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1 ʇʆʃʋɻʆɼʀɽ 2 ʇʆʃʋɻʆɼʀɽ 

1A ʊʝʤʘ 8.1 ʉʠʣʠ ʠ ʜʚʠʞʝˁʝ 2A Tʝʤʘ 8.2 ɽʥʝʨʛʠʿʘ 

 2ɹ ʊʝʤʘ 8.3 ʉʚʝʪʣʠʥʘ 

 2ɺ ʊʝʤʘ 8.4 ɿʝʤʿʘʪʘ ʠ ʧʦʜʘʣʝʢʫ 



 
 

 

 
 

ʅʘʩʣʦʚʠ ʥʘ ʣʝʢʮʠʠʪʝ  
 
1 ʇʆʃʋɻʆɼʀɽ 

ʅʝʜʝʣʘ ʏʘʩ ʅʘʩʣʦʚ ʥʘ ʣʝʢʮʠʿʘʪʘ ʅʝʜʝʣʘ ʏʘʩ ʅʘʩʣʦʚ ʥʘ ʣʝʢʮʠʿʘʪʘ 

ʅʝʜʝʣʘ 1 ʏʘʩ 1 ʐʪʦ ʧʨʘʚʘʪ ʩʠʣʠʪʝ? ʅʝʜʝʣʘ 9 ʏʘʩ 1 ʎʨʪʘˁʝ ʥʘ ʛʨʘʬʠʢʦʥʠ ʙʨʟʠʥʘ-ʚʨʝʤʝ 

 ʏʘʩ 2 ʉʠʣʠʪʝ ʤʦʞʘʪ ʜʘ ʛʦ ʧʨʦʤʝʥʘʪ ʦʙʣʠʢʦʪ ʥʘ 
ʧʨʝʜʤʝʪʦʪ 

 ʏʘʩ 2 ʉʧʦʨʝʜʫʚʘˁʝ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦʜ ʛʨʘʬʠʢʦʥʠ 
ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʠ ʙʨʟʠʥʘ-ʚʨʝʤʝ 

ʅʝʜʝʣʘ 2 ʏʘʩ 1 ʇʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʧʨʦʤʝʥʠ ʥʘ ʦʙʣʠʢʦʪ (1) ʅʝʜʝʣʘ 10 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

 ʏʘʩ 2 ʇʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʧʨʦʤʝʥʠ ʥʘ ʦʙʣʠʢʦʪ (2)  ʏʘʩ 2 ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ ʜʚʠʞʝˁʝʪʦ 

ʅʝʜʝʣʘ 3 ʏʘʩ 1 ʂʦʣʢʫ ʤʦʞʝʰ ʜʘ ʧʦʤʠʥʝʰ ʟʘ 10 ʩʝʢʫʥʜʠ? ʅʝʜʝʣʘ 11 ʏʘʩ 1 ɺʪʦʨ ɳʫʪʥʦʚ ɿʘʢʦʥ ʟʘ ʜʚʠʞʝˁʝ 

 ʏʘʩ 2 ʇʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘ ʦʜ ʧʦʤʠʥʘʪʦʪʦ 
ʨʘʩʪʦʿʘʥʠʝ ʠ ʚʨʝʤʝ 

 ʏʘʩ 2 ʊʨʠʝˁʝʪʦ ʧʨʘʚʠ ʦʪʧʦʨ ʥʘ ʜʚʠʞʝˁʝʪʦ 

ʅʝʜʝʣʘ 4 ʏʘʩ 1 ɹʨʟʠʥʠ ʠ ʨʘʩʪʦʿʘʥʠʿʘ ʅʝʜʝʣʘ 12 ʏʘʩ 1 ɻʨʘʚʠʪʘʮʠʿʘ 

 ʏʘʩ 2 ʈʘʟʣʠʯʥʠ ʝʜʠʥʠʮʠ ʟʘ ʙʨʟʠʥʘ  ʏʘʩ 2 ʇʨʝʜʤʝʪʠ ʢʦʠ ʧʘʺʘʘʪ 

ʅʝʜʝʣʘ 5 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʅʝʜʝʣʘ 13 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

 ʏʘʩ 2 ɻʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ (1)  ʏʘʩ 2 ʀʩʪʨʘʞʫʚʘˁʝ ʥʘ ʦʪʧʦʨʦʪ ʥʘ ʚʦʟʜʫʭʦʪ 

ʅʝʜʝʣʘ 6 ʏʘʩ 1 ɻʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ(2) ʅʝʜʝʣʘ 14 ʏʘʩ 1 ʇʘʜʦʙʨʘʥʠ 

 ʏʘʩ 2 ʊʦʣʢʫʚʘˁʝ ʥʘ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ  ʏʘʩ 2 ʀʩʪʨʘʞʫʚʘˁʝ ʥʘ ʜʚʠʞʝˁʝʪʦ(1) 

ʅʝʜʝʣʘ 7 ʏʘʩ 1 ʇʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘ ʦʜ ʛʨʘʬʠʢʦʥʠ 
ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʠ 

ʅʝʜʝʣʘ 15 ʏʘʩ 1 ʀʩʪʨʘʞʫʚʘˁʝ ʥʘ ʜʚʠʞʝˁʝʪʦ (2) 

 ʏʘʩ 2 ʇʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʨʘʩʪʦʿʘʥʠʝ ʠʣʠ ʚʨʝʤʝ ʦʜ 
ʜʘʜʝʥʘ ʙʨʟʠʥʘ 

 ʏʘʩ 2 ʀʩʪʨʘʞʫʚʘˁʝ ʥʘ ʜʚʠʞʝˁʝʪʦ(3) 

ʅʝʜʝʣʘ 8 ʏʘʩ 1 ɺʦʚʝʜ ʚʦ ʟʘʙʨʟʫʚʘˁʝ ʅʝʜʝʣʘ 16 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

 ʏʘʩ 2 Meʨʝˁʝ ʥʘ ʙʨʟʠʥʠ ʟʘ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ 
ʟʘʙʨʟʫʚʘˁʝ 

 ʏʘʩ 2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

  



 
 

 

 
 

2 ʇʆʃʋɻʆɼʀɽ 

ʅʝʜʝʣʘ ʏʘʩ ʅʘʩʣʦʚ ʥʘ ʣʝʢʮʠʿʘʪʘ ʅʝʜʝʣʘ ʏʘʩ ʅʘʩʣʦʚ ʥʘ ʣʝʢʮʠʿʘʪʘ 

ʅʝʜʝʣʘ 1 ʏʘʩ 1 ʆʙʣʠʮʠ ʥʘ ʝʥʝʨʛʠʿʘ ʅʝʜʝʣʘ 11 ʏʘʩ 1 ʆʙʿʘʩʥʫʚʘˁʝ ʥʘ ʨʝʬʨʘʢʮʠʿʘʪʘ (1) 

 ʏʘʩ 2 ʇʨʝʥʝʩʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ  ʏʘʩ 2 ʆʙʿʘʩʥʫʚʘˁʝ ʥʘ ʨʝʬʨʘʢʮʠʿʘʪʘ (2) 

ʅʝʜʝʣʘ 2 ʏʘʩ 1 ʇʨʝʥʝʩʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘʚʦ ʪʝʣʦʪʦ ʅʝʜʝʣʘ 12 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

 ʏʘʩ 2 ʀʩʢʦʨʠʩʪʫʚʘˁʝ ʠ ʛʫʙʝˁʝ ʥʘ ʝʥʝʨʛʠʿʘ  ʏʘʩ 2 ɹʦʠʪʝ ʚʦ ʙʝʣʘʪʘ ʩʚʝʪʣʠʥʘ 

ʅʝʜʝʣʘ 3 ʏʘʩ 1 ʄʦʞʝʤʝ ʣʠ ʜʘ ʜʦʙʠʝʤʝ ʝʥʝʨʛʠʿʘ ʦʜ ʥʠʰʪʦ? ʅʝʜʝʣʘ 13 ʏʘʩ 1 ɼʠʩʧʝʨʟʠʿʘ ʠ ʤʝʰʘˁʝ 

 ʏʘʩ 2 ʉʦʟʜʘʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ  ʏʘʩ 2 ʆʩʥʦʚʥʠʪʝ ʙʦʠ ʥʘ ʩʚʝʪʣʠʥʘʪʘ 

ʅʝʜʝʣʘ 4 ʏʘʩ 1 ʉʦʟʜʘʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʦʜʘ 
ʰʪʦ ʩʝ ʜʚʠʞʠ 

ʅʝʜʝʣʘ 14 ʏʘʩ 1 ʀʟʚʝʜʝʥʠʪʝ ʙʦʠ ʥʘ ʩʚʝʪʣʠʥʘʪʘ 

 ʏʘʩ 2 ʉʦʟʜʘʚʘˁʝ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ 
ʧʘʨʝʘ ʚʦ ʜʚʠʞʝˁʝ 

 ʏʘʩ 2 ʈʝʬʣʝʢʪʠʨʘˁʝ ʥʘ ʙʦʠʪʝ 

ʅʝʜʝʣʘ 5 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʅʝʜʝʣʘ 15 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

 ʏʘʩ 2 ʉʘʤʦ-ʩʚʝʪʣʝʯʢʠ ʠ ʥʝʩʚʝʪʣʝʯʢʠ ʧʨʝʜʤʝʪʠ  ʏʘʩ 2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

ʅʝʜʝʣʘ 6 ʏʘʩ 1 ʂʘʢʦ ʛʠ ʛʣʝʜʘʤʝ ʥʝʰʪʘʪʘ ʅʝʜʝʣʘ 16 ʏʘʩ 1 ɼʝʥ ʠ ʥʦ˃ 

 ʏʘʩ 2 ɻʠ ʠʩʪʨʘʞʫʚʘʤʝ ʩʝʥʢʠʪʝ(1)  ʏʘʩ 2 ɻʦʜʠʰʥʠ ʚʨʝʤʠˁʘ 

ʅʝʜʝʣʘ 7 ʏʘʩ 1 ɻʠ ʠʩʪʨʘʞʫʚʘʤʝ ʩʝʥʢʠʪʝ(2)  ʅʝʜʝʣʘ 17 ʏʘʩ 1 ɮʚʝʟʜʠ ʠ ʧʣʘʥʝʪʠ 

 ʏʘʩ 2 ʆʩʪʨʠ ʠ ʜʝʣʫʤʥʦ ʦʩʚʝʪʣʝʥʠ ʩʝʥʢʠ  ʏʘʩ 2 ʈʘʟʙʠʨʘˁʝ ʥʘ ʉʦʥʯʝʚʠʦʪ ʩʠʩʪʝʤ  (1) 

ʅʝʜʝʣʘ 8 ʏʘʩ 1 ʉʝʥʢʠʪʝ ʚʦ ʚʩʝʣʝʥʘʪʘ ʅʝʜʝʣʘ 18 ʏʘʩ 1 ʈʘʟʙʠʨʘˁʝ ʥʘ ʉʦʥʯʝʚʠʦʪ ʩʠʩʪʝʤ (2) 

 ʏʘʩ 2 ʂʘʤʝʨʘ ʦʙʩʢʫʨʘ  ʏʘʩ 2 ʈʘʟʙʠʨʘˁʝ ʥʘ ʉʦʥʯʝʚʠʦʪ ʩʠʩʪʝʤ (3) 

ʅʝʜʝʣʘ 9 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʅʝʜʝʣʘ 19 ʏʘʩ 1 ʈʘʟʙʠʨʘˁʝ ʥʘ ʉʦʥʯʝʚʠʦʪ ʩʠʩʪʝʤ (4) 

 ʏʘʩ 2 ɿʘʢʦʥ ʟʘ ʨʝʬʣʝʢʩʠʿʘ  ʏʘʩ 2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

ʅʝʜʝʣʘ 10 ʏʘʩ 1 ʇʨʠʤʝʥʠ ʥʘ ʟʘʢʦʥʦʪ ʟʘ ʨʝʬʣʝʢʩʠʿʘ ʅʝʜʝʣʘ 20 ʏʘʩ 1 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

 ʏʘʩ 2 ʄʝʥʫʚʘˁʝ ʥʘ ʥʘʩʦʢʘʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ  ʏʘʩ 2 ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 

 

  



 
 

 

 
 

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 

ɻʠ ʜʠʩʢʫʪʠʨʘ ʚʘʞʥʦʩʪʘ ʥʘ ʨʘʟʚʠʚʘˁʝʪʦ ʝʤʧʠʨʠʩʢʠ ʧʨʘʰʘˁʘ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ 

ʠʩʧʠʪʫʚʘʘʪ, ʩʦʙʠʨʘˁʝʪʦ ʜʦʢʘʟʠ, ʨʘʟʚʠʚʘˁʝʪʦ ʥʘ ʦʙʿʘʩʥʫʚʘˁʘ ʠ ʢʦʨʠʩʪʝˁʝʪʦ ʥʘ 

ʢʨʝʘʪʠʚʥʦ ʨʘʟʤʠʩʣʫʚʘˁʝ. 

ʇʨʦʚʝʨʫʚʘ ʧʨʝʜʚʠʜʫʚʘˁʘ ʢʦʨʠʩʪʝʿ˃ʠ ʜʦʢʘʟʠ.  

 

ʇʣʘʥʠʨʘ ʠʩʪʨʘʞʫʚʘʯʢʘ ʨʘʙʦʪʘ 

ʉʦʙʠʨʘ ʠʜʝʠ ʠ ʛʠ ʧʨʝʪʚʦʨʘ ʚʦ ʬʦʨʤʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʝʨʠ. 

ʇʨʘʚʠ ʜʝʪʘʣʥʠ ʧʣʘʥʦʚʠ ʟʘ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ ʜʘ ʧʨʦʚʝʨʠ ʠʜʝʠ. 

ʀʜʝʥʪʠʬʠʢʫʚʘ ʚʘʞʥʠ ʧʨʦʤʝʥʣʠʚʠ; ʙʠʨʘ ʢʦʠ ʧʨʦʤʝʥʣʠʚʠ ʜʘ ʛʠ ʤʝʥʫʚʘ, 

ʢʦʥʪʨʦʣʠʨʘ ʠ ʤʝʨʠ. 

ʇʨʘʚʠ ʧʨʝʜʚʠʜʫʚʘˁʘ ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ ʨʘʟʙʠʨʘˁʝ. 

 

ʅʘʦʺʘ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʜʦʢʘʟʠ 

ʇʨʘʚʠ ʤʝʨʝˁʘ ʩʦ ʩʦʦʜʚʝʪʥʘ ʪʦʯʥʦʩʪ. 

ʂʦʨʠʩʪʠ ʨʘʟʣʠʯʥʘ ʦʧʨʝʤʘ ʧʨʘʚʠʣʥʦ. 

ɼʠʩʢʫʪʠʨʘ ʟʘ ʨʠʟʠʮʠ ʠ ʦʧʘʩʥʦʩʪʠ ʢʦʠ ʩʝ ʧʦʚʨʟʘʥʠ ʩʦ ʘʢʪʠʚʥʦʩʪʠʪʝ, ʘ ʛʠ ʟʘʩʝʛʘʘʪ 

ʩʠʪʝ, ʠ ʢʦʨʠʩʪʠ ʤʝʨʢʠ ʟʘ ʧʨʝʪʧʘʟʣʠʚʦʩʪ. 

ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 

 

 

 

 

 

ʈʘʟʛʣʝʜʫʚʘ ʜʦʢʘʟʠ ʠ ʧʨʠʩʪʘʧ 

ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ ʧʨʝʩʤʝʪʫʚʘˁʘ. 

ʀʜʝʥʪʠʬʠʢʫʚʘ ʪʨʝʥʜʦʚʠ ʠ ʰʘʙʣʦʥʠ ʚʦ ʨʝʟʫʣʪʘʪʠʪʝ (ʢʦʨʝʣʘʮʠʠʪʝ). 

ʉʧʦʨʝʜʫʚʘ ʨʝʟʫʣʪʘʪʠ ʩʦ ʧʨʝʜʚʠʜʫʚʘˁʘ. 

ʀʜʝʥʪʠʬʠʢʫʚʘ ʨʝʟʫʣʪʘʪʠ ʩʦ ʦʪʩʪʘʧʢʘ ʠ ʧʨʝʜʣʘʛʘ ʧʦʜʦʙʨʫʚʘˁʘ ʥʘ 

ʠʩʪʨʘʞʫʚʘˁʝʪʦ. 

ʊʦʣʢʫʚʘ ʧʦʜʘʪʦʮʠ ʦʜ ʩʝʢʫʥʜʘʨʥʠ ʠʟʚʦʨʠ. 

ɼʠʩʢʫʪʠʨʘ ʦʙʿʘʩʥʫʚʘˁʘ ʟʘ ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ 

ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ. 

ʇʨʝʪʩʪʘʚʫʚʘ ʟʘʢʣʫʯʦʮʠ ʥʘ ʜʨʫʛʠʪʝ ʥʘ ʩʦʦʜʚʝʪʥʠ ʥʘʯʠʥʠ.



 
 

 

 
 

ʇʈɺʆ ʇʆʃʋɻʆɼʀɽ 
 

ʊʝʤʘ 1A: 8.1ʉʠʣʠ ʠ ʜʚʠʞʝˁʝ 
 

ʆʚʘʘ ʪʝʤʘ ʩʝ ʥʘʜʦʛʨʘʜʫʚʘ ʚʨʟ ʧʨʝʪʭʦʜʥʦ ʥʘʫʯʝʥʦʪʦ ʟʘ ʪʨʠʝˁʝ ʠ ʟʘ ʩʪʘʪʠʯʢʠ ʩʠʣʠ. 

ʉʝʛʘ ʫʯʝʥʠʮʠʪʝ ˃ʝ ʥʘʫʯʘʪ ʢʘʢʦ ʜʘ ʧʨʝʩʤʝʪʫʚʘʘʪ ʙʨʟʠʥʘ ʠ ʟʘʙʨʟʫʚʘˁʝ, ʜʘ ʮʨʪʘʘʪ ʠ ʪʦʣʢʫʚʘʘʪ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ - ʚʨʝʤʝ ʠ ʙʨʟʠʥʘ - ʚʨʝʤʝ. ʅʘ 

ʫʯʝʥʠʮʠʪʝ ˃ʝ ʠʤ ʩʝ ʥʘʜʦʛʨʘʜʠ ʟʥʘʝˁʝʪʦ ʟʘ ʪʨʠʝˁʝʪʦ ʩʦ ʚʢʣʫʯʫʚʘˁʝ ʥʘ ʦʪʧʦʨʦʪ ʥʘ ʚʦʟʜʫʭʦʪ ʠ ʢʘʢʦ ʪʦʿ ʚʣʠʿʘʝ ʚʨʟ ʙʨʟʠʥʘʪʘ ʠ ʟʘʙʨʟʫʚʘˁʝʪʦ. ʉʝ ʠʩʪʨʘʞʫʚʘ 

ɺʪʦʨʠʦʪ ɳʫʪʥʦʚ ʟʘʢʦʥ (F= m ā a) ʢʘʢʦ ʠ ʥʝʛʦʚʘʪʘ ʧʨʠʤʝʥʘ ʚʦ ʩʝʢʦʿʜʥʝʚʥʠ ʩʠʪʫʘʮʠʠ. ʉʝ ʠʩʪʨʘʞʫʚʘ ʥʘʯʠʥʦʪ ʢʘʢʦ ʩʠʣʠʪʝ ʛʦ ʤʝʥʫʚʘʘʪ ʦʙʣʠʢʦʪ ʥʘ ʮʚʨʩʪʠʪʝ 

ʪʝʣʘ (ʤʘʪʝʨʠʠ) ʠ ʩʝ ʢʦʨʠʩʪʠ ʥʘʫʯʝʥʦʪʦ ʟʘ ʜʘ ʩʝ ʧʨʘʚʘʪ ʧʨʝʜʚʠʜʫʚʘˁʘ ʚʦ ʧʦʩʣʦʞʝʥʠ ʩʠʩʪʝʤʠ. 

 

ʅʘʫʯʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʩʝ ʬʦʢʫʩʠʨʘ ʚʨʟ: 

 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 ʛʨʘʬʠʢʦʥʠʟʘ ʧʨʠʢʘʞʫʚʘˁʝ ʥʘ ʨʝʟʫʣʪʘʪʠ 

 ʧʨʘʚʝˁʝ ʥʘ ʩʧʦʨʝʜʙʠ 

 ʠʟʚʣʝʢʫʚʘˁʝ ʟʘʢʣʫʯʦʮʠ ʦʜ ʜʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠ ʧʨʘʚʝˁʝ ʜʦʧʦʣʥʠʪʝʣʥʠ ʧʨʝʜʚʠʜʫʚʘˁʘ 

 

 



 

 
 

 

  

ʇʨʝʜʣʦʞʝʥʠ ʧʦʠʤʠ ʟʘ ʦʚʘʘ ʪʝʤʘ 

ʩʠʣʘ 
ʦʙʣʠʢ (ʬʦʨʤʘ) 
ʜʚʠʞʝˁʝ 
ʝʣʘʩʪʠʯʥʦ 
ʨʘʩʪʝʛʥʫʚʘ 
ʪʦʚʘʨ 
ʪʝʞʠʥʘ 
ʠʩʪʝʛʥʫʚʘˁʝ 
ʢʦʥʩʪʘʥʪʘ ʥʘ ʦʧʪʝʛʥʫʚʘˁʝ 
ʪʦʯʥʦ 
ʬʝʨ ʪʝʩʪ 
ʩʝʨʠʩʢʦ 
ʧʘʨʘʣʝʣʥʦ 
ʙʨʟʠʥʘ 
ʩʪʦʧʝʨʢʘ 
ʤʝʪʨʦ ʟʘ ʤʝʨʝˁʝ 
ʤʝʪʘʨ (m) 
ʩʝʢʫʥʜʘ (s) 
ʤʝʪʘʨ ʚʦ ʩʝʢʫʥʜʘ (m/s) 
ʩʨʝʜʥʘ 
ʧʨʦʩʝʯʥʘ 
ʨʘʩʪʦʿʘʥʠʝ 
ʚʨʝʤʝ 
ʪʘʙʝʣʘʨʥʠ ʧʨʝʩʤʝʪʢʠ 
ʙʨʟʠʥʩʢʘ ʢʘʤʝʨʘ 
ʩʘʥʪʠʤʝʪʨʠ 
ʢʠʣʦʤʝʪʨʠ 
ʯʘʩʦʚʠ 
ʛʨʘʬʠʢʦʥʠ 
ʭʦʨʠʟʦʥʪʘʣʥʦ 
ʩʪʨʤʥʦ 
ʧʦʩʪʦʿʘʥʘ ʙʨʟʠʥʘ 
 

ʤʠʨʫʚʘˁʝ 
ʟʘʙʨʟʫʚʘˁʝ (m/s

2
) 

ʤʦʤʝʥʪʘʣʥʘ ʙʨʟʠʥʘ 
ʤʝʪʦʜ 
ʝʜʠʥʠʮʠ 
ʛʨʘʬʠʢʦʥʠ ʙʨʟʠʥʘ-ʚʨʝʤʝ 
ʨʝʣʘʪʠʚʥʘ ʙʨʟʠʥʘ 
ʢʦʥʩʪʨʫʠʨʘ 
ɳʫʪʥ (N) 
ʤʘʩʘ 
ʢʠʣʦʛʨʘʤ (kg) 
ʫʨʘʤʥʦʪʝʞʝʥʠ ʩʠʣʠ  
ʥʝʫʨʘʤʥʦʪʝʞʝʥʠ ʩʠʣʠ 
ɺʪʦʨ ɳʫʪʥʦʚ ʟʘʢʦʥ ʟʘ ʜʚʠʞʝˁʝ 
ʪʨʠʝˁʝ 
ʦʪʧʦʨ ʥʘ ʚʦʟʜʫʭʦʪ 
ʧʦʜʤʘʯʢʫʚʘˁʝ 
ʛʨʘʚʠʪʘʮʠʿʘ 
ʛʨʘʚʠʪʘʮʠʦʥʦ ʧʦʣʝ 
ʘʩʪʨʦʥʘʫʪ 
ʧʦʣʝ ʥʘ ʩʠʣʘ 
ʮʝʥʪʘʨ 
ʧʣʘʥʝʪʘ 
ʼʚʝʟʜʘ 
ʫʥʠʚʝʨʟʫʤ, ʚʩʝʣʝʥʘ 
ʧʦʚʨʰʠʥʘ 
ʢʨʘʿʥʘ ʙʨʟʠʥʘ 
ʧʘʜʦʙʨʘʥ 
ʩʚʝʪʣʦʩʥʠ ʧʨʝʢʠʥʫʚʘʯʠ 
ʢʦʩʠʥʘ/ʥʘʢʣʦʥ 
ʧʨʝʜʥʦʩʪʠ 
ʩʣʘʙʠ ʩʪʨʘʥʠ 
 

ʅʘʫʯʥʦ ʠʩʪʨʘʞʫʚʘˁʝ 
ʧʣʘʥʠʨʘ 
ʠʩʪʨʘʞʫʚʘ 
ʥʘʙˀʫʜʫʚʘ 
ʦʧʠʰʫʚʘ 
ʚʥʝʩʫʚʘ 
ʦʙʿʘʩʥʫʚʘ 
ʪʦʣʢʫʚʘ 
ʧʨʝʜʚʠʜʫʚʘ 
ʦʮʝʥʫʚʘ 
ʨʝʰʘʚʘ ʧʨʦʙʣʝʤʠ 
ʩʧʦʨʝʜʫʚʘ 
ʧʨʝʪʚʦʨʘ 
ʦʧʨʝʤʘ 
ʘʧʘʨʘʪʠ 
ʟʘʢʣʫʯʫʚʘ 
ʟʘʚʠʩʥʘ ʧʨʦʤʝʥʣʠʚʘ 
ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥʣʠʚʘ 
ʢʦʥʪʨʦʣʥʘ ʧʨʦʤʝʥʣʠʚʘ 
 



 

 
 

ʎʝʣʠ ʥʘ ʫʯʝˁʝʪʦ ʇʨʝʜʣʦʞʝʥʠ ʘʢʪʠʚʥʦʩʪʠ  ʅʘʛʣʝʜʥʠ ʩʨʝʜʩʪʚʘ  Tʝʨʤʠʥʦʣʦʛʠʿʘ 

ʅʝʜʝʣʘ 1 

ʅʝʜʝʣʘ 1 
 
ʆʧʠʰʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʜʝʿʩʪʚʦʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ 
ʜʚʠʞʝˁʝʪʦ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʪʨʠʝˁʝ ʠ ʚʦʟʜʫʰʝʥ ʦʪʧʦʨ. 
 
ɼʠʩʢʫʪʠʨʘ ʦʙʿʘʩʥʫʚʘˁʘ ʟʘ 
ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ 
ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ 
ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ 
ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ. 

ʏʘʩ 1 
ʐʪʦ ʧʨʘʚʘʪ ʩʠʣʠʪʝ? 
 

 ɺʦ ʧʘʨʦʚʠ ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʨʘʟʛʦʚʘʨʘʘʪ ʟʘ ʪʦʘ ʰʪʦ 
ʧʦʜʨʘʟʙʠʨʘʘʪ ʧʦʜ ʪʝʨʤʠʥʦʪ Ăʌʠʟʠʢʘñ. ɿʘʙʝʣʝʞʝʪʝ 
ʛʠ ʥʠʚʥʠʪʝ ʦʜʛʦʚʦʨʠ. 
 

 ʀʩʢʦʨʠʩʪʝʪʝ ʿʘ ʘʢʪʠʚʥʦʩʪʘ ʟʘ ʜʘ ʜʦʟʥʘʝʪʝ ʰʪʦ 
ʟʥʘʘʪ ʠ ʨʘʟʙʠʨʘʘʪ ʫʯʝʥʠʮʠʪʝ ʟʘ ʩʠʣʠʪʝ ʠ 
ʜʚʠʞʝˁʝʪʦ. ʅʘ ʧʨʠʤʝʨ, ʩʝʢʦʿ ʫʯʝʥʠʢ ʤʦʞʝ ʜʘ 
ʥʘʧʨʘʚʠ ʤʠʩʣʦʚʥʘ ʤʘʧʘ, ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʿʘ ʟʘʯʫʚʘ ʠ 
ʜʘ ʿʘ ʥʘʜʦʧʦʣʥʫʚʘ ʚʦ ʪʝʢʦʪ ʥʘ ʦʙʨʘʙʦʪʫʚʘˁʝ ʥʘ 
ʪʝʤʘʪʘ (ʧʨ. ʚʦ 14 ʥʝʜʝʣʘ). ʆʚʠʝ ʤʘʧʠ ʤʦʞʝ ʜʘ ʩʝ 
ʧʨʝʛʣʝʜʘʘʪ ʧʦʚʪʦʨʥʦ ʠ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʘʪ ʠ ʚʦ ʪʝʢʦʪ 
ʥʘ ʯʘʩʦʪ ʟʘʧʦʚʪʦʨʫʚʘˁʝ. 
 

 ʇʦʢʘʞʝʪʝ ʚʠʜʝʦ ʢʣʠʧ ʥʘ ʢʦʿ ʩʝ ʠʛʨʘ ʧʠʥʛ-ʧʦʥʛ. 
ʋʯʝʥʠʮʠʪʝ ʛʦ ʛʣʝʜʘʘʪ ʢʣʠʧʦʪ ʠ ʟʘʧʠʰʫʚʘʘʪ ʧʨʠʤʝʨʠ 
ʟʘ ʩʠʣʘ. 
 
