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ʇʨʝʜʛʦʚʦʨ 
 

 

ʆʚʘʘ ʧʫʙʣʠʢʘʮʠʿʘ ʝ ʘʞʫʨʠʨʘʥʦ ʠ ʧʨʦʰʠʨʝʥʦ ʠʟʜʘʥʠʝ ʥʘ ʧʨʚʦʪʦ ʠʟʜʘʥʠʝ 

ʥʘ ɿʙʠʨʢʘʪʘ ʨʝʰʝʥʠ ʟʘʜʘʯʠ ʧʦ ʧʨʝʜʤʝʪʦʪ ʆʩʥʦʚʠ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʦʪʦ ʠʥʞʝʥʝʨʩʪʚʦ 

ʦʙʿʘʚʝʥʦ ʚʦ 2008 ʛʦʜʠʥʘ.  

ʆʧʰʪʘʪʘ ʬʠʣʦʟʦʬʠʿʘ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʥʘ ʟʙʠʨʢʘʪʘ ʨʝʰʝʥʠ ʟʘʜʘʯʠ ʝ 

ʮʝʣʦʩʥʦ ʟʘʜʨʞʘʥʘ ʦʜ ʧʨʝʪʭʦʜʥʦʪʦ ʠʟʜʘʥʠʝ, ʥʦ ʪʝʤʠʪʝ ʦʜ ʦʙʣʘʩʪʘ ʥʘ ʪʝʦʨʠʿʘʪʘ ʥʘ 

ʩʦʦʙʨʘ˃ʘʿʥʠʪʝ ʪʦʢʦʚʠ, ʤʝʨʝˁʝʪʦ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ, ʧʨʠʤʝʥʘʪʘ 

ʥʘ ʪʝʦʨʠʿʘʪʘ ʥʘ ʚʝʨʦʿʘʪʥʦʩʪ ʠ ʤʘʪʝʤʘʪʠʯʢʘʪʘ ʩʪʘʪʠʩʪʠʢʘ ʚʦ ʩʦʦʙʨʘ˃ʘʿʥʦʪʦ 

ʠʥʞʝʥʝʨʩʪʚʦ ʩʝ ʧʨʦʰʠʨʝʥʠ, ʟʙʦʛʘʪʝʥʠ ʪʝʢʩʪʫʘʣʥʦ ʠ ʩʦ ʠʣʫʩʪʨʘʪʠʚʥʠ ʧʨʠʤʝʨʠ 

ʟʘʨʘʜʠ ʧʦʜʦʙʨʦ ʠ ʧʦʿʘʩʥʦ ʬʦʨʤʫʣʠʨʘˁʝ ʥʘ ʠʟʣʦʞʝʥʘʪʘ ʤʘʪʝʨʠʿʘ. ʅʦʚʠʥʘ ʚʦ ʦʚʘ 

ʠʟʜʘʥʠʝ ʩʝ ʟʘʜʘʯʠʪʝ ʟʘ ʩʘʤʦʩʪʦʿʥʘ ʨʘʙʦʪʘ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʢʦʠ ʠʤʘʘʪ ʮʝʣ ʧʨʦʚʝʨʢʘ 

ʥʘ ʥʠʚʥʠʪʝ ʟʥʘʝˁʘ. 

ʌʦʥʜʦʪ ʥʘ ʨʝʰʝʥʠ ʟʘʜʘʯʠ ʝ ʟʛʦʣʝʤʝʥ ʚʦ ʩʠʪʝ ʪʝʤʘʪʩʢʠ ʮʝʣʠʥʠ, ʦʩʚʝʥ ʚʦ 

ʜʝʣʦʪ ʧʦʠʤ ʟʘ ʢʘʧʘʮʠʪʝʪ, ʘʥʘʣʠʟʘ ʥʘ ʢʘʧʘʮʠʪʝʪ ʥʘ ʧʘʪʠʰʪʘ ʠ ʥʘ ʘʚʪʦʧʘʪʠʰʪʘ, 

ʢʦʿʰʪʦ ʦʩʪʘʥʫʚʘ ʥʝʧʨʦʤʝʥʝʪ ʠ ʝ ʮʝʣʦʩʥʦ ʧʨʝʟʝʤʝʥ ʦʜ ʧʨʝʪʭʦʜʥʦʪʦ ʠʟʜʘʥʠʝ.  

ʎʝʣʪʘ ʥʘ ʦʚʘʘ ɿʙʠʨʢʘ ʝ ʜʘ ʠʤ ʦʚʦʟʤʦʞʠ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʨʘʟʙʠʨʣʠʚʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʥʘ ʦʜʨʝʜʝʥʠ ʧʦʠʤʠ ʧʨʠ ʧʨʚʠʦʪ ʜʦʧʠʨ ʩʦ ʩʦʦʙʨʘ˃ʘʿʥʦ-

ʠʥʞʝʥʝʨʩʢʘʪʘ ʩʪʨʫʢʘ. ʊʘʘ ʝ ʧʨʝʜ ʩ̄ ʧʦʤʦʰʝʥ ʤʘʪʝʨʠʿʘʣ ʟʘ ʩʦʚʣʘʜʫʚʘˁʝ ʥʘ 

ʧʨʝʜʤʝʪʦʪ ʆʉʀ. ʈʝʰʝʥʠʪʝ ʟʘʜʘʯʠ ʪʨʝʙʘ ʜʘ ʠʤ ʦʚʦʟʤʦʞʘʪ ʥʘ ʩʪʫʜʝʥʪʠʪʝ 

ʫʩʧʝʰʥʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʪʘ ʦʜ ʚʝʞʙʠ ʧʦ ʜʘʜʝʥʠʦʪ ʧʨʝʜʤʝʪ. 

ʉʝ ʥʘʜʝʚʘʤʝ ʜʝʢʘ ʦʚʘ ʠʟʜʘʥʠʝ ˃ʝ ʛʠ ʟʘʜʦʚʦʣʠ ʧʦʪʨʝʙʥʠʪʝ ʟʥʘʝˁʘ ʟʘ 

ʩʪʫʜʝʥʪʠʪʝ ʥʘ ʜʦʜʠʧʣʦʤʩʢʠʪʝ ʩʪʫʜʠʠ ʟʘ ʫʩʧʝʰʥʦ ʨʘʟʙʠʨʘˁʝ ʥʘ ʤʘʪʝʨʠʿʘʪʘ ʦʜ 

ʚʝʞʙʠ ʧʦ ʜʘʜʝʥʠʦʪ ʧʨʝʜʤʝʪ. ɿʘ ʜʠʧʣʦʤʠʨʘʥʠʪʝ ʩʦʦʙʨʘ˃ʘʿʥʠ ʠ ʩʠʪʝ ʦʩʪʘʥʘʪʠ ʢʦʠ 

ʩʝ ʟʘʥʠʤʘʚʘʘʪ ʩʦ ʩʦʦʙʨʘ˃ʘʿʦʪ ʠ ʪʨʘʥʩʧʦʨʪʦʪ, ʥʝʢʘ ʙʠʜʝ ʧʦʪʩʝʪʥʠʢ ʟʘ ʦʩʥʦʚʥʠʪʝ 

ʚʝʣʠʯʠʥʠ ʠ ʧʦʠʤʠ ʚʦ ʦʙʣʘʩʪʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʦʪʦ ʠʥʞʝʥʝʨʩʪʚʦ. 

ɸʚʪʦʨʠʪʝ ˃ʝ ʙʠʜʘʪ ʙʣʘʛʦʜʘʨʥʠ ʜʦʢʦʣʢʫ ʜʦʙʠʿʘʪ ʟʘʙʝʣʝʰʢʠ ʠ ʩʫʛʝʩʪʠʠ ʦʜ 

ʩʪʨʘʥʘ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʠʣʠ ʦʩʪʘʥʘʪʠʪʝ ʢʦʨʠʩʥʠʮʠ ʩʦ ʰʪʦ ˃ʝ ʩʝ ʧʨʠʜʦʥʝʩʝ ʢʦʥ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʠʢʘʞʘʥʠʦʪ ʤʘʪʝʨʠʿʘʣ.  
 
 

ɹʠʪʦʣʘ, 2009        ʆʜ ʘʚʪʦʨʠʪʝ 
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1. ɺʆɺɽɼ ɺʆ ʊɽʆʈʀɱɸʊɸ ʅɸ ʉʆʆɹʈɸɵɸɱʅʀʆʊ ʊʆʂ  

 

ʉʦʦʙʨʘ˃ʘʿʥʠʪʝ ʪʦʢʦʚʠ ʩʝ ʩʦʩʪʘʚʝʥʠ ʦʜ ʠʥʜʠʚʠʜʫʘʣʥʠ ʚʦʟʘʯʠ ʠ ʚʦʟʠʣʘ 

ʢʦʠ ʩʝ ʧʦʚʨʟʘʥʠ ʤʝʺʫ ʩʝʙʝ, ʩʦ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʧʘʪʦʪ ʠ ʩʦ ʦʧʰʪʦʪʦ ʦʧʢʨʫʞʫʚʘˁʝ 

ʥʘ ʝʜʝʥ ʝʜʠʥʩʪʚʝʥ ʥʘʯʠʥ. 

ʊʝʦʨʠʿʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʪʝ ʪʦʢʦʚʠ ʝ ʘʣʘʪʢʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʪʝ ʠʥʞʝʥʝʨʠ 

ʚʦ ʠʟʨʘʟʫʚʘˁʝʪʦ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ. ʊʘʘ ʛʠ ʧʨʦʫʯʫʚʘ 

ʟʘʢʦʥʠʪʦʩʪʠʪʝ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʤʦʪʦʨʥʠʪʝ ʚʦʟʠʣʘ ʚʦ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ.. 

ɼʚʠʞʝˁʝʪʦ ʥʘ ʚʦʟʠʣʘʪʘ ʟʘʚʠʩʠ ʦʜ ʤʥʦʛʫ ʬʘʢʪʦʨʠ ʧʦʨʘʜʠ ʰʪʦ ʠ 

ʦʧʠʰʫʚʘˁʝʪʦ ʥʘ ʟʘʢʦʥʠʪʦʩʪʘ ʥʘ ʜʚʠʞʝˁʝ ʝ ʩʣʦʞʝʥ ʧʨʦʮʝʩ. ʅʘʿʟʥʘʯʘʿʥʠ ʬʘʢʪʦʨʠ 

ʢʦʠ ʚʣʠʿʘʘʪ ʚʨʟ ʥʘʯʠʥʦʪ ʥʘ ʜʚʠʞʝˁʝ ʥʘ ʚʦʟʠʣʘʪʘ ʚʦ ʪʦʢʦʪ ʩʝ: ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʪʦʢʦʪ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʪʦʢʦʪ, ʚʦʟʥʦʜʠʥʘʤʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʚʦʟʠʣʘʪʘ, ʧʩʠʭʦʬʠʟʠʯʢʠʪʝ ʦʩʦʙʠʥʠ ʥʘ ʚʦʟʘʯʠʪʝ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʩʠʩʪʝʤʦʪ 

ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ ʠ ʫʩʣʦʚʠʪʝ ʥʘ ʦʢʦʣʠʥʘʪʘ (ʚʠʜʣʠʚʦʩʪ, 

ʩʦʩʪʦʿʙʘ ʥʘ ʢʦʣʦʚʦʟʦʪ, ʢʣʠʤʘ ʠʪʥ.). ʀʩʪʦʚʨʝʤʝʥʦʪʦ ʜʝʿʩʪʚʫʚʘˁʝ ʥʘ ʧʦʚʝ˃ʝ ʦʜ 

ʛʦʨʝʥʘʚʝʜʝʥʠʪʝ ʬʘʢʪʦʨʠ, ʜʦʧʦʣʥʝʪʦ ʩʦ ʥʠʚʥʘʪʘ ʧʨʦʤʝʥʣʠʚʦʩʪ ʚʦ ʧʨʦʩʪʦʨʦʪ ʠ 

ʚʨʝʤʝʪʦ, ʚʣʠʿʘʝ ʚʨʟ ʩʣʦʞʝʥʦʩʪʘ ʥʘ ʦʧʠʰʫʚʘˁʝ ʥʘ ʟʘʢʦʥʠʪʦʩʪʘ ʥʘ ʜʚʠʞʝˁʝ ʥʘ 

ʚʦʟʠʣʘʪʘ ʚʦ ʪʦʢʦʪ.  

