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ПОЧЕМУ НЕОБХОДИМО ПЕРЕПИСАТЬ 
УЧЕБНИКИ ПО КЛАССИЧЕСКОЙ МЕХАНИКЕ 

Шипов Г.И.  

Введение 

   ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʪʦʡ çʣʘʢʤʫʩʦʚʦʡ ʙʫʤʘʞʢʦʡè, ʢʦʪʦʨʘʷ 
ʦʧʨʝʜʝʣʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʩʪʴ ʥʦʚʦʡ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ʂʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʧʦʷʚʣʷʣʘʩʴ 
ʥʦʚʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʪʦ ʦʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʦʙʱʘʣʘ ʦʩʥʦʚʳ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. ʊʘʢ ʙʳʣʦ ʫʞʝ ʪʨʠ ʨʘʟʘ: ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. 

     ʆʩʦʙʳʡ ʩʪʘʪʫʩ ʧʨʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʙʦʙʱʝʥʠʷʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠʤʝʶʪ 
ʠʟʤʝʥʝʥʠʷ ʥʘʰʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ 
ʩʢʦʨʦʩʪʝʡ )1/( �d�F�Y  ʚ ʉʊʆ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʢʘʟʘʣʦʩʴ ʯʝʪʳʨʝʭʤʝʨʥʳʤ, ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ 
ʠ ʫʩʢʦʨʝʥʠʷʭ ʚ ʆʊʆ  ʦʥʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʚʜʦʙʘʚʦʢ,  ʠʩʢʨʠʚʣʝʥʥʳʤ, ʘ ʚ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ 
ʧʦʷʚʠʣʦʩʴ ʛʠʣʴʙʝʨʪʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʷʥʠʡ. ɽʩʣʠ ʪʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ, 
ʧʦʚʩʝʜʥʝʚʥʦ ʦʱʫʱʘʝʤʳʝ ʢʘʞʜʳʤ ʠʟ ʥʘʩ,  ʢʘʢ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ  ʧʨʦʟʨʘʯʥʳ   ʜʣʷ 
çʯʝʣʦʚʝʢʘ ʩ ʫʣʠʮʳè, ʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʠʟʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʛʠʣʴʙʝʨʪʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʜʦʩʪʘʪʦʯʥʦ ʘʙʩʪʨʘʢʪʥʦ ʜʘʞʝ ʜʣʷ ʬʠʟʠʢʘ ʩ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʦ ʵʪʦʤʫ 
ʧʦʚʦʜʫ ʩʨʝʜʠ ʬʠʟʠʢʦʚ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʪʦʯʢʠ ʟʨʝʥʠʷ:  

1)��ʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʥʝʧʦʣʥʘ ʠ ʠʟ-ʟʘ ʵʪʦʛʦ ʚ ʥʝʡ ʧʦʪʝʨʷʥʦ ʦʙʨʘʟʥʦʝ, (ʪ.ʝ.  ʬʠʟʠʯʝʩʢʦʝ) 
ʤʳʰʣʝʥʠʝ (ɸ.ʕʡʥʰʪʝʡʥ ʠ ʝʛʦ ʩʪʦʨʦʥʥʠʢʠ, ʢʦʪʦʨʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ 
ʤʝʥʴʰʠʥʩʪʚʦ). 

2)��ʆʙʳʯʥʦʝ çʢʣʘʩʩʠʯʝʩʢʦʝè ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʘʪʝʨʠʠ (ʪ.ʝ. ʦʙʨʘʟʥʦʝ ʤʳʰʣʝʥʠʝ) ʚ 
ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ, ʘ ʧʦʥʠʤʘʪʴ ʢʚʘʥʪʦʚʫʶ ʪʝʦʨʠʶ ʥʝʦʙʷʟʘʪʝʣʴʥʦ (ʅ.ɹʦʨ ʠ 
ʢʦʧʝʥʛʘʛʝʥʩʢʘʷ ʰʢʦʣʘ, ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ  ʬʠʟʠʢʝ). 

   ʗ ʧʨʠʜʝʨʞʠʚʘʶʩʴ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ,  ʥʦ ʩʯʠʪʘʶ, ʯʪʦ ʧʨʦʙʣʝʤʘ 
çʥʝʧʦʥʠʤʘʥʠʷè ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʩʚʷʟʘʥʘ ʩ ʥʝʧʦʣʥʦʪʦʡ  ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʤʝʭʘʥʠʢʠ.  ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʚʢʣʷʯʘʝʪ ʚ ʩʝʙʷ: 1) ʤʝʭʘʥʠʢʫ 
ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ,  3 ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʦʡ ʠʥʚʘʨʠʘʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɻʘʣʠʣʝʷ-ʅʴʶʪʦʥʘ (ʤʝʭʘʥʠʢʫ ʅʴʶʪʦʥʘ); 2) ʤʝʭʘʥʠʢʫ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ 
ʪʝʣʘ (ʤʝʭʘʥʠʢʫ ʅʴʶʪʦʥʘ-ʕʡʣʝʨʘ), 6 ʫʨʘʚʥʝʥʠʡ ʢʦʪʦʨʦʡ  ʪʘʢ ʞʝ ʠʥʚʘʨʠʘʥʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɻʘʣʠʣʝʷ-ʅʴʶʪʦʥʘ.   ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʨʘʙʦʪ ɻʘʣʠʣʝʷ ʠ ɼʝʢʘʨʪʘ, 
ʢʘʩʘʶʱʠʭʩʷ ʦʩʥʦʚ ʤʝʭʘʥʠʢʠ,  ʀ.ʅʴʶʪʦʥ, ʚ ʩʚʦʝʡ ʟʥʘʤʝʥʠʪʦʡ ʨʘʙʦʪʝ [1],  ʜʘʝʪ ʩʣʦʚʝʩʥʫʶ 
ʬʦʨʤʫʣʠʨʦʚʢʫ   ʪʨʝʭ  ʟʘʢʦʥʦʚ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ.  ʆʜʥʘʢʦ,  ʠʟʚʝʩʪʥʳʡ ʥʘʤ ʘʥʘʣʠʪʠʯʝʩʢʠʡ 
ʘʧʧʘʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ ʦ ʜʚʠʞʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ  ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʠʣʳ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʃ.ʕʡʣʝʨʦʤ [2].  ʕʡʣʝʨ ʙʳʣ ʤʘʪʝʤʘʪʠʢ ʠ ʝʛʦ 
ʦʩʦʙʦ ʥʝ ʠʥʪʝʨʝʩʦʚʘʣʠ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ  ʦʩʥʦʚ ʤʝʭʘʥʠʢʠ, ʧʨʠ  ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ 
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ʜʚʠʞʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʭʦʪʷ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʦʯʝʚʠʜʥʳ ʜʣʷ ʬʠʟʠʢʘ.  ɺʦ-
ʧʝʨʚʳʭ, ʚʨʘʱʘʶʱʝʝʩʷ ʪʚʝʨʜʦʝ ʪʝʣʦ ʠʤʝʝʪ 6 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʝʛʦ ʜʚʠʞʝʥʠʝ 
ʦʧʠʩʳʚʘʝʪʩʷ  ʰʝʩʪʴʶ ʢʦʦʨʜʠʥʘʪʘʤʠ:  ʪʨʝʤʷ ʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ  �]�\�[ ,,  ʠ ʪʨʝʤʷ ʫʛʣʦʚʳʤʠ 

