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ʇʨʝʜʠʩʣʦʚʠʝ 

ʅʘʩʪʦʷʱʝʝ ʠʟʜʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʦʧʠʩʘʥʠʶ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʄʦʥʦʛʨʘʬʠʯʝʩʢʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪ ʘʚʪʦʨʦʚ ʤʦʥʦʛʨʘʬʠʠ ʧʦ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʠʟʘʡʥʘ ʤʦʣʝʢʫʣ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʇʨʠʣʦʞʝʥʠʠ ʢ ʤʦʥʦʛʨʘʬʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ ʦʧʠʩʳʚʘʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ ʢ 

ʦʧʠʩʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʠ ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ. 

ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʥʝʨʛʠʠ 

ʠ ʩʪʨʫʢʪʫʨʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ, ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ, 

ʧʨʠʝʤʳ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ). 

ʂʥʠʛʘ ʩʦʩʪʘʚʣʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʯʠʪʘʪʝʣʴ, ʨʘʩʧʦʣʘʛʘʶʱʠʡ ʜʘʞʝ 

ʩʨʝʜʥʠʤ ʧʦ ʤʦʱʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʠʤʝʶʱʠʡ ʥʘʜʣʝʞʘʱʝʝ ʪʝʨʧʝʥʠʝ, 

ʚʦʦʨʫʞʠʚʰʠʩʴ ʇʨʠʣʦʞʝʥʠʤ ʥʘʩʪʦʷʱʝʛʦ ʠʟʜʘʥʠʷ, ʩʫʤʝʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʦʩʚʦʠʪʴ ʪʝʦʨʠʶ ʠ ʨʘʟʦʙʨʘʪʴ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʰʠʭ ʧʨʠʢʣʘʜʥʳʭ ʭʠʤʠʢʦ-

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʦʥʦʛʨʘʬʠʯʝʩʢʘʷ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʭʠʤʠʢʦʚ ʩ ʛʣʫʙʦʢʠʤ ʟʥʘʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʤʝʭʘʥʠʢʠ, 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, ʤʥʦʛʦʤʝʨʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʦʤʙʠʥʘʪʦʨʥʦʡ 

ʭʠʤʠʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʢʣʘʜʢʠ ʦʙʳʯʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʫʧʨʘʞʥʝʥʠʷʤʠ, 

ʩʩʳʣʢʘʤʠ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, 

ʚʳʧʦʣʥʷʚʰʠʝʩʷ ʘʚʪʦʨʘʤʠ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʥʘ ʢʘʬʝʜʨʘʭ ʇʷʪʠʛʦʨʩʢʦʡ 

ʛʦʩʜʘʨʩʪʚʝʥʥʦʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ (ʚʧʦʩʣʝʜʩʪʚʠʠ ʇʷʪʠʛʦʨʩʢʠʤ-

ʤʝʜʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ) ʩ 1992 ʛʦʜʘ ʧʦ ʥ.ʚ. 
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ɺʚʝʜʝʥʠʝ 

ɽʱʝ 40 ʣʝʪ ʥʘʟʘʜ ʤʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʤʝʶʱʠʭ ʜʦʩʪʫʧ ʢ ʢʨʫʧʥʳʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ 

ʫʟʣʘʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʩʦʟʜʘʚʘʣʠ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʠʥʪʝʨʬʝʡʩʳ, ʩʘʤʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʠ ʦʙʩʣʫʞʠʚʘʣʠ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʫʜʚʘʠʚʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʳʝ ʧʦʣʪʦʨʘ-ʜʚʘ 

ʛʦʜʘ ʠ ʷʚʣʷʣʠʩʴ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʫʧʥʳʤʠ ʜʘʞʝ ʜʣʷ ʙʶʜʞʝʪʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. ʅʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʦʙʨʝʪʝʥʦ ʢʦʤʤʝʨʯʝʩʢʠ ʠʣʠ ʧʦʣʫʯʝʥʦ ʠʟ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʮʝʥʪʨʦʚ ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʅʘʩʪʦʷʱʘʷ ʤʦʥʦʛʨʘʬʠʷ ʠ ʧʨʠʣʦʞʝʥʠʝ ʢ ʥʝʡ ʦʧʠʩʳʚʘʪʁ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʠ 

ʠʣʣʶʩʪʨʠʨʫʪʁ, ʢʘʢ ʵʪʠ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ 

ʬʠʟʠʯʝʩʢʦʡ, ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ 

ʦʙʲʝʜʠʥʝʥʠʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʠʟʜʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʢʦʥʝʯʥʦ, ʥʝ ʙʝʟ ʫʱʝʨʙʘ ʜʣʷ ʛʣʫʙʠʥʳ ʠʟʣʦʞʝʥʠʷ). 

ʂʥʠʛʘ ʜʦʣʞʥʘ ʪʘʢʞʝ ʧʦʤʦʯʴ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ ʧʨʠ 

ʧʦʜʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʧʨʝʧʘʨʘʪʘ - ʦʪ 

ʧʨʦʛʥʦʟʘ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ in silico ʜʦ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʪʘʙʣʝʪʦʢ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ. ʆʩʦʙʦʡ ʮʝʣʴʶ ʤʦʥʦʛʨʘʬʠʠ 

ʷʚʣʷʝʪʩʷ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʘʚʳʢʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʪʦʯʥʦʩʪʴʶ.  

ɿʘ ʧʨʦʩʪʦʪʦʡ ʠ ʠʟʷʱʝʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʩʢʨʳʪʳ 

ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʠ ʰʠʨʦʢʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʨʠʝʤʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘʫʯʠʪʴʩʷ ʚʠʜʝʪʴ ʧʨʦʠʩʭʦʜʷʱʝʝ çʧʦ ʪʫ ʩʪʦʨʦʥʫè ʠʥʪʝʨʬʝʡʩʘ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʜʘʯʝʡ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ:  

- ʦʧʠʩʘʥʠʝ (ʢʦʜʠʨʦʚʘʥʠʝ) ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʥʘ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ; 
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- ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ; 

- ʧʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʩʯʝʪʘ (ʜʦʩʪʠʞʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʠʣʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʪ.ʧ.). 

ʄʘʪʝʨʠʘʣ ʠʟʜʘʥʠʷ ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʛʣʘʚʘ ʷʚʣʷʝʪʩʷ 

ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʦʩʪʘʣʴʥʳʭ, ʢʨʦʤʝ ʩʣʫʯʘʝʚ, ʦʩʦʙʦ ʦʛʦʚʦʨʝʥʥʳʭ ʚ 

ʪʝʢʩʪʝ (ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ), ʘ ʇʨʠʣʦʞʝʥʠʝ 

ʧʨʠʟʚʘʥʦ ʜʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʤʦʥʦʛʨʘʬʠʯʝʩʢʦʡ ʯʘʩʪʠ. 

ʅʝʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʜʝʣʳ ʧʦʩʪʨʦʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʪʝʨʠʘʣʦʤ 

ʫʯʝʙʥʠʢʦʚ ʠ ʢʫʨʩʦʚ ʣʝʢʮʠʡ ʧʦ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʩʦʙʦ 

ʚʳʜʝʣʠʪʴ [1-4]. ɼʘʥʥʳʝ ʢʥʠʛʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʦʨʠʠ 

ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʚ ʯʘʩʪʥʦʩʪʠ. 

ɸʚʪʦʨ ʧʨʠʥʦʩʠʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʫ ʅʀʀ ʌʠʟʠʯʝʩʢʦʡ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈʦʩʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʩʦʙʝʥʥʦ 

ʘʢʘʜʝʤʠʢʫ ɺʣʘʜʠʤʠʨʫ ʀʩʘʘʢʦʚʠʯʫ ʄʠʥʢʠʥʫ, ʧʨʦʬʝʩʩʦʨʫ ʈʫʩʣʘʥʫ ʄʠʭʘʡʣʦʚʠʯʫ 

ʄʠʥʷʝʚʫ ʠ ʢ.ʭ.ʥ. ʀʛʦʨʶ ɼʦʨʦʛʘʥʫ ʟʘ ʤʥʦʛʦʣʝʪʥʶʶ ʚʩʝʤʝʨʥʫʶ ʧʦʜʜʝʨʞʢʫ.  

ʆʪʜʝʣʴʥʦʝ ʩʧʘʩʠʙʦ ʧʨʦʬʝʩʩʦʨʫ, ʜʦʢʪʦʨʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɺʣʘʜʠʤʠʨʫ ɻʨʠʛʦʨʴʝʚʠʯʫ ʎʠʨʝʣʴʩʦʥʫ (ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ) ʟʘ ʧʦʤʦʱʴ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʛʣʘʚ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʨʝʰʝʥʠ ʁʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ, ʘ ʪʘʢʞʝ ʧʨʦʬʝʩʩʦʨʫ ɺʣʘʜʠʤʠʨʫ ɺʘʩʠʣʴʝʚʠʯʫ 

ʇʦʨʦʡʢʦʚʫ ʠ ʢ.ʬ.-ʤ.ʥ. ɼʤʠʪʨʠʶ ɸʣʝʢʩʝʝʚʠʯʫ ʌʠʣʠʤʦʥʦʚʫ (ʅʀʀ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʈɸʄʅ) ʟʘ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʠ ʧʦʣʝʟʥʫʶ ʜʠʩʢʫʩʩʠʶ ʧʨʠ 

ʦʙʩʫʞʜʝʥʠʠ ʛʣʘʚʳ çʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʤʝʩʝʡ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʚʝʱʝʩʪʚè ʠ ʧʦʜʛʦʪʦʚʢʫ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʛʣʘʚʳ çʇʨʦʛʨʘʤʤʘ PASSè; 

ʧʨʦʬʝʩʩʦʨʘʤ ʂʨʘʩʥʦʚʫ ʠ ʐʤʦʡʣʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʦʧʠʩʘʥʠʷ 

ʧʘʢʝʪʘ HyperChem ʠ ʛʣʘʚʳ ʦ ʨʝʛʨʝʩʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ. 

ʇʨʦʬʝʩʩʦʨʫ ʕʜʫʘʨʜʫ ʊʦʥʠʢʦʚʠʯʫ ʆʛʘʥʝʩʷʥʫ, ʤʦʝʤʫ ʫʯʠʪʝʣ,ʁ ʘ ʟʘʪʝʤ 

ʢʦʥʩʫʣʴʪʘʥʪʫ, ʩ ʢʦʪʦʨʳʤ ʤʳ ʚ 1986-ʤ ʛʦʜʫ ʧʨʠʚʝʟʣʠ ʚ ʥʘʰ ʠʥʩʪʠʪʫʪ ʧʝʨʚʳʡ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʀʩʢʨʘ-ʊʫʨʙʦ-86ʄ, ʤʦʡ ʥʠʟʢʠʡ ʧʦʢʣʦʥ.  
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1. ʇʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

1.1. ʉʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʇʝʨʝʜ ʪʝʤ, ʢʘʢ ʧʝʨʝʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʧʦʩʦʙʘʤ ʟʘʜʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʥʷʪʠʷʤʠ. 

ɺ ʤʘʪʝʤʘʪʠʢʝ ʧʨʦʩʪʨʘʥʩʪʚʦ - ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ (ʜʠʩʪʘʥʮʠʷ). ʊʦʯʢʘ ï ʤʦʜʝʣʴ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʦʡ 

ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʣʠʰʴ ʦ ʝʝ ʧʦʣʦʞʝʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. ʆʙʳʯʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ (ʧʨʷʤʦʫʛʦʣʴʥʘʷ, ʢʦʩʦʫʛʦʣʴʥʘʷ, 

ʧʦʣʷʨʥʘʷ). 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ï ʵʪʦ ʩʠʩʪʝʤʘ ʧʦʩʪʨʦʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʡ ʟʘʧʠʩʠ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ 

ʪʦʯʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ñʧʫʩʪʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫò ʥʝʚʦʟʤʦʞʥʦ ʠ ʬʠʟʠʯʝʩʢʠ 

ʙʝʩʩʤʳʩʣʝʥʥʦ. ʇʦʣʦʞʝʥʠʝ ʣʶʙʦʛʦ ʪʝʣʘ ʠʣʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʴʢʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʤʫ ʪʝʣʫ ʠʣʠ ʪʦʯʢʝ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʪʝʣʷ, 

ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʥʘʙʣʶʜʘʪʝʣʴ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ. 

ɺ ʬʠʟʠʢʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ 

ʚʝʢʪʦʨʥʦʡ ʟʘʧʠʩʴʶ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʟʘʧʠʩʘʪʴ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦ ʪʨʠ ʯʠʩʣʘ (ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ) ʦʙʨʘʟʫʶʱʠʭ 

ʚʝʢʪʦʨ, ʠʥʘʯʝ ʥʘʟʳʚʘʝʤʳʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ. ɺ ʚʠʜʝ ʚʝʢʪʦʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʜʣʷ ʯʝʛʦ ʧʦʪʨʝʙʫʝʪʩʷ ʰʝʩʪʴ ʯʠʩʝʣ. 

ʈʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ, ʫʩʢʦʨʝʥʠʝ ʤʦʛʫʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ, ʪ.ʝ. ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʯʠʩʝʣ. ɺʝʢʪʦʨʥʘʷ ʟʘʧʠʩʴ 

ʚʦʟʤʦʞʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ 
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ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʢʦʨʦʩʪʴ, ʫʩʢʦʨʝʥʠʝ, ʩʠʣʳ) 

ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʠʟ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤ ʚ ʜʨʫʛʫʶ ʧʫʪʝʤ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʠʨʦʜʦʡ 

ʜʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ:  

- ʪʨʘʥʩʣʷʮʠʷ ï ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʚʩʝ ʦʩʠ 

ʢʦʪʦʨʦʡ ʧʘʨʘʣʣʝʣʴʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʊʨʘʥʩʣʷʮʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʤʝʱʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʧʨʠʙʘʚʣʝʥʠʠ ʢ 

ʢʘʞʜʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ. ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʚʝʢʪʦʨʥʘʷ ʟʘʧʠʩʴ 

ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢ ʢʘʞʜʦʤʫ ʠʟ ʚʝʢʪʦʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʢʦʦʨʜʠʥʘʪʳ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʨʠʙʘʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʝʢʪʦʨ ʪʨʘʥʩʣʷʮʠʠ; 

- ʧʦʚʦʨʦʪ ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʚʦʨʦʪʘ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʢʨʫʛ ʢʘʞʜʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʛʣʳ 

(a,b,g). ɺ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʵʪʫ ʦʧʝʨʘʮʠʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʫʤʥʦʞʝʥʠʷ 

ʚʨʘʱʘʪʝʣʴʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʢʘʞʜʳʡ ʠʟ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʋʩʣʦʚʠʝʤ ʧʦʚʦʨʦʪʘ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʥʝʠʟʤʝʥʥʦʩʪʴ 

ʤʘʪʨʠʮʳ ʜʠʩʪʘʥʮʠʡ. ɺʨʘʱʘʪʝʣʴʥʘʷ ʤʘʪʨʠʮʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 3*3, ʘ ʝʝ 

ʵʣʝʤʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʟʥʘʯʝʥʠʡ ʪʨʝʭ ʫʛʣʦʚ (a,b,g). 

1.1.1. ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ ʚ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ 

ɼʣʷ ʟʘʜʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʠʩʧʦʣʴʟʫʶʪ ʜʚʝ ʢʦʦʨʜʠʥʘʪʥʳʝ 

ʩʠʩʪʝʤʳ:  

1) ɼʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ (cartesian) ï ʟʘʜʘʶʪʩʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʦʙʳʯʥʦ ʮʝʥʪʨ ʤʘʩʩ, 

ʣʠʙʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʤʦʣʝʢʫʣʳ), ʣʠʙʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʘʪʦʤʘ; 

2) ɺʥʫʪʨʝʥʥʠʝ ʢʦʦʨʜʠʥʘʪʳ (internal) ï ʟʘʜʘʶʪʩʷ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ. ʆʜʥʘʢʦ ʮʝʥʪʨʦʤ ʢʦʦʨʜʠʥʘʪ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʘ ʪʦʯʢʘ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʘʪʦʤʦʚ ʧʦʤʠʤʦ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʝʪʩʷ ʥʦʤʝʨ ʘʪʦʤʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ 
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ʜʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʟʘʜʘʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʚʝʪʚʷʱʘʷʩʷ ʩʠʩʪʝʤʘ, 

ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ. 

ɺ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʜʝʢʘʨʪʦʚʳʤʠ, 

ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʋʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ, ʠʟʤʝʥʷʷ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ, ʯʪʦ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʣʘʙʠʣʴʥʳʭ ʤʦʣʝʢʫʣ. 

ɺ ʭʠʤʠʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʫʧʨʦʱʝʥʦ ʩ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʚʠʜ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʢʘʢ 

ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ. ɼʣʷ ʜʚʫʭʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʶʱʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ, ʙʦʣʝʝ ʧʨʠʛʦʜʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. 

ʉʦʩʪʦʷʥʠʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ ʤʥʦʛʦʘʪʦʤʥʦʡ ʤʦʣʝʢʫʣʳ, ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʫʜʦʙʥʝʝ ʦʧʠʩʳʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʦʜʭʦʜʘ. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʜʘʝʪʩʷ ʤʥʦʛʦʤʝʨʥʳʤ 

ʚʝʢʪʦʨʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʚʩʝ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʉ ʧʦʤʦʱʴʶ 

ʧʦʜʦʙʥʦʛʦ ʚʝʢʪʦʨʘ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʟʘʜʘʥʠʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʩʢʦʨʦʩʪʴ, 

ʫʩʢʦʨʝʥʠʝ, ʩʠʣʘ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʡ ʟʘʧʠʩʠ, ʢʦʛʜʘ ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʤ ʘʪʦʤʘʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʚʩʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʪʦʯʢʦʡ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʠʟʤʝʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ï ʪʨʘʝʢʪʦʨʠʝʡ ʚ ʵʪʦʤ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʤʦʣʝʢʫʣʳ (ʢʦʥʬʦʨʤʘʮʠʡ) ʩʫʱʝʩʪʚʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʠ ʚ ʤʥʦʛʦʤʝʨʥʦʤ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

1.1.2. ɺʥʫʪʨʝʥʥʠʝ ʢʦʦʨʜʠʥʘʪʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʠ ʜʣʠʥ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʜʣʷ ʟʘʜʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ. ʊʘʢʦʡ ʩʧʦʩʦʙ 
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ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʟʳʚʘʝʪʩʷ ʩʧʦʩʦʙʦʤ 

ʚʥʫʪʨʝʥʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʊ.ʢ. ʚ ʤʝʪʦʜʘʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʠʣʦʚʳʝ ʧʦʣʷ, ʚ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ, ʪʦ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʧʪʠʤʠʟʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʘ ʩʘʤʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʠ ʜʣʠʥʳ 

ʩʚʷʟʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʫʧʨʦʩʪʠʪʴ ʨʘʩʯʝʪʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʫʩʢʦʨʷʷ ʪʝʤ ʩʘʤʳʤ ʧʨʦʮʝʩʩ 

ʦʧʪʠʤʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 1. 

ʇʨʠʤʝʨ ʟʘʜʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʚ ʟʘʜʘʥʠʠ ʜʣʷ ʧʨʦʛʨʘʤʤʳ MOPAC. 

 ̄ ʊʠʧ ɼʣʠʥʘ 

ʩʚʷʟʠ, 

Ȕ 

ɺʘʣʝʥʪʥʳʡ 

ʫʛʦʣ, ʦ 

ɼʚʫʛʨʘʥʥʳʡ 

ʫʛʦʣ, ʦ 

ʆʧʠʩʘʥʠʝ ʜʚʫʛʨʘʥʥʦʛʦ 

ʫʛʣʘ 

2 3 4 

1 ʉ 0 0 0 0 0 0 

2 ʉ 1.23 0 0 1 0 0 

3 ʉ 1.12 20,4 0 2 1 0 

4 ʉ 1.45 25.1 120.2 3 2 1 

5 ʉ 1.14 60.2 131.2 3 2 1 

6 ..       

1.2. ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʳ 

1.2.1. ʇʦʩʪʨʦʝʥʠʝ ʜʚʫʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ɺʚʦʜ ʜʚʫʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚʦʟʤʦʞʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʙʦʛʦ ʨʝʜʘʢʪʦʨʘ 

ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʤʳʤ ʷʚʣʷʝʪʩʷ 

ʨʝʜʘʢʪʦʨ IsisDraw (MDL Information Systems, Inc., http://www.mdli.com/). 

ʇʦʩʣʝʜʥʠʡ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʦʟʜʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʚʚʦʜʘ ʭʠʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʨʠʩʦʚʢʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 
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ʀʥʪʝʨʬʝʡʩ Isis Draw 2.4 ʧʨʦʩʪ ʠ ʫʜʦʙʝʥ. ʅʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʤʝʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʪʨʫʢʪʫʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ (ʨʠʩ. 1). ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʦʜʥʫ ʠʟ ʪʘʢʠʭ ʢʥʦʧʦʢ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ ʚʦ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʫʶ ʩʪʨʫʢʪʫʨʫ ʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʦʜʥʠʤ 

ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ ʤʳʰʠ. 

