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ʧʦʣʠʧʝʧʪʠʜʦʚ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʙʠʦʧʦʣʠʤʝʨʦʚ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʫʶ ʜʠʥʘʤʠʢʫ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʧʝʧʪʠʜʦʚ ʚʥʦʩʷʪ ʠʟʤʝʥʝʥʠʷ 

ʜʚʫʛʨʘʥʥʳʭ (ʪʦʨʩʠʦʥʥʳʭ) ʫʛʣʦʚ ʧʨʠ ʧʦʚʦʨʦʪʘʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚʦʢʨʫʛ ʦʜʠʥʘʨʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʙʠʦʧʦʣʠʤʝʨʦʚ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʜʠʥʘʤʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʠʟʚʝʩʪʥʳʭ ʢʘʨʪ ʈʘʤʘʯʘʥʜʨʘʥʘ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʟʥʘʯʝʥʠʡ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʦʣʠʧʝʧʪʠʜʦʚ 

ʠ ʠʤʝʥʫʶʪʩʷ ʢʘʨʪʘʤʠ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ. ʕʪʠ ʢʘʨʪʳ ʩʪʨʦʠʤ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, ʘ ʟʘʪʝʤ ʢʣʘʩʪʝʨʠʟʫʝʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ. ʇʨʝʜʩʪʘʚʣʷʝʤ ʢʘʨʪʳ ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʢʦʥʬʦʨʤʘʮʠʡ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 400 ʜʠʧʝʧʪʠʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʧʝʧʪʠʜʳ; ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʣʠʧʝʧʪʠʜʦʚ; ʢʘʨʪʘ 

ʈʘʤʘʯʘʥʜʨʘʥʘ; ʢʘʨʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ; ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ; 

ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʂʦʭʦʥʝʥʘ 

 

ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʧʝʧʪʠʜʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʧʝʧʪʠʜʦʚ, ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʛʝʪʝʨʦʧʦʣʠʤʝʨʦʚ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʇʦʣʠʧʝʧʪʠʜʳ ʩʦʩʪʦʷʪ ʠʟ ʧʨʠʨʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʝʧʪʠʜʥʳʤʠ 

ʩʚʷʟʷʤʠ, ʠ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ [1-3]. 

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʧʝʧʪʠʜʦʚ ʚʥʦʩʷʪ ʜʚʫʛʨʘʥʥʳʝ 

(ʪʦʨʩʠʦʥʥʳʝ) ʫʛʣʳ ʧʦʚʦʨʦʪʦʚ ʚʦʢʨʫʛ ʦʜʠʥʘʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʧʦʣʠʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ű, y, ʧʦʩʢʦʣʴʢʫ ʫʛʦʣ ɤ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ -ʉO-NH- 

ʦʙʳʯʥʦ ʬʠʢʩʠʨʦʚʘʥ ʚʙʣʠʟʠ 180 ʛʨʘʜʫʩʦʚ (ʨʝʞʝ ï 0 ʛʨʘʜʫʩʦʚ) [3, 4]. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʠʟʚʝʩʪʥʳʭ ʢʘʨʪ ʈʘʤʘʯʘʥʜʨʘʥʘ 

ï ʢʘʨʪ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʟʥʘʯʝʥʠʡ ʧʘʨ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ű, y ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʦʣʠʧʝʧʪʠʜʦʚ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʪʨʘʝʢʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ [5, 6]. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʢʣʘʩʪʝʨʠʟʫʝʤ ʘʣʛʦʨʠʪʤʦʤ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ [7]. ʇʨʝʜʩʪʘʚʣʷʝʤ 

ʧʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʘʪʣʘʩ ʢʘʨʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 400 

ʜʠʧʝʧʪʠʜʦʚ. 

ɼʝʪʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʰʝʡ ʧʫʙʣʠʢʘʮʠʠ [8]. 

 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʢʘʨʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ ʜʣʷ ʜʠʧʝʧʪʠʜʦʚ 

ʂʘʨʪʘ ʈʘʤʘʯʘʥʜʨʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʤʝʨʥʫʶ ʜʠʘʛʨʘʤʤʫ ʟʥʘʯʝʥʠʡ ʪʦʨʩʠʦʥʥʳʭ 

ʫʛʣʦʚ ű, y, ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʫ ʧʝʧʪʠʜʘ [9, 10]. ʂʘʞʜʫʶ ʪʦʯʢʫ ʥʘ 

ʢʘʨʪʝ ʦʧʨʝʜʝʣʷʶʪ ʢʦʦʨʜʠʥʘʪʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʛʣʘʤ ű, y, ʚ ʜʘʥʥʦʤ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤ 

ʦʩʪʘʪʢʝ. ʊʦʯʢʠ ʥʘ ʢʘʨʪʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʛʨʫʧʧʠʨʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ 

ʥʘʣʠʯʠʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʙʝʣʢʝ ʫʩʪʦʡʯʠʚʳʭ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ [11]. 
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ʇʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ U ʧʝʧʪʠʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʬʫʥʢʮʠʶ ʝʛʦ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ 

ʚ ʚʠʜʝ 
),...,,,...,( 11 nnU yyjj
, ʛʜʝ n ï ʯʠʩʣʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʧʝʧʪʠʜʥʦʡ ʮʝʧʠ. ʕʪʘ 

ʬʫʥʢʮʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʦʜʠʥ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ, ʦʪʚʝʯʘʶʱʠʡ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ. ʇʦʩʢʦʣʴʢʫ ʙʝʣʢʠ 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʬʫʥʢʮʠʷ 
)(ÖU

 ʙʝʣʢʘ 

ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʨʘʟʤʝʨʥʦʩʪʴ, ʟʘʪʨʫʜʥʷʶʱʫʶ ʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ [12]. 

ʉʫʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘʤʠ ʧʨʦʮʝʜʫʨʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʥʘʙʦʨʳ ʪʦʯʝʢ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʧʝʧʪʠʜʘ. ʂʘʞʜʫʶ ʠʟ ʪʦʯʝʢ 

ʢʘʨʪʳ ʦʢʨʘʰʠʚʘʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʘʭʦʞʜʝʥʠʷ ʤʦʣʝʢʫʣʳ (ʜʠʧʝʧʪʠʜʘ) ʚ ʵʪʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʆʨʘʥʞʝʚʳʡ ʮʚʝʪ ʥʘ ʢʘʨʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 

ʜʠʧʝʧʪʠʜʘ, ʩʠʥʠʡ ï ʥʘʠʤʝʥʝʝ ʚʝʨʦʷʪʥʦʩʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɹʝʣʳʡ ʮʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʥʬʦʨʤʘʮʠʷʤ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʘ. ʋʢʘʟʘʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʯʠʩʣʫ ʪʦʯʝʢ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʘʥʥʦʛʦ ʜʠʧʝʧʪʠʜʘ, 

ʧʦʧʘʚʰʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʣʘʩʪʴ ʢʘʨʪʳ. ʇʦʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʙʝʣʢʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʘʨʪʘ 

ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ ʪʘʢʞʝ ʜʘʝʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʙʝʣʢʘ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠ ʥʘʠʤʝʥʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ. 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʢʦʥʬʦʨʤʘʮʠʡ ʜʠʧʝʧʪʠʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

¶ ʩʙʦʨʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʠʧʝʧʪʠʜʘ ʧʦ ʟʘʜʘʥʥʳʤ 

ʢʦʜʘʤ ʝʛʦ ʘʤʠʥʦʢʠʩʣʦʪ; 

¶ ʟʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚ ű, y ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʜʣʷ 

ʢʘʞʜʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʚʭʦʜʷʱʝʡ ʚ ʜʠʧʝʧʪʠʜ; 

¶ ʚʳʯʠʩʣʝʥʠʝ ʜʚʫʤʝʨʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʜʠʧʝʧʪʠʜʘ ʚ 

ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʧʝʨʚʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 

f1(ű, y) ʠ ʜʣʷ ʚʪʦʨʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ f2(ű, y) ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ 

ű, y ʥʘ ʜʚʫʤʝʨʥʦʡ ʩʝʪʢʝ ʟʘʜʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʚʭʦʜʷʱʠʭ ʚ ʜʠʧʝʧʪʠʜ; 

¶ ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʘʨʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ ʜʣʷ ʢʘʞʜʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʚʭʦʜʷʱʝʡ ʚ ʜʠʧʝʧʪʠʜ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʜʚʫʤʝʨʥʳʭ 

ʧʣʦʪʥʦʩʪʝʡ ʚʝʨʦʷʪʥʦʩʪʠ; 

¶ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʢʘʨʪ ʟʘʩʝʣʝʥʥʦʩʪʠ. 

ʉʚʦʡʩʪʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʧʝʧʪʠʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʤʷ 

ʝʛʦ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʘ, ʟʥʘʯʠʪ, ʜʚʫʤʷ ʢʘʨʪʘʤʠ ʟʘʩʝʣʝʥʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʦʙʲʝʜʠʥʝʥʥʦʤʫ ʥʘʙʦʨʫ ʜʠʩʢʨʝʪʥʳʭ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʠ 
),,(