.,, �T�\�M  ɺʦ-ʚʪʦʨʳʭ, ʠʟʚʝʩʪʥʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 3D ʛʠʨʦʩʢʦʧʘ, ʪʘʢʠʝ ʢʘʢ 
ʧʨʝʮʝʩʩʠʷ ʠ ʥʫʪʘʮʠʷ (ʪ.ʝ. ʧʨʝʮʝʩʩʠʷ ʩʚʦʙʦʜʥʦʛʦ ʛʠʨʦʩʢʦʧʘ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʚʝʩʦʤʦʩʪʠ), 
ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʚʳʚʦʜʷʪ ʥʘʩ ʟʘ ʨʘʤʢʠ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ. ɺʦʪ ʯʪʦ ʧʠʰʝʪ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ 
ʠʟʚʝʩʪʥʳʡ ʫʯʝʥʳʡ ʧʦ ʪʝʦʨʠʠ ʛʠʨʦʩʢʦʧʦʚ ʂ.ʄʘʛʥʫʩ [6]: çʏʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʧʦʚʝʜʝʥʠʝ 
ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ, ʯʘʩʪʦ ʧʨʦʚʦʜʷʪ ʘʥʘʣʦʛʠʶ ʤʝʞʜʫ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʪʝʣʘ ʠ 
ʜʚʠʞʝʥʠʝʤ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ (ʪ.ʝ. ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ (ʧʨʠʤ. ʘʚʪʦʨʘ)). ʆʜʥʘʢʦ ʵʪʘ 
ʘʥʘʣʦʛʠʷ ʚ ʪʝʦʨʠʠ ʛʠʨʦʩʢʦʧʘ ʩʢʦʨʝʝ ʚʨʝʜʥʘ, ʯʝʤ ʧʦʣʝʟʥʘ, ʪʘʢ ʢʘʢ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʦʥʘ 
ʩʧʨʘʚʝʜʣʠʚʘ, ʢʦʥʯʘʝʪʩʷ ʢʘʢ ʨʘʟ ʪʘʤ, ʛʜʝ ʥʘʯʠʥʘʶʪʩʷ ʪʠʧʠʯʥʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷè. 
ɽʤʫ ʚʪʦʨʠʪ ʜʨʫʛʦʡ ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʪʝʦʨʠʠ ʛʠʨʦʩʢʦʧʦʚ ʈ.ɻʨʘʤʤʝʣʴ [7]: "ɸʥʠʟʦʪʨʦʧʠʷ 
ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʧʦʨʦʞʜʘʝʤʘʷ ʝʛʦ ʚʨʘʱʝʥʠʝʤ", ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʘ ʚ ʤʝʭʘʥʠʢʝ ʤʘʪʝʨʠʘʣʴʥʦʡ 
ʪʦʯʢʠ (ʪ.ʝ. ʤʝʭʘʥʠʢʝ ʅʴʶʪʦʥʘ (ʧʨʠʤ. ʘʚʪʦʨʘ)). ɽʩʣʠ ʥʘʥʝʩʪʠ ʫʜʘʨ ʧʦ ʧʦʢʦʷʱʝʡʩʷ 
ʤʘʪʝʨʠʘʣʴʥʦʡ ʯʘʩʪʠʮʝ, ʦʥʘ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʀ, 
ʥʘʧʨʦʪʠʚ, ʩʦʚʩʝʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʨʠʣʦʞʝʥʠʝ ʢ ʧʦʢʦʷʱʝʤʫʩʷ ʪʝʣʫ ʫʜʘʨʥʦʛʦ 
ʤʦʤʝʥʪʘ ʚʳʟʚʘʣʦ ʚʨʘʱʝʥʠʝ ʪʝʣʘ ʠʤʝʥʥʦ ʚʦʢʨʫʛ ʪʦʡ ʦʩʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʜʝʡʩʪʚʦʚʘʣ 
ʤʦʤʝʥʪè.   ɺ-ʪʨʝʪʴʠʭ,  ʧʨʠ ʚʨʘʱʝʥʠʠ ʛʠʨʦʩʢʦʧʘ,  ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʚʥʝʰʥʠʭ ʩʠʣ, ʥʘʙʣʶʜʘʝʪʩʷ 
ʫʩʢʦʨʝʥʥʦʝ ʠʥʝʨʮʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ 
ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʠʥʝʨʮʠʠ (ʧʝʨʚʳʤ ʟʘʢʦʥʦʤ) ʤʝʭʘʥʠʢʠ 
ʅʴʶʪʦʥʘ.  

 

1.��Уравнения Эйлера и проблема движения массы по инерции 

     ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ 30 ʣʝʪ ʧʦʩʣʝ ʨʘʙʦʪʳ [2], ʃ.ʕʡʣʝʨ ʧʫʙʣʠʢʫʝʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 
ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʤʳ ʟʘʧʠʰʝʤ ʢʘʢ  
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ʛʜʝ  ʚ ʫʨʘʚʥʝʥʠʷʭ  (1)                     - ʠʤʧʫʣʴʩ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʣʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʯʝʨʝʟ ʩʫʤʤʫ                  

                  ʠʤʧʫʣʴʩʦʚ             ʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʣʦ,                      - ʧʦʣʥʘʷ ʤʘʩʩʘ ʪʝʣʘ ʠ     

                 - ʩʫʤʤʘ ʚʩʝʭ (ʚʥʝʰʥʠʭ) ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʞʜʫʶ ʠʟ ʯʘʩʪʠʮ.   ɽʩʣʠ 
ʫʩʪʨʝʤʠʪʴ  ʨʘʟʤʝʨʳ ʪʝʣʘ ʢ ʥʫʣʶ, ʪʦ, ʚ ʧʨʝʜʝʣʝ, ʠʟ ʫʨʘʚʥʝʥʠʡ (1) ʩʣʝʜʫʶʪ ʫʨʘʚʥʝʥʠʷ 
ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ. ʇʦʵʪʦʤʫ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠʥʮʠʧ 
ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ɻʘʣʠʣʝʷ-ʅʴʶʪʦʥʘ ʠ ʚʩʝ ʜʨʫʛʠʝ ʟʘʢʦʥʳ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 
(1) ʚʳʧʦʣʥʷʶʪʩʷ, ʘ ʠʤʝʥʥʦ: 
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 1) ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʳʭ ʩʧʨʘʚʝʜʣʠʚʳ ʫʨʘʚʥʝʥʠʷ (1) ʪʨʝʭʤʝʨʥʦ ʠ ʝʚʢʣʠʜʦʚʦ, 
ʦʜʥʦʨʦʜʥʦ ʠ ʠʟʦʪʨʦʧʥʦ,  ʚʨʝʤʷ ʘʙʩʦʣʶʪʥʦ;  

 2) ʫʨʘʚʥʝʥʠʷ  (1) ʠʥʚʘʨʠʘʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 3D ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 
ʢʦʦʨʜʠʥʘʪ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ɻʘʣʠʣʝʷ-ʅʴʶʪʦʥʘ, ʦʙʨʘʟʫʶʱʠʭ ʛʣʦʙʘʣʴʥʫʶ ʛʨʫʧʧʫ 
ʪʨʘʥʩʣʷʮʠʡ          (ʦʜʥʦʨʦʜʥʦʩʪʴ 3D ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʚʘ);  

