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ʋʅʀɺɽʈʉʀʊɽʊ ʀʊʄʆ 

 

 

 

 

ʆ.ɺ. ʉʠʣʴʚʘʥʦʚʠʯ 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʧʦ ʚʳʩʰʝʡ 
ʤʘʪʝʤʘʪʠʢʝ 

ʉʧʝʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ 

 

 

ʈɽʂʆʄɽʅɼʆɺɸʅʆ ʂ ʀʉʇʆʃʔɿʆɺɸʅʀʖ ɺ ʋʅʀɺɽʈʉʀʊɽʊɽ ʀʊʄʆ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ  09.03.01,  09.03.04, 10.03.01, 11.03.03, 

12.03.01, 12.03.02, 12.03.03, 12.03.05, 13.03.02, 14.03.01, 15.03.04, 15.03.06, 

16.03.01, 16.03.03, 18.03.02, 19.03.01, 19.03.02, 19.03.03, 23.03.03, 24.03.02, 

27.03.04, 27.03.05, 44.03.04 ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʘʢʘʣʘʚʨʠʘʪʘ 

 

 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
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ʆ.ɺ. ʉʠʣʴʚʘʥʦʚʠʯ. ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ ʧʦ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʝ. ʉʧʝʮʠʘʣʴʥʳʝ 

ʢʨʠʚʳʝ. ï ʉʇʙ: ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, 2018. ï  62 ʩ. 

ʈʝʮʝʥʟʝʥʪʳ: ʢ.ʬ.-.ʤ.ʥ.,  ʜʦʮʝʥʪ ʆʎʄ ʋʥʠʚʝʨʩʠʪʝʪʘ  ʀʊʄʆ ɸ.ʀ. ʊʨʠʬʘʥʦʚ 

ʇʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʙʘʢʘʣʘʚʨʠʘʪʘ. ʉʦʜʝʨʞʠʪ 8 ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʢʨʠʚʳʭ.  ɺʳʧʦʣʥʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʚ ʣʶʙʦʤ ʜʦʩʪʫʧʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ ʠʣʠ ʄʇʇ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʘʢʝʪʝ 

ʧʨʦʛʨʘʤʤ) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʋʥʠʚʝʨʩʠʪʝʪ  ʀʊʄʆ - ʚʝʜʫʱʠʡ ʚʫʟ ʈʦʩʩʠʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʬʦʪʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʚʫʟʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʚ 2009 ʛʦʜʫ ʩʪʘʪʫʩ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉ 2013 ʛʦʜʘ ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ - 

ʫʯʘʩʪʥʠʢ ʧʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ 

ʩʨʝʜʠ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʧʨʦʝʢʪ "5 ʚ 

100". ʎʝʣʴ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ - ʩʪʘʥʦʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʛʦ ʧʦ ʪʠʧʫ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʮʠʶ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

Éʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, 2018 

É ʆ.ɺ. ʉʠʣʴʚʘʥʦʚʠʯ 2018 
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4 

 

ɺʚʝʜʝʥʠʝ 

ɼʘʥʥʦʝ ʧʦʩʦʙʠʝ ʩʦʜʝʨʞʠʪ 8 ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʩʪʫʜʝʥʪʫ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʩʣʝʜʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ: 

¶ ʣʝʤʥʠʩʢʘʪʘ ɹʝʨʥʫʣʣʠ 

¶ ʦʚʘʣʳ ʂʘʩʩʠʥʠ 

¶ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʧʠʨʘʣʠ 

¶ ʢʘʨʜʠʦʠʜʘ 

¶ ʫʣʠʪʢʘ ʇʘʩʢʘʣʷ 

¶ ʘʩʪʨʦʠʜʘ 

¶ ʮʠʢʣʦʠʜʘ 

¶ ʛʠʧʦʮʠʢʣʦʠʜʘ 

¶ ʵʧʠʮʠʢʣʦʠʜʘ 

¶ ʧʦʣʷʨʥʘʷ ʨʦʟʘ 

¶ ʵʚʦʣʴʚʝʥʪʘ ʦʢʨʫʞʥʦʩʪʠ 

¶ ʩʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ 

¶ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ 

¶ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ 

¶ ʮʠʩʩʦʠʜʘ 

¶ ʚʝʨʟʠʝʨʘ (ʣʦʢʦʥ) ɸʥʴʝʟʠ 

¶ ɼʝʢʘʨʪʦʚ ʣʠʩʪ 

¶ ʧʝʪʣʝʚʘʷ ʧʘʨʘʙʦʣʘ 

ʉʚʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʥrʭ ʢʨʠʚrʭ, ʩʧʦʩʦʙr  ʠʭ ʟʘʜʘʥʠ̫ ʠʩʧʦʣɹʟʫʁʪʩ̫ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤr ʩʣʘ ʦʧʨʝʜʝʣyʥʥrʭ ʠ ʢʨʘʪʥrʭ 

ʠʥʪʝʛʨʘʣʦʚ - ʥʘʭʦʞʜʝʥʠʠ ʧʣʦɦ ʘʜʠ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʨʠʚʦʡ, ʜʣʠʥr  

ʜʫʛʠ ʢʨʠʚʦʡ, ʤʘʩʩr ʢʨʠʚʦʡ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

ʫʯʠʪʳʚʘʣʘʩʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʨʠʚʳʤʠ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ.  

ʉʪʨʫʢʪʫʨʥʦ ʢʘʞʜʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ: 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʚʦʡ (ʢʘʢ ɻʄʊ (ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ) ʠʣʠ ʢʘʢ 

ʢʨʠʚʦʡ, ʟʘʜʘʥʥʦʡ ʦʧʨʝʜʝʣʸʥʥʳʤ ʪʠʧʦʤ ʫʨʘʚʥʝʥʠʷ) 

¶ ʢʨʘʪʢʫʶ ʠʩʪʦʨʠʯʝʩʢʫʶ ʩʧʨʘʚʢʫ ʦ ʢʨʠʚʦʡ  

¶ ʟʘʜʘʥʠʝ (ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʝ ʚ ʦʙʱʝʤ ʚʠʜʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʧʘʨʘʤʝʪʨʦʚ).   

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʫ ʥʝʦʙʭʦʜʠʤʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʙʨʘʪʴ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʚʦʡ. ʊʘʢ ʢʘʢ ʚʳʙʦʨ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʥʦʩʠʪ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. ɿʘʜʘʥʠʷ ʩʦʜʝʨʞʘʪ ʛʠʧʝʨʩʩʳʣʢʠ ʥʘ ʨʘʙʦʯʠʝ 

ʣʠʩʪʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ DESMOS - ʧʨʠ ʠʭ ʦʪʢʨʳʪʠʠ ʢʘʞʜʳʡ 

ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʢʨʠʚʦʡ, ʠʟʤʝʥʷʷ ʣʠʰʴ ʝʸ ʧʘʨʘʤʝʪʨʳ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʪʯʸʪʘ ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʣʠʩʪʘʤʠ ʚ DESMOS, ʪʘʢ ʠ ʩʦʟʜʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʜʦʩʪʫʧʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ. 

 



 

5 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʠ ʦʬʦʨʤʣʝʥʠʶ  

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

 

 1. ʆʙʱʠʝ ʫʢʘʟʘʥʠʷ. ɺʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʨʦʭʦʜʠʪ ʚ 

ʪʦʤ ʧʦʨʷʜʢʝ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʢʘʞʜʦʝ ʠʟ ʟʘʜʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʚ 

ʮʝʣʦʤ.  

ʆʪʯʸʪ ʦ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʫʥʢʪʦʚ: 

1. ʌʦʨʤʫʣʠʨʦʚʢʘ ʦʙʱʝʛʦ ʟʘʜʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩ ʫʢʘʟʘʥʠʝʤ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ.  

2.  ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʥʠʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ.  

3. ʆʙʱʠʡ ʚʳʚʦʜ ʦ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʬʦʨʤʫʣʠʨʦʚʢʦʡ  ʦʩʥʦʚʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʚ ʧ.1. ʦʙʱʝʛʦ 

ʟʘʜʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

4
1
. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠ ʘʜʨʝʩʘ ʩʘʡʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

ɿʘʤʝʯʘʥʠʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʦʪʯʸʪʘ: 

1. ɽʩʣʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʷ ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 

ʨʘʩʯʸʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʚʳʧʦʣʥʠʪʴ, ʦʬʦʨʤʠʪʴ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʠ 

ʧʦʤʝʩʪʠʪʴ ʚ ʦʪʯʸʪ. 

2. ɽʩʣʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʠʷ ʪʨʝʙʦʚʘʣʦʩʴ ʥʘʨʠʩʦʚʘʪʴ ʦʜʠʥ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʛʨʘʬʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʠʭ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, 

ʩʦʭʨʘʥʠʪʴ ʠʭ ʢʦʧʠʠ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʠʪʦʛʦʚʦʤ ʦʪʯʸʪʝ ʦ ʚʳʧʦʣʥʝʥʠʠ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʬʦʨʤʣʝʥʠʶ ʦʪʯʸʪʘ ʦ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ: 

1. ʆʪʯʸʪ ʦʬʦʨʤʣʷʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʚ ʜʦʩʪʫʧʥʦʤ ʪʝʢʩʪʦʚʦʤ 

ʨʝʜʘʢʪʦʨʝ (ʥʘʧʨʠʤʝʨ,WORD), ʰʨʠʬʪ Times New Roman, ʨʘʟʤʝʨ ʰʨʠʬʪʘ 14 

ʧʪ, ʤʝʞʜʫʩʪʨʦʯʥʳʡ ʠʥʪʝʨʚʘʣ 1,5. ɺʩʝ ʨʠʩʫʥʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʥʫʤʝʨʫʶʪʩʷ ʠ ʧʦʜʧʠʩʳʚʘʶʪʩʷ.  

2. ʅʘ ʧʨʦʚʝʨʢʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʦʪʯʸʪ ʩʜʘʸʪʩʷ ʚ ʨʘʩʧʝʯʘʪʘʥʥʦʤ (ʥʘ ʙʫʤʘʛʝ 

ʬʦʨʤʘʪʘ ɸ4) ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ʈʘʩʯʸʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩʪʫʜʝʥʪʦʤ 

ʧʠʩʴʤʝʥʥʦ,  ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʚ ʣʶʙʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʨʝʜʘʢʪʦʨʝ ʠ ʚʩʪʘʚʣʷʶʪʩʷ ʚ ʦʪʯʸʪ. 

3. ʊʠʪʫʣʴʥʳʡ ʣʠʩʪ ʨʘʙʦʪʳ ʦʬʦʨʤʣʷʝʪʩʷ ʧʦ ʦʙʨʘʟʮʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ 

ʇʨʠʣʦʞʝʥʠʠ.  

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʨʘʙʦʪʳ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʙʝʩʧʣʘʪʥʦʤ ʠ ʩʚʦʙʦʜʥʦʤ ʜʣʷ ʜʦʩʪʫʧʘ ʛʨʘʬʠʯʝʩʢʦʤ 

ʨʝʜʘʢʪʦʨʝ Desmos Graphing Calculator  https://www.desmos.com/calculator 

ʠʣʠ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʜʦʩʪʫʧʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ. 

                                                 
1
 ɺ  ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ  ʣʝʢʮʠʦʥʥʦʛʦ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʝ ʙʳʣʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

https://www.desmos.com/calculator
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ɿʘʤʝʯʘʥʠʝ (ʦ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ Desmos Graphing Calculator) 

 

ɺʳʙʦʨ Desmos Graphing Calculator ʦʙʫʩʣʦʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

¶ ʜʦʩʪʫʧʥʦʩʪʴ: Desmos Graphing Calculator  - ʵʪʦ ʦʙʣʘʯʥʳʡ ʩʝʨʚʠʩ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʪʝʭʥʦʣʦʛʠʷ HTML5. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ on-line ʥʘ ʣʶʙʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʧʣʘʥʰʝʪʝ ʠʣʠ 

ʩʤʘʨʪʬʦʥʝ. ʇʦʩʣʝ ʘʚʪʦʨʠʟʘʮʠʠ ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʧʦʩʪʨʦʝʥʥʳʝ 

ʛʨʘʬʠʢʠ, ʘʧʧʣʝʪʳ ʚ ʚʠʜʝ ʨʠʩʫʥʢʦʚ ʠ ʜʝʣʠʪʴʩʷ ʠʤʠ ʚ ʚʠʜʝ ʩʩʳʣʢʠ ʠʣʠ 

ʢʘʨʪʠʥʢʠ. 

¶ ʧʨʦʩʪʦʡ ʠʥʪʝʨʬʝʡʩ 

¶ ʨʘʙʦʪʘ ʩ ʬʫʥʢʮʠʷʤʠ, ʟʘʜʘʥʥʳʤʠ: 

V ʘʥʘʣʠʪʠʯʝʩʢʠ 

V ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ  

V ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

V  ʪʘʙʣʠʯʥʦ 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ  ʛʨʘʬʠʯʝʩʢʠʭ ʘʥʠʤʘʮʠʡ (ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʢʨʠʚʳʭ), ʘʥʠʤʠʨʦʚʘʥʥʳʭ ʮʚʝʪʥʳʭ ʨʠʩʫʥʢʦʚ 

¶ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʨʦʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ 

ʦʧʝʨʘʮʠʡ: 

V ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

V ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

V ʦʩʥʦʚʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ (ʩʦʟʜʘʥʠʝ 

ʚʠʨʪʫʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ, ʢʣʘʩʩʦʚ, ʪʨʝʥʘʞʸʨʦʚ,  ʛʝʡʤʠʬʠʢʘʮʠʷ 

ʦʙʫʯʝʥʠʷ  ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ  - ʩʤ. https://teacher.desmos.com/, 

http://learn.desmos.com/, http://dailydesmos.com/) 

 

 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ1. ʃʝʤʥʠʩʢʘʪʘ ɹʝʨʥʫʣʣʠ, ʦʚʘʣʳ ʂʘʩʩʠʥʠ, 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʧʠʨʘʣʠ 

 

1. ʃʝʤʥʠʩʢʘʪʘ ɹʝʨʥʫʣʣʠ 

ʅʘʟʚʘʥʠʝ ʜʘʥʥʦʡ ʢʨʠʚʦʡ ʜʘʣ ʠʟʚʝʩʪʥʳʡ ʰʚʝʡʮʘʨʩʢʠʡ ʫʯʸʥʳʡ ʗʢʦʙ 

ɹʝʨʥʫʣʣʠ (1655-1705), ʢʦʪʦʨʳʡ ʚ ʦʜʥʦʡ ʠʟ ʩʚʦʠʭ ʨʘʙʦʪ (ʚ 1694 ʛ.), 

ʧʦʩʚʷʱʸʥʥʦʡ ʧʨʠʣʠʚʘʤ ʠ ʦʪʣʠʚʘʤ, ʠʩʧʦʣʴʟʦʚʘʣ  ʝʸ ʚ ʢʘʯʝʩʪʚʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʆʥ ʟʘʤʝʪʠʣ ʝʸ ʩʭʦʜʩʪʚʦ ʩ ʮʠʬʨʦʡ 8 ʠ ʩ 

ʫʟʣʦʦʙʨʘʟʥʦʡ ʧʦʚʷʟʢʦʡ, ʢʦʪʦʨʫʶ ʦʥ ʥʘʟʳʚʘʝʪ "ʣʝʤʥʠʩʢʦʤ" (ʦʪ ʛʨʝʯ. 

lhmniscoz - ʧʦʚʷʟʢʘ). ʊʘʢʞʝ ʚ ɼʨʝʚʥʝʡ ɻʨʝʮʠʠ (ʈʠʤʝ) çʣʝʤʥʠʩʢʘʪʦʡè 

ʥʘʟʳʚʘʣʠ ʙʘʥʪʠʢ (ʣʘʪ. lemniscatus - ʫʢʨʘʰʝʥʥʳʡ ʣʝʥʪʘʤʠ), ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʧʨʠʢʨʝʧʣʷʣʠ ʚʝʥʦʢ ʢ ʛʦʣʦʚʝ ʧʦʙʝʜʠʪʝʣʷ ʥʘ ʩʧʦʨʪʠʚʥʳʭ ʠʛʨʘʭ. 

