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çʄɽʊɯʅɺɽʉʊ ʇʆʃɯʊɽʍʅɯʂɸè 

 

 
 
 
 
 
 
 
 
 
 

ɸʉʋ ʊʇ ʋ ʇʈʆʂɸʊʅʆʄʋ ɺʀʈʆɹʅʀʎʊɺɯ 
 

ʄɽʊʆɼʀʏʅɯ ɺʂɸɿɯɺʂʀ 
ɼʆ ɺʀʂʆʅɸʅʅʗ ʃɸɹʆʈɸʊʆʈʅʀʍ ʈʆɹɯʊ 

ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 136 ʄʝʪʘʣʫʨʛʽʷ ʦʩʚʽʪʥʷ 
ʢʚʘʣʽʬʽʢʘʮʽʷ ʤʘʛʽʩʪʨ ʟ ʤʝʪʘʣʫʨʛʽʾ ʟʘ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ 
çʇʨʦʢʘʪʥʝ ʚʠʨʦʙʥʠʮʪʚʦè ʫʩʽʭ ʬʦʨʤ ʥʘʚʯʘʥʥʷ 

 
 
 
 
 
 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʅʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʦʶ ʨʘʜʦʶ 
ʊʆɺ çʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 
çʄɽʊɯʅɺɽʉʊ ʇʆʃɯʊɽʍʅɯʂɸè 
(ʧʨʦʪʦʢʦʣ ˉ_3_ʚʽʜ ç27è ʩʽʯʥʷ 2023 ʨ.) 
ʆʙʦʚôʷʟʢʦʚʦ ʜʦ ʨʦʟʤʽʱʝʥʥʷ ʚ  

 
 
 
 
 
 
 
 
 
 

ɿʘʧʦʨʽʞʞʷ 2023 
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ɸʉʋ ʊʇ ʫ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ: ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ 
ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ (ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ  
136 ʄʝʪʘʣʫʨʛʽʷ ʦʩʚʽʪʥʷ ʢʚʘʣʽʬʽʢʘʮʽʷ ʤʘʛʽʩʪʨ ʟ ʤʝʪʘʣʫʨʛʽʾ ʟʘ 
ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ çʇʨʦʢʘʪʥʝ ʚʠʨʦʙʥʠʮʪʚʦè ʫʩʽʭ ʬʦʨʤ ʥʘʚʯʘʥʥʷ) / 

ʋʢʣʘʜ. ʄ. ʄ. ʐʪʦʜʘ. ɿʘʧʦʨʽʞʞʷ: ʊʆɺ çʊɽʍʅɯʏʅʀʁ  
ʋʅɯɺɽʈʉʀʊɽʊ çʄɽʊɯʅɺɽʉʊ ʇʆʃɯʊɽʍʅɯʂɸè, 2023. 49 ʩ. 

 

ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʚʢʣʶʯʘʶʪʴ ʪʝʤʘʪʠʢʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ, ʤʝʪʦʜʠʯʥʽ 
ʧʦʷʩʥʝʥʥʷ ʱʦʜʦ ʧʦʨʷʜʢʫ ʾʭ ʚʠʢʦʥʘʥʥʷ, ʢʨʠʪʝʨʽʾ ʦʮʽʥʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦʛʦ 
ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʚʠʤʦʛʠ ʜʦ ʡʦʛʦ ʦʬʦʨʤʣʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʟʨʘʟʦʢ 
ʪʠʪʫʣʴʥʦʾ ʩʪʦʨʽʥʢʠ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 136 ʄʝʪʘʣʫʨʛʽʷ ʦʩʚʽʪʥʷ 
ʢʚʘʣʽʬʽʢʘʮʽʷ ʤʘʛʽʩʪʨ ʟ ʤʝʪʘʣʫʨʛʽʾ ʟʘ ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ çʇʨʦʢʘʪʥʝ ʚʠʨʦʙʥʠʮʪʚʦè, ʘ 
ʪʘʢʦʞ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʚʠʚʯʘʶʪʴ çɸʉʋ ʊʇ ʫ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽè ʷʢ 
ʜʠʩʮʠʧʣʽʥʫ ʚʽʣʴʥʦʛʦ ʚʠʙʦʨʫ. 

 

 
ʉʘʤʦʩʪʽʡʥʝ ʝʣʝʢʪʨʦʥʥʝ ʪʝʢʩʪʦʚʝ ʤʝʨʝʞʝʚʝ ʚʠʜʘʥʥʷ 

 
 

 

 

 

 

ɿʘʪʚʝʨʜʞʝʥʦ ʥʘ ʟʘʩʽʜʘʥʥʽ ʢʘʬʝʜʨʠ 
ʙʘʟʦʚʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 
ʇʨʦʪʦʢʦʣ ˉ 1 ʚʽʜ ç20è ʩʽʯʥʷ 2023 ʨ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ʋʟʛʦʜʞʝʥʦ: 
ʉʝʢʨʝʪʘʨ ʈʝʜʘʢʮʽʡʥʦʾ ʨʘʜʠ 
 
 ʄʘʣʽʡ ʍ. ɺ. 
                     ç24è ʩʽʯʥʷ 2023 ʨ. 

 
 

É ʊʆɺ çʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 
çʄɽʊɯʅɺɽʉʊ ʇʆʃɯʊɽʍʅɯʂɸè, 2023 
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ɺʩʪʫʧ 
 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ 
ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ (ɸʉʋ ʊʇ) ʫ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ï ʮʝ 

ʥʘʚʯʘʣʴʥʘ ʜʠʩʮʠʧʣʽʥʘ, ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 
ʬʦʨʤʫʚʘʥʥʷ ʫ ʬʘʭʽʚʮʽʚ ʷʢ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 
ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢ ʽ ʟʥʘʥʴ ʧʨʦ ʪʝʭʥʽʯʥʝ, ʦʨʛʘʥʽʟʘʮʽʡʥʝ, 
ʤʘʪʝʤʘʪʠʯʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʩʠʩʪʝʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʠʩʮʠʧʣʽʥʠ ʻ ʜʦʢʣʘʜʥʠʡ ʘʥʘʣʽʟ ʧʨʦʢʘʪʥʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʡʦʛʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʚʨʘʭʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʘ ʨʝʛʫʣʶʶʯʦʾ ʘʧʘʨʘʪʫʨʠ, 
ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʚʽʜʧʦʚʽʜʥʦʛʦ 
ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ SCADA (ʩʠʩʪʝʤ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ 
ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʙʦʨʫ ʜʘʥʠʭ) ʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 
ʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘʙʫʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʟʥʘʥʥʷ ʤʦʞʫʪʴ 
ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 
ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʘʛʨʝʛʘʪʘʤʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʟ ʜʠʩʮʠʧʣʽʥʠ çɸʉʋ ʊʇ ʫ 
ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽè ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʟʘʢʨʽʧʠʪʠ ʦʪʨʠʤʘʥʥʽ ʟʥʘʥʥʷ 
ʧʨʠ ʚʠʚʯʝʥʥʽ ʣʝʢʮʽʡʥʦʛʦ ʢʫʨʩʫ, ʘ ʪʘʢʦʞ ʧʨʠʜʽʣʠʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 
ʨʦʟʛʣʷʜʘʥʥʶ ʥʘʩʪʫʧʥʠʭ ʧʠʪʘʥʴ: 

¶ ʚʠʙʽʨ ʧʨʠʩʪʨʦʶ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʫʤʦʚʘʭ 
ʧʨʦʮʝʩʩʽʚ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ; 

¶ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʤʝʪʘʣʫ ʥʘ 
ʚʘʣʢʠ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ; 

¶ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠʣʘʜʽʚ ʜʣʷ ʚʠʤʽʨʫ ʢʨʫʪʠʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 
ʧʨʦʢʘʪʢʠ; 

¶ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʦʧʦʨʫ. 
ʋ ʜʘʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʚʢʘʟʽʚʢʘʭ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 
ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ. ʋ ʚʢʘʟʽʚʢʘʭ ʥʘʚʝʜʝʥʽ 
ʧʨʠʢʣʘʜʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʚʘʨʽʘʥʪʠ 
ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1 
ʈʆɿʈɸʍʋʅʆʂ ʇʈʀʃɸɼɯɺ ɺʀʄɯʈʋ ʊɽʄʇɽʈɸʊʋʈʀ 

 
ɿʘʛʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʊʝʤʧʝʨʘʪʫʨʘ ð ʥʘʡʚʘʞʣʠʚʽʰʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʽʚ 
ʛʘʨʷʯʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʽ, ʟʦʢʨʝʤʘ, ʧʨʦʢʘʪʢʠ. 

ʋ ʪʘʙʣʠʮʽ 1.1 ʧʨʠʚʝʜʝʥʽ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʜʘʥʠʡ ʯʘʩ 
ʪʝʨʤʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʧʨʦʤʠʩʣʦʚʽ ʤʝʪʦʜʠ ʚʠʤʽʨʫ 
ʪʝʤʧʝʨʘʪʫʨ. 

 
ʊʘʙʣʠʮʷ 1.1 ï ʇʨʦʤʠʩʣʦʚʽ ʤʝʪʦʜʠ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨ 

ˉ  ʄʝʪʦʜ ʚʠʤʽʨʫ 
ɺʠʤʽʨ 

ʪʝʤʧʝʨʘʪʫʨʠ, 
ʦʉ 

ʊʝʨʤʦʤʝʪʨʠʯʥʽ 
ʚʣʘʩʪʠʚʦʩʪʽ 

1 
ʈʽʜʠʥʥʦʛʦ ʩʢʣʷʥʦʛʦ 
ʪʝʨʤʦʤʝʪʨʘ 

ɼʦ 700 ʆʙ'ʻʤʥʝ ʨʦʟʰʠʨʝʥʥʷ ʪʽʣ 

2 
ʄʘʥʦʤʝʪʨʠʯʥʠʭ ʪʘ ʛʘʟʦʚʠʭ 

ʪʝʨʤʦʤʝʪʨʽʚ 
ɼʦ 550 

ɿʤʽʥʘ ʪʠʩʢʫ ʨʦʙʦʯʦʾ 
ʨʽʜʠʥʠ 

3 ɼʠʣʘʪʦʤʝʪʨʠʯʥʠʡ ɼʦ 1200 ʃʽʥʽʡʥʝ ʨʦʟʰʠʨʝʥʥʷ ʪʽʣ 

4 ʊʝʨʤʦʤʝʪʨ ʦʧʦʨʫ ɼʦ 2500 
ɽʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ 
ʧʨʦʚʽʜʥʠʢʽʚ 

5 ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ɼʦ 2500 ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʷʚʠʱ 

6 ʈʝʧʝʨʥʠʭ ʢʨʘʧʦʢ ɼʦ 2800 
ɿʤʽʥʘ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ 

ʪʽʣ 

7 
ʆʧʪʠʯʥʦʾ ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ 

ʧʽʨʦʤʝʪʨʽʾ 
ɺʽʜ 100 ʪʘ ʚʠʱʝ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʽʣ 

8 ʂʦʣʴʦʨʦʚʦʾ ʧʽʨʦʤʝʪʨʽʾ ɺʽʜ 400 ʪʘ ʚʠʱʝ 
ʈʦʟʧʦʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ ʫ 
ʩʧʝʢʪʨʽ ʪʝʧʣʦʚʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʽʣ 

9 
ɺʠʤʽʨ ʪʝʤʧʝʨʘʪʫʨ ʧʦʣʫʤ'ʷ 

ʪʘ ʧʣʘʟʤʠ 
ɺʽʜ 400 ʪʘ ʚʠʱʝ 

ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ 
ʩʧʝʢʪʨʘʣʴʥʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʽʣ 

 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 1ð6 ʚʠʤʘʛʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ 

ʪʝʨʤʦʧʨʠʡʤʘʯʘ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʪʽʣʦʤ ʯʠ ʫʚʝʜʝʥʥʷ ʪʝʨʤʦʧʨʠʡʤʘʯʘ ʚ 
ʜʦʩʣʽʜʞʫʚʘʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɯʥʰʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 
ʢʦʥʪʘʢʪʫ ʧʨʠʡʤʘʯʘ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʜʦʟʚʦʣʷʶʪʴ 
ʟʜʽʡʩʥʶʚʘʪʠ ʜʠʩʪʘʥʮʽʡʥʠʡ ʚʠʤʽʨ ʪʝʤʧʝʨʘʪʫʨ ʟ ʜʝʷʢʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ 
ʦʙôʻʢʪʘ. 

ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʚ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʦʜʝʨʞʘʣʠ 
ʢʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ 4 ʽ 5 ʪʘ ʙʝʟʢʦʥʪʘʢʪʥʽ 7 ʽ 8, ʫ ʷʢʠʭ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 
ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʟʤʽʥʫ ʝʣʝʢʪʨʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. 

ɺʠʤʽʨ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʚ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 
ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʝʷʢʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʡ ʻ ʥʘʩʪʫʧʥʽ. 

ʇʦ-ʧʝʨʰʝ, ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʝʪʘʣʘ ʥʘʜʟʚʠʯʘʡʥʦ 
ʰʠʨʦʢʠʡ: ʚʽʜ 100ð250 Áʉ ʧʨʠ ñʪʝʧʣʽʡò ʧʨʦʢʘʪʮʽ ʜʦ 1200 Áʉ ʪʘ ʚʠʱʝ ʧʨʠ 
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ʛʘʨʷʯʽʡ ʧʨʦʢʘʪʮʽ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ, ʪʠʪʘʥʘ ʡ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦ-ʜʨʫʛʝ, 
ʩʝʨʝʜʦʚʠʱʝ, ʫ ʷʢʽʡ ʬʫʥʢʮʽʦʥʫʶʪʴ ʧʨʠʣʘʜʠ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 
ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ (ʚʠʧʘʨ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʧʨʠ ʛʠʜʨʦʟʙʠʚʽ 
ʦʢʘʣʠʥʠ ʡ ʦʭʦʣʦʜʞʝʥʥʽ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ), ʘ ʪʘʢʦʞ ʥʝʧʨʦʟʦʨʽʩʪʶ 

(ʟʘʧʠʣʝʥʽʩʪʴ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʯʘʩʪʦʢ ʦʢʘʣʠʥʠ, ʤʘʩʣʷʥʠʡ ʪʫʤʘʥ ʽ ʪ.ʧ.). ʇʦ-
ʪʨʝʪʻ, ʦʙôʻʢʪ (ʟʣʠʚʦʢ, ʟʘʛʦʪʦʚʢʘ, ʧʨʦʢʘʪ), ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ 
ʚʠʤʽʨʷʻʪʴʩʷ, ʥʘʡʯʘʩʪʽʰʝ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ. 
ʇʦ-ʯʝʪʚʝʨʪʝ, ʥʘ ʤʝʪʘʣʽ ʧʨʠ ʛʘʨʷʯʽʡ ʧʨʦʢʘʪʮʽ, ʷʢ ʧʨʘʚʠʣʦ (ʚʠʢʣʶʯʝʥʥʷʤ 
ʻ ʧʨʦʢʘʪʢʘ ʫ ʚʘʢʫʫʤʽ ʡ ʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʟʘʭʠʩʥʦʶ ʘʪʤʦʩʬʝʨʦʶ), ʤʘʻʪʴʩʷ 
ʦʢʘʣʠʥʘ ʘʙʦ ʧʝʨʚʠʥʥʘ ʧʽʩʣʷ ʥʘʛʨʽʚʘʥʥʷ ʚ ʧʝʯʘʭ, ʘʙʦ ʚʪʦʨʠʥʥʘ, ʱʦ 
ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʚ ʧʨʦʮʝʩʽ ʧʨʦʢʘʪʢʠ. 

ʊʦʤʫ, ʧʨʠ ʛʘʨʷʯʽʡ ʧʨʦʢʘʪʮʽ ʜʣʷ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ 
ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʚʠʜʢʦʜʽʶʯʽ ʧʨʠʣʘʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ 
ʙʝʟʢʦʥʪʘʢʪʥʠʭ ʤʝʪʦʜʘʭ (ʦʧʪʠʯʥʽ ʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʧʽʨʦʤʝʪʨʠ). ɼʣʷ 
ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʯʝʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʽ 
ʨʘʜʽʘʮʽʡʥʽ ʧʽʨʦʤʝʪʨʠ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʚ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 
ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʘʚʠʣʴʥʠʭ ʚʘʥʥ, 
ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʣʢʽʚ (ʧʨʠ ʧʽʜʪʨʠʤʮʽ ʾʭ ʧʨʦʬʽʣʶʚʘʥʥʷ), ʪʝʤʧʝʨʘʪʫʨʘ 
ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʤʘʱʝʥʥʷ. ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ 
ʮʽʣʝʡ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʝʨʤʦʤʝʪʨʠ 
ʦʧʦʨʫ ʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʽʨʦʤʝʪʨʠ. 

 
ɼʠʣʘʪʦʤʝʪʨʠʯʥʽ ʽ ʙʽʤʝʪʘʣʽʯʥʽ ʪʝʨʤʦʤʝʪʨʠ 
ʇʨʠʥʮʠʧ ʜʽʾ ʜʠʣʘʪʦʤʝʪʨʠʯʥʠʭ ʽ ʙʽʤʝʪʘʣʽʯʥʠʭ ʪʝʨʤʦʤʝʪʨʽʚ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʤʽʥʽ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʪʚʝʨʜʠʭ ʪʽʣ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ 
ʾʭʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʘʢ, ʷʢʱʦ ʧʨʠ 0Á ʉ ʜʦʚʞʠʥʘ ʪʽʣʘ L, ʪʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 
ʜʦ t ÁC ʜʦʚʞʠʥʘ ʪʽʣʘ ʟʤʽʥʠʪʴʩʷ. 

ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʧʦʢʘʟʘʥʘ ʥʘ 
ʨʠʩʫʥʢʫ 1.1, ʘ. ʆʩʥʦʚʥʽ ʯʘʩʪʠʥʠ ʪʝʨʤʦʤʝʪʨʘ: ʩʪʘʣʝʚʘ ʯʠ ʤʽʜʥʘ ʪʨʫʙʢʘ, 
ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ ʚʠʤʽʨʷʻʪʴʩʷ, ʽ 
ʩʪʨʠʞʝʥʴ, ʦʜʠʥ ʢʽʥʝʮʴ ʷʢʦʛʦ ʧʨʠʚʘʨʝʥʠʡ ʜʦ ʜʥʘ ʪʨʫʙʢʠ, ʘ ʽʥʰʽʡ ʰʘʨʥʽʨʥʦ 
ʟôʻʜʥʘʥʠʡ ʟʽ ʩʪʨʽʣʢʦʶ ʪʝʨʤʦʤʝʪʨʘ. ʊʨʫʙʢʫ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ 
ʪʝʨʤʦʤʝʪʨʘ ʟʚʠʯʘʡʥʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʤʘʪʝʨʽʘʣʫ, ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ 
ʨʦʟʰʠʨʝʥʥʷ ʷʢʦʛʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 
ʤʘʪʝʨʽʘʣʫ ʩʪʨʠʞʥʷ (ʘʣʶʤʽʥʽʡ, ʣʘʪʫʥʴ, ʯʝʨʚʦʥʘ ʤʽʜʴ, ʽʥʚʘʨ). 

ʇʨʠʥʮʠʧ ʜʽʾ ʢʦʥʪʘʢʪʥʦʛʦ ʙʽʤʝʪʘʣʽʯʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʷʩʥʠʡ ʟʽ ʩʭʝʤʠ, 
ʧʨʠʚʝʜʝʥʦʾ ʥʘ ʨʠʩʫʥʢʫ 1.1, ʙ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʤʝʪʘʣʽʯʥʘ 
ʧʣʘʩʪʠʥʘ ʪʝʨʤʦʤʝʪʨʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʤʽʜʽ ʽ ʽʥʚʘʨʫ ʯʠ ʟʽ 
ʩʪʘʣʽ ʡ ʽʥʚʘʨʫ, ʟʛʠʥʘʻʪʴʩʷ. ʇʨʠ ʚʠʟʥʘʯʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʨʦʟʤʠʢʘʥʥʷ ʢʦʥʪʘʢʪʫ. ʉʠʛʥʘʣʴʥʘ ʣʘʤʧʘ ʛʘʩʥʝ, ʩʠʛʥʘʣʽʟʫʶʯʠ ʧʨʦ 

ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 
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1ïʪʨʫʙʢʘ; 2ïʩʪʨʠʞʝʥʴ; 3ïʙʽʤʝʪʘʣʽʯʥʘ ʧʣʘʩʪʠʥʘ; 4ïʢʦʥʪʘʢʪ; 5 ï 

ʩʠʛʥʘʣʴʥʘ ʣʘʤʧʘ; 6 ï ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ 
ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ (ʘ) ʪʘ 

ʙʽʤʝʪʘʣʽʯʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ (ʙ) 
 
ɼʠʣʘʪʦʤʝʪʨʠʯʥʽ ʽ ʙʽʤʝʪʘʣʽʯʥʽ ʪʝʨʤʦʤʝʪʨʠ ʟʚʠʯʘʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʜʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʣʝ, ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 
ʩʠʛʥʘʣʽʟʘʮʽʾ ʛʨʘʥʠʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʦʞ ʫ ʩʭʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʠʭ 
ʨʝʛʫʣʷʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ (ʥʘʧʨʠʢʣʘʜ, ʨʦʟʯʠʥʽʚ ʫ ʪʨʘʚʠʣʴʥʠʭ ʚʘʥʥʘʭ ʽ 
ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʤʘʩʪʠʣʽ). 

 
ʊʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ 
ʇʨʠʥʮʠʧ ʜʽʾ ʪʝʨʤʦʤʝʪʨʽʚ ʦʧʦʨʫ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʽʚ 

ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʝʣʝʢʪʨʦʦʧʽʨ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. 
ɿʥʘʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʧʨʦʚʽʜʥʠʢʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʤʽʨʶʶʯʠ 

ʮʝʡ ʦʧʽʨ ʷʢʠʤ-ʥʝʙʫʜʴ ʧʨʠʣʘʜʦʤ, ʤʦʞʥʘ ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ 
ʩʝʨʝʜʦʚʠʱʘ, ʫ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʮʝʡ ʧʨʦʚʽʜʥʠʢ. ʊʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ, ʧʘʨʫ ʽ ʛʘʟʫ ʚ 
ʥʘʛʨʽʚʘʣʴʥʠʭ ʽ ʪʝʨʤʽʯʥʠʭ ʧʝʯʘʭ ʧʨʦʢʘʪʥʠʭ ʮʝʭʽʚ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ 
ʦʣʽʾ ʚ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ. ɿʚʠʯʘʡʥʦ ʯʫʪʪʻʚʠʡ 
ʝʣʝʤʝʥʪ ʥʘʤʦʪʘʥʦ ʥʘ ʢʘʨʢʘʩ, ʱʦ ʧʦʤʽʱʝʥʠʡ ʫ ʟʘʭʠʩʥʫ ʪʨʫʙʢʫ ʟʽ ʩʪʘʣʽ 20 
ʯʠ 1ʍ18ʅ10ʊ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʢʘʨʢʘʩ ʟʨʦʙʣʝʥʠʡ ʟʽ ʩʣʶʜʠ, ʢʚʘʨʮʫ 
ʯʠ ʧʦʨʮʝʣʷʥʠ. 

ʄʝʞʽ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʦʤʝʪʨʘʤʠ ʦʧʦʨʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʪʝ- 
ʨʽʘʣʫ ʯʫʪʪʻʚʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ: 
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ʄʘʪʝʨʽʘʣ ʯʫʪʪʻʚʦʛʦ 
ʝʣʝʤʝʥʪʘ 

Pt Cu Ni Fe 

ʅʠʞʥʷ ʤʝʞʘ, Áʉ -200 -50 -50 -50 
ɺʝʨʭʥʷ ʤʝʞʘ, Áʉ 500 100 200 ï 250 100 ï 150 

 
ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʩʝ ʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʜʝʨʞʫʶʪʴ 
ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʪʝʨʤʦʤʝʪʨʠ ʦʧʦʨʫ (ʪʝʨʤʽʩʪʦʨʠ). ʇʝʨʝʚʘʛʘ ʪʝʨʤʽʩʪʦʨʽʚ 
ʧʝʨʝʜ ʪʝʨʤʦʤʝʪʨʘʤʠ ʦʧʦʨʫ, ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʟ ʤʝʪʘʣʝʚʠʭ ʜʨʦʪʽʚ, 
ʧʦʣʷʛʘʻ ʚ ʜʫʞʝ ʚʠʩʦʢʽʡ ʾʭʥʽʡ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ. 
ʄʘʪʝʨʽʘʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʨʤʽʩʪʦʨʽʚ, ʜʫʞʝ 
ʨʽʟʥʦʤʘʥʽʪʥʽ: ʩʫʤʽʰʽ ʦʢʠʩʣʽʚ ʩʫʣʴʬʽʜʽʚ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʯʠ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ 
ʝʣʝʤʝʥʪʽʚ. 

ʆʜʥʘʢ ʪʝʨʤʽʩʪʦʨʠ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʾʭ 
ʛʨʘʜʫʡʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʯʘʩʪʦ ʦʙʤʝʞʫʻ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʫ 
ʪʝʤʧʝʨʘʪʫʨʠ. 

 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʽʨʦʤʝʪʨʠ 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʧʽʨʦʤʝʪʨʦʤ ʥʘʟʠʚʘʶʪʴ ʪʝʨʤʦʧʘʨʫ ʟ 

ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʥʝʾ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʣʘʜʦʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʽʨʦʤʝʪʨʽʚ ʚʠʤʽʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 100 ʜʦ 
1300Áʉ. ɺʝʣʠʢʠʤʠ ʜʦʩʪʦʾʥʩʪʚʘʤʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʽʨʦʤʝʪʨʽʚ ʻ: 
ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʪʦʯʥʦʩʪʽ, ʤʦʞʣʠʚʽʩʪʴ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʢʦʥʪʨʦʣʶ 
ʪʝʤʧʝʨʘʪʫʨ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʟʘʧʠʩʦʤ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʛʨʘʜʫʚʁʘʥʥʷ 
ʰʢʘʣʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʫ 
ʤʝʞʘʭ ʧʨʠʧʫʩʪʠʤʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʽʨʦʤʝʪʨʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 
ʚʠʤʽʨʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʥʠʭ ʟʦʥ ʥʘʛʨʽʚʘʣʴʥʠʭ ʽ ʪʝʨʤʽʯʥʠʭ ʧʝʯʝʡ ʧʨʦʢʘʪʥʠʭ 
ʮʝʭʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʤʝʪʘʣʫ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 
ʽʥʩʪʨʫʤʝʥʪʘ ʷʢ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ, ʪʘʢ ʽ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʠʭ 
ʜʦʩʣʽʜʞʝʥʥʷʭ. 

