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ʈʝʮʝʥʟʝʥʪ: ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʠʤʝʥʠ ɸ. ʄ. ʌʘʙʨʠʢʘʥʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ) ɺ. ɸ. ʂʘʩʴʷʥʦʚ 
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ʆʨʠʛʠʥʘʣ-ʤʘʢʝʪ ʜʘʥʥʦʛʦ ʠʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʩʪʴʶ ʠʟʜʘʪʝʣʴʩʪʚʘ çɺʳʩʰʘʷ ʰʢʦʣʘè, ʠ ʝʛʦ 

ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʝ (ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ) ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ ʙʝʟ ʩʦʛʣʘʩʠʷ ʠʟʜʘʪʝʣʴʩʪʚʘ ʟʘʧʨʝʱʘʝʪʩʷ. 

ʇʨʝʜʠʩʣʦʚʠʝ 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʥʘʧʠʩʘʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʝʡ ʧʨʦʛʨʘʤʤʦʡ ʢʫʨʩʘ ʬʠʟʠʢʠ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʳʩʰʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʜʥʝʚʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʯʠʩʣʦʤ ʯʘʩʦʚ ʧʦ ʬʠʟʠʢʝ, 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʚʝʯʝʨʥʝʡ ʠ ʟʘʦʯʥʦʡ ʬʦʨʤʘʭ ʦʙʫʯʝʥʠʷ. 

ʅʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʜʦʩʪʠʛʥʫʪ ʩ ʧʦʤʦʱʴʶ ʪʱʘʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʠ ʣʘʢʦʥʠʯʥʦʛʦ 

ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʂʥʠʛʘ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ ʯʘʩʪʝʡ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʘʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʣʦʞʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʣʝʤʝʥʪʳ ʩʧʝʮʠʘʣʴʥʦʡ (ʯʘʩʪʥʦʡ) ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʦʩʥʦʚʘʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʟʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ɺ 

ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʠʟʫʯʘʶʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘ, ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ. ɺ 

ʯʝʪʚʝʨʪʦʡ ʯʘʩʪʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʣʦʞʝʥʠʶ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʣʠ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʫʢʘʟʳʚʘʶʪʩʷ ʠʭ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʠ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʷʭ. ɺ ʧʷʪʦʡ ʯʘʩʪʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʵʣʝʤʝʥʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʦʧʪʠʢʠ, ʚʦʣʥʦʚʘʷ ʦʧʪʠʢʘ ʠ ʢʚʘʥʪʦʚʘʷ ʧʨʠʨʦʜʘ 

ʠʟʣʫʯʝʥʠʷ. ʐʝʩʪʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʵʣʝʤʝʥʪʘʤ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠ ʪʚʝʨʜʳʭ ʪʝʣ. ɺ 

ʩʝʜʴʤʦʡ ʯʘʩʪʠ ʠʟʣʘʛʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʬʠʟʠʢʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʀʟʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʝʜʝʪʩʷ ʙʝʟ ʛʨʦʤʦʟʜʢʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ, ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ 

ʦʙʨʘʱʘʝʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʫʶ ʩʫʪʴ ʷʚʣʝʥʠʡ ʠ ʦʧʠʩʳʚʘʶʱʠʭ ʠʭ ʧʦʥʷʪʠʡ ʠ ʟʘʢʦʥʦʚ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ɺʩʝ ʙʠʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʧʦ 

ʢʥʠʛʝ ʖ. ɸ. ʍʨʘʤʦʚʘ çʌʠʟʠʢʠè (ʄ.: ʅʘʫʢʘ, 1983). 

ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʥʳʭ ʚʝʣʠʯʠʥ ʥʘ ʚʩʝʭ ʨʠʩʫʥʢʘʭ ʠ ʚ ʪʝʢʩʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʣʫʞʠʨʥʳʡ ʰʨʠʬʪ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʚʝʣʠʯʠʥ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʛʨʝʯʝʩʢʠʤʠ ʙʫʢʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ 

ʥʘʙʨʘʥʳ ʚ ʪʝʢʩʪʝ ʩʚʝʪʣʳʤ ʰʨʠʬʪʦʤ ʩʦ ʩʪʨʝʣʢʦʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʢʦʣʣʝʛʘʤ ʠ ʯʠʪʘʪʝʣʷʤ, ʯʴʠ ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʳʝ ʟʘʤʝʯʘʥʠʷ ʠ 

ʧʦʞʝʣʘʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʣʫʯʰʝʥʠʶ ʢʥʠʛʠ. ʗ ʦʩʦʙʝʥʥʦ ʧʨʠʟʥʘʪʝʣʴʥʘ ʧʨʦʬʝʩʩʦʨʫ ʂʘʩʴʷʥʦʚʫ ɺ. ɸ. 

ʟʘ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʧʦʩʦʙʠʷ ʠ ʩʜʝʣʘʥʥʳʝ ʠʤ ʟʘʤʝʯʘʥʠʷ. 

ɸʚʪʦʨ ʙʫʜʝʪ ʙʣʘʛʦʜʘʨʝʥ ʟʘ ʟʘʤʝʯʘʥʠʷ ʠ ʩʦʚʝʪʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʧʦʩʦʙʠʷ. ʇʨʦʩʴʙʘ ʥʘʧʨʘʚʣʷʪʴ ʠʭ ʚ 

ʠʟʜʘʪʝʣʴʩʪʚʦ çɺʳʩʰʘʷ ʰʢʦʣʘè ʧʦ ʘʜʨʝʩʫ: 101430, ʄʦʩʢʚʘ, ɻʉʇ-4, ʅʝʛʣʠʥʥʘʷ ʫʣ., ʜ. 29/14. 

ɸʚʪʦʨ 

ɺʚʝʜʝʥʠʝ 

ʇʨʝʜʤʝʪ ʬʠʟʠʢʠ ʠ ʝʝ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʥʘʫʢʘʤʠ 

ʆʢʨʫʞʘʶʱʠʡ ʚʘʩ ʤʠʨ, ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʝʝ ʚʦʢʨʫʛ ʚʘʩ ʠ ʦʙʥʘʨʫʞʠʚʘʝʤʦʝ ʥʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʱʫʱʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʨʠʶ. 

ʅʝʦʪʲʝʤʣʝʤʳʤ ʩʚʦʡʩʪʚʦʤ ʤʘʪʝʨʠʠ ʠ ʬʦʨʤʦʡ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ. ɼʚʠʞʝʥʠʝ ʚ 

ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ð ʵʪʦ ʚʩʝʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʪʝʨʠʠ ð ʦʪ ʧʨʦʩʪʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʦ 

ʩʣʦʞʥʝʡʰʠʭ ʧʨʦʮʝʩʩʦʚ ʤʳʰʣʝʥʠʷ. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʠʟʫʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʥʘʫʢʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʬʠʟʠʢʦʡ. 

ʇʨʝʜʤʝʪ ʬʠʟʠʢʠ, ʢʘʢ, ʚʧʨʦʯʝʤ, ʠ ʣʶʙʦʡ ʥʘʫʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʢʨʳʪ ʪʦʣʴʢʦ ʧʦ ʤʝʨʝ ʝʛʦ ʜʝʪʘʣʴʥʦʛʦ 

ʠʟʣʦʞʝʥʠʷ. ɼʘʪʴ ʩʪʨʦʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʤʝʪʘ ʬʠʟʠʢʠ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʬʠʟʠʢʦʡ ʠ ʨʷʜʦʤ ʩʤʝʞʥʳʭ ʜʠʩʮʠʧʣʠʥ ʫʩʣʦʚʥʳ. ʅʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʥʝʣʴʟʷ ʩʦʭʨʘʥʠʪʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʠ ʪʦʣʴʢʦ ʢʘʢ ʥʘʫʢʠ ʦ ʧʨʠʨʦʜʝ. 

ɸʢʘʜʝʤʠʢ ɸ. ʌ. ʀʦʬʬʝ (1880ð1960; ʨʦʩʩʠʡʩʢʠʡ ʬʠʟʠʢ)* ʦʧʨʝʜʝʣʠʣ ʬʠʟʠʢʫ ʢʘʢ ʥʘʫʢʫ, ʠʟʫʯʘʶʱʫʶ 

ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʧʦʣʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʚʝʩ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʝʡ, ʥʘʧʨʠʤʝʨ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ, 

ʧʦʣʝʡ ʷʜʝʨʥʳʭ ʩʠʣ. ʇʦʣʝ ʥʘʨʷʜʫ ʩ ʚʝɦʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʬʦʨʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ. 

ʅʝʨʘʟʨʳʚʥʘʷ ʩʚʷʟʴ ʧʦʣʷ ʠ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʠʝ ʚ ʠʭ ʩʚʦʡʩʪʚʘʭ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦ ʤʝʨʝ 

ʠʟʫʯʝʥʠʷ ʢʫʨʩʘ. 
*  ɺʩʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʧʦ ʙʠʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʧʨʘʚʦʯʥʠʢʫ ʖ. ɸ. ʍʨʘʤʦʚʘ çʌʠʟʠʢʠè (ʄ.: ʅʘʫʢʘ, 1983). 

 

ʌʠʟʠʢʘ ð ʥʘʫʢʘ ʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ ʬʦʨʤʘʭ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʠ ʠʭ 

ʚʟʘʠʤʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. ʀʟʫʯʘʝʤʳʝ ʬʠʟʠʢʦʡ ʬʦʨʤʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ (ʤʝʭʘʥʠʯʝʩʢʘʷ, ʪʝʧʣʦʚʘʷ ʠ 

ʜʨ.) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ ʚʳʩʰʠʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʬʦʨʤʘʭ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ (ʭʠʤʠʯʝʩʢʠʭ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨ.). ʇʦʵʪʦʤʫ ʦʥʠ, ʙʫʜʫʯʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ, ʷʚʣʷʶʪʩʷ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʦʙʱʠʤʠ ʬʦʨʤʘʤʠ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ. ɺʳʩʰʠʝ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʦʨʤʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ð 

ʧʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ ʜʨʫʛʠʭ ʥʘʫʢ (ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ ʠ ʜʨ.). 

ʌʠʟʠʢʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʥʘʫʢʘʤʠ. ʕʪʘ ʪʝʩʥʝʡʰʘʷ ʩʚʷʟʴ ʬʠʟʠʢʠ ʩ ʜʨʫʛʠʤʠ ʦʪʨʘʩʣʷʤʠ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʢʘʢ ʦʪʤʝʯʘʣ ʘʢʘʜʝʤʠʢ ʉ. ʀ. ɺʘʚʠʣʦʚ (1891ð1955; ʨʦʩʩʠʡʩʢʠʡ ʬʠʟʠʢ ʠ 

ʦʙʱʝʩʪʚʝʥʥʳʡ ʜʝʷʪʝʣʴ), ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʬʠʟʠʢʘ ʛʣʫʙʦʯʘʡʰʠʤʠ ʢʦʨʥʷʤʠ ʚʨʦʩʣʘ ʚ ʘʩʪʨʦʥʦʤʠʶ, 

ʛʝʦʣʦʛʠʶ, ʭʠʤʠʶ, ʙʠʦʣʦʛʠʶ ʠ ʜʨʫʛʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʩʷ ʨʷʜ ʥʦʚʳʭ 

ʩʤʝʞʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʪʘʢʠʭ, ʢʘʢ ʘʩʪʨʦʬʠʟʠʢʘ, ʙʠʦʬʠʟʠʢʘ ʠ ʜʨ. 

ʌʠʟʠʢʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʠ ʩ ʪʝʭʥʠʢʦʡ, ʧʨʠʯʝʤ ʵʪʘ ʩʚʷʟʴ ʠʤʝʝʪ ʜʚʫʩʪʦʨʦʥʥʠʡ ʭʘʨʘʢʪʝʨ. ʌʠʟʠʢʘ ʚʳʨʦʩʣʘ ʠʟ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʪʝʭʥʠʢʠ (ʨʘʟʚʠʪʠʝ ʤʝʭʘʥʠʢʠ ʫ ʜʨʝʚʥʠʭ ʛʨʝʢʦʚ, ʥʘʧʨʠʤʝʨ, ʙʳʣʦ ʚʳʟʚʘʥʦ ʟʘʧʨʦʩʘʤʠ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʪʦʛʦ ʚʨʝʤʝʥʠ), ʠ ʪʝʭʥʠʢʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʚ ʩʚʦʝ ʚʨʝʤʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʭ ʪʝʧʣʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʚʳʟʚʘʣʘ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʨʤʦʜʠʥʘʤʠʢʠ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪ ʨʘʟʚʠʪʠʷ ʬʠʟʠʢʠ ʟʘʚʠʩʠʪ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʌʠʟʠʢʘ ð ʙʘʟʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʪʨʘʩʣʝʡ ʪʝʭʥʠʢʠ 

(ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʭʥʠʢʘ, ʷʜʝʨʥʘʷ ʪʝʭʥʠʢʘ ʠ ʜʨ.). 

ɹʫʨʥʳʡ ʪʝʤʧ ʨʘʟʚʠʪʠʷ ʬʠʟʠʢʠ, ʨʘʩʪʫʱʠʝ ʩʚʷʟʠ ʝʝ ʩ ʪʝʭʥʠʢʦʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʢʫʨʩʘ 

ʬʠʟʠʢʠ ʚʦ ʚʪʫʟʝ: ʵʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʘ, ʙʝʟ ʢʦʪʦʨʦʡ ʝʛʦ 

ʫʩʧʝʰʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʝʚʦʟʤʦʞʥʘ. 

ɽʜʠʥʠʮʳ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʬʠʟʠʢʝ ʷʚʣʷʝʪʩʷ ʦʧʠʪ ð ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʘʢʪʠʢʝ ʯʫʚʩʪʚʝʥʥʦ-

ʵʤʧʠʨʠʯʝʩʢʦʝ ʧʦʟʥʘʥʠʝ ʦʙʲʝʢʪʠʚʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪ. ʝ. ʥʘʙʣʶʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʷʚʣʝʥʠʡ ʚ 

ʪʦʯʥʦ ʫʯʠʪʳʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʣʝʜʠʪʴ ʟʘ ʭʦʜʦʤ ʷʚʣʝʥʠʡ ʠ ʤʥʦʛʦʢʨʘʪʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʝʛʦ ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ ʵʪʠʭ ʫʩʣʦʚʠʡ. 

ɼʣʷ   ʦʙʲʷʩʥʝʥʠʷ   ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ   ʬʘʢʪʦʚ   ʚʳʜʚʠʛʘʶʪʩʷ   ʛʠʧʦʪʝʟʳ. ɻʠʧʦʪʝʟʘ ð ʵʪʦ ʥʘʫʯʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʚʳʜʚʠʛʘʝʤʦʝ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʷʚʣʝʥʠʷ ʠ ʪʨʝʙʫʶʱʝʝ ʧʨʦʚʝʨʢʠ ʥʘ ʦʧʳʪʝ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʘʪʴ ʜʦʩʪʦʚʝʨʥʦʡ ʥʘʫʯʥʦʡ ʪʝʦʨʠʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ð ʫʩʪʦʡʯʠʚʳʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʦʙʲʝʢʪʠʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʧʨʠʨʦʜʝ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʟʘʢʦʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʷʟʴ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʵʪʠ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʪʴ. ʀʟʤʝʨʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʝʩʪʴ 

ʜʝʡʩʪʚʠʝ, ʚʳʧʦʣʥʷʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ ʚ ʧʨʠʥʷʪʳʭ ʝʜʠʥʠʮʘʭ. ɽʜʠʥʠʮʳ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʧʨʦʠʟʚʦʣʴʥʦ, ʥʦ 

ʪʦʛʜʘ ʚʦʟʥʠʢʥʫʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʭ ʩʨʘʚʥʝʥʠʠ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʝʩʪʠ ʩʠʩʪʝʤʫ ʝʜʠʥʠʮ, 

ʦʭʚʘʪʳʚʘʶʱʫʶ ʝʜʠʥʠʮʳ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʶʪ ʝʜʠʥʠʮʳ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʥʝ ʟʘʚʠʩʷʱʠʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʠ. ʕʪʠ ʝʜʠʥʠʮʳ ʥʘʟʳʚʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ. ʆʩʪʘʣʴʥʳʝ ʞʝ ʚʝʣʠʯʠʥʳ ʠ ʠʭ 

ʝʜʠʥʠʮʳ ʚʳʚʦʜʷʪʩʷ ʠʟ ʟʘʢʦʥʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʵʪʠ ʚʝʣʠʯʠʥʳ ʠ ʠʭ ʝʜʠʥʠʮʳ ʩ ʦʩʥʦʚʥʳʤʠ. ʆʥʠ 

ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʷʟʘʪʝʣʴʥʘ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʥʘʫʯʥʦʡ, ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʉʠʩʪʝʤʘ 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ (ʉʀ), ʢʦʪʦʨʘʷ ʩʪʨʦʠʪʩʷ ʥʘ ʩʝʤʠ ʦʩʥʦʚʥʳʭ ʝʜʠʥʠʮʘʭ ð ʤʝʪʨ, ʢʠʣʦʛʨʘʤʤ, 

ʩʝʢʫʥʜʘ, ʘʤʧʝʨ, ʢʝʣʴʚʠʥ, ʤʦʣʴ, ʢʘʥʜʝʣʘ ð ʠ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ð ʨʘʜʠʘʥ ʠ ʩʪʝʨʘʜʠʘʥ. 

ʄʝʪʨ (ʤ) ð ʜʣʠʥʘ ʧʫʪʠ, ʧʨʦʭʦʜʠʤʦʛʦ ʩʚʝʪʦʤ ʚ ʚʘʢʫʫʤʝ ʟʘ 1/299792458 ʩ. 

ʂʠʣʦʛʨʘʤʤ (ʢʛ) ð ʤʘʩʩʘ, ʨʘʚʥʘʷ ʤʘʩʩʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʢʠʣʦʛʨʘʤʤʘ (ʧʣʘʪʠʥʦʠʨʠʜʠʝʚʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʭʨʘʥʷʱʝʛʦʩʷ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʙʶʨʦ ʤʝʨ ʠ ʚʝʩʦʚ ʚ ʉʝʚʨʝ, ʙʣʠʟ ʇʘʨʠʞʘ). 
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ʉʝʢʫʥʜʘ (ʩ) ð ʚʨʝʤʷ, ʨʘʚʥʦʝ 9192631770 ʧʝʨʠʦʜʘʤ ʠʟʣʫʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʚʝʨʭʪʦʥʢʠʤʠ ʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ ʮʝʟʠʷ-133. 

ɸʤʧʝʨ (ɸ) ð ʩʠʣʘ ʥʝʠʟʤʝʥʷʶʱʝʛʦʩʷ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦ ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʧʨʦʚʦʜʥʠʢʘʤ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ ʠ ʥʠʯʪʦʞʥʦ ʤʘʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʚʘʢʫʫʤʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ, ʩʦʟʜʘʩʪ ʤʝʞʜʫ ʵʪʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ 

ʩʠʣʫ, ʨʘʚʥʫʶ 210
ï7

 ʅ ʥʘ ʢʘʞʜʳʡ ʤʝʪʨ ʜʣʠʥʳ. 

ʂʝʣʴʚʠʥ (ʂ) ð 1/273,16 ʯʘʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʦʡʥʦʡ ʪʦʯʢʠ ʚʦʜʳ. 

ʄʦʣʴ (ʤʦʣʴ) ð ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʡ ʩʪʦʣʴʢʦ ʞʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʢʦʣʴʢʦ ʘʪʦʤʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʥʫʢʣʠʜʝ 
12
ʉ ʤʘʩʩʦʡ 0,012 ʢʛ. 

ʂʘʥʜʝʣʘ (ʢʜ) ð ʩʠʣʘ ʩʚʝʪʘ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ, ʠʩʧʫʩʢʘʶʱʝʛʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʯʘʩʪʦʪʦʡ 54010
12

 ɻʮ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʣʘ ʩʚʝʪʘ ʢʦʪʦʨʦʛʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 

1/683 ɺʪ/ʩʨ. 

ʈʘʜʠʘʥ (ʨʘʜ) ð ʫʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʜʠʫʩʘʤʠ ʦʢʨʫʞʥʦʩʪʠ, ʜʣʠʥʘ ʜʫʛʠ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʚʥʘ ʨʘʜʠʫʩʫ. 

ʉʪʝʨʘʜʠʘʥ (ʩʨ) ð ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʩ ʚʝʨʰʠʥʦʡ ʚ ʮʝʥʪʨʝ ʩʬʝʨʳ, ʚʳʨʝʟʘʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ 

ʧʣʦʱʘʜʴ, ʨʘʚʥʫʶ ʧʣʦʱʘʜʠ ʢʚʘʜʨʘʪʘ ʩʦ ʩʪʦʨʦʥʦʡ, ʨʘʚʥʦʡ ʨʘʜʠʫʩʫ ʩʬʝʨʳ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʝʜʠʥʠʮ ʠʩʧʦʣʴʟʫʶʪ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʠʭ ʩ ʦʩʥʦʚʥʳʤʠ 

ʝʜʠʥʠʮʘʤʠ. ʅʘʧʨʠʤʝʨ, ʠʟ ʬʦʨʤʫʣʳ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ v=s/t (s ï ʧʨʦʡʜʝʥʥʳʡ 

ʧʫʪʴ, t ð ʚʨʝʤʷ) ʧʨʦʠʟʚʦʜʥʘʷ ʝʜʠʥʠʮʘ ʩʢʦʨʦʩʪʠ ʧʦʣʫʯʘʝʪʩʷ ʨʘʚʥʦʡ 1 ʤ/ʩ. 

1 ʌʀɿʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʄɽʍɸʅʀʂʀ 

ɻʣʘʚʘ 1 ʕʣʝʤʝʥʪʳ ʢʠʥʝʤʘʪʠʢʠ 

Ä 1. ʄʦʜʝʣʠ ʚ ʤʝʭʘʥʠʢʝ. ʉʠʩʪʝʤʘ ʦʪʩʯʝʪʘ. ʊʨʘʝʢʪʦʨʠʷ, ʜʣʠʥʘ ʧʫʪʠ, ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ 

ʄʝʭʘʥʠʢʘ ð ʯʘʩʪʴ ʬʠʟʠʢʠ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʧʨʠʯʠʥʳ, 

ʚʳʟʳʚʘʶʱʠʝ ʠʣʠ ʠʟʤʝʥʷʶʱʠʝ ʵʪʦ ʜʚʠʞʝʥʠʝ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ð ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʣ ʠʣʠ ʠʭ ʯʘʩʪʝʡ. 

ʈʘʟʚʠʪʠʝ ʤʝʭʘʥʠʢʠ ʢʘʢ ʥʘʫʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ III ʚ. ʜʦ ʥ. ʵ., ʢʦʛʜʘ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʡ ʫʯʝʥʳʡ ɸʨʭʠʤʝʜ (287ð

212 ʜʦ ʥ. ʵ.) ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʟʘʢʦʥ ʨʘʚʥʦʚʝʩʠʷ ʨʳʯʘʛʘ ʠ ʟʘʢʦʥʳ ʨʘʚʥʦʚʝʩʠʷ ʧʣʘʚʘʶʱʠʭ ʪʝʣ. ʆʩʥʦʚʥʳʝ 

ʟʘʢʦʥʳ ʤʝʭʘʥʠʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʠʪʘʣʴʷʥʩʢʠʤ ʬʠʟʠʢʦʤ ʠ ʘʩʪʨʦʥʦʤʦʤ ɻ. ɻʘʣʠʣʝʝʤ (1564ð1642) ʥ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʘʥʛʣʠʡʩʢʠʤ ʫʯʝʥʳʤ ʀ. ʅʴʶʪʦʥʦʤ (1643ð1727). 

ʄʝʭʘʥʠʢʘ ɻʘʣʠʣʝʷðʅʴʶʪʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʦʡ. ɺ ʥʝʡ ʠʟʫʯʘʶʪʩʷ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ, ʩʢʦʨʦʩʪʠ ʢʦʪʦʨʳʭ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʩ ʚ ʚʘʢʫʫʤʝ. 

ɿʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, ʩʨʘʚʥʠʤʳʤʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩ, ʠʟʫʯʘʶʪʩʷ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʝʭʘʥʠʢʦʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ɸ. ʕʡʥʰʪʝʡʥʦʤ (1879ð1955). ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ 

(ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ ʠ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ) ʟʘʢʦʥʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʥʝʧʨʠʤʝʥʠʤʳ ð ʦʥʠ 

ʟʘʤʝʥʷʶʪʩʷ ʟʘʢʦʥʘʤʠ ʢʠʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʥʘʰʝʛʦ ʢʫʨʩʘ ʤʳ ʙʫʜʝʤ ʠʟʫʯʘʪʴ ʤʝʭʘʥʠʢʫ ɻʘʣʠʣʝʷðʅʴʶʪʦʥʘ, ʪ.ʝ. ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʜʚʠʞʝʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤʠ ʩʢʦʨʦʩʪʠ ʩ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʝ ʦʙʱʝʧʨʠʥʷʪʘ ʢʦʥʮʝʧʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʀ. ʅʴʶʪʦʥʦʤ ʠ 

ʛʦʩʧʦʜʩʪʚʦʚʘʚʰʘʷ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ XVIIðXIX ʚʚ. ʄʝʭʘʥʠʢʘ ɻʘʣʠʣʝʷðʅʴʶʪʦʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʢʘʢ ʦʙʲʝʢʪʠʚʥʳʝ ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ, ʥʦ ʚ ʦʪʨʳʚʝ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʝʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʫʨʦʚʥʶ ʟʥʘʥʠʡ ʪʦʛʦ ʚʨʝʤʝʥʠ. 

ʄʝʭʘʥʠʢʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʨʘʟʜʝʣʘ: I) ʢʠʥʝʤʘʪʠʢʫ; 2) ʜʠʥʘʤʠʢʫ; 3) ʩʪʘʪʠʢʫ. 

ʂʠʥʝʤʘʪʠʢʘ ʠʟʫʯʘʝʪ ʜʚʠʞʝʥʠʝ ʪʝʣ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʨʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʵʪʦ ʜʚʠʞʝʥʠʝ ʦʙʫʩʣʦʚʣʠʚʘʶʪ. 

ɼʠʥʘʤʠʢʘ ʠʟʫʯʘʝʪ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʪʝʣ ʠ ʧʨʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʠʣʠ ʠʟʤʝʥʷʶʪ ʵʪʦ ʜʚʠʞʝʥʠʝ. 

ʉʪʘʪʠʢʘ ʠʟʫʯʘʝʪ ʟʘʢʦʥʳ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʪʝʣ. ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʪʝʣ, ʪʦ ʠʟ ʥʠʭ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʠ ʟʘʢʦʥʳ ʨʘʚʥʦʚʝʩʠʷ. ʇʦʵʪʦʤʫ ʟʘʢʦʥʳ ʩʪʘʪʠʢʠ ʦʪʜʝʣʴʥʦ ʦʪ ʟʘʢʦʥʦʚ ʜʠʥʘʤʠʢʠ ʬʠʟʠʢʘ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ. 

ʄʝʭʘʥʠʢʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʇʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʴʶ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ð ʪʝʣʦ, ʦʙʣʘʜʘʶʱʝʝ 

ʤʘʩʩʦʡ, ʨʘʟʤʝʨʘʤʠ ʢʦʪʦʨʦʛʦ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʇʦʥʷʪʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ð 

ʘʙʩʪʨʘʢʪʥʦʝ, ʥʦ ʝʛʦ ʚʚʝʜʝʥʠʝ ʦʙʣʝʛʯʘʝʪ ʨʝʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʠʟʫʯʘʷ ʜʚʠʞʝʥʠʝ 

ʧʣʘʥʝʪ ʧʦ ʦʨʙʠʪʘʤ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʠʭ ʟʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ. 
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ʇʨʦʠʟʚʦʣʴʥʦʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʪʝʣʦ ʠʣʠ ʩʠʩʪʝʤʫ ʪʝʣ ʤʦʞʥʦ ʤʳʩʣʝʥʥʦ ʨʘʟʙʠʪʴ ʥʘ ʤʘʣʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʯʘʩʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʘʷ 

ʪʦʯʢʘ. ʊʦʛʜʘ ʠʟʫʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʝʣ ʩʚʦʜʠʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʩʠʩʪʝʤʳ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. ɺ ʤʝʭʘʥʠʢʝ ʩʥʘʯʘʣʘ ʠʟʫʯʘʶʪ ʜʚʠʞʝʥʠʝ ʦʜʥʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʘ ʟʘʪʝʤ 

ʧʝʨʝʭʦʜʷʪ ʢ ʠʟʫʯʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʣ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʪʝʣʘ ʤʦʛʫʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ, ʪ. ʝ. ʠʟʤʝʥʷʪʴ ʩʚʦʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ. 

ʇʦʵʪʦʤʫ ʚ ʤʝʭʘʥʠʢʝ ʚʚʦʜʠʪʩʷ ʝʱʝ ʦʜʥʘ ʤʦʜʝʣʴ ð ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʝ ʪʝʣʦ. ɸʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʤ 

ʪʝʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʝʣʦ, ʢʦʪʦʨʦʝ ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʤʦʞʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʧʨʠ ʚʩʝʭ 

ʫʩʣʦʚʠʷʭ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ (ʠʣʠ ʪʦʯʥʝʝ ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʠʮʘʤʠ) ʵʪʦʛʦ ʪʝʣʘ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ. 

ʃʶʙʦʝ ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʢʦʤʙʠʥʘʮʠʶ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʡ. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ð ʵʪʦ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʣʶʙʘʷ ʧʨʷʤʘʷ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʘʷ 

ʩ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤ, ʦʩʪʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʚʦʝʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ. ɺʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ð ʵʪʦ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ ʪʦʯʢʠ ʪʝʣʘ ʜʚʠʞʫʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʷʤ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʷʤʦʡ, ʥʘʟʳʚʘʝʤʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ. 

ɼʚʠʞʝʥʠʝ ʪʝʣ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʪʦʯʢʠ ʥʘʜʦ ʟʥʘʪʴ, ʚ ʢʘʢʠʭ ʤʝʩʪʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʵʪʘ ʪʦʯʢʘ ʥʘʭʦʜʠʣʘʩʴ ʠ ʚ ʢʘʢʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʦʥʘ 

ʧʨʦʭʦʜʠʣʘ ʪʦ ʠʣʠ ʠʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʇʦʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʜʨʫʛʦʤʫ, ʧʨʦʠʟʚʦʣʴʥʦ 

ʚʳʙʨʘʥʥʦʤʫ ʪʝʣʫ, ʥʘʟʳʚʘʝʤʦʤʫ ʪʝʣʦʤ ʦʪʩʯʝʪʘ. ʉ ʥʠʤ ʩʚʷʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ð ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʯʘʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʣʦʤ ʦʪʩʯʝʪʘ. ɺ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ, ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ɸ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʡ 

ʩʠʩʪʝʤʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʢʦʦʨʜʠʥʘʪʘʤʠ x, y ʠ z ʠʣʠ ʨʘʜʠʫʩʦʤ-ʚʝʢʪʦʨʦʤ r, ʧʨʦʚʝʜʝʥʥʳʤ ʠʟ 

ʥʘʯʘʣʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʜʘʥʥʫʶ ʪʦʯʢʫ (ʨʠʩ. 1). 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʝʝ ʢʦʦʨʜʠʥʘʪʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʶʪʩʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʝʝ 

ʜʚʠʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʘʣʷʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

x = x(t),    ʫ = y(t),    z = z(t),       (1.1) 

 ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʚʝʢʪʦʨʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

r  = r (t).                                        (1.2) 

ʋʨʘʚʥʝʥʠʷ (1.1) ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (1.2) ʥʘʟʳʚʘʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 
ʏʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘʟʳʚʘʝʪʩʷ 

ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɽʩʣʠ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʩʚʦʙʦʜʥʦ ʜʚʠʞʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ, ʢʘʢ ʫʞʝ 

ʙʳʣʦ ʩʢʘʟʘʥʦ, ʦʥʘ ʦʙʣʘʜʘʝʪ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (ʢʦʦʨʜʠʥʘʪʳ ʭ, ʫ ʠ z), ʝʩʣʠ ʦʥʘ ʜʚʠʞʝʪʩʷ ʧʦ 

ʥʝʢʦʪʦʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʝʩʣʠ ʚʜʦʣʴ ʥʝʢʦʪʦʨʦʡ ʣʠʥʠʠ, ʪʦ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ. 

