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1 ʇʆʃʋɻʆɼʀɽ  2 ʇʆʃʋɻʆɼʀɽ  

 

1A ʊʝʤʘ 9.1 ʉʠʣʠ ʠ ʜʚʠʞʝˁʝ 2A ʊʝʤʘ 9.3 ɽʣʝʢʪʨʠʮʠʪʝʪ ʠ ʤʘʛʥʝʪʠʟʘʤ 

1ɹ ʊʝʤʘ 9.2 ɽʥʝʨʛʠʿʘ 2ɹ ʊʝʤʘ 9.4 ɿʚʫʢ 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

ʅʘʩʣʦʚʠ ʥʘ ʣʝʢʮʠʠʪʝ 
 

1 ʇʆʃʋɻʆɼʀɽ 

ʅʝʜʝʣʘ ʏʘʩ ʅʘʩʣʦʚ ʥʘ ʣʝʢʮʠʿʘʪʘ ʅʝʜʝʣʘ ʏʘʩ ʅʘʩʣʦʚ ʥʘ ʣʝʢʮʠʿʘʪʘ  

ʅʝʜʝʣʘ 1 ʏʘʩ  1 ɺʦʚʝʜ ʚʦ ʣʦʩʪʦʚʠ ʅʝʜʝʣʘ 9 ʏʘʩ  1 ʐʪʦ ʝ óʪʦʧʣʠʥʘô? 

 ʏʘʩ  2 ʇʨʦʫʯʫʚʘˁʝ ʥʘ ʣʦʩʪʦʚʠʪʝ  ʏʘʩ  2 ʇʨʝʥʝʩʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ - ʢʦʥʜʫʢʮʠʿʘ 

ʅʝʜʝʣʘ 2 ʏʘʩ  1 ʋʨʘʤʥʦʪʝʞʫʚʘˁʝ ʥʘ ʣʫʣʘʰʢʠ ʅʝʜʝʣʘ 10 ʏʘʩ  1 ʇʨʝʥʝʩʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ - ʢʦʥʚʝʢʮʠʿʘ 

 ʏʘʩ  2 ʇʨʠʤʝʥʘ ʥʘ ʧʨʠʥʮʠʧʦʪ ʥʘ ʤʦʤʝʥʪʠ  ʏʘʩ  2 ʇʨʝʥʝʩʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘ - ʨʘʜʠʿʘʮʠʿʘ 

ʅʝʜʝʣʘ 3 ʏʘʩ  1 ɺʦʚʝʜ ʚʦ ʛʫʩʪʠʥʘ ʅʝʜʝʣʘ 11 ʏʘʩ  1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ï ʪʦʧʣʠʥʘ ʠ ʪʨʘʥʩʬʝʨ ʥʘ 
ʪʦʧʣʠʥʘ 

 ʏʘʩ  2 ʆʜʨʝʜʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ 
ʢʦʮʢʘʩʪʠ/ʢʫʙʦʠʜʥʠ ʮʚʨʩʪʠ ʤʘʪʝʨʠʠ 

 ʏʘʩ  2 ʅʘʤʘʣʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʩʢʘʪʘ ʟʘʛʫʙʘ 

ʅʝʜʝʣʘ 4 ʏʘʩ  1 ʆʜʨʝʜʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʥʝʢʫʙʦʠʜʥʠ 
ʮʚʨʩʪʠ ʤʘʪʝʨʠʠ 

ʅʝʜʝʣʘ 12 ʏʘʩ  1 ʆʩʪʘʥʫʚʘˁʝ ʣʘʜʝʥ ï ʠʩʧʘʨʫʚʘˁʝ 

 ʏʘʩ  2 Aʨʭʠʤʝʜ ʠ ʟʣʘʪʥʘʪʘ ʢʨʫʥʘ  ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʪʨʘʥʩʬʝʨ ʥʘ ʪʦʧʣʠʥʘ, 
ʠʟʦʣʘʮʠʿʘ ʠ ʠʩʧʘʨʫʚʘˁʝ. 

ʅʝʜʝʣʘ 5 ʏʘʩ  1 ɻʫʩʪʠʥʘ ʥʘ ʪʝʯʥʦʩʪʠ ʠ ʛʘʩʦʚʠ ʅʝʜʝʣʘ 13 ʏʘʩ  1 ɻʦʨʠʚʘ ʟʘ ʛʦʨʝˁʝ 

 ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʤʦʤʝʥʪʠ ʠ ʛʫʩʪʠʥʘ  ʏʘʩ  2 ʆʙʥʦʚʣʠʚʘ eʥʝʨʛʠʿʘ 

ʅʝʜʝʣʘ 6 ʏʘʩ  1 ʇʦʜ ʧʨʠʪʠʩʦʢ ʅʝʜʝʣʘ 14 ʏʘʩ  1 ʉʚʝʪʩʢʦʪʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘ 
 

 ʏʘʩ  2 ʇʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʧʨʠʪʠʩʦʢ  ʏʘʩ  2 Eʥʝʨʛʠʿʘ ʟʘ ʝʜʝʥ ʦʩʪʨʦʚ (1) 

ʅʝʜʝʣʘ 7 ʏʘʩ  1 ʇʨʠʪʠʩʦʢ ʢʘʿ ʛʘʩʦʚʠʪʝ ʅʝʜʝʣʘ 15 ʏʘʩ  1 Eʥʝʨʛʠʿʘ ʟʘ ʝʜʝʥ ʦʩʪʨʦʚ (2) 

 ʏʘʩ  2 ʇʨʠʪʠʩʦʢ ʢʘʿ ʪʝʯʥʦʩʪʠʪʝ  ʏʘʩ  2 Eʥʝʨʛʠʿʘ ʟʘ ʝʜʝʥ ʦʩʪʨʦʚ (3) 

ʅʝʜʝʣʘ 8 ʏʘʩ  1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʧʨʠʪʠʩʦʢ ʅʝʜʝʣʘ 16 ʏʘʩ  1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʝʥʝʨʛʠʿʘ 

 ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʮʝʣʘʪʘ ʪʝʤʘ   ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʮʝʣʦʪʦ ʧʦʣʫʛʦʜʠʝ 

  



 

 

2 ʇʆʃʋɻʆɼʀɽ 

ʅʝʜʝʣʘ ʏʘʩ ʅʘʩʣʦʚ ʥʘ ʣʝʢʮʠʿʘʪʘ ʅʝʜʝʣʘ ʏʘʩ ʅʘʩʣʦʚ ʥʘ ʣʝʢʮʠʿʘʪʘ 

ʅʝʜʝʣʘ 1 ʏʘʩ  1 ʅʝʚʠʜʣʠʚʠ ʩʠʣʠ ʅʝʜʝʣʘ 11 ʏʘʩ  1 ɼʝʤʘʛʥʝʪʠʟʠʨʘˁʝ 

 ʏʘʩ  2 ʐʪʦ ʩʝ ʧʦʣʥʝʞʠ?  ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʤʘʛʥʝʪʠʟʤʦʪ 

ʅʝʜʝʣʘ 2 ʏʘʩ  1 Eʣʝʢʪʨʦʩʪʘʪʠʢʘʪʘ ʦʢʦʣʫ ʥʘʩ ʅʝʜʝʣʘ 12 ʏʘʩ  1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʮʝʣʘʪʘ ʪʝʤʘ 

 ʏʘʩ  2 ʇʨʘʚʝˁʝ ʥʘ ʩʪʨʫʿʥʠ ʢʦʣʘ  ʏʘʩ  2 ʆʩʮʠʣʘʮʠʠ ʠ ʟʚʫʢ 

ʅʝʜʝʣʘ 3 ʏʘʩ  1 Meʨʝˁʝ ʥʘ ʿʘʯʠʥʘʪʘ ʥʘ ʩʪʨʫʿʘʪʘ ʢʘʿ ʩʝʨʠʩʢʠ 
ʩʪʨʫʿʥʠ ʢʦʣʘ 

ʅʝʜʝʣʘ 13 ʏʘʩ  1 ɼʚʠʞʝˁʝ ʥʘ ʚʦʟʜʫʰʥʠʪʝ ʯʝʩʪʠʯʢʠ 

 ʏʘʩ  2 Mʝʨʝˁʝ ʥʘ ʿʘʯʠʥʘʪʘ ʥʘ ʩʪʨʫʿʘʪʘ ʢʘʿ ʩʝʨʠʩʢʠ 
ʩʪʨʫʿʥʠ ʢʦʣʘ ʩʦ ʨʘʟʣʠʯʝʥ ʙʨʦʿ ʥʘ ʙʘʪʝʨʠʠ 

 ʏʘʩ  2 ɺʠʩʠʥʘ ʠ ʬʨʝʢʚʝʥʮʠʿʘ 

ʅʝʜʝʣʘ 4 ʏʘʩ  1 Mʝʨʝˁʝ ʥʘ ʩʪʨʫʿʘʪʘ ʚʦ ʧʘʨʘʣʝʣʥʠ ʩʪʨʫʿʥʠ 
ʢʦʣʘ 

ʅʝʜʝʣʘ 14 ʏʘʩ  1 ɻʣʘʩʥʦʩʪ (ʿʘʯʠʥʘ) ʠ ʘʤʧʣʠʪʫʜʘ 

 ʏʘʩ  2 ʈʝʰʘʚʘˁʝ ʥʘ ʟʘʜʘʯʠ ʟʘ ʩʪʨʫʿʘʪʘ ʚʦ 
ʩʪʨʫʿʥʠʪʝ ʢʦʣʘ 

 ʏʘʩ  2 ɺʠʟʫʘʣʠʟʠʨʘˁʝ ʥʘ ʟʚʫʯʥʠʪʝ ʙʨʘʥʦʚʠ ʥʘ 

ʦʩʮʠʣʦʩʢʦʧ 

ʅʝʜʝʣʘ 5 ʏʘʩ  1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʧʦʣʥʝʞʠ ʠ ʩʪʨʫʿʘ ʅʝʜʝʣʘ 15 ʏʘʩ  1 ʈʝʰʘʚʘˁʝ ʥʘ ʟʘʜʘʯʠ ʟʘ ʟʚʫʯʥʠʪʝ ʙʨʘʥʦʚʠ 
ʧʨʝʪʩʪʘʚʝʥʠ ʥʘ ʦʩʮʠʣʦʩʢʦʧ 

 ʏʘʩ  2 ʇʨʦʫʯʫʚʘˁʝ ʥʘ ʦʪʧʦʨʦʪ (1)  ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʦʩʮʠʣʘʮʠʠ, ʚʠʩʠʥʘ, 
ʬʨʝʢʚʝʥʮʠʿʘ, ʘʤʧʣʠʪʫʜʘ, ʛʣʘʩʥʦʩʪ (ʿʘʯʠʥʘ) ʠ 
ʟʚʫʯʥʠ ʙʨʘʥʦʚʠ. 

ʅʝʜʝʣʘ 6 ʏʘʩ  1 ʇʨʦʫʯʫʚʘˁʝ ʥʘ ʦʪʧʦʨʦʪ (2) ʅʝʜʝʣʘ 16 ʏʘʩ  1 ɿʚʫʯʥʠʪʝ ʙʨʘʥʦʚʠ ʧʨʝʥʝʩʫʚʘʘʪ ʝʥʝʨʛʠʿʘ 

 ʏʘʩ  2 ʇʨʦʫʯʫʚʘˁʝ ʥʘ ʦʪʧʦʨʦʪ (3)  ʏʘʩ  2 ʆʧʘʩʥʦʩʪʠʪʝ ʥʘ ʟʚʫʮʠʪʝ ʩʦ ʚʠʩʦʢʘ ʝʥʝʨʛʠʿʘ 

ʅʝʜʝʣʘ 7 ʏʘʩ  1 ɺʦʚʝʜ ʚʦ ʥʘʧʦʥ ʅʝʜʝʣʘ 17 ʏʘʩ  1 ʆʜʙʠʚʘˁʝ ʥʘ ʟʚʫʯʥʠʪʝ ʙʨʘʥʦʚʠ 

 ʏʘʩ  2 ʅʘʧʦʥʦʪ ʚʦ ʩʝʨʠʩʢʠ ʢʦʣʘ  ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʧʨʝʥʦʩʦʪ ʥʘ ʝʥʝʨʛʠʿʘ 
ʧʨʝʢʫ ʟʚʫʯʥʠ ʙʨʘʥʦʚʠ ʠ ʧʨʠʤʝʥʘʪʘ ʥʘ ʟʚʫʯʥʠʪʝ 
ʙʨʘʥʦʚʠ 

ʅʝʜʝʣʘ 8 ʏʘʩ  1 ʅʘʧʦʥʦʪ ʚʦ ʧʘʨʘʣʝʣʥʠ ʢʦʣʘ ʅʝʜʝʣʘ 18 ʏʘʩ  1 Meʨʝˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʟʚʫʯʥʠʪʝ ʙʨʘʥʦʚʠ (1) 

 ʏʘʩ  2 ʈʝʰʘʚʘˁʝ ʥʘ ʟʘʜʘʯʠ ʚʨʟʘʥʠ ʟʘ ʩʪʨʫʿʘʪʘ ʠ 
ʥʘʧʦʥʦʪ ʢʘʿ ʩʪʨʫʿʥʠʪʝ ʢʦʣʘ 

 ʏʘʩ  2 Meʨʝˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʟʚʫʯʥʠʪʝ ʙʨʘʥʦʚʠ (2) 

ʅʝʜʝʣʘ 9 ʏʘʩ  1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʝʣʝʢʪʨʠʮʠʪʝʪ ʅʝʜʝʣʘ 19 ʏʘʩ  1 Meʨʝˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʟʚʫʯʥʠʪʝ ʙʨʘʥʦʚʠ (3) 

 ʏʘʩ  2 ʉʚʦʿʩʪʚʘ ʥʘ ʤʘʛʥʝʪʠʪʝ  ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʮʝʣʘʪʘ ʪʝʤʘ 

ʅʝʜʝʣʘ 10 ʏʘʩ  1 ʄʘʛʥʝʪʥʠ ʧʦʣʠˁʘ ʅʝʜʝʣʘ 20 ʏʘʩ  1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʮʝʣʦʪʦ ʧʦʣʫʛʦʜʠʝ 

 ʏʘʩ  2 Eʣʝʢʪʨʦʤʘʛʥʝʪʠ  ʏʘʩ  2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʮʝʣʠʦʪ ʤʘʪʝʨʠʿʘʣ 



 

 

ʎʝʣʠ ʥʘ ʫʯʝˁʝ ʧʦʚʨʟʘʥʠ ʩʦ ʥʘʫʯʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ 
 

ɺʦ ʧʨʠʣʦʛ ʩʝ ʮʝʣʠʪʝ ʥʘ ʫʯʝˁʝ ʧʦʚʨʟʘʥʠ ʩʦ ʥʘʫʯʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʟʘ ʦʚʘ ʦʜʜʝʣʝʥʠʝ. ʊʠʝ ʩʝ ʚʛʨʘʜʝʥʠ ʚʦ ʪʝʤʠʪʝ ʧʨʝʜʚʠʜʝʥʠ ʩʦ ʦʚʦʿ ʥʘʩʪʘʚʝʥ ʧʣʘʥ.  

 

ʀʜʝʠ ʠ ʜʦʢʘʟʠ 

ɱʘ ʜʠʩʢʫʪʠʨʘ ʠ ʦʙʿʘʩʥʫʚʘ ʚʘʞʥʦʩʪʘ ʥʘ ʧʨʘʰʘˁʘʪʘ, ʜʦʢʘʟʠʪʝ ʠ ʦʙʿʘʩʥʫʚʘˁʘʪʘ, ʢʦʨʠʩʪʝʿ˃ʠ ʠʩʪʦʨʠʩʢʠ ʠ ʩʦʚʨʝʤʝʥʠ ʧʨʠʤʝʨʠ. 

ɻʠ ʧʨʦʚʝʨʫʚʘ ʦʙʿʘʩʥʫʚʘˁʘʪʘ ʩʦ ʥʠʚʥʦ ʢʦʨʠʩʪʝˁʝ ʚʦ ʧʨʘʚʝˁʝʪʦ ʧʨʝʪʧʦʩʪʘʚʢʠ, ʘ ʧʦʪʦʘ ʛʠ ʝʚʘʣʫʠʨʘ ʚʦ ʦʜʥʦʩ ʥʘ ʜʦʢʘʟʠʪʝ. 

ɼʠʩʢʫʪʠʨʘ ʟʘ ʥʘʯʠʥʦʪ ʥʘ ʢʦʿ ʜʝʥʝʩ ʥʘʫʯʥʠʮʠʪʝ ʨʘʙʦʪʘʪ ʠ ʢʘʢʦ ʪʠʝ ʨʘʙʦʪʝʣʝ ʚʦ ʤʠʥʘʪʦʪʦ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʧʨʠʤʝʨʠ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘˁʝ, ʜʦʢʘʟʠ ʠ ʢʨʝʘʪʠʚʥʦ ʨʘʟʤʠʩʣʫʚʘˁʝ. 

 

ʇʣʘʥʠʨʘ ʠʩʪʨʘʞʫʚʘʯʢʘ ʨʘʙʦʪʘ 

ʆʜʙʠʨʘ ʠʜʝʠ ʠ ʧʨʘʚʠ ʜʝʪʘʣʥʠ ʧʣʘʥʦʚʠ ʟʘ ʧʨʦʚʝʨʫʚʘˁʝ ʟʘʩʥʦʚʘʥʠ ʥʘ ʧʨʝʜʭʦʜʥʦ ʟʥʘʝˁʝ, ʨʘʟʙʠʨʘˁʝ ʠ ʠʩʪʨʘʞʫʚʘˁʝ. 

ʇʨʝʜʣʘʛʘ ʠ ʢʦʨʠʩʪʠ ʧʨʝʣʠʤʠʥʘʨʥʘ ʨʘʙʦʪʘ ʟʘ ʜʘ ʦʜʣʫʯʠ ʢʘʢʦ ʜʘ ʠʟʚʝʜʝ ʠʩʪʨʘʞʫʚʘˁʝ. 

ʆʜʣʫʯʫʚʘ ʜʘʣʠ ʜʘ ʢʦʨʠʩʪʠ ʜʦʢʘʟʠ ʦʜ ʧʨʚʘ ʨʘʢʘ ʠʣʠ ʩʝʢʫʥʜʘʨʥʠ ʠʟʚʦʨʠ. 

ʆʜʣʫʯʫʚʘ ʢʦʠ ʤʝʨʝˁʘ ʠ ʥʘʙˀʫʜʫʚʘˁʘ ʩʝ ʧʦʪʨʝʙʥʠ ʠ ʢʦʿʘ ʦʧʨʝʤʘ ʜʘ ʿʘ ʢʦʨʠʩʪʠ. 

ʆʜʣʫʯʫʚʘ ʢʦʿʘ ʦʧʨʝʤʘ ʜʘ ʿʘ ʢʦʨʠʩʪʠ ʠ ʧʨʦʮʝʥʫʚʘ ʩʝʢʘʢʚʠ ʨʠʟʠʮʠ ʠ ʦʧʘʩʥʦʩʪʠ ʚʦ ʣʘʙʦʨʘʪʦʨʠʿʘʪʘ ʠʣʠ ʨʘʙʦʪʥʠʦʪ ʧʨʦʩʪʦʨ. 

 

ʅʘʦʺʘ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʜʦʢʘʟʠ 

 

ʇʨʘʚʠ ʜʦʚʦʣʝʥ ʙʨʦʿ ʥʘʙˀʫʜʫʚʘˁʘ ʠ ʤʝʨʝˁʘ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʛʨʝʰʢʘʪʘ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʜʘ ʙʠʜʘʪ ʧʦʚʝʨʦʜʦʩʪʦʿʥʠ. 

ʂʦʨʠʩʪʠ ʨʘʟʣʠʯʥʠ ʤʘʪʝʨʠʿʘʣʠ ʠ ʦʧʨʝʤʘ ʠ ʢʦʨʠʩʪʠ ʤʝʨʢʠ ʟʘ ʧʨʝʪʧʘʟʣʠʚʦʩʪ. 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ ʤʝʨʝˁʘ. 

ʀʟʙʠʨʘ ʥʘʿʜʦʙʘʨ ʥʘʯʠʥ ʟʘ ʜʘ ʧʨʝʪʩʪʘʚʠ ʨʝʟʫʣʪʘʪʠ. 

 

ʈʘʟʛʣʝʜʫʚʘ ʜʦʢʘʟʠ ʠ ʧʨʠʩʪʘʧ 

ʆʧʠʰʫʚʘ ʪʨʝʥʜʦʚʠ ʠ ʰʘʙʣʦʥʠ (ʢʦʨʝʣʘʮʠʠ) ʰʪʦ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ ʨʝʟʫʣʪʘʪʠʪʝ. 

ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. 

ɻʣʝʜʘ ʢʨʠʪʠʯʢʠ ʥʘ ʠʟʚʦʨʠʪʝ ʥʘ ʩʝʢʫʥʜʘʨʥʠ ʧʦʜʘʪʦʮʠ. 

ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ. 

ɻʠ ʚʨʝʜʥʫʚʘ ʫʧʦʪʨʝʙʝʥʠʪʝ ʤʝʪʦʜʠ ʠ ʛʠ ʧʦʜʦʙʨʫʚʘ ʟʘ ʧʦʥʘʪʘʤʦʰʥʠ ʠʩʪʨʘʞʫʚʘˁʘ. 

ʉʧʦʨʝʜʫʚʘ ʨʝʟʫʣʪʘʪʠ ʠ ʤʝʪʦʜʠ ʫʧʦʪʨʝʙʝʥʠ ʦʜ ʜʨʫʛʠʪʝ. 

ʇʨʝʪʩʪʘʚʫʚʘ ʟʘʢʣʫʯʦʮʠ ʠ ʚʨʝʜʥʫʚʘˁʝ ʥʘ ʨʘʙʦʪʥʠ ʤʝʪʦʜʠ ʥʘ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ. 

ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ.  



 

 

ʇʈɺʆ ʇʆʃʋɻʆɼʀɽ  
ʊʝʤʘ 1A: 9.1 ʉʠʣʠ ʠ ʜʚʠʞʝˁʝ 

 
ʋʯʝʥʠʮʠʪʝ ʛʦ ʥʘʜʛʨʘʜʫʚʘʘʪ ʧʨʝʪʭʦʜʥʦ ʥʘʫʯʝʥʦʪʦ ʟʘ ʩʠʣʠʪʝ ʠ ʥʠʚʥʦʪʦ ʚʣʠʿʘʥʠʝ ʟʘ ʜʘ ʥʘʫʯʘʪ ʧʦʚʝ˃ʝ ʠ ʟʘ ʜʘ ʛʦ ʨʘʟʙʝʨʘʪ ʧʨʠʪʠʩʦʢʦʪ. ʊʠʝ ʠʩʪʨʘʞʫʚʘʘʪ ʢʘʢʦ ʯʝʩʪʠʯʢʠʪʝ 

ʧʨʘʚʘʪ ʧʨʠʪʠʩʦʢ ʠ ʚʨʟ ʪʝʯʥʦʩʪʠʪʝ ʠ ʚʨʟ ʛʘʩʦʚʠʪʝ ʠ ʢʘʢʦ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʧʨʠʪʠʩʦʢʦʪ. ʉʝ ʨʘʟʨʘʙʦʪʫʚʘ ʠ ʧʦʠʤʦʪ ʛʫʩʪʠʥʘ, ʢʘʜʝ ˃ʝ ʩʝ ʧʨʘʚʘʪ ʧʨʝʩʤʝʪʫʚʘˁʘ ʠ ʧʨʦʮʝʥʢʘ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʪʘ ʥʘ ʯʝʩʪʠʯʢʠ. ʋʯʝʥʠʮʠʪʝ ˃ʝ ʿʘ ʫʪʚʨʜʫʚʘʘʪ ʛʫʩʪʠʥʘʪʘ ʥʘ ʮʚʨʩʪʠʪʝ ʤʘʪʝʨʠʠ, ʪʝʯʥʦʩʪʠʪʝ ʠ ʛʘʩʦʚʠʪʝ, ʠ ˃ʝ ʿʘ ʠʩʪʨʘʞʫʚʘʘʪ ʨʘʙʦʪʘʪʘ ʥʘ ɸʨʭʠʤʝʜ ʚʦ ʦʚʘʘ 

ʦʙʣʘʩʪ. ʋʯʝʥʠʮʠʪʝ ʩʝ ʧʦʪʩʝʪʫʚʘʘʪ ʟʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʩʠʣʠʪʝ ʠ ʩʝ ʥʘʜʦʛʨʘʜʫʚʘ ʦʚʘ ʟʥʘʝˁʝ, ʢʘʢʦ ʠ ʪʦʘ ʜʝʢʘ ʩʠʣʠʪʝ ʤʦʞʘʪ ʜʘ ʧʨʝʜʠʟʚʠʢʘʘʪ ʧʨʝʜʤʝʪʠʪʝ ʜʘ ʩʝ ʚʨʪʘʪ ʦʢʦʣʫ 

ʩʚʦʿʘʪʘ ʦʩʢʘ ʢʘʢʦ ʠ ʜʘ ʛʦ ʨʘʟʙʝʨʘʪ ʧʨʠʥʮʠʧʦʪ ʥʘ ʤʦʤʝʥʪʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ ʛʦ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʬʦʨʤʫʣʘʪʘ ʤʦʤʝʥʪ = ʥʦʨʤʘʣʥʦ ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʦʩʢʘʪʘ ʥʘ ʚʨʪʝˁʝ ʜʦ ʧʨʘʚʝʮʦʪ     

ʥʘ ʩʠʣʘʪʘ ʭ ʩʠʣʘ. 