ʃʝʤʥʠʩʢʘʪʘ ɹʝʨʥʫʣʣʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʦʚʘʣʦʚ ʂʘʩʩʠʥʠ. 

 

https://teacher.desmos.com/
http://learn.desmos.com/
http://dailydesmos.com/)
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ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ʣʝʤʥʠʩʢʘʪʘ ɹʝʨʥʫʣʣʠ ʝʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʤʝʩʪʦ ʪʦʯʝʢ, ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʦʪʦʨʳʭ ʜʦ ʜʚʫʭ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ 

(ʥʘʟʳʚʘʝʤʳʭ ʬʦʢʫʩʘʤʠ) ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ ʢʚʘʜʨʘʪʫ ʧʦʣʦʚʠʥʳ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʬʦʢʫʩʘʤʠ. ʊʘʢ, ʝʩʣʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ),( yxM  - ʪʦʯʢʠ 

ʣʝʤʥʠʩʢʘʪʳ, )0,(  ),0,( 21 aFaF -  - ʬʦʢʫʩʳ ʵʪʦʡ ʢʨʠʚʦʡ  (ʈʠʩ.1), ʪʦ ʝʸ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ:       
2

21 const aMFMF ==Ö  

ʇʨʷʤʳʝ xy °=  - ʘʩʠʤʧʪʦʪʳ ʢʨʠʚʦʡ.  

 

 

 

ʈʠʩ.1 ʃʝʤʥʠʩʢʘʪʘ ɹʝʨʥʫʣʣʠ 

 

ɿʘʜʘʥʠʝ: 

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/sfhbjpcxqg (ʈʠʩ.2) 

ʠ ʠʟʫʯʠʪʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʣʝʤʥʠʩʢʘʪʳ ɹʝʨʥʫʣʣʠ: 

( ) ( ) 0,2 222222 >-=+ ayxayx . 

 

 
ʈʠʩ.2. ʃʝʤʥʠʩʢʘʪʘ ɹʝʨʥʫʣʣʠ (ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ) 

https://www.desmos.com/calculator/sfhbjpcxqg
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ʀʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ a  ʧʦʩʤʦʪʨʠʪʝ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ, ʝʸ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʬʦʢʫʩʳ, ʘʩʠʤʧʪʦʪʳ). ɺʩʪʘʚʴʪʝ ʚ ʦʪʯʸʪ 

ʛʨʘʬʠʢ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ a .  

 

2.  ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/1v1gzltmx5 

(ʈʠʩ.3) ʠ ʠʟʫʯʠʪʝ ʧʦʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʣʝʤʥʠʩʢʘʪʳ ɹʝʨʥʫʣʣʠ:  
2 22 cos 2 , 0r a aq= >.  ʀʟʤʝʥʷʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 21,bb , 

ʧʦʩʤʦʪʨʠʪʝ, ʢʘʢ ʩʪʨʦʠʪʩʷ ʢʨʠʚʘʷ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʇʦʩʪʨʦʡʪʝ ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ ʧʨʠ [ ]p
p

q ,0,,
2

:),( 121221 Í=-Í bbbbbb   ʠ ʚʩʪʘʚʴʪʝ 

ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ.  

 

3. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ  https://www.desmos.com/calculator/mgfofqkvxj  

(ʈʠʩ.4) - ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʥʦ 7 ʪʦʯʝʢ ʣʝʤʥʠʩʢʘʪʳ 

ɹʝʨʥʫʣʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʣʷʨʥʳʭ ʣʫʯʘʭ  p
ppppp

q ,
6

5
,

4

3
,

2
,

4
,

6
,01= . 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʘ ʧʦʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʩʪʨʦʝʥʦ ʪʦʣʴʢʦ 5 ʪʦʯʝʢ 

ʠʟ 7 - ʦʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ. ʇʦʩʪʨʦʡʪʝ ʣʝʤʥʠʩʢʘʪʫ ɹʝʨʥʫʣʣʠ ʧʦ ʜʘʥʥʳʤ 

ʪʦʯʢʘʤ, ʧʨʠʜʘʚʘʷ ʧʘʨʘʤʝʪʨʘʤ 21,bb  ʚ ʫʨʘʚʥʝʥʠʠ }{,2cos2 21 bbar <<= qq    

(ʩʤ. ʧ.13 ʚ ʩʧʠʩʢʝ ʚʳʨʘʞʝʥʠʡ ʨʘʙʦʯʝʡ ʩʪʨʘʥʠʮʳ 

https://www.desmos.com/calculator/mgfofqkvxj) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ. 

 

4. ʅʘʧʠʰʠʪʝ ʧʦʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʣʝʤʥʠʩʢʘʪʳ ɹʝʨʥʫʣʣʠ, ʬʦʢʫʩʳ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʣʫʯʝ 
2

p
q= . ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʵʪʦʡ ʢʨʠʚʦʡ ʠ ʚʢʣʶʯʠʪʝ ʝʛʦ 

ʚ ʦʪʯʸʪ. 

 

5. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʥʘ ʙʫʤʘʛʝ, ʫʯʠʪʳʚʘʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʚʦʡ (ʩʠʤʤʝʪʨʠʶ, ʘʩʠʤʧʪʦʪʳ). 

 

 
ʈʠʩ.3. ɻʨʘʬʠʢ ʣʝʤʥʠʩʢʘʪʳ ɹʝʨʥʫʣʣʠ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

 

https://www.desmos.com/calculator/1v1gzltmx5
file:///C:/Users/мамик/AppData/Roaming/Microsoft/Word/ссылке%20%20https:/www.desmos.com/calculator/mgfofqkvxj
https://www.desmos.com/calculator/mgfofqkvxj
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ʈʠʩ.4. ʊʦʯʢʠ ʣʝʤʥʠʩʢʘʪʳ ɹʝʨʥʫʣʣʠ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

 

2. ʆʚʘʣʳ ʂʘʩʩʠʥʠ 

ʉʚʦʸ ʥʘʟʚʘʥʠʝ ʵʪʠ ʢʨʠʚʳʝ ʧʦʣʫʯʠʣʠ ʧʦ ʠʤʝʥʠ ʠʭ ʧʝʨʚʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ - 

ʘʩʪʨʦʥʦʤʘ ɼʞʦʚʘʥʥʠ ʂʘʩʩʠʥʠ (1625-1712), ʢʦʪʦʨʳʡ ʩʯʠʪʘʣ, ʯʪʦ ʦʨʙʠʪʦʡ 

ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʥʝ ʵʣʣʠʧʩ, ʘ ʦʚʘʣ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ʆʚʘʣʳ ʂʘʩʩʠʥʠ - ʵʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʤʝʩʪʦ ʪʦʯʝʢ ),,( yxM  ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʦʪʦʨʳʭ ʜʦ ʜʚʫʭ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ )0,(),0,( 2211 aFaF -  (ʩʤ. ʈʠʩ.5) ʝʩʪʴ ʚʝʣʠʯʠʥʘ 

ʧʦʩʪʦʷʥʥʘʷ:  constMF =Ö 21MF . 

 
ʈʠʩ.5. ʆʚʘʣʳ ʂʘʩʩʠʥʠ 

ɿʘʜʘʥʠʝ: 

ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/fcfbty3cn9  (ʈʠʩ. 6) 

ʠ ʠʟʫʯʠʪʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʦʚʘʣʦʚ ʂʘʩʩʠʥʠ: 

( ) ( ) 4
1

4222
1

222 2 acyxayx -=--+  . 

https://www.desmos.com/calculator/fcfbty3cn9


 

10 

 

 

 
ʈʠʩ.6. ʆʚʘʣʳ ʂʘʩʩʠʥʠ (ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ) 

 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 1a : 

1. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʦʚʘʣʘ ʂʘʩʩʠʥʠ ʧʨʠ 0=c , ʦʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ ʠ ʚʢʣʶʯʠʪʴ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ. 

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʦʚʘʣʘ ʂʘʩʩʠʥʠ ʧʨʠ 10 ac<< . ɺʟʷʪʴ ʥʝʩʢʦʣʴʢʦ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ c. ʆʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʬʠʢʘ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ c.  ɺʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ ʪʨʠ ʛʨʘʬʠʢʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ c . 

3. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʦʚʘʣʘ ʂʘʩʩʠʥʠ ʧʨʠ 11 2aca << . ɺʟʷʪʴ ʥʝʩʢʦʣʴʢʦ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ c . ʆʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʬʠʢʘ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ c.  ɺʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ ʪʨʠ ʛʨʘʬʠʢʘ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ c . 

4. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʦʚʘʣʘ ʂʘʩʩʠʥʠ ʧʨʠ 12ac> . ʆʧʨʝʜʝʣʠʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʬʠʢʘ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ c. ɺʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ ʛʨʘʬʠʢ . 

 

3. ʉʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʧʠʨʘʣʠ 

ʅʘʟʚʘʥʠʝ "ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ" ʥʝ ʦʪʨʘʞʘʝʪ ʬʦʨʤʳ ʵʪʠʭ ʢʨʠʚʳʭ, ʩʢʦʨʝʝ ʠʤ 

ʧʦʜʦʡʜʸʪ ʵʧʠʪʝʪ "ʮʚʝʪʦʯʥʳʝ" ʩʧʠʨʘʣʠ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ʜʘʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʳʭ ʟʘʜʘʸʪʩʷ ʚ 

ʧʦʣʷʨʥʦʡ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʷʤʠ: 

Qmmar mm Í=  ,sin j    ʠʣʠ  Qmmar mm Í=  ,cos j  . 

 ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ m ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ 

ʬʦʨʤʝ ʢʨʠʚʳʝ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʥʦʛʦ ʠʟʚʝʩʪʥʳʭ ʢʨʠʚʳʭ. ʊʘʢ ʢʘʢ ʟʥʘʯʝʥʠʝ 

Qmmar mm Í=  ,cos j  ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ j ʥʘ j- , ʪʦ ʚʩʝ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʢʨʠʚʳʝ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷʨʥʦʡ ʦʩʠ. ʇʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ m ʢʨʠʚʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʦʣʶʩ ʠ 

ʧʦʣʥʦʩʪʴʶ ʧʦʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʢʨʫʛʘ ʨʘʜʠʫʩʘ a.  ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ 

ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ m ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦ 
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ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʟʥʘʯʠʪ ʢʨʠʚʘʷ ʙʫʜʝʪ ʠʤʝʪʴ ʙʝʩʢʦʥʝʯʥʳʝ ʚʝʪʚʠ ʠ ʥʝ 

ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʣʶʩ.  

ɿʘʜʘʥʠʝ: 

 ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/rkxq0b2x9b (ʈʠʩ.7) 

ʠ ʠʟʫʯʠʪʝ ʧʦʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʧʠʨʘʣʝʡ:  

Qmmar mm Í=  ,sin j  ʠ Qmmar mm Í=  ,cos j . 

 

 
ʈʠʩ.7. ʉʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʧʠʨʘʣʠ. 

 

 ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 2a : 

1. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ(ʠ) ʢʨʠʚʦʡ ʧʨʠ 1=m , ʦʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ ʠ ʚʢʣʶʯʠʪʴ ʛʨʘʬʠʢ(ʠ) ʚ ʦʪʯʸʪ. ɿʘʧʠʩʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. 

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ(ʠ) ʢʨʠʚʦʡ ʧʨʠ 1-=m , ʦʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ ʠ ʚʢʣʶʯʠʪʴ ʛʨʘʬʠʢ(ʠ) ʚ ʦʪʯʸʪ. ɿʘʧʠʩʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. 

3. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ(ʠ) ʢʨʠʚʦʡ ʧʨʠ 2=m , ʦʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ ʠ ʚʢʣʶʯʠʪʴ ʛʨʘʬʠʢ(ʠ) ʚ ʦʪʯʸʪ. ɿʘʧʠʩʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. 

4. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ(ʠ) ʢʨʠʚʦʡ ʧʨʠ 2-=m , ʦʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ ʠ ʚʢʣʶʯʠʪʴ ʛʨʘʬʠʢ(ʠ) ʚ ʦʪʯʸʪ. ɿʘʧʠʩʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. 

5. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ(ʠ) ʢʨʠʚʦʡ ʧʨʠ 
2

1
=m  - ʵʪʦ ʢʘʨʜʠʦʠʜʘ (ʩʤ. 

ʃʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ2) . ɺʢʣʶʯʠʪʴ ʛʨʘʬʠʢ(ʠ) ʚ ʦʪʯʸʪ. 

6. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ(ʠ) ʢʨʠʚʦʡ ʧʨʠ 
2

1
-=m , ʦʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ ʠ ʚʢʣʶʯʠʪʴ ʛʨʘʬʠʢ(ʠ) ʚ ʦʪʯʸʪ.  

https://www.desmos.com/calculator/k2maw4xbvu
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7. ʇʨʦʚʝʨʠʪʴ ʛʨʘʬʠʯʝʩʢʠ  (ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ m) 

ʫʪʚʝʨʞʜʝʥʠʝ: 

"ʇʨʠ ʮʝʣʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ m ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ ʩ ʧʝʨʠʦʜʦʤ 
m

p2
.  ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ j ʦʪ 0 ʜʦ p2  ʦʥ 

m ʨʘʟ ʧʨʦʡʜʸʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʠ ʛʨʘʬʠʢ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ m ʣʝʧʝʩʪʢʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ ʫʛʣʘ, ʨʘʚʥʦʛʦ 
m

p
." ɺʢʣʶʯʠʪʴ ʚ 

ʦʪʯʸʪ ʛʨʘʬʠʢʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

8. ʇʨʦʚʝʨʠʪʴ ʛʨʘʬʠʯʝʩʢʠ  (ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ m) 

ʫʪʚʝʨʞʜʝʥʠʝ: 

"ʇʨʠ ʮʝʣʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ  ʨʘʮʠʦʥʘʣʴʥʦʤ 
q

p
m=  ʛʨʘʬʠʢ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ 

ʠʟ p  ʣʝʧʝʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴʩʷ." ɺʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ ʛʨʘʬʠʢʠ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

9.  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʛʠʧʦʪʨʦʭʦʠʜ (ʩʤ. ʃʘʙʦʨʘʪʦʨʥʫʶ 

ʨʘʙʦʪʫ ˉ3, ʧ.2.) ʷʚʣʷʶʪʩʷ    ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʩʧʠʨʘʣʠ.  ɻʠʧʦʪʨʦʭʦʠʜʘ 

ʟʘʜʘʸʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ  

 
( )[ ]
( )[ ]

( )+¤Í
í
ì
ë

-Ö--=

-Ö+-=
;0, ;

)1(sin)sin()1(

)1(cos)cos()1(
ba

tbabbtbRy

tbabbtbRx
 

 

ʇʨʦʡʜʠʪʝ ʧʦ https://www.desmos.com/calculator/iz4bw1hj2t (ʈʠʩ.8), 

ʚʳʙʝʨʠʪʝ ʧʨʦʠʟʚʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  10: <<aa  ʠ 1
1

: -=
b

ab , ʧʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ 

ʠ ʚʢʣʶʯʠʪʝ ʝʛʦ ʚ ʦʪʯʸʪ.   

ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/iz4bw1hj2t, 

ʚʳʙʝʨʠʪʝ ʧʨʦʠʟʚʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 1: >aa  ʠ 1
1

: -=
b

ab , ʧʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʠ 

ʚʢʣʶʯʠʪʝ ʝʛʦ ʚ ʦʪʯʸʪ.   

 

ʀʪʦʛʦʚʦʝ ʟʘʜʘʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ1: ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʬʠʢʦʚ ʣʝʤʥʠʩʢʘʪʳ ɹʝʨʥʫʣʣʠ, ʦʚʘʣʦʚ 

ʂʘʩʩʠʥʠ ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʧʠʨʘʣʝʡ  ʩʜʝʣʘʪʴ : 

1. ʂʨʘʪʢʠʡ ʚʳʚʦʜ ʦ ʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʢʨʠʚʳʤʠ. 

2. ʇʨʝʜʩʪʘʚʠʪʴ ʚ ʦʪʯʸʪʝ ʨʠʩʫʥʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʣʝʤʥʠʩʢʘʪ 

ɹʝʨʥʫʣʣʠ, ʦʚʘʣʦʚ ʂʘʩʩʠʥʠ ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʧʠʨʘʣʝʡ. 

 

https://www.desmos.com/calculator/iz4bw1hj2t
https://www.desmos.com/calculator/iz4bw1hj2t
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ʈʠʩ.8. ʉʠʥʫʩʦʠʜʘʣʴʥʘʷ ʩʧʠʨʘʣʴ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʛʠʧʦʪʨʦʭʦʠʜʳ. 

 

 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ2. ʂʘʨʜʠʦʠʜʘ, ʫʣʠʪʢʘ ʇʘʩʢʘʣʷ 

 

1. ʂʘʨʜʠʦʠʜʘ 

ʅʘʟʚʘʥʠʝ ʢʨʠʚʦʡ ʦʪʨʘʞʘʝʪ ʝʸ ʬʦʨʤʫ (ʛʨʝʯ. əŬɟŭɑŬ ð ʩʝʨʜʮʝ, ʛʨʝʯ. Ů ŭɞɠ ð 

ʚʠʜ)  - ʢʨʠʚʘʷ "ʚ ʚʠʜʝ ʩʝʨʜʮʘ". ʂʘʨʜʠʦʠʜʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ʂʘʨʜʠʦʠʜʘ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ, 

ʣʝʞʘʱʝʡ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ a, ʢʦʪʦʨʘʷ ʢʘʪʠʪʩʷ (ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ) ʧʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʪʘʢʦʛʦ ʞʝ ʨʘʜʠʫʩʘ a  (ʩʤ. ʈʠʩ.9).  

 
ʈʠʩ. 9. ʂʘʨʜʠʦʠʜʘ 

https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ɿʘʜʘʥʠʝ:  

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/ubvwxlqxuk 

(ʈʠʩ.10) ʠ ʠʟʫʯʠʪʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʢʘʨʜʠʦʠʜʳ  

( ) )(42 222222 yxaaxyx +=++ , 

ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʝʛʦ ʚʠʜʳ:  

( ) )(42 222222 yxaaxyx +=-+ , ( ) )(42 222222 yxaayyx +=-+ , 

( ) )(42 222222 yxaayyx +=++ . 

1.1. ʆʙʲʷʩʥʠʪʝ, ʯʝʤ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ.  

1.2. ʀʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ a  ʧʦʩʤʦʪʨʠʪʝ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ 

ʢʨʠʚʦʡ. ʉʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ ʢʨʠʚʦʡ ʦʪ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ a. ɺʩʪʘʚʴʪʝ ʚ ʦʪʯʸʪ ʛʨʘʬʠʢʠ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʢʘʨʜʠʦʠʜ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ a . 

 

 
ʈʠʩ.10. ɻʨʘʬʠʢ ʢʘʨʜʠʦʠʜʳ (ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ) 

 

2. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/6jg8d3e2s5 

(ʈʠʩ.11) ʠ ʠʟʫʯʠʪʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʢʘʨʜʠʦʠʜʳ: 

 

( ) [ ]p0,2t,a
tatay

atatax
Í+¤Í

í
ì
ë

+=

++=
,0,

2sinsin2

2coscos2
,   

 

https://www.desmos.com/calculator/ubvwxlqxuk
https://www.desmos.com/calculator/6jg8d3e2s5
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( ) [ ].,0,
2sinsin2

2coscos2
p0,2t,a

tatay

atatax
Í+¤Í

í
ì
ë

-=

--=
 

 

 
ʈʠʩ.11. ɻʨʘʬʠʢ ʢʘʨʜʠʦʠʜʳ (ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ). 

 

2.1. ʆʧʨʝʜʝʣʠʪʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠ ʜʦʢʘʞʠʪʝ (ʘʥʘʣʠʪʠʯʝʩʢʠ), ʯʪʦ ʦʥʠ ʟʘʜʘʶʪ 

ʦʜʥʫ ʠ ʪʫ ʞʝ ʢʨʠʚʫʶ.  

2.2. ɼʣʷ ʦʜʥʦʛʦ ʠʟ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʢʘʨʜʠʦʠʜʳ 

ʧʨʦʚʝʜʠʪʝ ʧʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ, ʨʘʟʙʠʚ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʚʦʡ 

[ ]( )p0,2tÍ  ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʨʝʟʢʦʚ, ʥʘʧʨʠʤʝʨ:  ʥʘ 1-ʦʤ ʵʪʘʧʝ ʩʪʨʦʠʤ 

ʢʨʠʚʫʶ ʧʨʠ ù
ú

ø
é
ê

è
Í

4
,0
p

t , ʥʘ 2-ʤ - ʧʨʠ ù
ú

ø
é
ê

è
Í

4

3
,

4

pp
t , ʥʘ 3-ʝʤ - ʧʨʠ ù

ú

ø
é
ê

è
Í p
p

2,
4

3
t .  

ɺʩʝ ʧʦʣʫʯʘʝʤʳʝ ʦʪʨʝʟʢʠ ʢʨʠʚʦʡ ʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ. 

2.3.* ɿʘʧʠʰʠʪʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʢʘʨʜʠʦʠʜʳ. 

 

3. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʨʜʠʦʠʜʘ (ʪʘʢʞʝ ʢʘʢ ʠ ʫʣʠʪʢʘ ʇʘʩʢʘʣʷ) - ʵʪʦ ʯʘʩʪʥʳʡ 

ʩʣʫʯʘʡ ʵʧʠʮʠʢʣʦʠʜʳ (ʩʤ. ʃʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ4), (ʈʠʩ.12)  ʢʦʪʦʨʘʷ 

ʟʘʜʘʸʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ  

 
( )[ ]
( )[ ]

( )+¤Í
í
ì
ë

+Ö-+=

+Ö-+=
;0, ;

)1(sin)sin()1(

)1(cos)cos()1(
ba

babbb

babbb

ttRy

ttRx
 

 

ʇʨʠ 1=a  ʠ b=1 ʤʳ ʧʦʣʫʯʘʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʢʘʨʜʠʦʠʜʳ 
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( )[ ]
( )[ ]í

ì
ë

-=+Ö-+=

-=+Ö-+=

tRtRttRy

tRtRttRx

2sinsin2)1(sin)sin()1(

2coscos2)1(cos)cos()1(

babbb

babbb
  

 

ʠʣʠ (ʩʦʛʣʘʩʫʷ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʚ ʧ.2.) ʧʨʠ aR= : 

,
2sinsin2

2coscos2

í
ì
ë

-=

-=

tatay

tatax
 

ʛʨʘʬʠʢ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

https://www.desmos.com/calculator/vho4bxuiht (ʈʠʩ.12).   

  

 
ʈʠʩ.12. ɻʨʘʬʠʢ ʢʘʨʜʠʦʠʜʳ (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʵʧʠʮʠʢʣʦʠʜʳ). 

 

3.1. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ a  ʧʦʩʪʨʦʠʪʴ 

ʛʨʘʬʠʢ ʢʘʨʜʠʦʠʜʳ ʢʘʢ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʵʧʠʮʠʢʣʦʠʜʳ, ʦʪʤʝʪʠʚ ʥʘ 

ʛʨʘʬʠʢʝ ʥʝʧʦʜʚʠʞʥʫʶ ʠ ʧʨʦʠʟʚʦʜʷʱʫʶ ʦʢʨʫʞʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʛʨʘʬʠʢ ʚʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ. 

4.  ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ  https://www.desmos.com/calculator/6wditkjqhj 

(ʈʠʩ.13) ʠ ʠʩʩʣʝʜʫʡʪʝ ʧʦʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʘʨʜʠʦʠʜʳ:  

)cos1(2 q+= ar , )sin1(2 q-= ar . 

 ʆʧʨʝʜʝʣʠʪʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ. ɿʘʧʠʰʠʪʝ ʥʝʜʦʩʪʘʶʱʠʝ ʧʦʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

4.1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/xzvfwpepbk 

(ʈʠʩ.14) ʠ, ʠʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 2q, ʧʦʩʤʦʪʨʠʪʝ, ʢʘʢ ʧʦʵʪʘʧʥʦ 

ʩʪʨʦʠʪʩʷ ʢʘʨʜʠʦʠʜʘ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

https://www.desmos.com/calculator/vho4bxuiht
https://www.desmos.com/calculator/6wditkjqhj
https://www.desmos.com/calculator/xzvfwpepbk
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ʈʠʩ.13. ɻʨʘʬʠʢ ʢʘʨʜʠʦʠʜʳ  (ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ). 

 

 

 
ʈʠʩ. 14. ʂʘʨʜʠʦʠʜʘ (ʧʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ) 
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4.2. ɺʳʙʝʨʠʪʝ ʣʶʙʦʝ ʜʨʫʛʦʝ ʧʦʣʷʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʘʨʜʠʦʠʜʳ ʠ ʧʦʩʪʨʦʡʪʝ 

ʯʘʩʪʴ ʛʨʘʬʠʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ  ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ q ʥʘ ʫʛʦʣ ʚʝʣʠʯʠʥʳ 

6.1
2
º

p
 , ʚʳʙʨʘʚ ʟʘ ʥʘʯʘʣʦ ʦʪʩʯʸʪʘ ʣʶʙʦʡ ʫʛʦʣ, ʢʨʦʤʝ 0=q .  

5. ʇʨʦʡʜʠʪʝ ʧʦ https://www.desmos.com/calculator/uvgg6efns3 (ʈʠʩ.15) - ʚ 

ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʥʦ 9 ʪʦʯʝʢ ʢʘʨʜʠʦʠʜʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʧʦʣʷʨʥʳʭ ʣʫʯʘʭ  p
ppppp

q ,
6

5
,

4

3
,

2
,

4
,

6
,01= .  

6. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʢʘʨʜʠʦʠʜʳ ʥʘ ʙʫʤʘʛʝ. 

 

 

 
ʈʠʩ.15. ʊʦʯʢʠ ʢʘʨʜʠʦʠʜʳ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

 

2. ʋʣʠʪʢʘ ʇʘʩʢʘʣʷ 

ʉʚʦʸ ʥʘʟʚʘʥʠʝ ʢʨʠʚʘʷ ʧʦʣʫʯʠʣʘ ʚ ʯʝʩʪʴ ʦʪʮʘ ʠʟʚʝʩʪʥʦʛʦ ʬʨʘʥʮʫʟʩʢʦʛʦ 

ʤʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʢʘ ɹʣʝʟʘ ʇʘʩʢʘʣʷ (1623-1662) - ʕʪʴʝʥʘ ʇʘʩʢʘʣʷ 

(ʧʨʝʜʩʝʜʘʪʝʣʷ ʥʘʣʦʛʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛ. ʂʣʝʨʤʦʥ-ʌʝʨʨʘʥ, ʣʶʙʠʪʝʣʷ 

ʤʘʪʝʤʘʪʠʢʠ), ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʦʧʠʩʘʣ ʵʪʫ ʢʨʠʚʫʶ.   

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴ ʩ ʨʘʜʠʫʩʦʤ a , 

ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪ.ʆ ʠ ʠʤʝʶʱʘʷ ʮʝʥʪʨ ʥʘ ʦʩʠ ʆʭ. ʊʦʛʜʘ ʫʣʠʪʢʘ ʇʘʩʢʘʣʷ 

ʝʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ ),( yxM  ʠ ),( yxN , ʪʘʢʠʭ, ʯʪʦ ʜʣʷ ʚʩʷʢʦʛʦ 

ʣʫʯʘ ö
÷

õ
æ
ç

å
-Í=

2
,

2
, 00

pp
jjj  ʚʳʧʦʣʥʝʥʦ ʨʘʚʝʥʩʪʚʦ (ʩʤ. ʈʠʩ.16): 

bconstBNMB 2=== . 

ɿʘʜʘʥʠʝ: 

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/4bow2zrwdt 

(ʈʠʩ.17) ʠ ʠʟʫʯʠʪʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ 

( ) )(42 222222 yxbaxyx +=-+ , 

ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʝʛʦ ʚʠʜʳ:  

https://www.desmos.com/calculator/uvgg6efns3
https://www.desmos.com/calculator/4bow2zrwdt
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( ) )(42 222222 yxbaxyx +=++ , ( ) )(42 222222 yxbayyx +=-+ , 

( ) )(42 222222 yxbayyx +=++  

 

.  

ʈʠʩ.16. ʋʣʠʪʢʘ ʇʘʩʢʘʣʷ. 

 

 
ʈʠʩ.17. ɻʨʘʬʠʢʠ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ (ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ). 

 

1.1. ʆʙʲʷʩʥʠʪʝ, ʯʝʤ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʩʪʦʤ ʢʘʢʠʭ ʪʦʯʝʢ ʦʥʠ ʷʚʣʷʶʪʩʷ.  

1.2. ʀʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ba,  ʧʦʩʤʦʪʨʠʪʝ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ 

ʢʨʠʚʦʡ. ʉʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ ʢʨʠʚʦʡ ʦʪ ʟʥʘʯʝʥʠʷ 
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ʧʘʨʘʤʝʪʨʦʚ ba, . ɺʩʪʘʚʴʪʝ ʚ ʦʪʯʸʪ ʛʨʘʬʠʢʠ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʫʣʠʪʦʢ 

ʇʘʩʢʘʣʷ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ba, , ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʝʸ ʬʦʨʤʳ. 

2. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/vczr7dga7g 

(ʈʠʩ.18) ʠ ʠʟʫʯʠʪʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ: 

( )+¤Í
í
ì
ë

+=

+=
,0, ,

2sin2sincos2

cos2cos2 2

ba
tbttay

tbtax
 

 

( )+¤Í
í
ì
ë

+-=

+-=
,0, ,

2cos2sincos2

sin2sin2 2

ba
tbttay

tbtax
 

2.1. ʆʧʨʝʜʝʣʠʪʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠ ʜʦʢʘʞʠʪʝ (ʘʥʘʣʠʪʠʯʝʩʢʠ), ʯʪʦ ʦʥʠ ʟʘʜʘʶʪ 

ʦʜʥʫ ʠ ʪʫ ʞʝ ʢʨʠʚʫʶ.  

2.2. ɼʣʷ ʦʜʥʦʛʦ ʠʟ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʫʣʠʪʢʠ 

ʇʘʩʢʘʣʷ ʧʨʦʚʝʜʠʪʝ ʧʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ, ʨʘʟʙʠʚ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʨʠʚʦʡ [ ]( )p0,2tÍ  ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʨʝʟʢʦʚ, ʥʘʧʨʠʤʝʨ:  ʥʘ 1-ʦʤ ʵʪʘʧʝ 

ʩʪʨʦʠʤ ʢʨʠʚʫʶ ʧʨʠ ù
ú

ø
é
ê

è
Í

4
,0
p

t , ʥʘ 2-ʤ - ʧʨʠ ù
ú

ø
é
ê

è
Í

4

3
,

4

pp
t , ʥʘ 3-ʝʤ - ʧʨʠ 

ù
ú

ø
é
ê

è
Í p
p

2,
4

3
t .  ɺʩʝ ʧʦʣʫʯʘʝʤʳʝ ʦʪʨʝʟʢʠ ʢʨʠʚʦʡ ʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʮʚʝʪʘʤʠ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ. 

 

  

ʈʠʩ.18. ɻʨʘʬʠʢʠ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ (ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ). 

 

2*. ɿʘʧʠʰʠʪʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ. 

https://www.desmos.com/calculator/vczr7dga7g
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3. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʣʠʪʢʘ ʇʘʩʢʘʣʷ - ʵʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʵʧʠʮʠʢʣʦʠʜʳ (ʩʤ. 

ʃʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ4), ʢʦʪʦʨʘʷ ʟʘʜʘʸʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ  
( )[ ]
( )[ ]

( )+¤Í
í
ì
ë

+Ö-+=

+Ö-+=
;0, ;

)1(sin)sin()1(

)1(cos)cos()1(
ba

babbb

babbb

ttRy

ttRx
 

ʇʨʠ 1>a  ʠ b=1 ʤʳ ʧʦʣʫʯʘʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ 

( )[ ]
( )[ ]í

ì
ë

-=+Ö-+=

-=+Ö-+=

tRtRttRy

tRtRttRx

2sinsin2)1(sin)sin()1(

2coscos2)1(cos)cos()1(

ababbb

ababbb
 

ʠʣʠ, ʦʙʦʟʥʘʯʘʷ bRaR == ,a , ʝʛʦ ʙʦʣʝʝ ʢʨʘʪʢʫʶ ʬʦʨʤʫ: 

í
ì
ë

-=

-=

tatby

tatbx

2sinsin2

2coscos2
 

ʛʨʘʬʠʢ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

https://www.desmos.com/calculator/6vwv9sggun (ʈʠʩ. 19).  

3.1. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ba,  ʧʦʩʪʨʦʠʪʴ 

ʛʨʘʬʠʢ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ ʢʘʢ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʵʧʠʮʠʢʣʦʠʜʳ, ʦʪʤʝʪʠʚ ʥʘ 

ʛʨʘʬʠʢʝ ʥʝʧʦʜʚʠʞʥʫʶ ʠ ʧʨʦʠʟʚʦʜʷʱʫʶ ʦʢʨʫʞʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʛʨʘʬʠʢ ʚʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ. 

 

 
ʈʠʩ.19. ɻʨʘʬʠʢ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʵʧʠʮʠʢʣʦʠʜʳ). 

 

4.  ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ  https://www.desmos.com/calculator/h8egepmzto 

(ʈʠʩ.20) ʠ ʠʩʩʣʝʜʫʡʪʝ ʧʦʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ:  

)cos(2 bar += q , )cos(2 bar -= q , )sin(2 qabr -= , )sin(2 qabr += . 

ʆʧʨʝʜʝʣʠʪʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ. ɿʘʧʠʰʠʪʝ ʥʝʜʦʩʪʘʶʱʠʝ ʧʦʣʷʨʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

 

https://www.desmos.com/calculator/6vwv9sggun
https://www.desmos.com/calculator/h8egepmzto
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ʀʪʦʛʦʚʦʝ ʟʘʜʘʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ2: ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʬʠʢʦʚ ʢʘʨʜʠʦʠʜʳ ʠ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ 

ʩʜʝʣʘʪʴ: 

1. ʂʨʘʪʢʠʡ ʚʳʚʦʜ ʦ ʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʢʨʠʚʳʤʠ. 

2. ʇʨʝʜʩʪʘʚʠʪʴ ʚ ʦʪʯʸʪʝ ʨʠʩʫʥʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʘʨʜʠʦʠʜ ʠ 

ʫʣʠʪʦʢ ʇʘʩʢʘʣʷ.  

 

 
ʈʠʩ.20. ɻʨʘʬʠʢ ʫʣʠʪʢʠ ʇʘʩʢʘʣʷ (ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ). 

 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ3. ɸʩʪʨʦʠʜʘ, ʛʠʧʦʮʠʢʣʦʠʜʘ 

1. ɸʩʪʨʦʠʜʘ 

ʅʘʟʚʘʥʠʝ ʢʨʠʚʦʡ ʦʪʨʘʞʘʝʪ ʝʸ ʬʦʨʤʫ (ʛʨʝʯ. ŬůŰɟɞɡ ï ʟʚʝʟʜʘ, Ůɘŭɞɕ ï ʚʠʜ)  - 

ʢʨʠʚʘʷ "ʚ ʚʠʜʝ ʟʚʝʟʜʳ". ɸʩʪʨʦʠʜʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʛʠʧʦʮʠʢʣʦʠʜʳ. ʀʥʪʝʨʝʩʥʳʝ ʬʘʢʪʳ ʦʙ ʵʪʦʡ ʢʨʠʚʦʡ, ʝʸ ʘʥʠʤʘʮʠʦʥʥʫʶ 

ʤʦʜʝʣʴ ʚʳ ʤʦʞʝʪʝ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʩʘʡʪʝ 

http://www.kvant.info/panov/kot/kopernik.html 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ɸʩʪʨʦʠʜʘ - ʵʪʦ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ, ʣʝʞʘʱʝʡ 

ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ ar = , ʢʦʪʦʨʘ ̫ ʢʘʪʠʪʩʷ (ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ) ʧʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʥʝʧʦʜʚʠʞʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ aR 4=  (ʈʠʩ.21). 

ɿʘʜʘʥʠʝ:  

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/ozlhamoh95 

(ʈʠʩ.22) ʠ ʠʟʫʯʠʪʝ ʫʨʘʚʥʝʥʠʝ ʘʩʪʨʦʠʜʳ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ: 

3

2

3

2

3

2

Ryx =+ . 

 

https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://www.kvant.info/panov/kot/kopernik.html
https://www.desmos.com/calculator/ozlhamoh95
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ʈʠʩ. 21. ɸʩʪʨʦʠʜʘ 

 

 
ʈʠʩ.22. ɻʨʘʬʠʢ ʘʩʪʨʦʠʜʳ (ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ) 

 

2. ʀʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ R  ʧʦʩʤʦʪʨʠʪʝ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ. 

ʉʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ ʢʨʠʚʦʡ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ R .  

3. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/agfta3ixgi (ʈʠʩ.23) 

ʠ ʠʟʫʯʠʪʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʘʩʪʨʦʠʜʳ:  

3.1. ʇʨʦʚʝʜʠʪʝ ʧʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ, ʨʘʟʙʠʚ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʨʠʚʦʡ [ ]( )p0,8tÍ  ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʨʝʟʢʦʚ, ʥʘʧʨʠʤʝʨ:  ʥʘ 1-ʦʤ ʵʪʘʧʝ 

ʩʪʨʦʠʤ ʢʨʠʚʫʶ ʧʨʠ ù
ú

ø
é
ê

è
Í

2
,0
p

t , ʥʘ 2-ʤ - ʧʨʠ ù
ú

ø
é
ê

è
Í

2

3
,

2

pp
t , ʥʘ 3-ʝʤ - ʧʨʠ 

ù
ú

ø
é
ê

è
Í p
p

8,
2

3
t .  ɺʩʝ ʧʦʣʫʯʘʝʤʳʝ ʦʪʨʝʟʢʠ ʢʨʠʚʦʡ ʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʮʚʝʪʘʤʠ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ. 

https://www.desmos.com/calculator/agfta3ixgi
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3.2.  ɼʦʢʘʞʠʪʝ (ʘʥʘʣʠʪʠʯʝʩʢʠ), ʚʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʘʩʪʨʦʠʜʳ ʠ ʝʸ ʫʨʘʚʥʝʥʠʷ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʩʤ. 

ʧ.1.) 

( ) [ ]p8;0,,0 ,

4
sin

4
cos

3

3

Í+¤Í

î
î

í

î
î

ì

ë

ö
÷

õ
æ
ç

å
=

ö
÷

õ
æ
ç

å
=

tR
t

Ry

t
Rx

. 

 

 
 

ʈʠʩ.23. ɻʨʘʬʠʢ ʘʩʪʨʦʠʜʳ (ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ). 

 

4. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʘʩʪʨʦʠʜʳ ʥʘ ʙʫʤʘʛʝ. 

 

5. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʩʪʨʦʠʜʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʛʠʧʦʮʠʢʣʦʠʜʳ (ʩʤ. 

ʥʠʞʝ, ʧ.2.), ʢʦʪʦʨʘʷ ʟʘʜʘʸʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

( ) ( )( )

( ) ( )( )
( )

1 b cos( ) cos 1
; , 0, .

1 sin( ) sin 1

x R bt ab b t
a b

y R b bt ab b t

ë è ø= - + Ö -î ê ú
Í +¤ì

è ø= - - Ö -î ê úí

 

ʇʨʠ a=1 ʠ b =
4

1
 ʤʳ ʧʦʣʫʯʘʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʘʩʪʨʦʠʜʳ ʢʘʢ 

ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʛʠʧʦʮʠʢʣʦʠʜʳ: 

3 1 3
cos cos

4 4 4 4
,

3 1 3
sin sin

4 4 4 4

t t
x R

t t
y R

ë å õ
= +æ öî

î ç ÷
ì

å õî = -æ öî ç ÷í

 

ʛʨʘʬʠʢ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

https://www.desmos.com/calculator/nj0iewhd4f (ʈʠʩ.24) 

https://www.desmos.com/calculator/nj0iewhd4f
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ʈʠʩ.24. ɻʨʘʬʠʢ ʘʩʪʨʦʠʜʳ (ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʛʠʧʦʮʠʢʣʦʠʜʳ) 

 

2. ɻʠʧʦʮʠʢʣʦʠʜʘ 

ʅʘʟʚʘʥʠʝ ʢʨʠʚʦʡ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ ˊɧ - ʧʦʜ, ʚʥʠʟʫ ʠ əɨəɚɞɠ  - 

ʢʨʫʛ, ʦʢʨʫʞʥʦʩʪʴ, ʪ.ʝ. ʛʠʧʦʮʠʢʣʦʠʜʘ - ʢʨʠʚʘʷ "ʧʦʜ, ʚʥʠʟʫ, ʚʥʫʪʨʠ 

ʦʢʨʫʞʥʦʩʪʠ".   

ɿʘʜʘʸʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

( ) ( )( )

( ) ( )( )
( )

1 b cos( ) cos 1
; , 0, .

1 sin( ) sin 1

x R bt ab b t
a b

y R b bt ab b t

ë è ø= - + Ö -î ê ú
Í +¤ì

è ø= - - Ö -î ê úí

 

ʇʨʠ ʵʪʦʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʘ ʧʦʣʫʯʘʝʤ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʛʠʧʦʮʠʢʣʦʠʜ. ʇʨʠ 1=a  - ʵʪʦ ʧʨʦʩʪʦ ʛʠʧʦʮʠʢʣʦʠʜʘ, ʧʨʠ 10 <<a  - 

ʫʢʦʨʦʯʝʥʥʘʷ ʛʠʧʦʮʠʢʣʦʠʜʘ, ʧʨʠ 1>a  - ʫʜʣʠʥʸʥʥʘʷ ʛʠʧʦʮʠʢʣʦʠʜʘ. 

ʈʘʟʣʠʯʠʷ ʚ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʚʳʭ ʩʚʷʟʘʥʳ ʩ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʦʤ. 

ɿʘʤʝʯʘʥʠʝ:  ʋʢʦʨʦʯʝʥʥʫʶ ʠ ʫʜʣʠʥʸʥʥʫʶ ʛʠʧʦʮʠʢʣʦʠʜʳ ʥʘʟʳʚʘʶʪ 

ʛʠʧʦʪʨʦʭʦʠʜʘʤʠ. ʇʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ a  ʠ b  

ʛʠʧʦʮʠʢʣʦʠʜʳ ʚʳʨʦʞʜʘʶʪʩʷ ʚ ʠʟʚʝʩʪʥʳʝ ʢʨʠʚʳʝ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʛʠʧʦʮʠʢʣʦʠʜ:  ʛʠʧʦʮʠʢʣʦʠʜʘ ʝʩʪʴ 

ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ M , ʣʝʞʘʱʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ abRl =  ʦʪ ʮʝʥʪʨʘ 

ʧʨʦʠʟʚʦʜʷʱʝʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ bRr = , ʢʦʪʦʨʘʷ ʢʘʪʠʪʩʷ (ʙʝʟ 

ʩʢʦʣʴʞʝʥʠʷ) ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʥʝʧʦʜʚʠʞʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R . 

ʆʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ abRl =  ʟʘʚʠʩʠʪ ʚʠʜ ʛʠʧʦʮʠʢʣʦʠʜʳ - ʩʤ. ʈʠʩ. 25. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 1=a  ʪʦʯʢʘ M ʣʝʞʠʪ ʥʘ ʧʨʦʠʟʚʦʜʷʱʝʡ ʦʢʨʫʞʥʦʩʪʠ.  

ɿʘʜʘʥʠʝ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ R ( 0>R )): 

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/elyxqyrg7t  (ʈʠʩ. 

26) ʠ ʠʟʫʯʠʪʝ ʛʨʘʬʠʢ ʛʠʧʦʮʠʢʣʦʠʜʳ, ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ba,  ʚ ʫʨʘʚʥʝʥʠʷʭ: 

https://www.desmos.com/calculator/elyxqyrg7t
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( ) ( )( )

( ) ( )( )
( )

1 b cos( ) cos 1
; , 0, .

