʘʩʠ ʪʽʣʘ ʥʘ ʢʚʘʜʨʘʪ ʚʽʜʜʘʣʽ ʤʽʞ ʦʩʷʤʠ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʪʝʦʨʝʤʠ ʐʪʝʡʥʝʨʘ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʚʘ ʘʙʩʦʣʶʪʥʦ 

ʦʜʥʘʢʦʚʠʭ ʪʽʣʘ. ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʶʪʴ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʦʜʥʦʛʦ ʟ ʥʠʭ, ʘ ʧʦʪʽʤ 

ʦʙʠʜʚʘ ʪʽʣʘ ʨʦʟʤʽʱʫʶʪʴ ʩʠʤʝʪʨʠʯʥʦ ʥʘ ʧʣʘʪʬʦʨʤʽ ʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʧʨʠ ʪʘʢʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ. ʇʦʣʦʚʠʥʘ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽ ʙʫʜʝ ʜʘʚʘʪʠ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʦʜʥʦʛʦ ʪʽʣʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʚʽʜʜʘʣʽ ʚʽʜ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ. ɿʥʘʶʯʠ ʚʽʜʜʘʣʴ, ʤʘʩʫ ʪʽʣʘ ʪʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʡʦʛʦ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ, ʤʦʞʥʘ ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʮʴʦʛʦ ʞ ʪʽʣʘ ʟʘ 

ʪʝʦʨʝʤʦʶ ʐʪʝʡʥʝʨʘ. ʇʦʨʽʚʥʷʥʥʷ ʦʜʝʨʞʘʥʠʭ ʟʥʘʯʝʥʴ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʽ 

ʙʫʜʝ ʧʝʨʝʚʽʨʢʦʶ ʪʝʦʨʝʤʠ. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ʇʦʚʝʨʥʫʪʠ ʥʠʞʥʶ ʧʣʘʪʬʦʨʤʫ ʥʘ ʢʫʪ 8-10

0
, ʥʘʜʘʚʰʠ ʾʡ ʦʙʝʨʪʦʚʠʡ 

ʽʤʧʫʣʴʩ ʜʣʷ ʧʦʯʘʪʢʫ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ʉʝʢʫʥʜʦʤʽʨʦʤ ʚʠʤʽʨʷʪʠ ʯʘʩ 

25-30 ʧʦʚʥʠʭ ʢʦʣʠʚʘʥʴ ʧʽʜʚʽʩʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

.
n

t
T=      (6) 

2. ʋ ʮʝʥʪʨʽ ʧʣʘʪʬʦʨʤʠ ʨʦʟʪʘʰʫʚʘʪʠ ʜʦʩʣʽʜʞʫʚʘʥʝ ʪʽʣʦ m1 ʪʘ ʚʠʟʥʘʯʠʪʠ 

ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ T1 . 

3. ʅʘ ʧʣʘʪʬʦʨʤʽ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʫ ʨʦʟʤʽʩʪʠʪʠ ʜʚʘ ʪʽʣʘ ʤʘʩʦʶ 

m1 ʽ ʚʠʟʥʘʯʠʪʠ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ T2 . 

4. ʐʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʟʘʤʽʨʷʪʠ ʨʘʜʽʫʩ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʜʠʩʢʘ r1, ʪʘ ʚʽʜʜʘʣʴ a  

ʤʽʞ ʮʝʥʪʨʘʤʠ ʧʣʘʪʬʦʨʤʠ ʽ  ʟʤʽʱʝʥʦʛʦ ʜʠʩʢʘ. ɼʘʥʽ ʚʩʽʭ ʚʠʤʽʨʶʚʘʥʴ 

ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ: 

 

R, ʤ r, ʤ l, ʤ m0, ʢʛ T0, ʩ T1, ʩ T2, ʩ m1, ʢʛ r1, ʤ a, ʤ 

          

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʾʭ ʘʥʘʣʽʟ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (4) ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ I0  ʧʣʘʪʬʦʨʤʠ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ  m=m0 ,  T=T0 . 

2. ɿʘ ʬʦʨʤʫʣʦʶ (4) ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ I0   ʧʣʘʪʬʦʨʤʠ, 
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ʥʘʚʘʥʪʘʞʝʥʦʾ ʜʠʩʢʦʤ  m1. ʋ ʜʘʥʦʤʫ ʨʘʟʽ m=m0+m1;  T=T1. 

3. ɯʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ IC=I 0+Iʜ ʟʥʘʡʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʠʩʢʘ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ Iʜ. 

4. ɿʘ ʪʝʦʨʝʪʠʯʥʦʶ ʬʦʨʤʫʣʦʶ Iʜ
´
= 0.5m1r1

2
  ʟʥʘʡʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʮʴʦʛʦ ʞ 

ʜʠʩʢʘ. ʈʝʟʫʣʴʪʘʪ ʩʧʽʚʩʪʘʚʠʪʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ. 

5. ɿʘ ʬʦʨʤʫʣʦʶ (4) ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ I2  ʧʣʘʪʬʦʨʤʠ, ʥʘʚʘʥʪʘʞʝʥʦʾ 

ʜʚʦʤʘ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʜʠʩʢʘʤʠ m1 

.
2

02 II
I

-
=  

6. ɿʘ ʬʦʨʤʫʣʦʶ  ʟʥʘʡʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʠʩʢʘ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʟʤʽʱʝʥʦʾ ʥʘ  O¡  
ʚʽʜ ʮʝʥʪʨʘ ʤʘʩ. 

7. ɿʘ ʬʦʨʤʫʣʦʶ (5) ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʤʽʱʝʥʦʛʦ ʜʠʩʢʘ ʟʛʽʜʥʦ ʟ 

ʪʝʦʨʝʤʦʶ ʐʪʝʡʥʝʨʘ. ʈʝʟʫʣʴʪʘʪ ʩʧʽʚʩʪʘʚʠʪʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

8. ɿʥʘʡʪʠ ʚʽʜʥʦʩʥʫ ʪʘ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʠ ʦʜʥʦʛʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʊʚʝʨʜʝ ʪʽʣʦ ʷʢ ʩʠʩʪʝʤʘ ʯʘʩʪʠʥʦʢ. ʁʦʛʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʘ ʢʽʥʝʪʠʯʥʘ 
ʝʥʝʨʛʽʷ. 

2. ʆʩʥʦʚʥʠʡ ʟʘʢʦʥ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ. 

3. ʊʝʦʨʝʤʘ ʐʪʝʡʥʝʨʘ. 

4. ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʚʠʚʯʝʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʽʣ. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1-7 

ɺʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ 

ʣ.ɯ. ÄÄ 31, 32 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʫ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ 

ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ-ʣʴʥʠʤ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʤʘʷʪʥʠʢ ʆʙʝʨʙʝʢʘ; ʢʦʤʧʣʝʢʪ ʚʘʥʪʘʞʽʚ; 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ; ʝʣʝʢʪʨʦʥʥʠʡ ʩʝʢʫʥʜʦʤʽʨ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʣʝʞʠʪʴ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ, 

ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʭʨʝʩʪʦʚʠʥʫ 1 (ʨʠʩ.1.), ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʩʪʝʨʞʥʽʚ. ɺʟʜʦʚʞ ʥʠʭ ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ 

ʚʘʥʪʘʞʽ 2 ʦʜʥʘʢʦʚʦʾ ʤʘʩʠ m1 . ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ ʭʨʝʩʪʦʚʠʥʠ ʻ 

ʜʚʦʩʪʫʧʽʥʯʘʩʪʠʡ ʜʠʩʢ  3, ʥʘ ʷʢʠʡ ʥʘʤʦʪʫʻʪʴʩʷ ʥʠʪʢʘ. ʆʜʠʥ ʢʽʥʝʮʴ ʾʾ 

ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ ʜʠʩʢʘ, ʘ ʥʘ ʽʥʰʠʡ ʢʽʥʝʮʴ ʧʽʜʚʽʰʫʻʪʴʩʷ ʚʘʥʪʘʞ 4. ʇʽʜ ʜʽʻʶ 

ʮʴʦʛʦ ʚʘʥʪʘʞʫ ʥʠʪʢʘ ʨʦʟʤʦʪʫʻʪʴʩʷ ʟ ʜʠʩʢʘ ʽ ʚʠʢʣʠʢʘʻ ʦʙʝʨʪʦʚʠʡ ʨʫʭ 

ʭʨʝʩʪʦʚʠʥʠ, ʷʢʠʡ ʧʨʠʙʣʠʟʥʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʽʚʥʦʤʽʨʥʦ ʧʨʠʩʢʦʨʝʥʠʤ 

ʨʫʭʦʤ. 

ɺʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ ʤʦʞʥʘ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. 

1 ʩʧʦʩʽʙ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ: 

ʗʢʱʦ ʚʠʤʽʨʷʪʠ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ e ʨʫʭʫ ʭʨʝʩʪʦʚʠʥʠ ʽ ʤʦʤʝʥʪ ʜʽʶʯʠʭ ʥʘ 
ʜʠʩʢ ʩʠʣ ʄ , ʪʦ ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʦʩʥʦʚʥʠʤ ʨʽʚʥʷʥʥʷʤ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ 

ʨʫʭʫ 

                              
I

M
=e          (1) 

ʤʠ ʟʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ. ɸʣʝ ʚʝʣʠʯʠʥʠ M ʪʘ e 
ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʠʤʽʨʶʚʘʥʥʶ   ʥʝ  ʧʽʜʜʘʶʪʴʩʷ.  ʊʦʤʫ,  ʚʠʤʽʨʷʚʰʠ  

ʚʠʩʦʪʫ 

ʧʘʜʽʥʥʷ h ʚʘʥʪʘʞʫ m ʪʘ ʯʘʩ ʡʦʛʦ ʧʘʜʽʥʥʷ t ʟʘ ʨʽʚʥʷʥʥʷʤ 

ʨʽʚʥʦʧʨʠʩʢʦʨʝʥʦʛʦ ʨʫʭʫ ʧʨʠ V0 = 0 

.
2

2at
h=  

ʤʦʞʝʤʦ ʟʥʘʡʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʧʘʜʽʥʥʷ ʚʘʥʪʘʞʫ, ʷʢʝ ʻ ʦʜʥʦʯʘʩʥʦ 

ʪʘʥʛʝʥʮʽʘʣʴ-ʥʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʤʘʷʪʥʠʢʘ. ɿʘʤʽʨʷʚʰʠ 

ʨʘʜʽʫʩ ʜʠʩʢʘ r, ʚʠʨʘʭʫʻʤʦ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ: 

,
rt

h2

r

a
2

==e       (2) 
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ʄʦʤʝʥʪ ʜʽʶʯʠʭ ʩʠʣ ʩʪʚʦʨʶʻʪʴʩʷ ʩʠʣʦʶ ʥʘʪʷʛʫ ʥʠʪʢʠ 

F=m(g - a). 

 

 

4

m
1

2

m1

3

ʈʠʩ 1.
 

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʩʠʣʦʶ ʪʝʨʪʷ, ʪʦ 

.)
2

()(
2

r
t

h
gmragmrFM -=-=Ö= (3) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ (2) ʽ (3) ʚ (1), ʦʜʝʨʞʠʤʦ ʢʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ: 

.1
2

2
2

öö
÷

õ
ææ
ç

å
-=

h

gt
mrI   (4) 

II ʩʧʦʩʽʙ - ʪʝʦʨʝʪʠʯʥʠʡ. 

ʈʦʟʽʙôʻʤʦ ʤʘʷʪʥʠʢ ʥʘ ʩʠʩʪʝʤʫ ʪʽʣ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ: ʯʦʪʠʨʴʦʭ ʩʪʝʨʞʥʽʚ 

ʜʦʚʞʠʥʦʶ l, ʯʦʪʠʨʴʦʭ ʪʽʣ ʤʘʩʦʶ m1 ʪʘ ʜʦʚʞʠʥʦʶ l0. ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʤʘʷʪʥʠʢʘ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʪʽʣ, ʱʦ ʡʦʛʦ ʩʢʣʘʜʘʶʪʴ. 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʩʪʝʨʞʥʷ ʜʦʚʞʠʥʦʶ l ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʩʪʝʨʞʥʷ ʯʝʨʝʟ ʡʦʛʦ ʢʽʥʝʮʴ ʜʦʨʽʚʥʶʻ: 

,
3

1 2

2lmI =  

ʜʝ m2 ï ʤʘʩʘ ʩʪʝʨʞʥʷ. ɼʣʷ ʯʦʪʠʨʴʦʭ ʪʘʢʠʭ ʩʪʝʨʞʥʽʚ 

 

.
3

4 2

21 lmI =¡      (5) 
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ʈʦʟʤʽʨʠ ʪʽʣ ʤʘʩʦʶ m1 ʤʘʣʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʜʘʣʣʶ R ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʮʠʭ ʪʽʣ, ʪʦʤʫ ʾʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʘʪʝʨʽʘʣʴʥʽ ʪʦʯʢʠ, 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʷʢʠʭ ʚʠʟʥʘʯʠʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

    

.4 2

1RmI =      (6) 

 

ɿʥʝʭʪʫʚʘʚʰʠ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʜʠʩʢʽʚ, ʦʜʝʨʞʫʻʤʦ ʜʣʷ ʚʩʴʦʛʦ 

ʤʘʷʪʥʠʢʘ: 

    

.
3

4 2

1

2

2 RmlmI +=¡     (7) 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ɺʩʪʘʥʦʚʠʪʠ ʚʝʨʭʥʽʡ ʢʨʦʥʰʪʝʡʥ ʥʘ ʚʠʙʨʘʥʽʡ ʚʠʩʦʪʽ ʪʘʢ, ʱʦʙ ʚʘʥʪʘʞ ʧʨʠ 

ʧʘʜʽʥʥʽ ʧʨʦʭʦʜʠʚ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʨʦʙʦʯʦʛʦ ʚʽʢʥʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʜʘʪʯʠʢʘ. 

2. ʈʦʟʤʽʩʪʠʪʠ ʚʘʥʪʘʞʽ m1 ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʜʘʣʽ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

3. ʐʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʟʘʤʽʨʷʪʠ ʨʘʜʽʫʩʠ ʜʚʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʜʠʩʢʘ r1 ʪʘ r2. 

4. ʅʘʤʦʪʘʪʠ ʥʠʪʢʫ ʟ ʚʠʙʨʘʥʠʤ ʯʠʩʣʦʤ ʚʘʥʪʘʞʽʚ ʤʘʩʦʶ m ʥʘ ʜʠʩʢ ʨʘʜʽʫʩʦʤ 

r1. 

5. ɺʩʪʘʥʦʚʠʪʠ ʥʠʞʥʽʡ ʢʨʘʡ ʚʘʥʪʘʞʽʚ ʪʦʯʥʦ ʧʦ ʨʠʩʮʽ ʥʘ ʢʦʨʧʫʩʽ ʚʝʨʭʥʴʦʛʦ 
ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ. 

6. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʝʪʴ" ʪʘ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʯʠ ʚʩʽ ʽʥʜʠʢʘʪʦʨʠ ʧʦʢʘʟʫʶʪʴ 
"ʥʫʣʴ",  ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʙʨʦʩ". 

7. ɿ ʜʦʧʦʤʦʛʦʶ ʰʢʘʣʠ ʚʠʟʥʘʯʠʪʠ ʚʠʩʦʪʫ ʧʘʜʽʥʥʷ ʚʘʥʪʘʞʽʚ m.  

8. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʇʫʩʢ". 

9. ɿʘʧʠʩʘʪʠ ʯʘʩ ʧʘʜʽʥʥʷ ʚʘʥʪʘʞʽʚ, ʚʠʤʽʨʷʥʠʡ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨʦʤ. 

10. ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʚʪʦʨʠʪʠ 3-4 ʨʘʟʠ ʜʣʷ ʦʜʥʘʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʽʚ 

m1 ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʘʥʪʘʞʫ m ʜʣʷ ʨʘʜʽʫʩʘ ʜʠʩʢʘ r1, ʧʦʪʽʤ 

ʧʦʚʪʦʨʠʪʠ ʪʝ ʞ ʩʘʤʝ ʜʣʷ ʨʘʜʽʫʩʘ r2. ɺʩʽ ʜʘʥʽ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ 1.  

ʊʘʙʣ. 1 

m, ʢʛ t, ʩ H, ʤ r 1, ʤ r 2, ʤ 

     

 

11. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ ʪʝʦʨʝʪʠʯʥʠʤ 

ʰʣʷʭʦʤ ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʨʷʪʠ ʜʦʚʞʠʥʫ ʩʪʝʨʞʥʷ ʭʨʝʩʪʦʚʠʥʠ l, ʟʘʧʠʩʘʪʠ 

ʤʘʩʫ ʚʘʥʪʘʞʽʚ m1  ʪʘ ʟʘʤʽʨʷʪʠ ʾʭ ʜʦʚʞʠʥʫ l0. 

12.ɿʘʤʽʨʷʪʠ ʜʽʘʤʝʪʨ ʩʪʝʨʞʥʷ ʭʨʝʩʪʦʚʠʥʠ D ʽ ʚʽʜʜʘʣʴ ʚʘʥʪʘʞʽʚ ʚʽʜ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ R. ɺʩʽ ʜʘʥʽ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ 2. 

ʊʘʙʣ. 2 

l, ʤ D, ʤ m1, ʢʛ l0, ʤ m2, ʢʛ R, ʤ R0, ʤ 
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ʜʝ   m2 ï ʤʘʩʘ ʩʪʝʨʞʥʷ, ʷʢʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

l,
4

2

2

D
Vm

p
rr ==                   (8) 

      r ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʩʪʝʨʞʥʽʚ, 

      R ï ʚʽʜʜʘʣʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ ʮʝʥʪʨʽʚ ʤʘʩ ʚʘʥʪʘʞʽʚ 

 

.
2

0
0

l
RR +=      (9) 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʾʭ ʘʥʘʣʽʟ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (4) ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ ʜʣʷ 

ʨʽʟʥʠʭ ʨʘʜʽʫʩʽʚ ʜʠʩʢʘ ʪʘ ʚʘʥʪʘʞʽʚ m . 

2. ɺʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

3. ɿʘ ʬʦʨʤʫʣʦʶ (7) ʚʠʟʥʘʯʠʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ 
ʆʙʝʨʙʝʢʘ. 

4. ʇʦʨʽʚʥʷʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤ 

ʰʣʷʭʦʤ. ɿʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʚʠʩʥʦʚʢʠ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʊʚʝʨʜʝ ʪʽʣʦ ʷʢ ʩʠʩʪʝʤʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ. ʆʙʝʨʪʘʥʥʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ 
ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ ʦʩʽ. 

2. ʆʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʄʦʤʝʥʪ 
ʽʥʝʨʮʽʾ, ʤʦʤʝʥʪ ʩʠʣʠ, ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ. 

3. ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʪʽʣʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. 

4. ɿʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1 - 8 
ɺʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʪʽʣ ʤʝʪʦʜʦʤ 

ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ  

ʣ.1. ÄÄ31, 32;  2. ÄÄ 64,65 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʦʛʣʠʙʣʝʥʥʷ ʧʦʥʷʪʪʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʽʣʘ; 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʽ ʪʝʦʨʝʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ 

ʽʥʝʨʮʽʾ ʪʽʣ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʢʨʫʪʠʣʴʥʠʡ ʤʘʷʪʥʠʢ ʟ ʚʤʦʥʪʦʚʘʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ 

ʩʝʢʫʥʜʦʤʽʨʦʤ; ʥʘʙʽʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ  ʪʽʣ; ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʇʨʠ ʨʦʟʚ'ʷʟʫʚʘʥʥʽ ʙʘʛʘʪʴʦʭ ʧʠʪʘʥʴ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʪʽʣ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʩʫʤʠ ʜʦʙʫʪʢʽʚ ʤʘʩ ʪʦʯʦʢ 
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ʪʽʣʘ ʥʘ ʢʚʘʜʨʘʪʠ ʾʭ ʚʽʜʜʘʣʝʡ ʜʦ ʦʩʽ, ʜʦ ʪʦʯʢʠ ʯʠ ʜʦ ʧʣʦʱʠʥʠ. ʎʽ ʩʫʤʠ 

ʥʘʟʠʚʘʶʪʴ ʤʦʤʝʥʪʘʤʠ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʘʙʦ 

ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ. 

ʅʘʧʨʠʢʣʘʜ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʦʩʽ z ʜʦʨʽʚʥʶʻ: 

 

Iz = Smi(xi
2
 + yi

2
) =Smir i

2
,
    

(1) 

 

ʜʝ    mi ï ʤʘʩʘ ʽ-ʪʦʾ ʪʦʯʢʠ; 

        xi, yi ï ʘʙʩʮʠʩʘ ʪʘ ʦʨʜʠʥʘʪʘ ʮʽʻʾ ʪʦʯʢʠ; 

       ri  ï ʚʽʜʜʘʣʴ ʾʾ ʜʦ ʦʩʽ z . 

ɸʥʘʣʦʛʽʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʷʢʦʾ-ʥʝʙʫʜʴ ʪʦʯʢʠ 

ʯʠ ʧʣʦʱʠʥʠ. ʊʘʢ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ 0 ʜʦʨʽʚʥʶʻ: 

    

,)( 2222

0 ää =++=
i

ii

i

iiii rmzyxmI    (2) 

ʘ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʍʆY: 

    

.2ä=
i

iixy zmI      (3) 

 

ʌʦʨʤʫʣʠ (1) ʪʘ (2) ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʘʪʠ ʥʘʩʪʫʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

    

.2 0 zyx IIII ++=      (4) 

 

ʷʢʝ ʚʢʘʟʫʻ ʥʘ ʟʚ'ʷʟʦʢ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʦʩʝʡ ʪʘ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. ɺʠʨʘʟ (4) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʪʽʣ. 

ɿʥʘʡʜʝʤʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʜʦʚʽʣʴʥʦʾ ʦʩʽ OL, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ 0. ʅʝʭʘʡ ʥʘʧʨʷʤʦʢ ʮʽʻʾ ʦʩʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʧʨʘʚʣʷʶʯʠʤʠ ʢʫʪʘʤʠ a, b , g. ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʜʦʚʽʣʴʥʦʾ 

ʪʦʯʢʠ ʪʽʣʘ ʤʘʩʦʶ mi ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ r i, ʘ ʚʽʜʜʘʣʴ ʮʽʻʾ ʪʦʯʢʠ ʜʦ ʦʩʽ OL 

ʯʝʨʝʟ Ri. ʊʦʜʽ, ʟʛʽʜʥʦ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʤʘʻʤʦ: 

    

.2ä=
i

iiL RmI       (5) 

 

ɿ ʨʠʩ.1 ʚʠʜʥʦ, ʱʦ Ri = r i Ösin j. ʅʝʭʘʡ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ ʦʩʽ OL 

ʜʦʨʽʚʥʶʻ   l.    ʊʦʜʽ   | r i Ö l  |  =  r i Ö sin j     ̔     ʚʽʜʧʦʚʽʜʥʦ    R
2
  = | r i Ö l  |. ʊʘʢ 

ʷʢ  l =(cos a · cos b · cos g), ʘ 
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gba coscoscos

iii zyx

kji

lr

CCC

CC
=Ö  

ʪʦ ʧʨʦʝʢʮʽʾ ʮʴʦʛʦ ʚʝʢʪʦʨʘ ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ʜʦʨʽʚʥʶʶʪʴ: 

( )
( )

( ) .cosycosxlr

,cosxcoszlr

,coszcosylr

ii
zi

ii
yi

ii
xi

a-b=Ö

g-a=Ö

b-g=Ö
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C
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʦʩʽ 0L ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ: 

(

).)coscos(

)coscos()coscos(

2

22
2

ab

gabg

ii

i

iiiii

i

iiL

yx

xzzymlrmI

-+

+-+-=³= ää
CC

 (6) 

 

 

ʇʽʩʣʷ ʦʯʝʚʠʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʜʝʨʞʫʻʤʦ: 

.coscos2coscos2coscos2

)(cos)(cos)(cos 2222222 22

äää

äää

Ö-Ö-Ö

-+++++=

i

iii

i

iii

i

iii

i

iii

i

iii

i

iiiL

zymzymzym

yxmzxmzymI

bagagb

gba

 (7) 

 

ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ, ʱʦ 

ʈʠʩ.1 ʈʠʩ.2 
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.I)yx(m

,I)zx(m

,I)zy(m

i
z

2
i

2
ii

i
y

2
i

2
ii

i
x

2
i

2
ii

ä

ä

ä

=+

=+

=+

 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʩʫʤ: 

 

,xy

i

iii Iyxm =ä ,yz

i

iii Izym =ä ,xz

i

iii Izxm =ä   (8) 

ɺʝʣʠʯʠʥʠ Iʭy, Iyz, Iʭz ʥʘʟʠʚʘʶʪʴ ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʤʦʤʝʥʪʘʤʠ ʽʥʝʨʮʽʾ ʪʽʣʘ 

ʚʽʜʥʦʩʥʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨ ʦʩʝʡ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʽʜʮʝʥʪʨʦʚʠʡ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʷʢʦʾ-ʥʝʙʫʜʴ ʧʘʨʠ ʦʩʝʡ ʥʘʟʠʚʘʶʪʴ ʩʫʤʫ ʜʦʙʫʪʢʽʚ ʤʘʩ 

ʚʩʽʭ ʪʦʯʦʢ ʪʽʣʘ ʥʘ ʾʭ ʢʦʦʨʜʠʥʘʪʠ ʚʽʜʥʦʩʥʦ ʮʠʭ ʦʩʝʡ. ʊʝʧʝʨ ʬʦʨʤʫʣʘ (7) 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

.coscos2coscos2coscos2coscoscos 222 gbgabagba yzxzxyzyxL IIIIIII ---++=   (9) 

 

ɿ ʦʜʝʨʞʘʥʦʾ ʬʦʨʤʫʣʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʦʩʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʰʽʩʪʴ 

ʚʝʣʠʯʠʥ ð ʪʨʠ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ ʪʘ ʪʨʠ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ. 

ʗʢʦɦ ʯʝʨʝʟ ʪʦʯʢʫ ʆ ʧʨʦʚʝʩʪʠ ʧʫʯʦʢ ʦʩʝʡ, ʪʦ ʟʘ ʬʦʨʤʫʣʦʶ (9) ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʚʩʽʭ ʦʩʝʡ ʧʫʯʢʘ. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚʦʥʠ ʚʠʷʚʣʷʪʴʩʷ ʨʽʟʥʠʤʠ. ɼʣʷ ʥʘʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʟʤʽʥʠ ʤʦʤʝʥʪʽʚ 

ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʧʫʯʢʘ ʚʠʢʦʨʠʩʪʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʛʝʦʤʝʪʨʠʯʥʠʡ 

ʩʧʦʩʽʙ. ɺʽʜʢʣʘʜʝʤʦ ʚʽʜ ʪʦʯʢʠ ʆ ʚʟʜʦʚʞ ʦʩʽ OL ʚʽʜʨʽʟʦʢ R, ʜʦʚʞʠʥʘ ʷʢʦʛʦ 

ʨʽʚʥʘ 

.
1

LI
R=  

 

ɺʠʢʦʥʘʚʰʠ ʪʘʢʫ ʧʦʙʫʜʦʚʫ ʜʣʷ ʢʦʞʥʦʾ ʦʩʽ ʧʫʯʢʘ, ʦʜʝʨʞʠʤʦ ʩʫʢʫʧʥʽʩʪʴ 

ʪʦʯʦʢ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʜʝʷʢʫ ʧʦʚʝʨʭʥʶ. ɿʥʘʡʜʝʤʦ ʨʽʚʥʷʥʥʷ ʮʽʻʾ ʧʦʚʝʨʭʥʽ. ɿ 

ʨʠʩ.1 ʚʠʜʥʦ, ʱʦ ʢʦʦʨʜʠʥʘʪʠ ʢʽʥʮʷ ʚʽʜʨʽʟʢʘ ʜʦʨʽʚʥʶʶʪʴ: 

    

.cos   ,cos   ,cos gba Ö==Ö= RzRyRx   (11) 

 

ɼʦʤʥʦʞʠʚʰʠ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (9) ʥʘ R
2
 ʽ ʧʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10) ʪʘ (11), ʦʜʝʨʞʫʻʤʦ: 

  

       .1222222 =Ö-Ö-Ö-Ö+Ö+Ö yzIxzIxyIzIyIxI yzxzxyzyx          (12) 
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ʗʢʱʦ ʟʨʦʙʠʪʠ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ IL  ̧ 0 ʪʦ ʚʠʨʘʟ (12) ʷʚʣʷʻ ʩʦʙʦʶ 

ʨʽʚʥʷʥʥʷ ʝʣʽʧʩʦʾʜʘ. ɿʥʘʡʜʝʥʠʡ ʝʣʽʧʩʦʾʜ ʥʘʟʠʚʘʶʪʴ ʝʣʽʧʩʦʾʜʦʤ ʽʥʝʨʮʽʾ ʜʣʷ 

ʜʘʥʦʛʦ ʪʽʣʘ ʚ ʪʦʯʮʽ 0. 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʝʨʪʥʽʩʪʴ ʡʦʛʦ ʚ 

ʦʙʝʨʪʦʚʦʤʫ ʨʫʩʽ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʤʘc ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʮʽʻʾ ʦʩʽ. ʊʦʤʫ ʝʣʽʧʩʦʾʜ 

ʽʥʝʨʮʽʾ ʪʽʣʘ ʚ ʷʢʽʡ-ʥʝʙʫʜʴ ʪʦʯʮʽ ʻ ʟʘʛʘʣʴʥʦʶ ʛʝʦʤʝʪʨʠʯʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʟʧʦʜʽʣʫ ʤʘʩ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʧʫʯʢʘ ʦʩʝʡ, ʱʦ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʮʶ ʪʦʯʢʫ. 

ɿ ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ ʚʽʜʦʤʦ, ʱʦ ʨʽʚʥʷʥʥʷ ʝʣʽʧʩʦʾʜʘ ʟʥʘʯʥʦ 

ʩʧʨʦʱʫʻʪʴʩʷ, ʷʢʱʦ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ʚʠʙʨʘʪʠ ʩʧʨʷʤʦʚʘʥʠʤʠ ʚʟʜʦʚʞ ʡʦʛʦ 

ʛʦʣʦʚʥʠʭ ʜʽʘʤʝʪʨʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʝʣʽʧʩʦʾʜʘ ʽʥʝʨʮʽʾ (12) 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

    

1222 =Ö+Ö+Ö zIyIxI zyx     (13) 

 

ʪʦʙʪʦ, ʚʽʜʮʝʥʪʨʦʚʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʪʽʣʘ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʝʚʽ. 

ʊʨʠ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʜʘʥʫ ʪʦʯʢʫ ʽ 

ʚʽʜʥʦʩʥʦ ʷʢʠʭ ʚʽʜʮʝʥʪʨʦʚʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʪʽʣʘ ʨʽʚʥʽ ʥʫʣʝʚʽ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʛʦʣʦʚʥʠʤʠ ʦʩʷʤʠ ʽʥʝʨʮʽʾ ʜʣʷ ʜʘʥʦʾ ʪʦʯʢʠ, ʘ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ Ix, Iy, Iz 

ʚʽʜʥʦʩʥʦ ʮʠʭ ʦʩʝʡ ʥʦʩʷʪʴ ʥʘʟʚʫ ʚʽʜʧʦʚʽʜʥʦ ʛʦʣʦʚʥʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʪʽʣʘ.  

ʅʘʧʠʩʘʚʰʠ ʨʽʚʥʷʥʥʷ ʝʣʽʧʩʦʾʜʘ ʚ ʢʘʥʦʥʽʯʥʽʡ ʬʦʨʤʽ 
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2

2

2
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2

=++
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a

x
 

ʪʘ ʩʧʽʚʩʪʘʚʠʚʰʠ ʡʦʛʦ ʟ ʨʽʚʥʷʥʥʷʤ (13), ʟʥʘʡʜʝʤʦ ʧʽʚʦʩʽ ʝʣʽʧʩʦʾʜʘ ʽʥʝʨʮʽʾ 

ʪʽʣʘ: 
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1

zyx I
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I
b

I
a ===     (14) 

 

ʅʘʧʨʷʤʦʢ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʪʽʣʘ ʯʘʩʪʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʧʨʠʥʮʠʧʦʤ ʩʠʤʝʪʨʽʾ. ʅʘʧʨʠʢʣʘʜ, ʛʦʣʦʚʥʽ ʦʩʽ ʦʜʥʦʨʽʜʥʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʚʽʜʧʦʚʽʜʥʦ ʧʘʨʘʣʝʣʴʥʽ ʡʦʛʦ ʨʝʙʨʘʤ. 

ʗʢʱʦ ʪʽʣʦ ʤʘʻ ʩʠʤʝʪʨʽʶ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʜʝʷʢʦʾ ʦʩʽ, ʪʦ ʡʦʛʦ 

ʝʣʽʧʩʦʾʜ ʽʥʝʨʮʽʾ ʤʘʻ ʪʘʢʫ ʞ ʩʠʤʝʪʨʽʶ. ɼʦ ʪʽʣ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ ʚʽʜʥʦʩʠʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʮʠʣʽʥʜʨ. ʇʨʠʯʦʤʫ, ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʽʩʴ ʩʠʤʝʪʨʽʾ ʪʽʣʘ ʻ 

ʦʜʥʦʯʘʩʥʦ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʽʥʝʨʮʽʾ. 

ɼʣʷ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʪʽʣʘ ʩʫʪʪʻʚʦʶ ʻ ʥʝ ʩʠʤʝʪʨʽʷ ʩʘʤʦʛʦ 

ʪʽʣʘ, ʘ ʩʠʤʝʪʨʽʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʡʦʤʫ ʝʣʽʧʩʦʾʜʘ ʽʥʝʨʮʽʾ. ɺʩʽ ʪʽʣʘ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʝʣʽʧʩʦʾʜʘʤʠ ʽʥʝʨʮʽʾ ʜʠʥʘʤʽʯʥʦ ʝʢʚʽʚʘʣʝʥʪʥʽ. ʅʘʧʨʠʢʣʘʜ, ʚ ʜʠʥʘʤʽʯʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʢʦʥʫʩ ʤʦʞʝ ʙʫʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʢʫʣʽ ʘʙʦ ʮʠʣʽʥʜʨʦʚʽ. 

ʄʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʪʽʣ ʧʨʘʚʠʣʴʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʤʦʞʥʘ 
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ʪʝʦʨʝʪʠʯʥʦ ʚʠʨʘʭʫʚʘʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʷ. ɼʣʷ 

ʪʽʣ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʧʨʦʩʪʽʰʝ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʥʘʭʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʰʣʠ ʤʝʪʦʜʠ ʤʘʷʪʥʠʢʦʚʠʭ 

ʪʘ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʘ ʪʘʢʦʞ ʤʝʪʦʜ ʧʘʜʘʶʯʦʛʦ ʪʷʛʘʨʷ (ʤʘʷʪʥʠʢ 

ʆʙʝʨʙʝʢʘ). 

ɿʥʘʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʪʽʣ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʪʝʭʥʽʮʽ. ʋ 

ʨʽʟʥʠʭ ʤʘʰʠʥʘʭ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʝʪʘʣʽ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʟ ʜʫʞʝ ʚʝʣʠʢʦʶ 

ʯʘʩʪʦʪʦʶ. ʅʘʧʨʠʢʣʘʜ, ʚʝʨʝʪʝʥʘ ʧʨʷʜʠʣʴʥʠʭ ʤʘʰʠʥ, ʚʘʣʠ ʧʘʨʦʚʠʭ ʛʘʟʦʚʠʭ 

ʪʫʨʙʽʥ, ʢʦʣʽʥʯʘʪʽ ʚʘʣʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʽ ʪ.ʜ. ʋ ʮʠʭ 

ʚʠʧʘʜʢʘʭ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʛʦʣʦʚʥʘ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʧʨʦʭʦʜʠʣʘ ʯʝʨʝʟ 

ʮʝʥʪʨ ʤʘʩ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʨʽʚʥʦʚʘʞʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 

ʽʥʝʨʮʽʾ. ʉʣʽʜ ʟʦʢʨʝʤʘ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʚ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ 

ʟʨʽʚʥʦʚʘʞʝʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ ʻ ʧʨʝʜʤʝʪʦʤ ʧʦʩʪʽʡʥʠʭ ʪʫʨʙʦʪ ʢʦʥʩʪʨʫʢʪʦʨʽʚ. 

ʄʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʽʚ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʨʷʜ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʚʣʘʩʪʠʚʽʩʪʴ ʯʠʥʠʪʠ 

ʦʧʽʨ ʟʦʚʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʎʝ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ð ʬʝʨʤ, ʙʘʣʦʢ, ʢʘʨʢʘʩʽʚ ʽ ʪ.ʧ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ 

ʪʽʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ʂʦʥʩʪʨʫʢʮʽʷ ʫʩʪʘʥʦʚʢʠ 
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ʈʠʩ. 3 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʪʽʣʴʢʠ ʮʝʥʪʨʘʣʴʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ, ʪʦʙʪʦ, ʤʦʤʝʥʪʠ 

ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʦʩʝʡ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʪʽʣʘ. 

ʅʝʭʘʡ ʜʝʷʢʝ ʪʽʣʦ ʟʘʢʨʽʧʣʝʥʝ ʟ ʜʦʧʦʤʦʛʦʶ ʜʨʦʪʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 
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ʗʢʱʦ ʮʝ ʪʽʣʦ ʧʦʚʝʨʥʫʪʠ ʥʘ ʥʝʚʝʣʠʢʠʡ ʢʫʪ ʥʘʚʢʦʣʦ ʦʩʽ ʆʆ¡ ʽ ʧʦʪʽʤ 
ʚʽʜʧʫʩʪʠʪʠ, ʪʦ ʚʠʥʠʢʥʫʪʴ ʪʘʢ ʟʚʘʥʽ ʢʨʫʪʠʣʴʥʽ ʢʦʣʠʚʘʥʥʷ. ʇʝʨʽʦʜ ʮʠʭ 

ʢʦʣʠʚʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 ,2
f

I
T p=      (15) 

 

ʜʝ   I ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ʆʆ¡; 
      f ï ʤʦʜʫʣʴ ʢʨʫʯʝʥʥʷ ʜʨʦʪʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʦʾ ʚʝʣʠʯʠʥʠ f ʚʠʤʽʨʶʶʪʴ ʩʧʦʯʘʪʢʫ ʧʝʨʽʦʜ 

ʢʨʫʪʠʣʴʥʠʭ    ʢʦʣʠʚʘʥʴ    T
1
    ʪʽʣʘ,    ʤʦʤʝʥʪ    ʽʥʝʨʮʽʾ I

1
  ʷʢʦʛʦ  ʚʽʜʦʤʠʡ  

(ʢʫʙ,  I
1
 =(4,083±0,0005)Ö10

- 3
 ʢʛÖʤ

2
). ɼʘʣʽ ʚʠʤʽʨʶʶʪʴ ʧʝʨʽʦʜ ʢʨʫʪʠʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ T
2 
ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ ʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ I

2
 ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 

.
2

1

2

2
12
T

T
II =       (16) 

ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 
ʂʨʫʪʠʣʴʥʠʡ ʤʘʷʪʥʠʢ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ.ɿ. ɼʦ ʧʽʜʩʪʘʚʢʠ 2, ʱʦ ʤʘʻ 

ʯʦʪʠʨʠ ʛʚʠʥʪʦʚʽ ʥʽʞʢʠ, ʧʨʠʢʨʽʧʣʝʥʽ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨ 1 ʪʘ ʢʦʣʦʥʢʘ 3 ʟ 

ʢʨʦʥʰʪʝʡʥʘʤʠ 4, 5, 6. ʂʨʦʥʰʪʝʡʥʠ 4 ʽ 6 ʤʘʶʪʴ ʟʘʪʠʩʢʘʯʽ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ 

ʩʪʘʣʴʥʦʛʦ ʜʨʦʪʫ ʟ ʨʘʤʢʦʶ 

7. ɿ ʜʦʧʦʤʦʛʦʶ ʢʨʦʥʰʪʝʡʥʘ 5 ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʩʪʘʣʴʥʘ ʧʣʠʪʘ 8 ʟ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ 9, ʝʣʝʢʪʨʦʤʘʛʥʽʪʦʤ 10 ʪʘ ʢʫʪʦʚʦʶ ʰʢʘʣʦʶ 11. 

ʇʦʣʦʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ ʚʽʜʥʦʩʥʦ ʜʘʪʯʠʢʘ ʚʢʘʟʫʻ ʩʪʨʽʣʢʘ ʥʘ ʢʫʪʦʚʽʡ 

ʰʢʘʣʽ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʨʘʤʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʢʨʽʧʣʶʚʘʪʠ ʪʽʣʘ 12 ʨʽʟʥʠʭ ʬʦʨʤ. 

ʊʽʣʘ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʽʚ ʪʘ ʨʫʭʦʤʦʾ ʙʘʣʢʠ ʟ ʟʘʪʠʩʢʥʠʤʠ 

ʚʪʫʣʢʘʤʠ. ʅʘ ʧʝʨʝʜʥʽʡ ʧʘʥʝʣʽ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨʘ ʨʦʟʪʘʰʦʚʘʥʽ ʢʣʘʚʽʰʽ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʣʘʜʦʤ: "ʉʝʪʴ", "ʉʙʨʦʩ", "ʇʫʩʢ" ʽ "ʉʪʦʧ", ʘ ʪʘʢʦʞ ʮʠʬʨʦʚʽ 

ʽʥʜʠʢʘʪʦʨʠ ʣʽʯʠʣʴʥʠʢʘ ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ ʪʘ ʣʽʯʠʣʴʥʠʢʘ ʯʘʩʫ. (ʈʠʩ. 4) 

ʇʝʨʽʦʜ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʦʢʘʟʽʚ ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 ,
N

t
T=       (17) 

 

ʜʝ   t ï ʯʘʩ ʢʦʣʠʚʘʥʴ; 

      N ï  ʯʠʩʣʦ ʧʝʨʽʦʜʽʚ. 
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ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ɺʚʽʤʢʥʫʪʠ ʧʨʠʣʘʜ ʚ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ.  

2. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʝʪʴ". ʇʝʨʝʢʦʥʘʪʠʩʴ, ʯʠ ʚʩʽ ʽʥʜʠʢʘʪʦʨʠ ʚʠʩʚʽʯʫʶʪʴ 

ʥʫʣʽ, ʯʠ ʩʚʽʪʠʪʴʩʷ ʣʘʤʧʦʯʢʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ. 

3. ɺ ʨʘʤʮʽ ʧʨʠʣʘʜʫ ʟʘʢʨʽʧʠʪʠ ʝʪʘʣʦʥʥʝ ʪʽʣʦ-ʢʫʙ. 

4. ʇʦʚʝʨʪʘʶʯʠ ʨʘʤʢʫ ʧʨʠʣʘʜʫ, ʥʘʙʣʠʟʠʪʠ ʩʪʨʽʣʢʫ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʽ 
ʟʘʬʽʢʩʫʚʘʪʠ ʾʾ ʚ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʽ. 

 

ʇʝʨ̔ʦʜʠ ʯʘʩ

ʩʝʪʩɹʙʨʦʩʧʫʩʢʩʪʦʧ

7
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ʈʠʩ.4 

. 

5.  ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʇʫʩʢ". 

6.  ʇʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʥʝ ʤʝʥʰʝ 10 ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ 
"ʉʪʦʧ". 

7.   ɿʘʧʠʩʘʪʠ ʧʦʢʘʟʠ ʣʽʯʠʣʴʥʠʢʘ ʧʝʨʽʦʜʽʚ N ʪʘ ʣʽʯʠʣʴʥʠʢʘ ʯʘʩʫ t . 

8.   ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʙʨʦʩ" ʽ "ʇʫʩʢ". 

9. ɺʠʢʦʥʘʪʠ ʧʫʥʢʪʠ 3-7 ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ, ʚʠʤʽʨʶʶʯʠ ʧʝʨʽʦʜʠ 
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ʡʦʛʦ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚʽʜʥʦʩʥʦ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʪʘ ʜʚʦʭ ʽʥʰʠʭ 

ʮʝʥʪʨʘʣʴʥʠʭ     ʦʩʝʡ. 

10. ɺʠʟʥʘʯʠʪʠ ʨʦʟʤʽʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ. 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (17) ʟʥʘʡʪʠ ʧʝʨʽʦʜʠ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʝʪʘʣʦʥʥʦʛʦ ʪʘ 
ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ. 

2. ɺʠʨʘʭʫʚʘʪʠ ʛʦʣʦʚʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ ʟʘ ʬʦʨʤʫʣʦʶ 
(16). 

3. ʅʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ ʝʣʽʧʩʦʾʜʘ ʽʥʝʨʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ ʚ ʬʦʨʤʽ (1ɿ). 

4. ɿʘ ʬʦʨʤʫʣʦʶ (16) ʟʥʘʡʪʠ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ ʚʽʜʥʦʩʥʦ 
ʚʠʙʨʘʥʠʭ ʽʥʰʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʝʡ. 

5. ɿʥʘʶʯʠ Ix , Iy , Iz ʪʘ ʨʦʟʤʽʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ, ʟʘ ʬʦʨʤʫʣʦʶ (9) ʟʥʘʡʪʠ 

ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʮʠʭ ʞʝ ʦʩʝʡ ʽ ʩʧʽʚʩʪʘʚʠʪʠ ʦʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ. 

6. ɿʥʘʡʪʠ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʧʦʥʷʪʪʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʽʣʘ. ʈʦʣʴ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʚ 
ʪʝʭʥʽʮʽ. 

2. ɿʥʘʭʦʜʞʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʦʢʨʝʤʠʭ ʪʽʣ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ: ʩʪʝʨʞʝʥʴ, 
ʜʠʩʢ, ʢʫʣʷ, ʢʽʣʴʮʝ ʚʽʜʥʦʩʥʦ ʨʽʟʥʠʭ ʦʩʝʡ. 

3. ʊʝʦʨʝʤʘ ʐʪʝʡʥʝʨʘ-ɻʶʡʛʝʥʩʘ ʪʘ ʾʾ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

4. ɽʣʽʧʩʦʾʜ ʽʥʝʨʮʽʾ ʪʽʣʘ ʪʘ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʡ ʟʤʽʩʪ. ɼʠʥʘʤʽʯʥʘ 

ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʪʽʣ. 

  

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1-9 

ɹʘʣʽʩʪʠʯʥʠʡ ʢʨʫʪʠʣʴʥʠʡ ʤʘʷʪʥʠʢ  

ʣ.1. ÄÄ 31,32; 2.ÄÄ 64,65 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʟʘʢʦʥʽʚ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʥʘ ʧʨʠʢʣʘʜʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ "ʩʥʘʨʷʜʘ" ʟ ʜʦʧʦʤʦʛʦʶ 

ʙʘʣʽʩʪʠʯʥʦʛʦ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ.  

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ:  ʙʘʣʽʩʪʠʯʥʠʡ ʢʨʫʪʠʣʴʥʠʡ ʤʘʷʪʥʠʢ ʟ ʚʤʦʥʪʦʚʘʥʠʤ 

ʤʽʣʽʩʝʢʫʥʜʦʤʽʨʦʤ;  ʜʦʩʣʽʜʞʫʚʘʣʴʥʝ ʪʽʣʦ-òʩʥʘʨʷʜò. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʂʨʫʪʠʣʴʥʠʡ ʤʘʷʪʥʠʢ ʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʘʨʽʘʥʪʽ ʷʚʣʷʻ ʩʦʙʦʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʩʪʝʨʞʝʥʴ, ʧʽʜʚʽʰʝʥʠʡ ʥʘ ʧʨʫʞʥʽʡ ʥʠʪʮʽ ʜʦʚʞʠʥʦʶ l. ɿ 

ʜʦʧʦʤʦʛʦʶ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ ʦʜʝʨʞʘʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ 
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ʬʽʟʠʮʽ, ʘ ʩʘʤʝ: ʚʠʤʽʨʷʥʦ ʛʨʘʚʽʪʘʮʽʡʥʫ ʩʪʘʣʫ (ɻ.ʂʘʚʝʥʜʽʰ), ʚʠʚʯʝʥʦ ʟʘʢʦʥ 

ʚʟʘʻʤʦʜʽʾ ʪʦʯʢʦʚʠʭ ʟʘʨʷʜʽʚ (ʐ.0.ʂʫʣʦʥ), ʚʠʤʽʨʷʥʦ ʪʠʩʢ ʩʚʽʪʣʘ 

(ʇ.ɯ.ʃʝʙʝʜʻʚ). ʂʨʫʪʠʣʴʥʠʡ ʤʘʷʪʥʠʢ, ʷʚʣʷʶʯʠʩʴ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʧʨʝʮʝʟʽʡʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚ 

ʩʫʯʘʩʥʽʡ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʧʨʘʢʪʠʮʽ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʛʥʽʪʥʦʾ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ, ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʽ 

ʽʥ. 

ɺ ʜʘʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʟ ʜʦʧʦʤʦʛʦʶ ʙʘʣʽʩʪʠʯʥʦʛʦ ʢʨʫʪʠʣʴʥʦʛʦ 

ʤʘʷʪʥʠʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ "ʩʥʘʨʷʜʘ" ï ʪʽʣʘ ʤʘʩʦʶ m, ʷʢʝ ʚʠʩʪʨʽʣʶʻ 

ʩʪʠʩʥʝʥʘ ʧʨʫʞʠʥʘ. 

ʉʭʝʤʘ ʜʦʩʣʽʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ v  "ʩʥʘʨʷʜʘ" ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 1. ʅʝʭʘʡ ʧʣʝʯʝ ʽʤʧʫʣʴʩʫ, ʪʦʙʪʦ ʚʽʜʜʘʣʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ Z (ʚʽʩʴ 

ʩʧʽʚʧʘʜʘʻ ʟ ʥʠʪʢʦʶ) ʜʦ ʣʽʥʽʾ, ʚʟʜʦʚʞ ʷʢʦʾ ʨʫʭʘʻʪʴʩʷ "ʩʥʘʨʷʜ", ʜʦʨʽʚʥʶʻ r. 