ɺʠʜʦʚʠ ʩʦʦʙʨʘ˃ʘʿʥʠ ʪʦʢʦʚʠ:  

1. ʅʝʧʨʝʢʠʥʘʪ ʪʦʢ ï ʝ ʨʝʛʫʣʠʨʘʥ ʩʦ ʟʘʝʤʥʠʪʝ ʦʜʥʦʩʠ (ʠʥʪʝʨʘʢʮʠʠ) ʤʝʺʫ 

ʚʦʟʠʣʘʪʘ ʠ ʧʘʪʦʪ. ʅʘ ʧʨ., ʚʦʟʠʣʘʪʘ ʰʪʦ ʩʝ ʜʚʠʞʘʪ ʥʘ ʘʚʪʦʧʘʪʠʰʪʘ 

(ʥʝʤʘ ʟʥʘʮʠ ʉʊʆʇ ʠʣʠ ʟʥʘʢ ʥʘ ʜʘʚʘˁʝ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʤʠʥʫʚʘˁʝ, ʥʝ 

ʧʦʩʪʦʠ ʚʢʨʩʪʫʚʘˁʝ ʚʦ ʥʠʚʦ) ʫʯʝʩʪʚʫʚʘʘʪ ʚʦ ʥʝʧʨʝʢʠʥʘʪ ʪʦʢ;  

ʀʣʠ: 

ʊʦʢ ʥʘ ʢʦʿ ʥʝʤʘ ʥʘʜʚʦʨʝʰʥʠ ʚʣʠʿʘʥʠʿʘ ʢʦʠ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘʘʪ 

ʧʨʝʢʠʥ ʥʘ ʪʦʢʦʪ, ʘ ʘʢʦ ʝʚʝʥʪʫʘʣʥʦ ʩʝ ʧʦʿʘʚʘʪ ʧʨʝʢʠʥʠ, ʪʠʝ ʩʝ 

ʠʩʢʣʫʯʠʚʦ ʨʝʟʫʣʪʘʪ ʦʜ ʠʥʪʝʨʘʢʮʠʿʘʪʘ ʥʘ ʚʦʟʠʣʘʪʘ (ʌʦʪʦʛʨʘʬʠʿʘ ʙʨ. 

1.1). 

 

 
ʌʦʪʦʛʨʘʬʠʿʘ ʙʨ.1.1: ʅʝʧʨʝʢʠʥʘʪ ʪʦʢ 

 

2. ʇʨʝʢʠʥʘʪ ʪʦʢ ï ʪʦʢ ʰʪʦ ʝ ʨʝʛʫʣʠʨʘʥ ʦʜ ʥʘʜʚʦʨʝʰʥʠ ʩʨʝʜʩʪʚʘ, ʢʘʢʦʚ 

ʰʪʦ ʝ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʩʠʛʥʘʣ, ʟʥʘʢʦʪ ʉʊʆʇ, ʟʥʘʢʦʪ ʟʘ ʜʘʚʘˁʝ 



 

2 

 

ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʤʠʥʫʚʘˁʝ. ʇʨʠ ʨʘʙʦʪʘ ʥʘ ʉʉ, ʪʦʢʦʪ ʧʝʨʠʦʜʠʯʥʦ ʩʝ 

ʧʨʝʢʠʥʫʚʘ ʠ ʟʘʪʦʘ ʩʝ ʿʘʚʫʚʘʘʪ ʢʦʣʦʥʠ ʠʣʠ ʨʝʜʦʚʠ ʚʦʟʠʣʘ ʰʪʦ ʩʝ 

ʜʚʠʞʘʪ ʧʦ ʩʦʦʙʨʘ˃ʘʥʿʠʮʘʪʘ ʩʦ ʟʥʘʯʠʪʝʣʥʠ ʠʥʪʝʨʚʘʣʠ ʥʘ ʩʣʝʜʝˁʝ ʤʝʺʫ 

ʛʨʫʧʠʪʝ ʥʘ ʚʦʟʠʣʘ. ʊʦʢʦʪ ʥʝ ʟʘʚʠʩʠ ʩʘʤʦ ʦʜ ʟʘʝʤʥʠʪʝ ʜʝʿʩʪʚʘ ʥʘ 

ʚʦʟʠʣʘʪʘ ʠ ʥʘ ʦʢʦʣʠʥʘʪʘ, ʪʫʢʫ ʠ ʦʜ ʧʣʘʥʦʪ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʚʝʪʣʦʩʥʠʪʝ 

ʩʠʛʥʘʣʠ; 

ʀʣʠ: 

ʊʦʢ ʜʦ ʢʦʿʰʪʦ ʜʦʘʺʘ ʜʦ ʧʦʚʨʝʤʝʥʠ ʟʘʩʪʘʥʫʚʘˁʘ ʢʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ 

ʥʘʯʠʥʦʪ ʥʘ ʢʦʥʪʨʦʣʘ (ʧʨ., ʩʚʝʪʣʦʩʥʠʪʝ ʩʠʛʥʘʣʠ ʥʘ ʩʝʤʘʬʦʨʠʟʠʨʘʥʠ 

ʢʨʩʪʦʩʥʠʮʠ, ʟʥʘʢʦʪ ʉʊʆʇ ʥʘ ʥʝʩʝʤʘʬʦʨʠʟʠʨʘʥʠ ʢʨʩʪʦʩʥʠʮʠ ʠ ʩʣ), 

(ʌʦʪʦʛʨʘʬʠʿʘ ʙʨ. 1.2). 

 

 
ʌʦʪʦʛʨʘʬʠʿʘ ʙʨ.1.2: ʇʨʝʢʠʥʘʪ ʪʦʢ 

 

1.1. ʆʩʥʦʚʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ, ʜʝʬʠʥʠʮʠʠ ʠ ʨʝʣʘʮʠʠ 

 

ʉʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ ʝ ʬʝʥʦʤʝʥ ʰʪʦ ʪʝʰʢʦ ʤʦʞʝ ʜʘ ʩʝ ʦʧʠʰʝ ʙʝʟ ʜʘ ʩʝ 

ʧʨʠʤʝʥʠ ʟʘʝʜʥʠʯʢʦ ʤʥʦʞʝʩʪʚʦ ʦʜ ʦʜʨʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ. ɿʘʚʠʩʥʦ ʥʘ ʢʦʝ ʥʠʚʦ ʩʝ 

ʨʘʟʛʣʝʜʫʚʘʘʪ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ, ʧʘʨʘʤʝʪʨʠʪʝ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʜʝʣʘʪ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʠ ʪʦʘ:  

1. ʄʘʢʨʦʩʢʦʧʩʢʠ, ʠ  

2. ʄʠʢʨʦʩʢʦʧʩʢʠ. 

ʄʘʢʨʦʩʢʦʧʩʢʠʪʝ ʧʘʨʘʤʝʪʨʠ ʛʦ ʦʧʠʰʫʚʘʘʪ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʪʦʢʦʪ ʢʘʢʦ 

ʮʝʣʠʥʘ ʢʦʨʠʩʪʝʿ˃ʠ ʛʠ ʧʨʦʩʝʯʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʥʘ ʙʨʟʠʥʘʪʘ, ʛʫʩʪʠʥʘʪʘ ʠ ʧʨʦʪʦʢʦʪ. 

ʄʠʢʨʦʩʢʦʧʩʢʠ ʧʘʨʘʤʝʪʨʠ ʛʠ ʢʘʨʘʢʪʝʨʠʟʠʨʘʘʪ ʟʘʢʦʥʠʪʦʩʪʠʪʝ ʥʘ 

ʜʚʠʞʝˁʝ ʥʘ ʧʦʝʜʠʥʝʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʥʘ ʪʦʢʦʪ, ʪ.ʝ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʚʦʟʠʣʘ ʠ 

ʥʠʚʥʦʪʦ ʤʝʺʫʩʝʙʥʦ ʦʜʥʝʩʫʚʘˁʝ. 

ʄʘʢʨʦʩʢʦʧʩʢʠ ʧʘʨʘʤʝʪʨʠ ʩʝ:  

 ʧʨʦʪʦʢ (q), 

 ʙʨʟʠʥʘ (V), ʠ 

 ʛʫʩʪʠʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ (k). 

ʄʠʢʨʦʩʢʦʧʩʢʠ ʧʘʨʘʤʝʪʨʠ ʩʝ: 

 ʧʨʦʩʪʦʨʝʥ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ (hd) 

 ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ (ht). 

 

ʇʨʦʪʦʢʦʪ q  ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʢʦ ʙʨʦʿ ʚʦʟʠʣʘ ʢʦʠʰʪʦ ʧʦʤʠʥʫʚʘʘʪ ʥʠʟ 

ʦʜʨʝʜʝʥʘ ʪʦʯʢʘ ʥʘ ʧʘʪʦʪ (ʬʠʢʩʠʨʘʥ ʧʨʝʩʝʢ ʥʘ ʧʘʪʦʪ), ʜʘʜʝʥʘ ʣʝʥʪʘ ʠʣʠ ʧʨʘʚʝʮ ʚʦ 

ʝʜʠʥʠʮʘ ʚʨʝʤʝ (ʎʨʪʝʞ ʙʨ.1.1).  



 

3 

 

 
ʎʨʪʝʞ ʙʨ.1.1: ʇʨʦʪʦʢ ʥʘ ʚʦʟʠʣʘ ʥʘ ʧʨʝʩʝʢ 

 

ɿʘʚʠʩʥʦ ʦʜ ʥʘʯʠʥʦʪ ʥʘ ʨʘʟʛʣʝʜʫʚʘˁʝ ʥʘ ʪʦʢʦʪ ʚʦ ʧʨʦʩʪʦʨʦʪ, ʨʘʟʣʠʢʫʚʘʤʝ 

ʧʨʦʪʦʢ ʥʘ ʚʦʟʠʣʘ ʥʘ ʜʝʣ ʠʣʠ ʜʝʣʥʠʮʘ ʥʘ ʧʘʪʦʪ ʢʦʿʰʪʦ ʧʨʝʪʩʪʘʚʫʚʘ ʘʨʠʪʤʝʪʠʯʢʘ 

ʩʨʝʜʠʥʘ ʦʜ ʧʨʦʪʦʮʠʪʝ ʥʘ n ʧʨʝʩʝʮʠ ʥʘ ʜʝʣʦʪ ʠʣʠ ʥʘ ʜʝʣʥʠʮʘʪʘ, ʧʨʠ ʰʪʦ 

n ,(ʎʨʪʝʞ ʙʨ.1.2). 

 

 
ʎʨʪʝʞ ʙʨ.1.2: ʇʨʦʪʦʢ ʥʘ ʚʦʟʠʣʘ ʥʘ ʜʝʣʥʠʮʘ 

 

ɽʜʠʥʠʮʠ ʤʝʨʢʠ ʚʦ ʢʦʠ ʩʝ ʠʟʨʘʟʫʚʘ ʧʨʦʪʦʢʦʪ ʩʝ: ʚʦʟʠʣʘ/ʯʘʩ (ʟʘ ʛʨʘʜʩʢʠ 

ʫʩʣʦʚʠ), ʠʣʠ ʚʦʟʠʣʘ/ʜʝʥ (ʟʘ ʚʦʥʛʨʘʜʩʢʠ ʫʩʣʦʚʠ).  

