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ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʇʦʩʣʝ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʚ 2004 ʛʦʜʫ ʚ ʞʫʨʥʘʣʝ çScienceè 

ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʫʯʝʥʳʭ ʠʟ ɸʥʛʣʠʠ ʠ ʈʦʩʩʠʠ ʚʦ ʛʣʘʚʝ ʩ ɸ. ɻʝʡʤʦʤ ʠ ʂ. ʅʦʚʦʩʝʣʦʚʳʤ 

[1] ʦ ʧʦʣʫʯʝʥʠʠ ʜʚʫʤʝʨʥʦʡ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘ ï ʛʨʘʬʝʥʘ (ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ 

[2]), ʧʦʩʣʝʜʥʠʡ ʧʨʠʚʣʝʢ ʢ ʩʝʙʝ ʥʝʦʙʳʯʘʡʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʠʥʞʝʥʝʨʦʚ 

ʚʩʝʛʦ ʤʠʨʘ ʠʟïʟʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʴʰʠʝ ʤʝʭʘʥʠʯʝ-

ʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ [3ï8], ʚʳʩʦʢʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ [6ï10] ʠ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʴ [6, 7, 11ï13], ʧʦʯʪʠ ʧʦʣʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ [8, 9, 14], ʪʝʨʤʠʯʝ-

ʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ [3, 13, 14] ʠ ʪ.ʜ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʨʘʬʝʥʘ ʚ ʣʠʪʠʝʚʳʭ ʙʘʪʘʨʝʷʭ [15, 16], ʙʠʦʩʝʥʩʦʨʘʭ [17ï

19], ʩʝʥʩʦʨʥʳʭ ʠ ʛʠʙʢʠʭ ʵʢʨʘʥʘʭ [20, 21], ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʤʘʟʢʝ [22, 23] ʠ ʜʨ. 

ɹʣʘʛʦʜʘʨʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ï ʵʣʝʢʪʨʦʥʦʚ [10, 

24], ʛʨʘʬʝʥ ʤʦʞʝʪ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ [25, 

26]. ʆʙʣʘʜʘʥʠʝ ʛʨʘʬʝʥʦʤ ʩʚʦʡʩʪʚʦʤ ʜʨʦʙʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʵʬʬʝʢʪ ʍʦʣʣʘ [27, 28] 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʠ ʩʧʠʥʪʨʦʥʠʢʝ. 

ʂʨʦʤʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ, ʘʪʦʤʳ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪ ʩʪʨʫʢʪʫʨʫ ʠʟ 

ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ (L6) ʩ ʬʦʨʤʦʡ ʧʯʝʣʠʥʳʭ ʩʦʪ [1, 2, 6ï8], ʩʫʱʝʩʪʚʫʶʪ 

ʧʦʣʠʤʦʨʬʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʢʦʤʙʠʥʘʮʠʠ 

ʯʝʪʳʨʝʭ- ʠ ʚʦʩʴʤʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ (L4-8) [29ï37], ʯʝʪʳʨʝʭ-, ʰʝʩʪʠ- ʠ 

ʜʚʝʥʘʜʮʘʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ (L4-6-12) [30, 32ï39], ʪʨʝʭ- ʠ ʜʚʝʥʘʜʮʘʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ 

(L3-12) [30, 32ï37], ʧʷʪʠ- ʠ ʩʝʤʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ (L5-7) [35ï37, 39] ʠ ʜʨʫʛʠʭ ʮʠʢʣʦʚ 

[36ï42]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʤʦʨʬʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ L4-12, L4-6-8c ʷʚʣʷʶʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʧʦʣʠʤʦʨʬ,r ʢʘʢ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʳʡ ʛʨʘʬʝʥ, 

ʧʨʦʚʦʜʥʠʢʘʤʠ [37]. 

ʇʨʠʤʝʥʝʥʠʝ ʛʨʘʬʝʥʘ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠʩʫʱʠʤʠ ʝʤʫ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ, ʥʘ 

ʧʨʠʤʝʨ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʚ ʥʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʪʴ ʟʘʧʨʝʱʝʥʥʫʶ ʟʦʥʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʨʘʬʝʥʘ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʶ ʝʛʦ ʩʚʦʡʩʪʚ 

ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʨʫʧʧ [43ï70]. 

ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʛʨʘʬʝʥ ʫʞʝ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 



5 

 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ [44ï47], ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʭ ʠ ʩʘʤʦʦʯʠʱʘʶʱʠʭʩʷ ʧʦʢʨʳʪʠʡ 

[48ï52], ʬʠʣʴʪʨʦʚ ʜʣʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ [53ï57], ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʩʪʘʚʢʠ 

ʣʝʢʘʨʩʪʚ [58ï61] ʠ ʜʣʷ ʟʘʤʝʥʳ ʪʢʘʥʝʡ [62ï64], ʤʘʪʝʨʠʘʣʦʚ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ [65ï

67], ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ [68ï70]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʚʦʧʨʦʩ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʝʛʦ ʧʦʣʠʤʦʨʬʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʪʨʫʢʪʫʨʘʤʠ L6, 

L3-12, L4-8, L4-6-12. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʟʘʤʦʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʨʘʚʠʣʴʥʳʤʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʤʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ [71, 72]. ʂʨʦʤʝ ʪʦʛʦ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʛʨʘʬʝʥʘ L5-7 ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ 

ʧʦʣʠʤʦʨʬ ʦʙʣʘʜʘʝʪ ʙʣʠʟʢʦʡ ʢ ʛʝʢʩʘʛʦʥʘʣʴʥʦʤʫ ʛʨʘʬʝʥʫ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʩʣʦʝʚ [37] 

ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʬʝʢʪʦʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ [73]. ʕʪʠ ʧʦʣʠʤʦʨʬʳ 

ʛʨʘʬʝʥʘ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʧʦʣʠʤʦʨʬʳ 

(ʪʠʧʳ), ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦʨʷʜʢʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. ʊʘʢ, 

ʠʟʚʝʩʪʥʦ ʧʷʪʴ ʪʠʧʦʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʚʦʜʦʨʦʜʦʤ [74] ʦʜʥʘʢʦ ʠʭ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ. ʉʪʨʫʢʪʫʨʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ. 

ʉʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʪʦ 

ʝʩʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʥʝʤʫ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ [75, 76]. ʆʜʥʘʢʦ 

ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ L6 ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. 

ɻʨʘʬʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭʤʝʨʥʳʡ ʢʨʠʩʪʘʣʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʦʥʦʩʣʦʝʚ 

ʛʨʘʬʝʥʘ L6, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʠʣʘʤʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ [77ï79]. ʀʟ 

ʤʦʥʦʩʣʦʝʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʪʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʪʨʝʭʤʝʨʥʳʡ ʢʨʠʩʪʘʣʣ [80ï82]. ʆʯʝʚʠʜʥʦ, ʠ ʩʚʦʡʩʪʚʘ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ 

ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʚʦʡʩʪʚ ʜʚʫʭʤʝʨʥʦʛʦ ʤʦʥʦʩʣʦʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʝʥʘ ʪʘʢ ʞʝ, ʢʘʢ ʦʪʣʠʯʘʝʪʩʷ ʛʨʘʬʠʪ ʦʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʟʣʠʯʠʡ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠ ʩʪʨʫʢʪʫʨʝ. 
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ʀʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʪʦʨʦʤ ʤʦʥʦʩʣʦʝʚ 

ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ L5-7, L3-12, L4-8, L4-6-12 ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟ ʥʠʭ ʪʨʝʭʤʝʨʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʨʘʬʝʥʘ ʠ ʝʛʦ ʧʦʣʠʤʦʨʬʦʚ ʨʘʟʣʠʯʥʳʤʠ ʥʝʫʛʣʝʨʦʜʥʳʤʠ 

ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ ʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɿʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʣʠʩʴ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʤʦʥʦʩʣʦʝʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʠʧʦʚ ʛʨʘʬʝʥʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʪʠʧʦʚ ʤʦʥʦʩʣʦʝʚ 

ʛʨʘʬʝʥʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʪʦʨʦʤ, ʚʦʜʦʨʦʜʦʤ ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ; 

2. ʇʦʩʪʨʦʝʥʠʝ ʤʦʥʦʩʣʦʝʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʩ ʨʘʟʣʠʯʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʦʪ ʩʪʝʧʝʥʠ ʬʪʦʨʠʨʦʚʘʥʠʷ; 

3. . ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʦʥʦʩʣʦʝʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʪʦʨʦʤ 

ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ. ʉʨʘʚʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʜʚʫʤʝʨʥʳʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʬʝʥʦʚʳʭ 

ʩʣʦʝʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ MM+. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʤʝʞʩʣʦʝʚʳʭ ʩʜʚʠʛʦʚ ʠ ʤʝʞʩʣʦʝʚʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʤʦʥʦʩʣʦʝʚ ʬʪʦʨʦʛʨʘʬʝʥʘ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʘʪʦʤ-ʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ 

ʘʚʪʦʨʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʚ 

ʦʙʦʙʱʝʥʥʦʤ ʛʨʘʜʠʝʥʪʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ Quantum 

Espresso. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: 

1. ɺʧʝʨʚʳʝ ʤʦʜʝʣʴʥʦ ʧʦʩʪʨʦʝʥʳ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʫʯʝʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ: 14-ʪʠ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚ, 11-ʪʠ ʛʨʘʬʘʥʦʚ ʠ 14-ʪʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ, ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ 
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ʩʫʙʣʠʤʘʮʠʠ ʠ ʪʠʧʘ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ (ʛʨʫʧʧ), ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ 

ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʠ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ (ʛʨʫʧʧ). 

ʌʪʦʨʦʛʨʘʬʝʥʳ ʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʳ ʷʚʣʷʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʠʣʠ 

ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ, ʘ ʛʨʘʬʘʥʳ ʚʩʝ ʷʚʣʷʶʪʩʷ 

ʜʠʵʣʝʢʪʨʠʢʘʤʠ. 

2. ɺʧʝʨʚʳʝ ʨʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʩʣʦʷ 

ʬʪʦʨʦʛʨʘʬʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ɺʳʷʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ, ʜʣʠʥʳ ʉ-F-ʩʚʷʟʠ, ʵʥʝʨʛʠʠ ʉ-ʉ-ʩʚʷʟʠ ʠ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ. ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʠ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʬʪʦʨʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ.  

3. ɺʧʝʨʚʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʨʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʜʝʣʴʥʦ ʧʦʩʪʨʦʝʥʳ ʠ 

ʨʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 15 ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʤʦʥʦʩʣʦʝʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʪʦʨʦʤ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ 

ï ʬʪʦʨʦʛʨʘʬʠʪʦʚ. ʆʙʲʝʤʥʘ ̫ʧʣʦʪʥʦʩʪ,ɹ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʵʥʝʨʛʠ ̫ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʕʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʬʪʦʨʦʛʨʘʬʠʪʦʚ ʠ ʬʪʦʨʦʛʨʘʬʝʥʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ɺʦ ʬʪʦʨʦʛʨʘʬʠʪʘʭ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʝʥʴʰʝ, 

ʯʝʤ ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ. ʇʦ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʬʪʦʨʦʛʨʘʬʠʪʳ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ ʠʣʠ ʜʠʵʣʝʢʪʨʠʢʘʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ ʠ ʪʨʝʭʤʝʨʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʬʪʦʨʦʛʨʘʬʝʥʘ. ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʪʦʨʦʤ ʧʦʣʠʤʦʨʬʳ ʛʨʘʬʝʥʘ 

ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʇʦʣʠʤʦʨʬʳ ʛʨʘʬʝʥʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʚʦʜʦʨʦʜʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʝʩʧʝʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʛʣʘʩʠʝʤ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɸʚʪʦʨʩʢʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʤʝʞʩʣʦʝʚʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʚ ʪʨʝʭʤʝʨʥʦʤ ʢʨʠʩʪʘʣʣʝ ʙʳʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ 

ʨʝʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʫʯʘʩʪʠʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʧʦʜʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʨʘʩʯʝʪʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʠʧʦʚ 

ʛʨʘʬʝʥʘ, ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ, ʧʦʜʙʦʨʝ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢ ʦʧʫʙʣʠʢʦʚʘʥʠʶ, ʘʧʨʦʙʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʚʳʩʪʘʚʢʘʭ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1. ʈʝʟʫʣʴʪʘʪʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ. ɺ ʛʨʘʬʘʥʘʭ ʠ 

ʬʪʦʨʦʛʨʘʬʝʥʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʜʝʬʦʨʤʘʮʠʠ ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʧʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʳ, ʬʪʦʨʦʛʨʘʬʝʥʳ, ʛʨʘʬʘʥʳ. 

ʆʪʥʝʩʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1.93 ʵɺ ʜʦ 6.46 ʵɺ, ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ ʠ ʜʠʵʣʝʢʪʨʠʢʘʤ. ʐʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ (ʛʨʫʧʧ) ʵʥʝʨʛʠʷ 

ʩʫʙʣʠʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ. ɻʨʘʬʘʥʳ 

ʠʤʝʁʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʵʥʝʨʛʠʶ ʩʫʙʣʠʤʘʮʠʠ ʠ ʩʘʤʫʶ ʙʦʣʴʰʫʶ ʰʠʨʠʥʫ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 

2. ʉʪʨʫʢʪʫʨʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ L6-ʬʪʦʨʦʛʨʘʬʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʘʪʦʤʦʚ ʬʪʦʨʘ 

ʧʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʣʠʥʘ ʉ-F-ʩʚʷʟʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʵʥʝʨʛʠʷ ʉ-ʉ-

ʩʚʷʟʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʀʩʩʣʝʜʫʝʤʳʡ 

ʤʘʪʝʨʠʘʣ ʠʟʤʝʥʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʦʪ ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ. ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʘʪʦʤʦʚ ʬʪʦʨʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ. 
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3. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ̫ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ï ʬʪʦʨʦʛʨʘʬʠʪʦʚ. ʄʝʞʩʣʦʝʚʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ 

ʦʙʲʝʤʥʳʝ ʧʣʦʪʥʦʩʪʠ ʦʪ ʦʜʥʦʛʦ ʬʪʦʨʦʛʨʘʬʠʪʘ ʢ ʜʨʫʛʦʤʫ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ. ɺʟʘʠʤʦʩʚʷʟʴ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʵʥʝʨʛʠʠ 

ʤʝʞʩʣʦʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʬʪʦʨʦʛʨʘʬʠʪʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʤʦʥʦʩʣʦʝʚ ʬʪʦʨʦʛʨʘʬʝʥʘ. 

ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʬʪʦʨʦʛʨʘʬʠʪʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 0.4 ʵɺ ʤʝʥʴʰʝ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʤʦʥʦʩʣʦʷʭ ʬʪʦʨʦʛʨʘʬʝʥʘ. ʆʪʥʝʩʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʪʦʨʦʛʨʘʬʠʪʦʚ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ ʠ ʜʠʵʣʝʢʪʨʠʢʘʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ: ʆʪʢʨʳʪʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʨʘʥ ʉʅɻ 

çʋʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳ - 2018è (ʛ. ʋʬʘ, 2018); X 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʛ. 

ʋʬʘ, 2018); II ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʟʘʦʯʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ: ʀʅʌʆʊɽʍ-2018è (ʛ. ʋʬʘ, 2018); 6th International School and 

Conference çSaint-Petersburg OPEN 2019è on Optoelectronics, Photonics, Engineering 

and Nanostructures  (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019); VIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ 

ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè (ʛ. 

ʄʦʩʢʚʘ, 2019); II ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʄʦʣʦʜʸʞʴ ʠ ʥʘʫʢʘ: ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè (ʛ. ʂʦʤʩʦʤʦʣʴʩʢ-ʥʘ-ɸʤʫʨʝ, 2019); 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ çʇʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2019); International Conference 

çConference on Applied Physics, Information Technologies and Engineering - 

APITECH-2019è (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2019); III ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɼʝʬʦʨʤʘʮʠʷ ʠ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚè (ʛ. ʄʦʩʢʚʘ, 2019); VI 

ʤʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 
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ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭè (ʛ. ʋʬʘ, 2020); VII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʠʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷè (ʛ. ʋʬʘ, 2020); XI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʝʝ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠè (ʛ. ʋʬʘ, 2020); II ɺʩʝʨʦʩʩʠʡʩʢʘʷ (ʥʘʮʠʦʥʘʣʴʥʘʷ) 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷè 

(ʛ. ʃʠʧʝʮʢ, 2021); III ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çMIP: Engineering-III -

2021: Modernization, Innovations, Progress: Advanced Technologies in Material 

Science, Mechanical and Automation Engineeringè (ʛ. ʂʨʘʩʥʦʷʨʩʢ, 2021); 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 2021è (ICMSSTE 2021) (ʛ. ʗʣʪʘ, 

2021); XI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘè (ɺɺʉʊï 2021) (ʛ. 

ɹʘʨʥʘʫʣ, 2021); International ʉonference çAdvanced Carbon Nanostructuresè (ʛ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021); çʌʠʟʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ-2021è 

(ʌʊʇʄ- 2021)  (ʛ. ʋʬʘ, 2021); ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʩʝʩʩʠʷ çɼʥʠ ʥʘʫʢʠ ʚ ʛ. 

ʏʝʣʷʙʠʥʩʢʝè (ʛ. ʏʝʣʷʙʠʥʩʢ, 2021); XII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʝʸ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠè (ʛ. ʋʬʘ, 2021); 

VIII ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʤʦʣʦʜʝʞʥʘ ̫ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫çɸʢʪʫʘʣʴʥʳʝ 

ʚʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷè (ʛ. ʋʬʘ, 2021); IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʢʘ ʙʫʜʫʱʝʛʦ ï ʥʘʫʢʘ ʤʦʣʦʜʳʭè (ʛ. ʄʦʩʢʚʘ, ʛ 

ʂʘʣʠʥʠʥʛʨʘʜ, 2021); ʆʪʢʨʳʪʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʨʘʥ ʉʅɻ 

çʋʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʨʠʘʣʳè (ʛ. ʋʬʘ, 2022); VII 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ çʅʘʫʢʘ ʙʫʜʫʱʝʛʦ ï ʥʘʫʢʘ ʤʦʣʦʜʳʭè 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2022). 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 21 ʩʪʘʪʴʷʭ, ʠʟ 

ʢʦʪʦʨʳʭ 17 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʠ 2 ʩʪʘʪʴʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ Scopus, 2 ʩʪʘʪʴʠ 

ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʈʀʅʎ ʠ/ʠʣʠ ʚʭʦʜʷʱʠʭ ʚ ʪʝʢʫʱʠʡ ʇʝʨʝʯʝʥʴ 
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ɺɸʂ ʈʦʩʩʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʞʫʨʥʘʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ Web of Science ʠ Scopus. 

ʂʨʦʤʝ ʪʦʛʦ, 16 ʩʪʘʪʝʡ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʧʨʦʯʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʩʙʦʨʥʠʢʘʭ 

ʪʨʫʜʦʚ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, 14 ʠʟ ʢʦʪʦʨʳʭ ʚ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʈʀʅʎ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʦʙʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʙʦʪʳ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʘʚʪʦʨʩʢʠʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 130 

ʩʪʨʘʥʠʮ, ʩʧʠʩʦʢ ʮʠʪʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 181 ʠʩʪʦʯʥʠʢ. ɼʠʩʩʝʨʪʘʮʠʷ 

ʩʦʜʝʨʞʠʪ 73 ʨʠʩʫʥʢʘ ʠ 33 ʪʘʙʣʠʮʳ. 
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ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1. ʋʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ɺ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ɻ ʪʦʤ 

ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʩʚʦʡʩʪʚ [34, 83ï85]. ʅʘʧʨʠʤʝʨ, ʛʨʘʬʝʥʦʚʳʡ ʩʣʦʡ 

ʧʨʦʷʚʣʷʝʪ ʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ [1, 2, 5ï10, 12, 13], ʩʢʨʫʯʝʥʥʳʡ ʜʚʫʭʩʣʦʡʥʳʡ 

ʛʨʘʬʝʥ ï ʩʚʦʡʩʪʚʘ ʢʘʢ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ [86ï88], ʪʘʢ ʠ ʠʟʦʣʷʪʦʨʘ [88ï90], ʛʨʘʬʘʥ ʠ 

ʘʣʤʘʟ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʠʟʦʣʷʪʦʨʘ [91ï94] 

ʂʨʦʤʝ ʪʦʛʦ, ʫʛʣʝʨʦʜ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʠ ʩʘʤ ʫʛʣʝʨʦʜ [95]. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [34, 84, 

96ï100]. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ʋʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʠ ʚʩʝ ʤʘʪʝʨʠʘʣʳ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ. ʂ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ 

ʦʪʥʦʩʷʪ ʦʙʲʝʢʪʳ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪ 100 ʥʤ ʜʦ 1012 ʤ [101]. ʄʘʪʝʨʠʘʣʳ, ʠʤʝʶʱʠʝ 

ʨʘʟʤʝʨʳ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 100 ʥʤ, ʦʪʥʦʩʷʪ ʢ ʥʫʣʴʤʝʨʥʳʤ 

(0D) [34, 101]. ʇʨʠʤʝʨʘʤʠ ʫʛʣʝʨʦʜʥʳʭ ʥʫʣʴʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ 

ʫʛʣʝʨʦʜʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʠ ʬʫʣʣʝʨʝʥʳ. ʆʜʥʦʤʝʨʥʳʝ (1D) ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [34, 102]. ʀʟ ʫʛʣʝʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢ ʥʠʤ ʦʪʥʦʩʷʪ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠ ʛʨʘʬʝʥʦʚʳʝ ʥʘʥʦʣʝʥʪʳ. 

ɼʚʫʤʝʨʥʳʤʠ (2D) ʫʛʣʝʨʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʤʘʢʨʦʨʘʟʤʝʨʘʤʠ ʚ ʜʚʫʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ [34, 102] ʷʚʣʷʶʪʩʷ ʛʨʘʬʝʥ ʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʥʘʧʨʠʤʝʨ, 

ʩʢʨʫʯʝʥʥʳʡ ʜʚʫʭʩʣʦʡʥʳʡ ʛʨʘʬʝʥ. ʅʘʢʦʥʝʮ, ʪʨʝʭʤʝʨʥʳʤʠ (3D) ʤʘʪʝʨʠʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ [34, 102], ʪʘʢʠʝ ʢʘʢ ʘʣʤʘʟ ʠ ʛʨʘʬʠʪ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ 

ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶʱʠʝʩʷ ʩʚʦʡʩʪʚʘ. ʕʪʠ ʩʚʦʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ. ʅʘ ʨʠʩʫʥʢʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧr ʛʠʙʨʠʜʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ.  
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ʈʠʩ. 1.1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʛʠʙʨʠʜʠʟʘʮʠʠ ʦʨʙʠʪʘʣʝʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʪʠʧʝ 

ʛʠʙʨʠʜʠʟʘʮʠʠ [84, 97]. ʇʦ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʘʞʜʘ ̫ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ 

ʛʠʙʨʠʜʠʟʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʫ ʘʣʣʦʪʨʦʧʥʫʶ ʬʦʨʤʫ, ʪʦ ʝʩʪʴ ʧʨʦʩʪʦʝ ʚʝʱʝʩʪʚʦ ʠʟ 

ʫʛʣʝʨʦʜʘ, ʘ ʠʤʝʥʥʦ: sp ï ʣʠʥʝʡʥʦ-ʮʝʧʦʯʝʯʥʳʡ ʢʘʨʙʠʥ (1D), sp2 ï ʩʣʦʝʚʦʡ ʛʨʘʬʠʪ 

(2D), sp3 ï ʘʣʤʘʟ (3D). ʀʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʘʣʣʦʪʨʦʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʣʷʪ ʥʘ 

ʛʠʙʨʠʜʥʳʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘ. ʌʦʨʤʳ 

ʩʤʝʰʘʥʥʦʛʦ ʪʠʧʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʶʪ ʨʘʟʥʳʝ ʛʠʙʨʠʜʠʟʘʮʠʠ sp, sp2 ʠʣʠ sp3. 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʬʦʨʤʳ ʦʙʣʘʜʘʶʪ ʛʠʙʨʠʜʠʟʘʮʠʝʡ spn, ʛʜʝ n ʷʚʣʷʝʪʩʷ ʥʝ ʮʝʣʳʤ 

ʟʥʘʯʝʥʠʝʤ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʤʝʞʫʪʢʝ 1 < n < 2 ʠʣʠ 2 < n < 3. ʀʟʦʛʥʫʪʦʩʪʴ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʬʦʨʤʳ ʜʝʣʷʪ ʥʘ ʜʚʝ ʧʦʜʛʨʫʧʧʳ. ʆʜʥʘ ʧʦʜʛʨʫʧʧʘ, ʛʜʝ 1 < n < 2 ʩʦʜʝʨʞʠʪ 

ʩʪʨʫʢʪʫʨʳ ʚ ʬʦʨʤʝ ʦʜʥʦʛʦ ʢʦʣʴʮʘ, ʬʦʨʤʠʨʫʝʤʳʝ ʩʚʷʟʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ. 

