
 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʄʘʪʝʨʠʘʣʳ ʧʦ ʢʫʨʩʫ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ. 
 

ʏʘʩʪʴ 2 
 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ 

 
ʖ.ʃ.ʉʣʦʚʦʭʦʪʦʚ 

 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɹʘʢʫ 2012 ʛ. 



 2 

ɻʣʘʚʘ 2. Cʠʤʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ 
 

2.1. ʊʨʘʥʩʣʷʮʠʠ ʠ ʨʝʰʝʪʢʠ 

 

 ɺ 1-ʡ ʯʘʩʪʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʛʣʘʚʘ 1) ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ, ʪ.ʝ. 

ʥʘʙʦʨʳ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣ ʠ ʜʨʫʛʠʭ ʢʦʥʝʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ çʢʦʥʝʯʥʳʭè (ʥʝ ʧʦʣʠʤʝʨʥʳʭ) ʤʦʣʝʢʫʣ, ʘʪʦʤʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ï 

ʙʝʩʢʦʥʝʯʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʬʠʛʫʨʳ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ 

ʥʘʟʳʚʘʝʪʩʷ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ. ɺ ʵʪʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʠʥʮʠʧʳ ʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ. 

 ʇʨʦʩʪʝʡʰʘʷ ʬʠʛʫʨʘ, ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʚ ʦʜʥʦʤ ʠʟʤʝʨʝʥʠʠ ï ʵʪʦ ʙʝʩʢʦʥʝʯʥʘʷ ʣʝʥʪʘ ʩ 

ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʫʟʦʨʦʤ, ʠʣʠ ʙʦʨʜʶʨ (ʈʠʩ. 2.1 ʘ). çʍʠʤʠʯʝʩʢʠʤè ʧʨʠʤʝʨʦʤ ʙʦʨʜʶʨʘ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʧʦʣʠʵʪʠʣʝʥʘ (ʉʅ2ʉʅ2)Ð ʩ ʙʝʩʢʦʥʝʯʥʦʡ 

ʧʣʦʩʢʦʡ ʮʝʧʦʯʢʦʡ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ (ʈʠʩ. 2.1 ʙ). ʂ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ʪʘʢʠʭ ʬʠʛʫʨ 

ʧʨʠʚʦʜʷʪ ʦʧʝʨʘʮʠʠ ʦʩʦʙʦʛʦ ʚʠʜʘ, ʢʦʪʦʨʳʭ ʥʝʪ ʚ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧʘʭ: ʩʜʚʠʛʠ ʚʩʝʡ ʣʝʥʪʳ 

(ʮʝʧʦʯʢʠ) ʚʜʦʣʴ ʝʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷ mʘ, ʛʜʝ ʘ ï ʧʝʨʠʦʜ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʘ m ï 

ʧʨʦʠʟʚʦʣʴʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ. (ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ m ʬʠʛʫʨʘ ʩʤʝʱʘʝʪʩʷ ʥʘ 

ma ʚʧʨʘʚʦ, ʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ m ï ʚʣʝʚʦ). ɿʘʤʝʪʠʤ, ʯʪʦ ʨʘʟʥʳʭ ʩʜʚʠʛʦʚ mʘ ʩʪʦʣʴʢʦ ʞʝ, 

ʩʢʦʣʴʢʦ ʮʝʣʳʭ ʯʠʩʝʣ m, ʪ.ʝ. ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʩʜʚʠʛʦʚ ʙʦʨʜʶʨʘ 

ʦʙʨʘʟʫʝʪ ʛʨʫʧʧʫ ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʦʨʷʜʢʘ. ɽʜʠʥʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʷʚʣʷʝʪʩʷ 

ʩʜʚʠʛ ʥʘ 0ʘ, ʠʣʠ ʪʦʞʜʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

 

 

 

 

         (ʘ) 

         (ʙ) 

 

ʈʠʩ. 2.1. (ʘ) ʌʨʘʛʤʝʥʪ ʙʦʨʜʶʨʘ, ʥʝ ʠʤʝʶʱʝʛʦ ʠʥʳʭ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ, ʢʨʦʤʝ 

ʪʨʘʥʩʣʷʮʠʡ. (ʙ) ʌʨʘʛʤʝʥʪ ʪʨʘʥʩʦʠʜʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʧʦʣʠʵʪʠʣʝʥʘ (ʉʅ2-ʉʅ2)¤; 

ʧʦʢʘʟʘʥʳ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ. 
 

ʉʜʚʠʛ ʬʠʛʫʨʳ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʝʝ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ, ʥʘʟʳʚʘʝʪʩʷ ʪʨʘʥʩʣʷʮʠʝʡ. ʕʪʘ 

ʦʧʝʨʘʮʠʷ ʩʠʤʤʝʪʨʠʠ ʝʩʪʴ ʪʦʣʴʢʦ ʫ ʙʝʩʢʦʥʝʯʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʠʛʫʨ, ʪ.ʢ. ʩʜʚʠʛ 

çʦʙʦʨʚʘʥʥʦʡè ʢʦʥʝʯʥʦʡ ʮʝʧʦʯʢʠ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ʥʘ ʝʝ ʢʦʥʮʘʭ. ʋʯʘʩʪʦʢ 

ʮʝʧʦʯʢʠ (ʣʠʙʦ ʣʝʥʪʳ) ʩ ʜʣʠʥʦʡ, ʨʘʚʥʦʡ ʧʝʨʠʦʜʫ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ 

ʵʣʝʤʝʥʪʘʨʥʳʤ ʟʚʝʥʦʤ. ɼʝʡʩʪʚʫʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʪʨʘʥʩʣʷʮʠʷʤʠ 

mʘ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠʟ ʥʝʛʦ ʚʩʶ ʙʝʩʢʦʥʝʯʥʫʶ ʬʠʛʫʨʫ.  

ɽʩʣʠ ʫ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʯʘʩʪʝʡ ʬʠʛʫʨʳ ʥʝʪ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ (ʢʘʢ ʫ 

ʙʦʨʜʶʨʘ ʥʘ ʨʠʩ. 2.1 ʘ), ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʮʝʣʠʢʦʤ ʩʦʩʪʦʠʪ ʠʟ ʪʨʘʥʩʣʷʮʠʡ. ʅʦ ʫ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʦʣʠʵʪʠʣʝʥʘ (ʨʠʩ. 2.1  ʙ) ʠʤʝʶʪʩʷ ʠ ʟʝʨʢʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ï ʪʘʢ, 

ʦʪʨʘʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʦʯʢʠ ʣʠʙʦ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʥʝʡ ʧʣʦʩʢʦʩʪʠ 

ʣʁ ʙʦʛʦ ʉʅ2-ʬʨʘʛʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ʚʩʝʡ ʮʝʧʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʞʜʦʡ 

ʧʘʨʳ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʝʡ m ʧʦʨʦʞʜʘʝʪ ʦʩʴ 2 (ʧʨʘʚʠʣʦ (2ʘ) ʚ ʯ. 1), ʘ ʚ 

aô 

a 
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ʥʘʧʨʘʚʣʝʥʠʠ ʪʨʘʥʩʣʷʮʠʡ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ, ʦʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ʢʨʠʩʪʘʣʣʘ ʚʭʦʜʷʪ ʢʘʢ ʪʨʘʥʩʣʷʮʠʠ, ʪʘʢ ʠ ʜʨʫʛʠʝ 

ʦʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ. 

 ʇʨʠʤʝʨʦʤ ʧʣʦʩʢʦʡ (2D) ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʣʝʥʢʘ ʤʳʣʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ɺ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʙʝʩʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʘʢʦʡ ʧʣʝʥʢʠ ʘʥʠʦʥʳ 

ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ RCOO
ï
, ʛʜʝ R = ʥ-ʉnH2n+1 ʠ n ~ 20ï30, ʚʢʣʶʯʝʥʳ ʚ 

ʚʦʜʥʫʶ ʩʨʝʜʫ ʛʠʜʨʦʬʠʣʴʥʳʤʠ COO
ï
-ʬʨʘʛʤʝʥʪʘʤʠ, ʘ ʚʳʪʷʥʫʪʳʝ ʮʠʣʠʥʜʨʳ ʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʪʨʘʥʩʦʠʜʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʟʘ ʩʯʝʪ 

ʥʝʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʙʨʘʟʫʶʪ ʧʣʦʪʥʫʶ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʫʧʘʢʦʚʢʫ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ. ʕʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ʧʣʝʥʢʠ ʷʚʣʷʝʪʩʷ ʨʦʤʙ ʩ ʫʛʣʦʤ 120
ʦ
 ʠ 

ʩʪʦʨʦʥʦʡ ʘ, ʨʘʚʥʦʡ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʦʩʷʤʠ ʙʣʠʞʘʡʰʠʭ ʬʨʘʛʤʝʥʪʦʚ R. ɺʩʶ ʩʪʨʫʢʪʫʨʫ 

ʧʣʝʥʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʜʚʠʛʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʘ ʚʝʢʪʦʨʳ m1a + m2b, ʛʜʝ m1 ʠ m2 

ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ (ʚʢʣʶʯʘʷ 0), a ʠ b ï ʢʨʘʪʯʘʡʰʠʝ ʪʨʘʥʩʣʷʮʠʠ ʚʜʦʣʴ ʨʝʙʝʨ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʩʚʷʟʘʥʥʳʭ ʧʦʚʦʨʦʪʦʤ ʥʘ 120
0
 (a=b) (ʈʠʩ. 2.2 ʘ,ʙ). ɺ ʪʨʝʭʤʝʨʥʦʡ (3D) 

ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʘ ʤʦʣʝʢʫʣʳ I2 ʦʙʲʝʜʠʥʝʥʳ ʥʝʚʘʣʝʥʪʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʩʣʦʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥ ʩʦ ʩʜʚʠʛʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʩʝʜʥʝʛʦ ʩʣʦʷ. ɺ ʵʪʦʤ ʢʨʠʩʪʘʣʣʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ 

ʢʨʘʪʯʘʡʰʠʝ ʪʨʘʥʩʣʷʮʠʠ a, b ʠ c, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʚ ʬʦʨʤʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʈʠʩ. 2.2 ʚ). 

 

 

 

 

 

 

 

       (ʘ)       (ʙ)           (ʚ) 

ʈʠʩ. 2.2. (ʘ) ʆʨʠʝʥʪʘʮʠʷ ʠ (ʙ) ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʫʧʘʢʦʚʢʘ ʛʠʜʨʦʬʦʙʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʚ ʧʣʝʥʢʝ ʤʳʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. (ʚ) ʉʣʦʠ ʠʟ ʤʦʣʝʢʫʣ I2 ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʠʦʜʝ ʚ ʧʨʦʝʢʮʠʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʘ; ʤʦʣʝʢʫʣʳ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ 

ʚʳʜʝʣʝʥʳ ʮʚʝʪʦʤ. 

 

 ʆʩʥʦʚʥʳʤ ʩʠʤʤʝʪʨʠʡʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʦʪʣʠʯʘʶʱʠʤ ʢʨʠʩʪʘʣʣ ʦʪ ʘʤʦʨʬʥʦʛʦ ʩʪʝʢʣʘ 

ʠʣʠ ʞʠʜʢʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʪʨʘʥʩʣʷʮʠʡ ʚ ʝʛʦ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɹʝʩʢʦʥʝʯʥʫʶ 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʣʶʙʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʠʣʠ ʪʨʝʭʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʨʘʟʙʠʪʴ 

ʥʘ ʦʜʠʥʘʢʦʚʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ. ɺʩʝʚʦʟʤʦʞʥʳʤʠ ʩʜʚʠʛʘʤʠ ʷʯʝʡʢʠ ʥʘ ʮʝʣʦʝ ʯʠʩʣʦ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ ʚʦʩʩʦʟʜʘʝʪʩʷ ʚʩ̫ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʚʩʷʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʜʝʨʞʠʪʩʷ ʧʦʜʛʨʫʧʧʘ ʝʛʦ ʪʨʘʥʩʣʷʮʠʡ T. 

ʗʩʥʦ, ʯʪʦ ʛʨʫʧʧʘ T ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʳʡ ʧʦʨʷʜʦʢ ʧʨʠ ʣʶʙʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. ɺ ʵʪʦʡ 

ʛʣʘʚʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʚʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʪʨʘʥʩʣʷʮʠʡ ʧʣʦʩʢʠʭ (2D) ʠ 

ʪʨʝʭʤʝʨʥʳʭ (3D) ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.  

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.3. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʝʝ ʚʳʙʦʨʘ ʚ 2Dïʨʝʰʝʪʢʝ. 
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ɺʳʙʠʨʘʷ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫ ʠ ʜʝʡʩʪʚʫʷ ʥʘ ʥʝʝ ʚʩʝʤʠ 

ʪʨʘʥʩʣʷʮʠʷʤʠ, ʤʳ ʧʦʣʫʯʠʤ ʧʨʘʚʠʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʪʦʯʝʢ (ʦʨʙʠʪʫ 

ʛʨʫʧʧʳ T). ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩʣʷʮʠʦʥʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʦʯʝʢ ʥʘʟʳʚʘʝʪʩʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʘ ʝʝ ʪʦʯʢʠ ï ʫʟʣʘʤʠ ʨʝʰʝʪʢʠ (ʈʠʩ. 2.3). ʈʝʰʝʪʢʘ ʚ ʥʘʛʣʷʜʥʦʡ 

ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ ʧʦʢʘʟʳʚʘʝʪ ʪʨʘʥʩʣʷʮʠʦʥʥʫʶ ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʘ. ʇʦʤʝʩʪʠʚ ʦʜʠʥ ʠʟ 

ʫʟʣʦʚ ʨʝʰʝʪʢʠ ʚ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʠ ʩʦʝʜʠʥʠʚ ʝʛʦ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ ʫʟʣʘʤʠ, ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʙʝʩʢʦʥʝʯʥʳʡ ʥʘʙʦʨ ʚʩʝʭ ʚʝʢʪʦʨʦʚ ʪʨʘʥʩʣʷʮʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʛʨʫʧʧʫ T. 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʘ ʟʥʘʯʠʪ ʠ ʩʘʤʦʛʦ ʢʨʠʩʪʘʣʣʘ) 

çʥʘʪʷʛʠʚʘʝʪʩʷè ʥʘ ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ ʪʨʘʥʩʣʷʮʠʡ. ɺ ʜʚʫʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʚʝʢʪʦʨʳ a ʠ b, ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʜ ʫʛʣʦʤ g ʜʨʫʛ ʢ ʜʨʫʛʫ, ʧʦʨʦʞʜʘʶʪ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ (ʩʤ. ʈʠʩ. 2.3). ɺ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ʩʣʫʞʠʪ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚʝʢʪʦʨʘʤʠ a, b ʠ c. ʇʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʘ ʷʚʣʷʶʪʩʷ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ ʠ ʫʛʣʳ ʤʝʞʜʫ ʥʠʤʠ: ʚ 2D-

ʢʨʠʩʪʘʣʣʘʭ ʫ ʷʯʝʡʢʠ ʪʨʠ ʧʘʨʘʤʝʪʨʘ (a, b, g), ʚ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ï ʰʝʩʪʴ ʧʘʨʘʤʝʪʨʦʚ 

(a, b, c, a, b, g). ʋʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ b ʠ c, ʧʨʦʪʠʚʦʣʝʞʘʱʠʡ ʚʝʢʪʦʨʫ a, ʦʙʦʟʥʘʯʘʝʪʩʷ a, 

ʚʝʢʪʦʨʫ b ʧʨʦʪʠʚʦʣʝʞʠʪ ʫʛʦʣ b, ʚʝʢʪʦʨʫ c ï ʫʛʦʣ g (ʈʠʩ. 2.4ʘ). 

 

 

 

 

 

 

 

       (ʙ)    (ʚ) 

 

 

 

 

 

 

 

 

 

  (ʘ)     (ʛ)    (ʜ) 

 

ʈʠʩʫʥʦʢ 2.4. (ʘ) ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʪʨʝʭʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʪʠʧʳ 3D-

ʨʝʰʝʪʦʢ: (ʙ) ʧʨʠʤʠʪʠʚʥʘʷ, (ʚ) ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷ, (ʛ) ʙʦʢʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ɺ ʠ (ʜ) 

ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 

 

ɺʝʢʪʦʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ ʟʘʜʘʶʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ. ɺ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ ʵʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʠʣʠ 

ʢʦʩʦʫʛʦʣʴʥʦʡ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʥʘʟʳʚʘʶʪʩʷ ʝʝ ʤʝʪʨʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʣʠ, ʢʨʘʪʢʦ, ʤʝʪʨʠʢʦʡ ʨʝʰʝʪʢʠ. ɼʣʠʥʳ ʨʝʙʝʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʢʨʠʩʪʘʣʣʘ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʜʘʥʥʳʤ, ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʚ ʥʘʥʦʤʝʪʨʘʭ (1 ʥʤ 

= 10
ï9

 ʤ), ʧʠʢʦʤʝʪʨʘʭ (1 ʧʤ = 10
ï12

 ʤ) ʠʣʠ ʘʥʛʩʪʨʝʤʘʭ (1¡ = 0.1 ʥʤ = 100 ʧʤ = 10
ï10

 ʤ), 

ʫʛʣʳ ʤʝʞʜʫ ʨʝʙʨʘʤʠ ï ʚ ʛʨʘʜʫʩʘʭ. ɼʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʦʙʳʯʥʦ ʪʘʢʞʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ¡
3
 (ʩʤ. ʥʠʞʝ).  

ʇʦʩʢʦʣʴʢʫ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʝʰʝʪʢʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʘʟʣʠʯʥʳʝ ʙʘʟʠʩʥʳʝ 

ʪʨʘʥʩʣʷʮʠʠ (ʩʤ. ʈʠʩ. 2.3), ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʪʨʝʭʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʘʚʠʣʘʤ: 

(1) ɺʝʢʪʦʨʳ a, b ʠ c ʦʙʨʘʟʫʶ ʧʨʘʚʫʶ ʩʚʷʟʢʫ: ʠʭ ʤʦʞʥʦ ʦʙʦʡʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚʦʢʨʫʛ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. 
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(2) ʨʝʙʨʘ a, b ʠ c (ʛʜʝ aÒbÒc) ʚ ʧʨʠʤʠʪʠʚʥʦʡ ʷʯʝʡʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʘʪʯʘʡʰʠʤ 

ʥʝʢʦʤʧʣʘʥʘʨʥʳʤ ʪʨʘʥʩʣʷʮʠʷʤ, ʘ ʚ ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʷʯʝʡʢʘʭ (ʩʤ. ʩʣʝʜ. ʨʘʟʜʝʣ) 

ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʪʘʢʠʭ ʪʨʘʥʩʣʷʮʠʡ, 

(3) ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ, 

(4) ʝʩʣʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʤʤʝʪʨʠʷ ʨʝʰʝʪʢʠ, ʫʛʣʳ a, b g ʚʳʙʠʨʘʶʪ ʨʘʚʥʳʤʠ 90
ʦ
; 

ʥʝʧʨʷʤʳʝ ʫʛʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʧʨʷʤʦʤʫ ʠ ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʝ 90
ʦ
, 

(5) ʢʦʦʨʜʠʥʘʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ ʩ ʦʩʷʤʠ ʩʠʤʤʝʪʨʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 
ʧʦʨʷʜʢʘ, ʠʤʝʶʱʠʤʠʩʷ ʚ ʜʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ (ʨʝʧʝʨ ɹʨʘʚʝ). 

