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ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪ,ɹ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ. ʆʧʠʩʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ 

ʜʚʫʤʝʨʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʄʘʛʠʯʝʩʢʠʭ 

ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ ʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʥʪʝʥʥʳʭ ʩʫʙʨʝʰʝʪʦʢ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ 

ɻʋʈʊ. 

 

The materials concern the possibility, rationality and urgency of using low-frequency radio telescopes 

for remote sensing of the atmosphere. A new approach to the synthesis of non-equidistant two-

dimensional antenna arrays using transformation matrices and Magic squares for decameter radio 

telescopes is described, and a comparative analysis is performed with the characteristics of the 

antenna subarrays of the developed decameter radio telescopes URAN. 

 

ɺʚʝʜʝʥʠʝ 

ɼʝʢʘʤʝʪʨʦʚʳʡ ʜʠʘʧʘʟʦʥ ʚʦʣʥ (ʯʘʩʪʦʪʳ 3-30ʄɻʮ), ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʜʣʷ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ.  

ʉʘʤʳʤʠ ʢʨʫʧʥʳʤʠ ʚ ʤʠʨʝ ʷʚʣʷʶʪʩʷ ʫʢʨʘʠʥʩʢʠʝ ʜʝʢʘʤʝʪʨʦʚʳʝ ʨʘʜʠʦʪʝʣʝʩʢʦʧʳ 

ʋʊʈ-2, ʋʈɸʅ, ɻʋʈʊ [1]. ʅʦ ʚ ʜʝʢʘʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʤʝʰʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʶʱʠʭ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʜʠʦʧʦʤʝʭʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ; ʩʨʝʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʠʩʢʘʞʘʶʱʘʷ ʩʠʛʥʘʣʳ; ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʬʦʥʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ [1]. ʆʜʥʘʢʦ, ʩ 

ʜʨʫʛʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʢ 

ʤʦʥʠʪʦʨʠʥʛʫ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʙʦʣʴʰʝ ʥʝ ʙʫʜʫʪ ʧʦʤʝʭʘʤʠ, 

ʘ ʩʪʘʥʫʪ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ɺ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʩʫʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʳʯʥʦʡ ʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʘʥʪʝʥʥ ʦʛʨʘʥʠʯʝʥʦ ʥʝʣʴʟʷ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ 

ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, ʢʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʘʥʪʝʥʥ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʘ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʫʛʣʫ (ʰʠʨʠʥʘ ʜʠʘʛʨʘʤʤʳ ʦʩʥʦʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʘʥʪʝʥʥʳ) ʥʘʤʥʦʛʦ ʫʞʝ, 

ʯʝʤ ʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ. 

 

1. ɺʦʟʤʦʞʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʢʘʤʝʪʨʦʚʳʭ 

ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ 

ʋʯʘʩʪʢʠ ʜʠʘʧʘʟʦʥʦʚ ʛʝʢʪʦʤʝʪʨʦʚʳʭ ʠ ʜʝʢʘʤʝʪʨʦʚʳʭ ʚʦʣʥ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳ ʦʙʳʯʥʦ 

ʜʣʷ ʨʘʜʠʦʚʝʱʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʞʙ ʨʘʜʠʦʩʚʷʟʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3ʄɻʮ ʜʦ 30ʄɻʮ. ɺʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ (ʠʦʥʦʩʬʝʨʘ) ʩʦʜʝʨʞʘʪ ʛʘʟ ʚ 
ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʦʣʥʳ ʩ ʯʘʩʪʦʪʘʤʠ ʥʠʞʝ 30 ʄɻʮ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ 
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ʧʨʝʣʦʤʣʝʥʠʝ ʚ ʠʦʥʦʩʬʝʨʝ. ʊʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʚʦʣʥ ʠʩʢʨʠʚʣʷʶʪʩʷ 

ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʦʥʠ (ʚʦʣʥʳ) ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘ ɿʝʤʣʶ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʶ ʟʘʛʦʨʠʟʦʥʪʥʳʭ ʈʃʉ ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʟʦʥʜʠʨʫʶʱʠʭ ʠʦʥʦʩʬʝʨʫ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʦʥʦʩʬʝʨʳ ʚ ʠʥʪʝʨʝʩʘʭ ʧʦʚʳh ʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʝʡ ʨʘʜʠʦʩʚʷʟʠ ʥʘ ʢʦʨʦʪʢʠʭ 

ʚʦʣʥʘʭ (ʂɺ). ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʜʘʥʥʳʝ ʦʙ ʠʦʥʦʩʬʝʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʟʘʛʦʨʠʟʦʥʪʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʉ ʠʭ ʧʦʤʦʱʴʶ 

ʚʳʷʚʣʷʣʠʩʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʨʦʪʢʦʚʦʣʥʦʚr ʭ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʂɺ ʈʃʉ). ʀʦʥʦʩʬʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʝʩʧʝʯʠʚʘʣʠ 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʟʘʛʦʨʠʟʦʥʪʥʳʭ ʈʃʉ. 

ʉʙʦʨ ʧʦʜʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʠʨʦʢʦʡ ʩʝʪʠ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ. ʉʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʩʪʘʥʮʠʡ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɺɿ), ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʅɿ) ʠ ʚʦʟʚʨʘʪʥʦ-

ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ (ɺʅɿ). ɼʝʢʘʤʝʪʨʦʚʳʝ ʨʘʜʠʦʪʝʣʝʩʢʦʧ r ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ ʢʘʢ ʧʨʠʝʤʥʳʝ 

ʩʠʩʪʝʤʳ ʙʠʩʪʘʪʠʯʝʩʠʭ ʟʘʛʦʨʠʟʦʥʪʥʳʭ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ. ʂʦʥʢʨʝʪʥʳʡ ʤʝʪʦʜ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʨʘʩʩʤʦʪʨʝʥ ʥʠʞʝ. 

 

2. ʅʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʜʚʫʤʝʨʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʄʘʛʠʯʝʩʢʠʭ ʢʚʘʜʨʘʪʦʚ  

ɺ ʨʘʙʦʪʘʭ [2-4] ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʤʘʛʠʯʝʩʢʠʝ ʢʚʘʜʨʘʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʚʫʤʝʨʥʳʭ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʨʝʰʝʪʦʢ. ʇʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪ ɹ ʵʣʝʤʝʥʪʳ 

ʄʘʛʠʯʝʩʢʠʭ ʢʚʘʜʨʘʪʦʚ Slj ʢʘʢ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʘʥʪʝʥʥʦʡ 

ʨʝʰʝʪʢʠ (ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʥʘʧʨʠʤʝʨ, ʯʪʦ ʜʣʷ ʵʣʝʤʝʥʪʘ (l, j) 

ʢʚʘʜʨʘʪʘ ʟʥʘʯʝʥʠʝ Slj  ʙʫʜʝʪ ʟʘʜʘʥʦ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʧʦʟʠʮʠʠ ʵʣʝʤʝʥʪʘ (l, j)  ʚʜʦʣʴ 

ʦʩʝʡ ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ ʦʪ ʩʤʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ. ʊʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ 

ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʥʪʝʥʥʫʶ ʨʝʰʝʪʢʫ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʪʝʨʤʠʥʘʭ ʟʥʘʯʝʥʠʡ 

ʵʣʝʤʝʥʪʘ ʢʚʘʜʨʘʪʘ Slj  ʚ l ʩʪʨʦʢʝ ʠ j ʩʪʦʣʙʮʝ: 

                  Ø В Ὓ ὼ Ὓʠ Ù В Ὓ ώ Ὓ ,      (1) 

ʛʜʝ xlj - ʘʙʩʮʠʩʩʘ, 

 ylj- ʦʨʜʠʥʘʪʘ. 