ɼʨʫʛʘʷ ʧʦʜʛʨʫʧʧʘ ʛʜʝ, 2 < n < 3, ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʢʘʨʢʘʩʥʳʝ ʠʣʠ ʟʘʤʢʥʫʪʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʪʘʢʠʝ ʢʘʢ ʬʫʣʣʝʨʝʥʳ, ʬʫʣʣʝʨʝʥʳ ʚʣʦʞʝʥʥʳʝ 

ʜʨʫʛ ʚ ʜʨʫʛʘ ʧʦ ʧʦʜʦʙʠʶ ʣʫʢʦʚʠʯʥʳʭ ʩʣʦʝʚ ʠ ʥʘʥʦʪʨʫʙʢʠ (ʢʦʪʦʨʳʝ ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʶʪ ʣʠʥʝʡʥʳʤʠ ʬʫʣʣʝʨʝʥʘʤʠ). 

ʕʪʘ ʩʭʝʤʘ ʥʝ ʧʦʟʚʦʣʷʣʘ ʦʧʠʩʘʪʴ ʩʣʫʯʘʡ ʩʤʝʰʝʥʠʷ ʛʠʙʨʠʜʠʟʘʮʠʡ, ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ spn-ʛʠʙʨʠʜʠʟʘʮʠʷʤʠ ʩ ʥʝʮʝʣʳʤʠ n. ɺ ʨʘʙʦʪʘʭ [34, 97] ʙʳʣʦ 
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ʧʨʝʜʣʦʞʝʥʦ ʫʣʫʯʰʝʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ ʚʠʜʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʤʝʩʪʦ 

ʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʩʭʝʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʧʦʷʚʠʣʦʩʴ ʝʱʝ 

ʜʚʝ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʧʦʤʦʛʘʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʘʣʣʦʪʨʦʧʦʚ 

ʫʛʣʝʨʦʜʘ ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʘʪʦʤʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʠʩʣʦʤ ʙʣʠʞʘʡʰʠʭ ʘʪʦʤʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ 

ʜʚʫʤʷ, ʪʨʝʤʷ ʠʣʠ ʯʝʪʳʨʴʤʷ ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ. ʇʦ ʵʪʦʡ ʩʭʝʤʝ ʩʪʨʦʷʪ ʪʨʦʡʥʫʶ 

ʜʠʘʛʨʘʤʤʫ, ʚ ʢʦʪʦʨʦʡ ʪʦʯʢʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʦʧʦʨʮʠʠ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ ʚ ʢʦʥʢʨʝʪʥʦʡ 

ʩʪʨʫʢʪʫʨʝ. ɺʪʦʨʘʷ ʩʭʝʤʘ, ʧʦʢʘʟʘʥʥʘ ̫ʥʘ ʨʠʩʫʥʢʝ 1.2, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʡ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʚʩ ̫ʩʪʨʫʢʪʫʨʘ, ʘ ʣʠʰʴ ʦʜʠʥ 

ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ [34, 97]. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʠʝ ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʟʤʝʨʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ ʯʝʪʳʨʝʭ ʦʨʙʠʪʘʣʝʡ. ʆʩʴ z 

ʙʝʨʝʪʩʷ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ ʦʜʥʦʡ ʦʨʙʠʪʘʣʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʪʨʠ ʦʧʠʩʳʚʘʶʪʩʷ ʰʝʩʪʴʶ 

ʧʝʨʝʤʝʥʥʳʤʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʟʘʠʤʥʳʭ ʫʛʣʦʚ.  

 

ʈʠʩ. 1.2. ɻʠʙʨʠʜʠʟʘʮʠʷ ʦʨʙʠʪʘʣʝʡ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ [34, 97] 
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ʇʝʨʝʭʦʜʳ ʠʟ sp ʚ sp2, ʠʟ sp ʚ sp3, ʠʟ sp2 ʚ sp3 ʠ ʠʟ sp2 ʚ sp, ʠʟ sp3 ʚ sp, ʠʟ sp3 ʚ 

sp2 ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʦʚ ű(1), ű(2), ű(3), ɗ(1) , ɗ(2) , ɗ(3) ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʬʦʨʤr ʦʨʙʠʪʘʣʝʡ.  

ʋʛʣʝʨʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ 4 [103ï

107] ʦʙʣʘʜʘʶʪ ʦʙʲʝʤʥʦ ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 

ʢʫʙʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʨʝʰʝʪʢʘʤʠ. ɺ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʢʘʞʜʳʡ ʘʪʦʤ 

ʩʚʷʟʘʥ ʩ 8 ʠʣʠ 12 ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ. ʊʠʧ ʩʚʷʟʠ ʚ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤ. 

ʇʦʟʞʝ ʵʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ [34, 97] ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ. ʇʦ ʥʦʚʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʜʝʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʪʠʧʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ [98, 99]. ɼʘʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.3. 

 

ʈʠʩ. 1.3.  ʉʪʨʫʢʪʫʨʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [98, 99] 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʚʩʝ ʫʛʣʝʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʝʣʷʪ ʥʘ 

ʜʚʝ ʛʨʫʧʧʳ: ʧʝʨʚʘʷ ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʚʪʦʨʘʷ ʩ 

ʘʤʦʨʬʥʦʡ (ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʛʣʝʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʝʣʷʪ ʥʘ ʜʚʝ ʧʦʜʛʨʫʧʧʳ: 

1. ʩʦ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʦʜʥʦʛʦ ʪʠʧʘ; 
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2. ʩʦ ʩʚʷʟʷʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʠʧʦʚ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ [98ï100] ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʬʦʨʤʠʨʫʝʤʳʭ ʩ ʢʘʞʜʳʤ 

ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ 

ʨʘʟʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨ: ʥʫʣʴʤʝʨʥʘʷ 0Dc, ʦʜʥʦʤʝʨʥʘʷ 1Dc, ʜʚʫʭʤʝʨʥʘʷ 2Dc, 

ʪʨʝʭʤʝʨʥʘʷ 3Dc. ɸʪʦʤʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ nDa, ʦʧʨʝʜʝʣʷʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʢʘʨʪʦʚʳʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ, ʪʨʝʙʫʶʱʠʭʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨ [98ï100]. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʛʣʝʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠ ̫ʩ ʢʦʚʘʣʝʥʪʥʳʤ 

ʪʠʧʦʤ ʩʚʷʟʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʨʘʟʜʝʣʷʶʱʘʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

ʚ ʧʝʨʚʫʶ, ʚʭʦʜʷʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʜʠʥʘʢʦʚʳʤ ʯʠʩʣʦʤ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʚʦ ʚʪʦʨʫʶ 

ï ʩ ʨʘʟʥʳʤ. ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʯʠʩʣʝ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʩɹʷ ʜʝʣʝʥʠʝ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʪʦʤʘʤʠ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʠʣʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʷʭ. ʂʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʧʦʟʠʮʠʷʤʠ ʦʛʨʘʥʠʯʝʥʦ. 

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠ ̫ ʫʛʣʝʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴ ,ʁ ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʷʭ [98ï100]. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʩʥʦʚʘʥʘ 

ʥʘ ʜʚʫʭ ʧʘʨʘʤʝʪʨʘʭ ï ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ nDc ʠ ʢʦʣʠʯʝʩʪʚʝ ʘʪʦʤʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʜʘʥʥʳʤ ʘʪʦʤʦʤ: Na = 0, 1, 2, 3, 4. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʫʱʝʩʪʚʫʝʪ 12 ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ: [nDʩ, Na]. 

ʀʟ ʪʘʙʣʠʮ rʚʠʜʥʦ, ʯʪʦ ʧʷʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧ ï ʥʫʣʴʤʝʨʥʳʝ. ɺ ʛʨʫʧʧʝ 

[0Dʩ,0] ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ. ɻʨʫʧʧʘ [0Dʩ,1] ʚʢʣʶʯʘʝʪ ʧʘʨʫ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ɺ ʛʨʫʧʧʫ [0Dʩ,2] ʚʭʦʜʷʪ ʥʘʥʦʢʦʣʴʮʘ ʩ ʥʫʣʝʚʦʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ. ʉʪʨʫʢʪʫʨʥʘʷ ʛʨʫʧʧʘ [0Dʩ,3] ʚʢʣʶʯʘʝʪ 

ʬʫʣʣʝʨʝʥʦʧʦʜʦʙʥʳʝ ʢʣʘʩʪʝʨʳ, ʧʨʠʯʝʤ ʝʩʣʠ ʦʛʨʘʥʠʯʠʪʴʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʪʦʣʴʢʦ 

ʩʪʨʫʢʪʫʨ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʘʪʦʤʘʤʠ ʠ ʧʦʣʦʞʝʥʠʝʤ ʘʪʦʤʦʚ ʧʦʜʦʙʥʳʤ ʧʨʘʚʠʣʴʥʳʤ 

ʠ ʧʦʣʫʧʨʘʚʠʣʴʥʳʤ ʤʥʦʛʦʛʨʘʥʥʳʤ ʮʠʢʣʘʤ, ʪʦ ʦʢʘʞʝʪʩʷ, ʯʪʦ ʠʭ ʯʠʩʣʦ ʦʛʨʘʥʠʯʝʥʦ: 

C4, C8, C12, C20, ʜʚʘ ʢʣʘʩʪʝʨʘ C24, C48, ʜʚʘ ʢʣʘʩʪʝʨʘ C60 ʠ ʦʜʠʥ C120 [100]. 
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ʉʪʨʫʢʪʫʨʥʘʷ ʛʨʫʧʧʘ [0Dʩ,4] ʦʧʠʩʳʚʘʝʪ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ï ʢʘʨʢʘʩʥʳʝ 

ʢʣʘʩʪʝʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʯʝʪʳʨʝʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

 

ʊʘʙʣʠʮʘ 1.1. ʂʣʘʩʩʠʬʠʢʘʮʠ ̫ʫʛʣʝʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴ ,ʁ 

ʛʜʝ ʚʩʝ ʘʪʦʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʷʭ [98ï100] 

nDc 0Dc 1Dc 2Dc 3Dc 

Na 0 ʆʪʜʝʣʴʥʳʡ 

ʘʪʦʤ 0Da 

- -  

1 ʇʘʨʘ 

ʩʚʷʟʘʥʥʳʭ 

ʘʪʦʤʦʚ 1Da 

- -  

2 ʅʘʥʦʢʦʣʴʮʘ 

2Da ʠ 3Da 

ʎʝʧʦʯʢʠ 1Da   

3 ʌʫʣʣʝʨʝʥʦ-

ʧʦʜʦʙʥʳʝ 

ʢʣʘʩʪʝʨʳ 3Da 

ʅʘʥʦʪʨʫʙʢʠ 3Da, 

ʣʝʥʪʘ3Da 

ɻʨʘʬʝʥʦʧʦʜʦʙʥʳʝ 

ʩʣʦʠ 2Da 

ʊʨʝʭʤʝʨʥʳʝ 

ʛʨʘʬʠʪʳ 3Da 

4 ʂʘʨʢʘʩʥʳʝ 

ʢʣʘʩʪʝʨʳ 3Da 

ʅʘʥʦʪʨʫʙʢʠ 3Da, 

ʣʝʥʪʳ 2Da ʠ 3Da, 

ʩʧʠʨʘʣʠ 3Da 

ʉʣʦʠ 2Da ʠ 3Da ɸʣʤʘʟʦ-

ʧʦʜʦʙʥʳʝ 

ʬʘʟʳ 3Da 

 

ʆʜʥʦʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʪʨʠ ʩʪʨʫʢʪʫʨʥʳʝ ʛʨʫʧʧʳ: [1Dc,2], [1Dʩ,3] 

ʠ [1Dʩ,4]. ʉʪʨʫʢʪʫʨʥʘʷ ʛʨʫʧʧʘ [1Dc,2] ʩʦʜʝʨʞʠʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ ʠʟ ʧʘʨ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ɺ ʛʨʫʧʧʫ [1Dʩ,3] ʚʭʦʜʷʪ ʥʘʥʦʪʨʫʙʢʠ ʥʘ ʦʩʥʦʚʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʠ 

4-8 ʛʨʘʬʝʥʘ, ʘ ʪʘʢʞʝ ʥʘʥʦʣʝʥʪʳ. ɻʨʫʧʧʘ [1Dʩ,4] ʩʦʜʝʨʞʠʪ ʥʘʥʦʪʨʫʙʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʥʘʥʦʪʨʫʙʢʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʩʪʨʫʢʪʫʨʥʳʝ ʜʚʫʤʝʨʥʳʝ ʛʨʫʧʧʳ: [2Dʩ,3] ʠ [2Dʩ,4]. ʂ ʛʨʫʧʧʝ 

[2Dʩ,3] ʦʪʥʦʩʠʪʩʷ ʧʣʦʩʢʠʡ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʛʨʘʬʝʥ L6, L3-12, L4-6-12, L4-8. ɻʨʫʧʧʘ 

[2Dʩ,4] ʚʢʣʶʯʘʝʪ ʧʣʦʩʢʠʝ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʣʦʠ. 
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ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʛʨʫʧʧʳ: [3Dʩ,3] ʠ [3Dʩ,4]. ʂ ʛʨʫʧʧʝ 

[3Dʩ,3] ʦʪʥʦʩʷʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʛʨʘʬʠʪʳ ʠʟ ʘʪʦʤʦʚ ʚ ʪʨʝʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷʭ. ɻʨʫʧʧʘ [3Dʩ,4] ʚʢʣʶʯʘʝʪ ʘʣʤʘʟʦʧʦʜʦʙʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

 

1.2 ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ ʠ ʝʛʦ ʧʦʣʠʤʦʨʬʦʚ 

ɻʨʘʬʝʥʦʤ ʥʘʟʳʚʘʝʪʩʷ ʘʣʣʦʪʨʦʧʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʛʣʝʨʦʜʘ, ʪʦ ʝʩʪʴ ʚʝʱʝʩʪʚʦ, 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʩ ʪʦʣʱʠʥʦʡ ʚ ʦʜʠʥ ʘʪʦʤ ʠ ʠʤʝʶʱʘʷ 

ʤʘʢʨʦʨʘʟʤʝʨʳ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ [1, 7, 8]. ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʠʚʝʜʝʥ ʤʦʥʦʩʣʦʡ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ L6, ʦʙʨʘʟʫʶʱʝʛʦ ʫʟʦʨ ʚ ʬʦʨʤʝ ʧʯʝʣʠʥʳʭ ʩʦʪ. ɺ ʥʝʤ 

ʢʘʞʜʳʡ ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʥʘʭʦʜʠʪʩʷ ʚ sp2-ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ ʦʙʨʘʟʫʝʪ ʢʦʚʘʣʝʥʪʥʳʝ 

ʩʚʷʟʠ ʩ ʪʨʝʤʷ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ. ɻʨʘʬʝʥ L6 ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʫʢʪʫʨʥʦʡ 

ʛʨʫʧʧʝ [2Dc, 3] [98ï100]. ɻʨʘʬʝʥ ʦʙʣʘʜʘʝʪ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʦʡ. 

 

           ʈʠʩ. 1.4. ʄʦʥʦʩʣʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ L6 [33] 

 

ɻʨʘʬʝʥʦʚʳʝ ʩʣʦʠ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ 2004 ʛʦʜʫ ɸ. 

ɻʝʡʤʦʤ ʠ ʂ. ʅʦʚʦʩʝʣʦʚʳʤ [1]. ɺ 2010 ʛʦʜʫ ʠʤ ʙʳʣʘ ʚʨʫʯʝʥʘ ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 

ʧʦ ʬʠʟʠʢʝ ʟʘ çʥʦʚʘʪʦʨʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʚʫʤʝʨʥʳʤ ʛʨʘʬʝʥʦʤè, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʛʨʘʬʝʥ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʬʠʪʘ [7, 8]. ɻʨʘʬʝʥ ʩʯʠʪʘʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠʟ-ʟʘ ʩʦʯʝʪʘʥʠʷ ʪʦʥʢʦʩʪʠ ʩʣʦʷ ʠ ʧʨʦʯʥʦʩʪʠ [3ï8], ʩ 

ʦʪʣʠʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ  ʁ [6, 7, 11ï13], ʣɻʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ  ʁ [6ï10], 

ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴ  ʁ [8, 9, 14]. ʉʚʷʟʠ ʘʪʦʤʦʚ ʚ ʛʨʘʬʝʥʝ ʷʚʣʷʶʪʩʷ 

ʢʦʚʘʣʝʥʪʥʳʤʠ [3ï8]. ʅʘ ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʝ ʢʘʞʜʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ 

ʥʘʭʦʜʠʪʩʷ ʯʝʪʳʨʝ ʵʣʝʢʪʨʦʥʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʪʴ 
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ʵʣʝʢʪʨʦʥʥʫʶ ʦʙʦʣʦʯʢʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʪʳʨʝ ʵʣʝʢʪʨʦʥʘ ʦʪ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. ʊʨʠ 

ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʧʨʠ ʦʙʤʝʥʝ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʵʣʝʢʪʨʦʥʘʤʠ ʦʪʥʦʩʷʪʩ ̫ʢ ů-ʩʚʷʟʠ, 

ʘ ʦʜʥʘ ʢ ˊ-ʩʚʷʟʠ [108, 109]. ʕʣʝʢʪʨʦʥʳ ů-ʩʚʷʟʝʡ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʧʨʠ ʧʝʨʝʥʦʩʝ 

ʟʘʨʷʜʘ. ʇʝʨʝʥʦʩ ʟʘʨʷʜʘ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʘʤʠ -́ʩʚʷʟʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʩʠʤʤʝʪʨʠʯʥʳʭ 2pz-ʦʨʙʠʪʘʣʷʭ, ʦʨʠʝʥʪʠʨʦʚʘʥʥrʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ˊ-ʩʚʷʟʝʡ ʚʝʜʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ ʙʦʢʦʚʦʤʫ ʧʝʨʝʢʨʳʪʠʶ 2pz-ʦʨʙʠʪʘʣʝʡ, ʚʝʜʫʱʝʤʫ ʢ ʣʦʢʘʣʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʢʨʳʪʠʷ [108ï110].  

ʀʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʚʦʡʩʪʚ ʯʠʩʪʦʛʦ L6 ʛʨʘʬʝʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʳ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʵʥʝʨʛʠʡ [111]. 

ʉʚʦʡʩʪʚʘ ʛʨʘʬʝʥʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʟʜʘʥʠʝ 

ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʣʝʥʪ [112, 113], ʩʢʨʫʯʝʥʥʦʛʦ ʜʚʫʭʩʣʦʡʥʦʛʦ [86 ï 90] ʠʣʠ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ [114, 115] ʛʨʘʬʝʥʘ, ʥʘʥʦʪʨʫʙʦʢ [116ï118] ʠ ʬʫʣʣʝʨʝʥʦʚ [118ï121].  

ɺʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʦʚ [122] ʛʨʘʬʝʥʘ, ʢʦʪʦʨʳʝ 

ʦʙʦʟʥʘʯʘʁ ʪʩʷ ʢʘʢ Lx, ʛʜʝ x ï ʦʙʦʟʥʘʯʝʥʠʝ ʮʠʢʣʦʚ ʠʟ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʩʣʦʷ. ʅʘʧʨʠʤʝʨ, L6 ïʛʨʘʬʝʥ ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʰʝʩʪʠʫʛʦʣʴʥʳʝ 

ʮʠʢʣʳ. ʇʦʣʠʤʦʨʬ rʛʨʘʬʝʥʘ ʧʦ ʩʚʦʡʩʪʚʘʤ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʚʦʡʩʪʚ ʯʠʩʪʦʛʦ 

(pristine) ʛʨʘʬʝʥʘ L6. ɺʦʧʨʦʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭʤʝʨʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ 

ʩʚʷʟʘʥ ʩ ʚʦʧʨʦʩʦʤ ʟʘʧʦʣʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʤʠ [123]. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʧʦʣʠʤʦʨʬʦʚ 

ʛʨʘʬʝʥʘ, ʦʪʣʠʯʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʪ ʩʪʨʫʢʪʫʨʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ L6. ʊʘʢ, ʚ 

ʨʘʙʦʪʘʭ [38, 40ï42] ʨʘʩʩʤʦʪʨʝʥʳ ʛʨʘʬʝʥ rL6, L5-6-9, L4-6-12, L3-6-8, L3-9, L4-7, L5-7, L5-6-

7, L5-6-8, L5. 

ɺ ʨʘʙʦʪʝ [29] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʛʨʘʬʝʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʠ ʚʦʩʴ-

ʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ ï L4-8, ʢʦʪʦʨʳʡ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.5. 
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ʈʠʩ. 1.5. ʉʪʨʫʢʪʫʨʘ ʦʢʪʦʛʨʘʬʝʥʘ [29] 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʦʢʪʦʛʨʘʬʝʥ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤ, ʯʝʤ ʛʨʘʬʠʥ ʠ ʛʨʘʬʜʠʠʥ, ʫʞʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ɻʢʩʧʝʨʠʤʝʥʪʝ [124, 

125]. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʣʝʢ-

ʪʨʦʥʘʤʠ -́ʩʚʷʟʝʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʛʨʘʬʝʥʝ L6. 

ɺ ʨʘʙʦʪʝ [37] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʦʣʠʤʦʨʬʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʨʘʬʝʥʘ L6, L4-8, 

L3-12 ʠ L4-6-12, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʤʥʦʛʦʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ, ʢʦʪʦʨʳʝ ʥʘʧʦʤʠʥʘʶʪ 

ʧʨʘʚʠʣʴʥʳʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ. ɸ. ɺ. ʐʫʙʥʠʢʦʚʳʤ [71] ʠ ɹ. ʅ. ɼʝʣʦʥʝ [72] ʙʳʣʦ 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʦʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʩʣʦʷ ʧʨʘʚʠʣʴʥʳʤʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʤʠ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʯʝʪʳʨʴʤʷ ʩʧʦʩʦʙʘʤʠ.  

ɺ ʨʘʙʦʪʝ [37] ʪʘʢʞʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʣʠʤʦʨʬʳ ʩʣʦʝʚ ʛʨʘʬʝʥʘ L5-7, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ 5-7, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʜʝʬʝʢʪʳ ʚʳʟʳʚʘʶʪ ʥʘʠʤʝʥʴʰʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʝʬʝʢʪʘʤʠ 

4-8, 3-12 ʠ 4-6-12. ʂʨʦʤʝ ʪʦʛʦ ʚ ʨʘʙʦʪʝ [37] ʜʘʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʠʤʦʨʬʦʚ L4-6-8, L4-10 ʠ L4-12. ɺ ʮʝʣʦʤ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 12 ʛʨʘʬʝʥʦʚʳʭ 
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ʧʦʣʠʤʦʨʬʦʚ ï ʦʜʠʥ L6, ʦʜʠʥ L4-8, ʦʜʠʥ L3-12, ʦʜʠʥ L4-6-12, ʪʨʠ L4-6-8, ʦʜʠʥ L4-10, ʦʜʠʥ 

L4-12 ʠ ʪʨʠ L5-7. ʉʪʨʫʢʪʫʨʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʦʝʚ ʧʨʠʚʝʜʝʥ rʥʘ ʨʠʩʫʥʢʝ 1.6. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ 

ʥʝʪ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʥʘ ʫʨʦʚʥʝ ʵʥʝʨʛʠʠ ʌʝʨʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʣʠʤʦʨʬʳ L4-12 

ʠ L4-6-8e ʠʤʝʶʪ ʟʘʧʨʝʱʝʥʥʫ  ʁʟʦʥʫ 0.59 ʠ 0.37 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʫ ʁʦʪʥʝʩʝʥʠʶ ʠʭ 

ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ. 

 

ʈʠʩ. 1.6. ʉʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ: (ʘ) ï L6; (ʙ) ï L4-8; (ʚ) ï L3-

12; (ʛ) ï L4-6-12; (ʜ) ï L4-6-8a; (ʝ) ï L4-10; (ʞ) ï L4-12; (ʟ) ï L4-6-8b; (ʠ) ï L5-7a; (ʢ) ï L5-7b; 

(ʣ) ï L4-6-8e; (ʤ) ï L5-7c. [37] 
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1.3. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʛʨʘʬʝʥʘ  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʨʫʧʧ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʝʥʘ [43ï70, 91ï93]. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʣʫʞʠʪ ʧʦʷʚʣʝʥʠʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ 

ʛʨʘʬʝʥʝ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʢ ʥʝʤʫ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠʣʠ ʬʪʦʨʘ, ʢʦʛʜʘ ʦʥ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʚ 

ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ [111].  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ [126], ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʩʣʦʷ ʩʪʨʫʢʪʫʨʘ ʦʩʪʘʝʪʩʷ 

ʧʣʦʩʢʦʡ ʠ ʤʘʣʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ, ʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʛʠʙʫ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʙʦʪʘʭ [74, 91ï93, 127ï135] 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚʦʜʦʨʦʜʦʤ, ʚ ʨʘʙʦʪʘʭ [44, 

54, 55, 62, 136ï149] ï OH-ʛʨʫʧʧʦʡ, ʘ ʚ ʨʘʙʦʪʘʭ [126, 129, 130, 150ï155] ï ʬʪʦʨʦʤ. 

ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ [7, 

43, 45, 50, 53]. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʠʜʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ. 