 
ʀʩʢʣʶʯʘʷ t ʚ ʫʨʘʚʥʝʥʠʷʭ (1.1) ʠ (1.2), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ð ʣʠʥʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʵʪʦʡ ʪʦʯʢʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚʜʦʣʴ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩ. 2). ʆʪʩʯʝʪ ʚʨʝʤʝʥʠ 

ʥʘʯʥʝʤ ʩ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʪʦʯʢʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʦʣʦʞʝʥʠʠ ɸ. ɼʣʠʥʘ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ ɸɺ, 

ʧʨʦʡʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʦʡ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ, ʥʘʟʳʚʘʝʪʩʷ ʜʣʠʥʦʡ ʧʫʪʠ s ʠ 

ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ: s = s(t). ɺʝʢʪʦʨ r  = r  ð r0, ʧʨʦʚʝʜʝʥʥʳʡ ʠʟ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʜʚʠʞʫʱʝʡʩʷ ʪʦʯʢʠ ʚ ʧʦʣʦʞʝʥʠʝ ʝʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʧʨʠʨʘʱʝʥʠʝ ʨʘʜʠʫʩʘ-

ʚʝʢʪʦʨʘ ʪʦʯʢʠ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ), ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ. 
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ʇʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʯʘʩʪʢʦʤ 

ʪʨʘʝʢʪʦʨʠʠ ʠ ʤʦʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ |r| ʨʘʚʝʥ ʧʨʦʡʜʝʥʥʦʤʫ ʧʫʪʠ s. 

Ä 2. ʉʢʦʨʦʩʪʴ 

ɼʣʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʜʚʠʞʝʥʠʷ  ʤʘʪʝʨʠʘʣʴʥʦʡ  ʪʦʯʢʠ  ʚʚʦʜʠʪʩʷ  ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ ð ʩʢʦʨʦʩʪʴ, 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʙʳʩʪʨʦʪʘ ʜʚʠʞʝʥʠʷ, ʪʘʢ ʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʫʩʪʴ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʢʘʢʦʡ-ʣʠʙʦ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʪʘʢ, ʯʪʦ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ r0 (ʨʠʩ. 3). ɺ ʪʝʯʝʥʠʝ ʤʘʣʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ t ʪʦʯʢʘ 

ʧʨʦʡʜʝʪ ʧʫʪʴ s ʠ ʧʦʣʫʯʠʪ ʵʣʝʤʝʥʪʘʨʥʦʝ (ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʝ) ʧʝʨʝʤʝʱʝʥʠʝ r. 

ɺʝʢʪʦʨʦʤ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ <v> ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ r ʨʘʜʠʫʩʘ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ ʢ 

ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ t: 

      (2.1) 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ r. ʇʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ 

t ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

v: 

 

 
ʄʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ v, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʪʴ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʨʘʜʠʫʩʘ-

ʚʝʢʪʦʨʘ ʜʚʠʞʫʱʝʡʩʷ ʪʦʯʢʠ ʧʦ ʚʨʝʤʝʥʠ. ʊʘʢ ʢʘʢ ʩʝʢʫʱʘʷ ʚ ʧʨʝʜʝʣʝ ʩʦʚʧʘʜʘʝʪ ʩ ʢʘʩʘʪʝʣʴʥʦʡ, ʪʦ 

ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ v ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ ʚ ʩʪʦʨʦʥʫ ʜʚʠʞʝʥʠʷ (ʨʠʩ. 3). ʇʦ ʤʝʨʝ 

ʫʤʝʥʴʰʝʥʠʷ t ʧʫʪʴ s ʚʩʝ ʙʦʣʴʰʝ ʙʫʜʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ |r|, ʧʦʵʪʦʤʫ ʤʦʜʫʣʴ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʫʣʴ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʚʝʥ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʫʪʠ ʧʦ ʚʨʝʤʝʥʠ: 

     (2.2) 

ʇʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ð ʤʦʜʫʣʴ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʝʪʩʷ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʫʶʪʩʷ ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʦʡ v  ð ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ 

ʜʚʠʞʝʥʠʷ: 

 

ʀʟ ʨʠʩ. 3 ʚʳʪʝʢʘʝʪ, ʯʪʦ v > | v |, ʪʘʢ ʢʘʢ s > | r|, ʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ɽʩʣʠ ʚʳʨʘʞʝʥʠʝ ds = vdt (ʩʤ. ʬʦʨʤʫʣʫ (2.2)) ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʦ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ t ʜʦ t + t, ʪʦ 

ʥʘʡʜʝʤ ʜʣʠʥʫ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʛʦ ʪʦʯʢʦʡ ʟʘ ʚʨʝʤʷ t: 

     (2.3) 
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ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʪʦʷʥʥʦ; ʪʦʛʜʘ 

ʚʳʨʘʞʝʥʠʝ (2.3) ʧʨʠʤʝʪ ʚʠʜ 

      
ɼʣʠʥʘ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʛʦ ʪʦʯʢʦʡ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ t1 ʜʦ t2, ʜʘʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ 

 

Ä 3. ʋʩʢʦʨʝʥʠʝ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ɺ ʩʣʫʯʘʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʘʞʥʦ ʟʥʘʪʴ, ʢʘʢ ʙʳʩʪʨʦ ʠʟʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʌʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦ ʤʦʜʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ, 

ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʣʦʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʪ.ʝ. ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ ʫʯʘʩʪʢʠ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ ʣʝʞʘʪ ʚ 

ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʫʩʪʴ ʚʝʢʪʦʨ v ʟʘʜʘʝʪ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ɸ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ɿʘ ʚʨʝʤʷ t 

ʜʚʠʞʫʱʘʷʩʷ ʪʦʯʢʘ ʧʝʨʝʰʣʘ ʚ ʧʦʣʦʞʝʥʠʝ ɺ ʠ ʧʨʠʦʙʨʝʣʘ ʩʢʦʨʦʩʪʴ, ʦʪʣʠʯʥʫʶ ʦʪ v ʢʘʢ ʧʦ ʤʦʜʫʣʶ, ʪʘʢ 

ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʨʘʚʥʫʶ v1 = v + v. ʇʝʨʝʥʝʩʝʤ ʚʝʢʪʦʨ v1 ʚ ʪʦʯʢʫ ɸ ʠ ʥʘʡʜʝʤ v (ʨʠʩ. 4). 

ʉʨʝʜʥʠʤ ʫʩʢʦʨʝʥʠʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ t ʜʦ t + t ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ 

ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ v ʢ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ t  

 
ʄʛʥʦʚʝʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʘ (ʫʩʢʦʨʝʥʠʝʤ) ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʙʫʜʝʪ ʧʨʝʜʝʣ 

ʩʨʝʜʥʝʛʦ ʫʩʢʦʨʝʥʠʷ: 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʢʦʨʝʥʠʝ a ʝʩʪʴ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ. 

ʈʘʟʣʦʞʠʤ ʚʝʢʪʦʨ v ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ɼʣʷ ʵʪʦʛʦ ʠʟ ʪʦʯʢʠ ɸ (ʨʠʩ. 4) ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʦʨʦʩʪʠ v 

ʦʪʣʦʞʠʤ ʚʝʢʪʦʨ AD, ʧʦ ʤʦʜʫʣʶ ʨʘʚʥʳʡ v1. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʝʢʪʦʨ CD , ʨʘʚʥʳʡ v , ʦʧʨʝʜʝʣʷʝʪ 

ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘ ʚʨʝʤʷ t ʧʦ ʤʦʜʫʣ :ʁ vvv 1 . ɺʪʦʨʘʷ ʞʝ ʩʦʩʪʘʚʣʷʶʱʘʷ nv  ʚʝʢʪʦʨʘ v 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘ ʚʨʝʤʷ t ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʢʦʨʝʥʠʷ 

 
ʪ. ʝ. ʨʘʚʥʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ, ʦʧʨʝʜʝʣʷʷ ʪʝʤ ʩʘʤʳʤ ʙʳʩʪʨʦʪʫ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦ ʤʦʜʫʣʶ. 

ʅʘʡʜʝʤ ʚʪʦʨʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʫʩʢʦʨʝʥʠʷ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʪʦʯʢʘ ɺ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʘ ʢ ʪʦʯʢʝ ɸ, ʧʦʵʪʦʤʫ 

s ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʫʛʦʡ ʦʢʨʫʞʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʨʘʜʠʫʩʘ r, ʤʘʣʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʭʦʨʜʳ ɸɺ. ʊʦʛʜʘ 

ʠʟ ʧʦʜʦʙʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ɸʆɺ ʠ EAD ʩʣʝʜʫʝʪ vn/AB = v1/r, ʥʦ ʪʘʢ ʢʘʢ AB = v t, ʪʦ 

 

ɺ ʧʨʝʜʝʣʝ ʧʨʠ 0t  ʧʦʣʫʯʠʤ vv1 . 
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ʇʦʩʢʦʣʴʢʫ vv1 , ʫʛʦʣ EAD ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʘ ʪʘʢ ʢʘʢ ʪʨʝʫʛʦʣʴʥʠʢ EAD ʨʘʚʥʦʙʝʜʨʝʥʥʳʡ, ʪʦ ʫʛʦʣ 

ADE ʤʝʞʜʫ v ʠ vn ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʷʤʦʤʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 0t  ʚʝʢʪʦʨʳ vn ʠ v ʦʢʘʟʳʚʘʶʪʩʷ 

ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ. Tax ʢʘʢ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ, ʪʦ 

ʚʝʢʪʦʨ vn, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ, ʥʘʧʨʘʚʣʝʥ ʢ ʮʝʥʪʨʫ ʝʝ ʢʨʠʚʠʟʥʳ. ɺʪʦʨʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʢʦʨʝʥʠʷ, ʨʘʚʥʘʷ 

 
ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʩʢʦʨʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʪʨʘʝʢʪʦʨʠʠ ʢ ʮʝʥʪʨʫ ʝʝ 

ʢʨʠʚʠʟʥʳ (ʧʦʵʪʦʤʫ ʝʝ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ). 

ʇʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ʝʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʠ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

(ʨʠʩ.5): 

 
ʀʪʘʢ, ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʢʦʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦ 

ʤʦʜʫʣʶ (ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ), ʘ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʢʦʨʝʥʠʷ ð 

ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ (ʥʘʧʨʘʚʣʝʥʘ ʢ ʮʝʥʪʨʫ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʠ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʩʢʦʨʝʥʠʷ ʜʚʠʞʝʥʠʝ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) 0a , ʘn = 0 ð ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ; 

2) constaa , ʘn = 0 ð ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ. ʇʨʠ ʪʘʢʦʤ ʚʠʜʝ ʜʚʠʞʝʥʠʷ 

 
ɽʩʣʠ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1=0, ʘ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ v1=v0, ʪʦ, ʦʙʦʟʥʘʯʠʚ t2=t ʠ v2=v, ʧʦʣʫʯʠʤ 

tvva /)( 0 , ʦʪʢʫʜʘ 

 
ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʵʪʫ ʬʦʨʤʫʣʫ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʫʣʷ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t, ʥʘʡʜʝʤ, ʯʪʦ 

ʜʣʠʥʘ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʛʦ ʪʦʯʢʦʡ, ʚ ʩʣʫʯʘʝ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

 

3) )(tfa , ʘn = 0 ð ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ; 
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4) 0a , ʘn = const. ʇʨʠ 0a  ʩʢʦʨʦʩʪʴ ʧʦ ʤʦʜʫʣʶ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ʀʟ 

ʬʦʨʤʫʣʳ an=v
2
/r ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʚʠʞʝʥʠʝ 

ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ; 

5) 0a , 0na  ð ʨʘʚʥʦʤʝʨʥʦʝ ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ; 

6) consta , 0na  ð ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʝ ʜʚʠʞʝʥʠʝ; 

7) )(tfa , 0na  ð ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ. 

Ä 4. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ. ʊʦʛʜʘ ʦʪʜʝʣʴʥʳʝ ʪʦʯʢʠ ʵʪʦʛʦ 

ʪʝʣʘ ʙʫʜʫʪ ʦʧʠʩʳʚʘʪʴ ʦʢʨʫʞʥʦʩʪʠ ʨʘʟʥʳʭ ʨʘʜʠʫʩʦʚ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʇʫʩʪʴ 

ʥʝʢʦʪʦʨʘʷ ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R (ʨʠʩ. 6). ɽʝ ʧʦʣʦʞʝʥʠʝ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ t ʟʘʜʘʜʠʤ ʫʛʣʦʤ . ʕʣʝʤʝʥʪʘʨʥʳʝ (ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ) ʧʦʚʦʨʦʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʚʝʢʪʦʨʳ (ʦʥʠ ʦʙʦʟʥʘʯʘʶʪʩ ̫  ʠʣʠ d ). ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ d  ʨʘʚʝʥ ʫʛʣʫ ʧʦʚʦʨʦʪʘ, ʘ ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʪʨʠʷ ʚʠʥʪʘ, ʛʦʣʦʚʢʘ ʢʦʪʦʨʦʛʦ 

ʚʨʘʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, ʪ.ʝ. ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʘʚʠʣʫ ʧʨʘʚʦʛʦ ʚʠʥʪʘ 

(ʨʠʩ.6). ɺʝʢʪʦʨʳ, ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʘʱʝʥʠʷ, ʥʘʟʳʚʘʶʪʩʷ 

ʧʩʝʚʜʦʚʝʢʪʦʨʘʤʠ ʠʣʠ ʘʢʩʠʘʣʴʥʳʤʠ ʚʝʢʪʦʨʘʤʠ. ʕʪʠ ʚʝʢʪʦʨʳ ʥʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʝʢ 

ʧʨʠʣʦʞʝʥʠʷ: ʦʥʠ ʤʦʛʫʪ ʦʪʢʣʘʜʳʚʘʪʴʩʷ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʦʩʠ ʚʨʘʱʝʥʠʷ. 

ʋʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʪʝʣʘ ʧʦ 

ʚʨʝʤʝʥʠ: 

 

ɺʝʢʪʦʨ 
C

 ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʛʦ ʚʠʥʪʘ, ʪ.ʝ. ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚʝʢʪʦʨ d  

(ʨʠʩ.7). ʈʘʟʤʝʨʥʦʩʪʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ dim =T
ï1

, ʘ ʝʝ ʝʜʠʥʠʮʘ ð ʨʘʜʠʘʥ ʚ ʩʝʢʫʥʜʫ (ʨʘʜ/ʩ). 

ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ (ʩʤ. ʨʠʩ. 6) 

 
ʪ. ʝ. 

 

 
ɺ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʬʦʨʤʫʣʫ ʜʣʷ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʢʘʢ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ: 

 

ʇʨʠ ʵʪʦʤ ʤʦʜʫʣʴ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʨʘʚʝʥ , ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ 

ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʘʚʦʛʦ ʚʠʥʪʘ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʦʪ 
C

 ʢ R. 

ɽʩʣʠ ( = const, ʪʦ ʚʨʘʱʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʝʛʦ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʝʨʠʦʜʦʤ ʚʨʘʱʝʥʠʷ T ð 

ʚʨʝʤʝʥʝʤ, ʟʘ ʢʦʪʦʨʦʝ ʪʦʯʢʘ ʩʦʚʝʨʰʘʝʪ ʦʜʠʥ ʧʦʣʥʳʡ ʦʙʦʨʦʪ, ʪ.ʝ. ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʫʛʦʣ 2. ʊʘʢ ʢʘʢ 

ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ t = T ʩʦʦʪʚʝʪʩʪʚʫʝʪ  = 2 , ʪʦ  = 2 /T, ʦʪʢʫʜʘ 

 
ʏʠʩʣʦ ʧʦʣʥʳʭ ʦʙʦʨʦʪʦʚ, ʩʦʚʝʨʰʘʝʤʳʭ ʪʝʣʦʤ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ: 
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ʦʪʢʫʜʘ 

 
ʋʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦ 

ʚʨʝʤʝʥʠ: 

 
ʇʨʠ ʚʨʘʱʝʥʠʠ ʪʝʣʘ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʚʝʢʪʦʨ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʚ ʩʪʦʨʦʥʫ ʚʝʢʪʦʨʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʠ ʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʚʝʢʪʦʨ 
C

 ʩʦʥʘʧʨʘʚʣʝʥ ʚʝʢʪʦʨʫ 
C

 (ʨʠʩ.8), ʧʨʠ ʟʘʤʝʜʣʝʥʥʦʤ ð ʧʨʦʪʠʚʦʥʘʧʨʘʚʣʝʥ ʝʤʫ (ʨʠʩ.9). 

ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʢʦʨʝʥʠʷ 

 
ʅʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʩʢʦʨʝʥʠʷ 

 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʴ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ (ʜʣʠʥʘ ʧʫʪʠ s, ʧʨʦʡʜʝʥʥʦʛʦ ʪʦʯʢʦʡ ʧʦ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ 

ʨʘʜʠʫʩʘ R, ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ v, ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ a , ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ na ) ʠ 

ʫʛʣʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ (ʫʛʦʣ ʧʦʚʦʨʦʪʘ , ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ , ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ) ʚʳʨʘʞʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

 

ɺ ʩʣʫʯʘʝ ʨʘʚʥʦʧʝʨʝʤʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ (=const) 

        

ʛʜʝ  0 ð ʥʘʯʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ. 

ɿʘʜʘʯʠ 

1.1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʡʜʝʥʥʦʛʦ ʪʝʣʦʤ ʧʫʪʠ ʦʪ ʚʨʝʤʝʥʠ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ s=A+Bt+Ct
2
+Dt

3 
(ʉ=0,1 ʤ/ʩ

2
, 

D=0,03 ʤ/ʩ
3
). ʆʧʨʝʜʝʣʠʪʴ: 1) ʚʨʝʤʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʫʩʢʦʨʝʥʠʝ ʘ ʪʝʣʘ ʙʫʜʝʪ 

ʨʘʚʥʦ 2 ʤ/ʩ
2
; 2) ʩʨʝʜʥʝʝ ʫʩʢʦʨʝʥʠʝ ʘ ʪʝʣʘ ʟʘ ʵʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. [1) 10 ʩ; 2) 1,1 ʤ/ʩ

2
] 

1.2. ʇʨʝʥʝʙʨʝʛʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʪʝʣʦ ʙʨʦʰʝʥʦ ʢ ʛʦʨʠʟʦʥʪʫ, 

ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʪʝʣʘ ʨʘʚʥʘ 1/4 ʜʘʣʴʥʦʩʪʠ ʝʛʦ ʧʦʣʝʪʘ. [45Á] 

1.3. ʂʦʣʝʩʦ ʨʘʜʠʫʩʦʤ R=0,1 ʤ ʚʨʘʱʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʟʘʜʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ  = 2At + 5Bt
4
 (A = 2 ʨʘʜ/ʩ

2
 ʠ B = 1 ʨʘʜ/ʩ

5
). ʆʧʨʝʜʝʣʠʪʴ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʝʢ ʦʙʦʜʘ 

ʢʦʣʝʩʘ ʯʝʨʝʟ t=1 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʨʘʱʝʥʠʷ ʠ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ, ʩʜʝʣʘʥʥʳʭ ʢʦʣʝʩʦʤ ʟʘ ʵʪʦ ʚʨʝʤʷ. [ʘ=8,5 

ʤ/ʩ
2
; N=0,48] 

1.4. ʅʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ r=4 ʤ, ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

an=A+Bt+Ct
2
 (ɸ=1 ʤ/ʩ

2
, B=6 ʤ/ʩ

3
, ʉ=3 ʤ/ʩ

4
). ʆʧʨʝʜʝʣʠʪʴ: 1) ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ; 2) ʧʫʪʴ, 

ʧʨʦʡʜʝʥʥʳʡ ʪʦʯʢʦʡ ʟʘ ʚʨʝʤʷ t1= 5 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ; 3) ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʜʣʷ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ t2=1 ʩ. [1) 6 ʤ/ʩ
2
; 2) 85 ʤ; 3) 6,32 ʤ/ʩ

2
] 

1.5. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ʧʨʠ ʨʘʚʥʦʟʘʤʝʜʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʟʘ t=1 ʤʠʥ ʫʤʝʥʴʰʠʣʘʩʴ ʦʪ 300 ʜʦ 180 

ʤʠʥ
ï1
. ʆʧʨʝʜʝʣʠʪʴ: 1) ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʢʦʣʝʩʘ; 2) ʯʠʩʣʦ ʧʦʣʥʳʭ ʦʙʦʨʦʪʦʚ, ʩʜʝʣʘʥʥʳʭ ʢʦʣʝʩʦʤ ʟʘ 

ʵʪʦ ʚʨʝʤʷ. [1) 0,21 ʨʘʜ/ʩ
2
; 2) 240] 
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1.6. ɼʠʩʢ ʨʘʜʠʫʩʦʤ R=10 ʩʤ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʪʘʢ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʦʚʦʨʦʪʘ 

ʨʘʜʠʫʩʘ ʜʠʩʢʘ ʦʪ ʚʨʝʤʝʥʠ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ =A+Bt+Ct
2
+Dt

3
 (B=1 ʨʘʜ/ʩ, ʉ=1 ʨʘʜ/ʩ

2
, D=1 ʨʘʜ/ʩ

3
). 

ʆʧʨʝʜʝʣʠʪʴ ʜʣʷ ʪʦʯʝʢ ʥʘ ʦʙʦʜʝ ʢʦʣʝʩʘ ʢ ʢʦʥʮʫ ʚʪʦʨʦʡ ʩʝʢʫʥʜʳ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ: 1) 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ a ; 2) ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘn; 3) ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘ. [1) 1,4 ʤ/ʩ
2
; 2) 28,9 

ʤ/ʩ
2
; 3) 28,9 ʤ/ʩ

2
] 

ɻʣʘʚʘ 2  ɼʠʥʘʤʠʢʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

Ä 5. ʇʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. ʄʘʩʩʘ. ʉʠʣʘ 

ɼʠʥʘʤʠʢʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʨʘʟʜʝʣʦʤ ʤʝʭʘʥʠʢʠ, ʚ ʝʝ ʦʩʥʦʚʝ ʣʝʞʘʪ ʪʨʠ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʠʤ ʚ 1687 ʛ. ɿʘʢʦʥʳ ʅʴʶʪʦʥʘ ʠʛʨʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʤʝʭʘʥʠʢʝ ʠ 

ʷʚʣʷʶʪʩʷ (ʢʘʢ ʠ ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ) ʦʙʦʙʱʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʦʛʨʦʤʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʧʳʪʘ. 

ʀʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʢʦʥʦʚ ʠ ʦʧʳʪʥʦʡ ʧʨʦʚʝʨʢʝ ʧʦʜʚʝʨʛʘʶʪ ʥʝ ʢʘʞʜʳʡ 

ʦʪʜʝʣʴʥʳʡ ʟʘʢʦʥ, ʘ ʚʩʶ ʩʠʩʪʝʤʫ ʚ ʮʝʣʦʤ. 

ʇʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ: ʚʩʢ̫ʘʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ (ʪʝʣʦ) ʩʦʭʨʘʥʷʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʠʣʠ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʪʝʣ ʥʝ 

ʟʘʩʪʘʚʠʪ ʝʝ ʠʟʤʝʥʠʪʴ ʵʪʦ ʩʦʩʪʦʷʥʠʝ. ʉʪʨʝʤʣʝʥʠʝ ʪʝʣʘ ʩʦʭʨʘʥʷʪʴ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʠʣʠ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʠʥʝʨʪʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʧʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ 

ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʟʘʢʦʥʦʤ ʠʥʝʨʮʠʠ. 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ, ʠ ʝʛʦ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʪ ʦʪ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. ʇʝʨʚʳʡ ʟʘʢʦʥ 

ʅʴʶʪʦʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ ʚʦ ʚʩʷʢʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʘ ʪʝ ʩʠʩʪʝʤʳ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʦʨʳʤ ʦʥ 

ʚʳʧʦʣʥʷʝʪʩʷ, ʥʘʟʳʚʘʶʪʩʷ ʠʥʝʨʮʠʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʪʩʯʝʪʘ. ʀʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʦʪʩʯʝʪʘ 

ʷʚʣʷʝʪʩʷ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ, ʩʚʦʙʦʜʥʘʷ ʦʪ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʣʠʙʦ ʧʦʢʦʠʪʩʷ, ʣʠʙʦ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ. ʇʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ 

ʫʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ. 

ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʝʨʮʠʘʣʴʥʦʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʫʶ (ʟʚʝʟʜʥʫʶ) ʩʠʩʪʝʤʫ 

ʦʪʩʯʝʪʘ (ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʉʦʣʥʮʘ, ʘ ʦʩʠ ʧʨʦʚʝʜʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʟʚʝʟʜ). ʉʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ɿʝʤʣʝʡ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝʠʥʝʨʮʠʘʣʴʥʘ, ʦʜʥʘʢʦ ʵʬʬʝʢʪʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʝʝ ʥʝʠʥʝʨʮʠʘʣʴʥʦʩʪʴʶ (ɿʝʤʣʷ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ ʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ), 

ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʟʘʜʘʯ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ, ʠ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʝʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʥʝʨʮʠʘʣʴʥʦʡ. 

ʀʟ ʦʧʳʪʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʨʘʟʣʠʯʥʳʝ ʪʝʣʘ ʥʝʦʜʠʥʘʢʦʚʦ ʠʟʤʝʥʷʶʪ ʩʢʦʨʦʩʪʴ 

ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ, ʪ.ʝ., ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʠʦʙʨʝʪʘʶʪ ʨʘʟʣʠʯʥʳʝ ʫʩʢʦʨʝʥʠʷ. ʋʩʢʦʨʝʥʠʝ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʦʪ ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʪʝʣʘ (ʦʪ ʝʛʦ ʤʘʩʩʳ). 

ʄʘʩʩʘ ʪʝʣʘ ð ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʷʚʣʷʶʱʘʷʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʝʝ ʠʥʝʨʮʠʦʥʥʳʝ (ʠʥʝʨʪʥʘʷ ʤʘʩʩʘ) ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ (ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ) 

ʩʚʦʡʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʢʘʟʘʥʥʳʤ, ʯʪʦ ʠʥʝʨʪʥʘʷ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʳ 

ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ (ʩ ʪʦʯʥʦʩʪʴʶ, ʥʝ ʤʝʥʴʰʝʡ 10
ï12

 ʠʭ ʟʥʘʯʝʥʠʷ). 

ʏʪʦʙʳ ʦʧʠʩʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʷ, ʫʧʦʤʠʥʘʝʤʳʝ ʚ ʧʝʨʚʦʤ ʟʘʢʦʥʝ ʅʴʶʪʦʥʘ, ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ ʩʠʣʳ. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʝʣʘ ʣʠʙʦ ʠʟʤʝʥʷʶʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʪ. ʝ. ʧʨʠʦʙʨʝʪʘʶʪ ʫʩʢʦʨʝʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʩʠʣ), ʣʠʙʦ ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʪ. ʝ. ʠʟʤʝʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ (ʩʪʘʪʠʯʝʩʢʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʩʠʣ). ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʠʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʠʩʣʦʚʳʤ ʟʥʘʯʝʥʠʝʤ, 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʪʦʯʢʦʡ ʧʨʠʣʦʞʝʥʠʷ. ʀʪʘʢ, ʩʠʣʘ ð ʵʪʦ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʷʚʣʷʶʱʘʷʩʷ ʤʝʨʦʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʣʦ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʪʝʣ ʠʣʠ ʧʦʣʝʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʪʝʣʦ ʧʨʠʦʙʨʝʪʘʝʪ ʫʩʢʦʨʝʥʠʝ ʠʣʠ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ. 

Ä 6. ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ð ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ð ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩ, 

ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ (ʪʝʣʘ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʳʭ ʢ 

ʥʝʡ ʩʠʣ. 

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʩʠʣ ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʪʝʣʦ, ʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ, 

ʧʨʠʦʙʨʝʪʘʝʤʦʝ ʪʝʣʦʤ, ʚʩʝʛʜʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʧʨʠʣʦʞʝʥʥʳʭ ʩʠʣ: 

ʘ ~ F (ʪ = const).                                  (6.1) 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʣʳ ʥʘ ʪʝʣʘ ʩ ʨʘʟʥʳʤʠ ʤʘʩʩʘʤʠ ʠʭ ʫʩʢʦʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ, 

ʘ ʠʤʝʥʥʦ 
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ʘ ~ 1/ʪ (F = const).                               (6.2) 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (6.1) ʠ (6.2) ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʣʘ ʠ ʫʩʢʦʨʝʥʠʝðʚʝʣʠʯʠʥʳ ʚʝʢʪʦʨʥʳʝ, ʤʦʞʝʤ 

ʟʘʧʠʩʘʪʴ 

ʘ = kF/m.                                 (6.3)  

ʉʦʦʪʥʦʰʝʥʠʝ (6.3) ʚʳʨʘʞʘʝʪ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ: ʫʩʢʦʨʝʥʠʝ, ʧʨʠʦʙʨʝʪʘʝʤʦʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʦʡ 

(ʪʝʣʦʤ), ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʳʟʳʚʘʶʱʝʡ ʝʛʦ ʩʠʣʝ, ʩʦʚʧʘʜʘʝʪ ʩ ʥʝʶ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʘʩʩʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ (ʪʝʣʘ).  

ɺ ʉʀ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ k=  1. ʊʦʛʜʘ 

 
ʠʣʠ 

           (6.4) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʘʩʩʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ (ʪʝʣʘ) ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ, ʚ 

ʚʳʨʘʞʝʥʠʠ (6.4) ʝʝ ʤʦʞʥʦ ʚʥʝʩʪʠ ʧʦʜ ʟʥʘʢ ʧʨʦʠʟʚʦʜʥʦʡ: 

     (6.5) 

ɺʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ 

      (6.6) 

ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʝʝ ʩʢʦʨʦʩʪʴ ʠ ʠʤʝʶʱʘʷ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʢʦʨʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʠʤʧʫʣʴʩʦʤ (ʢʦʣʠʯʝʩʪʚʦʤ ʜʚʠʞʝʥʠʷ) ʵʪʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

ʇʦʜʩʪʘʚʣʷʷ (6.6) ʚ (6.5), ʧʦʣʫʯʠʤ 

     (6.7) 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ð ʙʦʣʝʝ ʦʙʱʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ: ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʠʤʧʫʣʴʩʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʨʘʚʥʘ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʝʝ ʩʠʣʝ. ɺʳʨʘʞʝʥʠʝ (6.7) ʥʘʟʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

ɽʜʠʥʠʮʘ ʩʠʣʳ ʚ ʉʀ ð ʥʴʶʪʦʥ (ʅ): 1 ʅ ð ʩʠʣʘ, ʢʦʪʦʨʘʷ ʤʘʩʩʝ 1 ʢʛ ʩʦʦʙʱʘʝʪ ʫʩʢʦʨʝʥʠʝ 1 ʤ/ʩ
2
 ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʣʳ: 

1 ʅ = 1 ʢʛʤ/ʩ
2
. 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʩʧʨʘʚʝʜʣʠʚ ʪʦʣʴʢʦ ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ʇʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʚʪʦʨʦʛʦ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣ (ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʣʦ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʪʝʣ) ʫʩʢʦʨʝʥʠʝ (ʩʤ. (6.3)) ʪʘʢʞʝ ʨʘʚʥʦ ʥʫʣʶ. 

ʆʜʥʘʢʦ ʧʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʟʘʢʦʥ (ʘ ʥʝ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ), ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥ ʫʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ, ʚ 

ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ (6.7). 

 
ɺ ʤʝʭʘʥʠʢʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩʠʣ: ʝʩʣʠ ʥʘ ʤʘʪʝʨʠʘʣʴʥʫʶ 

ʪʦʯʢʫ ʜʝʡʩʪʚʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʩʠʣ, ʪʦ ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʠʣ ʩʦʦʙʱʘʝʪ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʝ 

ʫʩʢʦʨʝʥʠʝ ʩʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʢʘʢ ʙʫʜʪʦ ʜʨʫʛʠʭ ʩʠʣ ʥʝ ʙʳʣʦ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ 

ʧʨʠʥʮʠʧʫ, ʩʠʣʳ ʠ ʫʩʢʦʨʝʥʠʷ ʤʦʞʥʦ ʨʘʟʣʘʛʘʪʴ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʧʨʦʱʝʥʠʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 10 ʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ F=ma ʨʘʟʣʦʞʝʥʘ 

ʥʘ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ: ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ ʩʠʣʫ F, (ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʪʨʘʝʢʪʦʨʠʠ) ʠ 
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ʥʦʨʤʘʣʴʥʫʶ ʩʠʣʫ Fn (ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʮʝʥʪʨʫ ʢʨʠʚʠʟʥʳ). ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ 
dt

dv
a  ʠ 

R

v
an

2

, ʘ ʪʘʢʞʝ Rv , ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

    
ɽʩʣʠ ʥʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ ʜʝʡʩʪʚʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʩʠʣ, ʪʦ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩʠʣ, ʧʦʜ F ʚʦ ʚʪʦʨʦʤ ʟʘʢʦʥʝ ʅʴʶʪʦʥʘ ʧʦʥʠʤʘʶʪ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʩʠʣʫ. 