ʅʘʧʦʤʝʥʘ: ɿʘ ʜʝʬʠʥʠʨʘˁʝ ʥʘ ʛʦʣʝʤʠʥʘʪʘ (ʢʦʣʠʯʝʩʪʚʦʪʦ) ʥʘ ʩʦʦʙʨʘ˃ʘʝʥ 

ʪʦʢ ʢʦʿʰʪʦ ʧʦʤʠʥʫʚʘ ʥʠʟ ʦʜʨʝʜʝʥ ʧʨʝʩʝʢ ʥʘ ʜʘʜʝʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʮʘ ʤʦʞʝ ʜʘ ʩʝ 

ʢʦʨʠʩʪʘʪ ʜʚʝ ʚʝʣʠʯʠʥʠ: ʧʨʦʪʦʢ ʠ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʪʦʢʦʪ. ʇʦʩʪʦʠ ʨʘʟʣʠʢʘ ʤʝʺʫ 

ʪʝʨʤʠʥʠʪʝ. ʀʤʝʥʦ, ʧʨʦʪʦʢ ʝ ʚʢʫʧʥʠʦʪ ʙʨʦʿ ʥʘ ʚʦʟʠʣʘ ʠʟʤʝʨʝʥ (ʠʟʙʨʦʝʥ) ʚʦ ʥʝʢʦʿ 

ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʦʜʨʝʜʝʥ ʨʝʬʝʨʝʥʪʝʥ ʧʨʝʩʝʢ; ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʪʦʢʦʪ ʛʦ 

ʧʨʝʪʩʪʘʚʫʚʘ ʠʩʪʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʚʦʟʠʣʘ, ʥʦ ʠʟʨʘʟʝʥʦ ʚʦ ʝʜʠʥʠʮʘ ʚʨʝʤʝ, 

ʥʘʯʿʝʩʪʦ ʝʜʝʥ ʯʘʩ.  

ʀʥʪʝʥʟʠʪʝʪ ʥʘ ʪʦʢʦʪ = q = ʙʨʦʿ ʥʘ ʚʦʟʠʣʘ ʟʘ ʚʨʝʤʝ ʥʘ ʥʘʙˀʫʜʫʚʘˁʝʪʦ/ʚʨʝʤʝʪʦ ʥʘ 

ʥʘʙˀʫʜʫʚʘˁʝ (ʚʦʟ/h) 

ʆʙʿʘʩʥʫʚʘˁʝ: ʘʢʦ ʥʘ ʝʜʝʥ ʥʘʙˀʫʜʫʚʘʥ ʧʨʝʩʝʢ ʩʝ ʠʟʙʨʦʝʥʠ 100 ʚʦʟʠʣʘ ʚʦ 

10 ʤʠʥʫʪʠ, ʪʦʛʘʰ ʧʨʦʪʦʢʦʪ ʝ 100 ʚʦʟʠʣʘ/10 ʤʠʥʫʪʠ, ʘ ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ 

ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ ʝ 600 ʚʦʟʠʣʘ/ʯʘʩ. ʊʦʘ ʥʝ ʟʥʘʯʠ ʜʝʢʘ ʥʠʟ ʪʦʿ ʧʨʝʩʝʢ 

ʥʘʚʠʩʪʠʥʘ ˃ʝ ʧʦʤʠʥʘʪ 600 ʚʦʟʠʣʘ, ʪʫʢʫ ʿʘ ʠʟʨʘʟʫʚʘ ʧʨʦʩʝʯʥʘʪʘ ʤʝʨʢʘ ʥʘ 

ʥʘʜʦʘʺʘˁʝ ʥʘ ʚʦʟʠʣʘ ʚʨʟ ʦʩʥʦʚʘ ʥʘ 10 ʤʠʥʫʪʥʦʪʦ ʙʨʦʝˁʝ.  

q 600
600

360000

10

10036003600

T

N
ʚʦʟ/h 

ʊʦʢʦʚʠʪʝ ʥʘʿʯʝʩʪʦ ʩʝ ʢʦʥʚʝʨʪʠʨʘʘʪ ʚʦ ʧʨʦʪʦʮʠ. ɺʦ ʣʠʪʝʨʘʪʫʨʘʪʘ 

ʠʥʪʝʥʟʠʪʝʪʦʪ ʥʘ ʩʦʦʙʨʘ˃ʘʝʥ ʪʦʢ ʥʘʿʯʝʩʪʦ ʩʝ ʚʠʢʘ ʩʘʤʦ ʪʦʢ ʠ ʩʝ ʙʝʣʝʞʠ ʩʦ 

q(ʚʦʟ/h). ʉʝ ʧʨʝʩʤʝʪʫʚʘ ʢʘʢʦ: 

 

S 
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q = 
T

N3600
 ʚʦʟ/h 

ʂʘʜʝ ʰʪʦ: 

- N ʝ ʙʨʦʿʦʪ ʥʘ ʚʦʟʠʣʘ ʰʪʦ ʧʦʤʠʥʫʚʘʘʪ ʥʠʟ ʦʜʨʝʜʝʥʘ ʪʦʯʢʘ ʦʜ ʧʘʪʦʪ ʚʦ ʊ (s). 

ʇʨʦʪʦʮʠʪʝ ʩʝ ʠʟʨʘʟʫʚʘʘʪ ʚʦ ʧʨʦʩʝʯʥʠ ʚʨʝʜʥʦʩʪʠ ʰʪʦ ʩʝ ʙʘʟʠʨʘʘʪ ʥʘ 

ʙʨʦʝˁʘ ʚʦ ʪʝʢʦʪ ʥʘ 12 ʯʘʩʘ (06-18 h), ʥʘ 18 ʯʘʩʘ (06-22h) ʠʣʠ ʚʦ ʪʝʢʦʪ ʥʘ 24 ʯʘʩʘ.  

ʇʨʦʪʦʮʠʪʝ ʚʘʨʠʨʘʘʪ ʟʥʘʯʠʪʝʣʥʦ ʚʦ ʪʝʢʦʪ ʥʘ 24 ʯʘʩʘ, ʢʦʛʘ ʩʝ ʿʘʚʫʚʘʘʪ ʠ 

ʧʝʨʠʦʜʠ ʩʦ ʤʘʢʩʠʤʘʣʝʥ ʧʨʦʪʦʢ (ʚʦ ʧʨʝʪʧʣʘʜʥʝʚʥʠʪʝ ʠ ʧʦʧʣʘʜʥʝʚʥʠʪʝ ʯʘʩʦʚʠ ï

ʚʨʚʝʥ ʯʘʩ (peak hour)). ʇʨʦʪʦʢʦʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʚʨʚʥʠʦʪ ʯʘʩ ʝ ʥʘʿʟʥʘʯʘʝʥ ʟʘ 

ʩʦʦʙʨʘ˃ʘʿʥʠʪʝ ʠʥʞʝʥʝʨʠ ʧʨʠ ʧʨʦʝʢʪʠʨʘˁʝ ʠ ʦʧʝʨʘʪʠʚʥʘʪʘ ʘʥʘʣʠʟʘ.  

ɺʘʨʠʿʘʮʠʠʪʝ ʚʦ ʪʦʢʦʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʚʨʚʥʠʦʪ ʯʘʩ ʩʝ ʠʩʪʦ ʪʘʢʘ ʦʜ ʛʦʣʝʤ 

ʠʥʪʝʨʝʩ. ʂʚʘʣʠʪʝʪʦʪ ʥʘ ʧʨʦʪʦʢʦʪ ʯʝʩʪʦ ʧʘʪʠ ʝ ʧʦʚʨʟʘʥ ʩʦ ʢʨʘʪʢʦʨʦʯʥʠʪʝ 

ʬʣʫʢʪʫʘʮʠʠ (ʚʘʨʠʨʘˁʘ) ʚʦ ʩʦʦʙʨʘ˃ʘʿʥʘʪʘ ʧʦʙʘʨʫʚʘʯʢʘ. ʆʪʪʫʢʘ, ʟʘ ʧʨʘʢʪʠʯʥʠ 

ʮʝʣʠ ʩʝ ʩʤʝʪʘ ʜʝʢʘ 15 ʤʠʥʫʪʠ ʝ ʤʠʥʠʤʘʣʝʥ ʧʝʨʠʦʜ ʚʦ ʢʦʿʰʪʦ ʩʦʦʙʨʘ˃ʘʿʥʠʪʝ 

ʫʩʣʦʚʠ ʩʝ ʩʪʘʪʠʩʪʠʯʢʠ ʩʪʘʙʠʣʥʠ.  

ʌʘʢʪʦʨʦʪ ʥʘ ʚʨʚʝʥ ʯʘʩ (Peak Hour Factor - PHF) ʛʦ ʜʝʬʠʥʠʨʘ ʦʜʥʦʩʦʪ 

ʤʝʺʫ ʯʘʩʦʚʥʠʦʪ ʧʨʦʪʦʢ ʠ ʤʘʢʩʠʤʘʣʥʠʦʪ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʪʦʢʦʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ 

ʯʘʩʦʪ. 

PHF = ʯʘʩʦʚʥʠʦʪ ʧʨʦʪʦʢ/ʤʘʢʩʠʤʘʣʥʠʦʪ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʪʦʢʦʪ. 

ʊʘʢʘ, ʟʘ 15 ʤʠʥʫʪʝʥ ʧʝʨʠʦʜ ʥʘ ʘʥʘʣʠʟʘ, PHFʩʝ ʠʟʨʘʟʫʚʘ: 

15
V4

HV

15
V(60/15)

HV
 = PHF  

 

ʂʘʜʝ ʰʪʦ: 

- HV ʝ ʯʘʩʦʚʥʠʦʪ ʧʨʦʪʦʢ, ʠ 

- V15 ï ʤʘʢʩʠʤʘʣʥʠʦʪ 15 ʤʠʥʫʪʝʥ ʧʨʦʪʦʢ ʚʦ ʯʘʩʦʪ.  

ʆʙʿʘʩʥʫʚʘˁʝ: ɸʢʦ ʤʘʢʩʠʤʘʣʥʠʦʪ ʧʨʦʪʦʢ ʚʦ 15 ʤʠʥʫʪʠ ʝ 1250 ʚʦʟʠʣʘ, 

ʯʘʩʦʚʥʠʦʪ ʧʨʦʪʦʢ ʝ 4350 ʚʦʟʠʣʘ, ʪʦʛʘʰ ʬʘʢʪʦʨʦʪ ʥʘ ʚʨʚʝʥ ʯʘʩ ˃ʝ ʙʠʜʝ: 

 

 0.87 

 

 

ɿʘʙʝʣʝʰʢʘ:ʬʘʢʪʦʨʦʪ ʥʘ ʚʨʚʝʥ ʯʘʩ ʩʝ ʜʚʠʞʠ ʚʦ ʛʨʘʥʠʮʠʪʝ 0.25  PHF  1.00; 

ʥʦʨʤʘʣʥʦ ʝ ʤʝʺʫ 0.70 ʠ 0.98. ʇʦʤʘʣʘ ʚʨʝʜʥʦʩʪ ʥʘ ʬʘʢʪʦʨʦʪ ʥʘ ʚʨʚʝʥ 

ʯʘʩ ʦʟʥʘʯʫʚʘ ʧʦʛʦʣʝʤʠ ʚʘʨʠʿʘʮʠʠ ʚʦ ʪʦʢʦʪ ʚʦ ʨʘʤʢʠʪʝ ʥʘ ʚʨʚʥʠʦʪ ʯʘʩ.  

ɹʨʟʠʥʘʪʘ (V) ʛʦ ʦʟʥʘʯʫʚʘ ʠʟʤʠʥʘʪʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʥʘ ʚʦʟʠʣʦʪʦ ʚʦ ʝʜʠʥʠʮʘ 

ʚʨʝʤʝ. ʊʠʧʠʯʥʠʪʝ ʝʜʠʥʠʮʠ ʤʝʨʢʠ ʩʝ m/s ʠʣʠ km/h.  

