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ʇʨʝʜʠʩʣʦʚʠʝ ʚ ʘʣʴʤʘʥʘʭʝ ʄʆʀ 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʪʦʤ (ˉ 2 ʘʣʴʤʘʥʘʭʘ ʄʆʀ) ʤʳ 

ʧʦʤʝʱʘʝʤ ʢʥʠʛʫ ʗʢʦʚʘ ʇʝʪʨʦʚʠʯʘ ʊʝʨʣʝʮʢʦʛʦ 

(1912.06.30 ï 1993.11.15) çʇʘʨʘʜʦʢʩʳ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʚʳʧʫʱʝʥʥʫʶ ʠʟʜʘʪʝʣʴʩʪʚʦʤ 

çʅʘʫʢʘè ʚ 1966 ʛʦʜʫ. 

ʗʢʦʚ ʊʝʨʣʝʮʢʠʡ ʙʳʣ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʚ ʄɻʋ, 10 ʦʢʪʷʙʨʷ 1945 ʛʦʜʘ (ʚ 

33 ʛʦʜʘ) ʟʘʱʠʪʠʣ ʜʦʢʪʦʨʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ, ʧʦʩʣʝ 

ʯʝʛʦ ʩʪʘʣ  ʧʨʦʬʝʩʩʦʨʦʤ; ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣ ʚ 

ʦʢʪʷʙʨʝ 1945 ʛʦʜʘ ʧʨʠʚʣʝʯʝʥ ʢ ʘʪʦʤʥʦʤʫ ʧʨʦʝʢʪʫ 

ʠ ʜʦ 1950 ʛʦʜʘ çʧʦ ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫè ʩʦʩʪʦʷʣ 

ʩʦʪʨʫʜʥʠʢʦʤ ʅʂɺɼ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʚ ʜʦʤʝ ʥʘ 

ʃʫʙʷʥʢʝ ʧʝʨʝʚʦʜʦʤ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʟʘʧʘʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʘʪʦʤʥʦʡ ʙʦʤʙʝ, ʜʦʙʳʪʳʭ ʩʦʚʝʪ-

ʩʢʦʡ ʨʘʟʚʝʜʢʦʡ (ʰʧʠʦʥʘʤʠ). ʅʘʠʙʦʣʝʝ ʟʥʘʤʝʥʠʪ 

ʪʝʤ, ʯʪʦ ʚ ʦʢʪʷʙʨʝïʥʦʷʙʨʝ 1945 ʛʦʜʘ ʙʳʣ ʧʦʩʣʘʥ 

ʃʘʚʨʝʥʪʠʝʤ ɹʝʨʠʝʡ ʚ ʂʦʧʝʥʛʘʛʝʥ ʥʘ ʚʩʪʨʝʯʫ ʩ 

ʅʠʣʴʩʦʤ ɹʦʨʦʤ ʩ ʮʝʣʴʶ ʚʳʚʝʜʘʪʴ ʧʦʜʨʦʙʥʦʩʪʠ 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʘʪʦʤʥʦʡ ʙʦʤʙʳ. 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʩʦʟʜʘʥʠʷ ʩʦʚʝʪʩʢʦʡ ʘʪʦʤ-

ʥʦʡ ʙʦʤʙʳ ʙʳʣ ʦʩʚʦʙʦʞʜʝʥ ʦʪ ʨʘʙʦʪʳ ʚ ʅʂɺɼ ʠ 

ʜʦ 1963 ʛʦʜʘ ʨʘʙʦʪʘʣ ʧʨʦʬʝʩʩʦʨʦʤ ʄɻʋ, ʘ ʚ 1963 

ʛʦʜʫ ʩʪʘʣ ʟʘʚʝʜʫʶʱʠʤ ʚʥʦʚʴ ʩʦʟʜʘʥʥʦʡ ʢʘʬʝʜʨʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ɼʨʫʞʙʳ 

ʥʘʨʦʜʦʚ ʠʤ. ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ, ʛʜʝ ʦʩʪʘʚʘʣʩʷ ʜʦ 

ʢʦʥʮʘ ʞʠʟʥʠ. ʊʝʨʣʝʮʢʠʡ ʠʟʚʝʩʪʝʥ ʩʚʦʝʡ ʦʧʧʦʟʠ-

ʮʠʝʡ ʧʨʦʪʠʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʩʦʚʝʪʩʢʠʭ ʬʠʟʠ-

ʢʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʪʠʚ ʃʘʥʜʘʫ, ʘ ʪʘʢʞʝ ʧʨʦʪʠʚ ʂʘʧʠʮʳ, ʂʫʨʯʘʪʦʚʘ ʠ ʜʨ. ɺʠʜʠʤʦ, ʧʦʵʪʦʤʫ 

ʦʥ ʥʝ ʙʳʣ ʠʟʙʨʘʥ ʜʘʞʝ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ɸʅ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʟʚʘʥʠʠ ʧʦʣʥʦʛʦ ʘʢʘʜʝʤʠʢʘ. 

ʂʥʠʛʘ ʊʝʨʣʝʮʢʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʷʩʥʦʩʪʴʶ ʠ ʣʘʢʦʥʠʯʥʦʩʪʴʶ ʠʟʣʦʞʝʥʠʷ; ʦʥʘ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʫʯʝʙʥʠʢʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ɺʠʜʥʦ, ʯʪʦ 

çʢʦʥʴʢʦʤè ʜʣʷ ʘʚʪʦʨʘ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʤʘʩʩʦʡ, ʜʚʠʞʫʱʠʝʩʷ ʙʳʩʪʨʝʝ 

ʩʚʝʪʘ (çʤʠʥʫʩ-ʯʘʩʪʠʮʳè ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ʘʚʪʦʨʘ). ʄʳ ʥʝ ʙʫʜʝʤ ʫʜʝʣʷʪʴ ʦʩʦʙʦ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʵʪʦʤʫ çʢʦʥʴʢʫè ʘʚʪʦʨʘ, ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ. 

ʆʩʥʦʚʥʘʷ ʥʘʰʘ ʮʝʣʴ ï ʢʣʘʩʩʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʊʆ), ʨʘʩʩʤʦʪʨʝʥʥʘʷ 

ʧʦʜ ʫʛʣʦʤ ʟʨʝʥʠʷ ɺʝʜʘʥʩʢʦʡ ʪʝʦʨʠʠ.1 ɺʝʜʘʥʩʢʘʷ ʪʝʦʨʠʷ (ɺʊ) ʥʝ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʠ 

ʥʝ ʧʨʠʟʚʘʥʘ ʚʥʦʩʠʪʴ ʯʪʦ-ʣʠʙʦ ʥʦʚʦʝ ʚ ʩʦʙʩʪʚʝʥʥʦ ʬʠʟʠʢʫ (ʦʥʘ ï ʪʝʦʨʠʷ ʠʥʪʝʣʣʝʢʪʘ ʠ ʢʘʢ ʪʘʢʦʚʘʷ 

ʚʥʦʩʠʪ ʤʥʦʛʦ ʥʦʚʦʛʦ, ʥʘʧʨʠʤʝʨ, ʚ ʤʘʪʝʤʘʪʠʢʫ ʢʘʢ çʯʠʩʪʫʶ ʦʙʣʘʩʪʴè ʠʥʪʝʣʣʝʢʪʘ). ʅʦ ʩʫʱʥʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʡ ʬʠʟʠʢʠ (ʥʘʧʨʠʤʝʨ, ʪʦʡ ʞʝ ʊʆ) ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦʡ ʙʣʘʛʦʜʘʨʷ 

ɺʊ, ʠ ʧʦʢʘʟʘʪʴ ʵʪʦ ï ʥʘʰʘ ʮʝʣʴ ʚ ʵʪʦʤ ʪʦʤʝ. 

ʅʘʧʦʤʥʶ ʪʝ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ɺʝʜʘʥʩʢʦʡ ʪʝʦʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʥʘʜʦʙʷʪʩʷ ʥʘʤ ʚ ʩʚʷʟʠ ʩ 

ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʦʥʷʪʠʡ ɺʊ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ çʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘè ʧʨʦʛʨʘʤʤʳ 

ʠʣʠ ʘʣʛʦʨʠʪʤʘ. ʅʝ ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʠ ʟʜʝʩʴ ʜʝʪʘʣʴʥʦ ʠ ʚʩʝʩʪʦʨʦʥʥʝ ʨʘʟʦʙʨʘʪʴ ʵʪʦ ʧʦʥʷʪʠʝ, 

ʦʧʨʝʜʝʣʠʤ ʵʪʦʪ ʦʙʲʝʢʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʘʢ çʪʦ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʩʦʟʜʘʪʴè. 

                                                      
1 ʉʤ. http://ve-poti.narod.ru/A001.PDF ʠ ʦʢʨʫʞʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ. 

 
ʗʢʦʚ ʇʝʪʨʦʚʠʯ ʊʝʨʣʝʮʢʠʡ 
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ɽʩʣʠ ʧʝʨʝʜ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦʪʦʙʨʘʟʠʪʴ (ʥʘʧʨʠʤʝʨ, ʚ ʨʦʙʦʪʝ) ʦʢʨʫʞʘʶ-

ʱʫʶ ʩʨʝʜʫ (ʩʦ ʚʩʝʤʠ ʝʝ ʧʨʝʜʤʝʪʘʤʠ), ʪʦ ʫ ʥʠʭ ʚʦʟʥʠʢʥʝʪ ʧʨʦʙʣʝʤʘ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʜʠʨʦʚʘʪʴ (ʚ 

ʨʦʙʦʪʝ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʦʙʲʝʢʪʦʚ. ɽʩʣʠ ʦʥʠ ʠʟʙʝʨʫʪ ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝ-

ʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪ (x, y, z), ʪʦ ʪʝʤ ʩʘʤʳʤ ʦʥʠ ʩʦʟʜʘʜʫʪ ʜʣʷ ʨʦʙʦʪʘ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʦʜʫʢʪ ʝʛʦ ʘʧʧʘʨʘʪʘ ʢʦʜʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ. ʕʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʫʜʝʪ ʪʨʝʭʤʝʨʥʳʤ (ʧʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʘʪ ʪʨʠ), ʦʥʦ ʙʫʜʝʪ ʝʚʢʣʠʜʦʚʳʤ (ʧʦʩʢʦʣʴʢʫ 

ʢʦʦʨʜʠʥʘʪʳ ʥʝʟʘʚʠʩʠʤʳ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ ʠ ʩʚʦʙʦʜʥʦ ʢʦʤʙʠʥʠʨʫʶʪʩʷ); ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʫʜʝʪ 

ʙʝʩʢʦʥʝʯʥʳʤ (ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʫʶ ʢʦʦʨʜʠʥʘʪʫ ʤʦʞʥʦ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʣʴʢʦ ʫʛʦʜ-

ʥʦ). 

ɺ ɺʊ ʪʘʢʦʡ ʘʧʧʘʨʘʪ ʢʦʜʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʪʦʧʦʢʦʜʝʨʦʤ, ʘ 

ʩʦʟʜʘʚʘʝʤʦʝ ʠʤ (ʢʘʢ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʦʜʫʢʪ) ʙʝʩʢʦʥʝʯʥʦʝ ʝʚʢʣʠʜʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ï 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʪʦʧʦʢʦʜʝʨʘ. 

ɼʘʣʝʝ, ʝʩʣʠ ʢʦʥʩʪʨʫʢʪʦʨʳ ʨʦʙʦʪʘ ʚʩʪʨʦʷʪ ʚ ʥʝʛʦ ʘʧʧʘʨʘʪ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ ʚ ʣʠʥʝʡʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʦ ʪʝʤ ʩʘʤʳʤ ʦʥʠ ʩʦʟʜʘʜʫʪ (ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʦʜʫʢʪ ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ) 

ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʝʤʷ ʵʪʦʛʦ ʨʦʙʦʪʘ ï ʙʝʩʢʦʥʝʯʥʦʝ ʚ ʧʨʦʰʣʦʤ ʠ ʙʝʩʢʦʥʝʯʥʦʝ ʚ ʙʫʜʫʱʝʤ (ʧʦʩʢʦʣʴʢʫ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʪʦʪ ʘʧʧʘʨʘʪ ʤʦʞʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚʩʸ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʦʪʜʘʣʝʥʥʳʝ ʩʦʙʳʪʠʷ ʠ ʥʠʯʝʤ 

ʥʝ ʦʛʨʘʥʠʯʝʥ). ʊʘʢʦʡ ʘʧʧʘʨʘʪ ʚ ɺʊ ʥʘʟʳʚʘʝʪʩʷ ʭʨʦʥʦʢʦʜʝʨʦʤ, ʘ ʚʨʝʤʷ, ʠʤ ʩʦʟʜʘʚʘʝʤʦʝ ʚ ʚʠʜʝ ʝʛʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ï ʚʨʝʤʝʥʝʤ ʭʨʦʥʦʢʦʜʝʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʤʝʩʪʝ ʦʙʘ ʵʪʠ ʘʧʧʘʨʘʪʘ ʜʣʷ ʨʦʙʦʪʘ ʩʦʟʜʘʶʪ ʩʫʤʤʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʧʨʦʜʫʢʪ, ʚ ɺʊ ʥʘʟʳʚʘʝʤʳʡ ʭʨʦʥʦʪʦʧʦʤ2 ʠ ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʨʝʤʝʥʠ ʭʨʦʥʦʢʦʜʝʨʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʪʦʧʦʢʦʜʝʨʘ. ɺʊ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʢʦʜʠʨʦʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʠ ʟʘʧʦʤʠʥʘʥʠʷ ʩʦʙʳʪʠʡ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʝʪ ʭʨʦʥʦʪʦʧ ʯʝʣʦʚʝʢʘ. 

ʕʪʦ ʨʘʩʩʫʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʩʪʘʪʘʮʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʭʨʦʥʦʪʦʧʘ (ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʣʶʩ 

ʚʨʝʤʝʥʠ) ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʚ ʤʦʟʛʝ. ʅʦ ʵʪʦ 

ʨʘʩʩʫʞʜʝʥʠʝ ʝʱʝ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʢʘʩʘʣʦʩʴ ʩʦʙʩʪʚʝʥʥʦ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʝ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ï ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ. ɽʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ: ʢʘʢʦʚʳ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʘʤʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʢʘʢ ʦʥʠ ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

(ʯʠʩʪʦ ʧʦʨʦʞʜʝʥʥʳʤ ʩʘʤʠʤ ʯʝʣʦʚʝʢʦʤ!) ʭʨʦʥʦʪʦʧʦʤ? 

ɼʣʷ ʵʪʠʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʚ ɺʊ ʚʚʦʜʠʪʩʷ ʜʨʫʛʦʡ 

ʪʝʨʤʠʥ ï ʪʝʤʧʦʤʫʥʜʫʩ.3 ʊʨʝʙʫʝʪʩʷ ʩʪʨʦʛʦ ʦʪʣʠʯʠʪʴ ʭʨʦʥʦʪʦʧ (ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ 

ʤʦʟʛʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʫ ʞʠʚʦʪʥʳʭ ʠʣʠ ʨʦʙʦʪʘ) ʦʪ 

ʪʝʤʧʦʤʫʥʜʫʩʘ (ʢʘʢ ʚʟʘʠʤʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ). 

ʊʝʧʝʨʴ ʤʳ ʨʘʩʧʦʣʘʛʘʝʤ ʜʦʩʪʘʪʦʯʥʳʤ ʩʪʘʨʪʦʚʳʤ ʥʘʙʦʨʦʤ ʧʦʥʷʪʠʡ ʠ ʪʝʨʤʠʥʦʚ ɺʊ, ʯʪʦʙʳ 

ʧʨʠʩʪʫʧʠʪʴ ʢ ʯʪʝʥʠʶ (ʠ ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʶ ʚ ʩʚʝʪʝ ɺʊ) ʢʥʠʛʠ ʊʝʨʣʝʮʢʦʛʦ ʧʦ ʊʆ. 

ʄʦʠ ʢʦʤʤʝʥʪʘʨʠʠ ʧʦʤʝʯʘʶʪʩʷ ʘʙʙʨʝʚʠʘʪʫʨʦʡ çʄʆʀ:è, ʥʝʧʦʤʝʯʝʥʥʳʝ ʩʥʦʩʢʠ ʧʨʠʥʘʜ-

ʣʝʞʘʪ ʩʘʤʦʤʫ ʊʝʨʣʝʮʢʦʤʫ ʠʣʠ ʧʨʦʩʪʦ ʜʫʙʣʠʨʫʶʪ ʜʣʷ ʫʜʦʙʩʪʚʘ ʟʘʧʠʩʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

 

ʄʘʨʠʥʘ ʀʧʘʪʴʝʚʘ 

13 ʠʶʣʷ 2013 ʛʦʜʘ 

 

 

 

                                                      
2 ʊʝʨʤʠʥ çʭʨʦʥʦʪʦʧè (ʦʪ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ ɢɟɧɜɞɠ ï çʚʨʝʤʷè ʠ Űɧˊɞɠ ï çʤʝʩʪʦè) ʙʳʣ ʚʚʝʜʝʥ ɸ.ɸ. 

ʋʭʪʦʤʩʢʠʤ ʚ ʩʪʘʪʴʷʭ 1920-ʭ ʛʦʜʦʚ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʝ ʩʦʚʩʝʤ ʵʪʦʛʦ, ʥʦ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʙʣʠʟʢʦʛʦ 

ʦʙʲʝʢʪʘ; ʧʦʪʦʤ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢʞʝ ʚ ʣʠʪʝʨʘʪʫʨʦʚʝʜʝʥʠʠ. 
3 ʆʪ ʣʘʪʠʥʩʢʠʭ ʩʣʦʚ tempus ï çʚʨʝʤʷè ʠ mundus ï çʤʠʨè. 



çʄʳʩʣʠ ʦʙ ʀʩʪʠʥʝè  ɺʳʧʫʩʢ ˉ 2 

  
4 

 

 

 

ʇʘʨʘʜʦʢʩʳ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʗ.ʇ. ʊʝʨʣʝʮʢʠʡ 

ʀʟʜʘʪʝʣʴʩʪʚʦ çʅʘʫʢʘè 

ʄʦʩʢʚʘ 1966 

 

ʂʥʠʛʘ ʧʦʩʚʷʱʘʝʪʩʷ ʧʦʜʨʦʙʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ ʪʝʭ ʚʦʧʨʦʩʦʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʙʳʯʥʦʤ ʝʝ ʠʟʣʦʞʝʥʠʠ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʳ ʜʣʷ ʫʩʚʦʝʥʠʷ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʩʧʦʨʥʳʭ ʠ ʥʝʷʩʥʳʭ ʚʦʧʨʦʩʦʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʢʥʠʛʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʘʨʘʜʦʢʩʦʚ. ʇʨʦʪʠʚʦʨʝʯʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʪʝʦʨʠʠ, ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʚ ʚʠʜʝ 

ʧʘʨʘʜʦʢʩʦʚ, ʘ ʟʘʪʝʤ ʵʪʠ ʧʘʨʘʜʦʢʩʳ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʨʘʟʲʷʩʥʷʶʪʩʷ. 

ɸʚʪʦʨ ʩʪʨʝʤʠʪʩʷ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʛʣʫʙʦʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʩʧʦʩʦʙʝʥ ʚʩʢʨʳʪʴ ʚ ʥʝʡ ʥʦʚʳʝ, ʨʘʥʝʝ ʥʝ ʟʘʤʝʯʘʚʰʠʝʩʷ ʩʪʦʨʦʥʳ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩ-

ʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʯʘʩʪʠʮ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ. ɺ ʢʥʠʛʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʠʮʳ ʤʥʠʤʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ, ʜʚʠʞʫʱʠʝʩʷ ʩ ʩʚʝʨʭʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, 

ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦ ʚʚʝʜʝʥʳ ʚ ʪʝʦʨʠʶ, ʝʩʣʠ çʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠè ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʣʠʰʴ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʟʘʢʦʥʘ ʚʦʟʨʘʩʪʘʥʠʷ ʵʥʪʨʦʧʠʠ. 

ɺ ʢʥʠʛʝ ʠʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʤʘʩʩʳ ʠ ʪʝ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʣʝʜʩʪʚʠʷ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʠʪ ʜʦʧʫʱʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ ʯʘʩʪʠʮ. 

ʂʥʠʛʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʰʠʨʦʢʠʝ ʢʨʫʛʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʬʠʟʠ-

ʯʝʩʢʠʭ ʬʘʢʫʣʴʪʝʪʦʚ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʬʠʟʠʢʠ ʚ ʚʳʩʰʝʡ ʠ ʩʨʝʜʥʝʡ 

ʰʢʦʣʝ. 

 

ʇʨʝʜʠʩʣʦʚʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʷ, ʜʠʢʪʫʝʤʳʝ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʩʪʠ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʘʰʠʭ ʧʨʠʚʳʯʥʳʭ, ʦʙʠʭʦʜʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʵʪʠʭ ʚʩʝʦʙʱʠʭ 

ʬʦʨʤʘʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ.4 ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʚʳʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʥʦʛʠʝ ʩʣʝʜʩʪʚʠʷ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚʳʛʣʷʜʷʪ ʢʘʢ çʧʘʨʘʜʦʢʩʳè.5 ʇʘʨʘʜʦʢʩʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʣʝʜ-

ʩʪʚʠʷ ʦʙ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥ ʜʚʠʞʫʱʠʭʩʷ ʤʘʩʰʪʘʙʦʚ ʠ ʭʦʜʘ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ. ʅʝʧʨʠʚʳʯʥʦ 

ʦʛʨʘʥʠʯʝʥʠʝ, ʥʘʢʣʘʜʳʚʘʝʤʦʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ. ʄʥʦʛʦ ʩʪʨʘʥʥʦʛʦ ʠ ʜʘʞʝ 

ʧʘʨʘʜʦʢʩʘʣʴʥʦʛʦ ʤʦʞʥʦ ʫʩʤʦʪʨʝʪʴ ʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʟʘʢʦʥʘʭ ʜʚʠʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʚ ʩʦʦʪʥʦ-

ʰʝʥʠʷʭ, ʩʚʷʟʳʚʘʶʱʠʭ ʵʥʝʨʛʠʶ, ʠʤʧʫʣʴʩ ʠ ʤʘʩʩʫ. 

ʂʥʠʛʘ ʧʦʩʚʷʱʘʝʪʩʷ ʠʟʣʦʞʝʥʠʶ, ʘʥʘʣʠʟʫ ʠ ʨʘʟʲʷʩʥʝʥʠʶ ʧʦʜʦʙʥʳʭ çʧʘʨʘʜʦʢʩʦʚè ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. ʇʫʪʝʤ ʪʘʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʧʘʨʘʜʦʢʩʦʚ ʫʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʫʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʘʤʫʶ ʩʫʪʴ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʘʨʘʜʦʢʩʳ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʬʠʣʦʩʦʬʩʢʦʛʦ ʧʦʨʷʜʢʘ), 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʪʠʚʦʨʝʯʠʝʤ, ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʞʜʫ ʥʘʟʚʘʥʠʝʤ ʠ ʠʩʪʠʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ɺʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʧʦʥʠʤʘʝʤʘʷ ʢʘʢ ʩʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠ-

ʯʝʩʢʘʷ ʪʝʦʨʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ,6 ʥʝ ʜʘʝʪ ʥʠʢʘʢʠʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ 

ʧʦʟʠʪʠʚʠʩʪʩʢʠʭ ʚʳʚʦʜʦʚ. 

                                                      
4 ʄʆʀ: ʊʦʯʥʝʝ ʵʪʦ ʙʫʜʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: çʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʩʪʠ ʩʚʦʡʩʪʚʘ ʪʝʤʧʦʤʫʥʜʫʩʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʭʨʦʥʦʪʦʧʘè. 
5 ʄʆʀ: ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʘʨʘʜʦʢʩʘʤʠ ʚ ʢʘʪʝʛʦʨʠʷʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʭʨʦʥʦʪʦʧʘ. 
6 ʄʆʀ: ʊʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ï ʵʪʦ (ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ) ʪʝʦʨʠʡ ʦ ʪʦʤ, ʢʘʢ ʫʩʪʨʦʝʥ ʪʝʤʧʦʤʫʥʜʫʩ. 