 

 

ʈʠʩ. 1. ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ Isis Draw 2.4 ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

 

ɺʝʩʴʤʘ ʫʜʦʙʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ 

(ʜʚʘ ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʘ ʨʷʜʦʤ) ʦʥʠ çʩʢʣʝʠʚʘʶʪʩʷè, ʦʙʨʘʟʫʷ ʮʝʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʅʘ ʧʨʠʤʝʨ, ʜʦʙʘʚʴʪʝ ʙʝʥʟʦʣ, ʘ ʟʘʪʝʤ ʚʳʙʝʨʠʪʝ ʥʘ ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʮʠʢʣʦʛʝʢʩʘʥ ʠ ʥʘʞʤʠʪʝ ʢʫʨʩʦʨʦʤ ʥʘ ʦʜʥʫ ʠʟ ʩʚʷʟʝʡ ʤʦʣʝʢʫʣʳ 

ʙʝʥʟʦʣʘ. ʇʨʠ ʵʪʦʤ ʮʠʢʣʦʛʝʢʩʘʥ ʩʢʣʝʠʪʩʷ ʩ ʙʝʥʟʦʣʦʤ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʆʙʲʝʜʠʥʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ. 

 

ʏʪʦʙʳ ʜʦʙʘʚʣʷʪʴ ʦʪʜʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʡʪʝ ʢʥʦʧʢʫ 
,  

ʇʨʠ ʵʪʦʤ  ʩʚʷʟʴ ʤʦʞʥʦ ʜʦʙʘʚʣʷʪʴ, ʩʥʘʯʘʣʘ ʥʘʞʘʚ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ 

ʥʘʚʝʜʷ ʢʫʨʩʦʨ ʥʘ ʥʝʢʦʪʦʨʳʡ ʘʪʦʤ. ʆʪ ʵʪʦʛʦ ʘʪʦʤʘ ʠ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʩʚʷʟʴ 

(ʨʠʩ. 3). 

 

ʈʠʩ. 3. ɼʦʙʘʚʣʝʥʠʝ ʦʜʠʥʘʨʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. 
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ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʪʠʧʘ ʩʚʷʟʠ ʥʫʞʥʦ ʥʘʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʥʝʝ, ʥʘʞʘʪʴ ʣʝʚʫʶ 

ʢʥʦʧʢʫ ʤʳʰʠ. ʊʠʧ ʩʚʷʟʠ ʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʦʜʠʥʘʨʥʦʛʦ ʢ ʜʚʦʡʥʦʤʫ, ʟʘʪʝʤ ʢ 

ʪʨʦʡʥʦʤʫ ʠ ʦʧʷʪʴ ʢ ʦʜʠʥʘʨʥʦʤʫ (ʨʠʩ .4). ʀʟʤʝʥʷʪʴ ʪʠʧ ʩʚʷʟʠ ʤʦʞʥʦ ʚ ʨʝʞʠʤʝ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʢʥʦʧʢʫ 
. 

 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʩʚʷʟʠ. 

 

ʇʨʦʛʨʘʤʤʘ Isis Draw 2.4 ʠʤʝʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʧʝʨʠʨʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʦʣʝʢʫʣ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʬʨʘʛʤʝʥʪ, 

ʥʘʜ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥʘ ʦʧʝʨʘʮʠʷ, ʝʛʦ ʪʨʝʙʫʝʪʩʷ ʚʳʜʝʣʠʪʴ. ɼʣʷ ʵʪʦʛʦ 

ʝʩʪʴ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘ ʚʳʜʝʣʝʥʠʷ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ 
 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʚʳʜʝʣʝʥʠʷ (ʪʨʠ ʢʥʦʧʢʠ ï ʨʠʩ. 5).  

 

 

 

 - ʣʘʩʩʦ 

 - ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

 - ʚʳʜʝʣʝʥʠʝ ʚʩʝʡ ʤʦʣʝʢʫʣʳ 

 

ʈʠʩ. 5. ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʚʳʜʝʣʝʥʠʷ. 
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ʇʨʠ ʧʦʤʦʱʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʫʜʦʙʥʦ ʚʳʜʝʣʷʪʴ ʢʨʫʧʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʠ ʥʝʙʦʣʴʰʠʝ ʤʦʣʝʢʫʣʳ (ʨʠʩ. 6). ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʩʦʩʪʦʠʪ ʚ ʙʳʩʪʨʦʪʝ. ʉ ʧʦʤʦʱʴʶ ʣʘʩʩʦ ʤʦʞʥʦ ʪʦʯʥʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʬʨʘʛʤʝʥʪʳ. ɺ ʩʣʫʯʘʝ ʯʘʩʪʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ 

ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʚʳʜʝʣʝʥʠʝʤ ʚʩʝʡ ʤʦʣʝʢʫʣʳ. 

 

ʈʠʩ. 6. ɺʳʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. 

 

ɺʳʜʝʣʝʥʥʫʶ ʤʦʣʝʢʫʣʫ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʬʨʘʛʤʝʥʪ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʢʫʨʩʦʨʘ, ʥʘʞʘʚ ʣʝʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ. ʇʨʠ ʩʦʚʤʝʱʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʘʪʦʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣ (çʩʢʣʝʠʚʘʥʠʝè). ʕʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʧʦʣʝʟʥʳʤ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣʘʭ ʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʊʦʛʜʘ ʚʳʜʝʣʠʚ 

ʝʛʦ ʠ ʩʢʦʧʠʨʦʚʘʚ ʚ ʙʫʬʝʨ ʦʙʤʝʥʘ, ʤʦʞʥʦ ʚʩʪʘʚʠʪʴ ʝʛʦ ʚ ʜʨʫʛʦʝ ʦʢʥʦ ʨʝʜʘʢʪʦʨʘ 

Isis Draw ʠ, ʧʝʨʝʤʝʱʘʷ ʢʫʨʩʦʨʦʤ, ʧʦʜʩʪʘʚʠʪʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʩʪʦ ʚ ʥʦʚʦʡ 

ʤʦʣʝʢʫʣʝ (ʨʠʩ. 7). ʇʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

 

 

ʈʠʩ. 7. ʉʦʝʜʠʥʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ. 

 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʚʩʝ ʘʪʦʤʳ ʚ ʤʦʣʝʢʫʣʝ ʫʛʣʝʨʦʜʥʳʝ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ 

ʤʦʣʝʢʫʣʝ ʛʝʪʝʨʦʘʪʦʤʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʘʪʦʤʦʚ. 
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ɽʛʦ ʢʥʦʧʢʘ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʤʝʝʪ ʚʠʜ . ʊʝʧʝʨʴ ʝʩʣʠ ʫʢʘʟʘʪʴ ʥʘ ʪʦʪ 

ʘʪʦʤ, ʢʦʪʦʨʳʡ ʧʦʜʣʝʞʠʪ ʠʟʤʝʥʝʥʠʶ, ʪʦ ʚʦʟʥʠʢʥʝʪ ʪʝʢʩʪʦʚʘʷ ʩʪʨʦʢʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 8). 

 

 

ʈʠʩ. 8. ʀʟʤʝʥʝʥʠʝ ʪʠʧʘ ʘʪʦʤʘ. 

 

ʋ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʞʝ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʜʣʷ ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʫʢʘʟʘʚ ʥʘ ʥʝʢʦʪʦʨʳʡ ʘʪʦʤ ʚ ʤʦʣʝʢʫʣʝ, 

ʧʨʠʪʷʥʫʪʴ ʦʪ ʥʝʛʦ ʩʚʷʟʴ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʦʥʮʝ ʩʚʷʟʠ ʦʢʘʞʝʪʩʷ ʪʦʪ ʘʪʦʤ, ʢʦʪʦʨʳʡ 

ʙʳʣ ʟʘʜʘʥ ʧʦʩʣʝʜʥʠʤ (ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʵʪʦ ʘʟʦʪ ï ʨʠʩ. 8). ʅʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʠ 

ʜʨʫʛʦʡ. ɼʦʙʘʚʠʤ ʚ ʤʦʣʝʢʫʣʫ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9. 

 

O

O

N

O

O

 

ʈʠʩ. 9. ɼʦʙʘʚʣʝʥʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. 

 

ɽʱʝ ʦʜʥʠʤ ʧʦʣʝʟʥʳʤ ʩʧʦʩʦʙʦʤ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʦʪʷʥʫʪʴ ʥʦʚʳʝ ʩʚʷʟʠ ʦʪ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʥʘʙʨʘʪʴ ʚ ʚʦʟʥʠʢʰʝʡ ʧʨʠ ʵʪʦʤ ʪʝʢʩʪʦʚʦʡ ʩʪʨʦʢʝ çCH3è, ʪʦ ʢ 

ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʙʫʜʝʪ ʜʦʙʘʚʣʝʥʘ ʤʝʪʘʣʴʥʘʷ ʛʨʫʧʧʘ. ɽʩʣʠ ʜʦʙʘʚʠʪʴ ʢʦ ʚʩʝʤ 
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ʯʝʪʳʨʝʤ ʘʪʦʤʘʤ ʢʠʩʣʦʨʦʜʘ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʤʦʣʝʢʫʣʘ 

ʧʘʧʘʚʝʨʠʥʘ (ʨʠʩ. 10). 
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ʈʠʩ. 10. ɼʦʙʘʚʣʝʥʠʝ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ (ʧʘʧʘʚʝʨʠʥ). 

 

1.2.2. ʇʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ɺ ʩʠʣʫ ʩʚʦʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʩʞʘʪʳʝ 

ʩʨʦʢʠ. ʇʦʵʪʦʤʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʚʳʙʦʨʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ (ʧʦʨʷʜʢʘ 

10-30 ʘʪʦʤʦʚ) ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʚʨʝʤʷ ʤʝʥʴʰʝ ʤʠʥʫʪʳ. 

ʅʠʞʝ ʠ ʜʘʣʝʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʦʩʦʙʦ, ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʡ 

ʧʨʦʛʨʘʤʤʳ HyperChem, ʥʝ ʚʦʰʝʜʰʠʭ ʠʣʠ ʦʧʠʩʘʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʨʘʚʦʯʥʳʭ ʨʫʢʦʚʦʜʩʪʚʘʭ. ʅʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʦʧʠʩʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʧʨʠʝʤʦʚ ʨʘʙʦʪʳ ʩ HyperChem ʫʜʘʯʥʦ ʠʟʣʦʞʝʥʦ ʇ.ɸ. ɸʚʨʘʤʦʚʳʤ ʠ 

ʩʦʘʚʪ. ʧʦ ʘʜʨʝʩʫ http://www.kirensky.ru/books/Book/Program%20HyperChem/ ʥʘ 

ʩʘʡʪʝ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʠʤ. ʂʠʨʝʥʩʢʦʛʦ (ʉʆ ʈɸʅ ʈʌ). 

ɺ ʧʨʦʛʨʘʤʤʝ HyperChem ʚʚʦʜ ʩʪʨʫʢʪʫʨʳ ʚʦʟʤʦʞʝʥ ʧʫʪʝʤ ʦʪʢʨʳʪʠʷ ʬʘʡʣʘ, 

ʢʦʧʠʨʦʚʘʥʠʝʤ ʯʝʨʝʟ ʙʫʬʝʨ, ʣʠʙʦ ʨʫʯʥʳʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝʤ. ʇʨʦʛʨʘʤʤʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʭʠʤʠʯʝʩʢʠʭ ʬʘʡʣʦʚ: 

 *.hin (ʦʩʥʦʚʥʦʡ ʬʦʨʤʘʪ HyperChem) 

 *.ent (ʬʦʨʤʘʪ ʙʘʟʳ ʜʘʥʥʳʭ BrookHaven Protein DataBase) 

 *.skc (ʨʝʜʘʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣ Isis Draw) 

http://www.kirensky.ru/books/Book/Program%20HyperChem/
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 *.mol (MDL ʬʦʨʤʘʪ) 

 *.zmt (ʬʦʨʤʘʪ ʧʨʦʛʨʘʤʤʳ MOPAC) 

 *.ml2 (ʬʦʨʤʘʪ Tripos) 

 *.chm (ʨʝʜʘʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ChemDraw) 

ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʢʦʧʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʯʝʨʝʟ ʙʫʬʝʨ, ʦʜʥʘʢʦ ʧʨʠ ʜʘʥʥʦʤ 

ʩʧʦʩʦʙʝ ʠʥʦʛʜʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʟʘʪʨʫʜʥʝʥʠʷ (ʚʩʪʘʚʢʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ). 

ʇʨʦʛʨʘʤʤʘ HyperChem ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʚʳʙʦʨʘ ʘʪʦʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʚʘʷ 

ʢʥʦʧʢʘ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 11) , ʧʨʠ ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʧʦ ʥʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʟʦʚ ʧʘʥʝʣʠ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 12): 

 

 

ʈʠʩ 11. ʇʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ HyperChem. 

 

ʅʘ ʜʘʥʥʦʡ ʧʘʥʝʣʠ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʵʣʝʤʝʥʪ. ɿʘʪʝʤ ʧʫʪʝʤ 

ʥʘʞʘʪʠʷ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʘʪʦʤʳ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʳʚʘʪʴ ʠʭ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ ʧʨʦʪʷʛʠʚʘʥʠʝʤ 

ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʜʚʠʞʝʥʠʷ ʤʳʰʠ ʩ ʥʘʞʘʪʦʡ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʦʪ 

ʘʪʦʤʘ ʢ ʘʪʦʤʫ.  

 

ʈʠʩ 12. ʇʘʥʝʣʴ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ (ʚʳʙʨʘʥ ʫʛʣʝʨʦʜ). 
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ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʧʣʦʩʢʦʡ ʤʦʣʝʢʫʣʳ. ʅʘʧʨʠʤʝʨ, ʚʳʙʝʨʝʪʝ ʫʛʣʝʨʦʜ ʚ 

ʧʘʥʝʣʠ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʠ ʧʦʩʪʨʦʡʪʝ ʰʝʩʪʠʘʪʦʤʥʳʡ ʮʠʢʣ. ʊʝʧʝʨʴ ʧʨʠ ʧʦʤʦʱʠ 

ʢʣʘʚʠʰʠ  ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ʚʨʘʱʝʥʠʷ. ʊʝʧʝʨʴ ʫ ʚʘʩ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ (ʧʨʠ ʥʘʞʘʪʦʡ ʣʝʚʦʡ ʢʥʦʧʢʝ) ʚʨʘʱʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ HyperChem ʝʩʪʴ ʩʨʝʜʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʙʳʩʪʨʦ ʧʦʩʪʨʦʠʪʴ 

ʧʨʠʙʣʠʞʝʥʥʫʶ ʤʦʜʝʣʴ ʤʦʣʝʢʫʣʳ ʠʩʭʦʜʷ ʠʟ ʧʣʦʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʟ ʚʢʣʶʯʝʥʥʳʭ 

ʚ ʥʝʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ɺʳʟʦʚʠʪʝ ʜʘʥʥʫʶ ʬʫʥʢʮʠʶ ʯʝʨʝʟ ʤʝʥʶ Build->Add H & 

Model Build. ʇʨʠ ʵʪʦʤ ʢ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʘʣʝʥʪʥʦʩʪʷʤʠ ʙʫʜʫʪ 

ʜʦʙʘʚʣʝʥʳ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʦʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʤʝʪʘʥʘ (ʨʠʩ. 13). 

 

ʈʠʩ 13. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʳ ʮʠʢʣʦʛʝʢʩʘʥʘ. 

 

ʇʦʣʫʯʠʚʰʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʛʨʫʙʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ Add H & Model Build ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʘʢʢʫʨʘʪʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʭʠʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ, ʪ.ʢ. ʧʨʠ ʵʪʦʤ 

ʯʘʩʪʦ ʥʘʨʫʰʘʝʪʩʷ ʩʪʝʨʝʦʠʟʦʤʝʨʠʷ. ʇʦʩʣʝ ʝʝ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ 

ʚʥʠʤʘʪʝʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʚʩʝʭ ʭʠʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʚʚʦʜʘ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʨʘʤʤʳ HyperChem ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʞʝ ʩʦʟʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Isis Draw ʧʣʦʩʢʠʭ 
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ʤʦʜʝʣʝʡ ʤʦʣʝʢʫʣ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʧʝʨʝʥʦʩʠʪʴ ʩʪʨʫʢʪʫʨʳ ʯʝʨʝʟ ʙʫʬʝʨ ʦʙʤʝʥʘ, 

ʣʠʙʦ ʦʪʢʨʳʚʘʪʴ ʠʭ ʚ ʚʠʜʝ ʬʘʡʣʦʚ. 

 

 

ʈʠʩ. 14. ʇʝʨʝʥʦʩ ʧʣʦʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ Isis Draw ʚ HyperChem. 

 

ʊʝʧʝʨʴ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʪʨʝʭʤʝʨʥʳʡ ʬʦʨʤʘʪ, ʜʣʷ ʯʝʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʫʥʢʪ ʤʝʥʶ Build->Add H & Model Build (ʨʠʩ. 15). ʆʜʥʘʢʦ ʜʘʥʥʫʶ 

ʢʦʤʘʥʜʫ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ, ʪ.ʢ. ʚ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣ ʩʦ 

ʩʪʝʨʝʦʠʟʦʤʝʨʠʝʡ ʚʦʟʤʦʞʥʦ ʝʝ ʥʘʨʫʰʝʥʠʝ. ʇʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʬʦʨʤʘʮʠʠ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʛʫʪ 

ʧʦʣʫʯʘʪʴʩʷ ʚʝʩʴʤʘ ʥʘʧʨʷʞʝʥʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ. 
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ʈʠʩ. 15. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʘʧʘʚʝʨʠʥʘ (ʨʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ ʧʨʦʮʝʜʫʨʳ 

Add H & Model Build). 

 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʟʘʚʝʨʰʝʥʦ, ʩʪʨʫʢʪʫʨʫ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʚ ʬʦʨʤʘʪʝ *.hin. 

1.2.3. ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ 

ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʯʝʨʝʟ ʤʝʥʶ Compute. ɺ ʤʝʥʶ Compute ʚʳʙʝʨʠʪʝ 

Geometry Optimization. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʥʝʪ ʬʦʨʤʘ ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 16: 

 

ʈʠʩ. 16. ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ. 
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ɺ ʨʘʤʢʝ Algorithm ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʪ ʚʳʙʦʨʘ 

ʘʣʛʦʨʠʪʤʘ ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ ʠ ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ. 

Steepest Descent ï ʤʝʪʦʜ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ, ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʜʘʣʝʢʦ ʦʪ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ (ʤʠʥʠʤʫʤʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ), ʦʜʥʘʢʦ ʥʝ ʛʦʜʠʪʩʷ ʜʣʷ ʪʦʯʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɸʣʛʦʨʠʪʤʳ Fletcher-Reeves ʠ Polak-Ribiere, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʥʘʡʪʠ ʨʘʚʥʦʚʝʩʥʫʶ ʪʦʯʢʫ. 

Block-diagonal Newton-Raphson ï ʙʣʦʢ-ʜʠʘʛʦʥʘʣʴʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-

ʈʘʬʩʦʥʘ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʪʨʠʮʫ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ, ʢʦʪʦʨʘʷ ʥʝʜʦʩʪʠʞʠʤʘ ʜʣʷ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʡ, ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʥʝʤʫ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

Fletcher-Reeves ʠ Polak-Ribiere, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʘ ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ. 

ɺ ʧʦʣʝ RMS gradient ʟʘʜʘʝʪʩʷ ʧʦʨʦʛ ʛʨʘʜʠʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ ʛʨʘʜʠʝʥʪʘ 

ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʚʝʨʰʘʝʪʩʷ. 

ɺʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʧʦʣʝ 

maximum cycles, ʦʙʳʯʥʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʘʚʣʠʚʘʪʁʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʭʦʜʷ 

ʠʟ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ. 

Screen refresh period ï ʧʝʨʠʦʜ ʦʙʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ï ʢʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʦʙʥʦʚʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥʝ. 

ʇʘʨʘʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ, ʪ.ʢ. ʵʢʦʥʦʤʠʪ ʤʘʰʠʥʥʦʝ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʨʦʨʠʩʦʚʢʫ 

ʩʪʨʫʢʪʫʨʳ. 

ʆʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʜʠʘʣʦʛʦʚʳʤ ʦʢʥʦʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʳʙʝʨʠʪʝ ʤʝʪʦʜ 

Steepest Descent, ʝʩʣʠ ʦʥ ʥʝ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʋʩʪʘʥʦʚʠʪʝ ʛʨʘʜʠʝʥʪ 

0.1 ʢʢʘʣ/ʤʦʣʴ, ʠ ʥʘʞʤʠʪʝ çOKè. 

ʅʘʯʥʝʪʩʷ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʦʥ ʙʫʜʝʪ ʠʜʪʠ ʚʝʩʴʤʘ ʤʝʜʣʝʥʥʦ ʠ 

ʥʝʵʬʬʝʢʪʠʚʥʦ. ɺʥʠʟʫ ʵʢʨʘʥʘ ʚʳ ʤʦʞʝʪʝ ʥʘʙʣʶʜʘʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʵʥʝʨʛʠʷ 

ʩʠʩʪʝʤʳ ʠ ʛʨʘʜʠʝʥʪ. ɺ ʤʝʥʶ ʥʘʞʤʠʪʝ çCancelè ʠ ʩʥʦʚʘ ʚʳʟʦʚʠʪʝ 
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Compute- >Geometry optimization.é ɺr ʙʝʨʠʪʝ ʤʝʪʦʜ Polak-Ribiere. ʉʥʦʚʘ 

ʧʫʩʪʠʪʝ ʦʧʪʠʤʠʟʘʮʠʶ. ʇʦʨʦʛʦʚʳʡ ʛʨʘʜʠʝʥʪ ʜʦʩʪʠʛʥʝʪ ʚʝʣʠʯʠʥʳ 0.1 ʠ ʧʨʦʮʝʩʩ 

ʟʘʚʝʨʰʠʪʩʷ. ɿʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ ʧʨʦʠʩʭʦʜʠʪ ʦʧʪʠʤʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ-ʈʘʬʬʩʦʥʘ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ 

ʚʝʣʠʯʠʥ ʛʨʘʜʠʝʥʪʘ, ʥʝʜʦʩʪʠʞʠʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ Polak-Ribiere. 