 

2.2. ɿʘʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʦʚ 

 

 ʂʨʦʤʝ ʪʨʘʥʩʣʷʮʠʡ, ʢʨʠʩʪʘʣʣʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʟʘʢʨʳʪʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʤʤʝʪʨʠʠ 

(ʈʠʩ. 2.1 ʠ 2.2 ʙ). ʊʦʯʝʯʥʘʷ ʛʨʫʧʧʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʩʤ. ʯ. 1), ʥʘʟʳʚʘʝʪʩʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ; ʦʥʘ ʦʪʨʘʞʘʝʪ ʩʠʤʤʝʪʨʠʶ ʚʥʝʰʥʝʡ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʘ. 

ʍʦʪʷ ʚʩʝʭ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ, ʩ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʩʦʯʝʪʘʶʪʩʷ 

ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʟʘʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʵʪʦʤʫ ʥʘʙʦʨ ʚʦʟʤʦʞʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʣʘʩʩʦʚ ʦʛʨʘʥʠʯʝʥ.  

ʉʠʤʤʝʪʨʠʷ ʫʟʣʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʪʨʘʥʩʣʷʮʠʡ ʚ ʢʨʠʩʪʘʣʣʝ. ʊʦʯʝʯʥʘʷ ʛʨʫʧʧʘ çʟʚʝʟʜʳè ʪʨʘʥʩʣʷʮʠʡ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʫʟʣʘ 

ʨʝʰʝʪʢʠ, ʥʘʟʳʚʘʝʪʩʷ ʛʦʣʦʵʜʨʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ. ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʚ ʟʘʜʘʥʥʦʡ ʨʝʰʝʪʢʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʭ ʩʦʙʩʪʚʝʥʥʘʷ ʩʠʤʤʝʪʨʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʠʞʝ, ʯʝʤ 

ʩʠʤʤʝʪʨʠʷ ʫʟʣʘ. ʇʦʵʪʦʤʫ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ 2D- ʠ 3D-ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʦʷʪ 

ʠʟ ʥʘʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʣʦʵʜʨʠʯʝʩʢʠʭ ʛʨʫʧʧ ʩʦ ʚʩʝʤʠ ʠʭ ʧʦʜʛʨʫʧʧʘʤʠ.  

ʆʜʥʦʤʝʨʥʘʷ ʨʝʰʝʪʢʘ, ʠʣʠ ʫʟʣʦʚʦʡ ʨʷʜ ï ʵʪʦ ʙʝʩʢʦʥʝʯʥʳʡ ʨʷʜ ʫʟʣʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʨʷʤʦʡ ʣʠʥʠʠ ʯʝʨʝʟ ʦʜʠʥʘʢʦʚʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʠʥʦʡ a (ʈʠʩ. 2.5). 

ɺʳʙʨʘʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʫʟʝʣ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ 

ʦʪ ʥʝʛʦ ʥʘ ʨʘʚʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʥʘʭʦʜʷʪʩʷ ʫʟʣʳ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ Ñma (m = 0, 1, 2, ...), ʪ.ʝ. ʚ 

ʢʘʞʜʦʤ ʫʟʣʝ ʦʜʥʦʤʝʨʥʦʡ ʨʝʰʝʪʢʠ ʨʘʩʧʦʣʦʞʝʥ ʮʝʥʪʨ ʠʥʚʝʨʩʠʠ (ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ1̀). ʕʪʠʤ 

ʩʚʦʡʩʪʚʦʤ ʦʙʣʘʜʘʝʪ ʣʶʙʦʡ ʫʟʣʦʚʦʡ ʨʜ̫, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʨʝʰʝʪʢʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨ ʠʥʚʝʨʩʠʠ1̀ ʩʦʚʤʝʩʪʠʤ ʩ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʠ ʚʩʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳ. 

 

 
 

ʈʠʩʫʥʦʢ 2.5. ʋʟʣʦʚʳʝ ʨʷʜʳ ʚ ʧʣʦʩʢʦʡ ʩʝʪʢʝ (ʚʳʜʝʣʝʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ) 

 

ɺ ʜʚʫʤʝʨʥʳʭ ʨʝʰʝʪʢʘʭ, ʠʣʠ ʧʣʦʩʢʠʭ ʩʝʪʢʘʭ, ʠʥʚʝʨʩʠʶ ʢʦʦʨʜʠʥʘʪ (x, y)  ( x̀, ỳ) ʚ 

ʧʣʦʩʢʦʩʪʠ ʩʝʪʢʠ ʧʨʠʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ ʜʝʡʩʪʚʠʝ ʦʩʠ 2, ʧʨʦʭʦʜʷʱʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʵʪʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʣʶʙʘʷ ʧʦʚʦʨʦʪʥʘʷ ʦʩʴ N, 

ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʫʟʝʣ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʝ ʧʣʦʩʢʦʩʪʠ, ʜʦʣʞʥʘ ʠʤʝʪʴ 
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ʯʝʪʥʳʡ ʧʦʨʷʜʦʢ (NÈ2). ʂʨʦʤʝ ʧʦʚʦʨʦʪʦʚ, ʥʝʢʦʪʦʨʳʝ ʩʝʪʢʠ ʤʦʛʫʪ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʩʝʙʷ 

ʦʪʨʘʞʝʥʠʝʤ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʠʤ ʧʣʦʩʢʦʩʪʷʭ m.  

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʧʦʚʦʨʦʪʘ N ʚ 2D-ʨʝʰʝʪʢʝ ʣʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ, ʚʳʙʨʘʚ ʚ ʥʝʡ 

ʫʟʣʦʚʦʡ ʨʷʜ, ʚ ʢʦʪʦʨʦʤ ʫʟʣʳ ʨʘʩʧʦʣʦʞʝʥ  rʯʝʨʝʟ ʢʨʘʪʯʘʡʰʫʶ ʪʨʘʥʩʣʷʮʠʶ ʘ (ʈʠʩ. 2.6 ʘ). 

ʇʨʠ ʧʦʚʦʨʦʪʝ ʪʘʢʦʛʦ ʨʷʜʘ ʚʦʢʨʫʛ ʚʳʙʨʘʥʥʦʛʦ ʫʟʣʘ 0 ʥʘ ʫʛʦʣ j=360
ʦ
/N ʩʦʩʝʜʥʠʡ ʫʟʝʣ ɸ 

ʧʝʨʝʤʝʩʪʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ ɺ. ɼʣʠʥʘ ʩʪʦʨʦʥʳ ɸɺ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ 0ɸɺ ʨʘʚʥʘ 2aĿsin(j/2)Óa 

(ʪ.ʢ. ʩʪʦʨʦʥʳ ʆɸ ʠ ʆɺ ʧʦ ʚʳʙʦʨʫ ʫʟʣʦʚʦʛʦ ʨʷʜʘ ʨʘʚʥʳ ʢʨʘʪʯʘʡʰʝʡ ʪʨʘʥʩʣʷʮʠʠ ʘ). 

ʇʦʵʪʦʤʫ sin(j/2)Ó1/2, ʠ j/2Ó30
ʦ
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʦʩʠ ʩʠʤʤʝʪʨʠʠ 

j=360
ʦ
/N ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ 60

ʦ
. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʧʦʚʦʨʦʪʥʦʡ 

ʦʩʠ ʚ ʜʚʫʤʝʨʥʦʤ ʢʨʠʩʪʘʣʣʝ ʨʘʚʝʥ 6, ʠ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʜʣʷ ʥʝʛʦ ʧʦʚʦʨʦʪʥʳʝ ʦʩʠ ï ʵʪʦ ʦʩʠ 2, 

4 ʠ 6, ʘ ʪʘʢʞʝ ʦʩʴ 3Ë6 (ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʧʨʘʚʠʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ 

ʫʟʣʘʤʠ ʚ ʚʝʨʰʠʥʘʭ, ʥʦ ʥʝ ʯʝʨʝʟ ʩʘʤʠ ʫʟʣʳ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʴ 5-ʛʦ ʧʦʨʷʜʢʘ ʥʝʩʦʚʤʝʩʪʠʤʘ 

ʩ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, ʪ.ʢ. ʧʨʘʚʠʣʴʥʳʤʠ ʧʷʪʠʫʛʦʣʴʥʠʢʘʤʠ ʩ ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ 

108
ʦ
 ʥʝʣʴʟʷ ʧʣʦʪʥʦ (ʙʝʟ ʱʝʣʝʡ) ʟʘʧʦʣʥʠʪʴ ʧʣʦʩʢʦʩʪʴ (ʨʠʩ. 2.6 ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʚʫʤʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʤʦʛʫʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ: 

 

(2.1ʘ)      1, 2, m, 3, 4 ʠ 6, 

 

(ʚʢʣʶʯʘʷ ʪʦʞʜʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 1).  

 

 
 

   (ʘ)       (ʙ) 

ʈʠʩʫʥʦʢ 2.6. (ʘ) ʀʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚʦʛʦ ʨʷʜʘ ʩ ʢʨʘʪʯʘʡʰʝʡ ʪʨʘʥʩʣʷʮʠʝʡ ʘ 

(ʚʳʜʝʣʝʥ ʩʝʨʳʤ ʮʚʝʪʦʤ) ʧʨʠ ʧʦʚʦʨʦʪʝ ʧʣʦʩʢʦʡ ʩʝʪʢʠ ʥʘ ʫʛʦʣ j=360
o
/N ʚʦʢʨʫʛ ʫʟʣʘ 0.  

(ʙ) ʇʣʦʪʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʧʨʘʚʠʣʴʥʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ, ʢʚʘʜʨʘʪʘʤʠ, 

ʧʨʘʚʠʣʴʥʳʤʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘʤʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʟʘʧʦʣʥʝʥʠʷ ʧʨʘʚʠʣʴʥʳʤʠ 

ʧʷʪʠʫʛʦʣʴʥʠʢʘʤʠ. 

 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʧʦʚʦʨʦʪʥʳʭ ʦʩʝʡ ʚ ʜʚʫʤʝʨʥʳʭ ʨʝʰʝʪʢʘʭ ʧʝʨʝʥʦʩʷʪʩʷ ʠ ʥʘ 

ʪʨʝʭʤʝʨʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʦʝ ʩʝʯʝʥʠʝ 3D-ʨʝʰʝʪʢʠ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʫʟʣʳ, 

ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ ʩʝʪʢʦʡ. ʅʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʮʝʥʪʨʦʚ ʩʠʤʤʝʪʨʠʠ1̀ ʚ ʫʟʣʘʭ ʪʨʝʭʤʝʨʥʦʡ 

ʨʝʰʝʪʢʠ ʧʦʚʦʨʦʪʥʘʷ ʦʩʴ 3, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʫʟʝʣ, ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʠʥʚʝʨʩʠʦʥʥʫʶ ʦʩʴ3̀, ʘ 

ʣʶʙʘʷ ʯʝʪʥʘʷ ʧʦʚʦʨʦʪʥʘʷ ʦʩʴ ʧʦʨʦʜʠʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʥʝʡ ʧʣʦʩʢʦʩʪʴ m. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʤʦʛʫʪ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠʥʚʝʨʩʠʦʥʥʳʝ ʦʩʠ 3-ʛʦ, 4-ʛʦ 

ʠ 6-ʛʦ ʧʦʨʷʜʢʦʚ (ʊʘʙʣ. 2.1). 

36
ʦ
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ʊʘʙʣʠʮʘ 2.1 

ʀʥʚʝʨʩʠʦʥʥʳʝ ʦʩʠ ʚ 3D-ʢʨʠʩʪʘʣʣʘʭ (ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ) 

 

ʵʣʝʤʝʥʪ r

ʚ 2D-ʩʝʪʢʝ + 1̀         ʨʝʟʫʣʴʪʘʪ    ʧʦʜʛʨʫʧʧʳ 

m    2/m  È 2, m, 1̀  

2    2/m  È 2, m, 1̀  

3    3̀  È 3,̀ 1 

4    4/m  È 4,̀ 4, m, 1̀ 

6    6/m  È 6, 3/m = 6̀, 3̀, 3, 2/m, 2, m, 1̀ 

ɺʝʩʴ ʧʝʨʝʯʝʥʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʢʨʳʪʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ (ʚʢʣʶʯʘʷ 

ʪʦʞʜʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ) ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

 

(2.1ʙ)    1, 2, 3, 4, 6,̀1,̀ 2=m, 3̀,̀ 4,̀ 6 
 

 

2.3. ʉʠʥʛʦʥʠʠ, ʨʝʰʝʪʢʠ ɹʨʘʚʝ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʢʣʘʩʩʳ 

 

ʇʦʣʥʳʡ ʥʘʙʦʨ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ, ʧʝʨʝʙʨʘʚ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ 

ʠʟ (2.1ʘ) ʠ (2.1ʙ). ʄʳ ʧʨʠʜʝʤ ʢ ʪʦʤʫ ʞʝ ʨʝʟʫʣʴʪʘʪʫ ʥʝʤʥʦʛʦ ʠʥʘʯʝ: ʧʝʨʝʯʠʩʣʠʤ ʚʩʝ 

ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ ʫʟʣʘ ʚ ʨʝʰʝʪʢʝ (ʛʦʣʦʵʜʨʠʯʝʩʢʠʝ ʛʨʫʧʧʳ) ʚ ʧʦʨʷʜʢʝ ʧʦʚʳʰʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʠ ʚʳʧʠʰʝʤ ʚʩʝ ʧʦʜʛʨʫʧʧʳ ʪʘʢʠʭ ʛʨʫʧʧ. ʅʘ ʵʪʦʤ ʧʫʪʠ ʤʳ ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ 

ʥʦʚʳʤʠ ʜʣʷ ʥʘʩ ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʤʥʦʛʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ.  

ʉʭʝʤʫ ʚʳʚʦʜʘ ʛʦʣʦʵʜʨʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʧʣʦʩʢʠʭ 

ʩʝʪʦʢ. ʉʠʤʤʝʪʨʠʷ ʫʟʣʘ ʚ ʪʘʢʠʭ ʩʝʪʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʢʨʝʩʪʘ ʠʟ 

ʢʨʘʪʯʘʡʰʠʭ ʪʨʘʥʩʣʷʮʠʡ a, ïa, b ʠ ïb (ʈʠʩ. 2.7). ʅʠʟʰʝʡ ʚʦʟʤʦʞʥʦʡ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʝ 2 

ʦʪʚʝʯʘʝʪ ʢʦʩʦʡ ʢʦʦʨʜʠʥʘʪʥʳʡ ʢʨʝʩʪ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ a, b ʠ gÍ90
ʦ
. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʪʘʢʦʡ ʨʝʰʝʪʢʠ ï ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ (ʈʠʩ. 2.7 ʘ). ɼʝʬʦʨʤʠʨʫʷ ʵʪʫ ʨʝʰʝʪʢʫ ï ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨ b ʠ (ʠʣʠ) ʫʛʦʣ g ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʘ ï ʧʦʩʪʘʨʘʝʤʩʷ ʜʦʙʠʪʴʩʷ ʧʦʷʚʣʝʥʠʷ 

ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ: ʧʣʦʩʢʦʩʪʝʡ m, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢ ʧʣʦʩʢʦʩʪʠ ʩʝʪʢʠ. ʕʪʦ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: (1) ʥʘʧʨʘʚʠʪʴ ʪʨʘʥʩʣʷʮʠʶ b ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ a (g=90
o
) 

ʣʠʙʦ (2) ʫʩʪʘʥʦʚʠʪʴ b=a ʩ ʧʨʦʠʟʚʦʣʴʥʤr ʫʛʣʦʤ g. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʣʦʩʢʦʩʪʠ m ʩ ʣʝʞʘʱʝʡ ʚ ʥʝʡ ʧʦʚʦʨʦʪʥʦʡ ʦʩʴʶ 2 (ʩʤ. ʯ. 1) ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʦʡ ʫʟʣʘ 

ʩʪʘʥʦʚʠʪʩʷ mm2, ʦʜʥʘʢʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʣʦʩʢʦʩʪʠ m ʧʨʦʭʦʜʷʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ a, b ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʈʠʩ. 2.7 ʙ), ʘ ʚʦ 

ʚʪʦʨʦʤ ï ʧʦ ʜʠʘʛʦʥʘʣʷʤ a+b, aïb ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ (ʈʠʩ. 2.7 ʚ).  
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ʈʠʩʫʥʦʢ 2.7.ʆʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʢʨʝʩʪʘ ʚ ʧʣʦʩʢʠʭ ʩʝʪʢʘʭ; ʠʭ ʩʠʥʛʦʥʠʠ ʠ 

ʨʝʰʝʪʢʠ ɹʨʘʚʝ. 

 

ʀʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨ b ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ b=a ʣʠʙʦ ʫʩʪʘʥʦʚʠʚ 

ʫʛʦʣ ʤʝʞʜʫ ʪʨʘʥʩʣʷʮʠʷʤʠ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ g=90
ʦ
, ʧʦʣʫʯʠʤ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ 2D-

ʨʝʰʝʪʢʫ ʩ ʩʠʤʤʝʪʨʠʝʡ ʫʟʣʘ 4mm (ʈʠʩ. 2.7 ʛ). ɽʩʣʠ ʞʝ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ b=a ʩʜʝʣʘʪʴ 

ʫʛʦʣ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʪʨʘʥʩʣʷʮʠʷʤʠ ʨʘʚʥʳʤ 120
ʦ
, ʙʣʘʛʦʜʘʨʷ ʩʦʦʪʥʦʰʝʥʠʶ 

|b+a|=a=b ʚʦʟʥʠʢʥʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʧʣʦʩʢʘʷ ʩʝʪʢʘ ʩ ʩʠʤʤʝʪʨʠʝʡ ʫʟʣʘ 6mm (ʈʠʩ. 2.7 ʜ). 

ʅʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʚʘʨʠʘʥʪʳ ʚʦʟʤʦʞʥʦʡ 

ʩʠʤʤʝʪʨʠʠ ʫʟʣʘ ʚ ʧʣʦʩʢʦʡ ʩʝʪʢʝ ʠʩʯʝʨʧʳʚʘʪʁʩʷ ʯʝʪʳʨʴʤʷ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ ʛʨʫʧʧʘʤʠ 

(2, mm2, 4mm ʠ 6mm). ɺʳʙʨʘʚ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʥʘ ʈʠʩ. 2.7 ʚ ʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ a'=aïb ʠ b'=a+b ʧʦ ʜʠʘʛʦʥʘʣʷʤʠ ʨʦʤʙʘ, ʤʳ ʧʦʩʪʨʦʠʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʚʜʚʦʝ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ, ʚ ʢʦʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ m ʧʨʦʭʦʜʷʪ ʧʦ 

ʪʨʘʥʩʣʷʮʠʷʤ a'  ʠ b'. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʷʯʝʡʢʠ ʥʘ ʈʠʩ. 2.7 ʙ ʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʷʯʝʝʢ ʥʘ ʈʠʩ. 2.7, ʫʟʣʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʣʴʢʦ ʚ ʚʝʨʰʠʥʘʭ, ʚ ʮʝʥʪʨʝ çʫʜʚʦʝʥʥʦʡè 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʷʯʝʡʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ aô/2, bô/2 ʥʘ ʈʠʩ. 2.7 ʚ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʫʟʝʣ. 

ʆʪʚʣʝʢʘʷʩʴ ʦʪ ʤʝʪʨʠʢʠ ʧʣʦʩʢʦʡ ʩʝʪʢʠ, ʪ.ʝ. ʦʪ ʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ ʝʝ ʧʘʨʘʤʝʪʨʦʚ 

ʷʯʝʡʢʠ, ʦʙʦʟʥʘʯʠʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʷʯʝʡʢʠ ʚ ʜʦʣʷʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ: 1/2, 1/2. 

ʉʝʪʢʠ ʙʝʟ ʫʟʣʦʚ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʥʘʟʳʚʘʶʪʩʷ ʧʨʠʤʠʪʠʚʥʳʤʠ ʠ ʦʙʦʟʥʘʯʘʶʪʩʷ 

p. ʉʝʪʢʘ ʩ ʫʟʣʦʤ ʚ ʮʝʥʪʨʝ 1/2, 1/2 ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʚʦʟʤʦʞʥʳʝ 2D-ʨʝʰʝʪʢʠ ʠʤʝʶʪ ʪʦʯʝʯʥʫʶ ʩʠʤʤʝʪʨʠʶ ʫʟʣʘ 2, 

mm2, 4mm ʠʣʠ 6mm, ʧʨʠʯʝʤ ʨʝʰʝʪʢʠ ʩʠʤʤʝʪʨʠʠ mm2 ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʠʪʠʚʥʳʤʠ ʣʠʙʦ 

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʨʝʰʝʪʢʠ ï ʪʦʣʴʢʦ ʧʨʠʤʠʪʠʚʥʳʤʠ (ʊʘʙʣ. 2.2). ʂʦʤʙʠʥʠʨʫʷ 

ʩʠʤʚʦʣʳ ʩʝʪʦʢ ʠ ʠʭ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ, ʟʘʧʠʰʝʤ ʚʩʝ ʵʪʠ ʚʘʨʠʘʥʪʳ ʢʘʢ p2, pmm2, cmm2, 

p4mm ʠ p6mm. ʇʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ çʚʠʜʘè ʨʝʰʝʪʢʠ ʚ ʜʨʫʛʦʡ ʚ ʭʦʜʝ ʜʝʬʦʨʤʘʮʠʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʛʥʦʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʜʝʬʦʨʤʘʮʠʷʭ ʚʥʫʪʨʠ 

ʢʘʞʜʦʛʦ çʚʠʜʘè ʨʝʰʝʪʢʠ ʩʠʤʤʝʪʨʠʷ ʫʟʣʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʨʝʰʝʪʢʠ pmm2 ʠ 

cmm2 ʪʘʢʞʝ ʥʝ ʧʝʨʝʚʦʜʷʪʩʷ ʦʜʥʘ ʚ ʜʨʫʛʫʶ ʥʝʧʨʝʨʳʚʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʫʟʣʘ: ʥʘ ʪʘʢʦʤ ʧʫʪʠ ʣʝʞʠʪ ʪʦʯʢʘ a=b, g=90
o
, ʛʜʝ ʚʦʟʥʠʢʘʝʪ ʧʦʚʦʨʦʪʥʘʷ 

ʦʩʴ 4-ʛʦ ʧʦʨʷʜʢʘ. 
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ʆʧʨʝʜʝʣʝʥʠʝ 1. ɹʝʩʢʦʥʝʯʥʳʡ ʥʘʙʦʨ ʚʩʝʭ ʨʝʰʝʪʦʢ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʛʦʣʦʵʜʨʠʯʝʩʢʦʡ ʛʨʫʧʧʝ, ʥʘʟʳʚʘʝʪʩʷ ʩʠʥʛʦʥʠʝʡ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ɺʩʝ ʨʝʰʝʪʢʠ ʦʜʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʝʨʝʚʦʜʠʤʳʝ ʦʜʥʘ ʚ ʜʨʫʛʫʶ ʥʝʧʨʝʨʳʚʥʳʤʠ 

ʜʝʬʦʨʤʘʮʠʷʤʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʪʠʧʫ ɹʨʘʚʝ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ 3. çɹʝʟʨʘʟʤʝʨʥʘʷè (ʪ.ʝ. ʦʙʣʘʜʘʶʱʘʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʤʝʪʨʠʢʦʡ) ʨʝʰʝʪʢʘ, 

ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ɹʨʘʚʝ, ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʪʢʦʡ ɹʨʘʚʝ. 

 

 ʄʳ ʚʠʜʝʣʠ, ʯʪʦ ʧʣʦʩʢʠʝ ʩʝʪʢʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʩʠʥʛʦʥʠʠ ʠ ʧʷʪʴ ʨʝʰʝʪʦʢ 

ɹʨʘʚʝ. ʅʘʟʚʘʥʠʷ ʩʠʥʛʦʥʠʡ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʨʝʰʝʪʦʢ ʚʤʝʩʪʝ ʩ ʫʩʣʦʚʠʷʤʠ, ʥʘʢʣʘʜʳʚʘʝʤʳʤʠ 

ʩʠʤʤʝʪʨʠʝʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣ. 2.2. ʊʘʤ ʞʝ ʜʣʷ 

ʢʘʞʜʦʡ ʩʠʥʛʦʥʠʠ ʧʝʨʝʯʠʩʣʝʥʳ ʚʩʝ ʧʦʜʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʦʣʦʵʜʨʠʯʝʩʢʠʭ ʛʨʫʧʧ. 

ɼʝʩʷʪʴ ʧʦʣʫʯʝʥʥʳʭ ʛʨʫʧʧ (ʛʦʣʦʵʜʨʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʧʣʶʩ ʠʭ ʧʦʜʛʨʫʧʧʳ) ï ʵʪʦ ʚʩʝ 

ʜʚʫʤʝʨʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʢʣʘʩʩʳ, ʪʦ ʝʩʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ 2D-

ʢʨʠʩʪʘʣʣʦʚ.  

 

ʊʘʙʣʠʮʘ 2.2 

ʉʠʥʛʦʥʠʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʠ ʨʝʰʝʪʢʠ ɹʨʘʚʝ ʚ ʜʚʫʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ 

 

ʩʠʥʛʦʥʠʷ ʛʦʣʦʵʜʨʠʯʝʩʢʘʷ 

ʛʨʫʧʧʘ 

ʧʦʜʛʨʫʧʧʳ ʪʠʧʳ ʨʝʰʝʪʢʠ 

ʢʦʩʦʫʛʦʣʴʥʘʷ 2 1 p 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ (ʦʨʪʦʛʦʥʘʣʴʥʘʷ) mm2 m p, c 

ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ 4mm 4 p 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ 6mm 6, 3, 3m p 

 

 ʉʠʥʛʦʥʠʠ, ʨʝʰʝʪʢʠ ɹʨʘʚʝ ʠ ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣ. 2.3. ʇʦʩʢʦʣʴʢʫ ʣʶʙʦʝ ʩʝʯʝʥʠʝ 3D-ʨʝʰʝʪʢʠ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʫʟʣʳ, ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ ʩʝʪʢʦʡ, ʘ ʚʩʷʢʘʷ ʧʨʦʚʝʜʝʥʥʘʷ ʯʝʨʝʟ ʫʟʣʳ ʧʨʷʤʘʷ ʣʠʥʠʷ ï 

ʫʟʣʦʚʳʤ ʨʷʜʦʤ, ʝʝ ʛʦʣʦʵʜʨʠʯʝʩʢʠʝ ʛʨʫʧʧʳ çʥʘʩʣʝʜʫʶʪè ʩʠʤʤʝʪʨʠʶ ʥʠʟʰʠʭ 

ʨʘʟʤʝʨʥʦʩʪʝʡ. ʅʠʟʰʝʡ ʛʦʣʦʵʜʨʠʯʝʩʢʦʡ ʛʨʫʧʧʝ1̀ (ʮʝʥʪʨʳ ʠʥʚʝʨʩʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʫʟʣʘʭ 

ʣʶʙʦʡ ʪʨʝʭʤʝʨʥʦʡ ʨʝʰʝʪʢʠ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʠʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʮʝʥʪʨʫ1̀ 

ʦʩʠ 2 ʠʣʠ ʧʣʦʩʢʦʩʪʠ m ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ 

ʧʦʨʦʞʜʘʝʪ ʛʦʣʦʵʜʨʠʯʝʩʢʫʶ ʛʨʫʧʧʫ 2/m (ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ). ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ (ʩʤ. 

ʬʦʨʤʫʣʳ (2 ʘïʚ) ʚ ʯ. 1) ʜʦʙʘʚʣʝʥʠʝ ʢ ʵʣʝʤʝʥʪʘʤ ʛʨʫʧʧʳ 2/m ʝʱʝ ʦʜʥʦʡ ʦʩʠ 2 ʠʣʠ ʝʱʝ 

ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ m, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢ ʫʞʝ ʠʤʝʶʱʠʤʩʷ, ʧʦʨʦʞʜʘʝʪ ʩʣʝʜʫʶʱʫʶ 

ʛʦʣʦʵʜʨʠʯʝʩʢʫʶ ʛʨʫʧʧʫ 2/m 2/m 2/m, ʪ.ʝ. mmm (ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ ʩʠʥʛʦʥʠʷ). 

ʕʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʢʦʩʦʫʛʦʣʴʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, 

ʤʦʥʦʢʣʠʥʥʳʭ ï ʧʨʷʤʦʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ (ʩʤ. ʯ.1, ʧʨʠʤʝʨ 1 ʚ Ä 1.4), ʢʨʠʩʪʘʣʣʦʚ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ (ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʦʡ ʨʦʤʙʠʯʝʩʢʦʡ ʠʣʠ, ʨʝʞʝ, 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ) ï ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ.  

ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʫʟʣʘ ï ʘʥʘʣʦʛʠʯʥʦʝ ʜʚʫʤʝʨʥʳʤ ʩʝʪʢʘʤ, ʥʦ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʮʝʥʪʨʘ ʠʥʚʝʨʩʠʠ ʚ ʫʟʣʝ ï ʜʘʝʪ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ (ʛʦʣʦʵʜʨʠʯʝʩʢʘʷ ʛʨʫʧʧʘ 

4/mmm, ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ï ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ) ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʠʥʛʦʥʠʠ 

(6/mmm, ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ï 1/3 ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ). ɼʝʬʦʨʤʘʮʠʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ 

ʨʝʰʝʪʢʠ ʜʦ c=a(=b) ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ a=b=g=90
ʦ
 ʩʦʟʜʘʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʠʥʛʦʥʠʶ ʩ 

ʛʦʣʦʵʜʨʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ m3̀ m (ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ï ʢʫʙ).  

ʂʨʦʤʝ ʵʪʠʭ ʧʦʣʠʵʜʨʦʚ, ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ ʪʨʝʭʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʙʳʪʴ 

çʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʫʙè, ʠʣʠ ʨʦʤʙʦʵʜʨ ï ʪʨʝʭʤʝʨʥʳʡ ʘʥʘʣʦʛ ʧʣʦʩʢʦʛʦ ʨʦʤʙʘ, ʪ.ʝ. 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢʚʘʜʨʘʪʘ. ʈʝʰʝʪʢʠ ʩ ʪʘʢʦʡ ʷʯʝʡʢʦʡ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. ɽʡ ʦʪʚʝʯʘʝʪ ʛʦʣʦʵʜʨʠʯʝʩʢʘʷ ʛʨʫʧʧʘ3̀m, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ 
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ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʵʣʝʤʝʥʪʘʤ ʛʨʫʧʧʳ 2/m ʧʦʚʦʨʦʪʥʦʡ ʦʩʠ 3, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ 

ʠʥʚʝʨʩʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʨʫʛʠʭ ʪʦʯʝʯʥʳʭ 

ʛʨʫʧʧ ʫ 3D-ʨʝʰʝʪʦʢ ʥʝʪ.  

 

ʊʘʙʣʠʮʘ 2.3 

ʉʠʥʛʦʥʠʠ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʢʣʘʩʩʳ ʠ ʨʝʰʝʪʢʠ ɹʨʘʚʝ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

 

ʉʠʥʛʦʥʠʷ ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʢʣʘʩʩʳ ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ 

ʈʝʰʝʪʢʠ 

ɹʨʘʚʝ ʛʦʣʦʵʜʨʠʯ. 

ʛʨʫʧʧʘ 

ʧʦʜʛʨʫʧʧʳ 

ʪʨʠʢʣʠʥʥʘʷ 1̀ 1 aÍb, aÍc, bÍc 

a, b, g ï ʣʶʙʳʝ 

ʈ 

ʤʦʥʦʢʣʠʥʥʘʷ 2/m 2, m aÍb, aÍc, bÍc 

a=g=90
o
, bÍ90

o
 

P, C (A) 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ  mmm mm2, 222 aÍb, aÍc, bÍc 

a=b=g=90
o
 

P, A (B, C), I, 

F 

ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ 4/mmm 4,̀ 4, 4/m, 4mm, 

422, 4̀2m 

a=bÍc, 

a=b=g=90
o
 

P, I 

ʪʨʠʛʦʥʘʣʴʥʘʷ  3̀m 3, 3̀, 3m, 32 a=b=c, 

a=b=gÍ90
o
 

P (çʛʝʢʩʘ-

ʛʦʥʘʣʴʥʘʷ Rè) 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ 6/mmm 6, 6̀, 6/m, 6mm, 

622, 6̀m2 

a=bÍc, 

a=b=90
o
, g=120

o
 

P 

ʢʫʙʠʯʝʩʢʘʷ m 3̀ m 23, m̀ 3,̀ 43m, 432  P, I, F 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʪʨʝʭʤʝʨʥʳʭ ʨʝʰʝʪʦʢ ʠʤʝʝʪʩʷ ʩʝʤʴ ʛʦʣʦʵʜʨʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʢʘʞʜʘʷ 

ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪ ʩʠʤʤʝʪʨʠʶ ʫʟʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʥʛʦʥʠʠ: 

 

1̀ , 2/m, mmm, 4/mmm, ̀ 3m, 6/mmm, m 3̀ m  
 

ʂʘʞʜʳʡ ʪʨʝʭʤʝʨʥʳʡ ʢʨʠʩʪʘʣʣ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʩʝʤʠ ʩʠʥʛʦʥʠʡ. 

ɻʦʣʦʵʜʨʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʚʤʝʩʪʝ ʩ ʠʭ ʧʦʜʛʨʫʧʧʘʤʠ ʩʦʩʪʘʚʣʷʶʪ 32 ʪʨʝʭʤʝʨʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʘʩʩʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʜʚʫʤʝʨʥʳʝ ʢʣʘʩʩʳ (ʩʤ. 

ʊʘʙʣ. 2.2). ʉʨʝʜʠ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʝʯʥʳʭ ʛʨʫʧʧ ʠʤʝʝʪʩʷ 11 

ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ (ʚʩʝ ʛʦʣʦʵʜʨʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʛʨʫʧʧʳ 3̀, 4/m, 6/m ʠ m 3̀), 

ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʢʣʘʩʩʘʤʠ ʃʘʫɻ. ɺ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʩʠʤʤʝʪʨʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʣʶʙʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʝʟ ʫʯʝʪʘ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ ʃʘʫʵ. 

 ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʨʝʰʝʪʦʢ (ʩʤ. ʨʠʩ. 2.4) ʤʦʞʥʦ 

ʚʳʚʝʩʪʠ, ʚʳʜʝʣʷʷ ʚ ʠʭ ʩʝʯʝʥʠʠ ʧʣʦʩʢʠʝ ʩʝʪʢʠ ʠ ʧʦʤʥʷ, ʯʪʦ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʝʪʢʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʩʝʯʝʥʠʠ ʪʨʠʢʣʠʥʥʦʡ ʨʝʰʝʪʢʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʩʝʪʦʢ ʥʝʪ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʨʝʰʝʪʢʦʡ ɹʨʘʚʝ ʚ ʵʪʦʡ ʩʠʥʛʦʥʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʠʪʠʚʥʘʷ 

ʪʨʠʢʣʠʥʥʘʷ (ʈ). ʊʘʢ ʢʘʢ ʙʦʢʦʚʳʝ ʨʝʙʨʘ ʧʨʷʤʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ï ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ, ʚ 

ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, ʧʦʤʠʤʦ ʧʨʠʤʠʪʠʚʥʦʡ ʈ, ʚʦʟʤʦʞʥʘ ʙʦʢʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʨʝʰʝʪʢʘ, 

ʦʙʦʟʥʘʯʘʝʤʘʷ ɸ (ʝʩʣʠ ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʛʨʘʥʴ ʷʯʝʡʢʠ ʧʨʦʪʠʚʦʣʝʞʠʪ ʨʝʙʨʫ ʘ) ʠʣʠ ʉ (ʝʩʣʠ 

ʮʝʥʪʨʠʨʦʚʘʥʘ ʛʨʘʥʴ, ʧʨʦʪʠʚʦʣʝʞʘʱʘʷ ʩ). ʇʦ ʩʦʛʣʘʰʝʥʠʶ, ʦʩʴ 2 ʤʦʥʦʢʣʠʥʥʦʡ ʨʝʰʝʪʢʠ 

ʩʦʚʤʝʱʘʶʪ ʩ ʢʦʦʨʜʠʥʘʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ b, ʧʦʵʪʦʤʫ ɺ-ʨʝʰʝʪʦʢ ʩ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʧʘʨʦʡ 

ʛʨʘʥʝʡ, ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ b, ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ*. ɺ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ  

 
* ɼʦ ʩʝʨʝʜʠʥʳ ʍʍ ʚʝʢʘ ʦʩʦʙʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʪ. ʥʘʟ. çʦʩʴ 

ʤʦʥʦʢʣʠʥʥʦʩʪʠè) ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʦʚʤʝʱʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩ. ɺ ʵʪʦʡ ʫʩʪʘʥʦʚʢʝ gÍ90
o
 ʠ ʚʦʟʤʦʞʥʳ 

ɸ- ʠ ɺ-ʙʦʢʦʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʤʦʥʦʢʣʠʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʘ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʥʝʚʦʟʤʦʞʥʳ. 
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ʨʝʰʝʪʢʝ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʣʶʙʦʝ ʩʝʯʝʥʠʝ, ʧʨʦʭʦʜʷʱʝʝ ʯʝʨʝʟ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʨʝʙʨʘ ʷʯʝʡʢʠ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʚʦʟʤʦʞʥʳ ʧʨʠʤʠʪʠʚʥʘʷ (ʈ), ʙʦʢʦʮʝʥʪʨʠʨʦʚʘʥʥʳʝ (ɸ, ɺ, ʉ), 

ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷ (I) ʠ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ (F) ʨʝʰʝʪʢʠ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʫʟʣʳ ʦʜʥʦʡ ʨʝʰʝʪʢʠ ʩʠʤʤʝʪʨʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʘ ʟʥʘʯʠʪ 

ʢʘʞʜʳʡ ʫʟʝʣ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʦʜʠʥʘʢʦʚʳʤ ʥʘʙʦʨʦʤ ʪʨʘʥʩʣʷʮʠʡ. ʇʦʵʪʦʤʫ çʜʚʘʞʜʳ 

ʙʦʢʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷè ʨʝʰʝʪʢʘ ʩ ʫʟʣʘʤʠ ʚ ʮʝʥʪʨʘʭ ʯʝʪʳʨʝʭ ʛʨʘʥʝʡ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ F-ʨʝʰʝʪʢʦʡ (ʈʠʩ. 2.8 ʘ). ɺʳʜʝʣʷʷ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʝʯʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʧʦʚʦʨʦʪʥʳʤʠ ʦʩʷʤʠ, ʚ ʨʝʰʝʪʢʘʭ ʩʨʝʜʥʝʡ ʢʘʪʝʛʦʨʠʠ ʩʠʤʤʝʪʨʠʠ, ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʠʤʝʶʪʩʷ P- ʠ I-ʨʝʰʝʪʢʠ 

(ʈʠʩ. 2.8 ʙ, ʚ), ʘ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ï ʪʦʣʴʢʦ ʧʨʠʤʠʪʠʚʥʳʝ ʨʝʰʝʪʢʠ. 

ʅʘʢʦʥʝʮ, ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʚʦʟʤʦʞʥʳ P-, I- ʠ F-, ʥʦ ʥʝ ʙʦʢʦʮʝʥʪʨʠʨʦʚʘʥʥʳʝ 

ʨʝʰʝʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʛʨʘʥʠ ʢʫʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʚʷʟʘʥʳ ʜʠʘʛʦʥʘʣʴʥʳʤʠ 

ʦʩʷʤʠ3̀, ʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʘʶʪ ʙʦʢʦʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʷʯʝʡʢʫ ʚ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʫʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʤʝʝʪʩʷ 14 ʨʝʰʝʪʦʢ ɹʨʘʚʝ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦ ʩʝʤʠ ʩʠʥʛʦʥʠʷʤ (ʩʤ. ʊʘʙʣ. 2.3).  

 

 

 

 

 

 

 

 

 

 

  (ʘ)        (ʙ)       (ʚ) 

 

ʈʠʩʫʥʦʢ 2.8. (ʘ) ʇʝʨʝʭʦʜ ʦʪ çʜʚʘʞʜʳ ʙʦʢʦʮʝʥʪʨʠʨʦʚʘʥʥʦʡè ɸ+ɺ-ʷʯʝʡʢʠ ʢ F-ʷʯʝʡʢʝ 

ʜʝʡʩʪʚʠʝʤ ʜʠʘʛʦʥʘʣʴʥʳʭ ʪʨʘʥʩʣʷʮʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʫʟʣʳ ʚ ʮʝʥʪʨʘʭ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ, ʥʘ 

ʫʟʣʳ ʚ ʚʝʨʰʠʥʘʭ (ʩʝʨʳʝ ʩʪʨʝʣʢʠ). (ʙ) ʇʝʨʝʭʦʜ ʦʪ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʉ-ʷʯʝʡʢʠ ʢ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʈ-ʷʯʝʡʢʝ ʚʜʚʦʝ ʤʝʥʴʰʝʛʦ ʦʙʲʝʤʘ (aô=a/ã2, ʫʛʦʣ gô=90
o
). (ʚ) ʘʥʘʣʦʛʠʯʥʳʡ 

ʧʝʨʝʭʦʜ ʦʪ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ F- ʢ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ I-ʷʯʝʡʢʝ. 

 

ɺʩʝ ʨʝʰʝʪʢʠ ɹʨʘʚʝ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 2.9. ɺʳʙʦʨ 

ʥʘʧʨʘʚʣʝʥʠʡ a, b ʠ c ʚ ʧʨʠʤʠʪʠʚʥʦʡ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʘʚʠʣʦʤ 

ʨʝʧʝʨʘ ɹʨʘʚʝ (ʧʨʘʚʠʣʦ (5) ʥʘ ʩʪʨ. 5), ʧʦʩʢʦʣʴʢʫ ʠʥʚʝʨʩʠʦʥʥʘʷ ʦʩʴ3̀ ʥʘʠʚʳʩʰʝʡ 

ʩʠʤʤʝʪʨʠʠ ʧʨʦʭʦʜʠʪ ʚ ʥʝʡ ʥʝ ʧʦ ʢʦʦʨʜʠʥʘʪʥʦʡ ʪʨʘʥʩʣʷʮʠʠ, ʘ ʧʦ ʜʠʘʛʦʥʘʣʠ ʨʦʤʙʦʵʜʨʘ. ʂ 

ʥʦʚʦʤʫ ʙʘʟʠʩʫ a' , b' , c' , ʚ ʢʦʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʩ'  ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ3̀, a'  ʠ b'  ʝʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʠ a'=b'Íc', ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

 

   a'  = a ï b, 

   b' = b ï c, 

   c'  = a + b +  c, 

 

ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʪʨʠʛʦʥʘʣʴʥʫʶ P-ʨʝʰʝʪʢʫ ʢ ʪʝʤ ʞʝ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ (a=b=90
o
, 

g=120
o
), ʯʪʦ ʠ ʫ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʆʙʲʝʤ ʧʦʣʫʯʝʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʚʪʨʦʝ ʙʦʣʴʰʝ ʦʙʲʝʤʘ ʧʨʠʤʠʪʠʚʥʦʛʦ ʨʦʤʙʦʵʜʨʘ, ʘ ʚʥʫʪʨʠ ʥʝʝ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʫʟʣʘ ʩ 

çʙʝʟʨʘʟʤʝʨʥʳʤʠè ʢʦʦʨʜʠʥʘʪʘʤʠ (1/3, 2/3, 1/3) ʠ (2/3, 1/3, 2/3) (ʨʠʩ. 2.10 ʚ, ʛ).  

 

a 

c 

b 
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ʈʠʩʫʥʦʢ 2.9. ʈʝʰʝʪʢʠ ɹʨʘʚʝ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        (ʚ)    (ʛ)  

 

ʈʠʩʫʥʦʢ 2.10. ʇʨʠʤʠʪʠʚʥʳʝ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ ʷʯʝʡʢʠ (ʘ) ʚ ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʫʙʠʯʝʩʢʦʡ (a = 109.44
o
), (ʙ) ʚ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ (a = 60

o
) ʨʝʰʝʪʢʘʭ. 

ʇʨʠʤʠʪʠʚʥʘʷ (XR, YR, ZR) ʠ ʜʚʘʞʜʳ ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ (XH, YH, ZH) ʫʩʪʘʥʦʚʢʠ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ ʨʝʰʝʪʢʠ: (ʚ) ʦʙʱʠʡ ʚʠʜ, (ʛ) ʧʨʦʝʢʮʠʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩô. 
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ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʩʠʤʤʝʪʨʠʷ ʫʟʣʘ ʚ ʨʦʤʶʦʵʜʨʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ (3̀m) ʥʠʞʝ, ʯʝʤ ʚ 

ʧʨʠʤʠʪʠʚʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ (6/mmm). ɺ ʣʠʪʝʨʘʪʫʨʝ ʵʪʘ ʨʝʰʝʪʢʘ ʥʝ ʩʦʚʩʝʤ ʩʪʨʦʛʦ 

ʥʘʟʳʚʘʝʪʩʷ çʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʜʚʘʞʜʳ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡè ʠʣʠ çʛʝʢʩʘʛʦʥʘʣʴʥʦʡ Rè. ʇʦʵʪʦʤʫ ʚ 

ʥʝʢʦʪʦʨʳʭ ʫʯʝʙʥʠʢʘʭ ʪʨʝʭʤʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʝ ʥʘ ʩʝʤʴ, ʘ ʥʘ ʰʝʩʪʴ 

ʩʠʥʛʦʥʠʡ, ʦʪʥʦʩʷ ʪʨʠʛʦʥʘʣʴʥʫʶ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʢ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ R-

ʧʦʜʩʠʥʛʦʥʠʠ. ʊʘʢ ʢʘʢ ʧʦ ʪʝʣʝʩʥʳʤ ʜʠʘʛʦʥʘʣʷʤ ʢʫʙʘ ʧʨʦʭʦʜʷʪ ʦʩʠ3̀, ʚ ʢʫʙʠʯʝʩʢʫʶ 

ʩʠʥʛʦʥʠʶ ʧʝʨʝʭʦʜʷʪ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʩ ʫʛʣʘʤʠ a=90
ʦ
 (ʧʨʠʤʠʪʠʚʥʘʷ 

ʢʫʙʠʯʝʩʢʘʷ), a=60
ʦ
 (ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ) ʠ a=109

ʦ
 44' (ʫʛʦʣ ʤʝʞʜʫ ʦʩʷʤʠ 3 ʚ 

ʪʝʪʨʘʵʜʨʝ: ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ) (ʈʠʩ. 2.10). 

 

 

2.4. ʊʦʯʢʠ, ʧʨʷʤʳʝ ʣʠʥʠʠ ʠ ʧʣʦʩʢʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

 ʄʳ ʚʠʜʝʣʠ, ʯʪʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, çʥʘʪʷʥʫʪʘʷè ʥʘ 

ʙʘʟʠʩʥʳʝ ʪʨʘʥʩʣʷʮʠʠ a, b (ʚ 2D-ʢʨʠʩʪʘʣʣʝ) ʠʣʠ a, b ʠ c (ʚ 3D-ʢʨʠʩʪʘʣʣʝ), ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʝ ʷʚʣʷʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ (ʠ ʪʝʤ ʙʦʣʝʝ ʜʝʢʘʨʪʦʚʦʡ). ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʢʦʤʧʘʢʪʥʦʡ ʬʦʨʤʝ 

ʦʧʠʩʘʪʴ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʟʘʜʘʚʘʪʴ ʚ ʵʪʦʡ 

ʩʠʩʪʝʤʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ, ʣʠʥʠʡ ʠ ʧʣʦʩʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʷʪʴ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ 

ʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ (ʨʘʩʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʧʣʦʩʢʠʝ ʠ ʜʚʫʛʨʘʥʥʳʝ ʫʛʣʳ).  

ʂʦʦʨʜʠʥʘʪʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ï ʥʘʧʨʠʤʝʨ, ʧʦʟʠʮʠʶ ʘʪʦʤʘ ï ʚʥʫʪʨʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 3D-ʢʨʠʩʪʘʣʣʘ (ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʨʠʢʣʠʥʥʦʛʦ) ʟʘʜʘʶʪ ʚ 

ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ xǋ, yǋ, zǋ, ʛʜʝ xǋ=x/a, yǋ=y/b, zǋ=z/c ï ʦʪʥʦʰʝʥʠʷ ʜʣʠʥ ʢʦʩʦʫʛʦʣʴʥʳʭ 

ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʘ r={x, y, z}, ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʚ ʵʪʫ ʪʦʯʢʫ, ʢ ʜʣʠʥʘʤ 

ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ a, b ʠ c (ʈʠʩ. 2.11). ʊʘʢʘʷ ʪʨʦʡʢʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʤʝʞʜʫ 0 ʠ 1, ʥʘʟʳʚʘʝʪʩʷ ʜʨʦʙʥʳʤʠ, ʠʣʠ ʬʨʘʢʮʠʦʥʥʳʤʠ, ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ ʚ ʷʯʝʡʢʝ. 

ʊʦʯʢʝ, ʣʝʞʘʱʝʡ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʷʯʝʡʢʝ ʢʨʠʩʪʘʣʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨ r+ua+vb+wc, ʛʜʝ 

u, v ʠ w ï ʮʝʣʳʝ ʯʠʩʣʘ ʪʨʘʥʩʣʷʮʠʡ, ʥʘ ʢʦʪʦʨʳʝ ʵʪʘ ʷʯʝʡʢʘ ʦʪʩʪʦʠʪ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʣʷʮʠʡ, ʯʠʩʣʘ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ). ʌʨʘʢʮʠʦʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʳ xǋ+u, yǋ+v, zǋ+w. 

ʇʘʨʘʤʝʪʨ rʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʬʨʘʢʮʠʦʥʥʳʝ ʢʦʦʨʜʠʥʘʪ rʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʡ ʘʪʦʤʦʚ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ. ɼʘʣʝʝ ʤʳ ʚʩʝʛʜʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʝʢ x, y, z ʚ ʷʯʝʡʢʝ ʬʨʘʢʮʠʦʥʥʳʤʠ, ʪ.ʝ. ʙʝʟʨʘʟʤʝʨʥʳʤʠ, ʦʧʫʩʢʘʷ ʰʪʨʠʭʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2.10. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʘ (x, y, z) ʚ ʢʦʩʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ (ʩʭʝʤʘ) 

 

ʏʪʦʙʳ ʨʘʩʩʯʠʪʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ (ʥʘʧʨʠʤʝʨ, ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʩʚʷʟʷʤʠ 



 14 

ʧʨʠ ʦʜʥʦʤ ʘʪʦʤʝ) ʧʦ ʥʘʙʦʨʫ ʬʨʘʢʮʠʦʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ { xi/a, yi/b, zi/c}  ʚ 

ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʤ ʙʘʟʠʩʝ a, b, c, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨ rʷʯʝʡʢʠ a, b, c, a, b ʠ g. 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʘʢʦʛʦ ʙʘʟʠʩʘ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ɻʨʘʤʘ Gabc: ʩʠʤʤʝʪʨʠʯʥʘʷ 

ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ 3³3, ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʚʩʝʭ ʩʢʘʣʷʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʘʟʠʩʥʳʭ 

ʚʝʢʪʦʨʦʚ:  

 

  (a,a) (a,b) (a,c) 

Gabc =   (b,a) (b,b) (b,c) 

  (c,a) (c,b) (c,c) 

 

(ʅʘʧʦʤʥʠʤ, ʯʪʦ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʨʝʰʝʪʢʠ ʨʘʚʥʳ 

 

(a,a) = a
2
, (b,b) = b

2
, (c,c)=c

2
 

(a,b) = (b,a) = abĀcos g 

(a,c) = (c,a) = acĀcos b 

(b,c) = (c,b) = bcĀcos a, 

 

ʠ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʣʶʙʦʡ ʧʘʨʳ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʚʝʢʪʦʨʦʚ ʨʘʚʥʦ ʥʫʣʶ). 

ɺʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʠʪʝʣʷ ʤʘʪʨʠʮʳ ɻʨʘʤʘ ʨʘʚʥʘ ʢʚʘʜʨʘʪʫ ʦʙʲʝʤʘ ʢʦʩʦʫʛʦʣʴʥʦʛʦ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, çʥʘʪʷʥʫʪʦʛʦè ʥʘ ʚʝʢʪʦʨʳ a, b ʠ c: 

 

(2.2)    Vabc = (det Gabc)
1/2 

 

ʌʦʨʤʫʣʘ (2.2) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʘ ʣʶʙʦʡ 

ʩʠʥʛʦʥʠʠ. ʊʘʢ, ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ, ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʷʭ ʩ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʩʝ ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮʳ ɻʨʘʤʘ ʨʘʚʥʳ 0, det Gabc = (a
2
b

2
c

2
), ʠ V = abc. ɼʣʷ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʧʨʠ 

bÍ90
o
 (a,c)=(c,a)= acĀcos b Í 0. ʈʘʟʣʘʛʘʷ ʦʧʨʝʜʝʣʠʪʝʣʴ ʧʦ ʚʝʨʭʥʝʡ ʩʪʨʦʢʝ ʠ ʨʘʩʢʨʳʚʘʷ 

ʤʠʥʦʨʳ 2³2, ʧʦʣʫʯʠʤ 

 

    a
2
 0 (a,c) 

      det    0 b
2
    0 = a

2
b

2
c

2
 ï a

2
b

2
c

2
cos

2
b = a

2
b

2
c

2
sin

2
b,   

  (c,a) 0    c
2
 

 

ʪ.ʝ. Vʤʦʥʦʢʣ = abcĀsin b. ɺ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ (a = b, g=120
o
) Vʛʝʢʩ = a

2
c sin g =Āa

2
cã3/2.  

ʇʦ ʪʦʡ ʞʝ ʩʭʝʤʝ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʙʲʝʤʘ ʷʯʝʡʢʠ ʚ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʭ ʠ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ.  

ʉ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ ɻʨʘʤʘ ʤʦʞʥʦ ʥʘʡʪʠ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʩ 

ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ r1={x1, y1, z1}  ʠ r2={x2, y2, z2}  ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʢʨʠʩʪʘʣʣʝ 

 

      (a,a) (a,b) (a,c)   x2 

(2.3)  (r1, r2) = r1r2Ācos q =  (x1 y1 z1) (b,a) (b,b) (b,c)   y2 =   ĕX1GabcX2, 

      (c,a) (c,b) (c,c)   z2 

 

ʛʜʝ ĕX1 ʠ X2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʢʪʦʨ-ʩʪʨʦʢʘ r1 ʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ r2, q ï ʫʛʦʣ ʤʝʞʜʫ ʵʪʠʤʠ 

ʚʝʢʪʦʨʘʤʠ, Gabc ï ʤʘʪʨʠʮʘ ɻʨʘʤʘ. ʇʦ ʬʦʨʤʫʣʝ (2.3) ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ʪʦʯʝʢ x1, y1, z1 ʠ 

x2, y2, z2 ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ r ʢʘʢ ʜʣʠʥʫ ʚʝʢʪʦʨʘ r2ïr1={x2-x1, y2-y1, z2-z1}=  

{Dx, Dy, Dz} , ʘ ʪʘʢʞʝ ʫʛʦʣ q ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ r 1 ʠ r2 : 

 

(2.4)   r = (ĕXGabcX)
1/2

,  X = {Dx, Dy, Dz};  

q = arccos [(ĕX1GabcX2)/(r1r2)] 
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ʉʦʦʪʥʦʰʝʥʠʷ (2.4) ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨ rʩʪʨʫʢʪʫʨʳ ʣʶʙʦʛʦ 

ʢʨʠʩʪʘʣʣʘ. 

