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ʆɹ ɸɺʊʆʈɽ 

 

ɾʘʙʢʦ ɸʥʜʨʝʡ ɺʠʢʪʦʨʦʚʠʯ ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ: c 2009 ʛ. – ʩʪʘʨʰʠʡ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʜʝʣʘ ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ (ʋɻɻʋ), ʩ 2010 ʛ. – ʜʦʮʝʥʪ. ʏʣʝʥ IV ʢʦʤʠʩʩʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝ-

ʩʪʚʘ ʧʦ ʤʘʨʢʰʝʡʜʝʨʩʢʦʤʫ ʜʝʣʫ (International Society for 
Mine Surveying (ISM).  ʅʘʛʨʘʞʜʝʥ ʜʠʧʣʦʤʦʤ 
«ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʛʦʜʘ» ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ 
ʥʘʧʨʘʚʣʝʥʠʶ «ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ», 2010. ɸʚʪʦʨ ʠ 
ʩʦʘʚʪʦʨ ʙʦʣʝʝ 40 ʥʘʫʯʥʳʭ ʨʘʙʦʪ (ʩʪʘʪʝʡ), ʜʚʫʭ 
ʤʦʥʦʛʨʘʬʠʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ 
ʨʷʜʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʢʘʢ 
ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ (ʄʦʥʛʦʣʠʷ, 
ʂʘʟʘʭʩʪʘʥ), ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʠ 
ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ 
(ʜʘʤʙ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ), ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ 
ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʠ ʦʪʚʘʣʦʚ), ʘ ʪʘʢʞʝ ʥʝʬʪʷʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʧʨʝʜʨʘʩʯʝʪ ʩʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʧʘʜʝʥʠʷ ʧʣʘ-
ʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ). 

ʈʦʜʠʣʩʷ 26 ʩʝʥʪʷʙʨʷ 1981 ʛʦʜʘ ʚ ʛ. ɻʘʡ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ. ʉ 1983 ʧʦ       
1998 ʛʛ. ʧʨʦʞʠʚʘʣ ʠ ʫʯʠʣʩʷ ʚ ʂʦʚʜʦʨʩʢʦʤ ʨʘʡʦʥʝ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʂʦʣʴʩʢʠʡ ʧʦ-
ʣʫʦʩʪʨʦʚ). ɺ 1999 ʛʦʜʫ ʦʢʦʥʯʠʣ ʩʨʝʜʥʶʶ ʰʢʦʣʫ ˉ16 ʚ ʛ. ɼʝʛʪʷʨʩʢʝ ʉʚʝʨʜʣʦʚʩʢʦʡ 
ʦʙʣʘʩʪʠ. ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʧʦʩʪʫʧʠʣ ʥʘ ʦʯʥʦʝ ʦʪʜʝʣʝʥʠʝ ʚ ʋʨʘʣʴʩʢʫʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ 
ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʘʢʘʜʝʤʠʶ (ʥʳʥʝ ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠ-
ʪʝʪ) ʥʘ ʩʧʝʮʠʘʣʴʥʦʩʪʴ «ʄʘʨʢʰʝʡʜʝʨʩʢʦʝ ʜʝʣʦ». ɻʫʙʝʨʥʘʪʦʨʩʢʠʡ ʩʪʠʧʝʥʜʠʘʪ 2003 – 
2004 ʛʛ. ɺ 2003 ʛʦʜʫ ʧʦʣʫʯʠʣ ʜʠʧʣʦʤ ʙʘʢʘʣʘʚʨʘ ʩ ʦʪʣʠʯʠʝʤ ʠ ʧʨʦʜʦʣʞʠʣ ʦʙʫʯʝʥʠʝ ʚ 
ʤʘʛʠʩʪʨʘʪʫʨʝ. ɺ 2005 ʛʦʜʫ ʟʘʱʠʪʠʣ ʤʘʛʠʩʪʝʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʪʝʤʫ: «ɺʳʙʦʨ ʨʘʩ-
ʯʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ» ʠ ʧʦʣʫʯʠʣ ʩʪʝʧʝʥʴ 
ʤʘʛʠʩʪʨʘ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ «ɻʦʨʥʦʝ ʜʝʣʦ», ʜʠʧʣʦʤ ʩ ʦʪʣʠʯʠʝʤ. 
ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʧʦʩʪʫʧʠʣ ʚ ʦʯʥʫʶ ʘʩʧʠʨʘʥʪʫʨʫ ʧʨʠ ʢʘʬʝʜʨʝ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʜʝʣʘ 
ʋɻɻʋ. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ – ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʨʫʧʥʳʡ ʩʧʝ-
ʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʛʝʦʤʝʭʘʥʠʢʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʊʫʨʠʥʮʝʚ ʖʨʠʡ ʀʚʘʥʦʚʠʯ 
(15.08.1931 – 09.09.2009). 15 ʦʢʪʷʙʨʷ 2009 ʛʦʜʘ ʟʘʱʠʪʠʣ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ 
ʥʘ ʪʝʤʫ: «ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩʢʦʣʴʞʝʥʠʷ ʚ ʦʪʢʦʩʘʭ ʠ ʨʘʩʯʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʠʟʦʪʨʦʧʥʳʭ ʛʦʨʥʳʭ ʤʘʩʩʠʚʘʭ». 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʠʥʪʝʨʝʩʳ ʩʚʷʟʘʥʳ ʩ ʦʮʝʥʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ 
ʢʘʨʴʝʨʦʚ, ʦʪʚʘʣʦʚ ʠ ʜʘʤʙ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ, ʩʜʚʠʞʝʥʠʝʤ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʝʦʨʠʷʤʠ 
ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʝʱʠʥʦʚʘʪʳʭ ʛʦʨʥʳʭ 
ʤʘʩʩʠʚʦʚ. 
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ɺɺɽɼɽʅʀɽ 

 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ (ʢʘʨʴʝʨʳ, ʦʪʚʘ-

ʣʳ, ʜʘʤʙʳ, ʥʘʩʳʧʠ, ʰʘʭʪʳ, ʪʦʥʥʝʣʠ ʠ ʪ. ʜ.) ʷʚʣʷʶʪʩʷ ʠʭ ʨʘʟʤʝʨʳ (ʩʦʪʥʠ ʤʝʪʨʦʚ 

ʚ ʚʳʩʦʪʫ ʠ ʢʠʣʦʤʝʪʨʳ ʚ ʧʣʘʥʝ), ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ (ʤʠʣʣʠʦʥʳ 

ʜʦʣʣʘʨʦʚ), ʚʳʩʦʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʩʦʪʥʠ 

ʧʨʦʮʝʥʪʦʚ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʡ ʦ ʧʘʨʘʤʝʪʨʘʭ ʩʦʦʨʫʞʝʥʠʷ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʘ ʟʥʘʯʠʪ, ʧʦʪʝʥʮʠ-

ʘʣʴʥʘʷ ʫʛʨʦʟʘ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʟʘʥʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʳʭ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʨʫʞʝʥʠʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩʪʦʠʤʦʩʪʴ ʝʛʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ. ʆʰʠʙʢʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʤʦʞʝʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʛʠʙʝʣʠ ʩʦʪʝʥ ʣʶʜʝʡ, ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ ʥʝʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʇʦʤʠʤʦ ʫʞʝ ʦʪʤʝ-

ʯʝʥʥʳʭ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʣʦʞʥʳʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʩʚʦʡʩʪʚ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ, ʜʦʙʘʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʣʘʙʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʨʝʜʝʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʪʢʦʩʦʚ, ʫʛʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʩʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʪ. ʜ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʙʝʟʦ-

ʧʘʩʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʟʤʝʨʷʝʤʳʤʠ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʞʠʟʥʷ-

ʤʠ ʠ ʤʠʣʣʠʦʥʘʤʠ ʜʦʣʣʘʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʩʨʝʜʠ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ-ʛʝʦʤʝʭʘʥʠʢʦʚ ʩʬʦʨʤʠʨʦʚʘ-

ʣʦʩʴ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʛʝʦʤʝʭʘʥʠʢʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʜʨʫʛʠʭ 

ʥʘʫʢ, ʚ ʩʠʣʫ ʩʣʦʞʥʦʩʪʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʘʪʳʚʘʝ-

ʤʳʝ ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʟʘʯʘʩʪʫʶ ʥʘʜʝʣʝʥʳ ʜʦʧʫʱʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʪʠʚʦʨʝʯʘʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʟʘʢʦʥʘʤ ʤʝʭʘʥʠʢʠ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʧʨʝʜʩʪʘ-

ʚʠʪʝʣʴʥʦʩʪʠ ʤʦʜʝʣʠ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʩʭʦʜʩʪʚʦ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʥʘʪʫ-

ʨʝ ʷʚʣʝʥʠʷʤʠ (ʟʘʯʘʩʪʫʶ ʥʝʦʙʲʷʩʥʠʝʤʦʝ ʠʣʠ ʩʣʫʯʘʡʥʦʝ). ʂʘʢ ʨʝʟʫʣʴʪʘʪ ʪʘʢʠʭ 

ʚʦʟʟʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʤʦʜʝʣʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴ-
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ʥʳʤ ʟʘʢʦʥʘʤ ʬʠʟʠʢʠ ʠ ʤʝʭʘʥʠʢʠ. ʇʨʠʤʝʨʦʚ ʘʙʩʫʨʜʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʛʝʦʤʝ-

ʭʘʥʠʢʝ – ʭʦʪʴ ʦʪʙʘʚʣʷʡ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ 

ʠʜʝʘʣʴʥʦ ʩʳʧʫʯʠʭ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʴʥʦʤ ʨʘʚʥʦʚʝʩʠʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʪʢʦʩʦʤ, ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʫʛʣʦʚ ʦʪʢʦʩʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʨʘʩʯʝʪʥʘʷ ʰʠʨʠʥʘ ʧʨʠʟʤʳ ʦʙʨʫ-

ʰʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʚ ʦʜʥʦʨʦʜʥʳʭ ʤʘʩʩʠʚʘʭ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴ-

ʞʝʥʠʷ ʠʤʝʝʪ ʚʦʛʥʫʪʫʶ, ʧʣʦʩʢʫʶ ʠ ʜʘʞʝ ʚʳʧʫʢʣʫʶ ʬʦʨʤʫ (ʩʤ., ʥʘʧʨʠʤʝʨ,         

ɻ. ʃ. ʌʠʩʝʥʢʦ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʠ ʦʪʚʘʣʦʚ, 1965 ʛ.), ʦʜʥʘʢʦ ʩʦ-

ʚʨʝʤʝʥʥʘʷ ʥʘʫʢʘ ʥʝ ʧʨʦʩʪʦ ʥʝ ʦʙʦʩʥʦʚʳʚʘʝʪ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʥʦ ʜʘʞʝ ʥʝ ʩʪʘʚʠʪ 

ʪʘʢʫʶ ʟʘʜʘʯʫ ʚ ʧʨʠʥʮʠʧʝ. ʉʫʱʝʩʪʚʫʝʪ ʧʦʣʥʦʝ ʠ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʷʚʣʝʥʠʡ ʩʜʚʠʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʦʧʦʣʟʥʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʦʪʢʦʩʘʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ. ʈʘʟʤʝʨ ʟʦʥʳ ʩʜʚʠʞʝʥʠʷ ʥʘ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʫʛʣʘʤʠ ʨʘʟʨʳʚʦʚ, ʦʜʥʘʢʦ 

ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʚʝʣʠʯʠʥʫ “ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ” ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩ-

ʥʝʥʦ ʩ ʧʦʟʠʮʠʡ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʦʨʠʠ. ʅʘ ʜʘʥʥʳʝ ʦʯʝʚʠʜʥʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʚʦʦʙʱʝ ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʷ, ʠʣʠ “ʩʧʠʩʳʚʘʝʪʩʷ” ʵʪʦ ʥʘ ʯʨʝʟʚʳʯʘʡʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʨʝʜʳ – ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʝʡʰʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ (ʧʨʦʯʥʦʩʪʴ ʠ ʫʩ-

ʪʦʡʯʠʚʦʩʪʴ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ) ʧʦʜʤʝʥʷʝʪʩʷ ʯʘʩʪʥʳʤʠ ʧʨʠʢʣʘʜʥʳʤʠ ʟʘʜʘʯʘʤʠ 

(ʨʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʘ ʩʧʦʩʦʙʦʤ “ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʩʣʦʞʝʥʠʷ ʩʠʣ” ʧʦ 

ʢʨʫʛʣʦʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ), ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ, ʦʯʝʚʠʜʥʦ, 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʘʥʦ ʩ ʝʜʠʥʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʨʘʩʯʝʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʦ 

ʝʩʪʴ ʫʪʨʘʯʠʚʘʝʪʩʷ ʦʙʱʥʦʩʪʴ ʧʦʜʭʦʜʘ ʢ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʝ. 

ʅʦʚʠʟʥʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʱʥʦ-

ʩʪʠ ʮʝʣʠ ʠ ʨʝʰʘʝʤʳʭ ʜʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʯ. ʆʩʥʦʚʦʡ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷ-

ʶʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʝ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠ ʚʘʨʠʘʮʠʦʥʥʦʝ ʠʩʯʠʩʣʝʥʠʷ ʧʨʠ ʩʪʨʦ-
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ʛʦʤ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ, ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ 

ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩʪʘʣʠ ʚʳʪʝʩʥʷʪʴʩʷ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠʷ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʝʯʴ ʠʜʝʪ ʦ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʪʝʦʨʠʡ ʫʧʨʫʛʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʟʘʤʝʪʠʤ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʘʥʘʣʠʪʠ-

ʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʪʦʡ ʙʘʟʦʡ, ʥʘ ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʨʘʪʴʩʷ ʧʨʠ ʨʘʟ-

ʨʘʙʦʪʢʝ ʥʦʚʳʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʛʨʘʥʠʮ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʳʭ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʧʦʩʦʙʘ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʠ ʞʝ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ, ʛʦʨʥʳʡ ʤʘʩʩʠʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʭ ʪʝʣ (ʞʝʩʪʢʦʧʣʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʘʩʩʠʚʘ, 

ʤʝʭʘʥʠʢʘ ʜʠʩʢʨʝʪʥʳʭ ʩʨʝʜ), ʫʧʨʫʛʦʡ, ʧʣʘʩʪʠʯʝʩʢʦʡ ʠʣʠ ʚʷʟʢʦʡ ʩʨʝʜ (ʤʝʭʘʥʠʢʘ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʚʠʞʝʥʠʝ ʠ ʨʘʚʥʦʚʝʩʠʝ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʭ ʪʝʣ 

ʠʟʫʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ, ʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʳʭ 

ʩʠʣ ʠ ʩʚʷʟʝʡ – ʤʝʭʘʥʠʢʘ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʇʦʵʪʦʤʫ ʚ ʧʝʨʚʦʡ ʛʣʘ-

ʚʝ ʤʦʥʦʛʨʘʬʠʠ ʠʟʣʘʛʘʶʪʩʷ ʩʚʝʜʝʥʠʷ ʠ ʧʨʠʤʝʨʳ ʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʥʠ-

ʤʘʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʩʫʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʱʝʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩ-

ʯʝʪʥʳʭ ʩʭʝʤ ʤʝʭʘʥʠʢʠ ʚ ʦʙʱʝʤ ʠ ʛʝʦʤʝʭʘʥʠʢʠ ʚ ʯʘʩʪʥʦʩʪʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʝʨ-

ʚʫʶ ʛʣʘʚʫ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʩʫʛʫʙʦ ʩʧʨʘʚʦʯʥʦʡ, ʝʝ ʦʙʱʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʝ ʚʘʨʠʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. ʇʦʩʣʝ-

ʜʫʶʱʠʝ ʛʣʘʚʳ ʧʦʩʚʷʱʝʥʳ ʨʝʰʝʥʠʶ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʪʢʨʳʪʦʡ ʠ ʧʦʜ-

ʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʦʯʥʦʩʪʴʶ 

ʪʨʝʱʠʥʦʚʘʪʳʭ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ. 

ɸʚʪʦʨ ʥʝ ʩʪʨʝʤʠʣʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʦʧʨʦʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʚ ʛʝʦʤʝʭʘʥʠʢʝ, ʘ ʣʠʰʴ ʧʨʝʩʣʝʜʦʚʘʣ ʮʝʣʴ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʦʩ-

ʥʦʚʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʛʝʦʤʝʭʘʥʠʢʠ, ʥʝ ʠʤʝʶʱʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʘʟʨʝ-

ʰʝʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 
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1. ʂʈɸʊʂʀɽ ʉɺɽɼɽʅʀʗ ʀɿ ʄɽʍɸʅʀʂʀ ʀ ʄɸʊɽʄɸʊʀʂʀ 

 

1.1. ʆʩʥʦʚʳ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 

 

ʆʩʥʦʚʥʳʝ ʣʝʤʤʳ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 

ʃʝʤʤʘ 1 (ʃʘʛʨʘʥʞ). ʇʫʩʪʴ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ M x  ʦʙʣʘʜʘʝʪ ʪʝʤ 

ʩʚʦʡʩʪʚʦʤ, ʯʪʦ, ʢʘʢʦʚʘ ʙʳ ʥʠ ʙʳʣʘ ʬʫʥʢʮʠʷ x , ʠʤʝʶʱʘʷ ʥʝʧʨʝʨʳʚʥʫʶ ʧʨʦ-

ʠʟʚʦʜʥʫʶ ʠ ʦʙʨʘʱʘʶʱʘʷʩʷ ʚ ʥʫʣʴ ʚ ʪʦʯʢʘʭ a  ʠ ,b  ʚʩʝʛʜʘ 

0
b

a

M x x dx . 

ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 0M x  ʧʨʠ ʚʩʝʭ x a x b . 

ʃʝʤʤʘ 2 (ɼʶʙʫʘ-ʈʝʡʤʦʥ). ɽʩʣʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ M x  ʠ ʣʶʙʦʡ 

ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ x , ʦʙʣʘʜʘʶʱʝʡ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʜʣʷ ʢʦʪʦ-

ʨʦʡ 0a b , ʠʥʪʝʛʨʘʣ 

0
b

a

M x x dx , 

ʪʦ M x  ʧʦʩʪʦʷʥʥʘ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ,a b . 

ʇʨʦʩʪʝʡʰʘʷ ʟʘʜʘʯʘ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 

ʇʫʩʪʴ ʬʫʥʢʮʠʷ , ,F x y y  ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ 

ʚʩʝʤ ʘʨʛʫʤʝʥʪʘʤ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ. 

ʉʨʝʜʠ ʚʩʝʭ ʬʫʥʢʮʠʡ y x , ʠʤʝʶʱʠʭ ʥʝʧʨʝʨʳʚʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʠ ʫʜʦʚ-

ʣʝʪʚʦʨʷʶʱʠʭ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 

,y a A y b B ,                                                (1.1)  

ʥʘʡʪʠ ʪʫ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʚʣʷʝʪ ʩʣʘʙʳʡ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ  

, , extr
b

a

J y x F x y y dx ,                                      (1.2) 
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ʛʜʝ J  – ʬʫʥʢʮʠʦʥʘʣ; ,a b  – ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; x  – ʘʨʛʫʤʝʥʪ; ,y y  – 

ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʩʪʝʡʰʘʷ ʟʘʜʘʯʘ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ 

ʦʪʳʩʢʘʥʠʠ ʩʣʘʙʦʛʦ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʚʠʜʘ (1.2) ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʩʝʭ ʛʣʘʜ-

ʢʠʭ ʢʨʠʚʳʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʜʚʝ ʟʘʜʘʥʥʳʝ ʪʦʯʢʠ: 1 ,P a A  ʠ 2 ,P b B , ʪʦ ʝʩʪʴ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (1.1). 

ʊʝʦʨʝʤʘ 1. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʬʫʥʢʮʠʦʥʘʣ (1.2), ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʬʫʥʢʮʠʡ y y x , ʠʤʝʶʱʠʭ ʥʝʧʨʝʨʳʚʥʫʶ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʠ ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʱʠʭ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (1.1), ʜʦʩʪʠʛʘʣ ʥʘ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ y x  ʵʢʩʪʨʝ-

ʤʫʤʘ, ʥʝʦʙʭʦʜʠʤʦ (ʵʪʦ ʫʩʣʦʚʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʣʘʙʦʛʦ ʵʢʩʪʨʝʤʫʤʘ. ʊʘʢ ʢʘʢ 

ʚʩʷʢʠʡ ʩʠʣʴʥʳʡ ʵʢʩʪʨʝʤʫʤ ʷʚʣʷʝʪʩʷ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠ ʩʣʘʙʳʤ, ʪʦ ʣʶʙʦʝ ʫʩʣʦʚʠʝ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʩʣʘʙʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʣʷ ʩʠʣʴʥʦʛʦ), ʯʪʦʙʳ ʵʪʘ 

ʬʫʥʢʮʠʷ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ 

0y y
d

F F
dx

,                                              (1.3) 

ʛʜʝ yF   – ʯʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦ y ; yF  – ʯʘʩʪ-

ʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦ y . 

ʇʨʠʤʝʨ. ɿʘʜʘʯʘ ʦ ʙʨʘʭʠʩʪʦʭʨʦʥʝ. ʄʝʞʜʫ ʪʦʯʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ 

ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʝ, ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʩʦʝʜʠʥʷʶʱʫʶ ʠʭ ʢʨʠʚʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚʨʝʤʷ ʧʘʜʝʥʠʷ ʪʝʣʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʙʝʟ ʪʨʝʥʠʷ ʚʜʦʣʴ ʢʨʠʚʦʡ ʧʦʜ ʜʝʡʩʪʚʠ-

ʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. 

ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʘʜʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʢʦʷ, ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʩʣʝʜʫʝʪ: 
2

2

mv
mgy , ʦʪʢʫʜʘ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʠʤʝʝʤ 2
ds

v gy
dt

, ʠ ʪʝʤ ʩʘʤʳʤ ʚʨʝʤʷ ʧʘʜʝʥʠʷ t  (ʩ ʫʯʝʪʦʤ 21ds y dx ) 

ʚʳʨʘʞʘʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ: 

1 2

0

1

2

x
y

t y x dx
gy

. 
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ʋʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ ʜʣʷ ʜʘʥʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

22 1 0yy y , ʘ ʝʛʦ ʨʝʰʝʥʠʝ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ 

1 1
2 2 sin 2 , 1 cos2

2 2

C C
x C y . ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ ʮʠʢʣʦʠʜ. 

ʆʙʦʙʱʝʥʠʷ ʧʨʦʩʪʝʡʰʝʡ ʟʘʜʘʯʠ 

1. ʌʫʥʢʮʠʦʥʘʣʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ.  

ʇʫʩʪʴ ʠʤʝʝʤ ʬʫʥʢʮʠʦʥʘʣ 

1

0

, , ,...,
x

n

x

J y x F x y x y x y x dx ,                      (1.4) 

ʛʜʝ F  – ʬʫʥʢʮʠʷ, ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ 2n  ʨʘʟʘ ʧʦ ʚʩʝʤ ʘʨʛʫʤʝʥʪʘʤ 

0 1,ny x C x x , ʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ: 

1 1
0 0 0 0 0 0

1 1
1 1 1 1 1 1

, ,..., ,

, ,..., .

n n

n n

y x y y x y y x y

y x y y x y y x y
                      (1.5) 

ʕʢʩʪʨʝʤʘʣʷʤʠ ʬʫʥʢʮʠʦʥʘʣʘ (1.4) ʧʨʠ ʫʩʣʦʚʠʷʭ (1.5) ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʴ-

ʥʳʝ ʢʨʠʚʳʝ ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ – ʇʫʘʩʩʦʥʘ: 

2

2 ... 1 0n

n
n

y y y n y

d d d
F F F F

dx dx dx
.                      (1.6) 

2. ʌʫʥʢʮʠʦʥʘʣʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ m ʬʫʥʢʮʠʡ.  

ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ m ʬʫʥʢʮʠʡ 1 ,..., :my x y x  

1

0

1 2 1 2 1 2, ,..., , , ,..., , , ,...,
x

m m m
x

J y y y F x y y y y y y dx                  (1.7) 

ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʜʘ 

10
0 1, 1,2,...,k k k ky x y y x y k m ,                         (1.8) 

ʵʢʩʪʨʝʤʘʣʠ ʥʘʭʦʜʷʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: 

0 1,2,...,
k ky y

d
F F k m

dx
,                                (1.9) 
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ʥʘʟʳʚʘʝʤʳʭ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ. 

3. ʌʫʥʢʮʠʦʥʘʣʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʬʫʥʢʮʠʡ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ.  

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣ ʚʠʜʘ: 

, , , , ,
D

z z
J z x y F x y z dxdy

x y
,                        (1.10) 

ʛʜʝ F  – ʪʨʠʞʜʳ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ʩʚʦʠʭ ʘʨʛʫʤʝʥʪʦʚ, ʠ ʧʨʝʜʧʦʣʦ-

ʞʠʤ, ʯʪʦ ʠʱʝʪʩʷ ʬʫʥʢʮʠʷ ,z z x y , ʥʝʧʨʝʨʳʚʥʘʷ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʧʨʦʠʟʚʦʜ-

ʥʳʤʠ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʢʣʶʯʠʪʝʣʴʥʦ ʚ ʦʙʣʘʩʪʠ D , ʧʨʠʥʠʤʘʶʱʘʷ ʥʘ ʛʨʘʥʠ-

ʮʝ ɻ ʦʙʣʘʩʪʠ D  ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʜʘʶʱʘʷ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ (1.10).  

ɽʩʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ,z z x y  ʨʝʘʣʠʟʫʝʪʩʷ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ 

(1.10), ʪʦ ʬʫʥʢʮʠʷ ,z z x y  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ – ʆʩʪʨʦʛʨʘʜ-

ʩʢʦʛʦ: 

0z p qF F F
x y

,                                    (1.11)  

ʛʜʝ pF
x

 ʠ qF
y

 – ʧʦʣʥʳʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ x  ʠ ʧʦ y  ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ: 

;p px pz pp pq

z p q
F F F F F

x x x x
                      (1.12) 

q qy qz qp qq
z p q

F F F F F
y y y y

.                       (1.13) 

ɿʜʝʩʴ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʦʙʦʟʥʘʯʝʥʦ ,
z z

p q
x y

. 

ʋʨʘʚʥʝʥʠʝ (1.11) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʵʢʩʪʨʝʤʫʤʘ 

ʬʫʥʢʮʠʦʥʘʣʘ (1.10). ʆʥʦ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʯʘʩʪʥʳʭ ʧʨʦ-

ʠʟʚʦʜʥʳʭ, ʧʨʠʯʝʤ ʠʱʝʪʩʷ ʨʝʰʝʥʠʝ ,z z x y , ʧʨʠʥʠʤʘʶʱʝʝ ʥʘ ʛʨʘʥʠʮʝ ɻ ʟʘ-

ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ. 
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ɺʘʨʠʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʇʨʦʩʪʝʡʰʘʷ ʟʘʜʘʯʘ ʩ ʧʦʜʚʠʞʥʳʤʠ ʛʨʘʥʠʮʘʤʠ.  

ʇʫʩʪʴ , ,F F x y y  – ʪʨʠʞʜʳ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ʩʚʦʠʭ ʘʨʛʫ-

ʤʝʥʪʦʚ, ʠ ʧʫʩʪʴ ʚ ʧʣʦʩʢʦʩʪʠ XOY  ʟʘʜʘʥʳ ʜʚʝ ʢʨʠʚʳʝ: 

y x     ʠ     y x                                         (1.14) 

ʛʜʝ 1 ,x C a b  ʠ 1 ,x C a b . 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣ 

1

0

, ,
x

x

J y F x y y dx ,                                         (1.15) 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘ ʛʣʘʜʢʠʭ ʢʨʠʚʳʭ y y x , ʢʦʥʮʳ ʢʦʪʦʨʳʭ 0 0,A x y  ʠ 

1 1,B x y  ʣʝʞʘʪ ʥʘ ʟʘʜʘʥʥʳʭ ʣʠʥʠʷʭ (1.14), ʪʘʢ ʯʪʦ 0 0y x , 1 1y x . ʊʨʝ-

ʙʫʝʪʩʷ ʥʘʡʪʠ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ (1.15). 

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ʢʨʠʚʘʷ y y x  ʜʘʝʪ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ  

1

0

, ,
x

x

J y F x y y dx  

ʩʨʝʜʠ ʚʩʝʭ ʢʨʠʚʳʭ ʢʣʘʩʩʘ 1C , ʩʦʝʜʠʥʷʶʱʠʭ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʦʯʢʠ ʜʚʫʭ ʜʘʥ-

ʥʳʭ ʢʨʠʚʳʭ y x , y x . ʊʦʛʜʘ ʢʨʠʚʘʷ y  ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʶ, ʠ ʚ 

ʢʦʥʮʘʭ 0 0,A x y  ʠ 1 1,B x y  ʢʨʠʚʦʡ y  ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʩʪʠ: 

0

1

0,

0.

y
x x

y x x

F y F

F y F
                                  (1.16) 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʩʪʠ ʜʣʷ ʙʦʣʝʝ ʦʙʱʝʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʳʭ 1  ʠ 2  ʟʘʜʘʥʳ ʚ ʥʝʷʚʥʦʡ ʬʦʨʤʝ: 

, 0, , 0x y x y . 
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ʄʳ ʙʫʜʝʤ ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʠ  ʠ  ʠʤʝʶʪ ʥʝʧʨʝʨʳʚ-

ʥʳʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʯʪʦ 2 2 0x y  ʠ 2 2 0x y . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʣʦ-

ʚʠʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʩʪʠ ʧʨʠʤʫʪ ʚʠʜ: 

0 0

1 1

,

.

y y

x yx x x x

y y

x yx x x x

F y F F

F y F F
.                                        (1.17) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʢʨʠʚʳʝ 1  ʠ 2  ʩʫʪʴ ʧʨʷʤʳʝ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʠ y : 

0 1,x x x x , ʪʦ ʫʩʣʦʚʠʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʩʪʠ ʧʨʠʤʫʪ ʚʠʜ: 

0 1

0, 0y yx x x x
F F .                                        (1.18) 

ʈʘʟʨʳʚʥʳʝ ʟʘʜʘʯʠ. ʆʜʥʦʩʪʦʨʦʥʥʠʝ ʚʘʨʠʘʮʠʠ 

ʈʘʟʨʳʚʥʳʝ ʟʘʜʘʯʠ. ʕʢʩʪʨʝʤʘʣʴ y y x  ʬʫʥʢʮʠʦʥʘʣʘ  

1

0

, ,
x

x

J y F x y y dx                                             (1.19) 

ʷʚʣʷʝʪʩʷ ʜʚʘʞʜʳ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʝʡ, ʝʩʣʠ ʧʨʦʠʟʚʦʜʥʘʷ 

, ,y yF x y x y x  ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ. ɺʩʪʨʝʯʘʶʪʩʷ, ʦʜʥʘʢʦ, ʚʘʨʠʘʮʠʦʥʥʳʝ 

ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʵʢʩʪʨʝʤʫʤ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʢʨʠʚʦʡ, ʷʚʣʷʶʱʝʡʩʷ ʣʠʰʴ ʢʫʩʦʯ-

ʥʦ-ʛʣʘʜʢʦʡ. 

ʈʘʟʨʳʚʥʳʝ ʟʘʜʘʯʠ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʥʘʭʦʞʜʝʥʠʠ ʵʢʩʪʨʝ-

ʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ (1.19), ʩʯʠʪʘʷ, ʯʪʦ ʜʦʧʫʩʪʠʤʳʝ ʢʨʠʚʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʛʨʘ-

ʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 

0 0 1 1,y x y y x y                                           (1.20) 

ʠ ʤʦʛʫʪ ʠʤʝʪʴ ʠʟʣʦʤ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʩ ʘʙʩʮʠʩʩʦʡ 0 1c x c x . ʕʪʦʪ ʠʟʣʦʤ 

ʚʦʟʤʦʞʝʥ ʣʠʰʴ ʪʘʤ, ʛʜʝ  0y yF . ɺ ʪʦʯʢʝ ʠʟʣʦʤʘ ʵʢʩʪʨʝʤʘʣʴ ʜʦʣʞʥʘ ʫʜʦʚʣʝ-

ʪʚʦʨʷʪʴ ʫʩʣʦʚʠʷʤ ɺʝʡʝʨʰʪʨʘʩʩʘ – ʕʨʜʤʘʥʘ: 
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0 0

0 0

0,

0.

y yx c x c

y y
x c x c

F F

F y F F y F
.                     (1.21) 

ɺʤʝʩʪʝ ʩ ʫʩʣʦʚʠʷʤʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠʩʢʦʤʦʡ ʵʢʩʪʨʝʤʘʣʠ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝ-

ʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠʟʣʦʤʘ. 

ʅʘ ʢʘʞʜʦʤ ʠʟ ʜʚʫʭ ʦʪʨʝʟʢʦʚ 0 ,x c  ʠ 1,c x  ʵʢʩʪʨʝʤʘʣʴ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦ-

ʨʷʪʴ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ, ʪ. ʝ. ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʵʪʠʭ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʘʶʪʩʷ ʯʝʪʳʨʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥ-

ʥʳʝ, ʢʦʪʦʨʳʝ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʘʭʦʜʷʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1.20) ʠ (1.21) ʚ 

ʪʦʯʢʝ ʠʟʣʦʤʘ. 

ʈʘʟʨʳʚʥʳʝ ʟʘʜʘʯʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʈʘʟʨʳʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʥʘ-

ʟʳʚʘʶʪ ʟʘʜʘʯʠ ʥʘ ʦʪʳʩʢʘʥʠʝ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ: 

2

1

, ,
x

x

J y F x y y dx ;                                            (1.22)  

1 1 2 2,y x y y x y ,                                        (1.23) 

ʚ ʢʦʪʦʨʦʤ ʧʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʨʘʟʨʳʚʥʘ. 

ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ,  , ,F x y y  ʪʝʨʧʠʪ ʨʘʟʨʳʚ ʚʜʦʣʴ ʣʠʥʠʠ y x  ʠ ʧʫʩʪʴ  

, ,F x y y  ʨʘʚʥʘ  1 , ,F x y y  ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʣʠʥʠʠ: y x  ʠ ʨʘʚʥʘ 

2 , ,F x y y  – ʧʦ ʜʨʫʛʫʶ. 