ʏʪʦʙʳ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʦʥʘ ï ʪʝʦʨʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʥʫʞʥʦ ʩʥʘʯʘʣʘ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʦʥʠʤʘʝʪʩʷ ʧʦʜ çʧʨʦʩʪʨʘʥʩʪʚʦʤè (ʠ çʚʨʝʤʝʥʝʤè). ɺ ʭʨʦʥʦʪʦʧʝ ʪʦʞʝ ʝʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ, ʥʦ 

ʭʨʦʥʦʪʦʧ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʜʣʷ ʊʆ. 
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ɸʥʘʣʠʟ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʜʦʢʩʦʚ (ʤʘʩʰʪʘʙʦʚ ʠ ʯʘʩʦʚ, ʟʘʢʦʥʦʚ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʠʭ 

ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ), ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʢʥʠʛʝ, ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦʤʫ ʧʦʥʠʤʘ-

ʥʠʶ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ.7 ɸʥʘʣʠʟ ʧʘʨʘʜʦʢʩʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʝʭʘʥʠʢʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ 

ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʧʦʜʭʦʜ ʢ ʟʘʢʦʥʘʤ ʧʨʠʨʦʜʳ ʧʦʟʚʦʣʷʝʪ ʧʨʘʚʠʣʴʥʦ ʧʦʥʷʪʴ ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʠʝ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʚ 

ʝʜʠʥʳʡ ʚʩʝʦʙʱʠʡ ʟʘʢʦʥ. 

ʂ ʩʫʱʝʩʪʚʝʥʥʦ ʥʦʚʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʚʦʜʠʪ ʘʥʘʣʠʟ ʧʘʨʘʜʦʢʩʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʫʪʚʝʨʞʜʝʥʠʝʤ ʦ ʧʨʝʜʝʣʴʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ɺʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠ, ʧʨʘʚʠʣʴ-

ʥʦ ʧʦʥʠʤʘʝʤʳʡ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʣʠ ʢʘʢ ʚʳʨʘʞʝʥʠʝ ʟʘʢʦʥʘ ʚʦʟʨʘʩʪʘʥʠʷ ʵʥʪʨʦʧʠʠ, ʥʝ ʟʘʧʨʝʱʘʝʪ 

ʘʙʩʦʣʶʪʥʦ ʩʚʝʨʭʩʚʝʪʦʚʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʬʠʟʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɿʘʧʨʝʱʘʶʪʩʷ ʣʠʰʴ ʤʘʢʨʦ-

ʩʢʦʧʠʯʝʩʢʠʝ ʩʚʝʨʭʩʚʝʪʦʚʳʝ ʩʠʛʥʘʣʳ, ʥʦ ʥʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ. ɺʳʷʩʥʝʥʠʝ 

ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʨʷʜ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʳʪʘʪʴʩʷ ʦʙʥʘʨʫʞʠʪʴ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ. 

ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʷʪʩʷ ʯʘʩʪʠʮʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʩʩʳ. ɺ ʢʥʠʛʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʪʝ ʩʣʝʜʩʪʚʠʷ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʝʣʦ ʙʳ ʦʪʢʨʳʪʠʝ ʧʦʜʦʙʥʳʭ ʯʘʩʪʠʮ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʢʦʩʤʦʩʝ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʯʨʝʟʚʳʯʘʡʥʦ ʤʦʱʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʩʪʦʯ-

ʥʠʢʠ, ʝʩʣʠ ʯʘʩʪʠʮʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʩʩʳ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʪ ʚ ʧʨʠʨʦʜʝ. 

ɺʦʧʨʦʩʳ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʵʪʦʡ ʢʥʠʛʝ, ʙʳʣʠ ʠʟʣʦʞʝʥʳ ʚ ʬʘʢʫʣʴʪʘʪʠʚʥʦʤ ʢʫʨʩʝ ʣʝʢʮʠʡ, 

ʧʨʦʯʠʪʘʥʥʦʤ ʜʣʷ ʩʪʫʜʝʥʪʦʚ III ʢʫʨʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʚ ʚʝʩʝʥʥʝʤ ʩʝʤʝʩʪʨʝ 1962 ʛ. 

ʕʪʦʪ ʞʝ ʢʫʨʩ ʩ ʥʝʢʦʪʦʨʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʙʳʣ ʧʦʚʪʦʨʝʥ ʚ 1964 ʛ. ɹʦʣʴʰʘʷ ʧʦʤʦʱʴ ʧʨʠ ʩʦʩʪʘʚ-

ʣʝʥʠʠ ʢʦʥʩʧʝʢʪʘ ʢʫʨʩʘ 1962 ʛ. ʙʳʣʘ ʦʢʘʟʘʥʘ ʤʥʝ ʘʩʧʠʨʘʥʪʦʤ ʖ.ʇ. ʈʳʙʘʢʦʚʳʤ, ʢʦʪʦʨʦʤʫ ʷ 

ʧʦʣʴʟʫʶʩʴ ʩʣʫʯʘʝʤ ʚʳʨʘʟʠʪʴ ʙʣʘʛʦʜʘʨʥʦʩʪʴ. ʕʪʦʪ ʢʦʥʩʧʝʢʪ, ʠʟʜʘʥʥʳʡ ʃʌʆʇ ʬʠʟʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʚ 1962 ʛ., ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʜʘʥʥʦʡ ʢʥʠʛʠ. 

ʇʨʠʥʦʰʫ ʪʘʢʞʝ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʫ ʂ.ʇ. ʉʪʘʥʶʢʦʚʠʯʫ, ʧʨʦʩʤʦʪʨʝʚʰʝ-

ʤʫ ʨʫʢʦʧʠʩʴ ʠ ʩʜʝʣʘʚʰʝʤʫ ʮʝʥʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ. 

ʇʨʦʬʝʩʩʦʨ ʄɻʋ 

ʗ.ʇ. ʊʝʨʣʝʮʢʠʡ 

 

ɺʚʝʜʝʥʠʝ 

ʇʘʨʘʜʦʢʩʳ, ʪ.ʝ. ʥʝʦʞʠʜʘʥʥʳʝ ʩʣʝʜʩʪʚʠʷ ʠʣʠ ʚʳʚʦʜʳ ʪʝʦʨʠʠ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʩʣʦʞʠʚ-

ʰʠʤʩʷ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʠʛʨʘʶʪ ʦʩʦʙʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ. ʇʨʠ ʨʘʟʨʝʰʝʥʠʠ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʜʦʢʩʘ ʧʨʠʭʦʜʠʪʩʷ ʦʙʨʘʱʘʪʴʩʷ ʢ ʥʘʠʙʦʣʝʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ 

ʧʦʣʦʞʝʥʠʷʤ ʪʝʦʨʠʠ ʠ ʠʥʦʛʜʘ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʠʣʠ ʫʪʦʯʥʷʪʴ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʘʨʘʜʦʢʩʳ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʢʦʪʦʨʫʶ 

ʚʥʫʪʨʝʥʥʶʶ ʧʨʠʯʠʥʫ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʝʝ ʣʦʛʠʯʝʩʢʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ, ʘ 

ʠʥʦʛʜʘ ʜʘʞʝ ʚʳʷʩʥʝʥʠʶ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʧʫʪʝʡ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʦʙʱʝʥʠʷ. 

ʂʦʥʝʯʥʦ, ʦʩʥʦʚʥʳʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʩʷʢʦʡ ʪʝʦʨʠʠ ʷʚʣʷʶʪʩʷ ʬʘʢʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ ʠ ʥʘʙʣʶʜʝʥʠʡ. ʆʜʥʘʢʦ ʦʜʥʠ ʪʦʣʴʢʦ ʬʘʢʪʳ ʥʝ ʤʦʛʫʪ ʩʘʤʠ ʧʦ ʩʝʙʝ ʧʦʜʪʚʝʨʜʠʪʴ, ʫʪʦʯʥʠʪʴ 

ʠʣʠ ʠʟʤʝʥʠʪʴ ʪʝʦʨʠʶ, ʝʩʣʠ ʦʥʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʜʪʚʝʨʞʜʝʥʠʶ ʠ ʫʪʦʯʥʝʥʠʶ ʠʣʠ ʧʝʨʝʩʤʦʪʨʫ 

ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʦʨʠʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʢʨʳʪʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʠʭ ʨʘʟʨʝʰʝʥʠʝ. ʇʨʦʪʠʚʦʨʝʯʠʷ ʞʝ ʚ ʪʝʦʨʠʠ ʦʪʯʝʪʣʠʚʝʝ ʚʩʝʛʦ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ, ʢʦʛʜʘ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʚ ʬʦʨʤʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʘʨʘʜʦʢʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʘʨʘʜʦʢʩʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʮʝʣʴʶ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʰʴ ʩʨʝʜʩʪʚʦ ʜʣʷ ʚʳʷʩʥʝʥʠʷ 

ʠʩʪʠʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʝʦʨʠʠ, ʫʪʦʯʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʝʝ ʧʦʣʦʞʝʥʠʡ ʠ ʦʪʳʩʢʘʥʠʷ ʧʫʪʝʡ ʝʝ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ɺ ʵʪʦʡ ʢʥʠʛʝ ʥʘʩ ʙʫʜʫʪ ʠʥʪʝʨʝʩʦʚʘʪʴ ʧʘʨʘʜʦʢʩʳ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʤʳ ʥʝ 

ʙʫʜʝʤ ʢʘʩʘʪʴʩʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʦʨʠʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʭʦʪʷ ʠ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦ-

ʨʳʝ ʧʘʨʘʜʦʢʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʥʝʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʢ ʦʙʣʘʩʪʠ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʜ ʧʦʩʣʝʜʥʝʡ ʧʨʠʥʷʪʦ 

ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʫʶ ʥʘ ʥʝʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

ʧʨʠ ʥʘʣʠʯʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ. 

                                                      
7 ʄʆʀ: ...ʦ ʪʝʤʧʦʤʫʥʜʫʩʝ, ʢʘʢ ʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʊʆ. 
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ʄʥʦʛʠʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠʟ-ʟʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʧʦʩʦʙʘ ʝʝ 

ʠʟʣʦʞʝʥʠʷ ʧʦ ʪʦʤʫ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʦʙʨʘʟʮʫ, ʢʦʪʦʨʳʡ ʙʳʣ ʜʘʥ ʝʱʝ ʕʡʥʰʪʝʡʥʦʤ. ʉʦ ʚʨʝʤʝʥʠ 

ʧʝʨʚʦʡ ʨʘʙʦʪʳ ʕʡʥʰʪʝʡʥʘ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʦʧʦʣʥʠʣʘʩʴ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʦʚʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚʳʷʩʥʠʣʦʩʴ ʛʣʘʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʪʝʦʨʠʠ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʩʯʠʪʘʚʰʠʝʩʷ ʦʩʥʦʚʥʳʤʠ ʚ ʧʝʨʠʦʜ ʟʘʨʦʞʜʝ-

ʥʠʷ ʪʝʦʨʠʠ, ʦʢʘʟʘʣʠʩʴ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʠʰʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʦʨʠʠ. ʆʢʘʟʘʣʦʩʴ ʪʘʢʞʝ, ʯʪʦ ʪʝʦʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʙʘʟʝ ʨʘʟʣʠʯ-

ʥʳʭ ʧʦʩʪʫʣʘʪʦʚ.8 ɺʳʷʩʥʠʣʦʩʴ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʯʪʦ ʧʦʩʪʫʣʘʪʳ ʕʡʥʰʪʝʡʥʘ ʥʝ ʤʦʛʫʪ ʦʪʦʞʜʝʩʪ-

ʚʣʷʪʴʩʷ ʩ ʩʘʤʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ɻʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚʘʞʝʥ ʠʤʝʥʥʦ ʩʝʡʯʘʩ, ʢʦʛʜʘ ʥʘʤʝʯʘ-

ʝʪʩʷ ʥʦʚʳʡ ʵʪʘʧ ʢʨʫʪʦʡ ʣʦʤʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʚʥʫʪʨʴ 

ʩʘʤʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʦʪʢʨʳʪʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʦʩʤʦʩʝ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʜʠʦʛʘʣʘʢʪʠʢʘʭ ʠ ʩʚʝʨʭʟʚʝʟʜʘʭ ʠʣʠ ʢʚʘʟʘʨʘʭ. 

ʄʳ ʫʚʠʜʠʤ, ʯʪʦ ʘʥʘʣʠʟ ʚʦʧʨʦʩʦʚ ʦ ʧʨʝʜʝʣʴʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ ʧʨʠʚʝʜʝʪ ʥʘʩ ʢ ʧʝʨʝʩʤʦʪʨʫ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʨʠʥʮʠʧʘ ʧʨʠʯʠʥʥʦʩʪʠ ʠ ʢ 

ʦʙʱʝʤʫ ʚʳʚʦʜʫ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʝ ʠ ʜʘʞʝ ʤʥʠʤʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʤʘʩʩʳ. ʅʦ ʝʩʣʠ ʪʘʢʠʝ ʯʘʩʪʠʮʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʪ ʚ 

ʧʨʠʨʦʜʝ, ʪʦ ʠʭ ʦʪʢʨʳʪʠʝ ʧʨʠʚʝʜʝʪ ʢ ʨʘʜʠʢʘʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʚʩʝʡ ʩʫʱʝʩʪʚʫʶʱʝʡ ʬʠʟʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʳ ʤʠʨʘ. ɸ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʝʪ ʢ ʥʦʚʳʤ ʦʪʢʨʳʪʠʷʤ, ʫʤʥʦʞʘʶʱʠʤ ʚʣʘʩʪʴ ʯʝʣʦʚʝʢʘ 

ʥʘʜ ʧʨʠʨʦʜʦʡ. 

 

I. ʅʘʟʚʘʥʠʝ ʠ ʩʦʜʝʨʞʘʥʠʝ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

Ä1. ʇʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʥʘʟʚʘʥʠʝʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʄʥʦʛʠʝ ʧʘʨʘʜʦʢʩʳ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʩʫʞʜʝʥʠʷ ʦ ʩʤʳʩʣʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʳʚʦʜʦʚ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʟ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʝʞʜʫ ʥʘʟʚʘʥʠʝʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʅʘʟʚʘʥʠʝ çʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʢʘʢ ʙʳ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ 

çʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴè. ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʞʝ, ʧʦʣʦʞʝʥʥʘʷ ʚ ʦʩʥʦʚʫ, ʪʨʫʜʥʦ ʦʪʣʠʯʠʤʘ ʦʪ ʨʝʣʷʪʠʚʠʟʤʘ, 

ʪ.ʝ. ʫʯʝʥʠʷ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʘʰʠʭ ʟʥʘʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʩʤʳʩʣʝ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ. ʊʘʢʘʷ 

ʪʨʘʢʪʦʚʢʘ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʝʩʴʤʘ ʠʤʧʦʥʠʨʫʝʪ ʧʦʟʠʪʠʚʠʩʪʘʤ ʠ ʚʩʷʯʝʩʢʠ ʨʝʢʣʘʤʠʨʫʝʪʩʷ 

ʬʠʣʦʩʦʬʘʤʠ-ʠʜʝʘʣʠʩʪʘʤʠ. ʆʥʠ ʚʠʜʷʪ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʠʤʝʨ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, 

ʧʨʦʪʠʚʦʨʝʯʘʱʝʡ ʤʘʪʝʨʠʘʣʠʟʤʫ. ʆʪʩʶʜʘ ʜʝʣʘʝʪʩʷ ʦʙʦʙʱʘʶʱʠʡ ʚʳʚʦʜ ʦ ʷʢʦʙʳ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʩ ʜʠʘʣʝʢʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʠʟʤʦʤ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʬʠʣʦʩʦʬʳ-ʤʘʪʝʨʠʘʣʠʩʪʳ, ʧʦʚʝʨʠʚʰʠʝ ʚ ʪʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ çʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴè, ʧʳʪʘʶʪʩʷ ʣʠʙʦ ʚʦʦʙʱʝ ʦʪʚʝʨʛʘʪʴ 

ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʢʘʢ ʷʢʦʙʳ ʧʨʦʪʠʚʦʨʝʯʘʱʫʶ ʤʘʪʝʨʠʘʣʠʟʤʫ, ʣʠʙʦ ʦʙʦʩʥʦʚʳʚʘʶʪ ʧʦʥʷʪʠʝ 

ʢʘʢʦʡ-ʪʦ çʬʠʟʠʯʝʩʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʦʪʣʠʯʥʦʡ ʦʪ ʨʝʣʷʪʠʚʠʟʤʘ ʠ ʷʢʦʙʳ ʣʝʞʘʱʝʡ ʚ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ. ʇʳʪʘʷʩʴ ʧʨʦʚʝʩʪʠ ʧʦʩʣʝʜʥʶʶ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʩʪʨʝʤʷʪʩʷ ʠʟʲʷʪʴ ʠʟ ʪʝʦʨʠʠ 

ʩʫʙʲʝʢʪʘ, ʟʘʤʝʥʠʚ ʝʛʦ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʥʝ ʟʘʤʝʯʘʷ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʣʶʙʦʡ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʡ ʧʨʠʙʦʨ ʣʠʰʴ ʚʤʝʩʪʝ ʩ ʧʦʟʥʘʶʱʠʤ ʩʫʙʲʝʢʪʦʤ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʳʝ ʯʝʨʪʳ 

ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʨʘ. 

ʕʪʠ ʩʧʦʨʳ ʬʠʣʦʩʦʬʦʚ ʩʪʘʥʦʚʷʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʙʝʩʧʨʝʜʤʝʪʥʳʤʠ, ʢʦʛʜʘ ʢ ʪʝʦʨʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ ʧʦʜʭʦʜʷʪ ʢʘʢ ʢ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʥʢʨʝʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ. ɺʳʷʩ-

ʥʷʝʪʩʷ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʫʱʝʩʪʚʫʶʱʫʶ ʤʝʞʜʫ ʥʠʤʠ ʚʟʘʠʤʦʩʚʷʟʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʨʠ ʵʪʦʤ çʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴè ʦʢʘʟʳʚʘʝʪʩʷ ʠʤʝʶʱʝʡ ʧʦʜʯʠʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ (ʠʥʦʛʜʘ ʜʘʞʝ ʯʠʩʪʦ 

ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ), ʥʝ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ çʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʠ ʜʨʫʛʠʭ 

ʨʘʟʜʝʣʘʭ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʥʘʚʷʟʳʚʘʝʤʳʭ ʥʘʟʚʘʥʠʝʤ, 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚʩʢʨʳʪʴ ʩʦʜʝʨʞʘʥʠʝ ʪʝʦʨʠʠ. 

 

                                                      
8 ʄʆʀ: ɺ ʣʶʙʦʡ ʪʝʦʨʠʠ ʝʝ ʧʦʩʪʫʣʘʪʳ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ. ʊʆ ʥʝ ʠʩʢʣʶʯʝʥʠʝ. ʆʜʥʘ 

ʠ ʪʘ ʞʝ ʩʫʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʭ. 
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Ä2. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʥʘʟʚʘʥʠʷ çʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè 

ʅʘʟʚʘʥʠʝ çʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʚʦʟʥʠʢʣʦ ʠʟ ʥʘʠʤʝʥʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʨʠʥʮʠʧʘ, ʠʣʠ 

ʧʦʩʪʫʣʘʪʘ, ʧʦʣʦʞʝʥʥʦʛʦ ʇʫʘʥʢʘʨʝ ʠ ʕʡʥʰʪʝʡʥʦʤ ʚ ʦʩʥʦʚʫ ʚʩʝʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʥʦʚʦʡ 

ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. 

ʅʘʟʚʘʥʠʝ ʞʝ çʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʠʣʠ çʧʦʩʪʫʣʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʚʦʟʥʠʢʣʦ ʢʘʢ 

ʦʪʨʠʮʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʘʙʩʦʣʶʪʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʧʦʜʚʠʞ-

ʥʳʤ ʵʬʠʨʦʤ, ʚʚʦʜʠʚʰʠʤʩʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʢ ʥʘʯʘʣʫ XX ʚ. ʫ ʬʠʟʠʢʦʚ, ʩʪʨʦʠʚʰʠʭ ʪʝʦʨʠʶ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʷʚʣʝʥʠʡ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʦʨʠʝʡ ʫʧʨʫʛʦʩʪʠ, ʩʣʦʞʠʣʦʩʴ ʣʦʞʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʵʬʠʨʦʤ. ɿʘʨʦʜʠʣʦʩʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʘʙʩʦʣʶʪʥʦʤ ʜʚʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʠʩʪʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʵʬʠʨʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʧʨʦʪʠʚʦʨʝʯʘʱʝʝ ʙʦʣʝʝ ʨʘʥʥʠʤ ʚʦʟʟʨʝʥʠʷʤ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ (ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ɻʘʣʠʣʝʷ). ʆʧʳʪʳ ʄʘʡʢʝʣʴʩʦʥʘ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦʚ 

ʦʧʨʦʚʝʨʛʣʠ, ʦʜʥʘʢʦ, ʵʪʫ ʪʝʦʨʠʶ çʥʝʧʦʜʚʠʞʥʦʛʦ ʵʬʠʨʘè ʠ ʜʘʣʠ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʢʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ, ʢʦʪʦʨʦʝ ʠ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ çʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè. ʊʘʢ 

ʵʪʦ ʥʘʟʚʘʥʠʝ ʚʚʦʜʠʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ʇʫʘʥʢʘʨʝ ʠ ʕʡʥʰʪʝʡʥʘ. 

ɺ ʩʚʦʝʡ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʨʘʙʦʪʝ çʂ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣè [1]9 ʕʡʥʰʪʝʡʥ 

ʧʠʰʝʪ: 
 

ç...ʥʝʫʜʘʚʰʠʝʩʷ ʧʦʧʳʪʢʠ ʦʙʥʘʨʫʞʠʪʴ ʜʚʠʞʝʥʠʝ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ çʩʚʝʪʦʥʦʩʥʦʡ ʩʨʝʜʳè ʚʝʜʫʪ ʢ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʭʘʥʠʢʝ, ʥʦ ʠ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʥʠʢʘʢʠʝ ʩʚʦʡʩʪʚʘ ʷʚʣʝʥʠʡ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʥʷʪʠʶ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʢʦʷ, ʠ ʜʘʞʝ ʙʦʣʝʝ ʪʦʛʦ, ï ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʧʨʘʚʝʜʣʠʚʳ ʫʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʢʠ, ʠʤʝʶʪ ʤʝʩʪʦ ʪʝ ʞʝ ʩʘʤʳʝ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʢʘʢ ʵʪʦ ʫʞʝ ʜʦʢʘʟʘʥʦ ʜʣʷ ʚʝʣʠʯʠʥ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʄʳ 

ʥʘʤʝʨʝʥʳ ʵʪʦ ʧʦʣʦʞʝʥʠʝ (ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ çʧʨʠʥʮʠʧʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè) ʧʨʝʚʨʘʪʠʪʴ ʚ ʧʨʝʜʧʦʩʳʣʢʫ...è (ʩʤ. ʩʙʦʨʥʠʢ çʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè. ʃʦʨʝʥʮ, 

ʇʫʘʥʢʘʨʝ, ʕʡʥʰʪʝʡʥ, ʄʠʥʢʦʚʩʢʠʡ. ʀʟʜ. ʆʅʊʀ, 1935, ʩʪʨ. 134). 

 

ɸʥʘʣʦʛʠʯʥʦ ʬʦʨʤʫʣʠʨʫʝʪ çʧʦʩʪʫʣʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʕʡʥʰʪʝʡʥʘ, ʠ 

ʇʫʘʥʢʘʨʝ [2]10: 
 

çʕʪʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʢʘʟʘʪʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʘʙʩʦʣʶʪʥʦʝ ʜʚʠʞʝʥʠʝ ɿʝʤʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦ-

ʚʠʜʠʤʦʤʫ ʟʘʢʦʥ ʧʨʠʨʦʜʳ; ʤʳ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʠʭʦʜʠʤ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʧʨʠʥʷʪʴ ʵʪʦʪ ʟʘʢʦʥ, ʢʦʪʦʨʳʡ ʤʳ 

ʥʘʟʦʚʝʤ ʧʦʩʪʫʣʘʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʠ ʧʨʠʥʷʪʴ ʝʛʦ ʙʝʟ ʦʛʦʚʦʨʦʢè (ʪʘʤ ʞʝ, ʩʪʨ. 51). 

 

ʀʪʘʢ, ʥʘʟʚʘʥʠʝ çʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʚʦʟʥʠʢʣʦ ʢʘʢ ʦʪʨʠʮʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ 

ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʠ ʘʙʩʦʣʶʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʚʦʟʥʠʢʰʝʛʦ ʚ 

ʢʦʥʮʝ XIX ʚ. ʚ ʩʚʷʟʠ ʩ ʧʦʧʳʪʢʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. 