ʇʦʩʪʦʿʘʪ ʤʥʦʛʫ ʜʝʬʠʥʠʮʠʠ ʟʘ ʙʨʟʠʥʘʪʘ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʨʠʤʝʥʘʪʘ, ʥʠʝ 

˃ʝ ʛʠ ʨʘʟʛʣʝʜʘʤʝ: 

 - ʄʦʤʝʥʪʥʘ ʙʨʟʠʥʘ(V i): ʙʨʟʠʥʘ ʠʟʤʝʨʝʥʘ ʚʦ ʜʘʜʝʥʘ ʪʦʯʢʘ (ʩʦ ʨʘʜʘʨ) 

- ʉʨʝʜʥʘ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ )V( t : ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʠʟʤʝʨʝʥʠʪʝ 

ʙʨʟʠʥʠ ʥʘ ʩʠʪʝ ʚʦʟʠʣʘ ʰʪʦ ʚʦ ʪʦʢʦʪ ʰʪʦ ʧʦʤʠʥʫʚʘʘʪ ʥʠʟ ʬʠʢʩʠʨʘʥʘ 

ʪʦʯʢʘ ʥʘ ʧʘʪʦʪ ʚʦ ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ (ʎʨʪʝʞ ʙʨ.1.3), ʪ.ʝ: 

 

N

V

V

N

i

i

t
1  

ʂʘʜʝ ʰʪʦ: 

12504

4350

15
V4

HV
 = PHF
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- N ʝ ʙʨʦʿʦʪ ʥʘ ʚʦʟʠʣʘ, 

- i =1,é.,n, ʩʝ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʪʝ ʪʦʢʦʚʠ, ʠ 

- 
iV  ʩʝ ʙʨʟʠʥʠʪʝ ʥʘ ʧʨʦʪʦʮʠʪʝ qi. 

 

 
ʎʨʪʝʞ ʙʨ.1.3: ʉʨʝʜʥʘ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ 

 

ʋʪʚʨʜʫʚʘˁʝʪʦ ʥʘ ʩʨʝʜʥʘʪʘ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ ʫʰʪʝ 

ʩʝ ʚʠʢʘ ʠ ʣʦʢʘʣʥʦ ʤʝʨʝˁʝ. 

- ɹʨʟʠʥʘ ʥʘ ʧʘʪʫʚʘˁʝ (jV ): ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʥʘ ʚʦʟʠʣʦʪʦ ʙʝʟ ʟʘʩʪʦʠ. 

- ʉʨʝʜʥʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ sV : ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʠʟʤʝʨʝʥʠʪʝ 

ʙʨʟʠʥʠ ʥʘ ʩʠʪʝ ʚʦʟʠʣʘ ʚʦ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ ʥʘ ʟʘʜʘʜʝʥʘ ʜʝʣʥʠʮʘ ʦʜ ʧʘʪʦʪ 

ʚʦ ʜʘʜʝʥ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ (ʎʨʪʝʞ ʙʨ.1.4). 

 

 
ʎʨʪʝʞ ʙʨ.1.4: ʉʨʝʜʥʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ 

 

ʂʦʛʘ ʩʨʝʜʥʘʪʘ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ ʝ ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʦʜ ʤʦʤʝʥʪʥʠʪʝ 

ʙʨʟʠʥʠ, ʪʦʛʘʰ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʝ ʥʠʚʥʘ ʭʘʨʤʦʥʠʩʢʘ ʩʨʝʜʠʥʘ. 

N

j j

n

i i

i

n

i

i

s

V

N

V

q

q

V

11

1

1
 

 

 

 

ʂʘʜʝ ʰʪʦ: 

- jV  - ʟʘ j = 1,é.N ʩʝ ʤʦʤʝʥʪʥʠʪʝ ʙʨʟʠʥʠ ʥʘ N ʚʦʟʠʣʘ ʚʦ ʪʦʢʦʪ. 

ʇʨʦʩʝʯʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʧʘʪʫʚʘˁʝ ʥʘ ʟʘʜʘʜʝʥʘ ʜʝʣʥʠʮʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʠʝ ʩʦ 

ʤʝʨʝˁʝ ʥʘ ʧʦʪʨʝʙʥʦʪʦ ʚʨʝʤʝ ʥʘ ʧʘʪʫʚʘˁʝ ʥʘ ʦʜʜʝʣʥʠ ʚʦʟʠʣʘ ʚʜʦʣʞ ʜʝʣʥʠʮʘʪʘ ʠ 

ʩʦ ʧʨʝʩʤʝʪʢʘ ʥʘ ʥʠʚʥʠʪʝ ʧʨʦʩʝʯʥʠ ʚʨʝʜʥʦʩʪʠ.  

ʊʦʛʘʰ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʩʝ ʧʨʝʩʤʝʪʫʚʘ ʢʘʢʦ: 

V4 V3 V1 V2 
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ʂʘʜʝ ʰʪʦ: 

- S ʝ ʜʦʣʞʠʥʘʪʘ ʥʘ ʜʝʣʥʠʮʘʪʘ (km), 

- ti ʚʨʝʤʝʪʦ ʥʘ ʧʘʪʫʚʘˁʝ ʥʘ i ï ʚʦʟʠʣʦ ʚʦ ʪʦʢʦʪ (h), ʠ 

- N ʝ ʙʨʦʿʦʪ ʥʘ ʥʘʙˀʫʜʫʚʘʥʠ ʚʦʟʠʣʘ.  

 

ʉʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʦʜ ʛʣʝʜʠʰʪʝ ʥʘ ʧʨʦʩʪʦʨʥʦ ʥʘʙˀʫʜʫʚʘˁʝ ʥʘ 

ʪʦʢʦʪ ʝ ʙʨʟʠʥʘ ʥʘ ʜʝʣʥʠʮʘ ʥʘ ʧʘʪʦʪ, ʘ ʦʜ ʚʨʝʤʝʥʩʢʦ ʥʘʙˀʫʜʫʚʘˁʝ ʪʘʘ ʝ 

ʤʦʤʝʥʪʥʘ ʙʨʟʠʥʘ ʥʘ ʪʦʢʦʪ.  

ɿʘ ʜʘʜʝʥ ʩʦʦʙʨʘ˃ʘʝʥ ʪʦʢ, ʩʨʝʜʥʘʪʘ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ ʝ ʩʝʢʦʛʘʰ ʧʦʛʦʣʝʤʘ ʦʜ 

ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ, ʪ.ʝ. sts VV
t

V ,
1

. 

ʇʨʠʤʝʨ 1.1: ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ sV ʠ ʩʨʝʜʥʘʪʘ 

ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ tV ʟʘ 3 ʚʦʟʠʣʘ ʢʦʠʰʪʦ ʧʦʤʠʥʫʚʘʘʪ ʥʠʟ ʜʝʣʥʠʮʘ ʜʦʣʛʘ S=1 km, 

ʘʢʦ ʩʝ ʧʦʟʥʘʪʠ ʩʣʝʜʥʠʪʝ ʧʦʜʘʪʦʮʠ: 

 

ɹʨʟʠʥʘ  

(km/h) 
120 60 40 

ɺʨʝʤʝ ʥʘ ʧʘʪʫʚʘˁʝ 

(min) 
0.5 1.0 1.5 

 

ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ: 

60

)5.10.15.0

13

11

s

N

i

i

N

i

i

s

V

t

SN

N

t

S
V

 

60sV ʢʤ/ʯʘʩ 

 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʨʝʜʥʘʪʘ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ: 

 

3

3

1i

i

t

V

V  

3

321 VVV
Vt

3

4060120
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tV  = 73.3 km/h 

 

ʇʨʠʤʝʨ 1.2: ʀʟʚʨʰʝʥʦ ʝ ʤʝʨʝˁʝ ʥʘ ʙʨʟʠʥʠʪʝ ʥʘ 20 ʚʦʟʠʣʘ, (ʊʘʙʝʣʘ ʙʨ.1):  

 
ʊʘʙʝʣʘ ʙʨ.1: ɹʨʟʠʥʠ ʥʘ ʚʦʟʠʣʘʪʘ 

ɺʦʟʠʣʘ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

ɹʨʟʠʥʘ 
(km/h) 

 

53 

 

45 54 63 48 57 65 51 49 45 58 73 63 50 51 47 47 62 58 46 

 

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ: 

ü ʉʨʝʜʥʘʪʘ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ, 

ü ʉʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʢʘʢʦ ʭʘʨʤʦʥʠʩʢʘ ʩʨʝʜʠʥʘ ʦʜ ʤʦʤʝʥʪʥʠʪʝ 

ʙʨʟʠʥʠ, ʠ 

ü ʉʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʩʦ ʧʦʤʦʰ ʥʘ ʜʠʩʧʝʨʟʠʿʘʪʘ ʥʘ ʤʦʤʝʥʪʠʪʝ 

ʙʨʟʠʥʠ.  

 

ʈʝʰʝʥʠʝ:  

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʨʝʜʥʘʪʘ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ: 

35.54
20

46.....4553

N

V
V

i
t  km/h 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʧʨʦʩʝʯʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʢʘʢʦ ʭʘʨʤʦʥʠʩʢʘ ʩʨʝʜʠʥʘ ʦʜ 

ʤʦʤʝʥʪʥʠʪʝ ʙʨʟʠʥʠ: 

25.53

46

1
.....

45

1

53

1

20

1

1

N

i i

s

V

N
V  km/h 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʧʨʦʩʝʯʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʩʦ ʧʦʤʦʰ ʥʘ ʜʠʩʧʝʨʟʠʿʘʪʘ ʥʘ 
ʤʦʤʝʥʪʥʠʪʝ ʙʨʟʠʥʠ: 

 

t

v
ts

V

S
VV

2

 

46.64
120

]3.5446[.....]3.5445[]3.5453[

1

][ 2222

2

N

VV
S

ti

v  

ʉʦ ʟʘʤʝʥʘ ʚʦ ʠʟʨʘʟʦʪ ʟʘ Vs, ʩʣʝʜʫʚʘ: 

11.53
35.54

46.64
25.54

2

t

v
ts

V

S
VV  km/h 

 

ɻʫʩʪʠʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ (k): ʧʨʝʪʩʪʘʚʫʚʘ ʙʨʦʿ ʥʘ ʚʦʟʠʣʘ ʢʦʠʰʪʦ ʩʝ 

ʥʘʦʺʘʘʪ ʥʘ ʦʜʨʝʜʝʥʘ ʜʦʣʞʠʥʘ ʥʘ ʣʝʥʪʘʪʘ ʥʘ ʧʘʪʦʪ ʚʦ ʦʜʨʝʜʝʥ ʚʨʝʤʝʥʩʢʠ 

ʠʥʪʝʨʚʘʣ (ʎʨʪʝʞ ʙʨ.1.5). 