ɼʠʩʢʫʪʠʨʘʿʪʝ ʧʦ ʦʜʥʦʩ ʥʘ ʥʠʚʥʠʪʝ ʠʜʝʠ. ʄʦʞʝʤʝ ʣʠ 
ʜʘ ʿʘ ʚʠʜʠʤʝ ʩʠʣʘʪʘ?ʇʨʝʜʣʦʞʝʪʝ ʫʰʪʝ ʧʦʜʦʙʨʦ 
ʧʨʘʰʘˁʝóʄʦʞʝʤʝ ʣʠ ʜʘ ʛʠ ʚʠʜʠʤʝ ʝʬʝʢʪʠʪʝ ʦʜ 
ʩʠʣʠʪʝ?ô 
 
ʆʙʿʘʩʥʝʪʝ ʜʝʢʘ ʩʠʣʠʪʝ ʥʝ ʩʝ ʚʠʜʣʠʚʠ, ʥʦ ʤʦʞʝʤʝ 
ʜʘ ʛʠ ʚʠʜʠʤʝ ʥʠʚʥʠʪʝ ʝʬʝʢʪʠ. 
 

 ɼʝʤʦʥʩʪʨʠʨʘʿʪʝ ʠʤ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʥʘ ʩʠʣʘ ʧʨʝʢʫ 
ʢʦʨʠʩʪʝˁʝ ʥʘ ʪʦʧʢʘ (ʧʨ. ʬʫʜʙʘʣʩʢʘ).ʇʦʙʘʨʘʿʪʝ 
ʥʝʢʦʠ ʦʜ ʫʯʝʥʠʮʠʪʝ ʜʘ ʥʘʧʨʘʚʘʪ ʥʝʢʦʿʘ ʦʜ ʩʣʝʜʥʠʚʝ 
ʘʢʪʠʚʥʦʩʪʠ: ʧʫʰʪʘˁʝ ʥʘ ʪʦʧʢʘʪʘ ʜʘ ʧʘʜʥʝ, 
ʰʫʪʠʨʘˁʝ ʥʘ ʪʦʧʢʘʪʘ, ʟʛʤʝʯʫʚʘˁʝ, ʬʘ˃ʘˁʝ ʥʘ 
ʪʦʧʢʘ, ʚʦʜʝˁʝ ʥʘ ʪʦʧʢʘʪʘ ʩʦ ʛʣʘʚʘ, ʦʜʙʠʚʘˁʝ ʥʘ 
ʪʦʧʢʘʪʘ, ʠʪʥ. 
 

 
 
 
ʆʚʘ ʝ ʤʦʞʥʦʩʪ ʜʘ ʩʝ ʦʙʿʘʩʥʠ ʧʨʝʜʤʝʪʦʪ 
ʬʠʟʠʢʘ ʠ ʜʘ ʩʝ ʥʘʙʨʦʿʘʪ ʦʙʣʘʩʪʠʪʝ ʦʜ 
ʬʠʟʠʢʘʪʘ ʟʘ ʢʦʠ ʫʯʝʥʠʮʠʪʝ ʧʨʝʪʭʦʜʥʦ 
ʫʯʝʣʝ. 
 
 
 
 
 
 
 
ʇʨʠʤʝʨ ʥʘ ʠʛʨʘˁʝ ʧʠʥʛ-ʧʦʥʛ: 
https://youtu.be/NodCOX6NwO0 
 
 
 
 
 
 
 
 
 
 
ʊʦʧʢʘ ʠʣʠ ʪʦʧʯʝ (ʧʨ. ʟʘ ʪʝʥʠʩ, ʟʘ ʬʫʜʙʘʣ, 
ʪʦʧʯʝ ʦʜ ʩʫʥʺʝʨ, ʤʝʢʦ ʧʦʛʦʣʝʤʦ ʪʦʧʯʝ). 
 
 
 
 
 
 
ʋʯʝʥʠʮʠʪʝ ʤʦʞʝ ʩʘʤʠʪʝ ʜʘ ʦʜʙʝʨʘʪ ʩʧʦʨʪ 
ʠʣʠ ʜʘ ʠʟʙʝʨʘʪ ʦʜ ʧʦʥʫʜʝʥʦʪʦ: ʦʜʙʦʿʢʘ, 

 
ʩʠʣʘ 
ʦʙʣʠʢ 
ʜʚʠʞʝˁʝ 

https://youtu.be/NodCOX6NwO0


 

 
 

ɿʘ ʩʝʢʦʿʘ ʦʜ ʦʚʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʜʠʩʢʫʪʠʨʘʿʪʝ ʛʠ 
ʝʬʝʢʪʠʪʝ ʦʜ ʩʠʣʘʪʘ. ʇʦʩʦʯʝʪʝ ʜʝʢʘ ʩʠʣʠʪʝ ʤʦʞʘʪ 
ʜʘ ʿʘ ʧʨʦʤʝʥʘʪ ʩʦʩʪʦʿʙʘʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 
ʧʨʝʜʤʝʪʠʪʝ (ʜʘ ʛʠ ʧʨʠʜʚʠʞʘʪ, ʜʘ ʛʠ ʟʘʩʪʘʥʘʪ, ʜʘ ʿʘ 
ʧʨʦʤʝʥʘʪ ʙʨʟʠʥʘʪʘ ʠʣʠ ʥʘʩʦʢʘʪʘ) ʠʣʠ ʜʘ ʛʦ 
ʧʨʦʤʝʥʘʪ ʦʙʣʠʢʦʪ ʥʘ ʥʝʢʦʿ ʧʨʝʜʤʝʪ. 
 

 ɺʦ ʛʨʫʧʠ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʦʜʙʝʨʘʪ ʧʝʪ ʩʧʦʨʪʘ. ɿʘ 
ʩʝʢʦʿ ʩʧʦʨʪ, ʥʝʢʘ ʜʘʜʘʪ ʧʨʠʤʝʨʠ ʟʘ ʯʝʪʠʨʠʪʝ 
ʥʘʙʨʦʿʘʥʠ ʝʬʝʢʪʠ ʥʘ ʩʠʣʠʪʝ. ɼʠʩʢʫʪʠʨʘʿʪʝ ʟʘ 
ʜʦʙʠʝʥʠʪʝ ʦʜʛʦʚʦʨʠ. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʩʠʣʠʪʝ ʥʝ ʩʝ ʚʠʜʣʠʚʠ ʠ ʟʘ ʥʠʚ 
ʩʚʝʜʦʯʘʪ ʥʠʚʥʠʪʝ ʝʬʝʢʪʠ. Tʠʝ ʤʦʞʝ ʜʘ ʿʘ ʧʨʦʤʝʥʘʪ 
ʩʦʩʪʦʿʙʘʪʘ ʥʘ ʧʨʝʜʤʝʪʦʪ (ʥʘ ʧʨ. ʜʘ ʧʦʯʥʝ ʠʣʠ ʜʘ 
ʟʘʧʨʝ ʩʦ ʜʚʠʞʝˁʝ, ʜʘ ʧʨʦʤʝʥʠ ʙʨʟʠʥʘ ʠʣʠ ʥʘʩʦʢʘ) 
ʠʣʠ ʜʘ ʛʦ ʧʨʦʤʝʥʠ ʦʙʣʠʢʦʪ. 

ʙʦʨʝˁʝ, ʧʣʠʚʘˁʝ, ʩʢʦʢʘˁʝ ʙʘʥ˅ʠ, 
ʧʘʜʦʙʨʘʥʩʪʚʦ, ʚʝʣʦʩʠʧʝʜʠʟʘʤ, ʢʦʰʘʨʢʘ, 
ʪʝʥʠʩ, ʨʘʢʦʤʝʪ, ʙʦʙ ʩʘʥʢʠ, ʩʫʨʬʘˁʝ ʥʘ 
ʚʝʪʝʨ, ʩʢʠʿʘˁʝ, ʤʝʯʫʚʘʣʩʪʚʦ, ʬʫʜʙʘʣ, ʠʪʥ. 
 

ʅʝʜʝʣʘ 1 
 
ʀʩʪʨʘʞʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʝʣʘʩʪʠʯʥʘʪʘ ʩʠʣʘ ʚʨʟ 
ʠʩʪʝʛʥʘʪʠ ʧʨʝʜʤʝʪʠ. 
 
ʇʨʘʚʠ ʤʝʨʝˁʘ ʩʦ 
ʩʦʦʜʚʝʪʥʘ ʪʦʯʥʦʩʪ 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ ʚʦ ʨʝʟʫʣʪʘʪʠʪʝ 
(ʢʦʨʝʣʘʮʠʠʪʝ). 

ʏʘʩ 2 
ʉʠʣʠʪʝ ʤʦʞʘʪ ʜʘ ʛʦ ʧʨʦʤʝʥʘʪ ʦʙʣʠʢʦʪ ʥʘ ʧʨʝʜʤʝʪʦʪ 
 

 ʇʨʝʟʝʥʪʠʨʘʿʪʝ ʚʠʜʝʦ ʢʣʠʧ ʩʦ ʩʢʦʢʘˁʝ ʙʘʥ˅ʠ. 
ʋʯʝʥʠʮʠʪʝ ʚʦ ʛʨʫʧʠ ʥʝʢʘ ʜʠʩʢʫʪʠʨʘʘʪ ʟʘ ʩʠʣʠʪʝ ʢʦʠ 
ʩʝ ʘʢʪʠʚʠʨʘʘʪ ʠ ʰʪʦ ʧʨʘʚʘʪ ʪʠʝ ʩʠʣʠ. ɿʦʰʪʦ 
ʝʣʘʩʪʠʯʥʦʩʪʘ ʝ ʤʥʦʛʫ ʚʘʞʥʘ ʟʘ ʩʢʦʢʘˁʝʪʦ 
ʙʘʥ˅ʠ?ʇʨʝʜ ʩʢʦʢʦʪ, ʢʘʢʚʠ ʧʦʜʛʦʪʦʚʢʠ ʠ 
ʠʩʪʨʘʞʫʚʘˁʘ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʧʨʘʚʘʪ? 

 

 ʇʦʜʛʦʪʚʝʪʝ ʣʘʩʪʠʯʠˁʘ, ʣʠʥʠʿʘʨʠ ʠ ʨʘʟʣʠʯʥʠ 
ʪʝʛʦʚʠ.ɺʦ ʛʨʫʧʠ, ʫʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ: 

 ʦʜʙʝʨʘʪ ʣʘʩʪʠʯʝ ʢʦʝ ʦʜʛʦʚʘʨʘ ʠ ʥʝʢʦʣʢʫ ʪʝʛʘ ʩʦ 
ʨʘʟʣʠʯʥʘ ʪʝʞʠʥʘ 

 ʜʘ ʿʘ ʠʟʤʝʨʘʪ ʜʦʣʞʠʥʘʪʘ ʥʘ ʣʘʩʪʠʯʠˁʘʪʘ 

 ʜʘ ʛʠ ʦʧʪʦʚʘʨʘʪ ʣʘʩʪʠʯʠˁʘʪʘ ʠ ʧʘʢ ʜʘ ʿʘ 
ʠʟʤʝʨʘʪ ʥʠʚʥʘʪʘ ʜʦʣʞʠʥʘ 

 ʜʘ ʛʠ ʚʥʝʩʘʪ ʠʟʤʝʨʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʚʦ ʪʘʙʝʣʘ 

 ʜʘ ʥʘʮʨʪʘʘʪ ʣʠʥʠʩʢʠ ʛʨʘʬʠʢʦʥ ʩʦ ʥʠʚʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ. 
 

 
 
 
ʇʨʠʤʝʨ ʟʘ ʩʢʦʢʘˁʝ ʙʘʥ˅ʠ: 
https://youtu.be/zG22qQydPVQ 
 
 
 
 
 
ʊʝʛʦʚʠ ʩʦ ʝʜʥʘʢʚʠ ʪʝʞʠʥʠ (ʧʨ. ʪʝʛʦʚʠ ʩʦ 
ʪʝʞʠʥʘ ʦʜ 0,1 N ʠʣʠ ˅ʘʤʣʠʠ), ʣʘʩʪʠʯʠˁʘ, 
ʣʠʥʠʿʘʨʠ, ʰʪʠʧʢʠ ʟʘ ʧʨʠʮʚʨʩʪʫʚʘˁʝ ʥʘ 
ʣʘʩʪʠʯʠˁʘʪʘ. 
ʊʝʛʦʚʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʘʯʘʪ ʟʘ 
ʣʘʩʪʠʯʠˁʘʪʘ. ɼʦʢʦʣʢʫ ʢʦʨʠʩʪʠʪʝ ˅ʘʤʣʠʠ, 
ʫʯʝʥʠʮʠʪʝ ˃ʝ ʪʨʝʙʘ ʧʨʚʦ ʩʦ ʞʠʯʢʠ ʜʘ ʚʨʟʘʪ 
ʤʘʣʠ ˃ʝʩʠˁʘ ʟʘ ʣʘʩʪʠʯʠˁʘʪʘ. ʇʦʪʦʘ 
˅ʘʤʣʠʠʪʝ ˃ʝ ʤʦʞʝ ʜʘ ʩʝ ʩʪʘʚʘʪ ʚʦ 
˃ʝʩʠˁʘʪʘ. 
 
ʄʝʨʢʠ ʟʘ ʙʝʟʙʝʜʥʦʩʪ: 

 
ʝʣʘʩʪʠʯʥʦ 
ʨʘʩʪʝʛʥʫʚʘ 
ʪʦʚʘʨ 
ʪʝʞʠʥʘ 
ʠʩʪʝʛʥʫʚʘˁʝ 
ʢʦʥʩʪʘʥʪʘ ʥʘ 
ʦʧʪʝʛʥʫʚʘˁʝ 
ʪʦʯʥʦ 
 
ʥʘʙˀʫʜʫʚʘ 
ʚʥʝʩʫʚʘ 

https://youtu.be/zG22qQydPVQ


 

 
 

 ɼʠʩʢʫʪʠʨʘʿʪʝ ʩʦ ʢʣʘʩʦʪ ʟʘ ʪʦʘ ʢʦʣʢʫ ʩʝ ʦʧʪʝʛʘʘ 
ʣʘʩʪʠʯʠˁʘʪʘ ʧʨʠ ʜʦʜʘʚʘˁʝ ʥʘ ʩʝʢʦʿʘ ʜʦʧʦʣʥʠʪʝʣʥʘ 
ʪʝʞʠʥʘ. ʇʦʙʘʨʘʿʪʝ ʦʜ ʫʯʝʥʠʮʠʪʝ ʜʘ ʧʨʝʩʤʝʪʘʘʪ ʟʘ 
ʢʦʣʢʫ ʜʦʧʦʣʥʠʪʝʣʥʦ ʩʝ ʦʧʪʝʛʥʫʚʘ ʣʘʩʪʠʯʝʪʦ ʩʦ 
ʩʝʢʦʿ ʜʦʜʘʪʝʥ ʪʦʚʘʨ ʠ ʦʚʠʝ ʧʦʜʘʪʦʮʠ ʚʧʠʰʝʪʝ ʛʠ ʚʦ 
ʪʘʙʝʣʘʪʘ. ʆʚʠʝ ʚʨʝʜʥʦʩʪʠ ˃ʝ ʛʠ ʢʦʨʠʩʪʠʪʝ ʥʘ 
ʩʣʝʜʥʠʦʪ ʯʘʩ. 
 
 
 

 ɼʝʤʦʥʩʪʨʠʨʘʿʪʝ ʰʪʦ ˃ʝ ʩʝ ʩʢʣʫʯʠ ʢʦʛʘ ˃ʝ ʩʝ ʦʧʪʝʛʥʝ 
ʣʘʩʪʠʯʝ ʥʘʜ ʥʝʛʦʚʘʪʘ ʛʨʘʥʠʮʘ ʥʘ ʝʣʘʩʪʠʯʥʦʩʪ. 
ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʫʚʠʜʘʪ ʜʝʢʘ ʪʦʘ ʚʝ˃ʝ ʥʝ ʩʝ ʚʨʘ˃ʘ ʚʦ 
ʧʨʚʦʙʠʪʥʠʦʪ ʦʙʣʠʢ ʧʦ ʦʪʩʪʨʘʥʫʚʘˁʝ ʥʘ ʪʦʚʘʨʦʪ.  
 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʝʣʘʩʪʠʯʥʠʪʝ ʤʘʪʝʨʠʿʘʣʠ ʩʝ 
ʦʧʪʝʛʥʫʚʘʘʪ ʧʦʜ ʚʣʠʿʘʥʠʝ ʥʘ ʪʦʚʘʨ ʠ ʧʦʪʦʘ ʩʝ 
ʚʨʘ˃ʘʘʪ ʚʦ ʧʨʚʦʙʠʪʥʠʦʪ ʦʙʣʠʢ.ʆʜ ʨʝʟʫʣʪʘʪʠʪʝ 
ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʠʟʥʦʩʦʪ ʥʘ ʦʧʪʝʨʝʪʫʚʘˁʝ ʧʦ 
ʪʝʞʠʥʘʪʘ ʢʦʿʘ ʩʝ ʜʦʜʘʚʘ (ʢʦʥʩʪʘʥʪʘ ʥʘ 
ʦʧʪʝʛʥʫʚʘˁʝ).ɼʦʢʦʣʢʫ ʩʝ ʜʦʜʘʚʘ ʧʨʝʛʦʣʝʤʘ ʪʝʞʠʥʘ, 
ʪʦʛʘʰ ʤʘʪʝʨʠʿʘʣʦʪ ʥʝʤʘ ʜʘ ʩʝ ʚʨʘʪʠ ʚʦ ʩʚʦʿʦʪ 
ʧʨʚʦʙʠʪʝʥ ʦʙʣʠʢ.  

 ɼʝʮʘʪʘ ʤʦʨʘ ʜʘ ʛʠ ʟʘʰʪʠʪʘʪ ʦʯʠʪʝ. 

 ɺʝʞʙʘʪʘ ʪʨʝʙʘ ʜʘ ʩʝ ʨʘʙʦʪʠ ʥʘʜ ʤʘʩʘ 
ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʧʘʺʘˁʝ ʥʘ ʪʝʛʦʚʠʪʝ ʠ 
ʧʦʚʨʝʜʘ ʥʘ ʫʯʝʥʠʮʠʪʝ. 
 

ɿʘʙʝʣʝʰʢʘ: ʣʘʩʪʠʯʠˁʘʪʘ ʧʦʚʪʦʨʥʦ ˃ʝ ʩʝ 
ʢʦʨʠʩʪʘʪ ʩʣʝʜʥʠʦʪ ʯʘʩ; ʦʪʪʘʤʫ ʫʯʝʥʠʮʠʪʝ ʥʝ 
ʪʨʝʙʘ ʜʘ ʛʠ ʥʘʜʤʠʥʘʪ ʛʨʘʥʠʮʠʪʝ ʥʘ 
ʝʣʘʩʪʠʯʥʦʩʪ ʥʘ ʣʘʩʪʠʯʠˁʘʪʘ. 
ʍʘʨʪʠʿʘ ʟʘ ʮʨʪʘˁʝ ʛʨʘʬʠʢʦʥʠ. 
 
ʊʝʛʦʚʠ ʩʦ ʝʜʥʘʢʚʘ ʪʝʞʠʥʘ (ʧʨ. ʪʝʞʠʥʘ ʦʜ 
0.1 N ʠʣʠ ˅ʘʤʣʠʠ), ʣʘʩʪʠʯʠˁʘ, ʣʠʥʠʿʘʨʠ, 
ʰʪʠʧʢʠ ʟʘ ʜʨʞʝˁʝ ʥʘ ʣʘʩʪʠʯʠˁʘʪʘ. 
ɿʘʙʝʣʝʰʢʘ: ʜʦʢʦʣʢʫ ʥʝʢʦʝ ʣʘʩʪʠʯʝ ʩʝ 
ʦʧʪʝʛʥʝ ʥʘʜ ʥʝʛʦʚʘʪʘ ʛʨʘʥʠʮʘ ʥʘ 
ʝʣʘʩʪʠʯʥʦʩʪ, ʪʦʘ ʚʝ˃ʝ ʥʝ ʪʨʝʙʘ ʜʘ ʩʝ 
ʢʦʨʠʩʪʠ ʟʘ ʠʜʥʠ ʠʩʪʨʘʞʫʚʘˁʘ. 

ʅʝʜʝʣʘ 2 

ʅʝʜʝʣʘ 2 
 
ʀʩʪʨʘʞʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʝʣʘʩʪʠʯʥʘʪʘ ʩʠʣʘ ʚʨʟ 
ʠʩʪʝʛʥʘʪʠ ʧʨʝʜʤʝʪʠ. 
 
ʉʦʙʠʨʘ ʠʜʝʠ ʠ ʛʠ 
ʧʨʝʪʚʦʨʘ ʚʦ ʬʦʨʤʘ ʢʦʿʘ 
ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʝʨʠ 
 
ʇʨʘʚʠ ʜʝʪʘʣʥʠ ʧʣʘʥʦʚʠ 
ʟʘ ʠʩʪʨʘʞʫʚʘˁʘ ʟʘ ʜʘ 
ʧʨʦʚʝʨʠ ʠʜʝʠ. 
 

ʏʘʩ 1 
ʇʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʧʨʦʤʝʥʠ ʥʘ ʦʙʣʠʢʦʪ (1) 

 

 ʇʦʚʪʦʨʝʪʝ ʛʦ ʝʢʩʧʝʨʠʤʝʥʪʦʪ ʦʜ ʧʨʝʪʭʦʜʥʠʦʪ 
ʯʘʩ.ʐʪʦ ʩʝ ʩʣʫʯʫʚʘ ʩʦ ʣʘʩʪʠʯʝʪʦ ʢʦʛʘ ʩʝ 
ʟʛʦʣʝʤʫʚʘ ʪʝʞʠʥʘʪʘ ʢʦʿʘ ʤʫ ʩʝ ʜʦʜʘʚʘ? ʇʨʘʰʘʿʪʝ 
ʐʪʦ ˃ʝ ʩʝ ʩʣʫʯʝʰʝ ʘʢʦ ʢʦʨʠʩʪʝʚʪʝ ʜʚʝ 
ʣʘʩʪʠʯʠˁʘ? ʇʦʢʘʞʝʪʝ ʠʤ ʮʨʪʝʞ ʩʦ ʨʘʟʣʠʢʠʪʝ 
ʧʦʤʝʺʫ ʧʘʨʘʣʝʣʥʦ ʠ ʩʝʨʠʩʢʦ ʧʦʩʪʘʚʫʚʘˁʝ ʥʘ 
ʣʘʩʪʠʯʠˁʘʪʘ. 
 
ɺʦ ʛʨʫʧʠ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʧʨʝʜʚʠʜʘʪ ʰʪʦ ʙʠ ʩʝ 
ʩʣʫʯʠʣʦ ʧʨʠ ʜʦʜʘʚʘˁʝ ʥʘ ʪʦʚʘʨʦʪ ʚʦ ʜʚʘʪʘ ʩʣʫʯʘʠ. 
ɿʘ ʦʚʘ ʪʨʝʙʘ ʜʘ ʛʠ ʢʦʨʠʩʪʘʪ ʚʝʰʪʠʥʠʪʝ ʟʘ 

 
 
 
 
 
 
              ʉʝʨʠʩʢʦ  
 
 
                                                       ʇʘʨʘʣʝʣʥʦ  
 
 
 
 

 
ʩʝʨʠʩʢʦ 
ʧʘʨʘʣʝʣʥʦ 
ʪʦʚʘʨ 
 
ʧʣʘʥʠʨʘ 
ʧʨʝʜʚʠʜʫʚʘ 
ʥʝʟʘʚʠʩʥʘ 
ʧʨʦʤʝʥʣʠʚʘ 
ʟʘʚʠʩʥʘ 
ʧʨʦʤʝʥʣʠʚʘ 
ʢʦʥʪʨʦʣʥʘ 
ʧʨʦʤʝʥʣʠʚʘ 



 

 
 

ʀʜʝʥʪʠʬʠʢʫʚʘ ʚʘʞʥʠ 
ʧʨʦʤʝʥʣʠʚʠ; ʙʠʨʘ ʢʦʠ 
ʧʨʦʤʝʥʣʠʚʠ ʜʘ ʛʠ ʤʝʥʫʚʘ, 
ʢʦʥʪʨʦʣʠʨʘ ʠ ʤʝʨʠ. 
 
ʇʨʘʚʠ ʧʨʝʜʚʠʜʫʚʘˁʘ 
ʢʦʨʠʩʪʝʿ˃ʠ ʥʘʫʯʥʦ ʟʥʘʝˁʝ 
ʠ ʨʘʟʙʠʨʘˁʝ. 
 
ɼʠʩʢʫʪʠʨʘ ʟʘ ʨʠʟʠʮʠ ʠ 
ʦʧʘʩʥʦʩʪʠ ʢʦʠ ʩʝ 
ʧʦʚʨʟʘʥʠ ʩʦ 
ʘʢʪʠʚʥʦʩʪʠʪʝ, ʘ ʛʠ 
ʟʘʩʝʛʘʘʪ ʩʠʪʝ, ʠ ʢʦʨʠʩʪʠ 
ʤʝʨʢʠ ʟʘ ʧʨʝʪʧʘʟʣʠʚʦʩʪ. 

ʨʝʰʘʚʘˁʝ ʥʘ ʧʨʦʙʣʝʤʠ ʢʘʢʦ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ 
ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ. 
 

 ɺʦ ʛʨʫʧʠ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʠʩʧʣʘʥʠʨʘʘʪ ʠʩʪʨʘʞʫʚʘˁʝ 
ʟʘ ʜʘ ʛʠ ʧʨʦʚʝʨʘʪ ʩʚʦʠʪʝ ʧʨʝʜʚʠʜʫʚʘˁʘ. ʊʠʝ ʥʝʢʘ ʛʠ 
ʦʧʨʝʜʝʣʘʪ ʥʝʟʘʚʠʩʥʠʪʝ, ʟʘʚʠʩʥʠʪʝ ʠ ʢʦʥʪʨʦʣʥʠʪʝ 
ʧʨʦʤʝʥʣʠʚʠ ʠ ʢʦʠ ʨʝʟʫʣʪʘʪʠ ˃ʝ ʪʨʝʙʘ ʜʘ ʛʠ 
ʟʘʙʝʣʝʞʘʪ. ʋʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ ʥʘʧʠʰʘʪ ʤʝʪʦʜ ʟʘ 
ʩʚʦʝʪʦ ʠʩʪʨʘʞʫʚʘˁʝ. 
 
ʂʘʢʦ ʜʝʣ ʦʜ ʩʚʦʠʪʝ ʧʣʘʥʦʚʠ, ʫʯʝʥʠʮʠʪʝ ˃ʝ ʪʨʝʙʘ ʜʘ 
ʛʠ ʧʦʩʦʯʘʪ ʤʦʞʥʠʪʝ ʨʠʟʠʮʠ ʠ ʦʧʘʩʥʦʩʪʠ ʧʨʠ 
ʠʟʚʝʜʫʚʘˁʝ ʥʘ ʘʢʪʠʚʥʦʩʪʘ. ʊʠʝ ʥʝʢʘ ʨʝʰʘʪ ʢʦʠ 
ʤʝʨʢʠ ʟʘ ʧʨʝʪʧʘʟʣʠʚʦʩʪ ˃ʝ ʛʠ ʧʨʝʟʝʤʘʪ. 

 
 ʋʯʝʥʠʮʠʪʝ ʧʦ ʛʨʫʧʠ ʚʟʘʝʤʥʦ ʛʠ ʦʮʝʥʫʚʘʘʪ ʩʚʦʠʪʝ 
ʤʝʪʦʜʠ. ʆʚʘʘ ʘʢʪʠʚʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʩʧʨʦʚʝʜʝ ʥʘ 
ʥʝʢʦʣʢʫ ʥʘʯʠʥʠ. ʋʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ ʜʘʜʘʪ 
ʤʠʩʣʝˁʝ ʟʘ ʤʝʪʦʜʠʪʝ, ʧʦʩʝʙʥʦ ʚʦ ʦʜʥʦʩ ʥʘ ʪʦʘ 
ʜʘʣʠ ʝ ʿʘʩʥʦ ʜʝʬʠʥʠʨʘʥʦ: 

 ʂʦʿʘ ʝ ʥʝʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ? 

 ʂʘʢʦ ˃ʝ ʩʝ ʤʝʥʫʚʘ ʥʝʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ? 

 ʂʦʿʘ ʝ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ? 

 ʂʘʢʦ ˃ʝ ʩʝ ʤʝʨʠ ʥʝʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ? 

 ʂʦʠ ʩʝ ʢʦʥʪʨʦʣʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ? 

 ʂʘʢʦ ˃ʝ ʩʝ ʢʦʥʪʨʦʣʠʨʘʘʪ ʢʦʥʪʨʦʣʥʠʪʝ 
ʧʨʦʤʝʥʣʠʚʠ? 

 ʂʦʠ ʩʝ ʤʝʨʢʠʪʝ ʥʘ ʧʨʝʪʧʘʟʣʠʚʦʩʪ? 
 

 ɿʘʢʣʫʯʝʪʝ ʢʦʠ ʜʦʢʘʟʠ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʩʝ 
ʧʨʦʚʝʨʘʪ ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ. ʇʦʪʨʝʙʝʥ ʝ ʚʥʠʤʘʪʝʣʝʥ 
ʧʣʘʥ ʟʘ ʜʘ ʩʝ ʩʦʙʝʨʘʪ ʢʦʨʠʩʥʠ ʨʝʟʫʣʪʘʪʠ. 

