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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʂʫʰʥʝʨ ɸ.ɻ.

ʋʧʨʘʚʣʝʥʠʝ ʚ ʩʧʣʦʰʥʳʭ ʩʨʝʜʘʭ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ

ʈʘʟʨʘʙʦʪʘʥʘʤʦʜʝʣʜɹʚʠʞʝʥʠʷʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʡʟʘʨʷʞʝʥʥʦʡʞʠʜʢʦʩʪʠʚ

ʤʘʛʥʠʪʥʦʤʧʦʣʝʩʫʯʝʪʦʤʝ ʪyʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭʩʚʦʡʩʪʚ.

ʈʘʟʨʘʙʦʪʘʥʤʝʪʦʜʧʦʩʪʨʦʝʥʠʷʥʝʣʦʢʘʣʴʥʳʭʦʧʝʨʘʪʦʨʦʚʨʝʢʫʨʩʠʠʜʣ ʩ̫ʠʤʤʝʪʨʠʡ

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭʫʨʘʚʥʝʥʠʡ,ʢʦʪʦʨʳʡʙʳʣʧʨʠʤʝʥʝʥʢ ʙʝʟʜʠʩʧʝʨʩʠʦʥʥʳʤ

ʫʨʘʚʥʝʥʠʷʤʛʠʜʨʦʜʠʥʘʤʠʢʠ.

ʇʨʦʜʦʣʞʝʥʦʠʟʫʯʝʥʠʝʵʣʣʠʧʪʠʯʝʩʢʠʭʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭʫʨʘʚʥʝʥʠʡʥʘ

ʟʘʤʢʥʫʪʳʭʤʥʦʛʦʦʙʨʘʟʠʷʭ. ɼʦʢʘʟʘʥʘʪʝʦʨʝʤʘʩʫʱʝʩʪʚʦʚʘʥʠʷʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ

ʨʝʰʝʥʠʡʜʣʦ̫ʙʦʙʱʝʥʥʦʛʦʫʨʘʚʥʝʥʠʷʂʦʣʤʦʛʦʨʦʚʘ-ʇʝʪʨʦʚʩʢʦʛʦ-ʇʠʩʢʫʥʦʚʘ.

ʈʘʟʨʘʙʦʪʘʥʘʠʠʩʩʣʝʜʦʚʘʥʘʤʦʜʝʣʬɹʠʣʴʪʨʘʮʠʠʛʘʟʘʃʘʥʜʘʫ-ʃʠʬʰʠʮʘʧʦʟʘʢʦʥʫ

ɼʘʨʩʠʚ ʧʦʨʠʩʪʦʡʩʨʝʜʝʩ ʫʯʝʪʦʤʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭʩʚʦʡʩʪʚʛʘʟʘʠ ʬʘʟʦʚʳʭ

ʧʝʨʝʭʦʜʦʚ.

ʃʘʛʨʘʥʞʝʚʦʤʥʦʛʦʦʙʨʘʟʠʝ

ʠʢʨʠʚʘʷʬʘʟʦʚʦʛʦʧʝʨʝʭʦʜʘ
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʂʫʰʥʝʨ ɸ.ɻ.

ʋʧʨʘʚʣʝʥʠʝ ʚ ʩʧʣʦʰʥʳʭ ʩʨʝʜʘʭ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ

ʇʦʩʪʨʦʝʥʳʫʨʘʚʥʝʥʠʷʜʚʠʞʝʥʠʷʚʷʟʢʦʡʞʠʜʢʦʩʪʠʠʛʘʟʘʧʦʠʩʢʨʠʚʣʝʥʥʳʤ

ʪʨʫʙʘʤʚʪʨʸʭʤʝʨʥʦʤʧʨʦʩʪʨʘʥʩʪʚʝʩʫʯʸʪʦʤʠʭʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭʩʚʦʡʩʪʚ.

ɺʦʟʤʦʞʥʦʧʨʠʤʝʥʝʥʠʝʚʛʘʟʦʚʦʤʠʥʝʬʪʷʥʦʤʩʝʢʪʦʨʝ.

ʈʘʟʨʘʙʦʪʘʥʘʠ ʠʩʩʣʝʜʦʚʘʥʘʤʦʜʝʣʚɹʣʠʷʥʠʚ̫ʦʣʥʦʚʳʭʫʧʨʘʚʣʷʶʱʠʭ

ʚʦʟʜʝʡʩʪʚʠʷʥʘʥʝʬʪʷʥʦʡʧʣʘʩʪʚʦʢʨʝʩʪʥʦʩʪʠʥʝʬʪʷʥʳʭʩʢʚʘʞʠʥ.

ʇʦʩʪʨʦʝʥʦʪʦʯʥʦʝʦʙʱʝʝʨʝʰʝʥʠʝʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡʟʘʜʘʯʠʬʠʣʴʪʨʘʮʠʠ

ʩʫʩʧʝʥʟʠʠʚʧʦʨʠʩʪʦʡʩʨʝʜʝ. ʈʘʩʩʤʦʪʨʝʥʘʚʦʟʤʦʞʥʦʩʪʴʝʛʦʧʨʠʤʝʥʝʥʠʷʢʟʘʜʘʯʝ

ʤʦʜʝʣʠʨʦʚʘʥʠʷʥʝʬʪʷʥʳʭʬʠʣʴʪʨʘʮʠʦʥʥʳʭʧʦʪʦʢʦʚʚʙʣʠʟʠʜʦʙʳʚʘʶʱʠʭ

ʩʢʚʘʞʠʥ.

ʈʘʩʧʨʝʜʝʣʝʥʠʝʜʘʚʣʝʥʠʷʚʪʨʫʙʝ ʈʘʩʧʨʝʜʝʣʝʥʠʝʪʝʤʧʝʨʘʪʫʨʳ
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʍʣʝʙʥʠʢʦʚ ʄ.ɺ.

ʅʦʚʳʝ ʢʨʠʪʝʨʠʠ ʥʘʩʪʨʦʡʢʠ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ

ʇʨʝʜʣʦʞʝʥʥʦʚʳʡʧʦʜʭʦʜʢʟʘʜʘʯʝʥʘʩʪʨʦʡʢʠ

ʠ ʦʧʪʠʤʠʟʘʮʠʠʧʘʨʘʤʝʪʨʦʚʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ,

ʦʩʥʦʚʘʥʥʳʡʥʘʩʚʝʜʝʥʠʠʧʨʦʙʣʝʤʳʢ ʟʘʜʘʯʝ

ʤʘʪʨʠʯʥʦʡʦʧʪʠʤʠʟʘʮʠʠ.

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʥʘʩʪʨʘʠʚʘʝʪʩʷʜʣʷ

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠʚʥʘʯʘʣʴʥʳʭ

ʫʩʣʦʚʠʷʭʪʘʢʠʤʦʙʨʘʟʦʤ,ʯʪʦʙʚrʳʭʦʜʩʠʩʪʝʤʳ

ʙʳʣʨʘʚʥʦʤʝʨʥʦʤʘʣʳʤ. ʇʨʠɻʪʦʤʜʦʧʦʣʥʠʪʝʣʴʥʦ

ʛʘʨʘʥʪʠʨʫʝʪʩʷʟʘʜʘʥʥʘʷʩʪʝʧʝʥʴʫʩʪʦʡʯʠʚʦʩʪʠ

ʟʘʤʢʥʫʪʦʡʩʠʩʪʝʤʳ.

ʇʦʩʪʨʦʝʥʛʨʘʜʠʝʥʪʥʳʡʤʝʪʦʜʜʣ ʦ̫ʪʳʩʢʘʥʠʷ

ʧʘʨʘʤʝʪʨʦʚʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. ʇʨʝʜʣʘʛʘʝʤʘʷ

ʨʝʢʫʨʨʝʥʪʥʘʷʧʨʦʮʝʜʫʨʘʧʨʠʚʦʜʠʪʢ ʚʝʩʴʤʘ

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʧʦʠʥʞʝʥʝʨʥʳʤʢʨʠʪʝʨʠʷʤ

ʢʘʯʝʩʪʚʘʇʀɼ-ʨʝʛʫʣʷʪʦʨʘʤ.

ʊʨʘʝʢʪʦʨʠʠʚʳʭʦʜʘʪʝʩʪʦʚʦʡʣʠʥʝʡʥʦʡ

ʩʠʩʪʝʤʳʧʨʠʥʝʥʫʣʝʚʦʤʥʘʯʘʣʴʥʦʤʫʩʣʦʚʠʠ

ʠ ʝʜʠʥʠʯʥʦʤʩʪʫʧʝʥʯʘʪʦʤʚʦʟʤʫʱʝʥʠʠ,

ʟʘʤʢʥʫʪʦʡʧʦʩʪʨʦʝʥʥʳʤ(K*) ʠ ʨʘʥʝʝ

ʠʟʚʝʩʪʥʳʤʠʇʀɼ-ʨʝʛʫʣʷʪʦʨʘʤʠ
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʍʣʝʙʥʠʢʦʚ ʄ.ɺ.

ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ  

ʥʘ ʵʪʘʧʘʭ ʥʘʙʦʨʘ ʚʳʩʦʪʳ, ʢʨʝʡʩʝʨʩʢʦʛʦ ʧʦʣʝʪʘ ʠ ʩʥʠʞʝʥʠʷ

ʇʦʜʦʛʦʚʦʨʫʩɻʦʩʅʀʀɸʉʠʩʩʣʝʜʦʚʘʥʘʟʘʜʘʯʘʤʠʥʠʤʠʟʘʮʠʠʨʘʩʭʦʜʘʪʦʧʣʠʚʘ

ʩʨʝʜʥʝʤʘʛʠʩʪʨʘʣʴʥʦʛʦʧʘʩʩʘʞʠʨʩʢʦʛʦʩʘʤʦʣʝʪʘʧʨʠʬʠʢʩʠʨʦʚʘʥʥʦʤʚʨʝʤʝʥʠ

ʧʨʠʙʳʪʠʷ. ɺʨʘʤʢʘʭʨʘʙʦʪʳ:

1) ʩʬʦʨʤʫʣʠʨʦʚʘʥʘʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʘʷʟʘʜʘʯʘʦʧʪʠʤʠʟʘʮʠʠʵʪʘʧʘʩʥʠʞʝʥʠʷʠ

ʧʨʝʜʣʦʞʝʥʩʧʦʩʦʙʦʧʨʝʜʝʣʝʥʠʷʰʪʨʘʬʥʳʭʢʦʵʬʬʠʮʠʝʥʪʦʚʨʘʩʩʪʦʷʥʠʷʠʚʨʝʤʝʥʠ;

2) ʨʘʟʨʘʙʦʪʘʥʘʧʨʦʮʝʜʫʨʘʤʦʜʝʣʠʨʦʚʘʥʠʷʨʘʩʭʦʜʘʪʦʧʣʠʚʘʜʣʷɻ ʪʘʧʦʚʥʘʙʦʨʘ

ʚʳʩʦʪʳ,ʢʨʝʡʩʝʨʩʢʦʛʦʧʦʣʝʪʘʠʩʥʠʞʝʥʠʷʩʫʯʝʪʦʤʧʨʦʛʥʦʟʥʳʭʟʥʘʯʝʥʠʡʩʢʦʨʦʩʪʠ

ʚʝʪʨʘʠʪʝʤʧʝʨʘʪʫʨʳʥʘʤʘʨʰʨʫʪʝʧʦʣʝʪʘ;

3) ʨʘʟʨʘʙʦʪʘʥʘʣʛʦʨʠʪʤʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡʦʧʪʠʤʠʟʘʮʠʠʵʪʘʧʦʚʥʘʙʦʨʘʚʳʩʦʪʳ,

ʢʨʝʡʩʝʨʩʢʦʛʦʧʦʣʝʪʘʠʩʥʠʞʝʥʠʷ;

4) ʨʘʟʨʘʙʦʪʘʥʦʧʨʦʛʨʘʤʤʥʦʝʦʙʝʩʧʝʯʝʥʠʝʚʩʨʝʜʝMATLAB ʠʧʨʦʚʝʜʝʥʘʚʘʣʠʜʘʮʠʷ

ʧʨʝʜʣʦʞʝʥʥʳʭʤʝʪʦʜʦʚʠʘʣʛʦʨʠʪʤʦʚ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʈʘʧʦʧʦʨʪʃ.ɹ.

ʋʧʨʘʚʣʝʥʠʝ ʥʝʣʠʥʝʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ

ɼʣʷʟʘʜʘʯʠʦʜʥʦʚʨʝʤʝʥʥʦʡʩʪʘʙʠʣʠʟʘʮʠʠʧʦʣʦʞʝʥʠʷʢʦʣʝʩʘʠ ʤʘʷʪʥʠʢʘ,

ʧʦʜʚʝʰʝʥʥʦʛʦʥʘʝʛʦʦʩʠ,ʠʩʩʣʝʜʦʚʘʥʘʩʪʘʙʠʣʠʟʘʮʠʷʧʦʚʳʭʦʜʫ,ʧʨʠʚʦʜʷʱʘʷʢ

ʫʩʪʦʡʯʠʚʦʡʥʫʣʝʚʦʡʜʠʥʘʤʠʢʝʩʠʩʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʳʦʙʣʘʩʪʠʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ

ʫʩʪʦʡʯʠʚʦʩʪʠʠʘʣʛʦʨʠʪʤʳʛʣʦʙʘʣʴʥʦʡʩʪʘʙʠʣʠʟʘʮʠʠ.

ʉʠʥʪʝʟʠʨʦʚʘʥʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʡʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡʟʘʢʦʥʫʧʨʘʚʣʝʥʠʷʜʣʷ

ʮʝʧʦʯʢʠʪʨʝʭʠʥʪʝʛʨʘʪʦʨʦʚ,ʦʙʝʩʧʝʯʠʚʘʶʱʠʡʟʘʜʘʥʥʦʝʢʘʯʝʩʪʚʦʧʝʨʝʭʦʜʥʦʛʦ

ʧʨʦʮʝʩʩʘ.

ʈʝʰʝʥʘʟʘʜʘʯʘʦʩʪʘʙʠʣʠʟʘʮʠʠʧʦʚʳʭʦʜʫʢʨʘʪʥʦʛʦʠʥʪʝʛʨʘʪʦʨʘʩʟʘʧʘʟʜʳʚʘʥʠʝʤ

ʚʦʙʨʘʪʥʦʡʩʚʷʟʠ.

ʇʦʣʫʯʝʥʳʥʦʚʳʝʨʝʟʫʣʴʪʘʪʳʚʟʘʜʘʯʝʦʙʫʧʨʘʚʣʝʥʠʠʢʦʣʝʙʘʥʠʷʤʠʚʩʠʩʪʝʤʘʭ,

ʩʦʩʪʦʷʱʠʭʠʟʩʚʷʟʘʥʥʳʭʧʦʜʩʠʩʪʝʤ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʈʘʧʦʧʦʨʪʃ.ɹ.

ʋʧʨʘʚʣʝʥʠʝ ʛʨʫʧʧʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʦʣʝʩʥʳʭ ʨʦʙʦʪʦʚ 

ɼʣ ʟ̫ʘʜʘʯʠʦʙʦʧʪʠʤʘʣʴʥʦʡʦʙʨʘʙʦʪʢʝʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦʧʦʣʷ

ʛʨʫʧʧʦʡʘʚʪʦʥʦʤʥʳʭʨʦʙʦʪʦʚ: ʧʦʩʪʨʦʝʥʦʦʧʪʠʤʘʣʴʥʦʝʧʦʢʨʳʪʠʝʧʦʣʠ̫

ʦʧʪʠʤʘʣʴʥʦʝʨʘʩʧʠʩʘʥʠʝʨʘʙʦʪʳ,ʩʠʥʪʝʟʠʨʦʚʘʥʟʘʢʦʥʫʧʨʘʚʣʝʥʠʷ,

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡʜʚʠʞʝʥʠʝʛʨʫʧʧʳʠʠʩʢʣʶʯʘʶʱʠʡʩʪʦʣʢʥʦʚʝʥʠʷʨʦʙʦʪʦʚ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ʋʪʢʠʥ ɸ.ɺ.
ʌʦʨʤʘʣʠʟʦʚʘʥʳʜʦʩʪʘʪʦʯʥʳʝʫʩʣʦʚʠʨ̫ʝʘʣʠʟʫʝʤʦʩʪʠʨʦʙʘʩʪʥʦʛʦʫʧʨʘʚʣʝʥʠʷʠ

ʨʘʟʨʘʙʦʪʘʥʘʧʨʦʮʝʜʫʨʘʜʝʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦʩʠʥʪʝʟʘʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡʦʙʨʘʪʥʦʡʩʚʷʟʠ,

ʢʦʪʦʨʘʷʦʙʝʩʧʝʯʠʚʘʝʪʩʚʝʨʭʫʩʪʦʡʯʠʚʦʩʪʴʚ ʟʘʤʢʥʫʪʦʡʩʠʩʪʝʤʝʚ ʥʦʚʦʤʢʦʦʨʜʠʥʘʪʥʦʤ

ʙʘʟʠʩʝ,ʘ ʚ ʠʩʭʦʜʥʦʡʩʠʩʪʝʤʝï ʟʘʜʘʥʥʳʡʟʘʧʘʩʫʩʪʦʡʯʠʚʦʩʪʠʚʦʚʩʝʭʠʥʪʝʨʚʘʣʘʭ
ʥʝʦʧʨʝʜʝʣʝʥʥʳʭʧʘʨʘʤʝʪʨʦʚ.

ɼʝʢʦʤʧʦʟʠʮʠʦʥʥʳʡʩʠʥʪʝʟ ʨʦʙʘʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ

ʜʣʷ ʢʣʘʩʩʘ ʣʠʥʝʡʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ,ʚ ʢʦʪʦʨʦʤ 

ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʈʘʟʨʘʙʦʪʘʥʘʧʨʦʮʝʜʫʨʘʥʝʚʳʨʦʞʜʝʥʥʳʭʣʠʥʝʡʥʳʭʧʨʝʦʙʨʘʟʦʚʘʥʠʡ,ʧʦʟʚʦʣʷʶʱʠʭ

ʚʳʜʝʣʠʪʴʠʟʠʩʭʦʜʥʦʡʧʘʨʘʤʝʪʨʠʯʝʩʢʠʚʦʟʤʫʱʝʥʥʦʡʩʠʩʪʝʤʳʵʣʝʤʝʥʪʘʨʥʫʶʧʦʜʩʠʩʪʝʤʫʩ

ʧʦʣʥʳʤʫʧʨʘʚʣʝʥʠʝʤʠʧʨʝʜʩʪʘʚʠʪʴʩʠʩʪʝʤʫʚʚʠʜʝʨʝʛʫʣʷʨʥʦʡʬʦʨʤ ʦrʪʥʦʩʠʪʝʣʴʥʦ

ʫʧʨʘʚʣʝʥʠʷ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ʋʪʢʠʥ ɸ.ɺ.

