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ʅʘʩʪʦʷʱʠʡ ʢʘʪʘʣʦʛ ʧʨʦʜʦʣʞʘʝʪ ʩʝʨʠʶ ʠʟʜʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʝʨʝʯʠʩʣʝʥʠʶ 

ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʪʠʧʦʚ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ, ʠʭ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʪʦʯʝʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʠʤʤʝʪʨʠʠ ʠ 

ʛʨʘʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ. ɺ ʪʦʤʝ I ʚ ʧʨʦʝʢʮʠʠ ʐʣʝʛʝʣʷ ʥʘ ʦʜʥʫ ʠʟ ʛʨʘʥʝʡ ʠʟʦʙʨʘʞʝʥʳ 4- é 12-ʵʜʨʳ. ʀʟ-ʟʘ 

ʦʛʨʦʤʥʦʩʪʠ ʤʥʦʛʦʦʙʨʘʟʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʢʦʤʙʠʥʘʪʦʨʥʦ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ ʬʦʨʤʘʤʠ, 

ʧʦʢʘʟʘʥʳ ʣʠʰʴ ʩʠʤʤʝʪʨʠʯʥʳʝ 11-ʵʜʨʳ ʩ ʯʠʩʣʦʤ ʚʝʨʰʠʥ 11-17 ʠ 12-ʵʜʨʳ ʩ ʯʠʩʣʦʤ ʚʝʨʰʠʥ 11-19. ʂʘʪʘʣʦʛ 

ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʘʥʘʣʠʟʘ, ʧʝʨʝʯʠʩʣʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʣʠʵʜʨʠʯʝʩʢʠʭ ʬʦʨʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. 

ʀʟʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʝʨʝʯʠʩʣʝʥʠʝ ʚʳʧʫʢʣʳʭ 

ʧʦʣʠʵʜʨʦʚ, ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʨʳʚʘ ʚʦʟʚʨʘʱʘʶʱʝʝ ʧʨʠʦʨʠʪʝʪ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʂʘʪʘʣʦʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʚ, ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʠʥʝʨʘʣʦʛʦʚ, ʤʘʪʝʤʘʪʠʢʦʚ, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʪʝʦʨʠʠ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ, ʠ ʩʪʫʜʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. 
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ʇʨʝʜʠʩʣʦʚʠʝ 

 

ʊʨʫʜʳ ɽ.ʉ. ʌʝʜʦʨʦʚʘ ʩʦʩʪʘʚʣʷʶʪ ʧʣʘʪʬʦʨʤʫ ʩʦʚʨʝʤʝʥʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. ʂʘʟʘʣʦʩʴ ʙʳ, ʦʥʠ ʜʦʩʢʦʥʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʅʦ ʚ ʪʦʤ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʛʝʥʠʘʣʴʥʦʩʪʴ ʫʯʝʥʦʛʦ, ʯʪʦ ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʤʥʦʛʠʭ ʣʝʪ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝʨʘʩʪʨʘʯʝʥʥʳʡ ʨʝʩʫʨʩ ʝʛʦ ʨʘʙʦʪ, ʧʨʝʙʳʚʘʚʰʠʭ ʜʦ ʪʦʛʦ ʥʘ 

ʦʙʦʯʠʥʝ ʛʣʘʚʥʳʭ ʪʚʦʨʯʝʩʢʠʭ ʠʜʝʡ. ʊʘʢʦʚʘ ʩʪʘʪʴʷ ñʆʩʥʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʘʪʠʢʠ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚò. 

ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʘ ʥʝ ʯʠʩʣʠʪʩʷ ʩʨʝʜʠ ʝʛʦ ʦʩʥʦʚʥʳʭ ʨʘʙʦʪ [26] ʠ ʥʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʨʘʙʦʪʝ ʀ.ʀ. ʐʘʬʨʘʥʦʚʩʢʦʛʦ ʧʦ ʠʩʪʦʨʠʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ [31]. ʇʨʘʚʜʘ, ʩʘʤ ɽ.ʉ. ʌʝʜʦʨʦʚ ʧʠʩʘʣ ʚ ʧʨʝʜʠʩʣʦʚʠʠ 

ʢ ʩʪʘʪʴʝ: ñɽʩʣʠ ʷ ʨʝʰʘʶʩʴ ʪʝʧʝʨʴ ʞʝ ʧʨʝʜʘʪʴ ʝʝ ʦʧʫʙʣʠʢʦʚʘʥʠʶ, ʪʦ ʜʝʣʘʶ ʵʪʦ ʥʝ ʧʦʪʦʤʫ, ʯʪʦʙʳ ʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʚ ʤʦʠʭ ʛʣʘʟʘʭ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʚʦʠʤ ʧʨʠʣʦʞʝʥʠʷʤ; ʷ ʜʝʣʘʶ ʵʪʦ ʧʦʪʦʤʫ, ʯʪʦ ʥʝʜʘʚʥʝʝ 

ʧʦʷʚʣʝʥʠʝ ʢʥʠʛʠ ʠʟʚʝʩʪʥʦʛʦ ʥʝʤʝʮʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ʕʙʝʨʛʘʨʜʪʘ ñZur Morphologie der Polyederò ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫ 

ʤʥʦʛʠʭ ʣʠʮ ʠʥʪʝʨʝʩ ʢ ʧʨʝʜʤʝʪʫ ʠ ʨʷʜ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠò [25, c. 241]. ɸ ʚ ʧʠʩʴʤʝ ʢ ʇ. 

ɻʨʦʪʫ ʦʪ 6 ʜʝʢʘʙʨʷ 1895 ʛʦʜʘ ʥʘʭʦʜʠʤ ʩʣʝʜʫʶʱʝʝ ʟʘʤʝʯʘʥʠʝ: ñʈʘʙʦʪʘ ʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʘʪʠʢʝ ʧʦʣʠʵʜʨʦʚ ... 

ʠʤʝʝʪ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʤʠʥʝʨʘʣʦʛʦʚ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʚ, ʠʙʦ ʦʥʘ ʧʨʝʩʣʝʜʫʝʪ ʯʠʩʪʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʮʝʣʠò [32, c. 68]. 

 

ʅʦ, ʘʥʘʣʠʟʠʨʫʷ ʘʨʛʫʤʝʥʪʳ ʧʨʦʪʠʚ ʬʦʨʤʘʣʴʥʦ-ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʪʠʢʠ ʧʦʣʠʵʜʨʦʚ ʧʦ ʕʙʝʨʛʘʨʜʪʫ, ʚ ʦʜʠʥ 

ʢʣʘʩʩ ʢʦʪʦʨʦʡ ʧʦʧʘʜʘʶʪ ʬʦʨʤʳ ʩ ʯʠʩʣʘʤʠ ʨʘʟʥʦʠʤʝʥʥʳʭ ʛʨʘʥʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ 

ʜʠʦʬʘʥʪʦʚʫ ʫʨʘʚʥʝʥʠʶ, ʫʙʝʞʜʘʝʤʩʷ, ʯʪʦ ʠ ʟʜʝʩʴ ɽ.ʉ. ʌʝʜʦʨʦʚ ʚʦʚʩʝ ʥʝ ʠʟʤʝʥʷʝʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ 

ʧʨʠʩʪʨʘʩʪʠʷʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʥ ʥʝ ʩʦʛʣʘʩʝʥ ʩ ʪʝʤ, ʯʪʦ ʚ ʨʘʟʥʳʝ ʢʣʘʩʩʳ ʧʦʧʘʜʘʶʪ ʪʘʢʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʨʦʜʩʪʚʝʥʥʳʝ ʧʦʣʠʵʜʨʳ ʢʘʢ ʢʫʙ ʠ ʦʢʪʘʵʜʨ ʠ, ʥʘʦʙʦʨʦʪ, ʚ ʦʜʠʥ ʢʣʘʩʩ ʧʦʧʘʜʘʶʪ ʬʦʨʤʳ, ʥʠʢʦʛʜʘ ʥʝ ʦʙʨʘʟʫʶʱʠʝ 

ʦʛʨʘʥʢʫ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʠʥʝʨʘʣʘ [1]. ɽ.ʉ. ʌʝʜʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪ ʥʝ ʧʨʠʥʮʠʧ ʩʠʩʪʝʤʘʪʠʢʠ, ʘ ʥʝʯʪʦ ʙʦʣʴʰʝʝ ï 

ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ ʠʟ ʪʝʪʨʘʵʜʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʭ ʛʝʥʝʘʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʘʪʠʢʫ ʠ ʩʦʭʨʘʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʦʜʩʪʚʘ. ʉʦʯʝʪʘʥʠʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʪʠʚʦʚ ʚ ʘʣʛʦʨʠʪʤʝ ʦʨʛʘʥʠʯʥʦ. ɺʝʜʴ ʧʨʠʪʫʧʣʝʥʠʷ ʨʝʙʝʨ ʥʦʚʳʤʠ 

ʛʨʘʥʷʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʢʦʤʧʣʠʢʘʮʠʠ ɺ. ɻʦʣʴʜʰʤʠʜʪʘ ï ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʤʘ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʧʝʨʘʮʠʡ ʧʨʠʪʫʧʣʝʥʠʷ ʚ ʘʣʛʦʨʠʪʤʝ ʨʦʚʥʦ ʪʨʠ, ʠ ʦʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʥʘ ʧʦʣʠʵʜʨʝ ʥʝʦʙʭʦʜʠʤʳʭ 3-, 4- ʠ 5-ʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ ʚ ʩʠʣʫ ʠʟʚʝʩʪʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʝʤʳ. 