1 sin( ) sin 1

x R bt ab b t
a b

y R b bt ab b t

ë è ø= - + Ö -î ê ú
Í +¤ì

è ø= - - Ö -î ê úí

 

 

 
ʘ)     ʙ)    ʚ) 

ʈʠʩ.25. ʋʢʦʨʦʯʝʥʥʘʷ ʛʠʧʦʮʠʢʣʦʠʜʘ (ʘ), ʛʠʧʦʮʠʢʣʦʠʜʘ (ʙ), ʫʜʣʠʥʸʥʥʘʷ 

ʛʠʧʦʮʠʢʣʦʠʜʘ (ʚ). 

 

 
ʈʠʩ.26. ɻʨʘʬʠʢ ʛʠʧʦʮʠʢʣʦʠʜʳ (ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ba, ). 

 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʛʠʧʦʮʠʢʣʦʠʜʫ (ʚ ʦʙʱʝʤ ʫʨʘʚʥʝʥʠʠ ʛʠʧʦʮʠʢʣʦʠʜʳ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 1=a ): 

2.1. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 25.0
4

1
==b . ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ.  

2.2. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 5.0
2

1
==b . ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ.  
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2.3. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 
n

m
b=  - ʥʝʩʦʢʨʘʪʠʤʘʷ ʜʨʦʙʴ

Nnm Í, . ʅʘʧʨʠʤʝʨ - ʩʤ. https://www.desmos.com/calculator/3yrvyiraec   

(ʈʠʩ. 27). ʇʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʝʥʠʷ 
n

m
b=  (ʋʢʘʟʘʥʠʝ. ʈʘʩʩʤʦʪʨʝʪʴ  

n

m
b= : m ʯʝʪʥʳʝ (ʥʝʯʸʪʥʳʝ), n - 

ʥʝʯʸʪʥʳʝ (ʯʸʪʥʳʝ): 1>b  ʠ 1<b ). ɺʢʣʶʯʠʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

2.4. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ b. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

2.5. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

 

ʈʠʩ.27. ɻʨʘʬʠʢ ʛʠʧʦʮʠʢʣʦʠʜʳ ʧʨʠ 
8

3
=b . 

 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʫʢʦʨʦʯʝʥʥʫʶ ʛʠʧʦʮʠʢʣʦʠʜʫ (ʚ ʦʙʱʝʤ ʫʨʘʚʥʝʥʠʠ 

ʛʠʧʦʮʠʢʣʦʠʜʳ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 10 <<a ): 

3.1. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 5.0
2

1
==b . ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʳʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ.  

3.2. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 
n

m
b=  - ʥʝʩʦʢʨʘʪʠʤʘʷ ʜʨʦʙʴ, 

Nnm Í, . ʅʘʧʨʠʤʝʨ  - ʩʤ. https://www.desmos.com/calculator/h9u6d1qc1n 

(ʈʠʩ. 28).  

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ 
n

m
b= , ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʧ.2.3. ʇʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

https://www.desmos.com/calculator/3yrvyiraec
file:///C:/Users/мамик/AppData/Roaming/Microsoft/Word/.%20https:/www.desmos.com/calculator/h9u6d1qc1n
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ʦʪ ʟʥʘʯʝʥʠʷ 
n

m
b=  . ɺʢʣʶʯʠʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

 

ʈʠʩ.28. ɻʨʘʬʠʢ ʫʢʦʨʦʯʝʥʥʦʡ ʛʠʧʦʮʠʢʣʦʠʜʳ ʧʨʠ 
8

3
=b . 

 

3.3. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ b .  

 

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ b, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʧ.2.4. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

3.4. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b .  

 

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ b, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʧ.2.5. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

3.5.  ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  10: <<aa  ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 1
1

: -=
b

ab  ʠ ʥʘʯʝʨʪʠʪʴ ʛʨʘʬʠʢ ʫʢʦʨʦʯʝʥʥʦʡ 

ʛʠʧʦʮʠʢʣʦʠʜʳ-ʩʤ.  https://www.desmos.com/calculator/0ugx8gtu7w.  

ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʳʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ 

ʦʪʯʸʪ.  

4. ʀʩʩʣʝʜʦʚʘʪʴ ʫʜʣʠʥʸʥʥʫʶ ʛʠʧʦʮʠʢʣʦʠʜʫ (ʚ ʦʙʱʝʤ ʫʨʘʚʥʝʥʠʠ 

ʛʠʧʦʮʠʢʣʦʠʜʳ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 1>a ): 

https://www.desmos.com/calculator/0ugx8gtu7w.
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4.1. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 5.0
2

1
==b . ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʳʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ.  

4.2. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 
n

m
b=  - ʥʝʩʦʢʨʘʪʠʤʘʷ ʜʨʦʙʴ, 

Nnm Í, . ʅʘʧʨʠʤʝʨ  - ʩʤ. https://www.desmos.com/calculator/pbnvd3ql2x 

(ʈʠʩ. 29). 

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ 
n

m
b= , ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʧ.2.3. , ʧ.3.2. 

ʇʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ 
n

m
b=  . 

ɺʢʣʶʯʠʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

 

ʈʠʩ.29. ɻʨʘʬʠʢ ʫʜʣʠʥʸʥʥʦʡ ʛʠʧʦʮʠʢʣʦʠʜʳ ʧʨʠ 
8

3
=b . 

 

4.3. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ b .  

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ b, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʧ.2.4., ʧ.3.3. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

4.4. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b .  

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ b, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʧ.2.5., ʧ.3.4. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

https://www.desmos.com/calculator/pbnvd3ql2x
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4.5.  ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  1: >aa  ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 1
1

: -=
b

ab  ʠ ʥʘʯʝʨʪʠʪʴ ʛʨʘʬʠʢ ʫʜʣʠʥʸʥʥʦʡ ʛʠʧʦʮʠʢʣʦʠʜʳ. 

ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʳʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ 

ʦʪʯʸʪ.  

 

ʀʪʦʛʦʚʦʝ ʟʘʜʘʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ3: ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʬʠʢʦʚ ʘʩʪʨʦʠʜʳ ʠ ʛʠʧʦʮʠʢʣʦʠʜʳ ʩʜʝʣʘʪʴ: 

1. ʂʨʘʪʢʠʡ ʚʳʚʦʜ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʨʘʬʠʢʘ ʘʩʪʨʦʠʜʳ. 

2. ʂʨʘʪʢʠʡ ʚʳʚʦʜ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʨʘʬʠʢʘ ʮʠʢʣʦʠʜʳ (ʦʙʳʢʥʦʚʝʥʥʦʡ, 
ʫʢʦʨʦʯʝʥʥʦʡ ʠ ʫʜʣʠʥʸʥʥʦʡ), ʦʙ ʝʸ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ 

ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ. 

 

 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ4. ʈʦʟʳ (ʧʦʣʷʨʥʳʝ) ʠʣʠ ʂʨʠʚʳʝ ɻʚʠʜʦ ɻʨʘʥʜʠ. 

ʕʧʠʮʠʢʣʦʠʜʘ 

 

1. ʈʦʟʳ (ʧʦʣʷʨʥʳʝ) ʠʣʠ ʂʨʠʚʳʝ ɻʚʠʜʦ ɻʨʘʥʜʠ 

ʉʚʦʸ ʥʘʟʚʘʥʠʝ ʵʪʠ ʢʨʠʚʳʝ ʧʦʣʫʯʠʣʠ ʠʟ-ʟʘ ʩʭʦʜʩʪʚʘ ʩʚʦʝʡ ʬʦʨʤʳ ʩ 

ʣʝʧʝʩʪʢʘʤʠ ʮʚʝʪʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʠʤʝʥʠ ʠʪʘʣʴʷʥʩʢʦʛʦ ʤʦʥʘʭʘ, ʬʠʣʦʩʦʬʘ, 

ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʞʝʥʝʨʘ ɻʨʘʥʜʠ ʃʫʠʜʞʠ ɻʚʠʜʦ (1671-1742), ʢʦʪʦʨʳʡ 

ʦʧʠʩʘʣ ʠʭ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ "Floris Geometrici" (1728). 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ:  ʨʦʟʳ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚ 

ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
,0, ,sin >= kakar q  

ʛʜʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ k  ʙʫʜʫʪ ʧʦʣʫʯʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʨʦʟ, ʫʤʝʱʘʶʱʠʝʩʷ ʚ ʢʨʫʛʝ ʨʘʜʠʫʩʘ a . 

 

ɿʘʜʘʥʠʝ: (ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ a  ( 0>a ): 

1.ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/efdzwcc5dc 

(ʈʠʩ.30) ʠ ʠʟʫʯʠʪʝ ʛʨʘʬʠʢ ʧʦʣʷʨʥʳʭ ʨʦʟ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ k . 

2.ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʨʦʟʳ ʧʨʠ 2=k , 3=k , ʘ ʪʘʢʞʝ ʜʣʷ ʝʱʸ ʜʚʫʭ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʮʝʣʳʭ ʯʸʪʥʳʭ ʠ ʥʝʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ k. ʉʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʣʝʧʝʩʪʢʦʚ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ k . 

3.ʇʦʜʨʦʙʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ q3sin=r . ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ  

https://www.desmos.com/calculator/rtznpoh4jw - (ʈʠʩ.31)  ʠ, ʠʟʤʝʥʷʷ 

ʟʥʘʯʝʥʠʝ 1q, ʧʦʩʤʦʪʨʠʪʝ, ʢʘʢ ʧʦʩʪʝʧʝʥʥʦ ʩʪʨʦʠʪʩʷ ʜʘʥʥʘʷ ʢʨʠʚʘʷ. 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʛʦ ʣʝʧʝʩʪʢʘ. 

ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʚʩʝʡ ʢʨʠʚʦʡ.  

4.ʇʦʜʨʦʙʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ q2sin=r . ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ  

https://www.desmos.com/calculator/iygzt59tnf - (ʈʠʩ.32) ʠ, ʠʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ 

https://www.desmos.com/calculator/efdzwcc5dc
https://www.desmos.com/calculator/rtznpoh4jw
https://www.desmos.com/calculator/iygzt59tnf
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2q, ʧʦʩʤʦʪʨʠʪʝ, ʢʘʢ ʧʦʩʪʝʧʝʥʥʦ ʩʪʨʦʠʪʩʷ ʜʘʥʥʘʷ ʢʨʠʚʘʷ. ɸʥʘʣʠʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʛʦ ʣʝʧʝʩʪʢʘ. ʉʬʦʨʤʫʣʠʨʫʡʪʝ 

ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʚʩʝʡ ʢʨʠʚʦʡ. 

 

 
ʈʠʩ. 30. ɻʨʘʬʠʢ ʧʦʣʷʨʥʦʡ ʨʦʟʳ ʧʨʠ 14=k  

 

 
ʈʠʩ.31. ʏʘʩʪʴ ʛʨʘʬʠʢʘ  ʨʦʟʳ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝʥʠʝʤ q3sin=r  

 

5. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/cck6lnv9ct 

(ʈʠʩ.33) ʛʨʘʬʠʢ ʨʦʟʳ ʧʨʠ 1, >= n
n

m
k , ʨʘʩʩʤʦʪʨʝʚ ʦʪʜʝʣʴʥʦ ʩʣʫʯʘʠ: 

¶ ʚʟʷʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʥʝʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ m ʠ n  (ʪʘʢ, ʯʪʦʙʳ k  ʙʳʣʦ 

ʙʦʣʴʰʝ ʠ ʤʝʥʴʰʝ 1) ʠ ʧʦʩʪʨʦʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ.  

ʉʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʣʝʧʝʩʪʢʦʚ ʦʪ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ k. ɺʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ ʛʨʘʬʠʢʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

https://www.desmos.com/calculator/cck6lnv9ct
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¶ ʚʟʷʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ  ʟʥʘʯʝʥʠʷ m ʠ n  (ʪʘʢ, ʯʪʦʙʳ k  ʙʳʣʦ ʙʦʣʴʰʝ 

ʠ ʤʝʥʴʰʝ 1; ʦʜʥʦ ʠʟ ʯʠʩʝʣ m ʠʣʠ n  - ʯʸʪʥʦʝ) ʠ ʧʦʩʪʨʦʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ.  ʉʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʣʝʧʝʩʪʢʦʚ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ k. ɺʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ 

ʛʨʘʬʠʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

 

 
ʈʠʩ. 32. ʏʘʩʪʴ ʛʨʘʬʠʢʘ  ʨʦʟʳ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝʥʠʝʤ q2sin=r  

 

 

¶ ʈʠʩ.33. ɻʨʘʬʠʢ ʨʦʟʳ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝʥʠʝʤ ö
÷

õ
æ
ç

å
= q

5

8
sinr  

 

6. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/vag6pb3ld4 

(ʈʠʩ.34) ʠ ʧʦʩʤʦʪʨʠʪʝ ʛʨʘʬʠʢ ʨʦʟʳ ʧʨʠ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ k. ʉʜʝʣʘʡʪʝ ʚʳʚʦʜ ʦ ʢʦʣʠʯʝʩʪʚʝ ʣʝʧʝʩʪʢʦʚ ʨʦʟʳ ʧʨʠ ʵʪʠʭ 

ʟʥʘʯʝʥʠʷʭ. ɺʢʣʶʯʠʪʴ ʚ ʦʪʯʸʪ ʛʨʘʬʠʢ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʠʨʨʘʮʠʦʥʘʣʴʥʦʤ 

ʟʥʘʯʝʥʠʠ k .  

https://www.desmos.com/calculator/vag6pb3ld4
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7. ɼʦʢʘʞʠʪʝ ʘʥʘʣʠʪʠʯʝʩʢʠ (ʠʣʠ ʛʨʘʬʠʯʝʩʢʠ) ʫʪʚʝʨʞʜʝʥʠʝ: "ʇʨʠ 1>k  - 

ʧʦʣʷʨʥʘʷ ʨʦʟʘ ʷʚʣʷʝʪʩʷ ʛʠʧʦʪʨʦʭʦʠʜʦʡ (ʩʤ. ʣʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ3), 

ʧʨʠ 1<k  - ʵʧʠʪʨʦʭʦʠʜʦʡ (ʩʤ. ʯ.2. ʕʧʠʮʠʢʣʦʠʜʘ). 

 

 

ʈʠʩ.34. ɻʨʘʬʠʢ ʨʦʟʳ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝʥʠʝʤ ö
÷
õ

æ
ç
å= q

5
3sinr  

 

2. ʕʧʠʮʠʢʣʦʠʜʘ 

ʅʘʟʚʘʥʠʝ ʢʨʠʚʦʡ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ ˊɑ - ʥʘ, ʥʘʜ ʠ əɨəɚɞɠ  - 

ʢʨʫʛ, ʦʢʨʫʞʥʦʩʪʴ, ʪ.ʝ. ʵʧʠʮʠʢʣʦʠʜʘ - ʢʨʠʚʘʷ "ʥʘ, ʥʘʜ  ʦʢʨʫʞʥʦʩʪʴʶ".   

ɿʘʜʘʸʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 
( )[ ]
( )[ ]

( )+¤Í
í
ì
ë

+Ö-+=

+Ö-+=
;0, ;

)1(sin)sin()1(

)1(cos)cos()1(
ba

tbabbtbRy

tbabbtbRx
 

ʇʨʠ ʵʪʦʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʘ ʧʦʣʫʯʘʝʤ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʵʧʠʮʠʢʣʦʠʜ. ʇʨʠ 1=a  - ʵʪʦ ʧʨʦʩʪʦ ʵʧʠʮʠʢʣʦʠʜʘ, ʧʨʠ 10 <<a  - 

ʫʢʦʨʦʯʝʥʥʘʷ ʵʧʠʮʠʢʣʦʠʜʘ, ʧʨʠ 1>a  - ʫʜʣʠʥʸʥʥʘʷ ʵʧʠʮʠʢʣʦʠʜʘ. ʈʘʟʣʠʯʠʷ 

ʚ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʚʳʭ ʩʚʷʟʘʥʳ ʩ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ. 

 

ɿʘʤʝʯʘʥʠʝ:  ʋʢʦʨʦʯʝʥʥʫʶ ʠ ʫʜʣʠʥʸʥʥʫʶ ʵʧʠʮʠʢʣʦʠʜʳ ʥʘʟʳʚʘʶʪ 

ʵʧʠʪʨʦʭʦʠʜʘʤʠ. ʇʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ a  ʠ b

ʵʧʠʮʠʢʣʦʠʜʳ ʚʳʨʦʞʜʘʶʪʩʷ ʚ ʠʟʚʝʩʪʥʳʝ ʢʨʠʚʳʝ.  

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʵʧʠʮʠʢʣʦʠʜ:  ʵʧʠʮʠʢʣʦʠʜʘ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʷ 

ʪʦʯʢʠ M , ʣʝʞʘʱʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ abRl =  ʦʪ ʮʝʥʪʨʘ ʧʨʦʠʟʚʦʜʷʱʝʡ 
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ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ bRr = , ʢʦʪʦʨʘʷ ʢʘʪʠʪʩʷ (ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ) ʧʦ ʚʥʝʰʥʝʡ 

ʩʪʦʨʦʥʝ ʥʝʧʦʜʚʠʞʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R . ʆʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  

abRl =  ʟʘʚʠʩʠʪ ʚʠʜ ʵʧʠʮʠʢʣʦʠʜʳ - ʩʤ. ʈʠʩ. 35.  ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 1=a  (ʈʠʩ. 

35 ʙ)) ʪʦʯʢʘ M ʣʝʞʠʪ ʥʘ ʧʨʦʠʟʚʦʜʷʱʝʡ ʦʢʨʫʞʥʦʩʪʠ. 

 

 
ʘ)     ʙ)    ʚ) 

ʈʠʩ.35. ʋʢʦʨʦʯʝʥʥʘʷ ʵʧʠʮʠʢʣʦʠʜʘ (ʘ), ʵʧʠʮʠʢʣʦʠʜʘ (ʙ), ʫʜʣʠʥʸʥʥʘʷ 

ʵʧʠʮʠʢʣʦʠʜʘ (ʚ). 

 

ɿʘʜʘʥʠʝ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ R  ( 0>R )): 

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ  https://www.desmos.com/calculator/rqvrjk1y5m 

(ʈʠʩ.36) ʠ ʠʟʫʯʠʪʝ ʛʨʘʬʠʢ ʵʧʠʮʠʢʣʦʠʜʳ, ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ ba,  ʚ 

ʫʨʘʚʥʝʥʠʷʭ: 
( )[ ]
( )[ ]

( )+¤Í
í
ì
ë

+Ö-+=

+Ö-+=
;0, ;

)1(sin)sin()1(

)1(cos)cos()1(
ba

tbabbtbRy

tbabbtbRx
 

 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʵʧʠʮʠʢʣʦʠʜʫ (ʚ ʦʙʱʝʤ ʫʨʘʚʥʝʥʠʠ ʵʧʠʮʠʢʣʦʠʜʳ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 1=a ): 

2.1. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 1=b . ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ.  

2.2. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 
n

m
b=  - ʥʝʩʦʢʨʘʪʠʤʘʷ ʜʨʦʙʴ, 

Nnm Í, . ʅʘʧʨʠʤʝʨ - ʩʤ. https://www.desmos.com/calculator/jkzjomv66r 

(ʈʠʩ.37). ʇʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʝʥʠʷ 
n

m
b= . 

ʋʢʘʟʘʥʠʝ. ʈʘʩʩʤʦʪʨʝʪʴ  
n

m
b= : m ʯʝʪʥʳʝ (ʥʝʯʸʪʥʳʝ), n - ʥʝʯʸʪʥʳʝ 

(ʯʸʪʥʳʝ): 1>b   ʠ 1<b ). ɺʢʣʶʯʠʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʫʯʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

2.4. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ b. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

2.5. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

https://www.desmos.com/calculator/rqvrjk1y5m
https://www.desmos.com/calculator/jkzjomv66r
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ʈʠʩ.36. ɻʨʘʬʠʢ ʵʧʠʮʠʢʣʦʠʜʳ (ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ba, ). 

 

 

ʈʠʩ.37. ɻʨʘʬʠʢ ʵʧʠʮʠʢʣʦʠʜʳ ʧʨʠ 
8

3
=b . 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʫʢʦʨʦʯʝʥʥʫʶ ʵʧʠʮʠʢʣʦʠʜʫ (ʚ ʦʙʱʝʤ ʫʨʘʚʥʝʥʠʠ 

ʵʧʠʮʠʢʣʦʠʜʳ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 10 <<a ): 



 

36 

 

3.1. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 
n

m
b=  - ʥʝʩʦʢʨʘʪʠʤʘʷ ʜʨʦʙʴ, 

Nnm Í, . ʅʘʧʨʠʤʝʨ - ʩʤ.https://www.desmos.com/calculator/ijfvctagk3  (ʈʠʩ. 

38).  

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ 
n

m
b= , ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʧ.2.3. ʇʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʷ 
n

m
b=  . ɺʢʣʶʯʠʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

3.2. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ b .  

 

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ b, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʧ.2.4. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

3.3. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b .  

 

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ b, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʧ.2.5. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

 

ʈʠʩ.38. ɻʨʘʬʠʢ ʫʢʦʨʦʯʝʥʥʦʡ ʵʧʠʮʠʢʣʦʠʜʳ ʧʨʠ 
8

3
=b . 

 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʫʜʣʠʥʸʥʥʫʶ ʵʧʠʮʠʢʣʦʠʜʫ (ʚ ʦʙʱʝʤ ʫʨʘʚʥʝʥʠʠ 

ʵʧʠʮʠʢʣʦʠʜʳ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 1>a ): 

https://www.desmos.com/calculator/ijfvctagk3
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4.1. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 1=b . ʆʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʳʧʠʩʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ.  

4.2. ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 1: >aa  ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ bRabb +=1  :  ʠ ʥʘʯʝʨʪʠʪʴ ʛʨʘʬʠʢ ʫʜʣʠʥʸʥʥʦʡ ʵʧʠʮʠʢʣʦʠʜʳ, 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʟʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ. ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ 

ʚ ʦʪʯʸʪ.  

4.3. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ  
n

m
b=  - ʥʝʩʦʢʨʘʪʠʤʘʷ ʜʨʦʙʴ, 

Nnm Í, . ʅʘʧʨʠʤʝʨ - ʩʤ. https://www.desmos.com/calculator/orez4mwrhv 

(ʈʠʩ. 39). 

 

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ 
n

m
b= , ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʧ.2.3., ʧ.3.2.ʇʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚʠʜ ʢʨʠʚʦʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ 
n

m
b=  . ɺʢʣʶʯʠʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʣʫʯʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

 

ʈʠʩ.39. ɻʨʘʬʠʢ ʫʜʣʠʥʸʥʥʦʡ ʵʧʠʮʠʢʣʦʠʜʳ ʧʨʠ 
8

3
=b . 

4.3. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʮʝʣʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʘ b .  

ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ b, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʧ.2.4., ʧ.3.3. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

4.4. ɺʳʙʨʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b .  

https://www.desmos.com/calculator/orez4mwrhv
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ʋʢʘʟʘʥʠʝ: ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʬʠʢʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ b, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʚ ʧ.2.5., ʧ.3.4. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

 

ʀʪʦʛʦʚʦʝ ʟʘʜʘʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ4: ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʬʠʢʦʚ ʧʦʣʷʨʥʳʭ ʨʦʟ ʠ ʵʧʠʮʠʢʣʦʠʜʳ 

ʩʜʝʣʘʪʴ: 

1. ʂʨʘʪʢʠʡ ʚʳʚʦʜ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʨʘʬʠʢʦʚ ʧʦʣʷʨʥʳʭ ʨʦʟ. 

2. ʂʨʘʪʢʠʡ ʚʳʚʦʜ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʨʘʬʠʢʘ ʵʧʠʮʠʢʣʦʠʜʳ 

(ʦʙʳʢʥʦʚʝʥʥʦʡ, ʫʢʦʨʦʯʝʥʥʦʡ ʠ ʫʜʣʠʥʸʥʥʦʡ), ʦʙ ʝʸ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ. 

 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ5. ʎʠʢʣʦʠʜʘ 

ʅʘʟʚʘʥʠʝ ʢʨʠʚʦʡ ʜʘʣ ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ (1564-1642)  ʠ ʦʥʦ ʦʟʥʘʯʘʣʦ 

"ʥʘʧʦʤʠʥʘʶʱʘʷ ʦ ʢʨʫʛʝ"( ʦʪ ʛʨʝʯ.  əɡəɚɞŮɘŭɐɠ ð ʢʨʫʛʣʳʡ). ʅʝʤʥʦʛʦ ʧʦʟʞʝ 

ʵʪʦʡ ʢʨʠʚʦʡ ʟʘʥʷʣʠʩʴ ʬʨʘʥʮʫʟʳ (ɹ. ʇʘʩʢʘʣʴ, ʄ.ʄʝʨʩʝʥ), ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʣʠ 

ʝʸ "ʨʫʣʣʝʪʦʡ" ʠʣʠ "ʪʨʦʭʦʠʜʦʡ" (ʦʪ ʛʨʝʯ.  ŰɟɞɢɞŮɘŭɐɠ   - ʢʦʣʸʩʦʦʙʨʘʟʥʳʡ). 

ʎʠʢʣʦʠʜʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ (ʥʘʧʨʠʤʝʨ, ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʢʨʠʚʦʡ ʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ (ʙʨʘʭʠʩʪʦʭʨʦʥʦʡ)). ɼʨʫʛʠʝ ʠʥʪʝʨʝʩʥʳʝ 

ʩʚʦʡʩʪʚʘ ʵʪʦʡ ʢʨʠʚʦʡ ʤʦʞʥʦ ʥʘʡʪʠ ʟʜʝʩʴ 

http://www.etudes.ru/ru/etudes/cycloid/.  

ʎʠʢʣʦʠʜʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 
( )
( )

( ) ( )+¤¤-Í+¤Í
í
ì
ë

-=

-=
;,;0 ;

cos1

sin
ta

taRy

tatRx
 

ʇʨʠ ʵʪʦʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʘ ʧʦʣʫʯʘʝʤ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʮʠʢʣʦʠʜ. ʇʨʠ 1=a  - ʵʪʦ ʧʨʦʩʪʦ ʮʠʢʣʦʠʜʘ, ʧʨʠ 10 <<a  - ʫʢʦʨʦʯʝʥʥʘʷ 

ʮʠʢʣʦʠʜʘ, ʧʨʠ 1>a  - ʫʜʣʠʥʸʥʥʘʷ ʮʠʢʣʦʠʜʘ. ʈʘʟʣʠʯʠʷ ʚ ʧʦʣʫʯʘʝʤʳʭ 

ʢʨʠʚʳʭ ʩʚʷʟʘʥʳ ʩ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ. 

 

ɿʘʤʝʯʘʥʠʝ:  1.ʋʢʦʨʦʯʝʥʥʫʶ ʠ ʫʜʣʠʥʸʥʥʫʶ ʮʠʢʣʦʠʜʳ ʥʘʟʳʚʘʶʪ 

ʪʨʦʭʦʠʜʘʤʠ (ʪ.ʢ. ʚʳʯʝʨʯʠʚʘʶʱʘʷ  ʪʘʢʠʝ ʢʨʠʚʳʝ ʪʦʯʢʘ ʥʝ ʣʝʞʠʪ ʥʘ 

ʦʢʨʫʞʥʦʩʪʠ (ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʦʙʳʯʥʦʡ ʮʠʢʣʦʠʜʦʡ), ʘ ʣʝʞʠʪ ʢʘʢ ʙʳ ʥʘ ʩʧʠʮʝ 

ʢʦʣʝʩʘ, ʧʦ ʛʨʝʯ. ŰɟɞɢɞŮɘŭɐɠ   - ʢʦʣʸʩʦʦʙʨʘʟʥʳʡ).  

2. ɽʩʣʠ ʧʨʷʤʫʶ (ʧʦ ʢʦʪʦʨʦʡ ʢʘʪʠʪʩʷ ʧʨʦʠʟʚʦʜʷʱʘʷ ʦʢʨʫʞʥʦʩʪʴ) ʟʘʤʝʥʠʪʴ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʢʨʫʞʥʦʩʪʴʶ ʨʘʜʠʫʩʘ R, ʪʦ ʚʳʯʝʨʯʠʚʘʶʱʘʷ ʪʦʯʢʘ ʦʧʠʰʝʪ 

ʢʨʠʚʫʶ, ʥʘʟʳʚʘʝʤʫʶ "ʮʠʢʣʦʠʜʘʣʴʥʦʡ".  ɽʩʣʠ ʧʨʦʠʟʚʦʜʷʱʘʷ ʦʢʨʫʞʥʦʩʪʴ 

ʢʘʪʠʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʥʝʧʦʜʚʠʞʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʪʦ ʧʦʣʫʯʘʝʤ 

ʛʠʧʦʮʠʢʣʦʠʜʫ (ʦʪ ʛʨʝʯ "ʛʠʧʦ" - ʧʦʜ, ʩʤ. ʃʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ3), ʝʩʣʠ 

ʧʦ ʚʥʝʰʥʝʡ - ʵʧʠʮʠʢʣʦʠʜʫ (ʦʪ ʛʨʝʯ. "ʵʧʠ" - ʥʘʜ ʯʝʤ-ʣʠʙʦ, ʩʤ 

ʃʘʙʦʨʘʪʦʨʥʫʶ ʨʘʙʦʪʫ ˉ4.). 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʮʠʢʣʦʠʜ:  ʮʠʢʣʦʠʜʘ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ, 

ʣʝʞʘʱʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ aRd =  ʦʪ ʮʝʥʪʨʘ ʧʨʦʠʟʚʦʜʷʱʝʡ ʦʢʨʫʞʥʦʩʪʠ 

http://www.etudes.ru/ru/etudes/cycloid/
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ʨʘʜʠʫʩʘ R, ʢʦʪʦʨʘʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʢʘʪʠʪʩʷ ʧʦ ʧʨʷʤʦʡ. ʇʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʘ ʤʳ ʧʦʣʫʯʘʝʤ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʮʠʢʣʦʠʜ - ʩʤ. ʈʠʩ.40. 