Ä 7. ʊʨʝʪʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ (ʪʝʣʘʤʠ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʪʴʠʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ: 

ʚʩʷʢʦʝ ʜʝʡʩʪʚʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ (ʪʝʣ) ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; ʩʠʣʳ, ʩ 

ʢʦʪʦʨʳʤʠ ʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʚʩʝʛʜʘ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʳ ʠ ʜʝʡʩʪʚʫʶʪ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʵʪʠ ʪʦʯʢʠ: 

F12 = ï F21,                                 (7.1)  

ʛʜʝ F12 ð ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʝʨʚʫʶ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʦʡ; 

F21 ð ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʚʪʦʨʫʶ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ ʩʦ ʩʪʦʨʦʥʳ ʧʝʨʚʦʡ. ʕʪʠ ʩʠʣʳ ʧʨʠʣʦʞʝʥʳ ʢ 

ʨʘʟʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʪʦʯʢʘʤ (ʪʝʣʘʤ), ʚʩʝʛʜʘ ʜʝʡʩʪʚʫʶʪ ʧʘʨʘʤʠ ʠ ʷʚʣʷʶʪʩʷ ʩʠʣʘʤʠ ʦʜʥʦʡ ʧʨʠʨʦʜʳ. 

ʊʨʝʪʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʜʠʥʘʤʠʢʠ ʦʪʜʝʣʴʥʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʢ 

ʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʠ ʜʣʷ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʦʜʠʪʩʷ ʢ ʩʠʣʘʤ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ. 

Ä 8. ʉʠʣʳ ʪʨʝʥʠʷ 

ʆʙʩʫʞʜʘʷ ʜʦ ʩʠʭ ʧʦʨ ʩʠʣʳ, ʤʳ ʥʝ ʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ. ʆʜʥʘʢʦ ʚ ʤʝʭʘʥʠʢʝ ʤʳ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʣʳ: ʪʨʝʥʠʷ, ʫʧʨʫʛʦʩʪʠ, ʪʷʛʦʪʝʥʠʷ. 

ʀʟ ʦʧʳʪʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʷʢʦʝ ʪʝʣʦ, ʜʚʠʞʫʱʝʝʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʫʛʦʛʦ ʪʝʣʘ, ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʜʨʫʛʠʭ ʩʠʣ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʟʘʤʝʜʣʷʝʪ ʩʚʦʝ ʜʚʠʞʝʥʠʝ ʠ ʚ ʢʦʥʮʝ 

ʢʦʥʮʦʚ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʩʠʣʳ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʩʢʦʣʴʞʝʥʠʶ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʉʠʣʳ ʪʨʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʪʝʣ. ʉʠʣʳ ʪʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ, ʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʚʩʝʛʜʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ. 

ʈʘʟʣʠʯʘʶʪ ʚʥʝʰʥʝʝ (ʩʫʭʦʝ) ʠ ʚʥʫʪʨʝʥʥʝʝ (ʞʠʜʢʦʝ ʠʣʠ ʚʷʟʢʦʝ) ʪʨʝʥʠʝ. ɺʥʝʰʥʠʤ ʪʨʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ 

ʪʨʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʣʦʩʢʦʩʪʠ ʢʘʩʘʥʠʷ ʜʚʫʭ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ ʧʨʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤ 

ʧʝʨʝʤʝʱʝʥʠʠ. ɽʩʣʠ ʩʦʧʨʠʢʘʩʘʶʱʠʝʩʷ ʪʝʣʘ ʥʝʧʦʜʚʠʞʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʛʦʚʦʨʷʪ ʦ ʪʨʝʥʠʠ 

ʧʦʢʦʷ, ʝʩʣʠ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʵʪʠʭ ʪʝʣ, ʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʛʦʚʦʨʷʪ ʦ ʪʨʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ, ʢʘʯʝʥʠʷ ʠʣʠ ʚʝʨʯʝʥʠʷ. 

ɺʥʫʪʨʝʥʥʠʤ ʪʨʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʪʨʝʥʠʝ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʝʣʘ, ʥʘʧʨʠʤʝʨ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʩʣʦʷʤʠ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ, ʩʢʦʨʦʩʪʠ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ ʟʜʝʩʴ ʦʪʩʫʪʩʪʚʫʝʪ ʪʨʝʥʠʝ ʧʦʢʦʷ. ɽʩʣʠ ʪʝʣʘ ʩʢʦʣʴʟʷʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʠ 

ʨʘʟʜʝʣʝʥʳ ʧʨʦʩʣʦʡʢʦʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ (ʩʤʘʟʢʠ), ʪʦ ʪʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʦʝ ʩʤʘʟʢʠ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʪʨʝʥʠʠ (ʩʣʦʡ ʩʤʘʟʢʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʡ) ʠ ʛʨʘʥʠʯʥʦʤ 

ʪʨʝʥʠʠ (ʪʦʣʱʠʥʘ ʩʤʘʟʦʯʥʦʡ ʧʨʦʩʣʦʡʢʠ 0,1 ʤʢʤ ʠ ʤʝʥʴʰʝ). 

ʆʙʩʫʜʠʤ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ. ʕʪʦ ʪʨʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ 

ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ; ʚ ʩʣʫʯʘʝ ʞʝ ʦʯʝʥʴ ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʣʝʞʘʱʝʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʪʝʣʦ (ʨʠʩ. 11), ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʣʦʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʣʘ F. ʊʝʣʦ 

ʧʨʠʜʝʪ ʚ ʜʚʠʞʝʥʠʝ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʨʠʣʦʞʝʥʥʘʷ ʩʠʣʘ F ʙʫʜʝʪ ʙʦʣʴʰʝ ʩʠʣʳ ʪʨʝʥʠʷ Fʪʨ. 

ʌʨʘʥʮʫʟʩʢʠʝ ʬʠʟʠʢʠ ɻ. ɸʤʦʥʪʦʥ (1663ð1705) ʠ ʐ. ʂʫʣʦʥ (1736ð1806) ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʠʣʠ 

ʩʣʝʜʫʶʱʠʡ ʟʘʢʦʥ: ʩʠʣʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ Fʪʨ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʠʣʝ N ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩ 

ʢʦʪʦʨʦʡ ʦʜʥʦ ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ ʥʘ ʜʨʫʛʦʝ: 

Fʪʨ =  f N , 

ʛʜʝ f ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʚʦʡʩʪʚ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. 
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ʅʘʡʜʝʤ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. ɽʩʣʠ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ  (ʨʠʩ.12), ʪʦ ʦʥʦ ʧʨʠʭʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ, ʪʦʣʴʢʦ ʢʦʛʜʘ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ F ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʈ ʙʦʣʴʰʝ ʩʠʣʳ ʪʨʝʥʠʷ Fʪʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ (ʥʘʯʘʣʦ ʩʢʦʣʴʞʝʥʠʷ ʪʝʣʘ)  

F=Fʪʨ. ʠʣʠ Psin 0 = f N = f P cos 0, ʦʪʢʫʜʘ 

f = tg 0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʨʘʚʝʥ ʪʘʥʛʝʥʩʫ ʫʛʣʘ 0, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʩʢʦʣʴʞʝʥʠʝ ʪʝʣʘ 

ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɼʣʷ ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʠʪʷʞʝʥʠʝ. ɼʣʷ ʥʠʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʟʘʢʦʥ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

Fʪʨ = f ʠʩʪ (N + Sp0), 

ʛʜʝ ʨ0 ð ʜʦʙʘʚʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ; S ð ʧʣʦɦʘʜʴ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʪʝʣʘʤʠ;   

fʠʩʪ ð ʠʩʪʠʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ. 

ʊʨʝʥʠʝ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝ. ɹʣʘʛʦʜʘʨʷ ʪʨʝʥʠʶ ʜʚʠʞʝʪʩʷ ʪʨʘʥʩʧʦʨʪ, 

ʫʜʝʨʞʠʚʘʝʪʩʷ ʟʘʙʠʪʳʡ ʚ ʩʪʝʥʫ ʛʚʦʟʜʴ ʠ ʪ. ʜ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʠʣʳ ʪʨʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʠ ʧʦʵʪʦʤʫ ʠʭ ʥʘʜʦ ʫʤʝʥʴʰʘʪʴ. ɼʣʷ 

ʵʪʦʛʦ ʥʘ ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʩʷʪ ʩʤʘʟʢʫ (ʩʠʣʘ ʪʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ), 

ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʷʝʪ ʥʝʨʦʚʥʦʩʪʠ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʦʥʢʠʤ ʩʣʦʝʤ ʤʝʞʜʫ 

ʥʠʤʠ ʪʘʢ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʙʳ ʧʝʨʝʩʪʘʶʪ ʢʘʩʘʪʴʩʷ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʩʢʦʣʴʟʷʪ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ 

ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ ʞʠʜʢʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʰʥʝʝ ʪʨʝʥʠʝ ʪʚʝʨʜʳʭ ʪʝʣ ʟʘʤʝʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʠʤ ʚʥʫʪʨʝʥʥʠʤ ʪʨʝʥʠʝʤ ʞʠʜʢʦʩʪʠ. 

 
ʈʘʜʠʢʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʫʤʝʥʴʰʝʥʠʷ ʩʠʣʳ ʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʪʨʝʥʠʝʤ ʢʘʯʝʥʠʷ 

(ʰʘʨʠʢʦʚʳʝ ʠ ʨʦʣʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ ʠ ʪ. ʜ.). ʉʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʂʫʣʦʥʦʤ: 

Fʪʨ=fʢ N/r,                                     (8.1) 

ʛʜʝ r ð ʨʘʜʠʫʩ ʢʘʪʷʱʝʛʦʩʷ ʪʝʣʘ; fʢ ð ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ dim fʢ =L. ʀʟ 

(8.1) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʜʠʫʩʫ ʢʘʪʷʱʝʛʦʩʷ ʪʝʣʘ. 

Ä 9. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. ʎʝʥʪʨ ʤʘʩʩ 

ɼʣʷ ʚʳʚʦʜʘ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʦʥʷʪʠʷ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʪʦʯʝʢ (ʪʝʣ), ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʥʘʟʳʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. ʉʠʣʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪʩʷ ð 

ʚʥʫʪʨʝʥʥʠʤʠ. ʉʠʣʳ, ʩ ʢʦʪʦʨʳʤʠ ʥʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʩʠʩʪʝʤʳ ʜʝʡʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʪʝʣʘ, 

ʥʘʟʳʚʘʶʪʩʷ ʚʥʝʰʥʠʤʠ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʝʣ, ʥʘ ʢʦʪʦʨʫʶ ʥʝ ʜʝʡʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʩʠʣʳ, 

ʥʘʟʳʚʘʝʪʩʷ ʟʘʤʢʥʫʪʦʡ (ʠʣʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ). ɽʩʣʠ ʤʳ ʠʤʝʝʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʤʥʦʛʠʭ ʪʝʣ, ʪʦ, ʩʦʛʣʘʩʥʦ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʪʝʣʘʤʠ, ʙʫʜʫʪ 

ʨʘʚʥʳ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ, ʪ. ʝ. ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʨʘʚʥʘ ʥʫʣʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ n ʪʝʣ, ʤʘʩʩʘ ʠ ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʚʥʳ m1, m2,.... mn, ʠ v1, v2,..., vn. ʇʫʩʪʴ n21 F,...,F,F  ð ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʞʜʦʝ ʠʟ ʵʪʠʭ ʪʝʣ, a n21 F,...,F,F ð ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʚʥʝʰʥʠʭ ʩʠʣ. ɿʘʧʠʰʝʤ 

ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ n ʪʝʣ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 
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ʉʢʣʘʜʳʚʘʷ ʧʦʯʣʝʥʥʦ ʵʪʠ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʘʝʤ 

 
ʅʦ ʪʘʢ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

ʨʘʚʥʘ ʥʫʣʶ, ʪʦ 

 

 
ʠʣʠ 

      (9.1) 

 

 

ʛʜʝ  ð ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʠʤʧʫʣʴʩʘ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʨʘʚʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʝ ʚʥʝʰʥʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ. 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ (ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ) 

 
ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʠ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ: ʠʤʧʫʣʴʩ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʩʦʭʨʘʥʷʝʪʩʷ, ʪ. ʝ. ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʩʧʨʘʚʝʜʣʠʚ ʥʝ ʪʦʣʴʢʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʭʦʪʷ ʦʥ ʠ ʧʦʣʫʯʝʥ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʟʘʢʦʥʦʚ ʅʴʶʪʦʥʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʥ ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʜʣʷ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ 

ʤʠʢʨʦʯʘʩʪʠʮ (ʦʥʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʘʤ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ). ʕʪʦʪ ʟʘʢʦʥ ʥʦʩʠʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʪ. ʝ. ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ð ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʢʦʥ ʧʨʠʨʦʜʳ. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩʠʤʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ð 

ʝʛʦ ʦʜʥʦʨʦʜʥʦʩʪʠ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʝʨʝʥʦʩʝ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʪʝʣ ʢʘʢ ʮʝʣʦʛʦ ʝʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ, ʩʦʛʣʘʩʥʦ (9.1), ʠʤʧʫʣʴʩ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʜʣʷ ʥʝʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ, ʝʩʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʩʫʤʤʘ ʚʩʝʭ ʚʥʝʰʥʠʭ ʩʠʣ ʨʘʚʥʘ ʥʫʣʶ. 

ɺ ʤʝʭʘʥʠʢʝ ɻʘʣʠʣʝʷðʅʴʶʪʦʥʘ ʠʟ-ʟʘ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʦʪ ʩʢʦʨʦʩʪʠ ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʝʝ ʮʝʥʪʨʘ ʤʘʩʩ. ʎʝʥʪʨʦʤ ʤʘʩʩ (ʠʣʠ ʮʝʥʪʨʦʤ ʠʥʝʨʮʠʠ) ʩʠʩʪʝʤʳ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʥʘʟʳʚʘʝʪʩʷ ʚʦʦʙʨʘʞʘʝʤʘʷ ʪʦʯʢʘ ʉ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʵʪʦʡ ʩʠʩʪʝʤʳ. ɽʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʨʘʚʝʥ 

 
ʛʜʝ mi ʠ r i ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʩʩʘ ʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ i-ʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ; n ð ʯʠʩʣʦ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʪʦʯʝʢ ʚ ʩʠʩʪʝʤʝ;  ï ʤʘʩʩʘ ʩʠʩʪʝʤʳ. ʉʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ pi = mivi , a 
 
ʝʩʪʴ ʠʤʧʫʣʴʩ ʨ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ 

       (9.2) 

ʪ. ʝ. ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʩʩʳ ʩʠʩʪʝʤʳ ʥʘ ʩʢʦʨʦʩʪʴ ʝʝ ʮʝʥʪʨʘ ʤʘʩʩ.  

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (9.2) ʚ ʫʨʘʚʥʝʥʠʝ (9.1), ʧʦʣʫʯʠʤ 

      
(9.3) 

ʪ. ʝ. ʮʝʥʪʨ ʤʘʩʩ ʩʠʩʪʝʤʳ ʜʚʠʞʝʪʩʷ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʤʘʩʩʘ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʠ ʥʘ ʢʦʪʦʨʫʶ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʨʘʚʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʝ ʚʩʝʭ ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ 

ʩʠʩʪʝʤʝ. ɺʳʨʘʞʝʥʠʝ (9.3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (9.2) ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʮʝʥʪʨ ʤʘʩʩ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʣʠʙʦ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ, ʣʠʙʦ ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ. 

Ä 10. ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʝʨʝʤʝʥʥʦʡ ʤʘʩʩʳ 

ɼʚʠʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʪʝʣ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʤʘʩʩʳ, ʥʘʧʨʠʤʝʨ ʤʘʩʩʘ ʨʘʢʝʪʳ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʩʣʝʜʩʪʚʠʝ ʠʩʪʝʯʝʥʠʷ ʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ, ʠ ʪ. ʧ. 

ɺʳʚʝʜʝʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʝʨʝʤʝʥʥʦʡ ʤʘʩʩʳ ʥʘ ʧʨʠʤʝʨʝ ʜʚʠʞʝʥʠʷ ʨʘʢʝʪʳ. ɽʩʣʠ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t ʤʘʩʩʘ ʨʘʢʝʪʳ m, ʘ ʝʝ ʩʢʦʨʦʩʪʴ v, ʪʦ ʧʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ dt ʝʝ ʤʘʩʩʘ ʫʤʝʥʴʰʠʪʩʷ ʥʘ dm ʠ 

ʩʪʘʥʝʪ ʨʘʚʥʦʡ ʪ ð dm, ʘ ʩʢʦʨʦʩʪʴ ʩʪʘʥʝʪ ʨʘʚʥʦʡ v + dv. ʀʟʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ ʟʘ ʦʪʨʝʟʦʢ 

ʚʨʝʤʝʥʠ dt 

 
ʛʜʝ u ð ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʛʘʟʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʢʝʪʳ. ʊʦʛʜʘ 

 
(ʫʯʣʠ, ʯʪʦ dmdv ð ʤʘʣʳʡ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ). ɽʩʣʠ ʥʘ ʩʠʩʪʝʤʫ 

ʜʝʡʩʪʚʫʶʪ ʚʥʝʰʥʠʝ ʩʠʣʳ, ʪʦ dp=Fdt, ʧʦʵʪʦʤʫ 

 
ʠʣʠ 

        
(10.1) 

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (10.1) ʥʘʟʳʚʘʶʪ ʨʝʘʢʪʠʚʥʦʡ ʩʠʣʦʡ Fp. ɽʩʣʠ u ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ v ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʪʦ ʨʘʢʝʪʘ ʫʩʢʦʨʷʝʪʩʷ, ʘ ʝʩʣʠ ʩʦʚʧʘʜʘʝʪ ʩ v, ʪʦ ʪʦʨʤʦʟʠʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʝʨʝʤʝʥʥʦʡ ʤʘʩʩʳ 

         (10.2) 

ʢʦʪʦʨʦʝ ʚʧʝʨʚʳʝ ʙʳʣʦ ʚʳʚʝʜʝʥʦ ʀ. ɺ. ʄʝʱʝʨʩʢʠʤ (1859ð1935). 

ʀʜʝʷ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʩʠʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʳʩʢʘʟʳʚʘʣʘʩʴ ʚ 1881 ʛ. ʅ. ʀ. 

ʂʠʙʘʣʴʯʠʯʝʤ (1854ð1881). ʂ. ʕ. ʎʠʦʣʢʦʚʩʢʠʡ (1857ð1935) ʚ 1903 ʛ. ʦʧʫʙʣʠʢʦʚʘʣ ʩʪʘʪʴʶ, ʛʜʝ 

ʧʨʝʜʣʦʞʠʣ ʪʝʦʨʠʶ ʜʚʠʞʝʥʠʷ ʨʘʢʝʪʳ ʠ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʞʠʜʢʦʩʪʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʇʦʵʪʦʤʫ 

ʝʛʦ ʩʯʠʪʘʶʪ ʦʩʥʦʚʘʪʝʣʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʢʦʩʤʦʥʘʚʪʠʢʠ. 

 
ʇʨʠʤʝʥʠʤ ʫʨʘʚʥʝʥʠʝ (10.1) ʢ ʜʚʠʞʝʥʠʶ ʨʘʢʝʪʳ, ʥʘ ʢʦʪʦʨʫʶ ʥʝ ʜʝʡʩʪʚʫʶʪ ʥʠʢʘʢʠʝ ʚʥʝʰʥʠʝ ʩʠʣʳ. 

ʇʦʣʘʛʘʷ F=0 ʠ ʩʯʠʪʘʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʛʘʟʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʢʝʪʳ ʧʦʩʪʦʷʥʥʘ (ʨʘʢʝʪʘ 

ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ), ʧʦʣʫʯʠʤ 
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ʦʪʢʫʜʘ 

 
ɿʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʉ ʦʧʨʝʜʝʣʠʤ ʠʟ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɽʩʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴ ʨʘʢʝʪʳ ʨʘʚʥʘ ʥʫʣʶ, ʘ ʝʝ ʩʪʘʨʪʦʚʘʷ ʤʘʩʩʘ m0, ʪʦ ʉ = u ln(m0). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

v = u ln (m0/m).                                (10.3) 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ʎʠʦʣʢʦʚʩʢʦʛʦ. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ: 1) ʯʝʤ ʙʦʣʴʰʝ ʢʦʥʝʯʥʘʷ 

ʤʘʩʩʘ ʨʘʢʝʪʳ ʪ, ʪʝʤ ʙʦʣʴʰʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʪʘʨʪʦʚʘʷ ʤʘʩʩʘ ʨʘʢʝʪʳ m0; 2) ʯʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ 

ʠʩʪʝʯʝʥʠʷ ʠ ʛʘʟʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʝʯʥʘʷ ʤʘʩʩʘ ʧʨʠ ʜʘʥʥʦʡ ʩʪʘʨʪʦʚʦʡ ʤʘʩʩʝ ʨʘʢʝʪʳ. 

ɺʳʨʘʞʝʥʠʷ (10.2) ʠ (10.3) ʧʦʣʫʯʝʥʳ ʜʣʷ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʪ. ʝ. ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʠ v 

ʠ u ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ. 

ɿʘʜʘʯʠ 

2.1. ʇʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʘ ʢ ʛʦʨʠʟʦʥʪʫ, ʨʘʚʥʳʤ 30Á, ʩʢʦʣʴʟʠʪ ʪʝʣʦ. ʆʧʨʝʜʝʣʠʪʴ 

ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʚ ʢʦʥʮʝ ʪʨʝʪʴʝʡ ʩʝʢʫʥʜʳ ʦʪ ʥʘʯʘʣʘ ʩʢʦʣʴʞʝʥʠʷ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 0,15. [10,9 

ʤ/ʩ] 

2.2. ʉʘʤʦʣʝʪ ʦʧʠʩʳʚʘʝʪ ʧʝʪʣʶ ʅʝʩʪʝʨʦʚʘ ʨʘʜʠʫʩʦʤ 80 ʤ. ʂʘʢʦʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʠʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ 

ʩʘʤʦʣʝʪʘ, ʯʪʦʙʳ ʣʝʪʯʠʢ ʥʝ ʦʪʦʨʚʘʣʩʷ ʦʪ ʩʠʜʝʥʴʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʝʪʣʠ? [28 ʤ/ʩ] 

2.3. ɹʣʦʢ ʫʢʨʝʧʣʝʥ ʥʘ ʚʝʨʰʠʥʝ ʜʚʫʭ ʥʘʢʣʦʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʛʦʨʠʟʦʥʪʦʤ ʫʛʣʳ = 30Á ʠ  

=45Á. ɻʠʨʠ ʨʘʚʥʦʡ ʤʘʩʩʳ (m1=m2=2 ʢʛ) ʩʦʝʜʠʥʝʥʳ ʥʠʪʴʶ, ʧʝʨʝʢʠʥʫʪʦʡ ʯʝʨʝʟ ʙʣʦʢ. ʉʯʠʪʘʷ ʥʠʪʴ ʠ 

ʙʣʦʢ ʥʝʚʝʩʦʤʳʤʠ, ʧʨʠʥʠʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʛʠʨʴ ʦ ʥʘʢʣʦʥʥʳʝ ʧʣʦʩʢʦʩʪʠ ʨʘʚʥʳʤʠ f1=f2=f=0,1 

ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʪʨʝʥʠʝʤ ʚ ʙʣʦʢʝ, ʦʧʨʝʜʝʣʠʪʴ: 1) ʫʩʢʦʨʝʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʜʚʠʞʫʪʩʷ ʛʠʨʠ; 2) ʩʠʣʫ 

ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ. [1) 0,24 ʤ/ʩ
2
; 2) 12 ʅ] 

2.4. ʅʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʧʣʘʪʬʦʨʤʝ ʫʩʪʘʥʦʚʣʝʥʘ ʙʝʟʦʪʢʘʪʥʘʷ ʧʫʰʢʘ, ʠʟ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʩʪʨʝʣ 

ʚʜʦʣʴ ʧʦʣʦʪʥʘ ʧʦʜ ʫʛʣʦʤ =45Á ʢ ʛʦʨʠʟʦʥʪʫ. ʄʘʩʩʘ ʧʣʘʪʬʦʨʤʳ ʩ ʧʫʰʢʦʡ ʄ=20 ʪ, ʤʘʩʩʘ ʩʥʘʨʷʜʘ 

m=10 ʢʛ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʦʣʝʩʘʤʠ ʧʣʘʪʬʦʨʤʳ ʠ ʨʝʣʴʩʘʤʠ f = 0,002. ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ 

ʩʥʘʨʷʜʘ, ʝʩʣʠ ʧʦʩʣʝ ʚʳʩʪʨʝʣʘ ʧʣʘʪʬʦʨʤʘ ʦʪʢʘʪʠʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʝ s=3 ʤ. 

[v0=M fgs2 /(mcos )=970ʤ/ʩ] 

2.5. ʅʘ ʢʘʪʝʨʝ ʤʘʩʩʦʡ m=5 ʪ ʥʘʭʦʜʠʪʩʷ ʚʦʜʦʤʝʪ, .ʚʳʙʨʘʩʳʚʘʶʱʠʡ ɛ=25 ʢʛ/ʩ ʚʦʜʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠ=7 ʤ/ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʪʝʨʘ ʥʘʟʘʜ. ʇʨʝʥʝʙʨʝʛʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʶ ʢʘʪʝʨʘ, ʦʧʨʝʜʝʣʠʪʴ: 1) ʩʢʦʨʦʩʪʴ 

ʢʘʪʝʨʘ ʯʝʨʝʟ 3 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ; 2) ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʩʢʦʨʦʩʪʴ ʢʘʪʝʨʘ. [1) v=u (1ð

exp
(ïɛt/m)

 = 4,15 ʤ/ʩ; 2) 7 ʤ/ʩ] 

ɻʣʘʚʘ 3 ʈʘʙʦʪʘ ʠ ʵʥʝʨʛʠʷ 

Ä11. ʕʥʝʨʛʠʷ, ʨʘʙʦʪʘ, ʤʦʱʥʦʩʪʴ 

ʕʥʝʨʛʠʷ ð ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʨʘ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʜʚʠʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ 

ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʩʚʷʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʵʥʝʨʛʠʠ: ʤʝʭʘʥʠʯʝʩʢʫʶ, ʪʝʧʣʦʚʫʶ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ, ʷʜʝʨʥʫʶ ʠ ʜʨ. ɺ ʦʜʥʠʭ ʷʚʣʝʥʠʷʭ ʬʦʨʤʘ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

(ʥʘʧʨʠʤʝʨ, ʛʦʨʷʯʝʝ ʪʝʣʦ ʥʘʛʨʝʚʘʝʪ ʭʦʣʦʜʥʦʝ), ʚ ʜʨʫʛʠʭ ð ʧʝʨʝʭʦʜʠʪ ʚ ʠʥʫʶ ʬʦʨʤʫ (ʥʘʧʨʠʤʝʨ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʝʧʣʦʚʦʝ). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʵʥʝʨʛʠʷ, ʦʪʜʘʥʥʘʷ (ʚ ʪʦʡ ʠʜʠ ʠʥʦʡ ʬʦʨʤʝ) ʦʜʥʠʤ ʪʝʣʦʤ ʜʨʫʛʦʤʫ ʪʝʣʫ, ʨʘʚʥʘ ʵʥʝʨʛʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝʜʥʠʤ ʪʝʣʦʤ. 

ʀʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚʳʟʳʚʘʝʪʩʷ ʩʠʣʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʥʝʛʦ ʩʦ ʩʪʦʨʦʥʳ 

ʜʨʫʛʠʭ ʪʝʣ. ʏʪʦʙʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʪʝʣʘʤʠ, ʚ ʤʝʭʘʥʠʢʝ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʨʘʙʦʪʳ ʩʠʣʳ. 

ɽʩʣʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʩʠʣʘ F, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ  ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʷ, ʪʦ ʨʘʙʦʪʘ ʵʪʦʡ ʩʠʣʳ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʨʦʝʢʮʠʠ 

ʩʠʣʳ Fs ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ (Fs= Fcos ), ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ 

ʩʠʣʳ: 

       (11.1) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʠʣʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʢʘʢ ʧʦ ʤʦʜʫʣʶ, ʪʘʢ ʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʦʡ (11.1) 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʣʴʟʷ. ɽʩʣʠ, ʦʜʥʘʢʦ, ʨʘʩʩʤʦʪʨʝʪʴ ʵʣʝʤʝʥʪʘʨʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ dr, ʪʦ ʩʠʣʫ F ʤʦʞʥʦ 
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ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʜʚʠʞʝʥʠʝ ʪʦʯʢʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ð ʧʨʷʤʦʣʠʥʝʡʥʳʤ. ʕʣʝʤʝʥʪʘʨʥʦʡ ʨʘʙʦʪʦʡ 

ʩʠʣʳ F ʥʘ ʧʝʨʝʤʝʱʝʥʠʠ dr ʥʘʟʳʚʘʝʪʩʷ ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ 

 

ʛʜʝ  ð ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ F ʠ dr; ds = |dr| ð ʵʣʝʤʝʥʪʘʨʥʳʡ ʧʫʪʴ; Fs ð ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ F ʥʘ 

ʚʝʢʪʦʨ dr (ʨʠʩ. 13). 

ʈʘʙʦʪʘ ʩʠʣʳ ʥʘ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ ʦʪ ʪʦʯʢʠ 1 ʜʦ ʪʦʯʢʠ 2 ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʨʘʙʦʪ ʥʘ ʦʪʜʝʣʴʥʳʭ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ. ʕʪʘ ʩʫʤʤʘ ʧʨʠʚʦʜʠʪʩʷ ʢ ʠʥʪʝʛʨʘʣʫ 

      
(11.2) 

 
ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʥʘʜʦ ʟʥʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ Fs, ʦʪ ʧʫʪʠ s ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ 1ð2. 

ʇʫʩʪʴ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʠ (ʨʠʩ. 14), ʪʦʛʜʘ ʠʩʢʦʤʘʷ ʨʘʙʦʪʘ ɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

ʛʨʘʬʠʢʝ ʧʣʦʱʘʜʴʶ ʟʘʰʪʨʠʭʦʚʘʥʥʦʡ ʬʠʛʫʨʳ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʩʠʣʘ 

F=const ʠ =const, ʪʦ ʧʦʣʫʯʠʤ 

 
ʛʜʝ s ð ʧʨʦʡʜʝʥʥʳʡ ʪʝʣʦʤ ʧʫʪʴ (ʩʤ. ʪʘʢʞʝ ʬʦʨʤʫʣʫ (11.1)). 

ʀʟ ʬʦʨʤʫʣʳ (11.1) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ  < /2 ʨʘʙʦʪʘ ʩʠʣʳ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʶʱʘʷ Fs 

ʩʦʚʧʘʜʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ v (ʩʤ. ʨʠʩ. 13). ɽʩʣʠ  > /2, ʪʦ ʨʘʙʦʪʘ 

ʩʠʣʳ ʦʪʨʠʮʘʪʝʣʴʥʘ. ʇʨʠ  = /2 (ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʝʨʝʤʝʱʝʥʠʶ) ʨʘʙʦʪʘ ʩʠʣʳ 

ʨʘʚʥʘ ʥʫʣʶ. 

ɽʜʠʥʠʮʘ ʨʘʙʦʪʳ ð ʜʞʦʫʣʴ (ɼʞ): 1 ɼʞ ð ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʩʠʣʦʡ 1 ʅ ʥʘ ʧʫʪʠ 1 ʤ (1 ɼʞ=1 ʅ  ʤ). 

ʏʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ, ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ ʤʦʱʥʦʩʪʠ: 

      
(11.3) 

ɿʘ ʚʨʝʤʷ dt ʩʠʣʘ  F ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ Fdr, ʠ ʤʦʱʥʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʘʷ ʵʪʦʡ ʩʠʣʦʡ, ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ 

 
ʪ. ʝ. ʨʘʚʥʘ ʩʢʘʣʷʨʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʢʪʦʨʘ ʩʠʣʳ ʥʘ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʪʦʯʢʘ 

ʧʨʠʣʦʞʝʥʠʷ ʵʪʦʡ ʩʠʣʳ; N ð ʚʝʣʠʯʠʥʘ ʩʢʘʣʷʨʥʘʷ. 

ɽʜʠʥʠʮʘ ʤʦʱʥʦʩʪʠ ð ʚʘʪʪ (ɺʪ): 1 ɺʪ ð ʤʦʱʥʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘ ʚʨʝʤʷ 1 ʩ ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ 1 ɼʞ 

(1 ɺʪ = 1 ɼʞ/ʩ). 

Ä 12. ʂʠʥʝʪʠʯʝʩʢʘʷ ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʠ 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ð ʵʪʦ ʵʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

ʉʠʣʘ F, ʜʝʡʩʪʚʫʷ ʥʘ ʧʦʢʦʷʱʝʝʩʷ ʪʝʣʦ ʠ ʚʳʟʳʚʘʷ ʝʛʦ ʜʚʠʞʝʥʠʝ, ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ, ʘ ʵʥʝʨʛʠʷ 

ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʪʨʘʯʝʥʥʦʡ ʨʘʙʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ dA ʩʠʣʳ F ʥʘ 

ʧʫʪʠ, ʢʦʪʦʨʳʡ ʪʝʣʦ ʧʨʦʰʣʦ ʟʘ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʥʠʷ ʩʢʦʨʦʩʪʠ ʦʪ 0 ʜʦ v, ʠʜʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ dT ʪʝʣʘ, ʪ. ʝ. 