 

ɺ ʩʪʘʪʴʝ ñʆʩʥʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʘʪʠʢʠ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚò ɽ.ʉ. ʌʝʜʦʨʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʳʰʝʣ ʟʘ 

ʧʨʝʜʝʣʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʚ ʦʙʣʘʩʪʴ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ, ʧʨʝʜʣʦʞʠʚ ʢʦʨʨʝʢʪʥʳʡ 

ʩʧʦʩʦʙ ʠʭ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʧʝʨʝʯʠʩʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʦʤʙʠʥʘʪʦʨʥʘʷ ʛʝʦʤʝʪʨʠʷ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ ʧʨʝʚʨʘʱʝʥʘ 

ʠʤ ʚ ñʦʙʦʣʦʯʢʫò ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʩʦ ʤʥʦʛʠʤʠ ʩʤʳʩʣʦʚʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʥʠʤʠ. ʅʠ ʜʦ, ʥʠ 

ʧʦʩʣʝ ɽ.ʉ. ʌʝʜʦʨʦʚʘ ʥʠʢʪʦ ʥʝ ʦʭʚʘʪʳʚʘʣ ʝʜʠʥʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʜʚʘ ʤʠʨʘ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʙʩʪʨʘʢʪʥʳʭ 

ʧʦʣʠʵʜʨʦʚ. ʋʞʝ ʥʘ ʚʳʚʝʜʝʥʥʳʭ ʠʤ 4- é 7- ʠ ʧʨʦʩʪʳʭ 8- ʠ 9-ʵʜʨʘʭ ʦʥ ʟʘʤʝʪʠʣ ʪʝʥʜʝʥʮʠʶ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ 

ʢʦʤʙʠʥʘʪʦʨʥʦ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʬʦʨʤ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʠʥʪʫʠʮʠʠ ʤʠʥʝʨʘʣʦʛʘ. ʈʠʩʢʥʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʵʪʠʤ ʙʳʣʠ ʩʪʠʤʫʣʠʨʦʚʘʥʳ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʛʝʦʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʝʨʝʯʠʩʣʝʥʠʝ 

ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʪʠʧʦʚ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ ʩʪʘʣʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʘʞʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʩ 

ʧʨʠʣʦʞʝʥʠʷʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ʌʝʜʦʨʦʚʩʢʠʡ ʘʣʛʦʨʠʪʤ ʦʢʘʟʘʣʩʷ ʟʘʤʝʯʘʪʝʣʴʥʦ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤ ʜʣʷ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʝʤʫ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʚʦʟʚʨʘʱʘʶʱʠʝ ï ʚʧʝʨʚʳʝ ʧʦʩʣʝ ɽ.ʉ. ʌʝʜʦʨʦʚʘ ï ʧʨʠʦʨʠʪʝʪ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 



5 

 

 

ɺʚʝʜʝʥʠʝ 

 

ʆʙʦʟʥʘʯʝʥʠʷ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʳʧʫʢʣʦʛʦ ʧʦʣʠʵʜʨʘ ʥʝʪ ʣʫʯʰʝʛʦ ʩʧʦʩʦʙʘ, ʯʝʤ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʇʦʵʪʦʤʫ 

ʦʩʥʦʚʫ ʢʘʪʘʣʦʛʘ ʩʦʩʪʘʚʣʷʶʪ ʨʠʩʫʥʢʠ ʧʦʣʠʵʜʨʦʚ ʚ ʧʨʦʝʢʮʠʠ ʐʣʝʛʝʣʷ ʥʘ ʦʜʥʫ ʠʟ ʛʨʘʥʝʡ. ʅʦ ʯʪʦʙʳ ʠʤʠ ʙʳʣʦ 

ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʫʞʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʬʦʨʤ. ʀʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ ʠʭ ʩʪʨʦʛʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʬʦʨʤʘʣʴʥʳ, 

ʧʦʵʪʦʤʫ ʘʚʪʦʨʳ ʧʦʰʣʠ ʧʫʪʝʤ, ʥʘʠʙʦʣʝʝ ʧʦʥʷʪʥʳʤ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ï ʤʠʥʝʨʘʣʦʛʦʚ ʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʚ, ʠʩʧʦʣʴʟʦʚʘʚ ʚʠʟʫʘʣʴʥʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʧʦʣʠʵʜʨʦʚ ʨʘʟʙʠʪʦ 

ʥʘ ʢʣʘʩʩʳ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʯʠʩʣʘ ʛʨʘʥʝʡ, ʚ ʧʨʝʜʝʣʘʭ ʢʣʘʩʩʘ ï ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʯʠʩʣʘ ʚʝʨʰʠʥ, ʜʘʣʝʝ 

ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠ ʫʧʦʨʷʜʦʯʝʥʦ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʛʨʘʥʥʦʛʦ ʩʠʤʚʦʣʘ, ʚ ʧʨʝʜʝʣʘʭ ʩʠʤʚʦʣʘ ï ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ 

ʩʠʤʤʝʪʨʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠ ʧʦʩʣʝ ʩʪʦʣʴ ʜʨʦʙʥʦʡ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʚ ʥʝʢʦʪʦʨʳʭ ʛʨʫʧʧʘʭ ʦʩʪʘʝʪʩʷ ʥʝʤʘʣʦʝ ʯʠʩʣʦ 

ʬʦʨʤ. 

 

ʇʦʜ ʛʨʘʥʥʳʤ ʩʠʤʚʦʣʦʤ ʧʦʥʠʤʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʮʠʬʨ, ʫʢʘʟʳʚʘʶʱʘʷ ʯʠʩʣʦ 3-, 4- é n-ʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ 

ʥʘ ʧʦʣʠʵʜʨʝ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚ ʩʠʤʚʦʣʘʭ ʟʘʧʷʪʳʭ, ʚʤʝʩʪʦ ʜʚʫʟʥʘʯʥʳʭ ʯʠʩʝʣ 10, 11, 12 é ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʫʢʚʳ 

ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ A, ɺ, ʉ é ʊʘʢ, ʛʨʘʥʥʳʡ ʩʠʤʚʦʣ 6001 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ 7-ʵʜʨʝ ʝʩʪʴ 6 ʪʨʝʭ- ʠ 1 

ʰʝʩʪʠʫʛʦʣʴʥʘʷ, ʥʦ ʥʝʪ ʯʝʪʳʨʝʭ- ʠ ʧʷʪʠʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ; 0A01 ï ʥʘ 11-ʵʜʨʝ ʝʩʪʴ 10 ʯʝʪʳʨʝʭ- ʠ 1 ʰʝʩʪʠʫʛʦʣʴʥʘʷ, 

ʥʦ ʥʝʪ ʪʨʝʭ- ʠ ʧʷʪʠʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ ʠ ʪ.ʜ. ʉʠʤʤʝʪʨʠʷ ʚʝʟʜʝ ʧʦʥʠʤʘʝʪʩʷ ʚ ʢʦʤʙʠʥʘʪʦʨʥʦʤ ʩʤʳʩʣʝ, ʪ.ʝ. ʢʘʞʜʦʡ 

ʬʦʨʤʝ ʧʨʠʧʠʩʘʥʘ ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʥʘʠʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʜʘʥʥʦʛʦ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ 

ʪʠʧʘ. ʈʘʩʩʤʦʪʨʠʤ ʦʧʠʩʘʥʠʝ ʢʣʘʩʩʘ ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ. 

 

F=7 V=7                  ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 2 2 1 m 2 3m 2 6mm 1                  ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 43 5 511 2 6001 1 

ʉʧʠʩʦʢ 43 1:1 2:2 m:3 3m:4,5 511 1:6 m:7 6001 6mm:8 

 

 
 

ʂʣʘʩʩ 7-ʵʜʨʦʚ (F = 7) ʩ ʩʝʤʴʶ ʚʝʨʰʠʥʘʤʠ (V = 7) ʩʦʜʝʨʞʠʪ 8 ʬʦʨʤ, ʯʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʥʦʤʝʨʘʤ ʚ ʢʦʥʮʝ 

ʩʧʠʩʢʘ ʠ ʨʠʩʫʥʢʘ. ɺ ʨʫʙʨʠʢʝ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʫʢʘʟʘʥʳ ʯʠʩʣʘ ʧʦʣʠʵʜʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʦʯʝʯʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʩʠʤʤʝʪʨʠʠ (ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ, ʚʳʜʝʣʝʥʳ ʢʫʨʩʠʚʦʤ, ʜʘʣʝʝ ï ʪ.ʛ.ʩ.,): ʪ.ʛ.ʩ. 1 ï 2 ʧʦʣʠʵʜʨʘ, 2 ï 1 ʧʦʣʠʵʜʨ, m ï 

2 ʧʦʣʠʵʜʨʘ, 3m ï 2 ʧʦʣʠʵʜʨʘ, 6mm ï 1 ʧʦʣʠʵʜʨ. ɺ ʨʫʙʨʠʢʝ ʛʨʘʥʥʳʝ ʩʠʤʚʦʣʳ ʜʘʥʳ ʯʠʩʣʘ ʧʦʣʠʵʜʨʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ (ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ): ʩʠʤʚʦʣ 43 ï 5 ʧʦʣʠʵʜʨʦʚ, 511 ï 2 ʧʦʣʠʵʜʨʘ, 

6001 ï 1 ʧʦʣʠʵʜʨ. ɺ ʨʫʙʨʠʢʝ ʩʧʠʩʦʢ ʧʨʠʚʦʜʠʪʩʷ ʩʘʤʦʝ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʢʣʘʩʩʘ ʧʦʣʠʵʜʨʦʚ, ʚ ʪʦʤ ʞʝ ʧʦʨʷʜʢʝ 

ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ. ɻʨʘʥʥʳʡ ʩʠʤʚʦʣ 43 ʠʤʝʶʪ ʧʦʣʠʵʜʨʳ: ʪ.ʛ.ʩ. 1 - ˉ 1, 2 - ˉ 2, m - ˉ 3, 3m - ˉˉ 4, 5; 

ʛʨʘʥʥʳʡ ʩʠʤʚʦʣ 511 ʠʤʝʶʪ: ʪ.ʛ.ʩ. 1 - ˉ 6, m - ˉ 7; ʛʨʘʥʥʳʡ ʩʠʤʚʦʣ 6001 ʠ ʪ.ʛ.ʩ. 6mm ʠʤʝʝʪ ʧʦʣʠʵʜʨ ˉ 8. 

ʉʜʝʣʘʥʥʳʭ ʧʦʷʩʥʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʦʛʦʤ. ʅʦ ʚʚʝʜʝʥʠʝ ʙʳʣʦ ʙʳ ʥʝʧʦʣʥʳʤ ʙʝʟ ʢʨʘʪʢʠʭ 

ʧʦʷʩʥʝʥʠʡ ʧʦ ʩʫʱʝʩʪʚʫ ʬʝʜʦʨʦʚʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʵʢʩʢʫʨʩʘ ʚ ʧʨʦʙʣʝʤʫ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʪʠʧʦʚ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ ʠ ʦʙʩʫʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʠʣʦʞʝʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʌʝʜʦʨʦʚʩʢʠʡ ʘʣʛʦʨʠʪʤ. ʇʫʩʪʴ fi - ʯʠʩʣʦ i-ʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ, f, e ʠ v - ʦʙʱʝʝ ʯʠʩʣʦ ʛʨʘʥʝʡ, ʨʝʙʝʨ ʠ ʚʝʨʰʠʥ 

ʣʶʙʦʛʦ ʚʳʧʫʢʣʦʛʦ ʧʦʣʠʵʜʨʘ. ʊʦʛʜʘ: 

 

f3 + f4 + f5 + f6 + ... = f                                                                               (1)                                                                                 

 

3f3 + 4f4 + 5f5 + 6f6 + ... = 2e                                                                         (2) 

 

ʋʤʥʦʞʘʝʤ (1) ʥʘ 6 ʠ ʚʳʯʠʪʘʝʤ (2): 

 

3f3 + 2f4  + f5 = (6f - 2e) + f7 + 2f8 + 3f9 + ...                                                            (3) 

 

ɼʣʷ ʣʶʙʦʛʦ ʚʳʧʫʢʣʦʛʦ ʧʦʣʠʵʜʨʘ ʚʳʧʦʣʥʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʕʡʣʝʨʘ: 

 

f - e + v = 2                                                                                        (4) 

ʠ ʥʝʩʪʨʦʛʦʝ ʥʝʨʘʚʝʥʩʪʚʦ: 

2e - 3v ² 0                                                                                         (5) 

 

ʚ ʢʦʪʦʨʦʤ ʨʘʚʝʥʩʪʚʦ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʧʨʦʩʪʳʭ ʧʦʣʠʵʜʨʦʚ. ʋʤʥʦʞʘʝʤ (4) ʥʘ 6 ʠ ʧʨʠʙʘʚʣʷʝʤ ʫʜʚʦʝʥʥʦʝ (5): 

 

6f - 2e ² 12                                                                                        (6) 

ʇʦʜʩʪʘʚʣʷʝʤ (6) ʚ (3): 



6 

 

 

3f3 + 2f4  + f5 ² 12 + f7 + 2f8 + 3f9 + ...                                                                 (7) 

 

ɼʣʷ ʧʨʦʩʪʳʭ ʧʦʣʠʵʜʨʦʚ (7) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʠʦʬʘʥʪʦʚʦ ʫʨʘʚʥʝʥʠʝ: 

 

3f3 + 2f4  + f5 = 12 + f7 + 2f8 + 3f9 + ...                                                               (8) 

 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʣʫʞʘʪ ʕʙʝʨʛʘʨʜʪʫ ʦʩʥʦʚʥʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤ.  