 

ʅʘʫʯʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʬʦʢʫʩʠʨʘ ʚʨʟ: 

 ʆʜʣʫʯʫʚʘˁʝ ʢʦʠ ʤʝʨʝˁʘ ʠ ʥʘʙˀʫʜʫʚʘˁʘ ʩʝ ʧʦʪʨʝʙʥʠ ʠ ʢʦʿʘ ʦʧʨʝʤʘ ʜʘ ʿʘ ʢʦʨʠʩʪʠ ʠ ʧʨʦʮʝʥʫʚʘˁʝ ʩʝʢʘʢʚʠ ʨʠʟʠʮʠ ʠ ʦʧʘʩʥʦʩʪʠ ʚʦ ʣʘʙʦʨʘʪʦʨʠʿʘʪʘ                                      

ʠʣʠ ʚʦ ʨʘʙʦʪʥʠʦʪ ʧʨʦʩʪʦʨ. 

 ʧʨʘʚʝˁʝ ʥʘ ʜʦʚʦʣʝʥ ʙʨʦʿ ʥʘʙˀʫʜʫʚʘˁʘ ʠ ʤʝʨʝˁʘ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʛʨʝʰʢʘʪʘ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʜʘ ʙʠʜʘʪ ʧʦʚʝʨʦʜʦʩʪʦʿʥʠ. 

 ʪʦʣʢʫʚʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. 

 ʠʟʚʣʝʢʫʚʘˁʝ ʟʘʢʣʫʯʦʮʠ. 

 ʿʘʩʥʦ ʩʧʦʜʝʣʫʚʘˁʝ ʩʦ ʜʨʫʛʠʪʝ. 

 



 

 

 

ʇʨʝʜʣʦʞʝʥʠ ʧʦʠʤʠ ʟʘ ʦʚʘʘ ʪʝʤʘ 

ʦʩʢʘ ʥʘ ʚʨʪʝˁʝ 

ʪʦʚʘʨ 

ʧʨʠʤʝʥʝʪʘ ʩʠʣʘ 

ʣʦʩʪ 
ʤʘʰʠʥʘ  

ʨʘʤʥʦʪʝʞʘ 

ʤʦʤʝʥʪ 

ʩʠʣʘ ʥʘ ʚʨʪʝˁʝ 

ʨʘʤʥʦʪʝʞʘ 

ʤʦʤʝʥʪ ʚʦ ʥʘʩʦʢʘ ʥʘ ʩʢʘʟʘʣʢʠʪʝ  

ʤʦʤʝʥʪ ʦʙʨʘʪʝʥ ʦʜ ʥʘʩʦʢʘʪʘ ʥʘ 

ʩʢʘʟʘʣʢʠʪʝ 

ʛʫʩʪʠʥʘ 

ʚʦʣʫʤʝʥ 

ʤʘʩʘ 

ʠʩʪʠʩʥʫʚʘ 

ʧʦʪʦʧʫʚʘ 

ʛʘʩ 

ʪʝʯʥʦʩʪ 

ʯʝʩʪʠʯʢʠ 

ʧʨʠʪʠʩʦʢ 

ʩʠʣʘ 

ʦʙʣʘʩʪ 

ʪʝʞʠʥʘ 

ʩʫʜʠʨʘˁʝ 

ʧʨʠʪʠʩʦʢ 

ʬʨʝʢʚʝʥʮʠʿʘ  

ʤʦʜʝʣ ʥʘ ʛʘʩ 
Aʨʭʠʤʝʜ 

ʅʘʫʯʥʦ ʠʩʪʨʘʞʫʚʘˁʝ 
ʥʘʙˀʫʜʫʚʘ 
ʤʝʨʠ 
ʧʨʝʩʤʝʪʫʚʘ 
ʦʙʿʘʩʥʫʚʘ 
ʪʨʝʥʜ 
ʦʙʨʘʟʝʮ 
ʟʘʢʣʫʯʫʚʘ 
ʧʨʠʤʝʥʫʚʘ 
ʜʠʟʘʿʥʠʨʘ 
ʧʣʘʥʠʨʘ 
ʧʨʦʫʯʫʚʘ 
ʩʧʦʨʝʜʫʚʘ 
ʧʨʘʚʠ ʨʘʟʣʠʢʘ 
ʠʩʪʨʘʞʫʚʘ 
ʨʝʟʠʤʠʨʘ 
ʨʝʟʫʣʪʘʪ ʢʦʿ ʦʪʩʪʘʧʫʚʘ 

 



 

 

ʎʝʣʠ ʥʘ ʫʯʝˁʝʪʦ  ʇʨʝʜʣʦʞʝʥʠ ʘʢʪʠʚʥʦʩʪʠ  ʅʘʛʣʝʜʥʠ ʩʨʝʜʩʪʚʘ  Tʝʨʤʠʥʦʣʦʛʠʿʘ 

ʅʝʜʝʣʘ 1 

ʅʝʜʝʣʘ 1 
 
ɿʥʘʝ ʜʝʢʘ ʩʠʣʠʪʝ ʤʦʞʘʪ 

ʜʘ ʛʠ ʥʘʪʝʨʘʘʪ 

ʧʨʝʜʤʝʪʠʪʝ ʜʘ ʩʝ ʚʨʪʘʪ  ʠ 

ʛʦ ʨʘʟʙʠʨʘ ʧʨʠʥʮʠʧʦʪ ʥʘ 

ʤʦʤʝʥʪʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʤʦʤʝʥʪ = ʥʦʨʤʘʣʥʦ 

ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʦʩʢʘʪʘ ʥʘ 

ʚʨʪʝˁʝ ʜʦ ʧʨʘʚʝʮʦʪ ʥʘ 

ʩʠʣʘʪʘ ʭ ʩʠʣʘ. 

 

ʏʘʩ  1 
ɺʦʚʝʜ ʚʦ ʣʦʩʪʦʚʠ 
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʥʝʢʦʠ ʟʘʜʘʯʠ ʢʦʠ ʪʝʰʢʦ 

ʩʝ ʠʟʚʨʰʫʚʘʘʪ ʩʦ ʛʦʣʠ ʨʘʮʝ. ʅʘ ʧʨʠʤʝʨ: ʦʪʚʦʨʘˁʝ 

ʥʘ ʮʚʨʩʪʦ ʟʘʪʚʦʨʝʥ ʢʘʧʘʢ, ʦʜʚʨʪʫʚʘˁʝ ʥʘ ʟʘʚʨʪʢʘ, 

ʢʨʰʝˁʝ ʥʘ ʦʨʝʚ ʠʣʠ ʚʘʜʝˁʝ ʥʘ ʢʣʠʥʝʮ ʦʜ ʧʘʨʯʝ 

ʜʨʚʦ. ʈʘʟʛʦʚʘʨʘʿʪʝ ʩʦ ʫʯʝʥʠʮʠʪʝ ʟʦʰʪʦ ʦʚʠʝ ʟʘʜʘʯʠ 

ʪʦʣʢʫ ʪʝʢhʦ ʩʝ ʠʟʚʨʰʫʚʘʘʪ ʩʦ ʛʦʣʠ ʨʘʮʝ. ʂʦʠ ʘʣʘʪʠ 

ʙʠ ʧʦʤʦʛʥʘʣʝ ʧʦʣʝʩʥʦ ʜʘ ʩʝ ʠʟʚʝʜʘʪ ʦʚʠʝ 

ʘʢʪʠʚʥʦʩʪʠ? 
 

ʇʦʢʘʞʝʪʝ ʠʤ ʝʜʥʦʩʪʘʚʥʠ ʘʣʘʪʢʠ ʠʣʠ ʤʘʰʠʥʠ ʢʦʠ ʙʠ 

ʧʦʤʦʛʥʘʣʝ (ʧʨ. ʰʪʨʘʬʮʠʛʝʨ ʠʣʠ ʣʦʩʪ, ʢʣʫʯ ʟʘ 

ʦʜʚʨʪʫʚʘˁʝ, ʦʨʝʚʦʢʨʰʘʯʢʘ ʠʣʠ ʢʣʝʰʪʘ, ʯʝʢʘʥ). 

ɿʦʰʪʦ ʩʦ ʥʠʚ ʥʠ ʩʝ ʦʣʝʩʥʫʚʘ ʨʘʙʦʪʘʪʘ? 

ɼʠʩʢʫʪʠʨʘʿʪʝ ʟʘ ʦʜʛʦʚʦʨʠʪʝ ʥʘ ʫʯʝʥʠʮʠʪʝ. 
 

 ʇʦʢʘʞʝʪʝ ʢʘʢʦ ʩʝ ʦʪʚʘʨʘ ʢʘʥʪʠʯʢʘ ʩʦ ʮʚʨʩʪʦ 

ʟʘʪʚʦʨʝʥ ʢʘʧʘʢ. ʆʧʠʰʝʪʝ ʿʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʣʦʩʪʦʪ 

ʢʘʢʦ ʝʜʥʦʩʪʘʚʥʘ ʤʘʰʠʥʘ ʢʦʿʘ ʿʘ ʢʦʨʠʩʪʠ ʦʩʢʘʪʘ ʥʘ 

ʚʨʪʝˁʝ. ʇʦʩʦʯʝʪʝ ʿʘ ʦʩʢʘʪʘ, ʪʦʚʘʨʦʪ ʠ ʧʨʠʤʝʥʝʪʘʪʘ 

ʩʠʣʘ. 

 

 ʇʦʢʘʞʝʪʝ ʛʠ ʜʨʫʛʠʪʝ ʘʣʘʪʠ ʠʣʠ ʤʘʰʠʥʠ. ɿʘ ʩʝʢʦʿ 

ʜʘʜʝʥ ʧʨʠʤʝʨ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʧʦʩʦʯʘʪ ʢʦʿʘ ʝ ʦʩʢʘʪʘ 

ʥʘ ʚʨʪʝˁʝ, ʪʦʚʘʨʦʪ ʠ ʧʨʠʤʝʥʝʪʘʪʘ ʩʠʣʘ. 

 

 ʇʦʢʘʞʝʪʝ ʚʠʜʝʦ ʢʣʠʧ ʟʘ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ ʣʦʩʪʦʚʠʪʝ. 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʥʘʚʝʜʘʪ ʜʘʣʠ ʠ ʢʘʜʝ ʛʠ ʛʣʝʜʘʘʪ 

ʣʦʩʪʦʚʠʪʝ ʚʦ ʦʚʦʿ ʚʠʜʝʦ ʢʣʠʧ.  

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʣʦʩʪʦʪ ʝ ʝʜʥʦʩʪʘʚʥʘ ʤʘʰʠʥʘ. ɿʘ 

ʩʝʢʦʿ ʣʦʩʪ ʤʦʞʝ ʜʘ ʛʠ ʥʘʚʝʜʝʪʝ ʦʩʢʘʪʘ ʥʘ ʚʨʪʝˁʝ, 

 
 
 
ʇʨʠʤʝʨʠ ʦʜ ʦʙʠʯʥʠ ʣʦʩʪʦʚʠ, ʥʘ ʧʨ. ʦʨʝʚ ʠ 
ʦʨʝʚʦʢʨʰʘʯʢʘ, ʢʣʫʯ ʟʘ ʦʜʚʨʪʫʚʘˁʝ ʠ 
ʟʘʚʨʪʢʘ, ʢʦʥʟʝʨʚʘ ʩʦ ʮʚʨʩʪʦ ʟʘʪʚʦʨʝʥ ʢʘʧʘʢ. 
 
 
 
 
 
 
 
 
 
 
 
ʂʦʥʟʝʨʚʘ (ʥʘ ʧʨ. ʢʘʥʪʠʯʢʘ ʩʦ ʙʦʿʘ) ʩʦ ʮʚʨʩʪʦ 
ʟʘʪʚʦʨʝʥ ʢʘʧʘʢ, ʰʪʨʘʬʮʠʛʝʨ. 
 
 

 

 

 

 

 

 

ʇʨʝʜʣʦʞʝʥ ʣʠʥʢ:  

https://youtu.be/QejD6z69trg  

 
 

 

ʦʩʢʘ ʥʘ ʚʨʪʝˁʝ 

ʪʦʚʘʨ 

ʧʨʠʤʝʥʝʪʘ ʩʠʣʘ 

ʣʦʩʪ 
ʤʘʰʠʥʘ 
 
ʥʘʙˀʫʜʫʚʘ 
ʦʙʿʘʩʥʫʚʘ 

https://youtu.be/QejD6z69trg


 

 

ʪʦʚʘʨʦʪ ʠ ʧʨʠʤʝʥʝʪʘʪʘ ʩʠʣʘ.  

ʅʝʜʝʣʘ 1  
 
ɿʥʘʝ ʜʝʢʘ ʩʠʣʠʪʝ ʤʦʞʘʪ 

ʜʘ ʛʠ ʥʘʪʝʨʘʘʪ 

ʧʨʝʜʤʝʪʠʪʝ ʜʘ ʩʝ ʚʨʪʘʪ  ʠ 

ʛʦ ʨʘʟʙʠʨʘ ʧʨʠʥʮʠʧʦʪ ʥʘ 

ʤʦʤʝʥʪʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʤʦʤʝʥʪ = ʥʦʨʤʘʣʥʦ 

ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʦʩʢʘʪʘ ʥʘ 

ʚʨʪʝˁʝ ʜʦ ʧʨʘʚʝʮʦʪ ʥʘ 

ʩʠʣʘʪʘ ʭ ʩʠʣʘ. 

 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 
ʆʧʠʰʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ (ʢʦʨʝʣʘʮʠʠ) 
ʰʪʦ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ 
ʨʝʟʫʣʪʘʪʠʪe. 
 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.   

ʏʘʩ  2 
ʇʨʦʫʯʫʚʘˁʝ ʥʘ ʣʦʩʪʦʚʠʪʝ 
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʩʣʠʢʘ ʦʜ ʢʣʫʯ ʟʘ 

ʦʜʚʨʪʫʚʘˁʝ ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ ʦʣʘʙʘʚʠ 

ʥʘʚʨʪʢʘ. ʂʘʜʝ ʝ ʦʩʢʘʪʘ ʥʘ ʚʨʪʝˁʝ ʪʫʢʘ? 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʧʨʝʜʣʦʞʘʪ ʜʚʝ ʨʘʙʦʪʠ ʢʦʠ, ʜʦʢʦʣʢʫ 

ʛʠ ʧʨʦʤʝʥʘʪ, ʙʠ ʿʘ ʩʤʝʥʠʣʝ ʩʠʣʘʪʘ ʥʘ ʚʨʪʝˁʝ ʥʘ 

ʟʘʚʨʪʢʘʪʘ. ʀʟʚʣʝʯʝʪʝ ʛʠ ʜʚʝʪʝ ʢʣʫʯʥʠ ʧʨʦʤʝʥʣʠʚʠ 

(1) ʿʘʯʠʥʘʪʘ ʥʘ ʧʨʠʤʝʥʝʪʘʪʘ ʩʠʣʘ ʚʨʟ ʢʣʫʯʦʪ ʟʘ 

ʦʜʚʨʪʫʚʘˁʝ, ʠ (2) ʨʘʩʪʦʿʘʥʠʝʪʦ ʜʦʣʞ ʨʘʯʢʘʪʘ ʥʘ 

ʢʣʫʯʦʪ ʚʨʟ ʢʦʿ ʩʝ ʧʨʠʤʝʥʫʚʘ ʩʠʣʘʪʘ. 

 

 ʋʯʝʥʠʮʠʪʝ ʤʦʞʝ ʜʘ ʛʠ ʠʩʪʨʘʞʫʚʘʘʪ ʩʠʣʠʪʝ ʥʘ 

ʝʜʥʦʩʪʘʚʝʥ ʣʦʩʪ. ʊʠʝ ʥʝʢʘ ʛʦ ʤʝʥʫʚʘʘʪ ʨʘʩʪʦʿʘʥʠʝʪʦ 

ʧʦʤʝʺʫ ʦʩʢʘʪʘ ʥʘ ʚʨʪʝˁʝ ʠ ʧʨʠʤʝʥʝʪʘʪʘ ʩʠʣʘ ʠ ʥʝʢʘ 

ʿʘ ʤʝʨʘʪ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʩʠʣʘʪʘ ʢʦʿʘ ʝ ʧʦʪʨʝʙʥʘ ʟʘ ʜʘ 

ʩʝ ʧʦʜʠʛʥʝ ʪʦʚʘʨʦʪ. ɼʦʢʦʣʢʫ ʣʦʩʪʦʪ ʝ ʣʠʥʠʿʘʨ, ʪʦʛʘʰ 

ʝ ʣʝʩʥʦ ʜʘ ʩʝ ʠʟʤʝʨʠ ʦʜʜʘʣʝʯʝʥʦʩʪʘ ʦʜ ʣʦʩʪʦʪ ʜʦ 

ʪʦʯʢʘʪʘ ʢʘʜʝ ʝ ʧʨʠʤʝʥʝʪʘ ʩʠʣʘʪʘ. ɻʦʣʝʤʠʥʘʪʘ ʥʘ 

ʦʚʦʿ ʥʘʧʦʨ ʤʦʞʝ ʜʘ ʩʝ ʠʟʤʝʨʠ ʩʦ ʜʠʥʘʤʦʤʝʪʘʨ. 

ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʪʦʚʘʨʦʪ ʪʨʝʙʘ ʜʘ ʦʩʪʘʥʝ ʠʩʪʘ. 

 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʥʘʧʨʘʚʘʪ ʪʘʙʝʣʘ ʩʦ ʥʠʚʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʢʦʿʘ ˃ʝ ʠʤ ʧʦʤʦʛʥʝ ʥʘ ʥʘʮʨʪʘʘʪ ʣʠʥʠʩʢʠ 

ʛʨʘʬʠʢʦʥ. ʊʠʝ ʪʨʝʙʘ ʜʘ ʛʦ ʦʧʠʰʘʪ ʪʨʝʥʜʦʪ ʠ ʜʘ 

ʠʟʚʣʝʯʘʪ ʟʘʢʣʫʯʦʮʠ. 

 

 ɺʦʚʝʜʝʪʝ ʛʦ ʧʨʘʰʘˁʝʪʦ ʢʘʢʦ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ 

ʤʦʤʝʥʪʦʪ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ: 

ʄʦʤʝʥʪ = ʥʦʨʤʘʣʥʦ ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʦʩʢʘʪʘ ʥʘ ʚʨʪʝˁʝ 

ʜʦ ʧʨʘʚʝʮʦʪ ʥʘ ʩʠʣʘʪʘ x ʩʠʣʘ. 

 

ʋʯʝʥʠʮʠʪʝ ʛʠ ʧʨʝʩʤʝʪʫʚʘʘʪ ʤʦʤʝʥʪʠʪʝ ʦʜ 

ʠʩʪʨʘʞʫʚʘˁʝʪʦ. ʀʜʝʘʣʥʦ, ʩʠʪʝ ʥʠʚʥʠ ʨʝʟʫʣʪʘʪʠ 

ʪʨʝʙʘ ʜʘ ʛʦ ʜʘʜʘʪ ʠʩʪʠʦʪ ʤʦʤʝʥʪ. ɼʘʣʠ ʦʚʘ ʝ 

 

 

 

 

 

 

 

 

 

ʣʠʥʠʿʘʨʠ, ʜʠʥʘʤʦʤʝʪʨʠ ʠ ʤʘʣʠ ʪʦʚʘʨʠ 

 

   ʪʦʚʘʨ 
                         ʦʩʢʘ ʥʘ ʚʨʪʝˁʝ  
 
                                     
                                      ʧʨʠʤʝʥʝʪʘ ʩʠʣʘ                                         
           (ʢʦʿʘ ʩʝ ʤʝʨʠ ʩʦ ʜʠʥʘʤʦʤʝʪʘʨ) 

 

 

 

 

 

 

ʂʘʣʢʫʣʘʪʦʨ (ʧʦ ʞʝʣʙʘ). 

 

 

 

 

 

 

  

 

ʦʩʢʘ ʥʘ ʚʨʪʝˁʝ 

ʪʦʚʘʨ 

ʧʨʠʤʝʥʝʪʘ ʩʠʣʘ 

ʣʦʩʪ 

ʤʘʰʠʥʘ  

ʤʦʤʝʥʪ  

ʩʠʣʘ ʥʘ ʚʨʪʝˁʝ  

 

ʪʨʝʥʜ 

ʰʘʙʣʦʥ 

ʟʘʢʣʫʯʫʚʘ 



 

 

ʚʘʰʠʦʪ ʦʜʛʦʚʦʨ? ɼʘʣʠ ʠʤʘʚʪʝ ʥʝʢʦʠ ʧʨʦʙʣʝʤʠ ʩʦ 

ʠʩʪʨʘʞʫʚʘˁʝʪʦ? ʂʘʢʦ ʙʠ ʛʦ ʧʦʜʦʙʨʠʣʝ ʜʦʢʦʣʢʫ ʛʦ 

ʧʦʚʪʦʨʠʪʝ ʫʰʪʝ ʝʜʥʘʰ? 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʤʦʤʝʥʪʦʪ ʥʘ ʩʠʣʘ  = ʥʦʨʤʘʣʥʦ 

ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʦʩʢʘʪʘ ʥʘ ʚʨʪʝˁʝ ʜʦ ʧʨʘʚʝʮʦʪ ʥʘ 

ʩʠʣʘʪʘ x ʩʠʣʘʪʘ, ʟʥʘʯʠ ʠʣʠ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʨʘʩʪʦʿʘʥʠʝʪʦ ʦʜ ʦʩʢʘʪʘ ʥʘ ʚʨʪʝˁʝ ʠʣʠ ʩʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʩʠʣʘʪʘ, ʩʝ ʟʛʦʣʝʤʫʚʘ ʤʦʤʝʥʪʦʪ. 

ʅʝʜʝʣʘ 2 

ʅʝʜʝʣʘ 2  
 
ɿʥʘʝ ʜʝʢʘ ʩʠʣʠʪʝ ʤʦʞʘʪ 

ʜʘ ʛʠ ʥʘʪʝʨʘʘʪ. 

ʧʨʝʜʤʝʪʠʪʝ ʜʘ ʩʝ ʚʨʪʘʪ  ʠ 

ʛʦ ʨʘʟʙʠʨʘ ʧʨʠʥʮʠʧʦʪ ʥʘ 

ʤʦʤʝʥʪʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʤʦʤʝʥʪ = ʥʦʨʤʘʣʥʦ 

ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʦʩʢʘʪʘ ʥʘ 

ʚʨʪʝˁʝ ʜʦ ʧʨʘʚʝʮʦʪ ʥʘ 

ʩʠʣʘʪʘ ʭ ʩʠʣʘ. 

 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 
ʆʧʠʰʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ (ʢʦʨʝʣʘʮʠʠ) 
ʰʪʦ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ 
ʨʝʟʫʣʪʘʪʠʪe. 
 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 

ʏʘʩ  1 
ʋʨʘʤʥʦʪʝʞʫʚʘˁʝ ʥʘ ʣʫʣʘʰʢʠ 

 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʣʫʣʘʰʢʘ ʚʦ ʨʘʤʥʦʪʝʞʘ. 

ʇʨʘʰʘʿʪʝ ʛʠ ʢʘʜʝ ʝ ʥʝʿʟʠʥʘʪʘ ʦʩʢʘ ʥʘ ʚʨʪʝˁʝ. 

ɼʦʜʘʿʪʝ ʦʜʨʝʜʝʥʘ ʤʘʩʘ ʥʘ ʝʜʥʘʪʘ ʩʪʨʘʥʘ ʥʘ 

ʣʫʣʘʰʢʘʪʘ ʠ ʧʦʙʘʨʘʿʪʝ ʦʜ ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʦ 

ʧʨʝʩʤʝʪʘʘʪ ʤʦʤʝʥʪʦʪ. 

 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʣʫʣʘʰʢʘ ʚʦ ʨʘʤʥʦʪʝʞʘ. 

ʇʦʙʘʨʘʿʪʝ ʦʜ ʥʠʚ ʜʘ ʨʘʩʧʦʨʝʜʘʪ ʜʚʝ ʤʘʩʠ ʥʘ 

ʥʘʿʤʥʦʛʫ ʥʘʯʠʥʠ ʰʪʦ ʝ ʤʦʞʥʦ ʧʦʩʪʘʚʝʥʠ ʥʘ 6 ʩʤ ʦʜ 

ʦʩʢʘʪʘ, ʘ ʜʘ ʦʩʪʘʥʝ ʚʦ ʨʘʤʥʦʪʝʞʘ. 
 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʠ ʚʥʝʩʫʚʘʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʚʦ ʪʘʙʝʣʘ.  
 