S

N
k  (ʚʦʟ/km) 

ʂʘʜʝ ʰʪʦ: 

- N ʝ ʙʨʦʿʦʪ ʥʘ ʚʦʟʠʣʘ ʚʦ ʪʦʢʦʪ ʢʦʿʰʪʦ ʩʝ ʥʘʦʺʘʘʪ ʥʘ ʦʜʨʝʜʝʥʘ ʥʘʙˀʫʜʫʚʘʥʘ 

ʜʦʣʞʠʥʘ ʥʘ ʧʘʪʦʪ ʚʦ ʦʜʨʝʜʝʥʦ ʚʨʝʤʝ, ʠ 

- S ʝ ʜʦʣʞʠʥʘʪʘ ʥʘ ʥʘʙˀʫʜʫʚʘʥʠʦʪ ʜʝʣ ʥʘ ʧʘʪʦʪ (km). 
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ʎʨʪʝʞ ʙʨ.1.5: ɻʫʩʪʠʥʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ 

 

ɸʢʦ ʩʝ ʧʦʟʥʘʪʠ ʧʨʦʩʝʯʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʚʦʟʠʣʘʪʘ ʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʪʦʢʦʪ q, 

ʪʦʛʘʰ: 

sV

q
k  

ʂʘʜʝ ʰʪʦ: 

- q ʝ ʧʨʦʪʦʢʦʪ ʥʘ ʚʦʟʠʣʘ (ʚʦʟ/h), ʠ 

- Vs ʝ ʩʨʝʜʥʘʪʘ ʙʨʟʠʥʘ (km/h) 

ɽʜʠʥʠʮʘʪʘ ʤʝʨʢʘ ʚʦ ʢʦʿʘʰʪʦ ʛʫʩʪʠʥʘʪʘ ʥʘʿʯʝʩʪʦ ʩʝ ʠʟʨʘʟʫʚʘ ʝ ʚʦʟ/km ʠʣʠ 

ʚʦʟ/m. 

ʇʨʦʩʪʦʨʝʥ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ (hd): ʛʦ ʦʟʥʘʯʫʚʘ ʨʘʩʪʦʿʘʥʠʝʪʦ ʤʝʺʫ 

ʧʨʝʜʥʠʪʝ ʜʝʣʦʚʠ ʥʘ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʚʦʟʠʣʘ ʚʦ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ. ʉʝ 

ʠʟʨʘʟʫʚʘ ʚʦ m/ʚʦʟ (ʎʨʪʝʞ ʙʨ.1.6). 

 

 
ʎʨʪʝʞ ʙʨ.1.6: ʇʨʦʩʪʦʨʝʥ ʠ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ 

 

ɺʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ (ht): ʧʨʝʪʩʪʘʚʫʚʘ ʤʝʨʢʘ ʟʘ ʚʨʝʤʝʥʩʢʠʦʪ 

ʠʥʪʝʨʚʘʣ ʢʦʿʰʪʦ ʛʦ ʦʜʜʝʣʫʚʘ ʤʠʥʫʚʘˁʝʪʦ ʥʘ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʚʦʟʠʣʘ ʥʠʟ 

ʬʠʢʩʠʨʘʥʘ ʪʦʯʢʘ ʦʜ ʧʘʪʦʪ. ʉʝ ʠʟʨʘʟʫʚʘ ʚʦ s/ʚʦʟ. 

 

ʇʨʠʤʝʨ 1.3: ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ ʧʨʦʩʪʦʨʥʠʦʪ ʠ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ 

ʩʣʝʜʝˁʝ ʟʘ ʚʦʟʠʣʘʪʘ ʢʦʠʰʪʦ ʩʝ ʜʚʠʞʘʪ ʧʦ ʦʜʨʝʜʝʥʘ ʜʝʣʥʠʮʘ, ʟʘ ʧʨʦʪʦʢ ʥʘ ʚʦʟʠʣʘ 

q = 2000 ʚʦʟ/h ʠ ʛʫʩʪʠʥʘ ʥʘ ʚʦʟʠʣʘʪa k = 60 ʚʦʟ/km. 

 

ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ: 

 
q

ht

3600
 

 
2000

3600
dh 8.1 s/ʚʦʟ 

 

hd 
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ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʠʥʪʝʨʚʘʣʦʪ ʥʘ ʩʣʝʜʝˁʝ: 

 
k

hd

1000
  

 
60

1000
dh =16.7m/ʚʦʟ 

 

ɹʨʟʠʥʘʪʘ, ʧʨʦʪʦʢʦʪ ʠ ʛʫʩʪʠʥʘʪʘ ʩʝ ʤʝʺʫʩʝʙʥʦ ʧʦʚʨʟʘʥʠ ʠ ʚʦ ʫʩʣʦʚʠ ʥʘ 

ʥʝʧʨʝʢʠʥʘʪ ʪʦʢ. ɿʘʝʤʥʘʪʘ ʚʨʩʢʘ ʩʝ ʠʟʨʘʟʫʚʘ ʩʦ ʨʘʚʝʥʢʘʪʘ:  

 
kVq   

 

 

ɿʘ ʫʩʣʦʚʠ ʥʘ ʢʦʥʪʠʥʫʘʣʝʥ ʩʦʦʙʨʘ˃ʘʝʥ ʪʦʢ, ʤʝʺʫ ʧʨʦʤʝʥʣʠʚʠʪʝ ʚʘʞʘʪ 

ʩʣʝʜʥʠʪʝ ʤʘʪʝʤʘʪʠʯʢʠ ʨʝʣʘʮʠʠ: 

 
 

- ʇʨʦʪʦʢʦʪ ʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ 

ʩʣʝʜʝˁʝ, ʘ ʛʫʩʪʠʥʘʪʘ ʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʧʨʦʩʪʦʨʥʠʦʪ ʠʥʪʝʨʚʘʣ 

ʥʘ ʩʣʝʜʝˁʝ:  

dt h
k

h
q

1
,

1
 

ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʪʨʠʪʝ ʨʝʣʘʮʠʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʝʜʘʪ ʠ ʦʩʪʘʥʘʪʠʪʝ, ʢʦʠ ʯʝʩʪʦ 

ʩʝ ʢʦʨʠʩʪʘʪ ʧʨʠ ʨʝʰʘʚʘˁʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʠ ʧʨʠʤʝʨʠ:  

td

t

d

dt

dt

hVh
h

h
V

h

V

h

h

V
q

h
q

1

,
1

 

 

ʇʨʠʤʝʨ 1.4: ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʠʟʚʨʰʝʥʠʪʝ ʩʥʠʤʘˁʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ ʥʘ 

ʜʝʣʥʠʮʘʪʘ ʥʘ ʧʘʪʦʪ ɹʠʪʦʣʘ - ʇʨʠʣʝʧ, ʫʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ 

ʠʟʥʝʩʫʚʘ 57.6 km/h, ʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʦʟʠʣʘ - 1476 ʚʦʟ/h.  

 ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ: 

ü ɺʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ  

ü ʈʘʩʪʦʿʘʥʠʝʪʦ ʥʘ ʩʣʝʜʝˁʝ ʥʘ ʚʦʟʠʣʘʪʘ (ʧʨʦʩʪʦʨʥʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ 
ʩʣʝʜʝˁʝ).  

  ʇʦʪʨʝʙʥʠʪʝ ʧʨʝʩʤʝʪʢʠ ʜʘ ʩʝ ʠʟʚʨʰʘʪ ʧʨʝʢʫ ʛʫʩʪʠʥʘʪʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ ʠ 

ʧʨʦʪʦʢʦʪ. 

 

ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ: 

 
q

ht

3600
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 439.2
1476

3600
th s/ʚʦʟ 

 

 41.0q ʚʦʟ/s 

 
41.0

11

q
ht = 2.439/ʚʦʟ 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʠʥʪʝʨʚʘʣʦʪ ʥʘ ʩʣʝʜʝˁʝ: 

 sV 57.6 (km/h) sV = 16 m/s 

 

16

41.0

111

s

d

V

qk
h 39.024 m/ʚʦʟ. 

 

ɺʪʦʨ ʥʘʯʠʥ: 

439.216tsd hVh =39.024 m/ʚʦʟ 

sV 57.6 (km/h) sV = 16 m/s 

 

ʇʨʠʤʝʨ 1.5: ʉʥʠʤʘˁʝ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ ʩʝ ʚʨʰʠ ʥʘ ʜʝʣʥʠʮʘ ʩʦ ʜʦʣʞʠʥʘ ʦʜ 

3850 m. ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʪʦʢʦʪ ʠʟʥʝʩʫʚʘ 0.32 ʚʦʟ/s, ʜʦʜʝʢʘ ʚʨʝʤʝʪʦ ʧʦʪʨʝʙʥʦ 

ʟʘ ʧʦʤʠʥʫʚʘˁʝ ʥʘ ʜʝʣʥʠʮʘʪʘ ʠʟʥʝʩʫʚʘ 250 s.  

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ: 

ü ʉʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ;  

ü ɻʫʩʪʠʥʘʪʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ;  

ü ɺʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ, ʠ  

ü ʇʨʦʩʪʦʨʥʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ. 

 

ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ: 

 4.15
250

3850

t

S
Vs  m/s  sV 55.44 km/h 

 779.20
44.55

1152

sV

q
k  ʚʦʟ/km  

 02078.0k  ʚʦʟ/m. 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ: 

 125.3
32.0

11

q
ht s/ʚʦʟ 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʧʨʦʩʪʦʨʥʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ: 

 

 125.34.15tsd hVh  48.125 m/ʚʦʟ 

 
02078.0

11

k
hd 48.125 m/ʚʦʟ  

 

ʢ 
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ʇʨʠʤʝʨ 1.6: ʉʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʟʘ ʚʨʝʤʝ ʦʜ 1 ʤʠʥʫʪʘ ʥʠʟʘ ʜʘʜʝʥʘ 

ʪʦʯʢʘ ʥʘ ʜʝʣʥʠʮʘ ʩʦ ʜʦʣʞʠʥʘ ʦʜ 1 km ʧʦʤʠʥʫʚʘʘʪ 40 ʚʦʟʠʣʘ.  

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ: 

ü ʊʦʢʦʪ ʥʘ ʚʦʟʠʣʘ ʠ ʛʫʩʪʠʥʘʪʘ  

ü ʉʨʝʜʥʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ 

ü ʇʨʦʩʪʦʨʥʠʦʪ ʠ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ 

 

ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʪʦʢʦʪ ʠ ʛʫʩʪʠʥʘʪʘ: 

 
60

4036003600

T

N
q 2400 ʚʦʟ/h 

 
1

40

S

N
k = 40 ʚʦʟ/km 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ: 

 66.16
60

1000

T

S
Vs m/s 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʧʨʦʩʪʦʨʥʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ: 

 25
04.0

11

k
hd m/ʚʦʟ 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʚʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ 

 515.1
66.0

11

q
ht s/ʚʦʟ 

 

ʇʨʠʤʝʨ 1.7: ʏʝʪʠʨʠ (4) ʚʦʟʠʣʘ ʧʘʪʫʚʘʘʪ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ ʥʘ 

ʜʝʣʥʠʮʘʪʘ ʤʝʺʫ ʪʦʯʢʠʪʝ X ʠ Y ʩʦ ʜʦʣʞʠʥʘ ʦʜ 28 ʤʝʪʨʠ. ʅʘʙˀʫʜʫʚʘʯ ʧʦʩʪʘʚʝʥ ʥʘ 

ʧʦʟʠʮʠʿʘ ʚʦ ʪʦʯʢʘʪʘ X ʛʠ ʥʘʙˀʫʜʫʚʘ ʚʦʟʠʣʘʪʘ ʢʦʠ ʧʦʤʠʥʫʚʘʘʪ ʥʠʟ ʪʦʯʢʘʪʘ ʟʘ 

ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʦʜ 15 ʩʝʢʫʥʜʠ. ʀʟʤʝʨʝʥʠʪʝ ʙʨʟʠʥʠ ʥʘ ʚʦʟʠʣʘʪʘ ʢʦʠ 

ʧʦʤʠʥʫʚʘʘʪ ʩʝ: 88, 80, 90 ʠ 72 ʢʤ/ʯʘʩ (ʨʝʩʧʝʢʪʠʚʥʦ ʟʘ ʩʠʪʝ 4 ʚʦʟʠʣʘ). 

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ:  

ü ʊʦʢʦʪ ʠ ʛʫʩʪʠʥʘʪʘ 

ü ʉʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʠ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ. 

