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ʇʨʝʜʤʝʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʥʪʝʨʝʩʦʚʘʪʴ ʥʘʩ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʦʪʥʦʩʠʪʩʷ ʢ ʘʢʫʩʪʠʢʝ ï ʥʘʫʢʝ, 

ʠʟʫʯʘʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʛʘʟʘʭ, ʞʠʜʢʦʩʪʷʭ ʠ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ʀʩʩʣʝʜʦʚʘʪʝʣʝʡ-

ʤʝʭʘʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʵʪʦʡ ʥʘʫʢʦʡ, ʠʤʝʥʫʶʪ ʘʢʫʩʪʠʢʘʤʠ. ɸʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ (ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʧʨʦʩʪʦ ʟʚʫʢʦʤ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʛʫʣʷʨʥʦ ʯʝʨʝʜʫʶʱʠʝʩʷ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ ʠ ʨʘʟʨʷʞʝʥʠʷ 

ʢʘʢʦʡ-ʣʠʙʦ ʩʨʝʜʳ ï ʚʦʟʜʫʭʘ, ʚʦʜʳ, ʩʪʝʢʣʘ ʠ ʪ.ʜ. ʅʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʨʝʜʝ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʤ; ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʭʘʦʪʠʯʝʩʢʠʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʚʫʢ 

ʥʘʟʳʚʘʶʪ ʰʫʤʦʤ. ʐʫʤ ʧʦʯʪʠ ʚʩʝʛʜʘ ʩʯʠʪʘʝʪʩʷ ʚʨʝʜʥʳʤ ʷʚʣʝʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʠʣʠ ʜʘʞʝ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʟʚʫʢ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ ʧʦʣʝʟʥʦʤʫ ʩʠʛʥʘʣʫ. 

ɸʢʫʩʪʠʢʘ ï ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʥʘʫʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʘʵʨʦʘʢʫʩʪʠʢʫ, ʛʠʜʨʦʘʢʫʩʪʠʢʫ, 

ʘʢʫʩʪʠʢʫ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ (ʵʪʦ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʨʝʜʳ), ʘ ʪʘʢʞʝ ʣʠʥʝʡʥʫʶ ʠ 

ʥʝʣʠʥʝʡʥʫʶ ʘʢʫʩʪʠʢʫ (ʜʝʣʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ), ʘʪʦʤʥʫʶ ʘʢʫʩʪʠʢʫ, 

ʛʠʜʨʦʣʦʢʘʮʠʶ ʠ ʪ.ʜ. ʉʫʱʝʩʪʚʫʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʥʘʫʢʘ, ʮʝʣʴ ʢʦʪʦʨʦʡ ï ʙʦʨʴʙʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʰʫʤʘʤʠ. ʅʘʠʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʘʢʫʩʪʠʢʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʰʫʤʘʤʠ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʫʨʦʚʥʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʫʨʦʚʥʶ 

ʰʫʤʘ ʠʣʠ, ʛʦʚʦʨʷʪ, ʙʝʣʦʛʦ ʰʫʤʘ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦʙ ʘʙʩʦʣʶʪʥʦ ʩʣʫʯʘʡʥʦʤ ʰʫʤʝ, ʘ ʥʝ ʦ ʨʘʙʦʪʝ 

ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʤʦʥʦʪʦʥʥʦ ʰʫʤʷʱʝʛʦ ʜʚʠʛʘʪʝʣʷ. ɼʘʣʝʝ ʤʳ ʟʘʡʤʝʤʩʷ ʠʟʫʯʝʥʠʝʤ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʫʢʘ. 

ɸʢʫʩʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʫʣʘʚʣʠʚʘʶʪʩʷ ʫʰʘʤʠ (ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ) ʠʣʠ ʟʘʤʝʥʷʶʱʠʤʠ 

ʠʭ ʩʣʫʭʦʚʳʤʠ ʦʨʛʘʥʘʤʠ (ʫ ʨʳʙ, ʟʝʤʥʦʚʦʜʥʳʭ ʠ ʥʘʩʝʢʦʤʳʭ ʫʰʝʡ, ʢʘʢ ʪʘʢʦʚʳʭ, ʥʝʪ, ʥʦ ʩʣʳʰʘʪ 

ʦʥʠ ʧʨʝʢʨʘʩʥʦ). ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʜʠʘʧʘʟʦʥʳ ʩʣʳʰʠʤʦʩʪʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʘ ʤʫʟʳʢʘʣʴʥʳʭ ʥʦʪ ʧʝʨʚʦʡ ʦʢʪʘʚʳ. ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʚʪʦʨʦʡ ʦʢʪʘʚʳ 

ʧʦʣʫʯʘʝʪʩʷ ʫʜʚʦʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʝʨʚʦʡ ʦʢʪʘʚʳ. ʅʘʧʨʠʤʝʨ, ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʥʦʪʳ ʣ ̫ʚʪʦʨʦʡ 

ʦʢʪʘʚʳ ʨʘʚʥʘ 880 ɻʮ, ʣ ̫ʪʨʝʪʴʝʡ ʦʢʪʘʚʳ ï 1720 ɻʮ, ʘ ʣ ̫ʤʘʣʦʡ ʦʢʪʘʚʳ ï 220 ɻʮ ʠ ʪ.ʜ. 

ʊʘʙʣʠʮʘ 1 

ɼʠʘʧʘʟʦʥ ʩʣʳʰʠʤʦʩʪʠ ʠ ʯʘʩʪʦʪʘ ʟʚʫʯʘʥʠʷ ʥʦʪ ʧʝʨʚʦʡ ʦʢʪʘʚʳ 

ʏʝʣʦʚʝʢ  

ʉʦʙʘʢʘ  

ʂʦʰʢʘ  

ʂʫʟʥʝʯʠʢ  

ɿʝʤʣʝʨʦʡʢʘ  

ʃʝʪʫʯʘʷ ʤʳʰʴ  

ɼʝʣʴʬʠʥ  

20 ɻʮ ï 20 ʢɻʮ  

15 ɻʮ ï 50 ʢɻʮ  

60 ɻʮ ï 60 ʢɻʮ  

5 ʢɻʮ ï 95 ʢɻʮ  

7 ʢɻʮ ï 115 ʢɻʮ  

7 ʢɻʮ ï 200 ʢɻʮ  

4 ʢɻʮ ï 200 ʢɻʮ  

ɼʦ  

ʈʝ  

ʄʠ  

ʌʘ  

ʉʦʣʴ  

ʃʷ  

ʉʠ  

261,63 ɻʮ  

293,66 ɻʮ  

329,63 ɻʮ  

349,23 ɻʮ  

392,00 ɻʮ  

440,00 ɻʮ  

493,88 ɻʮ  

ɼʦʙʘʚʠʤ ʢ ʩʢʘʟʘʥʥʦʤʫ, ʛʦʣʦʩʦʚʳʝ ʩʚʷʟʢʠ ʯʝʣʦʚʝʢʘ ʧʨʠ ʨʘʟʛʦʚʦʨʝ ʠʟʜʘʶʪ ʟʚʫʢʠ ʩ ʯʘʩʪʦʪʦʡ 

ʦʪ 300 ʜʦ 3000 ɻʮ. ʊʘʣʘʥʪʣʠʚʳʝ ʧʝʚʮʳ ʩʧʦʩʦʙʥʳ ʧʝʨʝʢʨʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʫʟʳʢʘʣʴʥʳʭ ʦʢʪʘʚ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʣʫʭʘ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʫ ʩʣʝʧʳʭ ʦʥ ʙʦʣʝʝ ʨʘʟʚʠʪ ʠ 

ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 15 ɻʮ ʜʦ 23 ʢɻʮ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʯʫʚʩʪʚʫʶʪ ʟʚʫʢ 

ʢʦʩʪʷʤʠ ʯʝʨʝʧʘ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʨʦʣʴ ʨʝʟʦʥʘʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ 

200 ʢɻʮ. ʉʣʝʧʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʦʨʦʰʦ ʩʣʳʰʘʪ ʥʦʛʘʤʠ, ʥʘʧʨʠʤʝʨ, ʰʘʛʠ, ʢʦʪʦʨʳʝ ʦʪʜʘʶʪʩʷ ʧʦ 

ʧʦʣʫ. ʏʘʩʪʦʪʳ ʥʠʞʝ 50 ɻʮ ʤʦʛʫʪ ʦʱʫʱʘʪʴʩʷ ʢʦʞʝʡ. ʏʘʩʪʦʪʳ ʚʳʰʝ 10 ʢɻʮ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ, 

ʧʦʵʪʦʤʫ ʧʠʩʢ ʢʦʤʘʨʘ ʤʦʞʥʦ ʫʩʣʳʰʘʪʴ ʪʦʣʴʢʦ ʚʙʣʠʟʠ ʫʭʘ. 

ʇʦʯʝʤʫ, ʢʦʛʜʘ ʟʘʚʦʜʷʪ ʨʝʯʴ ʦʙ ʘʢʫʩʪʠʢʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʷʪ ʧʨʝʜʝʣʳ ʩʣʳʰʠʤʦʩʪʠ 

ʠ ʤʫʟʳʢʘʣʴʥʳʡ ʨʷʜ (ʩʤ. ʪʘʙʣ. 1)? ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʘʤ ʪʝʨʤʠʥ akustik ʩʚʷʟʘʥ ʩ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʤʠ 

ʩʣʦʚʘʤʠ: ʩʣʫʰʘʪʴ, ʩʣʳʰʠʤʳʡ, ʩʣʫʭʦʚʦʡ ʠ ʪ.ʜ. ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʵʪʦʡ 

ʜʨʝʚʥʝʡ ʦʪʨʘʩʣʠ ʟʥʘʥʠʡ, ʦʩʫʱʝʩʪʚʣʝʥʥʦʝ ʧʠʬʘʛʦʨʝʡʮʘʤʠ ʚ 6-3 ʚʝʢʝ ʜʦ ʥʘʰʝʡ ʵʨʳ, ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʫʟʳʢʘʣʴʥʦʡ ʪʝʦʨʠʠ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɺ 17 ʚʝʢʝ 

ʥʘʰʝʡ ʵʨʳ ʵʪʘ ʥʘʫʢʘ ʩʪʘʣʘ ʯʘʩʪʴʶ ʬʠʟʠʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. 
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ɿʥʘʤʝʥʠʪʳʡ ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʝʥʳʡ ɾʘʥ ɹʘʪʠʩʪ ɾʦʟʝʬ ʌʫʨʴʝ (1768ï1830) ʜʦʢʘʟʘʣ, ʯʪʦ 

ʣʶʙʦʡ ʩʢʦʣʴ ʫʛʦʜʥʦ ʩʣʦʞʥʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʕʪʘ ʝʛʦ ʪʝʦʨʝʤʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʠʙʦʨʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʝʝ ʦʩʥʦʚʝ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʫʭʦ 

ʩʧʦʩʦʙʥʦ ʨʘʟʣʠʯʠʪʴ ʦʪʜʝʣʴʥʳʝ ʟʚʫʢʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʜʘʚʘʝʤʳʝ, ʥʘʧʨʠʤʝʨ, ʜʚʠʞʫʱʠʤʩʷ ʧʦʝʟ-

ʜʦʤ, ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʩʪʘʥʮʠʠ, ʠ ʛʦʣʦʩʦʤ ʩʦʙʝʩʝʜʥʠʢʘ, 

ʢʦʪʦʨʳʡ ʚʳʟʚʘʣʩʷ ʚʘʩ ʧʨʦʚʦʞʘʪʴ. 

ʆʥʠ ʥʝ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʫʰʥʦʡ ʫʣʠʪʢʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʩʪʦʷʯʠʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʚʦʟʜʫʰʥʦʤ ʩʪʦʣʙʝ ʪʨʫʙʳ ʠ ʦʨʛʘʥʘ ʠʣʠ ʥʘ 

ʩʪʨʫʥʘʭ ʛʠʪʘʨʳ ʠ ʩʢʨʠʧʢʠ. ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʩʪʦʷʯʘʷ ʚʦʣʥʘ ʩʫʱʝʩʪʚʫʝʪ ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ. ʅʦ 

ʠʟ-ʟʘ ʧʦʪʝʨʴ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʟʦʥʘʪʦʨʘʭ, ʟʚʫʢ ʧʦʩʪʝʧʝʥʥʦ ʫʛʘʩʘʝʪ. ɼʣʷ ʝʛʦ ʧʦʜʜʝʨʞʘʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʧʦʜʧʠʪʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʥʫʞʥʳʝ 

ʪʦʯʢʠ ʨʝʟʦʥʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʙʝʛʫʱʝʡ ʚʦʣʥʳ. ɹʝʛʫʱʠʝ ʠ ʩʪʦʷʯʠʝ ʚʦʣʥʳ ʩʦʩʫʱʝʩʪʚʫʶʪ ʚʤʝʩʪʝ, 

ʦʙʨʘʟʫʷ ʜʠʥʘʤʠʯʥʳʡ ʨʠʩʫʥʦʢ, ʥʘʙʣʶʜʘʶʱʠʡʩʷ ʥʘ ʢʦʣʝʙʣʶʱʝʡʩʷ ʩʪʨʫʥʝ. 

ʋʣʴʪʨʘʟʚʫʢʦʤ ʥʘʟʳʚʘʶʪ ʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʚʝʨʭʥʠʡ ʧʦʨʦʛ 

ʩʣʳʰʠʤʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʧʨʠʯʝʤ ʯʘʩʪʦʪʘ 20 ʢɻʮ ʷʚʣʷʝʪʩʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ. ɺʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʜʣʷ ʥʝʛʦ ʩʣʫʞʠʪ ʯʘʩʪʦʪʘ ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ ʤʠʣʣʠʘʨʜʘ ʢʦʣʝʙʘʥʠʡ ʚ 

ʩʝʢʫʥʜʫ, ʪ.ʝ. 10 9 ɻʮ = 1 ɻɻʮ (ʛʦʚʦʨʷʪ, ʦʜʠʥ ʛʠʛʘʛʝʨʮ). ʏʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʩʚʳʰʝ 1 ɻɻʮ ʥʘʟʳʚʘʝʪʩʷ 

ʛʠʧʝʨʟʚʫʢʦʤ, ʘ ʥʠʞʝ ʜʠʘʧʘʟʦʥʘ ʩʣʳʰʠʤʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʪ.ʝ. ʤʝʥʝʝ 20 ɻʮ ï ʠʥʬʨʘʟʚʫʢʦʤ (ʵʪʠ 

ʯʘʩʪʦʪʳ ʥʘʩ ʠʥʪʝʨʝʩʦʚʘʪʴ ʥʝ ʙʫʜʫʪ). 

ɺʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʣʶʙʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ï ʟʚʫʢʘ, ʫʣʴʪʨʘʟʚʫʢʘ ʠʣʠ ʛʠʧʝʨʟʚʫʢʘ ï 

ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʭ ʚ ʩʨʝʜʝ. ɹʝʟ ʩʨʝʜʳ ʥʠʢʘʢʠʝ ʚʦʣʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʛʫʪ. 

ʀʤʝʥʥʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ï ʝʝ ʧʣʦʪʥʦʩʪʴ ( ɟ ) ʠ ʩʞʠʤʘʝʤʦʩʪʴ ( ɓ ) ï ʦʧʨʝʜʝʣʷʶʪ 

ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʦʙʱʝʤ ʚʠʜʝ: 

 
ɼʣʷ ʛʘʟʦʚ ʵʪʫ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ: 

 
ʛʜʝ ɔ ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ: 5/3 ʜʣʷ ʦʜʥʦʘʪʦʤʥʳʭ ʛʘʟʦʚ, 7/5 ʜʣʷ ʜʚʫʭʘʪʦʤʥʳʭ (ʠ ʜʣʷ ʚʦʟʜʫʭʘ), 4/3 

ʜʣʷ ʤʥʦʛʦʘʪʦʤʥʳʭ; k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; T ï 

ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʝʣʴʚʠʥʘʭ; t ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʠʷ; m ï ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ; M ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ. 

ʇʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʛʘʟʘʭ ʙʣʠʟʢʘ ʢ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʧʦʢʘʟʘʪʝʣʷ ʘʜʠʘʙʘʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʥʶ ʠʟ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʣʷ ʪʚʸʨʜʳʭ ʪʝʣ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʜʨʫʛʦʡ ʬʦʨʤʫʣʝ: 

,  

ʛʜʝ K ï ʤʦʜʫʣʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ; E ï ʤʦʜʫʣʴ ʖʥʛʘ; ɜ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʨʘʙʦʪʘʶʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʣʠʥʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ( ɚ ) ʦʛʨʦʤʥʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʠ ʨʘʟʤʝʨʘʤʠ ʩʘʤʠʭ ʤʦʣʝʢʫʣ. ʅʦ ʢʘʢ ʪʦʣʴʢʦ 

ʵʪʠ ʫʩʣʦʚʠʷ ʧʝʨʝʩʪʘʶʪ ʚʳʧʦʣʥʷʪʴʩʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʩʧʝʨʩʠʷ (ʦʪ ʣʘʪ. dispergo ï ʨʘʩʩʝʠʚʘʪʴ), ʪ.ʝ. 

ʨʘʩʩʝʷʥʠʷ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʤʦʣʝʢʫʣʘʭ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʯʘʩʪʦʪʳ ʚ ʪʨʝʭ ʫʧʨʫʛʠʭ ʩʨʝʜʘʭ ʙʝʟ 

ʟʘʪʫʭʘʥʠʷ. ɺ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘ 

ʯʘʩʪʦʪʫ ( c = ɚ Ŀ f ), ʚ ʚʦʟʜʫʭʝ, ʚʦʜʝ ʠ ʜʝʨʝʚʝ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ï 5000, 1450 ʠ 340 ʤ/ʩ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʵʪʠ ʩʢʦʨʦʩʪʠ ʚʩʝʮʝʣʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʣʦʪʥʦʩʪʴʶ (ɟ) ʠ 

ʫʧʨʫʛʦʩʪʴʶ (ɛ) ʩʨʝʜʳ; ʜʣʠʥʘ ʚʦʣʥʳ (ɚ) ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ (f ) ʥʝ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. 

ʄʝʞʜʫ ʪʝʤ, ʙʳʪʫʝʪ ʤʥʝʥʠʝ, ʙʫʜʪʦ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʧʦʷʚʣʝʥʠʷ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʟʥʘʯʝʥʠʷ c. 
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ʊʘʙʣʠʮʘ 2 
ɼʣʠʥʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʪʨʝʭ ʩʨʝʜʘʭ ʙʝʟ ʜʠʩʧʝʨʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ. 

f , ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ 

 

20 ɻʮ 

50 ɻʮ 

100 ɻʮ 

200 ɻʮ 

1 ʢɻʮ 

5 ʢɻʮ 

10 ʢɻʮ 

20 ʢɻʮ 

50 ʢɻʮ 

100 ʢɻʮ 

200 ʢɻʮ 

500 ʢɻʮ 

1 ʄɻʮ 

ɚ ʚ ʜʝʨʝʚʝ 

c = 5000 ʤ/ʩ 

 

250 

100 

50 

25 

5 

1 

0,5 

0,25 

0,1 

0,05 

0,025 

0,01 

0,005 

ɚ ʚ ʚʦʜʝ 

c = 1450 ʤ/ʩ 

 

72,5 

29 

14,5 

7,25 

1,45 

0,29 

0,145 

0,073 

0,029 

0,015 

0,007 

0,003 

0,0015 

ɚ ʚ ʚʦʟʜʫʭʝ 

c = 340 ʤ/ʩ 

 

17 

6,8 

3,4 

1,7 

0,34 

0,068 

0,034 

0,017 

0,0068 

0,0034 

0,0017 

0,0007 

0,0003 

 

ɼʘʞʝ ʧʨʠ ʯʘʩʪʦʪʝ ʤʠʣʣʠʦʥ ʢʦʣʝʙʘʥʠʡ ʚ ʩʝʢʫʥʜʫ ʜʣʠʥʘ ʚʦʣʥʳ ʦʩʪʘʝʪʩʷ ʚʧʦʣʥʝ ʚʠʜʠʤʦʡ 

ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʥʝʚʦʦʨʫʞʝʥʥʦʛʦ ʛʣʘʟʘ: 5 ʤʤ ʜʣʷ ʜʝʨʝʚʘ, 1,5 ʤʤ ʜʣʷ ʚʦʜʳ ʠ 0,3 ʤʤ ʜʣʷ ʚʦʟʜʫʭʘ, ʯʪʦ 

ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣ ʠʣʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʪʚʝʨʜʳʭ 

ʪʝʣʘʭ, ʞʠʜʢʦʩʪʷʭ ʠ ʛʘʟʘʭ. 

ʊʘʢ, ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʤʦʣʝʢʫʣ ʛʘʟʘ ʩʦʩʪʘʚʣʷʝʪ 6 Ŀ 10 ï10 ʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʛʘʟʘ ï 3 Ŀ 10 ï9 ʤ, ʨʘʟʤʝʨʳ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ, ʥʘʧʨʠʤʝʨ, ʣʠʧʦʧʨʦʪʝʠʜʦʚ ï (3 õ 5) Ŀ 10 ï8 ʤ, 

ʜʠʘʤʝʪʨ ʵʨʠʪʨʦʮʠʪʘ ï 8 Ŀ 10 ï6 ʤ, ʜʠʘʤʝʪʨ ʢʘʧʠʣʣʷʨʘ ï (4 õ 10) Ŀ 10 ï6 ʤ, ʜʠʘʤʝʪʨ ʘʨʪʝʨʠʠ ï 10 ï2 ʤ. 

ʋʧʨʫʛʠʝ ʚʝʱʝʩʪʚʘ ʚʨʦʜʝ ʜʝʨʝʚʘ, ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʩ ʫʢʘʟʘʥʥʦʡ ʚ ʪʘʙʣ. 2 ʜʣʠʥʦʡ ʚʦʣʥʳ ʚʝʜʫʪ 

ʩʝʙʷ ʢʘʢ ʩʧʣʦʰʥʳʝ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠʯʢʠ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ, 

ʢʘʟʘʣʦʩʴ ʙʳ, ʦʯʝʥʴ ʙʳʩʪʨʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʚʦʟʙʫʞʜʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʥʠʭ, ʪ.ʝ. ʙʝʟ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚ ʠʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʝʠʚʘʣʘʩʴ ʙʳ ʥʘ 

ʤʦʣʝʢʫʣʘʭ ʚ ʚʠʜʝ ʪʝʧʣʘ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ï ʙʫʜʝʪ ʣʠ ʚʝʱʝʩʪʚʦ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʘʨʦʦʙʨʘʟʥʦʤ (ʛʘʟʦʚʦʤ) ʩʦʩʪʦʷʥʠʠ, ʞʠʜʢʦʤ ʠʣʠ ʪʚʝʨʜʦʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʴ 

ʟʚʫʢʘ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ ʨʘʚʥʘ 1482 ʤ/ʩ ʠʣʠ 5335 ʢʤ/ʯ. ɺ ʚʦʜʷʥʦʤ ʧʘʨʝ ʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ï 

405 ʤ/ʩ. ʃʸʜ ʞʝ ʧʨʦʚʦʜʠʪ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʯʪʠ ʚ 10 ʨʘʟ ʙʳʩʪʨʝʝ ï 3980 ʤ/ʩ. ɺ 

ʩʦʣʸʥʦʤ ʨʘʩʪʚʦʨʝ, ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ 

ʟʚʫʢʘ. ʊʘʢ, ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʩʥʦʡ, ʠ ʨʘʚʥʘ 1533 ʤ/ʩ, ʘ ʚ 

ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ (NaCl) ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 1650 ʤ/ʩ. 

ɺ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ. ʀʟ ʥʝʸ ʚʠʜʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʜʣʷ ʞʠʜʢʠʭ ʩʨʝʜ ʚʳʰʝ, ʯʝʤ ʜʣʷ 

ʛʘʟʦʚʳʭ, ʥʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʪʚʝʨʜʳʭ. ʆʜʥʘʢʦ ʜʣʷ ʚʦʜʦʨʦʜʥʦʛʦ ʛʘʟʘ ʵʪʘ ʩʢʦʨʦʩʪʴ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, 

ʯʝʤ ʜʣʷ ʞʠʜʢʦʛʦ ʵʬʠʨʘ, ʙʝʥʟʠʥʘ, ʘʮʝʪʦʥʘ ʠ ʩʧʠʨʪʦʚ. ɸʥʘʣʦʛʠʯʥʦʝ ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ. ʊʚʝʨʜʳʡ ʩʚʠʥʝʮ ʧʨʦʚʦʜʠʪ ʟʚʫʢ ʯʫʪʴ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʙʝʥʟʦʣ, 

ʘ ʢʝʨʦʩʠʥ ʠ ʛʣʠʮʝʨʠʥ ʙʳʩʪʨʝʝ, ʯʝʤ ʨʝʟʠʥʘ ʠ ʛʨʘʬʠʪ. 

ʊʘʙʣʠʮʘ 3 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʨʝʜʘʭ 

ɻʘʟʦʚʳʝ ʩʨʝʜʳ 

 

ʇʘʨʳ ʵʬʠʨʘ 

ʍʣʦʨ 

ʇʘʨʳ ʩʧʠʨʪʘ 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ 

ʂʠʩʣʦʨʦʜ 

ɸʮʝʪʠʣʝʥ 

ɺʦʟʜʫʭ (0 ÁC) 

ɺʦʟʜʫʭ (20 ÁC) 

ʤ/ʩ 

 

179 

206 

230 

259 

316 

327 

331 

343 
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ɸʟʦʪ 

ʋʛʘʨʥʳʡ ʛʘʟ 

ɺʦʜʷʥʦʡ ʧʘʨ 

ɸʤʤʠʘʢ 

ʄʝʪʘʥ 

ʅʝʦʥ 

ɻʝʣʠʡ 

ɺʦʜʦʨʦʜ  

 

ɾʠʜʢʠʝ ʩʨʝʜʳ 

 

ʂʠʩʣʦʨʦʜ ʞʠʜʢʠʡ 

ʕʬʠʨ  

ʉʧʠʨʪ (ʤʝʪʠʣ.) 

ɹʝʥʟʠʥ 

ʉʧʠʨʪ (ʵʪʠʣ.) 

ɸʮʝʪʦʥ 

ʊʦʣʫʦʣ 

ɹʝʥʟʦʣ 

ʈʪʫʪʴ 

ɺʦʜʘ ʧʨʝʩʥʘʷ 

ɺʦʜʘ ʤʦʨʩʢʘʷ 

ʈʘʩʪʚʦʨ NaCl 

ʉʚʠʥʝʮ ʨʘʩʧʣ. 

ɻʣʠʮʝʨʠʥ 

ʆʣʦʚʦ ʨʘʩʧʣ. 

ʂʝʨʦʩʠʥ 

 

ʊʚʝʨʜʳʝ ʩʨʝʜʳ 

 

ʉʚʠʥʝʮ 

ʉʪʝʘʨʠʥ 

ɻʨʘʬʠʪ 

ʈʝʟʠʥʘ 

ʕʙʦʥʠʪ 

ɿʦʣʦʪʦ 

ʄʝʜʴ 

ʂʠʨʧʠʯ 

ʏʫʛʫʥ 

ʃʝʜ 

ʉʦʩʥʘ 

ɾʝʣʝʟʦ 

ʉʪʝʢʣʦ 

ʉʪʘʣʴ 

ɸʣʤʘʟ 

334 

338 

405 

415 

430 

435 

965 

1284 

 

ʤ/ʩ 

 

912  

985  

1143  

1170  

1180  

1190  

1324  

1324  

1453  

1482  

1533  

1650  

1790  

1923  

2270  

2330  

 

ʤ/ʩ 

 

1322 

1470 

1600 

2400 

3240 

3560 

3600 

3850 

3980 

5030 

5130 

5640 

6000 

18000 

ʃʝʛʢʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʛʘʟʦʚʳʭ ʤʦʣʝʢʫʣ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʚʦʜʦʨʦʜʘ ʠ ʛʝʣʠʷ) 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʢʦʨʝʡʰʝʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʢʦʣʝʙʘʥʠʡ. ʏʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʡ ʩʨʝʜʳ, 

ʪʝʤ ʙʦʣʴʰʝ ʝʝ ʫʧʨʫʛʦʩʪʴ, ʧʦʜʚʠʞʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ. ʊʘʢ, ʚʦʟʜʫʭ ʧʨʠ ʥʫʣʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʚʦʜʠʪ ʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 331 ʤ/ʩ, ʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï 343 ʤ/ʩ. 

ʅʦ ʩ ʧʘʜʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭ çʛʫʩʪʝʝʪè, ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʝʪ. ʈʘʩʩʯʠʪʳʚʘʷ ʚ ʥʸʤ 

ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʯʪʦ-ʪʦ ʦʜʥʦ ï ʣʠʙʦ ʪʝʤʧʝʨʘʪʫʨʫ, ʣʠʙʦ ʧʣʦʪʥʦʩʪʴ. ʆʙʳʯʥʦ 

ʛʦʚʦʨʷʪ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 0,6 

ʤ/ʩ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1ÁC. ɹʦʣʝʝ ʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ (ʟʜʝʩʴ t ʠʟʤʝʨʷʝʪʩʷ ʚ ÁC): 



VEcordia, ʠʟʚʣʝʯʝʥʠʝ R-OAKL -4  ʆ. ɸʢʠʤʦʚ. çʕʬʬʝʢʪ ɼʦʧʣʝʨʘè 

  
6 

c = 331,5 (1 + t / 273,5) İ . 

 

ʊʘʙʣʠʮʘ 4 

ʀʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʩʫʭʦʤ ʚʦʟʜʫʭʝ 

ʦʪ ʠʟʤʝʥʝʥʠʡ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʧʣʦʪʥʦʩʪʠ; 

ʚ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ ʫʢʘʟʘʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Z 

c, ʤ/ʩ 

 

351,96  

349,08  

346,18  

343,26  

340,31  

337,33  

334,33  

331,30  

328,24  

325,16  

322,04  

318,89  

315,72  

t, ÁC 

 

+35  

+30  

+25  

+20  

+15  

+10  

+05  

0 

ï5  

ï10  

ï15  

ï20  

ï25  

ɟ, ʢʛ/ʤį 

 

1,1455  

1,1644  

1,1839  

1,2041  

1,2250  

1,2466  

1,2690  

1,2920  

1,3163  

1,3413  

1,3673  

1,3943  

1,4224  

Z, 

HĿʩ/ʤį 

 

403,2  

406,5  

409,4  

413,3  

416,9  

420,5  

424,3  

428,0  

432,1  

436,1  

440,3  

444,6  

449,1  

 

 

 
ʈʠʩ. 1. ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʣʦʪʥʦʩʪʝʡ ʚʦʟʜʫʭʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʚ ʪʝʯʝʥʠʝ ʠʶʥʷ ʥʘ ʰʠʨʦʪʝ ʄʦʩʢʚʳ. 
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ɺ ʯʝʪʚʝʨʪʦʤ ʩʪʦʣʙʮʝ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʠʣʠ, ʠʥʘʯʝ, ʦʪʥʦʰʝʥʠʶ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ( p ) ʢ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʯʘʩʪʠʮʳ ( v ): Z = ɟc = p / v . 

ɼʚʦʷʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ 

ʩʨʝʜʳ: v = p / cɟ , ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʪʘʢ ʢʘʢ v / c = p / ɟ << 1. 

ʇʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ï ʢʦʥʩʪʘʥʪʳ, ʪʦ ʠʟʤʝʥʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʯʘʩʪʠʮʳ ʚʩʝʮʝʣʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʝʙʘʥʠʡ ʜʘʚʣʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʦʡ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʣʦʩʢʠʭ ʚʦʣʥ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʥʘ ʧʣʦʩʢʫʶ ʛʨʘʥʠʮʫ 

ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ: 

K = | Z1 ï Z2 | / | Z1 + Z2 | . 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʦʣʥʘ ʠʜʝʪ ʠʟ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ( Z1 = 430 H Ŀ ʩ / ʤį ) ʚ 

ʚʦʜʥʫʶ ( Z2 = 1482 Ŀ 10į H Ŀ ʩ / ʤį ), ʪʦ ʚʩʷ ʦʥʘ, ʧʨʘʢʪʠʯʝʩʢʠ, ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʝʪʩʷ, ʪʘʢ ʢʘʢ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʙʣʠʟʦʢ ʢ ʝʜʠʥʠʮʝ (K = 0,999). ɺ ʩʘʤʦʤ ʜʝʣʝ, ʥʳʨʥʫʚ ʧʦʜ ʚʦʜʫ, ʤʳ 

ʥʠʯʝʛʦ ʥʝ ʩʣʳʰʠʤ, ʢʦʛʜʘ ʥʘʤ ʯʪʦ-ʪʦ ʢʨʠʯʘʪ ʩ ʙʝʨʝʛʘ. ɿʚʫʢ ʢʨʠʯʘʱʝʛʦ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʚʦʜʥʦʡ ʛʣʘʜʠ 

ʠ ʥʝ ʧʨʦʭʦʜʠʪ ʢ ʥʳʨʥʫʚʰʝʤʫ. ʅʠʯʝʛʦ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʘʚʠʪʴ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʠʟ ʚʦʜʳ ʚ ʚʦʟʜʫʭ. 

ʅʦ ʢʦʛʜʘ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩʦ ʩʨʝʜʘʤʠ, ʙʣʠʟʢʠʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʧʘʨʘ ʞʠʨ-ʚʦʜʘ (ʫ ʞʠʨʘ Z = 1335 Ŀ 10į H Ŀ ʩ / ʤį ), ʢʘʨʪʠʥʘ ʨʘʜʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦ K = 0,1. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʦʙʣʘʩʪʝʡ ʩ 

ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʣʦʢʘʮʠʷ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʘʨʳ ʞʠʨïʤʳʰʮʳ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʪʦʞʝ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 0,1; ʜʣʷ 

ʧʘʨʳ ʢʦʩʪʴïʤʳʰʮʳ ï 0,65; ʜʣʷ ʧʘʨʳ ʢʨʦʚʴïʧʦʯʢʠ ï 0,03. ʅʦ ʝʩʣʠ ʚ ʧʦʯʢʘʭ ʠʤʝʶʪʩʷ ʚʨʝʜʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʪʘʢʠʭ ʧʦʯʝʯʥʳʭ ʢʘʤʥʝʡ ʜʦʩʪʠʛʘʝʪ 0,3, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʣʝʛʢʦ ʦʙʥʘʨʫʞʠʪʴ ʠʭ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʣʦʢʘʮʠʦʥʥʦʤ ʧʨʠʥʮʠʧʝ. 

ʇʨʠ ʟʘʜʘʥʥʦʡ ʘʤʧʣʠʪʫʜʝ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʜʨʘʪʘ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜʘʭ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ, ʢʦʛʜʘ 

ʢʦʣʝʙʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʧʘʜʘʶʪ ʚ ʜʠʘʧʘʟʦʥ ʫʣʴʪʨʘʟʚʫʢʘ. 

ʊʦʛʜʘ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʨʝʜʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚʦʣʥʘ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʠʣʦʦʙʨʘʟʥʫʶ ʢʨʠʚʫʶ. ʀʥʪʝʥʩʠʚʥʳʡ ʫʣʴʪʨʘʟʚʫʢ ʩʠʣʴʥʝʝ 

ʧʦʛʣʦʱʘʝʪʩʷ ʩʨʝʜʦʡ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʝʛʦ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʜʝʩʪʨʫʢʮʠʶ 

ʩʨʝʜʳ, ʝʩʣʠ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʛʘʟʘʭ ʠ ʞʠʜʢʦʩʪʷʭ ʵʥʝʨʛʠʷ ʠʜʝʪ ʥʘ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʘʢʫʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʤʦʣʝʢʫʣ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ. 

ʋʯʠʪʳʚʘʷ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʩʨʝʜʫ, ʚ ʚʦʟʜʫʭʝ ʠ ʜʨʫʛʠʭ ʛʘʟʘʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʫʣʴʪʨʘʟʚʫʢ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ, ʧʦʨʷʜʢʘ 1,5 Ŀ 10 4 õ 10 5 ɻʮ, ʜʣʷ ʞʠʜʢʦʩʪʝʡ ï ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʳ, 10 5 õ 

10 7 ɻʮ, ʠ ʜʣʷ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ï ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 10 7 õ 10 9 ɻʮ. ʏʘʩʪʦʪʘ ʠ ʜʣʠʥʘ ʚʦʣʥʳ, ʢʘʢ ʤʳ 

ʟʥʘʝʤ (ʩʤ. ʪʘʙʣ. 2), ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʯʘʩʪʦʪʥʦʤʫ 

ʜʠʘʧʘʟʦʥʫ ȹf = 10 7 õ 10 9 ɻʮ ʦʪʚʝʯʘʝʪ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʚ ʚʦʟʜʫʭʝ ȹɚ = 3,4 Ŀ (10 ï3 õ 10 ï5) ʩʤ, ʚ 

ʚʦʜʝ ï ȹɚ = 1,5 Ŀ (10 ï2 õ 10 ï4) ʩʤ, ʚ ʩʪʘʣʠ ï ȹɚ = 5 Ŀ (10 ï2 õ 10 ï4) ʩʤ. 

ʅʘ ʛʨʘʥʠʮʝ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʛʠʧʝʨʟʚʫʢʘ ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʝʪ ɚ = 3,4 Ŀ 10 ï5 ʩʤ 

ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʣʥ ʚ ʵʪʦʡ ʩʨʝʜʝ. ɺ ʞʠʜʢʦʩʪʷʭ ʛʠʧʝʨʟʚʫʢ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʪʨʫʜʦʤ. ʆʙʣʘʩʪʴ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ï ʪʚʝʨʜʳʝ ʪʝʣʘ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ. ʅʘ ʯʘʩʪʦʪʝ f = 

1,5 Ŀ 10 9 ɻʮ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʢʘʞʜʦʛʦ ʩʘʥʪʠʤʝʪʨʘ ʛʠʧʝʨʟʚʫʢ ʦʩʣʘʙʣʷʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. ʊʘʢʘʷ ʯʘʩʪʦʪʘ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʩʦʧʦʩʪʘʚʠʤʘ ʫʞʝ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʧʦʵʪʦʤʫ ʚʩʝ ʷʚʣʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʛʠʧʝʨʟʚʫʢʦʤ, ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʷʭ ʠ ʥʘʦʙʦʨʦʪ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʚ ʢʨʠʩʪʘʣʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʙʨʘʟʫʶʪ ʦʧʪʠʯʝʩʢʫʶ ʠ 

ʘʢʫʩʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ʆʧʪʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʳʟʚʘʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʟʣʫʯʝʥʠʷʤʠ 

ʠ ʧʦʛʣʦʱʝʥʠʷʤʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʥʘ ʜʨʫʛʦʡ. ʇʨʠ ʵʪʦʤ 

ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʢʘʢ ʨʘʟ ʚ ʚʠʜʝ ʛʠʧʝʨʟʚʫʢʘ ʚʧʝʨʝʤʝʰʢʫ ʩ 

ʪʝʧʣʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʩʚʝʪ ʠʟʣʫʯʘʝʪʩʷ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʧʦʨʮʠʷʤʠ, 

ʥʘʟʳʚʘʝʤʳʤʠ ʬʦʪʦʥʘʤʠ, ʛʠʧʝʨʟʚʫʢ ʠʟʣʫʯʘʝʪʩʷ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʬʦʥʦʥʘʤʠ ï ʘʢʫʩʪʠʯʝʩʢʠʤʠ 

ʢʚʘʥʪʘʤʠ. 

ʇʦʩʢʦʣʴʢʫ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʧʨʠʙʦʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ, ʜʘʚʘʡʪʝ ʥʝʤʥʦʛʦ 

ʟʘʜʝʨʞʠʤʩʷ ʥʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʷʭ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʟʘʤʝʪʠʤ, ʯʪʦ ʩʣʦʚʦ 

ʫʣʴʪʨʘʟʚʫʢ ʩʦʢʨʘʱʘʶʪ ʜʦ ʘʙʙʨʝʚʠʘʪʫʨʳ ʋɿ. ʇʦʩʣʝʜʥʶʶ ʙʫʢʚʫ ʚ ʘʙʙʨʝʚʠʘʪʫʨʝ ʋɿʀ ʨʘʩʰʠʬʨʦ-
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ʚʳʚʘʶʪ ʧʦ-ʨʘʟʥʦʤʫ: ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʟʦʙʨʘʞʝʥʠʝ ʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʐʠʨʦʢʦ 

ʧʨʠʥʷʪʳʤʠ ʪʝʨʤʠʥʘʤʠ ʷʚʣʷʶʪʩʷ: ʋɿʀ-ʦʙʩʣʝʜʦʚʘʥʠʝ, ʋɿʀ-ʧʨʠʙʦʨ, ʠ ʥʘʤʥʦʛʦ ʨʝʞʝ: ʋɿ-

ʦʙʩʣʝʜʦʚʘʥʠʝ, ʋɿ-ʧʨʠʙʦʨ. ɺ ʦʩʥʦʚʫ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʋɿʀ-ʧʨʠʙʦʨʘ ʧʦʣʦʞʝʥ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ. 

ʆ ʥʝʤ ʧʦʜʨʦʙʥʦ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʘʰʝʤ ʩʘʡʪʝ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ: 

¶ ʆ ʬʦʨʤʫʣʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ [ʅʠʞʝ ʚ ʵʪʦʤ ʪʦʤʝ] 

¶ ɽʩʪʝʩʪʚʦʟʥʘʥʠʝ. ʃʝʢʮʠʷ 4. ʕʬʬʝʢʪ ɼʦʧʣʝʨʘ [OAKL-2] 

¶ ʂʣʘʩʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ: 1 | 2 | 3 | 4 | 5 

¶ ʏʘʩʪʦ ʟʘʜʘʚʘʝʤʳʝ ʚʦʧʨʦʩʳ ʧʦ ʵʬʬʝʢʪʫ ɼʦʧʣʝʨʘ [ʅʠʞʝ ʚ ʵʪʦʤ ʪʦʤʝ] 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ [ʅʠʞʝ ʚ ʵʪʦʤ ʪʦʤʝ] 

ʉʫʪʴ ʜʝʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʋɿʀ-ʧʨʠʙʦʨ ʧʦʩʳʣʘʝʪ ʋɿ ʢʦʣʝʙʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʦʙʣʘʩʪʴ ʩʝʨʜʮʘ. ɽʛʦ ʤʳʰʮʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʦʢʨʘʱʘʶʪʩʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʢʨʦʚʠ ʚʦ ʚʩʝʡ 

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ, ʢʦʪʦʨʳʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʦʡ: 

 
ɿʜʝʩʴ f ï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʋɿʀ-ʧʨʠʙʦʨʘ ʠ f ' ï ʯʘʩʪʦʪʘ, ʵʭʦ-ʠʟʣʫʯʝʥʠʷ, ʠʜʫʱʝʛʦ ʦʪ 

ʜʚʠʞʫʱʠʭʩʷ ʵʨʠʪʨʦʮʠʪʦʚ ʢʨʦʚʠ ʠ ʧʨʠʥʷʪʘʷ ʧʨʠʸʤʥʠʢʦʤ ʋɿʀ-ʧʨʠʙʦʨʘ; ɓ1 = v1/c ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʘʪʝʣʷ ʋɿ, ɓ2 = v2/c ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠʸʤʥʠʢʘ ʵʭʦ-ʠʟʣʫʯʝʥʠʷ, c ï ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʋɿ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ; ʫʛʣʳ ɗ1 ʠ ɗ2 ʦʙʨʘʟʦʚʘʥʳ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ 

ʩ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʸʤʥʠʢʘ v1 ʠ ʠʩʪʦʯʥʠʢʘ v2. 

ʅʘ ʵʨʠʪʨʦʮʠʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʋɿ ʩʠʛʥʘʣʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʩʥʘʯʘʣʘ ʠʛʨʘʶʪ ʨʦʣʴ 

ʜʚʠʞʫʱʠʭʩʷ ʧʨʠʸʤʥʠʢʦʚ, ʟʘʪʝʤ ï ʜʚʠʞʫʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ ʋɿ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʚʦʜʠʪ 

ʬʦʨʤʫʣʫ, ʦʧʠʩʳʚʘʶʱʫʶ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ, ʢ ʚʠʜʫ: 

.  

ʆʪʩʶʜʘ ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ: 

ɓ = ( f ' ï f ) / 2 f cos ɗ . 

ʇʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ c = 1540 ʤ/ʩ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʵʨʠʪʨʦʮʠʪʦʚ v ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 1ï2 ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʬʦʨʤʫʣʘ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʠʟʣʫʯʘʪʝʣʴ ʠ ʧʨʠʸʤʥʠʢ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʢʦʩʳʤʠ ʫʛʣʘʤʠ ʢ ʧʦʪʦʢʫ: ɗ < 60Á; ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ 

ɗ ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. ɽʩʣʠ ʫʛʣʳ ʧʨʷʤʳʝ: ɗ = Ñ90Á, ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʵʨʠʪʨʦʮʠʪʦʚ ( ɓ ʠʣʠ v ) ʩʪʘʥʦʚʠʪʩʷ ʜʝʣʦʤ ʩʦʚʩʝʤ ʥʝ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ f ' = f. 