 

ɻʨʘʬʘʥ 

ɻʨʘʬʘʥʦʤ (ʚʦʜʦʨʦʜʦʛʨʘʬʝʥʦʤ) ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʬʝʥ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ [91ï93]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘ ̫ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʘʥʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.7. ʘ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʛʨʘʬʝʥʘ L6, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʚʦʜʥʠʢʦʤ ʛʨʘʬʘʥ 

ʷʚʣʷʝʪʩʷ ʠʟʦʣʷʪʦʨʦʤ [74, 91ï93, 129ï131], ʯʪʦ ʫʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʨʘʬʝʥʘ. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʘʥʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7.ʙ, 

ʢʦʪʦʨʳʡ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʨʘʙʦʪʝ [92]. ʇʦ ʦʮʝʥʢʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʘʟʣʠʯʥʳʭ 

ʘʚʪʦʨʦʚ [91ï93, 129ï131] h ʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʛʨʘʬʘʥʘ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

3.4 ʜʦ 6.0 ʵɺ. 
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ʈʠʩ. 1.7. (ʘ) ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʘʥʘ; (ʙ) ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʛʨʘʬʘʥʘ [92] 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʛʠʜʨʠʨʦʚʘʥʠʶ ʛʨʘʬʝʥʘ [91ï93] ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʠʟʤʝʥʷʝʪ ʪʠʧ ʛʠʙʨʠʜʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ sp2 ʥʘ 

sp3 ʩ ʫʛʣʘʤʠ ʤʝʞʜʫ ʩʚʷʟʷʤʠ ʫʛʣʝʨʦʜʘ ʦʢʦʣʦ 110Á ʠ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʧʝʨʝʤʝʱʘʶʪʩʷ 

ʠʟ ʛʨʘʬʝʥʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. 

ʇʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʝʚ ʛʨʘʬʘʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʪʦʤ r

ʚʦʜʦʨʦʜʘ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʩʣʦʷ ʚ ʨʘʚʥʦʡ ʧʨʦʧʦʨʮʠʠ ʩ ʮʝʣʴʶ 

ʩʦʭʨʘʥʝʥʠʷ ʧʣʦʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʦʷ. ʇʨʠ ʵʪʦʤ, ʧʦʨʷʜʦʢ (ʪʠʧ) ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢ ʩʣʦʶ ʛʨʘʬʝʥʘ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ. ɺ ʨʘʙʦʪʘʭ [91ï93] 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʪʘʢʦʡ ʪʠʧ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʩʚʷʟʘʥ ʩ ʪʨʝʤʷ ʩʦʩʝʜʥʠʤʠ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʫ ʢʦʪʦʨʳʭ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʘʪʦʤʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʧʣʦʩʢʦʩʪʠ ʩʣʦʷ. ʆʧʠʩʘʥʳ ʪʘʢʞʝ ʜʨʫʛʠʝ ʪʠʧʳ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ [127]. ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ ʧʘʨʘ ʩʦʩʝʜʥʠʭ ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ ʠʤʝʝʪ ʩʦʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʘ ʦʜʠʥ ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ ï ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ɺ 

ʜʨʫʛʦʤ ʧʘʨʘ ʩʦʩʝʜʥʠʭ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʪʘʢ ʞʝ ʠʤʝʝʪ ʩʦʥʘʧʨʘʚʣʝʥʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʘ ʦʢʨʫʞʘʶʱʠʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ï 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦʝ.  



24 

 

ɺ ʨʘʙʦʪʘʭ [74, 128] ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʝʱʝ ʜʚʘ ʪʠʧʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʚʚʝʜʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1.8. ɺ ʨʘʙʦʪʝ [129] ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ 4 ʪʠʧʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʦʜʠʥ ʚʧʝʨʚʳʝ. 

 

ʈʠʩ. 1.8. ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʛʨʘʬʘʥʘ: (ʘ) ï H-L6T1, (ʙ) ï H-L6T2, (ʚ) ï H-L6T3, (ʛ) 

ï H-L6T4, (ʜ) ï H-L6T5 [128] 

 

ɻʨʘʬʘʥ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ [43, 132], 

ʵʣʝʢʪʨʦʥʠʢʝ [43, 74, 91ï93, 129ï131], ʙʠʦʩʝʥʩʦʨʘʭ [43, 133], ʜʣʷ ʦʙʥʘʨʫʞʝʥʠ ̫

ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ [43, 134]. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʭʦʜʘ ʛʨʘʬʘʥʘ ʚ ʩʦʩʪʦʷʥʠʝ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90 ʂ [135]. 

 

ʆʢʠʩʣʝʥʥʳʡ ʛʨʘʬʝʥ 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʨʘʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʥʘʟʳʚʘʪ ɹ ʦʢʩʠʜʦʤ ʛʨʘʬʝʥʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʫʱʝʩʪʚʫʶʪ ʤʦʜʝʣʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʢ ʩʣʦʶ ʛʨʘʬʝʥʘ, ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ [136ï146]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʢʠʩʣʝʥʥʳʤ ʛʨʘʬʝʥʦʤ ʥʘʟʳʚʘʝʪʩʷ ʮʝʣʳʡ ʨʷʜ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 
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ʨʘʟʣʠʯʥʳʤʠ. ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʤʦʜʝʣʝʡ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʝʥʘ ʷʚʣʷʣʠʩʴ ʤʦʜʝʣʠ 

ʍʦʬʤʘʥʥʘ [142], ʈʘʝʩʩʘ [139], ʐʦʣʴʮʘ-ɹʵʤʘ [143], ʅʘʢʘʜʞʠʤʳ-ʄʘʪʩʫʦ [137].  

ɺʝʨʦʷʪʥʦ, ʚʧʝʨʚʳʝ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʝʥʘ ʙʳʣ ʦʧʠʩʘʥ ɹ. 

ɹʨʦʜʠ ʚ 1869 ʛʦʜʫ [147]. ʇʦʣʫʯʝʥʥʳʡ ʥʘ ʧʨʘʢʪʠʢʝ ʦʢʠʩʣʝʥʥʳʡ ʛʨʘʬʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʛʨʘʬʝʥʦʚʳʡ ʩʣʦʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ʫʧʘʢʦʚʢʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʚʘʨʴʠʨʫʶʱʝʡʩʷ ʚ ʧʨʝʜʝʣʘʭ ʣʠʩʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ [55], ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʯʠʩʪʳʡ ʛʨʘʬʝʥ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʦʬʦʙʥʳʤ ʠ ʯʝʨʝʟ ʥʝʛʦ ʥʝ ʧʨʦʭʦʜʷʪ ʛʘʟʳ ʠ ʞʠʜʢʦʩʪʠ, ʦʢʩʠʜ ʛʨʘʬʝʥʘ ʧʨʦʧʫʩʢʘʝʪ 

ʚʦʜʫ ʠ ʚʦʜʷʥʳʝ ʧʘʨʳ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [136] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʠ ʨʘʚʥʘ 4.0 

ɺɻ. ʉʚʦʡʩʪʚʘ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʪʘʢʠʤ 

ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʤʝʩʠ, ʦʙʣʫʯʝʥʠʝ, ʭʠʤʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠ ʜʨ. [44, 54, 55, 62, 

63, 145, 148, 149]. 

ʌʪʦʨʦʛʨʘʬʝʥ 

ʌʪʦʨʠʨʦʚʘʥʥʳʡ ʛʨʘʬʝʥ ʧʨʦʷʚʣʷʝʪ ʢʘʢ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ [129, 130, 

150ï152] ʪʘʢ ʠ ʜʠʵʣʝʢʪʨʠʢʘ [129, 153] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʠʤʘʝʤʦʡ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɺ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʬʪʦʨʦʛʨʘʬʝʥʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3.1 ʵɺ ʜʦ 8.3 ʵɺ [129, 130, 150ï153]. 

ʌʪʦʨʠʨʦʚʘʥʠʝ ʚʝʜʝʪ ʢ ʪʠʧʫ ʛʠʙʨʠʜʠʟʘʮʠʠ sp3. ʌʪʦʨʦʛʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʳʤ 

[129, 130, 151, 152], ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʤ [151, 152], ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤ [70, 

130, 151, 152], ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʷʤ ʥʘ ʠʟʛʠʙ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [130, 151]. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʬʪʦʨʦʛʨʘʬʝʥʘ. ʆʜʠʥ ʠʟ ʥʠʭ ï ʤʝʭʘʥʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ 

[130, 154]. ɺ ʜʨʫʛʦʤ ʛʨʘʬʝʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʘʪʦʤʘʨʥʦʛʦ ʬʪʦʨʘ, 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʜʠʬʪʦʨʠʜʘ ʢʩʝʥʦʥʘ [130, 151, 155].  

ʌʪʦʨʦʛʨʘʬʝʥ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʨʦʡʩʪʚ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ [70, 

130, 151, 152]. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʬʪʦʨʦʛʨʘʬʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʛʠʙʢʠʭ ʜʠʩʧʣʝʝʚ [70, 130, 151, 152].  
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1.4. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʚʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ 

ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʥʝʤʫ 

ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ 

L6 ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʬʪʦʨʦʤ ʛʨʘʬʝʥ ʠʩʩʣʝʜʦʚʘʣʩʷ ʣʠʰʴ 

ʜʣʷ ʛʨʘʬʝʥʦʚʦʛʦ ʧʦʣʠʤʦʨʬʘ ʛʨʘʬʝʥʘ L6 ʩ ʦʜʥʠʤ ʪʠʧʦʤ ʬʪʦʨʦʛʨʘʬʝʥʘ L6. ʆʜʥʘʢʦ, 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ ʧʦʣʠʤʦʨʬʦʚ ʬʪʦʨʦʛʨʘʬʝʥʘ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʚʦʜʦʨʦʜʦʤ ʛʨʘʬʝʥ (ʛʨʘʬʘʥ) ʠʩʩʣʝʜʦʚʘʣʩʷ ʜʣʷ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ ʛʨʘʬʝʥʘ L6 ï T1, T2, T3, T4, T5. ʀʩʩʣʝʜʦʚʘʥʠʡ ʜʨʫʛʠʭ 

ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʘʥʘ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʛʨʘʬʝʥ (ʛʠʜʨʦʢʩʠʛʨʘʬʝʥ) ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʪʦʣʴʢʦ ʚ 

ʤʦʜʝʣʷʭ ʩ ʥʝʧʦʣʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʧʦʣʠʤʦʨʬʘ ʛʨʘʬʝʥʘ L6. ʀʩʩʣʝʜʦʚʘʥʠʡ 

ʜʨʫʛʠʭ ʧʦʣʠʤʦʨʬʦʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʉʚʦʡʩʪʚʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ. ʇʨʦʚʦʜʠʚʰʠʝʩʷ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠʤʝʣʠ ʜʝʣʦ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʣʠʙʦ ʩʦ 100%-ʥʳʤ 

ʟʘʧʦʣʥʝʥʠʝʤ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ ʥʝʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ, ʣʠʙʦ ʩ ʯʘʩʪʠʯʥʳʤ 

ʟʘʧʦʣʥʝʥʠʝʤ ʢʘʢʦʡ-ʪʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ 

ʘʪʦʤʦʚ ʬʪʦʨʘ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʉʚʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠ 

ʝʛʦ ʧʦʣʠʤʦʨʬʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʠʟ ʤʦʥʦʩʣʦʝʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ʎʝʣʴʁ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʛʨʘʬʝʥʘ ʠ ʝʛʦ ʧʦʣʠʤʦʨʬʦʚ ʨʘʟʣʠʯʥʳʤʠ ʥʝʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʥʘ ʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ɻʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ.  
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ʇʈʆɺɽɼɽʅʀʗ ʈɸʉʏɽʊʆɺ ʉʊʈʋʂʊʋʈʓ ʀ 

ʕʃɽʂʊʈʆʅʅʓʍ ʉɺʆʁʉʊɺ ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʆɻʆ ɻʈɸʌɽʅɸ 

2.1. ɺʳʙʦʨ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ  

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʩʣʦʝʚ ʠ ʢʨʠʩʪʘʣʣʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʤʠ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʝʪʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ MM+ [156ï160]. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʙʳʣ 

ʚʳʙʨʘʥ ʬʪʦʨʦʛʨʘʬʠʪ L6 ʪʠʧʘ ʊ1 [74], ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʘʪʦʤʦʤ ʬʪʦʨʘ ʦʢʨʫʞʝʥ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, 

ʢ ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʜʨʫʛʠʝ ʘʪʦʤʳ ʬʪʦʨʘ ʧʨʠʩʦʝʜʠʥʝʥʳ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʩʪʦʨʦʥʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ d1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʤʠ ʩʣʦʷʤʠ, 

ʨʘʚʥʳ 5.30 ¡ (ʨʠʩ. 2.1 ʘ). 

 

                      ʘ                                                                      ʙ 

ʈʠʩ. 2.1. (ʘ) ï ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʬʪʦʨʦʛʨʘʬʠʪʘ L6 ʪʠʧʘ T2, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʫʧʘʢʦʚʘʥʥʳʭ ʚ ʩʪʦʧʢʠ ʩʣʦʝʚ ʬʪʦʨʦʛʨʘʬʝʥʘ, ʠ (ʙ) ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʘʣʘ 2 

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ 2 ʘʪʦʤʘ ʬʪʦʨʘ (ʨʠʩ. 2.2. ʙ), ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʪʨʘʥʩʣʷʮʠʡ: a = b = 2.598 ¡, c = 5.901 ¡, ʫʛʦʣ ɔ = 120Á, ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (ʪʘʙʣ. 2.1). 
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ʊʘʙʣʠʮʘ 2.1. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (ʚ ʜʦʣʷʭ ʚʝʢʪʦʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ)  

 ̄ ɸʪʦʤ x y z 

1 ʉ 0 0 0 

2 ʉ 0.333 0.667 ï 0.059 

3 F 0 0 0.254 

4 F 0.333 0.667 ï 0.312 

 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ ʜʘʣʝʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥ rʚ ʪʘʙʣʠʮʝ 2.2. 

ʊʘʙʣʠʮʘ 2.2. ʈʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ d ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʬʪʦʨʦʛʨʘʬʝʥʘ 

 ̄

ʀʥʜʝʢʩʳ ʄʠʣʣʝʨʘ d, ¡ 2ɗ, ʛʨʘʜ 

h k l ʈʘʩʯʝʪ 
ʕʢʩʧʝ-

ʨʠʤʝʥʪ 
ʈʘʩʯʝʪ 

ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

1 0 0 1 5.30 5.30 16.7 16.7 

2 0 0 2 2.65 ï 33.8 ï 

3 ï ï ï ï 3.16 ï 28.2 

4 1 0 0 2.14 2.14 42.1 42.1 

5 1 0 1 1.98 1.95 46.6 46.4 

6 1 0 2 1.67 1.54 55.0 59.8 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʦʤʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʥʘʤʠ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʦʙʨʘʟʮʝ ʬʪʦʨʦʛʨʘʬʠʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʉʆ ʈɸʅ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [151]. ʆʙʨʘʟʝʮ 

ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʠʚʠʷ ʬʪʦʨʘ ʩ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʤ 

ʧʠʨʦʣʠʪʠʯʝʩʢʠʤ ʛʨʘʬʠʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ 99.4% ʫʛʣʝʨʦʜʘ ʠ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 

ʧʦʨʷʜʢʘ 10 ʤʢʤ. ɻʘʟʦʦʙʨʘʟʥʳʡ ʬʪʦʨ ʚʚʦʜʠʣʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

115Áʉ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ ʠ ʜʘʚʣʝʥʠʠ 

ʬʪʦʨʘ ʚ 1 ʘʪʤʦʩʬʝʨʫ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʬʪʦʨʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʠʟʤʝʥʝʥʠʝʤ 

ʮʚʝʪʘ ʩʦʝʜʠʥʝʥʠʷ ʩ ʯʝʨʥʦʛʦ ʥʘ ʙʝʣʝʩʳʡ. ʂʦʥʪʨʦʣʴ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ 

ʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ F/C,  

ʙʣʠʟʢʦʝ ʢ ʝʜʠʥʠʮʝ.  
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ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-3 ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʏʝʣɻʋ ʙʳʣʘ ʩʥʷʪʘ ʧʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ. ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʨʠʚʝʜʝʥʘ 

ʧʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʦʪ 15 ʜʦ 96Á (ʨʝʥʪʛʝʥʦʚʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ CukŬ). ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥ ʦʪʯʝʪʣʠʚʳʡ 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʤʘʢʩʠʤʫʤ ʠ ʯʝʪʳʨʝ ʨʘʟʤʳʪʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʘ. ɼʣʷ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʦʨʤʳ ʧʨʦʬʠʣʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʙʳʣʘ ʩʥʷʪʘ ʝʱʝ ʦʜʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʦʪ 

10 ʜʦ 25Á ʥʘ ʩʢʦʨʦʩʪʠ 0.5Á ʚ ʤʠʥʫʪʫ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚ ʜʠʬʨʘʢʮʠʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʠʢʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ.  

 

ʈʠʩ. 2.2. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʬʪʦʨʦʛʨʘʬʠʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ 

ʥʝʦʨʛʘʛʠʯʝʩʢʦʡ ʭʠʤʠʠ ʉʆ ʈɸʅ 

ɺ ʪʘʙʣʠʮʝ 2.3 ʧʨʠʚʝʜʝʥʳ ʫʛʣʳ ʜʠʬʨʘʢʮʠʠ, ʘ ʚ ʪʘʙʣʠʮʝ 2.2 ï ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʧʠʢʘʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ. 

ʊʘʙʣʠʮʘ 2.3. ʋʛʣʳ ʜʠʬʨʘʮʠʠ 

 ̄ 2ɗ, Á ɗ, Á 

1 16.70 8.35 

2 28.20 14.10 

3 42.10 21.05 

4 46.40 23.20 

5 59.80 29.90 
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ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮ r2.2 ʥʘʠʣʫʯʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʟʤʝʨʝʥʥʳʭ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ d1, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ ʬʪʦʨʦʛʨʘʬʝʥʘ ʠ d4, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʚʥʫʪʨʠʩʣʦʝʚʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ. ɼʨʫʛʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʜʚʠʛʠ ʩʣʦʝʚ ʬʪʦʨʦʛʨʘʬʝʥʘ 

ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʧʣʦʭʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʧʨʠʰʣʠ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʨʘʩʯʝʪ ʤʝʪʦʜʦʤ MM+ ʷʚʣʷʝʪʩʷ 

ʥʝʢʦʨʨʝʢʪʥʳʤ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʪʦʨʦʛʨʘʬʠʪʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʠʝ ʨʘʩʯʝʪʳ ʩʪʨʫʢʪʫʨʳ ʬʪʦʨʦʛʨʘʬʠʪʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʛʨʘʬʝʥʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ: ʤʝʪʦʜʘʤʠ ʘʪʦʤ-ʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʤʠ ʤʝʪʦʜʘʤʠ [161ï167] ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʚ 

ʦʙʦʙʱʝʥʥʦʤ ʛʨʘʜʠʝʥʪʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (DFT-GGA). 

2.2. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩʣʦʝʚʳʭ ʩʪʨʫʢʪʫʨ 

ʈʘʩʯʝʪʳ ʩʣʦʝʚʳʭ ʩʪʨʫʢʪʫʨ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ ʧʨʦʚʦʜʠʣʠʩʴ 

ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠʠ ʦʙʦʙʱʝʥʥʦʛʦ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʩ ʦʪʢʨʳʪʳʤ 

ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ Quantum ESPRESSO. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʠʤʝʶʱʠʤʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʨʘʟʤʝʨ. ɺʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ ʨʘʩʢʣʘʜʳʚʘʣʠʩʴ 

ʧʦ ʫʩʝʯʸʥʥʦʤʫ ʙʘʟʠʩʥʦʤʫ ʥʘʙʦʨʫ ʧʣʦʩʢʠʭ ʚʦʣʥ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ 

ʦʛʨʘʥʠʯʝʥʘ ʟʥʘʯʝʥʠʝʤ 70 ʈʠʜʙʝʨʛ. ʏʠʩʣʦ k-ʪʦʯʝʢ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʦʥʳ 

ɹʨʠʣʣʶʵʥʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 12Ā12Ā12 ʢʘʢ ʜʣʷ ʤʦʥʦʩʣʦʝʚ, ʪʘʢ ʠ ʜʣʷ 

ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢʪʫʨ ʩʣʦʝʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʠʧʘ ʟʘʧʦʣʥʝʥʠʷ ʩʣʦʷ ʧʝʨʝʙʠʨʘʣʠʩʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʩʠʥʛʦʥʠʡ. 

ʕʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʘʥʳ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʷʨʥʫʶ ʛʨʫʧʧʫ: 

C-F, C-H ʠ C-OH. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʩʣʦʝʚ ʬʪʦʨʦʛʨʘʬʝʥʘ ʠ 

ʛʨʘʬʘʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʨʘʙʦʪʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʘʨʘʤʝʪʨ ʜʝʬʦʨʤʘʮʠʠ Def [128], ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ  

                                                 Def = Вȿʒɀʒȿ,                                          (2.4) 
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ʛʜʝ ű1, ű2, ű3 ï ʫʛʣʳ ʤʝʞʜʫ ʩʚʷʟʴʶ C-X ʠ C-C-ʩʚʷʟʷʤʠ (X ï ʧʨʠʩʦʝʜʠʥʷʝʤʳʡ ʘʪʦʤ), 

ű4, ű5, ű6 ï ʫʛʣʳ ʤʝʞʜʫ C-C-ʩʚʷʟʷʤʠ ʚ ʪʨʝʭʛʨʘʥʥʦʡ ʧʠʨʘʤʠʜʝ, ʚ ʚʝʨʰʠʥʝ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥ ʘʪʦʤ X, űD = 

109.47Á ï ʫʛʦʣ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ C-C-ʩʚʷʟʷʤʠ ʚ ʠʜʝʘʣʴʥʦʤ ʘʣʤʘʟʝ (ʩʤ. ʨʠʩ 2.3).  

 

 

ʈʠʩ. 2.3. ʋʛʣʳ ű1, ű2, ű3 ʤʝʞʜʫ ʩʚʷʟʴʶ C-X ʠ C-C-ʩʚʷʟʷʤʠ (X ï 

ʧʨʠʩʦʝʜʠʥʷʝʤʳʡ ʘʪʦʤ), ű4, ű5, ű6 ï ʫʛʣʳ ʤʝʞʜʫ C-C-ʩʚʷʟʷʤʠ 

 

2.3. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʪʨʝʭʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʣʦʝʚʳʭ ʩʪʨʫʢʪʫʨ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʚ ʨʘʙʦʪʝ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʦʙʱʝʥʥʦʤ 

ʛʨʘʜʠʝʥʪʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (DFT-GGA) [161, 164ï171]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩ 

ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʪʨʫʢʪʫʨ rʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʆʜʥʘʢʦ ʜʣʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʠʟ 

ʩʣʦʝʚʳʭ ʜʚʫʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʯʝʪ ʩʪʨʫʢʪʫʨ rʤʝʪʦʜʦʤ DFT-GGA ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʢʦʨʨʝʢʪʥʳʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫʯʝʪʘ ʤʝʞʩʣʦʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ [162, 163]. 

ɼʣʷ ʫʯʝʪʘ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦʛʦ ʤʝʞʩʣʦʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʤʝʪʦʜ ʘʪʦʤ-ʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [172ï174]. ɼʣ̫ ʨʘʩʯʝʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚ ʬʪʦʨʦʛʨʘʬʠʪʦʚʳʭ ʢʨʠʩʪʘʣʣʘʭ ʙʳʣʦ ʨʝʰʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʘʪʦʤ-ʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 



32 

 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ [33, 172ï174]. ɺ ʢʨʠʩʪʘʣʣʳ ʬʪʦʨʦʛʨʘʬʠʪʘ 

ʚʭʦʜʷʪ ʘʪʦʤʳ ʬʪʦʨʘ ʠ ʫʛʣʝʨʦʜʘ, ʧʦʵʪʦʤʫ ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʤʝʞʘʪʦʤʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʙʫʪʁʩʷ ʧʦʪʝʥʮʠʘʣʳ ʜʣʷ ʫʯʝʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ C-C, C-F ʠ F-F.  

ɺ ʫʛʣʝʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʙʳʣ ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥ ʧʦʪʝʥʮʠʘʣ ɹʫʢʠʥʛʝʤʘ 

[33, 173]:  

                                               E = ï AR
-6+ Bexp(-ŬR).    (2.1) 

ʛʜʝ R ï ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, A, B ï ʢʦʥʩʪʘʥʪʳ.  

ʕʪʦʪ ʧʦʪʝʥʮʠʘʣ ʙʳʣ ʚʟʷʪ ʜʣʷ ʦʧʠʩʘʥʠʷ C-C-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ A, B ʠ Ŭ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʤʦʥʦʛʨʘʬʠʠ ʂʠʪʘʡʛʦʨʦʜʩʢʦʛʦ [172, 174]. 

ɼʣʷ ʦʧʠʩʘʥʠʷ C-F- ʠ F-F-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʪʝʥʮʠʘʣ 

ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ: 

                                         E = ï CR-6 + DR-12 = τ‐ ,      (2.2) 

ʛʜʝ R ï ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, C, D ï ʢʦʥʩʪʘʥʪʳ. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʧʦʣ-

ʥʷʣʩʷ ʧʦ ʥʘʙʦʨʫ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʜʣʠʥʘʭ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʠ ʵʥʝʨʛʠʷʭ 

ʩʚʷʟʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʬʪʦʨʫʛʣʝʨʦʜʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ [175, 176]. 