 
 
ʅʘ ʥʝʢʦʠ ʫʯʝʥʠʮʠ ʤʦʞʝʙʠ ˃ʝ ʠʤ ʪʨʝʙʘ 
ʧʦʤʦʰ ʧʨʝʢʫ ʮʨʪʘˁʝ ʨʘʤʢʘ ʚʦ ʢʦʿʘ ˃ʝ ʪʨʝʙʘ 
ʜʘ ʛʦ ʚʧʠʰʘʪ ʢʦʨʠʩʪʝʥʠʦʪ ʤʝʪʦʜ. ʇʨʠʤʝʨʠ 
ʟʘ ʠʟʨʘʙʦʪʢʘ ʥʘ ʨʘʤʢʠ ʩʝ ʜʦʩʪʘʧʥʠ (ʥʘ 
ʘʥʛʣʠʩʢʠ ʿʘʟʠʢ) ʥʘ ʩʣʝʜʥʠʦʪ ʚʝʙʩʘʿʪ: 
https://www.tes.com/teaching-
resource/science-planning-investigation-
sheets-6342639 
(ʙʘʨʘ ʙʝʩʧʣʘʪʥʘ ʨʝʛʠʩʪʨʘʮʠʿʘ) 
 
 
 
ʄʝʨʢʠ ʟʘ ʙʝʟʙʝʜʥʦʩʪ: ʜʦʢʦʣʢʫ ʫʯʝʥʠʮʠʪʝ 
ʟʘ ʩʣʝʜʥʠʦʪ ʯʘʩ ʧʣʘʥʠʨʘʘʪ ʜʘ ʩʣʝʜʘʪ 
ʩʦʧʩʪʚʝʥ ʤʝʪʦʜ, ʪʦʛʘʰ ʥʘʩʪʘʚʥʠʢʦʪ ˃ʝ ʪʨʝʙʘ 
ʜʘ ʛʦ ʧʨʦʚʝʨʠ ʦʜʥʘʧʨʝʜ. 

ʅʝʜʝʣʘ 2 
 
ʀʩʪʨʘʞʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʝʣʘʩʪʠʯʥʘʪʘ ʩʠʣʘ ʚʨʟ 
ʠʩʪʝʛʥʘʪʠ ʧʨʝʜʤʝʪʠ. 
 

ʏʘʩ 2 
ʇʨʝʜʚʠʜʫʚʘˁʝ ʥʘ ʧʨʦʤʝʥʠ ʥʘ ʦʙʣʠʢʦʪ (2) 
 

 ʋʪʚʨʜʝʪʝ ʢʦʠ ʥʘʛʣʝʜʥʠ ʩʨʝʜʩʪʚʘ ʩʝ ʜʦʩʪʘʧʥʠ ʟʘ 
ʫʯʝʥʠʮʠʪʝ ʠ ʥʠʚʥʦʪʦ ʠʩʪʨʘʞʫʚʘˁʝ ʠ ʜʘʿʪʝ ʠʤ ʧʝʪ 
ʤʠʥʫʪʠ ʟʘ ʜʘ ʛʠ ʧʨʦʯʠʪʘʘʪ ʧʣʘʥʦʚʠʪʝ ʠ ʜʘ ʩʝ 

 
 
 
ʇʦʪʨʝʙʥʠʪʝ ʨʝʩʫʨʩʠ ˃ʝ ʟʘʚʠʩʘʪ ʦʜ 
ʠʟʙʨʘʥʠʦʪ-ʪʝ ʤʝʪʦʜ(ʠ) ʥʘ ʠʩʪʨʘʞʫʚʘˁʝ. ʅʦ, 
ʚʝʨʦʿʘʪʥʦ ˃ʝ ʙʠʜʘʪ ʧʦʪʨʝʙʥʠ: ʝʜʥʘʢʚʠ 

 
ʥʘʙˀʫʜʫʚʘ 
ʚʥʝʩʫʚʘ 
ʩʧʦʨʝʜʫʚʘ 
ʪʦʣʢʫʚʘ 
ʟʘʢʣʫʯʫʚʘ 
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ʇʨʘʚʠ ʤʝʨʝˁʘ ʩʦ 
ʩʦʦʜʚʝʪʥʘ ʪʦʯʥʦʩʪ 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ ʚʦ ʨʝʟʫʣʪʘʪʠʪʝ 
(ʢʦʨʝʣʘʮʠʠʪʝ). 
 
ʇʨʦʚʝʨʫʚʘ ʧʨʝʜʚʠʜʫʚʘˁʘ 
ʢʦʨʠʩʪʝʿ˃ʠ ʜʦʢʘʟʠ. 
 
ʉʧʦʨʝʜʫʚʘ ʨʝʟʫʣʪʘʪʠ ʩʦ 
ʧʨʝʜʚʠʜʫʚʘˁʘ. 
 
ɼʠʩʢʫʪʠʨʘ ʦʙʿʘʩʥʫʚʘˁʘ ʟʘ 
ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ 
ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ 
ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ 
ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ. 

ʧʦʪʩʝʪʘʪ ʢʦʠ ʨʝʩʫʨʩʠ ʠʤ ʪʨʝʙʘʘʪ ʠ ʢʘʢʦ ʜʘ ʛʦ 
ʧʨʝʟʝʥʪʠʨʘʘʪ ʠʩʪʨʘʞʫʚʘˁʝʪʦ. ʊʠʝ ʪʨʝʙʘ ʜʘ 
ʩʢʠʮʠʨʘʘʪ ʛʨʘʬʠʢʦʥʦʥ ʟʘ ʜʘ ʛʠ ʧʨʠʢʘʞʘʪ 
ʧʨʝʜʚʠʜʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʩʝʨʠʩʢʠ ʠ ʧʘʨʘʣʝʣʥʦ 
ʦʧʪʦʚʘʨʫʚʘˁʝ ʥʘ ʣʘʩʪʠʯʠˁʘʪʘ.  

 
ʇʨʝʜ ʜʘ ʟʘʧʦʯʥʘʪ, ʜʠʩʢʫʪʠʨʘʿʪʝ ʟʘ ʚʘʞʥʦʩʪʘ ʦʜ 
ʤʝʨʝˁʝ ʠ ʚʥʝʩʫʚʘˁʝ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ 
ʦʨʛʘʥʠʟʠʨʘʥ ʥʘʯʠʥ (ʟʘ ʚʨʝʜʥʦʩʪʘ ʥʘ ʥʝʟʘʚʠʩʥʘʪʘ 
ʧʨʦʤʝʥʣʠʚʘ ʜʘ ʩʝ ʚʧʘʨʠ ʩʦ ʩʦʦʜʚʝʪʥʘʪʘ ʚʨʝʜʥʦʩʪ 
ʥʘ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ). 

 

 ɼʦʧʦʣʥʠʪʝʣʥʦ, ʧʦʥʫʜʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʤʝʪʦʜ ʢʦʿ 
ʩʠʪʝ ʙʠ ʛʦ ʢʦʨʠʩʪʝʣʝ ʚʦ ʪʝʢ ʥʘ ʥʠʚʥʠʪʝ 
ʠʩʪʨʘʞʫʚʘˁʘ.  

 
 ɺʦ ʛʨʫʧʠ, ʫʯʝʥʠʮʠʪʝ ʛʦ ʨʘʙʦʪʘʪ ʠʩʪʨʘʞʫʚʘˁʝʪʦ, 
ʧʨ.ʟʘ ʜʘ ʩʝ ʩʧʦʨʝʜʠ ʝʬʝʢʪʦʪ ʦʜ ʨʘʟʣʠʯʥʠʪʝ ʪʝʞʠʥʠ 
ʚʨʟ ʣʘʩʪʠʯʠˁʘʪʘ ʢʦʠ ʩʝ ʩʝʨʠʩʢʠ ʠ ʧʘʨʘʣʝʣʥʦ 
ʧʦʩʪʘʚʝʥʠ. ʅʘʜʛʣʝʜʫʚʘʿʪʝ ʥʘ ʥʠʚʥʘʪʘ ʨʘʙʦʪʘ ʠ 
ʜʘʚʘʿʪʝ ʧʦʜʜʨʰʢʘ ʦʥʘʤʫ ʢʘʜʝ ʝ ʧʦʪʨʝʙʥʦ. 
 
ʋʯʝʥʠʮʠʪʝ ʛʠ ʩʦʙʠʨʘʘʪ ʠ ʪʦʣʢʫʚʘʘʪ ʥʠʚʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ. ʀʩʪʠʪʝ ʛʠ ʩʧʦʨʝʜʫʚʘʘʪ ʩʦ 
ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ ʠ ʩʦ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ ʜʨʫʛʠʪʝ ʛʨʫʧʠ. 
ʇʨʘʰʘʿʪʝ ʜʘʣʠ ʠʤʘ ʥʝʢʦʠ ʦʪʩʪʘʧʢʠ ʚʦ ʨʝʟʫʣʪʘʪʠʪʝ 
(ʨʝʟʫʣʪʘʪʠ ʢʦʠ ʥʝ ʩʝ ʚʢʣʦʧʫʚʘʘʪ ʚʦ ʰʘʙʣʦʥʦʪ). 
 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʥʘʮʨʪʘʘʪ ʣʠʥʠʩʢʠ ʛʨʘʬʠʢʦʥ ʟʘ 
ʥʠʚʥʠʪʝ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʥʝʢʘ ʧʨʝʩʤʝʪʘʘʪ ʢʦʣʢʫ 
ʩʝ ʠʩʪʝʛʥʘʣʦ ʣʘʩʪʠʯʝʪʦ ʩʦ ʜʦʜʘʚʘˁʝ ʥʘ ʩʝʢʦʿʘ 
ʪʝʞʠʥʘ. 

 

 ʋʯʝʥʠʮʠʪʝ ʛʠ ʩʧʦʨʝʜʫʚʘʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʩʦ ʥʠʚʥʠʪʝ 
ʧʨʝʜʚʠʜʫʚʘˁʘ. ɼʘʣʠ ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ ʙʝʘ ʪʦʯʥʠ? 
ʄʦʞʝʪʝ ʣʠ ʜʘ ʛʠ ʦʙʿʘʩʥʠʪʝ ʨʝʟʫʣʪʘʪʠʪʝ? 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʧʘʨʘʣʝʣʥʦ ʧʦʩʪʘʚʝʥʠʪʝ ʣʘʩʪʠʯʠˁʘ 

ʪʝʞʠʥʠ (ʧʨ. ʪʝʛʦʚʠ ʦʜ 0.1 N ʠʣʠ ˅ʘʤʣʠʠ), 
ʣʘʩʪʠʯʠˁʘ, ʣʠʥʠʿʘʨʠ, ʰʪʠʧʢʘ ʟʘ ʜʨʞʝˁʝ ʥʘ 
ʣʘʩʪʠʯʝʪʦ. 
ʊʝʛʦʚʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʦʙʝʩʘʪ ʥʘ 
ʣʘʩʪʠʯʠˁʘʪʘ. ɼʦʢʦʣʢʫ ʩʝ ʢʦʨʠʩʪʘʪ ˅ʘʤʣʠʠ, 
ʪʦʛʘʰ ʫʯʝʥʠʮʠʪʝ ˃ʝ ʪʨʝʙʘ ʜʘ ʚʨʟʘʪ ʤʘʣʘ 
ʚʨʝ˃ʠʯʢʘ ʥʘ ʣʘʩʪʠʯʝʪʦ ʩʦ ʞʠʯʢʘ. ʇʦʪʦʘ 
˅ʘʤʣʠʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʩʪʘʚʘʪ ʚʦ ʚʨʝ˃ʠʯʢʘʪʘ.  
 
ʄʝʨʢʠ ʟʘ ʙʝʟʙʝʜʥʦʩʪ: 

 ɼʝʮʘʪʘ ʤʦʨʘ ʜʘ ʛʠ ʟʘʰʪʠʪʘʪ ʦʯʠʪʝ. 

 ʋʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʚʝʞʙʘʪʘ ʜʘ ʿʘ ʨʘʙʦʪʘʪ 
ʥʘʜ ʤʘʩʘ ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʧʘʺʘˁʝ ʥʘ 
ʪʝʛʦʚʠʪʝ ʠ ʧʦʚʨʝʜʘ ʥʘ ʫʯʝʥʠʮʠʪʝ.  

 
 
 
 
 
 
 
 
 
 
 
ʄʠʣʠʤʝʪʘʨʩʢʘ ʭʘʨʪʠʿʘ. 



 

 
 

ʛʦ ʜʝʣʘʪ ʪʦʚʘʨʦʪ (ʧʦʣʦʚʠʥʘ ʥʘ ʩʝʢʦʝ) ʠ ʩʝ 
ʦʧʪʝʛʥʫʚʘʘʪ ʟʘ ʧʦʣʦʚʠʥʘ ʩʦ ʩʝʢʦʝ ʜʦʜʘʚʘˁʝ ʥʘ 
ʪʦʚʘʨʦʪ. ʉʝʨʠʩʢʠ ʚʨʟʘʥʠʪʝ ʣʘʩʪʠʯʠˁʘ ʛʦ ʥʦʩʘʪ 
ʩʝʚʢʫʧʥʠʦʪ ʪʦʚʘʨ. ʆʪʪʘʤʫ, ʠʩʪʝʛʥʫʚʘˁʝʪʦ ʥʘ 
ʩʝʨʠʩʢʠ ʚʨʟʘʥʠʪʝ ʣʘʩʪʠʯʠˁʘ ʝ ʜʚʘʧʘʪʠ ʧʦʛʦʣʝʤʦ ʩʦ 
ʩʝʢʦʝ ʜʦʜʘʚʘˁʝ ʥʘ ʪʦʚʘʨʦʪ.  
 

ʅʝʜʝʣʘ 3 

ʅʝʜʝʣʘ 3 
 
ʇʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ 
ʙʨʟʠʥʘ ʠ ʩʨʝʜʥʦ  
ʟʘʙʨʟʫʚʘˁʝ 
 
ʇʨʘʚʠ ʤʝʨʝˁʘ ʩʦ 
ʩʦʦʜʚʝʪʥʘ ʪʦʯʥʦʩʪ 
 
ʂʦʨʠʩʪʠ ʨʘʟʣʠʯʥʘ ʦʧʨʝʤʘ 
ʧʨʘʚʠʣʥʦ. 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦ ʦʪʩʪʘʧʢʘ ʠ ʧʨʝʜʣʘʛʘ 
ʧʦʜʦʙʨʫʚʘˁʘ ʥʘ 
ʠʩʪʨʘʞʫʚʘˁʝʪʦ. 

ʏʘʩ 1 
ʂʦʣʢʫ ʤʦʞʝʰ ʜʘ ʧʦʤʠʥʝʰ ʟʘ 10 ʩʝʢʫʥʜʠ? 

 

 ʇʦʢʘʞʝʪʝ ʚʠʜʝʦ ʩʥʠʤʢʘ ʢʦʛʘ ɱʫʩʝʿʥ ɹʦʣʪ ʛʦ 
ʧʦʩʪʠʛʥʫʚʘ ʩʚʝʪʩʢʠʦʪ ʨʝʢʦʨʜ ʦʜ 100 m ʟʘ 9,58 
ʩʝʢʫʥʜʠ. ɼʠʩʢʫʪʠʨʘʿʪʝ ʟʘ ʪʦʘ ʜʝʢʘ ʪʦʿ ʧʦʜʘʪʦʢ ʩʘʤʦ 
ʧʦʢʘʞʫʚʘ ʚʨʝʤʝ ʘ ʥʝ ʙʨʟʠʥʘ.ʂʘʢʦ ʟʥʘʝʤʝ ʜʝʢʘ ʪʦʿ ʝ 
ʥʘʿʙʨʟʠʦʪ? 
 

 ʆʙʿʘʩʥʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʝʢʘ ˃ʝ ʠʩʪʨʘʞʫʚʘʘʪ 
ʢʦʣʢʫ ʤʦʞʘʪ ʜʘ ʧʦʤʠʥʘʪ ʟʘ 10 ʩʝʢʫʥʜʠ. ʇʦʪʩʝʪʝʪʝ 
ʛʠ ʫʯʝʥʠʮʠʪʝ ʟʘ ʚʘʞʥʦʩʪʘ ʜʘ ʩʝ ʩʦʙʝʨʘʪ 
ʨʝʟʫʣʪʘʪʠʪʝ ʥʘ ʦʨʛʘʥʠʟʠʨʘʥ ʥʘʯʠʥ. ʇʦʙʘʨʘʿʪʝ ʦʜ 
ʫʯʝʥʠʮʠʪʝ ʜʘ ʥʘʧʨʘʚʘʪ ʪʘʙʝʣʘ ʚʦ ʢʦʿʘ ʤʦʞʝ ʜʘ ʛʠ 
ʚʥʝʩʫʚʘʘʪ ʨʝʟʫʣʪʘʪʠʪʝ. ɸʢʦ ʝ ʧʦʪʨʝʙʥʦ, ʧʦʪʩʝʪʝʪʝ 
ʛʠ ʢʘʢʦ ʜʘ ʥʘʮʨʪʘʘʪ ʪʘʙʝʣʘ ʠ ʧʦʢʘʞʝʪʝ ʧʨʠʤʝʨ.  
 

 ʆʜʥʝʩʝʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʥʘ ʤʝʩʪʦ ʢʘʜʝ ʤʦʞʝ ʜʘ 
ʧʦʤʠʥʘʪ ʜʦʩʪʘ ʜʦʣʛʠ ʨʘʩʪʦʿʘʥʠʿʘ (ʧʨ, ʥʘʜʚʦʨ ʠʣʠ ʚʦ 
ʩʘʣʘ). ʋʯʝʥʠʮʠʪʝ ˃ʝ ʧʨʦʙʫʚʘʘʪ ʥʘʿʨʘʟʣʠʯʥʠ 
ʘʢʪʠʚʥʦʩʪʠ ʢʘʢʦ ʰʪʦ ʩʝ ʪʨʯʘˁʝ, ʦʜʝˁʝ, 
ʧʦʪʩʢʦʢʥʫʚʘˁʝ ʠʣʠ ʩʢʦʢʘˁʝ ʟʘ 10 ʩʝʢʫʥʜʠ. ɸʢʦ 
ʠʤʘʪʝ ʥʝʢʦʿ ʩʢʝʿʪʙʦʨʜ ʠʣʠ ʚʝʣʦʩʠʧʝʜ, ʪʦʛʘʰ ʠ ʪʠʝ 
ʤʦʞʝ ʜʘ ʩʝ ʫʧʦʪʨʝʙʘʪ ʚʦ ʪʝʩʪʦʪ ʦʜ 10 ʩʝʢʫʥʜʠ. 

 
ɿʘ ʩʝʢʦʿʘ ʘʢʪʠʚʥʦʩʪ ʫʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ ʛʦ ʠʟʤʝʨʘʪ 
ʧʦʤʠʥʘʪʦʪʦ ʨʘʩʪʦʿʘʥʠʝʠ ʜʘ ʛʠ ʚʥʝʩʘʪʨʝʟʫʣʪʘʪʠʪʝ ʚʦ 
ʥʠʚʥʠʪʝ ʪʘʙʝʣʠ. ʇʦʪʦʘ ʤʦʞʝ ʜʘ ʛʦ ʧʨʝʩʤʝʪʘʘʪ 
ʩʨʝʜʥʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʢʦʝ ʛʦ ʧʦʤʠʥʘʣʝ ʟʘ 10 ʩʝʢʫʥʜʠ 
ʟʘ ʩʝʢʦʿʘ ʘʢʪʠʚʥʦʩʪ. 

 
 
 
ʇʨʠʤʝʨ ʥʘ ʩʥʠʤʢʘ ʢʦʛʘ ɱʫʩʝʿʥ ɹʦʣʪ ʛʦ 
ʧʦʩʪʠʛʥʫʚʘ ʩʚʝʪʩʢʠʦʪ ʨʝʢʦʨʜ ʥʘ 100m ʚʦ 
ʩʧʨʠʥʪ: https://youtu.be/3nbjhpcZ9_g 
(ʉʥʠʤʢʘʪʘ ʝ ʥʘ ʛʝʨʤʘʥʩʢʠ ʿʘʟʠʢ, ʠ ʤʦʞʝ ʜʘ 
ʩʝ ʠʩʢʣʫʯʠ.) 
 
 
 
 
 
 
 
 
 
ʉʪʦʧʝʨʢʘ ʠʣʠ ʝʣʝʢʪʨʦʥʩʢʠ ʪʘʿʤʝʨ, ʤʝʪʨʦ 
ʠʣʠ ʤʘʢʘʨʘ ʟʘ ʤʝʨʝˁʝ. 

 
ʙʨʟʠʥʘ 
ʩʪʦʧʝʨʢʘ 
ʤʝʪʨʦ ʟʘ ʤʝʨʝˁʝ 
ʤʝʪʘʨ 
ʤʝʪʘʨ ʚʦ ʩʝʢʫʥʜʘ  
ʩʨʝʜʥʦ 
ʧʨʦʩʝʯʥʦ 
ʪʦʯʥʦ 
ʬʝʨ ʪʝʩʪ 
 
ʚʥʝʩʫʚʘ 

https://youtu.be/3nbjhpcZ9_g


 

 
 

 

 ʋʯʝʥʠʮʠʪʝ ʩʝ ʚʨʘ˃ʘʘʪ ʚʦ ʫʯʠʣʥʠʮʘʪʘ ʠ ʜʠʩʢʫʪʠʨʘʘʪ 
ʟʘ ʨʝʟʫʣʪʘʪʠʪʝ. 

 ɼʘʣʠ ʦʚʘ ʙʝʰʝ ʬʝʨ ʪʝʩʪ? 

 ʂʦʣʢʫ ʙʝʘ ʪʦʯʥʠ ʤʝʨʝˁʘʪʘ? 

 ʀʤʘʰʝ ʣʠ ʥʝʢʦʠ ʨʝʟʫʣʪʘʪʠ ʢʦʠ ʦʪʩʪʘʧʫʚʘʘʪ? 

 ʂʘʢʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʠʩʪʨʘʞʫʚʘˁʝʪʦ? 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʙʨʟʠʥʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʦʜ 
ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʧʦʤʠʥʘʪʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʠ ʚʨʝʤʝʪʦ.ɿʘ 
ʜʘ ʩʧʦʨʝʜʫʚʘʤʝ ʙʨʟʠʥʠ, ʪʨʝʙʘ ʜʘ ʩʝ ʜʦʙʠʿʘʪ ʪʦʯʥʠ 
ʨʝʟʫʣʪʘʪʠ ʧʨʝʢʫ ʬʝʨ ʪʝʩʪ. 

ʅʝʜʝʣʘ 3 
 
ʇʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ 
ʙʨʟʠʥʘ ʠ ʩʨʝʜʥʦ  
ʟʘʙʨʟʫʚʘˁʝ 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ ʚʦ ʨʝʟʫʣʪʘʪʠʪʝ 
(ʢʦʨʝʣʘʮʠʠʪʝ). 

ʏʘʩ 2 
ʇʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘ ʦʜ ʧʦʤʠʥʘʪʦ ʨʘʩʪʦʿʘʥʠʝ ʠ 
ʚʨʝʤʝ 
 

 ʇʨʘʰʘʿʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʢʘʢʦ ʤʦʞʝ ʜʘ ʿʘ ʧʨʝʩʤʝʪʘʘʪ 
ʥʠʚʥʘʪʘ ʙʨʟʠʥʘ ʧʨʠ ʠʟʚʝʜʫʚʘˁʝ ʥʘ ʩʧʦʤʝʥʘʪʠʪʝ 
ʘʢʪʠʚʥʦʩʪʠ. ʀʟʚʣʝʯʝʪʝ ʿʘ ʠʜʝʿʘʪʘ ʜʝʢʘ            

ʙʨʟʠʥʘ =  

 

 ʋʯʝʥʠʮʠʪʝ ʛʠ ʦʙʨʘʙʦʪʫʚʘʘʪ ʠ ʘʥʘʣʠʟʠʨʘʘʪ 
ʧʦʜʘʪʦʮʠʪʝ ʢʦʠ ʛʠ ʩʦʙʨʘʣʝ ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ. ʊʠʝ 
ʤʦʞʝ ʜʘ: 

 ɱʘ ʧʨʝʩʤʝʪʘʘʪ ʩʨʝʜʥʘʪʘ ʙʨʟʠʥʘ ʟʘ ʩʝʢʦʿʘ 
ʘʢʪʠʚʥʦʩʪ 

 ʅʘʮʨʪʘʘʪ ʛʨʘʬʠʢʦʥ ʩʦ ʩʪʦʣʧʯʠˁʘ ʟʘ ʜʘ 
ʩʧʦʨʝʜʘʪ ʨʘʟʣʠʯʥʠ ʘʢʪʠʚʥʦʩʪʠ. 
 

 ʄʦʞʝ ʜʘ ʩʝ ʩʧʦʨʝʜʘʪ ʠ ʙʨʟʠʥʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ 
ʫʯʝʥʠʮʠ (ʥʘ ʧʨ. ʧʨʝʢʫ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ 
ʙʨʟʠʥʠ ʟʘ ʩʝʢʦʿʘ ʘʢʪʠʚʥʦʩʪ). 
ʂʦʠ ʘʢʪʠʚʥʦʩʪʠ ʙʝʘ ʥʘʿʙʨʟʠ? 
ʂʦʠ ʣʫʺʝ ʙʝʘ ʥʘʿʙʨʟʠ? 
 

 ʆʚʦʿ ʝʢʩʧʝʨʠʤʝʥʪ ʠ ʥʝʛʦʚʠʪʝ ʧʦʜʘʪʦʮʠ ʧʦʢʘʞʫʚʘʘʪ 
ʢʦʣʢʫ ʫʯʝʥʠʮʠʪʝ ʤʦʞʘʪ ʜʘ ʧʦʤʠʥʘʪ ʟʘ 10 ʩʝʢʫʥʜʠ. 

 
ʆʚʘ ʘʢʪʠʚʥʦʩʪ ʝ ʜʦʙʨʘ ʰʘʥʩʘ ʟʘ 
ʧʦʚʨʟʫʚʘˁʝ ʩʦ ʤʘʪʝʤʘʪʠʢʘʪʘ. ɺʦ 8 
ʦʜʜʝʣʝʥʠʝ ʧʦ ʧʨʝʜʤʝʪʦʪ Maʪʝʤʘʪʠʢʘ ʥʘ 
ʫʯʝʥʠʮʠʪʝʝ ʠʤ ʩʝ ʚʦʚʝʜʫʚʘ ʧʦʠʤʦʪ ʥʘ 
ʠʟʚʝʜʫʚʘˁʝ ʥʘ ʬʦʨʤʫʣʠ.  
 
 
 
ʄʠʣʠʤʝʪʘʨʩʢʘ ʭʘʨʪʠʿʘ. 

 
ʙʨʟʠʥʘ 
ʩʪʦʧʝʨʢʘ 
ʤʝʪʨʦ ʟʘ ʤʝʨʝˁʝ 
ʤʝʪʘʨ (m) 
ʩʝʢʫʥʜʘ (s) 
ʤʝʪʘʨ ʚʦ ʩʝʢʫʥʜʘ  
(m/s) 
ʩʨʝʜʥʦ 
ʧʨʦʩʝʯʥʦ 
ʪʦʯʥʦ 
 
ʩʧʦʨʝʜʫʚʘ 



 

 
 

ɺʦ ʧʨʦʩʝʢ, ʢʦʣʢʫ ʧʦʤʠʥʘ ʟʘ 1 ʩʝʢʫʥʜʘ? ɼʘʣʠ ʦʚʘ 
ʤʦʞʝʰ ʜʘ ʛʦ ʦʪʢʨʠʝʰ ʦʜ ʧʦʜʘʪʦʮʠʪʝ ʢʦʠ ʛʠ 
ʠʤʘ?h 
 

 ɺʦʚʝʜʝʪʝ ʿʘ ʠʜʝʿʘʪʘ ʟʘ ʙʨʟʠʥʘ (ʥʘ ʧʨ. ʙʨʦʿʦʪ ʥʘ 
ʤʝʪʨʠ ʧʦʤʠʥʘʪʠ ʟʘ 1 ʩʝʢʫʥʜʘ). 
 
ʋʯʝʥʠʮʠʪʝ ʛʠ ʧʨʝʩʤʝʪʫʚʘʘʪ ʥʠʚʥʠʪʝ ʩʨʝʜʥʠ ʙʨʟʠʥʠ 
ʟʘ ʩʝʢʦʿʘ ʘʢʪʠʚʥʦʩʪ, ʥʘ ʧʨ.:ɱʘʩ ʧʨʝʪʨʯʫʚʘʤ 62 m ʟʘ 
10 s, ʟʥʘʯʠ ʚʦ ʧʨʦʩʝʢ ʧʦʤʠʥʘʚ 62/10 = 6,2m ʟʘ 1s. 
ʄʦʿʘʪʘ ʙʨʟʠʥʘ ʝ 6,2 m/s (ʤʝʪʨʠ ʚʦ ʩʝʢʫʥʜʘ). 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʙʨʟʠʥʘʪʘ ʝ ʨʘʩʪʦʿʘʥʠʝʪʦ ʧʦʤʠʥʘʪʦ 

ʟʘ ʝʜʥʘ ʩʝʢʫʥʜʘ (ʙʨʟʠʥʘ = ). ɹʨʟʠʥʘʪʘ ʩʝ 

ʤʝʨʠ ʩʦ m/s. 

ʅʝʜʝʣʘ 4 

ʅʝʜʝʣʘ 4 
 
ʇʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ 
ʙʨʟʠʥʘ ʠ ʩʨʝʜʥʦ  
ʟʘʙʨʟʫʚʘˁʝ 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ ʚʦ ʨʝʟʫʣʪʘʪʠʪʝ 
(ʢʦʨʝʣʘʮʠʠʪʝ). 
 
