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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʣʴʝʬʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʧʦʨʦʞʜʘʶʪ ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʚʳʩʦʢʦʪʦʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʝʪʦʜʳ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʷ.  ʄʝʪʦʜʳ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣ ̫ʧʦʟʚʦʣʷʪʁ 

ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ, ʥʝ ʧʨʠʯʠʥʷʷ ʠʤ ʫʱʝʨʙʘ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʤʝʨʝʥʠʡ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʘʭ. ʊʨʘʜʠʮʠʦʥʥʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, 

ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʩʠʩʪʝʤʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʦʧʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʠ ʦʩʥʦʚʥʦʡ 

ʧʨʦʛʨʝʩʩ ʚ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʳʭ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚ ʟʘʜʘʯʫ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʨʘʩʰʠʬʨʦʚʢʘ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚʠʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʠ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ  

ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ 

ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʠ 

ʨʘʩʰʠʬʨʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʟʘʜʘʯʫ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʨʘʙʦʪʢʘ, ʨʘʩʰʠʬʨʦʚʢʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
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ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʚʠʜʝ. ʉʪʦʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 

ʧʦʣʦʚʠʥʳ ʦʪ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ. 

ʎʝʣʴ ʨʘʙʦʪʳ.  ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʫʣʫʯʰʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ,  ʠ ʨʘʟʨʘʙʦʪʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ 

ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʰʠʬʨʦʚʢʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ 

ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ 

ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚ 

ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʚʥʦʩʠʤʳʭ 

ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʧʨʝʜʣʘʛʘʝʤʳʝ 

ʘʣʛʦʨʠʪʤʳ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʰʠʬʨʦʚʢʠ ʜʣʷ ʨʝʘʣʴʥʳʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ: 

1. ʆʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʚ 

ʤʝʪʦʜʝ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʬʦʨʤʫʣʳ ʨʘʩʰʠʬʨʦʚʢʠ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 
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2. ɼʚʫʭʪʦʯʝʯʥʳʡ ʤʝʪʦʜ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʨʘʝʢʪʦʨʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʫʩʪʦʡʯʠʚʡr ʢ 

ʧʦʛʨʝhʥʦʩʪʷʤ ʟʘʜʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

3. ɸʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ ʧʦ ʪʨʝʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʢʘʨʪʠʥʘʤ ʚ 

ʬʘʟʦʩʜʚʠʛʘʶʱʝʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʣʠʯʠʥʝ ʚʥʦʩʠʤʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ.   

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʪʨʠʛʦʥʦʤʝʪʨʠʠ,  ʧʨʠʙʣʠʞʝʥʠʷ ʬʫʥʢʮʠʡ,  ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

1. ʆʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʬʦʨʤʫʣʳ ʨʘʩʰʠʬʨʦʚʢʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ 

ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʙʝʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

2. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ 

ʪʨʘʝʢʪʦʨʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʠʟʦʙʨʘʞʝʥʠʷ. 

3. ɸʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʥʝ ʪʨʝʙʫʶʱʠʡ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʚʥʦʩʠʤʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ 

ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʧʦʰʘʛʦʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

4. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤ r

ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʢʣʶʯʝʥʠʷʤʠ ʵʢʩʧʝʨʪʥʳʭ ʢʦʤʠʩʩʠʡ ʧʨʠ ʧʨʝʟʝʥʪʘʮʠʠ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʥʘʫʯʥʳʭ 

ʰʢʦʣʘʭ. 
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 7-

ʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʬʦʨʫʤʝ ʧʦ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ IFOST 2012 (The 7-th 

International Forum on Strategic Technology - September 17-21, 2012, Tomsk), ʰʢʦʣʝ 

ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʉɸʀʊ-2011 (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), 10-ʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʘʫʢʘ. ʊʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʠè (3-5 ʜʝʢʘʙʨʷ 

2010 ʛ., ʅʦʚʦʩʠʙʠʨʩʢ), 12-ʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʅʘʫʢʘ. ʊʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʠè (29 ʥʦʷʙʨʷ ï 2 ʜʝʢʘʙʨʷ 2012 ʛ., 

ʅʦʚʦʩʠʙʠʨʩʢ), 11-ʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤr  

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷè,  3-ʝʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʣʝʪʥʝʡ hʢʦʣʝ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ (7-13 ʠʶʣʷ 2014, ʛ. ʍʝʤʥʠʮ, 

ɻʝʨʤʘʥʠʷ). 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ʈʘʟʨʘʙʦʪʘʥ r ʥʦʚʝr ʘʣʛʦʨʠʪʤ r ʨʘʩʰʠʬʨʦʚʢʠ, ʥʝ ʪʨʝʙʫʶʱʠʝ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʣʠʯʠʥʝ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ɼʘʥʥʳʝ ʘʣʛʦʨʠʪʤ rʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʢʣʘʩʩ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ 

ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʘʢʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʥʝ ʪʨʝʙʫʶʪ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʟʘʜʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʫʪ ʠʤʝʪʴ 

ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʤʵʨʠʠ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ 

çʈʘʟʨʘʙʦʪʢʘ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡè, 

ʠʩʧʦʣʥʠʪʝʣʴ ʧʨʦʝʢʪʘ, 2012 ʛ.;  ʛʨʘʥʪʘ ʤʵʨʠʠ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ çʈʘʟʨʘʙʦʪʢʘ 

ʮʠʬʨʦʚʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ 3-D 

ʧʨʦʬʠʣʷè, ʠʩʧʦʣʥʠʪʝʣʴ ʧʨʦʝʢʪʘ, 2013 ʛ.; ʛʨʘʥʪʘ çʎʠʬʨʦʚʘʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡè ʧʨʦʛʨʘʤʤʳ "ʋʯʘʩʪʥʠʢ ʤʦʣʦʜʝʞʥʦʛʦ ʥʘʫʯʥʦ-

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʢʦʥʢʫʨʩʘ" (ʋʄʅʀʂ), ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ, 2012 ʛ.; ʛʨʘʥʪʘ 

ʧʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʅɻʊʋ ʥʘ 2012 ʛ., ʧʨʦʝʢʪ 2.3.1 çʈʝʰʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʙʣʝʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ  "ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʮʠʬʨʦʚʳʝ 
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ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ", ʰʠʬʨ ʅʀʈ ʉ2-7 çʎʠʬʨʦʚʘʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷè, ʠʩʧʦʣʥʠʪʝʣʴ ʧʨʦʝʢʪʘ; ʛʨʘʥʪʘ ʈʌʌʀ 14-08-01100ɸ çʎʠʬʨʦʚʘʷ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚè, 2014 ʛ., ʠʩʧʦʣʥʠʪʝʣʴ ʧʨʦʝʢʪʘ. 