 

 ɹʝʟʨʘʟʤʝʨʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʣʶʙʦʛʦ ʫʟʣʘ ʨʝʰʝʪʢʠ, ʦʯʝʚʠʜʥʦ, ʩʣʫʞʠʪ ʪʨʦʡʢʘ 

ʮʝʣʳʭ ʯʠʩʝʣ u v w (ʠʭ ʟʘʧʠʩʳʚʘʶʪ ʙʝʟ ʩʢʦʙʦʢ ʠ ʙʝʟ ʟʘʧʷʪʳʭ). çʆʨʠʝʥʪʠʨʦʚʘʥʥʫʶè ʧʨʷʤʫʶ 

ʣʠʥʠʶ, ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʫʟʣʳ, ʦʙʦʟʥʘʯʘʶʪ [u v w]: ʦʜʠʥ ʠʟ ʫʟʣʦʚ, ʣʝʞʘʱʠʡ ʥʘ ʣʠʥʠʠ, 

ʧʨʠʥʠʤʘʶʪ ʟʘ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ, ʠ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʙʝʟ ʟʘʧʷʪʳʭ ʟʘʧʠʩʳʚʘʶʪ 

ʢʦʦʨʜʠʥʘʪʳ ʙʣʠʞʘʡʰʝʛʦ ʫʟʣʘ ʥʘ ʪʦʡ ʞʝ ʧʨʷʤʦʡ. ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

[u v w] ʥʘʟʳʚʘʶʪʩʷ ʠʥʜʝʢʩʘʤʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʀʥʜʝʢʩʘʤ [u v w] ʠ 

[ ù v̀ ẁ] ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʣʠʥʠʠ (ʈʠʩ. 

2.11 ʘ). çɿʚʝʟʜʘè ʥʘʧʨʘʚʣʝʥʠʡ, ʧʝʨʝʚʦʜʠʤʳʭ ʦʜʥʦ ʚ ʜʨʫʛʦʝ ʦʧʝʨʘʮʠʷʤʠ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, ʦʙʦʟʥʘʯʘʝʪʩʷ ʠʥʜʝʢʩʘʤʠ àu v wð: ʪʨʦʡʢʦʡ ʮʝʣʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʙʝʟ ʟʘʧʷʪʳʭ ʚ ʪʨʝʫʛʦʣʴʥʳʭ ʩʢʦʙʢʘʭ. ʊʘʢ, ʜʣʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʥʘʧʨʘʚʣʝʥʠʷʤ à1 1 1ð ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʢʣʘʩʩʝ mmm ʦʪʚʝʯʘʶʪ ʚʦʩʝʤʴ 

ʚʝʢʪʦʨʦʚ ʚʠʜʘ [°1 °1 °1], ʘ ʚ ʢʣʘʩʩʝ mm2 ï ʯʝʪʳʨʝ ʚʝʢʪʦʨʘ [°1 °1 1] (ʈʠʩ. 2.11 ʙ, ʚ). 

 

 

 

 

 

 

 

 

 

 

   (ʘ)     (ʙ)   (ʚ) 

 

ʈʠʩʫʥʦʢ 2.11. (ʘ) ʀʥʜʝʢʩʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ [u v] ʚ ʜʚʫʤʝʨʥʦʡ ʩʝʪʢʝ, (ʙ) 

ʥʘʧʨʘʚʣʝʥʠʷ à1 1 1ð, ʩʚʷʟʘʥʥʳʝ ʦʧʝʨʘʮʠʷʤʠ ʩʠʤʤʝʪʨʠʠ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʢʣʘʩʩʝ 

mmm, (ʚ) ʥʘʧʨʘʚʣʝʥʠʷ à1 1 1ð ʚ ʢʣʘʩʩʝ mm2. 

 

 ɺ ʢʫʙʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ ʪʨʠ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʪʨʘʥʩʣʷʮʠʠ ʦʜʠʥʘʢʦʚʦʡ 

ʜʣʠʥʳ (a=b=c) ʟʘʜʘʶʪ ʦʨʪʦʛʦʥʘʣʴʥʫ ʁ ʩʠʩʪʝʤʫ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʣʶʙʦʡ ʧʘʨʦʡ ʪʦʯʝʢ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʧʘʨʘʤʝʪʨ ʘ (ʤʘʩʰʪʘʙʥʳʡ 

ʤʥʦʞʠʪʝʣʴ). ʀʟ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʫʨʘʚʥʝʥʠʝʤ  

 

   Ax +By +Cz +D = 0 

 

ʟʘʜʘʝʪʩʷ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʚʝʢʪʦʨʫ (ɸ ɺ ʉ) ʠ ʦʪʩʝʢʘʶʱʘʷ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

ʦʪʨʝʟʢʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷʤ x0=A/D, y0=B/D ʠ z0=C/D. ʇʦʵʪʦʤʫ ʚ ʢʫʙʠʯʝʩʢʦʡ 

ʩʠʥʛʦʥʠʠ ʯʝʨʝʟ ʫʟʝʣ ʨʝʰʝʪʢʠ 0 0 0 (D=0) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢʘʞʜʦʤʫ ʚʝʢʪʦʨʫ [u v w] 

ʧʨʦʭʦʜʠʪ ʧʣʦʩʢʦʩʪʴ  

 

(2.5)   ux + vy +wz = 0, 

 

ʚ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʫʟʣʳ ʩ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ x y z, ʦʪʚʝʯʘʶʱʠʤʠ ʫʩʣʦʚʠʶ (2.5). 

ɼʝʡʩʪʚʠʝʤ ʪʨʘʥʩʣʷʮʠʡ ʥʘ ɻʪʫ ʧʣʦʩʢʦʩʪʴ ʧʦʣʫʯʠʤ ʙʝʩʢʦʥʝʯʥʫʶ ʩʠʩʪʝʤʫ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʫʟʣʳ ʨʝʰʝʪʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʪʨʦʡʢʘ ʮʝʣʳʭ ʯʠʩʝʣ u,v,w ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʠʥʜʝʢʩʘʤʠ ʢʘʢ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ [u v w], ʪʘʢ ʠ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʝʤʫ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ. ɼʚʝ ʩʦʩʝʜʥʠʝ ʧʣʦʩʢʦʩʪʠ ʚ 

0 
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ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʦʪʩʝʢʘʶʪ ʦʪ ʪʨʝʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʦʪʨʝʟʢʠ ʜʣʠʥʦʡ aX=a/u, bY=b/v ʠ 

cZ=c/w (ʫʯʠʪʳʚʘʷ, ʯʪʦ ʜʣʷ ʢʫʙʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ a=b=c, ʨʠʩ. 2.12 ʘ). 

 ɺ ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, ʛʜʝ ʫʩʣʦʚʠʝ a=b=c ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʠʣʠ (ʠ) ʚʝʢʪʦʨʳ 

a, b, c ʥʝ ʦʨʪʦʛʦʥʘʣʴʥʳ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʦʩʢʦʩʪʠ ʫʞʝ ʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʝʩʢʦʥʝʯʥʫʶ ʩʠʩʪʝʤʫ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʫʟʣʳ ʨʝʰʝʪʢʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʟʘʜʘʶʪ ʪʨʦʡʢʦʡ ʮʝʣʳʭ 

ʯʠʩʝʣ: ʠʥʜʝʢʩʦʚ ʄʠʣʣʝʨʘ (h k l), ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʶʪ ʚ ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ ʙʝʟ ʟʘʧʷʪʳʭ. ʇʦ 

ʦʧʨʝʜʝʣʝʥʠʶ, 

 

h = a/aX 

(2.6)    k = b/bY  

l = c/cZ, 

 

ʛʜʝ a, b, c ï ʜʣʠʥʳ ʨʝʙʝʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, aX, bY, cZ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʳ 

ʦʪʨʝʟʢʦʚ, ʦʪʩʝʢʘʝʤʳʭ ʦʪ ʵʪʠʭ ʨʝʙʝʨ ʧʘʨʦʡ ʩʦʩʝʜʥʠʭ ʧʣʦʩʢʦʩʪʝʡ (ʈʠʩ. 2.12 ʙ). ʀʥʜʝʢʩʘʤ 

(h k l) ʠ ( h̀ k̀ l̀ ) ʦʪʚʝʯʘʝʪ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʠʩʪʝʤʘ ʧʣʦʩʢʦʩʪʝʡ ʩ ʠʥʚʝʨʪʠʨʦʚʘʥʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚʩʝʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ. ɺ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ 

ʠʥʜʝʢʩʳ h k l ʪʘʢʞʝ ʧʨʠʧʠʩʳʚʘʶʪ ʨʝʬʣʝʢʩʘʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʢʘʢ ʦʪʨʘʞʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʣʫʯʘ ʦʪ ʙʝʩʢʦʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʣʦʩʢʦʩʪʝʡ, ʫʩʠʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ. 

 

 

 

 

 

 

 

 

 

         (ʘ)   (ʙ) 

 

ʈʠʩʫʥʦʢ 2.12. (ʘ) ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ [2 1] ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʢ ʥʝʤʫ 

ʣʠʥʠʠ (ʩʝʨʦʛʦ ʮʚʝʪʘ) ʚ ʢʚʘʜʨʘʪʥʦʡ ʧʣʦʩʢʦʡ ʩʝʪʢʝ (a=b, g=90
o
): aX = a/2, bY=b.  

(ʙ) ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʦʩʢʦʩʪʠ ʩʠʩʪʝʤʳ (1 2 0) (ʧʦʢʘʟʘʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ, aX=a, 

bY=b/2) ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʢ ʥʠʤ ʥʝʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ʩʝʨʘʷ ʩʪʨʝʣʢʘ) ʚ 

ʪʨʝʭʤʝʨʥʦʡ ʪʨʠʢʣʠʥʥʦʡ ʨʝʰʝʪʢʝ. ɺʳʜʝʣʝʥʳ ʫʟʣʳ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  (1 0 0)    (2 1 0)       (2 1 2) 

ʈʠʩʫʥʦʢ 2.13. ʀʥʜʝʢʩʳ ʄʠʣʣʝʨʘ ʜʣʷ ʩʠʩʪʝʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ ʚ 

ʪʨʝʭʤʝʨʥʳʭ ʨʝʰʝʪʢʘʭ. 

0 

[21] 

aX 

bY 

a 

b 
0 

0 aX 

(1 2 0)  
bY 

d120 

ʩ 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʠʤʠʪʠʚʥʳʭ ʨʝʰʝʪʢʘʭ ʠʥʜʝʢʩʳ ʄʠʣʣʝʨʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ (2.6) ʥʝ 

ʤʦʛʫʪ ʠʤʝʪʴ ʦʙʱʠʭ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʤʥʦʞʠʪʝʣʝʡ, ʦʪʣʠʯʥʳʭ ʦʪ 1. ʊʘʢ, ʚ ʩʠʩʪʝʤʝ (2 2 2) 

ʧʦʣʦʚʠʥʘ ʚʩʝʭ ʧʣʦʩʢʦʩʪʝʡ ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʥʝ ʯʝʨʝʟ ʫʟʣʳ, ʘ ʯʝʨʝʟ ʩʝʨʝʜʠʥʳ ʨʝʙʝʨ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ï ʥʦ ʪʘʢʠʝ ʧʣʦʩʢʦʩʪʠ ʥʝ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ. ɽʩʣʠ ʞʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳ ʦʜʥʦʡ ʣʠʙʦ ʜʚʫʤ ʢʦʦʨʜʠʥʘʪʥʳʤ 

ʪʨʘʥʩʣʷʮʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʜʝʢʩʳ ʄʠʣʣʝʨʘ ʜʣʷ ʥʠʭ ʨʘʚʥʳ ʥʫʣʶ (ʈʠʩ. 2.13). 

 ʀʥʜʝʢʩʘʤʠ ʄʠʣʣʝʨʘ (h k l) ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʪʘʢʞʝ ʟʘʜʘʶʪ ʦʜʠʥʦʯʥʳʝ ʧʣʦʩʢʦʩʪʠ 

ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʝʤʝʡʩʪʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʧʠʩʴ (h k l) ʠ ( h̀ k̀ l̀ ) ʦʪʚʝʯʘʝʪ ʜʚʫʤ 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʣʦʩʢʦʩʪʷʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʦʜʠʥʘʢʦʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ 

ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ʕʪʠʤ ʩʧʦʩʦʙʦʤ ʫʜʦʙʥʦ ʦʙʦʟʥʘʯʘʪʴ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ. ʅʘʙʦʨ 

ʩʠʤʤʝʪʨʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʧʝʨʝʚʦʜʠʤʳʭ ʦʜʥʘ ʚ ʜʨʫʛʫʶ ʦʧʝʨʘʮʠʷʤʠ 

ʩʠʤʤʝʪʨʠʠ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʢʨʠʩʪʘʣʣʘ, ʥʘʟʳʚʘʝʪʩʷ ʬʦʨʤʦʡ { h k l}  (ʣʠʙʦ ʧʨʦʩʪʦʡ 

ʬʦʨʤʦʡ); ʬʦʨʤʫ ʦʙʦʟʥʘʯʘʶʪ ʪʨʦʡʢʦʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʄʠʣʣʝʨʘ ʚ ʬʠʛʫʨʥʳʭ 

ʩʢʦʙʢʘʭ (ʈʠʩ. 2.14). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.14. ʆʢʪʘʵʜʨ ʢʘʢ ʧʨʦʩʪʘʷ ʬʦʨʤʘ {1  1 1} ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ m 3̀ m; ʧʦʢʘʟʘʥʳ 

ʠʥʜʝʢʩʳ ʄʠʣʣʝʨʘ ʜʣʷ ʜʚʫʭ ʛʨʘʥʝʡ. 

 

ʂʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʘʨʦʡ ʩʦʩʝʜʥʠʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ ʚ 

ʩʠʩʪʝʤʝ (hkl) (ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ dhkl) ʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʦʩʪʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ 

 

1/dhkl
2
 = h

2
/a

2
 + k

2
/b

2
 + l

2
/c

2  
ʜʣʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ 

(2.7)  1/dhkl
2
 = (h

2
+ k

2
)/a

2
 + l

2
/c

2
   ʜʣʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ 

1/dhkl
2
 = (h

2
+ k

2
+ l

2
)/a

2
   ʜʣʷ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ 

 

ʌʦʨʤʫʣʳ (2.7) ʣʝʛʢʦ ʧʨʦʚʝʨʠʪʴ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʣʠʥʠʡ ʚ ʧʣʦʩʢʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʝʪʢʝ (ʨʠʩ. 2.15). ɺr ʨʘʟʠʚ ʧʣʦʱʘʜʴ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʆɸɺ ʯʝʨʝʟ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥ ʢʘʪʝʪʦʚ ʆɸ=aX=a/h, ʆɺ=bY=b/k ʠ ʯʝʨʝʟ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥʳ ʛʠʧʦʪʝʥʫʟʳ ɸɺ = (aX
2
+bY

2
)
1/2

 ʥʘ ʚʳʩʦʪʫ dhk, ʟʘʪʝʤ ʚʦʟʚʝʜʷ ʦʙʝ ʯʘʩʪʠ 

ʨʘʚʝʥʩʪʚʘ ʚ ʢʚʘʜʨʘʪ ʠ ʚʳʧʦʣʥʠʚ ʩʦʢʨʘʱʝʥʠʝ, ʧʦʣʫʯʠʤ 

 

  (a/h)Ŀ(b/k) = (a
2
/h

2
+b

2
/k

2
)
1/2

 dhk, 

(a
2
b

2
)/h

2
k

2
 = dhk

2
(k

2
a

2
 + h

2
b

2
)/h

2
k

2
, 

 

ʦʪʢʫʜʘ, ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ ʟʥʘʤʝʥʘʪʝʣʝʡ ʠ ʜʝʣʝʥʠʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʝʡ ʥʘ a
2
b

2
d

2
hk , 

 

  1/dhkl
2
 =(k

2
a

2
 + h

2
b

2
)/ (a

2
b

2
) = h

2
/a

2
 + k

2
/b

2
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ʈʠʩʫʥʦʢ 2.15. ɺʳʚʦʜ ʘʥʘʣʦʛʘ ʩʦʦʪʥʦʰʝʥʠʡ (2.7) ʜʣʷ ʧʣʦʩʢʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ 

 

ɸʥʘʣʦʛʠ ʩʦʦʪʥʦʰʝʥʠʡ (2.7) ʜʣʷ ʢʦʩʦʫʛʦʣʴʥʳʭ ʩʠʥʛʦʥʠʡ ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʠʜ 

ʠ ʚʢʣʶʯʘʶʪ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮ rɻʨʘʤʘ. ʅʘ ʦʩʥʦʚʝ ʚʩʝʭ ʪʘʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠʥʜʝʢʩʳ 

ʄʠʣʣʝʨʘ (h k l) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ ʚ ʘʙʩʪʨʘʢʪʥʦʡ ʦʙʨʘʪʥʦʡ 

ʨʝʰʝʪʢʝ ʩ ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ a*, b*, c*, ʤʦʜʫʣʠ ʢʦʪʦʨʳʭ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʜʣʠʥʘʤ ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (ʪ.ʝ. ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʨʘʪʥʦʡ ʜʣʠʥʳ [¡
ï1

]). 

ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʦʨʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʠ ʚʦ ʤʥʦʛʠʭ ʨʘʟʜʝʣʘʭ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 

 

2.5. ʆʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ 

 

 ʂʨʦʤʝ ʪʨʘʥʩʣʷʮʠʡ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ʢʨʠʩʪʘʣʣʘ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʟʘʢʨʳʪʳʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ. (ɼʣʷ ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʦʯʢʠ ʧʦʣʠʵʪʠʣʝʥʘ ʥʘ 

ʨʠʩ. 2.1 ʙ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʦʩʪʠ m, ʦʩʠ 2 ʠ ʮʝʥʪʨʳ ʠʥʚʝʨʩʠʠ1̀, ʜʣʷ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʝʥʢʠ ʤʳʣʘ ʥʘ ʨʠʩ. 2.2 ʙ ï ʦʩʠ 6, ʧʨʦʭʦʜʷʱʠʝ ʧʦ ʦʩʷʤ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ 

çʮʠʣʠʥʜʨʦʚè ʥ-CnH2n+1, ʠ ʪ.ʜ.) ʂʘʞʜʦʤʫ ʟʘʢʨʳʪʦʤʫ ʵʣʝʤʝʥʪʫ ʦʪʚʝʯʘʝʪ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ 

ʩʠʤʤʝʪʨʠʠ, ʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʤʝʩʪʝ ʭʦʪʷ ʙʳ ʦʜʥʫ ʪʦʯʢʫ ʢʨʠʩʪʘʣʣʘ: ʵʪʠ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʫʶʪ 

ʪʦʯʝʯʥʫ  ʁ ʛʨʫʧʧʫ, ʧʦʨʷʜʦʢ ʢʦʪʦʨʦʡ ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʷʜʢʦʤ ʵʣʝʤʝʥʪʘ ʩʠʤʤʝʪʨʠʠ. ɼʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʢʨʳʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʤʤʝʪʨʠʠ R ʧʦʨʷʜʢʘ n ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 

 

     R
n
 = 1 

 

(n-ʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʦʧʝʨʘʮʠʠ R
1
 ʜʘʝʪ ʪʦʞʜʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 1).  

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʢʨʳʪʳʭ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ, ʪʨʘʥʩʣʷʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ʙʝʩʢʦʥʝʯʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʠʛʫʨʳ, ʥʝ ʦʩʪʘʚʣʷʷ ʚ ʥʝʡ ʥʝʧʦʜʚʠʞʥʳʭ 

ʪʦʯʝʢ. ɺʩʝ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʦʪʢʨʳʪʳʤʠ. ʇʦʩʢʦʣʴʢʫ ʚʦʟʤʦʞʝʥ ʧʝʨʝʥʦʩ ʥʘ 

ʣʶʙʦʝ ʮʝʣʦʝ ʯʠʩʣʦ ʪʨʘʥʩʣʷʮʠʡ, ʵʪʦ ï ʦʪʢʨʳʪʳʝ ʦʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʧʦʨʷʜʢʘ. ʉ ʪʨʘʥʩʣʷʮʠʷʤʠ ʩʦʚʤʝʩʪʠʤʳ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʟʘʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ, 

ʥʘʟʳʚʘʝʤʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ; ʚ ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʵʪʠ 

ʵʣʝʤʝʥʪʳ (ʨʘʟʜ. 2.2) ʤʦʛʫʪ ʠʤʝʪʴ ʧʦʨʷʜʢʠ n = 2, 3, 4 ʠʣʠ 6. 

 ɼʦʙʘʚʣʝʥʠʝ ʪʨʘʥʩʣʷʮʠʡ ʢ ʥʘʙʦʨʫ ʟʘʢʨʳʪʳʭ ʦʧʝʨʘʮʠʡ ʧʦʨʦʞʜʘʝʪ ʥʦʚʳʝ, ʨʘʥʝʝ ʥʝ 

ʚʩʪʨʝʯʘʚʰʠʝʩʷ ʥʘʤ ʦʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ: ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ (glide planes) ʠ 

ʚʠʥʪʦʚʳʝ ʦʩʠ (screw axies). ɼʣʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʨʘʚʝʜʣʠʚʦ ʦʙʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

 

(2.8)     R
n
 = pt, 

 

ʆ 

ɺ 

ɸ 

aX 

bY 

dhk 
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ʛʜʝ R ï ʦʪʢʨʳʪʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʩʠʤʤʝʪʨʠʠ, t ï ʢʨʘʪʯʘʡʰʘʷ ʪʨʘʥʩʣʷʮʠʷ 

ʢʨʠʩʪʘʣʣʘ, p < n ï ʮʝʣʦʝ ʯʠʩʣʦ (n-ʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʦʧʝʨʘʮʠʠ R
1
 ʨʘʚʥʦʟʥʘʯʥʦ 

ʪʨʘʥʩʣʷʮʠʠ). çʏʠʩʪʳʝè ʪʨʘʥʩʣʷʮʠʠ (R=t) ʟʘʜʘʶʪʩʷ ʬʦʨʤʫʣʦʡ (2.8) ʧʨʠ p=n=1, ʟʘʢʨʳʪʳʤ 

ʵʣʝʤʝʥʪʘʤ ʩʠʤʤʝʪʨʠʠ ʦʪʚʝʯʘʝʪ ʨ=0 (ʦʪʩʫʪʩʪʚʠʝ ʪʨʘʥʩʣʷʮʠʡ ʵʢʚʠʚʘʣʝʥʪʥʦ ʪʦʞʜʝʩʪʚʝʥʥʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ).  

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʚʩʝ ʥʝʪʨʘʥʩʣʷʮʠʦʥʥʳʝ ʦʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ R ʠʤʝʶʪ ʙʝʩʢʦʥʝʯʥʳʡ 

ʧʦʨʷʜʦʢ, ʪʘʢ ʢʘʢ m-ʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʦʧʝʨʘʮʠʠ R
1
 ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ 

ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʣʶʙʳʭ ʮʝʣʳʭ ʯʠʩʣʘʭ m. ʆʜʥʘʢʦ ʦʥʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʟʘʢʨʳʪʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʝʯʥʦʛʦ ʧʦʨʷʜʢʘ n, ʪʘʢ ʯʪʦ ʧʨʠ ʣʶʙʦʤ m=An+k 

ʨʝʟʫʣʴʪʘʪ ʦʪʢʨʳʪʦʡ ʦʧʝʨʘʮʠʠ R
m
 ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʦʧʝʨʘʮʠʠ R

k
 (k<n) ʠ ʪʨʘʥʩʣʷʮʠʠ ɸt. 

ɻʦʚʦʨʷʪ, ʯʪʦ ʦʪʢʨʳʪʳʝ ʦʧʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ çʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ ʪʨʘʥʩʣʷʮʠʠè. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʧʣʦʩʢʦʩʪʷʤ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ ʧʨʠʧʠʩʳʚʘʶʪ 

ʧʦʨʷʜʦʢ 2, ʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʚʠʥʪʦʚʳʤ ʦʩʷʤ ï ʧʦʨʷʜʢʠ 2, 3, 4 ʠʣʠ 6. 

 ʆʩʦʙʝʥʥʦ ʧʨʦʩʪʦ ʦʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʚʳʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʥʦʰʝʥʠʷ (2.8) ʠʟ 

ʟʘʢʨʳʪʳʭ ʵʣʝʤʝʥʪʦʚ 2-ʛʦ ʧʦʨʷʜʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʢʨʳʪʘʷ ʦʧʝʨʘʮʠʷ R ʷʚʣʷʝʪʩʷ 

ʩʦʯʝʪʘʥʠʝʤ ʟʘʢʨʳʪʦʡ ʦʧʝʨʘʮʠʠ Rô ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʧʦʣʦʚʠʥʫ ʪʨʘʥʩʣʷʮʠʠ, ʪʘʢ ʯʪʦ 

 

R
2
 = (Rô)

2
 + t/2 + t/2 = t 

 

(ʪ.ʝ. p=1). ʄʦʞʥʦ ʧʦʢʘʟʘʪ,ɹ ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʦʚʠʥʳ ʪʨʘʥʩʣʷʮʠʠ ʢ ʠʥʚʝʨʩʠʠ1̀ ʥʝ 

ʧʦʨʦʞʜʘʝʪ ʦʪʢʨʳʪʳʭ ʣɻʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ. ʅʦ ʦʪʨʘʞʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ ʩʦ ʩʜʚʠʛʦʤ ʥʘ 

ʧʦʣʦʚʠʥʫ ʢʨʘʪʯʘʡʰʝʡ ʪʨʘʥʩʣʷʮʠʠ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ï ʵʪʦ ʦʪʢʨʳʪʘʷ ʦʧʝʨʘʮʠʷ ʩʢʦʣʴʟʷʱʝʛʦ 

ʦʪʨʘʞʝʥʠʷ (ʠʣʠ çʩʢʦʣʴʞʝʥʠʷè). ʉʜʚʠʛʘʤ ʥʘ İ ʨʘʟʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʧʣʦʩʢʦʩʪʠ: 

 

ʧʣʦʩʢʦʩʪʴ a: ʦʪʨʘʞʝʥʠʝ + ʩʜʚʠʛ ʥʘ t/2 = a/2, 

ʧʣʦʩʢʦʩʪʴ b: ʦʪʨʘʞʝʥʠʝ + ʩʜʚʠʛ ʥʘ b/2,  

ʧʣʦʩʢʦʩʪʴ c: ʦʪʨʘʞʝʥʠʝ + ʩʜʚʠʛ ʥʘ c/2, 

 

ʇʦʜʩʪʘʚʠʚ ʚ (2.8) ʚʝʢʪʦʨʥʫʶ ʩʫʤʤʫ ʜʚʫʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (t=a+b, a+c ʠʣʠ 

b+c), ʤʳ ʧʦʣʫʯʠʤ ʜʠʘʛʦʥʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ ʩʦ ʩʜʚʠʛʘʤʠ ʥʘ 

a/2+b/2, a/2+c/2 ʠʣʠ b/2+c/2. ɺʩʝ ʵʪʠ ʧʣʦʩʢʦʩʪʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʠʤʚʦʣʦʤ n. ʅʘʢʦʥʝʮ, 

ʩʦʯʝʪʘʥʠʝ ʧʦʚʦʨʦʪʘ ʥʘ 180
ʦ
 ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʧʦʣʦʚʠʥʫ ʪʨʘʥʩʣʷʮʠʠ ʚʜʦʣʴ ʦʩʠ ʧʦʚʦʨʦʪʘ ʜʘʝʪ 

ʝʱʝ ʦʜʠʥ ʦʪʢʨʳʪʳʡ ʵʣʝʤʝʥʪ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: ʚʠʥʪʦʚʫʶ ʦʩʴ 21. ɻʨʘʬʠʯʝʩʢʠʝ ʩʠʤʚʦʣʳ 

ʧʣʦʩʢʦʩʪʝʡ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.16. 

 ɺ ʢʨʠʩʪʘʣʣʘʭ ʩ ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ ʢʨʘʪʯʘʡʰʠʝ ʪʨʘʥʩʣʷʮʠʠ ʨʘʚʥʳ 

ʧʦʣʦʚʠʥʝ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʳ ʩʜʚʠʛʦʚ ʧʦ ʜʚʫʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʜʣʷ ʨʝʰʝʪʦʢ A, 

B, C ʠʣʠ F) ʣʠʙʦ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʜʣʷ I-ʨʝʰʝʪʦʢ). ɺ ʵʪʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʧʦʣʦʚʠʥʫ 

ʮʝʥʪʨʠʨʫʶʱʝʡ ʪʨʘʥʩʣʷʮʠʠ tʮʝʥʪʨ. (R
2
=tʮʝʥʪʨ.). ʊʘʢʠʝ ʧʣʦʩʢʦʩʪʠ, ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʘ, ʥʘʟʳʚʘʶʪ çʘʣʤʘʟʥʳʤʠè ʠ ʦʙʦʟʥʘʯʘʶʪ ʩʠʤʚʦʣʦʤ d 

(diamond). ʍʦʪʷ ʜʝʡʩʪʚʠʝ çʘʣʤʘʟʥʳʭè ʧʣʦʩʢʦʩʪʝʡ ʚʢʣʶʯʘʝʪ ʩʜʚʠʛ ʥʘ ʚʝʢʪʦʨʥʳʝ ʩʫʤʤʳ 

ʯʝʪʚʝʨʪʝʡ ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ ï ʵʪʦ ʦʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 

ʧʦʩʢʦʣʴʢʫ tʮʝʥʪʨ. ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʤʤʳ ʧʦʣʦʚʠʥ ʢʦʦʨʜʠʥʘʪʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a/2, b/2, 

c/2), ʪʘʢ ʯʪʦ d
 2

=tʮʝʥʪʨ (ʩʤ. ʈʠʩ. 2.16). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ 

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ (ʥʘʧʨʠʤʝʨ, ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʢʨʠʩʪʘʣʣʝ ʠʦʜʘ ʥʘ ʈʠʩ. 2.2 ʚ) 

ʨʘʟʥʳʝ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʤʦʛʫʪ ʥʘʢʣʘʜʳʚʘʪʴʩʷ. ʇʦ ʨʝʰʝʥʠʶ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʚ, ʥʘʯʠʥʘʷ ʩ 1992 ʛ. çʜʚʦʡʥʳʝè ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ 

ʦʙʦʟʥʘʯʘʶʪ ʩʠʤʚʦʣʦʤ e (ʚ ʙʦʣʝʝ ʨʘʥʥʝʡ ʣʠʪʝʨʘʪʫʨʝ ʩʧʝʮʠʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʥʠʭ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ). 

 ʆʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʥʘʧʨʠʤʝʨ, ʚ 

ʤʦʣʝʢʫʣʝ ʧʦʣʠʵʪʠʣʝʥʘ (ʉʅ2ïʉʅ2)Ð, ʩʦʜʝʨʞʘʱʝʡ ʙʝʩʢʦʥʝʯʥʫʶ ʧʣʦʩʢʫʶ ʪʨʘʥʩʦʠʜʥʫʶ 
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ʮʝʧʦʯʢʫ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ t ʚ ʜʚʘ ʤʝʪʠʣʝʥʦʚʳʭ ʟʚʝʥʘ (ʩʤ. 

ʨʠʩ. 2.1 ʙ). (ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʶʙʘʷ ʧʦʣʠʤʝʨʥʘʷ ʤʦʣʝʢʫʣʘ, ʢʘʢ ʠ ʣʶʙʦʡ ʢʨʠʩʪʘʣʣ, 

ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʟʚʝʥʴʝʚ (ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ) ï ʥʦ ʝʩʣʠ ʵʪʦ ʯʠʩʣʦ ʦʯʝʥʴ 

ʚʝʣʠʢʦ, ʙʝʩʢʦʥʝʯʥʘʷ ʮʝʧʴ ʩ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʩʣʫʞʠʪ ʭʦʨʦʰʝʡ ʤʦʜʝʣʴʶ). 

ʇʦʚʦʨʦʪ ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʠ ʧʦʣʠʵʪʠʣʝʥʘ ʚʦʢʨʫʛ ʝʝ ʦʩʝʚʦʡ ʣʠʥʠʠ ʩʦ ʩʜʚʠʛʦʤ ʥʘ t/2 

ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʵʪʦʡ ʣʠʥʠʠ ʧʨʦʭʦʜʠʪ ʚʠʥʪʦʚʘʷ ʦʩʴ 21. 

ʆʪʨʘʞʝʥʠʝ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʦʯʢʠ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʥʝʡ ʧʣʦʩʢʦʩʪʠ, ʨʘʩʩʝʢʘʶʱʝʡ ʮʝʧʴ 

ʚʜʦʣʴ ʦʩʠ 21, ʩʦ ʩʜʚʠʛʦʤ ʥʘ t/2 ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ï ʘ ʟʥʘʯʠʪ, ʵʪʘ 

ʧʣʦʩʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʩʪʴʶ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ. ɼʣʷ ʙʝʩʢʦʥʝʯʥʳʭ ʬʠʛʫʨ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚ ʜʚʫʭ ʠʣʠ ʚ ʦʜʥʦʤ ʠʟʤʝʨʝʥʠʠ, ʪʘʢʠʝ ʧʣʦʩʢʦʩʪʠ ʦʙʦʟʥʘʯʘʶʪ ʦʙʦʙʱʝʥʥʳʤ 

ʩʠʤʚʦʣʦʤ g ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ ʩʣʦʚʘ glide, ʪ.ʝ. çʩʢʦʣʴʞʝʥʠʝè. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʟʘʢʨʳʪʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʩʤ. ʯ. 1) ʦʙʳʯʥʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʦʩʴ 21, 

ʧʨʦʭʦʜʷʱʘʷ ʧʦ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʝʡ g ʠ m ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʜʚʠʛʘ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʢʨʳʪʦʛʦ ʠ ʦʪʢʨʳʪʦʛʦ 

ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ. ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦ. 

 

 

 

 

 

 

   b ||       c ||      n || 

            c  ̂  a  ̂         n  ̂

          b  ̂       a  ̂      n  ̂

   

 

 

 

 

 

  d ||    d  ̂   e ||  e  ̂

 

                e  ̂

 

 

ʈʠʩʫʥʦʢ 2.16. ɻʨʘʬʠʯʝʩʢʠʝ ʩʠʤʚʦʣʳ ʧʣʦʩʢʦʩʪʝʡ ʩʢʦʣʴʟʷʱʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʳʭ (||) 

ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ()̂ ʧʣʦʩʢʦʩʪʠ  ʨʠʩʫʥʢʘ. ʆʙʦʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʣʦʩʢʦʩʪʝʡ a, b 

ʠ c ʦʧʨʝʜʝʣʷʪʁʩʷ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ XYZ. ʇʣʦʩʢʦʩʪʠ d ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʜʚʠʛʘ ʯʝʨʝʜʫʶʪʩʷ ʯʝʨʝʟ 1/4 ʢʦʦʨʜʠʥʘʪʥʦʡ ʪʨʘʥʩʣʷʮʠʠ. 

 

ʅʘ ʧʨʠʤʝʨʘʭ ʜʨʫʛʠʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚʠʥʪʦʚʳʝ ʦʩʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʦʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʪʦʣʴʢʦ ʚ ʙʝʩʢʦʥʝʯʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʠʛʫʨʘʭ, ʛʜʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʧʝʨʘʮʠʠ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ T=ɸt, ɸ ï ʣʶʙʦʝ ʮʝʣʦʝ ʯʠʩʣʦ. ɽʩʣʠ ʚʜʦʣʴ ʪʨʘʥʩʣʷʮʠʠ t 

ʧʨʦʭʦʜʠʪ ʧʦʚʦʨʦʪʥʘʷ ʦʩʴ ʧʦʨʷʜʢʘ n, ʙʝʩʢʦʥʝʯʥʳʡ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ R
k
+ɸt 

(0¢k¢n) ʦʙʨʘʟʫʝʪ ʛʨʫʧʧʫ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʜʛʨʫʧʧʫ ʚʩʝʭ ʚʠʥʪʦʚʳʭ ʧʦʚʦʨʦʪʦʚ 

ʬʠʛʫʨʳ. ʄʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʠʥʚʝʨʩʠʦʥʥʳʝ ʦʩʠR̀ ʧʦʨʷʜʢʘ n>2 ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʩ 

ʪʨʘʥʩʣʷʮʠʷʤʠ ʥʝ ʧʦʨʦʞʜʘʶʪ ʥʦʚʳʭ ʦʪʢʨʳʪʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤ 

ʦʩʪʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʚʠʥʪʦʚʳʝ ʦʩʠ ʧʦʨʷʜʢʘ 3, 4 ʠ 6. 

