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ʇʈɽɼʀʉʃʆɺʀɽ 

 

ʇʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ɹʝʣʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ (ɹɻʊʋ) ʚʩʝʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʟʘʦʯʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʩʦʙʠʝ ʩʦʩʪʦʠʪ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ, 

ʧʨʠʤʝʨʦʚ ʨʝʰʝʥʠʷ ʪʠʧʦʚʳʭ ʟʘʜʘʯ, ʚʦʧʨʦʩʦʚ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʠ ʟʘʜʘʥʠʡ ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ.  

 

ʇʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʧʦʤʦʛʫʪ ʫʩʚʦʠʪʴ ʩʣʝʜʫʶʱʫʶ ʣʦʛʠʯʝʩʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʨʝʰʝʥʠʷ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ ʟʘʜʘʯʠ: ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʷʚʣʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ, ʩʦʩʪʘʚʣʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ), ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʨʝʝhʥʠʝ. 

 

ʇʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʢ ʨʝʰʝʥʠʶ ʨʘʩʯʸʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ , ʟʘʯʸʪʘʤ ʠ 

ʵʢʟʘʤʝʥʘʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʦʙʠʝ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

- ʫʩʚʦʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʟʘʢʦʥʳ, ʬʦʨʤʫʣʳ, 

- ʨʝʰʠʪʴ ʟʘʜʘʯʠ, ʪʝʢʩʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʢʘʞʜʦʤ ʨʘʟʜʝʣʝ. 

ʅʘʩʪʦʷʪʝʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʩʣʝʜʫʶʱʝʛʦ ʧʦʨʷʜʢʘ ʜʝʡʩʪʚʠʡ ʧʨʠ 

ʨʝʰʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

-  ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ, ʧʦʥʷʪʴ ʩʤʳʩʣ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʪʝʢʩʪʝ 

ʟʘʜʘʯʠ; 

- ʟʘʧʠʩʘʪʴ ʢʨʘʪʢʦʝ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʷ ʦʙʦʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʚʳʨʘʟʠʚ 

ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʩʠʩʪʝʤʝ ʉʀ; 

- ʚʳʧʦʣʥʠʪʴ ʨʠʩʫʥʦʢ, ʧʦʷʩʥʷʶʱʠʡ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ, ʠ ʦʙʦʟʥʘʯʠʪʴ ʩʠʤʚʦʣʘʤʠ ʬʠʟʠʯʝʩʢʠʝ 

ʚʝʣʠʯʠʥʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ; 

- ʫʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʳ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; 

- ʩʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ (ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ) ʜʣʷ ʧʦʠʩʢʘ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ; 

- ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʤ (ʦʙʱʝʤ, ʙʝʟ ʧʦʜʩʪʘʥʦʚʢʠ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ) ʚʠʜʝ; ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʚʧʘʜʝʥʠʝ 

ʨʘʟʤʝʨʥʦʩʪʝʡ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʝʡ ʨʘʚʝʥʩʪʚ  ʵʪʦ ʧʦʤʦʞʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʚʦʟʤʦʞʥʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʦʰʠʙʢʠ; 

- ʚʳʯʠʩʣʠʪʴ ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ, ʦʢʨʫʛʣʠʪʴ ʝ yʜʦ ʨʘʟʫʤʥʦʛʦ ʧʨʝʜʝʣʘ; 

- ʟʘʧʠʩʘʪʴ ʚ ʦʪʚʝʪʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʡʜʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʩʦʢʨʘʱʝʥʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʝʜʠʥʠʮʳ ʝʝ ʠʟʤʝʨʝʥʠʷ (ʚ ʩʠʩʪʝʤʝ ʉʀ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʜʨʫʛʦʝ). 
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1.  ʂʀʅɽʄɸʊʀʂɸ 

 

Ä1.1  ʂʠʥʝʤʘʪʠʢʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 

ʄʝʭʘʥʠʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʜʝʣ ʬʠʟʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʦʷ.  

ʄʝʭʘʥʠʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʠʝ ʧʦʜʨʘʟʜʝʣʳ, ʢʘʢ: ʢʠʥʝʤʘʪʠʢʘ, ʜʠʥʘʤʠʢʘ ʠ ʩʪʘʪʠʢʘ.       

ɺ ʢʠʥʝʤʘʪʠʢʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʧʨʠ ʵʪʦʤ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ɺ ʜʠʥʘʤʠʢʝ, ʥʘʦʙʦʨʦʪ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʚʠʞʝʥʠʷ. ʉʪʘʪʠʢʘ ʠʟʫʯʘʝʪ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʪʝʣ, ʥʘ ʢʦʪʦʨʳʝ 

ʜʝʡʩʪʚʫʶʪ ʜʨʫʛʠʝ ʪʝʣʘ.  

ʄʝʭʘʥʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ   ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʪʝʣʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ.  

ʄʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʦʡ  ʥʘʟʳʚʘʝʪʩʷ ʪʝʣʦ, ʨʘʟʤʝʨʘʤʠ ʢʦʪʦʨʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ.  

ʉʠʩʪʝʤʦʡ ʦʪʩʯʝʪʘ  ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʣʘ 

ʦʪʩʯʝʪʘ, ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʯʘʩʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. 

                   
 

 

ʊʨʘʝʢʪʦʨʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ. 

ʇʫʪyʤ  S ʥʘʟʳʚʘʝʪʩʷ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʛʘʣʘʩʴ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ   

ʟʘ ʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʩʤ. ʨʠʩ.1.1). 

1.1.1  ʉʧʦʩʦʙ rʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. ʏʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʜʚʠʞʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʪʝʣʘ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʢʘʞʜʦʡ ʝʛʦ ʪʦʯʢʠ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʪʝʣʘ ʥʘʯʠʥʘʶʪ ʩ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ.  

ɿʘʢʦʥʦʤ ʜʚʠʞʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʜʠʫʩʘ-ʚʝʢʪʦʨʘ ʠʣʠ ʢʦʦʨʜʠʥʘʪ ʜʚʠʞʫʱʝʡʩʷ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʦʪ ʚʨʝʤʝʥʠ. 

                                                               
    ( ) ( )r t f t ,                     (1.1) 

ʛʜʝ r  ʨʘʜʠʫʩ ʚʝʢʪʦʨ ʜʚʠʞʫʱʝʡʩʷ ʪʦʯʢʠ. 

ʈʘʜʠʫʩ ï ʚʝʢʪʦʨ r  ï ʵʪʦ ʚʝʢʪʦʨ, ʧʨʦʚʝʜʸʥʥʳʡ ʠʟ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ (ʩʤ. ʨʠʩ.1.2). 

            r ʭi yj zk, ʤ,  ʤʝʪʨ,                                             (1.2) 

ʛʜʝ   , ,i j k ð ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʥʘʧʨʘʚʣʝʥʠʡ (ʦʨʪʳ); 

         ʭ, ʫ, z   ð ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ. 

ʄʦʜʫʣʴ  ʨʘʜʠʫʩ ï ʚʝʢʪʦʨʘ  ʨʘʚʝʥ : 
2 2 2r x y z .                   (1.3) 

ɽʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʷʚʣʷʝʪʩʷ ʤʝʪʨ, ʨʘʚʥʳʡ ʨʘʩʩʪʦʷʥʠʶ, 

ʧʨʦʭʦʜʠʤʦʤʫ ʩʚʝʪʦʤ ʚ ʚʘʢʫʫʤʝ ʟʘ 1/(3
.
10

8
) ʩʝʢʫʥʜʳ. 

ʉʝʢʫʥʜʘ ï ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ, ʨʘʚʥʘ 9.1
.
10

9
 ʧʝʨʠʦʜʘʤ ʠʟʣʫʯʝʥʠʷ ʘʪʦʤʘ ʮʝʟʠʷ-133. 

ʇʝʨʝʤʝʱʝʥʠʝʤ r  ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨ,  ʥʘʧʨʘʚʣʝʥʥʳʡ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ    

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʝʸ ʢʦʥʝʯʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʩʤ. ʨʠʩ. 1.1):  

                                                         0r r r ,                                                             (1.4) 

ʛʜʝ 0r  ʠ r -  ɻ ʪʦ ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʨʘʜʠʫʩ - ʚʝʢʪʦʨ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ,  r ʤ ,  

      ʈʠʩ. 1.1 

ʈʠʩ. 1.2 



 5 

1.1.2  ʉʢʦʨʦʩʪʴ 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʩʪʨʦʪʳ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ ʩʢʦʨʦʩʪʠ v . 

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʩʢʦʨʦʩʪʝʡ: 

1.  ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ (ʠʣʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ)     v    (ʵʪʦ ʚʝʢʪʦʨʥʘʷ 

ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʘ r  ʟʘ ʢʘʢʦʡ-ʣʠʙʦ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ t  ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ                    

(ʩʤ. ʨʠʩ.1.3)): 

                                             1 2

1 2

n

n

r r rr

t t t t
v .                              (1.5)    

ʊʘʢ ʢʘʢ 0t , ʪʦ ʚʝʢʪʦʨ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥ ʧʦ 

ʚʝʢʪʦʨʫ ʧʝʨʝʤʝʱʝʥʠʷ,          ʪ.ʝ. rv . 

 

2.  ʩʨʝʜʥʷʷ  ʧʫʪʝʚʘʷ ʩʢʦʨʦʩʪʴ  v   (ʵʪʦ ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʧʫʪʠ  

Sʧʨʦʡʜʝʥʥʦʛʦ ʪʝʣʦʤ  ʟʘ   ʢʘʢʦʡ- ʣʠʙʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ  t  ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

(ʩʤ. ʨʠʩ.1.4)): 

 

                                        1 2

1 2

n

n

S S SS

t t t t
v                             (1.6) 

 

 

ʆʩʦʙʳʡ ʩʣʫʯʘʡ: ɽʩʣʠ ʪʝʣʦ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʚʠʞʝʪʩʷ ʚ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʦʜʥʠʤ  ʠ ʪʝʤ ʞʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʫʩʢʦʨʝʥʠʝʤ, ʪʦ ʩʨʝʜʥʶʶ 

ʧʫʪʝʚʫʶ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʟʘ ʵʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ:   

                                                             1 2

2

v v
v ,                                                       (1.7) 

ʛʜʝ 1v  ʠ 2v - ʵʪʦ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ. 