ʄʘʪʝʨʠʘʣʳ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ 

ʥʘ ʢʘʬʝʜʨʝ ʆʧʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 15 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ 

ʪʦʤ ʯʠʩʣʝ 4 ʩʪʘʪʴʠ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʠʟʜʘʥʠʷʭ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚ 

ʧʝʨʝʯʝʥʴ ʨʦʩʩʠʡʩʢʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ʠ ʠʟʜʘʥʠʡ ʜʣʷ 

ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʳʭ 

ʩʪʝʧʝʥʝʡ ʜʦʢʪʦʨʘ ʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʚ ʌʦʥʜʝ ɸʣʛʦʨʠʪʤʦʚ ʠ ʇʨʦʛʨʘʤʤ ʉʆ ʈɸʅ 

(ˉPR14007 çʆʙʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤè). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ, 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʳ ʨʘʩʰʠʬʨʦʚʢʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ,  ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʧʨʦʚʝʜʝʥʠʠ ʤʦʜʝʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 86 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʪʨʝʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ï 118 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 151 ʬʦʨʤʫʣʫ, 65 

ʨʠʩʫʥʢʦʚ, 5 ʪʘʙʣʠʮ. 
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1 ʄɽʊʆɼ ʇʆʐɸɻʆɺʆɻʆ ʌɸɿʆɺʆɻʆ ʉɼɺʀɻɸ 

ʄʝʪʦʜ ʧʦʰʘʛʦʚʦʛʦ ʩʜʚʠʛʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ. ɺ ʵʪʦʡ ʛʣʘʚʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʰʠʬʨʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʦʰʘʛʦʚʦʛʦ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

1.1 ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ 

ʀʥʪʝʨʬʝʨʦʤʝʪʨ ð ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ 

ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ [1]. ʅʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʷʚʣʷʶʪʩʷ 

ʜʚʫʭʣʫʯʝʚʳʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ, ʪ.ʝ. ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʜʚʫʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ [2-4]. 

ɹʘʟʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʫʭʣʫʯʝʚʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 [ ]0( , ) ( , ) 1 ( , )cos( ( , )) ,I x y I x y V x y x yj= +   (1.1)   

ʛʜʝ Ὅὼȟώ ð ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 

(ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ) ʚ ʪʦʯʢʝ ὼȟώ, Ὅὼȟώ ð ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ὠὼȟώ ð 

ʤʦʜʫʣʷʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, •ὼȟώ • ὼȟώ • ὼȟώ ð ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ 

ʦʧʦʨʥʳʤ ʠ ʦʙʲʝʢʪʥʳʤ ʚʦʣʥʦʚʳʤʠ ʬʨʦʥʪʘʤʠ. ʈʘʟʚʝʨʥʫʪʳʡ ʚʳʚʦʜ ʜʘʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [2]. 

ɿʘʜʘʯʘ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʟʥʘʯʝʥʠʡ ʧʦʣʷ ʨʘʟʥʦʩʪʠ ʬʘʟ •ὼȟώ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʥʝʣʠʥʝʡʥʘʷ 

ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ (Ὅὼȟώ ð ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ὠὼȟώ ð ʤʦʜʫʣʷʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʣʠ ʚʠʜʥʦʩʪʠ) ʚ ʙʘʟʦʚʦʤ ʫʨʘʚʥʝʥʠʠ ʜʚʫʭʣʫʯʝʚʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ (1.1). 
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ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʥʘ 

ʦʩʥʦʚʝ ʧʦʰʘʛʦʚʦʛʦ ʩʜʚʠʛʘ (ʧʦʰʘʛʦʚʘʷ ʠʣʠ ʬʘʟʦ-ʩʜʚʠʛʘʶʱʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, 

phase-sampling, phase-shifting interferometry, PSI) [5-13]. ʕʪʦ ʚʳʟʚʘʥʦ ʧʨʦʩʪʦʪʦʡ 

ʟʘʜʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʭʝʤʳ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʩʪʦ ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ [14]. 

ʄʝʪʦʜ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʳ ʦʧʦʨʥʦʡ ʚʦʣʥʳ ʥʘ ʠʟʚʝʩʪʥʳʝ 

ʟʥʘʯʝʥʠʷ [15]. 

ʅʘ ʨʠʩʫʥʢʝ  1.1 ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʦʧʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʚ 

ʢʦʪʦʨʦʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʟʘʜʘʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʝʨʢʘʣʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ 

ʧʴʝʟʦʢʝʨʘʤʠʢʝ. 

ʇʫʯʦʢ ʩʚʝʪʘ ʦʪ ʢʦʛʝʨʝʥʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʣʘʟʝʨʘ), ʧʦʧʘʜʘʷ ʥʘ 

ʜʝʣʠʪʝʣʴʥʳʡ ʢʫʙ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʧʦʨʥʳʡ ʠ ʦʙʲʝʢʪʥʳʡ ʧʫʯʢʠ. ɺ ʦʧʦʨʥʦʤ ʧʣʝʯʝ 

ʥʘʭʦʜʠʪʩʷ ʟʝʨʢʘʣʦ, ʟʘʢʨʝʧʣʝʥʥʦʝ ʥʘ ʧʴʝʟʦʢʝʨʘʤʠʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʚʥʝʩʝʥʠʷ ʵʪʘʣʦʥʥʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʦʙʲʝʢʪʥʦʛʦ ʧʣʝʯʘ ʟʘʚʠʩʠʪ ʦʪ 

ʟʘʜʘʯʠ ʠʟʤʝʨʝʥʠʷ ʠ ʦʪ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʚʳʭʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʘʩʩʠʚ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʷ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʚʪʦʨʥʦ ʚʚʦʜʠʪʩ̫ ʚ ʢʦʤʧʴʶʪʝʨ. 

 

ʈʠʩʫʥʦʢ 1.1 ð ʉʭʝʤʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʊʚʘʡʤʘʥʘ-ɻʨʠʥʘ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʟʝʨʢʘʣʘ, 

ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʧʴʝʟʦʢʝʨʘʤʠʢʝ (PZT) 
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ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʦʢʘʟʘʥ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʌʠʟʦ, ʚ ʢʦʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʵʪʘʣʦʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʌʠʟʦ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʫʪʠ ʦʧʪʠʯʝʩʢʠʝ ʧʫʯʢʠ (ʦʧʦʨʥʳʡ ʠ ʦʙʲʝʢʪʥʳʡ) ʧʨʦʭʦʜʷʪ ʚʤʝʩʪʝ. 

ʕʪʦʪ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʚʥʝʰʥʠʤ ʧʦʤʝʭʘʤ [16]. ʇʦʵʪʦʤʫ ʪʘʢʠʝ 

ʦʧʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʚʳʧʫʩʢʘʝʤʳʭ ʩʝʨʠʡʥʦ. 

 

ʈʠʩʫʥʦʢ 1.2 ð ʉʭʝʤʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʠʟʦ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʵʪʘʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʧʦʤʦɦɹʶ ʧʴʝʟʦʢʝʨʘʤʠʢʠ (PZT) 

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʪʦʯʢʝ ὼȟώ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʩʦ ʩʜʚʠʛʦʤ  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 [ ]0( , ) ( , ) 1 ( , )cos( ( , ) ) ,i iI x y I x y V x y x yj d= + +  (1.2)   

ʛʜʝ Ὥ ρȟςȟȣȟάȟά ð ʯʠʩʣʦ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʠ  π. 

ʇʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘʙʦʨʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ  ʠʩʢʦʤʘʷ ʨʘʟʥʦʩʪʴ ʬʘʟ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʚʦʣʥʦʚʳʭ 

ʬʨʦʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ. 