ʈʘʟʨʘʙʦʪʘʥʘʠʦʪʜʘʥʘʥʘʠʟʛʦʪʦʚʣʝʥʠʝʩʠʣʦʚʘʷʧʣʘʪʘʢʦʥʪʨʦʣʣʝʨʘʜʣʫ̫ʧʨʘʚʣʝʥʠʷ

ʪʷʛʦʚʳʤʠʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠʧʝʨʝʤʝʥʥʦʛʦʪʦʢʘʩʧʠʢʦʚʦʡʤʦʱʥʦʩʪʴʶ70 ʢɺʪ.

ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʠ ʩʪʨʫʢʪʫʨʳ ʩʠʣʦʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ 
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ɸʨʫʪʶʥʦʚ ɸ.ɺ.

ɻʣʘʜʢʠʝ ʣʦʢʘʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʬʦʨʤʳ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ ʈʫʩʩʘʨʠ

ɼʣ ʩ̫ʠʩʪʝʤʩʥʝʷʚʥʦʡʜʠʥʘʤʠʢʦʡʧʦʣʫʯʝʥʳʫʩʣʦʚʠʷʛʣʦʙʘʣʴʥʦʡʫʧʨʘʚʣʷʝʤʦʩʪʠʚ

ʢʣʘʩʩʘʭʧʦʟʠʮʠʦʥʥʳʭʫʧʨʘʚʣʝʥʠʡ.

ɼʣ ʚ̫ʢʣʶʯʝʥʠʡʧʨʠʥʘʣʠʯʠʠʧʘʨʘʤʝʪʨʘʚʪʝʨʤʠʥʘʭʷʢʦʙʠʘʥʘʂʣʘʨʢʘʧʦʣʫʯʝʥʳ

ʫʩʣʦʚʠʷʛʣʦʙʘʣʴʥʦʡʨʘʟʨʝʰʠʤʦʩʪʠʠʦʮʝʥʢʠʨʝʰʝʥʠʡ.

ʇʦʣʫʯʝʥʳʫʩʣʦʚʠʷʦʧʪʠʤʘʣʴʥʦʩʪʠʚʬʦʨʤʝʧʨʠʥʮʠʧʘʃʘʛʨʘʥʞʘʜʣ ʟ̫ʘʜʘʯʙʝʟ

ʘʧʨʠʦʨʥʦʛʦʧʨʝʜʧʦʣʦʞʝʥʠʷʥʦʨʤʘʣʴʥʦʩʪʠʦʛʨʘʥʠʯʝʥʠʡ.

ʈʠʩ. 1 ʈʠʩ. 2
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ɸʨʫʪʶʥʦʚ ɸ.ɺ.

ʇʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʣʫʯʰʘʶʱʠʝ ʘʣʛʦʨʠʪʤʳ

ʋʧʨʘʚʣʝʥʠʝ ʧʦʩʘʜʦʯʥʳʤ ʤʘʥʝʚʨʦʤ ɹʇʃɸ ʥʘ ʧʦʜʚʠʞʥʫʶ ʧʣʘʪʬʦʨʤʫ ʤʝʪʦʜʦʤ ʛʠʙʢʠʭ

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʪʨʘʝʢʪʦʨʠʡ ʧʨʠ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʭ ʚʝʪʨʦʚʳʭ ʚʦʟʤʫʱʝʥʠʷʭ

ʈʘʟʨʘʙʦʪʘʥʘʧʦʣʠʵʜʨʘʣʴʥʘʷʩʪʨʘʪʝʛʠʷʫʧʨʝʞʜʘʶʱʝʛʦʙʘʨʴʝʨʥʦʛʦʫʧʨʘʚʣʝʥʠʷ
ʜʠʥʘʤʠʯʝʩʢʠʤʠʦʙʲʝʢʪʘʤʠʚʫʩʣʦʚʠʷʭʨʝʩʫʨʩʥʳʭʠʬʘʟʦʚʳʭʦʛʨʘʥʠʯʝʥʠʡ.

ʈʘʟʨʘʙʦʪʘʥʳʘʣʛʦʨʠʪʤʳʪʝʨʤʠʥʘʣʴʥʦʛʦʫʧʨʘʚʣʝʥʠʷʧʦʩʘʜʢʦʡɹʇʃɸʩʘʤʦʣʝʪʥʦʛʦ
ʪʠʧʘʧʦçʛʠʙʢʠʤèʢʠʥʝʤʘʪʠʯʝʩʢʠʤʪʨʘʝʢʪʦʨʠʷʤʥʘʤʘʥʝʚʨʠʨʫʶʱʠʝʧʦʩʘʜʦʯʥʳʝ
ʧʣʦʱʘʜʢʠ.

ʀʩʩʣʝʜʦʚʘʥʦʦʧʪʠʤʘʣʴʥʦʝʧʨʦʛʨʘʤʤʥʦʝʫʧʨʘʚʣʝʥʠʝʩʪʦʭʘʩʪʠʯʝʩʢʦʡ
ʜʠʥʘʤʠʯʝʩʢʦʡʩʠʩʪʝʤʦʡʜʠʬʬʫʟʠʦʥʥʦ-ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦʪʠʧʘ,ʣʠʥʝʡʥʦʡʧʦʩʦʩʪʦʷʥʠʶ
ʠʥʝʣʠʥʝʡʥʦʡʧʦʫʧʨʘʚʣʝʥʠʶ. ʇʦʣʫʯʝʥʳʫʩʣʦʚʠʷʦʧʪʠʤʘʣʴʥʦʩʪʠ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʃʘʟʘʨʝʚ ɸ.ɸ.

ʇʦʩʪʨʦʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ

ʇʦʩʪʨʦʝʥʳʵʬʬʝʢʪʠʚʥʳʝʤʝʪʨʠʢʠʜʣ ʟ̫ʘʜʘʯʠʩʦʩʪʘʚʣʝʥʠʷʨʘʩʧʠʩʘʥʠʷ

ʜʚʠʞʝʥʠʷʧʦʝʟʜʦʚʤʝʞʜʫʜʚʫʤʩ̫ʪʘʥʮʠʷʤʠ.

ʇʦʩʪʨʦʝʥʳʚʝʨʭʥʠʝʠʥʠʞʥʠʝʦʮʝʥʢʠʜʣ ʢ̫ʣʘʩʩʠʯʝʩʢʦʡʟʘʜʘʯʠʪʝʦʨʠʠ

ʨʘʩʧʠʩʘʥʠʷʜʣʦ̫ʜʥʦʛʦʧʨʠʙʦʨʘʩʧʘʨʘʣʣʝʣʴʥʳʤʙʘʪʯʝʤ.

ʈʘʟʨʘʙʦʪʘʥʳʧʦʣʠʥʦʤʠʘʣʴʥʳʝʘʣʛʦʨʠʪʤʳʨʝʰʝʥʠʷʟʘʜʘʯʠʫʧʨʘʚʣʝʥʠʷ

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠʪʨʘʥʩʧʦʨʪʥʳʤʠʩʨʝʜʩʪʚʘʤʠʚʤʝʞʮʝʭʦʚʳʭʧʝʨʝʚʦʟʢʘʭ.

ʈʘʟʨʘʙʦʪʘʥʤʝʪʦʜʨʝʜʫʢʮʠʠʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭʤʘʩʩʠʚʦʚʧʨʠʨʝʘʣʠʟʘʮʠʠ

ʩʣʫʯʘʡʥʦʡʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡʘʜʩʦʨʙʮʠʠ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʃʘʟʘʨʝʚ ɸ.ɸ.

ʈʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ

ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ

ɼʣ ʦ̫ʧʪʠʤʠʟʘʮʠʠʨʘʙʦʪʳʧʝʨʝʚʘʣʦʯʥʦʛʦʧʫʥʢʪʘʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭʧʝʨʝʚʦʟʦʢʩ

ʤʦʨʩʢʦʛʦʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡʪʨʘʥʩʧʦʨʪʧʨʝʜʣʦʞʝʥʘʤʘʪʝʤʘʪʠʯʝʩʢʘʷ

ʬʦʨʤʫʣʠʨʦʚʢʘʦʙʲʝʜʠʥʝʥʥʦʡʟʘʜʘʯʠ,ʩʚʷʟʘʥʥʦʡʩʜʚʫʤʨ̫ʘʟʣʠʯʥʳʤʠʩʪʨʫʢʪʫʨʘʤʠ:

ʤʦʨʩʢʦʡʧʦʨʪʠʞʝʣʝʟʥʘʷʜʦʨʦʛʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡʧʦʜʭʦʜʧʦʟʚʦʣʷʝʪʵʬʬʝʢʪʠʚʥʝʝ

ʠʩʧʦʣʴʟʦʚʘʪʴʠʤʝʶʱʠʝʩʷʨʝʩʫʨʩʳ,ʯʝʤʢʦʤʧʦʟʠʮʠʷʠʟʨʝʰʝʥʠʡʜʚʫʭʥʝʟʘʚʠʩʠʤʳʭ

ʟʘʜʘʯ.

ʈʘʟʨʘʙʦʪʘʥʳʜʚʘʘʣʛʦʨʠʪʤʘʧʨʠʙʣʠʞʝʥʥʦʛʦʨʝʰʝʥʠʟ̫ʘʜʘʯʠʫʚʝʣʠʯʝʥʠʷ

ʧʨʦʧʫʩʢʥʦʡʩʧʦʩʦʙʥʦʩʪʠʦʧʝʨʘʮʠʦʥʥʳʭʩʫʯʝʪʦʤʪʨʝʙʦʚʘʥʠʡʢʠʭʦʩʥʘʱʝʥʠʶʜʣʷ

ʦʩʫʱʝʩʪʚʣʝʥʠʷʢʘʞʜʦʡʦʧʝʨʘʮʠʠʠ ʦʛʨʘʥʠʯʝʥʠʡ,ʩʚʷʟʘʥʥʳʭʩ ʨʘʙʦʪʦʡ

ʘʥʝʩʪʝʟʠʦʣʦʛʦʚ.
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ɿʘʚ. ʣʘʙ.

ʢ.ʪ.ʥ. 

ʄʘʢʘʨʝʥʢʦ ɸ.ɺ.

ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʩʢʨʝʪʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʪʳ ʜʘʥʥʳʭ

ʀʩʩʣʝʜʦʚʘʥʳʦʩʥʦʚʥʳʝʭʘʨʘʢʪʝʨʠʩʪʠʢʠʤʝʭʘʥʠʟʤʘʧʨʠʥʷʪʠʷʨʝʰʝʥʠʡ

ʩʚʝʨʪʦʯʥʦʡʥʝʡʨʦʥʥʦʡʩʝʪʴʚʁʩʣʫʯʘʝʢʣʘʩʩʠʬʠʢʘʮʠʠʩʣʫʯʘʡʥʳʭʚʨʝʤʝʥʥʳʭʨʷʜʦʚ

ʧʨʠʨʘʟʣʠʯʥʳʭʧʘʨʘʤʝʪʨʘʭʢʣʘʩʩʠʬʠʢʘʪʦʨʘ.

ʇʨʝʜʣʦʞʝʥʠ ʠʩʩʣʝʜʦʚʘʥʚ ʧʝʨʚʦʤʧʨʠʙʣʠʞʝʥʠʠʧʦʜʭʦʜʢʬʦʨʤʠʨʦʚʘʥʠʶ

ʧʨʝʜʩʪʘʚʣʝʥʠʡʠʟʦʙʨʘʞʝʥʠʡʚ ʩʢʨʳʪʳʭʧʨʦʩʪʨʘʥʩʪʚʘʭʛʣʫʙʦʢʠʭʥʝʡʨʦʩʝʪʝʚʳʭ

ʤʦʜʝʣʝʡʚʧʨʦʩʪʨʘʥʩʪʚʝçʌʦʨʤʘ-ʊʝʢʩʪʫʨʘ-ʎʚʝʪè.

ʇʨʝʜʣʦʞʝʥʤʝʪʦʜʦʮʝʥʠʚʘʥʠʷʚ ʪʝʨʤʠʥʘʭT-ʘʣʬʘʚʠʪʘʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭʭʘʨʘʢʪʝʨʠʩʪʠʢʩʠʥʭʨʦʥʠʟʘʮʠʠʭʘʦʪʠʯʝʩʢʠʭʥʝʣʠʥʝʡʥʳʭʩʠʩʪʝʤʧʦ

ʥʘʙʣʶʜʘʝʤʳʤʤʥʦʛʦʤʝʨʥʳʤʩʢʘʣʷʨʥʳʤʧʦʣʷʤ.

ReLU-

ReLU
x1 x2 x3

ReLU-

LeakyR
x1 x2 x3

ReLU-

SELU
x1 x2 x3

top1 0,517 0,635 0,126 0,068 0,513 0,060 0,076 0,082 0,095

top2 0,555 0,631 0,526 0,065 0,048 0,063 0,077 0,097 0,088

top1 0,699 0,650 0,696 0,088 0,125 0,056 0,146 0,082 0,151

top2 0,551 0,929 0,132 0,176 0,070 0,072 0,234 0,091 0,117

top1 0,656 0,165 0,909 0,145 0,096 0,081 0,205 0,080 0,066

top2 0,535 0,654 0,133 0,150 0,121 0,070 0,094 0,088 0,096

LeakyR-

ReLU
x1 x2 x3

LeakyR-

LeakyR
x1 x2 x3

LeakyR-

SELU
x1 x2 x3

top1 0,613 0,946 0,195 0,155 0,112 0,070 0,068 0,088 0,080

top2 0,610 0,937 0,062 0,149 0,075 0,064 0,067 0,085 0,079

top1 0,605 0,643 0,941 0,150 0,076 0,078 0,070 0,093 0,063

top2 0,338 0,079 0,963 0,130 0,125 0,064 0,076 0,069 0,085

top1 0,615 0,085 0,102 0,095 0,073 0,068 0,079 0,077 0,074

top2 0,618 0,955 0,058 0,046 0,073 0,067 0,084 0,061 0,091

SELU-

ReLU
x1 x2 x3

SELU-

LeakyR
x1 x2 x3

SELU-

SELU
x1 x2 x3

top1 0,524 0,659 0,060 0,130 0,133 0,070 0,098 0,066 0,060

top2 0,155 0,485 0,062 0,131 0,120 0,117 0,158 0,083 0,062

top1 0,520 0,086 0,068 0,292 0,128 0,090 0,085 0,082 0,090

top2 0,158 0,081 0,968 0,391 0,126 0,134 0,091 0,076 0,065

top1 0,617 0,272 0,970 0,134 0,128 0,067 0,089 0,071 0,060

top2 0,521 0,208 0,065 0,114 0,107 0,058 0,115 0,079 0,067

1x 1x 1x

2x 2x 2x

2x 2x 2x

3x 3x 3x

3x 3x 3x

1x 1x 1x

3x 3x 3x

1x 1x 1x

2x 2x 2x
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ɿʘʚ. ʣʘʙ.

ʢ.ʪ.ʥ. 

ʄʘʢʘʨʝʥʢʦ ɸ.ɺ.

ʄʘʰʠʥʥʦʝ ʟʨʝʥʠʝ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ

ʅʘ ʦʩʥʦʚʝʥʝʡʨʦʩʝʪʝʚʳʭʤʦʜʝʣʝʡʨʘʟʨʘʙʦʪʘʥʢʦʤʧʣʝʢʩʥʳʡʧʦʜʭʦʜʢ

ʨʘʩʧʦʟʥʘʚʘʥʠʶʧʦʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠʚʥʝʰʥʠʭʧʨʠʟʥʘʢʦʚʥʘʙʣʶʜʘʝʤʳʭ

ʦʙʲʝʢʪʦʚʚʩʣʦʞʥʳʭʫʩʣʦʚʠʷʭʚʠʜʝʦʩʲʝʤʢʠ(ʥʘʧʨʠʤʝʨʝʜʝʪʝʢʮʠʠʧʨʘʚʠʣʴʥʦʩʪʠ

ʠʩʧʦʣʴʟʦʚʘʥʠʷʉʀɿʦʨʛʘʥʦʚʜʳʭʘʥʠʷ).

ʇʨʝʜʣʦʞʝʥʳʧʦʜʭʦʜʠ ʘʣʛʦʨʠʪʤʘʚʪʦʤʘʪʠʟʘʮʠʠʧʨʦʮʝʩʩʘʢʘʣʠʙʨʦʚʢʠ

ʰʠʨʦʢʦʫʛʦʣʴʥʳʭʢʘʤʝʨʚʩʠʩʪʝʤʘʭʧʨʝʮʠʟʠʦʥʥʦʛʦʢʦʤʧʴʶʪʝʨʥʦʛʦʟʨʝʥʠʷʯʝʨʝʟʨʘʩʯʝʪ

ʢʦʵʬʬʠʮʠʝʥʪʦʚʢʨʠʚʠʟʥʳʧʦʦʧʦʨʥʳʤʢʘʜʨʘʤʚʚʠʜʝʦʧʦʪʦʢʝ.

ʅʘʦʩʥʦʚʝʩʚʝʨʪʦʯʥʦʡʥʝʡʨʦʩʝʪʝʚʦʡʤʦʜʝʣʠʨʘʟʨʘʙʦʪʘʥʠʠʩʩʣʝʜʦʚʘʥʚʧʝʨʚʦʤ

ʧʨʠʙʣʠʞʝʥʠʠʤʝʪʦʜʦʮʝʥʠʚʘʥʠʷʧʦʚʠʜʝʦʜʘʥʥʳʤʯʠʩʣʘʥʘʙʣʶʜʘʝʤʳʭʦʙʲʝʢʪʦʚʚ

ʧʣʦʪʥʦʡʛʨʫʧʧʝʠʧʣʦʪʥʦʩʪʠʠʭʩʢʦʧʣʝʥʠʷ.



ʉɽʂʎʀʗ 1:  ʊʝʦʨʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ

ʃʘʙ. ˉ 90

ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʂʫʟʥʝʮʦʚ ɸ.ɺ.

ʈʘʟʨʘʙʦʪʘʥʘʤʦʜʝʣʨɹʘʩʧʨʦʩʪʨʘʥʝʥʠʷʘʛʝʥʪʦʚ,ʥʘʧʨʠʤʝʨ,ʚʨʝʜʠʪʝʣʝʡ. ʇʦʣʫʯʝʥʦ

ʘʥʘʣʠʪʠʯʝʩʢʦʝʚʳʨʘʞʝʥʠʝʜʣ ʚ̫ʝʨʦʷʪʥʦʩʪʠPr(|Sn|Òr) ʦʙʥʘʨʫʞʝʥʠʷʘʛʝʥʪʘʚ ʢʨʫʛʝ

ʨʘʜʠʫʩʘrʥʘh ʘʛʝnʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷʘʛʝʥʪʦʚ.

ʇʨʝʜʣʦʞʝʥʘʠʥʪʝʨʧʨʝʪʘʮʠʷʟʘʜʘʯʠʤʥʦʛʦʘʛʝʥʪʥʦʛʦʧʦʠʩʢʘʦʧʪʠʤʘʣʴʥʦʛʦʧʫʪʠʚ

ʜʠʥʘʤʠʯʝʩʢʦʤʦʢʨʫʞʝʥʠʠʢʘʢʤʥʦʛʦʵʪʘʧʥʦʡʠʛʨ ʩrʦʩʪʨʘʪʝʛʠʷʤʠʚ ʙʘʥʘʭʦʚʦʤ

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʩʩʣʝʜʦʚʘʥʳʫʩʣʦʚʠʷʩʫʱʝʩʪʚʦʚʘʥʠʷʨʘʚʥʦʚʝʩʥʦʛʦʠʦʧʪʠʤʘʣʴʥʦʛʦ

ʨʝʰʝʥʠʡʟʘʜʘʯʠ.