1.3. ʇʦʜʛʦʪʦʚʢʘ ʟʘʜʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ 

ab initio 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʘʢʝʪʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ab initio ʷʚʣʷʶʪʩʷ Gaussian (Gaussian Inc., http://www.gaussian.com) ʠ 

GAMESS (AmesLab, http://www.msg.ameslab.gov/GAMESS/GAMESS.html). 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʜʘʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

(ChemOffice, HyperChem, CACHE), ʦʜʥʘʢʦ ʥʘʙʦʨ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʚ ʥʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥ.r ɺʘʞʥʳʤ 

(ʠʥʦʛʜʘ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʳʙʦʨ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʩʯʝʪʦʚ) ʜʣʷ ʘʢʘʜʝʤʠʯʝʩʢʠʭ 

ʣʘʙʦʨʘʪʦʨʠʡ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʘʢʝʪ GAMESS, ʚ ʪʦʤ ʯʠʩʣʝ ʝʛʦ ʚʝʨʩʠʠ ʜʣʷ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʤ. ɺ 

ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʥʘʭʦʜʠʪʩʷ ʠ ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʳ. 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʧʨʦʚʝʜʝʥʠʷ ab initio ʨʘʩʯʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ GAMESS. ʀʥʪʝʨʬʝʡʩ ʫ ʧʨʦʛʨʘʤʤʳ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʚʦʜ ʠ ʚʳʚʦʜ 

ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʝʢʩʪʦʚʦʤ DOS-ʨʝʞʠʤʝ. 

ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʬʘʡʣʦʚʳʡ ʬʦʨʤʘʪ. ʌʘʡʣʳ ʩ ʟʘʜʘʥʠʷʤʠ 

ʠʤʝʶʪ ʨʘʩʰʠʨʝʥʠʝ *.inp, ʬʘʡʣʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ - *.out. 

GAMESS ʪʨʝʙʦʚʘʪʝʣʝʥ ʢ ʨʝʩʫʨʩʘʤ ʢʦʤʧʴʶʪʝʨʘ: ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʦʯʥʦʛʦ 

ʨʘʩʯʝʪʘ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʙʘʟʠʩʝ ʪʨʝʙʫʝʪʩʷ ʥʝ ʤʝʥʝʝ 5 ɻɹ ʥʝʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʜʣʷ ʟʘʧʠʩʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠʥʪʝʛʨʘʣʦʚ. ʆʙʲʝʤ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚʝʨʭʥʝʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʠʤʝʝʪ (ʯʝʤ ʙʦʣʴʰʝ ï ʪʝʤ ʣʫʯʰʝ), 

ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʆɿʋ ï ʦʪ 128 ʄɹ. ʅʝʦʙʭʦʜʠʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩʦʨ ʜʣʷ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ (ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʠʢʨʦʩʭʝʤʳ Intel ʠʣʠ AMD ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 733 ʄɻʮ). 
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ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʘ ʥʘ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʦʡ ʧʣʘʪʬʦʨʤʝ 

ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʢʣʦʥʦʚ UNIX ʠ ʘʧʧʘʨʘʪʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʩʢʦʨʦʩʪʥʳʤ 

ʜʠʩʢʦʚʳʤ ʤʘʩʩʠʚʦʤ RAID. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʬʘʡʣʘ-ʟʘʜʘʥʠʷ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʢʦʥʚʝʨʪʦʨʦʤ BABEL (ʧʨʦʛʨʘʤʤʘ ʜʦʩʪʫʧʥʘ, 

ʥʘʧʨʠʤʝʨ, ʥʘ http://www.psu.ru/science/soft/winmopac/). ʊʘʢ, ʯʪʦʙʳ 

ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʟ ʬʦʨʤʘʪʘ HyperChem (hin) ʚ 

ʬʦʨʤʘʪ GAMESS (inp) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʢʦʤʘʥʜʥʫʶ ʩʪʨʦʢʫ: 

BABEL ïihin papaveri.hin ïogamin papaveri.inp , ʛʜʝ 

-ihin ï ʬʦʨʤʘʪ ʚʭʦʜʥʦʛʦ ʬʘʣʘ (*.hin Hyper Chem) 

-ogamin ï ʬʦʨʤʘʪ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ (ʟʘʜʘʥʠʝ ʜʣʷ GAMESS) 

ʉʪʨʫʢʪʫʨʘ ʬʘʡʣʘ-ʟʘʜʘʥʠʷ, ʚ ʦʙʱʝʤ, ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʬʘʡʣʘ ʜʣʷ ʧʨʦʛʨʘʤʤʳ MOPAC: ʚ ʥʘʯʘʣʝ ʬʘʡʣʘ ʩʣʝʜʫʶʪ ʧʘʨʘʤʝʪʨʳ 

ʨʘʩʯʝʪʘ, ʜʘʣʝʝ ï ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣʳ ʚ ʚʠʜʝ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ. ʆʜʥʘʢʦ, ʟʘʜʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʨʘʟʜʝʣʘʤ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʦʛʨʘʤʤʳ MOPAC, ʚʘʨʴʠʨʫʝʪ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʥʘʯʘʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʬʘʡʣʘ-ʟʘʜʘʥʠʷ ʜʣʷ 

ʧʨʦʛʨʘʤʤʳ GAMESS. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʟʘʜʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʚʦʡʩʪʚ 

ʤʦʣʝʢʫʣʳ ʧʘʧʘʚʝʨʠʥʘ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʦʡ BABEL: 

$CONTROL COORD=CART UNITS=ANGS $END 

$DATA 

papaveri.inp  

Put symmetry info here  

 

C    6.0    - 3.31472  - 3.96251   1.33548  

C    6.0    - 3.13403  - 2.56877   1.33548  

C    6.0    - 1.82796  - 2.05552   1.33548  

...  

H    1.0     7.36679   0.35745   0.40546  

H    1.0     4.33619   5.02299   1.33548  

H    1.0     5.29769   3.81213   2.26874  

H    1.0     5.29769   3.81213   0.40222  

$END 
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ʂʘʞʜʳʡ ʨʘʟʜʝʣ ʟʘʜʘʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʟʥʘʢʘ ç$è, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ 

ʥʘʟʚʘʥʠʝ ʨʘʟʜʝʣʘ. ʆʢʦʥʯʘʥʠʝ ʨʘʟʜʝʣʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʣʶʯʝʚʳʤ ʩʣʦʚʦʤ $END. ɺ 

ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʟʘʜʘʥʠʠ ʫʞʝ ʝʩʪʴ ʜʚʘ ʨʘʟʜʝʣʘ: 

CONTROL ï ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʩʯʝʪʘ  

DATA ï ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ 

ɼʣʷ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ 

ʟʘʜʘʯʫ ʚ ʣʶʙʦʤ ʪʝʢʩʪʦʚʦʤ ʨʝʜʘʢʪʦʨʝ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʤ ʢʦʜʳ ASCII. ʊʘʢ, ʜʣʷ 

ʨʘʩʯʝʪʘ ʜʝʩʢʨʠʧʪʦʨʦʚ ʤʦʣʝʢʫʣʳ ʧʘʧʘʚʝʨʠʥʘ ʚ ʦʜʥʦʡ ʪʦʯʢʝ (1SCF/ʉʉʇ, ʪ.ʝ. 

ʧʨʦʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʧʨʦʮʝʜʫʨʘ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʠʷ) ʩ ʫʯʝʪʦʤ ʩʦʣʴʚʘʪʘʮʠʠ ʚ 

ʚʦʜʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ PCM: 

 $CONTRL ICHARG=0 MULT=1 $END 

 $SYSTEM MEMORY=100000000 TIMLIM=60000 $END  

 $BASIS GBASIS=N21 NGAUSS=3 $END 

 $PCM RET=100.0 ICAV=1 SOLVNT=WATER TABS=309.6 $END  

 $DATA 

papaveri.inp  

c1  

C    6.0    - 3.31472  - 3.96251   1.33548  

C    6.0    - 3.13403  - 2.56877   1.33548  

C    6.0    - 1.82796  - 2.05552   1.33548  

...  

H    1.0     7.36679   0.35745   0.40546  

H    1.0     4.33619   5.02299   1.33548  

H    1.0     5.29769   3.81213   2.26874  

H    1.0     5.29769   3.81213   0.40222  

$END 

 

ʇʦʷʩʥʠʤ ʩʤʳʩʣ ʠ ʥʘʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʦʤ ʟʘʜʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦ ʛʨʫʧʧʘʤ: 

CONTRL  ï ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʩʯʝʪʘ; 

ICHARG=0   ï ʟʘʨʷʜ ʩʠʩʪʝʤʳ; 

MULT=1   ï ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ ʩʠʩʪʝʤʳ; 

SYSTEM   ï ʧʘʨʘʤʝʪʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; 

MEMORY=100000000 ï ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʦʛʨʘʤʤʦʡ GAMESS ʦʙʲʝʤ ʧʘʤʷʪʠ 

(ʙʠʪ); 

TIMLIM=60000   ï ʦʛʨʘʥʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ (ʤʠʥ); 

BASIS   ï ʧʘʨʘʤʝʪʨʳ ʥʘʙʦʨʘ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ; 
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GBASIS=N21  ï ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ ʇʦʧʣʘ N-21G; 

NGAUSS=3   ï ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ ʇʦʧʣʘ 3-21G (ʜʣʷ ʵʣʝʤʝʥʪʦʚ H-Xe); 

PCM    ï ʧʘʨʘʤʝʪʨʳ ʩʦʣʴʚʘʪʘʮʠʠ (ʠʥʠʮʠʠʨʫʝʪ ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ  

ʩʦʣʴʚʘʪʘʮʠʠ); 

RET=100.0  ï ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʬʝʨ (100 ï  

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʬʝʨʳ ʥʝ ʜʦʙʘʚʣʷʶʪʩʷ); 

ICAV=1    ï ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩʪʠ ʧʦ ʤʝʪʦʜʘʤ ʇʠʝʨʦʪʪʠ ʠ  

ʂʣʘʚʝʨʠ (1-ʦʧʮʠʷ ʚʢʣʶʯʝʥʘ / 0-ʚʳʢʣʶʯʝʥʘ); 

SOLVNT=WATER  ï ʚʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʚʦʜʘ); 

TABS=309.6   ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʚ ʂ (ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʟʘʜʘʥʘ  

ʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʯʝʣʦʚʝʢʘ); 

DATA    ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ; 

papaveri.inp   ï ʩʪʨʦʢʘ ʜʣʷ ʧʦʷʩʥʝʥʠʷ; 

ʩ1    ï ʪʠʧ ʩʠʤʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ. 

 

ɿʘʧʫʩʢ ʨʘʩʯʝʪʘ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʩɹʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʢʦʤʘʥʜʥʦʡ 

ʩʪʨʦʢʠ, ʥʦ ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʢʝʪʥʳʡ ʬʘʡʣ ʪʠʧʘ *.bat. ʇʨʠ ʵʪʦʤ ʩʥʘʯʘʣʘ 

ʟʘʧʫʩʢʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʬʘʡʣ ï gam.bat, ʬʫʥʢʮʠʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʩʯʝʪʦʚ ʠ ʟʘʧʫʩʢ ʩʘʤʦʡ ʧʨʦʛʨʘʤʤʳ 

GAMESS, ʘ ʠʤʝʥʥʦ ï ʬʘʡʣʘ gnt.exe. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʣʠʩʪʠʥʛ ʧʘʢʝʪʥʦʛʦ ʬʘʡʣʘ 

gam.bat (ʨʝʜʘʢʮʠʷ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʣʘʙʦʨʘʪʦʨʠʝʡ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʅʀʀ ʌʆʍ 

ʈɻʋ): 

@ECHO OFF 

:BEGIN  

IF NOT EXIST %1.inp GOTO :MSG1  

IF EXIST dictnry Del dictnry  

if exist punch Del punch  

IF EXIST INPUT Del input  

COPY %1.INP input  

ECHO ********** DATA FILE I S   %1.INP ***********  

ECHO *********** ====  PROGRAMM  GAMESS/NT ==== **  

GNT >%1.out  

SHIFT 

GOTO :begin  

:MSG1 
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echo ************ %1.DAT IS NOT FOUND *******************  

:END 

 

ʇʨʠʤʝʨ: 

gam papaveri  

ʇʨʠʤʝʯʘʥʠʝ: ʨʘʩʰʠʨʝʥʠʝ ʬʘʡʣʘ-ʟʘʜʘʥʠʷ ʥʝ ʫʢʘʟʳʚʘʝʪʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʚʦʜʷʪʩʷ ʚ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.out ʩ ʪʝʤ 

ʞʝ ʥʘʟʚʘʥʠʝʤ, ʯʪʦ ʠ ʬʘʡʣ-ʟʘʜʘʥʠʝ. ʌʘʡʣ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ab initio ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʠʤ (ʜʣʷ ʩʨʝʜʥʠʭ ʤʦʣʝʢʫʣ ʜʦ 15 ʄɹ). ʅʠʞʝ, ʚ 

ʩʦʢʨʘʱʝʥʥʦʤ ʚʠʜʝ, ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʦʣʝʢʫʣʳ ʧʘʧʘʚʝʨʠʥʘ. 

ɺʥʘʯʘʣʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʤʝʞʘʪʦʤʥʳʭ ʜʠʩʪʘʥʮʠʡ ʠ ʚʳʚʦʜʠʪʩʷ ʪʘʙʣʠʮʘ 

ʤʝʞʘʪʦʤʥʳʭ ʜʠʩʪʘʥʮʠʡ, ʚ ʢʦʪʦʨʦʡ ʟʥʘʢʦʤ ç*è ʦʪʤʝʯʝʥʳ ʚʩʝ ʜʠʩʪʘʥʮʠʠ, 

ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝ 3 ¡. 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʦʨʙʠʪʘʣʝʡ, ʟʘʨʷʜʝ ʤʦʣʝʢʫʣʳ, 

ʢʦʣʠʯʝʩʪʚʝ ʘʪʦʤʦʚ: 

SHELL TYPE PRIM    EXPONENT          CONTRACTION COEFFICIENTS  

 C          

   1   S    1     172.256000    2.093132 (  0.061767)  

   1   S    2      25.910900    2.936751 (  0.358794)  

   1   S    3       5.533350    1.801737 (  0.700713)  

   2   L    4       3.664980   - 0.747384 ( - 0.395897)     1.709178 

(  0.236460)  

   2   L    5       0.770545    0.712661 (  1.215840)     0.885622 

(  0.860619)  

   3   L    6       0.195857    0.20982 8 (  1.000000)     0.185722 

(  1.000000).  

TOTAL NUMBER OF SHELLS              =  117  

(ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʣʦʯʝʢ) 
TOTAL NUMBER OF BASIS FUNCTIONS     =  267  

(ʢʦʣʠʯʝʩʪʚʦ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ) 
NUMBER OF ELECTRONS                 =  180  

(ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ) 
 CHARGE OF MOLECULE                  =    0  

(ʟʘʨʷʜ ʤʦʣʝʢʣʳ) 
 STATE MULTIPLICITY                  =    1  

(ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ) 
NUMBER OF OCCUPIED ORBITALS (ALPHA) =   90  

NUMBER OF OCCUPIED ORBITALS (BETA ) =   90  

(ʢʦʣʠʯʝʩʪʚʦ ʟʘʥʷʪʳʭ ʘʣʴʬʘ ʠ ʙʝʪʘ ʦʪʨʙʠʪʘʣʝʡ) 
 TOTAL NUMBER OF ATOMS               =   46  

(ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ) 
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 THE NUCLEAR REPULSION ENERGY IS     2051.2129594906  

(ʵʥʝʨʛʠʷ ʦʪʪʘʣʢʠʚʘʥʠʷ ʷʜʝʨ ʘʪʦʤʦʚ) 

 

ɿʘʪʝʤ ʩʣʝʜʫʶʪ ʨʘʟʜʝʣʳ: 

$CONTRL OPTIONS (ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ), 

$SYSTEM OPTIONS (ʩʠʩʪʝʤʥʳʝ ʧʘʨʘʤʝʪʨʳ), 

 

INPUT FOR PCM SOLVATION CALCULATION (ʧʘʨʘʤʝʪʨʳ ʩʦʣʴʚʘʪʘʮʠʠ), ʚ ʢʦʪʦʨʳʭ 

ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʠ ʩʠʩʪʝʤʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʊʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ 

ʥʝ ʙʳʣʠ ʫʢʘʟʘʥʳ ʚ ʟʘʜʘʥʠʠ ʷʚʥʦ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʠ ʜʘʥʥʳʝ 

ʨʘʟʜʝʣʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʭ ʟʥʘʯʝʥʠʡ. 

ɼʘʣʝʝ, ʢʘʢ ʧʨʦʜʦʣʞʝʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʩ ʫʯʝʪʦʤ 

ʩʦʣʴʚʘʪʘʮʠʠ, ʧʨʠʚʦʜʠʪʩʷ ʩʧʠʩʦʢ ʘʪʦʤʦʚ ʩ ʠʭ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʨʘʜʠʫʩʘʤʠ. ʀʟ ʩʬʝʨ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʦʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʟʘʢʣʶʯʘʝʪʩʷ ʤʦʣʝʢʫʣʘ: 

     INPUT FOR CAVITY DEFINITION  

     ----------------------- ----  

     ATOM         COORDINATES           RADIUS  

     1   - 3.3147   - 3.9625    1.3355    1.7000  

     2   - 3.1340   - 2.5688    1.3355    1.7000  

ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʧʝʨʝʯʠʩʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ  ʨʘʩʯʝʪʦʤ ʠʥʪʝʛʨʘʣʦʚ. 

ʉʣʝʜʫʶʱʠʡ ʙʣʦʢ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʪʯʝʪʦʤ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠ 

ʩʦʣʴʚʘʪʘʮʠʠ (PCM): 

POLARISABLE CONTINUUM MODEL UNIVERSITY OF PISA 

          --  CENTER OF CHARGE --  

 X =  0.7482 A  Y = - 1.3932 A  Z =  1.3355 A ( ʮʝʥʪʨ ʟʘʨʷʜʘ)  

 
 TOTAL NUMBER OF SPHERES=   46 ( ʦʙʱʝʝ ʯʠʩʣʦ ʩʬʝʨ)  

 SPHERE             CENTER  (X,Y,Z) (A)              RADIUS (A)      AREA(A*A)  

(ʩʬʝʨʘ)    (ʮʝʥʪʨ (X,Y,Z), ¡)      (ʨʘʜʠʫʩ, ¡)         (ʧʣʦʱʘʜʴ, ¡2) 
   1   - 3.314720000   - 3.962510000    1.335480000    2.040000000    7.084492815  

   2   - 3.134030000   - 2.568770000    1.335480000    2.040000000    7.086040517  

 

ɼʘʣʝʝ ʧʦʩʣʝ ʨʘʩʯʝʪʘ ʤʘʪʨʠʮ ʩʣʝʜʫʝʪ ʦʪʯʝʪ ʦʙ ʠʪʝʨʘʮʠʷʭ ʧʨʦʮʝʜʫʨʳ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʣʷ (ʉʉʇ - SCF) ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʍʘʨʪʨʠ-ʌʦʢʘ 

(RHF): 

RHF SCF CALCULATION 

ITER EX DEM  TOTAL ENERGY      E CHANGE  DENSITY CHANGE  ORB. GRAD  

   1 0  0      - 1114.639928810      - 1114.639928810   0.669210820   0.000000000  

          --------------- START SECOND ORDER SCF---------------  

   2 1  0       - 1117.053282750       - 2.413353940    0.232 812099    0.044719342  

 

  12  11  0        - 1117.170500563      0.000000058     0.000003217    0.000001017  

  13  12  0        - 1117.170500552      0.000000011     0.000001104    0.000000505  

  14  13  0        - 1117.170500555      - 0.000000003    0.000000671     0.000000201  

          -----------------  

          DENSITY CONVERGED (ʩʭʦʞʜʝʥʠʝ ʜʦʩʪʠʛʥʫʪʦ) 



ȼɎɚɖɔɈɆɥ ɘɖɆɓɗɚɔɖɒɆɜɎɥ Ɏ ɎɗɐəɗɗɘɈɋɓɓɡɏ Ɏɓɘɋɑɑɋɐɘ  
Ɉ ɖɆɍɖɆɇɔɘɐɋ ɇɎɔɑɔɉɎɝɋɗɐɎ ɆɐɘɎɈɓɡɛ ɈɋɟɋɗɘɈ Ɏ ɑɋɐɆɖɗɘɈɋɓɓɡɛ ɚɔɖɒ 

ȱ.Ȩ. ȵɔɉɖɋɇɓɥɐ 
ȫ.Ȧ. ȰəɑɢɉɆɈ 
ȫ.Ȩ. ȰɔɈɘəɓ 

Ȧ.Ȩ. ȵɔɉɖɋɇɓɥɐ 
 

 

 
https://izd-mn.com/ 28 

 

          -----------------  

     TIME TO FORM FOCK OPERATORS=    6072.4 SECONDS (433.7 SEC/ITER)  
(ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʪʦʨʦʚ ʌʦʢʘ) 

 
TIME TO SOLVE SCF EQUATIONS=      74.6 SECONDS (       5.3 SEC/ITER)  

(ʚʨʝʤʷ ʨʝʰʝʥʠʝ  ʉʉʇ-ʫʨʘʚʥʝʥʠʡ) 

 
FINAL ENERGY IS    - 1117.1705005551 AFTER  14 ITERATIONS  

 

(ʢʦʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣʳ). 