ʄʝʞʜʫ ʪʝʤ, ʨʠʩ. 2. ʦʪʯʝʪʣʠʚʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʤ, ʯʪʦ ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʥʘʙʣʶʜʘʪʝʣʝʤ 

ʜʣʠʥʘ ʚʦʣʥʳ ɚ ', ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʯʘʩʪʦʪʝ f ', ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʝʣʠʯʠʥʳ 

ʫʛʣʘ ɗ, ʥʦ ʠ ʦʪ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ɓ. ʅʘʤ ʛʦʚʦʨʷʪ, ʯʪʦ ʢʘʢʦʡ ʙʳ ʥʠ ʙʳʣʘ ʩʢʦʨʦʩʪʴ 

ɓ, ʨʘʚʝʥʩʪʚʦ ɚ ' = ɚ ʚʩʝʛʜʘ ʥʘʩʪʫʧʠʪ ʧʨʠ ʫʛʣʝ ɗ = Ñ90Á. ʊʘʢ ʜʫʤʘʪʴ ï ʟʥʘʯʠʪ, ʩʠʣʴʥʦ ʟʘʙʣʫʞʜʘʪʴʩʷ. 

 

 
 

ʈʠʩ. 2. ʂʘʨʪʠʥʘ ʚʦʣʥ, ʨʘʩʭʦʜʷʱʠʭʩʷ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʚʧʨʘʚʦ 

ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ. ʆʙʲʝʢʪʠʚʥʦ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʜʣʷ ʪʦʯʢʠ ɸ (0Á) ɚ' 

= ɚ (1 ï ɓ), ʜʣʷ ʪʦʯʢʠ ɸ (180Á) ɚ ' = ɚ (1 + ɓ). ɺʦʧʨʦʩ: ʧʨʠ ʢʘʢʦʤ ʫʛʣʝ 

ɗ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴ ʨʘʚʝʥʩʪʚʦ ɚ ' = ɚ? ʄʦʞʝʪ ʙʳʪʴ, ʧʨʠ ɗ = 

Ñ90Á? ʅʝʪ, ʵʪʦ ʦʰʠʙʢʘ, ʪʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ ʫʛʣʘ ɗ ʷʚʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʟʥʘʯʝʥʠʷ ɓ. 

 

http://sceptic-ratio.narod.ru/fi/Doppler.htm
http://sceptic-ratio.narod.ru/fi/es4.htm
R-OAKL-2.DOC#Chap4
http://sceptic-ratio.narod.ru/fi/sl/s1.png
http://sceptic-ratio.narod.ru/fi/sl/s2.png
http://sceptic-ratio.narod.ru/fi/sl/s3.png
http://sceptic-ratio.narod.ru/fi/sl/s4.png
http://sceptic-ratio.narod.ru/fi/sl/s5.png
http://sceptic-ratio.narod.ru/fi/Doppler-F.htm
http://sceptic-ratio.narod.ru/fi/Doppler_Ultrasound.htm
http://sceptic-ratio.narod.ru/fi/Doppler_Ultrasound.htm
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ʅʝʚʘʞʥʦ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʥʘʙʣʶʜʘʪʝʣʴ ï ʨʷʜʦʤ ʩ ʠʩʪʦʯʥʠʢʦʤ, ʛʜʝ-ʪʦ ʚ ʦʜʥʦʡ ʠʟ ʪʦʯʝʢ ɸ ʠʣʠ 

ʩʤʦʪʨʠʪ ʥʘ ʚʦʣʥʦʚʫʶ ʢʘʨʪʠʥʫ ʦʪʢʫʜʘ-ʥʠʙʫʜʴ ʩʚʝʨʭʫ ï ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʥ ʩʤʦʞʝʪ ʩʥʷʪʴ 

ʟʘʚʠʩʠʤʦʩʪʴ ɚ ' ʦʪ ʫʛʣʘ ɗ ʠ ʩʢʦʨʦʩʪʠ ɓ: 

ʧʨʠ ɗ = 0Á , ɚ ' = ɚ (1 ï ɓ) ; ʧʨʠ ɗ = 180Á , ɚ ' = ɚ (1 + ɓ). 

ʕʪʠ ʜʚʝ ʬʦʨʤʫʣʳ ʵʣʝʤʝʥʪʘʨʥʳ, ʠ ʚʩʝʤ ʠʟʚʝʩʪʥʳ ʩʦ ʰʢʦʣʴʥʦʡ ʩʢʘʤʴʠ. ʊʨʫʜʥʦʩʪʠ ʚʳʟʳʚʘʣ 

ʩʣʫʯʘʡ ʨʘʚʝʥʩʪʚʘ ʜʣʠʥ ʚʦʣʥ: ɚ ' = ɚ. ɻʜʝ, ʚ ʢʘʢʦʤ ʤʝʩʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʜʝʩʴ ʢʘʨʪʠʥʳ ʚʦʣʥ ʦʥ 

ʧʨʦʠʟʦʡʜʝʪ? 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʵʪʦʪ ʤʦʤʝʥʪ ʥʘʩʪʫʧʠʪ ʧʨʠ ʫʛʣʝ ɗ = 90Á. ʅʦ ʠʥʪʫʠʪʠʚʥʦ 

ʢʘʞʜʳʡ ʧʦʥʠʤʘʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʛʦ ʫʛʣʘ ɗ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ: ʯʝʤ 

ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ɓ, ʪʝʤ ʙʦʣʴʰʝ ʣʠʥʠʷ, ʛʜʝ ɚ ' = ɚ, ʦʪʢʣʦʥʷʝʪʩʷ ʚʣʝʚʦ ʦʪ ʚʝʨʪʠʢʘʣʠ (ʨʠʩ. 2), ʪ.ʝ. 

ʫʛʦʣ ɗ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʪʫʧʳʤ. ʅʝ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴʩʷ ʪʘʢ, ʯʪʦ ʩʢʦʨʦʩʪʴ ɓ ʢʘʢ-ʪʦ ʤʝʥʷʝʪʩʷ, ʘ 

ʫʛʦʣ ɗ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʧʨʷʤʳʤ. 

ʀʪʘʢ, ʠʟ ʨʘʥʝʝ ʧʨʠʚʦʜʠʤʦʡ ʬʦʨʤʫʣʳ: 

 
ʥʘʤ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʫʛʦʣ ɗ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ɓ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʨʘʚʝʥʩʪʚʦ : ɚ ' = ɚ. ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʵʪʦ ʫʩʣʦʚʠʝ ʚ ʜʘʥʥʫʶ ʬʦʨʤʫʣʫ, ʪʦ ʥʘʡʜʝʤ ʧʨʦʩʪʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ : 

ɓ = ï 2 cos ɗ ʠʣʠ ɗ = arccos ( ï ɓ / 2 ) . 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʦʩʪʘʚʠʤ ʥʠʞʝʩʣʝʜʫʶʱʫʶ ʪʘʙʣʠʮʫ, ʠʟ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʣʶʙʘʷ 

ʩʢʦʨʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʣʦʥʝʥʠʶ ʣʫʯʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ɚ ' = ɚ, ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʠ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. ɼʘʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʷʚʣʝʥʠʷ ʘʙʝʨʨʘʮʠʠ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʝ ʬʠʟʠʢʘʤ. ɽʩʣʠ ɓ > 0, ʪʦ ɗ > 90Á. ʇʦ 

ʜʦʩʪʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ɓ = 1, ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʝʥ ɗ = 120Á. 

 

ʊʘʙʣʠʮʘ 5 

ʉʢʦʨʦʩʪʠ ɓ ʠ ʫʛʣʳ ɗ, ʩʦʭʨʘʥʷʶʱʠʝ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʜʣʠʥ ʚʦʣʥ ɚ ' = ɚ. 

ɓ 

0,0001 

0,001 

0,01 

0,1 

0,2 

0,4 

0,6 

0,8 

1,0 

1,2 

1,4 

1,6 

1,8 

2,0 

2,2 

ɗ 

90Á,003 

90Á,03 

90Á,3 

92Á,9 

95Á,7 

101Á,5 

107Á,5 

113Á,6 

120Á,0 

126Á,9 

134Á,4 

143Á,1 

154Á,1 

180Á,0 

ï  

 

ʅʠʯʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ ʥʝ ʧʨʦʠʟʦʡʜʝʪ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʙʫʜʝʪ ʧʨʝʦʜʦʣʝʥʘ (ʨʠʩ. 3): 

ɓ > 1. ʀ ʪʦʣʴʢʦ ʧʨʠ ɓ Ó 2 ʥʘʩʪʫʧʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ɚ ' = ɚ. ʉʢʦʨʦʩʪʴ 

ʠʩʪʦʯʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ, ʢʦʥʝʯʥʦ, ʣʶʙʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ɓ = 2,2 , ʪʦʣʴʢʦ ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʜʣʠʥʘ 

ʚʦʣʥʳ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʨʘʚʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ: ɚ ' Í ɚ. 

ʏʪʦ ʟʜʝʩʴ ʤʦʞʝʪ ʧʦʤʝʰʘʪʴ ʚʳʧʦʣʥʝʥʠʶ ʫʩʣʦʚʠʷ ɚ ' = ɚ ? ʈʘʟʚʝ ʢʪʦ-ʥʠʙʫʜʴ ʦʪʤʝʥʷʣ ʚʳʰʝ 

ʥʘʧʠʩʘʥʥʳʝ ʬʦʨʤʫʣʳ ï 

ʧʨʠ ɗ = 0Á , ɚ ' = ɚ (1 ï ɓ) ; ʧʨʠ ɗ = 180Á , ɚ ' = ɚ (1 + ɓ) ? 

ɼʘ, ʧʝʨʚʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʫʛʣʘ ɗ = 0Á ʟʜʝʩʴ ʦʪʤʝʥʝʥʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʬʦʨʤʫʣʘ 

ʥʘʢʣʘʜʳʚʘʝʪ ʝʱʝ ʦʜʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʫʛʣʳ ʠ ʩʢʦʨʦʩʪʠ, ʘ ʠʤʝʥʥʦ: ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʚʩʝʛʜʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ: 

1 ï ɓĮ sin Į ɗ Ó 0, sin ɗ Ò Ñ1 / ɓ ʠʣʠ ɗ Ò Ñ arcsin ( 1 / ɓ ). 
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ʈʠʩ. 3. ʂʦʥʫʩ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ɓ > 1. 

 

ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʜʘʝʪ ʬʦʨʤʫʣʫ ʄʘʭʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʫʛʣʦʚ ʚʥʫʪʨʠ ʢʦʥʫʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

ʇʫʩʪʴ ɓ = 2,2 , ʪʦʛʜʘ, ʩʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʤʫ ʦʛʨʘʥʠʯʝʥʠʶ, ʠʤʝʝʤ: 

ɗ Ò Ñ arcsin ( 0,45 ) = Ñ 27Á. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ɓ = 2,2 ʚʦʣʥʳ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʢʦʥʫʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʫʛʣʘʤʠ 

ʧʨʠ ʚʝʨʰʠʥʝ Ñ153Á, ʝʩʣʠ ʦʪʩʯʝʪ ʚʝʩʪʠ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ x. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ɗ = 180Á ʙʫʜʝʤ ʠʤʝʪʴ ɚ ' = 3,2 ɚ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ, ʘ ʫʛʦʣ ɗ = 0Á ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʤʳ ʧʨʦʩʪʦ ʥʝ ʠʤʝʝʤ 

ʧʨʘʚʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫ ʥʘʩ ʧʦʣʫʯʠʣʘʩʴ ʙʳ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ɚ ' = ï

1,2 ɚ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʣʠʰʝʥʦ ʚʩʷʢʦʛʦ ʩʤʳʩʣʘ. ʕʪʘ ʚʘʞʥʘʷ ʪʝʤʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 

ʦʙʩʫʞʜʘʝʪʩʷ ʥʘ ʩʪʨʘʥʠʮʝ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʝʜʠʮʠʥʝ ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ 

ɼʦ ʩʠʭ ʧʦʨ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʪʫʘʮʠʷ ʩ ʦʜʥʠʤ ʜʚʠʞʫʱʠʤʩʷ ʠʩʪʦʯʥʠʢʦʤ. ʂʦʛʜʘ ʞʝ 

ʜʚʠʞʫʪʩʷ ʠ ʠʩʪʦʯʥʠʢ ʠ ʧʨʠʝʤʥʠʢ, ʠʩʭʦʜʥʘʷ ʬʦʨʤʫʣʘ ʠʟʤʝʥʠʪʩʷ ʥʘ ʩʣʝʜʫʶʱʫʶ: 

 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ɓ ʠʣʠ v, ʢʦʛʜʘ ɗ < 60Á, ʤʦʞʥʦ ʙʫʜʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚʳʨʘʞʝʥʠʝʤ ï 

ɓ = Ñ ( sinĮ ɗ + F Į cosĮ ɗ ) ï İ , ʛʜʝ F = ( f ' + f ) / ( f ' ï f ) , 

ʘ ʢʦʛʜʘ ɗ = Ñ 90Á, ʪʦʯʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ï 

ɓ = Ñ[ 1 ï (f ' / f )Į ] ï İ . 

ʅʘʩʢʦʣʴʢʦ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ ɼʦʧʣʝʨʘ ʜʣʷ ʧʣʦʩʢʦʡ ʠ 

ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʝʩʣʠ ʠʤʝʪʴ ʚ ʚʠʜʫ ʤʝʜʠʮʠʥʫ? ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʵʪʦʤ ʚʘʞʥʦʤ ʜʣʷ ʥʘʩ ʤʦʤʝʥʪʝ 

ʠ ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʯʫʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ. ʆʙʳʯʥʦ ʨʘʩʩʫʞʜʘʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʫʩʢʘʡ ʯʝʨʝʟ ʢʣʘʧʘʥ ʘʦʨʪʳ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʝʡ ʢʨʦʚʴ ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v = 2 ʤ/ʩ. 

ɽʩʣʠ ʩʤʦʪʨʝʪʴ ʥʘ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʜ ʫʛʣʦʤ ɗ = 0Á, ʪʦ cos ɗ = 1 ʠ ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʜʘʪʯʠʢʦʤ 

ʩʢʦʨʦʩʪʴ ʪʘʢʦʚʦʡ ʠ ʙʫʜʝʪ: v ' = v = 2 ʤ/ʩ. ɽʩʣʠ ʩʤʦʪʨʝʪʴ ʥʘ ʚʝʢʪʦʨ ʧʦʜ ʫʛʣʦʤ ɗ = 90Á, ʪʦ cos ɗ = 0 ʠ 

ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʜʘʪʯʠʢʦʤ ʩʢʦʨʦʩʪʴ v ' = 0 ʤ/ʩ. ɽʩʣʠ ʚʟʷʪʴ ʪʨʠ ʟʥʘʯʝʥʠʷ ʫʛʣʘ, ʥʘʧʨʠʤʝʨ, ɗ = 10Á, 

30Á ʠ 60Á, ʪʦ ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʜʘʪʯʠʢʦʤ ʩʢʦʨʦʩʪʴ v ' = v cos ɗ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʘ v ' = 

1.97 , 1.73 ʠ 1.0 ʤ/ʩ (ʨʠʩ. 4). ʇʦʩʢʦʣʴʢʫ ʣʦʢʘʮʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʫʣʴʪʨʘʟʚʫʢʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩ = 1540 ʤ/ʩ, ʪʦ ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʜʘʪʯʠʢʦʤ 

ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʥʝ v ', ʘ 

ʩ ' = ʩ ï v cos ɗ, 

ʢʦʪʦʨʘʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ɼʦʧʣʝʨʘ ʚ ʝʛʦ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʥʠʤʘʥʠʠ. 

ʕʪʠ ʨʘʩʩʫʞʜʝʥʠʷ ʢʘʞʫʪʩʷ ʥʘʩʪʦʣʴʢʦ ʙʝʟʫʧʨʝʯʥʳʤʠ, ʯʪʦ ʥʠʢʪʦ ʠ ʥʠʢʦʛʜʘ ʠʭ ʥʝ ʩʪʘʚʠʣ ʧʦʜ 

ʩʦʤʥʝʥʴʝ. ʄʝʞʜʫ ʪʝʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʨʠʙʦʨʘʭ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʝ ʣʦʢʘʮʠʠ, ʪʘʢʘʷ ʣʦʛʠʢʘ ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʣʴʢʦ ʜʣʷ ʧʣʦʩʢʠʭ ʚʦʣʥ. ɽʩʣʠ ʞʝ 

ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʪʦʯʝʯʥʳʡ ʠ ʚʦʣʥʳ ʨʘʩʭʦʜʷʪʩʷ ʩʬʝʨʠʯʝʩʢʠ, ʪʦ ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʜʘʪʯʠʢʦʤ 

ʩʢʦʨʦʩʪʴ ʢʨʦʚʦʪʦʢʘ ʠʟʤʝʥʠʪʩʷ ʥʘ ʠʟʚʝʩʪʥʦʝ ʥʘʤ ʚʳʨʘʞʝʥʠʝ: 

 

http://sceptic-ratio.narod.ru/fi/Doppler_Ultrasound.htm
http://sceptic-ratio.narod.ru/fi/Doppler_Ultrasound.htm
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ʈʠʩ. 4. ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʢʨʦʚʦʪʦʢʘ, ʠʜʫʱʝʛʦ ʯʝʨʝʟ ʢʣʘʧʘʥ ʘʦʨʪʳ ʩʦʩʪʘʚʣʷʝʪ v = 2 

ʤ/ʩ, ʪʦ ʠʟʤʝʨʝʥʠʝ ʝʝ ʧʦʜ ʫʛʣʘʤʠ ɗ = 10 Á, 30 Á ʠ 60 Á ʜʘʩʪ ʚʝʣʠʯʠʥʳ v ' = 1.97, 

1.73 ʠ 1.00 ʤ/ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʟʥʠʮʘ ʚʝʣʠʯʠʥ ʤʝʞʜʫ ʧʣʦʩʢʠʤ ʠ ʩʬʝʨʠʯʝʩʢʠʤ ʩʣʫʯʘʝʤ ʚʩʝʮʝʣʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʢʘʣʦʤ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ 1 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ: 

 
ʇʨʠ ʣʦʢʘʮʠʠ, ʢʘʢ ʤʳ ʟʥʘʝʤ, ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʫʜʚʘʠʚʘʝʪʩʷ (2ɓ cos ɗ) ʟʘ ʩʯʝʪ ʧʘʜʘʶʱʝʛʦ ( ʇi ) 

ʠ ʦʪʨʘʞʝʥʥʦʛʦ ( ʆi ) ʣʫʯʘ (ʨʠʩ. 5), ʧʦʵʪʦʤʫ ʠʩʢʦʤʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʧʦʧʨʘʚʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ ɓĮ sinĮ ɗ. 

 
ʘ) 

 
ʙ) 

 ʚ) 
ʈʠʩ. 5. ʉʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʣʦʢʘʮʠʠ ʜʚʠʞʫʱʝʛʦʩʷ ʦʜʠʥʦʯʥʦʛʦ ʦʙʲʝʢʪʘ: ʘ ï ʩ ʨʘʟʥʝʩʝʥʥʳʤʠ ʧʨʠʝʤʥʠʢʦʤ 

ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ; ʙ ï ʩ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʨʠʝʤʥʠʢʦʤ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ (1 ï ʧʝʨʝʜʘʪʯʠʢ, 2 

ï ʧʨʠʝʤʥʠʢ, 3 ï ʦʙʲʝʢʪ ʣʦʢʘʮʠʠ, v ( t ) ï ʩʢʦʨʦʩʪʴ ʦʙʲʝʢʪʘ); ʚ ï ʧʘʜʘʶʱʠʝ ( ʇi ) ʠ ʦʪʨʘʞʝʥʥʳʝ ( ʆi ) ʚʦʣʥʳ; 

ʫʛʦʣ ʧʘʜʝʥʠʷ ʨʘʚʝʥ ʫʛʣʫ ʦʪʨʘʞʝʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʥʫʚʰʠʡʩʷ ʚ ʧʨʠʙʦʨ ʦʪʨʘʞʝʥʥʳʡ ʣʫʯ ʠʩʧʳʪʘʝʪ 

ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʜʚʘʞʜʳ. 

 

ʇʨʠ ʪʠʧʠʯʥʳʭ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʳ ʩʢʦʨʦʩʪʷʭ ʧʦʨʷʜʢʘ ɓ = 0,001 ʙʫʜʝʤ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣ. 6. 

ʊʘʙʣʠʮʘ 6 

ʕʬʬʝʢʪ ɼʦʧʣʝʨʘ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʢ ʥʝʤʫ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʩʢʦʨʦʩʪʠ ɓ = 0,001 

ɗ 
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86Á 

87Á 

88Á 

89Á 

89,2Á 

89,4Á 

89,6Á 

89,8Á 

89,9Á 

90,0Á 

0.139 

0.105 

0.070 

0.035 

0.028 

0.021 

0.014 

0.007 

0.003 

0.000 

0.995134 

0.997261 

0.998782 

0.999695 

0.999805 

0.999890 

0.999951 

0.999988 

0.999997 

1.000000 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʯʘʩʪʦʪʝ ʠʟʣʫʯʘʪʝʣʷ f = 10 ʄɻʮ ʧʨʠʙʦʨ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʝ, ʟʘʨʝʛʠʩʪʨʠʨʫʝʪ ʧʦʧʝʨʝʯʥʳʡ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ, ʨʘʚʥʳʡ 10 ɻʮ. ʇʨʠ ʫʛʣʘʭ 60Á ʠ 120Á 

ʦʰʠʙʢʘ ʩʦʩʪʘʚʠʪ 7,5 ɻʮ ʠ ʪ.ʜ. 

ʊʘʢ ʢʘʢ ʩʬʝʨʠʯʝʩʢʘʷ ʧʦʧʨʘʚʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ɓĮ, ʘ ʚʝʣʠʯʠʥʘ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ ï ɓ, ʪʦ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ ʜʣʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ. ʆʜʥʘʢʦ ʧʨʠ ʫʛʣʘʭ ɗ = 90Á Ñ 5Á ʚʢʣʘʜ ʧʦʧʨʘʚʢʠ 

ɓĮsinĮ ɗ ʚʦʟʨʘʩʪʘʝʪ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʧʨʦʚʘʣ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʵʪʦʤ 

ʫʟʢʦʤ ʩʝʢʪʦʨʝ ʫʛʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʧʣʝʨʦʚʩʢʦʡ ʬʦʨʤʫʣʦʡ ʠʤʝʥʥʦ ʜʣʷ 

ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ. ʅʘ ɿʘʧʘʜʝ ʚʦʪ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚʳʧʫʩʢʘʶʪʩʷ ʤʝʜʠʮʠʥʩʢʠʝ ʋɿʀ-ʘʧʧʘʨʘʪʳ, 

ʩʧʦʩʦʙʥʳʝ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʴ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʥʘ ʧʨʷʤʳʭ ʫʛʣʘʭ ɗ, ʨʘʚʥʳʭ 90Á. 

ɺ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ɼʦʧʣʝʨʘ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʥʘ ʧʨʠʤʝʨʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʩʪʨʝʣʴʙʳ ʠʟ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʨʫʞʴʷ (ʨʠʩ. 6). ɺ ʚʦʟʜʫʭʝ 

ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ 4,5 ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ; ʧʨʠʤʝʤ ʝʝ ʨʘʚʥʦʡ c = 330 ʤ/ʩ. ʇʫʩʪʴ 

ʩʢʦʨʦʩʪʴ ʧʫʣʠ ʚ ʤʝʩʪʝ, ʛʜʝ ʠʟʤʝʨʷʝʪʩʷ ʜʦʧʣʝʨʦʚʩʢʘʷ ʯʘʩʪʦʪʘ, ʨʘʚʥʘ v = 110 ʤ/ʩ; ʚ ʵʪʦʤ ʩʣʫʯʘʝ ɓ = 

1/3. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʠ ʫʛʣʝ ɗ = 81.6Á (ʪʘʙʣ. 7) ʚʝʣʠʯʠʥʘ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʧʨʘʚʢʠ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ: 

2ɓ cos ɗ = ɓĮsinĮ ɗ = 0.088 .  

ʊʘʙʣʠʮʘ 7 

ʕʬʬʝʢʪ ɼʦʧʣʝʨʘ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʢ ʥʝʤʫ ʜʣʷ ʜʚʠʞʫʱʝʡʩʷ ʧʫʣʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ  

ʨʫʞʴʷ ɓ = 1/3 

ɗ 

 

0Á 

10Á 

20Á 

30Á 

45Á 

60Á 

70Á 

75Á 

80Á 

81.6 

85Á 

2ɓ cos ɗ 

 

0.60 

0.59 

0.56 

0.52 

0.42 

0.30 

0.21 

0.16 

0.10 

0.088 

0.052 

ɓĮsinĮ ɗ 

 

0.000  

0.003  

0.011  

0.023  

0.045  

0.068  

0.079  

0.084  

0.087  

0.088 

0.089  

86Á 

87Á 

88Á 

89Á 

89,2Á 

89,4Á 

89,6Á 

89,8Á 

89,9Á 

90,0Á 

0.042 

0.031 

0.021 

0.010 

0.008 

0.006 

0.004 

0.002 

0.001 

0.000 

0.089562 

0.089753 

0.089890 

0.089973 

0.089982 

0.089990 

0.089996 

0.0899989 

0.0899997 

0.0900000 
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ʈʠʩ. 6. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʦʧʝʨʝʯʥʦʛʦ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ 

 

ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʥʝʩʣʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ. çʐʢʦʣʴʥʦʝè ʧʥʝʚʤʘʪʠʯʝʩʢʦʝ ʨʫʞʴʝ ʄʈ-512 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʭʦʪʳ ʥʘ ʟʤʝʡ ʠ ʤʳʰʝʡ. ʋ ʥʝʛʦ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʳʣʝʪʘ ʧʫʣʠ ʨʘʚʥʘ 

v = 180 ʤ/ʩ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ d = 20 ʤ ʧʫʣʷ ʦʙʣʘʜʘʝʪ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 110 ʤ/ʩ ʠ ʩʧʦʩʦʙʥʘ ʫʙʠʪʴ 

ʜʘʞʝ ʢʨʳʩʫ. ɽʩʪʴ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʦʨʫʞʴʷ, ʩʪʨʝʣʷʶʱʠʝ ʧʫʣʷʤʠ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʨʘʚʥʦʡ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʪ.ʝ. ʧʦʨʷʜʢʘ v = c = 330 ʤ/ʩ. ʈʫʞʴʝ ʩʯʠʪʘʝʪʩʷ ʭʦʨʦʰʠʤ, ʝʩʣʠ ʦʥʦ ʩʪʨʝʣʷʝʪ ʩ 

ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ v = 250 ʤ/ʩ ʠ ʧʦʨʘʞʘʝʪ ʮʝʣʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d = 50 ʤ ʩ ʫʙʦʡʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʫʣʠ 150 ʤ/ʩ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʦʧʝʨʝʯʥʦʛʦ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ ʣʫʯʰʝ ʚʟʷʪʴ, 

ʢʦʥʝʯʥʦ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʨʫʞʴʝ ʪʠʧʘ Diana 52 (v = 320 ʤ/ʩ, d = 75 ʤ) ʠʣʠ Gamo Hunter 440 (v = 

305 ʤ/ʩ, d = 60 ʤ). ʉʪʨʝʣʷʪʴ ʥʫʞʥʦ ʚ ʪʠʨʝ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 50 ʤ ʫʩʪʘʥʦʚʣʝʥʳ ʟʚʫʢʦʚʦʡ 

ʛʝʥʝʨʘʪʦʨ ʚʤʝʩʪʝ ʩ ʜʠʥʘʤʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢ ʩ ʤʠʢʨʦʬʦʥʦʤ ʠ ʫʩʠʣʠʪʝʣʝʤ. 

ʇʨʠʝʤʥʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʙʠʨʘʪʝʣʴʥʳʤ, ʪ.ʝ. ʠʤʝʪʴ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʥʪʫʨ, 

ʟʘʨʘʥʝʝ ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʦʞʠʜʘʝʤʫʶ ʜʦʧʣʝʨʦʚʩʢʫʶ ʯʘʩʪʦʪʫ ï ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʦʪʨʘʞʝʥʥʘʷ 

ʚʦʣʥʘ ʙʫʜʝʪ ʧʦʜʘʚʣʝʥʘ ʧʘʜʘʶʱʝʡ. ɼʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʠ ʧʫʣʠ ʥʝʦʙʭʦʜʠʤ 

ʪʘʢʞʝ ʠʟʤʝʨʠʪʝʣʴ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʥʘʧʨʠʤʝʨ çʀʚʘ-2è ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ű = 0,5 ʤʢʩ, ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʬʦʪʦʜʘʪʯʠʢʠ ʢ ʥʝʤʫ. ɿʥʘʷ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʠ ʧʨʦʡʜʝʥʥʳʡ ʦʪʨʝʟʦʢ ʧʫʪʠ, 

ʚʩʝʛʜʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩʢʦʨʦʩʪʴ. 

ɺʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ɓ = 1/3 ʚʩʸ ʝʱʸ ʩʣʠʰʢʦʤ ʤʘʣʘ, ʯʪʦʙʳ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ 

ʦʪʣʠʯʠʝ ʬʦʨʤʫʣ ʜʣʷ ʧʣʦʩʢʦʛʦ ʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ. ʅʘ ʨʠʩ. 7 ʚʟʷʪʦ ʟʥʘʯʝʥʠʝ ɓ = 2/3 ʠ ʚ 

ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʨʠ ɚ = 1 ʧʦʩʪʨʦʝʥʳ ʜʚʘ ʛʨʘʬʠʢʘ: ʩʠʥʷʷ ʢʨʠʚʘʷ ï ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ 

ʢʘʨʜʠʦʠʜʘ ï ʜʣʷ ʧʣʦʩʢʦʛʦ ʩʣʫʯʘʷ ʠ ʢʨʘʩʥʳʡ ʢʨʫʛ, ʣʝʞʘʱʠʡ ʚʥʫʪʨʠ ʢʘʨʜʠʦʠʜʳ ï ʜʣʷ 

ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ. ʇʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʚʳʯʝʨʯʝʥʥʳʝ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ, ʠʤʝʶʪ 

ʫʜʦʙʥʫʶ ʨʘʟʤʝʪʢʫ: ʯʝʪʳʨʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘʤʠ 0.5, 1, 1.5 ʠ 2 ʤʘʩʰʪʘʙʥʳʭ 

ʝʜʠʥʠʮ, ʘ ʪʘʢʞʝ 12 ʨʘʜʠʘʣʴʥʳʭ ʧʨʷʤʳʭ, ʦʪʚʝʯʘʶʱʠʭ ʫʛʣʘʤ ɗ = 0Á, 30Á, 60Á, é 

 

 
ʈʠʩ. 7. ɻʨʘʬʠʢʠ ʜʣʷ ɓ = 2/3 ʠ ɚ = 1, ʚʳʯʝʨʯʝʥʥʳʝ ʚ 

ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ; 

ʫʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ:  

ɚ' = ɚ[(1 ï ɓĮ sinĮ ɗ)İ ï ɓ cos ɗ],  

ʫʨʘʚʥʝʥʠʝ ʢʘʨʜʠʦʠʜʳ:  

ɚ' = ɚ(1 ï ɓ cos ɗ); 
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ɗ = 0Á  
ɗ = 30Á  
ɗ = 60Á  
ɗ = 90Á  
ɗ = 120Á  
ɗ = 150Á  
ɗ = 180Á  

ɚ' = 0.3333  
ɚ' = 0.4226  
ɚ' = 0.6667  
ɚ' = 1.0000  
ɚ' = 1.3333  
ɚ' = 1.5774  
ɚ' = 1.6667  

ɚ' = 0.3333 
ɚ' = 0.3655 
ɚ' = 0.4832 
ɚ' = 0.7454 
ɚ' = 1.1498 
ɚ' = 1.5202 
ɚ' = 1.6667 

 

ʏʘʩʪʦ ʩʧʨʘʰʠʚʘʶʪ: ʧʦʯʝʤʫ ʙʝʨʫʪʩʷ ʧʦʣʷʨʥʳʝ, ʘ ʥʝ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ? ʆʪʚʝʪ ʦʯʝʥʴ 

ʧʨʦʩʪ: ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʩʭʦʜʷʱʠʭʩʷ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʚʦʣʥ. ʊʝʧʝʨʴ ʦʪʦʡʜʝʤ ʦʪ ʪʝʤʳ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʠ ʟʘʜʘʜʠʤʩʷ ʚʦʧʨʦʩʦʤ: ʯʪʦ ʜʘʝʪ ʤʝʜʠʢʘʤ ʪʦʯʥʳʝ 

ʟʥʘʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʧʦ ʢʨʦʚʝʥʦʩʥʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢʘ? 

ʀʟ ʬʠʟʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʞʝʥʠʝ ʧʨʦʩʚʝʪʘ ʚ ʩʦʩʫʜʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʩʫʜʝ, ʚ ʢʦʪʦʨʦʤ ʦʙʨʘʟʦʚʘʣʘʩʴ ʙʣʷʰʢʠ, ʢʨʦʚʴ ʙʫʜʝʪ ʪʝʯʴ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʵʪʦʛʦ ʩʦʩʫʜʘ. ɼʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʚʳʪʝʢʘʝʪ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ: ʞʠʜʢʘʷ 

ʤʘʩʩʘ (ʚʦʜʘ, ʢʨʦʚʴ, ʣʠʤʬʘ), ʚʳʪʝʢʘʶʱʘʷ ʠʟ ʩʠʩʪʝʤʳ ʪʨʫʙʦʢ, ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʘ ʤʘʩʩʝ 

ʚʪʝʢʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʚ ʞʝʩʪʢʦʡ ʪʨʫʙʢʝ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ( Q ) ʧʦʩʪʦʷʥʝʥ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʢʦʨʦʩʪʠ ( ui ) ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ( Ai ): 

Q = u1 A1 = u2 A2. 

ɺ ʧʨʝʜʝʣʴʥʦ ʵʣʘʩʪʠʯʥʦʡ ʪʨʫʙʢʝ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ. ʊʦʛʜʘ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʚ ʨʘʩʭʦʜʝ ʞʠʜʢʦʩʪʠ ȹQ ʧʨʦʠʟʦʡʜʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʦʙʲʝʤʘ ʚ ʟʘʰʪʨʠʭʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 8): 

ȹQ = Q1 ï Q2 = u1 A1 ï u2 A2. 

 

 
ʈʠʩ. 8. ʊʨʫʙʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʝʯʝʥʠʝʤ (ʚʟʷʪʦ ʠʟ [1, ʩ. 60] ). 

 

ɿʜʦʨʦʚʳʝ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ ʦʙʣʘʜʘʶʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ, ʥʦ ʧʨʠ ʜʣʠʪʝʣʴ-

ʥʦʤ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤ ʩʫʞʝʥʠʠ ʦʪʚʝʨʩʪʠʷ ʪʨʫʙʢʠ ʜʝʡʩʪʚʫʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʞʠʜʢʦʡ ʤʘʩʩʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʋɿʀ-ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʤʝʩʪʘ ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʦʨʛʘʥʘ ʠʣʠ 

ʪʢʘʥʠ ʧʦ ʧʨʠʯʠʥʝ ʟʘʢʫʧʦʨʢʠ ʩʦʩʫʜʘ ʢʘʢʠʤʠ-ʣʠʙʦ ʯʘʩʪʠʮʘʤʠ. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʪʨʦʤʙʦʟʳ, ʵʤʙʦʣʠʶ, ʩʧʘʟʤʳ ʩʦʩʫʜʦʚ, ʚʨʦʞʜʝʥʥʳʝ ʧʦʨʦʢʠ ʩʝʨʜʮʘ, 

ʚʦʟʨʘʩʪʥʳʝ ʜʝʬʝʢʪʳ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ ʠ ʥʦʛ, ʟʘʢʫʧʦʨʢʫ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʦʙʣʘʩʪʠ ʩ ʥʝʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʢʨʦʚʠ ʚʦʢʨʫʛ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʣʦʢʘʮʠʷ ʩʧʦʩʦʙʥʘ ʦʪʣʠʯʠʪʴ ʣʘʤʠʥʘʨʥʳʡ ʢʨʦʚʦʪʦʢ ʦʪ ʪʫʨʙʫʣʝʥʪʥʦʛʦ, ʢʦʛʜʘ ʚ ʢʨʦʚʦʪʦʢʝ 

ʦʙʨʘʟʫʶʪʩʷ ʟʘʚʠʭʨʝʥʠʷ. ʇʦʩʣʝʜʥʠʝ ʚʦʟʥʠʢʘʶʪ ʧʦ ʧʨʠʯʠʥʝ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʜʝʬʝʢʪʘ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʧʨʦʪʝʢʘʥʠʶ ʢʨʦʚʠ. 

ɼʘʣʝʝ ʤʳ ʧʨʦʜʦʣʞʠʤ ʚʚʦʜʠʪʴ ʚʘʞʥʝʡʰʠʝ ʧʦʥʷʪʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʢʦʝʛʦ 

ʠʜʝʘʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʟʷʪʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ "ʌʠʟʠʯʝʩʢʦʡ ʵʥʮʠʢʣʦʧʝʜʠʠ" 

[2]. ɺ ʫʧʨʫʛʦʡ ʩʨʝʜʝ ʙʝʟ ʜʠʩʧʝʨʩʠʠ ʧʣʦʩʢʘʷ ʚʦʣʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ, 

ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʛʦ ʥʝ ʟʘʪʫʭʘʝʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ: 

p = P cos ( ɤt ï kx + ű ), 

ʛʜʝ p ï ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ, P ï ʘʤʧʣʠʪʫʜʘ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ p, ɤ = 2ˊf ï ʢʨʫʛʦʚʘʷ 

ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, k = 2ˊ / ɚ ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, ű ï ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ, x ï ʦʩʴ ʘʙʩʮʠʩʩ, 

ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʫʧʨʫʛʘʷ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ c = ɤ / k ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t. 

ɿʘʤʝʪʠʤ ʧʦʧʫʪʥʦ, ʯʪʦ ʧʦʥʷʪʠʷ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʫʜʦʙʥʦ ʩʦʚʤʝʱʘʪʴ ʩ ʧʦʥʷʪʠʝʤ ʢʨʫʛʦʚʦʡ (ʫʛʣʦʚʦʡ 

ʠʣʠ ʮʠʢʣʠʯʝʩʢʦʡ) ʯʘʩʪʦʪʳ, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ ʟʘ ʩʝʢʫʥʜʫ [ʨʘʜ/ʩ]. 
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ɺ ʝʜʠʥʠʮʘʭ ʉʀ ʜʘʚʣʝʥʠʝ ʠʟʤʝʨʷʝʪʩʷ ʚ ʧʘʩʢʘʣʷʭ: 1 ʇʘ = 1 ʅ Ŀ ʤĮ; ʚ ʩʠʩʪʝʤʝ ʉɻʉ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 1 ʜʠʥ / ʩʤĮ = 0,1 ʇʘ = 0,1 ʅ / ʤĮ. ɺʥʝʩʠʩʪʝʤʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ 

ʘʪʤʦʩʬʝʨʘ: 1 ʘʪ = 0,98 Ŀ 10 6 ʜʠʥ / ʩʤĮ = 0,98 Ŀ 10 5 ʅ / ʤĮ ʠ ʙʘʨ: 1 ʙʘʨ = 10 6 ʜʠʥ / ʩʤĮ. 

ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ ï ʵʪʦ ʜʣʠʥʘ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢ 

ʣʠʥʠʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʤʧʫʣʴʩʘ, ʢʦʪʦʨʳʡ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʢʘʞʜʫʶ ʯʘʩʪʠʯʢʫ ʩʨʝʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʬʦʨʤʫʣʘ p = ǩk, ʛʜʝ ǩ ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʝʡ ʩʪʘʚʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʨʘʞʝʥʠʝ p = Ek / ɤ, ʛʜʝ E ï ʘʢʫʩʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ. ɺ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʩʨʝʜʘʭ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ, ʥʘʧʨʘʚʣʝʥʠʝ ʠʤʧʫʣʴʩʘ ʠʣʠ ʚʦʣʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʥʝʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʩʤʝʱʝʥʠʝ (a) ʯʘʩʪʠʮʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʜʘʚʣʝʥʠʷ p ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ v ʠ ʜʨʫʛʠʝ ʠʟʚʝʩʪʥʳʝ ʥʘʤ 

ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

a = v / 2  ́f = p / 2  ́f Z = p / Z ɤ = v / ɤ . 

ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ( v ) ʦʪʣʠʯʘʝʪʩʷ ʢʘʢ ʦʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ( 

c ), ʪʘʢ ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʩʘʤʦʡ ʩʨʝʜʳ. ɼʘʚʣʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʦʡ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʨʫʛʦʚʦʡ ʯʘʩʪʦʪʳ (ɤ), ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ (ɟ), ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ( c ) 

ʠ ʩʤʝʱʝʥʠʶ ( a ). ɼʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʯʘʩʪʠʮ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ( A ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ) ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ: 

p = ɤɟca = ɤZa = Zu / ɤ = c ( ɟE ) İ = ( NE / A ) İ 

ʛʜʝ u ï ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮʳ ʢʘʢ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʩʢʦʨʦʩʪʠ ( v ) ʠʣʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ 

ʩʤʝʱʝʥʠʷ ( a ), N ï ʤʦʱʥʦʩʪʴ ʟʚʫʢʘ [ɺʪ], E ï ʘʢʫʩʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ [ ɺʪ Ŀ ʩ / ʤį ]. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʨʝʜʝ ( P ), ʦʪʚʝʯʘʶʱʝʝ ʘʤʧʣʠʪʫʜʝ A, ʩʦʟʜʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ɚ/4; ʥʘ ʨʘʩʩʪʦʷʥʠʠ ɚ/2 ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ (ʨʘʚʥʦʚʝʩʥʦʤʫ); ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3ɚ/4 

ʜʘʚʣʝʥʠʝ ʩʥʦʚʘ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʥʦ ʜʝʡʩʪʚʫʝʪ ʫʞʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʪʘʢ ʢʘʢ ʯʘʩʪʠʮʳ ʩʨʝʜʳ ʦʪʢʣʦʥʷʶʪʩʷ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ. ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ( U = 2ɤA ) 

ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʪʠʮʳ ʜʦʩʪʠʛʘʶʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ɚ/2 ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʩʨʝʜʳ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʚʫʢʘ ( I ) ʚʳʨʘʞʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʧʦʪʦʢʘ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʢ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʵʪʦʪ ʧʦʪʦʢ ʧʝʨʝʩʝʢʘʝʪ ï E / S [ɺʪ/ʤĮ] . ɼʣʷ ʧʣʦʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ, 

ʧʘʜʘʶʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʜʘʚʣʝʥʠʝ, 

ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 

I = pv / 2 = ZvĮ / 2 = pĮ / 2Z 

ʃʦʢʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʩʨʝʜʳ ʩʦʟʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʯʘʩʪʠʮ ʠʣʠ ʙʝʩʢʦʥʝʯʥʦ 

ʤʘʣʳʭ ʦʙʲʝʤʦʚ ʥʝʧʨʝʨʳʚʥʦʡ ʩʨʝʜʳ, ʢʦʣʝʙʣʶʱʠʭʩʷ ʦʢʦʣʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (ʥʘʧʨʠʤʝʨ, 

ʠʩʭʦʜʥʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ʃʦʢʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʯʝʥʴ ʤʘʣʦ. ʅʘʧʨʠʤʝʨ, ʦʛʣʫʰʠʪʝʣʴʥʳʡ ʟʚʫʢ 

ʧʨʠ ʚʟʣʝʪʝ ʨʝʘʢʪʠʚʥʦʛʦ ʩʘʤʦʣʝʪʘ ʩʦʟʜʘʝʪ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʥʘ ʫʨʦʚʥʝ ʦʢʝʘʥʘ ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ 

ʧʦʨʷʜʢʘ 101323,6 ï 101326,4 ʇʘ. 

ʇʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ ʠʟʤʝʨʷʶʪʩʷ ʙʝʣʣʘʭ (ɹʝʣʣ ï ʠʟʦʙʨʝʪʘʪʝʣʴ ʪʝʣʝʬʦʥʘ): 1 ʙʝʣʣ = log (P / 

Pʦ). ʅʘ ʧʨʘʢʪʠʢʝ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʝʩʷʪʠʯʥʳʤʠ ʣʦʛʘʨʠʬʤʘʤʠ: 

1 ʜɹ = 10 lg ( pĮ / pĮʦ ) = 20 lg ( A / Aʦ ) , 

ʛʜʝ p ( ʠʣʠ ɸ ) ï ʜʘʚʣʝʥʠʝ (ʠʣʠ ʘʤʧʣʠʪʫʜʘ) ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ 

ʙʘʟʦʚʳʤ ʜʘʚʣʝʥʠʝʤ pʦ (ʠʣʠ ʙʘʟʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ Aʦ ). ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʚʝʣʠʯʠʥʳ ʙʝʨʝʪʩʷ 

ʜʘʚʣʝʥʠʝ 20 ʤʠʢʨʦʧʘʩʢʘʣʴ ( 20 ɛʇʘ ). 

ɽʩʣʠ ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʫʚʝʣʠʯʠʪʩʷ ʚ M ʨʘʟ, ʪʦ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʫʚʝʣʠʯʠʪʩʷ ʥʘ N ʜʝʮʠʙʝʣ, ʚ 

ʯʘʩʪʥʦʩʪʠ: 

M  =  2    3    5   10   100   1000   10000  ... 

N  =  3   4,8   7   10    20    30     40    ... 

ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʪ.ʝ. ʧʝʨʝʤʝʥʥʦʛʦ ʫʛʣʘ ɗ (t, x) = ɤt ï kx + ű, 

ʩʪʦʷʱʝʛʦ ʧʦʜ ʟʥʘʢʦʤ ʢʦʩʠʥʫʩʘ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ, ʥʘʟʳʚʘʝʪʩʷ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ. ɺ ʩʣʫʯʘʝ ʧʨʦʩʪʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʦʥʘ ʚ ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʟʚʫʢʘ ( vʬ = c = ɤ / k ). ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʣʥʦʚʳʭ ʛʨʝʙʥʝʡ (ʧʫʥʢʪʠʨʥʳʝ 

ʣʠʥʠʠ) ʚʜʦʣʴ ʥʝʢʦʪʦʨʦʡ ʦʩʠ x' (ʨʠʩ. 9), ʦʙʨʘʟʫʶʱʝʡ ʫʛʦʣ Ŭ ʩ ʦʩʴʶ x, ʪʦ ʦʥʘ ʦʢʘʞʝʪʩʷ ʚʳʰʝ, ʪʘʢ 

ʢʘʢ v'ʬ = vʬ / cos Ŭ. ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʩʣʝʜʫʶʱʝʝ ʩʨʘʚʥʝʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʛʨʘʥʠʮʳ ʪʝʥʠ ʧʨʠ ʫʪʨʝʥʥʝʤ ʚʦʩʭʦʜʝ ʠ ʚʝʯʝʨʥʝʤ ʟʘʭʦʜʝ ʩʦʣʥʮʘ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʣʜʝʥʴ, ʪʘʢ 

ʢʘʢ ʢʦʩʳʝ ʣʫʯʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʙʳʩʪʨʝʝ ʧʨʷʤʳʭ. 
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ʈʠʩ. 9. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʦʩʢʠʭ 

ʚʦʣʥ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʩ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ vʬ ʚʜʦʣʴ ʦʩʠ x ʠ ʩʦ 

ʩʢʦʨʦʩʪʴʶ v'ʬ ʚʜʦʣʴ ʦʩʠ x' (v'ʬ > vʬ). 

ʈʠʩ. 10. ɺʦʣʥʦʚʳʝ ʧʘʢʝʪʳ (ʙʠʝʥʠʷ), ʦʙʨʘʟʦʚʘʥʥʳʡ ʜʚʫʤʷ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʘʜʘʶʱʠʤ ʠ 

ʦʪʨʘʞʝʥʥʳʤ ʩʠʛʥʘʣʦʤ. 

 

ʅʘʨʷʜʫ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʩʫʱʝʩʪʚʫʝʪ ʛʨʫʧʧʦʚʘʷ, ʩ ʢʦʪʦʨʦʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʛʨʫʧʧʘ ʠʣʠ 

ʮʫʛ ʚʦʣʥ (ʨʠʩ. 10). ʕʪʠ ʜʚʝ ʩʢʦʨʦʩʪʠ ʩʦʚʧʘʜʘʶʪ; vʬ = vʛʨ , ʝʩʣʠ ʮʫʛʠ ʦʙʨʘʟʦʚʘʥʳ ʩʫʤʤʦʡ ʜʚʫʭ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʝ, ʛʜʝ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠʥʮʠʧ 

ʩʫʧʝʨʧʦʟʠʮʠʡ, ʠʣʠ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ ʩ ʪʝʧʣʦʚʳʤʠ ʧʦʪʝʨʷʤʠ ʨʘʚʝʥʩʪʚʦ ʧʝʨʝʭʦʜʠʪ ʚ 

ʥʝʨʘʚʝʥʩʪʚʦ : vʬ > vʛʨ . ɼʘʣʝʝ ʥʘʤʝʪʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʥʘʭʦʞʜʝʥʠʶ ʛʨʫʧʧʦʚʦʡ 

ʩʢʦʨʦʩʪʠ. 

ɺʳʰʝ ʙʳʣʦ ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʚʳʪʝʢʘʶʱʝʝ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ 

ʬʘʟʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ: ɗ = ɤt ï kx + ű. ɽʩʣʠ ʠʤʝʶʪʩʷ ʜʚʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʷ ʩ 

ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʚ ʯʘʩʪʦʪʝ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʝ ʢʦʣʝʙʘʥʠʝ ʩ ʙʠʝʥʠʷʤʠ (ʩʤ. ʨʠʩ. 10), ʬʘʟʘ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 

ɗ = (ɤʦ Ñ ȹɤ) t ï (kʦ Ñ ȹk) x + ű, 

ʛʜʝ ɤʦ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, kʦ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ, ȹɤ ʠ ȹk ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. ɺ ʮʝʣʦʤ ʵʪʦ ʩʣʦʞʥʦʝ ʢʦʣʝʙʘʥʠʝ ʙʫʜʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʩʨʝʜʝ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ vʬ = ɤʦ / kʦ , ʥʦ ʝʛʦ ʦʛʠʙʘʶʱʘʷ (ʪ.ʝ., ʩʦʙʩʪʚʝʥʥʦ, 

ʩʘʤʠ ʙʠʝʥʠʷ) ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʫʞʝ ʩ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ vʛʨ = ȹɤ / ȹk . 

ɺ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜʘʭ ʚʩʝ ʨʝʟʢʦ ʫʩʣʦʞʥʷʝʪʩʷ, ʭʦʪʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʦʚʦʡ 

ʩʢʦʨʦʩʪʠ, ʢʘʢ vʛʨ = dɤ / dk , ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʝʞʥʠʤ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʟʘʢʦʥ : ɤ = ɤ ( k ) , ʢʦʪʦʨʳʡ 

ʟʘʯʘʩʪʫʶ ʥʝ ʪʘʢ ʧʨʦʩʪʦ ʦʪʳʩʢʘʪʴ ʜʣʷ ʨʝʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʇʦʩʢʦʣʴʢʫ ʩ ʯʘʩʪʦʪʦʡ ʦʜʥʦʟʥʘʯʥʦ 

ʩʚʷʟʘʥʘ ʵʥʝʨʛʠʷ ( E ), ʘ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ï ʠʤʧʫʣʴʩ ( p ), ʪʦ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʦʪʦʙʨʘʞʘʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʠʤʧʫʣʴʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʟʙʫʞʜʝʥʥʦʡ ʩʨʝʜʳ: E = E ( p ). 

ʀʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʦʙʣʶʜʝʥʠʷ ʛʘʨʤʦʥʠʯʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʤʦʛʫʪ ʥʘʨʫʰʘʪʴʩʷ ʤʥʦʛʠʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʀʤ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠ ʨʘʟʣʠʯʥʘʷ ʧʨʠʨʦʜʘ ʚʦʣʥʦʚʳʭ ʛʨʫʧʧ, ʥʘ ʢʦʪʦʨʳʝ 

ʨʘʩʧʘʜʘʝʪʩʷ ʠʩʭʦʜʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʩʨʝʜʳ. ʊʘʢ, ʙʨʦʰʝʥʥʳʡ ʚ ʚʦʜʫ ʢʘʤʝʥʴ ʦʙʨʘʟʫʝʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ (ʨʠʩ. 11), ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʩʠʣʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʝʩʣʠ ʢʘʤʥʝʤ ʷʚʣʷʝʪʩʷ ʢʨʦʭʦʪʥʘʷ ʧʝʩʯʠʥʢʘ, ʠʣʠ ʩʠʣʘʤʠ 

ʛʨʘʚʠʪʘʮʠʠ, ʝʩʣʠ ʢʘʤʝʥʴ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʠ ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʤ ʚʦʣʥʳ ʢʦʣʝʙʣʶʪ ʚʝʩʦʤʳʝ ʦʙʲʝʤʳ 

ʚʦʜʳ. ɽʱʝ ʥʘ ʢʦʣʝʙʘʥʠʷ ʚʦʜʥʦʡ ʛʣʘʜʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦ ʜʫʶʱʠʡ ʚʝʪʝʨ 

ʠʣʠ ʙʣʠʟʦʩʪʴ ʜʥʘ (ʛʨʘʥʠʮʘ ʛʣʫʙʠʥʳ). 

ʇʝʨʚʳʡ ʙʦʣʴʰʦʡ ʚʩʧʣʝʩʢ ʚʳʟʦʚʝʪ ʯʝʨʝʜʫ ʚʦʣʥ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʥʘʯʥʝʪ ʙʳʩʪʨʦ ʩʧʘʜʘʪʴ. 

ɹʦʣʴʰʘʷ ʘʤʧʣʠʪʫʜʘ ʩʦʟʜʘʝʪ ʥʝʣʠʥʝʡʥʫʶ ʩʠʪʫʘʮʠʶ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʦʞʥʳʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ɺ ʦʙʣʘʩʪʠ ʧʝʨʚʦʛʦ ʚʩʧʣʝʩʢʘ ʦʙʨʘʟʫʶʪʩʷ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ 

ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ ʫʜʘʣʷʶʪʩʷ ʦʪ ʪʦʯʢʠ ʧʘʜʘʥʠʷ ʢʘʤʥʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʫʩʢʦʨʝʥʠʷʤʠ, ʨʘʚʥʳʤʠ 

ʘ1 = 0,325g, ʘ2 = 0,069g, ʘ3 = é, 

ʛʜʝ g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʂʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʚʳʡʜʝʪ ʥʘ ʢʘʢʫʶ-ʪʦ ʙʦʣʝʝ ʠʣʠ 

ʤʝʥʝʝ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ ʥʘ ʦʪʜʘʣʝʥʥʦʤ ʦʪ ʪʦʯʢʠ ʧʘʜʝʥʠʷ ʢʘʤʥʷ ʫʯʘʩʪʢʝ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʦʡ: 
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ʈʠʩ. 11. ʂʦʣʝʙʘʥʠʷ ʚʦʜʥʦʡ ʛʣʘʜʠ, ʚʦʟʥʠʢʰʠʝ ʦʪ ʧʘʜʝʥʠʷ 

ʢʘʤʥʷ ʚ ʚʦʜʫ. 

 

 

, 

ʛʜʝ ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ɼʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʘ 

ʛʣʫʙʦʢʦʡ ʚʦʜʝ ʧʘʨʘʤʝʪʨʦʤ ʜʠʩʧʝʨʩʠʠ ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g (ɤ Į = gk); ʜʣʷ 

ʢʘʧʠʣʣʷʨʥʳʭ ʚʦʣʥ ï ʦʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ŭ ʢ ʧʣʦʪʥʦʩʪʠ 

ʞʠʜʢʦʩʪʠ ŭ (ɤ Į = kį ŭ / ɟ ). 

ʌʘʟʦʚʘʷ ʠ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʟʜʝʩʴ ʠʱʫʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʤʠ 

ʬʦʨʤʫʣʘʤʠ: vʬ = ɤ / k ʠ vʛʨ = dɤ / dk . ɼʣʷ ʯʠʩʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʦʡ ŭ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, vʬ = 2vʛʨ = g / ɤ . ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ vʬ = 23 ʩʤ/ʩ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ɚʦ = 1,7 ʩʤ. ʇʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ɚ > ɚʦ ʠʤʝʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ, ʧʨʠ ɚ < ɚʦ ï 

ʢʘʧʠʣʣʷʨʥʳʝ. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢʨʫʛʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʥʘ ʛʣʫʙʠʥʝ (ʨʠʩ. 12ʘ). ʉʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣ ʚ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

a ( z, x, t ) = A (z) cos (ɤt ï kx) , A (z) = Aʦ exp ( ïkz), 

ʛʜʝ Aʦ ï ʘʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ, A (z ) ï ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ 

ʛʣʫʙʠʥʳ z. 

 

 
ʈʠʩ. 12. ʂʦʣʝʙʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʥʘ ʛʣʫʙʠʥʝ (ʘ) ʠ ʥʘ ʤʝʣʢʦʚʦʜʴʝ (ʙ) 

 

ɽʩʣʠ ʛʣʫʙʠʥʘ ʦʛʨʘʥʠʯʝʥʘ ʜʥʦʤ z = H (ʨʠʩ. 12ʙ ), ʪʦ ʢʨʫʛʦʚʳʝ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʚ ʵʣʣʠʧʪʠʯʝʩʢʠʝ, ʚʳʪʷʥʫʪʳʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ: 

A ( z, H ) = Aʦsh [( H ï z ) k ] / sh ( H k ) . 

ʠ ʚ ʟʘʢʦʥʝ ʜʠʩʧʝʨʩʠʠ ʬʠʛʫʨʠʨʫʝʪ ʟʥʘʯʝʥʠʝ H : 

. 
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ɼʣʷ ʢʦʨʦʪʢʠʭ ʚʦʣʥ, ʢʦʛʜʘ H k >> 1, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʪʘʥʛʝʥʩ ( th H k ) å 1 , ʪʘʢ ʯʪʦ ʜʥʦ ʥʝ 

ʙʫʜʝʪ ʧʦʤʝʭʦʡ ʜʣʷ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʅʦ ʜʣʷ ʜʣʠʥʥʳʭ ʚʦʣʥ ( H k << 1 ) ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʟʘʢʦʥ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: ɤ = k ( g H ) İ ʠ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʬʘʟʦʚʦʡ: 

vʛʨ = vʬ = ( g H ) İ . 

ʀʪʘʢ, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʣʠʷʥʠʝ ʛʣʫʙʠʥʳ H ʥʘ ʚʝʣʠʯʠʥʫ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ 

ʠʜʝʘʣʴʥʦ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʚʦʣʥ. ʅʘʣʠʯʠʝ ʚʝʪʨʘ ʠʟʤʝʥʠʪ ʬʦʨʤʫ ʢʦʣʝʙʘʥʠʡ ʠ ʜʣʷ ʝʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʠʜʝʪʩʷ ʚʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ɺ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʪʦʞʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢʦʡ-ʪʦ ʦʜʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʬʦʨʤʫʣʳ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɺʩʷʢʠʡ ʨʘʟ ʥʫʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʧʨʦʩʪʦ ʫʩʪʘʥʦʚʠʪʴ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʘʪʴ. 

ɺʦʦʙʱʝ, ʣʶʙʘʷ ʤʦʜʝʣʴ ʩʣʦʞʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʯʪʠ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʠʝʤ 

ʠ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʶʪʩʷ ʢʘʢʠʝ-ʪʦ ʦʙʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ, 

ʩʧʨʘʚʝʜʣʠʚʳʝ ʜʣʷ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ ʟʘʪʫʭʘʥʠʷʤʠ. ʂ ʥʠʤ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʪʥʦʩʠʪʩʷ ʙʳʩʪʨʦʝ ʫʛʘʩʘʥʠʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʟʰʠʤʠ. ʂʘʢ ʵʪʦ ʥʫʞʥʦ 

ʧʦʥʠʤʘʪʴ? 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʌʫʨʴʝ ʜʘʣ ʤʝʪʦʜʠʢʫ ʨʘʟʣʦʞʝʥʠʷ ʣʶʙʦʛʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʩʣʦʞʥʦʛʦ ʢʦʣʝʙʘʥʠʷ 

ʥʘ ʩʫʤʤʫ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʛʘʨʤʦʥʠʢ). ʏʠʩʣʦ ʛʘʨʤʦʥʠʢ ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʝʯʥʳʤ ʠʣʠ 

ʙʝʩʢʦʥʝʯʥʳʤ. ʅʘ ʨʠʩ. 13 ʧʦʢʘʟʘʥʘ ʩʫʤʤʘ ʯʝʪʳʨʝʭ ʛʘʨʤʦʥʠʢ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʯʠʩʣʦʚʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʧʨʠʤʝʨ ʚʟʷʪ ʠʟ [1]): 

u = A0 + A1 cos ( ɤt + ɗ1) + A2 cos (2ɤt + ɗ2) + A3 cos (3ɤt + ɗ3) + A4 cos (4ɤt + ɗ4) 

 

A0 / A1 = 0,44 , A2 / A1 = 0,97 , A3 / A1 = 0,47 , A4 / A1 = 0,14 ;  

ɗ1 = ï 58Á , ɗ2 = ï 151Á , ɗ3 = + 124Á , ɗ4 = + 86Á . 

 

 
ʈʠʩ. 13. ʌʫʨʴʝ-ʘʥʘʣʠʟ: ʨʘʟʣʦʞʝʥʠʝ ʩʣʦʞʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʥʘ ʯʝʪʳʨʝ ʛʘʨʤʦʥʠʢʠ 

 

ʊʘʢ ʚʦʪ, ʚ ʩʨʝʜʝ ʩ ʟʘʪʫʭʘʥʠʝʤ ʯʝʪʚʝʨʪʘʷ ʛʘʨʤʦʥʠʢʘ ʥʘʯʥʝʪ ʠʩʯʝʟʘʪʴ ʧʝʨʚʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ (1 + 2 + 3 + 4) ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʠʩʢʘʞʝʥʥʳʡ ʩʠʛʥʘʣ (1 + 2 + 3). ɿʘʪʝʤ ʦʥ 

ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʩʠʛʥʘʣ (1 + 2) ʠ ʧʦʩʣʝʜʥʝʡ ʠʩʯʝʟʥʝʪ ʩʘʤʘʷ ʧʝʨʚʘʷ ʛʘʨʤʦʥʠʢʘ. 

ɺʩʷʢʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʩʨʝʜʝ ʤʦʞʥʦ ʨʘʟʚʝʨʥʫʪʴ ʣʠʙʦ ʚʦ ʚʨʝʤʝʥʠ, ʣʠʙʦ ʧʦ ʦʩʠ ʯʘʩʪʦʪ. ʊʘʢ 

ʢʘʢ ʧʝʨʠʦʜ ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʟʘʠʤʥʦ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (T = 1 / f ), ʪʦ 

ʛʦʚʦʨʷʪ ʣʠʙʦ ʦ ʧʨʷʤʦʤ ( t ), ʣʠʙʦ ʦʙ ʦʙʨʘʪʥʦʤ ( f ) ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʠʛʥʘʣʘ (ʨʠʩ. 14, ʚʟʷʪ ʠʟ [3, ʩ. 

16] ), ʢʦʪʦʨʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʘʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʌʫʨʴʝ. ʇʨʷʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦ ʠʟʚʝʩʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʬʫʥʢʮʠʠ p (t) ʥʘʡʪʠ ʥʝʠʟʚʝʩʪʥʳʡ ʩʧʝʢʪʨ G ( f ); ʦʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʜʝʡʩʪʚʫʝʪ, ʥʘʦʙʦʨʦʪ, ʦʪ G ( f ) ʢ p (t). 

ɼʦʙʘʚʠʤ, ʯʪʦ ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʦʡ ɤ = 2ˊ f, ʘ ʥʝ ʧʘʨʘʤʝʪʨʦʤ f. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʚʷʟʢʘ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʜʝʡʩʪʚʫʝʪ ʚ ʦʪʥʦʰʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ( ɚ ) ʠ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ k = 2ˊ / ɚ (ʩʦʙʩʪʚʝʥʥʦ, ʩʘʤ ʢʦʵʬʬʠʮʠʝʥʪ 2ˊ ʜʠʢʪʫʝʪʩʷ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ, ʢʦʛʜʘ ʠʤʝʝʰʴ ʜʝʣʦ, ʥʘʧʨʠʤʝʨ, 

ʩ ʜʠʩʧʝʨʩʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, ʢʦʪʦʨʫʶ ʪʦʞʝ ʠʟʦʙʨʘʞʘʶʪ ʚ ʧʨʷʤʦʤ ʠ 

ʦʙʨʘʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʠʥʘ ʚʦʣʥʳ ( ɚ ) ʵʣʝʢʪʨʦʥʥʦʡ ɣ-ʬʫʥʢʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʝʨʠʦʜʦʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʝʰʝʪʢʠ. ɹʦʣʝʝ ʛʣʫʙʦʢʠʡ ʩʤʳʩʣ ʵʪʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 
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ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʨʷʜʝ ʨʘʟʜʝʣʦʚ çʂʦʥʩʪʨʫʢʪʠʚʥʦʡ ʤʘʪʝʤʘʪʠʢʠè (ʥʘʯʘʪʴ ʤʦʞʥʦ ʩ ʨʘʟʜʝʣʘ 

ʉʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ ). 

 

 
ʈʠʩ. 14. ʇʨʷʤʦʝ ( t ) ʠ ʦʙʨʘʪʥʦʝ ( f ) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ: ʘ) ʧʨʦʩʪʦʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ 

ʢʦʣʝʙʘʥʠʝ, ʙ) ʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʛʘʨʤʦʥʠʢ. 

ɿʜʝʩʴ p (t) ï ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʚʦ ʚʨʝʤʝʥʠ; G ( f ) ï 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ. 

 

ɺʳʰʝ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʯʪʦ ʩʣʦʞʥʳʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜʳ ʌʫʨʴʝ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʯʘʩʪʦʪʦʡ ʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ 

(ʨʠʩ. 14ʙ). ʆʙʳʯʥʦ, ʥʘ ʩʨʝʜʥʠʝ ʠʣʠ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʧʨʠʭʦʜʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

(ʘʤʧʣʠʪʫʜʘ) ʩʠʛʥʘʣʘ. ʇʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʧʝʢʪʨʳ ʠʤʝʶʪ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʳʡ ʚʠʜ. 

ɻʦʚʦʨʠʣʦʩʴ ʪʘʢʞʝ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʩ ʤʘʣʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʨʘʟʤʝʨʘʤʠ 

ʤʦʣʝʢʫʣ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ, ʠʩʧʳʪʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʟʘʪʫʭʘʥʠʝ ʠ ʪʦʨʤʦʞʝʥʠʝ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʧʝʢʪʨʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʨʷʶʪ ʧʨʘʚʳʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ çʭʚʦʩʪè. ʕʪʦ 

ʦʙʦʨʘʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʜʠʩʧʝʨʩʥʫʶ ʩʨʝʜʫ 

ʨʘʩʧʣʳʚʘʝʪʩʷ, ʝʛʦ ʦʩʪʨʳʝ ʫʛʣʳ ʦʢʨʫʛʣʷʶʪʩʷ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 15. 

 

 
 

ʈʠʩ. 15. ʈʘʩʧʣʳʚʘʥʠʝ ʠʤʧʫʣʴʩʘ ʟʘ ʩʯʝʪ 

ʟʘʪʫʭʘʥʠʷ ʚ ʩʨʝʜʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. 

ʈʠʩ. 16. ʈʘʩʱʝʧʣʝʥʠʝ ʦʜʠʥʦʯʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʪʦʨʠʯʥʳʭ 

ʠʤʧʫʣʴʩʦʚ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʩ ʦʜʥʦʡ 

ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 

 

ʄʥʦʛʠʝ ʠʟ ʥʘʩ ʧʨʦʭʦʜʠʣʠ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ. ɾʠʜʢʦʩʪʠ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʩʠʩʪʝʥʮʠʠ, ʩʦʩʫʜʠʩʪʘʷ ʩʠʩʪʝʤʘ ʢʨʦʚʦʪʦʢʦʚ, ʚʦʣʦʢʥʘ ʤʳʰʮ, ʞʠʨʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʤʥʦʛʠʝ 

http://sceptic-ratio.narod.ru/ma/km27.htm
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ʜʨʫʛʠʝ ʪʢʘʥʠ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʧʦʩʦʙʥʫʶ ʨʘʩʱʝʧʠʪʴ ʦʜʠʥʦʯʥʳʡ 

ʠʩʭʦʜʥʳʡ ʩʠʛʥʘʣ ʥʘ ʛʨʫʧʧʫ ʩʠʛʥʘʣʦʚ (ʨʠʩ. 16). 

ʄʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʠ ʪʘʢ, ʯʪʦ ʢʘʞʜʳʡ ʚʪʦʨʠʯʥʳʡ ʠʤʧʫʣʴʩ, ʚʦʟʥʠʢʰʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʱʝʧʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ, ʥʘʯʥʝʪ ʜʚʠʛʘʪʴʩʷ ʚ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʩʦ ʩʚʦʝʡ 

ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ v1 , v2, v3 ʠ ʪ.ʜ. (ʨʠʩ. 17). 

 

 
ʈʠʩ. 17. ɼʚʠʞʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʦʚʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ. 

 

ɺʦ ʚʩʝʭ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝʢʫʶ ʘʙʩʪʨʘʢʮʠʶ ʠʣʠ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʝʨʝʩʪʘʝʪ ʠʛʨʘʪʴ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʤʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʠʤʧʫʣʴʩʳ ï ʘ ʚʤʝʩʪʝ ʩ 

ʥʠʤʠ ʠ ʵʥʝʨʛʠʷ ʚʦʟʙʫʞʜʝʥʠʷ ï ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʩʨʝʜʝ ʩ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʇʦʥʷʪʠʝ ʦ ʟʘʪʫʭʘʥʠʠ, ʢʘʢ ʩʪʨʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʚʚʝʜʝʤ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ [1]. 

ʇʫʩʪʴ ʯʘʩʪʠʮʘ ʩʨʝʜʳ ʤʘʩʩʦʡ m ʢʦʣʝʙʣʝʪʩʷ ʧʦ ʧʨʷʤʦʡ ʦʢʦʣʦ ʩʚʦʝʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʈ. ɽʩʣʠ y ï ʨʘʩʩʪʦʷʥʠʝ ʯʘʩʪʠʮʳ ʦʪ ʪʦʯʢʠ ʈ, ʪʦ ʚʝʣʠʯʠʥʘ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʢ ʈ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ y ʠ ʨʘʚʥʘ, Ky, ʛʜʝ K ï ʥʝʢʦʪʦʨʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʪʦʡ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ ʯʘʩʪʠʮʘ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʤʩʷ 

ʫʩʢʦʨʝʥʠʝʤ. ʊʘʢʦʝ ʜʚʠʞʝʥʠʝ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ 

mdĮy/dtĮ = ïKy, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 

dĮy/dtĮ + ɤĮy = 0, 

ʛʜʝ ɤĮ = K/m ï ʢʚʘʜʨʘʪ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ. ʈʝʰʝʥʠʝʤ ʜʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʫʜʝʪ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

y = A cos ɤt + B sin ɤt . 

ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ A ʠ B ʠʱʝʪʩʷ ʠʟ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʬʫʥʢʮʠʠ y ʠ ʝʝ ʧʝʨʚʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ: 

dy/dt = ïɤA sin ɤt + ɤB cos ɤt. 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʩʪʦʡ ʤʘʷʪʥʠʢ, ʪʦ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʥʝʛʦ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʪʨʠ ʨʘʚʝʥʩʪʚʘ: 

t = 0, y = a, dy/dt = 0. 

ʕʪʠ ʫʩʣʦʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʜʚʫʤ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʷʤ, ʛʨʘʬʠʢʠ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 18: 

y = a cos ɤt ʠ dy/dt = ïɤa sin ɤt . 
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ʈʠʩ. 18. ɻʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: t = 0, 

y = a, dy/dt = 0 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ: 

t = 0, y = 0, dy/dt = V, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʜʚʠʞʝʥʠʷ ʤʘʷʪʥʠʢʘ ʠʟ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V. ʊʦʛʜʘ A 

= 0, ɤB = V, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

y = (V/ɤ) sin ɤt ʠ dy/dt = V cos ɤt. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʚʳʨʘʞʝʥʠʷʤ: 

y = A ' cos (ɤ t ï ű); A ' = (A Į + B Į) İ , ű = arctg (B/A) . 

ʕʪʠʤ ʚʳʨʘʞʝʥʠʷʤ ʦʪʚʝʯʘʶʪ ʛʨʘʬʠʢʠ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 19. 

 

 
ʈʠʩ. 19. ɻʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ y = A ' cos (ɤ t ï ű) 

 

ɼʣʷ ʚʩʷʢʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʵʥʝʨʛʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʤʘʷʪʥʠʢʘ ʤʘʩʩʦʡ m, ʧʦʜʚʝʰʝʥʥʦʛʦ ʥʘ ʥʠʪʠ ʜʣʠʥʦʡ l, ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʩ ʯʘʩʪʦʪʦʡ ɤĮ = g/l, ʩʫʤʤʘ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʝʩʪʴ ʢʦʥʩʪʘʥʪʘ: 

E = mvĮ/2 + mgz = aĮmg/2l = const. 

ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʜʝʡʩʪʚʫʝʪ ʜʝʤʧʬʠʨʫʶʱʘʷ ʩʠʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʠ, ʪʦ ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʜʦʙʘʚʠʪʩʷ ʪʨʝʪʠʡ ʯʣʝʥ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʭʘʨʘʢʪʝʨ ʟʘʪʫʭʘʥʠʷ: 

mdĮy/dtĮ = ïKy ï Cdy/dt, 

ʠʣʠ 

dĮy/dtĮ + 2ɓy/dt + ɤĮy = 0 

ʛʜʝ C ï ʢʦʥʩʪʘʥʪʘ, 2ɓ = C/m, ɤĮ = K/m 

ɿʜʝʩʴ ʚʦʟʤʦʞʥʳ ʪʨʠ ʩʣʫʯʘʷ. 

ʉʣʫʯʘʡ A. ɽʩʣʠ ɓ < ɤ , ʪʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩ ʟʘʪʫʭʘʥʠʝʤ ʠʤʝʝʪ ʚʠʜ: 

y = a sin ɤ1t 
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ʛʜʝ 

ɤĮ1 = ɤĮ ï ɓĮ ï ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʟʘʪʫʭʘʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ; 

a = (V/ɤ1) exp (ï ɓt) ï ʟʘʪʫʭʘʶʱʘʷ ʘʤʧʣʠʪʫʜʘ. 

ʄʥʦʞʠʪʝʣʴ exp (ï ɓT1 ) ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ. 

ʉʣʫʯʘʡ ɹ. ɽʩʣʠ ɓ > ɤ , ʪʦ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

y = a [exp (nt) ï exp (ïnt)] , 

ʛʜʝ nĮ = ɓĮ ï ɤĮ ; a = (V/2n ) exp (ï ɓt). 

ʊʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʩʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤ ʟʘʪʫʭʘʥʠʝʤ. 

ʉʣʫʯʘʡ ɺ. ɽʩʣʠ ɓ = ɤ , ʪʦ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

y = Vt exp (ï ɓt). 

ʊʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʟʘʪʫʭʘʥʠʝʤ. 

ɺʩʝʤ ʪʨʝʤ ʩʣʫʯʘʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʬʠʢʠ (ʨʠʩ. 20). 

 

 
ʈʠʩ. 20. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ y( t ) ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ ɓ (ʩʣʫʯʘʠ ɸ, ɹ ʠ ɺ). 

 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʪʫʭʘʥʠʷ ʚʚʦʜʷʪ ʢʦʥʩʪʘʥʪʫ ʟʘʪʫʭʘʥʠʷ: Ű ï ʵʪʦ ʪʦ ʚʨʝʤʷ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʚ e = 2,718 ʨʘʟ. ʆʪʥʦʰʝʥʠʝ ʧʝʨʠʦʜʘ 

ʢʦʣʝʙʘʥʠʡ ( T ) ʢ ʧʦʩʪʦʷʥʥʦʡ ʟʘʪʫʭʘʥʠʷ (Ű) ʥʘʟʳʚʘʝʪʩʷ ʜʝʢʨʝʤʝʥʪʦʤ ï D = T / Ű. 

ʍʘʨʘʢʪʝʨ ʟʘʪʫʭʘʥʠʷ ʨʘʩʢʨʳʚʘʝʪʩʷ ʯʝʨʝʟ ʚʨʝʤʝʥʥʫʶ ʧʝʨʝʤʝʥʥʫʶ t; ʥʘ ʧʨʘʢʪʠʢʝ ʞʝ 

ʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʟʘʢʦʥ ʦʩʣʘʙʣʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ x ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ: 

P = Pʦ exp ( ïŬx ), 

ʛʜʝ Pʦ ʠ P ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʭʦʜʥʦʝ ʠ ʪʝʢʫʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʩʨʝʜʝ, Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ, 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ. 

ɿʘʪʫʭʘʥʠʝ (ʢʘʢ ʠ ʚʩʷʢʠʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ) ʠʟʤʝʨʷʝʪʩʷ ʚ ʜʝʮʠʙʝʣʘʭ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʝʜʠʥʠʮʝ 

ʨʘʩʩʪʦʷʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʳʚʘʝʪʩʷ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ, ʥʘʧʨʠʤʝʨ: 5 ʜɹ/ʩʤ ʥʘ ʯʘʩʪʦʪʝ 3 ʄɻʮ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʟʘʪʫʭʘʥʠʝ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʘʨʘʩʪʘʝʪ, ʧʨʠʯʝʤ ʚ ʢʦʩʪʥʳʭ ʪʢʘʥʷʭ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʤʷʛʢʠʭ, ʥʘʧʨʠʤʝʨ, ʚ ʤʳʰʮʘʭ, ʣʝʛʢʠʭ ʠʣʠ ʧʝʯʝʥʠ. ʆʜʥʘʢʦ ʚ ʣʝʛʢʠʭ ʟʘ 

ʩʯʝʪ ʧʦʨʠʩʪʦʩʪʠ ʪʢʘʥʠ ʟʘʪʫʭʘʥʠʝ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ (ʨʠʩ. 21ʘ ʚʟʷʪ ʠʟ [2] ʠ ʨʠʩ. 21ʙ ʚʟʷʪ ʠʟ [3, 

ʩ. 24] ). 

ʇʦ ʜʘʥʥʳʤ ʠʩʪʦʯʥʠʢʘ [2] ʧʨʠ f = 1 ʄɻʮ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʚ ʝʜʠʥʠʮʘʭ 1/ʩʤ 

ʜʣʷ ʢʨʦʚʠ ʩʦʩʪʘʚʣʷʝʪ 0,023 , ʞʠʨʘ ï 0,044ï0,09 , ʢʦʞʠ ï 0,14ï0,66 , ʭʨʷʱʝʡ ï 0,58 , ʢʦʩʪʝʡ ʯʝʨʝʧʘ 

ï 1,5ï2,2 ʠ ʣʝʛʢʠʭ ï 3,5ï5. 
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ʈʠʩ. 21. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ (Ŭ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ 

( f ): ʚʟʷʪʦ ʘ) ʠʟ [2] ʠ ʙ) ʠʟ [3], ʛʜʝ 1 ï ʣʝʛʢʠʝ, 2 ï ʢʦʩʪʠ ʯʝʨʝʧʘ, 3 ï ʢʦʞʘ, 4 ï ʤʳʰʮʳ, 5 ï ʤʦʟʛ ʚʟʨʦʩʣʦʛʦ, 

6 ï ʤʦʟʛ ʨʝʙʝʥʢʘ, 7 ï ʧʝʯʝʥʴ, 8 ï ʢʨʦʚʴ, 9 ï ʚʦʜʘ. ʇʫʥʢʪʠʨʥʦʡ ʢʨʠʚʦʡ ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ. 

 

ʀʟ-ʟʘ ʨʘʟʥʦʩʪʠ ʚ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʠʩʭʦʜʥʳʝ ʠʤʧʫʣʴʩʳ ʥʝ ʪʦʣʴʢʦ ʦʩʣʘʙʣʷʶʪʩʷ, ʥʦ 

ʠ ʟʘʤʝʪʥʦ ʠʩʢʘʞʘʶʪʩʷ ʚ ʚʠʜʫ ʜʨʝʡʬʘ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʳ ʚ ʦʙʣʘʩʪʴ ʫʤʝʥʴʰʝʥʠʷ. ʕʪʫ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʥʘ ʛʨʘʬʠʢʘʭ ʩʤʝʱʝʥʠʷ ʚʣʝʚʦ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʩʪʘ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʤʧʫʣʴʩʦʚ (ʨʠʩ. 22, ʚʟʷʪ ʠʟ [3, ʩ. 25] ). 

 

 
ʈʠʩ. 22. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ x ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʩʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʣʘʙʣʝʥʠʝ ʠ ʩʤʝʱʝʥʠʝ ʠʭ ʩʧʝʢʪʨʦʚ G (f ) ʚʣʝʚʦ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ 

ʪʨʘʝʢʪʦʨʠʷ ʩʤʝʱʝʥʠʷ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʦʚ ʚ ʦʙʣʘʩʪʴ ʫʤʝʥʴʰʝʥʠʷ. 

 

ʀʟ ʨʠʩ. 22 çʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʥʘ ʩʘʤʳʭ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ ʩʧʝʢʪʨ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʢʨʠʚʘʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʬʦʨʤʫ ʩʧʝʢʪʨʘ, ʟʘʤʝʪʥʦ ʩʜʚʠʛʘʝʪʩʷ ʚʣʝʚʦ. ɽʩʣʠ 

ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣʘ ʨʘʚʥʘ 3,5 ʄɻʮ, ʪʦ ʥʘ ʛʣʫʙʠʥʝ 6 ʩʤ ʦʥʘ ʨʘʚʥʘ 3,1 

ʄɻʮ, ʘ ʥʘ ʛʣʫʙʠʥʝ 12 ʩʤ ʦʥʘ ʙʣʠʟʢʘ ʢ 2,8 ʄɻʮ. ʉʤʝʱʝʥʠʝ ʩʧʝʢʪʨʘ ʵʭʦ-ʩʠʛʥʘʣʘ ʚ ʩʪʦʨʦʥʫ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

ʇʦʵʪʦʤʫ ʚʦ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʋɿ ʧʨʠʙʦʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʜʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ 

(ɸʇʏ) ʧʨʠʝʤʥʠʢʘ ʵʭʦ-ʩʠʛʥʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʠʭʦʜʘ ʵʭʦ-ʩʠʛʥʘʣʦʚè [3, ʩ. 26]. 

ʕʪʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʘʢʫʩʪʠʢʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ 

ʚ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. 

 
1. ʂʘʨʦ ʂ., ʇʝʜʣʠ ʊ., ʐʨʦʪʝʨ ʈ., ʉʠʜ ʋ. ʄʝʭʘʥʠʢʘ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ï ʄ.: ʄʠʨ, 1981. 

2. ʌʠʟʠʯʝʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ. http://www.femto.com.ua 

3. ʆʩʠʧʦʚ ʃ.ɺ. ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ: ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʜʣʷ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʡ. ï ʄ.: ɺʠʜʘʨ, 1999. 

 

http://www.femto.com.ua/
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ʆ ʬʦʨʤʫʣʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ 

ʆʣʝʛ ɸʢʠʤʦʚ 

http://sceptic-ratio.narod.ru/fi/Doppler.htm 

 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʦʤ ɼʦʧʣʝʨʘ. ɽʩʣʠ ʠʩʪʦʯʥʠʢ ʟʚʫʢʦʚʳʭ ʠʣʠ ʩʚʝʪʦʚʳʭ ʚʦʣʥ 

ʧʦʢʦʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ, ʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ɚ (ɚ 

ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʫ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʬʘʟʘʤʠ ʢʦʣʝʙʘʥʠʡ) ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʙʫʜʝʪ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ. ʅʦ ʩʪʦʠʪ ʠʩʪʦʯʥʠʢʫ ʢʦʣʝʙʘʥʠʡ ʩʦʦʙʱʠʪʴ ʜʚʠʞʝʥʠʝ ʚ ʢʘʢʦʤ-ʪʦ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʢʘʢ ʪʫʪ ʞʝ ʜʣʠʥʘ ʚʦʣʥʳ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʸʤʘ ʚʦʣʥ. ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʦʠʟʦʡʜʝʪ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʩʪʦʯʥʠʢ 

ʧʦʢʦʠʪʩʷ, ʘ ʧʨʠʸʤʥʠʢ ʧʝʨʝʤʝʱʘʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʜʣʠʥʘ ʚʦʣʥʳ ( ɚ ), ʧʝʨʠʦʜ ( T ) ʠ ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ ( f ) ʚʟʘʠʤʦʩʚʷʟʘʥʳ ( ɚ = c/f = cT ), ʪʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ T ʠ f. ɼʣʷ ʘʥʘʣʠʟʘ 

ʧʨʦʙʣʝʤʳ ʥʘʤ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʠʞʫʱʠʤʩʷ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢ ʠ ʦʧʝʨʠʨʦʚʘʪʴ ɚ, ʘ ʟʘʪʝʤ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʧʨʠʸʤʥʠʢ, T ʠ f. 

ʉʦ ʰʢʦʣʴʥʦʡ ʩʢʘʤʴʠ ʥʘʤ ʟʥʘʢʦʤʘ ʥʝʭʠʪʨʘʷ ʬʦʨʤʫʣʘ, ʢʦʪʦʨʦʡ ʧʦʣʴʟʫʶʪʩʷ ʠ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʝ ʫʯʝʥʳʝ: 

 
. (1) 

ʌʦʨʤʫʣʘ (1) ʦʧʠʩʳʚʘʝʪ ʧʨʠʥʷʪʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ( ɚ' ), ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʜʣʠʥʘ 

ʚʦʣʥʳ ( ɚ ) ʜʚʠʞʫʱʝʛʦʩʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ( ɓ = v/c ) ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ ʠ ʫʛʦʣ 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ v ʠ c ( ű ). ʇʦʣʥʳʡ ʚʳʚʦʜ ʬʦʨʤʫʣʳ (1) ʧʨʠʚʦʜʠʪʩʷ ʚ ʇʨʠʣʦʞʝʥʠʠ ʢ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ. ɽʝ 

ʚʳʚʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ ʚʝʣʠʢʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ. 

ɼʘʚʘʡʪʝ ʟʘʜʘʜʠʤʩʷ ʚʦʧʨʦʩʦʤ: ʢʘʢ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʢʦʛʜʘ 

ʠʩʪʦʯʥʠʢ ʠ ʧʨʠʝʤʥʠʢ ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʜʨʫʛ ʜʨʫʛʘ? ɺ ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʫʯʝʙʥʠʢʘʭ ʧʦ ʬʠʟʠʢʝ 

ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʠʪʩʷ ʦ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʥʠʷ ʠ ʧʨʠʝʤʥʠʢʦʤ 

ʫʢʣʘʜʳʚʘʝʪʩʷ ʚʩʝʛʦ ʦʜʥʘ, ʜʚʝ ʠʣʠ ʪʨʠ ʜʣʠʥʳ ʚʦʣʥʳ. ʄʳ ʥʝ ʟʥʘʝʤ, ʤʦʞʥʦ ʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʬʦʨʤʫʣʦʡ (1), ʝʩʣʠ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ ʫʢʣʘʜʳʚʘʝʪʩʷ 100 ʜʣʠʥ ʚʦʣʥ, ʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʥʘ ʜʘʝʪ ʥʝʜʦʧʫʩʪʠʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʫʞʝ ʜʣʷ 1000 ʜʣʠʥ ʚʦʣʥ? ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʠ ʠʟʣʦʞʝʥʠʠ 

ʪʝʤʳ çʕʬʬʝʢʪ ɼʦʧʣʝʨʘè ʥʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʜʝʡʩʪʚʠʷ 

ʬʦʨʤʫʣʳ (1) ʠ, ʚʦ-ʚʪʦʨʳʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ, 

ʢʦʛʜʘ ʬʦʨʤʫʣʘ (1) ʥʝ ʜʝʡʩʪʚʫʝʪ ʠʣʠ ʜʘʝʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. 

ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʟʜʝʩʴ ʚʦʟʥʠʢʘʝʪ, ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʯʝʤʫ 

ʚʳʨʘʞʝʥʠʝ (1) ʥʠʢʘʢ ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʦʷʚʣʝʥʠʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʪ.ʝ. ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʠʩʪʦʯʥʠʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ( ɓ > 1 )? ɽʱʝ ʚ XIX ʩʪʦʣʝʪʠʠ ʕʨʥʩʪ 

ʄʘʭ, ʠʟʫʯʘʷ ʜʚʠʞʝʥʠʝ ʧʫʣʠ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʚʦʟʜʫʭʝ ʙʳʩʪʨʝʝ ʟʚʫʢʘ, ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʫʛʦʣ ʧʨʠ 

ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ɓ: 

sin ɗ = 1/ɓ = c/v  (2) 

ʌʦʨʤʫʣʳ (1) ʠ (2) ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʳ, ʭʦʪʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʤʦʥʦʪʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ: v Ÿ Ð) ʚʳʨʘʞʝʥʠʝ (2) 

ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʮʝʩʩʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʚʳʨʘʞʝʥʠʝʤ (1). 

ʋʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʣʝʛʢʦ ʨʘʟʨʝʰʠʪʴ, ʝʩʣʠ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ ʬʦʨʤʫʣʘ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʩʣʦʞʝʥʠʷ ʜʚʫʭ 

ʩʢʦʨʦʩʪʝʡ ï v ʠ c. ʅʠʞʝ ʜʘʝʪʩʷ ʧʨʦʩʪʦʡ ʚʳʚʦʜ ʪʦʯʥʦʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʬʦʨʤʫʣʳ, ʩʧʨʘʚʝʜʣʠʚʦʡ 

ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ (0 < v < Ð). 
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ʈʠʩ. 1. ʏʝʨʪʝʞ (ʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʩʪʳʚʰʝʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥ ʧʨʠ ʜʚʠʞʫʱʝʤʩʷ ʠʩʪʦʯʥʠʢʝ ʢʦʣʝʙʘʥʠʡ ( i ). ʇʦʢʘ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ, ʠʩʧʫʱʝʥʥʳʡ ʠʟ 

ʪʦʯʢʠ 0, ʜʦʡʜʝʪ ʜʦ ʪʦʯʢʠ ɸ, ʠʩʪʦʯʥʠʢ ʢʦʣʝʙʘʥʠʡ i ʦʢʘʞʝʪʩʷ ʚ ʪʦʯʢʝ ɺ. ʏʪʦʙʳ ʥʘʡʪʠ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʳ ʚʝʢʪʦʨʦʚ v ʠ c, ʥʘ ʯʝʨʪʝʞʝ (ʙ) ʧʦʢʘʟʘʥ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ. 