ʈʘʟʨʘʙʦʪʘʥʘʣʛʦʨʠʪʤʩʠʥʪʝʟʘʮʝʣʝʩʦʦʙʨʘʟʥʳʭʜʚʠʞʝʥʠʡʘʚʪʦʥʦʤʥʦʛʦʰʘʛʘʶʱʝʛʦ

ʨʦʙʦʪʘʩʧʨʠʤʝʥʝʥʠʝʤʛʝʥʝʨʘʪʦʨʘʧʦʭʦʜʢʠCPG ʠʥʝʡʨʦʩʝʪʝʚʳʭʤʦʜʝʣʝʡʦʙʫʯʝʥʠʷʩ

ʧʦʜʢʨʝʧʣʝʥʠʝʤ.

ʄʥʦʛʦʘʛʝʥʪʥʳʝʤʦʜʝʣʠ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʠ ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦʪʦʚ 

ʉʠʥʪʝʟ ʜʚʠʞʝʥʠʡ ʯʝʪʳʨʝʭʥʦʛʦʛʦʨʦʙʦʪʘ

J0, J1ðʬʫʥʢʮʠʠ 

ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ 
ʨʦʜʘ ʧʦʨʷʜʢʦʚ 1 ʠ 2,

ʌʨʘʛʤʝʥʪʳʪʨʘʝʢʪʦʨʠʡ ʘʛʝʥʪʦʚ ʢʘʢ ʩʠʪʫʘʮʠʠ ʚ ʠʛʨʝ
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʂʫʟʥʝʮʦʚ ɸ.ɺ.

ʈʝʰʝʥʘʟʘʜʘʯʘʢʦʨʨʝʢʮʠʠʮʚʝʪʘʬʦʪʦʛʨʘʬʠʡʪʦʤʘʪʦʚ,ʚʳʨʘʱʠʚʘʝʤʳʭʚ

ʧʨʦʤʳʰʣʝʥʥʳʭʪʝʧʣʠʯʥʳʭʢʦʤʧʣʝʢʩʘʭ.

ʈʘʟʨʘʙʦʪʘʥʦʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝʦʙʝʩʧʝʯʝʥʠʝʜʣʷʦʙʥʘʨʫʞʝʥʠʷ

ʟʘʛʨʷʟʥʝʥʠʡʚʦʜʦʝʤʦʚʥʘʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭʩʧʨʠʤʝʥʝʥʠʝʤ

ʩʚʝʨʪʦʯʥʳʭʥʝʡʨʦʥʥʳʭʩʝʪʝʡ.

ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ

ʅʝʡʨʦʩʝʪʝʚʘʷʜʝʪʝʢʮʠʷ 

ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʜʦʝʤʦʚ

ʎʚʝʪʦʢʦʨʨʝʢʮʠʷ 

ʬʦʪʦʛʨʘʬʠʡ ʪʦʤʘʪʦʚ 



ʉɽʂʎʀʗ 2: ʋʧʨʘʚʣʝʥʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ

ʃʘʙ. ˉ 11

ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ɾʠʣʷʢʦʚʘʃ.ʖ.

ʂʦʥʩʝʥʩʫʩ ʚ ʤʥʦʛʦʘʛʝʥʪʥʦʡʩʠʩʪʝʤʝ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ

ɼʣ ʩ̫ʣʫʯʘʷ,ʢʦʛʜʘʟʘʧʘʟʜʳʚʘʥʠʝʟʘʚʠʩʠʪʦʪʥʦʤʝʨʘʘʛʝʥʪʘ,ʜʦʢʘʟʘʥʦ,ʯʪʦʫʩʣʦʚʠʝ

ʜʦʩʪʠʞʝʥʠʷʢʦʥʩʝʥʩʫʩʘʚ ʪʘʢʦʡʩʠʩʪʝʤʝʵʢʚʠʚʘʣʝʥʪʥʦʫʩʣʦʚʠʜʁʦʩʪʠʞʝʥʠʷ

ʢʦʥʩʝʥʩʫʩʘʜʣʥ̫ʝʢʦʪʦʨʦʡʜʨʫʛʦʡʩʠʩʪʝʤʳʩʝʜʠʥʠʯʥʳʤʠʟʘʜʝʨʞʢʘʤʠ.

ɼʦʢʘʟʘʥʦ,ʯʪʦ,ʝʩʣʠʚʩʠʩʪʝʤʝʢʦʥʩʝʥʩʫʩʜʦʩʪʠʛʘʝʪʩʷ,ʪʦʝʛʦʟʥʘʯʝʥʠʝʥʝʟʘʚʠʩʠʪ

ʦʪʟʘʧʘʟʜʳʚʘʥʠʡʘʛʝʥʪʦʚʠʨʘʚʥʦʢʦʥʩʝʥʩʫʩʫʪʦʡʞʝʩʠʩʪʝʤʳʙʝʟʟʘʧʘʟʜʳʚʘʥʠʷ.

ʋʩʪʘʥʦʚʣʝʥʦ,ʯʪʦʧʦʨʦʛʦʚʦʝʟʥʘʯʝʥʠʝʟʘʧʘʟʜʳʚʘʥʠʡʜʣʜ̫ʦʩʪʠʞʝʥʠʷʢʦʥʩʝʥʩʫʩʘ,

ʧʦʣʫʯʝʥʥʦʝʆʣʬʘʪʠ-ʉʘʙʝʨʦʤʠʄʶʨʨʝʝʤʚ 2004 ʛ. ʜʣ ʙ̫ʘʟʦʚʦʛʦʧʨʦʪʦʢʦʣʘʪʠʧʘ

●◄ ╛●◄ Ⱳ, ʠ ʥʝʢʦʪʦʨʳʝʜʨʫʛʠʝʨʝʟʫʣʴʪʘʪʳʜʣ ʄ̫ɸʉʩʦʨʛʨʘʬʦʤʷʚʣʷʶʪʩʷ

ʯʘʩʪʥʳʤʠʩʣʫʯʘʷʤʠʨʝʟʫʣʴʪʘʪʘʗ.ɿ.ʎʳʧʢʠʥʘ1946 ʛ., ʢʦʪʦʨʳʡʤʦʞʝʪʙʳʪʠɹʩʧʦʣʴʟʦʚʘʥ

ʠʜʣʜ̫ʨʫʛʠʭʩʣʦʞʥʳʭʧʨʦʪʦʢʦʣʦʚʚʪʦʨʦʛʦʧʦʨʷʜʢʘ.

ɼʦʩʪʠʞʝʥʠʝ ʢʦʥʩʝʥʩʫʩʘ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤɼʦʩʪʠʞʝʥʠʝ ʢʦʥʩʝʥʩʫʩʘ ʙʝʟ ʟʘʧʘʟʜʳʚʘʥʠʷ

ɿʥʘʯʝʥʠʝ ʢʦʥʩʝʥʩʫʩʘ ʜʣʷ ʦʙʦʠʭ ʩʣʫʯʘʝʚ ʨʘʚʥʦ 8.72, ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʟʘʧʘʟʜʳʚʘʥʠʡ. 
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ɾʠʣʷʢʦʚʘ ʃ.ʖ.

ʀʩʩʣʝʜʦʚʘʥʘʟʘʜʘʯʘʧʨʝʜʩʢʘʟʘʥʠʷʩʦʩʪʦʷʥʠʷʙʠʦʥʠʯʝʩʢʦʛʦʧʨʦʪʝʟʘʧʦ

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʜʘʥʥʳʤ. ʈʘʟʨʘʙʦʪʘʥʘʣʛʦʨʠʪʤʧʨʦʛʥʦʟʘʩʦʩʪʦʷʥʠʷ

ʙʠʦʥʠʯʝʩʢʦʛʦʧʨʦʪʝʟʘʩʧʦʤʦʱʴʤʁʘʨʢʦʚʩʢʦʡʮʝʧʠʚʧʨʦʩʪʨʘʥʩʪʚʝʣʘʛʦʚ.

ʂʘʯʝʩʪʚʦʧʨʦʛʥʦʟʘʦʮʝʥʝʥʦʥʘʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭʜʘʥʥʳʭʜʣ 1̫4 ʪʠʧʦʚ

ʜʚʠʞʝʥʠʷ.

ʆʰʠʙʢʘʩʦʩʪʘʚʠʣʘ4-6 ʛʨʘʜʫʩʦʚʜʣ ʙ̫ʦʣʴʰʠʥʩʪʚʘʜʚʠʞʝʥʠʡ,ʜʦ10 ʜʣʷ

ʥʝʢʦʪʦʨʳʭ. ʆʰʠʙʢʘʜʦʩʪʘʪʦʯʥʦʤʘʣʘʩʪʦʯʢʠʟʨʝʥʠʠ̫ʩʧʦʣʴʟʦʚʘʥʠʷʤʝʪʦʜʘʚ

ʩʠʩʪʝʤʝʫʧʨʘʚʣʝʥʠʷʧʨʦʪʝʟʦʤ.

ɹʠʦʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ɸʣʝʩʢʝʨʦʚʌ.ʊ.

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʨʦʬʠʣʝʡ ʧʨʝʜʧʦʯʪʝʥʠʡ, ʧʨʦʮʝʜʫʨ ʛʦʣʦʩʦʚʘʥʠʷ

ʈʘʟʨʘʙʦʪʘʥʳʘʣʛʦʨʠʪʤʳʨʝʰʝʥʠʷʚʳʯʠʩʣʠʪʝʣʴʥʳʭʟʘʜʘʯʢʦʣʣʝʢʪʠʚʥʦʛʦʚʳʙʦʨʘ

ʧʨʠʩʝʧʘʨʘʙʝʣʴʥʳʭʧʨʝʜʧʦʯʪʝʥʠʷʭ. ʈʘʟʨʘʙʦʪʘʥʘʣʛʦʨʠʪʤʚʳʙʦʨʢʠʩʝʧʘʨʘʙʝʣʴʥʳʭ

ʧʨʦʬʠʣʝʡʧʨʝʜʧʦʯʪʝʥʠʡʧʨʠʧʨʝʜʧʦʣʦʞʝʥʠʠʦ ʨʘʚʥʦʤʝʨʥʦʤʨʘʩʧʨʝʜʝʣʝʥʠʠ. ɺ

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡʤʦʜʝʣʠʛʦʣʦʩʦʚʘʥʠʷʥʘʡʜʝʥʘʜʦʣ ʩ̫ʠʪʫʘʮʠʡ,ʧʨʠʚʦʜʷʱʠʭʢ

ʨʘʚʥʦʚʝʩʠʶʧʦʅʵʰʫʚʠʩʢʨʝʥʥʠʭʩʪʨʘʪʝʛʠʷʭ.

ʄʦʜʝʣʢɹʦʘʣʠʮʠʦʥʥʦʛʦʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷʧʨʠʥʝʧʦʣʥʦʡʠʥʬʦʨʤʘʮʠʠʠʩʩʣʝʜʦʚʘʥʘ

ʪʝʦʨʝʪʠʯʝʩʢʠ. ʇʦʢʘʟʘʥʦ,ʯʪʦʧʨʠʧʫʙʣʠʯʥʦʡʠʥʬʦʨʤʘʮʠʠʦʝʜʠʥʩʪʚʝʥʥʦʤʧʦʙʝʜʠʪʝʣʝ

ʛʦʣʦʩʦʚʘʥʠʷʚʝʨʦʷʪʥʦʩʪʴʢʦʘʣʠʮʠʦʥʥʦʛʦʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ

ʩʦʚʧʘʜʘʶʪ. ɼʣ ʧ̫ʨʘʚʠʣʘʦʪʥʦʩʠʪʝʣʴʥʦʛʦʙʦʣʴʰʠʥʩʪʚʘʠʧʨʘʚʠʣʘɹʦʨʜʘʜʦʢʘʟʘʥʳ

ʪʝʦʨʝʤʦrʙ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤʧʦʚʝʜʝʥʠʠʚʝʨʦʷʪʥʦʩʪʠʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷʧʨʠ

ʨʘʟʣʠʯʥʳʭʪʠʧʘʭʧʫʙʣʠʯʥʦʡʠʥʬʦʨʤʘʮʠʠ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ɸʣʝʩʢʝʨʦʚʌ.ʊ.

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ Covid-19. ʉʝʪʝʚʦʡ ʘʥʘʣʠʟ
ʇʨʦʚʝʜʸʥʘʥʘʣʠʟʜʘʥʥʳʭʧʦʟʘʙʦʣʝʚʘʥʠʶʢʦʨʦʥʘʚʠʨʫʩʥʦʡʠʥʬʝʢʮʠʝʡʚʨʘʟʥʳʭʩʪʨʘʥʘʭʤʠʨʘ.

ʇʦʩʪʨʦʝʥʘʤʦʜʝʣʢɹʦʣʠʯʝʩʪʚʘʥʦʚʳʭʩʣʫʯʘʝʚʠʥʬʠʮʠʨʦʚʘʥʠʷʚʢʨʘʪʢʦʩʨʦʯʥʦʡʧʝʨʩʧʝʢʪʠʚʝ. ɼʘʥʦ

ʦʧʠʩʘʥʠʝʠʩʦʩʪʘʚʧʦʣʫʯʝʥʥʳʭʛʨʫʧʧ. ʇʨʦʚʝʜʸʥʘʥʘʣʠʟʵʬʬʝʢʪʠʚʥʦʩʪʠʧʨʦʪʠʚʦʢʦʨʦʥʘʚʠʨʫʩʥʳʭ

ʢʘʨʘʥʪʠʥʥʳʭʤʝʨʚʨʘʟʥʳʭʩʪʨʘʥʘʭʩʧʦʤʦʱʴʠʁʥʪʝʨʚʘʣʴʥʳʭʤʝʪʦʜʦʚʦʙʦʣʦʯʝʯʥʦʛʦʘʥʘʣʠʟʘ

ʜʘʥʥʳʭ.

ʇʨʝʜʣʦʞʝʥʳʥʦʚʳʝʤʦʜʝʣʠʮʝʥʪʨʘʣʴʥʦʩʪʠʚʩʝʪʠʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤʧʦʟʠʮʠʦʥʥʳʭʧʨʦʮʝʜʫʨ

ʘʛʨʝʛʠʨʦʚʘʥʠʷ,ʨʘʟʨʘʙʦʪʘʥʳʤʝʪʦʜʦrʮʝʥʠʚʘʥʠʷʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠʟʘʜʘʯʠʘʛʨʝʛʠʨʦʚʘʥʠʷ.

ʇʨʦʚʝʜʝʥʘʚʳʯʠʩʣʠʪʝʣʴʥʘʷʦʮʝʥʢʘʩʪʝʧʝʥʠʤʘʥʠʧʫʣʠʨʫʝʤʦʩʪʠʚʩʝʪʠʜʣ ʠ̫ʟʚʝʩʪʥʳʭʧʦʟʠʮʠʦʥʥʳʭ

ʧʨʦʮʝʜʫʨʘʛʨʝʛʠʨʦʚʘʥʠʷʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤʠʥʜʝʢʩʘʅʠʮʘʥʘ-ʂʝʣʣʠ.

ɺʧʝʨʚʳʝʧʨʦʚʝʜʝʥʘʥʘʣʠʟʩʝʪʠʮʠʪʠʨʦʚʘʥʠʷʧʫʙʣʠʢʘʮʠʡ,ʧʦʩʚʷʱʝʥʥʳʭʨʘʟʣʠʯʥʳʤʘʩʧʝʢʪʘʤ

ʙʦʣʝʟʥʠʇʘʨʢʠʥʩʦʥʘ,ʧʦʜʘʥʥʳʤʙʘʟ Mricrosoft Academic Graph. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ39811

ʧʫʙʣʠʢʘʮʠʡ,310829 ʩʩʳʣʦʢ,27551 ʘʚʪʦʨʦʚʠ 3045 ʘʬʬʠʣʠʘʮʠʡ(ʫʥʠʚʝʨʩʠʪʝʪʦʚʠʣʠʥʘʫʯʥʳʭ

ʠʥʩʪʠʪʫʪʦʚ)ʟʘʧʝʨʠʦʜʚʨʝʤʝʥʠʩ2015 ʛ. ʜʦ2021 ʛ. ʉʧʦʤʦʱʴʥʁʦʚʳʭʠʥʜʝʢʩʦʚʮʝʥʪʨʘʣʴʥʦʩʪʠ(Bundle

ʠ Pivotal influence) ʧʨʦʚʝʜʝʥʦʨʘʥʞʠʨʦʚʘʥʠʝ,ʦʪʨʘʞʘʶʱʝʝʟʥʘʯʠʤʦʩʪʴʘʚʪʦʨʦʚʠʘʬʬʠʣʠʘʮʠʡ.

ʇʦʣʫʯʝʥʥʳʝʨʝʟʫʣʴʪʘʪʳʧʦʟʚʦʣʷʶʪʚʳʷʚʣʷʪʴʥʘʠʙʦʣʝʝʚʣʠʷʪʝʣʴʥʳʭʠʩʩʣʝʜʦʚʘʪʝʣʝʡʠʥʘʫʯʥʳʝ

ʮʝʥʪʨʳʚʜʘʥʥʦʡʦʙʣʘʩʪʠʠʩʩʣʝʜʦʚʘʥʠʡʠʦʪʩʣʝʞʠʚʘʪʴʠʟʤʝʥʝʥʠʝʠʭʚʣʠʷʥʠʷ.

́ͦͪ-мл ͍͍͊ͭͦͪͦ(tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜ)

1. Ronald B. Postuma Montreal General Hospital

2. E. Ray Dorsey University of Rochester

3. Anthony H.V. Schapira University College London

4. Alicia M. Pickrell NINDS

5. Ole-.ƧǄǊƴ ¢ȅǎƴŜǎ HaukelandUniversity Hospital

6. Timothy R. Sampson California Institute of Technology

7. Alberto J. Espay University of Cincinnati

8. Mike A Nalls National Institutes of Health

9. Alberto Ascherio Harvard University

10. Daniel Weintraub VeteransHealthAdministration

́ͦͪ-мл ͙͙͍ͤͫͭͭͯͭͦ(tŀǊƪƛƴǎƻƴΩǎ ŘƛǎŜŀǎŜ)

1. UCL Institute of Neurology

2. University College London

3. Harvard University

4. National Institutes of Health

5. University of Oxford

6. Northwestern University

7. University of Cambridge

8. University of Pennsylvania

9. Capital Medical University

10. RadboudUniversity Nijmegen
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ɼʨʘʥʢʦ ʆ.ʀ.

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ ʠ ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ

ʜʣʷ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʡ ʵʚʘʢʫʘʮʠʠ

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝʦʩʥʦʚʥʳʭʬʘʢʪʦʨʦʚʧʦʞʘʨʘʚ ʧʦʤʝʱʝʥʠʷʭʩʣʦʞʥʦʡʬʦʨʤʳ

ʧʨʝʜʩʪʘʚʣʝʥʦʢʣʝʪʦʯʥʳʤʠʘʚʪʦʤʘʪʘʤʠ.