 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʜʫʨʳ ʉʉʇ ʚʳʚʦʜʷʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ: 

EIGENVECTORS 

                      1          2          3          4          5  

                  - 20.5005   - 20.4973   - 20.4860   - 20.4814   - 15.4857  

                     A          A          A          A          A    

    1  C   1  S   0.000032  - 0.000265  - 0.000003   0.000006   0.000050  

    2  C   1  S   0.002291  - 0.001582  - 0.000012   0.000032   0.000211  

 

ɿʘʪʝʤ ʩʣʝʜʫʶʪ ʢʦʤʧʦʥʝʥʪʳ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ: 

          ENERGY COMPONENTS 

          ONE ELECTRON ENERGY  =   - 2121.4498990622  

(ʦʜʥʦʵʣʝʢʪʨʦʥʥʘʷ ʵʥʝʨʛʠʷ) 
          TWO ELECTRON ENERGY  =     691.6701036942  

(ʜʚʫʭʵʣʝʢʪʨʦʥʥʘʷ ʵʥʝʨʛʠʷ) 
           NUCLEAR REPULSION ENERGY  =     312.6092948129  

(ʵʥʝʨʛʠʷ ʦʪʪʘʣʢʠʚʘʥʠʷ ʷʜʝʨ) 

                                       
                       TOTAL ENERGY   =   - 1117.1705005551  

(ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ) 

 
 ELECTRON- ELECTRON POTENTIAL ENERGY  =     691.6701036942  
(ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) 

  NUCLEUS- ELECTRON POTENTIAL ENERGY   =   - 3235.6684094647  

(ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥ-ʷʜʝʨʥʦʛʦ ʚʟʠʤʦʜʝʡʩʠʚʷ) 
   NUCLEUS- NUCLEUS POTENTIAL ENERGY    =     312.6092948129  

(ʵʥʝʨʛʠʷ ʦʪʪʘʣʢʠʚʘʥʠʷ ʷʜʝʨ)                                       
             TOTAL POTENTIAL ENERGY   =   - 2231.3890109576  

(ʦʙʱʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ) 
               TOTAL KINETIC  ENERGY    =    1114.2185104025  

(ʦʙʱʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ) 

 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʘʥʘʣʠʟ ʟʘʩʝʣʝʥʥʦʩʪʠ ʦʨʙʠʪʘʣʝʡ ʧʦ ʄʘʣʣʠʢʝʥʫ ʠ ʃʸʚʜʠʥʫ. 

ʂʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥ ʪʘʙʣʠʮʝʡ: 

TOTAL MULLIKEN AND LOWDIN ATOMIC POPULATIONS 

(ʦʙʱʠʝ ʟʘʩʝʣʝʥʥʦʩʪʠ ʘʪʦʤʦʚ ʧʦ ʄʘʣʣʠʢʝʥʫ ʠ ʃʸʚʜʠʥʫ) 
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       ATOM     MULL.POP.    CHARGE   LOW.POP.       CHARGE 

  (ʟʘʩʝʣʝʥʥʦʩʪʴ (ʟʘʨʷʜ) (ʟʘʩʝʣʝʥʥʦʩʪʴ (ʟʘʨʷʜ) 

  ʧʦ ʄʘʣʣʠʢʝʥʫ)   ʧʦ ʃyʚʜʠʥʫ) 

    1 C             5.595412      0.404588         5.851152      0.148848  

    2 C             5.608283      0.391717         5.871965      0.128035  

    3 C             6.246815     - 0.246815         6.151762     - 0.151762  

 

 ɺ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʷʜʢʠ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʦʩʪʠ:  

 
      

BOND                

ATOM PAIR   DIST    ORDER 

(ʧʘʨʘ ʘʪʦʤʦʚ)  (ʜʠʩʪʘʥʮʠʷ) (ʧʦʨʷʜʦʢ ʩʚʷʟʠ) 

    1 2    1.405    1.205          

    1 18    1.370    0.813    

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʟʘʩʝʣʝʥʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʘʢʞʝ ʚʘʣʝʥʪʥʦʩʪʠ 

ʘʪʦʤʦʚ: 

 
                 TOTAL       BONDED       FREE 

ATOM    VALENCE     VALENCE      VALENCE 

   (ʦʙʱʘʷ     (ʩʚʷʟʘʥʥʘʷ   (ʩʚʦʙʦʜʥʘʷ  

                  ʚʘʣʝʥʪʥʦʩʪʴ) ʚʘʣʝʥʪʥʦʩʪʴ) ʚʘʣʝʥʪʥʦʩʪʴ) 

1 C                 3.497    3.497    0.000  

2 C                 3.501        3.501        0.000  

 

 

ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫʣʳ: 

 
ELECTROSTATIC MOMENTS 

 

POINT   1           X            Y            Z (BOHR)      CHARGE  

   

                 1.385422       - 2.662656      2.523691      0.00 (A.U.)  

 

DX            DY     DZ            /D/  (DEBYE)  

0.855734    - 2.911051    - 0.000984    3.034221  

 

(ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ) 

 

ɸʥʘʣʠʟ ʵʬʬʝʢʪʦʚ ʩʦʣʴʚʘʪʘʮʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʦʦʙʱʝʥʠʷ: 

 
CAVITATION ENERGY 

 

ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʪʘʙʣʠʮʘ ʩ ʮʝʥʪʨʘʤʠ, ʨʘʜʠʫʩʘʤʠ ʠ ʧʣʦʱʘʜʷʤʠ ʩʬʝʨ: 

 
TOTAL NUMBER OF SPHERES=   46  

(ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʬʝʨ) 

 
SPHERE          CENTER  (X,Y,Z) (A)           RADIUS (A)  

AREA(A*A)  
   1   - 3.314720000   - 3.962510000    1.335480000    1.700000000    6.921217692  

   2   - 3.134030000   - 2.568770000    1.335480000    1.700000000    6.924672960  

...  

  45    5.297690000    3.812130000    2.268740000    1.200000000    7.939981826  

  46    5.297690000    3.812130000    0.402220000    1.200000000    7.918574664  
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 TOTAL NUMBER OF TESSERAE=    1547  

(ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʛʤʝʥʪʦʚ ʩʬʝʨ) 
 

SURFACE AREA=373.49188880 ( A**2)     

(ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʦʩʪʠ, ¡2) 

CAVITY VOLUME=  310.58325830 ( A**3)  

(ʦʙʲʝʤ ʧʦʣʦʩʪʠ, ¡3) 

 

ʈʘʩʯʝʪ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʚ ʪ.ʯ. ʤʝʪʦʜʦʤ ʇʠʝʨʦʪʪʠ: 

 

CAVITATION FREE ENERGY (ʩʚʦʙʦʜʥʘ ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩʪʠ) 

PIEROTTI (SINGLE SPHERE, RADIUS FROM TOTAL VOLUME):  22.44694 

KCAL/MOL 

(ʤʝʪʦʜ ʇʠʝʨʦʪʪʠ (ʧʨʦʩʪʘʷ ʩʬʝʨʘ, ʨʘʜʠʫʩ ʠʟ ʦʙʱʝʛʦ ʦʙʲʝʤʘ)) 

CAVITATION ENERGY ( ENTHALPY) =   3.95161 KCAL/ MOL 

(ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩʪʠ) 

THERMAL EXPANSION COEF. =      0.000257  

(ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ) 

NUMERAL DENSITY =              0.033330  

(ʧʣʦʪʥʦʩʪʴ) 

SOLVENT MOLECULE DIAMETER =    2.770000 ANG.  

(ʜʠʘʤʝʪʨ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ) 

CAVITY DIAMETER =              8.402202 ANG.  

(ʜʠʘʤʝʪʨ ʧʦʣʦʩʪʠ) 

PIEROTTI (SINGLE SPHERE, RADIUS FROM TOTAL SURFACE):  36.33112 

KCAL/MOL 

ʇʠʝʨʦʪʪʠ (ʧʨʦʩʪʘʷ ʩʬʝʨʘ, ʨʘʜʠʫʩ ʠʟ ʦʙʱʝʡ ʦʚʝʨʭʥʦʩʪʠ) 

CAVITATION ENERGY ( ENTHALPY) =   6.47359 KCAL/ MOL 

(ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩʪʠ) 

THERMAL EXPANSION COEF. =      0.000257  

(ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ) 

NUMERAL DENSITY =              0.033330  

(ʧʣʦʪʥʦʩʪʴ) 

SOLVENT MOLECULE DIAMETER =    2.770000 ANG.  

(ʜʠʘʤʝʪʨ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ) 
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CAVITY DIAMETER =             10.903493 ANG.  

(ʜʠʘʤʝʪʨ ʧʦʣʦʩʪʠ) 

 

ʂʦʤʧʦʥʝʥʪʳ ʵʥʝʨʛʠʠ ʚ ʢʢʘʣ/ʤʦʣʴ: 

 
 FREE ENERGY IN SOLVENT       =     - 701035.15 KCAL/MOL  

(ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ) 

 INTERNAL ENERGY IN  SOLVENT   =     - 701015.49 KCAL/ MOL 

(ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ) 

 DELTA INTERNAL ENERGY        =           0.00 KCAL/MOL  

(D-ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ) 

 ELECTROSTATIC INTERACTION    =         - 19.66 KCAL/MOL  

(ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) 

 PIEROTTI CAVITATION ENERGY   =          52.62 KCAL/MOL  

(ʕʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩʪʠ ʇʠʝʨʦʪʪʠ) 

 DISPERSION FREE ENERGY       =           0.00 KCAL/ MOL 

(ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʜʠʩʧʝʨʩʠʠ) 

 REPULSION FREE ENERGY        =           0.00 KCAL/ MOL 

(ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʦʪʪʘʣʢʠʚʘʥʠʷ) 

 TOTAL INTERACTION            =          32.96 KCAL/ MOL 

(ʆʙʱʘʷ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) 

 TOTAL FREE ENERGY IN SOLVENT =     - 700982.53 KCAL/MOL  

(ʆʙʱʘʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ) 

 

ɺ ʩʣʫʯʘʝ ʫʜʘʯʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʯʝʪʘ ʚ ʢʦʥʮʝ ʬʘʡʣʘ ʚʳʚʦʜʠʪʩʷ ʩʦʦʙʱʝʥʠʝ: 

 
EXECUTION OF GAMESS TERMINATED NORMALLY 16:20:17 LT  16 - MAY- 2003  

 

1.4. ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʚʦ ʚʧʦʣʥʝ ʩʝʨʴʝʟʥʳʭ ʠʟʜʘʥʠʷʭ ʧʨʦʛʥʦʟʠʨʦʚʘʣʩʷ 

ʙʳʩʪʨʳʡ ʟʘʢʘʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, ʧʨʠ ʵʪʦʤ 

ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʟʘʢʘʪʘ ʧʨʦʛʥʦʟʠʨʦʚʘʣʘʩʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʦʩʪʫ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ. ʆʜʥʘʢʦ ʢ ʥʘʯʘʣʫ XXI  ʚ. ʩʪʘʣʦ ʷʩʥʦ, 
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ʯʪʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ï ʵʪʦ ʤʥʠʤʘʷ ʚʝʣʠʯʠʥʘ, 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʣʠʰʴ ʚʥʫʪʨʠ ʨʝʢʣʘʤʥʳʭ ʢʘʤʧʘʥʠʡ ʧʨʦʠʟʚʦʜʷʱʠʭ ʤʠʢʨʦʩʭʝʤʳ 

ʬʠʨʤ. ɼʣʷ ʨʷʜʦʚʦʛʦ ʭʠʤʠʢʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʯʥʳʝ ab initio ʨʘʩʯʝʪʳ ʤʘʩʩʠʚʦʚ 

ʤʦʣʝʢʫʣ ʨʘʟʤʝʨʘ drug-like ʪʘʢ ʞʝ ʥʝʜʦʩʪʫʧʥʳ, ʢʘʢ 10 ʠ 20 ʣʝʪ ʥʘʟʘʜ.  

ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʨʦʙʥʦʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ ʠ ʠʩʪʦʨʠʝʡ ʠʭ ʩʦʟʜʘʥʠʷ. ʆ ʪʦʤ, 

ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʧʨʝʚʦʩʭʦʜʥʦʡ ʨʘʙʦʪʝ ʛʨʫʧʧʳ ʠʟ ʁʝʣʴʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (http://www.chem.yale.edu) [1].  

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʦʝ ʦʪ ʥʝʵʤʧʠʨʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʳʛʨʘʚʰʝʝ 

ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʭʠʤʠʠ, ʩʦʩʪʦʠʪ ʚ ʦʪʢʘʟʝ ʦʪ ʚʳʯʠʩʣʝʥʠʷ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʜʚʫʵʣʝʢʪʨʦʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʬʠʛʫʨʠʨʫʶʱʠʭ ʚ ʤʝʪʦʜʝ ʍʌ. 

ɺʤʝʩʪʦ ʪʦʯʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʌʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʡ, ʵʣʝʤʝʥʪʳ 

ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʶʪ ʠʟ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʜʙʠʨʘʶʪ ʜʣʷ ʢʘʞʜʦʛʦ ʘʪʦʤʘ (ʠʥʦʛʜʘ - ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʦʛʦ ʦʢʨʫʞʝʥʠʷ) ʠ ʜʣʷ 

ʧʘʨ ʘʪʦʤʦʚ: ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʯʠʩʣʘʤʠ, ʣʠʙʦ 

ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʜʝʪʝʨʤʠʥʘʥʪʥʦʡ, ʘ ʙʘʟʠʩʥʳʝ 

ʬʫʥʢʮʠʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʆʉʊ. ʊʘʢʠʝ 

ʢʦʤʙʠʥʘʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʠʭ ʠʩʭʦʜʥʳʭ ʆʉʊ ʩ ʧʦʤʦʱʴʶ ʦʨʪʦʛʦʥʘʟʠʟʘʮʠʝʡ ʧʦ 

ʃʝʚʜʠʥʫ. ʈʘʩʯʝʪ ʄʆ ʧʨʦʚʦʜʠʪʩʷ ʦʙʳʯʥʳʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʫʪʝʤ. 

ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʳʯʥʦ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʚʝʣʠʯʠʥʳ ʙʳʩʪʨʝʝ, 

ʯʝʤ ʥʝʵʤʧʠʨʠʯʝʩʢʠʝ, ʧʨʠʤʝʥʠʤʳ ʢ ʙʦʣʴʰʠʤ (ʯʘʩʪʦ ʢ ʦʯʝʥʴ ʙʦʣʴʰʠʤ, 

ʥʘʧʨʠʤʝʨ ï ʙʠʦʣʦʛʠʯʝʩʢʠʤ) ʩʠʩʪʝʤʘʤ ʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʦʥʠ 

ʜʘʶʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʧʦʥʠʤʘʪʴ, ʯʪʦ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʧʨʘʚʝʜʣʠʚʳʭ ʣʠʰʴ ʚ ʧʨʝʜʝʣʘʭ 

ʫʟʢʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʧʝʨʝʥʦʩʝ ʥʘ ʜʨʫʛʠʝ ʢʣʘʩʩʳ, ʪʝ ʞʝ ʤʝʪʦʜʳ ʤʦʛʫʪ 

ʜʘʪʴ ʘʙʩʦʣʶʪʥʦ ʥʝʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ ʯʘʩʪʦ 

ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʧʦʵʪʦʤʫ ʧʨʠʜʘʚʘʪʴ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʦʪʜʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝ 

http://www.chem.yale.edu/
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ʩʣʝʜʫʝʪ. ʆʩʥʦʚʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, 

ʩʣʝʜʫʶʱʠʝ. 

1. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ: ʩʯʠʪʘʶʪ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʳ ʘʪʦʤʥʳʭ ʦʩʪʦʚʦʚ ʣʠʰʴ ʵʢʨʘʥʠʨʫʶʪ ʷʜʨʘ, ʧʦʵʪʦʤʫ ʵʪʠ 

ʵʣʝʢʪʨʦʥʳ ʚʢʣʶʯʘʶʪ ʚ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʥʝʨʛʠʶ ʦʪʪʘʣʢʠʚʘʥʠʷ 

ʦʩʪʦʚ-ʦʩʪʦʚ (ʚ ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪʩʷ ʷʜʝʨʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ). ʇʦʣʷʨʠʟʘʮʠʝʡ 

ʦʩʪʦʚʦʚ ʧʨʝʥʝʙʨʝʛʘʶʪ.  

2. ɺ ʄʆ ʫʯʠʪʳʚʘʶʪ ʪʦʣʴʢʦ ɸʆ ʩ ʛʣʘʚʥʳʤ ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʩʰʠʤ ʟʘʩʝʣʝʥʥʳʤ ʦʨʙʠʪʘʣʷʤ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ 

(ʤʠʥʠʤʘʣʴʥʳʡ ʙʘʟʠʩ), ʧʨʠʯʝʤ ʩʯʠʪʘʶʪ, ʯʪʦ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʦʙʨʘʟʫʶʪ 

ʥʘʙʦʨ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ɸʆ.  

3. ɼʣʷ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʚʚʦʜʷʪ ʧʨʠʙʣʠʞʝʥʠʝ 

ʅʫʣʝʚʦʛʦ ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʇʝʨʝʢʨʳʚʘʥʠʷ (ʅɼʇ) 

ʉʯʠʪʘʶʪ, ʯʪʦ ʠʟ-ʟʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʫʙʳʚʘʥʠʷ ɸʆ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤʠ 

ʢʫʣʦʥʦʚʩʢʠʤʠ ʠ ʦʙʤʝʥʥʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʦʜʥʦʛʦ ʘʨʛʫʤʝʥʪʘ, ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʟʢʦ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʷʪʴ, ʧʦʵʪʦʤʫ ʦʥʦ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʚʩʝʭ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ. 

ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʅɼʇ, ʧʨʠʥʠʤʘʝʤʦʤ ʜʣʷ ʚʩʝʭ ʧʘʨ ɸʆ, ʫʨʘʚʥʝʥʠʷ ʈʫʪʘʥʘ 

ʠʤʝʶʪ ʚʠʜ: 

 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʌʦʢʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʘʢ 

, 

,  
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4. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʥʝ ʜʦʣʞʝʥ ʟʘʚʠʩʝʪʴ ʦʪ ʚʳʙʦʨʘ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʨʠʝʥʪʘʮʠʠ p-, d- ʠ ʪ.ʜ. ɸʆ. 

ʅɼʇ ʥʘʨʫʰʘʝʪ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʪʦ ʜʣʷ ʥʠʭ ʪʘʢʞʝ ʚʚʦʜʷʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʠʞʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʢʦʥʢʨʝʪʥʳʤ ʤʝʪʦʜʘʤ. ʆʩʪʘʥʦʚʠʤʩʷ ʟʜʝʩʴ ʣʠʰʴ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʘʭ, 

ʧʦʣʫʯʠʚʰʠʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʄʝʪʦʜʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʠʩʪʦʨʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʠʯʝʤ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʙʦʣʝʝ ʨʘʥʥʠʝ ʩʭʝʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʩʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʮʝʣʠʢʦʤ ʧʦʩʪʨʦʝʥʳ ʧʦ ʘʥʘʣʦʛʠʠ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

1.4.1. ʄʝʪʦʜ ʧʦʣʥʦʛʦ ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʧʝʨʝʢʨʳʚʘʥʠʝʤ 

(CNDO) 

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʧʨʠʙʣʠʞʝʥʠʝ ʅɼʇ ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʧʘʨ ɸʆ, ʢʨʦʤʝ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ɸʆ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʤʫ ʘʪʦʤʫ. ʄʘʪʨʠʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʦʧʝʨʘʪʦʨʘ ʌʦʢʘ ʠʤʝʶʪ ʚʠʜ: 

 

 

ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʤʦʣʝʢʫʣʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ CNDO ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

[AB] 

ʛʜʝ ʦʜʥʦʘʪʦʤʥʳʝ 

 
ʠ ʜʚʫʭʘʪʦʤʥʳʝ 

 
ʯʣʝʥʳ ʨʘʟʜʝʣʝʥʳ. 
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ʇʨʠʥʮʠʧ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʇʘʨʘʤʝʪʨʘʤʠ 

CNDO ʷʚʣʷʶʪʩʷ ʦʙʤʝʥʥʳʝ ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʠʥʪʝʛʨʘʣʳ, ʧʨʠʯʝʤ ʦʩʥʦʚʥʳʤ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʘʣʠʙʨʫʶʱʠʤʩʷ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ, ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʡ ʠʥʪʝʛʨʘʣ. ʇʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ 

ʪʠʧʘ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ 

ʤʝʪʦʜʦʤ CNDO ʚʦʩʧʨʦʠʟʚʦʜʠʣʠʩʴ ʨʘʟʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʜʣʷ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʄʆ ʧʦ ɸʆ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʩʦʚʧʘʜʘʣʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʪʦʤ ʞʝ ʙʘʟʠʩʝ (ʪ.ʝ. 

ʧʘʨʘʤʝʪʨʠʟʫʝʤʳʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ).  

ʄʝʪʦʜ CNDO/2 ʜʘʝʪ ʭʦʨʦʰʠʝ ʟʥʘʯʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʣʝʢʫʣ (ʜʣʠʥ ʩʚʷʟʝʡ, ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ), ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ, ʩʠʣʦʚʳʭ 

ʧʦʩʪʦʷʥʥʳʭ, ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʗʄʈ, ʙʘʨʴʝʨʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ. ʏʪʦʙʳ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʝʛʦ ʥʘ ʨʘʩʯʝʪ ʩʧʝʢʪʨʦʚ ʤʦʣʝʢʫʣ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʨʫʛʘʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ (CNDO/S). ɿʘ ʩʯʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʪ 

ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦ ʫʯʠʪʳʚʘʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ.  