ɺ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʦʤʘʥʦʡ ʵʢʩʪʨʝʤʘʣʠ ʧʦʩʣʝʜʥʷʷ ʩʦʩʪʦʠʪ ʠʟ ʢʫʩʢʦʚ 

ʵʢʩʪʨʝʤʘʣʝʡ 1y y x  ʠ 2y y x , ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʪʦʯʢʫ ,c c  ʥʘ ʣʠʥʠʠ 

ʨʘʟʨʳʚʘ, ʛʜʝ 1 2,c x x . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʤʘʥʦʡ ʵʢʩʪʨʝʤʘʣʠ ʧʦʣʫʯʘʝʤ ʜʚʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ, ʦʙʱʠʝ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʯʝ-

ʪʳʨʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ – 1 2 3 4, , ,C C C C . ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʪʠʭ ʧʦʩʪʦʷʥ-

ʥʳʭ, ʘ ʪʘʢʞʝ ʘʙʩʮʠʩʩʳ c  ʪʦʯʢʠ ʚʩʪʨʝʯʠ ʵʢʩʪʨʝʤʘʣʠ ʩ ʢʨʠʚʦʡ y x  ʠʤʝʝʤ: 

1) ʜʚʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷ (1.23); 2) ʜʚʘ ʫʩʣʦʚʠʷ, ʪʨʝʙʫʶʱʠʝ, ʯʪʦʙʳ ʦʨʜʠʥʘʪʳ 

ʢʦʥʮʦʚ ʵʢʩʪʨʝʤʘʣʝʡ ʚ ʪʦʯʢʝ ʩʪʳʢʘ ʙʳʣʠ ʨʘʚʥʳ ʦʨʜʠʥʘʪʝ ʢʨʠʚʦʡ  y x  ʠ, 

ʥʘʢʦʥʝʮ, 3) ʫʩʣʦʚʠʝ ʥʘ ʩʪʳʢʝ:  
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1 1 1 2 2 20 0
.y yx c x c

F y F F y F                       (1.24) 

ʕʪʠʭ ʫʩʣʦʚʠʡ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʣʦʤʘʥʦʡ ʵʢʩʪʨʝʤʘʣʠ. 

ʇʨʠʤʝʨ. ɿʘʜʘʯʘ ʦ ʧʨʝʣʦʤʣʝʥʠʠ ʣʫʯʘ ʩʚʝʪʘ ʚ ʧʦʩʪʘʥʦʚʢʝ ʧʨʠʥʮʠʧʘ ʌʝʨʤʘ. ɺ 

ʩʨʝʜʝ I ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 1v , ʚ ʩʨʝʜʝ II – ʩ ʧʦʩʪʦ-

ʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 2v . ʉʨʝʜʘ I ʦʪʜʝʣʝʥʘ ʦʪ ʩʨʝʜʳ II ʢʨʠʚʦʡ y x . 

ɺʳʚʝʩʪʠ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʣʫʯʘ ʩʚʝʪʘ, ʠʜʫʱʝʛʦ ʠʟ ʪʦʯʢʠ ɸ ʩʨʝʜʳ I ʚ ʪʦʯ-

ʢʫ ɺ ʩʨʝʜʳ II, ʟʥʘʷ, ʯʪʦ ʣʫʯ ʧʨʦʭʦʜʠʪ ʵʪʦʪ ʧʫʪʴ ʚ ʥʘʠʤʝʥʴʰʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝ-

ʤʝʥʠ (ʧʨʠʥʮʠʧ ʌʝʨʤʘ). 

ʈʝʰʝʥʠʝ. ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʤʠʥʠʤʫʤʘ ʠʥʪʝʛʨʘʣʘ 

2 2

1 2

1 1c b

a c

y y
J dx dx

v v
, 

ʪʘʢ ʢʘʢ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʠʥʪʝʛʨʘʣʳ ʜʘʶʪ ʚʨʝʤʷ, ʥʫʞʥʦʝ ʜʣʷ ʧʝʨʝʭʦʜʘ ʣʫʯʘ ʠʟ 

ʪʦʯʢʠ ɸ ʜʦ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʠ ʦʪ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʜʦ ʪʦʯʢʠ ɺ.  

ʀʤʝʝʤ ʨʘʟʨʳʚʥʫʶ ʟʘʜʘʯʫ ʚʪʦʨʦʛʦ ʨʦʜʘ: ʟʜʝʩʴ 

2 2

1 2
1 2

1 1
;

y y
F F

v v
. 

ʅʘʭʦʞʜʝʥʠʝ ʢʫʩʢʦʚ ʵʢʩʪʨʝʤʘʣʝʡ ʩʚʦʜʠʪʩʷ ʢ ʨʘʟʳʩʢʘʥʠʶ ʵʢʩʪʨʝʤʘʣʝʡ 

ʬʫʥʢʮʠʦʥʘʣʘ: 

21 y dx , 

ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʝʩʪʴ ʧʨʷʤʳʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

1 2,y mx n y px q . 

ɿʘʧʠʰʝʤ ʫʩʣʦʚʠʝ (1.24): 

2 2
11 1

1 1 2 2
1 1 1 1 1 1

1 1

1 1

yF y
F y

y v v y v y
; 

2
2 2 2

2 2 2

1

1

F
F y

y v y
. 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ (1.24), ʥʘʡʜʝʤ: 
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1 2

2 2
1 1 2 2

1 1

1 1

y y

v y v y
. 

ʇʫʩʪʴ  ī ʫʛʦʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ  ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʚ ʪʦʯʢʝ c  ʩ 

ʦʩʴʶ Ox ,  ī ʫʛʦʣ ʣʝʚʦʛʦ ʣʫʯʘ ʩ ʦʩʴʶ ;Ox   ī ʫʛʦʣ ʧʨʘʚʦʛʦ ʣʫʯʘ. ʊʦʛʜʘ 

1 2tg , tg , tgy y  ʠ ʧʦʣʫʯʝʥʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

2 2
1 2

1 tg tg 1 tg tg

1 tg 1 tgv v
 

ʠʣʠ                                           
1 2

cos cos

v v
, 

ʛʜʝ  ʠ  ī ʫʛʣʳ ʤʝʞʜʫ ʣʫʯʘʤʠ ʠ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʣʠʥʠʠ ʨʘʟʜʝʣʘ. ɺʚʦ-

ʜʷ ʚʤʝʩʪʦ ʥʠʭ ʫʛʣʳ  ʠ  ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʠ ʣʫʯʘʤʠ, ʧʘʜʘʶ-

ʱʠʤ ʠ ʧʨʝʣʦʤʣʝʥʥʳʤ, ʧʦʣʫʯʠʤ: 

1

2

sin
const

sin

v

v
, 

ʪ. ʝ. ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʣʫʯʘ ʩʚʝʪʘ. 

ʆʜʥʦʩʪʦʨʦʥʥʠʝ ʚʘʨʠʘʮʠʠ. ʀʱʝʪʩʷ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ: 

2

1

, ,
x

x

J y F x y y dx ;                                            (1.25)  

1 1 2 2,y x y y x y                                         (1.26) 

ʧʨʠ ʫʩʣʦʚʠʠ: 

0 ʠʣʠ 0y x y x                                  (1.27) 

(ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʚʠʜʘ). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʢʦʤʘʷ ʵʢʩʪʨʝʤʘʣʴ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʢʫʩʢʦʚ ʵʢʩʪʨʝʤʘʣʝʡ, 

ʣʝʞʘʱʠʭ ʚ ʦʙʣʘʩʪʠ (1.27), ʠ ʢʫʩʢʦʚ ʛʨʘʥʠʮʳ y x  ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʪʦʯʢʘʭ 

ʩʪʳʢʘ ʫʢʘʟʘʥʥʳʭ ʢʫʩʢʦʚ ʠʩʢʦʤʘʷ ʵʢʩʪʨʝʤʘʣʴ ʤʦʞʝʪ ʙʳʪʴ ʛʣʘʜʢʦʡ, ʥʦ ʤʦʞʝʪ 

ʠʤʝʪʴ ʠ ʫʛʣʦʚʳʝ ʪʦʯʢʠ. 

ʋʩʣʦʚʠʝ ʚ ʪʦʯʢʝ ʩʪʳʢʘ ʠʤʝʝʪ ʚʠʜ: 

, , , , , , 0y
x x

F x y y F x y y F x y y .          (1.28) 
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ɽʩʣʠ 0y yF , ʪʦ ʚ ʪʦʯʢʝ ʩʪʳʢʘ ,M x y  ʵʢʩʪʨʝʤʘʣʴ ʢʘʩʘʝʪʩʷ ʛʨʘʥʠʮʳ 

y x  ʦʙʣʘʩʪʠ. 

ʋʩʣʦʚʥʳʡ ʵʢʩʪʨʝʤʫʤ 

ʀʟʦʧʝʨʠʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ.  

ʊʝʦʨʝʤʘ ʕʡʣʝʨʘ. ɽʩʣʠ ʢʨʠʚʘʷ y y x  ʜʘʝʪ ʵʢʩʪʨʝʤʫʤ ʠʥʪʝʛʨʘʣʫ 

, ,
b

a

J F x y y dx  

ʧʨʠ ʫʩʣʦʚʠʷʭ 

, ,
b

a

K G x y y dx l , 

1 1,y a a y b b  

ʠ ʝʩʣʠ y y x  ʥʝ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʶ ʠʥʪʝʛʨʘʣʘ ,K  ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʩʪʘʥ-

ʪʘ ,  ʪʘʢʘʷ, ʯʪʦ ʢʨʠʚʘʷ y y x  ʝʩʪʴ ʵʢʩʪʨʝʤʘʣʴ ʬʫʥʢʮʠʦʥʘʣʘ 

, ,
b

a

L H x y y dx , 

ʛʜʝ H F G . 

ʇʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʪʝʦʨʝʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʦʧʝʨʠʤʝʪʨʠʯʝʩʢʘʷ ʟʘʜʘʯʘ 

ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʧʨʠʚʦʜʠʪʩʷ ʢ ʧʨʦʩʪʝʡʰʝʡ ʟʘʜʘʯʝ ʜʣʷ ʬʫʥʢʮʠʠ   

H F G . ɿʘʤʝʪʠʚ, ʯʪʦ ʦʪ ʫʤʥʦʞʝʥʠʷ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʢʦʥʩʪʘʥ-

ʪʫ ʩʝʤʝʡʩʪʚʦ ʵʢʩʪʨʝʤʘʣʝʡ ʜʣʷ ʠʥʪʝʛʨʘʣʘ ʦʩʪʘʥʝʪʩʷ ʪʝʤ ʞʝ ʩʘʤʳʤ, ʤʳ ʤʦʞʝʤ 

ʬʫʥʢʮʠʶ H  ʟʘʧʠʩʘʪʴ ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʦʨʤʝ: 

1 2H F G , 

ʛʜʝ 1  ʠ 2  ʩʫʪʴ ʢʦʥʩʪʘʥʪʳ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ H  ʥʘʤ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʬʫʥʢʮʠʠ F  ʠ G  ʚ ʚʳʨʘʞʝʥʠʠ H  ʬʠʛʫʨʠʨʫʶʪ ʩʠʤʤʝʪʨʠʯʥʦ. ɽʩʣʠ ʠʩʢʣʶ-

ʯʠʪʴ ʩʣʫʯʘʡ 1 0  ʠ 2 0 , ʪʦ ʩʝʤʝʡʩʪʚʦ ʵʢʩʪʨʝʤʘʣʝʡ ʙʫʜʝʪ ʦʜʥʦ ʠ ʪʦ ʞʝ, ʙʫ-

ʜʝʤ ʣʠ ʤʳ ʠʩʢʘʪʴ ʵʢʩʪʨʝʤʫʤ ʠʥʪʝʛʨʘʣʘ J  ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʠʥʪʝʛʨʘʣ K  ʩʦʭʨʘ-

ʥʷʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʣʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʵʢʩʪʨʝʤʫʤ ʠʥʪʝʛʨʘʣʘ K  ʧʨʠ ʫʩʣʦ-
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ʚʠʠ, ʯʪʦ ʠʥʪʝʛʨʘʣ J  ʩʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʥ-

ʮʠʧ ʚʟʘʠʤʥʦʩʪʠ ʚ ʝʛʦ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʝ.   

ʇʨʠʤʝʨ (ɿʘʜʘʯʘ ɼʠʜʦʥʳ). ʉʨʝʜʠ ʚʩʝʭ ʟʘʤʢʥʫʪʳʭ ʢʨʠʚʳʭ ʜʣʠʥʳ 2l  ʥʘʡʪʠ 

ʪʫ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ. 

ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʘʟʳʩʢʘʥʠʶ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ: 

, 0
a

a

J y x dx y a y a , 

ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʫʩʣʦʚʠʠ: 

21 , 2
a

a

K y x dx l l a . 

ʈʝʰʝʥʠʝʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʠʣʫ 

ʧʨʠʥʮʠʧʘ ʚʟʘʠʤʥʦʩʪʠ, ʦʢʨʫʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʣʠʥʠʝʡ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʩʨʝʜʠ 

ʚʩʝʭ ʢʨʠʚʳʭ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʟʘʜʘʥʥʫʶ ʧʣʦʱʘʜʴ. 

 

ʆʙʱʘʷ ʟʘʜʘʯʘ ʃʘʛʨʘʥʞʘ  

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʵʢʩʪʨʝʤʫʤ ʠʥʪʝʛʨʘʣʘ  

2

1

, , , ,
x

x

J F x y z y z dx , 

ʢʦʛʜʘ ʟʘ ʢʣʘʩʩ ʜʦʧʫʩʪʠʤʳʭ ʣʠʥʠʡ ʧʨʠʥʠʤʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʨʠʚʳʝ 

ʢʣʘʩʩʘ 1C , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ 

, , , , 0x y z y z                                     (1.29) 

ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʥʘ ʢʦʥʮʘʭ (ʪ. ʝ. ʧʨʠ 1x x , 2x x ) ʥʝʢʦʪʦʨʳʤ ʜʦʙʘʚʦʯʥʳʤ 

ʫʩʣʦʚʠʷʤ. ʊʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʪʝʦʨʝʤʘ, ʢʦʪʦʨʫʶ ʤʳ ʧʨʠʚʝʜʝʤ ʙʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪ-

ʚʘ. 

ʊʝʦʨʝʤʘ. ɽʩʣʠ ʢʨʠʚʘʷ 0  ʜʘʝʪ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʫ J  ʧʨʠ ʫʩʣʦʚʠʠ 

(1.29) ʠ ʝʩʣʠ ʚʜʦʣʴ 0  ʦʜʥʘ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ, y  ʠʣʠ ,z  ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, 

ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ ʧʝʨʝʤʝʥʥʦʡ , ,x x  ʪʘʢʘʷ, ʯʪʦ 0  ʙʫʜʝʪ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʢʨʠʚʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 
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0; 0,y y z z
d d

H H H H
dx dx

                          (1.30) 

ʛʜʝ H F . 

ʕʪʘ ʪʝʦʨʝʤʘ ʜʘʝʪ ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʦʡ ʢʨʠʚʦʡ 0 . ɺ ʩʘʤʦʤ ʜʝʣʝ, 

ʨʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʫʨʘʚʥʝʥʠʷ (1.29) ʠ (1.30), ʤʳ ʥʘʡʜʝʤ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ 

, ,y z . 

ʇʨʠʤʝʨ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʣʠʥʠʠ. ɻʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʠʷ 

ʥʘʠʤʝʥʴʰʝʡ ʜʣʠʥʳ, ʣʝʞʘʱʘʷ ʥʘ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʝʜʠʥʷʶʱʘʷ ʜʚʝ ʪʦʯʢʠ 

ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦ ʝʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

(ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ – ʧʨʷʤʘʷ), ʘ n-ʤʝʨʥʦʝ ʨʠʤʘʥʦʚʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʦʢʘʞʝʤ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʣʶʙʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʜʠʫʩʘ ʧʘʨʘʣʣʝʣʠ ʥʘ ʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʛʝʦ-

ʜʝʟʠʯʝʩʢʦʡ ʠ ʤʝʨʠʜʠʘʥʦʤ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ (ʪʝʦʨʝʤʘ ʂʣʝʨʦ). 

ʋʨʘʚʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ: 

cos , sin ,x y z f . 

ɼʠʬʬʝʨʝʥʮʠʘʣ ʜʣʠʥʳ ʜʫʛʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ: 

2 2 21dS f d . 

ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʣʠʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʵʢʩʪʨʝʤʘʣʷʤʠ ʬʫʥʢʮʠʦʥʘ-

ʣʘ: 

1

0

2 2 21 f d . 

ʇʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʥʝ ʩʦʜʝʨʞʠʪ ʷʚʥʦ , ʧʦʵʪʦʤʫ ʩʨʘʟʫ ʧʦʣʫʯʘʝʤ: 

2 sin const,
d

dS
 

ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

 

ʉʚʷʟʴ ʤʝʞʜʫ ʠʟʦʧʝʨʠʤʝʪʨʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʠ ʟʘʜʘʯʝʡ ʃʘʛʨʘʥʞʘ. ʀʟʦʧʝʨʠ-

ʤʝʪʨʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʟʘʜʘʯʝ ʃʘʛʨʘʥʞʘ (ʟʘʜʘʯʘ ʞʝ ʃʘʛʨʘʥʞʘ ʢ 

ʠʟʦʧʝʨʠʤʝʪʨʠʯʝʩʢʦʡ ʟʘʜʘʯʝ ʥʝ ʩʚʦʜʠʪʩʷ). 
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ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʵʢʩʪʨʝʤʫʤ ʦʪ ʠʥʪʝʛʨʘʣʘ 

1 2
1, 1 1 2 2 21 2; , ,..., ; , ,..., ; ,..., n

b
k k k

n n n
a

J F x y y y y y y y y y y y dx  

ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʛʨʘʥʠʮʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: 

1 1; , ,...; , ,... 1,2,..., .
b

i i n n i
a

K F x y y y y dx l i m  

ʆʙʦʟʥʘʯʠʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʯʝʨʝʟ 

1,2,..., ,
t

i i
a

t F dx i m  

ʠʤʝʝʤ: 

1 1; , ,...; , ... ,i i n nx F x y y y y                                 (1.31) 

ʧʨʠʯʝʤ 

0, 1,2,..., .i i ia b l i m                           (1.32) 

ʀʪʘʢ, ʥʘʰʘ ʠʟʦʧʝʨʠʤʝʪʨʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʵʢʚʠʚʘʣʝʥʪʥʘ ʟʘʜʘʯʝ ʃʘʛʨʘʥʞʘ: 

ʥʘʡʪʠ ʩʠʩʪʝʤʫ n m  ʬʫʥʢʮʠʡ: 1 2, ,..., ny y y ; 1 2, ,..., m , ʩʚʷʟʘʥʥʳʭ ʩʦʦʪʥʦʰʝ-

ʥʠʷʤʠ (1.31), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ ʛʨʘʥʠʮʘʭ ʜʣʷ 

ʬʫʥʢʮʠʡ iy  ʠ ʫʩʣʦʚʠʷʤ (1.32) ʜʣʷ ʬʫʥʢʮʠʡ i , ʪʘʢʫʶ, ʯʪʦʙʳ ʦʥʘ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʦʚʘʣʘ ʵʢʩʪʨʝʤʫʤ ʠʥʪʝʛʨʘʣʘ 
b

a

Fdx . 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʮʝʣʝʚʦʝ ʚʳʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʢʫʶ ʬʫʥʢʮʠʶ ʬʫʥʢʮʠʦʥʘʣʦʚ, ʪʦ ʚʥʘʯʘʣʝ ʦʪʳʩʢʠʚʘʝʪʩʷ ʫʩʣʦʚʠʝ ʵʢʩʪʨʝʤʫʤʘ 

ʩʘʤʦʡ ʬʫʥʢʮʠʠ ʧʦ ʧʨʘʚʠʣʘʤ ʦʙʳʯʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. ʅʘ-

ʧʨʠʤʝʨ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʵʢʩʪʨʝʤʫʤ ʚʳʨʘʞʝʥʠʷ: 

, ,

extr

, ,

b

a
b

a

F x y y dx

ʌ x y y dx

, 
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ʪʦ ʦʥʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʳʨʘʞʝʥʠʶ: 
2

, , , ,
0

b

a

B F x y y A ʌ x y y
dx

B
, ʛʜʝ A  

ʠ B  – ʧʦʩʪʦʷʥʥʳʝ, ʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ;  – ʟʥʘʢ ʚʘ-

ʨʠʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ. 

 
1.2. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʳ ʠ ʧʨʠʥʮʠʧʳ ʤʝʭʘʥʠʢʠ 

1.2.1. ɺʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 

 

ʀʩʪʦʨʠʷ ʤʝʭʘʥʠʢʠ ʠ ʬʠʟʠʢʠ – ʵʪʦ ʠʩʪʦʨʠʷ ʧʦʧʳʪʦʢ ʦʙʲʷʩʥʠʪʴ ʧʨʦʠʩʭʦʜʷ-

ʱʝʝ ʚ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ ʧʨʠ ʧʦʤʦʱʠ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʟʘʢʦ-

ʥʦʚ ʠ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ. ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʳʝ ʠ ʧʣʦʜʦʪʚʦʨʥʳʝ ʧʦʧʳʪʢʠ ʩʚʷʟʘʥʳ ʩ 

ʠʜʝʝʡ ʦ ʪʦʤ, ʯʪʦ ʷʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʥʘʙʣʶʜʘʝʤ, ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʵʢʩ-

ʪʨʝʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʠʩʢʦʤʳʝ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʠʤʝʶʪ ʚʘʨʠʘʮʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʪ. ʝ. ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʨʝʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭʩʷ ʧʨʦʮʝʩʩʘʭ ʥʝʢʦ-

ʪʦʨʳʝ ʚʝʣʠʯʠʥʳ ʜʦʩʪʠʛʘʶʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʕʪʘ ʙʫʜʦʨʘʞʘʱʘʷ ʚʦʦʙʨʘʞʝʥʠʝ ʠʜʝʷ ʚʦʟʥʠʢʣʘ ʜʘʚʥʦ. ɽʱʝ ɸʨʠʩʪʦʪʝʣʴ ʧʠ-

ʩʘʣ, ʯʪʦ ʧʨʠʨʦʜʘ ʚʦ ʚʩʝʭ ʩʚʦʠʭ ʧʨʦʷʚʣʝʥʠʷʭ ʠʜʝʪ ʣʝʛʯʘʡʰʠʤ ʧʫʪʝʤ, ʩ ʥʘʠʤʝʥʴ-

ʰʠʤʠ ʟʘʪʨʘʪʘʤʠ (ɸʨʠʩʪʦʪʝʣʴ, ʢʘʢ ʦʪʤʝʯʘʝʪ ʕʡʣʝʨ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʯʝʨʧʥʫʣ ʵʪʫ 

ʤʳʩʣʴ ʫ ʩʚʦʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ). 

ʇʝʨʚʫʶ ʯʝʪʢʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ ʫʜʘʣʦʩʴ ʜʘʪʴ ʚ 1662 ʛ. ʬʨʘʥʮʫʟʩʢʦʤʫ ʤʘʪʝʤʘʪʠʢʫ ʇʴʝʨʫ 

ʌʝʨʤʘ. ʌʝʨʤʘ ʠʩʩʣʝʜʦʚʘʣ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʩʨʝʜ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʦ ʌʝʨʤʘ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʙʳʣ 

ʨʘʩʩʤʦʪʨʝʥ ɼʝʢʘʨʪʦʤ. ɼʝʢʘʨʪ ʚ ʩʚʦʠʭ ʨʘʩʩʫʞʜʝʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʝ, ʯʪʦ ʚ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ 

(ʃʝʡʙʥʠʮ ʪʘʢ ʦʧʨʘʚʜʳʚʘʣ ʚʧʦʩʣʝʜʩʪʚʠʠ ʛʠʧʦʪʝʟʫ ɼʝʢʘʨʪʘ. ʃʫʯ ʩʚʝʪʘ ʚ ʧʣʦʪʥʦʡ 

ʩʨʝʜʝ (ʩʪʝʢʣʝ) ʨʘʩʩʝʠʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʘʟʨʝʞʝʥʥʦʡ (ʚʦʟʜʫʭʝ), ʠ, ʧʦʜʦʙʥʦ 

ʨʝʢʝ ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʨʫʩʣʝ, ʚ ʧʣʦʪʥʦʡ ʩʨʝʜʝ ʜʚʠʞʝʪʩʷ ʙʳʩʪʨʝʝ). ʕʪʦ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʝ ʧʦʢʘʟʘʣʦʩʴ ʌʝʨʤʘ ʥʝʧʨʘʚʜʦʧʦʜʦʙʥʳʤ, ʠ ʦʥ ʨʝʰʠʣ ʧʝʨʝʩʤʦʪʨʝʪʴ ʚʳʚʦʜ ɼʝ-

ʢʘʨʪʘ. ɺ ʦʩʥʦʚʫ ʩʚʦʠʭ ʨʘʩʩʫʞʜʝʥʠʡ ʌʝʨʤʘ ʧʦʣʦʞʠʣ ʧʦʩʪʫʣʘʪ: “ʇʨʠʨʦʜʘ ʜʝʡʩʪ-
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ʚʫʝʪ ʥʘʠʙʦʣʝʝ ʣʝʛʢʠʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʧʫʪʷʤʠ”. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʥ ʧʨʠʥʷʣ, ʯʪʦ 

ʩʚʝʪ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʠʟ ʪʦʯʢʠ ɸ ʚ ʪʦʯʢʫ ɺ, ʚʳʙʝʨʝʪ ʪʘʢʦʡ ʧʫʪʴ, ʯʪʦʙʳ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʝʛʦ ʦʢʘʟʘʣʦʩʴ ʤʠʥʠʤʘʣʴʥʳʤ. 

ɺ 1696 ʛ. ʚ ʣʝʡʧʮʠʛʩʢʦʤ ʞʫʨʥʘʣʝ “Acta Eruditorum” ʀʦʛʘʥʥ ɹʝʨʥʫʣʣʠ ʧʦ-

ʤʝʩʪʠʣ ʢʦʨʦʪʢʫʶ ʟʘʤʝʪʢʫ. ʇʨʠʚʝʜʝʤ ʝʝ ʧʦʣʥʦʩʪʴʶ. 

“ɺ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʘʥʳ ʜʚʝ ʪʦʯʢʠ ɸ ʠ ɺ. ʆʧʨʝʜʝʣʠʪʴ ʧʫʪʴ ɸʄɺ, 

ʩʧʫʩʢʘʷʩʴ ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʪʷʞʝʩʪʠ ʪʝʣʦ ʄ, ʥʘʯʘʚ ʜʚʠ-

ʛʘʪʴʩʷ ʠʟ ʪʦʯʢʠ  ɸ, ʜʦʡʜʝʪ ʜʦ ʜʨʫʛʦʡ ʪʦʯʢʠ ɺ ʟʘ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʠʥʪʝʨʝʩ ʩʦ ʩʪʦʨʦʥʳ ʣʶʙʠʪʝʣʝʡ ʧʦʜʦʙʥʳʭ ʚʦʧʨʦ-

ʩʦʚ ʠ ʧʦʙʫʜʠʪʴ ʠʭ ʦʭʦʪʥʝʝ ʧʨʝʜʧʨʠʥʷʪʴ ʧʦʧʳʪʢʫ ʨʘʟʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ, 

ʜʦʚʦʞʫ ʜʦ ʠʭ ʩʚʝʜʝʥʠʷ, ʯʪʦ ʵʪʘ ʟʘʜʘʯʘ ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʧʫʩʪʦʡ ʫʤʩʪʚʝʥʥʦʡ ʩʧʝʢʫ-

ʣʷʮʠʠ, ʣʠʰʝʥʥʦʡ ʢʘʢʦʛʦ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʘʢ ʵʪʦ ʤʦʞʝʪ 

ʢʦʤʫ-ʣʠʙʦ ʧʦʢʘʟʘʪʴʩʷ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠ ʢʨʦʤʝ ʤʝʭʘʥʠʢʠ ʪʘʢʞʝ ʠ ʜʣʷ ʜʨʫʛʠʭ ʜʠʩʮʠʧʣʠʥ, ʯʪʦ 

ʤʦʞʝʪ ʚʩʝʤ ʧʦʢʘʟʘʪʴʩʷ ʥʝʧʨʘʚʜʦʧʦʜʦʙʥʳʤ. 

ʄʝʞʜʫ ʧʨʦʯʠʤ (ʫʢʘʟʳʚʘʶ ʵʪʦ ʩ ʮʝʣʴʶ ʧʨʝʜʫʧʨʝʜʠʪʴ ʚʦʟʤʦʞʥʦʝ ʥʝʧʨʘ-

ʚʠʣʴʥʦʝ ʩʫʞʜʝʥʠʝ), ʭʦʪʷ ʧʨʷʤʘʷ ɸɺ ʠ ʷʚʣʷʝʪʩʷ ʢʨʘʪʯʘʡʰʝʡ ʣʠʥʠʝʡ ʤʝʞʜʫ 

ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ ɸ ʠ ɺ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʪʝʣʦ ʧʨʦʭʦʜʠʪ ʝʝ ʥʝ ʚ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ 

ʠ ʩʫʱʝʩʪʚʫʝʪ ʢʨʠʚʘʷ ɸʄɺ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘʷ ʛʝʦʤʝʪʨʘʤ. ʗ ʥʘʟʦʚʫ ʵʪʫ ʣʠʥʠʶ, 

ʝʩʣʠ ʧʦ ʠʩʪʝʯʝʥʠʠ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʥʠʢʪʦ ʜʨʫʛʦʡ ʝʝ ʥʝ ʥʘʟʦʚʝʪ”. 

ʉʚʦʡ ʦʪʚʝʪ ɹʝʨʥʫʣʣʠ ʦʪʧʨʘʚʠʣ ʃʝʡʙʥʠʮʫ ʩ ʪʝʤ, ʯʪʦʙʳ ʪʦʪ ʯʝʨʝʟ ʛʦʜ ʦʧʫʙ-

ʣʠʢʦʚʘʣ ʝʛʦ. 

ʕʪʘ, ʧʦ ʩʣʦʚʘʤ ʃʝʡʙʥʠʮʘ, “ʩʪʦʣʴ ʧʨʝʢʨʘʩʥʘʷ ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝʩʣʳʭʘʥʥʘʷ ʟʘ-

ʜʘʯʘ”, ʢʦʪʦʨʘʷ “ʩʚʦʝʡ ʢʨʘʩʦʪʦʡ ʚʣʝʯʝʪ ʢ ʩʝʙʝ, ʢʘʢ ʷʙʣʦʢʦ ʚʣʝʢʣʦ ɽʚʫ”, ʚʟʚʦʣʥʦ-

ʚʘʣʘ ʤʥʦʛʠʭ ʫʯʝʥʳʭ. ɽʝ ʨʝʰʝʥʠʝʤ ʟʘʥʠʤʘʣʠʩʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʗʢʦʙ ɹʝʨʥʫʣʣʠ ʠ 

ʅʴʶʪʦʥ. ʀʩʢʦʤʦʡ ʢʨʠʚʦʡ ʦʢʘʟʘʣʘʩʴ ʮʠʢʣʦʠʜʘ (ʟʘʜʘʯʘ ʦ ʙʨʘʭʠʩʪʦʭʨʦʥʝ). 

ɺ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʷʭ ʥʝ ʫʜʘʣʦʩʴ ʜʘʪʴ ʦʙʱʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ-

ʜʦʙʥʳʭ ʟʘʜʘʯ. ʆʥʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʧʫʩʪʷ ʧʷʪʴʜʝʩʷʪ ʣʝʪ ʫʯʝʥʠʢʦʤ ʀʦʛʘʥʥʘ 

ɹʝʨʥʫʣʣʠ ʃʝʦʥʘʨʜʦʤ ʕʡʣʝʨʦʤ, ʟʘʣʦʞʠʚʰʠʤ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʘʨʠʘʮʠʦʥ-

ʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. 
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ʇʦʩʣʝ ʨʘʙʦʪ ʌʝʨʤʘ ʠ ɹʝʨʥʫʣʣʠ ʩ ʥʦʚʦʡ ʦʩʪʨʦʪʦʡ ʚʩʪʘʣ ʚʦʧʨʦʩ: “ʅʝ ʧʨʦʠʩ-

ʭʦʜʠʪ ʣʠ ʜʚʠʞʝʥʠʝ ʪʝʣ ʪʘʢ, ʯʪʦ ʥʝʢʦʪʦʨʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ ʨʝʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʶ-

ʱʝʛʦ ʜʚʠʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʫʤʘ?” ʠʣʠ ʥʘ ʷʟʳʢʝ XVIII ʚʝʢʘ: “ʊʝʣʦ, ʧʝʨʝʤʝ-

ʱʘʷʩʴ ʠʟ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʜʨʫʛʦʝ, ʧʣʘʪʠʪ, ʠ ʜʚʠʞʝʥʠʝ ʪʘʢʦʚʦ, ʯʪʦ ʵʪʘ ʧʣʘʪʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʠʤʝʥʴʰʝʡ”.  

ʇʝʨʚʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʚ ʤʝʭʘʥʠʢʝ ʙʳʣʘ ʜʘʥʘ ʚ 

1744 ʛ. ʇʴʝʨʦʤ ʄʦʧʝʨʪʶʠ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʄʦʧʝʨʪʶʠ, ʚ ʠʩʪʠʥʥʦʤ ʜʚʠʞʝ-

ʥʠʠ ʪʝʣʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʝʛʦ ʤʘʩʩʳ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʥʘ ʧʫʪʴ ʤʠʥʠʤʘʣʴʥʦ. ʕʪʫ ʚʝʣʠ-

ʯʠʥʫ I mvs  ʄʦʧʝʨʪʶʠ, ʩʣʝʜʫʷ ʃʝʡʙʥʠʮʫ, ʥʘʟʚʘʣ ʜʝʡʩʪʚʠʝʤ. 

ʄʦʧʝʨʪʶʠ, ʩʪʘʚʰʠʡ ʧʨʝʟʠʜʝʥʪʦʤ ɹʝʨʣʠʥʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʦʙʲʷʚʠʣ 

ʧʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʦʙʱʠʤ ʟʘʢʦʥʦʤ ʧʨʠʨʦʜʳ ʠ ʦʩʥʦʚʥʳʤ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʦʤ ʙʳʪʠʷ ʙʦʞʴʝʛʦ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʥʮʠʧ ʄʦʧʝʨʪʶʠ ʚʥʝʩ ʃ. ʕʡʣʝʨ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʕʡʣʝʨ ʧʦʥʷʣ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʝʡʩʪʚʠʷ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʄʦʧʝʨʪʶʠ, 

ʧʨʠʛʦʜʥʦ ʪʦʣʴʢʦ ʜʣʷ ʤʘʣʳʭ ʫʯʘʩʪʢʦʚ ʧʫʪʠ ds , ʘ ʜʣʷ ʚʩʝʛʦ ʧʫʪʠ ʥʘʜʦ ʧʨʦʩʫʤʤʠ-

ʨʦʚʘʪʴ ʚʩʝ ʤʘʣʳʝ ʧʨʠʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʝʡʩʪʚʠʷ ʩʣʝʜʫʝʪ ʥʘʧʠʩʘʪʴ: 

I mvds , ʠʣʠ, ʪʘʢ ʢʘʢ 
ds

v
dt

, 
1

0

2
t

t

I mv dt . 

ʇʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʥʦʞʠʪʝʣʷ ʩʦʚʧʘʜʘʝʪ ʩ ʢʠʥʝ-

ʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ (ʃʝʡʙʥʠʮ ʥʘʟʳʚʘʣ ʝʛʦ ʞʠʚʦʡ ʩʠʣʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʘʚʣʝʥʠʷ – 

“ʤʝʨʪʚʦʡ” ʩʠʣʳ). 