 

ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʪʦʢʦʪ ʥʘ ʚʦʟʠʣʘ ʠ ʛʫʩʪʠʥʘʪʘ: 

 
15

436003600

T

N
q = 960 ʚʦʟ/ʯʘʩ 

 

 
28

4

S

N
k 0.142 ʚʦʟ/m = 142 ʚʦʟ/ʢʤ 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʨʝʜʥʘʪʘ ʚʨʝʤʝʥʩʢʘ ʠ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ: 

 

4

330

4

72908088

N

V
V

i
t 82.5 km/h 



 

12 

 

72

1

90

1

80

1

88

1

4

1

1

N

i i

s

V

N
V 81.9 km/h 

 

ɺʪʦʨ ʥʘʯʠʥ ʥʘ ʧʨʝʩʤʝʪʢʘ ʝ ʧʨʝʢʫ ʚʨʝʤʝʪʦ ʥʘ ʧʘʪʫʚʘˁʝ: 

 

N

i

i

s

t

SN
V

1

 

- ʧʨʝʩʤʝʪʢʘ ʥʘ ʚʨʝʤʝʪʦ ʥʘ ʧʘʪʫʚʘˁʝ ʟʘ ʩʠʪʝ ʯʝʪʠʨʠ ʚʦʟʠʣʘ: 

i

i
V

S
t  

00318.0
88

28.0
1t s 

0035.0
80

28.0
2t s 

00311.0
90

28.0
3t s 

00388.0
72

28.0
4t s 

00388.000311.00035.000318.0

028.04

1

N

i

i

s

t

SN
V

 

sV 81.87 ʢʤ/ʯʘʩ 

 

ʇʨʠ ʨʝʰʘʚʘˁʝʪʦ ʥʘ ʦʜʨʝʜʝʥʠ ʩʦʦʙʨʘ˃ʘʿʥʠ ʧʨʦʙʣʝʤʠ ʩʝ ʩʨʝ˃ʘʚʘʤʝ ʠ ʩʦ 

ʧʦʠʤʠʪʝ: ʢʘʧʘʮʠʪʝʪ ʠ ʦʧʪʠʤʘʣʥʘ ʛʫʩʪʠʥʘ. 

ʄʘʢʩʠʤʘʣʥʠʦʪ ʧʨʦʪʦʢ qmax ʩʝ ʥʘʨʝʢʫʚʘ ʢʘʧʘʮʠʪʝʪ ʠ ʪʦʿ ʟʘʚʠʩʠ ʦʜ 

ʰʠʨʠʥʘʪʘ ʥʘ ʧʘʪʦʪ, ʦʜ ʥʘʢʣʦʥʦʪ ʠʪʥ. ɻʫʩʪʠʥʘʪʘ ʚʦ ʪʦʢʦʪ ʧʨʠ ʢʘʧʘʮʠʪʝʪ ʝ 

ʦʧʪʠʤʘʣʥʘ ʛʫʩʪʠʥʘ - kʦpt.  

ʈʝʣʘʮʠʠʪʝ ʢʦʠ ʚʘʞʘʪ ʤʝʺʫ ʥʠʚ ʩʝ ʩʣʝʜʥʠʪʝ: 

- ʆʧʪʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ ʝ ʧʦʣʦʚʠʥʘ ʦʜ ʤʘʢʩʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ: 

 

 

- ʆʧʪʠʤʘʣʥʘʪʘ ʙʨʟʠʥʘ ʝ ʧʦʣʦʚʠʥʘ ʦʜ ʩʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ: 

slopts VV
2

1
 

- ʄʘʢʩʠʤʘʣʥʠʦʪ ʧʨʦʪʦʢ ʝ ʧʨʦʠʟʚʦʜ ʦʜ ʦʧʪʠʤʘʣʥʘʪʘ ʙʨʟʠʥʘ ʠ 

ʦʧʪʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ: 

slsltopsopt VkVkVkq maxmaxmax
4

1

2

1

2

1
 

 

kkopt max
2

1
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ʇʨʠʤʝʨ 1.8: ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ ʠʟʥʝʩʫʚʘ 120 ʚʦʟ/km, 

ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʝʢʘ ʩʨʝʜʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʚʦʟʠʣʘʪʘ ʠʟʥʝʩʫʚʘ 5.0 m, ʘ 

ʤʠʥʠʤʘʣʥʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʤʝʺʫ ʚʦʟʠʣʘʪʘ - 3.0 m. ɿʘ ʚʘʢʚʠ ʫʩʣʦʚʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʦʧʪʠʤʘʣʥʘʪʘ ʙʨʟʠʥʘ ʠʟʥʝʩʫʚʘ 30 km/h. 

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ: 

ü ʆʧʪʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ, 

ü ʉʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ ʚʦ ʪʦʢʦʪ, ʠ  

ü ʄʘʢʩʠʤʘʣʥʠʦʪ ʧʨʦʪʦʢ ʥʘ ʚʦʟʠʣʘ. 

 

ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʦʧʪʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ: 

 60120
2

1

2

1
maxkkopt  ʚʦʟ/km  

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ ʚʦ ʪʦʢʦʪ: 

  sls VV
opt 2

1
  3022

optssl VV = 48 km/h 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʤʘʢʩʠʤʘʣʥʠʦʪ ʧʨʦʪʦʢ ʥʘ ʚʦʟʠʣʘ: 

 slslsopt VkVkVkq
opt maxmaxmax

4

1

2

1

2

1
  

180060120
4

1
maxq  ʚʦʟ/h 

 

ɿʘʜʘʯʠ ʟʘ ʩʘʤʦʩʪʦʿʥʘ ʨʘʙʦʪʘ 

 

ʇʨʠʤʝʨ 1.9: ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʠ ʩʨʝʜʥʘʪʘ ʚʨʝʤʝʥʩʢʘ 

ʙʨʟʠʥʘ ʥʘ ʯʝʪʠʨʠ ʚʦʟʠʣʘ ʯʠʠʰʪʦ ʙʨʟʠʥʠ ʥʘ ʜʚʠʞʝˁʝ ʩʝ: V1= 33 ʢʤ/ʯʘʩ, V2= 44 

ʢʤ/ʯʘʩ, V3 = 55 ʢʤ/ʯʘʩ ʠ V4= 66 ʢʤ/ʯʘʩ. 

ʅʘʧʦʤʝʥʘ:  ʉʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʘʢʦ ʭʘʨʤʦʥʠʩʢʘ 

ʩʨʝʜʠʥʘ ʥʘ ʙʨʟʠʥʠʪʝ ʥʘ ʚʦʟʠʣʘʪʘ 

 

ʆʜʛʦʚʦʨ:  

31.46sV ʢʤ/h 5.49tV ʢʤ/h 

 

ʇʨʠʤʝʨ 1.10: ʅʘ ʜʝʣʥʠʮʘ ʩʦ ʜʦʣʞʠʥʘ ʦʜ 3500 m ʩʝ ʚʨʰʠ ʩʥʠʤʘˁʝ ʥʘ 

ʩʦʦʙʨʘ˃ʘʿʦʪ. ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʧʨʦʪʦʢʦʪ ʠʟʥʝʩʫʚʘ 0.32 ʚʦʟ/s, ʜʦʜʝʢʘ ʚʨʝʤʝʪʦ 

ʧʦʪʨʝʙʥʦ ʟʘ ʧʦʤʠʥʫʚʘˁʝ ʥʘ ʜʝʣʥʠʮʘʪʘ ʠʟʥʝʩʫʚʘ 250 s.  

ɼʘ ʩʝ ʦʧʨʝʜʝʣʠ: 

ɸ.  ʉʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ;  

 ɻʫʩʪʠʥʘʪʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ;  

 ɺʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ, ʠ  

 ʇʨʦʩʪʦʨʥʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ. 

ɹ. ʇʨʝʩʤʝʪʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʢʘʢʦ ʤʦʞʝ ʜʘ ʛʠ ʢʣʘʩʠʬʠʮʠʨʘʤʝ ï ʢʘʪʝʛʦʨʠʠ? 
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ʆʜʛʦʚʦʨ:  

50sV ʢʤ/h 23k ʚʦʟ/km 3th s  
dh = 43 m 

 

ʇʨʠʤʝʨ 1.11: ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ sV ʠ ʩʨʝʜʥʘʪʘ 

ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ tV ʟʘ 5 ʚʦʟʠʣʘ ʢʦʠʰʪʦ ʧʦʤʠʥʫʚʘʘʪ ʥʠʟ ʜʝʣʥʠʮʘ ʜʦʣʛʘ S=1 km, 

ʘʢʦ ʩʝ ʧʦʟʥʘʪʠ ʩʣʝʜʥʠʪʝ ʧʦʜʘʪʦʮʠ: 

 

ɹʨʟʠʥʘ 

(km/h) 
100 70 55 40 35 

ɺʨʝʤʝ ʥʘ 

ʧʘʪʫʚʘˁʝ 

(min) 

0.5 1.0 1.5 2.0 2.5 

 

ʆʜʛʦʚʦʨ: 

sV = 40 km/h tV  = 60 km/h 

 

 
ʇʨʠʤʝʨ 1.12: ʊʨʠ (3) ʚʦʟʠʣʘ ʧʘʪʫʚʘʘʪ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ ʥʘ ʜʝʣʥʠʮʘʪʘ 

ʤʝʺʫ ʪʦʯʢʠʪʝ  X ʠ Y ʩʦ ʜʦʣʞʠʥʘ ʦʜ 30 ʤʝʪʨʠ. ʅʘʙˀʫʜʫʚʘʯ ʧʦʩʪʘʚʝʥ ʥʘ ʧʦʟʠʮʠʿʘ 

ʚʦ ʪʦʯʢʘʪʘ X ʛʠ ʥʘʙˀʫʜʫʚʘ ʚʦʟʠʣʘʪʘ ʢʦʠ ʧʦʤʠʥʫʚʘʘʪ ʥʠʟ ʪʦʯʢʘʪʘ ʟʘ ʚʨʝʤʝʥʩʢʠ 

ʧʝʨʠʦʜ ʦʜ 15 ʩʝʢʫʥʜʠ. ʀʟʤʝʨʝʥʠʪʝ ʙʨʟʠʥʠ ʩʝ 88, 80, 90 km/h (ʨʝʩʧʝʢʪʠʚʥʦ ʟʘ 

ʩʠʪʝ 3 ʚʦʟʠʣʘ). 

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ:  

ü ʊʦʢʦʪ, ʛʫʩʪʠʥʘʪʘ, ʠ 

ü ʉʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʠ ʚʨʝʤʝʥʩʢʘ ʙʨʟʠʥʘ 

 

ʆʜʛʦʚʦʨ: 

720q  ʚʦʟ/h  k = 100 ʚʦʟ/km  tV = 86 km/h   sV  = 85 km/h 

 

ʇʨʠʤʝʨ 1.13: ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʠʟʚʨʰʝʥʠʪʝ ʩʥʠʤʘˁʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ ʥʘ 

ʜʝʣʥʠʮʘʪʘ ʥʘ ʧʘʪʦʪ ɹʠʪʦʣʘ - ɺʝʣʝʩ, ʫʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ 

ʠʟʥʝʩʫʚʘ 54.6 km/h, ʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʦʟʠʣʘ - 1300 ʚʦʟ/h.  

 ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ: 

ü ɺʨʝʤʝʥʩʢʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ ʩʣʝʜʝˁʝ  

ü ʈʘʩʪʦʿʘʥʠʝʪʦ ʥʘ ʩʣʝʜʝˁʝ ʥʘ ʚʦʟʠʣʘʪʘ (ʧʨʦʩʪʦʨʥʠʦʪ ʠʥʪʝʨʚʘʣ ʥʘ 

ʩʣʝʜʝˁʝ).  