ʊʦʣʢʫʚʘ ʧʦʜʘʪʦʮʠ ʦʜ 
ʩʝʢʫʥʜʘʨʥʠ ʠʟʚʦʨʠ. 

ʏʘʩ 1 
ɹʨʟʠʥʠ ʠ ʨʘʩʪʦʿʘʥʠʿʘ 

 

 ʇʦʚʪʦʨʝʪʝ ʛʦ ʥʘʫʯʝʥʦʪʦ ʦʜ ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ ʩʦ ʪʦʘ 
ʰʪʦ ˃ʝ ʧʦʙʘʨʘʪʝ ʦʜ ʫʯʝʥʠʮʠʪʝʜʘ ʿʘ ʥʘʧʠʰʘʪ 
ʬʦʨʤʫʣʘʪʘ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʙʨʟʠʥʘ. ʇʨʦʚʝʨʝʪʝ 
ʜʘʣʠ ʨʘʟʙʠʨʘʘʪ ʝʜʥʦʩʪʘʚʥʠ ʧʨʝʩʤʝʪʢʠ (ʧʨ. ʂʦʿʘ ʝ 
ʙʨʟʠʥʘʪʘ ʘʢʦ ʣʠʮʝʪʦ ʧʦʤʠʥʫʚʘ 4 ʤʝʪʨʠ ʟʘ 2 
ʩʝʢʫʥʜʠ?). 
 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʤʘʰʢʠʦʪ ʠ 
ʞʝʥʩʢʠʦʪ ʩʚʝʪʩʢʠ ʨʝʢʦʨʜ ʚʦ ʨʘʟʣʠʯʥʠ ʜʠʩʮʠʧʣʠʥʠ. 

 
 

 
ʋʯʝʥʠʮʠʪʝ ʛʠ ʢʦʨʠʩʪʘʪ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʜʘ ʿʘ 
ʧʨʝʩʤʝʪʘʘʪ ʩʨʝʜʥʘʪʘ ʙʨʟʠʥʘ ʟʘ ʩʝʢʦʝ ʨʘʩʪʦʿʘʥʠʝ. 
ʊʠʝ ʛʠ ʦʨʛʘʥʠʟʠʨʘʘʪ ʧʦʜʘʪʦʮʠʪʝ ʚʦ ʪʘʙʝʣʘ ʠʣʠ 
ʝʣʝʢʪʨʦʥʩʢʘ ʪʘʙʝʣʘʨʥʘ ʧʨʝʩʤʝʪʢʘ. 
 
ʀʩʢʦʨʠʩʪʝʪʝ ʛʠ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʜʘ ʦʜʛʦʚʦʨʠʪʝ ʥʘ 

 
 
 
 
 
 
 
 
ʇʦʜʘʪʦʮʠ ʟʘ ʩʚʝʪʩʢʠʪʝ ʨʝʢʦʨʜʠ ʢʘʿ ʤʘʞʠ ʠ 
ʞʝʥʠ ʟʘ ʩʣʝʜʥʠʚʝ ʜʠʩʮʠʧʣʠʥʠ: 100m, 200m, 
400m, 800m, 1000m, 1500m, 5000m,  
10000m, ʤʘʨʘʪʦʥ (42.195 m). 
 
ɽʣʝʢʪʨʦʥʩʢʠ ʪʘʙʝʣʠ (ʘʢʦ ʩʝ ʜʦʩʪʘʧʥʠ). 
ʅʘ ʫʯʝʥʠʮʠʪʝʤʦʞʝ ʜʘ ʠʤ ʩʝ ʜʘʜʝ ʜʘ 
ʥʘʧʨʘʚʘʪ ʝʣʝʢʪʨʦʥʩʢʘ ʪʘʙʝʣʘʨʥʘ ʧʨʝʩʤʝʪʢʘ  
ʠʣʠ ʦʙʠʯʥʘ ʪʘʙʝʣʘ ʟʘ ʧʦʧʦʣʥʫʚʘˁʝ. 

 
ʙʨʟʠʥʘ 
ʧʨʦʩʝʯʥʘ 
ʨʘʩʪʦʿʘʥʠʝ 
ʚʨʝʤʝ 
ʪʘʙʝʣʘʨʥʠ 
ʧʨʝʩʤʝʪʢʠ 
ʩʨʝʜʥʘ 
ʤʦʤʝʥʪʘʣʥʘ 
ʙʨʟʠʥʘ 



 

 
 

ʩʣʝʜʥʠʚʝ ʧʨʘʰʘˁʘ: 

 ɼʘʣʠ ʩʨʝʜʥʘʪʘ ʙʨʟʠʥʘ ʝ ʧʦʙʨʟʘ ʥʘ ʧʦʢʨʘʪʢʠ 
ʠʣʠ ʧʦʜʦʣʛʠ ʨʘʩʪʦʿʘʥʠʿʘ? 

 ʂʦʣʢʫ ʩʝ ʧʦʙʨʟʠ ʥʘʿʙʨʟʠʪʝ ʤʘʞʠ ʦʜ ʥʘʿʙʨʟʠʪʝ 
ʞʝʥʠ? 
 

 ʇʨʘʰʘʿʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ: ɼʘʣʠ ʤʠʩʣʠʪʝ ʜʝʢʘ 
ʩʧʨʠʥʪʝʨʠʪʝ ʪʨʯʘʘʪ ʩʦ ʠʩʪʘ ʙʨʟʠʥʘ ʥʘ ʩʝʢʦʿʘ 
ʪʦʯʢʘ ʦʜ ʧʘʪʝʢʘʪʘ? ɺʦʚʝʜʝʪʝ ʛʦ ʧʦʠʤʦʪ 
ʤʦʤʝʥʪʘʣʥʘ ʙʨʟʠʥʘ.  
 

 ɼʦʧʦʣʥʠʪʝʣʥʘ ʘʢʪʠʚʥʦʩʪ: ʫʯʝʥʠʮʠʪʝ ʢʦʠ ʩʘʢʘʘʪ 
ʧʦʛʦʣʝʤ ʧʨʝʜʠʟʚʠʢ ʤʦʞʝ ʜʘ ʥʘʧʨʘʚʘʪ ʪʘʙʝʣʘ ʩʦ 
ʩʨʝʜʥʘ ʙʨʟʠʥʘ ʥʘʩʧʨʦʪʠ ʚʢʫʧʥʦʪʦ ʨʘʩʪʦʿʘʥʠʝ. ʉʦ 
ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʚʘʘ ʪʘʙʝʣʘ, ʪʠʝ ʤʦʞʝ ʜʘ ʛʠ 
ʧʨʝʜʚʠʜʘʪ ʩʚʝʪʩʢʠʪʝ ʨʝʢʦʨʜʠ ʟʘ ʜʨʫʛʠʪʝ 
ʨʘʩʪʦʿʘʥʠʿʘ (ʧʨ. 50 m ʠ 60 m). ʧʦʪʦʘ ʪʠʝ ʤʦʞʝ ʜʘ ʛʠ 
ʩʧʦʨʝʜʘʪ ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ ʩʦ ʩʚʝʪʩʢʠʪʝ ʨʝʢʦʨʜʠ ʟʘ 
ʪʨʢʠ ʚʦ ʩʘʣʘ ʥʘ 50 m ʠ 60 m. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʙʨʟʠʥʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʩʧʦʨʝʜʫʚʘ 
ʜʦʣʞ ʨʘʟʣʠʯʥʠ ʨʘʩʪʦʿʘʥʠʿʘ ʠ ʚʨʝʤʠˁʘ.ʄʦʞʝ ʜʘ ʩʝ 
ʥʘʧʨʘʚʘʪ ʦʙʠʯʥʠ ʠʣʠ ʝʣʝʢʪʨʦʥʩʢʠ ʪʘʙʝʣʠ ʟʘ ʜʘ ʩʝ 
ʦʨʛʘʥʠʟʠʨʘ ʠ ʘʥʘʣʠʟʠʨʘ ʛʦʣʝʤʘ ʢʦʣʠʯʠʥʘ ʧʦʜʘʪʦʮʠ. 
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ʇʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ 
ʙʨʟʠʥʘ ʠ ʩʨʝʜʥʦ  
ʟʘʙʨʟʫʚʘˁʝ 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ʊʦʣʢʫʚʘ ʧʦʜʘʪʦʮʠ ʦʜ 
ʩʝʢʫʥʜʘʨʥʠ ʠʟʚʦʨʠ. 

ʏʘʩ 2 
ʈʘʟʣʠʯʥʠ ʝʜʠʥʠʮʠʟʘ ʙʨʟʠʥʘ 

 

 ʇʦʢʘʞʝʪʝ ʩʣʠʢʘ ʦʜ ʙʨʟʠʥʩʢʘ ʢʘʤʝʨʘ. ɺʦ ʧʘʨʦʚʠ, 
ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʜʠʩʢʫʪʠʨʘʘʪ ʟʘ ʪʦʘ ʢʘʢʦ ʨʘʙʦʪʠ 
ʦʚʘʘ ʢʘʤʝʨʘ, ʩʧʦʨʝʜ ʥʠʚ. ɿʦʰʪʦ ʥʘ ʧʘʪʦʪ ʠʤʘ 
ʦʜʙʝʣʝʞʘʥʦ ʣʠʥʠʠ ʢʦʠ ʩʝ ʥʘ 1 m ʦʜʜʘʣʝʯʝʥʦʩʪ? 
ʐʪʦ ʤʠʩʣʠʪʝ, ʢʦʣʢʫ ʬʦʪʦʛʨʘʬʠʠ ʦʜ ʘʚʪʦʤʦʙʠʣ 
ʚʦ ʤʠʥʫʚʘˁʝ ʤʦʞʝ ʜʘ ʥʘʧʨʘʚʠ ʦʚʘʘ ʢʘʤʝʨʘ? 

 

 ʇʦʢʘʞʝʪʝ ʬʦʪʦʛʨʘʬʠʿʘ ʢʦʿʘ ʿʘ ʧʨʘʚʠ ʙʨʟʠʥʩʢʘʪʘ 
ʢʘʤʝʨʘ, ʩʦ ʢʦʿʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ ʙʨʟʠʥʘ. ɺʦ 
ʧʘʨʦʚʠ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʧʨʦʜʠʩʢʫʪʠʨʘʘʪ ʟʘ ʪʦʘ ʢʘʢʦ 
ʤʠʩʣʘʪ ʜʝʢʘ ʬʫʥʢʮʠʦʥʠʨʘ. ʐʪʦ ʤʠʩʣʠʪʝ, ʢʦʣʢʫ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ʙʨʟʠʥʩʢʘ ʢʘʤʝʨʘ 
ʤʝʪʨʠ 
ʤʝʪʨʠ ʚʦ ʩʝʢʫʥʜʘ  
ʩʨʝʜʥʘ 
ʧʨʦʩʝʯʥʘ 
ʩʘʥʪʠʤʝʪʨʠ 
ʢʠʣʦʤʝʪʨʠ 
ʯʘʩʦʚʠ 
 
ʧʨʝʪʚʦʨʘ 



 

 
 

ʬʦʪʦʛʨʘʬʠʠ ʧʨʘʚʠ ʢʘʤʝʨʘʪʘ ʦʜ ʘʚʪʦʤʦʙʠʣ ʚʦ 
ʜʚʠʞʝˁʝ?ʂʘʢʦ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘʪʘ ʙʨʟʠʥʘ? 
 

 ʇʨʘʰʘʿʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʟʘ ʝʜʠʥʠʮʠʪʝ ʢʦʠ ʩʝ 
ʢʦʨʠʩʪʘʪ ʟʘ ʤʝʨʝˁʝ ʥʘ ʙʨʟʠʥʘ. ʀʟʚʣʝʯʝʪʝ ʿʘ 
ʠʜʝʿʘʪʘ ʜʝʢʘ ʧʦʩʪʦʿʘʪ ʨʘʟʣʠʯʥʠ ʝʜʠʥʠʮʠ ʟʘ ʙʨʟʠʥʘ: 

 ɹʨʟʠʥʘ ʥʘ ʘʚʪʦʤʦʙʠʣʠʪʝ ʢʦʿʘ ʩʝ ʤʝʨʠ ʚʦ 
ʢʠʣʦʤʝʪʨʠ ʥʘ ʯʘʩ 

 ɹʨʟʠʥʘ ʥʘ ʚʩʝʣʝʥʩʢʠ ʙʨʦʜ ʢʦʿʘ ʩʝ ʤʝʨʠ ʚʦ 
ʢʠʣʦʤʝʪʨʠ ʥʘ ʩʝʢʫʥʜʘ  

 ʙʨʟʠʥʘ ʥʘ ʧʦʣʞʘʚʠʪʝ ʩʝ ʤʝʨʠ ʚʦ ʩʘʥʪʠʤʝʪʨʠ ʚʦ 
ʤʠʥʫʪʘ 
 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʧʦʜʘʪʦʮʠ ʢʦʠ ʤʦʞʝ ʜʘ ʛʠ 
ʠʩʢʦʨʠʩʪʘʪ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘ ʚʦ ʨʘʟʣʠʯʥʠ 
ʝʜʠʥʠʮʠ ʤʝʨʢʠ. ʅʘ ʧʨʠʤʝʨ: 

 ʉʦʥʮʝʪʦ ʝ ʦʜʜʘʣʝʯʝʥʦ ʦʜ ɿʝʤʿʘʪʘ ʦʢʦʣʫ 149,6 
ʤʠʣʠʦʥʠ km, ʥʘ ʩʦʥʯʝʚʘʪʘ ʩʚʝʪʣʠʥʘʪʘ ʠ 
ʪʨʝʙʘʘʪ ʦʢʦʣʫ 8 ʤʠʥʫʪʠ ʠ 20 ʩʝʢʫʥʜʠ ʜʘ ʩʪʠʛʥʝ 
ʜʦ ɿʝʤʿʘʪʘ. 

 ɽʜʥʦ ʟʨʥʦ ʛʨʘʚ ʙʠʣʦ ʟʘʩʘʜʝʥʦ ʚʦ ʟʝʤʿʘʪʘ 31 
ʜʝʥ, ʧʘ ʧʦʪʦʘ ʠʟʚʘʜʝʥʦ. ɻʣʘʚʥʠʦʪ ʢʦʨʝʥ ʙʠʣ ʩʦ 
ʜʦʣʞʠʥʘ ʦʜ 61 cm. 

 ɺʦ ʍʘʚʘʠ ʝʜʝʥ ʚʫʣʢʘʥ ʝʨʫʧʪʠʨʘʣ ʚʦ 1950 ʛʦʜ. 
ʃʘʚʘʪʘ ʩʝ ʨʘʟʣʝʘʣʘ ʥʠʟ 4 km ʛʫʩʪʘ ʰʫʤʘ ʟʘ 24 
ʤʠʥʫʪʠ. 

 ɽʜʝʥ ʘʣʙʘʪʨʦʩ ʧʦʤʠʥʘʣ 6.000 km ʟʘ 12 ʜʝʥʘ. 
 

 ɼʦʧʦʣʥʠʪʝʣʥʘ ʘʢʪʠʚʥʦʩʪ: ʫʯʝʥʠʮʠʪʝ ʢʦʠ ʩʘʢʘʘʪ 
ʧʦʛʦʣʝʤ ʧʨʝʜʠʟʚʠʢ ʤʦʞʝ ʜʘ ʧʨʘʚʘʪ ʧʨʝʩʤʝʪʢʠ 
ʧʨʝʢʫ ʢʦʠ ˃ʝ ʧʨʝʪʚʦʨʘʘʪ ʝʜʥʘ ʝʜʠʥʠʮʘ ʚʦ ʜʨʫʛʘ 
ʝʜʠʥʠʮʘ ʟʘ ʙʨʟʠʥʘ, ʧʨ.: 

 ʢm/h ʚʦ km/min 

 m/s ʚʦ km/s 

 cm/s ʚʦ m/s. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʩʝ ʢʦʨʠʩʪʘʪ ʨʘʟʣʠʯʥʠ ʝʜʠʥʠʮʠ 
ʤʝʨʢʠ ʟʘ ʙʨʟʠʥʘ, ʟʘʚʠʩʥʦ ʦʜ ʨʘʩʪʦʿʘʥʠʝʪʦ ʠ 

 
 
 
 
 
 
ɼʦʧʦʣʥʠʪʝʣʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʫʯʝʥʠʮʠʪʝ. 
ɿʘʙʝʣʝʰʢʘ: ʫʯʝʥʠʮʠʪʝ ʤʦʞʝ ʜʘ ʧʦʙʘʨʘʘʪ 
ʧʦʚʝ˃ʝ ʧʨʠʤʝʨʠ ʢʦʨʠʩʪʝʿ˃ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʠʣʠ 
ʠʩʧʝʯʘʪʝʥʠ ʥʘʛʣʝʜʥʠ ʩʨʝʜʩʪʚʘ. 



 

 
 

ʚʨʝʤʝʪʦ.  
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ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 
 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝʟʘ ʝʬʝʢʪʠʪʝ ʥʘ ʩʠʣʘʪʘ ʚʨʟ ʦʙʣʠʢʦʪ 
ʥʘ ʧʨʝʜʤʝʪʦʪ ʠ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʠʪʝ. 

  

ʅʝʜʝʣʘ5 
 
ʊʦʣʢʫʚʘ ʝʜʥʦʩʪʘʚʥʠ 
ʛʨʘʬʠʢʦʥʠ ʢʦʠ ʛʦ 
ʧʦʢʘʞʫʚʘʘʪ ʧʦʤʠʥʘʪʠʦʪ 
ʧʘʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 
ʚʨʝʤʝʪʦ ʠ ʙʨʟʠʥʘʪʘ ʚʦ 
ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʨʝʤʝʪʦ. 
 
ʉʦʙʠʨʘ ʠʜʝʠ ʠ ʛʠ 
ʧʨʝʪʚʦʨʘ ʚʦ ʬʦʨʤʘ ʢʦʿʘ 
ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʝʨʠ 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 

ʏʘʩ2 
ɻʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ (1) 

 

 ʇʦʙʘʨʘʿʪʝ ʫʯʝʥʠʮʠʪʝʜʘ ʚʠ ʥʘʙʨʦʿʘʪ ʥʘ ʢʦʠ ʩ¯ 
ʥʘʯʠʥʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʢʘʞʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʜ 
ʠʩʪʨʘʞʫʚʘˁʝʪʦ. ʐʪʦ ʩʘʢʘʪʝ ʧʦʚʝ˃ʝ: ʪʘʙʝʣʠ ʠʣʠ 
ʛʨʘʬʠʢʦʥʠ? ɿʦʰʪʦ? ʂʦʠ ʩʝ ʧʨʝʜʥʦʩʪʠʪʝ ʠ 
ʩʣʘʙʠʪʝ ʩʪʨʘʥʠ ʥʘ ʜʚʝʪʝ? 
ʀʟʚʣʝʯʝʪʝ ʛʠ ʥʠʚʥʠʪʝ ʦʜʛʦʚʦʨʠ ʩʦ ʪʦʘ ʰʪʦ ˃ʝ 
ʦʙʿʘʩʥʠʪʝ ʜʝʢʘ ʪʘʙʝʣʠʪʝ ʩʝ ʜʦʙʨʠ ʟʘ ʦʨʛʘʥʠʟʠʨʘˁʝ 
ʥʘ ʧʦʜʘʪʦʮʠ. ʉʝʧʘʢ, ʘʢʦ ʩʝ ʧʦʪʨʝʙʥʠ ʘʥʘʣʠʟʠ, ʧʨʝʢʫ 
ʛʨʘʬʠʢʦʥʠʪʝ ʧʦʣʝʩʥʦ ʩʝ ʛʣʝʜʘʘʪ ʨʘʟʣʠʯʥʠʪʝ 
ʪʨʝʥʜʦʚʠ. 
 

 ʇʦʢʘʞʝʪʝ ʢʘʢʦ ʩʝ ʮʨʪʘ ʛʨʘʬʠʢʦʥ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ 
ʦʜ ʧʦʜʘʪʦʮʠ ʢʦʠ ʩʪʝ ʛʠ ʦʜʙʨʘʣʝ ʟʘ ʧʨʠʤʝʨ. ʅʘ 
ʛʨʘʬʠʢʦʥʦʪ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʠʢʘʞʘʪ ʜʚʘ ʧʝʨʠʦʜʘ ʥʘ 
ʜʚʠʞʝˁʝ, ʩʦ ʧʝʨʠʦʜ ʥʘ ʤʠʨʫʚʘˁʝ ʧʦʤʝʺʫ ʥʠʚ.  
 

 ʂʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʝʢʘ ˃ʝ ʛʦ ʠʩʪʨʘʞʫʚʘʘʪ 
(ʙʘʚʥʦʪʦ) ʜʚʠʞʝˁʝ ʥʘ ʠʛʨʘʯʢʠʪʝ ʥʘ ʥʘʚʠʚʘˁʝ, ʩʦ 
ʪʦʘ ʰʪʦ ˃ʝ ʠʤ ʿʘ ʤʝʨʠʪʝ ʧʦʟʠʮʠʿʘʪʘ ʚʦ ʪʝʢ ʥʘ 
ʦʜʨʝʜʝʥʦ ʚʨʝʤʝ. 
 
ʇʦʢʘʞʝʪʝ ʠʤ ʿʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʧʨʝʤʘʪʘ ʢʦʿʘ ʠʤ ʝ ʥʘ 
ʨʘʩʧʦʣʘʛʘˁʝ. ʋʯʝʥʠʮʠʪʝ ʜʠʩʢʫʪʠʨʘʘʪ ʟʘ ʪʦʘ ʢʘʢʦ ˃ʝ 
ʛʠ ʩʦʙʠʨʘʘʪ ʨʝʟʫʣʪʘʪʠʪʝ. 
 
ɻʨʫʧʠʪʝ ʥʝʢʘ ʜʘʜʘʪ ʩʚʦʠ ʦʜʛʦʚʦʨʠ. ɼʦʛʦʚʦʨʝʪʝ ʩʝ 
ʢʦʿ ʤʝʪʦʜ ˃ʝ ʛʦ ʢʦʨʠʩʪʠʪʝ ʟʘ ʠʩʪʨʘʛʘʪʘ. ʋʯʝʥʠʮʠʪʝ 
ʛʦ ʟʘʙʝʣʝʞʫʚʘʘʪ ʪʦʿ ʤʝʪʦʜ. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
ʇʦʜʘʪʦʮʠ (ʟʘ ʧʨʠʤʝʨ) ʢʦʠ ʙʠ ʩʝ 
ʠʩʢʦʨʠʩʪʠʣʝ ʟʘ ʮʨʪʘˁʝ ʥʘ ʝʜʥʦʩʪʘʚʝʥ 
ʛʨʘʬʠʢʦʥ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ. 
 
 
 
 
 
 
ʅʝʢʦʣʢʫ ʠʛʨʘʯʢʠ ʥʘ ʥʘʚʠʚʘˁʝ, ʩʪʦʧʝʨʢʠ ʠʣʠ 
ʝʣʝʢʪʨʦʥʩʢʠ ʤʝʨʘʯʠ ʥʘ ʚʨʝʤʝ, ʣʠʥʠʿʘʨʠ ʠ 
ʛʦʣʝʤʠ ʣʠʩʪʦʚʠ ʭʘʨʪʠʿʘ. 
 
ɿʘʙʝʣʝʰʢʘ: ʝʜʝʥ ʤʦʞʝʥ ʤʝʪʦʜ ʝ ʠʛʨʘʯʢʘʪʘ 
ʜʘ ʩʝ ʩʪʘʚʠ ʚʦ ʮʝʥʪʘʨʦʪ ʥʘ ʛʦʣʝʤ ʣʠʩʪ 
ʭʘʨʪʠʿʘ (ʦʟʥʘʯʝʥʦ ʩʦ X). ʇʦʪʦʘ, ʩʝ 
ʦʜʙʝʣʝʞʫʚʘ ʧʦʣʦʞʙʘʪʘ ʥʘ ʠʛʨʘʯʢʘʪʘ ʥʘ 
ʩʝʢʦʠ 10 ʩʝʢʫʥʜʠ. ʇʦʪʦʘ ʩʝ ʤʝʨʠ 
ʨʘʩʪʦʿʘʥʠʝʪʦ ʧʦʤʝʫ̋ ʦʟʥʘʯʝʥʠʪʝ ʪʦʯʢʠ ʩʦ 

 
ʙʨʟʠʥʘ 
ʨʘʩʪʦʿʘʥʠʝ 
ʩʪʦʧʝʨʢʘ 
ʤʝʪʨʦ ʟʘ ʤʝʨʝˁʝ 
ʤʝʪʘʨ 
ʤʝʪʘʨ ʚʦ ʩʝʢʫʥʜʘ  
ʩʨʝʜʥʘ 
ʧʨʦʩʝʯʥʘ 
ʪʦʯʥʦ 
ʧʨʝʜʥʦʩʪʠ 
ʩʣʘʙʠ ʩʪʨʘʥʠ 
 
ʧʨʝʜʚʠʜʫʚʘ 



 

 
 

ʋʯʝʥʠʮʠʪʝ ʮʨʪʘʘʪ ʪʘʙʝʣʘ ʟʘ ʨʝʟʫʣʪʘʪʠʪʝ. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʛʨʘʬʠʢʦʥʠʪʝ ʩʝ ʢʦʨʠʩʪʘʪ ʠ ʟʘ 
ʦʧʰʪʠ ʪʨʝʥʜʦʚʠ ʠ ʟʘ ʧʦʜʝʪʘʣʥʠ ʤʝʨʝˁʘ. ʆʜ 
ʧʦʜʘʪʦʮʠ ʟʘ ʠʟʤʠʥʘʪʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʚʦ ʨʘʟʣʠʯʥʠ 
ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʮʨʪʘ ʛʨʘʬʠʢʦʥ 
ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ 

ʣʠʥʠʿʘʨ, ʠ ʩʝ ʚʥʝʩʫʚʘʪ ʧʦʜʘʪʦʮʠʪʝ. 
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ʅʝʜʝʣʘ6 
 
ʊʦʣʢʫʚʘ ʝʜʥʦʩʪʘʚʥʠ 
ʛʨʘʬʠʢʦʥʠ ʢʦʠ ʛʦ 
ʧʦʢʘʞʫʚʘʘʪ ʧʦʤʠʥʘʪʠʦʪ 
ʧʘʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 
ʚʨʝʤʝʪʦ ʠ ʙʨʟʠʥʘʪʘ ʚʦ 
ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʨʝʤʝʪʦ. 
 
ʇʨʘʚʠ ʤʝʨʝˁʘ ʩʦ 
ʩʦʦʜʚʝʪʥʘ ʪʦʯʥʦʩʪ 
 
ʂʦʨʠʩʪʠ ʨʘʟʣʠʯʥʘ ʦʧʨʝʤʘ 
ʧʨʘʚʠʣʥʦ. 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʟʘʢʣʫʯʦʮʠ ʥʘ 
ʜʨʫʛʠʪʝ ʥʘ ʩʦʦʜʚʝʪʥʠ 
ʥʘʯʠʥʠ.  

ʏʘʩ1 
ɻʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ (2) 

 

 ʅʘʚʝʜʝʪʝ ʛʠ ʥʘʛʣʝʜʥʠʪʝ ʩʨʝʜʩʪʚʘ ʢʦʠ ʠʤ ʩʝ ʥʘ 
ʨʘʩʧʦʣʘʛʘˁʝ ʥʘ ʫʯʝʥʠʮʠʪʝ ʟʘ ʥʠʚʥʦʪʦ 
ʠʩʪʨʘʞʫʚʘˁʝ. ɼʘʿʪʝ ʠʤ ʚʨʝʤʝ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʩʝ 
ʟʘʧʦʟʥʘʘʪ ʩʦ ʦʜʙʨʘʥʠʦʪ ʤʝʪʦʜ ʠ ʪʘʙʝʣʘʪʘ ʢʦʿʘ ʿʘ 
ʠʟʛʦʪʚʠʣʝ ʟʘ ʚʥʝʩʫʚʘˁʝ ʥʘ ʥʠʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. 

 
 ʋʯʝʥʠʮʠʪʝ ʚʦ ʛʨʫʧʠ ʛʦ ʠʟʚʝʜʫʚʘʘʪ ʠʩʪʨʘʞʫʚʘˁʝʪʦ. 
ɿʘ ʤʝʨʝˁʝ ʥʘ ʩʝʢʦʝ ʨʘʩʪʦʿʘʥʠʝ, ʪʠʝ ʪʨʝʙʘ ʜʘ ʛʠ 
ʧʨʦʚʝʨʫʚʘʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʚʝ˃ʝʧʘʪʠ. 

 
 ʋʯʝʥʠʮʠʪʝʛʠ ʧʨʝʩʤʝʪʫʚʘʘʪ ʩʨʝʜʥʠʪʝʨʝʟʫʣʪʘʪʠ ʟʘ 
ʩʝʢʦʝ ʤʝʨʝˁʝ ʠ ʮʨʪʘʘʪ ʛʨʘʬʠʢʦʥ ʥʘ ʨʘʩʪʦʿʘʥʠʝ 
(ʦʩʢʘʪʘ y) ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʨʝʤʝ (ʦʩʢʘʪʘ x). 
 