1.4.2. ʄʝʪʦʜ ʯʘʩʪʠʯʥʦʛʦ ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʧʝʨʝʢʨʳʚʘʥʠʝʤ (INDO) 

ʇʨʝʥʝʙʨʝʞʝʥʠʝ ʢʫʣʦʥʦʚʩʢʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʠ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳʤʠ ʩʧʠʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʝʪʦʜ CNDO ʥʝ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʨʘʚʠʣʦ ʍʫʥʜʘ. ʆʥ ʪʘʢʞʝ ʧʣʦʭʦ ʦʧʠʩʳʚʘʝʪ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ 

ʦʙʤʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʠʤʝʶʪ ʙʦʣʴʰʫʁ  ʚʝʣʠʯʠʥʫ, ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʤʦʣʝʢʫʣʳ ʠ 

ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʙʳʣʠ ʯʘʩʪʠʯʥʦ ʧʨʝʦʜʦʣʝʥʳ ʚ ʤʝʪʦʜʝ 

INDO, ʛʜʝ ʦʜʥʦʮʝʥʪʨʦʚʳʝ ʦʙʤʝʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʚʳʯʠʩʣʷʶʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠ, ʷʚʥʦ ʫʯʠʪʳʚʘʷ ʫʛʣʦʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ɸʆ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʠʩʪʝʤʳ ʩ ʦʪʢʨʳʪʳʤʠ ʦʙʦʣʦʯʢʘʤʠ, ʛʜʝ ʧʦʣʥʳʡ 

ʩʧʠʥ ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʧʠʥʦʚʳʝ ʧʣʦʪʥʦʩʪʠ 

(ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʣʦʪʥʦʩʪʷʤʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʩʧʠʥʘʤʠ), 
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ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʠ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʚ ʗʄʈ ʠ ʕʇʈ. 

ʀʤʝʥʥʦ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʠʟʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ INDO. 

1.4.3. ʄʝʪʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʘʩʪʠʯʥʦʛʦ ʧʨʝʥʝʙʨʝʞʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʧʝʨʝʢʨʳʚʘʥʠʝʤ (MINDO) 

ʄʝʪʦʜ r CNDO ʠ INDO ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʪʝʧʣʦʪʳ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʦʨʙʠʪʘʣʴʥʳʝ ʵʥʝʨʛʠʠ ʠ ʩʧʝʢʪʨʳ ʩ ʜʦʣʞʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʪ.ʝ. ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʣʝʢʫʣ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ. 

ʄʝʪʦʜ INDO ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʦʚ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʪʘʣʢʠʚʘʥʠʝ ʘʪʦʤʥʳʭ ʷʜʝʨ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʥʝʤ ʩ ʫʯʝʪʦʤ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʵʣʝʢʪʨʦʥʘʤʠ ʦʩʪʦʚʦʚ.  

ʉʫʱʝʩʪʚʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʠʟʘʮʠʡ ʤʝʪʦʜʘ MINDO, ʥʦ ʙʦʣʝʝ 

ʫʜʘʯʥʦʡ ʷʚʣʷʝʪʩʷ MINDO/3. ʇʘʨʘʤʝʪʨʠʟʫʝʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʩʣʫʞʘʪ ʪʝʧʣʦʪʳ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʯʝʤ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ, ʢʘʢ ʘʪʦʤʦʚ, ʪʘʢ ʠ ʠʭ ʧʘʨʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʨʙʠʪʘʣʴʥʳʝ ʵʢʧʦʥʝʥʮʠʘʣʴʥʳʝ ʤʥʦʞʠʪʝʣʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʛʨʘʣʦʚ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʠʪʦʛʝ, 

ʪʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʝʪʦʜʝ MINDO/3 ʩ ʭʠʤʠʯʝʩʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ~ 4 ʢʢʘʣ/ʤʦʣʴ, ʘ ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ - ~ 0.35 ʵɺ. ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʠ ʦʧʠʩʘʥʠʝ ʦʪʪʘʣʢʠʚʘʥʠʷ ʥʝʧʦʜʝʣʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʦʩʪʘʶʪʩʷ ʩʣʘʙʳʤ ʤʝʩʪʦʤ MINDO/3. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʤʝʪʦʜ ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʝʥ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ, ʥʦ ʛʝʦʤʝʪʨʠʶ ʤʦʣʝʢʫʣʳ ʜʣʷ ʚʭʦʜʥʦʛʦ 

ʟʘʜʘʥʠʷ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʭʝʤʘʤʠ. 

1.4.4. ʄʝʪʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʧʝʨʝʢʨʳʚʘʥʠʝʤ (MNDO) 

ʏʪʦʙʳ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʫʯʝʩʪʴ ʦʪʪʘʣʢʠʚʘʥʠʝ ʥʝʧʦʜʝʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʘʨ, ɼʴʶʘʨ ʚ 1977 ʛ. ʧʨʝʜʣʦʞʠʣ ʚʢʣʶʯʠʪʴ ʚ ʨʘʩʯʝʪ ʚʩʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ 
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ʠʥʪʝʛʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʘʨʳ ɸʆ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʘʪʦʤʫ; 

ʧʝʨʝʢʨʳʚʘʥʠʝ ɸʆ ʨʘʟʣʠʯʥʳʭ ʘʪʦʤʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʛʥʦʨʠʨʫʪʩʷ (ʧʨʠʙʣʠʞʝʥʠʝ 

ʜʚʫʭʘʪʦʤʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʧʝʨʝʢʨʳʚʘʥʠʝʤ). ʄʦʜʠʬʠʢʘʮʠʷ ʢʦʩʥʫʣʘʩʴ 

ʜʘʣʝʝ ʩʧʦʩʦʙʘ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ: ʚ ʦʪʣʠʯʠʝ ʦʪ MINDO/3, ʦʥʠ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ 

ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʘ ʥʝ ʦʪ ʠʭ ʧʘʨʥʳʭ ʢʦʤʙʠʥʘʮʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʪʴ ʤʝʪʦʜ ʧʦ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʩʰʠʨʷʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʬʝʨʫ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦʷʚʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ: AM1 (Austin Model), PM3 (Parameterised 

Model 3) ʠ ʜʨ. ʆʥʠ ʦʙʝʩʧʝʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʜʝʩʢʨʠʧʪʦʨʦʚ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ (ʈM3), ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠ ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (PM3) ʩ ʦʰʠʙʢʦʡ ʤʝʥʝʝ 5 ʢʢʘʣ/ʤʦʣʴ.  

1.4.5. ʇʘʢʝʪ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʄʆʈɸʉ 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ MOPAC [6,7]. DOS-

ʚʝʨʩʠʠ ʄʆʈɸʉ ʦʪ 5.0 ʜʦ 6.0 ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʤʠ (ʥʘʧʨʠʤʝʨ, 

http://www.ccl.net ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ). ʂʦʤʤʝʨʯʝʩʢʠʝ ʧʘʢʝʪʳ 

HyperChem, ChemOffice, ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʥʘʜʩʪʨʦʡʢʠ ʥʘʜ 

ʩʘʤʠʤ ʘʣʛʦʨʠʪʤʦʤ ʄʆʈɸʉ (MOPAC_2002 -  http://www.schrodinger.com; 

CACHE - http://www.cachesoftware.com; Winmopac - http://winmopac.narod.ru/ ʠ 

ʪ.ʜ.) ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʨʠʤʝʨʥʦ ʘʥʘʣʦʛʠʯʥʳ, ʥʦ ʨʘʙʦʪʘʶʪ 

ʤʝʜʣʝʥʥʝʝ ʠ ʙʦʣʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʨʝʩʫʨʩʘʤ ʢʦʤʧʴʶʪʝʨʘ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ 

ʘʢʘʜʝʤʠʯʝʩʢʠʝ DOS ʚʝʨʩʠʠ ʄʆʈɸʉ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʩʭʦʜʥʳʤʠ 

ʪʝʢʩʪʘʤʠ ʥʘ ʬʦʨʪʨʘʥʝ ʠ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʶ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʥʷʪʴ çʯʪʦ ʦʪʢʫʜʘ ʙʝʨʝʪʴʩʷè, ʘ ʚʦ-ʚʪʦʨʳʭ, 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʧʠʩʘʪʴ ʠ ʟʘʥʦʚʦ ʦʪʢʦʤʧʠʣʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʟʘʜʘʯ. 

ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʠʣʠ ʠʟ ʧʘʢʝʪʥʦʛʦ 

ʬʘʡʣʘ *.bat. ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʬʘʡʣ. ʕʪʦ 
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ʟʥʘʯʠʪ, ʯʪʦ ʟʘʜʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʩʪʘʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʝ ʚ ʚʠʜʝ ʬʘʡʣʘ (*.dat), ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʥʦʚʳʡ ʬʘʡʣ (*.mno ʠʣʠ *.out ʚ ʙʦʣʝʝ ʥʦʚʳʭ ʚʝʨʩʠʷʭ). 

1.4.6. ʇʦʜʛʦʪʦʚʢʘ ʟʘʜʘʥʠʷ ʠ ʨʘʩʯʝʪ ʜʝʩʢʨʠʧʪʦʨʦʚ ʚ ʧʘʢʝʪʝ ʄʆʈɸʉ 

ɺ ʟʘʜʘʥʠʠ ʩʦʜʝʨʞʠʪʩʷ ʠʩʭʦʜʥʘʷ ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣʳ ï ʢʦʦʨʜʠʥʘʪʳ 

ʘʪʦʤʦʚ, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʠ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʚʝʜʝʥʠʝ 

ʨʘʩʯʝʪʦʚ. ɼʣʷ ʧʨʦʛʨʘʤʤʳ MOPAC ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʚ ʜʝʢʘʨʪʦʚʳʭ 

ʠʣʠ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɼʣʷ ʧʝʨʝʚʦʜʘ ʬʘʡʣʦʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʬʦʨʤʘʪʦʚ ʚ ʬʦʨʤʘʪ MOPAC ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʢʦʥʚʝʨʪʝʨʦʤ BABEL (ʚʝʨʩʠʠ ʜʣʷ DOS, UNIX ʠ SGI ʜʦʩʪʫʧʥʳ ʥʘ 

http:// www.osc.edu/ ASC/PET/ CCM/software/ tested/ms-dos/ BABEL/ 

BABEL.html). ɿʘʧʫʩʢ ʢʦʥʚʝʨʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ. ʊʘʢ, ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ ʬʦʨʤʘʪʘ MOPAC ʠʟ ʬʘʡʣʘ ʬʦʨʤʘʪʘ Hyper Chem (*.hin) 

ʢʦʤʘʥʜʥʘʷ ʩʪʨʦʢʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

BABEL - ihin papaveri.hin ïoac papaveri.dat , ʛʜʝ  

- ihin  ï ʬʦʨʤʘʪ ʚʭʦʜʥʦʛʦ ʬʘʡʣʘ (Hyper Chem hin); 

- oac  ï ʬʦʨʤʘʪ ʚʳʭʦʜʥʦʛʦ ʬʘʡʣʘ (MOPAC ï ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ); 

papaveri . hin  ï ʚʭʦʜʥʦʡ ʬʘʡʣ; 

papaveri . dat  ï ʚʳʭʦʜʥʦʡ ʬʘʡʣ. 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʛʨʘʤʤʘ BABEL ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘʟʚʘʥʠʷ ʬʘʡʣʦʚ ʥʝ 

ʜʣʠʥʥʝʝ 8 ʩʠʤʚʦʣʦʚ, ʢʠʨʠʣʣʠʮʳ ʪʦʞʝ ʩʣʝʜʫʝʪ ʠʟʙʝʛʘʪʴ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʦʜʝʨʞʘʥʠʝ ʩʦʟʜʘʥʥʦʛʦ ʬʘʡʣʘ papaveri.dat: 

KEYWORDS GO HERE 

papaveri.dat  

papaveri.dat  

C  - 3.31472 1 - 3.96251 1  1.33548 1  

C  - 3.13403 1 - 2.56877 1  1.335 48 1  

...  

H   5.29769 1  3.81213 1  2.26874 1  

H   5.29769 1  3.81213 1  0.40222 1  

 

ʇʝʨʚʘʷ ʩʪʨʦʢʘ ʬʘʡʣʘ ʧʫʩʪʘʷ, ʦʥʘ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʘ ʜʣʷ ʢʣʶʯʝʚʳʭ ʩʣʦʚ (ʩʤ. 

ʥʠʞʝ). ʉʣʝʜʫʶʱʠʝ ʜʚʝ ʩʪʨʦʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʷʩʥʝʥʠʡ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ 
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ʬʦʨʤʘʪʝ, ʥʦ ʥʝ ʜʣʠʥʥʝʝ 255 ʩʠʤʚʦʣʦʚ. ʉ ʯʝʪʚʝʨʪʦʡ ʩʪʨʦʢʠ ʥʘʯʠʥʘʝʪʩʷ ʚʚʦʜ 

ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ï ʩʪʨʦʢʠ ʩ ʜʝʢʘʨʪʦʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʘʪʦʤʦʚ. ʏʪʦʙʳ 

ʧʦʜʛʦʪʦʚʠʪʴ ʥʦʚʦʝ ʨʘʩʯʝʪʥʦʝ ʟʘʜʘʥʠʝ, ʥʫʞʥʦ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʩʦʟʜʘʥʥʳʡ 

ʢʦʥʚʝʨʪʦʨʦʤ ʬʘʡʣ, ʟʘʧʦʣʥʠʚ ʧʝʨʚʫʶ ʩʪʨʦʢʫ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʢʣʶʯʝʚʳʭ 

ʩʣʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ. ʇʘʨʘʤʝʪʨʳ ʠ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʤʦʛʫʪ ʠʜʪʠ ʚ ʣʶʙʦʤ 

ʧʦʨʷʜʢʝ, ʥʘʧʨʠʤʝʨ: 

AM1 XYZ CHARGE=0 EPS=78.4  

papaveri.dat  

papaveri.dat  

C  - 3.31472 1 - 3.96251 1  1.33548 1  

C  - 3.13403 1 - 2.56877 1  1.33548 1  

C  - 1.82796 1 - 2.05552 1  1.33548 1  

...  

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ: 

AM1 ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ AM1 (ʚ ʄʆʈɸʉ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʩʠʣʦʚʦʝ ʧʦʣʝ ʄʄ2); XYZ ï ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʝʦʤʝʪʨʠʠ ʚʘʨʴʠʨʫʶʪʩʷ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʘ ʥʝ ʚʥʫʪʨʝʥʥʠʝ ï ʵʪʦ 

ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʦʩʮʠʣʣʷʮʠʠ ʧʨʠ ʨʘʩʯʝʪʝ ʧʣʘʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨ; 

CHARGE=0 ï ʟʘʨʷʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ; EPS=78.4 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘ ̫

ʧʨʦʥʠʮʘʝʤʦʩʪ ɹʩʨʝʜʳ (ʚ ʜ.ʩʣ., ʚʦʜʳ). ʅʘʣʠʯʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩʣʦʚʘ ʚʢʣʶʯʘʝʪ ʨʘʩʯʝʪ 

ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʩʦʣʴʚʘʪʘʮʠʠ ʤʝʪʦʜʦʤ PCM (Polarizable Continuum Model). 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ 1SCF ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʳ ʙʫʜʫʪ 

ʧʨʦʭʦʜʠʪʴ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʟʘʜʘʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ 

ʬʘʡʣʝ- ʟʘʜʘʥʠʠ. 

ɼʣʷ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʥʘʷ ʩʪʨʦʢʘ ʣʠʙʦ ʧʘʢʝʪʥʳʡ ʬʘʡʣ. 

ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʟʘʧʫʩʪʠʪʴ ʨʘʩʯʝʪ ʩ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʟʘʜʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʝʩʪʠ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ: 

mopac papaveri  

 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʛʨʘʤʤʳ MOPAC ʧʦʷʚʣʷʝʪʩʷ DOS-ʢʦʥʩʦʣʴ, ʚ ʢʦʪʦʨʦʡ 

ʚʳʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ 

(ʨʠʩ. 17). 
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ʈʠʩ. 17. ɺʳʚʦʜ ʜʘʥʥʳʭ ʥʘ ʢʦʥʩʦʣʴ ʧʨʦʛʨʘʤʤʦʡ MOPAC. 

(GRAD ï ʛʨʘʜʠʝʥʪ, HEAT ï ʪʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʢʘʣ/ʤʦʣʴ). 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

*.out (ʚ ʥʝʢʦʪʦʨʳʭ ʚʝʨʩʠʷʭ *.mno). ʇʦʜʨʦʙʥʝʝ ʦ ʨʝʞʠʤʘʭ ʘʨʭʠʚʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʘ ʨʘʩʩʢʘʟʘʥʦ ʚ ʩʪʘʚʰʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʥʦʛʨʘʬʠʠ ʊ. ʂʣʘʨʢʘ [7]. 

ɺ ʥʘʯʘʣʝ ʬʘʡʣʘ papaveri.out ʧʨʠʚʦʜʷʪʩʷ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʟʘʜʘʥʠʷ: 

                                 AM1 CALCULATION RESULTS 

 *                   MOPAC  6.00               CALC'D. Tue May 13 12:30:06 2003  

 *   XYZ     -  CARTESIAN COORDINATE SYSTEM TO BE USED 

 *                 CHARGE ON SYSTEM =     0  

 *   T=      -  A TIME OF  3600.000 SECONDS REQUESTED  

 *  DUMP=N   -  RESTART FILE WRITTEN EVERY  3600.000 SECONDS  

 *  AM1      -  THE AM1 HAMILTONIAN TO BE USED  

 *  EPS= 78.400  

 

 AM1 XYZ CHARGE=0 EPS=78.4  

 papaveri.dat  

 papaveri.dat  

 

    ATOM   CHEMICAL        X                Y             Z  

   NUMBER  SYMBOL     (ANGSTROMS)      (ANGSTROMS)   (ANGSTROMS)  

      1      C        - 3.3147200  *    - 3.9625100  *  1.3354800  *  

      2      C        - 3.1340300  *    - 2.5687700  *  1.3354800  *  

é  

ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʝʨʝʜ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ ʧʨʦʚʦʜʠʪʩʷ 

ʘʥʘʣʠʟ ʤʘʪʨʠʮʳ ʤʝʞʘʪʦʤʥʳʭ ʜʠʩʪʘʥʮʠʡ ʤʦʣʝʢʫʣʳ. ʄʘʪʨʠʮʘ ʚʳʚʦʜʠʪʩʷ ʚ ʬʘʡʣ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʚʠʜʝ ʧʦʣʫʤʘʪʨʠʮʳ (ʩʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ): 

            INTERATOMIC DISTANCES 

                  C  1       C  2       C  3       C  4       C  5       C  6  

 ------------------------------------------------------------------------------  

     C    1   0.000000  

     C    2   1.405 404   0.000000  

     C    3   2.418071   1.403298   0.000000  

     C    4   2.844209   2.462608   1.398394   0.000000  

ʠ ʪ. ʜ. 

ɿʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ: 

 CYCLE:   1 TIME:  48.390 TIME LEFT: 58.87M  GRAD.:   148.026 HEAT: - 76.66880     

 CYCLE:   2  TIME:  50.090 TIME LEFT: 58.03M  GRAD.:    91.189 HEAT: - 80.60546     

 CYCLE:   3 TIME:  56.790 TIME LEFT: 57.09M  GRAD.:    62.992 HEAT: - 82.25526     

 CYCLE:   4 TIME:  35.920 TIME LEFT: 56.49M  GRAD.:    71.617 HEAT: - 82.38987     

 CYCLE:   5 TIME:  52.290 TIME LEFT: 55.62M  GRAD.:    60.733 HEAT: - 83.36407     

 CYCLE:   6 TIME:  56.630 TIME LEFT: 54.67M  GRAD.:    36.277 HEAT: - 84.05260     
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 CYCLE:   7 TIME:  56.080 TIME LEFT: 53.74M  GRAD.:    25.584 HEAT: - 84.35322     

 CYCLE:   8 TIME:  36.580 TIME LEFT: 53.13M  GRAD.:    30.292 HEAT: - 84.54212     

 CYCLE:   9 TIME:  36.190 TIME LEFT: 52.52M  GRAD.:    32.924 HEAT: - 84.87135     

 CYCLE:  10 TIME:  34.500 TIME LEFT: 51.95M  GRAD.:    28.666 HEAT: - 85.04551     

 CYCLE:  11 T IME:  35.970 TIME LEFT: 51.35M  GRAD.:    18.639 HEAT: - 85.37447     

 CYCLE:  12 TIME:  32.850 TIME LEFT: 50.80M  GRAD.:    23.617 HEAT: - 85.50687     

 

ʠ ʪ.ʜ. 

ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʬʘʡʣ ʚʳʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʪʝʨʘʮʠʡ 

ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʦʥʠ ʚʳʚʦʜʷʪʩʷ ʥʘ ʢʦʥʩʦʣʴ. ɽʩʣʠ ʧʦ ʦʢʦʥʯʘʥʠʠ ʦʯʝʨʝʜʥʦʡ 

ʠʪʝʨʘʮʠʠ ʪʝʩʪ ʥʘ ʛʨʘʜʠʝʥʪ ʧʨʦʡʜʝʥ, ʠ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʛʨʘʜʠʝʥʪʘ ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ, ʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʟʘʚʝʨʰʘʝʪʩʷ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʨʘʩʯʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʜʝʩʢʨʠʧʪʦʨʦʚ 

ʤʦʣʝʢʫʣʳ: 

FINAL HEAT OF FORMATION =        - 86.72013 KCAL =   - 362.83703 KJ  

(ʪʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ); 

VAN DER WAALS AREA      =        158.27 SQUARE ANGSTROMS  

(ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʦʡ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʳ); 

TOTAL ENERGY            =      - 4337.09462 EV  

(ʦʙʱʘʷ ʵʥʝʨʛʠʷ); 

ELECTRONIC ENERGY       =      - 5354.26441 EV  

(ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ); 

POINT GROUP:     Cs  

(ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ); 

CORE- CORE REPULSION     =       1017.16979 EV  

(ʵʥʝʨʛʠʷ ʤʝʞʷʜʝʨʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ); 

DIELECTRIC ENERGY       =         - 1.05095 EV 

(ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ); 

GRADIENT NORM           =          5.22010  

(ʤʦʜʫʣʴ ʛʨʘʜʠʝʥʪʘ); 

IONIZATION POTENTIAL    =          8.94410  

(ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ); 

NO. OF FILLED LEVELS    =         65  

(ʢʦʣʠʯʝʩʪʚʦ ʟʘʥʷʪʳʭ ʦʨʙʠʪʘʣʝʡ); 

MOLECULAR WEIGHT        =    339.390  

(ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ); 

MOLECULAR DIMENSIONS (Angstroms)  

(ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʤʦʣʝʢʫʣʳ); 

            Atom     Atom     Distance  
            H  41    H  35    15.84746  

            H  38    H  23     8.15341  

            H  43    H  39     1.86136  

 

SCF CALCULATIONS  =               39  

(ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʜʫʨ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʠʷ); 
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COMPUTATION TIME = 2 MINUTES AND  54.100 SECONDS  

(ʚʨʝʤʷ ʨʘʩʯʝʪʘ). 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʪʘʙʣʠʮʘ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʨʘʜʠʝʥʪʘ (ʩʠʣʳ ʥʘ ʘʪʦʤʘʭ): 

   FINAL  POINT  AND  DERIVATIVES  

   PARAMETER     ATOM    TYPE            VALUE       GRADIENT  

      1          1  C    CARTESIAN X    - 3.272192     0.302605  KCAL/ANGSTROM  

      2          1  C    CARTESIAN Y    - 3.930785    - 0.511604  KCAL/ANGSTROM  

      3          1  C    CARTESIAN Z     1.340736     0.055365  KCAL/ANGSTROM  

      4          2  C    CARTESIAN X    - 3.075697     0.443599  KCAL/ANGSTROM  

      5          2  C    CARTESIAN Y    - 2.503336     0.057446  KCAL/ANGSTROM  

      6          2  C    CARTESIAN Z     1.341577     0.400022  KCAL/ANGSTROM  

ʠ ʪ.ʜ. 

ɿʘʪʝʤ ʧʨʠʚʦʜʠʪʩʷ ʢʦʥʝʯʥʘʷ ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣʳ (ʢʦʦʨʜʠʥʘʪʳ ʷʜʝʨ 

ʘʪʦʤʦʚ): 

  ATOM   CHEMICAL        X                  Y               Z 

   NUMBER  SYMBOL     (ANGSTROMS)      (ANGSTROMS)   (ANGSTR OMS) 

      1      C        - 3.2721917  *    - 3.9307850  *  1.3407356  *  

      2      C        - 3.0756967  *    - 2.5033356  *  1.3415772  *  

      3      C        - 1.8047445  *    - 1.9694077  *  1.3381638  *  

      4      C        - 0.6691597  *    - 2.8258327  *  1.3381005  *  

      5      C        - 0.8742996  *    - 4.2320401  *  1.3408441  *  

ʠ ʪ.ʜ. 

ɼʘʣʝʝ ʚʳʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʝʞʘʪʦʤʥʳʭ ʜʠʩʪʘʥʮʠʡ. ʇʦʩʣʝ 

ʪʘʙʣʠʮʳ ʩʣʝʜʫʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʠʤʝʶʱʠʝ ʩʤʳʩʣ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ 

(ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʠʜʫʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ ʩʘʤʦʡ ʥʠʟʢʦʡ ʧʦ ʵʥʝʨʛʠʠ ʦʨʙʠʪʳ ʜʦ 

ʩʘʤʦʡ ʚʳʩʦʢʦʡ).  

ʆʩʦʙʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʝʩʢʨʠʧʪʦʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʣʝʢʫʣʳ ɹɸɺ 

ʠʤʝʶʪ ʵʥʝʨʛʠʠ ʚʝʨʭʥʝʡ ʟʘʥʷʪʦʡ ʠ ʥʠʞʥʝʡ ʩʚʦʙʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ 

(ɺɿʄʆ ʠ ʅʉʄʆ, ʛʨʘʥʠʯʥʳʝ ʦʨʙʠʪʘʣʠ). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟ ʜʘʥʥʦʛʦ ʩʧʠʩʢʘ 

ʠʟʚʣʝʯ ɹ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʵʥʝʨʛʠʡ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʥʷʪʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʭ 65. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ 

ʧʦʠʩʢʘ (ʜʣʷ ʝʜʠʥʠʯʥʳʭ ʨʘʩʯʝʪʦʚ)  ʤʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ɺɿʄʆ ʢ ʅʉʄʆ:  

    EIGENVALUES 

 - 41.74401 - 41.11763 - 40.20243 - 39.32265 - 38.83975 - 38.23348 - 36.63461 - 34.68966  

 - 32.32215 - 31.54730 - 31.38061 - 30.11761 - 28.84104 - 28.36771 - 27.78418 - 27.29112  

 - 26.87897 - 24.38583 - 24.03233 - 23.39014 - 22.8926 2 - 21.63698 - 19.80736 - 19.48150  

 - 19.12271 - 18.38244 - 17.83487 - 17.59757 - 17.20969 - 17.11357 - 17.07881 - 16.83675  

 - 16.34363 - 16.00523 - 15.95063 - 15.78624 - 15.77519 - 15.60854 - 15.44672 - 15.13267  

 - 14.89583 - 14.60629 - 14.32246 - 14.12385 - 13.81950 - 13.41269 - 13.39386 - 13.25015  

 - 13.12890 - 12.96366 - 12.83903 - 12.70097 - 12.54878 - 12.31992 - 12.29132 - 12.23401  

 - 11.96493 - 11.92644 - 11.70046 - 10.92199 - 10.80536  - 9.77555  - 9.49265  - 9.10963  

  - 8.94410   - 0.87075   - 0.43463  - 0.00073   0.12374   0.53135   1.57567   1.97199  

   2.04164   2.12376   2.22746   2.37195   2.64046   2.90075   3.11869   3.21564  

   3.42004   3.49303   3.56669   3.72911   3.76636   3.79968   3.93478   4.01069  

   4.04963   4.12090   4.18499   4.21435   4.24589   4.26963   4.27493   4.29471  

   4.32357   4.33382   4.37481   4.41541   4.44765   4.49250   4.49484   4.53664  

   4.56016   4.57714   4.61834   4.68799   4.75608   4.83927   5.03317   5.17714  

   5.19488   5.31414   5.46327   5.53885   5.67917   5.97046   6.09440   6.27416  

   6.57076  
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ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʪʘʙʣʠʮʘ ʩ ʟʘʨʷʜʘʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʣʦʪʥʦʩʪʷʤʠ ʥʘ ʘʪʦʤʘʭ: 

           NET ATOMIC CHARGES AND DIPOLE CONTRIBUTIONS 

         ATOM NO.   TYPE          CHARGE        ATO M  ELECTRON DENSITY 

           1          C           0.082210        3.9178  

           2          C           0.061252        3.9387  

           3          C          - 0.171710        4.1717  

           4          C          - 0.102368        4.1024  

           5          C          - 0.017418        4.0174  

           6          C          - 0.204267        4.2043  

ʠ ʪ.ʜ. 

ɼʘʣʝʝ ʧʨʠʚʦʜʠʪʩʷ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʤʦʣʝʢʫʣʳ ʚʤʝʩʪʝ ʩ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘʤʠ: 

 DIPOLE          X  Y  Z   TOTAL 

 POINT- CHG.      1.096     - 1.606   0.011     1.944  

 HYBRID         - 0.245     - 0.581   0.011      0.631  

 SUM              0.851     - 2.187   0.022      2.346  

ɺ ʢʦʥʮʝ ʬʘʡʣʘ ʚʳʚʦʜʠʪʩʷ ʩʦʦʙʱʝʥʠʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʟʘʪʨʘʯʝʥʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʦʙ ʫʜʘʯʥʦʤ ʟʘʚʝʨʰʝʥʠʠ ʨʘʩʯʝʪʘ: 

 == MOPAC DONE ==. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʘʩʯʝʪʘ, ʧʦʤʠʤʦ ʬʘʡʣʘ ʩ ʧʦʜʨʦʙʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ, 

ʧʨʦʛʨʘʤʤʘ ʩʦʟʜʘʝʪ ʬʘʡʣ ʩ ʢʨʘʪʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʠʤʝʶʱʠʡ ʨʘʩʰʠʨʝʥʠʝ *.arc. 

ɼʘʥʥʳʡ ʬʘʡʣ ʩʦʜʝʨʞʠʪ ʢʦʤʧʦʥʝʥʪʳ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ ʠ ʝʝ ʢʦʥʝʯʥʫʶ 

ʛʝʦʤʝʪʨʠʶ ʚ ʚʠʜʝ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʝ ʬʘʡʣʘ *.arc 

ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʫʜʘʯʥʦʛʦ ʦʢʦʥʯʘʥʠʷ ʨʘʩʯʝʪʘ (ʥʦ ʥʝ ʛʦʚʦʨʠʪ ʦ ʝʛʦ 

ʢʘʯʝʩʪʚʝ ï ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʬʘʡʣ ʚʩʝ ʞʝ ʧʨʦʯʠʪʘʪʴ!).  

ʌʘʡʣ *.arc ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʬʦʨʤʘʪ *.zmt, 

ʢʦʪʦʨʳʡ ʧʦʜʝʨʞʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʨʦʩʪʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʬʘʡʣʘ ʩ ʧʦʤʦʱʴʶ 

ʣʶʙʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ. 

ʀʩʭʦʜʥʳʡ ʚʠʜ: 

                    SUMMARY OF   AM1   CALCULATION  

                                                            MOPAC  6.00  

 

  C20 H21 N   O4  

                                                      2003/ 5/13  

 AM1 XYZ CHARGE=0 EPS=78.4  

 papaveri.dat  

 papaveri.dat  

     GRADIENT TEST NOT PASSED, BUT FURTHER WORK NOT JUSTIFIED  

     SCF FIELD  WAS ACHIEVED                                    

(ʚʦʪ, ʢʩʪʘʪʠ, ʧʨʠʤʝʨ ʟʘʢʦʥʯʠʚʰʝʛʦʩʷ, ʥʦ ʥʝ ʜʦ ʢʦʥʮʘ, ʨʘʩʯʝʪʘ)  

          HEAT OF FORMATION       =       - 86.720132 KCAL =   - 362.83703 KJ  

          ELECTRONIC ENERGY       =     - 5354.264409 EV  

          CORE- CORE REPULSION     =      1017.169789 EV  

          GRADIENT NORM           =         5.220098  

          DIPOLE                  =         2.34641 DEBYE    SYMMETRY:       Cs   

          NO. OF FILLED LEVELS    =         65  



ȼɎɚɖɔɈɆɥ ɘɖɆɓɗɚɔɖɒɆɜɎɥ Ɏ ɎɗɐəɗɗɘɈɋɓɓɡɏ Ɏɓɘɋɑɑɋɐɘ  
Ɉ ɖɆɍɖɆɇɔɘɐɋ ɇɎɔɑɔɉɎɝɋɗɐɎ ɆɐɘɎɈɓɡɛ ɈɋɟɋɗɘɈ Ɏ ɑɋɐɆɖɗɘɈɋɓɓɡɛ ɚɔɖɒ 
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          IONIZATION POTENTIAL    =         8.944100 EV  

          HOMO LUMO ENERGIES (EV) =        - 8.944 - 0.871  

          MOLECULAR WEIGHT        =       339.390  

          SCF CALCULATIONS        =        39  

          COMPUTATION TIME = 18 MINUTES AND  54 .370 SECONDS 

 

 

          FINAL GEOMETRY OBTAINED                                    CHARGE  

 AM1 XYZ CHARGE=0 EPS=78.4  

 papaveri.dat  

 papaveri.dat  

  C   - 3.2721917  1    - 3.9307850  1     1.3407356  1      0.0822  

  C   - 3.0756967  1    - 2.5033356  1     1.3415772  1      0.0613  

ʠ ʪ. ʜ.  

ʇʨʘʚʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʜʘʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʘʯʘʣʘ ʬʘʡʣʘ ʜʦ ʩʪʨʦʢʠ ʩ 

ʢʣʶʯʝʚʳʤʠ ʩʣʦʚʘʤʠ (ʵʪʘ ʩʪʨʦʢʘ ʦʩʪʘʝʪʩʷ). ɺ ʢʦʥʮʝ ʬʘʡʣʘ ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʦ 

ʜʦʙʘʚʠʪʴ ʩʠʤʚʦʣ ç0è. ʂʦʥʝʯʥʳʡ ʚʠʜ: 

AM1 XYZ CHARGE=0 EPS=78.4  

 papaveri.dat  

 papaveri.dat  

  C   - 3.2721917  1    - 3.9307850  1     1.3407356  1      0.0822  

  C   - 3.0756967  1    - 2.5033356  1     1.3415772  1      0.0613  

  C   - 1.8047445  1    - 1.9694077  1     1.3381638  1     - 0.1717  

.......................................................................  

ʧʨʦʧʫʱʝʥʦ 

.......................................................................  

  H    7.2627257  1     0.3022889  1     0.4086654  1      0.0929  

  H    4.3651279  1     4.9810286  1     1.3434332  1      0.1200  

  H    5.3259890  1     3.7053371  1     2.2612664  1      0.0951  

  H    5.3336096  1     3.7106392  1     0.4229730  1      0.0951  

0 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʩʤʝʥʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʬʘʣʘ ʥʘ *.zmt. ʊʝʧʝʨʴ ʝʛʦ ʤʦʞʥʦ 

ʦʪʢʨʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ HyperChem, ʘ ʝʩʣʠ ʩʤʝʥʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʥʘ 

*.dat, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʜʣʷ ʥʦʚʳʭ ʨʘʩʯʝʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ MOPAC, ʠʟʤʝʥʠʚ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʦʛʦ ʟʘʜʘʥʠʷ. 

1.4.7. ʆ ʪʦʯʥʦʩʪʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʜʝʩʢʨʠʧʪʦʨʦʚ 

ʆʰʠʙʢʠ ʚʩʝʭ ʥʝʵʤʧʠʨʠʯʝʩʢʠʭ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʦʟʨʘʩʪʘʶʪ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʨʦʪʢʠʭ ʙʘʟʠʩʥʳʭ ʥʘʙʦʨʦʚ. ʉʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʨʘʩʯʝʪʘ ʤʝʪʦʜʘʤʠ ʍʌ ʠʣʠ ʄʈ2 ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʧʨʠ 

ʙʘʟʠʩʝ, ʥʝ ʭʫʞʝ ʯʝʤ DZP ʠʣʠ 6-31G*:  

ï ʜʣʠʥʳ ʩʚʷʟʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ 0,01-0,02 ¡; 

ï ʣɻʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ -10%, ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ - ~ 1%; 



ȼɎɚɖɔɈɆɥ ɘɖɆɓɗɚɔɖɒɆɜɎɥ Ɏ ɎɗɐəɗɗɘɈɋɓɓɡɏ Ɏɓɘɋɑɑɋɐɘ  
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ï ʥɻʝʨʛʠʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ (ʚʨʘʱʝʥʠʝ ʠ ʙʘʨʴʝʨʳ 

ʠʥʚʝʨʩʠʠ) - < 2 ʢʢʘʣ/ʤʦʣʴ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʙʘʟʠʩʘ 

ʦʙʷʟʘʪʝʣʴʥʦ); 

ï ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, 

ʩʣʝʜʫʶʱʠʝ ʠʟ ʤʝʪʦʜʘ ʍʌ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʟʘʚʳʰʝʥʳ ʥʘ 10-12 % ʠʟ-

ʟʘ ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʠ ʘʥʛʘʨʤʦʥʠʟʤʦʤ 

(ʦʯʝʥʴ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʦʰʠʙʢʠ): 

ʰʢʘʣʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʝʢʨʘʩʥʦʝ ʩʦʛʣʘʩʠʝ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʄʈ2 ʧʨʠʚʦʜʠʪ ʢ ʪʘʢʠʤ ʞʝ ʨʝʟʫʣʴʪʘʪʘʤ ʙʝʟ 

ʰʢʘʣʠʨʦʚʢʠ; 

ï ʥɻʝʨʛʠʠ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ ~ 1 ʢʢʘʣ/ʤʦʣʴ;  

ï ʥɻʝʨʛʠʠ ʠʟʦʜʝʩʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ - 2-4 ʢʢʘʣ/ʤʦʣʴ; 

ï ʥɻʪʨʦʧʠʠ ~ 0.5 ʵʥʪʨʦʧʠʡʥʦʡ ʝʜʠʥʠʮʳ (ʢʢʘʣ/ʂ ʤʦʣʴ); 

ï ʧʨʠʩʦʝʜʠʥʝʥʠʝ/ʦʪʱʝʧʣʝʥʠʝ ʧʨʦʪʦʥʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʦʛʦ 

ʙʘʟʠʩʘ, ʩ ʚʢʣʶʯʝʥʠʝʤ ʘʥʠʦʥʘ) - ~ 10 ʢʢʘʣ/ʤʦʣʴ (ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ); 

ï ʨʝʘʢʮʠʠ ʘʪʦʤʠʟʘʮʠʠ ʠ ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʩʚʷʟʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʩ ʙʦʣʴʰʦʡ ʦʰʠʙʢʦʡ (25-40 ʢʢʘʣ/ʤʦʣʴ); 

ï ʙʘʨʴʝʨʳ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʡ ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʦʰʠʙʢʠ. 

ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʘʨʘʤʝʪʨʠʵʫʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣ. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪ ʚʩʝʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʜʥʦʛʦ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʝʞʥʳʤ 

ʧʨʠʟʥʘʥ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʕʪʦʪ ʦʙʱʠʡ ʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ. ɼʣʷ ʤʦʣʝʢʫʣ ʩ ʟʘʢʨʳʪʳʤʠ ʦʙʦʣʦʯʢʘʤʠ 

ʤʝʪʦʜ MNDO ʩ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷʤʠ AM1 ʠ PM3 ʚʧʦʣʥʝ ʧʨʠʛʦʜʝʥ, ʪ.ʢ. ʜʘʝʪ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ PM5, ʦʜʥʘʢʦ ʦ ʝ y

ʙʝʩʩʧʦʨʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʩʫʜʠʪʴ ʧʦʢʘ ʨʘʥʦ. ʄʝʪʦʜ PM3 ʧʘʨʘʤʝʪʨʠʟʦʚʘʥ ʜʣʷ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʳ ʧʦ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ 

ʦʰʠʙʢʘ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ PM3 ʩʦʩʪʘʚʣʷʝʪ 0.036 ɸ; ʦʥʘ ʥʝʩʢʦʣʴʢʦ 
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ʙʦʣʴʰʝ ʚ AM1. ʆʰʠʙʢʠ ʚ ʚʘʣʝʥʪʥʳʭ ʫʛʣʘʭ ʨʘʚʥʳ 3-4 ʛʨʘʜʫʩʘ. ʕʪʦ ʭʫʞʝ, ʯʝʤ ʚ 

ʥʝʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʜʘʞʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ, ʥʦ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʥʝʩʦʠʟʤʝʨʠʤʦ 

ʤʝʥʴʰʝ (ʚ ʩʦʪʥʠ ʨʘʟ). ʆʰʠʙʢʘ PM3- ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ ʠ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 

5 ʢʢʘʣ/ʤʦʣʴ.  

1.5. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʝʭʘʥʠʢʘ 

ʉʨʝʜʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʨʨʝʢʪʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣ, ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʝʭʘʥʠʢʠ (ʄʄ) ʦʪʣʠʯʘʶʪʩʷ ʧʦʣʥʦʡ ʵʤʧʠʨʠʯʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ (3-D) ʩʪʨʫʢʪʫʨʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ (ʚʨʝʤʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟ ʩʪʘʨʪʦʚʦʛʦ ʛʨʘʬʘ ʣʶʙʦʛʦ 

ʢʘʯʝʩʪʚʘ ï ʜʦʣʠ ʤʠʥʫʪʳ). 

ʍʨʦʥʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Andrews  1930  ʆʦʩʥʦʚʥʳʝ ʠʜʝʠ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

Hill     

  

1946  ɺʢʣʶʯʝʥʠʝ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʠʣʦʚʳʝ ʧʦʣʷ 

Westheimer and Mayer 1946  ʀʩʧʦʣʴʟʦʚʘʥʠʝ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʮʝʤʠʟʘʮʠʠ 

Hendrickson  1960  ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʘ    

Wiberg   

  

1965  ʇʝʨʚʘʷ ʧʨʠʢʣʘʜʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʧʨʦʛʨʘʤʤʘ 

Allinger  1973  ʉʠʣʦʚʦʝ ʧʦʣʝ MM1 (ʧʝʨʚʳʡ ʧʨʦʛʨʘʤʥʳʡ 

ʧʨʦʜʫʢʪ ʠʟ ʩʝʨʠʠ MM)  

Allinger  1977  ʉʠʣʦʚʳʝ ʧʦʣʷ MM2 & MMP2  

Allinger  1989  ʉʠʣʦʚʦʝ ʧʦʣʝ MM3    

ʂʦʤʤʝʨʯʝʩʢʠʝ  

ʂʦʤʧʘʥʠʠ 

1990  ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʛʨʘʬʠʯʝʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ 

ʆʪʜʝʣʴʥʳʝ ʫʯʝʥʳʝ,  

ʢʦʤʧʘʥʠʠ  

ʥʘʩʪ.  