ʊʦ, ʯʪʦ ʵʪʦ ʥʘʟʚʘʥʠʝ ʥʝ ʦʪʨʘʞʘʝʪ ʩʫʱʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʠ ʚʩʝʛʦ ʝʝ 

ʩʦʜʝʨʞʘʥʠʷ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ ʫʯʝʥʳʤʠ, ʨʘʟʨʘʙʘʪʳʚʘʚʰʠʤʠ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʊʘʢ, ʢʨʫʧʥʝʡʰʠʡ ʩʦʚʝʪʩʢʠʡ ʪʝʦʨʝʪʠʢ ʃ.ʀ. ʄʘʥʜʝʣʴʰʪʘʤ11 ([4,12 ʩʪʨ. 172]) ʚ ʩʚʦʠʭ ʣʝʢʮʠʷʭ 

ʧʦ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʨʘʟʲʷʩʥʷʣ: 
 

çʅʘʟʚʘʥʠʝ çʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʥʝʫʜʘʯʥʳʭ. ʋʪʚʝʨʞʜʘʝʪʩʷ ʥʝʟʘʚʠʩʠ-

ʤʦʩʪʴ ʷʚʣʝʥʠʡ ʦʪ ʥʝʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ. ʊʦ, ʯʪʦ ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ çʧʨʠʥʮʠʧʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʚʚʦʜʠʪ, ʢʘʢ ʫʚʠʜʠʤ ʧʦʪʦʤ, ʚ ʟʘʙʣʫʞʜʝʥʠʝè. 

 

ʅʘ ʥʝʫʜʘʯʥʦʩʪʴ ʥʘʟʚʘʥʠʷ ʫʢʘʟʳʚʘʣ ʠ ʦʜʠʥ ʠʟ ʪʚʦʨʮʦʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʨʘʩʢʨʳʚ-

ʰʠʡ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ, ɻʝʨʤʘʥ ʄʠʥʢʦʚʩʢʠʡ. ɽʱʝ ʚ 1908 ʛ. 

ʦʥ ʫʪʚʝʨʞʜʘʣ [3]13: 

                                                      
9 A. Einstein. Ann. Phys., 17, 891 (1905). 
10 H. Poincar®. Rend. Circolo Mat. Palermo, 21, 129 (1906). 
11 ʄʆʀ: ʄʘʥʜʝʣʴʰʪʘʤ ʙʳʣ ʫʯʠʪʝʣʝʤ ʊʝʨʣʝʮʢʦʛʦ. ʕʪʘ ʙʦʨʴʙʘ ʠʭ ʦʙʦʠʭ ʧʨʦʪʠʚ ʩʣʦʚʘ çʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʴè, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʘ ʩ ʛʦʪʦʚʷʱʠʤʩʷ ʚ ʢʦʥʮʝ 1940-ʭ ʛʦʜʦʚ ʧʦʛʨʦʤʦʤ ʚ ʬʠʟʠʢʝ, ʧʦʜʦʙʥʳʤ ʪʦʤʫ, 

ʢʘʢʦʡ ʙʳʣ ʫʯʠʥʝʥ ʚ ʙʠʦʣʦʛʠʠ ʩ ʛʝʥʝʪʠʢʦʡ. ʇʦʛʨʦʤ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʝ ʩʦʩʪʦʷʣʩʷ, ʪ.ʢ. ʬʠʟʠʢʠ (ʚʦ ʛʣʘʚʝ ʩ 

ʂʫʨʯʘʪʦʚʳʤ) ʩʢʘʟʘʣʠ ʃʘʚʨʝʥʪʠʶ ɹʝʨʠʠ, ʯʪʦ ʝʩʣʠ ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ, ʪʦ ʥʠʢʘʢʦʡ ʙʦʤʙʳ ʥʝ ʙʫʜʝʪ. ɹʝʨʠʷ 

ʦʙʨʘʪʠʣʩʷ ʢ ʉʪʘʣʠʥʫ, ʠ ʪʦʪ ʦʪʤʝʥʠʣ ʧʦʛʨʦʤ. ʅʦ ʦʪʟʚʫʢʠ ʝʛʦ ʩʣʳʰʥʳ ʫ ʄʘʥʜʝʣʴʰʪʘʤʘ ʠ ʊʝʨʣʝʮʢʦʛʦ. 
12 ʃ.ʀ. ʄʘʥʜʝʣʴʰʪʘʤ. ʇʦʣʥʦʝ ʩʦʙʨʘʥʠʝ ʪʨʫʜʦʚ, ʪ. V. ʀʟʜ-ʚʦ ɸʅ ʉʉʉʈ, 1950. 
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ç... ʪʝʨʤʠʥ çʧʦʩʪʫʣʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʜʣʷ ʪʨʝʙʦʚʘʥʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʛʨʫʧʧʝ Gc, ʢʘʞʝʪʩʷ ʤʥʝ ʩʣʠʰʢʦʤ ʙʣʝʜʥʳʤ. ʊʘʢ ʢʘʢ ʩʤʳʩʣ ʧʦʩʪʫʣʘʪʘ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʷʚʣʝʥʠʷʭ 

ʥʘʤ ʜʘʝʪʩʷ ʪʦʣʴʢʦ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʤʠʨ, ʥʦ ʯʪʦ ʧʨʦʝʢʮʠʠ ʵʪʦʛʦ ʤʠʨʘ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʥʘ ʚʨʝʤʷ ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʩ ʥʝʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʣʦʤ, ʤʥʝ ʭʦʪʝʣʦʩʴ ʙʳ ʵʪʦʤʫ 

ʫʪʚʝʨʞʜʝʥʠʶ ʩʢʦʨʝʝ ʜʘʪʴ ʥʘʟʚʘʥʠʝ: ʧʦʩʪʫʣʘʪ ʘʙʩʦʣʶʪʥʦʛʦ ʤʠʨʘ (ʠʣʠ ʢʦʨʦʪʢʦ ʤʠʨʦʚʦʡ ʧʦʩʪʫʣʘʪ)è 

(ʩʤ. ʩʙʦʨʥʠʢ çʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʩʪʨ. 192). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʥʘʟʚʘʥʠʷ çʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè ʠ çʪʝʦʨʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠè ʥʝ ʦʪʨʘʞʘʶʪ ʠʩʪʠʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʝʦʨʠʠ.14 

 

Ä3. ʊʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʢʘʢ ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ 

ʉʦʜʝʨʞʘʥʠʝ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʢʘʢ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʚʨʝʤʝʥʠ ʚʧʝʨʚʳʝ ʦʪʯʝʪʣʠʚʦ ʙʳʣʦ ʚʩʢʨʳʪʦ ɻʝʨʤʘʥʦʤ ʄʠʥʢʦʚʩʢʠʤ ʚ 1908 ʛ. ʃʠʰʴ ʦʧʠʨʘʷʩʴ ʥʘ 

ʵʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʕʡʥʰʪʝʡʥ ʩʫʤʝʣ ʚ 1916 ʛ. ʧʦʩʪʨʦʠʪʴ ʦʙʱʫʶ ʪʝʦʨʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, 

ʚʢʣʶʯʘʶʱʫʶ ʷʚʣʝʥʠʝ ʛʨʘʚʠʪʘʮʠʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʦʙʱʫʶ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ). ɺ ʵʪʦʤ 

ʧʘʨʘʛʨʘʬʝ ʜʘʝʪʩʷ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʪʝʭ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʝʝ ʢʘʢ ʯʝʪʳʨʝʭʤʝʨʥʫʶ ʪʝʦʨʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ.15 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʦʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʬʠʟʠʢʠ16 ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʨʝʤʝʥʠ.17 ʕʪʘ ʚʟʘʠʤʦʩʚʷʟʴ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʬʦʨʤʫʣʘʭ ʃʦʨʝʥʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ 

ʚʨʝʤʝʥʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʢ ʜʨʫʛʦʡ. 

ʂʘʞʜʦʝ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʦʙʨʘʞʝʥʦ ʚ ʥʘʰʝʤ ʩʦʟʥʘʥʠʠ ʠʥʘʯʝ ʢʘʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ.18 ʇʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʩʫʪʴ 

ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʚʩʝʦʙʱʠʤʠ ʬʦʨʤʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ 

ʤʘʪʝʨʠʷ. ʅʠʢʘʢʦʡ ʤʘʪʝʨʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚʥʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ.19 

ʂʦʥʢʨʝʪʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, 

ʪ.ʝ. ʢʦʦʨʜʠʥʘʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʯʠʩʝʣ x, y, z, t, ʩʦʩʪʘʚʣʷʶʱʝʝ ʚʦʦʙʨʘʞʘʝʤʫʶ 

ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʝʪʢʫ ʠ ʚʨʝʤʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʪʦʯʝʢ.20 

                                                                                                                                                                         
13 H. Minkowski. Phys. Z.S., 10, 104 (1909). 
14 ʄʆʀ: ʄʳ ʚʩʝ-ʪʘʢʠ ʥʘʭʦʜʠʤ ʵʪʦ ʥʘʟʚʘʥʠʝ (çʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè) ʭʦʨʦʰʠʤ ʠ ʧʦʜʭʦʜʷʱʠʤ. 

ʉʫʪʴ ʪʝʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʥʝʨʘʟʣʠʯʠʤʦʩʪʠ) ʩʦʩʪʦʷʥʠʡ ʧʦʢʦʷ ʠ ʨʘʚʥʦ-

ʤʝʨʥʦʛʦ (ʥʝʫʩʢʦʨʝʥʥʦʛʦ) ʜʚʠʞʝʥʠʷ. ʊʝʦʨʠʷ ʨʘʟʲʷʩʥʷʝʪ, ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ (ʢʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʵʪʦʛʦ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʪʝʤʧʦʤʫʥʜʫʩ, ʢʘʢʠʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʦʪʥʦ-

ʰʝʥʠʷ ʤʝʞʜʫ çʤʘʩʰʪʘʙʘʤʠè, ʧʦʢʘʟʘʥʠʷʤʠ ʯʘʩʦʚ ʠ ʪ.ʜ. ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ). 

ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʚʩʸ ʵʪʦ ʨʝʘʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ï ʵʪʦ ʚʦʧʨʦʩ ʜʨʫʛʦʡ. 
15 ʄʆʀ: ... ʢʘʢ ʪʝʦʨʠʶ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʪʝʤʧʦʤʫʥʜʫʩʘ. ɽʱʝ ʨʘʟ ʥʘʧʦʤʠʥʘʝʤ, ʯʪʦ ʊʆ ʥʝ ʠʤʝʝʪ ʧʨʘʚʘ 

ʤʦʥʦʧʦʣʠʟʠʨʦʚʘʪʴ ʧʦʥʷʪʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ʋ ʭʨʦʥʦʪʦʧʘ ʪʦʞʝ ʝʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ, ʥʦ ʦʥʠ 

ʜʨʫʛʠʝ, ʯʝʤ ʫʯʠʪ ʊʆ. 
16 ʄʆʀ: ʊʘʢ ʥʘʟʳʚʘʝʤʘʷ çʥʴʶʪʦʥʦʚʩʢʘʷ ʬʠʟʠʢʘè ʧʨʝʜʧʦʣʘʛʘʣʘ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʭʨʦʥʦʪʦʧʘ ʠ ʝʩʪʴ 

ʩʚʦʡʩʪʚʘ ʪʝʤʧʦʤʫʥʜʫʩʘ. ʅʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʥʝ ʪʘʢ ï ʩʚʦʡʩʪʚʘ ʭʨʦʥʦʪʦʧʘ ʠ ʪʝʤʧʦʤʫʥʜʫʩʘ ʦʪʣʠʯʘʶʪʩʷ. 
17 ʄʆʀ: ʕʪʠ ʧʦʥʷʪʠʷ (ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ) ʪʝʧʝʨʴ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʦ 

ʪʘʢʦʝ ʜʣʷ ʭʨʦʥʦʪʦʧʘ. ʅʦ ʯʪʦ ʵʪʦ ʪʘʢʦʝ ʜʣʷ ʪʝʤʧʦʤʫʥʜʫʩʘ ï ʥʝ ʧʦʥʷʪʥʦ. ʕʪʠ ʧʦʥʷʪʠʷ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʧʨʝʞʜʝ ʯʝʤ ʠʤʠ ʧʦʣʴʟʦʚʘʪʴʩʷ. 
18 ʄʆʀ: ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʥʝʷʩʥʦ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʦ. ʌʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʪʝʤʧʦ-

ʤʫʥʜʫʩʝ. ʅʦ çʚ ʥʘʰʝʤ ʩʦʟʥʘʥʠʠè ʦʥʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʘʢ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʭʨʦʥʦʪʦʧʝ. ʇʦʵʪʦʤʫ ʥʝʷʩʥʦ, ʦ 

ʂɸʂʆʄ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʩʝʡʯʘʩ ʛʦʚʦʨʠʪ ʊʝʨʣʝʮʢʠʡ: ʦ ʪʝʤʧʦʤʫʥʜʫʩʝ ʠʣʠ ʦ ʭʨʦʥʦʪʦʧʝ. ʉʫʱʝʩʪ-

ʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʝʛʦ ʨʘʩʩʫʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʨʦʩʪʦ-ʥʘʧʨʦʩʪʦ ʥʝ ʨʘʟʣʠʯʘʝʪ ʵʪʠ ʜʚʘ ʧʦʥʷʪʠʷ. 
19 ʄʆʀ: ʕʪʠ ʪʨʠ ʧʨʝʜʣʦʞʝʥʠʷ ï ʩʪʘʥʜʘʨʪʥʳʝ ʬʨʘʟʳ çʜʠʘʣʝʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʠʟʤʘè, ʥʦ ʦʥʠ ʥʝ 

ʦʪʨʘʞʘʶʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʙʣʝʤʳ. ɽʱʝ ʨʘʟ ʥʘʧʦʤʠʥʘʝʤ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʷʩʥʦ 

ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʭʨʦʥʦʪʦʧʘ, ʘ ʜʣʷ ʪʝʤʧʦʤʫʥʜʫʩʘ (ʛʜʝ ʠ ʩʫʱʝʩʪʚʫʝʪ çʤʘʪʝʨʠʷè), ʠʭ ʦʧʨʝʜʝʣʝʥʠʝ ʝʱʝ 

ʪʦʣʴʢʦ ʪʨʝʙʫʝʪʩʷ. 
20 ʄʆʀ: ʇʦʥʷʪʠʝ çʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘè ʥʝ ʩʦʚʩʝʤ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʥʷʪʠʝʤ çʭʨʦʥʦʪʦʧ ʦʜʥʦʛʦ ʥʘʙʣʶʜʘ-

ʪʝʣʷè, ʥʦ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʥʷʪʠʷʤʠ ʠʤʝʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ. ʇʦʵʪʦʤʫ, ʘʙʩʪʨʘʛʠʨʫʷʩʴ ʦʪ ʥʝʢʦʪʦ-

ʨʳʭ ʥʶʘʥʩʦʚ, ʤʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ çʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘè ï ʵʪʦ ʭʨʦʥʦʪʦʧ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ. ʕʪʦ ʪʨʝʭʤʝʨʥʦʝ ʝʚʢʣʠʜʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʣʶʩ ʦʜʥʦʤʝʨʥʦʝ ʚʨʝʤʷ, çʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝè 

ʧʨʦʩʪʨʘʥʩʪʚʫ; ʚʩʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʝʩʢʦʥʝʯʥʳ ʠ ʵʪʠʤ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʭʨʦʥʦʪʦʧʘ. 
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ʆʜʥʦ ʠ ʪʦ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʤʦʛʫʪ ʠʟʦʙʨʘʞʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʨʝʤʝʥ-

ʥʳʤʠ ʩʝʪʢʘʤʠ, ʪ.ʝ. ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʪʩʯʝʪʘ.21 ɺʤʝʩʪʦ ʯʠʩʝʣ x, y, z, t ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ 

ʤʦʞʝʪ ʠʟʦʙʨʘʞʘʪʴʩʷ ʯʠʩʣʘʤʠ, xǋ, yǋ, zǋ, tǋ, ʧʨʠʯʝʤ ʵʪʠ ʯʠʩʣʘ ʥʝ ʧʨʦʠʟʚʦʣʴʥʳ, ʘ ʩʚʷʟʘʥʳ ʩ x, y, z, t 

ʩʦʚʝʨʰʝʥʥʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʬʦʨʤʫʣʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠ ʚʳʨʘʞʘʶʪ ʩʚʦʡʩʪʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ.22 

ʀʪʘʢ, ʢʘʞʜʦʝ ʚʦʟʤʦʞʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʦʪʩʯʝʪʘ Ɇ. ʉʠʩʪʝʤʘ ʞʝ ʦʪʩʯʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʨʝʘʣʴʥʳʤ ʪʝʣʦʤ ʦʪʩʯʝʪʘ, 

ʢʘʢʦʚʳʤ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ. ʂʦʦʨʜʠʥʘʪʳ x, y, z ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʪʦʯʢʘʤʠ ʪʝʣʘ ʦʪʩʯʝʪʘ ʠʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʨʫʛʠʤʠ ʦʧʝʨʘʮʠʷʤʠ, ʧʨʦʜʝʣʳʚʘʝʤʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʣʫ ʦʪʩʯʝʪʘ. ʄʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʢʦʥʢʨʝʪʥʳʭ ʯʘʩʦʚ, 

ʨʘʩʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʪʝʣʘ ʦʪʩʯʝʪʘ. ʊʝʣʦ ʦʪʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ, ʦʯʝʚʠʜʥʦ, ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʅʝ ʩʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ ʩ ʪʝʣʦʤ ʦʪʩʯʝʪʘ, ʢʘʢ ʵʪʦ ʧʨʝʜʣʘʛʘʶʪ 

ʬʠʟʠʢʠ, ʧʨʠʜʝʨʞʠʚʘʶʱʠʝʩʷ ʦʧʝʨʘʮʠʦʥʘʣʠʩʪʠʯʝʩʢʦʡ ʬʠʣʦʩʦʬʠʠ. ʌʠʟʠʢʠ ʧʨʠ ʠʟʦʙʨʘʞʝʥʠʠ 

ʷʚʣʝʥʠʡ ʧʦʣʴʟʫʶʪʩʷ ʣʶʙʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʪʩʯʝʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʘʢʠʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʥʝʚʦʟʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʢʘʢʦʝ-ʣʠʙʦ ʨʝʘʣʴʥʦʝ ʪʷʞʝʣʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʤʦʛʫʱʝʝ ʠʛʨʘʪʴ ʨʦʣʴ ʪʝʣʘ ʦʪʩʯʝʪʘ. ʆʩʥʦʚʘ-

ʥʠʝʤ ʜʣʷ ʪʘʢʦʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʣʫʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʣʥʦʤ ʨʘʚʥʦʧʨʘʚʠʠ ʚʩʝʭ 

ʤʳʩʣʠʤʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʚʳʙʦʨʦʤ 

ʩʧʦʩʦʙʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʫʜʦʙʥʳʤ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʷʚʣʝʥʠʷ. 

ʀʪʘʢ, ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʚʳʙʠʨʘʝʪʩʷ ʧʦʟʥʘʶʱʠʤ ʩʫʙʲʝʢʪʦʤ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ. ʆʥʘ ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʘ ʥʝ ʟʘʜʘʝʪʩʷ ʢʘʢ ʥʝʢʦʪʦʨʦʝ ʷʢʦʙʳ 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʝʝ ʧʨʠ ʚʩʷʢʦʤ ʤʘʪʝʨʠʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʙʦʣʴʰʦʝ ʪʷʞʝʣʦʝ ʪʝʣʦ. 

ɽʩʣʠ ʠʟʙʨʘʥʳ ʜʚʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ Ɇ ʠ Ɇ', ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʘʝʪ ʦʜʥʦ ʠ ʪʦ ʞʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ, ʪʦ, ʢʘʢ ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʠʩʪʝʤʘʭ Ɇ 

ʠ Ɇ' ʩʚʷʟʘʥʳ ʪʘʢ, ʯʪʦ ʠʥʪʝʨʚʘʣ s12, ʦʧʨʝʜʝʣʷʝʤʳʡ ʜʣʷ ʜʚʫʭ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ ʢʘʢ 

 
ʦʩʪʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ Ɇ ʢ Ɇ', ʪ.ʝ.23 

 
ʀʥʘʯʝ ʛʦʚʦʨʷ, s12 ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ, ʩʚʷʟʳʚʘʶʱʠʭ ʢʦʦʨʜʠʥʘʪʳ ʠ 

ʚʨʝʤʷ ʚ Ɇ ʠ Ɇ': 

 
ʀʟ (3.3), ʪʘʢ ʞʝ ʢʘʢ ʠʟ (3.1), (3.2), ʩʣʝʜʫʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʪ.ʝ. ʝʩʣʠ ʜʣʷ ʜʚʫʭ ʩʦʙʳʪʠʡ ʚ ʩʠʩʪʝʤʝ Ɇ ʠʤʝʝʤ t2 = t1, ʭ2 Í 

ʭ1, y2 = y1, z2 = z1, ʪʦ ʚ ʩʠʩʪʝʤʝ Ɇ', ʜʚʠʞʫʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʙʫʜʝʤ ʠʤʝʪʴ 

 
ʪ.ʝ. tǋ2 Í tǋ1. 

ʕʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʜʚʠʞʫʱʠʭʩʷ ʤʘʩʰʪʘʙʦʚ ʠ 

ʠʟʤʝʥʝʥʠʶ ʭʦʜʘ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ, ʢʘʢ ʵʪʦ ʤʳ ʧʦʜʨʦʙʥʦ ʨʘʟʙʝʨʝʤ ʚ Ä 10 ʠ 11.24 

                                                      
21 ʄʆʀ: ʅʝʪʦʯʥʦʝ ʚʳʨʘʞʝʥʠʝ (ʠʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʥʷʪʠʡ çʧʨʦʩʪʨʘʥʩʪʚʦè ʠ çʚʨʝʤʷè); ʪʦʯʥʝʝ 

ʙʫʜʝʪ ʪʘʢ: çʆʜʠʥ ʠ ʪʦʪ ʞʝ ʪʝʤʧʦʤʫʥʜʫʩ ʤʦʞʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʭʨʦʥʦʪʦʧʘʭè. 
22 ʄʆʀ: ʌʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʞʘʶʪ ʩʚʦʡʩʪʚʘ ʪʝʤʧʦʤʫʥʜʫʩʘ, ʘ ʯʪʦ ʪʘʢʦʝ ʜʣʷ ʥʝʛʦ çʧʨʦ-

ʩʪʨʘʥʩʪʚʦè ʠ ʯʪʦ çʚʨʝʤʷè ï ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ʇʨʦʩʪʦ ʦʙʲʝʢʪʳ ʪʝʤʧʦʤʫʥʜʫʩʘ ʪʘʢʦʚʳ, ʯʪʦ ʝʩʣʠ 

ʠʭ ʦʪʦʙʨʘʟʠʪʴ ʚ ʦʜʥʦʤ ʭʨʦʥʦʪʦʧʝ Ɇ, ʘ ʧʦʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʞʝ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʜʨʫʛʦʤ ʭʨʦʥʦʪʦʧʝ Ɇ', ʪʦ 

ʙʫʜʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʫʢʘʟʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 
23 ʄʆʀ: ɺʠʜʠʤʦ, ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʜʦʣʞʥʦ ʙʳʪʴ: ... = (x1 ï x2)2 + ... ʀʥʚʘʨʠʘʥʪʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ s12 ʥʝ 

çʫʩʪʘʥʦʚʣʝʥʘ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè, ʘ ʧʨʦʩʪʦ ʦʥʘ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʩʷ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʩʪʠ. 
24 ʄʆʀ: ʕʪʦ ʩʢʘʟʘʥʦ ʪʘʢ, ʙʫʜʪʦ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢʦʝ-ʪʦ ʨʝʘʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʠ ʟʘʤʝʜʣʝʥʠʝ, ʥʦ, 

ʨʘʟʫʤʝʝʪʩʷ, ʵʪʦ ʥʝ ʪʘʢ. ʊʝʤʧʦʤʫʥʜʫʩ ʩʦ ʚʩʝʤʠ ʝʛʦ ʦʙʲʝʢʪʘʤʠ ʦʩʪʘʝʪʩʷ ʪʘʢʠʤ, ʢʘʢʠʤ ʦʥ ʝʩʪʴ, ʘ ʚʩʝ çʩʦʢʨʘ-

ʱʝʥʠʷè ʠ çʟʘʤʝʜʣʝʥʠʷè ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʝʥʦʩʫ ʚʳʯʠʩʣʝʥʠʡ ʠʟ ʦʜʥʦʛʦ ʭʨʦʥʪʦʧʘ ʚ ʜʨʫʛʦʡ. 
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ɺ ʵʪʠʭ ʩʚʦʡʩʪʚʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʦʪʨʘʞʘʝʪʩʷ ʩʫʱʝʩʪʚʦ ʥʦʚʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʩʚʷʟʘʥʥʳʭ ʚ ʝʜʠʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ ʤʥʦʛʦʦʙʨʘ-

ʟʠʝ, ʤʥʦʛʦʦʙʨʘʟʠʝ ʩ ʦʩʦʙʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ (3.1) ʠ (3.2), ʯʝʪʳʨʝʭʤʝʨʥʦʡ, ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ 

ʛʝʦʤʝʪʨʠʝʡ, ʛʝʦʤʝʪʨʠʝʡ, ʚ ʢʦʪʦʨʦʡ ʚʨʝʤʷ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ25 ʠ ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʩʣʝʜʥʝʛʦ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ (3.4). 