3)  ʫʨʘʚʥʝʥʠʷ (1) ʠʥʚʘʨʠʘʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 3D ʧʦʚʦʨʦʪʦʚ (ʫʣʳ ʦʪ ʚʨʝʤʝʥʠ ʥʝ ʟʘʚʠʩʷʪ), 
ʦʙʨʘʟʫʶʱʠʭ ʛʣʦʙʘʣʴʥʫʶ ʛʨʫʧʧʫ            (ʠʟʦʪʨʦʧʥʦʩʪʴ 3D ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ); 

4) ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʠʭ ʩʠʣ                              ʠ ʜʣʷ                                    ʠʤʧʫʣʴʩ ʠ ʵʥʝʨʛʠʷ   

    ʪʝʣʘ    ʚ ʫʨʘʚʥʝʥʠʷʭ (1) ʩʦʭʨʘʥʷʶʪʩʷ.   ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʷ (1)  ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ 
ʤʘʩʩʳ ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʘʢ  
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ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʘʢ 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ (ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ)  
ʧʨʷʤʳʝ ʣʠʥʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ  ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʤʝʭʘʥʠʢʠ 
ʅʴʶʪʦʥʘ: 

�������������������������������������������,��   �P�_�g�l�j���f�Z�k�k���l �_�e�Z���[�_�a���\�j�Z�s�_�g�b�y���^�\�b�`�_�l�k�y���i�j�y�f�h�e�b�g�_�c�g�h���b���j�Z�\�g�h�f�_�j�g�h���±���i�h������
�b�g�_�j�p�b�b�����_�k�e�b���g�Z���g�_�]�h�������g�_���^�_�c�k�l�\�m�x�l���\�g�_�r�g�b�_���k�b�e�u����

     ʋʨʘʚʥʝʥʠʷ (2) ʃ.ʕʡʣʝʨ  ʧʦʣʫʯʘʝʪ, ʦʧʠʨʘʷʩʴ ʥʘ ʫʨʘʚʥʝʥʠʷ (1). ɼʣʷ ʧʨʦʩʪʦʪʳ ʠʟʣʦʞʝʥʠʷ,  
ʤʳ ʚʳʙʝʨʝʤ çʦʩʦʙʫʶ ʪʦʯʢʫè  ʪʝʣʘ ï ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ ʠ ʩʚʷʞʝʤ ʩ ʥʠʤ 3D  ʠʥʝʨʮʠʘʣʴʥʫʶ 
ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ. ɽʩʣʠ ʪʝʣʦ ʚʨʘʱʘʝʪʩʷ, ʪʦ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʘʷ, ʚ 
ʦʙʱʝʤ ʩʣʫʯʘʝ, ʤʦʞʝʪ ʥʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʪʝʣʘ. ɺʨʘʱʝʥʠʝ ʢʘʞʜʦʡ 
ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ        ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ  
ʩʦʟʜʘʝʪ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ                        ʧʦʵʪʦʤʫ ʧʦʣʥʳʡ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʪʝʣʘ ʟʘʧʠʰʝʪʩʷ 
ʢʘʢ 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 
ʦʪʩʯʝʪʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 
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4 

 

 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ (4) ʧʦ ʚʨʝʤʝʥʠ, ʥʘʭʦʜʠʤ 

 

     ʇʝʨʚʳʡ ʯʣʝʥ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (6) ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʤʝʥʪʦʤ ʚʥʝʰʥʠʭ ʩʠʣ (5), ʘ ʚʪʦʨʦʡ ʨʘʚʝʥ 
ʥʫʣʶ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʠ ʠʤʧʫʣʴʩ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ 
ʥʘʧʨʘʚʣʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ (6) ʩʣʝʜʫʶʪ ʫʨʘʚʥʝʥʠʷ (2). ʋʨʘʚʥʝʥʠʷ (6) ʧʦʣʫʯʝʥʳ ʚ 3D 
ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ ʧʨʠʥʮʠʧʘ 
ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ɻʘʣʠʣʝʷ-ʅʴʶʪʦʥʘ, ʦʥʠ ʩʧʨʘʚʝʜʣʠʚʳ ʚʦ ʚʩʝʭ 3D ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 
ʦʪʩʯʝʪ. 

    ɽʩʣʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʡ (2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ (1) ʯʠʩʪʦ 
ʬʦʨʤʘʣʴʥʦ, ʪʦ ʩʦʟʜʘʝʪʩʷ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ (2) ʥʝ ʚʳʚʦʜʷʪ ʥʘʩ ʟʘ ʨʘʤʢʠ 
ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʪʘʢ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ (2) ʤʳ ʚʚʝʣʠ 
ʥʝʷʚʥʳʤ ʦʙʨʘʟʦʤ ʫʛʣʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ ï ʫʛʣʳ ʕʡʣʝʨʘ ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ.  ʇʦʵʪʦʤʫ 
ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2)  ʟʘʜʘʥʘ ʥʘ ʰʝʩʪʠʤʝʨʥʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʝ 
ʚʭʦʜʷʪ ʪʨʠ ʢʦʦʨʜʠʥʘʪ  ʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ                    ʠ ʪʨʠ ʫʛʣʘ ʕʡʣʝʨʘ  

   ɼʝʡʩʪʚʠʪʝʣʴʥʦ,    ʚ ʫʨʘʚʥʝʥʠʷʭ (2)  ʩʢʦʨʦʩʪʴ           ʣʶʙʦʡ ʪʦʯʢʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ 
ʤʦʞʥʦ  ʧʨʝʜʩʪʘʚʠʪʴ ʯʝʨʝʟ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ         ʢʘʢ  

 

ʠ ʟʘʧʠʩʘʪʴ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʚ ʫʨʘʚʥʝʥʠʷʭ (2) ʚ ʚʠʜʝ  

 

 

ɺ ʪʝʥʟʦʨʥʦʤ ʚʠʜʝ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

 

 

ʛʜʝ               

 

- ʪʝʥʟʦʨ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʪʝʣʘ. ɺ ʪʝʥʟʦʨʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʚʨʘʱʘʪʝʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (2) 
ʪʝʧʝʨʴ ʟʘʧʠʰʫʪʩʷ ʢʘʢ 

 

 

        ɺ ʩʣʫʯʘʝ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʫʨʘʚʥʝʥʠʷ (10) ʧʨʠʥʠʤʘʶʪ ʚʠʜ 
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ʠ, ʝʩʣʠ  ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ ʦʪʩʫʪʩʪʚʫʝʪ,    ʪʦ   

 

ʧʨʠ ʵʪʦʤ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ                                     ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ                               

ʩʦʭʨʘʥʷʶʪʩʷ.  