ɽʩʣʠ ʚʳʰʝʫʢʘʟʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʨʘʟʠʪʴ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ, ʪʦ: 

           8 3Ͻ5

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ 1,1 1,2 1,3 1, 1 1,

2,1 2,2 2,3 2, 1 2,

3,1 3,2 3,3 3, 1 3,

1,1 1,2 1,3 1, 1 1,

,1 ,2 ,3 , 1 ,

n n

n n

n n

n n n n n n n

n n n n n n n

S S S S S

S S S S S

S S S S S

S S S S S

S S S S S

-

-

-

- - - - - -

-

L

L

L

M M M O M M

L

L Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

Ͻ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ1 1 1 1 1

0 1 1 1 1

0 0 1 1 1

0 0 0 1 1

0 0 0 0 1

L

L

L

M M M O M M

L

L Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

, 

     (2) 
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      9 ,Ͻ3 5 ϽὛ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ1 0 0 0 0

1 1 0 0 0

1 1 1 0 0

1 1 1 1 0

1 1 1 1 1

L

L

L

M M M O M M

L

L Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

Ͻ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ 1,1 1,2 1,3 1, 1 1,

2,1 2,2 2,3 2, 1 2,

3,1 3,2 3,3 3, 1 3,

1,1 1,2 1,3 1, 1 1,

,1 ,2 ,3 , 1 ,

n n

n n

n n

n n n n n n n

n n n n n n n

S S S S S

S S S S S

S S S S S

S S S S S

S S S S S

-

-

-

- - - - - -

-

L

L

L

M M M O M M

L

L Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

,

     (3) 

ʛʜʝ X, Y, S - n ʥʘ n ʢʚʘʜʨʘʪʥʳʝ ʤʘʪʨʠʮʳ, 

U (L) - n ʥʘ n ʚʝʨʭʥʷ ̫(ʥʠʞʥʷ)̫ ʪʨʝʫʛʦʣʴʥʳʝ ʤʘʪʨʠʮ rʠ ʠʛʨʘʪʁ ʨʦʣʴ ʤʘʪʨʠʮʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʕʪʦ ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥ r ʵʪʠʭ ʤʘʪʨʠʮ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 

ʜʨʫʛʠʝ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ̔ 

1) ʀʩʧʦʣʴʟʫʝʤ ʩʦʢʨʘʱʝʥʥʳʝ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʪʨʝʫʛʦʣʴʥʳʝ ʤʘʪʨʠʮʳ ʝʜʠʥʠʮ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ - ʯʠʩʝʣ 

ʌʠʙʦʥʘʯʯʠ): 

      8ρ 3Ͻ5

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ 1,1 1,2 1,3 1, 1 1,

2,1 2,2 2,3 2, 1 2,

3,1 3,2 3,3 3, 1 3,

1,1 1,2 1,3 1, 1 1,

,1 ,2 ,3 , 1 ,

n n

n n

n n

n n n n n n n

n n n n n n n

S S S S S

S S S S S
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-
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-
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L

L Ứ
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ủ
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Ủ

Ͻ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ1 1 0 0 0

0 1 1 0 0

0 0 1 0 0

0 0 0 1 1

0 0 0 0 1

L

L

L
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L

L Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

,     (4) 

    9ρ , ϽὛ Ὗ ϽὛ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ1 0 0 0 0

1 1 0 0 0

0 1 1 0 0

0 0 0 1 0

0 0 0 1 1
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L
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M M M O M M

L

L Ứ
ủ
ủ
ủ
ủ
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Ủ

Ͻ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ 1,1 1,2 1,3 1, 1 1,

2,1 2,2 2,3 2, 1 2,

3,1 3,2 3,3 3, 1 3,

1,1 1,2 1,3 1, 1 1,

,1 ,2 ,3 , 1 ,

n n

n n

n n

n n n n n n n

n n n n n n n

S S S S S

S S S S S
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-
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ủ
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Ủ

; 

     (5) 

2) ʀʩʧʦʣʴʟʫʷ ʩʞʘʪʫʶ ʚʝʨʭʥʶʶ/ʥʠʞʥʶʶ ʪʨʝʫʛʦʣʴʥʫʶ ʤʘʪʨʠʮʫ ʝʜʠʥʠʮʳ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʝʤ: 

     8ς 3Ͻ5

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ 1,1 1,2 1,3 1, 1 1,

2,1 2,2 2,3 2, 1 2,

3,1 3,2 3,3 3, 1 3,

1,1 1,2 1,3 1, 1 1,

,1 ,2 ,3 , 1 ,

n n

n n

n n

n n n n n n n

n n n n n n n
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-
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Ͻ
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0 0 0 1 0
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,     (6) 
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9ς ,ϽὛ Ὗ ϽὛ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ1 0 0 0 0