ʀʟ ʵʪʠʭ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʳʪʝʢʘʶʪ ʚʘʞʥʝʡʰʠʝ ʩʣʝʜʩʪʚʠʷ ʜʣʷ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ, ʚʳʨʘʞʘ-

ʝʤʳʝ ʚ ʩʚʦʡʩʪʚʝ ʢʦʚʘʨʠʘʥʪʥʦʩʪʠ (ʪ.ʝ. ʥʝʠʟʤʝʥʷʝʤʦʩʪʠ ʬʦʨʤʳ) ʣʶʙʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʯʝʪʳʨʝʭʤʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʪʨʝʙʦʚʘʥʠʠ ʢʦʚʘʨʠʘʥʪʥʦʩʪʠ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ʢʘʢ 

ʦ ʝʜʠʥʦʤ ʯʝʪʳʨʝʭʤʝʨʥʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ. 

ʊʘʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʙʝ ʬʠʟʠʢʠ, ʢʦʥʢʨʝʪʥʦ ʧʨʠʤʝʥʷʶʱʠʝ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʝʝ 

ʨʝʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʦʥʷʪʠʝ çʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴè ʧʨʠʦʙʨʝʪʘʝʪ ʣʠʰʴ ʩʤʳʩʣ ʚʦʟʤʦʞʥʦʡ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʝʥʠʡ ʧʨʠ ʘʙʩʦʣʶʪʥʦʩʪʠ ʩʦʜʝʨʞʘ-

ʥʠʷ, ʪ.ʝ. ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ. 

 

Ä4. ɹʝʩʧʣʦʜʥʦʩʪʴ ʧʦʧʳʪʦʢ ʩʚʷʟʘʪʴ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ  

ʩ ʬʠʣʦʩʦʬʩʢʠʤ ʨʝʣʷʪʠʚʠʟʤʦʤ 

ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʥʘʟʚʘʥʠʷ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʠʩʪʠʥʥʦʝ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʢ ʥʦʚʦʡ ʪʝʦʨʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʯʘʩʪʦ 

ʧʦʜʤʝʥʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚʩʷʢʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʝʥʠʡ ʪʦʣʢʫʝʪʩʷ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ 

ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʪʝʦʨʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʚ ʩʤʳʩʣʝ ʦʪʥʦʰʝʥʠʷ ʢ ʥʘʙʣʶʜʘʪʝʣʶ, ʩʚʷʟʘʥ-

ʥʦʤʫ ʩ ʩʠʩʪʝʤʦʡ ʦʪʩʯʝʪʘ. 

ʆʪʩʶʜʘ ʧʦʜʚʦʜʠʪʩʷ ʬʫʥʜʘʤʝʥʪ ʧʦʜ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʯʪʦ ʚʦʦʙʱʝ ʥʘʙʣʶʜʘʝʤʳʡ ʬʠʟʠʯʝʩʢʠʡ 

ʦʙʲʝʢʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʙʝʟ ʥʘʙʣʶʜʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʝʛʦ ʧʨʦʷʚʣʝʥʠʝ, ʬʠʢʩʠʨʫʝʤʦʝ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ 

ʧʨʠʙʦʨʘʤʠ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ. 

ʕʪʘ ʠʜʝʷ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʘ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʩʪʘʪʴ ʥʘ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝʤ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ 

ʦʜʥʠʭ ʠʟʤʝʨʝʥʠʡ ʩ ʜʨʫʛʠʤʠ. ʕʪʘ ʪʦʯʢʘ ʟʨʝʥʠʷ ʥʠʢʦʛʜʘ, ʦʜʥʘʢʦ, ʥʝ ʙʳʣʘ ʪʚʦʨʯʝʩʢʦʡ, ʠʙʦ ʚʩʷʢʘʷ 

ʪʝʦʨʠʷ ʜʚʠʞʝʪʩʷ ʚʧʝʨʝʜ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʧʦʪʝʟ ʦ ʩʫʱʥʦʩʪʠ ʩʘʤʠʭ ʷʚʣʝʥʠʡ, ʘ ʥʝ ʦ ʩʧʦʩʦʙʘʭ ʠʭ 

ʠʟʤʝʨʝʥʠʡ. 

ɺ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʫʧʦʨ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʚ ʩʫʙʲʝʢʪʠʚʠʩʪʩʢʦʤ ʩʤʳʩʣʝ 

ʟʘʜʝʨʞʠʚʘʣ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʧʦʥʷʪʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʙʝʟʫʩʧʝʰʥʳʝ ʧʦʠʩʢʠ ʦʙʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʩʤʳʩʣʝ ʄʘʭʘ ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʢʘʢ ʪʝʦʨʠʠ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʨʠʤʘʥʦʚʘ ʢʦʥʪʠʥʫʫʤʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʢʨʠʚʠʟ-

ʥʳ. 

 

II. ʇʦʩʪʫʣʘʪʳ ʕʡʥʰʪʝʡʥʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ 

Ä5. ʈʦʣʴ ʧʦʩʪʫʣʘʪʦʚ ʕʡʥʰʪʝʡʥʘ ʠ ʠʭ ʢʘʞʫʱʘʷʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʦʪʨʘʞʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʃʦʨʝʥʮʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʟʘʪʝʤ 

ʚʳʚʝʜʝʥʳ ʕʡʥʰʪʝʡʥʦʤ ʠʩʭʦʜʷ ʠʟ ʜʚʫʭ ʧʦʩʪʫʣʘʪʦʚ ï ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧʘ 

ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʕʡʥʰʪʝʡʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʵʪʠ ʧʦʩʪʫʣʘʪʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ɿʘʢʦʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, 

ʢ ʢʦʪʦʨʦʡ ʠʟ ʜʚʫʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʥʘʭʦʜʷʱʠʭʩʷ ʦʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʚ ʨʘʚʥʦʤʝʨʥʦʤ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʩʷʪʩʷ. 

                                                      
25 ʄʆʀ: ʏʪʦ ʪʘʢʦʝ çʧʨʦʩʪʨʘʥʩʪʚʦè ʠ çʚʨʝʤʷè ʜʣʷ ʪʝʤʧʦʤʫʥʜʫʩʘ, ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʦʧʨʝʜʝʣʝʥʦ; ʤʳ 

ʨʘʩʧʦʣʘʛʘʝʤ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʠʷʤʠ, ʯʪʦ ʪʘʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʚ ʦʪʜʝʣʴʥʳʭ ʭʨʦʥʦʪʦʧʘʭ. ʇʦʵʪʦʤʫ 

ʣʫʯʰʝ ʚʦʦʙʱʝ ʥʝ ʫʧʦʪʨʝʙʣʷʪʴ ʪʝʨʤʠʥʳ çʧʨʦʩʪʨʘʥʩʪʚʦè ʠ çʚʨʝʤʷè ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʤʧʦʤʫʥʜʫʩʘ. 
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2. ʂʘʞʜʳʡ ʣʫʯ ʩʚʝʪʘ ʜʚʠʞʝʪʩʷ ʚ çʧʦʢʦʷʱʝʡʩʷè ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ c ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʠʩʧʫʩʢʘʝʪʩʷ ʣʠ ʵʪʦʪ ʣʫʯ ʩʚʝʪʘ ʧʦʢʦʷʱʠʤʩʷ ʠʣʠ ʜʚʠʞʫʱʠʤʩʷ 

ʪʝʣʦʤ.26 

ɿʥʘʯʝʥʠʝ ʵʪʠʭ ʧʦʩʪʫʣʘʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʩʦʩʪʦʷ-

ʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʭ ʧʨʠʥʷʪʠʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʟʥʘʯʘʣʦ ʦʪʢʘʟ ʦʪ ʩʪʘʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʨʝʤʝʥʠ, ʢʘʢ ʦ ʤʥʦʛʦʦʙʨʘʟʠʷʭ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠ ʦʜʥʦ ʩ ʜʨʫʛʠʤ. 

ʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʩʘʤ ʧʦ ʩʝʙʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣ ʯʝʛʦ-ʣʠʙʦ ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʛʦ, ʪʘʢ ʢʘʢ 

ʦʥ ʩʦʜʝʨʞʘʣʩʷ ʠ ʚ ʥʴʶʪʦʥʦʚʩʢʦʡ ʬʠʟʠʢʝ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʙʘʟʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. ʈʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʝʛʦ ʥʘ ʣʶʙʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʳʟʳʚʘʣʦ ʚʦʟʨʘʞʝʥʠʷ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠ ʩʚʝʪʦʚʦʛʦ ʵʬʠʨʘ. 

ʇʨʠʥʮʠʧ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʣ ʣʠʰʴ ʚʦʟʚʨʘʪ ʢ ʜʦʵʬʠʨʥʳʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷʤ ʠ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ, ʪ.ʝ. ʥʝ ʙʳʣ ʯʝʤ-ʪʦ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʝʤʣʝʤʳʤ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʴʶʪʦʥʦʚʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. 

ʆʜʥʘʢʦ ʵʪʠ ʜʚʘ ʧʨʠʥʮʠʧʘ, ʚʟʷʪʳʝ ʚʤʝʩʪʝ, ʧʨʠ-

ʚʝʣʠ ʢ ʧʨʦʪʠʚʦʨʝʯʠʶ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷʤʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʤʝʭʘʥʠʢʦʡ ʅʴʶʪʦʥʘ. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʦʙʳʯʥʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʚ ʬʦʨʤʝ ʩʣʝʜʫʶʱʝʛʦ ʧʘʨʘʜʦʢʩʘ 

(ʨʠʩ. 1). 

ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ Ɇ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ t = 0 ʚ ʪʦʯʢʝ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʘʯʘʣʦʤ 

ʢʦʦʨʜʠʥʘʪ ʭ = ʫ = z = 0, ʧʨʦʠʟʦʰʣʘ ʚʩʧʳʰʢʘ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t 

ʬʨʦʥʪ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʚ ʩʠʣʫ ʟʘʢʦʥʘ ʧʦʩʪʦʷʥʩʪʚʘ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʜʦ ʩʬʝʨʳ ʨʘʜʠʫʩʘ 

R = ct ʩ ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ Ɇ. 

ʆʜʥʘʢʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʫʣʘʪʘʤʠ ʕʡʥʰʪʝʡʥʘ 

ʵʪʦ ʞʝ ʷʚʣʝʥʠʝ ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ Ɇ', ʜʚʠʞʫʱʝʡʩʷ 

ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ ʚʜʦʣʴ ʦʩʠ ʭ, ʪʘʢ ʯʪʦ ʝʝ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʩʝʭ ʦʩʝʡ 

ʩʦʚʧʘʜʘʣʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = 0 ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʦʩʝʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ Ɇ. ɺ ʵʪʦʡ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʪʫʣʘʪʘʤ ʕʡʥʰʪʝʡʥʘ ʟʘ ʚʨʝʤʷ t ʩʚʝʪ 

ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʠʪʩʷ ʜʦ ʩʬʝʨʳ ʨʘʜʠʫʩʘ R = ct, ʦʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʩʬʝʨʳ ʮʝʥʪʨ 

ʥʦʚʦʡ ʩʬʝʨʳ ʜʦʣʞʝʥ ʣʝʞʘʪʴ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ Ɇ', ʘ ʥʝ Ɇ. ʅʝʩʦʚʧʘʜʝʥʠʝ ʵʪʠʭ ʩʬʝʨ, ʪ.ʝ. 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʯʝʤ-ʪʦ ʩʦʚʝʨʰʝʥʥʦ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ ʠ 

ʥʝʧʨʠʝʤʣʝʤʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ.27 ʂʘʞʝʪʩʷ, ʯʪʦ ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ 

ʧʘʨʘʜʦʢʩʘ ʥʘʜʦ ʦʪʢʘʟʘʪʴʩʷ ʣʠʙʦ ʦʪ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʣʠʙʦ ʦʪ ʧʨʠʥʮʠʧʘ ʧʦʩʪʦʷʥʩʪʚʘ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

ʊʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪ, ʦʜʥʘʢʦ, ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʘʨʘʜʦʢʩʘ, 

ʩʦʩʪʦʷʱʝʝ ʚ ʪʦʤ, ʯʪʦ ʩʦʙʳʪʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ Ɇ, ʥʝʦʜʥʦʚʨʝʤʝʥʥʳ ʚ 

ʜʨʫʛʦʡ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ Ɇ', ʠ ʥʘʦʙʦʨʦʪ. ʊʦʛʜʘ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʩʦʙʳʪʠʷ, ʩʦʩʪʦʷʱʠʝ ʚ 

ʜʦʩʪʠʞʝʥʠʠ ʩʚʝʪʦʚʳʤ ʬʨʦʥʪʦʤ ʩʬʝʨʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ 

 
ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʳ Ɇ', ʛʜʝ ʦʜʥʦʚʨʝʤʝʥʥʳ ʜʨʫʛʠʝ ʩʦʙʳʪʠʷ, 

ʩʦʩʪʦʷʱʠʝ ʚ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤ ʞʝ ʩʚʝʪʦʚʳʤ ʬʨʦʥʪʦʤ ʪʦʯʝʢ ʩʬʝʨʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ 

ʯʝʤ-ʪʦ ʘʙʩʦʣʶʪʥʳʤ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʚ ʧʦʚʩʝʜʥʝʚʥʦʤ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʦʧʳʪʝ, ʘ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʷʪ ʩʦʙʳʪʠʷ. ʕʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ 

                                                      
26 ʄʆʀ: ɺ ʥʘʰʠʭ ʪʝʨʤʠʥʘʭ ʵʪʦʪ ʧʦʩʪʫʣʘʪ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: çɼʣʷ ʣʶʙʦʛʦ ʭʨʦʥʦʪʦʧʘ ʩʚʝʪ 

ʚʩʝʛʜʘ ʜʚʠʞʝʪʩʷ ʪʘʢ, ʙʫʜʪʦ ʵʪʦ ʚʦʣʥʳ ʥʝʧʦʜʚʠʞʥʦʛʦ ʵʬʠʨʘ, ʩʚʷʟʘʥʥʦʛʦ ʥʝʨʘʟʨʳʚʥʦ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʠʤʝʥʥʦ ʵʪʦʛʦ ʭʨʦʥʦʪʦʧʘ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩè. 
27 ʄʆʀ: ... ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʜʥʦʛʦ ʭʨʦʥʦʪʦʧʘ. 

 
ʈʠʩ.1 
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ʩʦʙʳʪʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʦʜʥʦ ʩ ʜʨʫʛʠʤ,28 ʪʘʢ ʢʘʢ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʢ ʜʨʫʛʦʡ, ʬʠʟʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ, ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝ-

ʥʠ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʩʪʘʥʦʚʷʪʩʷ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʨʘʩʩʪʦʷʥʠʡ (ʥʫʣʝʚʦʡ ʧʨʦʤʝʞʫʪʦʢ ʩʪʘʥʦʚʠʪʩʷ 

ʢʦʥʝʯʥʳʤ, ʠ ʥʘʦʙʦʨʦʪ). 

ʀʪʘʢ, ʧʦʩʪʫʣʘʪʳ ʕʡʥʰʪʝʡʥʘ ʧʦʤʦʛʣʠ ʥʘʤ ʧʨʠʡʪʠ ʢ ʥʦʚʦʤʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 

ʚ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʧʦʣʦʞʝʥʠʶ ʦ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʨʝʤʝʥʠ ʠ ʦʙ ʠʭ ʥʝʨʘʟʜʝʣʴʥʦʩʪʠ. ɺ ʵʪʦʤ, ʧʦʞʘʣʫʡ, ʩʦʩʪʦʠʪ ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʪʫʣʘʪʦʚ 

ʕʡʥʰʪʝʡʥʘ, ʠʙʦ ʩʘʤ ʚʳʚʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ, ʢʘʢ ʤʳ ʫʚʠʜʠʤ ʥʠʞʝ, ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ 

ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʪʚʦʜʷʪ ʦʩʦʙʫʶ ʨʦʣʴ ʧʦʩʪʫʣʘʪʫ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʠ ʬʦʨʤʫ-

ʣʠʨʫʶʪ ʝʛʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʦʙʨʘʟʠʪʴ ʵʪʦʪ ʧʦʩʪʫʣʘʪ ʢʘʢ ʦʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʆʩʥʦʚʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʪʘʢʦʛʦ ʤʥʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʪʘ 

ʦʩʦʙʘʷ ʨʦʣʴ, ʢʦʪʦʨʘʷ ʦʪʚʦʜʠʪʩʷ ʕʡʥʰʪʝʡʥʦʤ ʩʚʝʪʦʚʳʤ ʩʠʛʥʘʣʘʤ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪʩʷ (ʪ.ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ) ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ. ʉʚʝʪʦʚʦʡ 

ʩʠʛʥʘʣ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʩʝʛʜʘ ʪʦʣʴʢʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ, ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢ ʥʝʢʦʪʦʨʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʤʫ ʩʚʷʟʴ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʷʢʦʙʳ ʧʦʥʷʪʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʨʘʟʦʙʱʝʥʥʳʭ 

ʩʦʙʳʪʠʡ ʠ ʚʨʝʤʝʥʠ ʚʦʦʙʱʝ ʪʝʨʷʶʪ ʩʤʳʩʣ. 

ʅʝʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʪʘʢʦʛʦ ʠʩʪʦʣʢʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʣʝʛʢʦ 

ʜʦʢʘʟʳʚʘʝʪʩʷ, ʝʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʳʚʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ, 

ʦʧʠʨʘʶʱʝʤʫʩʷ ʪʦʣʴʢʦ ʥʘ ʧʦʩʪʫʣʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʚʤʝʩʪʦ ʧʦʩʪʫʣʘʪʘ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʠʩʧʦʣʴʟʫʶʱʝʤʫ ʣʠʰʴ ʜʦʧʫʱʝʥʠʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʪʝʣʘ ʦʪ ʩʢʦʨʦʩʪʠ. 

 

Ä6. ʄʝʭʘʥʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ 

ʇʨʝʞʜʝ ʯʝʤ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʤʦʞʥʦ ʚʳʚʝʩʪʠ, ʦʧʠʨʘʷʩʴ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʥʘ ʤʝʭʘʥʠʢʫ ʠ ʥʘ ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʥʝʡ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʩʦʙʳʪʠʡ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʯʘʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʙʝʟ ʩʚʝʪʦʚʳʭ 

ʩʠʛʥʘʣʦʚ, ʯʠʩʪʦ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʯʘʩʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʪʦʯʢʘʭ, ʩʦʩʪʦʠʪ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴ-

ʩʦʚ, ʧʨʠʰʝʜʰʠʭ ʚ ʵʪʠ ʪʦʯʢʠ ʦʪ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʘʚʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʫʢʘʟʘʥʥʳʭ ʪʦʯʝʢ, ʥʘʧʨʠʤʝʨ, ʚ ʮʝʥʪʨʝ ʩʦʝʜʠʥʷʶʱʝʛʦ ʠʭ ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ. ɺ ʩʠʣʫ 

ʧʦʩʪʫʣʠʨʫʝʤʦʛʦ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʙʘ ʠʤʧʫʣʴʩʘ ʜʦʣʞʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʥʫʪʴ 

ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʦʯʝʢ. 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʪʦ, ʯʪʦ 

ʩʠʛʥʘʣʳ ʜʚʠʞʫʪʩʷ ʠʤʝʥʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʩ. ɿʜʝʩʴ ʚʘʞʥʦ ʣʠʰʴ, ʯʪʦ ʦʥʠ ʜʚʠʞʫʪʩʷ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʝʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ, ʥʘʧʨʠʤʝʨ, 

ʪʦʯʝʯʥʳʤʠ ʤʘʩʩʘʤʠ, ʜʚʠʞʫʱʠʤʠʩʷ ʠʟ ʮʝʥʪʨʘ ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ ʢ ʝʛʦ ʢʦʥʮʘʤ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ u. ɺʘʞʥʦ ʣʠʰʴ ʦʩʫʱʝʩʪʚʠʪʴ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʦʪʪʘʣʢʠʚʘʥʠʷ ʵʪʠʭ ʤʘʩʩ, ʯʪʦʙʳ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʙʳ ʛʘʨʘʥʪʠʨʦʚʘʥʘ ʦʜʠʥʘʢʦʚʦʩʪʴ ʠʭ ʩʢʦʨʦʩʪʝʡ. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʪʘʢʦʡ ʧʨʦʮʝʩʩ, ʝʩʣʠ ʨʘʟʣʝ-

ʪʘʶʱʠʝʩʷ ʤʘʩʩʳ ʦʜʠʥʘʢʦʚʳ ʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʘʣʢʠʚʘʥʠʷ ʥʝ ʫʯʘʩʪʚʫʝʪ ʢʘʢʦʝ-ʣʠʙʦ ʪʨʝʪʴʝ ʪʝʣʦ, 

ʟʘʙʠʨʘʶʱʝʝ ʥʘ ʩʝʙʷ ʯʘʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʨʘʩʪʘʣʢʠʚʘʥʠʷ ʦʜʠʥʘʢʦʚʳʭ ʪʝʣ ʤʦʞʥʦ ʧʨʠʜʫʤʘʪʴ ʦʯʝʥʴ ʤʥʦʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʥʮʠʧʝ 

ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʯʘʩʦʚ ʧʨʠ ʧʦʤʦʱʠ ʯʠʩʪʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʟʜʝʩʴ ʨʝʯʴ ʠʜʝʪ ʣʠʰʴ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ, ʠʙʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʚʝʪʦʚʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʫʜʝʪ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʠ ʥʘʜʝʞʥʦʡ. 

ʄʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʦʚ ʩʧʦʩʦʙʝʥ 

ʫʢʘʟʘʪʴ ʠʩʪʠʥʥʫʶ, ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ, 

ʦʜʠʥʘʢʦʚʫʶ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ʆʜʥʘʢʦ ʪʘʢ ʦʙʩʪʦʷʣʦ ʙʳ ʜʝʣʦ, ʝʩʣʠ ʙʳ ʙʳʣ ʩʧʨʘʚʝʜʣʠʚ 

                                                      
28 ʄʆʀ: ʇʦʥʷʪʠʷ çʧʨʦʩʪʨʘʥʩʪʚʘè ʠ çʚʨʝʤʝʥʠè ʜʣʷ ʪʝʤʧʦʤʫʥʜʫʩʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʝʤʧʦʤʫʥʜʫʩ (ʢʘʢ ʬʠʟʠʯʝʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ) 

ʠʤʝʝʪ ʪʘʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʦʥ ʧʦ-ʨʘʟʥʦʤʫ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʭʨʦʥʦʪʦʧʘʭ. 
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ʟʘʢʦʥ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʦ ʥʝʠʟʤʝʥʥʦʩʪʠ ʤʘʩʩʳ ʪʝʣ. ʅʘ ʩʘʤʦʤ ʞʝ ʜʝʣʝ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʤʘʩʩʘ (ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʤʧʫʣʴʩʘ ʢ ʩʢʦʨʦʩʪʠ) ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ, ʤʦʥʦʪʦʥʥʦ 

ʚʦʟʨʘʩʪʘʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

 
ʚ çʥʝʧʦʜʚʠʞʥʦʡè ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʠ 

 
ʚ çʜʚʠʞʫʱʝʡʩʷè ʩʦ ʩʢʦʨʦʩʪʴʶ v ʩʠʩʪʝʤʝ, ʧʨʠʯʝʤ 

 
ʪʘʢ ʢʘʢ ʚʭʦʜʷʱʘʷ ʚ (6.1) ʤʘʩʩʘ ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʝʡ ʩʢʦʨʦʩʪʠ, ʪ.ʝ. m(u). 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʠʣʫ (6.1ï6.3) ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʚ çʥʝʧʦʜʚʠʞʥʦʡè ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ 

ʧʨʠʭʦʜ ʚ ʨʘʚʥʦʫʜʘʣʝʥʥʳʝ ʪʦʯʢʠ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʪʦʣʢʥʫʚʰʠʭʩʷ ʦʜʥʦ ʦʪ ʜʨʫʛʦʛʦ ʦʜʠʥʘʢʦʚʳʭ ʧʦ 

ʤʘʩʩʝ ʪʝʣ ʦʢʘʞʝʪʩʷ ʥʝʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. 