ʇʦʧʘʜʘʶʯʠ ʚ ʤʽʰʝʥʴ, "ʩʥʘʨʷʜ" ʟʘʩʪʨʷʛʘʻ ʚ ʧʣʘʩʪʠʣʽʥʽ ʽ ʨʫʭʘʻʪʴʩʷ ʨʘʟʦʤ ʟ 

ʤʽʰʝʥʥʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻ ʤʽʩʮʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʫʞʥʠʡ ʫʜʘʨ. ʆʙʝʨʪʘʥʥʷ 

ʤʘʷʪʥʠʢʘ ʚʽʜʥʦʩʥʦ z ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ:  

     .z
z M

dt

dL
=       (1) 

 ʜʝ  L
z 
ï ʧʨʦʝʢʮʽʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʩʠʩʪʝʤʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʚʽʩʴ Z;  

      M
z 
ï ʧʨʦʝʢʮʽʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʤʦʤʝʥʪʫ ʩʠʣ ʥʘ ʮʶ ʞ ʚʽʩʴ. 

 
 

ɼʦ ʫʜʘʨʫ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʥʴʦʛʦ ʚʩʽ ʜʽʶʯʽ ʩʠʣʠ (ʪʷʞʽʥʥʷ, ʨʝʘʢʮʽʾ) 

ʥʘʧʨʷʤʣʝʥʽ ʚʟʜʦʚʞ ʦʩʽ Z, ʪʦʤʫ ʧʨʦʝʢʮʽʷ ʤʦʤʝʥʪʫ ʮʠʭ ʩʠʣ ʨʽʚʥʘ ʥʫʣʝʚʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʟ ʨʽʚʥʷʥʥʷ (1) ʦʜʝʨʞʫʻʤʦ: 

.0=
dt

dLz
      (2) 

ɿʚʽʜʢʠ ʩʣʽʜʫʻ, ʱʦ Lz = const . 

ɼʦ ʫʜʘʨʫ ʤʘʷʪʥʠʢ ʟʥʘʭʦʜʠʚʩʷ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʘ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ 
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"ʩʥʘʨʷʜʘ" ʙʫʚ ʨʽʚʥʠʡ mv r. ʇʽʩʣʷ ʫʜʘʨʫ ʤʘʷʪʥʠʢ ʨʘʟʦʤ ʟ "ʩʥʘʨʷʜʦʤ" 

ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʧʦʯʘʪʢʦʚʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ w. ʗʢʱʦ ʚ ʫʢʘʟʘʥʦʤʫ ʥʘ 
ʨʠʩ.1    ʧʦʣʦʞʝʥʥʽ ʚʘʥʪʘʞʽʚ ʄ (ʥʘ ʚʽʜʜʘʣʽ R2 ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ) ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ I2, ʪʦ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʡʦʛʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʫʜʘʨʫ ʙʫʜʝ: 

.22 wIL z =      (3) 

ʅʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ (2) ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ: 

     

.I2 rmuw=      (4) 

 

ʄʘʶʯʠ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ L2Z, ʤʘʷʪʥʠʢ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʦʩʽ Z, ʘʣʝ ʚʥʘʩʣʽʜʦʢ ʜʝʬʦʨʤʘʮʽʾ ʢʨʫʯʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʨʫʞʥʽ 

ʩʠʣʠ, ʤʦʤʝʥʪ ʷʢʠʭ M(j) ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʤʘʷʪʥʠʢʘ j, ʱʦ 
ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ, ʘ ʪʘʢʦʞ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ. ʋ ʪʦʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʢʦʣʠ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʩʪʘʻ ʨʽʚʥʦʶ ʥʫʣʶ, 

ʢʫʪ ʧʦʚʦʨʦʪʫ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ a, ʷʢʝ ʧʽʜʜʘʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʠʤʽʨʶʚʘʥʥʶ. ʋ ʧʨʦʮʝʩʽ ʫʜʘʨʫ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ 

ʩʠʩʪʝʤʠ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʙʦ ʯʘʩʪʠʥʘ ʾʾ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʶ 

ʝʥʝʨʛʽʶ ʪʽʣ, ʷʢʽ ʩʪʠʢʘʶʪʴʩʷ. ɸʣʝ ʧʽʩʣʷ ʫʜʘʨʫ ʨʫʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʧʨʫʞʥʠʭ ʩʠʣ, ʘ ʜʠʩʠʧʘʪʠʚʥʠʤʠ ʩʠʣʘʤʠ, ʚʥʘʩʣʽʜʦʢ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʣʽʥʽʡʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʤʘʷʪʥʠʢʘ, ʤʦʞʝʤʦ ʟʥʝʭʪʫʚʘʪʠ. ʊʦʤʫ ʥʘʜʘʣʽ 

ʧʨʘʚʦʤʽʨʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ: 

 

,constWW ʧʢ =+      (5) 

 

ʧʨʠʯʦʤʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʫʜʘʨʦʤ W1ʇ= 0, ʘ ʧʨʠ j = a  W1ʂ = 0.  

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʷʢ ʝʥʝʨʛʽʷ ʪʽʣʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʥʝʨʫʭʦʤʦʾ ʦʩʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

.
2

W
2

2
1k

wI
=      (6) 

 

ɺʨʘʭʫʚʘʚʰʠ ʚʩʽ ʮʽ ʚʠʩʥʦʚʢʠ, ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ (5), ʧʨʠʚʦʜʠʪʴ ʥʘʩ ʜʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥ ̫

),(
2

ʧ

2

2 a
w

W
I

=      (7) 

 

ʜʝ Wʇ(a) ï ʻ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʚʽʜʭʠʣʝʥʥʽ ʤʘʷʪʥʠʢʘ. 

ʊʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʮʶ ʝʥʝʨʛʽʶ ʷʚʥʦ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʢʫʪ a. ʇʨʠ ʧʦʚʦʨʦʪʽ 
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ʥʘ ʙʝʟʤʝʞʥʦ ʤʘʣʠʡ ʢʫʪ dj ʩʠʣʘʤʠ ʧʨʫʞʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʝʣʝʤʝʥʪʘʨʥʘ 

ʨʦʙʦʪʘ: 

     

,)( jj dMdA Ö-=     (8) 

 

ʜʝ ʟʥʘʢ "ʤʽʥʫʩ" ʚʨʘʭʦʚʫʻ, ʱʦ ʤʦʤʝʥʪ ʩʠʣʠ ʧʨʦʪʠʜʽʻ ʟʨʦʩʪʘʥʥʶ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ. ʆʩʢʽʣʴʢʠ   dWʇ= ï dA, ʪʦ ʧʨʦʽʥʪʝʛʨʫʚʘʚʰʠ (8), ʦʜʝʨʞʫʻʤʦ:  

 

.)()(
0

ñ=
a

jja dMWʇ     (9) 

 

ɺʚʘʞʘʶʯʠ, ʱʦ ʜʝʬʦʨʤʘʮʽʷ ʤʘʻ ʧʨʫʞʥʠʡ ʭʘʨʘʢʪʝʨ, ʟʛʽʜʥʦ ʟ ʟʘʢʦʥʦʤ 

ɻʫʢʘ ʟʘʧʠʰʝʤʦ: 

,)( jj kM =      (10) 

 

ʜʝ ʢ ï ʢʦʝʬʽʮʽʻʥʪ ʢʨʫʯʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʠʪʢʠ, 

ʾʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ.  

ʇʽʜʩʪʘʥʦʚʢʘ (10) ʚ (9) ʜʘʻ: 

.
2

)(
0

2

ñ ==

a
a

jja
ʢ

dʢWʇ     (11) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ (7) ʥʘʙʫʚʘʻ ʬʦʨʤʠ: 

     

.
22

222

2 aw kI
=     (12) 

 

ʈʦʟʚ'ʷʟʫʶʯʠ ʩʫʤʽʩʥʦ ʨʽʚʥʷʥʥʷ (4) ʪʘ (12) ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʩʪʽ v, ʦʜʝʨʞʫʻʤʦ: 

     

 .2kI
mr

a
u=     (13) 

 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10) ʨʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʜʝʬʦʨʤʘʮʽʶ ʢʨʫʯʝʥʥʷ ʥʠʪʢʠ, ʚʚʘʞʘʶʯʠ ʱʦ ʤʦʜʫʣʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʾʾ 

ʜʦʨʽʚʥʶʻ G, ʘ ʨʘʜʽʫʩ ï r
0
. ɺʠʜʽʣʠʤʦ ʚ ʥʠʞʥʽʡ ʦʩʥʦʚʽ ʯʘʩʪʠʥʫ ʢʨʫʛʦʚʦʛʦ 

ʢʽʣʴʮʷ ʨʘʜʽʫʩʦʤ x, ʪʦʚʱʠʥʦʶ dx ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʮʝʥʪʨʘʣʴʥʠʤ ʢʫʪʦʤ db 

(ʨʠʩ.2). ʅʝʭʘʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʨʫʯʝʥʥʷ ʦʩʥʦʚʘ ʥʠʪʢʠ ʧʦʚʝʨʥʫʣʘʩʴ ʥʘ ʢʫʪ j, 

ʪʦʜʽ ʪʚʽʨʥʘ AC ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ ʢʫʪ g. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʥʝ ʧʨʫʞʥʘ ʥʘʧʨʫʛʘ s, 

ʪʦʙʪʦ ʜʦʪʠʯʥʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʥʠʞʥʴʦʾ ʦʩʥʦʚʠ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ɻʫʢʘ: 
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.gs G=  

 

ɿ ʪʨʠʢʫʪʥʠʢʽʚ ʆɸɺ ʪʘ ɸɺʉ (ʨʠʩ. 2) ʟʥʘʭʦʜʠʤʦ: 

     

.x
l

j
gº  

 

 ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʧʝʨʝʧʠʰʝʤʦ ʟʘʢʦʥ ɻʫʢʘ: 

 

.js
l

Gx
=  

 

ɿʥʘʶʯʠ ʤʝʭʘʥʽʯʥʫ ʥʘʧʨʫʛʫ s, ʤʦʞʝʤʦ ʨʦʟʨʘʭʫʚʘʪʠ ʩʠʣʫ, ʱʦ ʜʽʻ ʥʘ 

ʚʠʜʽʣʝʥʠʡ ʝʣʝʤʝʥʪ ʢʽʣʴʮʷ ʧʣʦʱʠʥʦʶ dS = x Ö dx Ö db: 
 

.b
j

s xdxd
l

Gx
dsdf ==  

 

ʇʣʝʯʝ ʮʽʻʾ ʩʠʣʠ ʜʦʨʽʚʥʶʻ x, ʪʦʤʫ ʤʦʤʝʥʪ ʾʾ ʜʽʾ ʙʫʜʝ: 

 

.3 b
j

dxdx
l

G
xdfdM ==  

 

ɯʥʪʝʛʨʫʶʯʠ ʦʜʝʨʞʘʥʠʡ ʚʠʨʘʟ ʧʦ x ʚʽʜ 0 ʜʦ r
0
, ʘ ʪʘʢʦʞ ʧʦ b ʚʽʜ 0 ʜʦ 2p, 

ʦʜʝʨʞʫʻʤʦ: 

,
2

4

0 j
p

l

Gr
M =  

 

ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʚʠʨʘʟʦʤ (10), ʧʨʠʯʦʤʫ  

.
2

4

0 j
p

l

Gr
k=  

ʋ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (13) ʚʝʣʠʯʠʥʠ a, m, r ʜʦʩʪʫʧʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ 

ʚʠʤʽʨʶʚʘʥʥʶ. ɸʣʝ ʚʝʣʠʯʠʥʠ k ʪʘ I2 ʥʝʚʽʜʦʤʽ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʪʘʢʽ ʜʚʘ ʥʝʟʘʣʝʞʥʽ ʜʦʩʣʽʜʠ, ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʷʢʠʭ ʮʽ ʥʝʚʽʜʦʤʽ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʚʠʟʥʘʯʠʪʠ. 

ɿʚʝʨʥʝʤʦʩʷ ʜʦ ʘʥʘʣʽʟʫ ʨʫʭʫ ʤʘʷʪʥʠʢʘ ʧʽʜ ʜʽʻʶ ʤʦʤʝʥʪʫ ʧʨʫʞʥʠʭ ʩʠʣ. 

ɿʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ 

).(
2

2

j
j

M
dt

dL

dt

d
I ==  
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ʇʽʜʩʪʘʚʠʚʰʠ ʤʦʤʝʥʪ ʩʠʣʠ ʟ (10), ʦʜʝʨʞʠʤʦ: 

.0
2

2

=+ j
j

I

k

dt

d
 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʨʫʪʠʣʴʥʠʡ ʤʘʷʪʥʠʢ ʟʜʽʡʩʥʶʻ ʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʧʝʨʽʦʜ 

ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

.2
k

I
T p=  

 

ʇʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʘʥʪʘʞʽʚ M ʚʽʜ ʦʩʽ z ʥʘ ʚʝʣʠʯʠʥʫ R
2
 ʧʝʨʽʦʜ ʢʨʫʪʠʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʙʫʜʝ: 

,2 2
2

k

I
T p=      (15) 

 

ʘ ʷʢʱʦ ʟʤʽʩʪʠʪʠ ʚʘʥʪʘʞʽ ʥʘ ʚʽʜʜʘʣʴ R
1
, ʧʝʨʽʦʜ ʟʤʽʥʠʪʴʩʷ ʽ ʩʪʘʥʝ ʨʽʚʥʠʤ 

.2 1
1

k

I
T p=      (16) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʝʤʫ ʐʪʝʡʥʝʨʘ, ʚʠʟʥʘʯʠʤʦ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ 

ʚ ʮʠʭ ʚʠʧʘʜʢʘʭ: 

     ;2 2

101 MRIII ++¡=     (17) 

     ,2 2

202 MRIII ++¡=     (18) 

 

ʜʝ  I¡  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʘʞʝʣʷ ʚʽʜʥʦʩʥʦ ʦʩʽ z, 

     I
0
 ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʘʥʪʘʞʽʚ ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

 ʯʝʨʝʟ ʮʝʥʪʨ ʾʭ ʤʘʩ. 

ʈʦʟʚ'ʷʟʫʶʯʠ ʩʫʤʽʩʥʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (15-18), ʟʥʘʭʦʜʠʤʦ: 

    2
2

2
1

)2
2

2
1

(28

TT

RRM
k

-

-
=
p

,     (19) 

 

.
2
2

2
1

2
2

)2
2

2
1

(2

2

TT

TRRM
I

-

-
= ,     (20) 

 

ʇʽʜʩʪʘʥʦʚʢʘ ʚʠʨʘʟʽʚ (19) ʪʘ (20) ʚ (13) ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʜʝʨʞʘʥʥʷ 

ʦʩʥʦʚʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʬʦʨʤʫʣʠ ʰʚʠʜʢʦʩʪʽ: 
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.
)2

2
2

1
(

2
)2

2
2
1

(4
a

p

mrTT

TRRM
v

-

-
= ,    (21) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʭʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ "ʩʥʘʨʷʜʫ" ʟ ʜʦʧʦʤʦʛʦʶ 

ʙʘʣʽʩʪʠʯʥʦʛʦ ʢʨʫʪʠʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘʢʠʭ ʚʝʣʠʯʠʥ: 

1. ʄʘʩʠ ʚʘʥʪʘʞʽʚ ʄ, ʤʘʩʠ "ʩʥʘʨʷʜʫ" m ʪʘ ʧʣʝʯʘ ʽʤʧʫʣʴʩʫ  "ʩʥʘʨʷʜʘ"  r. 

2. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʤʘʷʪʥʠʢʘ a ʧʽʩʣʷ ʧʦʩʪʨʽʣʫ. 

3. ʇʝʨʽʦʜʽʚ T1 ʽ T2 ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʧʨʠ ʜʚʦʭ ʧʦʣʦʞʝʥʥʷʭ ʚʘʥʪʘʞʽʚ M 

ʚʽʜʥʦʩʥʦ ʦʩʽ R1 ʽ R2. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ʆʟʥʘʡʦʤʠʪʠʩʴ ʟ ʙʫʜʦʚʦʶ ʪʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. 
ʇʽʜʛʦʪʫʚʘʪʠ ʾʾ ʜʦ ʨʦʙʦʪʠ. 

2. ʈʦʟʪʘʰʫʚʘʪʠ ʚʘʥʪʘʞʽ M ʥʘ ʤʽʥʽʤʘʣʴʥʽʡ ʚʽʜʜʘʣʽ R2 ʚʽʜ ʦʩʽ ʤʘʷʪʥʠʢʘ ʪʘ 

ʚʠʤʽʨʷʪʠ ʮʶ ʚʽʜʜʘʣʴ. 

3. ɺʩʪʘʥʦʚʠʪʠ ʤʘʷʪʥʠʢ ʪʘʢ, ʱʦʙ ʨʠʩʢʘ ʥʘ ʤʽʰʝʥʽ ʩʧʽʚʧʘʜʘʣʘ ʟ ʥʫʣʴʦʚʦʶ 
ʧʦʜʽʣʢʦʶ ʢʫʪʦʚʦʾ ʰʢʘʣʠ. 

4. ɺʠʢʦʥʘʪʠ ʧʦʩʪʨʽʣ, ʚʠʤʽʨʷʪʠ ʢʫʪ a ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʤʘʷʪʥʠʢʘ 

ʪʘ ʚʽʜʜʘʣʽ r. 

5. ʂʣʘʚʽʰʝʶ "ʉʝʪʴ" ʚʚʽʤʢʥʫʪʠ ʣʽʯʠʣʴʥʠʢ ʯʘʩʫ. 

6. ɺʽʜʭʠʣʠʪʠ ʤʘʷʪʥʠʢ ʥʘ ʜʝʷʢʠʡ ʢʫʪ j, ʢʣʘʚʽʰʝʶ "ʉʙʨʦʩ" ʜʝʙʣʦʢʫʚʘʪʠ 
ʣʽʯʠʣʴʥʠʢ ʯʘʩʫ ʪʘ ʚʽʜʧʫʩʪʠʪʠ ʤʘʷʪʥʠʢ. 

7. ʇʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ N =10 ʧʦʚʥʠʭ ʢʦʣʠʚʘʥʴ ʢʣʘʚʽʰʝʶ "ʉʪʦʧ" ʟʫʧʠʥʠʪʠ 

ʚʽʜʣʽʢ ʪʘ ʟʘʤʽʨʷʪʠ ʯʘʩ t ʮʠʭ ʢʦʣʠʚʘʥʴ. 

8. ʈʦʟʪʘʰʫʚʘʪʠ ʚʘʥʪʘʞʽ ʄ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʽʜʜʘʣʽ R1  ʚʽʜ ʦʩʽ ʤʘʷʪʥʠʢʘ ʪʘ 

ʟʘʤʽʨʷʪʠ ʮʶ ʚʽʜʜʘʣʴ. 

9. ʇʦʚʪʦʨʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʧʫʥʢʪʘʤʠ 3 ʪʘ 4.  

10. ʂʦʞʥʝ ʟ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʧʫʥʢʪʘʤʠ 3, 4 ʪʘ 5, 7 ʚʠʢʦʥʘʪʠ 3-5 ʨʘʟʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʤʘʩ ʚʘʥʪʘʞʽʚ M ʪʘ "ʩʥʘʨʷʜʘ" m 

ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ. 

 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 
1. ɺʠʨʘʭʫʚʘʪʠ ʧʝʨʽʦʜʠ T1 ʽ T2  ʟʘ ʬʦʨʤʫʣʦʶ T = t / N. 

2. ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ T1 ʽ T2 ʘ ʪʘʢʦʞ ʘʙʩʦʣʶʪʥʽ ʧʦʭʠʙʢʠ DT1 ʽ DT2. 

3. ɿʘ ʨʦʙʦʯʦʶ ʬʦʨʤʫʣʦʶ (21) ʚʠʨʘʭʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ "ʩʥʘʨʷʜʘ". 

4. ʂʦʨʠʩʪʫʶʯʠʩʴ ʤʝʪʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦʭʠʙʦʢ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʶʚʘʥʴ, 

ʟʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ. 
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ɼʦʜʘʪʢʦʚʽ ʪʘ ʜʦʩʣʽʜʥʠʮʴʢʽ ʟʘʚʜʘʥʥʷ 
1. ɼʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ T ʚʽʜ ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ j. 

2. ɿʤʽʥʶʶʯʠ ʚʽʜʜʘʣʴ R ʚʘʥʪʘʞʽʚ ʚʽʜ ʦʩʽ ʤʘʷʪʥʠʢʘ, ʜʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʽʩʪʴ T 

ʚʽʜ R. ʈʝʟʫʣʴʪʘʪʠ ʟʦʙʨʘʟʠʪʠ ʛʨʘʬʽʯʥʦ ʚ ʢʦʦʨʜʠʥʘʪʘʭ  T
2
 = f (R

2
). 

3. ʆʮʽʥʠʪʠ ʤʦʜʫʣʴ ʟʩʫʚʫ G  ʥʠʪʢʠ ʤʘʷʪʥʠʢʘ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʉʬʦʨʤʫʣʶʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʴ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ, ʤʦʤʝʥʪʫ ʩʠʣʠ, 
ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. 

2. ɺʠʚʝʜʽʪʴ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ, ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ 

ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ. 

3. ʗʢʽ ʟʘʢʦʥʠ ʜʠʥʘʤʽʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʨʦʙʦʯʦʾ ʬʦʨʤʫʣʠ 

(21)?  ʆʙʛʨʫʥʪʫʡʪʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

4. ɺʠʚʝʜʽʪʴ ʨʦʙʦʯʫ ʬʦʨʤʫʣʫ (21). 

5. ɿʘʧʨʦʧʦʥʫʡʪʝ ʥʝʟʘʣʝʞʥʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ñʩʥʘʨʷʜʘò ʚ 
ʜʘʥʽʡ ʨʦʙʦʪʽ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1-10 

ɺʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʪʽʣ ʥʘ ʦʩʥʦʚʽ 

ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ  

ʣ.1. §§ 24, 32, 33 

ʄʝʪʘ ʨʦʙʦʪʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʚ 

ʤʝʭʘʥʽʮʽ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʪʽʣ ʢʦʯʝʥʥʷ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʪʽʣ; ʥʘʙʽʨ 

ʪʽʣ ʢʦʯʝʥʥʷ; ʪʝʨʝʟʠ; ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ; ʣʽʥʽʡʢʘ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʻ ʦʜʥʠʤ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʟʘʢʦʥʽʚ ʧʨʠʨʦʜʠ, ʩʧʨʘʚʝʜʣʠʚʠʤ ʜʣʷ ʩʠʩʪʝʤ ʷʢ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʪʽʣ, ʪʘʢ ʽ 

ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ. ɺʽʥ ʻ ʚʠʨʘʞʝʥʥʷʤ ʚʽʯʥʦʩʪʽ ʡ ʥʝʟʥʠʱʫʚʘʥʦʩʪʽ 

ʨʫʭʫ ʚ ʧʨʠʨʦʜʽ, ʷʢʠʡ ʣʠʰʝ ʧʝʨʝʭʦʜʠʪʴ ʽʟ ʦʜʥʽʻʾ ʬʦʨʤʠ ʚ ʽʥʰʫ. ʎʝʡ ʟʘʢʦʥ 

ʧʦʣʷʛʘʻ ʚ ʩʣʽʜʫʶʯʦʤʫ: ʚ ʽʟʦʣʴʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʪʽʣ ʝʥʝʨʛʽʷ ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ 

ʽʟ ʦʜʥʠʭ ʚʠʜʽʚ ʚ ʽʥʰʽ ʪʘ ʧʝʨʝʜʘʚʘʪʠʩʷ ʚʽʜ ʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʽʥʰʦʛʦ, ʘʣʝ ʾʾ 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. 

ʗʢʱʦ ʚ ʽʟʦʣʴʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʜʽʶʪʴ ʪʽʣʴʢʠ ʧʦʪʝʥʮʽʘʣʴʥʽ (ʢʦʥʩʝʨʚʘʪʠʚʥʽ) 

ʩʠʣʠ, ʪʦ ʚʟʘʻʤʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʽʥʰʽ ʚʠʜʠ (ʥʝʤʝʭʘʥʽʯʥʽ 

ʬʦʨʤʠ) ʚʽʜʩʫʪʥʽ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʥʦʩʠʪʴ ʥʘʟʚʫ ʽʟʦʣʴʦʚʘʥʦʾ ʢʦʥʩʝʨʚʘʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʽ ʜʣʷ ʥʝʾ ʜʽʡʩʥʠʡ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ 
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ʤʝʭʘʥʽʮʽ: ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʽʟʦʣʴʦʚʘʥʦʾ ʢʦʥʩʝʨʚʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʪʽʣ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʾʾ ʨʫʭʫ: 

     

const.=+= ʧʢ WWW  

 

ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ 

ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʜʽʶʪʴ ʩʠʣʠ ʪʝʨʪʷ ʘʙʦ ʽʩʥʫʻ ʟʘʣʠʰʢʦʚʘ (ʧʣʘʩʪʠʯʥʘ) 

ʜʝʬʦʨʤʘʮʽʷ, ʪʘʢ ʷʢ ʯʘʩʪʠʥʘ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ ʨʦʟʩʽʶʻʪʴʩʷ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʝʤʝʭʘʥʽʯʥʽ ʬʦʨʤʠ, ʥʘʧʨʠʢʣʘʜ, ʚ ʪʝʧʣʦʪʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʜʠʩʠʧʘʪʠʚʥʠʤʠ. 

ʅʝʭʘʡ ʪʽʣʦ ʤʘʩʦʶ m ʩʢʦʯʫʻʪʴʩʷ ʙʝʟ ʪʝʨʪʷ ʧʦ ʧʦʭʠʣʽʡ ʧʣʦʱʠʥʽ 

ʚʠʩʦʪʦʶ h. ʆʧʦʨʦʤ ʧʦʚʽʪʨʷ ʟʥʝʭʪʫʻʤʦ. ʊʘʢ ʷʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʽʻ ʪʽʣʴʢʠ 

ʩʠʣʘ ʪʷʞʽʥʥʷ, ʷʢʘ ʻ ʧʦʪʝʥʮʽʘʣʴʥʦʶ (ʢʦʥʩʝʨʚʘʪʠʚʥʦʶ), ʪʦ ʮʝ ʪʽʣʦ ʷʚʣʷʻ 

ʩʦʙʦʶ ʽʟʦʣʴʦʚʘʥʫ ʢʦʥʩʝʨʚʘʪʠʚʥʫ ʩʠʩʪʝʤʫ, ʜʦ ʷʢʦʾ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʢʦʥ 

ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ: 

     

.ʧʢ WW =       (1) 

 

ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

.mghWʧ=      (2) 

ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʪʽʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʪʘ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʽʚ: 

,
22

m 22 wu I
WWW ʦʙʝʨʪʧʦʩʪʢ +=+=    (3) 

ʜʝ  I ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ,  

     w ï ʡʦʛʦ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ. 

ɿ ʨʽʚʥʷʥʴ (1)-(3) ʦʜʝʨʞʫʻʤʦ: 

 

.
22

m 22 wu I
mgh +=      (4) 

 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʪʽʣʘ ʟʚ'ʷʟʘʥʘ ʟ ʰʚʠʜʢʽʩʪʶ ʡʦʛʦ 

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

 ,
R

u
w=      (5) 

 

ʜʝ R ï ʨʘʜʽʫʩ ʪʽʣʘ.  

ʈʫʭ ʪʽʣʘ ʨʽʚʥʦʤʽʨʥʦʧʨʠʩʢʦʨʝʥʠʡ, ʪʦʤʫ 
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ɡ = at ;      (6) 

;
2

2at
S=       (7) 

 

ʜʝ S ï ʜʦʚʞʠʥʘ ʧʦʭʠʣʦʾ ʧʣʦʱʠʥʠ;  

     t ï ʯʘʩ ʩʢʦʯʫʚʘʥʥʷ ʪʽʣʘ.  

ɿ ʬʦʨʤʫʣ (6) ʽ (7) ʦʜʝʨʞʫʻʤʦ: 

     

.
2

t

S
=u       (8) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ (5) ʪʘ (8) ʚ (4) ʽ, ʨʦʟʚôʷʟʘʚʰʠ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ I, 

ʦʜʝʨʞʠʤʦ: 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-= 1
22

2
2

S

ght
mRI .     (9) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʽʣʘ ʢʦʯʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʡʦʛʦ ʤʘʩʠ, ʨʘʜʽʫʩʘ, ʚʠʩʦʪʠ ʧʦʭʠʣʦʾ ʧʣʦʱʠʥʠ, ʜʦʚʞʠʥʠ ʰʣʷʭʫ 

ʪʘ ʯʘʩʫ ʩʢʦʯʫʚʘʥʥʷ.  

ɸʣʝ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʪʝʦʨʝʪʠʯʥʦ. ɼʽʡʩʥʦ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʙʝʟʤʝʞʥʦ ʤʘʣʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʤʘʩʦʶ dm 

ʚʽʜʥʦʩʥʦ ʦʩʽ ʚʠʨʘʞʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

.2dmrdI ii =       (10) 

 

ʜʝ r
i 
ï ʚʽʜʜʘʣʴ ʝʣʝʤʝʥʪʘ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʪʽʣʘ ʡʦʛʦ ʨʦʟʙʠʚʘʶʪʴ ʥʘ ʙʝʟʤʝʞʥʦ 

ʚʝʣʠʢʝ ʯʠʩʣʦ ʙʝʟʤʝʞʥʦ ʤʘʣʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʠʨʘʭʦʚʫʶʪʴ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʧʦʪʽʤ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʠʟʥʘʯʘʶʪʴ ʩʫʤʦʶ ʤʦʤʝʥʪʽʚ 

ʽʥʝʨʮʽʾ ʚʩʽʭ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ. ʎʷ ʦʧʝʨʘʮʽʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʽʥʪʝʛʨʫʚʘʥʥʷ: 

    

ñ=
m

z dmrI
0

2
.      (11) 

 

ɺʠʨʘʭʫʻʤʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʦʜʥʦʨʽʜʥʦʛʦ ʮʠʣʽʥʜʨʘ ʚʽʜʥʦʩʥʦ ʦʩʽ z, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʠ ʪʽʣʘ (ʨʠʩ.1). ɼʣʷ ʮʴʦʛʦ ʚʠʜʽʣʠʤʦ ʝʣʝʤʝʥʪ 

ʦ6ôʻʤʫ ʮʠʣʽʥʜʨʘ ʚ ʚʠʛʣʷʜʽ ʢʽʣʴʮʷ ʟʘʚʪʦʚʰʢʠ dr, ʡʦʛʦ ʦʙôʻʤ ʙʫʜʝ: 

    

,2 rdrhdV p=      

 (12) 
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ʪʦʜʽ: 

.2 rpr rdrhdVdm ==     (13) 

 

h 

dr  
z 

x 

r  

R 

ʈʠʩ.1 
 

ɿʥʘʯʝʥʥʷ dm ʟ ʬʦʨʤʫʣʠ (13) ʧʽʜʩʪʘʚʣʷʻʤʦ ʚ ʬʦʨʤʫʣʫ (11) ʪʘ ʽʥʪʝʛʨʫʻʤʦ: 

  

22224

R
0

4
R

0

3
R

0

2
m

0

2
z

mR
2

1
R

2

1
VR

2

1
hRRh

2

1

|r
4

1
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ʜʝ  m ï ʤʘʩʘ ʪʽʣʘ; 

     R ï ʨʘʜʽʫʩ ʪʽʣʘ. 

ʎʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ 

ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ; ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʧʦʰʠʨʝʥʠʭ ʪʽʣ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 1.  

 

 

ʊʘʙʣʠʮʷ 1. 

 

ʊʽʣʦ ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʆʜʥʦʨʽʜʥʠʡ ʮʠʣʽʥʜʨ 

2

2mR
 

ʆʜʥʦʨʽʜʥʘ ʢʫʣʷ 2
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ʊʦʥʢʦʩʪʽʥʥʠʡ ʮʠʣʽʥʜʨ 
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ɼʠʩʢ ʟ ʦʪʚʦʨʦʤ ( )22
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ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
ʃʘʙʦʨʘʪʦʨʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʫʶʪʴ ʥʘ ʫʩʪʘʥʦʚʮʽ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʭʠʣʫ 
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ʧʣʦʱʠʥʫ, ʚʠʩʦʪʫ ʷʢʦʾ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ. ʇʽʩʣʷ ʚʚʽʤʢʥʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʚ 

ʤʝʨʝʞʫ ʜʦʩʣʽʜʞʫʚʘʥʝ ʪʽʣʦ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʦʭʠʣʦʾ ʧʣʦʱʠʥʠ 

ʟ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ. ʇʽʩʣʷ ʚʠʤʢʥʝʥʥʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ 

ʪʽʣʦ ʧʦʯʠʥʘʻ ʩʢʦʯʫʚʘʪʠʩʴ ʽ ʦʜʥʦʯʘʩʥʦ ʚʤʠʢʘʻʪʴʩʷ ʩʝʢʫʥʜʦʤʽʨ, ʷʢʠʡ 

ʚʠʤʠʢʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʪʽʣʦʤ, ʱʦ ʩʢʦʯʫʻʪʴʩʷ ʚ ʢʽʥʮʽ ʧʦʭʠʣʦʾ ʧʣʦʱʠʥʠ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ: 

1. ʉʧʦʯʘʪʢʫ ʚʠʢʦʥʘʪʠ ʢʽʣʴʢʘ ʪʨʝʥʫʚʘʣʴʥʠʭ ʧʫʩʢʽʚ ʪʽʣʘ; ʜʦʙʠʪʠʩʴ, ʱʦʙ ʪʽʣʦ 
ʧʨʠ ʩʢʦʯʫʚʘʥʥʽ ʥʝ ʪʦʨʢʘʣʦʩʴ ʙʦʨʪʠʢʽʚ ʧʦʭʠʣʦʾ ʧʣʦʱʠʥʠ ; ʧʝʨʝʢʦʥʘʪʠʩʴ 

ʫ ʩʧʨʘʚʥʦʩʪʽ ʩʝʢʫʥʜʦʤʽʨʘ.     

2. ɿʘ ʚʢʘʟʽʚʢʦʶ ʚʠʢʣʘʜʘʯʘ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʽʣ (ʢʫʣʷ, ʮʠʣʽʥʜʨ 
ʪʘ ʽʥ.) ʚʠʢʦʥʘʪʠ 3-4 ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʩʢʦʯʫʚʘʥʥʷ. ɿʥʘʡʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʩʢʦʯʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʪʽʣʘ. 

3. ɿʘʤʽʨʷʪʠ ʜʦʚʞʠʥʫ ʧʦʭʠʣʦʾ ʧʣʦʱʠʥʠ ʪʘ ʾʾ ʚʠʩʦʪʫ. 

4. ɿʚʘʞʠʪʠ ʜʦʩʣʽʜʞʫʚʘʥʝ ʪʽʣʦ ʪʘ ʚʠʢʦʥʘʪʠ ʥʝʦʙʭʽʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ. ɺʩʽ 
ʨʝʟʫʣʴʪʘʪʠ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ 2.  

ʊʘʙʣʠʮʷ. 2 

ʊʽʣʦ t m h s R r Iʝʢʩʧ Iʪʝʦʨ  

ʂʫʣʷ         

ʎʠʣʽʥʜʨ         

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʾʭ ʘʥʘʣʽʟ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (9) ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʽʣʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ. 

2. ɿʘ ʬʦʨʤʫʣʦʶ ʟ ʪʘʙʣʠʮʽ 1 ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʽʣʘ ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ 
ʽʥʝʨʮʽʾ ʪʝʦʨʝʪʠʯʥʦ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ ʪʝʦʨʝʪʠʯʥʽ ʩʧʽʚʩʪʘʚʠʪʠ ʤʽʞ ʩʦʙʦʶ ʪʘ 
ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ. 

4. ɿʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʊʚʝʨʜʝ ʪʽʣʦ ʷʢ ʩʠʩʪʝʤʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ, ʡʦʛʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʽ 
ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1-11 

 ʄʘʷʪʥʠʢ ʄʘʢʩʚʝʣʣʘ.  

ʣ. ɯ. ÄÄ 24, 32, 33 

ʄʝʪʘ ʨʦʙʦʪʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 

ʧʨʠʢʣʘʜʽ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʤʝʪʘʣʽʯʥʠʭ ʢʽʣʝʮʴ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʤʘʷʪʥʠʢ ʄʘʢʩʚʝʣʣʘ; ʥʘʙʽʨ ʢʽʣʝʮʴ. 
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ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʻ ʦʜʥʠʤ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ 

ʟʘʢʦʥʽʚ ʧʨʠʨʦʜʠ, ʱʦ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʷʢ ʜʣʷ ʩʠʩʪʝʤ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʪʽʣ, ʪʘʢ 

ʽ ʜʣʷ ʩʠʩʪʝʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ 

ʽʟʦʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʽʣ ʝʥʝʨʛʽʷ ʤʦʞʝ ʧʝʨʝʭʦʜʠʪʠ ʟ ʦʜʥʦʛʦ ʚʠʜʫ ʚ ʽʥʰʠʡ ʪʘ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʚʽʜ ʦʜʥʦʛʦ ʪʽʣʘ ʜʦ ʽʥʰʦʛʦ, ʘʣʝ ʾʾ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ. 

ʗʢʱʦ ʚ ʽʟʦʣʴʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʪʽʣ ʜʽʶʪʴ ʪʽʣʴʢʠ ʧʦʪʝʥʮʽʘʣʴʥʽ 

(ʢʦʥʩʝʨʚʘʪʠʚʥʽ) ʩʠʣʠ, ʪʦ ʚʟʘʻʤʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʽʥʰʽ 

ʚʠʜʠ (ʥʝʤʝʭʘʥʽʯʥʽ ʬʦʨʤʠ) ʚʽʜʩʫʪʥʽ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʥʦʩʠʪʴ ʥʘʟʚʫ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʾ ʽ ʜʣʷ ʥʝʾ ʤʘʻ ʤʽʩʮʝ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ: ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʽʟʦʣʴʦʚʘʥʦʾ ʢʦʥʩʝʨʚʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʾʾ ʨʫʭʫ 

     

const.=+= ʧʢ WWW  

 

ɿʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ 

ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʜʽʶʪʴ ʩʠʣʠ ʪʝʨʪʷ ʯʠ ʽʩʥʫʶʪʴ ʟʘʣʠʰʢʦʚʽ 

(ʧʣʘʩʪʠʯʥʽ) ʜʝʬʦʨʤʘʮʽʾ, ʙʦ ʯʘʩʪʠʥʘ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʨʦʟʩʽʶʻʪʴʩʷ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʥʝʤʝʭʘʥʽʯʥʽ ʬʦʨʤʠ, ʥʘʧʨʠʢʣʘʜ, ʚ ʪʝʧʣʦʪʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ 

ʟʚʫʪʴ ʜʠʩʠʧʘʪʠʚʥʠʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʽ, ʜʦ ʩʢʣʘʜʫ 

ʷʢʦʾ ʚʭʦʜʠʪʴ ʤʘʩʠʚʥʝ ʪʽʣʦ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʧʘʜʘʶʯʠ ʟ ʧʝʚʥʦʾ ʚʠʩʦʪʠ h  ʧʽʜ 

ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ. ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʦʧʦʨʦʤ ʧʦʚʽʪʨʷ, ʪʦ ʜʘʥʝ ʪʽʣʦ ʷʚʣʷʻ 

ʩʦʙʦʶ ʢʦʥʩʝʨʚʘʪʠʚʥʫ ʩʠʩʪʝʤʫ, ʜʦ ʷʢʦʾ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʟʘʢʦʥ 

ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʪʦʙʪʦ ʡʦʛʦ ʧʦʚʥʘ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʚ 

ʧʨʦʮʝʩʽ ʨʫʭʫ ʟʘʣʠʰʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ: 

                    

const.=W       (1) 

 

ɿʨʦʩʪʘʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʽʣʘ ʧʽʜ ʯʘʩ ʧʘʜʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ. ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ 

ʪʽʣʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʥʝʨʛʽʾ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʪʘ ʝʥʝʨʛʽʾ ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʽʚ: 

,
22

22

ʢW
Im
=+

wu
     (2) 

ʜʝ   m ï ʤʘʩʘ ʪʽʣʘ ; 

       ɡ ï ʰʚʠʜʢʽʩʪʴ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʮʝʥʪʨʘ ʤʘʩ ;  

       I ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ;  

     w ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ. 

ʏʘʩʪʠʥʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʷʢʘ ʧʝʨʝʪʚʦʨʠʣʘʩʴ ʚ ʢʽʥʝʪʠʯʥʫ, ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 
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,mghWʧ=      (3) 

 

ʜʝ  h ï ʚʠʩʦʪʘ ʧʘʜʽʥʥʷ ʪʽʣʘ ; 

      g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ.  

ɿʛʽʜʥʦ ʟ ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘʧʠʰʝʤʦ: 

     

.
22

22

mgh
Im
=+

wu
     (4) 

 ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʬʦʨʤʫʣʫ, ʤʦʞʝʤʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʡʪʠ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ: 

 .
2

2

2

w

ummgh
I

-
=      (5) 

 

ɺ ʦʩʪʘʥʥʽʡ ʬʦʨʤʫʣʽ ʚʠʨʘʟʠʤʦ ʪʘ w ʯʝʨʝʟ ʚʝʣʠʯʠʥʠ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʠʤʽʨʶʚʘʥʥʶ. 

ʊʘʢ ʷʢ ʧʽʜ ʜʽʻʶ ʧʦʩʪʽʡʥʦʾ ʩʠʣʠ ʨʫʭ ʪʽʣʘ  ʨʽʚʥʦʤʽʨʥʦ ʧʨʠʩʢʦʨʝʥʠʤ, ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ: 
,at=u       (6) 

,
2

2at
h=       (7) 

 

ʜʝ  a ï ʧʨʠʩʢʦʨʝʥʥʷ, 

      t ï ʯʘʩ ʧʘʜʽʥʥʷ ʪʽʣʘ. 

 ɿ ʬʦʨʤʫʣ (6) ʪʘ (7) ʦʜʝʨʞʫʻʤʦ 

 

.
2

t

h
=u       (8) 

ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʟʚ'ʷʟʘʥʘ ʟ ʢʫʪʦʚʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

.
R

u
w=       (9) 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ (8) ʽ (9) ʚ ʬʦʨʤʫʣʫ (5) ʪʘ ʟʨʦʙʠʚʰʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʦʜʝʨʞʫʻʤʦ: 

öö
÷

õ
ææ
ç

å
-= 1

24

22

h

gtmD
I ,    (10) 

 

ʜʝ D ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʚʽʩʽ ʤʘʷʪʥʠʢʘ ;  
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     m ï ʤʘʩʘ ʪʽʣʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʩʽ ʤʘʷʪʥʠʢʘ ʤʘʩʦʶ mc,  

  ʨʦʣʠʢʘ ʤʘʩʦʶ mp ʪʘ ʦʜʥʦʛʦ ʟ ʟʤʽʥʥʠʭ ʢʽʣʝʮʴ ʤʘʩʦʶ mk, ʪʦʤʫ 

   m=m
0
+mp+mk.   

ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʚʽʩʽ ʤʘʷʪʥʠʢʘ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʨʘʟʦʤ ʟ 

ʥʘʤʦʪʘʥʦʶ ʥʘ ʥʴʦʛʦ ʥʠʪʢʦʶ ʧʽʜʚʽʩʫ. 

 

     D = D
0 
 + 2 D

ʥ
, 

ʜʝ D
0  ï ʜʽʘʤʝʪʨ ʚʽʩʽ ʤʘʷʪʥʠʢʘ,  

     D
H  ï ʜʽʘʤʝʪʨ ʥʠʪʢʠ ʧʽʜʚʽʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʬʦʨʤʫʣʦʶ (10) ʤʦʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʡʪʠ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʄʘʢʩʚʝʣʣʘ, ʚʨʘʭʦʚʫʶʯʠ ʟʨʦʙʣʝʥʽ ʟʘʫʚʘʞʝʥʥʷ 

ʚʽʜʥʦʩʥʦ m ʪʘ D ʽ ʚʠʢʦʥʘʚʰʠ ʥʝʦʙʭʽʜʥʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʄʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʾ ʚʽʩʽ a ʟʚʫʪʴ 

ʬʽʟʠʯʥʫ ʚʝʣʠʯʠʥʫ Ia , ʱʦ ʨʽʚʥʘ ʩʫʤʽ ʜʦʙʫʪʢʽʚ ʤʘʩ ʚʩʽʭ n ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ 

ʩʠʩʪʝʤʠ ʥʘ ʢʚʘʜʨʘʪʠ ʾʭ ʚʽʜʜʘʣʽ ʜʦ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ:                  

     .
1

2ä
=

=
n

i

iia rmI  

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

    ññ ==
)(

22

vm

a dVrdmrI r , 

ʜʝ dm=rdV ï ʤʘʩʘ ʤʘʣʦʛʦ ʝʣʝʤʝʥʪʘ ʦʙ'ʻʤʫ ʪʽʣʘ ; 

    r ï ʛʫʩʪʠʥʘ; 

    r ï ʚʽʜʜʘʣʴ ʚʽʜ ʝʣʝʤʝʥʪʘ dV ʜʦ ʦʩʽ a . 

 ʗʢʱʦ ʪʽʣʦ ʦʜʥʦʨʽʜʥʝ, ʪʦʙʪʦ ʛʫʩʪʠʥʘ ʡʦʛʦ ʩʢʨʽʟʴ ʦʜʥʘʢʦʚʘ, ʪʦ 

 

     ñ=
)(

2

v

a dVrI r  

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʻ ʤʽʨʦʶ ʽʥʝʨʪʥʦʩʪʽ ʡʦʛʦ ʚ ʦʙʝʨʪʦʚʦʤʫ ʨʫʩʽ 

ʥʘʚʢʦʣʦ ʥʝʨʫʭʦʤʦʾ ʚʽʩʽ, ʘʥʘʣʦʛʽʯʥʦ ʤʘʩʽ, ʱʦ ʻ ʤʽʨʦʶ ʽʥʝʨʪʥʦʩʪʽ ʚ 

ʧʦʩʪʫʧʘʣʴʥʦʤʫ ʨʫʩʽ ʪʽʣʘ. 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʷʢʦʾ-ʥʝʙʫʜʴ ʦʩʽ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ 

ʤʘʩʠ, ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʪʽʣʘ, ʘʣʝ ʡ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʡʦʛʦ ʚʽʜʥʦʩʥʦ ʮʽʻʾ ʦʩʽ. 

ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʐʪʝʡʥʝʨʘ (ʪʝʦʨʝʤʘ ʧʨʦ ʧʘʨʘʣʝʣʴʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʦʩʝʡ) 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʽʣʘ I ʚʽʜʥʦʩʥʦ ʙʫʜʴ-ʷʢʦʾ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦʨʽʚʥʶʻ ʩʫʤʽ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ IC ʚʽʜʥʦʩʥʦ ʦʩʽ, ʱʦ ʧʘʨʘʣʝʣʴʥʘ ʜʘʥʽʡ ʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʮʝʥʪʨ ʤʘʩʠ, ʪʘ ʜʦʙʫʪʢʫ ʤʘʩʠ ʪʽʣʘ ʥʘ ʢʚʘʜʨʘʪ ʚʽʜʜʘʣʽ ʤʽʞ ʦʩʷʤʠ: 

 

      I=Ic+md
2
 . 
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ʄʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʜʝʷʢʠʭ ʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʥʘʡʧʨʦʩʪʽʰʦʾ ʬʦʨʤʠ ʚʽʜʥʦʩʥʦ 

ʧʝʚʥʠʭ ʦʩʝʡ ʥʘʚʝʜʝʥʽ ʚ ʩʣʽʜʫʶʯʽʡ ʪʘʙʣʠʮʽ: 

ʊʽʣʦ ʇʦʣʦʞʝʥʥʷ ʦʩʽ ʘ ʄʦʤʝʥʪ 

ʽʥʝʨʮʽʾ Ia 

ʇʦʨʦʞʥʠʥʥʠʡ ʪʦʥʢʦʩʪʽʥʥʠʡ 

ʮʠʣʽʥʜʨ ʨʘʜʽʫʩʦʤ R ʪʘ ʤʘʩʦʶ 

m 

ɺʽʩʴ ʮʠʣʽʥʜʨʘ                                                                       mR
2
 

ʉʫʮʽʣʴʥʠʡ ʮʠʣʽʥʜʨ (ʜʠʩʢ) 

ʨʘʜʽʫʩʦʤ R ʪʘ ʤʘʩʦʶ m 

ɺʽʩʴ ʮʠʣʽʥʜʨʘ 1/2( mR
2
) 

ʂʫʣʷ ʨʘʜʽʫʩʦʤ R ʪʘ ʤʘʩʦʶ m ɺʽʩʴ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ 

ʢʫʣʽ 

2/5(mR
2
) 

Cʪʝʨʞʝʥʴ ʜʦʚʞʠʥʦʶ l ʪʘ 

ʤʘʩʦʶ m 

ɺʽʩʴ ʧʨʦʭʦʜʠʪʴ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʩʪʝʨʞʥʷ 

1/12(ml
2
) 

ʎʝʡ ʞʝ ʩʪʝʨʞʝʥʴ ɺʽʩʴ ʧʨʦʭʦʜʠʪʴ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦ ʯʝʨʝʟ ʢʽʥʝʮʴ ʩʪʝʨʞʥʷ 

1/3(ml
2
) 

 

ʊʝʦʨʝʪʠʯʥʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʄʘʢʩʚʝʣʣʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ 

ʩʫʤʫ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦʙʪʦ: 

,0 kp IIII ++=      (11) 

ʜʝ  Iʦ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʦʩʽ ʤʘʷʪʥʠʢʘ ;  

      Ip ïʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʦʣʠʢʘ;  

      Iʢ ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʟʤʽʥʥʦʛʦ ʢʽʣʴʮʷ.  

ɺʽʩʴ ʤʘʷʪʥʠʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʮʠʣʽʥʜʨ (ʜʠʩʢ), ʪʦʤʫ ʾʾ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʜʦʨʽʚʥʶʻ: 

,
8

1

2

1 2

00

2

000 DmRmI ==      (12) 

ʜʝ  Dʦ ï ʜʽʘʤʝʪʨ ʦʩʽ ʤʘʷʪʥʠʢʘ. 

ʈʦʣʠʢ ʷʚʣʷʻ ʩʦʙʦʶ ʜʠʩʢ ʟ ʦʪʚʦʨʦʤ, ʪʦʤʫ ʡʦʛʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

)(
8

1
)(

2

1 2

0

22

0

2 DDmRRmI ppppp +=+= ,   (13) 

 

ʜʝ  Dp ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʨʦʣʠʢʘ. 

 ɿʤʽʥʥʝ ʢʽʣʴʮʝ, ʷʢ ʽ ʨʦʣʠʢ, ʪʝʞ ʜʠʩʢ ʟ ʦʪʚʦʨʦʤ, ʪʦʤʫ: 

 

)(
8

1
)(

2

1 2222

ʨʢʢʨʢʢʢ DDmRRmI +=+=    (14) 

 

ʜʝ   Dʢ ï ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʽʣʴʮʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʄʘʢʩʚʝʣʣʘ, ʚʠʟʥʘʯʝʥʠʡ 



 

73 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʚʠʨʘʭʦʚʘʥʠʡ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʝ ʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 

ʫʤʦʚʘʭ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ. 

ʎʷ ʣʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʨʠʣʘʜʽ, ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ.1. ɼʦ ʦʩʥʦʚʠ ʧʨʠʣʘʜʫ ʧʨʠʢʨʽʧʣʝʥʘ ʢʦʣʦʥʢʘ 1 ʟ 

ʚʝʨʭʥʽʤ ʥʝʨʫʭʦʤʠʤ 2 ʪʘ ʥʠʞʥʽʤ ʨʫʭʦʤʠʤ 3 ʢʨʦʥʰʪʝʡʥʘʤʠ. ʅʘ ʚʝʨʭʥʴʦʤʫ 

ʢʨʦʥʰʪʝʡʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪ 4, ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ 5 ʪʘ 

ʢʦʨʙʦʯʢʘ 6 ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʚʞʠʥʠ ʙʽʬʽʣʷʨʥʦʛʦ ʧʽʜʚʽʩʫ 

ʤʘʷʪʥʠʢʘ. 

ʄʘʷʪʥʠʢ 7 ð ʮʝ ʨʦʣʠʢ, ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʦʩʽ ʽ ʧʽʜʚʽʰʝʥʠʡ ʙʽʬʽʣʷʨʥʠʤ 

ʩʧʦʩʦʙʦʤ, ʥʘ ʥʴʦʛʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʟʤʽʥʥʽ ʢʽʣʴʮʷ 8, ʱʦ ʟʤʽʥʶʶʪʴ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʩʠʩʪʝʤʠ. 

 

ʈʠʩ.1 

6 

4 

2 

5 

1 

7 

8 

9 

3 

 
ɺ ʚʝʨʭʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʤʘʷʪʥʠʢ ʫʪʨʠʤʫʻʪʴʩʷ ʝʣʝʢʪʨʦ-ʤʘʛʥʽʪʦʤ. 

ɼʦʚʞʠʥʘ ʡʦʛʦ ʚʠʟʥʘ-ʯʘʻʪʴʩʷ ʟʘ ʤʽʣʽʤʝʪʨʦʚʦʶ ʰʢʘʣʦʶ ʥʘ ʢʦʣʦʥʮʽ ʧʨʠʣʘʜʫ. 

ɼʣʷ ʧʽʜ-ʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʥʠʞʥʽʡ ʢʨʦʥʰʪʝʡʥ ʤʘʻ ʯʝʨʚʦʥʠʡ 
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ʧʦʢʘʞʯʠʢ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʠʩʦʪʽ ʦʧʪʠʯʥʦʾ ʦʩʽ ʥʠʞʥʴʦʛʦ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ: 
1. ʅʠʞʥʽʡ ʢʨʦʥʰʪʝʡʥ ʧʨʠʣʘʜʫ ʟʘʬʽʢʩʫʚʘʪʠ ʚ ʢʨʘʡʥʴʦʤʫ ʥʠʞ-ʥʴʦʤʫ 

ʧʦʣʦʞʝʥʥʽ. 

2. ʅʘ ʨʦʣʠʢ ʤʘʷʪʥʠʢʘ ʥʘʢʣʘʩʪʠ ʜʦʚʽʣʴʥʦ ʚʠʙʨʘʥʝ ʢʽʣʴʮʝ. 

3. ʇʝʨʝʩʚʽʜʯʠʪʠʩʴ, ʱʦ ʢʨʘʡ ʢʽʣʴʮʷ ʧʨʠ ʦʧʫʩʢʘʥʥʽ ʤʘʷʪʥʠʢʘ ʧʝʨʝʪʠʥʘʻ 
ʦʧʪʠʯʥʫ ʚʽʩʴ ʥʠʞʥʴʦʛʦ ʬʦʪʦʝʣʝʢ-ʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ. 

4. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʇʫʩʢ". 

5. ʅʘʤʦʪʘʪʠ ʥʠʪʢʫ ʧʽʜʚʽʩʫ ʥʘ ʚʽʩʴ ʤʘʷʪʥʠʢʘ ʽ ʟʘʬʽʢʩʫʚʘʪʠ ʡʦʛʦ ʟ 

ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ. 

6. ʇʦʚʝʨʥʫʪʠ ʤʘʷʪʥʠʢ ʚ ʥʘʧʨʷʤʢʫ ʡʦʛʦ ʨʫʭʫ ʥʘ ʢʫʪ ʙʣʠʟʴʢʦ 5
0
. 

7. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʙʨʦʩ". 

8. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʇʫʩʢ" ʽ ʟʘʧʠʩʘʪʠ ʚʠʤʽʨʷʥʠʡ ʯʘʩ ʧʘʜʽʥʥʷ ʤʘʷʪʥʠʢʘ. 

9. ɼʦʩʣʽʜ ʧʦʚʪʦʨʠʪʠ 5 ʨʘʟʽʚ. 

10. ɿ ʜʦʧʦʤʦʛʦʶ ʰʢʘʣʠ ʥʘ ʢʦʣʦʥʮʽ ʧʨʠʣʘʜʫ ʚʠʟʥʘʯʠʪʠ ʜʦʚʞʠʥʫ ʤʘʷʪʥʠʢʘ . 

11. ɿʘʧʠʩʘʪʠ ʤʘʩʠ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʤʘʷʪʥʠʢʘ: ʦʩʽ, ʨʦʣʠʢʘ, ʢʽʣʴʮʷ. 

12.ɺʠʢʦʥʘʪʠ ʟʘʤʽʨʠ ʜʽʘʤʝʪʨʽʚ ʦʩʽ ʤʘʷʪʥʠʢʘ, ʥʠʪʢʠ, ʨʦʣʠʢʘ ʽ ʢʽʣʴʮʷ.  

13.ɼʘʥʽ ʚʩʽʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ: 
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 ʢʛÖʤ
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ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʾʭ ʘʥʘʣʽʟ 
1. ɺʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʘʜʽʥʥʷ ʤʘʷʪʥʠʢʘ ʟʘ ʬʦʨʤʫʣʦʶ  

.
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=
n
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2. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (10) ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʤʘʷʪʥʠʢʘ ʟʘ 
ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

3. ɿʘ ʬʦʨʤʫʣʦʶ (11) ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʮʴʦʛʦ ʞ ʤʘʷʪʥʠʢʘ 

ʪʝʦʨʝʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ. 

4. ɺʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʫ ʽ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ. 

5. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʪʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʉʬʦʨʤʫʣʶʡʪʝ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. 

2. ʑʦ ʪʘʢʝ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʘ ʚʽʜ ʯʦʛʦ ʚʽʥ ʟʘʣʝʞʠʪʴ? 

3. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʪʝʦʨʝʤʘ ʐʪʝʡʥʝʨʘ? 
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4. ɼʦʚʝʜʽʪʴ ʚʽʨʥʽʩʪʴ ʪʝʦʨʝʤʠ ʐʪʝʡʥʝʨʘ ʜʣʷ ʩʪʝʨʞʥʷ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʜʘʥʽ ʟ 
ʪʘʙʣʠʮʽ. 

5. ɿʘʧʨʦʧʦʥʫʡʪʝ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʤʘʷʪʥʠʢʘ 
ʄʘʢʩʚʝʣʣʘ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʧʝʨʽʦʜʫ, 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1-12 

ɺʠʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʨʦʩʢʦʧʘ 

ʣ.1.ÄÄ 33,34,35 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʧʦʥʷʪʴ ʤʦʤʝʥʪʫ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪʫ 

ʽʤʧʫʣʴʩʫ;  ʧʨʘʢʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʨʝʮʝʩʽʾ, ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʽ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʛʽʨʦʩʢʦʧʽʯʥʘ ʫʩʪʘʥʦʚʢʘ ʟ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨʦʤ ʪʘ 

ʪʘʭʦʤʝʪʨʦʤ; ʧʝʨʝʤʽʱʫʚʘʥʝ ʪʽʣʦ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʉʣʦʚʦ "ʛʽʨʦʩʢʦʧ" ʽʟ ʛʨʝʮʴʢʦʾ ʤʦʚʠ ʦʟʥʘʯʘʻ ʙʫʢʚʘʣʴʥʦ ʧʨʠʣʘʜ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʦʙʝʨʪʘʥʥʷ. ɻʽʨʦʩʢʦʧʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʪʚʝʨʜʝ ʪʽʣʦ, ʱʦ ʰʚʠʜʢʦ 

ʦʙʝʨʪʘʻʪʴʩʷ, ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʷʢʦʛʦ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʥʘʧʨʷʤʦʢ ʚ 

ʧʨʦʩʪʦʨʽ. 

ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚ ʥʘʫʮʽ ʽ ʪʝʭʥʽʮʽ ʤʘʶʪʴ ʩʠʤʝʪʨʠʯʥʽ ʛʽʨʦʩʢʦʧʠ. 

ʉʠʤʝʪʨʠʯʥʠʤ ʥʘʟʠʚʘʶʪʴ ʛʽʨʦʩʢʦʧ, ʱʦ ʤʘʻ ʩʠʤʝʪʨʽʶ ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ 

ʧʝʚʥʦʾ ʦʩʽ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʦʶ ʚʽʩʩʶ ʘʙʦ ʚʽʩʩʶ ʬʽʛʫʨʠ 

ʛʽʨʦʩʢʦʧʘ. ɿʜʝʙʽʣʴʰʦʛʦ ʦʜʥʘ ʟ ʪʦʯʦʢ ʦʩʽ ʬʽʛʫʨʠ ʛʽʨʦʩʢʦʧʘ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʯʢʦʶ ʦʧʦʨʠ ʛʽʨʦʩʢʦʧʘ. 

ʑʦʙ ʚʽʩʴ ʬʽʛʫʨʠ ʛʽʨʦʩʢʦʧʘ ʤʦʛʣʘ ʚʽʣʴʥʦ ʧʦʚʝʨʪʘʪʠʩʷ ʚ ʧʨʦʩʪʦʨʽ, 

ʛʽʨʦʩʢʦʧ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʚ ʪʘʢ ʟʚʘʥʦʤʫ ʢʘʨʜʘʥʦʚʦʤʫ ʧʽʜʚʽʩʽ (ʨʠʩ. 1). 

ɼ

ɸ

ɸ¡

ɼ¡

ɺ

ɺ¡

1

          

L
C

Ld
CA¡

P¡

A

D

M

L¡

D¡

 
 

ʈʠʩ.1                                                                ʈʠʩ.2 

 



 

76 

ʄʘʭʦʚʠʢ ʛʽʨʦʩʢʦʧʘ 1 ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʦʩʽ ʬʽʛʫʨʠ ɸɸ¡ , ʱʦ ʤʦʞʝ 
ʦʙʝʨʪʘʪʠʩʴ ʟ ʤʘʣʠʤ ʪʝʨʪʷʤ ʚ ʧʽʜʰʠʧʥʠʢʘʭ, ʷʢʽ ʫʪʨʠʤʫʶʪʴ ʢʽʥʮʽ ʜʽʘʤʝʪʨʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʽʣʴʮʷ. ɺʥʫʪʨʽʰʥʻ ʢʽʣʴʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʦʙʝʨʪʘʪʠʩʴ 

ʥʘʚʢʦʣʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʾ ʦʩʽ  ɺɺ¡ , ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʽʜʰʠʧʥʠʢʠ ʥʘ 
ʢʽʥʮʷʭ ʜʽʘʤʝʪʨʘ ʟʦʚʥʽʰʥʴʦʛʦ ʢʽʣʴʮʷ. ʅʘʨʝʰʪʽ, ʟʦʚʥʽʰʥʻ ʢʽʣʴʮʝ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʫʭ ʥʘʚʢʦʣʦ ʪʨʝʪʴʦʾ ʦʩʽ  ɼɼ¡, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʝʨʫʭʦʤʽ 
ʧʽʜʰʠʧʥʠʢʠ ʧʽʜʩʪʘʚʢʠ. ɺʩʽ ʪʨʠ ʦʩʽ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ ʦʜʥʽʡ ʪʦʯʮʽ, ʷʢʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʮʝʥʪʨʦʤ ʢʘʨʜʘʥʦʚʦʛʦ ʧʽʜʚʽʩʫ. ɻʽʨʦʩʢʦʧ ʫ ʢʘʨʜʘʥʦʚʦʤʫ ʧʽʜʚʽʩʽ 

ʤʘʻ ʪʨʠ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ ʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʣʶʙʽ ʧʦʚʦʨʦʪʠ ʥʘʚʢʦʣʦ 

ʮʝʥʪʨʘ ʧʽʜʚʽʩʫ. ɺ ʝʣʝʤʝʥʪʘʨʥʽʡ ʪʝʦʨʽʾ ʛʽʨʦʩʢʦʧʘ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʪʘ 

ʤʦʤʝʥʪʠ ʽʤʧʫʣʴʩʫ ʢʽʣʝʮʴ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ, ʷʢ ʜʫʞʝ ʤʘʣʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʘʭʦʚʠʢʘ ʛʽʨʦʩʢʦʧʘ. ʗʢʱʦ ʮʝʥʪʨ ʢʘʨʜʘʥʦʚʦʛʦ 

ʧʽʜʚʽʩʫ ʘʙʦ ʪʦʯʢʘ ʦʧʦʨʠ ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʤʘʩ ʛʽʨʦʩʢʦʧʘ, ʪʦ ʡʦʛʦ 

ʥʘʟʠʚʘʶʪʴ ʟʨʽʚʥʦʚʘʞʝʥʠʤ ʯʠ ʘʩʪʘʪʠʯʥʠʤ. 

ɻʽʨʦʩʢʦʧ ʤʘʻ ʮʽʢʘʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʯʠʥʠʪʠ ʦʧʽʨ 

ʟʦʚʥʽʰʥʽʤ ʜʽʷʤ, ʱʦ ʥʘʤʘʛʘʶʪʴʩʷ ʟʤʽʥʠʪʠ ʥʘʧʨʷʤʦʢ ʡʦʛʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

ʗʢʱʦ ʚʜʘʨʠʪʠ ʧʦ ʢʽʣʴʮʶ ʢʘʨʜʘʥʦʚʦʛʦ ʧʽʜʚʽʩʫ, ʪʦ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ 

ʛʽʨʦʩʢʦʧ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʜʽʾ ʮʴʦʛʦ ʫʜʘʨʫ, ʡʦʛʦ ʚʽʩʴ ʤʘʡʞʝ ʥʝ 

ʟʤʽʥʶʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʨʷʤʢʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʫʜʘʨʫ ʚʠʥʠʢʘʶʪʴ ʣʠʰʝ 

ʥʝʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ ʘʙʦ ʜʨʠʞʘʥʥʷ ʦʩʽ ʛʽʨʦʩʢʦʧʘ, ʷʢʽ ʰʚʠʜʢʦ ʟʘʪʫʭʘʶʪʴ. ʎʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʛʽʨʦʩʢʦʧʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʠʣʘʜʘʭ ʦʨʽʻʥʪʘʮʽʾ, ʪʘ ʥʘʚʽʛʘʮʽʾ 

ʘʚʽʘʮʽʡʥʠʭ ʽ ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʩʫʜʝʥ, ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ ʪʘ 

ʽʥʰʠʭ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ. ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʪʘʢʘ ʩʪʽʡʢʽʩʪʴ ʚʣʘʩʪʠʚʘ 

ʣʠʰʝ ʛʽʨʦʩʢʦʧʘʤ ʟ ʪʨʴʦʤʘ ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ, ʚʦʥʘ ʟʦʚʩʽʤ ʟʥʠʢʘʻ, ʷʢʱʦ 

ʛʽʨʦʩʢʦʧ ʧʦʟʙʘʚʠʪʠ ʭʦʯ ʙʠ ʦʜʥʽʻʾ ʩʪʫʧʝʥʽ ʚʽʣʴʥʦʩʪʽ. 

ʑʝ ʦʜʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʛʽʨʦʩʢʦʧʘ ʧʨʦʷʚʣʷʻʪʴʩʷ, ʢʦʣʠ ʥʘ ʡʦʛʦ ʚʽʩʴ 

ʧʦʯʠʥʘʻ ʜʽʷʪʠ ʩʠʣʘ ʯʠ ʧʘʨʘ ʩʠʣ, ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʧʨʠʚʝʩʪʠ ʚʽʩʴ ʫ ʨʫʭ. ʇʽʜ 

ʜʽʻʶ ʩʠʣʠ ʈ (ʨʠʩ.2) ʢʽʥʝʮʴ ɸ ʦʩʽ ɸɸ¡ ʛʽʨʦʩʢʦʧʘ ʙʫʜʝ ʚʽʜʭʠʣʷʪʠʩʷ ʥʝ ʚ ʙʽʢ ʜʽʾ 
ʩʠʣʠ ʈ, ʘ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʮʽʡ ʩʠʣʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʛʽʨʦʩʢʦʧ 

ʧʦʚʝʨʥʝʪʴʩʷ ʥʝ ʥʘʚʢʦʣʦ ʦʩʽ ɺɺ¡, ʘ ʥʘʚʢʦʣʦ ʦʩʽ ɼɼ¡, ʧʨʠʯʦʤʫ ʥʝ ʧʨʠʩʢʦʨʝʥʦ, 
ʘ ʟ ʧʦʩʪʽʡʥʦʶ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ. ʎʝ ʦʙʝʨʪʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʧʨʝʮʝʩʽʻʶ. 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʧʨʝʮʝʩʽʾ ʛʽʨʦʩʢʦʧ ʨʦʟʚʠʚʘʻ ʧʝʚʥʠʡ 

ʤʦʤʝʥʪ, ʷʢʠʡ ʟʨʽʚʥʦʚʘʞʫʻ ʧʦʚʝʨʪʘʶʯʠʡ ʤʦʤʝʥʪ ʩʠʣʠ ʪʷʞʽʥʥʷ. ɺʠʥʠʢʥʝʥʥʷ 

ʛʽʨʦʩʢʦʧʽʯʥʦʛʦ ʤʦʤʝʥʪʫ, ʟʚ'ʷʟʘʥʦʛʦ ʟ ʧʨʝʮʝʩʽʻʶ ʛʽʨʦʩʢʦʧʘ ʥʦʩʠʪʴ ʥʘʟʚʫ 

ʛʽʨʦʩʢʦʧʽʯʥʦʛʦ ʝʬʝʢʪʫ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʛʽʨʦʩʢʦʧʘ ʧʨʠʪʘʤʘʥʥʽ ʪʘʢʦʞ ʝʣʝʤʝʥʪʘʨʥʠʤ ʯʘʩʪʠʥʢʘʤ, 

ʘʪʦʤʘʤ ʪʘ ʤʦʣʝʢʫʣʘʤ ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʚ ʥʠʭ ʤʦʤʝʥʪʽʚ ʽʤʧʫʣʴʩʫ 

ʦʨʙʽʪʘʣʴʥʦʛʦ ʽ ʩʧʽʥʦʚʦʛʦ ʦʙʝʨʪʘʥʥʷ. ɿʚʠʯʘʡʥʦ, ʮʽ ʪʘ ʽʥʰʽ ʷʚʠʱʘ ʤʽʢʨʦʩʚʽʪʫ 

ʧʦʚʠʥʥʽ ʨʦʟʛʣʷʜʘʪʠʩʴ ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʽʚ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ, ʘʣʝ ʤʽʞ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʪʦʤʥʠʭ ʽ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʩʠʩʪʝʤ ʻ ʙʘʛʘʪʦ ʩʧʽʣʴʥʦʛʦ. ʊʦʤʫ 

ʪʝʦʨʽʷ ʛʽʨʦʩʢʦʧʘ ʚʠʷʚʣʷʻʪʴʩʷ ʢʦʨʠʩʥʦʶ ʽ ʧʨʠ ʚʠʚʯʝʥʥʽ ʘʪʦʤʥʦʾ ʬʽʟʠʢʠ, 

ʬʽʟʠʢʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʘʪʦʤʥʦʛʦ ʷʜʨʘ. 
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ʈʦʟʛʣʷʥʝʤʦ ʨʫʭ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʱʦ ʤʘʻ ʦʜʥʫ ʟʘʢʨʽʧʣʝʥʫ ʪʦʯʢʫ. 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʽʾ ʩʠʣʠ ʥʘ ʪʘʢʝ ʪʽʣʦ ʻ ʤʦʤʝʥʪ ʩʠʣʠ -ʮʝ 

ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ ʥʘ ʚʝʢʪʦʨ ʩʠʣʠ: 

     

FrM
CCC
³= .     (1) 

 

ɿʘʧʠʰʝʤʦ ʜʨʫʛʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ: 

 

)( u
CC

mddtF = .    

 (2) 

 

ɼʦʤʥʦʞʠʤʦ ʚʝʢʪʦʨʥʦ ʮʝ ʨʽʚʥʷʥʥʷ, ʥʘ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ r : 

    )( u
CCCC

mdrdtFr ³=³ . 

ʘʙʦ:    )( u
CCC

mrddtM ³= . 
  

  (3) 

ɺʝʢʪʦʨ  

                                            u
CCC

mrL ³= ,
                                 

(4) 

ʥʘʟʠʚʘʶʪʴ ʤʦʤʝʥʪʦʤ ʽʤʧʫʣʴʩʫ ʪʦʯʢʠ ʚʽʜʥʦʩʥʦ ʚʠʙʨʘʥʦʛʦ ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ. ʊʦʤʫ ʚʠʨʘʟ (3) ʟʘʧʠʰʝʤʦ ʚ ʚʠʛʣʷʜʽ:  

     LddtM
CC

= , 

ʘʙʦ        
dt

Ld
M

C
C
= .

      
(5) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (5) ʻ ʦʩʥʦʚʥʠʤ ʟʘʢʦʥʦʤ ʜʠʥʘʤʽʢʠ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ 

ʪʽʣʘ ʟ ʦʜʥʽʻʶ ʟʘʢʨʽʧʣʝʥʦʶ ʪʦʯʢʦʶ. ɺʽʥ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ 

ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘ ʚʝʣʠʯʠʥʦʶ ʪʘ ʥʘʧʨʷʤʢʦʤ 

ʨʽʚʥʘ ʩʫʤʽ ʤʦʤʝʥʪʽʚ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʪʽʣʦ. 

ʊʝʦʨʽʷ ʛʽʨʦʩʢʦʧʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʷʥʥʽ (5). ʗʢʱʦ ʤʦʤʝʥʪ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ ʄ ʨʽʚʥʠʡ ʥʫʣʝʚʽ, ʪʦ ʛʽʨʦʩʢʦʧ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʣʴʥʠʤ. ɼʣʷ ʚʽʣʴʥʦʛʦ 

ʛʽʨʦʩʢʦʧʘ 

0=
dt

Ld
C

,      
(6)

 

 ʘ ʮʝ ʟʥʘʯʠʪʴ, ʱʦ 

constL=
C

     (7) 

 

ʎʝ ʨʽʚʥʷʥʥʷ ʚʠʨʘʞʘʻ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʚʽʣʴʥʦʛʦ 

ʛʽʨʦʩʢʦʧʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʨʫʭ ʛʽʨʦʩʢʦʧʘ, ʢʦʣʠ ʚ ʷʢʽʡʩʴ ʪʦʯʮʽ ɸ ʦʩʽ ʬʽʛʫʨʠ 

ʛʽʨʦʩʢʦʧʘ ɸɸ¡ ʧʽʜʚʽʩʠʪʠ ʥʝʚʝʣʠʢʠʡ ʚʘʥʪʘʞ ʈ . 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʛʽʨʦʩʢʦʧ ʧʦʯʥʝ ʜʽʷʪʠ ʤʦʤʝʥʪ ʩʠʣʠ ʄ, ʱʦ 
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ʥʘʧʨʷʤʣʝʥʠʡ ʚʟʜʦʚʞ ʦʩʽ ɺɺ¡ (ʨʠʩ.  2 ) ʽ ʨʽʚʥʠʡ 

 

                  M = P ³ l .     (8) 

ʜʝ  l ï ʧʣʝʯʝ ʩʠʣʠ ʈ. 

ʇʨʦʪʷʛʦʤ ʯʘʩʫ dt ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʛʽʨʦʩʢʦʧʘ ʦʜʝʨʞʫʻ ʧʨʠʨʽʩʪ dL= 

Mdt 

ʷʢʠʡ ʟʘ ʥʘʧʨʷʤʢʦʤ ʩʧʽʚʧʘʜʘʻ ʟ ʤʦʤʝʥʪʦʤ ʩʠʣʠ ʄ. 

ʊʝʧʝʨ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʛʽʨʦʩʢʦʧʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʨʝʟʫʣʴʪʫʶʯʦʤʫ 

ʚʝʢʪʦʨʫ,  L¡=L+dL  , ʱʦ ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʧʣʦʱʠʥʽ 

ʨʠʩʫʥʢʘ (ʨʠʩ. 2 ). ʅʘʧʨʷʤʦʢ ʮʴʦʛʦ ʚʝʢʪʦʨʘ ʩʧʽʚʧʘʜʘʻ ʟ ʥʦʚʠʤ ʥʘʧʨʷʤʢʦʤ 

ʦʩʽ ʛʽʨʦʩʢʦʧʘ, ʪʦʙʪʦ, ʚʽʩʴ ʛʽʨʦʩʢʦʧʘ ʧʨʦʪʷʛʦʤ ʯʘʩʫ dt ʧʦʚʝʨʥʝʪʴʩʷ ʥʘ ʢʫʪ 

dj.      ɿ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ 

 
.MdtLddL == j     (9) 

 

ɿʚ̔ʜʩʠ ʤʦʞʥʘ ʟʥʘʡʪʠ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʧʦʚʝʨʪʘʥʥʷ ʦʩʽ ʛʽʨʦʩʢʦʧʘ: 

 

.
L

M

dt

d
==
j

w      
(10) 

 

ʆʜʝʨʞʘʥʘ ʬʦʨʤʫʣʘ ʚʠʨʘʞʘʻ ʟʚ'ʷʟʦʢ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʝʮʝʩʽʾ w 

ʛʽʨʦʩʢʦʧʘ ʟ ʤʦʤʝʥʪʦʤ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʥʴʦʛʦ, ʪʘ ʟ ʤʦʤʝʥʪʦʤ 

ʽʤʧʫʣʴʩʫ ʛʽʨʦʩʢʦʧʘ. ɿʚʝʨʥʝʤʦ ʫʚʘʛʫ, ʱʦ ʚʝʢʪʦʨʠ ʄ , L i w ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ. 

ʇʦʟʥʘʯʠʤʦ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʛʽʨʦʩʢʦʧʘ ʚʽʜʥʦʩʥʦ ʦʩʽ ɸɸ¡ 

ʯʝʨʝʟ W, ʘ ʡʦʛʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʯʝʨʝʟ I, ʪʦʜʽ ʦʩʪʘʥʥʶ ʬʦʨʤʫʣʫ ʤʦʞʥʘ 

ʧʝʨʝʧʠʩʘʪʠ ʪʘʢ: 

 

,
WÖ

Ö
=

I

lP
w      

(11) 

 

ʟʚʽʜʢʠ ʚʠʜʥʦ, ʱʦ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʨʝʮʝʩʽʾ ʛʽʨʦʩʢʦʧʘ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʤʘʭʦʚʠʢʘ ʛʽʨʦʩʢʦʧʘ.  

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʝʮʝʩʽʾ ʛʽʨʦʩʢʦʧʘ ʻ ʪʝ, ʱʦ ʚʦʥʘ  

ʙʝʟʽʥʝʨʮʽʡʥʘ, ʪʦʙʪʦ ʧʨʝʮʝʩʽʡʥʠʡ ʨʫʭ ʧʨʠʧʠʥʷʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʧʨʠʧʠʥʝʥʥʷ 

ʜʽʾ ʤʦʤʝʥʪʫ ʩʠʣ. ʊʦʤʫ ʧʦʚʝʜʽʥʢʘ ʧʨʝʮʝʩʽʾ ʧʦʜʽʙʥʘ ʥʝ ʰʚʠʜʢʦʩʪʽ, ʘ 

ʧʨʠʩʢʦʨʝʥʥʶ, ʪʘʢ ʷʢ ʧʨʠʩʢʦʨʝʥʥʷ ʪʝʞ ʧʨʠʧʠʥʷʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ 

ʧʨʠʧʠʥʝʥʥʷʤ ʜʽʾ ʩʠʣʠ. 

ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʬʦʨʤʫʣʠ (10) ʪʘ (11) ʩʧʨʘʚʜʞʫʶʪʴʩʷ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ w<< W. ʋ ʪʝʭʥʽʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʽʨʦʩʢʦʧʠ ʟ ʯʘʩʪʦʪʦʶ 
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ʦʙʝʨʪʘʥʥʷ W=20000 · 50000 ʦʙʝʨʪʽʚ ʟʘ ʭʚʠʣʠʥʫ, ʘ ʚʝʣʠʯʠʥʘ w  ʫ ʤʽʣʴʡʦʥʠ 

ʨʘʟʽʚ ʤʝʥʰʘ. 

ʅʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʪʫʪ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʥʘʙʣʠʞʝʥʫ ʪʝʦʨʽʶ 

ʛʽʨʦʩʢʦʧʘ. ɿʛʽʜʥʦ ʽʟ ʩʪʨʦʛʦʶ ʪʝʦʨʽʻʶ ʧʦʨʷʜ ʟ ʧʨʝʮʝʩʽʻʶ ʛʽʨʦʩʢʦʧʘ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʦʩʽ ʛʽʨʦʩʢʦʧʘ ʚ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ, ʷʢʽ ʥʦʩʷʪʴ 

ʥʘʟʚʫ ʥʫʪʘʮʽʾ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʛʽʨʦʩʢʦʧʘ ʘʤʧʣʽʪʫʜʘ 

ʥʫʪʘʮʽʡ ʟʤʝʥʰʫʻʪʴʩʷ. ʂʨʽʤ ʮʴʦʛʦ ʥʫʪʘʮʽʷ ʛʘʩʠʪʴʩʷ ʪʝʨʪʷʤ ʚ ʦʧʦʨʘʭ, ʪʦʤʫ ʚ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʦʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʣʘʩʴ. 

ʊʝʦʨʽʷ ʛʽʨʦʩʢʦʧʘ ʩʴʦʛʦʜʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʚʘʞʣʠʚʠʡ ʨʦʟʜʽʣ ʪʝʦʨʝʪʠʯʥʦʾ 

ʤʝʭʘʥʽʢʠ, ʷʢʠʡ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ ʻ ʪʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ 

ʥʘʡʚʘʞʣʠʚʽʰʦʾ ʛʘʣʫʟʽ ʩʫʯʘʩʥʦʛʦ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ. ʆʩʥʦʚʠ ʧʨʠʢʣʘʜʥʦʾ 

ʪʝʦʨʽʾ ʛʽʨʦʩʢʦʧʘ ʨʦʟʚʠʥʝʥʽ ʚ ʧʨʘʮʷʭ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʜʘʪʥʠʭ 

ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʚʯʝʥʠʭ ï ʄ.ɭ.ɾʫʢʦʚʩʴʢʦʛʦ, ʆ.ʄ.ʂʨʠʣʦʚʘ, 

ɹ.ɺ.ɹʫʣʛʘʢʦʚʘ, ɻ.ʂʣʝʡʥʘ, ɸ.ɿʦʤʤʝʨʬʝʣʴʜʘ, ʄ.ʄʫʣʝʨʘ ʪʘ ʽʥʰʠʭ. ʉʫʯʘʩʥʠʡ 

ʨʦʟʚʠʪʦʢ ʧʨʠʢʣʘʜʥʘ ʪʝʦʨʽʷ ʛʽʨʦʩʢʦʧʘ ʦʜʝʨʞʘʣʘ ʚ ʨʦʙʦʪʘʭ 

ɸ.ʖ.ɯʰʣʽʥʩʴʢʦʛʦ, ʗ.ʅ.ʈʦʡʪʝʥʙʝʨʛʘ, ɺ.ɯ.ʂʦʰʣʷʢʦʚʘ, ɺ.ɯ.ʅʘʟʘʨʦʚʘ, 

ʄ.ɸ.ʇʘʚʣʦʚʩʴʢʦʛʦ ʪʘ ʽʥʰʠʭ. 

 

ʆʧʠʩ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 
ɻʽʨʦʩʢʦʧ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʩʠʚʥʠʡ 

ʜʠʩʢ, ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʨʦʪʦʨʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʅʘ ʧʽʜʩʪʘʚʮʽ   ʟ ʯʦʪʠʨʤʘ 

ʛʚʠʥʪʦʚʠʤʠ ʥʽʞʢʘʤʠ ʟʘʢʨʽʧʣʝʥʘ ʢʦʣʦʥʢʘ ʟ ʢʨʦʥʰʪʝʡʥʦʤ,   ʥʘ ʷʢʦʤʫ 

ʨʦʟʤʽʱʝʥʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ ʪʘ ʟʦʚʥʽʰʥʷ ʚʪʫʣʢʘ ʧʦʚʦʨʦʪʥʦʛʦ 

ʟôʻʜʥʫʚʘʯʘ. 

ʇʦʚʦʨʦʪʥʠʡ ʟôʻʜʥʫʚʘʯ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʛʽʨʦʩʢʦʧʫ ʧʦʚʝʨʪʘʪʠʩʴ ʥʘʚʢʦʣʦ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʞʠʚʣʝʥʥʷ ʩʪʨʫʤʦʤ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʜʘʪʯʠʢʘ       ʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ.  

ɽʣʝʢʪʨʠʯʥʠʡ ʜʚʠʛʫʥ ʟʤʦʥʪʦʚʘʥʠʡ ʥʘ ʢʨʦʥʰʪʝʡʥʽ   ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʦʨʦʪʫ ʥʘ ʦʙʤʝʞʝʥʠʡ ʢʫʪ ʚ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

ʅʘ ʚʘʣʫ ʜʚʠʛʫʥʘ ʟʘʢʨʽʧʣʝʥʠʡ ʜʠʩʢ ʟ ʝʢʨʘʥʦʤ ʟʘʭʠʩʪʫ. ɿ ʢʦʨʧʫʩʦʤ 

ʜʚʠʛʫʥʘ ʟôʻʜʥʘʥʠʡ ʚʘʞʽʣʴ, ʟ ʤʝʪʨʠʯʥʦʶ ʰʢʘʣʦʶ, ʚʟʜʦʚʞ ʷʢʦʾ ʤʦʞʝ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʚʘʥʪʘʞ ʜʣʷ ʟʨʽʚʥʦʚʘʞʝʥʥʷ ʛʽʨʦʩʢʦʧʘ. 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʛʽʨʦʩʢʦʧʘ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʟ 

ʜʦʧʦʤʦʛʦʶ ʣʽʯʠʣʴʥʠʢʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʧʝʨʝʜʥʽʡ ʧʘʥʝʣʽ ʧʨʠʣʘʜʫ. ɼʠʩʢ   

ʤʘʻ ʥʘ ʦʙʦʜʽ ʦʪʚʦʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ɺʚʽʤʢʥʫʪʠ ʧʨʠʣʘʜ ʚ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ. 

2. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʝʪʴ" ʽ ʧʝʨʝʢʦʥʘʪʠʩʴ, ʯʠ ʚʩʽ ʽʥʜʠʢʘʪʦʨʠ ʚʠʩʚʽʯʫʶʪʴ 
ʮʠʬʨʫ ʥʫʣʴ ʪʘ ʯʠ ʩʚʽʪʷʪʴʩʷ ʣʘʤʧʦʯʢʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ. 



 

80 

3. ʇʦʚʝʨʪʘʶʯʠ ʨʫʯʢʫ ʧʦʪʝʥʮʽʦʤʝʪʨʘ "ʈʝʛ.ʩʢʦʨʦʩʪʠ" ʧʝʨʝʢʦʥʘʪʠʩʴ, ʱʦ 
ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʽ ʩʪʨʽʣʢʘ ʚʠʤʽʨʶʚʘʯʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʡʦʛʦ ʚʘʣʘ 

ʚʽʜʭʠʣʷʻʪʴʩʷ. 

4. ɿ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʤʽʱʫʚʘʥʥʷ ʚʘʥʪʘʞʫ ʚʩʪʘʥʦʚʠʪʠ ʚʘʞʽʣʴ ʛʽʨʦʩʢʦʧʘ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦ. 

5. ɺʚʽʤʢʥʫʪʠ ʜʚʠʛʫʥ ʽ ʚʩʪʘʥʦʚʠʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʡʦʛʦ ʚʘʣʘ ʙʽʣʷ 6000 
ʦʙ/ʭʚ. 

6. ɿʤʽʩʪʠʪʠ ʚʘʥʪʘʞ ʥʘ 2 ʩʤ ʚʣʽʚʦ ʯʠ ʚʧʨʘʚʦ. 

7. ʅʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʙʨʦʩ" ʽ ʧʽʩʣʷ ʧʦʚʦʨʦʪʫ ʛʽʨʦʩʢʦʧʘ ʥʝ ʤʝʥʰʝ, ʷʢ ʥʘ 

30
0
, ʥʘʪʠʩʥʫʪʠ ʢʣʘʚʽʰʫ "ʉʪʦʧ". 

8. ɿʘʧʠʩʘʪʠ ʧʦʢʘʟʠ ʣʽʯʠʣʴʥʠʢʽʚ ʢʫʪʘ j ʽ ʯʘʩʫ t, ʘ ʪʘʢʦʞ ʤʘʩʫ 

ʧʝʨʝʤʽʱʫʚʘʥʦʛʦ ʚʘʥʪʘʞʫ. 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 
ɿʘʚʜʘʥʥʷ 1. ɺʠʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʝʮʝʩʽʾ ʛʽʨʦʩʢʦʧʘ. 

1. ɿʘ ʬʦʨʤʫʣʦʶ w=j / t ʚʠʨʘʭʫʚʘʪʠ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʧʨʝʮʝʩʽʾ ʛʽʨʦʩʢʦʧʘ. 

2. ʈʝʟʫʣʴʪʘʪ ʩʧʽʚʩʪʘʚʠʪʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʜʚʠʛʫʥʘ. 

3. ɿʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 
ʧʨʝʮʝʩʽʾ. 

ɿʘʚʜʘʥʥʷ 2. ɺʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʛʽʨʦʩʢʦʧʘ. 

1. ɿʘ ʬʦʨʤʫʣʦʶ (8) ʟʥʘʡʪʠ ʨʝʟʫʣʴʪʫʶʯʠʡ ʤʦʤʝʥʪ ʩʠʣ, ʱʦ ʜʽʻ ʥʘ ʛʽʨʦʩʢʦʧ. 

2. ɺʠʭʦʜʷʯʠ ʟ ʬʦʨʤʫʣʠ (10) ʟʥʘʡʪʠ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ L ʛʽʨʦʩʢʦʧʘ. 

3. ɺʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ 

ʽʤʧʫʣʴʩʫ ʛʽʨʦʩʢʦʧʘ. 

ɿʘʚʜʘʥʥʷ 3. ɺʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʛʽʨʦʩʢʦʧʘ. 

1. ɿʥʘʁʯʠ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʛʽʨʦʩʢʦʧʘ L  ʽ ʯʘʩʪʦʪʫ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ W, 

ʚʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʛʽʨʦʩʢʦʧʘ. 

2. ɺʠʨʘʭʫʚʘʪʠ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʛʽʨʦʩʢʦʧʘ ʟʘ ʬʦʨʤʫʣʦʶ (11). ʈʝʟʫʣʴʪʘʪʠ 
ʩʧʽʚʩʪʘʚʠʪʠ. 

3. ɺʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʟʥʘʭʦʜʞʝʥʥʷ ʤʦʤʝʥʪʫ 

ʽʥʝʨʮʽʾ ʛʽʨʦʩʢʦʧʘ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʄʦʤʝʥʪ ʩʠʣʠ ʽ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʪʘ ʚʽʜʥʦʩʥʦ ʦʩʽ. 

2. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʨʦʩʢʦʧʘ ʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʭʥʽʮʽ. 

3. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʛʽʨʦʩʢʦʧʽʯʥʦʛʦ ʝʬʝʢʪʫ? 

4. ʈʽʚʥʷʥʥʷ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʆʩʥʦʚʥʠʡ ʟʘʢʦʥ ʜʠʥʘʤʽʢʠ 

ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 1-13  

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʢʦʯʝʥʥʷ 

ʣ.1.ÄÄ 11, 12, 13, 14 

ʄʝʪʘ ʨʦʙʦʪʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʝʨʪʷ 

ʢʦʯʝʥʥʷ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʩʧʝʮʽʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ; ʥʘʙʽʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʽʣ. 

ʆʧʠʩ ʫʩʪʘʥʦʚʢʠ 
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ʈʠʩ.1  
 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʭʠʣʠʡ ʤʘʷʪʥʠʢ, 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ.1.  ɼʦ ʧʽʜʩʪʘʚʢʠ 2, ʱʦ ʤʘʻ ʯʦʪʠʨʠ ʛʚʠʥʪʦʚʠʭ ʥʽʞʢʠ, 

ʧʨʠʢʨʽʧʣʝʥʽ ʤʽʣʽʩʝʢʫʥʜʦʤʽʨ 1 ʪʘ ʪʨʫʙʘ 3 ʟ ʟʤʦʥʪʦʚʘʥʠʤ ʥʘ ʥʽʡ ʢʦʨʧʫʩʦʤ 4, 

ʟôʻʜʥʘʥʠʤ ʯʝʨʝʟ ʯʝʨʚôʷʯʥʫ ʧʝʨʝʜʘʯʫ ʟ ʢʨʦʥʰʪʝʡʥʦʤ 5, ʷʢʠʡ ʤʘʻ ʜʚʽ ʰʢʘʣʠ 

6 ʪʘ 7. ɼʦ ʢʨʦʥʰʪʝʡʥʘ ʧʨʠʢʨʽʧʣʝʥʘ ʢʦʣʦʥʢʘ 8, ʥʘ ʷʢʽʡ ʧʽʜʚʽʰʫʻʪʴʩʷ ʟ 

ʜʦʧʦʤʦʛʦʶ ʥʠʪʢʠ ʢʫʣʷ ʟ ʚʦʜʠʣʢʦʶ 9, ʪʘ ʻ   ʧʨʠʩʪʨʽʡ 10 ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. ʌʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʜʘʪʯʠʢ 12 ʩʣʫʞʠʪʴ ʜʣʷ 

ʧʽʜʨʘʭʫʥʢʫ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʊʝʨʪʷ ʢʦʯʝʥʥʷ ʦʙʫʤʦʚʣʶʻʪʴʩʷ: ʘ) ʚʪʨʘʪʘʤʠ ʥʘ ʧʨʫʞʥʠʡ ʛʽʩʪʝʨʝʟʠʩ, ʱʦ 



 

82 

ʟʚôʷʟʘʥʠʡ ʟ ʩʪʠʩʥʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʧʝʨʝʜʫ ʪʽʣʘ, 

ʷʢʝ ʢʦʪʠʪʴʩʷ; ʙ) ʟʘʪʨʘʪʘʤʠ ʨʦʙʦʪʠ ʥʘ ʜʝʬʦʨʤʘʮʽʶ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʚʘʣʠʢʘ ʧʦʧʝʨʝʜʫ ʪʽʣʘ, ʱʦ ʢʦʪʠʪʴʩʷ ; ʚ) ʧʦʜʦʣʘʥʥʷ "ʤʽʩʪʦʯʢʽʚ 

ʟʯʝʧʣʝʥʥʷ". 

ʇʨʠʯʠʥʫ ʚʠʥʠʢʥʝʥʥʷ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʢʦʯʝʥʥʷ ʢʫʣʽ ʘʙʦ ʮʠʣʽʥʜʨʘ ʥʘ ʧʣʦʱʠʥʽ (ʨʠʩ. 2 ). ʇʨʠ ʪʘʢʦʤʫ 

ʢʦʯʝʥʥʽ ʚ ʪʦʯʮʽ ʜʦʪʠʢʫ ʚʠʥʠʢʘʶʪʴ ʧʨʫʞʥʽ ʘʙʦ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ. ʊʦʤʫ 

ʪʦʯʢʘ ɸ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ ʨʝʘʢʮʽʾ Rn ʧʦʚʝʨʭʥʽ ʜʝʱʦ ʟʤʽʱʫʻʪʴʩʷ ʚʧʝʨʝʜ, ʘ 

ʣʽʥʽʷ ʜʽʾ ʩʠʣʠ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʥʘʟʘʜ.  

 

ʅʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ: 

     NRn

CC
-= , 

ʘ ʜʦʪʠʯʥʘ ʪʝʨʪʷ ʢʦʯʝʥʥʷ: 

     tRFʢʦʯ
CC
= . 

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ ʩʠʣʠ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʢʦʥ 

ʂʫʣʦʥʘ: 

     
r

N
fF ʢʢʦʯ

C
C

Öº ,
     (1)

 

ʜʝ  r ï ʨʘʜʽʫʩ ʧʦʚʝʨʭʥʽ ʪʽʣʘ, ʱʦ ʢʦʪʠʪʴʩʷ; 

     ¥ʢ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʯʝʥʥʷ. 

 
ʊʝʨʪʷ ʢʦʯʝʥʥʷ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ. ʇʨʠ ʥʴʦʤʫ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʝ ʟʥʦʰʫʶʪʴʩʷ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʪʨʫʪʴʩʷ, ʪʘ ʚ ʙʘʛʘʪʦ ʨʘʟʽʚ ʟʥʠʞʫʻʪʴʩʷ 

ʜʠʩʠʧʘʮʽʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ. ʊʦʤʫ ʩʢʨʽʟʴ, ʜʝ ʮʝ ʤʦʞʣʠʚʦ, ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ 

ʟʘʤʽʥʶʶʪʴ ʪʝʨʪʷʤ ʢʦʯʝʥʥʷ. 

ʋ ʚʩʽʭ ʨʝʘʣʴʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʪʘ ʩʠʩʪʝʤʘʭ ʤʘʶʪʴ ʤʽʩʮʝ ʩʠʣʠ 
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ʪʝʨʪʷ, ʜʽʷ ʷʢʠʭ ʧʨʠʟʚʦʜʠʪʴ ʚ ʩʚʦʻʤʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʚ 

ʪʝʧʣʦ. 

ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʦʜʥʦʛʦ ʪʽʣʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʧʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʚʠʥʠʢʘʻ ʦʧʽʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʮʽʣʠʤ ʨʷʜʦʤ ʷʚʠʱ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʠʣʦʶ 

ʪʝʨʪʷ. ʈʦʟʨʽʟʥʷʶʪʴ ʩʠʣʫ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʷʢ ʩʠʣʫ ʦʧʦʨʫ, ʪʘʥʛʝʥʮʽʘʣʴʥʫ 

ʚʽʜʥʦʩʥʦ ʧʝʨʝʤʽʱʝʥʥʷ ʜʚʦʭ ʪʚʝʨʜʠʭ ʪʽʣ ʧʨʠ ʾʭ ʜʦʪʠʢʦʚʽ ʽ ʩʠʣʫ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʷʢ ʩʠʣʫ ʦʧʦʨʫ, ʪʘʥʛʝʥʮʽʘʣʴʥʫ ʚʽʜʥʦʩʥʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʰʘʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʦʜʠʥ ʚʽʜʥʦʩʥʦ  ʽʥʰʦʛʦ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ ʻ ʥʘʷʚʥʽʩʪʴ ʩʠʣ ʪʝʨʪʷ 

ʩʧʦʢʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʛʨʘʥʠʯʥʘ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʠʣʘ, ʧʽʜ ʜʽʻʶ ʷʢʦʾ 

ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʥʦʩʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʪʽʣ, ʷʢʽ ʜʦʪʠʢʘʶʪʴʩʷ. 

ʆʩʥʦʚʥʠʤ ʟʘʢʦʥʦʤ ʜʣʷ ʩʠʣʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ ʻ ʟʘʢʦʥ ɸʤʦʥʪʦʥʘ-

ʂʫʣʦʥʘ, ʷʢʠʡ ʜʦʧʦʚʥʝʥʠʡ ɺ.ɺ.ɼʝʨʷʛʽʥʠʤ: 

 

)( 00SpNfFʪʨ += ,    (2) 

 

ʜʝ  ¥ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ;  

      N ï ʥʦʨʤʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ;  

      p0 ï ʧʠʪʦʤʘ ʘʜʛʝʟʽʷ - ʩʠʣʘ ʧʨʠʣʠʧʘʥʥʷ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʦʜʠʥʠʮʽ ʧʣʦʱʽ; 

      S0 ï ʧʣʦʱʘ ʜʽʡʩʥʦʛʦ ʢʦʥʪʘʢʪʫ. 

ʉʠʣʘ ʪʝʨʪʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ¥. ʉʧʦʩʪʝʨʝʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʥʝ ʻ ʩʪʘʣʦʶ, ʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ 

ʧʦʚʝʨʭʥʽ, ʚʽʜ ʾʭ ʤʽʢʨʦʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʦʬʽʣʶ, ʥʘʷʚʥʦʩʪʽ ʤʘʩʪʠʣʘ, ʛʘʟʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʢʫʣʽ ʧʦ ʧʣʦʱʠʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʧʦʭʠʣʦʛʦ ʤʘʷʪʥʠʢʘ. ʂʫʣʷ ʨʘʜʽʫʩʦʤ r (ʨʠʩ. 3), 

ʧʽʜʚʽʰʝʥʘ ʥʘ ʥʠʪʮʽ, ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧʦʭʠʣʫ ʧʣʦʱʠʥʫ, ʢʫʪ ʥʘʭʠʣʫ ʷʢʦʾ b 
ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ. ʗʢʱʦ ʢʫʣʶ ʚʠʚʝʩʪʠ ʟ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ, ʚʦʥʘ ʧʦʯʥʝ 

ʧʝʨʝʢʦʯʫʚʘʪʠʩʴ ʧʦ ʧʣʦʱʠʥʽ, ʟʜʽʡʩʥʶʶʯʠ ʟʘʪʫʭʘʶʯʽ ʢʦʣʠʚʘʥʥʷ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʪʝʨʪʷ ʟ ʜʦʧʦʤʦʛʦʶ ʧʦʭʠʣʦʛʦ ʤʘʷʪʥʠʢʘ ʛʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʡʦʛʦ ʢʦʣʠʚʘʥʴ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ. ʌʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ, ʧʨʠʨʽʚʥʶʶʯʠ ʨʦʙʦʪʫ ʩʠʣ ʪʝʨʪʷ ʚʪʨʘʪʘʤ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

ʤʘʷʪʥʠʢʘ. 