ʉ ʮʝʣʴʶ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ 

ʬʪʦʨʦʛʨʘʬʠʪʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʣʦʝʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʬʪʦʨʦʛʨʘʬʝʥʘ ʥʘʤʠ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʘʪʦʤ-ʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʉʫʪʴ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ɹʫʢʠʥʛʝʤʘ ʠ 

ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ ʜʣʷ F-F-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʪʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ ʫʜʚʦʝʥʥʳʡ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʩʢʠʡ ʨʘʜʠʫʩ 2.92 ¡. ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʘʨʘʤʠ ʘʪʦʤʦʚ ʬʪʦʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪ rʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʘʨʜʘ-

ɼʞʦʥʩʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʧʦ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʬʪʦʨʘ F2 6.54 ʢɼʞ/ʤʦʣʴ [176]. ʂʦʵʬʬʠʮʠʝʥʪ „ = 0.26 ʥʤ ʙʳʣ 

ʨʘʩʩʯʠʪʘʥ ʢʘʢ ʨʘʚʥʦʚʝʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ ʬʪʦʨʘ, 

ʜʝʣʝʥʥʦʝ ʥʘ 21/6. ʂʦʵʬʬʠʮʠʝʥʪ Ů = 336.4 ɼʞ/ʤʦʣʴ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʪʘʢ, ʯʪʦʙʳ 
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ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʩʢʦʡ ʩʚʷʟʠ ʦʪʜʝʣʴʥʦʛʦ ʘʪʦʤʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʬʪʦʨʘ F2 ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ [176]. 

ɼʣʷ C-F-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʦʵʬʬʠʮʠʝʥʪ rů ʠ Ů ʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ 

ʙʳʣʠ ʧʨʠʥʷʪʳ ʢʘʢ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠ ̫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʧʦʪʝʥʮʠʘʣʝ ʃʝʥʥʘʨʜʘ-

ɼʞʦʥʩʘ ʜʣʷ C-C ʠ ʜʣʷ F-F ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: ů = 0.299 ʥʤ, Ů = 308.4776 ɼʞ/ʤʦʣʴ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʠ ʫʛʣʝʨʦʜʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ʩʫʤʤʝ ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʩʢʠʭ ʨʘʜʠʫʩʦʚ ʵʪʠʭ ʘʪʦʤʦʚ: 1.77 ¡ + 1.46 ¡ = 3.23 ¡. 

ʅʘʡʜʝʥʥʳʝ ʧʦʩʣʝ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʣʷ C-F ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʦʩʪʘʚʠʣʠ: C1 = 0.6413 ɼʞĬʥʤ
6 ʠ D1 = 0.4582 ʤɼʞĬʥʤ

12, ʘ ʜʣʷ F-F ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

C2 = 0.2085 ɼʞĬʥʤ
6 ʠ D2 = 0.0646 ʤɼʞĬʥʤ

12. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ C-C ʧʦʪʝʥʮʠʘʣʘ 

ʃʝʥʘʨʜʘ-ɼʞʦʥʩʘ ʧʦ ʧʦʪʝʥʮʠʘʣʫ ɹʫʢʠʥʛʝʤʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʉ ʠ D. ʈʘʩʯʝʪ 

ʩʪʨʫʢʪʫʨ ʩ ʵʪʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʥʮʠʘʣʘ ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ ʧʦʢʘʟʘʣ 

ʪʦʞʜʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʨʘʩʯʝʪʘʤʠ ʩʪʨʫʢʪʫʨ ʧʦ ʧʦʪʝʥʮʠʘʣʫ ɹʫʢʠʥʛʝʤʘ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʘʪʦʤ-ʘʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʯʘʣʴʥʦʛʦ ʜʦʧʫʱʝʥʠʷ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʩʢʠʡ ʨʘʜʠʫʩ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʠ ʬʪʦʨʘ ʚʦ ʚʩʝʭ ʧʦʪʝʥʮʠʘʣʘʭ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ ʩʦʩʪʘʚʣʝ̫ʪ ʜʣʷ ʘʪʦʤʘ 

ʫʛʣʝʨʦʜʘ 1.77 ¡ [177, 178], ʘ ʜʣʷ ʘʪʦʤʘ ʬʪʦʨʘ 1.46 ¡ [177]. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʨʘʜʠʫʩʦʚ 

ʘʪʦʤʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ɸʣʴʚʘʨʝʩʦʤ [177] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʙʦʣʝʝ, ʯʝʤ 600 

ʪʳʩʷʯ ʩʪʨʫʢʪʫʨ ʠʟ ʂʵʤʙʨʠʜʞʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (Cambridge Structural Database). 

ʈʘʩʯʝʪ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʪʨʝʭʤʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʬʪʦʨʦʛʨʘʬʠʪʘ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʧʘʨʘʣʣʝʣʴʥʦ ʫʣʦʞʝʥʥʳʭ ʤʦʥʦʩʣʦʝʚ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʪʦʨʦʤ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ, ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʚʝ ʩʪʘʜʠʠ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪʘ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʘʪʦʤ-ʘʪʦʤʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʳʣ ʚʟʷʪ ʧʦʪʝʥʮʠʘʣ ɹʘʢʠʥʛʝʤʘ, 

ʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʚʷʟʝʡ ʫʛʣʝʨʦʜ-ʬʪʦʨ ʠ ʬʪʦʨ-ʬʪʦʨ ï ʧʦʪʝʥʮʠʘʣ 

ʃʝʥʥʘʨʜʘ-ɼʞʦʥʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʤʦʥʦʩʣʦʝʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ, ʥʘʡʜʝʥʥʘʷ ʨʘʥʝʝ ʤʝʪʦʜʦʤ DFT-GGA. ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʦʤ ʧʨʦʛʨʘʤʤʘ (ʥʘ ʷʟʳʢʝ C++). ɺ 
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ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʦʚ ʢʘʞʜʦʛʦ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʪʝʥʮʠʘʣʳ, 

ʠʤʝʶʱʠʝ ʥʘʠʣʫʯʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɺʘʨʴʠʨʦʚʘʥʠʝʤ 

ʧʦʣʦʞʝʥʠʷ ʩʦʩʝʜʥʠʭ ʩʣʦʝʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘʭʦʜʠʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʩʚʷʟʝʡ. ʇʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ ʧʨʦʭʦʜʠʣʘ ʚ 3 ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʩʦʩʝʜʥʠʝ ʩʣʦʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʪʦʯʥʦ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʠ ʚʘʨʴʠʨʦʚʘʣʦʩʴ 

ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʤʝʞʩʣʦʝʚʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʚʘʨʴʠʨʦʚʘʣʩʷ ʩʜʚʠʛ ʦʜʥʦʡ ʤʦʥʦʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ. ʅʘ ʪʨʝʪʴʝʤ 

ʵʪʘʧʝ ʚʥʦʚʴ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʥʘʭʦʜʠʣʩʷ ʛʣʦʙʘʣʴʥʳʡ 

ʤʠʥʠʤʫʤ ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ. 

ʅʘ ʚʪʦʨʦʡ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʤʝʪʦʜʦʤ DFT-GGA ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ 

ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʩʪʨʫʢʪʫʨʳ ʬʪʦʨʦʛʨʘʬʠʪʦʚ ʤʝʪʦʜʦʤ ʘʪʦʤ-ʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʦ ʘʚʪʦʨʩʢʦʡ ʧʨʦʛʨʘʤʤʝ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʩʣʦʷʭ ʚʩʝʛʜʘ ʙʳʣʦ ʙʦʣʴʰʝ 4500. ɿʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʦʡ ʩʚʷʟʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ 441 ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʚʝʢʪʦʨʦʚ ʩʜʚʠʛʘ, ʟʘʜʘʚʘʝʤʳʭ ʚ ʧʨʝʜʝʣʘʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʬʪʦʨʦʛʨʘʬʝʥʦʚʦʛʦ 

ʩʣʦʷ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʘhʛ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʩʜʚʠʛʘ ȹX ʠ ȹY ʦʪ ʜʣʠʥ 

ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ a ʠ b ʨʘʚʥʷʣʩʷ 0.05. ʕʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚ 

ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʨʠʭʦʜʷʱʠʤʠʩʷ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʷʨʥʫʶ ʛʨʫʧʧʫ: C-F, C-H ʠ 

C-OH. 

2.4. ʊʠʧʳ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨ 

ʇʦʣʠʤʦʨʬʳ ʛʨʘʬʝʥʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʛʨʘʬʝʥʘ ʪʝʤ, 

ʯʪʦ ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ ʩʣʦʝʚ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝ ʚ ʚʝʨʰʠʥʘʭ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ, 

ʢʘʢ ʚ ʛʨʘʬʝʥʝ L6, ʘ ʚ ʚʝʨʰʠʥʘʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ (ʮʠʢʣʦʚ), ʠʤʝʶʱʠʭ ʜʨʫʛʦʝ ʯʠʩʣʦ 

ʚʝʨʰʠʥ. ɺ ʩʪʨʫʢʪʫʨʝ ʦʩʥʦʚʥʳʭ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ ʚʩʝ ʘʪʦʤʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʷʭ. ʕʪʦ ʧʦʣʠʤʦʨʬ r

ʛʨʘʬʝʥʘ: L6, L4-8, L3-12, L4-6-12 [71, 72]. ɺʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʣʠʤʦʨʬʦʚ 

ʛʨʘʬʝʥʘ ʩ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʟʠʮʠʷʤʠ 
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ʘʪʦʤʦʚ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʧʦʣʠʤʦʨʬ L5-7. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʣʠʤʦʨʬʦʚ L6, L4-8, L3-12, L4-6-12, L5-7. 

ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʪʘʢ, ʯʪʦʙʳ ʩ ʢʘʞʜʦʡ 

ʠʟ ʩʪʦʨʦʥ ʩʣʦʷ ʧʨʠʩʦʝʜʠʥʷʣʦʩʴ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ï ʪʠʧʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʢ 

ʧʦʣʠʤʦʨʬʘʤ ʛʨʘʬʝʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʣʠʰʴ ʪʘʢʠʝ ʪʠʧʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ T1, T2, 

T3, T4, T5, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʧʦʟʠʮʠʷʭ. ʕʪʠ ʪʠʧʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.4. 

 
L6T1 

 
L6T2 

 
L6T3 

 
L6T4 

 
L6T5 

 
L3-12T1 

 
L4-6-12T1 

 
L4-6-12T2 

 
L4-6-12T3 

 
L5-7T1 

 
L5-7T2 

 
L4-8T1 

 
L4-8T2 

 
L4-8T3 

 
L4-8T4 

 
L4-8T5 

 
L4-8T6 

 

ʈʠʩ. 2.4. ʊʠʧʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠ ʠʭ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ. 

ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ, ʘ ʩʠʥʠʤ ï ʩ ʜʨʫʛʦʡ 

ʊʠʧʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ L6 [128] 

L6T1 ï ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ ʥʝʤʫ ʥʝʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ ʩʦʝʜʠʥʝʥ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʩ ʥʝʫʛʣʝʨʦʜʥʳʤʠ 

ʘʪʦʤʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ. 

L6T2 ï ʧʘʨʳ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʢ ʥʠʤ ʥʝʫʛʣʝʨʦʜʥʳʤʠ 

ʘʪʦʤʘʤʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ 

ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ (ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʘʨʳ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʢ ʥʠʤ ʥʝʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 
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ʩʣʦʷ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʩʦʩʝʜʥʠʭ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ 

(ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤ). 

L6T3 ï ʯʝʨʝʜʫʶʪʩʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ 

ʩʦʥʘʧʨʘʚʣʝʥʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. 

L6T4 ï ʯʝʨʝʜʫʶʪʩʷ ʢʨʝʩʣʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ 

ʩʦʥʘʧʨʘʚʣʝʥʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. 

L6T5 ï ʯʝʨʝʜʫʪʁʩʷ ʧʘʨr ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʦ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʤ ʮʝʧʦʯʢʘʤ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʧʘʨʥʦ ʪʦ ʩ ʦʜʥʦʡ 

(ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ), ʪʦ ʩ ʜʨʫʛʦʡ (ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤ) ʩʪʦʨʦʥʳ ʩʣʦʷ. 

ʊʠʧ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ L3-12 

L3-12T1 ï ʚ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʪʨʝʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʯʝʨʝʜʫʝʪʩʷ ï ʚ ʦʜʥʦʤ ʪʨʝʫʛʦʣʴʥʦʤ ʮʠʢʣʝ ʥʝʫʛʣʝʨʦʜʥʳʝ 

ʘʪʦʤʳ ʧʨʠʩʦʝʜʠʥʝʥʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʚ ʩʦʩʝʜʥʝʤ ï ʩ ʜʨʫʛʦʡ.  

ʊʠʧʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ L4-6-12 

L4-6-12T1 ï ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ ʥʝʤʫ ʥʝʫʛʣʝʨʦʜʥʳʤ 

ʘʪʦʤʦʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ ʩʦʝʜʠʥʝʥ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʩ ʥʝʫʛʣʝʨʦʜʥʳʤʠ 

ʘʪʦʤʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ.  

L4-6-12T2 ï ʚ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ ʯʝʨʝʜʫʶʪʩʷ ʧʘʨʳ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ ʠ ʧʘʨʳ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ;  

L4-6-12T3 ï ʚ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʯʝʨʝʜʫʝʪʩʷ ï ʚ ʦʜʥʦʤ ʰʝʩʪʠʫʛʦʣʴʥʦʤ ʮʠʢʣʝ ʥʝʫʛʣʝʨʦʜʥʳʝ 

ʘʪʦʤʳ ʧʨʠʩʦʝʜʠʥʝʥʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʚ ʩʦʩʝʜʥʝʤ ï ʩ ʜʨʫʛʦʡ. 

ʊʠʧʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ L5-7 

L5-7T1 ï ʧʘʨʳ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʷʚʣʷʶʱʠʝʩʷ ʦʙʱʠʤʠ ʜʣʷ ʜʚʫʭ 

ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʧʷʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ, ʧʨʠʩʦʝʜʠʥʷʶʪ ʥʝʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤ rʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʘ ʩʦʩʝʜʩʪʚʫʶʱʠʝ ʩ ʥʠʤʠ ʧʘʨʳ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʩʝʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ 

ʧʨʠʩʦʝʜʠʥʷʶʪ ʥʝʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ. 
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L5-7T2 ï ʚ ʜʚʫʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʧʷʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ ʯʝʪʳʨʝ 

ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʧʨʠʩʦʝʜʠʥʷʶʪ ʥʝʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʩʣʦʷ, ʘ ʜʨʫʛʘʷ ʯʝʪʚʝʨʢʘ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ï ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ. 

ʊʠʧʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ L4-8 

L4-8T1 ï ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ ʥʝʤʫ ʥʝʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ, ʩʦʝʜʠʥʝʥ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʩ ʥʝʫʛʣʝʨʦʜʥʳʤʠ 

ʘʪʦʤʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ. 

L4-8T2 ïʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʩʣʦʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʦʜʥʦʡ ʜʠʘʛʦʥʘʣʠ ʯʝʪʳʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ 

ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʜʨʫʛʦʡ ʜʠʘʛʦʥʘʣʠ ʵʪʦʛʦ ʞʝ ʯʝʪʳʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ. 

L4-8T3 ï ʦʜʥʘ ʩʪʦʨʦʥʘ ʯʝʪʳʨʝʭʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ 

ʥʝʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ, ʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʥʝʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ, 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ. ʇʨʠ ʵʪʦʤ ʣʠʥʠʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʯʝʨʝʟ ʧʘʨʳ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ ʥʝʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʩʣʦʷ, ʦʢʘʟʳʚʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʣʠʥʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʯʝʨʝʟ ʧʘʨʳ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩ 

ʥʝʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ. 

L4-8T4 ï ʚ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʯʝʨʝʜʫʝʪʩʷ ï ʚ ʦʜʥʦʤ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʤ ʮʠʢʣʝ ʥʝʫʛʣʝʨʦʜʥʳʝ 

ʘʪʦʤʳ ʧʨʠʩʦʝʜʠʥʝʥʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʚ ʩʦʩʝʜʥʝʤ ï ʩ ʜʨʫʛʦʡ. 

L4-8T5 ï ʚ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʚʦʩʴʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʯʝʨʝʜʫʝʪʩʷ ï ʚ ʦʜʥʦʤ ʚʦʩʴʤʠʫʛʦʣʴʥʦʤ ʮʠʢʣʝ ʥʝʫʛʣʝʨʦʜʥʳʝ 

ʘʪʦʤʳ ʧʨʠʩʦʝʜʠʥʝʥʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʚ ʩʦʩʝʜʥʝʤ ï ʩ ʜʨʫʛʦʡ. 

L4-8T6 ï ʯʝʨʝʜʫʶʪʩʷ ʢʨʝʩʣʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ 

ʩʦʥʘʧʨʘʚʣʝʥʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʙʦʟʥʘʯʝʥʠʝ. ŷŷ ï ʢ ʜʚʫʤ ʩʦʩʝʜʥʠʤ 

ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʘʪʦʤʳ ʬʪʦʨʘ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʦʨʦʥʳ 

ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ; ŷŹ ï ʢ ʜʚʫʤ ʩʦʩʝʜʥʠʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʘʪʦʤʳ ʬʪʦʨʘ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ. 
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ɻʃɸɺɸ 3. ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʕʃɽʂʊʈʆʅʅʓʍ ʉɺʆʁʉʊɺ 

ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʆɻʆ ɻʈɸʌɽʅɸ 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ï ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʥʝʤʫ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʨʫʧʧ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʣʫʞʠʪ ʬʘʢʪ ʧʦʷʚʣʝʥʠʷ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʢ ʛʨʘʬʝʥʫ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠʣʠ ʬʪʦʨʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʥ ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ.  ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ 

ʛʨʘʬʝʥʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʦʧʨʦʩ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʝʛʦ ʧʦʣʠʤʦʨʬʦʚ L3-

12, L4-6-12, L5-7, L4-8, ʦʙʣʘʜʘʶʱʠʭ ʫʩʪʦʡʯʠʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʀʭ ʩʪʨʫʢʪʫʨʘ ʠ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʥʝʝ ʝʱʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ. ʕʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʦʣʠʤʦʨʬʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʘʢ ʞʝ ʤʦʛʫʪ ʠʤʝʪʴ ʧʦʣʠʤʦʨʬʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʩʧʦʩʦʙʦʤ ï ʪʠʧʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʛʨʫʧʧ. ʀʭ ʩʪʨʫʢʪʫʨʘ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʞʝ ʝʱʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ. 

ʉʚʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ 

ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʥʝʤʫ 

ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ. ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ 

L6 ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʪʦʤʘʤʠ ʬʪʦʨʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. 

3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʬʪʦʨʦʛʨʘʬʝʥʦʚ, 

ʛʨʘʬʘʥʦʚ ʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ DFT-GGA ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʦʨʬʦʚ ʛʨʘʬʝʥʘ L4-6-12, L3-12, 

L4-8, L6 ʠ L5-7, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʬʪʦʨʘ (ʬʪʦʨʦʛʨʘʬʝʥʘ), ʘʪʦʤʘʤʠ 

ʚʦʜʦʨʦʜʘ (ʛʨʘʬʘʥʘ) ʠ ʛʠʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ). ʀʩʩʣʝʜʫʝʤʳʝ 

ʬʪʦʨʦʛʨʘʬʝʥʳ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ F-X, ʛʨʘʬʘʥʳ ʢʘʢ ʅ-X, ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʳ ʢʘʢ 

ʆʅ-X, ʛʜʝ ʍ ï ʦʙʦʟʥʘʯʝʥʠʝ ʧʦʣʠʤʦʨʬʘ. ʅʘ ʧʨʠʤʝʨ: F-L4-6-12.  

ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ ʦʙʫʩʣʦʚʣʝʥ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʭ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [151], ʘ ʚʦ ʚʪʦʨʫʶ, ʪʝʤ, 
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ʯʪʦ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ [129, 130, 150ï

152] ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [129, 153]. ɻʨʘʬʘʥ H-L6, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 

ʨʘʙʦʪʘʭ [74, 91ï93, 129ï131], ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʘʢʦʚʳʭ ʧʨʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʘʪʦʤʘʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʨʫʧʧʳ ʙʳʣʘ ʚʟʷʪʘ 

ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ.  

ʀʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʧʦʣʥʝʥʠʷ ʩʣʦʝʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʧʦʩʦʙʳ ʩ ʨʘʚʥʳʤ 

ʯʠʩʣʦʤ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ (ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʨʫʧʧ) ʩ ʪʦʡ ʠ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʬʫʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʨʘʬʝʥʦʚʳʝ ʩʣʦʠ 

ʦʩʪʘʶʪʩʷ ʧʣʦʩʢʠʤʠ ʠ ʥʝ ʩʚʦʨʘʯʠʚʘʶʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ, 

ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʦʝʜʠʥʷʝʤʳʝ ʘʪʦʤʳ (ʤʦʣʝʢʫʣʷʨʥʳʝ ʛʨʫʧʧʳ) ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʷʭ, ʢʦʛʜʘ ʩʣʦʡ ʛʨʘʬʝʥʘ ʩʦʚʤʝʱʘʝʪʩʷ 

ʩʘʤ ʩ ʩʦʙʦʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʩʠʤʤʝʪʨʠʠ: ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʩʜʚʠʛʘ 

ʠ ʚʨʘʱʝʥʠʷ. ʇʦʨʷʜʦʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʧʦʜʨʘʟʜʝʣʷʣʩʷ ʥʘ ʪʠʧʳ: ʊ1, ʊ2 ʠ ʪ.ʜ. ʉ 

ʫʯʝʪʦʤ ʪʠʧʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʠʩʩʣʝʜʫʝʤʳʝ ʩʣʦʠ ʦʙʦʟʥʘʯʘʣʠʩʴ ʢʘʢ ɸ-Xɺ, ʛʜʝ 

ɸ ïʧʨʠʩʦʝʜʠʥʷʝʤʳʡ ʘʪʦʤ, ʍ ïʧʦʣʠʤʦʨʬ, ɺ ï ʪʠʧ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʧʨʠʤʝʨ: F-L4-

6-12ʊ2. 

ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʩʪʨʫʢʪʫʨʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʝʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ [2Dʩ, 4]. 

3.1.1. ʌʪʦʨʦʛʨʘʬʝʥ 

3.1.1.1. ʄʦʥʦʩʣʦʠ ʠʟ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ F-L 6 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʧʷʪʴ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʢ ʛʨʘʬʝʥʫ L6: ʊ1, ʊ2, ʊ3, ʊ4 ʠ ʊ5. ʅʘ ʨʠʩʫʥʢʝ 

3.1 ʧʨʠʚʝʜʝʥʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʚʩʝʭ 

ʵʪʠʭ ʬʪʦʨʦʛʨʘʬʝʥʦʚ: F-L6T1, F-L6T2, F-L6T3, F-L6T4, F-L6T5. ʍʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʠ ʬʪʦʨʘ ʫ ʩʣʦʝʚ ʪʠʧʘ ʊ1 ʥʘʧʨʘʚʣʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ 

ʧʣʦʩʢʦʩʪʠ ʩʣʦʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʣʦʝʚ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʠʧʦʚ (ʊ2, ʊ3, ʊ4, ʊ5) ʦʥʠ 

ʥʘʧʨʘʚʣʝʥʳ ʧʦʜ ʫʛʣʘʤʠ, ʦʪʣʠʯʥʳʤʠ ʦʪ 90ʦ. 
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ʈʠʩ. 3.1. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L6 ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: 

(ʘ) ï F-L6T1, (ʙ) ï F-L6T2, (ʚ) ï F-L6T3, (ʛ) ï F-L6T4, (ʜ) ï F-L6T5 ʠ ʠʭ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʷʯʝʡʢʠ. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʟʝʣʝʥʳʤ ï ʘʪʦʤʳ ʬʪʦʨʘ 

ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L6: ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ), ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʝ (N) ʠ ʫʢʘʟʘʥʳ ʩʠʥʛʦʥʠʠ: Hex ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, Ort ï ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ. 