ʇʽʜ ʪʝʨʤʦʧʘʨʦʶ ʧʨʠʡʥʷʪʦ ʨʦʟʫʤʽʪʠ ʜʚʘ ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʦʚʽʜʥʠʢʠ 
(ʪʝʨʤʦʝʣʝʢʪʨʦʜʠ), ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ ʤʽʞ ʩʦʙʦʶ, ʧʨʠʥʘʡʤʥʽ, ʫ ʜʚʦʭ ʪʦʯʢʘʭ 
ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ t1 ʽ t2, ʧʨʠʯʦʤʫ t1 ʥʝ ʜʦʨʽʚʥʶʻ t2 . ʇʨʠ ʨʽʚʥʦʩʪʽ 
ʪʝʤʧʝʨʘʪʫʨ t1 ̔  t2 ʪʝʨʤʦʧʘʨʘ ʧʽʜʢʦʨʷʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʨʷʜʫ ɺʦʣʴʪʘ, 
ʜʣʷ ʷʢʦʛʦ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʟʘʤʢʥʫʪʦʤʫ ʣʘʥʮʶʟʽ ʩʫʤʘʨʥʘ ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ 
ʩʠʣʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʇʨʠ ʥʝʨʽʚʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨ t1 ʽ t2 ʪʝʨʤ̔ʯʥʘ ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ 
ʪʝʨʤʦʧʘʨʠ, ʩʢʣʘʜʝʥʦʾ ʟ ʪʝʨʤʦʝʣʝʢʪʨʦʜʽʚ ʘ ʪʘ ʙ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ 
ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨ t1 ʽ t2. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʤʦʧʘʨʘ ʻ ʥʝʩʢʣʘʜʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʪʝʤʧʝʨʘ- 
ʪʫʨʠ ʚ ʝʣʝʢʪʨʠʯʥʫ ʚʝʣʠʯʠʥʫ ï ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʄʽʩʮʝ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʧʦʤʽʱʘʻʪʴʩʷ ʚ 
ʩʝʨʝʜʦʚʠʱʝ ʟ ʚʠʤʽʨʶʚʘʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ t2 , ʦʜʝʨʞʘʣʦ ʥʘʟʚʫ ʨʦʙʦʯʦʛʦ 
ʢʽʥʮʷ çʛʘʨʷʯʦʛʦ ʩʧʘʶè ʪʝʨʤʦʧʘʨʠ. ɯʥʰʠʡ ʩʧʘʡ ʪʝʨʤʦʧʘʨʠ, ʪʝʤʧʝʨʘʪʫʨʘ 
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ʷʢʦʛʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ t1, ʥʘʟʠʚʘʶʪʴ ʾʾ ʚʽʣʴʥʠʤ ʢʽʥʮʝʤ ʯʠ 
çʭʦʣʦʜʥʠʤ ʩʧʘʻʤè ʪʝʨʤʦʧʘʨʠ. 

ɼʣʷ ʚʠʤʽʨʫ ʪʝʨʤʽʯʥʦʾ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦ ʾ ʩʠʣʠ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ 
ʪʝʨʤʦʧʘʨʦʶ, ʫ ʾʾ ʣʘʥʮʶʛ ʚʢʣʶʯʘʶʪʴ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʤʽʞ 

ʚʽʣʴʥʠʤʠ ʢʽʥʮʷʤʠ ʪʝʨʤʦʧʘʨʠ (ʨʠʩ. 1.2). 
 

 
ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ 
 
ʋ ʪʘʙʣʠʮʽ 1.2 ʧʨʠʚʝʜʝʥʦ ʩʢʣʘʜ ʨʷʜʫ ʧʨʦʚʽʜʥʠʢʽʚ ʪʝʨʤʦʝʣʝʢʪʨʦʜʽʚ, 

ʽ ʛʨʘʥʠʯʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
 
ʊʘʙʣʠʮʷ 1.2 ï ɺʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʦʜʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 
ʤʘʪʝʨʽʘʣʫ 

ʇʦʟʥʘʯʝʥʥʷ 
(ʩʢʣʘʜ), % 

ɻʨʘʥʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʉ 

ʜʦʚʛʦʪʨʠʚʘʣʘ ʢʦʨʦʪʢʦʪʨʠʚʘʣʘ 

ʂʦʧʝʣʴ 56ʉu + 44Ni 600 800 

ɸʣʶʤʝʣʴ 95Ni + 5(Al, Si, Mg) 1000 1250 

ɿʦʣʦʪʦ ɸu 700 900 

ʇʣʘʪʠʥʘ Pt 1300 1600 

ʇʣʘʪʠʥʦʥʦʨʦʜʽʡ 90Pt + 10Rh 1300 1600 

ʍʨʦʤʝʣʴ 90Ni + 10Cr 1000 1250 

 
ʊʝʨʤʦʧʘʨʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ: 1) ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ; 2) 

ʥʝʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ; 3) ʤʝʪʘʣʝʚʠʭ ʪʝʨʤʦʝʣʝʢʪʨʦʜʽʚ ʫ ʧʘʨʽ ʟ 
ʥʝʤʝʪʘʣʘʤʠ ʽ ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ. 

ʊʝʨʤʦʧʘʨʠ ʟ ʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ (ʧʣʘʪʠʥʦʨʦʜʽʡ-ʧʣʘʪʠʥʦʚʘ, 
ʟʦʣʦʪʦ-ʧʣʘʪʠʥʦʚʘ ʡ ʽʥ.) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʷʢ ʝʪʘʣʦʥʥʽ ʽ 
ʟʨʘʟʢʦʚʽ. ʊʝʨʤʦʝʣʝʢʪʨʦʜʠ ʟ ʥʝʙʣʘʛʦʨʦʜʥʠʭ ʤʝʪʘʣʽʚ ʥʘʡʯʘʩʪʽʰʝ 
ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʩʧʦʣʫʯʝʥʥʷʭ: ʤʽʜʴ-ʢʦʧʝʣʝʚʘ (ʜʦʚʛʦʪʨʠʚʘʣʝ 
ʚʠʢʦʨʠʩʪʘʥʥʷ - 350 Áʉ; ʢʦʨʦʪʢʦʪʨʠʚʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ï 500 Áʉ); 
ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʘ (ʜʦʚʛʦʪʨʠʚʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ï 600 Áʉ; 
ʢʦʨʦʪʢʦʪʨʠʚʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ï 800 Áʉ); ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʘ 
(ʜʦʚʛʦʪʨʠʚʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ï 900 Áʉ; ʢʦʨʦʪʢʦʪʨʠʚʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ï 
1250 Áʉ). ʊʝʨʤʦʧʘʨʠ ʪʨʝʪʴʦʾ ʛʨʫʧʠ (ʚʦʣʴʬʨʘʤ-ʛʨʘʬʽʪʦʚʽ, ʤʦʣʽʙʜʝʥ-
ʛʨʘʬʽʪʦʚʽ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 2000 Áʉ. 
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ʈʦʙʦʯʠʡ ʩʧʘʡ ʪʝʨʤʦʧʘʨ ʚʠʛʦʪʦʚʣʷʶʪʴ ʘʙʦ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷʤ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʾ ʜʫʛʠ, ʘʙʦ ʩʧʘʡʢʦʶ ʚ ʩʪʨʫʤʝʥʽ ʘʮʝʪʠʣʝʥʫ ʯʠ 
ʛʨʠʤʫʯʦʛʦ ʛʘʟʫ. ʊʝʨʤʦʧʘʨʘ ʤʦʞʝ ʙʫʪʠ ʪʨʫʙʯʘʩʪʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 1.3, 
ʘ), ʢʦʣʠ ʦʜʠʥ ʟ ʪʝʨʤʦʝʣʝʢʪʨʦʜʽʚ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʜ̫ʽ ʪʨʫʙʢʠ, ʘ ʽʥʰʠʡ ï ʫ 

ʚʠʛʣʜ̫ʽ ʜʨʦʪʫ. ʅʘ ʚʩʴʦʤʫ ʧʨʦʪʷʟʽ ʘʞ ʜʦ ʨʦʙʦʯʦʛʦ ʩʧʘʶ ʟʦʚʥʽʰʥʽʡ 
ʪʝʨʤʦʝʣʝʢʪʨʦʜ ʚʽʜʜʽʣʝʥʠʡ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽʟʦʣʷʮʽʡʥʦʶ ʧʨʦʢʣʘʜʢʦʶ. 
ʅʘ ʨʠʩ. 1.3, ʙ ʧʦʢʘʟʘʥʘ ʪʝʨʤʦʧʘʨʘ ʟ ʨʦʙʦʯʠʤ ʩʧʘʻʤ, ʧʨʠʚʘʨʝʥʠʤ ʜʦ ʜʥʘ 
ʟʘʭʠʩʥʦʾ ʪʨʫʙʢʠ, ʟʨʦʙʣʝʥʦʾ ʟ ʤʽʜʽ, ʙʨʦʥʟʠ, ʩʪʘʣʽ ʯʠ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
ɯʟʦʣʷʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʦʙʠʨʘʶʪʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʨʭʥʽʭ ʛʨʘʥʠʯʥʠʭ 
ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʷʢʠʭ ʧʨʘʮʶʻ ʪʝʨʤʦʧʘʨʘ; ʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʛʫʤʘ (ʜʦ 
80 Áʉ), ʰʦʚʢ (ʜʦ 120 Áʉ), ʝʤʘʣʴ (ʜʦ 150 Áʉ), ʩʢʣʷʥʽ ʢʫʣʴʢʠ (ʜʦ 500 Áʉ), 
ʢʚʘʨʮʦʚʽ ʪʨʫʙʢʠ (ʜʦ 1500Á ʉ). 

 
1, 2ïʪʝʨʤʦʝʣʝʢʪʨʦʜʠ; 3ï̔ ʟʦʣʷʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ; 4ïʨʦʙʦʯʠʡ ʩʧʘʡ 
ʈʠʩʫʥʦʢ 1.3 ï ʂʦʥʩʪʨʫʢʮʽʷ ʪʝʨʤʦʧʘʨʠ 
 
ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʟʘʥʷʪʪʷ 

ʅʘ ʧʦʯʘʪʢʫ ʟʘʥʷʪʪʷ ʚʠʢʣʘʜʘʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʩʪʦʩʦʚʥʦ 
ʪʝʤʠ ʨʦʙʦʪʠ ʪʘ ʧʨʦʚʦʜʠʪʴʩʷ ʦʧʠʪʫʚʘʥʥʷ ʧʨʦ ʟʤʽʩʪ ʦʩʥʦʚʥʠʭ ʪʝʨʤʽʥʽʚ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 
ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʧʦʙʫʪʽ. 

ɼʘʣʽ, ʢʦʞʝʥ ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ ʦʪʨʠʤʫʻ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʛʦ 
ʥʦʤʝʨʫ ʚʘʨʽʘʥʪʫ ʪʘ ʚʠʢʦʥʫʻ ʨʦʟʨʘʭʫʥʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʢʣʘʜʫ. 

ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ 

ʈʦʟʨʘʭʫʡʪʝ ʪʦʚʱʠʥʠ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʽʤʝʪʘʣʽʯʥʦʛʦ 
ʪʝʨʤʦʤʝʪʨʘ, ʧʨʦʛʠʥ ʧʣʘʩʪʠʥʠ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʝʣʝʤʝʥʪʘ, ʷʢʱʦ 
ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʤʽʨʶʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʢʣʘʜʘʻ t = 300 ʦC ; ʜʦʚʞʠʥʘ 
ʧʣʘʩʪʠʥʠ l = 60 ʤʤ; ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ h = 1 ʤʤ; 
ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʧʝʨʰʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʠʥʠ E1 = 16,3 1010 ʇʘ; ʤʦʜʫʣʴ 
ʧʨʫʞʥʦʩʪʽ ʜʨʫʛʦʛʦ ʤʝʪʘʣʫ ʧʣʘʩʪʠʥʠ E2 = 19,6 1010 ʇʘ; ʨʽʟʥʠʮʷ ʤʽʞ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ 

6

1 2

1
12 10t t

C
a a -- = Ö

¯
.  
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ʈʦʟʚôʷʟʘʥʥʷ: 
ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʨʝʜʦʚʠʱʘ ʙʽʤʝʪʘʣ ʟʛʠʥʘʻʪʴʩʷ ʫʙʽʢ 

ʰʘʨʫ ʟ ʤʝʥʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʛʠʥ ʢʽʥʮʷ ʙʽʤʝʪʘʣʝʚʦʾ 
ʧʣʘʩʪʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ 

( )
2

1 2

3

2 2

t t t l

h
l a a

Ö
= - , 

ʜʝ 1
ta  ʽ 2

ta  ï ʢʦʝʬʽʮʽʻʥʪʠ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ 

ʤʝʪʘʣʽʚ ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʚʽʜʧʦʚʽʜʥʦ, 
1

C̄
; t  ï ʪʝʤʧʝʨʘʪʫʨʘ, ʦʉ; l  ï 

ʜʦʚʞʠʥʘ ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ, ʤʤ; h ï ʟʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʙʽʤʝʪʘʣʝʚʦʾ 
ʧʣʘʩʪʠʥʠ, ʤʤ. 

ɼʦʧʫʩʪʠʤʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʰʠʨʠʥʽ 
ʙʽʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʤʝʥʰʝ ʦʜʥʽʻʾ ʪʨʝʪʠʥʠ ʾʾ ʜʦʚʞʠʥʠ. ʅʘʡʙʽʣʴʰʫ 

ʯʫʪʣʠʚʽʩʪʴ 
t

l
d=  ʤʘʻ ʥʦʨʤʘʣʴʥʠʡ ʙʽʤʝʪʘʣ, ʢʦʣʠ 

1 2

2 1

h E

h E
= , 

ʜʝ 
1

h  ʪʘ 
2

h  ï ʪʦʚʱʠʥʠ ʢʦʞʥʦʛʦ ʟ ʤʝʪʘʣʽʚ ʫ ʙʽʤʝʪʘʣʝʚʽʡ ʧʣʘʩʪʠʥʽ 

ʚʽʜʧʦʚʽʜʥʦ, ʤʤ; 
1

E  ʪʘ 
2

E  ï ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʢʦʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʣʘʩʪʠʥʠ 

ʚʽʜʧʦʚʽʜʥʦ, ʇʘ. 
ʊʦʜʽ ʩʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ ʝʣʝʤʝʥʪʫ 
10

1 2

10

2 1

19,6 10
1,1

16,3 10

h E

h E

Ö
= = =

Ö
. 

ʊʦʜʽ ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ ʜʣʷ ʟʘʛʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʧʣʘʩʪʠʥʠ 

1 2 2 2 21,1 2,1h h h h h h= + = + =. 

ɿʚʽʜʢʠ 
h2 = h / 2,1 = 1/ 2,1 = 0,48 ʤʤ; 

h1 =1- 0,48 = 0,52 ʤʤ. 
ʇʨʦʛʠʥ ʢʽʥʮʷ ʧʣʘʩʪʠʥʠ ʙʽʤʝʪʘʣʫ ʧʨʠ t = 300 ʦʉ 

( )
2

63 300 60
12 10 9,7

2 2 1
ʤʤl - Ö

= Ö =
Ö

. 

ʏʫʪʣʠʚʽʩʪʴ ʝʣʝʤʝʥʪʫ 

9,7
0,032

300

ʤʤ

ʉ
d= =

¯
. 
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ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 
ʈʦʟʨʘʭʫʚʘʪʠ ʪʦʚʱʠʥʠ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʽʤʝʪʘʣʽʯʥʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ, ʧʨʦʛʠʥ ʧʣʘʩʪʠʥʠ ʪʘ ʯʫʪʣʠʚʽʩʪʴ ʝʣʝʤʝʥʪʘ ʜʣʷ ʫʤʦʚ 
ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʤʝʨʘ  ʚʘʨʽʘʥʪʫ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 1.3. 

 
ʊʘʙʣʠʮʷ 1.3 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʽʤʝʪʘʣʽʯʥʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ 

ˉ t, ʦC l, ʤʤ h, ʤʤ 
E1, 1010 
ʇʘ 

E2, 1010 
ʇʘ ( ) 6

1 2

1
, 10t t

C
a a -- Ö

¯
 

1 150 40 0,5 16,6 19,3 8,0 
2 160 41 0,6 16,7 19,2 8,5 
3 170 42 0,7 16,8 19,1 9,0 
4 180 43 0,8 16,9 19,0 9,5 
5 190 44 0,9 17,0 18,9 10,0 
6 200 45 1,0 17,1 18,8 10,5 
7 210 46 1,1 17,2 19,7 11,0 
8 220 47 1,2 17,3 19,6 11,5 
9 230 48 1,3 17,4 19,5 12,0 

10 240 49 1,4 17,5 19,4 12,5 
11 250 50 1,5 17,6 19,3 8,0 
12 260 51 0,5 17,7 19,2 8,5 
13 270 52 0,6 17,8 19,1 9,0 
14 280 53 0,7 17,9 16,0 9,5 
15 290 54 0,8 18,0 16,9 10,0 
16 300 55 0,9 18,1 16,7 10,5 
17 310 56 1,0 18,2 16,6 11,0 
18 320 57 1,1 18,3 16,5 11,5 
19 330 58 1,2 18,4 16,4 12,0 
20 150 59 1,3 18,5 16,3 12,5 
21 160 60 1,4 18,6 16,2 8,0 
22 170 61 1,5 18,7 16,1 8,5 
23 180 62 0,5 18,8 17,1 9,0 
24 190 63 0,6 18,9 16,0 9,5 
25 200 64 0,7 19,0 16,2 10,0 
26 210 65 0,8 19,1 16,3 10,5 
27 220 66 0,9 19,2 16,4 11,0 
28 230 67 1,0 19,3 17,0 12,5 

 
ʇʠʪʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ 
1. ʅʘʟʚʽʪʴ ʤʝʪʦʜʠ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʩʫʯʘʩʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
2. ʅʘʚʝʜʽʪʴ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ. 
3. ʗʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʨʠʩʪʨʦʾ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʪʨʽ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ? 
4. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧ ʜʽʾ ʜʠʣʘʪʦʤʝʪʨʠʯʥʦʛʦ ʪʘ ʙʽʤʝʪʘʣʽʯʥʦʛʦ 

ʚʠʤʽʨʶʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʠ. 
5. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧ ʜʽʡ ʪʝʨʤʦʤʝʪʨʽʚ ʦʧʦʨʫ. 
6. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧ ʜʽʾ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʯʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  



 

13 
 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ2 
ʄɽʊʆɼʀ ɺʀʄɯʈʖɺɸʅʅʗ ʏɸʉʊʆʊʀ ʆɹɽʈʊɸʅʅʗ 

 
ɿʘʛʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʫʯʥʠʡ 
ʪʘʭʦʤʝʪʨ, ʩʪʘʮʽʦʥʘʨʥʠʡ ʪʘʭʦʛʝʥʝʨʘʪʦʨ ʯʠ ʜʘʪʯʠʢ ʽʤʧʫʣʴʩʽʚ. ʈʫʯʥʠʡ 
ʪʘʭʦʤʝʪʨ ʟʨʫʯʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʣʠʰʝ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ 
ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʘ. ʇʨʠ ʤʽʥʣʠʚʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 
ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʥʜʘʨʪʥʠʡ ʪʘʭʦʛʝʥʝʨʘʪʦʨ. 
ʊʘʭʦʛʝʥʝʨʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʟʚʠʯʘʡʥʠʡ ʢʦʣʝʢʪʦʨʥʠʡ ʛʝʥʝʨʘʪʦʨ 
ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʥʝʟʘʣʝʞʥʠʤ ʟʙʫʜʞʝʥʥʷʤ. ɽʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ ʥʘ 
ʚʠʭʦʜʽ ʟ ʷʢʦʨʷ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ ʬʦʨʤʫʣʽ: 

ʷE ʉ ʌ n= Ö Ö, 

ʜʝ ʉ ï ʧʦʩʪʽʡʥʘ, ʟʘʣʝʞʥʘ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ; ʌ ï ʧʦʪʽʢ 
ʟʙʫʜʞʝʥʥʷ; n  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʷʢʦʨʷ ʛʝʥʝʨʘʪʦʨʘ. 

ʗʢʱʦ ʌ = const, ʪʦ ()ʷ
E f n= , ʪʦʙʪʦ ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ 

ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ ʻ ʤʽʨʦʶ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʷʢʦʨʷ. 
ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʫ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘ ʟʚʠʯʘʡʥʦ ʩʢʣʘʜʘʻ 3 ï 4 %. 
ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʫ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʘʪʯʠʢ ʽʤʧʫʣʴʩʽʚ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʜʘʪʯʠʢ 
ʽʤʧʫʣʴʩʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʣʝʚʦʛʦ ʜʠʩʢʘ ʟ ʽʟʦʣʶʶʯʦʶ ʚʩʪʘʚʢʦʶ, 
ʫʢʨʽʧʣʝʥʦʛʦ ʥʘ ʢʽʥʮʽ ʚʘʣʫ ʜʚʠʛʫʥʘ (ʘʙʦ ʧʨʦʢʘʪʥʦʛʦ ʚʘʣʢʘ, ʘʙʦ ʨʦʣʠʢʘ 
ʨʦʣʴʛʘʥʛʘ ʪʦʱʦ) ʽ ʥʝʨʫʭʦʤʦʛʦ ʢʦʥʪʘʢʪʫ. ʇʨʠ ʚʣʫʯʝʥʥʽ ʢʦʥʪʘʢʪʫ ʥʘ 
ʽʟʦʣʶʶʯʫ ʚʩʪʘʚʢʫ ʨʦʟʨʠʚʘʻʪʴʩʷ ʣʘʥʮʶʛ ʛʘʣʴʚʘʥʦʤʝʪʨʘ ʽ ʥʘ ʬʦʪʦʧʣʽʚʮʽ 
(ʘʙʦ ʥʘ ʝʢʨʘʥʽ ʢʦʤʧôʶʪʝʨʘ, ʘʙʦ ʫ ʬʘʡʣʽ) ʟʘʧʠʩʫʻʪʴʩʷ ʽʤʧʫʣʴʩ ʫ ʚʠʜʽ 
ʚʠʩʪʫʧʫ. ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʫʭʣʠʚʦʾ ʜʝʪʘʣʽ (ʧʨʠ ʦʜʥʽʡ ʽʟʦʣʶʶʯʽʡ 
ʚʩʪʘʚʮʽ) ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʬʦʨʤʫʣʽ, ʦʙ./ʭʚ.: 

60
n
t
= , 

ʜʝ t ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʠʩʪʫʧʘʤʠ, ʯʘʩ ʚʽʜ ʧʦʯʘʪʢʫ ʦʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 
ʜʦ ʧʦʯʘʪʢʫ ʥʘʩʪʫʧʥʦʛʦ, ʩ. 

ʗʢʱʦ ʜʦ ʜʠʩʢʫ ʚʩʪʘʥʦʚʣʝʥʦ z ʽʟʦʣʶʶʯʠʭ ʚʩʪʘʚʦʢ, ʪʦ ʯʘʩʪʦʪʘ 
ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ, ʦʙ./ʭʚ.: 

60
n

z t
=
Ö

. 

ʎʠʤ ʤʝʪʦʜʦʤ ʦʩʦʙʣʠʚʦ ʟʨʫʯʥʦ ʢʦʨʠʩʪʘʪʠʩʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 
ʰʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʦʾ ʚ ʧʨʦʮʝʩʽ 
ʧʨʦʢʘʪʢʠ. ʇʦʛʨʽʰʥʽʩʪʴ ʚʠʤʽʨʫ ʩʢʣʘʜʘʻ 1 ï 1,5 %. 

ʇʨʠ ʥʘʣʘʛʦʜʞʝʥʥʽ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʪʘʥʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʰʚʠʜʢʽʩʪʴ 
ʦʙʝʨʪʘʥʥʷ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ 
ʚʠʤʽʨʫ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʮʠʬʨʦʚʽ ʪʘʭʦʤʝʪʨʠ. ɺʠʤʽʨ 
ʰʚʠʜʢʦʩʪʽ ʮʠʬʨʦʚʠʤ ʪʘʭʦʤʝʪʨʦʤ ʟʘʩʥʦʚʘʥʦ ʥʘ ʨʘʭʫʥʢʫ ʽʤʧʫʣʴʩʽʚ 
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ʜʘʪʯʠʢʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʧʨʠʚʦʜʥʦʤʫ ʚʘʣʫ. ʅʘʡʙʽʣʴʰʝ ʯʘʩʪʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʦʪʦʽʤʧʫʣʴʩʥʽ ʜʘʪʯʠʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 
ʦʙʝʨʪʦʚʦʛʦ ʜʠʩʢʘ ʟ ʨʘʜʽʘʣʴʥʠʤʠ ʧʨʦʨʽʟʘʤʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʷʢʦʛʦ 
ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ ʣʘʟʝʨʥʦʛʦ ʩʚʽʪʣʘ, ʘ ʟ ̔ ʥʦhʛʦ ï ʬʦʪʦʜʘʪʯʠʢ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʦʢ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 
ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʪʘʭʦʤʝʪʨʘ. 

ʉʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 
ʪʘʭʦʤʝʪʨʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʫ ʚʽʜʮʝʥʪʨʦʚʠʭ 
ʩʠʣ ʽʥʝʨʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʇʨʠ ʮʴʦʤʫ ʩʪʘʣʘ 
ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʭʽʜʥʦʛʦ ʚʘʣʫ (ʨʠʩ. 2.1) ʚʽʜʧʦʚʽʜʘʻ 
ʚʽʜʮʝʥʪʨʦʚʠʤ ʩʠʣʘʤ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʨʫʭʦʤʠʤʠ ʚʘʥʪʘʞʘʤʠ, ʪʘ 
ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʩʠʣʦʶ ʧʨʫʞʥʦʾ ʧʨʦʪʠʜʽʾ ʧʨʫʞʠʥʠ: 

( )
( )

2

0 22
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4
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ʪ
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r
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, 

ʜʝ w ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʪʘʭʦʤʝʪʨʘ, ʨʘʜ/ʩ;  
g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʩʤ/ʩ2; 

ʞc  ï ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥʠ, ʛ/ʩʤ; 

z ï ʧʝʨʝʩʫʚʘʥʥʷ ʨʫʭʣʠʚʦʾ ʤʫʬʪʠ, ʩʤ; 
ʛm  ï ʤʘʩʘ ʚʘʥʪʘʞʫ, ʛ; n  ï ʢʽʣʴʢʽʩʪʴ 

ʚʘʥʪʘʞʽʚ (ʧʘʨʥʝ ʯʠʩʣʦ); 
0

z  ï ʜʦʚʞʠʥʘ ʧʨʫʞʠʥʠ ʫ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ, ʩʤ;  

ʪr  ï ʧʦʩʪʽʡʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʜʦ ʰʘʨʥʽʨʘ ʪʷʛʠ, ʩʤ;  

ʪl  ï ʜʦʚʞʠʥʘ ʪʷʛ, ʩʤ. 

ʂʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʠʥʠ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

3

4 2

10

4 3

ʩʨ

ʜʨ

ʞ
ʩʨ

ʜʨ

D

d
ʩ

D

d

+

= Ö

-

, 

ʜʝ ʩʨD  ï ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʧʨʫʞʠʥʠ, ʩʤ; 

ʜʨd  ï ʜʽʘʤʝʪʨ ʜʨʦʪʫ ʧʨʫʞʠʥʠ, ʩʤ. 

ʏʠʩʣʦ ʦʙʝʨʪʽʚ ʜʝʪʘʣ ̔ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʦʙ./ʭʚ.: 

30oN
w

p
= . 
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ʈʠʩʫʥʦʢ 2.1 ï ɺʽʜʮʝʥʪʨʦʚʠʡ ʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ  
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ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʟʘʥʷʪʪʷ 
ʅʘ ʧʦʯʘʪʢʫ ʟʘʥʷʪʪʷ ʧʨʦʚʦʜʠʪʴʩʷ ʦʧʠʪʫʚʘʥʥʷ ʧʨʦ ʦʩʥʦʚʥʽ ʨʦʟʫʤʽʥʥʷ 

ʩʪʦʩʦʚʥʦ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʩʫʚʘʥʥʷ ʚ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. 
ɺʠʟʥʘʯʘʶʪʴʩʷ ʤʽʩʮʷ ʜʝ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʨʦʢʘʪʢʠ ʪʘ 

ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʫ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʜʝʪʘʣʽ ʧʨʦʢʘʪʥʦʛʦ 
ʩʪʘʥʫ ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʪʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ ʧʽʜʣʷʛʘʻ ʦʙʦʚôʷʟʢʦʚʦʤʫ 
ʚʠʤʽʨʶʚʘʥʥʶ. 

ɼʘʣʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ. ʇʽʩʣʷ ʯʦʛʦ, ʢʦʞʝʥ 
ʟʜʦʙʫʚʘʯ ʦʩʚʽʪʠ ʦʪʨʠʤʫʻ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʛʦ ʥʦʤʝʨʫ ʚʘʨʽʘʥʪʫ 
ʪʘ ʚʠʢʦʥʫʻ ʨʦʟʨʘʭʫʥʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʢʣʘʜʫ. 

 
ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ 
ɿʙʫʜʫʚʘʪʠ ʩʪʘʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʪʘʭʦʤʝʪʨʘ ʜʣʷ 

ʥʘʩʪʫʧʥʠʭ ʜʘʥʠʭ: 
ʪr  = 0,8 ʩʤ; 

ʪl  =  4 ʩʤ; 
ʛm  =10 ʛ; ʜʨd  = 0,1 ʩʤ; ʩʨD  = 1 ʩʤ; 

0
z  = 6 ʩʤ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʥʷʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʨʽʚʥʠʤ 

981 ʩʤ/ʩ2, ʯʠʩʣʦ ʚʘʥʪʘʞʽʚ ʜʦʨʽʚʥʶʻ 2. 
ʈʦʟʚôʷʟʘʥʥʷ: 
ʂʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʠʥʠ 
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ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʘʣʫ 
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. 

ɿʘʜʘʶʯʠʩʴ ʧʝʨʝʤʽʱʝʥʥʷʤ ʨʫʭʣʠʚʦʾ ʤʫʬʪʠ, ʦʙʯʠʩʣʷʻʤʦ ʚʽʜʧʦʚʽʜʥʽ 
ʟʥʘʯʝʥʥʷ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʘ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʱʦ ʦʜʝʨʞʫʻ ʜʝʪʘʣʴ 
ʧʨʠ ʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʝʨʝʤʽʱʝʥʥʷ: 

 
z, ʩʤ 0,25 0,50 1,00 1,50 2,00 2,50 
w, ʨʘʜ/ʩ 89 124 184 264 297 356 

oN , ʦʙ./ʭʚ. 852 1190 1757 2522 2838 3400 

 
ɿʘ ʮʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʻʤʦ ʩʪʘʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʨʠʩ. 2.2). 
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ʈʠʩʫʥʦʢ 2.2 ï ʉʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʯʫʪʣʠʚʦʛʦ 

ʝʣʝʤʝʥʪʘ 
 
ʈʦʙʦʯʦʶ ʜʽʣʷʥʢʦʶ ʰʢʘʣʠ ʻ ʜʽʘʧʘʟʦʥ 1000-3500 ʦʙ./ʭʚ., ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʽʡ ʜʽʣʷʥʮʽ ʩʪʘʪʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ 
ʮʴʦʤʫ ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ ʰʢʘʣʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤ ʩʪʠʩʢʦʤ 

ʧʨʫʞʠʥʠ ʥʘ 0,38 ʩʤ. 
 
ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 
ɿʙʫʜʫʚʘʪʠ ʩʪʘʪʠʯʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʪʘʭʦʤʝʪʨʘ ʜʣʷ 

ʜʘʥʠʭ ʟ ʪʘʙʣ. 2.1 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʦʤʝʨʘ ʚʘʨʽʘʥʪʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʥʷʪʠ 
ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʨʽʚʥʠʤ 981 ʩʤ/ʩ2, ʯʠʩʣʦ ʚʘʥʪʘʞʽʚ 
ʜʦʨʽʚʥʶʻ 2. 

 
ʊʘʙʣʠʮʷ 2.1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦ ʾ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ 

ˉ ʪr , ʩʤ ʪl , ʩʤ ʛm , ʛ ʜʨd , ʩʤ ʩʨD , ʩʤ 
0

z , ʩʤ 

1 0,50 2,0 10 0,11 0,5 3,0 

2 0,55 2,5 11 0,12 0,6 3,5 

3 0,60 3,0 12 0,13 0,7 4,0 

4 0,65 3,5 13 0,14 0,8 4,5 

5 0,70 4,0 14 0,15 0,9 5,0 

6 0,75 4,5 15 0,16 1,0 5,5 

7 0,80 5,0 16 0,17 1,1 6,0 

8 0,85 5,5 17 0,18 1,2 6,5 

9 0,90 6,0 18 0,19 1,3 7,0 

10 0,95 6,5 19 0,20 1,4 7,5 

11 1,00 7,0 20 0,21 1,5 8,0 

12 1,05 7,5 21 0,11 1,6 8,0 

13 1,10 8,0 22 0,12 1,5 8,5 
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14 1,15 8,5 23 0,13 1,4 9,0 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.2 
15 1,20 8,0 24 0,14 1,3 9,5 

16 0,50 7,5 25 0,15 1,2 3,0 

17 0,55 7,0 26 0,16 1,1 3,5 

18 0,60 6,5 27 0,17 1,0 4,0 

19 0,65 6,0 28 0,18 2,9 4,5 

20 0,70 5,5 29 0,19 2,8 5,0 

21 0,75 5,0 30 0,20 2,7 5,5 

22 0,80 4,5 29 0,21 2,6 6,0 

23 0,85 4,0 28 0,16 2,5 6,5 

24 0,90 3,5 27 0,17 2,4 7,0 

25 0,95 3,0 25 0,18 2,3 7,5 

26 1,00 2,5 20 0,19 2,2 8,0 

27 1,05 2,0 15 0,20 2,1 8,0 

28 1,10 7,0 10 0,21 2,0 8,5 

 
ʇʠʪʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ 
1. ʇʝʨʝʨʘʭʫʡʪʝ ʤʝʪʦʜʠ ʚʠʤʽʨʫ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ 

ʧʨʠʣʘʜʽʚ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʫ. 
2. ʅʘʚʝʜʽʪʴ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʚʠʤʽʨʫ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ. 
3. ʗʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʧʨʠʩʪʨʦʶ ʚʠʤʽʨʫ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʘʙʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚ? 
4. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʪʘʭʦʤʝʪʨʘ. 
5. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧ ʜʽʡ ʽʤʧʫʣʴʩʥʦʛʦ ʪʘʭʦʤʝʪʨʘ. 
 
 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ3 
ʈʆɿʈɸʍʋʅʆʂ ʇʈʀʃɸɼɯɺ ɼʃʗ ɺʀʄɯʈʋ ʊʀʉʂʋ ʄɽʊɸʃʋ ʅɸ 

ɺɸʃʂʀ ʇʈʆʂɸʊʅʀʍ ʉʊɸʅɯɺ 
 
ɿʘʛʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʄʝʪʦʜʠ ʚʠʤʽʨʫ 

ʇʨʠ ʧʨʦʢʘʪʫʚʘʥʥʽ ʙʝʟ ʥʘʪʷʛʫ ʘʙʦ ʧʽʜʧʦʨʫ ʨʦʟʢʘʪʫ ʤʽʞ ʢʣʽʪʷʤʠ ʩʪʘʥʫ 
ʘʙʦ ʙʝʟ ʜʽʾ ʽʥʰʠʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʨʽʚʥʦʜʽʶʯʘ ʪʠʩʢʫ ʤʝʪʘʣʫ ʥʘ ʚʘʣʢʠ (ʩʠʣʘ 
ʧʨʦʢʘʪʢʠ) ʩʧʨʷʤʦʚʘʥʘ ʚʝʨʪʠʢʘʣʴʥʦ. ʎ ̫ ʩʠʣʘ ʯʝʨʝʟ ʰʠʡʢʠ ʚʘʣʢʽʚ 
ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ ʧʦʜʫʰʦʢ ʽ ʜʘʣʽ ʯʝʨʝʟ ʥʘʪʠʩʢʥʽ ʛʚʠʥʪʠ ʽ ʥʘʪʠʩʢʥʽ ʛʘʡʢʠ ʥʘ 
ʩʪʘʥʠʥʠ ʨʦʙʦʯʦʾ ʢʣʽʪʽ. 

ʇʽʜ ʜʽʻʶ ʪʠʩʢʫ ʧʝʨʝʨʘʭʦʚʘʥʽ ʜʝʪʘʣʽ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʧʨʠʯʦʤʫ ʚʝʣʠ- 
ʯʠʥʠ ʾʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʧʦʨʮʽʡʥʽ ʚʝʣʠʯʠʥʽ ʪʠʩʢʫ. 

ʊʠʩʢ ʤʝʪʘʣʫ ʥʘ ʚʘʣʢʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʤʽʨʷʶʯʠ ʜʝʬʦʨʤʘʮʽʶ 
ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʣʽʪʽ ʘʙʦ ʩʧʨʠʡʤʘʥʽ ʥʠʤʠ ʩʠʣʠ. 

ʅʘʡʙʽʣʴʰʝ ʟʨʫʯʥʦ ʚʠʟʥʘʯʘʪʠ ʪʠʩʢ ʤʝʪʘʣʫ ʧʦ ʜʝʬʦʨʤʘʮʽʷʭ ʩʪʽʡʦʢ 
ʩʪʘʥʠʥ ʘʙʦ ʧʦ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʥʘʪʠʩʢʥʽ ʛʚʠʥʪʠ. 
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ɼʣʷ ʚʠʤʽʨʫ ʜʝʬʦʨʤʘʮʽʾ ʩʪʽʡʦʢ ʩʪʘʥʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽʥʜʫʢʪʠʚʥʽ ʽ 
ʪʝʥʟʦʤʝʪʨʠʯʥʽ ʜʘʪʯʠʢʠ ʧʝʨʝʤʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʨʦʪʦʚʽ ʪʝʥʟʦʜʘʪʯʠʢʠ. 
ɼʘʪʯʠʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʦʥʰʪʝʡʥʽʚ ʟʘʢʨʽʧʣʷʶʪʴ ʥʘ ʩʪʽʡʢʘʭ 
ʩʪʘʥʠʥ; ʪʝʥʟʦʜʘʪʯʠʢʠ ʥʘʢʣʝʶʶʪʴ ʥʘ ʜʽʣʷʥʢʠ ʩʪʘʥʠʥ, ʚʽʣʴʥʽ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥ.ɹ ʎʝʡ ʤʝʪʦʜ ʥʝ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ 
ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʧʨʘʢʪʠʮʽ. ʁʦʤʫ ʚʣʘʩʪʠʚʽ ʪʘʢʽ ʥʝʜʦʣʽʢʠ: 1) ʥʠʟʴʢʘ 
ʯʫʪʣʠʚʽʩʪʴ, ʪʦʤʫ ʱʦ ʜʝʬʦʨʤʘʮʽ ̫ʩʪʽʡʦʢ ʩʪʘʥʠʥʠ ʥʘʚʽʪʴ ʧʨʠ ʚʝʣʠʢʠʭ 
ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʜʫʞʝ ʤʘʣʘ; 2) ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ; 3) ʥʝʦʙʭʽʜʥʽʩʪʴ 
ʛʨʘʜʫʶʚʘʥʥʷ ʜʘʪʯʠʢʘ ʢʦʞʥʠʡ ʨʘʟ ʧʽʩʣʷ ʢʨʽʧʣʝʥʥʷ ʡʦʛʦ ʜʦ ʩʪʘʥʠʥʠ. ɼʣʷ 
ʧʨʦʚʝʜʝʥʥʷ ʛʨʘʜʫʶʚʘʥʥʷ ʜʘʪʯʠʢʘ ʟʘʟʚʠʯʘʡ ʫʪʚʦʨʶʶʪʴ ʩʠʣʫ ʱʦ 
ʨʦʟʨʠʚʘʻ ʚʘʣʢʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʥʘʡʯʘʩʪʽʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 
ʘʙʦ ʽʥʰʦʛʦ ʜʦʤʢʨʘʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʜʫʨʘ ʛʨʘʜʫʶʚʘʥʥʷ ʜʘʪʯʠʢʫ 
ʧʦʪʨʝʙʫʻ ʪʨʠʚʘʣʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʦʪʠ ʩʪʘʥʘ. 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʩʠʣʫ ʧʨʦʢʘʪʢʠ ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʱʦ 
ʜʽʻ ʥʘ ʥʘʪʠʩʢʥʽ ʛʚʠʥʪʠ. ɼʣʷ ʮʴʦʛʦ ʤʽʞ ʥʘʪʠʩʢʥʠʤʠ ʛʚʠʥʪʘʤʠ ʽ ʧʦʜʫʰʢʘʤʠ 
ʟʘʤʽʩʪʴ ʟʘʭʠʩʥʠʭ ʩʪʘʢʘʥʽʚ ʫʩʪʘʥʦʚʣʶʶʪʴ ʩʠʣʦʚʠʤʽʨʶʚʘʯʠ ï ʤʝʩʜʦʟʠ. 
ʇʝʨʝʚʘʛʠ ʮʴʦʛʦ ʤʝʪʦʜʫ: 1) ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ; 2) ʚʝʣʠʢʘ ʪʦʯʥʽʩʪʴ; 3) 
ʤʝʩʜʦʟʠ ʤʦʞʥʘ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʛʨʘʜʫʶʚʘʪʠ ʥʘ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʧʨʝʩʽ ʘʙʦ 
ʽʥʰʦʤʫ ʦʙʣʘʜʥʘʥʥʽ, ʷʢʝ ʚʩʪʘʥʦʚʣʝʥʦ ʦʢʨʝʤʦ ʚʽʜ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʫ, ʪʦʤʫ 
ʥʝ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʟʫʧʠʥʮʽ ʩʪʘʥʫ; 4) ʫʩʪʘʥʦʚʢʘ ʤʝʩʜʦʟ ʥʘ ʩʪʘʥʽ ʥʘ 
ʩʪʘʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʚʘʣʢʠ ʢʣʽʪʝʡ, ʪʦʤʫ ʪʘʢʦʞ ʥʝ ʧʦʪʨʝʙʫʻ 
ʜʦʜʘʪʢʦʚʠʭ ʟʫʧʠʥʦʢ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʚʥʫ ʩʠʣʫ ʤʝʪʘʣʫ ʚʠʟʥʘʯʘʶʪʴ 
ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʢʦʞʥʠʡ 
ʥʘʪʠʩʢʥʠʡ ʛʚʠʥʪ 

ʈ = ʈ1+ʈ2, 
ʜʝ P1 ʽ P2 ï ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʥʘʪʠʩʢʥʠʡ ʛʚʠʥʪ 1 ʪʘ 2. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʦʩʝʨʝʜʦʢ ʜʝʬʦʨʤʘʮʽʾ, 
ʥʘʪʷʛ (ʧʽʜʧʦʨ) ʤʝʪʘʣʫ ʤʽʞ ʢʣʽʪʷʤʠ ʩʪʘʥʫ, ʚʝʢʪʦʨ ʨʽʚʥʦʜʽʶʯʦʾ ʩʠʣʠ 
ʧʨʦʢʘʪʢʠ, ʱʦ ʜʽʻ ʥʘ ʚʘʣʢʠ ʟ ʙʦʢʫ ʤʝʪʘʣʫ, ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʚʝʨʪʠʢʘʣʽ. ʋ 
ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʝʩʜʦʟʘʤʠ ʚʠʤʽʨʶʶʪʴ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʨʽʚʥʦʜʽʶʯʦʾ 
ʩʠʣʠ ʧʨʦʢʘʪʢʠ. 

ʋ ʚʠʧʘʜʢʫ ʚʠʤʽʨʫ ʩʠʣʠ ʧʨʦʢʘʪʢʠ ʚ ʢʣʽʪʷʭ ʽʟ ʧʦʧʝʨʝʜʥʴʦ 
ʥʘʧʨʫʞʝʥʠʤʠ ʚʘʣʢʘʤʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʠʣʫ ʧʦʧʝʨʝʜʥʴʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʘʣʢʽʚ. ʗʢʫ ʣʝʛʢʦ ʚʠʤʽʨʷʪʠ ʤʝʩʜʦʟʘʤʠ ʧʨʠ ʥʘʣʘʛʦʜʞʝʥʥʽ 
ʢʣʽʪʽ. 

ʄʝʩʜʦʟʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ï ʧʝʨʚʠʥʥʦʛʦ 
ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʜʝʬʦʨʤʘʮʽʶ, ʽ 
ʜʘʪʯʠʢʽʚ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ. ɺʠʭʽʜʥʽ 
ʩʠʛʥʘʣʠ ʤʝʩʜʦʟ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʩʭʝʤʘʤʠ ʚ ʪʽʢ 
ʟʘʧʠʩʫʶʪʴʩʷ ʥʘ ʬʦʪʦʩʪʨʽʯʢʫ ʦʩʮʠʣʦʛʨʘʬʦʤ ʯʠ (ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 
ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ) ʥʘ ʝʣʝʢʪʨʦʥʥʠʡ ʥʘʢʦʧʠʯʫʚʘʯ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʜʘʪʯʠʢʘ ʜʝʬʦʨʤʘʮʽʾ 

ʤʝʩʜʦʟʠ ʙʫʚʘʶʪʴ ʚʫʛʽʣʴʥʽ, ʻʤʢʽʩʥʽ, ʽʥʜʫʢʪʠʚʥʽ, ʤʘʛʥʠʪʦʧʨʫʞʥʽ ʪʘ ʟ 
ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʦʧʦʨʫ. 
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ʅʘʡʙʽʣʴʰʝ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʧʨʘʢʪʠʮʽ ʪʘ 
ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʢʘʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʩʜʦʟʠ ʟ ʜʨʦʪʦʚʠʤʠ ʽ 
ʬʦʣʴʛʦʚʠʤʠ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʦʧʦʨʫ. ɺʦʥʠ ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʽ ʧʦ 
ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʤʘʶʪʴ ʚʠʩʦʢʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʷʢʘ ʟʤʽʥʘ ʯʫʪʣʠʚʦʩʪʽ ʮʠʭ ʜʘʪʯʠʢʽʚ, 
ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʝʶ, ʱʦ ʩʢʨʽʧʣʶʻ 
ʪʝʥʟʦʜʘʪʯʠʢ ʽʟ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝʡ ʥʝʜʦʣʽʢ, 
ʤʝʩʜʦʟʠ ʟ ʪʘʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ  ̔ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 
ʢʦʥʪʨʦʣʶ ʪʠʩʢʫ ʤʝʪʘʣʫ ʥʘ ʚʘʣʢʠ ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʩʪʘʥʘʭ. 

 
ʋʤʦʚʠ ʨʦʙʦʪʠ ʤʝʩʜʦʟ ʥʘ ʩʪʘʥʽ ʽ ʚʠʤʦʛʠ ʜʦ ʾʭʥʴʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 
ʄʝʩʜʦʟʠ, ʫʩʪʘʥʦʚʣʝʥʽ ʧʽʜ ʥʘʪʠʩʢʥʽ ʛʚʠʥʪʠ ʢʣʽʪʽ, ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ: 

ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʨʠ ʟʘʭʚʘʪʽ ʤʝʪʘʣʫ ʚʘʣʢʘʤʠ); ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʽ 
ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʢʦʥʪʘʢʪʥʠʭ ʧʣʦʱʘʜʢʘʭ; 
ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʟ ʙʦʢʫ ʤʝʪʘʣʫ (ʧʨʠ ʛʘʨʷʯʦʤʫ ʧʨʦʢʘʪʫʚʘʥʥʽ); ʚʠʩʦʢʦʾ 
ʚʦʣʦʛʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʋʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʻ ʟʩʫʚ ʝʣʝʤʝʥʪʽʚ ʤʝʩʜʦʟʠ ʽ ʟʤʽʥʫ 
ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʢʦʥʪʘʢʪʥʠʭ ʧʣʦʱʘʜʦʢ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʘ ʩʦʙʦʶ 
ʧʝʨʝʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʢʦʥʪʘʢʪʥʠʭ ʧʣʦʱʘʜʢʘʭ. 

ʂʨʽʤ ʪʦʛʦ, ʫʜʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ 
ʤʽʮʥʦʩʪʽ ʟ'ʻʜʥʘʥʴ ʜʝʪʘʣʝʡ ʤʝʩʜʦʟʠ, ʘ ʦʪʞʝ, ʽ ʜʦ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ 
ʟʘʭʠʩʥʦʛʦ ʢʦʨʧʫʩʫ, ʫʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ ʩʝʨʝʜʠʥʫ ʢʦʨʧʫʩʫ ʧʦʪʨʘʧʣʷʶʪʴ 
ʚʦʜʘ, ʧʘʨ ʽ ʤʘʩʪʠʣʦ (ʝʤʫʣʴʩʽʷ ʯʠ ʦʣʽʷ), ʱʦ ʥʝʩʧʨʠʷʪʣʠʚʦ ʧʦʟʥʘʯʘʻʪʴʩʷ 
ʥʘ ʨʦʙʦʪʽ ʪʝʥʟʦʜʘʪʯʠʢʽʚ. 

ʆʜʥʦʩʪʦʨʦʥʥʻ ʥʘʛʨʽʚʘʥʥʷ ʤʝʩʜʦʟʠ ʚʠʢʣʠʢʘʻ ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨ 
ʧʦ ʧʝʨʝʨʽʟʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ. ʗʢʱʦ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʤʝʩʜʦʟʠ ʥʝ 
ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʮʴʦʛʦ ʯʠʥʥʠʢʘ, ʪʦ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʥʘʯʥʘ 
ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʥʫʣʷ ʛʘʣʴʚʘʥʦʤʝʪʨʘ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʩʜʦʟʠ ʚʘʨʪʦ ʧʨʝʜ'ʷʚʠʪʠ 
ʪʘʢʽ ʚʠʤʦʛʠ: 

1) ʤʝʩʜʦʟʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʤʽʮʥʦʶ ʽ ʤʘʪʠ ʷʢʥʘʡʤʝʥʰʝ 
ʜʝʪʘʣʝʡ ʽ ʟ'ʻʜʥʘʥʴ; 

2) ʝʣʝʢʪʨʠʯʥʘ ʯʘʩʪʠʥʘ ʤʝʩʜʦʟʠ: ʪʝʥʟʦʜʘʪʯʠʢʠ, ʧʨʦʚʽʜʥʠʢʠ ʱʦ ʾʭ 
ʟ'ʻʜʥʫʶʪʴ ʽ ʚʠʚʽʜʥʽ ʧʨʦʚʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʜʽʡʥʦ ʟʘʭʠʱʝʥʽ ʚʽʜ ʚʧʣʠʚʫ ʥʘ 
ʥʠʭ ʚʦʣʦʛʠ, ʤʘʩʪʠʣʘ ʪʘ ʽʥʰʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟʦʚʥʽʰʥʴʦʛʦ 
ʩʝʨʝʜʦʚʠʱʘ; 

3) ʤʝʩʜʦʟʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʢʨʘʡ ʯʫʪʣʠʚʘ ʜʦ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ʽ (ʥʘʡʛʦʣʦʚʥʽʰʝ) ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʪʘ ʚʝʣʠʯʠʥʦʶ 
ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʤʝʩʜʦʟʠ ʧʦʚʠʥʥʘ ʤʘʪʠ ʣʽʥʽʡʥʠʡ 
ʭʘʨʘʢʪʝʨ; 

4) ʧʦʢʘʟʘʥʥʷ ʤʝʩʜʦʟʠ ʥʝ ʧʦʚʠʥʥʽ ʟʘʣʝʞʘʪʠ ʚʽʜ ʥʝʟʥʘʯʥʠʭ 
ʧʝʨʝʢʦʩʽʚ, ʝʢʩʮʝʥʪʨʠʯʥʦʩʪʽ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʽʣʴʥʦʩʪʽ 

ʧʨʠʣʷʛʘʥʥʷ ʪʘ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʤʽʞ ʛʚʠʥʪʦʤ ʪʘ ʤʝʩʜʦʟʦʶ, ʪʦʙʪʦ ʪʦʯʥʦʩʪʽ 
ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʩʜʦʟʠ ʧʽʜ ʛʚʠʥʪ; 



 

21 
 

5) ʤʝʩʜʦʟʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝʯʫʪʣʠʚʦʶ ʜʦ ʛʨʘʜʽʻʥʪʫ ʪʝʤʧʝʨʘʪʫʨ ʧʦ 
ʦʙ'ʻʤʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ. 
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ʎʠʣʽʥʜʨʠʯʥʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 
ʅʘ ʨʠʩ. 3.1, ʘ ʧʨʠʚʝʜʝʥʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʽʟ 

ʯʦʪʠʨʤʘ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ, ʱʦ ʥʘʢʣʝʻʥ ̔ʜʦ ʡʦʛʦ ʙʽʯʥʦ ʾʧʦʚʝʨʭʥʽ: ʧʦʜʦʚʞ- 
ʥʽʤʠ R1, R4 ʽ ʧʦʧʝʨʝʯʥʠʤʠ R2, R3. ʇʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʝʣʝʤʝʥʪʘ ʩʠʣʦʶ ʈ 

ʪʝʥʟʦʜʘʪʯʠʢʠ R1, R4 ʩʧʨʠʡʤʘʶʪʴ ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʢʫ, ʘ ʪʝʥʟʦʜʘʪʯʠʢʠ 
R2, R3 ï ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ 
ʤʘʪʝʨʽʘʣʫ ʝʣʝʤʝʥʪʘ. 