 

ʀʩʧʦʣʴʟʫʷ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ  ʠ ʫʤʥʦʞʘʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ dr ʧʦʣʫʯʘʝʤ 
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ʊʘʢ ʢʘʢ  ʪʦ dA = mv dv=mvdv=dT, ʦʪʢʫʜʘ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʣʦ ʤʘʩʩʦʡ ʪ, ʜʚʠʞʫʱʝʝʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʦʙʣʘʜʘʝʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 

        (12.1) 

ʀʟ ʬʦʨʤʫʣʳ (12.1) ʚʠʜʥʦ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʤʘʩʩʳ ʠ ʩʢʦʨʦʩʪʠ ʪʝʣʘ, ʪ. ʝ. 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʝʩʪʴ ʬʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ ʝʝ ʜʚʠʞʝʥʠʷ. 

ʇʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ (12.1) ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ, ʪʘʢ ʢʘʢ ʠʥʘʯʝ ʥʝʣʴʟʷ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ. ɺ ʨʘʟʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ, ʜʚʠʞʫʱʠʭʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʩʢʦʨʦʩʪʴ ʪʝʣʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʝʛʦ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʙʫʜʫʪ ʥʝʦʜʠʥʘʢʦʚʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ 

ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ð ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʪʝʣ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʭ ʚʟʘʠʤʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠ ʭʘʨʘʢʪʝʨʦʤ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʇʫʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣʦʚʳʭ ʧʦʣʝʡ (ʥʘʧʨʠʤʝʨ, ʧʦʣʷ ʫʧʨʫʛʠʭ ʩʠʣ, 

ʧʦʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʪʝʤ, ʯʪʦ ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʠʣʘʤʠ 

ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʘ ʠʟ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʜʨʫʛʦʝ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʧʦ ʢʘʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʵʪʦ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʦʠʟʦʰʣʦ, ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʧʦʣʦʞʝʥʠʡ. ʊʘʢʠʝ ʧʦʣʷ 

ʥʘʟʳʚʘʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ, ʘ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʥʠʭ, ð ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ. ɽʩʣʠ ʞʝ ʨʘʙʦʪʘ, 

ʩʦʚʝʨʰʘʝʤʘʷ ʩʠʣʦʡ, ʟʘʚʠʩʠʪ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʘ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʚ ʜʨʫʛʫʶ, ʪʦ ʪʘʢʘʷ ʩʠʣʘ 

ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʩʠʧʘʪʥʚʥʦʡ; ʝʝ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʩʠʣʘ ʪʨʝʥʠʷ. 

ʊʝʣʦ, ʥʘʭʦʜʷʩʴ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʝ ʩʠʣ, ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʇ. ʈʘʙʦʪʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ 

ʩʠʣ ʧʨʠ ʵʣʝʤʝʥʪʘʨʥʦʤ (ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ) ʠʟʤʝʥʝʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʨʘʚʥʘ ʧʨʠʨʘʱʝʥʠʶ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʚʟʷʪʦʤʫ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ ʩʦʚʝʨʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʙʳʣʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ: 

       (12.2) 

ʈʘʙʦʪʘ dA ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʠʣʳ F ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ dr ʠ ʚʳʨʘʞʝʥʠʝ (12.2) 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

       (12.3) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʬʫʥʢʮʠʷ ʇ(r), ʪʦ ʠʟ ʬʦʨʤʫʣʳ (12.3) ʤʦʞʥʦ ʥʘʡʪʠ ʩʠʣʫ F ʧʦ ʤʦʜʫʣʶ ʠ 

ʥʘʧʨʘʚʣʝʥʠʶ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʩʭʦʜʷ ʠʟ (12.3) ʢʘʢ 

 
ʛʜʝ ʉ ð ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʪ. ʝ. ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʥʝʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. ʕʪʦ, ʦʜʥʘʢʦ, ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʘʭ, ʪʘʢ ʢʘʢ ʚ 

ʥʠʭ ʚʭʦʜʠʪ ʠʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʚ ʜʚʫʭ ʧʦʣʦʞʝʥʠʷʭ ʪʝʣʘ, ʠʣʠ ʧʨʦʠʟʚʦʜʥʘʷ ʇ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ. ʇʦʵʪʦʤʫ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʪʝʣʘ ʚ ʢʘʢʦʤ-ʪʦ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʯʠʪʘʶʪ 

ʨʘʚʥʦʡ ʥʫʣʶ (ʚʳʙʠʨʘʶʪ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʦʪʩʯʝʪʘ), ʘ ʵʥʝʨʛʠʶ ʪʝʣʘ ʚ ʜʨʫʛʠʭ ʧʦʣʦʞʝʥʠʷʭ 

ʦʪʩʯʠʪʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ. ɼʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ 

 
ʠʣʠ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ 

        (12.4) 

ʛʜʝ 
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(12.5) 

(i, j, k ð ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ). ɺʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʳʨʘʞʝʥʠʝʤ (12.5), 

ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʩʢʘʣʷʨʘ ʇ. 

ɼʣʷ ʥʝʛʦ ʥʘʨʷʜʫ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ grad ʇ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʠʝ ʇ.  (çʥʘʙʣʘè) ʦʟʥʘʯʘʝʪ 

ʩʠʤʚʦʣʠʯʝʩʢʠʡ ʚʝʢʪʦʨ, ʥʘʟʳʚʘʝʤʳʡ ʦʧʝʨʘʪʦʨʦʤ ɻʘʤʠʣʴʪʦʥʘ* ʠʣʠ ʥʘʙʣʘ-ʦʧʝʨʘʪʦʨʦʤ: 

    
(12.6) 

 
* ʋ. ɻʘʤʠʣʴʪʦʥ (1805ð1865) ð ʠʨʣʘʥʜʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʠ ʬʠʟʠʢ. 

 

ʂʦʥʢʨʝʪʥʳʡ ʚʠʜ ʬʫʥʢʮʠʠ ʇ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʠʣʦʚʦʛʦ ʧʦʣʷ. ʅʘʧʨʠʤʝʨ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʪʝʣʘ ʤʘʩʩʦʡ ʪ, ʧʦʜʥʷʪʦʛʦ ʥʘ ʚʳʩʦʪʫ h ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʨʘʚʥʘ 

     (12.7) 

ʛʜʝ ʚʳʩʦʪʘ h ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʇ0=0. ɺʳʨʘʞʝʥʠʝ (12.7) ʚʳʪʝʢʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʘʚʥʘ ʨʘʙʦʪʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʠ ʧʘʜʝʥʠʠ ʪʝʣʘ ʩ 

ʚʳʩʦʪʳ h ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ. 

ʊʘʢ ʢʘʢ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ, ʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ (ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʘ!). ɽʩʣʠ ʧʨʠʥʷʪʴ ʟʘ ʥʫʣʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʵʥʝʨʛʠʶ ʪʝʣʘ, ʣʝʞʘʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʜʥʝ 

ʰʘʭʪʳ (ʛʣʫʙʠʥʘ h' ), ʇ= ðmgh'. 

ʅʘʡʜʝʤ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʫʧʨʫʛʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʝʣʘ (ʧʨʫʞʠʥʳ). ʉʠʣʘ ʫʧʨʫʛʦʩʪʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʝʬʦʨʤʘʮʠʠ: 

 
ʛʜʝ Fx ʫʧp ð ʧʨʦʝʢʮʠʷ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʥʘ ʦʩʴ ʭ; k ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ (ʜʣʷ ʧʨʫʞʠʥʳ ð 

ʞʝʩʪʢʦʩʪʴ), ʘ ʟʥʘʢ ʤʠʥʫʩ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ Fx ʫʧp ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʝʬʦʨʤʘʮʠʠ 

x. 

ʇʦ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʜʝʬʦʨʤʠʨʫʶʱʘʷ ʩʠʣʘ ʨʘʚʥʘ ʧʦ ʤʦʜʫʣʶ ʩʠʣʝ ʫʧʨʫʛʦʩʪʠ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʝʡ ʥʘʧʨʘʚʣʝʥʘ, ʪ. ʝ. 

      
ʕʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ dA, ʩʦʚʝʨʰʘʝʤʘʷ ʩʠʣʦʡ Fx ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʜʝʬʦʨʤʘʮʠʠ dx, ʨʘʚʥʘ 

       
ʘ ʧʦʣʥʘʷ ʨʘʙʦʪʘ 

       
ʠʜʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʫʞʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʫʧʨʫʛʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʝʣʘ 

 
ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ʆʥʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʠ ʝʝ ʧʦʣʦʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʝʰʥʠʤ ʪʝʣʘʤ. 

ʇʦʣʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ð ʵʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

 
ʪ. ʝ. ʨʘʚʥʘ ʩʫʤʤʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʡ. 

Ä 13. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ð ʨʝʟʫʣʴʪʘʪ ʦʙʦʙʱʝʥʠʷ ʤʥʦʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʀʜʝʷ ʵʪʦʛʦ 

ʟʘʢʦʥʘ ʧʨʠʥʘʜʣʝʞʠʪ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʫ (1711ð1765), ʠʟʣʦʞʠʚʰʝʤʫ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʠ ʠ 

ʜʚʠʞʝʥʠʷ, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʘʥʘ ʥʝʤʝʮʢʠʤ ʚʨʘʯʦʤ ʖ. 

ʄʘʡʝʨʦʤ (1814ð1878) ʠ ʥʝʤʝʮʢʠʤ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʤ ɻ. ɻʝʣʴʤʛʦʣʴʮʝʤ (1821ð1894). 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʤʘʩʩʘʤʠ m1, m2,..., mn, ʜʚʠʞʫʱʠʭʩʷ ʩʦ ʩʢʦʨʦʩʪʷʤʠ v1, v2,..., vn. 

ʇʫʩʪʴ  1F , 2F ,..., nF  ð ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʞʜʫʶ 

ʠʟ ʵʪʠʭ ʪʦʯʝʢ, a F1, F2, ..., Fn ð ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʚʥʝʰʥʠʭ ʩʠʣ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʜʝʡʩʪʚʫʶʪ ʝʱʝ ʠ ʚʥʝʰʥʠʝ 
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ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ; ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʵʪʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʞʜʫʶ ʠʟ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʪʦʯʝʢ, ʦʙʦʟʥʘʯʠʤ f1, f2, ..., fn. ʇʨʠ v<< c ʤʘʩʩʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʧʦʩʪʦʷʥʥʳ ʠ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ 

ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʜʣʷ ʵʪʠʭ ʪʦʯʝʢ ʩʣʝʜʫʶʱʠʝ: 

 
ɼʚʠʛʘʷʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ, ʪʦʯʢʠ ʩʠʩʪʝʤʳ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ dt ʩʦʚʝʨʰʘʶʪ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳʝ dr1, dr2, ..., drn. ʋʤʥʦʞʠʤ ʢʘʞʜʦʝ ʠʟ ʫʨʘʚʥʝʥʠʡ ʩʢʘʣʷʨʥʦ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ dri==vi dt, ʧʦʣʫʯʠʤ 

 

 
ʉʣʦʞʠʚ ʵʪʠ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʠʤ 

     
(13.1) 

ʇʝʨʚʳʡ ʯʣʝʥ ʣʝʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (13.1) 

 

ʛʜʝ dT ð ʧʨʠʨʘʱʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ɺʪʦʨʦʡ ʯʣʝʥ  ʨʘʚʝʥ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʨʘʙʦʪʝ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ, ʚʟʷʪʦʡ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ, ʪ. ʝ. ʨʘʚʝʥ 

ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʧʨʠʨʘʱʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ dʇ ʩʠʩʪʝʤʳ (ʩʤ. (12.2)). 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ (13.1) ʟʘʜʘʝʪ ʨʘʙʦʪʫ ʚʥʝʰʥʠʭ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ 

        (13.2) 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʩʠʩʪʝʤʳ ʠʟ ʩʦʩʪʦʷʥʠʷ 1 ʚ ʢʘʢʦʝ-ʣʠʙʦ ʩʦʩʪʦʷʥʠʝ 2 

 
ʪ. ʝ. ʠʟʤʝʥʝʥʠʝ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ 

ʨʘʚʥʦ ʨʘʙʦʪʝ, ʩʦʚʝʨʰʝʥʥʦʡ ʧʨʠ ʵʪʦʤ ʚʥʝʰʥʠʤʠ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʩʠʣʘʤʠ. ɽʩʣʠ ʚʥʝʰʥʠʝ 

ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʠʟ (13.2) ʩʣʝʜʫʝʪ, ʯʪʦ 

d (T+ʇ) = 0, 

ʦʪʢʫʜʘ 

       (13.3) 

ʪ. ʝ. ʧʦʣʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ɺʳʨʘʞʝʥʠʝ (13.3) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: ʚ ʩʠʩʪʝʤʝ ʪʝʣ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ, ʧʦʣʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʦʭʨʘʥʷʝʪʩʷ, ʪ. ʝ. ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʥʘ ʪʝʣʘ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ (ʚʥʫʪʨʝʥʥʠʝ ʠ 

ʚʥʝʰʥʠʝ), ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʣʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʦʭʨʘʥʷʝʪʩʷ. 
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ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʘʥ ʩ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚʨʝʤʝʥʠ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʚʨʝʤʝʥʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠʥʚʘʨʠʘʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʦʨʘ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ 

ʚʨʝʤʝʥʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʧʘʜʝʥʠʠ ʪʝʣʘ ʚ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ ʝʛʦ ʩʢʦʨʦʩʪʴ ʠ ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ 

ʟʘʚʠʩʷʪ ʣʠʰʴ ʦʪ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʪʝʣʘ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʪʦʛʦ, ʢʦʛʜʘ ʪʝʣʦ ʥʘʯʘʣʦ ʧʘʜʘʪʴ. 

ʉʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʚʠʜ ʩʠʩʪʝʤ ð ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʨʫʛʠʝ (ʥʝʤʝʭʘʥʠʯʝʩʢʠʝ) ʬʦʨʤʳ ʵʥʝʨʛʠʠ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʜʠʩʩʠʧʘʮʠʠ (ʠʣʠ ʨʘʩʩʝʷʥʠʷ) ʵʥʝʨʛʠʠ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚʩʝ ʩʠʩʪʝʤʳ ʚ 

ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ. 

ɺ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʣʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʄʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʣʠʰʴ ʧʨʝʚʨʘʱʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʠ ʦʙʨʘʪʥʦ ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʪʘʢ, ʯʪʦ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ʕʪʦʪ ʟʘʢʦʥ ʥʝ ʝʩʪʴ ʧʨʦʩʪʦ ʟʘʢʦʥ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʘ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ, ʚʳʨʘʞʘʶʱʠʡ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʩʪʦʨʦʥʫ ʚʟʘʠʤʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʜʚʠʞʝʥʠʷ ʜʨʫʛ ʚ ʜʨʫʛʘ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ ð ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʢʦʥ ʧʨʠʨʦʜʳ, ʦʥ ʩʧʨʘʚʝʜʣʠʚ ʢʘʢ ʜʣʷ ʩʠʩʪʝʤ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ, ʪʘʢ ʠ ʜʣʷ ʩʠʩʪʝʤ ʤʠʢʨʦʪʝʣ. 

ɺ ʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʜʝʡʩʪʚʫʶʪ ʪʘʢʞʝ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ, ʥʘʧʨʠʤʝʨ ʩʠʣʳ ʪʨʝʥʠʷ, ʧʦʣʥʘʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʝʩʧʨʘʚʝʜʣʠʚ. ʆʜʥʘʢʦ ʧʨʠ çʠʩʯʝʟʥʦʚʝʥʠʠè ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʩʝʛʜʘ 

ʚʦʟʥʠʢʘʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʜʨʫʛʦʛʦ ʚʠʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʠʷ ʥʠʢʦʛʜʘ ʥʝ 

ʠʩʯʝʟʘʝʪ ʠ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʚʥʦʚʴ, ʦʥʘ ʣʠʰʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʠʟ ʦʜʥʦʛʦ ʚʠʜʘ ʚ ʜʨʫʛʦʡ. ɺ ʵʪʦʤ ʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ ð ʩʫʱʥʦʩʪʴ 

ʥʝʫʥʠʯʪʦʞʠʤʦʩʪʠ ʤʘʪʝʨʠʠ ʠ ʝʝ ʜʚʠʞʝʥʠʷ. 

Ä 14. ɻʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʥʝʨʛʠʠ 

ɺʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʪʝʣʘ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʣʠʰʴ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʥʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʘʪʳ ʭ), ʪ. ʝ. ʇ=ʇ (ʭ). ɻʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʪ ʥʝʢʦʪʦʨʦʛʦ ʘʨʛʫʤʝʥʪʘ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ. 

ɸʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʪ. ʝ. ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʚʟʘʠʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʠʝ ʚʠʜʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠʚ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʬʦʨʤʝ (13.3). ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʪʝʣʘ ʚ ʦʜʥʦʨʦʜʥʦʤ 

ʧʦʣʝ ʪʷʞʝʩʪʠ ʠ ʜʣʷ ʫʧʨʫʛʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʝʣʘ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʤʘʩʩʦʡ ʪ, ʧʦʜʥʷʪʦʛʦ ʥʘ ʚʳʩʦʪʫ h ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʩʦʛʣʘʩʥʦ (12.7), 

ʇ (h)=mgh. ɻʨʘʬʠʢ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʇ = ʇ(h) ð ʧʨʷʤʘʷ ʣʠʥʠʷ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʥʘʯʘʣʦ 

ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 15), ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʦʪʦʨʦʡ ʢ ʦʩʠ h ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʤʘʩʩʘ ʪʝʣʘ (ʪʘʢ ʢʘʢ 

tg =mg). 

ʇʫʩʪʴ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʨʘʚʥʘ ɽ (ʝʝ ʛʨʘʬʠʢ ð ʧʨʷʤʘʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʩʠ h). ʅʘ ʚʳʩʦʪʝ h ʪʝʣʦ 

ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʇ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʨʝʟʢʦʤ ʚʝʨʪʠʢʘʣʠ, ʟʘʢʣʶʯʝʥʥʳʤ ʤʝʞʜʫ 

ʪʦʯʢʦʡ h ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʛʨʘʬʠʢʦʤ ʇ(h). ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʊ ʟʘʜʘʝʪʩʷ 

ʦʨʜʠʥʘʪʦʡ ʤʝʞʜʫ ʛʨʘʬʠʢʦʤ ʇ(h) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʷʤʦʡ ɽɽ. ʀʟ ʨʠʩ. 15 ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ h=hmax, 

ʪʦ ʊ=0 ʠ ʇ=E=mghmax, ʪ. ʝ. ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʨʘʚʥʦʡ ʧʦʣʥʦʡ 

ʵʥʝʨʛʠʠ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʤʦʞʥʦ ʥʘʡʪʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʥʘ ʚʳʩʦʪʝ h: 

 
ʦʪʢʫʜʘ 

 
ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʇ=ʢʭ

2
/2 ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʭ ʠʤʝʝʪ ʚʠʜ 

ʧʘʨʘʙʦʣʳ (ʨʠʩ. 16), ʛʜʝ ʛʨʘʬʠʢ ʟʘʜʘʥʥʦʡ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʪʝʣʘ ɽ ð ʧʨʷʤʘʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʩʠ ʘʙʩʮʠʩʩ 

ʭ, ʘ ʟʥʘʯʝʥʠʷ ʊ ʠ ʇ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʥʘ ʨʠʩ. 15. ʀʟ ʨʠʩ. 16 ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʜʝʬʦʨʤʘʮʠʠ ʭ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ð ʫʤʝʥʴʰʘʝʪʩʷ. ɸʙʩʮʠʩʩʘ xmax 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʨʘʩʪʷʞʝʥʠʷ ʪʝʣʘ, a ïʭmax ð ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʞʘʪʠʷ ʪʝʣʘ. ɽʩʣʠ ʭ = Ñʭmax, ʪʦ T=0 ʠ ʇ=E=k
2

maxx /2, ʪ. ʝ. ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʨʘʚʥʦʡ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ. 
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ʀʟ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩ. 16 ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʪʝʣʘ, ʨʘʚʥʦʡ ɽ, ʪʝʣʦ ʥʝ ʤʦʞʝʪ 

ʩʤʝʩʪʠʪʴʩʷ ʧʨʘʚʝʝ ʭmax ʠ ʣʝʚʝʝ ïʭmax, ʪʘʢ ʢʘʢ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʛʦʚʦʨʷʪ, ʯʪʦ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ï ʭmax  x  ʭmax. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ ʤʦʞʝʪ ʠʤʝʪʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ ʚʠʜ, ʥʘʧʨʠʤʝʨ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʤʘʢʩʠʤʫʤʘʤʠ ʠ ʤʠʥʠʤʫʤʘʤʠ (ʨʠʩ. 17). ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʵʪʫ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʢʨʠʚʫʶ. ɽʩʣʠ ɽ ð ʟʘʜʘʥʥʘʷ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ, ʪʦ ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʪʘʤ, ʛʜʝ 

ʇ(ʭ)  ɽ, ʪ. ʝ. ʚ ʦʙʣʘʩʪʷʭ I ʠ III. ʇʝʨʝʭʦʜʠʪʴ ʠʟ ʦʙʣʘʩʪʠ I ʚ III  ʠ ʦʙʨʘʪʥʦ ʯʘʩʪʠʮʘ ʥʝ ʤʦʞʝʪ, ʪʘʢ ʢʘʢ ʝʡ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ CDG, ʰʠʨʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʠʥʪʝʨʚʘʣʫ ʟʥʘʯʝʥʠʡ ʭ, ʧʨʠ 

ʢʦʪʦʨʳʭ E < ʇ, ʘ ʝʛʦ ʚʳʩʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʇmʘʭïE. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʯʘʩʪʠʮʘ ʩʤʦʛʣʘ 

ʧʨʝʦʜʦʣʝʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ, ʝʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʨʘʚʥʫʶ 

ʚʳʩʦʪʝ ʙʘʨʴʝʨʘ ʠʣʠ ʧʨʝʚʳʰʘʶʱʫʶ ʝʝ. ɺ ʦʙʣʘʩʪʠ I ʯʘʩʪʠʮʘ ʩ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ ɽ ʦʢʘʟʳʚʘʝʪʩʷ 

çʟʘʧʝʨʪʦʡè ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ Aɺʉ ʠ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭA ʠ ʭC. 

ɺ ʪʦʯʢʝ ɺ ʩ ʢʦʦʨʜʠʥʘʪʦʡ ʭ0 (ʨʠʩ. 17) ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ ʤʠʥʠʤʘʣʴʥʘ. ʊʘʢ ʢʘʢ ʜʝʡʩʪʚʫʶʱʘʷ 

ʥʘ ʯʘʩʪʠʮʫ ʩʠʣʘ (ʩʤ. Ä 12) 
 
(ʇ ð ʬʫʥʢʮʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ), ʘ ʫʩʣʦʚʠʝ ʤʠʥʠʤʫʤʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ , ʪʦ ʚ ʪʦʯʢʝ ɺ ðFx = 0. ʇʨʠ ʩʤʝʱʝʥʠʠ ʯʘʩʪʠʮʳ ʠʟ ʧʦʣʦʞʝʥʠʷ ʭ0 (ʠ ʚʣʝʚʦ 

ʠ ʚʧʨʘʚʦ) ʦʥʘ ʠʩʧʳʪʳʚʘʝʪ ʜʝʡʩʪʚʠʝ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ, ʧʦʵʪʦʤʫ ʧʦʣʦʞʝʥʠʝ ʭ0 ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʋʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʠ ʜʣʷ ʪʦʯʢʠ 0x  (ʜʣʷ ʇmax). 

ʆʜʥʘʢʦ ʵʪʘ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʤʝʱʝʥʠʠ 

ʯʘʩʪʠʮʳ ʠʟ ʧʦʣʦʞʝʥʠʷ 0x  ʧʦʷʚʣʷʝʪʩʷ ʩʠʣʘ, ʩʪʨʝʤʷʱʘʷʩʷ ʫʜʘʣʠʪʴ ʝʝ ʦʪ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

Ä 15. ʋʜʘʨ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʭ ʠ ʥʝʫʧʨʫʛʠʭ ʪʝʣ 

ʇʨʠʤʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ ʧʨʠ ʨʝʰʝʥʠʠ ʨʝʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʫʜʘʨ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʭ ʠ ʥʝʫʧʨʫʛʠʭ ʪʝʣ. 

ʋʜʘʨ (ʠʣʠ ʩʦʫʜʘʨʝʥʠʝ)ðʵʪʦ ʩʪʦʣʢʥʦʚʝʥʠʝ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʪʝʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʣʠʪʩʷ 

ʦʯʝʥʴ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ʇʦʤʠʤʦ ʫʜʘʨʦʚ ʚ ʧʨʷʤʦʤ ʩʤʳʩʣʝ ʵʪʦʛʦ ʩʣʦʚʘ (ʩʪʦʣʢʥʦʚʝʥʠʷ ʘʪʦʤʦʚ ʠʣʠ 

ʙʠʣʣʠʘʨʜʥʳʭ ʰʘʨʦʚ) ʩʶʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʪʘʢʠʝ, ʢʘʢ ʫʜʘʨ ʯʝʣʦʚʝʢʘ ʦ ʟʝʤʣʶ ʧʨʠ ʧʨʳʞʢʝ ʩ ʪʨʘʤʚʘʷ 

ʠ ʪ. ʜ. ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʪʘʣʢʠʚʘʶʱʠʤʠʩʷ ʪʝʣʘʤʠ (ʫʜʘʨʥʳʝ ʠʣʠ ʤʛʥʦʚʝʥʥʳʝ ʩʠʣʳ) ʩʪʦʣʴ 

ʚʝʣʠʢʠ, ʯʪʦ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʥʠʭ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʫ ʪʝʣ 

ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʩʦʫʜʘʨʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʠ ʧʨʠʤʝʥʷʪʴ ʢ ʥʝʡ 

ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ. 

 
ʊʝʣʘ ʚʦ ʚʨʝʤʷ ʫʜʘʨʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʜʝʬʦʨʤʘʮʠʶ. ʉʫʱʥʦʩʪʴ ʫʜʘʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʪʝʣ ʥʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʥʝʨʛʠʶ 
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ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɺʦ ʚʨʝʤʷ ʫʜʘʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʩʦʫʜʘʨʷʶʱʠʤʠʩʷ ʪʝʣʘʤʠ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣ ʧʦʩʣʝ ʫʜʘʨʘ ʥʝ 

ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʧʨʝʞʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʝʪ ʠʜʝʘʣʴʥʦ ʫʧʨʫʛʠʭ ʪʝʣ ʠ ʠʜʝʘʣʴʥʦ 

ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʪʥʦʰʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣ ʧʦʩʣʝ ʠ 

ʜʘ ʫʜʘʨʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ : 

nn vv /  

ɽʩʣʠ ʜʣʷ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʪʝʣ =0, ʪʦ ʪʘʢʠʝ ʪʝʣʘ ʥʘʟʳʚʘʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʤʠ, ʝʩʣʠ =1 ð 

ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʤʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʚʩʝʭ ʪʝʣ 0 <  < 1 (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʘʣʴʥʳʭ ʰʘʨʦʚ 0,56, ʜʣʷ 

ʰʘʨʦʚ ʠʟ ʩʣʦʥʦʚʦʡ ʢʦʩʪʠ 0,89, ʜʣʷ ʩʚʠʥʮʘ 0). ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʝʣʘ ʤʦʞʥʦ ʩ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʙʦ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʝ, ʣʠʙʦ ʢʘʢ ʘʙʩʦʣʶʪʥʦ 

ʥʝʫʧʨʫʛʠʝ. 

ʇʨʷʤʘʷ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʪʝʣ ʠ ʥʦʨʤʘʣʴʥʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʠʝʡ ʫʜʘʨʘ. ʋʜʘʨ ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ, ʝʩʣʠ ʪʝʣʘ ʜʦ ʫʜʘʨʘ 

ʜʚʠʞʫʪʩʷ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʠʭ ʮʝʥʪʨʳ ʤʘʩʩ. ʄʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ 

ʮʝʥʪʨʘʣʴʥʳʝ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʝ ʠ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʝ ʫʜʘʨʳ. 

ɸʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʡ ʫʜʘʨ ð ʩʪʦʣʢʥʦʚʝʥʠʝ ʜʚʫʭ ʪʝʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚ ʦʙʦʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣʘʭ ʥʝ ʦʩʪʘʝʪʩʷ ʥʠʢʘʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʚʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʦʡ 

ʦʙʣʘʜʘʣʠ ʪʝʣʘ ʜʦ ʫʜʘʨʘ, ʧʦʩʣʝ ʫʜʘʨʘ ʩʥʦʚʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ (ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ 

ʵʪʦ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʣʫʯʘʡ). 

ɼʣʷ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʆʙʦʟʥʘʯʠʤ ʩʢʦʨʦʩʪʠ ʰʘʨʦʚ ʤʘʩʩʘʤʠ ʪ1 ʠ m2 ʜʦ ʫʜʘʨʘ ʯʝʨʝʟ v1 ʠ v2, ʧʦʩʣʝ ʫʜʘʨʘðʯʝʨʝʟ 1v  ʠ 2v  (ʨʠʩ. 

18). ɺ ʩʣʫʯʘʝ ʧʨʷʤʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʜʘʨʘ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ʰʘʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ ʣʝʞʘʪ ʥʘ 

ʧʨʷʤʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʠʭ ʮʝʥʪʨʳ. ʇʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʥʘ ʵʪʫ ʣʠʥʠʶ ʨʘʚʥʳ ʤʦʜʫʣʷʤ 

ʩʢʦʨʦʩʪʝʡ. ʀʭ ʥʘʧʨʘʚʣʝʥʠʷ ʫʯʪʝʤ ʟʥʘʢʘʤʠ: ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʧʠʰʝʤ ʜʚʠʞʝʥʠʶ ʚʧʨʘʚʦ, 

ʦʪʨʠʮʘʪʝʣʴ-ʥʦʩ ð ʜʚʠʞʝʥʠʶ ʚʣʝʚʦ. 

 
ʇʨʠ ʫʢʘʟʘʥʥʳʭ ʜʦʧʫʱʝʥʠʷʭ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ 

      
(15.1) 

      
(15.2) 

ʇʨʦʠʟʚʝʜʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʳʨʘʞʝʥʠʷʭ (15.1) ʠ (15.2), ʧʦʣʫʯʠʤ 

      
(15.3) 

      
(15.4) 

ʦʪʢʫʜʘ 

        (15.5) 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʷ (15.3) ʠ (15.5), ʥʘʭʦʜʠʤ 

     
(15.6) 



 25 

     
(15.7) 

ʈʘʟʙʝʨʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ. 

1. ʇʨʠ v2=0 

      
(15.8) 

      (15.9) 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʳʨʘʞʝʥʠʷ (15.8) ʚ (15.9) ʜʣʷ ʜʚʫʭ ʰʘʨʦʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩ: 

ʘ) ʪ1=ʪ2. ɽʩʣʠ ʚʪʦʨʦʡ ʰʘʨ ʜʦ ʫʜʘʨʘ ʚʠʩʝʣ ʥʝʧʦʜʚʠʞʥʦ (v2=0) (ʨʠʩ. 19), ʪʦ ʧʦʩʣʝ ʫʜʘʨʘ ʦʩʪʘʥʦʚʠʪʩʷ 

ʧʝʨʚʳʡ ʰʘʨ (1v =0), ʘ ʚʪʦʨʦʡ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ ʠ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʜʚʠʛʘʣʩʷ ʧʝʨʚʳʡ ʰʘʨ ʜʦ ʫʜʘʨʘ (12 vv ); 

ʙ) ʪ1>ʪ2. ʇʝʨʚʳʡ ʰʘʨ ʧʨʦʜʦʣʞʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʘʢ ʠ ʜʦ ʫʜʘʨʘ, ʥʦ ʩ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ ( 1v <v1). ʉʢʦʨʦʩʪʴ ʚʪʦʨʦʛʦ ʰʘʨʘ ʧʦʩʣʝ ʫʜʘʨʘ ʙʦʣʴʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʧʝʨʚʦʛʦ ʧʦʩʣʝ ʫʜʘʨʘ 

( 2v > 1v ) (ʨʠʩ. 20); 

ʚ) ʪ1<ʪ2. ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʰʘʨʘ ʧʨʠ ʫʜʘʨʝ ʠʟʤʝʥʷʝʪʩʷðʰʘʨ ʦʪʩʢʘʢʠʚʘʝʪ ʦʙʨʘʪʥʦ. 

ɺʪʦʨʦʡ ʰʘʨ ʜʚʠʞʝʪʩʷ ʚ ʪʫ ʞʝ ʩʪʦʨʦʥʫ, ʚ ʢʦʪʦʨʫʶ ʜʚʠʛʘʣʩʷ ʧʝʨʚʳʡ ʰʘʨ ʜʦ ʫʜʘʨʘ, ʥʦ ʩ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ, ʪ. ʝ. 2v <v1 (ʨʠʩ. 21); 

ʛ) ʪ2>>ʪ1 (ʥʘʧʨʠʤʝʨ, ʩʪʦʣʢʥʦʚʝʥʠʝ ʰʘʨʘ ʩʦ ʩʪʝʥʦʡ). ʀʟ ʫʨʘʚʥʝʥʠʡ (15.8) ʠ (15.9) ʩʣʝʜʫʝʪ, ʯʪʦ 1v  = ïv1, 

2v 2m1v1/m2 0. 