1 1 0 0 0

1 0 1 0 0

1 0 0 1 0

1 0 0 0 1
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L
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Ͻ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ 1,1 1,2 1,3 1, 1 1,

2,1 2,2 2,3 2, 1 2,

3,1 3,2 3,3 3, 1 3,

1,1 1,2 1,3 1, 1 1,

,1 ,2 ,3 , 1 ,

n n

n n

n n

n n n n n n n

n n n n n n n
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;   (7) 

3) ʆʙʲʝʜʠʥʷʷ ʤʝʪʦʜʳ 1 ʠ 2, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ ʤʘʪʨʠʮʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

 5 Ὗ ϽὟ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ1 1 1 1 1

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0

0 0 0 0 1
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L
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ủ
ủ
ủ
ủ
ủ
Ủ

, (8) 

              ὒ ὒ Ͻὒ Ὗ ϽὟ Ὗ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ1 0 0 0 0

2 1 0 0 0

2 1 1 0 0

2 0 0 1 0

2 0 0 1 1
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L

L Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

,      (9) 

  8σ 3Ͻ5

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ 1,1 1,2 1,3 1, 1 1,

2,1 2,2 2,3 2, 1 2,

3,1 3,2 3,3 3, 1 3,

1,1 1,2 1,3 1, 1 1,

,1 ,2 ,3 , 1 ,

n n

n n

n n

n n n n n n n

n n n n n n n
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ụ
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0 0 0 1 1
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L
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ủ
ủ
ủ
ủ
ủ
Ủ

,   (10) 

    9σ , ϽὛ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ1 0 0 0 0

2 1 0 0 0

2 1 1 0 0

2 0 0 1 0

2 0 0 1 1

L

L

L

M M M O M M

L

L Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

Ͻ

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ 1,1 1,2 1,3 1, 1 1,

2,1 2,2 2,3 2, 1 2,

3,1 3,2 3,3 3, 1 3,

1,1 1,2 1,3 1, 1 1,

,1 ,2 ,3 , 1 ,

n n

n n

n n

n n n n n n n

n n n n n n n
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;   (11) 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʯʝʪʳʨʝ ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʧʘʨʫ ʤʘʪʨʠʮ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʣʷ ʧʦʨʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ S. ʀʟ 

ʧʦʨʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ S ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʤʘʪʨʠʮʳ X ʠ Y 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʤʥʦʞʝʥʠʷ (ʠʣʠ ʫʤʥʦʞʝʥʠʷ 

ʩʣʝʚʘ) ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʫʪʝʤ ʧʦʩʪ-ʫʤʥʦʞʝʥʠʷ (ʠʣʠ ʫʤʥʦʞʝʥʠʷ) ʥʘ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʚʜʦʣʴ ʘʙʩʮʠʩʩʳ ʠ ʢʦʦʨʜʠʥʘʪʳ ʚʜʦʣʴ ʦʨʜʠʥʘʪʳ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʧʦʣʫʯʝʥʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ.  

ʈʝʟʫʣʴʪʠʨʫʶʱʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ ὤ ὢ Ὥὣ (ʤʘʪʨʠʯʥʘʷ ʬʦʨʤʘ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: ὤ ὢ ὭὣὛϽὟ ὭὟ ϽὛ) ʷʚʣʷʶʪʩʷ ɻʘʫʩʩʦʚʩʢʠʤʠ 
ʯʠʩʣʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʦʦʨʜʠʥʘʪʳ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ. ʂʦʦʨʜʠʥʘʪʳ 

ʵʣʝʤʝʥʪʘ Zlj ʩʤʝʱʝʥʳ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ ʥʘ ʚʝʣʠʯʠʥʫ 
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Slj. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮʘᴁὤᴁ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ᴁὛᴁ, 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʃʘʪʠʥʩʢʦʛʦ ʢʚʘʜʨʘʪʘ, ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʦʨʜʠʥʘʪʳ ʵʣʝʤʝʥʪʦʚ ʜʚʫʤʝʨʥʦʡ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ xm, yp, ʧʦʢʨʳʪʳʝ ʚʜʦʣʴ ʦʩʝʡ x, y, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʘʟʥʦʩʪʴʶ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʪʢʠ 