ʚʨʝʤʷ  

ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʩʠʣʦʚʳʝ ʧʦʣʷ 

 

ʆʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ 

ʷʚʣʷʶʪʩʷ: ʥʘʭʦʞʜʝʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʨʘʩʯʝʪ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʵʥʝʨʛʠʠ ʩʪʝʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʝʧʣʦʪʳ 

ʦʙʨʘʟʦʚʘʥʠʷ; ʨʘʩʯʝʪ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ; ʨʘʩʯʝʪ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʠʢʪʫʶʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʝʯʝʥʴ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ. 

ʅʝʩʢʦʣʴʢʦ ʧʨʝʜʣʦʞʝʥʠʡ ʦ ʩʫʪʠ ʤʝʪʦʜʘ ʄʄ. ʃʶʙʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ 

ʨʘʟʣʦʞʠʪʴ ʚ ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʨʷʜ ʚʠʜʘ: 

f(x) = a0 + a1x + a2x
2 + a3x

3 + é + anx
n, 

ʛʜʝ a0..an ï ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, n ï ʩʪʝʧʝʥʴ ʨʷʜʘ 

(ʧʦʣʠʥʦʤʘ). 

ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʨʷʜʦʚ ʚʦʟʤʦʞʥʦ ʦʧʠʩʘʥʠʝ ʤʥʦʛʠʭ ʬʫʥʢʮʠʡ, ʨʘʩʯʝʪ 

ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʩʣʦʞʝʥ ʠʣʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɽʱʝ ʦʜʥʠʤ 

ʧʦʣʝʟʥʳʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʬʫʥʢʮʠʷ ʢʦʪʦʨʳʭ ʥʝ ʠʟʚʝʩʪʥʘ, ʪ.ʝ. ʧʦʣʠʥʦʤ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʦ 

ʟʘʜʘʥʥʳʤ ʪʦʯʢʘʤ, ʪʘʢ, ʯʪʦʙʳ ʦʥ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʧʠʩʳʚʘʣ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʜʘʥʥʳʤʠ.  

ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʫʧʨʫʛʠʤ ʪʝʣʦʤ ʠ ʚʳʧʦʣʥʠʪʴ 

ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ a2 ʫ ʍ ʩʦ ʩʪʝʧʝʥʴʶ 2 ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʚʳʩʰʠʭ ʩʪʝʧʝʥʝʡ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʝʜʫʶʱʠʡ ʭʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʠ: E = -kʍ2, ʛʜʝ  E ï ɻ ʥʝʨʛʠʷ ʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ɼʞ; ʍ ï ʩʪʝʧʝʥʴ 

ʜʝʬʦʨʤʘʮʠʠ, ʤ; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ɼʞ/ʤ2. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʤʝʞʘʪʦʤʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʤʦʣʝʢʫʣʘʭ. ɺ ʤʝʪʦʜʘʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʧʨʠʤʝʥʷʶʪ 

ʧʦʜʦʙʥʳʝ ʬʦʨʤʫʣʳ, ʦʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʥʦʤʳ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ. ʇʘʨʘʤʝʪʨʳ ʚ ʜʘʥʥʳʭ 

ʬʫʥʢʮʠʷʭ ʧʦʜʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʈʉɸ). 

ʌʫʥʢʮʠʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʯʠʪʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʵʥʝʨʛʠʶ ʤʦʣʝʢʫʣʳ ʠ ʧʦʩʪʨʦʠʪʴ ʝʝ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ. ʅʘʙʦʨ ʬʫʥʢʮʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʘʟʳʚʘʝʪʩʷ ʩʠʣʦʚʳʤ 

ʧʦʣʝʤ. ʉʠʣʦʚʦʝ ʧʦʣʝ ʚ ʪʝʨʤʠʥʘʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ - ʵʪʦ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ, ʘ ʯʝʨʝʟ 

ʥʝʝ ʠ ʩʠʣ. ʉʫʱʝʩʪʚʫʶʪ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʝ (MM2, MM+, Amber, BIO) ʩʠʣʦʚʳʝ 

ʧʦʣʷ, ʪʘʢ ʠ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʝ (AM1, PM3, STO-3G). 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚ ʩʠʣʦʚʦʤ ʧʦʣʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

E = E1 + E2+é+En 

ʕʥʝʨʛʠʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʝ ʯʠʩʣʝʥʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʡ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʦʣʴʢʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʜʣʠʥʳ 

ʩʚʷʟʠ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʷ ʄʦʨʟʝ. ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʩʣʦʞʥʘ 

ʢʘʢ ʜʣʷ ʨʘʩʯʝʪʘ, ʪʘʢ ʠ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ. ɺʤʝʩʪʦ ʬʫʥʢʮʠʠ ʄʦʨʟʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʷ E(r) = K(r-r0)
2, ʛʜʝ r ï ʤʝʞʘʪʦʤʥʘʷ ʜʠʩʪʘʥʮʠʷ; r0 ï 

ʨʘʚʥʦʚʝʩʥʘʷ ʤʝʞʘʪʦʤʥʘʷ ʜʠʩʪʘʥʮʠʷ (ʧʘʨʘʤʝʪʨ); K ï ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʘʨʳ ʘʪʦʤʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʥʝ ʦʪʦʙʨʘʞʘʝʪ 

ʧʦʣʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʦ ʚʙʣʠʟʠ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʪʨʝʤʠʪʩʷ 

ʢ ʠʜʝʘʣʴʥʦʡ. ʇʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʬʫʥʢʮʠʷ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʙʦʣʴʰʠʭ ʤʝʞʘʪʦʤʥʳʭ 

ʜʠʩʪʘʥʮʠʡ. ʇʦʵʪʦʤʫ, ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ ʬʫʥʢʮʠʝʡ ʚʠʜʘ: 

Vstretch = K(r-r0)
2- 2K(r-r0)

3 

ɼʣʷ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʯʠʪʳʚʘʝʪʩʷ ʩʫʤʤʘ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʚʩʝʤ 

ʩʚʷʟʷʤ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʢʦʦʨʜʠʥʘʪ - ʜʣʠʥ ʩʚʷʟʝʡ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ (ʧʨʦʩʪʳʭ ʠ 

ʜʚʫʛʨʘʥʥʳʭ).  

Vbend = Kɗ(ɗ - ɗ0)
2 

ʇʨʠ ʵʪʦʤ ʫʛʣʦʚʦʡ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʵʥʝʨʛʠʶ ʨʘʩʯʠʪʳʚʝʪʩʷ ʧʦ ʚʩʝʤ 

ʚʘʣʝʥʪʥʳʤ ʫʛʣʘʤ ʤʦʣʝʢʫʣʳ. 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʢʣʘʜʘ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ 

ʤʦʣʝʢʫʣʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʢʨʘʱʝʥʥʳʡ ʨʷʜ ʌʫʨʴʝ, ʚ ʦʙʱʝʤ ʚʠʜʝ: 
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Fa()

0

n

i

a
i
sin naÖ( )Ö b

i
cos naÖ( )Ö+( )ä

=  

ai ʠ bi ï ʧʦʜʙʠʨʘʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʚʠʜʘ: 

E
V

2
1 cos nf f0-( )+( )Ö

 

 

ʈʠʩ. 18. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ. 

ʛʜʝ ű ï ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ; ű0 ï ʧʘʨʘʤʝʪʨ; V ï ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʜʚʫʛʨʘʥʥʦʳʭ 

ʫʛʣʦʚ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʠʧʘʤʠ ʘʪʦʤʦʚ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʤʝʪʦʜʝ ʄʄ ʨʘʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ʠʟʚʝʩʪʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ. ɿʘʨʷʜʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʟʘʨʘʥʝʝ, ʥʘʧʨʠʤʝʨ ʠʟ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʢʣʘʜ ʨʘʩʯʠʪʳʚʘʶʪ ʧʦ ʟʘʢʦʥʫ 

ʂʫʣʦʥʘ: 

 
ʛʜʝ qi qj ï ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ; Ů ï ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ; Rij ï 

ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

ʇʦʪʝʥʮʠʘʣ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʥʦʰʝʥʠʷ ç6-12è: 

V

i j

A
ij

R
ij( )

12

B
ij

R
ij( )

6
-

è
é
é
ê

ø
ù
ù
ú

ää
 

ʛʜʝ A ij, Bij ï ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨ ʘʪʦʤʦʚ; Rij ï 

ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ɼʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʘʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʚʩʝʭ ʧʘʨ 

ʥʝʩʤʝʞʥʳʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ, ʪ.ʢ. ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʷʚʣʷʶʪʩʷ ʥʝʚʘʣʝʥʪʥʳʤʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʣʦʚʳʭ ʧʦʣʷʭ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣ ç10-12è: 

E

ij

q
i
q

j

eR
ij( )

2
Ö

ä
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ʈʠʩ. 19. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ç6-12è ʠ ç10-12è. 

1.6. ʇʦʠʩʢ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʩʥʦʚʥʳʝ ʜʝʩʢʨʠʧʪʦʨʳ, ʚʳʯʠʩʣʷʝʤʳʝ ʥʘ ʙʘʟʝ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʄʝʪʦʜʳ ʄʄ ʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʜʣʷ 

ʤʦʣʝʢʫʣ ʠ ʦʙʨʘʪʥʫ  ʁ ʟʘʜʘʯʫ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʤʠʥʠʤʫʤʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ (ʇʇʕʄ). ʅʘ ʧʨʘʢʪʠʢʝ ʤʠʥʠʤʫʤʫ 

ʇʇʕʄ ʦʪʚʝʯʘʝʪ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʟʘʩʝʣʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʤʦʣʝʢʫʣʳ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʫʤʘ ʥʘ ʇʇʕʄ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʪʝʨʘʮʠʦʥʳʝ ʧʨʦʮʝʜʫʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ. ʏʘʱʝ ʜʨʫʛʠʭ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ: ʧʨʠʥʠʤʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, 

ʪ.ʝ. ʦʧʨʝʜʝʣʝʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ï ʢʦʦʨʜʠʥʘʪʳ 

ʘʪʦʤʦʚ; ʟʘʪʝʤ ʢʦʦʨʜʠʥʘʪʳ ʠʟʤʝʥʷʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʵʥʝʨʛʠʶ ʤʦʣʝʢʫʣʳ. 

ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʤʦʣʝʢʫʣʳ ʢʘʢ ʬʫʥʢʮʠʶ ʤʥʦʛʠʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʪʦ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʙʫʜʝʪ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʦʙʦʙʱʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʦʨʜʠʥʘʪ ʤʦʣʝʢʫʣʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ. ʆʙʳʯʥʦ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʘʩʘʪʝʣʴʥʳʭ. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʫʩʣʦʚʠʝ 

ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ ʟʘʤʝʥʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʥʫʣʷ ʧʨʦʠʟʚʦʜʥʦʡ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʧʦ 

ʚʩʝʤ ʝʝ ʧʘʨʘʤʝʪʨʘʤ. 

ʊʦʯʢʘ rx ʚʩʝʛʜʘ ʙʣʠʞʝ ʢ ʪʦʯʢʝ ʤʠʥʠʤʫʤʘ ʯʝʤ ʪʦʯʢʘ r0, ʧʦʵʪʦʤʫ ʟʘʪʝʤ 

ʪʦʯʢʫ r0 ʧʨʠʨʘʚʥʠʚʘʶʪ ʢ rx ʠ ʥʘʭʦʜʷʪ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʀʪʝʨʘʮʠʠ ʧʦʚʪʦʨʷʶʪ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ. ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʛʨʘʜʠʝʥʪʘ ï ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦ 

ʦʧʪʠʤʠʟʠʨʫʝʤʦʤʫ ʧʘʨʘʤʝʪʨʫ. ɻʨʘʜʠʝʥʪ ʨʘʚʝʥ ʩʠʣʝ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʩʠʩʪʝʤʫ ʩ 

ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ. ɺ ʩʣʫʯʘʝ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʠʭ ʩʠʩʪʝʤ ʛʨʘʜʠʝʥʪ ï  ʚʝʢʪʦʨʥʘʷ 

ʚʝʣʠʯʠʥʘ, ʘ ʧʨʦʠʟʚʦʜʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʩʯʠʪʳʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ. 

ʆʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʫʣʴ ʛʨʘʜʠʝʥʪʘ. 

ʕʪʦ ʤʦʜʫʣʴ ʩʠʣʳ ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʩʠʩʪʝʤʝ ʚ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ɼʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʣʠʙʦ ʤʝʪʦʜ 

ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʘ. ʄʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠ ʢʘʞʜʦʡ 

ʠʪʝʨʘʮʠʠ ʧʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʡ ʤʝʪʦʜʘ ʢʘʩʘʪʝʣʴʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʠʩʭʦʜʷ ʠʟ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ. ɸ ʫʞʝ ʟʘʪʝʤ, ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ, 

ʙʝʨʝʪʩʷ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʤʝʪʦʜʝ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʡ, ʥʦ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ. 

ʉʝʨʴʝʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʧʦʠʩʢʘ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʇʇʕʄ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʪʝʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʤʠʥʠʤʫʤʫ. 

ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʠʪʩʷ ʧʝʨʝʯʝʥʴ ʧʨʦʮʝʜʫʨ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʣʦʢʘʣʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ï ʦʪ ʚʚʦʜʘ ʩʪʨʫʢʪʫʨ ʤʦʣʝʢʫʣ ʜʦ ʧʦʜʨʦʙʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʧʨʠʝʤʦʚ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ. 
 

1.6.1. ɺʚʦʜ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʛʨʘʤʤʝ HyperChem 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʝʝ ʪʨʠʜʮʘʪʠ ʧʨʦʛʨʘʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʚʦʜʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʫʣ ʠ ʠʭ ʢʦʥʚʝʨʪʘʮʠʠ ʚ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʩʝ ʦʥʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ, ʥʘʯʠʥʘʷ ʦʪ PCModel 

ʦʙʨʘʟʮʘ 1987 ʛ. ʠ ʟʘʢʘʥʯʠʚʘʷ GaussView  ʠʟ ʩʦʩʪʘʚʘ Gaussian 03 (Gaussian, Inc.). 
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ɿʘ ʧʨʦʰʝʜʰʠʝ 15 ʣʝʪ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʧʨʦʠʟʦʰʣʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ 

ʢʘʩʘʝʪʩʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʧʝʨʝʚʦʜʘ ʯʝʨʥʦʚʦʡ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣ ʠʟ ʵʩʢʠʟʘ 

ʚ ʙʣʠʟʢʫʶ ʢ ʨʝʘʣʴʥʦʡ ʢʦʥʬʦʨʤʘʮʠʶ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʫʶ ʨʘʙʦʪʫ ʧʦ ʧʦʜʛʦʪʦʚʢʝ 

ʩʪʨʫʢʪʫʨʳ ʢ ʨʘʩʯʝʪʫ ʜʝʩʢʨʠʧʪʦʨʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʫʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʨʝʞʠʤʝ 

ʜʠʘʣʦʛʘ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ HyperChem. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʦʩʥʦʚʘʥʠʷ ʤʳ ʧʨʠʚʦʜʠʤ ʧʦʩʪʨʦʝʥʥʳʡ ʥʘʤʠ ʀʥʪʝʨʥʝʪ-ʨʝʡʪʠʥʛ ʮʠʪʠʨʫʝʤʦʩʪʠ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ (ʥʘ ʙʘʟʝ ʧʦʠʩʢʦʚʦʡ ʤʘʰʠʥʳ 

www.google.com) (ʪʘʙʣ. 9): 

ʊʘʙʣʠʮʘ 9. 

ʀʥʪʝʨʥʝʪ-ʨʝʡʪʠʥʛ ʮʠʪʠʨʫʝʤʦʩʪʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʭʠʤʠʠ (ʥʘ ʙʘʟʝ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ www.google.com). 

ʇʨʦʛʨʘʤʤʘ/ʧʘʢʝʪ ʉʩʳʣʦʢ ʚ ʮʝʣʦʤ 

ʧʦ ʀʥʪʝʨʥʝʪ 

GAUSSIAN 128000 

MOPAC 71800 

ChemDraw (MDL) 57700 

ChemOffice (CSoft) 46400 

GAMESS 26700 

AMPAC 14800 

SYBYL 11700 

HyperChem 9630 

PCModel 3240 

Alchemy (Tripos) 1330 

 

  

http://www.google.com/
http://www.google.com/
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 ɺ ʨʫʥʝʪʝ ʨʝʡʪʠʥʛ ʧʨʦʛʨʘʤʤ ʚʳʛʣʷʜʠʪ ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ:  

ʊʘʙʣʠʮʘ 10. 

ʀʥʪʝʨʥʝʪ-ʨʝʡʪʠʥʛ ʮʠʪʠʨʫʝʤʦʩʪʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʭʠʤʠʠ (ʚ ʨʫʥʝʪʝ) 

ʇʨʦʛʨʘʤʤʘ/ʧʘʢʝʪ ʉʩʳʣʦʢ ʚ ʈʫʥʝʪ 

GAMESS 369 

HyperChem 169 

GAUSSIAN 158 

MOPAC 148 

ChemOffice (CSoft) 148 

ChemDraw (MDL) 89 

SYBYL 74 

AMPAC 35 

Alchemy (Tripos) 5 

PCModel 4 

 

ɺ ʩʚʝʪʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʚʳʙʦʨ HyperChem ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʟʜʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʧʦʣʥʝ ʦʯʝʚʠʜʝʥ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʞʝ 

ʫʚʠʜʝʣʘ ʩʚʝʪ ʚʝʨʩʠʷ 7.0. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʦʛʨʘʤʤʦʡ ʤʦʞʥʦ ʥʘ ʩʘʡʪʝ 

http://www.hyper.com/.  

ɺ ʧʨʦʛʨʘʤʤʝ HyperChem ʚʚʦʜ ʩʪʨʫʢʪʫʨʳ ʚʦʟʤʦʞʝʥ ʧʫʪʝʤ ʦʪʢʨʳʪʠʷ ʬʘʡʣʘ, 

ʢʦʧʠʨʦʚʘʥʠʝʤ ʯʝʨʝʟ ʙʫʬʝʨ, ʣʠʙʦ ʨʫʯʥʳʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝʤ. ʇʨʦʛʨʘʤʤʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʭʠʤʠʯʝʩʢʠʭ ʬʘʡʣʦʚ: *.hin (ʦʩʥʦʚʥʦʡ ʬʦʨʤʘʪ 

HyperChem); *.ent (ʬʦʨʤʘʪ ʙʘʟʳ ʜʘʥʥʳʭ BrookHaven Protein DataBase); *.skc 

(ʨʝʜʘʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣ Isis Draw); *.mol (MDL ʬʦʨʤʘʪ); *.zmt (ʬʦʨʤʘʪ 

ʧʨʦʛʨʘʤʤʳ MOPAC); *.ml2 (ʬʦʨʤʘʪ Tripos); *.chm (ʨʝʜʘʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ 

ʬʦʨʤʫʣ Chem Draw). 

ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʢʦʧʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʯʝʨʝʟ ʙʫʬʝʨ ʦʙʤʝʥʘ ʧʨʷʤʦ ʠʟ 

ChemDraw (MDL), ʦʜʥʘʢʦ ʧʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʠʥʦʛʜʘ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʟʘʪʨʫʜʥʝʥʠʷ (ʚʩʪʘʚʢʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ). 

ʇʨʦʛʨʘʤʤʘ HyperChem ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʚʳʙʦʨʘ ʘʪʦʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʚʘʷ 
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ʢʥʦʧʢʘ ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ , ʧʨʠ ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʧʦ ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʳʟʦʚ 

ʧʘʥʝʣʠ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʞʘʪʠʝʤ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʘʪʦʤʳ ʚʳʙʨʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʩʚʷʟʳʚʘʪʴ ʠʭ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ 

ʧʨʦʪʷʛʠʚʘʥʠʝʤ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʜʚʠʞʝʥʠʷ ʤʳʰʠ ʩ ʥʘʞʘʪʦʡ 

ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʦʪ ʘʪʦʤʘ ʢ ʘʪʦʤʫ.  

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʧʣʦʩʢʦʡ ʤʦʣʝʢʫʣʳ. ʅʘʧʨʠʤʝʨ, ʚʳʙʝʨʠʪʝ ʫʛʣʝʨʦʜ ʚ 

ʧʘʥʝʣʠ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʘ ʠ ʧʦʩʪʨʦʡʪʝ ʰʝʩʪʠʘʪʦʤʥʳʡ ʮʠʢʣ. ʊʝʧʝʨʴ ʧʨʠ ʧʦʤʦʱʠ 

ʢʣʘʚʠʰʠ  ʥʘ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ʚʨʘʱʝʥʠʷ. ʊʝʧʝʨʴ ʫ ʚʘʩ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ (ʧʨʠ ʥʘʞʘʪʦʡ ʣʝʚʦʡ ʢʥʦʧʢʝ) ʚʨʘʱʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ HyperChem ʝʩʪʴ ʩʨʝʜʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʙʳʩʪʨʦ ʧʦʩʪʨʦʠʪʴ 

ʧʨʠʙʣʠʞʝʥʥʫʶ ʤʦʜʝʣʴ ʤʦʣʝʢʫʣʳ ʠʩʭʦʜʷ ʠʟ ʧʣʦʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʟ ʚʢʣʶʯʝʥʥʳʭ 

ʚ ʥʝʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ɺʳʟʦʚʠʪʝ ʜʘʥʥʫʶ ʬʫʥʢʮʠʶ ʯʝʨʝʟ ʤʝʥʶ Build->Add H & 

Model Build. ʇʨʠ ʵʪʦʤ ʢ ʘʪʦʤʘʤ ʫʛʣʝʨʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʘʣʝʥʪʥʦʩʪʷʤʠ ʙʫʜʫʪ 

ʜʦʙʘʚʣʝʥʳ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʦʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʤʝʪʘʥʘ (ʨʠʩ.20). 

