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ʇ ʈ ɽ ɼ ʀ ʉ ʃ ʆ ɺ ʀ ɽ 

ʄʝʪʦʜʠʯʝʩʢʠʡ ʩʦʚʝʪ ʢʘʬʝʜʨʳ ʫʩʪʘʥʦʚʠʣ ʦʙʷʟʘʪʝʣʴʥʦʝ ʜʣʷ ʚʩʝʭ 

ʩʪʫʜʝʥʪʦʚ ʚʳʧʦʣʥʝʥʠʝ ʬʨʦʥʪʘʣʴʥʦ-ʪʝʤʘʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

1-ʛʦ ʫʨʦʚʥʷ.  

ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʚʢʣʶʯʘʝʪ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʳʝ ʥʘ ʢʘʬʝʜʨʝ ʧʦ 

ʨʘʟʜʝʣʘʤ ñʤʝʭʘʥʠʢʘò, ñʤʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘò. ɺ 

ʧʦʩʦʙʠʝ ʚʢʣʶʯʝʥʳ ʢʘʢ ʦʧʠʩʘʥʠʷ ʠ ʤʝʪʦʜʠʢʠ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʢʘʬʝʜʨʳ, ʪʘʢ ʠ ʨʘʙʦʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨʥʦʤ ʢʣʘʩʩʝ. ʅʦʤʝʨʘ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʤ ʢʣʘʩʩʝ, ʧʦʤʝʯʝʥʳ ʙʫʢʚʦʡ çʂè. 

ʈʘʙʦʪʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʦʩʥʦʚʥʳʤ ʨʘʟʜʝʣʘʤ ʢʫʨʩʘ ʬʠʟʠʢʠ. ɺ 

ʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ. 

ɺ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʨʘʟʜʝʣʘ ʧʨʠʚʝʜʝʥʳ ʚʦʧʨʦʩʳ, ʟʥʘʥʠʝ ʦʪʚʝʪʦʚ ʥʘ 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʦʧʫʩʢʘ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʜʘʯʠ ʬʨʦʥʪʘʣʴʥʦ - 

ʪʝʤʘʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʶ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʦʙʠʠ ʧʨʠʚʝʜʝʥʳ ʪʠʧʦʚʳʝ ʚʦʧʨʦʩʳ ʧʦ ʫʢʘʟʘʥʥʳʤ 

ʨʘʟʜʝʣʘʤ ʢʫʨʩʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʜʘʯʝ ʵʢʟʘʤʝʥʘ.   

ɺ ʩʦʟʜʘʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ çʄʝʭʘʥʠʢʘè ʫʯʘʩʪʚʦʚʘʣʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʢʘʬʝʜʨʳ: ɺʦʣʢʦʚ ɹ.ʅ., ʂʦʥʦʚʘʣʦʚʘ ɿ.ʀ., ʃʘʫʰʢʠʥʘ ʃ.ɸ., 

ʃʦʙʦʚ ɸ.ɻ., ʆʟʦʣʠʥ ɺ.ɺ., ʊʨʝʪʴʷʢʦʚʘ ʆ.ʅ. 

ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ çʄʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘ 

ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘè ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʢʘʬʝʜʨʳ: 

ɺʘʥʠʯʝʚʘ ʅ.ɸ., ɿʘʡʮʝʚʘ ʃ.ʉ., ʉʮʝʧʫʨʦ ʅ.ɻ., ʊʠʤʦʬʝʝʚ ʆ.ʉ., ʏʝʨʝʧʘʥʦʚ 

ɺ.ɺ., ʏʝʨʢʘʩʦʚʘ ʄ.ɺ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʩʪʘʨʰʝʛʦ ʣʘʙʦʨʘʥʪʘ ɽʛʦʨʦʚʘ ɸ.ʅ. ʟʘ  ʧʦʣʝʟʥʳʝ 

ʟʘʤʝʯʘʥʠʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠʟʜʘʥʠʷ. 

 

ʆɹʑʀɽ ʋʂɸɿɸʅʀʗ ʂ ɺʓʇʆʃʅɽʅʀʖ ʃɸɹʆʈɸʊʆʈʅʓʍ  
ʈɸɹʆʊ 

ʂʘʞʜʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ 1-ʛʦ ʫʨʦʚʥʷ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʨʘʙʦʪʫ 

ʧʦʜʛʨʫʧʧʳ ʩʪʫʜʝʥʪʦʚ ʠʟ 2-ʭ ʯʝʣʦʚʝʢ. 

ʕʪʠ ʧʦʜʛʨʫʧʧʳ ʩʦʟʜʘʶʪʩʷ ʦʙʳʯʥʦ ʧʦ ʞʝʣʘʥʠʶ ʩʪʫʜʝʥʪʦʚ ʠ 

ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʚ ʞʫʨʥʘʣʝ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ. ʅʦʤʝʨʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʜʣʷ ʧʦʜʛʨʫʧʧ ʩʪʫʜʝʥʪʦʚ ʩʦʦʙʱʘʶʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ 

ʟʘ 1 - 2 ʥʝʜʝʣʠ ʜʦ ʜʥʷ ʨʘʙʦʪʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʇʝʨʝʜ ʢʘʞʜʳʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʟʘʥʷʪʠʝʤ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʧʠʩʘʥʠʝʤ ʟʘʜʘʥʥʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʠʟʫʯʠʪʴ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʜʝʣ ʪʝʦʨʠʠ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʢʦʥʩʧʝʢʪ (ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʞʫʨʥʘʣʝ). 

ʂʦʥʩʧʝʢʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

1) ʥʦʤʝʨ ʠ ʥʘʟʚʘʥʠʝ ʨʘʙʦʪʳ; 

2) ʢʨʘʪʢʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʨʘʟʜʝʣʫ, ʢ ʢʦʪʦʨʦʤʫ 

ʦʪʥʦʩʠʪʩʷ ʚʳʧʦʣʥʷʝʤʘʷ ʨʘʙʦʪʘ; 

3) ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ; 

4) ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ; 

5) ʪʘʙʣʠʮʳ ʜʣʷ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʥʘʯʘʣʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʟʘʥʷʪʠʷ ʢʘʞʜʳʡ ʩʪʫʜʝʥʪ ʜʦʣʞʝʥ ʧʦʢʘʟʘʪʴ 

ʢʦʥʩʧʝʢʪ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʠ ʧʦʣʫʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪʳ. 

ʅʝ ʠʤʝʶʱʠʡ ʢʦʥʩʧʝʢʪʘ ʧʦ ʥʝʫʚʘʞʠʪʝʣʴʥʦʡ ʧʨʠʯʠʥʝ ʩʪʫʜʝʥʪ ʢ 

ʟʘʥʷʪʠʷʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʠ ʚʳʧʦʣʥʷʝʪ 

ʨʘʙʦʪʫ ʧʦʩʣʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʩʧʝʢʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʚʦ 

ʚʥʝʘʫʜʠʪʦʨʥʦʝ ʚʨʝʤʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʧʨʘʚʠʣʘʤʠ ʥʘ 

ʢʘʬʝʜʨʝ ʬʠʟʠʢʠ ʄɸʀ. 

ɺʳʧʦʣʥʷʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ, ʥʘʜʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʦʧʠʩʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʠʷʤʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʣʘʙʦʨʘʥʪʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʢʘʟʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʪʤʝʪʢʠ ʚ ʞʫʨʥʘʣʝ. ʕʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ 

(ʝʩʣʠ ʪʘʢʦʚʘʷ ʠʤʝʝʪʩʷ) ʩʣʝʜʫʝʪ ʨʘʟʙʠʨʘʪʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʨʢʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʘʞʜʳʡ ʩʪʫʜʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʯʝʪ ʧʦ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʝ. ʆʥ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʩʧʝʢʪ ʩ ʟʘʧʦʣʥʝʥʥʦʡ ʪʘʙʣʠʮʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʫʢʘʟʘʥʠʝʤ ʝʜʠʥʠʮ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥ, ʛʨʘʬʠʢʠ, ʝʩʣʠ ʦʥʠ 

ʪʨʝʙʫʶʪʩʷ ʚ ʨʘʙʦʪʝ, ʠ ʨʘʩʯʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. ʆʪʯʝʪʳ 

ʦʬʦʨʤʣʷʶʪ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʞʫʨʥʘʣʝ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ɺʦʧʨʦʩʳ ʪʝʦʨʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʤʝ ʬʨʦʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ 1-ʛʦ ʫʨʦʚʥʷ, 

ʩʪʫʜʝʥʪʳ ʟʘʱʠʱʘʶʪ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʮʝʥʪʨʝ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʠ 

ʧʦʣʫʯʘʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ, ʢʦʪʦʨʘʷ ʟʘʥʦʩʠʪʩʷ ʚ ʞʫʨʥʘʣ ʢʘʬʝʜʨʳ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʪʫʜʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʯʝʪ ʧʦ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʛʨʫʧʧʳ ʠ ʧʦʩʣʝ ʩʦʙʝʩʝʜʦʚʘʥʠʷ ʧʦʣʫʯʘʶʪ ʦʢʦʥʯʘʪʝʣʴʥʫʶ 

ʦʮʝʥʢʫ, ʢʦʪʦʨʘʷ ʟʘʥʦʩʠʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʚ ʞʫʨʥʘʣ ʢʘʬʝʜʨʳ. 

ȯɜɌɠɔɣɑɝɖɚɑ ɔɓɚɍɜɌɒɑəɔɑ ɜɑɓɟɗɨɞɌɞɚɎ 
ʂʘʢ ʧʨʘʚʠʣʦ, ʬʠʟʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ - ʵʪʦ ʛʣʘʜʢʠʝ, ʧʣʘʚʥʳʝ 

ʣʠʥʠʠ, ʙʝʟ ʨʝʟʢʠʭ ʠʟʣʦʤʦʚ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʝʣʠʯʠʥ ʠ ʠʭ ʟʘʢʦʥʦʤʝʨʥʦʤ 

ʠʟʤʝʥʝʥʠʠ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʨʘʬʠʯʝʩʢʠ, 

ʧʦʣʴʟʫʷʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. 
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ɻʨʘʬʠʢʠ ʚʳʧʦʣʥʷʶʪ ʥʘ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʙʫʤʘʛʝ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʛʨʘʬʠʢʦʚ ʟʘʜʘʶʪʩʷ ʤʘʩʰʪʘʙʘʤʠ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʷʤ. ɽʩʪʝʩʪʚʝʥʥʦ, ʚʳʙʨʘʥʥʳʝ ʤʘʩʰʪʘʙʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʣʠʯʘʶʪʩʷ. 

ʄʘʩʰʪʘʙʳ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʶ 

ʧʣʦʱʘʜʴ ʯʝʨʪʝʞʘ: ʛʨʘʬʠʢ ʥʝ ʜʦʣʞʝʥ ñʧʨʠʞʠʤʘʪʴʩʷò ʢ ʦʩʠ ʦʨʜʠʥʘʪ ʠʣʠ 

ʘʙʩʮʠʩʩ. ʅʘʠʤʝʥʴʰʝʝ, ʥʘʠʙʦʣʴʰʝʝ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʝʣʠʯʠʥ ʜʦʣʞʥʳ ʦʪʤʝʯʘʪʴʩʷ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ. 

ʂʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʦʪʤʝʯʘʶʪ ʙʫʢʚʘʤʠ, ʦʙʦʟʥʘʯʘʶʱʠʤʠ ʬʠʢʩʠʨʫʝʤʳʝ 

ʚʝʣʠʯʠʥʳ, ʪʘʤ ʞʝ ʫʢʘʟʳʚʘʶʪ ʠʭ ʨʘʟʤʝʨʥʦʩʪʴ.  

ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.0.1 ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘʥʦʩʷʪʩʷ 

ʥʘ ʛʨʘʬʠʢ ʚ ʚʠʜʝ ʪʦʯʝʢ, ʢʨʫʞʦʯʢʦʚ, ʢʨʝʩʪʠʢʦʚ ʠ ʪ.ʜ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʚʩʣʝʜʩʪʚʠʝ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʷ ʥʝ 

ʣʦʞʘʪʩʷ ʥʘ ʢʨʠʚʫʶ (ʧʨʷʤʫʶ) ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚʦʢʨʫʛ ʥʝʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʊʦʯʢʠ ʥʝ ʩʣʝʜʫʝʪ 

ʩʦʝʜʠʥʷʪʴ ʦʪʨʝʟʢʘʤʠ ʧʨʷʤʳʭ, ʧʦʣʫʯʘʷ ʥʝʢʫʶ ʣʦʤʘʥʫʶ ʣʠʥʠʶ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʛʣʘʜʢʠʝ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʫʯʘʝʤʳʤ 

ʬʠʟʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ. ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʢʘʢʘʷ 

ʠʤʝʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʣʠʥʝʡʥʘʷ, ʩʪʝʧʝʥʥʘʷ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʠ ʪ.ʜ.). 

ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʧʦ ʪʦʯʢʘʤ ʫʩʨʝʜʥʷʶʱʫʶ ʢʨʠʚʫʶ. ʆʙʳʯʥʦ ʪʦʯʢʠ ʥʝ 

ʣʝʞʘʪ ʥʘ ʥʝʡ, ʘ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʡ ʨʘʟʙʨʦʩ (ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘ), ʠ ʢʨʠʚʫʶ ʧʨʦʚʦʜʷʪ ʪʘʢ, ʯʪʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʪʦʯʢʠ ʨʘʚʥʦʤʝʨʥʦ ʦʪʢʣʦʥʷʣʠʩʴ ʦʪ ʥʝʝ (ʨʠʩ.0.1). 

ɽʩʣʠ ʥʘ ʛʨʘʬʠʢ ʥʘʥʦʩʷʪ ʥʝʩʢʦʣʴʢʦ ʢʨʠʚʳʭ, ʪʦ ʚʦʟʤʦʞʥʦ 

ʚʳʯʝʨʯʠʚʘʪʴ ʠʭ ʨʘʟʥʦʮʚʝʪʥʳʤʠ ʢʘʨʘʥʜʘʰʘʤʠ ʠʣʠ ʧʦʢʘʟʳʚʘʪʴ ʨʘʟʥʳʤʠ 

ʣʠʥʠʷʤʠ (ʩʧʣʦʰʥʘʷ, ʧʫʥʢʪʠʨ, ʰʪʨʠʭ-ʧʫʥʢʪʠʨ...). ʉʚʝʨʭʫ ʛʨʘʬʠʢʘ 

ʦʙʳʯʥʦ ʫʢʘʟʳʚʘʶʪ ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʴ. 

 

ʧʨʘʚʠʣʴʥʦʝ 
ʧʦʩʪʨʦʝʥʠʝ 
ʛʨʘʬʠʢʘ 
(ʧʘʨʘʙʦʣʘ) 

 S(ʤ) 

 

     4 

3 

2 

1 

     
   0       2     4     6     8    t(c) 

ʥʝʧʨʘʚʠʣʴʥʦʝ 
ʧʦʩʪʨʦʝʥʠʝ 
ʛʨʘʬʠʢʘ - 
ñʧʦ ʪʦʯʢʘʤò 

2
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ȹɑɖɚɞɚɜɧɑ ɔɓɘɑɜɔɞɑɗɨəɧɑ ɔəɝɞɜɟɘɑəɞɧ ɔ 
ɛɜɔɍɚɜɧ 

ʐʪʘʥʛʝʥʮʠʨʢʫʣʴ 

ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʠʟʤʝʨʷʶʪ ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʨʘʟʤʝʨʳ ʪʝʣ, 

ʛʣʫʙʠʥʫ ʦʪʚʝʨʩʪʠʡ ʚ ʥʠʭ. ʅʘ ʨʠʩ.0.2 ʠʟʦʙʨʘʞʝʥ ʦʜʠʥ ʠʟ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʡ. 1 - ʰʪʘʥʛʘ ʩ ʜʝʣʝʥʠʷʤʠ ʮʝʥʦʡ ʚ 1 ʤʤ, 2 - ʧʦʜʚʠʞʥʘʷ 

ʯʘʩʪʴ ʩʦ ʰʢʘʣʦʡ ʥʦʥʠʫʩʘ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,1 ʤʤ, 3 - ʪʝʣʘ, ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʶʪʩʷ, 4 - ʟʘʞʠʤʥʦʡ ʚʠʥʪ. 

ʇʨʠʤʝʨ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.0.3:            

            

    

 L = 23.3 ʤʤ. 

 

 

 

 

 

ʇʨʘʚʠʣʘ ʠʟʤʝʨʝʥʠʡ 

1. ʇʨʦʚʝʨʠʪʴ ʩʦʚʧʘʜʝʥʠʝ ʥʫʣʷ ʦʩʥʦʚʥʦʡ ʰʢʘʣʳ ʩ ʥʫʣʝʤ ʥʦʥʠʫʩʘ. 

2. ʀʟʤʝʨʷʝʤʳʡ ʧʨʝʜʤʝʪ 3 ʨʘʩʧʦʣʦʞʠʪʴ ʤʝʞʜʫ ʛʫʙʢʘʤʠ ʠ ʩʜʚʠʥʫʪʴ 

ʨʘʤʢʫ ʜʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʛʫʙʦʢ ʩ ʧʨʝʜʤʝʪʦʤ. 

3. ɺʠʥʪʦʤ 4 ʟʘʢʨʝʧʠʪʴ ʨʘʤʢʫ ʠ ʧʨʦʠʟʚʝʩʪʠ ʦʪʩʯʝʪ. 

ʀʟʤʝʨʷʝʤʳʡ ʨʘʟʤʝʨ ʨʘʚʝʥ ʮʝʣʦʤʫ ʯʠʩʣʫ ʜʝʣʝʥʠʡ ʦʩʥʦʚʥʦʡ ʰʢʘʣʳ 

ʥʘ ʰʪʘʥʛʝ (ʜʦ ʥʫʣʷ ʥʦʥʠʫʩʘ) ʧʣʶʩ ʪʦʯʥʦʩʪʴ ʥʦʥʠʫʩʘ, ʫʤʥʦʞʝʥʥʘʷ ʥʘ 

ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʜʝʣʝʥʠʷ ʥʦʥʠʫʩʘ, ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʦʜʥʠʤ ʠʟ ʜʝʣʝʥʠʡ 

 

 0      1      2      3      4      5      6      7      8      9 

3     4                        1 

3 

2 

 

3 ʈʠʩ. 0.2 
 

 

  2              3    L = 23,3 ʤʤ 
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ʥʘ ʰʪʘʥʛʝ. ɽʩʣʠ ʥʠ ʦʜʥʦ ʠʟ ʜʝʣʝʥʠʡ ʥʦʥʠʫʩʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʪʦʯʥʦ ʩ 

ʢʘʢʠʤ-ʣʠʙʦ ʰʪʨʠʭʦʤ ʦʩʥʦʚʥʦʡ ʰʢʘʣʳ, ʪʦ ʙʝʨʫʪ ʪʦ ʜʝʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʙʣʠʞʝ ʚʩʝʛʦ ʢ ʜʝʣʝʥʠʶ ʦʩʥʦʚʥʦʡ ʰʢʘʣʳ. 

ʄʠʢʨʦʤʝʪʨ 

ʄʠʢʨʦʤʝʪʨ ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʚʥʝʰʥʠʭ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʧʦʟʚʦʣʷʝʪ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ. ʇʨʠʤʝʥʷʝʤʳʝ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʤʝʪʨʳ ʠʤʝʶʪ 

ʪʦʯʥʦʩʪʴ 0,01 ʤʤ. ʀʟʤʝʨʠʪʝʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʤʠʢʨʦʤʝʪʨʘ ʩʣʫʞʠʪ 

ʚʠʥʪʦʚʘʷ ʧʘʨʘ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪ 

ʥʝʙʦʣʴʰʠʝ ʣʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʠʥʪʘ ʚ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʛʣʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʙʘʨʘʙʘʥʘ. ʆʩʥʦʚʥʳʝ ʜʝʪʘʣʠ 

ʤʠʢʨʦʤʝʪʨʘ: ʩʢʦʙʘ 1 ʠ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʡ ʚʠʥʪ 2. ʇʨʦʜʦʣʴʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚʠʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʘʨʘʙʘʥʦʤ 3. ɼʣʷ ʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʘ ʠʟʤʝʨʷʝʤʦʝ ʪʝʣʦ ʧʨʠ ʢʘʞʜʦʤ 

ʠʟʤʝʨʝʥʠʠ ʜʝʡʩʪʚʦʚʘʣʘ ʩʦ ʩʪʦʨʦʥʳ ʚʠʥʪʘ ʧʦʩʪʦʷʥʥʘʷ ʩʠʣʘ. ɼʣʷ ʵʪʦʛʦ 

ʩʣʫʞʠʪ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʘʟʤʝʱʝʥʥʦʝ ʚʥʫʪʨʠ ʙʘʨʘʙʘʥʘ. 

ʇʦʩʣʝʜʥʠʡ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚʨʘʱʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʱʦʪʢʠ 4, 

ʢʦʪʦʨʘʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʩʠʣʠʷ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʚʠʥʪʘ ʥʘ ʠʟʤʝʨʷʝʤʫʶ ʜʝʪʘʣʴ ʧʨʦʚʦʨʘʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʨʘʙʘʥʘ. 

ʅʘ ʩʪʝʙʝʣʴ 5 ʥʘʥʝʩʝʥ ʧʨʦʜʦʣʴʥʳʡ ʰʪʨʠʭ 6, ʩʥʠʟʫ ʦʪ ʥʝʛʦ - 

ʤʠʣʣʠʤʝʪʨʦʚʘʷ ʰʢʘʣʘ, ʘ ʩʚʝʨʭʫ - ʰʪʨʠʭʠ, ʜʝʣʷʱʠʝ ʢʘʞʜʳʡ ʤʠʣʣʠʤʝʪʨ 

ʧʦʧʦʣʘʤ. ʅʘ ʙʘʨʘʙʘʥ ʥʘʥʝʩʝʥʘ ʢʨʫʛʦʚʘʷ ʰʢʘʣʘ ʠʟ 50 ʜʝʣʝʥʠʡ. ʆʜʠʥ 

ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʙʘʨʘʙʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʜʦʣʴʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ 

ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʠʥʪʘ ʥʘ 0.5 ʤʤ, ʘ ʧʦʚʦʨʦʪ ʙʘʨʘʙʘʥʘ ʥʘ ʦʜʥʦ ʜʝʣʝʥʠʝ - 

ʧʝʨʝʤʝʱʝʥʠʶ ʥʘ 0.01 ʤʤ. 

ʋʢʘʟʘʪʝʣʷʤʠ ʩʣʫʞʘʪ ʜʣʷ ʙʘʨʘʙʘʥʘ ʧʨʦʜʦʣʴʥʳʡ ʰʪʨʠʭ 6 ʥʘ ʩʪʝʙʣʝ, ʘ 

ʜʣʷ ʧʨʦʜʦʣʴʥʦʡ ʰʢʘʣʳ - ʪʦʨʝʮ ʙʘʨʘʙʘʥʘ. 

ʇʨʘʚʠʣʘ ʠʟʤʝʨʝʥʠʡ 

1. ʇʨʦʚʝʨʠʪʴ ʤʠʢʨʦʤʝʪʨ - ʜʦʚʝʩʪʠ ʪʨʝʱʦʪʢʦʡ ʚʠʥʪ ʜʦ ʫʧʦʨʘ, ʧʨʠ 

ʵʪʦʤ ʥʘ ʦʙʝʠʭ ʰʢʘʣʘʭ ʜʦʣʞʥʦ ʙʳʪʴ ʥʫʣʝʚʦʝ ʧʦʢʘʟʘʥʠʝ. 

2. ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʧʦʤʝʩʪʠʪʴ ʠʟʤʝʨʷʝʤʫʶ ʜʝʪʘʣʴ 

ʤʝʞʜʫ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʤ ʚʠʥʪʦʤ 2 ʠ ʧʷʪʢʦʡ 7, ʥʝʧʦʜʚʠʞʥʦ 

ʟʘʢʨʝʧʣʝʥʥʦʡ ʚ ʩʢʦʙʝ. ɺʨʘʱʘʪʴ ʪʨʝʱʦʪʢʫ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʤʠʢʨʦʤʝʪʨ 

ʥʝ ʟʘʞʤʝʪ ʠʟʤʝʨʷʝʤʫʶ ʜʝʪʘʣʴ ʠ ʪʨʝʱʦʪʢʘ ʥʝ ʥʘʯʥʝʪ ʧʨʦʚʦʨʘʯʠʚʘʪʴʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʨʘʙʘʥʘ (ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʨʝʱʦʪʢʠ ʙʘʨʘʙʘʥ ʥʝ 

ʚʨʘʱʘʝʪʩʷ). 
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3. ʇʨʦʠʟʚʝʩʪʠ ʦʪʩʯʝʪ. ɼʣʷ ʵʪʦʛʦ ʧʦ ʰʢʘʣʝ 

ʥʘ ʩʪʝʙʣʝ ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʦʝ ʠʣʠ ʧʦʣʫʮʝʣʦʝ 

ʯʠʩʣʦ ʤʠʣʣʠʤʝʪʨʦʚ ʠ ʜʦʙʘʚʠʪʴ ʢ ʥʝʤʫ ʯʠʩʣʦ 

ʩʦʪʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ, ʦʪʩʯʠʪʘʥʥʦʝ ʧʦ 

ʰʢʘʣʝ ʙʘʨʘʙʘʥʘ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ.0.5 ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ 

ʰʢʘʣ ʧʨʠ ʠʟʤʝʨʷʝʤʦʡ ʜʣʠʥʝ 5.62 ʤʤ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʚʝʩʳ 

ɺʝʩʳ ʩʦʩʪʦʷʪ ʠʟ ʦʩʥʦʚʘʥʠʷ 1 (ʨʠʩ.0.6), ʞʝʩʪʢʦ ʩʢʨʝʧʣʝʥʥʦʡ ʩ ʥʠʤ 

ʢʦʣʦʥʢʠ 2, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥʘ ʧʨʠʟʤʘ, ʥʘ ʢʦʪʦʨʫʶ 

ʦʧʠʨʘʝʪʩʷ ʢʦʨʦʤʳʩʣʦ 3. ʂ ʧʦʩʣʝʜʥʝʤʫ ʧʦʜʚʝʰʝʥʳ ʯʘʰʢʠ ʚʝʩʦʚ 4. 

ʇʨʠ ʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʚʝʩʘʭ ʢʦʨʦʤʳʩʣʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, 

ʠ ʧʨʠʢʨʝʧʣʝʥʥʘʷ ʢ ʥʝʤʫ ʩʪʨʝʣʢʘ 5 ʥʘʭʦʜʠʪʩʷ ʧʨʦʪʠʚ ʩʝʨʝʜʠʥʳ ʰʢʘʣʳ 6. 

ɺʠʥʪ 7 ʩʣʫʞʠʪ ʜʣʷ ʘʨʨʝʪʠʨʦʚʘʥʠʷ ʚʝʩʦʚ. ɸʨʨʝʪʠʨʦʚʘʥʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʩʦʙʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʠ ʧʦʚʦʨʦʪʝ ʚʠʥʪʘ 7 

ʧʨʠʧʦʜʥʠʤʘʝʪ ʢʦʨʦʤʳʩʣʦ ʩ ʧʨʠʟʤʳ ʠ ʬʠʢʩʠʨʫʝʪ ʝʛʦ ʚ ʪʘʢʦʤ 

ʧʦʣʦʞʝʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʝʞʜʫ ʚʟʚʝʰʠʚʘʥʠʷʤʠ ʥʘ ʧʨʠʟʤʫ ʥʝ 

ʜʝʡʩʪʚʫʶʪ ʥʠʢʘʢʠʝ ʩʠʣʳ ʠ ʦʥʘ ʤʝʥʴʰʝ ʠʟʥʘʰʠʚʘʝʪʩʷ. 

ʇʦʜʛʦʪʦʚʢʘ ʚʝʩʦʚ ʢ ʨʘʙʦʪʝ. 

1. ʇʨʦʚʝʨʠʪʴ ʧʦ ʦʪʚʝʩʫ ʧʨʘʚʠʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚʝʩʦʚ 

(ʚʝʨʪʠʢʘʣʴʥʦʩʪʴ ʢʦʣʦʥʢʠ 2). ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʠʪʴʩʷ 

ʚʝʨʪʠʢʘʣʴʥʦʩʪʠ ʢʦʣʦʥʢʠ, ʚʨʘʱʘʷ ʫʩʪʘʥʦʚʦʯʥʳʝ ʚʠʥʪʳ 9. 
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2. ʇʨʦʚʝʨʠʪʴ ʧʦʣʦʞʝʥʠʝ ʩʪʨʝʣʢʠ ʚʝʩʦʚ 5. ɽʩʣʠ ʦʥʘ ʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʥʝʥʘʛʨʫʞʝʥʥʳʭ ʨʘʟʘʨʨʝʪʠʨʦʚʘʥʥʳʭ ʚʝʩʘʭ ʧʨʦʪʠʚ 

ʩʝʨʝʜʠʥʳ ʰʢʘʣʳ 6, ʪʦ ʜʦʙʠʪʴʩʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʦʩʪʦʨʦʞʥʳʤ ʚʨʘʱʝʥʠʝʤ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʛʨʫʟʦʚ 8. ɺʨʘʱʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʠ ʘʨʨʝʪʠʨʦʚʘʥʥʳʭ 

ʚʝʩʘʭ. 

ʇʨʘʚʠʣʘ ʚʟʚʝʰʠʚʘʥʠʷ 

1. ɺʟʚʝʰʠʚʘʝʤʦʝ ʪʝʣʦ ʠ ʨʘʟʥʦʚʝʩʢʠ ʢʣʘʩʪʴ ʥʘ ʯʘʰʢʠ ʠ ʩʥʠʤʘʪʴ ʩ 

ʥʠʭ ʥʫʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʘʨʨʝʪʠʨʦʚʘʥʥʳʭ ʚʝʩʘʭ. 

2. ʇʨʠ ʚʟʚʝʰʠʚʘʥʠʠ ʨʘʟʥʦʚʝʩʢʠ ʧʦʤʝʱʘʶʪ ʪʦʣʴʢʦ ʥʘ ʩʚʦʙʦʜʥʫʶ ʦʪ 

ʪʝʣʘ ʯʘʰʢʫ ʚʝʩʦʚ. ʇʨʠʯʝʤ ʥʘʯʠʥʘʪʴ ʥʫʞʥʦ ʩ ʨʘʟʥʦʚʝʩʢʦʚ ʙʦʣʴʰʝʡ ʤʘʩʩʳ. 

3. ʇʦʢʘ ʥʝ ʜʦʩʪʠʛʥʫʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʥʝʣʴʟʷ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʘʨʨʝʪʠʨʦʚʘʪʴ ʚʝʩʳ. ʇʦʵʪʦʤʫ ʚʠʥʪ 7 ʧʦʚʦʨʘʯʠʚʘʶʪ 

ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʠ, ʟʘʤʝʪʠʚ, ʯʪʦ ʩʪʨʝʣʢʘ ʷʚʥʦ ʫʭʦʜʠʪ ʚ ʩʪʦʨʦʥʫ, 

ʚʦʟʚʨʘʱʘʶʪ ʚʠʥʪ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʝʥʷʶʪ ʚʝʩ 

ʨʘʟʥʦʚʝʩʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʪʨʝʣʢʠ. 

4. ʈʘʟʥʦʚʝʩʢʠ ʩʣʝʜʫʝʪ ʩʪʘʚʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʦʙʱʠʡ ʮʝʥʪʨ ʪʷʞʝʩʪʠ 

ʧʨʠʭʦʜʠʣʩʷ ʥʘ ʩʝʨʝʜʠʥʫ ʯʘʰʢʠ. 

5. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚʝʩʳ ʥʝʦʙʭʦʜʠʤʦ ʟʘʘʨʨʝʪʠʨʦʚʘʪʴ. 

Ȼɚɏɜɑɤəɚɝɞɔ ɔɓɘɑɜɑəɔɕ ɠɔɓɔɣɑɝɖɔɡ 
Ɏɑɗɔɣɔə 

ʀʟʤʝʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʬʠʟʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʟʤʝʨʠʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ - ʵʪʦ ʟʥʘʯʠʪ ʫʟʥʘʪʴ, 

ʩʢʦʣʴʢʦ ʨʘʟ ʩʦʜʝʨʞʠʪʩʷ ʚ ʥʝʡ ʦʜʥʦʨʦʜʥʘʷ ʩ ʥʝʡ ʚʝʣʠʯʠʥʘ, ʧʨʠʥʷʪʘʷ ʟʘ 

ʝʜʠʥʠʮʫ ʠʟʤʝʨʝʥʠʷ. 

ʀʟʤʝʨʝʥʠʷ ʙʳʚʘʶʪ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ. ʇʨʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ 

ʠʩʢʦʤʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʥʘʭʦʜʷʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʧʳʪʥʳʭ 

ʜʘʥʥʳʭ. ʅʘʧʨʠʤʝʨ: ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ ʣʠʥʝʡʢʦʡ ʠʣʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ, 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʤʝʪʨʦʤ, ʩʠʣʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ - 

ʘʤʧʝʨʤʝʪʨʦʤ. 

ʇʨʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʠʩʢʦʤʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʥʘʭʦʜʷʪ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʪʦʡ ʚʝʣʠʯʠʥʦʡ ʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʅʘʧʨʠʤʝʨ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʝʣʘ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʝʛʦ ʤʘʩʩʳ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. 

ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʯʠʥ, ʠʭ ʚʳʟʳʚʘʶʱʠʭ, ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʜʝʣʷʪ ʥʘ 

ʩʣʫʯʘʡʥʳʝ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʛʨʫʙʳʝ (ʧʨʦʤʘʭʠ). 
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ʇʦʜ ʩʣʫʯʘʡʥʳʤʠ ʦʰʠʙʢʘʤʠ ʧʦʥʠʤʘʶʪ ʦʰʠʙʢʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʤʝʥʷʶʪʩʷ ʦʪ ʦʜʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʢ ʜʨʫʛʦʤʫ. ɺʝʣʠʯʠʥʘ ʠʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʘ ʜʦ ʦʧʳʪʘ. ʀʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʳʟʚʘʥʦ ʥʝʪʦʯʥʦʩʪʴʶ 

ʠʟʤʝʨʝʥʠʷ (ʩʣʫʯʘʡʥʳʤʠ ʦʰʠʙʢʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ, ʥʝʪʦʯʥʳʤ 

ʩʦʙʣʶʜʝʥʠʝʤ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʠ ʪ.ʜ.) ʠ ʥʝʧʦʩʪʦʷʥʩʪʚʦʤ ʩʘʤʦʡ 

ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ (ʥʘʧʨʠʤʝʨ, ʜʠʘʤʝʪʨʘ ʮʠʣʠʥʜʨʘ ʠʣʠ ʪʦʣʱʠʥʳ 

ʧʣʘʩʪʠʥʳ). 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ - ʵʪʦ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ, ʦʩʪʘʶʱʘʷʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʶʱʘʷʩʷ 

ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʝʣʠʯʠʥʳ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʫʯʪʝʥʘ ʠʣʠ ʠʩʢʣʶʯʝʥʘ ʠʟʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ, ʚʚʝʜʝʥʠʝʤ 

ʧʦʧʨʘʚʦʢ ʢ ʧʦʢʘʟʘʥʠʷʤ ʧʨʠʙʦʨʦʚ, ʫʯʝʪʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʠ ʪ.ʧ. ʅʘʧʨʠʤʝʨ: ʧʦʧʨʘʚʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʜʣʠʥʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʣʠʥʝʡʢʠ ʠ ʪʝʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ; ʧʦʧʨʘʚʢʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʪʝʨʝʡ ʚʝʩʘ ʧʨʠ ʚʟʚʝʰʠʚʘʥʠʠ ʚ 

ʚʦʟʜʫʭʝ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʀʩʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʠʣʠ ʠʟʤʝʨʝʥʠʷʤʠ. 

ɻʨʫʙʳʝ ʦʰʠʙʢʠ (ʧʨʦʤʘʭʠ) ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʩʣʫʯʘʡʥʳʤʠ, ʦʜʥʘʢʦ ʠʭ 

ʭʘʨʘʢʪʝʨ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ 

ʠʟʤʝʨʝʥʠʷ. ɽʩʣʠ ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ 

ʠʩʧʨʘʚʥʦ ʨʘʙʦʪʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʝ ʠ ʧʨʘʚʠʣʴʥʳʭ ʜʝʡʩʪʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ, ʪʦ ʧʨʠʯʠʥʦʡ ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʷʚʣʷʶʪʩʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠʣʠ ʦʰʠʙʢʠ ʚ ʨʘʙʦʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʛʨʫʙʳʝ ʦʰʠʙʢʠ ʟʥʘʯʠʪʝʣʴʥʳ, ʦʥʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʙʝʟ ʙʦʣʴʰʦʛʦ ʪʨʫʜʘ ʠ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʜʦʣʞʝʥ ʙʳʪʴ 

ʠʩʢʣʶʯʝʥ. 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʪʝʦʨʠʠ ʦʰʠʙʦʢ ʷʚʣʷʶʪʩʷ  ʩʣʫʯʘʡʥʳʝ 

ʦʰʠʙʢʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ. ɽʩʣʠ ʢʘʢʘʷ-ʣʠʙʦ 

ʚʝʣʠʯʠʥʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʪʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʵʪʦʡ ʚʝʣʠʯʠʥʳ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʠ ʦʮʝʥʠʪʴ ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ. 

ʆʩʥʦʚʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʩʪʘʪʠʩʪʠʢʘ. 

ʆʙʦʟʥʘʯʠʤ ʭ0 ʥʝ ʠʟʚʝʩʪʥʦʝ ʥʘʤ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ 

ʚʝʣʠʯʠʥʳ. 

ʇʨʦʠʟʚʝʜʷ n ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʠʤ ʭ1, ʭ2, ʭ3, ..., ʭn - ʟʥʘʯʝʥʠʷ 

ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ. 

ɺʝʣʠʯʠʥʳ ʭi (i = 1, 2, 3, ..., n) ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʭ0. ɽʩʣʠ 

ʚʝʣʠʯʠʥʳ ʭi ʠʟʤʝʨʝʥʳ ʩ ʦʜʠʥʘʢʦʚʦʡ ʪʦʯʥʦʩʪʴʶ, ʪʦ ʜʣʷ ʦʮʝʥʢʠ ʭ0 
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ʧʨʠʤʝʥʷʶʪ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ: 

 .
n

x

n

x...xxx
x

n

1i
i

n321  (0.1) 

ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ x  ʥʘʟʳʚʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʳ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʭi ʥʦʩʷʪ ʩʣʫʯʘʡʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʪʦ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ï ʚʝʣʠʯʠʥʘ x  ï ʪʦʞʝ ʙʫʜʝʪ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʦʡ; ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ x  ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʭi ʙʫʜʫʪ 

ʩʣʫʯʘʡʥʳʤʠ: 

 ,xxx ii   i = 1, 2, 3, ..., n . (0.2) 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʭi ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ 

ʭi. ʇʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʥʘʙʣʶʜʝʥʠʷ ʭi ʥʘ ʚʝʣʠʯʠʥʫ x  ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʮʝʥʥʦ. 

ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ ʭ, ʨʘʚʥʘʷ 

ʦʪʢʣʦʥʝʥʠʶ x  ʦʪ ʭ0, ʪʦʞʝ ʙʫʜʝʪ ʚʝʣʠʯʠʥʦʡ ʩʣʫʯʘʡʥʦʡ: 

 .xxx 0  (0.3) 

ʊʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ ʭ0 ʥʘʤ ʥʝ ʠʟʚʝʩʪʥʘ, ʦʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ʭ ʯʝʨʝʟ ʭi. 

ʭ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʛʠʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʭi, ʠʟ ʢʦʪʦʨʳʭ ʥʠ ʦʜʥʘ ʥʝ 

ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʠ ʩʣʫʯʘʡʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʭi ʧʦʜʯʠʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ɻʘʫʩʩʘ, ʢʦʪʦʨʳʡ ʩʧʨʘʚʝʜʣʠʚ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ: 

1) ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ 

ʨʷʜ ʟʥʘʯʝʥʠʡ; 

2) ʧʦʷʚʣʝʥʠʝ ʨʘʚʥʳʭ ʧʦ 

ʚʝʣʠʯʠʥʝ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

ʧʦ ʟʥʘʢʫ ʩʣʫʯʘʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʘʚʥʦʚʝʨʦʷʪʥʦ; 

3) ʤʘʣʳʝ ʩʣʫʯʘʡʥʳʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʷʚʣʝʥʠʷ, ʯʝʤ 

ʙʦʣʴʰʠʝ. 

ɿʘʢʦʥ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʚʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ.0.7. 

ɺʠʜ ʢʨʠʚʳʭ ʦʪʨʘʞʘʝʪ ʵʪʠ ʪʨʠ ʫʩʣʦʚʠʷ. 

ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʘ ʚʝʣʠʯʠʥʘ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʭi, ʧʦ 

ʦʩʠ ʦʨʜʠʥʘʪ - ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ( ʭi), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʌʫʥʢʮʠʷ ( ʭi) ʥʘʟʳʚʘʝʪʩʷ 

 

( ɡi) 

0 ɡi dx 

2
1  

2
1

2
2  

ȼɔɝ. 0.7 
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ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʭi ʠʣʠ ʬʫʥʢʮʠʝʡ 

ɻʘʫʩʩʘ  ʠ ʠʤʝʝʪ ʚʠʜ 

 
2

2
i

2

x

i e
2

1
)x( . (0.4) 

ʇʨʦʠʟʚʝʜʝʥʠʝ ( ʭi) ʥʘ dx - ʜʣʠʥʫ ʠʥʪʝʨʚʘʣʘ (ʭi, ʭi + dx), ʨʘʚʥʦʝ 

ʟʘʰʪʨʠʭʦʚʘʥʥʦʡ ʧʣʦʱʘʜʠ ʥʘ ʨʠʩ.0.7, ʜʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ dw ʪʦʛʦ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʟʘʢʣʶʯʝʥʘ ʤʝʞʜʫ ʭi ʠ ʭi + dx, ʪʦ ʝʩʪʴ 

 dw = ( ʭi) dx. (0.5) 

ɼʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ w ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʦʮʝʥʪʘʭ ʠʣʠ ʜʦʣʷʭ 

ʝʜʠʥʠʮʳ ʠ ʟʘʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʤ. ɺ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ 

ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ w = 0.9 = 90%. 

ʉʦʦʪʥʦʰʝʥʠʝ (0.5) ʩʧʨʘʚʝʜʣʠʚʦ, ʝʩʣʠ ʬʫʥʢʮʠʷ ( ʭi) ʧʦʜʯʠʥʷʝʪʩʷ 

ʫʩʣʦʚʠʶ ʥʦʨʤʠʨʦʚʢʠ: 

 .1dx)x( i  (0.6) 

ʈʘʚʝʥʩʪʚʦ (0.6) ʦʟʥʘʯʘʝʪ ʩʣʝʜʫʶʱʝʝ: ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ),( , 

ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʚʝʥʩʪʚʫ ʝʜʠʥʠʮʝ ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʦʜ 

ʢʨʠʚʦʡ ɻʘʫʩʩʘ. 

ɺ ʬʦʨʤʫʣʝ (0.4): 

ʝ - ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʣʦʛʘʨʠʬʤʦʚ; 
2
 - ʜʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ; 

 - ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʥʘʙʣʶʜʝʥʠʷ. 

ɼʠʩʧʝʨʩʠʷ (ʨʘʩʩʝʷʥʠʝ) 
2
 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʭi 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʭ0. ʏʝʤ ʤʝʥʴʰʝ (ʭi ï ʭ0), ʪʝʤ ʤʝʥʴʰʝ ʜʠʩʧʝʨʩʠʷ, ʪʝʤ 

ʪʦʯʥʝʝ ʠʟʤʝʨʝʥʠʷ. ɼʠʩʧʝʨʩʠʷ 
2
 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʳʩʪʨʦʪʫ ʫʤʝʥʴʰʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʭ ʩ ʨʦʩʪʦʤ ʵʪʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʪʦ 

ʝʩʪʴ ʧʨʠ ʙʦʣʴʰʝʡ ʜʠʩʧʝʨʩʠʠ (ʨʠʩ.0.7) ʢʨʠʚʘʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʣʳʚʘʝʪʩʷ, ʤʝʥʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥ ʤʘʢʩʠʤʫʤ, ʙʦʣʴʰʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʦʣʴʰʠʭ ʦʪʢʣʦʥʝʥʠʡ. 

ʊʘʢ ʢʘʢ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʭ0 ʥʝʠʟʚʝʩʪʥʦ, ʦʮʝʥʢʦʡ ʜʠʩʧʝʨʩʠʠ 
2
 

ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʜʠʩʧʝʨʩʠʷ ʨʝʟʫʣʴʪʘʪʘ ʩʝʨʠʠ ʠʟ n ʠʟʤʝʨʝʥʠʡ. 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ ʝʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

 .
)1n(n

)x(
n

1i

2
i

2
ʭ  (0.7) 
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ʅʘʠʙʦʣʝʝ ʪʦʯʥʦ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʦʢ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʦʡ. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ 

 .
)1n(n

)x(
n

1i

2
i

x  (0.8) 

ɺʩʝ ʵʪʠ ʬʦʨʤʫʣʳ ʪʝʤ ʩʧʨʘʚʝʜʣʠʚʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ. 

ʅʘ ʨʠʩ.0.8 ʧʦʢʘʟʘʥʘ ʢʨʠʚʘʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ 

.3,2,  ʅʘʧʨʠʤʝʨ, ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ (ʭi ï , 

ʭi + ) - ʟʘʰʪʨʠʭʦʚʘʥʥʘʷ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ɻʘʫʩʩʘ ï ʨʘʚʥʘ 0.68. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ ʧʨʠʤʝʨʥʦ 68% 

ʠʭ ʧʨʠʚʝʜʝʪ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʪʣʠʯʘʶʱʠʤʩʷ ʦʪ ʠʩʪʠʥʥʦʛʦ ʥʝ ʙʦʣʝʝ, ʯʝʤ 

ʥʘ . ɼʣʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʭi ï 2 , ʭi + 2 ) ʜʦʚʝʨʠʪʝʣʴʥʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 0.95, ʘ ʜʣʷ ʠʥʪʝʨʚʘʣʘ (ʭi ï 3 , ʭi + 3 ) ï 

0.997. 

ɿʘʧʠʩʳʚʘʝʪʩʷ ʵʪʦ ʩ ʫʢʘʟʘʥʠʝʤ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ: 

 ʭi;  ʭi  ʦʪ  ï ʜʦ  +;   w = 0.68 

 ʭi;  ʭi  ʦʪ ï2  ʜʦ +2 ;  w = 0.95 (0.9) 

 ʭi;  ʭi  ʦʪ ï3  ʜʦ +3;  w = 0.997. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʭʘʨʘʢʪʝʨʥʦ 

ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʡ ʚʝʣʠʯʠʥʳ (3...5). 

 ɺ 1908 ʛ. ɺ. ɻʦʩʩʝʪ (ʧʩʝʚʜʦʥʠʤ ñʉʪʴʶʜʝʥʪò) ʜʦʢʘʟʘʣ, ʯʪʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʩʧʨʘʚʝʜʣʠʚ ʠ ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ. 

-3   -2   -    0  +   +2   +3  ɡ 

( ɡi) 

ȼɔɝ. 0.8 
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ʅʘ ʨʠʩ.0.9 ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ɻʘʫʩʩʘ ʠ 

ʉʪʴʶʜʝʥʪʘ ( -----  - ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ,     -  ʢʨʠʚʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʯʠʩʣʝ 

ʠʟʤʝʨʝʥʠʡ n  (ʥʘʯʠʥʘʷ, ʧʨʠʤʝʨʥʦ, ʩ n = 20) ʧʝʨʝʭʦʜʠʪ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɻʘʫʩʩʘ, ʘ ʧʨʠ 

ʤʘʣʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ ʤʘʣʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʛʦ. 

ɼʦʚʝʨʠʪʝʣʴʥʫʶ ʛʨʘʥʠʮʫ 

ʧʦʛʨʝʰʥʦʩʪʠ ʭ ʜʣʷ ʟʘʜʘʥʥʦʡ w 

ʠ ʧʨʠ ʤʘʣʦʤ n ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ 

,tʭ xn,wʛʨ  (0.10) 

ʛʜʝ n,wt  - ʢʦʵʬʬʠʮʠʝʥʪ 

ʉʪʴʶʜʝʥʪʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʠ 

ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ, ʥʘʭʦʜʠʪʩʷ ʧʦ ʪʘʙʣ. 0.1 ʜʣʷ ʟʘʜʘʥʥʳʭ w ʠ n.  

  ʊʘʙʣʠʮʘ 0.1 

  ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʪʴʶʜʝʥʪʘ 

n w n w 

 0.9 0.95 0.99  0.9 0.95 0.99 

2 6.3 12.7 63.7 7 1.9 2.4 3.7 

3 2.9 4.3 9.9 8 1.9 2.4 3.5 

4 2.4 3.2 5.8 9 1.9 2.3 3.4 

5 2.1 2.8 4.6 10 1.8 2.2 3.2 

6 2.0 2.6 4.0 11 1.8 2.2 3.1 

 

ʆʙʳʯʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪʘʭ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ 

ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ w = 0.9. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

             ʭ;   ʭʛʨ  ʦʪ  )t( xn,w   ʜʦ  )t( xn,w ;   w, (0.11) 

ʯʪʦ ʦʟʥʘʯʘʝʪ: ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʪʝʨʚʘʣʫ ʟʥʘʯʝʥʠʡ 

( ;tx xn,w  xn,wtx ) c ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ w. 