 ʇʦʙʘʨʘʿʪʝ ʦʜ ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʦ ʧʨʝʩʤʝʪʘʘʪ ʤʦʤʝʥʪʦʪ 

ʦʜ 2 ʤʘʩʠ ʧʦʩʪʘʚʝʥʠ ʥʘ 6 cm ʦʜ ʦʩʢʘʪʘ. ʇʨʦʚʝʨʝʪʝ 

ʛʠ ʥʠʚʥʠʪʝ ʦʜʛʦʚʦʨʠ. ʇʦʪʦʘ ʧʦʙʘʨʘʿʪʝ ʦʜ ʫʯʝʥʠʮʠʪʝ 

ʜʘ ʛʠ ʧʨʝʩʤʝʪʘʘʪ ʤʦʤʝʥʪʠʪʝ ʦʜ ʩʠʪʝ ʢʦʤʙʠʥʘʮʠʠ ʩʦ 

ʢʦʠ ʫʩʧʝʘʣʝ ʜʘ ʦʙʝʟʙʝʜʘʪ ʨʘʤʥʦʪʝʞʘ ʥʘ ʣʫʣʘʰʢʘʪʘ. 

ʋʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ ʩʝ ʚʦ ʤʦʞʥʦʩʪ ʜʘ ʛʦ ʫʚʠʜʘʪ 

ʰʘʙʣʦʥʦʪ ʠ ʜʘ ʛʦ ʫʪʚʨʜʘʪ ʧʨʠʥʮʠʧʦʪ ʜʝʢʘ 

ʣʫʣʘʰʢʘʪʘ ʝ ʚʦ ʨʘʤʥʦʪʝʞʘ ʢʦʛʘ: 

ʤʦʤʝʥʪʦʪ ʚʦ ʥʘʩʦʢʘ ʥʘ ʩʢʘʟʘʣʢʠʪʝ ʥʘ ʯʘʩʦʚʥʠʢʦʪ = 

ʤʦʤʝʥʪʦʪ ʦʙʨʘʪʥʦ ʦʜ ʥʘʩʦʢʘʪʘ ʥʘ ʩʢʘʟʘʣʢʠʪʝ ʥʘ 

ʯʘʩʦʚʥʠʢʦʪ 

 

 

 

ʃʫʣʘʰʢʘ ʚʦ ʨʘʤʥʦʪʝʞʘ, ʩʦʦʜʚʝʪʥʠ ʦʩʢʠ ʥʘ 

ʚʨʪʝˁʝ, ʪʝʛʦʚʠ ʩʦ ʝʜʥʘʢʚʠ ʤʘʩʠ (ʧʨ. 10 g = 

0.1 N), ʤʝʪʨʠ ʟʘ ʤʝʨʝˁʝ. 

 

ʃʫʣʘʰʢʘ ʚʦ ʨʘʤʥʦʪʝʞʘ, ʩʦʦʜʚʝʪʥʠ ʦʩʢʠ ʥʘ 

ʚʨʪʝˁʝ, ʪʝʛʦʚʠ ʩʦ ʝʜʥʘʢʚʠ ʤʘʩʠ (ʧʨ. 10 g = 

0.1 N), ʤʝʪʨʠ ʟʘ ʤʝʨʝˁʝ. 

 

 

 

 

 

 

 

 

 

 

 

 
https://phet.colorado.edu/mk/simulation/legacy/
balancing-act 
(ʩʠʤʫʣʘʮʠʿʘʪʘ ʝ ʜʦʩʪʘʧʥʘ ʥʘ ʘʣʙʘʥʩʢʠ, 
ʤʘʢʝʜʦʥʩʢʠ, ʩʨʧʩʢʠ ʠʣʠ ʪʫʨʩʢʠ ʿʘʟʠʢ) 

ʠʣʠ 

 

ʦʩʢʘ ʥʘ ʚʨʪʝˁʝ 

ʪʦʚʘʨ 

ʧʨʠʤʝʥʝʪʘ ʩʠʣʘ 

ʣʦʩʪ 

ʤʘʰʠʥʘ  

ʤʦʤʝʥʪ 

ʩʠʣʘ ʥʘ ʚʨʪʝˁʝ 

ʨʘʤʥʦʪʝʞʘ 

ʤʦʤʝʥʪ ʚʦ ʥʘʩʦʢʘ 

ʥʘ ʩʢʘʟʘʣʢʠʪʝ  

ʤʦʤʝʥʪ ʦʙʨʘʪʝʥ 

ʦʜ ʥʘʩʦʢʘʪʘ ʥʘ 

ʩʢʘʟʘʣʢʠʪʝ 

 

ʪʨʝʥʜ 

ʰʘʙʣʦʥ 

ʟʘʢʣʫʯʦʢ  

 

https://phet.colorado.edu/mk/simulation/legacy/balancing-act
https://phet.colorado.edu/mk/simulation/legacy/balancing-act


 

 

ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ 
ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. 
ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ 
ʜʨʫʛʠʪʝ. 

 

 ɼʨʫʛʘ ʤʦʞʥʦʩʪ ʝ ʫʯʝʥʠʮʠʪʝ ʜʘ ʢʦʨʠʩʪʘʪ ʩʠʤʫʣʘʮʠʿʘ 

ʟʘ ʜʘ ʩʝ ʠʩʪʨʘʞʫʚʘ ʨʘʤʥʦʪʝʞʘʪʘ ʢʘʿ ʣʫʣʘʰʢʘʪʘ.  

 

 

 

 ʂʘʢʦ ʟʘʙʘʚʥʘ ʘʢʪʠʚʥʦʩʪ, ʧʦʢʘʞʝʪʝ ʠʤ ʣʫʣʘʰʢʘ. 

ʇʦʩʪʘʚʘʪʝ ʛʦʣʝʤʘ ʤʘʩʘ ʥʘ ʝʜʥʘʪʘ ʩʪʨʘʥʘ ʦʜ 

ʣʫʣʘʰʢʘʪʘ (ʥʘ ʧʨʠʤʝʨ, ʥʘʩʪʘʚʥʠʢʦʪ, ʥʦ ʥʝ ʟʝʤʘʿʪʝ 

ʫʯʝʥʠʢ ʢʘʢʦ ʧʨʠʤʝʨ ʟʘ ʛʦʣʝʤʘ ʤʘʩʘ). ʋʯʝʥʠʮʠʪʝ 

ʥʝʢʘ ʧʨʝʜʣʘʛʘʘʪ ʢʘʢʦ ʧʦʤʘʣʘ ʪʝʞʠʥʘ (ʧʨ. 

ʜʦʙʨʦʚʦʣʝʮ ʠʣʠ óʧʦʤʘʣô ʫʯʝʥʠʢ) ʤʦʞʝ ʜʘ ʩʝ ʦʙʠʜʝ 

ʜʘ ʚʦʩʧʦʩʪʘʚʠ ʨʘʤʥʦʪʝʞʘ. 

 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʠʩʧʨʦʙʫʚʘʘʪ ʥʘʯʠʥʠ ʢʘʢʦ ʣʫʣʘʰʢʘʪʘ 

ʜʘ ʩʝ ʜʦʚʝʜʝ ʚʦ ʨʘʤʥʦʪʝʞʘ. 

 

 ɼʘʿʪʝ ʠʤ ʧʨʠʤʝʨʠ ʥʘ ʫʯʝʥʠʮʠʪʝ ʟʘ ʜʘ ʧʨʝʩʤʝʪʫʚʘʘʪ 

ʤʦʤʝʥʪʠ. ɿʘʙʘʚʝʥ ʧʨʠʤʝʨ ʙʠ ʙʠʣʘ ʠʟʤʠʩʣʝʥʘ 

ʣʫʣʘʰʢʘ ʥʘ ʢʦʿʘ ʥʘ ʝʜʥʘʪʘ ʩʪʨʘʥʘ ʝ ʩʣʦʥ, ʘ ʩʝ 

ʦʙʠʜʫʚʘʤʝ ʜʘ ʧʦʩʪʠʛʥʝʤʝ ʨʘʤʥʦʪʝʞʘ ʩʦ ʩʪʘʚʘˁʝ ʥʘ 

ʛʣʫʰʝʮ ʥʘ ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ. 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʤʦʤʝʥʪʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʤʝʨʘʪ, 

ʧʨʝʩʤʝʪʘʘʪ ʠ ʧʨʝʜʚʠʜʘʪ. ʃʫʣʘʰʢʘʪʘ ˃ʝ ʙʠʜʝ ʚʦ 

ʨʘʤʥʦʪʝʞʘ ʜʦʢʦʣʢʫ ʩʝ ʠʟʝʜʥʘʯʝʥʠ ʤʦʤʝʥʪʠʪʝ ʚʦ 

ʥʘʩʦʢʘʪʘ ʥʘ ʩʪʨʝʣʢʠʪʝ ʠ ʦʙʨʘʪʥʦ ʦʜ ʥʘʩʦʢʘʪʘ ʥʘ 

ʩʪʨʝʣʢʠʪʝ ʥʘ ʯʘʩʦʚʥʠʢʦʪ. 

http://www.freezeray.com/flashFiles/balancedB

eam.htm 

 

ʇʦʛʦʣʝʤʘ ʪʝʞʠʥʘ, ʜʨʚʝʥʘ ʰʪʠʮʘ, ʛʦʣʝʤʘ 

ʦʩʢʘ. 

ɿʘʙʝʣʝʰʢʘ: ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ ʥʝʧʨʠʿʘʪʥʠ 

ʩʠʪʫʘʮʠʠ, ʥʝ ʟʝʤʘʿʪʝ ʫʯʝʥʠʢ ʢʘʢʦ ʧʨʠʤʝʨ ʟʘ 

ʛʦʣʝʤʘ ʤʘʩʘ.  

 

ɿʘʙʝʣʝʰʢʘ: ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ ʥʝ ʝ ʧʦʪʨʝʙʥʦ ʜʘ 

ʩʝ ʧʨʝʩʤʝʪʫʚʘʘʪ ʤʦʤʝʥʪʠʪʝ ʙʠʜʝʿ˃ʠ ʪʦʘ 

ʤʦʞʝ ʜʘ ʛʠ ʟʘʩʨʘʤʠ ʜʦʙʨʦʚʦʣʮʠʪʝ. 

 

ʂʘʣʢʫʣʘʪʦʨʠ. 

 

 

  

ʅʝʜʝʣʘ 2  
 
ɿʥʘʝ ʜʝʢʘ ʩʠʣʠʪʝ ʤʦʞʘʪ 

ʜʘ ʛʠ ʥʘʪʝʨʘʘʪ 

ʧʨʝʜʤʝʪʠʪʝ ʜʘ ʩʝ ʚʨʪʘʪ  ʠ 

ʛʦ ʨʘʟʙʠʨʘ ʧʨʠʥʮʠʧʦʪ ʥʘ 

ʤʦʤʝʥʪʠ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʤʦʤʝʥʪ = ʥʦʨʤʘʣʥʦ 

ʏʘʩ  2 
ʇʨʠʤʝʥʘ ʥʘ ʧʨʠʥʮʠʧʦʪ ʥʘ ʤʦʤʝʥʪʠ 
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʚʠʜʝʦ ʢʣʠʧ ʦʜ ʛʦʣʝʤ 
ʧʨʝʜʤʝʪ (ʥʘ ʧʨʠʤʝʨ, ʢʘʤʠʦʥ ʟʘ ʪʨʘʥʩʧʦʨʪ ʥʘ ʚʦʟʠʣʘ 
ʢʦʿ ʩʝ ʧʨʝʚʨʪʝʣ). ɺʦ ʧʘʨʦʚʠ, ʫʯʝʥʠʮʠʪʝ ʛʦ ʢʦʨʠʩʪʘʪ 
ʧʦʠʤʦʪ ʥʘ ʤʦʤʝʥʪʠ ʟʘ ʜʘ ʩʠ ʦʙʿʘʩʥʘʪ ʤʝʺʫʩʝʙʥʦ ʰʪʦ 
ʩʝ ʩʣʫʯʠʣʦ. ɼʘʿʪʝ ʠʤ ʩʧʠʩʦʢ ʥʘ ʢʣʫʯʥʠ ʪʝʨʤʠʥʠ ʢʦʠ 
ʫʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ ʛʠ ʫʧʦʪʨʝʙʘʪ ʚʦ ʥʠʚʥʠʪʝ 
ʦʙʿʘʩʥʫʚʘˁʘ. 

 
 
 
ʇʨʝʜʣʦʞʝʥ ʣʠʥʢ: 
https://youtu.be/zhxhbakxxbI  
 

 

 

ʦʩʢʘ ʥʘ ʚʨʪʝˁʝ 

ʪʦʚʘʨ 

ʧʨʠʤʝʥʝʪʘ ʩʠʣʘ 

ʣʦʩʪ 

ʤʘʰʠʥʘ  

ʤʦʤʝʥʪ  

ʩʠʣʘ ʥʘ ʚʨʪʝˁʝ 

ʨʘʤʥʦʪʝʞʘ 

http://www.freezeray.com/flashFiles/balancedBeam.htm
http://www.freezeray.com/flashFiles/balancedBeam.htm
https://youtu.be/zhxhbakxxbI


 

 

ʨʘʩʪʦʿʘʥʠʝ ʦʜ ʦʩʢʘʪʘ ʥʘ 

ʚʨʪʝˁʝ ʜʦ ʧʨʘʚʝʮʦʪ ʥʘ 

ʩʠʣʘʪʘ ʭ ʩʠʣʘ. 

 
 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ 
ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. 
ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ 
ʜʨʫʛʠʪʝ 

 

 ʀʩʧʣʘʥʠʨʘʿʪʝ ʝʜʝʥ ʧʨʝʜʠʟʚʠʢ ʟʘ ʫʯʝʥʠʮʠʪʝ, ʢʦʿ ʙʠ 

ʤʦʞʝʣʝ ʜʘ ʛʦ ʨʝʰʘʪ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʦʤʝʥʪʠ. ʅʘ 

ʧʨʠʤʝʨ ʧʦʙʘʨʘʪʿʝ ʦʜ ʥʠʚ ʜʘ ʜʠʟʘʿʥʠʨʘʘʪ ʘʣʘʪʢʘ ʢʦʿʘ 

ʤʦʞʝ ʜʘ ʠʤ ʧʦʤʦʛʥʝ ʥʘ ʧʦʩʪʘʨʠʪʝ ʧʦʣʝʩʥʦ ʜʘ 

ʦʪʚʦʨʘʘʪ ʮʚʨʩʪʦ ʟʘʪʚʦʨʝʥʠ ʢʘʧʘʮʠ ʦʜ ʪʝʛʣʘ ʩʦ 

ʭʨʘʥʘ. ʅʘ ʥʠʚʥʠʦʪ ʜʠʟʘʿʥ ʪʠʝ ʪʨʝʙʘ ʿʘʩʥʦ ʜʘ: 

 ʆʟʥʘʯʘʪ ʢʦʠ ʩʝ ʜʝʣʦʚʠʪʝ ʦʜ ʣʦʩʪ 

 ʆʙʿʘʩʥʘʪ ʢʘʢʦ ʤʦʤʝʥʪʦʪ ʨʘʩʪʝ ʙʝʟ ʜʘ ʠʤʘ 
ʧʦʪʨʝʙʘ ʣʠʮʝʪʦ ʜʘ ʧʨʠʤʝʥʠ ʧʦʛʦʣʝʤʘ ʩʠʣʘ. 

 

 ʇʦʙʘʨʘʿʪʝ ʦʜ ʝʜʝʥ ʫʯʝʥʠʢ ʜʘ ʿʘ ʦʪʚʦʨʠ ʚʨʘʪʘʪʘ. 

ʇʦʙʘʨʘʿʪʝ ʦʜ ʜʨʫʛ ʫʯʝʥʠʢ ʜʘ ʛʦ ʟʘʧʨʝ ʚʦ ʥʘʤʝʨʘʪʘ 

ʩʦ ʪʦʘ ʰʪʦ ˃ʝ ʧʨʠʤʝʥʠ ʩʠʣʘ ʥʘ ʨʘʟʣʠʯʥʘ 

ʦʜʜʘʣʝʯʝʥʦʩʪ ʦʜ ʰʘʨʢʘʪʘ. ʇʦʙʘʨʘʿʪʝ ʦʜ ʫʯʝʥʠʮʠʪʝ 

ʜʘ ʛʠ ʦʙʿʘʩʥʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʢʦʨʠʩʪʝʿ˃ʠ ʛʦ ʢʦʥʮʝʧʪʦʪ 

ʥʘ ʤʦʤʝʥʪʠ. ɼʘʿʪʝ ʩʧʠʩʦʢ ʥʘ ʢʣʫʯʥʠ ʪʝʨʤʠʥʠ ʢʦʠ 

ʫʯʝʥʠʮʠʪʝ ʙʠ ʛʠ ʢʦʨʠʩʪʝʣʝ ʚʦ ʥʠʚʥʠʪʝ ʦʙʿʘʩʥʫʚʘˁʘ. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʢʦʥʮʝʧʪʦʪ ʥʘ ʤʦʤʝʥʪʠ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʤʝʥʠ ʚʦ ʥʝʢʦʣʢʫ ʩʠʪʫʘʮʠʠ. 

ʤʦʤʝʥʪ ʚʦ ʥʘʩʦʢʘ 

ʥʘ ʩʢʘʟʘʣʢʠʪʝ  

ʤʦʤʝʥʪ ʦʙʨʘʪʝʥ 

ʦʜ ʥʘʩʦʢʘʪʘ ʥʘ 

ʩʢʘʟʘʣʢʠʪʝ 
 
ʧʨʠʤʝʥʫʚʘ 
ʜʠʟʘʿʥʠʨʘ 
ʧʣʘʥʠʨʘ 

ʅʝʜʝʣʘ 3 

ʅʝʜʝʣʘ 3  
 
ʆʜʨʝʜʫʚʘ ʛʫʩʪʠʥʘ ʥʘ 

ʪʚʨʜʠ, ʪʝʯʥʠ ʠ ʛʘʩʦʚʠʪʠ 

ʪʝʣʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʛʫʩʪʠʥʘ = ʤʘʩʘ / ʚʦʣʫʤʝʥ 

 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  

ʏʘʩ  1 
ɺʦʚʝʜ ʚʦ ʛʫʩʪʠʥʘ 
 

 ʇʦʢʘʞʝʪʝ ʚʠʜʝʦ ʢʣʠʧ ʦʜ ʛʫʤʝʥ ʧʨʝʜʤʝʪ ʢʦʿ ʩʝ ʬʨʣʘ 

ʚʦ ʧʨʘʚʝʮ ʥʘ ʣʫʺʝ, ʟʘ ʢʦʿ ʪʠʝ ʤʠʩʣʘʪ ʜʝʢʘ ʝ ʧʦʪʝʞʦʢ 

ʦʪʢʦʣʢʫ ʰʪʦ ʪʦʿ ʥʘʚʠʩʪʠʥʘ ʝ. ɼʠʩʢʫʪʠʨʘʿʪʝ ʟʘ ʢʣʠʧʦʪ. 

ɿʦʰʪʦ ʣʫʺʝʪʦ ʙʝʛʘʘʪ ʦʜ ʧʨʝʜʤʝʪʦʪ? ɼʘʣʠ 

ʛʦʣʝʤʠʪʝ ʧʨʝʜʤʝʪʠ ʩʝ ʩʝʢʦʛʘʰ ʧʦʪʝʰʢʠ? 

 

 ʋʯʝʥʠʮʠʪʝ ʛʠ ʧʨʦʫʯʫʚʘʘʪ ʤʘʩʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʝʜʥʘʢʚʘ ʛʦʣʝʤʠʥʘ. ʊʠʝ ʥʝʢʘ ʩʝ 

ʦʙʠʜʘʪ ʜʘ ʿʘ ʦʜʨʝʜʘʪ ʤʘʩʘʪʘ ʥʘ ʩʝʢʦʿ ʤʘʪʝʨʠʿʘʣ ʠ 

ʥʝʢʘ ʛʠ ʚʥʝʩʫʚʘʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʚʦ ʪʘʙʝʣʘ 

(ʦʙʝʟʙʝʜʝʪʝ ʪʘʙʝʣʘ ʩʦ ʧʨʦʩʪʦʨ ʚʦ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʝʩʤʝʪʘ ʛʫʩʪʠʥʘʪʘ). 

 
 
 
ʇʨʝʜʣʦʞʝʥ ʣʠʥʢ: 
https://youtu.be/fE67XeUeaHY  
 
 
 
ɹʣʦʢʦʚʠ ʦʜ ʨʘʟʣʠʯʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʝʜʥʘʢʚʘ 
ʛʦʣʝʤʠʥʘ (ʥʘ ʧʨ. 1cm

3
): ʦʜ ʯʝʣʠʢ, ʜʨʚʦ, 

ʘʣʫʤʠʥʠʫʤ, ʮʠʥʢ, ʩʪʠʨʦʧʦʨ, ʦʣʦʚʦ, ʪʫʣʘ, 
ʤʝʨʤʝʨ, ʢʘʤʝʥ, ʧʦʨʮʝʣʘʥ, ʠʪʥ.  
 
 
 

 
ʛʫʩʪʠʥʘ 
ʚʦʣʫʤʝʥ 
ʤʘʩʘ 
 
ʧʨʦʫʯʫʚʘ 
ʩʧʦʨʝʜʫʚʘ 
ʧʨʘʚʠ ʨʘʟʣʠʢʘ 

https://youtu.be/fE67XeUeaHY


 

 

 

ʇʦʢʘʞʝʪʝ ʠʤ ʢʘʢʦ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʝʜʝʥ 

ʧʨʠʤʝʨʦʢ. ʋʯʝʥʠʮʠʪʝ ʿʘ ʧʦʧʦʣʥʫʚʘʘʪ ʪʘʙʝʣʘʪʘ ʩʦ 

ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʛʫʩʪʠʥʘ ʥʘ ʩʠʪʝ ʧʨʠʤʝʨʦʮʠ. 

 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʜʘʚʘʘʪ ʩʫʛʝʩʪʠʠ ʥʘ ʧʨʘʰʘˁʝʪʦ 

ʟʦʰʪʦ ʧʨʝʜʤʝʪʠʪʝ ʠʤʘʘʪ ʨʘʟʣʠʯʥʘ ʛʫʩʪʠʥʘ. ɿʘ ʜʘ ʠʤ 

ʧʦʤʦʛʥʝʪʝ, ʧʦʢʘʞʝʪʝ ʠʤ ʪʨʠ ʝʜʥʘʢʚʠ ʢʫʪʠʠ ʠʣʠ 

ʧʘʧʢʠ (ʩʠʪʝ ʩʦ ʨʘʟʣʠʯʥʠ ʤʘʩʠ). ʇʨʘʰʘʿʪʝ ʛʠ ɿʦʰʪʦ 

ʢʫʪʠʠʪʝ ʠʤʘʘʪ ʨʘʟʣʠʯʥʠ ʤʘʩʠ? ʀʟʚʣʝʯʝʪʝ ʿʘ 

ʠʜʝʿʘʪʘ ʜʝʢʘ ʢʫʪʠʠʪʝ ʩʦʜʨʞʘʪ ʨʘʟʣʠʯʝʥ ʙʨʦʿ 

ʧʨʝʜʤʝʪʠ, ʢʦʠʰʪʦ ʠʤʘʘʪ ʨʘʟʣʠʯʥʠ ʤʘʩʠ. 

 

ʇʦʚʨʟʝʪʝ ʛʦ ʦʚʘ ʩʦ ʠʜʝʿʘʪʘ ʜʝʢʘ ʘʪʦʤʠʪʝ ʠʤʘʘʪ 

ʨʘʟʣʠʯʥʠ ʤʘʩʠ, ʛʦʣʝʤʠʥʠ, ʠ ʤʦʞʝ ʜʘ ʩʝ ʛʨʫʧʠʨʘʘʪ 

ʥʘ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ. 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʨʘʟʣʠʯʥʠ ʤʘʪʝʨʠʿʘʣʠ ʤʦʞʝ ʜʘ 

ʠʤʘʘʪ ʨʘʟʣʠʯʥʠ ʤʘʩʠ ʠʘʢʦ ʥʠʚʥʠʦʪ ʚʦʣʫʤʝʥ ʝ ʠʩʪ. 

ɻʫʩʪʠʥʘʪʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʦ ʬʦʨʤʫʣʘʪʘ ʤʘʩʘ / 

ʚʦʣʫʤʝʥ. 

 
 
 
 
 
 
 
 
 
ɿʘʙʝʣʝʰʢʘ: ʦʚʠʝ ʠʜʝʠ ʩʝ ʥʘʜʦʚʨʟʫʚʘʘʪ ʥʘ 
ʧʦʠʤʠʪʝ ʩʦ ʢʦʠ ʫʯʝʥʠʮʠʪʝ ʩʝ ʩʨʝʪʥʘʣʝ ʚʦ 
ʧʨʝʜʤʝʪʦʪ ʍʝʤʠʿʘ. ɺʦ ʦʚʘ ʦʜʜʝʣʝʥʠʝ ʪʠʝ ʥʝ 
ʤʦʨʘ ʜʘ ʠʤʘʘʪ ʜʝʪʘʣʥʠ ʧʦʟʥʘʚʘˁʘ ʟʘ 
ʛʫʩʪʠʥʘʪʘ ʧʨʝʜʠʟʚʠʢʘʥʘ ʦʜ ʩʚʦʿʩʪʚʘʪʘ ʥʘ 
ʘʪʦʤʠʪʝ. 
 