ʊʝʥʟʦʜʘʪʯʠʢʠ ʟ'ʻʜʥʫʶʪʴʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʟʛʽʜʥʦ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ 
ʥʘʧʽʚʤʽʩʪ (ʨʠʩ. 3.1, ʙ) ʘʙʦ ʤʽʩʪ (ʨʠʩ. 3.1, ʚ). ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʟ'ʻʜʥʘʥʥʷ 
ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʨʦʙʦʪʽ ʟ ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯʝʤ, ʜʨʫʛʠʡ ï ʧʨʠ 
ʨʦʙʦʪʽ ʙʝʟ ʥʴʦʛʦ ʘʙʦ ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʽʜʩʠʣʶʚʘʯʝʤ, ʷʢʱʦ ʚʽʥ ʧʽʜʪʨʠʤʫʻ ʪʘʢʫ 
ʦʧʮʽʶ. 

 

 
ʈʠʩʫʥʦʢ 3.1 ï ʎʠʣʽʥʜʨʠʯʥʘ ʤʝʩʜʦʟʘ (ʘ) ʪʘ ʩʭʝʤʠ ʟôʜ̒ʥʘʥʥʷ 

ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʥʘʧʽʚʤʽʩʪ (ʙ) ʪʘ ʤʽʩʪ (ʚ) 
 
ʅʘʧʨʫʛʠ ʚ ʤʽʩʮʷʭ ʥʘʣʽʧʢʠ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʩʠʣʫ ʧʨʠʥʮʠʧʫ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʽʾ ʩʠʣ, ʩʧʨʘʚʝʜʣʠʚʦʛʦ ʜʣʷ ʧʨʫʞʥʠʭ ʪʽʣ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 
ʷʢ ʪʽ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʦʨʤʘʣʴʥʦʾ ʽ ʜʦʪʠʯʥʦʾ ʩʢʣʘʜʦʚʠʭ. 

ʇʨʫʞʥʽ ʝʣʝʤʝʥʪʠ ʤʝʩʜʦʟ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʩʪʘʣʝʡ ʟ ʚʠʩʦʢʦʶ ʤʝʞʝʶ 
ʧʨʫʛʢʦʩʪʽ (40ʍ, 45ʍ, 35ʍɻʉɸ) ʽʟ ʥʘʩʪʫʧʥʠʤ ʪʝʨʤʽʯʥʠʤ ʦʧʨʘʮʶʚʘʥʥʷʤ ʜʦ 
ʪʚʝʨʜʦʩʪʽ 40-50 HRC. 

ʇʨʠʧʫʩʪʠʤʽ ʥʘʧʨʫʛʠ (ʥʘʧʨʫʛʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, 
ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ) ʚʠʙʠʨʘʶʪʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ: 
ʧʨʠ ʫʜʘʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 100-150 ʅ/ʤʤ2; ʧʨʠ ʥʝʫʜʘʨʥʦʤʫ 
ʥʘʚʘʥʪʘʞʝʥʥʽ 200-300 ʅ/ʤʤ2; ʘ ʽʥʦʜʽ ʽ ʙʽʣʴʰ, ʘʣʝ ʥʝ ʚʠʱʝ 400 ʅ/ʤʤ2. 

ɼʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʶʪʴ ʧʦ 
ʬʦʨʤʫʣʽ 
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max

max

4P
d

ps
= , 

ʘ ʩʪʦʨʦʥʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ï ʧʦ ʬʦʨʤʫʣʽ: 

max

max

P
b

s
= , 

ʜʝ 
max
s  ï ʧʨʠʧʫʩʪʠʤʘ ʥʘʧʨʫʛʘ ʩʪʠʩʢʘʥʥʷ ʚ ʧʨʫʞʥʦʤʫ ʝʣʝʤʝʥʪʽ, ʅ/ʤʤ2. 

ɺʠʩʦʪʫ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʬʦʨʤʫʣ ̔
- ʜʣʷ ʮʠʣʽʥʜʨʘ 

max

max

2,26 ʙ

P
h

s
= Ö +, 

ʜʝ 
ʙ
 ï ʙʘʟʦʚʘ ʜʦʚʞʠʥʘ ʜʘʪʯʠʢʘ (ʨʦʙʦʯʘ ʜʦʚʞʠʥʘ ʪʝʥʟʦʜʘʪʯʠʢʘ). 

- ʜʣʷ ʧʘʨʘʣʝʣʝʧʽʧʝʜʫ 

max

max

2,87 ʙ

P
h

s
= Ö +. 

ʆʪʞʝ, ʜʣʷ ʪʦʛʦ ʩʘʤʦʛʦ ʚʽʜʥʦʰʝʥʥʷ max

max

P

s
 ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʫ ʚʠʛʣʜ̫ ̔

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʻ ʙʽʣʴʰ ʚʠʩʦʢʠʤ. 
 
ʂʽʣʴʮʝʚʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 
ʂʽʣʴʮʝʚʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.2. ʊʝʥʟʦʜʘʪʯʠʢʠ 

ʥʘ ʪʘʢʦʤʫ ʝʣʝʤʝʥʪʽ ʤʦʞʥʘ ʥʘʢʣʝʾʪʠ ʚ ʧʦʜʦʚʞʥʴʦʤʫ ʪʘ ʧʦʧʝʨʝʯʥʦʤʫ 
ʥʘʧʨʷʤʢʘʭ ʥʘ ʟʦʚʥʽʰʥʽʡ ʘʙʦ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʷʭ. 

 

 
ʈʠʩʫʥʦʢ 3.2 ï ʂʽʣʴʮʝʚʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 
 
ʋ ʤʝʩʜʦʟʘʭ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʚʠʯʘʡʥʦ ʥʠʟʴʢʽ 

ʢʽʣʴʮʝʚʽ ʝʣʝʤʝʥʪʠ ʟ ʚʽʜʥʦʰʝʥʥʷʤ h/D < 1 . ɼʣʷ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 
ʧʦʨʷʜʢʫ 10 ʄʅ ʧʨʠʡʤʘʶʪʴ h/D = 0,25. 

ʅʘʚʽʪʴ ʧʨʠ ʩʘʤʦʤʫ ʨʝʪʝʣʴʥʦʤʫ ʦʧʨʘʮʶʚʘʥʥʽ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ 
ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʪʘ ʧʨʦʤʽʞʥʠʭ ʜʝʪʘʣʝʡ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ 
ʜʝʬʦʨʤʘʮʽʡ ʫ ʤʽʩʮʷʭ ʥʘʢʣʝʶʚʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ (ʧʦʩʝʨʝʜʠʥʽ ʚʠʩʦʪʠ 
ʝʣʝʤʝʥʪʫ) ʜʫʞʝ ʚʘʞʢʦ, ʦʩʦʙʣʠʚʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʜʽʣʷʥʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ʇʨʠ ʥʘʢʣʝʶʚʘʥʥʽ ʥʘ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʥʝʚʝʣʠʯʢʦ ʾ ʢʽʣʴʢʦʩʪʽ 
ʧʦʟʜʦʚʞʥʽʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʤʦʞʣʠʚʠʡ ʪʘʢʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʯʘʩʪʠʥʘ ʟ ʥʠʭ 
ʥʝ ʙʫʜʝ ʩʧʨʠʡʤʘʪʠ ʜʝʬʦʨʤʘʮʽʶ. 

ʇʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʪʽʣʴʢʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʘʙʦ 

ʚʥʫʪʨʽʰʥʽʡ ʩʪʦʨʦʥʘʭ ʢʽʣʴʮʷ ʧʦʢʘʟʘʥʥʷ ʤʝʩʜʦʟʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʫ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʥʪʘʢʪ ̔ʫ ʥʘʧʨʷʤʢʫ ʨʘʜʽʫʩʫ ʢʽʣʴʮʷ. ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ 
ʪʘʢʠʭ ʧʦʭʠʙʦʢ ʧʦʢʘʟʘʥʴ ʥʝʦʙʭʽʜʥʦ ʥʘʢʣʝʶʚʘʪʠ ʧʦʟʜʦʚʞʥʽ ʪʝʥʟʦʜʘʪʯʠʢʠ 
ʥʘ ʟʦʚʥʽʰʥʶ ʽ ʥʘ ʚʥʫʪʨʽʰʥʶ ʩʪʦʨʦʥʠ ʢʽʣʴʮʷ. 

ʏʠʩʣʦ ʧʦʟʜʦʚʞʥʽʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ, ʧʨʠ ʷʢʦʤʫ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʤʘʣʦ 
ʯʫʪʣʠʚʠʡ ʜʦ ʚʠʜʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʚʠʥʥʦ ʩʢʣʘʜʘʪʠ 

zʧʨ = zʧʨ.ʟʦʚʥ + zʧʨ.ʚʥʫʪ, 
ʜʝ zʧʨ.ʟʦʚʥ, zʧʨ.ʚʥʫʪ ï ʯʠʩʣʘ ʧʦʜʦʚʞʥʽʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 

ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʩʪʦʨʦʥʘʭ ʢʽʣʴʮʷ. 
ʇʨʠ ʨʦʙʦʪʽ ʙʝʟ ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʥʝʦʙʭʽʜʥʦ 

ʥʘʢʣʝʾʪʠ ʪʘʢʝ ʞ ʯʠʩʣʦ ʧʦʧʝʨʝʯʥʠʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ 
ʩʢʣʘʩʪʠ ʤʦʩʪʦʚʫ ʩʭʝʤʫ. ʇʦʧʝʨʝʯʥʽ ʪʝʥʟʦʜʘʪʯʠʢʠ ʥʘʢʣʝʶʶʪʴ ʥʘ 
ʟʦʚʥʽʰʥʶ ʪʘ ʚʥʫʪʨʽʰʥʶ ʩʪʦʨʦʥʠ ʢʽʣʴʮʷ ʚ ʧʨʦʤʽʞʢʘʭ ʤʽʞ ʧʦʜʦʚʞʥʽʤʠ 
ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ. 

ʇʨʠ ʚʤʠʢʘʥʥʽ ʚ ʤʽʩʪ ʯʠʩʣʘ ʧʦʜʦʚʞʥʽʭ ʽ ʧʦʧʝʨʝʯʥʠʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 
ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʨʘʪʥʽ ʜʚʦʤ, ʱʦ ʥʘʢʣʘʜʘʻ ʚʠʟʥʘʯʝʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʦʟʤʽʨʠ 
ʢʽʣʴʮʷ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʤʽʨʠ ʢʽʣʴʮʷ ʧʦʚʠʥʥʽ ʪʘʢʦʞ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʽ 

h D-d+ lʙ² , 

ʜʝ lʙ ï ʜʦʚʞʠʥʘ ʙʘʟʠ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʷʢʽ 

ʥʘʢʣʝʶʶʪʴ ʥʘ ʧʨʫʞʥʽʡ ʝʣʝʤʝʥʪ ʤʝʩʜʦʟʠ. 
ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʽʣʴʮʷ ʧʨʠʡʤʘʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʘʤʝʪʨʘ ʧ'ʷʪʠ 

ʥʘʪʠʩʢʥʦʛʦ ʛʚʠʥʪʘ, ʘ ʡʦʛʦ ʚʠʩʦʪʫ ï ʚʠʭʦʜʷʯʠ ʟ ʚʠʩʦʪʥʦʛʦ ʛʘʙʘʨʠʪʫ 
ʤʝʩʜʦʟʠ, ʱʦ ʦʙʤʝʞʫʻʪʴʩʷ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʧ'ʷʪʦʶ ʥʘʪʠʩʢʥʦʛʦ ʛʚʠʥʪʘ ʽ 
ʧʣʦʱʘʜʢʦʶ ʥʘ ʧʦʜʫʰʮʽ ʚʝʨʭʥʴʦʛʦ ʚʘʣʢʘ (ʟʚʠʯʘʡʥʦ h < 100-120 ʤʤ). 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʽʣʴʮʷ d ʨʦʟʨʘʭʦʚʫʶʪʴ ʧʦ ʬʦʨʤʫʣʽ 

2 max

max

4P
d D

ps
= - , 

ʜʝ maxP  ï ʤʘʢʩʠʤʘʣʴʥʘ ʩʠʣʘ, ʷʢʫ ʤʦʞʝ ʚʠʤʽʨʶʚʘʪʠ ʤʝʩʜʦʟʘ, ʟʘʟʚʠʯʘʡ 

ʧʨʠʡʤʘʶʪʴ ʚʠʭʦʜʷʯʠ ʽʟ ʧʨʘʢʪʠʯʥʠʭ ʜʘʥʠʭ; maxs  ï ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʧʨʠ 

ʩʪʠʩʢʘʥʥʽ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʤʝʩʜʦʟʠ. 
ʆʩʪʘʪʦʯʥʦ ʨʦʟʤʽʨʠ ʢʽʣʴʮʷ D, d ʽ h ʧʽʜʙʠʨʘʶʪʴ ʪʘʢ, ʱʦʙ zʧʨ.ʟʦʚʥ ʪʘ 

zʧʨ.ʚʥʫʪ ʙʫʣʠ ʮʽʣʽ ʯʠʩʣʘ. 
 
ʂʨʫʛʣʠʡ ʤʝʤʙʨʘʥʥʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 
ʂʦʥʩʪʨʫʢʮʽʷ ʢʨʫʛʣʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 3.3. ʅʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʝʣʝʤʝʥʪʫ ʧʦ ʢʨʫʛʣʽʡ 
ʧʣʦʱʘʜʮʽ ʥʘ ʟʦʚʥʽʰʥʽʡ ʩʪʦʨʦʥʽ ʤʝʤʙʨʘʥʠ. ʊʝʥʟʦʜʘʪʯʠʢʠ ʥʘʢʣʝʶʶʪʴ ʥʘ 
ʚʥʫʪʨʽʰʥʶ ʩʪʦʨʦʥʫ ʤʝʤʙʨʘʥʠ. ɺʥʫʪʨʽʰʥʷ ʧʦʨʦʞʥʠʥʘ ʝʣʝʤʝʥʪʘ 

ʟʘʢʨʠʚʘʻʪʴʩʷ ʢʨʠʰʢʦʶ.  
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ʈʠʩʫʥʦʢ 3.3 ï ʂʨʫʛʣʠʡ ʤʝʤʙʨʘʥʥʠʡ ʝʣʝʤʝʥʪ 

 
ʇʝʨʝʚʘʛʠ ʤʝʩʜʦʟʠ ʟ ʪʘʢʠʤ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ ʪʘʢʽ: ʧʨʦʩʪʘ 

ʢʦʥʩʪʨʫʢʮʽʷ, ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ; ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ 
ʧʦ ʚʠʩʦʪʽ ʪʘ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʚʧʣʠʚʽʚ, ʱʦ 
ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʦʢʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʄʝʤʙʨʘʥʥʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ 
ʥʘʚʘʥʪʘʞʝʥʴ ʜʦ 1500 ʢʅ (150 ʊ). ɼʣʷ ʙʽʣʴʰ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 
ʚʠʤʫʰʝʥʦ ʟʙʽʣʴʰʫʶʪʴ ʨʦʟʤʽʨʠ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ (ʧʝʨʰ ʟʘ ʚʩʝ 
ʪʦʚʱʠʥʫ), ʱʦ ʻ ʥʘʡʙʽʣʴʰʠʤ ʥʝʜʦʣʽʢʦʤ ʤʝʤʙʨʘʥʥʠʭ ʤʝʩʜʦʟ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ 
ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʩʪʦʨʦʥʽ ʤʝʤʙʨʘʥʠ (ʨʠʩ. 3.4). 

 

 
ʈʠʩʫʥʦʢ 3.4 ï ɺʘʨʽʘʥʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʥʘ ʚʥʫʪʨʽʰʥʽʡ 

ʩʪʦʨʦʥʽ ʤʝʤʙʨʘʥʠ (ʘ, ʙ) ʪʘ ʩʭʝʤʠ ʟ'ʻʜʥʘʥʥʷ ʾʭ ʫ ʥʘʧʽʚʤʽʩʪ (ʚ) 
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ɺʘʨʽʘʥʪ ʘ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ ʪʦʚʱʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʜʦ ʡʦʛʦ ʜʽʘʤʝʪʨʫ ʤʝʥʰʝ ʥʽʞ 1 ʜʦ 3 (
1

3

s

D
< ), ʪʦʙʪʦ ʢʦʣʠ ʜʽʘʤʝʪʨ 

ʧʣʦʱʘʜʢʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʥʰʝ ʪʦʚʱʠʥʠ ʤʝʤʙʨʘʥʠ (d < s) ʪʘ ʥʘ 
ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʽʡ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʤʝʤʙʨʘʥʠ ʚʧʣʠʚʘʶʪʴ 
ʪʘʥʛʝʥʮʽʘʣʴʥ ̔ ʩʠʣʠ ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ, ʚʠʢʣʠʢʘʥʽ ʪʝʨʪʷʤ, ʱʦ 
ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʢʘʟʘʥʴ ʤʝʩʜʦʟʠ. 

ɺʘʨʽʘʥʪ ʙ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ ʪʦʚʱʠʥʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʜʦ ʡʦʛʦ ʜʽʘʤʝʪʨʫ ʙʽʣʴʰʝ ʥʽʞ 1 ʜʦ 3 (
1

3

s

D
> ), ʢʦʣʠ ʚʧʣʠʚ 

ʜʦʪʠʯʥʠʭ ʩʠʣ ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ. 
ʆʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʚʠʢʣʶʯʘʶʪʴ ʚʧʣʠʚ 

ʟʩʫʚʫ ʮʝʥʪʨʫ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʦʩʴʦʚʦʾ ʣʽʥʽʾ. 
ʅʘ ʨʠʩ. 3.5 ʧʨʠʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʧʨʫʛʠ 

smax ʫ ʤʝʤʙʨʘʥʽ (ʫ ʮʝʥʪʨʽ) ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 
s

D
 ʜʣʷ 

d

D
= 0,5. 

 

 
ʈʠʩʫʥʦʢ 3.5 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ 

ʩʪʦʨʦʥʽ ʤʝʤʙʨʘʥʠ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 
s

D
 

 
ʎʠʤ ʛʨʘʬʽʢʦʤ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʨʠ ʚʠʙʦʨʽ ʪʦʚʱʠʥʠ ʤʝʤʙʨʘʥʠ 

s ʜʣʷ ʟʘʜʘʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ Pmax ʽ ʧʨʠʧʫʩʪʠʤʦʾ ʥʘʧʨʫʛʠ ʜʣʷ ʤʘʪʝʨʽʘʣʫ 

ʤʝʤʙʨʘʥʠ smax. 
ʅʝʭʘʡ, ʥʘʧʨʠʢʣʘʜ, 

Pmax = 0,5 Mʅ (50 ʪ) ʪʘ smax = 200 
2

ʄʅ

ʤ
 ( 20 

2

ʢʛ

ʤʤ
). 

ʊʦʜʽ ʜʣʷ max
2

max

200 1
400

0,5P ʤ

s
= = . 
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ɿ ʛʨʘʬʽʢʫ (ʨʠʩ. 3.5) ʟʥʘʭʦʜʠʤʦ 
s

D
 å 0,36. 

ɿʚʽʜʢʠ ʪʦʚʱʠʥʘ ʤʝʤʙʨʘʥʠ ʧʨʠ ʾʾ ʜʽʘʤʝʪʨʽ 120 ʤʤ 
s = 0,36 D = 0,36 120 å 43ʤʤ. 

 
ʇʨʷʤʦʢʫʪʥʠʡ ʤʝʤʙʨʘʥʥʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 
ɼʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʠʣʠ ʧʨʦʢʘʪʢʠ ʤʦʞʣʠʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʩʜʦʟ ʙʽʣʴʰ ʧʨʦʩʪʦʾ ʢʦʥʩʪʨʫʢʮʽ.ʾ ʎʝ ʤʝʩʜʦʟʘ ʟ 
ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ (ʨʠʩ. 3.6). 

ʅʝʜʦʣʽʢʦʤ ʪʘʢʠʡ ʤʝʩʜʦʟʠ ʻ ʧʦʛʘʥʘ ʟʘʭʠʱʝʥʽʩʪʴ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʚʽʜ 
ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʦ ʧʝʨʝʚʘʛ ʤʦʞʥʘ 
ʚʽʜʥʝʩʪʠ ʜʫʞʝ ʧʨʦʩʪʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʝʩʜʦʟ, ʱʦ ʧʦʣʝʛʰʫʻ ʾʭʥʻ 
ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʧʨʦʝʢʪʥʫ ʨʦʙʦʪʫ, ʘ ʪʘʢʦʞ ʟʨʫʯʥʽʩʪʴ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 
ʈʠʩʫʥʦʢ 3.6 ï ʇʨʷʤʦʢʫʪʥʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ 
 
ʍʽʜ ʨʦʟʨʘʭʫʥʢʫ ʤʝʤʙʨʘʥʥʠʭ ʤʝʩʜʦʟ ʽʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʫʞʥʠʤ 

ʝʣʝʤʝʥʪʦʤ: 
1. ɺʠʟʥʘʯʘʶʪʴ ʧʨʠʧʫʩʪʠʤʫ ʜʝʬʦʨʤʘʮʽʶ (ʩʪʨʽʣʘ ʧʨʦʛʠʥʫ) ʧʨʫʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʧʦ ʬʦʨʤʫʣʽ: 

. 2 2
0 100

ʧʨʠʧ
g g

l
w w
= = , 

ʜʝ g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, 
2

ʤʤ

ʩ
; 

0w  ï ʚʣʘʩʥʘ ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʜʘʪʯʠʢʘ, 
.ʦʙ

ʩ
; 
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w ïʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʧʨʦʮʝʩʫ, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʤʽʨʫ, 
.ʦʙ

ʩ
; 

.ʧʨʠʧl  ï ʧʨʠʧʫʩʪʠʤʘ ʩʪʨʽʣʘ ʧʨʦʛʠʥʫ ʤʝʤʙʨʘʥʥʦʛʦ ʜʘʪʯʠʢʫ, ʤʤ. 

 

2. ʂʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ 
ʬʦʨʤʫʣʽ: 

2 fw p= Ö Ö, 

ʜʝ f  ï ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʧʨʦʮʝʩʫ, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʤʽʨʫ, ɻʮ. 

ɿʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʠʨʘʶʪʴ ʟ ʪʘʙʣʠʮʽ 3.1. 
 