 

ʈʠʩ. 20. ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʮʠʢʣʦʛʝʢʩʘʥʘ. 

 

ʇʦʣʫʯʠʚʰʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʛʨʫʙʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ Add H & Model Build ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 
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ʜʣʷ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʘʢʢʫʨʘʪʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ 

ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʭʠʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ, ʪ.ʢ. ʧʨʠ ʵʪʦʤ ʯʘʩʪʦ ʥʘʨʫʰʘʝʪʩʷ 

ʩʪʝʨʝʦʠʟʦʤʝʨʠʷ. ʇʦʩʣʝ ʝʝ ʧʨʦʚʝʜʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘ ʚʥʠʤʘʪʝʣʴʥʘʷ 

ʧʨʦʚʝʨʢʘ ʚʩʝʭ ʭʠʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʠ ʚʩʝʡ ʛʝʦʤʝʪʨʠʠ ʚ ʦʙʱʝʤ. 

1.6.2. ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʚ ʧʨʦʛʨʘʤʤʝ HyperChem 

ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʯʝʨʝʟ ʤʝʥʶ Compute. ɺ ʤʝʥʶ Compute ʚʳʙʝʨʠʪʝ 

Geometry Optimization. ʇʨʠ ʵʪʦʤ ʧʦʷʚʠʪʩʷ ʬʦʨʤʘ ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 21. 

 

ʈʠʩ. 21. ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ. 

ɺ ʨʘʤʢʝ Algorithm ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʪ ʚʳʙʦʨʘ 

ʘʣʛʦʨʠʪʤʘ ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ ʠ ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʠ. 

Steepest Descent (ʤʝʪʦʜ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ) ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʜʘʣʝʢʦ ʦʪ ʤʠʥʠʤʫʤʘ ʥʘ ʇʇʕʄ. ʄʝʪʦʜ 

ʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʪʦʯʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɸʣʛʦʨʠʪʤʳ Fletcher-Reeves ʠ Polak-Ribiere, ʷʚʣʶʪʩʷ ʙʦʣʝʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʥʘ ʇʇʕʄ ʠ ʧʦʟʚʦʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʥʘʡʪʠ ʨʘʚʥʦʚʝʩʥʫʶ ʪʦʯʢʫ. 

Block-diagonal Newton-Raphson (ʙʣʦʢ-ʜʠʘʛʦʥʘʣʴʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-

ʈɻʬʩʦʥʘ) ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʪʨʠʮʫ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ, ʢʦʪʦʨʘʷ ʥʝʜʦʩʪʠʞʠʤʘ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʩʭʝʤ. ʄʝʪʦʜ ʙʦʣʝʝ ʜʣʠʪʝʣʝʥ, ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʥʝʤʫ 

ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ Fletcher-Reeves ʠ Polak-Ribiere. 
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ɺ ʧʦʣʝ RMS gradient ʟʘʜʘʝʪʩʷ ʧʦʨʦʛ ʛʨʘʜʠʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ ʛʨʘʜʠʝʥʪʘ 

ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʚʝʨʰʘʝʪʩʷ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʨʘʚʝʥ 1, 

ʦʧʪʠʤʘʣʴʥʳʡ ï 0,1. 

ɺʦʟʤʦʞʥʦ ʟʘʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʧʦʣʝ 

maximum cycles, ʦʙʳʯʥʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʭʦʜʷ 

ʠʟ ʨʘʟʤʝʨʘ ʤʦʣʝʢʫʣʳ. 

Screen refresh period ï ʧʝʨʠʦʜ ʦʙʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ï ʢʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʦʙʥʦʚʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥʝ. 

ʇʘʨʘʤʝʪʨ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ, ʪ.ʢ. ʵʢʦʥʦʤʠʪ ʤʘʰʠʥʥʦʝ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʨʦʨʠʩʦʚʢʫ 

ʩʪʨʫʢʪʫʨʳ. 

ʆʟʥʘʢʦʤʠʚʰʠʩʴ ʩ ʜʠʘʣʦʛʦʚʳʤ ʦʢʥʦʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʳʙʝʨʠʪʝ ʤʝʪʦʜ 

Steepest Descent, ʝʩʣʠ ʦʥ ʥʝ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʋʩʪʘʥʦʚʠʪʝ ʛʨʘʜʠʝʥʪ 

0.1 ʢʢʘʣ/ʤʦʣʴ, ʠ ʥʘʞʤʠʪʝ çOKè. ʅʘʯʥʝʪʩʷ ʧʨʦʮʝʩʩ ʦʧʪʠʤʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʦʥ ʙʫʜʝʪ 

ʠʜʪʠ ʚʝʩʴʤʘ ʤʝʜʣʝʥʥʦ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦ. ɺʥʠʟʫ ʵʢʨʘʥʘ ʚʳ ʤʦʞʝʪʝ ʥʘʙʣʶʜʘʪʴ, ʢʘʢ 

ʤʝʥʷʝʪʩʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʠ ʛʨʘʜʠʝʥʪ. ɺ ʤʝʥʶ ʥʘʞʤʠʪʝ çCancelè ʠ ʩʥʦʚʘ 

ʚʳʟʦʚʠʪʝ Compute->Geometry optimizationé ɺʳʙʝʨʠʪʝ ʤʝʪʦʜ Polak-Ribiere. 

ʉʥʦʚʘ ʧʫʩʪʠʪʝ ʦʧʪʠʤʠʟʘʮʠʶ. ʇʦʨʦʛʦʚʳʡ ʛʨʘʜʠʝʥʪ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʙʳʩʪʨʦ ʠ 

ʧʨʦʮʝʩʩ ʟʘʚʝʨʰʠʪʩʷ. ɿʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ ʧʨʦʠʩʭʦʜʠʪ ʦʧʪʠʤʠʟʘʮʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥ ʛʨʘʜʠʝʥʪʘ, ʥʝʜʦʩʪʠʞʠʤʳʭ ʩ ʠʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

Polak-Ribiere. 

1.6.3. ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚ ʧʨʦʛʨʘʤʤʝ HyperChem 

ʈʝʟʫʣʴʪʘʪ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʘʨʪʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣʳ ʠ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʙʣʠʞʘʡʰʝʤʫ ʣʦʢʘʣʴʥʦʤʫ ʤʠʥʠʤʫʤʫ ʥʘ ʇʇʕʄ, 

ʦʜʥʘʢʦ, ʝʩʣʠ ʤʦʣʝʢʫʣʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʬʦʨʤʘʮʠʡ, ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʥʘ ʇʇʕʄ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ. 

ɺ ʩʣʫʯʘʝ ʧʨʦʩʪʳʭ ʤʦʣʝʢʫʣ ʚʦʟʤʦʞʝʥ ʧʨʷʤʦʡ ʧʝʨʝʙʦʨ ʚʩʝʭ ʢʦʥʬʦʨʤʘʮʠʡ. 

ʇʨʠʤʝʨ: ʧʦʩʪʨʦʡʪʝ ʜʚʝ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʳ ʙʫʪʘʥʘ  (ʨʠʩ. 5) ï ʘʥʪʠ- ʠ ʛʦʰ-
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ʢʦʥʬʦʨʤʝʨʳ; ʫʩʪʘʥʦʚʠʪʝ ʩʠʣʦʚʦʝ ʧʦʣʝ mm+; ʚʚʝʜʠʪʝ ʦʜʥʫ ʠʟ ʢʦʥʬʦʨʤʘʮʠʡ 

(ʥʘʧʨʠʤʝʨ ʘʥʪʠ-) ʠ ʧʨʦʚʝʜʠʪʝ ʦʧʪʠʤʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʠ; ʧʨʦʠʟʚʝʜʠʪʝ ʨʘʩʯʝʪ 

ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ (Compute->Single Point) ʠ ʟʘʧʠʰʠʪʝ ʝʝ 

ʟʥʘʯʝʥʠʝ; ʟʘʪʝʤ, ʧʝʨʝʡʜʠʪʝ ʚ ʨʝʞʠʤ ʚʳʜʝʣʝʥʠʷ, ʥʘʞʘʚ ʥʘ ʢʥʦʧʢʫ ʧʘʥʝʣʠ 

ʫʧʨʘʚʣʝʥʠʷ . ʚʳʜʝʣʠʪʝ ʯʝʪʳʨʝ ʩʚʷʟʠ, ʢʦʪʦʨʳʤʠ ʦʙʨʘʟʦʚʘʥ ʜʚʫʛʨʘʥʥʳʡ ʫʛʦʣ 

(C-C-C-C) ʠ ʠʟʤʝʥʠʪʝ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʘ 0 (Edit->Set Bond Torsion) ï ʧʨʠ ʵʪʦʤ 

ʧʦʣʫʯʠʪʩʷ ʩʪʘʨʪʦʚʘʷ ʛʝʦʤʝʪʨʠʷ ʜʣʷ ʛʦʰ-ʢʦʥʬʦʨʤʘʮʠʠ, ʟʘʪʝʤ (ʵʪʦ ʚʘʞʥʦ!), 

ʩʥʠʤʠʪʝ ʚʳʜʝʣʝʥʠʝ, ʥʘʞʘʚ ʧʨʘʚʫʶ ʢʥʦʧʢʫ ʤʳʰʠ ʥʘ ʪʝʤʥʦʤ ʬʦʥʝ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʢʥʘ. ʇʨʦʚʝʜʠʪʝ ʦʧʪʠʤʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʠ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʦʚʦʛʦ 

ʧʦʣʷ mm+ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʶʪ: 3.04 ʜʣʷ ʛʦʰ-ʢʦʥʬʦʨʤʘʮʠʠ; 2.17 ʜʣʷ ʘʥʪʠ-

ʢʦʥʬʦʨʤʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʥʪʠ-ʢʦʥʬʦʨʤʝʨ 

ʩʪʘʙʠʣʴʥʝʝ ʯʝʤ ʛʦʰ-ʢʦʥʬʦʨʤʝʨ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʩʫʱʝʩʪʚʫʝʪ ʥʘʛʣʷʜʥʳʡ 

ʩʧʦʩʦʙ ʚʠʟʫʘʣʠʟʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ ï ʧʦʩʪʨʦʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ. ɺʳʜʝʣʠʪʝ ʜʚʫʛʨʘʥʥʳʡ 

ʫʛʦʣ C-C-C-C ʠ ʟʘʧʫʩʪʠʪʝ ʧʦʩʪʨʦʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ 

(Compute- >Potentialé), ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʥʝʪ ʤʝʥʶ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ (ʨʠʩ. 22). 

 

 

ʈʠʩ. 22. ʇʘʨʘʤʝʪʨʳ ʧʦʩʪʨʦʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡʡ ʢʨʠʚʦʡ. 

 

ʋʩʪʘʥʦʚʠʪʝ ʧʘʨʘʤʝʪʨʳ Initial Bond Angle (ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ) ʠ Final 

Bond Angle (ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ) 0 ʠ 360 ʛʨʘʜʫʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ Step 

(ʰʘʛ) 10 ʛʨʘʜʫʩʦʚ. ɿʘʧʫʩʪʠʪʝ ʧʨʦʮʝʜʫʨʫ. ʇʨʠ ʵʪʦʤ ʧʦ ʦʢʦʥʯʘʥʠʠ ʚʨʘʱʝʥʠʷ ʙʫʜʝʪ 

ʧʦʩʪʨʦʝʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ, ʥʘ ʢʦʪʦʨʦʡ ʚʠʜʝʥ ʤʠʥʠʤʫʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 
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ʵʥʝʨʛʠʠ ʜʣʷ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʜʘʥʥʦʛʦ ʜʚʫʛʨʘʥʥʦʛʦ ʫʛʣʘ. ʉʨʘʚʥʠʪʝ ʧʦʣʫʯʝʥʥʳʡ 

ʫʛʦʣ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ.  

 

 

ʈʠʩ. 23. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ. 

 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʜʣʷ ʦʮʝʥʢʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʛʣʘ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʧʨʠ ʧʦʚʦʨʦʪʝ ʚʦʟʥʠʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʪʝʨʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʢʨʳʚʘʥʠʝ ʬʨʘʛʤʝʥʪʦʚ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. ɼʣʷ ʵʪʦʛʦ ʚ HyperChem ʧʨʝʜʫʩʤʦʪʨʝʥ rʩʧʝʮʠʘʣʴʥʳʝ 

ʧʨʦʮʝʜʫʨ.r 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʥʘ ʧʨʠʤʝʨʝ L-ʛʣʫʪʘʤʠʥʦʚʦʡ 

ʢʠʩʣʦʪ r(ʨʠʩ. 24). 

 

ʈʠʩ. 24. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ L-ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʘ1, ʘ2, ʘ3 ï 

ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʜʣʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ). 
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ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ, ʢʘʢʠʝ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʙʫʜʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʘʥʥʳʡ ʵʪʘʧ ʨʝʘʣʠʟʦʚʘʥ 

ʚ HyperChem ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʦ. ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʘʥʘʣʠʟʫ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʜʝʣʠʪʴ ʠ ʧʨʠʩʚʦʠʪʴ ʢʘʞʜʦʤʫ ʠʟ ʫʛʣʦʚ ʠʤʷ. ɺʳʜʝʣʠʪʝ ʪʨʠ ʩʚʷʟʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʦʤʫ ʫʛʣʫ a1 (ʜʣʷ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʷʟʠ ʉ-ʉ), ʧʫʪʝʤ 

ʚʳʜʝʣʝʥʠʷ ʜʚʫʭ ʧʨʠʣʝʞʘʱʠʭ ʩʚʷʟʝʡ ʠ ʩʚʷʟʠ ʫʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ ʩʪʨʝʣʢʦʡ a1. 

ɿʘʪʝʤ ʚʳʙʝʨʠʪʝ ʧʫʥʢʪ ʤʝʥʶ Select->Name Selectioné ʋʢʘʞʠʪʝ ʠʤʷ ʫʛʣʘ a1. 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʠʩʚʦʡʪʝ ʠʤʝʥʘ ʜʚʫʤ ʦʩʪʘʚʰʠʤʩʷ ʫʛʣʘʤ (ʩʥʘʯʘʣʘ ʚʳʜʝʣʷʷ, ʘ ʟʘʪʝʤ 

ʧʨʠʩʚʘʠʚʘʷ ʠʤʷ). ʊʝʧʝʨʴ ʟʘʧʫʩʪʠʪʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ Compute-

>Conformational Searché : 

 

 

ʈʠʩ. 25. ʆʢʥʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

ɺ ʤʝʥʶ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʙʝʨʠʪʝ Options->Choose torsions. 

ɺ ʣʝʚʦʡ ʢʦʣʦʥʢʝ (Named Torsion Angles) ʜʦʣʞʝʥ ʙʳʪʴ ʩʧʠʩʦʢ ʚʳʙʨʘʥʥʳʭ ʫʛʣʦʚ 

(a1,a2,a3). ɺʳʜʝʣʠʪʝ ʠʭ ʚʩʝ ʠ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ Add. ʋʛʣʳ ʙʫʜʫʪ ʜʦʙʘʚʣʝʥʳ ʚ 

ʢʦʣʦʥʢʫ Torsions to Vary (ʫʛʣʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ): 
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ʈʠʩ. 26. ɺʳʙʦʨ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ. 

 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʫʛʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʨʪʦʚʳʭ 

ʪʦʯʝʢ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ. ʋʛʣʳ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʰʘʛʦʤ ʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʳʡ ʟʘʜʘʝʪʩʷ ʚ Options->Setup Rangesé: 

 

 

ʈʠʩ. 27. ɿʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʛʣʦʚ. 

 

ɼʣʷ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʚʳʙʝʨʠʪʝ ʧʫʥʢʪ ʤʝʥʶ 

Options->Search Methodé: 
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ʈʠʩ. 28. ʇʘʨʘʤʝʪʨʳ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ. 

 

ɺ ʨʘʤʢʝ Initial Conformations ï ʚʳʙʦʨ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ: 

Usage Direction ï ʧʦ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; Random Walk ï ʩʣʫʯʘʡʥʳʡ ʚʳʙʦʨ 

(ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʥʦʛʦ ʦʭʚʘʪʘ ʚʩʝʛʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ). 

ɺ ʨʘʤʢʝ Acceptance Energy Criterion ï ʢʨʠʪʝʨʠʡ ʚʳʙʦʨʘ ʢʦʥʬʦʨʤʘʮʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʝ ʵʥʝʨʛʠʝʡ: Maximum ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʵʥʝʨʛʠʠ ʦʪ 

ʵʥʝʨʛʠʠ ʢʦʥʬʦʨʤʘʮʠʠ ʩ ʥʠʟʰʝʡ ʵʥʝʨʛʠʝʡ, ʚ ʩʣʫʯʘʝ ʧʨʝʚʳʰʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʷ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ; Metropolis criterion ï ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʚʳʙʦʨ ʢʦʥʬʦʨʤʘʮʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɹʦʣʴʮʤʘʥʘ (ʟʘʜʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ). 

ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʧʦʠʩʢʘ ʚ ʤʝʥʶ File ʘʢʪʠʚʠʟʠʨʫʡʪʝ ʦʧʮʠʶ Autosave. ʇʨʠ 

ʵʪʦʤ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʙʫʜʝʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʬʘʡʣ. ɿʘʧʫʩʪʠʪʝ 

ʧʨʦʮʝʩʩ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ Run->Start. ʉʦʟʜʘʡʪʝ ʬʘʡʣ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʭʦʜʝ 

ʘʥʘʣʠʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʦʨʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚʳʟʳʚʘʪʴ. 

ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮʘ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʬʦʨʤʘʮʠʡ ʙʫʜʝʪ 

ʨʘʩʰʠʨʷʪʴʩʷ ʧʦ ʤʝʨʝ ʥʘʭʦʞʜʝʥʠʷ ʥʦʚʳʭ ʢʦʥʬʦʨʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʝʝ ʩʪʨʦʢʠ 

ʩʦʨʪʠʨʫʶʪʩʷ ʧʦ ʵʥʝʨʛʠʠ. ʊʘʙʣʠʮʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʢʦʣʦʥʢʠ: Energy ï ʵʥʝʨʛʠʷ 

ʢʦʥʬʦʨʤʝʨʘ; Gradient ï ʛʨʘʜʠʝʥʪ ʚ ʢʦʥʮʝ ʦʧʪʠʤʠʟʘʮʠʠ; Found ï ʩʢʦʣʴʢʦ ʨʘʟ 



ȼɎɚɖɔɈɆɥ ɘɖɆɓɗɚɔɖɒɆɜɎɥ Ɏ ɎɗɐəɗɗɘɈɋɓɓɡɏ Ɏɓɘɋɑɑɋɐɘ  
Ɉ ɖɆɍɖɆɇɔɘɐɋ ɇɎɔɑɔɉɎɝɋɗɐɎ ɆɐɘɎɈɓɡɛ ɈɋɟɋɗɘɈ Ɏ ɑɋɐɆɖɗɘɈɋɓɓɡɛ ɚɔɖɒ 

ȱ.Ȩ. ȵɔɉɖɋɇɓɥɐ 
ȫ.Ȧ. ȰəɑɢɉɆɈ 
ȫ.Ȩ. ȰɔɈɘəɓ 

Ȧ.Ȩ. ȵɔɉɖɋɇɓɥɐ 
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ʜʘʥʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʙʳʣʘ ʥʘʡʜʝʥʘ; Used ï ʩʢʦʣʴʢʦ ʨʘʟ ʜʘʥʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʦʚʳʭ ʢʦʥʬʦʨʤʘʮʠʡ. 

ɼʘʣʝʝ ʩʣʝʜʫʶʪ ʢʦʣʦʥʢʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ, ʧʦʜʣʝʞʘʱʠʭ 

ʚʘʨʴʠʨʦʚʘʥʠʶ. 

 

 

ʈʠʩ. 29. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ. 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʧʦʣʝ Search Progress: Conformations ï 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʬʦʨʤʘʮʠʡ; Lowest found ï ʢʦʥʬʦʨʤʘʮʠʷ ʩ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ; 

Highest kept ï ʢʦʥʬʦʨʤʘʮʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ. 

ʆʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʜʫʨʫ ʧʦʠʩʢʘ ʤʦʞʥʦ ʧʫʪʝʤ ʥʘʞʘʪʠʷ Cancel. ʆʜʥʘʢʦ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʬʦʨʤʘʮʠʡ ʚ ʤʝʥʶ Options->Limits. ʇʦʩʣʝ 

ʦʩʪʘʥʦʚʢʠ ʘʥʘʣʠʟʘ ʝʛʦ ʤʦʞʥʦ ʚʦʟʦʙʥʦʚʠʪʴ Run->Resume. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʨʦʢʫ ʪʘʙʣʠʮʳ ʚʳʙʨʘʪʴ ʧʫʥʢʪ ʤʝʥʶ Edit->Put 

Molecule, ʣʠʙʦ ʥʘʞʘʪʴ ʩʦʯʝʪʘʥʠʝ ʢʣʘʚʠʰ Ctrl+U.












































































































































































































































