 

ʅʝʜʝʣʘ 3  
 

ʆʜʨʝʜʫʚʘ ʛʫʩʪʠʥʘ ʥʘ 

ʪʚʨʜʠ, ʪʝʯʥʠ ʠ ʛʘʩʦʚʠʪʠ 

ʪʝʣʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʛʫʩʪʠʥʘ = ʤʘʩʘ / ʚʦʣʫʤʝʥ 

 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʆʜʣʫʯʫʚʘ ʢʦʠ ʤʝʨʝˁʘ ʠ 
ʥʘʙˀʫʜʫʚʘˁʘ ʩʝ 
ʧʦʪʨʝʙʥʠ ʠ ʢʦʿʘ ʦʧʨʝʤʘ 
ʜʘ ʿʘ ʢʦʨʠʩʪʠ. 

ʏʘʩ  2 
ʆʜʨʝʜʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʢʦʮʢʘʩʪʠ (ʢʫʙʦʠʜʥʠ) ʮʚʨʩʪʠ 
ʪʝʣʘ  
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʪʦʨʙʘ ʩʦ ʩʪʠʨʦʧʦʨ ʠ 

ʯʝʣʠʯʝʥ ʙʣʦʢ. (ɼʚʘʪʘ ʧʨʝʜʤʝʪʘ ʥʝʢʘ ʠʤʘʘʪ ʤʘʩʘ ʦʜ 

1kg ï ʥʦ ʦʚʘ ʥʝ ʠʤ ʛʦ ʢʘʞʫʚʘʿʪʝ). ʐʪʦ ʝ ʧʦʪʝʰʢʦ? 

ʐʪʦ ʝ ʧʦʛʫʩʪʦ? 

ɼʠʩʢʫʪʠʨʘʿʪʝ ʟʘ ʧʨʦʙʣʝʤʦʪ ʥʘ ʦʜʨʝʜʫʚʘˁʝ ʥʘ 

ʛʫʩʪʠʥʘʪʘ ʠʣʠ ʤʘʩʘʪʘ ʙʝʟ ʩʦʦʜʚʝʪʥʠ ʤʝʨʥʠ 

ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʦʚʘʘ ʟʘʜʘʯʘ. 

 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʧʨʠʤʝʨʦʮʠ ʜʘ ʛʠ 

ʠʩʪʨʘʞʫʚʘʘʪ. Tʦʘ ʪʨʝʙʘ ʜʘ ʩʝ ʢʦʮʢʘʩʪʠ ʧʣʦʯʠ ʩʦ 

ʨʘʟʣʠʯʥʘ ʛʦʣʝʤʠʥʘ, ʥʘʧʨʘʚʝʥʠ ʦʜ ʨʘʟʣʠʯʥʠ 

ʤʘʪʝʨʠʿʘʣʠ.  

 
 
 
ʊʦʨʙʘ ʩʦ ʩʪʠʨʦʧʦʨ (ʪʝʞʦʢ 1kg) ʠ ʯʝʣʠʢ 
(ʪʝʞʦʢ 1kg), ʜʠʥʘʤʦʤʝʪʘʨ (ʚʦ kg). 
 
 
 
 
 
ʂʘʣʢʫʣʘʪʦʨʠ, ʣʠʥʠʿʘʨʠ, ʚʘʛʘ (ʩʦ 
ʦʪʩʪʘʧʫʚʘˁʝ ʦʜ ± 0.5 g)  
ʇʨʘʚʦʘʛʦʣʥʠ ʧʣʦʯʠ ʦʜ ʨʘʟʣʠʯʥʠ ʤʘʪʝʨʠʿʘʣʠ 
ʩʦ ʨʘʟʣʠʯʥʘ ʛʦʣʝʤʠʥʘ.  
 
 
 

 
ʛʫʩʪʠʥʘ 
ʚʦʣʫʤʝʥ 
ʤʘʩʘ 
 
ʤʝʨʠ 
ʧʨʝʩʤʝʪʫʚʘ 



 

 

 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  
 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʧʦʚʪʦʨʘʪ ʢʘʢʦ ʩʝ ʧʨʝʩʤʝʪʫʚʘ 

ʚʦʣʫʤʝʥʦʪ ʥʘ ʢʦʮʢʘʩʪʠ (ʢʫʙʦʠʜʥʠ) ʬʦʨʤʠ (ʧʨ. 

ʜʦʣʞʠʥʘ x ʰʠʨʠʥʘ x ʚʠʩʠʥʘ.) ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʿʘ 

ʠʟʤʝʨʘʪ ʤʘʩʘʪʘ ʥʘ ʩʝʢʦʿ ʧʨʝʜʤʝʪ, ʟʘʙʝʣʝʞʫʚʘʿ˃ʠ ʛʠ 

ʨʝʟʫʣʪʘʪʠʪʝ, ʠ ʥʝʢʘ ʿʘ ʧʨʝʩʤʝʪʘʘʪ ʛʫʩʪʠʥʘʪʘ.  

 

ʆʙʝʟʙʝʜʝʪʝ ʧʨʝʜʤʝʪʠ ʢʦʠ ʥʝ ʩʝ ʦʟʥʘʯʝʥʠ. 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʿʘ ʧʨʝʩʤʝʪʘʘʪ ʥʠʚʥʘʪʘ ʛʫʩʪʠʥʘ. 

ʇʦʪʦʘ ʩʦ ʧʦʤʦʰ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʛʫʩʪʠʥʘʪʘ, ʥʝʢʘ 

ʫʪʚʨʜʘʪ ʦʜ ʢʘʢʦʚ ʤʘʪʝʨʠʿʘʣ ʩʝ ʥʘʧʨʘʚʝʥʠ. 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ, ʟʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʛʫʩʪʠʥʘʪʘ,  ʤʘʩʘʪʘ 

ʠ ʚʦʣʫʤʝʥʦʪ ʪʨʝʙʘ ʪʦʯʥʦ ʜʘ ʙʠʜʘʪ ʠʟʤʝʨʝʥʠ. 

 
 
ʇʨʠʤʝʨʦʮʠ ʥʘ ʤʘʪʝʨʠʿʘʣʠ (ʥʝʦʟʥʘʯʝʥʠ). 
 
 

ʅʝʜʝʣʘ 4 

ʅʝʜʝʣʘ 4  
 
ʆʜʨʝʜʫʚʘ ʛʫʩʪʠʥʘ ʥʘ 

ʪʚʨʜʠ, ʪʝʯʥʠ ʠ ʛʘʩʦʚʠʪʠ 

ʪʝʣʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʛʫʩʪʠʥʘ = ʤʘʩʘ/ʚʦʣʫʤʝʥ. 

 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʆʜʣʫʯʫʚʘ ʢʦʠ ʤʝʨʝˁʘ ʠ 
ʥʘʙˀʫʜʫʚʘˁʘ ʩʝ 
ʧʦʪʨʝʙʥʠ ʠ ʢʦʿʘ ʦʧʨʝʤʘ 
ʜʘ ʿʘ ʢʦʨʠʩʪʠ. 
 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  
 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 

ʏʘʩ  1 
ʆʜʨʝʜʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʥʝʢʫʙʦʠʜʥʠ ʮʚʨʩʪʠ 
ʤʘʪʝʨʠʿʘʣʠ 
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠ ʨʘʟʥʠ ʧʨʝʜʤʝʪʠ ʩʦ 
ʨʘʟʣʠʯʥʠ ʬʦʨʤʠ (ʧʨ. ʮʠʣʠʥʜʨʠʯʥʠ, ʩʬʝʨʠʯʥʠ, 
ʧʨʘʚʦʘʛʦʣʥʠ, ʥʝʧʨʘʚʠʣʥʠ). ʂʦʠ ʠʥʬʦʨʤʘʮʠʠ ʚʠ ʩʝ 
ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʛʫʩʪʠʥʘʪʘ? ʂʘʢʦ 
ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʚʦʣʫʤʝʥʦʪ ʦʜ ʦʚʠʝ 
ʧʨʝʜʤʝʪʠ?  
 
ʋʯʝʥʠʮʠʪʝ ʤʦʞʝʙʠ ʿʘ ʟʥʘʘʪ ʬʦʨʤʫʣʘʪʘ ʟʘ 
ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʚʦʣʫʤʝʥʦʪ ʥʘ ʨʘʟʣʠʯʥʠ ʮʚʨʩʪʠ ʪʝʣʘ 
ʦʜ ʧʨʝʜʤʝʪʦʪ ʄʘʪʝʤʘʪʠʢʘ. ʇʦʪʩʝʪʝʪʝ ʛʠ ʜʝʢʘ ʩʠʪʝ 
ʪʠʝ ʬʦʨʤʫʣʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʘʪ ʠ ʚʦ ʌʠʟʠʢʘʪʘ.   

 

 ʇʦʢʘʞʝʪʝ ʢʘʢʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʪʦʧʘʪ ʥʝʧʨʘʚʠʣʥʠ 

ʮʚʨʩʪʠ ʪʝʣʘ ʚʦ ʪʝʯʥʦʩʪʠ. ʉʦ ʤʝʨʝˁʝ ʥʘ ʚʦʣʫʤʝʥʦʪ 

ʥʘ ʚʦʜʘʪʘ ʢʦʿʘ ʝ ʠʩʪʠʩʥʘʪʘ, ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ 

ʚʦʣʫʤʝʥʦʪ ʥʘ ʢʦʿ ʙʠʣʦ ʧʨʝʜʤʝʪ (ʚʢʣʫʯʠʪʝʣʥʦ ʦʥʠʝ 

ʩʦ ʥʝʧʨʘʚʠʣʥʘ ʬʦʨʤʘ). 

 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʦ ʦʜʨʝʜʫʚʘʘʪ ʚʦʣʫʤʝʥʦʪ ʥʘ 

 
 
 
ʈʘʟʣʠʯʥʠ ʧʨʝʜʤʝʪʠ ʢʦʠ ʠʤʘʘʪ ʧʨʘʚʠʣʥʘ ʠʣʠ 
ʥʝʧʨʘʚʠʣʥʘ ʬʦʨʤʘ. 
 
 
 
ɿʘʙʝʣʝʰʢʘ: ʫʯʝʥʠʮʠʪʝ ʧʦʥʝʢʦʛʘʰ ʥʝ ʩʝ 
ʧʦʜʛʦʪʚʝʥʠ ʜʘ ʛʦ ʧʨʠʤʝʥʘʪ ʥʘʫʯʝʥʦʪʦ ʦʜ 
ʝʜʝʥ ʧʨʝʜʤʝʪ ʚʦ ʥʝʢʦʿ ʜʨʫʛ ʧʨʝʜʤʝʪ. ɿʘʪʦʘ 
ʜʦʩʪʘ ʝ ʢʦʨʠʩʥʦ ʿʘʩʥʦ ʜʘ ʠʤ ʩʝ ʫʢʘʞʝ ʢʘʜʝ ʝ 
ʧʦʚʨʟʘʥʦʩʪʘ ʧʦʤʝʺʫ ʨʘʟʣʠʯʥʠ ʧʨʝʜʤʝʪʠ ʢʦʛʘ 
ʪʘʘ ˃ʝ ʩʝ ʧʦʿʘʚʠ.  
 
ʇʨʝʜʤʝʪʠ ʩʦ ʥʝʧʨʘʚʠʣʥʘ ʬʦʨʤʘ, ʚʦʜʘ, 
ʮʠʣʠʥʜʨʠ ʟʘ ʤʝʨʝˁʝ, ʩʘʜ ʟʘ ʩʦʙʠʨʘˁʝ ʥʘ 
ʠʩʪʠʩʥʘʪʘʪʘ ʪʝʯʥʦʩʪ ʠʣʠ ʣʘʙʦʨʘʪʦʨʠʩʢʘ 
ʯʘʰʘ (ʠʣʠ ʩʣʠʯʥʦ). 
 
 
ʇʨʝʜʤʝʪʠ ʩʦ ʥʝʧʨʘʚʠʣʥʘ ʬʦʨʤʘ, ʚʦʜʘ, 
ʮʠʣʠʥʜʨʠ ʟʘ ʤʝʨʝˁʝ, ʩʘʜ ʟʘ ʩʦʙʠʨʘˁʝ ʥʘ 
ʠʩʪʠʩʥʘʪʘʪʘ ʪʝʯʥʦʩʪ ʠʣʠ ʣʘʙʦʨʘʪʦʨʠʩʢʘ 

 
ʛʫʩʪʠʥʘ 
ʚʦʣʫʤʝʥ 
ʤʘʩʘ 
ʠʩʪʠʩʥʫʚʘ 
ʧʦʪʦʧʫʚʘ 
 
ʤʝʨʠ  
ʧʨʝʩʤʝʪʫʚʘ 
ʨʝʟʫʣʪʘʪ ʩʦ 
ʦʪʩʪʘʧʫʚʘˁʝ 



 

 

ʤʘʪʝʨʠʿʘʣʠ ʩʦ ʥʝʧʨʘʚʠʣʝʥ ʦʙʣʠʢ ʧʨʝʢʫ ʚʦʣʫʤʝʥʦʪ 

ʥʘ ʠʩʪʠʩʥʘʪʘʪʘ ʪʝʯʥʦʩʪ. ʇʦʪʦʘ ʥʝʢʘ ʿʘ ʧʨʝʩʤʝʪʘʘʪ 

ʛʫʩʪʠʥʘʪʘ ʥʘ ʩʝʢʦʿ ʧʨʝʜʤʝʪ.  

 

ʋʯʝʥʠʮʠʪʝ ʛʠ ʟʘʙʝʣʝʞʫʚʘʘʪ ʠ ʪʦʣʢʫʚʘʘʪ ʥʠʚʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ. ʊʠʝ ʛʠ ʩʧʦʨʝʜʫʚʘʘʪ ʥʠʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʦ 

ʦʥʠʝ ʥʘ ʜʨʫʛʠʪʝ ʦʜ ʢʣʘʩʦʪ. ʇʨʘʰʘʿʪʝ ʜʘʣʠ ʥʝʢʦʿ ʦʜ 

ʫʯʝʥʠʮʠʪʝ ʠʤʘ ʨʝʟʫʣʪʘʪʠ ʢʦʠ ʦʪʩʪʘʧʫʚʘʘʪ (ʢʦʠ ʥʠ ʩʝ 

ʚʢʣʦʧʫʚʘʘʪ ʚʦ ʰʘʙʣʦʥʦʪ). 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʚʦʣʫʤʝʥʦʪ ʥʘ ʮʚʨʩʪʠʪʝ ʧʨʝʜʤʝʪʠ ʩʦ 

ʥʝʧʨʘʚʠʣʝʥ ʦʙʣʠʢ ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʧʨʝʢʫ 

ʠʩʪʠʩʥʘʪʘʪʘ ʪʝʯʥʦʩʪ. ʆʚʦʿ ʚʦʣʫʤʝʥ ʤʦʞʝ ʜʘ ʩʝ 

ʫʧʦʪʨʝʙʠ ʟʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʛʫʩʪʠʥʘʪʘ ʥʘ ʧʨʝʜʤʝʪʦʪ. 

ʯʘʰʘ (ʠʣʠ ʩʣʠʯʥʦ). 
ɺʘʛʘ (ʩʦ ʦʪʩʪʘʧʫʚʘˁʝ ʦʜ ± 0.5 g)  
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ʆʜʨʝʜʫʚʘ ʛʫʩʪʠʥʘ ʥʘ 

ʪʚʨʜʠ, ʪʝʯʥʠ ʠ ʛʘʩʦʚʠʪʠ 

ʪʝʣʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʛʫʩʪʠʥʘ = ʤʘʩʘ/ʚʦʣʫʤʝʥ. 

 
ɱʘ ʜʠʩʢʫʪʠʨʘ ʧʨʠʢʘʟʥʘʪʘ 
ʚʦ ʢʦʿʘ ɸʨʭʠʤʝʜ ʛʠ 
ʩʧʦʨʝʜʫʚʘʣ ʛʫʩʪʠʥʠʪʝ ʟʘ 
ʜʘ ʛʦ ʦʪʢʨʠʝ  ʩʦʩʪʘʚʦʪ 
ʥʘ ʝʜʥʘ ʢʨʫʥʘ. 
 
ɼʠʩʢʫʪʠʨʘ ʟʘ ʥʘʯʠʥʦʪ ʥʘ 
ʢʦʿ ʜʝʥʝʩ ʥʘʫʯʥʠʮʠʪʝ 
ʨʘʙʦʪʘʪ ʠ ʢʘʢʦ ʪʠʝ 
ʨʘʙʦʪʝʣʝ ʚʦ ʤʠʥʘʪʦʪʦ, 
ʚʢʣʫʯʫʚʘʿ˃ʠ ʧʨʠʤʝʨʠ ʟʘ 
ʝʢʩʧʝʨʠʤʝʥʪʠʨʘˁʝ, 
ʜʦʢʘʟʠ ʠ ʢʨʝʘʪʠʚʥʦ 
ʨʘʟʤʠʩʣʫʚʘˁʝ. 
 
ɻʣʝʜʘ ʢʨʠʪʠʯʢʠ ʥʘ 

ʏʘʩ  2 
ɸʨʭʠʤʝʜ ʠ ʟʣʘʪʥʘʪʘ ʢʨʫʥʘ 
 

 ʇʦʢʘʞʝʪʝ ʤʫ ʥʘ ʢʣʘʩʦʪ ʥʝʢʦʠ ʧʨʝʜʤʝʪʠ ʩʦ 

ʥʝʧʨʘʚʠʣʥʘ ʬʦʨʤʘ ʦʜ ʨʘʟʣʠʯʥʠ ʤʘʪʝʨʠʿʘʣʠ (ʥʝ ʛʠ 

ʢʘʞʫʚʘʿʪʝ ʠʤʠˁʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ). ʋʯʝʥʠʮʠʪʝ 

ʥʝʢʘ ʧʦʛʦʜʫʚʘʘʪ ʢʘʢʦ ʙʠ ʤʦʞʝʣʝ ʜʘ ʩʝ ʫʪʚʨʜʘʪ 

ʤʘʪʝʨʠʿʘʣʠʪʝ. ʂʘʢʦ ʤʦʞʝʤʝ ʜʘ ʿʘ ʠʩʢʦʨʠʩʪʠʤʝ 

ʛʫʩʪʠʥʘʪʘ ʟʘ ʜʘ ʩʝ ʫʪʚʨʜʠ ʤʘʪʝʨʠʿʘʣʦʪ? ʂʘʢʦ 

ʤʦʞʝʤʝ ʜʘ ʿʘ ʠʩʢʦʨʠʩʪʠʤʝ ʛʫʩʪʠʥʘʪʘ ʟʘ ʜʘ ʩʝ 

ʦʜʨʝʜʠ ʯʠʩʪʦʪʘʪʘ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ? 

 

 ɼʘʿʪʝ ʚʦʚʝʜ ʚʦ ʧʨʠʢʘʟʥʘʪʘ ʟʘ ɸʨʭʠʤʝʜ ʠ ʟʣʘʪʥʘʪʘ 
ʢʨʫʥʘ. ʇʨʘʰʘʿʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʢʘʢʦ Aʨʭʠʤʝʜ ʫʩʧʝʘʣ 
ʜʘ ʿʘ ʠʩʢʦʨʠʩʪʠ ʛʫʩʪʠʥʘʪʘ ʢʘʢʦ ʩʚʦʿʩʪʚʦ ʟʘ ʜʘ ʦʪʢʨʠʝ 
ʜʘʣʠ ʢʨʫʥʘʪʘ ʝ ʥʘʧʨʘʚʝʥʘ ʩʘʤʦ ʦʜ ʟʣʘʪʦ. 

 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʠʟʚʦʨʠ ʥʘ ʠʥʬʦʨʤʘʮʠʠ 

(ʧʝʯʘʪʝʥʠ ʠʣʠ ʤʘʪʝʨʠʿʘʣ ʦʜ ʀʥʪʝʨʥʝʪ). ʋʯʝʥʠʮʠʪʝ ʿʘ 

ʧʨʦʫʯʫʚʘʘʪ ʧʨʠʢʘʟʥʘʪʘ ʟʘ ɸʨʭʠʤʝʜ ʠ ʟʣʘʪʥʘʪʘ ʢʨʫʥʘ 

ʠ ʦʜʛʦʚʘʨʘʘʪ ʥʘ ʧʨʘʰʘˁʘʪʘ: 

 ʂʦʿ ʙʠʣ ʧʨʦʙʣʝʤʦʪ ʢʦʿ Aʨʭʠʤʝʜ ʪʨʝʙʘʣ ʜʘ ʛʦ 
ʨʝʰʠ? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʀʟʚʦʨʠ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʫʯʝʥʠʮʠʪʝ. 
 
 
 
 
 
 
 
 

 
ʯʠʩʪʦ 
ʥʝʯʠʩʪʦ 
ʧʣʘʩʪʝʣʠʥ 
ʛʫʩʪʠʥʘ 
ʚʦʣʫʤʝʥ 
ʤʘʩʘ 
ʠʩʪʠʩʥʫʚʘ 
ʧʦʪʦʧʫʚʘ 
Aʨʭʠʤʝʜ 
 
ʠʩʪʨʘʞʫʚʘ 
ʨʝʟʠʤʠʨʘ 



 

 

ʠʟʚʦʨʠʪʝ ʥʘ ʩʝʢʫʥʜʘʨʥʠ 
ʧʦʜʘʪʦʮʠ. 
 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  

 ɿʦʰʪʦ ʠʟʚʠʢʘʣ ɽʫʨʝʢʘ? 

 ʂʦʿ ʝʜʥʦʩʪʘʚʝʥ ʤʝʪʦʜ ʤʦʞʝʣ ʜʘ ʛʦ ʫʧʦʪʨʝʙʠ? 

 ʋʯʝʥʠʮʠʪʝ ʢʦʠ ʩʘʢʘʘʪ ʧʦʛʦʣʝʤ ʧʨʝʜʠʟʚʠʢ ʤʦʞʝ 
ʜʘ ʿʘ ʠʩʪʨʘʞʘʪ ʠ ʦʮʝʥʘʪ ʦʚʘ ʧʨʠʢʘʟʥʘ. 

 ɼʘʣʠ ʦʚʦʿ ʝʜʥʦʩʪʘʚʝʥ ʤʝʪʦʜ ʙʠ ʙʠʣ ʜʦʚʦʣʥʦ 
ʪʦʯʝʥ? 

 ʂʦʿ ʜʨʫʛ ʤʝʪʦʜ ʤʦʞʝʣ ʜʘ ʛʦ ʠʩʢʦʨʠʩʪʠ 
Aʨʭʠʤʝʜ? 

 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʧʨʝʜʤʝʪʠ, ʦʜ ʢʦʠ ʥʝʢʦʠ ʩʝ 
ʯʠʩʪʠ, ʘ ʥʝʢʦʠ ʥʝ ʩʝ. ʄʦʞʝʪʝ ʜʘ ʥʘʧʨʘʚʠʪʝ 
ʧʨʝʜʤʝʪʠ ʠ ʦʜ ʛʣʠʥʘ ʠʣʠ ʧʣʘʩʪʝʣʠʥ, ʩʦ ʪʦʘ ʰʪʦ 
ʚʥʘʪʨʝ ˃ʝ ʩʢʨʠʝʪʝ ʤʘʣʠ ʧʨʝʜʤʝʪʠ. ʋʯʝʥʠʮʠʪʝ, ʩʦ 
ʧʨʘʚʝˁʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʤʦʞʝ ʧʨʝʢʫ ʛʫʩʪʠʥʘʪʘ ʜʘ 
ʦʪʢʨʠʿʘʪ ʢʦʠ ʧʨʝʜʤʝʪʠ ʩʝ ʯʠʩʪʠ. 
 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʛʫʩʪʠʥʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʟʘ 

ʜʘ ʩʝ ʫʪʚʨʜʠ ʩʦʩʪʘʚʦʪ ʥʘ ʤʘʪʝʨʠʿʘʣʠʪʝ. ɹʘʨʝʤ 

ʣʝʛʝʥʜʘʪʘ ʚʝʣʠ ʪʘʢʘ, ʜʝʢʘ ʥʘ ʦʚʦʿ ʥʘʯʠʥ ɸʨʭʠʤʝʜ ʿʘ 

ʪʝʩʪʠʨʘʣ ʢʨʫʥʘʪʘ ʟʘ ʜʘ ʚʠʜʠ ʜʘʣʠ ʝ ʥʘʧʨʘʚʝʥʘ ʦʜ 

ʯʠʩʪʦ ʟʣʘʪʦ. 

 
 
 
 
ʈʘʟʣʠʯʥʠ ʧʨʠʤʝʨʦʮʠ (ʯʠʩʪʠ ʠ ʤʝʰʘʚʠʥʠ). 
ʅʘ ʧʨʠʤʝʨ ʛʣʠʥʘ/ʧʣʘʩʪʝʣʠʥ ʟʘ ʤʦʜʝʣʠʨʘˁʝ, 
ʠ ʠʩʪʠʦʪ ʤʘʪʝʨʠʿʘʣ ʥʦ ʩʦ ʜʨʫʛʠ ʤʘʪʝʨʠʿʘʣʠ 
ʩʢʨʠʝʥʠ ʚʦ ʥʝʛʦ, ʤʘʣʠ ʣʘʛʝʨʠ, ʪʦʧʯʠˁʘ 
ʩʪʠʨʦʧʦʨ, ʩʪʨʫʛʦʪʠʥʠ. 
ʇʨʝʜʤʝʪʠ ʩʦ ʥʝʧʨʘʚʠʣʥʘ ʬʦʨʤʘ, ʚʦʜʘ, 
ʮʠʣʠʥʜʨʠ ʟʘ ʤʝʨʝˁʝ, ʩʘʜ ʟʘ ʩʦʙʠʨʘˁʝ ʥʘ 
ʠʩʪʠʩʥʘʪʘʪʘ ʪʝʯʥʦʩʪ ʠʣʠ ʣʘʙʦʨʘʪʦʨʠʩʢʘ 
ʯʘʰʘ (ʠʣʠ ʩʣʠʯʥʦ). 
ɺʘʛʘ (ʩʦ ʦʪʩʪʘʧʫʚʘˁʝ ʦʜ ± 0.5 g)  
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ʆʜʨʝʜʫʚʘ ʛʫʩʪʠʥʘ ʥʘ 

ʪʚʨʜʠ, ʪʝʯʥʠ ʠ ʛʘʩʦʚʠʪʠ 

ʪʝʣʘ, ʚʢʣʫʯʫʚʘʿ˃ʠ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʬʦʨʤʫʣʘʪʘ 

ʛʫʩʪʠʥʘ = ʤʘʩʘ/ʚʦʣʫʤʝʥ. 