ʊʘʙʣʠʮʘ 3.1. ʇʘʨʘʤʝʪʨʳ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L6T1, F-L6T2, F-L6T3, F-L6T4, F-

L6T5 ʠ ʛʨʘʬʝʥʘ L6: a, b, Etotal, Esub, ȹ, ɟ, N ʠ ʩʠʥʛʦʥʠʠ 

ʊʠʧ F-L6ʊ1 F-L6ʊ2 F-L6ʊ3 F-L6ʊ4 F-L6ʊ5 L6 

ʉʠʥʛʦʥʠʷ Hex Ort Ort Ort Ort Hex 

a, ¡ 
2.6017 

2.5810 2.6071 4.8772 5.0561 
2.491 

b, ¡ 4.5702 4.2138 4.5748 4.6200 

Etotal,ʵɺ 1601.3 3202.0 3202.5 6403.18 6404.19 314.64 

Etotal, ʵɺ 800.64 800.51 800.63 800.40 800.52 - 

Esub, ʵɺ 14.32 14.19 14.31 14.08 14.20 - 

ȹ, ʵɺ 3.321 3.390 3.557 4.195 3.044 0.00 

ɟ, ʤʛ/ʤ2 1.706 1.696 1.821 1.793 1.557 0.74 

N 4 8 8 16 16 2 
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ʈʠʩ. 3.2. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʳ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L6T1, F-L6T2, F-L6T3, F-L6T4 ʠ 

F-L6T5 

 
             ʘ      ʙ 

 
              ʚ      ʛ 

 
ʜ 

ʈʠʩ. 3.2. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʦʚ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L6: (a) ï F-L6T1; (ʙ) ï F-

L6T2; (ʚ) ï F-L6T3; (ʛ) ï F-L6T4; (ʜ) ï F-L6T5  

ʅʘ ʈʠʩ. 3.3 ʧʨʠʚʝʜʝʥʳ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L6T1, F-L6T2, F-L6T3, F-L6T4 ʠ F-L6T5. 
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ʘ ʙ 

ʚ ʛ 

ʜ 

ʈʠʩ. 3.3. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʠʧʦʚ ʬʪʦʨʦʛʨʘʬʝʥʦʚ 

F-L6: (a) ï F-L6T1; (ʙ) ï F-L6T2; (ʚ) ï F-L6T3; (ʛ) ï F-L6T4; (ʜ) ï F-L6T5 

3.1.1.2. ʄʦʥʦʩʣʦʠ ʠʟ ʪʨʝʫʛʦʣʴʥʳʭ ʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ F-L 3-12 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʪʠʧ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʢ ʩʣʦʶ ʛʨʘʬʝʥʘ L3-12 ï ʪʠʧ ʊ1 (F-L3-12T1). 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʵʪʦʛʦ ʩʣʦʷ ʩʦʩʪʦʷʣʘ ʠʟ 6 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ 6 ʘʪʦʤʦʚ ʬʪʦʨʘ.  

ʅʘ ʨʠʩ. 3.4 ʧʨʠʚʝʜʝʥʳ (ʘ) ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩ ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʤʠ 

ʘʪʦʤʘʤʠ ʚ ʥʝʡ ʠ (ʙ) ï ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʣʦʷ 

ʬʪʦʨʦʛʨʘʬʝʥʘ. ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʠʚʝʜʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʝ.  
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ʈʠʩ. 3.4. (ʘ) ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ, (ʙ) ï ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʣʦʷ 

(ʚʠʜ ʩʚʝʨʭʫ) ʠ (ʚ) ï ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʣʦʷ (ʚʠʜ ʩʙʦʢʫ) ʬʪʦʨʦʛʨʘʬʝʥʘ F-

L3-12T1 

ʊʘʙʣʠʮʘ 3.2. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L3-

12T1 

 ̄ ɸʪʦʤ X, ¡ Y, ¡ Z, ¡  ̄ ɸʪʦʤ X, ¡ Y, ¡ Z, ¡ 

1 C 1.742 1.907 6.513 7 F 1.260 2.185 7.809 

2 C 3.304 1.907 6.513 8 F 3.785 2.185 7.809 

3 C 2.523 0.555 6.513 9 F 2.523 ï0.001 7.809 

4 C 2.523 ï0.555 5.487 10 F 2.523 0.001 4.191 

5 C 1.742 ï1.907 5.487 11 F 1.260 ï2.185 4.191 

6 C 3.304 ï1.907 5.487 12 F 3.785 ï2.185 4.191 

 

ʊʘʢ ʢʘʢ ʚʩʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʦʟʠʮʠʷʭ, 

ʚ ʩʣʦʝ F-L3-12T1 ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʭ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʠ ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ: 

L1, L2, L3, L4. ɺ ʪʘʙʣʠʮʝ 3.3 ʧʨʠʚʝʜʝʥʳ ʠʭ ʟʥʘʯʝʥʠʷ ʉʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʩʣʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʞʝ ʥʘʙʦʨʦʤ ʠʟ ʰʝʩʪʠ ʫʛʣʦʚ ʤʝʞʜʫ 

ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3. 
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ʊʘʙʣʠʮʘ 3.3. ɼʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ a ʠ c; ʜʣʠʥʳ 

ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ L1, L2, L3, L4 ʠ ʫʛʣʳ ʤʝʞʜʫ ʩʚʷʟʷʤʠ űi 

a, ¡  c, ¡  L1, ¡  L2, ¡  L3, ¡  L4, ¡ 

5.046 12 1.512 1.562 1.562 1.410 

ű1, ʛʨʘʜ ű2, ʛʨʘʜ ű3, ʛʨʘʜ ű4, ʛʨʘʜ ű5, ʛʨʘʜ ű6, ʛʨʘʜ 

129.48 129.48 109.55 60.000 109.96 109.96 

 

ʇʘʨʘʤʝʪʨ ʜʝʬʦʨʤʘʮʠʠ Def, ʨʘʩʩʯʠʪʘʥʥʳʡ ʠʟ ʫʛʣʦʚ ű1, ű2, ű3, ű4, ű5 ʠ 

ű6 ʩʦʛʣʘʩʥʦ (2.4), ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ 90.55 Ü.  

ʅʘ ʨʠʩʫʥʢʘʭ 3.5 ʠ 3.6 ʧʨʠʚʝʜʝʥʳ ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L3-12T1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʐʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 3.43 ʵɺ. 

 
 

ʈʠʩ 3.5. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L3-12T1 

 
ʈʠʩ 3.6. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L3-12T1 
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3.1.1.3. ʄʦʥʦʩʣʦʠ ʠʟ ʯʝʪʳʨʝʭ-, ʰʝʩʪʠ- ʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ F-L 4-6-12 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L4-6-12 ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʪʨʠ ʪʠʧʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʊ1, ʊ2 ʠ ʊ3. ɺʩʝ ʵʪʠ 

ʪʠʧʳ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L4-6-12T1, F-L4-6-12T2 ʠ F-L4-6-12T3 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.7. 

 

   
                         ʘ                             ʙ                             ʚ 

 

ʈʠʩ. 3.7. ʊʠʧʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L4-6-12: (ʘ) ï 

F-L4-6-12T1; (ʙ) ï F-L4-6-12T2 ʠ (ʚ) ï F-L4-6-12T3. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ 

ʬʪʦʨʘ ʧʦʜ ʤʦʥʦʩʣʦʝʤ, ʘ ʢʨʘʩʥʳʤ ʥʘʜ ʥʠʤ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʬʪʦʨʦʛʨʘʬʝʥʘ ʪʠʧʘ F-

L4-6-12T2 ʨʘʟʨʫʰʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʫʩʪʦʡʯʠʚʳʤʠ ʦʢʘʟʘʣʠʩʴ ʪʦʣʴʢʦ ʜʚʘ ʪʠʧʘ 

ʬʪʦʨʦʛʨʘʬʝʥʘ: F-L4-6-12ʊ1 ʠ F-L4-6-12ʊ3. ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʠʚʝʜʝʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʷʯʝʡʢʠ (ʩʦʩʪʦʷʱʠʝ ʠʟ 24 ʘʪʦʤʦʚ) ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʩʣʦʝʚ F-

L4-6-12T1 ʠ F-L4-6-12T3.  

ʘ 

ʙ 

ʈʠʩ. 3.8. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L4-6-12: (a) ï F-L4-6-12ʊ1 ʠ (ʙ) ï F-L4-6-12ʊ3. ʉʝʨʳʤ ʮʚʝʪʦʤ 

ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʩʠʥʠʤ ʘʪʦʤʳ ʬʪʦʨʘ 
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ɺ ʪʘʙʣʠʮʝ 3.4 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ), ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ (Def) ʜʣʷ ʩʣʦʝʚ ʬʪʦʨʦʛʨʘʬʝʥʦʚ 

F-L4-6-12T1, F-L4-6-12T3 ʠ F-L6T1, ʘ ʪʘʢʞʝ ʛʨʘʬʝʥʦʚ L6 ʠ L4-6-12. 

ʊʘʙʣʠʮʘ 3.4. ʇʘʨʘʤʝʪʨʳ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L4-6-12T1, F-L4-6-12T3 ʠ F-L6T1, ʠ 

ʛʨʘʬʝʥʦʚ L6 ʠ L4-6-12: a, b, ɟ, Etotal, Esub, ȹ, Def. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʝ. ʕʥʝʨʛʠʠ Esub ʠ Etotal ʠʟʤʝʨʷʶʪʩʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʘʪʦʤ ʫʛʣʝʨʦʜʘ 

ʇʘʨʘʤʝʪʨʳ F-L4-6-12T1 F-L4-6-12T3 F-L6T1 L6 L4-6-12 

a,¡ 
7.080 6.854 2.602 2.471 6.713 

b,¡ 

N 24 24 4 2 12 

ɟ, ʤʛ/ʤ2 1.42 1.52 1.76 0.75 0.61 

Etotal* , ɻ ɺ 800.16 800.12 800.64 157.34* 156.65* 

Esub* , ɻ ɺ 13.84 13.80 14.32 7.78* 7.09* 

ȹ, ʵɺ 3.193 4.150 3.321 0 0 

Def, ʛʨʘʜ  57.74 62.79 14.5 0 60 

ʉʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚ ʩʣʦʷʭ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L4-6-12 ʙʳʣʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1 ï ʉ-F-ʩʚʷʟʴ, 2 ï ʉ-ʉ-ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ 

ʩʦʩʝʜʥʠʭ ʯʝʪʳʨʝʭ- ʠ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ, 3 ï ʉ-ʉ-ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʝʜʥʠʭ ʯʝʪʳʨʝʭ- ʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ, 4 ï ʉ-ʉ-ʩʚʷʟʴ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʝʜʥʠʭ ʰʝʩʪʠ- ʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʜʣʠʥʳ ʩʚʷʟʝʡ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ L1, L2, L3 ʠ L4. 

 ɺ ʪʘʙʣʠʮʝ 3.5 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ L1, L2, L3 ʠ L4 ʠ ʫʛʣʳ 

ʤʝʞʜʫ ʩʚʷʟʷʤʠ űi ʜʣʷ ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ F-L4-6-12T1 ʠ F-L4-6-12T3, ʛʜʝ ʚʚʝʜʝʥʳ 

ʦʙʦʟʥʘʯʝʥʠʷ: ŷŷ ï ʢ ʜʚʫʤ ʩʦʩʝʜʥʠʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʘʪʦʤʳ ʬʪʦʨʘ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ 

ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʦʨʦʥʳ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ; ŷŹ ï ʢ ʜʚʫʤ ʩʦʩʝʜʥʠʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ 

ʘʪʦʤʳ ʬʪʦʨʘ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ. 

 

ʊʘʙʣʠʮʘ 3.5. ɼʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ L1, L2, L3 ʠ L4 ʠ ʫʛʣʳ ʤʝʞʜʫ ʩʚʷʟʷʤʠ 

űi ʚ ʩʪʨʫʢʪʫʨʝ ʬʪʦʨʦʛʨʘʬʝʥʦʚ ʩʣʦʝʚ F-L4-6-12ʊ1 ʠ F-L4-6-12ʊ3 

ʊʠʧ ʩʣʦʷ L1, ¡ (C-F) L2, ¡ (4-6) L3, ¡ (4-12) L4, ¡ (6-12) 

T1 1.4350 1.6602 ŷŹ 1.5838 ŷŹ 1.5157 ŷŹ 
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T3 1.4175 1.6185 ŷŷ 1.5956 ŷŹ 1.6105 ŷŷ 

 
ű1,  

ʛʨʘʜ  

ű2,  

ʛʨʘʜ  

ű3,  

ʛʨʘʜ  

ű4,  

ʛʨʘʜ  

ű5,  

ʛʨʘʜ  

ű6,  

ʛʨʘʜ  

Def,  

ʛʨʘʜ  

T1 111.62 108.79 104.83 85.00 111.29 133.47 57.74 

T3 104.12 107.88 103.28 90.00 120.00 129.14 62.79 

 

ʅʘ ʈʠʩ. 3.9 ʠ 3.10 ʟʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L4-6-12ʊ1 ʠ F-L4-6-12ʊ3.   

 
ʈʠʩ. 3.9. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ 

ʬʪʦʨʦʛʨʘʬʝʥʘ F-L4-6-12ʊ1 

 
ʈʠʩ. 3.10. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ 

ʬʪʦʨʦʛʨʘʬʝʥʘ F-L4-6-12ʊ3 

3.1.1.4. ʄʦʥʦʩʣʦʠ ʠʟ ʧʷʪʠʫʛʦʣʴʥʳʭ ʠ ʩʝʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ F-L 5-7 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʣʦʷ ʛʨʘʬʝʥʘ L5-7 ʜʣʷ ʬʪʦʨʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥ ʩʣʦʡ 

ʩ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʩʪʨʫʢʪʫʨʦʡ [30, 32, 37], ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.11 ʘ.  
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ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʜʚʘ ʪʠʧʘ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L5: ʊ1 ʠ ʊ2. ʅʘ ʨʠʩʫʥʢʝ 3.11 ʙ 

ʧʨʠʚʝʜʝʥ ʠʩʭʦʜʥʳʡ ʩʣʦʡ ʛʨʘʬʝʥʘ L5-7. ɺ ʝʛʦ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʩʦʜʝʨʞʠʪʩʷ 

ʚʦʩʝʤʴ ʘʪʦʤʦʚ. ʅʘ ʨʠʩʫʥʢʘʭ 3.11 ʚ ʠ 3.11 ʛ ʧʨʠʚʝʜʝʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L5-7T1 ʠ F-L5-7T2. ʂ ʘʪʦʤʘʤ ʬʪʦʨʘ, ʚʳʜʝʣʝʥʥʳʤ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, 

ʘʪʦʤ ʬʪʦʨʘ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʢ ʘʪʦʤʘʤ ʬʪʦʨʘ, ʚʳʜʝʣʝʥʥʳʤ ʩʝʨʳʤ 

ʮʚʝʪʦʤ, ï ʩ ʜʨʫʛʦʡ. ʈʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ (I, II , III , IV) ʦʙʦʟʥʘʯʝʥʳ ʥʦʤʝʨʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʪʠʧʦʚ 

ʬʪʦʨʦʛʨʘʬʝʥʘ, ʦʪʣʠʯʘʶʱʝʡ ʝʝ ʦʪ ʩʪʨʫʢʪʫʨʳ ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ F-L6, F-L4-8, 

F-L3-12 ʠ F-L4-6-12 ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʯʠʩʣʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʡ (ʯʝʪʳʨʝ) ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʣʦʝ F-L5-7T1 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʡ ʪʨʠ, ʘ ʚ ʩʣʦʝ F-L5-7T2  ï ʯʝʪʳʨʝ. 

 

 
  ʘ     ʙ     ʚ     ʛ 

ʈʠʩ.3.11. (ʘ) ï ʩʪʨʫʢʪʫʨʘ ʠ (ʙ) ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʝʥʘ L5-7. 

(ʚ) ʠ (ʛ) ï ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʬʪʦʨʦʛʨʦʛʨʘʬʝʥʦʚ F-L5-7T1 ʠ F-L5-7T2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. I, II , III , IV ï ʥʦʤʝʨʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3.12ʘ ʠ 3.12ʙ ʧʨʠʚʝʜʝʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʩ ʥʫʤʝʨʘʮʠʝʡ 

ʘʪʦʤʦʚ ʠ ʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ F-L5-7T1 ʠ F-L5-7T2. 
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ʈʠʩ. 3.12 ʘ. (ʘ) ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩ ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʠ (ʙ) ʠ 

(ʚ) ï ʩʪʨʫʢʪʫʨʘ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L5-7T1. (ʙ) ï ʚʠʜ ʩʚʝʨʭʫ, (ʚ) ï ʚʠʜ ʩʙʦʢʫ 

 

ʈʠʩ. 3.12ʙ. (ʘ) ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩ ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʠ (ʙ) ʠ 

(ʚ) ï ʩʪʨʫʢʪʫʨʘ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L5-7T2. (ʙ) ï ʚʠʜ ʩʚʝʨʭʫ, (ʚ) ï ʚʠʜ ʩʙʦʢʫ 

 

ɺ ʪʘʙʣʠʮʝ 3.6 ʧʨʠʚʝʜʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ ʚ ʜʚʫʭ 

ʪʠʧʘʭ ʬʪʦʨʦʛʨʘʬʝʥʘ: F-L5-7T1 ʠ F-L5-7T2.  
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ʊʘʙʣʠʮʘ 3.6. ʂʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-

L5-7T1 ʠ F-L5-7T2 

 ̄ ɸʪʦʤ F-L5-7T1 F-L5-7T2 

X, ¡ Y, ¡ Z, ¡ X, ¡ Y, ¡ Z, ¡ 

1 C 0.4800 6.2764 0.6075 0.3698 6.3387 0.5701 

2 C 0.1407 5.6951 2.0726 -0.0032 5.6427 1.9435 

3 C 1.3141 6.3726 2.8137 1.3583 5.5048 2.6522 

4 C 1.8773 5.7173 4.0957 1.6671 5.5129 4.1627 

5 C 3.3538 6.2764 4.0138 3.3023 5.6614 4.0505 

6 C 3.6933 5.6951 2.5487 3.6747 6.3575 2.6770 

7 C 2.5199 6.3723 1.8074 2.3132 6.4952 1.9685 

8 C 1.9564 5.7171 0.5253 2.0051 6.4865 0.4580 

9 F 0.5160 7.6839 0.9732 -0.1295 7.6806 0.5961 

10 F 0.5121 4.3162 2.3548 -0.4740 4.3199 1.7041 

11 F 0.9164 7.6587 3.3231 1.8113 4.1810 2.2831 

12 F 2.3345 4.3303 4.2358 1.3909 4.1919 4.6189 

13 F 3.3181 7.6839 3.6481 3.8030 4.3197 4.0246 

14 F 3.3214 4.3161 2.2662 4.1459 7.6800 2.9164 

15 F 2.9176 7.6584 1.2974 1.8596 7.8190 2.3368 

16 F 1.4989 4.3303 0.3845 2.2824 7.8073 0.0014 

  

ɺ ʪʘʙʣʠʮʝ 3.7 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʚ ʩʣʦʷʭ F-L5-7T1 ʠ F-L5-

7T2.  

ʊʘʙʣʠʮʘ 3.7. ɼʣʠʥʳ ʉ-ʉ- ʠ ʉ-F-ʩʚʷʟʝʡ L i-j ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ F-L5-7T1 ʠ F-L5-

7T2, ŷŷ - ʧʘʨʘ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʥʘ ʢʦʥʮʘʭ ʩʚʷʟʠ ʧʨʠʩʦʝʜʠʥʷʝʪ ʬʪʦʨ ʩ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʩʪʦʨʦʥʳ ʩʣʦʷ; ŷŹ - ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ 

F-L5-7T1 

LI-I ŷŷ 1.570 LC-F(I) 1.439 

LII -II ŷŷ 1.548 LC-F(II) 1.455 

LI-III  ŷŹ 1.545 LC-F(III) 1.462 

LII -III  ŷŹ 1.597   

LIII -III  ŷŷ 1.558   

CF-L5-7T2 

LI-I ŷŹ 1.518 LIII -III  ŷŹ 1.536 LC-F(I) 1.432 

LI-II ŷŷ 1.646 LIII -IV ŷŷ 1.541 LC-F(II) 1.425 

LI-IV ŷŹ 1.584 LIV -IV ŷŹ 1.584 LC-F(III) 1.447 

LII -II ŷŹ 1.571    LC-F(IV) 1.424 

LII -III  ŷŷ 1.542      
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ɺ ʪʘʙʣʠʮʝ 3.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʤʝʞʜʫ C-C-ʩʚʷʟʷʤʠ ʜʣʷ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʷʭ I, II , III , IV.  

 

ʊʘʙʣʠʮʘ 3.8. ʋʛʣʳ ʤʝʞʜʫ ʉ-ʉ-ʩʚʷʟʷʤʠ űi ʚ ʩʣʦʷʭ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L5-7T1 ʠ 

F-L5-7T2  

ʊʠʧ ʉʪʨʫʢʪʫʨʥʘʷ 

ʧʦʟʠʮʠʷ 

ű1, 

ʛʨʘʜ 

ű2, 

ʛʨʘʜ 

ű3, 

ʛʨʘʜ 

ű4, 

ʛʨʘʜ 

ű5, 

ʛʨʘʜ 

ű6, 

ʛʨʘʜ 

Def,  

ʛʨʘʜ  

ʊ1 

I 116.04 100.70 110.60 104.57 106.01 119.27 34.63 

II  102.27 109.41 97.21 122.59 125.60 96.68 61.56 

III  95.06 100.04 122.04 130.74 97.62 112.80 72.86 

ʊ2 

I 105.16 105.29 108.29 118.22 109.90 109.41 18.91 

II  107.37 106.59 105.66 120.41 97.61 118.01 40.14 

III  101.06 103.99 106.36 128.80 107.95 106.68 40.64 

IV 109.88 106.65 105.16 103.31 112.60 119.00 26.36 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʡ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʩʣʦʷʭ F-L5-7T1 ʠ F-

L5-7T2 ʨʘʟʥʦʝ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʠ ʜʣʠʥʳ ʉ-ʉ-ʩʚʷʟʝʡ ʪʦʞʝ ʨʘʟʥʳʝ (ʩʤ. ʪʘʙʣ. 3.7). 

ʇʘʨʘʤʝʪʨ ʜʝʬʦʨʤʘʮʠʠ Def ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʩʪʨʫʢʪʫʨʥʦʡ 

ʧʦʟʠʮʠʠ ʘʪʦʤʘ (ʩʤ. ʊʘʙʣ. 3.8). ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Def, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʩʣʦʝʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʝ, ʘ ʠʤʝʥʥʦ, ʜʣʷ ʩʣʦʷ F-L5-7ʊ1 Def = 60.48ʆ, ʘ ʜʣʷ 

ʩʣʦʷ F-L5-7ʊ2 31.51
ʆ.  

ʅʘ ʨʠʩʫʥʢʘʭ 3.13 ʠ 3.14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʩʣʦʝʚ F-L5-7ʊ1 ʠ F-L5-7ʊ2.  
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ʈʠʩ. 3.13. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʬʪʦʨʦʛʨʘʬʝʥʘ F-

L5-7T1 

 
 

ʈʠʩ. 3.14. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʬʪʦʨʦʛʨʘʬʝʥʘ F-

L5-7T2 

3.1.1.5. ʄʦʥʦʩʣʦʠ ʠʟ ʯʝʪʳʨʝʭ- ʠ ʚʦʩʴʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ F-L 4-8 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʢ ʛʨʘʬʝʥʫ L4-8 ʩʫʱʝʩʪʚʫʝʪ ʰʝʩʪʴ ʪʠʧʦʚ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ: ʊ1, ʊ2, ʊ3, ʊ4, ʊ5 ʠ ʊ6. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L4-8T3 ʨʘʟʨʫʰʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʫʩʪʦʡʯʠʚʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʪʦʣʴʢʦ ʧʷʪʴ ʩʣʦʝʚ F-L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5 ʠ F-L4-8T6. 

ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʷʪʠ ʫʩʪʦʡʯʠʚʳʭ 

ʪʠʧʦʚ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5 ʠ F-L4-8T6 ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.15. 
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ʈʠʩ.3.15. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʬʪʦʨʦʛʨʘʬʝʥʦʚ: (a) ï F-L4-8T1, (ʙ) ï F-L4-8T2, (ʚ) ï F-L4-8T4, (ʛ) ï 

F-L4-8T5, (ʜ) ï F-L4-8T6. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, 

ʟʝʣʝʥʳʤ ï ʘʪʦʤʳ ʬʪʦʨʘ  

ɺ ʪʘʙʣʠʮʝ 3.9 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ) ʜʣʷ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L4-8T1, F-L4-8T2, F-L4-8T3, F-L4-8T4, F-

L4-8T5 ʠ F-L4-8T6. 

ʊʘʙʣʠʮʘ 3.9. ʇʘʨʘʤʝʪʨʳ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L4-8T1, F-L4-8T2, F-L4-8T3, F-

L4-8T4, F-L4-8T5 ʠ F-L4-8T6: a, b, ɟ, Etotal, Esub, ȹ. Nï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʝ 

ʇʘʨʘʤʝʪʨʳ 
ʊʠʧ ʩʣʦʷ F-L4-8 

F-L4-8T1 F-L4-8T2 F-L4-8T3 F-L4-8T4 F-L4-8T5 F-L4-8T6 

ʉʠʥʛʦʥʠʷ Tetr Tetr Tetr Tetr Tetr Ort 

a, ¡ 5.0674 3.6607 3.5002 4.8759 7.0879 4.8955 

b, ¡ 5.0674 3.6607 3.5002 4.8759 7.0879 4.8753 

N  16 8 8 16 32 16 

ɟ, ʤʛ/ʤ2 1.558 1.493 ï 1.683 1.593 1.676 

Etotal, ʵɺ 800.30 799.68 ï 800.37 799.88 800.33 

Esub, ʵɺ 13.98 13.36 ï 14.05 13.56 14.01 

ȹ, ʵɺ 3.211 4.958 ï 3.946 4.686 4.877 



54 

 

ʉʚʷʟʠ ʚ ʩʣʦʷʭ F-L4-8 ʙʳʣʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1 ï ʉ-F-ʩʚʷʟʴ, 

2 ï ʉ-ʉ-ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʦʩʴʤʠʯʣʝʥʥʳʤʠ 

ʮʠʢʣʘʤʠ, 3 ʠ 4 ï ʉ-ʉ-ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʠʥʳ ʩʚʷʟʝʡ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ L1, L2, L3 ʠ L4. ɼʣʠʥʳ ʉ-ʉ-

ʩʚʷʟʝʡ L3 ʠ L4 ʚ ʢʘʞʜʦʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʦʚ ʩʣʦʝʚ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʬʦʨʤʘ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ ʙʣʠʟʢʘ ʢ ʢʚʘʜʨʘʪʥʦʡ. ɺ ʪʘʙʣʠʮʝ 

3.10 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʬʪʦʨʦʛʨʘʬʝʥʦʚ ʧʦʣʠʤʦʨʬʘ L4-8: F-

L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5 ʠ F-L4-8T6. 