ɺ ʠʪʦʛʝ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʧʦʣʫʯʘʶʪ ʯʠʩʣʦ, ʚ ʢʦʪʦʨʦʤ 

ʨʘʟʣʠʯʘʶʪ ʮʠʬʨʳ: ʚʝʨʥʳʝ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʦʰʠʙʦʢ, ʠ ʩʦʤʥʠʪʝʣʴʥʳʝ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʦʰʠʙʢʠ. 

 

ʈʠʩ. 0.9 

( ʭi) 

0 ʭ 
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ɸʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ xn,wtx  ʧʦʢʘʟʳʚʘʝʪ, ʚ ʢʘʢʦʤ ʟʥʘʢʝ ʵʪʦʛʦ 

ʯʠʩʣʘ ʩʦʜʝʨʞʠʪʩʷ ʥʝʪʦʯʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ 

ʦʢʨʫʛʣʷʝʪʩʷ ʜʦ ʦʜʥʦʡ ʟʥʘʯʘʱʝʡ ʮʠʬʨʳ. 

ɺ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʦʩʪʘʚʣʷʶʪ ʚʩʝ ʚʝʨʥʳʝ ʮʠʬʨʳ ʠ ʦʜʥʫ 

ʩʦʤʥʠʪʝʣʴʥʫʶ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʧʠʰʫʪ ʝʱʝ ʦʜʥʫ ʮʠʬʨʫ, 

ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʝʝ ʦʢʨʫʛʣʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚʝʣʠʯʠʥ ʦʙʳʯʥʦ ʚʳʯʠʩʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

 %100
x

xʛʨ
. (0.12) 

ʇʦ ʚʝʣʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʫʜʦʙʥʦ ʩʨʘʚʥʠʚʘʪʴ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʨʦʜʥʳʭ ʚʝʣʠʯʠʥ. 

ʇʨʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʷʭ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʜʠʥʘʢʦʚʳ, ʠ ʪʦʛʜʘ ʭi = 0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʛʨʘʥʠʮʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʨʠʙʦʨʘ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʙʦʨʘ ʩ 

(ʩʚʷʟʘʥʥʘʷ, ʥʘʧʨʠʤʝʨ, ʩʦ ʩʤʝʱʝʥʠʝʤ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʰʢʘʣʳ, ʩ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʥʘʥʝʩʝʥʠʷ ʰʪʨʠʭʦʚ ʰʢʘʣʳ ʠ ʪ.ʧ.) ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʢʣʶʯʝʥʘ ʚʚʝʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʧʨʘʚʦʢ ʢ ʧʦʢʘʟʘʥʠʷʤ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠʙʦʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʩʨʘʚʥʝʥʠʝʤ ʩ ʵʪʘʣʦʥʥʳʤ. 

ʉʣʫʯʘʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʙʦʨʘ # (ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʪʨʝʥʠʷ ʚ ʜʝʪʘʣʷʭ ʧʨʠʙʦʨʘ, ʦʰʠʙʢʠ ñʤʝʨʪʚʦʛʦ ʭʦʜʘò ʝʛʦ 

ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ, ʧʦʛʨʝʰʥʦʩʪʴ ʦʢʨʫʛʣʝʥʠʷ ʧʨʠ ʦʪʩʯʝʪʝ ʧʦ ʰʢʘʣʝ 

ʧʨʠʙʦʨʘ ʠ ʪ.ʧ.) ʥʝʦʪʣʠʯʠʤʘ ʦʪ ʧʨʦʯʠʭ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʷ. 

ʉʫʤʤʘʨʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʦʨʘ ʦʙʳʯʥʦ ʟʘʜʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʧʨʝʜʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ , ʫʢʘʟʘʥʥʦʡ ʚ ʝʛʦ ʧʘʩʧʦʨʪʝ ʠʣʠ ʥʘʥʝʩʝʥʥʦʡ 

ʥʘ ʰʢʘʣʫ ʧʨʠʙʦʨʘ. ɽʩʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʠʪʴ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʠ ʩʨʘʚʥʝʥʠʝʤ ʩ ʵʪʘʣʦʥʦʤ, 

ʪʦ ʟʘ ʩʣʫʯʘʡʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʙʦʨʘ ʧʨʠʥʠʤʘʶʪ .#   

ɽʩʣʠ ʞʝ ʠʩʢʣʶʯʠʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʦʨʘ ʧʦ 

ʢʘʢʠʤ-ʣʠʙʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʥʝ ʫʜʘʝʪʩʷ, ʪʦ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, 

ʨʘʩʰʠʨʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʛʨʘʥʠʮʫ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ. ɿʘ ʚʝʣʠʯʠʥʫ ʩ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʥʠʤʘʪʴ ,ʩ  ʪʘʢ ʢʘʢ ʜʦʣʷ 

ʝʝ ʚ ʩʫʤʤʘʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʠʟʚʝʩʪʥʘ. 

ʀʥʦʛʜʘ ʧʨʝʜʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʟʘʜʘʝʪʩʷ ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ 

ʧʨʠʙʦʨʘ 
Nʭ

100
, ʛʜʝ ʭN ʨʘʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʘʙʦʯʝʡ 
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ʯʘʩʪʠ ʰʢʘʣʳ. ʊʦʛʜʘ ʧʨʝʜʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ .
100

ʭN  ʅʘʧʨʠʤʝʨ: 

ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʘ  = 0.5, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʝʛʦ ʰʢʘʣʳ ʭN = 150 ʤɺ. ʊʦʛʜʘ  = 0.005  150 ʤɺ = 0.75 

ʤɺ ʠ ʧʦʩʪʦʷʥʥʘ ʜʣʷ ʚʩʝʡ ʰʢʘʣʳ ʧʨʠʙʦʨʘ. 

ɽʩʣʠ ʚ ʧʘʩʧʦʨʪʝ ʠ ʥʘ ʰʢʘʣʝ ʧʨʠʙʦʨʘ ʥʝʪ ʫʢʘʟʘʥʠʡ ʦ ʚʝʣʠʯʠʥʝ , ʪʦ 

ʟʘ  ʧʨʠʥʠʤʘʶʪ ʧʦʣʦʚʠʥʫ ʮʝʥʳ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʣʝʥʠʷ ʰʢʘʣʳ ʠʣʠ 

ʮʝʣʦʝ ʜʝʣʝʥʠʝ, ʝʩʣʠ ʦʥʠ ʪʨʫʜʥʦ ʨʘʟʣʠʯʠʤʳ. 

ɺ ʩʣʫʯʘʝ ʦʜʥʦʢʨʘʪʥʳʭ ʠʣʠ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʝʣʠʯʠʥʳ ʭ0 ʩ 

ʩʦʚʧʘʜʘʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʙʦʨʘ # ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʛʨʘʥʠʮʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 ,
3

k)x( wʧpʛp  (0.13) 

ʛʜʝ wk - ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʟʥʘʯʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ w;  - ʘʙʩʦʣʶʪʥʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʙʦʨʘ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʝʛʦ ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ ʣʠʙʦ ʧʦʣʦʚʠʥʦʡ ʮʝʥʳ ʝʛʦ 

ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʣʝʥʠʷ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ wk  ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ w ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.0.2. 

  ʊʘʙʣʠʮʘ 0.2 

 

w 0.9 0.95 0.99 0.997 

wk  1.645 1.960 2.576 3.000 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʛʨʘʥʠʮʳ ʩʣʫʯʘʡʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʦʢʘʟʳʚʘʝʪʩʷ ʩʨʘʚʥʠʤʳʤ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʙʦʨʘ, ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʜʦʚʝʨʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

                    .
3

k
)1n(n

x

tx

2

w

2
n

1i

2
i

n,wʛp     (0.14) 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʝʩʪʴ ʧʨʠʙʦʨʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ.  
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ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ 

                    ;x   ʭ  ʦʪ  ʛpʭ   ʜʦ  ʛpʭ ;   w = 0.9. 

ʂʦʩʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʆʙʳʯʥʦ ʧʨʠʭʦʜʠʪʩʷ ʚʳʯʠʩʣʷʪʴ ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʦʡ ʚʝʣʠʯʠʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʊʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʥʘʟʳʚʘʶʪʩʷ 

ʢʦʩʚʝʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ (ʧʣʘʩʪʠʥʳ)  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʝʨʝʟ ʤʘʩʩʫ ʪʝʣʘ ʠ ʝʛʦ ʦʙʲʝʤ: 

 ,
hbL

m

V

m
 

ʛʜʝ L, b, h - ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥʳ. 

ɺʝʣʠʯʠʥʳ m, L, b, h ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ, ʘ ʟʘʪʝʤ ʚʳʯʠʩʣʠʪʴ ʧʣʦʪʥʦʩʪʴ 

.  

ʀʪʘʢ, ʯʘʱʝ ʚʩʝʛʦ ʠʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ: 

 ɸ = f(x, y, z, ...) (0.15) 

ɽʩʣʠ ʚʝʣʠʯʠʥʳ x, y, z, ... ʩʣʫʯʘʡʥʳ, ʪʦ ɸ ʪʦʞʝ ʙʫʜʝʪ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʦʡ. 

ʀʟ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʚʥʦ ʬʫʥʢʮʠʠ ʦʪ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʝʝ ʘʨʛʫʤʝʥʪʦʚ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʘʨʛʫʤʝʥʪʦʚ ʭ, y, z,... ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʘʤʠ x, y, z, ..., ʪʦ 

ʝʩʪʴ 

 ,...),z,y,x(fA  (0.16) 

ʛʜʝ ɸ - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ɸ, ...,z,y,ʭ  - ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥ x, y, z, ... (ʩʤ ʬʦʨʤʫʣʫ 0.1). 

ɼʣʷ ʦʮʝʥʢʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʛʨʘʥʠʮʳ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʠʤʝʥʷʶʪ ʬʦʨʤʫʣʫ: 

    ...z
z

A
y

y

A
x

x

A
A 2

ʛp

2

zz

2
ʛp

2

yy

2
ʛp

2

xx
ʛp  (0.17) 

ʛʜʝ ʛpʭ , ʛpy , ,zʛp... - ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʛʨʘʥʠʮʳ ʩʣʫʯʘʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʚʝʣʠʯʠʥ x, y, z, ... ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ w;  ,
ʭ

ɸ

xx
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...,
z

A
,

y

A

zzyy

 - ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ɸ ʧʦ x, y, z, ..., 

ʚʳʯʠʩʣʝʥʥʳʝ ʧʨʠ ...,zz,yy,xx  

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʩʚʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʢ 

 %.100
A

ɸʛp
A  (0.18) 

ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʭi, yi, zi,... ʥʦʨʤʘʣʴʥʳʝ                  (i - 

ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʠʟʤʝʨʝʥʠʷ), ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ɸi ʪʦʞʝ 

ʙʫʜʝʪ ʥʦʨʤʘʣʴʥʳʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʛʨʘʥʠʮʳ 

ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʨʛɸ  ʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʡ.  

ɼʣʷ ʵʪʦʛʦ ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʷ 

                               ,...)z,y,x(fAʠ,...)z,y,x(fɸ iiii  (0.19) 

ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʤʝʨʘ ʠʟʤʝʨʝʥʠʡ. 

ɸʥʘʣʦʛʠʯʥʦ ʬʦʨʤʫʣʝ (0.2) ʥʘʭʦʜʷʪ ʚʝʣʠʯʠʥʳ ɸi: 

 .AAɸ ii  (0.20) 

ʆʮʝʥʢʦʡ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʝʣʠʯʠʥʳ ɸ 

ʘʥʘʣʦʛʠʯʥʦ ʬʦʨʤʫʣʘʤ (0.8) ʠ (0.10) ʙʫʜʝʪ 

 ,
)1n(n

)A(
n

1i

2
i

A  (0.21) 

ʝʩʣʠ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝ ʧʨʠʙʦʨʥʳʭ. 

ɼʦʚʝʨʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʛʨɸ  ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ 

(ʨʘʩʯʝʪʦʚ): 

 ,
)1n(n

)A(

ttɸ

n

1i

2
i

n,wAn,wʛʨ  (0.22) 

ʛʜʝ n,wt  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʉʪʴʶʜʝʥʪʘ (ʩʤ. ʪʘʙʣ.0.1) ʜʣʷ ʟʘʜʘʥʥʳʭ w ʠ n.  

ʈʝʟʫʣʴʪʘʪ ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ɸ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 

ʬʦʨʤʝ 

                     ɸ;  ɸ  ʦʪ  )t( An,w   ʜʦ  )t( An,w ;  w. (0.23) 
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ʇʦʩʣʝ ʵʪʦʛʦ ʧʦ ʬʦʨʤʫʣʝ (0.18) ʥʘʭʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 

ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ɸ = f(x, y, z, ...) - ʣʦʛʘʨʠʬʤʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ, ʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ: ʪʘʢ ʢʘʢ ,
x

)A(ln

A

A

x

1

x

A

A

1
 ʪʦ 

....z
z

)A(ln
y

y

)A(ln
x

x

)A(ln 2
ʛʨ

2

zz

2
ʛʨ

2

yy

2
ʛʨ

2

xx
A

 (0.24) 

ȼɌɝɣɑɞ ɛɚɏɜɑɤəɚɝɞɑɕ ɛɜɔ ɏɜɌɠɔɣɑɝɖɚɕ 
ɚɍɜɌɍɚɞɖɑ ɜɑɓɟɗɨɞɌɞɚɎ ɔɓɘɑɜɑəɔɕ 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪʘʭ 1, 2, 3, 11, 22, 23, 27, 44, 45 ʟʥʘʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʣʠʯʠʥ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʫʛʣʦʚʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʥʘʢʣʦʥʘ k ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʛʨʘʬʠʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʪʦʯʢʘʤ, ʢ ʦʩʠ ʘʙʩʮʠʩʩ. ʇʨʷʤʫʶ ʧʨʦʚʦʜʷʪ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʪʦʯʢʠ ʥʘʭʦʜʠʣʠʩʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʥʝʡ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʨʦʮʝʜʫʨʘ ʚ ʩʪʘʪʠʩʪʠʢʝ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʝʡ ʠ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ k ʠ b ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ bkxy  ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ 

x1, y1; x2, y2; ... xn, yn.  

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ ʬʦʨʤʫʣʘʤ  

  
22 )x()x(

)y)(x(xy
k  (0.25) 

 
222

2

)x()x(

)xy(xy)x(
b  (0.26) 

ɿʜʝʩʴ y,x   ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ x ʠ y    (ʩʤ. 

ʬʦʨʤʫʣʫ (0.1)), xy  ʠ 2x  ʜʣʷ n ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 
n

x

x;
n

yx

xy

n

1i

2
i

2

n

1i
ii

 . 

ɼʣʷ ʛʨʘʬʠʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ, ʥʘʡʜʝʥʥʳʤ ʧʦ 

ʬʦʨʤʫʣʘʤ (0.25) ʠ (0.26), ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʨʘʩʩʪʦʷʥʠʡ ʧʦ ʦʨʜʠʥʘʪʝ ʦʪ 

ʧʨʷʤʦʡ ʜʦ ʪʦʯʝʢ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ xi ʠ yi ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ. ʇʨʠ 
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ʚʳʯʠʩʣʝʥʠʠ ʵʪʦʡ ʩʫʤʤʳ ʠʥʜʝʢʩ i ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 

ʦʪ 1 ʜʦ n, ʛʜʝ n - ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ xi, yi ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ. 

ɽʩʣʠ ʛʨʘʬʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʘʢʢʫʨʘʪʥʦ, ʪʦ ʧʦʩʪʨʦʝʥʥʳʡ ʛʨʘʬʠʢ ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʢʠʤ ʢ 

ʦʧʪʠʤʘʣʴʥʦʤʫ, ʘ  ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ xy  ʤʘʣʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ k, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ  ʫʛʣʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ (k) ʠ ʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʝʛʦ ʩ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ (b) ʜʦʧʫʩʪʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʨʘʞʝʥʠʷ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʤʝʪʦʜʫ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ k ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ b: 

 
n

1i

2
i

0
k

)xx(

, (0.27) 

 2
0b x . (0.28) 

ɿʜʝʩʴ 00 y , ʘ y0 - ʦʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʦʪʢʣʦʥʝʥʠʷ ʧʦ 

ʦʨʜʠʥʘʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ yi ʦʪ ʚʝʣʠʯʠʥ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ 

ʬʦʨʤʫʣʝ bkxy  ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

 
n

1i

2
ii0 )]bkx(y[

)2n(

1
y . (0.29) 

ʇʨʠ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ y0  ʵʪʦ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʦʪ ʧʦʩʪʨʦʝʥʥʦʡ ʧʨʷʤʦʡ, ʜʝʣʝʥʥʘʷ 

ʥʘ )2n( . ɽʩʣʠ ʜʝʣʠʪʴ ʥʘ ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ n, ʪʦ ʧʦʣʫʯʘʝʪʩʷ 

ʟʘʥʠʞʝʥʥʘʷ, ʪ.ʝ. ʩʤʝʱʝʥʥʘʷ ʦʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʘ ʦʪʢʣʦʥʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ y0 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ n, ʘ k, ʢʘʢ ʩʣʝʜʫʝʪ 

ʠʟ ʚʳʨʘʞʝʥʠʷ (0.27), ʜʦʣʞʥʘ ʫʤʝʥʴʰʘʪʴʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ n. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʚʝʣʠʯʠʥʳ k ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʠʥʪʝʨʚʘʣʘ ʟʥʘʯʝʥʠʡ x, ʵʪʦ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (0.27).  

ɽʩʣʠ ʛʨʘʬʠʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʪʦ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ 

ʦʪʢʣʦʥʝʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪ ʧʨʷʤʦʡ ʥʝ ʙʫʜʝʪ ʥʘʠʤʝʥʴʰʝʡ, 

ʚʦʟʨʘʩʪʫʪ ʚʝʣʠʯʠʥʳ y0 ʠ k, ʢʘʢ ʪʦʛʦ ʠ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ. 

ɼʦʚʝʨʠʪʝʣʴʥʘʷ ʛʨʘʥʠʮʘ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ (0.10) ʠ (0.12): 

 %100
k

k
k;tk

ʛʨ
kn,wʛʨ , (0.30) 
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ʛʜʝ tw,n - ʢʦʵʬʬʠʮʠʝʥʪ ʉʪʴʶʜʝʥʪʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʪʘʙʣ.0.1. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʪʨʝʙʫʝʪʩʷ ʧʦ ʛʨʘʬʠʢʫ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʫ 

x0 ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʬʠʢʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ. ɽʩʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ k, b ʠ ʠʭ ʛʨʘʥʠʯʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ, ʪʦ 

k

b
x0 , ʭ0 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʢʘʢ ʧʦʛʨʝʰʥʦʩʪʴ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ: 

 

2
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2
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00
k

k

b

b
xx

ʛʨ
. (0.31) 

ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʧʨʠʚʝʜʝʤ ʢʨʘʪʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʨʘʩʯʝʪʫ ʧʦʛʨʝʰʥʦʩʪʝʡ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ k ʠ b ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ bkxy . 

1. ɺʳʙʨʘʪʴ ʤʘʩʰʪʘʙʳ ʧʦ ʦʩʷʤ ʪʘʢ, ʯʪʦʙʳ ʨʘʟʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʡ ʚʝʣʠʯʠʥʳ ʙʳʣʘ ʥʝ ʤʝʥʝʝ 10 ʩʤ. 

2. ʀʟʦʙʨʘʟʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ ʪʦʯʢʘʤʠ, 

ʢʨʫʞʢʘʤʠ ʠʣʠ ʢʨʝʩʪʠʢʘʤʠ ʠ ʧʨʦʚʝʩʪʠ ʧʨʷʤʫʶ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʪʘʢ, 

ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʥʝʝ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʙʳʣʠ ʢʘʢ ʤʦʞʥʦ 

ʤʝʥʴʰʝ. 

3. ɺʳʙʨʘʪʴ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʧʨʷʤʦʡ ʜʚʝ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥʥʳʝ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ xl, yl, ʭh, yh ʠ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ k 

ʧʦ ʬʦʨʤʫʣʝ: 

 
l

l

xx

yy
k

h

h .  

4. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ b ʠ ʭ0 ï ʦʨʜʠʥʘʪʫ ʠ 

ʘʙʩʮʠʩʩʫ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ ʩ ʆY ʠ ʆʍ. 

5. ʀʟʤʝʨʠʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪ 

ʛʨʘʬʠʢʘ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ y0 ʧʦ ʬʦʨʤʫʣʝ 

(0.29). 

6. ʈʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ k ʥʘʡʜʝʥʥʦʛʦ ʫʛʣʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʢʣʦʥʘ k ʧʦ ʬʦʨʤʫʣʝ  (0.27) ʠ ʝʛʦ ʛʨʘʥʠʯʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ kʛʨ ʧʦ ʬʦʨʤʫʣʝ (0.30). 

7. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ, ʦʧʨʝʜʝʣʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ b ʠ ʭ0 

ʧʦ ʬʦʨʤʫʣʘʤ (0.28) ʠ (0.31). 

ȻɜɌɎɔɗɌ ɛɜɔɍɗɔɒɑəəɧɡ Ɏɧɣɔɝɗɑəɔɕ 

 ʇʨʠ ʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʧʨʠʥʷʪʦ ʧʠʩʘʪʴ ʪʦʣʴʢʦ ʟʥʘʯʘʱʠʝ 

ʮʠʬʨʳ, ʦʩʦʙʝʥʥʦ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʟʨʷʜ ʩʦʤʥʠʪʝʣʴʥʦʡ ʮʠʬʨʳ ʯʠʩʣʘ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʨʷʜʦʤ 

ʧʝʨʚʦʡ ʟʥʘʯʘʱʝʡ ʮʠʬʨʳ ʝʛʦ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. 
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ʏʠʩʣʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʩʪʘʚʠʪʴ ʟʘʧʷʪʫʶ ʧʦʩʣʝ ʧʝʨʚʦʡ ʦʪʣʠʯʥʦʡ ʦʪ ʥʫʣʷ ʮʠʬʨʳ, ʘ ʚʩʝ ʯʠʩʣʦ 

ʫʤʥʦʞʠʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʝʧʝʥʴ ʜʝʩʷʪʠ. ʅʘʧʨʠʤʝʨ: 21 000 = 

2,110
4
; 0.00015 = 1,510

ï4
. 

ʅʫʣʴ ʚ ʧʦʩʣʝʜʥʝʤ ʨʘʟʨʷʜʝ ʧʦʩʣʝ ʟʘʧʷʪʦʡ ʩʣʝʜʫʝʪ ʩʦʭʨʘʥʷʪʴ, ʝʩʣʠ 

ʵʪʦ ʚʝʨʥʘʷ ʠʣʠ ʩʦʤʥʠʪʝʣʴʥʘʷ ʮʠʬʨʘ, ʥʝʟʥʘʯʘʱʠʝ ʥʫʣʠ ʦʪʙʨʘʩʳʚʘʶʪ. 

ʏʪʦʙʳ ʧʨʠʙʣʠʞʝʥʥʦ ʥʘʡʪʠ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʚ ʯʠʩʣʘʭ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʘʚʠʣʘʤʠ: 

1. ʉʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ. ʈʘʟʨʷʜ ʩʦʤʥʠʪʝʣʴʥʦʡ ʮʠʬʨʳ ʩʫʤʤʳ 

ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʘʨʰʠʤ ʠʟ ʨʘʟʨʷʜʦʚ ʩʦʤʥʠʪʝʣʴʥʳʭ ʮʠʬʨ ʚʩʝʭ ʩʣʘʛʘʝʤʳʭ. 

2. ʋʤʥʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ, ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ ʠ ʠʟʚʣʝʯʝʥʠʝ ʢʦʨʥʷ. 

ʈʝʟʫʣʴʪʘʪ ʣʶʙʦʛʦ ʠʟ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʩʦʜʝʨʞʠʪ ʩʪʦʣʴʢʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ, 

ʩʢʦʣʴʢʦ ʠʭ ʚ ʠʩʭʦʜʥʦʤ ʜʘʥʥʦʤ ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʥʘʯʘʱʠʭ 

ʮʠʬʨ. 