 
2. ʇʨʠ ʪ1=ʪ2 ʚʳʨʘʞʝʥʠʷ (15.6) ʠ (15.7) ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ 

 
ʪ. ʝ. ʰʘʨʳ ʨʘʚʥʦʡ ʤʘʩʩʳ çʦʙʤʝʥʠʚʘʶʪʩʷè ʩʢʦʨʦʩʪʷʤʠ. 

ɸʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ ð ʩʪʦʣʢʥʦʚʝʥʠʝ ʜʚʫʭ ʪʝʣ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʪʝʣʘ ʦʙʲʝʜʠʥʷʶʪʩʷ, 

ʜʚʠʛʘʷʩʴ ʜʘʣʴʰʝ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ ʤʦʞʥʦ ʩ 

ʧʦʤʦʱʴʶ ʰʘʨʦʚ ʠʟ ʧʣʘʩʪʠʣʠʥʘ (ʛʣʠʥʳ), ʜʚʠʞʫʱʠʭʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ (ʨʠʩ. 22). 

ɽʩʣʠ ʤʘʩʩʳ ʰʘʨʦʚ ʪ1 ʠ ʪ2, ʠʭ ʩʢʦʨʦʩʪʠ ʜʦ ʫʜʘʨʘ v1 ʠ v2, ʪʦ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 
ʛʜʝ v ð ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʰʘʨʦʚ ʧʦʩʣʝ ʫʜʘʨʘ. ʊʦʛʜʘ 

          
(15.10) 

ɽʩʣʠ ʰʘʨʳ ʜʚʠʞʫʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ, ʪʦ ʦʥʠ ʚʤʝʩʪʝ ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴ ʜʚʠʛʘʪʴʩʷ ʚ ʪʫ ʩʪʦʨʦʥʫ, ʚ 

ʢʦʪʦʨʫʶ ʜʚʠʛʘʣʩʷ ʰʘʨ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʴʰʠʤ ʠʤʧʫʣʴʩʦʤ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʘʩʩʳ ʰʘʨʦʚ 

ʨʘʚʥʳ (ʪ1=ʪ2), ʪʦ 

 
ɺʳʷʩʥʠʤ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʰʘʨʦʚ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ. 

ʊʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʩʦʫʜʘʨʝʥʠʷ ʰʘʨʦʚ ʤʝʞʜʫ ʥʠʤʠ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ, ʟʘʚʠʩʷʱʠʝ ʥʝ ʦʪ ʩʘʤʠʭ 

ʜʝʬʦʨʤʘʮʠʡ, ʘ ʦʪ ʠʭ ʩʢʦʨʦʩʪʝʡ, ʪʦ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʩʠʣʘʤʠ, ʧʦʜʦʙʥʳʤʠ ʩʠʣʘʤ ʪʨʝʥʠʷ, ʧʦʵʪʦʤʫ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʝ ʜʦʣʞʝʥ ʩʦʙʣʶʜʘʪʴʩʷ. ɺʩʣʝʜʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

çʧʦʪʝʨʷè ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʝʨʝʰʝʜʰʝʡ ʚ ʪʝʧʣʦʚʫʶ ʠʣʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʵʥʝʨʛʠʠ. ʕʪʫ çʧʦʪʝʨʶè 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʨʘʟʥʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʝʣ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ: 
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ʀʩʧʦʣʴʟʫʷ (15.10), ʧʦʣʫʯʘʝʤ 

    
ɽʩʣʠ ʫʜʘʨʷʝʤʦʝ ʪʝʣʦ ʙʳʣʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦ (v2=0), ʪʦ 

 

 
ʂʦʛʜʘ m2>>m1 (ʤʘʩʩʘ ʥʝʧʦʜʚʠʞʥʦʛʦ ʪʝʣʘ ʦʯʝʥʴ ʙʦʣʴʰʘʷ), ʪʦ v<<v1 ʠ ʧʦʯʪʠ ʚʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʪʝʣʘ ʧʨʠ ʫʜʘʨʝ ʧʝʨʝʭʦʜʠʪ ʚ ʜʨʫʛʠʝ ʬʦʨʤʳ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘʢʦʚʘʣʴʥʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʩʩʠʚʥʝʝ ʤʦʣʦʪʢʘ. ʅʘʦʙʦʨʦʪ, ʧʨʠ ʟʘʙʠʚʘʥʠʠ ʛʚʦʟʜʝʡ ʚ ʩʪʝʥʫ 

ʤʘʩʩʘ ʤʦʣʦʪʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ (m1>>m2), ʪʦʛʜʘ v v1 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʵʥʝʨʛʠʷ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʝ ʧʝʨʝʤʝʱʝʥʠʝ ʛʚʦʟʜʷ, ʘ ʥʝ ʥʘ ʦʩʪʘʪʦʯʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʪʝʥʳ. 

ɸʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ ð ʧʨʠʤʝʨ ʪʦʛʦ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ çʧʦʪʝʨʷè ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʠʣ. 

ɿʘʜʘʯʠ 

3.1. ʆʧʨʝʜʝʣʠʪʴ: 1) ʨʘʙʦʪʫ ʧʦʜʥʷʪʠʷ ʛʨʫʟʘ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ; 2) ʩʨʝʜʥʶʶ ʠ 3) ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʤʦʱʥʦʩʪʠ ʧʦʜʲʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʝʩʣʠ ʤʘʩʩʘ ʛʨʫʟʘ 10 ʢʛ, ʜʣʠʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 2 ʤ, ʫʛʦʣ ʝʝ 

ʥʘʢʣʦʥʘ ʢ ʛʦʨʠʟʦʥʪʫ 45Á, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 0,1 ʠ ʚʨʝʤʷ ʧʦʜʲʝʤʘ 2 ʩ. [1) 173 ɼʞ; 2) 86 ɺʪ; 3) 173 

ɺʪ] 

3.2. ʉ ʙʘʰʥʠ ʚʳʩʦʪʦʡ 35 ʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʙʨʦʰʝʥ ʢʘʤʝʥʴ ʤʘʩʩʦʡ 0,3 ʢʛ. ʇʨʝʥʝʙʨʝʛʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʚʦʟʜʫʭʘ, ʦʧʨʝʜʝʣʠʪʴ: 1) ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʙʨʦʰʝʥ ʢʘʤʝʥʴ, ʝʩʣʠ ʯʝʨʝʟ 1 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ 

ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 60 ɼʞ: 2) ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʢʘʤʥʷ ʯʝʨʝʟ 1 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ. 

[1) 17,4 ʤ/ʩ; 2) 88,6 ɼʞ] 

3.3. ʇʨʝʥʝʙʨʝʛʘʷ ʪʨʝʥʠʝʤ, ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʤʝʥʴʰʫʶ ʚʳʩʦʪʫ, ʩ ʢʦʪʦʨʦʡ ʜʦʣʞʥʘ ʩʢʘʪʳʚʘʪʴʩʷ ʪʝʣʝʞʢʘ ʩ 

ʯʝʣʦʚʝʢʦʤ ʧʦ ʞʝʣʦʙʫ, ʧʝʨʝʭʦʜʷʱʝʤʫ ʚ ʧʝʪʣʶ ʨʘʜʠʫʩʦʤ 10 ʤ, ʯʪʦʙʳ ʦʥʘ ʩʜʝʣʘʣʘ ʧʦʣʥʫʶ ʧʝʪʣʶ ʠ ʥʝ 

ʚʳʧʘʣʘ ʠʟ ʞʝʣʦʙʘ. [25 ʤ] 

3.4. ʇʫʣʷ ʤʘʩʩʦʡ m=10 ʛ, ʣʝʪʝʚʰʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ v=500 ʤ/ʩ, ʧʦʧʘʜʘʝʪ ʚ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ 

ʤʘʷʪʥʠʢ ʜʣʠʥʦʡ l=1 ʤ ʠ ʤʘʩʩʦʡ M=5 ʢʛ ʠ ʟʘʩʪʨʝʚʘʝʪ ʚ ʥʝʤ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ. 

[18Á30'] 

3.5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʩʠʣʦʚʦʤ ʧʦʣʝ ʦʪ ʨʘʩʩʪʦʷʥʠʷ r ʜʦ 

ʮʝʥʪʨʘ ʧʦʣʷ ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʇ (r) = 
r

B

r

A
2

, ʛʜʝ ɸ ʠ ɺ ð ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

ʆʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ r0, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʚʥʦʚʝʩʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʯʘʩʪʠʮʳ. ʗʚʣʷʝʪʩʷ ʣʠ ʵʪʦ 

ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʞʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ? [r0=2A/B] 

3.6. ʇʨʠ ʮʝʥʪʨʘʣʴʥʦʤ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʤ ʫʜʘʨʝ ʜʚʠʞʫʱʝʝʩʷ ʪʝʣʦ ʤʘʩʩʦʡ ʪ1 ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʢʦʷʱʝʝʩʷ 

ʪʝʣʦ ʤʘʩʩʦʡ m2, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʧʝʨʚʦʛʦ ʪʝʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ n=1,5 ʨʘʟʘ. ʆʧʨʝʜʝʣʠʪʴ: 1) 

ʦʪʥʦʰʝʥʠʝ m1/m2; 2) ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʊ2 ʚʪʦʨʦʛʦ ʪʝʣʘ, ʝʩʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʧʝʨʚʦʛʦ ʪʝʣʘ T1=1000 ɼʞ. [1) 5; 2) 555 ɼʞ] 

3.7. ʊʝʣʦ ʤʘʩʩʦʡ ʪ1=4 ʢʛ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v1=3 ʤ/ʩ ʠ ʫʜʘʨʷʝʪʩʷ ʦ ʥʝʧʦʜʚʠʞʥʦʝ ʪʝʣʦ ʪʘʢʦʡ ʞʝ 

ʤʘʩʩʳ. ʉʯʠʪʘʷ ʫʜʘʨ ʮʝʥʪʨʘʣʴʥʳʤ ʠ ʥʝʫʧʨʫʛʠʤ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʧʨʠ 

ʫʜʘʨʝ. [9 ɼʞ] 
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ɻʣʘʚʘ 4 ʄʝʭʘʥʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

Ä 16. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʨʘʱʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʥʷʪʠʝʤ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ. ʄʦʤʝʥʪʦʤ 

ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ (ʪʝʣʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʡ ʦʩʠ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʩʫʤʤʝ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʤʘʩʩ ʣ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʩʠʩʪʝʤʳ ʥʘ ʢʚʘʜʨʘʪʳ ʠʭ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʦʩʠ: 

 
ɺ ʩʣʫʯʘʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩ ʵʪʘ ʩʫʤʤʘ ʩʚʦʜʠʪʩʷ ʢ ʠʥʪʝʛʨʘʣʫ 

 
ʛʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʪʝʣʘ. ɺʝʣʠʯʠʥʘ r ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʬʫʥʢʮʠʷ 

ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭ, ʫ, z. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘʡʜʝʤ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʩʧʣʦʰʥʦʛʦ ʮʠʣʠʥʜʨʘ ʚʳʩʦʪʦʡ h ʠ ʨʘʜʠʫʩʦʤ R 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ (ʨʠʩ. 23). ʈʘʟʦʙʴʝʤ ʮʠʣʠʥʜʨ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʦʣʳʝ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʮʠʣʠʥʜʨʳ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʪʦʣʱʠʥʳ dr ʩ ʚʥʫʪʨʝʥʥʠʤ ʨʘʜʠʫʩʦʤ r ʠ ʚʥʝʰʥʠʤ r+dr. 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʘʞʜʦʛʦ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ dJ=r
2
dm (ʪʘʢ ʢʘʢ dr<< r, ʪʦ ʩʯʠʪʘʝʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʚʩʝʭ 

ʪʦʯʝʢ ʮʠʣʠʥʜʨʘ ʦʪ ʦʩʠ ʨʘʚʥʦ r), ʛʜʝ dm ð ʤʘʩʩʘ ʚʩʝʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʮʠʣʠʥʜʨʘ; ʝʛʦ ʦʙʲʝʤ 2rhdr. 

ɽʩʣʠ ðʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʪʦ dm=2 rh dr ʠ dJ=2 h r
ʟ
dr. ʊʦʛʜʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʧʣʦʰʥʦʛʦ 

ʮʠʣʠʥʜʨʘ 

 
ʥʦ ʪʘʢ ʢʘʢ R

2
h ð ʦʙʲʝʤ ʮʠʣʠʥʜʨʘ, ʪʦ ʝʛʦ ʤʘʩʩʘ m= R

2
h , ʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

 
ɽʩʣʠ ʠʟʚʝʩʪʝʥ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ, ʪʦ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʦʨʝʤʦʡ ʐʪʝʡʥʝʨʘ: ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʪʝʣʘ J ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʩʠ ʨʘʚʝʥ ʤʦʤʝʥʪʫ ʝʛʦ ʠʥʝʨʮʠʠ Jc ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʉ ʪʝʣʘ, ʩʣʦʞʝʥʥʦʤʫ ʩ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʤʘʩʩʳ ʪ ʪʝʣʘ 

ʥʘ ʢʚʘʜʨʘʪ ʨʘʩʩʪʦʷʥʠʷ ʘ ʤʝʞʜʫ ʦʩʷʤʠ: 

           (16.1) 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ (ʪʘʙʣ. 1) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʝʣ (ʪʝʣʘ ʩʯʠʪʘʶʪʩʷ 

ʦʜʥʦʨʦʜʥʳʤʠ, ʪ ð ʤʘʩʩʘ ʪʝʣʘ). 

ʊʘʙʣʠʮʘ 1 
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Ä 17. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʝ ʪʝʣʦ (ʩʤ. Ä 1), ʚʨʘʱʘʶʱʝʝʩʷ ʦʢʦʣʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ z, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʥʝʛʦ (ʨʠʩ. 24). ʄʳʩʣʝʥʥʦ ʨʘʟʦʙʴʝʤ ʵʪʦ ʪʝʣʦ ʥʘ ʤʘʣʝʥʴʢʠʝ ʦʙʲʝʤʳ ʩ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʤʘʩʩʘʤʠ 

ʪ1, ʪ2 ,..., ʪn , ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r1, r2,..., rn ʦʪ ʦʩʠ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʦʪʜʝʣʴʥʳʝ ʝʛʦ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʙʲʝʤʳ 

ʤʘʩʩʘʤʠ mi ʦʧʠʰʫʪ ʦʢʨʫʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʫʩʦʚ r i, ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʣʠʥʝʡʥʳʝ ʩʢʦʨʦʩʪʠ vi. ʅʦ 

ʪʘʢ ʢʘʢ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʪʦ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʵʪʠʭ ʦʙʲʝʤʦʚ 

ʦʜʠʥʘʢʦʚʘ: 

       (17.1) 

ʂʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʥʘʡʜʝʤ ʢʘʢ ʩʫʤʤʫ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʝʛʦ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʦʙʲʝʤʦʚ: 

 
ʠʣʠ 

 
ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (17.1), ʧʦʣʫʯʘʝʤ 

 
ʛʜʝ Jz ð ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ z. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʪʝʣʘ 

       (17.2) 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʬʦʨʤʫʣʳ (17.2) ʩ ʚʳʨʘʞʝʥʠʝʤ (12.1) ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʝʣʘ ʜʚʠʞʫʱʝʛʦʩʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦ (T=mv
2
/2), ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ð ʤʝʨʘ ʠʥʝʨʪʥʦʩʪʠ ʪʝʣʘ ʧʨʠ ʚʨʘʱʘʪʝʣʴʥʦʤ 

ʜʚʠʞʝʥʠʠ. ʌʦʨʤʫʣʘ (17.2) ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʪʝʣʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ. 

ɺ ʩʣʫʯʘʝ ʧʣʦʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ, ʥʘʧʨʠʤʝʨ ʮʠʣʠʥʜʨʘ, ʩʢʘʪʳʚʘʶʱʝʛʦʩʷ ʩ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʙʝʟ 

ʩʢʦʣʴʞʝʥʠʷ, ʵʥʝʨʛʠʷ ʜʚʠʞʝʥʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ 

ʚʨʘʱʝʥʠʷ: 

 
ʛʜʝ m ð ʤʘʩʩʘ ʢʘʪʷʱʝʛʦʩʷ ʪʝʣʘ; vc ð ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ ʪʝʣʘ; Jc ð ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ;  ð ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ. 

 

Ä 18. ʄʦʤʝʥʪ ʩʠʣʳ. ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʄʦʤʝʥʪʦʤ ʩʠʣʳ F ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʆ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʝʢʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʨʘʜʠʫʩʘ-ʚʝʢʪʦʨʘ r, ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟ ʪʦʯʢʠ ʆ ʚ ʪʦʯʢʫ ɸ 

ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ, ʥʘ ʩʠʣʫ F (ʨʠʩ. 25): 

 
ɿʜʝʩʴ ʄ ð ʧʩʝʚʜʦʚʝʢʪʦʨ, ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʨʘʚʦʛʦ ʚʠʥʪʘ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʦʪ r ʢ F. ʄʦʜʫʣʴ ʤʦʤʝʥʪʘ ʩʠʣʳ 

     (18.1) 
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ʛʜʝ ð ʫʛʦʣ ʤʝʞʜʫ r ʠ F; r sin  = l ð ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʠʝʡ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʠ ʪʦʯʢʦʡ 

ʆ ð ʧʣʝʯʦ ʩʠʣʳ. 

ʄʦʤʝʥʪʦʤ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ z ʥʘʟʳʚʘʝʪʩʷ ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ Mz , ʨʘʚʥʘʷ 

ʧʨʦʝʢʮʠʠ ʥʘ ʵʪʫ ʦʩʴ ʚʝʢʪʦʨʘ ʄ ʤʦʤʝʥʪʘ ʩʠʣʳ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʆ 

ʜʘʥʥʦʡ ʦʩʠ z (ʨʠʩ. 26). ɿʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʄz ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʆ ʥʘ ʦʩʠ z. 

ɽʩʣʠ ʦʩʴ z ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʄ, ʪʦ ʤʦʤʝʥʪ ʩʠʣʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ, 

ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʦʩʴʶ: 

 
ʅʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʝʣʘ (ʨʠʩ. 27). ʇʫʩʪʴ ʩʠʣʘ F ʧʨʠʣʦʞʝʥʘ ʚ ʪʦʯʢʝ ɺ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʦʪ ʦʩʠ z ʥʘ ʨʘʩʩʪʦʷʥʠʠ r,  ð ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʠ ʨʘʜʠʫʩʦʤ-ʚʝʢʪʦʨʦʤ r. 

ʊʘʢ ʢʘʢ ʪʝʣʦ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʝ, ʪʦ ʨʘʙʦʪʘ ʵʪʦʡ ʩʠʣʳ ʨʘʚʥʘ ʨʘʙʦʪʝ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʧʦʚʦʨʦʪ ʚʩʝʛʦ 

ʪʝʣʘ. ʇʨʠ ʧʦʚʦʨʦʪʝ ʪʝʣʘ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʫʛʦʣ d  ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ɺ ʧʨʦʭʦʜʠʪ ʧʫʪʴ ds=rd  ʠ 

ʨʘʙʦʪʘ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʨʦʝʢʮʠʠ ʩʠʣʳ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʩʤʝʱʝʥʠʷ: 

      (18.2) 

 
ʋʯʠʪʳʚʘʷ (18.1), ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ 

 
ʛʜʝ Frsin  = Fl =Mz ð ʤʦʤʝʥʪ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ z. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʝʣʘ  

ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʤʝʥʪʘ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ ʥʘ ʫʛʦʣ ʧʦʚʦʨʦʪʘ.  

ʈʘʙʦʪʘ ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʝʣʘ ʠʜʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: dA=dT, ʥʦ 

 ʧʦʵʪʦʤʫ Mzd  = Jz d , ʠʣʠ  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʣʫʯʘʝʤ 

     
 (18.3) 

ʋʨʘʚʥʝʥʠʝ (18.3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ. 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ ʦʩʴ z ʩʦʚʧʘʜʘʝʪ ʩ ʛʣʘʚʥʦʡ ʦʩʴʶ ʠʥʝʨʮʠʠ (ʩʤ. Ä 20), ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ 

ʤʘʩʩ, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚʝʢʪʦʨʥʦʝ ʨʘʚʝʥʩʪʚʦ 

      (18.4) 

ʛʜʝ J ð ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ (ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ ʦʩʠ). 

Ä 19. ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʠ ʟʘʢʦʥ ʪʦ ʩʦʭʨʘʥʝʥʠʷ 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʟʘʢʦʥʦʚ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʡ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ 

ʥʠʤʠ, ʪʦʣʴʢʦ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʚʤʝʩʪʦ ʩʠʣʳ çʚʳʩʪʫʧʘʝʪè ʝʝ ʤʦʤʝʥʪ, ʨʦʣʴ ʤʘʩʩʳ çʠʛʨʘʝʪè 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ. ʂʘʢʘʷ ʞʝ ʚʝʣʠʯʠʥʘ ʙʫʜʝʪ ʘʥʘʣʦʛʦʤ ʠʤʧʫʣʴʩʘ ʪʝʣʘ? ɽʶ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ 

ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ. 

ʄʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ (ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ) ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʠ ʆ ʥʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚʝʢʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ: 
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ʛʜʝ r ð ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʠʟ ʪʦʯʢʠ ʆ ʚ ʪʦʯʢʫ A, p=mv ð ʠʤʧʫʣʴʩ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ (ʨʠʩ. 

28); L ð ʧʩʝʚʜʦʚʝʢʪʦʨ, ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʨʘʚʦʛʦ ʚʠʥʪʘ ʧʨʠ ʝʛʦ ʚʨʘʱʝʥʠʠ ʦʪ r ʢ ʨ.  

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ 

 
ʛʜʝ  ð ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ r  ʠ ʨ, l ð ʧʣʝʯʦ ʚʝʢʪʦʨʘ ʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʆ. 

ʄʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ z ʥʘʟʳʚʘʝʪʩʷ ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ Lz, ʨʘʚʥʘʷ 

ʧʨʦʝʢʮʠʠ ʥʘ ʵʪʫ ʦʩʴ ʚʝʢʪʦʨʘ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʆ 

ʜʘʥʥʦʡ ʦʩʠ. ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ Lz ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʆ ʥʘ ʦʩʠ z. 

 
ʇʨʠ ʚʨʘʱʝʥʠʠ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ z ʢʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ ʪʦʯʢʘ ʪʝʣʘ 

ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʫʩʘ r i ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ vi . ʉʢʦʨʦʩʪʴ vi ʠ ʠʤʧʫʣʴʩ 

mivi ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʵʪʦʤʫ ʨʘʜʠʫʩʫ, ʪ. ʩ. ʨʘʜʠʫʩ ʷʚʣʷʝʪʩʷ ʧʣʝʯʦʤ ʚʝʢʪʦʨʘ mivi . ʇʦʵʪʦʤʫ ʤʦʞʝʤ 

ʟʘʧʠʩʘʪʴ, ʯʪʦ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ʨʘʚʝʥ 

      (19.1) 

ʠ ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʩʠ ʚ ʩʪʦʨʦʥʫ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʨʘʚʠʣʦʤ ʧʨʘʚʦʛʦ ʚʠʥʪʘ. 

ʄʦʥʝʪ ʠʤʧʫʣʴʩʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʝʩʪʴ ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʠʤʧʫʣʴʩʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ: 

 
ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (17.1) vi = r i, ʧʦʣʫʯʠʤ 

 
ʪ. ʝ. 

       (19.2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʤʝʥʪʘ 

ʠʥʝʨʮʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʡ ʞʝ ʦʩʠ ʥʘ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ. ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ (19.2) 

ʧʦ ʚʨʝʤʝʥʠ: 

 
ʪ. ʝ. 

 
ʕʪʦ ʚʳʨʘʞʝʥʠʝ ð ʝʱʝ ʦʜʥʘ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ: ʧʨʦʠʟʚʦʜʥʘʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʨʘʚʥʘ ʤʦʤʝʥʪʫ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʡ ʞʝ ʦʩʠ. 
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ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚʝʢʪʦʨʥʦʝ ʨʘʚʝʥʩʪʚʦ 

      (19.3) 

ɺ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ  ʦʪʢʫʜʘ 

        (19.4) 

ɺʳʨʘʞʝʥʠʝ (19.4) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ: ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ, ʪ. ʝ. ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ð ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʢʦʥ ʧʨʠʨʦʜʳ. ʆʥ ʩʚʷʟʘʥ ʩʦ ʩʚʦʡʩʪʚʦʤ 

ʩʠʤʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ð ʝʛʦ ʠʟʦʪʨʦʧʥʦʩʪʴʶ, ʪ. ʝ. ʩ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʦʨʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʦʨʦʪʘ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʣʶʙʦʡ ʫʛʦʣ). 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʢʘʤʴʠ ɾʫʢʦʚʩʢʦʛʦ. 

ʇʫʩʪʴ ʯʝʣʦʚʝʢ, ʩʠʜʷʱʠʡ ʥʘ ʩʢʘʤʴʝ, ʢʦʪʦʨʘʷ ʙʝʟ ʪʨʝʥʠʷ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʠ 

ʜʝʨʞʘʱʠʡ ʚ ʚʳʪʷʥʫʪʳʭ ʨʫʢʘʭ ʛʘʥʪʝʣʠ (ʨʠʩ. 29), ʧʨʠʚʝʜʝʥ ʚʦ ʚʨʘʱʝʥʠʝ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 1. ɽʩʣʠ 

ʯʝʣʦʚʝʢ ʧʨʠʞʤʝʪ ʛʘʥʪʝʣʠ ʢ ʩʝʙʝ, ʪʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ ʫʤʝʥʴʰʠʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʤʦʤʝʥʪ 

ʚʥʝʰʥʠʭ ʩʠʣ ʨʘʚʝʥ ʥʫʣʶ, ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 2  

ʚʦʟʨʘʩʪʘʝʪ. ɸʥʘʣʦʛʠʯʥʦ, ʛʠʤʥʘʩʪ ʚʦ ʚʨʝʤʷ ʧʨʳʞʢʘ ʯʝʨʝʟ ʛʦʣʦʚʫ ʧʦʜʞʠʤʘʝʪ ʢ ʪʫʣʦʚʠʱʫ ʨʫʢʠ ʠ ʥʦʛʠ, 

ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʠ ʫʚʝʣʠʯʠʪʴ ʪʝʤ ʩʘʤʳʤ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ. 

ʉʦʧʦʩʪʘʚʠʤ ʦʩʥʦʚʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʫʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʨʘʱʝʥʠʝ ʪʝʣʘ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʠ 

ʝʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 
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Ä 20. ʉʚʦʙʦʜʥʳʝ ʦʩʠ. ɻʠʨʦʩʢʦʧ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʝʠʟʤʝʥʥʳʤ, 

ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʰʠʧʥʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʦʥʘ ʫʜʝʨʞʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʪʝʣ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʟʤʝʥʷʶʪ ʩʚʦʝʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʝʟ ʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ ʚʥʝʰʥʠʭ ʩʠʣ. ʕʪʠ ʦʩʠ 

ʥʘʟʳʚʘʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ ʦʩʷʤʠ (ʠʣʠ ʦʩʷʤʠ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ). ʄʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʣʶʙʦʤ 

ʪʝʣʝ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʪʝʣʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʚʦʙʦʜʥʳʤʠ ʦʩʷʤʠ (ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ ʛʣʘʚʥʳʤʠ ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʪʝʣʘ). ʅʘʧʨʠʤʝʨ, 

ʛʣʘʚʥʳʝ ʦʩʠ ʠʥʝʨʮʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʮʝʥʪʨʳ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʛʨʘʥʝʡ (ʨʠʩ. 30). ɼʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʥʝʨʮʠʠ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʦʩʴ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʪʘʣʴʥʳʭ ʦʩʝʡ ʤʦʛʫʪ ʙʳʪʴ ʜʚʝ ʣʶʙʳʝ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ, ʧʨʦʚʝʜʝʥʥʳʝ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ ʮʠʣʠʥʜʨʘ. ɻʣʘʚʥʳʤʠ ʦʩʷʤʠ ʠʥʝʨʮʠʠ ʰʘʨʘ ʷʚʣʷʶʪʩʷ ʣʶʙʳʝ ʪʨʠ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ. 

ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ, ʢʘʢʘʷ ʠʤʝʥʥʦ ʠʟ ʩʚʦʙʦʜʥʳʭ ʦʩʝʡ ʩʣʫʞʠʪ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ ʪʝʣʘ. 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʛʣʘʚʥʳʭ ʦʩʝʡ ʩ ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʤʦʤʝʥʪʘʤʠ ʠʥʝʨʮʠʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ, ʘ ʚʨʘʱʝʥʠʝ ʦʢʦʣʦ ʦʩʠ ʩʦ ʩʨʝʜʥʠʤ ʤʦʤʝʥʪʦʤ ð ʥʝʫʩʪʦʡʯʠʚʳʤ. ʊʘʢ, ʝʩʣʠ 

ʧʦʜʙʨʦʩʠʪʴ ʪʝʣʦ, ʠʤʝʶʱʝʝ ʬʦʨʤʫ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʨʠʚʝʜʷ ʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʨʘʱʝʥʠʝ, ʪʦ ʦʥʦ, 

ʧʘʜʘʷ, ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʦ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʦʩʝʡ 1 ʠ 2 (ʨʠʩ. 30). 

ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʧʘʣʦʯʢʫ ʧʦʜʚʝʩʠʪʴ ʟʘ ʦʜʠʥ ʢʦʥʝʮ ʥʠʪʠ, ʘ ʜʨʫʛʦʡ ʢʦʥʝʮ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʢ ʰʧʠʥʜʝʣʶ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʤʘʰʠʥʳ, ʧʨʠʚʝʩʪʠ ʚ ʙʳʩʪʨʦʝ ʚʨʘʱʝʥʠʝ, ʪʦ ʧʘʣʦʯʢʘ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʧʘʣʦʯʢʠ ʠ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʝ ʩʝʨʝʜʠʥʫ 

(ʨʠʩ. 31). ʕʪʦ ʠ ʝʩʪʴ ʦʩʴ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ (ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʧʘʣʦʯʢʠ 

ʤʘʢʩʠʤʘʣʴʥʳʡ). ɽʩʣʠ ʪʝʧʝʨʴ ʧʘʣʦʯʢʫ, ʚʨʘʱʘʶʱʫʶʩʷ ʚʦʢʨʫʛ ʩʚʦʙʦʜʥʦʡ ʦʩʠ, ʦʩʚʦʙʦʜʠʪʴ ʦʪ ʚʥʝʰʥʠʭ 

ʩʚʷʟʝʡ (ʘʢʢʫʨʘʪʥʦ ʩʥʷʪʴ ʚʝʨʭʥʠʡ ʢʦʥʝʮ ʥʠʪʠ ʩ ʢʨʶʯʢʘ ʰʧʠʥʜʝʣʷ), ʪʦ ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʝʪʩʷ. ʉʚʦʡʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʦʩʝʡ ʩʦʭʨʘʥʷʪʴ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭʥʠʢʝ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ ʚ ʵʪʦʤ ʧʣʘʥʝ 

ʛʠʨʦʩʢʦʧʳ ð ʤʘʩʩʠʚʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʪʝʣʘ, ʚʨʘʱʘʶʱʠʝʩʷ ʩ ʙʦʣʴʰʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ ʩʚʦʝʡ 

ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʩʚʦʙʦʜʥʦʡ ʦʩʴʶ. 

 



 33 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʠʨʦʩʢʦʧʦʚ ð ʛʠʨʦʩʢʦʧ ʥʘ ʢʘʨʜʘʥʦʚʦʤ ʧʦʜʚʝʩʝ (ʨʠʩ. 32). 

ɼʠʩʢʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ð ʛʠʨʦʩʢʦʧ ð ʟʘʢʨʝʧʣʝʥʦ ʥʘ ʦʩʠ ɸɸ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ɺɺ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ DD. ɺʩʝ ʪʨʠ ʦʩʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʉ, ʷʚʣʷʶʱʝʡʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ 

ʛʠʨʦʩʢʦʧʘ ʠ ʦʩʪʘʶʱʝʡʩʷ ʥʝʧʦʜʚʠʞʥʦʡ, ʘ ʦʩʴ ʛʠʨʦʩʢʦʧʘ ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʣʶʙʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʠʣʘʤʠ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʚʩʝʭ ʪʨʝʭ ʦʩʝʡ ʠ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ ʢʦʣʝʮ 

ʧʨʝʥʝʙʨʝʛʘʝʤ. 