 

ʀʟ (7) ʩʣʝʜʫʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʫʢʣʦʛʦ ʧʦʣʠʵʜʨʘ ʙʝʟ ʪʨʝʭ-, ʯʝʪʳʨʝʭ- ʠ ʧʷʪʠʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ɼʣʷ ʠʭ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʢʘʢ ʨʘʟ ʠ ʩʣʫʞʘʪ ʦʧʝʨʘʮʠʠ a, b ʠ g ʬʝʜʦʨʦʚʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʆʧʝʨʘʮʠʷ a ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʥʦʚʫʶ ʪʨʝʫʛʦʣʴʥʫʶ ʛʨʘʥʴ ʦʪʩʝʯʝʥʠʝʤ ʧʨʦʩʪʦʡ (ʚ ʢʦʪʦʨʦʡ ʩʭʦʜʷʪʩʷ ʨʦʚʥʦ ʪʨʠ ʨʝʙʨʘ) ʚʝʨʰʠʥʳ 

ʧʦʣʠʵʜʨʘ. ʆʧʝʨʘʮʠʷ b ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʦʚʫʶ ʯʝʪʳʨʝʭʫʛʦʣʴʥʫʶ ʛʨʘʥʴ ʦʪʩʝʯʝʥʠʝʤ ʨʝʙʨʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʜʚʝ 

ʧʨʦʩʪʳʝ ʚʝʨʰʠʥʳ. ʆʧʝʨʘʮʠʷ g ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʦʚʫʶ ʧʷʪʠʫʛʦʣʴʥʫʶ ʛʨʘʥʴ ʦʪʩʝʯʝʥʠʝʤ ʪʨʝʭ ʩʤʝʞʥʳʭ 

ʧʨʦʩʪʳʭ ʚʝʨʰʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʠ ʦʧʝʨʘʮʠʠ ʦʪʩʝʯʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪ ʠʟ ʧʨʦʩʪʳʭ n-ʵʜʨʦʚ (n Ó 4) ʧʨʦʩʪʳʝ ʞʝ 

(n+1)-ʵʜʨʳ. ʆʧʝʨʘʮʠʷ ɤ ʨʝʜʫʢʮʠʠ (ʩʪʷʛʠʚʘʥʠʷ) ʨʝʙʨʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, 

ʧʦʨʦʞʜʘʷ ʥʝʧʨʦʩʪʳʝ ʧʦʣʠʵʜʨʳ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʯʠʩʣʘ ʛʨʘʥʝʡ. 

 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚʠʜʥʦ, ʯʪʦ ʬʝʜʦʨʦʚʩʢʠʡ ʘʣʛʦʨʠʪʤ ʥʝ ʩʚʦʙʦʜʝʥ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ. ʇʝʨʚʳʡ ʩʦʩʪʦʠʪ ʚ ʝʛʦ 

ʨʝʢʫʨʨʝʥʪʥʦʤ ʭʘʨʘʢʪʝʨʝ. ʆʰʠʙʢʘ ʚ ʧʝʨʝʯʠʩʣʝʥʠʠ ʧʨʦʩʪʳʭ n-ʵʜʨʦʚ ʤʦʞʝʪ ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ ʚ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʧʨʦʩʪʳʭ (n+1)-ʵʜʨʦʚ. ɸʥʘʣʦʛʠʯʥʦ, ʦʰʠʙʢʘ ʚ ʧʝʨʝʯʠʩʣʝʥʠʠ ʥʝʧʨʦʩʪʳʭ (n+1)-ʵʜʨʦʚ ʤʦʞʝʪ ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ ʚ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʥʝʧʨʦʩʪʳʭ (n+1)-ʵʜʨʦʚ ʩʣʝʜʫʶʱʠʭ ʧʦʨʷʜʢʦʚ. ɺʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ ï ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʬʦʨʤ. ʋʞʝ ʦʧʝʨʘʮʠʠ a ʠ b, ʧʨʠʤʝʥʝʥʥʳʝ ʢ ʪʝʪʨʘʵʜʨʫ, ʧʦʨʦʞʜʘʶʪ ʧʦʣʠʵʜʨ ʩ ʢʦʤʙʠʥʘʪʦʨʠʢʦʡ 

ʪʨʝʭʛʨʘʥʥʦʡ ʧʨʠʟʤʳ. ʉʨʘʚʥʝʥʠʝ ʠ ʦʪʙʨʘʢʦʚʢʘ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʬʦʨʤ ï ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘʷ ʥʳʥʝ ʧʨʦʙʣʝʤʘ 

ʠʟʦʤʦʨʬʠʟʤʘ ʛʨʘʬʦʚ. ɽ.ʉ. ʌʝʜʦʨʦʚ ʦʮʝʥʠʣ ʝʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. òʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʚʠʜʥʦ, ʚ ʢʘʢʦʡ ʤʝʨʝ 

ʫʩʣʦʞʥʷʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʚʩʷʢʠʡ ʨʘʟ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʠʟʰʝʛʦ ʧʦʨʷʜʢʘ ʢ ʩʣʝʜʫʶʱʝʤʫ. ɼʘʣʴʥʝʡʰʠʝ 

ʫʧʨʦʱʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡò [25, ʩ. 329]. ʀʤʝʥʥʦ ʚ 

ʵʪʦʤ ʧʫʥʢʪʝ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʬʝʜʦʨʦʚʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

 

ɽ.ʉ. ʌʝʜʦʨʦʚʳʤ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ. ʆʧʝʨʘʮʠʷ a ʢʘʢ ʩʘʤʘʷ 

ʧʨʦʩʪʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʳʭ ʧʦʣʠʵʜʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʦʪʷ ʙʳ ʦʜʥʫ ʪʨʝʫʛʦʣʴʥʫʶ ʛʨʘʥʴ. 

ʆʧʝʨʘʮʠʷ b ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʳʭ ʧʦʣʠʵʜʨʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʥʠ ʦʜʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʛʨʘʥʠ, ʥʦ 

ʩʦʜʝʨʞʘʱʠʭ ʭʦʪʷ ʙʳ ʦʜʥʫ ʯʝʪʳʨʝʭʫʛʦʣʴʥʫʶ ʛʨʘʥʴ. ʅʘʢʦʥʝʮ, ʦʧʝʨʘʮʠʷ g ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʳʭ 

ʧʦʣʠʵʜʨʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ, ʥʦ ʩʦʜʝʨʞʘʱʠʭ ʭʦʪʷ ʙʳ ʦʜʥʫ ʧʷʪʠʫʛʦʣʴʥʫʶ ʛʨʘʥʴ. 

ʅʦ ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʠʟ (8) ʩʣʝʜʫʝʪ: 

 

f5 = 12 + f7 + 2f8 + 3f9 + ...                                                                     (9) 

ʘ (1) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

f = 12 + f6 + 2f7 + 3f8 + 4f9 + ...                                                               (10) 

 

ʅʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʠʦʬʘʥʪʦʚʘ ʫʨʘʚʥʝʥʠʷ (10) ʚʦʟʤʦʞʥʳ ʣʠʰʴ ʧʨʠ f ² 12. ʄʠʥʠʤʫʤ f = 12 ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ f6 = f7 = f8 = é = 0. ʆʜʥʦʚʨʝʤʝʥʥʦ  ʠʟ (9) ʩʣʝʜʫʝʪ f5 = 12, ʪ.ʝ. ʚʩʝ ʛʨʘʥʠ ï ʧʷʪʠʫʛʦʣʴʥʳʝ. ʕʪʦ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʡ ʧʦʣʠʵʜʨ ï ʜʦʜʝʢʘʵʜʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ñʭʦʪʷ ʙʳ ʦʜʥʘ ʧʷʪʠʫʛʦʣʴʥʘʷ ʛʨʘʥʴò ʦʟʥʘʯʘʝʪ ï ʥʝ ʤʝʥʝʝ 

ʜʚʝʥʘʜʮʘʪʠ ʪʘʢʠʭ ʛʨʘʥʝʡ. ɼʣʷ ɽ.ʉ. ʌʝʜʦʨʦʚʘ, ʥʘʰʝʜʰʝʛʦ ñʚʨʫʯʥʫʶò ʚʩʝ 4- é 7-ʵʜʨʳ, ʧʨʦʩʪʳʝ 8- ʠ 9-ʵʜʨʳ ʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʧʘʨʥʦʛʨʘʥʥʠʢʠ ʚʧʣʦʪʴ ʜʦ 12-ʵʜʨʦʚ, ʧʝʨʩʧʝʢʪʠʚʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʭʦʪʷ ʙʳ ʚʩʝʭ ʧʨʦʩʪʳʭ 

12-ʵʜʨʦʚ ʚ ʩʠʣʫ ʠʭ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʦʩʪʘʣʘʩʴ ʥʝʨʘʟʨʝʰʠʤʦʡ, ʘ ʜʦʜʝʢʘʵʜʨ ï ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʣʠʵʜʨʦʤ, ʜʣʷ 

ʚʳʚʦʜʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʧʝʨʘʮʠʷ g. ʆʪʩʶʜʘ ʧʦʩʣʝʜʦʚʘʣʘ ʠʜʝʷ ʘʚʪʦʨʦʚ ï ʥʝʟʘʚʠʩʠʤʳʤ 

ʧʝʨʝʯʠʩʣʝʥʠʝʤ ʧʨʦʩʪʳʭ ʧʦʣʠʵʜʨʦʚ ʙʝʟ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʢʘʢ ʨʘʟ ʠ 

ʥʫʞʥʘ ʦʧʝʨʘʮʠʷ g, ʦʪʣʦʞʠʪʴ ʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʝʜʦʨʦʚʩʢʦʤ ʘʣʛʦʨʠʪʤʝ ʢʘʢ ʤʦʞʥʦ ʜʘʣʝʝ. 

 

ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ. 1. ʈʝʰʝʥʠʝ ʚ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠʩʣʘʭ f i (i > 4) ʜʠʦʬʘʥʪʦʚʘ ʫʨʘʚʥʝʥʠʷ (9). 