ʇʦʩʪʨʦʠʤ ʤʦʜʝʣʴʥʫʶ ʙʝʩʢʦʥʝʯʥʫʶ ʮʝʧʴ ʠʟ ʪʝʪʨʘʭʣʦʨʧʣʘʪʠʥʘʪ-ʘʥʠʦʥʦʚ PtCl4
2ï

 ʚ 

ʟʘʩʣʦʥʝʥʥʦʡ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ (ʈʠʩ. 2.17 ʘ). ɺʜʦʣʴ ʵʪʦʡ ʮʝʧʠ ʧʨʦʭʦʜʠʪ ʧʦʚʦʨʦʪʥʘʷ ʦʩʴ 

X 

 Y 

Z 

1/8 

3/8 
1/4 

1/4 
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4, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʨʘʥʩʣʷʮʠʡ ɸt0, ʛʜʝ t0 ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʘʥʠʦʥʘʤʠ, ɸ ï ʣʶʙʦʝ ʮʝʣʦʝ ʯʠʩʣʦ. ɽʩʣʠ ʚ ʢʘʞʜʦʤ ʟʚʝʥʝ ʟʘʤʝʥʠʪʴ ʦʜʠʥ ʘʪʦʤ ʭʣʦʨʘ ʥʘ Br, 

ʩʣʘʙʳʝ ʚʪʦʨʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Pt...Pt ʠ Br...Br ʧʨʠʚʝʜʫʪ ʧʦʣʫʯʝʥʥʫʶ ʮʝʧʴ (PtCl3Br
2ï

)Ð 

ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʫʶ ʟʘʩʣʦʥʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩ ʧʦʚʦʨʦʪʦʤ ʩʦʩʝʜʥʠʭ ʟʚʝʥʴʝʚ ʥʘ 

90
ʦ
 (ʈʠʩ. 2.17 ʙ). ɺ ʵʪʦʡ ʮʝʧʠ ʫʞʝ ʥʝʪ ʧʦʚʦʨʦʪʥʦʡ ʦʩʠ 4, ʥʦ ʦʥʘ ʦʙʣʘʜʘʝʪ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ 

ʩʠʤʤʝʪʨʠʝʡ ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ t = 4t0 ʠ ʚʠʥʪʦʚʦʡ ʩʠʤʤʝʪʨʠʝʡ: ʧʦʚʦʨʦʪ ʮʝʧʠ 

ʚʦʢʨʫʛ ʦʩʠ ʥʘ 90
ʦ
 ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩʦ ʩʜʚʠʛʦʤ ʥʘ t/4=t0 ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʝʝ 

ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ. ʊʘʢʫʶ ʚʠʥʪʦʚʫʶ ʦʩʴ ʦʙʦʟʥʘʯʘʶʪ 41; ʯʝʪʳʨʝʭʢʨʘʪʥʳʡ ʚʠʥʪʦʚʦʡ ʧʦʚʦʨʦʪ 

41
4
 ʵʢʚʠʚʘʣʝʥʪʝʥ ʪʨʘʥʩʣʷʮʠʠ ʮʝʧʠ t=4t0. ʅʝʪʨʫʜʥʦ ʧʦʩʪʨʦʠʪʴ ʠ ʜʨʫʛʠʝ ʤʦʜʝʣʴʥʳʝ 

ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʠ ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ t=nt0, ʩʘʤʦʩʦʚʤʝʱʘʶʱʠʝʩʷ ʧʨʠ ʧʦʚʦʨʦʪʝ ʥʘ 

360
ʦ
/n ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩʦ ʩʜʚʠʛʦʤ ʥʘ t/n=t0 (ʛʜʝ t0 ï ʧʦ-ʧʨʝʞʥʝʤʫ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʟʚʝʥʴʷʤʠ). ʂʘʞʜʘʷ ʪʘʢʘʷ ʮʝʧʴ ʦʙʣʘʜʘʝʪ ʚʠʥʪʦʚʦʡ ʦʩʴʶ, ʧʦ ʩʠʩʪʝʤʝ 

ɻʝʨʤʘʥʘ-ʄʦʛʝʥʘ ʦʙʦʟʥʘʯʘʝʤʦʡ N1 (N=n ï ʮʝʣʦʝ ʯʠʩʣʦ, ʩʤ. ʛʣ. 1), ʛʜʝ N1
n
=t ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʬʦʨʤʫʣʦʡ (2.8). ʇʝʨʝʭʦʜʷ ʦʪ ʦʜʠʥʦʯʥʦʡ ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʠ ʢ ʙʝʩʢʦʥʝʯʥʦʤʫ ʢʨʠʩʪʘʣʣʫ, 

ʤʳ ʜʦʣʞʥʳ ʦʛʨʘʥʠʯʠʪʴʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʚʠʥʪʦʚʳʤʠ ʦʩʷʤʠ ʧʦʨʷʜʢʘ 3, 4 ʠ 6. 

ʄʦʜʝʣʴʥʫʶ ʙʝʩʢʦʥʝʯʥʫʶ ʮʝʧʴ (PtCl3Br
2ï

)Ð ʤʦʞʥʦ, ʦʜʥʘʢʦ, ʧʦʩʪʨʦʠʪʴ ʠ ʧʦ-ʜʨʫʛʦʤʫ, 

ʧʦʚʦʨʘʯʠʚʘʷ ʩʦʩʝʜʥʠʝ ʬʨʘʛʤʝʥʪʳ PtCl3Br
2ï

 ʥʘ 90
ʦ
 ʥʝ ʧʨʦʪʠʚ, ʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ʈʠʩ. 

2.17 ʚ). ɼʚʝ ʧʦʣʫʯʝʥʥʳʝ ʮʝʧʦʯʢʠ (PtCl3Br
2ï

)Ð ʵʥʘʥʪʠʦʤʦʨʬʥʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ 

ʧʝʨʝʚʦʜʷʪʩʷ ʜʨʫʛ ʚ ʜʨʫʛʘ ʜʚʠʞʝʥʠʷʤʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʩʤ. ʯ. 1). ɺʠʥʪʦʚʫʶ ʦʩʴ 

ʮʝʧʠ ʥʘ ʈʠʩ. 2.17 ʚ ʦʙʦʟʥʘʯʘʶʪ 43. ʅʠʞʝ ʤʳ ʧʦʷʩʥʠʤ ʩʤʳʩʣ ʵʪʦʛʦ ʩʠʤʚʦʣʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  (ʘ)   (ʙ)   (ʚ)   (ʛ) 

 

ʈʠʩʫʥʦʢ 2.17. ɺʠʥʪʦʚʳʝ ʦʩʠ 4ʨ ʚ ʤʦʜʝʣʴʥʳʭ ʮʝʧʦʯʢʘʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ ʩ ʧʣʦʩʢʦ-

ʢʚʘʜʨʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʘ Pt: (ʘ) 4 + ʪʨʘʥʩʣʷʮʠʠ t0, (ʙ) 41, (ʚ) 43, (ʛ) 42. 

 

ʇʦʩʪʨʦʠʤ ʝʱʝ ʦʜʥʫ ʤʦʜʝʣʴʥʫʶ ʮʝʧʴ ʠʟ ʜʠʘʥʠʦʥʦʚ ʪʨʘʥʩ-PtCl2Br2
2-
, ʩʦʩʝʜʥʠʝ 

ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʦʡ ʨʘʟʚʝʨʥʫʪʳ ʥʘ 90
ʦ
 (ʈʠʩ. 2.17 ʛ). ɺʜʦʣʴ ʵʪʦʡ ʮʝʧʠ, ʦʯʝʚʠʜʥʦ, ʧʨʦʭʦʜʠʪ 

ʧʦʚʦʨʦʪʥʘʷ ʦʩʴ 2, ʘ ʝʝ ʧʝʨʠʦʜ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʨʘʚʝʥ 2t0. ʅʦ ʫ ʮʝʧʦʯʢʠ (ʪʨʘʥʩ-PtCl2Br2
2-

)Ð 
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ʝʩʪʴ ʠ ʚʠʥʪʦʚʘʷ ʩʠʤʤʝʪʨʠʷ: ʝʝ ʧʦʚʦʨʦʪ ʥʘ 90
ʦ
 ʩʦ ʩʜʚʠʛʦʤ ʥʘ t0 (ʪʝʧʝʨʴ ʵʪʦ ʧʦʣʦʚʠʥʘ 

ʪʨʘʥʩʣʷʮʠʠ) ʪʘʢʞʝ ʧʨʠʚʝʜʝʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ. ʊʘʢʫʶ ʚʠʥʪʦʚʫʶ ʦʩʴ ʦʙʦʟʥʘʯʘʶʪ 42; 

ʧʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ ç2è ʧʦʢʘʟʳʚʘʝʪ, ʥʘ ʩʢʦʣʴʢʦ 1/4 ʜʦʣʝʡ ʪʨʘʥʩʣʷʮʠʠ ʩʜʚʠʛʘʝʪʩʷ 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘʤʠ ʬʠʛʫʨʘ ʧʨʠ ʚʠʥʪʦʚʦʤ ʧʦʚʦʨʦʪʝ ʩ ʩʘʤʦʩʦʚʤʝʱʝʥʠʝʤ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʦʙʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʠʥʪʦʚʦʡ ʦʩʠ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʨʷʜʢʘ n. ɽʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʪʘʢʠʝ ʦʩʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ 

ʙʝʩʢʦʥʝʯʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʠʛʫʨʘʭ ʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʥʠʭ ʚʜʦʣʴ ʪʨʘʥʩʣʷʮʠʡ ɸt (ʛʜʝ t ï 

ʢʨʘʪʯʘʡʰʘʷ ʪʨʘʥʩʣʷʮʠʷ, ɸ ï ʮʝʣʳʝ ʯʠʩʣʘ).  

 

ʆʧʨʝʜʝʣʝʥʠʝ 4. ɺʠʥʪʦʚʘʷ ʦʩʴ Np ʧʨʠʚʦʜʠʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ʙʝʩʢʦʥʝʯʥʦʡ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʠʛʫʨʳ ʧʨʠ ʧʦʚʦʨʦʪʝ ʚʦʢʨʫʛ ʦʩʠ ʥʘ ʫʛʦʣ 360
o
/N ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩʦ 

ʩʜʚʠʛʦʤ ʚʜʦʣʴ ʦʩʠ ʥʘ (p/N)t, ʛʜʝ p<N ï ʮʝʣʦʝ ʯʠʩʣʦ, t ï ʢʨʘʪʯʘʡʰʘʷ ʪʨʘʥʩʣʷʮʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, N-ʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʚʠʥʪʦʚʦʛʦ ʧʦʚʦʨʦʪʘ Np
1
 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʜʚʠʛʫ ʬʠʛʫʨʳ ʥʘ pt ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (2.8). 

 

 ʆʧʨʝʜʝʣʝʥʠ ʁ4 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʤʝʪʨʠʷ ʚʩʝʭ ʤʦʜʝʣʴʥʳʭ ʮʝʧʦʯʝʢ ʥʘ ʈʠʩ. 2.17. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʜʚʠʛʘ (p=0) ʚʠʥʪʦʚʘʷ ʦʩʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʚʦʨʦʪʥʫʶ (ʦʩʴ 4 ʥʘ ʈʠʩ. 

2.17 ʘ). ʉʣʫʯʘʶ p=1 ʦʪʚʝʯʘʝʪ ʚʠʥʪʦʚʘʷ ʦʩʴ 41, ʪ.ʝ. ʧʦʚʦʨʦʪ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘ 90
ʦ
 

ʩʦ ʩʜʚʠʛʦʤ ʥʘ 1/4 ʪʨʘʥʩʣʷʮʠʠ çʚʚʝʨʭè ʦʪ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ (ʨʠʩ. 2.17 ʙ). ɼʝʡʩʪʚʠʶ ʦʩʠ 43 

ʥʘ ʨʠʩ. 2.17 ʚ (p=3) ʦʪʚʝʯʘʝʪ ʪʘʢʦʡ ʞʝ ʧʦʚʦʨʦʪ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘ 90
ʦ
 ʩʦ ʩʜʚʠʛʦʤ 

ʥʘ 3/4 ʪʨʘʥʩʣʷʮʠʠ. ʅʦ ʧʦʩʢʦʣʴʢʫ ʣʶʙʦʝ ʮʝʣʦʝ ʯʠʩʣʦ ʪʨʘʥʩʣʷʮʠʡ t=4t0 ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ʮʝʧʦʯʢʠ, ʢʦʤʙʠʥʘʮʠʷ ʚʠʥʪʦʚʦʛʦ ʧʦʚʦʨʦʪʘ 43 ʠ ʪʨʘʥʩʣʷʮʠʠ ï4t0 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʦʚʦʨʦʪʫ ʥʘ ï90
ʦ
 (ʪ.ʝ. ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ) ʩʦ ʩʜʚʠʛʦʤ çʚʚʝʨʭè ʥʘ ʯʝʪʚʝʨʪʴ 

ʪʨʘʥʩʣʷʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʡʩʪʚʠʝ ʦʩʠ 43 ʦʪʚʝʯʘʝʪ ʚʠʥʪʦʚʦʤʫ ʜʚʠʞʝʥʠ ʁçʘʥʪʠ-41è ʧʦ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʅʘ ʈʠʩ. 2.17 ʙ ʘʪʦʤʳ Br, ʩʚʷʟʘʥʥʳʝ ʦʩʴʶ 41, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʣʝʚʦʡ 

ʩʧʠʨʘʣʠ, ʘ ʥʘ ʈʠʩ. 2.17 ʚ ʪʘʢʠʝ ʞʝ ʘʪʦʤʳ, ʩʚʷʟʘʥʥʳʝ ʦʩʴʶ 43, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʵʥʘʥʪʠʦʤʦʨʬʥʦʡ ʧʨʘʚʦʡ ʩʧʠʨʘʣʠ. ʅʘʢʦʥʝʮ, ʦʩʴ 42 ʥʘ ʨʠʩ. 2.17 ʛ ʦʪʚʝʯʘʝʪ ʧʦʚʦʨʦʪʫ ʥʘ 90
0
 

ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʧʦʣʦʚʠʥʫ ʪʨʘʥʩʣʷʮʠʠ (t=2t0). ɺ ʤʦʜʝʣʴʥʦʡ ʮʝʧʠ (ʪʨʘʥʩ-PtCl2Br2
2-

)Ð ʘʪʦʤʳ Br 

ʟʘʥʠʤʘʶʪ ʧʦʣʦʞʝʥʠʷ ʥʘ ʘʭʠʨʘʣʴʥʦʡ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ, ʧʦʵʪʦʤʫ ʦʩʴ 42 ʥʝ ʠʤʝʝʪ 

ʵʥʘʥʪʠʦʤʦʨʬʦʚ.  

 ʅʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ 4 ʣʝʛʢʦ ʧʝʨʝʯʠʩʣʠʪʴ ʚʩʝ ʦʜʠʥʥʘʜʮʘʪʴ ʚʠʥʪʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ Np, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʚʦʨʦʪʥʳʭ ʦʩʝʡ N=2, 3, 4 ʠ 6 ʜʦʙʘʚʣʝʥʠʝʤ ʥʠʞʥʝʛʦ ʠʥʜʝʢʩʘ p, ʧʨʠʥʠʤʘʶʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ʦʪ 1 ʜʦ nï1. ɺʩʝ ʦʩʠ Np ʠ Nn-p ʩ p  ̧nïp ʦʙʨʘʟʫʶʪ ʵʥʘʥʪʠʦʤʦʨʬʥʳʝ ʧʘʨʳ (31 ʠ 32, 41 ʠ 43, 61 

ʠ 65, 62 ʠ 64; ʪʦʛʜʘ ʢʘʢ ʦʩʠ 21, 42 ʠ 63 (p=N/2) ʥʝ ʠʤʝʶʪ ʵʥʘʥʪʠʦʤʦʨʬʦʚ,. ɻʨʘʬʠʯʝʩʢʠʝ 

ʩʠʤʚʦʣʳ ʚʩʝʭ ʚʠʥʪʦʚʳʭ ʦʩʝʡ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 2.18. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚ 

ʩʧʨʘʚʦʯʥʠʢʘʭ ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʧʦʚʦʨʦʪʥʫʶ ʦʩʴ 

2, ʧʘʨʘʣʣʝʣʴʥʫ  ʁʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ, ʦʙʦʟʥʘʯʘʶʪ ʜʚʦʡʥʦʡ ʩʪʨʝʣʢʦʡ, ʘ ʪʘʢʫʶ ʞʝ ʚʠʥʪʦʚʫʶ 

ʦʩɹ 21 ï çʧʦʣʦʚʠʥʥʦʡè ʩʪʨʝʣʢʦʡ. 

 ʇʦʩʢʦʣʴʢʫ ʚʠʥʪʦʚʳʝ ʦʩʠ Np ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʠʟ ʧʦʚʦʨʦʪʥʳʭ ʦʩʝʡ N ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, 

ʚʩʝ ʪʦʯʢʠ, ʩʚʷʟʘʥʥʳʝ ʦʩʴʶ Np (ʩʠʤʤʝʪʨʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʟʠʮʠʠ), ʚ ʧʨʦʝʢʮʠʠ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʧʨʘʚʠʣʴʥʦʛʦ N-ʫʛʦʣʴʥʠʢʘ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʈʠʩ. 2.17 ʧʦʢʘʟʘʥʳ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʪʦʯʝʢ ʜʣʷ ʦʩʝʡ 41, 43 ʠ 42. ʀʟ ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʠʥʪʦʚʳʭ ʧʦʚʦʨʦʪʘ 41 ʵʢʚʠʚʘʣʝʥʪʥʳ ʚʨʘʱʝʥʠʶ ʥʘ 180
ʦ
 ʩʦ ʩʜʚʠʛʦʤ 

ʥʘ ʧʦʣʦʚʠʥʫ ʪʨʘʥʩʣʷʮʠʠ, ʪ.ʝ. ʜʝʡʩʪʚʠʶ ʚʠʥʪʦʚʦʡ ʦʩʠ 21:  

 

41
2
=21, ʠʣʠ 41È21 

 

(çʚʠʥʪʦʚʘʷ ʦʩʴ 21 ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʥʪʦʚʦʡ ʦʩʠ 41è). ɼʚʘ ʚʠʥʪʦʚʳʭ ʧʦʚʦʨʦʪʘ 43 

ʵʢʚʠʚʘʣʝʥʪʥʳ ʚʨʘʱʝʥʠʶ ʥʘ 180
ʦ
 ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʧʦʣʪʦʨʳ ʪʨʘʥʩʣʷʮʠʠ, ʪ.ʝ. 