 

 

 

 



12 
 

1.2 ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ ʨʘʩʰʠʬʨʦʚʢʠ 

ʇʨʠ ʠʟʚʝʩʪʥʦʤ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʬʘʟ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʦʜʠʥʘʢʦʚʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ π ʜʦ ς“, ʪ.ʝ. 

ς“Ὥ ρȾὲ, ʪʦ ʨʘʟʥʦʩʪʴ ʬʘʟ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ • ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ [17] 

 
1

1

sin

.

cos

n

i i

i

n

i i

i

I

arctg

I

d

j

d

=

=

=
ä

ä
 (1.3)   

ʇʨʠ ʪʨʝʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʜʚʠʛʘʭ, ʨʝʰʘʷ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (1.2), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 
2 3 1 3 1 2 1 2 3

3 2 1 1 3 2 2 1 3

( ) sin( ) ( ) sin( ) ( ) sin( )
.

( ) cos( ) ( ) cos( ) ( ) cos( )

I I I I I I
arctg

I I I I I I

d d d
j

d d d

- Ö + - Ö + - Ö
=

- Ö + - Ö + - Ö
  (1.4)   

ʌʫʥʢʮʠʷ ὥὶὧὸὫ ʦʧʨʝʜʝʣʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ “Ⱦς ʜʦ “Ⱦς. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ ʟʥʘʢʠ ʯʠʩʣʠʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʚ ʢʘʞʜʦʤ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʘʣʛʦʨʠʪʤʦʚ 

ʵʢʚʠʚʘʣʝʥʪʳ ʟʥʘʢʘʤ ʬʫʥʢʮʠʡ ʩʠʥʫʩʘ ʠ ʢʦʩʠʥʫʩʘ ʦʪ ʠʩʢʦʤʦʡ ʬʘʟʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʥʘʣʠʟʠʨʫʷ ʟʥʘʢʠ ʯʠʩʣʠʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʤʦʞʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ʦʪ π ʜʦ ς“. 

ʇʨʠ  πȟ ȟ  ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ [18]: 

 3 2

1 2 3

3( )
.

2

I I
arctg

I I I
j

-
=

- -
 (1.5)   

ʇʨʠ  πȟ ȟ ς“ ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 
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1 2 3

1 3

2
( , ) .

I I I
x y arctg

I I
j

- +
=

-
  (1.6)   

ʇʨʠ  πȟ ȟ  ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

 

 
1 2 3

2 3

2 3
( , ) .

3( )

I I I
x y arctg

I I
j

- +
=

-
  (1.7)   

ɽʱʝ ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʬʦʨʤʫʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ  ȟ ȟ  [19]: 

 
3 2

1 2

.
I I

arctg
I I

j
-

=
-

 (1.8)   

ʇʨʠ ʯʝʪʳʨʝʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ  πȟ ȟ “ȟ  ʧʦʣʫʯʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ[20]: 

 
4 2

1 3

.
I I

arctg
I I

j
-

=
-

 (1.9)   

ʇʨʠ ʧʷʪʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ  πȟ ȟ “ȟ ȟ ς“ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 
4 2

1 2 3 4 5

7( )
( , ) .

4 6 4

I I
x y arctg

I I I I I
j

-
=

- - - +
  (1.10)  

ʄʦʞʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʰʘʛʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ 15-ʪʦʯʝʯʥʳʡ ʘʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʝʱʝʩʪʚʝʥʥʳʝ 

ʯʠʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ [21]: 

 
1 15 3 13 5 11 7 9

2 14 4 12 6 10 8

0.006( ) 0.166( ) 0.87( ) 1.828( )
.

0.0434( ) 0.435( ) 1.392( ) 2

I I I I I I I I
arctg

I I I I I I I
j

- - + - - - + -
=

- + + + - + +
  (1.11)  
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ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ. 

ʇʫʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʪʦʯʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʚʥʦʩʠʤʳʭ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʦʚ, ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʜʚʠʛʘʤʠ ʙʳʣʘ 

ʦʜʠʥʘʢʦʚʦʡ. ʇʫʩʪʴ  σȟ ȟ ȟ σ. ʊʦʛʜʘ ʩ ʧʦʤʦʱʴʶ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.2) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

[22] 

 2 3 1 4

1 4 2 3

3( ) ( )
,

( ) ( )

I I I I
tg

I I I I
a

- - -
=

- + -
 (1.12)  

 
1 4 2 3

2 3 1 4

( ) ( )
,

( ) ( )

I I I I
tg tg

I I I I
j a

- + -
=

+ - +
 (1.13)  

 
[ ][ ]1 4 2 3 2 3 1 4

1 3 1 4

( ) ( ) 3( ) ( )
.

( ) ( )

I I I I I I I I
arctg

I I I I
j

- + - - - -
=

+ - +
 (1.14)  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʬʫʥʢʮʠʠ ὥὶὧὸὫ ʦʪ π ʜʦ ς“ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʟʥʘʢʠ ʯʠʩʣʠʪʝʣʷ ʠ 

ʟʥʘʤʝʥʘʪʝʣʷ (1.14), ʘ ʟʥʘʢʠ ʯʠʩʣʠʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʚʳʨʘʞʝʥʠʷ (1.13). 

ʆʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ, 

ʝʩʣʠ ʠʟʥʘʯʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʜʚʫʤʷ ʣʫʯʘʤʠ ʙʣʠʟʢʘ ʢ ά“, ʛʜʝ ά ð ʮʝʣʦʝ 

ʯʠʩʣʦ. ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʚ ʫʨʘʚʥʝʥʠʷʭ (1.12) ʠ (1.14) 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʫʣʶ, ʫʚʝʣʠʯʠʚʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʦʜʢʦʨʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ. 

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪ ʧʷʪʴ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ὍȟὍȟὍȟὍȟὍ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʬʘʟʦʚʳʤ ʩʜʚʠʛʘʤ ςȟȟπȟȟς ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʬʘʟʦʚʳʭ 

ʰʘʛʦʚ ʠʟ ʩʠʩʪʝʤʳ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (1.2) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ [22]: 
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2 4

3 5 1

sin sin
.

(2 ) (1 cos2 )cos

I I

I I I

a j

a j

-
=

- - -
  (1.15)  

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʩ  ʧʨʠ  ωπЈ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʫʣʶ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1.15) ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʚʳʨʘʞʝʥʠʶ: 

 
2 4

3 5 1

2( )
.

2

I I
tg

I I I
j

-
=

- -
 (1.16)  

ʇʦʩʢʦʣʴʢʫ ʚ ʫʨʘʚʥʝʥʠʠ (1.16) ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʥʝ ʤʦʛʫʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʪʴ ʨʘʚʥʳʤʠ ʥʫʣʶ, ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʚʩʝʭ 

ʟʥʘʯʝʥʠʡ •. 