ʋʯʝʥʠʮʠʪʝ ʧʠʰʫʚʘʘʪ ʦʧʠʩ ʥʘ ʜʚʠʞʝˁʝʪʦ ʧʨʠʢʘʞʘʥʦ 
ʥʘ ʛʨʘʬʠʢʦʥʦʪ. ʅʘ ʧʨʠʤʝʨ: 
ʀʛʨʘʯʢʘʪʘ ʧʨʚʦ ʧʦʤʠʥʘ 10 cm ʟʘ 3 s. ʇʦʪʦʘ 
ʟʘʩʪʘʥʘ 1 s. ʇʦʪʦʘ ʧʘʪ ʪʨʛʥʘ ʠ ʧʦʤʠʥʘ 3 cm ʟʘ 5 
s. ʇʦʪʦʘ ʟʘʩʪʘʥʘ ʧʘʢ.  

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʥʘ ʛʨʘʬʠʢʦʥ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ 
ʚʨʝʤʝʪʦ ʝ ʦʟʥʘʯʝʥʦ ʥʘ ʦʩʢʘʪʘ x, ʘ ʨʘʩʪʦʿʘʥʠʝʪʦ ʥʘ 
ʦʩʢʘʪʘ y. 

 
 

 
 
 
ʅʘʛʣʝʜʥʠ ʩʨʝʜʩʪʚʘ ʥʘ ʨʘʩʧʦʣʘʛʘˁʝ, ʧʨ. 
ʧʦʟʠʮʠʦʥʝʥ ʩʝʥʟʦʨ, ʤʝʪʨʠ ʟʘ ʤʝʨʝˁʝ, 
ʩʪʦʧʝʨʢʠ, A2 (ʛʦʣʝʤʠ) ʣʠʩʪʦʚʠ ʭʘʨʪʠʿʘ, 
ʤʠʣʠʤʝʪʘʨʩʢʘ ʭʘʨʪʠʿʘ, ʠʛʨʘʯʢʠ ʥʘ 
ʥʘʚʠʚʘˁʝ. 

 
ʙʨʟʠʥʘ 
ʨʘʩʪʦʿʘʥʠʝ 
ʩʪʦʧʝʨʢʘ 
ʤʝʪʨʦ ʟʘ ʤʝʨʝˁʝ  
ʤʝʪʘʨ 
ʤʝʪʘʨ ʚʦ ʩʝʢʫʥʜʘ  
ʩʨʝʜʥʘ 
ʧʨʦʩʝʯʥʘ 
ʪʦʯʥʦ 
 
ʦʧʨʝʤʘ 
ʘʧʘʨʘʪʠ 
ʧʨʝʜʚʠʜʫʚʘ 
ʚʥʝʩʫʚʘ 
ʦʧʠʰʫʚʘ 
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ʏʘʩ 2 
ʊʦʣʢʫʚʘˁʝ ʥʘ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ 

 
 

 
ʙʨʟʠʥʘ 



 

 
 

ʊʦʣʢʫʚʘ ʝʜʥʦʩʪʘʚʥʠ 
ʛʨʘʬʠʢʦʥʠ ʢʦʠ ʛʦ 
ʧʦʢʘʞʫʚʘʘʪ ʧʦʤʠʥʘʪʠʦʪ 
ʧʘʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 
ʚʨʝʤʝʪʦ ʠ ʙʨʟʠʥʘʪʘ ʚʦ 
ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʨʝʤʝʪʦ. 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʪʨʝʥʜʦʚʠ ʠ 
ʰʘʙʣʦʥʠ ʚʦ ʨʝʟʫʣʪʘʪʠʪʝ 
(ʢʦʨʝʣʘʮʠʠʪʝ). 
 
ɼʠʩʢʫʪʠʨʘ ʦʙʿʘʩʥʫʚʘˁʘ ʟʘ 
ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ 
ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ 
ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ 
ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ. 

 

 ɼʠʩʢʫʪʠʨʘʿʪʝ ʟʘ ʨʝʟʫʣʪʘʪʠʪʝ (ʦʜ ʛʨʘʬʠʢʦʥʦʪ 
ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ) ʦʜ ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ.ʅʘ ʢʦʿ ʜʝʣ ʝ 
ʧʨʠʢʘʞʘʥ ʧʨʝʜʤʝʪʦʪ ʚʦ ʤʠʨʫʚʘˁʝ? ʅʘ ʢʦʿ ʜʝʣ ʝ 
ʧʨʠʢʘʞʘʥ ʧʨʝʜʤʝʪʦʪ ʢʘʢʦ ʩʝ ʦʜʜʘʣʝʯʫʚʘ?ʂʦʿ ʜʝʣ 
ʧʨʠʢʘʞʫʚʘ ʜʘʣʠ ʧʨʝʜʤʝʪʦʪ ʙʨʛʫ ʩʝ ʜʚʠʞʠ? 
ʄʦʞʝʪʝ ʣʠ ʜʘ ʨʘʟʙʝʨʝʪʝ ʦʜ ʛʨʘʬʠʢʦʥʦʪ 
ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʜʘʣʠ ʧʨʝʜʤʝʪʦʪ ʦʜʠ ʥʘʥʘʧʨʝʜ 
ʠʣʠ ʥʘʥʘʟʘʜ? 
 

 ʀʟʚʣʝʯʝʪʝ ʛʠ ʟʘʢʣʫʯʦʮʠʪʝ: 

 ʍʦʨʠʟʦʥʪʘʣʥʘʪʘ ʣʠʥʠʿʘ ʧʦʢʘʞʫʚʘ ʜʝʢʘ 
ʧʨʝʜʤʝʪʦʪ ʝ ʥʘʧʦʜʚʠʞʝʥ (ʙʨʟʠʥʘ ʥʫʣʘ). 

 ʃʠʥʠʿʘ ʩʦ ʙʣʘʛʘ ʢʦʩʠʥʘ (ʥʘʢʣʦʥ) ʫʢʘʞʫʚʘ ʥʘ 
ʧʦʩʪʦʿʘʥʘ ʙʨʟʠʥʘ. 

 ʂʦʣʢʫ ʝ ʧʦʩʪʨʤʥʘ ʣʠʥʠʿʘʪʘ, ʪʦʘ ʝ ʧʦʛʦʣʝʤʘ 
ʙʨʟʠʥʘʪʘ. 

 

 ʂʦʨʠʩʪʝʪʝ ʿʘ ʩʠʤʫʣʘʮʠʿʘʪʘ ʟʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʦ 
ʠʩʪʨʘʞʫʚʘʘʪ ʛʨʘʬʠʢʦʥʦʪ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ. 

 
 
 

 ɼʘʿʪʝ ʠʤ ʧʦʜʘʪʦʮʠ ʥʘ ʫʯʝʥʠʮʠʪʝ ʟʘ ʜʘ ʮʨʪʘʘʪ ʠ 
ʪʦʣʢʫʚʘʘʪ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ. 
 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʥʘ ʛʨʘʬʠʢʦʥʦʪ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ 
ʭʦʨʠʟʦʥʪʘʣʥʘ ʣʠʥʠʿʘ ʟʥʘʯʠ ʜʝʢʘ ʧʨʝʜʤʝʪʦʪ ʥʝ ʩʝ 
ʜʚʠʞʝʣ. ʃʠʥʠʠ ʧʦʜ ʢʦʩʠʥʘ/ʥʘʢʣʦʥ ʟʥʘʯʘʪ ʜʝʢʘ 
ʧʨʝʜʤʝʪʦʪ ʙʠʣ ʚʦ ʜʚʠʞʝˁʝ. ʇʦʩʪʨʤʥʠ ʢʦʩʠʥʠ 
ʦʟʥʘʯʫʚʘʘʪ ʧʦʛʦʣʝʤʠ ʙʨʟʠʥʠ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʉʠʤʫʣʘʮʠʿʘ:http://www.absorblearning.com/a
dvancedphysics/demo/units/fullscreen.html?sr
c=media/010103Helicopter.swf&title=undefine
d&w=500&h=400 
 
ʇʦʜʘʪʦʮʠ ʟʘ ʫʯʝʥʠʮʠʪʝ, ʤʠʣʠʤʝʪʘʨʩʢʘ 
ʭʘʨʪʠʿʘ. 
ʄʦʞʥʠ ʧʦʜʘʪʦʮʠ: 
http://www.mathwarehouse.com/classroom/wo
rksheets/distance-vs-time/distance-vs-time-
graph-worksheet.pdf 

ʤʝʪʘʨ 
ʤʝʪʘʨ ʚʦ ʩʝʢʫʥʜʘ  
ʩʨʝʜʥʦ 
ʧʨʦʩʝʯʥʦ 
ʢʦʩʠʥʘ 

ʅʝʜʝʣʘ 7 

ʅʝʜʝʣʘ 7 
 
ʊʦʣʢʫʚʘ ʝʜʥʦʩʪʘʚʥʠ 
ʛʨʘʬʠʢʦʥʠ ʢʦʠ ʛʦ 
ʧʦʢʘʞʫʚʘʘʪ ʧʦʤʠʥʘʪʠʦʪ 

ʏʘʩ 1 
ʇʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘ ʦʜ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ- 
ʚʨʝʤʝ 
 

 ʇʦʙʘʨʘʿʪʝ ʫʯʝʥʠʮʠʪʝʜʘ ʿʘ ʟʘʧʠʰʘʪ ʬʦʨʤʫʣʘʪʘ ʢʦʿʘ 

 
 
 
 
 

 
ʙʨʟʠʥʘ 
ʤʝʪʘʨ 
ʤʝʪʘʨ ʚʦ ʩʝʢʫʥʜʘ  
ʛʨʘʬʠʢʦʥʠ 

http://www.absorblearning.com/advancedphysics/demo/units/fullscreen.html?src=media/010103Helicopter.swf&title=undefined&w=500&h=400
http://www.absorblearning.com/advancedphysics/demo/units/fullscreen.html?src=media/010103Helicopter.swf&title=undefined&w=500&h=400
http://www.absorblearning.com/advancedphysics/demo/units/fullscreen.html?src=media/010103Helicopter.swf&title=undefined&w=500&h=400
http://www.absorblearning.com/advancedphysics/demo/units/fullscreen.html?src=media/010103Helicopter.swf&title=undefined&w=500&h=400
http://www.mathwarehouse.com/classroom/worksheets/distance-vs-time/distance-vs-time-graph-worksheet.pdf
http://www.mathwarehouse.com/classroom/worksheets/distance-vs-time/distance-vs-time-graph-worksheet.pdf
http://www.mathwarehouse.com/classroom/worksheets/distance-vs-time/distance-vs-time-graph-worksheet.pdf


 

 
 

ʧʘʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 
ʚʨʝʤʝʪʦ ʠ ʙʨʟʠʥʘʪʘ ʚʦ 
ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʨʝʤʝʪʦ. 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 

ʛʠ ʧʦʚʨʟʫʚʘ ʙʨʟʠʥʘʪʘ,ʨʘʩʪʦʿʘʥʠʝʪʦ ʠ ʚʨʝʤʝʪʦ. 
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʝʜʥʦʩʪʘʚʝʥ ʛʨʘʬʠʢʦʥ ʨʘʩʪʦʿʘʥʠʝ-
ʚʨʝʤʝ. ʇʨʘʰʘʿʪʝ ʛʠ ʂʦʝ ʙʝʰʝ ʨʘʩʪʦʿʘʥʠʝʪʦ ʥʘ 
ʥʫʣʘ ʩʝʢʫʥʜʠ? ʂʦʝ ʙʝʰʝ ʨʘʩʪʦʿʘʥʠʝʪʦ ʥʘ 2 
ʩʝʢʫʥʜʠ? ʂʦʣʢʫ ʠʟʤʠʥʘ ʧʨʝʜʤʝʪʦʪ ʟʘ 2 ʩʝʢʫʥʜʠ? 
ʂʦʿʘ ʙʝʰʝ ʩʨʝʜʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʧʨʝʜʤʝʪʦʪ ʧʦʤʝʺʫ 
0-2 ʩʝʢʫʥʜʠ? 
 
ʉʣʠʯʥʦ ʥʘ ʦʚʘ, ʧʦʢʘʞʝʪʝ ʢʘʢʦ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ 
ʠʟʤʠʥʘʪʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʠ ʩʨʝʜʥʘʪʘ ʙʨʟʠʥʘ ʧʦʤʝʺʫ 2ï
4 ʩʝʢʫʥʜʘ, 4ï6 ʩʝʢʫʥʜʘ, ʠʪʥ. 

 
 

 ɼʘʿʪʝ ʧʨʠʤʝʨʠ ʟʘ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʟʘ 
ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʠ ʪʦʣʢʫʚʘʘʪ. ʋʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ 
ʚʝʞʙʘʘʪ: 

 ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʠʟʤʠʥʘʪʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʚʦ 
ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ 

 ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘ ʦʜ ʛʨʘʬʠʢʦʥʠ 
ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ. 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʙʨʟʠʥʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʩʦ 
ʪʦʣʢʫʚʘˁʝ ʥʘ ʛʨʘʬʠʢʦʥʦʪ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ. 
ʀʟʤʠʥʘʪʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʚʦ ʨʘʟʣʠʯʥʠʪʝ ʚʨʝʤʝʥʩʢʠ 
ʧʝʨʠʦʜʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʯʠʪʘ ʦʜ ʛʨʘʬʠʢʦʥʦʪ. ʇʦʪʦʘ 
ʩʝ ʢʦʨʠʩʪʠ ʬʦʨʤʫʣʘʪʘ  

ʙʨʟʠʥʘ = . 

 
ʅʘ ʧʨʠʤʝʨ, ʠʩʢʦʨʠʩʪʝʪʝ ʿʘ 1 ʩʪʨ. ʦʜ: 
http://www.bbc.co.uk/schools/gcsebitesize/scie
nce/add_ocr_pre_2011/explaining_motion/des
cribingmotionrev2.shtml 
 
 
ɿʘʙʝʣʝʰʢʘ: ʥʘ ʦʚʦʿ ʥʘʯʠʥ ˃ʝ ʠʤ ʧʦʤʦʛʥʝʪʝ 
ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʥʝ ʥʘʧʨʘʚʘʪ ʟʘʙʫʥʘ ʧʦʤʝʺʫ 
ʛʨʘʬʠʢʦʥʠʪʝ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʠ ʙʨʟʠʥʘ-
ʚʨʝʤʝ ʘʢʦ ʛʠ ʚʥʝʩʫʚʘʘʪ ʩʠʪʝ ʚʨʝʜʥʦʩʪʠ ʟʘ 
ʜʘ ʛʠ ʧʨʝʩʤʝʪʫʚʘʘʪ. 
 
ʇʨʠʤʝʨʠ ʟʘ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ. 

ʭʦʨʠʟʦʥʪʘʣʥʦ 
ʩʪʨʤʥʦ 
ʧʦʩʪʦʿʘʥʘ ʙʨʟʠʥʘ 
ʤʠʨʫʚʘˁʝ 
 
ʪʦʣʢʫʚʘ 

ʅʝʜʝʣʘ 7 
 
ʇʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ 
ʙʨʟʠʥʘ ʠ ʩʨʝʜʥʦ  
ʟʘʙʨʟʫʚʘˁʝ 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ʊʦʣʢʫʚʘ ʧʦʜʘʪʦʮʠ ʦʜ 

ʏʘʩ2 
ʇʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʨʘʩʪʦʿʘʥʠʝ ʠʣʠ ʚʨʝʤʝ ʦʜ ʜʘʜʝʥʘ 
ʙʨʟʠʥʘ 
 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʠ ʟʘʧʠʰʘʪ ʬʦʨʤʫʣʠʪʝ ʟʘ 
ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘ. ʇʦʙʘʨʘʿʪʝ ʦʜ ʥʠʚ ʜʘ ʛʠ 
ʧʨʦʤʝʥʘʪ ʤʝʩʪʘʪʘ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʟʘ ʜʘ ʤʦʞʝ ʜʘ 
ʧʨʝʩʤʝʪʘʘʪ ʠʣʠ ʚʨʝʤʝ ʠʣʠ ʨʘʩʪʦʿʘʥʠʝ. 

 

 ɼʘʿʪʝ ʠʤ ʧʦʜʘʪʦʮʠ ʥʘ ʫʯʝʥʠʮʠʪʝʟʘ ʜʘ ʤʦʞʘʪ ʜʘ 

ʇʦ ʧʨʝʜʤʝʪʥʠʦʪ ʯʘʩ ʄʘʪʝʤʘʪʠʢʘ, ʥʘ 
ʫʯʝʥʠʮʠʪʝʦʜ ʥʝʦʜʘʤʥʘ ʠʤ ʝ ʚʦʚʝʜʝʥʦ 
ʠʟʚʝʜʫʚʘˁʝ ʥʘ ʬʦʨʤʫʣʠ. ʆʚʘ ʝ ʜʦʙʨʘ 
ʤʦʞʥʦʩʪ ʠʩʪʦʪʦ ʜʘ ʩʝ ʚʝʞʙʘ ʠ ʧʨʠʤʝʥʠ ʠ ʚʦ 
ʌʠʟʠʢʘʪʘ. 
 
 
 
ʇʨʠʤʝʨ ʟʘ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ. 
 

 
ʙʨʟʠʥʘ 
ʚʨʝʤʝ 
ʨʘʩʪʦʿʘʥʠʝ 

http://www.bbc.co.uk/schools/gcsebitesize/science/add_ocr_pre_2011/explaining_motion/describingmotionrev2.shtml
http://www.bbc.co.uk/schools/gcsebitesize/science/add_ocr_pre_2011/explaining_motion/describingmotionrev2.shtml
http://www.bbc.co.uk/schools/gcsebitesize/science/add_ocr_pre_2011/explaining_motion/describingmotionrev2.shtml


 

 
 

ʩʝʢʫʥʜʘʨʥʠ ʠʟʚʦʨʠ. ʧʨʝʩʤʝʪʘʘʪ ʚʨʝʤʝ, ʨʘʩʪʦʿʘʥʠʝ ʠʣʠ ʙʨʟʠʥʘ. 
ʋʯʝʥʠʮʠʪʝʪʨʝʙʘ ʜʘ ʿʘ ʥʘʧʠʰʘʪ ʨʘʚʝʥʢʘʪʘ ʟʘ 
ʙʨʟʠʥʘ, ʠ ʧʦʪʦʘ, ʜʘ ʛʠ ʠʟʚʝʜʘʪ ʦʜ ʥʝʘ ʠ ʜʨʫʛʠʪʝ 
ʚʝʣʠʯʠʥʠ. 
 

 ʇʦʢʘʞʝʪʝ ʧʨʠʤʝʨʠ ʟʘ ʪʦʯʥʠ ʠ ʥʝʪʦʯʥʠ ʚʝʨʟʠʠ ʦʜ 
ʬʦʨʤʫʣʘʪʘ ʟʘ ʙʨʟʠʥʘ. ɿʘ ʩʝʢʦʿ ʧʨʠʤʝʨ, ʫʯʝʥʠʮʠʪʝ 
ʪʨʝʙʘ ʜʘ ʢʘʞʘʪ ʜʘʣʠ ʝ ʪʦʯʝʥ ʠʣʠ ʜʘ ʛʦ ʧʦʧʨʘʚʘʪ ʘʢʦ 
ʝ ʥʝʪʦʯʝʥ. 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʨʘʩʪʦʿʘʥʠʝʪʦ ʠ ʚʨʝʤʝʪʦ ʤʦʞʝ ʜʘ ʩʝ 
ʧʨʝʩʤʝʪʘʘʪ ʩʦ ʤʝʥʫʚʘˁʝ ʥʘ ʤʝʩʪʘʪʘ ʚʦ ʨʘʚʝʥʢʘʪʘ. 

 
 
 
ɿʘʙʝʣʝʰʢʘ: ʥʝʪʦʯʥʠ ʧʨʠʤʝʨʠ ʤʦʞʝ ʜʘ 
ʙʠʜʘʪ: 
ʚʨʝʤʝ= ʨʘʩʪʦʿʘʥʠʝ x ʙʨʟʠʥʘ 
ʨʘʩʪʦʿʘʥʠʝ = ʙʨʟʠʥʘ / ʚʨʝʤʝ 

ʅʝʜʝʣʘ 8 

ʅʝʜʝʣʘ 8 
 
ʇʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ 
ʙʨʟʠʥʘ ʠ ʩʨʝʜʥʦ  
ʟʘʙʨʟʫʚʘˁʝ 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 

ʏʘʩ1 
ɺʦʚʝʜ ʚʦ ʟʘʙʨʟʫʚʘˁʝ 

 

 ʇʦʢʘʞʝʪʝ ʚʠʜʝʦ ʢʣʠʧ ʦʜ ʛʝʧʘʨʜ ʢʦʿ ʪʨʯʘ ʠ ʜʘʿʪʝ ʛʠ 
ʠʥʬʦʨʤʘʮʠʠʪʝ ʦʜ ʟʘʙʝʣʝʰʢʘʪʘ. ɼʨʫʛʘ ʤʦʞʥʦʩʪ ʝ ʜʘ 
ʠʤ ʩʝ ʧʨʠʢʘʞʝ ʚʠʜʝʦ ʢʣʠʧ ʦʜ ʪʨʯʘˁʝ ʥʘ ôʨʪ (ʟʘʛʘʨ). 
 
ʂʦʿʘ ʙʨʟʠʥʘ ʤʦʞʝ ʜʘ ʿʘ ʜʦʩʪʠʛʥʝ ʛʝʧʘʨʜʦʪ? ɼʘʣʠ 
ʪʦʿ ʩʝʢʦʛʘʰ ʪʨʯʘ ʩʦ ʠʩʪʘ ʙʨʟʠʥʘ? ʂʘʢʦ ʢʘʞʫʚʘʤʝ 
ʢʦʛʘ ʥʝʰʪʦ ʟʛʦʣʝʤʫʚʘ ʠʣʠ ʥʘʤʘʣʫʚʘ ʙʨʟʠʥʘ? 
 

 ʇʦʢʘʞʝʪʝ ʢʘʢʦ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʟʘʙʨʟʫʚʘˁʝʪʦ ʦʜ 
ʠʥʬʦʨʤʘʮʠʠʪʝ ʟʘ ʘʚʪʦʤʦʙʠʣʠʪʝ. ʀʩʢʦʨʠʩʪʝʪʝ ʛʠ 
ʦʚʠʝ ʧʨʠʤʝʨʠ ʟʘ ʜʘ ʛʠ ʦʭʨʘʙʨʠʪʝ ʫʯʝʥʠʮʠʪʝʜʘ 
ʨʘʟʤʠʩʣʫʚʘʘʪ ʰʪʦ ʝ ʟʘʙʨʟʫʚʘˁʝ. 
ʐʪʦ ʟʥʘʯʠ ʪʦʘ ʟʘʙʨʟʫʚʘˁʝ? 
ʂʦʿ ʘʚʪʦʤʦʙʠʣ ʠʤʘ ʧʦʛʦʣʝʤʦ ʟʘʙʨʟʫʚʘˁʝ? ʆʜ ʢʘʜʝ 
ʟʥʘʝʪʝ? 
 

 ʈʝʟʠʤʠʨʘʿʪʝ ʜʝʢʘ ʟʘʙʨʟʫʚʘˁʝʪʦ ʝ ʚʩʫʰʥʦʩʪ ʢʦʣʢʫ 
ʤʥʦʛʫ ʩʝ ʤʝʥʫʚʘ ʙʨʟʠʥʘʪʘ ʚʦ ʩʝʢʫʥʜʘ ʠ ʩʝ ʤʝʨʠ ʚʦ 
ʝʜʠʥʠʮʠ ʥʘʨʝʯʝʥʠ m/s

2
. 

 
ɺʦʚʝʜʝʪʝ ʿʘ ʬʦʨʤʫʣʘʪʘ ʟʘ ʟʘʙʨʟʫʚʘˁʝ: 

ʟʘʙʨʟʫʚʘˁʝ =  

 
 
 
ɺʠʜʝʦ ʢʣʠʧ ʦʜ ʛʝʧʘʨʜ: 
https://youtu.be/V8vejjVgIHg 
ʅʘ ʢʦʤʝʥʪʘʨʦʪ ʩʝ ʦʙʿʘʩʥʫʚʘ ʜʝʢʘ 
ʥʘʿʛʦʣʝʤʘʪʘ ʙʨʟʠʥʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 
ʛʝʧʘʨʜʦʪ ʜʦʩʪʠʛʥʘʣʘ 75 ʤʠʣʿʠ ʥʘ ʯʘʩ (120,7 
km/h), ʠ ʜʝʢʘ ʦʜ ʤʠʨʫʚʘˁʝ ʤʦʞʝ ʜʘ ʟʘʙʨʟʘ 
ʜʦ 60 ʤʠʣʿʠ ʥʘ ʯʘʩ (96,6 km/h) ʟʘ ʩʘʤʦ 3 
ʩʝʢʫʥʜʠ). 
 
 
ʇʦʜʘʪʦʮʠ ʟʘ ʧʨʠʤʝʨ: 
ʌʦʨʜ ʌʦʢʫʩ 1.6: 0 ʜʦ 100km/h ʟʘ 
14ʩʝʢʫʥʜʠ,ʇʝʞʦ 406: 0 ʜʦ100 km/hʟʘ 9 
ʩʝʢʫʥʜʠ. 
(ʟʘʦʢʨʫʞʝʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʜʘ ʠʤ ʩʝ ʦʣʝʩʥʘʪ 
ʧʨʝʩʤʝʪʫʚʘˁʘʪʘ). 
 
 
 
 
 
 
 

 
ʟʘʙʨʟʫʚʘˁʝ (m/s

2
) 

ʤʦʤʝʥʪʘʣʥʘ 
ʙʨʟʠʥʘ 
ʤʝʪʦʜ 
ʩʨʝʜʥʘ 
ʝʜʠʥʠʮʠ 
 
ʧʣʘʥʠʨʘ 
ʨʝʰʘʚʘ ʧʨʦʙʣʝʤʠ 

https://youtu.be/V8vejjVgIHg


 

 
 

 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʧʦʪʨʝʙʥʠ ʧʦʜʘʪʦʮʠ ʟʘ ʜʘ 
ʧʨʝʩʤʝʪʘʘʪ ʟʘʙʨʟʫʚʘˁʝ. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʟʘʙʨʟʫʚʘˁʝ ʝ ʧʨʦʤʝʥʘʪʘ ʥʘ 
ʙʨʟʠʥʘʪʘ ʚʦ ʝʜʥʘ ʩʝʢʫʥʜʘ. ʊʘʘ ʩʝ ʠʟʨʘʟʫʚʘ ʚʦ  m/s

2 

ʠ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʩʦ ʬʦʨʤʫʣʘʪʘ: 

ʟʘʙʨʟʫʚʘˁʝ =  

 
 
 
 
 
ʇʨʠʤʝʨʠ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ. 
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ʇʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ 
ʙʨʟʠʥʘ ʠ ʩʨʝʜʥʦ  
ʟʘʙʨʟʫʚʘˁʝ 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 

ʏʘʩ 2 
Meʨʝˁʝ ʥʘ ʙʨʟʠʥʠ ʟʘ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʟʘʙʨʟʫʚʘˁʝ 

 ʇʨʘʰʘʿʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʢʦʠ ʠʥʬʦʨʤʘʮʠʠ ʠʤ ʩʝ 
ʧʦʪʨʝʙʥʠ ʟʘ ʜʘ ʧʨʝʩʤʝʪʘʘʪ ʟʘʙʨʟʫʚʘˁʝ ʥʘ ʝʜʝʥ 
ʧʨʝʜʤʝʪ. ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʫʪʚʨʜʠ 
ʙʨʟʠʥʘʪʘ ʚʦ ʜʚʝ ʨʘʟʣʠʯʥʠ ʪʦʯʢʠ. 
 

 ʆʙʿʘʩʥʝʪʝ ʠʣʠ ʧʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʢʘʢʦ 
ʩʚʝʪʣʦʩʝʥ ʧʨʝʢʠʥʫʚʘʯ ʛʦ ʤʝʨʠ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ ʥʘ 
ʝʜʝʥ ʧʨʝʜʤʝʪ ʜʘ ʧʦʤʠʥʝ ʥʠʟ ʥʝʛʦ. ɸʢʦ ʠʤʘʪʝ ʥʘ 
ʨʘʩʧʦʣʘʛʘˁʝ ʜʚʘ ʩʚʝʪʣʦʩʥʠ ʧʨʝʢʠʥʫʚʘʯʠ, ʪʦʛʘʰ 
ʧʦʢʘʞʝʪʝ ʢʘʢʦ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʘʪ ʟʘ ʜʘ ʩʝ 
ʫʪʚʨʜʠ ʙʨʟʠʥʘʪʘ ʥʘ ʢʦʣʠʯʢʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʧʦʟʠʮʠʠ 
ʦʜ ʧʘʪʝʢʘʪʘ. 

 
 ʆʙʿʘʩʥʝʪʝ ʠʤ ʠʣʠ ʧʦʢʘʞʝʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʢʘʢʦ ʩʝ 
ʢʦʨʠʩʪʠ ʪʝʣʝʧʨʠʥʪʝʨʩʢʘ ʣʝʥʪʘ ʟʘ ʜʘ ʩʝ ʫʪʚʨʜʠ 
ʙʨʟʠʥʘʪʘ ʥʘ ʧʨʝʜʤʝʪʦʪ ʚʦ ʜʚʠʞʝˁʝ. 

 
 

 ʆʙʿʘʩʥʝʪʝ ʠʣʠ ʧʦʢʘʞʝʪʝ ʢʘʢʦ ʨʘʙʦʪʠ ʫʣʪʨʘʩʦʥʠʯʝʥ 
ʩʝʥʟʦʨ ʥʘ ʜʚʠʞʝˁʝ. 