    ɼʘʚʘʡʪʝ ʩʨʘʚʥʠʤ ʫʨʘʚʥʝʥʠʷ (3ʘ) ʠ (12), ʧʦʚʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪ ʩʚʦʙʦʜʥʦʝ 
ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʣʘ, ʘ ʚʪʦʨʦʝ - ʩʚʦʙʦʜʥʦʝ  ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ ʚʦʢʨʫʛ 
ʥʝʢʦʪʦʨʦʡ ʦʩʠ. ʇʝʨʚʦʝ, ʯʪʦ ʙʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ, ʪʘʢ ʵʪʦ ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ çʧʦ ʠʥʝʨʮʠʠè 
ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʣʦ,  ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʝʣʘ ʚʦʢʨʫʛ  ʚʳʙʨʘʥʥʦʡ ʦʩʠ. 
ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʧʨʦʩʪʦʪʳ, ʨʘʩʩʤʦʪʨʠʤ ʚʨʘʱʝʥʠʝ  ʦʜʥʦʨʦʜʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʚʝʨʜʦʛʦ 
ʪʝʣʘ ʚʦʢʨʫʛ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ.  ʋ ʪʘʢʦʛʦ ʪʝʣʘ ʤʦʤʝʥʪ ʚʩʝ ʪʨʠ ʛʣʘʚʥʳʭ 
ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ (9) (ʜʣʷ ʥʠʭ ʛʣʘʚʥʳʝ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʪʝʣʘ ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʷʤʠ ʚʳʙʨʘʥʥʦʡ 
ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ)  ʨʘʚʥʳ 

ʠ ʫʛʣʦʚʦʡ  ʤʦʤʝʥʪ (8) ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

                                                                                     

ʪ.ʝ.  ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʩʦʚʧʘʜʘʝʪ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʨʠ 
ʚʨʘʱʝʥʠʠ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʪʝʣʘ,  ʥʘʧʨʘʚʣʝʥʠʝ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʝ 
ʩʦʚʧʘʜʘʶʪ.  ɺ ʨʘʙʦʪʝ [3] ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 
ʚʳʯʠʩʣʠʪʴ ʠ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʨʘʝʢʪʦʨʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʣʦ,  
ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ (ʛʠʨʦʩʢʦʧʘ) ʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ  
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ            ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ        ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ  

 

ʈʠʩ. 1.  ʄʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ  ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʝ ʪʝʣʦ, ʜʚʠʞʫʪʩʷ ʧʦ  
ʦʢʨʫʞʥʦʩʪʷʤ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ. 

)11(

,0)( � � �E�Z�D�E�D �G�W
�G

�,�/
�G�W
�G )12(

�F�R�Q�V�W�,�/ � � �E�Z�D�E�D �F�R�Q�V�W� �E�Z

�,�,�,�, � � � 321

,�D�Z�D �,�/ � )13(

,�Q
�&

�/
�&

.�Z
�&



 

6 

 

     ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʦ ʩʚʦʙʦʜʥʦʝ ʚʨʘʱʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ,  ʩʬʝʨʠʯʝʩʢʠ     ʩʠʤʤʝʪʨʠʯʥʦʛʦ 
ʪʝʣʘ ʚʦʢʨʫʛ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʩʠ. ʂʦʥʝʮ ʚʝʢʪʦʨʘ,         ʢʦʪʦʨʳʡ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ,  ʩʧʝʮʠʘʣʴʥʦ  
ʚʳʥʝʩʝʥ ʟʘ  ʧʨʝʜʝʣʳ ʪʝʣʘ, ʨʠʩʫʝʪ ʪʨʘʝʢʪʦʨʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʣʦ. 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʜʚʠʞʫʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʷʤ, ʪ.ʝ. ʫʩʢʦʨʝʥʥʦ, ʧʨʠ  
ʵʪʦʤ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʠʥʝʨʮʠʠ���� ���L�Z�d�h�_���b�g�_�j�p�b�Z�e�v�g�h�_���� �� �g�h��
�m�k�d�h�j�_�g�g�h�_�� �^�\�b�`�_�g�b�_�� �g�Z�o�h�^�b�l�k�y�� �\�� �i�j�h�l�b�\�h�j�_�q�b�b�� �k�� �i�j�b�g�p�b�i�h�f�� �b�g�_�j�p�b�b�� �f�_�o�Z�g�b�d�b��
�G�v�x�l�h�g�Z���� �\�� �d�h�l�h�j�h�c�� �^�\�b�`�_�g�b�_�� �i�h�� �b�g�_�j�p�b�b���f�Z�l�_�j�b�Z�e�v�g�u�o�� �l�h�q�_�d���f�h�`�_�l�� �[�u�l�v�� �l�h�e�v�d�h��
�i�j�y�f�h�e�b�g�_�c�g�u�f�� �b�� �j�Z�\�g�h�f�_�j�g�u�f�����W�l�h�� �]�h�\�h�j�b�l�� �h�� �l�h�f���� �q�l�h�� �i�j�b�� �\�j�Z�s�_�g�b�b�� �l�_�e�Z�� �i�j�b�g�p�b�i��
�b�g�_�j�p�b�b���f�_�o�Z�g�b�d�b���G�v�x�l�h�g�Z���i�h�^�e�_�`�b�l���h�[�h�[�s�_�g�b�x����

2.��Траектории точек тела  при его  вращении по инерции 

       ʂʦʛʜʘ ʷ ʥʘ ʣʝʢʮʠʷʭ ʨʘʩʢʘʟʳʚʘʣ ʦʙ ʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦ ʠʥʝʨʮʠʠ, ʪʦ ʥʝʢʦʪʦʨʳʝ 
ʬʠʟʠʢʠ ʧʘʨʠʨʦʚʘʣʠ ʤʦʡ ʧʨʠʤʝʨ, ʧʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʪʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʳʭ 
ʪʦʯʝʢ ʪʝʣʘ ʤʝʥʷʝʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʦ ʥʝ ʤʝʥʷʝʪ ʚʝʣʠʯʠʥʳ ʠ, ʚ ʵʪʦʤ ʩʤʳʩʣʝ, ʦʩʪʘʝʪʩʷ 
ʧʦʩʪʦʷʥʥʦʡ.  ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʨʘʞʝʥʠʷ ʩʦʩʪʦʷʣʠ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʢʨʫʛʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 
ʜʚʠʞʫʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʪʝʣʘ, ʘ ʥʝ ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ.  ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʦʛʜʘ 
ʦʪʩʫʪʩʪʚʫʝʪ ʥʫʪʘʮʠʷ,  ʪ.ʝ.  ʧʨʝʮʝʩʩʠʷ ʦʩʠ ʩʚʦʙʦʜʥʦ  ʚʨʘʱʘʶʱʝʛʦʩʷ  ʪʝʣʘ, ʚʝʢʪʦʨʘ �/

�&
  ʠ �Z

�&   
ʩʦʚʧʘʜʘʶʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.   ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʥʪʨ ʤʘʩʩ, 
ʣʝʞʘʱʠʡ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʧʦʢʦʠʪʩʷ ʠʣʠ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ.   ɼʘʚʘʡʪʝ ʫʩʣʦʞʥʠʤ ʩʠʪʫʘʮʠʶ ʠ 

ʧʝʨʝʡʜʝʤ ʚ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʫʶ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʪʝʣʦʤ. ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ 
ʦʪʩʯʝʪʘ  ʣʶʙʦʡ ʚʝʢʪʦʨ        ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ  ʧʦ ʦʨʪʘʤ                           ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, 
ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ ʢʘʢ [4] 

 