ʇʫʩʪʴ ʜʚʘ ʰʘʨʠʢʘ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʳ ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ ʚ ʤʦʤʝʥʪ t = 0 ʧʦ 

ʯʘʩʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ ʭ0, ʠ ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ïu ʠ +u ʢ ʪʦʯʢʘʤ ʭ1 ʠ ʭ2, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʦʜʠʥʘʢʦʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ l ʦʪ ʪʦʯʢʠ x0 (ʨʠʩ. 2, ʘ). ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = l/u ʦʙʘ 

ʰʘʨʠʢʘ ʜʦʩʪʠʛʥʫʪ ʪʦʯʝʢ ʭ1 ʠ x2, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʝʛʨʘʜʳ I ʠ II (ʨʠʩ. 2, ʙ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʠʟʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʰʘʨʠʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʥʫʪ ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʦʪ 

ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʧʨʝʛʨʘʜ. 

 

  
ʈʠʩ. 2 ʈʠʩ. 3 

 

 ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʞʝ ʧʨʦʮʝʩʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʨʫʛʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ Ɇ', ʜʚʠʞʫʱʝʡʩʷ ʚʣʝʚʦ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ïu (ʨʠʩ. 3). ʆʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʧʨʝʛʨʘʜʳ I ʠ II ʜʚʠʞʫʪʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ u ʚʧʨʘʚʦ. ɼʦ ʤʦʤʝʥʪʘ ʨʘʩʪʘʣʢʠʚʘʥʠʷ ʦʙʘ ʰʘʨʠʢʘ ʪʘʢʞʝ ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u 

ʚʧʨʘʚʦ ʠ ʠʤʝʶʪ ʧʦʣʥʳʡ ʠʤʧʫʣʴʩ 2m(u) u. ɺ ʤʦʤʝʥʪ tǋ = 0 ʧʦ ʯʘʩʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʩʠʩʪʝʤʝ Ɇ' 

ʠ ʧʨʦʭʦʜʷʱʠʤ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʤʠʤʦ ʪʦʯʢʠ ʭ0, ʰʘʨʠʢʠ ʨʘʩʪʘʣʢʠʚʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʣʝʚʳʡ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ ïu, ʪ.ʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʘ ʧʨʘʚʳʡ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝʢʦʪʦʨʫʶ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ 

uǋ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʟʘʢʦʥʫ, 

ʦʯʝʚʠʜʥʦ: 

 
ʦʪʢʫʜʘ 

 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ uǋ ʥʝ ʨʘʚʥʘ 2u, ʢʘʢ ʵʪʦ ʙʳʣʦ ʙʳ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʩ ʥʝʠʟʤʝʥʥʦʡ 

ʤʘʩʩʦʡ. 

ʇʫʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʝʛʨʘʜʘʤʠ I ʠ II ʚ ʩʠʩʪʝʤʝ Ɇ' ʨʘʚʥʦ 2l', ʪʦʛʜʘ ʧʦ ʯʘʩʘʤ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʣʝʚʳʡ ʰʘʨʠʢ ʜʦʩʪʠʛʥʝʪ ʧʨʝʛʨʘʜʳ I (ʚʝʨʥʝʝ ʧʨʝʛʨʘʜʘ I ʜʦʩʪʠʛʥʝʪ ʥʝʧʦʜʚʠʞʥʦʛʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʰʘʨʠʢʘ I) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

 
ʇʨʘʚʳʡ ʞʝ ʰʘʨʠʢ ʜʦʩʪʠʛʥʝʪ ʧʨʝʛʨʘʜʳ II, ʧʨʦʡʜʷ ʧʫʪʴ 2l', ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

 
ʇʦʩʢʦʣʴʢʫ ʚ ʩʠʣʫ ʤʦʥʦʪʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʤʘʩʩʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 
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ʧʦʩʪʦʣʴʢʫ ʩʦʛʣʘʩʥʦ (6.7) 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʤʝʭʘʥʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥ ʩ ʬʘʢʪʦʤ 

ʚʦʟʨʘʩʪʘʥʠʷ ʤʘʩʩʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠʟʥʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦʩʪʠ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʪ.ʝ. ʧʨʠʥʷʪʴ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʝ ʩʦʙʳʪʠʷ, 

ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (t2 = t1), ʷʚʣʷʶʪʩʷ ʥʝʦʜʥʦʚʨʝʤʝʥʥʳʤʠ ʚ ʜʨʫʛʦʡ 

ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (t2ǋ > t1ǋ ). 

 

Ä7. ɺʳʚʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ ʙʝʟ ʧʦʩʪʫʣʘʪʘ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 

ɺʳʚʝʜʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʦʧʠʨʘʷʩʴ ʣʠʰʴ ʥʘ çʝʩʪʝʩʪʚʝʥʥʳʝè ʜʦʧʫʱʝʥʠʷ ʦ ʩʚʦʡʩʪ-

ʚʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʩʦʜʝʨʞʘʚʰʠʝʩʷ ʝʱʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ (ʜʦʵʬʠʨʥʦʡ) ʬʠʟʠʢʝ, ʦʧʠʨʘʚ-

ʰʝʡʩʷ ʥʘ ʦʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʦʡ. ʇʨʠʤʝʤ ʢʘʢ ʘʢʩʠʦʤʳ 

ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1) ʠʟʦʪʨʦʧʥʦʩʪʲ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ.ʝ. ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʚʥʦʧʨʘʚ-

ʥʳ; 

2) ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʠ ʚʨʝʤʝʥʠ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪʩʯʝʪʘ (ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʠ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ); 

3) ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʪ.ʝ. ʧʦʣʥʘʷ ʨʘʚʥʦʧʨʘʚʥʦʩʪʴ ʚʩʝʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʦʪʩʯʝʪʘ. 

ʈʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʣʠʰʴ ʧʦ-ʨʘʟʥʦʤʫ ʠʟʦʙʨʘʞʘʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʚʨʝʤʷ ʢʘʢ ʚʩʝʦʙʱʠʝ ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʣʘʜʘʝʪ 

ʦʜʠʥʘʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʚʨʝʤʝʥʝʤ ʚ ʦʜʥʦʡ 

çʥʝʧʦʜʚʠʞʥʦʡè ʩʠʩʪʝʤʝ (x, y, z, t) ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʚʨʝʤʝʥʝʤ ʚ ʜʨʫʛʦʡ çʜʚʠʞʫʱʝʡʩʷè ʩʠʩʪʝʤʝ 

(xǋ, yǋ, zǋ, tǋ), ʪ.ʝ. ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤʠ. 

ʋʩʪʘʥʦʚʠʤ ʪʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪ çʝʩʪʝʩʪʚʝʥʥʳʝè ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʚʠʜ ʬʫʥʢʮʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

 
I. ɺʩʣʝʜʩʪʚʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʣʠʥʝʡʥʳʤʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʙʳ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʡ f1, f2, f3, f4 ʧʦ ʭ, ʫ, z ʠ t ʥʝ ʙʳʣʠ ʙʳ 

ʢʦʥʩʪʘʥʪʘʤʠ, ʘ ʟʘʚʠʩʝʣʠ ʦʪ ʭ, ʫ, z ʠ t, ʪʦ ʠ ʨʘʟʥʦʩʪʠ x2ǋ ï x1ǋ, y2ǋ ï y1ǋ, z2ǋ ï z1ǋ, t2ǋ ï t1ǋ, ʚʳʨʘʞʘʶʱʠʝ 

ʧʨʦʝʢʮʠʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 1 ʠ 2 ʚ çʜʚʠʞʫʱʝʡʩʷè ʩʠʩʪʝʤʝ, ʟʘʚʠʩʝʣʠ ʙʳ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʝʢʮʠʡ x2 ï x1, y2 ï y1, z2 ï z1, t2 ï t1 ʚ çʥʝʧʦʜʚʠʞʥʦʡè ʩʠʩʪʝʤʝ, ʥʦ ʠ ʦʪ 

ʟʥʘʯʝʥʠʡ ʩʘʤʠʭ ʢʦʦʨʜʠʥʘʪ ʭ, ʫ, z, t, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʙʳ ʪʨʝʙʦʚʘʥʠʶ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪʩʯʝʪʘ. 

ɽʩʣʠ ʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʝʢʮʠʠ ʨʘʩʩʪʦʷʥʠʡ ʚʠʜʘ 

 
ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʧʨʦʝʢʮʠʡ ʨʘʩʩʪʦʷʥʠʡ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ, ʪ.ʝ. ʦʪ 

 
ʥʦ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʭ1, ʪʦ 

 
ʪ.ʝ. 

 
ʠʣʠ 
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ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʠʟʚʦʜ-

ʥʳʝ f1 ʧʦ ʚʩʝʤ ʜʨʫʛʠʤ ʢʦʦʨʜʠʥʘʪʘʤ y1, z1, t1, ʪʘʢʞʝ 

ʨʘʚʥʳ ʢʦʥʩʪʘʥʪʘʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʦʦʙʱʝ ʚʩʝ 

ʧʨʦʠʟʚʦʜʥʳʝ f1, f2, f3, f4 ʧʦ ʭ, ʫ, z, t ʩʫʪʴ ʢʦʥʩʪʘʥʪʳ. 

ʀʪʘʢ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.1) ʣʠʥʝʡʥʳ. 

II. ɺʳʙʝʨʝʤ çʜʚʠʞʫʱʫʶʩʷè ʩʠʩʪʝʤʫ Ɇ' ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ t = 0 ʪʦʯʢʘ, 

ʠʟʦʙʨʘʞʘʶʱʘʷ ʝʝ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ, ʪ.ʝ. xǋ = yǋ = zǋ = 

0, ʩʦʚʧʘʜʘʣʘ ʩ ʪʦʯʢʦʡ, ʠʟʦʙʨʘʞʘʶʱʝʡ ʥʘʯʘʣʦ ʢʦʦʨ-

ʜʠʥʘʪ çʥʝʧʦʜʚʠʞʥʦʡè ʩʠʩʪʝʤʳ, ʪ.ʝ. ʭ = ʫ = z = 0 

(ʨʠʩ. 4), ʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ Ɇ' ʙʳʣʘ ʙʳ 

ʥʘʧʨʘʚʣʝʥʘ ʪʦʣʴʢʦ ʧʦ ʭ. ɽʩʣʠ ʤʳ ʪʘʢʞʝ ʫʯʪʝʤ 

ʪʨʝʙʦʚʘʥʠʝ ʠʟʦʪʨʦʧʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦ ʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʜʣʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ Ɇ', 

ʚʳʙʨʘʥʥʦʡ ʫʢʘʟʘʥʥʳʤ ʦʙʨʘʟʦʤ, ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ 

 

 

ɿʜʝʩʴ ʦʪʩʫʪʩʪʚʫʶʪ ʯʣʝʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʫ ʠ z ʚ ʚʳʨʘʞʝʥʠʷʭ ʭǋ ʠ tǋ ʚ ʩʠʣʫ ʠʟʦʪʨʦʧʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʥʘʣʠʯʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ. ʅʘ ʵʪʦʤ ʞʝ ʦʩʥʦʚʘʥʠʠ ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʫ' ʠ z' ʦʪʩʫʪʩʪʚʫʶʪ ʯʣʝʥʳ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ z ʠ ʫ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ɚ ʧʨʠ ʫ ʠ z ʦʜʠʥʘʢʦʚʳ. ʏʣʝʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʭ ʠ t, ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ ʫ' ʠ z' ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʦʩʴ ʭǋ (ʪ.ʝ. ʣʠʥʠʷ ʫǋ = zǋ = 

0) ʚʩʸ ʚʨʝʤʷ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ʭ (ʪ.ʝ. ʣʠʥʠʝʡ ʫ = z = 0). ʇʦʩʣʝʜʥʝʝ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʙʳ ʫǋ 

ʠ zǋ ʟʘʚʠʩʝʣʠ ʦʪ ʭ ʠ t. 

III. ʀʟʦʪʨʦʧʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʘʢʞʝ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʩʠʣʫ ʞʝ ʩʠʤʤʝʪʨʠʠ 

ʥʠʯʪʦ ʥʝ ʜʦʣʞʥʦ ʠʟʤʝʥʠʪʴʩʷ ʚ ʬʦʨʤʫʣʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʟʥʘʢʠ ʫ v ʠ x, ʪ.ʝ. 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʭ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ Ɇ'. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

 
ʉʨʘʚʥʠʚʘʷ (7.7) ʩ (7.8), ʧʦʣʫʯʘʝʤ 

 
ɺʤʝʩʪʦ Ŭ(v) ʫʜʦʙʥʦ ʚʚʝʩʪʠ ʜʨʫʛʫʶ ʬʫʥʢʮʠʶ ɖ(v) ʪʘʢ, ʯʪʦʙʳ Ŭ ʚʳʨʘʞʘʣʘʩʴ ʯʝʨʝʟ ɖ ʠ ɛ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʥʦʰʝʥʠʷ 

 
ʆʯʝʚʠʜʥʦ, ʩʦʛʣʘʩʥʦ (7.10), ɖ(v) ï ʩʠʤʤʝʪʨʠʯʥʘʷ ʬʫʥʢʮʠʷ, ʪ.ʝ. ɖ(ïv) = ɖ(v). 

ʀʩʧʦʣʴʟʫʷ (7.10), ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.8) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

 
ʧʨʠʯʝʤ ʚʩʝ ʚʭʦʜʷʱʠʝ ʚ ʵʪʠ ʬʦʨʤʫʣʳ ʢʦʵʬʬʠʮʠʝʥʪʳ k(v), ɚ(v), ɛ(v) ʠ ɖ(v) ʩʫʪʴ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʬʫʥʢʮʠʠ v. 

IV. ɺ ʩʠʣʫ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʦʙʝ ʩʠʩʪʝʤʳ çʜʚʠʞʫʱʘʷʩʷè ʠ çʥʝʧʦʜʚʠʞʥʘʷè 

ʘʙʩʦʣʶʪʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʘ ʧʦʵʪʦʤʫ ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʩʠʩʪʝʤʳ Ɇ' ʢ Ɇ ʜʦʣʞʥʳ ʙʳʪʴ 

ʪʦʞʜʝʩʪʚʝʥʥʳ ʧʨʷʤʳʤ (ʦʪ Ɇ ʢ Ɇ'). ʆʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʣʠʰʴ ʟʥʘʢʦʤ 

ʩʢʦʨʦʩʪʠ v, ʪʘʢ ʢʘʢ ʩʠʩʪʝʤʘ Ɇ' ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ Ɇ ʚʧʨʘʚʦ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʘ 

ʩʠʩʪʝʤʘ Ɇ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ Ɇ' (ʝʩʣʠ ʧʦʩʣʝʜʥʶʶ ʩʯʠʪʘʪʴ ʥʝʧʦʜʚʠʞʥʦʡ) ʚʣʝʚʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ïv. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʠʜ 

 
ʈʠʩ. 4 
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ʉʨʘʚʥʠʚʘʷ (7.12) ʩ (7.11), ʧʦʣʫʯʘʝʤ 

 
ʅʦ ʚ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ɚ(ïv) = ɚ(v) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ɚ2 = 1, ʪ.ʝ. ɚ = Ñ1. ʆʯʝʚʠʜʥʦ, ʠʤʝʝʪ ʩʤʳʩʣ 

ʣʠʰʴ ʟʥʘʢ ʧʣʶʩ, ʪʘʢ ʢʘʢ ʟʥʘʢ ʤʠʥʫʩ ʜʘʚʘʣ ʙʳ ʧʨʠ v = 0 ʧʝʨʝʚʝʨʥʫʪʫʶ ʧʦ ʫ ʠ z ʩʠʩʪʝʤʫ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

 
ɿʘʤʝʯʘʷ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ k, ɛ ʠ ɖ ʪʦʞʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʬʫʥʢʮʠʠ v, ʧʝʨʚʦʝ ʠ ʧʦʩʣʝʜʥʝʝ ʠʟ 

ʫʨʘʚʥʝʥʠʡ (7.11) ʠ (7.12) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

 
ʋʤʥʦʞʘʷ (ɸ) ʥʘ ɛ, (ɺ) ʥʘ vk ʠ ʩʢʣʘʜʳʚʘʷ, ʧʦʣʫʯʠʤ 

 
ʉʨʘʚʥʠʚʘʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʩ (ʘ), ʧʦʣʫʯʘʝʤ 

 
ʦʪʢʫʜʘ ʠʤʝʝʤ 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʚʣʝʢʘʷ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠ ʟʘʤʝʯʘʷ, ʯʪʦ ʟʥʘʢ ʤʠʥʫʩ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ɚ, 

ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, ʧʦʣʫʯʘʝʤ 

 
ʀʪʘʢ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ 

 
 

ʠʣʠ ʧʦʜʨʦʙʥʝʝ 

 
ʛʜʝ ɖ(v) ï ʥʝʠʟʚʝʩʪʥʘʷ ʧʦʢʘ ʬʫʥʢʮʠʷ v. 

V. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ɖ(v) ʦʙʨʘʪʠʤʩʷ ʚʥʦʚʴ ʢ ʧʨʠʥʮʠʧʫ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.17) ʜʦʣʞʥʳ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠ ʧʨʠʤʝʥʠʤʳʤʠ ʧʨʠ ʣʶʙʳʭ ʧʝʨʝʭʦʜʘʭ ʦʪ 

ʦʜʥʠʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ ʢ ʜʨʫʛʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʤʳ ʜʚʘʞʜʳ ʧʝʨʝʡʜʝʤ ʦʪ ʩʠʩʪʝʤʳ Ɇ ʢ Ɇ' ʠ ʦʪ 

Ɇ' ʢ Ɇ", ʪʦ ʧʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʷ ʚ ʩʠʩʪʝʤʝ Ɇ" ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

ʠ ʚʨʝʤʝʥʝʤ ʚ Ɇ, ʜʦʣʞʥʳ ʪʘʢʞʝ ʠʤʝʪʴ ʚʠʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (7.17). ʕʪʦ ʚʳʪʝʢʘʶʱʝʝ ʠʟ ʧʨʠʥʮʠʧʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʙʨʘʪʠʤʦʩʪʠ, 

ʩʠʤʤʝʪʨʠʠ ʠ ʪ.ʜ. ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʛʨʫʧʧʫ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʛʨʫʧʧʦʚʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʫʩʪʴ v1 ï ʩʢʦʨʦʩʪʴ 

ʩʠʩʪʝʤʳ Ɇ' ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ Ɇ ʠ v2 ï ʩʢʦʨʦʩʪʴ ʩʠʩʪʝʤʳ Ɇ" ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ Ɇ'. ʊʦʛʜʘ 

ʩʦʛʣʘʩʥʦ (7.17) 

 
ɺʳʨʘʞʘʷ ʭ" ʠ t" ʯʝʨʝʟ ʭ ʠ t, ʧʦʣʫʯʘʝʤ 
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ʉʦʛʣʘʩʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʤʫ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʶ ʵʪʠ ʞʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʞʥʳ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ 

ʚʠʜʝ (7.17), ʪ.ʝ. 

 
ʂʦʵʬʬʠʮʠʝʥʪʳ, ʩʪʦʷʱʠʝ ʧʨʠ ʭ ʚ ʧʝʨʚʦʡ ʠʟ ʬʦʨʤʫʣ (7.20) ʠ ʧʨʠ t ʚʦ ʚʪʦʨʦʡ ʠʟ ʬʦʨʤʫʣ (7.20), 

ʦʜʠʥʘʢʦʚʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʣʫ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ (7.19) ʠ (7.20) ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʩʪʦʷʱʠʝ ʧʨʠ ʭ ʚ ʧʝʨʚʦʡ ʠʟ ʬʦʨʤʫʣ (7.19) ʠ ʧʨʠ t ʚʦ ʚʪʦʨʦʡ ʠʟ ʬʦʨʤʫʣ (7.19), ʪ.ʝ. 

 
ʇʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʦ ʪʦʣʴʢʦ ʧʨʠ 

 
VI. ʀʪʘʢ, ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ (7.18) ɖ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ, ʠʤʝʶʱʝʡ ʨʘʟʤʝʨʥʦʩʪʴ ʢʚʘʜʨʘʪʘ 

ʩʢʦʨʦʩʪʠ. ɺʝʣʠʯʠʥʘ ʠ ʜʘʞʝ ʟʥʘʢ ʵʪʦʡ ʢʦʥʩʪʘʥʪʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʢʘʢʠʭ-ʣʠʙʦ ʥʦʚʳʭ ʜʦʧʫʱʝʥʠʡ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʦʧʳʪʥʳʝ ʬʘʢʪʳ. 

ɽʩʣʠ ʧʦʣʦʞʠʪʴ ɖ = Ð, ʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.18) ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʠʟʚʝʩʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɻʘʣʠʣʝʷ 

 
ʕʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʧʨʘʚʝʜʣʠʚʳʝ ʚ ʤʝʭʘʥʠʢʝ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ, ʦʜʥʘʢʦ, ʧʨʠʥʷʪʳ 

ʢʘʢ ʪʦʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʧʨʘʚʝʜʣʠʚʳʝ ʧʨʠ ʣʶʙʳʭ ʩʢʦʨʦʩʪʷʭ ʪʝʣ, ʢʦʛʜʘ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ 

ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʝʣ ʩʦ ʩʢʦʨʦʩʪʴʶ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ ʤʳ ʚʠʜʝʣʠ ʚ Ä6, ʫʯʝʪ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʥʷʪʴ ʧʦʣʦʞʝʥʠʝ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ. 

ʇʦʩʣʝʜʥʝʝ ʞʝ ʥʝʩʦʚʤʝʩʪʠʤʦ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ɻʘʣʠʣʝʷ (7.23). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʩʪʘʥʪʘ ɖ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʙʨʘʥʘ ʢʦʥʝʯʥʦʡ. 

ʀʟ ʦʧʳʪʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʫʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʢʠ ʪʦʯʢʠ ʠʤʝʶʪ ʚʠʜ 

 
m0 ï ʩʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʤʘʩʩʦʡ ʯʘʩʪʠʮʳ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ (u << ʩ): ʩ ï 

ʢʦʥʩʪʘʥʪʘ, ʠʤʝʶʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʠ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ 3Ā1010 ʩʤ/ʩʝʢ, ʪ.ʝ. ʩʦʚʧʘʜʘʶʱʘʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʚ ʧʫʩʪʦʪʝ. ʕʪʦʪ ʦʧʳʪʥʳʡ ʬʘʢʪ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʦʪ ʩʢʦʨʦʩʪʠ, 

ʝʩʣʠ ʤʘʩʩʫ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʠʤʧʫʣʴʩʘ ʪʝʣʘ ʢ ʝʛʦ ʩʢʦʨʦʩʪʠ. 

ʂʦʥʩʪʘʥʪʘ ʩ2, ʚʭʦʜʷʱʘʷ ʚ (7.24), ʠʤʝʝʪ ʪʘʢʫʶ ʞʝ ʨʘʟʤʝʨʥʦʩʪʴ, ʢʘʢʫʶ ʠʤʝʝʪ ʢʦʥʩʪʘʥʪʘ ɖ, 

ʚʭʦʜʷʱʘʷ ʚ ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ (7.18). ɽʩʪʝʩʪʚʝʥʥʦ ʧʦʵʪʦʤʫ 

ʧʦʣʦʞʠʪʴ 

 
ʧʦʩʢʦʣʴʢʫ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʦʪ ʩʢʦʨʦʩʪʠ ʥʝ ʚʭʦʜʠʪ ʥʠʢʘʢʘʷ 

ʠʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʠʤʝʶʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʢʚʘʜʨʘʪʘ ʩʢʦʨʦʩʪʠ. ʇʨʠʥʠʤʘʷ (7.25), ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

(7.18) ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 

 
 

ʇʫʘʥʢʘʨʝ ʥʘʟʚʘʣ ʵʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ.29 

ɺ ʩʠʣʫ ʦʙʨʘʪʠʤʦʩʪʠ ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʦʯʝʚʠʜʥʦ, ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʧʠʩʘʥʳ 

ʚ ʚʠʜʝ 

 
 

ʇʨʠʤʝʥʝʥʥʳʝ ʥʘʤʠ ʩʦʦʙʨʘʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ ʢʦʥʩʪʘʥʪʳ ɖ ʥʝ ʚʧʦʣʥʝ, ʦʜʥʘʢʦ, 

ʦʜʥʦʟʥʘʯʥʳ, ʪʘʢ ʢʘʢ ʚʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʷ (7.25) ʩ ʪʘʢʠʤ ʞʝ ʧʨʘʚʦʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʚʳʙʨʘʪʴ 

                                                      
29 ɻ.ɸ. ʃʦʨʝʥʮ ʧʦʣʫʯʠʣ ʵʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʇʫʘʥʢʘʨʝ ʠ ʕʡʥʰʪʝʡʥʘ ʚ 1904 ʛ. [5: ʅ.A. Lorentz. 