 
 
 
 

 ʂʦʨʠʩʪʝʪʝ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʩʝʥʟʦʨ ʥʘ ʜʚʠʞʝˁʝ ʦʜ 
ʧʘʤʝʪʝʥ ʪʝʣʝʬʦʥ ʟʘ ʜʘ ʧʦʢʘʞʝʪʝ ʢʘʢʦ ʜʘ ʩʝ ʠʟʤʝʨʠ 
ʙʨʟʠʥʘʪʘ. 

 
 
 
 
 
 
ʉʚʝʪʣʦʩʥʠ ʧʨʝʢʠʥʫʚʘʯʠ, ʢʦʣʠʯʢʘ ʠ ʨʘʤʧʘ 
(ʜʦʢʦʣʢʫ ʠʤʘʪʝ). 
ɺʠʜʝʦ ʩʥʠʤʢʘ ʢʘʢʦ ʩʝ ʢʦʨʠʩʪʘʪ ʩʚʝʪʣʦʩʥʠʪʝ 
ʧʨʝʢʠʥʫʚʘʯʠ: 
https://youtu.be/YXTkh6wCLNA 
(ɿʘʙʝʣʝʰʢʘ:ʧʨʝʩʤʝʪʢʠʪʝ ʥʘ ʢʨʘʿʦʪ ʩʝ 
ʧʦʩʣʦʞʝʥʠ ʦʜ ʧʦʪʨʝʙʥʦʪʦ ʥʠʚʦ ʟʘ ʌʠʟʠʢʘ ʚʦ 
8 ʦʜʜ.) 
 
ʊʝʣʝʧʨʠʥʪʝʨʩʢʘ ʣʝʥʪʘ, ʢʦʣʠʯʢʘ ʠ ʩʚʝʪʣʦʩʝʥ 
ʧʨʝʢʠʥʫʚʘʯ (ʜʦʢʦʣʢʫ ʠʤʘʪʝ). 
ʇʨʝʟʝʥʪʘʮʠʿʘ ʟʘ ʢʦʨʠʩʪʝˁʝ ʥʘ 
ʪʝʣʝʧʨʠʥʪʝʨʩʢʘ ʣʝʥʪʘ: 
https://youtu.be/-xjHLFTQvjo 
 
ʋʣʪʨʘʩʦʥʠʯʝʥ ʩʝʥʟʦʨ ʟʘ ʜʚʠʞʝˁʝ, ʢʦʣʠʯʢʘ ʠ 
ʨʘʤʧʘ (ʜʦʢʦʣʢʫ ʠʤʘʪʝ). 
ʇʨʝʟʝʥʪʘʮʠʿʘ ʟʘ ʪʦʘ ʢʘʢʦ ʨʘʙʦʪʠ 
ʫʣʪʨʘʩʦʥʠʯʝʥ ʩʝʥʟʦʨ ʥʘ ʜʚʠʞʝˁʝ: 
http://www.absorblearning.com/advancedphysi
cs/demo/units/010103.html#Motionsensors 
 
ʇʘʤʝʪʝʥ ʪʝʣʝʬʦʥ ʩʦ ʩʦʦʜʚʝʪʥʘ ʘʧʣʠʢʘʮʠʿʘ. 
 

 
ʟʘʙʨʟʫʚʘˁʝ (m/s

2
) 

ʙʨʟʠʥʘ 
ʩʚʝʪʣʦʩʥʠ 
ʧʨʝʢʠʥʫʚʘʯʠ 

https://youtu.be/YXTkh6wCLNA
https://youtu.be/-xjHLFTQvjo
http://www.absorblearning.com/advancedphysics/demo/units/010103.html#Motionsensors
http://www.absorblearning.com/advancedphysics/demo/units/010103.html#Motionsensors


 

 
 

 

 ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʧʨʠʤʝʨʠ ʥʘ ʧʦʜʘʪʦʮʠ ʦʜ 
ʩʚʝʪʣʦʩʥʠ ʧʨʝʢʠʥʫʚʘʯʠ ʠ ʪʝʣʝʧʨʠʥʪʝʨʩʢʠ ʣʝʥʪʠ. 
ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʚʝʞʙʘʘʪ ʢʘʢʦ ʩʝ ʦʜʨʝʜʫʚʘ 
ʟʘʙʨʟʫʚʘˁʝʪʦ. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʩʚʝʪʣʦʩʥʠʪʝ ʧʨʝʢʠʥʫʚʘʯʠ ʠ 
ʪʝʣʝʧʨʠʥʪʝʨʩʢʠʪʝ ʣʝʥʪʠ ʤʦʞʝ ʜʘ ʩʝ ʫʧʦʪʨʝʙʘʪ ʟʘ 
ʫʪʚʨʜʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʧʨʝʜʤʝʪʠʪʝ. ʆʚʘʘ 
ʠʥʬʦʨʤʘʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ 
ʟʘʙʨʟʫʚʘˁʝʪʦ. 

 
ʇʨʠʤʝʨʠ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ. 
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ʇʨʝʩʤʝʪʫʚʘ ʩʨʝʜʥʘ 
ʙʨʟʠʥʘ ʠ ʩʨʝʜʥʦ  
ʟʘʙʨʟʫʚʘˁʝ 
 
ʊʦʣʢʫʚʘ ʝʜʥʦʩʪʘʚʥʠ 
ʛʨʘʬʠʢʦʥʦʥʠ ʢʦʠ ʛʦ 
ʧʦʢʘʞʫʚʘʘʪ ʧʦʤʠʥʘʪʠʦʪ 
ʧʘʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 
ʚʨʝʤʝʪʦ ʠ ʙʨʟʠʥʘʪʘ ʚʦ 
ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʨʝʤʝʪʦ. 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ɼʠʩʢʫʪʠʨʘ ʦʙʿʘʩʥʫʚʘˁʘ ʟʘ 
ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ 
ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ 
ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ 
ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ. 

ʏʘʩ1 
ʎʨʪʘˁʝ ʥʘ ʛʨʘʬʠʢʦʥʠ ʙʨʟʠʥʘ-ʚʨʝʤʝ 

 

 ʇʦʚʪʦʨʝʪʝ ʛʦ ʧʦʤʠʥʘʪʠʦʪ ʤʘʪʝʨʠʿʘʣ ʧʨʝʢʫ 
ʝʜʥʦʩʪʘʚʥʦ ʩʮʝʥʘʨʠʦ ʟʘ ʫʯʝʥʠʮʠʪʝ. ʅʘ ʧʨʠʤʝʨ: 
ʝʜʝʥ ʯʦʚʝʢ ʩʝ ʜʚʠʞʠ ʥʘ ʧʦʜʚʠʞʥʘ ʣʝʥʪʘ ʥʘ 
ʘʝʨʦʜʨʦʤ. ʊʦ ʿʩʝ ʜʚʠʞʠ ʩʦ 10 ʤʝʪʨʠ ʟʘ 20 ʩʝʢʫʥʜʠ 
ʧʨʠ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ. 

 ʇʨʝʩʤʝʪʘʿʪʝ ʿʘ ʙʨʟʠʥʘʪʘ ʩʦ ʢʦʿʘ ʧʘʪʫʚʘ. 

 ʅʘʮʨʪʘʿʪʝ ʛʨʘʬʠʢʦʥ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʟʘ 
ʥʝʛʦʚʦʪʦ ʜʚʠʞʝˁʝ. 

 ʇʨʝʩʤʝʪʘʿʪʝ ʛʦ ʥʝʛʦʚʦʪʦ ʟʘʙʨʟʫʚʘˁʝ. 
 

 ʇʦʢʘʞʝʪʝ ʠʤ ʛʠ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʩʢʠʪʝ ʥʘ ʛʨʘʬʠʢʦʥʦʪ 
ʙʨʟʠʥʘ-ʚʨʝʤʝ, ʩʦ ʪʦʘ ʰʪʦ ʚʨʝʤʝʪʦ ʝ ʦʟʥʘʯʝʥʦ ʥʘ 
ʦʩʢʘʪʘ x a ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʢʘʪʘ y. ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ 
ʥʘʧʨʘʚʘʪ ʩʢʠʮʘ ʥʘ ʛʨʘʬʠʢʦʥʦʪ ʥʘ ʢʦʿ ʝ ʧʨʠʢʘʞʘʥʦ 
ʜʚʠʞʝˁʝʪʦ ʥʘ ʯʦʚʝʢʦʪ ʥʘ ʧʦʜʚʠʞʥʘ ʣʝʥʪʘ. 

 

 ɼʘʿʪʝ ʧʨʠʤʝʨʠ ʥʘ ʧʦʜʘʪʦʮʠ ʟʘ ʫʯʝʥʠʮʠʪʝ ʜʘ 
ʥʘʮʨʪʘʘʪ ʠ ʪʦʣʢʫʚʘʘʪ ʛʨʘʬʠʢʦʥʠ ʙʨʟʠʥʘ-ʚʨʝʤʝ. 
ʊʫʢʘ ʤʦʞʝ ʜʘ ʝ ʚʢʣʫʯʝʥʦ ʦʜʨʝʜʫʚʘˁʝ ʥʘ ʙʨʟʠʥʠʪʝ 
ʚʦ ʨʘʟʣʠʯʥʠ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜʠ ʠ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ 
ʟʘʙʨʟʫʚʘˁʝʪʦ. 

 
 ʀʟʚʣʝʯʝʪʝ ʟʘʢʣʫʯʦʮʠ: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʇʦʜʘʪʦʮʠ ʟʘ ʫʯʝʥʠʮʠʪʝ, ʤʠʣʠʤʝʪʘʨʩʢʘ 
ʭʘʨʪʠʿʘ. 

 
ʙʨʟʠʥʘ-ʚʨʝʤʝ 
ʛʨʘʬʠʢʦʥʠ 
ʟʘʙʨʟʫʚʘˁʝ 
ʨʝʣʘʪʠʚʥʘ ʙʨʟʠʥʘ 
ʙʨʟʠʥʘ 
ʢʦʥʩʪʨʫʠʨʘ 
ʢʦʩʠʥʘ/ʥʘʢʣʦʥ 



 

 
 

 ʍʦʨʠʟʦʥʪʘʣʥʘ ʣʠʥʠʿʘ ʟʥʘʯʠ ʜʝʢʘ ʧʨʝʜʤʝʪʦʪ ʩʝ 
ʜʚʠʞʠ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ (ʠʣʠ ʝ ʚʦ 
ʤʠʨʫʚʘˁʝ). 

 ɹʣʘʛʦ ʢʦʩʘ ʣʠʥʠʿʘ ʫʢʘʞʫʚʘ ʟʘʙʨʟʫʚʘˁʝ ʠʣʠ 
ʟʘʙʘʚʫʚʘˁʝ. 

 ʂʦʣʢʫ ʝ ʧʦʚʝ˃ʝ ʟʘʢʦʩʝʥʘ ʣʠʥʠʿʘʪʘ, ʪʦʣʢʫ ʝ 
ʧʦʛʦʣʝʤʦ ʟʘʙʨʟʫʚʘˁʝʪʦ / ʟʘʙʘʚʫʚʘˁʝʪʦ. 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʥʘ ʛʨʘʬʠʢʦʥ ʙʨʟʠʥʘ-ʚʨʝʤʝ, 
ʭʦʨʠʟʦʥʪʘʣʥʘ ʣʠʥʠʿʘ ʟʥʘʯʠ ʜʝʢʘ ʧʨʝʜʤʝʪʦʪ ʩʝ 
ʜʚʠʞʝʣ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ. ɿʘʢʦʩʝʥʠʪʝ ʣʠʥʠʠ 
ʧʦʢʘʞʫʚʘʘʪ ʜʝʢʘ ʧʨʝʜʤʝʪʦʪ ʟʘʙʨʟʫʚʘ ʠʣʠ ʟʘʙʘʚʫʚʘ. 
ʇʦʛʦʣʝʤʘ ʢʦʩʠʥʘ ʫʢʘʞʫʚʘ ʥʘ ʧʦʛʦʣʝʤʦ ʟʘʙʨʟʫʚʘˁʝ/ 
ʟʘʙʘʚʫʚʘˁʝ. 
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ʊʦʣʢʫʚʘ ʝʜʥʦʩʪʘʚʥʠ 
ʛʨʘʬʠʢʦʥʠ ʢʦʠ ʛʦ 
ʧʦʢʘʞʫʚʘʘʪ ʧʦʤʠʥʘʪʠʦʪ 
ʧʘʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 
ʚʨʝʤʝʪʦ ʠ ʙʨʟʠʥʘʪʘ ʚʦ 
ʟʘʚʠʩʥʦʩʪ ʦʜ ʚʨʝʤʝʪʦ. 
 
ʇʨʝʪʩʪʘʚʫʚʘ ʨʝʟʫʣʪʘʪʠ 
ʩʦʦʜʚʝʪʥʦ ʚʦ ʪʘʙʝʣʠ, 
ʜʠʿʘʛʨʘʤʠ ʠ ʩʦ ʛʨʘʬʠʢʦʥʠ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 

ʏʘʩ 2 
ʉʧʦʨʝʜʫʚʘˁʝ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦʜ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-
ʚʨʝʤʝʠʙʨʟʠʥʘ-ʚʨʝʤʝ 

 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʩʢʠʮʠʨʘʘʪ ʛʨʘʬʠʢʦʥʠ ʨʘʩʪʦʿʘʥʠʝ-
ʚʨʝʤʝ ʠ ʙʨʟʠʥʘ-ʚʨʝʤʝ ʟʘ ʩʣʝʜʥʠʚʝ ʧʦʜʘʪʦʮʠ. 
ʀʚʘʥʢʘ ʧʦʯʝʢʘ 30 ʩʝʢʫʥʜʠ ʧʨʝʜ ʜʘ ʿʘ ʧʦʤʠʥʝ 
ʫʣʠʮʘʪʘ. ʋʣʠʮʘʪʘ ʙʝʰʝ ʰʠʨʦʢʘ 8 m ʠ ʪʘʘ ʿʘ 
ʧʦʤʠʥʘ ʟʘ 2 ʩʝʢʫʥʜʠ. ʇʦʪʦʘ ʪʘʘ ʦʜʝʰʝ 100 ʤʝʪʨʠ 
ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ oʜ 1,5 m/s. 

 

 ɼʠʩʢʫʪʠʨʘʿʪʝ ʛʠ ʦʜʛʦʚʦʨʠʪʝ. ɿʘ ʜʘ ʥʘʮʨʪʘʘʪ 
ʛʨʘʬʠʢʦʥ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʫʯʝʥʠʮʠʪʝ ʪʨʝʙʘ ʜʘ 
ʧʨʝʩʤʝʪʘʘʪ ʢʦʣʢʫ ʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʠʟʦʜʘʪ 100 
ʤʝʪʨʠ (66,6 ʩʝʢʫʥʜʠ). ɿʘ ʜʘ ʥʘʮʨʪʘʘʪ ʛʨʘʬʠʢʦʥ 
ʙʨʟʠʥʘ-ʚʨʝʤʝ ʪʨʝʙʘ ʜʘ ʿʘ ʧʨʝʩʤʝʪʘʘʪ ʙʨʟʠʥʘʪʘ ʥʘ 
ʧʦʤʠʥʫʚʘˁʝ ʥʘ ʫʣʠʮʘʪʘ (3,75 m/s). 
 
ʉʝʛʘ ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʦ ʩʧʦʨʝʜʘʪ ʠʟʛʣʝʜʦʪ ʥʘ 
ʛʨʘʬʠʢʦʥʠʪʝ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʠ ʙʨʟʠʥʘ-
ʚʨʝʤʝ.ʐʪʦ ʦʟʥʘʯʫʚʘ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʣʠʥʠʿʘ ʥʘ 
ʩʝʢʦʿ ʦʜ ʥʠʚ? ʂʘʢʦ ˃ʝ ʠʟʙʝʛʥʝʪʝ ʟʘʙʫʥʘ ʧʦʤʝʺʫ 
ʦʚʠʝ ʜʚʘ ʚʠʜʘ ʛʨʘʬʠʢʦʥʠ? 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʅʘʛʣʝʜʥʠʪʝ ʩʨʝʜʩʪʚʘ ʟʘ ʦʚʠʝ ʘʢʪʠʚʥʦʩʪʠ 

 
ʙʨʟʠʥʘ 
ʤʝʪʘʨ 
ʤʝʪʘʨ ʚʦ ʩʝʢʫʥʜʘ  
ʛʨʘʬʠʢʦʥʠ 
ʭʦʨʠʟʦʥʪʘʣʥʦ 
ʩʪʨʤʥʦ 
ʧʦʩʪʦʿʘʥʘ ʙʨʟʠʥʘ 
ʤʠʨʫʚʘˁʝ 



 

 
 

 ɺʦ ʛʨʫʧʠ, ʫʯʝʥʠʮʠʪʝ ʥʝʢʘ ʩʦʟʜʘʜʘʪ ʤʘʪʝʨʠʿʘʣʠ ʟʘ 
ʧʦʚʪʦʨʫʚʘˁʝ ʩʦ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ ʦʙʿʘʩʥʠ ʨʘʟʣʠʢʘʪʘ 
ʧʦʤʝʺʫ ʛʨʘʬʠʢʦʥʠʪʝ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʠ ʙʨʟʠʥʘ-
ʚʨʝʤʝ. ʆʭʨʘʙʨʝʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʜʘ ʦʜʙʝʨʘʪ 
ʢʨʝʘʪʠʚʝʥ ʧʨʠʩʪʘʧ ʢʦʥ ʤʘʪʝʨʠʿʘʪʘ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 
(ʧʨ. ʠʛʨʘ ʥʘ ʫʣʦʛʠ, ʢʠʥʦ ʞʫʨʥʘʣ, ʥʘʿʘʚʘ ʟʘ ʬʠʣʤ, 
ʚʠʜʝʦ ʢʣʠʧ, ʢʨʩʪʦʟʙʦʨʢʘ). 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʘʣʠ ʩʪʘʥʫʚʘ 
ʟʙʦʨ ʟʘ ʛʨʘʬʠʢʦʥ ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʠʣʠ ʛʨʘʬʠʢʦʥ 
ʙʨʟʠʥʘ-ʚʨʝʤʝ. 

ʤʦʞʝ ʜʘ ʩʝ ʩʦʟʜʘʜʘʪ ʦʜ ʛʨʫʧʠ ʫʯʝʥʠʮʠ, ʠ 
ʧʦʪʦʘ ʠʩʪʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʤʝʥʫʚʘʘʪ, ʩʦ 
ʮʝʣ ʩʠʪʝ ʛʨʫʧʠ ʜʘ ʛʠ ʧʨʦʙʘʘʪ ʩʠʪʝ 
ʘʢʪʠʚʥʦʩʪʠ. ʅʘʿʫʩʧʝʰʥʠʪʝ ʤʦʞʝ ʜʘ ʩʝ 
ʩʦʯʫʚʘʘʪ ʟʘ ʧʦʚʪʦʨʥʦ ʢʦʨʠʩʪʝˁʝ ʚʦ ʠʜʥʠʥʘ.  
 

ʅʝʜʝʣʘ 10 

ʅʝʜʝʣʘ 10  
ʏʘʩ 1 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 
 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʙʨʟʠʥʘ, ʟʘʙʨʟʫʚʘˁʝ, ʛʨʘʬʠʢʦʥʠ 
ʨʘʩʪʦʿʘʥʠʝ-ʚʨʝʤʝ ʠ ʛʨʘʬʠʢʦʥʠ ʙʨʟʠʥʘ-ʚʨʝʤʝ. 
 

  

ʅʝʜʝʣʘ 10 
 
ʆʧʠʰʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʜʝʿʩʪʚʦʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ 
ʜʚʠʞʝˁʝʪʦ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʪʨʠʝˁʝ ʠ ʚʦʟʜʫʰʝʥ 
ʦʪʧʦʨ. 
 
ʂʦʨʠʩʪʠ ʚʪʦʨ ɳʫʪʥʦʚ 
ʟʘʢʦʥ, ʩʠʣʘ = ʤʘʩʘ ʭ 
ʟʘʙʨʟʫʚʘˁʝ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ɼʠʩʢʫʪʠʨʘ ʦʙʿʘʩʥʫʚʘˁʘ ʟʘ 
ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ 
ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ 
ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ 
ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ. 

 
ʏʘʩ 2 
ɺʣʠʿʘʥʠʝʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ ʜʚʠʞʝˁʝʪʦ 

 

 ʇʦʚʪʦʨʝʪʝ ʛʦ ʥʘʫʯʝʥʦʪʦ ʥʘ ʧʦʯʝʪʦʢʦʪ ʥʘ 
ʧʦʣʫʛʦʜʠʝʪʦ ʩʦ ʪʦʘ ʰʪʦ ˃ʝ ʛʠ ʧʨʘʰʘʪʝ ʫʯʝʥʠʮʠʪʝ ʜʘ 
ʥʘʧʠʰʘʪ ʢʘʢʚʦ ʚʣʠʿʘʥʠʝ ʤʦʞʝ ʜʘ ʠʤʘ ʩʠʣʘʪʘ ʚʨʟ 
ʝʜʝʥ ʧʨʝʜʤʝʪ. 
 
ʈʘʟʛʦʚʘʨʘʪʿʝ ʟʘ ʟʥʘʯʝˁʝʪʦ ʥʘ óʧʦʯʥʫʚʘ ʜʘ ʩʝ 
ʜʚʠʞʠô, óʟʘʧʠʨʘ ʩʦ ʜʚʠʞʝˁʝô, óʤʝʥʫʚʘ ʙʨʟʠʥʘô ʠʣʠ 
óʤʝʥʫʚʘ ʥʘʩʦʢʘô. ʀʟʚʣʝʯʝʪʝ ʿʘ ʚʨʩʢʘʪʘ ʧʦʤʝʺʫ 
óʧʦʯʥʫʚʘ ʜʘ ʩʝ ʜʚʠʞʠô, óʟʘʧʠʨʘ ʩʦ ʜʚʠʞʝˁʝô ʠ 
óʤʝʥʫʚʘ ʙʨʟʠʥʘô ʢʘʢʦ ʠ ʟʘʙʨʟʫʚʘˁʝ/ ʟʘʙʘʚʫʚʘˁʝ. 
 

 ʇʦʢʘʞʝʪʝ ʛʠ ʦʚʠʝ ʧʨʠʤʝʨʠ ʥʘ ʫʯʝʥʠʮʠʪʝ ʠ 
ʧʦʙʘʨʘʿʪʝ ʜʘ ʨʘʟʤʠʩʣʫʚʘʘʪ ʠ ʥʘʫʯʥʦ ʟʘ ʜʘ 
ʧʨʝʜʚʠʜʘʪ ʰʪʦ ʙʠ ʩʝ ʩʣʫʯʠʣʦ. 
 
 

 
 
 
 
 
 
 
ʅʘ ʫʯʝʥʠʮʠʪʝ ʠʤ ʩʝ ʚʝ˃ʝ ʚʦʚʝʜʝʥʠ 
ʪʝʨʤʠʥʠʪʝ óʫʨʘʤʥʦʪʝʞʝʥʠ ʩʠʣʠô ʠ 
óʥʝʫʨʘʤʥʦʪʝʞʝʥʠ ʩʠʣʠô ʚʦ 6 ʦʜʜ. 

 
ʩʠʣʘ 
ɳʫʪʥ (N) 
ʤʘʩʘ 
ʢʠʣʦʛʨʘʤ (kg) 
ʟʘʙʨʟʫʚʘˁʝ (m/s) 
ʫʨʘʤʥʦʪʝʞʝʥʠ 
ʩʠʣʠ 
ʥʝʫʨʘʤʥʦʪʝʞʝʥʠ 
ʩʠʣʠ 
 
ʧʨʝʜʚʠʜʫʚʘ 
ʧʣʘʥʠʨʘ 



 

 
 

ʂʘʢʦ ʙʠ ʩʝ ʟʘʙʨʟʘʣʝ ʦʚʠʝ ʠʜʝʥʪʠʯʥʠ ʤʘʩʠ? 
 
  2 N                     4N                    8N 
 
 
 
ʂʘʢʦ ʙʠ ʩʝ ʟʘʙʨʟʘʣʝ ʦʚʠʝ ʨʘʟʣʠʯʥʠ ʤʘʩʠ? 

 
 

 
2 N                 2N                     2N 
 
 
 

 ʂʦʿʘ ʝ ʚʨʩʢʘʪʘ ʧʦʤʝʺʫ ʩʠʣʘʪʘ,ʤʘʩʘʪʘ ʠ 
ʟʘʙʨʟʫʚʘˁʝʪʦ? 
 

 ʇʦʙʘʨʘʿʪʝ ʫʯʝʥʠʮʠʪʝ ʜʘ ʠʩʧʣʘʥʠʨʘʘʪ ʝʢʩʧʝʨʠʤʝʥʪ 
ʟʘ ʜʘ ʦʪʢʨʠʿʘʪ ʢʘʢʦ ʩʠʣʘʪʘ ʠ ʤʘʩʘʪʘ ʚʣʠʿʘʘʪ ʚʨʟ 
ʟʘʙʨʟʫʚʘˁʝʪʦ. ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʟʘʤʠʩʣʘʪ ʜʝʢʘ 
ʠʤʘʘʪ ʤʥʦʛʫ ʦʧʨʝʤʘ. ɿʘ ʜʘ ʤʦʞʝ ʜʘ ʥʘʧʨʘʚʘʪ ʧʣʘʥ, 
ʪʠʝ ˃ʝ ʪʨʝʙʘ ʜʘ ʦʜʛʦʚʦʨʘʪ ʥʘ ʩʣʝʜʥʠʚʝ ʧʨʘʰʘˁʘ: 

 ʂʦʿʘ ʝ ʥʝʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ? 

 ʂʘʢʦ ˃ʝ ʩʝ ʧʨʦʤʝʥʠ ʥʝʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ? 

 ʂʦʿʘ ʝ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ? 

 ʂʘʢʦ ˃ʝ ʩʝ ʠʟʤʝʨʠ ʟʘʚʠʩʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ? 

 ʂʦʠ ʩʝ ʢʦʥʪʨʦʣʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ? 

 ʂʘʢʦ ʦʚʠʝ ʧʨʦʤʝʥʣʠʚʠ ˃ʝ ʩʝ ʢʦʥʪʨʦʣʠʨʘʘʪ? 

 ʂʘʢʦʚ ʨʝʟʫʣʪʘʪ ʧʨʝʜʚʠʜʫʚʘʪʝ? 

 
 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʦʜʛʦʚʘʨʘʘʪ. ɼʠʩʢʫʪʠʨʘʿʪʝ ʛʦ 
ʧʨʦʙʣʝʤʦʪ ʥʘ ʧʦʩʪʦʝˁʝ ʥʘ ʜʚʝ ʧʦʪʝʥʮʠʿʘʣʥʠ 
ʥʝʟʘʚʠʩʥʠ ʧʨʦʤʝʥʣʠʚʠ. ʇʨʦʚʝʨʝʪʝ ʜʘʣʠ 
ʫʯʝʥʠʮʠʪʝʨʘʟʙʨʘʣʝ ʜʝʢʘ ʪʨʝʙʘ ʦʜʜʝʣʥʦ ʜʘ ʛʠ 
ʧʨʦʫʯʫʚʘʘʪ. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʩʠʣʘʪʘ ʤʦʞʝ ʜʘ ʛʦ ʧʨʦʤʝʥʠ 
ʜʚʠʞʝˁʝʪʦ ʥʘ ʧʨʝʜʤʝʪʦʪ, ʩʦ ʪʦʘ ʰʪʦ ʤʦʞʝ ʜʘ ʛʦ 

X Y Z 

1 kg 

3 kg 

9 kg 



 

 
 

ʟʘʙʨʟʘ ʠʣʠ ʟʘʙʘʚʠ. 

ʅʝʜʝʣʘ 11 

ʅʝʜʝʣʘ 11 
 
ʆʧʠʰʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʜʝʿʩʪʚʦʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ 
ʜʚʠʞʝˁʝʪʦ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʪʨʠʝˁʝ ʠ ʚʦʟʜʫʰʝʥ 
ʦʪʧʦʨ. 
 
ʂʦʨʠʩʪʠ ʚʪʦʨ ɳʫʪʥʦʚ 
ʟʘʢʦʥ, ʩʠʣʘ = ʤʘʩʘ ʭ 
ʟʘʙʨʟʫʚʘˁʝ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 

ʏʘʩ 1 
ɺʪʦʨ ɳʫʪʥʦʚ ɿʘʢʦʥ ʟʘ ʜʚʠʞʝˁʝ 

 
 ʋʯʝʥʠʮʠʪʝ ʫʰʪʝ ʝʜʥʘʰ ʥʝʢʘ ʛʠ ʧʦʛʣʝʜʥʘʪ 
ʧʨʝʜʚʠʜʫʚˁʘʪʘ ʦʜ ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ. 

 

 ʀʜʝʘʣʥʦ, ʫʯʝʥʠʮʠʪʝ ʩʦʙʨʘʣʝ ʧʦʜʘʪʦʮʠ ʟʘ ʧʨʦʚʝʨʢʘ 
ʥʘ ʧʨʝʜʚʠʜʫʚʘˁʘʪʘ. ɸʢʦ ʥʝʤʘ ʜʦʚʦʣʥʦ ʦʧʨʝʤʘ ʥʘ 
ʨʘʩʧʦʣʘʛʘˁʝ, ʪʦʛʘʰ ʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʢʘʢʦ 
ʦʧʠʪ. 