ɼʣʷɻ ʚʘʢʫʘʮʠʠʣʶʜʝʡʧʦʩʪʨʦʝʥʘʤʫʣʴʪʠʘʛʝʥʪʥʘʷʤʦʜʝʣʩɹʫʯʝʪʦʤʬʠʟʠʯʝʩʢʠʭ

ʩʪʦʣʢʥʦʚʝʥʠʡʤʝʞʜʫʥʠʤʠ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ɼʨʘʥʢʦ ʆ.ʀ.

ʄʝʪʦʜʳ ʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʩʠʠ

ʈʘʟʚʠʪʧʦʜʭʦʜʢʩʪʨʝʩʩ-ʪʝʩʪʠʨʦʚʘʥʠʶʥʝʬʠʥʘʥʩʦʚʳʭʦʨʛʘʥʠʟʘʮʠʡʈʦʩʩʠʠ.

ʆʩʥʦʚʥʦʡʢʨʠʪʝʨʠʡ: ʜʦʩʪʘʪʦʯʥʦʩʪʴ(ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ) ʧʨʦʛʥʦʟʥʦʛʦʢʦʣʠʯʝʩʪʚʘ

ʜʝʥʝʞʥʳʭʩʨʝʜʩʪʚ.

ʉʦʟʜʘʥʘʙʘʟʘʜʘʥʥʳʭʬʠʥʘʥʩʦʚʦʡʦʪʯʝʪʥʦʩʪʠ(1,4 ʤʣʥ. ʨʦʩʩʠʡʩʢʠʭʦʨʛʘʥʠʟʘʮʠʡ).

ʇʨʦʚʝʜʝʥʳʧʠʣʦʪʥʳʝʨʘʩʯʝʪʦrʜʥʦʬʘʢʪʦʨʥʦʛʦʩʪʨʝʩʩ-ʪʝʩʪʘʜʣ ʧ̫ʠʣʦʪʥʦʡ

ʦʪʨʘʩʣʠ.

ʈʘʩʯʝʪʧʦʢʘʟʘʣ,ʯʪʦʙʦʣʴʰʠʥʩʪʚʦʨʦʩʩʠʡʩʢʠʭʦʨʛʘʥʠʟʘʮʠʡʠʤʝʶʪʜʦʩʪʘʪʦʯʥʳʡ

ʟʘʧʘʩʧʨʦʯʥʦʩʪʠʧʦʢʨʠʪʝʨʠʶʧʦʪʝʥʮʠʘʣʴʥʦʛʦʧʘʜʝʥʠʷʚʳʨʫʯʢʠ(ʥʘ2022 ʛ.).
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ɿʘʚ. ʣʘʙ.

ʢ.ʪ.ʥ. 

ʇʘʱʝʥʢʦ ɸ.ʌ.

ʈʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʊʕʉ

ʈʘʟʨʘʙʦʪʘʥʘʛʠʙʨʠʜʥʘʷʤʦʜʝʣʴʙʣʦʢʘʧʘʨʦʛʘʟʦʚʦʡʫʩʪʘʥʦʚʢʠʇɻʋ450-ʊ.

ʄʦʜʝʣʚɹʢʣʶʯʘʝʪʚ ʩʝʙ ʘ̫ʥʘʣʠʪʠʯʝʩʢʠʝʤʦʜʝʣʠʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭʧʨʦʮʝʩʩʦʚʠ ʦʙʦʨʫʜʦʚʘʥʠʷʊʕʉ ʠ ɸʉʋ ʊʇ,

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ,ʘʜʘʧʪʠʚʥʳʝʠʧʨʝʜʠʢʪʠʚʥʳʝʘʣʛʦʨʠʪʤʳʫʪʦʯʥʝʥʠʷʭʘʨʘʢʪʝʨʠʩʪʠʢ

ʤʦʜʝʣʝʡʚʪʝʯʝʥʠʝʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷʠʠʟʤʝʥʝʥʠʷʨʝʞʠʤʦʚʵʥʝʨʛʦʙʣʦʢʘʚʨʝʘʣʴʥʦʤ

ʚʨʝʤʝʥʠ.

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʧʦ ʤʦʜʝʣʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 3% ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʠʭ ʠʟʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

1 ð ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

2 ð ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʤʦʜʝʣʠ;

3 ð ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʢʦʨʠʜʦʨʘ ʈʜʦʚ= 0,95
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ɿʘʚ. ʣʘʙ.

ʢ.ʪ.ʥ. 

ʇʘʱʝʥʢʦ ɸ.ʌ.

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʦʧʘʩʥʦʩʪʠ ʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ

ʈʘʟʨʘʙʦʪʘʥʘʢʦʥʮʝʧʮʠʷʥʦʚʦʡʤʦʜʝʣʠʦʮʝʥʢʠʚʣʠʷʥʠʷʬʘʢʪʦʨʦʚʦʧʘʩʥʦʩʪʠʥʘʙʝʟʦʧʘʩʥʦʩʪʴ

ʧʦʣʝʪʦʚ. ʄʦʜʝʣʚɹʢʣʶʯʘʝʪʙʣʦʢʠʘʥʘʣʠʟʘʜʘʥʥʳʭʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ,ʦʩʥʦʚʘʥʥʳʝʥʘ

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭʤʝʪʦʜʘʭʦʙʨʘʙʦʪʢʠʙʦʣʴʰʠʭʜʘʥʥʳʭʩʫʯʝʪʦʤʚʦʟʤʦʞʥʦʡʥʝʧʦʣʥʦʪʳʜʘʥʥʳʭ,

ʦʪʩʫʪʩʪʚʠʷʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦʦʧʠʩʘʥʠʷʨʷʜʘʧʘʨʘʤʝʪʨʦʚ,ʣʠʙʦʠʭʦʧʠʩʘʥʠʷʚʢʘʯʝʩʪʚʝʥʥʦʤʚʠʜʝ.

ʄʦʜʝʣʧɹʨʝʜʣʦʞʝʥʘʜʣ ʠ̫ʩʧʦʣʴʟʦʚʘʥʠʷʥʘʚʩʝʭʧʨʝʜʧʨʠʷʪʠʷʭïʧʦʩʪʘʚʱʠʢʘʭʦʙʩʣʫʞʠʚʘʥʠʷʚ

ʛʨʘʞʜʘʥʩʢʦʡʘʚʠʘʮʠʠ.

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʵʣʝʤʝʥʪʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʥʝʡʨʦʩʝʪʝʚʳʭʪʝʭʥʦʣʦʛʠʡ, 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʘʜʘʧʪʠʚʥʦʛʦ ʠ 

ʫʧʨʝʞʜʘʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʙʘʟ 

ʜʘʥʥʳʭ ʠ ʙʘʟ ʟʥʘʥʠʡ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʏʭʘʨʪʠʰʚʠʣʠɸ.ɻ.

SCARDO-ʤʦʜʝʣʴ ʩʦʮʠʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ

ʉ ʫʯʝʪʦʤʦʧʳʪʘʧʨʦʚʝʜʝʥʥʳʭʨʘʥʝʝɻʤʧʠʨʠʯʝʩʢʠʭʠʩʩʣʝʜʦʚʘʥʠʡʨʘʟʨʘʙʦʪʘʥʘ

ʦʨʠʛʠʥʘʣʴʥʘʷʘʛʝʥʪʥʘʷʤʦʜʝʣʴ,ʧʨʝʜʣʘʛʘʶʱʘʷʦʙʱʠʡʧʦʜʭʦʜʢʘʥʘʣʠʟʫʧʨʦʮʝʩʩʦʚ

ʩʦʮʠʘʣʴʥʦʛʦʚʣʠʷʥʠʷʚʦʙʱʝʩʪʚʝ. ɺʦʩʥʦʚʝʤʦʜʝʣʠʣʝʞʘʪʢʦʥʩʪʨʫʢʮʠʠçʘʟʙʫʢʘʤʥʝʥʠʡè

ʠ çʪʘʙʣʠʮʘʧʝʨʝʭʦʜʦʚè,ʧʦʟʚʦʣʷʶʱʠʝʵʬʬʝʢʪʠʚʥʦʢʦʜʠʨʦʚʘʪʴʰʠʨʦʢʠʡʩʧʝʢʪʨ

ʤʝʭʘʥʠʟʤʦʚʩʦʮʠʘʣʴʥʦʛʦʚʣʠʷʥʠʚ̫ ʨʘʤʢʘʭʧʘʨʘʜʠʛʤʩrʪʦʭʘʩʪʠʯʝʩʢʠʭ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.

ʄʦʜʝʣʠɹʟʫʯʝʥʘʘʥʘʣʠʪʠʯʝʩʢʠ,ʜʣ ʥ̫ʝʝʧʦʩʪʨʦʝʥʦʧʨʠʙʣʠʞʝʥʠʝʩʨʝʜʥʝʛʦʧʦʣʷ.

ʇʦʣʫʯʝʥʥʳʝʨʝʟʫʣʴʪʘʪʳʧʦʜʪʚʝʨʞʜʝʥʳʚʨʘʤʢʘʭʯʠʩʣʝʥʥʳʭʵʢʩʧʝʨʠʤʝʥʪʦʚ; ʧʦʢʘʟʘʥʳ

ʛʨʘʥʠʮʧrʨʠʤʝʥʠʤʦʩʪʠʧʨʠʙʣʠʞʝʥʠʷʩʨʝʜʥʝʛʦʧʦʣʷ,ʚ ʪʦʤ ʯʠʩʣʝʜʣʷ

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭʩʠʩʪʝʤ. ɺ ʭʦʜʝʯʠʩʣʝʥʥʳʭʵʢʩʧʝʨʠʤʝʥʪʦʚʫʜʘʣʦʩʴʜʦʩʪʘʪʦʯʥʦ

ʪʦʯʥʦʩʳʤʠʪʠʨʦʚʘʪʴʨʝʘʣʴʥʫʶʩʦʮʠʘʣʴʥʫʶʩʠʩʪʝʤʫïʦʥʣʘʡʥʦʚʫʶʩʝʪɺɹʂʦʥʪʘʢʪʝ,

ʠʥʬʦʨʤʘʮʠʷʦ ʜʠʥʘʤʠʢʝʤʥʝʥʠʡʧʦʣʴʟʦʚʘʪʝʣʝʡʢʦʪʦʨʦʡʠʩʧʦʣʴʟʦʚʘʣʘʩʴʜʣʷ

ʢʘʣʠʙʨʦʚʢʠʤʦʜʝʣʠ.

ʌʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ (ʩʝʪʴ ɺʂʦʥʪʘʢʪʝ)

2017 ʛʦʜ

2018 ʛʦʜ

ʇʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʝ 

(ʫʩʪʦʡʯʠʚʳʡ ʫʟʝʣ)
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ɿʘʚ. ʣʘʙ.

ʜ.ʬ.-ʤ.ʥ. 

ʏʭʘʨʪʠʰʚʠʣʠɸ.ɻ.

ʈʘʟʚʠʪʠʝʤʝʭʘʥʠʟʤʦʚʢʦʤʧʣʝʢʩʥʦʛʦʦʮʝʥʠʚʘʥʠʷʙʝʟʦʧʘʩʥʦʩʪʠ

ʪʨʘʥʩʧʦʨʪʥʳʭʩʨʝʜʩʪʚʧʨʠʚʳʧʦʣʥʝʥʠʷʧʦʣʝʪʥʳʭʟʘʜʘʥʠʡ

ʈʘʟʨʘʙʦʪʘʥʘʤʝʪʦʜʠʢʘʧʦʩʪʨʦʝʥʠʷʩʠʩʪʝʤʧrʨʦʛʥʦʟʠʨʦʚʘʥʠʷʧʨʠʧʦʤʦʱʠ

ʤʝʭʘʥʠʟʤʘʢʦʤʧʣʝʢʩʥʦʛʦʦʮʝʥʠʚʘʥʠʷ(ʄʂʆ). ʅʘʦʩʥʦʚʘʥʠʠʧʨʝʜʣʦʞʝʥʥʦʡʤʝʪʦʜʠʢʠʠ

ʥʝʧʦʣʥʳʭʜʘʥʥʳʭʩʧʘʨʘʤʝʪʨʘʤʠçʅʘʨʘʙʦʪʢʘʥʘʦʪʢʘʟè,çɼʦʩʪʦʚʝʨʥʦʩʪʴʢʦʥʪʨʦʣʷè,

çʉʥʠʞʝʥʠʝʢʦʣʠʯʝʩʪʚʘʢʘʪʘʩʪʨʦʬʠʟ-ʟʘʪʝʭʥʠʯʝʩʢʠʭʦʪʢʘʟʦʚè,çɺʝʨʦʷʪʥʦʩʪʴʧʨʠʥʷʪʠʷ

ʥʝʧʨʘʚʠʣʴʥʦʛʦʨʝʰʝʥʠʷèʨʝʰʝʥʩrʣʝʜʫʶʱʠʝʟʘʜʘʯʠ.

1. ʇʨʠʧʦʤʦʱʠʧʨʝʜʣʦʞʝʥʥʦʛʦʤʝʪʦʜʘʦʮʝʥʢʠʯʠʩʣʘʛʨʫʧʧɻʢʚʠʚʘʣʝʥʪʥʦʩʪʠ

ʦʪʩʝʷʥʳʟʘʚʝʜʦʤʦʥʝʨʝʘʣʠʟʫʝʤʳʝʩʪʨʫʢʪʫʨʳʄʂʆ.

2. ʀʩʧʦʣʴʟʦʚʘʥʘʣʛʦʨʠʪʤʩʠʥʪʝʟʘʤʝʭʘʥʠʟʤʦʚ. ɺʨʝʟʫʣʴʪʘʪʝʧʦʣʫʯʝʥʳʧʷʪʄɹʂʆ,

ʧʦʣʥʦʩʪʴʶʨʝʘʣʠʟʫʶʱʠʭʚʩʝʧʨʠʤʝʨʳʟʘʜʘʥʥʦʛʦʥʘʙʦʨʘʜʘʥʥʳʭ.

3. ʈʘʟʨʘʙʦʪʘʥʤʝʪʦʜʧʦʩʪʨʦʝʥʠʷʧʨʦʛʥʦʟʥʦʡʩʠʩʪʝʤʳʥʘʦʩʥʦʚʝʪʝʭʥʠʢʠʘʛʨʝʛʘʮʠʠ

ʦʮʝʥʦʢʘʥʩʘʤʙʣʷʄʂʆ. ʇʦʩʪʨʦʝʥʘʧʨʦʛʥʦʟʥʘʷʩʠʩʪʝʤʘ,ʧʨʠʤʝʥʠʤʘʷʜʣ ʨ̫ʝʰʝʥʠʷ

ʟʘʜʘʯʠʫʧʨʘʚʣʝʥʠʷʚʳʙʦʨʦʤʧʘʨʘʤʝʪʨʦʚʙʝʟʦʧʘʩʥʦʩʪʠʪʨʘʥʩʧʦʨʪʥʳʭʩʨʝʜʩʪʚʧʨʠ

ʚʳʧʦʣʥʝʥʠʠʧʦʣʝʪʥʳʭʟʘʜʘʥʠʡ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʵ.ʥ. 

ʅʠʞʝʛʦʨʦʜʮʝʚ ʈ.ʄ.

ʄʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʪʝʢʫʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ

ʅʘʧʨʠʤʝʨʝʜʘʥʥʳʭʨʝʛʠʦʥʦʚʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦʌʝʜʝʨʘʣʴʥʦʛʦʦʢʨʫʛʘʈʌʟʘ2020

ʛʦʜʧʦʢʘʟʘʥʦʧʨʠʧʦʤʦʱʠʠʥʩʪʨʫʤʝʥʪʘʨʠʷDEA (ʘʥʘʣʠʟʩʨʝʜʬrʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ),

ʯʪʦʜʣʷ ʜʦʩʪʠʞʝʥʠʷʦʧʪʠʤʘʣʴʥʳʭʧʘʨʘʤʝʪʨʦʚʨʘʟʚʠʪʠʷʠʥʥʦʚʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡʩʬʝʨʙrʦʣʴʰʦʝʟʥʘʯʝʥʠʝʠʤʝʝʪʥʝʩʪʦʣʴʢʦʨʝʛʫʣʠʨʦʚʘʥʠʝʪʝʢʫʱʠʭ

ʦʙʲʝʤʦʚʟʘʪʨʘʪʥʘʠʩʩʣʝʜʦʚʘʥʠʷʠʨʘʟʨʘʙʦʪʢʠ,ʩʢʦʣʴʢʦʟʘʪʨʘʪʳʥʘʠʥʥʦʚʘʮʠʠʠ

ʧʦʚʳʰʝʥʠʝʦʙʱʝʛʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦʫʨʦʚʥʧ̫ʨʦʠʟʚʦʜʩʪʚʘ. ɼʦʙʘʚʣʝʥʠʝʚʨʝʜʥʳʭ

ʚʳʙʨʦʩʦʚ(ʚʢʘʯʝʩʪʚʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦʚʳʭʦʜʘ),ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠʪʨʫʜʘ,ʫʨʦʚʥʷ

ʟʘʥʷʪʦʩʪʠʥʝʜʦʙʘʚʣʷʝʪʧʨʠʥʮʠʧʠʘʣʴʥʦʡʥʦʚʠʟʥʳʚʦʮʝʥʢʝʪʝʢʫʱʝʡʵʬʬʝʢʪʠʚʥʦʩʪʠ

ʵʢʦʥʦʤʠʢʠʨʝʛʠʦʥʦʚ.

ʀʟʤʝʥʝʥʠʝ ʚ ʫʨʦʚʥʝ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦʨʘʟʚʠʪʠʷ

ʨʝʛʠʦʥʘʣʴʥʦʡʵʢʦʥʦʤʠʢʠʟʘʢʣʘʜʳʚʘʝʪ

ʦʩʥʦʚʫʜʣ ʫ̫ʩʢʦʨʝʥʥʦʛʦʦʙʝʩʧʝʯʝʥʠʷ

ʧʝʨʝʥʦʩʘʪʝʭʥʦʣʦʛʠʡʧʘʨʘʣʣʝʣʴʥʦʛʦ

ʠʤʧʦʨʪʘʠ ʫʩʢʦʨʝʥʠʝʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ

ʭʦʟʷʡʩʪʚʝʥʥʳʭʩʠʩʪʝʤ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʵ.ʥ. 

ʅʠʞʝʛʦʨʦʜʮʝʚ ʈ.ʄ.

ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʤʧʦʚ ʠʥʬʣʷʮʠʠ 

ʚ ʩʪʨʘʥʘʭ ïʯʣʝʥʘʭ ɽʚʨʘʟʠʡʩʢʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʶʟʘ

ʅʘ ʦʩʥʦʚʝʧʦʩʪʨʦʝʥʥʳʭʣʘʛʦʚʳʭʬʘʢʪʦʨʥʳʭʨʝʛʨʝʩʩʠʦʥʥʳʭʤʦʜʝʣʝʡ

ʨʘʟʨʘʙʦʪʘʥʳʩʨʝʜʥʝʩʨʦʯʥʳʝʩʮʝʥʘʨʥʳʝʧʨʦʛʥʦʟʳʪʝʤʧʦʚʠʥʬʣʷʮʠʠʧʦʢʘʞʜʦʡʩʪʨʘʥʝ

ɽʚʨʘʟʠʡʩʢʦʛʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦʩʦʶʟʘʥʘ2022-2024 ʛʦʜʳ. ɼʣ ʈ̫ʝʩʧʫʙʣʠʢʠɹʝʣʘʨʫʩʴ

ʫʤʝʨʝʥʥʦʝʫʞʝʩʪʦʯʝʥʠʝʤʦʥʝʪʘʨʥʦʡʧʦʣʠʪʠʢʠ(ʩʞʘʪʠʝʜʝʥʝʞʥʦʡʤʘʩʩʥrʘ2 ʧ.ʧ.)

ʧʦʟʚʦʣʠʪʫʜʝʨʞʘʪʴʪʝʤʧʠʥʬʣʷʮʠʠʚʧʨʝʜʝʣʘʭ5% ʟʘʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡʧʝʨʠʦʜ.

ʂʨʠʚʘʷ ʩʚʷʟʠ ʤʝʞʜʫ ʜʝʬʣʷʪʦʨʦʤ ɺɺʇ ʠ ʦʙʲʝʤʦʤ ʜʝʥʝʞʥʦʡ 

ʤʘʩʩʳ, ʈʦʩʩʠʷ, 2010-2021 ʛʛ.

GDPdefl = 345,15 ï0,02*M2 + 5,81*10-7*M22ï13,92*D
R2 = 0,63 (D = 1 ʜʣʷ 2020 ʛʦʜʘ)

ɼʣʷʦʩʪʘʣʴʥʳʭʯʝʪʳʨʝʭʩʪʨʘʥ

ʩʥʠʞʝʥʠʝʪʝʤʧʦʚʠʥʬʣʷʮʠʠʩʚʷʟʘʥʦʩ

ʨʦʩʪʦʤʛʦʩʨʘʩʭʦʜʦʚ,ʧʦʚʳʰʘʶʱʠʤ

ʥʦʨʤʫʥʘʢʦʧʣʝʥʠʷ. ʇʨʠʨʘʟʫʤʥʳʭ

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭʚ ʈʦʩʩʠʠʠ ʚ

ʂʳʨʛʳʟʩʪʘʥʝʚ ʜʘʥʥʦʤʩʮʝʥʘʨʠʠ

ʠʥʬʣʷʮʠʷʫʜʝʨʞʠʚʘʝʪʩʷʚʜʠʘʧʘʟʦʥʝ

13% ʚ2024 ʛʦʜʫ,ʚɸʨʤʝʥʠʠʩʦʩʪʘʚʠʪ

ʦʢʦʣʦ7,5%, ʚʂʘʟʘʭʩʪʘʥʝʯʫʪʙɹʦʣʝʝ

4%.

ʈʝʟʫʣʴʪʘʪʳʧʦʣʫʯʝʥʳʚʨʘʤʢʘʭʅʀʈʧʦʟʘʢʘʟʫ
ɽʚʨʘʟʠʡʩʢʦʡʵʢʦʥʦʤʠʯʝʩʢʦʡʢʦʤʠʩʩʠʠ
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ɿʘʚ. ʣʘʙ.

ʜ.ʤ.ʥ. 

ʄʝʰʢʦʚ ɼ.ʆ.

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʠ ʦʙʱʝʩʪʚʝʥʥʳʤ ʟʜʦʨʦʚʴʝʤ

ʆʧʨʝʜʝʣʝʥʳ,ʧʨʝʜʩʪʘʚʣʝʥʳʤʝʞʜʫʥʘʨʦʜʥʦʤʫʩʦʦʙʱʝʩʪʚʫʠʦʜʦʙʨʝʥʳʦʩʥʦʚʥʳʝ

ʥʘʧʨʘʚʣʝʥʠʷʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦʨʘʟʚʠʪʠʷʢʦʤʧʣʝʢʩʘʤʝʨʧʦʧʦʚʳʰʝʥʠʶʦʙʱʝʩʪʚʝʥʥʦʛʦ

ʟʜʦʨʦʚʴʷ.

ʇʦʚʳʰʝʥʠʝʦʙʱʝʩʪʚʝʥʥʦʛʦʟʜʦʨʦʚʴʷʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷʢʘʢʢʦʤʧʣʝʢʩʥʳʡ

ʤʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʡʧʨʦʮʝʩʩ,ʧʨʦʭʦʜʷʱʠʡʚʫʩʣʦʚʠʷʭʧʨʦʪʠʚʦʨʝʯʠʚʳʭʠʥʪʝʨʝʩʦʚ

ʚʝʜʦʤʩʪʚʠ ʜʨʫʛʠʭʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭʩʪʨʫʢʪʫʨ,ʦʩʥʦʚʘʥʥʳʡʥʘʜʦʢʘʟʘʪʝʣʴʥʳʭ

ʜʘʥʥʳʭ,ʤʦʥʠʪʦʨʠʨʦʚʘʥʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠʠ ʨʠʩʢ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫʧʨʘʚʣʝʥʠʠ

ʧʦʢʘʟʘʪʝʣʷʤʠʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦʠʦʙʱʝʩʪʚʝʥʥʦʛʦʟʜʦʨʦʚʴʷ.

ʋʧʨʘʚʣʝʥʠʝʦʙʱʝʩʪʚʝʥʥʳʤʟʜʦʨʦʚʴʝʤʥʘʧʨʘʚʣʝʥʦʥʘʩʥʠʞʝʥʠʝʤʝʜʠʮʠʥʩʢʦʛʦ,
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦʠʩʦʮʠʘʣʴʥʦʛʦʙʨʝʤʝʥʠʙʦʣʝʟʥʝʡ.

ʇʦʢʘʟʘʥʘʚʦʟʤʦʞʥʦʩʪʴʬʦʨʤʠʨʦʚʘʥʠʷʧʨʠʥʮʠʧʠʘʣʴʥʦʥʦʚʳʭʧʦʭʦʜʦʚʢʩʥʠʞʝʥʠʶ

ʙʨʝʤʝʥʠʙʦʣʝʟʥʠʫʚʳʩʦʢʦʟʘʪʨʘʪʥʳʭʧʘʮʠʝʥʪʦʚʩʩʠʩʪʝʤʥʳʤʠʟʘʙʦʣʝʚʘʥʠʷʤʠʧʫʪʝʤ

ʚʦʟʜʝʡʩʪʚʠʷ,ʩ ʧʦʤʦʱʴ ʠʁʥʥʦʚʘʮʠʦʥʥʦʡʪʘʨʛʝʪʥʦʡʪʝʨʘʧʠʠ,ʥʘ ʝʜʠʥʳʝ

ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝʤʝʭʘʥʠʟʤʳʚʩʝʛʦʢʦʤʧʣʝʢʩʘʦʩʥʦʚʥʦʛʦʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ

ʟʘʙʦʣʝʚʘʥʠʡ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʤ.ʥ. 

ʄʝʰʢʦʚ ɼ.ʆ.

ɸʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʵʢʩʧʝʨʪʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʨʝʰʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʠ ʦʙʱʝʩʪʚʝʥʥʳʤ ʟʜʦʨʦʚʴʝʤ

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳʪʨʝʙʦʚʘʥʠʷʢʤʦʜʝʣʷʤʠ ʘʣʛʦʨʠʪʤʘʤ,ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʜʣʷ

ʧʨʦʛʥʦʟʘʠʫʧʨʘʚʣʝʥʠʷʟʜʦʨʦʚʴʝʤʥʘʧʨʠʤʝʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷʪʝʯʝʥʠʷʧʘʥʜʝʤʠʠCOVID-

19. ʕʪʠʪʨʝʙʦʚʘʥʠʷʠʩʧʦʣʴʟʦʚʘʥʳʜʣ ʦ̫ʮʝʥʢʠʤʦʜʝʣʝʡ,ʨʘʟʨʘʙʦʪʘʥʥʳʭʚ ʉʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤʬʝʜʝʨʘʣʴʥʦʤʫʥʠʚʝʨʩʠʪʝʪʝ.

ɸʥʘʣʠʪʠʯʝʩʢʠʝʤʘʪʝʨʠʘʣʳʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫʠʩʧʦʣʴʟʦʚʘʥʠʶʤʝʜʠʮʠʥʩʢʠʭ

ʪʝʭʥʦʣʦʛʠʡʢʘʢʠʥʩʪʨʫʤʝʥʪʘʫʧʨʘʚʣʝʥʠʷʦʙʱʝʩʪʚʝʥʥʳʤʟʜʦʨʦʚʴʝʤ,ʧʨʝʜʩʪʘʚʣʝʥʥʳʝʚ

ʬʦʨʤʘʪʝʤʦʥʦʛʨʘʬʠʠ,ʙʳʣʠʚʳʩʦʢʦʦʮʝʥʝʥʳʠʠʩʧʦʣʴʟʦʚʘʥʳʚʨʘʙʦʪʝʕʢʩʧʝʨʪʥʦʛʦ

ʩʦʚʝʪʘʧʦʟʜʨʘʚʦʦʭʨʘʥʝʥʠʶʄʝʞʧʘʨʣʘʤʝʥʪʩʢʦʡʘʩʩʘʤʙʣʝʠʩʪʨʘʥ-ʫʯʘʩʪʥʠʮʉʅɻ.
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ʟʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ɹʘʣʘʙʘʥʦʚ ɸ. ɺ.

ʉ ʮʝʣʴ ʨʁʘʟʚʠʪʠʷʤʝʪʦʜʦʚʠʩʩʣʝʜʦʚʘʥʠʷʠ ʧʦʩʪʨʦʝʥʠʷʵʣʝʤʝʥʪʦʚʜʠʩʢʨʝʪʥʦʡ

ʤʠʢʨʦʬʣʶʠʜʠʢʠʨʘʟʨʘʙʦʪʘʥʘʤʥʦʛʦʤʝʨʥʘʷʩʝʪʝʚʘʤ̫ʦʜʝʣ ʯɹʝʪʳʨʝʭʢʘʩʢʘʜʥʦʛʦ

ʤʠʢʨʦʩʪʨʫʡʥʦʛʦʛʝʥʝʨʘʪʦʨʘʠ ʤʝʪʦʜʠʢʘʠʩʩʣʝʜʦʚʘʥʠʷʧʨʝʜʝʣʴʥʳʭʭʘʨʘʢʪʝʨʠʩʪʠʢ

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷʙʠʩʪʘʙʠʣʴʥʳʭʤʠʢʨʦʩʪʨʫʡʥʳʭʵʣʝʤʝʥʪʦʚ.

ɺ ʨʘʤʢʘʭʨʘʙʦʪʧʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶʤʦʜʝʣʠʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ

ʵʣʝʤʝʥʪʘʩ ʛʠʙʨʠʜʥʦʡʥʘʥʦʩʪʨʫʢʪʫʨʦʡ,ʥʘʦʩʥʦʚʝʨʝʰʝʥʠʷʫʨʘʚʥʝʥʠʡʤʠʢʨʦʤʘʛʥʝʪʠʟʤʘ

ʪʝʦʨʝʪʠʯʝʩʢʠʠʩʩʣʝʜʦʚʘʥʳʵʥʝʨʛʠʷʠʩʪʨʫʢʪʫʨʘʜʚʫʤʝʨʥʦʡʜʦʤʝʥʥʦʡʛʨʘʥʠʮʳ,ʚʳʧʦʣʥʝʥ

ʨʘʩʯʝʪʠʟʤʝʥʝʥʠʷʩʦʧʨʦʪʠʚʣʝʥʠʷʘʥʠʟʦʪʨʦʧʥʦʛʦʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʦʛʦʵʣʝʤʝʥʪʘʚʜʦʣʦɹʩʠ

ʣʝʛʢʦʛʦʥʘʤʘʛʥʠʯʠʚʘʥʠʷ.

ɼʣʷʨʘʟʚʠʪʠʷʤʝʪʦʜʠʯʝʩʢʦʛʦʦʙʝʩʧʝʯʝʥʠʷʩʠʥʪʝʟʘʚʳʩʦʢʦʪʦʯʥʳʭʨʝʟʦʥʘʪʦʨʥʳʭ

ʨʘʜʠʦʚʦʣʥʦʚʳʭʠʟʤʝʨʠʪʝʣʴʥʳʭʫʩʪʨʦʡʩʪʚʦʧʨʝʜʝʣʝʥʳʟʘʚʠʩʠʤʦʩʪʠʧʦʛʨʝʰʥʦʩʪʝʡʠʟʤʝʨʝʥʠʷ

ʦʙʲʝʤʘʪʦʧʣʠʚʘ(dV) ʠʫʛʣʘʤʝʞʜʫʦʩʴʙʁʘʢʘʠʟʝʨʢʘʣʦʤʪʦʧʣʠʚʘ(dɗ) ʦʪʫʨʦʚʥʷʪʦʧʣʠʚʘ(hs) ʠ

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦʧʦʣʦʞʝʥʠʷʢʦʣʴʮʝʚʦʛʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦʵʣʝʤʝʥʪʘ(hl).

ʄʝʪʦʜʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ

ʄʥʦʛʦʤʝʨʥʘʷ 

ʩʝʪʝʚʘʷ ʤʦʜʝʣʴ 

ʤʠʢʨʦʩʪʨʫʡʥʦʛʦ

ʛʝʥʝʨʘʪʦʨʘ

ʀʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ 

ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʜʦʣʴ ʦʩʠ 

ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ 

ʤʝʥʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷ ʠʥʚʝʨʩʠʠ

ʄʠʢʨʦʩʪʨʫʡʥʳʡ

ʛʝʥʝʨʘʪʦʨ
ʄʘʢʝʪ ʜʘʪʯʠʢʘ 

ʩʢʦʨʦʩʪʠ
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ʌʘʨʭʘʜʦʚ ʄ.ʇ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʩʫʨʩʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ

ʇʦʩʪʨʦʝʥʳʤʘʪʝʤʘʪʠʯʝʩʢʠʝʤʦʜʝʣʠʛʝʪʝʨʦʛʝʥʥʳʭʨʝʩʫʨʩʥʳʭʩʠʩʪʝʤʤʘʩʩʦʚʦʛʦ

ʦʙʩʣʫʞʠʚʘʥʠʷʜʣʷ ʩʦʟʜʘʥʠʷɻʬʬʝʢʪʠʚʥʳʭʠʥʩʪʨʫʤʝʥʪʦʚʦʮʝʥʢʠʨʘʙʦʪʳ

ʨʘʜʠʦʠʥʪʝʨʬʝʡʩʦʚʩʝʪʝʡʩʚʷʟʠʥʦʚʦʛʦʧʦʢʦʣʝʥʠʷʧʨʠʨʘʟʣʠʯʥʳʭʚʭʦʜʷʱʠʭʧʦʪʦʢʘʭ

ʪʨʝʙʦʚʘʥʠʡʠʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭʦʙʩʣʫʞʠʚʘʥʠʷ.

ɼʣ ʩ̫ʠʩʪʝʤʳʩʥʝʧʫʘʩʩʦʥʦʚʩʢʠʤʠ(MAP, ʨʝʢʫʨʨʝʥʪʥʳʤ)ʚʭʦʜʷʱʠʤʠʧʦʪʦʢʘʤʠʠ

ʧʨʦʠʟʚʦʣʴʥʳʤʚʨʝʤʝʥʝʤʦʙʩʣʫʞʠʚʘʥʠʷʨʘʟʨʘʙʦʪʘʥʘʤʦʜʠʬʠʢʘʮʠʷʤʝʪʦʜʘ

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦʘʥʘʣʠʟʘʚʫʩʣʦʚʠʠʨʦʩʪʘʠʥʪʝʥʩʠʚʥʦʩʪʠʚʭʦʜʷʱʝʛʦʧʦʪʦʢʘ.

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʘʩʨʝʜʘʜʣ ʙ̫ʳʩʪʨʦʛʦʧʨʦʝʢʪʠʨʦʚʘʥʠʷʚʨʝʤʝʥʥʳʭʩʝʪʝʡʩʚʷʟʠʩ

ʫʯʝʪʦʤʨʝʣʴʝʬʘʤʝʩʪʥʦʩʪʠʠ ʪʨʘʝʢʪʦʨʠʡʜʚʠʞʝʥʠʷ. ɼʦʙʘʚʣʝʥʘʚʦʟʤʦʞʥʦʩʪʴ

ʠʩʧʦʣʴʟʦʚʘʪʴʥʘʧʨʘʚʣʝʥʥʳʝʘʥʪʝʥʥʳ. ʈʘʟʨʘʙʦʪʘʥʘʥʦʚʘʮ̫ʝʣʝʚʘʷʬʫʥʢʮʠʷʜʣ ʧ̫ʦʠʩʢʘ

ʪʦʯʝʢʨʘʟʤʝʱʝʥʠʷʩʝʪʝʚʳʭʫʩʪʨʦʡʩʪʚ. ɼʦʙʘʚʣʝʥʘʚʦʟʤʦʞʥʦʩʪʴʠʩʩʣʝʜʦʚʘʥʠʷ

ʜʠʥʘʤʠʯʝʩʢʠʭʭʘʨʘʢʪʝʨʠʩʪʠʢʩʠʩʪʝʤʳʩʫʯʝʪʦʤʩʢʦʨʦʩʪʝʡʜʚʠʞʝʥʠʷʘʙʦʥʝʥʪʦʚ.

ʈʝʩʫʨʩʥʘʷ ʥʝʦʜʥʦʨʦʜʥʘʷ ʉʄʆ ╜╜╟╟ ╜ ȟⱨȿἑἓ ȿЊ ʉʄʆ ʩ ʚʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʨʘʟʥʦʪʠʧʥʳʭ ʪʨʝʙʦʚʘʥʠʡ

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ.
ʌʘʨʭʘʜʦʚʄ.ʇ.

ʄʦʜʝʣʠ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʈʊʂ ʠ ʩʝʪʷʤʠ 
(ʧʦʙʝʜʘ ʚ ʩʦʨʝʚʥʦʚʘʥʠʠ IEEE Autonomous Unmanned Aerial Vehicles (UAV) Competition)

ʅʘ ʨʝʘʣʴʥʦʤ ʢʚʘʜʨʦʢʦʧʪʝʨʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ:

- ʘʣʛʦʨʠʪʤ ʘʚʪʦʥʦʤʥʦʛʦ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʡ ʤʘʰʠʥʳ;

- ʜʚʠʞʝʥʠʝ ʩ ʫʢʣʦʥʝʥʠʝʤ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʩʪʝʨʝʦʢʘʤʝʨʳ;

- ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʝʜʩʢʘʟʘʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʤʘʰʠʥʳ.

ʈʘʟʚʠʪʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʚʦʜʥʳʤ 

ʘʧʧʘʨʘʪʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ:

- ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʘʨʘʪʘ ʠ ʥʘʩʪʨʦʡʢʠ 

ʨʝʛʫʣʷʪʦʨʦʚ;

- ʦʩʥʘʱʝʥʠʝ ʙʘʩʩʝʡʥʘ ʚʠʟʫʘʣʴʥʳʤʠ ʤʝʪʢʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ.

ʂʘʨʘʚʘʡ ʄ.ʌ.

ʈʘʟʨʘʙʦʪʘʥʥʝʙʣʦʢʠʨʫʝʤʳʡʩʘʤʦʤʘʨʰʨʫʪʠʟʠʨʫʝʤʳʡʨʘʩʧʨʝʜʝʣʝʥʥʳʡ

ʢʦʤʤʫʪʘʪʦʨʩ ʧʨʷʤʳʤʠʢʘʥʘʣʘʤʠʢʘʢʩʠʩʪʝʤʥʘʷʩʝʪ ʜɹʣʷʢʣʘʩʪʝʨʦʚʠ

ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ.

ʇʦʣʥʦʩʪʴʶʨʝʰʝʥʘʢʣʘʩʩʠʯʝʩʢʘʷʢʦʤʤʫʪʘʮʠʦʥʥʘʷʟʘʜʘʯʘʧʦʩʪʨʦʝʥʠʷʠʜʝʘʣʴʥʦʡ

ʩʠʩʪʝʤʥʦʡʩʝʪʠhʠʨʦʢʦʡʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ.

ʂʦʥʬʣʠʢʪʳʧʘʢʝʪʦʚʨʘʟʨʝʰʘʶʪʩʷʪʦʣʴʢʦʥʘʚʭʦʜʝʚ ʩʝʪʩɹ ʤʠʥʠʤʘʣʴʥʳʤʠ

ʟʘʜʝʨʞʢʘʤʠ. ʇʦʩʪʨʦʝʥʥʘʷʩʝʪʠɹʤʝʝʪʤʘʢʩʠʤʘʣʴʥʦʝʙʳʩʪʨʦʜʝʡʩʪʚʠʝ.

 

ʂ24 

ʈʘʟʨʘʙʦʪʘʥʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ

ʦʧʨʝʜʝʣʷʪʴʫʨʦʚʝʥʴʙʝʟʦʧʘʩʥʦʩʪʠʤʘʨʰʨʫʪʦʚ

ʧʦʣʝʪʦʚʚʦʟʜʫʰʥʳʭʩʫʜʦʚʚ ʫʩʣʦʚʠʷʭ

ʨʘʟʣʠʯʥʦʡʘʵʨʦʥʘʚʠʛʘʮʠʦʥʥʦʡʦʙʩʪʘʥʦʚʢʠ.

ʄʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚ ʩʨʝʜʩʪʚʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʚʷʟʠ
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ʇʦʣʝʪʳʢʠʥɸ.ɻ.

ʈʘʟʨʘʙʦʪʘʥʤʝʪʦʜʩʠʥʪʝʟʘ

ʪʦʧʦʣʦʛʠʠʠʥʬʦʨʤʘʮʠʦʥʥʦʡʩʝʪʠ

ɸʉʋʊʇɸʕʉʥʘʦʩʥʦʚʝʧʨʠʥʮʠʧʘ

ʩʦʛʣʘʩʦʚʘʥʠʷʜʠʩʢʨʝʮʠʦʥʥʦʡʠ

ʤʘʥʜʘʪʥʦʡʤʦʜʝʣʠʙʝʟʦʧʘʩʥʦʩʪʠ.

ɼʣ ʜ̫ʝʪʘʣʴʥʦʡʦʮʝʥʢʠʨʠʩʢʘʠ

ʚʳʙʦʨʘʤʝʨʟʘʱʠʪʨrʘʟʨʘʙʦʪʘʥʘ

ʠʝʨʘʨʭʠʯʝʩʢʘʷʤʦʜʝʣɸɹʉʋʊʇ

ɸʕʉ, ʧʦʟʚʦʣʷʶʱʘʷʫʤʝʥʴʰʠʪʴ

ʨʦʣʴɻ ʢʩʧʝʨʪʘʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ

ʧʦʜʩʠʩʪʝʤ.

ʄʦʥʦʛʨʘʬʠʷ ʦʜʦʙʨʝʥʘ ʅʊʉ 

ˉ1 ɻʂ ʈʦʩʘʪʦʤ

ʆʮʝʥʢʘ ʨʠʩʢʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ



ʉɽʂʎʀʗ 3: ʊʝʭʥʠʯʝʩʢʠʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʠʟʤʝʨʝʥʠʷ

ʃʘʙ. ˉ 31

ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ʇʦʣʝʪʳʢʠʥɸ.ɻ.

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ 

ʜʣʷ ɸʕʉ ʂʫʜʘʥʢʫʣʘʤ (ʀʥʜʠʷ), ʵʥʝʨʛʦʙʣʦʢʠ 3 ʠ 4

ɿʘʚʝʨʰʝʥʘʨʘʟʨʘʙʦʪʢʘʧʨʦʛʨʘʤʤʥʦʛʦʦʙʝʩʧʝʯʝʥʠʷʩʠʩʪʝʤʳʧʦʜʛʦʪʦʚʢʠʜʘʥʥʳʭ.

ʈʘʟʨʘʙʦʪʘʥʘʨʘʙʦʯʘʷʠʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷʜʦʢʫʤʝʥʪʘʮʠʷʥʘʨʫʩʩʢʦʤʠʘʥʛʣʠʡʩʢʦʤ

ʷʟʳʢʘʭ.

ɼʣ ʩ̫ʠʩʪʝʤʳʧʦʜʛʦʪʦʚʢʠʜʘʥʥʳʭʥʘʦʩʥʦʚʝʤʝʪʦʜʠʢʦʮʝʥʢʠʨʠʩʢʘ(ʨʘʙʦʯʘʷʛʨʫʧʧʘ

ʦʨʛʘʥʠʟʘʮʠʡʈʦʩʘʪʦʤʘ,ʂʀɸʕʠʜʨ. ʧʦʜʨʫʢʦʚʦʜʩʪʚʦʤʀʇʋʈɸʅ,2021) ʚʦʟʤʦʞʥʦʩʪʝʡ

ʦʧʝʨʘʮʠʦʥʥʦʡʩʠʩʪʝʤʳLICS (ʀʇʋʈɸʅ,2017) ʨʘʟʨʘʙʦʪʘʥʘʠ ʫʩʪʘʥʦʚʣʝʥʘʩʠʩʪʝʤʘ

ʢʠʙʝʨʟʘʱʠʪʳ.

ɼʣ ʘ̫ʚʪʦʥʦʤʥʳʭʠʩʧʳʪʘʥʠʡʠʩʧʦʣʴʟʦʚʘʥʘʪʝʭʥʦʣʦʛʠʷʮʠʬʨʦʚʳʭʜʚʦʡʥʠʢʦʚ(ʀʇʋ

ʈɸʅ,2020).

ʇʨʦʚʝʜʝʥʳʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʝʧʨʠʝʤʦʯʥʳʝʠʩʧʳʪʘʥʠʷʩ ʫʯʘʩʪʠʝʤʠʥʜʠʡʩʢʦʛʦ

ʟʘʢʘʟʯʠʢʘɸʕʉ(ʩʝʥʪʷʙʨʴ2022).
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ɺʠʰʥʝʚʩʢʠʡ ɺ.ʄ.

ʈʘʟʨʘʙʦʪʘʥʢʦʤʧʣʝʢʩʤʘʪʝʤʘʪʠʯʝʩʢʠʭʤʦʜʝʣʝʡʠ ʤʝʪʦʜʦʚʠʩʩʣʝʜʦʚʘʥʠʷ

ʥʘʜʝʞʥʦʩʪʠʧʨʠʚʷʟʥʳʭʚʳʩʦʪʥʳʭʙʝʩʧʠʣʦʪʥʳʭʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭʧʣʘʪʬʦʨʤ.

ʈʘʟʨʘʙʦʪʘʥʥʦʚʳʡʤʝʪʦʜʚ ʪʝʦʨʠʠʦʯʝʨʝʜʝʡʜʣʷʦʮʝʥʢʠʭʘʨʘʢʪʝʨʠʩʪʠʢ

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭʧʨʠʦʨʠʪʝʪʥʳʭʩʠʩʪʝʤʙʦʣʴʰʦʡʨʘʟʤʝʨʥʦʩʪʠʩʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ

ʚʭʦʜʥʳʤʠʧʦʪʦʢʘʤʠʠʧʘʢʝʪʧʨʦʛʨʘʤʤʜʣʯ̫ʠʩʣʝʥʥʦʛʦʘʥʘʣʠʟʘʪʘʢʠʭʩʠʩʪʝʤ.

ʈʘʟʨʘʙʦʪʘʥʘʘʨʭʠʪʝʢʪʫʨʘʠʤʝʪʦʜʦrʮʝʥʢʠʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠʢʦʤʤʫʪʘʮʠʦʥʥʳʭ

ʩʠʩʪʝʤʧʦʣʥʦʩʪʴʶʦʧʪʠʯʝʩʢʠʭʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭʩʝʪʝʡ.

ʌʫʥʢʮʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠʚʷʟʥʦʡ ʧʣʘʪʬʦʨʤʳɸʨʭʠʪʝʢʪʫʨʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ɺʠʰʥʝʚʩʢʠʡ ɺ.ʄ.

ʈʘʟʨʘʙʦʪʘʥʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡʢʦʤʧʣʝʢʩʛʠʙʨʠʜʥʦʡʩʠʩʪʝʤʳʠʜʝʥʪʠʬʠʢʘʮʠʠ

ʪʨʘʥʩʧʦʨʪʥʳʭʩʨʝʜʩʪʚʥʘʙʘʟʝRFID-ʪʝʭʥʦʣʦʛʠʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭʩʠʩʪʝʤʚʠʜʝʦ

ʬʠʢʩʘʮʠʠʜʣ ʨ̫ʝʘʣʠʟʘʮʠʠʦʧʳʪʥʳʭʟʦʥʚ ʄʦʩʢʚʝ,ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝʠʂʘʟʘʥʠʚ

ʩʦʦʪʚʝʪʩʪʚʠʠʩʧʦʩʪʘʥʦʚʣʝʥʠʝʤʇʨʘʚʠʪʝʣʴʩʪʚʘʈʌ.

ʈʘʟʨʘʙʦʪʘʥʘʩʠʩʪʝʤʘʜʠʩʪʘʥʮʠʦʥʥʦʛʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦʤʦʥʠʪʦʨʠʥʛʘʩ

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤʙʝʩʧʠʣʦʪʥʳʭʣʝʪʘʪʝʣʴʥʳʭʘʧʧʘʨʘʪʦʚ.

ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ

ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʇʃɸ
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ.

ɹʘʭʪʘʜʟʝʅ.ʅ.

ʄʝʪʦʜʳ ʢʚʘʟʠ-ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩ ʧʨʦʛʥʦʟʠʨʫʶʱʠʤʠ ʤʦʜʝʣʷʤʠ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
ʈʘʟʨʘʙʦʪʘʥʳʤʝʪʦʜʳ ʢʚʘʟʠ-ʦʧʪʠʤʘʣʴʥʦʛʦ

ʫʧʨʘʚʣʝʥʠʧ̫ʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠʧʨʦʮʝʩʩʘʤʠ

ʧʨʦʤʳʰʣʝʥʥʳʭʧʨʝʜʧʨʠʷʪʠʡʠ ʢʦʤʧʘʥʠʡʥʘʦʩʥʦʚʝ

ʧʨʝʜʠʢʪʠʚʥʳʭʘʩʩʦʮʠʘʪʠʚʥʳʭʤʦʜʝʣʝʡ.

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʮʝʥʘʨʥʦʛʦ

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷʚ ʨʝʘʣʴʥʦʤʚʨʝʤʝʥʠʩʦʩʪʦʷʥʠʡ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭʧʨʦʮʝʩʩʦʚʠ ʜʠʥʘʤʠʢʠ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭʩʠʪʫʘʮʠʡʥʘʦʩʥʦʚʝʠʥʜʫʢʪʠʚʥʳʭ

ʟʥʘʥʠʡʠʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦʘʥʘʣʠʟʘʜʘʥʥʳʭ.

ʈʘʟʨʘʙʦʪʘʥʳʤʝʪʦʜʧrʨʦ-ʘʢʪʠʚʥʦʛʦʫʧʨʘʚʣʝʥʠʷ

ʛʝʪʝʨʦʛʝʥʥʳʤʠʨʝʩʫʨʩʘʤʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ

ʩʠʩʪʝʤʘʭʫʧʨʘʚʣʝʥʠʷʧʨʦʠʟʚʦʜʩʪʚʦʤʩʧʨʠʤʝʥʝʥʠʝʤ

ʘʩʩʦʮʠʘʪʠʚʥʳʭʧʨʘʚʠʣ.
ʉʝʨʚʠʩʥʳʡ ʫʨʦʚʝʥʴ

˨͊ͭ;͙͙͟ ͙ ˨ ͊ͤͤ·͔ ͔͔͔͙͙ͭͣͭͪ͡ ͔͙ͨͪ͒ͨͪΎ͙ͭΎ

͙̇ͺ͍ͪͦ·͔ ͫͭ͊ͤ͒͊ͪͭ· ͔ͦ͋ͣͤ͊ ͒ ͊ͤͤ·͙ͣ

́ͪ͊ͤ͊͘͟ͼ͙ͦͤͤ·͔ ͙͔ͫͫͭͣ· ͔͙ͨͪ͒ͨͪΎ͙ͭΎ

˽͔͊ͭ͟

˽ͦͭͦ͟ 

ˤ͔ͤ΄͙͔ͤ ͙ͫͭͦ;͙͙ͤ͟ ͒͊ͤͤ·ͻ ͔͙ͨͪ͒ͨͪΎ͙ͭΎ

API/

Filestorage

/ʇʦʪʦʢ

˽͔͊ͭ͟

ʂʦʥʩʦʨʪ 

ʠʥʪʝʛʨʘʮʠʠ ʠ 

ʦʙʤʝʥʘ

ʂʦʥʩʦʨʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭʂʦʥʩʦʨʪ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ

ʂʦʥʩʦʨʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ

˿͙͔ͫͭͣ͊ ͙͍͙ͨ͊ͤͪͦ͊ͤ͡Ύ ͍ͨ͊ͤͦ͡-͎ͪ͊ͺ͙͍ͦ͟ 
͙͍͍ͨͪͦͦ͒ͫͭ͊͘ όMRP, etc.)

API

˽͙͍͙͔͊ͤͪͦ͊ͤ͡ ͔͍ͪͫͯͪͫͦ ͔͙ͨͪ͒ͨͪΎ͙ͭΎ 
(ERP)

API

˸͙͙͎ͦͤͭͦͪͤ ͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ

˸͙͙͎ͦͤͭͦͪͤ 
˽͙͍͍͔ͪͦͦ͒ͫͭͤͤ͘·ͻ 
ͨͪͦͼ͔͍ͫͫͦ

ʇʦʪʦʢ

ʇʦʪʦʢ

˾͔͊͡Έͤ͊Ύ ˽͙͍͍͔ͪͦͦ͒ͫͭͤͤ͊͘Ύ ͙͔ͫͫͭͣ͊ ͔͙ͨͪ͒ͨͪΎ͙ͭΎ
˽͔͊ͭ͟/
˽ͦͭͦ͟

˽ͦͭͦ͟ 

ɿʘʛʨʫʟʢʘ 

ʜʘʥʥʳʭ ʠʟ 

ʠʩʪʦʯʥʠʢʦʚ

ɺʝʨʠʬʠʢʘʮʠʷ 

ʩʭʝʤʳ 

ʜʘʥʥʳʭ

ʇʝʨʚʠʯʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ

ʆʙʦʛʘʱʝʥʠʝ 

ʥʘ ʣʝʪʫ
ʋʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʙʲʝʢʪ 

ʫʧʨʘʚʣʝʥʠʷ

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ

ʇʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ 

ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ

ʇʦʚʳʰʝʥʠʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʦʙʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ

ʂʦʥʩʦʨʪ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʤʦʜʝʣʝʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ

ɺʠʟʫʘʣʠʟʘʮʠʷ 

ʧʨʦʛʥʦʟʦʚ

ʍʨʘʥʝʥʠʝ 

ʧʨʦʛʥʦʟʦʚ

ʈʘʩʩʳʣʢʘ 

ʫʚʝʜʦʤʣʝʥʠʡ ʠ 

ʘʣʝʨʪʠʥʛ

ˤ͔ͤ΄͙͔ͤ 
Ή͙͔ͦͫͫͭͣ͟· ς 
͔͙͔͙ͨͦͭͪ͋ͭ͡ 
͒͊ͤͤ·ͻ

ˢ˾˸ ˢ͙͙ͤ͊ͭ͊͟͡ & 
˽͙͍͊ͤͪͦ͡΅͙͊͟ & ˶˽˾

ʕʢʦʩʠʩʪʝʤʳ 

ɻʦʩʫʜʘʨʩʪʚʘ

ʕʢʦʩʠʩʪʝʤʳ 

ʎʝʧʦʯʝʢ

ʇʦʩʪʘʚʦʢ

API

ʕʢʦʩʠʩʪʝʤʳ 

ʧʘʨʪʥʝʨʦʚ

ʅʦʨʤʘʣʠʟʘʮʠʷ 

ʜʘʥʥʳʭ

ɹʠʟʥʝʩ 

ʣʦʛʠʢʘ

ʇʝʨʝʢʣʶʯʝʚʘʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ

ʂʦʥʩʦʨʪ ʦʨʢʝʩʪʨʘʮʠʠ

ʉʠʥʭʨʦʥʠʟʘʮʠʷ 

ʢʦʥʩʦʨʪʦʚ

ʉʦʟʜʘʥʘʢʦʥʮʝʧʪʫʘʣʴʥʘʷʘʨʭʠʪʝʢʪʫʨʘʩʠʩʪʝʤʫʧʨʘʚʣʝʥʠʷ

ʨʝʩʫʨʩʘʤʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡʩʠʩʪʝʤʝʫʧʨʘʚʣʝʥʠʷ

ʧʨʦʠʟʚʦʜʩʪʚʦʤʧʨʦʤʳʰʣʝʥʥʦʛʦʧʨʝʜʧʨʠʷʪʠʷʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤ

ʪʝʭʥʦʣʦʛʠʠʧʦʪʦʢʦʚʦʡʦʙʨʘʙʦʪʢʠʙʦʣʴʰʠʭʜʘʥʥʳʭ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ.

ɹʘʭʪʘʜʟʝ ʅ.ʅ.

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʪʝʯʝʢ ʪʝʧʣʘ ʪʨʘʩʩʳ ʥʝʬʪʝʧʨʦʚʦʜʘ 

ʤʝʪʦʜʘʤʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ

ʈʘʟʨʘʙʦʪʘʥʤʝʪʦʜʣʦʢʘʣʠʟʘʮʠʠʫʪʝʯʝʢʪʝʧʣʘʚʜʦʣʪɹʨʘʩʩʥrʝʬʪʝʧʨʦʚʦʜʘ

ʦʪʜʝʣʝʥʠʝʤʪʝʭʥʦʛʝʥʥʳʭʚʦʟʜʝʡʩʪʚʠʡʦʪʩʝʟʦʥʥʳʭʢʦʣʝʙʘʥʠʡʪʝʤʧʝʨʘʪʫʨʛʨʫʥʪʦʚ.