3.  ʄʛʥʦʚʝʥʥʘ ̫ʩʢʦʨʦʩʪʴ  v  (ʵʪʦ ʩʢʦʨʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʜʘʥʥʦʝ ʤʛʥʦʚʝʥʠʝ) 

ʄʛʥʦʚʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ  ʚ ʫʨʘʚʥʝʥʠʠ (1.5) ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ t  

ʫʩʪʨʝʤʠʪʴ ʢ ʥʫʣʶ ( 0t ), ʪʦʛʜʘ   ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢ ʢʦʪʦʨʦʤʫ  ʙʫʜʝʪ ʩʪʨʝʤʠʪʩɹʷ ʚʝʢʪʦʨ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ: 

                                                                       
0

lim
t

r dr

t dt
rv                             (1.8) 

ʊʘʢʠʝ ʧʨʝʜʝʣʳ ʚ ʤʘʪʝʤʘʪʠʢʝ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ:  

                                                            x y z

dr
i j k

dt
v v v v ,                                          (1.9) 

ʛʜʝ , ,x y z

dx dy dz

dt dt dt
v v v  - ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ v  ʥʘ  ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

(ʪʦ ʝʩʪʴ, ʤʛʥʦʚʝʥʥʦʡ  ʩʢʦʨʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ ʚʨʝʤʝʥʠ). 

ʈʘʟʤʝʨʥʦʩʪʴ ʩʢʦʨʦʩʪʠ:  
ʤ

ʩ
v , ʤʝʪʨ ʚ ʩʝʢʫʥʜʫ. 

ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ  ʨʘʚʝʥ:       2 2 2
x y zv v v v .                                   (1.10) 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʩʢʦʨʦʩʪʠ: ʦʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʩʦʚʝʨʰʘʝʪ 

ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ. 

(ʧʨʠʤʝʨ:  5
ʤ

ʩ
v  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʣʦ ʟʘ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ 5 ʤ.) 

 

ʈʠʩ. 1.4 

ʈʠʩ. 1.3 
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ɺʝʢʪʦʨ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ (ʩʤ. ʨʠʩ. 1.5). 

 

 

 

- ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʥʝ ʤʝʥʷʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʪʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ 

ʥʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ (ʩʤ. ʨʠʩ.1.6), 

 

 

 

 

 

 

- ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ, ʪʦ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ 

ʥʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʧʝʨʝʤʝʥʥʳʤ (ʩʤ. ʨʠʩ.1.7). 

                                      

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

 
 

 

       ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʫʪʠ 

 

ʀʥʦʛʜʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦ ʥʘʭʦʞʜʝʥʠʠ ʧʨʦʡʜʝʥʥʦʛʦ ʪʦʯʢʦʡ 

ʧʫʪʠ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʩʤʳʩʣʦʤ ʧʫʪʠ: 

ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʪʝʣʦʤ,  ʨʘʚʝʥ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʛʨʘʬʠʢʘ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ ʪʝʣʘ ʦʪ ʚʨʝʤʝʥʠ (ʩʤ. ʨʠʩ.1.8). 

 

 

 

 1.1.3  ʋʩʢʦʨʝʥʠʝ 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʩʪʨʦʪʳ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʚʚʦʜʷʪ 

ʧʦʥʷʪʠʝ ʫʩʢʦʨʝʥʠʷ a  (ʙʳʣʦ ʚʚʝʜʝʥʦ ɻʘʣʠʣʝʝʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʘʜʝʥʠʷ ʪʝʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ). 

ʈʘʟʣʠʯʘʶʪ: 

- ʩʨʝʜʥʝʝ ʫʩʢʦʨʝʥʠʝ (ʚʝʢʪʦʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʪʝʣʘ v  ʢ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ t, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʟʦʰʣʦ) 

                                                                 a
t

v
,                                                                (1.11) 

- ʤʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ  (ʚʝʢʪʦʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʧʨʝʜʝʣʫ ʦʪʥʦʰʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʣʘ v  ʢ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ t, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʵʪʦ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʠʟʦʰʣʦ). 

ʄʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ     
0

 lim x y z
t

d
a a i a j a k

t dt

v v
,                                             (1.12) 

ʛʜʝ   , ,
yx z

x y z

dvdv dv
a a a

dt dt dt
   -    ʧʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ  ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

(ʪʦ ʝʩʪʴ, ʤʛʥʦʚʝʥʥʳʤ  ʫʩʢʦʨʝʥʠʝʤ  ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʧʝʨʚʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ ʚʨʝʤʝʥʠ). 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʛʥʦʚʝʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ   ʨʘʚʝʥ:         2 2 2

x y za a a a                           (1.13) 

ʈʘʟʤʝʨʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ: 
2

ʤ
a
ʩ
, ʤʝʪʨ ʥʘ ʩʝʢʫʥʜʫ ʚ ʢʚʘʜʨʘʪʝ. 

   ʈʠʩ. 1.5 

ʈʠʩ. 1.7 

ʈʠʩ. 1.8 

ʈʠʩ. 1.6 
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ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʩʢʦʨʝʥʠʷ: ʦʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʥʘ ʩʢʦʣʴʢʦ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ ʠʟʤʝʥʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʤ ʜʚʠʞʝʥʠʠ. 

(ʥʘʧʨʠʤʝʨ:  
2

10
ʤ

a
ʩ

 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 
2

10
ʤ

ʩ
 ʟʘ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ.) 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ a  ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘv . 

ʇʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʫʩʢʦʨʝʥʠʝ: 

-    ʩʦʥʘʧʨʘʚʣʝʥʦ ʩ ʚʝʢʪʦʨʦʤ vʚ ʩʣʫʯʘʝ ʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ (a v ), 

-    ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʦ ʚʝʢʪʦʨʫ v  ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʣʘ (a v ). 

ʇʨʠ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ a  ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʝʪ ʩ ʚʝʢʪʦʨʦʤ 

ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ v    ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ .   

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ aʫʜʦʙʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ 

ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ a  ʠ na  (ʩʤ. ʨʠʩ.1.9), 

ʛʜʝ 
d

a
dt

v
- ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ (ʠʣʠ ʢʘʩʘʪʝʣʴʥʦʝ) ʫʩʢʦʨʝʥʠʝ  

(ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ    ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ ʚʝʣʠʯʠʥʝ), 
2

na
r

v
- ʥʦʨʤʘʣʴʥʦʝ (ʠʣʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ) ʫʩʢʦʨʝʥʠʝ 

(ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ) 

ʀʟ  ʨʠʩ. 1.9 ʩʣʝʜʫʝʪ, ʯʪʦ         na a a         ʠ         2 2

na a a                                 (1.14) 

ʇʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ 0na , ʧʦʵʪʦʤʫ 

ʤʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ. 

 

1.1.4   ɻʨʘʬʠʢʠ ʜʚʠʞʝʥʠʷ 

 

ɻʨʘʬʠʢʘʤʠ ʜʚʠʞʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʫʪʠ ʠʣʠ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʦʪ 

ʚʨʝʤʝʥʠ. 

ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʥʘʧʨʠʤʝʨ: 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʛʨʘʬʠʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʧʫʪʠ, 

ʧʨʦʡʜʝʥʥʦʛʦ ʪʝʣʦʤ, ʦʪ ʚʨʝʤʝʥʠ ʨʘʚʝʥ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʩʤ. ʨʠʩ.1.10), ʪʦ ʝʩʪʴ 

                                                         
ds

tg
dt

v                                      (1.15) 

 

ʇʦ ʠʟʛʠʙʫ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʛʦ ʪʝʣʦʤ, ʦʪ ʚʨʝʤʝʥʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʜʚʠʛʘʣʦʩʴ ʪʝʣʦ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ:  

ʫʩʢʦʨʝʥʥʦ  (0a ) ʠʣʠ ʟʘʤʝʜʣʝʥʥʦ (0a ) (ʩʤ. ʨʠʩ.1.11).. 

 

          

 

 

 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʛʨʘʬʠʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʪʝʣʘ ʦʪ ʚʨʝʤʝʥʠ ʨʘʚʝʥ ʤʛʥʦʚʝʥʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʪʝʣʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥ (ʩʤ. ʨʠʩ.1.12), ʪʦ ʝʩʪʴ  

                                                          
d

tg a
dt

v
                                   (1.16) 

 

  ʈʠʩ. 1.9 

  ʈʠʩ. 1.10 

  ʈʠʩ. 1.11 

 ʈʠʩ. 1.12 
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ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ  ʧʨʦʩʪʳʝ ʚʠʜʳ  ʜʚʠʞʝʥʠʷ:  

-  ʨʘʚʥʦʤʝʨʥʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ (ʵʪʦ ʜʚʠʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʤʦʜʫʣʶ ʠ 

ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʴʶ), 

-  ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ (ʵʪʦ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ  

ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ  ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ.  ʇʨʠ 

ʵʪʦʤ ʫʩʢʦʨʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦ ʧʦ ʤʦʜʫʣʶ), 

- ʨʘʚʥʦʟʘʤʝʜʣʝʥʥʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ (ʵʪʦ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʧʦʩʪʦʷʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ  ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ 

ʫʩʢʦʨʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʩʢʦʨʦʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦ ʧʦ ʤʦʜʫʣʶ), 

- ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ï ʜʚʠʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʤʦʜʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ 

ʫʩʢʦʨʝʥʠʝʤ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ x t , y t  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ. 

ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ) ʠʤʝʶʪ ʚʠʜ: 

                      

2

0

0

2

2

2

x
ox

a ty
y y toy

a t
x x t

+

+ v

v

,                                        

0x x x

y oy y

a t

a t

v v

v v

 .                      (1.17) 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ 

ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ (ʝʩʣʠ ʚʝʢʪʦʨʘ ʩʦʥʘʧʨʘʚʣʝʥʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʦʩʠ), ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ (ʝʩʣʠ ʚʝʢʪʦʨʘ ʩʦʥʘʧʨʘʚʣʝʥʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ). 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠ ʨʘʚʥʳ ʥʫʣʶ (ʝʩʣʠ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ). 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 

                                                                     

2

1

2

1

( )

( )

t

t

t

t

a

s t dt

t dt

v

v

                                                               (1.18) 

 

1.1.5   ɼʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 

 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʫʜʦʙʥʝʝ ʚʚʝʩʪʠ  ʩʣʝʜʫʶʱʠʝ 

ʚʝʣʠʯʠʥʳ. 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ  (ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʛʦʣ, ʥʘ ʢʦʪʦʨʳʡ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ  ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʨʠ ʝʸ 

ʜʚʠʞʝʥʠʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ) 

                             ʨʘʜ, ʨʘʜʠʘʥ. 

ɺ ʦʢʨʫʞʥʦʩʪʠ  2 360ʨʘʜ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 1 57ʨʘʜ . 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʩʪʨʦʪʳ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʚʦʜʷʪ 

ʧʦʥʷʪʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ . 

ʈʘʟʣʠʯʘʶʪ:  

- ʉʨʝʜʥʶʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ  ï ʩʢʘʣʷʨʥʫʶ ʬʠʟʠʯʝʩʢʫ  ʁ

ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫ  ʁ ʦʪʥʦʰʝʥʠʶ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʪʝʣʘ  ʢ 

ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ t, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʵʪʦʪ ʧʦʚʦʨʦʪ 

                                               ʧʨʦʠʟʦʰʝʣ:  

                                                         
t

.                                                                  (1.29) 

ʈʠʩ. 1.13 
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 ʈʘʟʤʝʨʥʦʩʪʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ:   
ʨʘʜ

ʩ
,  ʨʘʜʠʘʥ ʚ ʩʝʢʫʥʜʫ. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ: ʦʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʥʘ ʢʘʢʦʡ ʫʛʦʣ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʣʶʙʦʡ ʪʦʯʢʠ ʪʝʣʘ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʚʨʘʱʝʥʠʠ. 

(ʥʘʧʨʠʤʝʨ: 2
ʨʘʜ

ʩ
 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ           

2 ʨʘʜʠʘʥʘ). 

- ʄʛʥʦʚʝʥʥʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ  ï ʚʝʢʪʦʨʥʫ  ʁʬʠʟʠʯʝʩʢʫ  ʁʚʝʣʠʯʠʥʫ, ʨʘʚʥʫ  ʁʧʨʝʜʝʣʫ 

ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʪʝʣʘ  ʢ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ t, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʵʪʦʪ ʧʦʚʦʨʦʪ ʧʨʦʠʟʦʰʸʣ: 

                                                          
0

lim
t

d

t dt
.                                       (1.30) 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʩʪʨʦʪʳ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʫʛʣʦʚʦʛʦ 

ʫʩʢʦʨʝʥʠʷ . 

ʈʘʟʣʠʯʘʶʪ:  

- ʉʨʝʜʥʝʝ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ  ï ʩʢʘʣʷʨʥʫʶ ʬʠʟʠʯʝʩʢʫ  ʁʚʝʣʠʯʠʥʫ, ʨʘʚʥʫ  ʁʦʪʥʦʰʝʥʠʶ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ  ʢ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ t, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʵʪʦ 

ʠʟʤʝʥʝʥʠʝ  ʧʨʦʠʟʦʰʣʦ:  

                                                                      
t

.                                                            (1.31) 

 ʈʘʟʤʝʨʥʦʩʪʴ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ:   
2

ʨʘʜ

ʩ
,  ʨʘʜʠʘʥ ʥʘ  ʩʝʢʫʥʜʫ ʚ ʢʚʘʜʨʘʪʝ. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ: ʦʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʥʘ ʩʢʦʣʴʢʦ ʨʘʜʠʘʥ ʚ ʩʝʢʫʥʜʫ  

ʠʟʤʝʥʷʝʪʩʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ  ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʚʨʘʱʝʥʠʠ. 

(ʥʘʧʨʠʤʝʨ: 
2

5
ʨʘʜ

ʩ
 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘ ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 5 

ʨʘʜʠʘʥ ʚ ʩʝʢʫʥʜʫ). 

- ʄʛʥʦʚʝʥʥʦʝ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ  ï ʚʝʢʪʦʨʥʫ  ʁ ʬʠʟʠʯʝʩʢʫ  ʁ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫ  ʁ ʧʨʝʜʝʣʫ 

ʦʪʥʦʰʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ  ʢ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ t, ʚ ʪʝʯʝʥʠʠ 

ʢʦʪʦʨʦʛʦ ʵʪʦʪ ʧʦʚʦʨʦʪ ʧʨʦʠʟʦʰʸʣ: 

                                                    
0

lim
t

d

t dt
.                                                    (1.32) 

ʕʣʝʤʝʥʪʘʨʥʦʝ ʫʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

d ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʝʢʪʦʨ d , 

ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʧʨʘʚʠʣʫ ʙʫʨʘʚʯʠʢʘ:  

ʝʩʣʠ ʨʫʢʦʷʪʢʫ ʙʫʨʘʚʯʠʢʘ ʚʨʘʱʘʪʴ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʪʝʣʘ, ʪʦ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʙʫʨʘʚʯʠʢʘ ʙʫʜʝʪ 

ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ d         

(ʩʤ. ʨʠʩ.1.14). 

ʋʜʦʙʩʪʚʦ ʪʘʢʦʛʦ ʚʚʝʜʝʥʠʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

-  ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ d  ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ 

ʚʝʣʠʯʠʥʫ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʦʚʦʨʦʪʘ ʪʝʣʘ d ,             

- ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ d  ʯʝʨʝʟ ʧʨʘʚʠʣʦ 

ʙʫʨʘʚʯʠʢʘ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ 

ʪʝʣʘ, 

-ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ  d ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʨʝʜʝʣʷʝʪ  ʦʩʴ  ʚʨʘʱʝʥʠʷ ʪʝʣʘ. 

ʈʠʩ. 1.14 
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ʅʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ d , ʪʦ ʝʩʪʴ ʦʥʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ ʙʫʨʘʚʯʠʢʘ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ d , ʪʦ ʝʩʪʴ 

ʦʥʦ ʩʦʥʘʧʨʘʚʣʝʥʦ ʩ ʚʝʢʪʦʨʦʤ  ʧʨʠ ʫʩʢʦʨʝʥʥʦʤ ʚʨʘʱʝʥʠʠ ʪʝʣʘ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʦ 

ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ʚʨʘʱʝʥʠʠ. 

ʇʝʨʠʦʜʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ, ʧʦʚʪʦʨʷʶʱʝʝʩʷ ʯʝʨʝʟ ʦʜʠʥʘʢʦʚʳʝ  

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

ʇʝʨʠʦʜʦʤ ʥʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʜʚʠʞʝʥʠʝ ʠʣʠ 

ʧʨʦʮʝʩʩʳ ʧʦʚʪʦʨʷʪʁʩʷ ʚ ʪʦʡ ʞʝ ʩʘʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʇʝʨʠʦʜʦʤ  ʚʨʘʱʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʷ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʦʙʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ ʚʨʘʱʝʥʠʷ: 

                                                             
t

T
N

 ,                                                                (1.33) 

  ʛʜʝ t ï ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʪʦʯʢʘ ʩʜʝʣʘʝʪ N ʦʙʦʨʦʪʦʚ, ʊ ʩ. 

ʏʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ n ʥʘʟʳʚʘʝʪʩʷ  ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ: 

                                                             
N

n
t

 ,                                                       (1.34) 

 ʛʜʝ N ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʟʘ ʚʨʝʤʷ t,  
1ʦʙ

ʧ
ʩ ʩ

. 

ʇʨʠʯʸʤ                                                            
1

T
n

.                                                              (1.35) 

ɼʚʠʞʝʥʠʝ  ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʴʶï ʵʪʦ 

ʜʚʠʞʝʥʠʝ ʩ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʘʮ ʩ. , ʢʦʪʦʨʦʝ ʚʩʝʛʜʘ  ʥʘʧʨʘʚʣʝʥʦ ʢ ʮʝʥʪʨʫ 

ʦʢʨʫʞʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʪʦʯʢʘ.  

 

1.1.6   çɽʩʪʝʩʪʚʝʥʥʳʡè ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ 

 

ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʶʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʘ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʶʪ ʜʫʛʦʚʦʡ ʢʦʦʨʜʠʥʘʪʦʡ (ʢʩʠ). 

ʋʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ  ʦʪ ʚʨʝʤʝʥʠ, ʪ.ʝ.: 

                                                                  
( )f t                                                    (1.19) 

ʉʢʦʨʦʩʪʴ ʪʦʯʢʠ. ɺʚʝʜʝʤ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ , ʩʚʷʟʘʥʥʳʡ ʩ ʜʚʠʞʫʱʝʡʩʷ ʪʦʯʢʦʡ A  ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ ʚ ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ (ʨʠʩ. 1.13). ɺʝʢʪʦʨ  ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʪʦʯʢʠ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

ʚʝʢʪʦʨʦʤ. ɺʝʢʪʦʨ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ v  ʩʚʷʟʘʥ ʩ ʦʨʪʦʤ  ʩʦʦʪʥʦʰʝʥʠʝʤ: 

                                                           v v .                                                   (1.20) 

ɺʝʣʠʯʠʥʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ v v  ʝʩʪʴ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʜʫʛʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʚʨʝʤʝʥʠ,  

ʪʦ ʝʩʪʴ:

  
                                                           

d

dt
v

 

.                                                                 (1.21) 
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ʋʩʢʦʨʝʥʠʝ ʪʦʯʢʠ  
 

ɺʝʢʪʦʨ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                      

2d
a n

dt

v v
,         (1.22) 

ʛʜʝ 
d

dt

v
 - ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ, 

n - ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ, ʘ  ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʪʨʘʝʢʪʦʨʠʠ ʚ ʪʦʯʢʝ A. ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (1.22) 

ʵʪʦ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ 

ʚʝʢʪʦʨʫ , ʠ ʥʘʟʳʚʘʝʤʘʷ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ, ʪ.ʝ.: 

                                        
d

a a
dt

v
,          (1.23) 

ʛʜʝ 
d

a
dt

v
 - ʚʝʣʠʯʠʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ.  

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (1.22) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʚʝʢʪʦʨʘ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʦ ʚʝʢʪʦʨʫ ʥʦʨʤʘʣʠ n, ʠ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ 

ʫʩʢʦʨʝʥʠʝʤ.   

ɺʝʣʠʯʠʥʘ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                                          
2

na
v

.                                        (1.24) 

ʀʟ ʨʠʩ.1.15 ʚʠʜʥʦ, ʯʪʦ ʚʝʢʪʦʨ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʠ ʝʛʦ ʤʦʜʫʣʴ  ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ: 

                                          na a a                         2 2
na a a .                (1.25) 

ɼʚʠʞʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

                                                  
2

0 0( )
2

a t
t tv ,                  (1.26) 

ʛʜʝ 0  ʚʝʣʠʯʠʥʘ ʜʫʛʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, v - ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ, a - ʚʝʣʠʯʠʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ. 

  

Ä1.2  ʂʠʥʝʤʘʪʠʢʘ ʘʙʩʦʣʶʪʥʦ ʪʚyʨʜʦʛʦ ʪʝʣʘ 

 

ɸʙʩʦʣʶʪʥʦ ʪʚʸʨʜʳʤ ʪʝʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʝʣʦ, ʜʝʬʦʨʤʘʮʠʷʤʠ ʢʦʪʦʨʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʡ 

ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʃʶʙʦʝ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʜʚʫʭ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʳʭ: ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʡ. 

 

1.2.1. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʝʣʘ 

ʇʦʩʪʫʧʘʪʝʣʴʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʣʶʙʘʷ ʧʨʷʤʘʷ, 

ʧʨʦʚʝʜʸʥʥʘʷ ʚ ʪʝʣʝ, ʦʩʪʘʸʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʘʤʘ ʩʝʙʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʘ. 

ʆʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʘʢʦʛʦ ʚʠʜʘ ʜʚʠʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ: 

ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʚʩʝ ʪʦʯʢʠ ʪʝʣʘ 

ʜʚʠʞʫʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʦ, ʪʦ ʝʩʪʴ ʠʤʝʶʪ 

ʦʜʥʫ ʠ ʪʫ ʞʝ ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴv, ʫʩʢʦʨʝʥʠʝa , 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʩʦʚʝʨʰʘʶʪ ʦʜʠʥʘʢʦʚʳʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʨʦʭʦʜʷʪ ʦʜʠʥʘʢʦʚʳʡ ʧʫʪʴ. 