ʧʨʠʯʝʤ     

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ,  ʥʘʧʨʘʣʝʥʠʝ ʫʛʣʦʚʦʡ  ʩʢʦʨʦʩʪʠ        ʥʝ ʩʦʚʧʘʜʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ  ʥʠ 
ʦʜʥʦʛʦ ʠʟ ʚʝʢʪʦʨʦʚ,                    ʧʦʵʪʦʤʫ  ʤʳ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ   ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚ 
ʫʨʘʚʥʝʥʠʷʭ (11) ʚ ʚʠʜʝ (14)  ʠ  ʟʘʧʠʩʘʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʢʘʢ  

 

 

 

 

ʧʦʩʢʦʣʴʢʫ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (14ʘ),     
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.]33[3
3,]22[2

2,]11[1
1 �Q�/
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�Z�Z�Z � � �  

  ʊʝʧʝʨʴ ʫʨʘʚʥʝʥʠʷ (11) ʟʘʧʠʰʫʪʩʷ ʢʘʢ 

 

  

çʐʪʨʠʭʦʚʘʥʥʘʷè ʧʨʦʠʟʚʦʜʥʘʷ ʚ ʫʨʘʚʥʝʥʠʷʭ (16) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʟʘʧʠʩʘʥʳ ʚ 
ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʣʦʤ.   

   ɺʳʙʝʨʝʤ  ʪʝʧʝʨʴ ʦʩʠ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʩʦʚʧʘʜʘʣʠ ʩ ʛʣʘʚʥʳʤʠ 
ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʪʝʣʘ, ʪʦʛʜʘ 

    

 ʠ  ʜʣʷ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ          ʤʳ ʠʤʝʝʤ ʠʟ (16) 

 

 

ʠʣʠ, ʫʯʠʪʳʚʘʷ (17), 

 

ʠʣʠ 

 

 

 ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪ ʫʨʘʚʥʝʥʠʡ (16), ʠʤʝʝʤ  

 

 

 

 

  ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (18),(19) ʥʘʟʳʚʘʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʣʝʨʘ. ʕʪʠ 
ʫʨʘʚʥʝʥʠʷ ʦʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʥʠʭ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 
ʠʩʧʦʣʴʟʫʶʪʩʷ 3 ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ  ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ (ʫʛʣʳ ʕʡʣʝʨʘ), ʢʦʪʦʨʳʝ, ʚ ʦʙʱʝʤ 
ʩʣʫʯʘʝ,  ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʛʦʣʦʥʦʤʥʳʭ ʢʦʦʨʜʠʥʘʪ  

   ɺ ʩʣʫʯʘʝ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʠʤʝʝʤ  
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    ʀʟ ʫʨʘʚʥʝʥʠʡ (20) ʚʠʜʥʦ,  ʯʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʤʝʥʷʝʪʩʷ ʜʘʞʝ 
ʝʩʣʠ ʥʘ ʥʝʛʦ ʥʝ ʜʝʡʩʪʚʫʶʪ ʤʦʤʝʥʪʳ ʚʥʝʰʥʠʭ ʩʠʣ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʟʳʚʘʶʪ ʥʫʪʘʮʠʝʡ. 
ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʷʚʣʝʥʠʷ ʥʫʪʘʮʠʠ, ʢʦʛʜʘ                      ʀʟ ʫʨʘʚʥʝʥʠʡ  (20) ʩʣʝʜʫʝʪ, ʯʪʦ 

 

 

ʠ ʧʝʨʚʳʝ ʜʚʘ ʫʨʘʚʥʝʥʠʷ (20) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

 

 

 

ʛʜʝ ʤʳ ʚʚʝʣʠ ʦʙʦʟʥʘʯʝʥʠʝ 

 

 

ʋʤʥʦʞʘʷ ʚʪʦʨʦʝ ʠʟ ʫʨʘʚʥʝʥʠʡ (22) ʥʘ           ʠ ʩʢʣʘʜʳʚʘʷ ʝʛʦ ʩ ʧʝʨʚʳʤ, ʧʦʣʫʯʠʤ 

 

ʦʪʢʫʜʘ 

 

ʠʣʠ 

 

   ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʰʝʥʠʠ ʬʠʟʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2 [3].  ʇʨʠ  
321 �,�,�, �z�  ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʪʝʣʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʡ. ɽʩʣʠ ʪʝʣʦ ʚʳʪʷʥʫʪʦ ʚʜʦʣʴ ʦʩʠ  
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ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ,3�,  ʪʦ ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʬʝʨʦʠʜ. ʇʦ ʙʦʣʴʰʝʡ ʦʩʠ ʩʚʝʨʦʠʜʘ 

ʥʘʧʨʘʚʣʝʥ ʚʝʢʪʦʨ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ  0�Z
�&

, ʤʦʜʫʣʴ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ  ʧʦ ʬʦʨʤʫʣʝ (21).  ʇʨʦʝʢʮʠʷ  ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ �Z
�* ʥʘ ʧʣʦʩʢʦʩʪʴ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʠ ʚʨʘʱʝʥʠʷ,  ʚʨʘʱʘʝʪʩʷ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  �:   , 
ʦʩʪʘʚʘʷʩʴ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ 

 

 

 

 

ʈʠʩ.2. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʝ ʪʦʯʝʢ ʪʝʣʘ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʧʨʝʮʝʩʩʠʠ (ʥʫʪʘʮʠʠ) ʩʬʝʨʦʠʜʘ 

 ɺʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ          �g�_�i�h�^�\�b�`�_�g��ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʘ 
ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ       [3] .  ʆʩʴ ʚʨʘʱʝʥʠʷ ʛʠʨʦʩʢʦʧʘ   ʠ 
ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʥʝʝ  ʚʝʢʪʦʨ            ʧʨʝʮʝʩʩʠʨʫʝʪ ʚʦʢʨʫʛ ʚʝʢʪʦʨʘ       ʩ ʫʛʣʦʚʦʡ 
ʩʢʦʨʦʩʪʴʶ   ,�:

�&
  ʥʘʟʳʚʘʝʤʦʡ ʩʢʦʨʦʩʪʴ ʥʫʪʘʮʠʠ. ɺʩʝ ʪʨʠ ʚʝʢʪʦʨʘ  0,�Z�Z

�&�*  ʠ �:
�&

      ʣʝʞʘʪ ʚ 

ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ.  ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʦ ʥʘ ʨʠʩ.2 ʚʳʛʣʷʜʷʪ ʪʨʘʝʢʪʦʨʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʣʦ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʠ ʪʨʘʝʢʪʦʨʠʠ ʩʦʚʩʝʤ ʥʝ ʧʣʦʩʢʠʝ ʦʢʨʫʞʥʦʩʪʠ, ʘ ʚʦ-
ʚʪʦʨʳʭ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʘʣʝʢʦ ʥʝ ʛʣʘʜʢʠʝ ʢʨʠʚʳʝ.   ʀ ʵʪʦ ʚʩʝ ʧʨʠ ʩʚʦʙʦʜʥʦʤ 
ʚʨʘʱʝʥʠʠ ʪʝʣʘ!   