 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 

ʏʘʩ  1 
ɻʫʩʪʠʥʘ ʥʘ ʪʝʯʥʦʩʪʠ ʠ ʛʘʩʦʚʠ 
 

 ʇʨʘhʘʿʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʜʘʣʠ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ 

ʛʫʩʪʠʥʘʪʘ ʥʘ ʪʝʯʥʦʩʪʠʪʝ ʠ ʛʘʩʦʚʠʪʝ. ʂʘʢʦ ʤʦʞʝʤʝ ʜʘ 

ʠʟʤʝʨʠʤʝ ʚʦʣʫʤʝʥ ʥʘ ʪʝʯʥʦʩʪ? ʂʘʢʦ ʤʦʞʝʤʝ ʜʘ ʿʘ 

ʠʟʤʝʨʠʤʝ ʤʘʩʘʪʘ ʥʘ ʪʝʯʥʦʩʪʠʪʝ? ʂʘʢʦ ʤʦʞʝʤʝ 

ʜʘ ʛʦ ʠʟʤʝʨʠʤʝ ʚʦʣʫʤʝʥʦʪ ʥʘ ʛʘʩʦʚʠʪʝ? ɼʘʣʠ 

ʛʘʩʦʚʠʪʝ ʠʤʘʘʪ ʤʘʩʘ? ʂʘʢʦ ʤʦʞʝʤʝ ʜʘ ʿʘ 

ʠʟʤʝʨʠʤʝ ʤʘʩʘʪʘ ʥʘ ʛʘʩʦʪ? 

 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʿʘ ʠʟʤʝʨʘʪ ʛʫʩʪʠʥʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ 

ʪʝʯʥʦʩʪʠ (ʧʨ. ʨʘʩʪʚʦʨ ʥʘ ʩʦʣ ʠʣʠ ʰʝ˃ʝʨ). 

 

 
 
 
 
ʅʘ ʤʥʦʛʫ ʫʯʝʥʠʮʠ ʠʤ ʝ ʧʨʦʙʣʝʤ ʜʘ ʨʘʟʙʝʨʘʪ 
ʜʝʢʘ ʛʘʩʦʚʠʪʝ ʠʤʘʘʪ ʤʘʩʘ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ 
ʧʨʝʧʦʟʥʘʘʪ ʠ ʨʘʟʿʘʩʥʘʪ ʚʘʢʘ ʧʦʛʨʝʰʥʦ 
ʨʘʟʙʨʘʥʠ ʧʦʠʤʠ. 
 
 
 
 
ʈʘʟʣʠʯʥʠ ʧʨʠʤʝʨʦʮʠ ʦʜ ʪʝʯʥʦʩʪʠ.  
ʎʠʣʠʥʜʝʨ ʟʘ ʤʝʨʝˁʝ, ɺʘʛʘ (ʩʦ ʦʪʩʪʘʧʫʚʘˁʝ 

 
ʛʫʩʪʠʥʘ 
ʛʘʩ 
ʪʝʯʥʦʩʪ 
 
ʤʝʨʠ  
ʧʨʝʩʤʝʪʫʚʘ 
ʩʧʦʨʝʜʫʚʘ 
ʧʨʘʚʠ ʨʘʟʣʠʢʘ 



 

 

ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  

 ɼʝʤʦʥʩʪʨʠʨʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʝʜʥʦʩʪʘʚʝʥ 

ʧʨʠʩʪʘʧ ʢʦʥ ʤʝʨʝˁʝ ʥʘ ʤʘʩʘʪʘ ʠ ʚʦʣʫʤʝʥʦʪ ʥʘ 

ʛʘʩʦʚʠʪʝ. ʉʪʘʚʝʪʝ ʩʘʤʦʣʝʧʣʠʚʘ ʣʝʥʪʘ ʥʘ ʪʘʩʦʪ ʠ 

ʠʟʨʘʤʥʝʪʝ ʿʘ ʪʝʞʠʥʘʪʘ ʜʘ ʙʠʜʝ ʥʘ ʥʫʣʘ. ʉʪʘʚʝʪʝ 

ʧʨʘʟʝʥ ʙʘʣʦʥ ʥʘ ʚʘʛʘʪʘ ʜʘ ʛʦ ʠʟʤʝʨʠʤʝ. ɼʫʚʘʿʪʝ ʚʦ 

ʙʘʣʦʥʦʪ. ɺʥʠʤʘʚʘʿʪʝ ʙʘʣʦʥʦʪ ʜʘ ʥʝ ʧʘʜʥʝ ʦʜ ʚʘʛʘʪʘ, 

ʩʦ ʧʦʤʦʰ ʥʘ ʣʝʥʪʘʪʘ. ʀʟʤʝʨʝʪʝ ʿʘ ʤʘʩʘʪʘ ʥʘ 

ʙʘʣʦʥʦʪ ʠ ʚʦʟʜʫʭʦʪ.  ʇʨʝʩʤʝʪʘʿʪʝ ʿʘ ʤʘʩʘʪʘ ʥʘ 

ʛʘʩʦʪ. 

 
ʇʨʝʩʤʝʪʘʿʪʝ ʛʦ ʚʦʣʫʤʝʥʦʪ ʥʘ ʙʘʣʦʥʦʪ ʧʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʝʢʘ ʝ ʪʦʧʢʘ/ʩʬʝʨʘ (ʚʦʣʫʤʝʥ  = ).  

 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʦ ʩʦʙʝʨʘʪ ʛʘʩʦʪ ʢʦʿ ʩʝ ʦʩʣʦʙʦʜʫʚʘ 
ʧʨʠ ʨʝʘʢʮʠʿʘʪʘ ʢʦʛʘ ʪʘʙʣʝʪʘ ʧʨʦʪʠʚ ʢʠʩʝʣʠʥʘ ʩʝ 
ʩʪʘʚʘ ʚʦ ʚʦʜʘ. ʅʘʧʨʘʚʝʪʝ ʿʘ ʦʚʘʘ ʨʝʘʢʮʠʿʘ ʚʦ ʢʦʣʙʘ 
ʠ ʩʦʙʝʨʝʪʝ ʛʦ ʛʘʩʦʪ ʢʦʿ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ʚʦ ʙʘʣʦʥʦʪ. 
ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʜʝʪʝ ʿʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʛʘʩʦʪ.  

 
ʇʦʧʦʣʥʝʪʝ ʣʠʩʪʘ ʩʦ ʧʦʜʘʪʦʮʠ ʥʘ ʢʦʠ ʝ ʥʘʚʝʜʝʥʘ 
ʛʫʩʪʠʥʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʛʘʩʦʚʠ. ʋʯʝʥʠʮʠʪʝ ʩʝ 
ʦʙʠʜʫʚʘʘʪ ʜʘ ʛʦ ʫʪʚʨʜʘʪ ʛʘʩʦʪ ʦʜ ʥʝʛʦʚʘʪʘ ʛʫʩʪʠʥʘ. 
ɿʦʰʪʦ ʨʘʟʣʠʯʥʠ ʛʘʩʦʚʠ ʠʤʘʘʪ ʨʘʟʣʠʯʥʠ ʤʘʩʠ? 
 

 ɼʦʧʦʣʥʠʪʝʣʥʘ ʘʢʪʠʚʥʦʩʪ: ʫʯʝʥʠʮʠʪʝ ʤʦʞʘʪ ʜʘ ʛʦ 

ʧʨʠʤʝʥʘʪ ʟʥʘʝˁʝʪʦ ʦʜ ʧʨʝʜʤʝʪʦʪ ʍʝʤʠʿʘ ʟʘ ʜʘ 

ʧʨʝʜʣʦʞʘʪ ʜʨʫʛʠ ʥʘʯʠʥʠ ʢʘʢʦ ʜʘ ʩʝ ʫʪʚʨʜʠ ʢʦʿʘ 

ʛʘʩʦʚʠʪʝ ʤʘʪʝʨʠʿʘ ʩʝ ʜʦʙʠʚʘ. Tʠʝ ʤʦʞʝ ʜʘ ʥʘʧʠʰʘʪ 

ʠ ʨʘʚʝʥʢʘ ʟʘ ʨʝʘʢʮʠʿʘʪʘ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ ʟʙʦʨʦʚʠ.  
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʛʘʩʦʚʠʪʝ ʠʤʘʘʪ ʤʘʩʘ. ɻʫʩʪʠʥʘʪʘ 

ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʠ ʢʘʿ ʮʚʨʩʪʠʪʝ ʠ ʢʘʿ ʪʝʯʥʠʪʝ ʠ 

ʛʘʩʦʚʠʪʠʪʝ ʤʘʪʝʨʠʠ.  

 

ʦʜ ± 0.5 g)  
 
ɺʘʛʘ (ʩʦ ʦʪʩʪʘʧʫʚʘˁʝ ʦʜ ± 0.01 g) 
ɹʘʣʦʥ, ʩʘʤʦʣʝʧʣʠʚʘ ʣʝʥʪʘ  
 
ɼʨʫʛ ʤʝʪʦʜ ʟʘ ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ 
ʛʘʩʦʚʠʪʘ ʤʘʪʝʨʠʿʘ ʩʦ ʢʦʨʠʩʪʝˁʝ ʥʘ 
ʰʧʨʠʮʦʚʠ ʝ:  
ʇʨʝʜʣʦʞʝʥ ʣʠʥʢ: 
https://youtu.be/6V6f8P_WlQ4  
  
 
 
 
ɺʘʛʘ (ʩʦ ʦʪʩʪʘʧʫʚʘˁʝ ʦʜ ± 0.01 g) 
ɹʘʣʦʥ, ʩʘʤʦʣʝʧʣʠʚʘ ʣʝʥʪʘ, ʪʘʙʣʝʪʠ ʧʨʦʪʠʚ 
ʢʠʩʝʣʠʥʘ, ʢʦʣʙʘ. 
 
 
 
http://wiki.gekgasifier.com/w/page/6123697/De
nsities%20of%20Common%20Gasses  
 
 
 

ʅʝʜʝʣʘ 5 ʏʘʩ  2 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ  

  

https://youtu.be/6V6f8P_WlQ4
http://wiki.gekgasifier.com/w/page/6123697/Densities%20of%20Common%20Gasses
http://wiki.gekgasifier.com/w/page/6123697/Densities%20of%20Common%20Gasses


 

 

 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʤʦʤʝʥʪʠ ʠ ʛʫʩʪʠʥʘ. 

ʅʝʜʝʣʘ 6 

ʅʝʜʝʣʘ 6 
 
ʆʙʿʘʩʥʫʚʘ ʢʘʢʦ 

ʧʨʠʪʠʩʦʢʦʪ ʧʨʝʪʩʪʘʚʫʚʘ 

ʜʝʿʩʪʚʦ ʥʘ ʩʠʣʘ ʚʨʟ 

ʦʜʨʝʜʝʥʘ ʧʦʚʨʰʠʥʘ, 

ʚʢʣʫʯʫʚʘʿ˃ʠ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʬʦʨʤʫʣʘʪʘ ʧʨʠʪʠʩʦʢ = 

ʩʠʣʘ/ʧʦʚʨʰʠʥʘ. 

 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ 
ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. 
ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ 
ʜʨʫʛʠʪʝ. 
 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  
 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 

ʏʘʩ  1 
ʇʦʜ ʧʨʠʪʠʩʦʢ 
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʿʘ ʩʣʝʜʥʘʪʘ ʠʥʬʦʨʤʘʮʠʿʘ ʥʘ ʜʝʮʘʪʘ:  
óɼʝʮʘʪʘ ʩʠ ʠʛʨʘʘʪ ʩʦ ʤʘʣʠ ʧʣʘʩʪʠʯʥʠ ʢʦʮʢʠ ʠ ʛʠ 
ʦʩʪʘʚʘʘʪ ʥʘ ʧʦʜʦʪ. ʂʦʛʘ ʩʪʘʧʥʫʚʘʘʪ ʥʘ ʥʠʚ ʩʦ ʙʦʩʠ 
ʥʦʟʝ, ʥʝ ʛʠ ʙʦʣʠ ʚʦʦʧʰʪʦ. ʅʦ, ʢʦʛʘ ʚʦʟʨʘʩʝʥ ʯʦʚʝʢ 
˃ʝ ʩʪʘʧʥʝ ʥʘ ʥʠʚ, ʥʘʚʠʩʪʠʥʘ ʤʦʛʫ ʙʦʣʠ!ô 

 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʧʦʨʘʟʛʦʚʘʨʘʘʪ ʟʘ ʦʚʘ ʚʦ ʧʘʨʦʚʠ. 

ɼʘʣʠ ʩʝ ʩʦʛʣʘʩʫʚʘʪʝ ʩʦ ʦʚʘʘ ʠʥʬʦʨʤʘʮʠʿʘ? ɿʦʰʪʦ 

ʠʤʘ ʨʘʟʣʠʢʘ ʚʦ ʙʦʣʢʘʪʘ? 

  

 ʇʦʢʘʞʝʪʝ ʠʤ ʚʠʜʝʦ ʢʣʠʧ ʦʜ ʤʘʞʠ ʢʦʠ ʣʝʞʘʪ ʥʘ 

ʢʨʝʚʝʪ ʦʜ ʢʣʠʥʮʠ. ʂʘʢʦ ʥʝ ʩʝ ʧʦʚʨʝʜʫʚʘʘʪ? 
 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʤʘʩʠ/ʪʝʛʦʚʠ ʠ 
ʛʣʠʥʘ/ʧʣʘʩʪʝʣʠʥ ʟʘ ʤʦʜʝʣʠʨʘˁʝ. ʅʘʿʧʨʚʠʥ, ʪʝʛʦʪ 
ʩʪʘʚʝʪʝ ʛʦ ʜʠʨʝʢʪʥʦ ʚʨʟ ʧʘʨʯʝ ʧʣʘʩʪʝʣʠʥ. ʇʦʪʦʘ 
ʥʘʧʨʘʚʝʪʝ ʛʦ ʠʩʪʦʪʦ ʚʨʟ ʤʘʣʘ ʢʦʮʢʘ ʦʜ 1 cm

3 
 ʦʜ 

ʧʣʘʩʪʝʣʠʥ. ʇʦʪʦʘ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʦ ʩʧʦʨʝʜʫʚʘʘʪ 
ʦʪʧʝʯʘʪʦʢʦʪ ʚʨʟ ʧʣʘʩʪʝʣʠʥʦʪ ʚʦ ʜʚʘʪʘ ʧʨʠʤʝʨʘ. 
ʇʦʜʣʘʙʦʢʠʪʝ ʦʪʧʝʯʘʪʦʮʠ ʚʦ ʚʪʦʨʠʦʪ ʧʨʠʤʝʨ 
ʫʢʘʞʫʚʘʘʪ ʜʝʢʘ ʧʨʠʪʠʩʦʢʦʪ ʙʠʣ ʧʦʛʦʣʝʤ ʚʦ ʚʪʦʨʠʦʪ 
ʩʣʫʯʘʿ. 
 
ʇʦʪʦʘ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʠ ʩʧʦʨʝʜʫʚʘʘʪ ʦʪʧʝʯʘʪʦʮʠʪʝ 
ʚʨʟ ʧʣʘʩʪʝʣʠʥʦʪ ʢʦʛʘ ʤʘʩʘʪʘ ʩʝ ʥʘʥʝʩʫʚʘ ʚʨʟ 12 
ʢʦʮʢʠ. ʇʦʪʦʘ ʠʩʪʘʪʘ ʤʘʩʘ ʥʝʢʘ ʿʘ ʥʘʥʝʩʘʪ ʚʨʟ 8, 6, 4, 
2 ʠ 1 ʢʦʮʢʘ ʠ ʩʧʦʨʝʜʝʪʝ ʛʠ ʨʝʟʫʣʪʘʪʠʪʝ. 
ʅʘ ʢʦʿ ʥʘʯʠʥ ʧʦʚʨʰʠʥʘʪʘ ʚʣʠʿʘʝ ʚʨʟ ʧʨʠʪʠʩʦʢʦʪ? 

 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʦ ʧʦʚʪʦʨʘʪ ʦʚʘ ʧʨʦʫʯʫʚʘˁʝ, ʥʦ ʦʚʦʿ 

ʧʘʪ ʧʦʚʨʰʠʥʘʪʘ ʥʝʢʘ ʦʩʪʘʥʝ ʠʩʪʘ, ʘ ʤʘʩʘʪʘ ʥʝʢʘ ʩʝ 

ʟʛʦʣʝʤʫʚʘ. ʅʘ ʢʦʿ ʥʘʯʠʥ ʩʠʣʘʪʘ ʚʣʠʿʘʝ ʚʨʟ 

 
 
 
 
 
 
 
 
 
 
 
 
ʇʨʝʜʣʦʞʝʥ ʣʠʥʢ: 
https://youtu.be/QfdBwkOxCe4  
 
 
ʇʦ ʛʨʫʧʘ: ʤʘʩʠ/ʪʝʛʦʚʠ (ʥʘ ʧʨ. ʦʜ 100-500 g), 
ʛʣʠʥʘ/ʧʣʘʩʪʝʣʠʥ ʟʘ ʤʦʜʝʣʠʨʘˁʝ, ʢʦʮʢʘ ʦʜ 
1cm

3
  

 
 
 
 
 
 
 
 
 
 
ʇʦ ʛʨʫʧʘ: ʨʘʟʣʠʯʥʠ ʤʘʩʠ (ʧʨ. 100-500 g), 
ʧʣʘʩʪʝʣʠʥ ʟʘ ʤʦʜʝʣʠʨʘˁʝ, ʢʦʮʢʠ ʦʜ 1cm

3
 

 
 
ʧʨʠʪʠʩʦʢ 
ʩʠʣʘ 
ʧʦʚʨʰʠʥʘ 
ʪʝʞʠʥʘ 
 
ʧʨʦʫʯʫʚʘ 
ʥʘʙˀʫʜʫʚʘ  

https://youtu.be/QfdBwkOxCe4


 

 

ʧʨʠʪʠʩʦʢʦʪ? 
 

 ʋʯʝʥʠʮʠʪʝ ʛʠ ʢʦʨʠʩʪʘʪ ʥʘʫʯʝʥʠʪʝ ʧʦʠʤʠ ʟʘ ʩʠʣʘʪʘ 
ʟʘ ʜʘ ʦʙʿʘʩʥʘʪ 

 ɿʦʰʪʦ ʢʨʝʚʝʪʦʪ ʦʜ ʢʣʠʥʮʠ ʥʝ ʙʦʣʠ ʪʦʣʢʫ 
ʤʥʦʛʫ? 

 ɿʦʰʪʦ ʚʦʟʨʘʩʥʠʪʝ ʛʠ ʙʦʣʠ ʤʥʦʛʫ ʧʦʚʝ˃ʝ 
ʦʪʢʦʣʢʫ ʜʝʮʘʪʘ ʢʦʛʘ ˃ʝ ʟʘʩʪʘʥʘʪ ʚʨʟ ʤʘʣʠ 
ʧʣʘʩʪʠʯʥʠ ʢʦʮʢʠ? 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʟʛʦʣʝʤʝʥʘʪʘ ʩʠʣʘ ʛʦ ʟʛʦʣʝʤʫʚʘ 

ʧʨʠʪʠʩʦʢʦʪ, ʘ ʧʦʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ ʛʦ ʥʘʤʘʣʫʚʘ 

ʧʨʠʪʠʩʦʢʦʪ. 

ʅʝʜʝʣʘ 6 
 
ʆʙʿʘʩʥʫʚʘ ʢʘʢʦ 

ʧʨʠʪʠʩʦʢʦʪ ʧʨʝʪʩʪʘʚʫʚʘ 

ʜʝʿʩʪʚʦ ʥʘ ʩʠʣʘ ʚʨʟ 

ʦʜʨʝʜʝʥʘ ʧʦʚʨʰʠʥʘ, 

ʚʢʣʫʯʫʚʘʿ˃ʠ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʬʦʨʤʫʣʘʪʘ ʧʨʠʪʠʩʦʢ = 

ʩʠʣʘ/ʧʦʚʨʰʠʥʘ. 

 

ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ 
ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. 
ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ 
ʜʨʫʛʠʪʝ. 

ʏʘʩ  2 
ʇʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʧʨʠʪʠʩʦʢ 

 

 ʇʦʢʘʞʝʪʝ ʤʥʦʛʫ ʦʩʪʘʨ ʥʦʞ ʠʣʠ ʧʫʰʪʝʪʝ ʢʨʘʪʦʢ 

ʚʠʜʝʦ ʢʣʠʧ ʩʦ ʦʩʪʨʠ ʥʦʞʝʚʠ. ʇʦʙʘʨʘʿʪʝ ʦʜ 

ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʦ ʧʨʠʤʝʥʘʪ ʥʘʫʯʝʥʦʪʦ ʦʜ 

ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ ʟʘ ʜʘ ʦʙʿʘʩʥʘʪ ʰʪʦ ʛʦ ʧʨʘʚʠ ʥʦʞʦʪ 

ʪʦʣʢʫ ʝʬʠʢʘʩʝʥ. 

 

 ʇʨʘʰʘʿʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʂʘʢʦ ʬʫʥʢʮʠʦʥʠʨʘ 

ʰʧʝʥʘʜʣʘʪʘ ʩʦ ʢʦʿʘ ʟʘʢʘʯʫʚʘʤʝ ʮʨʪʝʞʠ ʥʘ ʼʠʜʦʪ ? 

ʀʟʚʣʝʯʝʪʝ ʿʘ ʠʜʝʿʘʪʘ ʜʝʢʘ ʥʘ ʝʜʝʥ ʜʝʣ ʠʤʘ 

ʧʦʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ (ʩʠʣʘʪʘ ʝ ʨʘʩʧʨʝʜʝʣʝʥʘ ʜʦʣʞ 

ʧʦʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ ʥʘ ʧʨʩʪʦʪ). ʅʘ ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ 

ʠʤʘ ʪʦʯʢʘ/ʙʦʮʢʘ, ʪʘʢʘ ʰʪʦ, ʠʩʪʘʪʘ ʩʠʣʘ ʝ 

ʩʢʦʥʮʝʥʪʨʠʨʘʥʘ ʚʨʟ ʧʦʤʘʣʘ ʧʦʚʨʰʠʥʘ. 

 

 ʇʦʪʩʝʪʝʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʟʘ ʩʪʘʚʘˁʝʪʦ ʪʝʞʠʥʘ/ʤʘʩʘ 

ʚʨʟ ʢʦʮʢʠʪʝ. ʇʦʤʦʛʥʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʬʦʨʤʘʣʥʦ 

ʜʘ ʛʦ ʜʠʩʢʫʪʠʨʘʘʪ ʧʦʠʤʦʪ ʟʘ ʧʨʠʪʠʩʦʢ. 

24 N ʚʨʟ ʢʦʮʢʘ ʩʦ 4 x 1 cm
2
 = 6 N ʚʨʟ ʩʝʢʦʿʘ ʢʦʮʢʘ 

24 N ʚʨʟ ʢʦʮʢʘ ʩʦ 8 x 1 cm
2
 = 3 N ʚʨʟ ʩʝʢʦʿʘ ʢʦʮʢʘ 

 
 
 
ʇʨʝʜʣʦʞʝʥ ʣʠʥʢ: 
https://youtu.be/Kry8tD-bz7I   
 
 
 
ʐʧʝʥʘʜʣʘ ʟʘ ʟʘʢʘʯʫʚʘˁʝ ʥʘ ʮʨʪʝʞʠ 
 
 
 
 
 
 
 
 
 
 
 
 
ʇʦʜʘʪʦʮʠ ʟʘ ʫʯʝʥʠʮʠʪʝ. 
 
 

 
ʧʨʠʪʠʩʦʢ 
ʧʦʚʨʰʠʥʘ 
ʩʠʣʘ 
 
ʧʨʝʩʤʝʪʫʚʘ 
 
 

https://youtu.be/Kry8tD-bz7I


 

 

ɺʦʚʝʜʝʪʝ ʿʘ ʨʘʚʝʥʢʘʪʘ ʟʘ ʧʨʠʪʠʩʦʢ =   
(ʠʟʤʝʨʝʥʦ ʚʦ N/cm

2
)  

 

 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʜʘ ʚʝʞʙʘʪʝ 

ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʧʨʠʪʠʩʦʢ, ʩʠʣʘ ʠʣʠ ʧʦʚʨʰʠʥʘ. 