ʊʘʢ ʢʘʢ ʪʨʝʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʤʘʣʦ, ʪʦ, ʧʦʢʘ ʛʠʨʦʩʢʦʧ ʥʝʧʦʜʚʠʞʝʥ, ʝʛʦ ʦʩʠ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʣʶʙʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ. ɽʩʣʠ ʥʘʯʘʪʴ ʛʠʨʦʩʢʦʧ ʙʳʩʪʨʦ ʚʨʘʱʘʪʴ (ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʥʘʤʦʪʘʥʥʦʡ ʥʘ ʦʩʴ 

ʚʝʨʝʚʦʯʢʠ) ʠ ʧʦʚʦʨʘʯʠʚʘʪʴ ʝʛʦ ʧʦʜʩʪʘʚʢʫ, ʪʦ ʦʩʴ ʛʠʨʦʩʢʦʧʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʝʠʟʤʝʥʥʦʡ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩ ʧʦʤʦʱʴ ʁʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɼʣʷ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʛʠʨʦʩʢʦʧʘ ʩʠʣʘ ʪʷʞʝʩʪʠ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʝʛʦ ʩʚʦʙʦʜʥʦʡ 

ʦʩʠ, ʪʘʢ ʢʘʢ ʵʪʘ ʩʠʣʘ ʧʨʠʣʦʞʝʥʘ ʢ ʮʝʥʪʨʫ ʤʘʩʩ (ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʉ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ), ʘ 

ʤʦʤʝʥʪ ʩʠʣʳ ʪʷʞʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʨʘʚʝʥ ʥʫʣʶ. ʄʦʤʝʥʪʦʤ ʩʠʣ ʪʨʝʥʠʷ 

ʤʳ ʪʘʢʞʝ ʧʨʝʥʝʙʨʝʛʘʝʤ. ʇʦʵʪʦʤʫ ʝʩʣʠ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʮʝʥʪʨʘ 

ʤʘʩʩ ʨʘʚʝʥ ʥʫʣʶ, ʪʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʫʨʘʚʥʝʥʠʷ (19.3), L  = const. ʪ. ʝ. ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʛʠʨʦʩʢʦʧʘ 

ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʤʝʩʪʝ ʩ ʥʠʤ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʩʴ ʛʠʨʦʩʢʦʧʘ. 

ʏʪʦʙʳ ʦʩʴ ʛʠʨʦʩʢʦʧʘ ʠʟʤʝʥʠʣʘ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦ, ʩʦʛʣʘʩʥʦ (19.3), ʦʪʣʠʯʠʝ 

ʦʪ ʥʫʣʷ ʤʦʤʝʥʪʘ ʚʥʝʰʥʠʭ ʩʠʣ. ɽʩʣʠ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʚʨʘʱʘʶʱʝʤʫʩʷ ʛʠʨʦʩʢʦʧʫ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ, ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ, ʧʦʣʫʯʠʚʰʝʝ ʥʘʟʚʘʥʠʝ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʆʥʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʳ ʩʠʣ F, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʦʩʠ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʛʠʨʦʩʢʦʧʘ, ʦʩʴ ʛʠʨʦʩʢʦʧʘ (ʨʠʩ. 33) ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚʦʢʨʫʛ ʧʨʷʤʦʡ ʆ3ʆ3, ʘ ʥʝ ʚʦʢʨʫʛ 

ʧʨʷʤʦʡ O2O2 , ʢʘʢ ʵʪʦ ʢʘʟʘʣʦʩʴ ʙʳ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ (O1O1 ʠ O2O2 ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ 

ʯʝʨʪʝʞʘ, ʘ ʆ3ʆ3 ʠ ʩʠʣʳ F ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʝʡ). 

 
ɻʠʨʦʩʢʦʧʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʄʦʤʝʥʪ ʄ ʧʘʨʳ ʩʠʣ F ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ 

ʧʨʷʤʦʡ ʆ2ʆ2. ɿʘ ʚʨʝʤʷ dt ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ L ʛʠʨʦʩʢʦʧʘ ʧʦʣʫʯʠʪ ʧʨʠʨʘʱʝʥʠʝ dL=Mdt (ʥʘʧʨʘʚʣʝʥʠʝ 

dL ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʄ) ʠ ʩʪʘʥʝʪ ʨʘʚʥʳʤ L'=L+dL. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ L' ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʚʨʘʱʝʥʠʷ ʛʠʨʦʩʢʦʧʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʴ ʚʨʘʱʝʥʠʷ ʛʠʨʦʩʢʦʧʘ ʧʦʚʝʨʥʝʪʩʷ 

ʚʦʢʨʫʛ ʧʨʷʤʦʡ ʆ3ʆ3. ɽʩʣʠ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʤʘʣʦ, ʪʦ, ʭʦʪʷ ʤʦʤʝʥʪ ʩʠʣ ʄ ʠ ʚʝʣʠʢ, ʠʟʤʝʥʝʥʠʝ 

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ dL ʛʠʨʦʩʢʦʧʘ ʙʫʜʝʪ ʪʘʢʞʝ ʚʝʩʴʤʘ ʤʘʣʳʤ. ʇʦʵʪʦʤʫ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʩʠʣ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʨʠʝʥʪʘʮʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ʛʠʨʦʩʢʦʧʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʝʝ 

ʠʟʤʝʥʝʥʠʷ ʩʣʝʜʫʝʪ ʧʨʠʢʣʘʜʳʚʘʪʴ ʩʠʣʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɽʩʣʠ ʦʩʴ ʛʠʨʦʩʢʦʧʘ ʟʘʢʨʝʧʣʝʥʘ ʧʦʜʰʠʧʥʠʢʘʤʠ, ʪʦ ʚʩʣʝʜʩʪʚʠʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚʦʟʥʠʢʘʶʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʧʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʚʨʘʱʘʝʪʩʷ ʦʩʴ ʛʠʨʦʩʢʦʧʘ. 

ʀʭ ʜʝʡʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʙʳʩʪʨʦʚʨʘʱʘʶʱʠʝʩʷ ʤʘʩʩʠʚʥʳʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ. ɻʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʠʣʳ ʠʤʝʶʪ ʩʤʳʩʣ ʪʦʣʴʢʦ ʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʢʦʨʠʦʣʠʩʦʚʦʡ ʩʠʣʳ ʠʥʝʨʮʠʠ (ʩʤ. Ä 27). 

ɻʠʨʦʩʢʦʧʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʘʭ (ʛʠʨʦʢʦʤʧʘʩ, 

ʛʠʨʦʛʦʨʠʟʦʥʪ ʠ ʪ. ʜ.). ɼʨʫʛʦʝ ʚʘʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʨʦʩʢʦʧʦʚ ð ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʧʨʠʤʝʨ ʩʫʜʥʘ (ʘʚʪʦʨʫʣʝʚʦʡ) ʠ ʩʘʤʦʣʝʪʘ (ʘʚʪʦʧʠʣʦʪ) ʠ ʪ. ʜ. ʇʨʠ 
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ʚʩʷʢʦʤ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʢʫʨʩʘ ʚʩʣʝʜʩʪʚʠʝ ʢʘʢʠʭ-ʪʦ ʚʦʟʜʝʡʩʪʚʠʡ (ʚʦʣʥʳ, ʧʦʨʳʚʘ ʚʝʪʨʘ ʠ ʪ. ʜ.) 

ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʛʠʨʦʩʢʦʧʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʭʨʘʥʷʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʴ ʛʠʨʦʩʢʦʧʘ ʚʤʝʩʪʝ ʩ 

ʨʘʤʘʤʠ ʢʘʨʜʘʥʦʚʘ ʧʦʜʚʝʩʘ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʫʩʪʨʦʡʩʪʚʘ. ʇʦʚʦʨʦʪ ʨʘʤ 

ʢʘʨʜʘʥʦʚʘ ʧʦʜʚʝʩʘ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʚʢʣʶʯʘʝʪ ʨʫʣʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʚʦʟʚʨʘʱʘʶʪ ʜʚʠʞʝʥʠʝ ʢ ʟʘʜʘʥʥʦʤʫ ʢʫʨʩʫ. 

ɺʧʝʨʚʳʝ ʛʠʨʦʩʢʦʧ ʧʨʠʤʝʥʝʥ ʬʨʘʥʮʫʟʩʢʠʤ ʬʠʟʠʢʦʤ ɾ. ʌʫʢʦ (1819ð1868) ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ. 

Ä 21. ɼʝʬʦʨʤʘʮʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʤʝʭʘʥʠʢʫ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʤʳ ʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʥʷʪʠʝʤ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʆʜʥʘʢʦ ʚ 

ʧʨʠʨʦʜʝ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʭ ʪʝʣ ʥʝʪ, ʪʘʢ ʢʘʢ ʚʩʝ ʨʝʘʣʴʥʳʝ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʠʟʤʝʥʷʶʪ ʩʚʦʶ 

ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ, ʪ. ʝ. ʜʝʬʦʨʤʠʨʫʶʪʩʷ. 

ɼʝʬʦʨʤʘʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʫʧʨʫʛʦʡ, ʝʩʣʠ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʪʝʣʦ ʧʨʠʥʠʤʘʝʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ. ɼʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʝʣʝ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ 

ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ, ʥʘʟʳʚʘʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʤʠ (ʠʣʠ ʦʩʪʘʪʦʯʥʳʤʠ). ɼʝʬʦʨʤʘʮʠʠ ʨʝʘʣʴʥʦʛʦ 

ʪʝʣʘ ʚʩʝʛʜʘ ʧʣʘʩʪʠʯʝʩʢʠʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʥʠʢʦʛʜʘ ʧʦʣʥʦʩʪʴʶ 

ʥʝ ʠʩʯʝʟʘʶʪ. ʆʜʥʘʢʦ ʝʩʣʠ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʤʘʣʳ, ʪʦ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ ʤʳ ʠ ʙʫʜʝʤ ʜʝʣʘʪʴ. 

ɺ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʚʠʜʳ ʜʝʬʦʨʤʘʮʠʡ (ʨʘʩʪʷʞʝʥʠʝ ʠʣʠ ʩʞʘʪʠʝ, ʩʜʚʠʛ, ʠʟʛʠʙ, 

ʢʨʫʯʝʥʠʝ) ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʷʱʠʤ ʜʝʬʦʨʤʘʮʠʷʤ ʨʘʩʪʷʞʝʥʠʷ ʠʣʠ ʩʞʘʪʠʷ 

ʠ ʩʜʚʠʛʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʨʦʜʥʳʡ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ l ʠ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ S (ʨʠʩ. 34), ʢ ʢʦʥʮʘʤ 

ʢʦʪʦʨʦʛʦ ʧʨʠʣʦʞʝʥʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʜʦʣʴ ʝʛʦ ʦʩʠ ʩʠʣʳ F1 ʠ F2 (F1=F2=F), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʣʠʥʘ 

ʩʪʝʨʞʥʷ ʤʝʥʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ l. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ l ʧʦʣʦʞʠʪʝʣʴʥʦ, ʘ ʧʨʠ ʩʞʘʪʠʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦ. 

ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ: 

       (21.1) 

ɽʩʣʠ ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʧʨʷʞʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ, ʝʩʣʠ ʞʝ ʧʦ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ð ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ, ʠʩʧʳʪʳʚʘʝʤʦʡ ʪʝʣʦʤ, ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ. ʊʘʢ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʩʪʝʨʞʥʷ (ʧʨʦʜʦʣʴʥʘʷ 

ʜʝʬʦʨʤʘʮʠʷ) 

         (21.2) 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʨʘʩʪʷʞʝʥʠʝ (ʩʞʘʪʠʝ) 

 
ʛʜʝ d ð ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ. 

ɼʝʬʦʨʤʘʮʠʠ  ʠ ' ʚʩʝʛʜʘ ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʢʠ (ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ l ʧʦʣʦʞʠʪʝʣʴʥʦ, a d ʦʪʨʠʮʘʪʝʣʴʥʦ, 

ʧʨʠ ʩʞʘʪʠʠ l ʦʪʨʠʮʘʪʝʣʴʥʦ, a d ʧʦʣʦʞʠʪʝʣʴʥʦ). ʀʟ ʦʧʳʪʘ ʚʳʪʝʢʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ  ʠ ': 

 
ʛʜʝ  ð ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʠ ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʇʫʘʩʩʦʥʘ*. 
ɸʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ ʈ. ɻʫʢ (1635ð1703) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʜʣʷ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ  ʠ ʥʘʧʨʷʞʝʥʠʝ  ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ: 

       (21.3) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ɽ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʫʣʝʤ ʖʥʛʘ**. ʀʟ ʚʳʨʘʞʝʥʠʷ (21.3) ʚʠʜʥʦ, ʯʪʦ 

ʤʦʜʫʣʴ ʖʥʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ, ʚʳʟʳʚʘʶʱʠʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, ʨʘʚʥʦʝ ʝʜʠʥʠʮʝ. 

ʀʟ ʬʦʨʤʫʣ (21.2), (21.3) ʠ (21.1) ʚʳʪʝʢʘʝʪ, ʯʪʦ 

 
ʠʣʠ 

      (21.4) 

ʛʜʝ kðʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ. ɺʳʨʘʞʝʥʠʝ (21.4) ʪʘʢʞʝ ʟʘʜʘʝʪ ʟʘʢʦʥ ɻʫʢʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʫʜʣʠʥʝʥʠʝ ʩʪʝʨʞʥʷ ʧʨʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʩʪʝʨʞʝʥʴ ʩʠʣʝ. 
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* ʉ. ʇʫʘʩʩʦʥ (1781ð1840) ð ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʝʥʳʡ.  

** ʊ. ʖʥʛ (1773ð1829) ð ʘʥʛʣʠʡʩʢʠʡ ʫʯʝʥʳʡ. 

 
ɼʝʬʦʨʤʘʮʠʠ ʪʚʝʨʜʳʭ ʪʝʣ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ɻʫʢʘ ʜʦ ʠʟʚʝʩʪʥʦʛʦ ʧʨʝʜʝʣʘ. ʉʚʷʟʴ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʝʡ ʠ 

ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʦʜ ʢʦʪʦʨʦʡ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ (ʨʠʩ. 35). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ( ), 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ɻʫʢʦʤ, ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʰʴ ʚ ʦʯʝʥʴ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ ʜʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʨʝʜʝʣʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ( ʧ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʜʝʬʦʨʤʘʮʠʷ ʝʱʝ ʫʧʨʫʛʘʷ (ʭʦʪʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ( ) ʫʞʝ ʥʝʣʠʥʝʡʥʘ) ʠ ʜʦ ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ ( ʫ) ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʥʝ 

ʚʦʟʥʠʢʘʶʪ. ɿʘ ʧʨʝʜʝʣʦʤ ʫʧʨʫʛʦʩʪʠ ʚ ʪʝʣʝ ʚʦʟʥʠʢʘʶʪ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʛʨʘʬʠʢ, 

ʦʧʠʩʳʚʘʶʱʠʡ ʚʦʟʚʨʘʱʝʥʠʝ ʪʝʣʘ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ, 

ʠʟʦʙʨʘʟʠʪʩʷ ʥʝ ʢʨʠʚʦʡ ɺʆ, ʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʝʡ ð CF. ʅʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʷʚʣʷʝʪʩʷ ʟʘʤʝʪʥʘʷ 

ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ (0,2%), ʥʘʟʳʚʘʝʪʩʷ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ ( ʪ) ð ʪʦʯʢʘ ʉ ʥʘ ʢʨʠʚʦʡ. ɺ 

ʦʙʣʘʩʪʠ CD ʜʝʬʦʨʤʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʪ. ʝ. ʪʝʣʦ ʢʘʢ ʙʳ çʪʝʯʝʪè. ʕʪʘ 

ʦʙʣʘʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʦʙʣʘʩʪʴʶ ʪʝʢʫʯʝʩʪʠ (ʠʣʠ ʦʙʣʘʩʪʴʶ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ). ʄʘʪʝʨʠʘʣʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʦʙʣʘʩʪʴ ʪʝʢʫʯʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʘ, ʥʘʟʳʚʘʶʪʩʷ ʚʷʟʢʠʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʞʝ ʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ ð ʭʨʫʧʢʠʤʠ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʪʷʞʝʥʠʠ (ʟʘ ʪʦʯʢʫ D) ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʪʝʣʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʪʝʣʝ ʜʦ ʨʘʟʨʫʰʝʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ 

( ʨ). 

ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʨʝʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʦ ʠ ʪʦ ʞʝ 

ʪʚʝʨʜʦʝ ʪʝʣʦ ʤʦʞʝʪ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʩʠʣ ʧʨʦʷʚʣʷʪʴ ʩʝʙʷ ʢʘʢ ʭʨʫʧʢʦʝ, ʘ ʧʨʠ 

ʜʣʠʪʝʣʴʥʳʭ, ʥʦ ʩʣʘʙʳʭ ʩʠʣʘʭ ʷʚʣʷʝʪʩʷ ʪʝʢʫʯʠʤ. 

ɺʳʯʠʩʣʠʤ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʫʧʨʫʛʦʨʘʩʪʷʥʫʪʦʛʦ (ʩʞʘʪʦʛʦ) ʩʪʝʨʞʥʷ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʨʘʙʦʪʝ, 

ʩʦʚʝʨʰʘʝʤʦʡ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ: 

 
ʛʜʝ ʭ ð ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ ʩʪʝʨʞʥʷ, ʠʟʤʝʥʷʶʱʝʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʦʪ 0 ʜʦ l. ʉʦʛʣʘʩʥʦ 

ʟʘʢʦʥʫ ɻʫʢʘ (21.4), F=kx=ESx/l. ʇʦʵʪʦʤʫ 

 
ʪ. ʝ. ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʫʧʨʫʛʦʨʘʩʪʷʥʫʪʦʛʦ ʩʪʝʨʞʥʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʜʝʬʦʨʤʘʮʠʠ (l)

2
. 

 
ɼʝʬʦʨʤʘʮʠʶ ʩʜʚʠʛʘ ʧʨʦʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʝʩʣʠ ʚʟʷʪʴ ʙʨʫʩʦʢ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʠ ʧʨʠʣʦʞʠʪʴ ʢ ʥʝʤʫ ʩʠʣʫ F  , (ʨʠʩ. 36), ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʠʞʥʷʷ 

ʯʘʩʪʴ ʙʨʫʩʢʘ ʟʘʢʨʝʧʣʝʥʘ ʥʝʧʦʜʚʠʞʥʦ). ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʜʚʠʛʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʬʦʨʤʫʣʳ 
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ʛʜʝ s ð ʘʙʩʦʣʶʪʥʳʡ ʩʜʚʠʛ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʣʦʝʚ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ; h ð ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʣʦʷʤʠ (ʜʣʷ ʤʘʣʳʭ ʫʛʣʦʚ tg ). 

ɿʘʜʘʯʠ 

4.1. ʉ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʠʥʘʶʪ ʩʢʘʪʳʚʘʪʴʩʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ 

ʩʧʣʦʰʥʳʝ ʮʠʣʠʥʜʨ ʠ ʰʘʨ ʦʜʠʥʘʢʦʚʳʭ ʤʘʩʩ ʠ ʦʜʠʥʘʢʦʚʳʭ ʨʘʜʠʫʩʦʚ. ʆʧʨʝʜʝʣʠʪʴ: 1) ʦʪʥʦʰʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʮʠʣʠʥʜʨʘ ʠ ʰʘʨʘ ʥʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ; 2) ʠʭ ʦʪʥʦʰʝʥʠʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. [1) 14/15; 

2) 14/15] 

4.2. ʂ ʦʙʦʜʫ ʦʜʥʦʨʦʜʥʦʛʦ ʩʧʣʦʰʥʦʛʦ ʜʠʩʢʘ ʨʘʜʠʫʩʦʤ R=0,5 ʤ ʧʨʠʣʦʞʝʥʘ ʧʦʩʪʦʷʥʥʘʷ ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ 

F=100 H. ʇʨʠ ʚʨʘʱʝʥʠʠ ʜʠʩʢʘ ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʤʦʤʝʥʪ ʩʠʣ ʪʨʝʥʠʷ ʄ=2 ʅʤ. ʆʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ m 

ʜʠʩʢʘ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʛʦ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ 12 ʨʘʜ/ʩ
2
. [32 ʢʛ] 

4.3. ʏʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʡ ʙʣʦʢ ʚ ʚʠʜʝ ʦʜʥʦʨʦʜʥʦʛʦ ʩʧʣʦʰʥʦʛʦ ʮʠʣʠʥʜʨʘ ʤʘʩʩʦʡ m=1 ʢʛ ʧʝʨʝʢʠʥʫʪʘ 

ʥʝʚʝʩʦʤʘʷ ʥʠʪʴ, ʢ ʢʦʥʮʘʤ ʢʦʪʦʨʦʡ ʧʨʠʢʨʝʧʣʝʥʳ ʪʝʧʘ ʤʘʩʩʘʤʠ m1=1 ʢʛ ʠ m2=2 ʢʛ. ʇʨʝʥʝʙʨʝʛʘʷ 

ʪʨʝʥʠʝʤ ʚ ʦʩʠ ʙʣʦʢʘ, ʦʧʨʝʜʝʣʠʪʴ: 1) ʫʩʢʦʨʝʥʠʝ ʛʨʫʟʦʚ; 2) ʦʪʥʦʰʝʥʠʷ ʊ2/ʊ1 ʩʠʣ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ. [1) 2,8 

ʤ/ʩ
2
; 2) 1,11] 

4.4. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʦʪʦʨʦʛʦ 2 ʢʛʤ
2
, ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ 

ʨʘʚʥʦʟʘʤʝʜʣʝʥʥʦ, ʟʘ ʚʨʝʤʷ t=1 ʤʠʥ ʫʤʝʥʴʰʠʣʘʩʴ ʦʪ n1=300 ʤʠʥ
ï1

 ʜʦ n2=180 ʤʠʥ
ï1
. ʆʧʨʝʜʝʣʠʪʴ: 1) 

ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ  ʢʦʣʝʩʘ; 2) ʤʦʤʝʥʪ ʄ ʩʠʣʳ ʪʦʨʤʦʞʝʥʠʷ; 3) ʨʘʙʦʪʫ ʩʠʣʳ ʪʦʨʤʦʞʝʥʠʷ. [1) 0,21 

ʨʘʜ/ʩ
2
; 2) 0,42 ʅʤ; 3) 630 ɼʞ] 

4.5. ʏʝʣʦʚʝʢ ʤʘʩʩʦʡ m=80 ʢʛ, ʩʪʦʷʱʠʡ ʥʘ ʢʨʘʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʤʘʩʩʦʡ M=100 ʢʛ, 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʦ ʠʥʝʨʮʠʠ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩ ʯʘʩʪʦʪʦʡ n1=10 ʤʠʥ
ï1
, ʧʝʨʝʭʦʜʠʪ 

ʢ ʝʝ ʮʝʥʪʨʫ. ʉʯʠʪʘʷ ʧʣʘʪʬʦʨʤʫ ʢʨʫʛʣʳʤ ʦʜʥʦʨʦʜʥʳʤ ʜʠʩʢʦʤ, ʘ ʯʝʣʦʚʝʢʘ ðʪʦʯʝʯʥʦʡ ʤʘʩʩʦʡ, 

ʦʧʨʝʜʝʣʠʪʴ, ʩ ʢʘʢʦʡ ʯʘʩʪʦʪʦʡ n2 ʙʫʜʝʪ ʪʦʛʜʘ ʚʨʘʱʘʪʴʩʷ ʧʣʘʪʬʦʨʤʘ. [26 ʤʠʥ
ï1

] 

4.6. ʆʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʪʝʨʞʥʷ, ʝʩʣʠ ʧʨʠ ʝʛʦ ʨʘʩʪʷʞʝʥʠʠ ʟʘʪʨʘʯʝʥʘ 

ʨʘʙʦʪʘ 62,1 ɼʞ. ɼʣʠʥʘ ʩʪʝʨʞʥʷ 2 ʤ, ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 1 ʤʤ
2
, ʤʦʜʫʣʴ ʖʥʛʘ ʜʣʷ 

ʘʣʶʤʠʥʠʷ E=69 ɻʇʘ. [ l/l= )/(2 ESlA =0,03] 

ɻʣʘʚʘ 5 ʊʷʛʦʪʝʥʠʝ. ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʧʦʣʷ 

Ä 22. ɿʘʢʦʥʳ ʂʝʧʣʝʨʘ. ɿʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ 

ɽʱʝ ʚ ʛʣʫʙʦʢʦʡ ʜʨʝʚʥʦʩʪʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʚʝʟʜ, ʢʦʪʦʨʳʝ ʥʝʠʟʤʝʥʥʦ ʩʦʭʨʘʥʷʶʪ ʩʚʦʝ 

ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʪʝʯʝʥʠʝ ʩʪʦʣʝʪʠʡ, ʧʣʘʥʝʪʳ ʦʧʠʩʳʚʘʶʪ ʩʨʝʜʠ ʟʚʝʟʜ 

ʩʣʦʞʥʝʡʰʠʝ ʪʨʘʝʢʪʦʨʠʠ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʝʪʣʝʦʙʨʘʟʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʪ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʡ ʫʯʝʥʳʡ 

ʂ. ʇʪʦʣʦʤʝʡ (II ʚ. ʥ. ʵ.), ʩʯʠʪʘʷ ɿʝʤʣʶ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ ɺʩʝʣʝʥʥʦʡ, ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʢʘʞʜʘʷ 

ʠʟ ʧʣʘʥʝʪ ʜʚʠʞʝʪʩʷ ʧʦ ʤʘʣʦʤʫ ʢʨʫʛʫ (ʵʧʠʮʠʢʣʫ), ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʪʩʷ ʧʦ ʙʦʣʴʰʦʤʫ 

ʢʨʫʛʫ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ɿʝʤʣʷ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʧʪʦʣʦʤʝʝʚʦʡ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʠʨʘ. 
ɺ ʥʘʯʘʣʝ XVI ʚ. ʧʦʣʴʩʢʠʤ ʘʩʪʨʦʥʦʤʦʤ ʅ. ʂʦʧʝʨʥʠʢʦʤ (1473ð1543) ʦʙʦʩʥʦʚʘʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ (ʩʤ. Ä 5), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ ʦʙʲʷʩʥʷʶʪʩʷ ʜʚʠʞʝʥʠʝʤ ɿʝʤʣʠ (ʘ ʪʘʢʞʝ 

ʜʨʫʛʠʭ ʧʣʘʥʝʪ) ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʠ ʩʫʪʦʯʥʳʤ ʚʨʘʱʝʥʠʝʤ ɿʝʤʣʠ. ʊʝʦʨʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ ʂʦʧʝʨʥʠʢʘ 

ʚʦʩʧʨʠʥʠʤʘʣʠʩʴ ʢʘʢ ʟʘʥʠʤʘʪʝʣʴʥʘʷ ʬʘʥʪʘʟʠʷ. 

ʂ ʥʘʯʘʣʫ XVII ʩʪʦʣʝʪʠʷ ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʝʥʳʭ ʫʙʝʜʠʣʦʩʴ, ʦʜʥʘʢʦ, ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʠʨʘ. ʀ. ʂʝʧʣʝʨ (1571ð1630), ʦʙʨʘʙʦʪʘʚ ʠ ʫʪʦʯʥʠʚ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʜʘʪʩʢʦʛʦ ʘʩʪʨʦʥʦʤʘ ʊ. ɹʨʘʛʝ (1546ð1601), ʠʟʣʦʞʠʣ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʧʣʘʥʝʪ: 

1. ʂʘʞʜʘʷ ʧʣʘʥʝʪʘ ʜʚʠʞʝʪʩʷ ʧʦ ʵʣʣʠʧʩʫ, ʚ ʦʜʥʦʤ ʠʟ ʬʦʢʫʩʦʚ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʉʦʣʥʮʝ. 

2. ʈʘʜʠʫʩ-ʚʝʢʪʦʨ ʧʣʘʥʝʪʳ ʟʘ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʦʧʠʩʳʚʘʝʪ ʦʜʠʥʘʢʦʚʳʝ ʧʣʦʱʘʜʠ. 

3. ʂʚʘʜʨʘʪʳ ʧʝʨʠʦʜʦʚ ʦʙʨʘʱʝʥʠʷ ʧʣʘʥʝʪ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʦʪʥʦʩʷʪʩʷ ʢʘʢ ʢʫʙʳ ʙʦʣʴʰʠʭ ʧʦʣʫʦʩʝʡ ʠʭ 

ʦʨʙʠʪ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʀ. ʅʴʶʪʦʥ, ʠʟʫʯʘʷ ʜʚʠʞʝʥʠʝ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʦʚ ʂʝʧʣʝʨʘ ʠ ʦʩʥʦʚʥʳʭ 

ʟʘʢʦʥʦʚ ʜʠʥʘʤʠʢʠ ʦʪʢʨʳʣ ʚʩʝʦʙʱʠʡ ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ: ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ 

ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʘʩʩ ʵʪʠʭ ʪʦʯʝʢ (m1 ʠ ʪ2) ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʥʠʤʠ (r
2
): 

        (22.1) 
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ʕʪʘ ʩʠʣʘ ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ (ʠʣʠ ʩʠʣʦʡ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠ)̫. ʉʠʣʳ ʪʷʛʦʪʝʥʠʷ ʚʩʝʛʜʘ 

ʷʚʣʷʶʪʩʷ ʩʠʣʘʤʠ ʧʨʠʪʷʞʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ 

ʪʝʣʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ G ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. 

ɿʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʪʝʣ, ʧʨʠʥʠʤʘʝʤʳʭ ʟʘ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʪ. ʝ. ʜʣʷ ʪʘʢʠʭ 

ʪʝʣ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ. ɽʩʣʠ ʞʝ ʨʘʟʤʝʨʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʩʨʘʚʥʠʤʳ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ, ʪʦ ʵʪʠ ʪʝʣʘ ʥʘʜʦ ʨʘʟʙʠʪʴ ʥʘ ʪʦʯʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʧʦʜʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ (22.1) ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʚʩʝʤʠ ʧʦʧʘʨʥʦ ʚʟʷʪʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʘ ʟʘʪʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠʭ ʩʣʦʞʠʪʴ (ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʟʘʢʦʥʘ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʜʣʷ ʟʝʤʥʳʭ ʪʝʣ, ʘ ʪʘʢʞʝ 

ʯʠʩʣʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ G ʧʨʦʚʝʜʝʥʦ ʘʥʛʣʠʡʩʢʠʤ ʬʠʟʠʢʦʤ ɻ. ʂʘʚʝʥʜʠʰʝʤ 

(1731ð1810). ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʧʳʪʘ ʂʘʚʝʥʜʠʰʘ, ʧʨʠʤʝʥʠʚʰʝʛʦ ʢʨʫʪʠʣʴʥʳʝ ʚʝʩʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 37. ʃʝʛʢʦʝ ʢʦʨʦʤʳʩʣʦ ɸ ʩ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʰʘʨʠʢʘʤʠ ʤʘʩʩʦʡ m=729 ʛ 

ʧʦʜʚʝʰʝʥʦ ʥʘ ʫʧʨʫʛʦʡ ʥʠʪʠ ɺ. ʅʘ ʢʦʨʦʤʳʩʣʝ ʉ ʫʢʨʝʧʣʝʥʳ ʥʘ ʪʦʡ ʞʝ ʚʳʩʦʪʝ ʤʘʩʩʠʚʥʳʝ ʰʘʨʳ ʤʘʩʩʦʡ 

M=158 ʢʛ. ʇʦʚʦʨʘʯʠʚʘʷ ʢʦʨʦʤʳʩʣʦ ʉ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʰʘʨʘʤʠ ʩ ʤʘʩʩʘʤʠ ʪ ʠ ʄ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʘʨʳ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʰʘʨʘʤ ʪ ʩʦ ʩʪʦʨʦʥʳ ʰʘʨʦʚ ʄ, 

ʢʦʨʦʤʳʩʣʦ ɸ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʟʘʢʨʫʯʠʚʘʷ ʥʠʪʴ ɺ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʤʦʤʝʥʪ ʩʠʣ ʫʧʨʫʛʦʩʪʠ ʥʝ ʫʨʘʚʥʦʚʝʩʠʪ ʤʦʤʝʥʪʘ ʩʠʣ ʪʷʛʦʪʝʥʠʷ. ɿʥʘʷ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʥʠʪʠ, ʧʦ 

ʠʟʤʝʨʝʥʥʦʤʫ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚʦʟʥʠʢʘʶʱʠʝ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ, ʘ ʪʘʢ ʢʘʢ ʤʘʩʩʳ ʰʘʨʦʚ 

ʠʟʚʝʩʪʥʳ, ʪʦ ʠ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ G. 

 
ɿʥʘʯʝʥʠʝ G, ʧʨʠʚʦʜʠʤʦʝ ʚ ʪʘʙʣʠʮʘʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 

6,672010
ï11

 ʅʤ/ʢʛ
2
, ʪ. ʝ. ʜʚʘ ʪʦʯʝʯʥʳʭ ʪʝʣʘ ʤʘʩʩʦʡ ʧʦ 1 ʢʛ ʢʘʞʜʦʝ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʩ ʩʠʣʦʡ 6,672010
ï11

 H. ʆʯʝʥʴ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ G ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʣʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʤʘʩʩ. 

Ä 23. ʉʠʣʘ ʪʷʞʝʩʪʠ ʠ ʚʝʩ. ʅʝʚʝʩʦʤʦʩʪʴ 

ʅʘ ʣʶʙʦʝ ʪʝʣʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʪʷʛʦʪʝʥʠʷ F, ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʢʦʪʦʨʦʡ ʠ ʚ ʩʦʛʣʘʩʠʠ ʩʦ ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ ʪʝʣʦ ʥʘʯʥʝʪ ʜʚʠʛʘʪʴʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ g. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ɿʝʤʣʝʡ, ʥʘ ʚʩʷʢʦʝ ʪʝʣʦ ʤʘʩʩʦʡ ʪ ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ 

 
ʥʘʟʳʚʘʝʤʘʷ ʩʠʣʦʡ ʪʷʞʝʩʪʠ. 

ʉʦʛʣʘʩʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ð ʦʙʦʙʱʝʥʥʦʤʫ ʟʘʢʦʥʫ ɻʘʣʠʣʝʷ, ʚʩʝ ʪʝʣʘ ʚ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʧʘʜʘʶʪ ʩ ʦʜʠʥʘʢʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ɿʝʤʣʠ 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʚʩʝʭ ʪʝʣ. ʆʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩ 

ʰʠʨʦʪʦʡ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 9,780 ʤ/ʩ
2
 ʥʘ ʵʢʚʘʪʦʨʝ ʜʦ 9,832 ʤ/ʩ

2
 ʥʘ ʧʦʣʶʩʘʭ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʪʦʯʥʳʤ 

ʚʨʘʱʝʥʠʝʤ ɿʝʤʣʠ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʩʧʣʶʩʥʫʪʦʩʪʴʶ ɿʝʤʣʠ ð ʩ ʜʨʫʛʦʡ 

(ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʠ ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩʳ ɿʝʤʣʠ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 6378 ʠ 6357 ʢʤ). ʊʘʢ ʢʘʢ 

ʨʘʟʣʠʯʠʝ ʟʥʘʯʝʥʠʡ g ʥʝʚʝʣʠʢʦ, ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 9,81 ʤ/ʩ
2
. 

ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʩʫʪʦʯʥʳʤ ʚʨʘʱʝʥʠʝʤ ɿʝʤʣʠ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, ʪʦ ʩʠʣʘ ʪʷʞʝʩʪʠ ʠ ʩʠʣʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ: 

 
ʛʜʝ ʄ ð ʤʘʩʩʘ ɿʝʤʣʠ; R ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʮʝʥʪʨʦʤ ɿʝʤʣʠ. ʕʪʘ ʬʦʨʤʫʣʘ ʜʘʥʘ ʜʣʷ ʩʣʫʯʘʷ, 

ʢʦʛʜʘ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ʇʫʩʪʴ ʪʝʣʦ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʳʩʦʪʝ h ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, R0 ð ʨʘʜʠʫʩ ɿʝʤʣʠ, ʪʦʛʜʘ 
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ʪ. ʝ. ʩʠʣʘ ʪʷʞʝʩʪʠ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʬʠʟʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʧʦʥʷʪʠʝ ʚʝʩʘ ʪʝʣʘ. ɺʝʩʦʤ ʪʝʣʘ ʥʘʟʳʚʘʶʪ ʩʠʣʫ, ʩ ʢʦʪʦʨʦʡ ʪʝʣʦ ʚʩʣʝʜʩʪʚʠʝ 

ʪʷʛʦʪʝʥʠʷ ʢ ɿʝʤʣʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʧʦʨʫ (ʠʣʠ ʧʦʜʚʝʩ), ʫʜʝʨʞʠʚʘʶʱʫʶ ʪʝʣʦ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ɺʝʩ 

ʪʝʣʘ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ, ʦʪʣʠʯʥʳʤ ʦʪ g, ʪ. ʝ. ʢʦʛʜʘ ʥʘ 

ʪʝʣʦ ʢʨʦʤʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʜʝʡʩʪʚʫʶʪ ʜʨʫʛʠʝ ʩʠʣʳ. ʉʦʩʪʦʷʥʠʝ ʪʝʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʦ ʜʚʠʞʝʪʩʷ ʪʦʣʴʢʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʥʝʚʝʩʦʤʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʘ ʪʷʞʝʩʪʠ ʜʝʡʩʪʚʫʝʪ ʚʩʝʛʜʘ, ʘ ʚʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʪʝʣʦ 

ʢʨʦʤʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʜʝʡʩʪʚʫʶʪ ʝʱʝ ʜʨʫʛʠʝ ʩʠʣʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʘ, 

ʦʪʣʠʯʥʳʤ ʦʪ g. ɽʩʣʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ɿʝʤʣʠ ʩ ʫʩʢʦʨʝʥʠʝʤ a g, ʪʦ ʢ ʵʪʦʤʫ ʪʝʣʫ 

ʧʨʠʣʦʞʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʣʘ N, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ 

 
ʊʦʛʜʘ ʚʝʩ ʪʝʣʘ 

 
ʪ. ʝ. ʝʩʣʠ ʪʝʣʦ ʧʦʢʦʠʪʩʷ ʠʣʠ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ, ʪʦ ʘ=0 ʠ P'=mg. ɽʩʣʠ ʪʝʣʦ ʩʚʦʙʦʜʥʦ 

ʜʚʠʞʝʪʩʷ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʧʦ ʣʶʙʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ a=g ʠ ʈ'=0, ʪ. ʝ. ʪʝʣʦ 

ʙʫʜʝʪ ʥʝʚʝʩʦʤʳʤ. ʅʘʧʨʠʤʝʨ, ʥʝʚʝʩʦʤʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʣʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʷʭ, 

ʩʚʦʙʦʜʥʦ ʜʚʠʞʫʱʠʭʩʷ ʚ ʢʦʩʤʦʩʝ. 

Ä 24. ʇʦʣʝ ʪʷʛʦʪʝʥʠʷ ʠ ʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ɿʘʢʦʥ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʪʷʛʦʪʝʥʠʷ ʦʪ ʤʘʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʥʦ ʥʝ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʊʷʛʦʪʝʥʠʝ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʦʩʦʙʦʡ ʛʨʫʧʧʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʠʣʳ ʪʷʛʦʪʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʚ 

ʢʘʢʦʡ ʩʨʝʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʪʝʣʘ ʥʘʭʦʜʷʪʩʷ. ʊʷʛʦʪʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʚ ʚʘʢʫʫʤʝ. 

ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʝʣʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ, ʠʣʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʕʪʦ ʧʦʣʝ ʧʦʨʦʞʜʘʝʪʩʷ ʪʝʣʘʤʠ ʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ. 

ʆʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʚʩʷʢʦʝ ʪʝʣʦ ʤʘʩʩʦʡ ʪ, ʚʥʝʩʝʥʥʦʝ ʚ ʵʪʦ 

ʧʦʣʝ, ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʪʷʛʦʪʝʥʠʷ, ʪ. ʝ. 

      (24.1) 

ɺʝʢʪʦʨ g ʥʝ ʟʘʚʠʩʠʪ ʦʪ m ʠ ʥʘʟʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ 

ʪʷʛʦʪʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʦʡ, ʜʝʡʩʪʚʫʶʱʝʡ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʷ ʥʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ ʝʜʠʥʠʯʥʦʡ 

ʤʘʩʩʳ, ʠ ʩʦʚʧʘʜʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʦʡ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʝʩʪʴ ʩʠʣʦʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ. 

ʇʦʣʝ ʪʷʛʦʪʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ, ʝʩʣʠ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʜʠʥʘʢʦʚʘ, ʠ 

ʮʝʥʪʨʘʣʴʥʳʤ, ʝʩʣʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʦʣʷ ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʧʨʷʤʳʭ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ (ɸ), ʥʝʧʦʜʚʠʞʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʢʦʡ-ʣʠʙʦ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ (ʨʠʩ. 38). 

ɼʣ̫ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʣʦʚʳʝ ʣʠʥʠʠ (ʣʠʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ). 

ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʚʳʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʩʠʣʦʚʦʡ ʣʠʥʠʠ. 

Ä 25. ʈʘʙʦʪʘ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ. ʇʦʪʝʥʮʠʘʣ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ 

ʆʧʨʝʜʝʣʠʤ ʨʘʙʦʪʫ, ʩʦʚʝʨʰʘʝʤʫʶ ʩʠʣʘʤʠ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʥʝʤ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 

ʤʘʩʩʦʡ ʪ. ɺʳʯʠʩʣʠʤ, ʥʘʧʨʠʤʝʨ, ʢʘʢʫʶ ʥʘʜʦ ʟʘʪʨʘʪʠʪʴ ʨʘʙʦʪʫ ʜʣʷ ʫʜʘʣʝʥʠʷ ʪʝʣʘ ʤʘʩʩʦʡ ʪ ʦʪ ɿʝʤʣʠ. 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ R (ʨʠʩ. 39) ʥʘ ʜʘʥʥʦʝ ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ 

 
ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʵʪʦʛʦ ʪʝʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ dR ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ 

      (25.1) 

ɿʥʘʢ ʤʠʥʫʩ ʧʦʷʚʣʷʝʪʩʷ ʧʦʪʦʤʫ, ʯʪʦ ʩʠʣʘ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ (ʨʠʩ. 39). 
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ɽʩʣʠ ʪʝʣʦ ʧʝʨʝʤʝʱʘʪʴ ʩ ʨʘʩʩʪʦʷʥʠʷ R1 ʜʦ R2, ʪʦ ʨʘʙʦʪʘ 

     

(25.2) 

ʀʟ ʬʦʨʤʫʣʳ (25.2) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʟʘʪʨʘʯʝʥʥʘʷ ʨʘʙʦʪʘ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʨʘʝʢʪʦʨʠʠ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ ʥʘʯʘʣʴʥʳʤ ʠ ʢʦʥʝʯʥʳʤ ʧʦʣʦʞʝʥʠʷʤʠ ʪʝʣʘ, ʪ. ʝ. ʩʠʣʳ ʪʷʛʦʪʝʥʠʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳ, ʘ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ (ʩʤ. Ä 12). 

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (12.2), ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ ʩʠʣʘʤʠ, ʨʘʚʥʘ ʠʟʤʝʥʝʥʠʶ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʚʟʷʪʦʤʫ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ, ʪ. ʝ. 

 
ʀʟ ʬʦʨʤʫʣʳ (25.2) ʧʦʣʫʯʘʝʤ 

     (25.3) 

ʊʘʢ ʢʘʢ ʚ ʬʦʨʤʫʣʳ ʚʭʦʜʠʪ ʪʦʣʴʢʦ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʚ ʜʚʫʭ ʩʦʩʪʦʷʥʠʷʭ, ʪʦ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʧʨʠʥʠʤʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʧʨʠ R2  ʨʘʚʥʦʡ ʥʫʣʶ (
2

lim
R
ʇ2=0). ʊʦʛʜʘ (25.3) ʟʘʧʠʰʝʪʩʷ ʚ 

ʚʠʜʝ ʇ1= ïGmM/R1. ʊʘʢ ʢʘʢ ʧʝʨʚʘʷ ʪʦʯʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʠʟʚʦʣʴʥʦ, ʪʦ 

 
ɺʝʣʠʯʠʥʘ 

 
ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʠ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʦʤ. ʇʦʪʝʥʮʠʘʣ 

ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ  ð ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʪʝʣʘ ʝʜʠʥʠʯʥʦʡ 

ʤʘʩʩʳ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʣʷ ʠʣʠ ʨʘʙʦʪʦʡ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʝʜʠʥʠʯʥʦʡ ʤʘʩʩʳ ʠʟ ʜʘʥʥʦʡ ʪʦʯʢʠ ʧʦʣʷ ʚ 

ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʝʣʦʤ ʤʘʩʩʦʡ ʄ, ʨʘʚʝʥ 

      (25.4) 

ʛʜʝ R ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʵʪʦʛʦ ʪʝʣʘ ʜʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ. 

ʀʟ ʬʦʨʤʫʣʳ (25.4) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ ʩ ʦʜʠʥʘʢʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʨʘʟʫʝʪ 

ʩʬʝʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (R=const). ʊʘʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣ ʧʦʩʪʦʷʥʝʥ, 

ʥʘʟʳʚʘʶʪʩʷ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʦʤ () ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʠ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ (g). ʀʟ 

ʚʳʨʘʞʝʥʠʡ (25.1) ʠ (25.4) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ dA, ʩʦʚʝʨʰʘʝʤʘʷ ʩʠʣʘʤʠ ʧʦʣʷ ʧʨʠ ʤʘʣʦʤ 

ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʘ ʤʘʩʩʦʡ ʪ, ʨʘʚʥʘ 

 

 
ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, dA=Fdl (dl ð ʵʣʝʤʝʥʪʘʨʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ). ʋʯʠʪʳʚʘʷ (24.1), ʧʦʣʫʯʘʝʤ, ʯʪʦ dA=mgdl, 

ʪ. ʝ. mg0l= ðmd , ʠʣʠ 
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ɺʝʣʠʯʠʥʘ d /dl ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

       (25.5) 

ʛʜʝ 
 
ð ʛʨʘʜʠʝʥʪ ʩʢʘʣʷʨʘ  (ʩʤ. (12.5)). ɿʥʘʢ ʤʠʥʫʩ ʚ ʬʦʨʤʫʣʝ (25.5) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ g ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ ʫʙʳʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʯʘʩʪʥʦʛʦ ʧʨʠʤʝʨʘ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʵʥʝʨʛʠʶ ʪʝʣʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʚʳʩʦʪʝ h ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ: 

 
ʛʜʝ R0 ð ʨʘʜʠʫʩ ɿʝʤʣʠ. ʊʘʢ ʢʘʢ 

    (25.6) 

ʪʦ, ʫʯʠʪʳʚʘʷ ʫʩʣʦʚʠʝ h<< R0, ʧʦʣʫʯʘʝʤ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʳʚʝʣʠ ʬʦʨʤʫʣʫ, ʩʦʚʧʘʜʘʶʱʫʶ ʩ (12.7), ʢʦʪʦʨʘʷ ʧʦʩʪʫʣʠʨʦʚʘʣʘʩʴ ʨʘʥʴʰʝ. 

Ä 26. ʂʦʩʤʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ 

ɼʣʷ ʟʘʧʫʩʢʘ ʨʘʢʝʪ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘʜʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʩʦʦʙʱʘʪʴ ʠʤ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ, ʥʘʟʳʚʘʝʤʳʝ ʢʦʩʤʠʯʝʩʢʠʤʠ. 

ʇʝʨʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ (ʠʣʠ ʢʨʫʛʦʚʦʡ) ʩʢʦʨʦʩʪʴʶ v1 ʥʘʟʳʚʘʶʪ ʪʘʢʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʫʶ 

ʥʘʜʦ ʩʦʦʙʱʠʪʴ ʪʝʣʫ, ʯʪʦʙʳ ʦʥʦ ʤʦʛʣʦ ʜʚʠʛʘʪʴʩʷ ʚʦʢʨʫʛ ɿʝʤʣʠ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ, ʪ. ʝ. ʧʨʝʚʨʘʪʠʪʴʩʷ 

ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ɿʝʤʣʠ. ʅʘ ʩʧʫʪʥʠʢ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʨʘʜʠʫʩʦʤ r, ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ ʪʷʛʦʪʝʥʠʷ ɿʝʤʣʠ, ʩʦʦʙʱʘʶʱʘʷ ʝʤʫ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ v 2

1 /r. ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, 

 
ɽʩʣʠ ʩʧʫʪʥʠʢ ʜʚʠʞʝʪʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʪʦʛʜʘ r R0 (ʨʘʜʠʫʩ ɿʝʤʣʠ) ʠ g=GM/R

2

0  (ʩʤ. (25.6)), 

ʧʦʵʪʦʤʫ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

 
ʇʝʨʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʝʣʦ ʤʦʛʣʦ ʚʳʡʪʠ ʠʟ ʩʬʝʨʳ ʟʝʤʥʦʛʦ 

ʧʨʠʪʷʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʵʪʦʛʦ ʩʢʦʨʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʚʪʦʨʦʡ ʢʦʩʤʠʯʝʩʢʦʡ. ɺʪʦʨʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

(ʠʣʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ) ʩʢʦʨʦʩʪʴʶ v2 ʥʘʟʳʚʘʶʪ ʪʫ ʥʘʠʤʝʥʴʰʫʶ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʫʶ ʥʘʜʦ ʩʦʦʙʱʠʪʴ 

ʪʝʣʫ, ʯʪʦʙʳ ʦʥʦ ʤʦʛʣʦ ʧʨʝʦʜʦʣʝʪʴ ʧʨʠʪʷʞʝʥʠʝ ɿʝʤʣʠ ʠ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʩʧʫʪʥʠʢ ʉʦʣʥʮʘ, ʪ. ʝ. ʯʪʦʙʳ 

ʝʛʦ ʦʨʙʠʪʘ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ɿʝʤʣʠ ʩʪʘʣʘ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʪʝʣʦ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ) ʤʦʛʣʦ ʧʨʝʦʜʦʣʝʪʴ ʟʝʤʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʠ ʫʡʪʠ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʙʳʣʘ ʨʘʚʥʘ ʨʘʙʦʪʝ, ʩʦʚʝʨʰʘʝʤʦʡ ʧʨʦʪʠʚ ʩʠʣ ʪʷʛʦʪʝʥʠʷ: 

 
ʦʪʢʫʜʘ 

 
ʊʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ v3 ʥʘʟʳʚʘʶʪ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʪʝʣʫ ʥʘ ɿʝʤʣʝ, 

ʯʪʦʙʳ ʦʥʦ ʧʦʢʠʥʫʣʦ ʧʨʝʜʝʣʳ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʦʜʦʣʝʚ ʧʨʠʪʷʞʝʥʠʝ ʉʦʣʥʮʘ. ʊʨʝʪʴʷ 

ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ v3=16,7 ʢʤ/ʩ. ʉʦʦʙʱʝʥʠʝ ʪʝʣʘʤ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ɽʝ ʧʝʨʚʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʩʤʳʩʣʝʥʠʝ ʥʘʯʘʪʦ ʂ. ʕ. ʎʠʦʣʢʦʚʩʢʠʤ, ʠʤ 

ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʥʘʤʠ ʬʦʨʤʫʣʘ (10.3), ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʘʢʝʪ. 

ɺʧʝʨʚʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʉʉʉʈ: ʧʝʨʚʘʷ ð ʧʨʠ ʟʘʧʫʩʢʝ ʧʝʨʚʦʛʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʚ 1957 ʛ., ʚʪʦʨʘʷ ð ʧʨʠ ʟʘʧʫʩʢʝ ʨʘʢʝʪʳ ʚ 1959 ʛ. ʇʦʩʣʝ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʖ. ɸ. ɻʘʛʘʨʠʥʘ ʚ 1961 ʛ. ʥʘʯʠʥʘʝʪʩʷ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʩʤʦʥʘʚʪʠʢʠ. 

Ä 27. ʅʝʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. ʉʠʣʳ ʠʥʝʨʮʠʠ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ (ʩʤ. Ä 5, 6), ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ ʚʳʧʦʣʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʦʪʩʯʝʪʘ. ʉʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʜʚʠʞʫʱʠʝʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʫʩʢʦʨʝʥʠʝʤ, 

ʥʘʟʳʚʘʶʪʩʷ ʥʝʠʥʝʨʮʠʘʣʴʥʳʤʠ. ɺ ʥʝʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘʢʦʥʳ ʅʴʶʪʦʥʘ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʫʞʝ 
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ʥʝʩʧʨʘʚʝʜʣʠʚʳ. ʆʜʥʘʢʦ ʟʘʢʦʥʳ ʜʠʥʘʤʠʢʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʠ ʜʣʷ ʥʠʭ, ʝʩʣʠ ʢʨʦʤʝ ʩʠʣ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʣ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʠʣʳ ʦʩʦʙʦʛʦ ʨʦʜʘ ð ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ. 

ɽʩʣʠ ʫʯʝʩʪʴ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʪʦ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ: 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ ʥʘ ʫʩʢʦʨʝʥʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʨʘʚʥʦ ʩʫʤʤʝ ʚʩʝʭ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʜʘʥʥʦʝ ʪʝʣʦ (ʚʢʣʶʯʘʷ ʠ ʩʠʣʳ ʠʥʝʨʮʠʠ). ʉʠʣʳ ʠʥʝʨʮʠʠ Fʠʥ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ 

ʪʘʢʠʤʠ, ʯʪʦʙʳ ʚʤʝʩʪʝ ʩ ʩʠʣʘʤʠ F, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʣ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʦʥʠ ʩʦʦʙʱʘʣʠ 

ʪʝʣʫ ʫʩʢʦʨʝʥʠʝ ʘ', ʢʘʢʠʤ ʦʥʦ ʦʙʣʘʜʘʝʪ ʚ ʥʝʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ, ʪ. ʝ. 

      (27.1) 

ʊʘʢ ʢʘʢ F=ma (a ð ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ), ʪʦ 

 
ʉʠʣʳ ʠʥʝʨʮʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʫʩʢʦʨʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʨʷʝʤʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʵʪʦʤʫ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʩʣʫʯʘʠ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ ʩʠʣ: 1) ʩʠʣʳ 

ʠʥʝʨʮʠʠ ʧʨʠ ʫʩʢʦʨʝʥʥʦʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ; 2) ʩʠʣʳ ʠʥʝʨʮʠʠ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʦ, ʧʦʢʦʷʱʝʝʩʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ; 3) ʩʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ 

ʥʘ ʪʝʣʦ, ʜʚʠʞʫʱʝʝʩʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʩʣʫʯʘʠ. 

1. ʉʠʣʳ ʠʥʝʨʮʠʠ ʧʨʠ ʫʩʢʦʨʝʥʥʦʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. ʇʫʩʪʴ ʥʘ ʪʝʣʝʞʢʝ ʢ 

ʰʪʘʪʠʚʫ ʥʘ ʥʠʪʠ ʧʦʜʚʝʰʝʥ ʰʘʨʠʢ ʤʘʩʩʦʡ ʪ (ʨʠʩ. 40). ʇʦʢʘ ʪʝʣʝʞʢʘ ʧʦʢʦʠʪʩʷ ʠʣʠ ʜʚʠʞʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʥʠʪʴ, ʫʜʝʨʞʠʚʘʶʱʘʷ ʰʘʨʠʢ, ʟʘʥʠʤʘʝʪ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʩʠʣʘ 

ʪʷʞʝʩʪʠ ʈ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʩʠʣʦʡ ʨʝʘʢʮʠʠ ʥʠʪʠ ʊ. 

 
ɽʩʣʠ ʪʝʣʝʞʢʫ ʧʨʠʚʝʩʪʠ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩ ʫʩʢʦʨʝʥʠʝʤ ʘ0, ʪʦ ʥʠʪʴ ʥʘʯʥʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ 

ʚʝʨʪʠʢʘʣʠ ʥʘʟʘʜ ʜʦ ʪʘʢʦʛʦ ʫʛʣʘ , ʧʦʢʘ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ F=P+T ʥʝ ʦʙʝʩʧʝʯʠʪ ʫʩʢʦʨʝʥʠʝ ʰʘʨʠʢʘ, 

ʨʘʚʥʦʝ ʘ0. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ F ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʫʩʢʦʨʝʥʠʷ ʪʝʣʝʞʢʠ ʘ0 ʠ ʜʣʷ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ (ʰʘʨʠʢ ʪʝʧʝʨʴ ʜʚʠʞʝʪʩʷ ʚʤʝʩʪʝ ʩ ʪʝʣʝʞʢʦʡ ʩ ʫʩʢʦʨʝʥʠʝʤ ʘ0) 

ʨʘʚʥʘ F=mgtg =ma0, ʦʪʢʫʜʘ 

 
ʪ. ʝ. ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʥʠʪʠ ʦʪ ʚʝʨʪʠʢʘʣʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʝʞʢʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʝʡʩʷ ʪʝʣʝʞʢʦʡ, ʰʘʨʠʢ ʧʦʢʦʠʪʩʷ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʩʠʣʘ F ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʨʘʚʥʦʡ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦʡ ʝʡ ʩʠʣʦʡ Fʠ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʠʯʝʤ ʠʥʳʤ, ʢʘʢ ʩʠʣʦʡ ʠʥʝʨʮʠʠ, ʪʘʢ ʢʘʢ ʥʘ ʰʘʨʠʢ ʥʠʢʘʢʠʝ ʜʨʫʛʠʝ ʩʠʣʳ ʥʝ 

ʜʝʡʩʪʚʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

      (27.2) 

ʇʨʦʷʚʣʝʥʠʝ ʩʠʣ ʠʥʝʨʮʠʠ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʚʩʝʜʥʝʚʥʳʭ ʷʚʣʝʥʠʷʭ. 

ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʧʦʝʟʜ ʥʘʙʠʨʘʝʪ ʩʢʦʨʦʩʪʴ, ʪʦ ʧʘʩʩʘʞʠʨ, ʩʠʜʷʱʠʡ ʧʦ ʭʦʜʫ ʧʦʝʟʜʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʠʥʝʨʮʠʠ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʩʧʠʥʢʝ ʩʠʜʝʥʴʷ. ʅʘʦʙʦʨʦʪ, ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʧʦʝʟʜʘ ʩʠʣʘ ʠʥʝʨʮʠʠ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʠ ʧʘʩʩʘʞʠʨ ʫʜʘʣʷʝʪʩʷ ʦʪ ʩʧʠʥʢʠ ʩʠʜʝʥʴʷ. ʆʩʦʙʝʥʥʦ ʵʪʠ 

ʩʠʣʳ ʟʘʤʝʪʥʳ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʪʦʨʤʦʞʝʥʠʠ ʧʦʝʟʜʘ. ʉʠʣʳ ʠʥʝʨʮʠʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʝʨʝʛʨʫʟʢʘʭ, 

ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʟʘʧʫʩʢʝ ʠ ʪʦʨʤʦʞʝʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ. 

2. ʉʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʦ, ʧʦʢʦʷʱʝʝʩʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. ʇʫʩʪʴ ʜʠʩʢ 

ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  ( =const) ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʝʛʦ ʮʝʥʪʨ. ʅʘ ʜʠʩʢʝ, ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʷʪʥʠʢʠ (ʥʘ ʥʠʪʷʭ 

ʧʦʜʚʝʰʝʥʳ ʰʘʨʠʢʠ ʤʘʩʩʦʡ m). ʇʨʠ ʚʨʘʱʝʥʠʠ ʤʘʷʪʥʠʢʦʚ ʚʤʝʩʪʝ ʩ ʜʠʩʢʦʤ ʰʘʨʠʢʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ 

ʚʝʨʪʠʢʘʣʠ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ (ʨʠʩ. 41). 

ɺ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʝʱʝʥʠʝʤ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥ ʜʠʩʢ, ʰʘʨʠʢ 

ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʰʘʨʠʢʘ ʜʦ 
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ʦʩʠ ʚʨʘʱʝʥʠʷ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʨʘʚʥʘʷ F=m
2
R ʠ ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʈ ʠ ʩʠʣʳ 

ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʊ: F=P+T. ʂʦʛʜʘ ʜʚʠʞʝʥʠʝ ʰʘʨʠʢʘ ʫʩʪʘʥʦʚʠʪʩʷ, ʪʦ F=mgtg =m
2
R, ʦʪʢʫʜʘ 

 
ʪ. ʝ. ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʥʠʪʝʡ ʤʘʷʪʥʠʢʦʚ ʙʫʜʫʪ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ R ʦʪ ʮʝʥʪʨʘ ʰʘʨʠʢʘ 

ʜʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʠ ʯʝʤ ʙʦʣʴʰʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ . 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ, ʰʘʨʠʢ ʧʦʢʦʠʪʩʷ, ʯʪʦ ʚʦʟʤʦʞʥʦ, 

ʝʩʣʠ ʩʠʣʘ F ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʨʘʚʥʦʡ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦʡ ʝʡ ʩʠʣʦʡ Fʮ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʥʠʯʝʤ ʠʥʳʤ, ʢʘʢ ʩʠʣʦʡ ʠʥʝʨʮʠʠ, ʪʘʢ ʢʘʢ ʥʘ ʰʘʨʠʢ ʥʠʢʘʢʠʝ ʜʨʫʛʠʝ ʩʠʣʳ ʥʝ ʜʝʡʩʪʚʫʶʪ. ʉʠʣʘ Fʮ, 

ʥʘʟʳʚʘʝʤʘʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʦʡ ʠʥʝʨʮʠʠ, ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʠ 

ʨʘʚʥʘ 

      (27.3) 

 
ɼʝʡʩʪʚʠʶ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʘʩʩʘʞʠʨʳ ʚ ʜʚʠʞʫʱʝʤʩʷ ʪʨʘʥʩʧʦʨʪʝ 

ʥʘ ʧʦʚʦʨʦʪʘʭ, ʣʝʪʯʠʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʠʛʫʨ ʚʳʩʰʝʛʦ ʧʠʣʦʪʘʞʘ; ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʚʩʝʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʤʝʭʘʥʠʟʤʘʭ: ʥʘʩʦʩʘʭ, ʩʝʧʘʨʘʪʦʨʘʭ ʠ ʪ. ʜ., ʛʜʝ ʦʥʠ ʜʦʩʪʠʛʘʶʪ 

ʦʛʨʦʤʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʠʭʩʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ (ʨʦʪʦʨʦʚ, ʚʠʥʪʦʚ 

ʩʘʤʦʣʝʪʦʚ ʠ ʪ. ʜ.) ʧʨʠʥʠʤʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʜʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 

ʠʥʝʨʮʠʠ. 

ʀʟ ʬʦʨʤʫʣʳ (27.3) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʝʣʘ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ 

ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʜʠʫʩʘ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ  

ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʠ ʨʘʜʠʫʩʘ R, ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤ 

ʦʪʩʯʝʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʠʥʝʨʮʠʠ ʜʝʡʩʪʚʫʝʪ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ ʥʘ 

ʚʩʝ ʪʝʣʘ, ʫʜʘʣʝʥʥʳʝ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʥʘ ʢʦʥʝʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʧʦʢʦʷʪʩʷ ʣʠ ʦʥʠ ʚ 

ʵʪʦʡ ʩʠʩʪʝʤʝ (ʢʘʢ ʤʳ ʧʨʝʜʧʦʣʘʛʘʣʠ ʜʦ ʩʠʭ ʧʦʨ) ʠʣʠ ʜʚʠʞʫʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʝ ʩ ʢʘʢʦʡ-ʪʦ 

ʩʢʦʨʦʩʪʴʶ. 

3. ʉʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʦ, ʜʚʠʞʫʱʝʝʩʷ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. ʇʫʩʪʴ 

ʰʘʨʠʢ ʤʘʩʩʦʡ m ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ v' ʚʜʦʣʴ ʨʘʜʠʫʩʘ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʜʠʩʢʘ (v'= coast,  =const, v' ). ɽʩʣʠ ʜʠʩʢ ʥʝ ʚʨʘʱʘʝʪʩʷ, ʪʦ ʰʘʨʠʢ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʨʘʜʠʫʩʘ, 

ʜʚʠʞʝʪʩʷ ʧʦ ʨʘʜʠʘʣʴʥʦʡ ʧʨʷʤʦʡ ʠ ʧʦʧʘʜʘʝʪ ʚ ʪʦʯʢʫ ɸ, ʝʩʣʠ ʞʝ ʜʠʩʢ ʧʨʠʚʝʩʪʠ ʚʦ ʚʨʘʱʝʥʠʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʫʢʘʟʘʥʥʦʤ ʩʪʨʝʣʢʦʡ, ʪʦ ʰʘʨʠʢ ʢʘʪʠʪʩʷ ʧʦ ʢʨʠʚʦʡ Oɺ (ʨʠʩ. 42, ʘ), ʧʨʠʯʝʤ ʝʛʦ ʩʢʦʨʦʩʪʴ v' 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʢʘ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʪʦʛʜʘ, ʝʩʣʠ ʥʘ ʰʘʨʠʢ ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʩʢʦʨʦʩʪʠ v'. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʩʪʘʚʠʪʴ ʰʘʨʠʢ ʢʘʪʠʪʴʩʷ ʧʦ ʚʨʘʱʘʶʱʝʤʫʩʷ ʜʠʩʢʫ ʚʜʦʣʴ ʨʘʜʠʫʩʘ, ʠʩʧʦʣʴʟʫʝʤ ʞʝʩʪʢʦ 

ʫʢʨʝʧʣʝʥʥʳʡ ʚʜʦʣʴ ʨʘʜʠʫʩʘ ʜʠʩʢʘ ʩʪʝʨʞʝʥʴ, ʥʘ ʢʦʪʦʨʦʤ ʰʘʨʠʢ ʜʚʠʞʝʪʩʷ ʙʝʟ ʪʨʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦ ʠ 

ʧʨʷʤʦʣʠʥʝʡʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ v' (ʨʠʩ. 42, ʙ). ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʰʘʨʠʢʘ ʩʪʝʨʞʝʥʴ ʜʝʡʩʪʚʫʝʪ ʥʘ ʥʝʛʦ ʩ 

ʥʝʢʦʪʦʨʦʡ ʩʠʣʦʡ F. ʆʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʢʘ (ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ) ʰʘʨʠʢ ʜʚʠʞʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʩʠʣʘ F ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʧʨʠʣʦʞʝʥʥʦʡ ʢ 

ʰʘʨʠʢʫ ʩʠʣʦʡ ʠʥʝʨʮʠʠ Fʢ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʢʦʨʦʩʪʠ v'. ʕʪʘ ʩʠʣʘ ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʠʦʣʠʩʦʚʦʡ ʩʠʣʦʡ 

ʠʥʝʨʮʠʠ. 
ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ* 

                                                                                   (27.4) 
* ɻ. ʂʦʨʠʦʣʠʩ (1792ð1843) ð ʬʨʘʥʮʫʟʩʢʠʡ ʬʠʟʠʢ ʠ ʠʥʞʝʥʝʨ. 