2.1      Нарушение закона сохранения поступательного  импульса центра 
масс в системах с внутренним вращением 

     ʏʪʦ ʢʘʩʘʝʪʩʷ ʮʝʥʪʨʘ ʤʘʩʩ, ʪʦ ʝʛʦ ʜʚʠʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ  ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʩʠ 
ʚʨʘʱʝʥʠʷ.  ʅʘʧʨʠʤʝʨ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʜʥʦʨʦʜʥʳʡ ʛʠʨʦʩʢʦʧ ʚ ʚʠʜʝ ʜʠʩʢʘ, ʫ ʢʦʪʦʨʦʛʦ 

�K�5�! , ʛʜʝ ���5  ʨʘʜʠʫʩ ʛʠʨʦʩʢʦʧʘ, ʘ  ���K  ʝʛʦ ʚʳʩʦʪʘ,  ʧʨʝʮʝʩʩʠʨʫʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ  ʚʥʝʰʥʝʡ 
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ʩʠʣʳ ʪʷʞʝʩʪʠ ʙʝʟ ʥʫʪʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʦʩʠ  ʛʠʨʦʩʢʦʧʘ, 
ʚʢʣʶʯʘʷ ʮʝʥʪʨ ʤʘʩʩ,  ʜʚʠʞʫʪʩʷ  ʫʩʢʦʨʝʥʥʦ ʧʦ ʠʩʢʨʠʚʣʝʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ.   ʄʳʩʣʝʥʥʦ 
ʦʪʢʣʶʯʠʤ ʜʝʡʩʪʚʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʊʦʛʜʘ ʨʝʛʫʣʷʨʥʘʷ ʧʨʝʮʝʩʩʠʷ ʛʠʨʦʩʢʦʧʘ ʠʩʯʝʟʥʝʪ, ʥʦ  
ʦʩʴ ʛʠʨʦʩʢʦʧʘ ʧʨʦʜʦʣʞʠʪ ʩʚʦʝ ʜʚʠʞʝʥʠʝ (ʩʤ. ʨʠʩ.3),   ʧʦʩʢʦʣʴʢʫ ʚʦʟʥʠʢʥʝʪ ʥʫʪʘʮʠʷ 
(ʧʨʝʮʝʩʩʠʷ ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʚʥʝʰʥʠʭ ʩʠʣ ʛʠʨʦʩʢʦʧʘ).  ɿʘʢʦʥ ʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ 
ʤʘʩʩ  (ʚʤʝʩʪʝ ʩ ʥʫʪʘʮʠʦʥʥʳʤ ʜʚʠʞʝʥʠʝʤ  ʦʩʠ)  ʦʧʨʝʜʝʣʠʪ ʪʘ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ 
ʤʘʩʩ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʫ ʥʝʛʦ ʚ ʤʦʤʝʥʪ ʦʪʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ [3].  
ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʫʩʪʴ  ʤʳ ʠʤʝʝʤ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʶʱʠʡʩʷ  ʙʝʟ ʥʫʪʘʮʠʠ ʛʠʨʦʩʢʦʧ, 
ʥʘʭʦʜʷʱʠʡʩʷ ʚʥʫʪʨʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʉʧʫʪʥʠʢʘ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʚʝʩʦʤʦʩʪʠ,  ʠ ʮʝʥʪʨ ʤʘʩʩ 
ʢʦʪʦʨʦʛʦ ʧʦʢʦʠʪʩʷ ʠʣʠ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʥʦʢ 
ʉʧʫʪʥʠʢʘ.  ʀ ʧʫʩʪʴ ʛʠʨʦʩʢʦʧ ʠʤʝʝʤ ʚʳʩʪʫʧʘʶʱʠʡ ʠʟ ʥʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ, 
ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʦʩʠ ʛʠʨʦʩʢʦʧʘ. ɽʩʣʠ ʢʦʩʤʦʥʘʚʪ ʫʜʘʨʠʪ ʧʦ ʩʪʝʨʞʥʶ ʛʠʨʦʩʢʦʧʘ, ʪʦʛʜʘ  ʫ 
ʛʠʨʦʩʢʦʧʘ ʚʦʟʥʠʢʥʝʪ  

 

ʈʠʩ.3. ʋʩʢʦʨʝʥʥʦʝ  ʠʥʝʨʮʠʘʣʴʥʦʝ  ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ  ʛʠʨʦʩʢʦʧʘ ʧʨʠ ʝʛʦ ʥʫʪʘʮʠʠ  

ʥʫʪʘʮʠʷ.  ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʜʝʪ ʫʩʢʦʨʝʥʥʦʤʫ ʜʚʠʞʝʥʠʶ ʮʝʥʪʨʘ ʤʘʩʩ  ʛʠʨʦʩʢʦʧʘ  
ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʥʦʢ ʉʧʫʪʥʠʢʘ  ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʷʚʠʚʰʝʡʩʷ  ʥʫʪʘʮʠʠ ʦʩʠ ʛʠʨʦʩʢʦʧʘ.  
ʇʦʥʷʪʥʦ, ʯʪʦ ʵʪʦ ʜʚʠʞʝʥʠʝ ʚʳʟʚʘʥʦ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ 
ʛʠʨʦʩʢʦʧ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʧʨʠʯʝʤ ʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʮʝʥʪʨ 
ʤʘʩʩ ʜʚʠʞʝʪʩʷ ʫʩʢʦʨʝʥʥʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʥʝ ʤʝʥʷʝʪʩʷ.  ɼʨʫʛʦʡ 
ʤʳʩʣʝʥʥʳʡ  ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4.   ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʥʝʚʝʩʦʤʦʩʪʠ ʚʥʫʪʨʠ 
ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʩʫʱʝʩʪʚʫʝʪ çʤʘʩʩʦʚʘ ʣʝʩʪʥʠʮʘè, ʩʦʩʪʦʷʱʘʷ ʠʟ  ʥʝʩʢʦʣʴʢʠʭ ʥʝ 
ʚʨʘʱʘʶʱʠʭʩʷ  ʤʘʩʩ �P  (ʩʤ. ʨʠʩ. 4ʘ).  ʂʦʩʤʦʥʘʚʪ  ʩ ʤʘʩʩʦʡ  �0   ʤʦʞʝʪ, ʦʪʪʘʣʢʠʚʘʷʩʴ ʦʪ 
ʤʘʣʳʭ ʤʘʩʩ ,�P   ʧʦʜʥʠʤʘʪʴʩʷ ʧʦ ʵʪʦʡ ʣʝʩʪʥʠʮʝ, ʧʦʣʫʯʘʷ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ 

.�0�9�3�  ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ,   ʤʘʣʳʝ ʤʘʩʩʳ �P ʧʦʣʫʯʘʶʪ ʢʘʞʜʳʡ ʨʘʟ ʠʤʧʫʣʴʩʳ .�Y�P�S�  