                                          ὼ ὼ ὼ  ʠ ώ ώ ώ       (12) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʚʘʜʨʘʪʳ X ʠ Y ʢʘʢ ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʜʦʣʴ ʦʩʝʡ x ʠ y ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʠʢʩʝʣʝʡ. ʂʚʘʜʨʘʪʳ X ʠ Y ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ {(1,1,x 1,1), (1,2,x 1,2), (1,3, x 1,3), é, (n, 

n, x n, n)},{(1,1,y 1,1), (1,2,y 1,2), (1,3, y 1,3), é, (n, n, y n, n)} , ʛʜʝ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʵʣʝʤʝʥʪʳ - ʵʪʦ 

ʧʦʟʠʮʠʷ ʵʣʝʤʝʥʪʘ ʚ ʤʘʪʨʠʮʝ, ʘ ʪʨʝʪʠʡ - ʵʪʦ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ). ʕʪʦ ʜʘʝʪ ʜʚʘ ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʷ Gx ʠ Gy. ʄʦʞʥʦ ʧʨʠʤʝʥʠʪʴ 

ʤʝʪʦʜ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʭ ʛʠʩʪʦʛʨʘʤʤ Hx ʠ Hy. 

ʆʙʲʝʜʠʥʠʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥ, ʤʳ 

ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ Px ʚʜʦʣʴ ʦʩʠ x ʠ Py 

ʚʜʦʣʴ ʦʩʠ y : 

ὖὼὈὼ

ừ
Ử
Ừ

Ử
ứ Ὄὼὼ ϽὌὼὈὼ ὼ ȟὈὼɴ ρȟὔ

ρ

ς
Ὄὼὼ ϽὌὼὼ ρȟὈὼ π

    

ʠ 

                ὖώὈώ
В Ὄώώ ϽὌώὈώ ώ ȟὈώɴ ρȟὔ

В ὌώώϽὌώώ ρȟὈώ π
    (13) 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʤʳ ʩʪʨʝʤʠʤʩʷ ʩʦʟʜʘʚʘʪʴ ʨʝʰʝʪʢʠ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʧʦʣʥʦʤ ʧʦʢʨʳʪʠʠ ʪʨʝʙʫʝʤʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʙʣʘʜʘʶʪ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ ʠ ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʨʦʚʥʷ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ. ʆʜʥʘ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ - ʥʘʡʪʠ ʠʟʙʳʪʦʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩ ʟʘʜʘʥʥʳʤ 

ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʦʣʥʦʝ ʧʦʢʨʳʪʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʧʣʦʩʢʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (u, v-ʧʣʦʩʢʦʩʪʴ). ɼʣʷ 

ʠʟʙʳʪʦʯʥʳʭ ʨʝʰʝʪʦʢ ʧʦʣʥʦʝ ʧʦʢʨʳʪʠʝ ʯʘʩʪʦʪ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʥʪʝʥʥʳ ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ [1, 5].  

 

3. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʜʣʷ ʜʝʢʘʤʝʪʨʦʚʳʭ 

ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʦʚʳʤ ʤʝʪʦʜʦʤ, ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʪʝʥʥʳʤʠ 

ʨʝʰʝʪʢʘʤʠ ɻʋʈʊ 

ʈʘʜʠʦʪʝʣʝʩʢʦʧ ɻʋʈʊ ʩʦʩʪʦʠʪ ʠʟ 25-ʵʣʝʤʝʥʪʥʳʭ ʘʢʪʠʚʥʳʭ ʩʫʙʨʝʰʝʪʦʢ ʩ 

ʘʥʘʣʦʛʦʚʳʤ ʚʨʝʤʝʥʥʳʤ ʬʘʟʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʩʫʙʨʝʰʝʪʦʢ ʠ ʮʠʬʨʦʚʳʤ ʤʝʞʜʫ ʥʠʤʠ 

[1, 5]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʛʠʯʝʩʢʠʡ ʢʚʘʜʨʘʪ ʤʘʪʨʠʮʫ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʨʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩ 25 ʵʣʝʤʝʥʪʘʤʠ. 