 

ʅʘ ʨʠʩ. 1ʘ ʚʳʯʝʨʯʝʥ ʟʘʩʪʳʚʰʠʡ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ. ʅʘ ʦʜʥʦʡ ʠʟ ʦʢʨʫʞʥʦʩʪʝʡ ï ʥʝʚʘʞʥʦ ʢʘʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʪʨʝʫʛʦʣʴʥʠʢʠ 

0ɸɺ ʙʫʜʫʪ ʧʦʜʦʙʥʳʤʠ, ï ʚʳʙʨʘʥʘ ʪʦʯʢʘ ɸ. ʉʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ 0ɸ ʠ 0ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʢʦʨʦʩʪʷʤ v ʠ c; ʥʫʞʥʦ ʧʦ ʜʚʫʤ ʩʪʦʨʦʥʘʤ ʪʨʝʫʛʦʣʴʥʠʢʘ 0ɸɺ ʥʘʡʪʠ ʪʨʝʪʴʶ ï ɸɺ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʪʨʝʫʛʦʣʴʥʠʢ 0ɸɺ ʜʦʩʪʨʘʠʚʘʝʤ ʜʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 0ɸʉ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1ʙ. ʀʟ 

ʧʦʩʣʝʜʥʝʛʦ ʯʝʨʪʝʞʘ ʥʘʭʦʜʠʤ ʦʪʨʝʟʢʠ a = v sin ɗ ʠ b = v cos ɗ. ʇʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ ʩʦʩʪʘʚʣʷʝʤ 

ʨʘʚʝʥʩʪʚʦ: 

 
. 

ɽʩʣʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʷ a ʠ b, ʧʦʣʫʯʠʤ ʠʩʢʦʤʫʶ ʩʢʦʨʦʩʪʴ c' : 

 
. (3) 

ʋʤʥʦʞʘʷ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (3) ʥʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ, ʧʦʣʫʯʘʝʤ ʠʟʤʝʥʠʚʰʫʶʩʷ ʟʘ ʩʯʝʪ 

ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʜʣʠʥʫ ʚʦʣʥʳ ɚ', ʢʦʪʦʨʫʶ ʫʜʦʙʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ ɓ: 

 
. (4) 

ʌʦʨʤʫʣʘ (4) ʝʩʪʴ ʠʩʪʠʥʥʦʝ, ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʵʬʬʝʢʪ 

ɼʦʧʣʝʨʘ ʜʣʷ ʣʶʙʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɓ. ʊʦ, ʯʪʦ ʬʦʨʤʫʣʘ (4) ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ 

ʩʫʤʤʳ ʜʚʫʭ ʚʝʢʪʦʨʦʚ v ʠ c, ʤʦʞʥʦ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʝʩʣʠ ʝʝ ʧʨʝʜʩʪʘʚʠʪʴ ʯʝʨʝʟ ʫʛʦʣ ű ʤʝʞʜʫ v ʠ c. 

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʢ ʪʨʝʫʛʦʣʴʥʠʢʫ 0ɸɺ ʧʨʠʤʝʥʠʪʴ ʪʝʦʨʝʤʫ ʢʦʩʠʥʫʩʦʚ: 

. (5) 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʚʳʨʘʞʝʥʠʷ (4) ʠ (5) ʦʪʨʘʞʘʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʬʘʢʪ, ʦʜʥʘʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʙʳʣʦ ʙʳ ʦʰʠʙʢʦʡ ʩʯʠʪʘʪʴ ű ʫʛʣʦʤ ʥʘʙʣʶʜʝʥʠʷ; ʠʤ ʷʚʣʷʝʪʩʷ 

ʫʛʦʣ ɗ. ʕʪʦ ʧʨʝʢʨʘʩʥʦ ʚʠʜʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʫʜʘʨʥʘʷ ʚʦʣʥʘ. ʅʘ ʨʠʩ.2 ʚʠʜʥʦ, ʯʪʦ ʢʦʥʫʩ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʠʩʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʥʠʡ. ɿʥʘʯʠʪ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʨʤʫʣʳ 

ʄʘʭʘ (2) ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ ʬʦʨʤʫʣʦʡ (4) ʥʫʞʥʦ ʧʝʨʝʡʪʠ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ (x, y) ʚ ʰʪʨʠʭʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (x', y'), ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʩʦʚʤʝʱʝʥʦ ʩ 

ʜʚʠʞʫʱʠʤʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʣʥ. 
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ʈʠʩ. 2. ʏʝʨʪʝʞ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ (2) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ɗ ʧʨʠ 

ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

 

ɽʩʣʠ ʚʤʝʩʪʦ ʪʝʦʨʝʤʳ ʢʦʩʠʥʫʩʦʚ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʦʨʝʤʦʡ ʩʠʥʫʩʦʚ, ʢʦʪʦʨʘʷ ʜʘʝʪ 

ʨʘʚʝʥʩʪʚʦ: sin(ɗ ï ű) = ɓsinɗ, ʘ ʟʘʪʝʤ ʵʪʠ ʩʠʥʫʩʳ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʢʦʩʠʥʫʩʳ (ʧʦʜʨʦʙʥʦʩʪʠ ʟʜʝʩʴ), ʪʦ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʝʱʝ ʦʜʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʬʠʛʫʨʠʨʦʚʘʪʴ ʫʞʝ ʢʘʢ 

ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ (ɗ), ʪʘʢ ʠ ʫʛʦʣ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ v ʠ c (ű): 

ɚ' = ɚ[cos(ɗ ï ű) ï ɓcosɗ]  (6) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (6) ʩʣʝʜʫʝʪ: ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʫʛʣʘʤʠ: (ɗ ï ű) Ÿ 0, ʪʝʤ ʩ ʙʦʣʴʰʠʤ 

ʧʨʘʚʦʤ ʤʳ ʤʦʞʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʦʡ (1). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʨʤʫʣʳ (4) ʥʠʢʘʢʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʠʣʠ ʧʨʠʝʤʥʠʢʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʉʠʩʪʝʤʘ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ ʩʦ ʩʤʝʱʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʠ ʙʝʟ ʥʠʭ. ɻʣʘʚʥʦʝ, ʯʪʦ ʟʜʝʩʴ 

ʥʫʞʥʦ, ʵʪʦ ʚʳʨʘʟʠʪʴ ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʷʪʫʶ ʦʢʨʫʞʥʦʩʪʴ ʢʦʨʨʝʢʪʥʳʤ ʦʙʨʘʟʦʤ. ʉʪʘʨʘʷ ʬʦʨʤʫʣʘ (1), 

ʢʘʢ ʤʳ ʫʚʠʜʠʤ ʥʠʞʝ, ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʢʘʨʜʠʦʠʜʳ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ 

ʧʦʣʫʯʝʥʥʦʝ ʥʘʤʠ ʚʳʨʘʞʝʥʠʝ (4) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʦʢʨʫʞʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʫʛʦʣ ɗ 

ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠʣʠ ʘʨʛʫʤʝʥʪʦʤ, ʘ ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʧʨʠʝʤʥʠʢʦʤ ʜʣʠʥʘ ʚʦʣʥʳ ɚ' 

ʠʣʠ ʩʪʦʨʦʥʘ ɸɺ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ. 1ʘ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʷʚʣʷʝʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ ʠʣʠ 

ʬʫʥʢʮʠʝʡ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʘʨʛʫʤʝʥʪʘ. 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʠʟ ʨʠʩ. 1ʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

0ɸ = ɚ, 0ɺ = ɓɚ ʠ ɸɺ = ɚ'. 

ɺ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (x', y') ʩ ʥʘʯʘʣʦʤ ʚ ʮʝʥʪʨʝ ɺ, ʫʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

(x' + ɓɚ)2 + (y')2 = ɚ2. 

ʇʨʦʠʟʚʝʜʝʤ ʧʝʨʝʭʦʜ ʦʪ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʢ ʧʦʣʷʨʥʳʤ ʧʦ ʬʦʨʤʫʣʘʤ: 

(ɚ')2 = (x')2 + (y')2, x' = ɚ'cosɗ, y' = ɚ'sinɗ. 

ʊʦʛʜʘ ʥʘʰʝ ʫʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

(ɚ')2 + 2ɓɚɚ'cosɗ ï ɚ2(1 ï ɓ2) = 0. 

ʇʝʨʝʜ ʥʘʤʠ ʦʙʳʢʥʦʚʝʥʥʦʝ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʨʝʰʘʷ ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʦʡ 

ɚ', ʤʳ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ (4). 

ʆʢʨʫʞʥʦʩʪʴ ʧʦʣʫʯʘʝʪʩʷ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʷ ʬʫʥʢʮʠʠ ɚ' ʚʳʨʘʞʝʥʠʷ (4) ʧʦʩʪʨʦʠʪʴ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʨʛʫʤʝʥʪʘ ɗ, ʤʝʥʷʶʱʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 2ˊ. ɻʨʘʬʠʢʠ ʵʪʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ. 3) ʜʣʷ ɓ = 3/4 (ʘ) ʠ ɓ = 1 (ʙ) ʣʠʰʥʠʡ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʜʝʣʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩ ʦʢʨʫʞʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ, ʢʦʛʜʘ 

ʧʦ ʥʝʡ ʙʝʞʠʪ ʚʦʜʦʤʝʨ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (1), ʧʨʠʚʦʜʠʤʦʝ ʚʦ ʚʩʝʭ ʩʝʛʦʜʥʷʰʥʠʭ 

ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʫʯʝʙʥʠʢʘʭ, ʦʢʨʫʞʥʦʩʪʠ ʥʝ ʜʘʝʪ. ʇʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ɓ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʢʘʢ 

ʬʫʥʢʮʠʷ ɚ' ʦʪ ʘʨʛʫʤʝʥʪʘ ɗ ʧʦʨʦʞʜʘʝʪ ʢʨʠʚʳʝ (ʚ, ʛ), ʢʦʪʦʨʳʝ ʚ ʤʘʪʝʤʘʪʠʢʝ ʥʘʟʳʚʘʶʪʩʷ 

ʢʘʨʜʠʦʠʜʘʤʠ. 
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(ʙ) 
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(ʛ) 

 
(ʜ) 

 
(ʝ) 

 
(ʞ) 

 
(ʟ) 

 

ʈʠʩ. 3. ʌʦʨʤʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʧʨʠ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʝ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʬʦʨʤʫʣʝ (4) ʧʨʠ ɓ = 3/4 (ʘ), ɓ = 1 (ʙ); ʧʦ ʬʦʨʤʫʣʝ (1) ʧʨʠ ɓ = 3/4 (ʚ), ɓ = 1 

(ʛ). ɼʣʷ ʩʣʫʯʘʷ ʧʦʷʚʣʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ: ʧʦ ʬʦʨʤʫʣʝ (4) ʧʨʠ ɓ = 2 (ʜ), ɓ = 

3 (ʝ); ʧʦ ʬʦʨʤʫʣʝ (1) ʧʨʠ ɓ = 2 (ʞ), ɓ = 3 (ʟ). 

 

ʉʘʤʦʝ ʚʘʞʥʦʝ, ʯʪʦ ʪʦʯʥʘʷ ʬʦʨʤʫʣʘ (4) ʧʨʝʢʨʘʩʥʦ ʨʘʙʦʪʘʝʪ ʠ ʚ ʩʣʫʯʘʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

ɺʦʣʥʦʚʦʡ ʬʨʦʥʪ ʩʦʭʨʘʥʷʝʪ ʬʦʨʤʫ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ɓ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ɓ = 2 (ʜ) ʠ 

ɓ = 3 (ʝ). ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʨʘʜʠʫʩʳ ʦʙʝʠʭ ʦʢʨʫʞʥʦʩʪʝʡ ʦʜʠʥʘʢʦʚʳʝ ʠ ʨʘʚʥʳ ʝʜʠʥʠʮʝ, ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʝ (ʜ) ʮʝʥʪʨ ʦʢʨʫʞʥʦʩʪʠ ʦʪʥʝʩʝʥ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʜʚʫʤ, ʘ ʜʣʷ ʩʣʫʯʘʷ (ʝ) ï ʪʨʝʤ, ʯʪʦ 
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ʚʧʦʣʥʝ ʣʦʛʠʯʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ (4) ʚ ʪʦʯʥʦʩʪʠ ʩʣʝʜʫʝʪ ʪʦʤʫ, ʯʪʦ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʚ ʧʨʠʨʦʜʝ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʢʨʫʛʠ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʚʩʸ ʜʘʣʴʰʝ ʠ ʜʘʣʴʰʝ ʩʤʝʱʘʶʪʩʷ ʚʣʝʚʦ ʦʪ ʠʩʪʦʯʥʠʢʘ. ʌʦʨʤʫʣʘ ʄʘʭʘ (2) ʪʘʢʞʝ ʝʩʪʝʩʪʚʝʥʥʦ 

ʚʳʪʝʢʘʝʪ ʠʟ ʬʦʨʤʫʣʳ (4). ɽʩʣʠ ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʦʢʘʞʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʪʦ ʢʦʨʥʠ ʠʟ 

ʥʝʛʦ ʙʫʜʫʪ ʤʥʠʤʳʤʠ. ʄʥʠʤʳʝ ʚʝʣʠʯʠʥʳ ʥʝ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ, ʧʦʵʪʦʤʫ ʥʘ ʧʦʜʢʦʨʝʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʫʩʣʦʚʠʝ: 

1 ï ɓ2 sin2ɗ Ó 0, sinɗ Ò |Ñ1/ɓ| ʠʣʠ ɗ Ò arcsin |Ñ1/ɓ|. 

ʅʘ ʛʨʘʬʠʢʘʭ (ʜ) ʠ (ʝ) ʧʦʢʘʟʘʥʳ ʥʝʧʦʣʥʳʝ ʦʢʨʫʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʠ ʤʥʠʤʳʝ ʚʦʣʥʳ ʙʳʣʠ ʦʩʪʘʚʣʝʥʳ ʥʘ ʯʝʨʪʝʞʝ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʢʦʥʮʳ ʪʦʯʥʦ ʫʢʘʟʳʚʘʶʪ ʪʦʯʢʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʨʝʘʣʴʥʳʭ ʚʦʣʥ ʩ ʢʦʥʫʩʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʅʘ 

ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʛʨʘʬʠʢʘʭ ʠʟʦʙʨʘʞʝʥʳ ʢʨʠʚʳʝ, ʚʳʯʝʨʯʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʬʦʨʤʫʣʦʡ (1) ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ɓ = 2 (ʞ) ʠ ɓ = 3 (ʟ). ʂʘʢ ʚʠʜʠʤ, ʥʠʯʝʛʦ ʙʣʠʟʢʦʛʦ ʩ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʵʪʠ ʛʨʘʬʠʢʠ ʥʝ ʠʤʝʶʪ. 

ʆʙʩʫʞʜʘʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʙʣʝʤʘ ʠʟʣʦʞʝʥʘ ʚ ʫʯʝʙʥʠʢʝ [1]. 

ʇʨʠʣʦʞʝʥʠʝ. ɺʳʚʦʜ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʳ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ 

ɿʜʝʩʴ ʤʳ ʧʦʢʘʞʝʤ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʬʦʨʤʫʣʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ, ʥʝ ʧʨʦʩʪʦ 

ʥʝ ʪʦʯʥʘ, ʘ, ʧʦ ʩʫʪʠ ʜʝʣʘ, ʦʰʠʙʦʯʥʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʳʯʝʨʪʠʤ ʨʠʩ. 4. 

 

 
ʈʠʩ. 4. ʏʝʨʪʝʞ, ʨʘʟʲʷʩʥʷʶʱʠʡ ʦʰʠʙʦʯʥʦʩʪʴ ʚʳʚʦʜʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʳ 

ɼʦʧʣʝʨʘ ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ. 

 

ʀʪʘʢ, ʚʦʣʥʘ, ʠʩʧʫʱʝʥʥʘʷ ʠʟ ʪʦʯʢʠ 0, ʧʨʠʰʣʘ ʚ ʪʦʯʢʫ ɸ ʯʝʨʝʟ ʚʨʝʤʷ 0ɸ/ʩ. ʉʣʝʜʫʶʱʘʷ 

ʚʦʣʥʘ, ʥʘʨʦʜʠʚʰʘʷʩʷ ʯʝʨʝʟ ʧʝʨʠʦʜ T ʧʦʩʣʝ ʧʝʨʚʦʡ, ʠʩʧʫʩʢʘʝʪʩʷ ʚ ʪʦʯʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ vT ʧʨʘʚʝʝ ʪʦʯʢʠ 0. ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʘʚʝʥʩʪʚʦ ʫʛʣʦʚ ű = ɸ0ɺ ʠ ű1, 

ʢʦʪʦʨʳʡ ʚʦʟʥʠʢ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʩʜʚʠʛʝ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ. ɺʤʝʩʪʦ ʥʦʚʦʛʦ ʫʛʣʘ ű1 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʨʳʡ ʫʛʦʣ ű. ɿʘ ʥʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʨʠʸʤʥʠʢʦʤ ʧʨʠʥʠʤʘʝʪʩʷ 

ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ 0ɸ ï vTcosű. ʊʦʛʜʘ ʥʦʚʘʷ ʚʦʣʥʘ ʧʨʠʜʝʪ ʚ ʪʦʯʢʫ ʧʨʠʸʤʘ ɸ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ T ' : 

T ' = (0ɸ ï vTcosű)/c = T(1 ï ɓcosű). 

ʇʦʩʣʝ ʫʤʥʦʞʝʥʠʷ ʦʙʝʠʭ ʯʘʩʪʝʡ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʥʘ ʩ, ʧʨʠʭʦʜʠʤ ʢ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʝ 

(1), ʫ ʢʦʪʦʨʦʡ ʫʛʦʣ ű ʷʚʣʷʝʪʩʷ ʫʛʣʦʤ ʥʘʙʣʶʜʝʥʠʷ. 

ʆʰʠʙʢʘ ʚ ʵʪʠʭ ʨʘʩʩʫʞʜʝʥʠʷʭ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʘ. ɼʘ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʨʝʤʷ ʧʨʦʭʦʜʘ ʧʝʨʚʦʡ 

ʚʦʣʥʳ ( ʊ ) ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʭʦʜʘ ʚʪʦʨʦʡ ʚʦʣʥʳ (T ' ) ʦʪʣʠʯʘʝʪʩʷ ʥʝʥʘʤʥʦʛʦ ʠ ʧʨʠʙʣʠʞʸʥʥʦʝ 

ʨʘʚʝʥʩʪʚʦ ű = ű1 ʟʜʝʩʴ ʙʨʘʪʴ ʜʦʧʫʩʪʠʤʦ. ʀ ʚʩʝʛʜʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʫʛʣʘʤʠ ʨʘʟʥʠʮʘ ʥʝʙʦʣʴʰʘʷ, 

ʧʦʵʪʦʤʫ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʘ ʙʝʩʢʦʥʝʯʥʘʷ ʮʝʧʦʯʢʘ ʨʘʚʝʥʩʪʚ: ű = ű1, ű1 = ű2, ű2 = ű3 ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʟʘ 

ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʰʠʙʢʘ ʥʘʙʝʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠ ʫʞʝ, ʥʘʧʨʠʤʝʨ, ʨʘʚʝʥʩʪʚʦ ű = ű100 

ʙʫʜʝʪ ʩʣʠʰʢʦʤ ʛʨʫʙʳʤ. 
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ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʬʦʨʤʫʣʘ (1) ʚʝʨʥʘ ʜʣʷ ʜʣʠʥ ʚʦʣʥ, ʠʩʧʫʱʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʤ, ʢʦʪʦʨʳʡ 

ʧʝʨʝʤʝʩʪʠʣʩʷ ʥʘ ʢʨʦʭʦʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ɽʩʣʠ ʞʝ ʦʥ ʩʜʚʠʛʘʝʪʩʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʘʩʩʪʦʷʥʠʝ 0ɺ, ʪʦ ʬʦʨʤʫʣʫ (1) ʫʞʝ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʘʢ ʠ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʚ ʥʝʡ 

ʧʘʨʘʤʝʪʨ ű ʫʛʣʦʤ ʥʘʙʣʶʜʝʥʠʷ. ʌʦʨʤʫʣʘ (4) ʜʘʝʪ ʤʦʜʫʣʴ ʚʝʢʪʦʨʥʦʛʦ ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʩʢʦʨʦʩʪʝʡ v ʠ 

ʩ, ʘ ʚ ʬʦʨʤʫʣʝ (1) ʬʠʛʫʨʠʨʫʝʪ ʪʦʣʴʢʦ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ v ʥʘ ʚʝʢʪʦʨ ʩ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʚʝʜʝʥʘ ʥʘ 

ʩʘʤʦʤ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚʳʚʦʜʘ, ʢʦʛʜʘ ʟʘʧʠʩʳʚʘʣʦʩʴ ʚʳʨʘʞʝʥʠʝ 0ɸ ï vTcosű, ʠʣʠ ʠʥʘʯʝ, ʩ ï vcosű. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʥʠʢʘʢʠʭ ʦʢʨʫʞʥʦʩʪʝʡ ʬʦʨʤʫʣʘ (1) ʜʘʪʴ ʥʝ ʤʦʞʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʝʥʥʳʝ ʬʦʨʤʫʣʳ ɼʦʧʣʝʨʘ: 

 

, 

 

. 

ʠʤʝʶʪ ʜʝʣʦ ʥʝ ʩʫʤʤʦʡ ʜʚʫʭ ʚʝʢʪʦʨʦʚ, ʘ ʩ ʠʭ ʧʨʦʝʢʮʠʷʤʠ. ɸʚʪʦʨ ʵʪʠʭ ʬʦʨʤʫʣ (ʦʥ ʠʩʪʦʨʠʢʘʤ 

ʥʘʫʢʠ ʥʝ ʠʟʚʝʩʪʝʥ), ʦʯʝʚʠʜʥʦ, ʧʦʩʯʠʪʘʣ, ʝʩʣʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʢʦʨʦʩʪʷʤ ɓ1 ʠ ɓ2 ʧʨʠʧʠʩʘʪʴ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʦʩʠʥʫʩʫ cosɗ1 ʠ cosɗ2, ʪʦ ʪʝʤ ʩʘʤʳʤ ʙʫʜʝʪ ʫʯʪʝʥʘ ʚʩʝʚʦʟʤʦʞʥʘʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʝʢʪʦʨʦʚ v1 ʠ v2, ʆʥ ʜʫʤʘʣ, ʥʘʚʝʨʥʦʝ, ʯʪʦ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ɚ' ʠ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ f ' ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʣʠʰʴ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʝʡ v1 ʠ v2 ʥʘ ʚʝʢʪʦʨ c, ʪ.ʝ. 

ʚʝʣʠʯʠʥʳ vʧʨ1 ʠ vʧʨ2 (ʨʠʩ. 5), ʘ ʥʝ ʩʘʤʠ ʚʝʢʪʦʨʥʳʝ ʨʘʟʥʦʩʪʠ: c ï v1 ʠ c ï v2. 

 

 
 

ʈʠʩ. 5. ʊʨʘʜʠʮʠʦʥʥʦ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ (c) ʩ ʧʨʦʝʢʮʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʠʩʪʦʯʥʠʢʘ vʧʨ1 ʠ 

ʧʨʠʝʤʥʠʢʘ vʧʨ2 (ʘ). ʈʝʘʣʴʥʦ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʜʝʡʩʪʚʠʷ ʥʝ ʩ 

ʧʨʦʝʢʮʠʷʤʠ ʩʢʦʨʦʩʪʝʡ, ʘ ʩ ʩʘʤʠʤʠ ʚʝʢʪʦʨʘʤʠ v1 ʠ v2. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʘ i ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘ-

ʪʝʣʷ A ʧʨʦʠʟʦʡʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ c ï v2; ʬʦʨʤʫʣʘ ʞʝ c ï 

vʧʨ2 ʙʳʣʘ ʙʳ ʟʜʝʩʴ ʦʰʠʙʦʯʥʦʡ. 

 

ʊʨʫʜʥʦ ʩʢʘʟʘʪʴ, ʦ ʯʸʤ ʜʫʤʘʣ ʘʚʪʦʨ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤʫʣ, ʪʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʨʘʞʝ-

ʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʦ ʦʢʨʫʞʥʦʩʪʝʡ ʜʘʶʪ ʢʘʨʜʠʦʠʜʳ, ʜʘʣʝʝ ʥʝʚʦʟʤʦʞʥʦ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʝʛʦ 

ʨʘʩʩʫʞʜʝʥʠʡ, ʦʪʦʙʨʘʞʘʝʤʘʷ ʨʠʩ. 4 ʠ ʨʠʩ. 5, ʚʦʟʤʦʞʥʦ, ʙʳʣʘ ʠʥʦʡ. ʂʫʧʨʷʝʚ ʅ.ɺ. ʧʨʝʜʣʦʞʠʣ [2] 

ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʚʳʚʦʜʘ ʬʦʨʤʫʣʳ (1). 

 

 
 

ʇʫʩʪʴ ʠʩʪʦʯʥʠʢ ʢʦʣʝʙʘʥʠʡ ( i ) ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V ʚʜʦʣʴ ʦʩʠ x. ʇʨʠʝʤʥʠʢ ʢʦʣʝʙʘʥʠʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ p, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 0p ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ 

ʫʢʣʘʜʳʚʘʝʪʩʷ N ʜʣʠʥ ʚʦʣʥ (ɚ). ʊʦʛʜʘ ʟʘ ʦʜʠʥ ʧʝʨʠʦʜ ( ʊ ) ʠʩʪʦʯʥʠʢ i ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 

VT. 

 

 
ʈʠʩ. 6. ʂ ʚʳʚʦʜʫ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʦʨʤʫʣʳ (1) ʧʦ ʅ.ɺ. 

ʂʫʧʨʷʝʚʫ. 
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ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʯʝʨʪʝʞʘ (ʨʠʩ. 6) ʂʫʧʨʷʝʚ ʅ.ɺ. ʩʦʩʪʘʚʣʷʝʪ ʚʳʨʘʞʝʥʠʝ: 

, 

ʈʝʰʘʷ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ Ű, ʦʥ ʧʦʣʫʯʘʝʪ: 

. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ɜ ʥʫʞʥʦ ʥʘʡʪʠ ʧʨʝʜʝʣ ʦʪ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʳ Ű: 

. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʂʫʧʨʷʝʚ ʅ.ɺ. ʧʦʣʫʯʘʝʪ ʪʨʘʜʠʮʠʦʥʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: 

, 

ʛʜʝ ï ʥʘʙʣʶʜʘʝʤʘʷ ʯʘʩʪʦʪʘ, ï ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. ʊʦʯʥʘʷ ʞʝ ʬʦʨʤʫʣʘ 

ʜʣʷ ʥʘʙʣʶʜʘʝʤʦʡ ʯʘʩʪʦʪʳ ɜ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʬʦʨʤʫʣʳ ʩʫʤʤʳ ʜʚʫʭ ʚʝʢʪʦʨʦʚ v ʠ c, 

ʚʳʛʣʷʜʠʪ ʠʥʘʯʝ: 

. 

 
 

ʂʘʢ ʚʠʜʠʤ, ʅ.ɺ. ʂʫʧʨʷʝʚ ʧʨʠʚʝʣ ʙʦʣʝʝ ʦʙʱʝʝ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʠ ʙʦʣʝʝ ʩʣʦʞʥʦʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʳ ɼʦʧʣʝʨʘ. ʆʥ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʥʘ ʦʪʨʝʟʢʝ ʧʫʪʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʨʠʝʤʥʠʢʘ (ʥʘ ʨʠʩ. 4 ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ 0ɸ, ʥʘ ʨʠʩ. 6 ï 0ʈ) ʫʢʣʘʜʳʚʘʝʪʩʷ ʥʝ ʦʜʥʘ ʚʦʣʥʘ, 

ʘ ʤʥʦʞʝʩʪʚʦ ï N. ʇʨʠʯʝʤ ʪʨʘʜʠʮʠʦʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʫ ʥʝʛʦ ʧʦʣʫʯʠʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ N 

Ÿ Ð. ʏʪʦʙʳ ʣʫʯʰʝ ʧʦʯʫʚʩʪʚʦʚʘʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤ ʚʳʨʘʞʝʥʠʝʤ ʠ ʧʨʝʜʧʦʩʣʝʜʥʠʤ, 

ʦʙʨʘʪʠʤʩʷ ʢ ʯʠʩʣʘʤ. 

ʇʫʩʪʴ ɓ = cosɗ = 0,5 ʠ ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʨʘʚʥʘ ɜi = 100. ʊʦʛʜʘ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʝ ʥʘʙʣʶʜʘʝʤʘʷ ʯʘʩʪʦʪʘ ʨʘʚʥʘ ɜ = 133,33. ʊʝʧʝʨʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ, 

ʚʳʚʝʜʝʥʥʦʡ ʅ.ɺ. ʂʫʧʨʷʝʚʳʤ. ʇʫʩʪʴ ʥʘ ʦʪʨʝʟʢʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʨʠʝʤʥʠʢʘ ʫʢʣʘʜʳʚʘʝʪʩʷ ʪʳʩʷʯʘ 

ʜʣʠʥ ʚʦʣʥ, ʪ.ʝ. N = 1000. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʠ N ʥʘʙʣʶʜʘʝʤʘʷ ʯʘʩʪʦʪʘ ʨʘʚʥʘ ɜ = 133,22, ʯʪʦ ʥʝ 

ʥʘʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʫʣʝ. ɽʩʣʠ N = 100, ʨʘʟʨʳʚ 

ʩʣʝʛʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: ɜ = 132,16. ʅʦ ʧʨʠ N = 3, ʠʤʝʝʤ ʫʞʝ ɜ = 66,67, ʘ ʧʨʠ N = 2 ʠ N = 1 

ʚʦʩʧʨʠʥʠʤʘʝʤʫʶ ʯʘʩʪʦʪʫ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʪʘʢ ʢʘʢ ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʪ.ʝ. ʬʦʨʤʫʣʘ ʅ.ɺ. ʂʫʧʨʷʝʚʘ ʧʝʨʝʩʪʘʝʪ ʨʘʙʦʪʘʪʴ. 

ɽʩʣʠ ʞʝ ʚʳʯʠʩʣʝʥʠʷ ʚʝʩʪʠ ʧʦ ʝʜʠʥʩʪʚʝʥʥʦ ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʫʣʝ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʯʠʩʣʘ N, 

ʪʦ ʧʦʣʫʯʠʤ ɜ = 153,56. ʀ ʵʪʦ ʥʝ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ 

ʜʚʝ ʢʨʠʚʳʝ ï ʦʢʨʫʞʥʦʩʪʴ ʠ ʢʘʨʜʠʦʠʜʘ. ʉʨʘʚʥʠʪʝ ʨʠʩ. 3ʙ ʠ ʨʠʩ. 3ʛ (ɓ = 1, cosɗ = 0). ʅʘ ʥʠʭ ʚʠʜʥʦ, 

ʯʪʦ ʢʦʛʜʘ ʢʘʨʜʠʦʠʜʘ ʜʘʝʪ ɜ = 100, ʦʢʨʫʞʥʦʩʪʴ ʜʘʩʪ ɜ = Ð (ɚ = 0), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʶ 

ʠʩʪʦʯʥʠʢʦʤ ʚʦʣʥ ʟʚʫʢʦʚʦʛʦ ʙʘʨʴʝʨʘ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʧʦʯʝʤʫ ʪʦʯʥʘʷ ʬʦʨʤʫʣʘ (4) ʥʝ ʙʘʣʘ 

ʚʳʚʝʜʝʥʘ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʦʪʢʨʳʪʠʷ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ? ɺʝʜʴ, ʢʘʟʘʣʦʩʴ ʙʳ, ʵʬʬʝʢʪ ʜʘʝʪ ʦ ʩʝʙʝ 

ʟʥʘʪʴ ʧʦʚʩʶʜʫ, ʧʦʩʢʦʣʴʢʫ ʜʚʠʞʫʱʠʝʩʷ ʠʩʪʦʯʥʠʢʠ ʠ ʧʨʠʝʤʥʠʢʠ ʚʦʣʥ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚ ʚʦʜʝ, ʠ ʚ 

ʚʦʟʜʫʭʝ, ʠ ʚ ʢʦʩʤʦʩʝ. ʈʘʟʚʝ ʤʦʞʥʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦʙʳ ʩʪʦʣʴ ʥʫʞʥʘʷ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʦʰʠʙʦʯʥʘʷ ʬʦʨʤʫʣʘ ʤʦʛʣʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʚʝʢʘ? ʇʦʥʷʪʥʦ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʬʨʦʥʪʘ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʝʩʪʴ ʚʩʝʛʦ ʣʠʰʴ ʩʣʝʜʩʪʚʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʫʱʝʛʦʩʷ 

ʠʩʪʦʯʥʠʢʘ ʚʦʣʥ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʜʦʧʣʝʨʦʚʩʢʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ. ʊʦʛʜʘ ʧʦʯʝʤʫ ʬʠʟʠʢʠ ʢʦʥʮʘ XIX 

ï ʥʘʯʘʣʘ XX ʚʚ. ʥʝ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʨʤʫʣʦʡ (4) ʠ ʥʝ ʫʚʷʟʘʣʠ ʝʝ ʩ ʬʦʨʤʫʣʦʡ ʄʘʭʘ (2)? 
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ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʬʦʨʤʫʣʦʡ (1) ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʥʠʢʪʦ ʦʩʦʙʝʥʥʦ ʠ ʥʝ ʧʦʣʴʟʫʝʪʩʷ. ʀʟ-

ʟʘ ʨʝʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, ʠʭ ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʥʘʤʠʢʠ ʠʥʞʝʥʝʨʳ ʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʪʘʙʣʠʮʘʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺʟʛʣʷʥʠʪʝ ʥʘ ʨʠʩ. 7, 

ʛʜʝ ʧʦʢʘʟʘʥʳ ʩʣʦʠ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʜʦʚʦʣʴʥʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ 

ʪʦʞʝ ʙʫʜʝʪ ʟʘʤʝʪʥʦ ʢʦʣʝʙʘʪʴʩʷ. ʀ ʵʪʦ ʧʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʠʤʝʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʡ ʩʠʣʦʡ ʧʨʠʪʷʞʝʥʠʷ ɿʝʤʣʠ: ʥʘ ʢʘʞʜʳʝ 20 ʢʠʣʦʤʝʪʨʦʚ ʚʳʩʦʪʳ ʜʘʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ, ʥʦ ʠʟ-ʟʘ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʧʦʛʦʜʳ ʘʧʨʠʦʨʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʣʴʟʫʶʪʩʷ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ 

ʣʠʥʝʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʂʦʛʜʘ ʞʝ ʥʫʞʥʘ ʪʦʯʥʦʩʪʴ, ʧʨʠʙʝʛʘʶʪ ʢ ʛʨʘʜʫʠʨʦʚʢʝ ʰʢʘʣʳ ʧʦ ʵʪʘʣʦʥʫ 

ʩʢʦʨʦʩʪʠ, ʤʠʥʫʶ ʢʘʢʠʝ-ʣʠʙʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ. 

 
ʈʠʩ. 7. ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʳʩʦʪʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʝʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ 

ʥʘ ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ ɿʝʤʣʠ. 

 

ʉ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʨʪʠʥʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠʥʷʪʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t = 0Áʉ ʠ ʜʘʚʣʝʥʠʠ P = 1 

ʘʪʤ. ʨʘʚʥʘ v = 331,5 ʤ/ʩ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ 10Áʉ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 6 ʤ/ʩ, ʪʘʢ ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (t = 20Áʉ) ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ 

ʦʢʘʞʝʪʩʷ ʨʘʚʥʦʡ 343 ï 344 ʤ/ʩ. ʅʘʧʦʤʥʠʤ, ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ v = (ɛ/ɟ)İ, ʛʜʝ 

ɛ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ. ʇʦʨʳʚʠʩʪʳʡ ʚʝʪʝʨ ʩ ȹv = 3 ï 5 ʤ/ʩ ʩʧʦʩʦʙʝʥ 

ʟʘʤʝʪʥʦ ʠʩʢʘʟʠʪʴ ʢʨʫʛʦʚʦʡ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʩʨʝʜʳ, ʥʦ ʠ 

ʟʘ ʩʯʝʪ ʣʦʢʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʡ ʜʘʚʣʝʥʠʷ ʚ 2 ï 4 ʨʘʟʘ. ʆʜʥʘʢʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʩʢʘʞʝʥʠʷ ʜʠʥʳ 

ʚʦʣʥʳ ʠʣʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʩʯʝʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʦʙʣʘʩʪʠ ʢ 

ʜʚʠʞʫʱʝʤʫʩʷ ʠʟʣʫʯʘʪʝʣʶ: ʜʘʚʣʝʥʠʝ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʭʦʜʫ ʝʛʦ ʜʚʠʞʝʥʠʷ ʠ ʧʦʥʠʞʘʝʪʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʫʱʠʭʩʷ ʚ ʚʦʟʜʫʭʝ ʦʙʲʝʢʪʦʚ (ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʩʘʤʦʣʝʪʦʚ) ʥʘ ʦʩʥʦʚʝ ʟʚʫʢʦʚʦʛʦ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʤʠʣʠʮʝʡʩʢʠʝ ʨʘʜʘʨʳ (ʀʩʢʨʘ-1, ʇʂʉ-4, ʃʀʉɼ-2, ɹʘʨʴʝʨ-2ʄ, 

ʉʦʢʦʣ, ɹʝʨʢʫʪ ʠ ʪ.ʜ.) ʥʝ ʨʘʙʦʪʘʶʪ ʚ ʟʚʫʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʠʟʣʫʯʘʪʝʣʠ ʚ ʍ- ʠ ʂ-ʜʠʘʧʘʟʦʥʝ (10 ï 100 ɻɻʮ). 
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ʉʠʪʫʘʮʠʷ ʩ ʚʦʜʥʦʡ ʩʪʠʭʠʝʡ ʚʳʛʣʷʜʠʪ ʝʱʝ ʙʦʣʝʝ ʫʜʨʫʯʘʶʱʝ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ ʧʦʣʪʦʨʳ ʪʳʩʷʯʠ ʤʝʪʨʦʚ ʚ 

ʩʝʢʫʥʜʫ (v = 1490 ʤ/ʩ ʧʨʠ t = 20Áʉ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʪʦʯʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ɼʦʧʣʝʨ-

ʵʬʬʝʢʪʘ ʠʟʣʫʯʘʪʝʣʴ ʜʦʣʞʝʥ ʧʝʨʝʤʝʱʘʪʴʩʷ ʩ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʚ ʚʦʟʜʫʭʝ, ʯʪʦ 

ʩʜʝʣʘʪʴ ʢʨʘʡʥʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʆ ʩʣʦʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠ ʧʦʩʪʦʷʥʥʦ 

ʜʚʠʞʫʱʝʡʩʷ ʩʨʝʜʳ, ʢʘʢʦʚʦʡ ʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʘ ʟʝʤʣʠ ʠ ʤʠʨʦʚʦʡ ʦʢʝʘʥ, ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʥʠʛʝ ɼ.ʀ. ɹʣʦʭʠʥʮʝʚʘ [3]. ɸʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʙʣʝʤʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʠʯʝʤ ʧʦʜʭʦʜʠʪ ʢ ʥʝʡ ʩʦ ʩʪʦʨʦʥʳ ʩʣʠʰʢʦʤ ʘʙʩʪʨʘʢʪʥʦʡ ʠ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʠʤ ʛʨʦʤʦʟʜʢʠʝ ʚʳʨʘʞʝʥʠʷ ʪʨʫʜʥʦ ʧʦʜʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ɹʣʦʭʠʥʮʝʚʫ ʥʝ ʠʟʚʝʩʪʥʘ ʪʦʯʥʘʷ ʬʦʨʤʫʣʘ ɼʦʧʣʝʨʘ, ʪʦ ʚʩʝ ʝʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʩ ʧʦʟʠʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʜʝʩʴ ʚʦʧʨʦʩʘ, ʥʝ ʠʤʝʶʪ ʙʦʣʴʰʦʡ 

ʮʝʥʥʦʩʪʠ. ʂʥʠʛʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʠʛʨʘʣʘ ʙʳ, ʝʩʣʠ ʙʳ ʘʚʪʦʨ ʙʦʣʴʰʝ ʧʨʠʚʝʣ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ɹʣʦʭʠʥʮʝʚʫ ʫʜʘʣʦʩʴ ʦʙʨʠʩʦʚʘʪʴ ʪʝ ʪʨʫʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʜʞʠʜʘʶʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʧʦʩʚʷʪʠʚʰʝʛʦ ʩʝʙʷ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʪʦʯʥʦʡ ʬʦʨʤʫʣʳ (4), ʦʧʠʩʳʚʘʶʱʝʡ ʵʬʬʝʢʪ 

ɼʦʧʣʝʨʘ, ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʚʦʟʜʫʰʥʦʡ ʠ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʪʘʢ ʞʝ ʩʣʦʞʥʘ, ʢʘʢ ʠ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ (ʩʚʝʪʦʚʳʭ) ʚʦʣʥ. ʅʦ ʧʨʠʨʦʜʘ ʧʦʜʘʨʠʣʘ ʥʘʤ 

ʫʥʠʢʘʣʴʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʦʪʣʠʯʥʦ ʚʠʜʠʤʳʤ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ, 

ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ. ʕʪʦ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʦʪ ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ 

ʧʦ ʚʦʜʥʦʡ ʛʣʘʜʠ ʧʦʧʣʘʚʢʘ, ʨʘʚʥʦʤʝʨʥʦ ʧʦʛʨʫʞʘʶʱʝʛʦʩʷ ʚ ʚʦʜʫ ʠ ʚʳʥʳʨʠʚʘʶʱʝʛʦ ʠʟ ʥʝʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʜʠʥʘʤʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ (ʨʠʩ. 8), ʢʦʪʦʨʘʷ ʚ ʪʦʯʥʦʩʪʠ ʧʦʚʪʦʨʷʝʪ 

çʟʘʩʪʳʚʰʠʡè ʧʨʦʮʝʩʩ, ʟʘʧʝʯʘʪʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1. 

  
ʈʠʩ. 8ʘ.1 ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʩʨʝʜʳ ʜʚʠʞʝʪʩʷ 

ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʙʫʞʜʝʥʠʷ (v < c). 

ʈʠʩ. 8ʙ. ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʜʚʠʞʝʪʩʷ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʩʨʝʜʝ (v > c). 

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʦʥʫʩ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ. 

 

ʇʨʦʪʠʚʥʠʢʠ ʪʦʯʥʦʡ ʬʦʨʤʫʣʳ (4) ʠʟ-ʟʘ ʦʯʝʚʠʜʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪʠʥʳ 

ʥʘʟʳʚʘʶʪ ʜʘʥʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʥʝ ʭʦʪʷʪ 

ʧʨʠʩʚʘʠʚʘʪʴ ʝʡ ʬʠʟʠʯʝʩʢʠʡ ʩʪʘʪʫʩ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʥʝʣʴʟʷ ʧʨʠʟʥʘʪʴ ʟʘʢʦʥʥʳʤʠ. ʇʨʝʞʜʝ ʠʤ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʜʣʷ ʨʝʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝ ʜʘʝʪ ʦʢʨʫʞʥʦʩʪʠ ʠ ʩʬʝʨʳ; 

ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʷ ʦʥʠ ʜʦʣʞʥʳ ʦʙʦʩʥʦʚʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʨʜʠʦʠʜʳ. ʈʘʟʫʤʝʝʪʩʷ, ʵʪʦʛʦ 

ʜʦʢʘʟʘʪʴ ʦʥʠ ʥʝ ʚ ʩʠʣʘʭ, ʘ ʠʥʝʨʮʠʷ ʤʳʰʣʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʤ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʩʪʘʨʦʡ ʬʦʨʤʫʣʳ (1) 

ʚ ʧʦʣʴʟʫ ʥʦʚʦʡ (4). 
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1 ɺ.ʕ.: ɿʜʝʩʴ ʚ ʨʠʩʫʥʢʘʭ ʜʚʘ .gif ʬʘʡʣʘ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ, ʧʦʢʘ ʬʘʡʣʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʥʠʛʝ (DOC ʠʣʠ PDF). ʕʪʦ ʜʚʠʞʝʥʠʝ ʤʦʞʥʦ ʙʫʜʝʪ ʫʚʠʜʝʪʴ, ʝʩʣʠ ʬʘʡʣʳ ʠʟʚʣʝʯʴ ʠʟ ʢʥʠʛʠ ʠ ʩʤʦʪʨʝʪʴ 

ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. ʅʦ ʚ ʧʨʠʥʮʠʧʝ ʪʘʤ ʠʟʦʙʨʘʞʝʥʳ ʧʨʦʩʪʦ ʜʚʠʞʫʱʠʝʩʷ ʠ ʚʦʟʨʘʩʪʘʶʱʠʝ ʢʨʫʛʠ ï 

ʦʙʳʯʥʘʷ ʢʘʨʪʠʥʘ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ. 
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ʉʚʝʪ ʠ ʟʚʫʢ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʜʥʦʪʠʧʥʦ 

ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʝʛʦ ʠʩʪʦʯʥʠʢʘ ï ʜʚʠʞʝʪʩʷ ʦʥ ʠʣʠ 

ʧʦʢʦʠʪʩʷ. ʌʨʦʥʪ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʢʘʢ ʙʳ ʟʘʙʳʚʘʝʪ ʦ ʩʚʦʝʤ ʠʩʪʦʯʥʠʢʝ ʠ ʚʩʝʮʝʣʦ ʚʚʝʨʷʝʪ ʩʝʙʷ 

ʩʨʝʜʝ. ɸʥʘʣʦʛʠʯʥʦ ʚʝʜʝʪ ʩʝʙʷ ʬʨʦʥʪ ʦʧʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʣʫʯʘʪʝʣʶ ʩʚʝʪʘ. 