ʇʦʤʠʤʦ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʘʣʛʦʨʠʪʤʦʚ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ [23]. ʆʙʳʯʥʦ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ ʢ ʦʰʠʙʢʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ, ʠ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

1.3 ʇʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ɺ ʤʝʪʦʜʝ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʬʘʟ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ [24-25]. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ: 

¶ ʆʰʠʙʢʠ ʧʨʠ ʟʘʜʘʥʠʠ ʬʘʟʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʜʚʠʛ ʠʟʚʝʩʪʝʥ, ʘ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʩʜʚʠʛ ʧʨʦʠʟʦʰʝʣ ʥʘ ʜʨʫʛʫʶ ʚʝʣʠʯʠʥʫ. ʕʪʦ ʯʘʩʪʦ ʙʳʚʘʝʪ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʴʝʟʦʢʝʨʘʤʠʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳ, ʧʨʠ ʩʜʚʠʛʝ ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʚʠʙʨʘʮʠʡ ʫʩʪʘʥʦʚʢʠ 

ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ. 
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¶ ʆʰʠʙʢʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʟʝʨʥʳʭ ʜʠʦʜʦʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʆʰʠʙʢʠ ʧʨʠ ʦʮʠʬʨʦʚʢʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʨʘʟʨʷʜʦʚ ʢʚʘʥʪʦʚʘʥʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟʥʦʩʪʠ ʬʘʟ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ɺr ʨʘʞʝʥʠʝ ʜʣʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʳ ʦʪ ʩʫʤʤʘʨʥʳʭ ʘʙʩʦʣʶʪʥʳʭ 

ʦʰʠʙʦʢ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʢʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚ ʨʘʙʦʪʝ [26]: 

 1

cos2 sin 2 2 cos sin

,
sin 2 cos2 2 cos sin

n

i d d

i

d d

C S C S

n C S C S

j j j j j

j
j j j j

=

D - - - +

D =
- - + +

ä
  

(1.17)  

ʛʜʝ 
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= D = Dä ä   (1.18)  
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cos , sin .
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i i

C I S Id d
= =

= D = Dä ä   (1.19)  

ʀʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʤʝʝʪ 

ʯʘʩʪʦʪʫ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ ʠʟ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʨʠʙʣʠʞʝʥʥʳʤ ʠ ʪʨʫʜʥʳʤ 

ʜʣʷ ʘʥʘʣʠʟʘ ʚʳʨʘʞʝʥʠʷʤ. 
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ɺʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ 

ʫʩʪʨʦʡʩʪʚ ʨʝʛʠʩʪʨʘʮʠʠ. ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʰʫʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2%-3% ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʳ ʦʪ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 
2

( ) cos( ) ( ).i i i

kx
I x A A I x

n

p
d= + + +D (1.20)  

ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʠʚʝʜʝʥʘ ʬʘʟʦʚʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʢʘʭ ЎὍ 

ʩʦʩʪʘʚʣʷʶʱʠʭ 3% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 1.3 ð ʌʘʟʦʚʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ɺʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʳ ʦʪ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʘʟʳ ʚ ʚʠʜʝ ʠʜʝʘʣʴʥʦʡ 

ʧʠʣʦʦʙʨʘʟʥʦʡ ʬʫʥʢʮʠʠ: 



18 
 

 
2

( ) cos( ),i i i

kx
I x A A

n

p
d d= + + +D  (1.21)  

ʛʜʝ ὃ ρςψ, Ὧð ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʩʠʥʫʩʦʠʜʳ, Ўð ʩʣʫʯʘʡʥʘʷ ʦʰʠʙʢʘ ʧʨʠ 

ʟʘʜʘʥʠʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, Ὥ ρȢȢὲ, ὲ ð ʯʠʩʣʦ ʪʦʯʝʢ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ὼ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ ð ʯʝʪʳʨʝʭʪʦʯʝʯʥʳʡ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ 

(1.9). ʌʘʟʦʚʳʝ ʩʜʚʠʛʠ ð πȟ“Ⱦςȟ“ȟσ“Ⱦς ʠʣʠ πЈȟωπЈȟρψπЈȟςχπЈ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʬʨʦʚʢʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʤʝʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.5. 

ʇʨʦʬʠʣʠ ʧʦʣʦʩ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ð ʠʜʝʘʣʴʥʳʝ ʩʠʥʫʩʦʠʜʳ (ʨʠʩʫʥʦʢ 1.4). 

 

ʈʠʩʫʥʦʢ 1.4 ð ʏʝʪʳʨʝ ʩʠʥʫʩʦʠʜʳ, ʩʜʚʠʥʫʪʳʝ ʧʦ ʬʘʟʝ ʥʘ ˊ/2 

 

ʈʠʩʫʥʦʢ 1.5 ð ɺʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭʪʦʯʝʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʬʘʟʘ 

ʅʘ ʨʠʩʫʥʢʘʭ 1.6 ʠ 1.7  ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʦʰʠʙʦʢ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ ʪʦʪ ʞʝ, ʩʣʫʯʘʡʥʘʷ ʦʰʠʙʢʘ Ў ð ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

“Ⱦρφ (3% ʦʪ ς“). ɺʠʜʥʦ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠʤʝʝʪ ʧʝʨʠʦʜ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʠʡ, 

ʯʝʤ ʧʝʨʠʦʜ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʕʪʦ ʩʣʝʜʫʝʪ ʠ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ ʫʩʪʘʥʦʚʢʠ ʩʜʚʠʛʘ. 
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ʈʠʩʫʥʦʢ 1.6 ð ɺʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʘʟʘ ʧʨʠ ʦʰʠʙʢʘʭ ʫʩʪʘʥʦʚʢʠ ʩʜʚʠʛʘ 

  

ʈʠʩʫʥʦʢ 1.7 ð ʆʪʢʣʦʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʟʳ ʦʪ ʠʜʝʘʣʴʥʳʭ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʬʘʟʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ PSI ʚʥʦʩʷʪ ʦʰʠʙʢʠ ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ  ʠʩʪʦʯʥʠʢʦʚ  ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ  ʚʳʯʠʩʣʝʥʠʷ  ʬʘʟʳ  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.8. 
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ʈʠʩʫʥʦʢ 1.8 ð ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʩʪʦʯʥʠʢʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʬʘʟʳ 

ʤʝʪʦʜʦʤ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

1.4 ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ 

ɺʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʘʟʦʩʜʚʠʛʘʶʱʝʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʝʨʠʦʜʦʚ ʢʘʜʨʘ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʢʘʤʝʨʳ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʥʠ ʤʠʣʣʠʩʝʢʫʥʜ. ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ ʚ 

ʟʜʘʥʠʷʭ ʦʙʳʯʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʤʝʞʜʫ 20 ɻʮ ʠ 200 ɻʮ [27]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʳʯʥʘʷ ʬʘʟʦʩʜʚʠʛʘʶʱʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ 

ʚʠʙʨʘʮʠʷʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʦʣʷʮʠʠ ʚʠʙʨʘʮʠʡ. 

ʀʩʪʦʯʥʠʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʌʘʟʦʚʳʝ 

ʉʣʫʯʘʡʥʳʝ ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʐʫʤ r

ɺʳʩʰʠʝ 

ʛʘʨʤʦʥʠʢʠ 

ʇʘʨʘʟʠʪʥʳʝ 

ʧʦʣʦʩʳ 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʉʣʫʯʘʡʥʳʝ 

ʅʘʨʫʰʝʥʠʝ 

ʥʘʩʪʨʦʡʢʠ 

ʬʘʟʦʩʜʚʠʛʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ 

ʌʣʫʢʪʫʘʮʠʠ 

ʧʣʦʪʥʦʩʪʠ 

ʚʦʟʜʫʭʘ ʠ  

ʠʤʤʝʨʩʠʠ 

ʇʝʨʝʤʝʱʝʥʠʝ 

ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʠʙʨʘʮʠʠ 
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ʋʩʪʨʦʡʩʪʚʘ ʚʥʝʩʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʘʧʧʘʨʘʪʫʨʳ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ 

ʧʨʦʮʝʜʫʨʫ ʠʟʤʝʨʝʥʠʡ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚ ʬʘʟʦʩʜʚʠʛʘʶʱʝʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʠʙʨʘʮʠʡ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʵʪʠʭ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʠʡ ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ, ʠʣʠ ʜʘʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ [28], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪ ʚʠʙʨʘʮʠʡ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʡ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʢʩʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʤʘʩʢʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʤʘʩʩʠʚ 

ʤʠʢʨʦʧʦʣʷʨʠʟʘʪʦʨʦʚ, ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʩʩʠʚʫ ʩʝʥʩʦʨʦʚ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ 

ʢʘʤʝʨʳ. ʄʘʩʩʠʚ ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʵʣʝʤʝʥʪʦʚ ʩ ʦʩʴʶ ʧʨʦʧʫʩʢʘʥʠʷ 

πЈȟτυЈȟωπЈȟρσυЈ , ʢʦʪʦʨʳʝ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʛʨʫʧʧʳ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʙʨʘʟʫʶʪ ʩʫʧʝʨʧʠʢʩʝʣ. ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʬʘʟʦʩʜʚʠʛʘʶʱʠʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʚʠʜʝʪʴ ʚ ʨʘʙʦʪʘʭ [29-32]. 

ɺ ʩʪʘʪʴʝ [33] çɸʣʛʦʨʠʪʤ ʠʟʚʣʝʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ɽʚʢʣʠʜʦʚʦʡ ʤʘʪʨʠʯʥʦʡ ʥʦʨʤʝè ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɽʚʢʣʠʜʦʚʦʡ 

ʤʘʪʨʠʯʥʦʡ ʥʦʨʤʳ (ɽʄʅ) ʨʘʟʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʞʜʫ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʤʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʝ ʩ 

ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʠʟʚʣʝʯʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʧʠʩʘʥʠʷ ʥʘʟʦʚʝʤ ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʢʘʢ 

ɽʄʅ ʘʣʛʦʨʠʪʤ. 

ɺ ʦʙʱʝʤ, ʨʘʟʣʠʯʠʝ ʜʚʫʭ ʤʘʪʨʠʮ ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥʦ ʩ ʧʦʤʦʱʴʶ ɽʄʅ ʚʳʯʠʪʘʥʠʷ ʤʘʪʨʠʮ. ɼʣʷ ʜʚʫʭ ʤʘʪʨʠʮ ὖ ʠ ὗ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ά ὲ ɽʄʅ ʚʳʯʠʪʘʥʠʷ ʵʪʠʭ ʜʚʫʭ ʤʘʪʨʠʮ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
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y x

P Q P Q
= =

å õ
è ø- = -æ öê úæ ö

ç ÷
ää   (1.22)  

ʛʜʝ ᴁϽᴁ ʧʨʝʜʩʪʘʚʣʷʝʪ ɽʄʅ-ʦʧʝʨʘʪʦʨ. ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʫʤʥʳʤ 

ʦʧʠʩʘʪʴ ʨʘʟʣʠʯʠʝ ʜʚʫʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʩ ʨʘʟʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʚʳʯʠʪʘʥʠʷ ʜʚʫʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ. 

ʆʧʨʝʜʝʣʠʤ ɽʄʅ ʨʘʟʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʞʜʫ ʧʝʨʚʦʡ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʦʡ ʠ i-ʡ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʦʡ ʢʘʢ 

 [ ]
1/2

2

1 12
1 1

( , ) ( , ) .
m n

i i i

y x

d I I I x y I x y
= =

è ø
= - = -é ù

ê ú
ää   (1.23)  

ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʜʣʷ ʧʝʨʚʦʡ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʨʘʚʝʥ 0, ʪ.ʝ.  π. ɼʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʠʢʩʝʣʷ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʨʘʟʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʞʜʫ ʧʝʨʚʦʡ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʦʡ ʠ i-ʡ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʦʡ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ 

  1( , ) ( , ) 2 ( , )sin sin ( , ) .
2 2

i i
iI x y I x y V x y x y

d d
j

å õ å õ
- = +æ ö æ ö

ç ÷ ç ÷
  (1.24)  

ʇʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʝ (1.24) ʚ ʫʨʘʚʥʝʥʠʝ (1.23) ʧʦʣʫʯʘʝʤ: 

 ( ) ( ) ( )
1/2

2 2

1 1 1 1

2 sin ( , ) ( , ) cos 2 ( , ) .
2

m n m n
i

i i

y x y x

d V x y V x y x y
d

j d
= = = =

è øå õ
= - +é ùæ ö

ç ÷ê ú
ää ää   (1.25)  

ɽʩʣʠ ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ ʠʤʝʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʦʜʥʘ ʧʦʣʦʩʘ, 

ʩʣʝʜʫʶʱʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ: 

 ( ) ( ) ( )
2 2

1 1 1 1

( , ) cos 2 ( , ) ( , ) .
m n m n

i

y x y x

V x y x y V x yj d
= = = =

+ää ää  (1.26)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ (1.25) ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥʦ: 
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 ( )
1/2

2

1 1

2 ( , ) sin .
2

m n
i

i

y x

d V x y
d

= =

è ø å õ
º é ù æ ö

ç ÷ê ú
ää  (1.27)  

ʀʟ ʫʨʘʚʥʝʥʠʷ (1.27) ʷʩʥʦ ʚʠʜʥʦ, ʯʪʦ Ὠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ. ɹʦʣʝʝ ʪʦʯʥʦ, Ὠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ÓÉÎȾς. ʇʨʠ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ  “ 

ʚʝʣʠʯʠʥʘ Ὠ ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ: 

 ( )
1/2

2

max

1 1

2 ( , ) .
m n

y x

d V x y
= =

è ø
º é ù

ê ú
ää  (1.28)  

ʀʟ ʫʨʘʚʥʝʥʠʡ (1.27) ʠ (1.28) ʧʨʠʭʦʜʠʤ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʜʚʠʛ  

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
max

2arcsin .k
i

d

d
d

å õ
= æ ö

ç ÷
  (1.29)  

ʀʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʰʘʛʘ. ʉʥʘʯʘʣʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʩʪʘʷ ʦʧʝʨʘʮʠʷ ʚʳʯʠʪʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʚʫʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ, 

Ὠ ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (1.23). ɿʘʪʝʤ, ʧʫʪʝʤ 

ʥʘʭʦʞʜʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Ὠ , ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1.29).   