 ʇʦʪʨʝʙʥʠʪʝ ʧʨʝʩʤʝʪʢʠ ʜʘ ʩʝ ʠʟʚʨʰʘʪ ʧʨʝʢʫ ʛʫʩʪʠʥʘʪʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ ʠ 

ʧʨʦʪʦʢʦʪ. 
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ʆʜʛʦʚʦʨ: 

77.2th s  
dh = 41.932 m  

 

ʇʨʠʤʝʨ 1.14: ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ ʠʟʥʝʩʫʚʘ 140 ʚʦʟ/km, 

ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʝʢʘ ʩʨʝʜʥʘʪʘ ʜʦʣʞʠʥʘ ʥʘ ʚʦʟʠʣʘʪʘ ʠʟʥʝʩʫʚʘ 4.0 m, ʘ 

ʤʠʥʠʤʘʣʥʦʪʦ ʨʘʩʪʦʿʘʥʠʝ ʤʝʺʫ ʚʦʟʠʣʘʪʘ - 2.0 m. ɿʘ ʚʘʢʚʠ ʫʩʣʦʚʠ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʦʧʪʠʤʘʣʥʘʪʘ ʙʨʟʠʥʘ ʠʟʥʝʩʫʚʘ 24 km/h. 

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ: 

ü ʆʧʪʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʥʠʦʪ ʪʦʢ, 

ü ʉʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ ʚʦ ʪʦʢʦʪ, ʠ  

ü ʄʘʢʩʠʤʘʣʥʠʦʪ ʧʨʦʪʦʢ ʥʘ ʚʦʟʠʣʘ. 

ʆʜʛʦʚʦʨ: 

70optk  ʚʦʟ/km  
slV = 48 km/h  

maxq 1680 ʚʦʟ/h 

 

1.2.  ʄʦʜʝʣ ʥʘ ʩʦʦʙʨʘ˃ʘʝʥ ʪʦʢ ï ʤʦʜʝʣ ʥʘ ɻʈʀʅʐʀʃɼʉ (Greenshields) 

 

ʇʨʚʠʦʪ ʤʦʜʝʣ ʥʘ ʩʦʦʙʨʘ˃ʘʝʥ ʪʦʢ ʛʦ ʨʘʟʚʠʣ ɻʨʠʥʰʠʣʜʩ ʫʰʪʝ ʚʦ 1934 ʚʨʟ 

ʦʩʥʦʚʘ ʥʘ ʝʤʧʠʨʠʩʢʠ ʧʦʜʘʪʦʮʠ. Cʦ ʧʨʠʤʝʥʘ ʥʘ ʨʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ʪʦʿ ʫʪʚʨʜʠʣ 

ʜʝʢʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʨʘʟʠ ʢʘʢʦ ʣʠʥʝʨʘʥʘ ʬʫʥʢʮʠʿʘ ʥʘ 

ʛʫʩʪʠʥʘʪʘ.  

ɻʦ ʜʝʬʠʥʠʨʘʣ ʠʟʨʘʟʦʪ ʩʦ:  

v = A- Bk     (1) 

 

ʂʘʜʝ ʰʪʦ: 

- v e  ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʥʘ ʪʦʢʦʪ (km/h) 

- A, B ʩʝ ʢʦʥʩʪʘʥʪʠʪʝ ʯʠʠʰʪʦ ʚʨʝʜʥʦʩʪʠ ʩʝ ʦʜʨʝʜʫʚʘʘʪ ʩʦ ʧʨʠʙʠʨʘˁʝ ʥʘ 

ʧʦʜʘʪʦʮʠ ʦʜ ʪʝʨʝʥ (ʧʦʜʘʪʦʮʠ ʟʘ ʙʨʟʠʥʘ ʠ ʛʫʩʪʠʥʘ). ʂʦʥʩʪʘʥʪʘʪʘ ɸ ʿʘ 

ʧʨʝʪʩʪʘʚʫʚʘ ʙʨʟʠʥʘʪʘ ʚʦ ʩʣʦʙʦʜʝʥ ʪʦʢ Vsl, ʜʦʜʝʢʘ ɺ ʩʝ ʦʧʨʝʜʝʣʫʚʘ ʢʘʢʦ 

ʦʜʥʦʩ ʤʝʺʫ ʙʨʟʠʥʘʪʘ ʚʦ ʩʣʦʙʦʜʝʥ ʪʦʢ (A) ʠ ʛʫʩʪʠʥʘʪʘ ʥʘ ʪʦʢʦʪ ʧʨʠ 

ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʚʦʟʠʣʘ ʪ.ʝ ʛʫʩʪʠʥʘ ʧʨʠ ʟʘʜʫʰʫʚʘˁʝ ɸ/ɺ (jam 

density) ʢʦʿʘ ʩʝ ʿʘʚʫʚʘ ʢʦʛʘ ʪʦʢʦʪ ʥʝ ʩʝ ʜʚʠʞʠ, ʪ.ʝ B = A/A/B  

- k ʝ ʛʫʩʪʠʥʘʪʘ (ʚʦʟʠʣʘ/km). 

ʃʠʥʝʘʨʥʠʦʪ ʤʦʜʝʣ ʦʙʝʟʙʝʜʫʚʘ ʟʘʜʦʚʦʣʠʪʝʣʥʦ ʥʠʚʦ ʥʘ ʩʦʛʣʘʩʫʚʘˁʝ ʩʦ 

ʝʤʧʠʨʠʩʢʠʪʝ ʧʦʜʘʪʦʮʠ ʟʘ ʪʦʢʦʚʠ ʩʦ ʤʘʣʠ ʠ ʩʨʝʜʥʠ ʛʫʩʪʠʥʠ, ʦʜʥʦʩʥʦ ʢʦʣʢʫ 

ʨʝʘʣʥʠʦʪ ʪʦʢ ʧʦʚʝ˃ʝ ʩʝ ʧʨʠʙʣʠʞʫʚʘ ʢʦʥ ʠʜʝʘʣʝʥ, ʪʦʣʢʫ ʝ ʧʦʮʚʨʩʪʘ ʣʠʥʝʘʨʥʘʪʘ 

ʚʨʩʢʘ ʤʝʺʫ ʙʨʟʠʥʘʪʘ ʠ ʛʫʩʪʠʥʘʪʘ. 

ɸʢʦ ɻʨʠʥʰʠʣʜʦʚʠʦʪ ʤʦʜʝʣ ʥʘ ʟʘʚʠʩʥʦʩʪ ʙʨʟʠʥʘ - ʛʫʩʪʠʥʘ ʩʝ ʟʘʤʝʥʠ ʚʦ 

ʠʟʨʘʟʦʪ q = k*v, ʪʦʛʘʰ ʩʝ ʜʦʙʠʚʘʘʪ ʩʣʝʜʥʠʪʝ ʨʘʚʝʥʢʠ: 

q = (A-B*k)*k ʠʣʠ  q = A*k ï B*k
2 

 

ʇʨʠʤʝʨ 1.15: ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʠʟʚʨʰʝʥʠʪʝ ʩʥʠʤʘˁʘ ʥʘ ʩʦʦʙʨʘ˃ʘʿʦʪ ʥʘ 

ʜʝʣʥʠʮʘ ʦʜ ʘʚʪʦʧʘʪ, ʫʪʚʨʜʝʥʦ ʝ ʜʝʢʘ ʩʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ ʚʦ ʪʦʢʦʪ ʠʟʥʝʩʫʚʘ 85 

km/h. ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʛʫʩʪʠʥʘʪʘ ʥʘ ʪʦʢʦʪ ʧʨʠ ʟʘʜʫʰʫʚʘˁʝ ʠʟʥʝʩʫʚʘ 160 ʚʦʟ/km.  

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ:  

ü ʇʨʦʪʦʢʦʪ ʥʘ ʚʦʟʠʣʘ ʩʧʦʨʝʜ ʤʦʜʝʣʦʪ ʥʘ ɻʨʠʥʰʠʣʜʩ, ʠ 

ü ɻʨʘʬʠʯʢʠ ʜʘ ʩʝ ʠʥʪʝʨʧʨʝʪʠʨʘʘʪ ʟʘʚʠʩʥʦʩʪʠʪʝ ï ʢʦʤʝʥʪʘʨʠ ʥʘ 

ʟʘʚʠʩʥʦʩʪʠʪʝ.  
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ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʦʟʠʣʘ ʩʧʦʨʝʜ ʤʦʜʝʣʦʪ ʥʘ ɻʨʠʥʰʠʣʜʩ: 

 

v= A- B*k,  

 

ɿʘʙʝʣʝʰʢʘ: ɸ ʧʨʝʪʩʪʘʚʫʚʘ ʩʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ ʚʦ ʪʦʢʦʪ - 85 km/h,  

 ʂʦʥʩʪʘʥʪʘʪʘ B ʩe ʜʦʙʠʚʘ ʩʧʦʨʝʜ ʠʟʨʘʟʦʪ: B= ɸ/(A/B) = 85/160   

  =0.53125 

ʈʝʣʘʮʠʿʘʪʘ ɸ/ɺ ʧʨʝʪʩʪʘʚʫʚʘ ʛʫʩʪʠʥʘ ʥʘ ʪʦʢʦʪ ʧʨʠ ʟʘʜʫʰʫʚʘˁʝ 

(jam density).  

% ʛʫʩʪʠʥʘ ʧʨʠ 

ʟʘʜʫʰʫʚʘˁʝ 

(ɸ/B) 

ɻʫʩʪʠʥʘ - k 

(ʚʦʟ/km) 

k= %*( A/B) 

ɹʨʟʠʥʘ - v 

(ʢm/h) 

v= A- B*k  

ʇʨʦʪʦʢ - q 

(ʚʦʟ/h) 

q= k*v 

0 0 85 0 

10 16 76,5 1224 

20 32 68 2176 

30 48 59,5 2856 

40 64 51 3264 

50 80 42,5 3400 

60 96 34 3264 

70 112 25,5 2856 

80 128 17 2176 

90 144 8,5 1224 

100 160 0 0 

 

ü ɻʨʘʬʠʯʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʿʘ ʥʘ ʟʘʚʠʩʥʦʩʪʠʪʝ: ʙʨʟʠʥʘ ï ʛʫʩʪʠʥʘ, ʙʨʟʠʥʘ ï ʪʦʢ ʠ 

ʪʦʢ ï ʛʫʩʪʠʥʘ. 

 

 
ɼʠʘʿʛʨʘʤ ʙʨ. 1: ɹʨʟʠʥʘ ï ʛʫʩʪʠʥʘ 



 

17 

 

 

 
ɼʠʘʿʛʨʘʤ ʙʨ. 2: ɹʨʟʠʥʘ ï ʧʨʦʪʦʢ 

 

 
ɼʠʘʿʛʨʘʤ.ʙʨ. 3: ʊʦʢ - ʛʫʩʪʠʥʘ 

 

 

 

ʂʦʤʝʥʪʘʨʠ: ʆʜ ɼʠʘʿʛʨʘʤ. ʙʨ. 1 ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʩʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ 

ʛʫʩʪʠʥʘʪʘ, ʩʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ ʚʦ ʪʦʢʦʪ ʩʝ ʥʘʤʘʣʫʚʘ, ʦʜʥʦʩʥʦ V~0, 

ʧʦʿʘʚʘ ʥʘ ʛʫʩʪʠʥʘ ʥʘ ʟʘʜʫʰʫʚʘˁʝ. 