ʄʝʪʦʜʤʦʞʝʪʧʨʠʤʝʥʷʪʴʩʷʠ ʚ ʩʣʫʯʘʝʥʝʧʦʣʥʦʡʠʥʬʦʨʤʘʮʠʠ(ʤʝʥʴʰʝʛʦʜʘ

ʥʘʙʣʶʜʝʥʠʡ).

ʇʦʛʝʦʪʝʭʥʠʯʝʩʢʦʡʠʥʬʦʨʤʘʮʠʠʚʳʜʝʣʝʥʥʘʙʦʨʧʨʠʟʥʘʢʦʚ,ʜʦʩʪʘʪʦʯʥʳʡʜʣʷ

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷʧʨʦʧʫʩʢʦʚʚʜʘʥʥʳʭʠʧʨʦʛʥʦʟʘʪʝʤʧʝʨʘʪʫʨʛʨʫʥʪʦʚʥʘʪʨʠʤʝʩʷʮʘ.

ʇʨʦʚʝʜʝʥʦʨʘʥʞʠʨʦʚʘʥʠʝʫʯʘʩʪʢʦʚʪʨʘʩʩʳʥʝʬʪʝʧʨʦʚʦʜʘʧʦʨʘʟʥʠʮʝʪʝʭʥʦʛʝʥʥʦʡ

ʠʩʝʟʦʥʥʦʡʩʦʩʪʘʚʣʷʶʱʝʡ.

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʚʜʦʣʴ ʪʨʘʩʩʳ

ʄʘʩʩʠʚ ʪʝʤʧʝʨʘʪʫʨ ʩ ʧʨʦʧʫʩʢʘʤʠ ʜʘʥʥʳʭ
ɺʳʜʝʣʝʥʠʝ ʪʨʝʥʜʘ ʠ ʧʨʦʛʥʦʟ 
ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʫʯʘʩʪʢʘʤ 

ʥʝʬʪʝʧʨʦʚʦʜʘ
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ʈʘʟʨʘʙʦʪʘʥʤʝʪʦʜʠʘʣʛʦʨʠʪʤʳʩʧʝʢʪʨʘʣʴʥʳʭʨʘʟʣʦʞʝʥʠʡʨʝʰʝʥʠʡʫʨʘʚʥʝʥʠʡ

ʃʷʧʫʥʦʚʘʜʣ ʥ̫ʝʧʨʝʨʳʚʥʳʭʩʪʘʮʠʦʥʘʨʥʳʭʩʠʩʪʝʤ,ʟʘʜʘʥʥʳʭʫʨʘʚʥʝʥʠʷʤʠʩʦʩʪʦʷʥʠʷ

ʚʢʘʥʦʥʠʯʝʩʢʦʡʬʦʨʤʝʫʧʨʘʚʣʷʝʤʦʩʪʠʠʥʘʙʣʶʜʘʝʤʦʩʪʠ.

ʀʩʩʣʝʜʦʚʘʥʳʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝʩʚʦʡʩʪʚʘʨʝʰʝʥʠʡʠ ʧʦʣʫʯʝʥʢʨʠʪʝʨʠʡ

ʫʩʪʦʡʯʠʚʦʩʪʠʧʝʨʠʦʜʠʯʝʩʢʠʭʨʘʟʥʦʩʪʥʳʭʚʢʣʶʯʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳʤʦʛʫʪʥʘʡʪʠ

ʧʨʠʤʝʥʝʥʠʝʧʨʠʠʟʫʯʝʥʠʠʩʣʝʜʷʱʠʭʩʠʩʪʝʤ,ʢʦʪʦʨʳʝʨʘʙʦʪʘʶʪʥʘʧʝʨʝʤʝʥʥʦʤʪʦʢʝ,

ʩʠʩʪʝʤʩʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡʤʦʜʫʣʷʮʠʝʡ,ʙʦʣʴʰʠʭʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭʩʠʩʪʝʤ

ʧʨʠʥʘʣʠʯʠʠʚʳʥʫʞʜʝʥʥʳʭʢʦʣʝʙʘʥʠʡ.
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under asmall perturbation of theinitial value. Thisproperty ishighly important for the

stability of numerical schemesof integration. Notethat integrability isararephenomenon.

In thecommon case, asystemof ODEisnot integrable. In [19], theauthorsshow that, even

in thesimplest caseof Carnot groups, thesub-Riemannian geodesicþowisnot integrable

already in dimension 8 (and consequently in higher dimensions).

Figure 1. In the four-dimensional model of the visual cortex, an occluded contour is completed

via the planar projection of a sub-Riemannian length-minimizer in the space R2ᶏSO(2)ᶏR =

M 3 (x,y,q,k) of positions, orientations, and curvatures. In theleft column, weshow an example

of the imagewith partially occluded contours and thecomplete image. In the right column, we

show atrajectory that satisýesthegiven boundary conditions. Thecurvature isvisualized as its

reciprocalðtheradius of the osculating circle.

2. Optimal Control Problem

We consider the following control system:

8
>>><

>>>:

Ęx = u1 cosq,

Ęy = u1 sin q,

Ęq = u1k,

Ęk = u2,

(x, y, q, k) = q 2 SE(2)ᶏR = M ,

(u1, u2) 2 R2.
(1)

For the trajectory corresponding to thecontrol (u1(t),u2(t)), t 2 [0,T], T > 0, we

deýnea cost functionalðthesub-Riemannian length of this trajectory:

l =

TZ

0

q

u2
1( t) + u2

2(t) dt. (2)

We study the problem of ýndinga Lipschitzian curve g : [0,T] ! Mðthatis a

trajectory of system (1), satisfying the given boundary conditions

g(0) = q0, g(T) = q1, qi 2 M , (3)

and having the minimal sub-Riemannian length l (g) ! min.

Remark 1. It iseasy tocheckthat system(1) isinvariant under parallel translationsandrotations

in theplane(x,y). Duetothis,without lossof generality,wecanreducetheproblemfor anarbitrary

q0 = (x0, y0, q0, k0) to thecaseq0 = (0, 0, 0, k0).

ʇʨʝʜʣʦʞʝʥʦʨʘʩʰʠʨʝʥʠʝʤʦʜʝʣʠʧʝʨʚʠʯʥʦʡ

ʟʨʠʪʝʣʴʥʦʡʢʦʨ ʤrʦʟʛʘʇʝʪʠʪʦ-ʏʠʪʪʠ-ʉʘʨʪʠ,ʚ

ʢʦʪʦʨʫʶʚʢʣʶʯʝʥʤʝʭʘʥʠʟʤʜʦʩʪʨʘʠʚʘʥʠʷʢʦʥʪʫʨʦʚʩ

ʫʯʝʪʦʤʠʭʢʨʠʚʠʟʥʳ.

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʦʝʧʨʦʩʪʨʘʥʩʪʚʦʥʝʡʨʦʥʦʚ

ʟʨʠʪʝʣʴʥʦʡʢʦʨʤrʦʜʝʣʠʨʫʝʪʩʷʢʘʢʯʝʪʳʨʝʭʤʝʨʥʦʝ

ʧʨʦʩʪʨʘʥʩʪʚʦʧʦʣʦʞʝʥʠʡ,ʦʨʠʝʥʪʘʮʠʡʠ ʢʨʠʚʠʟʥʳ.

ʇʦʩʪʨʦʝʥʠʝʢʦʥʪʫʨʦʚʦʧʠʩʳʚʘʝʪʩʷʧʦʣʥʦʩʪʴʶ

ʫʧʨʘʚʣʷʝʤʦʡʠʥʪʝʛʨʠʨʫʝʤʦʡʧʦ ʃʠʫʚʠʣʣʶ

ʜʠʥʘʤʠʯʝʩʢʦʡʩʠʩʪʝʤʦʡ(ʩʦʚʤʝʩʪʥʦʩ ʀʥʩʪʠʪʫʪʦʤ

ʧʨʦʛʨʘʤʤʥʳʭʩʠʩʪʝʤʈɸʅ).

ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʧʨʝʨʳʚʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ
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ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʕʕʉ)

ʉʬʦʨʤʫʣʠʨʦʚʘʥʤʝʪʦʜʦʮʝʥʢʠʨʘʩʧʦʣʦʞʝʥʠʷʠ ʩʪʨʫʢʪʫʨʳʢʦʣʝʙʘʥʠʡʠ ʠʭ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡʥʘʛʨʘʬʝʩʝʪʠʕʕʉʥʘʦʩʥʦʚʝʠʟʤʝʨʷʝʤʳʭʜʘʥʥʳʭʚʦʪʜʝʣʴʥʳʭʫʟʣʘʭ

ʩʝʪʠ. ʄʝʪʦʜʤʦʞʝʪʧʨʠʤʝʥʷʪʴʩʷʚʪʝʭʩʣʫʯʘʷʭ,ʢʦʛʜʘʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷʤʦʜʝʣʴʩʠʩʪʝʤʳ

ʥʝʠʟʚʝʩʪʥʘʠʣʠʥʝʜʦʩʪʘʪʦʯʥʦʪʦʯʥʘʠʟ-ʟʘʥʝʣʠʥʝʡʥʳʭʵʬʬʝʢʪʦʚ.

ʇʦʣʫʯʝʥʢrʚʘʜʨʘʪʠʯʥʳʝʘʧʧʨʦʢʩʠʤʘʮʠʠʥʝʣʠʥʝʡʥʳʭʤʦʜʝʣʝʡʕʕʉ ʚ

ʧʨʦʩʪʨʘʥʩʪʚʝʩʦʩʪʦʷʥʠʡʚʘʥʘʣʠʪʠʯʝʩʢʦʤʚʠʜʝ.

ʈʘʟʨʘʙʦʪʘʥʩʝʣʝʢʪʠʚʥʳʡʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʡʤʝʪʦʜʜʣʷʛʣʦʙʘʣʴʥʦʛʦ

ʧʦʜʘʚʣʝʥʠʷʢʦʣʝʙʘʥʠʡʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭʜʠʥʘʤʠʯʝʩʢʠʭʩʠʩʪʝʤʘʭʥʘʦʩʥʦʚʝ

ʩʧʝʢʪʨʘʣʴʥʦʛʦʨʘʟʣʦʞʝʥʠʷʛʨʘʤʠʘʥʘʥʘʙʣʶʜʘʝʤʦʩʪʠʜʣ ʩ̫ʠʩʪʝʤʩr ʟʘʤʢʥʫʪʦʡ

ʦʙʨʘʪʥʦʡʩʚʷʟʴʶ.
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Fig. 1. Time-domain simulation of the Kundur's test system. 
Generator frequency and angle transients obtained using the 
global LQR (top) and global selective LQ control (bottom). 

Figure 1 shows the output response in time-domain due to 
load disturbance with classical LQR (top) and selective LQ-
controller (bottom). Transient simulations in the Kundur 
power system show a stronger effect of selective LQ control 
compared to the classical LQR approach for damping the 
inter-area oscillation. 

4.2. IEEE 39 New England Power System 

Generators G1-G9 of the IEEE 39 test system (Fig. 2) were 
equipped with AVR+PSS with the parameters represented in 
Table 1. Block-diagram of the AVR+PSS control system is 
shown in Figure 3. Generator G10 is the adjacent power 
system dynamic equivalent.  

 

Fig. 2. IEEE 39 New England Power System 

An analysis of the closed-loop modes and participation 
factors reveals the presence of five modes with a frequency 
from 0.1 to 1 Hz (see Table 2). Since one of these four modes 
has a sufficiently high damping coefficient, only the first 

three modes from Table 2 were selected as critical modes for 
selective LQ approach. 

Table 1. IEEE 39 test system AVR and PSS parameters 

Name Parameters 

Automatic 
Voltage 
Regulator (AVR) 

Ka=200; Ta=0.15; Tr=0.01; Tc=1; 
Tb=1; VRmax=0.1; VRmin=-0.1; 
VImax=0.1; VImin=-0.1. 

Power System 
Stabilizer (PSS) 

Kp=Ku=0; K =12; Kext=1; 
T1=0.1; T2=0.01; T3=0.1; 
T4=0.01; Usmin=-0.1; Usmax=0.1. 

 

Fig. 3. Block-diagram of the AVR+PSS for the IEEE 39 Bus 
test system 

Table 2. Eigenmodes with frequencies from 0.1Hz to 1Hz of 
New England power grid  

Mode 
No. 

Eigenvalue pair Damping ratio  Frequency 
[Hz] 

1 -0.3465 Ñ 5.9225i 0.0584 0.9426 

2 -0.3551 Ñ 5.3814i 0.0658 0.8565 

3 -0.4565 Ñ 3.4993i 0.1294 0.5569 

4 -0.9066 Ñ 1.0036i 0.6703 0.1597 

The closed-loop response in the frequencies and angles of 
generators for the fault scenario is shown in Figure 4 (a)-(b) 
in the case of using conventional LQR and selective LQ 
control, respectively. The response obtained using the local 
PSSs only is shown in Figure 5. Comparing these transients it 
can be seen that the response of the system with the proposed 
selective LQ control is significantly better than the response 
of systems with local control only and global LQR control. In 
particular, in case of using the selective LQ controller, the 
maximum deviation of generator rotor angles is 
approximately 3 times less than when using local PSS control 
and 20% less than when using global LQR control. The 
transients of generator frequencies for the system with 
selective LQ control also have smaller amplitudes and better 
damping, compared to the other two types of controls under 
study. It should also be noted that the improvements when 
using selective LQ control are observed simultaneously for 
all generators of the system. 
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ɺʦʟʤʫɦ ʝʥʠʝ ʩʠʩʪʝʤr  ʩ ʦʙʨʘʪʥʦʡ ʩʚ̫ʟɹ  ʁ ʧʦ ʯʘʩʪʦʪʘʤ ʠ ʫʛʣʘʤ ʨʦʪʦʨʦʚ 

ʛʝʥʝʨʘʪʦʨʦʚ ʜʣ̫ ʩʮʝʥʘʨʠ̫ ʢʦʨʦʪʢʦʛʦ ʟʘʤr ʢʘʥʠ̫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.17 (a)-(b) ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣɹʟʦʚʘʥʠ̫ ʦʙrʯʥʦʛʦ LQR ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ LQ ʫʧʨʘʚʣʝʥʠ̫, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʦʟʤʫɦ ʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʠʩʧʦʣɹʟʦʚʘʥʠʠ ʪʦʣɹʢʦ ʣʦʢʘʣɹʥrʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ (PSS), ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6.18. ʉʨʘʚʥʠʚʘ̫ ʧʝʨʝʭʦʜʥrʝ ʧʨʦʮʝʩʩr, 

ʤʦʞʥʦ ʫʚʠʜʝʪɹ, ʯʪʦ ʨʝʘʢʮʠ̫ ʩʠʩʪʝʤr  ʩ ʧʨʝʜʣʦʞʝʥʥrʤ ʩʝʣʝʢʪʠʚʥrʤ LQ-

ʫʧʨʘʚʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣɹʥʦ ʣʫʯh ʝ, ʯʝʤ ʨʝʘʢʮʠ̫ ʩʠʩʪʝʤ ʪʦʣɹʢʦ ʩ ʣʦʢʘʣɹʥrʤ 

ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʛʣʦʙʘʣɹʥrʤ LQR-ʫʧʨʘʚʣʝʥʠʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣɹʟʦʚʘʥʠ̫ ʩʝʣʝʢʪʠʚʥʦʛʦ LQ-ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʢʩʠʤʘʣɹʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʛʣʦʚ 

ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʤʝʥɹ ʝh, ʯʝʤ ʧʨʠ ʠʩʧʦʣɹʟʦʚʘʥʠʠ ʣʦʢʘʣɹʥʦʛʦ 

	

                   a) PSS LQR-ʢʦʥʪʨʦʣʣʝʨ                 b) ʉʝʣʝʢʪʠʚʥrʡ PSS LQ-ʢʦʥʪʨʦʣʣʝʨ  

ʈʠʩʫʥʦʢ 6.17. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥɻʝʨʛʦʩʠʩʪʝʤr  ʅʦʚʦʡ ɸʥʛʣʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʇʝʨʝʭʦʜʥrʝ ʧʨʦʮʝʩʩr ʯʘʩʪʦʪr ʠ ʫʛʣʘ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʣʫʯʝʥʥrʝ ʩ 

ʠʩʧʦʣɹʟʦʚʘʥʠʝʤ ʛʣʦʙʘʣɹʥʦʛʦ LQR (ʩʣʝʚʘ) ʠ ʛʣʦʙʘʣɹʥʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠ̫ 

LQ (ʩʧʨʘʚʘ). 
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ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ (PSS), ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6.18. ʉʨʘʚʥʠʚʘ̫ ʧʝʨʝʭʦʜʥrʝ ʧʨʦʮʝʩʩr, 

ʤʦʞʥʦ ʫʚʠʜʝʪɹ, ʯʪʦ ʨʝʘʢʮʠ̫ ʩʠʩʪʝʤr  ʩ ʧʨʝʜʣʦʞʝʥʥrʤ ʩʝʣʝʢʪʠʚʥrʤ LQ-

ʫʧʨʘʚʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣɹʥʦ ʣʫʯh ʝ, ʯʝʤ ʨʝʘʢʮʠ̫ ʩʠʩʪʝʤ ʪʦʣɹʢʦ ʩ ʣʦʢʘʣɹʥrʤ 

ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʛʣʦʙʘʣɹʥrʤ LQR-ʫʧʨʘʚʣʝʥʠʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣɹʟʦʚʘʥʠ̫ ʩʝʣʝʢʪʠʚʥʦʛʦ LQ-ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʢʩʠʤʘʣɹʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʛʣʦʚ 

ʨʦʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʤʝʥɹ ʝh, ʯʝʤ ʧʨʠ ʠʩʧʦʣɹʟʦʚʘʥʠʠ ʣʦʢʘʣɹʥʦʛʦ 

	

                   a) PSS LQR-ʢʦʥʪʨʦʣʣʝʨ                 b) ʉʝʣʝʢʪʠʚʥrʡ PSS LQ-ʢʦʥʪʨʦʣʣʝʨ  

ʈʠʩʫʥʦʢ 6.17. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥɻʝʨʛʦʩʠʩʪʝʤr  ʅʦʚʦʡ ɸʥʛʣʠʠ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ. ʇʝʨʝʭʦʜʥrʝ ʧʨʦʮʝʩʩr ʯʘʩʪʦʪr ʠ ʫʛʣʘ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʣʫʯʝʥʥrʝ ʩ 

ʠʩʧʦʣɹʟʦʚʘʥʠʝʤ ʛʣʦʙʘʣɹʥʦʛʦ LQR (ʩʣʝʚʘ) ʠ ʛʣʦʙʘʣɹʥʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠ̫ 

LQ (ʩʧʨʘʚʘ). 