~
1 yjf

 
),(

~
2 yjf

. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ 

)( jX
, ʛʜʝ j ï ʥʦʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʷʯʝʡʢʠ ʥʘ ʦʙʲʝʜʠʥʝʥʥʦʡ ʜʚʫʤʝʨʥʦʡ ʩʝʪʢʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤ ʠʟʚʝʩʪʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ WTA ʩ ʧʨʘʚʠʣʦʤ ʦʙʫʯʝʥʠʷ ʂʦʭʦʥʝʥʘ [6]. ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʳʝ 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʝʥʝʨʠʨʫʝʤ ʩʣʫʯʘʡʥʳʤʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 
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ʚ ʠʥʪʝʨʚʘʣʝ [0;1]. ɺʝʢʪʦʨʳ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʦʨʤʘʣʠʟʫʝʤ ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʪʴ ʣʠʰʥʠʭ ʰʘʛʦʚ 

ʦʙʫʯʝʥʠʷ ʠ ʨʝʰʠʪʴ, ʭʦʪʷ ʙʳ ʯʘʩʪʠʯʥʦ, ʧʨʦʙʣʝʤʫ çʤʝʨʪʚʳʭè ʥʝʡʨʦʥʦʚ [6]. 

 

2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ DPPMClusterizer (Dipeptide Probability Population Map 

Clusterizer) ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʨʪ ʜʠʧʝʧʪʠʜʦʚ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʷʟʳʢʝ ʉ, ʚ 

ʩʠʣʫ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʋʪʠʣʠʪʳ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʥʚʝʨʪʘʮʠʶ ʜʘʥʥʳʭ ʠ ʩʦʧʨʷʞʝʥʠʝ 

ʠʥʪʝʨʬʝʡʩʦʚ ʦʩʥʦʚʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʳ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʷʟʳʢʝ 

ʩʢʨʠʧʪʦʚ GNU Bourne-Again SHell (bash). ɼʣʷ ʢʦʤʧʠʣʷʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʙʦʨ ʢʦʤʧʠʣʷʪʦʨʦʚ 

GCC 4.9.0 (GNU Compiler Collection) ʠ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʚ GNU Python 2.7.7 ʠ GNU bash 4.3. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʜʠʧʝʧʪʠʜʦʚ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ï NAMD [13]. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʩʪʦʨʦʥʥʠʝ ʙʠʙʣʠʦʪʝʢʠ: 

¶ GNU SciPy 0.14.0 ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʷʟʳʢʘ Python ʘʣʛʦʨʠʪʤʦʚ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ; 

¶ GNU Matplotlib 1.3.1 ï ʙʠʙʣʠʦʪʝʢʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʷʟʳʢʘ 

Python ʠ ʙʠʙʣʠʦʪʝʢʠ SciPy. 

ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 
ʫʪʠʣʠʪʘ Gnuplot 4.6. ʈʘʟʨʘʙʦʪʢʘ ʚʝʣʘʩʴ ʚ ʩʨʝʜʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Linux ʜʠʩʪʨʠʙʫʪʠʚʘ 

Novell OpenSuse 13.1. 

ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʨʪʘʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ 

ʘʧʨʠʦʨʠ ʥʝʠʟʚʝʩʪʥʦ, ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ. ʇʦʵʪʦʤʫ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʢʣʘʩʪʝʨʘ ʠ ʙʣʠʞʘʡʰʠʤ ʢ ʥʝʤʫ 

ʵʣʝʤʝʥʪʦʤ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ DPPMClusterizer 

ʧʦʚʪʦʨʷʝʪ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʨʘʟ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʫʩʧʝʭʘ, ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, DPPMClusterizer ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʚʳʯʠʩʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʝʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ (ʪʦ ʝʩʪʴ, ʨʘʜʠʫʩ ʢʣʘʩʪʝʨʘ). ɽʩʣʠ ʭʦʪʷ ʙʳ ʜʣʷ ʦʜʥʦʛʦ ʠʟ 

ʪʝʢʫʱʠʭ ʢʣʘʩʪʝʨʦʚ ʵʪʦ ʚʝʣʠʯʠʥʘ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʧʦʚʪʦʨʷʝʪʩʷ 

ʩ ʯʠʩʣʦʤ ʢʣʘʩʪʝʨʦʚ, ʫʚʝʣʠʯʝʥʥʳʤ ʥʘ ʝʜʠʥʠʮʫ. ʕʣʝʤʝʥʪʳ, ʨʘʩʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʜʦ ʪʠʧʠʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʧʨʝʚʳʰʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʦʨʦʛ, ʧʦʤʝʯʘʶʪʩʷ 

ʢʘʢ ʪʨʝʙʫʶʱʠʝ ʚʠʟʫʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ. ɸʥʘʣʦʛʠʯʥʦ ʵʣʝʤʝʥʪʳ ʟʘ ʧʨʝʜʝʣʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʦʛʘ 

ʧʦʤʝʯʘʶʪʩʷ ʢʘʢ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʘʥʥʦʤʫ ʢʣʘʩʪʝʨʫ. 