ɺ ʛʦʜʳ ʧʨʝʟʠʜʝʥʪʩʪʚʘ ʄʦʧʝʨʪʶʠ ʚ “Acta Eruditorum” ʂʝʥʠʛʦʤ ʙʳʣʠ ʦʧʫʙ-

ʣʠʢʦʚʘʥʳ ʧʠʩʴʤʘ, ʷʢʦʙʳ ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʝʨʫ ʧʦʢʦʡʥʦʛʦ ʃʝʡʙʥʠʮʘ, ʠʟ ʢʦʪʦ-

ʨʳʭ ʤʦʞʥʦ ʙʳʣʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʃʝʡʙʥʠʮʫ ʙʳʣ ʠʟʚʝʩʪʝʥ ʧʨʠʥʮʠʧ ʵʢʩʪʨʝʤʘʣʴ-

ʥʦʩʪʠ ʜʝʡʩʪʚʠʷ, ʧʨʠʯʝʤ ʫʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ, ʥʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺʦʟʥʠʢ ʩʧʦʨ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʤʝ-

ʰʘʣʠʩʴ ʚʦʧʨʦʩʳ ʧʨʠʦʨʠʪʝʪʘ, ʬʠʣʦʩʦʬʩʢʠʝ ʠ ʤʦʨʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. ɺ ʙʫʨʥʳʝ 

ʜʠʩʢʫʩʩʠʠ ʚʢʣʶʯʠʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʫʯʝʥʳʝ, ʥʦ ʪʘʢʞʝ ʬʠʣʦʩʦʬʳ, ʢʦʨʦʣʠ, ʧʨʠ-
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ʜʚʦʨʥʳʝ ʠ ʧʠʩʘʪʝʣʠ. ʆʜʠʥ ʠʟ ʦʪʛʦʣʦʩʢʦʚ ʵʪʠʭ ʜʠʩʢʫʩʩʠʡ ʜʦʰʝʣ ʜʦ ʥʘʩ ʚ ʚʠʜʝ 

ʧʘʤʬʣʝʪʘ ʌ. ɺʦʣʴʪʝʨʘ “ʀʩʪʦʨʠʷ ʜʦʢʪʦʨʘ ɸʢʘʢʠʷ ʠ ʫʨʦʞʝʥʮʘ ʉʝʥ-ʄʘʣʦ”. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚ ʥʝʢʦ-

ʪʦʨʳʭ ʜʚʠʞʝʥʠʷʭ ʜʝʡʩʪʚʠʝ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʚ ʜʨʫʛʠʭ – 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʅʘ ʷʟʳʢʝ XVIII ʚʝʢʘ ʵʪʦ ʟʚʫʯʘʣʦ ʪʘʢ: “ʇʨʠʨʦʜʘ ʷʚʣʷ-

ʝʪʩʷ ʙʝʨʝʞʣʠʚʦʡ ʤʘʪʝʨʴʶ, ʢʦʪʦʨʘʷ ʦʙʭʦʜʠʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʪʘʤ, ʛʜʝ ʵʪʦ ʚʦʟ-

ʤʦʞʥʦ, ʥʦ ʪʘʤ, ʛʜʝ ʵʪʦʛʦ ʥʝʣʴʟʷ ʜʦʩʪʠʯʴ, ʦʥʘ ʧʣʘʪʠʪ ʯʝʩʪʥʦ ʠ ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ 

ʚʦʟʤʦʞʥʦ, ʯʪʦʙʳ ʥʝ ʧʨʦʩʣʳʪʴ ʩʢʨʷʛʦʡ” (ʧʠʩʴʤʦ ɻ. ɺ. ʂʨʘʬʪʘ ʢ ʃ. ʕʡʣʝʨʫ ʦʪ 28 

ʘʚʛʫʩʪʘ 1753 ʛ.). 

ʇʨʠʥʮʠʧʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʘʨʠʘʮʠʦʥʥʳʝ ʠ 

ʥʝʚʘʨʠʘʮʠʦʥʥʳʝ. ʂ ʥʝʚʘʨʠʘʮʠʦʥʥʳʤ ʧʨʠʥʮʠʧʘʤ ʦʪʥʦʩʷʪʩʷ ʟʘʢʦʥʳ ʤʝʭʘʥʠʢʠ, 

ʥʘʧʨʠʤʝʨ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʠ ʪ. ʧ. 

ɺʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚʳʨʘʞʝʥʥʳʝ ʷʟʳʢʦʤ ʤʘʪʝʤʘʪʠʢʠ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪ ʠʩʪʠʥʥʦʝ (ʜʝʡʩʪ-

ʚʠʪʝʣʴʥʦʝ) ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʦʪ ʜʨʫʛʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ, ʪʦ ʝʩʪʴ 

ʜʦʧʫʩʢʘʝʤʳʭ ʩʚʷʟʷʤʠ ʜʚʠʞʝʥʠʡ. ɺʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʜʝʣʷʪʩʷ ʥʘ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʝ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ. ʇʝʨʚʳʝ ʜʘʶʪ ʢʨʠʪʝʨʠʡ ʠʩʪʠʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʣʷ 

ʜʘʥʥʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʘ ʚʪʦʨʳʝ – ʥʘ ʢʦʥʝʯʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʚʨʝʤʝʥʠ.  

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ. ʀʩʪʦʨʠʯʝʩʢʠ 

ʧʝʨʚʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʚʘʨʠʘʮʠʦʥʥʳʤ ʧʨʠʥʮʠʧʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ ʚʦʟ-

ʤʦʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ (ʃʘʛʨʘʥʞ, 1788. ʆʙʦʙʱʝʥʠʝ ʧʨʠʥʮʠʧʘ ʥʘ ʩʣʫʯʘʡ ʥʝ-

ʫʜʝʨʞʠʚʘʶʱʠʭ ʩʚʷʟʝʡ ʜʘʥʦ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʢʠʤ ʚ ʨʘʙʦʪʘʭ 1838-1842 ʛʛ.). ɺ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʦʥ ʟʚʫʯʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʠʜʝʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʩʫʤʤʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʘʙʦʪ ʚʩʝʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʝ ʘʢʪʠʚʥʳʭ ʩʠʣ ʧʨʠ ʣʶʙʦʤ 

ʚʦʟʤʦʞʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʩʠʩʪʝʤʳ ʙʳʣʘ ʨʘʚʥʘ ʥʫʣʶ: 

0a
v vA F r ,                                (1.33) 

ʛʜʝ vF  – ʚʝʢʪʦʨ ʦʙʦʙʱʝʥʥʦʡ ʩʠʣʳ; vr  – ʚʝʢʪʦʨ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. 
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ʉʚʷʟʠ ʥʘʟʳʚʘʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ, ʝʩʣʠ ʩʫʤʤʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʘʙʦʪ ʠʭ ʨʝʘʢ-

ʮʠʡ ʥʘ ʚʦʟʤʦʞʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʨʘʚʥʘ ʥʫʣʶ. ɺʦʟʤʦʞʥʦʝ (ʚʠʨʪʫʘʣʴʥʦʝ) ʧʝʨʝ-

ʤʝʱʝʥʠʝ – ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ, ʜʦʧʫʩʢʘʝʤʦʝ ʥʘʣʦʞʝʥʥʳʤʠ ʥʘ ʩʠʩʪʝʤʫ ʩʚʷʟʷʤʠ. 

ʋʩʣʦʚʠʝ (1.33) ʦʟʥʘʯʘʝʪ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʦʙʦʙʱʝʥʥʦʡ ʩʠʣʳ ʠ 

ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʵʪʠʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʣʠʯʘ-

ʝʪʩʷ ʦʪ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ. 

ɼʘʣʴʥʝʡʰʠʡ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʤʝʭʘʥʠʢʝ 

ʜʘʣ ɼʘʣʘʤʙʝʨ, ʢʦʪʦʨʳʡ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʩʚʦʡ ʠʟʚʝʩʪʥʳʡ ʧʨʠʥʮʠʧ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʩ ʧʦʟʠʮʠʡ ʩʪʘʪʠʢʠ: ʝʩʣʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʢ ʢʘʞʜʦʡ ʠʟ ʪʦʯʝʢ ʩʠʩʪʝʤʳ ʢʨʦʤʝ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʝ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪ-

ʨʝʥʥʠʭ ʩʠʣ ʧʨʠʩʦʝʜʠʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʪʦ ʧʦʣʫʯʝʥʥʘʷ ʩʠʩ-

ʪʝʤʘ ʙʫʜʝʪ ʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʠ ʢ ʥʝʡ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚʩʝ ʫʨʘʚʥʝʥʠʷ ʩʪʘʪʠʢʠ. 

ʇʨʠʤʝʥʷʷ ʧʨʠʥʮʠʧ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʠʥʮʠʧʦʤ ɼʘ-

ʣʘʤʙʝʨʘ, ʧʦʣʫʯʠʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʠʥʮʠʧ ɼʘʣʘʤʙʝʨʘ-ʃʘʛʨʘʥʞʘ (1743 ʛ.) ʠʣʠ 

ʦʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ: ʠʩʪʠʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠʟ ʚʩʝʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʚʦʟ-

ʤʦʞʥʳʭ ʚʳʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʥʝʛʦ ʠ ʪʦʣʴʢʦ ʜʣʷ ʥʝʛʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʩʫʤʤʘ ʨʘʙʦʪ ʘʢʪʠʚʥʳʭ ʩʠʣ ʠ ʩʠʣ ʠʥʝʨʮʠʠ ʥʘ ʣʶʙʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʧʝ-

ʨʝʤʝʱʝʥʠʷʭ ʨʘʚʥʘ ʥʫʣʶ: 

1

0
N

v v v v v
v

F R m w r ,                             (1.34) 

ʛʜʝ vm  – ʤʘʩʩʘ ʪʦʯʢʠ; vw  – ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ; 

,v vF R  – ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʝ ʘʢʪʠʚʥʳʭ ʩʠʣ ʠ ʨʝʘʢʮʠʡ ʩʚʷʟʝʡ (ʝʩʣʠ ʩʚʷʟʠ ʥʝ ʷʚ-

ʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ), ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʪʦʯʢʝ; vr  – ʚʦʟʤʦʞʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʩʠʩ-

ʪʝʤʳ. 

ɺ 1903 ʛʦʜʫ ɾʫʨʜʝʥʫ ʫʜʘʣʦʩʴ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʦʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʩʚʷʟʝʡ ʢ ʚʠʜʫ: 

1

0
N

v v v v
v

F m w v ,                                 (1.35) 

ʛʜʝ vv  – ʚʦʟʤʦʞʥʳʝ ʩʢʦʨʦʩʪʠ. 
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ɺʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ɼʘʣʘʤʙʝʨʘ-ʃʘʛʨʘʥʞʘ ʠ ɾʫʨʜʝʥʘ ʥʝ ʩʚʷʟʘʥʳ ʩ 

ʧʦʥʷʪʠʝʤ ʵʢʩʪʨʝʤʘʣʴʥʦʩʪʠ, ʘ ʥʘʟʳʚʘʶʪʩʷ ʚʘʨʠʘʮʠʦʥʥʳʤʠ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʥʠʭ 

ʚʭʦʜʷʪ ʚʘʨʠʘʮʠʠ – ʚʠʨʪʫʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ. ɻʘʫʩʩ ʧʨʝʜʣʦʞʠʣ ʟʘʤʝʯʘʪʝʣʴʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʧʨʠʥʮʠʧʘ ɼʘʣʘʤʙʝʨʘ-ʃʘʛʨʘʥʞʘ, ʢʦʪʦʨʘʷ ʚʚʦʜʠʪ ʚ ʵʪʦʪ ʧʨʠʥʮʠʧ 

ʧʦʥʷʪʠʝ ʤʠʥʠʤʘʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ ɻʘʫʩʩʘ ʙʦ-

ʣʝʝ ʧʦʜʨʦʙʥʦ.  

ɺ 1829 ʛʦʜʫ ʚ ʞʫʨʥʘʣʝ “ʂʨʝʣʣʝ” (Crelle Journal für die reine Mathematik) 

ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʤʝʤʫʘʨ ɻʘʫʩʩʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ “ʆʙ ʦʜʥʦʤ ʥʦʚʦʤ ʦʙʱʝʤ ʧʨʠʥ-

ʮʠʧʝ ʤʝʭʘʥʠʢʠ” (Über ein neues allgemeines Grundgesetz der Mechanik). 

ʂʘʨʣ ʌʨʠʜʨʠʭ ɻʘʫʩʩ (1777–1855) – ʢʨʫʧʥʝʡʰʠʡ ʤʘʪʝʤʘʪʠʢ ɻʝʨʤʘʥʠʠ ʧʝʨ-

ʚʦʡ ʧʦʣʦʚʠʥʳ XIX ʚʝʢʘ. ɺ ʝʛʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʩʦʯʝʪʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʛʣʫ-

ʙʦʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʯʠʩʪʦʡ ʤʘʪʝʤʘʪʠʢʠ (ʘʣʛʝʙʨʘ, ʪʝʦʨʠʷ ʯʠʩʝʣ, ʪʝʦ-

ʨʠʷ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʝ-

ʝʚʢʣʠʜʦʚʘ ʛʝʦʤʝʪʨʠʷ ʠ ʪ. ʜ.) ʩ ʥʝ ʤʝʥʝʝ ʛʣʫʙʦʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʧʨʠʣʦʞʝʥʠʡ ʤʘʪʝʤʘʪʠʢʠ ʢ ʟʘʜʘʯʘʤ ʘʩʪʨʦʥʦʤʠʠ, ʚʳʩʰʝʡ ʛʝʦʜʝʟʠʠ, ʪʝʦʨʠʠ ʤʘʛ-

ʥʝʪʠʟʤʘ ʠ ʜʨ. ɺʳʩʦʢʠʝ ʥʘʫʯʥʳʝ ʟʘʩʣʫʛʠ ɻʘʫʩʩʘ ʧʦʣʫʯʠʣʠ ʚʩʝʦʙʱʝʝ ʧʨʠʟʥʘʥʠʝ ʚ 

ʫʯʝʥʦʤ ʤʠʨʝ ɽʚʨʦʧʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ɻʘʫʩʩ – ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʇʝʪʝʨʙʫʨʛʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʩ 1802 ʧʦ 1824 ʛʛ. ʠ ʝʝ ʠʥʦʩʪʨʘʥʥʳʡ ʧʦʯʝʪʥʳʡ ʯʣʝʥ ʩ 1824 ʛʦʜʘ. 

ʋʧʦʤʷʥʫʪʳʡ ʤʝʤʫʘʨ ɻʘʫʩʩʘ ʩʦʩʪʦʷʣ ʚʩʝʛʦ ʠʟ ʯʝʪʳʨʝʭ ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ. ʕʪʦ 

ʙʳʣʘ ʝʛʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʦʙʱʝʡ ʤʝʭʘʥʠʢʝ. ɺ ʥʝʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʥʦʚʳʡ 

ʧʨʠʥʮʠʧ ʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ʧʨʠʥʮʠʧʦʤ ʥʘʠ-

ʤʝʥʴʰʝʛʦ ʧʨʠʥʫʞʜʝʥʠʷ ʠʣʠ ʧʨʠʥʮʠʧʦʤ ɻʘʫʩʩʘ. ɻʘʫʩʩ ʦʪʤʝʯʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʥʦʚʳʡ ʧʨʠʥʮʠʧ ʤʝʭʘʥʠʢʠ ʫʞʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ, ʥʦ ʚʩʝʛʜʘ ʠʥʪʝʨʝʩʥʦ ʠ 

ʧʦʫʯʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʢʦʥʳ ʧʨʠʨʦʜʳ ʩ ʥʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʠʜʝʤ ʣʠ ʤʳ 

ʧʨʠ ʵʪʦʤ ʢ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʪʨʘʢʪʦʚʢʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʯʘʩʪʥʦʛʦ ʚʦʧʨʦʩʘ ʠʣʠ ʜʦʩ-

ʪʠʛʥʝʤ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ ʬʦʨʤʫʣʠʨʦʚʦʢ. ɺʦʪ ʪʘʢʘʷ ʥʦʚʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʠ ʧʨʝʜ-

ʣʦʞʝʥʘ ʚ ʧʨʠʥʮʠʧʝ ʥʘʠʤʝʥʴʰʝʛʦ ʧʨʠʥʫʞʜʝʥʠʷ. 

ʕʪʦʪ ʧʨʠʥʮʠʧ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤ ʧʨʠʥʮʠʧʦʤ ʤʝʭʘʥʠʢʠ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ ʦʥ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʆʙʣʘʩʪʴ ʧʨʠʣʦʞʝʥʠʡ ʧʨʠʥʮʠʧʘ ɻʘ-

ʫʩʩʘ ʚʝʩʴʤʘ ʰʠʨʦʢʘ. ʆʥ ʧʨʠʤʝʥʠʤ ʚ ʟʘʜʘʯʘʭ ʤʝʭʘʥʠʢʠ, ʜʠʥʘʤʠʢʝ ʩʣʦʞʥʳʭ 
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ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ, ʜʠʥʘʤʠʢʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʝ, ʪʝʦʨʠʠ 

ʛʨʘʚʠʪʘʮʠʠ ʠ ʪ. ʜ. 