ʀʤʝʥʥʦ, 

                                     Ὓ Ὓ ὓ

ụ
Ụ
Ụ
Ụ
ợ
ρχςτρ
ςσ υ χ

ψ ρυ
ρτρφ

τ φ ρσ
ρπρςρω
ρρρψςυ

ςπςς
ςρ σ
ς ωỨ

ủ
ủ
ủ
Ủ

        (14) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ (ʬʦʨʤʫʣ r1-2) ʠ ʤʝʪʦʜ 1 (ʬʦʨʤʫʣ r3-4), ʤʝʪʦʜ 

2 (ʬʦʨʤʫʣ r 5-6) ʠ ʤʝʪʦʜ 3 (ʬʦʨʤʫʣ r 7-10) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 



578 

 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ (XM, YM), (XM1, YM1), (XM2, YM2), 

(XM3, YM3). ʇʦʣʫʯʘʝʤʳʝ ʧʨʠ ʵʪʦʤ ɸʈ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1.  

ʉʜʝʣʘʝʤ ʟʘʤʝʯʘʥʠʷ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ: 

- ʬɻʬʝʢʪʠʚʥʘʷ ʰʠʨʠʥʘ ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ (æw0.707) ʥʘ ʫʨʦʚʥʝ ʧʦʣʦʚʠʥʥʦʡ 

ʤʦʱʥʦʩʪʠ; 

- ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ (m): 

- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ: 

                                                              ɻ ,        (15) 

ʛʜʝ N0 - ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʪʢʠ,  

v - ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʵʢʚʠʜʠʩʪʘʥʪʥʦʛʦ ʨʝʰʝʪʢʠ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʧʦʣʦʞʝʥʳ,  

ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʦʯʥʦʩʪʠ: 

                                                               ɼ
Ѝ

,        (16) 

ʀʟ ʘʥʘʣʠʟʘ ʪʘʙʣʠʮʳ 1, ʚʠʜʥʦ, ʯʪʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʛʠʯʝʩʢʦʛʦ ʢʚʘʜʨʘʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʨʦʞʜʘʶʱʝʛʦ ʤʘʪʨʠʮʳ S, ɸʈ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 3, 

ʠʤʝʁʪ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀʭ ʵʬʬʝʢʪʠʚʥʘʷ ʰʠʨʠʥʘ ʛʣʘʚʥʦʛʦ 

ʣʝʧʝʩʪʢʘ ɼʅ ʥʘ ʫʨʦʚʥʝ ʧʦʣʦʚʠʥʳ ʤʦʱʥʦʩʪʠ ʙʦʣʝʝ ʫʟʢʘʷ, ʤʝʥʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʠʟʙʳʪʦʯʥʦʩʪʠ (ʟʘʧʦʣʥʝʥʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʫ ʥʠʭ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʈ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ. ʍʦʪʷ, ʝʛʦ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʫʭʫʜʰʠʣʠʩʴ ʠ ʩʪʘʣ ʚʳʰʝ ʠʭ 

ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʭʦʪʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1 ʠ 2 ʤʝʪʦʜʦʚ ʜʘʝʪ ʥʝ 

ʦʯʝʥʴ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʦʙʲʝʜʠʥʠʚ ʠʭ ʠ ʩʦʟʜʘʚ ʤʝʪʦʜ 3, ʤʦʞʥʦ ʣʫʯʰʝ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʄʘʛʠʯʝʩʢʦʛʦ ʢʚʘʜʨʘʪʘ ʢʘʢ ʧʦʨʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ S, ʯʝʤ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʝʪʦʜʫ. ʄʦʞʥʦ ʥʘʡʪʠ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʨʝʰʝʪʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʄʘʛʠʯʝʩʢʦʛʦ ʢʚʘʜʨʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ S ʤʝʪʦʜʘʤʠ 1, 2 ʠ 3, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʥʝ ʢʚʘʜʨʘʪʥʳʤʠ, ʘ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʢʨʳʚʘʝʤʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɸʈ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʘʛʠʯʝʩʢʦʛʦ ʢʚʘʜʨʘʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʨʦʞʜʘʶʱʝʡ ʤʘʪʨʠʮʳ S ʤʝʪʦʜʘʤʠ 1, 2, 3 ʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʝ ʦʜʠʥʘʢʦʚʳ 