ɿʘ n ʮʠʢʣʽʚ ʢʦʣʠʚʘʥʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʧʦʣʦʞʝʥʥʷ ɺ ʚ ʧʦʣʦʞʝʥʥʷ ɺ¡    
(ʨʠʩ. 3) ʤʘʷʪʥʠʢ ʚʪʨʘʯʘʻ ʝʥʝʨʛʽʶ: 

    

,hmgʇ D=D      (3) 

 

ʜʝ  m ï ʤʘʩʘ ʤʘʷʪʥʠʢʘ ;  
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     g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; 

     Dh ï ʚʪʨʘʪʘ ʚʠʩʦʪʠ. 

ɺʪʨʘʪʘ ʝʥʝʨʛʽʾ ʨʽʚʥʘ ʨʦʙʦʪʽ ʩʠʣ ʦʧʦʨʫ ʚʟʜʦʚʞ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ  S : 

,1AAʇ D+D=D      (4) 

 

ʜʝ  DA=Ftp ÖS ï ʨʦʙʦʪʘ ʩʠʣʠ ʪʝʨʪʷ ;             (5) 

      DA1 ï ʨʦʙʦʪʘ ʩʠʣ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʪʝʨʪʷ ʚ ʧʽʜʚʽʩʽ ʤʘʷʪʥʠʢa, ʷʢʦʶ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ: 

,Aʇ D=D       (6) 

ɸʣʝ 

,21 ʇʇʇ -=D      (7) 

 

ʜʝ  ʇ1 ï ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʤʘʷʪʥʠʢʘ ʚ ʧʦʣʦʞʝʥʥʽ ɺ, 

      ʇ2 ï ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʤʘʷʪʥʠʢʘ ʚ ʧʦʣʦʞʝʥʥʽ ɺ¡.  
ɿ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʱʦ 

 

    mgrRʇ Ö-= ba sin)cos( 01 ,   (8) 

 

ʜʝ  R ï ʜʦʚʞʠʥʘ ʤʘʷʪʥʠʢʘ ; 

     

mgrRʇ n Ö-= ba sin)cos(2 .   (9) 

 

ɺʠʨʘʟʠ (8) ʽ (9) ʧʽʜʩʪʘʚʠʤʦ ʚ (7): 

2
sin

2
sinsin2)cos(cossin 00

0
nn

n RmgRmgʇ
aaaa

baab
-

Ö
+

Ö=-=D ,  (10) 

 

ʜʝ a0 ï ʚʽʜʭʠʣʝʥʥʷ ʤʘʷʪʥʠʢʘ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; 

 an ï ʚʽʜʭʠʣʝʥʥʷ ʤʘʷʪʥʠʢʘ ʧʽʩʣʷ n ʢʦʣʠʚʘʥʴ.  

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ  a0 ʪʘ an  ʢʫʪʠ ʤʘʣʽ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10) ʤʦʞʥʘ 

ʧʝʨʝʧʠʩʘʪʠ: 

 .
22

sin2 00 nnRmgʇ
aaaa

b
-

Ö
+

Ö=D   (11) 

 

ɿ ̔ʥʰʦʛʦ ʙʦʢʫ ,SFAʇ ʪʨÖ=D=D  ʜʝ 
r

N
fFʪʨ=  ï ʩʠʣʘ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ; 

    bcosmgN=  ï ʩʠʣʘ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ;       (12)  

     S ï ʰʣʷʭ, ʧʨʦʡʜʝʥʠʡ ʤʘʷʪʥʠʢʦʤ ʟʘ n ʢʦʣʠʚʘʥʴ: 

     ,4 ʩʨaÖ= RnS      (13) 
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ʜʝ  ,
2

0 n
ʩʨ

aa
a

+
=

 
 ʪʦʤʫ:                              (14) 

    

 
.

2
4 0 nRnS

aa+
=

     (15) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ (15) ʪʘ (12) ʚ ʬʦʨʤʫʣʫ (5), ʟʥʘʡʜʝʤʦ ʨʦʙʦʪʫ: 

     

,
2

4
cos 0 nRn
r

mg
fA

aab +
Ö=D  

 

ʚʨʘʭʦʚʫʶʯʠ ʾʾ ʪʘ (11) ʟ ʬʦʨʤʫʣʠ (6) ʦʜʝʨʞʠʤʦ: 

    

b
aa

tg
n

r
f n

4

)( 0-= ,    (16) 

 

ʜʝ  a0 ʪʘ an ï ʢʫʪʠ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʰʦʛʦ ʪʘ n-ʛʦ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ ʚ 

ʨʘʜʽʘʥʘʭ;  

      r ï ʨʘʜʽʫʩ ʢʫʣʴʢʠ ; 

      b ï ʢʫʪ ʥʘʭʠʣʫ ʧʣʦʱʠʥʠ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ ʜʦ ʛʦʨʠʟʦʥʪʫ ʚ ʛʨʘʜʫʩʘʭ; 

      n ï ʯʠʩʣʦ ʧʦʚʥʠʭ ʢʦʣʠʚʘʥʴ. 

ʆʪʞʝ, ʧʨʠ ʫʤʦʚʽ ʧʝʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʤʽʞ 

ʢʫʣʴʢʦʶ ʪʘ ʧʣʦʱʠʥʦʶ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʡ ʯʝʨʝʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʤʽʨʶʚʘʣʴʥʽ ʚʝʣʠʯʠʥʠ a, b, r, n. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ɺʠʙʨʘʪʠ ʢʫʣʴʢʫ ʧʝʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʘʤʽʨʷʪʠ ʾʾ ʨʘʜʽʫʩ ʪʘ ʟʘʢʨʽʧʠʪʠ ʥʘ 
ʧʽʜʚʽʩʽ. 

2. ɺʩʪʘʥʦʚʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʧʣʦʩʢʫ ʧʣʘʩʪʠʥʢʫ. 

3. ʇʦʭʠʣʠʡ ʤʘʷʪʥʠʢ ʚʩʪʘʥʦʚʠʪʠ ʧʽʜ ʢʫʪʦʤ   b1=60
0
 ʜʦ ʛʦʨʠʟʦʥʪʫ. 

4. ɺʽʜʭʠʣʠʪʠ ʢʫʣʴʢʫ ʥʘ ʢʫʪ a0 =4·5
0
 ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʽ ʚʽʜʧʫʩʪʠʪʠ, ʜʘʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʾʡ ʟʜʽʡʩʥʠʪʠ n =10 (ʘʙʦ 15 ʯʠ 20) ʢʦʣʠʚʘʥʴ. 

5. ɿʘʤʽʨʷʪʠ ʢʫʪ an ʚʽʜʭʠʣʝʥʥʷ ʤʘʷʪʥʠʢʘ ʧʽʩʣʷ n ʢʦʣʠʚʘʥʴ. 

6. ɺʩʽ ʜʘʥʽ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ, ʚʠʨʘʟʠʚʰʠ ʢʫʪʠ a0 ʪʘ an ʚ ʨʘʜʽʘʥʘʭ. 

7. ʇʦʚʪʦʨʠʪʠ ʚʩʽ ʟʘʤʽʨʠ ʜʣʷ ʜʘʥʦʾ ʧʘʨʠ ʤʘʪʝʨʽʘʣʽʚ ʢʫʣʴʢʘ-ʧʣʘʩʪʠʥʢʘ 3·5 

ʨʘʟʽʚ. 

8. ɺʩʪʘʥʦʚʠʪʠ ʢʫʪ ʥʘʭʠʣʫ ʧʣʦʱʠʥʠ ʢʦʣʠʚʘʥʴ ʤʘʷʪʥʠʢʘ ʟʘ ʧ.3 b2 = 45
0
 ʽ 

ʧʨʦʨʦʙʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʧ.ʧ. 4·7, ʧʦʪʽʤ ʧʦʚʪʦʨʠʪʠ ʪʝ ʩʘʤʝ ʧʨʠ b3 

=30
0
. 
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ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (16) ʚʠʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ¥ ʪʝʨʪʷ ʢʦʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʫʪʘ b. 

2. ɺʠʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ¥  ʚ ʤʝʞʘʭ ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ, ʪʦʙʪʦ ʧʨʠ 

ʢʦʞʥʦʤʫ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʢʫʪʘ ʥʘʭʠʣʫ b1, b2, b3. 

3. ɺʠʨʘʭʫʚʘʪʠ ʟʘʛʘʣʴʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʢʦʯʝʥʥʷ, 
ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

4. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʧʦʟʠʪʠʚʥʽ ʽ 

ʥʝʛʘʪʠʚʥʽ ʩʪʦʨʦʥʠ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 

ʢʦʯʝʥʥʷ ʽ ʪʦʯʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʆʧʠʰʽʪʴ ʬʽʟʠʯʥʽ ʧʨʠʯʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʩʠʣ ʪʝʨʪʷ. 

2. ɿʘʧʠʰʽʪʴ ʪʘ ʧʦʷʩʥʽʪʴ ʟʘʢʦʥʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ, ʢʦʯʝʥʥʷ. 

3. ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʢʦʨʠʩʥʦʛʦ ʪʘ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʷʚʣʝʥʥʷ ʪʝʨʪʷ ʟ ʛʘʣʫʟʽ 
ɺʘʰʦʾ ʤʘʡʙʫʪʥʴʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ. 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1-14 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ ʤʝʪʦʜʦʤ ʉʪʦʢʩʘ 

ʣ.1.ÄÄ 42, 43 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʽʜʠʥʠ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʧʨʠʣʘʜ ʉʪʦʢʩʘ; ʩʪʘʣʴʥʽ ʢʫʣʴʢʠ; ʤʽʢʨʦʤʝʪʨ; ʣʽʥʽʡʢʘ; 

ʩʝʢʫʥʜʦʤʽʨ; ʪʝʨʤʦʤʝʪʨ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʇʽʜ ʯʘʩ ʨʫʭʫ ʨʽʜʠʥʠ ʤʽʞ ʾʾ ʰʘʨʘʤʠ ʚʠʥʠʢʘʶʪʴ ʩʠʣʠ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ, ʷʢʽ ʜʽʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʨʽʚʥʷʪʠ ʰʚʠʜʢʦʩʪʽ ʚʩʽʭ ʰʘʨʽʚ. 

ɺʠʥʠʢʥʝʥʥʷ ʮʠʭ ʩʠʣ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʰʘʨʠ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʟ 

ʨ̔ ʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʦʙʤʽʥʶʶʪʴʩʷ ʤʦʣʝʢʫʣʘʤʠ. ʄʦʣʝʢʫʣʠ ʟ ʙʽʣʴʰ 

ʰʚʠʜʢʦʛʦ ʰʘʨʫ ʧʝʨʝʜʘʶʪʴ ʙʽʣʴʰ ʧʦʚʽʣʴʥʦʤʫ ʰʘʨʦʚʽ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʨʫʭʫ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʦʩʪʘʥʥʽʡ ʧʦʯʠʥʘʻ ʨʫʭʘʪʠʩʴ ʰʚʠʜʰʝ. ʄʦʣʝʢʫʣʠ ʟ ʙʽʣʴʰ 

ʧʦʚʽʣʴʥʦʛʦ ʰʘʨʫ ʦʜʝʨʞʫʶʪʴ ʫ ʰʚʠʜʰʦʤʫ ʰʘʨʽ ʚʽʜʧʦʚʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʨʫʭʫ, 

ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 
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uu
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f
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X
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ʈʦʟʛʣʷʥʝʤʦ ʨʽʜʠ-ʥʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ X (ʨʠʩ.1). ʅʝʭʘʡ 

ʰʘʨʠ ʨʽʜʠʥʠ ʤʘʶʪʴ ʨʽʟʥʫ ʰʚʠ-ʜʢʽʩʪʴ. ɺʠʙʝʨʝʤʦ ʥʘ ʦʩʽ Z ʜʚʽ ʪʦʯʢʠ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʥʘ ʚʽʜʜʘʣʽ dZ. ʇʦʪʽʢ ʨʽʜʠʥʠ ʮʠʭ ʪʦʯʦʢ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʰʚʠʜʢʦʩʪʽ ʚʽʜʨʽʟʥʷ-ʻʪʴʩʷ ʥʘ dɡ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 
dZ

du
 ʭʘʨʘʢʪʝʨʠʟʫʻ   ʟʤʽʥʫ   ʰʚʠʜʢʦʩʪʽ  ʧʦʪʦʢʫ  ʚ   

ʥʘʧʨʷʤʢʫ  ʦʩʽ  Z ʽ  ʥʦʩʠʪʴ  ʥʘʟʚʫ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ. 

ʉʠʣʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ (ʚôʷʟʢʦʩʪʽ), ʱʦ ʜʽʻ ʤʽʞ ʜʚʦʤʘ ʰʘʨʘʤʠ ʟʘ 

ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ, ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ ʧʣʦʱʽ ʾʭ ʜʦʪʠʢʘʥʥʷ ʪʘ 

ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ: 

.S
dZ

d
nf DÖ-=
u

     (1) 

ɺʝʣʠʯʠʥʘ h ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʘʙʦ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ.  ʗʢʱʦ  ʚ ʬʦʨʤʫʣʽ (1) ʚʟʷʪʠ  
11 -=ʩ

dZ

du
  ̔  

21ʤS=D , ʪʦʜʽ h=¼f¼, ʪʦʙʪʦ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʯʠʩʝʣʴʥʦ 

ʜʦʨʽʚʥʶʻ ʩʠʣʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ, ʷʢʘ ʜʽʻ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʜʚʦʭ ʰʘʨʽʚ 

ʨʽʜʠʥʠ, ʱʦ ʜʦʪʠʢʘʶʪʴʩʷ ʽ ʨʫʭʘʶʪʴʩʷ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʛʦ ʟ ʛʨʘʜʽʻʥʪʦʤ 

ʰʚʠʜʢʦʩʪʽ,  ʨʽʚʥʠʤ  ʦʜʠʥʠʮʽ.   ɺ  ʩʠʩʪʝʤʽ  ʉɯ  h ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ 

ʢʛÖʤ-1Öʩ-1. 

ɺ ʩʠʩʪʝʤʽ ʉɻʉ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʛÖʩʤ-

1Öʩ-1 
ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʧʫʘʟ. ʏʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥʠʮʶ ʚ ʩʪʦ ʨʘʟʽʚ ʤʝʥʰʫ 

ðʩʘʥʪʠʧʫʘʟ. 

ʂʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʨʽʜʠʥʠ ʽ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ. ɺôʷʟʢʽʩʪʴ ʛʨʘʻ ʩʫʪʪʻʚʫ ʨʦʣʴ ʚ 

ʨʫʭʦʚʽ ʨʽʜʠʥʠ. ʐʘʨ ʨʽʜʠʥʠ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʷʛʘʻ ʜʦ ʪʚʝʨʜʦʾ 

ʧʦʚʝʨʭʥʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʣʠʧʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʝʾ ʥʝʨʫʭʦʤʠʤ. 

ʐʚʠʜʢʽʩʪʴ ʨʝʰʪʠ ʰʘʨʽʚ ʟʨʦʩʪʘʻ ʟ ʚʽʜʜʘʣʝʥʥʷʤ ʚʽʜ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ. 
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ʅʘʷʚʥʽʩʪʴ ʰʘʨʽʚ ʨʽʜʠʥʠ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʪʚʝʨʜʠʭ ʪʽʣ ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ 

ʟʤʝʥʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. 

ʇʦʨʷʜ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ h ʯʘʩʪʦ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʧʦʥʷʪʪʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ: 

 
r

h
u=      (2) 

 

ʜʝ   r ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ. 

ɺ ʩʠʩʪʝʤʽ ʉɯ ʦʜʠʥʠʮʝʶ ʢʦʝʬʽʮʽʻʥʪʘ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʻ ʤ
2
ʩ

-1
, ʚ 

ʩʠʩʪʝʤʽ ʉɻʉ ð ʩʤ
2Öʩ-1, ʷʢʘ ʤʘʻ ʥʘʟʚʫ 1 ʩʪʦʢʩ. 

ʋ ʜʘʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚôʷʟʢʦʩʪʽ 

ʨʽʜʠʥʠ (ʨʦʟʯʠʥ ʛʣʽʮʝʨʠʥʫ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʝ ʤʘʩʣʦ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʉʪʦʢʩʘ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʢʫʣʴʢʫ, ʷʢʘ ʨʫʭʘʻʪʴʩʷ ʚ ʨʽʜʠʥʽ, ʜʽʻ 

ʩʠʣʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʛʘʣʴʤʫʻ ʾʾ ʨʫʭ. ʎʷ ʩʠʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ 

ʉʪʦʢʩʘ: 

 

uphrf 6-= ,     (3) 

 

ʜʝ  r ï ʨʘʜʽʫʩ ʢʫʣʴʢʠ,  

     ɡ ï ʾʾ ʰʚʠʜʢʽʩʪʴ. 

ʗʢʱʦ ʢʫʣʴʢʘ ʚʽʣʴʥʦ ʧʘʜʘʻ ʫ ʚôʷʟʢʽʡ ʨʽʜʠʥʽ (ʨʠʩ. 2), ʪʦ ʥʘ ʥʝʾ, ʢʨʽʤ ʩʠʣʠ 

ʪʝʨʪʷ f
C
, ʙʫʜʫʪʴ ʪʘʢʦʞ ʜʽʷʪʠ ʩʠʣʘ ʪʷʞʽʥʥʷ gVgmP

CCC
r==

 ʪʘ 

ʚʠʰʪʦʚʭʫʚʘʣʴʥʘ ʩʠʣʘ ɸʨʭʽʤʝʜʘ VgP
CC

11 r-= , ʱʦ ʥʘʧʨʷʤʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʛʦʨʫ ʽ ʨʽʚʥʘ ʚʘʟʽ ʚʠʪʽʩʥʝʥʦʾ ʢʫʣʴʢʦʶ ʨʽʜʠʥʠ.  

ʅʘ ʦʩʥʦʚʽ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʩʢʣʘʜʝʤʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʢʫʣʴʢʠ: 

 

,61 uphrr
u

rgVgV
dt

d
m --=     (4) 

 

ʈʦʟʚôʷʟʢʦʤ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʻ ʚʠʨʘʟ: 

    ö
ö

÷

õ

æ
æ

ç

å
--

-
=

Ö
-

m

tr

e
r

Vg
ph

ph

rr
u

6

1 1
6

)(
 ,   (5) 

 

ʚ ʯʦʤʫ ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʽʜʩʪʘʥʦʚʢʦʶ. 

ʆʩʢʽʣʴʢʠ ʚʠʨʘʟ e
-

Ö6 r t

m

rp

 ʟ ʯʘʩʦʤ ʜʫʞʝ ʰʚʠʜʢʦ ʩʧʘʜʘʻ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʢʫʣʴʢʠ ʯʝʨʝʟ ʤʘʣʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʪʘʣʦʶ ʽ ʨʽʚʥʦʶ 
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  ʜʝ 
3

3

4
rV p=  ï ʦʙ'ʻʤ ʢʫʣʴʢʠ,   r ï ʛʫʩʪʠʥʘ ʨʝʯʦʚʠʥʠ ʢʫʣʴʢʠ,  r

1 
ï 

ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ. 

 

ʐʚʠʜʢʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʫʭʫ ʢʫʣʴʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʟʥʘʶʯʠ 

ʚʽʜʜʘʣʴ ʤʽʞ ʤʽʪʢʘʤʠ ʥʘ   ʧʨʠʣʘʜʽ  ʉʪʦʢʩʘ  ʪʘ   ʯʘʩ,   ʧʨʦʪʷʛʦʤ  ʷʢʦʛʦ ʢʫʣʴʢʘ 

ʧʨʦʭʦʜʠʪʴ ʮʶ 

        

t

l
=0u , 

 

 
ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟʠ ʜʣʷ ɡ0 ʪʘ V, ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (6) ʟʥʘʭʦʜʠʤʦ 

ʦʩʪʘʪʦʯʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʚô̫ ʟʢʦʩʪʽ:  

l

gtr)(

9

2
2

1rr
h

-
=  

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ʄʽʢʨʦʤʝʪʨʦʤ ʚʠʤʽʨʷʪʠ ʜʽʘʤʝʪʨ d  ʢʫʣʴʢʠ. 

2. ʃʽʥʽʡʢʦʶ ʚʠʤʽʨʷʪʠ ʚʽʜʜʘʣʴ l ʤʽʞ ʛʫʤʦʚʠʤʠ ʤʽʪʢʘʤʠ a ʽ b ʥʘ ʧʨʠʣʘʜʽ 
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ʉʪʦʢʩʘ. 

3. ʆʧʫʩʪʠʪʠ ʢʫʣʴʢʫ ʚ ʨʽʜʠʥʫ ʧʨʠʣʘʜʫ ʽ ʩʝʢʫʥʜʦʤʽʨʦʤ ʟʘʤʽʨʷʪʠ ʯʘʩ t ʾʾ ʨʫʭʫ 

ʤʽʞ ʤʽʪʢʘʤʠ. 

4. ɸʨʝʦʤʝʪʨʦʤ ʚʠʟʥʘʯʠʪʠ ʛʫʩʪʠʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʽʜʠʥʠ r
1
 , ʘ 

ʪʝʨʤʦʤʝʪʨʦʤ ʾʾ ʪʝʤʧʝʨʘʪʫʨʫ t .̄ 

5. ʇʦʚʪʦʨʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʧ.ʧ. 1-3 ʱʝ ʜʣʷ ʜʚʦʭ ʢʫʣʴʦʢ. 

6. ɻʫʩʪʠʥʫ ʤʘʪʝʨʽʘʣʫ ʢʫʣʴʦʢ r (ʟʜʝʙʽʣʴʰʦʛʦ ʩʪʘʣʴ) ʚʟʷʪʠ ʟ ʜʦʚʽʜʥʠʢʦʚʦʾ  

ʪʘʙʣʠʮʽ ʽ ʜʘʥʽ ʚʩʽʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ. 

ˉ  

ʧ/ʧ 
r

d
=

2
, ʤ l, ʤ

 

t, c

 

r,
ʢʛ

ʤ3
   r1 3

,
ʢʛ

ʤ
  t, ̄ C

 

       

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (7) ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚôʷʟʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 
ʨʽʜʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʢʫʣʴʢʠ ʦʢʨʝʤʦ. 

2. ɺʠʨʘʭʫʚʘʪʠ ʘʙʩʦʣʶʪʥʫ ʽ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʝʧʝʨʠʤʝʥʪʫ ʪʘ 
ʦʮʽʥʠʪʠ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʇʦʷʩʥʽʪʴ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. 

2. ɿʘʢʦʥʠ ʅʴʶʪʦʥʘ ʪʘ ʉʪʦʢʩʘ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. 

3. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ. 
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ʈʦʟʜʽʣ ʜʨʫʛʠʡ.  

ɽʣʝʢʪʨʠʢʘ 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʝʣʝʢʪʨʠʢʠ ʽ ʤʘʛʥʝʪʠʟʤʫ ʩʣʽʜ 

ʥʝʫʭʠʣʴʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʪʘʢʠʭ ʧʨʘʚʠʣ: 

1. ʊʦʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʚʠʤʦʛʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʦʟʧʦʨʷʜʢʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ 

ʣʘʙʦʨʘʪʦʨʽʾ, ʽ ʩʫʚʦʨʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʧʨʘʚʠʣ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʟ ʝʣʝʢʪʨʠʯʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 

2. ɺʤʠʢʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʥʘʧʨʫʛʫ ʽ ʨʦʟʧʦʯʠʥʘʪʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʣʠʰʝ ʟ 
ʜʦʟʚʦʣʫ ʚʠʢʣʘʜʘʯʘ ʘʙʦ ʣʘʙʦʨʘʥʪʘ ʧʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʥʠʤʠ ʝʣʝʢʪʨʠʯʥʦʾ 

ʩʭʝʤʠ. 

3. ʂʘʪʝʛʦʨʠʯʥʦ ʟʘʙʦʨʦʥʷʻʪʴʩʷ ʣʠʰʘʪʠ ʙʝʟ ʥʘʛʣʷʜʫ ʚʢʣʶʯʝʥʽ ʩʭʝʤʠ ʘʙʦ 

ʦʢʨʝʤʽ ʧʨʠʣʘʜʠ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪʘʭ ʟ ʝʣʝʢʪʨʠʢʠ ʽ ʤʘʛʥʝʪʠʟʤʫ ʜʘʶʪʴʩʷ ʧʦʩʠʣʘʥʥʷ 

ʥʘ ʩʣʽʜʫʶʯʽ ʧʽʜʨʫʯʥʠʢʠ: 

1. ʉʘʚʝʣʴʝʚ ʀ.ɺ. ʂʫʨʩ ʦʙʱʝʡ ʬʠʟʠʢʠ. ʊ. 2. ʄ : ʅʘʫʢʘ : 1978. 

2. ʗʚʦʨʩʢʠʡ ɹ.ʄ. ʠ ʜʨ. ʂʫʨʩ ʬʠʟʠʢʠ. ʊ.2. ʄ : ʅʘʫʢʘ : 1978. 

 

ʇʨʠʥʮʠʧ ʜʽʾ ʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 
 

ɽʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ð ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʟʘʩʦʙʽʚ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. 

ɺ ʧʨʠʣʘʜʘʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʚʠʤʽʨʶʚʘʥʘ ʚʝʣʠʯʠʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʪʨʽʣʦʯʥʠʤ ʘʙʦ ʮʠʬʨʦʚʠʤ ʩʧʦʩʦʙʦʤ ʚʽʜʣʽʢʫ, ʘʙʦ ʟ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʦʛʦ 

ñʟʘʡʯʠʢʘò ʥʘ ʛʨʘʜʫʡʦʚʘʥʽʡ ʰʢʘʣʽ. ʎʝ ð ʘʤʧʝʨʤʝʪʨʠ, ʚʦʣʴʪʤʝʪʨʠ, 

ʚʘʪʤʝʪʨʠ, ʦʤʤʝʪʨʠ, ʛʘʣʴʚʘʥʦʤʝʪʨʠ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʚ ʧʨʠʣʘʜʘʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʽʟʠʯʥʽ ʷʚʠʱʘ, ʥʘ ʷʢʠʭ ʩʪʚʦʨʶʶʪʴʩʷ ʦʙʝʨʪʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ʽ ʥʘʩʪʫʧʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʨʫʭʣʠʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠʣʘʜʫ. ʆʙʝʨʪʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ ʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʩʪʨʫʤʫ ʚ ʢʦʪʫʰʮʽ, ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʢʦʪʫʰʢʠ ʽʟ ʩʪʨʫʤʦʤ ʽ 

ʬʝʨʦʤʘʛʥʝʪʠʢʦʤ, ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʢʦʪʫʰʦʢ ʟ ʩʪʨʫʤʘʤʠ, ʚʟʘʻʤʦʜʽʾ 

ʟʘʨʷʜʞʝʥʠʭ ʪʽʣ. ɿʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚ ʧʨʠʣʘʜʽ ʧʨʠʥʮʠʧʫ 

ʚʟʘʻʤʦʜʽʾ ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ: 

ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʫ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ, ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʫ, ʽʥʜʫʢʮʽʡʥʫ ʽ ʽʥ. 

ʗʢʽʩʪʴ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʶ, 

ʧʦʭʠʙʢʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʨʝʘʛʫʚʘʥʥʷʤ ʥʘ ʟʦʚʥʽʰʥʽ ʝʣʝʢʪʨʠʯʥʽ ʽ ʤʘʛʥʽʪʥʽ 

ʧʦʣʷ ʪʘ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʤʝʞʘʤʠ ʚʠʤʽʨʶʚʘʥʴ, ʪʨʠʚʘʣʽʩʪʶ ʱʦʜʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʪʦʱʦ. 
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ʏʫʪʣʠʚʽʩʪʶ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘʟʠʚʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ 

ʣʽʥʽʡʥʦʛʦ ʘʙʦ ʢʫʪʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʧʦʢʘʞʯʠʢʘ ʧʨʠʣʘʜʫ Da ʜʦ ʟʤʽʥʠ 

ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ Dx, ʷʢʘ ʟʫʤʦʚʠʣʘ ʮʝ ʟʤʽʱʝʥʥʷ: 

      .
x

S
D

D
=
a

 

ɺʝʣʠʯʠʥʘ ʉ=1/S, ʦʙʝʨʥʝʥʘ ʯʫʪʣʠʚʦʩʪʽ, ʜʽʩʪʘʣʘ ʥʘʟʚʫ ʮʽʥʠ ʧʦʜʽʣʢʠ 

ʧʨʠʣʘʜʫ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʽ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ ʟʚʘʥʽ ʟʚʝʜʝʥʽ ʧʦʭʠʙʢʠ; 

     %,100Ö
D
°=

n

ʟʚ
x

x
e  

ʜʝ  Dx ï ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ; 

      xn ï ʚʝʨʭʥʷ ʤʝʞʘ ʚʠʤʽʨʶʚʘʥʴ (ʰʢʘʣʠ) ʧʨʠʣʘʜʫ (ʡʦʛʦ ʥʦʤʽʥʘʣʴʥʝ 

  ʟʥʘʯʝʥʥʷ). 

ɽʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʝʣʠʯʠʥʠ ʾʭ ʟʚʝʜʝʥʦʾ 

ʧʦʭʠʙʢʠ ʟʛʽʜʥʦ ʽʩʥʫʶʯʠʤ ʩʪʘʥʜʘʨʪʘʤ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʚʽʩʽʤ ʢʣʘʩʽʚ ʪʦʯʥʦʩʪʽ, 

ʥʘʥʝʩʝʥʠʤ ʥʘ ʰʢʘʣʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ: 0,02; 0,05; 0,1; 0,2; 0,5; 1,0; 

1,5; 2,5. ɿʘ ʧʦʢʘʞʯʠʢʦʤ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ 

ʚʠʤʽʨʶʚʘʥʥʷ:  

     ,
100

nx
kx Ö°=D  

ʜʝ  k ï ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʧʨʠʣʘʜʫ ʚ ʧʨʦʮʝʥʪʘʭ; 

      xn ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ.  

ʇʨʠʣʘʜʠ ʢʣʘʩʽʚ ʪʦʯʥʦʩʪʽ 0,02; 0,05; 0,1; 0,2 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʜʣʷ ʪʦʯʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʨʝʮʝʟʽʡʥʠʤʠ; ʧʨʠʣʘʜʠ ʢʣʘʩʽʚ 0,5; 1,0; 1,5; 2,5 ʤʘʶʪʴ ʥʘʟʚʫ ʪʝʭʥʽʯʥʠʭ. 

 

ʇʨʠʣʘʜʠ ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ 
ʇʨʠʣʘʜʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: 

ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʝʪʫ ʽ ʢʦʪʫʰʢʠ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ ʨʘʤʢʠ. ʇʨʠʥʮʠʧ ʜʽʾ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʮʠʭ ʧʨʠʣʘʜʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʟʘʻʤʦʜʽʾ ʩʠʣʴʥʦʛʦ 

ʤʘʛʥʝʪʥʦʛʦ ʧʦʣʷ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʝʪʫ ʟ ʩʣʘʙʢʠʤ ʤʘʛʥʝʪʥʠʤ ʧʦʣʝʤ ʨʘʤʢʠ, ʧʦ 

ʷʢʽʡ ʧʨʦʭʦʜʠʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʩʪʨʫʤ. ʉʭʝʤʫ ʧʨʠʣʘʜʫ ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ʄʘʛʥʝʪʥʘ ʩʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʣʴʥʦʛʦ 

ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʝʪʫ 4, ʧʦʣʶʩʥʠʭ ʥʘʢʦʥʝʯʥʠʢʽʚ 5, ʥʝʨʫʭʦʤʦʛʦ ʦʩʝʨʜʷ 2. 

ʄʽʞ ʧʦʣʶʩʥʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʽ ʦʩʝʨʜʷʤ ʨʦʟʤʽʱʫʻʪʴʩʷ ʨʘʤʢʘ 

(ʢʦʪʫʰʢʘ) 3, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʩʠʪʴ ʣʝʛʢʠʡ ʘʣʶʤʽʥʽʻʚʠʡ ʢʘʨʢʘʩ, ʥʘ ʷʢʠʡ 

ʥʘʤʦʪʘʥʠʡ ʪʦʥʢʠʡ ʤʽʜʥʠʡ ʜʨʽʪ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 0,03 ʜʦ 0,2 ʤʤ. ʊʘʢʘ ʩʠʩʪʝʤʘ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʣʴʥʝ ʦʙʝʨʪʘʥʥʷ ʨʘʤʢʠ ʥʘʚʢʦʣʦ ʦʩʝʨʜʷ, ʘ ʦʪʞʝ, ʽ ʚʽʜʭʠʣʝʥʥʷ 

ʩʢʨʽʧʣʝʥʦʾ ʟ ʥʝʶ ʩʪʨʽʣʢʠ 1 ʚʽʜʥʦʩʥʦ ʰʢʘʣʠ. ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʪʨʫʤʫ I  
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ʯʝʨʝʟ ʨʘʤʢʫ ʥʘ ʥʝʾ ʜʽʻ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ  
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ʈʠʩ. 1 

 

M = n B S I , 

ʜʝ  n ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʨʘʤʢʠ; 

     B ï ʤʘʛʥʝʪʥʘ ʽʥʜʫʢʮʽʷ; 

     S ï ʧʣʦʱʘ ʨʘʤʢʠ. 

ʎʝʡ ʤʦʤʝʥʪ ʟʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʧʨʦʪʠʜʽʶʯʠʤ ʤʦʤʝʥʪʦʤ ʜʝʬʦʨʤʘʮʽʾ 

ʩʧʽʨʘʣʴʥʠʭ ʧʨʫʞʠʥ, ʷʢʽ ʥʘ ʨʠʩʫʥʢʫ ʥʝ ʧʦʢʘʟʘʥʽ. 

ʇʨʠʣʘʜʠ ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʤʘʣʝ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʨʽʚʥʦʤʽʨʥʫ ʰʢʘʣʫ. 

ɺʠʩʦʢʦʪʦʯʥʽ ʧʨʠʣʘʜʠ ʢʣʘʩʽʚ 0,02; 0,05; 0,1; 0,2 ʤʦʞʫʪʴ ʙʫʪʠ ʣʠʰʝ 

ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʠʣʘʜʠ ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʜʦ ʷʢʠʭ 

ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʧʦʨʽʚʥʷʥʦ ʩʢʣʘʜʥʘ ʙʫʜʦʚʘ, ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʪʠ ʣʠʰʝ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ. 

 

ʇʨʠʣʘʜʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʾ ʩʠʩʪʝʤʠ 
ʇʨʠʣʘʜʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʣʦʩʢʦʾ ʘʙʦ ʢʨʫʛʣʦʾ ʥʝʨʫʭʦʤʦʾ 

ʢʦʪʫʰʢʠ, ʥʘ ʷʢʫ ʥʘʤʦʪʘʥʠʡ ʤʽʜʥʠʡ ʜʨʽʪ, ʽ ʨʫʭʦʤʦʛʦ ʦʩʝʨʜʷ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ 

ʟ ʤ'ʷʢʠʭ ʤʘʛʥʝʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʘ ʩʪʘʣʴ, ʧʝʨʤʘʣʦʡ). 

ʇʨʠʥʮʠʧ ʜʽʾ ʧʨʠʣʘʜʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʝʪʥʦʛʦ 

ʧʦʣʷ ʢʦʪʫʰʢʠ, ʧʦ ʷʢʽʡ ʧʨʦʭʦʜʠʪʴ ʩʪʨʫʤ, ʟ ʨʫʭʣʠʚʠʤ ʬʝʨʦʤʘʛʥʝʪʥʠʤ 

ʦʩʝʨʜʷʤ ʨʠʩ. 2. 

ɺʠʤ̔ʨʶʚʘʥʠʡ ʩʪʨʫʤ I, ʱʦ ʧʨʦʭʦʜʠʪʴ ʧʦ ʢʦʪʫʰʮʽ 3, ʩʪʚʦʨʶʻ ʤʘʛʥʝʪʥʝ 

ʧʦʣʝ. ɺ ʮʝ ʧʦʣʝ ʚʪʷʛʫʻʪʴʩʷ ʦʩʝʨʜʷ ʫ ʚʠʛʣʷʜʽ ʩʪʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ 4, 

ʟʘʢʨʽʧʣʝʥʦʾ ʥʘ ʦʩʽ 6. ʅʘʤʘʛʥʝʯʝʥʽʩʪʴ ʦʩʝʨʜʷ ʽ ʩʘʤʝ ʤʘʛʥʝʪʥʝ ʧʦʣʝ ʢʦʪʫʰʢʠ 

ʧʨʦʧʦʨʮʽʡʥʽ ʩʪʨʫʤʦʚʽ, ʦʪʞʝ, ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʚʘʜʨʘʪʫ 
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ʩʪʨʫʤʫ: 

,2

21 IkM =  

ʜʝ k1  ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʣʘʜʫ. 

 
ʈʠʩ. 2 

 

ʇʨʦʪʠʜʽʶʯʠʡ ʤʦʤʝʥʪ M2 ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʫʞʠʥʢʘʤʠ 1. ɺʽʥ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʫʪʦʚʽ ʧʦʚʦʨʦʪʫ ʨʫʭʣʠʚʦʾ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ: 

      ,12 jkM =  

ʜʝ k2 ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʫʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʫʞʠʥ. 

ɼʣʷ ʰʚʠʜʢʦʛʦ ʟʘʩʧʦʢʦʻʥʥʷ ʨʫʭʣʠʚʦʾ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ ʽ ʩʪʨʽʣʢʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʚʽʪʨʷʥʽ ʜʝʤʧʬʝʨʠ 5. ɼʝʤʧʬʝʨ - ʮʝ ʢʘʤʝʨʘ, ʚ ʷʢʽʡ ʨʫʭʘʻʪʴʩʷ 

ʘʣʶʤʽʥʽʻʚʠʡ ʧʦʨʰʝʥʴ. ʇʨʠ ʧʦʚʦʨʦʪʽ ʦʩʝʨʜʷ ʧʦʨʰʝʥʴ ʟʘʟʥʘʻ ʦʧʦʨʫ ʧʦʚʽʪʨʷ. 

ʈʽʚʥʦʚʘʛʘ ʨʫʭʣʠʚʦʾ ʯʘʩʪʠʥʠ ʧʨʠʣʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ 

ʧʨʦʪʠʣʝʞʥʦ ʥʘʧʨʷʤʣʝʥʠʭ ʤʦʤʝʥʪʽʚ: M1 = M2. ɿʚʽʜʢʠ 

      ,2kI=j  

ʜʝ 
2

1

k

k
k= . ʆʪʞʝ, ʰʢʘʣʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛʦ ʧʨʠʣʘʜʫ ʥʝʨʽʚʥʦʤʽʨʥʘ, 

ʢʚʘʜʨʘʪʠʯʥʘ. ɯʟ ʟʤʽʥʦʶ ʥʘʧʨʷʤʫ ʩʪʨʫʤʫ ʟʤʽʥʶʶʪʴʩʷ ʷʢ ʥʘʧʨʷʤ ʤʘʛʥʝʪʥʦʛʦ 

ʧʦʣʷ, ʪʘʢ ʽ ʥʘʤʘʛʥʝʯʝʥʽʩʪʴ ʦʩʝʨʜʷ. ʆʪʞʝ, ʧʨʠʣʘʜʠ ʮʽʻʾ ʩʠʩʪʝʤʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʧʦʩʪʽʡʥʦʛʦ ʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʽʚ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ ʨʝʘʛʫʶʪʴ ʥʘ ʜʽʶʯʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʾʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʢʦʣʽ. 

ʅʝʜʦʣʽʢʠ ʧʨʠʣʘʜʽʚ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʾ ʩʠʩʪʝʤʠ: ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʰʢʘʣʠ, 

ʤʝʥʰʘ ʪʦʯʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʧʨʠʣʘʜʘʤʠ, ʟʘʣʝʞʥʽʩʪʴ 

ʧʦʢʘʟʽʚ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʤʘʛʥʝʪʥʠʭ ʧʦʣʽʚ. ʊʘʢʦʛʦ ʪʠʧʫ ʧʨʠʣʘʜʠ ʧʦʢʨʠʚʘʶʪʴ 

ʤʝʪʘʣʝʚʠʤʠ ʢʦʞʫʭʘʤʠ, ʘʙʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʘʩʪʘʪʠʯʥʠʤʠ, ʪʦʙʪʦ ʟ ʜʚʦʤʘ 

ʢʦʪʫʰʢʘʤʠ, ʚʢʣʶʯʝʥʠʤʠ ʧʦʩʣʽʜʦʚʥʦ. 

 

ʇʨʠʣʘʜʠ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ 
ʇʨʠʣʘʜʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʪʠʤ, ʱʦ ʾʭ ʜʽʷ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʝʪʥʠʭ ʧʦʣʽʚ ʜʚʦʭ ʢʦʪʫʰʦʢ (ʨʫʭʦʤʦʾ ʽ ʥʝʨʫʭʦʤʦʾ) ʽʟ 

ʚʠʤʽʨʶʚʘʥʠʤ ʩʪʨʫʤʦʤ. ʆʜʥʘ ʽʟ ʚʟʘʻʤʦʜʽʶʯʠʭ ʢʦʪʫʰʦʢ ʥʝʨʫʭʦʤʘ ʽ 
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ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʢʦʪʫʰʦʢ 4, ʤʽʞ ʷʢʠʤʠ ʻ ʟʘʟʦʨ. ɺ 

ʥʴʦʤʫ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʨʫʭʦʤʦʾ ʙʝʟʢʘʨʢʘʩʥʦʾ ʢʦʪʫʰʢʠ 3. ɿ 

ʚʽʩʩʶ ʩʢʨʽʧʣʝʥʘ ʩʪʨʽʣʢʘ  1 - ʧʦʢʘʞʯʠʢ ʟ ʘʣʶʤʽʥʽʻʚʦʶ ʧʣʘʩʪʠʥʢʦʶ 

ʧʦʚʽʪʨʷʥʦʛʦ ʜʝʤʧʬʝʨʘ 2. ʈʠʩ. 3. 

 
ʈʠʩ. 3 

 

ʅʘ ʚʽʩʽ ʪʘʢʦʞ ʽʟʦʣʴʦʚʘʥʦ ʟʘʢʨʽʧʣʝʥʽ ʢʽʥʮʽ ʜʚʦʭ ʩʧʽʨʘʣʴʥʠʭ ʧʨʫʞʠʥ 5, 

ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʽ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʪʠʜʽʶʯʦʛʦ ʤʦʤʝʥʪʫ. ɺʣʘʩʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʢʦʪʫʰʦʢ ʤʘʣʝ, ʪʦʤʫ ʜʣʷ 

ʟʘʭʠʩʪʫ ʾʭ ʚʽʜ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʧʦʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʢʨʘʥʫʚʘʥʥʷ ʘʙʦ 

ʧʨʠʣʘʜʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʘʩʪʘʪʠʯʥʠʤʠ. 

ʂʦʪʫʰʢʠ ʚ ʧʨʠʣʘʜʘʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ʾʭ ʟôʻʜʥʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʘʙʦ ʧʘʨʘʣʝʣʴʥʦ. ʗʢʱʦ ʢʦʪʫʰʢʠ 

ʧʨʠʣʘʜʫ ʟôʻʜʥʘʪʠ ʧʘʨʘʣʝʣʴʥʦ, ʪʦ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ 

ʘʤʧʝʨʤʝʪʨ. ʗʢʱʦ ʦʙʠʜʚʽ ʢʦʪʫʰʢʠ ʟôʻʜʥʘʪʠ ʧʦʩʣʽʜʦʚʥʦ ʽ ʧʨʠʻʜʥʘʪʠ ʜʦ ʥʠʭ 

ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ, ʪʦ ʧʨʠʣʘʜ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʚʦʣʴʪʤʝʪʨ. ʋ 

ʚʘʪʤʝʪʨʘʭ ʥʝʨʫʭʦʤʘ ʢʦʪʫʰʢʘ ʚʤʠʢʘʻʪʴʩʷ ʚ ʢʦʣʦ ʩʪʨʫʤʫ ʧʦʩʣʽʜʦʚʥʦ, ʘ 

ʨʫʭʦʤʘ ʢʦʪʫʰʢʘ ʟ ʜʦʜʘʪʢʦʚʠʤ ʦʧʦʨʦʤ ï ʧʘʨʘʣʝʣʴʥʦ ʩʧʦʞʠʚʘʯʘʤ ʝʥʝʨʛʽʾ. 

 

ʇʨʠʣʘʜʠ ʽʥʜʫʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 
ʇʨʠʣʘʜʠ ʽʥʜʫʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠʥʮʠʧ 

ʾʭʥʴʦʾ ʜʽʾ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ ʚʠʭʨʦʚʠʭ ʽʥʜʫʢʮʽʡʥʠʭ ʩʪʨʫʤʽʚ ʚ 

ʨʫʭʦʤʽʡ ʯʘʩʪʠʥʽ ʧʨʠʣʘʜʫ (ʘʣʶʤʽʥʽʻʚʠʡ ʜʠʩʢ, ʥʘʩʘʜʞʝʥʠʡ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ 

ʚʽʩʴ) ʽʟ ʟʤʽʥʥʠʤʠ ʤʘʛʥʝʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʥʝʨʫʭʦʤʠʭ ʝʣʝʢʪʨʦʤʘʛʥʝʪʽʚ. ʆʜʠʥ 

ʽʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʤʘʻ ʦʙʤʦʪʢʫ ʟ ʪʦʥʢʦʛʦ ʽʟʦʣʴʦʚʘʥʦʛʦ ʜʨʦʪʫ, ʷʢʘ ʻ 

ʦʙʤʦʪʢʦʶ ʥʘʧʨʫʛʠ ʽ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʢʦʣʦ ʧʘʨʘʣʝʣʴʥʦ ʥʘʚʘʥʪʘʞʝʥʥʶ. 

ʉʝʨʝʜ ʧʨʠʣʘʜʽʚ ʽʥʜʫʢʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʶʪʴ 

ʣʽʯʠʣʴʥʠʢʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 
 

ʇʨʠʣʘʜʠ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ 
ɼʦ ʧʨʠʣʘʜʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ ʚʦʣʴʪʤʝʪʨʠ, 

ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʣʝʢʪʨʦʥʥʠʭ ʣʘʤʧ ʘʙʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʽ 
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ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʦʾ ʘʙʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ. ʇʨʠʣʘʜʠ ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘʧʨʫʛ ʽ ʯʘʩʪʦʪ ʚ ʟʥʘʯʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. ʊʘʢʽ 

ʧʨʠʣʘʜʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʚʭʽʜʥʽ ʦʧʦʨʠ, ʪʦʤʫ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʚʠʩʦʢʦʦʤʥʠʭ ʤʘʣʦʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣ. 

 

ʎʠʬʨʦʚʽ ʧʨʠʣʘʜʠ 
ʇʨʠʣʘʜʠ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴ ʥʝʚʽʜʦʤʫ ʚʝʣʠʯʠʥʫ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ 

ʚ ʜʠʩʢʨʝʪʥʦ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ. 

ʎʠʬʨʦʚʽ ʧʨʠʣʘʜʠ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʥʘʜ ʟʚʠʯʘʡʥʠʤʠ, ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ: 

ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʙôʻʢʪʠʚʥʽʩʪʴ ʽ ʧʦʚʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʚʠʤʽʨʶʚʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ 

ʚʽʜʩʪʘʥʽ ʽ ʧʦʜʘʣʴʰʦʾ ʾʭ ʦʙʨʦʙʢʠ ʥʘ ɽʆʄ. 

ʇʦʨʷʜ ʟ ʧʝʨʝʚʘʛʘʤʠ ʮʠʬʨʦʚʽ ʧʨʠʣʘʜʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ; ʩʢʣʘʜʥʽʩʪʴ 

ʩʭʝʤʠ, ʟʥʘʯʥʽ ʛʘʙʘʨʠʪʠ, ʤʝʥʰʘ ʥʘʜʽʡʥʽʩʪʴ. 

 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʰʢʘʣʘʭ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ 
1.   - ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʟ ʨʫʭʦʤʦʶ ʨʘʤʢʦʶ;  

 

2.  - ʤʘʛʥʝʪʦʝʣʝʢʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʟ ʨʫʭʦʤʠʤ ʤʘʛʥʽʪʦʤ;  

3.  - ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʘ ʩʠʩʪʝʤʘ;  

4.  - ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ; 

   

4.                  - ʽʥʜʫʢʮʽʡʥʘ ʩʠʩʪʝʤʘ;  

 

5.  - ʝʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ; 

6.  - ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʯʠ ʥʘʧʨʫʛʠ;  

 

7.                 - ʜʣʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʯʠ ʥʘʧʨʫʛʠ; 

 

8.                 - ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʯʠ ʥʘʧʨʫʛʠ;  

 

9.    - ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʧʨʠʣʘʜʫ;  

   

10.                - ʤʘʛʥʝʪʥʠʡ ʝʢʨʘʥ;  

   

11.              - ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ; 

   

12.               - ʚʝʨʪʠʢʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ; 

 

13.  - ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʥʘʧʨʫʛʘ ʽʟʦʣʷʮʽʾ 2 ʢɺ. 

~
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ɼʣʷ ʧʨʘʚʠʣʴʥʦʾ ʽ ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʣʽʜ 

ʧʝʨʝʜ ʫʩʽʤ ʜʦʢʣʘʜʥʦ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʾʭʥʽʭ ʰʢʘʣʘʭ. 