ɺ ʩʪʘʪʴʝ [34] çʆʮʝʥʢʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʠʟ ʜʠʩʧʝʨʩʠʡ ʨʘʟʥʦʩʪʝʡ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤè ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʧʦ ʪʨʝʤ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʤ. ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʟʥʦʩʪʠ ʠʥʪʝʨʬʬʝʨʦʛʨʘʤʤ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʟʘʪʝʤ ʚʳʯʠʩʣʷʶʪʩʷ ʜʠʩʧʝʨʩʠʠ ʠ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʥʦʩʪʝʡ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʦʮʝʥʠʚʘʶʪʩʷ 

ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʢʦʩʠʥʫʩʦʚ ʠʟ ʪʨʠʛʦʥʦʤʝʪʨʠʠ ʠ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʚʳʯʠʩʣʝʥʥʳʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʥʦʩʪʝʡ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ. 
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ɼʣʷ ʫʜʘʣʝʥʠʷ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ k-ʡ ʠ l-ʡ 

(ὰ Ὧ) ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʤʠ ʢʘʢ 

(1.30) [ ], cos( ) cos( ) 2 sin( )sin( ).
2 2

k l k l
k l l k l kI I V V

d d d d
j d j d j

- +
D = - = + - + = +  (1.31)  

ɿʘʪʝʤ, Ўȟ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʧʝʨʝʤʝʥʥʦʡ •. 

ʕʪʦʪ ʩʠʛʥʘʣ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ ʚ ʬʦʨʤʝ: 

 2
, 2 sin( ) .

2

k li
k l

k lA V e
d d

d d
+

-
=   (1.32)  

ʛʜʝ Ὥ Ѝ ρ. ɼʘʣʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ÓÉÎ  Ⱦς ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ

ʚʝʣʠʯʠʥʦʡ. ʇʨʝʜʩʪʘʚʠʤ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ɼʣʠʥʘ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʙʫʜʝʪ: 

 , 2 sin( ) .
2

k l
k lA V

d d-
=  (1.33)  

ʋʛʦʣ ʜʣʷ ʵʪʦʛʦ ʚʝʢʪʦʨʘ ʙʫʜʝʪ: 

 , .
2

k l
k lA
d d+

Ï =  (1.34)  

ʇʦʜʦʙʥʦ, ʜʨʫʛʦʡ ʚʝʢʪʦʨ ὃȟ  ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʙʫʜʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʨʫʛʦʡ ʨʘʟʥʦʩʪʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ Ўȟ. ɿʘʤʝʯʘʷ, ʯʪʦ 

 , , , ,l m k m k lD =D -D  (1.35)  

ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ: 

 , , , .l m k m k lA A A= -  (1.36)  
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ʋʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ὃȟ  ʠ ὃȟ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ʢʦʩʠʥʫʩʦʚ, ʪ.ʝ.: 

 

2 2 2

, , ,

, ,

arccos( ).
2 2

k m k l l mm l

k m k l

A A A

A A

d d + --
=   (1.37)  

ʋʨʘʚʥʝʥʠʝ (1.37) ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ʠ 

ὃȟ , ὃȟ ʠ ὃȟ . ʆʜʥʘʢʦ ʵʪʠ ʘʤʧʣʠʪʫʜʳ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ 

ὼȟώ ʷʚʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʫʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʥʦʩʪʝʡ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ. ɺʳʯʠʩʣʠʤ ʜʠʩʧʝʨʩʠʶ 

Ўȟ ʚʥʫʪʨʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʘʧʝʨʪʫʨʳ, ʪ.ʝ.: 

 [ ]
22 2 1

( , ) ( , ) ,kl lk l k

xy

I x y I x y
M

s s= = -ä   (1.38)  

ʛʜʝ ὓ ð ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʚʥʫʪʨʠ ʘʧʝʨʪʫʨʳ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʙʫʜʝʪ: 

 [ ]
21

( , ) ( , ) .kl lk l k

xy

I x y I x y
M

s s= = -ä  (1.39)  

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (1.31) ʧʨʠʭʦʜʠʤ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ 

 

2

2 22 2

2sin ( )
2 ( , ) ( , )cos[2 ( , ) ( )] .

k l

kl lk k l

xy xy

V x y V x y x y
M

d d

s s j d d

-
ë û

= = - + +ì ü
í ý
ä ä

 

(1.40)  

ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʝ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʡ ʧʦʣʦʩʳ ʚʪʦʨʦʡ ʯʣʝʥ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʚ (1.40) ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʝʨʚʳʡ ʯʣʝʥ, ʠ ʠʤ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ „  ʙʫʜʝʪ: 
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21

2 sin( ) ( , ).
2

k l
kl lk

xy

V x y
M

d d
s s

-
= º ä  (1.41)  

ʉʨʘʚʥʠʚʘʷ „  ʚ ʫʨʘʚʥʝʥʠʠ (1.41) ʩ ȿὃ ȿ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ: 

 : : : : .lm km kl lm km klA A As s s=   (1.42)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ (1.37) ʢʘʢ 

 
2 2 2

arccos( ).
2 2

m l km kl lm

km kl

d d s s s

s s

- + -
=  (1.43)  

ʇʨʝʜʧʦʣʦʞʠʤ ʪʝʧʝʨʴ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʪʨʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʩ ʬʘʟʦʚʳʤʠ 

ʩʜʚʠʛʘʤʠ π    ς“. ɿʘʤʝʥʷʷ Ὧ ςȟά ρȟὰ π ʫʨʘʚʥʝʥʠʝ (1.43)  

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʳʨʘʞʝʥʠʶ: 

 
2 2 2

21 20 10
1

21 20

2arccos( ).
2

s s s
d

s s

+ -
=  (1.44)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʫʶ ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʢʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʧʦ ʜʘʥʥʦʤʫ 

ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʜʚʫʤ ʧʨʦʩʪʳʤ ʰʘʛʘʤ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʚʳʯʠʩʣʷʶʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʟʥʦʩʪʝʡ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʷ 

(1.39). ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʚʳʯʠʩʣʷʶʪʩʷ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʨʘʞʝʥʠʷ (1.43). ɽʩʣʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʙʦʣʴʰʝ ʪʨʝʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ, ʜʘʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʪʦʞʝ ʨʘʙʦʪʘʝʪ ʧʫʪʝʤ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʥʘ ʛʨʫʧʧʳ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʢʘʜʨʦʚ. 

ɼʣʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ ʦʜʥʦʡ ʧʦʣʦʩʳ, 

ʧʦʛʨʝʰʥʦʩʪʴ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.01 ʨʘʜʠʘʥ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʢʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. 