ɺ ɻ ʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʝʛʦ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ. 

ʈʠʩ. 1.15 

 ʈʠʩ. 1.16 ʈʠʩ. 1.17 



 12 

1.2.2.  ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʝʣʘ 

 

ɺʨʘʱʘʪʝʣʴʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʩʝ ʪʦʯʢʠ ʪʝʣʘ ʦʧʠʩʳʚʘʶʪ ʦʢʨʫʞʥʦʩʪʠ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʷʤʦʡ, ʥʘʟʳʚʘʝʤʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ ʪʝʣʘ.  

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʚʠʜʘ ʜʚʠʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ  ʩʣʝʜʫʶʱʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ: 

ʧʨʠ    ʚʨʘʱʘʪʝʣʴʥʦʤ    ʜʚʠʞʝʥʠʠ    ʚʩʝ      ʪʦʯʢʠ    ʪʝʣʘ   

ʜʚʠʞʫʪʩʷ ʩ ʦʜʥʦʡ  ʠ   ʪʦʡ   ʞʝ  ʫʛʣʦʚʦʡ  ʩʢʦʨʦʩʪʴʶ   ʠ  

ʫʛʣʦʚʳʤ    ʫʩʢʦʨʝʥʠʝʤ     ʠ     ʩʦʚʝʨʰʘʶʪ     ʦʜʠʥʘʢʦʚʳʝ          ʫʛʣʦʚʳʝ   

ʧʝʨʝʤʝʱʝʥʠʷ . 

 

1.2.3. ɺʨʘʱʝʥʠʝ ʪʝʣʘ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ 

 

ʇʫʩʪʴ ʟʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ dt  ʪʚʝʨʜʦʝ 

ʪʝʣʦ ʧʦʚʝʨʥʫʣʦʩʴ ʚʦʢʨʫʛ ʦʩʠ OO  ʥʘ ʫʛʦʣ d  (ʩʤ. ʨʠʩ. 1.20). 

ɺʝʢʪʦʨ ʨʘʜʠʫʩʘ ʚʨʘʱʝʥʠʷ ʦʙʦʟʥʘʯʠʤ , ʨʘʜʠʫʩïʚʝʢʪʦʨ ʪʦʯʢʠ A  

ïï r , ʘ ʧʝʨʝʤʝʱʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ A  ʪʚʝʨʜʦʛʦ ʪʝʣʘ ï dr . 

ɺʝʢʪʦʨʦʤ ʫʛʣʘ ʧʦʚʦʨʦʪʘ d  ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʘ ʝʛʦ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ ʫʛʣʫ 

ʧʦʚʦʨʦʪʘ d , ʠʟʤʝʨʝʥʥʦʛʦ ʚ ʨʘʜʠʘʥʘʭ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ  d  

ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʧʨʘʚʠʣʫ ʙʫʨʘʚʯʠʢʘ: ʝʩʣʠ ʨʫʢʦʷʪʢʫ  ʙʫʨʘʚʯʠʢʘ 

ʚʨʘʱʘʪʴ  ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʪʝʣʘ, ʪʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ  

ʜʚʠʞʝʥʠʝ ʙʫʨʘʚʯʠʢʘ  ʫʢʘʞʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʫʛʣʘ 

                                              ʧʦʚʦʨʦʪʘ d . 

ʀʟ  ʨʠʩ.1.20 ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ dr  ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ d  

ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ 

     sindr r d d  .     (1.27) 

ʉʧʨʘʚʝʜʣʠʚʦ ʪʘʢʞʝ ʠ ʚʝʢʪʦʨʥʦʝ ʨʘʚʝʥʩʪʚʦ: 

                                                        dr d r d .       (1.28) 

 

1.2.4. ʉʚʷʟʴ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ ʠ ʫʛʣʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 

 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ r  ʠ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ  ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

sin sin sin
2 2

r r ,     (1.36) 

ʛʜʝ r - ʨʘʜʠʫʩïʚʝʢʪʦʨ ʪʦʯʢʠ ɸ, - ʝʝ ʨʘʜʠʫʩ ʚʨʘʱʝʥʠʷ (ʩʤ. ʨʠʩ. 1.20). 

ɺʝʢʪʦʨ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ v  ʠ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  ʩʚʷʟʘʥʳ ʚʝʢʪʦʨʥʳʤ ʨʘʚʝʥʩʪʚʦʤ: 

rv .      (1.37) 

ɺ ʩʢʘʣʷʨʥʦʤ ʚʠʜʝ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ: 

                                                       r sinv .     (1.38) 

ɼʣʷ ʚʝʢʪʦʨʘ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ a  ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ (1.23)ï(1.25), ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʚʝʢʪʦʨʥʦʝ ʨʘʚʝʥʩʪʚʦ: 

a r r ,     (1.39) 

ʛʜʝ a r - ʚʝʢʪʦʨ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, na r  ʚʝʢʪʦʨ ʥʦʨʤʘʣʴʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ. 

ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ a  ʥʘ ʦʨʪʳ  ʠ n  ʨʘʚʥʳ: 

 d

rd
C

C
d

ʆ

ʆ

ʈʠʩ. 1.20 

r
GA

C

ʈʠʩ. 1.19 

 ʈʠʩ. 1.18 
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za ,   2
na .     (1.40) 

ʄʦʜʫʣʴ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʨʘʚʝʥ: 

     2 2 2 4
na a a .    (1.41) 

 

ʉʚʷʟʴ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʚʝʣʠʯʠʥ 

                               
2

2

ʮʩ

l r

r

a r
r

v

v
v

                          
2

2 n
T

                          (1.42) 

                                  na a a                   2 2
na a a                   

1
T

n
                      (1.43) 

 

ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʪʝʣʘ ʦʪ ʚʨʝʤʝʥʠ t ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. 

( ) ( )t f t  

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʘ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʝʢʮʠʷ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʥʘ 

ʦʩʴ ʚʨʘʱʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʩʴ ʚʨʘʱʝʥʠʷ OZ ʦʙʳʯʥʦ ʥʘʧʨʘʚʣʷʶʪ ʧʦ ʚʝʢʪʦʨʫ ʫʛʣʘ ʧʦʚʦʨʦʪʘ.  

ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʠʤʝʶʪ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

                                                     

2

0
2

z

z
oz

oz

t
t

t

+
.                                                  (1.44) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʠʤʝʶʪ ʚʠʜ: 

                                                                

2

1

2

1

( )

( )

t

t

t

t

t dt

t dt

.                                                       (1.45) 

 

1.2.5. ʇʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʪʚʨyʜʦʛʦ ʪʝʣʘ 

 

ʇʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ï ʵʪʦ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʘʝʢʪʦʨʠʠ ʚʩʝʭ ʪʦʯʝʢ ʪʝʣʘ ʣʝʞʘʪ ʚ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʥʝʧʦʜʚʠʞʥʳʭ ʚ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. 

ʇʨʠʤʝʨʦʤ ʧʣʦʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʣʫʞʠʪ ʢʘʯʝʥʠʝ ʮʠʣʠʥʜʨʘ ʧʦ ʧʣʦʩʢʦʩʪʠ. ʊʘʢʦʝ ʜʚʠʞʝʥʠʝ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʜʚʠʞʝʥʠʡ, ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ. ɺʳʙʝʨʝʤ ʜʚʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ K  ʠ K  (ʩʤ. ʨʠʩ. 1.21). ʇʫʩʪʴ ʩʠʩʪʝʤʘ K , 

ʩʚʷʟʘʥʥʘʷ ʞʝʩʪʢʦ ʩ ʪʦʯʢʦʡ O  ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʜʚʠʞʝʪʩʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ K  (ʩʤ. ʨʠʩ 1.21). 

ʇʨʠ ʧʣʦʩʢʦʤ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʪʘʢʦʛʦ ʩʝʯʝʥʠʷ ʪʝʣʘ 

ʌ, ʢʦʪʦʨʦʝ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʪʨʘʝʢʪʦʨʠʠ ʈ ʥʝʢʦʪʦʨʦʡ 

ʪʦʯʢʠ A . 

ʇʦʣʦʞʝʥʠʝ ʩʝʯʝʥʠʷ ʌ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ K  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩïʚʝʢʪʦʨʦʤ 0r  ʧʨʦʠʟʚʦʣʴʥʦʡ ʝʝ ʪʦʯʢʠ 

O  ʠ ʫʛʣʦʤ  ʤʝʞʜʫ ʦʩʴʶ O X  ʠ ʚʝʢʪʦʨʦʤ r  ʪʦʯʢʠ ɸ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ 

r  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ (ʚʝʢʪʦʨ r  ʤʦʞʝʪ ʪʦʣʴʢʦ 

ʆ

ʆ

ʍ

ʍ

YY

A

0r
C

r
C

r
C

K K

ʌ

ʈʠʩ. 1.21 
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ʚʨʘʱʘʪʴʩʷ). ʇʦʵʪʦʤʫ ʜʚʠʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʯʝʥʠʷ ʌ ʚ ʩʠʩʪʝʤʝ K  ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʷʤʠ: 

                                                         0 0 ,r r t t .                           (1.46) 

ɼʣʷ ʪʦʯʢʠ A  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʯʝʥʠʷ ʚʝʢʪʦʨʳ r  ʠ r  ʚ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ K  ʠ K  

ʩʚ̫ʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

                                                                            0r r r
,
                                      (1.47) 

ʠ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠʤʝʝʤ ʨʘʚʝʥʩʪʚʦ: 

            0dr dr dr ,                                    (1.48) 

ʛʜʝ dr  ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ A  ʚ ʩʠʩʪʝʤʝ K , dr  

ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ A  ʚ ʩʠʩʪʝʤʝ K , 0dr  ʧʝʨʝʤʝʱʝʥʠʝ 

ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ (ʪʦʯʢʘ O ) ʩʠʩʪʝʤʳ K  ʦʪʥʦʩʠʪʝʣʴʥʦ K . 

ʉʢʦʨʦʩʪʴ ʪʦʯʢʠ ɸ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ K  ʠ ʫʛʣʦʚʘʷ  

ʩʢʦʨʦʩʪʴ ʝʝ ʚ ʩʠʩʪʝʤʝ  K  ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

        
rVV 0

CCCC
.   (1.49) 

ʀʟ (1.40) ʚʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʣʶʙʦʡ ʪʦʯʢʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʯʝʥʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʢʦʨʦʩʪʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 0V
C

 ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ O  

ʵʪʦʛʦ ʩʝʯʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ rV
CCC

, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʨʘʱʝʥʠʝʤ ʚʝʢʪʦʨʘ r
C

 ʚʦʢʨʫʛ ʪʦʯʢʠ O . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʢʪʦʨʳ V
C

 ʠ V
C

 ʣʝʞʘʪ ʚ  ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ ʌ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʥʘʡʪʠ ʪʘʢʫʶ ʪʦʯʢʫ ʄ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʜʘʥʥʦʤʫ ʪʝʣʫ), ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ 

ʢʦʪʦʨʦʡ ʚ ʩʠʩʪʝʤʝ K  ʨʘʚʥʘ ʥʫʣʶ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ 0 ʄV r  (ʩʤ. ʨʠʩ. 1.22). 

ʆʩʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʩʝʯʝʥʠʶ ʌ ʠ ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ ʄ, ʥʘʟʳʚʘʶʪ ʤʛʥʦʚʝʥʥʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʩʚʦʜʠʪʩʷ ʢ ʯʠʩʪʦ ʚʨʘʱʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ 

ʚʦʢʨʫʛ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ.  

 

Ä 1.3  ʉʢʦʨʦʩʪ ɹʠ ʫʩʢʦʨʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ 

 

ʆʙʳʯʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʪʝʣʘ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʫʯʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ʀ, ʢʨʦʤʝ 

ʪʦʛʦ, ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʟʘʚʠʩʠʪ ʦʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʠʞʝ ʧʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ (
83 10 /ʩ ʤ c). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʀʤʝʶʪʩʷ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ K  ʠ K , ʜʚʠʞʫʱʠʝʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʀʟʚʝʩʪʥʳ ʩʢʦʨʦʩʪʴ V  ʠ ʫʩʢʦʨʝʥʠʝ a  ʪʦʯʢʠ A  ʚ K  ʩʠʩʪʝʤʝ. 

ʂʘʢʦʚʳ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ V ʠ a  ʚ K  ʩʠʩʪʝʤʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʣʫʯʘʷ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ. 

1. K ʩʠʩʪʝʤʘ ʜʚʠʞʝʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ K  

ʩʠʩʪʝʤʝ. ʇʫʩʪʴ ʧʦʣʦʞʝʥʠʝ ʜʚʠʞʫʱʝʡʩʷ ʪʦʯʢʠ A  ʚ K  ʩʠʩʪʝʤʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩïʚʝʢʪʦʨʦʤ r , ʘ ʚ K  ʩʠʩʪʝʤʝ ïï ʨʘʜʠʫʩï

ʚʝʢʪʦʨʦʤ r  (ʩʤ. ʨʠʩ. 1.23). K  ʩʠʩʪʝʤʘ ʜʚʠʞʝʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ K  ʩʠʩʪʝʤʳ. ʇʦʣʦʞʝʥʠʝ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ K  ʩʠʩʪʝʤʳ 

(ʪʦʯʢʘ O ) ʦʧʨʝʜʝʣʷʝʪ ʨʘʜʠʫʩïʚʝʢʪʦʨ 0r . 

ʆʯʝʚʠʜʥʦ ʯʪʦ, ʚʝʢʪʦʨʳ r  ʠ r  ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

ʆ

ʆ

ʍ

Y K ʌ

ʈʠʩ. 1.22 

ʄ 0Vʄr
ʄr

ʈʠʩ. 1.23 

A

K K

r
r

0r

O

O
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                                                                   0r r r .                                      (1.50) 

ɼʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʡ dr  ʠ dr  ʪʦʯʢʠ A  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ K  ʠ K  

ʩʠʩʪʝʤʘʭ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ: 

                                                                 0dr dr dr .                                       (1.51) 

ʉʢʦʨʦʩʪʠ ʪʦʯʢʠ A  (V ʠ V ) ʚ K  ʠ K  ʩʠʩʪʝʤʘʭ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

                                                                   0V V V ,      (1.52) 

ʛʜʝ 0V  ʩʢʦʨʦʩʪʴ K  ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ K  ʩʠʩʪʝʤʳ. 

ɼʣʷ ʫʩʢʦʨʝʥʠʡ ʠʤʝʝʤ ʨʘʚʝʥʩʪʚʦ: 

                                                                    0a a a ,      (1.53) 

ʛʜʝ ,a a  ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ A  ʚ K  ʠ K  ʩʠʩʪʝʤʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0a  ʫʩʢʦʨʝʥʠʝ 

K  ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ K  ʩʠʩʪʝʤʳ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (1.50)ïï(1.53) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʧʝʨʝʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ A  

ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʪ.ʝ. ʥʝ ʷʚʣʷʶʪʩʷ ʠʥʚʘʨʠʘʥʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ.  

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ K  ʩʠʩʪʝʤʘ ʜʚʠʞʝʪʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

( 0V const), ʝʝ ʫʩʢʦʨʝʥʠʝ 0 0a , ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʤ ʨʘʚʝʥʩʪʚʦ: 

a a .      (1.54) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʢʦʨʝʥʠʝʤ ʪʦʯʢʠ A  ʧʦʩʪʦʷʥʥʦ ʚ K  ʠ K  ʩʠʩʪʝʤʘʭ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʪʦ, ʯʪʦ 

ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ ʫʩʢʦʨʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪʥʦʡ ʚʝʣʠʯʠʥʦʡ.  

2. K ʩʠʩʪʝʤʘ ʚʨʘʱʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  ʚʦʢʨʫʛ ʦʩʠ, 

ʥʝʧʦʜʚʠʞʥʦʡ ʚ K ʩʠʩʪʝʤʝ. ʉʦʚʤʝʩʪʠʤ K  ʠ K ʩʠʩʪʝʤʳ, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʦʟʴʤʝʤ ʥʘ ʦʩʠ 

ʚʨʘʱʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʜʠʫʩïʚʝʢʪʦʨ ʪʦʯʢʠ A  ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʦʜʠʥʘʢʦʚʳʤ ʚ K  ʠ K ʩʠʩʪʝʤʘʭ (r r ). ʇʫʩʪʴ V ʠ V ʩʢʦʨʦʩʪʠ ʪʦʯʢʠ A  ʚ K  ʠ 

K ʩʠʩʪʝʤʘʭ, ʪʦʛʜʘ ʧʝʨʝʤʝʱʝʥʠʝ ʵʪʦʡ ʪʦʯʢʠ ʚ K ʩʠʩʪʝʤʝ ʨʘʚʥʦ V dt, ʘ ʧʝʨʝʤʝʱʝʥʠʝ 

K  ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ Kïï d r  (ʨʠʩ.1.24).  

ʇʨʠ ʵʪʦʤ ʫʛʦʣ ʧʦʚʦʨʦʪʘ K  ʩʠʩʪʝʤʳ ʟʘ ʚʨʝʤʷ dt  ʨʘʚʝʥ d . 

ʇʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ A  ʚ K  ʩʠʩʪʝʤʝ ʨʘʚʥʦ 

dr V dt d r .     (1.55) 

O

r r

dr

V dt d r
A

dV

V

d V

a dt

ʘ ʙ

       ʈʠʩ. 1.24 
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ʉʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʝʡ V  ʠ V  ʚ K  ʠ K  ʩʠʩʪʝʤʘʭ ʠʤʝʝʪ ʚʠʜ 

V V r .      (1.56) 

ʋʩʢʦʨʝʥʠʷ a  ʠ a  ʚ K  ʠ K  ʩʠʩʪʝʤʘʭ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

2a a V r .    (1.57) 

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʨʘʚʝʥʩʪʚʝ (1.57) ʥʘʟʳʚʘʶʪ ʢʦʨʠʦʣʠʩʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ, ʘ ʪʨʝʪʴʝ 

ʩʣʘʛʘʝʤʦʝ ïï ʦʩʝʩʪʨʝʤʠʪʝʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ: 

2ʢʦʨa V ,                     ʦʩa r .  (1.58) 

ʇʫʩʪʴ  ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʪʦʯʢʫ A  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʪʦʛʜʘ 

ʨʘʚʝʥʩʪʚʦ (1.57) ʧʨʠʤʝʪ ʚʠʜ 
22a a V .     (1.59) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʢʦʨa   ʠʩʧʦʣʴʟʫʶʪ ʨʘʚʝʥʩʪʚʦ (1.58) ʠ ʧʨʘʚʠʣʦ 

ʙʫʨʘʚʯʠʢʘ, ʦʩʝʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʧʨʦʪʠʚ ʚʝʢʪʦʨʘ  ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ K  

ʩʠʩʪʝʤʳ. 

3. K ʩʠʩʪʝʤʘ ʚʨʘʱʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  ʚʦʢʨʫʛ ʦʩʠ, 

ʧʝʨʝʤʝɦ ʘʶʱʝʡʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 0V  ʦʪʥʦʩʠʪʝʣʴʥʦ K ʩʠʩʪʝʤʳ.  

ʇʫʩʪʴ 0V  ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ O , ʷʚʣʷʶʱʝʡʩʷ ʪʦʯʢʦʡ ʦʪʩʯʝʪʘ 

K ʩʠʩʪʝʤʳ, ʘ  ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ K ʩʠʩʪʝʤʳ. ʕʪʦʪ ʩʣʫʯʘʡ ʦʙʲʝʜʠʥʝ̫ʪ 

ʜʚʘ ʧʨʝʜʳʜʫʱʠʭ. 

ɼʣʷ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ V  ʠ V  ʪʦʯʢʠ ʚ K  ʠ K ʩʠʩʪʝʤʘʭ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ: 

0V V V r .      (1.60) 

ʛʜʝ ʚʩʝ ʦʙʦʟʥʘʯʝʥʠʷ ʦʧʠʩʘʥʳ ʨʘʥʝʝ ʚ ʧʫʥʢʪʝ 2. 

ʋʩʢʦʨʝʥʠʷ ʪʦʯʢʠ A  ʚ K  ʠ K ʩʠʩʪʝʤʘʭ (a ,a ) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʝʤʫ 

ʩʦʦʪʥʦʰʝʥʠʶ: 
2

0 2a a a V .    (1.61) 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʦʪʥʦʰʝʥʠʷ (1.60)ï(1.61), 

ʦʧʠʩʘʥʳ ʨʘʥʝʝ ʚ ʧʫʥʢʪʝ 2. 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʧʨʦʚʝʨʢʠ 

 

1. ʄʝʭʘʥʠʢʘ ʠ ʝʸ ʨʘʟʜʝʣʳ. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ: ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 

ʧʝʨʝʤʝʱʝʥʠʝ, ʧʫʪʴ, ʢʦʦʨʜʠʥʘʪʳ, ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʤʛʥʦʚʝʥʥʘʷ ʠ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʝ, 

ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʠ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʢʦʨʝʥʠʷ, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ. 

2. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʠʭ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

3. ʉʚʷʟʴ ʣʠʥʝʡʥʳʭ (, , ,
n

l a av ) ʠ ʫʛʣʦʚʳʭ(, , ) ʚʝʣʠʯʠʥ. ʇʝʨʠʦʜ ʠ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ. 

4. ʋʨʘʚʥʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

5. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ? 