ʂʘʞʜʦʝ ʨʝʰʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʥʥʦʛʦ ʩʠʤʚʦʣʘ [f5 f6 é f i]. ʅʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʧʫʢʣʳʡ ʧʦʣʠʵʜʨ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʜʣʷ ʚʩʷʢʦʛʦ ʩʠʤʚʦʣʘ. 2. ʇʝʨʝʯʠʩʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ [f5 f6 é f i] ʚʩʝʭ ʥʝʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʢʦʨʪʝʞʝʡ ʠʟ f ʛʨʘʥʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ f5 5-ʫʛʦʣʴʥʳʭ, f6 6-ʫʛʦʣʴʥʳʭ é f i i-ʫʛʦʣʴʥʳʭ. 3. ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʝʢʮʠʠ 

ʐʣʝʛʝʣʷ ʧʦʣʠʵʜʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʨʪʝʞʘ, ʝʩʣʠ ʧʦʣʠʵʜʨ ʚʦʟʤʦʞʝʥ. ʇʨʦʮʝʜʫʨʘ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʝʩʣʠ: (ʘ) ʧʦʣʠʵʜʨ 

ʧʦʩʪʨʦʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʨʪʝʞʝʤ, (ʙ) ʧʦʣʠʵʜʨ ʧʦʩʪʨʦʝʥ ʜʦ ʠʩʯʝʨʧʘʥʠʷ ʢʦʨʪʝʞʘ, (ʚ) ʧʦʣʠʵʜʨ ʥʝ ʧʦʩʪʨʦʝʥ, ʥʦ 

ʢʦʨʪʝʞ ʠʩʯʝʨʧʘʥ, (ʛ) ʥʘ ʥʝʢʦʪʦʨʦʤ ʰʘʛʝ ʪʨʝʙʫʝʤʘʷ ʛʨʘʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʢʦʨʪʝʞʝ. 4. ʉʨʘʚʥʝʥʠʝ ʧʦʣʠʵʜʨʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʜʘʥʥʦʤʫ ʢʦʨʪʝʞʫ, ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʦʚʪʦʨʦʚ. 5. ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʧʦʣʠʵʜʨʘ. 

6. ʇʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʠʵʜʨʘ ʜʘʥʥʦʛʦ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʪʠʧʘ. 

 

ɺʩʝ (67) ʧʨʦʩʪʳʝ 12- é 20-ʵʜʨʳ ʙʝʟ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ ʥʘʡʜʝʥʳ ñʚʨʫʯʥʫʶò ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʩʪʘʪʴʝ [4]. ɺ ʩʪʘʪʴʝ [19] ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚʩʝ 12- é 25-ʵʜʨʳ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʥʘʡʜʝʥʥʳʝ ʫʞʝ ʩ ʧʦʤʦʱʴʶ 
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ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʨʦʝʢʮʠʠ ʐʣʝʛʝʣʷ ʩʘʤʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ. ɼʘʣʝʝ ʜʣʷ 

f = 12 é 25 ʧʝʨʝʯʠʩʣʝʥʳ ʚʩʝ [ʛʨʘʥʥʳʝ ʩʠʤʚʦʣʳ], ʜʦʩʪʦʚʝʨʥʦ ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʚʠʜʝ ʚʳʧʫʢʣʳʭ ʧʨʦʩʪʳʭ f-ʵʜʨʦʚ, ʘ 

ʪʘʢʞʝ ʠʭ ʯʠʩʣʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʠʤʚʦʣʘ. ʏʠʩʣʘ ʛʨʘʥʥʳʭ ʩʠʤʚʦʣʦʚ ʠ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʪʠʧʦʚ ʚʳʧʫʢʣʳʭ ʧʨʦʩʪʳʭ 

ʧʦʣʠʵʜʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ f ʜʘʥʳ ʯʝʨʝʟ ʢʦʩʫʶ ʣʠʥʠʶ (/). ɼʚʫʟʥʘʯʥʳʝ ʯʠʩʣʘ ʚ ʛʨʘʥʥʳʭ ʩʠʤʚʦʣʘʭ ʦʪʜʝʣʝʥʳ 

ʟʘʧʷʪʳʤʠ. ʊʘʢ ʢʘʢ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʝ ʛʨʘʥʠ ʚ ʧʦʣʠʵʜʨʘʭ ʵʪʦʛʦ ʢʣʘʩʩʘ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʜʚʘ ʥʫʣʷ ʚʦ ʚʩʝʭ 

ʛʨʘʥʥʳʭ ʩʠʤʚʦʣʘʭ ʦʧʫʱʝʥʳ. 

 

12-ʵʜʨʳ - 1/1: [12] ï ʜʦʜʝʢʘʵʜʨ; 13-ʵʜʨʳ - 0/0; 14-ʵʜʨʳ - 1/1: [12,2]; 15-ʵʜʨʳ - 1/1: [12,3]; 16-ʵʜʨʳ - 2/3: [12,4] 

2, [14,02] 1; 17-ʵʜʨʳ - 2/4: [12,5] 3, [13,3,1] 1; 18-ʵʜʨʳ - 4/12: [12,6] 6, [13,41] 2, [14,22] 3, [16,002] 1; 19-ʵʜʨʳ - 

7/23: [12,7] 6, [13,51] 8, [14,32] 5, [14,401] 1, [15,13] 1, [15,211] 1, [16,021] 1; 20-ʵʜʨʳ - 9/73: [12,8] 15, [13,61] 16, 

[14,42] 23, [14,501] 2, [15,23] 5, [15,311] 6, [16,04] 2, [16,202] 3, [18,0002] 1; 21-ʵʜʨʳ - 15/192: [12,9] 17, [13,71] 

42, [14,5,2] 57, [14,601] 10, [15,33] 21, [15,411] 18, [16,14] 1, [16,221] 13, [16,302] 5, [16,3101] 1, [17,112] 2, 

[17,1201] 1, [17,2011] 2, [18,003] 1, [18,1002] 1; 22-ʵʜʨʳ - 19/651: [12,10] 40, [13,81] 92, [14,62] 182, [14,701] 16, 

[15,43] 82, [15,511] 80, [15,6001] 2, [16,24] 30, [16,321] 49, [16,402] 29, [16,4101] 8, [17,131] 7, [17,212] 7, 

[17,2201] 7, [17,3011] 7, [18,022] 4, [18,1111] 3, [18,2002] 4, [20,00002] 2; 23-ʵʜʨʳ - 29/2070: [12,11] 45, [13,91] 

205, [14,72] 430, [14,801] 62, [15,53] 352, [15,611] 239, [15,7001] 5, [16,34] 100, [16,421] 252, [16,502] 60, 

[16,5101] 39, [17,15] 6, [17,231] 54, [17,312] 72, [17,3201] 38, [17,4011] 31, [18,041] 6, [18,122] 4, [18,1301] 6, 

[18,203] 9, [18,2111] 21, [18,22001] 6, [18,3002] 9, [18,30101] 6, [19,0211] 2, [19,03001] 3, [19,1021] 1, [19,1102] 2, 

[19,20011] 5; 24-ʵʜʨʳ - 44/7290: [12,12] 89, [13,10,1] 406, [14,82] 1162, [14,901] 124, [15,63] 1150, [15,711] 757, 

[15,8001] 19, [16,44] 549, [16,521] 971, [16,602] 247, [16,6101] 139, [16,70001] 3, [17,25] 70, [17,331] 404, [17,412] 

269, [17,4201] 201, [17,5011] 128, [17,51001] 15, [18,06] 13, [18,141] 17, [18,222] 133, [18,2301] 58, [18,303] 18, 

[18,3111] 123, [18,32001] 28, [18,4002] 50, [18,40101] 17, [18,410001] 2, [19,0401] 4, [19,113] 12, [19,1211] 20, 

[19,2021] 10, [19,2102] 16, [19,21101] 30, [19,220001] 3, [19,30011] 15, [19,301001] 1, [20,004] 2, [20,0202] 2, 

[20,111001] 2, [20,20002] 7, [20,200101] 2, [21,100011] 1, [22,000002] 1; 25-ʵʜʨʳ - 63/25380: [12,13] 116, [13,11,1] 

815, [14,92] 2630, [14,10,01] 320, [15,73] 3601, [15,811] 2008, [15,9001] 58, [16,54] 2179, [16,621] 3678, [16,702] 

565, [16,7101] 496, [16,80001] 6, [17,35] 480, [17,431] 1991, [17,512] 1367, [17,5201] 892, [17,6011] 413, [17,61001] 

74, [18,16] 17, [18,241] 416, [18,322] 609, [18,3301] 354, [18,403] 148, [18,4111] 714, [18,42001] 143, [18,5002] 131, 

[18,50101] 115, [18,510001] 13, [18,6000001] 1, [19,132] 92, [19,1401] 29, [19,213] 48, [19,2211] 215, [19,23001] 69, 

[19,3021] 66, [19,3102] 85, [19,31101] 109, [19,320001] 17, [19,40011] 85, [19,401001] 20, [19,4100001] 2, [20,023] 

12, [20,0311] 1, [20,1121] 22, [20,1202] 18, [20,12101] 28, [20,130001] 7, [20,2012] 4, [20,20201] 6, [20,21011] 28, 

[20,211001] 13, [20,2200001] 6, [20,30002] 18, [20,300101] 11, [21,0031] 1, [21,0112] 1, [21,01201] 5, [21,021001] 2, 

[21,110101] 3, [21,1110001] 1, [21,200011] 4, [22,0020001] 1, [22,100002] 1. 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʯʠʩʣʝʥʠʝ ʧʨʦʩʪʳʭ 25-ʵʜʨʦʚ ʥʘʭʦʜʠʪʩʷ ʜʘʣʝʢʦ ʟʘ ʦʙʦʟʨʠʤʳʤ 

ʛʦʨʠʟʦʥʪʦʤ. ʊʝʤ ʩʘʤʳʤ ʦʧʝʨʘʮʠʷ g ʥʘʜʦʣʛʦ ʠʩʢʣʶʯʝʥʘ ʘʚʪʦʨʘʤʠ ʠʟ ʬʝʜʦʨʦʚʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɸʣʛʦʨʠʪʤʳ 

ʧʝʨʝʯʠʩʣʝʥʠʷ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʪʠʧʦʚ ʧʦʣʠʵʜʨʦʚ ʩ ʟʘʜʘʥʥʳʤ ʛʨʘʥʥʳʤ ʩʠʤʚʦʣʦʤ, ʩʨʘʚʥʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʬʦʨʤ, ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ, ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʝʢʮʠʡ ʐʣʝʛʝʣʷ ʠ ʪʨʝʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʠʚʝʜʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [24]. 

 

ʀʩʪʦʨʠʯʝʩʢʠʡ ʵʢʩʢʫʨʩ. ʅʝ ʩʣʝʜʫʝʪ ʜʫʤʘʪʴ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʠʝ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʪʠʧʦʚ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ 

ʥʘʯʘʣʦʩʴ ʩ ɽ.ʉ. ʌʝʜʦʨʦʚʘ, ʘ ʥʘʯʘʚʰʠʩʴ, ʩʣʝʜʦʚʘʣʦ ʣʠʰʴ ʝʛʦ ʘʣʛʦʨʠʪʤʫ. ʀʩʪʦʨʠʷ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʯʠʩʣʝʥʠʝ ʢʦʤʙʠʥʘʪʦʨʥʳʭ 

ʪʠʧʦʚ ʧʦʣʠʵʜʨʦʚ ʥʘʯʘʣ ʊ.P. Kirkman [50], ʦʧʠʩʘʚʰʠʡ (ʙʝʟ ʨʠʩʫʥʢʦʚ) ʚʩʝ 4- ... 8-ʵʜʨʳ ʠ ʜʚʦʡʩʪʚʝʥʥʳʝ ʠʤ 4- ... 8-

ʘʢʨʳ (ʚʝʨʰʠʥʥʠʢʠ). ɿʘʪʝʤ ɽ.ʉ. ʌʝʜʦʨʦʚ [25] ʩ ʧʦʤʦʱʴʶ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘʰʝʣ ʠ ʠʟʦʙʨʘʟʠʣ ʚʩʝ 4- ... 