ɺ ʩʪʘʪʴʝ [35] çʀʥʪʝʨʬʝʨʦʤʝʪʨ ʌʠʟʦ ʥʘ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘè 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʪʠʧ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʠʟʦ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʫʩʪʦʡʯʠʚʳʡ ʢ ʚʠʙʨʘʮʠʷʤ. 
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ʂʣʶʯʝʚʳʤ ʥʦʚʦʚʚʝʜʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʜʚʫʭ 

ʦʧʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ:  ʜʘʪʯʠʢ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʩʠʩʪʝʤʳ ʬʦʪʦʜʠʦʜʦʚ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʌʦʪʦʜʠʦʜʳ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʶʪ ʩʣʫʯʘʡʥʳʝ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ, ʚʳʟʚʘʥʥʳʝ 

ʦʢʨʫʞʘʶʱʠʤʠ ʚʠʙʨʘʮʠʷʤʠ ʚ ʪʨʝʭ ʥʝʢʦʣʣʠʥʝʘʨʥʳʭ ʪʦʯʢʘʭ ʪʝʩʪʠʨʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʪʯʠʢ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʬʠʢʩʠʨʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʠʟʦʙʨʘʞʝʥʠʡ ʪʝʩʪʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ 

ʚʳʜʝʨʞʢʠ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʜʚʠʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʝʤʳʝ 

ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʚʳʯʠʩʣʠʪʴ ʚʦʦʙʨʘʞʘʝʤʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʚʩʝʡ 

ʪʝʩʪʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʠʥʪʝʨʬʝʨʦʤʝʪʨ, ʢʦʪʦʨʳʡ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʫʯʘʡʥʦʡ ʚʠʙʨʘʮʠʠ ʩʪʦʣʘ, ʚʳʟʳʚʘʶʱʝʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ. 

ʀʥʪʝʨʝʩʥʦʡ ʠ ʩʣʦʞʥʦʡ ʮʝʣʴʶ ʵʪʦʛʦ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʣʫʯʘʡʥʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʠʟʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 

1.9. ʇʫʯʦʢ He-Ne ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 632.8 ʥʤ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʬʠʣʴʪʨʫ SF ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʝʨʢʘʣ M1 ʠ M2, ʠ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʢʦʣʣʠʤʠʨʫʶʱʫʶ ʣʠʥʟʫ L1 ʢ ʪʝʩʪʠʨʫʝʤʦʡ ʠ ʦʧʦʨʥʦʡ ʢʨʫʛʣʳʤ ʧʣʘʩʪʠʥʢʘʤ T 

ʠ R.  
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ʈʠʩʫʥʦʢ 1.9 ð ʋʩʪʘʥʦʚʢʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʠʟʦ 

ʆʪʨʘʞʝʥʥʳʝ ʚʦʣʥʦʚʳʝ ʬʨʦʥʪʳ ʦʪ ʪʝʩʪʠʨʫʝʤʦʡ ʠ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʪʢʣʦʥʷʶʪʩʷ ʩʚʝʪʦʜʝʣʠʪʝʣʝʤ BS-1 ʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʘʧʝʨʪʫʨʳ. ʉ 

ʧʦʤʦʱʴʶ ʩʚʝʪʦʜʝʣʠʪʝʣʷ BS-2 ʧʫʯʦʢ ʨʘʟʜʝʣʷʝʪʩʷ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ ʜʚʫʤ 

ʨʘʟʣʠʯʥʳʤ ʩʠʩʪʝʤʘʤ ʜʘʪʯʠʢʦʚ. ʇʝʨʚʘʷ ʯʘʩʪʴ ʧʫʯʢʘ ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʤʘʩʩʠʚ 

ʩʝʥʩʦʨʦʚ ʢʘʤʝʨʳ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʥʦ ʥʠʟʢʠʤ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʩʦʙʠʨʘʝʪʩʷ ʢʦʣʣʠʤʠʨʫʶʱʝʡ ʣʠʥʟʦʡ L2 ʠ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ ʬʦʪʦʜʠʦʜʦʚ ʩʠʩʪʝʤʫ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ, ʥʦ ʥʠʟʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʂʘʤʝʨʘ ʨʝʛʠʩʪʨʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ, ʚ ʢʦʪʦʨʳʭ ʬʘʟʦʚʳʝ 

ʩʜʚʠʛʠ ʚʥʦʩʷʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʚʠʙʨʘʮʠʷʤʠ ʫʩʪʘʥʦʚʢʠ. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʢʘʤʝʨʳ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʠ. ʇʦʢʘ ʢʘʤʝʨʘ 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ, ʩʠʩʪʝʤʘ ʜʝʪʝʢʪʦʨʦʚ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʨʝʭ 

ʬʦʪʦʜʠʦʜʦʚ, ʥʝʧʨʝʨʳʚʥʦ ʟʘʧʠʩʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ 

ʪʨʝʭ ʤʝʩʪʘʭ ʘʧʝʨʪʫʨʳ ʧʦʣʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʜʝʣʘʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʜʣʷ ʚʩʝʡ ʪʝʩʪʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʦ ʚʨʝʤʷ 

ʚʩʝʛʦ ʠʟʤʝʨʝʥʠʷ. 
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1.5 ɺʳʚʦʜʳ 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʬʘʟʦʩʜʚʠʛʘʶʱʝʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ 

ʷʚʣʷʶʪʩʷ ʦʰʠʙʢʠ ʚʥʝʩʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ʋʯʝʩʪʴ ʪʘʢʠʝ ʦʰʠʙʢʠ ʩʣʦʞʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʦ ʯʝʨʝʟ ʠʟʤʝʨʷʝʤʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ. ʆʰʠʙʢʠ ʧʨʠ ʚʥʝʩʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

ʋʩʪʨʦʡʩʪʚʘ ʚʥʝʩʝʥʠʷ ʬʘʟʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʘʧʧʘʨʘʪʫʨʳ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʜʫʨʫ ʠʟʤʝʨʝʥʠʡ.  

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ,r ʫʩʪʨʘʥʷʶʱʠʝ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ [36-45]. ʊʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʙʫʜʫʪ ʦʩʦʙʝʥʥʦ 

ʧʦʣʝʟʥʳ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʦʧʝʨʘʮʠʠ ʥʝʚʦʟʤʦʞʥʳ ʠʣʠ 

ʥʝʞʝʣʘʪʝʣʴʥʳ. ʈʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʚʷʱʝʥ rʛʣʘʚʳ 3 ʠ 4. 
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2 ʆɹʆɹʑɽʅʅʓʁ ɸʃɻʆʈʀʊʄ ʈɸʉʐʀʌʈʆɺʂʀ 

ʆʙʠʣʠʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʚʳʷʚʣʝʥʠʶ 

ʦʙʦʙʱʝʥʥʦʡ ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʩ ʝʜʠʥʦʡ ʧʦʟʠʮʠʠ ʦʮʝʥʠʪʴ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ 

ʧʨʝʜʣʦʞʝʥ ʦʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚ ʛʣʘʚʝ 1 ʘʣʛʦʨʠʪʤʳ 

ʨʘʩʰʠʬʨʦʚʢʠ, ʢʨʦʤʝ ʘʣʛʦʨʠʪʤʘ Carre. 