6. ʏʪʦ ʪʘʢʦʝ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ ʪʚʸʨʜʦʛʦ ʪʝʣʘ? 
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Ä 1.4  ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 1.1 ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚʜʦʣʴ ʦʩʠ ʭ ʠʤʝʝʪ ʚʠʜ x = 2 + t - 0.5t
3
. 

ʅʘʡʪʠ ʢʦʦʨʜʠʥʘʪʫ x1, ʩʢʦʨʦʩʪʴ v1 ʠ ʫʩʢʦʨʝʥʠʝ ʘ1 ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 = 2 ʩ. 

ʈʝʰʝʥʠʝ: 

ʂʦʦʨʜʠʥʘʪʫ ʭ1 ʥʘʡʜʝʤ, ʧʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʯʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ t1:
            

3 3

1 1 1
x 2 t 0.5t ʤ 2 2 0.5 2 ʤ 0ʤ, 

ʊʦ ʝʩʪʴ, ʪʝʣʦ ʯʝʨʝʟ 2ʩ ʦʢʘʞʝʪʩʷ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʝʩʪʴ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʚʨʝʤʝʥʠ: 

3 2dx ʤ
2 t 0.5t 1 1.5t

dt c
. 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 = 2 ʩ:  
    

2 2

1 1

ʤ ʤ ʤ
1 1.5t 1 1.5 2 5

c c c
. 

ɿʥʘʢ ʤʠʥʫʩ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʜʚʠʞʝʪʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʦʭ. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʝʩʪʴ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦ 

ʚʨʝʤʝʥʠ: 

2

2

d ʤ
a 1 1.5t 3t

dt c
. 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 = 2 ʩ:           
2 21 1

ʤ ʤ
a 3t 3 2 6

c c
. 

ɿʥʘʢ ʤʠʥʫʩ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥʦ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʦʭ. 

ʆʪʚʝʪ: 
1

x 0ʤ,  
1

ʤ
5

c
,   

21

ʤ
a 6

c
. 

 

ʇʨʠʤʝʨ 1.2 ɼʚʠʞʝʥʠʷ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ 8ʤ ʟʘʜʘʥʦ ʫʨʘʚʥʝʥʠʝʤ 

2
A B t C t , ʛʜʝ  ʜʫʛʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ, 20A ʤ, 4ʤʩɺ , 23ʤ

ʩ
ʉ . ʅʘʡʪʠ 

ʩʢʦʨʦʩʪʴ, ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ, ʥʦʨʤʘʣʴʥʦʝ ʠ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3t c . 

ʈʝʰʝʥʠʝ: 

ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ ʦʧʠʩʳʚʘʝʪʩʷ çʝʩʪʝʩʪʚʝʥʥʳʤè ʩʧʦʩʦʙʦʤ. ɿʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʫʛʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ , ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʢʘʢ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʵʪʦʡ ʢʦʦʨʜʠʥʘʪʳ 

ʧʦ ʚʨʝʤʝʥʠ: 

                                     2 2
d d

V A B t C t B C t
dt dt

             (1) 

ʇʨʠ 3t c  ʠʤʝʝʤ 4 2 3 3 14
ʤ

V
ʩ

. 

ɺ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʢʦʨʦʩʪʴ ʷʚʣʷʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʝʝ ʟʥʘʢ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥ 

ʧʨʦʪʠʚ ʦʨʪʘ . ɺʝʢʪʦʨ  ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ 

ʜʫʛʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ . 

ʊʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʥʘʡʜʝʤ, ʚʟʷʚ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ: 

2
2 2 6

dV d ʤ
a B C t C

dt dt ʩ
. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʢʪʦʨ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥ ʚ ʪʫʞʝ ʩʪʦʨʦʥʫ, ʯʪʦ ʠ ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʧʨʦʪʠʚ ʦʨʪʘ . 
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ʅʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʩʚʷʟʘʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʠ ʨʘʜʠʫʩʦʤ ʦʢʨʫʞʥʦʩʪʠ 

ʩʦʦʪʥʦʰʝʥʠʝ 

2

n

V
a . ʇʦʜʩʪʘʚʠʤ ʩʶʜʘ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʜʠʫʩʘ ʦʢʨʫʞʥʦʩʪʠ ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠ̫: 
2

2

14
24,5

8
n

ʤ
a

ʩ
. 

ʇʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʷʚʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʚʝʢʪʦʨʦʚ na  ʠ a : na a a. ʄʦʜʫʣʴ 

ʫʩʢʦʨʝʥʠʷ ʨʘʚʝʥ 
2 2

na a a . ʇʦʜʩʪʘʚʠʚ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ na  ʠ a , 

ʧʦʣʫʯʠʤ ʚʝʣʠʯʠʥʫ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ: 

22

2
24,5 6 25,2

ʤ
a

ʩ
. 

ʆʪʚʝʪ: 14
ʤ

V
ʩ

, 
2

6
ʤ

a
ʩ

, 
2

24,5n

ʤ
a

ʩ
, 

2
25,2

ʤ
a

ʩ
. 

 

ʇʨʠʤʝʨ 1.3  ʏʘʩʪʠʮʘ ʜʚʠʞʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ XOY  ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ a , 

ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ y. ʋʨʘʚʥʝʥʠʝ 

ʪʨʘʝʢʪʦʨʠʠ ʠʤʝʝʪ ʚʠʜ 
2

y x x , ʛʜʝ  ʠ  ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ. 

ʈʝʰʝʥʠʝ: 

ʊʨʘʝʢʪʦʨʠʝʡ ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ʧʘʨʘʙʦʣʳ, ʠʟʦʙʨʘʟʠʤ ʝʝ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ʇʦʢʘʞʝʤ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʠ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʥʘʯʘʣʝ 

ʢʦʦʨʜʠʥʘʪ. ʅʘʭʦʜʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ 

2dy dx x dx,   (1) 

ʛʜʝ ,dx dy  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʢʦʦʨʜʠʥʘʪ x  ʠ y . 

ɺʳʨʘʟʠʤ ,dx dy ʯʝʨʝʟ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ: 

,x ydx V dt dy V dt,  (2) 

ʛʜʝ dt  ʜʠʬʬʝʨʝʥʮʠʘʣ ʚʨʝʤʝʥʠ. 

ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ (2) ʨʘʚʝʥʩʪʚʦ (1) ʧʨʠʤʝʪ ʚʠʜ 

2y x xV dt V dt x V dt.        (3)  

ʈʘʟʜʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ (3) ʥʘ dt, ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

2y x xV V x V .     (4) 

ɺ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ, ʪ.ʝ. ʧʨʠ 0x , ʬʦʨʤʫʣʘ (4) ʠʤʝʝʪ ʚʠʜ 

0 0 0 02 0y x x xV V V V .   (5) 

ɼʠʬʬʝʨʝʥʮʠʨʫʝʤ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (4) ʧʦ ʚʨʝʤʝʥʠ 

2 2 2
y x x

x x x

dV d dV dV
V x V V x

dt dt dt dt
.  (6) 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ x
x

dV
a

dt
 ʠ 

y

y

dV
a

dt
, ʛʜʝ ,x ya a  ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʥʘ ʦʩʠ 

ʢʦʦʨʜʠʥʘʪ, ʨʘʚʝʥʩʪʚʦ (6) ʧʨʠʤʝʪ ʚʠʜ: 

2 2y x x xa a V x a .    (8) 

X

Y

V
a
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ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮʳ ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʩʠ OY, ʧʦɻ ʪʦʤʫ 
0 0cos90 0, cos0x ya a a a a. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ, ʘ ʪʘʢʞʝ ʧʨʠ 0x , ʧʦʩʣʝʜʥʝʝ 

ʨʘʚʝʥʩʪʚʦ ʫʧʨʦʱʘʝʪʩʷ 

02 xa V .      (9) 

ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʥʘʭʦʜʠʤ ʧʨʦʝʢʮʠʶ 0xV  ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʴ xʚ ʥʘʯʘʣʝ 

ʢʦʦʨʜʠʥʘʪ  

0
2

x

a
V .      (10) 

ʋʯʠʪʳʚʘʷ ʧʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʠʟ ʨʘʚʝʥʩʪʚʘ (5) ʥʘʭʦʜʠʤ ʧʨʦʝʢʮʠʶ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ 

ʦʩʴ y  ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ: 

                                                     
0 0

2
y x

a
V V .                    (11) 

ɼʣʠʥʘ ʚʝʢʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʯʝʨʝʟ ʝʛʦ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʧʦ ʬʦʨʤʫʣʝ 

2 2

0 0 0x xV V V . ɿʥʘʷ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ (ʩʤ. (10), (11)), ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ: 
2 2

2 2 2

0 0 0 1
2 2 2

x x

a a a
V V V . 

ʆʪʚʝʪ:  2

0 1
2

a
V . 

 

ʇʨʠʤʝʨ 1.4  ʊʝʣʦ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʧʦ ʟʘʢʦʥʫ 2CtBtA ʛʜʝ A = 10 ʨʘʜ, B 

= 20 ʨʘʜ/ʩ, ʉ = 2 ʨʘʜ/ʩ
2
. ʅʘʡʪʠ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r = 0,1 ʤ 

ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t = 4 ʩ. 

ʈʝʰʝʥʠʝ: 

ʇʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ a
C

 ʪʦʯʢʠ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʢʨʠʚʦʡ ʣʠʥʠʠ, ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥʦ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ a
C

 

, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ, ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

na
C
, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢ ʮʝʥʪʨʫ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩ. 1): 

ʊʘʢ ʢʘʢ ʚʝʢʪʦʨʳ a
C

   ʠ na
C

 ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ, ʪʦ ʘʙʩʦʣʶʪʥʘʷ 

ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ 

                                   
22
naaa                                                           (1) 

ʊʘʥʛʝʥʮʠʘʣʴʥʦʝ ʠ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʬʦʨʤʫʣʘʤʠ: 

a
C

= r ,    na
C

 = r2
, 

ʛʜʝ ð ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ; na
C
ð ʝʛʦ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ. ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ a  ʠ 

na
C

 ʚ ʬʦʨʤʫʣʫ (1), ʥʘʭʦʜʠʤ 

422422 rrra .    (2) 

ʋʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ  ʥʘʡʜʝʤ, ʚʟʷʚ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʦ ʚʨʝʤʝʥʠ: 

CtB
dt

d
2 . 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 4ʩ     ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ     = [20 + 2 (ð2) 4] ʨʘʜ/ʩ = 4 ʨʘʜ/ʩ. 

ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʥʘʡʜʝʤ, ʚʟʷʚ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ: 

ʈʠʩ. 1 



 20 

2ʨʘʜ/ʩ4C2
dt

d
 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʥʝ ʩʦʜʝʨʞʠʪ ʚʨʝʤʝʥʠ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦ. 