3. ʃʦʛʘʨʠʬʤʠʨʦʚʘʥʠʝ. ʅʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʠ ʤʘʥʪʠʩʩʘ ʝʛʦ ʣʦʛʘʨʠʬʤʘ 

ʩʦʜʝʨʞʘʪ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

4. ʆʢʨʫʛʣʝʥʠʝ. ʇʝʨʝʜ ʪʝʤ, ʢʘʢ ʧʨʠʩʪʫʧʠʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʜʝʡʩʪʚʠʷ, 

ʥʫʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʧʨʘʚʠʣ 1...3 ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ 

(ʠʣʠ ʨʘʟʨʷʜ ʩʦʤʥʠʪʝʣʴʥʦʡ ʮʠʬʨʳ) ʨʝʟʫʣʴʪʘʪʘ ʠ ʦʢʨʫʛʣʠʪʴ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʢʨʫʛʣʠʪʴ ʨʝʟʫʣʴʪʘʪ, 

ʩʦʭʨʘʥʠʚ ʚ ʥʝʤ ʪʦʣʴʢʦ ʟʥʘʯʘʱʠʝ ʮʠʬʨʳ. 

5. ʇʨʘʚʠʣʦ ʟʘʧʘʩʥʦʡ ʮʠʬʨʳ. ʏʪʦʙʳ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʤʝʥʴʰʠʪʴ 

ʦʰʠʙʢʠ ʦʢʨʫʛʣʝʥʠʷ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʪʝʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʵʪʦ ʧʦʟʚʦʣʷʶʪ, ʘ ʪʘʢʞʝ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʝʩʣʠ ʦʥ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʷʭ, ʩʦʭʨʘʥʠʪʴ ʧʦ ʦʜʥʦʡ ʣʠʰʥʝʡ (ʟʘʧʘʩʥʦʡ) 

ʮʠʬʨʝ ʩʚʝʨʭ ʪʦʛʦ, ʯʪʦ ʪʨʝʙʫʶʪ ʧʨʘʚʠʣʘ 1...4. 

 

 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 0 

Ⱥɛɜɑɐɑɗɑəɔɑ ɛɗɚɞəɚɝɞɔ ɞɎɑɜɐɧɡ ɞɑɗ 
ɛɜɌɎɔɗɨəɚɕ ɏɑɚɘɑɞɜɔɣɑɝɖɚɕ ɠɚɜɘɧ ɔ ɜɌɝɣɑɞ 

ɛɚɏɜɑɤəɚɝɞɑɕ 

ʇʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

1) ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ 

2) ʤʠʢʨʦʤʝʪʨ 

3) ʪʝʭʥʠʯʝʩʢʠʝ ʚʝʩʳ 

4) ʨʘʟʥʦʚʝʩʢʠ 

5) ʧʦʣʳʡ ʮʠʣʠʥʜʨ, ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʥʘ, ʠʣʠ ʮʠʣʠʥʜʨ 

ʧʝʨʝʤʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ. 
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ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ʇʣʦʪʥʦʩʪʴʶ ʪʝʣʘ ʥʘʟʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, ʠʟʤʝʨʷʝʤʘʷ ʤʘʩʩʦʡ 

ʚʝʱʝʩʪʚʘ, ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʪʝʣʘ. 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

 ,
V

m
 (0.32) 

ʛʜʝ m - ʤʘʩʩʘ ʪʝʣʘ, V - ʦʙʲʝʤ ʪʝʣʘ. ɽʜʠʥʠʮʝʡ ʧʣʦʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 1 

ʢʛ/ʤ
3
. 

ʄʘʩʩʘ - ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʝʝ ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʜʠʥʘʤʠʢʠ ʅʴʶʪʦʥʘ 

 amF
CC

 (0.33) 

ʤʘʩʩʘ ʪʝʣʘ m ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ 

ʩʠʣʦʡ F
C
, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʝʣʦ, ʠ ʫʩʢʦʨʝʥʠʝʤ a

C
, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪ ʪʝʣʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʡ ʩʠʣʳ. ʏʝʤ ʙʦʣʴʰʝ ʤʘʩʩʘ ʪʝʣʘ, ʪʝʤ ʤʝʥʴʰʝ 

ʫʩʢʦʨʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʥʦ ʧʨʠʦʙʨʝʪʘʝʪ, ʪʦ ʝʩʪʴ ʯʝʤ ʙʦʣʴʰʝ ʤʘʩʩʘ, ʪʝʤ 

ʙʦʣʴʰʝ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʝʥʠ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ. ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʠʥʝʨʪʥʦʩʪʴ, ʢʘʢ 

ʩʚʦʡʩʪʚʦ ʪʝʣ: ʩʢʦʨʦʩʪʴ ʣʶʙʦʛʦ ʪʝʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ 

ʤʛʥʦʚʝʥʥʦ, ʚʩʝʛʜʘ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʪʦ ʝʩʪʴ ʤʘʩʩʘ 

ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʠʥʝʨʪʥʦʩʪʠ ʪʝʣʘ, ʠ ʧʦʵʪʦʤʫ ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʠʥʝʨʪʥʦʡ 

ʤʘʩʩʦʡ. 

ʄʘʩʩʘ ʝʩʪʴ ʚʝʣʠʯʠʥʘ, ʦʙʣʘʜʘʶʱʘʷ ʩʚʦʡʩʪʚʦʤ ʘʜʜʠʪʠʚʥʦʩʪʠ: ʝʩʣʠ 

ʠʟʚʝʩʪʥʳ ʤʘʩʩʳ ʯʘʩʪʝʡ ʪʝʣʘ m1, m2, m3, ... , ʪʦ ʤʘʩʩʘ ʵʪʦʛʦ ʪʝʣʘ ʙʫʜʝʪ 

ʨʘʚʥʘ ʠʭ ʩʫʤʤʝ: 

 m = m1 + m2 + m3 + ...  . (0.34) 

ʄʘʩʩʘ - ʚʝʣʠʯʠʥʘ ʩʢʘʣʷʨʥʘʷ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝ ʪʦʣʴʢʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣʘ ʧʨʠʦʙʨʝʪʘʪʴ ʫʩʢʦʨʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʥʝʛʦ ʜʨʫʛʦʛʦ ʪʝʣʘ, ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʝʨʦʡ ʠʥʝʨʪʥʦʩʪʠ ʪʝʣʘ, 

ʥʦ ʠ ʤʝʨʦʡ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʚ ʥʝʤ. 

ʅʘʨʷʜʫ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʚʳʰʝ ʩʚʦʡʩʪʚʘʤʠ ʤʘʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʣ. ɺ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ ʅʴʶʪʦʥʘ ʤʘʩʩʘ 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ. ʂʘʞʜʦʝ ʪʝʣʦ ʩʦʟʜʘʝʪ ʧʦʣʝ 

ʪʷʛʦʪʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʤʘʩʩʝ ʪʝʣʘ, ʠ ʠʩʧʳʪʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʣʷ 

ʪʷʛʦʪʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʨʫʛʠʤʠ ʪʝʣʘʤʠ, ʩʠʣʘ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʘʩʩʝ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, ʜʚʝ 

ʪʦʯʝʯʥʳʝ ʤʘʩʩʳ m1 ʠ m2 ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʩʠʣʦʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʠʭ ʤʘʩʩʘʤ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʚʘʜʨʘʪʫ 

ʨʘʩʩʪʦʷʥʠʷ r ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʤʘʩʩ: 
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 ,
r

mm
F

2
21

C
 (0.35) 

ʛʜʝ  - ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʦʧʳʪʥʳʤ ʧʫʪʝʤ, 

ʨʘʚʥʘʷ 6.6710
ï11

 ʤ
3
/(ʢʛʩ

2
). 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ ʷʚʣʷʝʪʩʷ ʩʠʣʘ ʪʷʞʝʩʪʠ 

0mgF . ʆʙʦʟʥʘʯʠʤ ʤʘʩʩʫ ɿʝʤʣʠ ʄ, ʝʝ ʨʘʜʠʫʩ R, ʤʘʩʩʫ ʜʘʥʥʦʛʦ ʪʝʣʘ 

m, ʪʦʛʜʘ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʝʣʦ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʦ 

ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

 ,mg
R

Mm
F 02

 (0.36) 

ʛʜʝ 
20

R

M
g  ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʠʥʝʨʪʥʘʷ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʳ ʯʠʩʣʝʥʥʦ ʨʘʚʥʳ. 

ʉʠʣʫ ʪʷʞʝʩʪʠ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʥʘ ʚʝʩʘʭ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 

ʚʝʩʫ ʪʝʣʘ. ɺʝʩʦʤ ʪʝʣʘ ʥʘʟʳʚʘʶʪ ʩʠʣʫ, ʩ ʢʦʪʦʨʦʡ ʪʝʣʦ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ 

ʧʨʠʪʷʞʝʥʠʷ ʢ ɿʝʤʣʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʩʚʷʟʴ (ʦʧʦʨʫ ʠʣʠ ʧʦʜʚʝʩ). ʇʦʵʪʦʤʫ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʤʘʩʩʫ ʪʝʣʘ ʚʟʚʝʰʠʚʘʥʠʝʤ ʥʘ ʨʳʯʘʞʥʳʭ ʚʝʩʘʭ. ʅʘ 

ʨʳʯʘʞʥʳʭ ʚʝʩʘʭ ʩʨʘʚʥʠʚʘʶʪ ʚʝʩʘ ʪʝʣʘ ʠ ʨʘʟʥʦʚʝʩʢʦʚ. ʂʦʛʜʘ ʚʝʩʳ 

ʫʨʘʚʥʦʚʝʰʝʥʳ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚʝʩ ʪʝʣʘ ʨʘʚʝʥ ʚʝʩʫ 

ʨʘʟʥʦʚʝʩʢʦʚ. ʅʦ ʝʩʣʠ ʨʘʚʥʳ ʚʝʩʘ, ʪʦ ʨʘʚʥʳ ʠ ʠʭ ʤʘʩʩʳ. ʊʘʢ ʢʘʢ ʥʘ 

ʨʘʟʥʦʚʝʩʢʘʭ ʫʢʘʟʘʥʳ ʠʤʝʥʥʦ ʤʘʩʩʳ, ʪʦ ʤʘʩʩʫ ʪʝʣʘ ʤʳ ʦʧʨʝʜʝʣʷʝʤ, 

ʧʨʦʩʪʦ ʩʣʦʞʠʚ ʯʠʩʣʘ, ʫʢʘʟʘʥʥʳʝ ʥʘ ʨʘʟʥʦʚʝʩʢʘʭ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

I. ʊʝʣʦ - ʧʦʣʳʡ ʮʠʣʠʥʜʨ (ʨʠʩ.0.10). 

ʇʣʦʪʥʦʩʪʴ  ʚʝʱʝʩʪʚʘ ʮʠʣʠʥʜʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

 .
h)dD(

m4

V

m
22

 (0.37) 

 h 

d D 
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     1. ʆʧʨʝʜʝʣʠʪʴ ʠʩʧʨʘʚʥʦʩʪʴ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʚʝʩʪʠ ʚ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʝʛʦ ʛʫʙʢʠ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʩʦʚʧʘʜʝʥʠʠ ʥʫʣʝʚʦʡ ʪʦʯʢʠ 

ʥʦʥʠʫʩʘ ʩ ʥʫʣʝʤ ʤʘʩʰʪʘʙʥʦʡ ʣʠʥʝʡʢʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ. 

2. ʀʟʤʝʨʠʪʴ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʚʳʩʦʪʫ h, ʥʘʨʫʞʥʳʡ D ʠ ʚʥʫʪʨʝʥʥʠʡ 

d ʜʠʘʤʝʪʨʳ ʮʠʣʠʥʜʨʘ 3...5 ʨʘʟ ʚ ʨʘʟʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ m ʮʠʣʠʥʜʨʘ ʪʨʝʭʢʨʘʪʥʳʤ ʚʟʚʝʰʠʚʘʥʠʝʤ ʥʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʝʩʘʭ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣ.0.3. 

5. ɺʳʯʠʩʣʠʪʴ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ  ʚʝʱʝʩʪʚʘ ʧʦ ʬʦʨʤʫʣʝ 

 ,
h)dD(

m4
22

 (0.38) 

ʛʜʝ D,d,m  ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ. 

ʇʣʦʪʥʦʩʪʴ ʥʘʭʦʜʠʪʴ ʚ ʛ/ʩʤ
3
 ʠ ʢʛ/ʤ

3
. 

6. ɺʳʯʠʩʣʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (0.17) ʠ (0.18). 

 

II . ʊʝʣʦ - ʩʧʣʦʰʥʦʡ ʮʠʣʠʥʜʨ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ (ʨʠʩ.0.11). 

ʇʣʦʪʥʦʩʪʴ  ʚʝʱʝʩʪʚʘ ʮʠʣʠʥʜʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 .
)hdhD(

m4

V

m

2
2

1
2

 (0.39) 

1. ʇʨʦʚʝʨʠʪʴ ʠʩʧʨʘʚʥʦʩʪʴ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʚʝʩʪʠ ʚ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʝʛʦ ʛʫʙʢʠ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʩʦʚʧʘʜʝʥʠʠ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ 

ʥʦʥʠʫʩʘ ʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ. 

2. ʀʟʤʝʨʠʪʴ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʜʠʘʤʝʪʨʳ D ʠ d ʠ ʚʳʩʦʪʳ h1 ʠ h2  ʪʨʠ 

ʨʘʟʘ ʚ ʨʘʟʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣ.0.4. 

3. ʊʨʝʭʢʨʘʪʥʳʤ (ʤʝʥʷʷ ʯʘʰʢʠ ʚʝʩʦʚ) ʚʟʚʝʰʠʚʘʥʠʝʤ ʦʧʨʝʜʝʣʠʪʴ 

ʤʘʩʩʫ ʮʠʣʠʥʜʨʘ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʚʝʩʦʚ. 

4. ɺʳʯʠʩʣʠʪʴ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʮʠʣʠʥʜʨʘ ʧʦ ʬʦʨʤʫʣʝ 

 

D d 

h1 h2 
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)hdhD(

m4

2
2

1
2

 (0.40) 

ʛʜʝ 21 h,h,D,d,m  ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ. 

ʇʣʦʪʥʦʩʪʴ ʥʘʭʦʜʠʪʴ ʚ ʛ/ʩʤ
3
 ʠ ʢʛ/ʤ

3
. 

5. ɺʳʯʠʩʣʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʬʦʨʤʫʣʘʤ (0.17) ʠ (0.18). 

 

ʐ. ʊʝʣʦ - ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʥʘ (ʨʠʩ.0.12).  

ʇʣʦʪʥʦʩʪʴ  ʚʝʱʝʩʪʚʘ ʧʣʘʩʪʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 
hbL

m

V

m
. (0.41) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʧʦʣʴʟʫʶʪʩʷ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʠ ʤʠʢʨʦʤʝʪʨʦʤ. 

1. ʀʟʤʝʨʠʪʴ ʜʣʠʥʫ L ʠ ʰʠʨʠʥʫ b ʧʣʘʩʪʠʥʳ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ (ʚ 

ʨʘʟʥʳʭ ʩʝʯʝʥʠʷʭ). 

2. ʇʨʦʚʝʨʠʪʴ ʠʩʧʨʘʚʥʦʩʪʴ ʤʠʢʨʦʤʝʪʨʘ. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʢʦʥʝʮ 4 

ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʠʥʪʘ ʩʦʚʤʝʩʪʠʪʴ ʩ ʫʧʦʨʦʤ 3 ʠ ʚʳʷʩʥʠʪʴ, 

ʩʦʚʧʘʜʘʝʪ ʣʠ ʥʫʣʝʚʦʝ ʜʝʣʝʥʠʝ ʦʩʥʦʚʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʰʢʘʣʳ ʩ 

ʥʫʣʝʚʳʤ ʜʝʣʝʥʠʝʤ ʢʨʫʛʦʚʦʡ ʰʢʘʣʳ (ʨʠʩ.0.4). 

3. ʆʧʨʝʜʝʣʠʪʴ ʮʝʥʫ ʜʝʣʝʥʠʷ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʠʥʪʘ ʠ ʢʨʫʛʦʚʦʡ 

ʰʢʘʣʳ. 

4. ʀʟʤʝʨʠʪʴ ʤʠʢʨʦʤʝʪʨʦʤ ʪʦʣʱʠʥʫ h ʧʣʘʩʪʠʥʳ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣ.0.5. 

6. ʂʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ ʧʦʚʪʦʨʠʪʴ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟ. 

7. ʇʦʣʴʟʫʷʩʴ ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʝʩʘʤʠ, ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ ʧʣʘʩʪʠʥʢʠ 

(ʪʨʝʭʢʨʘʪʥʳʤ ʚʟʚʝʰʠʚʘʥʠʝʤ). 

8. ɺʳʯʠʩʣʠʪʴ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ ʢʘʢ 

 ,
hbL

m
 (0.42) 

ʛʜʝ h,b,L,m  ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ. 

ʇʣʦʪʥʦʩʪʴ ʥʘʭʦʜʷʪ ʚ ʛ/ʩʤ
3
 ʠ ʢʛ/ʤ

3
. 

 L 
h 

b 
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9. ɺʳʯʠʩʣʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (0.17) ʠ (0.18). 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʀʥʝʨʪʥʘʷ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ. ʉʚʦʡʩʪʚʦ ʘʜʜʠʪʠʚʥʦʩʪʠ ʤʘʩʩʳ. 

2. ʂʘʢ ʠʟʤʝʨʷʝʪʩʷ ʤʘʩʩʘ ʪʝʣʘ ʚ ʨʘʙʦʪʝ? 

3. ʏʪʦ ʪʘʢʦʝ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ? ʂʘʢʦʚʘ ʝʝ ʨʘʟʤʝʨʥʦʩʪʴ? 

 

Ȯɚɛɜɚɝɧ ɛɚ ɜɌɓɐɑɗɟ 
1. ʂʘʢ ʠʟʤʝʨʠʪʴ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʩ ʧʦʤʦʱʴʶ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʠ 

ʤʠʢʨʦʤʝʪʨʘ? 

2. ʏʪʦ ʪʘʢʦʝ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ? 

3. ɼʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʫʙʦʡ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʠ ʩʣʫʯʘʡʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

4. ʏʪʦ ʪʘʢʦʝ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ? 

5. ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ? 

6. ʂʘʢʘʷ ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʝʪ ʟʘʢʦʥ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ? ʇʨʠʚʝʩʪʠ ʛʨʘʬʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

7. ʏʪʦ ʪʘʢʦʝ ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ? ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʢʨʠʚʦʡ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʜʣʷ ʟʘʜʘʥʥʦʛʦ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ? 

8. ʂʘʢ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ? 

9. ʂʦʛʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʪʴʶʜʝʥʪʘ? ʂʘʢ ʩ ʝʛʦ ʧʦʤʦʱʴʶ 

ʦʧʨʝʜʝʣʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʛʨʘʥʠʮʫ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ? 

10. ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʛʨʘʥʠʮʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ? 

11. ʆʪ ʯʝʛʦ ʟʘʚʠʩʷʪ ʧʨʠʙʦʨʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ? 

12. ʂʘʢ ʨʘʩʩʯʠʪʘʪʴ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʛʨʘʥʠʮʫ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ? 

13. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ? 

14. ʂʘʢʦʤʫ ʢʨʠʪʝʨʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʛʨʘʬʠʢ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ 

ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ? 

15. ʂʘʢ ʟʘʚʠʩʠʪ ʛʨʘʥʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʫʛʣʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ k 

ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʢ ʦʩʠ ʆʍ ʦʪ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ y? 

16. ʂʘʢʦʚʳ ʧʫʪʠ ʫʤʝʥʴʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ k ʠ b ʧʨʠ ʛʨʘʬʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ? 
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ʈ ɸ ɿ ɼ ɽ ʃ  1 

ȰɔəɌɘɔɖɌ ɛɚɝɞɟɛɌɞɑɗɨəɚɏɚ ɐɎɔɒɑəɔɫ 
ɘɌɞɑɜɔɌɗɨəɚɕ ɞɚɣɖɔ. ȳɌɖɚəɧ ɝɚɡɜɌəɑəɔɫ 

ɔɘɛɟɗɨɝɌ ɔ ɩəɑɜɏɔɔ 

1.1 ɼʠʥʘʤʠʢʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ.                        

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

ʇʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. 

ʊʝʣʦ (ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ) ʩʦʭʨʘʥʷʝʪ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ ʠʣʠ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʦʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʪʝʣ ʠʣʠ ʧʦʣʝʡ ʥʝ ʚʳʚʝʜʫʪ ʝʛʦ ʠʟ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʄʝʨʦʡ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʩʠʣʘ. ʕʪʦʪ ʟʘʢʦʥ ʥʘʟʳʚʘʶʪ ʟʘʢʦʥʦʤ 

ʠʥʝʨʮʠʠ. ʆʥ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. 

ʉʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʧʦʢʦʷʱʘʷʩʷ ʠʣʠ ʜʚʠʞʫʱʘʷʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ 

ʧʨʷʤʦʣʠʥʝʡʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʘʤʘ ʷʚʣʷʝʪʩʷ 

ʠʥʝʨʮʠʘʣʴʥʦʡ. 

ʉʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʘʷ ʩ ɿʝʤʣʝʡ ʥʝʠʥʝʨʮʠʘʣʴʥʘ ʟʘ ʩʯʝʪ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ɺʣʠʷʥʠʝ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʥʝʚʝʣʠʢʦ, ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʟʝʤʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ 

ʠʥʝʨʮʠʘʣʴʥʦʡ. 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. 

ʋʧʦʤʷʥʫʪʘʷ ʚ ʧʝʨʚʦʤ ʟʘʢʦʥʝ ʩʠʣʘ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʦʡ )F(
C

. 

ʅʘ ʪʝʣʦ (ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ) ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ (k) cʠʣ. 

ʊʦʛʜʘ ʠʭ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʨʘʚʥʘ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡR. ʅʘʧʨʠʤʝʨ 

(ʩʤ. ʨʠʩ.1.1 ʠ ʨʠʩ.1.2): 

 4321 FFFFR
CCCCC

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

 
k

1i
iFR
CC

 (1.1) 

 

4F
C

 

3F
C

 

2F
C

 

1F
C

 

ȼɔɝ. 1.1 
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C
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C

 

2F
C
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C

 

R
C

 

ȼɔɝ. 1.2 
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ʇʨʦʝʢʮʠʠ ʵʪʦʡ ʩʠʣʳ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ 

 

.kFR

,jFR

,iFR

k

1i
iz

k

1i
iy

k

1i
ix

z

y

x

CC

CC

CC

 (1.2) 

ʛʜʝ k,j,i
CCC

 - ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ (ʦʨʪʳ). 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ (ʪʝʣ) ʩʠʣʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʯʝʢ ʤʝʞʜʫ ʩʦʙʦʡ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʜʣʷ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʦʯʢʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ 

ʪʝʣ ʥʘʟʳʚʘʶʪʩʷ ʚʥʝʰʥʠʤʠ. 

ʂʨʦʤʝ ʫʧʦʤʷʥʫʪʦʛʦ ʚʳʰʝ (0.33) ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ 

ʅʴʶʪʦʥʘ, ʚʪʦʨʦʡ ʟʘʢʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ: 

 ,
dt

pd
F

CC
 (1.3) 

ʟʜʝʩʴ vmp
CC

 - ʠʤʧʫʣʴʩ (ʢʦʣʠʯʝʩʪʚʦ ʜʚʠʞʝʥʠʷ) - ʤʝʨʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ ʪʝʣʘ (ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ). 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʟʘʢʦʥʘ: ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʠʤʧʫʣʴʩʘ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʨʘʚʥʘ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʥʝʝ ʩʠʣʝ.  

ɿʘʢʦʥ (1.3) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 ).vm(dpddtF
CCC

 (1.4) 

ɿʜʝʩʴ dtF
C

 - ʠʤʧʫʣʴʩ ʩʠʣʳ. 

ʊʦʛʜʘ ʠʤʧʫʣʴʩ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʝʣʦ ʩʠʣʳ ʨʘʚʝʥ ʠʟʤʝʥʝʥʠʶ  

ʠʤʧʫʣʴʩʘ ʪʝʣʘ. 

ʉʦʛʣʘʩʥʦ (1.3) ;
dt

)vm(d
F

CC
 ʝʩʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ m = const, ʪʦ 

;am
dt

vd
mF

C
CC

 ʠ ʤʳ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ (0.33), ʠʟʚʝʩʪʥʦʝ ʢʘʢ 

ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

(ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ). ɺ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʦʥʦ 

ʚʳʛʣʷʜʠʪ ʢʘʢ 

 

.Fkzm

;Fjym

;Fixm

z

y

x

CC
##

CC
##

CC
##

 (1.5) 
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ɽʩʣʠ ʥʘ ʩʠʩʪʝʤʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ 

ʚʥʝʰʥʠʭ ʩʠʣ, ʪʦ ʚ ʦʩʥʦʚʥʦʤ ʫʨʘʚʥʝʥʠʠ ʜʠʥʘʤʠʢʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ RF
CC
(ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ), ʠ ʘ

C
 - ʫʩʢʦʨʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ 

ʩʠʩʪʝʤʳ: 

 .ʤ.ʮamR
CC

 (1.6) 

ɽʩʣʠ ʩʠʩʪʝʤʘ ʪʝʣ (ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ) ʟʘʤʢʥʫʪʘ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ, ʪʦ ʝʩʪʴ ʩʫʤʤʘ ʚʥʝʰʥʠʭ ʜʣʷ ʩʠʩʪʝʤʳ ʩʠʣ ʨʘʚʥʘ 0R
C

, 

ʧʦʣʫʯʘʝʤ 

 
n

1i
ii

ʩʠʩʪʝʤʳ

.constvmp

;0)p(
dt

d

CC

C

 (1.7) 

mi, iv
C

 - ʤʘʩʩʘ ʠ ʩʢʦʨʦʩʪʴ i-ʛʦ ʪʝʣʘ ʩʠʩʪʝʤʳ. 

ʕʪʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʨʦʝʢʮʠʠ ʠʤʧʫʣʴʩʘ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ zyx p,p,p
CCC

:                

 ipp xx

CC
,  jpp yy

CC
,  kpp zz

CC
; 

 

.constvmp

,constvmp

,constvmp

n

1i
iiz

n

1i
iiy

n

1i
iix

z

y

x

 (1.8) 

ʊʨʝʪʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. 

ɼʚʘ ʪʝʣʘ (ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ) ʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩ ʩʠʣʘʤʠ, 

ʢʦʪʦʨʳʝ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ ʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ 

ʚʜʦʣʴ ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʵʪʠ ʪʦʯʢʠ 

 .2112 FF
CC

 (1.9) 

ʉʠʣʳ 12F
C

 ʠ 21F
C

 ʧʨʠʣʦʞʝʥʳ ʢ ʨʘʟʥʳʤ ʪʝʣʘʤ. 

ʀʟ ʪʨʝʪʴʝʛʦ ʟʘʢʦʥʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʟʘʤʢʥʫʪʦʡ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ʩʠʩʪʝʤʝ ʩʫʤʤʘ ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ 

ʩʠʩʪʝʤʳ) ʨʘʚʥʘ ʥʫʣʶ:  

 
n

1i

n

1k
ik 0F
C

 (1.10) 

ʛʜʝ n - ʯʠʩʣʦ ʪʝʣ ʩʠʩʪʝʤʳ.  
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1.2 ʕʥʝʨʛʠʷ, ʨʘʙʦʪʘ, ʤʦʱʥʦʩʪʴ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ  

ʈʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʤʦʛʫʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʜʨʫʛ ʚ 

ʜʨʫʛʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʚʚʝʜʝʥʘ ʝʜʠʥʘʷ ʤʝʨʘ, ʥʘʟʳʚʘʝʤʘʷ 

ʵʥʝʨʛʠʝʡ (ɽ). 

ʂ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪʥʦʩʷʪ ʜʚʘ ʚʠʜʘ ʵʥʝʨʛʠʠ - ʢʠʥʝʪʠʯʝʩʢʫʶ 

(K) ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ (U). 

ʇʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʤʘʩʩʦʡ 

m, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v ʨʘʚʥʘ 

 .
2

mv
K

2

 (1.11) 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʘʚʥʘ ʩʫʤʤʝ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʚʩʝʭ ʯʘʩʪʝʡ ʵʪʦʡ ʩʠʩʪʝʤʳ 

 
n

1i

2
ii

n

1i
iʩʠʩʪʝʤʳ .

2

vm
KK  (1.12) 

n - ʯʠʩʣʦ ʪʝʣ (ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ) ʩʠʩʪʝʤʳ. 

ʀʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʨʘʚʥʦ ʨʘʙʦʪʝ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʪʫ ʩʠʩʪʝʤʫ ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʪʝʣ ʠʣʠ ʧʦʣʝʡ: 

 dK = ɸ (1.13) 

ʈʘʙʦʪʘ ʝʩʪʴ ʤʝʨʘ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʈʘʙʦʪʘ ʩʠʣʳ F
C

 

ʥʘ ʵʣʝʤʝʥʪʘʨʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ rd
C

 

 .rdFA
CC

 (1.14) 

ʈʘʙʦʪʘ - ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʷʚʣʷʶʱʘʷʩʷ ʬʫʥʢʮʠʝʡ ʧʨʦʮʝʩʩʘ. 

ʆʪʩʶʜʘ: ʬʫʥʢʮʠʦʥʘʣ (ɸ). 

ʊʘʢ ʢʘʢ dsrd
C

 - ʵʣʝʤʝʥʪʘʨʥʳʡ ʧʫʪʴ, ʪʦ 

 ɸ = F dScos  = Fs dS (1.15) 

ʛʜʝ Fs - ʧʨʦʝʢʮʠʷ ʩʠʣʳ  F
C

 ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ rd
C

,  - ʫʛʦʣ 

ʤʝʞʜʫ F
C

 ʠ rd
C

. 

ɽʩʣʠ ʧʦʣʦʞʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʪʦʯʝʢ ʜʚʠʞʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ r1 ʠ r2, ʪʦ 

 ,dSFrdFA
S

0
s

r

r

2

1

CC
 (1.16) 

ʛʜʝ S - ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ ʪʨʘʝʢʪʦʨʠʠ ʪʝʣʘ. 
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ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʦʨʦʩʪʠ ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ, ʪʦ ʝʩʪʴ ʨʘʙʦʪʳ, 

ʩʦʚʝʨʰʘʝʤʦʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʤʦʱʥʦʩʪʠ. 

ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ: 

 ;
dt

A
N  (1.17) 

ʊʘʢ ʢʘʢ ,dtvFrdFɸ
CCCC

 ʪʦ 

 ,vFN
CC

 (1.18) 

ʪʦ ʝʩʪʴ ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ ʩʢʘʣʷʨʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ 

ʢ ʪʝʣʫ (ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʝ) ʥʘ ʩʢʦʨʦʩʪʴ ʪʝʣʘ. ʄʦʱʥʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʚʘʪʪʘʭ. 

ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ: 

 ,
t

A
N  (1.19) 

ʛʜʝ t - ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ɸ. 

ɽʩʣʠ ʨʘʙʦʪʘ ʩʠʣ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʥʘʯʘʣʴʥʳʭ ʠ ʢʦʥʝʯʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʪʦʯʝʢ ʠʭ ʧʨʠʣʦʞʝʥʠʷ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʠ ʦʪ ʟʘʢʦʥʘ 

ʜʚʠʞʝʥʠʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʪʦ ʪʘʢʠʝ ʩʠʣʳ ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ, 

ʘ ʧʦʣʝ ʧʦʪʝʥʮʠʘʣʴʥʳʤ. 

ɺ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʝ (ʨʠʩ.1.3) 

                      .)ɸ()ɸ( b12ʘ12                       (1.20) 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʪʝʣʘ (ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ) ʧʦ 

ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʝ 

              .0rdF
L

CC
                        (1.21) 

ʈʘʙʦʪʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʝ ʩʦʚʝʨʰʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʵʥʝʨʛʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʷ ʧʫʪʝʤ ʝʝ ʫʙʳʣʠ: 

 ɸ = ïdU. (1.22) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ (m = const): 

                                
2

mv
dmvdvvdt

dt

dv
mdSFɸ

2

s  (1.23) 

ʇʦʣʫʯʘʝʤ 

                               0.U
2

mv
dɔɗɔdU;

2

mv
d

22

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

 .constUK  (1.24) 

 

1 

2 ʘ 

b 
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ʕʪʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʚ 

ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʝ, ʪ.ʝ. ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ, ʢ 

ʢʦʪʦʨʳʤ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪʩʷ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʨʝʥʠʷ. 

ʇʨʠʤʝʨ: ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ (ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ) ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʩʠʣʦʚʦʤ ʧʦʣʝ. ʅʘ ʪʦʯʢʫ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʷ ʜʝʡʩʪʚʫʝʪ ʩʠʣa 

F
C
, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʦʩʠ OY 

 .dyFrdFAdU y

CC
 

ʊʦʛʜʘ 

 ),0(UyFU y  (1.25) 

ʛʜʝ U(0) - ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚ ʪʦʯʢʝ y = 0. 

ɽʩʣʠ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʤʘʩʩʦʡ m ʥʘʭʦʜʠʪʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʧʦʣʝ, ʪʦ ʩʠʣʘ yF  - cʠʣʘ ʪʷʞʝʩʪʠ: 

 ,mgFy  

ʪʦʛʜʘ 

 U = mgy + U(0). (1.26) 

ɺ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ y = h, ʛʜʝ h - ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ 

ʥʘʜ ʫʨʦʚʥʝʤ h = 0. 

 U = mgh + U(0). (1.27) 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʪʝʣʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ 

ɿʝʤʣʠ: 

 .constmgh
2

mv
UK

2

 (1.28) 

 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 25(ʬ) 

Ⱥɛɜɑɐɑɗɑəɔɑ ɖɚɩɠɠɔɢɔɑəɞɌ ɝɚɛɜɚɞɔɎɗɑəɔɫ 
ɒɔɐɖɚɕ ɝɜɑɐɧ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʪʝʣʘ ʚ 

ʞʠʜʢʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʪʝʣʘ. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ʅʘ ʪʚʝʨʜʳʡ ʰʘʨʠʢ, ʦʧʫʩʢʘʶʱʠʡʩʷ 

ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʜʝʡʩʪʚʫʶʪ ʪʨʠ 

ʩʠʣʳ (ʨʠʩ.1.4): ʩʠʣʘ ʪʷʞʝʩʪʠ 

          gVgmF ʰT

CCC
, 

ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ ɸʨʭʠʤʝʜʘ Fɸ ʠ 

ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 

ʰʘʨʠʢʘ Fʉ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʠʣʘʤʠ 
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Y 

AF
C

 

CF
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ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

ʉʠʣʘ ɸʨʭʠʤʝʜʘ Fɸ. 

ʅʘ ʪʝʣʦ, ʧʦʛʨʫʞʝʥʥʦʝ ʚ ʞʠʜʢʦʩʪʴ 

ʧʣʦʪʥʦʩʪʴʶ 0, ʩʦ ʩʪʦʨʦʥʳ ʞʠʜʢʦʩʪʠ 

ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʠ ʧʨʠʣʦʞʝʥʥʘʷ ʢ 

ʮʝʥʪʨʫ ʪʷʞʝʩʪʠ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ 

ʪʝʣʘ (ʩʠʣʘ ɸʨʭʠʤʝʜʘ), ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ.1.5. 

         ,gVF 0A

CC
                  (1.29) 

ʛʜʝ V - ʦʙʲʝʤ ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʞʠʜʢʦʩʪʴ 

ʪʝʣʘ, g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ. 

ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ FC. 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʚʷʟʢʦʡ ʩʨʝʜʳ 

(ʞʠʜʢʦʩʪʴ, ʛʘʟ) ʥʘ ʪʝʣʦ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠ ʤʘʣʳʭ 

ʩʢʦʨʦʩʪʷʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ 

ʪʝʣʘ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʪʝʣʘ (ʨʠʩ.1.6): 

 ,vrFC

CC
 (1.30) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ r (ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʨʝʜʳ) ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ, ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʪʝʣʘ ʠ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, 

ʚ ʢʦʪʦʨʦʡ ʦʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ r ʯʠʩʣʝʥʥʦ 

ʨʘʚʝʥ ʩʠʣʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʝʜʠʥʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ʈʘʟʤʝʨʥʦʩʪʴ r: 

 .
c

kʛ

ʤc

cʤkʛ

]v[

]F[
]r[

2
 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ ʨʘʜʠʫʩʦʤ R  h ʚ ʞʠʜʢʦʩʪʠ (ʚʪʦʨʦʡ 

ʟʘʢʦʥ ʅʴʶʪʦʥʘ), ʟʘʧʠʩʘʥʥʳʡ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ OY (ʨʠʩ.1.4) ʠʤʝʝʪ ʚʠʜ: 

 .rvgR
3

4
gR

3

4
ma 0

3
ʰʰ

3
ʰ  (1.31) 

ɿʜʝʩʴ  h- ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʰʘʨʠʢʘ, 0 - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. 

ɺʩʝ ʪʨʠ ʩʠʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1.31) 

ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʚʝʨʪʠʢʘʣʠ: ʩʠʣʘ ʪʷʞʝʩʪʠ - ʚʥʠʟ, ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ ʠ 

ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ - ʚʚʝʨʭ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʰʘʨʠʢ ʧʘʜʘʝʪ ʩ 

ʫʩʢʦʨʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴ ʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʩʠʣʘ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʠ v0, 

ʧʨʠ ʢʦʪʦʨʦʡ ʩʫʤʤʘ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʰʘʨʠʢ ʩʠʣ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 

ʥʫʣʶ, ʰʘʨʠʢ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʊʘʢʦʝ ʜʚʠʞʝʥʠʝ 

ʰʘʨʠʢʘ ʥʘʟʳʚʘʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (1.31) 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 .0rv)(gR
3

4
00ʰ

3
ʰ  (1.32) 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (1.32) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

r, ʧʦʣʫʯʘʝʤ 

 .
v3

)(gR4
r

0

0ʰ
3
ʰ  (1.33) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʰʘʨʠʢʘ ʚ ʞʠʜʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʨʘʟʤʝʨʳ ʰʘʨʠʢʘ, 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʰʘʨʠʢʘ ʠ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʰʘʨʠʢʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɺ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʫʜʘ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʭʦʜʠʪʩʷ ʠʩʩʣʝʜʫʝʤʘʷ ʞʠʜʢʦʩʪʴ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʢʣʷʥʥʳʡ ʮʠʣʠʥʜʨ 

(ʨʠʩ.1.7). ʉʥʘʨʫʞʠ ʮʠʣʠʥʜʨʘ ʫʢʨʝʧʣʝʥʳ 

ʢʦʣʴʮʝʚʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʤʝʪʢʠ 1 ʠ 2, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ L (ʚʝʨʭʥʷʷ ʤʝʪʢʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʠʞʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʥʘ (5...8) ʩʤ). 

ʎʠʣʠʥʜʨ ʫʢʨʝʧʣʝʥ ʥʘ ʧʦʜʩʪʘʚʢʝ, 

ʠʤʝʶʱʝʡ ʚʠʥʪʳ ʠ ʦʪʚʝʩ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʚʝʨʪʠʢʘʣʴʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. ɺʨʝʤʷ ʧʘʜʝʥʠʷ 

ʰʘʨʠʢʘ ʚ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʝʢʫʥʜʦʤʝʨʘ. ʇʣʦʪʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʰʘʨʠʢʘ ʠ ʞʠʜʢʦʩʪʠ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʧʦʜʩʪʘʚʢʝ.  

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

1. ʋʩʪʘʥʦʚʠʪʴ ʤʝʪʢʠ 1 ʠ 2 ʥʘ ʮʠʣʠʥʜʨʝ ʠ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʣʠʥʝʡʢʝ (ʛʣʘʟ ʥʘʙʣʶʜʘʪʝʣʷ ʧʨʠ ʦʪʩʯʝʪʝ ʧʦʣʦʞʝʥʠʷ 

ʤʝʪʦʢ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʜʥʦʡ ʛʦʨʠʟʦʥʪʘʣʠ ʩ ʤʝʪʢʦʡ). 

2. ʀʟʤʝʨʠʪʴ ʜʠʘʤʝʪʨ d ʢʘʞʜʦʛʦ ʰʘʨʠʢʘ ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʤʝʪʨʘ 

(ʠʣʠ ʜʘʥʥʳʝ  ʩʦʦʙʱʘʝʪ ʣʘʙʦʨʘʥʪ). ʆʙʳʯʥʦ ʩʪʫʜʝʥʪʳ ʧʦʣʫʯʘʶʪ ʪʨʠ 

ʧʘʨʳ ʰʘʨʠʢʦʚ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʜʠʫʩ ʰʘʨʠʢʘ .2dRʰ  

 ʦʪʚʝʨʩʪʠʝ ʜʣʷ 

ʰʘʨʠʢʦʚ 

(5ï8)ʩʤ 

L 
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3. ʆʧʫʩʪʠʪʴ ʰʘʨʠʢ ʚ ʞʠʜʢʦʩʪʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʦʩʠ ʮʠʣʠʥʜʨʘ ʠ ʩ 

ʧʦʤʦʱʴʶ ʩʝʢʫʥʜʦʤʝʨʘ ʠʟʤʝʨʠʪʴ ʚʨʝʤʷ ʧʘʜʝʥʠʷ ʰʘʨʠʢʘ ʤʝʞʜʫ 

ʤʝʪʢʘʤʠ 1 ʠ 2. ʆʧʳʪ ʩ ʰʘʨʠʢʦʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʜʠʘʤʝʪʨʘ ʧʦʚʪʦʨʠʪʴ 

ʜʚʘ ʨʘʟʘ. ʀʟʤʝʨʝʥʠʷ ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣ.1.1. 

  ʊʘʙʣʠʮʘ 1.1 
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4. ʀʟʤʝʨʝʥʠʷ ʧʦ ʧ.3 ʧʦʚʪʦʨʠʪʴ ʩ ʰʘʨʠʢʘʤʠ ʜʨʫʛʦʛʦ ʜʠʘʤʝʪʨʘ (ʝʱʝ 

ʜʚʘ-ʪʨʠ ʨʘʟʤʝʨʘ). 

5. ʇʦ ʬʦʨʤʫʣʝ tLv0  ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʜʚʠʞʝʥʠʷ ʢʘʞʜʦʛʦ ʰʘʨʠʢʘ. 

6. ɺʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʧʳʪʘ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ r  ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʟʤʝʨʘ ʰʘʨʠʢʘ. 

7. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʨʘʜʠʫʩʘ ʰʘʨʠʢʘ ).R(fr ʰ  

8. ɺʳʯʠʩʣʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʰʘʨʠʢʘ ʦʜʥʦʛʦ ʠʟ 

ʜʠʘʤʝʪʨʦʚ ʧʦ ʬʦʨʤʫʣʘʤ (0.17) ʠ (0.18). 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʩʠʣʦʡ ɸʨʭʠʤʝʜʘ? 

2. ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʪʝʣʘ ʚ ʞʠʜʢʦʩʪʠ (ʛʘʟʝ)? 

3. ʆʧʠʰʠʪʝ ʤʝʪʦʜʠʢʫ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

4. ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʠ ʦʩʥʦʚʥʦʤ 

ʫʯʘʩʪʢʘʭ. 



 42 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 5 

ȴɓɟɣɑəɔɑ ɟɛɜɟɏɚɏɚ ɟɐɌɜɌ ɤɌɜɚɎ 
ʎʝʣʴ ʨʘʙʦʪʳ: ʇʨʦʚʝʨʢʘ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʩʠʣʳ ʫʜʘʨʘ ʠ 

ʚʨʝʤʝʥʠ ʩʦʫʜʘʨʝʥʠʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʰʘʨʦʚ. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

  ʇʨʠ ʫʧʨʫʛʦʤ ʩʦʫʜʘʨʝʥʠʠ ʪʚʸʨʜʳʝ ʪʝʣʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʜʝʬʦʨʤʘʮʠʶ. 

ʇʨʠ ʵʪʦʤ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ ʫʜʘʨʘ ʯʘʩʪʠʯʥʦ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʠ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʪʝʣ. ɺʩʣʝʜ ʟʘ ʵʪʠʤ, ʚ 

ʟʘʚʝʨʰʘʶʱʝʡ ʬʘʟʝ ʫʜʘʨʘ, ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʵʪʠʭ ʪʝʣ.  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʷʚʣʝʥʠʷ ʩʦʫʜʘʨʝʥʠʷ ʨʝʘʣʴʥʳʭ ʪʚʸʨʜʳʭ ʪʝʣ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʘ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷ ʫʜʘʨʘ: ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ 

ʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʡ    ʫʜʘʨ. 

ʇʨʠ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ  ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝ 

ʚʦʟʥʠʢʘʝʪ, ʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ. ʇʦʩʣʝ ʫʜʘʨʘ ʪʝʣʘ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʠ ʜʚʠʞʫʪʩʷ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʘʢ ʝʜʠʥʦʝ ʪʚʝʨʜʦʝ 

ʪʝʣʦ ʠʣʠ ʧʦʢʦʷʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʶʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʠʤʧʫʣʴʩʘ ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʪʝʣ 

(ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ), ʥʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʇʨʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʤ ʫʜʘʨʝ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣ ʯʘʩʪʠʯʥʦ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʫʧʨʫʛʦʡ 

ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʪʦʤ ʦʧʷʪʴ ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʪʝʣ ʧʦʩʣʝ ʫʜʘʨʘ.  ɺ ʩʣʫʯʘʝ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ ʚʳʧʦʣʥʷʶʪʩʷ 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʪʝʣ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʤʢʥʫʪʦʡ. 

ɸʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʡ ʫʜʘʨ ʪʚʝʨʜʳʭ ʪʝʣ 

ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʠʟʘʮʠʝʡ, ʪʦ ʝʩʪʴ ʚ ʧʨʠʨʦʜʝ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʩʦʫʜʘʨʝʥʠʝ ʜʚʫʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʘʨʦʚ ʤʘʩʩʘʤʠ m1 ʠ m2, 

ʧʦʜʚʝʰʝʥʥʳʭ ʥʘ ʥʠʪʷʭ ʜʣʠʥʦʡ L, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.8. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʜʘʨ 

ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ, ʪ.ʝ. ʚ ʤʦʤʝʥʪ 

ʩʦʫʜʘʨʝʥʠʷ ʰʘʨʳ ʜʚʠʞʫʪʩʷ ʧʦ ʧʨʷʤʦʡ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʠʭ ʮʝʥʪʨʳ. 

 

01 

m2 

m1 

L 
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ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʰʘʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ. 

ɽʩʣʠ ʧʨʘʚʳʡ ʰʘʨ ʤʘʩʩʦʡ m1 ʦʪʢʣʦʥʠʪʴ ʥʘ ʫʛʦʣ 01 ʠ ʦʪʧʫʩʪʠʪʴ, ʪʦ ʢ 

ʤʦʤʝʥʪʫ ʩʦʫʜʘʨʝʥʠʷ ʝʛʦ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʣʝʚʳʤ ʰʘʨʦʤ 

ʦʥ ʨʘʟʦʚʴʝʪ ʩʢʦʨʦʩʪʴ v01. ʕʪʫ ʩʢʦʨʦʩʪʴ ʤʦʞʥʦ ʥʘʡʪʠ, ʟʘʧʠʩʘʚ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (1.28) ʜʣʷ ʧʝʨʚʦʛʦ ʰʘʨʘ 

 
2

vm
ghm

2
011

1 . (1.34) 

ʆʪʢʫʜʘ 

 gh2v01 , (1.35) 

ʛʜʝ h ï ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʮʝʥʪʨʘ ʤʘʩʩ ʰʘʨʘ 1 ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʝʛʦ ʥʘ ʫʛʦʣ 01.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ  

 
2

sinL2)cos1(Lh 012
01 , 

ʧʦʣʫʯʘʝʤ 

 
2

singL2v 012
01 . (1.36) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʫʜʘʨʝʥʠʷ ʰʘʨ 2 ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ v2, ʘ ʩʢʦʨʦʩʪʴ 

ʧʝʨʚʦʛʦ ʰʘʨʘ ʩʪʘʥʝʪ ʨʘʚʥʦʡ v1. ʕʪʠ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʥʘʡʪʠ ʪʘʢʞʝ ʠʟ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦ ʬʦʨʤʫʣʘʤ, ʘʥʘʣʦʛʠʯʥʳʤ (1.36) 

 

.
2

singL2v

;
2

singL2v

22
2

12
1

 (1.37) 

ɿʜʝʩʴ 1 ʠ 2 ï ʫʛʣʳ, ʥʘ ʢʦʪʦʨʳʝ ʦʪʢʣʦʥʷʪʩʷ, ʨʘʟʣʝʪʝʚʰʠʩʴ ʧʦʩʣʝ 

ʫʜʘʨʘ, ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʰʘʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɽʩʣʠ ʙʳ ʫʜʘʨ ʰʘʨʦʚ ʙʳʣ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʤ, ʪʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ (1.7) ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (1.28), 

ʠʤʝʣʠ ʙʳ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʘ 

 2211011 vmvmvm
CCC

 (1.38) 

 
2

vm

2

vm

2

vm 2
22

2
11

2
011  (1.39) 

ʈʝʘʣʴʥʳʝ ʰʘʨʳ, ʦʜʥʘʢʦ, ʥʝ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʦ ʫʧʨʫʛʠʤʠ, ʘ ʫʜʘʨ ï 

ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʤ. ʕʪʦ ʥʝ ʥʘʨʫʰʘʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

(1.38), ʥʦ ʜʝʣʘʝʪ ʥʝʩʧʨʘʚʝʜʣʠʚʳʤ ʨʘʚʝʥʩʪʚʦ ʩʫʤʤʘʨʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʥʝʨʛʠʡ ʰʘʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ (1.39). ʇʦʵʪʦʤʫ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʠʟʦʩʪʠ ʨʝʘʣʴʥʦʛʦ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ ʢ ʘʙʩʦʣʶʪʥʦ 

ʫʧʨʫʛʦʤʫ ʚʚʦʜʷʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ kc ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʥʝʨʛʠʠ k ,ɻ ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʳʨʘʞʝʥʠʷʤʠ: 



 44 
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c CC

CC

 (1.40) 

ʛʜʝ vr0, vr ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʰʘʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ; ʂ0, ʂ ï 

ʩʫʤʤʘʨʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ ʰʘʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ. 

ʇʫʩʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʦʧʳʪʝ m1 < m2.    ɺ ʵʪʦʤ ʩʣʫʯʘʝʤ ʰʘʨʳ ʧʦʩʣʝ 

ʫʜʘʨʘ ʜʚʠʞʫʪʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ (ʩʢʦʨʦʩʪʴ v1 ʥʘʧʨʘʚʣʝʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʩʢʦʨʦʩʪʷʤ v01, ʠ v2), ʘ ʩʢʦʨʦʩʪʴ ʚʪʦʨʦʛʦ ʰʘʨʘ ʜʦ ʫʜʘʨʘ 

v02 = 0. ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 

.
2

vm

2

vm
K;vvv

.0K,
2

vm
K;vv

2
22

2
11

12r

02

2
011

01010r

 (1.41) 

ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ (1.41) ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟ 

(1.40) ʠʤʝʝʤ 

 ;
v

vv
k

01

12
c  (1.42) 

             
2
011

2
22

2
11

ʵ
vm

vmvm
k . (1.43) 

ʉʨʝʜʥʷʷ ʩʠʣʘ ʫʜʘʨʘ ʰʘʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ 

ʅʴʶʪʦʥʘ (1.3) 

 
vm

F , (1.44) 

ʛʜʝ  - ʚʨʝʤʷ ʩʦʫʜʘʨʝʥʠʷ, v ï ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʰʘʨʦʚ ʟʘ 

ʵʪʦ ʚʨʝʤʷ. 

ɼʣʷ ʚʪʦʨʦʛʦ ʰʘʨʘ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ v02 = 0, ʧʦʵʪʦʤʫ 

 2022 vvvv
CC

. 

ʊʦʛʜʘ ʠʟ (1.44) ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʩʠʣʳ 

ʫʜʘʨʘ ʰʘʨʦʚ 

 22vm
F . (1.45) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɺ ʨʘʙʦʪʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ ʰʘʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʦʙʱʠʡ ʚʠʜ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.1.9. 
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ʂ ʰʪʘʪʠʚʫ 1 ʧʨʠʢʨʝʧʣʝʥʳ ʥʘ ʥʠʪʷʭ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʢʦʙʦʢ ʜʚʘ ʰʘʨʘ 2. ʋʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʧʦʜʚʝʩʦʚ ʦʪ ʚʝʨʪʠʢʘʣʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʰʢʘʣʝ 3. ʕʣʝʢʪʨʦʤʘʛʥʠʪ 4 ʩʣʫʞʠʪ ʜʣʷ ʫʜʝʨʞʘʥʠʷ 

ʦʜʥʦʛʦ ʠʟ ʰʘʨʦʚ ʚ ʦʪʢʣʦʥʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʕʣʝʢʪʨʦʤʘʛʥʠʪ ʤʦʞʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʜʦʣʴ ʰʢʘʣʳ 3. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪ ʠ ʩʦʝʜʠʥʝʥʥʳʝ ʪʦʥʢʠʤʠ ʧʨʦʚʦʜʘʤʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʩʢʦʙʢʘʤʠ ʢʣʝʤʤʳ ʚʝʨʭʥʝʛʦ ʢʨʦʥʰʪʝʡʥʘ 5 ʧʦʜʢʣʶʯʝʥʳ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ 

ʙʣʦʢʫ 6. ʕʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʨʝʤʝʥʠ ʩʦʫʜʘʨʝʥʠʷ ʰʘʨʦʚ. 

ʇʦʨʜ̫ʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

1. ɸʢʢʫʨʘʪʥʦ ʚʩʪʘʚʠʪʴ ʚ ʧʨʘʚʫʶ ʩʢʦʙʫ ʘʣʶʤʠʥʠʝʚʳʡ ʰʘʨ ʩʦ 

ʩʪʘʣʴʥʦʡ ʚʩʪʘʚʢʦʡ, ʘ ʚ ʣʝʚʫʶ ʩʢʦʙʫ ï ʩʪʘʣʴʥʦʡ ʠʣʠ ʣʘʪʫʥʥʳʡ ʰʘʨ. 

2. ʉ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʦʧʦʨ ʚʳʩʪʘʚʠʪʴ ʦʩʥʦʚʘʥʠʝ 

ʫʩʪʘʥʦʚʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʠʞʥʠʝ ʚʠʟʠʨʳ ʩʢʦʙ ʧʦʜʚʝʩʘ 

ʫʢʘʟʳʚʘʣʠ ʥʘ ʥʫʣʝʚʳʝ ʦʪʤʝʪʢʠ ʰʢʘʣʳ 3. 

3. ʆʪʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʰʘʨʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʜʦ ʩʦʚʤʝʱʝʥʠʷ ʚʝʨʭʥʠʭ ʚʠʟʠʨʦʚ ʩʢʦʙ 

ʧʦʜʚʝʩʘ. ʈʝʛʫʣʠʨʦʚʢʫ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥʳ ʧʦʜʚʝʩʘ ʰʘʨʦʚ, ʘ 

 

ʈʠʩ. 1.9 
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5     

6     
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ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚ ʢʨʝʧʣʝʥʠʷ ʥʠʪʝʡ ʥʘ ʚʝʨʭʥʝʤ 

ʢʨʦʥʰʪʝʡʥʝ. 

4. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚ ʟʘʛʦʣʦʚʢʝ ʪʘʙʣ.1.2 ʥʘʯʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʰʘʨʦʚ, ʦʪʩʯʠʪʘʥʥʳʝ  ʧʦ ʰʢʘʣʝ 3: ʆ1 ï ʜʣʷ ʧʨʘʚʦʛʦ ʰʘʨʘ ʠ ʆ2 ï ʜʣʷ 

ʣʝʚʦʛʦ ʰʘʨʘ. 

5. ʆʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʧʦʜʚʝʩʘ L (ʦʪ ʮʝʥʪʨʘ ʰʘʨʘ ʜʦ ʪʦʯʢʠ ʧʦʜʚʝʩʘ). 

6.  ʇʝʨʝʤʝʩʪʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʧʦ ʰʢʘʣʝ 3 ʚ ʢʨʘʡʥʝʝ ʧʨʘʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʝʛʦ. 

7. ɺʢʣʶʯʠʪʴ ʚ ʩʝʪʴ ʰʥʫʨ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ 6 ʠ ʥʘʞʘʪʴ 

ʢʣʘʚʠʰʫ çɺʢʣ. ʩʝʪʴè, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʟʘʜʥʝʡ ʧʘʥʝʣʠ ʙʣʦʢʘ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʥʘ ʪʘʙʣʦ ʠʥʜʠʢʘʮʠʠ ʚʳʩʚʝʪʷʪʩʷ ʥʫʣʠ, ʘ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 4 ʙʫʜʝʪ 

ʧʦʜʘʥʦ ʥʘʧʨʷʞʝʥʠʝ. 

  ʊʘʙʣʠʮʘ 1.2 

ʆ1 = _____(ʛʨʘʜ) ;    ʆ2 = _____(ʛʨʘʜ) ;   L = _____ (ʤ) . 

 

8. ʇʨʦʠʟʚʝʩʪʠ ʪʨʠ ʩʦʫʜʘʨʝʥʠʷ ʰʘʨʦʚ, ʦʩʪʘʚʣʷʷ ʣʝʚʳʡ ʰʘʨ ʚ 

ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʧʨʘʚʳʡ, ʦʪʢʣʦʥʷʷ ʥʘ ʫʛʦʣ, ʟʘʜʘʚʘʝʤʳʡ 

ʧʦʣʦʞʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. ʆʧʨʝʜʝʣʠʪʴ ʧʨʠ ʧʝʨʚʦʤ ʩʦʫʜʘʨʝʥʠʠ 

ʰʘʨʦʚ ʚʨʝʤʷ ʫʜʘʨʘ , ʧʨʠ ʚʪʦʨʦʤ ï ʧʝʨʚʳʡ ʦʪʙʨʦʩ (ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ 

ʉʝʨʠʷ 
 ̄

ʧ.ʧ. 

N01 

ʛʨʘʜ 
 

ʩ 

N1 

ʛʨʘʜ 
N2 

ʛʨʘʜ 
01 

ʛʨʘʜ 
1 

ʛʨʘʜ 
2 

ʛʨʘʜ 

 1.        

 2.        

1 3.        

 4.        

 5.        

 ʉʨʝʜʥʝʝ        

 1.        

 2.        

2 3.        

 4.        

 5.        

 ʉʨʝʜʥʝʝ        

 1.        

 2.        

3 3.        

 4.        

 5.        

 ʉʨʝʜʥʝʝ        
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ʧʦʜʚʝʩʘ ʦʪ ʚʝʨʪʠʢʘʣʠ) ʧʨʘʚʦʛʦ ʰʘʨʘ N1,  ʧʨʠ ʪʨʝʪʴʝʤ ï ʧʝʨʚʳʡ ʦʪʙʨʦʩ 

ʣʝʚʦʛʦ ʰʘʨʘ N2. 

ʂʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʘ) ʆʪʢʣʦʥʠʪʴ ʧʨʘʚʳʡ ʰʘʨ ʜʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ ʠ ʟʘʧʠʩʘʪʴ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʝʛʦ 

ʧʦʜʚʝʩʘ ʦʪ ʚʝʨʪʠʢʘʣʠ N01. 

ʙ) ʋʙʝʜʠʚʰʠʩʴ, ʯʪʦ ʣʝʚʳʡ ʰʘʨ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, 
ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʉʪʘʨʪè ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʙʣʦʢʝ 6. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʦʠʟʦʡʜʝʪ ʫʜʘʨ ʰʘʨʦʚ. 

ʚ) ʇʨʦʠʟʚʝʩʪʠ ʦʪʩʯʝʪ ʣʠʙʦ ʚʨʝʤʝʥʠ ʫʜʘʨʘ , ʣʠʙʦ ʦʪʙʨʦʩʘ 

ʧʨʘʚʦʛʦ ʰʘʨʘ N1,  ʣʠʙʦ ʦʪʙʨʦʩʘ ʣʝʚʦʛʦ ʰʘʨʘ N2. 

ʛ) ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣ.1.2. 

ʜ) ʅʘʞʘʪʴ ʢʣʘʚʠʰʫ çʉʪʦʧè. ʇʨʠ ʵʪʦʤ ʥʘ ʪʘʙʣʦ ʠʥʜʠʢʘʮʠʠ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʚʳʩʚʝʪʷʪʩʷ ʥʫʣʠ, ʘ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 

ʙʫʜʝʪ ʧʦʜʘʥʦ ʥʘʧʨʷʞʝʥʠʝ. 

9. ɺʳʧʦʣʥʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦ ʧ.8 ʧʷʪʴ ʨʘʟ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʧʦʣʦʞʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. 

10. ʇʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ , N01, N1 ʠ N2 ʧʨʠ ʪʨʝʭ ʧʦʣʦʞʝʥʠʷʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʤʝʥʷʷ ʟʥʘʯʝʥʠʝ N01 ʚ ʧʨʝʜʝʣʘʭ (1015)Ü. 

11. ɺʳʢʣʶʯʠʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʠ ʧʠʪʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʥʘʞʘʚ 

ʥʘ ʢʣʘʚʠʰʫ çɺʢʣ. ʩʝʪʴè, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʟʘʜʥʝʡ ʧʘʥʝʣʠ ʙʣʦʢʘ. 

12. ʅʘʡʪʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʩʦʫʜʘʨʝʥʠʷ , ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʡ N1 ʠ N2 ʜʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ. 

13. ʆʧʨʝʜʝʣʠʪʴ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʰʘʨʦʚ ʧʦ ʬʦʨʤʫʣʘʤ 

 

,ON

;ON

;ON

222

111

10101

 (1.46) 

ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ N1 ʠ N2. 

14. ʆʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ (1.36) ʠ (1.37) ʩʢʦʨʦʩʪʠ v01, v1, v2 ʜʣʷ 

ʢʘʞʜʦʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣ. 1.3. 

  ʊʘʙʣʠʮʘ 1.3 

m1 = _______(ʢʛ),   m2 = _______(ʢʛ),    

ʉʝʨʠʷ v01 

ʤ/ʩ 

v1 

ʤ/ʩ 

v2 

ʤ/ʩ 

ʨʥʘʯ. 

ʢʛʤ/ʩ 

ʨʢʦʥ. 

ʢʛʤ/ʩ 

kc 

ï 

k  ɻ

ï 

 

ʩ 

F 

H 

1          

2          

3          

 

15. ɺʟʚʝʩʠʪʴ ʰʘʨʳ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʚʝʩʘʭ ʠʣʠ ʫʟʥʘʪʴ ʤʘʩʩʳ ʰʘʨʦʚ ʫ 

ʣʘʙʦʨʘʥʪʦʚ. ɿʘʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʟʘʛʦʣʦʚʦʢ ʪʘʙʣ.1.3.                             
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16. ɼʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ:                          

ʘ) ʇʦʜʩʯʠʪʘʪʴ ʥʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʩʠʩʪʝʤʳ (ʜʦ ʩʦʫʜʘʨʝʥʠʷ) 

 011ʥʘʯ vmp  (1.47) 

ʠ ʢʦʥʝʯʥʳʡ ʠʤʧʫʣʴʩ 

 1122ʢʦʥ vmvmʨ ,      (1.48) 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʩʣʝ ʫʜʘʨʘ ʰʘʨʳ ʜʚʠʞʫʪʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ; 

ʙ) ʉʨʘʚʥʠʪʴ ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʠʤʧʫʣʴʩʦʚ ʧʦ 
ʬʦʨʤʫʣʝ 

 
ʥʘʯ

ʢʦʥ

p

p
n .               (1.49) 

ʚ) ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ kc ʧʦ 

ʬʦʨʤʫʣʝ (1.42). 

ʛ) ʈʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʥʝʨʛʠʠ k  ɻ ʧʦ 

ʬʦʨʤʫʣʝ (1.43). 

ʜ) ɿʘʧʠʩʘʪʴ ʚ ʪʘʙʣ.1.3 ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʫʜʘʨʘ  (ʠʟ 

ʪʘʙʣ.1.2) ʠ ʧʦ ʬʦʨʤʫʣʝ (1.45) ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʩʠʣʫ ʫʜʘʨʘ 

F. ɿʘʥʝʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʪʘʙʣ.1.3. 

17. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ: 

ʘ) ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʫʜʘʨʘ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʰʘʨʦʚ F = f(v01); 

ʙ) ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʩʦʫʜʘʨʝʥʠʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʰʘʨʦʚ  = f(v01). 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʂʘʢʦʡ ʫʜʘʨ ʥʘʟʳʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʤ? 

2. ʂʘʢʦʡ ʫʜʘʨ ʥʘʟʳʚʘʝʪʩʷ  ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʤ? 

3. ʂʘʢʠʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʤ 

ʫʜʘʨʝ? 

4. ʂʘʢʠʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʘʙʩʦʣʶʪʥʦ 

ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ?   

 5. ʂʘʢʦʡ ʫʜʘʨ ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ? 

 6. ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʩʠʣʫ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ 

ʰʘʨʦʚ? 

 7. ʏʪʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ 

ʵʥʝʨʛʠʠ? 

       8. ɺ ʢʘʢʠʭ ʧʨʝʜʝʣʘʭ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʵʥʝʨʛʠʠ? 
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ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 5ʘ 

ȴɓɟɣɑəɔɑ əɑɟɛɜɟɏɚɏɚ ɟɐɌɜɌ ɤɌɜɚɎ 
ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʦʚʝʨʢʘ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʥʝʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʨʠ ʥʝʫʧʨʫʛʦʤ 

ʫʜʘʨʝ. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʚ 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ ʧʨʠ 

ʩʦʫʜʘʨʝʥʠʠ ʜʚʫʭ ʪʝʣ (ʨʠʩ.1.10). ɹʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʫʜʘʨʝʥʠʝ ʜʚʫʭ 

ʥʝʫʧʨʫʛʠʭ ʰʘʨʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʚʜʦʣʴ 

ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʠʭ ʮʝʥʪʨʳ. 

ʊʘʢʦʡ ʫʜʘʨ ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ. 

ʇʨʠ ʫʜʘʨʝ ʰʘʨʳ ʜʝʬʦʨʤʠʨʫʶʪʩʷ. 

ʏʘʩʪʴ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʡ ʦʥʠ ʦʙʣʘʜʘʣʠ, 

ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʝʨʛʠʶ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʪʝʣ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʥʫʪʨʝʥʥʶʶ. ʊʝʣʘ 

ʧʦʩʣʝ ʫʜʘʨʘ ʣʠʙʦ ʧʦʢʦʷʪʩʷ, ʣʠʙʦ ʜʚʠʞʫʪʩʷ ʚʤʝʩʪʝ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. ʇʨʠ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚʳʧʦʣʥʷʝʪʩʷ, ʘ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ - ʥʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʚʳʧʦʣʥʝʥʠʠ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʠ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ - ʦ ʩʦʭʨʘʥʝʥʠʠ ʩʫʤʤʘʨʥʦʡ 

ʵʥʝʨʛʠʠ (ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ). 

ɿʘʧʠʰʝʤ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ:  

 v)mm(vmvm 212211

CCC
 (1.50)  

ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

 ,E
2

v)mm(

2

vm

2

vm 2
21

2
22

2
11  (1.51) 

ʛʜʝ m1, m2 - ʤʘʩʩʳ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʰʘʨʦʚ; 21 v,v  - ʩʢʦʨʦʩʪʠ ʠʭ ʜʦ 

ʫʜʘʨʘ: v  - ʩʢʦʨʦʩʪʴ ʰʘʨʦʚ ʧʦʩʣʝ ʫʜʘʨʘ; ɽ - ʵʥʝʨʛʠʷ ʜʝʬʦʨʤʘʮʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʪʝʣ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʦ ʠʟʤʝʥʝʥʠʶ ʠʭ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: 

 ɽ = Kʥʘʯ. ï Kʢʦʥʝʯ.; 

    ,)vv(
)mm(2

mm

2

v)mm(

2

vm

2

vm
ɽ 2

21
21

21
2

21
2
22

2
11   

ʛʜʝ )vv( 21 ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʰʘʨʦʚ ʧʝʨʝʜ ʫʜʘʨʦʤ. 

 

01 
L 

h 
m2 

m1 
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ʇʨʠ ʫʜʘʨʝ ʥʝʫʧʨʫʛʠʝ ʪʝʣʘ ʧʨʠʦʙʨʝʪʘʶʪ ʜʝʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ ʫʜʘʨʘ (ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ). ʇʨʠ ʵʪʦʤ 

ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ, ʢʦʪʦʨʘʷ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʵʥʝʨʛʠʶ ʜʝʬʦʨʤʘʮʠʠ 

ɽ. ʈʘʙʦʪʘ ʜʝʬʦʨʤʘʮʠʠ ʨʘʚʥʘ ʫʙʳʣʠ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʪʝʣ: 

 .)vv(
)mm(2

mm
EA 2

21
21

21  

ɽʩʣʠ ʚʪʦʨʦʝ ʪʝʣʦ ʜʦ ʫʜʘʨʘ ʙʳʣʦ ʥʝʧʦʜʚʠʞʥʦ (0v2 ), ʪʦ 

 .K
)mm(

m
v

)mm(2

mm
E 1

21

22
1

21

21  

ɺ ʨʘʙʦʪʝ ʜʚʘ ʰʘʨʘ ʠʟ ʥʝʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʣʘʩʪʠʣʠʥʘ) ʩ ʤʘʩʩʘʤʠ 

m1 ʠ m2 ʧʦʜʚʝʰʝʥʳ ʥʘ ʥʠʪʷʭ ʜʣʠʥʦʡ L (ʨʠʩ. 1.10). ɽʩʣʠ ʰʘʨ 1 

ʦʪʢʣʦʥʠʪʴ ʥʘ ʫʛʦʣ 01 ʦʪ ʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʦʪʧʫʩʪʠʪʴ, 

ʪʦ ʢ ʤʦʤʝʥʪʫ ʩʦʫʜʘʨʝʥʠʷ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʰʘʨʦʤ 2 ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ ʦʥ 

ʙʫʜʝʪ ʠʤʝʪʴ ʩʢʦʨʦʩʪʴ v1: 

 ,gh2v;
2

vm
ghm 1

2
11

1  

ʛʜʝ h - ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʮʝʥʪʨʘ ʤʘʩʩ ʰʘʨʘ m1 ʧʨʠ ʝʛʦ ʦʪʢʣʦʥʝʥʠʠ ʥʘ 

ʫʛʦʣ 01. ʀʟ ʨʠʩ.1.8 ʚʠʜʥʦ 

 .
2

sinL2cosLLh 012
01  

ɼʦ ʫʜʘʨʘ 

 .
2

singL2v 01
1  (1.52) 

ʇʦʩʣʝ ʥʝʫʧʨʫʛʦʛʦ ʫʜʘʨʘ 

 ,
2

singL2v  (1.53) 

ʛʜʝ v,  - ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʠ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʰʘʨʦʚ ʧʦʩʣʝ ʫʜʘʨʘ. 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (1.34) - (1.37) ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ, 

ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʧʨʠ ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ: 

                .
2

singLm2
2

sin
2

singLm2ɽ 2
2

2012
1  (1.54)  

ʇʨʠ m1 = m2 = m 

 .
2

sin2
2

sinmgL2E 2012  (1.55) 

ɼʦʣʷ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʧʦʪʝʨʷʥʥʦʡ ʧʨʠ ʥʝʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ: 
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 .

2
sin

2
sin

21
K

E

012

2

1

 (1.56) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ.1.11. 

ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ  ʦʩʥʦʚʘʥʠʷ 1 ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʦʧʦʨʘʤʠ 2, ʜʚʫʭ 

ʤʘ̫ʪʥʠʢʦʚ 3 ʠ 4 ʩ ʤʝʭʘʥʠʟʤʦʤ ʠʟʤʝʥʝʥʠʷ ʤʝʞʮʝʥʪʨʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 5, 

ʜʚʫʭ ʰʢʘʣ 6, 7; ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 11 ʠ ʤʠʢʨʦʩʝʢʫʥʜʦʤʝʨʘ 10. ʄʘʷʪʥʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʘʨʳ, ʧʦʜʚʝʰʝʥʥʳʝ ʥʘ ʥʠʪʷʭ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ 

 9     8 
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ʩʪʦʡʢʝ. ʅʠʪʠ ʜʚʦʡʥʳʝ ʠ ʠʤʝʶʪ ʟʘʞʠʤʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʠ ʬʠʢʩʘʮʠʠ ʠʭ 

ʜʣʠʥʳ.  

ʄʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʤʝʞʮʝʥʪʨʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʰʘʨʦʚ ʧʨʠʚʦʜʠʪʩʷ 

ʚ ʜʝʡʩʪʚʠʝ ʨʫʯʢʦʡ 8 ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʛʘʡʢʦʡ 9. 

ɼʚʝ ʰʢʘʣʳ ʩʣʫʞʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚ ʠ ʫʛʣʦʚ 

ʦʪʢʣʦʥʝʥʠʷ ʰʘʨʦʚ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʦʩʣʝ ʫʜʘʨʘ. ʐʢʘʣʳ 

ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʠ ʬʠʢʩʠʨʦʚʘʪʴ ʚ ʚʳʙʨʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʨʠ ʧʦʤʦʱʠ 

ʚʠʥʪʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʦʪʩʯʝʪ ʧʦ ʢʘʞʜʦʡ ʰʢʘʣʝ ʩʦʩʪʘʚʣʷʝʪ 15. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʧʦʜʚʝʜʝʥʥʦʛʦ ʢ ʥʝʤʫ 

ʰʘʨʘ ʚ ʦʪʢʣʦʥʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʈʝʛʫʣʠʨʦʚʢʘ ʫʩʠʣʠʷ ʧʨʠʪʷʞʝʥʠʷ ʰʘʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʠʥʪʦʤ 12. ʇʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʜʦʣʞʥʦ ʙʳʪʴ 

ʦʪʨʝʛʫʣʠʨʦʚʘʥʦ ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʦʩʴ ʩʦʚʧʘʜʘʣʘ ʩ ʮʝʥʪʨʦʤ ʧʦʜʚʝʜʝʥʥʦʛʦ ʢ 

ʥʝʤʫ ʰʘʨʘ ʠ ʯʪʦʙʳ ʦʥ ʧʨʘʚʠʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʣ ʰʘʨ ʚ ʧʣʦʩʢʦʩʪʠ ʰʢʘʣʳ. 