 

ʘ) 

 
  

ʙ) 

 
ʚ)  

 
ʈʠʩ.40. ʋʢʦʨʦʯʝʥʥʘʷ ʮʠʢʣʦʠʜʘ (ʘ), ʮʠʢʣʦʠʜʘ (ʙ), ʫʜʣʠʥʸʥʥʘʷ ʮʠʢʣʦʠʜʘ (ʚ). 

 

ɿʘʜʘʥʠʝ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ R ( 0>R )): 

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ  https://www.desmos.com/calculator/wiatgmemyo  

(ʈʠʩ. 41) ʠ ʠʟʫʯʠʪʝ ʛʨʘʬʠʢ ʮʠʢʣʦʠʜʳ, ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨ a  ʚ ʫʨʘʚʥʝʥʠʷʭ: 
( )
( )

( ) ( )+¤¤-Í+¤Í
í
ì
ë

-=

-=
;,;0 ;

cos1

sin
ta

taRy

tatRx
 

2. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʪʨʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ a  ( 1=a  , 10 <<a , 1>a ) ʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ: 

2.1. ʇʨʦʚʝʜʠʪʝ ʧʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʮʠʢʣʦʠʜʳ, ʨʘʟʙʠʚ ʯʘʩʪʴ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʚʦʡ ( )RtÍ  ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʨʝʟʢʦʚ, ʥʘʧʨʠʤʝʨ:  

ʧʫʩʪʴ [ ]pp7,-Ít , ʪʦʛʜʘ ʥʘ 1-ʦʤ ʵʪʘʧʝ ʩʪʨʦʠʤ ʢʨʠʚʫʶ ʧʨʠù
ú

ø
é
ê

è
--Í

2
,
p

pt , ʥʘ 

2-ʤ - ʧʨʠ ù
ú

ø
é
ê

è
-Í

2
,

2

pp
t , ʥʘ 3-ʝʤ - ʧʨʠ ù

ú

ø
é
ê

è
Í

2

3
,

2

pp
t ,  ʥʘ 4-ʤ  - ʧʨʠ ù

ú

ø
é
ê

è
Í p
p

7,
2

3
t .  

https://www.desmos.com/calculator/wiatgmemyo
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ɺʩʝ ʧʦʣʫʯʘʝʤʳʝ ʦʪʨʝʟʢʠ ʢʨʠʚʦʡ ʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. 

2.2. ʇʦʩʪʨʦʠʪʴ ʦʜʥʫ ʘʨʢʫ ʮʠʢʣʦʠʜʳ.  

ʀʪʦʛʦʚʦʝ ʟʘʜʘʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ5. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʧʦʣʥʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʛʨʘʬʠʢʘ ʮʠʢʣʦʠʜʳ, ʚʳʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʝʸ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʙʫʤʘʛʝ. 

 

 
ʈʠʩ.41. ɻʨʘʬʠʢ ʮʠʢʣʦʠʜʳ (ʧʨʠ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ R ,a  ). 

 

 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ6. ʕʚʦʣʴʚʝʥʪʘ ʦʢʨʫʞʥʦʩʪʠ 

ʅʘʟʚʘʥʠʝ "ʵʚʦʣʴʚʝʥʪʘ" ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʘʪ. evolvens - ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʡʩʷ ʠ 

ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʩʦʙʦʤ ʧʦʩʪʨʦʝʥʠʷ ʵʚʦʣʴʚʝʥʪʳ: ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʵʚʦʣʴʚʝʥʪʫ 

ʢʘʢʦʡ-ʣʠʙʦ ʢʨʠʚʦʡ, ʥʫʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʰʘʙʣʦʥ ʟʘʜʘʥʥʦʡ ʢʨʠʚʦʡ, ʟʘʢʨʝʧʠʪʴ 

ʚ ʥʝʢʦʪʦʨʦʡ ʝʛʦ ʪʦʯʢʝ ʢʦʥʝʮ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʠ ʠ ʦʙʤʦʪʘʪʴ ʝʛʦ ʚʦʢʨʫʛ 

ʰʘʙʣʦʥʘ ʢʨʠʚʦʡ. ʅʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʥʠʪʠ ʟʘʢʨʝʧʠʪʴ ʯʝʨʪʷʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

(ʥʘʧʨʠʤʝʨ, ʢʘʨʘʥʜʘʰ). ɽʩʣʠ ʥʘʯʘʪʴ ʨʘʟʚʸʨʪʳʚʘʪʴ ʥʠʪʴ, ʦʩʪʘʚʣʷʷ ʝʸ ʚʩʸ 

ʚʨʝʤʷ ʚ ʥʘʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʢʘʨʘʥʜʘʰ ʥʘʯʝʨʪʠʪ ʵʚʦʣʴʚʝʥʪʫ. 

ʅʘʧʨʠʤʝʨ, ʵʚʦʣʴʚʝʥʪʫ ʦʢʨʫʞʥʦʩʪʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ, ʥʘʤʦʪʘʚ (ʠʣʠ 

ʨʘʟʤʦʪʘʚ) ʥʠʪʴ ʥʘ ʢʘʪʫʰʢʫ ʨʘʜʠʫʩʘ R .  

ʕʚʦʣʴʚʝʥʪʘ (ʦʙʦʙʱʸʥʥʘʷ) ʦʢʨʫʞʥʦʩʪʠ ʟʘʜʘʸʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ: 
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ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ h  ʧʦʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʵʚʦʣʴʚʝʥʪ ʦʢʨʫʞʥʦʩʪʠ: 0=h  - ʵʚʦʣʴʚʝʥʪʘ ʦʢʨʫʞʥʦʩʪʠ, 0>h  - 

ʫʜʣʠʥʸʥʥʘʷ ʵʚʦʣʴʚʝʥʪʘ ʦʢʨʫʞʥʦʩʪʠ, 0<h  - ʫʢʦʨʦʯʝʥʥʘʷ ʵʚʦʣʴʚʝʥʪʘ 

ʦʢʨʫʞʥʦʩʪʠ.  ʈʘʟʣʠʯʠʷ ʚ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʚʳʭ ʩʚʷʟʘʥʳ ʩ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʵʚʦʣʴʚʝʥʪʳ:  ʵʚʦʣʴʚʝʥʪʘ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʷ 

ʪʦʯʢʠ M , ʣʝʞʘʱʝʡ ʥʘ ʧʨʷʤʦʡ,  ʢʦʪʦʨʘʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʢʘʪʠʪʩʷ ʧʦ 
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ʥʝʧʦʜʚʠʞʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R ; ʫʢʦʨʦʯʝʥʥʘʷ ʠ ʫʜʣʠʥʸʥʥʘʷ 

ʵʚʦʣʴʚʝʥʪʳ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ M , ʣʝʞʘʱʝʡ ʥʝ ʥʘ ʧʨʦʠʟʚʦʜʷʱʝʡ 

ʧʨʷʤʦʡ, ʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ h  ʦʪ ʥʝʸ - ʩʤ. ʈʠʩ. 42. ʕʚʦʣʴʚʝʥʪʘ ʠʤʝʝʪ ʜʚʝ 

ʚʝʪʚʠ: ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʪʚʴ (0>t ) ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʧʝʨʝʢʘʪʳʚʘʥʠʠ 

ʧʨʦʠʟʚʦʜʷʱʝʡ ʧʨʷʤʦʡ ʧʨʦʪʠʚ ʭʦʜʘ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ (ʣʠʥʠʷ ʯʸʨʥʦʛʦ ʮʚʝʪʘ, 

ʈʠʩ.42.) ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʚʝʪʚʴ (0<t ) - ʧʨʠ ʧʝʨʝʢʘʪʳʚʘʥʠʠ ʧʦ ʭʦʜʫ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ (ʣʠʥʠʷ ʩʠʥʝʛʦ ʮʚʝʪʘ, ʈʠʩ.42) 

 

 
ʘ)                                                   ʙ)                                                      ʚ) 

ʈʠʩ. 42. ʋʢʦʨʦʯʝʥʥʘʷ ʵʚʦʣʴʚʝʥʪʘ (ʘ), ʵʚʦʣʴʚʝʥʪʘ (ʙ), ʫʜʣʠʥʸʥʥʘʷ 

ʵʚʦʣʴʚʝʥʪʘ (ʚ) ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ R . 

 

ʊʘʢʞʝ ʤʦʞʥʦ ʜʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: ʵʚʦʣʴʚʝʥʪʘ - ʵʪʦ ʢʨʠʚʘʷ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʩʪʦʤ ʮʝʥʪʨʦʚ ʢʨʠʚʠʟʥʳ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʜʨʫʛʘʷ ʢʨʠʚʘʷ 

- ʵʚʦʣʶʪʘ. ʂʘʩʘʪʝʣʴʥʳʝ ʢ ʵʚʦʣʶʪʝ ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʷʤʠ ʢ ʵʚʦʣʴʚʝʥʪʝ. 

ʕʚʦʣʴʚʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ "ʦʙʢʘʪʳʚʘʥʠʝʤ" ʧʦ ʵʚʦʣʶʪʝ ʙʝʟ 

ʩʢʦʣʴʞʝʥʠʷ ʧʨʷʤʦʡ, ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʵʚʦʣʶʪʝ. 

ɿʘʜʘʥʠʝ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ R ( 0>R )): 

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ  https://www.desmos.com/calculator/asv0lhs7j7 (ʈʠʩ. 

43) ʠ ʠʟʫʯʠʪʝ ʛʨʘʬʠʢ ʵʚʦʣʴʚʝʥʪʳ, ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨ h  ʚ ʫʨʘʚʥʝʥʠʷʭ: 
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2. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 0=h   ʠ ʥʘʨʠʩʦʚʘʪʴ ʛʨʘʬʠʢ 

ʵʚʦʣʴʚʝʥʪʳ ʦʢʨʫʞʥʦʩʪʠ. ʅʘ ʛʨʘʬʠʢʝ ʦʪʤʝʪʠʪʴ ʧʨʦʠʟʚʦʜʷʱʫʶ ʦʢʨʫʞʥʦʩʪʴ. 

ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʚ ʦʪʯʸʪ.  

 

3. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 0<h  ʠ ʥʘʨʠʩʦʚʘʪʴ ʛʨʘʬʠʢ 

ʫʢʦʨʦʯʝʥʥʦʡ ʵʚʦʣʴʚʝʥʪʳ ʦʢʨʫʞʥʦʩʪʠ. ʅʘ ʛʨʘʬʠʢʝ ʦʪʤʝʪʠʪʴ ʧʨʦʠʟʚʦʜʷʱʫʶ 

ʦʢʨʫʞʥʦʩʪʴ. ʅʘʨʠʩʦʚʘʪʴ ʪʨʠ ʛʨʘʬʠʢʘ ʫʢʦʨʦʯʝʥʥʦʡ ʵʚʦʣʴʚʝʥʪʳ ʧʨʠ 

hRhRhR -<->-= ,, . ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. ʉʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʛʨʘʬʠʢʘ ʫʢʦʨʦʯʝʥʥʦʡ ʵʚʦʣʴʚʝʥʪʳ ʦʢʨʫʞʥʦʩʪʠ ʦʪ 

ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ R  ʠ h . 

 

https://www.desmos.com/calculator/asv0lhs7j7
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4. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 0>h  ʠ ʥʘʨʠʩʦʚʘʪʴ ʛʨʘʬʠʢ 

ʫʜʣʠʥʸʥʥʦʡ ʵʚʦʣʴʚʝʥʪʳ ʦʢʨʫʞʥʦʩʪʠ. ʅʘ ʛʨʘʬʠʢʝ ʦʪʤʝʪʠʪʴ ʧʨʦʠʟʚʦʜʷʱʫʶ 

ʦʢʨʫʞʥʦʩʪʴ. ʅʘʨʠʩʦʚʘʪʴ ʪʨʠ ʛʨʘʬʠʢʘ ʫʜʣʠʥʸʥʥʦʡ ʵʚʦʣʴʚʝʥʪʳ ʦʢʨʫʞʥʦʩʪʠ 

ʧʨʠ hRhRhR <>= , , . ɺʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʚ ʦʪʯʸʪ. ʉʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʛʨʘʬʠʢʘ ʫʜʣʠʥʸʥʥʦʡ ʵʚʦʣʴʚʝʥʪʳ ʦʢʨʫʞʥʦʩʪʠ ʦʪ 

ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ R  ʠ h . 

 

 
ʈʠʩ.43. ɻʨʘʬʠʢ ʵʚʦʣʴʚʝʥʪʳ ʦʢʨʫʞʥʦʩʪʠ (ʧʨʠ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ R, h). 

 

 

ʀʪʦʛʦʚʦʝ ʟʘʜʘʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ6. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʨʘʬʠʢʘ ʦʙʦʙʱʸʥʥʦʡ ʵʚʦʣʴʚʝʥʪʳ ʦʢʨʫʞʥʦʩʪʠ, ʚʳʨʘʙʦʪʘʪʴ 

ʘʣʛʦʨʠʪʤ ʝʸ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʙʫʤʘʛʝ. 

 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ7. ʉʧʠʨʘʣʠ: ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ, 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ, ɸʨʭʠʤʝʜʘ 

 

7.1. ʉʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ 

ʉʚʦʸ ʥʘʟʚʘʥʠʝ ʵʪʘ ʩʧʠʨʘʣʴ ʧʦʣʫʯʠʣʘ ʚ ʯʝʩʪʴ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʛʦ ʬʠʟʠʢʘ, 

ʤʘʪʝʤʘʪʠʢʘ ʠ ʬʠʣʦʩʦʬʘ ɸʨʭʠʤʝʜʘ (287 - 212 ʛʛ. ʜʦ ʥ.ʵ). ʇʦ ʦʜʥʦʡ ʠʟ 

ʚʝʨʩʠʡ, ʝʛʦ ʧʨʠʚʣʝʢʣʘ ʬʦʨʤʘ ʩʧʠʨʘʣʴʥʦ ʟʘʚʠʪʦʡ ʨʘʢʦʚʠʥʳ, ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʢʦʪʦʨʦʡ ɸʨʭʠʤʝʜ ʠ ʚʳʚʝʣ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ. ʇʦ ʜʨʫʛʦʡ ʚʝʨʩʠʠ, ʦʥ 

ʧʨʦʚʦʜʠʣ ʦʧʳʪʳ ʩ ʢʦʤʧʘʩʦʤ ʠ ʝʛʦ ʩʪʨʝʣʢʦʡ. ʇʦʣʫʯʝʥʥʫʶ ʩʧʠʨʘʣʴ 

ɸʨʭʠʤʝʜ ʦʧʠʩʳʚʘʣ ʢʠʥʝʤʘʪʠʯʝʩʢʠ, ʢʘʢ ʪʨʘʝʢʪʦʨʠʶ ʨʘʚʥʦʤʝʨʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʧʦ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʤʫʩʷ ʚʦʢʨʫʛ ʩʚʦʝʛʦ ʥʘʯʘʣʘ ʣʫʯʫ.  
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ʉʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ ʟʘʜʘʸʪʩʷ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʝʤ 

0 , >= aar j . 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ʉʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ ʝʩʪʴ ʪʨʘʝʢʪʦʨʠʷ ʪʦʯʢʠ 
ʄ, ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʣʫʯʫ ʆɸ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʪ. ʆ ʢ ʪ. ɸ. ʉʘʤ 

ʣʫʯ ʆɸ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʪ. ʆ ʧʦ ʯʘʩʦʚʦʡ ʠʣʠ ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ (ʩʤ. ʈʠʩ.44). ʇʦʵʪʦʤʫ ʩʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʚʝʪʚʝʡ, ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Oy  - ʦʜʥʘ ʚʝʪʚʴ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

0>j , ʚʪʦʨʘʷ - ʧʨʠ 0<j (ʩʤ. ʈʠʩ. 45., ʢʨʠʚʘʷ ʯʸʨʥʦʛʦ ʠ ʩʠʥʝʛʦ ʮʚʝʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ, ʣʝʞʘʱʠʤʠ 

ʥʘ ʦʜʥʦʤ ʧʦʣʷʨʥʦʤ ʣʫʯʝ, ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ ap2 ( aAM p2= ).  