ʊʘʙʣʠʮʷ 3.1 ï ʏʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ 

 

ʊʠʧ ʩʪʘʥʫ 

ɿʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 
ʄʘʢʩʠʤʘʣʴʥʽ 
ʯʘʩʪʦʪʠ ʧʨʦʮʝʩʫ 

f , ɻʮ 

ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʤʦʤʝʥʪ ʄʤʘʢʩ, 

ʪʤ 

ʤʘʢʩʠʤʘʣʴʥʘ 

ʩʠʣʘ Pʤʘʢʩ, ʪ 
 

ɹʣʶʤ̔ʥʛ 1100 150 - 0 - 10,55 

ʉʣʷʙ̔ʥʛ 1120 136 - 241 - 0 - 14,10 

ɹʝʟʧʝʨʝʨʚʥʦ-ʟʘʛʦʪʚ̔ʝʣʴʥʠʡ 
ʩʪʘʥ 720 

79,7 - 79,9 - 0 - 9,40 

ʈʝʡʢʦ-ʙʘʣʢʦʚʠʡ ʩʪʘʥ 26,17 - 46,75 - 0 - 10,0 

ʉʝʨʝʜʥʴʦʩʦʨʪʥʠʡ 
ʧ'ʷʪʠʢʣʽʪʴʦʚʠʡ ʩʪʘʥ ʪʨʽʦ 400 

8,413 86,5 - 100,3 0 - 44,0 

ʆʙʪʠʩʢʥʘ ʢʣʽʪʴ 
ʩʝʨʝʜʥʴʦʩʦʨʪʥʦʛʦ ʩʪʘʥʫ ʪʨʽʦ 

620 
19,44 173 0 - 24,8 

ʃʠʩʪʦʚ ̔ʩʪʘʥʠ: 
ʪʨʴʦʭʢʣʽʪʴʦʚʠʡ ʣʠʩʪʦʚʠʡ 

ʩʪʘʥ 730 
44,85 - 0 - 13,0 

ʜʚʦʭʢʣʽʪʴʦʚʠʡ ʩʪʘʥ ʜʫʦ 630 ʭ 

1300 
13,38 12,4 0 - 19,8 

ʦʜʥʦʢʣʪ̔ʴʦʚʠʡ ʩʪʘʥ ʜʫʦ 630 ʭ 

1300 
12,89 256 0 - 27 

ʉʪʘʥʠ ʭʦʣʦʜʥʦ ʾʧʨʦʢʘʪʢʠ: 

ʜʚʦʭʢʣʽʪʴʦʚʠʡ ʩʪʘʥ ʜʫʦ 630 ʭ 

1300 

7, 12 189 0 - 3,6 

ʨʝʚʝʨʩʠʚʥʳʡ ʩʪʘʥ 

400 ʭ 800 
4,775 181,5 0 - 3,6 

ʩʪʘʥ 300 ʭ 450 0,4578 90,75 0 - 4,1 

ʰʝʩʪʠʚʘʣʢʦʚʠʡ ʩʪʘʥ 460 0,4224 90,75 0 - 3,6 
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3. ɿ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʦʟʫʤʽʥʴ ʧʨʠʡʤʘʶʪʴ ʜʦʚʞʠʥʫ ʽ ʰʠʨʠʥʫ 
ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʪʘ, ʟʥʘʶʯʠ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦ ʾʩʠʣʠ, ʱʦ ʙʫʜʝ 
ʜʦʩʣʽʜʞʫʚʘʪʠʩʷ, ʨʦʟʨʘʭʦʚʫʶʪʴ ʪʦʚʱʠʥʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ: 

3

ʪ

P l
h

b s

Ö Ö
=

Ö
, 

ʜʝ h  ï ʪʦʚʱʠʥʘ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʤʤ; 
P ï ʤʘʢʩʠʤʘʣʴʥʘ ʩʠʣʘ ʧʨʦʢʘʪʢʠ, ʱʦ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʩʜʦʟʠ, ʅ; 

l  ï ʜʦʚʞʠʥʘ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʤʤ; 

b ï ʰʠʨʠʥʘ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʤʤ; 

ʪs  ï ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʤʝʩʜʦʟʠ, 

ʄʇʘ. 
4. ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʪʨʽʣʘ ʧʨʦʛʠʥʫ ʧʨʠ ʨʦʟʨʘʭʦʚʘʥʽʡ ʪʦʚʱʠʥʽ: 

3

48

Pl

E I
l= , 

ʜʝ E ï ʤʦʜʫʣʴ ʖʥʛʘ ʜʣʷ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʧʨʫʞʥʠʡ 
ʝʣʝʤʝʥʪ, ʄʇʘ; 

I  ï ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʣʷ ʧʝʨʝʨʽʟʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʤʤ4. 
3

12

bh
I = . 

ʗʢʱʦ ʧʨʠʧl l¢ , ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʚʚʘʞʘʶʪʴ ʟʘʜʦʚʽʣʴʥʠʤ ʽ ʟʘʣʠʰʘʶʪʴ 

ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ. ʋ ʧʨʦʪʠʚʥʦʤʫ ʚʠʧʘʜʢʫ ʘʙʦ ʟʤʝʥʰʫʶʪʴ ʜʦʚʞʠʥʫ 
ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʘʙʦ ʟʙʽʣʴʰʫʶʪʴ ʡʦʛʦ ʪʦʚʱʠʥʫ (ʯʠ ʰʠʨʠʥʫ), ʽ, ʧʽʩʣʷ 
ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʨʝʢʪʫʚʘʥʥʷ, ʟʥʦʚʫ ʧʦʚʪʦʨʶʶʪʴ ʨʦʟʨʘʭʫʥʦʢ, ʧʦʯʠʥʘʶʯʠ ʟ 
ʧʫʥʢʪʫ 3. 

 
ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ 
ʈʦʟʨʘʭʫʚʘʪʠ ʧʨʷʤʦʢʫʪʥʠʡ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʝ 

ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʣʘ 20 ʪ (200 ʢʅ) ʜʣʷ ʩʝʨʝʜʥʴʦʩʦʨʪʥʦʛʦ ʩʪʘʥʫ. 
ʈʦʟʚôʷʟʘʥʥʷ: 

ɿ ʪʘʙʣʠʮʽ 3.1 ʦʙʠʨʘʻʤʦ ʯʘʩʪʦʪʫ ʜʣʷ ʩʪʘʥʫ f = 10 ɻʮ. 
ʊʦʜʽ ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

.
2 3,14 10 62,8

ʦʙ

ʩ
w= Ö Ö = . 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʧʨʠʧʫʩʪʠʤʫ ʩʪʨʽʣʫ ʧʨʦʛʠʥʫ 

. 2

9869
0,025

100 62,8
ʧʨʠʧ ʤʤl = =

Ö
. 

ʇʨʠʡʤʘʻʤʦ ʨʦʙʦʯʫ ʜʦʚʞʠʥʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ 100 ʤʤ, ʘ ʰʠʨʠʥʫ 
ï 60 ʤʤ. ʇʨʠʡʤʘʻʤʦ, ʱʦ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟʽ ʩʪʘʣʽ 45, 

ʜʣʷ ʷʢʦʾ sʪ = 360 ʄʇʘ ; E = 2,04Ĭ105 ʄʇʘ. 
ʊʦʜʽ ʚʠʩʦʪʘ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ 
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3 200 100
52,7 55

60 360
h ʤʤ

Ö Ö
= = º

Ö
. 

ʆʙʯʠʩʣʶʻʤʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ 
3

460 55
831875

12
I ʤʤ

Ö
= = . 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʽʣʘ ʧʨʦʛʠʥʫ ʙʫʜʝ ʩʢʣʘʜʘʪʠ 
3 3

5

200 10 100
0,0245

48 2,04 10 831875
l

Ö Ö
= =
Ö Ö Ö

 ʤʤ. 

ʊʘʢ ʷʢ ʫʤʦʚʘ ʧʨʠʧl l¢  ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʢʦʨʝʢʪʫʚʘʥʥʷ ʨʦʟʤʽʨʽʚ 

ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʥʝ ʧʦʪʨʽʙʥʘ. ʆʩʪʘʪʦʯʥʦ ʧʨʠʡʤʘʻʤʦ ʨʦʟʤʽʨʠ 
ʝʣʝʤʝʥʪʘ: h = 55 ʤʤ; b = 60 ʤʤ ; L =100 ʤʤ. 

ɯʥʰʽ ʨʦʟʤʽʨʠ ʤʝʩʜʦʟʠ ʧʨʠʡʤʘʶʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ. 
 
ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

ʈʦʟʨʘʭʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʮʠʣʽʥʜʨʠʯʥʦʾ, ʢʽʣʴʮʝʚʦʾ ʪʘ ʤʝʤʙʨʘʥʥʠʭ 
ʤʝʩʜʦʟ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʾʩʠʣʠ ʧʨʦʢʘʪʢʠ Pmax = 10 0,8N (ʪ), ʜʝ N ï ʥʦʤʝʨ 

ʚʘʨʽʘʥʪʫ. ʄʘʪʝʨʽʘʣ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ï ʩʪʘʣʴ 45. ʊʠʧ ʩʪʘʥʫ ʦʙʨʘʪʠ 
ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʠʣʠ ʧʨʦʢʘʪʢʠ (ʜʠʚ. ʪʘʙʣ. 3.1). 

 
ʇʠʪʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ 
1. ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʩʜʦʟʠ? 
2. ʗʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʘ, ʱʦ ʜʽʻ ʟ ʙʦʢʫ 

ʤʝʪʘʣʫ ʥʘ ʚʘʣʢʠ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ? 
3. ʗʢʠʤ ʚʠʤʦʛʘʤ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʨʠʩʪʨʦʾ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʢʘʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ? 
4. ʗʢʽ ʦʩʥʦʚʥʽ ʪʠʧʠ ʚʠʤʽʨʶʚʘʯʽʚ ʩʠʣʠ ʚʠ ʟʥʘʻʪʝ ʪʘ ʷʢʘ ʤʽʞ ʥʠʤʠ 

ʨʽʟʥʠʮʷ? 
5. ʆʧʠʰʽʪʴ ʧʨʘʚʠʣʘ ʚʩʪʘʥʦʚʣʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʯʽʚ ʪʠʩʢʫ. 
 
 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ4 
ʈʆɿʈɸʍʋʅʆʂ ʇʈʀʃɸɼɯɺ ɼʃʗ ɺʀʄɯʈʋ ʂʈʋʊʀʃʔʅʆɻʆ 

ʄʆʄɽʅʊʋ ʇʈʆʂɸʊʂʀ 
 
ɿʘʛʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʇʦʚʥʠʡ ʤʦʤʝʥʪ ʧʨʦʢʘʪʢʠ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʤʦʤʝʥʪʽʚ ʚʘʣʢʽʚ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʠʤʠ ʤʝʪʦʜʘʤʠ. 
1. ʇʦ ʟʘʧʠʩʘʥʠʤ ʢʨʠʚʠʤ (ʦʩʮʠʣʦʛʨʘʤʘʤ) ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ N 

ʽ ʦʙʦʨʦʪʘʤ n ʧʨʠʚʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ  

( ). .
. . . . . .

9,55 x x ʜ
ʧʨ ʜʠʥ ʧʤ ʧʤ ʪʧ

N N
ʄ M i ʄ

n

h
h

è ø-
= - Ö -é ù
ê ú

 

ʜʝ N , . .x xN  ï ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʢʘʪʢʠ ʪʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʚʽʜʧʦʚʽʜʥʦ; 
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ʜh  ï ʢ.ʢ.ʜ. ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʛʦʣʦʚʥʦʛʦ ʧʨʠʚʦʜʫ ʢʣʽʪʽ; 

n  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 

ʜʠʥM  ï ʜʠʥʘʤʽʯʥʠʡ ʢʨʫʪʠʣʴʥʠʡ ʤʦʤʝʥʪ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʘʣʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 

. .ʧʤi  ï ʧʝʨʝʜʘʪʥʝ ʯʠʩʣʦ ʤʝʭʘʥʽʟʤʽʚ ʛʦʣʦʚʥʦʾ ʣʽʥʽʾ ʢʣʽʪʽ; 

. .ʧʤh  ï ʢ.ʢ.ʜ. ʤʝʭʘʥʽʟʤʽʚ ʛʦʣʦʚʥʦʾ ʣʽʥʽʾ ʢʣʽʪʽ; 

. .ʪʧʄ  ï ʤʦʤʝʥʪ ʪʝʨʪʷ ʧʨʠʚʦʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʛʦʣʦʚʥʦʾ ʣʽʥʽʾ ʢʣʽʪʽ. 

2. ʇʦ ʟʘʧʠʩʘʥʽʡ ʢʨʠʚʽʡ (ʦʩʮʠʣʦʛʨʘʤʽ) ʩʠʣʠ ʧʨʦʢʘʪʢʠ ʈ, ʷʢʱʦ ʚʽʜʦʤʝ 
ʧʣʝʯʝ ʘ ʤʦʤʝʥʪʫ: 

2 .ʧʨ ʈʄ ʘÖ Ö=  

3. ʇʦ ʦʙʤʽʨʶʚʘʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ 
ʢʨʫʪʠʣʴʥʠʤ ʤʦʤʝʥʪʘʤ ʥʘ ʰʧʠʥʜʝʣʷʭ ʚʘʣʢʽʚ ʯʠ ʥʘ ʢʦʨʽʥʥʦʤʫ ʚʘʣʫ. 

ʇʝʨʰʠʡ ʤʝʪʦʜ ʥʝʟʨʫʯʥʠʡ, ʷʢʱʦ ʧʨʦʢʘʪʢʘ ʚʝʜʝʪʴʩʷ ʟ ʧʝʨʝʤʽʥʥʦʶ 
ʰʚʠʜʢʽʩʪʶ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʥʘ ʙʣʶʤʽʥʛʫ, ʽ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʶʚʘʪʠ 

ʜʠʥʘʤʽʯʥʠʡ ʢʨʫʪʠʣʴʥʠʡ ʤʦʤʝʥʪ ʜʠʥM . ɼʨʫʛʠʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʝʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʪʦʤʫ ʱʦ ʟʚʠʯʘʡʥʦ ʥʝʚʽʜʦʤʦ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ 
ʧʣʝʯʝ ʤʦʤʝʥʪʫ. ʊʨʝʪʽʡ ʤʝʪʦʜ ʩʘʤʠʡ ʪʦʯʥʠʡ, ʘʣʝ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʘʥʘʭ 
ʜʦʚʦʣʽ ʚʘʞʢʠʡ ʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʪʘ ʩʣʘʙʦ ʟʘʭʠʱʝʥʠʡ ʚʽʜ ʚʠʧʘʜʢʦʚʠʭ 
ʨʫʡʥʫʚʘʥʴ ʜʝʪʘʣʝʡ ʚʠʤʽʨʶʚʘʯʽʚ ʧʨʠ ʧʝʨʝʚʘʣʢʘʭ ʪʘ ʚ ʧʨʦʮʝʩʽ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʥʽʚ. ɺ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʮʝʡ ʥʝʜʦʣʽʢ 
ʥʝ ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʠʡ. ʊʦʤʫ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 
ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʷʤʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ 
ʧʨʦʢʘʪʢʠ, ʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ï ʧʝʨʰʠʡ ʟ ʧʝʨʝʣʽʯʝʥʠʭ ʤʝʪʦʜʽʚ. 

ʇʨʠ ʟʤʽʥʽ ʢʨʫʪʠʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʰʧʠʥʜʝʣʷʭ ʚʘʣʢʽʚ ʧʦʚʥʠʡ 
ʤʦʤʝʥʪ ʧʨʦʢʘʪʢʠ ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʬʦʨʤʫʣʽ 

. . . .2ʚ ʥ ʪʧ ʭʨ ʧ ʭ ʰʄ ʄ ʄ ʄʄ + - -= , 

ʜʝ ʚʄ  ʪʘ ʥʄ  ï ʦʙʤʽʨʶʚʘʥʽ ʢʨʫʪʠʣʴʥʽ ʤʦʤʝʥʪʠ, ʥʘ ʚʝʨʭʥʴʦʤʫ ʽ ʥʠʞʥʴʦʤʫ 

ʰʧʠʥʜʝʣʷʭ; 

. .ʭʭʰʄ  ï ʦʙʤʽʨʶʚʘʥʠʡ ʢʨʫʪʠʣʴʥʠʡ ʤʦʤʝʥʪ, ʥʘ ʰʧʠʥʜʝʣʷʭ ʧʨʠ 

ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ ʩʪʘʥʫ. 
ʇʨʠ ʚʠʤʽʨʽ ʢʨʫʪʠʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʢʦʨʽʥʥʦʤʫ ʚʘʣʫ ʤʦʤʝʥʪ 

ʧʨʦʢʘʪʢʠ ʟʥʘʭʦʜʷʪʴ ʧʦ ʨʽʚʥʷʥʥʶ 

. . . . . . . .2ʢ ʧʤ ʧʤ ʧ ʢʧ ʭʨ ʪ ʭʄ ʽ ʄ ʄʄ h -= Ö Ö - , 

ʜʝ . .ʭʭʢʄ  ï ʦʙʤʽʨʶʚʘʥʠʡ ʤʦʤʝʥʪ, ʥʘ ʢʦʨʽʥʥʦʤʫ ʚʘʣʫ ʧʨʠ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ 

ʩʪʘʥʫ. 
ʊʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʧʨʦʢʘʪʢʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ. 
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ɺʠʤʽʨ ʢʨʫʪʠʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ  
ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʦʧʦʨʫ 
ʇʨʠ ʩʢʨʫʯʫʚʘʥʥʽ ʚʘʣʫ ʤʦʤʝʥʪʦʤ, ʷʢʠʡ ʚʽʥ ʧʝʨʝʜʘʻ, ʥʘʡʙʽʣʴʰʽ 

ʧʦʚʝʨʭʥʝʚʽ ʜʝʬʦʨʤʘʮʽʾ ʩʧʨʷʤʦʚʘʥʽ ʧʦ ʜʚʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 
ʦʩʷʭ x ʪʘ y , ʥʘʭʠʣʝʥʠʭ ʧʽʜ ʢʫʪʦʤ 45Á ʜʦ ʦʩʽ ʚʘʣʫ. ʇʨʠʯʦʤʫ ʮʽ ʜʝʬʦʨʤʘʮʽʾ 
ʨʽʚʥʽ ʧʦ ʚʝʣʠʯʠʥʽ ʽ ʧʨʦʪʠʣʝʞʥʽ ʟʘ ʟʥʘʢʦʤ (ʨʠʩ. 4.1, ʘ, ʙ). 

ʇʨʠ ʥʘʧʨʷʤʢʫ ʩʢʨʫʯʫʚʘʥʥʷ ʚʘʣʫ, ʧʦʢʘʟʘʥʦʤʫ ʥʘ ʨʠʩ. 4.1, ʘ ʧʦ ʦʩʽ ʭ 
ʜʽʶʪʴ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʘʥʥʷ, ʘ ʧʦ ʦʩʽ y ï ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʢʫ. 

ʗʢʱʦ ʥʘʢʣʝʾʪʠ ʥʘ ʚʘʣ ʯʦʪʠʨʠ ʪʝʥʟʦʜʘʪʯʠʢʘ ʪʘʢ, ʱʦʙ ʧʦʜʦʚʞʥʽ ʦʩʽ 
ʜʚʦʭ ʟ ʥʠʭ ʟʙʽʛʘʣʠʩʷ ʟ ʚʽʩʩʶ ʭ, ʘ ʧʦʜʦʚʞʥʽ ʦʩʽ ʽʥʰʠʭ ʜʚʦʭ ï ʟ ʚʽʩʩʶ y, ʽ 
ʧʦʪʽʤ ʚʢʣʶʯʠʪʠ ʢʦʞʥʫ ʧʘʨʫ ʚ ʧʨʦʪʠʣʝʞʥʽ ʧʣʝʯʽ ʤʦʩʪʘ (ʨʠʩ. 4.1, ʚ), ʪʦ ʧʨʠ 
ʩʢʨʫʯʫʚʘʥʥʽ ʚʘʣʫ ʤʦʤʝʥʪʦʤ ʥʘ ʚʠʭʦʜʽ ʤʦʩʪʘ ʚʠʥʠʢʘʻ ʩʠʛʥʘʣ, 
ʧʨʦʧʦʨʮʽʡʥʠʡ ʚʝʣʠʯʠʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʘʣʫ, ʘ ʦʪʞʝ, ʽ ʧʝʨʝʜʘʥʦʤʫ ʾʤ 
ʤʦʤʝʥʪʫ. 

 

 
1 ï ʪʦʢʦʟ'ʻʤʥʽ ʢʽʣʮʷ; 2ï ʽʟʦʣʶʶʯʘ ʚʪʫʣʢʘ; 3 ï ʱʽʪʢʠ; 4 ï 

ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯ 
ʈʠʩʫʥʦʢ 4.1 ï ʅʘʧʨʷʤʢʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʚʘʣʫ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʷʤʢʫ ʢʨʫʪʽʥʥʷ ʚʘʣʫ (ʘ, ʙ) ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ 
ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʥʘ ʚʘʣʫ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʤʦʤʝʥʪʘ (ʚ) 

 
ɺʠʙʽʨ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 
ʄʽʩʪ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʘʣʫ, ʟôʻʜʥʫʶʪʴ ʽʟ ʚʭʦʜʦʤ 

ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯʘ ʟʚʠʯʘʡʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʢʦʟô̒ʤʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ 
ʢʦʚʟʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ. ʇʦʛʨʽʰʥʦʩʪʽ ʟʘʧʠʩʫ, ʚʠʢʣʠʢʘʥʽ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ 
ʧʝʨʝʭʽʜʥʠʭ ʦʧʦʨʽʚ ʢʦʚʟʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 
ʦʧʦʨʽʚ ʧʣʽʯ ʤʦʩʪʘ. 

ʊʦʤʫ ʙʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʤʽʨʫ ʜʝʬʦʨʤʘʮʽʡ ʚʘʣʫ 
ʪʝʥʟʦʜʘʪʯʠʢʠ ʟ ʚʝʣʠʢʠʤ ʦʧʦʨʦʤ, ʥʘʧʨʠʢʣʘʜ 400 ʆʤ. ɿʙʽʣʴʰʠʪʠ ʦʧʽʨ ʧʣʽʯ 



 

33 
 

ʤʦʩʪʘ ʤʦʞʥʘ ʪʘʢʦʞ ʥʘʢʣʝʡʢʦʶ ʥʘ ʚʘʣ ʥʝ ʯʦʪʠʨʴʦʭ, ʘ ʚʦʩʴʤʠ 
ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʽ ʚʢʣʶʯʝʥʥʷʤ ʾʭ ʧʦʩʣʽʜʦʚʥʦ ʧʦ ʜʚʘ ʪʝʥʟʦʜʘʪʯʠʢʘ ʚ ʧʣʝʯʝ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʤʦʩʪʘ ʙʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʪʝʥʟʦʜʘʪʯʠʢʠ ʟ ʚʝʣʠʢʠʤʠ ʙʘʟʘʤʠ (25 ï 30 ʤʤ). ʎʽ ʪʝʥʟʦʜʘʪʯʠʢʠ ʤʘʶʪʴ 

ʚʝʣʠʢʫ ʧʦʜʦʚʞʥʶ ʯʫʪʣʠʚʽʩʪʴ ʽ ʤʝʥʰʫ ʧʦʧʝʨʝʯʥʫ ʯʫʪʣʠʚʽʩʪʴ, ʯʠʤ 
ʪʝʥʟʦʜʘʪʯʠʢʠ ʟ ʤʘʣʦʶ ʙʘʟʦʶ (10 ï 15 ʤʤ). 

 
ʂʨʽʧʣʝʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʥʘ ʚʘʣ 
ɼʣʷ ʪʦʯʥʦʾ ʥʘʢʣʝʡʢʠ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʥʘ ʚʘʣ ʧʦ ʦʩʷʭ ʥʘʡʙʽʣʴʰʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʨʘʬʘʨʝʪ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʧʨʷʤʦʢʫʪʥʦʾ 
ʩʤʫʞʢʠ ʧʘʧʝʨʘ (ʨʠʩ. 4.2). ʅʘ ʩʤʫʞʮʽ ʦʣʽʚʮʝʤ ʥʘʥʦʩʷʪʴ ʚʽʩʴ ʪʨʘʬʘʨʝʪʫ ʽ 
ʧʽʜ ʢʫʪʦʤ 450 ʜʦ ʥʝʾ ʦʩʽ ʪʝʥʟʦʜʘʪʯʠʢʽʚ. ʇʦʪʽʤ ʥʘ ʧʘʧʝʨʽ ʫʟʜʦʚʞ ʦʩʝʡ 
ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʚʠʢʦʥʫʶʪʴ ʧʨʷʤʦʢʫʪʥʽ ʧʨʦʨʽʟʠ. ʈʦʟʤʽʨ ʧʨʦʨʽʟʫ ʚ ʦʩʴʦʚʦʤʫ 
ʥʘʧʨʷʤʢʫ ʚʠʙʠʨʘʶʪʴ ʥʝʙʘʛʘʪʦ ʙʽʣʴʰ ʙʘʟʠ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ 
ʪʝʥʟʦʜʘʪʯʠʢʽʚ, ʘ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ï ʰʠʨʠʥʽ ʡʦʛʦ ʧʘʧʝʨʦʚʦʾ ʧʽʜʢʣʘʜʢʠ. ɼʘʣʽ 
ʜʦ ʪʨʘʬʘʨʝʪʫ ʩʪʦʨʦʥʘʤʠ ʟ ʚʠʚʦʜʘʤʠ ʧʨʠʢʣʝʶʶʪʴ ʪʝʥʟʦʜʘʪʯʠʢʠ, 
ʧʨʠʯʦʤʫ ʪʘʢ, ʱʦʙ ʾʭʥʽ ʙʘʟʠ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʷʤʦʢʫʪʥʠʭ ʧʨʦʨʽʟʘʭ. 
ʇʨʠ ʢʨʽʧʣʝʥʥʽ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʜʦ ʪʨʘʬʘʨʝʪʫ ʙʘʞʘʥʦ ʫ ʤʽʩʮʷʭ ʾʭʥʽʭ ʚʠʚʦʜʽʚ 
ʧʨʦʚʽʜʥʠʢʽʚ ʥʘʥʦʩʠʪʠ ʧʦʙʽʣʴʰʝ ʢʣʝʶ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʚʽʜʥʠʢʠ ʤʽʮʥʦ 
ʙʫʣʠ ʟôʻʜʥʘʥʽ ʟ ʪʨʘʬʘʨʝʪʦʤ. 

 

 
ʈʠʩʫʥʦʢ 4.2 ï ʊʨʘʬʘʨʝʪ ʜʣʷ ʪʦʯʥʦʛʦ ʤʦʥʪʘʞʫ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 
 
ʊʝʥʟʦʜʘʪʯʠʢʠ, ʧʨʠʢʨʽʧʣʝʥʽ ʜʦ ʪʨʘʬʘʨʝʪʫ, ʟôʻʜʥʫʶʪʴ ʫ ʤʦʩʪʦʚʫ 

ʩʭʝʤʫ. 
ʊʨʘʬʘʨʝʪ ʟ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʤʦʥʪʫʶʪʴ ʥʘ ʚʘʣ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ. ʇʽʩʣʷ 

ʦʯʠʱʝʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʤʽʩʮʷ ʥʘ ʚʘʣʫ ʩʧʦʯʘʪʢʫ ʧʨʠʢʣʝʶʶʪʴ 
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ʪʨʘʬʘʨʝʪ. ʇʨʠ ʥʘʢʣʝʡʮʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʩʪʝʞʠʪʠ, ʱʦʙ ʡʦʛʦ ʚʽʩʴ ʟʙʽʛʘʣʘʩʷ 
ʟ ʚʽʩʩʶ ʚʘʣʫ. ʇʦʪʽʤ ʥʘ ʚʘʣ ʥʘʢʣʝʶʶʪʴ ʪʝʥʟʦʜʘʪʯʠʢʠ. ʇʽʩʣʷ ʩʫʰʽʥʥʷ 
ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʪʨʘʬʘʨʝʪ ʨʘʟʦʤ ʟ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ 
ʧʦʢʨʠʚʘʶʪʴ ʚʣʘʛʦʟʘʭʠʩʥʦʶ ʤʘʩʪʠʢʦʶ, ʟʘʣʠʰʘʶʯʠ ʚʠʚʦʜʠ ʧʨʦʚʦʜʽʚ 

ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ ʚʽʣʴʥʠʤʠ. 
 
ʊʦʢʦʟôʻʤʥʥʠʡ ʧʨʠʩʪʨʽʡ 
ʅʘʡʯʘʩʪʽʰʝ ʤʦʤʝʥʪ ʧʨʦʢʘʪʢʠ ʚʠʟʥʘʯʘʶʪʴ ʚʠʤʽʨʦʤ ʤʦʤʝʥʪʽʚ ʥʘ 

ʰʧʠʥʜʝʣʷʭ ʢʣʽʪʽ, ʨʽʜʰʝ ʥʘ ʢʦʨʝʥʝʚʦʤʫ ʚʘʣʫ ʧʨʠʚʦʜʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. 
ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʨʽʤ ʤʦʤʝʥʪʫ ʧʨʦʢʘʪʢʠ, ʚʜʘʻʪʴʩʷ ʪʘʢʦʞ ʦʜʝʨʞʘʪʠ 
ʜʘʥʽ ʧʨʦ ʨʦʟʧʦʜʽʣ ʤʦʤʝʥʪʫ ʤʽʞ ʰʧʠʥʜʝʣʷʤʠ. 

ʐʧʠʥʜʝʣʴ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʩʠʣʴʥʠʭ ʫʜʘʨʽʚ, ʚʽʙʨʘʮʽʡ ʽ ʚʝʣʠʢʠʭ 
ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ (ʙʠʪʪʷ). ʂʨʽʤ ʪʦʛʦ, ʰʧʠʥʜʝʣʴ ʚʝʨʭʥʴʦʛʦ ʚʘʣʢʘ 
ʤʦʞʝ ʧʝʨʝʤʽʱʘʪʠʩʷ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʟʘʟʦʨʫ 
ʤʽʞ ʚʘʣʢʘʤʠ. ɼʣʷ ʟʥʽʤʘʥʥʷ ʩʠʛʥʘʣʫ ʤʦʩʪʘ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʥʘʡʙʽʣʴʰ 
ʟʘʩʪʦʩʦʚʥʠʡ ʩʪʨʫʥʥʠʡ ʪʦʢʦʟôʻʤʥʠʡ ʧʨʠʩʪʨʽʡ. 

ʎʝ ʧʨʠʩʪʨʽʡ (ʨʠʩ. 4.3) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʢʦʟôʻʤʥʦʛʦ ʢʽʣʴʮʷ 1 ʟ 
ʢʘʥʘʚʢʦʶ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʣʘʪʫʥʽ ʯʠ ʤʽʜʽ, ʽ ʱʽʪʢʠ 2 ï ʩʪʘʣʝʚʽ ʩʪʨʫʥʠ 
ʜʽʘʤʝʪʨʦʤ 0,7 ï 0,8 ʤʤ, ʱʦ ʦʭʦʧʣʶʻ ʢʽʣʴʮʝ. ʉʪʨʫʥʘ 2 ʥʘʪʷʛʘʻʪʴʩʷ 
ʧʨʫʞʠʥʦʶ 3. ʊʦʤʫ ʱʦ ʩʪʨʫʥʘ ʦʭʦʧʣʶʻ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʢʽʣʴʮʷ 
ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʛʘʨʥʠʡ ʢʦʥʪʘʢʪ. ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʝʨʝʭʽʜʥʦʛʦ ʦʧʦʨʫ 
ʢʦʥʪʘʢʪʫ ʢʽʣʴʮʝ ʟʤʘʟʫʶʪʴ ʪʝʭʥʽʯʥʠʤ ʚʘʟʝʣʽʥʦʤ. ʂʦʥʪʘʢʪ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ 
ʥʘʚʽʪʴ ʧʨʠ ʚʝʣʠʢʠʭ (20 ï 30 ʤʤ) ʙʠʪʪʷʭ ʰʧʠʥʜʝʣʷ. ʊʘʢʠʡ ʪʦʢʦʟôʻʤʥʠʡ 
ʧʨʠʩʪʨʽʡ ʥʘʜʽʡʥʦ ʧʨʘʮʶʻ ʚ ʩʢʣʘʜʽ ʚʭʽʜʥʦʛʦ ʣʘʥʮʶʛʘ ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯʘ 
(ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʤʦʩʪʘ ʥʘ ʰʧʠʥʜʝʣʽ) ʜʦ ʦʢʨʫʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʽʣʴʮʷ 1 ï 
3 ʤ/ʩ. ʇʨʠ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʢʽʣʴʮʝ ʩʠʣʴʥʦ ʥʘʛʨʽʚʘʻʪʴʩʷ ʽ, ʢʨʽʤ ʪʦʛʦ, 
ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʠʣʴʥʽ ʚʽʙʨʘʮʽʾ ʩʪʨʫʥ. ʂʦʥʪʘʢʪ ʩʪʘʻ ʥʝʩʪʘʙʽʣʴʥʠʤ, ʱʦ 
ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ ʟʘʧʠʩʫ. 

 

 
ʈʠʩʫʥʦʢ 4.3 ï ʉʪʨʫʥʥʠʡ ʪʦʢʦʟ'ʻʤʥʠʡ ʧʨʠʩʪʨʽʡ 
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ɺʠʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʫ ʟʘʧʠʩʫ 
ʄʘʩʰʪʘʙ ʟʘʧʠʩʫ ʢʨʫʪʠʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚʘʣʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʛʨʘʜʫʶʚʘʥʥʷʤ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʪʫ ʯʠ 
ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ. 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʥʝʨʫʭʦʤʦʤʫ ʚʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ 
ʧʨʠʣʘʜʽʚ, ʷʢʽ ʥʘʚʘʥʪʘʞʫʶʪʴ ʚʘʣʠ ʚʽʜʦʤʠʤʠ ʢʨʫʪʠʣʴʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʽ 
ʟʘʧʠʩʫʶʪʴ ʥʘ ʬʦʪʦʩʪʨʽʯʢʫ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʚʽʜʭʠʣʝʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʠʭ 
ʜʘʥʠʭ ʙʫʜʫʶʪʴ ʛʨʘʜʫʶʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʄ=f(y), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ 
ʨʦʟʰʠʬʨʦʚʮʽ ʟʘʧʠʩʫ. 

ʇʨʠ ʩʧʨʘʚʥʽʡ ʘʧʘʨʘʪʫʨʽ ʛʨʘʜʫʶʚʘʣʴʥʠʡ ʛʨʘʬʽʢ ʤʘʻ ʚʠʜ ʧʨʷʤʦʾ ʣʽʥʽʾ, 
ʪʦʤʫ ʜʣʷ ʨʦʟʰʠʬʨʦʚʢʠ ʟʘʧʠʩʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʘʩʰʪʘʙ 
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ʄ

ʄ
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= , 

ʜʝ y1 ï ʚʽʜʭʠʣʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʦʤʝʥʪʫ ʄ1 (ʧʦ ʛʨʘʜʫʶʚʘʣʴʥʦʤʫ 
ʛʨʘʬʽʢʫ). 

ʇʨʦʚʝʜʝʥʥʷ ʛʨʘʜʫʶʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʟʚôʷʟʘʥʦ ʟ 
ʚʝʣʠʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʚʘʣ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʝʨʝʜʘʯʫ 
ʚʝʣʠʢʠʭ ʢʨʫʪʠʣʴʥʠʭ ʤʦʤʝʥʪʽʚ. ʊʦʤʫ ʙʽʣʴʰ ʯʘʩʪʦ ʤʘʩʰʪʘʙ ʟʘʧʠʩʫ 
ʤʦʤʝʥʪʫ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ. 

ɿʚôʷʟʦʢ ʤʽʞ ʚʽʜʭʠʣʝʥʥʷʤ ʥʘ ʬʦʪʦʩʪʨʽʯʮʽ y ʽ ʤʦʤʝʥʪʦʤ ʥʘ ʚʘʣʫ ʄ 
ʚʠʨʘʞʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 
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 ï ʤʦʜʫʣʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʚʘʣʘ, ʄʅ/ʤ2; 
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p
=  ï ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʪʠʥʫ ʚʘʣʘ, ʤ3; 

d  ï ʜʽʘʤʝʪʨ ʚʘʣʘ, ʤ; 

E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʄʅ/ʤ2; 
n ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ; 

0

ʧK

ʂ
g=  ï ʚʽʜʥʦʰʝʥʥʷ ʧʦʧʝʨʝʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʪʝʥʟʦʜʘʪʯʠʢʘ ʜʦ 

ʧʦʚʟʜʦʚʞʥʴʦʾ ʯʫʪʣʠʚʦʩʪʽ. 
ʂʦʝʬʽʮʽʻʥʪ K', ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʦʙʫʪʦʢ ʯʫʪʣʠʚʦʩʪʽ 

ʪʝʥʟʦʧʽʜʩʠʣʶʚʘʯʘ ʽ ʛʘʣʴʚʘʥʦʤʝʪʨʘ, ʚʠʟʥʘʯʘʶʪʴ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ. ɼʦ 
ʦʜʥʦʛʦ ʟ ʧʣʽʯ ʤʦʩʪʘ ʧʽʜʢʣʶʯʘʶʪʴ ʚʽʜʦʤʠʡ ʦʧʽʨ R0. ʇʨʠ ʮʴʦʤʫ ʚ ʤʽʩʪ 
ʚʥʦʩʠʪʴʩʷ ʨʦʟʙʘʣʘʥʩ 
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ʜʝ Rï ʦʧʽʨ ʪʝʥʟʦʜʘʪʯʠʢʘ. 
ʎʝʡ ʨʦʟʙʘʣʘʥʩ ʚʠʢʣʠʢʘʻ ʚʽʜʭʠʣʝʥʥʷ ʥʘ ʬʦʪʦʩʪʨʽʯʮʽ 
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ʊʦʜʽ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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 - ʤʘʩʰʪʘʙ ʟʘʧʠʩʫ. 

ʋ ʷʢʦʩʪʽ R0 ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʧʦʨ ʟ ʜʦʧʫʩʢʦʤ ʧʦ ʦʧʦʨʫ Ñ0.5 
ʯʠ Ñ1%. 

ʊʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʫ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʟʘʣʝʞʠʪʴ 
ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʙʣʠʟʴʢʽ ʜʦ ʜʽʡʩʥʠʭ ʟʥʘʯʝʥʴ: 

1) ʧʨʠʡʥʷʪʠʡ ʤʦʜʫʣʴ G ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʚʘʣʫ; 
2) ʧʨʠʡʥʷʪʽ ʧʦʜʦʚʞʥʷ ʯʫʪʣʠʚʽʩʪʴ K0 ʽ ʚʽʜʥʦʰʝʥʥʷ g; 

3) ʩʧʨʠʡʤʘʥʽ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʜʝʬʦʨʤʘʮʽʾ ʜʦ ʜʝʬʦʨʤʘʮʽʡ, 
ʚʠʢʣʠʢʘʥʠʭ ʯʠʩʪʠʤ ʩʢʨʫʯʫʚʘʥʥʷʤ ʚʘʣʫ. 

ʇʦʜʦʚʞʥʷ ʯʫʪʣʠʚʽʩʪʴ K0 ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʦʩʪʽ 
ʥʘʢʣʝʡʢʠ ʽ ʯʘʩʫ ʩʫʰʽʥʥʷ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʪʦʾ, ʱʦ ʫʢʘʟʫʻʪʴʩʷ 
ʟʘʚʦʜʦʤ ʚʠʛʦʪʦʚʣʶʚʘʯʝʤ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ Ñ (2ï4) %. 

ɺʘʣʠ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ (ʰʧʠʥʜʝʣʽ, ʢʦʨʽʥʥʽ ʚʘʣʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʽ 
ʽʥ.) ʨʦʙʣʷʪʴ ʚ ʫʤʦʚʘʭ, ʧʨʠ ʢʦʪʨʠʭ ʚʽʜʩʫʪʥʽ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ, ʪʦʤʫ 
ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʦʙʫʤʦʚʣʝʥʽ ʪʽʣʴʢʠ ʢʨʫʪʽʥʥʷʤ. 

ʇʨʠ ʷʢʽʩʥʽʡ ʥʘʢʣʝʡʮʽ ʽ ʛʘʨʥʦʤʫ ʧʨʦʩʫʰʫʚʘʥʥʽ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 
ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʫ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʤʦʞʝ ʙʫʪʠ 
ʜʦʚʝʜʝʥʘ ʜʦ 2ï3 %. 

 
ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ 
ʈʦʟʨʘʭʫʚʘʪʠ ʤʘʩʰʪʘʙ ʟʘʧʠʩʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʧʨʦʢʘʪʢʠ ʧʨʠ 

ʥʘʩʪʫʧʥʠʭ ʫʤʦʚʘʭ: ʤʘʪʝʨʽʘʣ ʚʘʣʫ ï ʩʪʘʣʴ 45 ( )5 22 10 /E ʄʅ ʤ= Ö ; n = 0,3; 

d = 100 ʤʤ = 0,1 ʤ; g = 0.01; R = 50 ʆʤ; R0 = 10 ʆʤ; y0 =10 ʤʤ = 0,01 ʤ. 

ʈʦʟʚôʷʟʘʥʥʷ: 
ʄʦʜʫʣʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʚʘʣʘ: 

( )

5
22 10

97,1 /
2 1 0,3

G ʄʅ ʤ
Ö

= =
+

. 

ʇʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʪʠʥʫ ʚʘʣʘ: 
3

4 33,14 0,1
1,96 10

16
pW ʤ-

Ö
= = Ö . 

ʄʘʩʰʪʘʙ ʟʘʧʠʩʫ: 
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( )

497,1 1,96 10
0,4

10
2 0,01 1 2 1 0,01

50

ʤM ʄʅ
-Ö Ö

= =
å õ

Ö Ö + Ö Ö -æ ö
ç ÷

. 

ʄʦʤʝʥʪ ʧʨʦʢʘʪʢʠ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ ʢʨʠʚʦ ʾ ʥʘ ʬʦʪʦʧʘʧʝʨʽ 
ʦʩʮʠʣʦʛʨʘʬʘ y =125 ʤʤ = 0,125 ʤ: 

ʄ = 0,4Ĭ0,125 = 0,05 ʄʅ  ʤ = 50 ʢʅ  ʤ. 
 
ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 
ʈʦʟʨʘʭʫʚʘʪʠ ʤʘʩʰʪʘʙ ʟʘʧʠʩʫ ʪʘ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʧʨʦʢʘʪʢʠ ʜʣʷ 

ʫʤʦʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 4.1. ʄʘʪʝʨʽʘʣ ʚʘʣʫ ï ʩʪʘʣʴ 45. 
 
ʊʘʙʣʠʮʷ 4.1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʧʠʩʫ ʤʦʤʝʥʪʫ ʧʨʦʢʘʪʢʠ 

ˉ ʚʘʨ. d, ʤʤ g R, ʆʤ R0, ʆʤ ʫ0, ʤʤ ʫ, ʤʤ 

1 105 0,010 50 5 1 5 

2 110 0,011 60 6 2 10 

3 115 0,012 100 7 3 15 

4 120 0,013 150 8 4 20 

5 125 0,014 140 9 5 25 

6 130 0,015 200 10 6 30 

7 135 0,014 250 11 7 35 

8 140 0,013 300 12 8 40 

9 145 0,012 350 13 9 45 

10 150 0,011 400 14 10 50 

11 155 0,010 340 5 11 55 

12 160 0,011 310 6 12 60 

13 165 0,012 270 7 13 65 

14 170 0,013 220 8 14 70 

15 175 0,014 160 9 15 75 

16 180 0,015 130 10 16 80 

17 185 0,014 110 11 17 85 

18 190 0,013 90 12 18 90 

19 195 0,012 70 13 19 95 

20 200 0,011 45 14 20 100 

 
ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ɼʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ ʧʨʦʢʘʪʢʠ? 
2. ʗʢʽ ɺʠ ʟʥʘʻʪʝ ʩʧʦʩʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʤʝʥʪʫ ʧʨʦʢʘʪʢʠ? 
3. ʋ ʯʦʤʫ ʻ ʨʽʟʥʠʮʷ ʤʽʞ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʠʤʽʨʫ ʤʦʤʝʥʪʽʚ? 
ʅʘʟʚʽʪʴ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʥʠʭ. 
4. ʗʢʠʤ ʫʤʦʚʘʤ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʪʝʥʟʦʜʘʪʯʠʢ, ʟʘʩʪʦʩʦʚʘʥʠʡ 
ʜʣʷ ʚʠʤʽʨʫ ʤʦʤʝʥʪʽʚ ʧʨʦʢʘʪʫʚʘʥʥʷ? 
5. ʆʧʠʰʽʪʴ ʧʨʘʚʠʣʘ ʤʦʥʪʘʞʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ ʥʘ ʜʦʩʣʽʜʞʫ 
ʚʘʣʴʥʠʡ ʚʘʣ. 
6. ʋ ʯʦʤʫ ʩʤʠʩʣ ʨʦʟʨʘʭʫʥʢʫ ʤʘʩʰʪʘʙʫ ʟʘʧʠʩʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 
ʤʦʤʝʥʪʫ ʧʨʦʢʘʪʫʚʘʥʥʷ? 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ5 
ʈʆɿʈɸʍʋʅʆʂ ʇɸʈɸʄɽʊʈɯɺ ʊɽʅɿʆɼɸʊʏʀʂɯɺ ʆʇʆʈʋ 

 
ɿʘʛʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ɽʣʝʢʪʨʦʪʝʥʟʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʤʽʨʫ ʩʠʣ 
ɺ ʜʘʥʠʡ ʯʘʩ ʥʝ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʣʠ ʚ ʝʣʝʢʪʨʠʯʥʫ ʚʝʣʠʯʠʥʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʧʝʨʝʜ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʣʠ ʚ ʤʝʭʘʥʽʯʥʫ 
ʜʝʬʦʨʤʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, 
ʥʘʡʧʨʦʩʪʽʰʠʤ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ ʤʦʞʝ ʩʣʫʞʠʪʠ ʮʠʣʽʥʜʨʠʯʥʠʡ 
ʩʪʘʣʝʚʠʡ ʩʪʨʠʞʝʥʴ. 

ʉʧʦʣʫʯʘʶʯʠ ʝʣʝʤʝʥʪ ʽʟ ʜʘʪʯʠʢʦʤ ʧʝʨʝʤʽʱʝʥʥʷ (ʜʝʬʦʨʤʘʮʽʾ), 
ʦʜʝʨʞʠʤʦ ʫʩʪʨʽʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʣʠ ʚ ʝʣʝʢʪʨʠʯʥʫ ʚʝʣʠʯʠʥʫ. 
ɼʘʪʯʠʢʠ ʜʝʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘʶʪʴ ʯʘʩʪʽʰʝ ʫʩʴʦʛʦ ʝʣʝʢʪʨʦʪʝʥʟʦʜʘʪʯʠʢʘʤʠ, 
ʘ ʩʘʤʠʡ ʤʝʪʦʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʘʢʠʭ ʜʘʪʯʠʢʽʚï 
ʝʣʝʢʪʨʦʪʝʥʟʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʚʠʤʽʨʫ ʩʠʣʠ. 

ɽʣʝʢʪʨʦʪʝʥʟʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʣʦʚʦʛʦ ʨʝʞʠʤʫ 
ʤʘʰʠʥ ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʟʘʚʜʷʢʠ ʚʣʘʩʪʠʚʽʡ ʡʦʤʫ ʛʥʫʯʢʦʩʪʽ, ʚʠʩʦʢʦʾ 
ʯʫʪʣʠʚʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ. ʆʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 
ʚʠʤʽʨʫ ʩʠʣʠ. 

ʉʝʨʝʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʦʪʝʥʟʦʤʝʪʨʽʚ (ʽʥʜʫʢʪʠʚʥʠʭ, 
ʻʤʥʽʩʥʠʭ, ʤʘʛʥʽʪʦʧʨʫʞʥʽʭ ʽ ʽʥ.) ʥʘʡʙʽʣʴʰʝ ʚʠʩʦʢʠʤ ʚʠʤʦʛʘʤ ʜʦ ʪʦʯʥʦʩʪʽ 
ʚʠʤʽʨʽʚ ʧʨʠ ʨʦʙʦʪʽ ʚ ʦʩʦʙʦ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ 
ʝʣʝʢʪʨʦʪʝʥʟʦʤʝʪʨʠ ʦʧʦʨʫ ʘʙʦ, ʷʢ ʾʭ ʯʘʩʪʽʰʝ ʥʘʟʠʚʘʶʪʴ, ʪʝʥʟʦʜʘʪʯʠʢʠ 
ʦʧʦʨʫ. ɺʦʥʠ ʤʘʶʪʴ ʤʘʣʽ ʛʘʙʘʨʠʪʠ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʫ 
ʧʨʠʩʪʦʩʦʚʫʚʘʥʽʩʪʴ ʟ ʤʘʣʦʶ ʽʥʝʨʪʥʽʩʪʶ. 

ʋ ʧʨʠʣʘʜʘʭ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʤʽʨʫ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 
ʧʨʦʢʘʪʫʚʘʥʥʷ, ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʨʦʪʦʚʽ ʽ ʬʦʣʴʛʦʚʽ 
ʪʝʥʟʦʜʘʪʯʠʢʠ. 

 
ɼʨʦʪʦʚʠʡ ʪʝʥʟʦʜʘʪʯʠʢ 
ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʜʨʦʪʦʚʠʡ ʪʝʥʟʦʜʘʪʯʠʢ (ʨʠʩ. 5.1) ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʠʜʽ 

ʧʣʦʩʢʦʾ ʩʧʽʨʘʣʽ ʟ ʪʦʥʢʦʛʦ (ʜʽʘʤʝʪʨʦʤ 0,012 ï 0,05 ʤʤ), ʯʘʩʪʽʰʝ ʫʩʴʦʛʦ 
ʢʦʥʩʪʘʥʪʘʥʦʚʦʛʦ, ʜʨʦʪʫ, ʱʦ ʚʢʣʝʶʻʪʴʩʷ ʤʽʞ ʩʤʫʞʢʘʤʠ ʪʦʥʢʦʛʦ ʧʘʧʝʨʫ. 
ɼʦ ʢʽʥʮʽʚ ʩʧʽʨʘʣʽ ʧʨʠʚʘʨʶʶʪʴʩʷ ʪʦʥʢʽ (ʜʽʘʤʝʪʨʦʤ 0,25 ʤʤ) ʤʽʜʥʽ 
ʧʨʦʚʽʜʥʠʢʠ. ʊʘʢʠʡ ʪʝʥʟʦʜʘʪʯʠʢ ʧʽʜʢʣʶʯʘʶʪʴ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 
ʣʘʥʮʶʛʘ. ɼʦʚʞʠʥʘ ʩʧʽʨʘʣʽ, ʱʦ ʟʚʝʪʴʩʷ ʙʘʟʦʶ ʪʝʥʟʦʜʘʪʯʠʢʘ lʙ, ʤʦʞʝ 
ʜʦʨʽʚʥʶʚʘʪʠ 2ï40 ʤʤ ʽ ʙʽʣʴʰ. 

ʗʢʱʦ ʥʘʢʣʝʾʪʠ ʪʝʥʟʦʜʘʪʯʠʢ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʨʫʞʥʠʡ 
ʝʣʝʤʝʥʪ ʫ ʥʘʧʨʷʤʢʫ ʫʪʚʦʨʶʶʯʦʾ ʽ ʧʦʪʽʤ ʥʘʚʘʥʪʘʞʠʪʠ ʝʣʝʤʝʥʪ ʦʩʴʦʚʦʶ 
ʩʠʣʦʶ, ʪʦ ʧʦʚʝʨʭʥʝʚʽ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʘ ʯʝʨʝʟ ʧʨʦʰʘʨʦʢ ʢʣʝʶ ʽ 
ʧʘʧʝʨʫ ʧʝʨʝʜʘʜʫʪʴʩʷ ʜʨʦʪʦʚʦʾ ʩʧʽʨʘʣʽ. 



 

39 
 

   
1ï ʪʦʥʢʠʡ ʧʘʧʝʨ; 2ï ʩʧʽʨʘʣʴ; 3 ï ʢʣʽʡʦʚʘ ʧʽʜʢʣʘʜʢʘ; 4ï ʢʦʥʪʘʢʪʠ; 
5 ï ʧʨʠʧʦʡ 
ʈʠʩʫʥʦʢ 5.1 ï ɼʨʦʪʦʚʠʡ ʪʝʥʟʦʜʘʪʯʠʢ 
 
ʇʽʜ ʜʽʻʶ ʜʝʬʦʨʤʘʮʽʾ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʩʧʽʨʘʣʽ (ʜʦʚʞʠʥʘ ʜʨʦʪʫ ʽ 

ʾʾ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ) ʟʤʽʥʶʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʽ 
ʧʠʪʦʤʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʜʨʦʪʫ (ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʠʡ ʝʬʝʢʪ). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʧʽʨ ʩʧʽʨʘʣʽ ʦʜʝʨʞʫʻ ʟʙʽʣʴʰʝʥʥʷ DR. ʇʨʠʯʦʤʫ ʧʨʠ 
ʨʦʟʪʷʛʥʝʥʥʽ ʦʧʽʨ ʜʨʦʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ï ʟʤʝʥʰʫʻʪʴʩʷ. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʪʘʢʽ: ʤʘʢʩʠʤʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ 

e0max, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ; ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʦʜʦʚʞʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ K0, 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʧʦʧʝʨʝʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ Kʧ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ aʜ, 
ʧʨʠʧʫʩʪʠʤʘ ʩʠʣʘ ʩʪʨʫʤʫ Iʜ, ʦʧʽʨ ʩʧʽʨʘʣʽ R, ʧʦʚʟʫʯʽʩʪʴ ʇʜ, ʘ ʪʘʢʦʞ 
ʧʨʠʧʫʩʪʠʤʽ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʽ ʦʧʽʨ ʽʟʦʣʷʮʽʾ. 

 
ʏʫʪʣʠʚʽʩʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ 
ʇʽʜ ʧʦʜʦʚʞʥʴʦʶ ʯʫʪʣʠʚʽʩʪʶ ʪʝʥʟʦʜʘʪʯʠʢʘ ʜʦ ʜʝʬʦʨʤʘʮʽʾ 

ʨʦʟʫʤʽʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʦʧʦʨʫ ʩʧʽʨʘʣʽ ʜʦ ʧʦʜʦʚʞʥʴʦʾ 
ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʦʜʥʦʦʩʴʦʚʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ. 

ʇʦʧʝʨʝʯʥʘ ʯʫʪʣʠʚʽʩʪʴ ʪʝʥʟʦʜʘʪʯʠʢʘ ʟʥʘʯʥʦ ʤʝʥʰʝ ʧʦʜʦʚʞʥʴʦʾ. 
ʇʦʜʦʚʞʥʷ ʯʫʪʣʠʚʽʩʪʴ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʙʘʟʠ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 1.5 ï 2.1. 
ʇʦʜʦʚʞʥʷ ʯʫʪʣʠʚʽʩʪʴ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʙʘʟʠ ʟʤʝʥʰʫʻʪʴʩʷ 

ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʦʚʱʠʥʠ ʧʨʦʰʘʨʢʫ ʢʣʝʶ ʽ ʜʽʘʤʝʪʨʘ 
ʜʨʦʪʫ, ʘ ʪʘʢʦʞ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʝʶ. 

ʇʨʠ ʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʪʝʥʟʦʜʘʪʯʠʢʘ ʤʽʮʥʽʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʝʶ 
ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʶʪʴʩʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʘ ʩʦʙʦʶ ʟʤʽʥʫ ʯʫʪʣʠʚʦʩʪʽ 
ʪʝʥʟʦʜʘʪʯʠʢʘ. ʊʦʤʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʥʟʦʜʘʪʯʠʢʘ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 
ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʢʣʝʶ ʽ ʷʢʦʩʪʽ ʥʘʣʽʧʢʠ. 
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ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʪʘʣʽ, ʥʘ ʷʢʽʡ ʥʘʢʣʝʻʥʠʡ ʪʝʥʟʦʜʘʪʯʠʢ, ʚʧʣʠʚʘʻ ʥʘ 

ʦʤʽʯʥʠʡ ʦʧʽʨ ʜʨʦʪʫ, ʜʦʚʞʠʥʫ ʜʨʦʪʫ ʽ ʨʦʟʤʽʨʠ ʜʽʣʷʥʢʠ ʜʝʪʘʣʽ ʧʽʜ 
ʪʝʥʟʦʜʘʪʯʠʢʦʤ. ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʝʥʟʦʜʘʪʯʠʢ ʥʝ ʥʘʢʣʝʻʥʠʡ ʥʘ ʜʝʪʘʣʽ, 

ʘʣʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʘʢʦʚʠʭ ʽʟ ʥʝʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ, ʪʦʜʽ 
ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʥʟʦʜʘʪʯʠʢʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

( )0 2 1ʜ Ka a b b= + - , 

ʜʝ a ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʤʝʪʘʣʫ ʧʨʦʚʦʣʦʢʠ; 

1b ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʣʫ ʧʨʦʚʦʣʦʢʠ; 

2b  ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʘʣʫ ʜʝʪʘʣʽ 

(ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ). 
ʊʘʢ, ʢʦʣʠ ʪʝʥʟʦʜʘʪʯʠʢ ʚʠʢʦʥʘʥʦ ʟ ʢʦʥʩʪʘʥʪʘʥʦʚʦʾ ʧʨʦʚʦʣʦʢʠ ʪʘ 

ʥʘʣʽʧʣʝʥʦ ʥʘ ʩʪʘʣʝʚʫ ʜʝʪʘʣʴ, ʪʦ ʤʦʞʣʠʚʦ ʧʨʠʡʥʷʪʠ: 620 10 1/ʉa -= Ö ;̄ 

0 2,0K = ; 6
1 15 10 1/ʉb -= Ö ;̄ 6

2 11 10 1/ʉb -= Ö ,̄ ʪʦʜʽ 

( )6 6 6 620 10 2 11 10 15 10 12 10 1/ʜ ʉa - - - -= Ö + Ö Ö - Ö = Ö ¯. 

 
ʇʨʠʧʫʩʪʠʤʘ ʩʠʣʘ ʩʪʨʫʤʫ 
ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ ʚʘʞʣʠʚʦ, 

ʱʦʙ ʯʝʨʝʟ ʪʝʥʟʦʜʘʪʯʠʢ ʤʦʞʥʘ ʙʫʣʦ ʧʨʦʧʫʩʢʘʪʠ ʷʢ ʤʦʞʥʘ ʙʽʣʴʰʠʡ ʩʪʨʫʤ. 
ɺʝʣʠʯʠʥʘ ʪʦʢʫ ʱʦ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝʥʟʦʜʘʪʯʠʢ ʦʙʤʝʞʫʻʪʴʩʷ 

ʧʨʠʧʫʩʪʠʤʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʛʨʽʚʘʥʥʷ, ʷʢʫ ʧʨʠʡʤʘʶʪʴ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
ʷʢʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ ʢʣʝʶ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 
ʧʨʠʧʫʩʪʠʤʫ ʢʣʝʡ ʨʦʟʤ'ʷʢʰʫʻʪʴʩʷ, ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʜʝʬʦʨʤʘʮʽʷ ʜʝʪʘʣʽ 
ʥʝ ʮʽʣʢʦʤ ʧʝʨʝʜʘʻʪʴʩʷ ʜʨʦʪʦʚʽ. 

ɼʣʷ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʨʦʪʦʚʦʛʦ 
ʪʝʥʟʦʜʘʪʯʠʢʘ ʥʘ ʧʨʠʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʫʣʫ, ʷʢʘ 
ʦʪʨʠʤʘʥʘ ʟ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʪʝʧʣʘ: 

( )4
1 240,6 10

ʜ

p q
I

q q

r

Ö Ö - Ö Ö
= , 

ʜʝ 1q, 2q  ï ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʥʟʦʜʘʪʯʠʢʘ ʽ ʜʝʪʘʣʽ, oC; 

p , q  ï ʧʝʨʠʤʝʪʨ (ʤʤ) ʽ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʨʦʪʫ (ʤʤ2); 

r ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʜʨʦʪʫ ʜʘʪʯʠʢʘ, 2 /ʆʤ ʤʤ ʤÖ . 

 
ʇʦʚʟʫʯʽʩʪʴ 

ʗʢʱʦ ʰʚʠʜʢʦ ʥʘʚʘʥʪʘʞʠʪʠ ʜʝʪʘʣʴ, ʥʘ ʷʢʽʡ ʥʘʢʣʝʻʥʠʡ ʪʝʥʟʦʜʘʪʯʠʢ, 
ʧʦʩʪʽʡʥʦʾ ʩʠʣʦʶ, ʪʦ ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʪʝʥʟʦʜʘʪʯʠʢʘ, ʱʦ ʫʩʪʘʥʦʚʠʣʦʩʷ 
ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ, ʙʫʜʝ ʧʦʩʪʫʧʦʚʦ ʟ ʯʘʩʦʤ ʟʤʝʥʰʫʚʘʪʠʩʷ. 
ɿʚʠʯʘʡʥʦ ʮʝ ʟʤʝʥʰʝʥʥʷ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʽʩʣʷ 20ï40 ʭʚ. ʎʝ ʷʚʠʱʝ 
ʧʨʠʡʥʷʪʝ ʥʘʟʠʚʘʪʠ ʧʦʚʟʫʯʽʩʪʶ ʪʝʥʟʦʜʘʪʯʠʢʘ. 

ʇʦʚʟʫʯʽʩʪʴ ʪʝʥʟʦʜʘʪʯʠʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʭ 
ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʣʝʶ ʽ ʜʦʨʽʚʥʶʻ ʚʽʜ ʜʦʣʽ ʚʽʜʩʦʪʢʘ ʜʦ 2ï3%. 
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ʆʧʽʨ ʽʟʦʣʷʮʽʾ 
ʆʧʽʨ ʽʟʦʣʷʮʽʾ ʤʽʞ ʜʨʦʪʦʚʦʶ ʩʧʽʨʘʣʣʶ ʽ ʜʝʪʘʣʣʶ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʘʢʣʝʻʥʦʛʦ ʥʘ ʜʝʪʘʣʴ ʪʝʥʟʦʜʘʪʯʠʢʘ. ʋ 

ʧʨʘʚʠʣʴʥʦ ʥʘʢʣʝʻʥʦʛʦ ʽ ʚʠʩʫʰʝʥʦʛʦ ʪʝʥʟʦʜʘʪʯʠʢʘ ʮʝʡ ʦʧʽʨ ʜʦʭʦʜʠʪʴ ʜʦ 

500-1000 ʄʆʤ, ʘ ʽʥʦʜʽ ʽ ʚʠʱʝ. 
ʊʝʥʟʦʜʘʪʯʠʢ ʨʘʭʫʻʪʴʩʷ ʚʠʩʫʰʝʥʠʤ ʽ ʧʨʠʜʘʪʥʠʤ ʜʦ ʨʦʙʦʪʠ, ʢʦʣʠ 

ʦʧʽʨ ʽʟʦʣʷʮʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ. ʇʨʠ ʨʦʙʦʪʽ ʪʝʥʟʦʜʘʪʯʠʢʘ ʦʧʽʨ 
ʽʟʦʣʷʮʽʾ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʚʦʣʦʛʠ, ʷʢʱʦ ʥʝ ʧʨʠʡʥʷʪʦ 
ʥʽʷʢʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʭʠʩʥʠʭ ʤʽʨ. 

ʅʝʦʙʭʽʜʥʦ ʧʝʨʽʦʜʠʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʦʧʽʨ ʽʟʦʣʷʮʽʾ ʪʝʥʟʦʜʘʪʯʠʢʘ. 
ʗʢʱʦ ʦʧʽʨ ʽʟʦʣʷʮʽʾ ʟʥʠʟʠʚʩʷ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʪʠʩʷʯ ʆʤ, ʪʦ ʮʝ 
ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʝ ʟʚʦʣʦʞʝʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʘ, ʪʦʤʫ ʚʠʤʽʨʶʚʘʥʥʷ 
ʧʦʪʨʽʙʥʦ ʧʝʨʝʨʚʘʪʠ. 

 
ʌʦʣʴʛʦʚʠʡ ʪʝʥʟʦʜʘʪʯʠʢ 
ʌʦʣʴʛʦʚʠʡ ʪʝʥʟʦʜʘʪʯʠʢ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʨʦʪʦʚʦʛʦ ʤʘʻ ʩʧʽʨʘʣʴ, 

ʚʠʛʦʪʦʚʣʝʥʫ ʟ ʢʦʥʩʪʘʥʪʘʥʦʚʦʾ ʬʦʣʴʛʠ ʪʦʚʱʠʥʦʶ 5 ï 15 ʤʢʤ ʤʝʪʦʜʦʤ 
ʬʦʪʦʪʨʘʚʣʝʥʥʷ. ʋ ʷʢʦʩʪʽ ʽʟʦʣʶʶʯʦʾ ʧʽʜʣʦʞʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʘʢʦʚʘ 
ʧʣʽʚʢʘ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʪʝʥʟʦʜʘʪʯʠʢʘ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 5.2. 
 

    
1 ï ʬʦʣʴʛʦʚʘ ʩʧʽʨʘʣʴ; 2 ï ʣʘʢʦʚʘ ʧʣʽʚʢʘ; 3ï ʣʘʢ; 4ï ʜʝʪʘʣʴ; 
5 ï ʢʦʥʪʘʢʪʠ 
ʈʠʩʫʥʦʢ 5.2 ï ʌʦʣʴʛʦʚʠʡ ʪʝʥʟʦʜʘʪʯʠʢ 
 
ɿʘʚʜʷʢʠ ʧʨʷʤʦʢʫʪʥʦʤʫ ʧʝʨʝʪʠʥʫ ʩʧʽʨʘʣʽ ʟʨʦʩʪʘʻ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʾʾ 

ʟ ʜʝʪʘʣʣʶ, ʫ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʧʦʣʽʧʰʫʶʪʴʩʷ ʫʤʦʚʠ ʧʝʨʝʜʘʯʽ ʜʝʬʦʨʤʘʮʽʾ ʜʦ 
ʥʝʾ ʽ ʚʽʜʚʽʜ ʚʽʜ ʥʝʾ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʪʦʢʫ. ɻʘʨʥʠʡ 
ʚʽʜʚʽʜ ʪʝʧʣʘ ʚʽʜ ʩʧʽʨʘʣʽ ʜʦʟʚʦʣʷʻ ʧʨʦʧʫʩʢʘʪʠ ʪʦʢʠ ʯʝʨʝʟ ʬʦʣʴʛʦʚʠʡ 
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ʪʝʥʟʦʜʘʪʯʠʢ ʫ ʜʝʩʷʪʢʠ ʨʘʟ ʙʽʣʴʰʽ, ʥʽʞ ʯʝʨʝʟ ʜʨʦʪʦʚʠʡ, ʱʦ ʻ ʦʜʥʦʶ ʟ 
ʦʩʥʦʚʥʠʭ ʡʦʛʦ ʧʝʨʝʚʘʛ. 

 
ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɽʅɿʆɼɸʊʏʀʂɯɺ 

ɺʠʤʽʨ ʥʘʧʨʫʛʠ ʚ ʜʝʪʘʣʷʭ 
ʋ ʚʠʧʘʜʢʫ ʦʜʥʦʦʩʴʦʚʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ ʜʦʩʪʘʪʥʴʦ ʚʠʤʽʨʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʜʘʪʯʠʢʘ ʜʝʬʦʨʤʘʮʽʶ 
ʫʟʜʦʚʞ ʦʩʽ ʥʘʧʨʫʛʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ɻʫʢʘ ʥʘʧʨʫʛʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʤʽʨʷʚʰʠ ʚʽʜʥʦʩʥʫ ʟʤʽʥʫ ʦʧʦʨʫ ʪʝʥʟʦʜʘʪʯʠʢʘ, 
ʚʠʢʣʠʢʘʥʫ ʜʝʬʦʨʤʘʮʽʻʶ, ʧʦ ʮʴʦʤʫ ʚʠʨʘʞʝʥʥʶ ʤʦʞʥʘ ʧʽʜʨʘʭʫʚʘʪʠ 
ʥʘʧʨʫʛʫ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʤʽʨʫ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʪʘʣʽ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ, ʪʦʤʫ ʧʦʚʥʘ 
ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʦʧʦʨʫ ʩʢʣʘʜʘʻ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʤʽʨʽ ʥʝʚʝʣʠʯʢʠʭ ʥʘʧʨʫʛ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 
ʥʘʚʽʪʴ ʥʘ 1Áʉ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʾ ʧʦʭʠʙʢʠ. 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʨʫʯ ʽʟ ʨʦʙʦʯʠʤ 
ʪʝʥʟʦʜʘʪʯʠʢʦʤ, ʱʦ ʚʠʤʽʨʶʻ ʜʝʬʦʨʤʘʮʽʶ ʜʝʪʘʣʽ, ʨʦʟʪʘʰʦʚʫʶʪʴ ʧʣʘʪʽʚʢʫ 
ʟ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʽ ʜʝʪʘʣʴ, ʽʟ ʥʘʢʣʝʻʥʠʤ ʥʘ ʥʽʡ ʪʘʢ ʥʘʟʠʚʘʥʠʤ 
ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ ʪʝʥʟʦʜʘʪʯʠʢʦʤ. ʆʙʠʜʚʘ ʪʝʥʟʦʜʘʪʯʠʢʘ ʚʢʣʶʯʘʶʪʴ ʫ 
ʩʫʩʽʜʥʽ ʧʣʝʯʽ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ. 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʫ 
ʥʝʦʙʭʽʜʥʦ, ʱʦʙ, ʧʦ-ʧʝʨʰʝ, ʪʝʥʟʦʜʘʪʯʠʢʠ ʤʘʣʠ ʦʜʥʘʢʦʚʽ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ (
1 2ʜ ʜa a= ) ʽ, ʧʦ-ʜʨʫʛʝ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʪʘʣʽ ʽ 

ʧʣʘʪʽʚʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʽ. ʎʽ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʨʠ ʽʜʝʥʪʠʯʥʦʩʪʽ 
ʥʘʣʽʧʢʠ ʦʙʦʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʽ ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʣʘʪʽʚʢʠ ʟ ʢʦʤʧʝʥʩʘʮʽʡʥʠʤ 
ʪʝʥʟʦʜʘʪʯʠʢʦʤ ʷʢʥʘʡʙʣʠʞʯʝ ʜʦ ʨʦʙʦʯʦʛʦ ʪʝʥʟʦʜʘʪʯʠʢʫ. 
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ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 
ʈʦʟʨʘʭʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʥʟʦʜʘʪʯʠʢʫ, 

ʧʨʠʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʜʘʪʯʠʢʘ, ʥʘʧʨʫʛʫ ʫ ʜʝʪʘʣʽ ʪʘ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ 
ʥʝʚʨʘʭʫʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʝʬʝʢʪʫ ʜʣʷ ʫʤʦʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 5.1. 

ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʥʷʪʠ 620 10 1/ʉa -= Ö ;̄ 0 2,0K = ; 6
1 15 10 1/ʉb -= Ö ;̄ 

1 20ʉq= ;̄ dʧʨʦʚ.ʜʘʪ = 0,05 ʤʤ; 20,5 /ʆʤ ʤʤ ʤr= Ö . ʄʘʪʝʨʽʘʣ ʜʝʪʘʣʽ ï ʩʪʘʣʴ 

45. 
 
ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʗʢʽ ʚʠ ʟʥʘʻʪʝ ʤʝʪʦʜʠ ʝʣʝʢʪʨʦ-ʪʝʥʟʦʤʝʪʨʠʯʥʦʛʦ ʚʠʤʽʨʫ ʩʠʣ? 
2. ʑʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʨʦʚʦʣʦʯʝʥʠʡ ʪʝʥʟʦʜʘʪʯʠʢ ʪʘ ʷʢ ʚʽʥ ʜʽʻ? 
3. ʗʢʽ ʧʘʨʘʤʝʪʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʥʟʦʜʘʪʯʠʢ ʪʘ ʥʘ ʱʦ ʚʧʣʠʚʘʻ 

ʢʦʞʝʥ ʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ? 
4. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʥʟʦʜʘʪʯʠʢʘ? 
5. ʗʢʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʙʦʪʫ ʪʝʥʟʦʜʘʪʯʠʢʘ ʦʧʦʨʫ? 
6. ʏʠʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʨʦʪʦʚʠʡ ʪʝʥʟʦʜʘʪʯʠʢ ʚʽʜ ʬʦʣʴʛʦʚʦʛʦ, ʪʘ ʷʢ 

ʮʷ ʨʽʟʥʠʮʷ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ? 
7. ʗʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨ ʥʘʧʨʫʛ ʫ ʜʝʪʘʣʷʭ ʦʙʣʘʜʥʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʜʘʪʯʠʢʽʚ? 
 
ʊʘʙʣʠʮʷ 5.1 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʨʦʪʦʚʦʛʦ ʪʝʥʟʦʜʘʪʯʠʢʫ 

ˉ ʚʘʨ. 6
2 10 , 1/ ʉb -Ö  ̄ 2, ʉq ¯  310 ,R ʆʤ-D Ö  ,R ʆʤ 

1 5,0 21,1 1,0 400 

2 5,1 22,3 2,0 100 

3 5,2 24,2 3,1 200 

4 5,3 25,3 4,7 300 

5 5,4 26,8 5,8 150 

6 7,0 27,4 6,4 250 

7 7,1 28,4 7,8 350 

6 7,2 29,8 8,9 380 

9 7,3 30,4 10,7 130 

10 7,4 22,5 11,6 270 

11 7,5 42,6 5,9 400 

12 7,6 53,3 1,7 100 

13 7,7 43,3 2,3 200 

14 7,8 45,5 3,7 300 

15 7,9 45,6 4,2 150 

16 5,5 47,8 9,8 250 

17 5,6 49,1 8,9 350 

18 5,7 38,7 8,5 380 

19 5,8 34,2 4,6 130 

20 5,9 33,3 1,3 270 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ6 
ʈʆɿʈɸʍʋʅʆʂ ʇɸʈɸʄɽʊʈɯɺ ɺʀʄɯʈʖɺɸʃʔʅʀʍ ʃɸʅʎʖɻɯɺ 

ʇʈʀʃɸɼɯɺ ɿ ʊɽʅɿʆɼɸʊʏʀʂɸʄʀ ʆʇʆʈʋ 
 
ɿʘʛʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ɺʀʄɯʈʖɺɸʃʔʅʀʁ ʃɸʅʎʖɻ ɹɽɿ ʇɯɼʉʀʃʖɺɸʏɸ 
ʄʦʩʪʦʚʘ ʩʭʝʤʘ  
ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʥʠ ʦʧʦʨʫ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʪʽʢ ʟʚʠʯʘʡʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʭʝʤʫ ʦʜʠʥʘʨʥʦʛʦ ʤʦʩʪʘ ʋʽʪʩʪʦʥʘ (ʨʠʩ. 6.1). ʎʶ ʩʭʝʤʫ 
ʩʢʣʘʜʘʶʪʴ ʯʘʩʪʢʦʚʦ ʘʙʦ ʮʽʣʢʦʤ ʽʟ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
ʧʝʨʝʚʘʞʥʦ ʚ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʤʫ ʨʝʞʠʤʽ, ʪʦʙʪʦ ʚ ʨʝʞʠʤʽ, ʧʨʠ ʷʢʦʤʫ ʯʝʨʝʟ 
ʧʨʠʣʘʜ, ʱʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʾʾ ʚʠʭʦʜʫ, ʧʨʦʪʽʢʘʻ ʪʽʢ. ʅʠʞʯʝ ʨʦʟʛʣʷʥʫʪʘ 
ʨʦʙʦʪʘ ʮʽʻʾ ʩʭʝʤʠ ʷʢʱʦ ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ ʚʠʩʪʫʧʘʻ ʧʨʠʣʘʜ ʧʦʩʪʽʡʥʦʛʦ 
ʩʪʨʫʤʫ. 

 
ʈʠʩʫʥʦʢ 6.1 ï ʉʭʝʤʘ ʦʜʠʥʘʨʥʦʛʦ ʤʦʩʪʫ 
 
ɿ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʚʽʜʦʤʘ ʫʤʦʚʘ 
R1R4 ï R2R3 = 0 , 

ʜʝ R1, R2, R3, R4 ï ʦʧʦʨʠ ʧʣʽʯ ʤʦʩʪʘ. 
ʎʷ ʫʤʦʚʘ ʥʘʟʠʚʘʻʪʴʩʷ ʫʤʦʚʦʶ ʨʽʚʥʦʚʘʛʠ (ʙʘʣʘʥʩʫ) ʤʦʩʪʘ. ʇʨʠ ʾʾ 

ʚʠʢʦʥʘʥʥʽ ʩʪʨʫʤ ʯʝʨʝʟ ʧʨʠʣʘʜ ʥʝ ʧʨʦʪʽʢʘʻ. 
ɺʤʠʢʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʤʦʩʪʦʚʫ ʩʭʝʤʫ ʜʦʟʚʦʣʷʻ: 
1) ʦʜʝʨʞʘʪʠ ʥʘ ʚʠʭʦʜʽ ʩʪʨʫʤ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʟʤʽʥʘʤ ʦʧʦʨʽʚ 
ʪʝʥʟʦʜʘʪʯʠʢʽʚ, ʘ ʦʪʞʝ, ʽ ʩʧʨʠʡʤʘʥʠʤʠ ʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ; 

2) ʩʢʦʤʧʝʥʩʫʚʘʪʠ (ʧʨʠ ʨʽʚʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 
ʪʝʥʟʦʜʘʪʯʠʢʽʚ) ʪʝʤʧʝʨʘʪʫʨʥʽ ʩʢʣʘʜʦʚʽ ʟʤʽʥ ʦʧʦʨʫ. 

ɿʚʠʯʘʡʥʦ ʪʝʥʟʦʜʘʪʯʠʢʠ, ʱʦ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʧʣʝʯʽ ʩʭʝʤʠ, 
ʧʽʜʙʠʨʘʶʪʴ ʟʘ ʟʥʘʯʝʥʥʷʤ ʦʧʦʨʫ ʟ ʪʦʯʥʽʩʪʶ ʥʝ ʥʠʞʯʝ 0,5%. ɸʙʩʦʣʶʪʥʽ 
ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʽʚ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʥʘʚʽʪʴ ʧʨʠ ʥʘʡʙʽʣʴʰʠʭ ʜʝʬʦʨʤʘʮʽʷʭ 
ʜʫʞʝ ʤʘʣʽ. 
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ʅʘʧʨʠʢʣʘʜ, ʫ ʪʝʥʟʦʜʘʪʯʠʢʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ R = 200 ʆʤ, ʂ0 = 2.0 ʧʽʜ 
ʜʽʻʶ ʜʝʬʦʨʤʘʮʽʾ 0,2% ʦʧʽʨ ʟʤʽʥʶʻʪʴʩʷ ʫʩʴʦʛʦ ʣʠʰʝ ʥʘ 0,8 ʆʤ, ʪʦʙʪʦ ʥʘ 
0.4%. 

ʊʝʥʟʦʜʘʪʯʠʢʠ ʥʘʢʣʝʶʶʪʴ ʥʘ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʽ ʧʦʪʽʤ ʚʢʣʶʯʘʶʪʴ ʫ 

ʤʦʩʪʦʚʫ ʩʭʝʤʫ. ʇʨʠ ʧʨʫʞʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ ʢʦʞʝʥ ʟ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 
ʜʝʬʦʨʤʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʤʦʩʪʘ. 
ʊʦʜʽ ʯʝʨʝʟ ʧʨʠʙʦʨ ʧʦʯʠʥʘʻ ʧʨʦʪʽʢʘʪʠ ʪʽʢ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʜʝʬʦʨʤʘʮʽʾ, 
ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ 

( )
31 2 4

4

RU R R R
I

R r R R R R

DD D Då õ
= + + +æ ö

+ ç ÷
, 

ʜʝ U  ï ʥʘʧʨʫʛʘ, ʷʢʘ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ; 
R ï ʦʧʽʨ ʦʜʥʦʛʦ ʟ ʧʣʝʯʝʡ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ; 
r ï ʦʧʽʨ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ; 

1RD , 2RD , 3RD , 4RD  ï ʘʙʩʦʣʶʪʥʠʡ ʧʨʠʨʽʩʪ ʦʧʦʨʫ ʧʣʽʯ, ʷʢʠʡ ʚʠʟʚʘʥʠʡ 

ʜʝʬʦʨʤʘʮʽʻʶ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʜʽʻʶ ʩʠʣʠ. 
ʎʶ ʬʦʨʤʫʣʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʜ̫ ̔

I RI ɸ e= Ö, 

ʜʝ 
( )4

I
U

ɸ
R r

=
+

; 

31 2 4
R

RR R R

R R R R
e

DD D Då õ
= + + +æ ö
ç ÷

. 

ʂʦʝʬʽʮʽʻʥʪ 1ɸ ʧʦʢʘʟʫʻ, ʷʢʠʡ ʩʪʨʫʤ ʚʠʥʠʢʘʻ ʥʘ ʚʠʭʦʜʽ ʤʦʩʪʘ, ʢʦʣʠ 

ʩʫʤʘ ʚʽʜʥʦʩʥʠʭ ʟʤʽʥ ʦʧʦʨʽʚ ʡʦʛʦ ʧʣʝʯʝʡ Re  ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʽ ʷʚʣʷʻ 

ʩʦʙʦʶ ʯʫʪʣʠʚʽʩʪʴ ʤʦʩʪʘ ʧʦ ʩʠʣʽ ʩʪʨʫʤʫ. 

ʉʫʤʘ ʚʽʜʥʦʩʥʠʭ ʟʤʽʥ ʦʧʦʨʽʚ ʧʣʝʯʝʡ Re  ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʤʘʨʥʠʤ 

ʨʦʟʙʘʣʘʥʩʦʤ ʤʦʩʪʘ. 
 
ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ 
ʇʨʠ ʚʠʙʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ ʟʘʚʞʜʠ ʙʘʞʘʥʦ ʦʜʝʨʞʘʪʠ 

ʷʢ ʤʦʞʥʘ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʩʭʝʤʠ ʧʦ ʪʦʢʫ. 
ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʟʘʜʘʥʦʤʫ ʪʦʢʫ .ʧʣʜʦʧI  (ʜʦʧʫʩʪʠʤʘ ʩʠʣʘ ʩʪʨʫʤʫ ʜʣʷ ʜʘʪʯʠʢʘ ʟ ʫʤʦʚ 

ʨʦʟʽʛʨʽʚʫ) ʽ r : 4R r= Ö; .
2

5
I ʧʣʜʦʧɸ I= ; .8 ʧʣʜʦʧU r I= Ö Ö . 

ʅʘʧʨʠʢʣʘʜ, ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʩʪʘ ʫ ʚʠʧʘʜʢʫ ʨʦʙʦʪʠ ʟ 

ʛʘʣʴʚʘʥʦʤʝʪʨʦʤ ʟ r = 55 Oʤ ʽ ʜʨʦʪʦʚʠʤʠ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ . 30ʧʣʜʦʧI ʤɸ=  : 

4 55 220R ʆʤ= Ö = ; 

2
30 12

5
Iɸ ʤɸ= Ö = ; 

38 55 30 10 13,2U ɺ-= Ö Ö Ö =. 
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ʇʨʠʡʤʘʶʯʠ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʧʣʝʯʘ ʤʦʩʪʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ R = 

= 200 ʆʤ, ʨʦʟʨʘʭʫʻʤʦ Iɸ ʪʘ U : 

30 1
11,76

552
1

200

Iɸ ʤɸ= Ö =

+

; 

32 200 30 10 12U ɺ-= Ö Ö Ö =. 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ ʤʦʩʪʘ ʤʦʞʥʘ 
ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʢʫʤʫʣʷʪʦʨʥʫ ʙʘʪʘʨʝʶ ʘʙʦ ʽʥʰʝ ʜʞʝʨʝʣʦ ʧʦʩʪʽʡʥʦʛʦ 
ʩʪʨʫʤʫ ʥʘ 12 ɺ. 

ʋ ʪʘʙʣʠʮʽ 6.1 ʧʨʠʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ 
ʧʨʦʭʦʜʠʪ ɹʯʝʨʝʟ ʛʘʣʴʚʘʥʦʤʝʪʨ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʛʠ ʚ ʪʽʣʽ ʧʨʫʞʥʦʛʦ 
ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʥʘ ʷʢʠʡ ʥʘʢʣʝʻʥʽ ʯʦʪʠʨʠ ʪʝʥʟʦʜʘʪʯʠʢʠ. ʇʨʠ 
ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʥʷʣʠ: ʯʫʪʣʠʚʽʩʪʴ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʂ0 = 2.0; 

ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʫ n = 0.3; ʤʦʜʫʣʴ ʧʨʫʛʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 
5 22 10 /E ʄʅ ʤ= Ö . ʉʫʤʘʨʥʠʡ ʨʦʟʙʘʣʘʥʩ ʤʦʩʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʧʦ 

ʬʦʨʤʫʣʽ 

( ) ( )0 02 1 2 1R K K
E

s
e n e n= + = + . 

ʜʝ e ï ʚʽʜʥʦʩʥʘ ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʤʝʩʜʦʟʠ. 
 
ʊʘʙʣʠʮʷ 6.1 - ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʤʦʩʪʘ 

ʅʘʧʨʫʛʘ ʫ 
ʧʨʫʞʥʦʤʫ 
ʝʣʝʤʝʥʪʽ 

2, /ʅ ʤʤs  

ɺ̔ʜʥʦʩʥʘ 
ʜʝʬʦʨʤʘʮʽʷ 

, %e  

ʉʫʤʘʨʥʠʡ 
ʨʦʟʙʘʣʘʥʩ 

ʤʦʩʪʘ , %Re  

ʉʠʣʘ ʩʪʨʫʤʫ 

,Iɸ ɸ 

ɺʽʜʭʠʣʝʥʥʷ 
ʥʘ ʝʢʨʘʥʽ 

ʦʩʮʠʣʦʛʨʘʬʫ, 
ʤʤ 

50 0,025 0,13 0,015 6 

100 0,050 0,26 0,030 12 

150 0,075 0,39 0,045 18 

200 0,100 0,52 0,060 24 

250 0,125 0,65 0,075 30 

300 0,150 0,78 0,090 36 

 
ʗʢʱʦ ʟʘʤʽʩʪʴ ʜʨʦʪʦʚʠʭ ʟʘʩʪʦʩʫʚʘʪʠ ʬʦʣʴʛʦʚʽ ʪʝʥʟʦʜʘʪʯʠʢʠ ʟ 

ʧʨʠʧʫʩʪʠʤʦʶ ʩʠʣʦʶ ʩʪʨʫʤʫ 0,5 ɸ, ʪʦ ʜʣʷ ʧʽʜʚʦʜʫ ʥʘʧʨʫʛʠ ʤʦʩʪʘ 
ʥʝʦʙʭʽʜʥʝ ʜʞʝʨʝʣʦ ʟ ʥʘʧʨʫʛʦʶ 2  0,5  200 = 200 ɺ ʽ ʧʦʪʫʞʥʽʩʪʶ  
2  200  0,5 = 200 ɺʪ. ʊʘʢʝ ʜʞʝʨʝʣʦ ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʠʡ 
ʫʩʪʨʽʡ. ʊʦʤʫ ʧʘʨʘʤʝʪʨʠ ʤʦʩʪʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʬʦʣʴʛʦʚʠʭ 

ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʢʨʘʱʝ ʚʠʙʠʨʘʪʠ ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʥʘʧʨʫʛʠ. ʅʘʡʙʽʣʴʰʝ 
ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʘʢʫʤʫʣʷʪʦʨ ʥʘ 24 ɺ. ʊʦʜʽ 
ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʠʡ ʪʽʢ ʙʫʜʝ ʧʨʦʪʽʢʘʪʠ ʯʝʨʝʟ ʪʝʥʟʦʜʘʪʯʠʢ, ʷʢʱʦ ʡʦʛʦ 
ʦʧʽʨ ʙʫʜʝ ʩʢʣʘʜʘʪʠ 

24
24

2 0,5
R Oʤ= =

Ö
. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʘʜʘʥʽʡ ʥʘʧʨʫʟʽ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʦʞʣʠʚʦ ʙʽʣʴʰʦʾ 
ʯʫʪʣʠʚʦʩʪʽ ʙʘʞʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʥʟʦʜʘʪʯʠʢʠ ʦʧʦʨʦʤ 30 ʽ 50 Oʤ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʥʟʦʜʘʪʯʠʢʠ ʦʧʦʨʦʤ 
R = 50 Oʤ, ʪʦ ʧʨʠ r = 55 Oʤ ʪʘ U = 24 ɺ ʤʘʻʤʦ 

24 1
0,057 57

4 50 55
Iɸ ɸ ʤɸ= Ö = =

+
 

ʊʦʜʽ ʧʨʠ 
2150 /ʄʅ ʤs=  ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʛʘʣʴʚʘʥʦʤʝʪʨ 

ʩʢʣʘʜʝ 
357 3,9 10 0,22I ʤɸ-= Ö Ö =  

ʽ ʚʽʜʭʠʣʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 
0,22

100 88
0,25

ʤʤÖ = . 

ʇʨʠʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫʩʧʽʰʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ ʙʝʟ ʧʽʜʩʠʣʶʚʘʯʘ ʤʦʞʣʠʚʦ, ʷʢʱʦ: 

1) ʚ ʧʨʫʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʚʠʥʠʢʘʶʪʴ ʚʝʣʠʢʽ ʥʘʧʨʫʞʝʥʥʷ [200ï

300 2/ʄʅ ʤ]; 
2) ʫʩʽ ʪʝʥʟʦʜʘʪʯʠʢʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʤʽʩʪ, ʘʢʪʠʚʥʽ; 
3) ʤʘʢʩʠʤʘʣʴʥʽ ʯʘʩʪʦʪʠ ʧʨʦʮʝʩʽʚ ʥʝ ʟʘʥʘʜʪʦ ʚʝʣʠʢʽ ʽ ʤʦʞʥʘ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʫʪʣʠʚʽ ʛʘʣʴʚʘʥʦʤʝʪʨʠ. 

 
ʄʽʩʪ ʽʟ ʩʢʣʘʜʦʚʠʤʠ ʧʣʝʯʘʤʠ 
ʋ ʩʠʣʦʚʠʤʽʨʶʚʘʯʘʭ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʨʷʜʢʫ 

ʜʝʢʽʣʴʢʦʭ ʤʝʛʘ ʥɹ ʶʪʦʥʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʩʠʚʥʽ ʧʨʫʞʥʽ ʝʣʝʤʝʥʪʠ ʟ 
ʚʝʣʠʢʦʶ ʧʣʦʱʝʶ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʦʢʘʟʘʥʥʷ ʪʘʢʠʭ 
ʩʠʣʦʚʠʤʽʨʶʚʘʯʽʚ ʙʫʣʠ ʩʪʘʙʽʣʴʥʠʤʠ, ʥʘ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʥʘʢʣʝʶʶʪʴ ʜʦ 
32 ʽ ʙʽʣʴʰ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʽ ʟ'ʻʜʥʫʶʪʴ ʾʭ ʫ ʤʦʩʪʦʚʫ ʩʭʝʤʫ. 

ʇʨʠ ʮʴʦʤʫ ʢʦʞʥʝ ʧʣʝʯʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʪʝʥʟʦʜʘʪʯʠʢʽʚ. 
ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʤʦʞʥʘ ʥʘʢʣʝʾʪʠ 4k 

ʪʝʥʟʦʜʘʪʯʠʢʽʚ, ʜʝ k ï ʯʠʩʣʦ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʧʣʝʯʽ. ʋ ʢʦʞʥʦʤʫ ʧʣʝʯʽ 
ʪʝʥʟʦʜʘʪʯʠʢʠ ʤʦʞʥʘ ʟ'ʻʜʥʘʪʠ ʧʦʩʣʽʜʦʚʥʦ, ʧʘʨʘʣʝʣʴʥʦ ʽ ʢʦʤʙʽʥʦʚʘʥʠʤ 
ʩʧʦʩʦʙʦʤ ʫ m ʨʽʚʥʦʙʽʞʥʠʭ ʛʽʣʦʢ ʧʦ n ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʢʦʞʥʽʡ ʛʽʣʮʽ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʟ'ʻʜʥʘʥʥʷ ʦʩʪʘʥʥʽʤ ʩʧʦʩʦʙʦʤ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ, ʷʢʱʦ 
k ʚʽʜʧʦʚʽʜʘʻ ʨʷʜʫ ʟʥʘʯʝʥʴ: 4, 6, 8, 9é 

ʃʝʛʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʩʪʘ 
ʪʘʢʽ: 

2

4 4
m m

R r r
n k

= Ö Ö = Ö Ö; 

.
2

5
I ʜʜʦʧA m I= Ö Ö ; 

. .8 8ʜʜʦʧ ʜʜʦʧ
k

U n r I r I
m

= Ö Ö Ö = Ö Ö Ö. 
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ʆʪʞʝ, ʧʨʠ ʟʘʜʘʥʠʭ k ʽ r ʯʫʪʣʠʚʽʩʪʴ AI ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ 
ʨʽʚʥʦʙʽʞʥʠʭ ʛʽʣʦʢ m. ʆʜʥʦʯʘʩʥʦ ʟʥʠʞʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʥʘʧʨʫʛʘ ʤʦʩʪʘ. 

ʇʨʠʢʣʘʜ. ɼʨʦʪʦʚʽ ʪʝʥʟʦʜʘʪʯʠʢʠ: k = 4; r = 55 Oʤ ʪʘ Iʜ.ʜʦʧ = 30 ʤA. 
ʄʦʞʣʠʚʽ ʪʨʠ ʚʘʨʽʘʥʪʠ ʟ'ʻʜʥʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʧʣʝʯʽ: 

1) m = 4; n = 1; 2) m = 2; n = 2; 3) m = 1; n = 4. 
ɼʣʷ ʢʦʞʥʦʛʦ ʚʘʨʽʘʥʪʘ ʧʘʨʘʤʝʪʨʠ ʤʦʩʪʘ ʪʘʢʽ: 

1) 
4

4 55 880
1

R Oʤ= Ö Ö = ; 
2

4 30 48
5

IA ʤɸ= Ö Ö = ; 

8 1 55 0,03 13,2U ɺ= Ö Ö Ö =. 

2) 
2

4 55 220
2

R Oʤ= Ö Ö = ; 
2

2 30 24
5

IA ʤɸ= Ö Ö = ; 

8 2 55 0,03 26,4U ɺ= Ö Ö Ö =. 

3) 
1

4 55 55
4

R Oʤ= Ö Ö = ; 
2

1 30 12
5

IA ʤɸ= Ö Ö = ; 

8 4 55 0,03 52,8U ɺ= Ö Ö Ö =. 

ʇʨʠ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʟ'ʻʜʥʘʥʥʷ ʦʪʨʠʤʘʻʤʦ ʥʘʡʙʽʣʴʰʫ ʯʫʪʣʠʚʽʩʪʴ 
ʤʦʩʪʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ ʽ ʥʝʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʣʘʥʮʶʛʫ, ʧʨʦʪʝ 
ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʚʘʞʢʦ ʨʝʘʣʽʟʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʟ ʦʧʦʨʦʤ 
R = 800 ʆʤ ʥʝ ʚʠʛʦʪʦʚʣʷʶʪʴ, ʜʦʚʝʜʝʪʴʩʷ ʚ ʦʜʥʦʤʫ ʧʣʝʯʽ ʧʦʩʣʽʜʦʚʥʦ 
ʟôʻʜʥʫʚʘʪʠ ʜʦ 4 ʪʝʥʟʦʜʘʪʯʠʢʽʚ. ʊʦʜʽ ʩʧʽʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʩʷʛʥʝ 

16 ʰʪ., ʱʦ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʦʾ ʧʣʦʱʽ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ. 
ʊʨʝʪʽʡ ʚʘʨʽʘʥʪ ʟ'ʻʜʥʘʥʥʷ ʥʝ ʧʨʠʡʥʷʪʥʠʡ, ʧʦ ʧʨʠʯʠʥʽ ʥʠʟʴʢʦ ʾ

ʯʫʪʣʠʚʦʩʪ̔ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʚʠʩʦʢʦʶ 
ʥʘʧʨʫʛʦʶ (ʙʽʣʴʰʝ 24 ɺ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʷʚʣʷʻʪʴʩʷ ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ 
ʟ'ʻʜʥʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ. ʇʨʠʡʤʘʶʯʠ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʧʣʝʯʘ ʤʦʩʪʦʚʦʛʦ 
ʟôʻʜʥʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ R = 200 ʆʤ ʽ ʥʘʧʨʫʛʫ U = 24 ɺ, ʦʜʝʨʞʫʻʤʦ: 

30 2
23,53

2 552
1

2 200

Iɸ ʤɸ= Ö =

+ Ö

. 

 
ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ 
1. ʇʨʠʧʫʩʪʠʤʠʡ ʩʪʨʫʤ ʥʘ ʬʦʣʴʛʦʚʦʤʫ ʪʝʥʟʦʜʘʪʯʠʢʫ Iʜʦʧ = 250 ʤA; 

ʧʦʚʥʠʡ ʦʧʽʨ ʟʦʚʥʽhʥʴʦʛʦ ʣʘʥʮʶʛʘ Rʧʨ = 80 ʆʤ; ʦʧʽʨ ʪʝʥʟʦʜʘʪʯʠʢʘ 
R = 50 ʆʤ; ʩʝʨʝʜʥʷ ʪʝʥʟʦʯʫʪʣʠʚʽʩʪʴ ʬʦʣʴʛʦʚʠʭ ʜʘʪʯʠʢʽʚ S = 2.2 ; 

ʥʘʧʨʫʛʘ ʩʪʠʩʢʘʥʥʷ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ s = 2000 ʢʛ/ʩʤ2. ɺʠʟʥʘʯʠʪʠ ʩʠʣʫ 

ʩʪʨʫʤʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʥʘ ʚʭʦʜʽ ʧʨʠʙʦʨʫ ʧʨʠ ʨʦʟʤʽʱʝʥʽ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ 
ʦʜʠʥʘʨʥʠʡ ʤʽʩʪ, ʷʢʱʦ ʤʘʪʝʨʽʘʣ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ï ʩʪʘʣʴ 45 

( )6 22 10 /E ʢʛ ʩʤ= Ö . 

ʈʦʟʚôʷʟʦʢ: 
ɼʣʷ ʜʘʥʠʭ ʫʤʦʚ ʚʽʜʥʦʩʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʨʫʞʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢ: 
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2

P

Er E

s
e
p
= = . 

6

2000
0,001

2 10
e= =

Ö
. 

ʊʦʜʽ ʟʤʽʥʘ ʦʧʦʨʫ ʜʘʪʯʠʢʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ 

R R SeD = Ö Ö. 
50 2,2 0,001 0,11R OʤD = Ö Ö = . 

ʇʨʠʧʫʩʪʠʤʘ ʥʘʧʨʫʛʘ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʤʽʩʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʜʦʧʫʩʪʠʤʦʛʦ ʩʪʨʫʤʫ 

2 ʜʦʧU I R= Ö Ö. 

2 0,25 50 25U ɺ= Ö Ö =. 

ʊʦʜʽ ʩʠʣʘ ʩʪʨʫʤʫ ʥʘ ʧʨʠʩʪʨʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʩʠʛʥʘʣ ʟ ʤʦʩʪʫ, ʙʫʜʝ 
ʪʘʢʦ  ʁ

( )
( )

1

2 2
ʧʨ

ʚʥ

U S
I

E R R

s nÖ Ö Ö +
=
Ö Ö +

. 

( )

( )6

25 2,2 2000 1 0,3
0,0002 0,2

2 2 10 2 50 80
ʧʨI ɸ ʤɸ

Ö Ö Ö +
= º =
Ö Ö Ö Ö +

. 

ʜʝ n = 0.3 ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ. 
 

2. ʇʨʠ ʪʘʢʠʭ ʞʝ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʫʛʫ ʫ ʯʫʪʣʠʚʦʤʫ 
ʝʣʝʤʝʥʪʽ ʧʨʠ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ Iʧʨ = 0,15 ʤɸ . 

 
ʈʦʟʚôʷʟʦʢ: 

ʅʘʧʨʫʛʘ ʫ ʧʨʫʞʥʦʤʫ ʝʣʝʤʝʥʪʽ ʩʢʣʘʜʝ 

( )

( )

2 2

1

ʧʨ ʚʥI E R R

U S
s

n

Ö Ö Ö +
=

Ö Ö +
. 

( )
( )

6
3

2 2

2 0,15 2 10 2 50 80
10 1500 150

25 2,2 1 0,3

ʢʛ ʅ

ʩʤ ʤʤ
s -Ö Ö Ö Ö Ö +
= Ö = =

Ö Ö +
. 

3. ʇʨʠ ʟʘʜʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʜʨʫʛʦʛʦ ʚʠʧʘʜʢʫ ʪʘ ʥʘʧʨʫʟʽ ʫ 

ʯʫʪʣʠʚʦʤʫ ʝʣʝʤʝʥʪʽ s = 3000 ʢʛ/ʩʤ2 ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʛʠ, ʷʢʘ 
ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʽʜʚʝʜʝʥʘ ʜʦ ʤʦʩʪʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ. 

 
ʈʦʟʚôʷʟʦʢ: 

ʎʷ ʚʝʣʠʯʠʥʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

( )

( )

2 2

1

ʧʨ ʚʥI E R R
U

Ss n

Ö Ö Ö +
=

Ö Ö +
. 

( )
( )

62 0,15 2 10 2 50 80
12,6

3000 2,2 1 0,3
U ɺ

Ö Ö Ö Ö Ö +
= =

Ö Ö +
. 
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ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 
1. ʇʦʚʥʠʡ ʦʧʽʨ ʟʦʚʥʽhʥʴʦʛʦ ʣʘʥʮʶʛʘ Rʧʨ = 80 Oʤ; ʩʝʨʝʜʥʷ 

ʪʝʥʟʦʯʫʪʣʠʚʽʩʪʴ ʬʦʣʴʛʦʚʠʭ ʜʘʪʯʠʢʽʚ S = 2.2 . ɺʠʟʥʘʯʠʪʠ ʩʠʣʫ ʩʪʨʫʤʫ, ʷʢʘ 
ʚʠʥʠʢʘʻ ʥʘ ʚʭʦʜʽ ʧʨʠʙʦʨʫ ʧʨʠ ʨʦʟʤʽʱʝʥʽ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ ʦʜʠʥʘʨʥʠʡ ʤʽʩʪ 

ʜʣʷ ʫʤʦʚ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣ. 6.2. 
 
ʊʘʙʣʠʮʷ 6.2 ï ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʦʩʪʦʚʦʛʦ ʟôʻʜʥʘʥʥʷ 
ˉ ʚʘʨ. Iʜʦʧ, ʤA R, ʆʤ s, ʢʛ/ʩʤ2 Iʧʨ, ʤɸ 

1 15 125 1200 0,13 

2 20 120 1250 0,12 

3 30 115 1300 0,11 

4 40 110 1350 0,25 

5 50 105 1400 0,24 

6 60 100 1450 0,23 

7 70 95 3500 0,22 

8 80 90 3000 0,21 

9 90 85 2500 0,19 

10 200 80 2000 0,17 

11 190 30 1650 0,23 

12 180 35 1600 0,22 

13 170 40 1550 0,21 

14 160 45 1500 0,19 

15 150 50 1450 0,17 

16 140 55 1400 0,13 

17 130 60 1350 0,12 

18 120 65 1300 0,11 

19 110 70 1250 0,25 

20 100 75 1200 0,24 

 
2. ʇʨʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘʜʘʯʽ 1 ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʫʛʫ ʫ ʯʫʪʣʠʚʦʤʫ 

ʝʣʝʤʝʥʪʽ. ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʟʷʪʠ ʟ ʪʘʙʣ. 6.2. 
3. ɼʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘʜʘʯʽ 2 ʪʘ ʥʘʧʨʫʟʽ ʫ ʯʫʪʣʠʚʦʤʫ ʝʣʝʤʝʥʪʽ, 

ʚʟʷʪʽʡ ʟ ʪʘʙʣ. 6.2 ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʛʠ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 
ʧʽʜʚʝʜʝʥʘ ʜʦ ʤʦʩʪʘ. 

 
ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ɼʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʘ ʤʦʩʪʦʚʘ ʩʭʝʤʘ ʟ'ʻʜʥʘʥʥʷ ʜʘʪʯʠʢʽʚ ʦʧʦʨʫ? 
2. ɿʘ ʷʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨ ʥʘʧʨʫʛʠ ʫ ʜʝʪʘʣʷʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʦʧʦʨʫ? 
3. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʶ ʤʦʩʪʘ ʧʦ ʪʦʢʫ ʪʘ ʚʽʜ ʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʚʦʥʘ ʟʘʣʝʞʠʪʴ? 
4. ɺ ʷʢʠʭ ʫʤʦʚʘʭ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ 

ʙʝʟ ʧʽʜʩʠʣʶʚʘʯʘ? 
5. ʂʦʣʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʩʪʘ ʟ ʩʢʣʘʜʦʚʠʤʠ 

ʧʣʝʯʘʤʠ? 
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