ʀʟ-ʟʘ ʦʙʱʥʦʩʪʠ, ʢʨʘʩʦʪʳ, ʧʨʦʩʪʦʪʳ ʠ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ 

ʧʨʠʥʫʞʜʝʥʠʷ ʝʛʦ ʙʝʟ ʧʨʝʫʚʝʣʠʯʝʥʠʷ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʞʝʤʯʫʞʠʥʦʡ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ ʤʝʭʘʥʠʢʠ. “ʅʘʩʢʦʣʴʢʦ ʷ ʟʥʘʶ, – ʧʠʩʘʣ ʚʳʜʘʶʱʠʡʩʷ ʬʨʘʥʮʫʟʩʢʠʡ ʤʘʪʝʤʘ-

ʪʠʢ ɾ. ɹʝʨʪʨʘʥ, – ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʦʜʥʦʡ ʦʙʱʝʡ ʪʝʦʨʝʤʳ ʜʠʥʘʤʠʢʠ, ʢʦʪʦʨʘʷ 

ʢʘʟʘʣʘʩʴ ʙʳ ʙʦʣʝʝ ʩʧʦʩʦʙʥʦʡ ʚʳʟʚʘʪʴ ʚʦʩʭʠʱʝʥʠʝ ʪʦʥʢʦʛʦ ʫʤʘ, ʥʦ ʝʱʝ ʤʘʣʦ ʠʩ-

ʢʫʰʝʥʥʦʛʦ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʠ ʧʦʨʦʜʠʪʴ ʫ ʥʝʛʦ ʞʝʣʘʥʠʝ ʠʟʫ-

ʯʠʪʴ ʥʘʫʢʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʝʤʫ ʷʩʥʦ ʚʦʩʧʨʠʥʷʪʴ ʝʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ”. 

ɼʣʷ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʨʠʥʮʠʧʘ ɻʘʫʩʩʘ ʩʣʝʜʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʘʪʴ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʥʷʪʠʷ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ , 1,2,...,vP v N , ʩ ʤʘʩʩʘʤʠ vm , 

ʨʘʜʠʫʩʳ-ʚʝʢʪʦʨʳ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʚ ʥʝʧʦʜ-

ʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ vr  ʠ , ,v v vx y z , ʯʝʨʝʟ vv  ʠ vw ʦʙʦʟʥʘ-

ʯʠʤ ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ vP . ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ʧʦʣʦ-

ʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʝʝ ʪʦʯʝʢ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤʠ. ʆʛʨʘʥʠʯʝʥʠʷ, ʥʘʣʘ-

ʛʘʝʤʳʝ ʥʘ vr  ʠ vv , ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ ʣʶʙʳʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʩʠʩʪʝʤʫ ʩʠʣʘʭ, ʥʘʟʳʚʘʶʪʩʷ ʩʚʷʟʷʤʠ. ɽʩʣʠ ʥʘ ʩʠʩʪʝʤʫ ʥʝ ʥʘʣʦʞʝʥʳ ʩʚʷʟʠ, ʪʦ ʦʥʘ 

ʥʘʟʳʚʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ. ʉʠʩʪʝʤʳ ʩʦ ʩʚʷʟʷʤʠ ʥʘʟʳʚʘʶʪ ʥʝʩʚʦʙʦʜʥʳʤʠ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʚʷʟʴ ʟʘʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 1 1,..., , ,..., , 0n nf r r v v t . ɽʩ-

ʣʠ ʚ ʥʝʤ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʟʥʘʢ ʨʘʚʝʥʩʪʚʘ, ʪʦ ʩʚʷʟʴ ʥʘʟʳʚʘʝʪʩʷ ʫʜʝʨʞʠʚʘʶ-

ʱʝʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʦʯʢʠ P ʧʦ ʩʬʝʨʝ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʨʘʜʠʫʩʘ R ʩ ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʤ ʫʜʝʨʞʠʚʘʶʱʫʶ ʩʚʷʟʴ 

2 2 2 2 0x y z R . 

ɽʩʣʠ ʞʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 0f  ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʟʥʘʢ ʨʘʚʝʥʩʪʚʘ, ʪʘʢ ʠ ʟʥʘʢ 

ʩʪʨʦʛʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ, ʪʦ ʩʚʷʟʴ ʥʘʟʳʚʘʝʪʩʷ ʥʝʫʜʝʨʞʠʚʘʶʱʝʡ. ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, 

ʜʚʝ ʪʦʯʢʠ 1P  ʠ 2P  ʩʚʷʟʘʥʳ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʴʶ ʜʣʠʥʳ l . ɿʜʝʩʴ ʠʤʝʝʤ ʥʝʫʜʝʨ-

ʞʠʚʘʶʱʫʶ ʩʚʷʟʴ, ʟʘʜʘʚʘʝʤʫʶ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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1 2 1 2 1 2 0l x x y y z z , ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʯʢʠ ʥʝ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʙʦʣʴʰʝʤ l . 

ɽʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ, ʟʘʜʘʶʱʝʝ ʩʚʷʟʴ, ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʝʡ ʪʦ-

ʯʝʢ ʩʠʩʪʝʤʳ (ʘ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪʳ), ʪʦ ʵʪʘ ʩʚʷʟʴ ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʦʡ (ʠʣʠ ʛʦʣʦʥʦʤʥʦʡ), ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʚʷʟʴ ʥʘʟʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʡ. ʀʥʦʛʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʩʚʷʟʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʝʢ ʩʠʩʪʝʤʳ ʠ ʚʨʝʤʝʥʝʤ (ʢʘʢ ʚ ʩʣʫʯʘʝ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʩʚʷʟʠ). ʊʦʛʜʘ ʝʝ ʥʘʟʳʚʘʶʪ ʠʥʪʝʛʨʠʨʫʝʤʦʡ. ʅʝʠʥʪʝʛʨʠʨʫʝʤʫʶ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʫʶ ʩʚʷʟʴ ʥʘʟʳʚʘʶʪ ʝʱʝ ʥʝʛʦʣʦʥʦʤʥʦʡ. 

ʊʦʯʢʠ ʥʝʩʚʦʙʦʜʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʚʝʨʰʝʥ-

ʥʦ ʧʨʦʠʟʚʦʣʴʥʦ. ʀʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʝ (ʪʦ ʝʩʪʴ ʜʦʧʫʩʢʘʝʤʳʝ ʩʚʷʟʷʤʠ) 

ʢʦʦʨʜʠʥʘʪʳ, ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʝʢʦ-

ʪʦʨʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ, ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʝʡ. 

ʇʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʧʨʠʥʫʞʜʝʥʠʷ ʜʘʝʪ ʧʨʠʟʥʘʢ, ʦʪʣʠʯʘʶʱʠʡ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪ ʢʣʘʩʩʘ ʜʨʫʛʠʭ ʜʚʠʞʝʥʠʡ, ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʧʨʠ 

ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. 

ɻʘʫʩʩ ʜʘʣ ʩʣʝʜʫʶʱʫʶ ʩʣʦʚʝʩʥʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʩʚʦʝʛʦ ʧʨʠʥʮʠʧʘ: “ɼʚʠ-

ʞʝʥʠʝ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʣʶʙʳʤ ʚʣʠʷʥʠʷʤ, ʚ ʢʘʞʜʦʝ ʤʛʥʦʚʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʤ, ʢʘʢʦʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦ, ʩʦʛʣʘʩʠʠ ʩ ʪʝʤ ʜʚʠʞʝʥʠʝʤ, ʢʘ-

ʢʠʤ ʦʙʣʘʜʘʣʠ ʙʳ ʵʪʠ ʪʦʯʢʠ, ʝʩʣʠ ʙʳ ʚʩʝ ʦʥʠ ʩʪʘʣʠ ʩʚʦʙʦʜʥʳʤʠ, ʪʦ ʝʩʪʴ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩ ʥʘʠʤʝʥʴʰʠʤ ʚʦʟʤʦʞʥʳʤ ʧʨʠʥʫʞʜʝʥʠʝʤ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʧʨʠʥʫ-

ʞʜʝʥʠʷ, ʧʨʠʤʝʥʝʥʥʦʛʦ ʚ ʪʝʯʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʤʛʥʦʚʝʥʠʷ, ʧʨʠʥʷʪʴ ʩʫʤʤʫ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʤʘʩʩ ʢʘʞʜʦʡ ʪʦʯʢʠ ʥʘ ʢʚʘʜʨʘʪ ʚʝʣʠʯʠʥʳ ʝʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʦʛʦ 

ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʥʘ ʟʘʥʷʣʘ ʙʳ, ʝʩʣʠ ʙʳ ʙʳʣʘ ʩʚʦʙʦʜʥʦʡ”. 

ʇʫʩʪʴ vP  – ʧʦʣʦʞʝʥʠʝ v-ʡ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t (ʨʠʩ. 1.1), ʘ vB  – ʧʦ-

ʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʥʷʣʘ ʙʳ ʵʪʘ ʪʦʯʢʘ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ dt , ʝʩʣʠ ʙʳ ʚ 

ʤʦʤʝʥʪ t ʩʠʩʪʝʤʘ ʙʳʣʘ ʦʩʚʦʙʦʞʜʝʥʘ ʦʪ ʩʚʷʟʝʡ. ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʥʮʠʧ ʫʪʚʝʨ-

ʞʜʘʝʪ, ʯʪʦ ʧʦʣʦʞʝʥʠʷ vA , ʢʦʪʦʨʳʝ ʟʘʡʤʫʪ ʪʦʯʢʠ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ t dt  ʚ 
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ʜʝʡʩʪʚʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʚʳʜʝʣʷʶʪʩʷ ʤʝʞʜʫ ʚʩʝʤʠ ʧʦʣʦʞʝʥʠʷʤʠ, ʜʦʧʫʩʢʘʝ-

ʤʳʤʠ ʩʚʷʟʷʤʠ, ʪʝʤ, ʯʪʦ ʜʣʷ ʥʠʭ ʚʝʣʠʯʠʥʘ G , ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ: 

2

1

,
N

v v
v

G m s                                               (1.36) 

ʛʜʝ vs  – ʜʣʠʥʘ ʚʝʢʪʦʨʘ v vB A , ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

 
 

ʈʠʩ. 1.1. ʉʭʝʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʧʨʠʥʮʠʧ ɻʘʫʩʩʘ: 

vP  – ʧʦʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ t; vA  – ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ  

 ʥʝʩʚʦʙʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪ ;t dt  vB  – ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʩʠʩʪʝʤʳ, ʦʩʚʦ- 

 ʙʦʞʜʝʥʥʦʡ ʦʪ ʩʚʷʟʝʡ, ʚ ʤʦʤʝʥʪ t dt  

 
ɺʝʩʴʤʘ ʠʥʪʝʨʝʩʥʦ, ʯʪʦ ʠʜʝʷ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʬʦʨʤʝ (1.36) ʩʫʤʤʳ ʚʝʣʠʯʠʥ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʢʚʘʜʨʘʪʘʤ ʦʪʢʣʦʥʝʥʠʡ ʪʦʯʝʢ 

ʩʠʩʪʝʤʳ, ʟʘʠʤʩʪʚʦʚʘʥʘ ɻʘʫʩʩʦʤ ʚ ʠʤ ʞʝ ʧʦʩʪʨʦʝʥʥʦʡ ʪʝʦʨʠʠ ʦʰʠʙʦʢ. ʇʨʠʥʮʠʧ 

ʥʘʠʤʝʥʴʰʝʛʦ ʧʨʠʥʫʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴ-

ʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʚʩʝʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʝʣʠʯʠ-

ʥʘ (1.36), ʙʫʜʫʯʠ ʧʦʜʝʣʝʥʥʦʡ ʥʘ ʤʘʩʩʫ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʚʳʨʘʟʠʪ ʢʚʘʜʨʘʪ ʩʨʝʜʥʝʛʦ 

ʚʟʚʝʰʝʥʥʦʛʦ ʠʟ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʩʠʩʪʝʤʳ, ʧʨʠʯʝʤ ʤʥʦ-

ʞʠʪʝʣʠ vm  ʩʦʦʪʚʝʪʩʪʚʫʶʪ “ʚʝʩʦʚʦʤʫ” ʤʥʦʞʠʪʝʣʶ ʚ ʤʝʪʦʜʝ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜ-

ʨʘʪʦʚ. ɺʳʷʚʣʷʷ ʟʘʤʝʯʘʪʝʣʴʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʚʷʟʴ ʠʜʝʠ ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ 

ʧʨʠʥʫʞʜʝʥʠʷ ʩ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ɻʘʫʩʩ ʟʘʤʝʯʘʝʪ, ʯʪʦ “ʩʚʦʙʦʜ-

ʥʦʝ ʜʚʠʞʝʥʠʝ, ʝʩʣʠ ʦʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʠʤʝʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩ-

ʪʘ, ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʧʨʠʨʦʜʦʡ ʚ ʪʦʯʥʦʩʪʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢʠʤ ʚʳʯʠʩʣʷʶʱʠʡ 

O

vP

vr

vs

vA

vB
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ʤʘʪʝʤʘʪʠʢ, ʧʦʣʴʟʫʷʩʴ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʚʳʨʘʚʥʠʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʝʣʠʯʠʥʘʤ, ʩʚʷʟʘʥʥʳʤ ʥʝʢʦʪʦʨʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ”: 

2

1

1

2

N
v

v v
v v

F
Z m w

m
.                                 (1.37) 

ʌʫʥʢʮʠʷ Z ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʥʫʞʜʝʥʠʝʤ (ʧʦ-ʥʝʤʝʮʢʠ Zwang). ʆʪ ʤʝʨʳ ʧʨʠ-

ʥʫʞʜʝʥʠʷ (1.36) ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʢʩʪʨʝʤʫ-

ʤʘ ʤʥʦʞʠʪʝʣʝʤ 
4

1/ 2 dt . 

ʆʪʙʨʘʩʳʚʘʷ ʵʪʦʪ ʤʥʦʞʠʪʝʣʴ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʧʨʠʥʮʠ-

ʧʘ ɻʘʫʩʩʘ:  

ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʩʪʠʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʢʪʠʚʥʳʭ ʩʠʣ ʠ ʧʦʜʚʝʨʞʝʥʥʦʡ ʠʜʝʘʣʴʥʳʤ ʫʜʝʨʞʠʚʘʶʱʠʤ ʩʚʷ-

ʟʷʤ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʜʚʠʞʝʥʠʡ, ʩʦʚʝʨʰʘʶʱʠʭ-

ʩʷ ʠʟ ʪʦʡ ʞʝ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʩ ʪʝʤʠ ʞʝ ʥʘʯʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, 

ʪʝʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʜʣʷ ʠʩʪʠʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠʥʫʞʜʝʥʠʝ Z ʷʚʣʷʝʪʩʷ ʤʠʥʠ-

ʤʘʣʴʥʳʤ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 0Z , ʧʨʠʯʝʤ ʚʘʨʠʘʮʠʷ ʙʝ-

ʨʝʪʩʷ ʧʨʠ ʥʝʠʟʤʝʥʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʩʢʦʨʦʩʪʷʭ ʪʦʯʝʢ ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ ʚʘʨʴ-

ʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʫʩʢʦʨʝʥʠʷ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʩʠʥʭʨʦʥʥʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʘʟʳʚʘʝʪ-

ʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʧʦ ɻʘʫʩʩʫ. 

ɺ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ ʧʨʠʥʫʞʜʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

2 2 2

1

1

2

N
vyvx vz

v vx vy vz
v v v v

FF F
Z m w w w

m m m
.         (1.38) 

 

ʌʫʥʢʮʠʷ (1.36), ʦ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʪʦʨʦʡ ʠʜʝʪ ʨʝʯʴ ʚ ʧʨʠʥʮʠʧʝ 

ɻʘʫʩʩʘ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʢ ʚʠʜʫ: 

22
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v v v v v v v v v
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G m s m s s dt m w F s . 
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ʅʦ, ʩʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʚʳʨʘʞʝʥʠʝ ʚ ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ 

ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʫʶ vR  ʨʝʘʢʮʠʡ ʩʚʷʟʝʡ, ʧʦʵʪʦʤʫ ʠʤʝʝʤ 

2
1/ 2G dt A ,  

ʛʜʝ 
1

N

v v
v

A R s .                                                                                                  (1.39) 

ɺʝʣʠʯʠʥʘ (1.39) ʚʳʨʘʞʘʝʪ ʨʘʙʦʪʫ ʨʝʘʢʮʠʡ ʩʚʷʟʝʡ, ʢʦʪʦʨʫʶ ʚʳʟʳʚʘʝʪ ʚ 

ʵʣʝʤʝʥʪ ʚʨʝʤʝʥʠ dt  ʦʪʢʣʦʥʝʥʠʝ ʥʝʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ ʩʚʦʙʦʜʥʦʛʦ. 

ʇʨʠʥʮʠʧʫ ʥʘʠʤʝʥʴʰʝʛʦ ʧʨʠʥʫʞʜʝʥʠʷ ʤʦʞʥʦ ʜʘʪʴ ʪʝʧʝʨʴ ʪʘʢʫʶ ʬʦʨʤʫʣʠ-

ʨʦʚʢʫ:  

ɼʝʡʩʪʚʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩʨʝʜʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʚʳʜʝʣʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʜʣʷ ʥʝʛʦ ʨʘʙʦʪʘ ʨʝʘʢʮʠʡ ʩʚʷʟʝʡ ʥʘ ʧʫʪʷʭ ʦʪʢʣʦʥʝʥʠʷ ʵʪʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʦʪ ʩʚʦʙʦʜʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʢʘʞʜʳʡ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʝʩʪʴ ʤʠʥʠʤʫʤ. 

ʕʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʪʦʣʢʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ ʧʨʠʥʫʞʜʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʦ ʚ ʥʝʩʢʦʣʴʢʦ ʠʥʳʭ ʪʝʨʤʠʥʘʭ ʀ. ʀ. ʈʘʭʤʘʥʠʥʦʚʳʤ. ʉʬʦʨʤʫʣʠʨʦʚʘʥ-

ʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦʥ ʥʘʟʚʘʣ ʥʘʯʘʣʦʤ ʥʘʠʤʝʥʴʰʝʡ ʧʦʪʝʨʷʥʥʦʡ ʨʘʙʦʪʳ. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʨʠʥʮʠʧʘ ɻʘʫʩʩʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʜʨʫʛʠʭ ʪʝʨʤʠʥʘʭ. 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (1.37), ʧʨʠʥʫʞʜʝʥʠʝ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

2

1

1

2

N
v

v v

R
Z

m
.                                            (1.40) 

ʋʩʣʦʚʠʝ ʪʦʛʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ Z ʤʠʥʠʤʘʣʴʥʘ ʜʣʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʪʨʝʤʘʣʴʥʦʤʫ ʩʚʦʡʩʪʚʫ ʨʝʘʢʮʠʡ ʩʚʷʟʝʡ: ʜʣʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʨʝʘʢʮʠʠ ʩʚʷʟʝʡ ʤʠʥʠʤʘʣʴʥʳ (ʚ ʩʤʳʩʣʝ ʤʠʥʠʤʫʤʘ ʚʝʣʠʯʠʥʳ (1.40)). 

ʇʨʠʥʮʠʧ ɻʘʫʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʪʝʧʝʨʴ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ:  

ɼʝʡʩʪʚʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʝʩʪʴ ʦʜʥʦ ʠʟ ʜʚʠʞʝʥʠʡ, ʩʦʚʤʝʩʪʠʤʳʭ ʩʦ ʩʚʷ-

ʟʷʤʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʫʤʤʘ ʦʪʥʦʰʝʥʠʡ ʢʚʘʜʨʘʪʦʚ 

ʨʝʘʢʮʠʡ ʚ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʝ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʩʩʝ ʝʩʪʴ ʤʠʥʠʤʫʤ. 
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ʅʘ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʨʝʘʢʮʠʡ ʩʚʷʟʝʡ ʚʧʝʨʚʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʨʘʪʠʣ 

ʚʥʠʤʘʥʠʝ ʄ. ɺ. ʆʩʪʨʦʛʨʘʜʩʢʠʡ ʚ 1836 ʛʦʜʫ, ʯʝʨʝʟ ʩʝʤʴ ʣʝʪ ʧʦʩʣʝ ʦʧʫʙʣʠʢʦʚʘ-

ʥʠʷ ʟʥʘʤʝʥʠʪʦʛʦ ʤʝʤʫʘʨʘ ɻʘʫʩʩʘ. 

ʇʨʠʥʮʠʧ ɻʘʫʩʩʘ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʵʚʨʠʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʡ ʦʥ ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʝʭʘʥʠʢʠ. ʅʘʧʨʠ-

ʤʝʨ, ʤʝʭʘʥʠʢʘ ɻ. ɻʝʨʮʘ ʚʦʟʥʠʢʣʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʜʝʡ, ʩʦʜʝʨ-

ʞʘʱʠʭʩʷ ʚ ʵʪʦʤ ʧʨʠʥʮʠʧʝ. ʆʩʪʘʥʦʚʠʤʩʷ ʟʜʝʩʴ ʥʘ ʧʨʠʥʮʠʧʝ ʥʘʠʤʝʥʴʰʝʡ ʢʨʠ-

ʚʠʟʥʳ ɻʝʨʮʘ (ʠʣʠ ʧʨʠʥʮʠʧʝ ʧʨʷʤʝʡʰʝʛʦ ʧʫʪʠ, 1894 ʛ.), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʙʦʙʱʝʥʠʝʤ ʧʝʨʚʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ (ʘʢʩʠʦʤʳ ʠʥʝʨʮʠʠ). ʕʪʦʪ ʧʨʠʥʮʠʧ ʤʦʞʥʦ 

ʪʘʢʞʝ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʨʠʥʮʠʧʘ ɻʘʫʩʩʘ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʩʪʝʤʳ, ʫ ʢʦʪʦʨʳʭ ʥʝʪ ʘʢʪʠʚʥʳʭ ʩʠʣ, ʘ ʩʚʷʟʠ ʠʜʝ-

ʘʣʴʥʳʝ, ʫʜʝʨʞʠʚʘʶʱʠʝ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʚʦʟʴʤʝʤ ʩʥʘʯʘʣʘ 

ʩʠʩʪʝʤʫ ʠʟ ʦʜʥʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʥʝʧʦʜʚʠʞʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʊʘʢ ʢʘʢ ʘʢʪʠʚʥʳʭ ʩʠʣ ʥʝʪ,  

ʪʦ 21

2
Z mw . 

ʅʦ ʚʝʢʪʦʨ ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʥʦʨʤʘʣʴʥʫʶ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʠʝ: nw w w . ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ w  

ʜʦʣʞʥʦ ʣʝʞʘʪʴ ʚ ʧʣʦʩʢʦʩʪʠ, ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʦ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ 

ʪʨʝʥʠʷ ʦʥʦ ʧʨʦʩʪʦ ʨʘʚʥʦ ʥʫʣʶ. ɺʝʣʠʯʠʥʘ ʞʝ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

:nw
2

2v
v k , ʛʜʝ  – ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ; 

1
k  – ʝʝ ʢʨʠʚʠʟʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 2 2 4 2
nw w v k  ʠ ʧʨʠʥʫʞʜʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

4 21

2
Z mv k . 

ʇʦʩʢʦʣʴʢʫ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʧʦ-

ʩʪʦʷʥʥʘ, ʪʦ ʤʠʥʠʤʘʣʴʥʦʩʪʴ ʧʨʠʥʫʞʜʝʥʠʷ ʦʟʥʘʯʘʝʪ ʤʠʥʠʤʘʣʴʥʦʩʪʴ ʢʨʠʚʠʟʥʳ 

ʪʨʘʝʢʪʦʨʠʠ ʪʦʯʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʧʨʷʤʝʡʰʝʤʫ ʧʫʪʠ ʩ ʧʦ-

ʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɺ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʧʨʠʥʮʠʧ ʧʨʷʤʝʡʰʝʛʦ ʧʫʪʠ ɻʝʨʮʘ. 
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ʀʥʪʝʛʨʘʣʴʥʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ 

ʬʦʨʤʫʣʠʨʦʚʢʠ (ʚ ʬʦʨʤʝ ɻʘʤʠʣʴʪʦʥʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʃʘʛʨʘʥʞʘ, ʗʢʦʙʠ) ʩʦʙʩʪ-

ʚʝʥʥʦ ʦʜʥʦʛʦ ʧʨʠʥʮʠʧʘ – ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ (ʄʦʧʝʨʪʶʠ-ʕʡʣʝʨ), 

ʥʘʟʳʚʘʝʤʦʛʦ ʪʝʧʝʨʴ ʧʨʠʥʮʠʧʦʤ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ (ʥʝʠʟʤʝʥʥʦʩʪʠ) ʜʝʡʩʪʚʠʷ.  

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʩʪʦʣʝʪʠʡ 

ʧʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʪʨʘʢʪʦʚʘʣʩʷ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʠʩʪʠʥʥʦʩʪʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ, ʚ XX ʩʪʦʣʝʪʠʠ ʙʳʣʦ ʦʩʦʟʥʘʥʦ, 

ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʤʠʥʠʤʫʤ ʜʝʡʩʪʚʠʷ ʥʘ ʠʩʪʠʥʥʦʡ ʪʨʘʝʢ-

ʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢʦʡ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʥʘ ʥʝʡ ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʤ. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ ʠʩʪʠʥʥʳʭ ʪʨʘʝʢʪʦʨʠʷʭ ʜʚʠʞʝʥʠʷ 

ʩʠʩʪʝʤʳ ʚʘʨʠʘʮʠʷ ʜʝʡʩʪʚʠʷ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʜʝʡʩʪʚʠʷ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ʇʫʩʪʴ ʥʘʤ ʜʘʥʘ ʩʠʩʪʝʤʘ n  ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. ʆʙʦ-

ʟʥʘʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʝʨʝʟ , , ,i i i ix y z m  ʢʦʦʨʜʠʥʘʪʳ ʠ ʤʘʩʩʫ i -ʡ ʪʦʯʢʠ. ʇʫʩʪʴ 

ʥʘ ʩʠʩʪʝʤʫ ʥʘʣʦʞʝʥʦ m  ʠʜʝʘʣʴʥʳʭ ʩʚʷʟʝʡ: 

1 1 1, , ;...; , , , 0 1,2,...,i n n nx y z x y z t i m . 

ʀ ʧʫʩʪʴ ʥʘ ʵʪʫ ʩʠʩʪʝʤʫ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ, ʜʦʧʫʩʢʘʶʱʠʝ ʩʠʣʦʚʫʶ ʬʫʥʢʮʠʶ U , 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʪʘʢ, ʯʪʦ ʥʘ i -ʶ ʪʦʯʢʫ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʩ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ: 

, ,i i i
i i i

U U U
X Y Z

x y z
. 

ʇʨʝʜʧʦʣʦʞʠʤ ʜʘʣʝʝ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʚʨʝʤʝʥʠ 0t , ʚ ʜʨʫʛʦʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʨʝʤʝʥʠ 1t , ʧʨʠʯʝʤ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʩʦʚʤʝʩʪʠʤʳ ʩʦ ʩʚʷʟʷʤʠ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ (ʞʠʚʘʷ ʩʠʣʘ) ʦʧʨʝʜʝʣʠʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

2 2 2

1

1

2

n

i it it it
i

T m x y z . 

ʊʦʛʜʘ ʙʫʜʝʤ ʠʤʝʪʴ ʩʣʝʜʫʶʱʫʶ ʪʝʦʨʝʤʫ ɻʘʤʠʣʴʪʦʥʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʚʠʞʝʥʠʝ   
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0 1, ,i i i i i ix x t y y t z z t t t t               (1.41) 

ʙʳʣʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩʠʩʪʝʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʠʣ 

(ʩʠʣʳ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʘ ʟʘʚʠʩʠʪ ʪʦʣʴ-

ʢʦ ʦʪ ʢʦʦʨʜʠʥʘʪ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ), ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʜʣʷ ʢʨʠ-

ʚʳʭ (1.41) ʠʤʝʣʦ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ 

1

0

0
t

t

T U dt , ʠʣʠ 
1

0

extr
t

t

T U dt .                     (1.42) 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʚ ʩʠʣʫ ʪʝʦʨʠʠ ʫʩʣʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ, ʫʨʘʚʥʝʥʠʝ (1.42) ʵʢʚʠ-

ʚʘʣʝʥʪʥʦ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

0, 0;

0 1,2,..., ,

i i i i

i i

x x y y

z z

d d
F F F F

dt dt
d

F F i m
dt

                            (1.43) 

ʛʜʝ i iF T U t ; i t  – ʤʥʦʞʠʪʝʣʴ ʃʘʛʨʘʥʞʘ. 

ʋʨʘʚʥʝʥʠʷ (1.43) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʟʚʝʩʪʥʳʝ ʠʟ ʢʫʨʩʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʤʝʭʘʥʠʢʠ ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ II ʨʦʜʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦ ʩʫʪʠ ʫʨʘʚʥʝʥʠʷ 

ʕʡʣʝʨʘ. ɼʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ ʩ ʛʦ-

ʣʦʥʦʤʥʳʤʠ ʩʚʷʟʷʤʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤ ʩ ʥʝʛʦʣʦʥʦʤʥʳʤʠ ʩʚʷʟʷʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ɸʧʧʝʣʷ [1]. ʋʨʘʚʥʝʥʠʷ (1.43) ʤʦʞʥʦ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʯʝʨʝʟ ʦʙʦʙʱʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 

ʇʦʤʠʤʦ ʬʦʨʤʳ ɻʘʤʠʣʴʪʦʥʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʧʨʠʥʮʠʧ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʜʝʡ-

ʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʬʦʨʤʝ ʃʘʛʨʘʥʞʘ ʠ ʗʢʦʙʠ. 

 

1.2.2. ɿʘʢʦʥʳ ʠ ʧʨʠʥʮʠʧʳ ʤʝʭʘʥʠʢʠ 
ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʥʝʢʦʪʦʨʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʪʝʦʨʝʤʳ ʠ ʬʦʨʤʫ-

ʣʳ.  

ʌʦʨʤʫʣʘ ʂʣʘʧʝʡʨʦʥʘ: 
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0
1

2

1
,

2

n n n
V V S

x x y y z z xy xy yz yz zx zx
V

U U dV Xu Yv Zw dV X u Y v Z w dS

dV

     (1.44) 

ʛʜʝ 0U  – ʫʜʝʣʴʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʝʬʦʨʤʘʮʠʠ, ʠʣʠ ʫʧʨʫʛʠʡ ʧʦʪʝʥʮʠʘʣ; 

,V S  – ʦʙʲʝʤ ʪʝʣʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴ (ʛʨʘʥʠʮʘ) ʪʝʣʘ; , ,u v w  – ʬʫʥʢʮʠʠ ʩʤʝʱʝʥʠʡ 

ʪʦʯʝʢ ʪʝʣʘ; , ,X Y Z  – ʦʙʲʝʤʥʳʝ ʩʠʣʳ; , ,n n nX Y Z  – ʬʫʥʢʮʠʠ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʪʝʣʘ; ,  – ʬʫʥʢʮʠʠ ʦʩʝʚʳʭ ʠ ʫʛʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ. 

ʀʟ ʨʘʚʝʥʩʪʚʘ (1.44) ʚ ʯʘʩʪʥʦʩʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʫʧʨʫʛʦʛʦ ʪʝʣʘ ʨʘʙʦʪʘ 

ʚʥʝʰʥʠʭ ʩʠʣ ʧʦʣʥʦʩʪʴʶ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʪʝʣʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

0 0 0

0 0 0

; ; ... (ʬʦʨʤʫʣʳ ʃʘʛʨʘʥʞʘ);

; ; ... (ʬʦʨʤʫʣʳʂʘʩʪʠʣʴʷʥʦ).

x y xy
x y xy

x y xy
x y xy

U U U

U U U
     (1.45) 

ʌʦʨʤʫʣʳ ʃʘʛʨʘʥʞʘ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʚ ʩʣʫʯʘʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ 

( 0U ʇ ), ʘ ʬʦʨʤʫʣʳ ʂʘʩʪʠʣʴʷʥʦ ʧʨʠʤʝʥʠʤʳ ʪʦʣʴʢʦ ʚ ʫʧʨʫʛʦʡ ʬʘʟʝ. 

ʊʝʦʨʝʤʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ. ɼʘʥʥʘʷ ʪʝʦʨʝʤʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʇʦʤʠʤʦ ʦʙʱʝʛʦ ʟʥʘʯʝʥʠʷ, ʪʝʦʨʝʤʫ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪ ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʀʥʦʛʜʘ ʫʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦ ʫʛʘʜʘʪʴ 

ʬʦʨʤʫ ʨʝʰʝʥʠʷ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʷʤ ʠ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ, ʪʦ, ʚ ʩʠʣʫ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ, ʙʫʜʝʪ 

ʥʘʡʜʝʥʦ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. 

ʇʨʠʥʮʠʧ ʃʘʛʨʘʥʞʘ-ɼʠʨʠʭʣʝ, ʠʣʠ ʧʨʠʥʮʠʧ ʤʠʥʠʤʫʤʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩ-

ʪʝʤʳ (ʧʨʠʥʮʠʧ ʤʠʥʠʤʫʤʘ ʜʣʷ ʩʤʝʱʝʥʠʡ):  

ʀʟ ʚʩʝʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʤʝʱʝʥʠʡ, ʧʨʠʥʠʤʘʶʱʠʭ 

ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʪʦʣʴʢʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʩʦʦʙʱʘʶʪ ʤʠʥʠʤʫʤ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ: 
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0ʇ minn n n

V V S

U A U dV Xu Yv Zw dV X u Y v Z w dS ,   (1.46) 

ʛʜʝ ʇ  – ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ; A  – ʨʘʙʦʪʘ ʚʥʝʰʥʠʭ ʩʠʣ ʥʘ ʩʦʟʜʘʚʘʝʤʳʭ ʠʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷʭ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ. ɼʘʥʥʦʝ ʚʘʨʠʘʮʠʦʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʠ ʫʩʣʦʚʠ-

ʷʤ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ (ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʥʘʧʨʷʞʝʥʠʷʭ). 

ʋʨʘʚʥʝʥʠʝ (1.46) ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʯʘʣʘ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. 

ʇʨʠʥʮʠʧ (1.46) ʪʘʢʞʝ ʩʧʨʘʚʝʜʣʠʚ ʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʦʥ ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ:  

ɽʩʣʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚ ʧʦʣʦʞʝʥʠʠ 

ʨʘʚʥʦʚʝʩʠʷ ʩʪʨʦʛʠʡ ʤʠʥʠʤʫʤ, ʪʦ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʷʚʣʷ-

ʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ. ʆʜʥʘʢʦ ʜʘʚʘʝʤʦʝ ʪʝʦʨʝʤʦʡ ʫʩʣʦʚʠʝ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʜʦʩʪʘʪʦʯ-

ʥʳʤ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʙʫʜʝʪ, ʝʩʣʠ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʧʦ-

ʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʥʝ ʠʤʝʝʪ ʤʠʥʠʤʫʤʘ. 