 
ʆʙʠʯʥʦ ʧʨʝʢʫ ʦʚʦʿ ʦʧʠʪ ʩʝ ʧʨʠʢʘʞʫʚʘ ʩʠʣʘʪʘ ʥʘ 
ʟʘʙʨʟʫʚʘˁʝ, ʧʨʝʜʠʟʚʠʢʘʥʘ ʦʜ ʧʘʜ ʥʘ ʤʘʩʘ 
(ʩʦʯʠʥʝʪʘ ʦʜ ʪʝʛʦʚʠ) ʟʘ ʜʘ ʩʝ ʟʘʙʨʟʘ ʜʚʠʞʝˁʝʪʦ ʥʘ 
ʢʦʣʠʯʢʘ ʩʦ ʥʠʩʢʦ ʪʨʠʝˁʝ. ɹʨʟʠʥʘʪʘ ʥʘ ʢʦʣʠʯʢʘʪʘ ʩʝ 
ʤʝʨʠ ʩʦ ʩʚʝʪʣʦʩʝʥ ʧʨʝʢʠʥʫʚʘʯ, ʪʝʣʝʧʨʠʥʪʝʨʩʢʘ 
ʣʝʥʪʘ ʠʣʠ ʩʝʥʟʦʨ ʥʘ ʜʚʠʞʝˁʝ. ɿʘ ʜʘ ʙʠʜʝ ʫʩʧʝʰʝʥ 
ʦʧʠʪʦʪ, ʚʢʫʧʥʘʪʘ ʤʘʩʘ ʥʘ ʩʠʩʪʝʤʦʪ ʤʦʨʘ ʜʘ ʦʩʪʘʥʝ 
ʢʦʥʩʪʘʥʪʥʘ. ʇʦʨʘʜʠ ʪʦʘ, ʪʝʛʦʚʠʪʝ ʢʦʠ ʥʝ ʩʝ 
ʢʦʨʠʩʪʘʪ ʟʘ ʩʦʟʜʘʚʘˁʝ ʥʘ ʩʠʣʘʪʘ ʥʘ ʟʘʙʨʟʫʚʘˁʝ, ʩʝ 
ʩʪʘʚʘʘʪ ʥʘ ʢʦʣʠʯʢʘʪʘ. 
 
ɼʨʫʛʘ ʘʣʪʝʨʥʘʪʠʚʘ ʝ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʠʤ ʩʝ ʜʘʜʘʪ 
ʧʦʜʘʪʦʮʠ ʟʘ ʘʥʘʣʠʟʠʨʘˁʝ. 
 

 ʋʯʝʥʠʮʠʪʝʛʠ ʘʥʘʣʠʟʠʨʘʘʪ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʜʘ ʩʝ 
ʫʪʚʨʜʠ ʚʨʩʢʘʪʘ ʧʦʤʝʺʫ ʩʠʣʘʪʘ, ʤʘʩʘʪʘ ʠ 
ʟʘʙʨʟʫʚʘˁʝʪʦ. Tʠʝ ʿʘ ʧʠʰʫʚʘʘʪ ʬʦʨʤʫʣʘʪʘ ʟʘ ʦʚʘʘ 
ʧʨʝʩʤʝʪʢʘ. 

 
 ʆʩʠʛʫʨʝʪʝ ʩʝ ʜʝʢʘ ʫʯʝʥʠʮʠʪʝ ʨʘʟʙʨʘʣʝ ʜʝʢʘ: 
ʩʠʣʘ = ʤʘʩʘ x ʟʘʙʨʟʫʚʘˁʝ. 
 
ɼʘʿʪʝ ʠʤ ʥʘ ʫʯʝʥʠʮʠʪʝ ʟʘʜʘʯʠ ʜʘ ʿʘ ʚʝʞʙʘʘʪ 
ʬʦʨʤʫʣʘʪʘ ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ ʩʠʣʘʪʘ, ʤʘʩʘʪʘ ʠʣʠ 
ʟʘʙʨʟʫʚʘˁʝʪʦ. 

 
 
 
 
 
 
ɼʨʫʛ ʤʦʞʝʥ ʤʝʪʦʜ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʦʪ ʠʣʠ 
ʦʧʠʪʦʪ:http://www.nuffieldfoundation.org/practi
cal-physics/investigating-Newtons-second-law-
motion 
 
ɸʥʠʤʘʮʠʿʘ ʥʘ ʥʝʢʦʣʢʫ ʧʦʚʨʟʘʥʠ 
ʝʢʩʧʝʨʠʤʝʥʪʠ: https://youtu.be/-KxbIIw8hlc 
 
 
 
 
 
 
 
 
ʇʦʜʘʪʦʮʠ ʟʘ ʧʨʠʤʝʨ ʟʘ ʘʥʘʣʠʟʠʨʘˁʝ. 
 
 
 
 
 
 
 
 
ɺʝʞʙʘʿʪʝ ʧʨʝʩʤʝʪʢʠ ʟʘʫʯʝʥʠʮʠʪʝ. 

 
ʩʠʣʘ 
ɳʫʪʥ (N) 
ʤʘʩʘ 
ʢʠʣʦʛʨʘʤ (kg) 
ʟʘʙʨʟʫʚʘˁʝ (m/s) 
ɺʪʦʨ ɳʫʪʥʦʚ 
ʟʘʢʦʥ ʟʘ ʜʚʠʞʝˁʝ 
ʩʚʝʪʣʦʩʥʠ 
ʧʨʝʢʠʥʫʚʘʯʠ 

http://www.nuffieldfoundation.org/practical-physics/investigating-Newtons-second-law-motion
http://www.nuffieldfoundation.org/practical-physics/investigating-Newtons-second-law-motion
http://www.nuffieldfoundation.org/practical-physics/investigating-Newtons-second-law-motion
https://youtu.be/-KxbIIw8hlc


 

 
 

 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʩʠʣʘ = ʤʘʩʘ x ʟʘʙʨʟʫʚʘˁʝ. 
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ʆʧʠʰʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʜʝʿʩʪʚʦʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ 
ʜʚʠʞʝˁʝʪʦ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʪʨʠʝˁʝ ʠ ʚʦʟʜʫʰʝʥ 
ʦʪʧʦʨ. 
 
ʂʦʨʠʩʪʠ ʚʪʦʨ ɳʫʪʥʦʚ 
ʟʘʢʦʥ, ʩʠʣʘ = ʤʘʩʘ ʭ 
ʟʘʙʨʟʫʚʘˁʝ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 

ʏʘʩ 2 
ʊʨʠʝˁʝʪʦ ʧʨʘʚʠ ʦʪʧʦʨ ʥʘ ʜʚʠʞʝˁʝʪʦ 

 
 ʇʦʚʪʦʨʝʪʝ ʛʦ ʥʘʫʯʝʥʦʪʦ ʦʜ ʧʨʝʪʭʦʜʥʠʦʪ ʯʘʩ ʩʦ ʪʦʘ 
ʰʪʦ ˃ʝ ʧʦʙʘʨʘʪʝ ʫʯʝʥʠʮʠʪʝ ʜʘ ʛʦ ʥʘʧʠʰʘʪ ɺʪʦʨʠʦʪ 
ɳʫʪʥʦʚ ʟʘʢʦʥ. 
 
ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʿʘ ʧʨʝʩʤʝʪʘʘʪ ʩʠʣʘʪʘ ʢʦʿʘ ʜʝʿʩʪʚʫʚʘ 
ʚʨʟ ʤʘʩʘ ʦʜ 10 kg ʢʦʿʘ ʧʘʪʫʚʘ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ 
ʦʜ 10 m/s. 
 
ɼʠʩʢʫʪʠʨʘʿʪʝ ʜʝʢʘ ʚʨʟ ʝʜʝʥ ʧʨʝʜʤʝʪ ʢʦʿ ʧʘʪʫʚʘ ʩʦ 
ʧʦʩʪʦʿʘʥʘ ʙʨʟʠʥʘ ʜʝʿʩʪʚʫʚʘ ʥʫʣʪʘ ʩʠʣʘ. ʄʥʦʛʫ 
ʫʯʝʥʠʮʠ ˃ʝ ʛʠ ʠʟʥʝʥʘʜʠ ʦʚʦʿ ʨʝʟʫʣʪʘʪ.  
 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʟʘʤʠʩʣʘʪ ʚʝʣʦʩʠʧʝʜ ʠʣʠ ʩʢʝʿʪʙʦʨʜ 
ʚʦ ʜʚʠʞʝˁʝ ʥʘ ʨʘʤʝʥ ʧʘʪ. ʐʪʦ ˃ʝ ʛʠ ʧʨʝʜʠʟʚʠʢʘ 
ʜʘ ʟʘʧʨʘʪ? ɿʦʰʪʦ ʟʘʧʠʨʘ ʚʝʣʦʩʠʧʝʜʦʪ, ʘʢʦ 
ʚʦʟʘʯʦʪ ʥʝ ʛʠ ʫʧʦʪʨʝʙʥʠ ʩʦʧʠʨʘʯʢʠʪʝ? ʀʟʚʣʝʯʝʪʝ 
ʿʘ ʦʜ ʥʠʚ ʠʜʝʿʘʪʘ ʜʝʢʘ ʪʨʠʝˁʝʪʦ ʠ ʦʪʧʦʨʦʪ ʥʘ 
ʚʦʟʜʫʭʦʪ ʩʝ ʪʠʝ ʢʦʠ ʧʨʘʚʘʪ ʚʝʣʦʩʠʧʝʜʦʪ ʠʣʠ 
ʩʢʝʿʪʙʦʨʜʦʪ ʜʘ ʟʘʙʘʚʘʪ. ʆʚʘ ʧʨʝʜʠʟʚʠʢʫʚʘ 
ʥʝʫʨʘʤʥʦʪʝʞʝʥʘ ʩʠʣʘ. 
 

 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʥʘʮʨʪʘʘʪ ʢʘʢʦ ʤʠʩʣʘʪ ʜʝʢʘ ʠʟʛʣʝʜʘ 
ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʝʜʥʘ ʨʘʤʥʠʥʘ ʦʜʙʣʠʩʢʫ. ʆʙʿʘʩʥʝʪʝ 
ʜʝʢʘ ʜʫʨʠ ʠ ʤʘʟʥʠʪʝ ʧʦʚʨʰʠʥʠ ʠʤʘʘʪ ʥʝʨʘʤʥʠʥʠ 
ʘʢʦ ʩʝ ʧʦʛʣʝʜʥʘʪ ʥʠʟ ʤʠʢʨʦʩʢʦʧ. 

 
ʈʘʟʛʦʚʘʨʘʿʪʝ ʩʦ ʫʯʝʥʠʮʠʪʝ ʚʦ ʢʦʠ ʩʠʪʫʘʮʠʠ 
ʪʨʠʝˁʝʪʦ ʝ ʢʦʨʠʩʥʦ (ʧʨ. ʰʘʨʠ ʥʘ ʛʫʤʠʠʣʠ ʩʧʦʨʪʩʢʠ 
ʦʙʫʚʢʠ). ʆʚʘ ʤʦʞʝ ʜʘ ʩʝ ʩʧʦʨʝʜʠ ʩʦ ʩʠʪʫʘʮʠʠ ʢʦʛʘ 
ʪʨʠʝˁʝʪʦ ʥʝ ʝ ʢʦʨʠʩʥʦ. ɿʦʰʪʦ ʩʝ ʩʪʘʚʘ ʤʘʩʣʦ ʚʦ 
ʘʚʪʦʤʦʙʠʣʦʪ? ɿʦʰʪʦ ʩʢʠʿʘʯʠʪʝ ʛʠ ʧʦʜʤʘʯʢʫʚʘʘʪ 
ʩʢʠʠʪʝ ʩʦ ʚʦʩʦʢ? ʇʨʦʚʝʨʝʪʝ ʜʘʣʠ ʫʯʝʥʠʮʠʪʝ ʛʦ 

 
ɿʘʙʝʣʝʰʢʘ: ʦʚʦʿ ʯʘʩʝ ʜʦʧʦʣʥʠʪʝʣʥʘ 
ʤʦʞʥʦʩʪ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ 
ʫʨʘʤʥʦʪʝʞʝʥʠʪʝ ʠ ʥʝʫʨʘʤʥʦʪʝʞʝʥʠʪʝ ʩʠʣʠ 
ʦʜ 6 ʦʜʜʝʣʝʥʠʝ. 

 
ʩʠʣʘ 
ɳʫʪʥ (N) 
ʤʘʩʘ 
ʢʠʣʦʛʨʘʤ (kg) 
ʟʘʙʨʟʫʚʘˁʝ (m/s

2
) 

ʫʨʘʤʥʦʪʝʞʝʥʠ 
ʩʠʣʠ 
ʥʝʫʨʘʤʥʦʪʝʞʝʥʠ 
ʩʠʣʠ 
ʪʨʠʝˁʝ 
ʦʪʧʦʨ ʥʘ ʚʦʟʜʫʭʦʪ 
ʧʦʜʤʘʯʢʫʚʘˁʝ 



 

 
 

ʟʥʘʘʪ ʧʦʠʤʦʪ óʧʦʜʤʘʯʢʫʚʘˁʝô. 
 

 ʋʯʝʥʠʮʠʪʝ ʚʦ ʛʨʫʧʠ ʜʠʩʢʫʪʠʨʘʘʪ ʢʘʢʚʦ ʝ ʯʫʚʩʪʚʦʪʦ 
ʢʦʛʘ ʩʝ ʜʚʠʞʘʪ ʙʨʛʫ (ʧʨ. ʧʨʠ ʪʨʯʘˁʝ, ʚʦʟʝˁʝ 
ʚʝʣʦʩʠʧʝʜ, ʠʣʠ ʥʘ ʣʫʜʘ ʞʝʣʝʟʥʠʮʘ). ʀʟʚʣʝʯʝʪʝ ʿʘ 
ʦʜ ʥʠʚ ʠʜʝʿʘʪʘ ʜʝʢʘ ʪʠʝ ʤʦʞʝ ʜʘ ʛʦ ʧʦʯʫʚʩʪʚʫʚʘʘʪ 
óʚʝʪʨʦʪ ʥʘ ʥʠʚʥʦʪʦ ʣʠʮʝô ʜʫʨʠ ʠ ʢʦʛʘ ʜʝʥʦʪ ʥʝ ʝ 
ʚʝʪʨʦʚʠʪ. ɼʠʩʢʫʪʠʨʘʿʪʝ ʜʝʢʘ ʦʚʘ ʩʝ ʜʦʣʞʠ ʥʘ ʪʦʘ 
ʰʪʦ ʧʨʠ ʙʨʟʠ ʜʚʠʞʝˁʘ, ʪʠʝ ʫʜʠʨʘʘʪ ʚʦ ʯʝʩʪʠʮʠʪʝ 
ʚʦʟʜʫʭ, ʰʪʦ ʧʨʝʜʠʟʚʠʢʫʚʘ ʦʪʧʦʨ ʥʘ ʚʦʟʜʫʭʦʪ. 

 
 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʥʘʮʨʪʘʘʪ ʤʠʥʠ ʩʪʨʠʧ ʢʘʜʝ ʩʝ 
ʧʨʠʢʘʞʘʥʠ ʩʠʪʫʘʮʠʠ ʥʘ ʘʢʪʠʚʠʨʘʥʠ ʩʠʣʠ ʥʘ ʪʨʠʝˁʝ, 
ʚʢʣʫʯʠʪʝʣʥʦ ʦʪʧʦʨ ʥʘ ʚʦʟʜʫʭʦʪ. Tʫʢʘ ʪʨʝʙʘ ʜʘ ʩʝ 
ʚʢʣʫʯʝʥʠ ʧʨʠʤʝʨʠ ʥʘ ʢʦʨʠʩʥʦ ʠ ʥʝʢʦʨʠʩʥʦ ʪʨʠʝˁʝ. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʪʨʠʝˁʝʪʦ ʧʨʘʚʠ ʦʪʧʦʨ ʥʘ 
ʜʚʠʞʝˁʝʪʦ. ʉʠʣʠʪʝ ʥʘ ʪʨʠʝˁʝ ʩʝ ʩʣʫʯʫʚʘʘʪ ʢʦʛʘ 
ʧʦʚʨʰʠʥʠʪʝ ʩʝ ʜʚʠʞʘʪ ʝʜʥʘ ʧʦʢʨʘʿ ʜʨʫʛʘ, ʠʣʠ ʦʜ 
ʦʪʧʦʨʦʪ ʥʘ ʚʦʟʜʫʭʦʪ. ʉʦ ʧʦʜʤʘʯʢʫʚʘˁʝ ʪʨʠʝˁʝʪʦ 
ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʘʣʠ. 
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ɻʦ ʦʧʠʰʫʚʘ ʝʬʝʢʪʦʪ ʦʜ 
ʛʨʘʚʠʪʘʮʠʿʘʪʘ ʥʘ 
ʧʨʝʜʤʝʪʠʪʝ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʿʘ ʪʝʞʠʥʘʪʘ. 
 
ʂʦʨʠʩʪʠ ʚʪʦʨ ɳʫʪʥʦʚ 
ʟʘʢʦʥ, ʩʠʣʘ = ʤʘʩʘ ʭ 
ʟʘʙʨʟʫʚʘˁʝ. 
 
ʇʨʘʚʠ ʤʝʨʝˁʘ ʩʦ 
ʩʦʦʜʚʝʪʥʘ ʪʦʯʥʦʩʪ 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 

ʏʘʩ 1 
ɻʨʘʚʠʪʘʮʠʿʘ 

 

 ʇʦʢʘʞʝʪʝ ʚʠʜʝʦ ʩʥʠʤʢʘ ʦʜ ʘʩʪʨʦʥʘʫʪ ʥʘ 
ʄʝʩʝʯʠʥʘʪʘ. ʋʯʝʥʠʮʠʪʝ ʚʦ ʧʘʨʦʚʠ ʛʦ ʩʧʦʨʝʜʫʚʘʘʪ 
ʜʚʠʞʝˁʝʪʦ ʥʘ ʄʝʩʝʯʠʥʘʪʘ ʩʦ ʦʥʘ ʥʘ ɿʝʤʿʘʪʘ. 
ʄʦʞʝʪʝ ʣʠ ʜʘ ʛʠ ʦʙʿʘʩʥʠʪʝ ʨʘʟʣʠʢʠʪʝ? ʋʯʝʥʠʮʠʪʝ 
ʥʝʢʘ ʦʜʛʦʚʘʨʘʘʪ ʠ ʜʠʩʢʫʪʠʨʘʘʪ ʟʘ ʦʙʿʘʩʥʫʚʘˁʘʪʘ 
ʢʦʠ ʛʠ ʜʘʚʘʘʪ. ʅʝʢʦʠ ʦʜ ʫʯʝʥʠʮʠʪʝ ʤʦʞʝʙʠ ˃ʝ ʠʤʘʘʪ 
ʧʦʛʨʝʰʥʦ ʩʬʘ˃ʘˁʝ ʜʝʢʘ ʥʘ ʄʝʩʝʯʠʥʘʪʘ ʥʝʤʘ 
ʛʨʘʚʠʪʘʮʠʿʘ. ɹʠʜʝʪʝ ʧʦʜʛʦʪʚʝʥʠ ʜʘ ʛʠ ʨʘʩʯʠʩʪʠʪʝ 
ʦʚʠʝ ʛʨʝʰʢʠ ʧʨʝʢʫ ʧʦʩʪʘʚʫʚʘˁʝ ʧʨʘhʘˁ ʘ ʦʜ ʪʠʧʦʪ: 
ʐʪʦ ʝ ʛʨʘʚʠʪʘʮʠʿʘʪʘ,ʩʧʦʨʝʜ ʚʘʩ? 

 

 ʆʙʿʘʩʥʝʪʝ ʜʝʢʘ ʩʠʪʝ ʤʘʩʠ ʠʤʘʘʪ ʛʨʘʚʠʪʘʮʠʦʥʦ ʧʦʣʝ 
ʦʢʦʣʫ ʥʠʚ. ʉʠʪʝ ʜʨʫʛʠ ʤʘʩʠ ʚʦ ʧʦʣʝʪʦ ˃ʝ ʿʘ ʦʩʝʪʘʪ 

 
ɿʘʙʝʣʝʰʢʘ: ʦʚʘ ʝ ʜʦʙʨʘ ʤʦʞʥʦʩʪ ʜʘ ʩʝ 
ʧʦʚʪʦʨʠ ʟʘ ʨʘʟʣʠʢʘʪʘ ʧʦʤʝʺʫ ʪʝʞʠʥʘ ʠ 
ʛʨʘʚʠʪʘʮʠʿʘ ʦʜ 6 ʦʜʜʝʣʝʥʠʝ. 
 
https://youtu.be/HKdwcLytloU 
 
 
 
 
 
 
 
 
 
 

 
ʪʝʞʠʥʘ 
ʛʨʘʚʠʪʘʮʠʿʘ 
ʛʨʘʚʠʪʘʮʠʩʢʦ ʧʦʣʝ 
ʤʘʩʘ 
ʟʘʙʨʟʫʚʘˁʝ 
ʘʩʪʨʦʥʘʫʪ 
ʧʦʣʝ ʥʘ ʩʠʣʘ 
ʮʝʥʪʘʨ 
ʧʣʘʥʝʪʘ 
ʼʚʝʟʜʘ 
ʚʩʝʣʝʥʘ 
 
ʧʨʝʜʚʠʜʫʚʘ 
ʠʩʪʨʘʞʫʚʘ 

https://youtu.be/HKdwcLytloU


 

 
 

 
ɼʠʩʢʫʪʠʨʘ ʦʙʿʘʩʥʫʚʘˁʘ 
ʟʘ ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ 
ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ 
ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ 
ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ. 

ʩʠʣʘʪʘ ʥʘ ʛʨʘʚʠʪʘʮʠʿʘ (ʠʟʤʝʨʝʥʘ ʚʦ ɳʫʪʥʠ, N). 
ʆʚʘʘ ʩʠʣʘ ʩʝ ʥʘʨʝʢʫʚʘ ʪʝʞʠʥʘ ʠ ʛʠ ʜʚʠʞʠ 
ʧʨʝʜʤʝʪʠʪʝ ʝʜʝʥ ʢʦʥ ʜʨʫʛ. ʇʦʛʦʣʝʤʠ ʤʘʩʠ ʠʤʘʘʪ 
ʧʦʛʦʣʝʤʦ ʛʨʘʚʠʪʘʮʠʦʥʦ ʧʦʣʝ. ɿʝʤʿʘʪʘ ʝ ʛʦʣʝʤʘ 
ʤʘʩʘ, ʦʪʪʘʤʫ ʩʠʣʘʪʘ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʦʪʦ ʧʦʣʝ ʝ 
ʛʦʣʝʤʘ. Mʝʩʝʯʠʥʘʪʘ ʝ ʧʦʤʘʣʘ ʦʜ ɿʝʤʿʘʪʘ ʠ ʦʪʪʘʤʫ 
ʠʤʘ ʧʦʤʘʣʘ ʩʠʣʘ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʦʪʦ ʧʦʣʝ. 
 

 ɼʘʿʪʝ ʟʘʜʘʯʘ ʥʘ ʫʯʝʥʠʮʠʪʝ ʜʘ ʿʘ ʧʨʝʩʤʝʪʘʘʪ 
ʪʝʞʠʥʘʪʘʥʘ ʧʨʝʜʤʝʪʠʪʝ ʠ ʣʫʺʝʪʦ ʥʘ ɿʝʤʿʘʪʘ, ʥʘ 
Mʝʩʝʯʠʥʘʪʘ, ʠ ʥʘ ʨʘʟʣʠʯʥʠ ʧʣʘʥʝʪʠ. 
 
ʋʯʝʥʠʮʠʪʝ ʛʠ ʢʦʨʠʩʪʘʪ ʜʘʜʝʥʠʪʝ ʦʜʛʦʚʦʨʠ ʟʘ ʜʘ ʛʦ 
ʦʙʿʘʩʥʘʪ ʜʚʠʞʝˁʝʪʦ ʥʘ ʘʩʪʨʦʥʘʫʪʦʪ ʥʘ Mʝʩʝʯʠʥʘʪʘ. 
Tʠʝ ʤʦʞʝ ʜʘ ʧʦʛʦʜʫʚʘʘʪ ʢʘʢʦ ʙʠ ʠʟʛʣʝʜʘʣʦ ʜʘ ʩʝ 
ʥʘʧʨʘʚʠ ʟʘʿʘʯʢʠ ʩʢʦʢ ʥʘ ʜʨʫʛʠ ʧʣʘʥʝʪʠ. 
 
ʇʦʜʛʦʪʚʝʪʝ ʨʘʟʣʠʯʥʠ ʢʦʥʟʝʨʚʠ ʠʣʠ ʪʝʥʠʩʢʠ ʠ ʜʨʫʛʠ 
ʪʦʧʯʠˁʘ ʩʦ ʠʟʤʝʥʝʪʘ ʤʘʩʘ, ʰʪʦ ʙʠ ʿʘ 
ʧʨʝʪʩʪʘʚʫʚʘʣʦ ʥʠʚʥʘʪʘ ʨʘʟʣʠʯʥʘ ʪʝʞʠʥʘ ʥʘ 
ʨʘʟʣʠʯʥʠ ʧʣʘʥʝʪʠ ʠ ʥʘ Mʝʩʝʯʠʥʘʪʘ. ɼʦʟʚʦʣʝʪʝ ʠʤ 
ʥʘ ʫʯʝʥʠʮʠʪʝʜʘ ʛʠ ʜʨʞʘʪ ʧʨʝʜʤʝʪʠʪʝ ʟʘ ʜʘ ʿʘ 
ʧʦʯʫʚʩʪʚʫʚʘʘʪ ʨʘʟʣʠʯʥʘʪʘ ʪʝʞʠʥʘ.  
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʤʘʩʘʪʘ ʥʘ ʧʨʝʜʤʝʪʦʪ ʥʝ ʩʝ ʤʝʥʫʚʘ 
ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʪʦʘ ʢʘʜʝ ʩʝ ʥʘʦʺʘ ʚʦ ʚʩʝʣʝʥʘʪʘ. 
ɻʨʘʚʠʪʘʮʠʿʘʪʘ ʝ ʩʠʣʘʢʦʿʘ ʩʝ ʜʦʣʞʠ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʦ 
ʧʦʣʝ. ʊʘʘ ʩʝ ʯʫʚʩʪʚʫʚʘ ʦʢʦʣʫ ʛʦʣʝʤʠ ʤʘʩʠ (ʧʨ. 
ʧʣʘʥʝʪʠ).ɻʨʘʚʠʪʘʮʠʿʘʪʘ ʠʤ ʜʘʚʘ ʥʘ ʤʘʩʠʪʝ ʩʠʣʘ 
ʥʘʨʝʯʝʥʘ ʪʝʞʠʥʘ, ʢʦʿʘ ʛʠ ʚʣʝʯʝ ʢʦʥ ʮʝʥʪʘʨʦʪ ʥʘ 
ʧʣʘʥʝʪʘʪʘ (ʠʣʠ ʄʝʩʝʯʠʥʘʪʘ). 1 kg ʥʘ ɿʝʤʿʘʪʘ ʠʤʘ 
ʪʝʞʠʥʘ oʜ ʦʢʦʣʫ 10 N. 

 
 
 
 
 
 
 
ɿʘʜʘʯʠ ʟʘ ʨʝʰʘʚʘˁʝ ʟʘ ʫʯʝʥʠʮʠʪʝ. 
ɿʘʙʝʣʝʰʢʘ: ʛʨʘʚʠʪʘʮʠʦʥʦʪʦ ʧʦʣʝ ʥʘ ʟʝʤʿʘʪʘ 
ʤʦʞʝ ʜʘ ʩʝ ʩʤʝʪʘ ʟʘ 10 N/kg. 
 
 
 
 
 
 
 
ʂʦʥʟʝʨʚʠ ʠʣʠ ʪʝʥʠʩʢʠ ʪʦʧʯʠˁʘ. 
ɹʘʨʘʥʠʪʝ ʤʘʩʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘʘʪ ʩʦ 
ʢʦʨʠʩʪʝˁʝ ʥʘ ʠʥʪʝʨʥʝʪ ʢʘʣʢʫʣʘʪʦʨ ʟʘ 
ʪʝʞʠʥʘ: 
http://www.seasky.org/solar-system/planet-
weight-calculator.html 

ʅʝʜʝʣʘ 12 
 
ʆʧʠʰʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʜʝʿʩʪʚʦʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ 
ʜʚʠʞʝˁʝʪʦ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʪʨʠʝˁʝ ʠ ʚʦʟʜʫʰʝʥ 
ʦʪʧʦʨ. 

ʏʘʩ 2 
ʇʨʝʜʤʝʪʠ ʢʦʠ ʧʘʺʘʘʪ  

 

 ʅʘ ʯʘʩʦʪ, ʧʨʠʢʘʞʝʪʝ ʠʤ ʛʠ ʩʣʝʜʥʠʚʝ ʩʠʪʫʘʮʠʠ ʥʘ 
ʫʯʝʥʠʮʠʪʝ ʠ ʧʦʙʘʨʘʿʪʝ ʦʜ ʥʠʚ, ʨʘʟʤʠʩʣʫʚʘʿ˃ʠ 
ʥʘʫʯʥʦ, ʚʦ ʧʘʨʦʚʠ, ʜʘ ʧʨʝʜʚʠʜʘʪ ʰʪʦ ˃ʝ ʩʝ ʩʣʫʯʠ. 
ʐʪʦ ˃ʝ ʧʘʜʥʝ ʧʨʚʦ ʥʘ ʟʝʤʿʘʪʘ? ʆʙʿʘʩʥʝʪʝ 

 
 
 
 
 
 
 

 
ʛʨʘʚʠʪʘʮʠʿʘ 
ʪʝʞʠʥʘ 
ʤʘʩʘ 
ʟʘʙʨʟʫʚʘˁʝ 
ʦʪʧʦʨ ʥʘ ʚʦʟʜʫʭʦʪ 
 

http://www.seasky.org/solar-system/planet-weight-calculator.html
http://www.seasky.org/solar-system/planet-weight-calculator.html


 

 
 

 
ɻʦ ʦʧʠʰʫʚʘ ʝʬʝʢʪʦʪ ʦʜ 
ʛʨʘʚʠʪʘʮʠʿʘʪʘ ʥʘ 
ʧʨʝʜʤʝʪʠʪʝ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʿʘ ʪʝʞʠʥʘʪʘ. 
 