ʆʜʥʘʢʦ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚʥʝʩʣʘ ʩʫʤʷʪʠʮʫ ʚ ʫʤʳ ʬʠʟʠʢʦʚ, ʢʦʛʜʘ ʨʝʯʴ ʟʘʭʦʜʠʪ ʦ ʜʚʠʞʝʥʠʠ 

ʧʨʠʝʤʥʠʢʘ ʩʚʝʪʘ. 

ɼʣʷ ʟʚʫʢʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʩʨʝʜʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʠʝʤʥʠʢʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʚʝʢʪʦʨʥʦʛʦ ʩʣʦʞʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʛʨʦʭʦʪ ʚʟʨʳʚʘ ʚʦʜʠʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ, 

ʜʚʠʞʫʱʝʛʦʩʷ ʢ ʪʦʯʢʝ ʚʟʨʳʚʘ, ʫʩʣʳʰʠʪ ʨʘʥʴʰʝ, ʯʝʤ ʤʠʣʠʮʠʦʥʝʨ, ʥʝʧʦʜʚʠʞʥʦ ʩʪʦʷʱʠʡ ʥʘ 

ʧʝʨʝʢʨʝʩʪʢʝ ʜʦʨʦʛ. ʕʪʦ ʠ ʧʦʥʷʪʥʦ: ʧʦʢʘ ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʘʚʪʦʤʦʙʠʣʴ ʧʨʝʦʜʦʣʝʝʪ ʢʘʢʦʝ-ʪʦ ʨʘʩʩʪʦʷʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʜʠʪʝʣʴ ʦʢʘʞʝʪʩʷ ʙʣʠʞʝ ʢ 

ʠʩʪʦʯʥʠʢʫ ʟʚʫʢʘ, ʯʝʤ ʥʝʧʦʜʚʠʞʥʳʡ ʧʦʩʪʦʚʦʡ. ɿʜʝʩʴ ʤʳ ʠʤʝʝʤ ʧʦʣʥʦʝ ʩʦʛʣʘʩʠʝ ʟʜʨʘʚʦʡ ʣʦʛʠʢʠ ʩ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʦʡ. ʅʦ ʩʦ ʚʩʧʳʰʢʦʡ ʩʚʝʪʘ ʦʪ ʵʪʦʛʦ ʚʟʨʳʚʘ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢʠʝ-ʪʦ ʯʫʜʝʩʘ. 

ɼʚʠʞʫʱʝʡʩʷ ʘʚʪʦʤʦʙʠʣʠʩʪ ʠ ʥʝʧʦʜʚʠʞʥʳʡ ʤʠʣʠʮʠʦʥʝʨ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, 

ʟʘʬʠʢʩʠʨʫʶʪ ʝʝ ʩʪʨʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ! ʈʘʟʚʝ ʪʘʢʦʝ ʚʦʟʤʦʞʥʦ? 

ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʩʚʷʱʝʥʥʦʩʣʫʞʠʪʝʣʠ ʟʘʧʨʝʱʘʶʪ ʜʫʤʘʪʴ ʥʘʜ ʦʙʨʘʟʦʤ ɹʦʛʘ, ʨʝʣʷʪʠʚʠʩʪʳ 

ʧʨʦʪʠʚʷʪʩʷ ʧʨʝʜʩʪʘʚʣʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʝʩʷ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʨʝʤʝʥʠ. ʆʥʠ ʘʧʝʣʣʠʨʫʶʪ ʢ ʩʚʦʠʤ ʩʚʷʱʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʠ ʛʦʚʦʨʷʪ ʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʤ ʤʠʨʝ, ʚ 

ʢʦʪʦʨʦʤ ʟʜʨʘʚʳʡ ʩʤʳʩʣ ʙʝʩʩʠʣʝʥ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʦʥʠ ʥʝ ʦʪʨʠʮʘʶʪ, ʯʪʦ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ ʟʚʫʢʘ. ɽʩʪʝʩʪʚʝʥʥʦ ʪʘʢʞʝ, ʯʪʦ ʝʤʫ ʧʦʪʨʝʙʫʝʪʩʷ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ ȹŰ, 

ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʧʨʠʝʤʥʠʢʘ. ɿʘ ʵʪʦ ʚʨʝʤʷ ȹŰ ʘʚʪʦʤʦʙʠʣʠʩʪ ʧʦʜʲʝʜʝʪ ʙʣʠʞʝ ʢ ʪʦʯʢʝ ʚʟʨʳʚʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʯʫʪʴ-ʯʫʪʴ ʨʘʥʴʰʝ ʫʚʠʜʠʪ ʚʩʧʳʰʢʫ, ʯʝʤ ʦʩʪʘʚʰʠʡʩʷ ʧʦʟʘʜʠ ʥʝʛʦ ʤʠʣʠʮʠʦʥʝʨ. 

ɸ ʵʪʦ ʢʘʢ ʨʘʟ ʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠʙʘʚʠʪʩʷ ʢ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʬʨʦʥʪʘ, ʯʪʦ, ʦʜʥʘʢʦ, ʫʞʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʈʝʣʷʪʠʚʠʩʪʳ ʦʧʨʘʚʜʳʚʘʶʪ ʩʚʦʶ ʧʨʦʪʠʚʦʝʩʪʝʩʪʚʝʥʥʫʶ ʢʠʥʝʤʘʪʠʢʫ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʄʘʡʢʝʣʴʩʦʥʘïʄʦʨʣʠ, ʢʦʪʦʨʳʡ ʟʘʩʪʘʚʠʣ ʠʭ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʵʬʠʨʥʦʡ 

ʩʨʝʜʳ. ʕʬʠʨ ʜʣʷ ʩʚʝʪʘ ʠʛʨʘʣ ʨʦʣʴ ʚʦʟʜʫʭʘ ʜʣʷ ʟʚʫʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝ ʦʧʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ 

ʩʦʚʧʘʜʘʣʠ ʩ ʘʢʫʩʪʠʯʝʩʢʠʤʠ. ʄʳ ʥʝ ʩʪʘʥʝʤ ʩʝʡʯʘʩ ʨʘʟʙʠʨʘʪʴ ʦʰʠʙʢʠ ʠʩʪʦʣʢʦʚʘʥʠʷ ʵʪʦʛʦ ʦʧʳʪʘ 

ʨʝʣʷʪʠʚʠʩʪʘʤʠ (ʩʤ. ʕʢʩʧʝʨʠʤʝʥʪ ʄʘʡʢʝʣʴʩʦʥʘ ï ʄʦʨʣʠ)2. ɿʘʤʝʪʠʤ ʣʠʰʴ, ʯʪʦ ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ 

ʣʦʛʠʢʘ ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʘʤʳʤ ʵʣʝʤʝʥʪʘʨʥʳʤ ʬʘʢʪʘʤ, ʩ ʢʦʪʦʨʳʤʠ ʯʝʣʦʚʝʢ ʩʪʦʣʢʥʫʣʩʷ ʩʨʘʟʫ ʞʝ, ʢʘʢ 

ʪʦʣʴʢʦ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ (ʩʤ. ɻʣʘʚʥʳʡ ʘʨʛʫʤʝʥʪ ʧʨʦʪʠʚ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ)3. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʷʚʣʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ 

ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʵʬʬʝʢʪ ɼʦʧʣʝʨʘè, ʠ ʧʦʩʤʦʪʨʠʤ, ʢʘʢ ʩʦʩʫʱʝʩʪʚʫʶʪ ʬʦʨʤʫʣʳ ɼʦʧʣʝʨʘ ʜʣʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʬʠʟʠʢʠ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʩʣʠʰʢʦʤ ʛʨʫʙʳ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʝ ʧʨʠʛʦʜʥʳ ʜʘʞʝ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ (ʩʤ. ʆ ʬʦʨʤʫʣʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ)4. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʝ 

ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʬʦʨʤʫʣʘʭ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ (ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʣʠ ʦʧʪʠʯʝʩʢʠʭ ï ʥʝ 

ʚʘʞʥʦ), ʢʦʛʜʘ (ʘ) ʠʩʪʦʯʥʠʢ ʢʦʣʝʙʘʥʠʡ ʜʚʠʞʝʪʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʩʨʝʜʝ (v < c). ʅʘ ʨʠʩʫʥʢʝ (ʙ) ʠʟʦʙʨʘʞʝʥ ʪʦʪ ʞʝ ʩʘʤʳʡ ʧʨʦʮʝʩʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʦ ʫʞʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ ʚʦʣʥ ʜʚʠʞʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʦʣʥʳ (v > c). 

                                                      
2 { OAKL-3}  
3 { OAKL-3}  
4 ɺ ʵʪʦʤ ʪʦʤʝ ʚʳʰʝ. 
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ʈʠʩ. 1ʘ.5 ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʩʨʝʜʳ 

ʜʚʠʞʝʪʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ (v < c). 

ʈʠʩ. 1ʙ. ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʜʚʠʞʝʪʩʷ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝ 

ʚ ʩʨʝʜʝ (v > c). ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʢʦʥʫʩ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

 

ʅʘʙʣʶʜʘʷ ʟʘ ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʦʙʦʠʭ ʘʥʠʤʘʮʠʦʥʥʳʭ 

ʨʠʩʫʥʢʘʭ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʭʦʜʷʱʠʝʩʷ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʢʨʫʛʠ ʥʝ ʤʝʥʷʶʪ ʩʚʦʝʛʦ ʮʝʥʪʨʘ. 

ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʘʝʪ ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ ʩʨʝʜʳ, ʣʝʞʘʱʫʶ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʠ ʜʚʠʞʝʥʠʷ, 

ʘ ʜʘʣʴʰʝ ʚʦʟʙʫʞʜʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʥʝ ʟʘʚʠʩʠʤʦ ʢʘʢ ʦʪ 

ʠʩʪʦʯʥʠʢʘ, ʪʘʢ ʠ ʧʨʠʝʤʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ. ʇʝʨʚʘʷ ʚʦʟʙʫʞʜʝʥʥʘʷ ʪʦʯʢʘ ʧʝʨʝʜʘʝʪ ʠʤʧʫʣʴʩ 

ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʝʜʥʠʤ, ʪʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʜʘʶʪ ʝʛʦ ʩʣʝʜʫʶʱʝʡ ʛʨʫʧʧʝ ʪʦʯʝʢ ʠ ʪ.ʜ. ʊʘʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚʝʱʝʡ ʦʩʪʘʝʪʩʷ ʚ ʩʠʣʝ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʠ ʧʨʝʣʦʤʣʝʥʠʠ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜ. ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʦʜʥʠʤ ʵʪʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ, ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʦʙʷʟʘʪʝʣʴʥʦʛʦ 

ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʧʦʜʚʠʞʥʦʡ ʩʨʝʜʳ ï ʥʦʩʠʪʝʣʷ ʚʦʣʥ, ʍʨʠʩʪʠʘʥ ɻʶʡʛʝʥʩ ʚ XVII ʩʪʦʣʝʪʠʠ 

ʚ çʊʨʘʢʪʘʪʝ ʦ ʩʚʝʪʝè ʩʤʦʛ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʙʲʷʩʥʠʪʴ ʚʘʞʥʝʡʰʠʝ ʦʧʪʠʯʝʩʢʠʝ 

ʷʚʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, çʫʜʠʚʠʪʝʣʴʥʦʝ ʧʨʝʣʦʤʣʝʥʠʝ ʣʫʯʝʡ ʚ ʠʩʣʘʥʜʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭè. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪʝʞʘ ʠʟ ʫʧʦʤʷʥʫʪʦʡ ʨʘʙʦʪʳ ʟʘʤʝʯʘʪʝʣʴʥʦʛʦ 

ʛʦʣʣʘʥʜʩʢʦʛʦ ʬʠʟʠʢʘ, ʧʦʜʨʦʙʥʦ ʨʘʟʲʷʩʥʷʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʦʪ ʥʝʪʦʯʝʯʥʦʛʦ 

(ʘ) ʠ ʪʦʯʝʯʥʦʛʦ (ʙ) ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʱʠʭ ʦʪʨʘʞʝʥʠʝ (ʚ) ʠ ʧʨʝʣʦʤʣʝʥʠʝ (ʛ) 

ʩʚʝʪʦʚʳʭ ʚʦʣʥ. ʆʪʩʶʜʘ ʧʨʦʠʩʪʝʢʘʝʪ ʧʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ, ʜʘʶʱʠʡ ʝʜʠʥʩʪʚʝʥʥʦ ʚʝʨʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʝʦʤʝʪʨʠʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ ʥʝʠʟʤʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʦʧʳʪʘʭ ʩʦ 

ʟʚʫʢʦʤ ʠ ʩʚʝʪʦʤ. ʊʘʢ, ʝʩʣʠ ʥʘ ʧʫʪʠ ʧʣʦʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʧʦʩʪʘʚʠʪʴ ʧʨʝʛʨʘʜʫ, ʚ ʢʦʪʦʨʦʡ 

ʠʤʝʝʪʩʷ ʤʘʣʝʥʴʢʦʝ ʦʪʚʝʨʩʪʠʝ, ʩʦʠʟʤʝʨʠʤʦʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʪʦ ʥʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʧʨʝʛʨʘʜʳ ʦʪ 

ʵʪʦʛʦ ʦʪʚʝʨʩʪʠʷ ʙʫʜʫʪ ʨʘʩʭʦʜʠʪʴʩʷ ʩʬʝʨʠʯʝʩʢʠʝ ʚʦʣʥʳ ʢʘʢ ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʝʪ (ʚʠʜʠʤʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ) ʚʳʟʳʚʘʝʪʩʷ ʥʝ ʢʘʢʠʤʠ-ʪʦ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʤʘʪʝʨʠʠ, ʘ ʠʤʝʥʥʦ ʢʦʣʝʙʘʥʠʷʤʠ ʩʨʝʜʳ. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ 

ʣʠʰʥʠʡ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ. ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʬʘʟʳ ʢʦʣʝʙʘʥʠʡ ʘʤʧʣʠʪʫʜʘ 

ʚʦʣʥ ʩʢʣʘʜʳʚʘʝʪʩʷ, ʘ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ï ʚʳʯʠʪʘʝʪʩʷ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʥʝ ʤʦʛʣʦ ʙʳ ʧʨʦʠʩʭʦʜʠʪʴ ʩ 

ʯʘʩʪʠʮʘʤʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʣ ʠ ʄʘʢʩʚʝʣʣ. ɼʦ ʥʝʛʦ ʚʳʜʘʶʱʠʡʩʷ ʘʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ, ʈʦʙʝʨʪ ɻʫʢ, 

ʤʳʩʣʷʱʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʦʙʨʘʟʘʤʠ, ʢʨʠʪʠʢʦʚʘʣ ʩʚʦʝʛʦ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʘ, ʀʩʘʘʢʘ ʅʴʶʪʦʥʘ, 

ʟʘ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʚʦʟʟʨʝʥʠʷ ʥʘ ʧʨʠʨʦʜʫ ʩʚʝʪʘ. 

ɺʝʨʥʦ, ʯʪʦ ʘʪʦʤʳ ʠʩʧʫʩʢʘʶʪ ʠ ʧʦʛʣʦʱʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ ʢʚʘʥʪʘʤʠ, ʥʦ 

ʦʰʠʙʦʯʥʦ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʠʩʢʨʝʪʥʳʤ ʷʚʣʝʥʠʝʤ ʚʚʦʜʠʪʴ ʧʦʥʷʪʠʝ ʢʦʨʧʫʩʢʫʣʳ ʢʘʢ ʦʙʦʩʦʙʣʝʥʥʦʛʦ 

ʢʫʩʦʯʢʘ ʤʘʪʝʨʠʠ ï ʬʦʪʦʥʘ. ʏʘʩʪʠʮʘ, ʣʠʰʝʥʥʘʷ ʤʘʩʩʳ, ï ʧʦʥʷʪʠʝ ʜʦʩʪʘʪʦʯʥʦ ʘʙʩʫʨʜʥʦʝ (ʚʨʦʜʝ 

ʙʝʩʪʝʣʝʩʥʦʡ ʜʫʰʠ), ʢʦʪʦʨʳʤ ʬʠʟʠʢ ʥʝ ʜʦʣʞʝʥ ʦʧʝʨʠʨʦʚʘʪʴ. ʆʜʥʘʢʦ ʜʦʧʫʩʪʠʤʦ ʛʦʚʦʨʠʪʴ ʦ 

ʢʚʘʟʠʯʘʩʪʠʮʘʭ, ʢʦʪʦʨʳʝ ʚʚʝʣ ɼʞ.ɼʞ. ʊʦʤʩʦʥ. ʂʚʘʟʠʯʘʩʪʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʣʥʦʚʦʡ ʧʘʢʝʪ, 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʥʘ ʦʪʜʝʣʴʥʳʝ ʚʦʣʥʦʚʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʷʚʣʝʥʠʷʭ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʜʠʬʨʘʢʮʠʠ. ɺ ʤʦʜʝʣʠ ʢʚʘʟʠʯʘʩʪʠʮʳ 

ʫʞʝ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʚʦʣʥʦʡ ʠ ʯʘʩʪʠʮʝʡ, ʭʦʪʷ ʤʥʦʛʠʝ ʥʳʥʝʰʥʠʝ 

ʠʥʪʝʨʧʨʝʪʘʪʦʨʳ ʪʘʢʦʡ ʤʦʜʝʣʠ ʧʨʦʜʦʣʞʘʶʪ ʛʦʚʦʨʠʪʴ ʦ ʥʝʢʦʤ ʧʘʨʘʜʦʢʩʘʣʴʥʦʤ ʯʫʜʝ ʧʨʠʨʦʜʳ. 

ʊʘʢʘʷ ʩʧʝʢʫʣʷʪʠʚʥʘʷ ʬʦʨʤʘ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʝʥʩʘʮʠʦʥʥʦʩʪʠ ʚʝʩʴʤʘ 

ʭʘʨʘʢʪʝʨʥʳʡ ʬʝʥʦʤʝʥ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. ʅʘʧʨʠʤʝʨ, ʥʝʜʘʚʥʦ ʚ ʞʫʨʥʘʣʝ Nature ʟʘ 13 ʘʚʛʫʩʪʘ 

                                                      
5 ɺ.ʕ.: ɿʜʝʩʴ ʚ ʨʠʩʫʥʢʘʭ ʜʚʘ .gif ʬʘʡʣʘ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ, ʧʦʢʘ ʬʘʡʣʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʥʠʛʝ (DOC ʠʣʠ PDF). ʕʪʦ ʜʚʠʞʝʥʠʝ ʤʦʞʥʦ ʙʫʜʝʪ ʫʚʠʜʝʪʴ, ʝʩʣʠ ʬʘʡʣʳ ʠʟʚʣʝʯʴ ʠʟ ʢʥʠʛʠ ʠ ʩʤʦʪʨʝʪʴ 

ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. ʅʦ ʚ ʧʨʠʥʮʠʧʝ ʪʘʤ ʠʟʦʙʨʘʞʝʥʳ ʧʨʦʩʪʦ ʜʚʠʞʫʱʠʝʩʷ ʠ ʚʦʟʨʘʩʪʘʶʱʠʝ ʢʨʫʛʠ ï 

ʦʙʳʯʥʘʷ ʢʘʨʪʠʥʘ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ. 
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2008 ʛʦʜʘ ʨʘʩʩʢʘʟʳʚʘʣʦʩʴ ʦʙ ʦʧʳʪʝ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʩʧʫʪʘʥʥʳʤʠ ʬʦʪʦʥʘʤʠ. ʉʫʪʴ ʝʛʦ ʪʘʢʦʚʘ. 

ʅʝʢʠʡ ʬʠʟʠʢ ʅʠʢʦʣʘʩ ɻʠʟʠʥ (Nicolas Gisin) ʠʟ ɾʝʥʝʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʪʧʨʘʚʠʣ ʧʘʨʫ 

ʩʧʫʪʘʥʥʳʭ ʬʦʪʦʥʦʚ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʧʦ ʜʚʫʤ ʦʧʪʠʯʝʩʢʠʤ ʚʦʣʦʢʥʘʤ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 9 

ʢʤ ʥʘ ʚʦʩʪʦʢ ʠ 9 ʢʤ ʥʘ ʟʘʧʘʜ. ʅʘ ʢʦʥʮʘʭ ʚʦʣʦʢʦʥ ʦʥ ʫʩʪʘʥʦʚʠʣ ʜʝʪʝʢʪʦʨʳ ʮʚʝʪʘ ʬʦʪʦʥʦʚ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʮʚʝʪʘ ʩ ʟʝʣʝʥʦʛʦ ʥʘ ʢʨʘʩʥʳʡ ʦʜʥʦʛʦ ʬʦʪʦʥʘ ʤʛʥʦʚʝʥʥʦ ʤʝʥʷʣʩʷ ʮʚʝʪ ʜʨʫʛʦʛʦ. 

ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʚʝʪʝ ʥʘ 18 ʢʤ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʫʞʥʘ ʙʳʣʘ ʩʢʦʨʦʩʪʴ ʚ 10 ʪʳʩʷʯ ʨʘʟ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

 

(a) (ʙ) 

(ʚ) (ʛ) 
ʈʠʩ. 2. ʏʝʨʪʝʞʠ ʠʟ ʪʨʘʢʪʘʪʘ ɻʶʡʛʝʥʩʘ, ʨʘʟʲʷʩʥʷʶʱʠʝ ʛʝʦʤʝʪʨʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʳʭ 

ʚʦʣʥ. 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʦʧʠʩʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʥʝ ʩ ʜʚʫʤʷ ʩʧʫʪʘʥʥʳʤʠ 

ʬʦʪʦʥʘʤʠ, ʘ ʩ ʦʜʥʠʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ. ʅʝʪ ʚ ʧʨʠʨʦʜʝ ʰʘʨʠʢʦʚ-ʬʦʪʦʥʦʚ, ʥʝʢʠʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʘʪʦʤʦʚ ʩʚʝʪʘ, ʢʦʪʦʨʳʝ ʥʘʧʦʜʦʙʠʝ ʛʦʨʦʰʠʥ ʣʝʪʷʪ ʚ ʧʦʣʥʝʡʰʝʡ ʧʫʩʪʦʪʝ ʠʣʠ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʳʤ ʠʤ ʦʧʪʠʯʝʩʢʠʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ. ʅʦ ʝʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

ʤʠʨʦʚʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʦʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ 

ʩʪʝʧʝʥʴ ʣʦʢʘʣʠʟʘʮʠʠ. ʐʚʝʡʮʘʨʩʢʠʡ ʬʠʟʠʢ ʠʤʝʣ ʜʝʣʦ ʩ ʦʜʥʠʤ ʠ ʪʦʣʴʢʦ ʦʜʥʠʤ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʤ 

ʚʦʟʙʫʞʜʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝʣʴʟʷ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʘʢ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷ. ɽʩʣʠ ʮʚʝʪ ʤʝʥʷʝʪʩʷ ʩʠʥʭʨʦʥʥʦ ʥʘ ʜʚʫʭ ʨʘʟʥʝʩʝʥʥʳʭ ʜʝʪʝʢʪʦʨʘʭ, ʟʥʘʯʠʪ 

ʧʝʨʝʜ ʥʘʤʠ ʦʜʥʦ ʠ ʪʦ ʞʝ ʩʚʝʪʦʚʦʝ ʷʚʣʝʥʠʝ. ʅʠʯʝʛʦ ʩʝʥʩʘʮʠʦʥʥʦʛʦ ʟʜʝʩʴ ʥʝʪ. ɼʘʣʴʰʝ ʥʫʞʥʦ ʙʳʣʦ 

ʧʦʜʫʤʘʪʴ ʥʘʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʦʣʥʦʚʦʡ ʤʦʜʝʣʴʶ ʵʪʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʥʝ ʧʫʙʣʠʢʦʚʘʪʴ ʩʚʦʠ 

ʩʳʨʳʝ ʠ ʥʝʦʩʤʳʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʞʫʨʥʘʣʝ Nature. 

ɸʚʪʦʨ ʵʪʦʛʦ ʞʫʨʥʘʣʘ ʭʦʪʝʣ ʫʜʠʚʠʪʴ ʩʚʦʠʭ ʯʠʪʘʪʝʣʝʡ ʠ, ʪʝʤ ʩʘʤʳʤ, ʚʚʝʩʪʠ ʠʭ ʩʢʦʨʝʝ ʚ 

ʟʘʙʣʫʞʜʝʥʠʝ, ʯʝʤ ʨʘʩʢʨʳʪʴ ʠʤ ʤʝʭʘʥʠʢʫ ʷʚʣʝʥʠʷ. ʌʠʟʠʢʠ-ʬʦʨʤʘʣʠʩʪʳ ʛʦʚʦʨʷʪ ʦ çʩʧʫʪʘʥʥʳʭè 

ʬʦʪʦʥʘʭ, ʬʠʟʠʢʠ-ʢʦʥʩʪʨʫʢʪʠʚʠʩʪʳ ʫʚʝʨʝʥʳ ʚ ʠʭ ʩʧʫʪʘʥʥʳʭ ʠʜʝʷʭ. ʇʘʨʘʜʦʢʩʳ ʚ ʚʠʜʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʦʣʥʳ-ʯʘʩʪʠʮʳ ʦʥʠ ʥʘʭʦʜʷʪ ʚ ʧʨʠʨʦʜʝ, ʤʝʞʜʫ ʪʝʤ, ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʧʨʦʯʥʦ 

ʩʠʜʠʪ ʫ ʥʠʭ ʚ ʤʦʟʛʫ. ɺ ʦʧʠʩʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʥʝ ʩ ʜʚʫʤʷ ʩʧʫʪʘʥʥʳʤʠ 

ʬʦʪʦʥʘʤʠ, ʘ ʩ ʦʜʥʠʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ. ʅʝʪ ʚ ʧʨʠʨʦʜʝ ʰʘʨʠʢʦʚ-ʬʦʪʦʥʦʚ, ʥʝʢʠʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʘʪʦʤʦʚ ʩʚʝʪʘ, ʢʦʪʦʨʳʝ ʥʘʧʦʜʦʙʠʝ ʛʦʨʦʰʠʥ ʣʝʪʷʪ ʚ ʧʦʣʥʝʡʰʝʡ ʧʫʩʪʦʪʝ ʠʣʠ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʳʤ ʠʤ ʦʧʪʠʯʝʩʢʠʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤ. ʅʦ ʝʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ 

ʤʠʨʦʚʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʦʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ 

ʩʪʝʧʝʥʴ ʣʦʢʘʣʠʟʘʮʠʠ. 

ʅʝʦʙʳʯʥʦʩʪʴ ʘʚʪʦʨ ʧʨʠʧʠʩʘʣ ʧʨʠʨʦʜʝ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ, ʥʦ ʥʝ ʠʩʩʣʝʜʦʚʘʪʝʣʶ, ʫʤ 

ʢʦʪʦʨʦʛʦ ʩʢʦʚʘʥ ʧʨʦʪʠʚʦʨʝʯʠʝʤ. ʄʝʞʜʫ ʪʝʤ ʚʩʷʢʘʷ ʧʘʨʘʜʦʢʩʘʣʴʥʦʩʪʴ ʚ ʬʠʟʠʯʝʩʢʠʭ ʧʦʥʷʪʠʷʭ 
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ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʝʪ ʠʟ ʦʰʠʙʦʯʥʦʩʪʠ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʦ ʥʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʋʧʦʤʠʥʘʥʠʝ ʚ ʩʪʘʪʴʝ ʦ ʯʫʜʝʩʘʭ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʛʦʚʦʨʠʪ ʦ ʪʝʭ ʥʝʠʟʣʝʯʠʤʳʭ 

ʵʧʠʩʪʝʤʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʢʦʪʦʨʳʤʠ ʩʪʨʘʜʘʶʪ ʨʦʤʘʥʪʠʢʠ ʫʰʝʜʰʝʛʦ ʩʪʦʣʝʪʠʷ. ʆʥʠ ʚʩʸ 

ʝʱʸ ʢʦʤʫ-ʪʦ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʭ ʬʦʨʤʘʣʴʥʦ-ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʚʝʨʥʘ ʠ ʥʘ ʯʪʦ-ʪʦ ʛʦʜʥʘ. 

ʅʦ ʬʘʢʪʠʯʝʩʢʠ, ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʷʩʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʝʝ ʧʦʣʥʫʶ ʙʝʩʧʦʤʦʱʥʦʩʪʴ. 

ʂʦʥʫʩ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʧʦʧʝʨʝʯʥʳʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ 

ʏʘʩʪʦ, ʠʤʝʷ ʛʦʣʳʝ ʧʦʥʷʪʠʷ ʠ ʜʝʬʠʥʠʮʠʠ, ʤʳ ʜʫʤʘʝʤ, ʯʪʦ ʧʦʥʠʤʘʝʤ ʧʨʠʨʦʜʫ ʬʠʟʠʯʝʩʢʦʛʦ 

ʷʚʣʝʥʠʷ. ʅʦ ʵʪʦ ʦʙʤʘʥʯʠʚʦʝ ʚʧʝʯʘʪʣʝʥʠʝ; ʙʝʟ ʯʝʪʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʬʠʟʠʢʫ ʷʚʣʝʥʠʷ ʧʦʥʷʪʴ ʥʝʚʦʟʤʦʞʥʦ. ʗʨʢʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʩʣʫʞʠʪ ʥʳʥʝʰʥʝʝ ʜʦʩʪʘʪʦʯʥʦ 

ʫʨʦʜʣʠʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʬʬʝʢʪʝ ɼʦʧʣʝʨʘ. ɼʣʷ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʤʝʥʠʚʰʘʷʩʷ ʜʣʠʥʘ 

ʚʦʣʥʳ ʚ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʷ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

 
. (1) 

ʛʜʝ ɚ ʠ ɚ' ï ʩʦʙʩʪʚʝʥʥʘʷ ʠ ʧʨʠʥʷʪʘʷ ʜʣʠʥʘ ʚʦʣʥʳ, ɓ = v/c ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, ű ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ v ʠ c. ɽʩʣʠ v > c 

ʠʣʠ ɓ > 1, ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ ʄʘʭʘ: 

sin ɗ = 1/ɓ = c/v (2) 

ʀʟʫʯʘʷ ʜʚʠʞʝʥʠʝ ʧʫʣʠ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʚʦʟʜʫʭʝ ʙʳʩʪʨʝʝ ʟʚʫʢʘ (ʨʠʩ. 3ʘ), ʕʨʥʩʪ ʄʘʭ 

ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʫʛʦʣ ɗ ʧʨʠ ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚʩʝʮʝʣʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ɓ (ʦʪʩʶʜʘ ʧʘʨʘʤʝʪʨ ɓ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʯʠʩʣʦʤ ʄʘʭʘ). ʌʦʨʤʫʣʦʡ (2) ʧʦʣʴʟʫʶʪʩʷ 

ʢʦʥʩʪʨʫʢʪʦʨʳ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʘʤʦʣʝʪʦʚ. ʅʘ ʨʠʩ. 3ʙ ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʩʘʤʦʣʝʪʘ FA-18, 

ʣʝʪʷʱʝʛʦ ʙʳʩʪʨʝʝ ʟʚʫʢʘ. ɺʙʣʠʟʠ ʣʝʪʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʠʜʝʥ ʩʚʝʪʣʳʡ ʢʦʥʫʩ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʨʘʟʫ 

ʞʝ ʟʘ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʩʦʟʜʘʝʪʩʷ ʟʦʥʘ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʘʷ 

ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʦʚ ʚʣʘʛʠ (ʵʪʦʪ ʧʨʠʥʮʠʧ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʢʘʤʝʨʳ ɺʠʣʩʦʥʘ, ʚ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʚʠʜʝʪʴ ʪʨʝʢʠ ʤʠʢʨʦʯʘʩʪʠʮ). ɿʥʘʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ (c = 331 ʤ/ʩ) ʠ ʫʛʦʣ ɗ, ʤʳ ʤʦʞʝʤ ʧʦ 

ʬʦʨʤʫʣʝ (2) ʚʳʯʠʩʣʠʪʴ ʩʢʦʨʦʩʪʴ ʩʘʤʦʣʝʪʘ. 

 

  
ʈʠʩ. 3ʘ. ʌʦʪʦʛʨʘʬʠʷ ʣʝʪʷʱʝʡ ʧʫʣʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʚʠʜʝʥ ʬʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

ʈʠʩ. 3ʙ. ʌʦʪʦʛʨʘʬʠʷ ʩʘʤʦʣʝʪʘ FA-18, ʥʘ 

ʢʦʪʦʨʦʡ ʪʦʞʝ ʚʠʜʝʥ ʢʦʥʫʩ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʧʫʣʠ ʜʘʸʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ ɗ = 60Ü, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʸ ʩʢʦʨʦʩʪʴ ʙʣʠʟʢʘ ʢ 380 ʤ/ʩ. ʉʫʜʷ ʧʦ ʬʦʨʤʝ ʢʦʥʫʩʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ 

ʬʦʪʦʛʨʘʬʠʠ, ʩʘʤʦʣʝʪ FA-18 ʣʝʪʠʪ ʥʝ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ ʟʚʫʢʘ, ʧʦʨʷʜʢʘ 350 ʤ/ʩ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ 

ʩʦʚʩʝʤ ʪʘʢ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʨʝʘʢʪʠʚʥʳʝ ʩʘʤʦʣʝʪʳ ʣʝʪʘʶʪ ʚʳʩʦʢʦ ʚ ʥʝʙʝ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʥʘʷ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʬʦʨʤʫʣʫ (2) ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʠʟ ʬʦʨʤʫʣʳ (1); 

ʦʥʘ ʚʳʚʦʜʠʪʩʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ, ʧʨʦʜʠʢʪʦʚʘʥʥʳʭ ʨʠʩ. 4. 

ɺ 1934 ʛʦʜʫ 28-ʣʝʪʥʠʡ ʇ.ɸ. ʏʝʨʝʥʢʦʚ, ʘʩʧʠʨʘʥʪ ʘʢʘʜʝʤʠʢʘ ʉ.ʀ. ɺʘʚʠʣʦʚʘ, ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʩʚʝʯʝʥʠʝ, ʠʩʭʦʜʠʚʰʝʝ ʦʪ ʵʣʝʢʪʨʦʥʦʚ, ʣʝʪʷʱʠʭ ʚ ʧʨʦʟʨʘʯʥʦʡ 

ʩʨʝʜʝ (H2O, C6H6, C6H12, CS2, CCl4 ʠ ʜʨ.) ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʜʘʥʥʦʡ 

ʩʨʝʜʝ. ʕʪʦʪ ʬʘʢʪ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʵʬʬʝʢʪʘ ɺʘʚʠʣʦʚʘ ï ʏʝʨʝʥʢʦʚʘ. ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ 

ʠʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʫ (3): 

cos ű = 1/nɓ, ű = arccos (1/nɓ) (3) 

ʛʜʝ n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʝ ʩʨʝʜʳ. ʂʘʢ ʨʘʩʩʢʘʟʘʣ ʇ.ɸ. ʏʝʨʝʥʢʦʚ [3], ʥʘʠʙʦʣʴʰʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʦʢʘʟʘʣʦʩʴ ʦʙʥʘʨʫʞʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʝʯʝʥʠʷ: ʫʜʘʨʥʘʷ 

ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʦʜ ʫʛʣʦʤ Ñű. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ 
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ʬʦʪʦʛʨʘʬʠʡ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ. 5ʘ) ʠ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʨʠʩ. 5ʙ) 

ʥʘʧʠʩʘʥʠʝ ʬʦʨʤʫʣʳ ʫʞʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʳ. 

 

 
ʈʠʩ. 4. ʏʝʨʪʝʞ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ (2) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ɗ ʧʨʠ ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

 

 

 

 

(a) 

  

 

(ʙ) 

ʈʠʩ. 5 (ʘ) ʌʦʪʦʛʨʘʬʠʠ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ: 

ʦʙʳʯʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʩʥʠʤʦʢ ʩʣʝʚʘ), ʩʚʝʯʝʥʠʝ ʵʪʠʣʮʠʥʥʘʤʘʪʘ (n = 1,58043, 

ʩʥʠʤʦʢ ʚ ʮʝʥʪʨʝ), ʩʚʝʯʝʥʠʝ ʚʦʜʳ (n = 1,3371, ʩʥʠʤʦʢ ʩʧʨʘʚʘ). (ʙ) ʋʛʣʦʚʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʵʪʠʣʮʠʥʥʘʤʘʪʘ: ʚʝʨʭʥʷʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʦʟʙʫʞʜʝʥʠʶ ʩʚʝʯʝʥʠʷ ʢʦʤʧʪʦʥʦʚʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʦʪ ʣʫʯʝʡ ThC (ɓ = 0,866), 

ʥʠʞʥʷʷ ï ʦʪ Ra (ɓ = 0,866). 

 

ʈʠʩ. 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ (3) ʷʚʣʷʝʪʩʷ ʜʨʫʛʦʡ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ 

ʚʳʨʘʞʝʥʠʷ (2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʏʝʨʝʥʢʦʚ ʠ ɺʘʚʠʣʦʚ, ʧʦ ʩʫʪʠ, ʥʘʪʢʥʫʣʠʩʴ ʥʘ ʦʧʪʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʛʦʚʦʨʠʣʦ ʦʙ ʠʜʝʥʪʠʯʥʦʡ ʧʨʠʨʦʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʆʜʥʘʢʦ ʠʤ ʥʝ 

ʧʨʠʰʣʘ ʚ ʛʦʣʦʚʫ ʤʳʩʣʴ ʦʙ ʵʪʦʡ ʧʘʨʘʣʣʝʣʠ. 

ɺ 1958 ʛʦʜʫ ʀ.ɽ. ʊʘʤʤ, ʇ.ɸ. ʏʝʨʝʥʢʦʚ ʠ ʀ.ʄ. ʌʨʘʥʢ ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʟʘ 

ʦʪʢʨʳʪʠʝ, ʦʙʲʷʩʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʘ, ʥʦʩʷʱʝʛʦ ʠʤʷ ʏʝʨʝʥʢʦʚʘ (ɺʘʚʠʣʦʚ ʫʤʝʨ ʚ 1951 
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ʛ.). ʊʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʩʧʫʩʪʷ ʌʨʘʥʢ ʠʟʜʘʣ ʢʥʠʛʫ [1], ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʝʣ ʚʩʝ ʚʘʞʥʝʡʰʠʝ ʩʪʘʪʴʠ, 

ʢʘʩʘʶʱʠʝʩʷ ʜʘʥʥʦʡ ʪʝʤʳ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʢʥʠʛʠ çʈʘʟʚʠʪʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʨʦʜʝ ʠʟʣʫʯʝʥʠʷ 

ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘè ʘʚʪʦʨ ʧʠʰʝʪ: 
 

çʈʘʟʫʤʝʝʪʩʷ, ʦʧʳʪʳ ʄʘʭʘ ʩ ʧʫʣʝʡ, ʣʝʪʷʱʝʡ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʥʝ 

ʪʦʣʴʢʦ ʀ.ɽ. ʊʘʤʤʫ, ʥʦ ʠ ʤʥʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʤʳʩʣʴ ʦʙ ʘʥʘʣʦʛʠʠ ʩ ʚʦʣʥʘʤʠ ʄʘʭʘ ʥʝ ʚʦʟʥʠʢʘʣʘ, ʪʦ ʣʠ 

ʦʰʠʙʦʯʥʦ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʢ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʵʪʘ ʘʥʘʣʦʛʠʷ ʥʝʧʨʠʤʝʥʠʤʘé ɺ ʪʝ ʛʦʜʳ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʙʳʣ ʢʚʘʥʪʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʠʟʣʫʯʝʥʠʷ ʙʳʩʪʨʳʭ ʯʘʩʪʠʮè [1, ʩ. 29]. 

 

ʌʨʘʥʢ ʧʨʠʟʥʘʣʩʷ, ʯʪʦ ʚ ʨʘʙʦʪʝ ɿʦʤʤʝʨʬʝʣʴʜʘ 1905 ʛʦʜʘ, ʦ ʢʦʪʦʨʦʡ ʚʩʧʦʤʥʠʣ ɸ.ʌ. ʀʦʬʬʝ, 

ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ. 

 

 
ɺ 1958 ʛʦʜʫ ʀ.ɽ. ʊʘʤʤ, ʇ.ɸ. ʏʝʨʝʥʢʦʚ ʠ ʀ.ʄ. ʌʨʘʥʢ ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ 

ʧʨʝʤʠʶ ʟʘ ʦʪʢʨʳʪʠʝ, ʦʙʲʷʩʥʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʘ, ʥʦʩʷʱʝʛʦ ʠʤʷ 

ʏʝʨʝʥʢʦʚʘ. 

 

ʂʘʢ ʦʙʥʘʨʫʞʠʣ ʉ.ʀ. ɺʘʚʠʣʦʚ, ï ʧʨʦʜʦʣʞʠʣ ʌʨʘʥʢ, ï ʠ ʫ ɿʦʤʤʝʨʬʝʣʴʜʘ ʙʳʣ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ 

ï ʣʦʨʜ ʂʝʣʴʚʠʥ. ɺ 1901 ʛʦʜʫ ʦʥ ʫʢʘʟʘʣ ʥʘ ʪʦ, ʯʪʦ ʘʪʦʤ, ʣʝʪʷʱʠʡ ʚ ʧʫʩʪʦʪʝ ʩʦ ʩʚʝʨʭʩʚʝʪʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʜʦʣʞʝʥ ʩʦʟʜʘʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ, ʘʥʘʣʦʛʠʯʥʫʶ ʚʦʣʥʘʤ ʄʘʭʘ ʚ ʘʢʫʩʪʠʢʝé 

ʆʙʩʫʞʜʘʣʩʷ ʠ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʤʦʛʣʦ ʩʣʫʯʠʪʴʩʷ, ʯʪʦ ʚʳʩʢʘʟʳʚʘʥʠʝ ʂʝʣʴʚʠʥʘ ʦʢʘʟʘʣʦʩʴ ʟʘʙʳʪʳʤé 

ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʥʠʣʠʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʬʠʨʝ: ʩʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, 

ʯʪʦ ʩʚʝʨʭʩʚʝʪʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚ ʚʘʢʫʫʤʝ ʥʝʦʩʫʱʝʩʪʚʠʤʘ, ʠ ʝʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚʳʩʢʘʟʳʚʘʥʠʝ ʂʝʣʴʚʠʥʘ, 

ʪʘʢ ʞʝ ʢʘʢ ʠ ʨʘʙʦʪʘ ɿʦʤʤʝʨʬʝʣʴʜʘ, ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʩʧʨʘʚʝʜʣʠʚʦ ʙʳʣʠ ʟʘʙʳʪʳ. 

ʆʜʥʘʢʦ ʵʪʦʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦʙ ʝʱʸ ʙʦʣʝʝ ʨʘʥʥʝʤ ʠ ʩʦʚʝʨʰʝʥʥʦ 

ʧʦʨʘʟʠʪʝʣʴʥʦʤ ʧʨʝʜʚʠʜʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ. ʅʝʜʘʚʥʦ ʚʳʷʩʥʠʣʦʩʴ 

[ʊʷʧʢʠʥ ɸ.ɸ. // ʋʌʅ, 1974, ʪ. 112, ʩ. 735], ʯʪʦ ʝʱʸ ʨʘʥʴʰʝ ʚ 1988 ʛ. 

ʍʝʚʠʩʘʡʜ ʯʠʩʪʦ ʫʤʦʟʨʠʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣ ʜʚʠʞʝʥʠʝ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʚ 

ʜʠʵʣʝʢʪʨʠʢʝ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥ, ʠ ʧʦʣʫʯʠʣ ʠʟʚʝʩʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʭʘʨʘʢʪʝʨʥʳʡ ʫʛʦʣ ʠʟʣʫʯʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʩʚʝʪʘ ʚ ʩʨʝʜʝ ʠ ʩʢʦʨʦʩʪʴʶ ʯʘʩʪʠʮʳ. ɺʦʪ, ʯʪʦ ʧʠʩʘʣ ʦʙ ʵʪʦʤ ɸ.ɸ. ʊʷʧʢʠʥ ʚ 

1974 ʛ.: çʅʝʜʘʚʥʦ, ʧʨʦʩʤʘʪʨʠʚʘʷ ʨʘʙʦʪʫ ʆ. ʍʝʚʠʩʘʡʜʘ çʆʙ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢʪʘʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʵʣʝʢʪʨʠʟʘʮʠʠ ʯʝʨʝʟ ʜʠʵʣʝʢʪʨʠʢè, 

ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ ʚ 1889 ʛ., ʷ ʦʙʥʘʨʫʞʠʣ ʚ ʥʝʡ ʧʘʨʘʛʨʘʬ, ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʩʚʷʱʝʥʥʳʡ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʘ q ʩʦ ʩʢʦʨʦʩʪʴʶ v, 

ʧʨʝʚʳʰʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʜʠʵʣʝʢʪʨʠʢʝ u. ɺ ʥʝʤ ʩ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʘʚʪʦʨ ʜʝʣʘʝʪ ʩʣʝʜʫʶʱʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʚʳʚʦʜ: çʊʝʧʝʨʴ 

ʩʘʤʦ ʩʦʙʦʡ ʚʩʪʘʝʪ ʚʦʧʨʦʩ: ʢʘʢʘʷ ʚʦʟʥʠʢʥʝʪ ʩʠʪʫʘʮʠʷ, ʝʩʣʠ v > u? ʇʨʝʞʜʝ ʚʩʝʛʦ ʷʩʥʦ, ʯʪʦ ʟʜʝʩʴ 

ʩʦʚʩʝʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʤʫʱʝʥʠʷ ʚʧʝʨʝʜʠ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ (ʪʦʯʝʯʥʦʛʦ ʜʣʷ ʧʨʦʩʪʦʪʳ). ɿʘʪʝʤ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʬʝʨʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʠʟʣʫʯʘʝʤʳʝ ʟʘʨʷʜʦʤ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ Z-ʦʩʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u, ʥʘʡʜʝʤ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ ʠʭ ʬʨʦʥʪʦʚ ʝʩʪʴ 

ʢʦʥʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʝʨʰʠʥʘ ʢʦʪʦʨʦʡ ʝʩʪʴ ʩʘʤ ʟʘʨʷʜ, ʝʝ Z-ʦʩʴ ʠ ʫʛʦʣ ű ʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ sin 

ű = u/vè [1, ʩ. 13ï15]. 
 

 

ʀ.ʄ. ʌʨʘʥʢ 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʜʝʩʴ ʍʝʚʠʩʘʡʜ ʤʳʩʣʝʥʥʦ ʧʨʝʜʩʪʘʚʠʣ ʩʝʙʝ ʢʘʨʪʠʥʢʫ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 

4, ʠ ʧʨʠʰʝʣ ʢ ʝʜʠʥʩʪʚʝʥʥʦ ʚʝʨʥʦʤʫ ʟʘʢʣʶʯʝʥʠʶ, ʢ ʢʦʪʦʨʦʤʫ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʧʨʠʰʝʣ ʄʘʭ. 

ʇʦʟʜʥʝʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʩʜʝʣʘʣʘ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʚʦʟʤʦʞʥʳʤ ʜʣʷ ʩʦʚʝʪʩʢʠʭ ʬʠʟʠʢʦʚ ï ʏʝʨʝʥʢʦʚʘ, ɺʘʚʠʣʦʚʘ, ʊʘʤʤʘ, ʌʨʘʥʢʘ, 

ʉʢʦʙʝʣʴʮʳʥʘ, ɻʠʥʟʙʫʨʛʘ ʠ ʧʨ. ï ʧʦʩʪʘʥʦʚʢʫ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʚ ʧʣʦʩʢʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. 

ʈʘʩʩʢʘʟʳʚʘʷ ʆ ʬʦʨʤʫʣʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ, ʤʳ ʚʳʚʝʣʠ 

ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʫʶ ʠ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʬʦʨʤʫʣʫ ɼʦʧʣʝʨʘ, ʩʧʨʘʚʝʜʣʠʚʫʶ ʠ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ v > c 

ʠʣʠ ɓ > 1: 

 
. (4) 

ɺ ʬʦʨʤʫʣʝ (4) ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ ɗ. ʅʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ, ʚ ʢʦʪʦʨʦʡ 

ʬʠʛʫʨʠʨʦʚʘʣ ʙʳ ʪʦʣʴʢʦ ʫʛʦʣ ű ʤʝʞʜʫ v ʠ c: 

 
. (5) 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʬʦʨʤʫʣʘʤʠ (4) ʠ (5) ʪʦʯʥʦ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʤʝʞʜʫ ʬʦʨʤʫʣʘʤʠ (2) ʠ (3). ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʙʳʣʦ ʙʳ ʦʰʠʙʢʦʡ ʩʯʠʪʘʪʴ ű ʫʛʣʦʤ ʥʘʙʣʶʜʝʥʠʷ, ʠʤ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʫʛʦʣ ɗ. 

ʕʪʦ ʧʨʝʢʨʘʩʥʦ ʚʠʜʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʦʟʥʠʢʘʝʪ ʫʜʘʨʥʘʷ ʚʦʣʥʘ. ʅʘ ʘʥʠʤʘʮʠʦʥʥʦʤ ʨʠʩ. 1ʙ ʚʠʜʥʦ, 

ʢʘʢ ʢʦʥʫʩ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʠʩʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʥʠʡ. ɿʥʘʯʠʪ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʦʨʤʫʣʳ ʄʘʭʘ (2) ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ ʬʦʨʤʫʣʳ (4) ʥʫʞʥʦ ʧʝʨʝʡʪʠ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ (x, y) ʚ ʰʪʨʠʭʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (x', y'), ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʩʦʚʤʝʱʝʥʦ ʩ 

ʜʚʠʞʫʱʠʤʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʣʥ. 

ɽʩʣʠ ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʬʦʨʤʫʣʝ (4) ʦʢʘʞʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʪʦ ʢʦʨʥʠ ʠʟ ʥʝʛʦ 

ʙʫʜʫʪ ʤʥʠʤʳʤʠ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ. ʋʩʣʦʚʠʝ: 

1 ï ɓ2 sin2ɗ Ó 0, sinɗ Ò |Ñ1/ɓ| ʠʣʠ ɗ Ò arcsin |Ñ1/ɓ|. 

ʷʚʣʷʝʪʩʷ ʥʠʯʝʤ ʠʥʳʤ, ʢʘʢ ʬʦʨʤʫʣʦʡ ʄʘʭʘ (2). ʊʘʢ, ʩʘʤʳʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʳʚʘʶʪʩʷ 

ʜʚʘ ʚʳʨʘʞʝʥʠʷ ʦʧʠʩʳʚʘʶʱʠʝ, ʧʦ ʩʫʪʠ ʜʝʣʘ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ɺ ʩʚʷʟʠ ʩ ʛʦʩʧʦʜʩʪʚʦʤ ʚ ʥʘʰʝ ʚʨʝʤʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʧʨʝʜʨʘʩʩʫʜʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʩʦʙʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʘʷ ʬʦʨʤʫʣʘ ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʫʛʣʝ ɗ = Ñˊ/2 ʜʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʧʦʧʝʨʝʯʥʳʡ ɼʦʧʣʝʨ-ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʷʢʦʙʳ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʕʪʦʪ 

ʪʨʠʚʠʘʣʴʥʳʡ ʬʘʢʪ ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ ʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟ ʨʠʩ. 6. ɻʣʷʜʷ ʥʘ ʥʝʛʦ, ʨʝʣʷʪʠʚʠʩʪʳ 

ʚʦʟʨʘʞʘʶʪ, ʦʥʠ ʥʝ ʚʠʜʷʪ ʟʜʝʩʴ ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ. 

 
ʈʠʩ. 6. ʏʝʨʪʝʞ ʠʣʣʶʩʪʨʠʨʫʝʪ ʪʨʠʚʠʘʣʴʥʳʡ ʬʘʢʪ: ʧʨʠ ɓ < 1 ʠ ɗ = 

Ñ90Á ʪʦʯʥʘʷ ʬʦʨʤʫʣʘ ʜʘʝʪ ʧʦʧʝʨʝʯʥʳʡ ɼʦʧʣʝʨ-ʵʬʬʝʢʪ 

 

ɽʩʪʴ ʬʦʨʤʫʣʘ (4), ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʦʞʝʥʠʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ (ɓ < 1) 

ʠʣʠ ʵʢʩʮʝʥʪʨʠʯʝʩʢʠʭ (ɓ > 1) ʵʢʚʠʬʘʟʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ (ʠʟʦʙʘʨ ï ʣʠʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʞʘʪʠʷ 

ʚʦʟʜʫʭʘ ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʩʨʝʜʳ), ʯʝʛʦ ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (1). ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ 

ʦʪʚʝʯʘʝʪ ʧʨʘʚʠʣʴʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʷʚʣʝʥʠʷ, ʧʦʣʫʯʠʚʰʝʛʦ ʥʘʟʚʘʥʠʝ ʵʬʬʝʢʪ 

ɼʦʧʣʝʨʘ. ɽʩʣʠ ʢʘʢʠʝ-ʪʦ ʜʝʬʠʥʠʮʠʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʜʣʷ ʩʘʤʦʛʦ ʧʨʦʩʪʝʡʰʝʛʦ ʩʣʫʯʘʷ, ʥʝ 

http://sceptic-ratio.narod.ru/fi/Doppler.htm
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ʧʨʠʤʝʥʠʤʳ ʢ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʠʪʫʘʮʠʠ, ʪʦ ʥʫʞʥʦ ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ ʵʪʠ ʜʝʬʠʥʠʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʣʫʯʘʷ, ʘ ʥʝ ʣʦʤʘʪʴ ʧʨʘʚʠʣʴʥʦ ʚʳʩʪʨʦʝʥʥʫʶ ʢʘʨʪʠʥʫ ʜʠʥʘʤʠʢʠ ʚʦʣʥ. 

ɹʫʜʫʯʠ ʤʘʣʴʯʠʰʢʦʡ, ʤʥʝ ʧʨʠʭʦʜʠʣʦʩʴ ʤʥʦʛʦʢʨʘʪʥʦ ʩʤʦʪʨʝʪʴ ʤʦʪʦʮʠʢʣʝʪʥʳʝ ʛʦʥʢʠ ʧʦ 

ʣʴʜʫ. ʗ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʤʦʪʦʮʠʢʣ, ʤʯʘʱʠʡʩʷ ʥʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʤʠʤʦ ʤʝʥʷ, ʠʟʤʝʥʷʣ 

ʚʳʩʦʪʫ ʪʦʥʘ ʜʚʠʛʘʪʝʣʷ ʩ ʚʳʩʦʢʦʛʦ ʥʘ ʥʠʟʢʠʡ. ʉʪʘʨʰʠʡ ʙʨʘʪ ʦʙʲʷʩʥʠʣ ʤʥʝ ʪʦʛʜʘ, ʯʪʦ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʷʟʠ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʷʤʦ ʧʝʨʝʜʦ ʤʥʦʡ 

ʤʦʪʦʮʠʢʣ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣ ɗ, ʧʦʜ ʢʦʪʦʨʳʤ ʷ ʥʘ ʥʝʛʦ ʩʤʦʪʨʶ, ʧʨʷʤʦʡ. ɽʛʦ ʫʞʝ ʥʝʪ ʚ ʪʦʯʢʝ 0, 

ʦʪʢʫʜʘ ʜʦʥʝʩʣʘʩʴ ʜʦ ʤʝʥʷ ʧʝʨʚʘʷ ʚʦʣʥʘ, ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ ɺ ï ʷ ʵʪʦ ʚʠʞʫ ï ʠ ʤʦʝ ʫʭʦ ʩʣʳʰʠʪ 

ʪʦʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʨʦʛʦ ʨʝʛʫʣʷʨʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʛʨʝʙʥʝʡ ʚʦʣʥ ʥʘ ʣʠʥʠʠ ɸɺ. ʅʘ ʣʠʥʠʠ 

0ɸ ʚ ʤʦʤʝʥʪ ʚʦʩʧʨʠʷʪʠʷ ʟʚʫʢʘ ʛʨʝʙʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʘʢ, ʯʪʦ ʦʙ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 

ʟʜʝʩʴ ʥʝʚʦʟʤʦʞʥʦ ʥʠʯʝʛʦ ʩʢʘʟʘʪʴ. ɿʥʘʯʠʪ, ʫʛʦʣ ɸ0ɺ = ű ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʫʛʣʦʤ ʥʘʙʣʶʜʝʥʠʷ ʠʣʠ 

ʫʛʣʦʤ ʚʦʩʧʨʠʷʪʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ. ʆʪʩʶʜʘ ʚʳʚʦʜ: ʨʠʩ. 6 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ ʧʨʦʷʚʣʝʥʠʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ. 

ɿʚʫʢʦʚʳʝ ʚʦʣʥʳ ï ʵʪʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʠ ʨʘʟʨʷʞʝʥʠʝ ʚʦʟʜʫʭʘ. ʅʝʚʘʞʥʦ, ʩ ʢʘʢʦʡ 

ʩʪʦʨʦʥʳ ʚʦʣʥʳ ʧʦʜʭʦʜʷʪ, ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʟʜʝʩʴ ʥʝ ʠʛʨʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʨʦʣʠ (ʥʘ ʵʪʦʪ ʚʝʢʪʦʨ ʧʦʩʪʦʷʥʥʦ ʩʩʳʣʘʶʪʩʷ ʤʦʠ ʦʧʧʦʥʝʥʪʳ). ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ 

ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʝʣʠʯʠʥʘ ʩʢʘʣʷʨʥʘʷ. ɿʥʘʯʠʪ, ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʤʦʶ ʙʘʨʘʙʘʥʥʫʶ 

ʧʝʨʝʧʦʥʢʫ ʧʨʦʠʟʦʡʜʝʪ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʦʪʢʫʜʘ ʙʳ ʟʚʫʢ ʥʠ ʰʸʣ ï ʩʙʦʢʫ ʩʟʘʜʠ, ʩʧʝʨʝʜʠ ï ʦʪʢʫʜʘ 

ʫʛʦʜʥʦ. 

ʇʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ ʧʦʧʣʘʚʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ʄʠʤʦ ʧʨʦʧʣʳʚʘʝʪ ʣʦʜʢʘ, ʦʪ ʢʦʪʦʨʦʡ 

ʨʘʩʭʦʜʷʪʩʷ ʚʦʣʥʳ. ʇʦʧʣʘʚʦʢ ʥʘʯʠʥʘʝʪ ʩʦʚʝʨʰʘʪʴ ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ʏʘʩʪʦʪʫ ʠʣʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʧʦʧʣʘʚʢʘ ʤʳ ʤʦʞʝʤ ʚʦʦʯʠʶ 

ʥʘʙʣʶʜʘʪʴ ʠ ʣʝʛʢʦ ʟʘʤʝʨʠʪʴ, ʭʦʪʷ ʠʟ-ʟʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʣʦʜʢʠ ʚʦʣʥʳ ʢ ʧʦʧʣʘʚʢʫ 

ʧʦʜʭʦʜʷʪ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʦʨʦʥʳ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ. ʆʜʥʘʢʦ ʤʛʥʦʚʝʥʥʦ ʩʜʝʣʘʥʥʘʷ 

ʬʦʪʦʛʨʘʬʠʷ, ʢʦʛʜʘ ʤʝʞʜʫ ʣʦʜʢʦʡ ʠ ʧʦʧʣʘʚʢʦʤ ʙʫʜʝʪ ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʟʘʬʠʢʩʠʨʫʝʪ 

ʢʦʥʢʨʝʪʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ, ʧʦ ʢʦʪʦʨʦʡ ʤʳ ʤʦʞʝʤ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʢʨʝʪʥʳʡ ʧʝʨʠʦʜ ʠ ʯʘʩʪʦʪʫ 

ʢʦʣʝʙʘʥʠʡ. 

ʕʪʘ ʬʦʪʦʛʨʘʬʠʷ ʙʫʜʝʪ ʚ ʪʦʯʥʦʩʪʠ ʦʪʨʘʞʘʪʴ ʢʘʨʪʠʥʫ ʚʦʣʥ, ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 6. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʩʢʦʨʦʩʪʠ c' ʥʘ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ ɗ = ˊ/2, ʧʦʧʝʨʝʯʥʘʷ 

ʜʣʠʥʘ ʚʦʣʥʳ ʙʫʜʝʪ ʨʘʚʥʘ 

. 

ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʭʦʪʷ ʠʟ-ʟʘ ʧʘʨʘʜʦʢʩʘ 

ʰʪʨʠʭʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʨʘʜʠʢʘʣ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠ ʚ ʟʥʘʤʝʥʘʪʝʣʝ. ʇʦʯʝʤʫ ʪʘʢ ʧʨʦʠʩʭʦʜʠʪ? 

 

ʇʘʨʘʜʦʢʩʘ ʰʪʨʠʭʘ 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʨʝʣʷʪʠʚʠʩʪʳ ʦʪʢʘʟʳʚʘʶʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʵʬʠʨʦʤ ʠʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʠʥʦʡ 

ʩʨʝʜʦʡ, ʟʘʤʝʥʷʶʱʝʡ ʝʛʦ. ʆʥʠ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ v, ʢʦʪʦʨʘʷ 

ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʟ ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʩʢʦʨʦʩʪʝʡ: ʩʢʦʨʦʩʪʠ ʧʨʠʝʤʥʠʢʘ v1 ʠ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ v2. 

ʆʜʥʘʢʦ, ʯʝʤ ʧʦ ʩʫʪʠ ʷʚʣʷʶʪʩʷ ʩʢʦʨʦʩʪʠ v1 ʠ v2 ʚ ʩʣʫʯʘʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʠʣʠ ʚʦʣʥ ʥʘ ʚʦʜʥʦʡ 

ʛʣʘʜʠ? ʆʪʚʝʪ ʙʦʣʝʝ ʯʝʤ ʦʯʝʚʠʜʝʥ: ʩʢʦʨʦʩʪʠ v1 ʠ v2 ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʥʘʙʣʶʜʘʪʝʣʷ A ʠ ʠʩʪʦʯʥʠʢʘ i, ʜʚʠʞʫʱʠʭʩʷ ʚ ʧʦʢʦʷʱʝʡʩʷ ʩʨʝʜʝ, ʪ.ʝ. ʩʢʦʨʦʩʪʠ v1 ʠ v2 ʠʟʤʝʨʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʦʷʱʝʡʩʷ ʩʨʝʜʳ. ʂʦʛʜʘ ʩʨʝʜʘ ʝʩʪʴ, ʬʦʨʤʫʣʳ ɼʦʧʣʝʨʘ ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʩʤʳʩʣ, ʢʦʪʦʨʳʡ ʪʫʪ ʞʝ ʠʩʯʝʟʥʝʪ, ʝʩʣʠ ʩʨʝʜʫ ʫʙʨʘʪʴ. ʇʦʚʪʦʨʷʝʤ, ʵʪʦʪ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ ʚʳʚʦʜ 

ʩʧʨʘʚʝʜʣʠʚ ʢʘʢ ʜʣʷ ʥʦʚʦʡ, ʪʘʢ ʠ ʜʣʷ ʩʪʘʨʦʡ ʬʦʨʤʫʣʳ, ʧʦʵʪʦʤʫ ʦʰʠʙʢʫ ʤʦʞʥʦ ʙʳʣʦ ʟʘʤʝʪʠʪʴ ʝʱʸ 

ʜʦ 1881 ʛʦʜʘ. 

ʀʟʚʝʩʪʥʦ, ʝʩʣʠ ʧʨʠʝʤʥʠʢ ʧʦʢʦʠʪʩʷ, ʘ ʠʩʪʦʯʥʠʢ ʜʚʠʞʝʪʩʷ, ʪʦ ʜʣʠʥʘ ʚʦʣʥʳ, ʩʦʛʣʘʩʥʦ 

ʧʨʠʥʷʪʦʡ ʩʝʛʦʜʥʷ ʪʝʦʨʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 

; (6) 

ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʧʦʢʦʠʪʩʷ, ʘ ʧʨʠʝʤʥʠʢ ʜʚʠʞʝʪʩʷ, ʙʫʜʝʤ ʠʤʝʪʴ: 

 

. (7) 
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ʇʦʜʯʝʨʢʥʝʤ, ʟʜʝʩʴ v1 ʠ v2 ï ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʳ. ʊʝʧʝʨʴ 

ʧʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ, ʯʪʦ ʩʨʝʜʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʝʪ ʦʪʜʝʣʴʥʦ ʩʢʦʨʦʩʪʠ v1 ʠ ʦʪʜʝʣʴʥʦ ʩʢʦʨʦʩʪʠ v2, ʥʦ ʝʩʪʴ 

ʥʝʢʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ v = v1 ï v2. ʋ ʥʘʩ ʪʫʪ ʞʝ ʚʦʟʥʠʢʥʫʪ ʧʨʦʙʣʝʤʘ: ʤʳ ʥʝ ʙʫʜʝʤ ʟʥʘʪʴ, 

ʢʘʢʦʡ ʠʟ ʜʚʫʭ ʬʦʨʤʫʣ ï (6) ʠʣʠ (7) ï ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ. ʅʝʪʨʫʜʥʦ ʜʦʛʘʜʘʪʴʩʷ, ʯʪʦ 

ʥʠʢʘʢʦʛʦ ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ ʤʝʞʜʫ ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʫ ʩʪʦʨʦʥʥʠʢʦʚ ʪʦʪʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʌʦʨʤʫʣʳ (6) ʠ (7) ʚʳʚʦʜʠʣʠʩʴ ʠʟ ʬʠʟʠʢʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʠʤʝʥʥʦ ʚ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ ʠ ʚʥʦʩʠʪ ʚ ʬʦʨʤʫʣʳ ʥʝʢʠʡ ʵʣʝʤʝʥʪ ʘʙʩʦʣʶʪʥʦʩʪʠ. ʄʦʞʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʢʥʠʛʘʭ ʧʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʬʠʟʠʢʝ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʚʳʨʘʞʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʙʫʜʝʪ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʪʴʩʷ ʤʝʩʪʘʤʠ, ʯʪʦ 

ʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʚʳ ʟʘʛʣʷʥʠʪʝ ʚ çʉʧʨʘʚʦʯʥʠʢ ʧʦ ʬʠʟʠʢʝè ɹ. 

ʄ. ʗʚʦʨʩʢʦʛʦ ʠ ɸ.ɸ. ɼʝʪʣʘʬʘ, ʚ çʆʧʪʠʢʫè ɼ. ɺ. ʉʠʚʫʭʠʥʘ, çʆʙʱʫʶ ʬʠʟʠʢʫè ɾ. ʈʦʩʩʝʣʷ ʠ ʚ 

çʆʧʪʠʢʫ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣè ʋ. ʀ. ʌʨʘʥʢʬʫʨʪʘ ʠ ɸ. ʄ. ʌʨʝʥʢʘ, ʪʦ ʩʘʤʠ ʫʚʠʜʠʪʝ, ʢʘʢʫʶ ʧʫʪʘʥʠʮʫ 

ʧʦʩʝʷʣʠ ʨʝʣʷʪʠʚʠʩʪʳ ï ʚʨʘʛʠ ʥʘʫʢʠ ʠ ʜʨʫʟʴʷ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʩʭʦʣʘʩʪʠʢʠ. 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʦ ʢʦʪʦʨʦʡ ʟʜʝʩʴ ʛʦʚʦʨʠʪʩʷ, ʚʥʝʩ ʕʡʥʰʪʝʡʥ ʚ ʩʚʦʝʡ ʩʘʤʦʡ ʧʝʨʚʦʡ ʨʘʙʦʪʝ 

1905 ʛʦʜʘ ʧʦ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ [4], ʢʦʛʜʘ ʨʝʰʠʣʩʷ çʚʳʙʨʦʩʠʪʴè ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ʵʬʠʨ ʟʘ ʝʛʦ ʷʢʦʙʳ ʥʝʥʘʜʦʙʥʦʩʪʴʶ. ʅʦ ʝʩʣʠ ʯʠʪʘʪʝʣʴ ʭʦʯʝʪ ʤʳʩʣʠʪʴ ʦʪʯʝʪʣʠʚʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, ʦʥ ʜʦʣʞʝʥ ʧʦʤʥʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ (300 000 ʢʤ/ʩ) ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʠʤʝʥʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʦʷʱʝʛʦʩʷ ʵʬʠʨʘ. ʅʝʚʦʟʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʚʦʦʙʱʝ ʦ ʥʝʢʦʡ ʩʢʦʨʦʩʪʠ 

ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʯʝʤʫ ʙʳ ʪʦ ʥʠ ʙʳʣʦ, ʧʦʩʢʦʣʴʢʫ ɿʝʤʣʷ, ʉʦʣʥʮʝ ʠ ʚʩʝ ʧʨʦʯʠʝ ʦʙʲʝʢʪʳ 

ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʫʪʩʷ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ ʨʘʚʥʘ 332 ʤ/ʩ, ʪʦ 

ʵʪʘ ʩʢʦʨʦʩʪʴ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʦʷʱʝʛʦʩʷ ʚʦʟʜʫʭʘ. 

ʇʫʩʪʴ ʢʪʦ-ʥʠʙʫʜʴ ʧʦʧʳʪʘʝʪʩʷ çʦʪʤʝʥʠʪʴè ʚʦʟʜʫʭ. ʊʦʛʜʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʧʨʠʜʝʪʩʷ çʦʪʤʝʥʷʪʴè 

ʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʠʥʘʯʝ ʙʫʜʝʪ ʥʝʧʦʥʷʪʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʢʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʩʢʦʨʦʩʪʴ 

332 ʤ/ʩ. ʇʦʵʪʦʤʫ ʪʘʤ, ʛʜʝ ʚ ʬʦʨʤʫʣʘʭ ʧʠʰʝʪʩʷ ʢʦʥʩʪʘʥʪʘ ʩ, ʪʘʤ ʥʝʷʚʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʧʦʢʦʷʱʝʡʩʷ ʵʬʠʨ. ʀ, ʥʘʦʙʦʨʦʪ, ʥʝʦʪʲʝʤʣʝʤʳʤ ʩʚʦʡʩʪʚʦʤ ʤʠʨʦʚʦʡ ʩʨʝʜʳ, ʟʘʧʦʣʥʷʶʱʝʡ 

ʚʩʝʣʝʥʥʫʶ, ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ɽʩʣʠ ʨʝʣʷʪʠʚʠʩʪʳ ʧʦʜ ʢʦʥʩʪʘʥʪʦʡ ʩ ʧʦʥʠʤʘʶʪ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʧʦ ʠʭ ʟʘʷʚʣʝʥʠʶ, çʦʩʦʙʫʶ 

ʬʦʨʤʫ ʤʘʪʝʨʠʠè, ʪʦ ʚʩʝ ʨʘʚʥʦ ʦʥʠ ʦʙʷʟʘʥʳ ʙʳʣʠ ʪʦʯʥʦ ʫʢʘʟʘʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʝʛʦ ʵʪʘ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʨʷʝʪʩʷ. 

ɺ ʩʪʘʪʴʝ çʂ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣè (1905) [4] ʕʡʥʰʪʝʡʥ ʨʘʩʩʤʦʪʨʝʣ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʨʠʝʤʥʠʢ ʜʚʠʛʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʯʝʤʫ-ʪʦ 

çʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘè. ʆʥ ʥʘʧʠʩʘʣ ʬʦʨʤʫʣʫ ʜʣʷ ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ɤ' ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

, 

ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ɚ': 

 

, (8) 

ʛʜʝ ɤ0 ʠ ɚ0 ï ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʩʪʫʣʘʪʘ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ, 

ʩʧʝʮʠʘʣʴʥʘʷ ʦʛʦʚʦʨʢʘ ʦ ʜʚʠʞʝʥʠʠ ʠʤʝʥʥʦ ʧʨʠʝʤʥʠʢʘ ʢʦʣʝʙʘʥʠʡ ʚʳʛʣʷʜʠʪ ʥʝʣʦʛʠʯʥʦ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʵʪʘ ʦʛʦʚʦʨʢʘ ʦʢʘʟʘʣʘʩʴ ʨʝʰʘʶʱʝʡ, ʧʦʩʢʦʣʴʢʫ cosɗ ʦʢʘʟʘʣʩʷ ʚ ʟʥʘʤʝʥʘʪʝʣʠ ʚʳʨʘʞʝʥʠʷ (8). 

ʅʦ ʧʦ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʩ ʨʘʚʥʳʤ ʫʩʧʝʭʦʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʜʚʠʞʝʪʩʷ, ʘ 

ʥʘʙʣʶʜʘʪʝʣʴ ʧʦʢʦʠʪʩʷ. ʊʦʛʜʘ ʥʫʞʥʦ ʙʫʜʝʪ ʧʨʝʜʳʜʫʱʠʝ ʬʦʨʤʫʣʳ ʧʦʩʪʘʚʠʪʴ ʩ ʥʦʛ ʥʘ ʛʦʣʦʚʫ: 

, 

ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ɚ': 

 

. (9) 

ɺ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʘʙʦʪʝ [5] ʕʡʥʰʪʝʡʥ ʨʘʩʩʤʦʪʨʝʣ ʜʚʘ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʜʚʠʞʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠʝʤʥʠʢ ʠ ʦʪʜʝʣʴʥʦ ʢʦʛʜʘ ʜʚʠʞʝʪʩʷ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢ. ʇʨʠ ʵʪʦʤ ʦʥ ʥʘʧʠʩʘʣ ʜʚʝ ʬʦʨʤʫʣʳ 

ʜʣʷ ʯʘʩʪʦʪʳ. ʃʦʛʠʯʥʦ ʙʳʣʦ ʙʳ ʥʘʧʠʩʘʪʴ ʦʙʱʫʶ ʬʦʨʤʫʣʫ, ʩʧʨʘʚʝʜʣʠʚʫʶ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 
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ʜʚʠʞʝʥʠʷ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʧʨʠʝʤʥʠʢʘ, ʠ ʠʩʪʦʯʥʠʢʘ. ʅʦ ʕʡʥʰʪʝʡʥ ʵʪʦʛʦ ʰʘʛʘ ʥʝ ʩʜʝʣʘʣ, 

ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʘ ʚʠʜʘ 

, 

ʚ ʝʛʦ ʯʝʪʳʨʝʭʪʦʤʥʦʤ çʉʦʙʨʘʥʠʠ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚè ʦʪʩʫʪʩʪʚʫʝʪ. 

ɿʘʪʦ ʝʝ ʤʦʞʥʦ ʥʘʡʪʠ ʫ ʜʨʫʛʠʭ ʨʝʣʷʪʠʚʠʩʪʦʚ, ʥʘʧʨʠʤʝʨ, ʚ ʦʜʥʦʡ ʠʟ 

ʩʪʘʪʝʡ ʄʘʢʩʘ ʃʘʫʵ [2, ʩ. 230]. ʆʜʥʘʢʦ ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʫʞʝ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʬʠʨʥʦʡ ʩʨʝʜʳ ï ʧʨʠʝʤʥʠʢ ʠʣʠ ʠʩʪʦʯʥʠʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʘ 

ʚʳʧʘʜʘʝʪ ʠʟ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʢʦʥʮʝʧʮʠʠ. 

ʊʦ ʣʠ ʩʘʤʠ ʨʝʣʷʪʠʚʠʩʪʳ, ʪʦ ʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʨʠʪʠʢʠ ʩʚʦʠʭ 

ʙʝʟʚʝʩʪʥʳʭ ʦʧʧʦʥʝʥʪʦʚ, ʪʦʣʴʢʦ ʧʦʟʜʥʝʝ ʦʰʠʙʦʯʥʘʷ ʣʦʛʠʢʘ 

ʕʡʥʰʪʝʡʥʘ ʠʤʠ ʙʳʣʘ ʦʪʚʝʨʛʥʫʪʘ. ɺʤʝʩʪʦ ʨʘʟʜʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ ʨʝʣʷʪʠʚʠʩʪʳ ʩʪʘʣʠ ʙʨʘʪʴ ʠʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ. ʅʦ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʵʬʠʨʘ ʥʘ ʬʦʨʤʫʣʫ ɼʦʧʣʝʨʘ, 

ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʪʫʪ ʞʝ ʚʦʟʥʠʢʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʥʘʧʠʩʘʥʠʠ ʬʦʨʤʫʣ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʝʛʦʜʥʷ ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʦʣʥʝʡʰʫʶ ʧʫʪʘʥʠʮʫ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʷʭ, ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʧʘʨʘʜʦʢʩʘ ʰʪʨʠʭʘ. ʇʨʠʤʝʨʥʦ ʩ ʦʜʠʥʘʢʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ 

ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʬʦʨʤʫʣʳ ï ʣʠʙʦ (8), ʣʠʙʦ (9). 

ʕʪʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʰʪʨʠʭʘ, ʝʩʪʝʩʪʚʝʥʥʦ, ʧʝʨʝʢʠʥʫʣʘʩʴ ʥʘ ʬʦʨʤʫʣʳ ʜʣʷ ʵʪʘʣʦʥʦʚ ʜʣʠʥʳ 

ʠ ʚʨʝʤʝʥʠ. ʆʜʥʠ ʨʝʣʷʪʠʚʠʩʪʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʠʟʤʝʥʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʵʪʘʣʦʥʳ, ʜʨʫʛʠʝ ʜʫʤʘʶʪ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ʇʨʠʯʝʤ ʦʜʥʘ ʯʘʩʪʴ 

ʨʝʣʷʪʠʚʠʩʪʦʚ, ʩʯʠʪʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʘʙʩʦʣʶʪʥʳʤʠ (ʜʣʷ ʥʠʭ ʣʝʪʘʶʱʠʝ ʢʦʩʤʦʥʘʚʪʳ 

ʦʩʪʘʶʪʩʷ ʤʦʣʦʜʳʤʠ), ʘ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʩʪʝʨʞʥʝʡ ï ʦʪʥʦʩʠʪʝʣʴʥʳʤ. ɼʨʫʛʘʷ ʯʘʩʪʴ 

ʨʝʣʷʪʠʚʠʩʪʦʚ, ʦʧʠʨʘʷʩʴ ʥʘ ʜʨʫʛʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʬʦʨʤʫʣʳ, ʜʦʢʘʟʳʚʘʝʪ ʨʦʚʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. 

ʆʜʥʠ ʚʳʚʦʜʷʪ ʬʦʨʤʫʣʳ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ ʠʟ ʧʨʷʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ, ʜʨʫʛʠʝ 

ï ʠʟ ʦʙʨʘʪʥʳʭ. ʆʜʥʠ ʧʦʜ ʟʘʤʝʜʣʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʥʠʤʘʶʪ ʝʛʦ ʫʢʦʨʦʯʝʥʠʝ (ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʳ 

ʫʯʝʙʥʠʢʘ [6]), ʜʨʫʛʠʝ ï ʫʜʣʠʥʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ʘʚʪʦʨ ʢʥʠʛʠ [7]). ʆʜʥʘʢʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ, 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʬʦʨʤʘʣʴʥʦʝ ʤʳʰʣʝʥʠʝ ʨʝʣʷʪʠʚʠʩʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʤ ʫʣʦʚʠʪʴ ʣʦʛʠʯʝʩʢʠʝ 

ʨʘʟʥʦʛʣʘʩʠʷ ʚ ʠʭ ʩʦʙʩʪʚʝʥʥʦʤ ʫʯʝʥʠʠ. 

ɿʘ ʩʯʝʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʨʘʜʠʢʘʣʘ ʤʳ ʠʤʝʝʤ ʯʝʪʳʨʝ 

ʚʘʨʠʘʥʪʘ ʥʘʧʠʩʘʥʠʷ ʬʦʨʤʫʣ ʜʣʷ ʠʟʤʝʥʷʶʱʠʭʩʷ ʵʪʘʣʦʥʦʚ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ. ɺʦʪ ʵʪʠ ʢʦʤʙʠʥʘʮʠʠ. 

ʕʡʥʰʪʝʡʥ [4, c. 18; 16, ʩ. 419ï420], ɹʦʨʥ [7, ʩ. 299ï302] ʠ ʇʘʫʣʠ [8, ʩ. 26ï27] ʚʳʨʘʞʘʣʠ 

ʠʟʤʝʥʝʥʠʷ ʵʪʘʣʦʥʦʚ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

( ɸ ) 
 

, 
 

; 

ʚ ʢʫʨʩʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʃʘʥʜʘʫ ʠ ʃʠʬʰʠʮʘ [6, ʩ. 20ï25] ʵʪʘʣʦʥʳ ʠʟʤʝʥʷʶʪʩʷ ʦʜʥʦʪʠʧʥʦ: 

( ɹ ) 
 

, 
 

; 

ʚ ɹʝʨʢʣʝʝʚʩʢʦʤ ʢʫʨʩʝ [9, ʩ. 373ï377] ʧʦʣʫʯʝʥʳ ʠʥʳʝ ʬʦʨʤʫʣʳ: 

( ɺ ) 
 

, 
 

; 

ʥʘʢʦʥʝʮ, ʚ ʢʫʨʩʝ ʃʝʚʠʯʘ [11, ʩ. 200 ï 203] ʤʦʞʥʦ ʥʘʡʪʠ ʧʦʩʣʝʜʥʶʶ ʢʦʤʙʠʥʘʮʠʶ: 

( ɻ ) 
 

, 
 

. 

ʊʝʧʝʨʴ ʚʥʠʤʘʥʠʝ! ɺʩʝ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʩʣʦʚʠʠ: 

ʰʪʨʠʭʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʜʚʠʞʝʪʩʷ, ʘ ʥʝʰʪʨʠʭʦʚʘʥʥʘʷ ï ʧʦʢʦʠʪʩʷ. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʘʞʝʪʩʷ, ʯʪʦ ʘʚʪʦʨʳ ʢʥʠʛ ʧʦ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʠʰʫʪ ʦʙ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʞʝ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʫ ʥʠʭ ʧʦʣʫʯʘʶʪʩʷ 

ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʤʠ. ʉʝʡʯʘʩ ʤʳ ʤʦʞʝʤ ʪʦʣʴʢʦ ʜʦʛʘʜʳʚʘʪʴʩʷ, ʧʦʯʝʤʫ, ʩʢʘʞʝʤ, ʃʘʥʜʘʫ ʠ 

ʃʠʬʰʠʮ ʧʨʠʥʷʣʠ ʦʜʥʦʪʠʧʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʵʪʘʣʦʥʦʚ. 

ɺʠʜʠʤʦ, ʦʥʠ ʧʦʥʠʤʘʣʠ, ʯʪʦ ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʩʠʤʤʝʪʨʠʯʥʳ 

 
ʄʘʢʩ ʃʘʫʵ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʜʠʢʘʣʘ ʠ ʥʝ ʤʦʞʝʪ ʧʦʣʫʯʘʪʴʩʷ ʪʘʢ, ʯʪʦ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʤʝʪʨʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʦʚ 

ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʦʥ ʦʢʘʟʳʚʘʣʩʷ ʚ ʯʠʩʣʠʪʝʣʝ, ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʚ ʟʥʘʤʝʥʘʪʝʣʝ. ʇʦ ʜʠʘʛʨʘʤʤʝ 

ʄʠʥʢʦʚʩʢʦʛʦ ʚʨʝʤʝʥʥʘʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʩʠ ʥʘʢʣʦʥʝʥʳ ʧʦʜ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʫʛʣʦʤ, ʧʦʵʪʦʤʫ 

ʠ ʤʘʩʰʪʘʙʥʳʝ ʝʜʠʥʠʮʳ ʜʦʣʞʥʳ ʤʝʥʷʪʴʩʷ ʦʜʠʥʘʢʦʚʦ. ʊʘʢ ʯʪʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʦʥʠ 

ʙʳʣʠ, ʚʦʟʤʦʞʥʦ, ʙʣʠʞʝ ʢ ʧʨʘʚʠʣʴʥʦʤʫ ʦʪʚʝʪʫ. ʄʦʞʥʦ ʧʦʥʷʪʴ ʠ ʦʧʨʘʚʜʘʪʴ ʧʦʟʠʮʠʶ ɹʦʨʥʘ ʠ 

ʇʘʫʣʠ, ʢʦʪʦʨʳʝ ʧʠʩʘʣʠ ʩʚʦʠ ʢʥʠʛʠ ʚʩʢʦʨʝ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʕʡʥʰʪʝʡʥʘ. ʆʥʠ ʭʦʪʝʣʠ ʩʜʝʣʘʪʴ 

ʵʡʥʰʪʝʡʥʦʚʩʢʠʝ ʚʳʢʣʘʜʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʳʤʠ, ʥʦ ʥʝ ʨʝʰʘʣʠʩʴ ʠʟʤʝʥʠʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫʣʫ ʠ ʪʦʣʢʦʚʘʥʠʝ çʟʘʤʝʜʣʝʥʠʷè ʚʨʝʤʝʥʠ. 

ʂʘʢ ʙʳ ʪʘʤ ʥʠ ʙʳʣʦ, ʥʦ ʥʘʤ ʩʝʡʯʘʩ ʷʩʥʦ, ʯʪʦ ʤʘʪʝʤʘʪʠʢʘ ʟʜʝʩʴ ʠʛʨʘʝʪ ʧʦʜʯʠʥʝʥʥʫʶ, ʯʠʩʪʦ 

ʠʣʣʶʩʪʨʘʪʠʚʥʫʶ ʨʦʣʴ; ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʟʚʝʥʦʤ ʚ ʮʝʧʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʝʢʦʝʛʦ 

ʫʪʚʝʨʞʜʝʥʠʷ, ʩʤʳʩʣ ʢʦʪʦʨʦʛʦ ʧʨʠʰʝʣ ʚ ʬʠʟʠʢʫ ʥʝ ʠʟ ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ʉʦʟʜʘʝʪʩʷ 

ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʚʩʝ ʬʠʟʠʢʠ ʥʘ ʩʣʦʚʘʭ ʜʦʛʦʚʦʨʠʣʠʩʴ, ʯʪʦ ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʣʠʥʝʡʢʘ ʙʫʜʝʪ 

ʫʢʦʨʘʯʠʚʘʪʴʩʷ, ʘ ʯʘʩʳ ʟʘʤʝʜʣʷʪʴʩʷ. ʅʦ ʦʥʠ ʥʝ ʜʦʛʦʚʦʨʠʣʠʩʴ ʦ ʨʘʩʩʪʘʥʦʚʢʝ ʰʪʨʠʭʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤʫʣʘʭ, ʘ ʪʘʢʞʝ ʦ ʪʦʤ, ʦʪʢʫʜʘ ʚʝʜʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʦʙʲʝʢʪʘʤʠ ï ʠʟ 

ʧʦʢʦʷʱʠʭʩʷ ʠʣʠ ʜʚʠʞʫʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪ, ʢʘʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ 

ʚʳʚʦʜʝ ʬʦʨʤʫʣ ï ʧʨʷʤʳʤʠ ʠʣʠ ʦʙʨʘʪʥʳʤʠ, ʯʪʦ ʧʦʥʠʤʘʪʴ ʧʦʜ ʟʘʤʝʜʣʝʥʠʝʤ ʚʨʝʤʝʥʠ ï ʝʛʦ 

ʫʜʣʠʥʝʥʠʝ ʠʣʠ ʩʦʢʨʘʱʝʥʠʝ. ʇʦʵʪʦʤʫ ʚ ʵʪʦʤ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦʤ ʜʣʷ ʬʠʣʦʩʦʬʠʠ ʨʝʣʷʪʠʚʠʟʤʘ 

ʧʫʥʢʪʝ ʧʨʦʠʩʭʦʜʠʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʙʦʡ ʚ ʬʦʨʤʫʣʘʭ, ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʜʠʪ ʥʘ 

ʥʝʪ ʛʣʘʚʥʳʡ ʚʳʚʦʜ ʚʩʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ. 

ɺ ʩʚʷʟʠ ʩ ʧʘʨʘʜʦʢʩʦʤ ʰʪʨʠʭʘ ʭʦʯʝʪʩʷ ʦʙʨʘʪʠʪʴʩʷ ʩ ʙʦʣʴʰʦʡ ʠ ʚʘʞʥʦʡ ʧʨʦʩʴʙʦʡ ʢ ʥʘʰʠʤ 

ʨʝʣʷʪʠʚʠʩʪʘʤ: çɻʦʩʧʦʜʘ ʭʦʨʦʰʠʝ, ʧʦʜʩʢʘʞʠʪʝ ʥʝʩʯʘʩʪʥʦʤʫ ʜʦʮʝʥʪʫ, ʢʘʢʫʶ ʢʥʠʛʫ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʩʪʫʜʝʥʪʘʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʟʦʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʆʧʨʦʩ ʩʪʫʜʝʥʪʦʚ ʷ ʧʨʦʚʦʞʫ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʘ ï ʟʥʘʝʪʝ, ʝʩʪʴ ʪʘʢʦʡ: ʠʟ ʯʝʪʳʨʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʥʫʞʥʦ ʚʳʙʨʘʪʴ 

ʝʜʠʥʩʪʚʝʥʥʦ ʧʨʘʚʠʣʴʥʫʶ. ɺʦʪ ʷ ʠ ʛʘʜʘʶ, ʧʨʦʪʠʚ ʢʘʢʦʛʦ ʚʘʨʠʘʥʪʘ ï ɸ, ɹ, ɺ, ɻ ï ʩʪʘʚʠʪʴ ʩʣʦʚʦ 

"ʜʘ", ʘ ʧʨʦʪʠʚ ʢʘʢʠʭ ï "ʥʝʪ". ʆʯʝʥʴ ʚʘʩ ʧʨʦʰʫ ʧʦʤʦʯʴ ʚ ʵʪʦʤ ʟʘʧʫʪʘʥʥʦʤ ʜʝʣʝ, ʘ ʪʦ ʢʘʢ-ʪʦ 

ʥʝʫʜʦʙʥʦ ʧʝʨʝʜ ʩʪʫʜʝʥʪʘʤʠ ʧʦʣʫʯʘʝʪʩʷ. ʀ ʫʞ ʧʦʟʚʦʣʴʪʝ ʤʥʝ ʧʦʞʘʣʝʪʴ ʥʝʦʢʨʝʧʰʠʝ ʫʤʳ ʨʝʙʷʪ ʠ 

ʥʝ ʚʜʘʣʙʣʠʚʘʪʴ ʠʤ ʵʡʥʰʪʝʡʥʦʚʩʢʦʝ ʫʯʝʥʠʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʣʘʚʥʳʝ ʤʫʞʠ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ 

ʚ ʣʠʮʝ ʨʫʢʦʚʦʜʩʪʚʘ ʌʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʈɸʅ ʥʝ ʩʢʘʞʫʪ ʚʩʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʩʪʨʘʥʳ, ʢʘʢʦʤʫ 

ʚʘʨʠʘʥʪʫ ʥʫʞʥʦ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʠ ʧʦʯʝʤʫè. 

 

(a) (ʙ) 

(ʚ) (ʛ) 
ʈʠʩ. 7. ʌʦʨʤʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (8) ʧʨʠ ɓ = 3/4 (ʘ), ɓ = 

0,99 (ʙ); ʠʤʝʝʤ ʢʨʠʚʳʝ ʚ ʚʠʜʝ ʵʣʣʠʧʩʘ. ɽʩʣʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʬʦʨʤʫʣʝ (9) ʧʨʠ ɓ 

= 3/4 (ʚ), ɓ = 1 (ʛ), ʪʦ ʚ ʠʪʦʛʝ ʧʦʣʫʯʠʤ ʢʘʨʜʠʦʠʜʳ. 
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ʅʦ ʚʝʨʥʝʤʩʷ ʢ ʥʘʰʠʤ ʜʚʫʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ. 

ʆʙʝ ʬʦʨʤʫʣʳ (8) ʠ (9), ʨʘʟʫʤʝʝʪʩʷ, ʣʦʞʥʳ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʣʝʞʠʪ ʦʰʠʙʦʯʥʘʷ ʣʦʛʠʢʘ 

ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ, ʦ ʯʸʤ ʧʦʜʨʦʙʥʦ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ. ʏʪʦʙʳ ʚ ʵʪʦʤ ʫʙʝʜʠʪʴʩʷ ʩʘʤʳʤ 

ʥʘʛʣʷʜʥʳʤ ʦʙʨʘʟʦʤ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʝʱʝ ʨʘʟ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʧʦ ʬʦʨʤʫʣʘʤ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʘ 

ʜʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ɚ' ʦʪ ʫʛʣʘ ɗ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (8) ʧʨʠ ɓ = 3/4 (ʘ) ʠ ɓ = 0,99 (ʙ). 

ɿʜʝʩʴ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʫʞʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʨʜʠʦʠʜʫ, ʘ ʚʩʝʛʦ ʣʠʰʴ ʵʣʣʠʧʩ. ʇʨʠ ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʝ ʧʘʨʘʤʝʪʨʘ ɓ ʵʪʦʪ ʵʣʣʠʧʩ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʢʨʫʞʥʦʩʪʴ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʠʥʮʠʧʫ 

ɻʶʡʛʝʥʩʘ ʠ ʨʝʟʫʣʴʪʘʪ ʙʣʠʟʦʢ ʢ ʠʩʪʠʥʝ. ɼʘʚʘʡʪʝ ʨʘʟʙʝʨʝʤʩʷ, ʧʦʯʝʤʫ ʧʨʠ ʤʘʣʳʭ ɓ ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ 

ʬʦʨʤʫʣʘ (8) ʙʣʠʟʢʘ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ? 

ɼʦ ʩʠʭ ʧʦʨ ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʜʚʠʞʝʥʠʝ ʪʦʣʴʢʦ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ; ʧʨʠʝʤʥʠʢ ʚ ʚʠʜʝ 

ʜʘʪʯʠʢʘ ʠʣʠ ʞʠʚʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʦʪʩʫʪʩʪʚʦʚʘʣ. ʏʪʦʙʳ ʚʳʚʝʩʪʠ ʦʙʱʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

, 

ɚ0 ï ʩʦʙʩʪʚʝʥʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ, 

ɚ1 ï ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʣʝʙʣʶʱʝʡʩʷ ʩʨʝʜʳ,  

ɚ2 ï ʜʣʠʥʘ ʚʦʣʥʳ, ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʧʨʠʝʤʥʠʢʦʤ. 

ɺ ʵʪʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʧʨʝʜʩʪʘʥʝʪ ʚ ʬʦʨʤʝ: 

ɚ1 = ɚ0F(ɓ1, ɗ1),  ʛʜʝ ɓ1 ʠ ɗ1 ï ʧʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ. 

ɼʣʠʥʘ ʚʦʣʥʳ ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʧʨʠʸʤʥʠʢʘ ʦʧʨʝʜʝʣʠʪʩʷ ʬʦʨʤʫʣʦʡ: 

ɚ2 = ɚ1/F(ɓ2, ɗ2),  ʛʜʝ ɓ2 ʠ ɗ2 ï ʧʘʨʘʤʝʪʨʳ ʧʨʠʸʤʥʠʢʘ. 

ʇʨʠʝʤʥʠʢ ʥʠʯʝʛʦ çʥʝ ʟʥʘʝʪè ʦʙ ʠʩʪʦʯʥʠʢʝ ï ʜʚʠʞʝʪʩʷ ʦʥ ʠʣʠ ʧʦʢʦʠʪʩʷ ï ʠ ʢʘʢʦʚʘ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ɚ0. ʆʥ ʚʦʩʧʨʠʥʠʤʘʝʪ ʢʦʣʝʙʘʥʠʝ ʩʨʝʜʳ ɚ1 ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʢʘʢ ʘʚʪʦʥʦʤʥʳʡ 

ʧʨʦʮʝʩʩ. ɹʝʟ ʥʘʣʠʯʠʷ ʩʨʝʜʳ ʥʠʢʘʢʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. ʏʪʦʙʳ ʥʘʡʪʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ɚ2 ʦʪ ʩʦʚʤʝʩʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ, ʥʫʞʥʦ 

ʧʝʨʚʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʜʩʪʘʚʠʪʴ ʚʦ ʚʪʦʨʦʝ, ʧʦʣʫʯʠʤ: 

. 

ɽʩʣʠ ʧʘʨʘʤʝʪʨʳ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʸʤʥʠʢʘ ʦʜʠʥʘʢʦʚʳʝ (ɓ1 = ɓ2, ɗ1 = ɗ2), ʪʦ, ʩʦʛʣʘʩʥʦ ʪʦʣʴʢʦ 

ʯʪʦ ʚʳʧʠʩʘʥʥʦʤʫ ʚʳʨʘʞʝʥʠʶ, ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʥʝ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ (ɚ2 = ɚ0). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦʝ ʩʣʝʜʩʪʚʠʝ, ʘ ʠʤʝʥʥʦ: ʩ 

ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘïʄʦʨʣʠ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʜʚʠʞʝʪʩʷ ʠʣʠ ʧʦʢʦʠʪʩʷ 

ɿʝʤʣʷ, ʪʘʢ ʢʘʢ ʝʛʦ ʠʩʪʦʯʥʠʢ ʠ ʧʨʠʝʤʥʠʢ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʡ ʥʝʩʫʱʝʡ ʧʣʘʪʬʦʨʤʝ, ʜʚʠʞʫʱʝʡʩʷ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ɿʝʤʣʠ. 

ɺ ʤʘʪʝʤʘʪʠʢʝ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʧʨʠʙʣʠʞʝʥʠʷ: 

 

, 

 

, 

 

. 

ʇʨʠʤʝʥʷʷ ʠʭ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʢ ʚʳʨʘʞʝʥʠʶ F(ɓ1, ɗ1), ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ 

ʩʣʝʜʫʶʱʝʛʦ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ: 

 

. (10) 

ɺʳʨʘʞʝʥʠʝ (10) ʦʧʨʝʜʝʣʷʝʪ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʯʪʦ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʛʨʘʬʠʢʠ ʥʘ ʨʠʩ. 7 (ʘ, ʙ). ʇʨʘʚʜʘ, ʠʟ-ʟʘ ʟʥʘʢʘ "+" ʚ ʟʥʘʤʝʥʘʪʝʣʝ, ʵʣʣʠʧʩ ʨʘʟʚʝʨʥʫʪ 

ʚ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ, ʥʦ ʚ ʧʨʠʥʮʠʧʝ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʪʦʯʥʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (4) ʩʣʫʯʘʡʥʦ 

ʩʦʚʧʘʣʘ ʩ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʬʦʨʤʫʣʦʡ (8), ʢʦʛʜʘ ʧʘʨʘʤʝʪʨ ɓ1 ʤʘʣ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ 

ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʢʦʷʱʝʛʦʩʷ ʧʨʠʸʤʥʠʢʘ ʨʝʣʷʪʠʚʠʩʪʳ ʤʦʛʫʪ ʩʝʙʷ ʧʦʟʜʨʘʚʠʪʴ: ʠʭ ʪʝʦʨʠʷ ʧʦʜʪʚʝʨʞ-

ʜʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʭʦʪʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʥʠ ʠʤʝʶʪ ʜʝʣʦ, ʢʦʥʝʯʥʦ ʞʝ, ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʩʣʫʯʘʝʤ. 

ʆʜʥʘʢʦ ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʧʨʠʸʤʥʠʢʘ ʠ ʧʦʢʦʷʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʩʠʪʫʘʮʠʷ ʨʘʜʠʢʘʣʴʥʦ 

ʤʝʥʷʝʪʩʷ ʠ ʥʝ ʚ ʧʦʣʴʟʫ ʨʝʣʷʪʠʚʠʩʪʦʚ. ʇʨʠ ʤʘʣʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ɓ2 ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʘʚʝʥʩʪʚʦ: 
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. (11) 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʫʞʝ ʫʨʘʚʥʝʥʠʝ ʢʘʨʜʠʦʠʜʳ, ʯʪʦ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʨʘʬʠʢʠ ʥʘ ʨʠʩ. 

7 (ʚ, ʛ). ɿʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʨʘʜʠʢʘʣʘ, ʜʣʷ ʢʘʨʜʠʦʠʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ, ʥʦ ʚʦ ʚʩʝʤ ʦʩʪʘʣʴʥʦʤ ʝʸ ʬʦʨʤʘ ʦʩʪʘʝʪʩʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʬʦʨʤʫʣʳ (1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ ʧʘʨʘʜʦʢʩʘ ʰʪʨʠʭʘ ʚʩʷ ʩʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʦʜʠʥ 

ʦʛʨʦʤʥʳʡ ʢʦʤ ʩʧʝʢʫʣʷʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʣʫ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ (10) ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ 

ʢʦʩʤʦʩʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʫʩʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʟʚʝʟʜ ʠ ʜʨʫʛʠʭ ʜʚʠʞʫʱʠʭʩʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʤʠʨʘ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʤʘʣʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ɓ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʝʝ 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ "ʧʦʜʪʚʝʨʜʠʣʠ". ʂʦʩʚʝʥʥʦ ʵʪʠ ʦʧʳʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʠ ʚʝʨʥʦʩʪʴ ʬʦʨʤʫʣʳ (1), ʪʘʢ 

ʢʘʢ ʷʚʥʦ ʫʢʘʟʳʚʘʣʠ ʥʘ ʨʘʟʣʠʯʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʚʦʣʥ. ʍʦʪʷ, ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʘ ʠ ʪʦʣʴʢʦ ʦʜʥʘ ʬʦʨʤʫʣʘ (4) ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʚʦʣʥ 

ʣʶʙʦʡ ʧʨʠʨʦʜʳ. 
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ʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ ɺ.ʃ. ɻʠʥʟʙʫʨʛʘ 

ʆʣʝʛ ɸʢʠʤʦʚ 
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ʂʦʛʜʘ ʘʩʧʠʨʘʥʪ ʇ.ɸ. ʏʝʨʝʥʢʦʚ ʠ ʝʛʦ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʢʘʜʝʤʠʢ 

ʉ.ʀ. ɺʘʚʠʣʦʚ ʦʙʥʘʨʫʞʠʣʠ ʚ 1934 ʛʦʜʫ ʩʚʝʪʦʚʦʡ ʢʦʥʫʩ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, 

ʚʟrʚʘʥʥʳʡ ʵʣʝʢʪʨʦʥʘʤʠ, ʜʚʠʞʫʱʠʤʠʩʷ ʚ ʧʨʦʟʨʘʯʥʦʡ ʩʨʝʜʝ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʵʪʦʡ ʩʨʝʜʝ, ʫ ʦʨʪʦʜʦʢʩʘʣʴʥʳʭ 

ʨʝʣʷʪʠʚʠʩʪʦʚ ʚʦʟʥʠʢʣʠ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ. ɺ ʢʥʠʛʝ çʀʟʣʫʯʝʥʠʝ 

ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ. ɺʦʧʨʦʩʳ ʪʝʦʨʠʠè ʀ.ʄ. ʌʨʘʥʢ ʧʠʩʘʣ: 
 

çɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʛʠʧʦʪʝʟʳ, ʦ ʢʦʪʦʨʳʭ ʪʝʧʝʨʴ ʫʞʝ 

ʥʝʚʦʟʤʦʞʥʦ ʚʩʧʦʤʥʠʪʴ, ʠ ʚʩʝ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʙʝʩʧʣʦʜʥʳʤʠ. ɺʳʷʩʥʠ-

ʣʦʩʴ, ʯʪʦ ʥʘʛʣʷʜʥʘʷ ʢʘʨʪʠʥʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʠʥʮʠʧ ɻʶʡʛʝʥʩʘ, ï ʵʪʦ 

ʝʜʠʥʩʪʚʝʥʥʘʷ, ʜʘʶʱʘʷ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʘʚʠʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʀ ʚʝʣʠ-

ʯʠʥʘ ɓ = v/u, ʠ ʧʨʦʙʝʛ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʠʯʥʳʭ ʢʦʤʧʪʦʥʦʚʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʛʣʠ ʜʘʪʴ ʪʨʝʙʫʝʤʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʚʦʣʥ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ ʢ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʘè [1,6 ʩ. 31]. 

 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʌʨʘʥʢ ʠ ʝʛʦ ʢʦʣʣʝʛʠ ʧʦʰʣʠ ʧʦ ʧʫʪʠ ʢʚʘʥʪʦʚʦʡ 

ʬʠʟʠʢʠ. ʆʩʦʙʝʥʥʦ ʫʩʝʨʜʩʪʚʦʚʘʣ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʟʘ 2003 ʛʦʜ. 

ʌʨʘʥʢ ʧʠʰʝʪ: 
 

çʏʪʦ ʢʘʩʘʝʪʩʷ ʪʝʦʨʠʠ, ʪʦ ʧʝʨʚʦʝ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʧʦʣʫʯʠʣʘ ʚ ʨʘʙʦʪʘʭ ɺ.ʃ. ɻʠʥʟʙʫʨʛʘ, ʜʘʚʰʝʛʦ 

ʢʚʘʥʪʦʚʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʷʚʣʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʝʛʦ ʪʝʦʨʠʶ ʥʘ ʩʣʫʯʘʡ ʦʧʪʠʯʝʩʢʠ ʘʥʠʟʦʪʨʦʧʥʦʡ 

ʩʨʝʜʳ (1940 ʛ.).è [1, ʩ. 34ï35]. 

 

ʀʪʘʢ, ʚ 1940 ʛʦʜʫ ʵʬʬʝʢʪ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ ʚ ʛʦʣʦʚʝ ɺ.ʃ. 

ɻʠʥʟʙʫʨʛʘ ʧʨʝʚʨʘʪʠʣʩʷ ʠʟ ʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʧʨʠʥʮʠʧʦʤ ɻʶʡʛʝʥʩʘ, ʚ ʢʚʘʥʪʦʚʳʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʫʞʥʦ ʙʳʣʦ ʦʧʝʨʠ-

ʨʦʚʘʪʴ ʬʦʪʦʥʘʤʠ, ʪ.ʝ. ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. ɼʘʚʘʡʪʝ 

ʧʦʩʤʦʪʨʠʤ, ʢʘʢʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʜʘʥʠʝ ʪʦʛʜʘ ʝʱʝ ʤʦʣʦʜʦʡ ʠ ʪʦʣʴʢʦ-

ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʱʠʡ ʪʝʦʨʝʪʠʢ ʚʦʟʚʝʣ ʥʘ ʦʙʳʢʥʦʚʝʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ 

ʷʚʣʝʥʠʠ, ʩ ʢʦʪʦʨʳʤ ʥʝʦʞʠʜʘʥʥʦ ʩʪʦʣʢʥʫʣʩʷ ʘʩʧʠʨʘʥʪ ʏʝʨʝʥʢʦʚ, 

ʨʘʙʦʪʘʚʰʠʡ ʚ ʥʘʯʘʣʝ 1930-ʭ ʛʦʜʦʚ ʧʦ ʟʘʜʘʥʠʶ ɺʘʚʠʣʦʚʘ ʥʘʜ ʪʝʤʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɺ ʵʪʦʤ ʜʝʣʝ ʥʘʤ ʧʦʤʦʞʝʪ ʜʦʢʣʘʜ ɻʠʥʟʙʫʨʛʘ, 

ʧʨʦʯʠʪʘʥʥʳʡ ʚ 1996 ʛʦʜʫ ʧʦ ʩʣʫʯʘʶ ʧʦʣʫʯʝʥʠʷ ʠʤ ɹʦʣʴʰʦʡ ʟʦʣʦʪʦʡ 

ʤʝʜʘʣʠ ʠʤʝʥʠ ʃʦʤʦʥʦʩʦʚʘ. 

ʇʝʨʝʜ ʮʠʪʠʨʦʚʘʥʠʝʤ ɻʠʥʟʙʫʨʛʘ ʩ ʮʝʣʴʶ ʙʦʣʴʰʝʛʦ ʫʜʦʙʩʪʚʘ 

ʧʨʠʚʝʜʝʤ ʯʝʪʳʨʝ ʥʘʠʚʘʞʥʝʡʰʠʝ ʜʣʷ ʥʘʩ ʬʦʨʤʫʣʳ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ 

ʨʘʟʜʝʣʘ: 

ʪʨʘʜʠʮʠʦʥʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ ï 

 
, (1) 

ʬʦʨʤʫʣʘ ʄʘʭʘ ʜʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʫʩʘ ï 

sin ɗ = 1/ɓ = c/v , (2) 

ʬʦʨʤʫʣʘ ʏʝʨʝʥʢʦʚʘ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʥʫʩʘ ï 

cos ű = 1/nɓ , ű = arccos (1/nɓ) , (3) 

ʫʪʦʯʥʝʥʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ ï 

                                                      
6 ʌʨʘʥʢ ʀ.ʄ. ʀʟʣʫʯʝʥʠʝ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ. ɺʦʧʨʦʩʳ ʪʝʦʨʠʠ. ï ʄ.: ʅʘʫʢʘ, 1988. 

 
ʇ.ɸ. ʏʝʨʝʥʢʦʚ 

 
ʉ.ʀ. ɺʘʚʠʣʦʚ 
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. (4) 

ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʜʚʠʞʝʪʩʷ, ʘ ʝʛʦ ʧʨʠʝʤʥʠʢ ʧʦʢʦʠʪʩʷ, ʧʨʠ ʵʪʦʤ ɓ = 

v/c ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, ű ï ʫʛʦʣ 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ v ʠ c, ɗ ï ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ, ɚ ʠ ɚ' ï ʩʦʙʩʪʚʝʥʥʘʷ ʠ ʧʨʠʥʷʪʘʷ ʜʣʠʥʘ ʚʦʣʥʳ. ɽʩʣʠ v 

> c ʠʣʠ ɓ > 1, ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʢʦʥʫʩ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2. 

 

  (a) 

 (ʙ) 
ʈʠʩ. 1  

(ʘ) ʌʦʪʦʛʨʘʬʠʠ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ: 

ʦʙʳʯʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʩʥʠʤʦʢ ʩʣʝʚʘ), ʩʚʝʯʝʥʠʝ ʵʪʠʣʮʠʥʥʘʤʘʪʘ (n = 

1,58043, ʩʥʠʤʦʢ ʚ ʮʝʥʪʨʝ), ʩʚʝʯʝʥʠʝ ʚʦʜʳ (n = 1,3371, ʩʥʠʤʦʢ ʩʧʨʘʚʘ).  

(ʙ) ʋʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʵʪʠʣʮʠʥʥʘʤʘʪʘ: 

ʚʝʨʭʥʷʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʙʫʞʜʝʥʠʶ ʩʚʝʯʝʥʠʷ ʢʦʤʧʪʦʥʦʚʩʢʠʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ ʦʪ ʣʫʯʝʡ ThC (ɓ = 0,866), ʥʠʞʥʷʷ ï ʦʪ Ra (ɓ = 0,866). 

 

 

 
ʈʠʩ. 2. ʏʝʨʪʝʞ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ (2) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ɗ ʧʨʠ ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

 
çʂʘʢ ʥʘ ʢʚʘʥʪʦʚʦʤ ʷʟʳʢʝ, ï ʟʘʜʘʝʪʩʷ ʚʦʧʨʦʩʦʤ ɻʠʥʟʙʫʨʛ, ï ʦʙʲʷʩʥʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚ ʚʘʢʫʫʤʝ 

ʠʟʣʫʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ (ʠʣʠ ʜʨʫʛʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʥʝ ʠʤʝʶʱʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ 
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ʯʘʩʪʦʪʳ)? ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ ʧʨʠ 

ʠʟʣʫʯʝʥʠʠ ʬʦʪʦʥʘ ʯʘʩʪʠʮʝʡ: 

 
ɼʘʣʝʝ ɻʠʥʟʙʫʨʛ ʟʘʤʝʯʘʝʪ: çʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦè ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʠ ɓ < 

1 ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ, çʪ.ʝ. ʠʟʣʫʯʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦè è [2,7 ʩ. 1037]; çʠʟʣʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦ (ʪ.ʝ. cos ɗ 

< 1 ʠ ɤ > 0) ʪʦʣʴʢʦ ʧʨʠ ʩʚʝʨʭʩʚʝʪʦʚʦʤ ʜʚʠʞʝʥʠʠè [4,8 ʩ. 541]. ʕʪʦ ʚʳʪʝʢʘʝʪ ʠʟ ʘʥʘʣʠʟʘ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʜʣʷ ʩʨʝʜʳ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʝʪʩʷ ʜʚʫʤʷ ʨʘʚʝʥʩʪʚʘʤʠ: 

 
ʇʝʨʚʦʝ ʨʘʚʝʥʩʪʚʦ ʧʨʠ ʫʩʣʦʚʠʠ 

 
ʧʝʨʝʭʦʜʠʪ ʚ 

 
, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʫʩʣʦʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ. ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʦʝ ʫʩʣʦʚʠʝ 

ʨʘʚʥʦʩʠʣʴʥʦ ʫʩʣʦʚʠʶ ʢʣʘʩʩʠʯʥʦʩʪʠ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ ʫʩʪʨʝʤʣʷʝʪʩʷ ʢ ʥʫʣʶ. 

ʊʦʛʜʘ ʦ ʢʘʢʠʭ ʢʚʘʥʪʘʭ ʟʜʝʩʴ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ? ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʟʫʩʦʤ ɻʠʥʟʙʫʨʛ ʥʘʧʫʩʢʘʝʪ 

ʜʳʤʦʚʫʶ ʟʘʚʝʩʫ: çɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪ ʥʝ ʩʦʜʝʨʞʠʪ ʧʦʩʪʦʷʥʥʫʶ ʇʣʘʥʢʘ, ʢʚʘʥʪʦʚʳʡ 

ʨʘʩʯʝʪ ʠʤʝʝʪ ʣʠʰʴ ʤʝʪʦʜʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝè [4, ʩ. 541]. ɽʩʣʠ ʦʪʢʨʦʚʝʥʥʦ ʩʢʘʟʘʪʴ, ʥʠʢʘʢʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʉ ʚʦʟʨʘʩʪʦʤ ʵʪʦʪ ʬʠʛʦʚʳʡ ʣʠʩʪ ɻʠʥʟʙʫʨʛ ʦʪʙʨʦʩʠʣ ʠ ʯʝʩʪʥʦ ʧʨʠʟʥʘʣʩʷ: 
 

çɺ ʵʪʦʡ ʩʚʷʟʠ ʃ.ɼ. ʃʘʥʜʘʫ ʚ 1940 ʛ., ʢʦʛʜʘ ʝʤʫ ʨʘʩʩʢʘʟʘʣʠ ʦ ʤʦʝʡ ʨʘʙʦʪʝ, ʟʘʤʝʪʠʣ, ʯʪʦ ʦʥʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ. ʂʘʢ ʷʩʥʦ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʜʣʷ ʪʘʢʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʫ ʥʝʛʦ ʙʳʣʠ ʦʩʥʦʚʘʥʠʷ, ʠ ʵʪʦ 

ʚʦʦʙʱʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ʟʘʤʝʯʘʥʠʡ ʃʘʥʜʘʫ ï ʦʙʳʯʥʦ ʦʥʠ ʙʠʣʠ ʚ ʮʝʣʴè [2, ʩ. 1037]. 

 

ʏʪʦ ʩʜʝʣʘʣ ɻʠʥʟʙʫʨʛ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ? ʄʳ ʚʠʜʠʤ, ʯʪʦ ʝʤʫ ʥʫʞʝʥ ʙʳʣ 

çʯʠʩʪʝʥʴʢʠʡè ʢʦʩʠʥʫʩ ʙʝʟ ʚʩʷʢʦʛʦ ʪʘʤ ʢʚʘʥʪʦʚʦ-ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʜʦʚʝʩʢʘ. ɼʣʷ ʵʪʦʛʦ ʦʥ ʠ 

ʦʩʚʦʙʦʜʠʣʩʷ ʦʪ ʚʪʦʨʦʛʦ ʯʣʝʥʘ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ çʘʤʧʫʪʘʮʠʠè 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ. ʋʧʦʪʨʝʙʣʝʥʥʳʡ ʟʜʝʩʴ ʪʝʨʤʠʥ ʚʟʷʪ ʠʟ ʩʪʘʨʦʜʘʚʥʝʡ ʩʪʘʪʴʠ ʙʳʚʰʝʛʦ 

ʜʠʨʝʢʪʦʨʘ ʌʀɸʅʘ, ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ, ʢʦʪʦʨʦʛʦ ʩʪʨʘʰʥʦ ʚʦʟʤʫʪʠʣʘ ʤʘʥʝʨʘ ɻʠʥʟʙʫʨʛʘ 

ʦʙʨʘʱʘʪʴʩʷ ʩ ʬʦʨʤʫʣʘʤʠ. ʉʪʘʪʴʷ ʥʘʟʳʚʘʝʪʩʷ çʇʘʨʘʜʦʢʩʳ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʵʬʬʝʢʪʦʚ ɺʘʚʠʣʦʚʘï

ʏʝʨʝʥʢʦʚʘ ʠ ɼʦʧʣʝʨʘè, ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨ ʢʘʤʥʷ ʥʘ ʢʘʤʥʝ ʥʝ ʦʩʪʘʚʠʣ ʦʪ ʩʪʘʪʴʠ ɺ.ʃ. ɻʠʥʟʙʫʨʛʘ ʠ 

ɺ.ɸ. ʋʛʘʨʦʚʘ, ʥʘʧʠʩʘʥʥʦʡ ʛʦʜʦʤ ʨʘʥʴʰʝ. ʉʢʦʙʝʣʴʮʳʥ ʧʠʰʝʪ: çɽʩʣʠ ʚʤʝʩʪʦ (3.22) ʚ ʠʥʪʝʛʨʘʣ 

(3.9) ʧʦʩʪʘʚʠʪʴ "ʘʤʧʫʪʠʨʦʚʘʥʥʦʝ", ʢʘʢ ʫʢʘʟʘʥʥʦʝ ʚʳʰʝ, ʚʳʨʘʞʝʥʠʝ (4.1) ʠ ʧʨʦʚʝʩʪʠ ʚʩʝ 

ʚʳʯʠʩʣʝʥʠʷè [5,9 ʩ. 312], ʪʦ ʘʚʪʦʨʳ ʚʩʝʛʜʘ ʧʦʣʫʯʘʪ, ʯʪʦ ʦʥʠ ʭʦʪʷʪ. ɺ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʩʫʪʴ 

ʬʦʨʤʘʣʴʥʦ-ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʦ ʢʦʪʦʨʦʤ ʙʝʩʧʨʝʩʪʘʥʥʦ ʛʦʚʦʨʠʪ ɻʠʥʟʙʫʨʛ. ɽʛʦ ʠʜʝʷ 

ʪʘʢʦʚʘ: ʠʤʝʝʪʩʷ ʬʝʥʦʤʝʥ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʢʩʧʝʨʠʤʝʥʪ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ); ʥʫʞʥʦ ʧʫʪʝʤ 

ʬʦʨʤʘʣʴʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ ʧʦʜ ʵʪʦʪ ʬʝʥʦʤʝʥ ʧʦʜʦʛʥʘʪʴ ʢʦʥʢʨʝʪʥʫʶ ʪʝʦʨʠʶ, ʦʧʠʨʘʶʱʫʶʩʷ ʥʘ 

ʩʫʧʝʨʛʠʙʢʫʶ ʢʚʘʥʪʦʚʫʶ ʤʝʭʘʥʠʢʫ ʠ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʅʝ ʭʦʯʝʪʩʷ ʚʜʘʚʘʪʴʩʷ ʚ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʴʠ ʉʢʦʙʝʣʴʮʳʥʘ ʠ ʚʳʷʩʥʷʪʴ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ 

ʧʦʜ (3.22), (3.9) ʠ (4.1) ï ʵʪʦ ʩʠʣʴʥʦ ʥʘʩ ʦʪʚʣʝʯʝʪ, ï ʥʦ ʦʜʥʦ ʤʝʩʪʦ ʜʣʷ ʚʥʝʩʝʥʠʷ ʙʦʣʴʰʝʡ ʷʩʥʦʩʪʠ 

ʚ ʥʘʰʫ ʧʨʦʙʣʝʤʘʪʠʢʫ ʥʝʦʙʭʦʜʠʤʦ ʚʩʸ ʞʝ ʧʨʦʮʠʪʠʨʦʚʘʪʴ. 
 

éʉʚʦʙʦʜʥʳʡ ʵʣʝʢʪʨʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʚ ʧʫʩʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ï 

ʧʠʰʝʪ ʢʨʠʪʠʢ ɻʠʥʟʙʫʨʛʘ, ï ʥʝ ʤʦʞʝʪ ʠʟʣʫʯʠʪʴ ʩʚʝʪ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʆʧʠʨʘʷʩʴ ʥʘ 

                                                      
7 ɻʠʥʟʙʫʨʛ ɺ.ʃ. ʀʟʣʫʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ (ʵʬʬʝʢʪ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ, 

ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ). ʋʌʅ 166 1033 (1996). 
8 ɻʠʥʟʙʫʨʛ ɺ.ʃ. ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʩʚʝʨʭʩʚʝʪʦʚʦʤ ʜʚʠʞʝʥʠʠ ʚ ʩʨʝʜʝ. ʋʌʅ 

LXIX  537 (1959). 
9 ʉʢʦʙʝʣʴʮʳʥ ɼ.ɺ. ʇʘʨʘʜʦʢʩʳ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʵʬʬʝʢʪʦʚ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ ʠ ɼʦʧʣʝʨʘ. ʋʌʅ 

122 295 (1977). 
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ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʢ ʪʘʢʦʤʫ ʟʘʢʣʶʯʝʥʠʶ ʤʦʞʥʦ ʧʨʠʡʪʠ ʩʨʘʟʫ ʞʝ, ʝʩʣʠ ʚʚʝʩʪʠ 

ʠʥʝʨʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʵʣʝʢʪʨʦʥ ʧʦʢʦʠʪʩʷ ʠ ʚ ʢʦʪʦʨʦʡ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʘʚʥʘ ʥʫʣʶ. 

ʆʜʥʘʢʦ, ʢʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʵʣʝʢʪʨʦʥ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʨʝʜʝ ʜʘʝʪ ʪʘʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ï ʠʟʣʫʯʝʥʠʝ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ. 

ɽʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʩʠʩʪʝʤʦʡ ʦʪʩʯʝʪʘ (ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʥ ʥʝʧʦʜʚʠʞʝʥ), ʪʦ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʛʜʝ ʞʝ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ? ʅʘ ʵʪʦʪ ʚʦʧʨʦʩ ʝʩʪʝʩʪʚʝʥʥʦ 

ʦʪʚʝʪʠʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʪʘʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʵ.-ʤ. ʧʦʣʝʤ ʧʦʢʦʷʱʝʛʦʩʷ ʚ ʥʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. 

ʊʘʢʦʡ ʦʪʚʝʪ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʧʨʠ çʛʣʦʙʘʣʴʥʦʡè ï ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ï ʧʦʩʪʘʥʦʚʢʝ 

ʚʦʧʨʦʩʘ. ʆʜʥʘʢʦ ʩʭʝʤʘ ʪʨʘʢʪʦʚʢʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ï ʢʚʘʥʪʦʚʦʡ ʢʘʨʪʠʥʳ ʷʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʜʨʫʛʦʤʫ ʦʪʚʝʪʫ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʚʦʧʨʦʩ. ɺ ʦʩʥʦʚʫ ʢʚʘʥʪʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʣʦʞʝʥʳ ʩʦʦʪʥʦ-

ʰʝʥʠʷ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʪʝʥʟʦʨʘ ʄʠʥʢʦʚʩʢʦʛʦ, ʠ ʩʣʝʜʫʶʱʝʝ ʧʘʨʘʜʦʢʩʘʣʴʥʦʝ ʠʭ ʩʣʝʜʩʪʚʠʝ. 

ɺ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʥ ʧʦʢʦʠʪʩʷ), ʚʥʫʪʨʠ çʢʦʥʫʩʘ ʠʟʣʫʯʝʥʠʷ 

ʏʝʨʝʥʢʦʚʘè ʵʥʝʨʛʠʷ ʬʦʪʦʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘ: ʬʦʪʦʥ, ʠʩʧʫʩʢʘʝʤʳʡ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʥʝ ʫʥʦʩʠʪ, ʘ 

ʥʘʦʙʦʨʦʪ, ʦʪʜʘʝʪ ʵʥʝʨʛʠʶ (ʘ ʪʘʢʞʝ ʠ ʠʤʧʫʣʴʩ) ʠʟʣʫʯʘʶʱʝʤʫ ʝʛʦ ʵʣʝʢʪʨʦʥʫ. ʊʝʤ ʩʘʤʳʤ, ʢʘʢ ʥʘʤʠ 

ʫʞʝ ʠ ʦʪʤʝʯʝʥʦ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʷʤʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʕʡʥʰʪʝʡʥʘ E = mc2. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʦʜʨʦʙʥʦ ʦʙʩʫʜʠʤ ʚʦʟʥʠʢʘʶʱʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʪʨʦʚʝʨʟʫ 

[5,10 ʩ. 296]. 

 

ʇʨʝʪʝʥʟʠʷ ʉʢʦʙʝʣʴʮʳʥʘ ʢ ɻʠʥʟʙʫʨʛʫ ʠ ʋʛʘʨʦʚʫ ʢʘʢ ʨʘʟ ʠ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, çʯʪʦ ʧʦʣʫʯʝʥʥʳʡ 

ʘʚʪʦʨʘʤʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʠʭ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʥʘʨʫʰʝʥʠʷ ʪʝʭ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʳʤ ʧʦʜʯʠʥʝʥ ʚʳʙʦʨ ʚʳʨʘʞʝʥʠʷ ʩʠʣʳ (ʠʣʠ ʧʣʦʪʥʦʩʪʠ ʩʠʣʳ) ʚ 

ʜʚʠʞʫʱʝʡʩʷ ʩʨʝʜʝè [5, ʩ. 313]. ɽʱʝ ʨʘʥʴʰʝ ʚ 1947 ʛʦʜʫ ɻʠʥʟʙʫʨʛ ʢʦʦʧʝʨʠʨʦʚʘʣʩʷ ʩ ʌʨʘʥʢʦʤ ʜʣʷ 

ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʥʘ ʪʝʤʫ ʢʚʘʥʪʦʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʬʬʝʢʪʘ ʏʝʨʝʥʢʦʚʘ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʦʡ 

ʤʠʰʝʥʴʶ ʉʢʦʙʝʣʴʮʳʥʘ ʙʳʣ, ʚ ʦʩʥʦʚʥʦʤ, ʦʜʠʥ ɻʠʥʟʙʫʨʛ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥ ʧʝʨʚʳʡ ʚ 1940 

ʛʦʜʫ ʥʘʯʘʣ ʥʘʩʠʣʴʩʪʚʝʥʥʦ ʚʥʝʜʨʷʪʴ ʚ ʢʣʘʩʩʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʦʧʪʠʢʠ ʩʧʝʢʫʣʷʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. ʇʦʵʪʦʤʫ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʡ ʦʪʨʳʚʦʢ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʘʜʨʝʩʫʝʪʩʷ ʝʤʫ. 
 

ʊʝʦʨʠʷ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʪʝʢʘʝʪ ʢʚʘʥʪʦʚʘʷ ʬʦʨʤʫʣʘ ʵʬʬʝʢʪʘ ʂʦʤʧʪʦʥʘ, ï ʙʝʨʝʪ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʉʢʦʙʝʣʴʮʳʥ, ï ʦʙʣʘʜʘʝʪ ʧʨʝʩʪʠʞʝʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʪʘʢʦʤ ʤʥʦʞʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʪʚʝʨʞ-

ʜʝʥʠʡ, ʢʦʪʦʨʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʚʘ ʣʠ ʦʙʦʟʨʠʤʦ. ʏʪʦ ʞ ʢʘʩʘʝʪʩʷ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʯʝʨʝʥʢʦʚ-

ʵʬʬʝʢʪʘ, ʪʦ ʚ ʘʢʪʠʚʝ ʵʪʦʡ ʪʝʦʨʠʠ ʚʦʦʙʱʝ ʥʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ, ʘ ʚ 

ʧʘʩʩʠʚʝ ʝʝ ï ʧʨʦʪʠʚʦʨʝʯʠʷ ʢʘʨʜʠʥʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʝʭʘʥʠʢʠ. 

ɺ ʦʩʥʦʚʫ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʠ ʯʝʨʝʥʢʦʚ-ʵʬʬʝʢʪʘ ʧʦʣʦʞʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʝʨʝʭʦʜʝ ʵʣʝʢʪʨʦʥʘ 

ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʜʨʫʛʦʝ ʝʛʦ ʩʦʩʪʦʷʥʠʝ, ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʵʪʦʤʫ 

ʧʝʨʝʭʦʜʫ ʠʟʣʫʯʝʥʠʝʤ. ʅʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʢʦʥʢʨʝʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ, ʭʦʪʷ ʙʳ ʚ ʧʨʠʥʮʠʧʝ, ʦʙʥʘʨʫʞʠʪʴ ʪʘʢʦʛʦ ʨʦʜʘ ʧʝʨʝʭʦʜʳ. ʆʙʨʘʟʘʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ ʢʚʘʥʪʦʚʦʡ ʤʦʜʝʣʠ ʯʝʨʝʥʢʦʚ-ʵʬʬʝʢʪʘ, ʥʝʣʴʟʷ ʧʨʠʧʠʩʘʪʴ ʧʨʷʤʦʡ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʦʙʨʘʟʳ ʷʚʣʷʶʪʩʷ ʘʜʝʢʚʘʪʥʦʡ ʬʦʨʤʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʬʬʝʢʪʘ ʂʦʤʧʪʦʥʘ. 

ʀʤʝʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʘʷ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʣʶʙʳʝ ʩʣʝʜʩʪʚʠʷ ʢʦʨʧʫʩʢʫʣʷʨʥʦʡ 

ʤʦʜʝʣʠ, ʚ ʧʨʠʥʮʠʧʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʷʤʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʦʚʫʶ ʯʝʨʪʫ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʦʧʳʪʢʠ ʢʚʘʥʪʦʚʦʡ ʪʨʘʢʪʦʚʢʠ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ ʚʳʰʝ ʵʬʬʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʳʭ ʢʚʘʟʠʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʫʜʦʚʣʝʪʚʦ-

ʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ɺ ʩʫʱʥʦʩʪʠ, ʵʪʦ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ ʟʘʨʘʥʝʝ. 

ɺʦ-ʧʝʨʚʳʭ, ʤʦʜʝʣʴ, ʦ ʢʦʪʦʨʦʡ ʰʣʘ ʨʝʯʴ (ʚ ʛʣ. 3 ʠ 4 ʩʪʘʪʴʠ), ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʚʝʨʭʫʧʨʦʱʝʥʥʦʡ 

ʠ, ʚʦ-ʚʪʦʨʳʭ, ʝʜʚʘ ʣʠ ʚʦʦʙʱʝ, ʦʩʪʘʚʘʷʩʴ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʢʚʘʥʪʦʚʳʡ ʤʝʭʘʥʠʟʤ ʠʟʣʫʯʝʥʠʷ [5, ʩ. 316]. 

 

ʀʪʘʢ, çʢʚʘʥʪʦʚʘʷè ʪʝʦʨʠʷ, ʩʦʟʜʘʥʥʘʷ ɻʠʥʟʙʫʨʛʦʤ ʚ 1940 ʛʦʜʫ, ʙʳʣʘ ʨʘʩʢʨʠʪʠʢʦʚʘʥʘ 

ʃʘʥʜʘʫ. ɻʦʨʘ ʨʦʜʠʣʘ ʤʳʰʴ: ʛʨʦʤʦʟʜʢʠʝ ʢʚʘʥʪʦʚʦ-ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʘʚʘʣʠ ʧʨʦʩʪʝʥʴʢʫʶ 

ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʥʫʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ɼʦʩʪʠʛʘʣʦʩʴ ʞʝ ʵʪʦ 

ʧʫʪʝʤ ʛʨʫʙʦʡ çʘʤʧʫʪʘʮʠʠè ʢʚʘʥʪʦʚʦ-ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʯʣʝʥʘ ʚ ʬʦʨʤʫʣʝ ʜʣʷ ʢʦʩʠʥʫʩʘ. ɿʘʯʝʤ 

ɻʠʥʟʙʫʨʛ ʧʨʠ ʯʪʝʥʠʠ ʮʝʨʝʤʦʥʠʘʣʴʥʦʛʦ ʜʦʢʣʘʜʘ 1996 ʛʦʜʘ ʥʘʧʦʤʥʠʣ ʦ ʧʨʦʤʘʭʘʭ ʩʚʦʝʡ ʤʦʣʦʜʦʩʪʠ, 

ʥʝ ʧʦʥʷʪʥʦ. ʆʜʥʘʢʦ ʉʢʦʙʝʣʴʮʳʥ, ʢʘʢ ʤʳ ʚʠʜʠʤ, ʢʨʠʪʠʢʫʝʪ ʩʦʚʩʝʤ ʜʨʫʛʦʡ ʚʘʨʠʘʥʪ ʢʚʘʥʪʦʚʦʡ 

ʪʝʦʨʠʠ ɻʠʥʟʙʫʨʛʘ, ʢ ʢʦʪʦʨʦʤʫ ʤʳ ʩʝʡʯʘʩ ʠ ʧʝʨʝʭʦʜʠʤ. 

                                                      
10 ʉʢʦʙʝʣʴʮʳʥ ɼ.ɺ. ʇʘʨʘʜʦʢʩʳ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʵʬʬʝʢʪʦʚ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ ʠ ɼʦʧʣʝʨʘ. ʋʌʅ 

122 295 (1977). 
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ʇʦʟʜʥʝʝ ʟʨʝʣʳʡ ʪʝʦʨʝʪʠʢ ɻʠʥʟʙʫʨʛ ʥʘʧʨʦʯʴ ʟʘʙʳʚʘʝʪ ʧʨʦ ʵʣʝʢʪʨʦʥʳ, ʬʠʛʫʨʠʨʫʶʱʠʝ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʏʝʨʝʥʢʦʚʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ çʥʝ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳè, ʠ ʙʝʨʝʪʩʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʘʪʦʤʳ ʠʣʠ ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʠʟʣʫʯʘʪʴ ʚ ʧʨʠʥʮʠʧʝ ʤʦʛʫʪ. 
 

çɽʩʣʠ ʪʘʢʦʡ ʠʩʪʦʯʥʠʢ ʜʚʠʞʝʪʩʷ ʚ ʚʘʢʫʫʤʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ v (ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ), ï ʛʦʚʦʨʠʪ ɻʠʥʟʙʫʨʛ, ï ʪʦ ʚ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʯʘʩʪʦʪʘ ʠʟʣʫʯʘʝʤʳʭ ʚʦʣʥ ʨʘʚʥʘ 

 
ʛʜʝ ɗ ï ʫʛʦʣ ʤʝʞʜʫ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ k (ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʙʣʶʜʝʥʠʷ) ʠ v. ʏʘʩʪʦʪʘ ɤ0 ï ʵʪʦ ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝè [2,11 ʩ. 1037]. 

 

ɽʩʪʝʩʪʚʝʥʥʦ, ʤʳ ʥʘʭʦʜʠʤʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ʀ ʯʪʦ ʞʝ ʧʦʣʫʯʘʝʪʩʷ? ʏʪʦʙʳ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʬʦʨʤʫʣʝ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʣʷ ʥʘʩ ʩʝʡʯʘʩ ʨʘʜʠʢʘʣʘ, ʥʫʞʥʦ ʧʨʦʩʪʦ ʨʘʩʧʘʭʥʫʪʴ ʜʚʝʨʴ 

ʚ ʤʳʩʣʝʥʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʠ ʤʳʩʣʝʥʥʦ ʚʦʡʪʠ ʚ ʥʝʝ? ʂʘʢ ʚʠʜʠʤ, ʧʝʨʝʜ ʥʘʤʠ ʚʩʸ ʪʦʪ ʞʝ ʩʣʘʚʥʳʡ 

ʭʠʨʫʨʛʠʯʝʩʢʠʡ ʤʝʪʦʜ çʘʤʧʫʪʘʮʠʠè ʥʝʥʫʞʥʳʭ ʥʘʤ ʯʣʝʥʦʚ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʚʳʨʘʞʝʥʠʠ. 