ʇʨʠʥʮʠʧ ʂʘʩʪʠʣʴʷʥʦ (ʧʨʠʥʮʠʧ ʤʠʥʠʤʫʤʘ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ):  

ʀʟ ʚʩʝʭ ʩʠʩʪʝʤ ʥʘʧʨʷʞʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʦʙʲ-

ʝʤʥʳʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʠʣʘʤʠ, ʪʦʣʴʢʦ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʥʘʧʨʷʞʝ-

ʥʠʡ ʩʦʦʙʱʘʝʪ ʤʠʥʠʤʫʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ: 

0 min
u

n n n
V S

U dV X u Y v Z w dS ,                (1.47) 

ʛʜʝ uS  – ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʥʘ ʢʦʪʦʨʦʡ ʟʘʜʘʥʳ ʩʤʝʱʝʥʠʷ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʠʥʪʝʛʨʘʣ ʚ ʚʳʨʘʞʝʥʠʠ (1.47) ʙʝʨʝʪʩʷ ʧʦ ʪʦʡ ʯʘʩʪʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʟʘʜʘʥʳ ʩʤʝʱʝʥʠʷ. ɽʩʣʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦʩʪʘʚʣʝʥʳ ʚ ʥʘ-

ʧʨʷʞʝʥʠʷʭ ( 0uS ) ʠʣʠ ʥʘ uS  ʩʤʝʱʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ (ʦʧʦʨʳ), ʪʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʤʠʥʠʤʫʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ: 

0 min
V

U U dV .                                    (1.48) 

ɺʘʨʠʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʂʘʩʪʠʣʴʷʥʦ (1.47) ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʩʣʦʚʠʷʤ 

ʩʧʣʦʰʥʦʩʪʠ. 
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ʊʝʦʨʝʤʘ ʂʘʩʪʠʣʴʷʥʦ (1875). ɽʩʣʠ ʥʘ ʪʝʣʦ ʜʝʡʩʪʚʫʶʪ ʦʙʦʙʱʝʥʥʳʝ ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʥʳʝ ʥʘʛʨʫʟʢʠ iQ  ( 1,2,3...i ), ʘ ʥʘ uS  ʩʤʝʱʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ (ʦʧʦʨʳ), ʪʦ 

i
i

U

Q
,                                           (1.49) 

ʛʜʝ i  – ʦʙʦʙʱʝʥʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (1.49), ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ ʧʨʠʣʦʞʝ-

ʥʠʷ ʩʠʣʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʝʝ ʜʝʡʩʪʚʠʷ ʨʘʚʥʦ ʯʘʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʵʪʦʡ ʩʠʣʝ. ʇʦʜ ʦʙʦʙʱʝʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʩʠʣʘʤʠ ʩʣʝʜʫʝʪ 

ʧʦʥʠʤʘʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʩʠʣʳ, ʤʦʤʝʥʪʳ ʩʠʣ ʠ ʪ. ʜ. 

ʊʝʦʨʝʤʘ ʂʘʩʪʠʣʴʷʥʦ ʠʤʝʝʪ ʦʯʝʥʴ ʰʠʨʦʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʤʝʭʘʥʠ-

ʢʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ 

ʟʘʜʘʯ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʘʣʢʫ ʥʘ ʦʧʦʨʘʭ, ʪʦ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ ʧʨʠʣʦʞʝʥʠʷ 

ʨʝʘʢʮʠʡ ʨʘʚʥʳ ʥʫʣʶ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

1 2 3

0; 0; 0...
U U U

Q Q Q
                         (1.50) 

ʋʨʘʚʥʝʥʠʷ (1.50) ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʪʨʝʤʫʤʘ (ʤʠʥʠ-

ʤʫʤʘ) ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ 

ʪʝʦʨʝʤʝ ʄʝʥʘʙʨʝʘ:  

ɺ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʳʭ ʩʠʩʪʝʤʘʭ ʣʠʰʥʠʝ ʥʝʠʟʚʝʩʪʥʳʝ ʫʩʠʣʠʷ ʧʨʠ-

ʥʠʤʘʶʪ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʝʬʦʨʤʘʮʠʠ 

ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ.  

ʕʪʘ ʪʝʦʨʝʤʘ ʠʟʚʝʩʪʥʘ ʪʘʢʞʝ ʢʘʢ ʪʝʦʨʝʤʘ ʦ ʥʘʠʤʝʥʴʰʝʡ ʨʘʙʦʪʝ, ʪʘʢ ʢʘʢ 

ʚʤʝʩʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʯʠʩʣʝʥʥʦ ʨʘʚʥʦʡ ʝʡ ʨʘʙʦʪʝ 

ʚʥʝʰʥʠʭ ʩʠʣ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʤʳ ʄʝʥʘʙʨʝʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʜʦ-

ʙʘʚʣʝʥʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʩʚʷʟʝʡ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʥʠʢʦʛʜʘ ʥʝ 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʪʴ ʣʠʰʥʠʝ ʥʝʠʟʚʝʩʪʥʳʝ ʠʩʭʦʜʷ ʠʟ ʤʠʥʠ-

ʤʫʤʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʝʨʚʳʤ ʧʨʝʜʣʦʞʠʣ ʠʤʝʥʥʦ ʄʝʥʘʙʨʝʘ ʚ 1857 ʛ. ɸ 

ʪʝʦʨʝʤʫ ʂʘʩʪʠʣʴʷʥʦ ʚ ʚʠʜʝ ʚʳʨʘʞʝʥʠʷ (1.49) ʧʝʨʚʳʤ ʧʨʝʜʣʦʞʠʣ ʂʦʪʪʝʨʠʣʣ ʚ 

1865 ʛ., ʥʦ ʥʝ ʜʦʢʘʟʘʣ ʝʝ. ʂʘʩʪʠʣʴʷʥʦ ʜʦʢʘʟʘʣ ʩʚʦʶ ʪʝʦʨʝʤʫ ʚ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦ-
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ʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʨʘʩʯʝʪʫ ʬʝʨʤ ʚ 1873 ʛ., ʠ ʦʧʫʙʣʠʢʦʚʘʣ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʥʘ ʠʪʘʣʴʷʥʩʢʦʤ ʷʟʳʢʝ ʚ 1875 ʛ. 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤʘʭ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʥʮʠʧʝ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʢʦʪʦʨʳʡ ʙʳʣ, ʚʝʨʦʷʪʥʦ ʚʧʝʨʚʳʝ, ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʪʝʣʘ ʇʫʘʩʩʦʥʦʤ ʚ 1833 ʛ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʬʦʨʤʫ-

ʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʀʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʶ ʩʠʩʪʝʤʳ, ʧʦʜʚʝʨʞʝʥʥʦʡ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʩʠʣ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩ-

ʪʝʤʳ ʧʨʠʥʠʤʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʚʘʨʠʘʮʠʦʥʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʪʝʦʨʝʤʫ ʃʘʛʨʘʥʞʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʜʣʷ ʣʠʥʝʡʥʳʭ 

ʩʠʩʪʝʤ ʯʘʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʦʙʦʙ-

ʱʝʥʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʨʘʚʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʦʙʦʙʱʝʥʥʦʡ ʩʠʣʝ: 

i
i

U
Q .                                              (1.51) 

ɺ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʪʝʦʨʝʤʳ ʂʘʩʪʠʣʴʷʥʦ ʠ ʃʘʛʨʘʥʞʘ ʦʩʪʘʶʪʩʷ ʚ 

ʩʠʣʝ, ʥʦ ʪʦʣʴʢʦ ʚ ʪʝʦʨʝʤʝ ʂʘʩʪʠʣʴʷʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʥʝ ʦʪ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʦʪ ʜʨʫʛʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ – ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʅʘ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʘʣ ʚ 1889 ʛ. ʕʥʛʝʩʩʝʨ. 

ʊʘʢ ʢʘʢ ʧʦ ʟʘʢʦʥʫ ɻʫʢʘ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʠʠ (ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ ʪʝʣʘ) ʠ, ʦʙʨʘʪʥʦ, ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʦʜʥʫ ʠ ʪʫ ʞʝ ʟʘʜʘʯʫ ʤʦʞʥʦ 

ʨʝʰʘʪʴ ʣʠʙʦ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ, ʣʠʙʦ ʚ ʥʘʧʨʷʞʝʥʠʷʭ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʫʶ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʠʤ ʜʚʫʤ ʧʦʜʭʦʜʘʤ ʦʪʚʝʯʘ-

ʶʪ ʠ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ (ʧʨʠʥʮʠʧ ʃʘʛʨʘʥʞʘ-ɼʠʨʠʭʣʝ ʠ ʧʨʠʥ-

ʮʠʧ ʂʘʩʪʠʣʴʷʥʦ). ɿʘʤʝʪʠʤ, ʯʪʦ ʤʦʞʥʦ ʠʩʭʦʜʠʪʴ ʠʟ ʩʤʝʰʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ, ʥʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʫʜʦʙʥʦ. 

ɼʘʚʥʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ ʜʣʷ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʫʨʘʚʥʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʩʠʩʪʝʤ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ: ʧʨʠʥʮʠʧʘ ɻʘ-
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ʤʠʣʴʪʦʥʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʠ ʧʨʠʥʮʠʧʘ ɻʘʤʠʣʴʪʦʥʘ-ʇʫʘʥʢʘʨʝ. ɺ ʜʨʫʛʠʭ ʨʘʟʜʝ-

ʣʘʭ ʤʝʭʘʥʠʢʠ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ ʜʣʷ ʦʜ-

ʥʠʭ ʠ ʪʝʭ ʞʝ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ: ʧʨʠʥʮʠʧ ɼʠʨʠʭʣʝ ʠ ʧʨʠʥʮʠʧ ʊʦʤʩʦʥʘ ʚ ʤʝʭʘ-

ʥʠʢʝ ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ, ʧʨʠʥʮʠʧ ʃʘʛʨʘʥʞʘ-

ɼʠʨʠʭʣʝ, ʧʨʠʥʮʠʧ ʂʘʩʪʠʣʴʷʥʦ ʠ ʧʨʠʥʮʠʧ ʈʝʡʩʩʥʝʨʘ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʧʨʠʥ-

ʮʠʧ ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ ʚ ʚʘʨʠʘʮʠʦʥʥʳʭ ʟʘʜʘʯʘʭ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʪ. ʜ. ɺ 

ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʚʩʝʭ ʪʘʢʠʭ ʧʨʠʥʮʠʧʦʚ ʣʝʞʠʪ ʠʜʝʷ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ. 

ʇʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʠʥʮʠʧʦʚ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʦʢʘʞʝʤ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʨʠʨʘʱʝʥʠʡ ʧʣʘ-

ʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠʚʝʜʝʤ ʜʚʘ ʧʨʠʥʮʠʧʘ ʙʝʟ ʚʳʚʦʜʦʚ. 

ʇʨʠʥʮʠʧ ʚʠʨʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ: 

0,
F

x x y y z z xy xy yz yz zx zx
V

n n n
V S

dV

X u Y v Z w dV X u Y v Z w dS
      (1.52) 

ʛʜʝ FS  – ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʥʘ ʢʦʪʦʨʦʡ ʟʘʜʘʥʳ ʚʥʝʰʥʠʝ ʩʠʣʳ (ʥʘʛʨʫʟʢʠ). 

ʇʨʠʥʮʠʧ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ: 

0,
u

x x y y z z xy xy yz yz zx zx
V

n n n
S

dV

u X v Y w Z dS
      (1.53) 

ʛʜʝ uS  – ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʥʘ ʢʦʪʦʨʦʡ ʟʘʜʘʥʳ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʇʨʠʥʮʠʧ ʚʠʨʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʠʥʮʠʧ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʨʘ-

ʙʦʪʳ ʧʨʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʜʝʬʦʨʤʘʮʠʷʭ ʩʧʨʘʚʝʜʣʠʚʳ ʚ ʟʦʥʝ 

ʧʣʘʩʪʠʯʥʦʩʪʠ.  

ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʠ (1.53) ʚʤʝʩʪʦ ʧʦʣʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ , ,u v w  ʠ ʧʦʣ-

ʥʳʭ ʜʝʬʦʨʤʘʮʠʡ , ,...,x y xy  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʨʘʱʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʧʝʨʝ-

ʤʝʱʝʥʠʡ ʧ ʧ ʧ, ,du dv dw  ʠ ʧʨʠʨʘʱʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧ ʧ ʧ, ,...,x y xyd d d  

ʠ ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʪʝʤʠ ʞʝ ʧʨʠʝʤʘʤʠ, ʯʪʦ ʠ ʜʣʷ ʚʳʚʦʜʘ ʧʨʠʥʮʠʧʘ ʜʦʧʦʣʥʠ-
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ʪʝʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʩʠʩʪʝʤ, ʫ ʢʦʪʦʨʳʭ ʚ ʛʨʘʥʠʮʘʭ uS  ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʚʦʟʥʠʢʘʶʪ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

ʧ ʧ ʧ ʧ ʧ ʧ 0x x y y z z yz yz zx zx xy xy
V

d d d d d d dV . (1.54) 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʧʨʠʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨ-

ʤʘʮʠʡ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷʤ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝ-

ʰʝʥʠʠ ʧʨʠʦʙʨʝʪʘʶʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʥʘʯʝʥʠʷ. ʋʩʣʦʚʠʷ ʪʝʢʫʯʝʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʟʦʥʝ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

, 0f ,                                        (1.55) 

ʛʜʝ  – ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʠʡ;  – ʧʘʨʘʤʝʪʨ ʫʧʨʦʯʥʝʥʠʷ. 

ɺʳʨʘʞʝʥʠʝ (1.55) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʫʩʣʦ-

ʚʠʡ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ , ,...,z y xy ; ʧʨʠ ʦʪʳʩʢʘʥʠʠ ʫʩʣʦʚʠʡ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʠ-

ʨʘʱʝʥʠʡ ʵʥʝʨʛʠʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞ-

ʜʫ ʧʨʠʨʘʱʝʥʠʷʤʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʨʠʨʘʱʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʡ. ʋʩ-

ʣʦʚʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʤʝʪʦʜʦʤ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ: 

ʧ ʧ ʧ

ʧ ʧ ʧ

; ; ;

; ; ,

x y z
x y z

yz zx xy
yz zx xy

g g g
d d d

g g g
d d d

            (1.56) 

ʛʜʝ g  – ʬʫʥʢʮʠʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʣʠ, ʚ ʩʣʫʯʘʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʟʘ-

ʢʦʥʘ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʢʫʯʝʩʪʠ;  – ʤʥʦʞʠʪʝʣʴ ʃʘʛʨʘʥʞʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʵʪʠʤ ʫʨʘʚʥʝ-

ʥʠʷʤ. 

ʋʨʘʚʥʝʥʠʷ (1.56) ʦʪʨʘʞʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʠʨʘʱʝʥʠʷʤʠ ʧʣʘʩʪʠʯʝ-

ʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʢʦʦʨʜʠʥʘʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ ʧʨʠʨʘʱʝʥʠʷ ʧʣʘ-

ʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʥʘʧʨʘʚʣʷʶʱʠʤ ʢʦʩʠʥʫʩʘʤ ʢ ʢʨʠʚʦ-

ʣʠʥʝʡʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʦʚʝʨʭʥʦʩʪʠ) ʪʝʢʫʯʝʩʪʠ. ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʟʳʚʘ-
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ʝʪʩʷ ʧʨʠʥʮʠʧʦʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʠʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʟʘʢʦʥʦʤ ʧʣʘʩʪʠʯʝ-

ʩʢʦʛʦ ʪʝʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʪʩʷ ʠʟ ʤʘʪʨʠʯ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

1 g
d D d , 

ʛʜʝ D  – ʤʘʪʨʠʮʘ ʩʚʷʟʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʫʧʨʫʛʦʡ ʟʦʥʝ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʘʥʘ-

ʣʦʛʠʯʥʳ ʧʨʠʥʮʠʧʫ ʃʘʛʨʘʥʞʘ-ɼʠʨʠʭʣʝ ʠ ʧʨʠʥʮʠʧʫ ʂʘʩʪʠʣʴʷʥʦ. 

ʇʨʠʥʮʠʧ ʤʠʥʠʤʫʤʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ:  

ɼʝʡʩʪʚʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʦʙʱʘʶʪ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʪʝʣʘ ʤʠʥʠʤʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ: 

min
V

ʇdV A ,                                      (1.57) 

ʛʜʝ ʇ  – ʧʦʪʝʥʮʠʘʣ ʨʘʙʦʪʳ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 1.2). ʅʘ ʨʠʩ. 1.2 ,i i  – ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ. ʉʚʷʟʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (ʛʠʧʦʪʝʪʠʯʥʦ) ʠʟ 

ʧʨʦʩʪʝʡʰʠʭ ʠʩʧʳʪʘʥʠʡ (ʦʜʥʦʦʩʥʳʭ). 

ʈʘʙʦʪʘ ʚʥʝʰʥʠʭ ʩʠʣ A  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʜʝʥʪʠʯʥʦ ʫʧʨʫʛʦʤʫ ʩʣʫʯʘʶ. ɽʩʣʠ ʚ 

ʪʝʣʝ ʠʤʝʶʪʩʷ ʦʙʣʘʩʪʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʫʧʨʫʛʦʛʦ ʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ), ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʧʨʠʥʮʠʧ (1.57) ʩʦʭʨʘʥʷʝʪʩʷ.  

 
ʈʠʩ. 1.2. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ R  ʠ ʨʘʙʦʪʘ ʜʝʬʦʨʤʘʮʠʡ ʇ  
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