ɼʦʚʽʣʴʥʠʡ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʫ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʴ ʥʝ 

ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʨʝʞʠʤʫ ʜʽʡ ʦʙôʻʢʪʘ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʆʪʞʝ, ʦʧʽʨ ʘʤʧʝʨʤʝʪʨʘ ʤʫʩʠʪʴ ʙʫʪʠ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʤʘʣʠʤ, ʘ ʦʧʽʨ 

ʚʦʣʴʪʤʝʪʨʘ - ʚʝʣʠʢʠʤ. ʈʦʟʰʠʨʝʥʥʷ ʤʝʞ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʝʨʤʝʪʨʽʚ 

ʜʦʩʷʛʘʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷʤ ʧʘʨʘʣʝʣʴʥʦ ʘʤʧʝʨʤʝʪʨʫ ʰʫʥʪʘ. ʈʦʟʨʘʭʫʥʢʠ ʰʫʥʪʘ 

ʚʠʢʦʥʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

      ,
1-

=
n

R
R ʘ
ʰ  

ʜʝ  
ʘI

I
n= , ʪʦʙʪʦ I ï ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʷʢʠʡ ʧʦʚʠʥʝʥ 

ʚʠʤʽʨʶʚʘʪʠ ʘʤʧʝʨʤʝʪʨ; Ia ï ʩʠʣʘ ʩʪʨʫʤʫ ʧʦʚʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʽʣʢʠ 

(ʛʨʘʥʠʯʥʠʡ ʩʪʨʫʤ ʧʨʠʣʘʜʫ);  

 Ra ï ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʧʨʠʣʘʜʫ;  

 Rh  ï ʦʧʽʨ ʰʫʥʪʘ; 

ʈʦʟʰʠʨʝʥʥʷ ʤʝʞ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʴʪʤʝʪʨʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʚʢʣʶʯʝʥʥʷʤ 

ʧʦʩʣʽʜʦʚʥʦ ʜʦ ʚʦʣʴʪʤʝʪʨʘ ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ Rʜ. ʈʦʟʨʘʭʫʥʦʢ ʦʧʦʨʫ 

ʜʦʜʘʪʢʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ ʚʠʢʦʥʫʶʪʴ ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ: 

      )1( -= nRR ʚʜ , 

ʜʝ  
ʚU

U
n=  ʪʦʙʪʦ U ï ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʷʢʫ ʩʣʽʜ ʚʠʤʽʨʶʚʘʪʠ;  

 Uʚ ï ʥʘʧʨʫʛʘ, ʥʘ ʷʢʫ ʨʦʟʨʘʭʦʚʘʥʠʡ ʚʦʣʴʪʤʝʪʨ;  

 Rʚ ï ʦʧʽʨ ʚʦʣʴʪʤʝʪʨʘ; 

 Rʜ ï ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ2-1 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʤʝʪʦʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ  

 

ʣ.1. ÄÄ 5, 6, 13.2.  ÄÄ 2.1, 2.2, 2.3 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʜʦʩʣʽʜʠʪʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ; 

ʧʦʙʫʜʫʚʘʪʠ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʽ ʣʽʥʽʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʜʣʷ ʟʘʜʘʥʦʾ ʬʦʨʤʠ ʝʣʝʢʪʨʦʜʽʚ; ʥʘʙʫʪʠ ʥʘʚʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʦʨʝʤʠ ɻʘʫʩʩʘ. 

ʇʨʠʣʘʜʠ ʽ ʦʙʣʘʜʥʘʥʥʷ: ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ; ʚʦʣʴʪʤʝʪʨ; ʜʞʝʨʝʣʦ ʩʪʨʫʤʽʚ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʜʽʝʣʝʢʪʨʠʢʫ ʧʦʜʽʙʥʝ ʜʦ ʧʦʣʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ 

ʧʨʦʚʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ. ʗʢʱʦ 

ʧʦʪʝʥʮʽʘʣʠ ʝʣʝʢʪʨʦʜʽʚ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʦʜʥʽ ʽ ʪʽ ʞ, ʨʦʟʧʦʜʽʣ ʧʦʪʝʥʮʽʘʣʫ ʚ 

ʜʽʝʣʝʢʪʨʠʢʫ ʪʘʢʠʡ ʞʝ, ʷʢ ʽ ʚ ʧʨʦʚʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʩʪʨʫʤʦʤ. ʇʦʜʽʙʥʽʩʪʴ 

ʧʦʣʽʚ ʚʠʜʥʦ ʽʟ ʩʣʽʜʫʶʯʦʛʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɽʣʝʢʪʨʦʩʪʘʪʠʯʥʝ ʧʦʣʝ ʚ ʜʽʝʣʝʢʪʨʠʢʫ ʧʦʪʝʥʮʽʘʣʴʥʝ, ʮʠʨʢʫʣʷʮʽʷ 

ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʚʟʜʦʚʞ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ  

    ñ =0Edl . 

ʇʦʣʝ ʚ ʧʨʦʚʽʜʥʦʤʫ ʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ /ʙʝʟ ʜʞʝʨʝʣ ʩʪʦʨʦʥʥʽʭ 

ʩʠʣ/ ʪʘʢʦʞ ʧʦʪʝʥʮʽʘʣʴʥʝ. ʇʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʥʝ ʩʪʚʦʨʶʻ ʟʘʚʠʭʨʝʥʴ ʤʽʞ 

ʝʣʝʢʪʨʦʜʘʤʠ. ʊʦʤʫ 

    ññ ==
ll

Edlʘʙʦjdl 00  

ʦʩʢʽʣʴʢʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʟʘʢʦʥʦʤ ʆʤʘ 

    Ej
CC
g= , 

ʜʝ   j
C
ï ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ; 

       g ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ. 

ɯʩʥʫʻ ʪʘʢʦʞ ʧʦʜʽʙʥʽʩʪʴ ʽ ʤʽʞ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ. ʅʘ ʛʨʘʥʠʮʽ ʧʦʜʽʣʫ 

ʜʽʝʣʝʢʪʨʠʢʽʚ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʽ ʥʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʩʣʽʜʫʶʯʽ ʫʤʦʚʠ:  

    .; 221121 nn EEEE eett ==  

ʋ ʧʨʦʚʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʚʠʪʽʢʘʻ ʽʟ ʧʦʪʝʥʮʽʘʣʴʥʦʩʪʽ ʧʦʣʷ ʩʪʨʫʤʫ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʚʝʢʪʦʨʘ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ 

     2211 nn EE gg =  
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ʚʠʧʣʠʚʘʶʪʴ ʽʟ ʫʤʦʚʠ ʥʝʧʝʨʝʨʚʥʦʩʪʽ 21 nn jj = . 

ɯʟ ʧʦʜʽʙʥʦʩʪʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʩʣʽʜʫʻ, ʱʦ ʧʨʦʚʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟ 

ʩʪʨʫʤʦʤ ʤʦʞʝ ʩʣʫʞʠʪʠ ʤʦʜʝʣʣʶ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʧʦʣʷ, ʷʢʱʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ g ʩʝʨʝʜʦʚʠʱʘ ʟʘʤʽʥʠʪʠ ʜʽʝʣʝʢʪʨʠʯʥʦʶ 

ʧʨʦʥʠʢ-ʥʽʩʪʶ e, ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ, ʘ ʝʣʝʢʪʨʦʜʠ 

ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʨʦʟʤʽʩʪʠʪʠ ʦʜʥʘʢʦʚʦ. ʇʦʣʝ ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʜʽʝʣʝʢʪʨʠʢʫ, 

ʨʽʟʥʽ ʦʙʣʘʩʪʽ ʷʢʦʛʦ ʤʘʶʪʴ ʥʝʦʜʥʘʢʦʚʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ e, ʪʘʢʦʞ 

ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʥʘ ʧʨʦʚʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʱʦ ʧʦʜʽʙʥʠʡ ʨʦʟʧʦʜʽʣ e  
ʽ  g. 

ɺʠʤʽʨʷʪʠ ʨʦʟʧʦʜʽʣ ʧʦʪʝʥʮʽʘʣʽʚ ʫ ʧʨʦʚʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʥʘʯʥʦ 

ʧʨʦʩʪʽʰʝ, ʥʽʞ ʚ ʜʽʝʣʝʢʪʨʠʢʫ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʦʜʝʣʽ ʤʘʻ ʧʝʨʝʚʘʛʫ ʥʘʜ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ ʦʨʠʛʽʥʘʣʦʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʣʝʛʢʦ 

ʚʠʟʥʘʯʠʪʠ ʻʤʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ ʜʣʷ 

ʻʤʥʦʩʪʽ ʙʫʜʝ ʦʜʝʨʞʘʥʘ, ʷʢʱʦ ʚ ʬʦʨʤʫʣʽ 

      
U

Q
C=  

ʟʘʨʷʜ ʟʘʤʽʥʠʪʠ ʟʘ ʪʝʦʨʝʤʦʶ ɻʘʫʩʩʘ ʧʦʪʦʢʦʤ ʚʝʢʪʦʨʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʯʝʨʝʟ ʟʘʤʢʥʫʪʫ ʧʦʚʝʨʭʥʶ 

    ñ ñ==
S S

nn dSEdSDQ ee0  

ʊʦʜʽ ʻʤʥʽʩʪʴ 

     
U

dSE

C

nñ
= s

0 ee

.     (1) 

ʇʦʪʽʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʨʽʟʴ ʟʘʤʢʥʫʪʫ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʫ ʧʦʚʝʨʭʥʶ, ʷʢʘ 

ʦʪʦʯʫʻ ʝʣʝʢʪʨʦʜ ʤʦʜʝʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʡʜʝʥʠʭ ʥʘ 

ʧʨʦʚʽʜʥʽʡ ʤʦʜʝʣʽ ʟʥʘʯʝʥʴ ʥʦʨʤʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 

En. ʈʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ U ʙʝʨʫʪʴ ʨʽʚʥʦʶ ʥʘʧʨʫʟʽ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʤʦʜʝʣʽ, 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʣʠʚʽʩʪʴ ï ʟʥʘʯʝʥʥʶ, ʷʢʝ ʟʘʜʘʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʴʦʚʘʥʦʛʦ 

ʜʽʝʣʝʢʪʨʠʢʘ. 

 

ɼʦʩʣʽʜʞʫʚʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ 
ʗʢ ʧʨʦʚʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʚʽʜʥʠʡ ʧʘʧʽʨ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʛʦ ʚ ʧʣʦʱʠʥʽ ʦʜʥʘʢʦʚʽ. ʄʦʞʥʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʪʠ ʚʦʜʫ, 

ʩʣʘʙʢʽ ʢʠʩʣʦʪʥʽ ʘʙʦ ʣʫʞʥʽ ʨʦʟʯʠʥʠ, ʷʢʽ ʥʘʣʠʚʘʶʪʴ ʫ ʧʣʦʩʢʽ ʚʘʥʥʦʯʢʠ 

ʨʦʟʤʽʨʦʤ 10³40³40 ʩʤ ʽʟ ʭʦʨʦʰʦʛʦ ʜʽʝʣʝʢʪʨʠʢʘ. 

ʄʦʜʝʣʶʶʪʴ ʧʣʦʩʢʽ ʧʦʣʷ, ʪʦʙʪʦ ʪʘʢʽ, ʧʦʪʝʥʮʽʘʣ ʽ ʥʘʧʨʫʞʝʥʽʩʪʴ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʜʚʦʭ ʢʦʦʨʜʠʥʘʪ. ʇʣʦʩʢʠʤ ʷʚʣʷʻʪʴʩʷ ʧʦʣʝ ʚ 

ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʽ ʜʘʣʝʢʦ ʚʽʜ ʡʦʛʦ ʢʽʥʮʽʚ, ʚ ʜʚʦʭʧʨʦʚʽʜʥʽʡ 
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ʜʦʚʛʽʡ ʣʽʥʽʾ, ʤʽʞ ʦʢʨʝʤʠʤ ʧʨʦʚʽʜʥʠʢʦʤ ʽ ʧʨʦʚʽʜʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʪ.ʜ. ʅʘ 

ʧʨʦʚʽʜʥʦʤʫ ʧʘʧʝʨʽ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʧʝʨʝʨʽʟ ʪʘʢʦʛʦ ʧʦʣʷ ʧʣʦʱʠʥʦʶ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʝʣʝʢʪʨʦʜʽʚ. 

ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʥʘ ʥʘ ʨʠʩ.1. 

ʇʦʪʝʥʮʽʘʣ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʘʨʢʫʰʘ ʧʨʦʚʽʜʥʦʛʦ ʧʘʧʝʨʫ 1 ʚʠʤʽʨʶʶʪʴ ʟ 

ʜʦʧʦʤʦʛʦʶ ʟʦʥʜʘ 2, ʟôʻʜʥʘʥʦʛʦ ʯʝʨʝʟ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ ʟ ʨʫʭʦʤʠʤ 

ʢʦʥʪʘʢʪʦʤ ʧʦʪʝʥʮʽʦʤʝʪʨʘ R. 

ʏʦʪʠʨʠ ʜʽʣʷʥʢʠ ʢʦʣʘ ð ʜʚʽ, ʤʽʞ ʨʫʭʦʤʠʤ ʢʦʥʪʘʢʪʦʤ ʧʦʪʝʥʮʽʦʤʝʪʨʘ ʽ 

ʡʦʛʦ ʢʽʥʮʝʚʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʽ ʜʚʽ ʤʽʞ ʟʦʥʜʦʤ ʽ ʝʣʝʢʪʨʦʜʘʤʠ ʥʘ ʘʨʢʫʰʽ 

ʧʘʧʝʨʫ ð ʩʪʚʦʨʶʶʪʴ ʤʽʩʪʦʢ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʉʪʨʫʤ ʫ ʜʽʘʛʦʥʘʣʽ ʤʽʩʪʢʘ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʢʦʣʠ ʟʦʥʜ ʨʦʟʤʽʱʫʶʪʴ ʫ ʪʦʯʮʽ, ʧʦʪʝʥʮʽʘʣ ʷʢʦʾ ʩʧʽʚʧʘʜʘʻ ʟ 

ʧʦʪʝʥʮʽʘʣʦʤ ʨʫʭʦʤʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʪʝʥʮʽʦʤʝʪʨʘ . 
  

+ 

ð 

R 

V 
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ʈʠʩ. 1 

ʈʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʥʠʞʥʽʤ ʢʦʥʪʘʢʪʦʤ ʧʦʪʝʥʮʽʦʤʝʪʨʘ ʽ ʡʦʛʦ 

ʨʫʭʦʤʠʤ ʢʦʥʪʘʢʪʦʤ ʚʠʤʽʨʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʣʴʪʤʝʪʨʘ V. ɼʦ-

ʩʣʽʜʞʫʚʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʧʘʥʪʦʛʨʘʬʦʤ, ʟ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʢʦʦʨʜʠʥʘʪʠ ʟʦʥʜʘ ʧʝʨʝʥʦʩʷʪʴ ʥʘ ʘʨʢʫʰ ʧʘʧʝʨʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʤʽʨʶʚʘʥʴ ʦʜʝʨʞʫʶʪʴ ʢʘʨʪʠʥʫ ʧʨʦʝʢʮʽʡ ʝʢʚʽʧʦ-

ʪʝʥʮʽʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʘʨʢʫʰ ʧʨʦʚʽʜʥʦʛʦ ʧʘʧʝʨʫ ʟ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ Dj . 

ʇʦʜʽʙʥʠʡ ʚʠʛʣʷʜ ʤʘʻ ʢʘʨʪʠʥʘ ʧʦʣʷ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʘ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʣʷ ʜʚʦʭʧʨʦʚʽʜʥʦʾ ʣʽʥʽʾ, ʱʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1 (ʰʪʨʠʭʦʚʽ 

ʣʽʥʽʾ). 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ ʥʘʧʨʫʞʝʥʦʩʪʽ (ʩʠʣʦʚʠʭ ʣʽʥʽʡ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʣʽʜʫʶʯʠʡ ʩʧʦʩʽʙ (ʨʠʩ. 2). ʇʨʦʚʦʜʷʪʴ ʣʽʥʽʶ, ʷʢʘ ʩʧʦʣʫʯʫʻ ʝʣʝʢʪʨʦʜʠ, ʪʘʢ, 

ʱʦʙ ʚʦʥʘ ʩʧʽʚʧʘʣʘ ʟ ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ ʧʦʣʷ. 

ɯʟ ʪʦʯʢʠ 0 ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʚʠʤʽʨʶʶʪʴ ʚʽʜʜʘʣʴ 01 ʜʦ ʥʘʡʙʣʠʞʯʦʾ 

ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. ʎʶ ʚʽʜʜʘʣʴ ʚʽʜʢʣʘʜʘʶʪʴ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʘ, ʦʜʝʨʞʫʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ ʪʦʯʢʫ 1 ʥʘ ʝʣʝʢʪʨʦʜʽ. ʏʝʨʝʟ ʪʦʯʢʫ 1¡ 

ʧʨʦʚʦʜʷʪʴ ʚʽʜʨʽʟʦʢ 1¡2 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ. ʇʦʪʽʤ 
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ʚʽʜʜʘʣʴ 1¡2 ʚʽʜʢʣʘʜʘʶʪʴ ʚʟʜʦʚʞ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʽ ʦʜʝʨʞʫʶʪʴ ʪʘʢʠʤ 

ʯʠʥʦʤ ʪʦʯʢʫ 2 ʽ ʪ.ʜ. ɸʥʘʣʦʛʽʯʥʫ ʧʦʙʫʜʦʚʫ ʟʜʽʡʩʥʶʶʪʴ ʚʽʜ ʪʦʯʢʠ 0 ʚ ʜʨʫʛʫ 

ʩʪʦʨʦʥʫ (ʢʦʞʥʫ ʧʦʙʫʜʦʚʫ ʩʣʽʜ ʟʘʢʽʥʯʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʜʦʚʞʠʥʘ 

ʦʩʪʘʥʥʴʦʛʦ ʜʦ ʦʩʽ ʩʠʤʝʪʨʽʾ ʚʽʜʨʽʟʢʘ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʙʫʣʘ ʙʽʣʴʰʦʶ 

ʜʦʚʞʠʥʠ ʧʝʨʝʜʦʩʪʘʥʥʴʦʛʦ). ʈʦʟʜʽʣʠʚʰʠ ʪʘʢʠʤ ʯʠʥʦʤ ʥʘʡʙʣʠʞʯʫ ʜʦ 

ʝʣʝʢʪʨʦʜʘ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʫ ʧʦʚʝʨʭʥʶ, ʯʝʨʝʟ ʦʜʝʨʞʘʥʽ ʪʦʯʢʠ (1; 2; 3; ... i) 

ʧʨʦʚʦʜʷʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʾʡ ʚʽʜʨʽʟʢʠ ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʩʣʽʜʫʶʯʦʶ 

ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʩʽ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʽ 

ʧʦʚʝʨʭʥʽ ʙʫʜʫʪʴ ʧʦʜʽʣʝʥʽ, ʦʜʝʨʞʘʥʽ ʪʦʯʢʠ ʩʣʽʜ ʟôʻʜʥʘʪʠ ʧʣʘʚʥʠʤʠ ʣʽʥʽʷʤʠ, 

ʜʦʜʝʨʞʫʶʯʠʩʴ ʾʭ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʜʦ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʠʭ ʣʽʥʽʡ ʫ ʪʦʯʢʘʭ 

ʧʝʨʝʪʠʥʫ. (ʗʢʱʦ ʧʦʣʝ ʤʘʻ ʜʚʽ ʦʩʽ ʩʠʤʝʪʨʽʾ, ʥʘʧʨʠʢʣʘʜ ʧʦʣʝ ʜʚʦʭʧʨʦʚʽʜʥʦʾ 

ʣʽʥʽʾ, ʪʦ ʧʦʙʫʜʦʚʫ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʟʨʘʟʫ ʚʽʜ ʦʙʦʭ ʝʣʝʢʪʨʦʜʽʚ). 

3
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ʭj

2j

z¡
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i
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ʈʠʩ. 2 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʫ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ 

ʥʘʡʙʣʠʞʯʘ ʜʦ ʝʣʝʢʪʨʦʜʘ ʟʘʤʢʥʫʪʘ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʻ 

ʜʝʬʦʨʤʦʚʘʥʠʤ ʮʠʣʽʥʜʨʦʤ, ʪʚʽʨʥʘ ʷʢʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʱʠʥʽ ʢʘʨʪʠ. 

ʊʘʢ ʷʢ ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʦʣʷ E i  ʚ ʛʨʘʥʠʮʷʭ ʢʦʞʥʦʛʦ ʚʽʜʨʽʟʢʘ 

ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʝʣʝʤʝʥʪ ʧʦʪʦʢʫ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ 

     ,iii lhE D=Dy      (2) 

ʜʝ  h ï ʚʠʩʦʪʘ ʮʠʣʽʥʜʨʘ;  

     Dl i  ï ʜʦʚʞʠʥʘ ʚʽʜʨʽʟʢʘ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ (ʙʝʨʝʪʴʩʷ ʟ ʢʘʨʪʠ). 

ʅʘʧʨʫʞʝʥʽʩʪʴ ɽ ̔  ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ 

     
i

i
r

E
D

-
=

)( 10 jj
     (3) 

Dr i  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʢʘʨʪʠ ʧʦʣʷ ʷʢ ʚʽʜʜʘʣʴ ʤʽʞ ʩʝʨʝʜʥʽʤʠ ʪʦʯʢʘʤʠ ʚʽʜʨʽʟʢʽʚ 

ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʽ ʥʘ ʥʘʡʙʣʠʞʯʽʡ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ; j
0
 ʽ 
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j
1
ð ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʝʣʝʢʪʨʦʜʽ ʽ ʥʘ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ. 

ɿʘʨʷʜ, ʷʢʠʡ ʨʦʟʤʽʱʝʥʠʡ ʚ ʩʝʨʝʜʠʥʽ ʟʘʤʢʥʫʪʦʾ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

(ʮʠʣʽʥʜʨʘ), ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʪʝʦʨʝʤʦʶ ɻʘʫʩʩʘ: 

                 ä= .Q i0 DYee     

  (4) 

ɯʟ ʦʩʪʘʥʥʴʦʾ ʬʦʨʤʫʣʠ ʣʝʛʢʦ ʨʦʟʨʘʭʫʚʘʪʠ ʻʤʥʽʩʪʴ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ 

ʤʦʜʝʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ: 

    ä
-

==
i

i10
0h

rUh

C
C

D

Djj
ee

?
                             

(5) 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ɿʘʢʨʽʧʠʪʠ ʥʘ ʧʣʘʥʰʝʪʽ ʘʨʢʫʰ ʯʠʩʪʦʛʦ ʧʘʧʝʨʫ, ʨʽʚʥʠʡ ʟʘ ʚʝʣʠʯʠʥʦʶ 
ʧʨʦʚʽʜʥʦʤʫ ʘʨʢʫʰʫ. 

2. ɿ ʜʦʧʦʤʦʛʦʶ ʧʘʥʪʦʛʨʘʬʘ ʧʝʨʝʥʝʩʪʠ ʥʘ ʘʨʢʫʰ ʧʘʧʝʨʫ ʢʦʥʪʫʨʠ 

ʝʣʝʢʪʨʦʜʽʚ. 

3. ʉʢʣʘʩʪʠ ʜʦʩʣʽʜʞʫʚʘʣʴʥʫ ʩʭʝʤʫ ʟʛʽʜʥʦ ʨʠʩʫʥʢʘ. 

4. ɺʩʪʘʥʦʚʠʪʠ ʟʦʥʜ ʥʘ ʦʜʠʥ ʽʟ ʝʣʝʢʪʨʦʜʽʚ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʣʴʪʤʝʪʨʘ 
ʚʠʤʽʨʷʪʠ ʡʦʛʦ ʧʦʪʝʥʮʽʘʣ (ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ R ʜʦʩʷʛʘʶʪʴ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ ʯʝʨʝʟ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ). ɸʥʘʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ 

ʧʨʦʨʦʙʣʷʶʪʴ ʽ ʜʣʷ ʜʨʫʛʦʛʦ ʝʣʝʢʪʨʦʜʫ. 

5. ɿʤʽʩʪʠʪʠ ʟʦʥʜ ʥʘ ʥʝʚʝʣʠʢʫ (5-7 ʤʤ) ʚʽʜʜʘʣʴ ʚʽʜ ʝʣʝʢʪʨʦʜʘ ʚ ʥʘʧʨʷʤʢʫ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʝʣʝʢʪʨʦʜʘ. ʇʦʪʝʥʮʽʦʤʝʪʨʦʤ ʚʩʪʘʥʦʚʠʪʠ ʥʫʣʴ ʥʘ 

ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʽ. ʇʝʨʝʤʽʱʫʚʘʪʠ ʟʦʥʜ ʥʘʚʢʦʣʦ ʝʣʝʢʪʨʦʜʘ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʧʦʢʘʟʠ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ ʥʝ ʟʤʽʥʶʚʘʣʠʩʴ (I=0). ɺ ʧʨʦʮʝʩʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʦʥʜʘ ʧʝʨʝʥʝʩʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʥʪʦʛʨʘʬʘ ʥʘ ʢʘʨʪʫ 10-15 

ʪʦʯʦʢ ʧʝʨʰʦʾ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʦʾ ʣʽʥʽʾ. ɽʢʚʽʧʦʪʝʥʮʽʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʤʢʥʫʪʦʶ. ɿʘʧʠʩʘʪʠ ʨʷʜʦʤ ʟ ʥʝʶ ʟʥʘʯʝʥʥʷ 

ʧʦʪʝʥʮʽʘʣʫ j
1
. ʑʦʙ ʰʚʠʜʰʝ ʽ ʫʩʧʽʰʥʽʰʝ ʟʥʘʭʦʜʠʪʠ ʪʦʯʢʠ ʟ ʦʜʥʘʢʦʚʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ, ʩʣʽʜ ʢʝʨʫʚʘʪʠʩʴ ʤʽʨʢʫʚʘʥʥʷʤ ʧʨʦ ʢʦʥʬʽʛʫʨʘʮʽʶ 

ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʛʦ ʧʦʣʷ. 

6. ɿʤʽʥʶʶʯʠ ʧʦʢʘʟʠ ʚʦʣʴʪʤʝʪʨʘ ʢʦʞʥʠʡ ʨʘʟ ʥʘ 0,5 ɺ, ʧʦʙʫʜʫʚʘʪʠ ʩʣʽʜʫʶʯʽ 
ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʽ ʣʽʥʽʾ. 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 
1. ʇʦʙʫʜʫʚʘʪʠ ʥʘ ʦʜʝʨʞʘʥʽʡ ʢʘʨʪʽ ʣʽʥʽʾ ʥʘʧʨʫʞʝʥʦʩʪʽ  ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

2. ɿʘ ʬʦʨʤʫʣʦʶ (3) ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ 
ʢʦʞʥʦʤʫ ʽʟ ʚʽʜʨʽʟʢʽʚ ʝʢʚʽʧʦʪʝʥʮʽʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʚ ʤʘʩʰʪʘʙʽ ʥʘʥʝʩʪʠ ʥʘ 

ʢʘʨʪʫ. 

3. ɿʘ ʬʦʨʤʫʣʦʶ (5) ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʛʦʥʥʫ ʻʤʥʽʩʪʴ ʤʦʜʝʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 
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(e=1). 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1.  ʗʢʽ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ?  

2.  ʗʢʽ ʽʩʥʫʶʪʴ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ? 

3.  ɼʦʚʝʜʽʪʴ ʪʝʦʨʝʤʫ ɻʘʫʩʩʘ. 

4.  ʋ ʯʦʤʫ ʩʫʪʴ ʷʚʠʱʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʽʥʜʫʢʮʽʾ? 

5.  

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ 2-2  

ɺʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ  

ʣ.1. ÄÄ 26, 27.2.  ÄÄ 5.1, 5.2, 5.3 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘʙʫʪʠ ʥʘʚʠʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟ 

ʜʦʧʦʤʦʛʦʶ ʤʽʩʪʢʦʚʦʾ ʩʭʝʤʠ; ʧʝʨʝʚʽʨʠʪʠ ʟʘʢʦʥʠ 

ʩʧʦʣʫʯʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ. 

ʇʨʠʣʘʜʠ ʽ ʦʙʣʘʜʥʘʥʥʷ: ʢʦʤʧʣʝʢʪ ʜʦʩʣʽʜʞʫʚʘʥʠʭ   ʢʦʥʜʝʥʩʘʪʦʨʽʚ; ʤʘʛʘʟʠʥ 

ʝʪʘʣʦʥʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ; ʦʩʮʠʣʦʛʨʘʬ; ʨʝʦʭʦʨʜ; 

ʟôʻʜʥʫʚʘʣʴʥʽ ʧʨʦʚʽʜʥʠʢʠ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʇʨʠ ʥʘʜʘʥʥʽ ʧʨʦʚʽʜʥʠʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ ʡʦʛʦ ʧʦʪʝʥʮʽʘʣ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɿʝʤʣʽ (ʫʤʦʚʥʘ ʧʦʚʝʨʭʥʷ ʥʫʣʴʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ) ʧʽʜ-

ʚʠʱʫʻʪʴʩʷ. ʆʜʥʘʢ ʚʽʜʥʦʰʝʥʥʷ ʟʘʨʷʜʫ Q ʜʦ ʧʦʪʝʥʮʽʘʣʫ U ʜʣʷ ʜʘʥʦʛʦ 

ʧʨʦʚʽʜʥʠʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʦʶ 

ʻʤʥʽʩʪʶ C: 

     .
U

Q
C=                       (1) 

ʇʨʠ Q = 1 ʂʣ, U = 1ɺ ʟʥʘʭʦʜʠʤʦ ʦʜʠʥʠʮʶ ʝʣʝʢʪʨʠʯʥʦʾ ʻʤʥʦʩʪʽ 

ʧʨʦʚʽʜʥʠʢʘ:                   

[] .11 Ô
Â

Êë
C ==  

ʎʷ ʦʜʠʥʠʮʷ ʥʘʟʠʚʘʻʪʴʩʷ ʬʘʨʘʜʦʤ (ʌ). ʌʘʨʘʜ ʜʦʨʽʚʥʶʻ ʝʣʝʢʪʨʠʯʥʽʡ 

ʻʤʥʦʩʪʽ ʽʟʦʣʴʦʚʘʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ, ʷʢʱʦ ʥʘʜʘʥʥʷ ʡʦʤʫ ʟʘʨʷʜʫ ʚ 1ʂʣ 

ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʧʦʪʝʥʮʽʘʣ ʥʘ 1 ɺ. 

ɽʣʝʢʪʨʦʻʤʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ 

ʧʨʦʚʽʜʥʠʢʘ, ʧʦʣʦʞʝʥʥʷ ʥʘʚʢʦʣʦ ʥʴʦʛʦ ʽʥʰʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʝʣʝʢʪʨʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɽʣʝʢʪʨʦʻʤʥʽʩʪʴ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʽʜʥʠʢʘ ʽ ʡʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ, ʥʘʷʚʥʦʩʪʽ ʧʫʩʪʦʪ ʽ 

ʚʝʣʠʯʠʥʠ ʟʘʨʷʜʫ. 

ɽʣʝʢʪʨʦʻʤʥʽʩʪʴ ʚʽʜʦʢʨʝʤʣʝʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʟʘʚʞʜʠ ʤʘʣʘ. ɿʙʽʣʴʰʝʥʥʷ 
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ʝʣʝʢʪʨʦʻʤʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʨʦʚʽʜʥʠʢʘ ʥʝ ʟʘʚʞʜʠ 

ʚʠʧʨʘʚʜʦʚʫʻ ʩʝʙʝ. 

ʅʘʧʨʠʢʣʘʜ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʝʣʝʢʪʨʦʻʤʥʽʩʪʴ 1 ʤʢʌ, ʩʣʽʜ ʚʟʷʪʠ 

ʩʬʝʨʠʯʥʠʡ ʧʨʦʚʽʜʥʠʢ ʨʘʜʽʫʩʦʤ 9 ʢʤ. ɺ ʝʣʝʢʪʨʦ- ʽ ʨʘʜʽʦʪʝʭʥʽʮʽ, ʜʝ 

ʧʨʠʭʦʜʠʪʴʩʷ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʚʝʣʠʢʠʤʠ ʻʤʥʦʩʪʷʤʠ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʠʩʪʝʤʫ 

ʧʨʦʚʽʜʥʠʢʽʚ ð ʢʦʥʜʝʥʩʘʪʦʨʠ. ʈʦʙʦʪʘ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʟʤʝʥʰʝʥʥʽ ʧʦʪʝʥʮʽʘʣʫ ʟʘʨʷʜʞʝʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʧʽʜ ʚʧʣʠʚʦʤ ʽʥʰʦʛʦ 

ʧʨʦʚʽʜʥʠʢʘ. 

ɺʽʟʴʤʝʤʦ ʥʘʝʣʝʢʪʨʠʟʦʚʘʥʠʡ ʧʨʦʚʽʜʥʠʢ A, ʟʘʨʷʜ ʷʢʦʛʦ +q ʽ ʚʥʝʩʝʤʦ ʚ 

ʡʦʛʦ ʧʦʣʝ ʽʥʰʠʡ ʧʨʦʚʽʜʥʠʢ B, ʷʢʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʚʠʱʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʽʥʜʫʢʮʽʾ ʝʣʝʢʪʨʠʟʫʻʪʴʩʷ (ʨʠʩ. ɯ). ʇʦʣʝ ʥʘʚʝʜʝʥʠʭ ʨʽʟʥʦʡʤʝʥʥʠʭ ʟʘʨʷʜʽʚ 

ʧʦʩʣʘʙʣʶʻ ʥʘʚʝʜʝʥʝ ʧʦʣʝ ʟʘʨʷʜʫ +q, ʪʦʤʫ ʧʦʪʝʥʮʽʘʣ ʧʦʣʷ A ʧʘʜʘʻ, ʘ 

ʝʣʝʢʪʨʦʻʤʥʽʩʪʴ ʟʨʦʩʪʘʻ. 

ɯʥʜʫʢʦʚʘʥʽ ʟʘʨʷʜʠ ʦʜʥʘʢʦʚʦʛʦ ʟʥʘʢʫ ʤʦʞʥʘ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ, ʷʢʱʦ 

ʟʘʟʝʤʣʠʪʠ ʧʨʦʚʽʜʥʠʢ  B. ʑʦʙ ʟʦʚʥʽʰʥʽ ʪʽʣʘ ʥʝ ʚʧʣʠʚʘʣʠ ʥʘ ʻʤʥʽʩʪʴ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʦʙʢʣʘʜʢʘʤ ʥʘʜʘʶʪʴ ʪʘʢʫ ʬʦʨʤʫ ʽ ʪʘʢ ʨʦʟʤʽʱʫʶʪʴ ʾʭ ʦʜʥʫ 

ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ, ʱʦʙ ʧʦʣʝ, ʩʪʚʦʨʝʥʝ ʥʘʛʨʦʤʘʜʞʝʥʠʤʠ ʟʘʨʷʜʘʤʠ ʮʽʣʢʦʤ 

ʙʫʣʦ ʩʢʦʥʮʝʥʪʨʦʚʘʥʝ ʚʩʝʨʝʜʠʥʽ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʎʽʡ ʫʤʦʚʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ, 

ʧʝʨʰ ʟʘ ʚʩʝ, ʧʦʣʷ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘʨʷʜʞʝʥʠʤʠ ʧʣʦʱʠʥʘʤʠ, 

ʢʦʘʢʩʽʘʣʴʥʠʤʠ ʮʠʣʽʥʜʨʘʤʠ ʪʘ ʢʦʥʮʝʥʪʨʠʯʥʠʤʠ ʩʬʝʨʘʤʠ. 
 

A B 

 
 

ʈʠʩ. 1 

 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʪʠʧʠ ʢʦʥʜʝʥʩʘʪʦʨʽʚ. ɿʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʦʙʢʣʘʜʦʢ 

ʢʦʥʜʝʥʩʘʪʦʨʠ ʙʫʚʘʶʪʴ ʧʣʦʩʢʽ, ʮʠʣʽʥʜʨʠʯʥʽ, ʩʬʝʨʠʯʥʽ. 

1) ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʜʚʦʭ ʤʝʪʘʣʝʚʠʭ, 

ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʘʩʪʠʥ (ʨʦʟʜʽʣʝʥʠʭ ʜʽʝʣʝʢʪʨʠʢʦʤ), ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ 

ʙʣʠʟʴʢʽʡ ʚʽʜʩʪʘʥʽ d ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʽ ʦʜʥʘʢʦʚʦ ʥʘʝʣʝʢʪʨʠʟʦʚʘʥʠʭ 

ʨʽʟʥʦʡʤʝʥʥʠʤʠ ʟʘʨʷʜʘʤʠ. ɿʥʘʡʜʝʤʦ ʻʤʥʽʩʪʴ ʪʘʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʗʢʱʦ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʧʣʘʩʪʠʥ ʚʝʣʠʢʽ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʥʠʤʠ, ʪʦ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʢʨʘʡʦʚʠʤ ʝʬʝʢʪʦʤ ʽ ʚʚʘʞʘʪʠ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ 

ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʦʜʥʦʨʽʜʥʠʤ: 

     ,
00 S

q
E

eeee

s
==                (2) 

ʽʥʘʢʰʝ ʥʘʧʨʫʞʝʥʽʩʪʴ ʮʴʦʛʦ ʧʦʣʷ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʛʨʘʜʽʻʥʪ 

ʧʦʪʝʥʮʽʘʣʫ 
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      .E
dx

dj
-=             (3) 

ɿ ʮʠʭ ʨʽʚʥʷʥʴ ʜʽʩʪʘʻʤʦ 

     .
0

dx
S

q
d

ee
j=-  

ʇʨʦ ʽʥʪʝʛʨʫʻʤʦ ʮʝ ʨʽʚʥʷʥʥʷ:  

    
S

qd
dx

S

q
d

d

0

21
0

00

;
2

1
ee

jj
ee

j

j

j

=-=- ññ , 

ʟʚʽʜʢʠ  

     
d

S
C);(

d

S
q 0

21
0 ee

jj
ee

=-= . 

ʎʷ ʬʦʨʤʫʣʘ ʻ ʥʘʙʣʠʞʝʥʦʶ, ʙʦ ʤʠ ʟʥʝʭʪʫʚʘʣʠ ʢʨʘʡʦʚʠʤ ʝʬʝʢʪʦʤ. 

ɿôʷʩʫʻʤʦ ʚʧʣʠʚ ʜʽʝʣʝʢʪʨʠʢʘ ʥʘ ʻʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʆʩʢʽʣʴʢʠ j1- 

j2=Ed, ʪʦ ʬʦʨʤʫʣʫ   q = C(j1- j2)  ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

.
Ed

q
C=  

ʇʽʜ ʚʧʣʠʚʦʤ ʧʦʣʷ E ʜʽʝʣʝʢʪʨʠʢ ʧʦʣʷʨʠʟʫʻʪʴʩʷ ʽ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʷʭ 

ʧʦʷʚʣʷʶʪʴʩʷ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʟʘʨʷʜʠ °s. ɺʝʢʪʦʨ pE
C

  ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʦʪʠʣʝʞʥʦ ʜʦ ʚʝʢʪʦʨʘ E
C
, ʘ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʻʤʥʦʩʪʽ (ʨʠʩ.2). 
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ʈʠʩ. 2 

 

2) ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʜʚʦʭ ʧʦʨʦʞʥʠʩʪʠʭ 

ʤʝʪʘʣʝʚʠʭ ʢʦʘʢʩʽʘʣʴʥʠʭ (ʽʟ ʩʧʽʣʴʥʦʶ ʚʽʩʩʶ) ʮʠʣʽʥʜʨʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʦʜʠʥ 

ʚ ʦʜʥʦʛʦ, ʧʨʦʩʪʽʨ ʤʽʞ ʷʢʠʤʠ ʟʘʧʦʚʥʝʥʠʡ ʜʽʝʣʝʢʪʨʠʢʦʤ (ʨʠʩ. 3). 
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ʈʠʩ. 3 

ʗʢʱʦ ʚʠʩʦʪʘ ʮʠʣʽʥʜʨʽʚ ʚʝʣʠʢʘ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ ʨʘʜʽʫʩʘʤʠ (h >> r
1 ʽ r2

), ʪʦ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʢʨʘʡʦʚʠʤ ʝʬʝʢʪʦʤ ʽ ʚʠʢʦʨʠʩʪʘʪʠ ʬʦʨʤʫʣʫ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʛʦ ʟʘʨʷʜʞʝʥʦʛʦ ʮʠʣʽʥʜʨʘ 

    ,
22 00 h

q

r
E

peepee

t
==  

ʜʝ 
h

q
=t ð ʣʽʥʽʡʥʘ ʛʫʩʪʠʥʘ ʟʘʨʷʜʫ. ʅʘʧʨʫʞʝʥʽʩʪʴ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ 

ʛʨʘʜʽʻʥʪ ʧʦʪʝʥʮʽʘʣʫ  

.
dr

d
E

j
=  

ɿ ʮʠʭ ʨʽʚʥʷʥʴ ʜʽʩʪʘʥʝʤʦ  

     .
2 0 r

dr

h

q
d Ö=-

pee
j  

ʇʨʦʽʥʪʝʛʨʫʻʤʦ ʮʝʡ ʚʠʨʘʟ 

     ññ Ö=-
2

1

2

1
02

r

r
r

dr

h

q
d

epe
j

j

j

, 

ʆʜʝʨʞʠʤʦ 

            

2

1

02

r

r
In

h
C

pee
=

        (5) 

ʗʢʱʦ ʟʘʟʦʨ ʤʽʞ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʘʣʠʡ, ʪʦʜʽ 
2

1ln
r

r
 

ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʚ ʨʷʜ ʽ ʦʙʤʝʞʠʪʠʩʷ ʪʽʣʴʢʠ ʯʣʝʥʘʤʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜ- 

ʢʫ: 
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2

1 lnln
r

d

r
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r
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=  

ʪʝʧʝʨ 

    ,
r2 010

d

S

d

h
ʉ

eepee
=

Ö
=  

ʜʝ S = 2pr
1
h ï ʙʽʯʥʘ ʧʦʚʝʨʭʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʮʠʣʽʥʜʨʘ. ʆʪʞʝ, 

ʝʣʝʢʪʨʦʻʤʥʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨ-

ʤʫʣʦʶ ʻʤʥʦʩʪʽ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ; 

3) ʩʬʝʨʠʯʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʥʮʝʥʪʨʠʯʥʠʭ 

ʩʬʝʨʠʯʥʠʭ ʦʙʢʣʘʜʦʢ, ʧʨʦʩʪʽʨ ʤʽʞ ʷʢʠʤʠ ʟʘʧʦʚʥʝʥʠʡ ʜʽʝʣʝʢʪʨʠʢʦʤ (ʨʠʩ. 4). 

r1

r2

 
ʈʠʩ. 4 

ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʥʴʦʤʫ ʩʪʨʦʛʦ ʨʘʜʽʘʣʴʥʝ. ʊʦʤʫ ʩʬʝʨʠʯʥʽ 

ʢʦʥʜʝʥʩʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʪʦʯʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʇʦʪʝʥʮʽʘʣʠ ʦʙʢʣʘʜʦʢ ʪʘʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʠʨʘʞʘʶʪʴʩʷ ʩʣʽʜʫʶʯʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 
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210

rr

rr4
ʉ

-

Ö
=
pee

                            (6) 

ʗʢʱʦ r
2 

» r
1 
,  ʪʦʜʽ ʚʥʫʪʨʽʰʥʶ ʦʙʢʣʘʜʢʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʚʽʜʦʢʨʝʤʣʝʥʫ ʢʫʣʶ ʽ ʬʦʨʤʫʣʘ (6) ʥʘʙʫʜʝ ʪʘʢʦʛʦ ʚʠʛʣʷʜʫ: 

Cr4ʉ 101 <ºpee  

ʗʢ ʙʘʯʠʤʦ, ʝʣʝʢʪʨʦʻʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʽʣʴʰʘ ʚʽʜ ʝʣʝʢʪʨʦʻʤʥʦʩʪʽ 

ʚʽʜʦʢʨʝʤʣʝʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ. ʗʢʱʦ ʟʘʟʦʨ ʤʽʞ ʦʙʢʣʘʜʢʘʤʠ ʜʫʞʝ ʤʘʣʠʡ 
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ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ ʨʘʜʽʫʩʘʤʠ, ʪʦ ʻʤʥʽʩʪʴ ʩʬʝʨʠʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʦʞʥʘ 

ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʩʧʨʘʚʜʽ, ʧʨʠ r
2
- r

1 
= d << 

r
1
,
 
r

2 
º r

1 
= r   ʬʦʨʤʫʣʘ (5) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

.
d

S

d

r4
C 0

2
0 eepee
==  

ʂʦʞʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʢʨʽʤ ʻʤʥʦʩʪʽ, ʧʨʦʙʠʚʥʦʶ ʘʙʦ 

ʨʦʙʦʯʦʶ ʥʘʧʨʫʛʦʶ. ʊʦʤʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʻʤʥʦʩʪʽ ʧʨʠ ʟʘʜʘʥʽʡ 

ʨʦʙʦʯʽʡ ʥʘʧʨʫʟʽ, ʥʝʦʙʭʽʜʥʦ ʢʦʥʜʝʥʩʘʪʦʨʠ ʟôʻʜʥʫʚʘʪʠ ʚ ʙʘʪʘʨʝʾ ð

ʧʘʨʘʣʝʣʴʥʦ, ʧʦʩʣʽʜʦʚʥʦ ʘʙʦ ʟʤʽʰʘʥʦ. 

ʇʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʟôʻʜʥʘʥʥʽ (ʨʠʩ.5) ʦʜʥʘ ʽʟ ʦʙʢʣʘʜʦʢ ʢʦʞʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʘʻ ʧʦʪʝʥʮʽʘʣ j
1
, ʘ ʜʨʫʛʘ j

2
. ɺʽʜʧʦʚʽʜʥʦ ʥʘ ʢʦʞʥʽʡ ʽʟ ʜʚʦʭ 

ʩʠʩʪʝʤ ʦʙʢʣʘʜʦʢ ʥʘʛʨʦʤʘʜʞʫʻʪʴʩʷ ʩʫʤʘʨʥʠʡ ʟʘʨʷʜ 

    äää
===

-=-==
n

i

i

n

i

i

n

i

i qCqq
1

2121

11

)()( jjjj  

ɭʤʥʽʩʪʴ ʙʘʪʘʨʝʾ ʦʜʝʨʞʠʤʦ, ʷʢʱʦ ʨʦʟʜʽʣʠʤʦ ʩʫʤʘʨʥʠʡ ʟʘʨʷʜ ʥʘ ʧʨʠ-

ʢʣʘʜʝʥʫ ʜʦ ʥʝʾ ʥʘʧʨʫʛʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ: 

     .
1

ä
=

=
n

i

iCC       (7) 

 

C1 C2 Cn 

j
1
 

j
2
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+q - q +q - q 
 

+q - q 
 

C1 C2 Cn 

U1 U2 Un 
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ɿʙʽʣʴʰʝʥʥʷ ʻʤʥʦʩʪʽ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʟôʻʜʥʘʥʥʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʦ-

ʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ ʦʙʢʣʘʜʦʢ. ʆʜʥʘʢ 
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ʧʨʦʙʠʚʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʙʘʪʘʨʝʾ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʨʦʙʠʚʥʦʾ ʥʘʧʨʫʛʠ 

ʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟôʻʜʥʘʥʥʽ (ʨʠʩ. 6) ʦʙʢʣʘʜʢʠ ʦʢʨʝʤʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

ʤʘʶʪʴ ʟʘʨʷʜʠ, ʯʠʩʝʣʴʥʦ ʨʽʚʥʽ, ʘʣʝ ʧʨʦʪʠʣʝʞʥʽ ʧʦ ʟʥʘʢʫ. ʊʦʤʫ ʥʘʧʨʫʛʘ ʥʘ    

i-ʤʫ ʢʦʥʜʝʥʩʘʪʦʨʽ: 

.
i

i
C

q
U =  

ʊʦʜʽ ʟʘʛʘʣʴʥʘ ʥʘʧʨʫʛʘ ʙʘʪʘʨʝʾ  

.
1

1 1

ä ä
= =

==
n

i

n

i i

i
C

qUU  

ɿʚʽʜʢʠ 

                                .
11

1

ä
=

=
n

i iCʉ
                                                 (8) 

ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟôʻʜʥʘʥʥʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʜʦʜʘʶʪʴʩʷ ʚʝʣʠʯʠʥʠ, 

ʦʙʝʨʥʝʥʽ ʾʭ ʻʤʥʦʩʪʷʤ, ʧʨʠ ʮʴʦʤʫ ʥʘʧʨʫʛʘ ʥʘ ʢʦʞʥʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʽ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ ʝʣʝʢʪʨʦʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ, ʪʦ, 

ʩʧʦʣʫʯʘʶʪʴ ʧʘʨʘʣʝʣʴʥʦ ʦʢʨʝʤʽ ʛʨʫʧʠ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

(ʟʤʽʰʘʥʝ ʟôʻʜʥʘʥʥʷ). 

ʐʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʨʘʢʪʠʮʽ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʦʜʝʨʞʘʣʠ ʩʣʽʜʫʶʯʽ ʤʝʪʦʜʠ: 

ʘ) ʇʝʨʽʦʜʠʯʥʘ ʟʘʨʷʜʢʘ ʽ ʨʦʟʨʷʜʢʘ. ɼʦʩʣʽʜʞʫʚʘʥʠʡ   ʢʦʥʜʝʥʩʘʪʦʨ ʉ 

(ʨʠʩ.7) ʟʘʨʷʜʞʘʻʪʴʩʷ ʯʝʨʝʟ ʚʠʧʨʷʤʣʷʯ ʜʦ U. ɸʚʪʦʤʘʪʠʯʥʦ ʜʽʶʯʠʡ 

ʧʝʨʝʤʠʢʘʯ ʚʽʜôʻʜʥʫʻ ʦʜʥʫ ʽʟ ʦʙʢʣʘʜʦʢ ʚʽʜ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʽ ʟʘʤʠʢʘʻ 

ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʘ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨ 

ʨʦʟʨʷʜʞʘʻʪʴʩʷ. ʎʠʢʣ ʟʘʨʷʜʢʘ-ʨʦʟʨʷʜʢʘ ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ ʨʦʙʦʪʠ 

ʧʝʨʝʤʠʢʘʯʘ ¥ = 50 ɻʮ. 