ɼʘʣʝʝ ɻʠʥʟʙʫʨʛ ʧʝʨʝʭʦʜʠʪ ʢ ʩʨʝʜʝ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n(ɤ) ʠ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʤʝʥʷʝʪ ʧʨʝʜʳʜʫʱʫʶ ʬʦʨʤʫʣʫ: 

 

ʩʦʦʙʱʠʚ ʧʨʠ ʵʪʦʤ, ʯʪʦ çʧʦʜ ʢʦʨʥʝʤ ʟʘʤʝʥʫ c ʥʘ c/n ʜʝʣʘʪʴ ʥʝ ʥʫʞʥʦ, ʪʘʢ ʢʘʢ ʵʪʦʪ 

ʢʦʨʝʥʴ ʩʚʷʟʘʥ ʩ ʟʘʤʝʜʣʝʥʠʝʤ ʚʨʝʤʝʥʠ ʜʣʷ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʠ ʥʝ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʷ ʢ 

ʧʨʦʮʝʩʩʫ ʠʟʣʫʯʝʥʠʷè [2, ʩ. 1037]. ʕʪʦ, ʢʦʥʝʯʥʦ, ʪʦʞʝ ʚʦʣʴʥʦʩʪʴ, ʥʦ ʨʝʣʷʪʠʚʠʩʪʘʤ ʥʝʚʦʟʤʦʞʥʦ 

ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʬʦʨʤʫʣʳ ʬʠʟʠʢʠ ʜʦʣʞʥʳ ʟʘʧʠʩʳʚʘʪʴʩʷ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʘ ʥʝ ʠʟ ʢʘʢʠʭ-ʪʦ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ. ɽʩʣʠ ʚ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʟʘʤʝʜʣʝʥʠʝ ʚʨʝʤʝʥʠ, ʪʦ ʥʝʯʝʛʦ ʦ ʥʝʤ ʠ ʛʦʚʦʨʠʪʴ. ʅʦ ʵʪʦ ʪʘʢ, ʤʝʣʦʯʠ; ʛʣʘʚʥʘʷ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ 

ʦh ʠʙʢʘ ʟʜʝʩʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʨʫʛʦʤ. 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʚ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʝ ʥʘʨʷʜʫ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n(ɤ) 

ʧʦʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ. ɿʘʯʝʤ ʦʥ ʧʦʥʘʜʦʙʠʣʩʷ ɻʠʥʟʙʫʨʛʫ? ʗʩʥʦ ʟʘʯʝʤ: ʚʝʜʴ ʝʩʣʠ v > c, ʪʦ ɤ(ɗ) < 0, ʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʚ ʧʨʠʨʦʜʝ ʥʝ ʙʳʚʘʝʪ. ɺʦʪ ʥʘʰ ʪʝʦʨʝʪʠʢ ʠ ʨʝʰʠʣ ʚʦʣʶʥʪʘʨʠʩʪʩʢʠʤ 

ʧʨʠʸʤʦʤ ʠʩʢʣʶʯʠʪʴ ʵʪʦʪ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʜʣʷ ʥʝʛʦ ʠ ʧʨʠʨʦʜʳ ʨʝʟʫʣʴʪʘʪ. ʅʝʟʘʜʘʯʣʠʚʳʡ ʭʠʨʫʨʛ 

çʧʨʠʰʠʣè ʢ ʬʦʨʤʫʣʝ ʥʝʦʙʭʦʜʠʤʳʝ ʝʡ ʜʚʝ ʯʝʨʪʳ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʦʥʠʤʘʷ, ʯʪʦ ʪʝʤ ʩʘʤʳʤ ʦʥ ʥʝ 

ʧʨʦʩʪʦ ʠʩʢʣʶʯʠʣ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʘʩʪʦʪʳ, ʥʦ ʠ ʚ ʢʦʨʥʝ ʠʟʤʝʥʠʣ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ ɤ(ɗ). 

 

 

 

ʈʠʩ. 3. ʆʙʣʘʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ (ɗ > ɗ0) ʠ ʘʥʦʤʘʣʴʥʦʛʦ 

(ɗ < ɗ0) ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʧʦ ʚʝʨʩʠʠ ɺ.ʃ. ɻʠʥʟʙʫʨʛʘ. 

ʈʠʩ. 4. ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʘʪʦʤʥʳʤʠ ʫʨʦʚʥʷʤʠ 0 ʠ 1 ʚ 

ʩʣʫʯʘʝ ʥʦʨʤʘʣʴʥʦʛʦ (ʘ) ʠ ʘʥʦʤʘʣʴʥʦʛʦ (ʙ) ʵʬʬʝʢʪʘ 

ɼʦʧʣʝʨʘ, ʩʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ɺ.ʃ. ɻʠʥʟʙʫʨʛʘ. 

 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʦʜʛʦʥʦʯʥʳʡ ʧʨʠʝʤ ʥʝ ʨʝʰʘʝʪ ʛʣʘʚʥʫʶ ʟʘʜʘʯʫ, ʘ ʠʤʝʥʥʦ: ʢʦʛʜʘ ɓn > 1, 

ʧʦʷʚʣʷʝʪʩʷ ʠʟʣʫʯʝʥʠʝ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ ʪʝʧʝʨʴ ʫʞʝ, ʧʦ ʚʦʣʝ ɻʠʥʟʙʫʨʛʘ, ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

                                                      
11 ɻʠʥʟʙʫʨʛ ɺ.ʃ. ʀʟʣʫʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ (ʵʬʬʝʢʪ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ, 

ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ). ʋʌʅ 166 1033 (1996). 
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ʯʘʩʪʦʪʦʡ ɤ(ɗ) > 0. ʅʦ ʧʨʠ ɓn < 1 ʏʝʨʝʥʢʦʚ ʥʝ ʥʘʙʣʶʜʘʣ ʥʠʢʘʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʘʢ ʩ ʵʪʠʤ-ʪʦ ʙʳʪʴ? 

ʆʯʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʜʣʷ ʥʘʩ ʤʦʤʝʥʪ; ʩʦʙʩʪʚʝʥʥʦ, ʩ ʥʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ɺʝʣʠʢʘʷ ʂʚʘʥʪʦʚʘʷ 

ʊʝʦʨʠʷ ɻʠʥʟʙʫʨʛʘ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʘʚʪʦʨ ʝʝ ʜʝʣʠʪ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʥʘ ʥʦʨʤʘʣʴʥʳʡ ʠ ʘʥʦʤʘʣʴʥʳʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 3. 

ʆʙʨʘʱʘʷʩʴ ʢ ʧʦʩʣʝʜʥʝʡ ʚʳʧʠʩʘʥʥʦʡ ʟʜʝʩʴ ʬʦʨʤʫʣʝ, ɻʠʥʟʙʫʨʛ ʛʦʚʦʨʠʪ, ʯʪʦ ʧʦ ʥʝʡ 

ʧʦʣʝʟʥʦʛʦ ʜʣʷ ʥʘʩ 
 

çʥʠʯʝʛʦ ʩʢʘʟʘʪʴ ʥʝʣʴʟʷ ʠ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤ ʠ ʘʥʦʤʘʣʴʥʳʤ ʵʬʬʝʢʪʘʤʠ ɼʦʧʣʝʨʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʳʤ. ʀ ʚʦʪ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʚʘʥʪʦʚʳʡ ʧʦʜʭʦʜ (ʠʣʠ, ʪʦʯʥʝʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ) ʧʦʟʚʦʣʷʝʪ ʚʩʢʨʳʪʴ ʦʯʝʥʴ ʚʘʞʥʫʶ 

ʦʩʦʙʝʥʥʦʩʪʴ ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʣʫʯʘʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ çʩʠʩʪʝʤʫè 

(ʘʪʦʤ) ʩ ʜʚʫʤʷ ʫʨʦʚʥʷʤʠ ï ʥʠʞʥʠʤ ʫʨʦʚʥʝʤ 0 ʠ ʚʝʨʭʥʠʤ ʫʨʦʚʥʝʤ 1 (ʨʠʩ. 4). 

ʊʦʛʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ [ʚʳʰʝ ʦʥʠ ʫʞʝ ʧʨʠʚʦʜʠʣʠʩʴ] ʥʫʞʥʦ ʣʠʰʴ 

ʠʟʤʝʥʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʘʪʝʣʷ, ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

(ʫʨʦʚʥʝʡ). ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʵʥʝʨʛʠʷ 

 

ʛʜʝ ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ (ʘʪʦʤʘ) ʚ ʥʠʞʥʝʤ ʩʦʩʪʦʷʥʠʠ 0, ʘ 

ï ʪʘ ʞʝ ʵʥʝʨʛʠʷ ʚ ʚʝʨʭʥʝʤ ʩʦʩʪʦʷʥʠʠ 1. ʕʥʝʨʛʠʷ W1 > W0 ʠ 

ʧʦʢʦʷʱʠʡʩʷ ʘʪʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ 1 Ÿ 0 ʠʟʣʫʯʘʝʪ ʯʘʩʪʦʪʫ 

è. 

ɼʘʣʝʝ ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ 
 

çʚ ʦʙʣʘʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʘʪʦʤ, ʢʘʢ ʠ ʚ ʚʘʢʫʫʤʝ, ʧʝʨʝʭʦʜʠʪ ʩ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ 1 ʥʘ 

ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ 0é ɺ ʦʙʣʘʩʪʠ ʞʝ ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ, ʥʘʧʨʦʪʠʚ, ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʬʦʪʦʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʙʫʞʜʝʥʠʝ ʘʪʦʤʘ ï ʦʥ ʧʝʨʝʭʦʜʠʪ ʩ ʫʨʦʚʥʷ 0 ʥʘ ʫʨʦʚʝʥʴ 1 (ʩʤ. ʨʠʩ.14). ʕʥʝʨʛʠʷ ʧʨʠ 

ʵʪʦʤ ʯʝʨʧʘʝʪʩʷ ʠʟ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷé ʇʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʠʟʣʫʯʝʥʠʝ ʚʦʣʥ ʚ ʦʙʣʘʩʪʠ ʚʥʝ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʢʦʥʫʩʘ (ʪ.ʝ. ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʵʬʬʝʢʪʝ ɼʦʧʣʝʨʘ) ʪʦʨʤʦ-

ʟʠʪ ʢʦʣʝʙʘʥʠʷ. ʅʘʧʨʦʪʠʚ, ʠʟʣʫʯʝʥʠʝ, ʠʜʫʱʝʝ ʚʥʫʪʨʴ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʢʦʥʫʩʘ, ʦʪʚʝʯʘʶʱʝʝ ʘʥʦʤʘʣʴʥʦ-

ʤʫ ʵʬʬʝʢʪʫ ɼʦʧʣʝʨʘ, ʨʘʩʢʘʯʠʚʘʝʪ ʢʦʣʝʙʘʥʠʷ ʦʩʮʠʣʣʷʪʦʨʘ, ʪ.ʝ. ʚʦʟʙʫʞʜʘʝʪ ʝʛʦè [2,12 ʩ. 1038]. 

 

ʉʢʦʙʝʣʴʮʳʥ ʙʳʣ, ʢʦʥʝʯʥʦ, ʧʨʘʚ: ʚʩʸ ʚ ʵʪʦʡ ʪʝʦʨʠʠ ʚʳʛʣʷʜʠʪ ʥʘʜʫʤʘʥʥʦ. ʅʠʯʝʛʦ ʧʦʜʦʙʥʦʛʦ 

ʏʝʨʝʥʢʦʚ ʥʝ ʥʘʙʣʶʜʘʣ, ʠ ʚʩʝ ʛʠʥʟʙʫʨʛʦʚʩʢʠʝ ʧʨʠʜʫʤʢʠ ʩ ʫʨʦʚʥʷʤʠ ʧʨʦʚʝʨʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. ʅʦ 

ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʥʫʪʨʠ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʫʨʦʚʥʷ 0 ʠ 1, ʥʘ ʢʦʪʦʨʳʝ 

çʩʧʨʳʛʠʚʘʝʪè ʵʣʝʢʪʨʦʥ, ʦʜʥʘʢʦ ʚ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʝʤʩʷ ʵʣʝʢʪʨʦʥʝ ʪʘʢʠʭ ʫʨʦʚʥʝʡ ʥʝʪ ï ʪʘʤ-ʪʦ 

ʯʪʦ çʧʨʳʛʘʝʪè? ʅʦ ʚʥʦʚʴ ʧʦʡʜʝʤ ʥʘʚʩʪʨʝʯʫ ʘʚʪʦʨʫ ʠ ʟʘʙʫʜʝʤ ʧʨʦ ʵʣʝʢʪʨʦʥʳ, ʮʝʣʠʢʦʤ 

ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʬʦʪʦʥʘʭ. ʇʦ ʪʝʦʨʠʠ ɻʠʥʟʙʫʨʛʘ, ʠʟʣʫʯʝʥʠʝ ʬʦʪʦʥʦʚ ʚ ʘʪʦʤʝ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʵʬʬʝʢʪʝ ɼʦʧʣʝʨʘ, ʪʘʢ ʠ ʧʨʠ ʘʥʦʤʘʣʴʥʦʤ; ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʩʪʝʧʝʥʠ 

ʚʝʨʦʷʪʥʦʩʪʠ. ʆʜʥʘʢʦ ʥʠʢʪʦ ʥʝ ʦʪʤʝʥʷʣ ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʘʚʥʦʤʝʨʥʦ ʠ 

ʧʨʷʤʦʣʠʥʝʡʥʦ ʜʚʠʞʫʱʠʡʩʷ ʟʘʨʷʜ ʧʨʠ ɓn < 1 ʥʝ ʠʩʧʫʩʢʘʝʪ ʥʠʢʘʢʠʭ ʚʦʣʥ ʠʣʠ ʬʦʪʦʥʦʚ. ɿʘʯʝʤ, 

ʩʧʨʘʰʠʚʘʝʪʩʷ, ʥʫʞʥʦ ʙʳʣʦ ʛʦʨʦʜʠʪʴ ʚʝʩʴ ʵʪʦʪ ʦʛʦʨʦʜ ʠʟ ʬʦʨʤʫʣ, ʝʩʣʠ ʦʥ ʥʝ ʜʘʝʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ 

ʦʧʳʪʝ ʨʝʟʫʣʴʪʘʪʘ? ɿʜʝʩʴ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʪʦʡ ʩʪʨʘʥʥʦʡ ʤʘʥʝʨʦʡ ʪʚʦʨʯʝʩʪʚʘ ɻʠʥʟʙʫʨʛʘ, ʢʦʛʜʘ 

ʚʩʝ ʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʥʠʯʝʤ ʥʝ ʟʘʢʘʥʯʠʚʘʶʪʩʷ. 

ʇʨʦʪʠʚʦʨʝʯʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ ʣʶʙʦʧʳʪʥʳʤ. ɺ ʙʦʣʝʝ 

ʨʘʥʥʝʡ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʧʠʩʘʥʥʦʡ ʨʘʙʦʪʝ, ʠʟʦʙʠʣʫʶʱʝʡ ʬʦʨʤʫʣʘʤʠ, ɻʠʥʟʙʫʨʛ ʚʳʨʘʞʘʝʪʩʷ 

ʩʪʦʣʴ ʞʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦ, ʯʪʦ ʠ ʚ ʜʦʢʣʘʜʝ 1996 ʛʦʜʘ. ɺ 1959 ʛʦʜʫ ʦʥ ʥʘʧʠʩʘʣ: 
 

çɽʩʣʠ ʩʠʩʪʝʤʘ [ʘʪʦʤ ʠʣʠ ʤʦʣʝʢʫʣʘ] ʠʤʝʝʪ ʪʦʣʴʢʦ ʜʚʘ ʜʠʩʢʨʝʪʥʳʭ ʫʨʦʚʥʷ 0 ʠ 1, ʪʦ ʧʨʠ ɓn < 1 

(ʜʦʩʚʝʪʦʚʦʝ ʜʚʠʞʝʥʠʝ) ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʟʣʫʯʘʪʝʣʴ [ʘʪʦʤ] ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ 

0é ʝʩʣʠ ʚʦʟʙʫʞʜʝʥ ʫʨʦʚʝʥʴ 1, ʪʦ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ʚʳʩʚʝʪʠʪʩʷ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʫʨʦʚʝʥʴ 

0. ɽʩʣʠ ʞʝ ɓn > 1 (ʩʚʝʨʭʩʚʝʪʦʚʦʝ ʜʚʠʞʝʥʠʝ), ʪʦ ʠ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʘʡʪʠ ʩʠʩʪʝʤʫ ʥʘ ʫʨʦʚʥʝ 1 ʠ ʦʥʘ ʚʩʸ ʚʨʝʤʷ ʠʟʣʫʯʘʝʪ ʢʘʢ ʥʦʨʤʘʣʴʥʳʝ, ʪʘʢ ʠ ʘʥʦʤʘʣʴʥʳʝ ʜʦʧʣʝʨʦʚ-

                                                      
12 ɻʠʥʟʙʫʨʛ ɺ.ʃ. ʀʟʣʫʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ (ʵʬʬʝʢʪ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ, 

ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ). ʋʌʅ 166 1033 (1996). 
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ʩʢʠʝ ʚʦʣʥʳé ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʘʥʦʤʘʣʴʥʳʭ ʚʦʣʥ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʦʯʝʚʠʜʥʦ, 

ʦʪʥʦʰʝʥʠʝʤ ʩʫʤʤʘʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʵʪʠʭ ʚʦʣʥè [3,13 ʩ. 542]. çɼʘʣʝʝ, ʷʩʥʦ, ʯʪʦ ʧʨʠ 

ʩʚʝʨʭʩʚʝʪʦʚʦʤ ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʦʚ ʩʠʩʪʝʤ ʩ ʜʚʫʤʷ ʠʣʠ ʤʥʦʛʠʤʠ ʫʨʦʚʥʷʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʣʞʥʦ 

ʠʤʝʪʴ ʤʝʩʪʦ ʥʝ ʧʦʛʣʦʱʝʥʠʝ (ʨʝʘʙʩʦʨʙʮʠʷ), ʘ ʫʩʠʣʝʥʠʝ (ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ) ʘʥʦʤʘʣʴʥʳʭ 

ʜʦʧʣʝʨʦʚʩʢʠʭ ʚʦʣʥè [3, ʩ. 543]. çéʧʨʠ ʥʘʣʠʯʠʠ ʘʥʦʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ (ʪ.ʝ. ʝʩʣʠ ɓn > 1) 

ʧʫʯʦʢ ʯʘʩʪʠʮ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʦʤ ʪʦʣʴʢʦ ʥʠʞʥʝʤ ʫʨʦʚʥʝ 0, ʦʙʣʘʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʧʦʛʣʦʱʝʥʠʝʤ [ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʩʧʫʩʢʘʥʠʝʤ], ʠ ʠʟʣʫʯʘʝʤʳʝ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚʦʣʥʳ 

ʫʩʠʣʠʚʘʶʪʩʷ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʝʩʴʤʘ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʯʢʦʚ ʯʘʩʪʠʮ, ʜʚʠʞʫʱʠʭʩʷ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʱʝʣʠ ʠʣʠ ʟʘʤʝʜʣʷʶʱʝʡ 

ʩʠʩʪʝʤʝ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ ʫʩʠʣʝʥʠʷ ʤʠʢʨʦʚʦʣʥè [3, ʩ. 543ï544]. 

 

ɿʘ ʵʪʠʤ ʥʘʫʢʦʦʙʨʘʟʥʳʤʠ ʩʣʦʚʝʩʘʤʠ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʞʝʣʘʥʠʝ ɻʠʥʟʙʫʨʛʘ ʧʨʝʜʩʪʘʚʠʪʴ ʜʝʣʦ 

ʪʘʢ, ʙʫʜʪʦ ʩʪʝʧʝʥʴ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʵʬʬʝʢʪʝ ɼʦʧʣʝʨʘ ʩʪʦʣʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʯʪʦ ʝʝ ʥʝ ʩʪʦʠʪ ʠ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ. ʈʝʣʷʪʠʚʠʩʪʘ ʉʢʦʙʝʣʴʮʳʥʘ ʜʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ, ʧʦʭʦʞʝ, ʥʝ ʟʘʠʥʪʝʨʝʩʦʚʘʣʘ. ʆʥ ʙʦʣʴʰʝ ʦʙʝʩʧʦʢʦʠʣʩʷ ʪʝʤ, ʯʪʦ ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ 

ɻʠʥʟʙʫʨʛʘ ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʦʛʤʘʤ ʩʧʝʢʫʣʷʪʠʚʥʦʡ ʬʠʟʠʢʠ. ʉʪʘʪʴʶ 1977 ʛʦʜʘ ʦʥ ʟʘʢʘʥʯʠʚʘʝʪ ʪʘʢ: 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʠʧʦʪʝʟʳ ʫʜʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ 

ʧʦʜʦʙʠʝ ʩʭʝʤʳ ʦʧʠʩʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʢʘʨʪʠʥʝ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ 

ʵʪʠʭ ʷʚʣʝʥʠʡ. ʂʚʘʥʪʦʚʳʤ ʷʟʳʢʦʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʢʦʥʮʝʧʮʠʶ çʧʩʝʚʜʦʠʤʧʫʣʴʩʘè ʬʦʪʦʥʘ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʯʝʨʝʥʢʦʚ-ʵʬʬʝʢʪʘ. ʂʦʨʧʫʩʢʫʣʷʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʫʣʝ (ʧʨʠʙʣʠʞʝʥʥʦʡ) ʜʦʧʧʣʝʨ-

ʵʬʬʝʢʪʘ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢʠʥʝʤʘʪʠʢʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʢʚʘʥʪʦʚʦʤ ʬʦʪʦʥʝ ʩ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʦʧʣʘʯʠʚʘʝʪʩʷ ʮʝʥʦʡ ʦʪʢʘʟʘ ʦʪ ʥʝʢʦʪʦʨʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʚʘʥʪʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ. ʋʨʘʚʥʝʥʠʝ 

ʇʣʘʥʢʘ ï ʕʡʥʰʪʝʡʥʘ E' = hɜ' ʚ ʜʚʠʞʫʱʠʭʩʷ ʩʨʝʜʘʭ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ (ʟʜʝʩʴ E' ï ʵʥʝʨʛʠʷ ʮʫʛʘ ʚʦʣʥ, 

ʟʘʜʘʥʥʘʷ ʫʨʘʚʥʝʥʠʝʤ E0 = hɜ0, ʛʜʝ E0 ʠ ɜ0 ï ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʯʘʩʪʦʪʳ ʜʘʥʥʦʛʦ ʮʫʛʘ ʚ ʩʨʝʜʝ 

ʥʝʧʦʜʚʠʞʥʦʡ). 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʥʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ ʪʘʢʠʭ, ʢʘʢ 

ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʝ ʘʪʦʤʘ, ʚʳʩʚʝʯʠʚʘʶʱʝʛʦʩʷ ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʩʚʝʪʘ ʚʥʫʪʨʠ ʢʦʥʫʩʘ ʏʝʨʝʥʢʦʚʘ, ʪʦ ʥʝ 

ʩʣʝʜʫʝʪ ʫʧʫʩʢʘʪʴ ʠʟ ʚʠʜʫ, ʯʪʦ ʚ ʦʩʥʦʚʫ ʥʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʪʝʦʨʠʠ ʧʦʣʦʞʝʥʳ ʧʨʦʠʟʚʦʣʴʥʳʝ ʜʦʧʫʱʝʥʠʷ. 

ʄʦʞʥʦ ʫʩʤʦʪʨʝʪʴ ʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʵʪʠʭ ʜʦʧʫʱʝʥʠʡ ʠʩʭʦʜʥʳʤ ʧʦʩʳʣʢʘʤ ʪʝʦʨʠʠ. 

ʂʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʟʘʠʤʩʪʚʫʝʪ ʛʦʪʦʚʳʡ ʘʧʧʘʨʘʪ ʢʚʘʥʪʦʚʘʥʠʷ ʧʦʣʷ ʚ ʚʘʢʫʫʤʝ ʠ ʧʨʠʤʝʥʷʝʪ ʝʛʦ ʢ 

ʩʨʝʜʝ, ʧʨʝʥʝʙʨʝʛʘʷ ʩʠʣʘʤʠ ɸʙʨʘʛʘʤʘ ʠ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, çʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʨʝʜʦʡ ʫʯʠʪʳʚʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʧʦʣʦʞʝʥʦ Ů Í 1è. 

ʊʘʢʘʷ ʪʨʘʢʪʦʚʢʘ ʙʳʣʘ ʧʨʘʚʦʤʝʨʥʘ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʡ ʄʠʥʢʦʚʩʢʦʛʦ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʡ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʢʠ ʪʝʦʨʠʠ, ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʚʝʜʝʥʘ ʧʨʦʮʝʩʩʘʤ ʧʝʨʝʜʘʯʠ ʩʨʝʜʝ ʠʤʧʫʣʴʩʘ ʠʟʣʫʯʝʥʠʷ (ʧʨʠ ʩʨʝʜʝ ʥʝʧʦʜʚʠʞʥʦʡ), ʘ 

ʪʘʢʞʝ ʠ ʵʥʝʨʛʠʠ ï ʩʨʝʜʝ ʜʚʠʞʫʱʝʡʩʷé ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʘʤʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʢʚʘʥʪʦʚʘʥʠʷ ʜʦʣʞʥʘ 

ʙʳʪʴ, ʚʠʜʠʤʦ, ʧʝʨʝʩʤʦʪʨʝʥʘ. ʉʨʝʜʘ ʜʦʣʞʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ 

ʢʚʘʥʪʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʜʘʥʥʦʤ ʞʝ ʵʪʘʧʝ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʵʬʬʝʢʪʦʚ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ ʠ 

ɼʦʧʧʣʝʨʘ ʤʦʞʥʦ ʧʨʠʧʠʩʳʚʘʪʴ ʣʠʰʴ ʵʚʨʠʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ [5,14 319]. 

 

ʀʪʘʢ, ʝʱʝ ʨʘʟ ʧʨʦʩʣʝʜʠʤ ʟʘ ʭʦʜʦʤ ʤʳʩʣʠ ɻʠʥʟʙʫʨʛʘ. ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʦʥ ʫʩʤʦʪʨʝʣ ʩʚʷʟʴ 

ʤʝʞʜʫ ʢʦʩʠʥʫʩʦʤ, ʬʠʛʫʨʠʨʫʶʱʠʤ ʚ ʬʦʨʤʫʣʝ (3), ʠ ʢʦʩʠʥʫʩʦʤ, ʬʠʛʫʨʠʨʫʶʱʠʤ ʚ ʬʦʨʤʫʣʝ 

ɼʦʧʣʝʨʘ (1). ʊʝʦʨʝʪʠʢ ʚʩʝʤʠ ʩʧʦʩʦʙʘʤʠ ʧʳʪʘʣʩʷ ʧʨʦʚʝʩʪʠ ʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ ʦʪ (1) ʢ (3). ʅʦ 

ʪʘʢʦʡ ʩʚʷʟʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ: ʬʦʨʤʫʣʘ (1) ʦʰʠʙʦʯʥʘ, ʘ ʬʦʨʤʫʣʫ (3) ʧʨʘʚʠʣʴʥʝʝ ʧʠʩʘʪʴ ʯʝʨʝʟ ʩʠʥʫʩ, 

ʢʘʢ ʬʦʨʤʫʣʫ (2). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʠʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʠʥʫʩʦʤ ʬʦʨʤʫʣʳ 

(2) ʠ ʩʠʥʫʩʦʤ, ʩʪʦʷʱʠʤ ʚ ʧʦʜʢʦʨʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ (4). ʊʘʢʘʷ ʩʚʷʟʴ ʙʫʜʝʪ ʫʞʝ ʠʩʪʠʥʥʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʜʠʢʪʫʝʪʩʷ ʦʥʘ ʥʝ ʩʣʫʯʘʡʥʳʤ ʩʭʦʜʩʪʚʦʤ ʩʠʤʚʦʣʦʚ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʩʠʤʚʦʣʘ sin ɗ), ʘ 

ʙʝʟʫʧʨʝʯʥʦʡ ʣʦʛʠʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʨʠʩ. 4 ʠ 6). ɻʠʥʟʙʫʨʛ ʞʝ ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ, ʘ ʚʝʩʴ ʩʚʦʡ ʤʳʩʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪ ʚʦʢʨʫʛ ʩʠʤʚʦʣʦʚ (ʚ ʝʛʦ ʩʣʫʯʘʝ, 

cos ɗ). ɼʘʣʝʝ ʦʥ ʧʳʪʘʝʪʩʷ ʥʝʟʘʢʦʥʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʦʢʘʟʘʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠʚʠʜʝʚʰʝʡʩʷ ʝʤʫ ʬʦʨʤʘʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʩʠʥʫʩʘʤʠ. 

                                                      
13 ɻʠʥʟʙʫʨʛ ɺ.ʃ. ʀʟʣʫʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ (ʵʬʬʝʢʪ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ, 

ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ). ʋʌʅ 171 109 (2001). 
14 ʉʢʦʙʝʣʴʮʳʥ ɼ.ɺ. ʇʘʨʘʜʦʢʩʳ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʵʬʬʝʢʪʦʚ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ ʠ ɼʦʧʣʝʨʘ. ʋʌʅ 

122 295 (1977). 
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ʈʘʟʙʠʨʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʪʝʦʨʠʶ, ʧʨʝʜʣʦʞʝʥʥʫʶ ʨʝʣʷʪʠʚʠʩʪʦʤ ʉʢʦʙʝʣʴʮʳʥʳʤ, ʤʳ ʥʝ 

ʩʪʘʥʝʤ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʦʜʥʦ ʠʥʪʝʨʝʩʥʦʝ ʤʝʩʪʦ ʚ ʜʦʢʣʘʜʝ ɻʠʥʟʙʫʨʛʘ. ɺ 1996 

ʛʦʜʫ ʦʥ ʛʦʚʦʨʠʣ: 
 

ɺ 1940 ʛ. ʃ.ʀ. ʄʘʥʜʝʣʴʰʪʘʤ, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʧʦʥʝʥʪʘ ʥʘ ʟʘʱʠʪʝ ʜʦʢʪʦʨʩʢʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ʇ.ɸ. ʏʝʨʝʥʢʦʚʘ, ʦʪʤʝʪʠʣ, ʯʪʦ ʵʬʬʝʢʪ ɺ.ʏ. ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʟʘʨʷʜ (ʠʩʪʦʯʥʠʢ) ʜʚʠʞʝʪʩʷ ʥʝ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ, ʘ ʚ ʧʨʦʜʝʣʘʥʥʦʤ ʚ ʥʝʡ ʪʦʥʢʦʤ ʧʫʩʪʦʤ ʢʘʥʘʣʝ. 

ʌʠʟʠʯʝʩʢʠ ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ ɺ.ʏ. ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʘʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʟʘʨʷʜʘ, ʥʦ ʠ 

ʚʙʣʠʟʠ ʥʝʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʘʝʤʦʛʦ ʩʚʝʪʘé ɺ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʪʘʢʘʷ ʞʝ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʘʤʝʥʝ ʢʘʥʘʣʘ ʱʝʣʴʶ ʠʣʠ ʧʨʦʩʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʜʘ ʚʙʣʠʟʠ 

ʩʨʝʜʳ (ʜʠʵʣʝʢʪʨʠʢʘ). ɺʩʸ ʵʪʦ ʚʘʞʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʜʘ ʚ ʩʨʝʜʝ ʧʦʪʝʨʠ ʝʛʦ 

ʵʥʝʨʛʠʠ ʥʘ ʠʟʣʫʯʝʥʠʝ ɺ.ʏ. ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ; ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʪʨʘʝʢʪʦʨʠʠ. ʇʦʵʪʦʤʫ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʢʘʥʘʣʘʭ, 

ʱʝʣʷʭ ʠ ʚʙʣʠʟʠ ʩʨʝʜʳ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʠʩʢʣʶʯʘʶʪʩʷ, ʘ ʠʟʣʫʯʝʥʠʝ ɺ.ʏ. ʩʦʭʨʘʥʷʝʪʩʷ. ɽʩʣʠ ʜʣʷ 

ʟʘʨʷʜʦʚ ʵʪʦʪ ʤʦʤʝʥʪ, ʭʦʪʷ ʠ ʚʘʞʝʥ, ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ, ʪʦ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ ʚ 

ʩʨʝʜʝ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʜʚʠʞʝʥʠʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʘʪʦʤʦʚ, ʚʩʸ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʘʣʦʚ ʠʣʠ ʱʝʣʝʡ ï ʠʥʘʯʝ ʘʪʦʤ ʨʘʟʨʫʰʘʝʪʩʷ. ʇʨʘʚʜʘ, ɼʦʧʣʝʨ-ʵʬʬʝʢʪ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʚʝʩʴʤʘ ʨʘʟʨʷʞʝʥʥʦʡ ʩʨʝʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʣʘʟʤʝ [2,15 

ʩ. 1035]. 

 

ɺ ʩʪʘʪʴʝ 1959 ʛʦʜʘ ʠʤʝʝʪʩʷ ʦʙʰʠʨʥʳʡ ʧʘʨʘʛʨʘʬ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ çʏʝʨʝʥʢʦʚʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ ʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʢʘʥʘʣʘʭ ʠ ʱʝʣʷʭè. ɺ ʥʝʤ 

ʘʚʪʦʨ ʨʘʩʩʢʘʟʳʚʘʝʪ ʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʠʤ ʤʝʪʦʜʝ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ, ʦʜʥʘʢʦ, ʥʝʪ 

ʥʘʜʦʙʥʦʩʪʠ ʨʘʩʢʨʳʚʘʪʴ. ɼʦʩʪʘʪʦʯʥʦ ʧʨʠʚʝʩʪʠ ʥʝʩʢʦʣʴʢʦ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʬʨʘʟ, ʯʪʦʙʳ ʧʦʥʷʪʴ 

ʦʰʠʙʦʯʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ɺʦʪ ʵʪʠ ʬʨʘʟʳ: 
 

ʆʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ ʠʣʠ ʟʘʨʷʞʝʥʥʳʭ 

ʩʛʫʩʪʢʦʚ (ʧʘʢʝʪʦʚ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʦʥʝʯʥʦ, ʩʦʚʝʨʰʝʥʥʦ ʷʩʥʦ, ʯʪʦ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʜʦʣʞʥʦ 

ʠʩʧʫʩʢʘʪʴʩʷ ʣʶʙʳʤ ʠʟʣʫʯʘʪʝʣʝʤ, ʜʚʠʞʫʱʠʤʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʙʦʣʴʰʝʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ 

ʩʨʝʜʝ c/n. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫʩʣʦʚʠʝ ʠʟʣʫʯʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʜʣʷ ʣʶʙʦʛʦ ʤʫʣʴʪʠʧʦʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ; ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʞʝ ʠʟʣʫʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʫʞʝ ʜʣʷ ʜʠʧʦʣʝʡ (ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʫʣʴʪʠʧʦʣʷʭ) ʦʙʳʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʟʘʨʷʜʘé ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥ, ʥʝʡʪʨʦʥ ʠ ʪ.ʜ.) ʠʣʠ ʘʪʦʤʥʳʭ ʷʜʝʨ 

ʤʘʛʥʠʪʦʜʠʧʦʣʴʥʦʝ ʯʝʨʝʥʢʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʦʯʝʥʴ ʩʣʘʙʦ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ. ʇʦʣʦʞʝʥʠʝ 

ʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʛʫʩʪʢʠ ʯʘʩʪʠʮ, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʣʫʯʘʶʱʠʝ ʧʦʜʦʙʥʦ 

ʪʦʯʝʯʥʳʤ ʯʘʩʪʠʮʘʤ ʩ ʟʘʨʷʜʦʤ ʠ ʤʫʣʴʪʠʧʦʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʚʩʝʤʫ ʩʛʫʩʪʢʫé 

ʈʘʩʩʤʦʪʨʠʤ ʪʦʯʝʯʥʫʶ ʯʘʩʪʠʮʫ ʩ ʟʘʨʷʜʦʤ ʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʨ ʠ ʤʘʛʥʠʪʥʳʤ 

ʤʦʤʝʥʪʦʤ m, ʜʚʠʞʫʱʫʶʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v [4,16 ʩ. 557ï558]. 

 

ɺ ʵʪʠʭ ʧʝʨʚʳʭ ʧʨʝʜʣʦʞʝʥʠʷʭ ʢʫʨʩʠʚʦʤ ʚʳʜʝʣʝʥʦ ʩʣʦʚʦ ʪʦʯʝʯʥʳʡ, ʪ.ʝ. ɻʠʥʟʙʫʨʛ 

ʧʨʠʥʠʤʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʥ ʥʝ ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʘ ʤʦʣʝʢʫʣʘ ʠʣʠ ʦʪʜʝʣʴʥʳʡ ʘʪʦʤ ʩʥʘʙʞʝʥʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʥ, ʘ ʪʝʤ ʙʦʣʝʝ ʘʪʦʤ ʠʣʠ ʤʦʣʝʢʫʣʘ, 

ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʯʝʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʪʦ ʚʩʷ ʬʠʟʠʢʘ ʷʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʚʪʦʨʦʤ ʥʝʚʝʨʥʦ. 

ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʫʢʘʟʘʥʥʳʡ ʧʘʨʘʛʨʘʬ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʠ ʩʪʘʪʴʷ, ʩʣʝʜʫʶʱʠʤʠ ʩʣʦʚʘʤʠ: 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʬʦʨʤʫʣ (47)ï(49) ʜʣʷ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʦʯʝʯʥʳʭ 

ʜʠʧʦʣʝʡ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ. ɺʳʰʝ ʤʦʞʥʦ ʙʳʣʦ ʫʙʝʜʠʪʴʩʷ ʚ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʦʨʝʤʳ ʚʟʘʠʤʥʦʩʪʠ, ʧʨʠ ʚʳʯʠʩ-

ʣʝʥʠʠ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʫʟʢʠʭ ʢʘʥʘʣʘʭ. ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʞʝ ʧʦʣʝʟʝʥ ʧʨʠ ʨʝʰʝʥʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ ʟʘʜʘʯ 

ʪʝʦʨʠʠ ʯʝʨʝʥʢʦʚʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʥʠʮ [4, ʩ. 563]. 

 

ɺʟʛʣʷʥʠʪʝ ʥʘ ʨʠʩ. 5, ʚʟʷʪʳʡ ʠʟ ʩʪʘʪʴʠ ɻʠʥʟʙʫʨʛʘ [4]. ɸʚʪʦʨ ʧʦʯʝʤʫ-ʪʦ ʥʝ ʦʟʘʙʦʪʠʣʩʷ 

ʚʦʧʨʦʩʦʤ, ʧʦʯʝʤʫ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʥ, ʠʩʧʫʩʢʘʝʪ ʫʜʘʨʥʫʶ ʚʦʣʥʫ, ʜʚʠʛʘʷʩʴ, ʧʦ 

ʩʫʪʠ, ʚ ʧʫʩʪʦʤ ʢʘʥʘʣʝ ʠʣʠ ʱʝʣʠ, ʭʦʪʷ ʠ ʚʙʣʠʟʠ ʚʝʱʝʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ n. ʆʜʠʥ ʵʪʦʪ ʬʘʢʪ ʦʧʨʦʢʠʜʳʚʘʝʪ ʚʩʝ ʬʦʨʤʘʣʴʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ɻʠʥʟʙʫʨʛʘ, ʧʦʩʢʦʣʴʢʫ 

                                                      
15 ɻʠʥʟʙʫʨʛ ɺ.ʃ. ʀʟʣʫʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ (ʵʬʬʝʢʪ ɺʘʚʠʣʦʚʘïʏʝʨʝʥʢʦʚʘ, 

ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ). ʋʌʅ 166 1033 (1996). 
16 ɻʠʥʟʙʫʨʛ ɺ.ʃ. ʅʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʩʚʝʨʭʩʚʝʪʦʚʦʤ ʜʚʠʞʝʥʠʠ ʚ ʩʨʝʜʝ. ʋʌʅ 

LXIX  537 (1959). 
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ʧʦʥʷʪʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʥ, ʘʪʦʤ ʠʣʠ ʤʦʣʝʢʫʣʫ ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʦʯʝʯʥʳʝ 

ʦʙʲʝʢʪʳ, ʠʥʘʯʝ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʦʥʷʪʥʦ, ʢʘʢ ʪʦʯʝʯʥʳʡ ʦʙʲʝʢʪ, ʜʚʠʛʘʷʩʴ ʚʥʝ ʩʨʝʜʳ, 

ʫʤʫʜʨʷʝʪʩʷ ʠʩʧʫʩʢʘʪʴ ʫʜʘʨʥʳʝ ʚʦʣʥʳ, ʥʘʢʣʦʥ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 

ʩʨʝʜʳ. 

 
ʈʠʩ. 5. ʏʝʨʪʝʞ ʠʟ ʩʪʘʪʴʠ ɻʠʥʟʙʫʨʛʘ [4], ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʪʝʦʨʠʷ ʜʚʠʞʝʥʠʷ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ ʚʜʦʣʴ ʢʘʥʘʣʘ ʠʣʠ ʱʝʣʠ. 

 

ʕʣʝʢʪʨʦʥ ï ʥʝ ʪʦʯʢʘ! 

8 ʤʘʨʪʘ 1928 ʛʦʜʘ, ɼʞ.ɼʞ. ʊʦʤʩʦʥ ʚ ʜʦʢʣʘʜʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɿʘ 

ʧʨʝʜʝʣʘʤʠ ʵʣʝʢʪʨʦʥʘè ʩʢʘʟʘʣ ʙʫʢʚʘʣʴʥʦ ʩʣʝʜʫʶʱʝʝ: 
 

çéʜʚʠʞʫʱʠʡʩʷ (ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʚʥʦʤʝʨʥʦ) ʵʣʝʢʪʨʦʥ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʮʫʛʦʤ ʚʦʣʥ. ʕʪʠ ʚʦʣʥʳ ʢʘʢ ʙʳ ʥʝʩʫʪ ʝʛʦ ʩ ʩʦʙʦʡ ʠ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʧʫʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʠʞʫʱʠʡʩʷ ʵʣʝʢʪʨʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʩʣʦʞʥʫʶ ʚʝʱʴ, ʯʝʤ ʧʨʦʩʪʦʡ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜè [9,17 c. 571ï572]. 

 

ʕʪʦʪ ʚʳʚʦʜ ʊʦʤʩʦʥ ʩʜʝʣʘʣ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʝʛʦ ʩʳʥʦʤ, ʧʨʦʬʝʩ-

ʩʦʨʦʤ ɻ.ʌ. ʊʦʤʩʦʥʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʦʭʦʞʜʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʩʢʚʦʟʴ 

ʩʚʝʨʭʪʦʥʢʫʶ ʬʦʣʴʛʫ. ʉʳʥ ʩʜʝʣʘʣ ʩʥʠʤʢʠ (ʨʠʩ. 6), ʦʜʥʦʟʥʘʯʥʦ ʜʦʢʘʟʳʚʘʶʱʠʝ ʚʦʣʥʦʚʫʶ ʧʨʠʨʦʜʫ 

ʵʣʝʢʪʨʦʥʦʚ. ʂʦʧʝʥʛʘʛʝʥʩʢʘʷ ʞʝ ʰʢʦʣʘ ʩʧʝʢʫʣʷʪʠʚʥʦʡ ʬʠʟʠʢʠ ʧʨʦʚʦʟʛʣʘʩʠʣʘ ʩʣʝʜʫʶʱʫʶ 

ʜʫʘʣʠʩʪʠʯʝʩʢʫʶ ʜʦʛʤʫ: ʵʣʝʢʪʨʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʯʝʯʥʳʝ ʯʘʩʪʠʮʳ; ʧʦ ʧʨʦʭʦʞʜʝʥʠʶ 

ʣɻʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʯʝʨʝʟ ʬʦʣʴʛʫ ʚʦʟʥʠʢʘʝʪ ʚʦʣʥʦʚʘʷ ʢʘʨʪʠʥʘ ʩʣʫʯʘʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʦʯʝʯʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʠʤ ʧʫʪʝʤ ʚ ʠʭ ʫʤʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʦʚʘʥʠʝ ʢʦʨʧʫʩʢʫʣʷʨʥʦʡ ʠ ʚʦʣʥʦʚʦʡ 

ʧʨʠʨʦʜʳ ʵʣʝʢʪʨʦʥʘ. 

 

 

ʈʠʩ. 6. ʉʥʠʤʦʢ ɻ.ʌ. ʊʦʤʩʦʥʘ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʚʝʨʭʪʦʥʢʫʶ ʬʦʣʴʛʫ. ɼʞ. ɼʞ. 

ʊʦʤʩʦʥ ʧʦ ʧʦʚʦʜʫ ʨʝʟʫʣʴʪʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʝʛʦ 

ʩʳʥʦʤ, ʩʢʘʟʘʣ: çʅʘ ʨʠʩʫʥʢʝ ʚʠʜʝʥ ʨʷʜ ʢʦʣʝʮ, 

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʦʣʦʞʝʥʠʝʤ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʦʣʝʮ ʩʚʝʪʘ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʣʫʯʠʣʠʩʴ ʧʨʠ 

ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʵʪʫ ʞʝ ʧʣʘʩʪʠʥʢʫé ʉʦ-

ʛʣʘʩʥʦ ʠʟʤʝʨʝʥʠʷʤ ɻ. ʌ. ʊʦʤʩʦʥʘ, ʵʣʝʢʪʨʦʥʘʤ, 

ʜʚʠʞʫʱʠʤʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ 1010 ʩʤ/ʩ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʜʣʠʥʘ ʚʦʣʥʳ, ʙʣʠʟʢʘʷ ʢ 7,8 Ŀ 10ï10 ʩʤè 

 

                                                      
17 ʊʦʤʩʦʥ ɼʞ.ɼʞ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʣʝʢʪʨʦʥʘ. ʋʌʅ VIII  570 (1928). 

 
ɼʞ.ɼʞ. ʊʦʤʩʦʥ 

 