ʇʨʠʤʝʨʠ ʢʦʠ ʤʦʞʝ ʜʘ ʠʩʢʦʨʠʩʪʠʪʝ ʩʝ ʧʨʠʪʠʩʦʢ ʢʦʿ ʛʦ 

ʚʨʰʠ ʞʝʥʘ ʢʦʘʿ ʥʦʩʠ ʩʢʠʿʘʯʢʠ ʯʝʚʣʠ, ʧʘʪʠʢʠ ʠʣʠ 

ʯʝʚʣʠ ʩʦ ʪʝʥʢʠ ʰʪʠʢʣʠ. 

 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʠʥʬʦʨʤʘʮʠʠ (ʧʝʯʘʪʝʥʠ ʠʣʠ 

ʥʘ ʀʥʪʝʨʥʝʪ). Tʠʝ ʥʝʢʘ ʠʩʪʨʘʞʫʚʘʘʪ ʥʘʯʠʥʠ ʥʘ ʢʦʠ 

ʩʠʣʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʨʘʰʠʨʠ ʠʣʠ ʩʢʦʥʮʝʥʪʨʠʨʘ, ʧʨʠ 

ʰʪʦ ʩʝ ʤʝʥʫʚʘ ʧʨʠʪʠʩʦʢʦʪ. ʅʘ ʧʨʠʤʝʨ, ʰʠʨʦʢʠ ʛʫʤʠ 

ʥʘ ʪʝʨʝʥʩʢʠ ʚʦʟʠʣʘ, ʛʘʩʝʥʠʮʠ ʥʘ ʪʝʥʢʦʚʠʪʝ, 

ʙʝʪʦʥʩʢʠ ʦʩʥʦʚʠ ʥʘ ʟʛʨʘʜʠ, ʦʙʣʠʢʦʪ ʥʘ ʩʚʨʜʣʠʪʝ ʥʘ 

ʙʫʨʛʠʠʪʝ, ʠʪʥ. 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʧʨʠʪʠʩʦʢ =   (ʠʟʤʝʨʝʥʦ ʚʦ 
N/cm

2
). ʇʨʠʪʠʩʦʢʦʪ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʠ ʧʨʝʢʫ 

ʧʨʦʤʝʥʘ ʥʘ ʩʠʣʘʪʘ ʢʦʿʘ ʜʝʿʩʪʚʫʚʘ ʚʨʟ ʧʦʚʨʰʠʥʘʪʘ. 
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ʆʙʿʘʩʥʫʚʘ ʢʘʢʦ 

ʧʨʠʪʠʩʦʢʦʪ ʧʨʝʪʩʪʘʚʫʚʘ 

ʜʝʿʩʪʚʦ ʥʘ ʩʠʣʘ ʚʨʟ 

ʦʜʨʝʜʝʥʘ ʧʦʚʨʰʠʥʘ, 

ʚʢʣʫʯʫʚʘʿ˃ʠ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʬʦʨʤʫʣʘʪʘ ʧʨʠʪʠʩʦʢ = 

ʩʠʣʘ/ʧʦʚʨʰʠʥʘ. 

 

ɻʦ ʦʙʿʘʩʥʫʚʘ ʧʨʠʪʠʩʦʢʦʪ 

ʏʘʩ  1 
ʇʨʠʪʠʩʦʢ ʢʘʿ ʛʘʩʦʚʠʪʝ 
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʚʘ ʙʘʣʦʥʘ ʢʦʠ ʩʝ 

ʥʘʜʫʚʘʥʠ ʜʦ ʠʩʪʘ ʛʦʣʝʤʠʥʘ. (Tʠʝ ʪʨʝʙʘ ʜʘ ʩʝ ʦʢʦʣʫ 

80% ʠʩʧʦʣʥʝʪʠ ʩʦ ʚʦʟʜʫʭ.) ʉʪʘʚʝʪʝ ʝʜʝʥ ʙʘʣʦʥ ʚʦ 

ʟʘʤʨʟʥʫʚʘʯ, ʘ ʜʨʫʛʠʦʪ ʦʩʪʘʚʘʪʝ ʛʦ ʚʦ ʩʦʙʘʪʘ. 

ɺʦ ʧʘʨʦʚʠ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʧʨʝʜʚʠʜʘʪ ʰʪʦ ˃ʝ ʩʝ 

ʩʣʫʯʠ ʠ ʥʝʢʘ ʩʝ ʩʣʫʞʘʪ ʩʦ ʥʘʫʯʥʠ ʠʜʝʠ ʧʨʠ 

ʜʘʚʘˁʝʪʦ ʦʙʿʘʩʥʫʚʘˁʘ. 

 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʢʘʢʦ ʛʘʩʦʚʠʪʝ ʩʝ 

 
 
 
ɼʚʘ ʠʩʪʠ ʙʘʣʦʥʠ ʥʘʜʫʚʘʥʠ ʜʦ ʝʜʥʘʢʚʘ 
ʛʦʣʝʤʠʥʘ, ʟʘʤʨʟʥʫʚʘʯ ʠʣʠ ʜʨʫʛʦ ʣʘʜʥʦ 
ʤʝʩʪʦ. 
 
 
 
 
ɹʘʣʦʥʠ, ɹʫʥʩʝʥʦʚ ʧʣʘʤʝʥʠʢ, ʟʘʰʪʠʪʥʠ 
ʦʯʠʣʘ ʠ ʢʦʣʙʘ. 
 

 
ʛʘʩ 
ʩʫʜʠʨʘˁʝ 
ʧʨʠʪʠʩʦʢ 
ʩʠʣʘ 
ʯʝʩʪʦʪʘ/ʬʨʝʢʚʝʥʮ
ʠʿʘ 
ʤʦʜʝʣ ʥʘ ʛʘʩ 
 
ʥʘʙˀʫʜʫʚʘ 
ʩʧʦʨʝʜʫʚʘ  
ʧʨʘʚʠ ʨʘʟʣʠʢʘ  



 

 

ʚʦ ʛʘʩʦʚʠ ʠ ʪʝʯʥʦʩʪʠ 
(ʩʘʤʦ ʢʚʘʣʠʪʘʪʠʚʥʦ) 
 

ɻʠ ʧʨʦʚʝʨʫʚʘ 
ʦʙʿʘʩʥʫʚʘˁʘʪʘ ʩʦ ʥʠʚʥʦ 
ʢʦʨʠʩʪʝˁʝ ʚʦ 
ʧʨʘʚʝˁʝʪʦ 
ʧʨʝʪʧʦʩʪʘʚʢʠ, ʘ ʧʦʪʦʘ ʛʠ 
ʝʚʘʣʫʠʨʘ ʚʦ ʦʜʥʦʩ ʥʘ 
ʜʦʢʘʟʠʪʝ. 
 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ 
ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. 
ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ 
ʜʨʫʛʠʪʝ. 

ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʨʘʟʣʠʯʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʀʩʢʦʨʠʩʪʝʪʝ 

ʤʘʣʘ ʢʦʣʙʘ (ʩʦ ʚʦʟʜʫʭ) ʩʦ ʠʟʜʫʚʘʥ ʙʘʣʦʥ ʧʦʩʪʘʚʝʥ 

ʥʘ ʚʨʚʦʪ. ɿʘʛʨʝʿʪʝ ʿʘ ʢʦʣʙʘʪʘ ʠ ʙʘʣʦʥʦʪ ˃ʝ ʩʝ 

ʨʘʰʠʨʠ. ɸʢʦ ʩʝ ʦʣʘʜʠ, ʪʦʿ ˃ʝ ʩʝ ʠʟʜʫʚʘ. ʇʦʙʘʨʘʪʝ 

ʦʙʿʘʩʥʫʚʘˁʘ ʦʜ ʫʯʝʥʠʮʠʪʝ ʟʘ ʦʚʠʝ ʨʝʘʢʮʠʠ. 

 

ɺʦʚʝʜʝʪʝ ʛʠ ʠʜʝʠʪʝ ʜʝʢʘ: 

 ʉʠʪʝ ʯʝʩʪʠʯʢʠ ʩʝ ʜʚʠʞʘʪ 

 ʏʝʩʪʠʯʢʠʪʝ ʚʦʟʜʫʭ ʧʦʙʨʛʫ ʩʝ ʜʚʠʞʘʪ ʢʦʛʘ ʩʝ 
ʟʘʛʨʝʘʥʠ 

 ʏʝʩʪʠʯʢʠʪʝ ʚʦʟʜʫʭ ʩʝ ʜʚʠʞʘʪ ʧʦʙʘʚʥʦ ʢʦʛʘ ʩʝ 
ʦʣʘʜʝʥʠ. 
 

 ʄʦʞʝʪʝ ʜʘ ʩʧʨʦʚʝʜʝʪʝ ʠʛʨʘ ʥʘ ʫʣʦʛʠ ʟʘ ʜʘ ʩʝ 
ʧʨʠʢʘʞʝ ʢʘʢʦ ʛʘʩʦʪ ʩʝ ʜʚʠʞʠ ʥʘʦʢʦʣʫ ʙʘʚʥʦ, ʘ ʧʦʪʦʘ 
ʧʦʙʨʛʫ ʢʘʢʦ ʰʪʦ ʩʝ ʟʘʛʨʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʆʚʘ 
ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʚʦ ʫʯʠʣʥʠʮʘ ʠ ʥʘʜʚʦʨ ʦʜ ʥʝʘ.   

 ʅʠʤ ˃ʝ ʠʤ ʪʨʝʙʘ ʧʦʚʝ˃ʝ ʧʨʦʩʪʦʨ, ʢʘʢʦ ʰʪʦ ʛʘʩʦʪ 
ʩʝ ʦʙʠʜʫʚʘ ʜʘ ʩʝ ʨʘʰʠʨʠ.  

 ɸʢʦ ʩʝ ʚʦ ʟʘʪʚʦʨʝʥ ʧʨʦʩʪʦʨ, ʩ¯ ʧʦʚʝ˃ʝ ˃ʝ ʫʜʠʨʘʘʪ 
ʚʦ ʼʠʜʦʚʠʪʝ, ʩ¯ ʧʦʙʨʛʫ ʠ ʧʦʩʠʣʥʦ. ʆʚʘ 
ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʦʛʦʣʝʤ ʧʨʠʪʠʩʦʢ.  

 ɼʦʢʦʣʢʫ ʼʠʜʦʚʠʪʝ ʩʝ ʝʣʘʩʪʠʯʥʠ, ʢʘʢʦ ʢʘʿ ʙʘʣʦʥʦʪ, 
ʪʠʝ ˃ʝ ʧʦʯʥʘʪ ʜʘ ʩʝ ʰʠʨʘʪ ʥʘʥʘʜʚʦʨ.   

 

 ʅʘʧʨʘʚʝʪʝ ʩʠʤʫʣʘʮʠʿʘ ʟʘ ʜʘ ʠʤ ʧʦʤʦʛʥʝʪʝ ʥʘ 
ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʦ ʚʠʟʫʘʣʠʟʠʨʘʘʪ ʜʚʠʞʝˁʝʪʦ ʥʘ 
ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʪʝʯʥʦʩʪʠ ʠ ʛʘʩʦʚʠ ʚʦ ʝʜʝʥ ʩʘʜ.  
 

 ʀʟʚʘʜʝʪʝ ʛʦ ʙʘʣʦʥʦʪ ʦʜ ʟʘʤʨʟʥʫʚʘʯʦʪ (ʚʝʨʦʿʘʪʥʦ ʩʝ 

ʩʦʙʨʘʣ). ʇʦʙʘʨʘʿʪʝ ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʦ ʩʧʦʨʝʜʘʪ ʦʚʦʿ 

ʨʝʟʫʣʪʘʪ ʩʦ ʥʠʚʥʦʪʦ ʧʨʝʜʚʠʜʫʚʘˁʝ.  

 

ʋʯʝʥʠʮʠʪe, ʧʨʝʢʫ ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʦʜʝʣʦʪ ʥʘ ʛʘʩ, ʛʠ 

ʦʙʿʘʩʥʫʚʘʘʪ ʩʦʛʣʝʜʫʚʘˁʘʪʘ ʠ ʧʨʝʜʚʠʜʫʚʘʘʪ ʰʪʦ ˃ʝ 

ʩʝ ʩʣʫʯʠ ʩʦ ʙʘʣʦʥʦʪ ʘʢʦ ʧʦʣʝʢʘ ʧʦʯʥʝ ʜʘ ʩʝ ʟʘʛʨʝʚʘ. 

 

 ʇʨʝʜ ʢʨʘʿʦʪ ʥʘ ʯʘʩʦʪ, ʟʘʛʨʝʿʪʝ ʢʦʣʙʘ ʠ ʚʨʟ ʥʝʘ 

 
 
 
 
 
 
 
 
 
 
ʋʯʝʥʠʮʠ ʤʦʞʝʙʠ ʧʨʘʚʝʣʝ ʩʣʠʯʥʘ ʘʢʪʠʚʥʦʩʪ 
ʧʦ ɹʠʦʣʦʛʠʿʘ ʚʦ 7 ʦʜʜʝʣʝʥʠʝ. ʆʚʘ ʤʦʞʝ ʜʘ 
ʩʝ ʥʘʜʦʛʨʘʜʠ ʩʦ ʪʦʘ ʰʪʦ ˃ʝ ʩʝ ʚʢʣʫʯʠ 
ʧʦʠʤʦʪ ʥʘ ʧʨʠʪʠʩʦʢ ʢʘʿ ʛʘʩʦʚʠʪʝ. ɽʚʝ ʝʜʝʥ 
ʧʨʠʤʝʨ ʥʘ ʚʘʢʚʘ ʠʛʨʘ ʥʘ ʫʣʦʛʠ: 
https://youtu.be/I9xB4hhWvXY  
 
 
 
 
 
 
 
https://phet.colorado.edu/mk/simulation/legacy/
states-of-matter (ʚʠʜʠ ʪʘʙʫʣʘʨ óʇʨʦʤʝʥʠ ʥʘ 
ʬʘʟʘô). 
(ʩʠʤʫʣʘʮʠʿʘʪʘ ʝ ʜʦʩʪʘʧʥʘ ʥʘ ʘʣʙʘʥʩʢʠ, 
ʤʘʢʝʜʦʥʩʢʠ, ʩʨʧʩʢʠ ʠ ʪʫʨʩʢʠ ʿʘʟʠʢ) 
 
 

https://youtu.be/I9xB4hhWvXY
https://phet.colorado.edu/mk/simulation/legacy/states-of-matter
https://phet.colorado.edu/mk/simulation/legacy/states-of-matter


 

 

ʩʪʘʚʝʪʝ ʙʘʣʦʥ. ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʿʘ ʩʪʘʚʘʪ ʚʦ 

ʟʘʤʨʟʥʫʚʘʯ, ʠ ʦʚʘ ˃ʝ ʛʦ ʨʘʟʛʣʝʜʫʚʘʘʪ ʩʣʝʜʥʠʦʪ ʯʘʩ . 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʯʝʩʪʠʯʢʠʪʝ ʚʦ ʛʘʩʦʪ ʩʝ ʜʚʠʞʘʪ 

ʥʘʦʢʦʣʫ ʩʣʦʙʦʜʥʦ ʠ ʙʨʛʫ. ʊʠʝ ʢʦʛʘ ʩʝ ʩʫʜʠʨʘʘʪ 

ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʧʨʠʪʠʩʦʢ. ʅʘ ʧʦʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʠʝ ʩʝ ʜʚʠʞʘʪ ʧʦʙʨʛʫ ʠ ʧʦʯʝʩʪʦ ʩʝ ʩʫʜʠʨʘʘʪ. ʉʦ ʦʚʘ 

ʩʝ ʟʛʦʣʝʤʫʚʘ ʧʨʠʪʠʩʦʢʦʪ. 

ʅʝʜʝʣʘ 7  
 
ʆʙʿʘʩʥʫʚʘ ʢʘʢʦ 

ʧʨʠʪʠʩʦʢʦʪ ʧʨʝʪʩʪʘʚʫʚʘ 

ʜʝʿʩʪʚʦ ʥʘ ʩʠʣʘ ʚʨʟ 

ʦʜʨʝʜʝʥʘ ʧʦʚʨʰʠʥʘ, 

ʚʢʣʫʯʫʚʘʿ˃ʠ ʢʦʨʠʩʪʝˁʝ ʥʘ 

ʬʦʨʤʫʣʘʪʘ ʧʨʠʪʠʩʦʢ = 

ʩʠʣʘ/ʧʦʚʨʰʠʥʘ. 

 

ɻʦ ʦʙʿʘʩʥʫʚʘ ʧʨʠʪʠʩʦʢʦʪ 
ʚʦ ʛʘʩʦʚʠ ʠ ʪʝʯʥʦʩʪʠ 
(ʩʘʤʦ ʢʚʘʣʠʪʘʪʠʚʥʦ) 
 
ɻʠ ʧʨʦʚʝʨʫʚʘ 
ʦʙʿʘʩʥʫʚʘˁʘʪʘ ʩʦ ʥʠʚʥʦ 
ʢʦʨʠʩʪʝˁʝ ʚʦ ʧʨʘʚʝˁʝʪʦ 
ʧʨʝʪʧʦʩʪʘʚʢʠ, ʘ ʧʦʪʦʘ ʛʠ 
ʝʚʘʣʫʠʨʘ ʚʦ ʦʜʥʦʩ ʥʘ 
ʜʦʢʘʟʠʪʝ. 
 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ 
ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ 

ʏʘʩ  2 
ʇʨʠʪʠʩʦʢ ʢʘʿ ʪʝʯʥʦʩʪʠʪʝ 
 

 ʇʦʪʩʝʪʝʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʟʘ ʢʦʣʙʘʪʘ ʠ ʙʘʣʦʥʦʪ ʢʦʠ ʩʝ 

ʦʩʪʘʚʝʥʠ ʚʦ ʟʘʤʨʟʥʫʚʘʯʦʪ ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ. 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʧʨʝʜʚʠʜʘʪ ʰʪʦ ʩʝ ʩʣʫʯʠʣʦ. ɺʦ 

ʧʘʨʦʚʠ ʪʠʝ ʥʝʢʘ ʛʠ ʦʙʿʘʩʥʘʪ ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ ʩʦ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʤʦʜʝʣʦʪ ʥʘ ʛʘʩ. 

 

ʀʟʚʘʜʝʪʝ ʿʘ ʢʦʣʙʘʪʘ ʩʦ ʙʘʣʦʥʦʪ ʦʜ ʟʘʤʨʟʥʫʚʘʯʦʪ. 

ɺʝʨʦʿʘʪʥʦ ʙʘʣʦʥʦʪ ʩʝ ʩʦʙʨʘʣ ʠ ʩʝ ʚʦʚʣʝʢʦʣ 

ʥʘʚʥʘʪʨʝ ʚʦ ʢʦʣʙʘʪʘ ʧʦʨʘʜʠ ʧʨʠʪʠʩʦʢʦʪ ʥʘ 

ʚʦʟʜʫʭʦʪ. ʄʥʦʛʫʤʠʥʘ ʤʠʩʣʘʪ ʜʝʢʘ ʙʘʣʦʥʦʪ ʝ 

óʚʰʤʫʢʘʥ ʥʘʚʥʘʪʨʝô. ʆʚʘʘ ʧʦʛʨʝʰʥʘ ʧʝʨʮʝʧʮʠʿʘ 

ʪʨʝʙʘ ʜʘ ʩʝ ʠʩʧʨʘʚʠ. 

 

 ʀʩʢʦʨʠʩʪʝʪʝ ʧʨʘʟʥʦ ʧʣʘʩʪʠʯʥʦ ʰʠʰʝ (ʥʘʧʦʣʥʝʪʦ ʩʦ 
ʚʦʟʜʫʭ ʩʦ ʢʘʧʘʢ ʚʨʟ ʥʝʛʦ). ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ 
ʧʦʛʦʜʫʚʘʘʪ ʰʪʦ ʙʠ ʩʝ ʩʣʫʯʠʣʦ ʠ ʥʝʢʘ ʛʦ ʦʙʿʘʩʥʘʪ 
ʠʩʭʦʜʦʪ ʜʦʢʦʣʢʫ ʰʠʰʝʪʦ: 

 ʩʝ ʦʣʘʜʠ 

 ʩʝ ʟʘʪʦʧʣʠ 

 ʩʝ ʩʪʘʚʠ ʚʦ ʚʦʜʘ 

 ʩʝ ʩʪʘʚʠ ʜʣʘʙʦʢʦ ʧʦʜ ʚʦʜʘ. 

ʇʦʢʘʞʝʪʝ ʚʠʜʝʦ ʢʣʠʧ ʦʜ ʧʣʘʩʪʠʯʥʦ ʰʠʰʝ ʥʘ 

ʜʣʘʙʦʯʠʥʘ ʦʜ 22m (75 ʩʪʘʧʢʠ). ʀʩʢʦʨʠʩʪʝʪʝ ʛʦ ʦʚʘ 

ʟʘ ʜʘ ʩʝ ʚʦʚʝʜʝ ʠʜʝʿʘʪʘ ʟʘ ʧʨʠʪʠʩʦʢ ʥʘ ʚʦʜʘʪʘ. 
 

 ʇʦʢʘʞʝʪʝ ʛʦ ʧʨʠʪʠʩʦʢʦʪ ʥʘ ʪʝʯʥʦʩʪʠʪʝ. ʋʧʦʪʨʝʙʝʪʝ 

 
 
 
 
 
 
ʂʦʣʙʘʪʘ ʠ ʙʘʣʦʥʦʪ ʧʦʩʪʘʚʝʥ ʚʦ 
ʟʘʤʨʟʥʫʚʘʯʦʪ ʦʜ ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ  
 
 
 
 
ʇʨʘʟʥʦ ʧʣʘʩʪʠʯʥʦ ʰʠʰʝ ʩʦ ʥʝʧʨʦʧʫʩʪʣʠʚ 
ʢʘʧʘʢ. 
 
 
 
 
 
ʇʨʝʜʣʦʞʝʥ ʚʠʜʝʦ ʣʠʥʢ (ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʢʘʞʝ 
ʠ ʙʝʟ ʟʚʫʢ): 
https://youtu.be/cHf9eWRd_bc  
 
 
ɺʠʩʦʢʦ ʧʣʘʩʪʠʯʥʦ ʰʠʰʝ ʩʦ ʪʨʠ ʜʫʧʢʠ ʦʜ 
ʩʪʨʘʥʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʩʠʥʠ, ʚʦʜʘ. 
 
 
 
 

 
ʯʝʩʪʠʯʢʠ 
ʧʨʠʪʠʩʦʢ 
 
ʦʧʠʰʫʚʘ 
ʦʙʿʘʩʥʫʚʘ 

https://youtu.be/cHf9eWRd_bc


 

 

ʚʠʩʦʢʦ ʧʣʘʩʪʠʯʥʦ ʰʠʰʝ ʢʦʝ ʠʤʘ ʜʫʧʢʠ ʥʘ ʩʪʨʘʥʠʪʝ 

ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʩʠʥʠ. ʂʦʛʘ ˃ʝ ʩʝ ʥʘʧʦʣʥʠ, ʚʦʜʘʪʘ ʩʝ 

ʠʩʪʠʩʥʫʚʘ ʥʠʟ ʩʪʨʘʥʠʪʝ, ʰʪʦ ʝ ʧʦʥʠʩʢʘ ʜʫʧʢʘʪʘ, 

ʪʦʣʢʫ ʝ ʧʦʛʦʣʝʤ ʧʨʠʪʠʩʦʢʦʪ. 

 

ʋʯʝʥʠʮʠʪʝ ʛʦ ʦʙʿʘʩʥʫʚʘʘʪ ʧʨʠʪʠʩʦʢʦʪ ʥʘ ʪʝʯʥʦʩʪʠʪʝ, 

ʨʘʟʛʣʝʜʫʚʘʥ ʧʨʝʢʫ ʤʦʜʝʣʦʪ ʥʘ ʯʝʩʪʠʯʢʠ. 

 

 ɼʦʧʦʣʥʠʪʝʣʥʘ ʘʢʪʠʚʥʦʩʪ. ʋʯʝʥʠʮʠʪʝ ʢʦʠ ʩʘʢʘʘʪ 

ʧʦʛʦʣʝʤ ʧʨʝʜʠʟʚʠʢ ʤʦʞʝ ʜʘ ʩʝ ʦʙʠʜʘʪ ʜʘ ʦʙʿʘʩʥʘʪ 

ʰʪʦ ʩʝ ʩʣʫʯʫʚʘ ʩʦ ʭʝʣʠʫʤʩʢʠ ʙʘʣʦʥ ʢʦʛʘ ʪʦʿ ʩʝ 

ʦʩʣʦʙʦʜʫʚʘ ʚʦ ʘʪʤʦʩʬʝʨʘʪʘ. ɼʘʣʠ ʪʦʿ ʩʝ ʨʫʰʠ ʠʣʠ 

ʧʫʢʘ? ɿʦʰʪʦ? 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʧʨʠʪʠʩʦʢʦʪ ʚʦ ʪʝʯʥʦʩʪʠʪʝ ʝ 

ʧʨʝʜʠʟʚʠʢʘʥ ʦʜ ʩʫʜʠʨʘˁʝʪʦ ʥʘ ʯʝʩʪʠʯʢʠʪʝ ʧʨʠ 

ʥʠʚʥʦʪʦ ʜʚʠʞʝˁʝ. ʇʨʠʪʠʩʦʢʦʪ ʚʦ ʪʝʯʥʦʩʪʠʪʝ ʩʝ 

ʟʛʦʣʝʤʫʚʘ ʩʦ ʜʣʘʙʦʯʠʥʘʪʘ ʥʘ ʪʝʯʥʦʩʪʘ. 