 
ʂʦʨʠʩʪʠ ʚʪʦʨ ɳʫʪʥʦʚ 
ʟʘʢʦʥ, ʩʠʣʘ = ʤʘʩʘ ʭ 
ʟʘʙʨʟʫʚʘˁʝ. 
 
ʇʨʘʚʠ ʝʜʥʦʩʪʘʚʥʠ 
ʧʨʝʩʤʝʪʫʚʘˁʘ. 
 
ɼʠʩʢʫʪʠʨʘ ʦʙʿʘʩʥʫʚʘˁʘ ʟʘ 
ʨʝʟʫʣʪʘʪʠ ʢʦʨʠʩʪʝʿ˃ʠ 
ʥʘʫʯʥʦ ʟʥʘʝˁʝ ʠ 
ʨʘʟʙʠʨʘˁʝ. ɱʘʩʥʦ ʛʠ 
ʩʧʦʜʝʣʫʚʘ ʩʦ ʜʨʫʛʠʪʝ. 

ʟʦʰʪʦ? ʋʯʝʥʠʮʠʪʝ ʛʠ ʜʘʚʘʘʪ ʩʚʦʠʪʝ ʦʜʛʦʚʦʨʠ ʠ 
ʧʨʝʜʚʠʜʫʚʘˁʘ.  
 
 
 
 
 
 
 
 
 
 

 ɼʝʤʦʥʩʪʨʠʨʘʿʪʝ ʩʮʝʥʘʨʠʦ ʩʦ ʪʝʞʦʢ ʠ ʣʝʩʝʥ ʧʨʝʜʤʝʪ 
(ʧʨ. ʢʥʠʛʘ ʠ ʣʠʩʪ ʭʘʨʪʠʿʘ). ʆʚʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 
ʩʦ ʧʫʰʪʘˁʝ ʦʜ ʧʨʦʟʦʨʝʮ, ʘʢʦ ʝ ʥʘ ʧʦʚʠʩʦʢʦ, ʠʣʠ 
ʬʨʣʘˁʝ ʥʘ ʧʨʝʜʤʝʪʠʪʝ ʥʘʜʦʣʫ ʧʦ ʩʢʘʣʠ. 
ɼʝʤʦʥʩʪʨʘʮʠʿʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʩʥʠʤʘ ʟʘ ʜʘ ʩʝ 
ʘʥʘʣʠʟʠʨʘ ʧʦʜʦʮʥʘ. 
 
ʇʦʚʪʦʨʝʪʝ ʿʘ ʜʝʤʦʥʩʪʨʘʮʠʿʘʪʘ ʩʦ ʭʘʨʪʠʿʘ ʟʛʤʝʯʝʥʘ 
ʚʦ ʪʦʧʢʘ. 
 

 ʂʘʢʦ ʘʣʪʝʨʥʘʪʠʚʘ ʤʦʞʝ ʜʘ ʢʦʨʠʩʪʠʪʝ ʠ ʜʚʝ ʪʝʥʠʩʢʠ 
ʪʦʧʯʠˁʘ ʩʦ ʠʩʪʠ ʜʠʤʝʥʟʠʠ, ʦʜ ʢʦʠ ʝʜʥʦʪʦ ʝ 
ʥʘʧʦʣʥʝʪʦ ʩʦ ʤʦʥʝʪʠ ʠ ʧʦʪʦʘ ʟʘʣʝʧʝʥʦ ʩʦ ʩʝʣʦʪʝʿʧ). 

 
 ɼʠʩʢʫʪʠʨʘʿʪʝ ʟʘ ʨʝʟʫʣʪʘʪʠʪʝ. ʇʦʪʝʥʮʠʨʘʿʪʝ ʜʝʢʘ ʘʢʦ 
ʦʪʧʦʨʦʪ ʥʘ ʚʦʟʜʫʭʦʪʝ ʟʥʘʯʘʝʥ ʬʘʢʪʦʨ, ʪʦʛʘʰ 
ʧʨʝʜʤʝʪʠʪʝ ʧʘʘ̋ʘʪ ʩʦ ʨʘʟʣʠʯʥʘ ʙʨʟʠʥʘ. ɼʦʢʦʣʢʫ, 
ʧʘʢ, ʦʪʧʦʨʦʪ ʥʘ ʚʦʟʜʫʭʦʪʝ ʠʩʪ ʟʘ ʜʚʘʪʘ ʧʨʝʜʤʝʪʘ, 
(ʪʝ. ʪʠʝ ʩʝ ʠʩʪʘ ʛʦʣʝʤʠʥʘ), ʪʦʛʘʰ ʧʘʺʘʘʪ ʩʦ ʠʩʪʘ 
ʙʨʟʠʥʘ. 

 
 ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʩʝ ʦʙʠʜʘʪ ʜʘ ʦʙʿʘʩʥʘʪ ʟʦʰʪʦ ʦʚʠʝ 
ʧʨʝʜʤʝʪʠ ʧʘʺʘʘʪ ʩʦ ʢʦʤʧʣʝʪʥʦ ʠʩʪʘ ʩʪʘʧʢʘ. 
ʂʦʨʠʩʪʝʪʝ ʩʝ ʩʦ 10 N/kg ʟʘ ʧʨʝʩʤʝʪʫʚʘˁʝ ʥʘ 
ʪʝʞʠʥʘʪʘ. 

 

 
 
 
 
 
 
 
 
ʊʝʰʢʠ ʠ ʣʝʩʥʠ ʧʨʝʜʤʝʪʠ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ 
ʠʩʧʫʰʪʘʘʪ ʦʜ ʚʠʩʠʥʘ, ɳʫʪʥʤʝʪʨʠ, ʚʠʜʝʦ 
ʢʘʤʝʨʘ (ʘʢʦ ʠʤʘ). 
ʄʝʨʢʠ ʟʘ ʙʝʟʙʝʜʥʦʩʪ: ʢʦʛʘ ʩʝ ʠʩʧʫʰʪʘʘʪ 
ʧʨʝʜʤʝʪʠ ʦʜ ʚʠʩʠʥʘ, ʤʦʨʘ ʜʘ ʩʝ ʙʠʜʝ 
ʚʥʠʤʘʪʝʣʝʥ. 
 
ʍʘʨʪʠʿʘ. 
 
 
ɼʚʝ ʪʝʥʠʩʢʠ ʪʦʧʯʠˁʘ (ʝʜʥʦ ʥʘʧʦʣʥʝʪʦ ʩʦ 
ʤʦʥʝʪʠ ʠ ʧʦʪʦʘ ʟʘʣʝʧʝʥʦ ʩʦ ʩʝʣʦʪʝʿʧ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʧʨʝʜʚʠʜʫʚʘ 
ʥʘʙˀʫʜʫʚʘ 
ʦʙʿʘʩʥʫʚʘ 

 
 



 

 
 

 
 
 
 

 
 
 
 
 
 
ʊʝʞʠʥʘ =?          ʊʝʞʠʥʘ =?              ʊʝʞʠʥʘ= ? 

 

 ʇʨʘʰʘʿʪʝ ʛʠ ʢʘʢʦ ʜʘ ʛʦ ʦʪʢʨʠʿʘʪ ʥʠʚʥʦʪʦ 
ʟʘʙʨʟʫʚʘˁʝ. ɸʢʦ ʠʤʘ ʧʦʪʨʝʙʘ, ʧʦʪʩʝʪʝʪʝ ʛʠ 

ʫʯʝʩʥʠʮʠʪʝ ʜʝʢʘ F = m ā a. 

 Tʝʞʠʥʠʪʝ ʩʝ 1 kg = 10 N, 2 kg = 20 N ʠ 
3 kg = 30 N. 

 F= m ā a, ʟʥʘʯʠ a = F/m 
1 kg:   a = F / m= 10 / 1 = 10 m/s

2 
 

2 kg:   a = F/ m = 20 / 2 = 10 m/s
2
 

3 kg:   a = F / m = 30 / 3 = 10 m/s
2 

 ʇʦʩʦʯʝʪʝ ʜʝʢʘ ʟʘʙʨʟʫʚʘˁʝʪʦ ʝ ʩʝʢʦʛʘʰ ʠʩʪʦ. 

 
 ʇʨʘʰʘʿʪʝ ʐʪʦ ˃ʝ ʧʘʜʥʝ ʧʦʙʨʛʫ ï ʧʝʨʜʫʚ ʠʣʠ 
ʯʝʢʘʥ? ʇʦʢʘʞʝʪʝ ʛʦ ʝʢʩʧʝʨʠʤʝʥʪʦʪ ʥʘʧʨʘʚʝʥ ʥʘ 
ʄʝʩʝʯʠʥʘʪʘ. ɼʠʩʢʫʪʠʨʘʿʪʝ ʟʦʰʪʦ ʙʠʣʘ ʚʘʞʥʦ ʜʘ ʩʝ 
ʥʘʧʨʘʚʠ ʦʚʦʿ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ʤʝʩʝʯʠʥʘʪʘ. 
 

 ɼʦʧʦʣʥʠʪʝʣʥʘ ʘʢʪʠʚʥʦʩʪ: ʫʯʝʥʠʮʠʪʝ ʥʘ ʢʦʠ ʠʤ ʝ 
ʧʦʪʨʝʙʝʥ ʧʦʛʦʣʝʤ ʧʨʝʜʠʟʚʠʢ ʤʦʞʝ ʜʘ ʛʦ ʠʩʪʨʘʞʘʪ 
ʣʝʛʝʥʜʘʨʥʠʦʪ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘ ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʿ ʦʜ 
ʚʨʚʦʪ ʥʘ ʂʫʣʘʪʘ ʚʦ ʇʠʟʘ.  
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʛʦʣʝʤʠ ʠ ʤʘʣʠ ʧʨʝʜʤʝʪʠ ʧʘʺʘʘʪ ʩʦ 
ʠʩʪʘ ʙʨʟʠʥʘ (ʜʦʢʦʣʢʫ ʦʪʧʦʨʦʪ ʥʘ ʚʦʟʜʫʭʦʪ ʝ 
ʟʘʥʝʤʘʨʣʠʚ). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
https://youtu.be/KDp1tiUsZw8 
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3 kg 

1 kg 
2 kg 

https://youtu.be/KDp1tiUsZw8


 

 
 

ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ 
 
ʏʘʩ ʟʘ ʧʦʚʪʦʨʫʚʘˁʝ ʟʘ ʚʣʠʿʘʥʠʝʪʦ ʥʘ ʩʠʣʘʪʘ ʚʨʟ 
ʜʚʠʞʝˁʝʪʦ. 

ʅʝʜʝʣʘ 13 
 
ʆʧʠʰʫʚʘ ʝʬʝʢʪʠ ʦʜ 
ʜʝʿʩʪʚʦʪʦ ʥʘ ʩʠʣʠʪʝ ʚʨʟ 
ʜʚʠʞʝˁʝʪʦ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʪʨʠʝˁʝ ʠ ʚʦʟʜʫʰʝʥ 
ʦʪʧʦʨ. 
 
ɻʦ ʦʧʠʰʫʚʘ ʝʬʝʢʪʦʪ ʦʜ 
ʛʨʘʚʠʪʘʮʠʿʘʪʘ ʥʘ 
ʧʨʝʜʤʝʪʠʪʝ, ʚʢʣʫʯʫʚʘʿ˃ʠ 
ʿʘ ʪʝʞʠʥʘʪʘ. 
 
ʀʜʝʥʪʠʬʠʢʫʚʘ ʚʘʞʥʠ 
ʧʨʦʤʝʥʣʠʚʠ; ʙʠʨʘ ʢʦʠ 
ʧʨʦʤʝʥʣʠʚʠ ʜʘ ʛʠ ʤʝʥʫʚʘ, 
ʢʦʥʪʨʦʣʠʨʘ ʠ ʤʝʨʠ. 

ʏʘʩ 2 
ʀʩʪʨʘʞʫʚʘˁʝ ʥʘ ʦʪʧʦʨʦʪ ʥʘ ʚʦʟʜʫʭʦʪ 
 

 ʇʦʛʣʝʜʥʝʪʝ ʚʠʜʝʦ ʢʣʠʧ ʥʘ ʢʦʿ ʝ ʧʨʠʢʘʞʘʥʦ ʰʪʦ ʩʝ 
ʩʣʫʯʫʚʘ ʢʦʛʘ ʚʦ ʚʘʢʫʫʤ ˃ʝ ʩʝ ʠʩʧʫʰʪʘʪ ʢʫʛʣʘ ʟʘ 
ʢʫʛʣʘˁʝ ʠ ʧʝʨʜʫʚ. ɿʦʰʪʦ ʦʚʘ ʤʦʨʘʣʦ ʜʘ ʙʠʜʝ ʚʦ 
ʚʘʢʫʫʤ. ʐʪʦ ˃ʝ ʩʝ ʩʣʫʯʝʣʦ ʜʦʢʦʣʢʫ ʠʤʘʰʝ ʠ 
ʯʝʩʪʠʮʠ ʚʦʟʜʫʭ ʧʦʤʝʺʫ ʥʠʚ? 
 

 ʇʦʪʩʝʪʝʪʝ ʛʠ ʫʯʝʥʠʮʠʪʝ ʟʘ ʜʠʿʘʛʨʘʤʠʪʝ ʥʘ ʩʠʣʘ ʦʜ 6 
ʦʜʜ. ʇʦʤʦʛʥʝʪʝ ʠʤ ʜʘ ʥʘʮʨʪʘʘʪ ʜʠʿʘʛʨʘʤʠ ʥʘ ʩʠʣʘ 
ʟʘ ʧʨʝʜʤʝʪʠʪʝ ʢʦʠ ʧʘʺʘʘʪ ʚʦ ʚʘʢʫʫʤ ʠ ʚʦ ʚʦʟʜʫʭ. 
 

 ʇʫʰʪʝʪʝ ʜʘ ʧʘʜʥʝ ʭʘʨʪʠʝʥʘ ʢʦʨʧʘ ʟʘ ʪʦʨʪʘ ʦʜ 
ʚʠʩʠʥʘ ʦʜ ʦʢʦʣʫ 2 m. ʊʨʝʙʘ ʜʘ ʧʘʺʘ ʙʘʚʥʦ ʥʘʜʦʣʫ 
ʥʠʟ ʚʦʟʜʫʭʦʪ. ʋʯʝʥʠʮʠʪʝ ʥʝʢʘ ʛʦ ʦʧʠʰʘʪ ʠ ʦʙʿʘʩʥʘʪ 
ʥʝʿʟʠʥʦʪʦ ʜʚʠʞʝˁʝ.ʂʘʢʦ ʤʦʞʝʪʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘʪʝ 
ʜʘ ʧʘʺʘ ʧʦʙʘʚʥʦ? ɿʦʰʪʦ ʧʦʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ 
ʧʨʝʜʠʟʚʠʢʫʚʘ ʧʦʙʘʚʥʦ ʧʘʺʘˁʝ? 

 
 ʋʯʝʥʠʮʠʪʝ ʤʝʨʘʪ ʢʦʣʢʫ ʚʨʝʤʝ ʝ ʧʦʪʨʝʙʥʦ ʢʦʨʧʠʪʝ 
ʜʘ ʧʘʜʥʘʪ ʦʜ ʚʠʩʠʥʘ ʦʜ 2 m. ʅʝʢʘ ʿʘ ʤʝʥʫʚʘʘʪ 
ʧʦʚʨʰʠʥʘʪʘʥʘ ʢʦʨʧʠʪʝ ʩʦ ʪʦʘ ʰʪʦ ˃ʝ ʛʠ ʦʪʚʦʨʘʘʪ 
ʠʣʠ ʧʨʝʚʠʪʢʫʚʘʘʪ. Tʠʝ ʪʨʝʙʘ ʜʘ ʦʧʨʝʜʝʣʘʪ ʢʦʠ ʩʝ 
ʥʝʟʘʚʠʩʥʘʪʘ, ʟʘʚʠʩʥʘʪʘ ʠ ʢʦʥʪʨʦʣʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ. 

 
ʋʯʝʥʠʮʠʪʝ ʛʠ ʦʙʿʘʩʥʫʚʘʘʪ ʥʠʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʦ 
ʢʦʨʠʩʪʝˁʝ ʥʘ ʢʦʥʮʝʧʪʠʪʝ ʥʘ ʪʝʞʠʥʘ ʠ ʦʪʧʦʨ ʥʘ 
ʚʦʟʜʫʭʦʪ. 
 

 ɿʘʢʣʫʯʝʪʝ ʜʝʢʘ ʧʨʝʜʤʝʪʠʪʝ ʩʦ ʧʦʛʦʣʝʤʘ ʧʦʚʨʰʠʥʘ 
ʧʘʺʘʘʪ ʧʦʙʘʚʥʦ ʧʦʨʘʜʠ ʦʪʧʦʨʦʪ ʥʘ ʚʦʟʜʫʭʦʪ. 

 
 
 
https://youtu.be/E43-CfukEgs (2:50 - 3:50) 
 
 
 
 
 
 
 
 
 
ʍʘʨʪʠʝʥʠ ʢʦʨʧʠ ʟʘ ʪʦʨʪʘ, ʤʝʪʨʦ ʟʘ ʤʝʨʝˁʝ 
ʠʣʠ ʥʘ ʨʘʩʢʣʦʧʫʚʘˁʝ, ʩʪʦʧʝʨʢʘ. 
 
 
 
 
 
 
ʍʘʨʪʠʝʥʠ ʢʦʨʧʠ ʟʘ ʪʦʨʪʘ, ʤʝʪʨʦ ʟʘ ʤʝʨʝˁʝ 
ʠʣʠ ʥʘ ʨʘʩʢʣʦʧʫʚʘˁʝ, ʩʪʦʧʝʨʢʘ. 
 
 

 
ʛʨʘʚʠʪʘʮʠʿʘ 
ʪʝʞʠʥʘ 
ʤʘʩʘ 
ʟʘʙʨʟʫʚʘˁʝ 
ʦʪʧʦʨ ʥʘ ʚʦʟʜʫʭʦʪ 
ʧʦʚʨʰʠʥʘ 
 
ʥʘʙˀʫʜʫʚʘ 
ʦʙʿʘʩʥʫʚʘ 
ʥʝʟʘʚʠʩʥʘ 
ʧʨʦʤʝʥʣʠʚʘ 
 
ʟʘʚʠʩʥʘ 
ʧʨʦʤʝʥʣʠʚʘ 
 
ʢʦʥʪʨʦʣʥʘ 
ʧʨʦʤʝʥʣʠʚʘ 
 

ʅʝʜʝʣʘ 14 

ʅʝʜʝʣʘ 14 ʏʘʩ1   

https://youtu.be/E43-CfukEgs


http://www.bbc.co.uk/schools/gcsebitesize/science/add_gateway_pre_2011/forces/fallingrev2.shtml
http://www.bbc.co.uk/schools/gcsebitesize/science/add_gateway_pre_2011/forces/fallingrev2.shtml
http://www.bbc.co.uk/schools/gcsebitesize/science/add_gateway_pre_2011/forces/fallingrev2.shtml
http://www.physicsclassroom.com/mmedia/newtlaws/sd.cfm
http://www.physicsclassroom.com/mmedia/newtlaws/sd.cfm
















http://www.bbc.co.uk/news/world-us-canada-31513159
http://www.bbc.co.uk/news/world-us-canada-31513159




http://www.telegraph.co.uk/news/science/picture-galleries/7473653/Infrared-thermal-imaging-around-the-home.html?image=4
http://www.telegraph.co.uk/news/science/picture-galleries/7473653/Infrared-thermal-imaging-around-the-home.html?image=4
http://www.telegraph.co.uk/news/science/picture-galleries/7473653/Infrared-thermal-imaging-around-the-home.html?image=4


https://youtu.be/2D9FcjTNaEk
https://youtu.be/Q6vd5kyKIpA
http://www.instructables.com/id/Overbalanced-Wheel-Fake-Perpetual-Motion-Machine-/step5/The-Real-Deal-Non-Perpetual-Motion/
http://www.instructables.com/id/Overbalanced-Wheel-Fake-Perpetual-Motion-Machine-/step5/The-Real-Deal-Non-Perpetual-Motion/
http://www.instructables.com/id/Overbalanced-Wheel-Fake-Perpetual-Motion-Machine-/step5/The-Real-Deal-Non-Perpetual-Motion/


https://phet.colorado.edu/mk/simulation/legacy/generator
https://phet.colorado.edu/mk/simulation/legacy/generator
https://phet.colorado.edu/mk/simulation/legacy/generator
https://phet.colorado.edu/mk/simulation/legacy/generator
http://www.invest-in-macedonia.com/business-and-economy/energy/1384359000-first-wind-turbine-arrives-in-bogdanci.html
http://www.invest-in-macedonia.com/business-and-economy/energy/1384359000-first-wind-turbine-arrives-in-bogdanci.html
http://www.invest-in-macedonia.com/business-and-economy/energy/1384359000-first-wind-turbine-arrives-in-bogdanci.html


https://en.wikipedia.org/wiki/Hydroelectricity#/media/File:Hydroelectric_dam.svg
https://en.wikipedia.org/wiki/Hydroelectricity#/media/File:Hydroelectric_dam.svg


https://youtu.be/tpigNNTQix8


https://youtu.be/SeXG8K5_UvU
https://www.youtube.com/watch?v=GxHQHcpCWa8
https://www.youtube.com/watch?v=GxHQHcpCWa8










http://www.cleanairbrightlight.org/uploads/9/3/1/7/9317622/3905072.jpg?1336500195
http://www.cleanairbrightlight.org/uploads/9/3/1/7/9317622/3905072.jpg?1336500195
http://www.cleanairbrightlight.org/uploads/9/3/1/7/9317622/3905072.jpg?1336500195
http://www.cleanairbrightlight.org/uploads/9/3/1/7/9317622/3905072.jpg?1336500195


https://etorgerson.files.wordpress.com/2011/05/light-reflect-refract-absorb-label.jpg
https://etorgerson.files.wordpress.com/2011/05/light-reflect-refract-absorb-label.jpg
https://youtu.be/FXowj1BHojs






http://www.daviddarling.info/images/umbra_and_penumbra.jpg
http://www.daviddarling.info/images/umbra_and_penumbra.jpg


http://www.theguardian.com/science/video/2012/nov/14/solar-eclipse-australia-video
http://www.theguardian.com/science/video/2012/nov/14/solar-eclipse-australia-video


http://drhsphotography.weebly.com/uploads/1/4/9/7/14971336/4090764_orig.gif
http://drhsphotography.weebly.com/uploads/1/4/9/7/14971336/4090764_orig.gif
http://bpes.bp.com/secondary-resources/science/ages-12-to-14/waves/light-and-pinhole-cameras/
http://bpes.bp.com/secondary-resources/science/ages-12-to-14/waves/light-and-pinhole-cameras/
http://bpes.bp.com/secondary-resources/science/ages-12-to-14/waves/light-and-pinhole-cameras/


http://www.tadbowman.com/slideshow/mountainreflections/
http://www.tadbowman.com/slideshow/mountainreflections/


http://www.bbc.co.uk/schools/gcsebitesize/science/ocr_gateway/home_energy/introduction_to_wavesrev4.shtml
http://www.bbc.co.uk/schools/gcsebitesize/science/ocr_gateway/home_energy/introduction_to_wavesrev4.shtml
http://www.bbc.co.uk/schools/gcsebitesize/science/ocr_gateway/home_energy/introduction_to_wavesrev4.shtml
http://www.freezeray.com/flashFiles/Reflection1.htm
http://www.freezeray.com/flashFiles/Reflection1.htm
http://www.freezeray.com/flashFiles/planning%20Mirror.htm
http://www.freezeray.com/flashFiles/planning%20Mirror.htm
http://entertainmentdesigner.com/history-of-theme-parks/the-enduring-illusion-of-peppers-ghost/
http://entertainmentdesigner.com/history-of-theme-parks/the-enduring-illusion-of-peppers-ghost/
http://entertainmentdesigner.com/history-of-theme-parks/the-enduring-illusion-of-peppers-ghost/
http://www.thenakedscientists.com/HTML/experiments/exp/peppers-ghost/
http://www.thenakedscientists.com/HTML/experiments/exp/peppers-ghost/


http://www.theatrecrafts.com/glossary/pages/peppersghost.html
http://www.theatrecrafts.com/glossary/pages/peppersghost.html
https://fr.wikipedia.org/wiki/Fichier:Hud_on_the_cat.jpg
https://fr.wikipedia.org/wiki/Fichier:Hud_on_the_cat.jpg
http://patentimages.storage.googleapis.com/EP2093094A1/imgf0001.png
http://patentimages.storage.googleapis.com/EP2093094A1/imgf0001.png


http://www.digitalcameraworld.com/2013/05/15/refraction-of-light-capture-amazing-photography-effects-with-a-glass-of-water/
http://www.digitalcameraworld.com/2013/05/15/refraction-of-light-capture-amazing-photography-effects-with-a-glass-of-water/
http://www.digitalcameraworld.com/2013/05/15/refraction-of-light-capture-amazing-photography-effects-with-a-glass-of-water/
http://www.digitalcameraworld.com/2013/05/15/refraction-of-light-capture-amazing-photography-effects-with-a-glass-of-water/
http://www.freezeray.com/flashFiles/Refraction2.htm
http://www.freezeray.com/flashFiles/Refraction2.htm




https://youtu.be/EZiLPJ9FTnE
http://physicsed.buffalostate.edu/SeatExpts/EandM/refract/img/refrsol1.gif
http://physicsed.buffalostate.edu/SeatExpts/EandM/refract/img/refrsol1.gif


http://www.thenakedscientists.com/HTML/experiments/exp/making-pyrex-invisible/
http://www.thenakedscientists.com/HTML/experiments/exp/making-pyrex-invisible/


http://www.thenakedscientists.com/HTML/experiments/exp/colours-in-cds/
http://www.thenakedscientists.com/HTML/experiments/exp/colours-in-cds/
https://youtu.be/-j3t-TAMj3k
http://www.dkfindout.com/uk/science/light/splitting-light/
http://www.dkfindout.com/uk/science/light/splitting-light/


http://missionscience.nasa.gov/images/ems/emsVisible_mainContent_prisms-newton-experiment.png
http://missionscience.nasa.gov/images/ems/emsVisible_mainContent_prisms-newton-experiment.png
http://missionscience.nasa.gov/images/ems/emsVisible_mainContent_prisms-newton-experiment.png
https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html
https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html


http://www.freezeray.com/flashFiles/prism.htm
http://photo.net/equipment/sigma/sd9images/filters.jpg
http://photo.net/equipment/sigma/sd9images/filters.jpg
http://www.freezeray.com/flashFiles/colouredFilters.htm
http://www.freezeray.com/flashFiles/colouredFilters.htm


https://youtu.be/wFdmNom9xmE
http://www.bbc.co.uk/education/guides/zq7thyc/revision/6
http://www.bbc.co.uk/education/guides/zq7thyc/revision/6
http://physicsandcalculus.com/wp-content/uploads/2012/08/rgb.jpg
http://physicsandcalculus.com/wp-content/uploads/2012/08/rgb.jpg


https://phet.colorado.edu/sims/html/color-vision/latest/color-vision_en.html
https://phet.colorado.edu/sims/html/color-vision/latest/color-vision_en.html
https://etorgerson.files.wordpress.com/2011/05/light-reflect-refract-absorb-label.jpg
https://etorgerson.files.wordpress.com/2011/05/light-reflect-refract-absorb-label.jpg


https://micro.magnet.fsu.edu/optics/lightandcolor/images/primaryfigure2.jpg
https://micro.magnet.fsu.edu/optics/lightandcolor/images/primaryfigure2.jpg








http://www.bbc.co.uk/schools/scienceclips/ages/9_10/earth_sun_moon_fs.shtml
http://www.bbc.co.uk/schools/scienceclips/ages/9_10/earth_sun_moon_fs.shtml
https://youtu.be/pAdSSIVF6Xo
http://www.bbc.co.uk/education/clips/zkynvcw
http://www.timeanddate.com/worldclock/sunearth.html
http://www.timeanddate.com/worldclock/sunearth.html




http://www.bbc.co.uk/education/clips/zkynvcw
http://astro.unl.edu/classaction/animations/coordsmotion/eclipticsimulator.html
http://astro.unl.edu/classaction/animations/coordsmotion/eclipticsimulator.html
http://www.bbc.co.uk/education/clips/z9qd7ty


http://www.universetoday.com/85730/do-stars-move/
http://www.universetoday.com/85730/do-stars-move/
https://thenightskyinfocus.files.wordpress.com/2013/08/venus-moon_aug102013.jpg
https://thenightskyinfocus.files.wordpress.com/2013/08/venus-moon_aug102013.jpg
http://solarsystem.nasa.gov/planets/


https://www.bighistoryproject.com/chapters/2#the-rock-we-call-home
https://www.bighistoryproject.com/chapters/2#the-rock-we-call-home
http://www.polaris.iastate.edu/EveningStar/Unit2/unit2_sub1.htm
http://www.polaris.iastate.edu/EveningStar/Unit2/unit2_sub1.htm
http://abyss.uoregon.edu/~js/ast121/lectures/lec02.html
http://abyss.uoregon.edu/~js/ast121/lectures/lec02.html
http://www.kidsastronomy.com/leavitt.htm