 ʅʘ ɼʠʘʿʛʨʘʤ. ʙʨ. 2 ʩʝ ʿʘʚʫʚʘʘʪ ʪʨʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʪʦʯʢʠ. ɺʦ 

ʪʦʯʢʘʪʘ ɸ, k = 0, ʠ q= 0,  ʙʨʟʠʥʘ ʥʘ ʩʣʦʙʦʜʝʥ ʪʦʢ. ɼʦ ʪʦʯʢʘʪʘ C, 

k ʩʝ ʟʛʦʣʝʤʫʚʘ, ʘ ʚʦʟʘʯʠʪʝ ʩʝ ʜʚʠʞʘʪ ʩʦ ʥʦʨʤʘʣʥʘ (ʨʘʟʫʤʥʘ) 

ʙʨʟʠʥʘ. ɺʦ C ʜʦʘʺʘ ʜʦ ʬʣʫʢʪʫʘʮʠʠ ʥʘ V ʠ k. ɺʦ C ʩʝ ʿʘʚʫʚʘ 

ʤʘʢʩʠʤʘʣʝʥ ʧʨʦʪʦʢ ʠ ʦʧʪʠʤʘʣʥʘ ʛʫʩʪʠʥʘ. ʇʦʥʘʪʘʤʦʰʥʦʪʦ 

ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʛʫʩʪʠʥʘʪʘ ʜʦʚʝʜʫʚʘ ʜʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ V ʠ ʥʘ q, 

ʪʘʢʘ ʰʪʦ ʚʦ ʪʦʯʢʘʪʘ B ʛʫʩʪʠʥʘʪʘ ʝ ʤʘʢʩʠʤʘʣʥʘ, ʘ q=0  ʩʦʩʪʦʿʙʘ 

ʥʘ ʟʘʜʫʰʫʚʘˁʝ, ʩʪʘʮʠʦʥʘʨʝʥ ʩʦʦʙʨʘ˃ʘʿ. 

ʆʜ ɼʠʘʿʛʨʘʤ.ʙʨ .3 ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʩʦ ʧʦʨʘʩʪ ʥʘ ʛʫʩʪʠʥʘʪʘ ʩʝ 

ʥʘʤʘʣʫʚʘ ʙʨʟʠʥʘʪʘ ʠ ʧʨʦʪʦʢʦʪ. ʇʨʠ ʤʘʢʩʠʤʘʣʝʥ ʧʨʦʪʦʢ (qʤʘʭ), ʩʝ 

ʿʘʚʫʚʘ ʦʧʪʠʤʘʣʥʘ ʛʫʩʪʠʥʘ ʥʘ ʪʦʢʦʪ - kopt (ʥʘ ʘʧʩʮʠʩʥʘʪʘ ʦʩʢʘ). 

 

ɸ 

 

C 

qmax 

B 
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ʇʨʠʤʝʨ 1.16: ʆʜ ʠʟʚʨʰʝʥʦʪʦ ʩʥʠʤʘˁʝ ʥʘ ʧʨʦʪʦʢʦʪ ʥʘ ʚʦʟʠʣʘ ʥʘ ʘʚʪʦʧʘʪ 

ʥʘ ʦʜʜʝʣʥʘ ʜʝʣʥʠʮʘ ʜʦʙʠʝʥʘ ʝ ʩʣʝʜʥʘʪʘ ʢʘʣʠʙʨʠʨʘʥʘ ʨʝʣʘʮʠʿʘ ʥʘ ʙʨʟʠʥʘʪʘ ʠ 

ʛʫʩʪʠʥʘʪʘ, ʠ ʪʦʘ: 

)008.01(5.57 kVs
 

ɼʘ ʩʝ ʦʧʨʝʜʝʣʠ: 

ü ʉʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʪʦʢʦʪ - Vsl  ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ - kmax; 

ü ɼʘ ʩʝ ʠʟʚʝʜʝ ʨʘʚʝʥʢʘʪʘ ʢʦʿʘʰʪʦ ja ʦʧʠʰʫʚʘ ʟʘʚʠʩʥʦʩʪʘ ʧʨʦʪʦʢ - 

ʙʨʟʠʥʘ ʠ ʧʨʦʪʦʢ - ʛʫʩʪʠʥʘ; 

ü ʇʦ ʤʘʪʝʤʘʪʠʯʢʠ ʧʘʪ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʜʝʣʥʠʮʘʪʘ. 

 

ʈʝʰʝʥʠʝ: 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʩʣʦʙʦʜʥʘʪʘ ʙʨʟʠʥʘ ʚʦ ʪʦʢʦʪ - Vsl  ʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ - kmax: 

 

kV

kV

kV

s

s

s

46.05.57

008.05.575.57

)008.01(5.57

 

ɼʦʙʠʝʥʘʪʘ ʨʘʚʝʥʢʘ ʝ ʣʠʥʝʘʨʥʘ ʚʦ ʧʦʛʣʝʜ ʥʘ ʩʨʝʜʥʘʪʘ ʧʨʦʩʪʦʨʥʘ ʙʨʟʠʥʘ ʠ 

ʥʘ ʛʫʩʪʠʥʘ ʠ ʝ ʬʦʨʤʘ ʥʘ ʨʘʚʝʥʢʘʪʘ ʥʘ ɻʨʠʥʰʠʣʜʩ* . 

 

*ɿʘʙʝʣʝʰʢʘ: ʈʘʚʝʥʢʘʪʘ ʥʘ ɻʨʠʥʰʠʣʜʩ ʝ ʩʣʝʜʥʘ: 

k
k

V
VV sl

sls

max

,   ʪ.ʝ. v= A- B*k ,  k
k

A
AVs

max

, 

 

ʪhʦ ʟʥʘʯʠ ʜʝʢʘ ʚʦ ʛʦʨʥʘʪʘ ʨʝʣʘʮʠʿʘ Vsl= 57.5 km/h. 

 

ɿʘ ʜʘ ʩʝ ʧʨʝʩʤʝʪʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʛʫʩʪʠʥʘ, ʧʦʚʪʦʨʥʦ ʿʘ ʢʦʨʠʩʪʠʤʝ 

ʨʘʚʝʥʢʘʪʘ: 

kVs 46.05.57 ,ʦʜ ʢʘʜʝ ʰʪʦ:  

125
46.0

5.57
46.0 max

max

k
k

Vsl  ʚʦʟ/km.  

 

ü ʇʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʠʟʚʝʜʝ ʨʘʚʝʥʢʘʪʘ ʥʘ ʟʘʚʠʩʥʦʩʪ ʥʘ ʧʨʦʪʦʢ - ʙʨʟʠʥʘ ʠ ʧʨʦʪʦʢ ï 

ʛʫʩʪʠʥʘ: 

 

  ɿʘʚʠʩʥʦʩʪ ʥʘ ʧʨʦʪʦʢ ï ʛʫʩʪʠʥʘ: 

 

 kVq s  

 

ʆʚʘʘ ʨʘʚʝʥʢʘ ʿʘ ʟaʤeʥʫʚʘʤe ʚʦ ʨʘʚʝʥʢʘʪʘ ʟʘ Vs .ʉʣʝʜʫʚʘ: 

kVs 46.05.57   

246.05.57 kkq  ʚʦʟ/h - ʬʫʥʢʮʠʿʘ ʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʪʦʢ ï ʛʫʩʪʠʥʘ. 

 

 ɿʘʚʠʩʥʦʩʪ ʥʘ ʧʨʦʪʦʢ ï ʙʨʟʠʥʘ: 

kVs 46.05.57  

 

ʆʜ ʟʘʜʘʜʝʥʘʪʘ ʨʝʣʘʮʠʿʘ ʟʘ Vs ʩʝ ʠʟʚʝʜʫʚʘ ʟʘʚʠʩʥʦʩʪʘ ʧʨʦʪʦʢ ï ʛʫʩʪʠʥʘ: 
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46.0
125

46.046.0

5.57

46.0

5.57
5.5746.0

s

ss

s

V
k

VV
kVk

  

ʉʝ ʚʨʘ˃ʘʤʝ ʚʦ ʦʩʥʦʚʥʘʪʘ ʨʘʚʝʥʢʘ ʟʘ q ʠ ʩʦ ʟʘʤʝʥʘ ʟʘ k ʩʣʝʜʫʚʘ: 

  kVq s
 

 s

s V
V

q )
46.0

125(  

   
46.0

125
2

s

s

V
Vq  (ʚʦʟ/h) - ʬʫʥʢʮʠʿʘ ʥʘ ʟʘʚʠʩʥʦʩʪ ʧʨʦʪʦʢ ï ʙʨʟʠʥʘ. 

 

ü ʇʨʝʩʤʝʪʢʘ ʥʘ ʢʘʧʘʮʠʪʝʪʦʪ ʥʘ ʜʝʣʥʠʮʘʪʘ: 

 

ʆʜʨʝʜʫʚʘˁʝ ʥʘ ʤʘʢʩʠʤʘʣʥʠʦʪ ʧʨʦʪʦʢ: 
246.05.57 kkq   

ʉʦ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʥʘ ʨʘʚʝʥʢʘ ʧʦ ʢ ʩʣʝʜʫʚʘ: 

k
d

d

k

q
46.025.57   

k46.025.57  

* 6.62
46.02

5.57
k ʚʦʟ/km 

 

*ɿʘʙʝʣʝʰʢʘ: ʄʘʢʩʠʤʘʣʝʥ ʧʨʦʪʦʢ ʩʝ ʿʘʚʫʚʘ ʧʨʠ ʦʧʪʠʤʘʣʥʘ ʛʫʩʪʠʥʘ ʠ ʦʧʪʠʤʘʣʥʘ 

ʙʨʟʠʥʘ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʜʦʙʠʝʥʘʪʘ ʛʫʩʪʠʥʘ k = kopt 

 

246.05.57 kkq   
25.6246.05.625.57q  

875.1796maxq ʚʦʟ/h  

 

ɹʠʜʝʿ˃ʠ ʤʘʢʩʠʤʘʣʥʠʦʪ ʧʨʦʪʦʢ ʩʝ ʿʘʚʫʚʘ ʧʨʠ ʦʧʪʠʤʘʣʥʘ ʛʫʩʪʠʥʘ- kopt ʠ 

ʦʧʪʠʤʘʣʥʘ ʙʨʟʠʥʘ -Vopt, ʧʦʪʨʝʙʥʦ ʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʦʧʪʠʤʘʣʥʘʪʘ ʙʨʟʠʥʘ- Vopt, 

ʦʜʥʦʩʥʦ: 

kVopt 46.05.57   

 

Vopt = 28.75 km/h. 

 

ʇʨʠʤʝʨ 1.17: ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʦʙʨʘʙʦʪʝʥʠʪʝ ʧʦʜʘʪʦʮʠ ʥʘ ʘʚʪʦʧʘʪʦʪ, 

ʜʦʙʠʝʥʠ ʩʝ ʩʣʝʜʥʠʪʝ ʧʦʜʘʪʦʮʠ: 

 ʉʣʦʙʦʜʥʘ ʙʨʟʠʥʘ ʚʦ ʪʦʢʦʪ ï Vsl = 60 ʤʠʣʿʠ/h; 

 ʄʘʢʩʠʤʘʣʥʘ ʛʫʩʪʠʥʘ ï kmax = 180 ʚʦʟ/ʤʠʣʿʘ; 

 ʅʘʙˀʫʜʫʚʘʥ ʤʘʢʩʠʤʘʣʝʥ ʧʨʦʪʦʢ ï qmax =2000 ʚʦʟ/h. 

ɼʘ ʩʝ ʧʨʝʩʤʝʪʘ: 

ü ʈʘʚʝʥʢʘʪʘ ʟʘ ʙʨʟʠʥʘ ʧʨʠ ʟʘʜʘʜʝʥʠ ʫʩʣʦʚʠ ʠ ʜʘ ʩʝ ʦʜʨʝʜʠ ʙʨʟʠʥʘʪʘ ʠ 
ʛʫʩʪʠʥʘʪʘ ʧʨʠ ʤʘʢʩʠʤʘʣʝʥ ʧʨʦʪʦʢ  

ü ɼʘ ʩʝ ʩʧʦʨʝʜʘʪ ʪʝʦʨʝʪʩʢʠʪʝ ʠ ʥʘʙˀʫʜʫʚʘʥʠʪʝ ʫʩʣʦʚʠ. 

 