ʇʦʜʩʪʘʚʣʷʷ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  ʠ  ʠ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ r ʚ ʬʦʨʤʫʣʫ (2), ʧʦʣʫʯʠʤ 

2242 ʤ/ʩ 65,1ʤ/ʩ4)4(1,0a  

ʆʪʚʝʪ:  
2

ʤ
a 1,65

ʩ
. 

 

ʇʨʠʤʝʨ 1.5   ʇʦ ʰʦʩʩʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 2 16 /V ʤ c ʜʚʠʞʝʪʩʷ ʘʚʪʦʙʫʩ. ʏʝʣʦʚʝʢ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 50a ʤ ʦʪ ʰʦʩʩʝ ʠ 400b ʤ ʦʪ ʘʚʪʦʙʫʩʘ. ɺ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʣʞʝʥ 

ʙʝʞʘʪʴ ʯʝʣʦʚʝʢ, ʯʪʦʙʳ ʦʢʘʟʘʪʴʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʰʦʩʩʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʚʪʦʙʫʩʦʤ, ʝʩʣʠ 

ʦʥ ʤʦʞʝʪ ʙʝʞʘʪʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 4 /V ʤ c? 

ʈʝʰʝʥʠʝ: 

 ɸʚʪʦʙʫʩ ʠ ʯʝʣʦʚʝʢ ʩʦʚʝʨʰʘʶʪ ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʷ 

ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ ʘʚʪʦʙʫʩʘ ʠ ʯʝʣʦʚʝʢʘ. 

ʀʟʦʙʨʘʟʠʤ ʨʠʩʫʥʦʢ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɺ 

ʢʘʯʝʩʪʚʝ K  ʩʠʩʪʝʤʳ ʚʳʙʝʨʝʤ ʩʠʩʪʝʤʫ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʘ K  

ʩʠʩʪʝʤʫ ʟʘʢʨʝʧʠʤ ʩ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʦʡ 

ʘʚʪʦʙʫʩʘ. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʘʚʪʦʙʫʩ 

ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ ʪʝʣʦʤ, ʘ ʯʝʣʦʚʝʢ 

ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 12V . ʇʨʠʯʝʤ, ʝʩʣʠ 

ʯʝʣʦʚʝʢ ʭʦʯʝʪ ʚʩʪʨʝʪʠʪʴʩʷ ʩ ʘʚʪʦʙʫʩʦʤ, ʪʦ 

ʝʛʦ ʪʨʘʝʢʪʦʨʠʷ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʘʚʪʦʙʫʩ, ʪ.ʝ. ʦʪ 

ʪʦʯʢʠ B ʢ ʪʦʯʢʝ ɸ. ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʚ 

ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʪʦ ʚʝʢʪʦʨ ʚʳʙʨʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʯʝʣʦʚʝʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʚʪʦʙʫʩʘ 12V  ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʦʪ ʪʦʯʢʠ B ʢ ɸ. 

ʀʟʦʙʨʘʟʠʤ ʚʝʢʪʦʨ 12V  ʥʘ ʨʠʩʫʥʢʝ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʳ (1.43) ʩʢʦʨʦʩʪʴ ʯʝʣʦʚʝʢʘ 1V  ʠ 12V  ʚ K  

ʠ K  ʩʠʩʪʝʤʘʭ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

1 12 2V V V       (1) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʯʝʣʦʚʝʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ 1V  ʜʦʣʞʝʥ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʪʘʢ, ʯʪʦʙʳ ʩʫʤʤʘ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʚʪʦʙʫʩʘ 12V  ʠ 

ʘʚʪʦʙʫʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ 2V , ʨʘʚʥʷʣʘʩʴ ʙʳ ʚʝʢʪʦʨʫ 1V . 

ʉʣʦʞʠʤ ʚʝʢʪʦʨʳ 12V  ʠ 2V  ʧʦ ʧʨʘʚʠʣʫ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʦʣʫʯʠʤ ʚʝʢʪʦʨ 1V. ʆʙʦʟʥʘʯʠʤ ʫʛʦʣ 

ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ 1V  ʠ ʦʪʨʝʟʢʦʤ ɸɺ ʯʝʨʝʟ . ɺʳʙʝʨʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ. ʀʩʧʦʣʴʟʫʷ ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʚʝʢʪʦʨʥʳʭ ʨʘʚʝʥʩʪʚ, ʟʘʧʠʰʝʤ ʨʘʚʝʥʩʪʚʦ ʜʣʷ ʧʨʦʝʢʮʠʡ 

ʚʝʢʪʦʨʦʚ 1V , 12V  ʠ 2V  ʥʘ ʦʩʴ OY, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ: 

                     2
1 12 2 1 2

1

sin 0 sin sin siny y y

V
V V V V V

V
.                   (2) 

ʀʟ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺʉ ʥʘʭʦʜʠʤ sin :     sin
a

b
.             (3) 

1V2V

12V

ʘ

ʉ

b

2VA

B

X

Y
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ɿʘʤʝʥʠʚ sin  ʚ ʬʦʨʤʫʣʝ (2) ʚʳʨʘʞʝʥʠʝʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (3), ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʯʝʣʦʚʝʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʟʝʤʣʠ ʠ ʦʪʨʝʟʢʦʤ ɸɺ: 

                                             2 2

1 1

sin arcsin
V Va a

V b V b
.                      (4) 

ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʬʦʨʤʫʣʫ (4), ʧʦʣʫʯʠʤ ʚʝʣʠʯʠʥʫ ʫʛʣʘ : 

016 50 1
arcsin arcsin 30

4 400 2 6
ʨʘʜ . 

ʆʪʚʝʪ:  ʏʝʣʦʚʝʢ ʜʦʣʞʝʥ ʙʝʞʘʪʴ ʧʦʜ ʫʛʣʦʤ 30
0 
ʢ ʦʪʨʝʟʢʫ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʝʛʦ ʥʘʯʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʘʚʪʦʙʫʩʘ.  

 

ʇʨʠʤʝʨ 1.6  ɼʚʘ ʪʝʣʘ ʙʨʦʰʝʥʳ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʠʟ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʠ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ c/ʤ6,19V0  ʩ ʧʨʦʤʝʞʫʪʢʦʤ ʚʨʝʤʝʥʠ c5,0t . ʏʝʨʝʟ ʢʘʢʦʝ ʚʨʝʤʷ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʚʪʦʨʦʛʦ ʪʝʣʘ ʠ ʥʘ ʢʘʢʦʡ ʚʳʩʦʪʝ ʚʩʪʨʝʪʷʪʩʷ ʪʝʣʘ? 

                                                        ʈʝʰʝʥʠʝ: 

 ɺʳʙʝʨʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʪʘʢ, ʯʪʦʙʳ ʦʩʴ OY ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʚʝʨʭ, ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʩʦʚʤʝʩʪʠʤ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ. ʂʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ 

ʙʨʦʩʘʥʠʷ ʦʙʦʟʥʘʯʠʤ H. ʀʟʦʙʨʘʟʠʤ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʳ ʥʘʯʘʣʥɹʦʡ 

ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ɺʦʟʴʤʝʤ ʜʚʘ ʩʝʢʫʥʜʦʤʝʨʘ, ʧʝʨʚʳʡ 

ʩʝʢʫʥʜʦʤʝʨ ʚʢʣʶʯʠʤ ʚ ʤʦʤʝʥʪ ʙʨʦʩʢʘ ʧʝʨʚʦʛʦ ʪʝʣʘ, ʚʪʦʨʦʡ ʩʝʢʫʥʜʦʤʝʨ ð ʚ 

ʤʦʤʝʥʪ ʙʨʦʩʢʘ ʚʪʦʨʦʛʦ ʪʝʣʘ. ʇʦʢʘʟʘʥʠʷ ʧʝʨʚʦʛʦ ʩʝʢʫʥʜʦʤʝʨʘ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 1t , ʘ 

ʚʪʦʨʦʛʦ ð ʯʝʨʝʟ 2t . ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʚʳʙʨʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ:  
2 2
1 2

1 1 0 1 2 2 0 2( ) ; ( )
2 2

gt gt
y t H V t y t H V t  

ʇʨʠʚʝʜʝʤ ʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ 

ʤʦʤʝʥʪ ʚʩʪʨʝʯʠ ʧʦ ʚʪʦʨʦʤʫ ʩʝʢʫʥʜʦʤʝʨʫ. ʇʦʵʪʦʤʫ ʚ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʪʝʣʘ ʚʤʝʩʪʦ 

1t  ʧʦʜʩʪʘʚʠʤ ttt 21 , ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ: 

2 2
2 2

1 2 0 2 2 2 0 2

( )
( ) ( ) ; ( )

2 2

g t t gt
y t H V t t y t H V t  

ɺ ʤʦʤʝʥʪ ʚʩʪʨʝʯʠ ʢʦʦʨʜʠʥʘʪʳ ʪʝʣ ʩʦʚʧʘʜʘʶʪ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʨʘʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʪʝʣ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʘ ʚʩʪʨʝʯʠ: 

                                
2 2

2 2
1 2 2 2 0 2 0 2

( )
( ) ( ) ( )

2 2

g t t gt
y t y t H V t t H V t . 

ʈʝʰʠʚ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʥʘʭʦʜʠʤ ʚʨʝʤʷ ʚʩʪʨʝʯʠ: 

0
2

19,6 0,5
1,75

2 9,8 2

V t
t ʩ

g
. 

ɿʥʘʷ ʚʨʝʤʷ ʚʩʪʨʝʯʠ, ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʪʦʨʦʛʦ ʪʝʣʘ ʥʘʭʦʜʠʤ ʢʦʦʨʜʠʥʘʪʫ ʚʩʪʨʝʯʠ: 

2

2

9,8 1,75
(1,75) 19,6 1,75 19,3

2
y H H . 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʚʩʪʨʝʯʠ ʪʝʣ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʩʦʪʝ 19,3 ʤ ʚʳʰʝ ʪʦʯʢʠ 

ʙʨʦʩʘʥʠʷ ʪʝʣ. 

ʆʪʚʝʪ: 2 1,75t c , ( 19,3)h H ʤ. 

0V

g

Y

O

H
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ʇʨʠʤʝʨ 1.7  ʈʘʜʠʫʩïʚʝʢʪʦʨ ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦ ʟʘʢʦʥʫ: 
2( ) 3 2 1r t t i tj k , ʛʜʝ , ,i j k  ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ.  

ʅʘʡʪʠ:   ʘ) ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ V  ʠ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʘ ʯʘʩʪʠʮʳ;   ʙ) ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ V  ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1t c;   ʚ) ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘ ʚʨʝʤʷ 1t c,  ʛ) ʫʨʘʚʥʝʥʠʝ 

ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ;  ʜ) ʚʝʣʠʯʠʥʫ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 10t c  ʝ)  ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  ʜʣʠʥʳ ʧʫʪʠ S , 

ʧʨʦʡʜʝʥʥʦʛʦ ʯʘʩʪʠʮʝʡ ʟʘ 11ïʁ  ʩʝʢʫʥʜʫ ʜʚʠʞʝʥʠʷ. 