 

 
ʈʠʩ.44. ʉʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʪʚʴ) 

 

ɿʘʜʘʥʠʝ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ a  ( 0>a )): 

1.ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/qkketvoanb (ʈʠʩ. 

46) ʠ ʠʟʫʯʠʪʝ ʛʨʘʬʠʢ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ (ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʪʚʠ
2
) , ʠʟʤʝʥʷʷ 

ʧʘʨʘʤʝʪʨ a  ʚ ʫʨʘʚʥʝʥʠʠ 

0 , >= aar j . 

2.ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/bl6xjpnfhg 

(ʈʠʩ.47) ʠ ʠʟʫʯʠʪʝ ʧʦʩʪʨʦʝʥʠʝ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ ʧʦ ʪʦʯʢʘʤ. 

3.ʉʦʩʪʘʚʴʪʝ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ (ʦʪʣʠʯʥʦʝ, ʦʪ 

ʧʨʠʚʝʜʸʥʥʦʛʦ ʚ ʧʨʠʤʝʨʝ), ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʡ ʢʨʠʚʦʡ ʥʘ ʙʫʤʘʛʝ.  ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʵʪʦʪ ʘʣʛʦʨʠʪʤ. 

 

 

                                                 
2
 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ DESMOS ʩʪʨʦʠʪ ʛʨʘʬʠʢʠ ʢʨʠʚʳʭ, ʟʘʜʘʥʥʳʭ ʧʦʣʷʨʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʪʦʣʴʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ j ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ).  

https://www.desmos.com/calculator/qkketvoanb
https://www.desmos.com/calculator/bl6xjpnfhg
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ʈʠʩ.45. ʉʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ (ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʚʝʪʚʠ) 

 

 
ʈʠʩ. 46. ɻʨʘʬʠʢ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ (ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʪʚʠ) ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ 1=a  

 

7.2. ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ 

ʅʘʟʚʘʥʠʝ ʢʨʠʚʘʷ ʧʦʣʫʯʠʣʘ ʠʟ-ʟʘ  ʩʚʦʝʛʦ ʫʨʘʚʥʝʥʠʷ jar = , ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ j=ralog .  ʉ ʜʨʝʚʥʠʭ ʧʦʨ ʤʦʨʝʧʣʘʚʘʪʝʣʠ ʠʩʢʘʣʠ 

ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʤʝʞʜʫ ʧʦʨʪʘʤʠ. ʆʥʠ ʟʥʘʣʠ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʪʘʢʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʷʚʣʷʝʪʩʷ ʜʫʛʘ ʦʢʨʫʞʥʦʩʪʠ. ʅʦ, ʯʪʦʙʳ ʜʚʠʛʘʪʴʩʷ ʧʦ 

ʪʘʢʦʡ ʢʨʠʚʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʟʘʤʝʥʷʣʠ ʪʘʢʠʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʛʦʣ, ʧʦʜ 

ʢʦʪʦʨʳʤ ʢʦʨʘʙʣʴ ʧʝʨʝʩʝʢʘʝʪ ʚʩʝ ʤʝʨʠʜʠʘʥʳ, ʙʳʣ ʧʦʩʪʦʷʥʥʳʤ. ʊʨʘʝʢʪʦʨʠʠ, 

ʦʙʣʘʜʘʶʱʠʝ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ, ʥʘʟʳʚʘʶʪʩʷ ʣʦʢʩʦʜʨʦʤʘʤʠ.  ʇʨʦʝʢʮʠʷ 
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ʣʦʢʩʦʜʨʦʤʳ ʥʘ ʧʣʦʩʢʦʩʪʠ - ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ (ʩʤ. ʈʠʩ.48).  

ɺʧʝʨʚʳʝ ʵʪʘ ʢʨʠʚʘʷ ʙʳʣʘ ʦʧʠʩʘʥʘ ʈ.ɼʝʢʘʨʪʦʤ (1596 -1650) - ʦʥ ʠʩʢʘʣ 

ʢʨʠʚʫʶ, ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʙʨʘʟʦʚʳʚʘʣʘ ʧʦʩʪʦʷʥʥʳʡ 

ʫʛʦʣ ʩʦ ʩʚʦʠʤ ʨʘʜʠʫʩʦʤ-ʚʝʢʪʦʨʦʤ ʠ ʜʦʢʘʟʘʣ, ʯʪʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʨʘʚʥʦʩʠʣʴʥʦ 

ʪʦʤʫ, ʯʪʦ ʧʦʣʷʨʥʳʝ ʫʛʣʳ ʜʣʷ ʪʦʯʝʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʣʦʛʘʨʠʬʤʘʤ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʩʧʠʨʘʣʴ ʥʘʟʳʚʘʶʪ ʝʱʸ 

ʨʘʚʥʦʫʛʦʣʴʥʦʡ.   

 
ʈʠʩ.47. ʇʦʩʪʨʦʝʥʠʝ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ ʧʦ ʪʦʯʢʘʤ. 

 

 

ʈʠʩ. 48. ɻʨʘʬʠʢ ʣʦʢʩʦʜʨʦʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʝʸ ʧʨʦʝʢʮʠʷ ʥʘ 

ʧʣʦʩʢʦʩʪʴ.  

 ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʵʪʦʡ ʩʧʠʨʘʣʠ ʫʜʝʣʠʣ ʰʚʝʡʮʘʨʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʗ. 

ɹʝʨʥʫʣʣʠ (1655-1705) ï ʦʥ ʥʘʟʚʘʣ ʝʸ spira mirabilis  (çʜʠʚʥʘʷ ʩʧʠʨʘʣʴè) ʠ 

ʦʪʢʨʳʣ ʝʸ ʩʚʦʡʩʪʚʦ ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʥʘʩʪʦʣʴʢʦ ʝʛʦ ʧʦʨʘʟʠʣʦ, ʯʪʦ ʥʘ ʩʚʦʝʡ 

ʤʦʛʠʣʴʥʦʡ ʧʣʠʪʝ ʦʥ ʧʨʠʢʘʟʘʣ ʥʘʨʠʩʦʚʘʪʴ spira mirabilis ʩ ʥʘʜʧʠʩʴʶ Eadem 

mutata resurgo  - çʀʟʤʝʥʸʥʥʘʷ, ʚʦʩʢʨʝʩʘʶ ʧʨʝʞʥʝʡè - ʩʤ. ʈʠʩ.49. 
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ɺ ʧʨʠʨʦʜʝ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ ʨʦʩʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ï ʨʘʢʦʚʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʝʤʷʥ 

ʧʦʜʩʦʣʥʝʯʥʠʢʘ, ʣʠʩʪʴʷ ʨʘʩʪʝʥʠʡ, ʩʧʠʨʘʣʠ ʮʠʢʣʦʥʦʚ ʠ ʛʘʣʘʢʪʠʢ  ʠ ʤʥʦʛʦʝ 

ʜʨ.: 

¶ ʨʘʢʦʚʠʥʳ ʤʦʣʣʶʩʢʦʚ: 

 
¶ ʩʝʤʝʥʘ ʚ ʧʦʜʩʦʣʥʫʭʝ (ʦʜʥʠ ʨʷʜʳ ʟʘʢʨʫʯʝʥʳ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ, ʜʨʫʛʠʝ - ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ): 

 
¶ ʩʦʩʥʦʚʳʝ ʰʠʰʢʠ: 

 



 

47 

 

¶ ʢʦʣʶʯʢʠ ʢʘʢʪʫʩʦʚ: 

 
¶ ʛʘʣʘʢʪʠʢʘ: 

 
 

 
ʈʠʩ.49. ʅʘʜʛʨʦʙʠʝ ʥʘ ʤʦʛʠʣʝ ʗ. ɹʝʨʥʫʣʣʠ 
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ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ ʟʘʜʘʸʪʩʷ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʫʨʘʚʥʝʥʠʝʤ 

0, >= aar j . 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ - ʵʪʦ ʢʨʠʚʘʷ, 

ʧʝʨʝʩʝʢʘʶʱʘʷ ʚʩʝ ʣʫʯʠ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʧʦʣʶʩʘ ʪ.ʆ ʧʦʜ ʥʝʢʦʪʦʨʳʤ 

ʧʦʩʪʦʷʥʥʳʤ ʫʛʣʦʤ a - ʩʤ. ʈʠʩ.50.  ʈʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʪʦʯʝʢ ʩʧʠʨʘʣʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʧʦʣʷʨʥʦʤ ʣʫʯʝ j, 

ʦʙʨʘʟʫʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʧʨʦʛʨʝʩʩʠʶ. 

ɿʘʜʘʥʠʝ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʘ( 0>ʘ )): 

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/wdb4t8irny (ʈʠʩ. 

51) ʠ ʠʟʫʯʠʪʝ ʛʨʘʬʠʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ (ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʪʚʠ
3
) , 

ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨ ʘ ʚ ʫʨʘʚʥʝʥʠʠ 

0, >= aar j . 

 

 
ʈʠʩ. 50.  ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ. 

 

 
ʈʠʩ. 51. ɻʨʘʬʠʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ (ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʪʚʠ) ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 9.0=ʘ  

                                                 
3
 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ DESMOS ʩʪʨʦʠʪ ʛʨʘʬʠʢʠ ʢʨʠʚʳʭ, ʟʘʜʘʥʥʳʭ ʧʦʣʷʨʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʪʦʣʴʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ j ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ).  

https://www.desmos.com/calculator/wdb4t8irny
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2. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/4xkwxzeorh 

(ʈʠʩ.52) ʠ ʠʟʫʯʠʪʝ ʧʦʩʪʨʦʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʧʦ ʪʦʯʢʘʤ. 

3. ʉʦʩʪʘʚʴʪʝ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ  

(ʦʪʣʠʯʥʦʝ, ʦʪ ʧʨʠʚʝʜʸʥʥʦʛʦ ʚ ʧʨʠʤʝʨʝ), ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ 

ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʡ ʢʨʠʚʦʡ ʥʘ ʙʫʤʘʛʝ.  ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʵʪʦʪ 

ʘʣʛʦʨʠʪʤ. 

4. ʅʘʨʠʩʦʚʘʪʴ ʛʨʘʬʠʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʢʦʥʢʨʝʪʥʦʤʫ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʠʣʠ ʬʠʟʠʯʝʩʢʦʤʫ ʦʙʲʝʢʪʫ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚ 

ʦʪʯʸʪʝ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʲʝʢʪʘ). 

5. ʅʘʡʪʠ ʦʰʠʙʢʫ ʧʨʠ ʠʟʦʙʨʘʞʝʥʠʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʥʘ 

ʥʘʜʛʨʦʙʠʠ ʗ. ɹʝʨʥʫʣʣʠ ï ʩʤ. ʈʠʩ.49. 

 

7.3. ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʥʘʟʚʘʥʠʝ ʢʨʠʚʘʷ ʧʦʣʫʯʠʣʘ ʠʟ-ʟʘ ʩʚʦʝʛʦ ʫʨʘʚʥʝʥʠʷ 

0, >= a
a

r
j

 ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʘʥʘʣʦʛʠʯʥʦ ʫʨʘʚʥʝʥʠʶ ʛʠʧʝʨʙʦʣʳ ʚ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ: ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ  - ʵʪʦ ʪʨʘʝʢʪʦʨʠʷ 

ʪʦʯʢʠ, ʜʚʠʞʫʱʝʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ v  ʢ ʧʦʣʶʩʫ ʪ.ʆ ʧʦ ʣʫʯʫ, 

ʚʨʘʱʘʶʱʝʤʫʩʷ ʚʦʢʨʫʛ ʧʦʣʶʩʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w (
w

v
a= ). 

ʂʨʠʚʘʷ ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʚʝʪʚʝʡ, ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Oy  - ʦʜʥʘ 

ʚʝʪʚʴ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 0>j , ʚʪʦʨʘʷ - ʧʨʠ 0<j  (ʩʤ. ʈʠʩ.53 ʩʧʣʦʰʥʘʷ ʠ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ ʠʤʝʝʪ 

ʘʩʠʤʧʪʦʪʫ ay=  ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʪʦʯʢʫ ï ʧʦʣʶʩ. 

 

 
ʈʠʩ.52. ʇʦʩʪʨʦʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ  ʧʦ ʪʦʯʢʘʤ. 

https://www.desmos.com/calculator/4xkwxzeorh


 

50 

 

 

 

 
ʈʠʩ. 53. ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʩʧʠʨʘʣʴ. 

 

 

ɿʘʜʘʥʠʝ (ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ a  ( 0>a )): 

1. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/dqwsooneit (ʈʠʩ. 

54) ʠ ʠʟʫʯʠʪʝ ʛʨʘʬʠʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ (ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʪʚʠ
4
), 

ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨ a  ʚ ʫʨʘʚʥʝʥʠʠ 

. 

 
ʈʠʩ. 54. ɻʨʘʬʠʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ (ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʚʝʪʚʠ) ʧʨʠ 

ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 9.0=ʘ  

 

2. ʇʨʦʡʜʠʪʝ ʧʦ ʩʩʳʣʢʝ https://www.desmos.com/calculator/dwutsctmh9 

(ʈʠʩ.55) ʠ ʠʟʫʯʠʪʝ ʧʦʩʪʨʦʝʥʠʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʧʦ ʪʦʯʢʘʤ.  

3. ʉʦʩʪʘʚʴʪʝ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ  

(ʦʪʣʠʯʥʦʝ, ʦʪ ʧʨʠʚʝʜʸʥʥʦʛʦ ʚ ʧʨʠʤʝʨʝ), ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ 

ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʦʡ ʢʨʠʚʦʡ ʥʘ ʙʫʤʘʛʝ.  ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʵʪʦʪ 

ʘʣʛʦʨʠʪʤ. 

 
                                                 
4
 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ DESMOS ʩʪʨʦʠʪ ʛʨʘʬʠʢʠ ʢʨʠʚʳʭ, ʟʘʜʘʥʥʳʭ ʧʦʣʷʨʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʪʦʣʴʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ j ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ).  

https://www.desmos.com/calculator/dqwsooneit
https://www.desmos.com/calculator/dwutsctmh9