ʉʝʨʝʜʥʽʡ ʟʘʨʷʜ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ ʟʘ ʯʘʩ t, 

 

      ,0 QNtI =  

 

ʜʝ  I0 ï ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ, ʱʦ ʬʽʢʩʫʻʪʴʩʷ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʦʤ; 

     Q ï ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ; 

     N ï ʯʠʩʣʦ ʨʦʟʨʷʜʽʚ ʟʘ ʯʘʩ t. 

 

ɯʥʘʢʰʝ -===
t

N
f

Uf

I

UN

tI
ʉ (   00

  ʯʘʩʪʦʪʘ ʧʝʨʝʤʠʢʘʥʥʷ). 
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ʈʠʩ. 7   
ʙ) ɹʘʣʽʩʪʠʯʥʠʡ ʛʘʣʴʚʘʥʦʤʝʪʨ. ɹʘʣʽʩʪʠʯʥʠʤ ʛʘʣʴʚʘʥʦʤʝʪʨʦʤ ʥʘʟʠʚʘʶʪʴ 

ʪʘʢʠʡ ʛʘʣʴʚʘʥʦʤʝʪʨ, ʚ ʷʢʦʤʫ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʨʫʭʦʤʦʾ ʯʘʩʪʠʥʠ (ʢʦʪʫʰʢʠ) 

ʩʧʝʮʽʘʣʴʥʦ ʟʙʽʣʴʰʝʥʠʡ. ʂʫʪ ʚʽʜʭʠʣʝʥʥʷ ʢʦʪʫʰʢʠ ʪʘʢʦʛʦ ʛʘʣʴʚʘʥʦʤʝʪʨʘ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʝʣʠʯʠʥʽ ʟʘʨʷʜʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʛʘʣʴʚʘʥʦʤʝʪʨ: 

 

,jbÖ=Q  

 

ʜʝ b ï ʙʘʣʽʩʪʠʯʥʘ ʧʦʩʪʽʡʥʘ ʛʘʣʴʚʘʥʦʤʝʪʨʘ, ʷʢʘ ʯʠʩʝʣʴʥʦ ʨʽʚʥʘ ʚʝʣʠʯʠʥʽ 
ʟʘʨʷʜʫ, ʥʝʦʙʭʽʜʥʦʤʫ ʜʣʷ ʧʦʚʦʨʦʪʫ ʨʘʤʢʠ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʥʘ 1 ʦʜʠʥʠʮʶ 

ʢʫʪʘ. 

ɭʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʟʘʨʷʜʞʝʥʦʛʦ ʜʦ ʚʽʜʦʤʦʾ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ U, 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʨʦʟʨʷʜʞʘʶʯʠ ʡʦʛʦ ʥʘ ʛʘʣʴʚʘʥʦʤʝʪʨ: 

     .
UU

Q
ʉ

bj
==  

ʇʨʠʥʮʠʧʽʘʣʴʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 8: 

V G
Cx

ʇ
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ʚ) ʂʫʤʝʪʨʘ, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʦʛʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʚʠʤʽʨʶʚʘʥʘ 

ʻʤʥʽʩʪʴ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʟ ʤʘʣʠʤ ʟʘʪʫʭʘʥʥʷʤ. 

ɭʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢʱʦ ʜʦʙʠʪʠʩʷ ʨʝʟʦʥʘʥʩʫ ʚ 

ʢʦʥʪʫʨʽ, ʻʤʥʦʩʪʥʠʡ ʦʧʽʨ ʷʢʦʛʦ 
Cw

1

 
ʜʦʨʽʚʥʶʻ ʽʥʜʫʢʪʠʚʥʦʤʫ ʦʧʦʨʫ 
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ö
÷

õ
æ
ç

å
= L

C
L w
w

w
1

. ʈʝʟʦʥʘʥʩʫ ʤʦʞʥʘ ʜʦʙʠʪʠʩʷ, ʟʤʽʥʶʶʯʠ ʘʙʦ ʽʥʜʫʢʪʠʚʥʽʩʪʴ L , 

ʘʙʦ ʯʘʩʪʦʪʫ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ w.  
ʗʢʱʦ ʧʘʨʘʣʝʣʴʥʦ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʫ ʉʭ (ʨʠʩ.9)   ʧʽʜʢʣʶʯʠʪʠ 

ʧʨʦʛʨʘʜʫʡʦʚʘʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʉ  ʟʤʽʥʥʦʾ ʻʤʥʦʩʪʽ, ʪʦ ʜʦʙʠʚʰʠʩʴ ʨʝʟʦʥʘʥʩʫ 

)(

11

2CC
LiL

C x+
==
w

ww
w

 (ʉ1 ʽ ʉ2 ï ʻʤʥʦʩʪʽ, ʚʟʷʪʽ ʽʟ ʰʢʘʣʠ 

ʧʨʦʛʨʘʜʫʡʦʚʘʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ), ʦʜʝʨʞʫʶʪʴ: ʉʭ=ʉ1 - ʉ2 . ʈʝʟʦʥʘʥʩ ʤʦʞʥʘ 

ʟʘʬʽʢʩʫʚʘʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʧʦʢʘʞʯʠʢʘ ʣʘʤʧʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ (ʃɺ). 

 

ʉ ʃɺ ʉx 

ɿɻ 
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ʛ) ʄʽʩʪʢʦʚʠʡ, ʷʢʠʡ ʟʥʘʡʰʦʚ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʘ ʩʭʝʤʘ ʤʽʩʪʢʘ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʤʽʩʪʢʦʤ ʉʦʪʪʽ, ʟʦʙʨʘʞʝʥʘ 

ʥʘ ʨʠʩ. 10: 

In

A B

Cx C

E

~

l1 l2

r1 r2

ɼ
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʟʫʥʢʘ ʨʝʦʭʦʨʜʘ ʤʦʞʥʘ ʜʦʙʠʪʠʩʷ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʥʷ, 

ʧʨʠ ʷʢʦʤʫ ʩʪʨʫʤ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʽʥʜʠʢʘʪʦʨ ʥʫʣʷ, ʙʫʜʝ ʚʽʜʩʫʪʥʽʡ 

(jʘ=jʚ) 
ʋʤʦʚʘ ʨʽʚʥʦʚʘʛʫ ʤʽʩʪʢʘ ʚʠʚʦʜʠʪʴʩʷ  ʪʘʢʠʤ   ʯʠʥʦʤ : ɿʘ ʯʘʩ dt ʧʦ ʚʽʪʮʽ 

ɼɸɽ   ʧʨʦʡʜʝ ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʫ: 

    .,
1

ʜ

11
r

IdtIdq ʘjj-
==  

ɯʟ ʚʠʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʣʽʜʫʻ, ʱʦ 
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    )( EAxCdq jj -=  

ʊʦʤʫ, 

    )(
1

EA

Aɼ
Cdt

r
jj

jj
-=

-
 

ɼʣʷ ʚʽʪʢʠ ɼɽɺ ʧʦ ʘʥʘʣʦʛʽʾ:  

    )(
2

EB

Bɼ
Cdt

r
jj

jj
-=

-
 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ jʘ=jʚ ,  ʟʥʘʭʦʜʠʤʦ 

     
1

2

r

r
CCx =  

ʘʙʦ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ r1 ʽ r2 ï ʦʧʦʨʠ ʧʣʝʯʝʡ ʨʝʦʭʦʨʜʘ, ʚʦʥʠ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʧʨʦʧʦʨʮʽʡʥʽ l1 ʽ l2, ʪʦ 

     .
1

2

l

l
CCx =       (9) 

ʇʨʠ ʨʦʙʦʪʽ ʟ ʤʽʩʪʢʦʤ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʦʜʝʨʞʘʥʝ ʨʽʚʥʷʥʥʷ 

ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʽʜʝʘʣʴʥʦʾ ʩʭʝʤʠ. ɺ ʨʝʘʣʴʥʽʡ ʩʭʝʤʽ ʟʘʚʞʜʠ ʻ ʧʘʨʘʟʠʪʥʽ 

ʻʤʥʦʩʪʽ ʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʷʢʽ ʪʫʪ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. 

 

 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ɿʽʙʨʘʪʠ ʩʭʝʤʫ, ʧʦʜʘʥʫ ʥʘ ʨʠʩ. 10. ʋ ʨʦʣʽ ʽʥʜʠʢʘʪʦʨʘ ʥʫʣʷ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʙʫʜʴ-ʷʢʠʡ, ʥʘʷʚʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʦʩʮʠʣʦʛʨʘʬ.  

2. ɺʚʽʤʢʥʫʪʠ ʚ ʤʝʨʝʞʫ 220 ɺ ʦʩʮʠʣʦʛʨʘʬ ʽ ʥʠʟʴʢʦʚʦʣʴʪʥʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʷʢʠʡ ʧʦʩʪʘʯʘʻ ʩʪʨʫʤ ʚ ʢʦʣʦ.  

3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʚʟʫʥʢʘ  ɼ  ʜʦʙʠʪʠʩʷ ʚʽʜʥʦʰʝʥʥʷ 
l

l

2

1

, ʧʨʠ ʷʢʦʤʫ ʜʦʚʞʠʥʘ 

ʩʚʽʪʣʦʚʦʾ ʣʽʥʽʾ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ ʙʫʜʝ ʥʘʡʤʝʥʰʦʶ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ 

ʧʘʤôʷʪʘʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ, ʢʦʣʠ ʦʧʦʨʠ ʧʣʝʯ 

ʤʘʣʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

4. ʇʨʦʚʝʩʪʠ    ʚʠʤʽʨʶʚʘʥʥʷ    ʻʤʥʦʩʪʝʡ ʚʩʽʭ    ʥʘʷʚʥʠʭ    ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

C1,ʉ2, é ,ʉʍ. 

5. ɿôʻʜʥʘʪʠ ʢʦʥʜʝʥʩʘʪʦʨʠ ʧʘʨʘʣʝʣʴʥʦ ʽ ʚʠʤʽʨʷʪʠ ʩʫʤʘʨʥʫ ʾʭ ʻʤʥʽʩʪʴ. 

6. ɿôʻʜʥʘʪʠ ʢʦʥʜʝʥʩʘʪʦʨʠ ʧʦʩʣʽʜʦʚʥʦ ʽ ʚʠʤʽʨʷʪʠ ʩʫʤʘʨʥʫ ʾʭ ʻʤʥʽʩʪʴ. 

7. ʉʢʣʘʩʪʠ ʪʘʙʣʠʮʶ, ʚ ʷʢʫ ʟʘʥʝʩʪʠ ʚʩʽ ʚʠʤʽʨʷʥʽ ʽ ʨʦʟʨʘʭʦʚʘʥʽ ʚʝʣʠʯʠʥʠ . 

 

 



 

113 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʾʭ ʘʥʘʣʽʟ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (9) ʨʦʟʨʘʭʫʚʘʪʠ ʻʤʥʦʩʪʽ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʧʘʨʘʣʝʣʴʥʦʛʦ ʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʾʭ ʩʧʦʣʫʯʝʥʥʷ. 

2. ʇʝʨʝʚʽʨʠʪʠ ʟʘʢʦʥʠ ʩʧʦʣʫʯʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟ-

ʨʘʭʫʥʢʘʤʠ ʽ ʟʨʦʙʠʪʠ ʥʝʦʙʭʽʜʥʽ ʚʠʩʥʦʚʢʠ. 

3. ʇʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʑʦ ʪʘʢʝ ʝʣʝʢʪʨʦʻʤʥʽʩʪʴ ʧʨʦʚʽʜʥʠʢʘ ʪʘ ʚʽʜ ʯʦʛʦ ʚʦʥʘ ʟʘʣʝʞʠʪʴ? 

2. ʗʢ ʦʜʝʨʞʘʪʠ ʬʦʨʤʫʣʠ ʻʤʥʦʩʪʝʡ ʧʣʦʩʢʦʛʦ, ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʽ ʩʬʝʨʠʯʥʦʛʦ 
ʢʦʥʜʝʥʩʘʪʦʨʽʚ? 

3. ʗʢ ʨʦʟʨʘʭʦʚʫʶʪʴ ʻʤʥʽʩʪʴ ʙʘʪʘʨʝʾ ʧʘʨʘʣʝʣʴʥʦ ʯʠ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ 
ʢʦʥʜʝʥʩʘʪʦʨʽʚ? 

4. ʗʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʽʨʷʶʪʴ ʝʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʽʚ? 

5. ʗʢ ʧʨʘʮʶʻ ʤʽʩʪʦʢ ʉʦʪʪʽ? 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2-3 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ  

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ.  

ʣ.1. Ä23. 2. ÄÄ 6.4, 6.5 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ   ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ. 

ʇʨʠʣʘʜʠ ʪʘ ʤʘʪʝʨʽʘʣʠ: ʤʽʩʪ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʈ-577 ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʻʤʥʦʩʪʝʡ ʚ ʤʝʞʘʭ 1 ʧʌ-1100 ʤʢʌ ʽ ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ ; 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ɿʛʽʜʥʦ ʟ ʫʷʚʣʝʥʥʷʤʠ ʢʣʘʩʠʯʥʦʾ ʬʽʟʠʢʠ, ʜʽʝʣʝʢʪʨʠʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʧʨʦʚʽʜʥʠʢʽʚ ʪʠʤ, ʱʦ ʧʨʠ ʥʝ ʜʫʞʝ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʜʫʞʝ ʩʠʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʚ ʥʠʭ ʥʝʤʘʻ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ. 

ʇʨʠ ʚʥʝʩʝʥʥʽ ʜʽʝʣʝʢʪʨʠʢʽʚ ʚ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚʦʥʠ ʧʦʣʷʨʠʟʫʶʪʴʩʷ, ʥʘ ʾʭ 

ʧʦʚʝʨʭʥʽ ʚʠʥʠʢʘʶʪʴ ʟʚôʷʟʘʥʽ ʟʘʨʷʜʠ ʽ ʚʽʜʧʦʚʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʷʢʝ 

ʟʤʝʥʰʫʻ ʜʽʶ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʷʚʠʱʘ 

ʧʦʣʷʨʠʟʘʮʽʾ ʜʽʝʣʝʢʪʨʠʢʘ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʥʷʪʪʷʤ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʽʾ ʈ   , 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʜʠʧʦʣʴʥʠʤ ʤʦʤʝʥʪʦʤ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ 

ʜʽʝʣʝʢʪʨʠʢʘ: 

V

P

P V

i

D
=
ä
D

C

C
, 
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ʜʝ ʈi ï ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙôʻʤʽ DV; 

 DV ï ʬʽʟʠʯʥʦ ʙʝʟʤʝʞʥʦ ʤʘʣʠʡ ʦʙôʻʤ. 

ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʽʟʦʪʨʦʧʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʪʘ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʷʚʠʱ 

ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʝʢʪʦʨʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʜʽʝʣʝʢʪʨʠʢʘ E  : 

EP
CC

0ce= , 

ʜʝ c ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʨʝʯʦʚʠʥʠ ʜʽʝʣʝʢʪʨʠʢʘ (ʚʝʣʠʯʠʥʘ 

ʙʝʟʨʦʟʤʽʨʥʘ). ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʈ ʽ E ʧʦʷʩʥʶʻʪʴʩʷ  ʪʠʤ, ʱʦ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʟʜʝʙʽʣʴʰʦʛʦ ʟʥʘʯʥʦ 

ʤʝʥʰʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʽʢʨʦʧʦʣʽʚ ʚ ʩʝʨʝʜʠʥʽ ʘʪʦʤʽʚ ʪʘ ʤʦʣʝʢʫʣ.  

ɽʣʝʢʪʨʠʯʥʠʤ ʟʤʽʱʝʥʥʷʤ ʥʘʟʠʚʘʶʪʴ ʚʝʢʪʦʨʥʫ ʚʝʣʠʯʠʥʫ 

PED
CCC
+= 0e . 

ɺ ʽʟʦʪʨʦʧʥʠʭ ʜʽʝʣʝʢʪʨʠʢʘʭ D ʽ E  ʟʚôʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

    EEEED
CCCCC

0000 )1( eececee =+=+= , 

ʜʝ  e ï ʚ̔ ʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ   ʨʝʯʦʚʠʥʠ. 

ɿ ʤʦʣʝʢʫʣʷʨʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʦʣʷʨʠʟʘʮʽʷ ʜʽʝʣʝʢʪʨʠʢʽʚ ʧʦʣʷʛʘʻ ʘʙʦ ʚ 

ʟʤʽʱʝʥʥʽ ʧʨʫʞʥʦ ʟʚôʷʟʘʥʠʭ ʟʘʨʷʜʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʦʣʝʢʫʣʠ, ʘʪʦʤʘ 

ʯʠ ʽʦʥʘ, ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ (ʧʨʫʞʥʘ ʧʦʣʷʨʠʟʘʮʽʷ), ʘʙʦ ʚ ʚʠʥʠʢʥʝʥʥʽ 

ʜʠʧʦʣʴʥʠʭ ʤʦʣʝʢʫʣ ʪʘ ʽʦʥʽʚ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʨʝʣʘʢʩʘʮʽʡʥʘ 

ʧʦʣʷʨʠʟʘʮʽʷ). ʇʨʫʞʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʝʣʝʢʪʨʦʥʥʦʶ ʯʠ ʽʦʥʥʦʶ. 

ʗʢʱʦ ʜʽʝʣʝʢʪʨʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʧʦʣʷʨʥʠʭ ʤʦʣʝʢʫʣ, ʪʦ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʥʦʩʥʦ ʷʜʝʨ ʚ 

ʘʪʦʤʘʭ ʯʠ ʽʦʥʘʭ ʽ ʤʦʣʝʢʫʣʠ ʥʘʙʫʚʘʶʪʴ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ (ʽʥʜʫʢʮʽʡʥʠʡ 

ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ), ʷʢʠʡ   ʧʨʦʧʦʨʮʽʡʥʠʡ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

E . ʊʘʢʠʤ ʯʠʥʦʤ, c  ʪʘ e ʜʣʷ ʮʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ E . 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʷʚʣʷʻʪʴʩʷ ʥʝʟʘʣʝʞʥʽʩʪʴ 

c ʪʘ e ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɯʦʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʧʨʫʞʥʦʛʦ ʟʤʽʱʝʥʥʷ ʚʠʥʠʢʘʻ ʧʨʠ ʟʤʽʱʝʥʥʽ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʟʠʪʠʚʥʠʭ ʪʘ ʥʝʛʘʪʠʚʥʠʭ ʽʦʥʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʨʝʰʽʪʢʫ 

ʽʦʥʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʚʽʜ ʾʭ ʧʦʣʦʞʝʥʴ ʨʽʚʥʦʚʘʛʠ. ɯ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʦʞ 

ʟʚôʷʟʦʢ ʤʽʞ ʈ ʪʘ  E ʣʽʥʽʡʥʠʡ, ʪʦʙʪʦ  e ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ E . 

ɯʩʥʫʶʪʴ ʜʽʝʣʝʢʪʨʠʢʠ, ʤʦʣʝʢʫʣʠ ʷʢʠʭ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʤʘʶʪʴ ʚʣʘʩʥʽ ʜʠʧʦʣʴʥʽ ʤʦʤʝʥʪʠ (ʧʦʣʷʨʥʽ ʤʦʣʝʢʫʣʠ). ʇʨʠ E=0 ʪʘʢʠʡ 

ʜʽʝʣʝʢʪʨʠʢ ʥʝ ʧʦʣʷʨʠʟʦʚʘʥʠʡ, ʪʦʤʫ ʱʦ ʟʘʚʜʷʢʠ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ ʤʦʣʝʢʫʣʠ-

ʜʠʧʦʣʽ ʭʘʦʪʠʯʥʦ ʟʦʨʽʻʥʪʦʚʘʥʽ ʚ ʧʨʦʩʪʦʨʽ. ɿʦʚʥʽʰʥʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʨʽʻʥʪʘʮʽʾ ʜʠʧʦʣʽʚ ʚʟʜʦʚʞ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʽ ʜʽʝʣʝʢʪʨʠʢ 

ʧʦʣʷʨʠʟʫʻʪʴʩʷ. ʇʦʣʷʨʠʟʘʮʽʷ ʜʽʝʣʝʢʪʨʠʢʘ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʣʠʢʘʥʘ 

ʦʨʽʻʥʪʘʮʽʻʶ ʤʦʣʝʢʫʣ, ʪʦʤʫ ʱʦ ʦʜʥʦʯʘʩʥʦ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʫ ʤʦʣʝʢʫʣ 
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ʚʠʥʠʢʘʻ ʽʥʜʫʢʮʽʡʥʠʡ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ, ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʚʣʘʩʥʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʧʦʣʷʨʥʠʭ ʤʦʣʝʢʫʣ. ʆʨʽʻʥʪʘʮʽʾ ʤʦʣʝʢʫʣ ʟʘʚʘʞʘʻ ʾʭ 

ʪʝʧʣʦʚʠʡ ʨʫʭ. ʗʢʱʦ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʟʘʙʨʘʪʠ, ʪʦ ʧʦʣʷʨʠʟʘʮʽʷ ʟʥʠʢʘʻ, ʘʙʦ 

ʨʝʣʘʢʩʫʻ,ð ʟʚʽʜʩʠ ʡ ʥʘʟʚʘ ð ʨʝʣʘʢʩʘʮʽʡʥʘ (ʪʝʧʣʦʚʘ) ʧʦʣʷʨʠʟʘʮʽʷ, ʫ 

ʚʠʧʘʜʢʫ ʦʨʽʻʥʪʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚʝʢʪʦʨ ʈ ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʥʘ-ʧʨʫʞʝʥʥʦʩʪʽ ʧʦʣʷ E. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʜʽʝʣʝʢʪʨʠʯʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ c, ʘ 

ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʥʠʢʥʽʩʪʴ e ʟʥʘʯʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʟʤʝʥʰʫʶʯʠʩʴ ʟ ʾʾ ʧʽʜʚʠʱʝʥʥʷʤ. 

ɺʽʜʦʤʽ ʜʽʝʣʝʢʪʨʠʯʥʽ ʢʨʠʩʪʘʣʠ ʟ ʥʝʟʚʠʯʘʡʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘ-

ʩʪʠʚʦʩʪʷʤʠ. ʅʘʚʽʪʴ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʨʝʰʽʪʢʘ ʜʦʜʘʪʥʠʭ 

ʽʦʥʽʚ ʚ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʫ ʥʠʭ ʟʤʽʱʝʥʘ ʚʽʜʥʦʩʥʦ ʨʝʰʽʪʢʠ 

ʚʽʜôʻʤʥʠʭ ʽʦʥʽʚ, ʪʦʤʫ ʢʨʠʩʪʘʣ ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʣʷʨʠʟʦʚʘʥʠʤ. ʊʘʢʘ 

ʩʘʤʦʩʪʽʡʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ ʩʧʦʥʪʘʥʥʦʶ, ʘ ʢʨʠʩʪʘʣʠ - 

ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʤʠ. ʍʘʨʘʢʪʝʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʧʽʨʦʝʣʝʢʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʷʚʣʷʻʪʴʩʷ ʪʫʨʤʘʣʽʥ. 

ɯʩʥʫʻ ʢʣʘʩ ʢʨʠʩʪʘʣʽʯʥʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ, ʷʢʽ ʚ ʧʝʚʥʽʡ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ, 

ʷʢʘ ʥʦʩʠʪʴ ʥʘʟʚʫ ʧʦʣʷʨʥʦʾ ʦʙʣʘʩʪʽ, ʷʚʣʷʶʪʴʩʷ ʧʽʨʦʝʣʝʢʪʨʠʢʘʤʠ. ʅʘ 

ʛʨʘʥʠʮʷʭ ʧʦʣʷʨʥʠʭ ʦʙʣʘʩʪʝʡ ʫ ʪʘʢʠʭ ʜʽʝʣʝʢʪʨʠʢʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʬʘʟʦʚʽ 

ʧʝʨʝʭʦʜʠ ʽʟ ʟʤʽʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʥʠʢʥʝʥʥʷʤ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. ʊʘʢʽ ʜʽʝʣʝʢʪʨʠʢʠ ʥʘʟʠʚʘʶʪʴʩʷ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʤʠ, ʪʘʢ ʷʢ ʚʧʝʨʰʝ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʫ 

ʩʝʛʥʝʪʦʚʦʾ ʩʦʣʽ. ʇʦ ʘʥʘʣʦʛʽʾ ʟ ʬʝʨʦʤʘʛʥʝʪʠʢʘʤʠ ʚʝʨʭʥʷ ʤʝʞʘ ʧʦʣʷʨʥʦʾ 

ʦʙʣʘʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʪʦʯʢʦʶ ʂʶʨʽ ʊʂ , ʘ ʥʠʞʥʷ ʤʝʞʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʩʫʪʥʷ. 

ʑʝ ʦʜʥʽʻʶ ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʷʚʣʷʻʪʴʩʷ ʪʝ, ʱʦ 

ʥʘʧʨʷʤʦʢ ʾʭ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʟʘʤʽʥʝʥʠʡ ʥʘ 

ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʚʽʪʴ ʚ ʩʣʘʙʢʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ. ʋ ʟʚʠʯʘʡʥʠʭ 

ʧʽʨʦʝʣʝʢʪʨʠʢʽʚ ʪʘʢʘ ʟʘʤʽʥʘ ʥʘʧʨʷʤʢʫ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʘ ʥʘʚʽʪʴ ʫ ʩʠʣʴʥʠʭ ʧʦʣʷʭ. 

ʇʨʷʤʘ, ʱʦ ʧʘʨʘʣʝʣʴʥʘ ʚʝʢʪʦʨʦʚʽ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʩʝʛʥʝ-

ʪʦʝʣʝʢʪʨʠʢʘ, ʥʘʟʠʚʘʻʪʴʩʷ ʡʦʛʦ ʧʦʣʷʨʥʦʶ ʚʽʩʩʶ. ʉʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʤʦʞʫʪʴ 

ʤʘʪʠ ʦʜʥʫ ʧʦʣʷʨʥʫ ʚʽʩʴ, ʥʘʧʨʠʢʣʘʜ, ʩʝʛʥʝʪʦʚʘ ʩʽʣʴ, ʘʙʦ ʢʽʣʴʢʘ ʧʦʣʷʨʥʠʭ 

ʦʩʝʡ, ʥʘʧʨʠʢʣʘʜ, ʪʠʪʘʥʘʪ ʙʘʨʽʶ ɺʘʊʽʆ3. 

ʊʘʢ ʷʢ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘʤ ʚ ʧʦʣʷʨʥʽʡ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʚʣʘʩʪʠʚʘ 

ʩʧʦʥʪʘʥʥʘ ʧʦʣʷʨʠʟʘʮʽʷ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʪʘʢʠʡ ʩʪʘʥ ʙʽʣʴʰ ʩʪʽʡʢʠʡ, ʥʽʞ 

ʥʝʧʦʣʷʨʥʠʡ, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʥʽʤʘʣʴʥʽʡ ʧʦʚʥʽʡ ʝʥʝʨʛʽʾ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ. ʎʝ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʦʙôʻʤʽ ʜʦʩʠʪʴ ʚʝʣʠʢʦʛʦ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ ʙʫʜʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʴ ʦʙʣʘʩʪʽ ʟ ʨʽʟʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʽʾ - ʜʦʤʝʥʠ. ʋʪʚʦʨʝʥʥʷ ʜʦʤʝʥʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ. ɼʽʡʩʥʦ, ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʥʝʨʛʽʾ ʚʩʽʭ ʜʦʤʝʥʽʚ, ʝʥʝʨʛʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 
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ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʛʨʘʥʠʮʷʭ ʨʦʟʜʽʣʫ ʜʦʤʝʥʽʚ. ɽʥʝʨʛʽʷ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘʡʙʽʣʴʰʘ ʪʦʜʽ, ʢʦʣʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ʤʘʻ ʦʜʥʘʢʦʚʠʡ 

ʥʘʧʨʷʤʦʢ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʫʩʴʦʤʫ ʦʙôʻʤʽ. ɼʽʣʝʥʥʷ ʥʘ ʜʦʤʝʥʠ 

ʟʤʝʥʰʫʻ ʝʥʝʨʛʽʶ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʣʷ, ʦʜʥʦʯʘʩʥʦ ʟʙʽʣʴʰʫʶʯʠ ʧʦʚʝʨʭʥʝʚʫ 

ʝʥʝʨʛʽʶ ʥʘ ʛʨʘʥʠʮʷʭ ʜʦʤʝʥʽʚ. ʇʨʦʮʝʩ ʨʦʟʧʘʜʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʥʘ 

ʜʦʤʝʥʠ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʜʚʦʭ ʢʦʥʢʫʨʫʶʯʠʭ 

ʧʨʦʮʝʩʽʚ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʢʨʠʩʪʘʣʫ ʩʪʘʥʝ ʤʽʥʽʤʘʣʴʥʦʶ. 

ɿʘʚʜʷʢʠ ʜʦʤʝʥʥʽʡ ʩʪʨʫʢʪʫʨʽ ʜʠʧʦʣʴʥʠʡ ʤʦʤʝʥʪ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ, ʪʘʢ ʷʢ 

ʥʘʧʨʷʤʦʢ ʩʧʦʥʪʘʥʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʜʦʤʝʥʽʚ ʨʽʟʥʠʡ. ɺ ʪʘʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʮʝʡ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ʻ ʥʝʧʦʣʷʨʠʟʦʚʘʥʠʤ. ʗʢʱʦ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʯʥʠʡ ʟʨʘʟʦʢ 

ʚʥʝʩʪʠ ʚ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʚ ʥʴʦʤʫ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ ʜʦʤʝʥʽʚ 

ʪʘ ʨʽʩʪ ʦʜʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʽʥʰʠʭ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʣʷʨʠʟʘʮʽʾ ʢʨʠʩʪʘʣʫ. 

ɸʣʝ ʫ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʽʾ ʈ ʟʘʣʝʞʠʪʴ ʚʽʜ ɽ ʥʝʣʽʥʽʡʥʦ. 

ɿʘʧʠʩʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʈ=e0cɽ, ʩʣʽʜ ʧʘʤôʷʪʘʪʠ, ʱʦ c ʥʝ ʻ ʩʪʘʣʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʘ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ ɽ . ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚ 

ʧʦʣʷʨʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʘʥʦʤʘʣʴʥʦ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʧʦʨʷʜʢʫ 10
4 
 ʽ 

ʥʘʚʽʪʴ ʙʽʣʴʰʝ. 

ʉʝʛʥʝʪʦʝʣʝʢʪʨʠʢʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʩʫʯʘʩʥʽʡ ʝʣʝʢʪʨʦ- ʪʘ ʨʘʜʽʦʪʝʭʥʽʮʽ, ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ, ʛʝʥʝʨʫʚʘʥʥʷ ʪʘ ʧʨʠʡʦʤʫ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʭʚʠʣʴ, ʤʦʜʫʣʷʮʽʾ ʯʘʩʪʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʠʚʘʥʴ ʽ ʪ.ʜ. 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ʐʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʟʘʤʽʨʷʪʠ ʧʘʨʘʤʝʪʨʠ ʧʣʘʩʪʠʥ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʽ ʜʣʷ 
ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʚʠʨʘʭʫʚʘʪʠ ʧʣʦʱʫ S. 

2. ʈʦʟʪʘʰʫʚʘʪʠ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʽ ʟ 
ʜʦʧʦʤʦʛʦʶ ʤʦʩʪʫ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʈ-577 ʟʘʤʽʨʷʪʠ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʫ 

ʻʤʥʽʩʪʴ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʦʙʯʠʩʣʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ 
ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ. 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 
1. ɺʠʨʘʭʫʚʘʪʠ ʚʽʜʥʦʩʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ  ʢʦʞʥʦʛʦ ʩʝʛ-

ʥʝʪʦʝʣʝʢʪʨʠʢʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ʻʤʥʦʩʪʽ ʧʣʦʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ 

.0

d

S
ʉ
ee
=  

2. ɺʠʨʘʭʫʚʘʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʈʽʟʥʠʮʷ ʤʽʞ ʜʽʝʣʝʢʪʨʠʢʘʤʠ ʽ ʧʨʦʚʽʜʥʠʢʘʤʠ. 

2. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʧʦʣʷʨʠʟʘʮʽʷ ʜʽʝʣʝʢʪʨʠʢʽʚ? ʑʦ ʪʘʢʝ ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʽʾ? 

3. ʗʢʽ ʚʠʜʠ ʧʦʣʷʨʠʟʘʮʽʾ ʚʠ ʟʥʘʻʪʝ? ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʾʭ.  

4. ʈʦʟʢʘʞʽʪʴ ʧʨʦ ʛʦʣʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʪʘ ʧʨʦ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ  2-4 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʂʶʨʽ 

 ʣ. 1. Ä 23. 2. ÄÄ 6.4, 6.5    

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʛʥʝ-

ʪʦʝʣʝʢʪʨʠʢʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʂʶʨʽ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ; ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʆʩʥʦʚʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʝʣʝʢʪʨʠʢʽʚ, ʧʽʨʦʝʣʝʢʪʨʠʢʽʚ ʽ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʦʧʝʨʝʜʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ (2-3). ʋ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ   ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ, ʪʘʢ ʷʢ ʚʦʥʘ ʛʨʘʻ ʚʘʞʣʠʚʫ  ʨʦʣʴ ʧʨʠ ʾʭ 

ʪʝʭʥʽʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ. 

   ~ 
220 

mV  

D  

C  

ʊʨ 

R  

~220 

V  

mkA  

  
ʈʠʩ. 11 

ʅʘ ʨʠʩ. 11 ʟʦʙʨʘʞʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ, ʷʢʠʡ ʻ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʦʤ ʚ ʦʙʣʘʩʪʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 5 ʜʦ 120°ʉ. 

ʂʦʥʜʝʥʩʘʪʦʨ ʉ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʨʫʛʣʦʾ ʧʣʘʩʪʠʥʢʠ ʪʠʪʘʥʘʪʫ ʙʘʨʽʶ 
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ʪʦʚʱʠʥʦʶ d=1 ʤʤ ʽ ʜʽʘʤʝʪʨʦʤ D=8 ʤʤ, ʷʢʘ ʨʦʟʤʽʱʝʥʘ ʚ ʬʘʨʬʦʨʦʚʽʡ 

ʪʨʫʙʮʽ. ʇʣʘʩʪʠʥʢʘ ʚ ʪʨʫʙʮʽ ʩʪʠʩʥʝʥʘ ʜʚʦʤʘ ʤʝʪʘʣʝʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ, ʱʦ ʩʣʫʞʘʪʴ ʦʙʢʣʘʜʢʘʤʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ɼʦ 

ʦʜʥʦʛʦ ʟ ʝʣʝʢʪʨʦʜʽʚ ʧʨʠʻʜʥʘʥʘ ʭʨʦʤʦʥʽʢʝʣʝʚʘ ʪʝʨʤʦʧʘʨʘ, ʦʜʠʥ ʟ 

ʧʨʦʚʽʜʥʠʢʽʚ ʷʢʦʾ ʻ ʦʜʥʦʯʘʩʥʦ ʩʪʨʫʤʦʥʝʩʫʯʠʤ ʧʨʦʚʽʜʥʠʢʦʤ ʚ ʢʦʣʽ 

ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ. ʊʝʨʤʦ-ɽʈʉ ʚʠʤʽʨʶʻʪʴʩʷ ʤʽʣʽʚʦʣʴʪʤʝʪʨʦʤ, ʘ ʚʽʜʧʦʚʽʜʥʘ 

ʾʡ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʛʨʘʜʫʶʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ 

ʪʝʨʤʦʧʘʨ, ʷʢʠʡ ʜʦʜʘʻʪʴʩʷ ʜʦ ʨʦʙʦʪʠ. ʇʦʪʝʥʮʽʦʤʝʪʨʦʤ R ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʘ ʥʘʧʨʫʛʘ U ʜʣʷ ʞʠʚʣʝʥʥʷ ʩʭʝʤʠ. ɼʝʪʝʢʪʦʨʘʤʠ ʚ ʩʭʝʤʽ 

ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ ʩʣʫʞʘʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʜʽʦʜʠ ɼ226ɻ. ɾʠʚʣʝʥʥʷ 

ʧʽʯʢʠ ɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʟʥʠʞʫʶʯʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʊʨ 220/150 ɺ. 

ʄʽʢʨʦʘʤʧʝʨʤʝʪʨ ʬʽʢʩʫʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʨʷʤʣʝʥʦʛʦ ʩʪʨʫʤʫ I C , 

ʘʣʝ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʝʬʝʢʪʠʚʥʝ 

ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʚ ʢʦʣʽ Iʝʬ , ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʨʝʭʽʜʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ: 

     .  11,1 1ʝʬ cII =      (1) 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʟʥʘʭʦʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦ-

ʥʠʢʥʦʩʪʽ   ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʟ 

ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʅʝʭʘʡ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ t1
0
  

ʝʬʝʢʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʚ ʢʦʣʽ ʧʨʠ ʥʘʧʨʫʟʽ U ʙʫʜʝ I1 . ʇʨʠ ʮʴʦʤʫ 

ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ ʜʘʩʪʴ ʟʥʘʯʝʥʥʷ IC1
 . ʅʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʆʤʘ ʟʘʧʠʰʝʤʦ: 

     ,I
1

1
R

U
=       (2) 

ʜʝ  w1
1

1

C
R =  ð ʻʤʥʽʩʥʠʡ ʦʧʽʨ ʢʦʣʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʮʠʢʣʽʯʥʦʶ 

ʯʘʩʪʦʪʦʶ; 

         w=2p¥, ¥=50 ɻʮ ð ʯʘʩʪʦʪʘ ʩʪʨʫʤʫ ʤʽʩʴʢʦʾ ʤʝʨʝʞʽ.  

ɽʣʝʢʪʨʠʯʥʫ ʻʤʥʽʩʪʴ C1 ʟʥʘʡʜʝʤʦ ʷʢ ʻʤʥʽʩʪʴ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ: 

.
d

S
ʉ 0

1

ee
=       (3) 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟʠ ʜʣʷ R1 ʽ C1 ʽʟ ʬʦʨʤʫʣʠ (2)  ʟʥʘʡʜʝʤʦ ʚʽʜʥʦʩʥʫ 

ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ   ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ  e1 ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ: 

.
US

dI11,1

US

dI
E

0

C

0

1
1

1

wewe

ÖÖ
==              (4) 

ʜʝ  e0 = 8,85 10
-12

    ʌ/ʤ - ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʣʘ. 

ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ ʡʦʛʦ ʚʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ 
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ʧʨʦʥʠʢʥʽʩʪʴ   ʟʤʽʥʠʪʴʩʷ ʽ ʥʘʙʫʜʝ ʟʥʘʯʝʥʥʷ e , ʧʨʠʯʦʤʫ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ 
ʬʦʨʤʫʣʠ (4): 

1C

C

11 I

I

I

I
==

e

e
     (5) 

ʪʦʙʪʦ, ʥʘʜʘʣʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ, ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʪʽʣʴʢʠ ʧʦʢʘʟʠ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ, ʥʝ 

ʧʝʨʝʚʦʜʷʯʠ ʚ ʝʬʝʢʪʠʚʥʝ. 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ʇʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ t1

¯
 ʚʚʽʤʢʥʫʪʠ ʢʦʣʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʤʝʨʝʞʫ 

ʯʝʨʝʟ ʧʦʪʝʥʮʽʦʤʝʪʨ R. ɺʩʪʘʥʦʚʠʪʠ ʨʦʙʦʯʫ ʥʘʧʨʫʛʫ 100-120 ɺ. 

2. ɿʘʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ U ʽ ʩʪʨʫʤʫ IU . 

3. ɺʚʽʤʢʥʫʪʠ ʝʣʝʢʪʨʦʧʽʯʢʫ D ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊʨ ʚ ʤʝʨʝʞʫ. 

4. ʏʝʨʝʟ ʢʦʞʥʽ ʧôʷʪʴ ʧʦʜʽʣʦʢ ʰʢʘʣʠ ʤʽʣʽʚʦʣʴʪʤʝʪʨʘ (ʯʝʨʝʟ 0,5 ʤɺ ʧʨʠ ʡʦʛʦ 
ʚʚʽʤʢʥʝʥʥʽ ʥʘ 15 ʤɺ) ʟʘʧʠʩʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ ʜʦ 

ʪʠʭ ʧʽʨ, ʧʦʢʠ ʡʦʛʦ ʧʦʢʘʟʠ ʧʦʚʽʣʴʥʦ ʟʨʦʩʪʘʶʪʴ. 

5. ʂʦʣʠ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʧʦʯʥʫʪʴ ʩʧʘʜʘʪʠ, ʧʦʢʘʟʠ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ 

ʬʽʢʩʫʚʘʪʠ ʯʝʨʝʟ ʢʦʞʥʫ ʧʦʜʽʣʢʫ ʰʢʘʣʠ ʤʽʣʽʚʦʣʴʪʤʝʪʨʘ. 

6. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 140°C, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 8,75 ʤɺ, ʜʦʩʣʽʜ 

ʧʨʠʧʠʥʠʪʠ, ʧʽʯʢʫ ʚʠʤʢʥʫʪʠ ʽ ʚʽʜʢʨʠʪʠ ʾʾ ʚʝʨʭʥʶ ʧʦʣʦʚʠʥʫ ʜʣʷ 

ʦʩʪʠʛʘʥʥʷ. 

7. ʂʦʨʠʩʪʫʶʯʠʩʴ ʛʨʘʜʫʡʦʚʘʥʠʤ  ʛʨʘʬʽʢʦʤ ʪʝʨʤʦʧʘʨʠ, ʧʝʨʝʚʝʩʪʠ ʚʩʽ 

ʟʥʘʯʝʥʥʷ ʪʝʨʤʦ-ɽʈʉ ʚ ʛʨʘʜʫʩʠ ʰʢʘʣʠ ʎʝʣʴʩʽʷ ʽ ʩʢʣʘʩʪʠ ʪʘʙʣʠʮʶ ʪʝʤ-

ʧʝʨʘʪʫʨ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʤ ʟʥʘʯʝʥʥʷʤʠ ʩʪʨʫʤʫ. 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ 
1. ɿʘ ʬʦʨʤʫʣʦʶ (4) ʚʠʨʘʭʫʚʘʪʠ ʚʽʜʥʦʩʥʫ ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ 

ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ  e1   ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ.  

2. ʂʦʨʠʩʪʫʶʯʠʩʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (5), ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʰʝʥʥʷ 
1e

e
 ʜʣʷ ʚʩʽʭ 

ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ. 

3. ʇʦʙʫʜʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ 
1e

e
  ʽ ʚʠʟʥʘʯʠʪʠ ʪʦʯʢʫ ʂʶʨʽ ʜʣʷ 

ʜʘʥʦʛʦ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ. 

4. ɿʥʘʡʪʠ ʘʙʩʦʣʶʪʥʫ ʪʘ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʧʨʦ-

ʥʠʢʥʦʩʪʽ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʘ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʪʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʗʢʽ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʙʫʜʦʚʘ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ? 

2. ɿʘʣʝʞʥʽʩʪʴ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ   ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫ-ʨʠ. ʑʦ ʪʘʢʝ ʪʦʯʢʘ ʂʶʨʽ? 

3. ʅʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʥʝʪʦʝʣʝʢʪʨʠʢʽʚ ʚ ʪʝʭʥʽʮʽ ʽ, ʟʦʢʨʝʤʘ, 
ʚ ɺʘʰʽʡ ʤʘʡʙʫʪʥʽʡ ʩʧʝʮʽʘʣʴʥʦʩʪʽ. 

4.  

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2-5  

ɺʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ  

ʣ. 1. Ä33. 2. Ä 9.1 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘʙʫʪʠ ʥʘʚʠʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʜʞʝʨʝʣ 

ʩʪʨʫʤʫ ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ. 

      ʇʨʠʣʘʜʠ ʪʘ ʤʘʪʝʨʽʘʣʠ: ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ; ʨʝʦʭʦʨʜ; ʥʦʨʤʘʣʴʥʠʡ ʝʣʝʤʝʥʪ; 

ʛʘʣʴʚʘʥʦʤʝʪʨ; ʜʦʩʣʽʜʞʫʚʘʥʝ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʟʘʤʢʥʫʪʦʛʦ ʢʦʣʘ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʽʩʥʫʻ ʣʠʰʝ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʤʽʞ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʢʦʣʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʊʦʤʫ ʚ ʟʘʤʢʥʫʪʦʤʫ ʢʦʣʽ ʧʦʨʷʜ ʟ ʜʽʣʴʥʠʮʷʤʠ, ʥʘ ʷʢʠʭ ʜʦʜʘʪʥʽ ʟʘʨʷʜʠ 

ʨʫʭʘʶʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʟʤʝʥʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ j , ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʽʣʴʥʠʮʽ, ʥʘ 

ʷʢʠʭ ʜʦʜʘʪʥʽ ʟʘʨʷʜʠ ʨʫʭʘʶʪʴʩʷ ʚ ʟʚʦʨʦʪʥʴʦʤʫ ʥʘʧʨʷʤʽ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʨʫʤʫ ʚ ʢʦʣʽ ʥʝʦʙʭʽʜʥʽ ʩʪʦʨʦʥʥʽ ʩʠʣʠ, 

ʷʢʽ ʜʽʶʪʴ ʧʦ ʚʩʴʦʤʫ ʢʦʣʫ, ʘʙʦ ʥʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʽ ʷʢʽ ʩʪʚʦʨʶʶʪʴ 

ʜʦʜʘʪʢʦʚʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ. ʅʘʧʨʫʞʝʥʽʩʪʴ ʩʪʦʨʦʥʥʴʦʛʦ ʧʦʣʷ ɽʉʊ         

ʚʠʤʽʨʶʻʪʴʩʷ  ʚʝʣʠʯʠʥʦʶ ʩʪʦʨʦʥʥʽʭ ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʦʜʠʥʠʯʥʠʡ ʜʦʜʘʪʥʠʡ 

ʟʘʨʷʜ 

.
q

F
ECT

C
C
=  

ɺʝʢʪʦʨ ʥʘʧʨʫʞʝʥʦʩʪʽ ʩʪʦʨʦʥʥʴʦʛʦ ʧʦʣʷ ɽʩʪ ʚʩʝʨʝʜʠʥʽ ʜʞʝʨʝʣʘ ʥʘ-

ʧʨʷʤʣʝʥʠʡ ʧʨʦʪʠ ʚʝʢʪʦʨʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ɽ (ʨʠʩ.ɯ). 

ʇʨʠ    ʨʦʟʽʤʢʥʫʪʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʣʽ ʝʣʝʢʪʨʠʯʥʝ  ʧʦʣʝ ʚʩʝʨʝʜʠʥʽ 

ʜʞʝʨʝʣʘʟʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʩʪʦʨʦʥʥʽʤ ʧʦʣʝʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ - 

ʮʝ ʪʘʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʘʛʨʝʛʘʪ, ʷʢʠʡ ʢʦʥʮʝʥʪʨʫʻ ʚʽʜôʻʤʥʽ ʟʘʨʷʜʠ ʥʘ ʦʜʥʽʡ 

ʢʣʝʤʽ, ʘ ʜʦʜʘʪʥʽ ʟʘʨʷʜʠ ʥʘ ʽʥʰʽʡ. ʎʽ ʟʘʨʷʜʠ ʽ ʩʪʚʦʨʶʶʪʴ ʥʘʧʨʫʛʫ ʥʘ ʢʣʝʤʘʭ 

ʨʦʟʽʤʢʥʫʪʦʛʦ ʜʞʝʨʝʣʘ; ʚʦʥʘ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʩʧʘʜʫ ʥʘʧʨʫʛʠ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʦʧʦʨʽ. 
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r
E ʩ ʪr

E

j 1

j 2

ʈ ʠ ʩ .  1
  

ʉʪʦʨʦʥʥʽ ʩʠʣʠ ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ ʧʦ ʨʦʟʜʽʣʝʥʥʶ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ. 

ɺʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʦʙʦʪʠ, ʷʢʫ ʚʠʢʦʥʫʶʪʴ ʩʪʦʨʦʥʥʽ ʩʠʣʠ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʽ ʦʜʠʥʠʯʥʦʛʦ ʜʦʜʘʪʥʦʛʦ ʟʘʨʷʜʫ ʚʟʜʦʚʞ ʟʘʤʢʥʝʥʦʛʦ ʢʦʣʘ, ʜʦ 

ʚʝʣʠʯʠʥʠ ʮʴʦʛʦ ʟʘʨʷʜʫ, ʥʘʟʠʚʘʶʪʴ ʝ.ʨ.ʩ. ʽ ʚʠʤʽʨʶʶʪʴ ʫ ʚʦʣʴʪʘʭ (ɺ)         

                                q

ACT=e                              (2) 

ʉʝʨʝʜ ʜʞʝʨʝʣ ʩʪʨʫʤʽʚ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʧʨʘʢʪʠʮʽ ʚʝʣʠʢʝ ʧʦʰʠʨʝʥʥʷ 

ʦʜʝʨʞʘʣʠ ʛʘʣʴʚʘʥʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʪʘʢʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʫ ʧʦʩʪʽʡʥʽʩʪʴ ʥʘʧʨʫʛʠ ʥʘ ʡʦʛʦ ʢʣʝʤʘʭ. ʎʷ ʥʘʧʨʫʛʘ ʙʫʣʘ 

ʚʠʤʽʨʷʥʘ ʟ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ ʽ ʪʝʧʝʨ ʜʦʙʨʝ ʚʽʜʦʤʘ, ʪʦʤʫ ʪʘʢ ʟʚʘʥʽ 

ñʥʦʨʤʘʣʴʥʽ ʛʘʣʴʚʘʥʽʯʥʽ ʝʣʝʤʝʥʪʠò ʻ ʟʨʫʯʥʠʤʠ ʝʪʘʣʦʥʘʤʠ ʥʘʧʨʫʛʠ, ʷʢʽ 

ʣʝʛʢʦ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʣʘʙʦʨʘʪʦʨʽʾ. ʂʘʜʤʽʻʚʠʡ ʥʦʨʤʘʣʴʥʠʡ 

ʛʘʣʴʚʘʥʽʯʥʠʡ ʝʣʝʤʝʥʪ ʧʨʠ 20°ʉ  

 ʤʘʻ ʥʘʧʨʫʛʫ ʥʘ ʢʣʝʤʘʭ 1,0186 ɺ. ʇʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʧʨʫʛʘ 

ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ: ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ɯ°ʉ ʚʦʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʤʝʥʰʝ, ʷʢ ʥʘ 0,0001 ɺ.  