ʜʣʷ ʘʙʩʮʠʩʩ ʠ ʦʨʜʠʥʘʪ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʤ ʣʫʯʰʠʝ ʜʚʝ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ, ʢʦʪʦʨʳʝ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ 

(XM, YM) ʠ (XM3, YM3) ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʵʢʚʠʜʠʩʪʘʥʪʥʳʤʠ 

ʩʫʙʨʝʰʝʪʢʘʤʠ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ɻʋʈʊ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ [5] ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʥʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʫʙʨʝʰʝʪʢʝ ɻʋʈʊ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʜʦʣʴ ʦʙʝʠʭ ʦʩʝʡ x ʠ y ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ dx = dy = 

3.75 ʤ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ɚ/2 ʥʘ ʯʘʩʪʦʪʝ 40 ʄɻʮ. ʀʟ [1] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 

ʩʫʙʨʝʰʦʪʦʢ ɻʋʈʊ ʩʦʩʪʘʚʣʷʝʪ 8õ32 ʄɻʮ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʥʘʰʘ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ 
ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʧʨʠʝʤʘ ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʧʨʠʭʦʜʷʱʝʡ ʠʟ ʟʝʥʠʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɼʅ ʨʘʩʩʯʠʪʘʥʥʳ ʥʘ ʪʨʝʭ ʯʘʩʪʦʪʘʭ ï 15, 20, 25 

ʄɻʮ ʜʣʷ ʯʝʪʳʨʝʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ Ɋ=const, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 
ʦʩʠ X (Ɋ=0) ʠ Y (Ɋ=90

0
), ʠ ʜʚʫʭ ʜʠʘʛʦʥʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ï E (Ɋ=45

0
) ʠ H (Ɋ=135

0
). 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʤ ʯʘʩʪʦʪʘʤ, ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 1. 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʰʠʨʠʥʘ ʦʩʥʦʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ɼʅ ʥʘ ʫʨʦʚʥʝ 

ʧʦʣʦʚʠʥʳ ʤʦʱʥʦʩʪʠ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʘʛʠʯʝʩʢʦʛʦ 

ʢʚʘʜʨʘʪʘ ʙʦʣʝʝ ʫʟʢʘʷ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʙʦʣʴʰʝ, ʯʝʤ ʩʫʙʨʝʰʦʪʦʢ 
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ɻʋʈʊ ʧʨʠ ʩ ʪʘʢʠʤ ʞʝ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ. ʍʦʪʷ ʠʤʝʶʪʩʷ ʥʝʨʝʛʫʣʷʨʥʳʝ ʙʦʢʦʚʳʝ 

ʣʝʧʝʩʪʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ɼʅ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʘʛʠʯʝʩʢʦʛʦ ʢʚʘʜʨʘʪʘ.  

ɸʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʠʯʝʩʢʦʡ ʢʚʘʜʨʘʪʥʦʡ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʪʝʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ (XM, YM), ʧʦʣʫʯʝʥʥʳʤʠ ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ 

ʩʠʥʪʝʟʘ [2-4], ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ (XM3, YM3), ʧʦʣʫʯʝʥʥʳʝ ʥʦʚʳʤ ʤʝʪʦʜʦʤ, ʠʤʝʶʪ 

ʣʫʯʰʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ɼʅ.  
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ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ . 