7-, ʘ ʪʘʢʞʝ ʧʨʦʩʪʳʝ 8- ʠ 9-ʵʜʨʳ. ʈʘʙʦʪʘ [50] ʥʝ ʙʳʣʘ ʠʟʚʝʩʪʥʘ ɽ.ʉ. ʌʝʜʦʨʦʚʫ. ʕʪʦ ʷʩʥʦ ʠʟ ʪʦʛʦ, ʯʪʦ ʯʠʩʣʦ 7-

ʵʜʨʦʚ ʫ ʥʠʭ ʨʘʟʣʠʯʥʦ ʠ ʧʦʩʣʝʜʥʠʡ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʦʙʩʫʞʜʘʝʪ. ʆ. Hermes [49], ʪʘʢʞʝ ʥʝʟʘʚʠʩʠʤʦ, 

ʥʘʨʠʩʦʚʘʣ ʚʩʝ 4- ... 8-ʵʜʨʳ, M. Br¿ckner [38] ï ʧʨʦʩʪʳʝ 4- é 10-ʵʜʨʳ, C.J. Bouwkamp [35] ï ʧʦʣʠʵʜʨʳ ʩ ʯʠʩʣʦʤ 

ʨʝʙʝʨ ʜʦ 14. ʕʪʠʤ ʟʘʚʝʨʰʠʣʩʷ ʧʝʨʠʦʜ ʨʠʩʦʚʘʥʠʷ. ʇʨʦʰʣʦ ʥʝʤʘʣʦ ʣʝʪ, ʧʨʝʞʜʝ ʯʝʤ ʚʦʦʨʫʞʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʘʤʠ 

ʤʘʪʝʤʘʪʠʢʠ ʚʝʨʥʫʣʠʩʴ ʢ ʧʨʦʙʣʝʤʝ. D.W. Grace [48] ʧʝʨʝʩʯʠʪʘʣ ʚʩʝ ʧʨʦʩʪʳʝ 4- ... 11-ʵʜʨʳ, R. Bowen & S. Fisk 

[36] ï ʚʩʝ 4- é 12-ʚʝʨʰʠʥʥʳʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ʥʘ ʩʬʝʨʝ ʠ ʪʝʤ ʩʘʤʳʤ ï ʜʚʦʡʩʪʚʝʥʥʳʝ ʠʤ ʧʨʦʩʪʳʝ 4- ... 12-ʵʜʨʳ. D. 

Britton & J.D. Dunitz [37] ʠʟʦʙʨʘʟʠʣʠ ʚʩʝ 4- ... 8-ʘʢʨʳ, P.J. Federico ï ʜʫʘʣʴʥʳʝ ʠʤ 4- é 8- ʠ ʚʩʝ 9-ʵʜʨʳ [45, 46]. 

ʏʠʩʣʦ ʚʩʝʭ 10-ʵʜʨʦʚ ʚʧʝʨʚʳʝ ʥʘʰʣʠ A.J.W. Duijvestijn & P.J. Federico [41], ʠʤʠ ʞʝ ʜʘʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦʣʠʵʜʨʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʨʷʜʢʘʤʠ ʛʨʫʧʧ ʘʚʪʦʤʦʨʬʠʟʤʦʚ. P. Engel ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʘʨʠʘʥʪʘ ʬʝʜʦʨʦʚʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʥʘʰʝʣ ʚʩʝ 11-, 12- ʠ ʧʨʦʩʪʳʝ 13-ʵʜʨʳ [42, 43] ʠ ʜʘʣ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ ʩʪʘʪʠʩʪʠʢʫ ʧʨʦʩʪʳʭ 4- é 15-

ʵʜʨʦʚ ʧʦ ʧʦʨʷʜʢʘʤ ʛʨʫʧʧ ʘʚʪʦʤʦʨʬʠʟʤʦʚ [44]. ɸʚʪʦʨʳ ʚ ʨʷʜʝ ʨʘʙʦʪ [2, 3, 20, 52, 53, 60-62, 64, 67, 69] ʧʨʦʚʝʨʠʣʠ 

ʜʘʥʥʳʝ ʦ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʪʠʧʘʭ ʠ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧʘʭ ʩʠʤʤʝʪʨʠʠ ʚʩʝʭ 4- ... 12-, ʘ ʪʘʢʞʝ ʧʨʦʩʪʳʭ 13- ... 16-ʵʜʨʦʚ, 

ʫʩʪʨʘʥʠʣʠ ʨʷʜ ʦʰʠʙʦʢ ʠ ʦʧʫʙʣʠʢʦʚʘʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʭ 4- ... 8- ʠ ʧʨʦʩʪʳʭ 9- ... 12-ʵʜʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʜʦ ʩʠʭ 

ʧʦʨ ʠʭ ʣʫʯʰʠʤ ʦʧʠʩʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ. ʊʦʯʝʯʥʳʝ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʧʨʦʩʪʳʭ 13- é 16-ʵʜʨʦʚ 

ʥʘʡʜʝʥʳ ʥʘʤʠ ʚʧʝʨʚʳʝ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʦʣʠʵʜʨʳ ʛʦʨʘʟʜʦ ʜʝʪʘʣʴʥʝʝ, ʯʝʤ ʧʦʨʷʜʢʠ ʛʨʫʧʧ ʘʚʪʦʤʦʨʬʠʟʤʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʧʨʷʤʦ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʨʠ-

ʩʪʘʣʣʦʛʨʘʬʠʠ. ʉʘʤʳʝ ʧʦʣʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʚʳʧʫʢʣʳʭ ʧʦʣʠʵʜʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʠʩʣʘʤʠ ʛʨʘʥʝʡ ʠ ʚʝʨʰʠʥ, ʘ ʪʘʢʞʝ 

ʠʭ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʜʘʥʳ ʚ ʪʘʙʣ. 1 ʠ 2. ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʘʪʘʣʦʛʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʠʭ ʦʧʠʩʘʥʠʡ ʪʦʯʝʯʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʩʠʤʤʝʪʨʠʠ ʠ ʛʨʘʥʥʳʤʠ ʩʠʤʚʦʣʘʤʠ, ʪʦ ʦʥʠ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʘ ʚ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ. 
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ʊʘʙʣʠʮʘ 1. ʏʠʩʣʘ ʢʦʤʙʠʥʘʪʦʨʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʵʜʨʦʚ ʩ F ʛʨʘʥʷʤʠ ʠ V ʚʝʨʰʠʥʘʤʠ. 

 
ŹF,  VŸ 4 5 6 7 8 9 10 11 12 13 14 15 16 

4 1             

5  1 1           

6  1 2 2 2         

7   2 8 11 8 5       

8   2 11 42 74 76 38 14     

9    8 74 296 633 768 558 219 50   

10    5 76 633 2635 6134 8822 7916 4442 1404 233 

11     38 768 6134 25626 64439 104213 112082 79773 36528 

12     14 558 8822 64439 268394 709302 1263032 1556952 1338853 

 

 

ʊʘʙʣʠʮʘ 1 (ʧʨʦʜʦʣʞʝʥʠʝ) 

 
ŹF,  VŸ 16 17 18 19 20 22 24 26 28 

10 233         

11 36528 9714 1249       

12 1338853 789749 306470 70454 7595     

13      49566    

14       339722   

15        2406841  

16         17490241 

 

 

ʇʨʠʣʦʞʝʥʠʷ. ʇʝʨʚʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʠʟ ʪʝʢʩʪʦʚ ʩʘʤʦʛʦ ɽ.ʉ. ʌʝʜʦʨʦʚʘ. ʊʘʢ, ʚ ʧʠʩʴʤʝ ʢ ʇ. 

ɻʨʦʪʫ ʦʪ 26 ʤʘʨʪʘ 1893 ʛ. ʩʢʘʟʘʥʦ ʩʣʝʜʫʶʱʝʝ. ñʏʝʨʝʟ ʥʝʜʝʣʶ ʷ ʥʘʜʝʶʩʴ ʦʪʧʨʘʚʠʪʴ ɺʘʤ ʩʚʦʶ ʥʦʚʫʶ ʥʝʙʦʣʴʰʫʶ 

ʨʘʙʦʪʫ ñʇʨʦʙʣʝʤʘïʤʠʥʠʤʫʤ ʚ ʫʯʝʥʠʠ ʦ ʩʠʤʤʝʪʨʠʠò. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʦʯʝʤʫ ʧʦʣʫʯʘʝʪʩʷ ʪʘʢ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʠʤʤʝʪʨʠʯʥʳ, ʘ ʥʝ ʘʩʠʤʤʝʪʨʠʯʥʳ, ʢʘʢ ʵʪʦʛʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ 

ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ ʚʩʪʫʧʘʝʪ ʚ ʩʠʣʫ ʧʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀ ʚʦʪ ʚ ʤʦʝʡ ʨʘʙʦʪʝ ʜʦ-

ʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʘʤʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ ʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʪʘʢʞʝ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʊʘʢ ʯʪʦ 

ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʚ ʧʨʠʨʦʜʝ ʩʠʤʤʝʪʨʠʶ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʣʝʜʩʪʚʠʝ ʵʢʦʥʦʤʠʠ, 

ʚʳʨʘʞʝʥʥʦʡ ʚ ʠʟʚʝʩʪʥʦʤ ʟʘʢʦʥʝ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʩʪʨʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠò [32, ʩ. 35]. ʅʝʷʩʥʦ, ʥʘ ʢʘʢʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʘʟʠʨʦʚʘʣʩʷ ɽ.ʉ. ʌʝʜʦʨʦʚ, ʧʦʣʘʛʘʷ ʘʧʨʠʦʨʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʘʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʵʜʨʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ, ʯʝʤ ʩʠʤʤʝʪʨʠʯʥʳʭ. ʇʦʣʫʯʝʥʥʘʷ ʠʤ ʞʝ ʩʪʘʪʠʩʪʠʢʘ ʘʙʩʪʨʘʢʪʥʳʭ 4- 

é 7-, ʘ ʪʘʢʞʝ ʧʨʦʩʪʳʭ 8- ʠ 9-ʵʜʨʦʚ ʛʦʚʦʨʠʪ ʦʙʨʘʪʥʦʝ: ʧʝʨʚʳʝ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʬʦʨʤʳ ʚʩʪʨʝʯʘʶʪʩʷ ʩʨʝʜʠ 7-

ʵʜʨʦʚ (ʠʭ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 7/34), ʘ ʩʨʝʜʠ ʧʨʦʩʪʳʭ 8- ʠ 9-ʵʜʨʦʚ ʠʭ ʜʦʣʠ ʨʘʚʥʳ 2/14 ʠ 16/50. ʉʨʝʜʠ ʚʩʝʭ 8-ʵʜʨʦʚ 

ʜʦʣʷ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 140/257 [50], ʪʦ ʝʩʪʴ ʫʞʝ ʧʨʝʚʳʰʘʝʪ ʧʦʣʦʚʠʥʫ. ʅʦ, ʢʘʢ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ ʚʳʰʝ, 

ɽ.ʉ. ʌʝʜʦʨʦʚ ʥʝ ʟʥʘʣ ʵʪʦʡ ʨʘʙʦʪʳ. ʂʘʢ ʙʳ ʪʦ ʥʠ ʙʳʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ, ʯʪʦ ʦʥ ʩʦʝʜʠʥʷʣ ʚ ʩʦʟʥʘʥʠʠ ʜʚʘ 

ʤʥʦʛʦʦʙʨʘʟʠʷ ï ʘʙʩʪʨʘʢʪʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʵʜʨʦʚ.  