 

ʇɸʈɸʌɯʅ 

ʈʦʟʯʠʥ 

CdSO4 

CdSO4 

Hg 
CdHg 

ʈʠʩ. 2 
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ɹʫʜʦʚʘ ʢʘʜʤʽʻʚʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦʜʘʥʘ ʥʘ ʨʠʩ.2. 

ɺʽʜ ʪʘʢʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʥʘʜʟʚʠ-ʯʘʡʥʦ ʤʘʣʽ 

ʩʪʨʫʤʠ, ʦʜʥʘʢ  ʚʦʥʠ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ. 

ɺʠʷʚʠʤʦ ʟʚôʷʟʦʢ ʤʽʞ ʝ.ʨ.ʩ. ʜʞʝʨʝʣʘ ʽ ʩʠʣʦʶ ʩʪʨʤʫ ʚ ʢʦʣʽ. ɺʚʘʞʘʶʯʠ, 

ʱʦ ʜʞʝʨʝʣʦʤ ʩʪʨʫʤʫ ʻ ʛʘʣʴʚʘʥʽʯʥʠʡ ʝʣʝʤʝʥʪ, ʫʟʘʛʘʣʴʥʠʤʦ ʦʜʝʨʞʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʚʠʧʘʜʦʢ ʙʫʜʴ-ʷʢʦʛʦ ʜʞʝʨʝʣʘ. 

ʗʢʱʦ ʛʘʣʴʚʘʥʽʯʥʠʡ ʝʣʝʤʝʥʪ ʩʪʚʦʨʶʻ ʚ ʢʦʣʽ ʩʪʨʫʤ, ʪʦ ʚʩʝʨʝʜʠʥʽ ʮʴʦʛʦ 

ʜʞʝʨʝʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʭʽʤʽʯʥʘ ʨʝʘʢʮʽʷ. ɽʥʝʨʛʽʷ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ  Qʍ ʽ ʻ ʪʘ 

ʝʥʝʨʛʽʷ, ʷʢʘ ʟʚʽʣʴʥʷʻʪʴʩʷ ʚ ʛʘʣʴʚʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ. ʋ ʚʠʧʘʜʢʫ ʟʘʤʢʥʫʪʦʛʦ 

ʢʦʣʘ ʚ ʥʴʦʤʫ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʨʦʙʦʪʘ ʩʪʨʫʤʫ ɸ , ʷʢʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʪʝʧʣʦ: 

     ,2RtIQA ==      (3) 

ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʝʣʝʢʪʨʠʯʥʽ ʟʘʨʷʜʠ ʥʽʜʝ ʥʝ ʥʘʛʨʦ-

ʤʘʜʞʫʶʪʴʩʷ ʚ ʢʦʣʽ, ʘ ʟʥʘʯʠʪʴ, ʩʪʨʫʤ ʽʩʥʫʻ ʥʝ ʣʠʰʝ ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʣʽ, ʘʣʝ 

ʽ ʫʩʝʨʝʜʠʥʽ ʜʞʝʨʝʣʘ. ɻʘʣʴʚʘʥʽʯʥʠʡ ʝʣʝʤʝʥʪ ʷʚʣʷʻ ʩʦʙʦʶ ʜʣʷ ʩʪʨʫʤʫ ʜʝʷʢʠʡ 

ʦʧʽʨ r, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʦʧʦʨʫ ʝʣʝʢʪʨʦʣʽʪʘ ʽ 

ʝʣʝʢʪʨʦʜʽʚ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ, ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʢʦʣʘ, ʧʝʨʰʠʡ ʧʨʠʥʮʠʧ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ (ʟʘʛʘʣʴʥʠʡ ʟʘʢʦʥ ʟʙʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ), ʦʜʝʨʞʫʻʤʦ: 

     ,Tx QAQ +=      (4) 

ʜʝ QT ð ʜʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʧʦʩʪʽʡʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ  ʜʞʝʨʝʣʘ. 

ʊʦʜʽ    
.Tx QQA -=  

ɺʝʣʠʯʠʥʘ ɸ, ʷʚʣʷʻ ʩʦʙʦʶ ʯʘʩʪʠʥʫ ʝʥʝʨʛʽʾ Qx, ʷʢʫ ʥʘʟʠʚʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʨʦʙʦʪʦʶ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʽ ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ 

ʟʘʨʷʜʫ, ʧʝʨʝʥʝʩʝʥʦʛʦ ʧʦ ʢʦʣʫ. ʊʦʤʫ ʚʚʘʞʘʶʯʠ   e (2) ʤʘʢʩʠʤʘʣʴʥʦʶ 
ʨʦʙʦʪʦʶ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ  (ʨʝʘʢʮʽʡ), ʨʦʟʨʘʭʦʚʘʥʦʾ ʥʘ ʦʜʠʥʠʮʶ ʟʘʨʷʜʫ, ʽ, 

ʧʨʠʨʽʚʥʷʚʰʠ ʾʾ ʜʦ ʚʝʣʠʯʠʥʠ ʨʦʙʦʪʠ ʩʪʨʫʤʫ (ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʣʽ ʽ ʚ 

ʩʝʨʝʜʠʥʽ ʜʞʝʨʝʣʘ), ʦʜʝʨʞʠʤʦ: 

rtIRt 22I +=e  

ʈʦʟʜʽʣʠʚʰʠ ʦʙʠʜʚʽ  ʯʘʩʪʠʥʠ ʨʽʚʥʦʩʪʽ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʫ ʦʜʝʨʞʠʤʦ: 

rR
I

+
=
e

     (5) 

ʎʝʡ ʚʠʨʘʟ ʥʦʩʠʪʴ ʥʘʟʚʫ ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʟʘʤʢʥʫʪʦʛʦ ʢʦʣʘ.  

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ɸ , ʷʢ ʽ ʝʥʝʨʛʽʾ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ Qʍ, 

ʧʨʠ ʚʽʜʦʤʽʡ ʚʝʣʠʯʠʥʽ ʧʝʨʝʥʝʩʝʥʦʛʦ ʟʘʨʷʜʫ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʜʞʝʨʝʣʘ. ɺʥʫʪʨʽʰʥʽʡ ʞʝ ʦʧʽʨ ʜʞʝʨʝʣʘ, ʷʢ ʽ ʫʩʴʦʛʦ ʧʨʦʚʽʜʥʠʢʘ, ʟʘʣʝʞʠʪʴ 
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ʚʽʜ ʡʦʛʦ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ. 

ɽ.ʨ.ʩ. ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʥʘ ʧʦʜʘʪʠ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ 

ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʆʟʥʘʡʦʤʠʪʠʩʴ ʟ ʮʠʤ ʤʘʪʝʨʽʘʣʦʤ ʤʦʞʥʘ ʟ 

ʧʽʜʨʫʯʥʠʢʘ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ. 

ʆʜʝʨʞʘʥʠʡ ʟʘʢʦʥ ʆʤʘ (5) ʧʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʚ ʚʠʛʣʷʜʽ 

ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʻ ʟʘʛʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʱʦ ʚʩʷʢʝ ʜʞʝʨʝʣʦ 

ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʡʦʛʦ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʶ ʩʠʣʦʶ. ʅʘʧʨʫʛʘ ʥʘ 

ʟʘʪʠʩʢʘʯʘʭ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʚʽʜʧʦʚʽʜʥʦ ʬʦʨʤʫʣʽ (5) ʜʝʱʦ ʤʝʥʰʘ ʝ.ʨ.ʩ. 

ʜʞʝʨʝʣʘ: 

IrIR -=e      (6) 

ʆʜʥʘʢ ʧʨʠ ʟʥʘʯʥʠʭ ʟʘ ʚʝʣʠʯʠʥʦʶ ʦʧʦʨʘʭ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʣʘ R ʧʦʨʽʚ-

ʥʷʥʦ ʟ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ ʜʞʝʨʝʣʘ r  ʩʧʘʜ ʥʘʧʨʫʛʠ ʚʩʝʨʝʜʠʥʽ ʜʞʝʨʝʣʘ 

ʥʝʟʥʘʯʥʠʡ ʽ ʥʘʧʨʫʛʘ ʥʘ ʢʣʝʤʘʭ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʝ.ʨ.ʩ., ʪʦʙʪʦ, ʷʢʱʦ R>>r   

(ʢʦʣʦ ʨʦʟʽʤʢʥʫʪʝ), ʪʦ e º U: ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ʨʽʚʥʘ ʥʘʧʨʫʟʽ ʥʘ ʢʣʝʤʘʭ 
ʨʦʟʽʤʢʥʫʪʦʛʦ ʜʞʝʨʝʣʘ. ʊʘʢʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʝ.ʨ.ʩ. ʚʚʘʞʘʻʪʴʩʷ ʜʦʩʠʪʴ 

ʥʘʙʣʠʞʝʥʠʤ. 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʝʨʞʘʚ ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ 

ʝ.ʨ.ʩ.. ʎʝʡ ʤʝʪʦʜ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ, ʜʘʻ ʜʦʙʨʫ ʪʦʯʥʽʩʪʴ ʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʘʭ ʧʦʪʝʥʮʽʦʤʝʪʨʽʚ. ʇʨʠʥʮʠʧʽʘʣʴʥʘ ʩʭʝʤʘ ʤʝʪʦʜʫ ʧʦʜʘʥʘ 

ʥʘ ʨʠʩ. 3. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʤʽʨʶʚʘʥʘ ʝ.ʨ.ʩ. ʟʨʽʚʥʦʚʘ-

ʞʫʻʪʴʩʷ (ʢʦʤʧʝʥʩʫʻʪʴʩʷ) ʩʧʘʜʦʤ ʥʘʧʨʫʛʠ ʥʘ ʜʽʣʷʥʮʽ ʢʦʣʘ ɺʉ ʪʘʢ, ʱʦ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʛʘʣʴʚʘʥʦʤʝʪʨ ʧʦʢʘʟʫʻ  ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʨʫʤʫ ʚ ʢʦʣʽ ʟ ʥʝʚʽʜʦʤʦʶ 

ʝ.ʨ.ʩ.. 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʂʽʨʭʛʦʬʘ ʜʣʷ ʩʭʝʤʠ ʥʘ ʨʠʩ.3, ʩʢʦʨʠʩʪʘʚʰʠʩʴ  

ʧʦʟʥʘʯʝʥʥʷʤʠ, ʚʢʘʟʘʥʠʤʠ ʚ ʩʭʝʤʽ:  
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e

e               (7) 

ɿʤʽʥʶʶʯʠ ʦʧʽʨ r2, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʪʦʛʦ, ʱʦ ʩʪʨʫʤ I1, ʚ ʚʠʙʨʘʥʽʡ 

ʜʽʣʷʥʮʽ ʢʦʣʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ʇʨʠ ʮʴʦʤʫ 

.x22BC rIU e==                (8) 

ɯʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (8) ʚʠʜʥʦ, ʱʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʩʧʘʜʫ 

ʥʘʧʨʫʛʠ 22rIUBC=  ʤʦʞʣʠʚʝ ʚ ʜʚʦʭ ʚʠʧʘʜʢʘʭ: ʧʨʠ ʟʤʽʥʽ ʩʪʨʫʤʫ I2   ʘʙʦ 

ʟʤʽʥʽ ʦʧʦʨʫ r2 . ʇʝʨʝʚʘʛʫ ʚ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʦʜʝʨʞʘʚ ʜʨʫʛʠʡ 

ʚʠʧʘʜʦʢ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʴ, ʩʪʨʫʤ, ʥʘʟʚʘʥʠʡ ʨʦʙʦʯʠʤ 

ʩʪʨʫʤʦʤ, ʧʽʜʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. ɯʟ ʬʦʨʤʫʣʠ (8) ʪʘʢʦʞ ʩʣʽʜʫʻ, ʱʦ 

ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʨʦʙʦʯʦʛʦ ʩʪʨʫʤʫ. ɼʣʷ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʣʘʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʦʧʦʨʫ r2, ʷʢʽʩʪʴ 
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ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʩʽʭ ʦʧʦʨʽʚ. 

Ex x1
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ʈʠʩ .3. 

ʗʢʱʦ ʚ ʮʶ ʩʭʝʤʫ ʟʘʤʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ eʭ 
ʚʢʣʶʯʠʪʠ ʜʞʝʨʝʣʦ en ʟ ʚʽʜʦʤʦʶ ʝ.ʨ.ʩ., ʪʦ ʟ ʜʦʧʦʤʦʛʦʶ ʪʠʭ ʞʝ ʤʽʨʢʫʚʘʥʴ 

ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ:    ,'

22 nDC rIU e==     

  (9) 

ʜʝ  r2
¡ ï ʦʧʽʨ ʜʽʣʷʥʢʠ ʢʦʣʘ (ʨʝʦʭʦʨʜʘ Dʉ).  
ʈʦʟʜʽʣʠʚʰʠ   (8) ʥʘ ʨʽʚʥʷʥʥʷ (9), ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ ʟʘ ʷʢʦʶ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʝ.ʨ.ʩ.: 

'
2

2
nx

r

r
ee=      (10) 

ɺʝʣʠʯʠʥʘ ʝ.ʨ.ʩ. ʥʦʨʤʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ en ʚʽʜʦʤʘ ʽʟ ʪʦʯʥʽʩʪʶ ʜʦ 10
-5 
ɺ. 

ʆʧʦʨʠ ʜʽʣʷʥʦʢ ʨʝʦʭʦʨʜʘ r2 ʽ r2
¡
 ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʥʘ ʜʦʚʞʠʥʠ ʜʽʣʷʥʦʢ 

ʢʘʣʽʙʨʦʚʦʯʥʦʛʦ ʜʨʦʪʫ ʚʽʜʧʦʚʽʜʥʦ l1=r BC  ̔ l2=rDC. ʊʦʤʫ ʨʦʙʦʯʘ ʬʦʨʤʫʣʘ 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ:  

2

1
nx

l

l
ee=              (11) 

ʉʣʽʜ  ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʛʘʣʴʚʘʥʦʤʝʪʨ ʨʝʻʩʪʨʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʨʫʤʫ, ʘ ʥʝ 

ʚʠʤʽʨʶʻ ʡʦʛʦ, ʪʦʤʫ ʨʝʻʩʪʨʘʮʽʷ ʬʘʢʪʫ ʢʦʤʧʝʥʩʘʮʽʾ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʘʩʫ 

ʧʨʠʣʘʜʫ, ʘ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʡʦʛʦ ʯʫʪʣʠʚʦʩʪʽ. 

 

ʍʽʜ ʨʦʙʦʪʠ 
1. ʉʢʣʘʩʪʠ ʩʭʝʤʫ ʟʛʽʜʥʦ ʨʠʩ.3, ʧʨʠ ʮʴʦʤʫ ʩʣʽʜ ʥʝ ʧʝʨʝʧʣʫʪʘʪʠ ʥʘʧʨʷʤʢʠ 
ʫʚʽʤʢʥʝʥʥʷ ʚʩʽʭ ʝ.ʨ.ʩ.. 
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2. ʇʝʨʝʤʠʢʘʯʝʤ ʇ ʚʚʽʤʢʥʫʪʠ ʚ ʩʭʝʤʫ ʥʝʚʽʜʦʤʝ ʜʞʝʨʝʣʦ Eʭ. 

3. ɼʦʙʠʪʠʩʴ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʧʨʫʛʠ Uʚʩ ʽ ʝ.ʨ.ʩ. ʥʝʚʽʜʦʤʦʛʦ ʝʣʝʤʝʥʪʘ. ɿʘʧʠʩʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ. 

4. ʇʝʨʝʤʠʢʘʯʝʤ ʇ ʚʢʣʶʯʠʪʠ ʚ ʩʭʝʤʫ ʥʦʨʤʘʣʴʥʠʡ ʝʣʝʤʝʥʪ en. 

5. ɿ ʜʦʧʦʤʦʛʦʶ ʧʦʚʟʫʥʢʘ ʨʝʦʭʦʨʜʘ ʜʦʙʠʪʠʩʴ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʛʘʣʴʚʘʥʦʤʝʪʨ. 

6. ɿʘʧʠʩʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ. 

7. ɿ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (11) ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʥʝʚʽʜʦʤʦʾ ʝ.ʨ.ʩ.. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʝ.ʨ.ʩ. ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. 

2. ʗʢ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʝ.ʨ.ʩ.  ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. 

3. ʇʦʜʘʡʪʝ ʩʫʪʴ ʢʦʤʧʝʥʩʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ ʝ.ʨ.ʩ.. 

4. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʝ.ʨ.ʩ. ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ 

ʤʝʪʦʜʦʤ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2-6 
ɺʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʦʧʦʨʽʚ ʽ ʚʠʚʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ 

ʤʝʪʘʣʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 ʣ. 1. Ä34. 2. ÄÄ8.3,8.4,8.5 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘʚʯʠʪʠʩʴ ʚʠʤʽʨʶʚʘʪʠ ʦʧʦʨʠ ʧʨʦʚʽʜʥʠʢʽʚ ʟ ʜʦʧʦʤʦʛʦʶ 

ʤʽʩʪʢʦʚʠʭ ʩʭʝʤ; ʚʠʚʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʤʝʪʘʣʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʠʣʘʜʠ ʪʘ ʤʘʪʝʨʽʘʣʠ: ʥʘʙʽʨ ʚʠʤʽʨʶʚʘʥʠʭ   ʨʝʟʠʩʪʦʨʽʚ ; ʤʘʛʘʟʠʥ ʝʪʘʣʦʥʥʠʭ 

ʨʝʟʠʩʪʦʨʽʚ; ʜʞʝʨʝʣʦ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ; ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʤʽʩʪ 

ʪʠʧʫ ʄɺʋ-49; ʪʝʨʤʦʩʪʘʪ ʽ ʪʝʨʤʦʤʝʪʨ;  ʟôʻʜʥʫʚʘʣʴʥʽ 

ʧʨʦʚʽʜʥʠʢʠ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ɽʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʨʫʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʟʘʨʷʜʽʚ. ʎʴʦʤʫ ʨʫʭʦʚʽ ʧʝʨʝʰʢʦʜʞʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʧʨʦʚʽʜʥʠʢʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʣʘʩʠʯʥʫ ʝʣʝʢʪʨʦʥʥʫ ʪʝʦʨʽʶ ʤʝʪʘʣʽʚ, ʷʢʘ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ 

ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ, ʷʢʽʩʥʦ ʥʘ ʭʦʨʦʰʦʤʫ ʨʽʚʥʽ ʜʘʻ ʧʦʷʩʥʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʽʚ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

ʋ ʢʣʘʩʠʯʥʽʡ ʝʣʝʢʪʨʦʥʥʽʡ ʪʝʦʨʽʾ ʤʝʪʘʣʽʚ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʨʫʭ 

ʝʣʝʢʪʨʦʥʽʚ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʘʤʠ ʢʣʘʩʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʅʴʶʪʦʥʘ. ɽʣʝʢʪʨʦʥʠ 

ʩʪʚʦʨʶʶʪʴ ʽʜʝʘʣʴʥʠʡ (ʝʣʝʢʪʨʦʥʥʠʡ) ʛʘʟ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʭʘʦʪʠʯʥʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʨʫʩʽ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʝʨʝʜʥʴʦʶ ʜʦʚʞʠʥʦʶ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

l ʽ ʩʝʨʝʜʥʽʤ ʯʘʩʦʤ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ t . ɽʣʝʢʪʨʦʥʠ ʦʙʤʽʥʶʶʪʴʩʷ ʝʥʝʨʛʽʻʶ ʽ 
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ʽʤʧʫʣʴʩʦʤ ʟ ʽʦʥʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ, ʜʷʢʫʶʯʠ ʯʦʤʫ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ ʟ ʛʨʘʪʢʦʶ. 

ɺʠʟʥʘʯʠʤʦ ʛʫʩʪʠʥʫ ʩʪʨʫʤʫ j, ʷʢʘ ʚʠʥʠʢʘʻ ʚ ʤʝʪʘʣʽ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟ ʥʘʧʨʫʞʝʥʽʩʪʶ E . ɽʣʝʢʪʨʦʥʠ, ʟʜʽʡʩʥʶʶʯʠ ʪʝʧʣʦʚʠʡ 

ʭʘʦʪʠʯʥʠʡ ʨʫʭ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʨʫʭʘʶʪʴʩʷ ʧʨʦʪʠ 

ʥʴʦʛʦ. ʅʘʧʨʘʚʣʝʥʠʡ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʨʝʡʬʦʤ. ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʧʨʠʩʢʦʨʶʻ ʝʣʝʢʪʨʦʥʠ ʽ ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʨʫʛʠʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ ʙʫʜʝ 

ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʽʶʯʽʡ ʩʠʣʽ: E
m

e
a

CG
=  ʪʦʤʫ ʚ ʢʽʥʮʽ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʡʦʛʦ 

ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

     .max tu
m

eE
=  

ʊʘʢ ʷʢ ʝʣʝʢʪʨʦʥʠ ʤʽʞ ʫʜʘʨʘʤʠ ʨʫʭʘʶʪʴʩʷ ʨʽʚʥʦʧʨʠʩʢʦʨʝʥʦ, ʪʦ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʨʝʡʬʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʩʪʘʥʦʚʠʪʠʤʝ ʧʦʣʦʚʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʾ: 

     .
2

1
ʜʨ tu

m

eE
Ö=  

ʗʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʜʦʨʽʚʥʶʻ n, ʪʦ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʯʝʨʝʟ 

ʦʜʠʥʠʯʥʠʡ ʧʝʨʝʨʽʟ ʧʨʦʡʜʝ ʟʘʨʷʜ, ʷʢʠʡ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʦʙôʻʤʽ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʟ ʦʜʠʥʠʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʽ ʜʦʚʞʠʥʦʶ uʜʨ: 

    .
22

1 2

ʜʨ E
m

ne

m

eE
enenj

t
tu ===  

ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʨʦʧʦʨʮʽʡʥʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ E, ʘ ʮʝ ʽ  ʻ ʟʘʢʦʥ ʆʤʘ 

ʚ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʬʦʨʤʽ: 

      ,Ej d=      (1) 

ʜʝ d ï ʧʠʪʦʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ;  r
d

1
= . 

     (r ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʩʝʨʝʜʦʚʠʱʘ). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʚʠʢʦʨʠʩʪʘʻʤ ʬʦʨʤʫʣʫ ,
2

2t
r

ne

m
= ʷʢʘ 

ʧʦʢʘʟʫʻ, ʱʦ ʧʠʪʦʤʠʡ ʦʧʽʨ ʪʠʤ ʤʝʥʰʠʡ, ʯʠʤ ʙʽʣʴʰʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʯʠʤ ʙʽʣʴʰʠʡ ʯʘʩ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ t . 

 ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ t, ʪʠʤ ʤʝʥʰʫ ʧʝʨʝʰʢʦʜʫ ʤʘʶʪʴ 
ʧʨʦʮʝʩʠ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ ʥʘʧʨʷʤʣʝʥʦʛʦ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ. 

ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʦʧʦʨʫ R, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʽʟ ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʟ ʧʦʩʪʽʡʥʦʶ 
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ʧʦ ʜʦʚʞʠʥʽ ʧʣʦ-ʱʝʶ ʧʝʨʝʨʽʟʫ S, ʨʽʚʥʦʶ ʦʜʠʥʠʮʽ, ʽ ʜʦʚʞʠʥʦʶ l, ʨʽʚʥʦʶ 

ʦʜʠʥʠʮʽ: .
l

S
R=r  

ʈʦʟʤʽʨʥʽʩʪʴ R  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʆʤʘ: 
 

{  
r
ʟʘʣ

 

0 

r 
1 

2 

Tʢ T 
  

 [] .ʆʤ 11 ==
A

B
R  

ʆʜʠʥʠʮʷ ʧʠʪʦʤʦʛʦ  ʦʧʦʨʫ ʨʝʯʦʚʠʥʠ: 

[][]
[]
[]

ʤ.ʆʤ1
ʤ

ʤʆʤ
1

2

Ö=
Ö

=Ö=
l

S
Rr  

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ  

                               ʈʠʩ. 1 

ʢʽʤʥʘʪʥʦʾ, ʧʠʪʦʤʠʡ ʦʧʽʨ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʘʙʩʦʣʶʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʊ: 

     )1(0 Tarr += .     (2) 

ʇʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʭʽʜ ʚʽʜ ʮʽʻʾ ʟʘ-

ʢʦʥʦʤʽʨʥʦʩʪʽ (ʨʠʩ, 1), ʧʦʷʩʥʝʥʥʷ ʷʢʦʾ ʜʘʻʪʴʩʷ ʢʚʘʥʪʦʚʦʶ ʤʝʭʘʥʽʢʦʶ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʘʣʝʞʥʽʩʪʴ r   ʚʽʜ T ʜʘʻʪʴʩʷ ʛʨʘʬʽʢʦʤ 1. 

ɺʝʣʠʯʠʥʘ ʟʘʣʠʰʢʦʚʦʛʦ ʦʧʦʨʫ rɿɸʃ ʚ ʚʝʣʠʢʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʪʦʪʠ 
ʤʘʪʝʨʽʘʣʫ ʽ ʟʘʣʠʰʢʦʚʠʭ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʟʨʘʟʢʫ. ʊʦʤʫ ʧʽʩʣʷ 

ʚʽʜʧʘʣʶʚʘʥʥʷ  rɿɸʃ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʋ ʘʙʩʦʣʶʪʥʦ ʯʠʩʪʦʛʦ ʤʝʪʘʣʫ ʟ 

ʽʜʝʘʣʴʥʦ ʧʨʘʚʠʣʴʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʛʨʘʪʢʦʶ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʽ r=0. 

 ɯʟ ʬʦʨʤʫʣʠ (2) ʩʣʽʜʫʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ : 

     .
0

0

0

0

0

tt

t

r

r

r

rr
a

D
=

-
=      (3) 

ɺʽʥ ʚʢʘʟʫʻ ʥʘ ʚʽʜʥʦʩʥʠʡ ʧʨʠʨʽʩʪ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʜʠʥ ʛʨʘʜʫʩ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʽʚ ʤʘʻ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ʋ 
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ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʟʠʩʪʦʨʽʚ ʝʣʝʢʪʨʠʯʥʽ ʦʧʦʨʠ ʫ ʥʠʭ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʤʘʣʽ -ʜʦ 1 ʆʤ (ʦʧʦʨʠ ʘʤʧʝʨʤʝʪʨʽʚ, ʰʫʥʪʽʚ, 

ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʽ ʪ.ʧ.), ʩʝʨʝʜʥʽ 1- 100 ʢʆʤ (ʦʧʦʨʠ ʚʦʣʴʪʤʝʪʨʽʚ ʽ 

ʪ.ʧ.), ʚʝʣʠʢʽ - 100 ʢʆʤ ʽ ʙʽʣʴʰʝ (ʦʧʦʨʠ ʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʝʨʘʤʽʢʘ ʽ 

ʪ.ʧ.). 

ʄʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʦʧʦʨʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʚʝʣʠʯʠʥ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʤʘʣʠʭ ʦʧʦʨʽʚ ʩʣʽʜ ʣʽʢʚʽʜʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʢʦʥʪʘʢʪʽʚ ʽ ʪʝʨʤʦ ɽʈʉ, ʪʦʜʽ, ʷʢ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʩʝʨʝʜʥʽʭ ʦʧʦʨʽʚ, ʚʝʣʠʯʠʥʘʤʠ ʜʦʜʘʪʢʦʚʠʭ ʦʧʦʨʽʚ (ʷʢ ʧʨʘʚʠʣʦ 

ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 10
-4
-10

-2
 0ʤ) ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʝʣʠʢʠʭ 

ʦʧʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙôʻʤʥʽ ʽ ʧʦʚʝʨʭʥʝʚʽ ʦʧʦʨʠ, ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʚʦʣʦʛʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʟʘʢʦʥʦʤ ʆʤʘ ʜʣʷ ʜʽʣʷʥʢʠ ʢʦʣʘ, ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ 

ʥʝʚʽʜʦʤʠʡ ʦʧʽʨ Rʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʦʣʴʪʤʝʪʨʘ ʽ ʘʤʧʝʨʤʝʪʨʘ ʟʛʽʜʥʦ ʩʭʝʤʠ ʥʘ 

ʨʠʩ. 2 ʽ 3. 

V

A

Rx

ɹ ʂ

ʈʠʩ.2

V

A

Rx

ɹ ʂ

ʈʠʩ.3  
ʎʝʡ ʤʝʪʦʜ ʧʦʢʣʘʜʝʥʠʡ ʟ ʦʩʥʦʚʫ ʜʽʾ ʘʚʦʤʝʪʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʥʘʧʨʫʛʫ, ʩʠʣʫ ʩʪʨʫʤʫ, ʦʧʽʨ. ɸʣʝ ʪʘʢ ʷʢ ʧʨʠ ʪʘʢʦʤʫ ʤʝʪʦʜʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʘʜ ʥʘʧʨʫʛʠ ʥʘ ʚʦʣʴʪʤʝʪʨʽ ʽ ʘʤʧʝʨʤʝʪʨʽ, ʪʦ 

ʤʝʪʦʜ ʚʚʘʞʘʻʪʴʩʷ ʥʘʙʣʠʞʝʥʠʤ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʽʭ ʦʧʦʨʽʚ Rʭ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ 

ʚʠʢʦʥʘʪʠ ʤʦʩʪʦʚʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʩʪʢʘ ʋʽʪʩʪʦʥʘ. 

ɯʩʥʫʻ ʣʠʰʝ ʻʜʠʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʧʨʠ ʷʢʦʤʫ ʩʪʨʫʤ ʯʝʨʝʟ 

ʛʘʣʴʚʘʥʦʤʝʪʨ ʜʦʨʽʚʥʶʻ ʥʫʣʶ: 

 

   ,
3

2
1

R

R
RRx =                                            (4)                                         

ʜʝ R1 ï ʧʣʝʯʝ ʧʦʨʽʚʥʶʚʘʥʥʷ; 

     R2 ʽ R3 ï ʧʣʝʯʽ ʚʽʜʥʦʰʝʥʥʷ. 

ʗʢ ʚʠʜʥʦ ʽʟ ʬʦʨʤʫʣʠ (4), ʤʦʞʣʠʚʠʤʠ ʻ ʜʚʘ ʤʝʪʦʜʠ ʟʨʽʚʥʦʚʘʞʫʚʘʥʥʷ 

ʤʽʩʪʢʘ: ʘ) ʨʝʛʫʣʶʚʘʥʥʷʤ  R1 ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ R2/R3; ʙ) ʨʝʛʫʣʶ-

ʚʘʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ R2 / R3   ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ R1. 
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G

R2

Rx R3

R1

ʈʠʩ. 4  
ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ R1 ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʜʝʢʘʜʥʦʛʦ 

ʚʘʞʽʣʴʥʦʛʦ ʤʘʛʘʟʠʥʫ ʦʧʦʨʽʚ; R2 ʽ R3  ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʙʽʨ ʦʧʦʨʽʚ ʟ ʢʣʝʤʘʤʠ 

ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ. ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʥʦʰʝʥʥʷ ʧʣʝʯ ʚʠʢʦʥʘʥʝ ʫ ʚʠʛʣʷʜʽ 

ʨʝʦʭʦʨʜʘ ʟ ʧʦʚʟʫʥʢʦʤ (ʨʠʩ. 5). 

ʋʤʦʚʽ  ʨʽʚʥʦʚʘʛʠ ʪʘʢʦʛʦ ʤʽʩʪʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

,
DB

ADx

r

r

R

R
=  

ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʦʜʝʨʞʘʥʝ ʥʘ ʦʩʥʦʚʽ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ.  

ʊʘʢ ʷʢ ʦʧʦʨʠ ʜʽʣʷʥʦʢ ɸD ʽ Dɺ. ʧʨʦʧʦʨʮʽʡʥʽ ʾʭ ʜʦʚʞʠʥʘʤ l1 i l2, ʪʦ 

.
2

1

l

l
RRx =  

R x R

ʈʠʩ. 5

G

D
BA

  
ʅʝʜʦʣʽʢʦʤ ʤʽʩʪʢʦʚʦʾ ʩʭʝʤʠ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʦʧʦʨʠ 

ʟôʻʜʥʫʚʘʣʴʥʠʭ ʧʨʦʚʽʜʥʠ-ʢʽʚ ʽ ʢʣʝʤʥʠʭ ʩʧʦʣʫʯʝʥʴ ʝʣʝʤʝʥʪʽʚ ʩʭʝʤʠ, ʱʦ 

ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʣʠʭ ʦʧʦʨʽʚ 

ɼʣʷ ʪʝʭʥʽʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʽʚ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʴ ʫʥʽʚʝʨ-

ʩʘʣʴʥʠʤʠ ʤʽʩʪʢʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʠʧʫ ʄɺʋ-49, ʩʭʝʤʘ ʷʢʦʛʦ ʚ 
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ʧʨʠʥʮʠʧʽ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʭʝʤʠ ʣʽʥʽʡʥʦʛʦ ʤʽʩʪʢʘ ʋʽʪʩʪʦʥʘ (ʨʠʩ. 6). 

ɺ ʮʽʡ ʩʭʝʤʽ ʧʣʝʯʝʤ ʧʦʨʽʚʥʶʚʘʥʥʷ ʩʣʫʞʠʪʴ ʤʘʛʘʟʠʥ ʦʧʦʨʽʚ, ʥʘʙʨʘʥʠʡ 

ʽʟ ʨʝʟʠʩʪʦʨʽʚ R1·Rn. ɺʽʜʥʦʰʝʥʥʷ ʧʣʝʯ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ  ʬʦʨʤʫʣʦʶ  

.
2

1

r

r
N=  

ʛʨʫʙʦ

R 1

ʈʠʩ. 6

G

r 1

R 2

R 3

R n

r 2

ʪʦʯʥʦ

R 3

  
ɺʠʤʽʨʶʚʘʥʠʡ ʽ ʦʧʽʨ ʨʝʟʠʩʪʦʨʘ Rʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʦʚʘʛʠ 

ʤʦʩʪʘ: 

    ,
2

1 NRR
r

r
Rx ==  

ʜʝ N ï ʤʥʦʞʥʠʢ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʞʝʥʥʶ ʨʫʢʦʷʪʢʠ ʧʝʨʝʤʠʢʘʯʘ 

ñʧʦʤʥʦʞʠʪʠò; 

        R ï ʦʧʽʨ ʧʣʝʯʘ ʧʦʨʽʚʥʷʥʥʷ ʚ ʆʤ (ʧʦʢʘʟʘʥʥʷ ʤʘʛʘʟʠʥʘ). 

ʆʧʽʨ R3 ʻ ʟʘʭʠʩʥʠʤ ʧʨʠ   ʚʢʣʶʯʝʥʥʽ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʚ ʩʭʝʤʫ ʽ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʦʞʝʥʥʶ ʢʥʦʧʢʠ ʚʢʣʶʯʝʥʥʷ  ñɻʨʫʙʦò. 

G

r

R1 R2

R3 R4

Rx Rn

 
ɯʟ ʚʩʽʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʤʘʣʠʭ ʦʧʦʨʽʚ ʥʘʡʙʽʣʴʰʝ ʧʦ-ʰʠʨʝʥʥʷ 

ʦʜʝʨʞʘʚ ʤʝʪʦʜ ʚʠʤʽʨʶ-ʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ ʧʦʜʚʽʡʥʦʛʦ ʤʦʩʪʘ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʊʦʤʩʦʥʦʤ (ʨʠʩ.7). ʋ ʪʘʢʽʡ ʩʭʝʤʽ ʚʧʣʠʚ ʟôʻʜʥʫʚʘʣʴʥʠʭ 

ʧʨʦʚʽʜʥʠʢʽʚ ʽ ʢʣʝʤ ʧʨʘʢʪʠʯʥʦ ʚʠʢʣʶʯʘʻʪʴʩʷ. 

ʋ ʜʘʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʧʦʜʘʻʪʴʩʷ ʤʽʩʪʢʦʚʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʝʚʽʜʦʤʠʭ ʦʧʦʨʽʚ. 
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ʍʽʜ ʨʦʙʦʪʠ: 
1. ʉʢʣʘʩʪʠ ʩʭʝʤʫ (ʨʠʩ. 5). 

2. ʋʩʪʘʥʦʚʠʪʠ ʧʦʚʟʫʥʦʢ ʥʘ ʩʝʨʝʜʠʥʫ ʨʝʦʭʦʨʜʘ. 

3. ʇʽʜʽʙʨʘʪʠ ʥʘ ʤʘʛʘʟʠʥʽ ʦʧʦʨʽʚ ʪʘʢʠʡ ʦʧʽʨ, ʧʨʠ ʷʢʦʤʫ ʩʪʨʫʤ ʯʝʨʝʟ 

ʛʘʣʴʚʘʥʦʤʝʪʨ ʜʦʨʽʚʥʶʚʘʚ ʙʠ ʥʫʣʶ (Rʭ1ºR). 

4. ɺʠʤʽʨʷʪʠ l1 ʽ l2 - ʧʣʝʯʽ ʨʝʦʭʦʨʜʘ ʚ ʦʜʠʥʠʮʷʭ ʰʢʘʣʠ  ʨʝʦʭʦʨʜʘ. 

5. ʇʦʚʪʦʨʠʪʠ ʘʥʘʣʦʛʽʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦ ʜʣʷ ʚʩʽʭ ʨʝʟʠʩʪʦʨʽʚ  

Ri  . 

6. ɿôʻʜʥʘʪʠ ʨʝʟʠʩʪʦʨʠ ʧʘʨʘʣʝʣʴʥʦ ʽ ʚʠʤʽʨʷʪʠ ʾʭ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ. 
ɿʨʦʙʠʪʠ ʧʝʨʝʚʽʨʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. 

7. ɿôʻʜʥʘʪʠ ʚʩʽ ʨʝʟʠʩʪʦʨʠ ʧʦʩʣʽʜʦʚʥʦ ʽ ʚʠʤʽʨʷʪʠ ʾʭ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ. 
ɿʨʦʙʠʪʠ ʧʝʨʝʚʽʨʢʫ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. 

8. ʉʢʣʘʩʪʠ ʪʘʙʣʠʮʶ 1 ʽ ʟʘʥʝʩʪʠ ʚ ʥʝʾ ʚʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʽ 
ʨʦʟʨʘʭʫʥʢʠ. ɿʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

9. ɿôʻʜʥʘʪʠ ʧʨʦʚʽʜʥʠʢʘʤʠ ʨʝʟʠʩʪʦʨ ʽʟ ʤʽʜʥʦʛʦ  ʜʨʦʪʫ , ʨʦʟʤʽʱʝʥʠʡ ʚ 

ʪʝʨʤʦʩʪʘʪʽ ʟ ʤʦʩʪʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʠʧʫ ʄɺʋ. 

10. ɺʠʤʽʨʷʪʠ ʦʧʽʨ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʪʫʰʢʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

11. ɺʢʣʶʯʠʪʠ ʥʘʛʨʽʚʥʠʢ ʪʝʨʤʦʩʪʘʪʘ ʽ ʧʨʦʚʝʩʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ 

ʢʦʪʫʰʢʠ ʯʝʨʝʟ 5ʉ̄ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 80-90̄ ʉ. 

12. ʉʢʣʘʩʪʠ ʪʘʙʣʠʮʶ 2 ʽ ʟʘʥʝʩʪʠ ʚ ʥʝʾ ʚʩʽ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

 

ʆʙʨʦʙʢʘ ʦʜʝʨʞʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʾʭ 

ʘʥʘʣʽʟ. 
1. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʪʘʙʣʠʮʽ 2, ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ Rt=f (t )̄, 

ʚʽʜʢʣʘʜʘʶʯʠ ʧʦ ʦʩʽ X ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 0Áʉ ʜʦ t ʉ̄, ʘ ʧʦ ʦʩʽ Y 

ʟʥʘʯʝʥʥʷ Rt. 

2. ɯʟ ʛʨʘʬʽʢʘ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ R0 ʰʣʷʭʦʤ ʧʨʦʜʦʚʞʝʥʥʷ ʦʜʝʨʞʘʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʚʽʩʩʶ Rt (ʨʠʩ.8). 

I. 

II. 
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R0  

Rt  

 

t C̄ 
 

ʈʠʩ.8. 

3. ʈʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ a, ʟʘ ʬʦʨʤʫʣʦʶ (ɿ), ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʜʘʥʠʤʠ 
ʛʨʘʬʽʢʘ. ʆʜʝʨʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʨʽʚʥʷʪʠ ʟ ʪʘʙʣʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ ʜʣʷ ʤʽʜʽ. 

 

ɼʦʜʘʪʢʦʚʽ ʟʘʚʜʘʥʥʷ 
1. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʥʘʛʨʽʚʫ (ʦʭʦʣʦʜʞʝʥʥʷ) ʥʘ ʪʦʯʥʽʩʪʴ 

ʧʦʙʫʜʦʚʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ Rt=f (t )̄. 

2. ɼʦʩʣʽʜʠʪʠ ʚʝʣʠʯʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʚ ʨʽʟʥʠʭ ʤʝʞʘʭ  

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʷʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ a=f (t )̄,. 

 

 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2-7 

ɺʠʚʯʝʥʥʷ ʟʘʢʦʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 

 ʣ.1.ÄÄ34,35. 2.ÄÄ 9.2,9.3 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʝʨʝʚʽʨʢʘ ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʢʦʣʘ. 

ʇʨʠʣʘʜʠ ʽ ʦʙʣʘʜʥʘʥʥʷ: ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ ʥʘ ʙ ɺ, ʜʚʘ ʜʞʝʨʝʣʘ ʥʘ 1,5ɺ; 

ʚʦʣʴʪʤʝʪʨ ; ʘʤʧʝʨʤʝʪʨ ; ʨʝʦʩʪʘʪʠ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ɽʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ - ʫʧʦʨʷʜʢʦʚʘʥʠʡ ʨʫʭ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ. ʋ 

ʤʝʪʘʣʘʭ - ʮʝ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʪʠ ʧʦʣʷ, ʚ ʝʣʝʢʪʨʦʣʽʪʘʭ ï ʽʦʥʽʚ ʨʽʟʥʠʭ 

ʟʥʘʢʽʚ ʫ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʫ ʛʘʟʘʭ ï ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʽʦʥʽʚ, ʫ 
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ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ - ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ. ɼʣʷ ʟʙʫʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ ʚ ʪʽʣʘʭ ʪʨʝʙʘ ʩʪʚʦʨʠʪʠ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ. ʑʦʙ ʩʪʨʫʤ ʙʫʚ ʪʨʠʚʘʣʠʤ, 

ʝʥʝʨʛʽʷ ʧʦʣʷ ʧʦʚʠʥʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠʩʴ ʩʪʘʣʦʶ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ.  

 

1 2I R 1,2

j
1

j
2

ʈʠʩ. 1

e

 
ɿʘʢʦʥ ʆʤʘ ʫ ʬʦʨʤʽ U=IR ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ 

ʢʦʣʘ, ʪʦʙʪʦ ʪʘʢʦʾ, ʥʘ ʷʢʽʡ ʥʝʤʘʻ ʩʪʨʠʙʢʽʚ ʧʦʪʝʥʮʽʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʢʦʥʪʘʢʪʥʠʭ ʷʚʠʱ ʘʙʦ ʜʽʾ ʝʣʝʢʪʨʦʨʫʰʽʡʥʠʭ ʩʠʣ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʝʦʜʥʦʨʽʜʥʫ ʜʽʣʷʥʢʫ ʢʦʣʘ 1-2 (ʨʠʩ. ɯ), ʥʘ ʢʽʥʮʷʭ ʷʢʦʾ ʜʽʻ 

ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ j1-j2 . ɽ.ʨ.ʩ., ʱʦ ʜʽʻ ʥʘ ʜʘʥʽʡ ʥʝʦʜʥʦʨʽʜʥʽʡ ʜʽʣʷʥʮʽ 

ʢʦʣʘ, ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ e1,2 . 

ɿʥʘʡʜʝʤʦ ʥʘʧʨʷʤ ʩʪʨʫʤʫ (j1>j2) . ʊʦʜʽ  e1,2>0 , ʷʢʱʦ ʚʦʥʘ ʜʽʻ ʚ 

ʥʘʧʨʷʤʽ ʩʪʨʫʤʫ (ʧʦʟʥʘʯʝʥʦ ʩʪʨʽʣʢʦʶ). ʉʢʦʨʠʩʪʘʻʤʦʩʴ ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ 

ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ. ʆʩʢʽʣʴʢʠ ʧʨʦʚʽʜʥʠʢʠ ʥʝʨʫʭʦʤʽ, ʪʦ ʨʦʙʦʪʘ dA   

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʽ ʩʪʦʨʦʥʥʽʭ ʩʠʣ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʟʘʨʷʜʫ dq ʥʘ ʜʽʣʷʥʮʽ 1-2, ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ dQ , ʷʢʝ ʚʠʜʽʣʠʣʦʩʴ ʧʽʜ 

ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʟʘʨʷʜʫ dq. 

 ʊʦʤʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ:  

     
.

,)(

2

212,1

IRdqRdtIdQ

dqdqdA

==

Ö-+Ö= jje
 

ʇʨʠʨʽʚʥʷʚʰʠ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʮʠʭ ʨʽʚʥʷʥʴ, ʙʫʜʝʤʦ ʤʘʪʠ:  

     .
)(

,)(

2,121

2,121

R
I

IR

ejj

ejj

+-
=

+-=

    

 (1) 

ʎʝ - ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʢʦʣʘ. 

ʗʢʱʦ ʥʝʦʜʥʦʨʽʜʥʘ ʯʘʩʪʠʥʘ ʢʦʣʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʜʽʣʷʥʦʢ, ʪʦ 

ʬʦʨʤʫʣʫ (1) ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʥʘ ʙʫʜʴ-ʷʢʝ ʯʠʩʣʦ ʜʽʣʷʥʦʢ: 
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ʈʠʩ.2

e

e

e

 

ʜʝ ä
=

n

i

iR
1

 ð ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʫʩʽʻʾ ʜʽʣʷʥʢʠ ʢʦʣʘ; 

     ä
=

n

i

i

1

eð ʘʣʛʝʙʨʘʾʯʥʘ ʩʫʤʘ ʝ.ʨ.ʩ., ʱʦ ʜʽʶʪʴ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ.  

ʍʽʜ ʨʦʙʦʪʠ 
1. ʉʢʣʘʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ ʟʘ ʩʭʝʤʦʶ, ʧʦʢʘʟʘʥʦʶ ʥʘ ʨʠʩ. 2. 

2. ɿʘʤʢʥʫʪʠ ʚʠʤʠʢʘʯ 1, ʧʦʪʽʤ 2. ʈʝʟʠʩʪʦʨʘʤʠ R1 ʽ R2 ʜʦʙʠʪʠʩʷ ʟʥʘʯʝʥʥʷ 

ʩʠʣʠ ʩʪʨʫʤʫ 0,3 ɸ.  

 

3. ɺʠʤʽʨʷʪʠ ʟʥʘʯʝʥʥʷ I, UAB, R1, R2, R3. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʟʘʥʝʩʪʠ ʜʦ 

ʪʘʙʣʠʮʽ, ʷʢʫ ʩʣʽʜ ʥʘʨʠʩʫʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ. 

4. ʆʙʯʠʩʣʠʪʠ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (2): 

.

),(

21

321

ee++=

++=

ABUy

RRRIx
 

 ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ ʟʥʘʢʠ e1  ̔  e2 . 

5. ɿʤʽʥʦʶ ʦʧʦʨʽʚ R1 ,R2 ,R3  ʧʽʜʽʙʨʘʪʠ ʚ ʢʦʣʽ ʩʪʨʫʤʠ 0,ɿ5 ɸ ; 0,40 ɸ; 0,45ɸ  

ʪʘ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʦʙʯʠʩʣʝʥʥʷ ʟʛʽʜʥʦ ʧʫʥʢʪʽʚ ɿ, 4. 

6. ʆʙʯʠʩʣʠʪʠ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʟʘ ʢʣʘʩʦʤ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 
ʧʨʠʣʘʜʽʚ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʨʽʚʥʽʩʪʴ (2). ɿʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʚʠʩʥʦʚʢʠ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ɿʘ ʷʢʠʭ ʫʤʦʚ ʧʨʠ ʧʝʨʝʚʽʨʮʽ ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʢʦʣʘ 
ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ ʘʤʧʝʨʤʝʪʨʘ? 

2. ʏʦʤʫ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽʤʠ ʦʧʦʨʘʤʠ ʜʞʝʨʝʣ ʩʪʨʫʤʫ? 

3. ɺʢʘʟʘʪʠ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʢʦʥʫ ʆʤʘ. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2-8 

ɺʠʚʯʝʥʥʷ ʟʘʢʦʥʽʚ ʂʽʨʭʛʦʬʘ ʜʣʷ ʨʦʟʛʘʣʫʞʝʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ 

ʣ. 1. §36. 2. §9.4 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘʙʫʪʠ ʥʘʚʠʢʽʚ ʩʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ ʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ. 

ʇʨʠʣʘʜʠ ʽ ʦʙʣʘʜʥʘʥʥʷ: ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ; ʘʤʧʝʨʤʝʪʨ; ʚʦʣʴʪʤʝʪʨ; ʥʘʙʽʨ 

ʨʝʟʠʩʪʦʨʽʚ; ʧʨʦʚʽʜʥʠʢʠ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ  
ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʛʘʣʫʞʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ, ʚ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʷʢʦʛʦ 

ʚʢʣʶʯʝʥʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʟ ʚʽʜʦʤʠʤʠ ʝ.ʨ.ʩ. ʈʦʟʨʘʭʫʥʦʢ ʪʘʢʦʛʦ ʢʦʣʘ ʤʦʞʥʘ 

ʧʨʦʚʝʩʪʠ ʢʦʨʠʩʪʫʶʯʠʩʴ ʟʘʢʦʥʦʤ ʆʤʘ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʢʦʣʘ ʽ 

ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʟʘʨʷʜʫ. ʆʜʥʘʢ ʟʘʚʜʘʥʥʷ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻʪʴʩʷ, ʷʢʱʦ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʜʚʦʤʘ ʟʘʢʦʥʘʤʠ ʂʽʨʭʛʦʬʘ ʘʙʦ ʧʨʘʚʠʣʘʤʠ ʂʽʨʭʛʦʬʘ, ʷʢʽ ʻ 

ʜʘʣʴʰʠʤ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʟʘʢʦʥʫ ʆʤʘ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʾ ʜʽʣʷʥʢʠ ʢʦʣʘ. 