 
 

 

 

 
 
 
 
 
 
ʆʚʘ ʜʦʧʦʣʥʠʪʝʣʥʦ ʧʨʘʰʘˁʝ ʙʘʨʘ ʦʜ 
ʫʯʝʥʠʮʠʪʝ ʜʘ ʨʘʟʤʠʩʣʘʪ ʟʘ ʝʬʝʢʪʠʪʝ ʦʜ 
ʧʨʠʪʠʩʦʢʦʪ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. 

ʅʝʜʝʣʘ 8 

ʅʝʜʝʣʘ 8  ʏʘʩ  1 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ  
 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʧʨʠʪʠʩʦʢ.  

  

ʅʝʜʝʣʘ 8 ʏʘʩ  2 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ  
 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʮʝʣʘʪʘ ʪʝʤʘ. 

  



 

 

ʊʝʤʘ 1ɹ: 9.2 ɽʥʝʨʛʠʿʘ 

 
ʋʯʝʥʠʮʠʪʝ ʛʦ ʧʨʠʤʝʥʫʚʘʘʪ ʧʨʝʪʭʦʜʥʦ ʥʘʫʯʝʥʦʪʦ ʟʘ ʝʥʝʨʛʠʿʘʪʘ ʚʦ ʨʝʘʣʥʠ ʞʠʚʦʪʥʠ ʩʠʪʫʘʮʠʠ ʧʦʚʨʟʘʥʦ ʩʦ ʟʘʛʫʙʘʪʘ ʠ ʦʜʨʞʫʚʘˁʝʪʦ ʥʘ ʪʦʧʣʠʥʘʪʘ. ʋʯʝʥʠʮʠʪʝ ʛʦ 

ʟʘʿʘʢʥʫʚʘʘʪ ʨʘʟʙʠʨʘˁʝʪʦ ʟʘ ʪʦʘ ʢʘʢʦ ʯʝʩʪʠʯʢʠʪʝ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʢʦʛʘ ʝʥʝʨʛʠʿʘʪʘ ʩʝ ʧʨʝʥʝʩʫʚʘ ʧʨʝʢʫ ʢʦʥʜʫʢʮʠʿʘ ʠ ʢʦʥʚʝʢʮʠʿʘ. ʇʨʝʢʫ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʠʩʪʨʘʞʫʚʘ 

ʧʨʠʨʦʜʘʪʘ ʠ ʧʨʠʯʠʥʠʪʝ ʟʘ ʣʘʜʝˁʝʪʦ ʢʘʢʦ ʠ ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʩʧʨʝʯʫʚʘˁʝ ʥʘ ʣʘʜʝˁʝʪʦ. ʉʝ ʨʘʟʚʠʚʘ ʢʦʥʮʝʧʪʦʪ ʥʘ ʠʩʧʘʨʫʚʘˁʝʪʦ ʧʨʝʢʫ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʚʦ ʨʝʣʘʮʠʿʘ ʩʦ 

ʜʚʠʞʝˁʝʪʦ ʥʘ ʯʝʩʪʠʯʢʠʪʝ. ʉʝ ʧʨʠʤʝʥʫʚʘ ʬʠʟʠʢʘʪʘ ʥʘ ʧʨʝʥʝʩʫʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʠʪʝ ʟʘ ʜʘ ʩʝ ʨʘʟʙʝʨʝ ʠ ʧʨʦʫʯʫʚʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʤʝʪʦʜʠʪʝ ʟʘ ʰʪʝʜʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ 

ʚʦ ʜʦʤʦʪ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʙʥʦʚʣʠʚʠ ʠ ʥʝʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ. ʇʦʥʘʪʘʤʫ ʩʝ ʠʩʪʨʘʞʫʚʘ ʧʦʪʨʝʙʘʪʘ ʦʜ ʩʦʟʜʘʚʘˁʝ ʥʘ ʠʟʙʘʣʘʥʩʠʨʘʥ ʝʥʝʨʛʝʪʩʢʠ ʧʣʘʥ ʟʘ 

ʨʝʰʘʚʘˁʝ ʥʘ ʣʦʢʘʣʥʠʪʝ ʠ ʛʣʦʙʘʣʥʠʪʝ ʝʥʝʨʛʝʪʩʢʠ ʧʦʪʨʝʙʠ ʢʘʢʦ ʠ ʪʨʦʰʦʮʠʪʝ ʧʦ ʞʠʚʦʪʥʘʪʘ ʩʨʝʜʠʥʘ ʥʘ ʩʦʟʜʘʚʘˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘ.  

 

 

ʅʘʫʯʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ:  

 ʜʠʩʢʫʪʠʨʘˁʝ ʢʘʢʦ ʠʜʝʠʪʝ ʜʘ ʩʝ ʧʨʝʪʚʦʨʘʪ ʚʦ ʬʦʨʤʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʝʨʠ 

 ʧʨʘʚʝˁʝ ʥʘ ʧʨʝʜʚʠʜʫʚʘˁʘ ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ  

 ʠʟʙʠʨʘˁʝʪʦ ʜʦʢʘʟʠ ʧʦʪʨʝʙʥʠ ʟʘ ʠʩʪʨʘʞʫʚʘˁʝ ʥʘ ʢʦʥʢʨʝʪʥʠ ʧʨʘʰʘˁʘ, ʧʨʦʚʝʨʫʚʘˁʝ ʜʘʣʠ ʜʦʢʘʟʠʪʝ ʩʝ ʜʦʚʦʣʥʠ 

 ʧʨʘʚʝˁʝ ʥʠʟʘ ʥʘʙˀʫʜʫʚʘˁʘ ʠ ʤʝʨʝˁʘ, ʧʨʘʚʠʣʥʦ ʢʦʨʠʩʪʝʿ˃ʠ ʝʜʥʦʩʪʘʚʥʘ ʦʧʨʝʤʘ 

 ʢʦʨʠʩʪʝˁʝ ʥʘ ʪʘʙʝʣʠ, ʜʠʿʘʛʨʘʤʠ ʠ ʛʨʘʬʠʢʦʥʠ ʟʘ ʧʨʠʢʘʞʫʚʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠ 

 ʧʨʘʚʝˁʝ ʥʘ ʩʧʦʨʝʜʙʠ 

 ʠʟʚʣʝʢʫʚʘˁʝ ʟʘʢʣʫʯʦʮʠ ʦʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠ ʧʨʘʚʝˁʝ ʜʦʧʦʣʥʠʪʝʣʥʠ ʧʨʝʜʚʠʜʫʚʘˁʘ. 

 



 

 

ʇʨʝʜʣʦʞʝʥʠ ʧʦʠʤʠ ʟʘ ʦʚʘʘ ʪʝʤʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 
ʪʦʧʣʠʥʘ 
ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ 
ʢʨʠʚʘ ʥʘ ʣʘʜʝˁʝ 
ʪʝʤʧʝʨʘʪʫʨʥʘ ʨʘʟʣʠʢʘ 
ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ 
ʢʦʥʜʫʢʮʠʿʘ 
ʦʩʮʠʣʠʨʘʯʢʠ 
ʩʧʨʦʚʦʜʥʠʢ 
ʠʟʦʣʘʪʦʨ  
ʢʦʥʚʝʢʮʠʩʢʘ ʩʪʨʫʿʘ 
ʛʫʩʪʠʥʘ 
ʯʝʩʪʠʯʢʠ 
ʣʝʩʥʘ 
ʣʝʙʜʠ 
ʪʦʥʝ 
ʨʘʜʠʿʘʮʠʿʘ 
ʠʥʬʨʘ-ʮʨʚʝʥʠ 
ʘʧʩʦʨʙʠʨʘ 
ʝʤʠʪʠʨʘ 
ʩʿʘʿʥʦ 
ʨʝʬʣʝʢʪʠʨʘ 
ʠʩʧʘʨʫʚʘˁʝ 
ʪʝʨʤʦʩ 
 

ʬʦʩʠʣʥʠ ʛʦʨʠʚʘ 
ʦʛʨʘʥʠʯʝʥʠ 
ʿʘʛʣʝʨʦʜ ʜʠʦʢʩʠʜ 
ʢʠʩʝʣʠ ʜʦʞʜʦʚʠ 
ʿʘʛʣʝʥ 
ʥʘʬʪʘ  
ʟʝʤʿʝʥ ʛʘʩ 
ʦʙʥʦʚʣʠʚʠ ʛʦʨʠʚʘ 
ʝʥʝʨʛʠʿʘ ʥʘ ʚʝʪʨʦʪ  
ʭʠʜʨʦʝʥʝʨʛʠʿʘ 
ʝʥʝʨʛʠʿʘ ʥʘ ʙʨʘʥʦʚʠʪʝ  
ʝʥʝʨʛʠʿʘ ʥʘ ʧʣʠʤʘ ʠ ʦʩʝʢʘ 
ʛʝʦʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ  
ʦʙʥʦʚʣʠʚʘ 
ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ 
ʝʥʝʨʛʝʪʩʢʠ ʿʘʟ 
ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʟʘ 
ʥʘʩʝʣʝʥʠʝ 
ʧʦʥʫʜʘ 
ʧʦʙʘʨʫʚʘʯʢʘ 
ʪʝʭʥʦʣʦʛʠʿʘ 
ʦʜʨʞʣʠʚʘ 

ʅʘʫʯʥʦ ʠʩʪʨʘʞʫʚʘˁʝ 
 
ʧʨʝʜʚʠʜʫʚʘ 
ʥʘʙˀʫʜʫʚʘ 
ʤʝʨʠ 
ʟʘʢʣʫʯʫʚʘ 
ʦʙʿʘʩʥʫʚʘ 
ʨʝʟʠʤʠʨʘ 
ʧʨʦʫʯʫʚʘ 
ʠʩʪʨʘʞʫʚʘ 
ʪʨʝʥʜ 
ʜʠʟʘʿʥʠʨʘ 
ʚʧʠʰʫʚʘ 
ʝʚʘʣʫʠʨʘ 
ʧʨʝʜʥʦʩʪʠ 
ʣʦʰʠ ʩʪʨʘʥʠ 
ʘʥʘʣʠʟʠʨʘ 
ʜʠʩʢʫʪʠʨʘ 
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ʀʜʝʥʪʠʬʠʢʫʚʘ ʠ 
ʦʙʿʘʩʥʫʚʘ ʧʨʦʮʝʩʠ  ʥʘ 
ʪʨʘʥʩʬʝʨ ʥʘ ʪʦʧʣʠʥʩʢʘ 
ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʢʦʥʜʫʢʮʠʿʘ, 
ʢʦʥʚʝʢʮʠʿʘ ʠ ʨʘʜʠʿʘʮʠʿʘ. 
 
ʆʜʣʫʯʫʚʘ ʢʦʠ ʤʝʨʝˁʘ ʠ 
ʥʘʙˀʫʜʫʚʘˁʘ ʩʝ 
ʧʦʪʨʝʙʥʠ ʠ ʢʦʿʘ ʦʧʨʝʤʘ ʜʘ 
ʿʘ ʢʦʨʠʩʪʠ. 
 
ʂʦʨʠʩʪʠ ʨʘʟʣʠʯʥʠ 
ʤʘʪʝʨʠʿʘʣʠ ʠ ʦʧʨʝʤʘ ʠ 
ʢʦʨʠʩʪʠ ʤʝʨʢʠ ʟʘ 
ʧʨʝʪʧʘʟʣʠʚʦʩʪ. 
 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 
ʀʟʙʠʨʘ ʥʘʿʜʦʙʘʨ ʥʘʯʠʥ ʟʘ 
ʜʘ ʧʨʝʪʩʪʘʚʠ ʨʝʟʫʣʪʘʪʠ 
 
ʆʧʠʰʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ (ʢʦʨʝʣʘʮʠʠ) 
ʰʪʦ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ 
ʨʝʟʫʣʪʘʪʠʪe. 
 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  
 
ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 

ʏʘʩ  1 
ʐʪʦ ʝ óʪʦʧʣʠʥʘô? 

 

 ʇʦʜʛʦʪʚʝʪʝ ʪʨʠ ʩʘʜʘ ʩʦ ʚʦʜʘ: ʝʜʥʠʦʪ ʩʦ ʚʦʜʘ ʥʘ 

ʩʦʙʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʝʜʥʠʦʪ ʩʦ ʪʦʧʣʘ ʚʦʜʘ ʠ ʪʨʝʪʠʦʪ 

ʩʦ ʤʨʘʟ ʠ ʚʦʜʘ. ʇʦʙʘʨʘʿʪʝ ʝʜʝʥ ʦʜ ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʠ 

ʩʪʘʚʠ ʨʘʮʝʪʝ ʚʦ ʩʘʜʦʚʠʪʝ ʩʦ ʣʝʜʝʥʘ ʠ ʪʦʧʣʘ ʚʦʜʘ. 

ʅʝʢʘ ʦʧʠʰʝ ʰʪʦ ʧʦʯʫʚʩʪʚʫʚʘʣ. ʇʦ 60 ʩʝʢʫʥʜʠ, 

ʠʩʪʠʦʪ ʫʯʝʥʠʢ ʥʝʢʘ ʛʠ ʩʪʘʚʠ ʜʚʝʪʝ ʨʘʮʝ ʚʦ ʩʘʜʦʪ ʩʦ 

ʚʦʜʘ ʢʦʿʘ ʝ ʥʘ ʩʦʙʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʀ ʧʘʢ ʧʨʘʰʘʿʪʝ ʛʦ 

ʰʪʦ ʧʦʯʫʚʩʪʚʫʚʘʣ. 

 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʯʘʿʥʠʢ ʧʦʣʥ ʩʦ ʚʨʝʣʘ 

ʟʦʚʨʠʝʥʘ ʚʦʜʘ, ʢʠʙʨʠʪ ʚʦ ʤʦʤʝʥʪʦʪ ʥʘ ʧʘʣʝˁʝ ʠ 

ʟʘʧʘʣʝʥʘ ʧʨʩʢʘʣʢʘ. ʇʦʙʘʨʘʿʪʝ ʦʜ ʥʠʚ ʜʘ ʛʠ ʩʧʦʨʝʜʘʪ 

ʠ ʦʧʠʰʘʪ ʦʚʠʝ ʧʨʝʜʤʝʪʠ ʦʜ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ 

ʪʦʧʣʠʥʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ ʝʥʝʨʛʠʿʘʪʘ.  

 ʂʦʿ ʧʨʝʜʤʝʪ ʠʤʘ ʥʘʿʛʦʣʝʤʘ ʪʦʧʣʠʥʘ?  

 ʂʦʿ ʠʤʘ ʥʘʿʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ?  

 ɼʘʣʠ ʠʩʢʨʠʪʝ ʦʜ ʧʨʩʢʘʣʢʘʪʘ ʤʦʞʝ ʜʘ ʚʝ 
ʠʟʛʦʨʘʪ?  

 ɼʘʣʠ ʚʦʜʘʪʘ ʢʦʿʘ ʚʨʠʝ ʙʠ ʚʝ ʠʟʛʦʨʝʣʘ? 

 ʂʦʿ ʧʨʝʜʤʝʪ ʠʤʘ ʥʘʿʛʦʣʝʤʘ ʝʥʝʨʛʠʿʘ? 

 ʂʦʿ ʠʤʘ ʥʘʿʛʦʣʝʤʘ ʪʝʤʧʝʨʘʪʫʨʘ? 
 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʘʪ ʩʦ ʪʦʘ ʢʘʢʦ ʩʝ 

ʣʘʜʘʪ ʧʨʝʜʤʝʪʠʪʝ. ʊʠʝ ʤʦʞʝ ʜʘ ʢʦʨʠʩʪʘʪ ʠʩʪʠ ʰʦʣʿʠ 

ʚʦ ʢʦʠ ʠʤʘ ʨʘʟʣʠʯʝʥ ʚʦʣʫʤʝʥ ʚʦʜʘ ʩʦ ʠʩʪʘʪʘ ʚʠʩʦʢʘ  

ʪʝʤʧʝʨʘʪʫʨʘ. ʋʯʝʥʠʮʠʪʝ ʿʘ ʤʝʨʘʪ ʠ ʿʘ ʟʘʙʝʣʝʞʫʚʘʘʪ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʝʢʦʿʘ ʤʠʥʫʪʘ ʜʦʜʝʢʘ ʩʝ ʣʘʜʠ 

ʚʦʜʘʪʘ. 

 

ʋʯʝʥʠʮʠ ʩʦʟʜʘʚʘʘʪ ʛʨʘʬʠʢʦʥ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʩʧʨʦʪʠ ʚʨʝʤʝ. ʆʚʘ ʙʠ ʿʘ ʧʨʦʠʟʚʝʣʦ ʪ.ʥ. óʢʨʠʚʘ ʥʘ 

 
 
 
ɾʝʰʢʘ ʚʦʜʘ, ʚʦʜʘ ʥʘ ʩʦʙʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, 
ʪʨʠ ʧʣʘʩʪʠʯʥʠ ʩʘʜʦʚʠ, ʢʦʮʢʠ ʤʨʘʟ 
 
 
 
 
 
 
ʏʘʿʥʠʢ ʩʦ ʩʢʦʨʦ ʟʦʚʨʠʝʥʘ ʚʦʜʘ, ʢʠʙʨʠʪ, 
ʧʨʩʢʘʣʢʠ, (ʠʣʠ ʤʘʣʦ ʧʘʨʯʝ ʤʘʛʥʝʟʠʫʤʩʢʘ 
ʣʝʥʪʘ ʠ ɹʫʥʩʝʥʦʚ ʧʣʘʤʝʥʠʢ) 
ɸʢʦ ʢʦʨʠʩʪʠʪʝ ʤʘʛʥʝʟʠʫʤʩʢʘ ʣʝʥʪʘ, ʪʦʛʘʰ 
ʦʙʝʟʙʝʜʝʪʝ ʟʘʰʪʠʪʘ ʟʘ ʦʯʠʪʝ ʟʘ ʫʯʝʥʠʮʠʪʝ 
(ʦʯʠʣʘ ʠ ʥʠʿʘʥʩʠʨʘʥʠ ʧʨʦʼʠʨʥʠ ʬʦʣʠʠ). 
 
 
 
 
 
ʐʦʣʿʠ ʚʦ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʩʪʘʚʠ ʞʝʰʢʘ ʚʦʜʘ, 
(ʧʨ. ʭʘʨʪʠʝʥʘ ʯʘʰʘ ʟʘ ʢʘʬʝ) 
ʀʟʚʦʨ ʥʘ ʞʝʰʢʘ ʚʦʜʘ, ʪʝʨʤʦʤʝʪʨʠ ʟʘ ʚʦʜʘ 
 
ɹʝʟʙʝʜʥʦʩʝʥ ʩʦʚʝʪ: ʥʘʿʚʠʩʦʢʘʪʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʦʜʘʪʘ ʪʨʝʙʘ ʜʘ ʝ 80

o
C. 

 
ʄʠʣʠʤʝʪʘʨʩʢʘ ʭʘʨʪʠʿʘ ʠʣʠ ʝʣʝʢʪʨʦʥʩʢʘ 
ʪʘʙʝʣʘ. 
 
 
 
 

 
ʪʝʤʧʝʨʘʪʫʨʘ 
ʞʝʰʪʠʥʘ 
ʪʦʧʣʠʥʩʢʘ ʝʥʝʨʛʠʿʘ 
ʢʨʠʚʘ ʥʘ ʣʘʜʝˁʝ 
ʪʝʤʧʝʨʘʪʫʨʥʘ 
ʨʘʟʣʠʢʘ  
 
ʥʘʙˀʫʜʫʚʘ 
ʤʝʨʠ  
ʟʘʢʣʫʯʫʚʘ 



 

 

ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ.  
ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ 
ʜʨʫʛʠʪʝ. 

ʣʘʜʝˁʝô. 

 

 ɼʠʩʢʫʪʠʨʘʿʪʝ ʛʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʢʣʘʩʦʪ. 

ʂʦʛʘ ʚʦʜʘʪʘ ʩʝ ʣʘʜʠ ʥʘʿʙʨʛʫ? 

ʐʪʦ ʩʝ ʣʘʜʠ ʧʦʙʨʛʫ: ʧʦʛʦʣʝʤʘ ʠʣʠ ʧʦʤʘʣʘ ʤʘʩʘ? 

 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʥʘʧʠʰʘʪ ʢʨʘʪʢʠ ʟʘʢʣʫʯʦʮʠ ʢʦʠ ʿʘ 

ʦʧʠʰʫʚʘʘʪ ʧʦʚʨʟʘʥʦʩʪʘ ʧʦʤʝʺʫ ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ 

ʨʘʟʣʠʢʘ ʠ ʩʪʘʧʢʠʪʝ ʥʘ ʣʘʜʝˁʝ. 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʢʘʿ 

ʧʨʝʜʤʝʪʠʪʝ ʟʘʚʠʩʠ ʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʧʨʝʜʤʝʪʦʪ ʠ ʦʜ ʥʝʛʦʚʘʪʘ ʤʘʩʘ. ɺʨʟ ʩʪʘʧʢʘʪʘ ʥʘ 

ʣʘʜʝˁʝ ʥʘ ʧʨʝʜʤʝʪʦʪ ʚʣʠʿʘʝ ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ 

ʨʘʟʣʠʢʘ ʧʦʤʝʺʫ ʞʝʰʢʦʪʦ ʪʝʣʦ ʠ ʥʝʛʦʚʦʪʦ 

ʦʧʢʨʫʞʫʚʘˁʝ, ʢʘʢʦ ʠ ʤʘʩʘʪʘ ʥʘ ʞʝʰʢʠʦʪ ʧʨʝʜʤʝʪ. 

ʅʝʜʝʣʘ 9 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʠ 
ʦʙʿʘʩʥʫʚʘ ʧʨʦʮʝʩʠ  ʥʘ 
ʪʨʘʥʩʬʝʨ ʥʘ ʪʦʧʣʠʥʩʢʘ 
ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʢʦʥʜʫʢʮʠʿʘ, 
ʢʦʥʚʝʢʮʠʿʘ ʠ ʨʘʜʠʿʘʮʠʿʘ. 
 
ʆʜʣʫʯʫʚʘ ʢʦʠ ʤʝʨʝˁʘ ʠ 
ʥʘʙˀʫʜʫʚʘˁʘ ʩʝ 
ʧʦʪʨʝʙʥʠ ʠ ʢʦʿʘ ʦʧʨʝʤʘ ʜʘ 
ʿʘ ʢʦʨʠʩʪʠ. 
 
ʂʦʨʠʩʪʠ ʨʘʟʣʠʯʥʠ 
ʤʘʪʝʨʠʿʘʣʠ ʠ ʦʧʨʝʤʘ ʠ 
ʢʦʨʠʩʪʠ ʤʝʨʢʠ ʟʘ 
ʧʨʝʪʧʘʟʣʠʚʦʩʪ. 
 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 
ʀʟʙʠʨʘ ʥʘʿʜʦʙʘʨ ʥʘʯʠʥ ʟʘ 

ʏʘʩ  2 
ʇʨʝʥʝʩʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘʪʘ - ʢʦʥʜʫʢʮʠʿʘ 
 

 ʇʦʚʪʦʨʝʪʝ ʟʘ ʨʘʟʣʠʢʠʪʝ ʧʦʤʝʺʫ ʪʦʧʣʠʥʩʢʘʪʘ 

(ʪʝʨʤʘʣʥʘʪʘ) ʝʥʝʨʛʠʿʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. 

ʇʦʚʪʦʨʥʦ ʧʦʢʘʞʝʪʝ ʿʘ ʧʨʩʢʘʣʢʘʪʘ ʠʣʠ ʧʦʪʩʝʪʝʪʝ ʛʠ 

ʫʯʝʥʠʮʠʪʝ ʥʘ ʧʨʩʢʘʣʢʘʪʘ ʢʦʿʘ ʿʘ ʚʠʜʦʘ ʧʨʝʪʭʦʜʥʠʦʪ 

ʯʘʩ. ʆʙʿʘʩʥʝʪʝ ʜʝʢʘ ʧʨʩʢʘʣʢʠʪʝ ʠʤʘʘʪ ʥʠʩʢʘ 

ʝʥʝʨʛʠʿʘ ʠ ʤʘʩʘ, ʘʤʘ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

 

 ʇʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʪʨʠ ʧʘʨʯʠˁʘ ʥʘʧʨʘʚʝʥʠ 

ʦʜ ʤʝʪʘʣ, ʩʪʠʨʦʧʦʨ ʠ ʜʨʚʦ. ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʠ 

ʧʦʯʫʚʩʪʚʫʚʘʘʪ ʠ ʥʝʢʘ ʛʠ ʦʧʠʰʫʚʘʘʪ ʥʠʚʥʠʪʝ ʩʚʦʿʩʪʚʘ 

ʩʦ ʨʘʟʣʠʯʥʠ ʧʨʠʜʘʚʢʠ, ʥʘ ʧʨ. ʩʪʫʜʝʥʦ, ʪʦʧʣʦ, ʤʘʟʥʦ, 

ʩʚʝʪʢʘʚʦ. 