  ʉ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʦʧʦʨ 2 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʤʘʷʪʥʠʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʦʚʥʝʤ. ɺ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʰʘʨʳ ʜʦʣʞʥʳ ʢʘʩʘʪʴʩʷ ʜʨʫʛ ʜʨʫʛʘ, ʩʪʨʝʣʢʠ ʰʘʨʦʚ ʜʦʣʞʥʳ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦ ʰʢʘʣʘʤʠ. 

ʄʠʢʨʦʩʝʢʫʥʜʦʤʝʨ ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʩʦʫʜʘʨʝʥʠʷ 

ʰʘʨʦʚ (ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ). 

ʅʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʫʩʪʘʥʦʚʢʠ ʥʘʭʦʜʷʪʩʷ: 

ʢʥʦʧʢʘ ñʉʝʪʴò (13) ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ (220 ɺ); 

ʢʥʦʧʢʘ ñʇʫʩʢò (16) ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʷ ʚʟʚʝʩʠʪʴ ʰʘʨʳ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ 

ʠʣʠ ʫʟʥʘʪʴ ʠʭ ʤʘʩʩʳ ʫ ʣʘʙʦʨʘʥʪʘ. ʋʩʪʘʥʦʚʠʪʴ ʧʨʠʙʦʨ ʫʩʪʦʡʯʠʚʦ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʝʤʳʭ ʦʧʦʨ 2. ʐʘʨʳ ʜʦʣʞʥʳ 

ʩʦʧʨʠʢʘʩʘʪʴʩʷ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʤ ʚʠʥʪʦʤ 5. ʋʜʘʨ ʜʦʣʞʝʥ ʙʳʪʴ ʮʝʥʪʨʘʣʴʥʳʤ, ʯʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʜʣʠʥʳ ʥʠʪʝʡ ʧʦʜʚʝʩʘ. 

ʋʩʪʘʥʦʚʠʪʴ ʰʢʘʣʳ ʪʘʢ, ʯʪʦʙʳ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʰʘʨʦʚ ʙʳʣʦ 

ʙʣʠʟʢʦ ʥʫʣʶ ʢʘʞʜʦʡ ʰʢʘʣʳ, ʟʘʢʨʝʧʠʪʴ ʰʢʘʣʳ. ɿʘʬʠʢʩʠʨʦʚʘʪʴ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʰʘʨʦʚ ʚ ʜʝʣʝʥʠʷʭ ʰʢʘʣ. 

ɺʢʣʶʯʠʪʴ ʫʩʪʘʥʦʚʢʫ ʚ ʩʝʪʴ 220 ɺ, ʥʘʞʘʪʴ ʢʥʦʧʢʫ ñʉʝʪʴò ʥʘ ʧʘʥʝʣʠ. 

ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʟʘʛʦʨʝʪʴʩʷ ʣʘʤʧʳ ʮʠʬʨʦʚʦʛʦ ʠʥʜʠʢʘʪʦʨʘ. 

ʀʟʤʝʨʠʪʴ ʜʣʠʥʫ ʥʠʪʝʡ ʧʦʜʚʝʩʘ (ʜʦ ʮʝʥʪʨʘ ʰʘʨʦʚ) ʣʠʥʝʡʢʦʡ. 

ʀʟʤʝʨʝʥʠʷ ʧʦʚʪʦʨʠʪʴ ʪʨʠ ʨʘʟʘ. ʅʘʡʪʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ L ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʨʘʩʯʝʪʘʭ. 

ʋʧʨʘʞʥʝʥʠʝ 1. 

1. ʇʦʜʚʝʩʠʪʴ ʥʘ ʥʠʪʠ ʜʚʘ ʰʘʨʘ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʧʣʘʩʪʠʣʠʥʘ. 
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2. ʆʪʢʣʦʥʠʪʴ ʧʝʨʚʳʡ ʰʘʨ ʜʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ. 

ʐʘʨ ʙʫʜʝʪ ʫʜʝʨʞʠʚʘʪʴʩʷ ʤʘʛʥʠʪʦʤ. ʆʪʤʝʪʠʪʴ ʧʦʢʘʟʘʥʠʷ ʧʦ ʰʢʘʣʝ 

(ʨʠʩ.1.11).ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʰʘʨʘ 01 ʦʪ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ (ʦʜʥʦ ʜʝʣʝʥʠʝ ʰʢʘʣʳ - 1 ). 

3. ʇʨʦʚʝʨʠʪʴ, ʥʘʭʦʜʠʪʩʷ ʣʠ ʚʪʦʨʦʡ ʰʘʨ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʚ 

ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ (ʝʩʣʠ ʥʫʞʥʦ - ʧʨʠʜʝʨʞʘʪʴ ʨʫʢʦʡ). 

4. ʅʘʞʘʪʴ ʢʥʦʧʢʫ ñʇʫʩʢò. ʇʨʦʠʟʦʡʜʝʪ ʥʝʫʧʨʫʛʠʡ ʫʜʘʨ ʰʘʨʦʚ. 

5. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ  ʰʘʨʦʚ ʧʦʩʣʝ ʫʜʘʨʘ ʠ ʟʘʧʠʩʘʪʴ ʚ 

ʪʘʙʣ.1.4. 

   ʊʘʙʣʠʮʘ 1.4 

ʄʘʪʝʨʠʘʣʳ ʰʘʨʦʚ: ʧʣʘʩʪʠʣʠʥ -  ʧʣʘʩʪʠʣʠʥ 

 01 

 15  10  5  

 ̄

ʧ.ʧ 
 

ʛʨʘʜ 

ɽ 

ɼʞ 
 

- 
 

ʛʨʘʜ 

ɽ 

ɼʞ 
 

- 
 

ʛʨʘʜ 

ɽ 

ɼʞ 
 

- 

1          

2          

3          

ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 

         

 

6. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (1.54) ʠʣʠ (1.55), ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ 

ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ ɽ - ɻ ʥʝʨʛʠʶ ʜʝʬʦʨʤʘʮʠʠ. ʀʟ ʬʦʨʤʫʣʳ (1.56) ʥʘʡʪʠ . 

7. ʇʦʚʪʦʨʠʪʴ ʧ.ʧ 1...5 ʪʨʠ ʨʘʟʘ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ 01 = 15 , 

10 , 5 . ʈʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣ.1.4. 

ʋʧʨʘʞʥʝʥʠʝ 2. 

1. ɿʘʤʝʥʠʪʴ ʚʪʦʨʦʡ ʰʘʨ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ. 

   ʊʘʙʣʠʮʘ 1.5 

ʄʘʪʝʨʠʘʣʳ ʰʘʨʦʚ: ʧʣʘʩʪʠʣʠʥ - ʤʝʪʘʣʣ 

 01 

 15  10  5  

 ̄

ʧ.ʧ 
 

ʛʨʘʜ 

ɽ 

ɼʞ 

 

- 

 

ʛʨʘʜ 

ɽ 

ɼʞ 

 

- 

 

ʛʨʘʜ 

ɽ 

ɼʞ 

 

- 

1          

2          

3          

ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 
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2. ʇʦʚʪʦʨʠʪʴ ʫʧʨʘʞʥʝʥʠʝ 1. 

3. ʈʘʩʩʯʠʪʘʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʥʝʫʧʨʫʛʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʦ 

ʬʦʨʤʫʣʘʤ (1.54) - (1.56) ʠ ʟʘʥʝʩʪʠ ʚ ʪʘʙʣ.1.5. 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʇʦʯʝʤʫ ʚ ʨʘʙʦʪʝ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʫʜʘʨ ʙʳʣ ʮʝʥʪʨʘʣʴʥʳʤ? 

2. ʏʝʤʫ ʨʘʚʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʫʧʨʫʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ? 

3. ʄʦʛʫʪ ʣʠ ʙʳʪʴ ʩʢʦʨʦʩʪʠ ʰʘʨʦʚ ʧʦʩʣʝ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ 

ʦʜʠʥʘʢʦʚʳʤʠ? 

4. ʆʜʠʥ ʰʘʨ ʜʚʠʞʝʪʩʷ, ʘ ʜʨʫʛʦʡ ʥʝʧʦʜʚʠʞʝʥ. ʂʘʢ ʠʟʤʝʥʠʪʩʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʚʦʛʦ ʰʘʨʘ ʧʦʩʣʝ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ ʠ ʧʦʩʣʝ 

ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʦʛʦ ʫʜʘʨʘ, ʝʩʣʠ ʤʘʩʩʳ ʰʘʨʦʚ ʦʜʠʥʘʢʦʚʳ? ɽʩʣʠ 

ʤʘʩʩʘ ʚʪʦʨʦʛʦ ʰʘʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʝʨʚʦʛʦ? 

 

Ȯɚɛɜɚɝɧ ɛɚ ɜɌɓɐɑɗɟ 1 
1. ɺ ʢʘʢʦʤ ʟʘʢʦʥʝ ʅʴʶʪʦʥʘ ʚʩʪʨʝʯʘʝʪʩʷ ʧʦʥʷʪʠʝ ʩʠʣʳ? 

2. ʂʘʢʠʝ ʩʠʣʳ ɺʳ ʟʥʘʝʪʝ? 

3. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ? 

4. ʏʪʦ ʪʘʢʦʝ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʥʝʩʢʦʣʴʢʠʭ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ 

ʪʝʣʫ (ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʝ)? 

5. ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ. 

6. ʏʪʦ ʪʘʢʦʝ ʠʤʧʫʣʴʩ ʪʝʣʘ ʠ ʠʤʧʫʣʴʩ ʩʠʣʳ? 

7. ʊʨʝʪʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. 

8. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʟʘʤʢʥʫʪʦʡ  ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ? 

9. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ. 

10. ʈʘʙʦʪʘ, ʤʦʱʥʦʩʪʴ. 

11. ɺ ʯʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʣ? 

12. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʩʠʣʘ ʪʷʞʝʩʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʘ. 

13. ʂʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ? 

14. ʂʘʢʦʝ ʧʦʣʝ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ? 

15. ʂʘʢʦʡ ʫʜʘʨ ʥʘʟʳʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʤ? ɸʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʤ? 

16. ʂʘʢʠʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦʤ 

ʫʜʘʨʝ? 

17. ʂʘʢʠʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʦʤ 

ʫʜʘʨʝ? 

18. ʏʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ? 

19. ʇʦʣʫʯʠʪʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʞʘʪʦʡ ʧʨʫʞʠʥʳ. 
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ʈ ɸ ɿ ɼ ɽ ʃ  2 

ȮɜɌɥɌɞɑɗɨəɚɑ ɐɎɔɒɑəɔɑ ɞɎɑɜɐɚɏɚ ɞɑɗɌ 

ɺʨʘʱʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ - ʜʚʠʞʝʥʠʝ ʩ ʦʜʥʦʡ 

ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ. ʄʝʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʘ - 

ʚʝʢʪʦʨ 
C

d  - ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ Z 

ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʛʦ ʚʠʥʪʘ (ʨʠʩ.2.1). 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ 

ʚʝʢʪʦʨʘ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʦʚʦʛʦ ʩʤʝʱʝʥʠʷ 

ʪʝʣʘ ʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʩʤʝʱʝʥʠʷ 

     ;
dt

d
C

C
   .

dt

dC
                  (2.1) 

ʇʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʚʨʘʱʝʥʠʠ ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ  = const, ʘ ʫʛʦʣ ʧʦʚʦʨʦʪʘ  = t. 

ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ v
C

 ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ 

ɸ, ʫʜʘʣʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʝ R ʦʪ ʦʩʠ Z:  

          ;
dt

dS
v    dS = Rd  =R dt; 

ʇʦʣʫʯʘʝʤ v = R.  

ɺʝʢʪʦʨ 
CC

R , ʪʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 ][ R,v
CCC

. (2.2) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

            ].R,]r,[)]Rr(,]r,[v [[ zz

CCCCCCCCCC
 

ʅʦ ʪʘʢ ʢʘʢ ʚʝʢʪʦʨʘ 
C

 ʠ zr
C

 ʢʦʣʣʠʥʝʘʨʥʳ, ʪʦ .0]r,[ z

CC
 

ɺʝʢʪʦʨ t, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʙʳʩʪʨʦʪʫ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, 

ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ 

 .
dt

d
C

C
 (2.3) 

ɽʩʣʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ  ʚʦʟʨʘʩʪʘʝʪ, ʪʦ ʚʝʢʪʦʨ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ 
C

 

ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚ ʪʫ ʞʝ ʩʪʦʨʦʥʫ, ʯʪʦ ʠ 
C
. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 

 ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 
C

 ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 
C

. 

ʃʠʥʝʡʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ɸ (ʨʠʩ.2.1) ʧʦʣʫʯʘʝʤ, ʠʩʧʦʣʴʟʫʷ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ (2.2): 

],R,[R]R,[]]R,[[]R,[]v,[aa
dt

vd
a 2

n

CCCCCCCCCCCCCC
C

C
 (2.4) 

ʛʜʝ na  - ʥʦʨʤʘʣʴʥʦʝ; a
C

 - ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ.  

 

Z 

Z 
C

  

C
d

 v
C

 

d   

dS 

r
C

 
zr
C

 

A 

ʈʠʩ. 2.1 

R
C
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ɺʚʝʜʝʤ ʧʦʥʷʪʠʷ ʤʦʤʝʥʪʘ ʩʠʣʳ ʠ ʠʤʧʫʣʴʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʆ. 

ʄʦʤʝʥʪʦʤ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʆ ʥʘʟʳʚʘʝʪʩʷ 

ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʜʠʫʩʘ-ʚʝʢʪʦʨʘ r
C
, ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟ ʪʦʯʢʠ ʆ ʢ 

ʪʦʯʢʝ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ, ʥʘ ʩʠʣʫ F
C

 (ʩʤ. ʨʠʩ.2.2): 

                         ][ F,rM
CCC

.                   (2.5) 

ʄʦʜʫʣʴ ʵʪʦʡ ʚʝʣʠʯʠʥʳ 

                   ,FLsinrFM  

ʛʜʝ sinrL  - ʧʣʝʯʦ ʩʠʣʳ, ʪ.ʝ. ʢʨʘʪʯʘʡʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʆ ʜʦ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ 

ʩʠʣʳ,  - ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ .Fʠr
CC

 

ɺʝʢʪʦʨ ʄ
C

 ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ 

ʚʝʢʪʦʨʘ, ʠ ʥʘʧʨʘʚʣʝʥ ʧʦ ʦʙʳʯʥʦʤʫ ʧʨʘʚʠʣʫ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ m 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʆ ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ: 

 ]vm,r[L
CCC

, (2.6) 

ʤʦʜʫʣʴ ʢʦʪʦʨʦʛʦ 

 sinrmvL . 

ʇʦʣʫʯʠʤ ʩʚʷʟʴ ʤʦʤʝʥʪʦʚ ʩʠʣʳ ʄ
C

 ʠ ʠʤʧʫʣʴʩʘ L
C
. ʇʨʦʠʟʚʦʜʥʘʷ ʧʦ 

ʚʨʝʤʝʥʠ ʦʪ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʯʘʩʪʠʮʳ ʨʘʚʥʘ 

                                    .
dt

)vm(d
,rvm,

dt

rd
]vm,r[

dt

d

dt

Ld
C

CC
C

CC
C

 (2.7) 

ʊʘʢ ʢʘʢ v
dt

rd C
C

, ʪʦ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (2.7) 

 0]vm,v[vm,
dt

rd CCC
C

. 

ʉʦʛʣʘʩʥʦ (1.3) ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 M]F,r[
dt

)vm(d
,r

CCC
C

C
. (2.8) 

ʇʦʜʩʪʘʚʣʷʷ (2.8) ʚ (2.7), ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʜʣʷ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. 

 .M
dt

Ld C
C

 (2.9) 

 

 

L 

r
C
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C
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C
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ʈʘʩʧʨʦʩʪʨʘʥʠʤ (2.9) ʥʘ ʩʠʩʪʝʤʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. ɿʘʧʠʰʝʤ (2.9) 

ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ ʥʝʝ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ, ʪʘʢ 

ʠ ʚʥʝʰʥʠʝ ʩʠʣʳ. ʇʨʠ ʩʣʦʞʝʥʠʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ 

ʚʥʫʪʨʝʥʥʠʭ ʩʠʣ ʦʙʨʘʪʠʪʩʷ ʚ ʥʫʣʴ ʠ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʜʣʷ 

ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ 

 
n

1i
ʚʥʝʰM

dt

Ld C
C

, (2.10) 

ʪ.ʝ. ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ ʆ ʨʘʚʥʘ 

ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʝ ʤʦʤʝʥʪʦʚ ʚʩʝʭ ʚʥʝʰʥʠʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʡ ʞʝ 

ʪʦʯʢʠ ʆ. 

ɼʣʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 
n

1i
ʚʥʝ 0hM
C

 ʠ ʧʦʣʫʯʘʝʤ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʜʣʷ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ 

         constLL
n

1i
i

CC
.        (2.11) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʠʪʴ 

ʫʨʘʚʥʝʥʠʝ (2.9), ʚʟʷʚ ʧʨʦʝʢʮʠʶ ʵʪʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʪʦʯʝʢ ʪʝʣʘ ʥʘ ʦʩʴ 

ʚʨʘʱʝʥʠʷ Z. 

ɽʩʣʠ ʢ ʪʝʣʫ, ʚʨʘʱʘʶʱʝʤʫʩʷ ʚʦʢʨʫʛ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ, ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ F
C

, 

ʪʦ ʤʦʤʝʥʪ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z 

(ʨʠʩ.2.3) ʙʫʜʝʪ: 

      zz ][ F,RM
CCC

.                  (2.12) 

ʊʘʢ ʢʘʢ F
C

 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ (ʨʠʩ.2.3): 

    ,FFFF Rz

GCCC
       (2.13) 

ʪʦ 

                  ;0F,R0F,RF,RF,RF,R zzRzzzz ][][][][][
CCCCCCCCCC

  

ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

 zz ][ F,RM
CCC

, (2.14) 

ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʘ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ F
C

 ʠ ñʧʣʝʯʦʤò ʝʝ R
C

. 

ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʪʝʣʘ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ Z 

 

RF
C

 

F
C

 

Z 

 

 

 

 

 

Z 

 

R
C

 

zF
C

 
F
C
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 .M
dt

Ld
z

z
C

C

 (2.15) 

ɿʜʝʩʴ zL
C

 - ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ.2.1 ʜʣʷ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʨʘʱʘʶʱʝʝʩʷ ʪʝʣʦ: 

             
n

1i

n

1i

n

1i
ziiiziiziziiiz ;]vm,R[]vm,r[]vm,r[L

CCCCCCC
 

ɺʝʢʪʦʨ 
n

1i
iizi ]vm,r[
CC

 ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʦʩʠ Z ʠ ʧʦʵʪʦʤʫ ʧʝʨʚʦʝ 

ʩʣʘʛʘʝʤʦʝ ʨʘʚʥʦ ʥʫʣʶ. 

ʊʦʛʜʘ 

  
n

1i

n

1i

2
ii

2
ii

n

1i

n

1i
iiiziiiz .RmRm]]R,[m,R[]vm,R[L

CCGCCCCC
 

 (2.16) 

ʉʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʤʘʩʩ mi ʚʩʝʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʣʦ (ʩʠʩʪʝʤʫ ʪʝʣ) ʥʘ ʢʚʘʜʨʘʪʳ ʠʭ ʨʘʩʩʪʦʷʥʠʡ Ri ʦʪ 

ʥʝʢʦʪʦʨʦʡ ʦʩʠ (ʚʨʘʱʝʥʠʷ), ʥʘʟʳʚʘʝʪʩʷ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʦʩʠ. 

 
n

1i

2
ii ,RmJ  (2.17),  

ʛʜʝ J - ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʚ ʩʠʩʪʝʤʝ ʉʀ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢʛʤ
2
. 

ʊʦʛʜʘ ʠʟ (2.16) ʠ (2.17) ʧʦʣʫʯʘʝʤ 

 
CC

JLz . (2.18) 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʧʦ ʚʨʝʤʝʥʠ ʚʳʨʘʞʝʥʠʝ (2.18) ʠʤʝʝʤ 

 ).J(
dt

d
M)L(

dt

d
zz

CCC
 

ɽʩʣʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʪʝʣʘ ʧʦʩʪʦʷʥʝʥ, ʪʦ 

           .J
dt

d
JMz

C
CC

                   (2.19) 

ʕʪʦ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ, 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ. 

ʊʝʦʨʝʤʘ ʐʪʝʡʥʝʨʘ (ʨʠʩ.2.4): ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʦʩʠ ñʆò ʨʘʚʝʥ ʩʫʤʤʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

 Z 

Z 

O 

O 

C 

m 

a 
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ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ñZò, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ ñʉò ʠ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʜʘʥʥʦʡ, ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʩʩʳ ʪʝʣʘ ʥʘ ʢʚʘʜʨʘʪ 

ʨʘʩʩʪʦʷʥʠʷ ʘ ʤʝʞʜʫ ʦʩʷʤʠ. 

                     .maJJ 2
z0              (2.20)    

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ 

ʪʝʣʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ: 

                           .
2

J
ʂ

2

                    (2.21) 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

 ɸ = ʄd , (2.22) 

ʛʜʝ ʄ - ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, d - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʪʝʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʦʤʝʥʪʘ ʄ.  

ʀʟ ʫʨʘʚʥʝʥʠʷ (2.15) ʚʳʪʝʢʘʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ 

ʜʣʷ ʪʝʣʘ ʠʣʠ ʩʠʩʪʝʤʳ ʪʝʣ, ʚʨʘʱʘʶʱʠʭʩʷ ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ. ɺ 

ʩʘʤʦʤ ʜʝʣʝ, ʝʩʣʠ ʜʣʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 0Mz

C
, ʪʦ 

 
n

1i
iiz constJL
CC

  (2.23) 

ʛʜʝ n - ʯʠʩʣʦ ʪʝʣ ʩʠʩʪʝʤʳ. 

 ʊʦ ʝʩʪʴ, ʝʩʣʠ ʩʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʪʝʣʦ ʠʣʠ 

ʩʠʩʪʝʤʫ ʪʝʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʨʘʚʝʥ ʥʫʣʶ, ʪʦ ʤʦʤʝʥʪ 

ʠʤʧʫʣʴʩʘ ʵʪʦʛʦ ʪʝʣʘ ʠʣʠ ʩʠʩʪʝʤʳ ʪʝʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. 

 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 7(ʬ) 

Ⱥɛɜɑɐɑɗɑəɔɑ ɘɚɘɑəɞɌ ɔəɑɜɢɔɔ ɐɔɝɖɌ ɝ 
ɚɞɎɑɜɝɞɔɑɘ ɔ ɜɌɝɣɑɞ ɛɚɏɜɑɤəɚɝɞɑɕ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʀʟʤʝʨʷʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ ʜʠʩʢʘ, 

ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ɺ ʨʘʙʦʪʝ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʢʨʫʛʣʦʡ ʪʦʥʢʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ (ʜʠʩʢʘ) ʨʘʜʠʫʩʦʤ R1 ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ 

ʨʘʜʠʫʩʦʤ R2 (ʨʠʩ.2.5). ʇʣʘʩʪʠʥʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʩʪʘʣʴ, ʣʘʪʫʥʴ, ʩʧʣʘʚ ʘʣʶʤʠʥʠʷ). ʈʘʩʯʝʪ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʆ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʜʠʩʢʘ ʠ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ. 
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ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ (2.17) ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʤʘʩʩʦʡ m ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʠ, ʦʪ ʢʦʪʦʨʦʡ ʦʥʘ ʫʜʘʣʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ r, ʨʘʚʝʥ 

 2mrJ .          (2.24) 

ʇʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ J0 ʪʦʥʢʦʛʦ ʩʧʣʦʰʥʦʛʦ 

ʜʠʩʢʘ ʤʘʩʩʦʡ m  ʠ ʨʘʜʠʫʩʦʤ R ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʆ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʝʛʦ ʧʣʦʩʢʦʩʪʠ ʠ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ (ʨʠʩ.2.6).  

ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʩʩʳ  ʜʠʩʢʘ: 

 
2R

m
. (2.25) 

ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʩʦʩʨʝʜʦʪʦʯʝʥʘ 

ʚʥʫʪʨʠ ʢʦʣʴʮʘ ʨʘʜʠʫʩʦʤ r ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʰʠʨʠʥʳ dr. ʊʦʛʜʘ 

ʧʣʦʱʘʜʴ ʢʦʣʴʮʘ rdr2ds , ʘ ʤʘʩʩʘ 

 
2R

mrdr2
dsdm . (2.26) 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʦʣʴʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʆ: 

 
2

3
2

0
R

drmr2
dmrdJ . (2.27) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʜʠʩʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʆ 

ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʚʳʨʘʞʝʥʠʝ (2.27) 

 .
2

mR
drr

R

m2
dJJ

2R

0

3

2

R

0
00  (2.28) 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʠʩʢʘ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ (ʨʠʩ.2.5) ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʩʧʣʦʰʥʦʛʦ ʙʦʣʴʰʦʛʦ ʜʠʩʢʘ 

0J  ʠ ʤʘʣʦʛʦ ʜʠʩʢʘ 0J , ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʣ ʙʳ ʦʪʚʝʨʩʪʠʝ ʚ ʙʦʣʴʰʦʤ ʜʠʩʢʝ 

ʠ ʙʳʣ ʩʜʝʣʘʥ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ ʠ ʠʤʝʣ ʪʘʢʫʶ ʞʝ ʪʦʣʱʠʥʫ 

 

ʈʠʩ. 2.5 

ZZ 

OO a R2 

R1 

ʈʠʩ. 2.6 

O 

O 

dr 
r R 
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 000 JJJ . (2.29) 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʙʦʣʴʰʦʛʦ ʩʧʣʦʰʥʦʛʦ ʜʠʩʢʘ ʤʘʩʩʦʡ m1 ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ (2.28) ʨʘʚʝʥ 

 
2

Rm
J

2
11

0 , (2.30) 

ʘ ʤʘʣʦʛʦ ʜʠʩʢʘ ʤʘʩʩʦʡ m2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʝʦʨʝʤʝ ʐʪʝʡʥʝʨʘ (2.20) 

 2
2

2
22

0 am
2

Rm
J . (2.31) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ ʬʦʨʤʫʣ (2.29) ï (2.31) ʠʤʝʝʤ 

          )]a2R(mRm[
2

1
am

2

Rm

2

Rm
J 22

22
2
11

2
2

2
22

2
11

0 .   (2.32) 

ʄʘʩʩʘ m ʜʠʩʢʘ ʩ ʚʳʨʝʟʦʤ ʨʘʚʥʘ 

 21 mmm  (2.33) 

ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʚʝʩʦʚ. 

ɺʳʨʘʟʠʤ m1 ʠ m2 ʯʝʨʝʟ ʤʘʩʩʫ m ʜʠʩʢʘ ʩ ʚʳʨʝʟʦʤ. ɼʣʷ ʵʪʦʛʦ 

ʟʘʧʠʰʝʤ m1, m2 ʠ m ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ  ʤʘʪʝʨʠʘʣʘ 

(2.25): 

 2211 SmʠSm , 

ʛʜʝ 2
22

2
11 RSʠRS . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ  

 2
22

2
11 RmʠRm . (2.34) 

ʇʦʜʩʪʘʚʣʷʷ (2.34) ʚ (2.33), ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʘʩʩʳ ʜʠʩʢʘ ʩ 

ʚʳʨʝʟʦʤ 

 )RR(m 2
2

2
1 . (2.35) 

ʀʟ (2.34) ʠ (2.35) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʩʩ m1 ʠ 

m2 ʯʝʨʝʟ ʤʘʩʩʫ m: 

 
2
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2
2
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2
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)RR(1
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2
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m ; (2.36) 
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1)RR(

m
m

2
21

2 . (2.37) 

ʇʦʜʩʪʘʚʣʷʷ m1 ʠ m2  ʚ ʬʦʨʤʫʣʫ (2.32), ʧʦʣʫʯʘʝʤ 

 
1)RR(

)a2R(m

)RR(1

mR

2

1
J

2
21

22
2

2
12

2
1

0 . (2.38) 

ʊʘʢ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʥʘ 

ʜʠʩʢʝ ʥʝ ʦʙʦʟʥʘʯʝʥ, ʪʦ ʩ ʧʦʤʦʱʴʶ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʠʟʤʝʨʷʶʪ ʥʝ ʨʘʜʠʫʩʳ 

ʜʠʩʢʘ R1 ʠ ʦʪʚʝʨʩʪʠʷ R2, ʘ ʠʭ ʜʠʘʤʝʪʨʳ 

21 R2dʠR2D . ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʦʩʷʤʠ ʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʠʟʤʝʨʝʥʠʷʤ, 

ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ.2.7 

               
2

D

2

d
La .                 (2.39) 

ʊʦʛʜʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʨʘʩʯʝʪʥʘʷ 

ʬʦʨʤʫʣʘ ʜʣʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ J0 ʜʠʩʢʘ ʩ ʚʳʨʝʟʦʤ ʧʨʠʤʝʪ ʚʠʜ 

                  
1)dD(

)DdL2(2d

)Dd(1

D

8

m
J

2

22

2

2

0        (2.40) 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɺ ʩʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʷʪ:  

1) ʜʠʩʢ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ. 

2) ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʠʩʢʘ, 

3) ʪʝʭʥʠʯʝʩʢʠʝ ʚʝʩʳ  ʠ ʨʘʟʥʦʚʝʩʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʜʠʩʢʘ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

1. ʀʟʤʝʨʠʪʴ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ (ʨʠʩ.2.7) ʜʠʘʤʝʪʨ ʜʠʩʢʘ D ʠ 

ʦʪʚʝʨʩʪʠʷ d ʪʨʠʞʜʳ ʩ ʫʛʣʦʚʳʤ ʩʤʝʱʝʥʠʝʤ ~120. ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʟʘʧʠʩʘʪʴ ʚ ʪʘʙʣ.2.1. 

2. ʀʟʤʝʨʠʪʴ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ ʨʘʟʤʝʨ L ʜʚʘʞʜʳ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʜʠʩʢʘ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʤʘʩʩʫ ʜʠʩʢʘ ʩ ʚʳʨʝʟʦʤ m ʜʚʫʢʨʘʪʥʳʤ ʚʟʚʝʰʠʚʘʥʠʝʤ 

ʥʘ ʚʝʩʘʭ, ʤʝʥʷʷ ʤʝʩʪʘʤʠ ʜʠʩʢ ʠ ʨʘʟʥʦʚʝʩʢʠ. 

4. ʈʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ mʠL,d,D . 

5. ʀʩʧʦʣʴʟʫʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ mʠL,d,D , ʧʦ ʬʦʨʤʫʣʝ (2.40) 

ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʠʩʢʘ ʩ ʚʳʨʝʟʦʤ J0. 
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  ʊʘʙʣʠʮʘ 2.1 
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1             ï  

2             ï  

3       ï ï  ï ï  ï  

ʩʨ.               

 

6. ɺʳʯʠʩʣʠʪʴ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʧʦ ʬʦʨʤʫʣʘʤ (0.17) ʠ (0.18). 

 ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ɺʳʚʝʩʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʧʣʦʰʥʦʛʦ ʜʠʩʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ. 

2. ʂʘʢ ʚ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʘ ʜʠʩʢʘ ʩ ʚʳʨʝʟʦʤ ʠ ʚʳʨʝʟʘʥʥʦʡ 

ʯʘʩʪʠ ʜʠʩʢʘ? 

3. ʂʘʢ ʚ ʨʘʙʦʪʝ ʠʟʤʝʨʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʜʠʩʢʘ ʠ ʦʩʴʶ 

ʦʪʚʝʨʩʪʠʷ? 

 

ʃɸɹʆʈɸʊʆʈʅɸʗ ʈɸɹʆʊɸ ˉ 1 

ɉɖɝɛɑɜɔɘɑəɞɌɗɨəɚɑ ɚɛɜɑɐɑɗɑəɔɑ ɘɚɘɑəɞɌ 
ɔəɑɜɢɔɔ ɎɜɌɥɌɪɥɑɕɝɫ ɝɔɝɞɑɘɧ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʤʝʨʝʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʩʠʩʪʝʤʳ ʪʝʣ ʠ ʠʟʫʯʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ʄʘʷʪʥʠʢ ʄʘʢʩʚʝʣʣʘ (ʨʠʩ.2.8) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢ, ʞʝʩʪʢʦ 

ʧʦʩʘʞʝʥʥʳʡ ʥʘ ʩʪʝʨʞʝʥʴ ʠ ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʠʪʷʭ 

(ʙʠʬʠʣʷʨʥʳʡ ʧʦʜʚʝʩ).  

ʅʘʤʦʪʘʚ ʥʠʪʠ ʥʘ ʩʪʝʨʞʝʥʴ, ʤʘʷʪʥʠʢ ʤʦʞʥʦ ʧʦʜʥʷʪʴ ʥʘ ʥʝʢʦʪʦʨʫʶ 

ʚʳʩʦʪʫ h0, ʪʦ ʝʩʪʴ ʩʦʦʙʱʠʪʴ ʝʤʫ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʞʥʝʛʦ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʥʠʪʠ ʧʦʜʚʝʩʘ. ɺ 

ʚʝʨʭʥʝʤ ʧʦʣʦʞʝʥʠʠ ʤʘʷʪʥʠʢ ʦʩʚʦʙʦʞʜʘʶʪ. ʉʠʣʳ ʠ ʤʦʤʝʥʪʳ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʤʘʷʪʥʠʢ, ʩʦʦʙʱʘʶʪ ʝʤʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʉʯʠʪʘʷ ʜʘʥʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʧʦʜʚʝʩ - 

ʤʘʷʪʥʠʢ -  ɿʝʤʣʷ) ʟʘʤʢʥʫʪʦʡ, ʟʘʧʠʰʝʤ ʜʣʷ ʥʝʝ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

 ,mghmgh
2

mv

2

J
0

22

       (2.41)  
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ʛʜʝ J - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʪʝʨʞʥʷ; m - 

ʤʘʩʩʘ ʤʘʷʪʥʠʢʘ, ʨʘʚʥʘʷ ʤʘʩʩʝ ʜʠʩʢʘ 

6 ʩʦ ʩʪʝʨʞʥʝʤ 7 (ʩʤ. ʨʠʩ.2.10) ʠ 

ʤʘʩʩʝ ʩʤʝʥʥʦʛʦ ʢʦʣʝʩʘ 8;  - 

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʤʘʷʪʥʠʢʘ; v - 

ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ ʤʘʩʩ; h0 - 

ʥʘʯʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ 

ʤʘʷʪʥʠʢʘ. 

ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ 

ʧʨʠ t = 0: 

h = h0;  v = 0;   = 0;   U = mgh0. 

ʂʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ:  

h = 0;  v = vmax;   = max; U = 0. 

ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ (2.41) 

ʫʩʢʦʨʝʥʠʝ ʤʘʷʪʥʠʢʘ ʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ (2.41) ʧʦ ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʮʝʥʪʨʘ 

ʤʘʩʩ 
dt

dh
v  ʩʚʷʟʘʥʘ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʤʘʷʪʥʠʢʘ  ʠ ʨʘʜʠʫʩʦʤ r 

ʩʪʝʨʞʥʷ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʤʘʪʳʚʘʝʪʩʷ ʥʠʪʴ, ʩʦʦʪʥʦʰʝʥʠʝʤ v = r: 

 0
dt

dh
mg

dt

dv
mv

dt

d
J  

ʠʣʠ, ʨʘʟʜʝʣʠʚ ʥʘ v, 

 .0mg
dt

dv
m

dt

dv

r

J
2

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʷʪʥʠʢʘ J, m ʠ r ʷʚʣʷʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ, ʫʩʢʦʨʝʥʠʝ ʘ ʙʫʜʝʪ ʨʘʚʥʦ 

 const

mr

J
1

1
g

dt

dv
ʘ

2

, (2.42)  

ʇʨʠ ʘ = const ʠ v = 0 ʚ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (ʨʠʩ.2.8) 

 ,
2

at
S

2

 (2.43) 

ʛʜʝ t - ʚʨʝʤʷ ʧʘʜʝʥʠʷ ʤʘʷʪʥʠʢʘ; S = (h0  h) - ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʡʜʝʥʥʦʝ 

ʪʝʣʦʤ ʟʘ ʵʪʦ ʚʨʝʤʷ.  

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (2.42) ʠ (2.43) ʥʘʭʦʜʠʤ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ: 

 

maxv
C

 

h 
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h0  a
C

 

v
C

 t=0 
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 .1
S2

gt
mrJ

2
2

 (2.44) 

ʀʟ (2.44) ʚʠʜʥʦ, ʯʪʦ, ʠʟʤʝʨʠʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ t, S, r ʠ m, ʤʦʞʥʦ ʠʟ 

ʜʘʥʥʳʭ ʦʧʳʪʘ ʥʘʡʪʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ. ʆʜʥʘʢʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ 13 

(ʨʠʩ.2.10ʙ), ʫʜʝʨʞʠʚʘʶʱʠʡ ʤʘʷʪʥʠʢ ʚ ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʦʙʣʘʜʘʝʪ 

ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ. ʇʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʫʜʝʨʞʠʚʘʪʴ ʜʠʩʢ 

ʝʱʝ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ t. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʢʣʶʯʝʥʠʠ 

ʤʠʣʣʠʩʝʢʫʥʜʦʤʝʨʘ ʠ ʨʘʟʤʳʢʘʥʠʠ ʮʝʧʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʦʪʩʯʝʪ ʚʨʝʤʝʥʠ 

ʥʘʯʠʥʘʝʪʩʷ ʥʘ t ʩʝʢʫʥʜ ʨʘʥʴʰʝ ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʘʜʝʥʠʷ 

ʤʘʷʪʥʠʢʘ. ʀʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʘʜʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ 

ʟʘʚʳʰʝʥʥʳʤ. ʕʪʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ. 

ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʫ (2.43) ʩ ʫʯʝʪʦʤ t, ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʪʝʣʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ: 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ ʩ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
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ʙʫʜʝʪ ʨʘʚʥʦ 
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ʇʦʵʪʦʤʫ ʦʢʦʥʯʘʪʝʣʴʥʫʶ 

ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 
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ʛʜʝ ʘ - ʫʩʢʦʨʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʤʘʷʪʥʠʢʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʥʘʢʣʦʥʫ ʧʨʷʤʦʡ 

(ʨʠʩ.2.9) ʠʟ ʬʦʨʤʫʣʳ (2.46); r - ʨʘʜʠʫʩ ʩʪʝʨʞʥʷ; m - ʤʘʩʩʘ ʤʘʷʪʥʠʢʘ:          

m = m0 + m1; m0 - ʤʘʩʩʘ ʜʠʩʢʘ 6 ʩʦ ʩʪʝʨʞʥʝʤ 7 (ʫʢʘʟʘʥʘ ʥʘ ʜʠʩʢʝ); m1 - 

ʤʘʩʩʘ ʩʤʝʥʥʦʛʦ ʢʦʣʴʮʘ 8 (ʫʢʘʟʘʥʘ ʥʘ ʢʘʞʜʦʤ ʢʦʣʴʮʝ).  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʆʙʱʠʡ ʚʠʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.2.10. 

ʅʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʝ 12 ʦʩʥʦʚʘʥʠʷ 1 ʢʨʝʧʷʪʩʷ ʜʚʘ ʢʨʦʥʰʪʝʡʥʘ: 

ʚʝʨʭʥʠʡ 2 ʠ ʥʠʞʥʠʡ 3. ɺʝʨʭʥʠʡ ʢʨʦʥʰʪʝʡʥ ʩʥʘʙʞʝʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘʤʠ 

13 ʠ ʫʩʪʨʦʡʩʪʚʦʤ 4 ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʙʠʬʠʣʷʨʥʦʛʦ ʧʦʜʚʝʩʘ 

5. ʄʘʷʪʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢ 6, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʩʪʝʨʞʥʝ 7, 

ʧʦʜʚʝʰʝʥʥʦʤ ʥʘ ʜʚʫʭ ʥʠʪʷʭ. ʅʘ ʜʠʩʢʝ ʢʨʝʧʷʪʩʷ ʩʤʝʥʥʳʝ ʢʦʣʴʮʘ 8. 

ʄʘʩʩʘ ʩʤʝʥʥʳʭ ʢʦʣʝʩ 8 ʫʢʘʟʘʥʘ ʥʘ ʢʘʞʜʦʤ ʢʦʣʴʮʝ. ʄʘʷʪʥʠʢ ʩʦ 

ʩʤʝʥʥʳʤʠ ʢʦʣʴʮʘʤʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. 

ʅʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʝ ʥʘʥʝʩʝʥʘ ʤʠʣʣʠʤʝʪʨʦʚʘʷ ʰʢʘʣʘ 14, ʧʦ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʦʜ ʤʘʷʪʥʠʢʘ. 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ 9 ʟʘʢʨʝʧʣʝʥ ʥʘ ʢʨʦʥʰʪʝʡʥʝ 3. 

ʂʨʦʥʰʪʝʡʥ 3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʬʦʪʦʜʘʪʯʠʢʘ 
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ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʦʡʢʠ ʠ ʝʛʦ ʬʠʢʩʠʨʦʚʘʥʠʷ ʟʘʞʠʤʦʤ 15 ʚ ʣʶʙʦʤ 

ʤʝʩʪʝ ʰʢʘʣʳ ʚ ʧʨʝʜʝʣʘʭ (0 - 420) ʤʤ. 

ʌʦʪʦʜʘʪʯʠʢ 9 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ 

ʤʠʣʣʠʩʝʢʫʥʜʦʤʝʨ 10, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʠʙʦʨʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʋʧʨʘʞʥʝʥʠʝ 1.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

1. ʋʩʪʘʥʦʚʠʪʴ ʧʦ ʚʳʩʦʪʝ ʢʨʦʥʰʪʝʡʥ 3 ʚ ʢʨʘʡʥʝʝ ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ 

ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʢʨʘʰʝʥʥʘʷ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ (ʩʣʫʞʠʪ 

ʫʢʘʟʘʪʝʣʝʤ), ʩʦʚʧʘʜʘʣʘ ʩ ʥʠʞʥʝʡ ʦʪʤʝʪʢʦʡ ʰʢʘʣʳ 14 (ʮʠʬʨʘ 40). 

2. ʅʘʜʝʪʴ ʠ ʟʘʢʨʝʧʠʪʴ ʩʤʝʥʥʦʝ ʢʦʣʴʮʦ 8 ʥʘ ʜʠʩʢ 6. ʋʩʪʘʥʦʚʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʠʥʫ ʥʠʪʠ (ʩ ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚʘ 4) ʪʘʢ, ʯʪʦʙʳ ʥʠʞʥʷʷ 

ʢʨʦʤʢʘ ʩʤʝʥʥʦʛʦ ʢʦʣʴʮʘ ʥʘʭʦʜʠʣʘʩʴ ʥʘ (4 - 5) ʤʤ ʥʠʞʝ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

(ʤʝʪʢʘ 11) ʬʦʪʦʜʘʪʯʠʢʘ. ʆʩʴ ʤʘʷʪʥʠʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ. 

3. ʉ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʢʠ ʦʧʦʨ 16 ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʠʩʢ 6 ʥʘ 

ʙʠʬʠʣʷʨʥʦʤ ʧʦʜʚʝʩʝ ʥʘʭʦʜʠʣʩʷ ʧʦʩʝʨʝʜʠʥʝ ʬʦʪʦʜʘʪʯʠʢʘ 9. 

4. ʅʘʞʘʪʴ ʢʥʦʧʢʫ ñʉʝʪʴò ʥʘ ʧʘʥʝʣʠ ʤʠʣʣʠʩʝʢʫʥʜʦʤʝʨʘ 10. 

5. ʅʘʢʨʫʪʠʪʴ ʥʠʪʠ ʥʘ ʩʪʝʨʞʝʥʴ 7 ʚʠʪʦʢ ʢ ʚʠʪʢʫ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʤʘʷʪʥʠʢ ʚ ʚʝʨʭʥʝʤ ʧʦʣʦʞʝʥʠʠ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 13. ʅʠʪʠ 

ʧʦʜʚʝʩʘ ʚ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʣʝʛʢʘ ʦʩʣʘʙʣʝʥʥʳʤʠ. 

6. ʋʩʪʘʥʦʚʠʪʴ ʠʥʜʠʢʘʪʦʨ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʥʘ ʥʦʣʴ, ʥʘʞʘʚ ʢʥʦʧʢʫ 

ñʉʙʨʦʩò. 

  ʊʘʙʣʠʮʘ 2.2 
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7. ʅʘʞʘʪʴ ʢʥʦʧʢʫ ñʇʫʩʢò. ʇʨʦʠʩʭʦʜʠʪ ʚʳʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 

ʠ ʚʢʣʶʯʝʥʠʝ ʤʠʣʣʠʩʝʢʫʥʜʦʤʝʨʘ. ɺ ʤʦʤʝʥʪ ʧʝʨʝʩʝʯʝʥʠʷ ʤʘʷʪʥʠʢʦʤ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʬʦʪʦʜʘʪʯʠʢʘ ʦʪʩʯʝʪ ʚʨʝʤʝʥʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

8. ɺʥʦʚʴ ʧʦʜʥʷʚʰʠʡʩʷ ʤʘʷʪʥʠʢ ʚ ʚʝʨʭʥʝʤ ʧʦʣʦʞʝʥʠʠ ʟʘʜʝʨʞʘʪʴ 

ʨʫʢʦʡ ʠ ʦʩʪʦʨʦʞʥʦ ʦʧʫʩʪʠʪʴ ʚʥʠʟ, ʨʘʟʤʦʪʘʚ ʥʠʪʴ. 

9. ɿʘʧʠʩʘʪʴ ʚʨʝʤʷ ʧʘʜʝʥʠʷ ʤʘʷʪʥʠʢʘ t ʧʦ ʤʠʣʣʠʩʝʢʫʥʜʦʤʝʨʫ, ʘ 

ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʝ S ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʠ ʢʦʥʝʯʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʤʘʷʪʥʠʢʘ ʚ ʪʘʙʣ.2.2. 

10. ʇʦʚʪʦʨʠʪʴ ʝʱʝ ʜʚʘ ʨʘʟʘ ʠʟʤʝʨʝʥʠʷ ʧʦ ʧ.ʧ. 4...9 ʠ ʥʘʡʪʠ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ t . 

11. ʇʨʦʜʝʣʘʪʴ ʦʧʝʨʘʮʠʠ 2...10 ʜʣʷ ʪʨʝʭ ï ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʨʘʩʩʪʦʷʥʠʷ S, ʫʩʪʘʥʘʚʣʠʚʘʷ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʝʤ ʢʨʦʥʰʪʝʡʥʘ 3. ɼʣʷ 

ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ S ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʫʞʥʫʶ 

ʜʣʠʥʫ ʧʦʜʚʝʩʘ (ʧ.2). 

12. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ )t(fS , ʦʪʢʣʘʜʳʚʘʷ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ t  ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʩʩʪʦʷʥʠʷ S. (ʨʠʩ. 2.9). 

13. ʇʦ ʥʘʢʣʦʥʫ ʧʨʷʤʦʡ ʦʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʝ ʤʘʷʪʥʠʢʘ ʘ = 2k
2
. 

14. ʇʦ ʬʦʨʤʫʣʝ (2.47) ʚʳʯʠʩʣʠʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ. 

15. ʇʨʦʜʝʣʘʪʴ ʠʟʤʝʨʝʥʠʷ (ʧ.ʧ. 1...14) ʩ ʜʨʫʛʠʤ ʩʤʝʥʥʳʤ ʢʦʣʴʮʦʤ ʠ 

ʟʘʧʠʩʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚ ʪʘʙʣ.2.3. 

  ʊʘʙʣʠʮʘ 2.3 
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16. ʈʘʩʩʯʠʪʘʪʴ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʦʧʳʪʦʚ. 
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ʋʧʨʘʞʥʝʥʠʝ 2. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ 

ʅʘ ʨʠʩ.2.11: 1 - ʩʪʝʨʞʝʥʴ (m1, r, 2L, J1); 2 - ʜʠʩʢ (m2, R1, J2); 3 - 

ʩʤʝʥʥʦʝ ʢʦʣʴʮʦ (m3, R1, R2, J3).  

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʪʝʨʞʥʷ:   .rm
2

1
J 2

11  

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʠʩʢʘ:   .Rm
2

1
J 2
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ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʤʝʥʥʦʛʦ ʢʦʣʴʮʘ:   ).RR(m
2

1
J 2

2
2
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ʄʘʩʩʫ m1 ʠʣʠ m2 ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ          

(  = 2700 ʢʛ/ʤ
3
) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ.  

ɼʣʷ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ m0 = m1 + m2; m0 = 0,135 ʢʛ, 

.JJJJ 321ʪeop  

ʈʘʜʠʫʩʳ R1 ʠ R2 ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʟʤʝʨʳ ʠʟʤʝʨʷʶʪ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ. ʄʘʩʩʘ m3 ʫʢʘʟʘʥʘ ʥʘ ʢʘʞʜʦʤ ʩʤʝʥʥʦʤ ʢʦʣʴʮʝ (ʠʣʠ 

ʩʦʦʙʱʘʝʪʩʷ ʣʘʙʦʨʘʥʪʦʤ). 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: 

 %.100
J

JJ

J

J

ʪeop

ʵʢʩʧʪeop

ʪeop

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʜʚʠʞʝʥʠʷ ʤʘʷʪʥʠʢʘ. 

2. ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ? 

3. ʂʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʜʩʯʠʪʳʚʘʶʪ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʠʩʢʘ ʠ ʯʝʤʫ 

ʦʥ ʨʘʚʝʥ? 

4. ɼʣʷ ʯʝʛʦ ʚ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ? 