 

ʇʨʠ ʵʪʦʤ ʦʥ ʚʝʨʥʦ ʦʱʫʱʘʣ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʘʙʩʪʨʘʢʪʥʳʤʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʣʠʵʜʨʘʤʠ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ 

ʩʪʘʪʠʩʪʠʢʝ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʠ ʚʳʷʚʣʝʥʥʦʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘ ʙʦʣʴʰʦʤ ʤʘʪʝʨʠʘʣʝ. ʂʘʢʦʚʳ ʞʝ 

ʨʝʟʫʣʴʪʘʪʳ? ɺʩʝ 4-, 5- ʠ 6-ʵʜʨʳ (1, 2 ʠ 7, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʢʦʤʙʠʥʘʪʦʨʥʦ ʩʠʤʤʝʪʨʠʯʥʳ. ʀʟ 7-ʵʜʨʦʚ (34) 

ʢʦʤʙʠʥʘʪʦʨʥʦ ʘʩʠʤʤʝʪʨʠʯʥʳ 7 (20.588 %), 8-ʵʜʨʦʚ (257) ï 140 (54.475 %), 9-ʵʜʨʦʚ (2606) ï 2111 (81.005%), 10-

ʵʜʨʦʚ (32300) ï 30014 (92.923 %), 11-ʵʜʨʦʚ (440564) ï 430494 (97.714 %), 12-ʵʜʨʦʚ (6384634) ï 6336013 (99.238 

%), ʧʨʦʩʪʳʭ 13-ʵʜʨʦʚ (49566) ï 47030 (94.884 %), 14-ʵʜʨʦʚ (339722) ï 331796 (97.667 %), 15-ʵʜʨʦʚ (2406841) ï 

2382352 (98.983 %) ʠ 16-ʵʜʨʦʚ (17490241) ï 17411448 (99.550 %). ʊʝʥʜʝʥʮʠʷ ʦʯʝʚʠʜʥʘ ï ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʛʨʘʥʝʡ 

ʜʦʣʷ ʢʦʤʙʠʥʘʪʦʨʥʦ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʣʠʵʜʨʦʚ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʝʪ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʷʩʴ ʢ 100 %. ʉ ʨʦʩʪʦʤ 

ʧʦʨʷʜʢʘ ʛʨʫʧʧʳ ʘʚʪʦʤʦʨʬʠʟʤʦʚ ʜʦʣʷ ʧʦʣʠʵʜʨʦʚ ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʘʜʘʝʪ. ʅʘʩʢʦʣʴʢʦ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʵʜʨʦʚ ʦʪʚʝʯʘʝʪ ʚʳʷʚʣʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʝʚʢʣʠʜʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ? ʇʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ 

ʦʪʢʣʦʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʥʜʠʚʠʜʘ ʦʪ ʠʜʝʘʣʘ (ʧʦ ʩʦʩʪʘʚʫ, ʩʪʨʫʢʪʫʨʝ ʠ ʚʥʝʰʥʝʡ ʬʦʨʤʝ) ʛʦʚʦʨʷʪ ʠʩʩʣʝʜʦʚʘʪʝʣʶ 

ʦʙ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʤʝʭʘʥʠʟʤʘʭ ʨʦʩʪʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʵʜʨʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʥʘ ʬʦʥʝ ʪʝʭ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʦʙʨʘʟʠʷ ʘʙʩʪʨʘʢʪʥʳʭ ʧʦʣʠʵʜʨʦʚ 

ʜʦʣʞʥʳ ʦʙʦʙʱʝʥʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʧʝʮʠʬʠʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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ʊʘʙʣʠʮʘ 2. ʉʪʘʪʠʩʪʠʢʘ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʚʳʧʫʢʣʳʭ 4- é 16-ʵʜʨʦʚ. 

 

ʧ.ʛ.ʘ. ʪ.ʛ.ʩ. 

F 4 5 6 7 8 9 

V 4 5 6 5 6 7 8 6 7 8 9 10 6 7 8 9 10 11 12 7 8 9 10 11 12 13 14 

1 1                   2 3 2     3 22 48 44 21 2 2 48 237 533 662 449 164 16 

2 

2           1       1 2   1   2 5 5 8 1 1   5 8 22 10 25 3 7 

m             1   1 2 4 4     4 11 17 19 12 4 4 17 48 71 87 74 46 18 

-1                                                         

3 3                                                 1       

4 

222                                                         

mm2             1 1 1   2 2 1 1 2   1 2 4 3 2 1   7 5 10 4 5 

4                                                         

2/m                                   1                     

-4                                                         

6 

32                                                         

-6                                                         

3m                   2     2       2         2     2     1 

8 

4mm     1                                       2       2   

mmm                               1                         

-4 2m                               2   1   1                 

10 5m           1                                             

12 

-6m2       1 1                       1         1     1     2 

-3m                                       1                 

6mm                   1                                     

23                                                         

14 7m                               1                         

16 

4/mmm                                                         

-8 2m                                   1                     

8mm                                             1           

18 9m                                                         

20 

-10m2                         1                               

-5m                                                         

10mm                                                         

22 11m                                                         

24 

6/mmm                                        1                 

-43m   1                                   1                 

-12 2 m                                                         

28 -7m                                                         

 
32 

-14m2                                                       1 

8/mmm                                                         

36 -18m2                                                         

40 10/mmm                                                         

44 -22m2                                                         

48 m3m               1           1                             

 
52 

12/mmm                                                         

-26m2                                                         

56 14/mmm                                                         

120 -3-5m                                                         

S 1 1 1 1 2 2 2 2 8 11 8 5 2 11 42 74 76 38 14 8 74 296 633 768 558 219 50 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

 

ʧ.ʛ.ʘ. ʪ.ʛ.ʩ. 

F 10 11 

V 7 8 9 10 11 12 13 14 15 16 8 9 10 11 12 13 14 15 16 17 18 

1 1     44 533 2401 5790 8331 7491 4052 1235 137 21 662 5790 24888 63080 102524 110015 78169 35199 9176 970 

2 

2   1 8 22 56 58 109 55 87 13 18 1 10 58 72 241 143 375 110 253 24 54 

m     19 71 145 273 347 341 275 143 51 12 87 273 646 1076 1520 1648 1449 1034 492 187 

-1         1   3   3                           

3 3         3     4     1   1     4     5     1 

4 

222         1   3   1                           

mm2   1 2 7 14 13 17 11 19 13 11 4 5 13 17 25 26 44 25 40 22 27 

4                                             

2/m     1   4   6   4   2                       

-4             1                               

6 

32                               1             

-6                                             

3m   2     9     14     6   2     9     13     5 

8 

4mm             2       1                       

mmm                 1   2                       

-4 2m     1       1       1                       

10 5m                             2         2     

12 

-6m2                         1     3     2     4 

-3m                                             

6mm                                             

23                                             

14 7m                                             

16 

4/mmm             1                               

-8 2m     1               1                       

8mm                                             

18 9m         1                                   

20 

-10m2   1                                         

-5m             1                               

10mm                             1               

22 11m                                             

24 

6/mmm                                              

-43m                     1                       

-12 2 m                                             

28 
-7m                                             

-14m2                                             

32 8/mmm                     1                       

36 -18m2                                           1 

40 10/mmm                                             

44 -22m2                                             

48 
m3m                                             

12/mmm                                             

52 -26m2                                             

56 14/mmm                                             

120 -3-5m                                             

S 5 76 633 2635 6134 8822 7916 4442 1404 233 38 768 6134 25626 64439 104213 112082 79773 36528 9714 1249 
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ʊʘʙʣʠʮʘ 2 (ʧʨʦʜʦʣʞʝʥʠʝ) 

 

ʧ.ʛ.ʘ. ʪ.ʛ.ʩ. 

F 12 13 14 15 16 

V 8 9 10 11 12 13 14 15 16 17 18 19 20 22 24 26 28 

1 1   2 449 8331 63080 265253 704267 1255238 1548735 1329899 783543 301763 68697 6756 47030 331796 2382352 17411448 

2 

2   1 25 109 241 635 695 1458 899 1577 545 846 113 146 425 1237 3315 9939 

m   4 74 347 1076 2393 4282 6109 7242 7129 5580 3708 1598 597 1952 6300 20679 67035 

-1       3   24   64   68   38   4   50   441 

3 3         4     14     10     1 12 12 20 111 

4 

222       3   10   10   16   5   3   12   46 

mm2   3 10 17 25 49 58 86 73 112 53 84 46 53 118 211 439 871 

4               1               1     

2/m       6   18   23   35   18   10   39   165 

-4       1   5   3   8   1   2   3   20 

6 

32         1           2     1   1 2   

-6                     1     1   2 1   

3m         9     12     14     5 28 24 22 114 

8 

4mm       2       2       1       5     

mmm           2   1   3   2   4   9   24 

-4 2m   1   1   4   2   6   2   6   5   21 

10 5m                 2         1         

12 

-6m2         3     3     1     1   4 10   

-3m   1           4           2   4     

6mm                               1     

23                                   1 

14 7m                                   1 

16 

4/mmm       1               2       2     

-8 2m                                     

8mm                                     

18 9m                                     

20 

-10m2                 1                   

-5m       1                             

10mm                                     

22 11m           1                         

24 

6/mmm    1                                 

-43m   1                               2 

-12 2 m               1                1     

28 
-7m                                   1 

-14m2                                     

32 8/mmm                                     

36 -18m2                                     

40 10/mmm                           1         

44 -22m2                             1       

48 
m3m               1               2     

12/mmm                               1     

52 -26m2                                 1   

56 14/mmm                                   1 

120 -3-5m                           1         

S 14 558 8822 64439 268394 709302 1263032 1556952 1338853 789749 306470 70454 7595 49566 339722 2406841 17490241 
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ʇʦ ʜʘʥʥʳʤ ʅ.ʇ. ʖʰʢʠʥʘ ʠ ʜʨ. [34, ʩ. 186-187; 70], ʚ ʣʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʥʝʨʘʣʳ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ 

ʩʠʤʤʝʪʨʠʠ 2/m (26.35 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ) ʠ mmm (16.46 %). ɼʣʷ ʤʠʥʝʨʘʣʦʚ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʩʪʘʪʠʩʪʠʢʘ 

ʩʤʝʱʘʝʪʩʷ ʚ ʧʦʣʴʟʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ, ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ï ʥʠʟʢʠʭ ʩʠʤʤʝʪʨʠʡ. ʅʦ ʦʥʘ ʥʠʢʦʛʜʘ ʥʝ ʩʤʝʱʘʝʪʩʷ ʚ 