ʅʘʟʚʘʥʠʝ (XM ,YM ) (XM 1,YM 1) (XM2,YM2) (XM 3,YM 3) 

ʈʘʟʤʝʱʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ɸʈ 

    
ɼʅ  ɸʈ ʚ 

ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʝ 

    
ɼʅ ɸʈ ʚ 

ʧʦʣʷʨʥʦʡ 

ʩʠʩʪʝʤʝ 

    
ʇʦʢʨʳʚʘʝʤʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʝ ʯʘʩʪʦʪʳ 

P (dx) ʠ 

ʛʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ H (x) 
    

ʇʦʢʨʳʚʘʝʤʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʝ ʯʘʩʪʦʪʳ 

P (dy) ʠ 

ʛʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ H (y) 
    

æw0(ʨʘʜ) 1.4070 1.4607 1.4929 1.3421 

m 0.1986 0.1947 0.1970 0.1994 

N0 25 25 25 25 

M 65*65 43*44 41*42 76*78 

S 4225 1892 1722 5928 

Ŭ 0.0059 0.0132 0.0145 0.0042 

ɓ 0.3846 0.5748 0.6025 0.3247 
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ʘ ʙ ʚ 

   
ʛ ʜ ʝ 

   
 y ʞ ʟ 
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ʠ ʡ ʢ 

ʈʠʩ. 1. ʉʝʯʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʝʢʮʠʠ ʨʘʟʥʳʭ ɸʈ (ʢʨʘʩʥʳʝ 

ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ - ʩʫʙʨʝʰʦʪʦʢ ɻʋʈʊ, ʟʝʣʝʥʳʝ ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ ʠ ʩʠʥʠʝ ʪʦʣʩʪʳʝ ʧʫʥʢʪʠʨʥʳʝ 

ʢʨʠʚʳʝ - ʨʝʰʝʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʘʛʠʯʝʩʢʦʡ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ (XM , YM ) ʠ ʥʦʚʦʤʫ ʤʝʪʦʜʫ (XM 3, YM 3)) ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʨʘʙʦʯʝʛʦ 

ʜʠʘʧʘʟʦʥʘ (ʘ ,  ʙ ,  ʚ ,  ʛ ï f  = 15 ʄɻʮ; ʜ ,  ʝ ,   y,  ʞ , ï f  = 20  ʄɻʮ; ʟ ,  ʠ ,  ʡ ,  ʢ  ï  f  = 25 ʄɻʮ ) ʜʣʷ 

ʧʣʦʩʢʦʩʪʝʡ Ɋ=const: ʘ,  ʜ ,  ʟ  ï  ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʦʩʠ X (Ɋ= 0); ʙ ,  ʝ ,  ʠ  ï E-ʧʣʦʩʢʦʩʪʴ 

(Ɋ= 45
0
); ʚ ,   y,  ʡ  ï H-ʧʣʦʩʢʦʩʪʴ ( Ɋ= 135

0
); ʛ ,  ʞ ,  ʢ  ï ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʦʩʠ Y ( Ɋ= 90

0
). 

 

ɺʳʚʦʜʳ 
ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʜʚʫʤʝʨʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʄʘʛʠʯʝʩʢʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʜʝʢʘʤʝʪʨʦʚʳʭ 

ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ.  ʅʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ɸʈ ʩ ʧʦʤʦʱʴʶ ʄʘʛʠʯʝʩʢʠʭ ʢʚʘʜʨʘʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʪʴ, ʯʪʦʙʳ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ɼʅ ʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʨʝʰʝʪʦʢ. 

ʇʨʝʜʣʦʞʝʥʥʘ̫ ʢʦʥʮʝʧʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɸʈ ʜʣʷ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ 

ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʥʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠ ʪʦʤ ʞʝ ʯʠʩʣʝ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʚʘʞʥʦ 

ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ  ʘʪʤʦʩʬʝʨʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ (ʦʩʦʙʝʥʥʦ ʚ 

ʠʦʥʦʩʬʝʨʝ ʠʣʠ ʪʝʨʤʦʩʬʝʨʝ). ʕʪʦ ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʫ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʦʚ ʚ ʦʙʣʘʩʪʠ 

ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʪʤʦʩʬʝʨʳ, ʧʣʘʥʝʪ ʠ ʤʝʞʧʣʘʥʝʪʥʦʡ 

ʩʨʝʜʳ. 
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