 

ɺʝʢʪʦʨ Fʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʚʝʢʪʦʨʘʤ ʩʢʦʨʦʩʪʠ v' ʪʝʣʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 
C

 ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʧʨʘʚʦʛʦ ʚʠʥʪʘ. 
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ʉʠʣʘ ʂʦʨʠʦʣʠʩʘ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʥʘ ʪʝʣʘ, ʜʚʠʞʫʱʠʝʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, 

ʥʘʧʨʠʤʝʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ. ʇʦʵʪʦʤʫ ʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʩʠʣ ʦʙʲʷʩʥʷʝʪʩʷ ʨʷʜ ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ɿʝʤʣʝ 

ʷʚʣʝʥʠʡ. ʊʘʢ, ʝʩʣʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʥʘ ʩʝʚʝʨ (ʨʠʩ. 43), ʪʦ ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʥʝʛʦ 

ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʚʳʨʘʞʝʥʠʷ (27.4), ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʚʧʨʘʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ, ʪ. ʝ. ʪʝʣʦ ʥʝʩʢʦʣʴʢʦ ʦʪʢʣʦʥʠʪʩʷ ʥʘ ʚʦʩʪʦʢ. ɽʩʣʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʥʘ ʶʛ, ʪʦ ʩʠʣʘ 

ʂʦʨʠʦʣʠʩʘ ʪʘʢʞʝ ʜʝʡʩʪʚʫʝʪ ʚʧʨʘʚʦ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ, ʪ. ʝ. ʪʝʣʦ ʦʪʢʣʦʥʠʪʩʷ 

ʥʘ ʟʘʧʘʜ. ʇʦʵʪʦʤʫ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʦʜʤʳʚʘʥʠʝ ʧʨʘʚʳʭ ʙʝʨʝʛʦʚ 

ʨʝʢ; ʧʨʘʚʳʝ ʨʝʣʴʩʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ ʧʦ ʜʚʠʞʝʥʠʶ ʠʟʥʘʰʠʚʘʶʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʣʝʚʳʝ, ʠ ʪ. ʜ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʩʠʣʘ ʂʦʨʠʦʣʠʩʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʜʚʠʞʫʱʠʝʩʷ 

ʪʝʣʘ, ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʘ ʚʣʝʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ. 

 
ɹʣʘʛʦʜʘʨʷ ʩʠʣʝ ʂʦʨʠʦʣʠʩʘ ʧʘʜʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʪʝʣʘ ʦʪʢʣʦʥʷʶʪʩʷ ʢ ʚʦʩʪʦʢʫ (ʥʘ ʰʠʨʦʪʝ 60Á 

ʵʪʦ ʦʪʢʣʦʥʝʥʠʝ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ 1 ʩʤ ʧʨʠ ʧʘʜʝʥʠʠ ʩ ʚʳʩʦʪʳ 100 ʤ). ʉ ʩʠʣʦʡ ʂʦʨʠʦʣʠʩʘ ʩʚʷʟʘʥʦ 

ʧʦʚʝʜʝʥʠʝ ʤʘʷʪʥʠʢʘ ʌʫʢʦ, ʷʚʠʚʰʝʝʩʷ ʚ ʩʚʦʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ɽʩʣʠ ʙʳ 

ʵʪʦʡ ʩʠʣʳ ʥʝ ʙʳʣʦ, ʪʦ ʧʣʦʩʢʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʢʘʯʘʶʱʝʛʦʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʤʘʷʪʥʠʢʘ 

ʦʩʪʘʚʘʣʘʩʴ ʙʳ ʥʝʠʟʤʝʥʥʦʡ (ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ). ɼʝʡʩʪʚʠʝ ʞʝ ʩʠʣ ʂʦʨʠʦʣʠʩʘ ʧʨʠʚʦʜʠʪ ʢ ʚʨʘʱʝʥʠʶ 

ʧʣʦʩʢʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʈʘʩʢʨʳʚʘʷ ʩʦʜʝʨʞʘʥʠʝ Fʠʠ ʚ ʬʦʨʤʫʣʝ (27.1), ʧʦʣʫʯʠʤ ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ ʜʣʷ ʥʝʠʥʝʨʮʠʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ: 

 
ʛʜʝ ʩʠʣʳ ʠʥʝʨʮʠʠ ʟʘʜʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ (27.2) ð (27.4). 

ʆʙʨʘʪʠʤ ʝʱʝ ʨʘʟ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʩʠʣʳ ʠʥʝʨʮʠʠ ʚʳʟʳʚʘʶʪʩʷ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʝʣ, ʘ ʫʩʢʦʨʝʥʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. ʇʦʵʪʦʤʫ ʦʥʠ ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʪʘʢ ʢʘʢ ʝʩʣʠ 

ʥʘ ʢʘʢʦʝ-ʣʠʙʦ ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʠʥʝʨʮʠʠ, ʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣʳ, 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʜʘʥʥʦʤʫ ʪʝʣʫ. ɼʚʘ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʷ ʤʝʭʘʥʠʢʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʫʩʢʦʨʝʥʠʝ 

ʚʩʝʛʜʘ ʚʳʟʳʚʘʝʪʩʷ ʩʠʣʦʡ, ʘ ʩʠʣʘ ʚʩʝʛʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʪʝʣʘʤʠ, ʚ ʩʠʩʪʝʤʘʭ 

ʦʪʩʯʝʪʘ, ʜʚʠʞʫʱʠʭʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ. 

ɼʣʷ ʣʶʙʦʛʦ ʠʟ ʪʝʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʠʣʳ ʠʥʝʨʮʠʠ ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʤʠ; 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʜʝʩʴ ʥʝʪ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʥʝʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ ʥʝ 

ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʵʥʝʨʛʠʠ ʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʳ 

ʠʥʝʨʮʠʠ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ ʥʝʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ɺ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ ʪʘʢʠʭ ʩʠʣ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ çʨʝʘʣʴʥʦʩʪʠè ʠʣʠ çʬʠʢʪʠʚʥʦʩʪʠè ʩʠʣ ʠʥʝʨʮʠʠ. ɺ ʥʴʶʪʦʥʦʚʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʩʠʣʘ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ, ʥʘ ʩʠʣʳ ʠʥʝʨʮʠʠ ʤʦʞʥʦ ʩʤʦʪʨʝʪʴ ʢʘʢ ʥʘ 

çʬʠʢʪʠʚʥʳʝè, çʠʩʯʝʟʘʶʱʠʝè ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʘ ʠ ʜʨʫʛʘʷ ʠʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ. ʊʘʢ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʣʦʚʳʭ ʧʦʣʝʡ, ʪʦ ʩʠʣʳ 

ʠʥʝʨʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʣʘ ʩʦ ʩʪʦʨʦʥʳ ʢʘʢʠʭ-ʪʦ 

ʨʝʘʣʴʥʳʭ ʩʠʣʦʚʳʭ ʧʦʣʝʡ, ʠ ʪʦʛʜʘ ʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ çʨʝʘʣʴʥʳʤʠè. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠ ʩʠʣʳ ʠʥʝʨʮʠʠ ʚ ʢʘʯʝʩʪʚʝ çʬʠʢʪʠʚʥʳʭè ʠʣʠ çʨʝʘʣʴʥʳʭè, ʤʥʦʛʠʝ ʷʚʣʝʥʠʷ, ʦ 

ʢʦʪʦʨʳʭ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ, ʦʙʲʷʩʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʣ ʠʥʝʨʮʠʠ. 

ʉʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʘ ʚ ʥʝʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʠʭ ʤʘʩʩʘʤ ʠ 

ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʦʙʱʘʶʪ ʵʪʠʤ ʪʝʣʘʤ ʦʜʠʥʘʢʦʚʳʝ ʫʩʢʦʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ çʧʦʣʝ ʩʠʣ 

ʠʥʝʨʮʠʠè ʵʪʠ ʪʝʣʘ ʜʚʠʞʫʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʦ, ʝʩʣʠ ʪʦʣʴʢʦ ʦʜʠʥʘʢʦʚʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʊʝʤ 

ʞʝ ʩʚʦʡʩʪʚʦʤ ʦʙʣʘʜʘʶʪ ʪʝʣʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ. 

ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ ʩʠʣʳ ʠʥʝʨʮʠʠ ʠ ʩʠʣʳ ʪʷʛʦʪʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ. ʅʘʧʨʠʤʝʨ, ʜʚʠʞʝʥʠʝ 

ʪʝʣ ʚ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʤ ʣʠʬʪʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʣʠʬʪʝ, ʚʠʩʷʱʝʤ ʚ 
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ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʪʷʞʝʩʪʠ. ʅʠʢʘʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʚʥʫʪʨʠ ʣʠʬʪʘ, ʥʝ ʤʦʞʝʪ ʦʪʜʝʣʠʪʴ 

ʦʜʥʦʨʦʜʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʦʪ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʩʠʣ ʠʥʝʨʮʠʠ. 

 
 

ɸʥʘʣʦʛʠʷ ʤʝʞʜʫ ʩʠʣʘʤʠ ʪʷʛʦʪʝʥʠʷ ʠ ʩʠʣʘʤʠ ʠʥʝʨʮʠʠ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʠ ʩʠʣ ʠʥʝʨʮʠʠ (ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ): ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ 

ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩʦʚʝʨʰʝʥʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ ʩʠʣ ʠʥʝʨʮʠʠ, ʝʩʣʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʙʦʠʭ ʧʦʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʚʧʘʜʘʶʪ, ʘ ʧʨʦʯʠʝ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʣ ʦʜʠʥʘʢʦʚʳ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ɿʘʜʘʯʠ 
5.1. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʦʜʥʦʨʦʜʥʳʭ ʰʘʨʘ ʠʟ ʦʜʠʥʘʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʧʨʠʢʘʩʘʷʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, 

ʧʨʠʪʷʛʠʚʘʶʪʩʷ. ʆʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ, ʝʩʣʠ ʤʘʩʩʫ ʰʘʨʦʚ ʫʚʝʣʠʯʠʪʴ ʚ n=4 ʨʘʟʘ. 

[ɺʦʟʨʘʩʪʝʪ ʚ 6,35 ʨʘʟʘ] 

5.2. ʇʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʥʝʢʦʪʦʨʦʡ ʰʘʨʦʦʙʨʘʟʥʦʡ ʧʣʘʥʝʪʳ ʩʦʩʪʘʚʣʷʝʪ 3 ʛ/ʩʤ
3
. ʂʘʢʠʤ ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʧʣʘʥʝʪʳ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ, ʯʪʦʙʳ ʥʘ ʵʢʚʘʪʦʨʝ ʪʝʣʘ ʙʳʣʠ ʥʝʚʝʩʦʤʳʤʠ? 

[ʊ= )/(3 G =1,9 ʯ] 

5.3. ʆʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʡ ʪʦʯʢʝ (ʩʯʠʪʘʷ ʦʪ ɿʝʤʣʠ) ʥʘ ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʮʝʥʪʨʳ ɿʝʤʣʠ ʠ ʃʫʥʳ, 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʨʘʚʥʘ ʥʫʣʶ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ɿʝʤʣʠ ʠ ʃʫʥʳ ʨʘʚʥʦ R, 

ʤʘʩʩʘ ɿʝʤʣʠ ʚ 81 ʨʘʟ ʙʦʣʴʰʝ ʤʘʩʩʳ ʃʫʥʳ. [0,9 R] 

5.4. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʦʜʥʦʨʦʜʥʳʭ ʰʘʨʘ ʠʟ ʦʜʠʥʘʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʆʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʠʟʤʝʥʠʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʝʩʣʠ ʤʘʩʩʫ 

ʰʘʨʦʚ ʫʚʝʣʠʯʠʪʴ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. [ɺʦʟʨʘʩʪʝʪ ʚ 14,6 ʨʘʟʘ] 

5.5. ɼʚʘ ʩʧʫʪʥʠʢʘ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʳ ʜʚʠʞʫʪʩʷ ʚʦʢʨʫʛ ɿʝʤʣʠ ʧʦ ʢʨʫʛʦʚʳʤ ʦʨʙʠʪʘʤ ʨʘʜʠʫʩʦʚ R1 ʠ R2. 

ʆʧʨʝʜʝʣʠʪʴ: 1) ʦʪʥʦʰʝʥʠʝ ʧʦʣʥʳʭ ʵʥʝʨʛʠʡ ʩʧʫʪʥʠʢʦʚ (E1/E2); 2) ʦʪʥʦʰʝʥʠʝ ʠʭ ʤʦʤʝʥʪʦʚ ʠʤʧʫʣʴʩʘ 

(L1/L2). [1) R2/R1; 2) 
21 / RR ] 

5.6. ɺʘʛʦʥ ʢʘʪʠʪʩʷ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʜʦʨʦʛʠ. ʉʠʣʘ ʪʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 20% ʦʪ ʚʝʩʘ ʚʘʛʦʥʘ. ʂ 

ʧʦʪʦʣʢʫ ʚʘʛʦʥʘ ʥʘ ʥʠʪʠ ʧʦʜʚʝʰʝʥ ʰʘʨʠʢ ʤʘʩʩʦʡ 10 ʛ. ʆʧʨʝʜʝʣʠʪʴ: 1) ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʥʠʪʴ; 2) 

ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʥʠʪʠ ʦʪ ʚʝʨʪʠʢʘʣʠ. [1) 0,10 ʅ; 2) 11Á35'] 

5.7. ʊʝʣʦ ʤʘʩʩʦʡ 1,5 ʢʛ, ʧʘʜʘʷ ʩʚʦʙʦʜʥʦ ʚ ʪʝʯʝʥʠʝ 5 ʩ, ʧʦʧʘʜʘʝʪ ʥʘ ɿʝʤʣʶ ʚ ʪʦʯʢʫ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʰʠʨʦʪʦʡ =45Á. ʋʯʠʪʳʚʘʷ ʚʨʘʱʝʥʠʝ ɿʝʤʣʠ, ʥʘʨʠʩʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʦ 

ʚ ʤʦʤʝʥʪ ʝʛʦ ʧʘʜʝʥʠʷ ʥʘ ɿʝʤʣʶ. [1) 14,7 ʅ; 2) 35,7 ʅ; 3) 7,57 ʤʅ] 

ɻʣʘʚʘ 6 ʕʣʝʤʝʥʪʳ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʝʡ 

Ä 28. ɼʘʚʣʝʥʠʝ ʚ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʝ 

ʄʦʣʝʢʫʣʳ ʛʘʟʘ, ʩʦʚʝʨʰʘʷ ʙʝʩʧʦʨʷʜʦʯʥʦʝ, ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʥʝ ʩʚʷʟʘʥʳ ʠʣʠ ʚʝʩʴʤʘ ʩʣʘʙʦ ʩʚʷʟʘʥʳ 

ʩʠʣʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʵʪʦʤʫ ʦʥʠ ʜʚʠʞʫʪʩʷ ʩʚʦʙʦʜʥʦ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʫʜʘʨʝʥʠʡ ʩʪʨʝʤʷʪʩʷ 

ʨʘʟʣʝʪʝʪʴʩʷ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ, ʟʘʧʦʣʥʷʷ ʚʝʩʴ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʠʤ ʦʙʲʝʤ, ʪ. ʝ. ʦʙʲʝʤ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʙʲʝʤʦʤ ʪʦʛʦ ʩʦʩʫʜʘ, ʢʦʪʦʨʳʡ ʛʘʟ ʟʘʥʠʤʘʝʪ. 

ɾʠʜʢʦʩʪʴ ʞʝ, ʠʤʝʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʙʲʝʤ, ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʪʦʛʦ ʩʦʩʫʜʘ, ʚ ʢʦʪʦʨʳʡ ʦʥʘ ʟʘʢʣʶʯʝʥʘ. ʅʦ ʚ 

ʞʠʜʢʦʩʪʷʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʘʟʦʚ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʳʤ, ʧʦʵʪʦʤʫ ʞʠʜʢʦʩʪʴ ʦʙʣʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ ʦʙʲʝʤʦʤ. 
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ɽʜʠʥʠʮʘ ʜʘʚʣʝʥʠʷ ð ʧʘʩʢʘʣʴ (ʇʘ): 1 ʇʘ ʨʘʚʝʥ ʜʘʚʣʝʥʠʶ, ʩʦʟʜʘʚʘʝʤʦʤʫ ʩʠʣʦʡ 1 ʅ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʥʦʨʤʘʣʴʥʦʡ ʢ ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʱʘʜʴʶ 1 ʤ
2 
(1 ʇʘ=1 ʅ/ʤ

2
). 

ɼʘʚʣʝʥʠʝ ʧʨʠ ʨʘʚʥʦʚʝʩʠʠ ʞʠʜʢʦʩʪʝʡ (ʛʘʟʦʚ) ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʇʘʩʢʘʣʷ*: ʜʘʚʣʝʥʠʝ ʚ ʣʶʙʦʤ ʤʝʩʪʝ 

ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʦʜʠʥʘʢʦʚʦ ʧʦ ʚʦʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʧʨʠʯʝʤ ʜʘʚʣʝʥʠʝ ʦʜʠʥʘʢʦʚʦ ʧʝʨʝʜʘʝʪʩʷ ʧʦ 

ʚʩʝʤʫ ʦʙʲʝʤʫ, ʟʘʥʷʪʦʤʫ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ. 
* ɹ. ʇʘʩʢʘʣʴ (1623ð1662) ð ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʝʥʳʡ. 

 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʚʣʠʷʝʪ ʚʝʩ ʞʠʜʢʦʩʪʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʧʦʢʦʷʱʝʡʩʷ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ. ʇʨʠ ʨʘʚʥʦʚʝʩʠʠ ʞʠʜʢʦʩʪʠ ʜʘʚʣʝʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʚʩʝʛʜʘ ʦʜʠʥʘʢʦʚʦ, ʠʥʘʯʝ ʥʝ ʙʳʣʦ ʙʳ 

ʨʘʚʥʦʚʝʩʠʷ. ʇʦʵʪʦʤʫ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʚʩʝʛʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʚʜʘʣʠ ʦʪ 

ʩʪʝʥʦʢ ʩʦʩʫʜʘ. ɽʩʣʠ ʞʠʜʢʦʩʪʴ ʥʝʩʞʠʤʘʝʤʘ, ʪʦ ʝʝ ʧʣʦʪʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ. ʊʦʛʜʘ ʧʨʠ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ S ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, ʝʛʦ ʚʳʩʦʪʝ h ʠ ʧʣʦʪʥʦʩʪʠ  ʚʝʩ P= gSh, ʘ ʜʘʚʣʝʥʠʝ ʥʘ 

ʥʠʞʥʝʝ ʦʩʥʦʚʘʥʠʝ 

     (28.1) 

ʪ. ʝ. ʜʘʚʣʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʩ ʚʳʩʦʪʦʡ. ɼʘʚʣʝʥʠʝ gh ʥʘʟʳʚʘʝʪʩʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

 
ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (28.1), ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʥʠʞʥʠʝ ʩʣʦʠ ʞʠʜʢʦʩʪʠ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʚʝʨʭʥʠʝ, 

ʧʦʵʪʦʤʫ ʥʘ ʪʝʣʦ, ʧʦʛʨʫʞʝʥʥʦʝ ʚ ʞʠʜʢʦʩʪʴ, ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʟʘʢʦʥʦʤ ɸʨʭʠʤʝʜʘ: ʥʘ 

ʪʝʣʦ, ʧʦʛʨʫʞʝʥʥʦʝ ʚ ʞʠʜʢʦʩʪʴ (ʛʘʟ), ʜʝʡʩʪʚʫʝʪ ʩʦ ʩʪʦʨʦʥʳ ʵʪʦʡ ʞʠʜʢʦʩʪʠ ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʚʝʨʭ 

ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ, ʨʘʚʥʘʷ ʚʝʩʫ ʚʳʪʝʩʥʝʥʥʦʡ ʪʝʣʦʤ ʞʠʜʢʦʩʪʠ (ʛʘʟʘ): 

Fɸ=PgV, 

ʛʜʝ ʨ ð ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, Vð ʦʙʲʝʤ ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʞʠʜʢʦʩʪʴ ʪʝʣʘ. 

Ä 29. ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ ʥʘʟʳʚʘʝʪʩʷ ʪʝʯʝʥʠʝʤ, ʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʯʘʩʪʠʮ ʜʚʠʞʫʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ð ʧʦʪʦʢʦʤ. 

ɻʨʘʬʠʯʝʩʢʠ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʝʡ ʠʟʦʙʨʘʞʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʠʡ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʪʘʢ, ʯʪʦ 

ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʥʠʤ ʩʦʚʧʘʜʘʶʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩ. 45). ʃʠʥʠʠ ʪʦʢʘ ʧʨʦʚʦʜʷʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʛʫʩʪʦʪʘ ʠʭ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ 

ʦʪʥʦʰʝʥʠʝʤ ʯʠʩʣʘ ʣʠʥʠʡ ʢ ʧʣʦʱʘʜʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʠʤ ʧʣʦʱʘʜʢʠ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʦʥʠ ʧʨʦʭʦʜʷʪ, 

ʙʳʣʘ ʙʦʣʴʰʝ ʪʘʤ, ʛʜʝ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʠ ʤʝʥʴʰʝ ʪʘʤ, ʛʜʝ ʞʠʜʢʦʩʪʴ ʪʝʯʝʪ 

ʤʝʜʣʝʥʥʝʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʢʘʨʪʠʥʝ ʣʠʥʠʡ ʪʦʢʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʤʦʜʫʣʝ ʩʢʦʨʦʩʪʠ ʚ 
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ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ. ʝ. ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʦʷʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʃʠʥʠʠ ʪʦʢʘ ʚ 

ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ çʧʨʦʷʚʠʪʴè, ʥʘʧʨʠʤʝʨ, ʧʦʜʤʝʰʘʚ ʚ ʥʝʝ ʢʘʢʠʝ-ʣʠʙʦ ʟʘʤʝʪʥʳʝ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ. 

ʏʘʩʪʴ ʞʠʜʢʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʣʠʥʠʷʤʠ ʪʦʢʘ, ʥʘʟʳʚʘʶʪ ʪʨʫʙʢʦʡ ʪʦʢʘ. ʊʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ 

ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ (ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʤ), ʝʩʣʠ ʬʦʨʤʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʠʥʠʡ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʚ ʢʘʞʜʦʡ ʝʝ ʪʦʯʢʝ ʩʦ ʚʨʝʤʝʥʝʤ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʢʫʶ-ʣʠʙʦ ʪʨʫʙʢʫ ʪʦʢʘ. ɺʳʙʝʨʝʤ ʜʚʘ ʝʝ ʩʝʯʝʥʠʷ S1 ʠ S2, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʥʘʧʨʘʚʣʝʥʠʶ 

ʩʢʦʨʦʩʪʠ (ʨʠʩ. 46). 

ɿʘ ʚʨʝʤʷ t ʯʝʨʝʟ ʩʝʯʝʥʠʝ S ʧʨʦʭʦʜʠʪ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ Sv t; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘ 1 ʩ ʯʝʨʝʟ S1 ʧʨʦʡʜʝʪ 

ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ S1v1, ʛʜʝ v1 ð ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʤʝʩʪʝ ʩʝʯʝʥʠʷ S1. ʏʝʨʝʟ ʩʝʯʝʥʠʝ S2 ʟʘ 1 ʩ 

ʧʨʦʡʜʝʪ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ S2v2, ʛʜʝ v2 ð ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʤʝʩʪʝ ʩʝʯʝʥʠʷ S2. ɿʜʝʩʴ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʩʝʯʝʥʠʠ ʧʦʩʪʦʷʥʥʘ. ɽʩʣʠ ʞʠʜʢʦʩʪʴ ʥʝʩʞʠʤʘʝʤʘ (=const), 

ʪʦ ʯʝʨʝʟ ʩʝʯʝʥʠʝ S2 ʧʨʦʡʜʝʪ ʪʘʢʦʡ ʞʝ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʢʘʢ ʠ ʯʝʨʝʟ ʩʝʯʝʥʠʝ S1, ʪ. ʝ. 

       (29.1) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʪʨʫʙʢʠ 

ʪʦʢʘ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ ʜʣʷ ʜʘʥʥʦʡ ʪʨʫʙʢʠ ʪʦʢʘ. ʉʦʦʪʥʦʰʝʥʠʝ (29.1) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. 

 

Ä 30. ʋʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ʠ ʩʣʝʜʩʪʚʠʷ ʠʟ ʥʝʛʦ 

ɺʳʜʝʣʠʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦ ʪʝʢʫʱʝʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (ʬʠʟʠʯʝʩʢʘʷ ʘʙʩʪʨʘʢʮʠʷ, ʪ. ʝ. ʚʦʦʙʨʘʞʘʝʤʘʷ 

ʞʠʜʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʶʪ ʩʠʣʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ) ʪʨʫʙʢʫ ʪʦʢʘ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʝʯʝʥʠʷʤʠ S1 

ʠ S2, ʧʦ ʢʦʪʦʨʦʡ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʪʝʯʝʪ ʞʠʜʢʦʩʪʴ (ʨʠʩ. 47). ʇʫʩʪʴ ʚ ʤʝʩʪʝ ʩʝʯʝʥʠʷ S1 ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ 

v1, ʜʘʚʣʝʥʠʝ p1 ʠ ʚʳʩʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʵʪʦ ʩʝʯʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ, h1. ɸʥʘʣʦʛʠʯʥʦ, ʚ ʤʝʩʪʝ ʩʝʯʝʥʠʷ S2 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ v2, ʜʘʚʣʝʥʠʝ p2 ʠ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ h2. ɿʘ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ t ʞʠʜʢʦʩʪʴ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪ ʩʝʯʝʥʠʷ S1 ʢ ʩʝʯʝʥʠʶ 1S , ʦʪ S2 ʢ 2S . 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʠʟʤʝʥʝʥʠʝ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ E2ðE1 ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʨʘʙʦʪʝ ɸ ʚʥʝʰʥʠʭ ʩʠʣ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʤʘʩʩʳ m ʞʠʜʢʦʩʪʠ: 

E2 ï E1 = ɸ,        (30.1) 

ʛʜʝ E1 ʠ E2 ð ʧʦʣʥʳʝ ʵʥʝʨʛʠʠ ʞʠʜʢʦʩʪʠ ʤʘʩʩʦʡ m ʚ ʤʝʩʪʘʭ ʩʝʯʝʥʠʡ S1 ʠ S2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ɸ ð ʵʪʦ ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚʩʝʡ ʞʠʜʢʦʩʪʠ, ʟʘʢʣʶʯʝʥʥʦʡ ʤʝʞʜʫ 

ʩʝʯʝʥʠʷʤʠ S1 ʠ S2, ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ t. ɼʣʷ ʧʝʨʝʥʝʩʝʥʠʷ ʤʘʩʩʳ m ʦʪ 

S1 ʜʦ 1S  ʞʠʜʢʦʩʪʴ ʜʦʣʞʥʘ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ l1=v1 t ʠ ʦʪ S2 ʜʦ 2S  ð ʥʘ ʨʘʩʩʪʦʷʥʠʝ l2=v2 t. 

ʆʪʤʝʪʠʤ, ʯʪʦ l1 ʠ l2 ʥʘʩʪʦʣʴʢʦ ʤʘʣʳ, ʯʪʦ ʚʩʝʤ ʪʦʯʢʘʤ ʦʙʲʝʤʦʚ, ʟʘʢʨʘʰʝʥʥʳʭ ʥʘ ʨʠʩ. 47, ʧʨʠʧʠʩʳʚʘʶʪ 

ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ v, ʜʘʚʣʝʥʠʷ ʨ ʠ ʚʳʩʦʪʳ h. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ɸ = F1l1 + F2l2,       (30.2) 

ʛʜʝ F1=p1S1 ʠ F2= ï p2S2 (ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʪʝʯʝʥʠʶ 

ʞʠʜʢʦʩʪʠ; ʨʠʩ. 47). 

ʇʦʣʥʳʝ ʵʥʝʨʛʠʠ E1 ʠ E2 ʙʫʜʫʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʟ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʡ ʤʘʩʩʳ m 

ʞʠʜʢʦʩʪʠ: 

      (30.3) 

 

      (30.4) 
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ʇʦʜʩʪʘʚʣʷʷ (30.3) ʠ (30.4) ʚ (30.1) ʠ ʧʨʠʨʘʚʥʠʚʘʷ (30.1) ʠ (30.2), ʧʦʣʫʯʠʤ 

     (30.5) 

 
ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (29.1), ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʞʠʜʢʦʩʪʴʶ, 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʪ. ʝ. 

 
ʈʘʟʜʝʣʠʚ ʚʳʨʘʞʝʥʠʝ (30.5) ʥʘ V, ʧʦʣʫʯʠʤ 

 
ʛʜʝ ʨ ð ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. ʅʦ ʪʘʢ ʢʘʢ ʩʝʯʝʥʠʷ ʚʳʙʠʨʘʣʠʩʴ ʧʨʦʠʟʚʦʣʴʥʦ, ʪʦ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ 

     (30.6) 

ɺʳʨʘʞʝʥʠʝ (30.6) ʚʳʚʝʜʝʥʦ ʰʚʝʡʮʘʨʩʢʠʤ ʬʠʟʠʢʦʤ ɼ. ɹʝʨʥʫʣʣʠ (1700ð1782; ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 1738 ʛ.) ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɹʝʨʥʫʣʣʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʝʛʦ ʚʳʚʦʜʘ, ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ ð ʚʳʨʘʞʝʥʠʝ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʪʝʯʝʥʠʶ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʆʥʦ 

ʭʦʨʦʰʦ ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʜʣʷ ʨʝʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʦʯʝʥʴ ʚʝʣʠʢʦ. 

ɺʝʣʠʯʠʥʘ ʨ ʚ ʬʦʨʤʫʣʝ (30.6) ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʙʪʝʢʘʝʤʦʛʦ ʝʶ ʪʝʣʘ), ʚʝʣʠʯʠʥʘ v
2
/2 ð ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ (ʩʤ. 

Ä 28), ʚʝʣʠʯʠʥʘ gh ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ. 

ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʫʙʢʠ ʪʦʢʘ (h1 =h2) ʚʳʨʘʞʝʥʠʝ (30.6) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

     (30.7) 

ʛʜʝ p+ v
2
/2 ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʳʤ ʜʘʚʣʝʥʠʝʤ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ ɹʝʨʥʫʣʣʠ (30.7) ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʫʙʢʠ ʪʦʢʘ ʠ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ (29.1) 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʫʙʝ, ʠʤʝʶʱʝʡ ʨʘʟʣʠʯʥʳʝ ʩʝʯʝʥʠʷ, ʩʢʦʨʦʩʪʴ 

ʞʠʜʢʦʩʪʠ ʙʦʣʴʰʝ ʚ ʤʝʩʪʘʭ ʩʫʞʝʥʠʷ, ʘ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʙʦʣʴʰʝ ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʤʝʩʪʘʭ, ʪ. ʝ. 

ʪʘʤ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʤʝʥʴʰʝ. ʕʪʦ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʫʩʪʘʥʦʚʠʚ ʚʜʦʣʴ ʪʨʫʙʳ ʨʷʜ ʤʘʥʦʤʝʪʨʦʚ 

(ʨʠʩ. 48). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ɹʝʨʥʫʣʣʠ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʤʘʥʦʤʝʪʨʠʯʝʩʢʦʡ ʪʨʫʙʢʝ ɺ, 

ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʢ ʫʟʢʦʡ ʯʘʩʪʠ ʪʨʫʙʳ, ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʥʠʞʝ, ʯʝʤ ʚ ʤʘʥʦʤʝʪʨʠʯʝʩʢʠʭ ʪʨʫʙʢʘʭ ɸ ʠ ʉ, 

ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʰʠʨʦʢʦʡ ʯʘʩʪʠ ʪʨʫʙʳ. 

ʊʘʢ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ (ʛʘʟʘ), ʪʦ ʫʨʘʚʥʝʥʠʝ 

ɹʝʨʥʫʣʣʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʫʙʢʘ ʇʠʪʦ ð 

ʇʨʘʥʜʪʣʷ (ʨʠʩ. 49). ʇʨʠʙʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠʟʦʛʥʫʪʳʭ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ ʪʨʫʙʦʢ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʤʘʥʦʤʝʪʨʫ. ʉ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʠʟ ʪʨʫʙʦʢ ʠʟʤʝʨʷʝʪʩʷ ʧʦʣʥʦʝ 

ʜʘʚʣʝʥʠʝ (ʨ0), ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʦʡ ð ʩʪʘʪʠʯʝʩʢʦʝ (ʨ). ʄʘʥʦʤʝʪʨʦʤ ʠʟʤʝʨʷʶʪ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ: 

      (30.8) 

 