ʧʦʣʴʟʫ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 ʩʪʦʣʴ ʩʠʣʴʥʦ, ʯʪʦʙʳ ʦʥʘ ʩʪʘʣʘ ʜʦʚʣʝʶʱʝʡ. ʂ ʪʦʤʫ ʞʝ, ʜʣʷ ʘʙʩʪʨʘʢʪʥʳʭ 

ʧʦʣʠʵʜʨʦʚ ʥʘʡʜʝʥʳ ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʞʜʦʛʦ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʪʠʧʘ. ʅ.ʇ. ʖʰʢʠʥʳʤ ʠ ʜʨ. ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʪʦʯʝʯʥʳʝ 

ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʦʙʱʠʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʬʦʨʤ. ʇʨʠ ʠʭ ʢʦʤʙʠʥʘʪʦʨʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ 

ʩʠʤʤʝʪʨʠʠ ʥʝʢʦʪʦʨʳʭ ʧʨʠʰʣʦʩʴ ʙʳ ʧʦʚʳʩʠʪʴ, ʥʘʧʨʠʤʝʨ: ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ -4 ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʪʝʪʨʘʵʜʨʘ ï ʜʦ 

ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ -43m ʢʫʙʠʯʝʩʢʦʛʦ ʪʝʪʨʘʵʜʨʘ, ʛʨʫʧʧʫ ʩʠʤʤʝʪʨʠʠ 4/mmm ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʜʠʧʠʨʘʤʠʜʳ ï ʜʦ 

ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ m3m ʦʢʪʘʵʜʨʘ ʠ ʪ.ʜ. ʊʦ ʝʩʪʴ, ʩʪʘʪʠʩʪʠʢʠ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ ʩʠʤʤʝʪʨʠʠ ʘʙʩʪʨʘʢʪʥʳʭ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʵʜʨʦʚ ʦʪʣʠʯʥʳ ʝʱʝ ʙʦʣʝʝ, ʯʝʤ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ. 

 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʪʨʝʙʫʝʪ ʦʩʤʳʩʣʝʥʠʷ. ʊʦ ʣʠ ʦʥ ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʧʝʮʠʬʠʢʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʪʷʛʦʪʝʶʱʝʛʦ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ (ʥʝ ʧʨʠʤʠʪʠʚʥʳʤ) ʪʦʯʝʯʥʳʤ ʛʨʫʧʧʘʤ ʩʠʤʤʝʪʨʠʠ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʠ ʚʦ ʚʥʝʰʥʝʡ 

ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʵʜʨʦʚ. ʊʦ ʣʠ, ʢʘʢ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ɸ.ʇ. ʍʦʤʷʢʦʚ [27], ʚ ʦʪʢʨʳʪʠʠ ʤʠʥʝʨʘʣʦʚ ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʨʦʠʟʦʡʜʝʪ ʠʥʚʝʨʩʠʷ ʚ ʧʦʣʴʟʫ ʥʠʟʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʚʠʜʦʚ, ʠ ʢʨʠʩʪʘʣʣʦʩʠʤʤʝʪʨʠʡʥʘʷ ʩʪʘʪʠʩʪʠʢʘ 

ʧʦʩʪʝʧʝʥʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʩʠʤʤʝʪʨʠʡʥʦʡ ʩʪʘʪʠʩʪʠʢʦʡ ʘʙʩʪʨʘʢʪʥʳʭ ʧʦʣʠʵʜʨʦʚ. ʊʦ ʣʠ ʧʨʠʨʦʜʘ ʩʦʛʣʘʩʫʝʪ ʦʙʝ 

ʩʪʘʪʠʩʪʠʢʠ ʪʝʤ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʜʠʩʩʠʤʤʝʪʨʠʠ ʂʶʨʠ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪ ʨʝʘʣʴʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ ʤʝʥʝʝ ʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʯʝʤ ʜʦʧʫʩʢʘʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ñʀʥʜʠʚʠʜʳ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʮʘʨʩʪʚʘ é ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʫʛʥʝʪʝʥʥʳʭ ʠʣʠ ʠʩʢʘʣʝʯʝʥʥʳʭ ʬʦʨʤʘʭ é 

ʢʦʪʦʨʳʝ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʥʝ ʠʤʝʶʪ ʥʠʢʘʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʪʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʬʦʨʤʘʤ, ʥʘʜ ʩʦʟʜʘʥʠʝʤ 

ʢʦʪʦʨʳʭ ʧʨʠʨʦʜʘ ʚʩʝ ʞʝ, ʚ ʩʫʱʥʦʩʪʠ, ʪʨʫʜʠʣʘʩʴ ʚ ʢʘʞʜʦʤ ʠʥʜʠʚʠʜʝ éò (ʧʝʨ. ʘʚʪ.) [51, c. 4]. 

 

ɺʪʦʨʦʝ ʧʨʠʣʦʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʥʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʣʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʧʫʢʣʳʭ 4- é 16-

ʵʜʨʦʚ, ʘ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦ ʭʦʜʫ ʜʝʣʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ f3 = 

f4 = f7 = f8 = é = 0 ʠʟ ʫʨʘʚʥʝʥʠʡ (9) ʠ (10) ʩʣʝʜʫʝʪ, ʯʪʦ f5 = 12 ʠ f = 12 + f6. ʊʦ ʝʩʪʴ, ʫ ʧʨʦʩʪʦʛʦ ʧʦʣʠʵʜʨʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʨʘʟʨʝʰʝʥʳ ʣʠʰʴ ʧʷʪʠ- ʠ ʰʝʩʪʠʫʛʦʣʴʥʳʝ ʛʨʘʥʠ, ʧʝʨʚʳʭ ʨʦʚʥʦ 12 ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʠʜʠʤʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʯʠʩʣʦ ʚʪʦʨʳʭ. ʕʪʦ ï ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩ ʬʫʣʣʝʨʝʥʦʚ, ʫʜʠʚʠʪʝʣʴʥʳʡ ʧʦ 

ʨʘʟʥʦʦʙʨʘʟʠʶ ʬʦʨʤ ʠ ʧʨʠʣʦʞʝʥʠʷʤ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ʄʝʞʜʫ ʪʝʤ, ʚ ʤʥʦʛʦʦʙʨʘʟʠʠ 

4- é 12-ʵʜʨʦʚ (ʙʦʣʝʝ 6.8 ʤʠʣʣʠʦʥʘ ʬʦʨʤ), ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʝʜʦʨʦʚʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʤʳ ʥʘʭʦʜʠʤ 

ʣʠʰʴ ʦʜʠʥ, ʧʨʦʩʪʝʡʰʠʡ ʬʫʣʣʝʨʝʥ ï ʜʦʜʝʢʘʵʜʨ. ʋʞʝ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ ʝʛʦ ʠʟʙʳʪʦʯʥʦʩʪʴ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʠʷ 

ʢʦʤʙʠʥʘʪʦʨʥʦ ʨʘʟʣʠʯʥʳʭ ʬʫʣʣʝʨʝʥʦʚ. ʋʧʨʦʩʪʠʚ ʝʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʩʪʦʣʴ ʫʟʢʦʡ ʟʘʜʘʯʠ, ʘʚʪʦʨʳ ʥʘʰʣʠ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʚʩʝ (5770) ʬʫʣʣʝʨʝʥʳ ʜʠʘʧʘʟʦʥʘ ʉ20 ï ʉ60, ʚʩʝ (1236) ʬʫʣʣʝʨʝʥʳ ʜʠʘʧʘʟʦʥʘ ʉ62 ï ʉ70 ʙʝʟ 

ʪʨʠʧʣʝʪʦʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʝʥʪʘʛʦʥʦʚ ʠ ʚʩʝ (1265) ʬʫʣʣʝʨʝʥʳ ʜʠʘʧʘʟʦʥʘ ʉ72 ï ʉ100 ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ 

ʧʝʥʪʘʛʦʥʘʤʠ. ɺ ʜʠʘʧʘʟʦʥʝ ʉ20 ï ʉ100 ʢʨʦʤʝ ʟʘʚʝʜʦʤʦ ʩʪʘʙʠʣʴʥʳʭ ʬʦʨʤ ʉ60 (-3-5m) ʠ ʉ70 (-10m2) ʚʳʷʚʣʝʥʳ 

ʜʚʝʥʘʜʮʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʪʘʙʠʣʴʥʳʭ (ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ, ʙʝʟ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʝʥʪʘʛʦʥʦʚ) ʬʫʣʣʝʨʝʥʦʚ, 

ʥʘʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʧʨʠʨʦʜʝ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʣʦʞʝʥʳ ʚ ʩʪʘʪʴʷʭ ʠ ʢʘʪʘʣʦʛʘʭ 

[5, 6, 9-12, 55-59, 63, 65, 68]. 

 

ʊʨʝʪʴʝ ʧʨʠʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʧʨʠ 

ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʬʝʜʦʨʦʚʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʈʝʯʴ ʠʜʝʪ ʦ ʧʝʨʝʯʠʩʣʝʥʠʠ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʦʩʪʳʭ ʬʦʨʤ. ʇʦʜ ʪʘʢʦʚʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʣʠʵʜʨ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʦʪʷ ʙʳ ʥʝʢʦʪʦʨʳʤʠ ʠʟ ʛʨʘʥʝʡ ʠʜʝʘʣʴʥʦʡ 

ʧʨʦʩʪʦʡ ʬʦʨʤʳ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʥʦ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ. ʄʦʥʦʵʜʨ, ʧʠʥʘʢʦʠʜ, ʜʠʵʜʨ, ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʠʨʘʤʠʜʘ ʠ ʧʨʠʟʤʳ ʥʝ ʧʦʨʦʞʜʘʶʪ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʩʪʳʭ ʬʦʨʤ. ɼʣʷ ʨʦʤʙʠʯʝʩʢʠʭ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʪʝʪʨʘʵʜʨʦʚ ʠ ʧʠʨʘʤʠʜ, ʢʫʙʠʯʝʩʢʦʛʦ ʪʝʪʨʘʵʜʨʘ, 

ʢʫʙʘ ʠ ʨʦʤʙʦʵʜʨʘ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʠʚʠʘʣʴʥʦ. ʊʝʦʨʝʤʘ ʄʠʥʢʦʚʩʢʦʛʦ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʳʧʫʢʣʳʡ ʧʦʣʠʵʜʨ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʜʦʙʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷʤʠ ʥʦʨʤʘʣʝʡ ʠ ʦʪʥʦʰʝʥʠʷʤʠ ʧʣʦʱʘʜʝʡ ʛʨʘʥʝʡ. ɺ ʥʘʰʝʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʨʠʝʥʪʘʮʠʷ ʛʨʘʥʝʡ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʦʧʨʝʜʝʣʷʝʪ ʦʨʠʝʥʪʘʮʠʠ ʥʦʨʤʘʣʝʡ. ʅʦ ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ 

ʛʨʘʥʝʡ ʥʝ ʟʘʜʘʥʳ, ʯʪʦ ʠ ʧʦʨʦʞʜʘʝʪ ʥʝʤʘʣʦʝ ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʣʠʵʜʨʦʚ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʢʨʳʪʳʭ 

ʧʨʦʩʪʳʭ ʬʦʨʤ. ɺ ʨʷʜʝ ʨʘʙʦʪ [13-15, 17, 18, 54, 66] ʘʚʪʦʨʘʤʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʪʦʯʝʯʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʩʠʤʤʝʪʨʠʠ ʚʩʝ ʨʝʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʦʢʪʘʵʜʨʳ, ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ, ʨʦʤʙʠʯʝʩʢʠʝ ʠ ʪʨʠʛʦʥʘʣʴ-

ʥʳʝ ʙʠʧʠʨʘʤʠʜʳ, ʪʨʠʛʦʥʘʣʴʥʳʝ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʳʝ ʪʨʘʧʝʮʦʵʜʨʳ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʘʮʠʠ ʢʫʙʘ ʠ ʦʢʪʘʵʜʨʘ. ʀʭ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʝʞʠʪ ʚ ʨʫʩʣʝ ʠʜʝʡ ɽ.ʉ. ʌʝʜʦʨʦʚʘ, ʪʷʛʦʪʝʚʰʝʛʦ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʧʝʨʝʯʠʩʣʝʥʠʶ ʠʟʫʯʘʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʦʪʤʝʯʘʚʰʝʛʦ ʚ ʢʫʨʩʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 1891 ʛ. ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʬʦʨʤ, ʦʪʢʣʦʥʷʶʱʠʭʩʷ ʦʪ 

ʠʜʝʘʣʘ. ʀʭ ʠʟʦʙʠʣʠʝ ʚ ʧʨʠʨʦʜʝ ʟʘʬʠʢʩʠʨʦʚʘʣ V. Goldschmidt [47]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʡʜʫʪ ʦʩʥʦʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʝ ʛʝʥʝʟʠʩʘ ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ [7, 8, 16] ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ 

ʜʠʩʩʠʤʤʝʪʨʠʠ ʇ. ʂʶʨʠ [21, 39, 40]. ʕʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʤʘ ʨʦʩʩʠʡʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ [22, 23, 28-30, 33]. 

 

ɺʳʰʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʣʠʰʴ ʪʝ ʧʨʠʣʦʞʝʥʠʷ ʬʝʜʦʨʦʚʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʘʚʪʦʨʘʤʠ. ʅʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʢʘʪʘʣʦʛʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʛʫʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʬʠʟʠʢʝ ʠ ʭʠʤʠʠ ʜʣʷ ʘʥʘʣʠʟʘ ʚʩʝʚʦʟʤʦʞʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʠ 

ʷʯʝʝʢ. ʅʘʢʦʥʝʮ, ʚʳʧʫʢʣʳʝ ʧʦʣʠʵʜʨʳ ʩʫʪʴ ʪʨʝʭʩʚʷʟʥʳʝ ʧʣʘʥʘʨʥʳʝ ʛʨʘʬʳ. ɼʚʘ ʩʪʦʣʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘ 

ʧʨʝʚʨʘʱʘʶʪ ʠʭ ʚ ʤʦʜʝʣʠ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʚʳʭʦʜʠʪ ʟʘ ʚʩʷʢʠʝ ʛʨʘʥʠʮʳ. 
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F=4 V=4  

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ - 43m 

1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 4 1 

ʉʧʠʩʦʢ 4 - 43m:1   

F=5 V=5 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 4mm 

1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 41 1 

ʉʧʠʩʦʢ 41 4mm:1   

 

F=5 V=6 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ - 6m2 

1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 23 1 

ʉʧʠʩʦʢ 23 - 6m2:1  
 

 

F=6 V=5 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ - 6m2 

1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 6 1 

ʉʧʠʩʦʢ 6 - 6m2:1  
 

 

F=6 V=6 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

2 1 5m 1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 

42  1 501  1 

ʉʧʠʩʦʢ 42  2:1 501  

5m:2  

 

 

F=6 V=7 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

m 1 mm2 1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 

24  1 321  1 

ʉʧʠʩʦʢ 24 mm2:1 321  

m:2  

 

 

F=6 V=8 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

mm2 1 m3m 1  

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 

06  1 222  1 

ʉʧʠʩʦʢ 

06  m3m:1 222  mm2:2  

 

 

F=7 V=6 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 

m 1 mm2 1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 

61  2 

ʉʧʠʩʦʢ 

61  m:1 mm2:2  

 

 

 

F=7 V=7 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 2 2 1 m 2 3m 2 6mm 1        ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 43  5 511  2 6001  1 

ʉʧʠʩʦʢ 43  1:1 2:2 m:3 3m:4,5 511  1:6 m:7 6001  6mm:8  

 

 
 

 

F=7 V=8 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 3 2 2 m 4 mm2 2       ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 25  2 331  5 412  2 4201  2 

ʉʧʠʩʦʢ 25  2:1 mm2:2 331  1:3,4 m:5 - 7 412  1:8 2:9 4201  m:10 mm2:11  

 

 
 

 

F=7 V=9 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 2 m 4 mm2 2   ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 151  1 232  2 2401  1 313  2 3211  2 

ʉʧʠʩʦʢ 151  m:1 232  1:2 mm2:3 2401  mm2:4 313  m:5,6 3211  1:7 m:8  
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F=7 V=10 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 2 1 mm2 1 3m 2 - 10m2 1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 052  1 133  1 2221  1 2302  1 3031  1 

ʉʧʠʩʦʢ 052  - 10m2:1 133  3m:2 2221  2:3 2302  mm2:4 3031  3m:5  

 

 
 

 

F=8 V=6 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ mm2 1 m3m 1      ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 8 2      ʉʧʠʩʦʢ 8 mm2:1 m3m:2  

 

 
 

F=8 V=7 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 3 2 2 m 4 mm2 2                   ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 62  9 701  2 

ʉʧʠʩʦʢ 62  1:1 - 3 2:4,5 m:6,7 mm2:8,9 701  m:10,11  

 

 
 

F=8 V=8 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 22 2 5 m 11 mmm 1 - 42m 2 7m 1 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 44  17 521  19 602  3 6101  2 70001  1 

ʉʧʠʩʦʢ 44  1:1 - 6 2:7 - 9 m:10 - 14 - 42m:15,16 mmm:17 521  1:18 - 31 m:32 - 36 602  2:37,38 

m:39 6101  1:40,41 70001  7m:42  
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F=8 V=9 

 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 48 2 5 m 17 mm2 1 3m 2 - 6m2 1  

 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 26  6 341  21 422  25 4301  11 503  3 5111  6 52001  2 

 

ʉʧʠʩʦʢ 26  2:1,2 m:3 - 5 - 6m2:6 341  1:7 - 22 m:23 - 27 422  1:28 - 45 2:46 - 48 m:49 - 51 

mm2:52 4301  1:53 - 59 m:60 - 62 3m:63 503  1:64 m:65 3m:66 5111  1:67 - 72 52001  m:73,74  

 

 
 

 

 

 

 

 

 

F=8 V=10 

 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 44 2 8 m 19 mm2 2 2/ m 1 - 42m 1 - 8 2 m 1 

 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 08  1 161  2 242  16 2501  5 323  13 3311  15 34001  2 404  3 4121  11 

4202  4 42101  4 

 

ʉʧʠʩʦʢ 08  - 8 2 m:1 161  1:2 m:3 242  1:4 - 9 2:10 - 15 m:16 - 18 2/ m:19 2501  1:20 m:21 - 23 

mm2:24 323  1:25 - 32 m:33 - 37 3311  1:38 - 52 34001  m:53,54 404  1:55 mm2:56 - 42m:57 

4121  1:58 - 65 m:66 - 68 4202  1:69,70 2:71,72 42101  1:73,74 m:75,76  
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F=8 V=11 

 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 21 2 1 m 12 mm2 4 

 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 062  1 143  2 1511  2 224  4 2321  8 2402  2 24101  1 3131  4 3212  6 

3220 1 3 33011  2 4022  2 40301  1 

 

ʉʧʠʩʦʢ 062  mm2:1 143  1:2 m:3 1511  1:4 m:5 224  1:6 2:7 m:8 mm2:9 2321  1:10 - 13 

m:14 - 17 2402  1:18 mm2:19 24101  1:20 3131  1:21 - 23 m:24 3212  1:25 - 28 m:29,30 32201  

1:31,32 m:33 33011  1:34,35 4022  1:36 mm2:37 40301  m:38  
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F=8 V=12 

 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 2 2 1 m 4 mm2 3 - 42m 1 - 3m 1 6/ mmm 1 - 43m 1 

 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 044  1 0602  1 1331  1 1412  1 206  1 2141  1 2222  2 22301  1 23111  1 

24002  1 3113  1 31211  1 4004  1 

 

ʉʧʠʩʦʢ 044  - 4 2 m:1 0602  6/ mmm:2 1331  m:3 1412  m:4 206  - 3m:5 2141  mm2:6 2222  2:7 

mm2: 8 22301  m:9 23111  1:10 24002  mm2:11 3113  m:12 31211  1:13 4004  - 4 3 m:14  

 

 

 
 

 

 

 

 

 

 

 

 

 

F=9 V=7 

 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 2 m 4 mm2 2   

 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 81  8   

 

ʉʧʠʩʦʢ 81  1:1,2 m:3 - 6 mm2:7,8  

 

 

 
 

 

 

 

 

 

 

 

 

F=9 V= 8 

 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 48 2 5 m 17 mm2 1 3m 2 - 6m2 1  

 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 63  47 711  24 8001  3 

 

ʉʧʠʩʦʢ 63  1:1 - 29 2:30 - 34 m:35 - 44 3m:45,46 - 6m2:47 711  1:48 - 66 m:67 - 71 8001  

m:72,73 mm2:74  
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F=9 V=9 

 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 237 2 8 m 48 4mm 2 8mm 1  

 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 45  55 531  143 612  50 6201  38 7011  6 71001  3 800001  1 

 

ʉʧʠʩʦʢ 45  1:1 - 37 2:38 - 41 m:42 - 53 4mm:54,55 531  1:56 - 180 m:181 - 198 612  1:199 - 241 

2:242,243 m:244 - 248 6201  1:249 - 274 2:275,276 m:277 - 286 7011  1:287 - 290 m:291,292 

71001  1:293,294 m:295 800001  8mm:296  
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F=9 V=10 

 

ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ 1 533 2 22 m 71 mm2 7 

 

ɻʨʘʥʥʳʝ ʩʠʤʚʦʣʳ 27  14 351  103 432  198 4401  73 513  64 5211  125 53001  20 6021  14 

6102  9 61101  10 620001  3 

 

ʉʧʠʩʦʢ 27  1:1 - 4 2:5 - 8 m:9 - 12 mm2:13,14 351  1:15 - 101 m:102 - 117 432  1:118 - 289 

2:290 - 300 m:301 - 314 mm2:315 4401  1:316 - 376 2:377 - 379 m:380 - 385 mm2:386 - 388 513  

1:389 - 440 m:441 - 452 5211  1:453 - 569 m:570 - 577 53001  1:578 - 592 m:593 - 597 6021  

1:598 - 606 2:607,608 m:609 - 611 6102  1:612 - 617 2:618,619 m:620 61101  1:621 - 630 

620001  m:631,632 mm2:633  
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