ʇʝʨʰʠʡ ʟʘʢʦʥ ʂʽʨʭʛʦʬʘ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢ: ʘʣʛʝʙʨʘʾʯʥʘ ʩʫʤʘ ʩʪʨʫʤʽʚ, 

ʷʢʽ ʩʭʦʜʷʪʴʩʷ ʫ ʚʫʟʣʦʚʽʡ ʪʦʯʮʽ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ: 

.0
1

=ä
=

n

i

iI       (1) 

ʉʪʨʫʤʠ ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʚʫʟʣʦʚʦʾ ʪʦʯʢʠ, ʚʚʘʞʘʶʪʴʩʷ ʜʦʜʘʪʥʠʤʠ, ʘ 

ʩʪʨʫʤʠ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʟ ʥʝʾ, ð ʚʽʜôʻʤʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʫʟʣʦʚʦʾ ʪʦʯʢʠ 

ʉ (ʨʠʩ. 1) ʥʘ ʦʩʥʦʚʽ (1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

0210 =-- III      (2) 

ʇʝʨʰʠʡ ʟʘʢʦʥ ʂʽʨʭʛʦʬʘ ʚʠʨʘʞʘʻ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʟʘʨʷʜʫ. ʈʽʚʥʷʥʥʷ (1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ n ʚʫʟʣʽʚ ʩʢʣʘʜʥʦʛʦ 

ʢʦʣʘ, ʘʣʝ ʥʝʟʘʣʝʞʥʠʤʠ ʙʫʜʫʪʴ n-1 ʨʽʚʥʷʥʥʷ. 

ɼʨʫʛʠʡ ʟʘʢʦʥ ʂʽʨʭʛʦʬʘ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢ: ʫ ʙʫʜʴ-ʷʢʦʤʫ 

ʟʘʤʢʥʝʥʦʤʫ ʢʦʥʪʫʨʽ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʘʣʛʝʙʨʘʾʯʥʘ ʩʫʤʘ 

ʩʧʘʜʽʚ ʥʘʧʨʫʛ (ʪʦʙʪʦ ʜʦʙʫʪʢʽʚ ʩʠʣ ʩʪʨʫʤʽʚ ʚ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʢʦʥʪʫʨʘ ʥʘ 

ʾʭ ʦʧʽʨ) ʜʦʨʽʚʥʶʻ ʘʣʛʝʙʨʘʾʯʥʽʡ ʩʫʤʽ ʝʣʝʢʪʨʦʨʫʰʽʡʥʠʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʚ 

ʜʘʥʦʤʫ ʢʦʥʪʫʨʽ.       

     ä ä
= =

=
n

1i

n

1i

iii .RI e       (3) 

ʌʽʟʠʯʥʠʡ ʟʤʽʩʪ ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʙʦʪʘ ʟ 

ʧʝʨʝʤʽʱʝʥʥʷ ʟʘʨʷʜʫ ʚʟʜʦʚʞ ʙʫʜʴ-ʷʢʦʛʦ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʘ ʜʦʨʽʚʥʶʻ 

ʪʽʣʴʢʠ ʨʦʙʦʪʽ ʩʪʦʨʦʥʥʽʭ ʩʠʣ, ʘ ʨʦʙʦʪʘ ʩʠʣ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ ʚʟʜʦʚʞ 

ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʨʽʚʥʷʥʴ ʟʘ ʜʨʫʛʠʤ ʟʘʢʦʥʦʤ ʂʽʨʭʛʦʬʘ ʚʠʙʠʨʘʶʪʴ 

ʥʝʟʘʣʝʞʥʦ ʟʘʤʢʥʝʥʽ ʢʦʥʪʫʨʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚ ʜʘʥʦʤʫ ʨʦʟʛʘʣʫʞʝʥʦʤʫ 
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ʢʦʣʽ. ʆʩʢʽʣʴʢʠ ʣʽʚʘ ʽ ʧʨʘʚʘ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (3) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʘʣʛʝʙʨʘʾʯʥʽ 

ʩʫʤʠ, ʪʦ ʫʤʦʚʠʣʠʩʷ ʚʚʘʞʘʪʠ ʟʥʘʢ ʜʦʙʫʪʢʫ I iRi ʜʦʜʘʪʥʠʤ, ʢʦʣʠ ʩʪʨʫʤ I i 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʝʨʝʜ ʚʠʙʨʘʥʠʤ ʥʘʧʨʷʤʢʦʤ ʦʙʭʦʜʫ ʢʦʥʪʫʨʘ ʽ ʚʽʜôʻʤʥʠʤ, 

ʢʦʣʠ ʥʘʧʨʷʤ ʩʪʨʫʤʫ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʦʚʽ ʦʙʭʦʜʫ. ɿʥʘʢ ʝ.ʨ.ʩ. ʜʦʜʘʪʥʠʡ, 

ʢʦʣʠ ʥʘʧʨʷʤ ʚʣʘʩʥʦʛʦ ʩʪʨʫʤʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʦʤ ʦʙʭʦʜʫ ʢʦʥʪʫʨʘ.  

ʈʦʟʛʣʷʥʝʤʦ, ʥʘʧʨʠʢʣʘʜ, ʩʢʣʘʜʥʝ ʢʦʣʦ  ʥʘ ʨʠʩ. 1. 
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C D

K M  
ʈʠʩ.1 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʧʨʘʚʠʣʘ ʂʽʨʭʛʦʬʘ, ʤʦʞʥʘ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʪʘʢʦʾ ʩʭʝʤʠ: 

1. ɺʠʟʥʘʯʠʪʠ ʜʦʚʽʣʴʥʦ ʥʘʧʨʷʤʠ ʩʪʨʫʤʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʽ ʚʠʭʦʜʷʪʴ ʟ ʚʫʟʣʦʚʠʭ 
ʪʦʯʦʢ ʪʘ ʧʨʦʭʦʜʷʪʴ ʚ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʘ.  

2. ɺʠʙʨʘʪʠ ʜʦʚʽʣʴʥʦ ʥʘʧʨʷʤ ʦʙʭʦʜʫ ʢʦʥʪʫʨʘ ʽ, ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʚʠʱʝ ʧʨʘʚʠʣʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʥʘʢʽʚ ʜʦʜʘʥʢʽʚ ʘʣʛʝʙ-

ʨʘʾʯʥʠʭ ʩʫʤ, ʩʢʣʘʩʪʠ ʰʫʢʘʥʽ ʨʽʚʥʷʥʥʷ. 

3. ʉʢʣʘʜʝʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʦʭʦʧʠʪʠ ʚʩʽ ʝ .ʨ. ʩ, ʽ ʚʩʽ ʦʧʦʨʠ ʜʘʥʦʛʦ 
ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʘ. 

 ɿʘʩʪʦʩʫʻʤʦ ʧʝʨʰʝ ʧʨʘʚʠʣʦ ʂʽʨʭʛʦʬʘ ʜʦ ʚʫʟʣʘ D : 

    0210 =++- III  

ɺʠʙʠʨʘʻʤʦ ʥʘʧʨʷʤ ʦʙʭʦʜʫ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, 

 ʪʦʜʽ ʜʣʷ ʢʦʥʪʫʨʘ ɸɺʄʂɸ: I1 R1 + I 0 R3 = - e1 

ʜʣʷ ʢʦʥʪʫʨʘ ɸɺDʉɸ :  I1 R1  -  I2 R2 = e2  -  e1, 

ʎʽ ʜʚʘ ʨʽʚʥʷʥʥʷ ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʽ. ɼʣʷ ʢʦʥʪʫʨʘ ʉDʄʂʉ ʨʽʚʥʷʥʥʷ 

ʚʞʝ ʥʝ ʻ ʥʝʟʘʣʝʞʥʠʤ, ʚʦʥʦ-ʨʝʟʫʣʴʪʘʪ ʥʘʢʣʘʜʘʥʥʷ ʜʚʦʭ ʧʦʧʝʨʝʜʥʽʭ ʢʦʥʪʫʨʽʚ 

ʦʜʠʥ ʥʘ ʜʨʫʛʠʡ. ʄʘʻʤʦ ʪʨʠ ʨʽʚʥʷʥʥʷ ʟ ʪʨʴʦʤʘ ʥʝʚʽʜʦʤʠʤʠ, ʽ, ʨʦʟʚôʷʟʘʚʰʠ 

ʩʠʩʪʝʤʫ, ʚʠʟʥʘʯʠʤʦ ʥʝʚʽʜʦʤʽ ʩʪʨʫʤʠ. 

 

 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ʉʢʣʘʩʪʠ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ ʟʘ ʦʜʥʽʻʶ ʽʟ ʧʦʜʘʥʠʭ ʩʭʝʤ ʜʣʷ ʙʨʠʛʘʜ: 1,5,9 ð 

ʨʠʩ. 2;  2, 6, 10 ð ʨʠʩ. 3; 3, 7,  II ð ʨʠʩ 4;  4, 8,12 ð ʨʠʩ. 5. 

2. ʇʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʟʤʦʥʪʦʚʘʥʦʾ ʩʭʝʤʠ ʣʘʙʦʨʘʥʪʦʤ ʘʙʦ ʢʝʨʽʚʥʠʢʦʤ ʟʘʥʷʪʴ 
ʚʢʣʶʯʠʪʠ ʚ ʢʦʣʦ ʞʠʚʣʝʥʥʷ. 

3. ʇʽʜʢʣʶʯʘʶʯʠ ʧʘʨʘʣʝʣʴʥʦ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʢʦʣʘ ʚʦʣʴʪʤʝʪʨ, ʚʠʤʽʨʷʪʠ ʩʧʘʜ 
ʥʘʧʨʫʛʠ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʢʦʣʘ. 
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4. ɺʠʤʽʨʷʪʠ ɽʈʉ ʜʞʝʨʝʣ ʩʪʨʫʤʫ, ʜʣʷ ʯʦʛʦ ʧʽʜʢʣʶʯʠʪʠ ʚʦʣʴʪʤʝʪʨ ʧʘ-

ʨʘʣʝʣʴʥʦ ʜʞʝʨʝʣʫ ʧʨʠ ʨʦʟʽʤʢʥʝʥʦʤʫ ʢʦʣʽ. 

5. ɺʠʤʽʨʷʪʠ ʩʪʨʫʤ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʢʦʣʘ, ʜʣʷ ʯʦʛʦ ʯʝʨʝʟ ʛʥʽʟʜʘ ʧʽʜʢʣʶʯʠʪʠ 
ʫ ʚʽʜʧʦʚʽʜʥʽ ʚʽʪʢʠ ʘʤʧʝʨʤʝʪʨ. 

6. ɺʠʤʽʨʷʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʽ 1, 2, 3. 
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ʊʘʙʣ. 1 

 ̄ e1 e2 
U1 U2 I 1 I 2 r

0,1
 r

0,2
 

         
 

ʊʘʙʣ. 2 

I 1 I 2 I 3 I 4 I 5 I 6 

      
 

ʊʘʙʣ. 3 

U1 U2 U3 U4 U5 U6 R1 R2 R3 R4 R5 R6 

            

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 
1. ʂʦʨʠʩʪʫʶʯʠʩʴ ʟʘʢʦʥʦʤ ʆʤʘ ʽ ʦʜʝʨʞʘʥʠʤʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 
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ʨʝʟʫʣʴʪʘʪʘʤʠ, ʨʦʟʨʘʭʫʚʘʪʠ ʥʝʜʦʩʪʘʶʯʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʩʢʣʘʜʘʥʥʷ ʧʨʘʚʠʣ 

ʂʽʨʭʛʦʬʘ. 

2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʽ 1,2,3, 

3. ʂʦʨʠʩʪʫʶʯʠʩʴ ʜʘʥʠʤʠ ʪʘʙʣʠʮʴ 1,2,3 ʩʢʣʘʩʪʠ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ 
ʧʨʘʚʠʣ ʂʽʨʭʛʦʬʘ. 

4. ʋ ʚʠʧʘʜʢʫ ʥʝʚʠʢʦʥʘʥʥʷ ʟʘʢʦʥʽʚ ʂʽʨʭʛʦʬʘ ʧʨʦʚʝʩʪʠ ʧʦʚʪʦʨʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʙʽʣʴʰ ʫʚʘʞʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʭʠʙʢʠ 

ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

 

ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ 
1. ɺʠʚʝʜʽʪʴ ʟʘʢʦʥ ʆʤʘ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʬʦʨʤʽ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʥʥʠʭ 
ʫʷʚʣʝʥʴ. 

2. ʗʢ ʧʨʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʘʚʠʣʘ ʂʽʨʭʛʦʬʘ ʜʣʷ ʨʦʟʛʘʣʫʞʝʥʠʭ ʢʽʣ? 

3. ʗʢʠʡ ʧʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʛʘʣʫʞʝʥʠʭ ʢʽʣ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2 - 9 

ɿʤʽʥʘ ʯʫʪʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 

 ʣ. 2. Ä17.2. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʦʩʚʦʾʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʰʠʨʝʥʥʷ ʤʝʞ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦ-

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ: ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ ʥʘ 100-300ʤʢɸ; ʤʽʩʪ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫ-ʤʫ; ʝʪʘʣʦʥʥʠʡ ʘʤʧʝʨʤʝʪʨ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ ʥʝ ʥʠʞʯʝ 0,5; ʝʪʘʣʦʥʥʠʡ 

ʚʦʣʴʪʤʝʪʨ ʪʘʢʦʛʦ ʞ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ; ʜʞʝʨʝ-ʣʦ ʝ.ʨ.ʩ. ʜʦ 10-12ɺ; ʤʽʜʥʘ ʘʙʦ 

ʢʦʥʩʪʘʥʪʘʥʦʚʘ ʜʨʦʪʠʥʘ ʜʣʷ ʰʫʥʪʽʚ; ʨʝʦʩʪʘʪʠ ʜʦ 30 ʆʤ ʥʘ ʩʪʨʫʤʠ ʥʝ ʤʝʥʰʝ 

3ɸ; ʤʘʛʘʟʠʥ ʦʧʦʨʽʚ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʩʦʙʠ ʨʦʟʰʠʨʝʥʥʷ ʤʝʞ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ð ʘʤʧʝʨʤʝʪʨʽʚ ʪʘ ʚʦʣʴʪʤʝʪʨʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ʆʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʛʦ ʘʤʧʝʨʤʝʪʨʘ ʽ ʚʦʣʴʪʤʝʪʨʘ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʻ ʚʠʩʦʢʦʯʫʪʣʠʚʠʡ ʧʨʠʣʘʜ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ (ʤʽʢ-

ʨʦʘʤʧʝʨʤʝʪʨ ʘʙʦ ʤʽʣʽʘʤʧʝʨʤʝʪʨ). ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʚ ʷʢʽʡ ʩʭʝʤʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ ð ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʝʣʠʢʠʭ ʩʪʨʫʤʽʚ, 

ʚʝʣʠʢʠʭ ʥʘʧʨʫʛ ʘʙʦ ʦʧʦʨʽʚ ʧʨʦʚʽʜʥʠʢʽʚ, ʚʽʥ ʤʘʻ ʧʝʚʥʫ ʯʫʪʣʠʚʽʩʪʴ ʽ ʩʪʨʽʣʢʘ 

ʡʦʛʦ ʚʽʜʭʠʣʷʻʪʴʩʷ ʥʘ ʚʩʶ ʰʢʘʣʫ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʥʴʦʛʦ ʧʝʚʥʦʛʦ 

ʩʪʨʫʤʫ I0 . ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʶʚʘʪʠ ʚʝʣʠʢʽ ʩʪʨʫʤʠ ʟ 

ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ Iʥ = nI0, ʜʝ n ʤʦʞʝ ʙʫʪʠ ʯʠʩʣʦʤ ʧʦʨʷʜʢʫ 10·10
5
, ʜʦ 
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ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ ʧʘʨʘʣʝʣʴʥʦ ʧʽʜʢʣʶʯʘʶʪʴ ʰʫʥʪ r i  (ʨʠʩ. 1,ʘ).  

ɺʝʣʠʯʠʥʫ ʦʧʦʨʫ ʰʫʥʪʘ ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  

,
1

0

-
=

n

r
ri       (1) 

ʜʝ  r
0  ï ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ; 

     n ï ʯʠʩʣʦ, ʷʢʝ ʧʦʢʘʟʫʻ, ʚ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʣʘʜʫ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʥʘʧʨʫʛ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ Un ʜʦ 

ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ ʧʦʩʣʽʜʦʚʥʦ ʧʽʜʢʣʶʯʘʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ (ʨʠʩ.1,ʙ), 

ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
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ʉʭʝʤʘ ʚʢʣʁʯʝʥʥ̫ ʧʨʠʣʘʜ̔ʚ  

ʧʨʠ ʨʦʟhʠʨʝʥʥ̔ ʤʝʞ ʚʠʤ̔ʨʁ -  

ʚʘʥʥ̫:  

ʘ) ʘʤʧʝʨʤʝʪʨʘ  

b)  ʚʦʣɹʪʤʝʪʨʘ   
ɸʤʧʝʨʤʝʪʨ ʽ ʚʦʣʴʪʤʝʪʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ: ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʣʘʜʘʤʠ ʚʠʩʦʢʦʛʦ ʢʣʘʩʫ ʪʦʯʥʦʩʪʽ, ʤʘʡʞʝ ʥʝ ʯʫʪʣʠʚʽ ʜʦ 

ʩʪʦʨʦʥʥʽʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʘ ʰʢʘʣʠ ʾʭ ʨʽʚʥʦʤʽʨʥʽ. ɺʠʛʦʪʦʚʣʝʥʽ ʘʤʧʝʨʤʝʪʨʠ 

ʯʠ ʚʦʣʴʪʤʝʪʨʠ ʛʨʘʜʫʶʶʪʴ ʟʘ ʝʪʘʣʦʥʥʠʤʠ ʧʨʠʣʘʜʘʤʠ. 

ʉʭʝʤʫ ʜʣʷ ʛʨʘʜʫʶʚʘʥʥʷ ʘʤʧʝʨʤʝʪʨʘ ʧʦʜʘʥʦ ʥʘ ʨʠʩ.2. 

ʆʙʠʜʚʘ ʘʤʧʝʨʤʝʪʨʠ ð ʝʪʘʣʦʥʥʠʡ ɸʝ ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ɸ ð ʚʤʠʢʘʶʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦ. ʈʝʦʩʪʘʪʦʤ R1  ʜʦʙʠʨʘʶʪʴ ʧʝʚʥʽ ʩʪʨʫʤʠ, ʷʢʽ ʚʽʜʭʠʣʷʶʪʴ ʩʪʨʽʣʢʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʘʤʧʝʨʤʝʪʨʘ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʜʽʣʦʢ ʡʦʛʦ ʰʢʘʣʠ. 

ɺʝʣʠʯʠʥʠ ʮʠʭ ʧʽʜʽʙʨʘʥʠʭ ʩʪʨʫʤʽʚ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʝʪʘʣʦʥʥʠʤ ʘʤʧʝʨ-

ʤʝʪʨʦʤ ɸʝ. ɸʥʘʣʦʛʽʯʥʦ ʛʨʘʜʫʶʶʪʴ ʚʦʣʴʪʤʝʪʨ ʟʘ ʩʭʝʤʦʶ, ʧʦʜʘʥʦʶ ʥʘ ʨʠʩ.3. 
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ʈʠʩ. 2.
ʉʭʝʤʘ ʜʣʷ ʛʨʘʜʫʶʚʘʥʥʷ ʘʤʧʝʨʤʝʪʨʘ.

Ae A

R1

 
ʇʽʩʣʷ ʧʦʪʝʥʮʽʦʤʝʪʨʘ R1  ʥʘʧʨʫʛʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʦʣʴʪʤʝʪʨ Ve i V. ɼʣʷ 

ʪʦʯʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʧʨʫʛʠ ʟʘʜʘʥʦʾ ʚʝʣʠʯʠʥʠ, ʢʦʨʠʩʪʫʶʪʴʩʷ ʜʦ-

ʜʘʪʢʦʚʠʤ ʨʝʦʩʪʘʪʦʤ R2. ʇʨʠ ʛʨʘʜʫʶʚʘʥʥʽ ʟʥʘʭʦʜʷʪʴ ʨʷʜ ʟʥʘʯʝʥʴ I(j) ʽ U(j) 

ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ    ʘʤʧʝʨʤʝʪʨʘ ʽ ʚʦʣʴʪʤʝʪʨʘ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʜʫʶʪʴ 

ʨʦʙʦʯʽ ʛʨʘʬʽʢʠ. 

ʈʠʩ. 3.
ʉʭʝʤʘ ʛʨʘʜʫʶʚʘʥʥʷ ʚʦʣʴʪʤʝʪʨʘ

Ve V
R1

R2

 
 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
 

1. ʇʽʜʽʙʨʘʚʰʠ ʚʽʜʧʦʚʽʜʥʠʡ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 
ʩʪʨʫʤʫ I0 ʽ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ r0, ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ (ɯ) ʰʫʥʪ ʜʣʷ 

ʟʘʜʘʥʦʛʦ n . ɺʝʣʠʯʠʥʫ n ʚʠʟʥʘʯʘʻ ʚʠʢʣʘʜʘʯ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʟʘʥʷʪʪʽ. 

2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʩʪʘ ʧʽʜʽʙʨʘʪʠ ʰʫʥʪ ʧʦʪʨʽʙʥʦʛʦ ʦʧʦʨʫ ʪʘʢ, ʱʦʙ ʛʫʩʪʠʥʘ 
ʩʪʨʫʤʫ ʚ ʥʴʦʤʫ ʩʪʘʥʦʚʠʣʘ 4 ɸ/ʤʤ

2
 . ɼʦʚʞʠʥʘ ʰʫʥʪʘ ʤʘʻ ʙʫʪʠ ʪʘʢʦʶ, 

ʱʦʙ ʙʫʚ ʜʝʷʢʠʡ ʟʘʧʘʩ, ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʰʫʥʪʘ ʚ ʢʣʝʤʘʭ. 

3. ʇʽʜôʻʜʥʘʪʠ ʰʫʥʪ ʜʦ ʢʣʝʤ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ i ʟʘ ʩʭʝʤʦʶ, ʧʦʜʘʥʦʶ ʥʘ 
ʨʠʩ.2, ʧʨʦʛʨʘʜʫʶʚʘʪʠ ʧʨʠʣʘʜʠ ʚ ʦʜʠʥʠʮʷʭ ʩʪʨʫʤʫ ʟʘ ʝʪʘʣʦʥʥʠʤ 

ʘʤʧʝʨʤʝʪʨʦʤ. 

4. ʆʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ (2)  ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ ʜʣʷ ʟʘʜʘʥʦʾ ʥʦʤʽʥʘʣʴʥʦʾ 

ʥʘʧʨʫʛʠ UU . ʇʽʜʽʙʨʘʪʠ ʧʦʪʨʽʙʥʠʡ ʦʧʽʨ ry ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʘʟʠʥʫ ʦʧʦʨʽʚ. 

5. ʇʽʜôʻʜʥʘʚʰʠ ʦʧʽʨ ry ʜʦ ʤʽʢʨʦʘʤʧʝʨʤʝʪʨʘ ʟʘ ʩʭʝʤʦʶ, ʧʦʜʘʥʦʶ ʥʘ ʨʠʩ.3,   

ʧʨʦʛʨʘʜʫʶʚʘʪʠ ʡʦʛʦ ʚ ʦʜʠʥʠʮʷʭ ʥʘʧʨʫʛʠ ʟʘ ʝʪʘʣʦʥʥʠʤ ʚʦʣʴʪʤʝʪʨʦʤ. 

6. ʇʦʙʫʜʫʚʘʪʠ ʥʘ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʧʘʧʝʨʽ ʨʦʙʦʯʽ ʛʨʘʬʽʢʠ I(j) ʽ U(j) . 

ʇʝʨʝʚʽʨʠʪʠ, ʯʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʛʨʘʬʽʢʘʭ ʣʽʥʽʡʥʽʩʪʴ ʮʠʭ ʬʫʥʢʮʽʡ. 
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ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ. 
1. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʶ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ? 

2. ʗʢ ʚʠʟʥʘʯʠʪʠ ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ? 

3. ɸʙʩʦʣʶʪʥʘ ʽ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ 2-10 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʦ-ʝ.ʨ.c. ʪʝʨʤʦʧʘʨʠ 

ʄʝʪʘ ʨʦʙʦʪʠ:  ʥʘʙʫʪʠ ʥʘʚʠʢʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʤʦ-e.p.c. ʪʝʨʤʦʧʘʨʠ. 

ʇʨʠʣʘʜʠ ʽ ʤʘʪʝʨʽʘʣʠ:  ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʘ ʪʝʨʤʦʧʘʨʘ; ʜʚʘ ʪʝʨʤʦʤʝʪʨʠ; 

ʝʣʝʢʪʨʠʯʥʘ ʧʽʯʢʘ; ʧʦʪʝʥʮʽʦʤʝʪʨ ʇʇ-63. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʂʦʣʦ ʷʚʠʱ, ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ 

ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʢʦʥʪʘʢʪʽʚ, ʘ ʪʘʢʦʞ ʷʚʠʱ ʇʝʣʴʪʴʻ ʽ ʊʦʤʩʦʥʘ, ʜʽʩʪʘʣʠ 

ʥʘʟʚʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʷʚʠʱ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʤʢʥʝʥʝ ʢʦʣʦ, ʩʢʣʘʜʝʥʝ ʟ ʜʚʦʭ ʨʽʟʥʦʨʽʜʥʠʭ ʤʝʪʘʣʽʚ ɸ ʽ ɺ 

(ʨʠʩ.1). ʄʽʩʮʷ ʩʧʘʾʚ 1 ʽ 2 ʙʫʜʝʤʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɺ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʽʚ 1 ʽ 2 ʚʠʥʠʢʥʫʪʴ ʢʦʥʪʘʢʪʥʽ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ j1 - j2, 

ʘʣʝ ʚ ʢʦʣʽ ʩʪʨʫʤʫ ʥʝ ʙʫʜʝ:  

    ,ln
2

121
21

n

n
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e
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=-jj    (1) 

 

ʜʝ  ɸ1  ̔   ɸ2  ï ʨʦʙʦʪʠ ʚʠʭʦʜʫ ʝʣʝʢʪʨʦʥʽʚ ʽʟ ʤʝʪʘʣʽʚ; 

      k ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ;  

      ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; 

      n1 ʽ n2 ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚ ʤʝʪʘʣʘʭ; 

      e ð ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʪʦʥʢʦʤʫ ʰʘʨʽ ʢʦʥʪʘʢʪʫ ʜʚʦʭ ʤʝʪʘʣʽʚ ʚʠʥʠʢʘʻ 

ʧʦʜʚʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʰʘʨ ʽ ʡʦʛʦ ʧʦʣʝ ʛʘʣʴʤʫʻ ʜʘʣʴʰʠʡ ʧʝʨʝʭʽʜ 

ʝʣʝʢʪʨʦʥʽʚ ð ʥʘʩʪʘʻ ʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ. 

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩʧʘʾʚ 1 ʽ 2 ʜʦ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊ1 ʽ ʊ2 , ʫ ʢʦʣʽ ʚʠʥʠʢʘʻ 

ʩʪʨʫʤ, ʘ ʪʝʨʤʦ-ʝ.ʨ.ʩ. ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʠʮʽ ʢʦʥʪʘʢʪʥʠʭ ʨʽʟʥʠʮʴ 

ʧʦʪʝʥʮʽʘʣʽʚ j1-j2 : 
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ʜʝ 
1

2ln
n

n

e

k
C=  ð ʩʪʘʣʘ ʪʝʨʤʦʧʘʨʠ , ʷʢʘ ʜʦʨʽʚʥʶʻ ʝ.ʨ.ʩ.,  ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ 

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʩʧʘʾʚ ʚ 1°ʉ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʬʦʨʤʫʣʠ (2) ʚʠʜʥʦ, ʱʦ 

ʝ.ʨ.ʩ. ʪʝʨʤʦʧʘʨʠ ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʾʾ ʩʧʘʾʚ.  

ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʣʘ ʪʝʨʤʦʧʘʨʠ ʉ ʫ ʨʽʟʥʠʭ ʧʘʨ ʤʝʪʘʣʽʚ ʽ 

ʜʘʥʦʾ ʧʘʨʠ ʤʝʪʘʣʽʚ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʘʻ ʨʽʟʥʝ 

ʟʥʘʯʝʥʥʷ. ʆʪʞʝ, ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ 

ʪʝʨʤʦʧʘʨʠ ʜʣʷ ʦʢʨʝʤʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ: 

.
TdT

d
ʉ

D

D
º=
ee

      (3) 

 

ʊʝʨʤʦʧʘʨʦʶ ʥʘʟʠʚʘʶʪʴ ʧʨʠʩʪʨʽʡ ʟ ʜʚʦʭ ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, 

ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʥʘʜʽʡʥʠʤ ʢʦʥʪʘʢʪʦʤ (ʟʚʘʨʝʥʽ ʘʙʦ ʩʧʘʷʥʽ) (ʨʠʩ.1). 

ʗʚʠʱʝ ʚʠʥʠʢʥʝʥʥʷ ʝ.ʨ.ʩ. ʚ ʪʝʨʤʦʧʘʨʽ (2), ʩʧʘʾ ʷʢʦʾ ʟʥʘʭʦʜʷʪʴʩʷ ʧʨʠ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʟʠʚʘʻʪʴʩʷ  ʝʬʝʢʪʦʤ ɿʝʻʙʝʢʘ. 

ʇʨʠ ʚʢʣʶʯʝʥʥʽ ʚ ʪʝʨʤʦʧʘʨʥʝ ʢʦʣʦ ʜʞʝʨʝʣʘ ʩʪʦʨʦʥʥʴʦʾ ʝ.ʨ.ʩ. ʽ 

ʚʠʥʠʢʥʝʥʥʽ ʧʨʠ ʮʴʦʤʫ ʫ ʢʦʣʽ  ʩʪʨʫʤʫ, ʩʧʘʾ ʪʝʨʤʦʧʘʨʠ ʙʫʜʫʪʴ 

ʦʭʦʣʦʜʞʫʚʘʪʠʩʴ ʘʙʦ ʥʘʛʨʽʚʘʪʠʩʴ. ʎʝ ʷʚʠʱʝ ʥʦʩʠʪʴ ʥʘʟʚʫ ʷʚʠʱʘ ʇʝʣʴʪʴʻ. 

ʇʨʠ ʮʴʦʤʫ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʘʙʦ ʧʦʛʣʠʥʘʻʪʴʩʷ, ʘʙʦ ʚʠʜʽʣʷʻʪʴʩʷ. 

 

     ° DQ = ʇ I t,     (4) 

ʜʝ ʇ ï ʢʦʝʬʽʮʽʻʥʪ ʇʝʣʴʪʴʻ; 

     t ï ʯʘʩ; 

     I ï ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ. 

ʊʝʨʤʦʧʘʨʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʟʘ 

ʩʪʘʣʽʩʪʶ ʪʝʤʧʝʨʘʪʫʨʠ ð ʮʝ ʪʘʢ ʟʚʘʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʪʝʨʤʦʤʝʪʨʠ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʝʨʤʦʧʘʨʠ ʽ ʧʨʠʣʘʜʫ, ʱʦ ʚʠʤʽʨʶʻ ʪʝʨʤʦ-ʝ.ʨ.ʩ..  

ʗʚʠʱʝ ʇʝʣʴʪʴʻ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʯʠʩʣʝʥʥʠʭ ʧʨʠʩʪʨʦʷʭ ʽ ʪʝʨʤʦʩʪʘʪʘʭ, ʚ 

ʷʢʠʭ ʦʭʦʣʦʜʞʝʥʥʷ ʘʙʦ ʩʪʘʙʽʣʽʟʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʘʞ ʜʦ 

-130̄ ʉ. 

ʇʝʨʝʚʘʛʦʶ ʚʩʽʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢ ʤʝʪʘʣʝʚʠʭ ʪʘʢ ʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʻ ʾʭ ʧʨʦʩʪʦʪʘ, ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ, ʧʦʚʥʘ ʘʚʪʦʥʦʤʥʽʩʪʴ, 

ʙʝʟʰʫʤʥʽʩʪʴ, ʤʽʥʽʘʪʶʨʠʟʘʮʽʷ ʽ ʪ.ʧ. ʅʝʜʦʣʽʢʦʤ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʥʠʟʴʢʠʡ 

ʢ.ʢ.ʜ., ʷʢʠʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 10-12%. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʝʨʤʦ-ʝ.ʨ.ʩ. ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʟʙʠʨʘʶʪʴ ʚ 

ʙʘʪʘʨʝʾ (ʨʠʩ.2) 
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1 2

T1 T2

ʈʠʩ. 1 ʈʠʩ. 2

1

2

3

4

5

6

7

8

 
 

ʇʘʨʥʽ ʩʧʘʾ ʪʘʢʦʾ ʪʝʨʤʦʙʘʪʘʨʝʾ ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʠ ʦʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʘ 

ʥʝʧʘʨʥʽ ð ʧʨʠ ʽʥʰʽʡ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʽʥʪʝʨʚʘʣʫ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʪʘʢʽ ʪʠʧʠ ʪʝʨʤʦʧʘʨ: 

1. ɼʦ 1900 ʂ ð ʛʨʫʧʘ  ʇʇ, ʧʣʘʪʠʥʘ- ʧʣʘʪʠʥʦʨʦʜʽʡ, ʉ= 6,4Ö10
-3
  ʤɺ/ʂ. 

2. ɼʦ 1300 ʂð ʛʨʫʧʘ ʍɸ, ʭʨʦʤʝʣʴ- ʘʣʶʤʝʣʴ, ʉ= 4, 2Ö10
-2
 ʤɺ/ʂ. 

3. ɼʦ 900   ʂð ʛʨʫʧʘ ʍʂ, ʭʨʦʤʝʣʴ-ʢʦʧʝʣʴ, ʉ= 6,95Ö10
-2
 ʤɺ/ʂ. 

4. ɼʦ 600   ʂð ʛʨʫʧʘ ʄʂ, ʤʽʜʴ-ʢʦʧʝʣʴ, ʉ= 4,75Ö10
-2 
ʤɺ/ʂ.    

5. ɼʦ 500   ʂð ʛʨʫʧʘ ʄʂ, ʤʽʜʴ-ʢʦʥʩʪʘʥʪʘʥ, ʉ=4Ö10
-2
ʤɺ/ʂ. 

 

ʋ ʜʘʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʩʪʘʣʘ ʉ 

ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʾ ʪʝʨʤʦʧʘʨʠ. ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟʛʽʜʥʦ ʨʠʩ.3.     

K

M

A
B

K

ʇʇ63
D

ʈʠʩ. 3
  

ʅʘ ʨʠʩ.3:  ɸð ʪʝʨʤʦʩʪʘʪ ð ʧʦʩʫʜʠʥʘ, ʟʘʧʦʚʥʝʥʘ ʨʽʜʠʥʦʶ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ; ɺ ð ʥʘʛʨʽʚʘʣʴʥʘ ʧʽʯʢʘ;   D ð ʧʦʪʝʥʮʽʦʤʝʪʨ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʇʇ63;  ʂ-ʪʝʨʤʦʤʝʪʨʠ;  ʄ-ʪʝʨʤʦʧʘʨʘ. 
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ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʣʘʙʦʨʘʥʪ ʧʨʠʚʦʜʠʪʴ 
ʧʦʪʝʥʮʽʦʤʝʪʨ ʇʇ-63 ʜʦ ʨʦʙʦʯʦʛʦ ʩʪʘʥʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʩʪʘʚʣʷʻʪʴʩʷ 

ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʽ ʪʘʢʘ ʥʘʧʨʫʛʘ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʧʘʾʚ 

ʛʘʣʴʚʘʥʦʤʝʪʨ, ʚ ʢʦʣʽ ʧʦʪʝʥʮʽʦʤʝʪʨʘ, ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʴ ʥʘ ʚʽʜʤʽʪʮʽ 

ñʥʫʣʴò. 

2. ɺʢʣʶʯʠʪʠ ʝʣʝʢʪʨʠʯʥʫ ʧʽʯʢʫ ʽ ʯʝʨʝʟ ʢʦʞʥʽ 5°ʉ ʚʠʤʽʨʷʪʠ ʚʝʣʠʯʠʥʫ ʪʝʨʤʦ-

ʝ.ʨ.ʩ. ʚ ʤɺ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʦʚʞʫʚʘʪʠ ʜʦ 80-90°ʉ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʝʨʤʦ- ʝ.ʨ.ʩ. ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣʠʮʶ. 

4. ʅʘ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʧʘʧʝʨʽ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ   e=f (T). 

5. ʂʦʨʠʩʪʫʶʯʠʩʴ ʦʜʝʨʞʘʥʠʤ ʛʨʘʬʽʢʦʤ, ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʦ-ʝ.ʨ.ʩ.  

ʉ, ʷʢʠʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʠʩʝʣʴʥʦ ʙʫʜʝ ʨʽʚʥʠʡ ʪʘʥʛʝʥʩʫ ʢʫʪʘ ʥʘʭʠʣʫ 

ʦʜʝʨʞʘʥʦʾ ʧʨʷʤʦʾ ʜʦ ʚʽʩʽ ʪʝʤʧʝʨʘʪʫʨ. 

6. ʆʮʽʥʠʪʠ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʷʚʠʱ? ʗʢʘ ʾʭ ʧʨʠʨʦʜʘ? 

2. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʧʘʨ? 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ2-11 

ɺʠʚʯʝʥʥʷ ʷʚʠʱʘ ʪʝʨʤʦʝʣʝʢʪʨʦʥʥʦʾ ʝʤʽʩʽʾ  

ʣ. 2. ÄÄ10.3,10.4 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʠʪʠ ʷʚʠʱʝ ʪʝʨʤʦʝʣʝʢʪʨʦʥʥʦʾ ʝʤʽʩʽʾ ʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʣʘʤʧʘʭ. 

 ʇʨʠʣʘʜʠ ʪʘ ʤʘʪʝʨʽʘʣʠ: ʟʤʦʥʪʦʚʘʥʠʡ ʤʘʢʝʪ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʋ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʮʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʚʘʢʫʫʤʥʽ 

ʧʨʠʣʘʜʠ  ðʨʘʜʽʦʣʘʤʧʠ, ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʽ ʪʨʫʙʢʠ, ʬʦʪʦʝʣʝʢʪʨʦʥʥʽ 

ʧʦʤʥʦʞʫʚʘʯʽ, ʚʘʢʫʫʤʥʽ ʬʦʪʦʝʣʝʤʝʥʪʠ ʪʦʱʦ. ɼʽʷ ʮʠʭ ʧʨʠʣʘʜʽʚ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʧʨʦʭʦʜʞʝʥʥʽ ʩʪʨʫʤʫ ʫ ʚʘʢʫʫʤʽ. ʇʨʠ ʮʴʦʤʫ ʤʦʚʘ ʡʜʝʪʴʩʷ ʧʨʦ ʪʝʭʥʽʯʥʠʡ 

ʚʘʢʫʫʤ (ʨʦʟʨʽʜʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 10
-6
 -10

-7
  ʇʘ). 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʣʘʤʧʽ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ ʨʦʟʞʘʨʝʥʥʷ ʢʘʪʦʜʘ. 

ʋ ʚʽʜʩʫʪʥʦʩʪʽ ʘʥʦʜʥʦʾ ʥʘʧʨʫʛʠ ʥʘʚʢʦʣʦ ʨʦʟʞʘʨʝʥʦʛʦ ʢʘʪʦʜʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʝʣʝʢʪʨʦʥʥʘ ʭʤʘʨʘ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʩʪʦʨʦʚʠʡ 

ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ. ʋ ʩʪʘʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ 

ʚʠʣʝʪʽʣʠ ʟ ʢʘʪʦʜʘ, ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʧʦʚʝʨʥʫʣʠʩʴ ʚ ʤʝʪʘʣ. 
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ʇʨʠ ʮʴʦʤʫ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʥʦʾ ʭʤʘʨʠ ʪʠʤ ʙʽʣʴʰʘ, ʯʠʤ ʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʘʪʦʜʘ. 

ʄʽʞ ʢʘʪʦʜʦʤ ʽ ʘʥʦʜʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʧʽʜ ʜʽʻʶ ʷʢʦʛʦ ʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʧʨʷʤʣʝʥʠʡ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ, ʪʦʙʪʦ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʫ 

ʚʘʢʫʫʤʽ. ɿʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʯʝʨʝʟ ʜʽʦʜ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ ʤʘʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʜʝʷʢʦʤʫ ʟʥʘʯʝʥʥʽ Ua=Uʥ ʚʩʽ ʝʣʝʢʪʨʦʥʠ ʜʦʩʷʛʘʶʪʴ 

ʘʥʦʜʘ, ʘ ʩʪʨʫʤ ʩʪʘʻ ʪʘʢʠʤ, ʱʦ ʜʦʨʽʚʥʶʻ ʩʪʨʫʤʦʚʽ ʥʘʩʠʯʝʥʥʷ, ʽ ʜʘʣʴʰʝ ʡʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʧʨʠʧʠʥʷʻʪʴʩʷ (ʨʠʩ.1). 

ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʚʽʜ ʥʘʧʨʫʛʠ ʥʘʟʠʚʘʻʪʴʩʷ ʘʥʦʜʥʦʶ (ʚʦʣʴʪ-

ʘʤʧʝʨʥʦʶ)  ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʽʦʜʘ. ʇʨʠ ʥʝʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʥʘʧʨʫʛʠ 

ʩʪʨʫʤ ʟʨʦʩʪʘʻ ʧʨʦʧʦʨʮʽʡʥʦ Ua
3/2
. ʎʶ ʟʘʣʝʞʥʽʩʪʴ ʚʩʪʘʥʦʚʠʣʠ ʉ.ɹʦʛʫʩʣʘʚ-

ʩʴʢʠʡ ʪʘ ɯ.ʃʝʥʛʤʶʨ, ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʚʦʥʘ ʟʘʢʦʥʦʤ ʪʨʴʦʭ ʜʨʫʛʠʭ. ʌʦʨʤʫʣʘ 

ɹʦʛʫʩʣʘʚʩʴʢʦʛʦ-ʃʝʥʛʤʶʨʘ ʤʘʻ ʚʠʛʣʷʜ: 

,23

ʘ ʘkUI =      (1) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ 

ʝʣʝʢʪʨʦʜʽʚ ʣʘʤʧʠ. 

ʌʦʨʤʫʣʘ (1) ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʝʤʽʩʽʷʭ ʢʘʪʦʜʘ. ʊʦʤʫ, 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʤʦʛʘ ʙʽʣʴʰʦʾ ʪʝʨʤʦʝʣʝʢʪʨʦʥʥʦʾ ʝʤʽʩʽʾ, ʤʘʪʝʨʽʘʣ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʘʡʤʝʥʰʫ ʨʦʙʦʪʫ ʚʠʭʦʜʫ. 

 ɽʤʽʩʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʢʘʪʦʜʘ ʚʠʟʥʘʯʘʻ ʛʫʩʪʠʥʘ ʪʝʨʤʦ-

ʝʣʝʢʪʨʦʥ-ʥʦʛʦ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʢʠʥʫʪʠ ʤʝʪʘʣ ʟ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ʟʘ ʦʜʠʥʠʮʶ 

ʯʘʩʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʪʝʨʤʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʤʦʜʝʣʣʶ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʩʫʢʫʧʥʽʩʪʴ ʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚ 

ʤʝʪʘʣʽ ʚʚʘʞʘʶʪʴ ʷʢ ʽʜʝʘʣʴʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ, ʜʦ ʷʢʦʛʦ ʟʘʩʪʦʩʦʚʥʘ 

ʢʚʘʥʪʦʚʘ ʩʪʘʪʠʩʪʠʢʘ ʌʝʨʤʽ-ɼʽʨʘʢʘ. ʈʦʟʨʘʭʫʥʢʠ, ʚʠʢʦʥʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʢʚʘʥʪʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʧʨʠʚʦʜʷʪʴ ʜʦ ʪʘʢʦʾ ʬʦʨʤʫʣʠ: 

,
ʢT

e
expATj 2

ʥ ö
÷

õ
æ
ç

å
-Ö=
j

     (2) 

I
a

aUD

T
2
>T

1

T
3
>T

2

T
1

aID

ʥI

ʥI

aUD
 

ʨʠʩ. 1 



 

146 

ʜʝ  ej ð ʨʦʙʦʪʘ ʚʠʭʦʜʫ; 

A ð ʩʪʘʣʘ, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʜʫ ʤʘʪʝʨʽʘʣʫ    (ʪʝʦʨʝʪʠʯʥʝ     ʟʥʘʯʝʥʥʷ ʾʾ 

1,2Ö10
6
 ɸ/ʤ ʂ ) . 

ɺʧʝʨʰʝ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ ʚʽʜ ʨʦʙʦʪʠ ʚʠʭʦʜʫ 

ʚʩʪʘʥʦʚʠʚ ʆ.ʈʽʯʘʨʜʩʦʥ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ. ʇʽʟʥʽʰʝ 

ɼʝʰʤʘʥ ʚʠʚʽʚ ʮʶ ʬʦʨʤʫʣʫ ʥʘ ʦʩʥʦʚʽ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ. 

ʊʦʤʫ ʬʦʨʤʫʣʘ (2) ʜʽʩʪʘʣʘ ʥʘʟʚʫ ʬʦʨʤʫʣʠ ʈʽʯʘʨʜʩʦʥʘ-ɼʝʰʤʘʥʘ. ʎʷ 

ʬʦʨʤʫʣʘ ʜʦʩʠʪʴ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. ʗʢ ʚʠʜʥʦ ʟ (2) 

ʛʫʩʪʠʥʘ ʪʝʨʤʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘʩʠʯʝʥʥʷ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʟʨʦʩʪʘʻ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʪʦʜʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷʤ ʨʦʙʦʪʠ 

ʚʠʭʦʜʫ. ʊʦʤʫ, ʱʦʙ ʜʽʩʪʘʪʠ ʚʝʣʠʢʠʡ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʦʢʫ ʨʦʙʦʪʠ ʣʘʤʧʠ ʧʦʪʨʽʙʥʦ ʟʥʠʞʫʚʘʪʠ ʨʦʙʦʯʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʢʘʪʦʜʘ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʘʢ ʟʚʘʥʠʭ ʩʢʣʘʜʥʠʭ ʢʘʪʦʜʽʚ: 

ʙʘʨʽʻʚʠʭ, ʮʝʟʽʻʚʠʭ, ʦʢʩʠʜʥʠʭ ʪʘ ʽʥʰʠʭ, ʟ ʷʢʠʭ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʻ 

ʦʢʩʠʜʥʠʡ. ʆʢʩʠʜʥʠʡ ʢʘʪʦʜ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʥʽʢʝʣʝʚʦʛʦ ʘʙʦ ʚʦʣʴʬʨʘʤʦʚʦʛʦ 

ʧʨʦʚʽʜʥʠʢʘ, ʥʘ ʷʢʠʡ ʥʘʥʝʩʝʥʦ ʩʫʤʽʰ ʦʢʩʠʜʽʚ ʙʘʨʽʶ ʽ ʩʪʨʦʥʮʽʶ. ʎʝ ʜʘʻ 

ʟʤʦʛʫ, ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (2), ʦʜʝʨʞʘʪʠ ʚʝʣʠʢʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʧʨʠ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (1000-1170 ʂ). ʆʢʩʠʜʥʽ ʢʘʪʦʜʠ 

ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʚʘʢʫʫʤʥʠʭ ʧʨʠʣʘʜʘʭ. 

ʊʝʭʥʽʯʥʝ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʣʘʤʧ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʝʣʝʢʪʨʦʥʥʠʤ 

ʩʪʨʫʤʦʤ ʚ ʣʘʤʧʽ ʤʦʞʥʘ ʣʝʛʢʦ ʢʝʨʫʚʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʚ ʝʣʝʢʪʨʦʥʥʽ ʣʘʤʧʠ 

ʚʚʦʜʷʪʴ ʱʝ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʘʣʝʚʠʭ ʝʣʝʢʪʨʦʜʽʚ;  ʾʭ ʯʘʩʪʦ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʧʨʦʚʦʣʦʯʥʠʭ ʩʧʽʨʘʣʝʡ ʽ ʨʦʟʤʽʱʫʶʪʴ ʤʽʞ ʢʘʪʦʜʦʤ ʽ 

ʘʥʦʜʦʤ. ʎʽ ʜʦʜʘʪʢʦʚʽ ʝʣʝʢʪʨʦʜʠ ʦʜʝʨʞʘʣʠ ʥʘʟʚʫ ʩʽʪʦʢ. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʦ 

ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʨʽʦʜʘ.                                  

A

C

K
 

ʆʩʢʽʣʴʢʠ ʩʽʪʢʘ ʨʦʟʤʽʱʝʥʘ ʙʣʠʞʯʝ ʜʦ ʢʘʪʦʜʘ ʽ ʧʝʚʥʦʶ ʤʽʨʦʶ ñʝʢʨʘʥʫʻò 

ʚʧʣʠʚ ʘʥʦʜʘ ʥʘ ʢʘʪʦʜ, ʪʦ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʥʽʡ ʜʦʩʠʪʴ ʩʠʣʴʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʘʥʦʜʥʦʛʦ ʩʪʨʫʤʫ. 

ʆʪʞʝ, ʷʢʱʦ ʥʘ ʩʽʪʢʫ ʧʦʜʘʪʠ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʠʡ ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ, 

ʝʣʝʢʪʨʦʥʠ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʽ, ʥʘʚʧʘʢʠ, ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʠʡ ʥʝʛʘʪʠʚʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʛʘʣʴʤʫʚʘʪʠʤʝ ʝʣʝʢʪʨʦʥʠ. 

                          ʈʠʩ.2 

ɻʨʘʬʽʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʘʥʦʜʥʦʛʦ ʩʪʨʫʤʫ Ia ʚʽʜ ʘʥʦʜʥʦʾ 

ʥʘʧʨʫʛʠ  