Proc. Acad. Sci. Amsterdam, 6, 809 (1904)] (ʩʤ. ʩʙ. ʃʦʨʝʥʮ, ʇʫʘʥʢʘʨʝ, ʕʡʥʰʪʝʡʥ, ʄʠʥʢʦʚʩʢʠʡ. çʇʨʠʥʮʠʧ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠè. ʆʅʊʀ, 1935, ʩʪʨ. 21). ʆʜʥʘʢʦ ʚʧʝʨʚʳʝ ʚ ʚʠʜʝ (7.26) ʦʥʠ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʇʫʘʥʢʘʨʝ, 

ʥʘʟʚʘʚʰʠʤ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ. 
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ʆʢʘʟʳʚʘʝʪʩʷ, ʦʜʥʘʢʦ, ʯʪʦ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʦʧʳʪʦʤ ʫʨʘʚʥʝʥʠʷ ʤʝʭʘʥʠʢʠ (7.24) ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʣʠʰʴ ʢʘʢ ʩʣʝʜʩʪʚʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ (7.26) ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥʳ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʧʦʣʫʯʘʶʱʠʤʠʩʷ ʠʟ ʜʦʧʫʱʝʥʠʷ (7.28). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʤʝʭʘʥʠʢʠ, ʦʧʠʨʘʶʱʠʤʠʩʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʄʠʥʢʦʚ-

ʩʢʦʛʦ,30 ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʤʘʩʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦ ʬʦʨʤʫʣʝ (7.24). ɽʩʣʠ ʞʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʚʳʙʨʘʪʴ 

 
 

ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʄʠʥʢʦʚʩʢʦʛʦ ʜʘʜʫʪ ʫʙʳʚʘʶʱʫʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʤʘʩʩʫ m, ʯʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʧʳʪʫ. 

ʀʪʘʢ, ʥʝ ʦʙʨʘʱʘʷʩʴ ʢ ʧʦʩʪʫʣʘʪʫ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʧʫʩʪʦʪʝ, ʥʝ ʩʩʳʣʘʷʩʴ ʥʘ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʠ ʥʝ ʠʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚ ʩʚʝʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ, 

ʤʳ ʚʳʚʝʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʠʩʧʦʣʴʟʫʷ ʣʠʰʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ 

ʠʟʦʪʨʦʧʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʬʦʨʤʫʣʫ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ 

ʦʪ ʩʢʦʨʦʩʪʠ.31 

ʆʙʳʯʥʦ, ʩʣʝʜʫʷ ʧʫʪʠ, ʥʘʤʝʯʝʥʥʦʤʫ ʝʱʝ ʚ ʧʝʨʚʦʡ ʨʘʙʦʪʝ ʕʡʥʰʪʝʡʥʘ, ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʩʪʫʣʘʪ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʧʫʩʪʦʪʝ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʦʩʪʫʣʘʪʫ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʠʩʪʝʤʳ Ɇ ʢ ʩʠʩʪʝʤʝ Ɇ' ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ 

ʠʥʚʘʨʠʘʥʪʥʳʤ ʫʨʘʚʥʝʥʠʝ 

 
(7.30) 

ʦʧʠʩʳʚʘʶʱʝʝ ʬʨʦʥʪ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ Ɇ. 

ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ 

 
ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʬʦʨʤʫʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.30) ʥʝ ʠʟʤʝʥʷʝʪ ʩʚʦʝʛʦ ʚʠʜʘ, ʪ.ʝ. (7.31) ʧʝʨʝʭʦʜʠʪ ʚ 

(7.30) ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ɖ = ʩ2. 

ʄʳ ʧʨʠʤʝʥʠʣʠ, ʦʜʥʘʢʦ, ʠʥʦʡ ʚʳʚʦʜ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʦʩʪʫʣʘʪ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʩ ʪʝʤ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʧʦʩʦʙʘ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʠʟʙʨʘʥʥʦʛʦ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʦʚ, ʠʟʤʝʨʷʶʱʠʭ ʚʨʝʤʷ. ʌʠʟʠʢʠ ʤʦʛʣʠ 

ʙʳ ʚʦʦʙʱʝ ʥʠʯʝʛʦ ʥʝ ʟʥʘʪʴ ʦ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʠ ʦ ʟʘʢʦʥʘʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʦʜʥʘʢʦ ʤʦʛʣʠ ʙʳ 

ʧʦʣʫʯʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʘʥʘʣʠʟʠʨʫʷ ʬʘʢʪ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʠʩʭʦʜʷ ʠʟ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ (7.26) ʚʳʨʘ-

ʞʘʶʪ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʜʣʷ ʣʶʙʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ, ʢʘʢ ʵʪʦ ʚʳʷʩʥʠʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʩʦʩʪʘʚʣʷʶʪ ʥʝʧʨʝʨʳʚʥʫʶ ʛʨʫʧʧʫ, 

ʥʘʟʳʚʘʝʤʫʶ ʛʨʫʧʧʦʡ ʃʦʨʝʥʮʘ. ɺ ʵʪʦʤ ʬʘʢʪʝ ʚ ʥʘʠʙʦʣʝʝ ʦʙʱʝʤ ʚʠʜʝ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʚʦʡʩʪʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ,32 ʨʘʩʢʨʳʪʳʝ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

 

Ä8. ɺʳʚʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ, ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ 

 ʧʦʩʪʫʣʘʪʝ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 

ɺʦʟʤʦʞʝʥ ʠ ʠʥʦʡ ʚʳʚʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʧʦʩʪʦʷʥ-

ʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʠ çʝʩʪʝʩʪʚʝʥʥʳʭè ʜʦʧʫʱʝʥʠʷʭ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʠʟʦʪʨʦʧʥʦʩʪʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʠ ʚʨʝʤʝʥʠ. ʕʪʦʪ ʚʳʚʦʜ ʧʨʝʜʧʦʯʠʪʘʶʪ ʧʨʠʚʦʜʠʪʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʪʨʝʤʷʪʩʷ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʷʢʦʙʳ 

ʦʩʥʦʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʩʚʝʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʦʚ. 

ʅʘʯʘʣʦ ʵʪʦʛʦ ʚʳʚʦʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʝʜʳʜʫʱʠʤ. ʀʟ çʝʩʪʝʩʪʚʝʥʥʳʭè ʫʩʣʦʚʠʡ ʠʟʦʪʨʦʧʥʦʩʪʠ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʫʯʘʶʪʩʷ ʣʠʥʝʡʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.11) ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

k(v), ɚ(v), ɛ(v) ʠ ɖ(v). ɼʘʣʝʝ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʦʙʝʠʭ 

ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. 

                                                      
30 ʇʦʜʨʦʙʥʝʝ ʩʤ. Ä14. 
31 ʄʆʀ: ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʠ ʟʘʢʦʜʠʨʦʚʘʥʘ ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʩʫʱʥʦʩʪʴ ʜʝʣʘ. ʂʦʥʝʯʥʦ, ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʩʫʱʥʦʩʪʠ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʦʜʥʦ ʠ ʜʦʢʘʟʘʪʴ ʜʨʫʛʦʝ, ʠʣʠ ʞʝ ʧʨʠʥʷʪʴ ʚʪʦʨʦʝ ʠ ʜʦʢʘʟʘʪʴ ʧʝʨʚʦʝ. 
32 ʄʆʀ: ʉʚʦʡʩʪʚʘ ʪʝʤʧʦʤʫʥʜʫʩʘ. 
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ʇʦʣʘʛʘʷ, ʯʪʦ ʬʨʦʥʪ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʠʤʝʝʤ ʜʣʷ 

ʪʦʯʝʢ ʬʨʦʥʪʘ ʚʦʣʥʳ ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ 

 
ʇʦʜʩʪʘʚʣʷʷ ʚ (8.2) ʚʳʨʘʞʝʥʠʷ (7.11), ʧʦʣʫʯʘʝʤ 

 
ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ (8.3) ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʦ (8.1), ʥʝʦʙʭʦʜʠʤʦ ʧʦʪʨʝʙʦʚʘʪʴ: 

 
ʀʩʢʣʶʯʘʷ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ɚ ʠ ɛ, ʧʦʣʫʯʘʝʤ 

 
ʆʪʩʶʜʘ ɖ = ʩ2 ʠʣʠ ɖ = v2. ɺʪʦʨʦʝ ʨʝʰʝʥʠʝ ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʠ ʧʦʩʣʝʜʥʝʤʫ ʫʨʘʚʥʝʥʠʶ (8.4) 

ʧʨʠʚʦʜʠʪ ʢ ɚ = 0, ʯʪʦ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʦʞʠʪʴ 

 
ʀʩʧʦʣʴʟʫʷ ʧʝʨʚʦʝ ʠ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʷ ʠʟ (8.4), ʧʦʣʫʯʘʝʤ 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.11) ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ 

 
ʕʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ (7.26) ʧʦʩʪʦʷʥʥʳʤ, ʤʘʩʰʪʘʙ-

ʥʳʤ ʤʥʦʞʠʪʝʣʝʤ ɚ(v). ɽʩʣʠ ɚ(v) Í 1, ʪʦ ʩʦʛʣʘʩʥʦ (8.7) ʩʨʝʜʠ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʢʦʪʦʨʳʝ ʚʳʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, çʥʝʧʦʜʚʠʞʥʘʷè ʩʠʩʪʝʤʘ Ɇ ʚʳʜʝʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʥʝʝ ʚ çʜʚʠʞʫʱʫʶʩʷè ʩʠʩʪʝʤʫ Ɇ' ʢʦʦʨʜʠʥʘʪʳ ʫ ʠ z ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ɚ ʨʘʟ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ Ɇ' ʚ Ɇ ʫǋ ʠ zǋ ʜʦʣʞʥʳ ʫʤʝʥʴʰʘʪʴʩʷ ʚ ɚ ʨʘʟ. ʆʪʩʫʪʩʪʚʠʝ ʚʳʜʝʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ 

Ɇ ʦʟʥʘʯʘʝʪ, ʦʯʝʚʠʜʥʦ, 

 
ʅʦ ʪʨʝʙʦʚʘʥʠʝ ʦʪʩʫʪʩʪʚʠʷ ʚʳʜʝʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ ʪʨʝʙʦʚʘʥʠʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ (ʪ.ʝ. ʧʨʠ ɚ = 1) 

ʧʦʣʫʯʘʶʪʩʷ ʣʠʰʴ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷ, ʩʦʛʣʘʩʫʶʱʝʛʦʩʷ ʩ ʧʨʠʥʮʠʧʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʵʪʦʤ ʚʳʚʦʜʝ, ʦʜʥʘʢʦ, ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠʛʨʘʝʪ ʢʘʢ ʙʳ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʧʦʯʪʠ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ ʧʦʣʫʯʘʶʪʩʷ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ 

ʧʨʠʥʮʠʧʘ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘʤʠ ʜʚʫʭ ʚʳʚʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʘʰʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ ʠ ʥʝ ʧʨʝʜʝʣʴʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʥʘʣʠʯʠʝ ʛʨʫʧʧʳ ʃʦʨʝʥʮʘ,33 ʠʟ 

ʢʦʪʦʨʦʡ ʠ ʧʦʣʫʯʘʶʪʩʷ ʚʩʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʩʣʝʜʩʪʚʠʷ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

 

 

 

                                                      
33 ʄʆʀ: ɹʝʟʫʩʣʦʚʥʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦʩʪʫʣʘʪʳ ʕʡʥʰʪʝʡʥʘ (ʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʩʪʫʣʘʪʳ, ʥʦ 

ʚʳʨʘʞʘʶʱʠʝ ʪʫ ʞʝ ʩʫʱʥʦʩʪʴ), ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʛʨʫʧʧʘ ʃʦʨʝʥʮʘ. ʅʦ ʩʘʤʘ ʧʦ ʩʝʙʝ ʛʨʫʧʧʘ ï ʵʪʦ ʥʘʙʦʨ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʜʝʡʩʪʚʠʡ ʥʘʜ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʘʪʨʠʙʫʪʳ ʠʟʤʝʨʝʥʠʡ (ʠʣʠ ʟʘʤʝʥʷʶʱʠʭ ʠʭ ʚʳʯʠʩʣʝʥʠʡ), ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʭʨʦʥʦʪʦʧʘʭ. ʕʪʦ ʦʙʲʝʢʪʳ 

ʭʨʦʥʦʪʦʧʦʚ (ʪ.ʝ. ʦʙʲʝʢʪʳ ʠʟ ʦʪʨʘʞʝʥʠʷ ʤʠʨʘ ʚ ʛʦʣʦʚʝ ʩʫʙʲʝʢʪʘ, ʘ ʥʝ ʦʙʲʝʢʪʳ ʩʦʙʩʪʚʝʥʥʦ ʚʥʝʰʥʝʛʦ ʤʠʨʘ). 

ɸ ʚʦʪ ʯʪʦ ʵʪʦʡ ʛʨʫʧʧʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʩʘʤʦʤ ʬʠʟʠʯʝʩʢʦʤ ʤʠʨʝ, ʚ ʪʝʤʧʦʤʫʥʜʫʩʝ? ʊʘʤ ʥʠʢʘʢʠʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʡ ʥʝʪ ʠ, ʩʪʘʣʦ ʙʳʪʴ, ʥʝʪ ʛʨʫʧʧ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʚʦʡʩʪʚʘ ʪʝʤʧʦʤʫʥʜʫʩʘ (ʪʦʯʥʝʝ: ʦʙʲʝʢʪʦʚ ʚ ʥʝʤ) 

ʪʘʢʦʚʳ, ʯʪʦ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʟʥʳʭ ʭʨʦʥʦʪʦʧʘʭ ʧʦʣʫʯʘʝʪʩʷ ʛʨʫʧʧʘ ʃʦʨʝʥʮʘ. ɺ ʢʘʢʠʭ 

ʧʦʥʷʪʠʷʭ ʠ ʚ ʢʘʢʠʭ ʪʝʨʤʠʥʘʭ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʧʠʩʘʪʴ ʩʦʙʩʪʚʝʥʥʦ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʪʝʤʧʦʤʫʥʜʫʩʘ? 
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III. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʜʦʢʩ r

Ä9. ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʄʠʥʢʦʚʩʢʦʛʦ 

ʇʝʨʚʳʤʠ ʥʘʠʙʦʣʝʝ ʧʦʨʘʞʘʶʱʠʤʠ ʩʣʝʜʩʪʚʠʷʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ ʷʚʣʷʶʪʩʷ ʩʦʢʨʘ-

ʱʝʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʤʘʩʰʪʘʙʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʝ ʭʦʜʘ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʚʩʝʜʥʝʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʵʪʠ ʩʣʝʜʩʪʚʠʷ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤʠ. 

ʀʩʯʝʨʧʳʚʘʶʱʝʝ, ʥʦ ʚʩʝʛʜʘ ʢʘʞʫʱʝʝʩʷ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤʘʣʴʥʳʤ ʨʘʟʲʷʩʥʝʥʠʝ ʵʪʠʭ ʢʠʥʝʤʘ-

ʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʜʘʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʭ, ct, ʝʩʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʯʝʪʳʨʝʭʤʝʨʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʄʠʥʢʦʚʩʢʦʛʦ ʠʟʦʙʨʘʟʠʪʴ ʥʘ ʥʝʡ ʩʝʪʢʫ ʢʦʦʨʜʠʥʘʪ çʥʝʧʦʜʚʠʞʥʦʡè ʠ çʜʚʠʞʫʱʝʡʩʷè 

ʩʠʩʪʝʤ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʦʩʪʘʚʣʷʶʪ ʠʥʚʘʨʠʘʥʪʥʳʤ (ʥʝʠʟʤʝʥʥʳʤ) ʠʥʪʝʨʚʘʣ s12 ʤʝʞʜʫ 

ʣʶʙʳʤʠ ʜʚʫʤʷ ʩʦʙʳʪʠʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʦʛʣʘʩʥʦ (3.1), ʢʘʢ ʚ ʵʪʦʤ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʧʦʜʩʪʘʥʦʚ-

ʢʦʡ (7.26) ʚ (3.2). 

ʉʦʚʤʝʱʘʷ ʧʝʨʚʦʝ ʩʦʙʳʪʠʝ ʩ ʤʦʤʝʥʪʦʤ t = 0 ʠ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʩʠʩʪʝʤʳ Ɇ ʠ ʚʚʦʜʷ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ 

 
ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʚʪʦʨʳʤ ʠ ʧʝʨʚʳʤ ʩʦʙʳʪʠʝʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

 
ʏʝʪʳʨʝʭʤʝʨʥʘʷ ʛʝʦʤʝʪʨʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ ʠʥʪʝʨʚʘʣʘ (9.2), ʢʘʯʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʡ ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ ʨʘʩʩʪʦʷʥʠʷ, ʪ.ʝ. 

 
ʠʣʠ ʦʪ ʧʨʦʩʪʦʛʦ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ, ʛʜʝ ʠʥʚʘʨʠʘʥʪʦʤ ʩʯʠʪʘʝʪʩʷ 

 
ɺ ʝʚʢʣʠʜʦʚʳʭ ʛʝʦʤʝʪʨʠʷʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ (9.3) ʠʣʠ (9.4), ʢʚʘʜʨʘʪ çʨʘʩʩʪʦʷʥʠʷè ʚʩʝʛʜʘ 

ʧʦʣʦʞʠʪʝʣʝʥ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, çʨʘʩʩʪʦʷʥʠʝè ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʅʦ ʚ ʯʝʪʳʨʝʭ-

ʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʥʪʝʨʚʘʣʦʤ (9.2), ʷʚʣʷʶʱʠʤʩʷ ʘʥʘʣʦʛʦʤ çʨʘʩʩʪʦʷʥʠʷè, ʢʚʘʜʨʘʪ 

ʠʥʪʝʨʚʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʣʠ ʨʘʚʥʳʤ ʥʫʣʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʵʪʦʡ 

ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʠʥʪʝʨʚʘʣ ʤʦʞʝʪ ʙʳʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠʣʠ ʤʥʠʤʦʡ ʚʝʣʠʯʠʥʦʡ. ɺ 

ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʝʥ ʥʫʣʶ ʜʣʷ ʥʝʩʦʚʧʘʜʘʶʱʠʭ ʩʦʙʳʪʠʡ. 

ʀʥʦʛʜʘ ʢʘʞʝʪʩʷ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ 

ʠ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ ʩʪʠʨʘʝʪʩʷ, ʝʩʣʠ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʧʨʝʜʣʦ-

ʞʝʥʠʝʤ ʄʠʥʢʦʚʩʢʦʛʦ, ʩʯʠʪʘʪʴ ʚʨʝʤʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʥʝʢʦʪʦʨʦʡ ʤʥʠʤʦʡ ʯʝʪʚʝʨʪʦʡ ʢʦʦʨʜʠ-

ʥʘʪʝ, ʪ.ʝ. ʧʦʣʦʞʠʪʴ 

 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʚʘʜʨʘʪ ʠʥʪʝʨʚʘʣʘ ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

 
ʪ.ʝ. ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʟʥʘʢʘ ʩʦʚʧʘʜʘʝʪ ʩ (9.4). ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʤʥʠʤʦʩʪʠ x4 ʚʳʨʘʞʝʥʠʝ (9.6), ʪʘʢ ʞʝ 

ʢʘʢ ʠ (9.2), ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʟʥʘʢʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʳʨʘʞʝ-

ʥʠʷ (9.4). 

ɺ ʩʠʣʫ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʢʘʯʝʩʪ-

ʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ, ʠʣʠ 

ʚʨʝʤʝʥʠʧʦʜʦʙʥʳʡ, ʠʥʪʝʨʚʘʣ (s2 > 0) ʦʩʪʘʝʪʩʷ ʜʝʡʩʪ-

ʚʠʪʝʣʴʥʳʤ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ, ʤʥʠʤʳʡ ʞʝ, 

ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʧʦʜʦʙʥʳʡ, ʠʥʪʝʨʚʘʣ (s2 < 0) 

ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʤʥʠʤʳʤ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. 

ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ ʛʝʦ-

ʤʝʪʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʛʣʷʜʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ 

ʥʘ ʧʣʦʩʢʦʩʪʠ ʄʠʥʢʦʚʩʢʦʛʦ ʭ1 , ʭ0 (ʨʠʩ. 5). 

ʆʪʨʝʟʢʘʤʠ ʆʘ ʠ Ob ʥʘ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʠʟʦ-

ʙʨʘʞʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʜʠʥʠʯʥʳʝ ʤʘʩʰʪʘʙʳ ʚʨʝ-

ʤʝʥʥʦʡ ʦʩʠ ʭ0 ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʩʠ ʭ1. ʂʨʠʚʘʷ, 

ʚʳʭʦʜʷʱʘʷ ʚʧʨʘʚʦ ʠʟ ʪʦʯʢʠ ʘ, ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʙʦʣʦʡ,  
ʈʠʩ. 5 
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ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ 

  

ʘ ʢʨʠʚʘʷ, ʚʳʭʦʜʷʱʘʷ ʚʚʝʨʭ ʠʟ ʪʦʯʢʠ b, ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʙʦʣʦʡ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ 

  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʯʢʘ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʠ ʚʩʝ ʪʦʯʢʠ, ʣʝʞʘʱʠʝ ʥʘ ʛʠʧʝʨʙʦʣʝ, ʚʳʭʦʜʷʱʝʡ ʠʟ ʪʦʯʢʠ 

ʘ, ʨʘʟʜʝʣʝʥʳ ʝʜʠʥʠʯʥʳʤ ʚʨʝʤʝʥʠʧʦʜʦʙʥʳʤ ʠʥʪʝʨʚʘʣʦʤ. ʊʦʯʢʠ ʞʝ, ʣʝʞʘʱʠʝ ʥʘ ʛʠʧʝʨʙʦʣʝ, ʚʳʭʦ-

ʜʷʱʝʡ ʠʟ ʪʦʯʢʠ b, ʦʪʜʝʣʝʥʳ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʧʦʜʦʙʥʳʤ ʠʥʪʝʨʚʘʣʦʤ. ʐʪʨʠ-

ʭʦʚʘʷ ʣʠʥʠʷ, ʚʳʭʦʜʷʱʘʷ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ x1 ʠʟ ʪʦʯʢʠ ʘ, ʠʟʦʙʨʘʞʘʝʪ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭ0 = 1, 

ʘ ʣʠʥʠʷ, ʚʳʭʦʜʷʱʘʷ ʠʟ ʪʦʯʢʠ b ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʭ0, ʠʟʦʙʨʘʞʘʝʪ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭ1 = 1. 

ʅʘ ʵʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ ʥʘʥʝʩʝʥʳ ʣʠʥʠʠ ʆʘǋ1 ʠ Obǋ1, ʠʟʦʙʨʘʞʘʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʯʢʠ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʭǋ1 = 0 ʠ ʭǋ0 = 0, ʘ ʪʘʢʞʝ ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʘǋ, ʘǋ1 ʠ bǋ, bǋ1 ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʟʦʙʨʘʞʘʶʱʠʝ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ xǋ0 = 1 ʠ ʭǋ1 = 1. ʕʪʠ ʣʠʥʠʠ ʠʟʦʙʨʘʞʘʶʪ ʢʦʦʨʜʠʥʘʪʥʫʶ 

ʩʝʪʢʫ ʩʠʩʪʝʤʳ Ɇ'. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʩʠʩʪʝʤʳ Ɇ ʢ ʩʠʩʪʝʤʝ Ɇ' ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢ ʢʦʩʦʫʛʦʣʴʥʳʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ʄʠʥʢʦʚʩʢʦʛʦ. ʇʦʩʣʝʜʥʝʝ ʩʣʝʜʫʝʪ ʪʘʢʞʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ (7.26), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢʞʝ ʚ ʚʠʜʝ 

 
ʛʜʝ ɓ = v/c, ʠʣʠ ʚ ʚʠʜʝ 

 
ʛʜʝ 

 
ʠ ʦʯʝʚʠʜʥʦ 

 
ʅʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (9.10) ʪʦʞʜʝʩʪʚʝʥʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʧʝʨʝʭʦʜʘ ʦʪ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠ-

ʥʘʪ ʢ ʢʦʩʦʫʛʦʣʴʥʳʤ. ʇʨʠ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʚʨʝʤʝʥʠʧʦʜʦʙʥʳʝ ʚʝʢʪʦʨʳ, ʪ.ʝ. ʚʝʢʪʦʨʳ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʝ ʠʟ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚ ʪʦʯʢʠ, ʣʝʞʘʱʠʝ ʚʳʰʝ ʣʠʥʠʠ ʆʆǋ, ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʘʢʞʝ 

ʦʩʪʘʥʫʪʩʷ ʚʨʝʤʝʥʠʧʦʜʦʙʥʳʤʠ, ʪʘʢ ʢʘʢ ʢʦʥʮʳ ʚʝʢʪʦʨʦʚ ʣʝʞʘʪ ʥʘ ʛʠʧʝʨʙʦʣʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʧʦʜʦʙʥʳʝ ʚʝʢʪʦʨʳ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʦʩʪʘʥʫʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʧʦʜʦʙʥʳʤʠ. 