 

3. ʇʦʩʪʨʦʝʥʠʝ ʘʪʣʘʩʘ ʢʘʨʪ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ ʜʣʷ ʜʠʧʝʧʪʠʜʦʚ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʢʨʘʪ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 10 ʥʩ, ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï 1 ʬʩ. ɼʠʥʘʤʠʢʫ ʤʦʣʝʢʫʣ ʤʦʜʝʣʠʨʫʝʤ ʚ ʚʘʢʫʫʤʝ 

ʙʝʟ ʚʦʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʚʥʦʡ 300ʂ. ʀʩʧʦʣʴʟʫʝʤ ʤʦʜʝʣʴ ʩʠʣʦʚʦʛʦ ʧʦʣʷ 

CHARMM ʚʝʨʩʠʠ 2.7 [14]. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 400 ʧʘʨ ű, y ï 

ʢʘʨʪ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ ʜʠʧʝʧʪʠʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ, ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʚʪʦʨʩʢʠʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʟʘʩʝʣʝʥʥʦʩʪʠ ʢʦʥʬʦʨʤʘʮʠʡ 

ʜʠʧʝʧʪʠʜʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʪ. ɺʳʧʦʣʥʝʥʘ ʧʨʦʛʨʘʤʤʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʩʧʦʩʦʙʘ ʠ ʤʝʪʦʜʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ DPPMClusterizer. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʪʣʘʩ ʜʠʧʝʧʪʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʨʪʳ ʟʘʩʝʣʝʥʥʦʩʪʠ ʜʣʷ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʧʘʨ ʜʠʧʝʧʪʠʜʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʩʭʦʞʝʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʪʘʙʣʠʮʳ ʚʦʟʤʦʞʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ. ʕʪʠ ʪʘʙʣʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʛʨʘʬʦʚ ʩʚʷʟʥʦʩʪʠ, 

ʛʜʝ ʨʝʙʨʦ ʤʝʞʜʫ ʧʝʧʪʠʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʡ ʟʘʤʝʥʝ, ʘ ʮʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʣʠʟʦʩʪʠ 

ʜʠʧʝʧʪʠʜʦʚ. 

ʊʘʙʣʠʮʘ 1 

ʉʧʠʩʦʢ ʘʤʠʥʦʢʠʩʣʦʪ [4] 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʜ 

1 ɻʣʠʮʠʥ Gly 

2 ʃʝʡʮʠʥ Leu 

3 ʊʠʨʦʟʠʥ Tyr 

4 ʉʝʨʠʥ Ser 

5 ɻʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ Glu 

6 ɻʣʫʪʘʤʠʥ Gln 

7 ɸʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ Asp 

8 ɸʩʧʘʨʘʛʠʥ Asn 

9 ʌʝʥʠʣʘʣʘʥʠʥ Phe 

10 ɸʣʘʥʠʥ Ala 

11 ʃʠʟʠʥ Lys 

12 ɸʨʛʠʥʠʥ Arg 

14 ʎʠʩʪʝʠʥ Cys 

15 ɺʘʣʠʥ Val 

16 ʇʨʦʣʠʥ Pro 

17 ʊʨʠʧʪʦʬʘʥ Trp 

18 ʀʟʦʣʝʡʮʠʥ Ile 

29 ʄʝʪʠʦʥʠʥ Met 

20 ʊʨʝʦʥʠʥ Thr 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʬʠʟʠʢʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ. 
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Atlas of probability maps 

of the population of conformations for dipeptides 

Abstract. The study of the spatial structure and structural dynamics of polypeptides and, in 

particular, dipeptides is of great importance for understanding their functioning and developing 

methods for directional modification of the biological functions of these macromolecules. 

Polypeptides are heteropolymers consisting of natural amino acid residues linked by peptide bonds. 

Thermal fluctuations in the spatial structure of polypeptides are called conformational 

dynamics of polypeptides and play an important role in the functioning of biopolymers. The main 

contribution to the conformational dynamics and spatial structure of polypeptides is made by changes 

in dihedral (torsion) angles in the rotation of amino acid residues around single chemical bonds in the 

polypeptide chain. To study the conformational dynamics of biopolymers, we use the method of 

molecular dynamics based on the numerical solution of systems of equations of the mechanics of 

macromolecules. 

We consider the dynamic analogs of the known Ramachandran charts, which show the 

probability of realizing the values of the torsion angles of the main chain of polypeptides and are called 

the maps of the probability of the population of conformations. These maps are constructed on the 

basis of previously obtained molecular dynamics trajectories, and then clustered using the Kohonen 

self-organizing map. We present maps of the population of conformations for all possible 400 

dipeptides. 

Keywords: dipeptides; conformational dynamics of polypeptides; Ramachandran map; map of 

the probability of conformation population; cluster analysis; Kohonen self-organizing map 
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