ɽʩʣʠ ʢʦʩʤʦʥʘʚʪ ʩʜʝʣʘʝʪ 2 ʰʘʛʘ, ʪʦ, ʩʠʣʫ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʦʥ 
ʧʦʣʫʯʠʪ ʠʤʧʫʣʴʩ .211 �P�Y�0�9�3 � � ʇʦʣʥʳʡ ʣʠʥʝʡʥʳʡ  ʠʤʧʫʣʴʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ  
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ʣʝʩʪʥʠʮʘ-ʢʦʩʤʦʥʘʚʪ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ 
ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ. ʇʫʩʪʴ ʪʝʧʝʨʴ çʣʝʩʪʥʠʮʘè ʩʦʩʪʦʠʪ ʠʟ ʛʠʨʦʩʢʦʧʦʚ ʩʦ ʩʪʝʨʞʥʷʤʠ (ʩʤ.  ʨʠʩ. 4ʙ),  
ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʦʧʷʪʴ .�P ʀ ʧʫʩʪʴ   ���Z  ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʛʠʨʦʩʢʦʧʦʚ.  
ʂʦʩʤʦʥʘʚʪ ʧʦʜʥʠʤʘʝʪʩʷ ʧʦ ʣʝʩʪʥʠʮʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʪʝʨʞʥʠ ʠ ʩʦʟʜʘʚʘʷ ʥʘ ʢʘʞʜʦʤ 
ʛʠʨʦʩʢʦʧʝ ʤʦʤʝʥʪ ,�0�9�U�1 �  ʛʜʝ ���U  ʜʣʠʥʥʘ ʩʪʝʨʞʥʷ. ʉʘʤ ʦʥ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪ ʢʘʞʜʳʡ 
ʨʘʟ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ .�0�9  ɺ ʨʝʟʫʣʴʪʘʪʝ  ʛʠʨʦʩʢʦʧ, ʥʘ ʢʦʪʦʨʳʡ ʦʧʠʨʘʝʪʩʷ 
ʢʦʩʤʦʥʘʚʪ, ʥʘʯʠʥʘʝʪ ʥʫʪʠʨʦʚʘʪʴ ʩ ʯʘʩʪʦʪʦʡ ,�:   ʪʨʘʥʩʬʦʨʤʠʨʫʷ  ʧʦʣʫʯʝʥʥʳʡ ʚʥʝʰʥʠʡ 
ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʚʨʘʱʝʥʠʝ,   ʧʨʠʯʝʤ ʧʦʣʥʳʡ ʧʦʩʪʫʧʘʪʝʣʴʥʳʡ 
ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ ʣʝʩʪʥʠʮʘ-ʢʦʩʤʦʥʘʚʪ  ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʘʨʫʰʘʷ ʪʝʤ ʩʘʤʳʤ ʟʘʢʦʥ 
ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ.   ɽʩʣʠ ʤʳ  ʨʘʩʩʤʘʪʠʚʘʝʤ 
ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ.4 ʘ), ʢʘʢ ʟʘʤʢʥʫʪʫʶ, ʪʦ ʥʠʢʘʢʦʛʦ 
ʠʟʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʠʤʧʫʣʴʩʘ ʮʝʥʪʨʘ ʤʘʩʩ ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʅʘʦʙʦʨʦʪ, ʫ  
ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 4 ʙ),   ʣʠʥʝʡʥʳʡ ʠʤʧʫʣʴʩ  

 

ʈʠʩ. 4.    ʉʦʭʨʘʥʝʥʠʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ ʚ ʩʠʩʪʝʤʝ ʣʝʩʪʥʠʮʘ ï 
ʢʦʩʤʦʥʘʚʪ ʘ);  ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʝʭʘʥʠʢʠ 
ʅʴʶʪʦʥʘ ʙ)  

ʮʝʥʪʨʘ ʤʘʩʩ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ.  

 

2.2��Эксперименты Н.В.Филатова,  доказывающие нарушение линейного 
импульса центра масс в гироскопических механических системах 

    ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ 
ʠʤʧʫʣʴʩʦʤ ʮʝʥʪʨʘ ʤʘʩʩ ʠ  ʚʨʘʱʘʪʝʣʴʥʳʤ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʦʤ. ʀʩʧʦʣʴʟʫʷ ʵʪʫ 
ʩʚʷʟʴ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʣʠʥʝʡʥʳʡ ʠʤʧʫʣʴʩ ʮʝʥʪʨʘ ʤʘʩʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʝʟ 
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ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚʳʩʢʘʟʘʥʥʳʭ 

ʫʪʚʝʨʞʜʝʥʠʡ, ʙʳʣ ʧʨʦʚʝʜʝʥʳ ʚ ʢʦʥʮʝ  �o60  ʛʦʜʦʚ ʜʦʮʝʥʪʦʤ ʢʘʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 
ʤʝʭʘʥʠʢʠ ʊʚʝʨʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʅ.ɺ.ʌʠʣʘʪʦʚʳʤ [8]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 
ʅ.ɺ.ʌʠʣʘʪʦʚʘ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʩʪʦʣʢʥʦʚʝʥʠʝ ʜʚʫʭ ʤʘʩʩʠʚʥʳʭ ʪʝʣ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 
ʪʝʣʝʞʢʘʭ (ʨʠʩ. 5). ʆʜʥʦ ʠʟ ʪʝʣ ʧʨʝʜʩʪʘʚʣʷʣ  ʩʦʙʦʡ ʚʨʘʱʘʶʱʠʝʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 
ʛʠʨʦʩʢʦʧʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʚ ʢʘʨʜʘʥʦʚʳʭ ʧʦʜʚʝʩʘʭ. ɺʨʘʱʝʥʠʝ ʛʠʨʦʩʢʦʧʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʩ 
ʦʜʠʥʘʢʦʚʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ  ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʧʦʣʥʦʛʦ 
ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ. ʏʪʦʙʳ ʚ ʤʦʤʝʥʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʛʠʨʦʩʢʦʧʦʚ ʩ ʤʘʩʩʦʡ  

�L�P ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʦʪʩʫʪʩʪʚʦʚʘʣʦ, ʧʦ ʦʙʦʜʫ ʛʠʨʦʩʢʦʧʦʚ ʙʳʣʠ ʫʢʨʝʧʣʝʥʳ ʚʳʩʪʫʧʘʶʱʠʝ 

ʢʦʨʦʪʢʠʝ ʰʪʳʨʠ. ʇʨʦʮʝʩʩ ʩʪʦʣʢʥʦʚʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʛʠʨʦʩʢʦʧʦʚ �=�P   ʩ  ʤʘʩʩʦʡ �L�P  

ʩʥʠʤʘʣʩʷ ʥʘ ʢʠʥʦʧʣʝʥʢʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 2000 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ ʠ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʩʷ 
ʦʙʨʘʙʦʪʢʝ  ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʜʦ ʠ ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ. 

 

 

ʈʠʩ. 5.  ʉʪʦʣʢʥʦʚʝʥʠʝ ʛʠʨʦʩʢʦʧʦʚ �=�P  ʩ ʤʘʩʩʦʡ �L�P : ʘ) ï ʚʠʜ ʩʙʦʢʫ;  ʙ) ï ʚʠʜ ʩʚʝʨʭʫ.  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʛʜʘ ʧʦʩʣʝ ʫʜʘʨʘ 
ʛʠʨʦʩʢʦʧʳ ʥʘʯʠʥʘʣʠ ʧʨʝʮʝʩʩʠʨʦʚʘʪʴ,  ʮʝʥʪʨ ʤʘʩʩ ʩʠʩʪʝʤʳ   �F�Y  ʠʟʤʝʥʷʣ ʩʚʦʶ ʩʢʦʨʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ  ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ �F�Y ʠ �c
�F�Y  -

ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ ʚ ʩʤ/ʩʝʢ,   1�Q ʠ 2�Q - ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ/ʤʠʥ   
ʛʠʨʦʩʢʦʧʦʚ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ. 

     ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ,  ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʡ  ʚʥʫʪʨʠ 
ʩʠʩʪʝʤʳ ʌʠʣʘʪʦʚʘ ʤʝʥʷʶʪ  ʩʢʦʨʦʩʪʴ ʤʘʩʩ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ. 

 

 

ʊʘʙʣ. 1 

 

ɹʫʬʝʨ ʄʘʩʩʳ 

�L�P , �=�P  
�F�Y �F�Y�c 1�Q 2�Q  

ʄʝʪʘʣ 

ñ 

ʄʝʪʘʣ 

ʈʝʟʠʥʘ 

ʄʝʪʘʣ 

ñ 

ʈʝʟʠʥʘ 

�L�P = �=�P  

          ñ 

 

ñ 

 

 

ñ 

-0,196 

-0,31 

-0,0208 

0,23 

0,233 

0,402 

0,446 

-0,326 

-0,16 

-0,167 

0,154 

0,0532 

0,181 

0,196 

1093 

1000 

1253 

1078 

1153 

922 

840 

272 

231 

263 

253 

82 

87 

50 

 

     ʇʦʜʦʙʥʦʝ  ʧʦʚʝʜʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ,  ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʦʪ ʚʥʝʰʥʠʭ 
ʩʠʣ,  ʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ 4D ʛʠʨʦʩʢʦʧʘ [5]. ɺ 
ʦʪʣʠʯʠʠ ʦʪ  ʫʛʣʦʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʝʮʝʩʩʠʠ �:

�&
 ʩʚʦʙʦʜʥʦʛʦ ʛʠʨʦʩʢʦʧʘ, 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʤʘʩʩ ʩʚʦʙʦʜʥʦʛʦ 4D ʛʠʨʦʩʢʦʧʘ ʚ ʨʘʙʦʪʝ [5], 
ʙʳʣʦ ʥʘʟʚʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʧʨʝʮʝʩʩʠʝʡ.  ʇʦʯʝʤʫ ʙʳʣʦ ʚʳʙʨʘʥʦ ʵʪʦ 
ʥʘʟʚʘʥʠʝ, ʠ ʢ ʢʘʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʵʪʦ ʚʝʜʝʪ, ʙʫʜʝʪ ʠʟʣʦʞʝʥʦ ʚ 
ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʪʴʷʭ. 

Заключение   

 ʇʦʭʦʞʝ, ʯʪʦ ʩʦ ʚʨʝʤʝʥ ʕʡʣʝʨʘ ʫ ʥʘʩ ʩʣʦʞʠʣʦʩʴ ʥʝʚʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʤʝʭʘʥʠʢʝ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ.   ʇʨʝʞʜʝ 
ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʙʳ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʨʘʱʘʪʝʣʴʥʳʡ ʧʨʠʥʮʠʧ ʠʥʝʨʮʠʠ, ʢʦʪʦʨʳʡ 
ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʝʨʚʳʤ ʟʘʢʦʥʦʤ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥ-ʕʡʣʝʨʘ:   

�=�7 �P�P � 2

�=�7 �P�P 2� 
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�����������������,���������<�j�Z�s�Z�x�s�_�_�k�y���l�_�e�h���[�m�^�_�l���\�j�Z�s�Z�l�v�k�y���k�d�h�e�v���m�]�h�^�g�h���^�h�e�]�h���i�h���b�g�_�j�p�b�b�����_�k�e�b���g�Z��
�g�_�]�h���g�_���^�_�c�k�l�\�m�x�l���f�h�f�_�g�l�u���\�g�_�r�g�b�o���k�b�e����

  ɼʘʣʝʝ, ʥʘʜʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʤʝʭʘʥʠʢʝ ʅʴʶʪʦʥʘ-ʕʡʣʝʨʘ  ʥʝ ʝʚʢʣʠʜʦʚʦ, 
ʰʝʩʪʠʤʝʨʥʦ ʠ ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʙʠʥʘʮʠʠ ʪʨʝʭ ʛʦʣʦʥʦʤʥʳʭ ʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʢʦʦʨʜʠʥʘʪ   

�]�\�[ ,,        ʠ ʪʨʝʭ ʥʝʛʦʣʦʥʦʤʥʳʭ ʚʨʘʱʘʪʝʣʴʥʳʭ  ʢʦʦʨʜʠʥʘʪ .,, �T�\�M   ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʚ 
ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʛʫʪ ʙʳʪʴ  ʜʘʣʝʢʦ ʥʝ ʧʨʷʤʳʝ ʣʠʥʠʠ. ʊʦʣʴʢʦ ʵʪʠʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 
ʫʩʢʦʨʝʥʥʦʝ, ʥʦ ʠʥʝʨʮʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ 
ʚʨʘʱʘʶʱʝʝʩʷ ʪʝʣʦ. ʂʨʦʤʝ ʪʦʛʦ, ʰʝʩʪʠʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ  ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʥʝ 
ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʦʪʨʦʧʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʫ ʥʝʛʦ ʝʩʪʴ ʚʳʜʝʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʝʛʦ ʦʩʴ 
ʚʨʘʱʝʥʠʷ, ʠ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʥʦʨʦʜʥʳʤ ʠʟ-ʟʘ ʥʝʛʦʣʦʥʦʤʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 
ʢʦʦʨʜʠʥʘʪʘʤʠ  �]�\�[ ,,  ʠ   .,, �T�\�M   ʀʤʝʥʥʦ ʵʪʦʡ ʩʚʷʟʴʶ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʨʫʰʝʥʠʝ 
ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ ʚ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤʘʭ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ ʚʥʝʰʥʠʭ ʩʠʣ. 

    ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ 1922 ʛ.  ʤʘʪʝʤʘʪʠʢ ʕʣʠ ʂʘʨʪʘʥ ʚʳʩʢʘʟʘʣ ʠʜʝʶ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 
ʚʨʘʱʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʨʦʞʜʘʝʪ �d�j�m�q�_�g�b�_���i�j�h�k�l�j�Z�g�k�l�\�Z��[9]������ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ 
ʵʪʦʡ ʠʜʝʝʡ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪ [10,11],  ʷ  ʚ 2005 ʛ. ʥʘ ʢʦʬʝʨʝʥʮʠʠ ʚ ɹʝʣʴʛʠʠ ʩʜʝʣʘʣ 
ʜʦʢʣʘʜ ʦ ʥʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʥʘʟʚʘʥʥʦʡ ʤʥʦʡ ʤʝʭʘʥʠʢʦʡ  ɼʝʢʘʨʪʘ [12], ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ 
ʚʩʷʢʦʝ ʨʝʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 4D ʚʨʘʱʝʥʠʝʤ.  ʕʪʘ ʤʝʭʘʥʠʢʘ ʷʚʣʷʝʪʩʷ  ʯʝʪʚʝʨʪʳʤ 
ʦʙʦʙʱʝʥʠʝʤ  ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʚ ʥʝʡ ʢʨʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʪʦʨʩʠʦʥʥʦʝ ʧʦʣʝ) 
ʧʦʨʦʞʜʘʝʪʩʷ ʚʨʘʱʝʥʠʝʤ ʤʘʪʝʨʠʠ,  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ  ʩ ʠʜʝʝʡ  ʕ.ʂʘʨʪʘʥʘ. 
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