ʀʟ ʨʠʩ. 5 ʚʠʜʥʦ, ʯʪʦ çʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷè ʧʨʦʝʢʮʠʷ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʆbǋ1 ʥʘ ʦʩʴ ʆʭǋ1 

ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʘ ʥʘ ʦʩʴ ʆʭǋ ʨʘʚʥʘ ʆbǋ ʪ.ʝ. ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʩʰʪʘʙ, ʧʦʢʦʷʱʠʡʩʷ 

ʚ ʩʠʩʪʝʤʝ Ɇ', ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʟ ʩʠʩʪʝʤʳ Ɇ ʦʢʘʞʝʪʩʷ ʫʢʦʨʦʯʝʥʥʳʤ. ʅʦ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʦʙʨʘʪʠʤʦ, 

ʠʙʦ çʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷè ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ Ob ʥʘ ʦʩʴ ʆʭǋ1 ʨʘʚʥʘ ʆb1, ʪ.ʝ. ʚ ʩʠʩʪʝʤʝ Ɇ' ʤʝʥʴʰʝ, ʯʝʤ 

ʆbǋ1, ʷʚʣʷʶʱʠʡʩʷ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ. 

ɸʥʘʣʦʛʠʯʥʦ ʜʝʣʦ ʦʙʩʪʦʠʪ ʠ ʩ çʚʨʝʤʝʥʥʳʤʠè ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʦʩʠ ʭ0 ʠ ʭǋ0. ʆʪʨʝʟʦʢ ʆʘǋ1, 

ʠʟʦʙʨʘʞʘʶʱʠʡ ʚ ʩʠʩʪʝʤʝ Ɇ' ʧʨʦʮʝʩʩ, ʜʣʷʱʠʡʩʷ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʚ ʩʠʩʪʝʤʝ Ɇ ʙʫʜʝʪ ʧʨʦʝʢʪʠ-

ʨʦʚʘʪʴʩʷ ʢʘʢ ʆʘǋ, ʪ.ʝ. ʢʘʢ ʧʨʦʮʝʩʩ, ʜʣʷʱʠʡʩʷ ʤʝʥʴʰʝʝ ʚʨʝʤʷ, ʯʝʤ ʆʘ = 1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʦʜ 

ʯʘʩʦʚ, ʧʦʢʦʷʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ Ɇ', ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʟ ʩʠʩʪʝʤʳ Ɇ ʦʢʘʞʝʪʩʷ ʟʘʤʝʜʣʝʥʥʳʤ. ʃʝʛʢʦ 

ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʪʘʢʞʝ ʦʙʨʘʪʠʤʦ, ʪ.ʝ. ʭʦʜ ʯʘʩʦʚ, ʧʦʢʦʷʱʠʭʩʷ ʚ ʩʠʩʪʝʤʝ Ɇ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʟʘʤʝʜʣʝʥʥʳʤ ʚ ʩʠʩʪʝʤʝ Ɇ'. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʯʝʪʳʨʝʭʤʝʨʥʳʭ ʧʨʦʝʢʮʠʡ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ, ʥʝ ʦʙʨʘʱʘʷʩʴ ʢ ʨʠʩ. 5, ʘ ʦʧʠʨʘʷʩʴ ʪʦʣʴʢʦ ʥʘ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʠ ʧʨʠʚʳʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʟʤʝʨʷʝʤʦʤ ʤʘʩʰʪʘʙʘʤʠ, ʠ ʚʨʝʤʝ-

ʥʠ, ʠʟʤʝʨʷʝʤʦʤ ʯʘʩʘʤʠ. 

 

Ä10. ʉʦʢʨʘʱʝʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʤʘʩʰʪʘʙʦʚ 

ɽʩʣʠ ʜʣʠʥʘ ʥʝʧʦʜʚʠʞʥʦʛʦ ʤʘʩʰʪʘʙʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʧʫʪʝʤ ʧʨʠʢʣʘʜʳʚʘʥʠʷ ʢ ʥʝʤʫ 

ʵʪʘʣʦʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʯʘʩʦʚ, ʪʦ ʜʣʠʥʫ ʜʚʠʞʫʱʝʛʦʩʷ ʤʘʩʰʪʘʙʘ 

ʥʝʚʦʟʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʦʚ ʠʣʠ ʩʠʛʥʘʣʦʚ, 

ʦʪʤʝʯʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʥʮʦʚ ʠʟʤʝʨʷʝʤʦʛʦ ʤʘʩʰʪʘʙʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʝʢ 

ʵʪʘʣʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʜʣʠʥʦʡ ʜʚʠʞʫʱʝʛʦʩʷ ʤʘʩʰʪʘʙʘ ʥʘʜʦ ʧʦʥʠʤʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
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ʝʛʦ ʢʦʥʮʘʤʠ, ʠʟʤʝʨʝʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ ʥʝʧʦʜʚʠʞʥʦʛʦ ʵʪʘʣʦʥʘ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʮʘ. ʆʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʢʦʥʮʦʚ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʦʙ-

ʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʦʧʳʪʘ. ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, 

ʯʪʦ ʠʟʤʝʨʝʥʥʘʷ ʜʣʠʥʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʣʶʙʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠʣʠ ʨʘʚʥʦʡ ʥʫʣʶ. 

 

  
ʈʠʩ. 6 ʈʠʩ. 7 

 

ʉʭʝʤʘ ʦʧʳʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʜʣʠʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʤʘʩʰʪʘʙʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6. 

ʇʫʩʪʴ l0 = ʭǋ2 ï ʭǋ1 = lǋ ï ʜʣʠʥʘ ʜʚʠʞʫʱʝʛʦʩʷ ʤʘʩʰʪʘʙʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʨʝʥʥʘʷ ʧʫʪʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʢ ʵʪʘʣʦʥʫ, ʧʦʤʝʱʘʚʰʝʤʫʩʷ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.34 ʊʦʛʜʘ, 

ʝʩʣʠ ʤʦʤʝʥʪʳ t1 ʠ t2 ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʥʮʦʚ ʤʘʩʰʪʘʙʘ ʤʠʤʦ ʪʦʯʝʢ ʭ1 ʠ ʭ2 ʥʝʧʦʜʚʠʞʥʦʛʦ ʵʪʘʣʦʥʘ 

ʦʜʠʥʘʢʦʚʳ (ʪ.ʝ. t1 = t2), ʪʦ ʭ2 ï ʭ1 = l ʷʚʣʷʝʪʩʷ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʜʣʠʥʦʡ ʜʚʠʞʫʱʝʛʦʩʷ ʤʘʩʰʪʘʙʘ. 

ʉʦʛʣʘʩʥʦ (7.26) ʠʤʝʝʤ 

 
ʦʪʢʫʜʘ ʚ ʩʠʣʫ t1 = t2 ʧʦʣʫʯʘʝʤ 

 
ʇʘʨʘʜʦʢʩʘʣʴʥʦʩʪʴ ʵʪʦʛʦ ʚʳʚʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʠʣʫ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʪʦʯʥʦ 

ʪʘʢʘʷ ʞʝ ʬʦʨʤʫʣʘ ʜʦʣʞʥʘ ʧʦʣʫʯʠʪʴʩʷ ʜʣʷ ʜʣʠʥʳ ʤʘʩʰʪʘʙʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʠʩʪʝʤʝ Ɇ ʠ ʠʟʤʝ-

ʨʷʝʤʦʛʦ ʠʟ ʩʠʩʪʝʤʳ Ɇ'. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʙʨʘʪʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ 

 
ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʷʚʥʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ (10.2), ʝʩʣʠ ʧʦʜ l0 ʠ l ʧʦʥʠʤʘʪʴ ʪʘʢʞʝ ʠʟʤʝʨʷʝʤʳʝ 

ʚʝʣʠʯʠʥʳ. 

ʇʨʦʪʠʚʦʨʝʯʠʝ, ʦʜʥʘʢʦ, ʩʥʠʤʘʝʪʩʷ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʚʝʨ-

ʰʝʥʥʦ ʩʠʤʤʝʪʨʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʩʝʡ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʷ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʦʪ ʩʭʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩ. 6, ʢ ʩʭʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 7. 

ɺ ʵʪʦʡ ʩʭʝʤʝ ʫʞʝ t1 Í t2, ʥʦ tǋ1 = tǋ2, ʪ.ʝ. ʢʦʥʮʳ ʥʠʞʥʝʛʦ ʤʘʩʰʪʘʙʘ ʟʘʩʝʢʘʶʪʩʷ ʥʝ ʚ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ ʯʘʩʘʤ, ʧʦʤʝʱʝʥʥʳʤ ʚ ʩʠʩʪʝʤʝ Ɇ, ʥʦ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʧʦ ʯʘʩʘʤ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʩʠʩʪʝʤʝ Ɇ'. ʊʦʛʜʘ, ʧʨʠʤʝʥʷʷ ʬʦʨʤʫʣʳ ʦʙʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ, 

ʧʦʣʫʯʘʝʤ 

 
ʦʪʢʫʜʘ ʚ ʩʠʣʫ tǋ2 = tǋ1 ʠʤʝʝʤ 

 
ʕʪʘ ʬʦʨʤʫʣʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʠʥʘ ʤʘʩʰʪʘʙʘ l, ʠʟʤʝʨʝʥʥʦʛʦ ʠʟ 

ʩʠʩʪʝʤʳ Ɇ'. ʅʦ ʵʪʘ ʬʦʨʤʫʣʘ ʫʞʝ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʬʦʨʤʫʣʦʡ (10.2), ʠʙʦ ʚʭʦʜʷʱʠʝ ʚ 

ʥʝʝ l ʠ l0 ʠʟʤʝʨʷʶʪʩʷ ʠʥʘʯʝ, ʯʝʤ l ʠ l0, ʚʭʦʜʷʱʠʝ ʚ (10.2). 

                                                      
34 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ ʧʫʪʝʤ ʧʨʠʣʦʞʝʥʠʷ ʢ ʵʪʘʣʦʥʫ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘ-

ʮʠʝʡ, ʜʘʶʱʝʡ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʟʫʣʴʪʘʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʘʣʴʥʝʡʰʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʤʘʩʰʪʘʙʘ ʠʟ ʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʚ ʜʨʫʛʫʶ. ʇʨʠ ʵʪʦʤ ʤʘʩʰʪʘʙ, ʢʦʥʝʯʥʦ, ʩʯʠʪʘʝʪʩʷ çʞʝʩʪʢʠʤè. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʢʦʨʦʯʝʥʠʝ ʠʣʠ ʫʜʣʠʥʝʥʠʝ ʠʟʤʝʨʷʝʤʳʭ ʤʘʩʰʪʘʙʦʚ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʪʦʛʦ, ʚ 

ʢʘʢʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʢʦʥʮʦʚ ʤʘʩʰʪʘʙʦʚ, 

ʠʙʦ ʩʦʙʳʪʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʥʝʦʜʥʦʚʨʝʤʝʥʥʳ ʚ ʜʨʫʛʦʡ. 

 

Ä11. ɿʘʤʝʜʣʝʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ 

ɿʘʤʝʜʣʝʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʦ ʚ ʦʧʳʪʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘ-

ʞʝʥʘ ʥʘ ʨʠʩ. 8. ɼʚʠʞʫʱʠʝʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v ʯʘʩʳ, ʠʟʤʝʨʷʶʱʠʝ ʚʨʝʤʷ t', ʧʨʦʭʦʜʷʪ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ ʤʠʤʦ ʪʦʯʢʠ ʭ1 ʚ ʤʦʤʝʥʪ t1 ʠ ʤʠʤʦ ʪʦʯʢʠ ʭ2 ʚ ʤʦʤʝʥʪ t2. ɺ ʵʪʠ ʤʦʤʝʥʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʨʘʚʥʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʩʪʨʝʣʦʢ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʧʦʜʚʠʞʥʳʭ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʨʷʜʦʤ ʩ ʥʠʤʠ.35 

ʇʫʩʪʴ ʟʘ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʦʪ ʪʦʯʢʠ ʭ1 ʜʦ ʪʦʯʢʠ ʭ2 ʩʪʨʝʣʢʠ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʦʪʤʝʨʷʪ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ Ű0, ʘ ʩʪʨʝʣʢʠ ʯʘʩʦʚ 1 ʠ 2, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʭʨʦʥʠʟʦʚʘʥʥʳʭ ʚ ʥʝʧʦʜʚʠʞʥʦʡ 

ʩʠʩʪʝʤʝ Ɇ, ʦʪʤʝʨʷʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ Ű. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

 
*  
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ʅʦ ʩʦʛʣʘʩʥʦ ʦʙʨʘʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ (7.27) ʠʤʝʝʤ 

 
ʇʦʜʩʪʘʚʣʷʷ (11.1) ʚ (11.2) ʠ ʟʘʤʝʯʘʷ, ʯʪʦ ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʳ ʚʩʸ ʚʨʝʤʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʪʦʯʢʝ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ Ɇ', ʪ.ʝ. ʯʪʦ 

 
ʧʦʣʫʯʘʝʤ 

 
ʕʪʘ ʬʦʨʤʫʣʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʦʪʤʝʯʝʥʥʳʡ ʥʝʧʦʜʚʠʞʥʳʤʠ ʯʘʩʘʤʠ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʠʤ, ʯʝʤ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʦʪʤʝʨʝʥʥʳʡ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʘʤʠ. ʅʦ ʵʪʦ ʠ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʳ ʦʪʩʪʘʶʪ ʦʪ ʥʝʧʦʜʚʠʞʥʳʭ, ʪ.ʝ. ʠʭ ʭʦʜ ʟʘʤʝʜʣʷʝʪʩʷ. 

ʌʦʨʤʫʣʘ (11.4) ʪʘʢ ʞʝ ʦʙʨʘʪʠʤʘ, ʢʘʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʤʘʩʰʪʘʙʦʚ (10.2). 

ʆʜʥʘʢʦ, ʥʘʧʠʩʘʚ ʦʙʨʘʪʥʫʶ ʬʦʨʤʫʣʫ ʚ ʚʠʜʝ 

                                                      
35 ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʦʜʥʦʤʝʩʪʥʳʭ ʩʦʙʳʪʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, 

ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʩʠʛʥʘʣʦʚ ʠʣʠ ʠʥʳʭ ʦʩʦʙʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʞʝ ʯʘʩʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʦʯʢʘʭ ʭ1 

ʠ ʭ2 ʩʠʩʪʝʤʳ Ɇ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʝʪʦʚʳʭ ʩʠʛʥʘʣʦʚ ʠʣʠ 

ʧʨʦʮʝʜʫʨʳ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ Ä 6. 
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ʤʳ ʜʦʣʞʥʳ ʧʦʜʨʘʟʫʤʝʚʘʪʴ, ʯʪʦ Ű0 = tǋ2 ï tǋ1 ʠ Ű = t2 ï t1 ʠʟʤʝʨʷʶʪʩʷ ʫʞʝ ʥʝ ʚ ʦʧʳʪʝ, ʠʟʦʙʨʘʞʝʥʥʦʤ 

ʥʘ ʨʠʩ. 8, ʘ ʚ ʦʧʳʪʝ, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩ. 9. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ 

 
ʧʨʠ ʫʩʣʦʚʠʠ 

 
ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ (11.5). 

ʇʦʣʫʯʝʥʥʦʝ ʟʘʤʝʜʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʨʝʘʣʴʥʳʤ,36 ʦʜʥʘʢʦ ʦʥʦ ʠʤʝʝʪ, ʪʘʢ ʩʢʘʟʘʪʴ, ʯʠʩʪʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. ʅʘʧʨʠʤʝʨ, ʚ ʩʭʝʤʝ ʦʧʳʪʘ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 8, ʪʦʪ ʨʝʟʫʣʴʪʘʪ, ʯʪʦ 

ʯʘʩʳ 2 ʦʢʘʟʘʣʠʩʴ ʚʧʝʨʝʜʠ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʳ Ɇ' ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʯʘʩʳ 2 ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʰʣʠ ʥʝ ʩʠʥʭʨʦʥʥʦ ʩ ʯʘʩʘʤʠ 1 ʠ ʦʧʝʨʝʞʘʣʠ ʠʭ (ʚ ʩʠʣʫ 

ʥʝʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʚ ʜʨʫʛʦʡ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʟʘʤʝʜʣʝʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ, ʪʘʢ ʠ ʩʦʢʨʘʱʝʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʤʘʩʰʪʘ-

ʙʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤʠ, ʝʩʣʠ ʦʩʚʦʠʪʴʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʝʥʥʳʭ ʩʦʙʳʪʠʡ. 

 

Ä12. ʇʘʨʘʜʦʢʩ ʯʘʩʦʚ 

ɹʦʣʝʝ ʧʦʨʘʟʠʪʝʣʴʥʳʤ ʠ ʚʳʟʳʚʘʶʱʠʤ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʧʦʨʦʚ ʠ ʥʝʜʦʨʘʟʫʤʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʧʘʨʘʜʦʢʩ ʯʘʩʦʚ. ʇʫʩʪʴ ʯʘʩʳ ɸ ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʯʢʝ I ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ Ɇ, ʘ ʦʜʠʥʘʢʦʚʳʝ ʩ ʥʠʤʠ ʯʘʩʳ ɺ, ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʘʢʞʝ ʚ 

ʪʦʯʢʝ I, ʜʚʠʞʫʪʩʷ ʢ ʪʦʯʢʝ II   ʩʦ ʩʢʦʨʦʩʪʴʶ v. ɿʘʪʝʤ, ʧʨʦʡʜʷ ʧʫʪʴ l ʜʦ ʪʦʯʢʠ II, ʯʘʩʳ ɺ ʟʘʤʝʜʣʷʶʪʩʷ 

ʠ, ʧʨʠʦʙʨʝʪʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʢʦʨʦʩʪʴ ïv, ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʪʦʯʢʫ I (ʨʠʩ. 10).37 
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ɽʩʣʠ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʯʘʩʦʚ ɺ ʥʘ ʦʙʨʘʪʥʫʶ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʝʤ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ ʪʦʯʢʠ I ʜʦ ʪʦʯʢʠ II, ʪʦ 

                                                      
36 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʝʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ, ʥʘʧʨʠʤʝʨ ɛ-ʤʝʟʦʥʳ, ʨʘʩʧʘʜʘʶʪʩʷ ʩ 

ʙ·ʣʴʰʠʤ ʧʦʣʫʧʝʨʠʦʜʦʤ, ʯʝʤ ʥʝʧʦʜʚʠʞʥʳʝ. 
37 ʄʆʀ: ɿʜʝʩʴ ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʦʪʢʫʜʘ ʊʝʨʣʝʮʢʠʡ ʟʥʘʝʪ, ʯʪʦ ʧʦʢʦʠʪʩʷ ʠʤʝʥʥʦ ʩʠʩʪʝʤʘ Ɇ ʩ 

ʯʘʩʘʤʠ ɸ, ʘ ʥʝ ʩʠʩʪʝʤʘ Ɇ' ʩ ʯʘʩʘʤʠ ɺ? ʄʦʞʝʪ ʙʳʪʴ ʵʪʦ ʯʘʩʳ ɸ ʫʜʘʣʷʶʪʩʷ, ʧʦʚʦʨʘʯʠʚʘʶʪ ʥʘʟʘʜ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʩʪʘʶʪ. ʀʣʠ, ʤʦʞʝʪ ʙʳʪʴ, ʦʙʝ ʩʠʩʪʝʤʳ Ɇ ʠ Ɇ' ʫʜʘʣʷʶʪʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʢʘʢʦʡ-ʪʦ 

çʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠè (I), ʦʙʝ ʧʦʚʦʨʘʯʠʚʘʶʪ ʥʘʟʘʜ ʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʵʪʫ ʪʦʯʢʫ ï ʠ ʪʦʛʜʘ ʥʠ ʦʜʥʠ ʯʘʩʳ ʥʝ 

ʦʪʩʪʘʶʪ ʦʪ ʜʨʫʛʠʭ. ʉʦʚʝʨʰʝʥʥʦ ʷʩʥʦ, ʯʪʦ ʚ ʨʘʤʢʘʭ çʯʠʩʪʦʡ ʉʊʆè ʥʠʢʘʢʦʛʦ çʧʘʨʘʜʦʢʩʘ ʯʘʩʦʚè (ʙʦʣʝʝ 

ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ çʧʘʨʘʜʦʢʩ ʙʣʠʟʥʝʮʦʚè) ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʞʝʪ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦ ʥʝʤ ʚʦʦʙʱʝ ʤʦʞʥʦ ʙʳʣʦ 

ʥʘʯʠʥʘʪʴ ʛʦʚʦʨʠʪʴ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ çʧʨʦʩʪʨʘʥʩʪʚʦè (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ çʧʨʦʩʪʨʘʥʩʪʚʦ ʄʠʥʢʦʚʩʢʦʛʦè) ʥʘʜʦ 

ʩʜʝʣʘʪʴ ʘʙʩʦʣʶʪʥʳʤ (ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚ çʪʝʦʨʠʠ ʵʬʠʨʘè). ʅʦ ʊʝʨʣʝʮʢʠʡ ʥʝ ʧʦʷʩʥʷʝʪ, ʢʘʢʠʤ 

ʠʤʝʥʥʦ ʦʙʨʘʟʦʤ ʦʥ ʧʨʝʚʨʘʪʠʣ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚ ʘʙʩʦʣʶʪʥʦʝ. ʋʧʦʤʠʥʘʥʠʝ ʛʨʘʚʠʪʘʮʠʠ 

ʥʠʞʝ ʚ ʵʪʦʤ ʧʘʨʘʛʨʘʬʝ ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ, ʯʪʦ çʘʙʩʦʣʶʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦè ʙʳʣʦ ʧʨʠʚʷʟʘʥʦ ʢ ʯʝʤʫ-ʪʦ ʪʠʧʘ 

çʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ɺʩʝʣʝʥʥʦʡè (ʪ.ʝ. ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʤʘʩʩʘʤ ɺʩʝʣʝʥʥʦʡ). ʅʦ ʧʦʷʚʣʝʥʠʝ ʩʥʦʚʘ ʘʙʩʦʣʶʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʦʞʜʘʝʪ ʠ ʥʦʚʳʝ ʚʦʧʨʦʩʳ, ʥʘʧʨʠʤʝʨ: çɸ ʨʘʟ ʫ ʥʘʩ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʥʦʚʘ ʘʙʩʦʣʶʪʥʦʝ, ʪʦ 

ʥʝʣʴʟʷ ʣʠ ʚʩʸ-ʪʘʢʠ ʢʘʢ-ʥʠʙʫʜʴ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ?è. 
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ʚʨʝʤʷ Ű, ʦʪʤʝʨʝʥʥʦʝ ʯʘʩʘʤʠ ɸ, ʠ ʚʨʝʤʷ Ű0, ʦʪʤʝʨʝʥʥʦʝ ʯʘʩʘʤʠ ɺ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʩʦʛʣʘʩʥʦ (11.4) 

ʧʦ ʬʦʨʤʫʣʘʤ 

 
ʛʜʝ ŭ ï ʚʦʟʤʦʞʥʘʷ ʤʘʣʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʚʨʝʤʷ ʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʦʚ ɺ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʳ 

B, ʚʝʨʥʫʚʰʠʩʴ ʚ ʪʦʯʢʫ I, ʨʝʘʣʴʥʦ ʦʪʩʪʘʥʫʪ ʦʪ ʯʘʩʦʚ ɸ ʥʘ ʚʨʝʤʷ 

 
ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʪʦʷʥʠʝ l ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʠʤ, ʧʦʩʪʦʣʴʢʫ ʧʦʧʨʘʚʢʘ ŭ ʤʦʞʝʪ 

ʥʝ ʧʨʠʥʠʤʘʪʴʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʦʦʙʱʝ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʦʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʩʣʝʜʩʪʚʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʟʜʝʩʴ ʦʪʩʪʘʚʘʥʠʝ ʭʦʜʘ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʨʝʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ, ʘ ʥʝ ʨʝʟʫʣʴʪʘʪʦʤ 

ʠʟʙʨʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʠʟʤʝʨʝʥʠʷ, ʢʘʢ ʵʪʦ ʠʤʝʣʦ ʤʝʩʪʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ. ʈʝʘʣʴʥʦ ʜʦʣʞʥʳ 

ʦʪʩʪʘʪʴ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʩʪʝʤʦʡ Ɇ', ʦʪ ʧʨʦʮʝʩʩʦʚ, ʠʜʫʱʠʭ ʚ ʩʠʩʪʝʤʝ Ɇ. ɺ ʪʦʤ ʯʠʩʣʝ 

ʜʦʣʞʥʳ ʦʪʩʪʘʪʴ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʤʝʩʪʝ ʩ ʯʘʩʘʤʠ B. ɼʦʣʞʥʳ 

ʟʘʤʝʜʣʠʪʴʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʧʫʪʝʰʝʩʪʚʫʶʱʝʛʦ ʚ ʩʠʩʪʝʤʝ Ɇ', ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʨʛʘʥʠʟʤ, ʥʘʭʦʜʠʚʰʠʡʩʷ ʚ ʩʠʩʪʝʤʝ Ɇ', ʚ ʤʦʤʝʥʪ ʝʝ ʚʦʟʚʨʘʪʘ ʚ ʪʦʯʢʫ I ʦʢʘʞʝʪʩʷ 

ʤʝʥʝʝ ʧʦʩʪʘʨʝʚʰʠʤ, ʯʝʤ ʦʨʛʘʥʠʟʤ, ʦʩʪʘʚʘʚʰʠʡʩʷ ʚ ʩʠʩʪʝʤʝ Ɇ. 

ʇʘʨʘʜʦʢʩʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʜʝʩʴ ʪʦ, ʯʪʦ ʦʜʥʠ ʠʟ ʯʘʩʦʚ ʨʝʘʣʴʥʦ ʦʪʩʪʘʶʪ ʦʪ ʜʨʫʛʠʭ. 

ɺʝʜʴ ʵʪʦ ʢʘʞʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʘʱʠʤ ʩʘʤʦʤʫ ʧʨʠʥʮʠʧʫ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʦʛʣʘʩʥʦ ʧʦʩʣʝʜ-

ʥʝʤʫ ʣʶʙʫʶ ʠʟ ʩʠʩʪʝʤ Ɇ ʠ Ɇ' ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʧʦʜʚʠʞʥʦʡ. ʅʦ ʪʦʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʣʠʰʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʰʝʛʦ ʚʳʙʦʨʘ ʨʝʘʣʴʥʦ ʦʪʩʪʘʶʱʠʤʠ ʤʦʛʫʪ ʩʪʘʪʴ ʣʶʙʳʝ ʠʟ ʯʘʩʦʚ ɸ ʠ ɺ. ʅʦ 

ʧʦʩʣʝʜʥʝʝ ʷʚʥʦ ʘʙʩʫʨʜʥʦ, ʪʘʢ ʢʘʢ ʨʝʘʣʴʥʦ ʦʪʩʪʘʶʪ38 ʯʘʩʳ ɺ ʦʪ ʯʘʩʦʚ ɸ. 

ʆʰʠʙʦʯʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʫʞʜʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʳ Ɇ ʠ Ɇ' ʬʠʟʠʯʝʩʢʠ ʥʝ 

ʨʘʚʥʦʧʨʘʚʥʳ, ʪʘʢ ʢʘʢ ʩʠʩʪʝʤʘ Ɇ ʚʩʸ ʚʨʝʤʷ ʠʥʝʨʮʠʘʣʴʥʘ, ʩʠʩʪʝʤʘ ʞʝ Ɇ' ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʥʝʥʠʝ ʝʝ ʩʢʦʨʦʩʪʠ ʥʘ ʦʙʨʘʪʥʫʶ, ʥʝʠʥʝʨʮʠʘʣʴʥʘ. ʉʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʚʪʦʨʘʷ ʠʟ ʬʦʨʤʫʣ (12.1) ʜʣʷ ʩʠʩʪʝʤʳ Ɇ' ʥʝʧʨʘʚʠʣʴʥʘ, ʪʘʢ ʢʘʢ ʚʦ ʚʨʝʤʷ ʫʩʢʦʨʝʥʠʷ ʭʦʜ 

ʫʜʘʣʝʥʥʳʭ ʯʘʩʦʚ ʤʦʞʝʪ ʩʠʣʴʥʦ ʠʟʤʝʥʷʪʴʩʷ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. 
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ʆʜʥʘʢʦ ʠ ʵʪʦ ʩʦʚʝʨʰʝʥʥʦ ʧʨʘʚʠʣʴʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʦʨʘʟʠʪʝʣʴʥʳʤ. 

ɺʝʜʴ ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʦʙʝ ʩʠʩʪʝʤʳ ʜʚʠʞʫʪʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ 

ʧʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ. ʇʦʵʪʦʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤʳ Ɇ' ʯʘʩʳ ɸ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ Ɇ, 

                                                      
38 ʄʆʀ: ʆʪʢʫʜʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ çʨʝʘʣʴʥʦ ʦʪʩʪʘʶʪ ʯʘʩʳ ɺ ʦʪ ʯʘʩʦʚ ɸè? 
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ʦʪʩʪʘʶʪ (ʘ ʥʝ ʫʭʦʜʷʪ ʚʧʝʨʝʜ) ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (12.1). ʀ ʣʠʰʴ ʟʘ ʤʘʣʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʚ ʩʠʩʪʝʤʝ Ɇ' ʜʝʡʩʪʚʫʶʪ ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʣʳ, ʯʘʩʳ ɸ ʙʳʩʪʨʦ ʫʭʦʜʷʪ 

ʚʧʝʨʝʜ ʥʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʚʜʚʦʝ ʙʦʣʴʰʠʡ, ʯʝʤ ȹŰ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ (12.2). ʇʨʠ 

ʵʪʦʤ ʯʝʤ ʙʦʣʴʰʝʝ ʫʩʢʦʨʝʥʠʝ ʠʩʧʳʪʳʚʘʝʪ ʩʠʩʪʝʤʘ Ɇ', ʪʝʤ ʙʳʩʪʨʝʝ ʙʝʞʠʪ ʚʨʝʤʷ ʥʘ ʯʘʩʘʭ ɸ. 

ʅʘʛʣʷʜʥʦ ʩʫʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚʳʚʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʲʷʩʥʝʥʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʄʠʥʢʦʚʩʢʦʛʦ 

(ʨʠʩ. 11). 

ʆʪʨʝʟʦʢ Ob ʥʘ ʨʠʩ. 11, a ʠʟʦʙʨʘʞʘʝʪ ʧʦʢʦʷʱʠʝʩʷ ʯʘʩʳ A, ʣʦʤʘʥʘʷ ʣʠʥʠʷ Oab ï ʜʚʠʞʫʱʠʝʩʷ 

ʯʘʩʳ B. ɺ ʪʦʯʢʝ ʘ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ, ʫʩʢʦʨʷʶʱʠʝ ʩʠʩʪʝʤʫ ʯʘʩʦʚ ɺ ʠ ʠʟʤʝʥʷʶʱʠʝ ʝʝ ʩʢʦʨʦʩʪʴ ʥʘ 

ʦʙʨʘʪʥʫʶ. ʊʦʯʢʠ, ʨʘʩʩʪʘʚʣʝʥʥʳʝ ʥʘ ʦʩʠ Ob, ʨʘʟʜʝʣʷʶʪ ʝʜʠʥʠʯʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʚ 

ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ Ɇ, ʩʚʷʟʘʥʥʦʡ ʩ ʯʘʩʘʤʠ ɸ. 

ʊʦʯʢʠ ʥʘ ʣʦʤʘʥʦʡ Oab ʦʪʤʝʯʘʶʪ ʨʘʚʥʳʝ ʝʜʠʥʠʯʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʷʝʤʳʝ 

ʯʘʩʘʤʠ B, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʩʠʩʪʝʤʝ Ɇ'. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʯʠʩʣʦ ʝʜʠʥʠʯʥʳʭ ʦʪʨʝʟʢʦʚ, 

ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʥʘ ʣʠʥʠʠ Ob, ʙʦʣʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʪʘʢʠʭ ʞʝ, ʥʦ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʠʩʪʝʤʝ Ɇ' 

ʦʪʨʝʟʢʦʚ, ʫʢʣʘʜʳʚʘʶʱʠʭʩʷ ʥʘ ʣʦʤʘʥʦʡ Oab. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʳ ɺ ʦʪʩʪʘʶʪ ʦʪ ʯʘʩʦʚ ɸ. 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ çʥʝʧʦʜʚʠʞʥʳʝè ʯʘʩʳ ɸ ʪʘʢʞʝ ʦʪʩʪʘʶʪ ʦʪ ʯʘʩʦʚ ɺ ʚʧʣʦʪʴ ʜʦ ʤʦʤʝʥʪʘ, 

ʠʟʦʙʨʘʞʘʝʤʦʛʦ ʪʦʯʢʦʡ ʘ. ʆʜʥʦʚʨʝʤʝʥʥʳʤ ʩ ʵʪʠʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪ Ŭ1, ʦʜʥʘʢʦ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʯʘʩʳ ɺ ʝʱʝ ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v. ʅʦ ʯʝʨʝʟ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʪʨʝʙʫʝʤʳʡ 

ʜʣʷ ʟʘʤʝʜʣʝʥʠʷ ʯʘʩʦʚ ɺ ʠ ʩʦʦʙʱʝʥʠʷ ʠʤ ʩʢʦʨʦʩʪʠ ïv, ʥʘ ʯʘʩʘʭ ɺ ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʥʝʪʩʷ ʪʦʪ ʞʝ 

ʤʦʤʝʥʪ ɸ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩ ʥʠʤ ʤʦʤʝʥʪʦʤ ʚ ʩʠʩʪʝʤʝ Ɇ ʩʪʘʥʝʪ ʤʦʤʝʥʪ Ŭ2, ʪ.ʝ. ʧʦʯʪʠ 

ʤʛʥʦʚʝʥʥʦ ʚʨʝʤʷ ʩʠʩʪʝʤʳ Ɇ ʢʘʢ ʙʳ ʧʝʨʝʩʢʦʯʠʪ ʥʘ ʢʦʥʝʯʥʳʡ ʠʥʪʝʨʚʘʣ Ŭ1Ŭ2. 

ʕʪʦʪ ʧʝʨʝʩʢʦʢ ʚʨʝʤʝʥʠ ʥʝ ʷʚʣʷʝʪʩʷ, ʦʜʥʘʢʦ, ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤ ʵʬʬʝʢʪʦʤ. ɼʝʡʩʪʚʠ-

ʪʝʣʴʥʦ, ʝʩʣʠ ʠʟ ʩʠʩʪʝʤʳ Ɇ ʨʝʛʫʣʷʨʥʦ, ʯʝʨʝʟ ʝʜʠʥʠʯʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦʩʳʣʘʪʴ ʚ ʩʠʩʪʝʤʫ Ɇ' 

ʩʚʝʪʦʚʳʝ ʩʠʛʥʘʣʳ, ʪʦ ʦʥʠ ʩʦʚʝʨʰʝʥʥʦ ʨʝʛʫʣʷʨʥʦ ʙʫʜʫʪ ʧʨʠʥʠʤʘʪʴʩʷ ʩʠʩʪʝʤʦʡ Ɇ' ʩʧʝʨʚʘ ʙʦʣʝʝ 

ʨʝʜʢʦ, ʘ ʟʘʪʝʤ, ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘ ʦʙʨʘʪʥʫʶ, ʙʦʣʝʝ ʯʘʩʪʦ. ʅʠʢʘʢʦʛʦ ʨʘʟʨʳʚʘ ʚ 

ʧʦʢʘʟʘʥʠʷʭ ʯʘʩʦʚ ɸ ʚ ʩʠʩʪʝʤʝ Ɇ' ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʙʫʜʝʪ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩ. 11 ʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʧʘʨʘʜʦʢʩ ʯʘʩʦʚè ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʥʝʧʨʠʚʳʯʥʳʤ ʜʣʷ ʦʙʳʯʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʩʣʝʜʩʪʚʠʝʤ ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʯʝʪʳʨʝʭʤʝʨ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ.39 

 

Ä13. ʏʝʪʳʨʝʭʤʝʨʥʘʷ ʠ ʪʨʝʭʤʝʨʥʘʷ ʩʢʦʨʦʩʪʠ 

ʇʨʷʤʦʣʠʥʝʡʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʠʝʩʷ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʚ ʯʝʪʳʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʄʠʥʢʦʚʩʢʦʛʦ, ʦʯʝʚʠʜʥʦ, ʠʟʦʙʨʘʞʘʶʪʩʷ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ. ʉʦʛʣʘʩʥʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ʄʠʥʢʦʚ-

ʩʢʦʛʦ ʣʠʥʠʠ, ʠʟʦʙʨʘʞʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʪʦʯʝʢ, ʥʘʟʳʚʘʶʪʩʷ ʤʠʨʦʚʳʤʠ ʣʠʥʠʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʪʦʯʢʠ, ʜʚʠʞʫʱʠʝʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʥʝʧʨʷʤʦʣʠʥʝʡʥʦ, ʠʟʦʙʨʘʟʷʪʩʷ ʢʨʠʚʳʤʠ ʣʠʥʠʷʤʠ ʄʠʥʢʦʚ-

ʩʢʦʛʦ. ɺ ʢʘʞʜʦʡ ʜʘʥʥʦʡ ʪʦʯʢʝ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʤʠʨʦʚʦʡ ʣʠʥʠʠ. ʅʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ 

 
ʛʜʝ 

 
ï ʢʚʘʜʨʘʪ ʵʣʝʤʝʥʪʘ ʠʥʪʝʨʚʘʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʯʝʪʳʨʝʭʤʝʨʥʳʤ ʠʥʚʘʨʠʘʥʪʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʄʠʥʢʦʚʩʢʦʛʦ ʵʪʦʪ ʚʝʢʪʦʨ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʚʝʢʪʦʨʦʤ ʤʠʨʦʚʦʡ ʢʘʩʘʪʝʣʴʥʦʡ. 

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʤʠʨʦʚʦʡ ʢʘʩʘʪʝʣʴʥʦʡ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʪʘʢʞʝ ʚ ʚʠʜʝ 

 
ʀʥʘʯʝ ʛʦʚʦʨʷ, ʵʪʦʪ ʚʝʢʪʦʨ ʠʤʝʝʪ ʯʝʪʳʨʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳʝ 

                                                      
39 ʄʆʀ: ɺ ʪʦʤ-ʪʦ ʠ ʜʝʣʦ, ʯʪʦ ʵʪʦʪ ʧʘʨʘʜʦʢʩ ʧʦʷʚʣʷʝʪʩʷ ʣʠʰʴ ʪʦʛʜʘ, ʝʩʣʠ ʚʤʝʩʪʦ çʥʴʶʪʦʥʦʚʩʢʦʛʦ 

ʘʙʩʦʣʶʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè ʚʚʝʩʪʠ çʘʙʩʦʣʶʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʄʠʥʢʦʚʩʢʦʛʦè (ʯʪʦ ʄʠʥʢʦʚʩʢʠʡ ʚ ʦʙʱʝʤ-ʪʦ 

ʠ ʩʜʝʣʘʣ). ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʩʪʫʣʘʪ ʥʘʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʠ ʪʦʯʥʳʤ ʦʧʠʩʘʥʠʝʤ ʩʚʦʡʩʪʚ 

ʪʝʤʧʦʤʫʥʜʫʩʘ. ɺ çʧʘʨʘʜʦʢʩʝ ʯʘʩʦʚè ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʦ, ʢʦʪʦʨʘʷ ʠʟ ʩʠʩʪʝʤ çʧʦʢʦʠʪʩʷè, ʘ ʢʦʪʦʨʘʷ çʜʚʠʞʝʪ-

ʩʷè. ʅʦ ʝʩʣʠ ʕʊʆ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʚʦʟʤʦʞʥʳʤ ʠ ʦʧʨʝʜʝʣʠʪʴ, ʢʦʛʜʘ ɿʝʤʣʷ çʧʦʢʦ-

ʠʪʩʷè ʠ ʢʦʛʜʘ çʜʚʠʞʝʪʩʷè. 
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ʇʨʠ u << c ʥʫʣʝʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʝʜʠʥʠʮʫ, ʘ ʧʝʨʚʘʷ, ʚʪʦʨʘʷ ʠ 

ʪʨʝʪʴʷ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ u/c. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʥʦʞʝʥʥʳʡ ʥʘ ʩ ʯʝʪʳʨʝʭ-

ʤʝʨʥʳʡ ʚʝʢʪʦʨ (13.3) ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʯʝʪʳʨʝʭʤʝʨʥʦʝ ʦʙʦʙʱʝʥʠʝ ʦʙʳʯʥʦʡ ʪʨʝʭ-

ʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ u, ʪ.ʝ. 

 
ʛʜʝ 

 
ï ʵʣʝʤʝʥʪ çʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠè, ʦʪʩʯʠʪʳʚʘʝʤʦʛʦ ʩʦʛʣʘʩʥʦ (11.4) ʧʦ ʯʘʩʘʤ, ʜʚʠʞʫʱʠʤʩʷ 

ʚʤʝʩʪʝ ʩ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʦʡ. 

ʏʝʪʳʨʝʭʤʝʨʥʘʷ ʜʣʠʥʘ ʚʝʢʪʦʨʘ Uk, ʦʯʝʚʠʜʥʦ, ʨʘʚʥʘ40 ʩʦʛʣʘʩʥʦ (13.2) ʠ (13.5): 

 
ɺ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʪʦʣʴʢʦ ʚʝʢʪʦʨ (13.5) ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ 

ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʪ.ʝ. ʢʦʚʘʨʠʘʥʪʥʦ ʚʚʝʜʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʷʚʣʷʶʱʝʡʩʷ 

ʦʙʦʙʱʝʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ. ʆʙʳʯʥʘʷ ʞʝ ʩʢʦʨʦʩʪʴ u ʥʝ ʷʚʣʷʝʪʩʷ ʪʘʢʦʡ ʢʦʚʘʨʠʘʥʪʥʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʠʙʦ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʳ, ʧʨʝʦʙʨʘʟʫʶʱʝʡʩʷ ʢʘʢ ʯʝʪʳʨʝʭʤʝʨʥʳʡ 

ʚʝʢʪʦʨ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʃʦʨʝʥʮʘ. 

ʊʦʣʴʢʦ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ (u << c), ʢʦʛʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʚ ʧʨʝʜʝʣʝ ʧʝʨʝʭʦʜʷʪ ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʘʣʠʣʝʷ, ʚʝʢʪʦʨ u ʩʪʘʥʦʚʠʪʩʷ ʬʠʟʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦ ʚʚʝʜʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, 

ʢʦʚʘʨʠʘʥʪʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ɻʘʣʠʣʝʷ ʠ ʧʦʚʦʨʦʪʘʤ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ Uk, ʪʘʢ ʞʝ ʢʘʢ ʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ, ʧʨʝʦʙʨʘ-

ʟʫʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʜʨʫʛʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʜʚʠʞʫʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʪʘʢ ʞʝ ʢʘʢ ʢʦʤʧʦ-

ʥʝʥʪʳ dxk,41 ʪ.ʝ. ʩʦʛʣʘʩʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ [ʩʤ. (9.9)]: 

 
 

ʛʜʝ ɓ = v/c. ʇʨʠ ʵʪʦʤ çʜʣʠʥʘè ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ ic. 

ɸʥʘʣʦʛʠʯʥʦ ʚʚʝʜʝʥʠʶ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʚʚʝʩʪʠ ʠ ʯʝʪʳʨʝʭʤʝʨʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

 
ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ v << ʩ ʧʝʨʚʳʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ ʫʩʢʦ-

ʨʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʨʝʭʤʝʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ (13.7) 

 
ʪ.ʝ. ʚʝʢʪʦʨ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚʩʝʛʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʚʝʢʪʦʨʫ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ. 

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʘʢʞʝ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (13.8). 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ɸk ʵʪʠ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

 
ʛʜʝ ʤʘʪʨʠʮʘ || aik || ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

                                                      
40 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʣʦʚʥʘʷ ʟʘʧʠʩʴ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʦ ʠʥʜʝʢʩʫ, ʚʩʪʨʝʯʘʶʱʝʤʫʩʷ ʜʚʘʞʜʳ; 

ʥʘʧʨʠʤʝʨ, ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

 
ʛʜʝ 

 
 

41 ʈʘʟʣʠʯʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʚʘʨʠʘʥʪʥʳʭ ʠ ʢʦʥʪʨʘʚʘʨʠʘʥʪʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘ-

ʷʭ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʤʳ ʟʜʝʩʴ ʥʝ ʙʫʜʝʤ ʝʛʦ ʚʚʦʜʠʪʴ. 
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28 

 
ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʝʢʪʦʨʘ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʜʨʫʛʠʭ ʯʝʪʳʨʝʭʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ ʧʦ 

ʬʦʨʤʫʣʘʤ (13.8), (13.12) ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ ʚʳʚʦʜʘʤ, ʙʦʣʝʝ ʥʝʧʨʠʚʳʯ-

ʥʳʤ, ʯʝʤ ʪʝ ʩʣʝʜʩʪʚʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ, ʢʦʪʦʨʳʝ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ. ʅʝʢʦʪʦʨʳʝ ʥʦʚʳʝ ʥʝʦʞʠʜʘʥʥʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʪ 

ʯʝʪʳʨʝʭʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ ʤʳ ʚʦʟʚʨʘʱʘʝʤʩʷ ʢ ʪʨʝʭʤʝʨʥʳʤ ʚʝʢʪʦʨʘʤ, ʥʘʧʨʠʤʝʨ ʢ ʪʨʝʭʤʝʨʥʦʤʫ 

ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ u. 

ʃʶʙʦʡ ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ɸk ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʢʘʢ ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭʤʝʨʥʦʡ ʯʘʩʪʠ ɸ 

ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ɸ1, ɸ2, ɸ3 ʠ ʥʫʣʝʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ɸ0, ʪ.ʝ. ʢʘʢ 

 
ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʦʙʦʟʥʘʯʝʥʠʶ ʠ ʬʦʨʤʫʣʘʤ (13.4), (13.5) ʯʝʪʳʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʢʘʢ 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʳʯʥʳʡ ʚʝʢʪʦʨ ʪʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ u, ʠʟʤʝʨʷʝʤʳʡ ʠʟʚʝʩʪʥʳʤʠ ʚ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʬʠʟʠʢʝ ʦʧʝʨʘʮʠʷʤʠ, ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʘʢ 

 
ʀʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (13.8) ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ 

u ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ Ɇ'. ʆʯʝʚʠʜʥʦ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʬʦʨʤʫʣʳ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ. ʅʝʪʨʫʜʥʦ ʜʦʢʘʟʘʪʴ, 

ʯʪʦ ʵʪʠ ʬʦʨʤʫʣʳ ʦʙʨʘʪʠʤʳ, ʪ.ʝ. 

 
ʀʟ ʵʪʠʭ ʬʦʨʤʫʣ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʠʜʥʦ, ʯʪʦ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ ʢ ʜʨʫʛʦʡ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʢʦʨʦʩʪʴ ʪʝʣʘ, ʧʨʝʚʳʰʘʶʱʫʶ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʩ, ʝʩʣʠ ʚ 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʪʝʣʘ ʙʳʣʘ ʤʝʥʴʰʝ ʩ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (13.17) ʢʚʘʜʨʘʪ ʪʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ u ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʢʘʢ 

 
ɺʳʯʠʪʘʷ ʠʟ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʯʘʩʪʝʡ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ2, ʧʦʩʣʝ ʧʨʦʩʪʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ 

  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʦʯʝʚʠʜʥʦ, ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʪʦʣʴʢʦ ʧʨʠ v < ʩ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚ-

ʥʦʤ ʩʣʫʯʘʝ (ʪ.ʝ. ʧʨʠ v > ʩ) ʰʪʨʠʭʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʩʪʘʥʦʚʷʪʩʷ ʤʥʠʤʳʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʤʝʶʪ ʣʠʰʴ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʜʚʠʞʫʱʠʝʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʩʦ ʩʢʦʨʦʩ-