 

   43
2
 = 21 + t, ʠʣʠ ʩʥʦʚʘ 43È21  
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(çʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʪʨʘʥʩʣʷʮʠʠè), ʘ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʠʥʪʦʚʳʭ ʧʦʚʦʨʦʪʘ 42 ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʚʦʨʦʪʫ ʥʘ 180
ʦ
 ʩʦ ʩʜʚʠʛʦʤ ʥʘ ʦʜʥʫ ʪʨʘʥʩʣʷʮʠʶ, ʪ.ʝ 

 

   42
2
È2 

 

ʇʦʩʪʨʦʠʚ ʩʠʩʪʝʤʳ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʡ ʜʣʷ ʚʠʥʪʦʚʳʭ ʦʩʝʡ 3-ʛʦ ʠ 6-ʛʦ ʧʦʨʷʜʢʦʚ, 

ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ 

 

 61 È 31, 21; 65 È 32, 21; 62 È 32, 2; 64 È 31, 2, ʠ 63 È 3, 21 

 

ʕʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʦʜʩʪʚʝʥʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤ ʤʝʞʜʫ ʟʘʢʨʳʪʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩʠʤʤʝʪʨʠʠ 4È2 ʠ 6È3, 2 (ʝʩʣʠ ʥʝ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʚʜʦʣʴ ʚʠʥʪʦʚʳʭ ʦʩʝʡ ʚʩʝʛʜʘ 

ʠʤʝʶʪʩʷ ʪʨʘʥʩʣʷʮʠʠ).  

 

    21   21 ||     (2 ||:     ) 

 

 

 

   31    32  32 ||      ʠ ʪ. ʜ. 
 

 

 

   41    43    42 

 

 

 

 

61     65         62   64      63 

 

ʈʠʩʫʥʦʢ 2.18. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʚʠʥʪʦʚʳʝ ʦʩʠ (|| ï ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ).  

 

 

2.6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ. ɻʨʘʬʠʢʠ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ 

 

 ʆʙʩʫʞʜʘʷ ʧʣʦʩʢʠʝ ʩʝʪʢʠ, ʪ.ʝ. ʜʚʫʤʝʨʥʳʝ ʨʝʰʝʪʢʠ, ʤʳ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʭ 

ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʤʙʠʥʘʮʠʶ ʪʠʧʘ ʨʝʰʝʪʢʠ ʠ ʪʦʯʝʯʥʦʡ ʩʠʤʤʝʪʨʠʠ ʫʟʣʘ (ʨ2, p2mm, c2mm ʠ 

ʜʨ.). ʇʦʜʦʙʥʦʝ ʩʦʯʝʪʘʥʠʝ ʩʠʤʚʦʣʦʚ ʨʝʰʝʪʢʠ ɹʨʘʚʝ ʠ ʥʘʙʦʨʘ ʧʦʨʦʞʜʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

(ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʟʘʢʨʳʪʳʝ, ʪʘʢ ʠ ʦʪʢʨʳʪʳʝ) ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʦʙʦʟʥʘʯʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʣʶʙʳʭ ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʙʱʠʝ ʧʨʘʚʠʣʘ ʧʦʩʪʨʦʝʥʠʷ ʩʠʤʚʦʣʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʠ ʧʨʦʩʪʝʡʰʠʝ ʧʨʠʤʝʨʳ ʠʭ ʛʨʘʬʠʢʦʚ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ 5. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʠʤʤʝʪʨʠʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʨʝʭʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʣʶʙʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʜʝʨʞʠʪ 

ʙʝʩʢʦʥʝʯʥʫʶ ʧʦʜʛʨʫʧʧʫ ʚʩʝʭ ʝʛʦ ʪʨʘʥʩʣʷʮʠʡ: ʨʝʰʝʪʢʫ. ʉʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʘ ʢʘʢ 

ʢʦʥʝʯʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʪʝʣʘ ʟʘʜʘʝʪ ʦʜʥʘ ʠʟ 32 ʪʦʯʝʯʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʫʧʧ 

(ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ); ʚʩʷʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤʫ ʢʣʘʩʩʫ. 
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ʇʦʣʥʳʡ ʩʠʤʚʦʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʪʨʝʭʤʝʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ ʩʠʩʪʝʤʝ 

ɻʝʨʤʘʥʘ-ʄʦʛʝʥʘ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʧʦʟʠʮʠʡ (ʜʣʷ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ï ʠʟ ʪʨʝʭ ʧʦʟʠʮʠʡ, 

ʩʤ. ʯ.1). ɺ ʧʝʨʚʦʡ ʧʦʟʠʮʠʠ ʥʘʭʦʜʠʪʩʷ ʩʠʤʚʦʣ ʨʝʰʝʪʢʠ (P, A, B, C, I, F ʠʣʠ R). ʆʩʪʘʣʴʥʳʝ 

ʪʨʠ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʧʦʨʦʞʜʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ (ʟʘʢʨʳʪʳʝ ʠ 

ʦʪʢʨʳʪʳʝ) ʧʦ ʧʨʘʚʠʣʘʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʩʪʨʦʝʥʠʶ ʩʠʤʚʦʣʘ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ (ʩʤ. ʯ. 1). 

ɽʩʣʠ ʚ ʢʦʦʨʜʠʥʘʪʥʳʭ ʠʣʠ ʜʠʘʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʫʢʘʟʳʚʘʝʤʳʭ ʚ ʩʠʤʚʦʣʝ, ʥʝʪ 

ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʟʠʮʠʠ ʩʪʘʚʷʪ 1. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʧʨʠʤʠʪʠʚʥʦʡ ʨʝʰʝʪʢʠ ɹʨʘʚʝ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ 

(ʩʠʤʤʝʪʨʠʷ ʫʟʣʘ 1 2/m 1) ʠʤʝʝʪ ʧʦʣʥʳʡ ʩʠʤʚʦʣ P 1 2/m 1 ʠ ʢʨʘʪʢʠʡ ʩʠʤʚʦʣ P2/m, ʘ 

ʧʦʣʥʳʡ ʩʠʤʚʦʣ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ P 21/b 21/c 21/a ʩ ʦʪʢʨʳʪʳʤʠ 

ʧʦʨʦʞʜʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʨʘʪʢʠʡ ʩʠʤʚʦʣ Pbca. ɺʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʛʨʫʧʧʳ ʠʤʝʶʪ ʙʝʩʢʦʥʝʯʥʳʡ ʧʦʨʷʜʦʢ, ʧʦʩʢʦʣʴʢʫ ʣʶʙʘʷ ʠʟ ʥʠʭ ʩʦʜʝʨʞʠʪ ʙʝʩʢʦʥʝʯʥʫʶ 

ʧʦʜʛʨʫʧʧʫ ʪʨʘʥʩʣʷʮʠʡ. ʆʜʥʘʢʦ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʣʶʙʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠʭʦʜʠʪʩʷ 

ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ.  

ʆʙʱʝʝ ʯʠʩʣʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʢʦʥʝʯʥʦ, ʭʦʪʷ ʠ ʜʦʚʦʣʴʥʦ 

ʚʝʣʠʢʦ. ɼʣʷ ʠʭ ʚʳʚʦʜʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʪʦʪ ʞʝ ʧʨʠʝʤ, ʢʦʪʦʨʳʤ ʤʳ ʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 1-ʡ 

ʯʘʩʪʠ, ʦʙʩʫʞʜʘʷ ʪʦʯʝʯʥʳʝ ʛʨʫʧʧʳ: ʚʤʝʩʪʦ ʩʦʪʝʥ ʪʳʩʷʯ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘʜʦ ʨʘʩʩʤʦʪʨʝʪʴ ʣʠʰʴ ʚʩʝ ʢʦʤʙʠʥʘʮʠʠ ʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩʠʤʤʝʪʨʠʠ. ʀʤʝʥʥʦ ʪʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ ʠ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ɽ.ʉ.ʌʝʜʦʨʦʚʳʤ ʠ 

ɸ.ʐʝʥʬʣʠʩʦʤ ʚ 1890-92 ʛ.ʛ. ï ʪ.ʝ. ʨʘʥʴʰʝ ʦʪʢʨʳʪʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʢʦʪʦʨʦʝ ʩʜʝʣʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʪʦʤʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʦʚ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʧʨʠʚʦʜʷʪ ʢ ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ 

çʚʥʫʪʨʝʥʥʝʡè ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ (ʢʦʪʦʨʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʘʪʦʤʦʚ 

ʚʳʛʣʷʜʠʪ ʙʝʩʢʦʥʝʯʥʦʡ), ʪ.ʝ. ʜʝʡʩʪʚʫʶʪ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʞʝ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʘ ʢʘʢ ʧʦʣʠʵʜʨʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ (ʢʦʥʝʯʥʳʤ) ʯʠʩʣʦʤ ʚʝʨʰʠʥ, ʛʨʘʥʝʡ ʠ 

ʨʝʙʝʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʝʯʥʘʷ ʩʠʤʤʝʪʨʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʢʨʠʩʪʘʣʣ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ 32 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ. ɺ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʩʜʚʠʛʠ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʧʦʨʷʜʢʘ ʜʦʣʝʡ ʥʘʥʦʤʝʪʨʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʝʝ 

ʩʘʤʦʩʦʚʤʝʱʝʥʠʶ, ʥʝʦʪʣʠʯʠʤʳ ʦʪ ʥʫʣʷ. ʇʦɻʪʦʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʥʝʰʥʝʡ ʩʠʤʤʝʪʨʠʠ 

ʢʨʠʩʪʘʣʣʘ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʦʪʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ ʥʘʜʦ ʟʘʤʝʥʠʪʴ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʘʢʨʳʪʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ.  

ʀʟ ʵʪʦʛʦ ʥʝ ʚʧʦʣʥʝ ʩʪʨʦʛʦʛʦ ʨʘʩʩʫʞʜʝʥʠʷ ʩʣʝʜʫʝʪ ʩʦʚʝʨʰʝʥʥʦ ʪʦʯʥʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʝʮʝʧʪ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ: ʥʘʜʦ çʚʩʝʛʦ ʣʠʰʴè 

ʧʝʨʝʙʨʘʪʴ ʚʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʝ ʠ ʧʨʠʪʦʤ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 14 ʨʝʰʝʪʦʢ 

ɹʨʘʚʝ ʩʥʘʯʘʣʘ ʩ 32 ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʪʦʯʝʯʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʟʘʪʝʤ ʩ ʥʘʙʦʨʘʤʠ 

ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʠʟ ʵʪʠʭ 32 ʛʨʫʧʧ ʟʘʤʝʥʦʡ ʥʝʢʦʪʦʨʳʭ ʠʣʠ ʚʩʝʭ 

ʟʘʢʨʳʪʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʢʨʳʪʳʤʠ. ɺ ʥʘʰʝʤ ʧʦʩʦʙʠʠ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʚʤʝʩʪʝ ʧʨʘʚʠʣʘʤʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʦʩʪʨʦʠʤ 

ʛʨʘʬʠʢʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʪʨʘʥʩʣʷʮʠʷʤʠ 

 

 ʇʨʘʚʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʪʨʘʥʩʣʷʮʠʷʤʠ ʦʯʝʥʴ 

ʧʨʦʩʪʳ, ʠʭ ʣʝʛʢʦ ʜʦʢʘʟʘʪʴ ʧʦʩʪʨʦʝʥʠʝʤ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʨʘʪʴ ʚ ʢʨʠʩʪʘʣʣʝ ʪʦʯʢʫ, 

ʥʝ ʣʝʞʘʱʫʶ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʥʘʤʠ ʵʣʝʤʝʥʪʝ, ʠ ʦʪʤʝʪʠʪʴ ʚʩʝ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʝ ʦʥʘ 

ʧʝʨʝʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩʠʤʤʝʪʨʠʠ ʠ ʪʨʘʥʩʣʷʮʠʠ t (ʈʠʩ. 2.19). ɽʩʣʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʣʷʮʠʠ ʩʦʚʧʘʜʘʝʪ ʩ ʵʣʝʤʝʥʪʦʤ ʩʠʤʤʝʪʨʠʠ R (ʧʣʦʩʢʦʩʪʴʶ ʠʣʠ ʦʩʴʶ), 

ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʚʦʟʥʠʢʥʫʪ (ʈʠʩ. 2.19 ʘ). ɽʩʣʠ ʞʝ ʪʨʘʥʩʣʷʮʠʷ t ʥʘʧʨʘʚʣʝʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʵʣʝʤʝʥʪʫ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʪ.ʝ. ʢ ʧʣʦʩʢʦʩʪʠ (ʈʠʩ. 2.19 ʙ) ʠʣʠ ʢ ʦʩʠ 2  

(ʈʠʩ. 2.19 ʚ) ʣʠʙʦ 21, ʧʦʣʫʯʝʥʥʳʝ ʥʘʙʦʨ rʩʠʤʤʝʪʨʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʦʯʝʢ ʧʦʨʦʞʜʘʪʁ 

ʪʘʢʠʝ ʞʝ ʵʣʝʤʝʥʪ rR: ʦʜʠʥ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʯʝʨʝʟ ʪʨʘʥʩʣʷʮʠʶ, ʜʨʫʛʦʡ ï ʥʘ ʝʝ ʩʝʨʝʜʠʥʝ.  
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ʇʨʘʚʠʣʦ ˉ1. ʕʣʝʤʝʥʪ ʩʠʤʤʝʪʨʠʠ ʧʦʨʷʜʢʘ 2 ʧʝʨʝʥʦʩʠʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʪʨʘʥʩʣʷʮʠʝʡ 

t, ʧʨʠ ʵʪʦʤ ʪʘʢʦʡ ʞʝ ʵʣʝʤʝʥʪ ʚʦʟʥʠʢʘʝʪ ʥʘ ʩʝʨʝʜʠʥʝ ʪʨʘʥʩʣʷʮʠʠ. 

 

ʕʪʦ ʧʨʘʚʠʣʦ ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʣʶʙʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ: ʢʘʢ ʟʘʢʨʳʪʳʭ 

(ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 2.19), ʪʘʢ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʦʪʢʨʳʪʳʭ. 

 

 

 

 

 

 

 

     (ʘ)         (ʙ) 

 

 

 

 

 

     (ʚ)         (ʛ) 

 

ʈʠʩʫʥʦʢ 2.19. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʘʥʩʣʷʮʠʡ t (ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ) ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʩʠʤʤʝʪʨʠʠ 2-ʛʦ ʧʦʨʷʜʢʘ: (ʘ) ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʪʨʘʥʩʣʷʮʠʠ (ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʚʦʟʥʠʢʘʝʪ), 

(ʙ, ʚ) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʢ ʪʨʘʥʩʣʷʮʠʠ, (ʛ) ʩ ʮʝʥʪʨʦʤ ʠʥʚʝʨʩʠʠ. 

 

 ʎʝʥʪʨ ʠʥʚʝʨʩʠʠ1̀ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʠʟʚʦʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʨʘʥʩʣʷʮʠʝʡ 

ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʵʣʝʤʝʥʪʘʤ 2-ʛʦ ʧʦʨʷʜʢʘ: ʦʥ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ t, ʘ ʚ ʪʦʯʢʝ t/2 

ʚʦʟʥʠʢʘʝʪ ʥʦʚʳʡ ʮʝʥʪʨ ʠʥʚʝʨʩʠʠ (ʈʠʩ. 2.19 ʛ). ɺ ʪʨʠʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠʟ ʚʩʝʭ ʟʘʢʨʳʪʳʭ 

ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʠʥʚʝʨʩʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʈ1̀ ʠ ʈ1. 

 ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʢʦʩʦʫʛʦʣʴʥʦʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ) 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ. 2.20 ʘ. ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʛʨʫʧʧʝ ʈ1̀ ʩʦʚʤʝʱʘʶʪ ʩ ʦʜʥʠʤ ʠʟ ʮʝʥʪʨʦʚ 

ʠʥʚʝʨʩʠʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʷʯʝʡʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʩʝʨʝʜʠʥʘʭ ʝʝ ʨʝʙʝʨ (İ, 0, 0), 

(İ, 1, 0), é , ʚ ʮʝʥʪʨʘʭ ʚʩʝʭ ʛʨʘʥʝʡ (İ, İ, 0), (İ, 0, İ), é, (1, İ, İ), ʠ ʚ ʮʝʥʪʨʝ ʷʯʝʡʢʠ (İ, 

İ, İ). ʇʦʩʢʦʣʴʢʫ ʚʝʨʰʠʥʘ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʧʨʠʥʘʜʣʝʞʠʪ ʚʦʩʴʤʠ, ʨʝʙʨʦ ï ʯʝʪʳʨʝʤ, ʘ 

ʛʨʘʥʴ ï ʜʚʫʤ ʩʦʩʝʜʥʠʤ ʷʯʝʡʢʘʤ, ʥʘ ʦʜʥʫ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ ʪʨʠʢʣʠʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ 

ʛʨʫʧʧʝ ʈ1̀ ʧʨʠʭʦʜʠʪʩʷ ʚʦʩʝʤʴ ʮʝʥʪʨʦʚ ʠʥʚʝʨʩʠʠ. ʕʪʠ ʮʝʥʪʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʯʝʪʳʨʝʭ 

ʩʠʩʪʝʤʘʭ ʧʦʟʠʮʠʡ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʠʤʤʝʪʨʠʠ (ʪʘʢ, ʚʩʝ ʚʝʨʰʠʥʳ ʷʯʝʡʢʠ 

ʩʚʷʟʘʥʳ ʪʨʘʥʩʣʷʮʠʷʤʠ, ʥʦ ʮʝʥʪʨʳ ʚ ʚʝʨʰʠʥʘʭ ʠ ʥʘ ʩʝʨʝʜʠʥʘʭ ʨʝʙʝʨ ʩʠʤʤʝʪʨʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳ, ʪʘʢʞʝ ʥʝʟʘʚʠʩʠʤʳ ʮʝʥʪʨʳ ʥʘ ʩʝʨʝʜʠʥʘʭ ʥʝʧʘʨʘʣʣʝʣʴʥʳʭ ʨʝʙʝʨ, ʠ ʪ.ʜ.).  

 

 

 

 

 

 

 

  (ʘ)     (ʙ)        (ʚ) 

 

ʈʠʩʫʥʦʢ 2.20. (ʘ) ʈʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʠʥʚʝʨʩʠʡ1̀ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʈ1̀ ʚ 

ʪʨʠʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (ʮʝʥʪʨ ʚ ʧʦʣʦʞʝʥʠʠ İ İ İ ʚʳʜʝʣʝʥ ʮʚʝʪʦʤ). (ʙ) 

ʂʦʩʦʫʛʦʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʷʯʝʡʢʠ: ʛʨʘʬʠʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʈ1̀. (ʚ) ɻʨʘʬʠʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ ʈ 1. 