 

ʇʦʪʦʘ ʧʦʙʘʨʘʿʪʝ ʫʯʝʥʠʮʠʪʝ ʜʘ ʧʨʝʜʚʠʜʘʪ ʰʪʦ ˃ʝ ʙʠ 

ʩʝ ʩʣʫʯʠʣʦ ʧʦ ʠʟʚʝʩʝʥ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʜʦʢʦʣʢʫ 

ʩʪʘʚʠʪʝ ʧʘʨʯʝ ʤʨʘʟ ʥʘ ʩʝʢʦʝ ʧʘʨʯʝ. ʆʜʙʝʨʝʪʝ ʜʚʝ 

ʛʨʫʧʠ ʢʦʠ ʠʤʘʘʪ ʩʧʨʦʪʠʚʩʪʘʚʝʥʠ ʤʠʩʣʝˁʘ ʟʘ 

ʦʜʨʝʜʝʥʦ ʧʨʝʜʚʠʜʫʚʘˁʝ, ʧʘ ʥʝʢʘ ʩʝ ʦʙʠʜʘʪ ʜʘ ʩʝ 

 
 
 
ʇʨʩʢʘʣʢʠ, ʢʠʙʨʠʪʠ 
 
 
 
 
 
ɼʦʩʪʘʧʝʥ ʝ ʚʠʜʝʦ ʢʣʠʧ ʦʜ ʦʚʘʘ 
ʜʝʤʦʥʩʪʨʘʮʠʿʘ:  

https://youtu.be/SNY8o3s5KL0 

 
 
 
 
 
 
 
 
 
 

 
ʪʦʧʣʠʥʘ 
ʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ 
ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ 
ʪʝʤʧʝʨʘʪʫʨʘ 
ʢʦʥʜʫʢʮʠʿʘ  
ʯʝʩʪʠʯʢʠ 
ʦʩʮʠʣʠʨʘʯʢʠ  
ʩʧʨʦʚʦʜʥʠʢ 
ʠʟʦʣʘʪʦʨ 
 
ʧʨʝʜʚʠʜʫʚʘ 
ʥʘʙˀʫʜʫʚʘ 
ʦʙʘʿʩʥʫʚʘ 

https://youtu.be/SNY8o3s5KL0


 

 

ʜʘ ʧʨʝʪʩʪʘʚʠ ʨʝʟʫʣʪʘʪʠ 
 
ʆʧʠʰʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ (ʢʦʨʝʣʘʮʠʠ) 
ʰʪʦ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ 
ʨʝʟʫʣʪʘʪʠʪe. 
 
ʊʦʣʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  
 
ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ.  
ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ 
ʜʨʫʛʠʪʝ. 

ʫʙʝʜʘʪ ʤʝʺʫʩʝʙʥʦ, ʢʦʨʠʩʪʝʿ˃ʠ ʘʨʛʫʤʝʥʪʠ. 

 

ʉʪʘʚʝʪʝ 3 ʠʜʝʥʪʠʯʥʠ ʧʘʨʯʠˁʘ ʤʨʘʟ ʚʨʟ ʪʨʠʪʝ 

ʧʦʚʨʰʠʥʠ. ʅʘʙˀʫʜʫʚʘʿʪʝ ʛʠ ʨʝʟʫʣʪʘʪʠʪʝ (ʤʨʘʟʦʪ 

ʧʦʩʪʘʚʝʥ ʚʨʟ ʤʝʪʘʣʦʪ ˃ʝ ʩʝ ʩʪʦʧʠ ʥʘʿʙʨʛʫ). 

 

ʇʨʘʰʘʿʪʝ ʜʘʣʠ ʥʝʢʦʿ ʤʦʞʝ ʜʘ ʦʙʿʘʩʥʠ ʰʪʦ ʩʝ 

ʩʣʫʯʫʚʘ ʠ ʟʦʰʪʦ. (ʄeʪʘʣʦʪ ʝ ʜʦʙʘʨ ʧʨʦʚʦʜʥʠʢ ʥʘ 

ʪʦʧʣʠʥʘ. ʊʦʿ ʿʘ ʩʧʨʦʚʝʜʫʚʘ ʪʦʧʣʠʥʘʪʘ ʦʜ ʦʢʦʣʥʠʦʪ 

ʚʦʟʜʫʭ ʥʘ ʢʦʮʢʘʪʘ ʤʨʘʟ. ʀʘʢʦ ʤʝʪʘʣʦʪ ʝ ʣʘʜʝʥ ʥʘ 

ʜʦʧʠʨ, ʦʚʘ ʝ ʪʘʢʘ ʙʠʜʝʿ˃ʠ ʪʦʿ ʿʘ ʩʧʨʦʚʝʜʫʚʘ 

ʪʦʧʣʠʥʘʪʘ ʚʦʥ ʥʘʰʠʪʝ ʧʨʩʪʠ. Mʝʪʘʣʦʪ ˃ʝ ʿʘ 

ʩʧʨʦʚʝʜʫʚʘ ʪʦʧʣʠʥʘʪʘ ʦʜ ʧʦʪʦʧʣʠʦʪ ʧʨʝʜʤʝʪ ʢʦʥ 

ʧʦʣʘʜʥʠʦʪ ʧʨʝʜʤʝʪ. ɼʨʚʦʪʦ ʠ ʩʪʠʨʦʧʦʨʦʪ ʩʝ ʣʦʰʠ 

ʩʧʨʦʚʦʜʥʠʮʠ ʥʘ ʪʦʧʣʠʥʘ, ʠ ʦʪʪʘʤʫ ʢʦʮʢʠʪʝ ʤʨʘʟ ʥʝ 

ʩʝ ʪʦʧʘʪ.) 

 

 ʋʯʝʥʠʮʠʪʝ ʛʠ ʢʦʨʠʩʪʘʪ ʧʨʘʯʢʠʪʝ ʦʜ ʨʘʟʣʠʯʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʟʘ ʜʘ ʧʨʦʚʝʨʘʪ ʢʦʣʢʫ ʙʨʛʫ ʪʦʧʣʠʥʘʪʘ ʩʝ 

ʧʨʝʥʝʩʫʚʘ ʧʨʝʢʫ ʥʠʚ. ʂʘʢʦ ʠʥʜʠʢʘʪʦʨ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪʝ ʜʘ ʠʩʢʦʨʠʩʪʠʪʝ ʧʘʨʯʝ ʚʦʩʦʢ 

ʧʨʠʮʚʨʩʪʝʥʦ ʩʦ ʰʧʝʥʘʜʣʘ ʥʘ ʢʨʘʿʦʪ. ɿʘʪʦʧʣʝʪʝ ʛʠ 

ʧʨʘʯʢʠʪʝ ʥʘ ʝʜʥʠʦʪ ʢʨʘʿ (ʧʨ. ʧʨʝʢʫ ʥʠʚʥʦ ʩʪʘʚʘˁʝ ʚʦ 

ʞʝʰʢʘ ʚʦʜʘ) ʠ ʤʝʨʝʪʝ ʢʦʣʢʫ ʜʦʣʛʦ ʝ ʧʦʪʨʝʙʥʦ 

ʚʦʩʦʢʦʪ ʜʘ ʩʝ ʩʪʦʧʠ ʥʘ ʩʝʢʦʿʘ ʧʨʘʯʢʘ.  

 

ɼʠʩʢʫʪʠʨʘʿʪʝ ʛʠ ʨʝʟʫʣʪʘʪʠʪʝ ʩʦ ʢʣʘʩʦʪ. ʇʦʙʘʨʘʿʪʝ ʦʜ 

ʫʯʝʥʠʮʠʪʝ ʜʘ ʩʝ ʧʦʪʩʝʪʘʪ ʰʪʦ ʩʝ ʩʣʫʯʫʚʘ ʢʦʛʘ 

ʯʝʩʪʠʯʢʠʪʝ ʩʝ ʟʘʛʨʝʚʘʘʪ. (ʆʚʘʘ ʠʜʝʿʘ ʝ ʚʝ˃ʝ 

ʝʢʩʧʣʦʘʪʠʨʘʥʘ ʚʦ ʊʝʤʘʪʘ ʟʘ ʩʠʣʠʪʝ ʠ ʜʚʠʞʝˁ ʝʪʦ).  

 

 ʋʯʝʥʠʮʠ ʥʝʢʘ ʩʝ ʦʙʠʜʘʪ ʜʘ ʿʘ ʤʦʜʝʣʠʨʘʘʪ 

ʢʦʥʜʫʢʮʠʿʘʪʘ ʥʘ ʪʦʧʣʠʥʘʪʘ ʧʨʝʢʫ ʮʚʨʩʪʠʪʝ 

ʤʘʪʝʨʠʿʘʣʠ, ʧʨʠʢʘʞʘʥʘ ʩʦ ʧʨʝʤʠʥʫʚʘˁʝ ʥʘ 

ʦʩʮʠʣʘʮʠʠʪʝ ʦʜ ʯʝʩʪʠʯʢʘ ʜʦ ʯʝʩʪʠʯʢʘ. ʋʯʝʥʠʮʠʪʝ 

ʤʦʞʝ ʜʘ ʛʦ ʨʘʟʚʠʿʘʪ ʦʚʦʿ ʤʦʜʝʣ ʟʘ ʜʘ ʦʙʿʘʩʥʘʪ ʜʝʢʘ 

ʤʝʪʘʣʠʪʝ ʩʝ ʜʦʙʨʠ ʩʧʨʦʚʦʜʥʠʮʠ ʥʘ ʪʦʧʣʠʥʘ, ʙʠʜʝʿ˃ʠ 

 
 
 
 
 
 
 
 
 
 
 
ʇʨʘʯʢʠ ʦʜ ʤʝʪʘʣ ʠ ʦʜ ʜʨʫʛʠ ʨʘʟʣʠʯʥʠ 
ʤʘʪʝʨʠʿʘʣʠ, ʚʦʩʦʢ ʦʜ ʩʚʝ˃ʘ ʠʣʠ ʚʘʟʝʣʠʥ, 
ʰʧʝʥʘʜʣʠ ʟʘ ʟʘʢʘʯʫʚʘˁʝ ʮʨʪʝʞʠ, ʞʝʰʢʘ 
ʚʦʜʘ, ʣʘʙʦʨʘʪʦʨʠʩʢʘ ʯʘʰʘ ʠʣʠ ʩʣʠʯʝʥ ʩʘʜ. 
ɺʠʜʠ ʧʨʠʤʝʨ ʥʘ ʩʪʨ. 6 oʜ ʩʣʝʜʥʠʦʪ ʣʠʥʢ: 
http://www.ocr.org.uk/Images/177366-heat-
transfer-activity-teacher-instructions.pdf 
 
 
 
 
 
 
ʅʘ ʚʠʜʝʦʪʦ ʩʝ ʩʦʜʨʞʘʥʠ ʘʥʠʤʘʮʠʠ ʥʘ ʢʦʠ ʝ 
ʧʨʠʢʘʞʘʥʘ ʢʦʥʜʫʢʮʠʿʘʪʘ ʥʘ ʪʦʧʣʠʥʘʪʘ ʢʘʿ 
ʩʪʘʢʣʦ ʠ ʤʝʪʘʣʠ. 
https://youtu.be/9joLYfayee8  

http://www.ocr.org.uk/Images/177366-heat-transfer-activity-teacher-instructions.pdf
http://www.ocr.org.uk/Images/177366-heat-transfer-activity-teacher-instructions.pdf
https://youtu.be/9joLYfayee8


 

 

ʠʤʘʘʪ ʝʣʝʢʪʨʦʥʠ ʢʦʠ ʣʝʩʥʦ ʩʝ ʜʚʠʞʘʪ ʥʠʟ ʮʚʨʩʪʘʪʘ 

ʤʘʪʝʨʠʿʘ.  

 

 ɿʘʢʣʫʯʝʪʝ ʩʦ ʪʦʘ ʜʝʢʘ ʢʦʥʜʫʢʮʠʿʘʪʘ ʩʝ ʩʣʫʯʫʚʘ ʢʦʛʘ 

ʩʝ ʩʫʜʠʨʘʘʪ ʯʝʩʪʠʯʢʠʪʝ. ʇʨʠ ʢʦʥʜʫʢʮʠʿʘ ʩʝ 

ʧʨʝʥʝʩʫʚʘ ʪʦʧʣʠʥʩʢʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʧʦʪʦʧʣʘ ʢʦʥ  

ʧʦʣʘʜʥʘ ʧʦʚʨʰʠʥʘ. ʎʚʨʩʪʠʪʝ ʤʘʪʝʨʠʠ ʿʘ 

ʩʧʨʦʚʝʜʫʚʘʘʪ ʪʦʧʣʠʥʘʪʘ ʤʥʦʛʫ ʧʦʜʦʙʨʦ ʦʜ 

ʪʝʯʥʦʩʪʠʪʝ ʠ ʛʘʩʦʚʠʪʝ. ʄʝʪʘʣʠʪʝ ʩʝ ʥʘʿʜʦʙʨʠ 

ʩʧʨʦʚʦʜʥʠʮʠ ʙʠʜʝʿ˃ʠ ʠʤʘʘʪ ʝʣʝʢʪʨʦʥʠ ʢʦʠ ʤʦʞʝ ʜʘ 

ʩʝ ʜʚʠʞʘʪ ʥʠʟ ʤʝʪʘʣʦʪ. 

ʅʝʜʝʣʘ10 

ʅʝʜʝʣʘ 10 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʠ 
ʦʙʿʘʩʥʫʚʘ ʧʨʦʮʝʩʠ  ʥʘ 
ʪʨʘʥʩʬʝʨ ʥʘ ʪʦʧʣʠʥʩʢʘ 
ʝʥʝʨʛʠʿʘ ʧʨʝʢʫ ʢʦʥʜʫʢʮʠʿʘ, 
ʢʦʥʚʝʢʮʠʿʘ ʠ ʨʘʜʠʿʘʮʠʿʘ. 
 

ʇʨʘʚʠ ʥʘʙˀʫʜʫʚʘˁʘ ʠ 

ʤʝʨʝˁʘ. 

 
ʀʟʚʣʝʢʫʚʘ ʟʘʢʣʫʯʦʮʠ.  
 
ʆʙʿʘʩʥʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ.  
ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ 
ʜʨʫʛʠʪʝ. 

ʏʘʩ  1 
ʇʨʝʥʝʩʫʚʘˁʝ ʥʘ ʪʦʧʣʠʥʘʪʘ - ʢʦʥʚʝʢʮʠʿʘ 
 

 ʇʨʘʰʘʿʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʟʦʰʪʦ ʪʦʧʣʠʥʘʪʘ ʥʝ ʤʦʞʝ ʜʘ 

ʩʝ ʜʚʠʞʠ ʥʠʟ ʪʝʯʥʦʩʪʠʪʝ ʠ ʛʘʩʦʚʠʪʝ ʧʨʝʢʫ 

ʢʦʥʜʫʢʮʠʿʘ. ɺʘʞʝʥ ʧʦʠʤ ʟʘ ʨʘʟʙʠʨʘˁʝ ʥʘ 

ʢʦʥʚʝʢʮʠʿʘʪʘ ʝ ʧʦʠʤʦʪ ʥʘ ʛʫʩʪʠʥʘ. ʉʦ ʧʨʘʚʝˁʝ ʥʘ 

ʝʜʥʘ ʢʨʘʪʢʘ ʘʢʪʠʚʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ ʰʪʦ 

ʟʘʧʘʤʝʪʠʣʝ ʫʯʝʥʠʮʠʪʝ ʟʘ ʛʫʩʪʠʥʘʪʘ ʦʜ ʧʨʝʪʭʦʜʥʘʪʘ 

ʪʝʤʘ. 

 

 ɼʝʤʦʥʩʪʨʘʮʠʿʘ ʟʘ ʢʦʥʚʝʢʮʠʿʘ ʦʜ ʥʘʩʪʘʚʥʠʢʦʪ. 

ʇʦʜʛʦʪʚʝʪʝ: 

 ʤʘʣʘ ʢʦʣʙʘ ʩʦ ʟʘʛʨʝʘʥʘ ʚʦʜʘ ʦʙʦʝʥʘ ʩʦ ʙʦʿʘ ʟʘ 
ʭʨʘʥʘ. ʅʘ ʥʝʘ ʪʨʝʙʘ ʜʘ ʠʤʘ ʜʫʧʯʝ ʥʠʟ ʢʦʝ ʝ 
ʚʥʝʩʝʥʘ ʤʘʣʘ ʝʧʨʫʚʝʪʘ. 

 ʛʦʣʝʤ ʧʨʦʼʠʨʝʥ ʩʘʜ ʩʦ ʣʘʜʥʘ ʚʦʜʘ.  
ʉʪʘʚʝʪʝ ʿʘ ʢʦʣʙʘʪʘ ʥʘ ʜʥʦʪʦ ʥʘ ʩʘʜʦʪ ʩʦ ʣʘʜʥʘ ʚʦʜʘ. 
ʊʦʧʣʘʪʘ ʦʙʦʝʥʘ ʚʦʜʘ ʙʝʛʘ ʥʠʟ ʤʘʣʦʪʦ ʜʫʧʯʝ ʥʘ 
ʚʨʚʦʪ, ʩʦ ʰʪʦ ʚʩʫʰʥʦʩʪ ʩʝ ʧʨʠʢʘʞʫʚʘ ʢʦʥʚʝʢʮʠʩʢʘʪʘ 
ʩʪʨʫʿʘ.  
 
ʇʦʿʘʩʥʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʝʢʘ ʙʦʿʘʪʘ ʝ ʧʦʪʨʝʙʥʘ 
ʩʘʤʦ ʟʘ ʜʘ ʩʝ ʫʚʠʜʠ ʜʚʠʞʝˁʝʪʦ ʥʘ ʚʦʜʘʪʘ.  
 

 
 
 
 
 
 
 
 
 
ɻʦʣʝʤ ʧʨʦʼʠʨʝʥ ʩʘʜ, ʢʦʣʙʘ ʦʜ 50ml ʩʦ ʜʫʧʯʝ  
ʥʠʟ ʢʦʝ ʝ ʚʥʝʩʝʥʘ ʤʘʣʘ ʝʧʨʫʚʝʪʘ, ʙʦʿʘ ʟʘ 
ʭʨʘʥʘ, ɹʫʥʩʝʥʦʚ ʧʣʘʤʝʥʠʢ. 
 
ɺʦʚʝʜ ʚʦ ʦʚʦʿ ʦʧʠʪ ʠʤʘʪʝ ʧʦʜ ʥʘʟʠʚ 
ʜʝʤʦʥʩʪʨʘʮʠʿʘ ʙʨ. 1 ʥʘ: 
https://youtu.be/WEDUtS0IMws  
 
 
 
 
 
ʋʯʝʥʠʮʠʪʝ ʤʦʞʝʙʠ ʠʤʘʣʝ ʧʨʝʪʭʦʜʥʦ 
ʠʩʢʫʩʪʚʦ ʩʦ ʢʦʥʚʝʢʮʠʩʢʘʪʘ ʩʪʨʫʿʘ ʚʦ ʙʘˁʘʪʘ 
(ʢʘʜʝ ʢʘʧʢʠʪʝ ʚʦʜʘ ʛʠ ʧʨʘʚʘʪ ʚʠʜʣʠʚʠ 
ʜʚʠʞʝˁʘʪʘ ʥʘʜ ʢʘʜʘ ʩʦ ʞʝʰʢʘ ʚʦʜʘ). 
 

 
ʢʦʥʚʝʢʮʠʩʢʘ ʩʪʨʫʿʘ 
ʛʫʩʪʠʥʘ 
ʯʝʩʪʠʯʢʠ 
ʣʝʩʥa 
ʣʝʙʜʠ 
ʪʦʥʝ 
ʠʟʦʣʘʪʦʨ 
 
ʨʝʟʠʤʠʨʘ 
ʦʙʿʘʩʥʫʚʘ  
 

https://youtu.be/WEDUtS0IMws


 

 

ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʜʘʚʘʘʪ ʩʚʦʠ ʧʨʝʜʣʦʟʠ ʠ ʤʠʩʣʝˁʝ 
ʰʪʦ ʩʝ ʩʣʫʯʫʚʘ ʥʘ ʩʝʢʦʿ ʜʝʣ ʦʜ ʢʦʥʚʝʢʮʠʩʢʦʪʦ 
ʩʪʨʫʝˁʝ. ʆʙʿʘʩʥʝʪʝ ʛʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʛʣʝʜʥʘ ʪʦʯʢʘ 
ʥʘ ʛʫʩʪʠʥʘʪʘ. ʋʯʝʥʠʮʠʪʝ ʤʦʞʝʙʠ ʚʝ˃ʝ ʟʥʘʘʪ ʜʝʢʘ 
ʪʦʧʣʠʦʪ ʚʦʟʜʫʭ ʩʝ ʢʨʝʚʘ ʥʘʛʦʨʝ, ʠʩʢʦʨʠʩʪʝʪʝ ʛʦ ʦʚʘ 
ʟʘ ʜʘ ʿʘ ʠʟʚʣʝʯʝʪʝ ʧʦʦʧʰʪʘʪʘ ʢʦʥʩʪʘʪʘʮʠʿʘ ʜʝʢʘ 
ʧʦʤʘʣʢʫ ʛʫʩʪʠʪʝ ʧʨʝʜʤʝʪʠ ʣʝʙʜʘʪ. 
  

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʥʘʧʠʰʘʪ ʨʝʟʠʤʝ ʥʘ ʜʚʠʞʝˁʝʪʦ ʥʘ 

ʢʦʥʚʝʥʮʠʩʢʘʪʘ ʩʪʨʫʿʘ. ʂʣʫʯʥʠʪʝ ʨʘʙʦʪʠ ʢʦʠ ʪʨʝʙʘ ʜʘ 

ʛʠ ʩʧʦʤʥʘʪ ʩʝ:  

 ʧʦʪʦʧʣʘʪʘ ʚʦʜʘ ʠʤʘ ʯʝʩʪʠʯʢʠ ʢʦʠ ʩʝ ʜʚʠʞʘʪ 
ʧʦʙʨʛʫ, ʧʘ ʟʘʪʦʘ ʩʝ ʰʠʨʘʪ 

 ʧʦʪʦʧʣʘʪʘ ʚʦʜʘ ʩʪʘʥʫʚʘ ʧʦʤʘʣʢʫ ʛʫʩʪʘ ʠ ʧʦʣʝʩʥʘ, 
ʠ ʟʘʪʦʘ ʩʝ ʢʨʝʚʘ ʥʘʛʦʨʝ 

 ʧʦʣʘʜʥʘʪʘ ʚʦʜʘ ʧʘʺʘ ʥʘʜʦʣʫ ʟʘʰʪʦ ʝ ʧʦʤʘʣʢʫ 
ʛʫʩʪʘ 

 ʪʦʧʣʘʪʘ ʠ ʣʘʜʥʘʪʘ ʚʦʜʘ ʩʝ ʧʨʝʥʝʩʫʚʘʘʪ ʥʘʦʢʦʣʫ 
ʧʨʝʢʫ ʢʦʥʚʝʢʮʠʩʢʠ ʩʪʨʫʠ. 
 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʩʝ ʦʙʠʜʫʚʘʘʪ ʜʘ ʛʠ ʦʧʠʰʘʪ 

ʢʦʥʚʝʢʮʠʩʢʠʪʝ ʩʪʨʫʠ ʚʦ ʨʘʟʣʠʯʥʠ ʩʮʝʥʘʨʠʿʘ (ʧʨ. 

ʩʦʙʘ ʩʦ ʛʨʝʘʣʢʘ, ʘʢʚʘʨʠʫʤ ʩʦ ʛʨʝʘʣʢʘ, ʥʘʤʦʪʢʠ ʟʘ 

ʣʘʜʝˁʝ). 

 

 ɽʜʝʥ ʧʨʦʝʢʪ ʢʦʿ ʙʠ ʛʦ ʦʙʝʜʠʥʠʣ ʠ ʌʠʟʠʢʘʪʘ ʠ 

ɻʝʦʛʨʘʬʠʿʘʪʘ ʙʠ ʙʠʣʦ ʠʩʪʨʘʞʫʚʘˁʝ ʢʘʢʦ 

ʢʦʥʚʝʢʮʠʩʢʠʪʝ ʩʪʨʫʠ ʧʨʝʜʠʟʚʠʢʫʚʘʘʪ ʚʝʪʝʨ. 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʢʦʥʚʝʢʮʠʿʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʩʣʫʯʠ ʪʘʤʫ 

ʢʘʜʝ ʯʝʩʪʠʯʢʠʪʝ ʩʝ ʬʣʫʠʜʥʠ (ʪʝ. ʢʘʿ ʪʝʯʥʦʩʪʠʪʝ ʠ 

ʛʘʩʦʚʠʪʝ). ʊʝʯʥʦʩʪ ʢʦʿʘ ʝ ʧʦʪʦʧʣʘ ʝ ʧʦʤʘʣʢʫ ʛʫʩʪʘ ʠ 

ʩʝ ʢʨʝʚʘ ʥʘʛʦʨʝ. ʇʦʣʘʜʥʠʪʝ ʪʝʯʥʦʩʪʠ ʩʝ ʧʦʛʫʩʪʠ ʠ 

ʧʘʺʘʘʪ ʥʘʜʦʣʫ. ʂʦʥʚʝʢʮʠʩʢʠʪʝ ʩʪʨʫʠ ʩʝ ʬʦʨʤʠʨʘʘʪ 

ʦʥʘʤʫ ʢʘʜʝ ʠʤʘ ʜʦʚʦʣʥʦ ʤʝʩʪʦ. 
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ʨʘʜʠʿʘʮʠʿʘ 
ʠʥʬʨʘʮʨʚʝʥʠ  
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