ʊʘʙʣʠʮʘ 3.10. ɼʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ L1, L2, L3 ʠ L4 

ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5 ʠ F-L4-8T6 

ʊʠʧ L1. ¡ L2. ¡ L3. ¡ L4. ¡ 

F-L4-8T1 1.4400 1.5064 ŷŹ 1.6081 ŷŹ 1.6081 ŷŹ 

F-L4-8T2 1.4869 1.5388 ŷŷ 1.6032 ŷŹ 1.6032 ŷŹ 

F-L4-8T4 1.4196 1.5343 ŷŹ 1.6083 ŷŷ 1.6082 ŷŷ 

F-L4-8T5 
1.4747 1.5888 ŷŷ 1.6126 ŷŹ 1.6028 ŷŷ 

1.4209 1.5888 ŷŷ 1.6268 ŷŷ 1.6028 ŷŹ 

F-L4-8T6 1.4259 1.5606 ŷŷ 1.6091 ŷŷ 1.5768 ŷŹ 

 

ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ ʤʝʞʜʫ ʤʝʞʘʪʦʤʥʳʤʠ ʩʚʷʟʷʤʠ űi ʚ ʩʪʨʫʢʪʫʨʝ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ L4-8 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.11. ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ 

ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 83.80Ј ʜʦ 134.59Ј. ɺ ʪʘʙʣʠʮʝ 3.11. ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʠ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Def.  

ʊʘʙʣʠʮʘ 3.11. ʋʛʣʳ ʤʝʞʜʫ ʩʚʷʟʷʤʠ űi ʚ ʩʪʨʫʢʪʫʨʝ ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ F-

L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5 ʠ F-L4-8T6 ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ Def 

ʩʣʦʝʚ 

ʊʠʧ ű1, ʛʨʘʜ  ű2,  ʛʨʘʜ  ű3,  

ʛʨʘʜ  

ű4,  

ʛʨʘʜ  

ű5,  

ʛʨʘʜ  

ű6,  

ʛʨʘʜ  

Def,  

ʛʨʘʜ  

T1 103.28 110.92 110.92 123.11 123.11 84.94 60.9 

T2 98.39 89.59 121.47 142.35 120.99 83.80 113.03 

T4 107.28 105.97 105.97 122.73 122.73 90.00 55.18 

T5 100.55 91.24 96.67 134.03 127.99 93.78 98.72 

101.69 101.84 124.60 134.59 110.29 86.23 79.72 

T6 101.84 105.69 108.39 122.44 126.91 90.00 62.37 
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ʅʘ ʨʠʩʫʥʢʘʭ 3.16 ʠ 3.17 ʧʨʠʚʝʜʝʥʳ ʟʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5 ʠ F-L4-8T6. 

 

 
ʈʠʩ.3.16. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚ: (a) ï F-L4-8T1; (ʙ) ï F-L4-8T2; (ʚ) ï F-L4-8T4; (ʛ) ï F-L4-8T5; 

(ʜ) ï F-L4-8T6 
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ʈʠʩ.3.17. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʦʚ ʬʪʦʨʦʛʨʘʬʝʥʦʚ: (a) ï F-L4-8T1; 

(ʙ) ï F-L4-8T2; (ʚ) ï F-L4-8T4; (ʛ) ï F-L4-8T5; (ʜ) ï F-L4-8T6 

3.1.1.6. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʥʘʡʜʝʥʦ 15 ʫʩʪʦʡʯʠʚʳʭ ʪʠʧʦʚ 

ʬʪʦʨʦʛʨʘʬʝʥʘ: ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L6: F-L6T1, F-L6T2, F-L6T3, F-L6T4, F-L6T5, 

ʦʜʠʥ ʪʠʧ ʧʦʣʠʤʦʨʬʘ L3-12: F-L3-12ʊ1, ʜʚʘ ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ L5-7: F-L5-7ʊ1, F-L5-7ʊ2, 

ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L4-8: F-L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5, F-L4-8T6, ʜʚʘ ʪʠʧʘ 

ʧʦʣʠʤʦʨʬʘ L4-6-12: F-L4-6-12T1, F-L4-6-12T3. ɼʚʘ ʩʣʦʷ ï F-L4-6-12T2 ʠ F-L4-8T3 ʦʢʘʟʘʣʠʩʴ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ ï ʨʘʟʨʫʰʠʣʠʩʴ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʇʨʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʦʙʱʘʷ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʠʟʥʘʯʘʣʴʥʦ ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ ʧʦʩʣʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʛʦʬʨʠʨʦʚʘʥʥʦʡ, ʘ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩʤʝʱʘʶʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ. 

ɺ ʪʘʙʣʠʮʝ 3.12 ʧʨʠʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʪʠʧʦʚ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L6, F-L3-12, F-L4-6-12, F-L5-7, F-L4-8. 
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ʊʘʙʣʠʮʘ 3.12. ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-L6T1, F-L6T2, F-L6T3, F-L6T4, F-L6T5, F-L3-12ʊ1, F-L4-6-12T1, F-L4-

6-12T3, F-L5-7ʊ1, F-L5-7ʊ2, F-L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5, F-L4-8T6 

ʊʠʧ ʩʣʦʷ ʉʠʥʛʦ-

ʥʠʷ 

a, ¡ b, ¡ Etotal, ʵɺ Esub, ʵɺ Def, 

ʛʨʘʜ 

ȹ, ʵɺ N 

 
ɟ, ʤʛ/ʤ2 

F-L6T1 Hex 2.602 800.6 14.32 13.71 3.32 4 1.71 

F-L6T2 Ort 2.581 4.570 800.5 14.19 24.00 3.39 8 1.70 

F-L6T3 Ort 2.607 4.214 800.6 14.31 30.90 3.56 8 1.82 

F-L6T4 Ort 4.877 4.575 800.4 14.08 32.33 4.20 16 1.79 

F-L6T5 Ort 5.056 4.620 800.5 14.20 22.12 3.04 16 1.56 

F-L3-12T1 Hex 5.046 ʥʝʪ 13.77 90.55 3.43 12 1.36 

F-L4-6-12T1 Hex 7.080 800.2 13.84 57.74 3.19 24 1.42 

F-L4-6-12T3 Hex 6.854 800.1 13.80 62.79 4.15 24 1.52 

F-L5-7T1 Mon 5.049 4.777 ʥʝʪ  13.85 60.48 4.09 16 1.66 

F-L5-7T2 Mon 4.835 4.765 ʥʝʪ 14.17 31.51 3.32 16 1.74 

F-L4-8T1 Tetr 5.067 800.3 13.98 60.9 3.21 16 1.56 

F-L4-8T2 Tetr 3.661 799.7 13.36 113.03 4.96 8 1.49 

F-L4-8T4 Tetr 4.876 800.4 14.05 55.18 3.95 16 1.68 

F-L4-8T5 Tetr 7.088 799.9 13.56 89.22 4.69 32 1.59 

F-L4-8T6 Ort 4.896 4.875 800.3 14.01 62.37 4.88 16 1.68 

 

ʅʘʠʙʦʣʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʬʪʦʨʦʛʨʘʬʝʥʳ F-L4-8T2, F-L3-12T1 ʠ 

F-L4-8T5 ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 113.03Á, 90.55Á ʠ 89.22Á, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʘ ʥʘʠʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʬʪʦʨʦʛʨʘʬʝʥʳ F-L6T1, F-L6T5 ʠ F-L6T2 ʩ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 13.71Á, 22.12Á ʠ 24.00Á, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʥʠʮʘ 

ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʩʪʘʚʠʣʘ 100Á. ɺ ʮʝʣʦʤ, ʩʣʦʠ ʬʪʦʨʦʛʨʘʬʝʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʦʨʬʘ L6 ʦʢʘʟʘʣʠʩʴ 

ʥʘʠʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ. ʆʜʥʘʢʦ ʫ ʬʪʦʨʦʛʨʘʬʝʥʘ ʧʦʣʠʤʦʨʬʘ L5-7 ʪʠʧʘ F-L5-

7T2 ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʦʢʘʟʘʣʩʷ ʥʝʙʦʣʴʰʠʤ (31.51Á) ʠ ʜʘʞʝ ʤʝʥʴʰʠʤ, ʯʝʤ 

ʫ ʬʪʦʨʦʛʨʘʬʝʥʝ ʧʦʣʠʤʦʨʬʘ L6 ʪʠʧʘ F-L6T4 ( 32.33Á). 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ Esub ʦʢʘʟʘʣʠʩʴ ʥʘʠʙʦʣʴʰʠʤʠ ʫ ʩʣʦʝʚ ʪʠʧʦʚ F-

L6T1, F-L6T3 ʠ F-L6T5 ʠ ʩʦʩʪʘʚʠʣʠ 14.32, 14.31 ʠ 14.20 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʩʫʙʣʠʤʘʮʠʠ ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ ʧʦʣʠʤʦʨʬʘ L6 ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʦʩʪʘʣʴʥʳʭ ʬʪʦʨʦʛʨʘʬʝʥʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʤʝʯʝʥʥʦʛʦ ʚʳʰʝ ʩʣʦʷ ʬʪʦʨʦʛʨʘʬʝʥʘ 



58 

 

ʧʦʣʠʤʦʨʬʘ L5-7: F-L5-7T2. ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʬʪʦʨʦʛʨʘʬʝʥʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʪʠ ʩʣʦʠ ʤʦʛʫʪ 

ʫʩʪʦʡʯʠʚʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʅʘ ʨʠʩʫʥʢʝ 3.18 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ Esub ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ ʦʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

 

ʈʠʩ. 3.18. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ Esub(Def) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ, ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ.  

ʉʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʬʪʦʨʦʛʨʘʬʝʥʦʚ ɟ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.36 õ 

1.82 ʤʛ/ʤ2. ʆʥʘ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ (ʥʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ) ʛʨʘʬʝʥʘ L6, ʨʘʚʥʘʷ 0.74 ʤʛ/ʤ2. ʀʟ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʬʪʦʨʦʛʨʘʬʝʥ ʪʠʧʘ F-L6T3, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 

ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʙʣʠʟʢʦʡ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ɻʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ. 

ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʘʭ ʬʪʦʨʦʛʨʘʬʝʥʘ 

ʤʠʥʠʤʘʣʴʥʘ ʫ ʩʣʦʷ ʪʠʧʘ F-L6T5 (3.04 ʵɺ) ʠ ʤʘʢʩʠʤʘʣʴʥʘ ʫ ʩʣʦʷ ʪʠʧʘ F-L4-8T2 (4.96 

ʵɺ). ʉʘʤʳʝ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (4.96, 4.88 ʠ 4.69 ʵɺ) 

ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʩʣʦʝʚ ʬʪʦʨʦʛʨʘʬʝʥʘ ʧʦʣʠʤʦʨʬʘ L4-8. 
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ʋ ʬʪʦʨʦʛʨʘʬʝʥʦʚ ʧʦʣʠʤʦʨʬʘ L4-6-12 ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʪʨʘʥʩʣʷʮʠʡ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʚ. ʊʘʢ, ʫ ʩʣʦʷ 

ʪʠʧʘ T1 (F-L4-6-12T1) ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ a = b = 7.080 

¡, ʘ ʜʣʷ ʩʣʦʷ ʪʠʧʘ T3 (F-L4-6-12T3) a = b = 6.854 ¡. ʅʝʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥ 

ʚʝʢʪʦʨʦʚ ʩʣʦʷ ʪʠʧʘ ʊ3 (F-L4-6-12T3) ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʛʦʬʨʠʨʦʚʘʥʥʦʩʪʴʶ 

(ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ Def) ʵʪʦʛʦ ʩʣʦʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʦʝʤ ʪʠʧʘ ʊ1 (F-

L4-6-12T1). ɿʘʤʝʪʠʤ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʜʣʠʥʘʭ ʚʝʢʪʦʨʦʚ ʪʨʘʥʩʣʷʮʠʠ ʬʪʦʨʦʛʨʘʬʝʥʦʚ F-

L4-6-12 ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ ʤʝʪʦʜʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɽʩʣʠ ʚ ʠʩʭʦʜʥʦʤ ʛʨʘʬʝʥʦʚʦʤ ʩʣʦʝ ʧʦʣʠʤʦʨʬʘ L5-7 ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ a ʠ b ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ ʠ ʨʘʚʥʷʣʠʩʴ 4.78 ¡, ʪʦ ʚʦ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʩʣʦʷʭ ʧʘʨʘʤʝʪʨʳ ʘ ʠ b ʩʪʘʣʠ ʨʘʟʥʳʤʠ (ʩʠʤʤʝʪʨʠʷ 

ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʭ ʩʣʦʝʚ ʧʦʥʠʟʠʣʘʩʴ), ʘ ʠʭ ʟʥʘʯʝʥʠʷ ʫʚʝʣʠʯʠʣʠʩʴ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʩʤ. ʊʘʙʣ. 3.7). ɿʥʘʯʝʥʠʷ ʜʣʠʥ ʉʉ-

ʩʚʷʟʝʡ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 1.52 õ 1.65 ¡, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥ ʉ-F-ʩʚʷʟʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ: 1.424 ¡ õ 1.46 ¡. ʈʦʩʪ 

ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ ʧʨʠ ʬʪʦʨʠʨʦʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʠʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ L5-7 

ʛʨʘʬʝʥʦʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʨʷʜʢʘ C-C-ʩʚʷʟʝʡ ʦʪ 1.33 

ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʠʤʦʨʬʝ ʜʦ 1 ʚʦ ʬʪʦʨʠʨʦʚʘʥʥʦʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ 

C-C-ʩʚʷʟʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʬʪʦʨʦʤ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʪʦʨʦʛʨʘʬʝʥʦʚ. 

3.1.2. ɻʨʘʬʘʥ 

3.1.2.1. ʄʦʥʦʩʣʦʠ ʠʟ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ H-L6 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʧʷʪʴ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢ ʛʨʘʬʘʥʦʚʦʤʫ ʩʣʦʶ H-L6: ʊ1, ʊ2, ʊ3, ʊ4, 

ʊ5. ʅʘ ʨʠʩʫʥʢʝ 3.19 ʧʨʠʚʝʜʝʥʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʛʨʘʬʘʥʦʚʳʝ ʩʣʦʠ ʚʩʝʭ ʵʪʠʭ ʧʷʪʠ 

ʪʠʧʦʚ H-L6T1, H-L6T2, H-L6T3, H-L6T4, H-L6T5. 
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ʈʠʩ. 3.19. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʘʥʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ: (ʘ) ï H-

L6T1, (ʙ) ï H-L6T1, (ʚ) ï H-L6T2, (ʛ) ï H-L6T3, (ʜ) ï H-L6T4, (ʝ) ï H-L6T5. ʉʝʨʳʤ 

ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʙʝʣʳʤ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ɺ ʪʘʙʣʠʮʝ 3.13 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʛʨʘʬʘʥʦʚ ʧʦʣʠʤʦʨʬʘ L6 (H-L6T1, H-

L6T2, H-L6T3, H-L6T4, H-L6T5): ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ (Def), ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), 

ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ) ʠ ʩʠʥʛʦʥʠʠ: Hex ï 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, Ort ï ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. 

ʊʘʙʣʠʮʘ 3.13. ʇʘʨʘʤʝʪʨʳ ʛʨʘʬʘʥʦʚ H-L6T1, H-L6T2, H-L6T3, H-L6T4, 

F-L6T5: a, b, Def, ɟ, Etotal, Esub, ȹ, N ʠ ʩʠʥʛʦʥʠʠ 

ʊʠʧ H-L6T1 H-L6T1 H-L6T2 H-L6T3 H-L6T4 H-L6T5 

ʉʠʥʛʦʥʠʷ Hex Ort Ort Ort Ort Ort 

a, ¡ 
2.570 

4.428 2.541 2.566 4.604 5.007 

b, ¡ 2.557 4.314 3.862 4.346 4.433 

ɔ, ʛʨʘʜ  120 90 90 90 90 90 

N 4 8 8 8 16 16 

Def, ʛʨʘʜ 11.59 10.95 13.24 15.62 16.31 22.43 

ɟ, ʤʛ/ʤ2 0.756 0.764 0.789 0.873 0.864 0.779 

Etotal, ʵɺ 346.73 693.47 693.08 693.28 1385.96 1385.74 

Etotal, ʵɺ 173.37 173.37 173.27 173.32 173.25 173.22 

Esub, ʵɺ 11.48 11.48 11.38 11.43 11.36 11.33 

ȹ, ʵɺ 5.66 5.57 5.51 5.62 5.53 5.63 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚʳʙʦʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʣʦʷ H-L6T1 ʥʝ ʦʢʘʟʘʣ 

ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʝʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. 

3.1.2.2. ʄʦʥʦʩʣʦʠ ʠʟ ʪʨʝʫʛʦʣʴʥʳʭ ʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ H-L 3-12 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʪʠʧ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L3-12 ï ʪʠʧ ʊ1: H-L3-12T1.  

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʪʦʛʦ ʩʣʦʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ. 3.20. 
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ʈʠʩʫʥʦʢ 3.20. ʉʪʨʫʢʪʫʨʘ ʛʨʘʬʘʥʦʚʦʛʦ ʩʣʦʷ H-L3-12T1 

ɺ ʪʘʙʣʠʮʝ 3.14 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ (Def), ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), 

ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ), ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ (N) 

ʜʣʷ ʩʣʦʷ ʛʨʘʬʘʥʘ H-L3-12T1. 

ʊʘʙʣʠʮʘ 3.14. ʇʘʨʘʤʝʪʨʳ ʛʨʘʬʘʥʘ H-L3-12T1: a, b, Def, ɟ, Etotal, Esub, ȹ. N ï 

ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ. 

ʊʠʧ H-L3-12T1 

a, b, ¡ 4.683 

N 12 

Def, ʛʨʘʜ 88.65 

ɟ, ʤʛ/ʤ2 68 

Etotal, ʵɺ 1037.5 

Etotal, ʵɺ 172.91 

Esub, ʵɺ 11.03 

ȹ, ʵɺ 5.20 

3.1.2.3. ʄʦʥʦʩʣʦʠ ʠʟ ʯʝʪʳʨʝʭ-, ʰʝʩʪʠ- ʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ H-L 4-6-12 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʪʨʠ ʪʠʧʘ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L4-6-12 ï ʊ1, ʊ2 ʠ ʊ3. ɺʩʝ ʵʪʠ 

ʪʨʠ ʪʠʧʘ ʛʨʘʬʘʥʘ H-L4-6-12T1, H-L4-6-12T2 ʠ H-L4-6-12T3 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.21. 
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ʈʠʩʫʥʦʢ 3.21. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʛʨʘʬʘʥʦʚ ʪʠʧʦʚ ʊ1, ʊ2 ʠ ʊ3. (a) ï H-L4-6-

12T1; (ʙ) ï H-L4-6-12T2 ʠ (ʚ) ï H-L4-6-12T3. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʬʪʦʨʘ, ʘ 

ʙʝʣʳʤ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ 

ɺ ʪʘʙʣʠʮʝ 3.15 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ (Def), ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), 

ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ), ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ (N) 

ʜʣʷ ʩʣʦʝʚ ʛʨʘʬʘʥʦʚ H-L4-6-12T1, H-L4-6-12T2 ʠ H-L4-6-12T3. 

ʊʘʙʣʠʮʘ 3.15. ʇʘʨʘʤʝʪʨʳ ʛʨʘʬʘʥʦʚ H-L4-6-12T1, H-L4-6-12T2, H-L4-6-12T3: a, b, 

Def, ɟ, Etotal, Esub, ȹ. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʊʠʧ H-L4-6-12T1 H-L4-6-12T2 H-L4-6-12T3 

ʉʠʥʛʦʥʠʷ Hex Hex Hex 

a, b, ¡ 6.990 7.070 6.298 

N 24 24 24 

Def, ʛʨʘʜ 54.16 69.81 46.87 

ɟ, ʤʛ/ʤ2 0.61 0.60 0.76 

Etotal, ʵɺ 2074.9 2071.7 2075.8 

Etotal, ʵɺ 172.91 172.64 172.98 

Esub, ʵɺ 11.03 10.75 11.10 

ȹ, ʵɺ 6.04 5.90 5.20 

3.1.2.4. ʄʦʥʦʩʣʦʠ ʠʟ ʧʷʪʠʫʛʦʣʴʥʳʭ ʠ ʩʝʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ H-L5-7 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʜʚʘ ʪʠʧʘ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L5-7: ʊ1 ʠ ʊ2. ʅʘ ʨʠʩʫʥʢʝ 3.21 

ʧʨʠʚʝʜʝʥʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʠ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʛʨʘʬʘʥʦʚ ʪʠʧʦʚ ʊ1 ʠ 

ʊ2: H-L5-7T1 ʠ H-L5-7T2. 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 3.22. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʠ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ. (a) ï H-L5-

7T1; (ʙ) ï H-L5-7T2. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʬʪʦʨʘ (ʧʦʜ ʩʣʦʝʤ), ʘ ʙʝʣʳʤ ï 

ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ (ʥʘʜ ʩʣʦʝʤ) 
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ɺ ʪʘʙʣʠʮʝ 3.16 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ (Def), ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), 

ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ), ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ (N) 

ʜʣʷ ʩʣʦʝʚ ʛʨʘʬʘʥʦʚ H-L5-7T1, H-L5-7T2. 

ʊʘʙʣʠʮʘ 3.16. ʇʘʨʘʤʝʪʨʳ ʛʨʘʬʘʥʦʚ H-L5-7T1, H-L5-7T2: a, b, Def, ɟ, Etotal, Esub, 

ȹ. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʊʠʧ H-L5-7T1 H-L5-7T2 

ʉʠʥʛʦʥʠʷ Mon Mon 

a, ¡ 4.937 4.659 

b, ¡ 4.771 4.754 

N 16 16 

Def, ʛʨʘʜ 39.38 25.14 

ɟ, ʤʛ/ʤ2 0.76 0.80 

Etotal, ʵɺ 173.03 173.19 

Esub, ʵɺ 11.14 11.30 

ȹ, ʵɺ 5.73 6.12 

 

3.1.2.5. ʄʦʥʦʩʣʦʠ ʠʟ ʯʝʪʳʨʝʭ- ʠ ʚʦʩʴʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ H-L 4-8 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʰʝʩʪʴ ʪʠʧʦʚ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L4-8: ʊ1, ʊ2, ʊ3, ʊ4, ʊ5 ʠ ʊ6. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʛʨʘʬʘʥʦʚʳʡ ʩʣʦʡ ʪʠʧʘ ʊ3 (H-L4-8T3) 

ʨʘʟʨʫʰʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʫʩʪʦʡʯʠʚʳʤʠ ʦʢʘʟʘʣʠʩʴ ʪʦʣʴʢʦ ʧʷʪʴ ʩʣʦʝʚ: H-L4-8T1, H-L4-8T2, 

H-L4-8T4, H-L4-8T5 ʠ H-L4-8T6. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʪʠʧʦʚ ʛʨʘʬʘʥʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.23.  

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

 
ʜ 

ʈʠʩʫʥʦʢ 3.23. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʘʥʦʚ 

ʧʦʣʠʤʦʨʬʘ L4-8: (a) ï H-L4-8T1; (ʙ) ï H-L4-8T2; (ʚ) ï H-L4-8T4; (ʛ) ï H-L4-8T5; (ʜ) ï H-

L4-8T6. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʬʪʦʨʘ (ʟʘ ʩʣʦʝʤ), ʘ ʙʝʣʳʤ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ 

(ʥʘʜ ʩʣʦʝʤ) 
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ɺ ʪʘʙʣʠʮʝ 3.17 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ (Def), ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), 

ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ), ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ (N) 

ʜʣʷ ʩʣʦʝʚ ʛʨʘʬʘʥʦʚ H-L4-8T1, H-L4-8T2, H-L4-8T3, H-L4-8T4, H-L4-8T5, H-L4-8T6. 

ʊʘʙʣʠʮʘ 3.17. ʇʘʨʘʤʝʪʨʳ ʛʨʘʬʘʥʦʚ H-L4-8T1, H-L4-8T2, H-L4-8T3, H-

L4-8T4, H-L4-8T5, H-L4-8T6: a, b, Def, ɟ, Etotal, Esub, ȹ. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʊʠʧ H-L4-8T1 H-L4-8T2 H-L4-8T3 H-L4-8T4 H-L4-8T5 H-L4-8T6 

ʉʠʥʛʦʥʠʷ Tetr Tetr Tetr Tetr Tetr Ort 

a, ¡ 
5.026 3.648 ï 4.596 6.821 

4.895 

b, ¡ 4.875 

N 16 8 8 16 32 16 

Def, ʛʨʘʜ 55.76 92.51 ï 38.54 68.95 44.30 

ɟ, ʤʛ/ʤ2 0.68 0.65 ï 0.82 0.74 0.72 

Etotal, ʵɺ 1384.31 690.35 ï 1384.5 2763.8 1384.5 

Etotal, ʵɺ 173.04 172.59 ï 173.06 172.74 173.06 

Esub, ʵɺ 11.15 10.70 ï 11.18 10.85 11.17 

ȹ, ʵɺ 5.89 6.46 ï 5.66 4.76 6.15   

3.1.2.6. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʥʘʡʜʝʥʦ 16 ʫʩʪʦʡʯʠʚʳʭ ʪʠʧʦʚ 

ʛʨʘʬʘʥʘ: ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L6: H-L6T1, H-L6T2, H-L6T3, H-L6T4, H-L6T5, ʦʜʠʥ 

ʪʠʧ ʧʦʣʠʤʦʨʬʘ L3-12: H-L3-12ʊ1, ʜʚʘ ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ L5-7: H-L5-7ʊ1, H-L5-7ʊ2, ʧʷʪʴ 

ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L4-8: H-L4-8T1, H-L4-8T2, H-L4-8T4, H-L4-8T5, H-L4-8T6, ʪʨʠ ʪʠʧʘ 

ʧʦʣʠʤʦʨʬʘ L4-6-12: H-L4-6-12T1, H-L4-6-12T2, H-L4-6-12T3. ʆʜʠʥ ʩʣʦʡ ï F-L4-8T3 ʦʢʘʟʘʣʩʷ 

ʥʝʫʩʪʦʡʯʠʚʳʤ ï ʨʘʟʨʫʰʠʣʩʷ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: 

ʠʟʥʘʯʘʣʴʥʦ ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʛʦʬʨʠʨʦʚʘʥʥʦʡ, ʘ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩʤʝʱʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. 

ɺ ʪʘʙʣʠʮʝ 3.18 ʧʨʠʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʪʠʧʦʚ ʛʨʘʬʘʥʦʚ H-L6, H-L3-12, H-L4-6-12, H-L5-7, H-L4-8. 
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ʊʘʙʣʠʮʘ 3.18. ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʛʨʘʬʘʥʦʚ H-L6T1, H-L6T2, H-L6T3, H-L6T4, H-L6T5, H-L3-12ʊ1, H-L4-6-12T1, H-L4-6-

12T2, H-L4-6-12T3, H-L5-7ʊ1, H-L5-7ʊ2, H-L4-8T1, H-L4-8T2, H-L4-8T4, H-L4-8T5, H-L4-8T6 

ʊʠʧ ʉʠʥʛʦ-

ʥʠʷ 

a, ¡ b, ¡ Etotal, 

ʵɺ 

Esub, ʵɺ Def, 

ʛʨʘʜ 

ȹ, ʵɺ N 

 

ɟ, ʤʛ/ʤ2 

H-L6T1 Hex 2.570 2.570 173.4 11.48 11.59 5.66 4 0.76 

H-L6T2 Ort 2.541 4.314 173.3 11.38 13.24 5.51 8 0.79 

H-L6T3 Ort 2.566 3.862 173.3 11.43 15.62 5.62 8 0.87 

H-L6T4 Ort 4.604 4.346 173.3 11.36 16.31 5.53 16 0.86 

H-L6T5 Ort 5.007 4.433 173.2 11.33 22.43 5.63 16 0.78 

H-L3-12T1 Hex 4.683 172.9 11.03 88.65 5.20 12 0.68 

H-L4-6-12T1 Hex 6.990 172.9 11.03 54.16 6.04 24 0.61 

H-L4-6-12T2 Hex 7.070 172.6 10.75 69.81 5.90 24 0.60 

H-L4-6-12T3 Hex 6.298 173.0 11.10 46.87 5.20 24 0.76 

H-L5-7T1 Mon 4.937 4.771 173.0 11.14 39.38 5.73 16 0.76 

H-L5-7T2 Mon 4.659 4.754 173.2 11.30 25.14 6.12 16 0.80 

H-L4-8T1 Tetr 5.026 173.0 11.15 55.76 5.89 16 0.68 

H-L4-8T2 Tetr 3.648 172.6 10.70 92.51 6.46 8 0.65 

H-L4-8T4 Tetr 4.596 173.1 11.18 38.54 5.66 16 0.82 

H-L4-8T5 Tetr 6.821 172.7 10.85 68.95 4.76 32 0.74 

H-L4-8T6 Ort 4.895 4.875 173.1 11.17 44.30 6.15 16 0.72 

 

ʅʘʠʙʦʣʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʛʨʘʬʘʥʦʚʳʝ ʩʣʦʠ H-L4-8T2 ʠ H-L3-

12T1 ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʨʘʚʥʳʤʠ 92.51Á ʠ 88.65Á, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ 

ʥʘʠʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʩʣʦʠ H-L6T1, H-L6T2 ʠ H-L6T3 ʩ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʨʘʚʥʳʤʠ 11.59Á, 13.24Á ʠ 15.62Á, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ 

ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʠʣʘ 

80.92Á. ɺʩʝ ʩʣʦʠ ʛʨʘʬʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʦʨʬʘ L6 ʦʢʘʟʘʣʠʩʴ ʥʘʠʤʝʥʝʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ. ɻʨʘʬʘʥ ʧʦʣʠʤʦʨʬʘ L5-7 ʪʠʧʘ H-L5-7T2 ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 25.14Á, ʢʦʪʦʨʦʝ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʶ 22.43Á ʜʣʷ H-L6T5. 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ Esub ʦʢʘʟʘʣʠʩʴ ʥʘʠʙʦʣʴʰʠʤʠ ʫ ʩʣʦʝʚ ʪʠʧʦʚ H-

L6T1, H-L6T3 ʠ H-L6T2 ʠ ʩʦʩʪʘʚʠʣʠ 11.48, 11.43 ʠ 11.38 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʘʥʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʪʠ ʩʣʦʠ ʤʦʛʫʪ ʫʩʪʦʡʯʠʚʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʉʣʦʡ H-L4-6-12T2 ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʩʨʝʜʠ H-L4-6-12 ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʥʘʠʙʦʣʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʯʝʡʢʠ ʠ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ. 

ʊʦ ʝʩʪʴ, ʵʪʦʪ ʛʨʘʬʘʥ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ C-C-ʩʚʷʟʠ ʠ, ʩʦʦʪʚʝʪʩʚʝʥʥʦ, ʥʝ 

ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ.  

ʅʘ ʨʠʩʫʥʢʝ 3.24 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ Esub ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʨʘʬʘʥʦʚʳʭ ʩʣʦʝʚ ʦʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

 

ʈʠʩ. 3.24. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ E0
sub 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ, ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. 

ʉʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʘʬʘʥʦʚ ɟ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 0.60 õ 0.87 

ʤʛ/ʤ2 ʠ ʙʣʠʟʢʘ ʢ ʧʣʦʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ (ʥʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ) ʛʨʘʬʝʥʘ L6 ï 

0.74 ʤʛ/ʤ2. ɻʨʘʬʘʥ H-L6T3 ʩ ʥʘʠʙʦʣʴʰʝʡ ʩʣʦʝʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʙʣʠʟʢʦʡ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ. 

ʉʣʦʡ ʛʨʘʬʘʥʘ H-L4-6-12T2 ʩʨʝʜʠ ʚʩʝʭ ʪʠʧʦʚ ʛʨʘʬʘʥʦʚ ʧʦʣʠʤʦʨʬʘ L4-6-12 

ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʥʘʠʙʦʣʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ 
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ʷʯʝʡʢʠ ʠ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ. ʊʦ ʝʩʪʴ, ʵʪʦʪ ʛʨʘʬʘʥ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ 

ʜʣʠʥʦʡ C-C-ʩʚʷʟʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. 

ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʘʭ ʛʨʘʬʘʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʤʦʨʬʦʚ ʤʠʥʠʤʘʣʴʥʘ ʫ ʛʨʘʬʘʥʘ ʪʠʧʘ H-L4-8T5 (4.76 ʵɺ) ʠ ʤʘʢʩʠʤʘʣʴʥʘ ʫ 

ʛʨʘʬʘʥʘ ʪʠʧʘ H-L4-8T2 ʩ (6.46 ʵɺ).  

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ [128] ʜʣʷ H-

L6 ʛʨʘʬʘʥʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʦʙʝʠʭ ʨʘʙʦʪʘʭ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʩʦʚʧʘʜʘʶʪ, ʘ 

ʟʥʘʯʝʥʠʷ ʰʠʨʠʥ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʩʣʦʝʚʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʝʝ, ʯʝʤ ʥʘ 

2% (ʠʟ-ʟʘ ʨʘʟʥʦʛʦ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ). 

3.1.3. ɻʠʜʨʦʢʩʠʛʨʘʬʝʥ 

ʇʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦʤʠʤʦ C-O-ʩʚʷʟʠ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤ 

ʩʣʦʝʚ ʠ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʠ O-H-ʩʚʷʟʴ ï ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʠ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʩ ʚʘʨʴʠʨʫʶʱʝʡʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ. 

ʅʘʣʠʯʠʝ ʵʪʦʡ ʩʚʷʟʠ ʜʝʣʘʝʪ ʥʝʢʦʨʨʝʢʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.4) ʜʣʷ 

ʨʘʩʯʝʪʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘʭ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ ʧʘʨʘʤʝʪʨ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʨʘʩʩʯʠʪʳʚʘʣʩʷ. 

3.1.3.1. ʄʦʥʦʩʣʦʠ ʠʟ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ OH-L6 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L6 ʩʫʱʝʩʪʚʫʝʪ ʧʷʪʴ 

ʪʠʧʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ OH-ʛʨʫʧʧʳ: ʊ1, ʊ2, ʊ3, ʊ4, ʊ5 ʠ ʊ6. ɺ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʪʘʢ, ʯʪʦ O-H-ʩʚʷʟʴ ʦʨʠʝʥʪʠʨʦʚʘʣʘʩʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ. 

ʉʦʛʣʘʩʥʦ ʩʜʝʣʘʥʥʦʡ ʨʘʥʝʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʪʠʧʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ T1 ʢʘʞʜʳʡ 

ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ OH-ʛʨʫʧʧʦʡ ʦʢʨʫʞʝʥ 

ʪʨʝʤʷ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʢ ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʩʦʝʜʠʥʝʥʳ OH- ʛʨʫʧʧʳ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʩʣʦʷ ʪʠʧʘ ʊ1 ʩʥʘʯʘʣʘ ʥʘʤʠ ʙʳʣʘ ʚʟʷʪʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʩʠʥʛʦʥʠʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʜʚʫʭ OH-ʛʨʫʧʧ. ʅʘ ʨʠʩʫʥʢʝ 3.23 

ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʷ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ 

ʦʧʪʠʤʠʟʘʮʠʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʩʤʝʱʘʣʠʩʴ ʪʘʢ, ʯʪʦ ʫʛʦʣ ʤʝʞʜʫ ʩʚʷʟʷʤʠ H-O-C 

ʫʤʝʥʴʰʘʣʩʷ ʦʪ 180 ʜʦ 108Á. ʇʨʠ ʵʪʦʤ ʩʚʷʟʠ OH-ʛʨʫʧʧ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʩ ʨʘʟʥʳʭ 
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ʩʪʦʨʦʥ ʩʣʦʷ ʢ ʜʚʫʤ ʩʦʩʝʜʩʪʚʫʶʱʠʤ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ, ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʜʦʣʴ 

ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣ ʨʘʟʨʳʚ ʚʩʝʭ ʉ-ʉ-

ʩʚʷʟʝʡ, ʘ ʟʘʪʝʤ ʢʠʩʣʦʨʦʜ-ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʦʚʳʝ 

ʩʚʷʟʠ: ʩʥʘʯʘʣʘ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ, ʘ ʟʘʪʝʤ ʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʫʛʣʝʨʦʜʘ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʣʦʡ OH-L6T1 ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦʣʝʢʫʣ 

ʛʣʠʦʢʩʘʣʷ C2H2O2 (ʩʤ. ʨʠʩ. 3.23ʢ) ï ʩʣʦʡ ʨʘʟʨʫʰʠʣʩʷ. 

 

   
ʘ ʙ ʚ 

   
ʛ ʜ ʝ 

   
ʞ ʟ ʠ 

 
ʢ 

ʈʠʩ. 3.25. ʕʪʘʧʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ 

OH-L6T1 ʧʨʠ ʚʳʙʦʨʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʅʦʤʝʨ ʰʘʛʘ 
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ʦʧʪʠʤʠʟʘʮʠʠ: a ï 0, ʙ ï 16, ʚ ï 26, ʛ ï 52, ʜ ï 128, ʝ ï 136, ʞ ï 173, ʟ ï 214, ʠ ï 275, ʢ 

ï 324  

ʈʘʟʨʫʰʝʥʠʝ ʵʪʦʛʦ ʩʣʦʷ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ ʧʨʦʠʟʦʰʣʦ ʧʦʪʦʤʫ, ʯʪʦ ʥʘʤʠ ʙʳʣʘ 

ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʘ ʩʠʥʛʦʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʵʪʦʛʦ ʞʝ ʪʠʧʘ ʩʣʦʷ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ (OH-L6T1) ʚʟʷʣʠ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʷʯʝʡʢʫ. ʆʥʘ ʩʦʜʝʨʞʘʣʘ 4 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ 4 ʆʅ-ʛʨʫʧʧʳ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʩʣʦʷ OH-L6T1 ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ. ʅʘ 

ʨʠʩʫʥʢʝ 3.26 ʘ ʧʨʠʚʝʜʝʥʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʣʦʷ 

OH-L6T1.  

ʅʘ ʨʠʩʫʥʢʝ 3.26 ʧʨʠʚʝʜʝʥʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʷʯʝʝʢ ʩʣʦʝʚ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L6T1, OH-L6T2, OH-L6T3, OH-L6T4 ʠ OH-L6T5. 

  
 

  
a ʙ ʚ ʛ ʜ 

ʈʠʩ. 3.26. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʝ ʷʯʝʡʢʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ 

OH-L6: (a) ï OH-L6T1, (ʙ) ï OH-L6T2, (ʚ) ï OH-L6T3, (ʛ) ï OH-L6T4, (ʜ) ï OH-L6T5. 

ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʢʨʘʩʥʳʤ ï ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʙʝʣʳʤ ï 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ɺ ʪʘʙʣʠʮʝ 3.19 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ (L i-j), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), 

ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ) ʜʣʷ ʩʣʦʝʚ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L6T1, OH-L6T2, OH-L6T3, OH-L6T4, OH-L6T5. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚ ʷʯʝʡʢʘʭ ʦʙʦʟʥʘʯʝʥʦ N. 
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ʊʘʙʣʠʮʘ 3.19. ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L6T1, OH-L6T2, OH-L6T3, 

OH-L6T4, OH-L6T5: a, b, ɟ, LH-O, LC-O, LC-C, Etotal, Esub, ȹ. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʉʣʦʡ OH-L6T1 OH-L6T2 OH-L6T3 OH-L6T4 OH-L6T5 

a, ¡ 4.477 2.623 2.664 5.003 5.125 

b, ¡ 2.637 4.526 4.212 4.540 4.630 

N, ʘʪʦʤ 12 12 12 24 24 

ɟ, ʤʛ/ʤ2 1.63 1.62 1.72 1.70 1.62 

LHO, ¡
 1.046 1.063 1.051 1.062 1.079 

LCO, ¡
 1.463 1.465 1.465 1.463 1.455 

LCC, ¡
 1.59 1.62 1.58 1.62 1.61 

Etotal,ʵɺ 2429.32 2428.6 2428.93 4856.75 4857.37 

Etotal,ʵɺ 607.33 607.15 607.23 607.09 607.17 

Esub,ʵɺ 18.93 18.75 18.83 18.69 18.77 

ȹ, ʵɺ 3.02 3.93 3.87 4.56 3.85 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʠʧʦʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ L6 ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩ. 3.27. 
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ʈʠʩ. 3.27. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) ï OH-L6T1; (ʙ) ï OH-L6T2; 

(ʚ) ï OH-L6T4; (ʛ) ï OH-L6T5; (ʜ) ï OH-L6T6 

3.1.3.2. ʄʦʥʦʩʣʦʠ ʠʟ ʪʨʝʫʛʦʣʴʥʳʭ ʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ OH-L 3-12 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L3-12 ʩʫʱʝʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʦʜʠʥ ʪʠʧ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ï ʪʠʧ ʊ1. ʕʣʝʤʝʥʪʘʨʥʘʷ 

ʷʯʝʡʢʘ ʚ ʵʪʦʤ ʩʣʦʝ ʷʚʣʷʣʘʩʴ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ. ɺ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʡ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ OH-L3-12T1 ʨʘʩʧʘʣʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ. ʅʘ ʨʠʩʫʥʢʝ 3.28 

ʧʨʠʚʝʜʝʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʟʘ ʰʘʛ ʜʦ ʨʘʩʧʘʜʘ. 

 

ʈʠʩ. 3.28. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ OH-L3-12T1 ʟʘ ʰʘʛ ʜʦ ʨʘʟʨʫʰʝʥʠʷ 

ɺ ʪʘʙʣʠʮʝ 3.20 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b) 

ʠ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʝ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ OH-L3-12T1. 



72 

 

ʊʘʙʣʠʮʘ 3.20. ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ OH-L3-12T1: a ʠ b. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

 

3.1.3.3. ʄʦʥʦʩʣʦʠ ʠʟ ʯʝʪʳʨʝʭ-, ʰʝʩʪʠ- ʠ ʜʚʝʥʘʜʮʘʪʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ OH-L 4-6-12 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʪʨʠ ʪʠʧʘ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L4-6-12: ʊ1, ʊ2 ʠ ʊ3. ʇʨʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʚʘ ʩʣʦʷ ʪʠʧʦʚ T1 ʠ T3 ʦʢʘʟʘʣʠʩʴ ʫʩʪʦʡʯʠʚʳʤʠ, ʘ ʩʣʦʡ ʪʠʧʘ T2 

ʨʘʩʧʘʣʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʛʨʫʧʧʳ. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ (OH-L4-6-12T1, OH-L4-6-

12T2 ʠ OH-L4-6-12T3) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.29. 

 
ʈʠʩ. 3.29. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) ï OH-L4-6-12ʊ1, (ʙ) ï OH-L4-

6-12ʊ2 (ʟʘ ʰʘʛ ʜʦ ʨʘʩʧʘʜʘ) ʠ (ʚ) ï OH-L4-6-12ʊ3. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ 

ʫʛʣʝʨʦʜʘ, ʯʝʨʥʳʤ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʙʝʣʳʤ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ɺ ʪʘʙʣʠʮʝ 3.21 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ) ʜʣʷ ʩʣʦʝʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L4-6-12T1, OH-L4-6-12T2 ʠ OH-

L4-6-12T3.  

ʊʠʧ OH-L3-12T1 

ʉʠʥʛʦʥʠʷ Hex 

a, ¡ 
5.36 

b, ¡ 

N 18 
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ʊʘʙʣʠʮʘ 3.21. ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L4-6-12T1, OH-L4-6-12T2 ʠ OH-L4-6-

12T3: a, b, ɟ, Etotal, Esub, ȹ. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʊʠʧ OH-L4-6-12T1 OH-L4-6-12T2 OH-L4-6-12T3 

ʉʠʥʛʦʥʠʷ Hex Hex Hex 

a, ¡ 7.080 7.080 7.028 

b, ¡ 7.080 7.080 7.028 

N 36 36 36 

ɟ, ʤʛ/ʤ2 1.34 ï 1.36 

Etotal, ʵɺ 7279 ï 7269 

Etotal, ʵɺ 606.6 ï 605.8 

Esub, ʵɺ 18.16 ï 17.37 

ȹ, ʵɺ 3.33 ï 1.93 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3.30 ʠ 3.31 ʧʨʠʚʝʜʝʥʳ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʠ ʟʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L4-6-12ʊ1 ʠ OH-L4-6-12ʊ3.  

 
ʈʠʩ. 3.30. ʌʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) ï OH-

L4-6-12T1; (ʙ) ï OH-L4-6-12T2 

 
ʈʠʩ. 3.31. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) ï OH-L4-6-12T1, (ʙ) ï OH-L4-6-12T2 
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3.1.3.4. ʄʦʥʦʩʣʦʠ ʠʟ ʧʷʪʠʫʛʦʣʴʥʳʭ ʠ ʩʝʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ OH-L5-7 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L5-7 ʩʫʱʝʩʪʚʫʝʪ 

ʪʦʣʴʢʦ ʜʚʘ ʪʠʧʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ: ʊ1 ʠ ʊ2. ɼʣʷ ʩʣʦʝʚ OH-L5-

7 ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʚ ʪʦʤ ʠ ʜʨʫʛʦʤ ʪʠʧʝ ʷʚʣʷʝʪʩʷ ʤʦʥʦʢʣʠʥʥʦʡ ʠ ʩʦʜʝʨʞʠʪ 24 

ʘʪʦʤʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.32 ʧʨʠʚʝʜʝʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L5-7T1 ʠ OH-L5-7T2. 

 

          (ʘ)                               (ʙ) 

ʈʠʩ. 3.32. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) ï OH-L5-7T1, (ʙ) ï OH-L5-

7T2. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʢʨʘʩʥʳʤ ï ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, 

ʙʝʣʳʤ ï ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ɺ ʪʘʙʣʠʮʝ 3.22 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ) ʜʣʷ ʩʣʦʝʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L5-7T1, OH-L5-7T2.  

ʊʘʙʣʠʮʘ 3.22. ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L5-7T1 ʠ OH-L5-7T2: a, b, ɟ, Etotal, 

Esub, ȹ. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʊʠʧ OH-L5-7T1 OH-L5-7T2 

ʉʠʥʛʦʥʠʷ Mon Mon 

a, ¡ 5.20 5.01 

b, ¡ 4.79 4.77 

N 24 24 

ɟ, ʤʛ/ʤ2 1.61 1.67 

Etotal, ʵɺ 4852.8 4856.9 
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ɺ ʪʘʙʣʠʮʝ 3.23 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʚ ʩʣʦʷʭ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L5-7T1 ʠ OH-L5-7T2. 

ʊʘʙʣʠʮʘ 3.23. ɼʣʠʥʳ ʉ-ʉ-ʩʚʷʟʝʡ ʠ ʉ-O-ʩʚʷʟʝʡ L i-j ʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘʭ OH-L5-7T1 ʠ 

OH-L5-7T2 

 OH-L5-7T1 OH-L5-7T2 

LI-I 1.632 LI-I 1.534 LIII -III  1.541 

LII -II 1.601 LI-II 1.725 LIII -IV 1.592 

LI-III  1.563 LI-IV 1.582 LIV -IV 1.575 

LII -III  1.643 LII -II 1.567   

LIII -III  1.626 LII -III  1.563   

 

ʅʘ ʨʠʩʫʥʢʝ 3.33 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ 

ʩʦʩʪʦʷʥʠʡ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L5-7T1 ʠ OH-L5-7T2.  

 

 
ʘ 

 

 
ʙ 

ʈʠʩ. 3.33. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) 

ï OH-L5-7T1; (ʙ) ï OH-L5-7T2 

3.1.3.5. ʄʦʥʦʩʣʦʠ ʠʟ ʯʝʪʳʨʝʭ- ʠ ʚʦʩʴʤʠʫʛʦʣʴʥʳʭ ʮʠʢʣʦʚ OH-L 4-8 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, ʢ ʛʨʘʬʝʥʦʚʦʤʫ ʩʣʦʶ L4-8 ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʰʝʩʪʴ ʪʠʧʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ ʊ1, ʊ2, ʊ3, ʊ4, ʊ5 ʠ ʊ6. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ OH-L4-8T3 

Etotal, ʵɺ 606.60 607.12 

Esub, ʵɺ 18.20 18.72 

ȹ, ʵɺ 3.74 3.95 
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ʨʘʟʨʫʰʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʫʩʪʦʡʯʠʚʳʤʠ ʦʢʘʟʘʣʠʩʴ ʪʦʣʴʢʦ ʧʷʪʴ ʩʣʦʝʚ: OH-L4-8T1, OH-L4-

8T2, OH-L4-8T4, OH-L4-8T5 ʠ OH-L4-8T6. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʚʩʝʭ ʵʪʠʭ ʧʷʪʠ 

ʫʩʪʦʡʯʠʚʳʭ ʪʠʧʦʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.34. 

   

ʘ ʙ ʚ 

  

ʛ ʜ 

ʈʠʩ. 3.34. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) ï OH-L4-8T1, (ʙ) ï OH-

L4-8T2, (ʚ) ï OH-L4-8T4, (ʛ) ï OH-L4-8T5, (ʜ) ï OH-L4-8T6. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ 

ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʢʨʘʩʥʳʤ ï ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʙʝʣʳʤ ï ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ɺ ʪʘʙʣʠʮʝ 3.24 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʳ ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (a ʠ b), 

ʩʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ (ɟ), ʜʣʠʥʳ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ (L i-j), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ (Etotal), 

ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ (Esub), ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ), ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ 

ʩʚʷʟʝʡ: ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ (LOH), ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʠ 

ʢʠʩʣʦʨʦʜʘ (LCO), ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʭ ʮʠʢʣʘʭ (LC4) ʠ ʤʝʞʜʫ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʤʠ ʮʠʢʣʘʤʠ (LC4C4) ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʣʦʝʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ. 
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ʊʘʙʣʠʮʘ 3.24. ʇʘʨʘʤʝʪʨʳ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L4-8T1, OH-L4-8T2, OH-L4-

8T4, OH-L4-8T5, OH-L4-8T6: a, b, ɟ, LHO, LCO, LC4, Lʉ4C4, Etotal, Esub, ȹ. N ï ʯʠʩʣʦ ʘʪʦʤʦʚ 

ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʊʠʧ OH-L4-8T1 OH-L4-8T2 OH-L4-8T4 OH-L4-8T5 OH-L4-8T6 

ʉʠʥʛʦʥʠʷ Tetr Tetr Ort Tetr Mon 

a, ¡ 5.220 3.753 4.941 7.088 4.926 

b, ¡ 5.220 3.753 4.957 7.088 4.967 

N 24 12 24 48 24 

ɟ, ʤʛ/ʤ2 1.420 1.374 1.580 1.540 1.582 

LOH, ¡ 1.027 1.002 1.097 1.034 1.047 

LCO, ¡ 1.464 1.521 1.454 1.500 1.466 

LC4, ¡ 1.660 1.635 1.649 1.615 1.623 

LC4C4, ¡ 1.540 1.593 1.543 1.582 1.594 

Etotal, ʵɺ 4855.26 2423.36 4855.37 9699.83 4854.82 

Etotal, ʵɺ 606.91 605.84 606.92 606.24 606.85 

Esub, ʵɺ 18.51 17.44 18.52 17.84 18.45 

ȹ, ʵɺ 3.24 4.30 4.26 4.38 4.48 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3.35 ʠ 3.36 ʧʨʠʚʝʜʝʥʳ ʟʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L4-8T1, OH-L4-8T2, OH-L4-8T4, 

OH-L4-8T5 ʠ OH-L4-8T6.  

  

ʘ ʙ 

  

ʚ ʛ 
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ʜ 

ʈʠʩ. 3.35. ʌʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) 

ï OH-L4-8T1; (ʙ) ï OH-L4-8T2; (ʚ) ï OH-L4-8T4; (ʛ) ï OH-L4-8T5; (ʜ) ï OH-L4-8T6 

  

ʘ ʙ 

  

ʚ ʛ 

 

ʜ 
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ʈʠʩ. 3.36. ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: (a) ï OH-L4-8T1; (ʙ) ï OH-L4-

8T2; (ʚ) ï OH-L4-8T4; (ʛ) ï OH-L4-8T5; (ʜ) ï OH-L4-8T6 

 

3.1.3.6. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʥʘʡʜʝʥʦ 14 ʫʩʪʦʡʯʠʚʳʭ ʪʠʧʦʚ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ: ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L6: OH-L6T1, OH-L6T2, OH-L6T3, OH-

L6T4, OH-L6T5, ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L4-8: OH-L4-8T1, OH-L4-8T2, OH-L4-8T4, OH-

L4-8T5, OH-L4-8T6, ʜʚʘ ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ L4-6-12: OH-L4-6-12T1, OH-L4-6-12T3, ʜʚʘ ʪʠʧʘ 

ʧʦʣʠʤʦʨʬʘ L5-7: OH-L5-7ʊ1, OH-L5-7ʊ2. ʊʨʠ ʩʣʦʷ ï OH-L4-6-12T2, OH-L3-12T1, OH-L4-

8T3 ʦʢʘʟʘʣʠʩʴ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ï ʨʘʟʨʫʰʠʣʠʩʴ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʇʨʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʧʣʦʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ ʩʪʘʥʦʚʠʪʩʷ ʛʦʬʨʠʨʦʚʘʥʥʦʡ, ʘ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ 

ʩʤʝʱʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. 

ɺ ʪʘʙʣʠʮʝ 3.25 ʧʨʠʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ: OH-L6, OH-L3-12, OH-L4-6-12, OH-L5-7, OH-L4-8. 

ʊʘʙʣʠʮʘ 3.25. ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ OH-L6T1, OH-L6T2, OH-L6T3, OH-L6T4, OH-L6T5, OH-L4-6-12T1, 

OH-L4-6-12T3, OH-L5-7ʊ1, OH-L5-7ʊ2, OH-L4-8T1, OH-L4-8T2, OH-L4-8T4, OH-L4-8T5, 

OH-L4-8T6 

ʊʠʧ ʩʣʦʷ ʉʠʥʛʦʥʠʷ a, ¡ b, ¡ Etotal, ʵɺ Esub, ʵɺ ȹ, ʵɺ N ɟ, ʤʛ/ʤ2 

OH-L6T1 Ort 4.477 2.637 607.3 18.93 3.02 12 1.63 

OH-L6T2 Ort 2.623 4.526 607.2 18.75 3.93 12 1.62 

OH-L6T3 Ort 2.664 4.212 607.2 18.83 3.87 12 1.72 

OH-L6T4 Ort 5.003 4.540 607.1 18.69 4.56 24 1.70 

OH-L6T5 Ort 5.125 4.630 607.2 18.77 3.85 24 1.62 

OH-L4-6-12T1 Hex 7.080 7.080 606.6 18.16 3.33 36 1.34 

OH-L4-6-12T3 Hex 7.028 7.028 605.8 17.37 1.93 36 1.36 

OH-L5-7T1 Mon 5.20 4.79 606.6 18.20 3.74 24 1.61 

OH-L5-7T2 Mon 5.01 4.77 607.1 18.72 3.95 24 1.61 

OH-L4-8T1 Tetr 5.220 5.220 606.9 18.51 3.24 24 1.42 

OH-L4-8T2 Tetr 3.753 3.753 605.8 17.44 4.30 12 1.37 
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OH-L4-8T4 Ort 4.941 4.957 606.9 18.52 4.26 24 1.58 

OH-L4-8T5 Tetr 7.088 7.088 606.2 17.84 4.38 48 1.54 

OH-L4-8T6 Mon 4.926 4.967 606.9 18.45 4.48 24 1.58 

 

ʋ ʩʣʦʷ ʪʠʧʘ OH-L6T1 ɻʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ Esub (18.93 ʵɺ) ʦʢʘʟʘʣʦʩʴ 

ʥʘʠʙʦʣʴʰʝʡ. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʩʫʙʣʠʤʘʮʠʠ ʚ ʩʣʦʷʭ ʧʦʣʠʤʦʨʬʘ L6 ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʜʨʫʛʠʭ ʩʣʦʷʭ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʩʣʦʡ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ ʧʦʣʠʤʦʨʬʘ L5-7: OH-

L5-7T2. 

ʉʣʦʝʚʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ ɟ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.34 

õ 1.72 ʤʛ/ʤ2. ʕʪʦ ʚʜʚʦʝ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ (ʥʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ) 

ʛʨʘʬʝʥʘ L6  ï 0.74 ʤʛ/ʤ2. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥ OH-L6T3 

ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʩʣʦʝʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ. 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʠʧʘʭ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʤʠʥʠʤʘʣʴʥʘ ʫ ʩʣʦʷ ʪʠʧʘ OH-L4-6-12T3 (1.93 ʵɺ) ʠ ʤʘʢʩʠʤʘʣʴʥʘ ʫ ʩʣʦʷ ʪʠʧʘ OH-L6T4 

(4.56 ʵɺ). ʕʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ ʩʣʦʷ OH-L4-6-12T3 ̫ʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 17.37 ʵɺ. 

ɺʝʢʪʦʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ ʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚʳʭ ʩʣʦʷʭ ʠʤʝʶʪ 

ʙʦʣʴʰʫʶ ʜʣʠʥʫ, ʯʝʤ ʚ ʠʩʭʦʜʥʳʭ ʩʣʦʷʭ ʛʨʘʬʝʥʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʪʦʤʫ, ʯʪʦ ʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʫʜʣʠʥʝʥʠʝ ʠ ʦʩʣʘʙʣʝʥʠʝ C-C-ʩʚʷʟʝʡ. 

ɼʣʠʥʳ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʩʣʦʷ 

ʦʜʥʦʛʦ ʪʠʧʘ. ʊʘʢ, ʚ ʩʣʦʝ OH-L6T3 ʜʣʠʥʘ ʉ-ʉ-ʩʚʷʟʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1.55 ʜʦ 1.63 ¡. 

 

3.1.4. ʆʙʩʫʞʜʝʥʠʝ  

ɺ ʮʝʣʦʤ, ʥʘʤʠ ʨʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʳ 15 ʪʠʧʦʚ ʬʪʦʨʦʛʨʘʬʝʥʘ, 16 ʪʠʧʦʚ 

ʛʨʘʬʘʥʘ ʠ 14 ʪʠʧʦʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ. ʉʨʝʜʠ ʬʪʦʨʦʛʨʘʬʝʥʦʚ ʫʩʪʦʡʯʠʚʳʤʠ 

ʦʢʘʟʘʣʠʩʴ ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L6: F-L6T1, F-L6T2, F-L6T3, F-L6T4, F-L6T5, ʦʜʠʥ 

ʪʠʧ ʧʦʣʠʤʦʨʬʘ L3-12: F-L3-12ʊ1, ʜʚʘ ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ L5-7: F-L5-7ʊ1, F-L5-7ʊ2, ʧʷʪʴ 

ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L4-8: F-L4-8T1, F-L4-8T2, F-L4-8T4, F-L4-8T5, F-L4-8T6, ʜʚʘ ʪʠʧʘ 

ʧʦʣʠʤʦʨʬʘ L4-6-12: F-L4-6-12T1, F-L4-6-12T3. ʉʨʝʜʠ ʛʨʘʬʘʥʦʚ ʫʩʪʦʡʯʠʚʳʤʠ ʦʢʘʟʘʣʠʩʴ 

ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L6: H-L6T1, H-L6T2, H-L6T3, H-L6T4, H-L6T5, ʦʜʠʥ ʪʠʧ 

ʧʦʣʠʤʦʨʬʘ L3-12: H-L3-12ʊ1, ʜʚʘ ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ L5-7: H-L5-7ʊ1, H-L5-7ʊ2, ʧʷʪʴ ʪʠʧʦʚ 
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ʧʦʣʠʤʦʨʬʘ L4-8: H-L4-8T1, H-L4-8T2, H-L4-8T4, H-L4-8T5, H-L4-8T6, ʪʨʠ ʪʠʧʘ 

ʧʦʣʠʤʦʨʬʘ L4-6-12: H-L4-6-12T1, H-L4-6-12T2, H-L4-6-12T3. ʉʨʝʜʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʦʚ 

ʫʩʪʦʡʯʠʚʳʤʠ ʦʢʘʟʘʣʠʩʴ ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L6: OH-L6T1, OH-L6T2, OH-L6T3, 

OH-L6T4, OH-L6T5, ʧʷʪʴ ʪʠʧʦʚ ʧʦʣʠʤʦʨʬʘ L4-8: OH-L4-8T1, OH-L4-8T2, OH-L4-8T4, 

OH-L4-8T5, OH-L4-8T6, ʜʚʘ ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ L4-6-12: OH-L4-6-12T1, OH-L4-6-12T3, ʜʚʘ 

ʪʠʧʘ ʧʦʣʠʤʦʨʬʘ L5-7: OH-L5-7ʊ1, OH-L5-7ʊ2.  

ɼʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʦʝʚ ʬʪʦʨʦʛʨʘʬʝʥʘ, ʛʨʘʬʘʥʘ ʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʧʣʦʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʦʚʳʭ ʧʦʣʠʤʦʨʬʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʛʦʬʨʠʨʦʚʘʥʥʦʡ, ʘ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩʤʝʱʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʛʨʫʧʧ.  

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʦʨʬʦʚ L4-6-12 ʦʢʘʟʘʣʠʩʴ 

ʫʩʪʦʡʯʠʚʳʤʠ ʪʠʧʳ ʊ1 ʠ T3, ʘ ʪʠʧ T2 ʦʢʘʟʘʣʩʷ ʫʩʪʦʡʯʠʚʳʤ ʪʦʣʴʢʦ ʫ ʛʨʘʬʘʥʘ (H-L4-

6-12T2). ʉʨʝʜʠ ʩʣʦʝʚ H-L4-6-12 ʛʨʘʬʘʥ ʪʠʧʘ H-L4-6-12T2 ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, 

ʥʘʠʤʝʥʴʰʫʶ ʵʥʝʨʛʠʶ ʩʫʙʣʠʤʘʮʠʠ, ʥʘʠʙʦʣʴʰʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠ 

ʥʘʠʙʦʣʴʰʫʶ ʜʣʠʥʫ C-C-ʩʚʷʟʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʟʢʫʶ ʧʨʦʯʥʦʩʪʴ ʫʛʣʝʨʦʜʥʦʛʦ 

ʢʘʨʢʘʩʘ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʝʚ 

ʬʪʦʨʦʛʨʘʬʝʥʘ F-L4-6-12T2 ʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘ OH-L4-6-12T2 ̫ʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʠʭ ʫʛʣʝʨʦʜʥʦʛʦ ʢʘʨʢʘʩʘ. 

ɺ ʪʘʙʣʠʮʝ 3.26 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ e ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʨʘʬʘʥʘ (H) ʠ ʬʪʦʨʦʛʨʘʬʝʥʘ (F), ʚʳʯʠʩʣʝʥʥʦʛʦ ʢʘʢ ʢʚʘʜʨʘʪʥʳʡ 

ʢʦʨʝʥʴ ʠʟ ʧʣʦʱʘʜʠ ʦʩʥʦʚʘʥʠʷ ʷʯʝʡʢʠ, ʜʝʣʝʥʥʦʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ.  

ʊʘʙʣʠʮʘ 3.26. ʋʜʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ e ʚʦ ʬʪʦʨʦʛʨʝʥʘʭ ʠ ʛʨʘʬʘʥʘʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʊʠʧ ʩʣʦʷ 
e, ¡ 

ʬʪʦʨʦʛʨʘʬʝʥ ʛʨʘʬʘʥ 

L6T1 1.712 1.691 

L6T2 1.717 1.655 

L6T3 1.657 1.574 

L6T4 1.670 1.581 

L6T5 1.709 1.666 

L3-12T1 1.917 1.779 
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L4-6-12T1 1.902 1.878 

L4-6-12T2 ï 1.899 

L4-6-12T3 1.841 1.692 

L5-7T1 1.736 1.716 

L5-7T2 1.697 1.664 

L4-8T1 1.792 1.777 

L4-8T2 1.831 1.824 

L4-8T4 1.724 1.625 

L4-8T5 1.772 1.705 

L4-8T6 1.727 1.727 

ɺʠʜʥʦ, ʯʪʦ ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ ʫʜʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʥʘ 0.06 ¡ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʛʨʘʬʘʥʘʭ. ʆʯʝʚʠʜʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʳʤ ʨʘʜʠʫʩʦʤ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ: 

ʨʘʜʠʫʩ ʘʪʦʤʘ ʬʪʦʨʘ ʨʘʚʝʥ 0.66, ʘ ʚʦʜʦʨʦʜʘ ï 0.37 ¡. 

ʅʘʠʙʦʣʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʝ ʠ ʛʨʘʬʘʥʦʚʳʝ 

ʩʣʦʠ ʪʠʧʦʚ L4-8T2 ʠ L3-12T1, ʘ ʥʘʠʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ï ʬʪʦʨʦʛʨʘʬʝʥʦʚʳʝ ʠ 

ʛʨʘʬʘʥʦʚʳʝ ʩʣʦʠ ʪʠʧʘ L6T1. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʛʨʘʬʘʥʘʭ ʩʦʩʪʘʚʠʣʘ 80.9Á, ʘ ʚ ʬʪʦʨʦʛʨʘʬʝʥʘʭ 99.3Á. 

ɻʨʘʬʘʥʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʠʨʦʚʘʥʳ, ʯʝʤ ʬʪʦʨʦʛʨʘʬʝʥʳ. ʉʨʝʜʠ ʛʨʘʬʘʥʦʚ 

ʧʦʣʠʤʦʨʬʳ L6 ʦʙʣʘʜʘʣʠ ʥʘʠʤʝʥʴʰʝʡ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴʶ. ʉʨʝʜʠ ʬʪʦʨʦʛʨʘʬʝʥʦʚ 

ʧʦʣʠʤʦʨʬʳ L6 ʪʘʢʞʝ ʦʙʣʘʜʘʣʠ ʥʘʠʤʝʥʴʰʝʡ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴʶ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʣʦʷ F-L5-7T2, ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʧʦʣʠʤʦʨʬʘ L6 ï 

F-L6T4. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʦʪ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʝ ʠ ʛʨʘʬʘʥʝ ʨʠʩʫʥʢʠ 3.18 ʠ 3.24 

ʦʙʲʝʜʠʥʠʣʠ ʚ ʦʜʠʥ ʨʠʩʫʥʦʢ ï ʨʠʩ. 3.37. 
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ʈʠʩ. 3.37. ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ Esub ʦʪ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ Def ʚ ʤʦʥʦʩʣʦʷʭ ʬʪʦʨʦʛʨʘʬʝʥʘ ʠ ʛʨʘʬʘʥʘ 

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ 

ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʟʘʚʠʩʠʤʦʩʪʠ Esub(Def) ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳʡ ʥʘʢʣʦʥ ʠ ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 3 ʵɺ. ɽʩʪʝʩʪʚʝʥʥʦ 

ʦʞʠʜʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʜʝʬʦʨʤʘʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ. ʇʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.38 ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʫʜʝʣʴʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ e ɻ ʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ. 

 

ʈʠʩ. 3.38. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ Def ʦʪ ʫʜʝʣʴʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ e ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ ʠ ʛʨʘʬʘʥʘʭ  
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ʄʝʞʜʫ ʵʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ Esub ʠ ʫʜʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʨʝʰʝʪʢʠ ʝ 

ʩʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ. ʅʘ ʨʠʩʫʥʢʝ 3.39 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ Esub  ʦʪ ʝ. 

 

ʈʠʩ. 3.39. ɿʘʚʠʩʠʤʦʩʪʠ Esub (ʝ) ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ ʠ ʛʨʘʬʘʥʘʭ 

ɺʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ Esub (ʝ) ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ, ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ 

ʥʘʢʣʦʥ ʠ ʦʪʩʪʦʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 3 ʵɺ. ʋʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ, 

ʦʯʝʚʠʜʥʦ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ.  

ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ȹ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʚʝʟʜʝ ʙʦʣʴʰʝ ʥʫʣʷ ʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 1.93 ʵɺ ʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʝ OH-L4-

6-12T3 ʜʦ 6.46 ʵɺ ʚ ʛʨʘʬʘʥʝ H-L4-8T2. ʋ ʛʨʘʬʘʥʦʚ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ ʬʪʦʨʦʛʨʘʬʝʥʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 3.40 ʧʨʠʚʝʜʝʥʳ ʜʠʘʛʨʘʤʤʳ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʠ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘʭ, ʬʪʦʨʦʛʨʘʬʝʥʘʭ ʠ ʛʨʘʬʘʥʘʭ ʚ 

ʧʦʣʠʤʦʨʬʘʭ L6, L5-7, L4-8, L4-6-12, L3-12 ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ.  
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ʈʠʩ. 3.40 (ʘ) ï ʕʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ Esub ʠ (ʙ) ï ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ȹ 

ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ, ʛʨʘʬʘʥʘʭ ʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘʭ 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʟʘʚʠʩʠʤʦʩʪʠ Esub ʠ ȹ ʦʪ ʪʠʧʘ 

ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʘʪʦʤʘ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ. ʅʘ ʨʠʩ. 3.41 ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ Esub ʠ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ȹ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ɢ: ʫ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ɢ = 2.2 ʵɺ, ʫ ʆʅ-ʛʨʫʧʧʳ ɢ = 3.5 ʵɺ, ʘ ʫ ʘʪʦʤʘ ʬʪʦʨʘ ɢ = 4.0 ʵɺ [179, 

180]. 

 

ʈʠʩ. 3.41. ɿʘʚʠʩʠʤʦʩʪʠ (ʘ) ï ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ Esub ʠ (ʙ) ï ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ȹ ʦʪ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ɢ ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ, ʛʨʘʬʘʥʘʭ ʠ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘʭ 

ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʠʷ 

ʩʫʙʣʠʤʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʫʙʣʠʤʘʮʠʠ ʠ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ɢ, ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʩʚʷʟʴ 

ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ ʠ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʈʠʩ. 3.42 ʵʪʫ ʩʚʷʟʴ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ: ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 



86 

 

 

ʈʠʩ. 3.42 ʉʚʷʟʴ ʤʝʞʜʫ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʵʥʝʨʛʠʝʡ ʩʫʙʣʠʤʘʮʠʠ 

ʚʦ ʬʪʦʨʦʛʨʘʬʝʥʘʭ, ʛʨʘʬʘʥʘʭ ʠ ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘʭ 

ʉʢʦʧʣʝʥʠʝ ʪʦʯʝʢ ʚ ʣʝʚʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʪʦʛʦ ʨʠʩʫʥʢʘ, ʛʜʝ ʙʦʣʴʰʘʷ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʤʘʣʝʥʴʢʘʷ ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ, ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʘʬʘʥʘʤ, ʘ 

ʩʢʦʧʣʝʥʠʝ ʪʦʯʝʢ ʚ ʧʨʘʚʦʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ, ʛʜʝ ʤʘʣʝʥʴʢʘʷ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ ʩʫʙʣʠʤʘʮʠʠ, ʦʪʥʦʩʠʪʩʷ ʢ ʬʪʦʨʦʛʘʬʝʥʘʤ ʠ 

ʛʠʜʨʦʢʩʠʛʨʘʬʝʥʘʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʨʘʬʘʥ ʩʨʝʜʠ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ ʠʤʝʝʪ ʩʘʤʫʶ ʥʠʟʢʫʶ ʵʥʝʨʛʠʶ ʩʫʙʣʠʤʘʮʠʠ ʠ 

ʩʘʤʫʶ ʙʦʣʴʰʫʶ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 
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3.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʬʪʦʨʦʛʨʘʬʝʥʘ L6 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʬʪʦʨʘ 

ʉʚʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʬʝʥʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ [75, 76]. ʇʨʦʚʦʜʠʚʰʠʝʩʷ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʠʤʝʣʠ ʜʝʣʦ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʣʠʙʦ 

ʩʦ 100%-ʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ ʥʝʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ (ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ), ʣʠʙʦ ʩ ʯʘʩʪʠʯʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʢʘʢʦʡ-ʪʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɼʝʪʘʣʴʥʳʭ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʢ ʛʨʘʬʝʥʫ ʘʪʦʤʦʚ ʜʦ ʩʠʭ ʧʦʨ 

ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ï ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʬʪʦʨʦʛʨʘʬʝʥʘ L6 ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ 

ʬʫʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ, ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʢʦʣʠʯʝʩʪʚʘ) ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ 

ʬʪʦʨʘ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʨʘʩʰʠʨʝʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 18 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʧʘʨʥʦ: ʦʜʠʥ ʘʪʦʤ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʣʦʷ, ʜʨʫʛʦʡ ï ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ (3.1.) ʩʪʨʫʢʪʫʨʳ ʧʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʝʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ [2Dʩ, 4], ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʯʥʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʝʥʘ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ [2Dʩ, 3] ʠ [2Dʩ, 4]. 

3.2.1. ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʨʠʩʫʥʢʝ 3.43 ʧʨʠʚʝʜʝʥʳ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ NF: 2, 6, 

10 ʠ 14. ʇʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʛʨʘʬʝʥʦʚʳʡ ʩʣʦʡ, ʢʦʛʜʘ NF = 18, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʫ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʨʘʥʝʝ ʬʪʦʨʦʛʨʘʬʝʥʘ ï F-L6T1. 
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ʈʠʩ. 3.43. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ L6 ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ 

ʬʪʦʨʘ NF: (a) ï 2, (ʙ) ï 6, (ʚ) ï 10, (ʛ) ï 14. ʉʝʨʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ 

ʫʛʣʝʨʦʜʘ, ʯʝʨʥʳʤ ï ʘʪʦʤʳ ʬʪʦʨʘ 

ɺ ʪʘʙʣʠʮʝ 3.27 ʧʨʠʚʝʜʝʥʳ ʜʣʠʥʘ ʚʝʢʪʦʨʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʩʣʷʮʠʡ (ʘ), 

ʩʨʝʜʥʷʷ ʜʣʠʥʘ C-F-ʩʚʷʟʠ (RCF), ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʥʘ ʦʜʥʫ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ 

(Etotal), ʵʥʝʨʛʠʷ ʚʩʝʭ ʩʚʷʟʝʡ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (Ebind), ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʉ-ʉ-ʩʚʷʟʠ 

(ECC), ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ȹ) ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ ʘʪʦʤʦʚ ʬʪʦʨʘ 

(NF). 

ʊʘʙʣʠʮʘ 3.27. ʇʘʨʘʤʝʪʨʳ ʬʪʦʨʦʛʨʘʬʝʥʘ F-L6: ʘ, Etotal, Esub, ECC, 

ȹ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ ʬʪʦʨʘ NF 

NF ʘ, ¡ RCF, ¡ Ebind, ɻɺ ECC, ɻɺ ȹ, ʵɺ 

0 7.46 ï 185.8 6.88 0 

2 7.46 1.63 192.7 6.62 0.11 

4 7.47 1.51 200.4 6.40 0.35 

6 7.50 1.49 208.0 6.16 1.09 

8 7.54 1.47 215.7 5.94 1.79 




















