ʋʣʫʯʰʝʥʠʝ ʧʦʜʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʝʣʝʢʪʠʚʥʳʤ LQ ʤʝʪʦʜʦʤ (ʚ ʮʝʥʪʨʝ)

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ LQ ʤʝʪʦʜʦʤ (ʩʣʝʚʘ) ʜʣʷ ʕʕʉ (ʩʧʨʘʚʘ)
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ɿʘʚ. ʣʘʙ.

ʢ.ʬ.-ʤ.ʥ. 

ʀʩʢʘʢʦʚɸ.ɹ.

ʄʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ ʩʢʚʘʞʠʥ 

ʥʘ ʧʦʜʟʝʤʥʳʭ ʭʨʘʥʠʣʠʱʘʭ ʛʘʟʘ (ʇʍɻ)

ʈʘʟʨʘʙʦʪʘʥʘʩʠʩʪʝʤʘʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦʚʳʙʦʨʘʩʭʝʤʨʘʟʤʝʱʝʥʠʷʩʢʚʘʞʠʥʥʘ

ʧʦʜʟʝʤʥʦʤʭʨʘʥʠʣʠʱʝʛʘʟʘ,ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤʜʣ ʟ̫ʘʢʘʯʢʠʠʟʙʳʪʦʯʥʦʛʦʛʘʟʘʣʝʪʦʤ,ʠ

ʫʧʨʘʚʣʷʝʤʦʛʦʦʪʙʦʨʘʟʠʤʦʡʚʫʩʣʦʚʠʷʭʜʝʬʠʮʠʪʘ.

ʇʨʝʜʣʦʞʝʥʳʢʨʠʪʝʨʠʠʦʧʪʠʤʘʣʴʥʦʛʦʨʘʟʤʝʱʝʥʠʷʩʢʚʘʞʠʥʥʘʇʍɻ: ʤʘʢʩʠʤʘʣʴʥʦ

ʚʦʟʤʦʞʥʳʝʨʘʩʩʪʦʷʥʠʷʤʝʞʜʫʩʢʚʘʞʠʥʘʤʠ,ʤʝʞʜʫʛʨʘʥʠʮʘʤʠʇʍɻʠʩʢʚʘʞʠʥʘʤʠ,ʘ

ʪʘʢʞʝʧʨʠʙʣʠʞʝʥʠʝʩʢʚʘʞʠʥʢʫʯʘʩʪʢʘʤʩʥʘʠʙʦʣʴʰʝʡʛʘʟʦʥʘʩʳʱʝʥʥʦʡʪʦʣʱʠʥʦʡ.

ʇʦʣʫʯʝʥ ʨrʝʰʝʥʠ ʧ̫ʦʩʪʘʚʣʝʥʥʳʭʟʘʜʘʯʤʝʪʦʜʘʤʠʜʠʩʢʨʝʪʥʦʛʦ

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʅʘʧʨʘʚʦʤʨʠʩʫʥʢʝʧʨʝʜʩʪʘʚʣʝʥʦʦʧʪʠʤʘʣʴʥʦʝʨʘʟʤʝʱʝʥʠʝʧʷʪʠ

ʩʢʚʘʞʠʥʜʣʩ̫ʠʤʤʝʪʨʠʯʥʦʛʦʩʣʫʯʘʷ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ʂʘʨʰʘʢʦʚɽ.ɺ.

ʉʠʥʪʝʟ ʘʥʠʟʦʪʨʦʧʠʡʥʳʭʨʝʛʫʣʷʪʦʨʦʚ ʠ ʦʮʝʥʠʚʘʪʝʣʝʡ

ʈʘʟʨʘʙʦʪʘʥʤʝʪʦʜʥʘʩʪʨʦʡʢʠʦʙʤʝʥʘʠʥʬʦʨʤʘʮʠʝʡʤʝʞʜʫʩʠʩʪʝʤʦʡʜʘʪʯʠʢʦʚʜʣʷ

ʫʣʫʯʰʝʥʠʷʨʝʟʫʣʴʪʘʪʦʚʦʮʝʥʠʚʘʥʠʷʚʝʢʪʦʨʘʩʦʩʪʦʷʥʠʷ.

ʈʝʰʝʥʘʟʘʜʘʯʘʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦʧʨʠʙʣʠʞʝʥʠʷʘʥʠʟʦʪʨʦʧʠʡʥʳʭʦʮʝʥʠʚʘʪʝʣʝʡʚ

ʦʢʨʝʩʪʥʦʩʪʠʥʫʣʝʚʦʡʩʨʝʜʥʝʡʘʥʠʟʦʪʨʦʧʠʠ.

ɺ ʟʘʜʘʯʝʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦʧʨʠʙʣʠʞʝʥʠʷʘʥʠʟʦʪʨʦʧʠʡʥʳʭʦʮʝʥʠʚʘʪʝʣʝʡ

ʧʨʝʜʣʦʞʝʥʘʦʮʝʥʢʘʚʝʨʭʥʝʡʛʨʘʥʠʮʳʩʨʝʜʥʝʡʘʥʠʟʦʪʨʦʧʠʠ,ʚʧʨʝʜʝʣʘʭʢʦʪʦʨʦʡʧʨʠ

ʨʝʰʝʥʠʠʟʘʜʘʯʠʦʮʝʥʠʚʘʥʠʷʜʣ ʩ̫ʠʩʪʝʤʩ ʦʢʨʘʰʝʥʥʳʤʚʥʝʰʥʠʤʚʦʟʤʫʱʝʥʠʝʤ

ʚʦʟʤʦʞʥʦʠʩʧʦʣʴʟʦʚʘʥʠʝʬʠʣʴʪʨʘʂʘʣʤʘʥʘ.

a ðʫʨʦʚʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ

Ůðʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ

F
0
ðʩʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ (ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ)

mðʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ ʚʦʟʤʫʱʝʥʠʡ

Qðʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʚʦʟʤʫʱʝʥʠʡ 

ȹ
F
ðʨʘʩʭʦʞʜʝʥʠʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʠ ʘʥʠʟʦʪʨʦʧʠʡʥʦʛʦʬʠʣʴʪʨʘ
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ʂʘʨʰʘʢʦʚɽ.ɺ.

ʋʯʝʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʤʝʨʝʥʠʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ

ʇʨʝʜʣʦʞʝʥʠʨʝʘʣʠʟʦʚʘʥʵʬʬʝʢʪʠʚʥʳʡʤʝʪʦʜʢʦʤʧʝʥʩʘʮʠʠʜʚʠʞʝʥʠʷʜʘʪʯʠʢʘ.

ʇʦʣʫʯʝʥʳʦʩʥʦʚʥʳʝʩʦʦʪʥʦʰʝʥʠʷ,ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʚʣʠʷʥʠʝʜʚʠʞʝʥʠʷʠʩʪʦʯʥʠʢʘ

ʧʦʣ ʦ̫ʪʥʦʩʠʪʝʣʴʥʦʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡʩʨʝʜʳ. ʇʨʝʜʣʦʞʝʥʤʝʪʦʜʢʦʤʧʝʥʩʘʮʠʠ

ʚʣʠʷʥʠʷʩʢʦʨʦʩʪʠʜʚʠʞʝʥʠʷʠʩʪʦʯʥʠʢʘ.

X Y Z

ʠʟʤʝʨʝʥʥʳʡ ʩʠʛʥʘʣ

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ

ʩʠʛʥʘʣ

ʀʩʢʘʞʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ

ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ

ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ. 

ʀʚʘʥʦʚ ɺ.ʇ.

ʊʝʦʨʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʲʝʢʪʘʤʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ

ɺʦʙʝʩʧʝʯʝʥʠʝʨʘʟʨʘʙʦʪʢʠʩʠʩʪʝʤʳʪʝʨʤʠʥʘʣʴʥʦʛʦʫʧʨʘʚʣʝʥʠʷʨʘʩʭʦʜʦʚʘʥʠʝʤ

ʢʦʤʧʦʥʝʥʪʦʚʪʦʧʣʠʚʘʥʦʚʦʡʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷçʉʦʶʟ-5è ʧʨʦʚʝʜʝʥʳʫʩʧʝʰʥʳʝ

ʠʩʧʳʪʘʥʠʷʙʦʨʪʦʚʳʭʘʣʛʦʨʠʪʤʦʚʫʧʨʘʚʣʝʥʠʷʥʘʤʦʜʝʣʠʨʫʶʱʝʤʢʦʤʧʣʝʢʩʝɸʆçʅʇʆ

ɸʚʪʦʤʘʪʠʢʘè.

ɺʨʘʤʢʘʭʩʦʧʨʦʚʦʞʜʝʥʠʷʨʘʟʨʘʙʦʪʦʢʀʥʩʪʠʪʫʪʘʚʦʙʣʘʩʪʠʈʂʊʧʨʦʚʝʜʝʥʘʥʘʣʠʟ

ʨʝʟʫʣʴʪʘʪʦʚʧʨʝʜʧʦʣʝʪʥʦʛʦʤʦʜʝʣʠʨʦʚʘʥʠʷʩʝʨʠʠʈʅçʉʦʶʟ-2, ʟʘʧʫʩʢʦʚʥʦʚʦʡʨʘʢʝʪʳ-

ʥʦʩʠʪʝʣʷʣʝʛʢʦʛʦʢʣʘʩʩʘçɸʥʛʘʨʘ-1.2è,ʟʘʧʫʩʢʘʙʘʣʣʠʩʪʠʯʝʩʢʦʡʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ

çʉʘʨʤʘʪè.

29 ʘʧʨʝʣʷʠ15 ʦʢʪʷʙʨʷʩɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦʠʩʧʳʪʘʪʝʣʴʥʦʛʦʢʦʩʤʦʜʨʦʤʘʇʣʝʩʝʮʢ

ʧʨʦʚʝʜʝʥʳʫʩʧʝʰʥʳʝʟʘʧʫʩʢʠʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷʣʝʛʢʦʛʦʢʣʘʩʩʘçɸʥʛʘʨʘï 1.2è ʩ

ʢʦʩʤʠʯʝʩʢʠʤʘʧʧʘʨʘʪʦʤʚʠʥʪʝʨʝʩʘʭʄʠʥʦʙʦʨʦʥʳʈʦʩʩʠʠ.

20 ʘʧʨʝʣʩ̫ʢʦʩʤʦʜʨʦʤʘʧʨʦʚʝʜʝʥʧʝʨʚʳʡʫʩʧʝʰʥʳʡʟʘʧʫʩʢʙʘʣʣʠʩʪʠʯʝʩʢʦʡ

ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷçʉʘʨʤʘʪèʚʠʥʪʝʨʝʩʘʭʄʠʥʦʙʦʨʦʥʳʈʦʩʩʠʠ.
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ɿʘʚ. ʣʘʙ.

ʯʣ.-ʢʦʨʨ. ʈɸʅ

ɻʘʣʷʝʚɸ.ɸ.

ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʦʥʬʣʠʢʪʥʦʡ ʩʨʝʜʝ

ʈʘʟʨʘʙʦʪʘʥʳʤʝʪʦʜʠr ʘʣʛʦʨʠʪʤʳʧʦʩʪʨʦʝʥʠʷʦʧʪʠʤʘʣʴʥʳʭʪʨʘʝʢʪʦʨʠʡʠ

ʥʘʭʦʞʜʝʥʠʷʩʢʦʨʦʩʪʥʳʭʨʝʞʠʤʦʚʜʚʠʞʝʥʠʷʦʙʲʝʢʪʘʩʥʝʦʜʥʦʨʦʜʥʦʡʠʥʜʠʢʘʪʨʠʩʦʡ

ʠʟʣʫʯʝʥʠʷʧʨʠʫʢʣʦʥʝʥʠʠʦʪʩʪʘʮʠʦʥʘʨʥʦʡʧʦʠʩʢʦʚʦʡʩʠʩʪʝʤʧrʨʠʚʳʨʦʞʜʝʥʠʠ

ʫʩʣʦʚʠʡʦʧʪʠʤʘʣʴʥʦʩʪʠ.

ʇʦʣʫʯʝʥʳʘʥʘʣʠʪʠʯʝʩʢʠʝʚʳʨʘʞʝʥʠʷ,ʧʦʟʚʦʣʷʶʱʠʝʦʧʨʝʜʝʣʠʪʴʥʘʠʤʝʥʴʰʝʝʚʨʝʤʷ

ʧʝʨʝʭʚʘʪʘ. ʇʨʝʜʣʦʞʝʥʘʣʛʦʨʠʪʤʩʠʥʪʝʟʘʦʧʪʠʤʘʣʴʥʦʛʦʫʧʨʘʚʣʝʥʠʷʜʣʷʟʘʜʘʯʠ

ʥʘʠʩʢʦʨʝʡʰʝʛʦʙʦʢʦʚʦʛʦʧʝʨʝʭʚʘʪʘʤʘʰʠʥʦʡɼʫʙʠʥʩʘʧʨʝʜʧʠʩʘʥʦʜʚʠʞʫʱʝʡʩʷʮʝʣʠ.

ʊʝʦʨʝʪʠʯʝʩʢʠʦʙʦʩʥʦʚʘʥʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʳʡʤʝʪʦʜʦʙʨʘʙʦʪʢʠʩʠʛʥʘʣʦʚ

ʮʠʬʨʦʚʳʤʠʘʥʪʝʥʥʳʤʠʨʝʰʝʪʢʘʤʠ,ʧʦʟʚʦʣʷʶʱʠʡʧʦʣʫʯʘʪʴʠʟʦʙʨʘʞʝʥʠʷʦʙʲʝʢʪʦʚʩ

ʫʛʣʦʚʳʤʩʚʝʨʭʨʘʟʨʝʰʝʥʠʝʤ, ʧʨʝʚʳʰʘʶʱʠʤʟʥʘʯʝʥʠʝʢʦʵʬʬʠʮʠʝʥʪʘʈʵʣʝʚ̫ʧʷʪʨɹʘʟ.
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ɿʘʚ. ʣʘʙ.

ʯʣ.-ʢʦʨʨ. ʈɸʅ

ɻʘʣʷʝʚ ɸ.ɸ.

ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʦʥʬʣʠʢʪʥʦʡ ʩʨʝʜʝ

ʈʘʟʨʘʙʦʪʘʥʘʣʛʦʨʠʪʤʦʙʥʘʨʫʞʝʥʠʷʤʦʨʩʢʠʭʩʫʜʦʚ,ʢʦʪʦʨʳʡʧʦʟʚʦʣʷʝʪ

ʩʫʱʝʩʪʚʝʥʥʦʫʚʝʣʠʯʠʪʴʚʝʨʦʷʪʥʦʩʪʴʠʭʦʙʥʘʨʫʞʝʥʠʷʧʦʜʠʩʢʨʝʪʘʤʟʚʫʢʦʨʷʜʘʚ

ʩʧʝʢʪʨʝʰʫʤʦʠʟʣʫʯʝʥʠʷ,ʚʳʜʝʣʝʥʥʦʛʦʠʟʥʘʙʣʶʜʝʥʠʡʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤʬʠʣʴʪʨʘʥʘ

ʦʩʥʦʚʝʫʩʝʯʝʥʥʳʭʧʦʨʷʜʢʦʚʳʭʩʪʘʪʠʩʪʠʢ,ʧʦʩʨʘʚʥʝʥʠʶʩçʢʣʘʩʩʠʯʝʩʢʠʤèʘʣʛʦʨʠʪʤʦʤ

ʧʨʦʚʝʨʢʠʜʚʫʭʛʠʧʦʪʝʟ.

ʇʨʝʜʣʦʞʝʥʩʧʦʩʦʙʥʝʨʘʟʨʫʰʘʶʱʝʡʜʠʘʛʥʦʩʪʠʢʠʨʦʪʦʨʥʦʛʦʦʙʦʨʫʜʦʚʘʥʠʷ,

ʦʩʥʦʚʘʥʥʳʡʥʘʘʥʘʣʠʟʝʤʠʢʨʦʚʘʨʠʘʮʠʡʚʨʘʱʝʥʠʷʚʘʣʘ,ʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤʜʘʪʯʠʢʘ

ʯʘʩʪʦʪʳʚʨʘʱʝʥʠʷ. ʇʨʠʚʝʜʝʥʳʨʝʟʫʣʴʪʘʪʳʧʨʠʤʝʥʝʥʠʷʩʧʦʩʦʙʘʥʘʧʨʠʤʝʨʘʭʟʘʜʘʯ

ʜʠʘʛʥʦʩʪʠʢʠʭʚʦʩʪʦʚʦʛʦʨʝʜʫʢʪʦʨʘʚʝʨʪʦʣʝʪʘʠʨʦʣʠʢʦʚʳʭʧʦʜʰʠʧʥʠʢʦʚ.
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ɿʘʚ. ʣʘʙ.

ʜ.ʪ.ʥ.

ʊʦʣʦʢ ɸ.ɺ.

ʇʨʝʜʣʦʞʝʥʘʣʛʦʨʠʪʤʨʘʩʪʝʨʠʟʘʮʠʠʥʝʨʝʛʫʣʷʨʥʦʡʬʦʨʤ ʢrʦʥʪʝʡʥʝʨʘʜʣ ʝ̫ʛʦ

ʧʦʩʣʝʜʫʶʱʝʛʦʠʩʧʦʣʴʟʦʚʘʥʠʷʚʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭʟʘʜʘʯʘʭʢʦʤʧʦʥʦʚʢʠ.

ʈʘʟʨʘʙʦʪʘʥʢʦʤʧʠʣʷʪʦʨʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦʷʟʳʢʘ(ʆʆʗ),ʧʦʟʚʦʣʷʶʱʠʡ

ʩʪʨʦʠʪʴʩʣʦʞʥʳʝʬʦʨʤʫʣʠʨʦʚʢʠʘʥʘʣʠʪʠʯʝʩʢʠʟʘʜʘʥʥʦʛʦʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦʦʙʲʝʢʪʘʜʣʷ

ʧʦʣʫʯʝʥʠʷʝʛʦʢʦʤʧʴʶʪʝʨʥʦʡʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʚʦʢʩʝʣʴʥʦʡʤʦʜʝʣʠ.

ʈʝʘʣʠʟʦʚʘʥʧʨʠʥʮʠʧʚʠʟʫʘʣʴʥʦʛʦʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷʢʦʤʧʠʣʷʪʦʨʥʳʭʧʨʦʮʝʜʫʨ

ʆʆʗʜʣ ʧ̫ʦʚʳʰʝʥʠʷʫʨʦʚʥʥ̫ʘʛʣʷʜʥʦʩʪʠʠ ʩʥʠʞʝʥʠʷʤʘʪʝʤʘʪʠʯʝʩʢʦʡʩʣʦʞʥʦʩʪʠ

ʦʧʠʩʘʥʠʷʘʥʘʣʠʪʠʯʝʩʢʦʡʛʝʦʤʝʪʨʠʠʧʨʠʧʦʩʪʨʦʝʥʠʠʛʝʦʤʝʪʨʠʯʝʩʢʠʭʦʙʲʝʢʪʦʚ

ʩʣʦʞʥʳʭʪʝʭʥʠʯʝʩʢʠʭʩʠʩʪʝʤ.

ʄʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ


