
˻˶ˮ˸˽ˮˢ˨ˢ ̊˴˻˶̎˹ˮ˴˻ˤ ζ˾ͦ͋ͦͺ͔ͫͭη ͨ ͦ ̅ˮ˭ˮ˴˩ 

˭ˢ˴˶̑̉ˮ́˩˶̎˹̍˯ ό̅ˮ˹ˢ˶̎˹̍˯ύ ̏́ˢ˽ нлн5 ͎ ͦ͒͊Σ ́˩˻˾˩́ˮ̉˩˿˴ˮ˯ ́̂˾ 

ˣˮ˶˩́ Ѕ л3 (10 ͟ ͊ͫͫ͡·ύΣ ͍ͦͣͦ͗ͤ͘·͔ ͔ͪ΄͔͙ͤΎ ͙ ͙͔͙͙ͪͭͪ͟. 
   

ɿʘʜʘʥʠʝ 1: çʇʦʣʷʨʥʘʷ ʦʨʙʠʪʘè 
  

ɺʦʧʨʦʩ: ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʄʝʱʝʨʩʢʦʛʦ, ʩʠʣʘ ʪʷʛʠ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚʳʙʨʘʩʳʚʘʶʱʝʛʦ 

ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʤʘʩʩʦʡ ȹm ʟʘ ʤʘʣʦʝ ʚʨʝʤʷ ȹt ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʩʪʝʯʝʥʠʷ u (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʝʙʷ), ʨʘʚʥʘ . ɺʝʣʠʯʠʥʫ  ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʨʘʩʭʦʜʦʤ ʤʘʩʩʳ (ʪʦʧʣʠʚʘ ʠ 

ʦʢʠʩʣʠʪʝʣʷ). ɼʦʧʫʩʪʠʤ, ʯʪʦ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʩʥʘʙʞʝʥʥʳʡ ʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʨʘʩʭʦʜʫʝʪ 

1% ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʟʘ 10 ʩ. ʇʨʠ ʢʘʢʦʡ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʦʥ ʤʦʞʝʪ çʟʘʚʠʩʥʫʪʴè 

ʥʝʧʦʜʚʠʞʥʦ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʛʜʝ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g å 10 ʤ/ʩ
2
.  

ʆʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʃɸ ʙʳʣ ʥʝʧʦʜʚʠʞʝʥ, ʩʠʣʘ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʠ ʜʦʣʞʥʘ 

ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʩʠʣʫ ʪʷʞʝʩʪʠ, ʪʦ ʝʩʪʴ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʚʝʥʩʪʚʦ  

 
ʂʨʠʪʝʨʠʠ ʧʨʦʚʝʨʢʠ: 

ˉ ʜʝʡʩʪʚʠʝ ʙʘʣʣ 

1 ʋʢʘʟʘʥʦ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʰʝʥʠʠ), ʯʪʦ ʩʠʣʘ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʠ ʜʦʣʞʥʘ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ 

ʩʠʣʫ ʪʷʞʝʩʪʠ. 
3 

2 ɿʘʧʠʩʘʥʦ ʧʨʘʚʠʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ u.  4 

3 ʇʦʣʫʯʝʥ ʧʨʘʚʠʣʴʥʳʡ ʯʠʩʣʝʥʥʳʡ ʦʪʚʝʪ. 3 

ɺʩʝʛʦ 10 
 

ɿʘʜʘʯʘ: ʇʫʩʪɹ ʥʘʤ ʥʝʦʙʭʦʜʠʤ ʩʧʫʪʥʠʢ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ çʧʦʣʷʨʥʦʡ ʦʨʙʠʪʝè. ʕʪʦ ʢʨʫʛʦʚʘʷ ʦʨʙʠʪʘ ʩ 

ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ɿʝʤʣʠ R, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʦʜʥʠʤ ʠʟ ʧʦʣʶʩʦʚ ɿʝʤʣʠ, ʘ 

ʧʣʦʩʢʦʩʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ɼʣʷ ʚʨʘʱʝʥʠʷ ʧʦ ʵʪʦʡ 

ʦʨʙʠʪʝ ʩʧʫʪʥʠʢ ʠʩʧʦʣʴʟʫʝʪ ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʪʷʛʠ 

ʢʦʪʦʨʦʛʦ ʚʳʙʨʘʥʦ ʪʘʢ, ʯʪʦʙʳ ʨʘʩʭʦʜ ʤʘʩʩʳ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʙʳʣ 

ʤʠʥʠʤʘʣʝʥ. ʅʘʡʜʠʪʝ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʵʪʦʛʦ ʩʧʫʪʥʠʢʘ. ʉʯʠʪʘʡʪʝ ʠʟʚʝʩʪʥʳʤ, 

ʯʪʦ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ ʙʝʟ ʜʚʠʛʘʪʝʣʷ ʧʦ ʥʠʟʢʦʚʳʩʦʪʥʦʡ ʢʨʫʛʦʚʦʡ 

ʦʨʙʠʪʝ T0 å 5000 ʩ. ʇʫʩʪʴ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʨʘʙʦʪʳ 

ʩʧʫʪʥʠʢʘ ʥʘ ʵʪʦʡ ʦʨʙʠʪʝ ʟʘʧʘʩʳ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʩʦʩʪʘʚʣʷʣʠ ʧʦʣʦʚʠʥʫ 

ʦʙʱʝʡ ʤʘʩʩʳ ʩʧʫʪʥʠʢʘ, ʘ ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ u = 10 ʢʤ/ʩ. ʆʮʝʥʠʪʝ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʩʧʫʪʥʠʢʘ ʥʘ ʵʪʦʡ ʦʨʙʠʪʝ. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ g å 

10 ʤ/ʩ
2
.  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ: ʇʫʩʪʴ R ï ʨʘʜʠʫʩ ɿʝʤʣʠ. ʅʘ ʩʧʫʪʥʠʢ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʩʠʣʳ: ʩʠʣʘ ʪʷʞʝʩʪʠ ʠ ʩʠʣʘ 

ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ, 

ʧʦʵʪʦʤʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʝʡ ʢʦʤʧʦʥʝʥʪʳ ʩʠʣ ʜʦʣʞʥʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ, ʪʦ ʝʩʪʴ 

 
 ʛʜʝ  ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʠʣʳ ʪʷʛʠ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ ʢ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ. 

ɿʜʝʩʴ ʤʳ ʫʯʣʠ, ʯʪʦ ʩʧʫʪʥʠʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ  ʦʪ ʮʝʥʪʨʘ ɿʝʤʣʠ, ʠ ʧʦ ʟʘʢʦʥʫ 

ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ ʩʠʣʘ ʪʷʞʝʩʪʠ ʜʣʷ ʥʝʛʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ, ʠ ʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʢ ʮʝʥʪʨʫ ɿʝʤʣʠ. ʂʘʢ ʚʠʜʥʦ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʤʠʥʠʤʘʣʝʥ ʧʨʠ , ʪʦ ʝʩʪʴ 

ʩʠʣʘ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʠ ʜʦʣʞʥʘ ʙʳʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ. ʊʦʛʜʘ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʧʫʪʥʠʢʘ ʥʘ ʦʨʙʠʪʝ ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʝʢʮʠʝʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ʦʨʙʠʪʳ ʠ ʧʦʩʪʦʷʥʥʘ, ʠ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ 

 
ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʭʦʜʘ ʤʘʩʩʳ  

 
ʕʪʦ, ʢʦʥʝʯʥʦ ʞʝ, ʦʮʝʥʢʘ (ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʤʘʩʩʘ ʫʙʳʚʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, ʘ ʥʝ ʣʠʥʝʡʥʦ), ʥʦ ʜʣʷ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ. ʅʦ, ʢʘʢ ʚʠʜʥʦ, ʟʘʧʘʩʦʚ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʥʝ 

ʭʚʘʪʠʪ ʜʘʞʝ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ. 