ʈʝʰʝʥʠʝ: 

 ʘ) ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʳʤ ʫʨʘʚʥʝʥʠʝʤ. ʅʘʡʜʝʤ ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʢʘʢ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʨʘʜʠʫʩïʚʝʢʪʦʨʘ ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ ʧʦ ʚʨʝʤʝʥʠ (ʩʤ. 1.4): 

                             2( )
(3 2 1 ) 6 2 0 6 2

dr t d
V t i tj k ti j k ti j

dt dt
.                               (1) 

ʀʟ ʜʘʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʴ OZ ʨʘʚʥʘ ʥʫʣʶ 

0zV , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʠʮʘ ʜʚʠʞʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ XOY. 

ɺʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʥʘʭʦʜʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ 

ʚʨʝʤʝʥʠ: 

                                             (6 2 ) 6 0 6
dV d

a ti j i j i
dt dt

.                      (2) 

ʀʟ ʜʘʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚʠʜʥʦ, ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʠʤʝʝʪ ʥʝʥʫʣʝʚʫʶ ʧʨʦʝʢʮʠʶ ʪʦʣʴʢʦ ʧʦ 

ʦʩʠ OX, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʧʨʦʝʢʮʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. ɼʝʣʘʝʤ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʠʮʘ 

ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʦ ʦʩʠ OX. 

ʙ) ɺ ʥʘʰʝʡ ʟʘʜʘʯʝ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʨʘʚʥʳ (ʩʤ. 1): 

6 , 2, 0x y zV t V V . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 1t c  

ʠʩʧʦʣʴʟʫʝʤ ʩʦʦʪʥʦʰʝʥʠʝ (1.12): 

                                2 2 2 2 2 2 2(6 ) 2 0 36 4x y zV V V V t t .                    (3) 

ʇʨʠ 1t c  ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ 236 1 4 2 10ʤV
ʩ

. 

ʚ) ɼʣʷ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ: 

( ) ( ) (0)r t r t r ,      (4) 

ʛʜʝ ( ), (0)r t r  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʜʠʫʩïʚʝʢʪʦʨʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. 

ʇʨʠ 0t  ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʚʝʥ 
2(0) 3 0 2 0 1 1r i j k k .    (5) 

ʅʘʭʦʜʠʤ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ r : 

                                           2 2( ) (3 2 1 ) (1 ) 3 2r t t i tj k k t i tj .                     (6) 

ʇʨʠ 1t ʩ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʚʝʥ 

2(1) 3 1 2 1 3 2r i j i j .     (7) 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

2 2 2 2 2 23 2 0 13x y zr r r r ʤ.   (8) 

ʛ) ʀʟ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 
23 2 1r t t i tj k  ʥʘʭʦʜʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʯʘʩʪʠʮʳ ʦʪ 

ʚʨʝʤʝʥʠ: 
2( ) 3 , ( ) 2 , ( ) 1x t t y t t z t .    (9) 
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ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʪʨʘʝʢʪʦʨʠʶ, ʟʘʜʘʥʥʫʶ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʠʜʝ. ɺʳʨʘʟʠʚ 

ʚʨʝʤʷ ʠʟ ʚʪʦʨʦʛʦ ʨʘʚʝʥʩʪʚʘ, ʠ, ʧʦʜʩʪʘʚʠʚ ʚ ʧʝʨʚʦʝ ʨʘʚʝʥʩʪʚʦ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʚ 

ʷʚʥʦʤ ʚʠʜʝ: 
2

23
3 , 1

2 4

y
x y z .     (10) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʝʡ ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ ʧʘʨʘʙʦʣʘ, ʣʝʞʘʱʘʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ XOY ʠ ʧʝʨʝʩʝʢʘʶʱʝʡ ʦʩʴ OZ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ 1z . 

ʜ) ɺ ʥʘʯʘʣʝ ʦʧʨʝʜʝʣʠʤ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ V  ʠ ʚʝʢʪʦʨʦʤ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

ʯʘʩʪʠʮʳ ʧʦ ʬʦʨʤʫʣʝ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ): 

2 2 2 2 2 2
cos

x x y y z z x x y y z z

x y z x y z

V a V a V a V a V a V a

V a V V V a a a
.   (11) 

ɼʣʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʠʤʝʝʤ ʨʘʚʝʥʩʪʚʦ: 

2 2 2
cos

x x y y z z

x y z

V a V a V a
a a

V V V
.    (12) 

C ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 6 , 2, 0x y zV t V V  ʠ 6, 0, 0x y za a a , ʨʘʚʝʥʩʪʚʦ (12) ʧʨʠʤʝʪ 

ʚʠʜ 

                                                       
2 2 2 2

6 6 2 0 0 0 36

(6 ) 2 0 36 4

t t
a

t t
.                  (13) 

ʇʨʠ 10t c  ʚʝʣʠʯʠʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʨʘʚʥʘ: 

22

36 10
6

36 10 4

ʤ
a

ʩ
.     (14) 

ʝ) ʇʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʛʦ ʯʘʩʪʠʮʝʡ ʟʘ 11ïʁ  ʩʝʢʫʥʜʫ ʤʦʞʥʦ ʥʘʡʪʠ ʢʘʢ 

ʜʣʠʥʫ ʦʪʨʝʟʢʘ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʥʘ ʥʘʭʦʜʠʤ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 1 10t cʠ 2 11t c . 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 1 1 1, ,x y z ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʨʠ 1 10t c, ʘ 2 2 2, ,x y z  ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ 

ʧʨʠ 2 11t c, ʪʦʛʜʘ ʜʣʷ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʠʤʝʝʤ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʘʚʝʥʩʪʚʦ: 

2 2 2
2 1 2 1 2 1( ) ( ) ( )L x x y y z z .    (15) 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘʭʦʜʠʤ ʢʦʦʨʜʠʥʘʪʳ (1 1 1, ,x y z ), ( 2 2 2, ,x y z ), ʠ, ʧʦʜʩʪʘʚʠʚ ʠʭ ʚ 

ʩʦʦʪʥʦʰʝʥʠʝ (15), ʙʫʜʝʤ ʠʤʝʪʴ: 

    2 2 2 2 2 2 2 2 2
2 1 2 1(3 3 ) (2 2 ) (1 1) (3 11 3 10 ) (2 11 2 10) 63L t t t t ʤ.  (16) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʜʣʷ ʧʣʦʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ ʤʦʞʥʦ 

ʥʘʡʪʠ ʠʟ ʠʟʚʝʩʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ: 

2

1

2

1

x

x

dy
L dx

dx
,      (17) 

ʛʜʝ 2 1,x x ʘʙʩʮʠʩʩʘ ʢʦʥʝʯʥʦʡ ʠ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
dy

dx
 - ʧʨʦʠʟʚʦʜʥʘʷ, 

ʚʳʯʠʩʣʷʝʤʘʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ. 

ʆʪʚʝʪ:      ʘ) 6 2V ti j , 6a i ;  ʙ)  2 10ʤV
ʩ
; ʚ) 13r ʤ;  

             ʛ) 
23
, 1

4
x y z ;  ʜ) 

2
6
ʤ

a
ʩ
;  ʝ) 63L ʤ. 

 



 24 

ʇʨʠʤʝʨ 1.8  ʊʝʣʦ, ʙʨʦʰʝʥʦ ʩ ʙʘʣʢʦʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 0 10ʤʩV . 

ɺʳʩʦʪʘ ʙʘʣʢʦʥʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ 12,5h ʤ. ʅʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʧʫʪʝʚʫʶ ʩʢʦʨʦʩʪʴ V  ʜʚʠʞʝʥʠʷ ʪʝʣʘ  ʩ 

ʤʦʤʝʥʪʘ ʙʨʦʩʘʥʠʷ ʜʦ ʤʦʤʝʥʪʘ ʧʘʜʝʥʠʷ ʥʘ ʟʝʤʣʶ. 

ʈʝʰʝʥʠʝ: 

ʇʨʝʥʝʙʨʝʛʘʝʤ ʨʘʟʤʝʨʘʤʠ ʪʝʣʘ, ʪ.ʝ. ʝʛʦ ʜʚʠʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʟʴʤʝʤ ʦʩʴ OY ʠ ʥʘʧʨʘʚʠʤ ʝʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʥʘʯʘʣʦ 

ʦʪʩʯʝʪʘ (ʪʦʯʢʘ ʆ) ʚʳʙʝʨʝʤ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʧʠʰʝʤ ʦʙʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʢʦʦʨʜʠʥʘʪ y  

ʦʪ ʚʨʝʤʝʥʠ: 

                                                    
2

0 0( )
2

y
y

g t
y t y V t .            (1) 

ʀʟ ʨʠʩʫʥʢʘ ʦʧʨʝʜʝʣʷʝʤ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

                                    0 0
0 0 0 0; cos0 ; cos180y yy h V V V g g g.                    (2) 

ʉ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (2) ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʪ ʚʠʜ 

                                               
2

2
0( ) 12,5 10 5

2

gt
y t h V t t t .         (3) 

ʆʧʨʝʜʝʣʠʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʫ y  ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʚʚʝʨʭ ʧʦ ʦʩʠ OY, ʜʣʷ ʵʪʦʛʦ 

ʥʘʡʜʝʤ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ (3), ʠ, ʧʨʠʨʘʚʥʷʚ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢ 

ʥʫʣʶ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

0 0V gt .      (4) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (4), ʥʘʭʦʜʠʤ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʪʝʣʦ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ 

ʧʦʜʲʝʤʘ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʦʨʜʠʥʘʪʫ maxy  

                                   

2

0
2

0 0 0
max 0

2 2

V
g

gV V V
y y h V h

g g g
.          (5) 

ʅʘʡʜʝʤ ʚʨʝʤʷ ʧʦʣʝʪʘ ʪʝʣʘ 1t , ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʧʨʠʟʝʤʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪʘ y  ʪʦʯʢʠ ʨʘʚʥʘ ʥʫʣʶ: 

                                                 
2

1
1 0 1( ) 0 0

2

gt
y t h V t .                      (6) 

ʈʝʰʠʤ ʧʦʣʫʯʝʥʥʦʝ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (6), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʢʦʨʥʠ: 

                                       
2 2

0 0 0 0
1 1

2 2
,

V V gh V V gh
t t

g g
.         (7) 

ɺʪʦʨʦʡ ʢʦʨʝʥʴ  ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ, ʧʦʪʦʤʫ ʯʪʦ ʝʛʦ ʚʝʣʠʯʠʥʘ 

ʦʪʨʠʮʘʪʝʣʥɹʘʷ ( ). ʀʤʝʝʤ ʚʨʝʤʷ ʧʦʣʝʪʳ ʪʝʣʘ:  

.     (8) 

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʧʫʪʝʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʚʥʘ: 

,      (9) 