2.1 ʈʘʟʨʘʙʦʪʢʘ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʰʠʬʨʦʚʢʠ 

ʇʨʝʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʝ (1.2) ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ: 

 cos( ) cos cos sin sin ,a b a b a b+ = Ö - Ö (2.1)   

ʚʳʨʘʞʝʥʠʝ (1.2) ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 0 0 0( cos ) ( sin ) .I I V I Vj j= Ö + Ö Ö Ö - Ö Ö ÖI R C S  (2.2)   

ʛʜʝ ἓ Ὅ ȣ Ὅ  ð ʥʘʙʦʨ ʠʟʤʝʨʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ  ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ὼȟώ, ἠ ρ ȣ ρ , 

Ἅ ÃÏÓ ȣ ÃÏÓ ╣, ἡ ÓÉÎ ȣ ÓÉÎ ╣, ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ά - ʯʠʩʣʦʤ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ . 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʚʘʜʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ÓÉÎ• ʠ ÃÏÓ• ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʩʚʦʡʩʪʚʦʤ  ʩʢʘʣʷʨʥʦʛʦ  ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ  ʚʝʢʪʦʨʦʚ: 

 0^Ö =a a   (2.3)   
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ʋʤʥʦʞʘʷ    ʧʨʘʚʫʶ  ʠ  ʣʝʚʫʶ  ʯʘʩʪʴ  ʚʳʨʘʞʝʥʠʷ (2.2) ʥʘ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  

ʚʝʢʪʦʨʳ ʧʦʣʫʯʠʤ (ʦʧʝʨʘʪʦʨ ʫʤʥʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʦʟʥʘʯʘʝʪ ʠʭ ʩʢʘʣʷʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ): 

 0 0 0( cos ) ( sin ) ,I I V I Vj j^ ^ ^ ^Ö = Ö Ö + Ö Ö Ö Ö - Ö Ö Ö ÖI ʉ R ʉ ʉ ʉ S ʉ (2.4)   

 0 0 0( cos ) ( sin ) .I I V I Vj j^ ^ ^ ^Ö = Ö Ö + Ö Ö Ö Ö - Ö Ö Ö ÖI S R S C S S S  (2.5)   

ʛʜʝ  ἡ  ʠ Ἅ  ð ʚʝʢʪʦʨʳ, ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʚʝʢʪʦʨʘʤ ἡ  ʠ Ἅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ  ʩʠʣʫ  ʫʢʘʟʘʥʥʦʛʦ  ʩʚʦʡʩʪʚʘ  ʩʢʘʣʷʨʥʦʛʦ  ʧʨʦʠʟʚʝʜʝʥʠʷ  ʦʨʪʦʛʦʥʘʣʴʥʳʭ  

ʚʝʢʪʦʨʦʚ ʧʦʣʫʯʠʤ: 

 0 0( sin ) ,I I V j^ ^ ^Ö = Ö Ö - Ö Ö Ö ÖI ʉ R ʉ S ʉ (2.6)   

 0 0( cos ) .I I V j^ ^ ^Ö = Ö Ö + Ö Ö Ö ÖI S R S C S  (2.7)   

ʆʨʪʦʛʦʥʘʣʴʥʳʡ  ʚʝʢʪʦʨ Ἡ  ʤʦʞʥʦ  ʥʘʡʪʠ  ʩ  ʧʦʤʦʱʴʶ  ʤʘʪʨʠʯʥʦʛʦ  

ʫʨʘʚʥʝʥʠʷ: Ἡ ὓẗἩ. ʄʘʪʨʠʮʘ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ὓ ʜʦʣʞʥʘ  ʫʜʦʚʣʝʪʚʦʨʷʪʴ  

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

 0,M =  (2.8)   

 [ ]1 1 0.
T

MÖ = (2.9)   

ʋʯʠʪʳʚʘʷ (2.8), (2.9) ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʩʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ 

ἠẗἍ π ʠ ἠẗἡ π, ʦʪʢʫʜʘ: 

 
0 sin ,I V j

^

^

Ö
Ö Ö =-

Ö

I ʉ

S ʉ
 (2.10)  
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0 cos .I V j

^

^

Ö
Ö Ö =-

Ö

I S

C S
 (2.11)  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʚʝʩʪʥʦʝ ʩʚʦʡʩʪʚʦ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

 ( ) ( ),^ ^Ö =- Öa b a b  (2.12)  

ʧʦʣʫʯʠʤ 

 ( ) ( ).^ ^Ö =- ÖC S S C  (2.13)  

ʊʦʛʜʘ ʘʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
sin

,
cos

j

j

^

^

Ö
=
Ö

I ʉ

I S
 (2.14)  

 .arctgj
^

^

Ö
=

Ö

I ʉ

I S
 (2.15)  

ɺʳʯʠʩʣʝʥʠʝ ʚʳʨʘʞʝʥʠʷ (2.15) ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʠʩʧʦʣʴʟʫʷ  ʩʚʦʡʩʪʚʦ 

ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

 ( ) ( ),^ ^Ö =- ÖI ʉ I ʉ (2.16)  

 ( ) ( ),^ ^Ö =- ÖI S I S  (2.17)  

 .arctgj
^

^Ö
=

Ö

I ʉ

I S
 (2.18)  

ʄʘʪʨʠʮʘ ὓ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ  ʫʢʘʟʘʥʥʳʤ  ʩʚʦʡʩʪʚʘʤ (2.8), (2.9), ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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(2.19)  

ʆʪʤʝʪʠʤ,  ʯʪʦ  ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ  ʬʦʨʤʘ  ʤʘʪʨʠʮʳ ὓ ð ʥʝ  ʝʜʠʥʩʪʚʝʥʥʘʷ,  ʚ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʫʶ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ 

ʫʩʣʦʚʠʷʤ (2.8), (2.9). 

ɺ ʩʣʫʯʘʝ ʪʨʝʭ ʩʜʚʠʛʦʚ ʤʘʪʨʠʮʘ ὓ ʧʨʠʤʝʪ ʚʠʜ: 

 

0 1 1

1 0 1 .

1 1 0

M

-è ø
é ù
= -
é ù
é ù-ê ú

 (2.20)  

ʆʪʩʶʜʘ 

 

1 2 3

2 3 1

3 1 2

0 1 1

1 0 1 .

1 1 0

I I I

I I I

I I I

^

- -è øè ø è ø
é ùé ù é ù
= - = -
é ùé ù é ù
é ùé ù é ù- -ê úê ú ê ú

I  (2.21)  

ʇʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ, ʫʯʠʪʳʚʘʷ ʩʠʣʴʥʫʶ ʨʘʟʨʝʞʝʥʥʦʩʪʴ ʤʘʪʨʠʮʳ 

ὓ, ʧʨʦʠʟʚʝʜʝʥʠʝ ὓẗ╘ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ: 

 mod ( 1) mod ( 1),N Ni i i N

^

+ + -= -I I I  (2.22)  

ʛʜʝ ὔ - ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ. 
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2.2 ɸʥʘʣʠʟ ʦʙʦʙʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʰʠʬʨʦʚʢʠ 

ʇʝʨʝʤʥʦʞʘʷ ʧʦʣʫʯʝʥʥʳʡ ʚʝʢʪʦʨ ʥʘ ʚʝʢʪʦʨʳ ἡ ʠ Ἅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʤ: 

 

2 3 1

3 1 2 2 3 1 3 1 2 1 2 3

1 2 3

sin

sin ( ) sin( ) ( ) sin( ) ( ) sin( ),

sin

T
I I

I I I I I I I I

I I

d

d d d d

d

-è ø è ø
é ù é ù
- = - Ö + - Ö + - Ö

é ù é ù
é ù é ù-ê ú ê ú

 (2.23)  

 

2 3 1

3 1 2 3 2 1 1 3 2 2 1 3

1 2 3

cos

cos ( ) cos( ) ( ) cos( ) ( ) cos( ).

cos

T
I I

I I I I I I I I

I I

d

d d d d

d

-è ø è ø
é ù é ù
- = - Ö + - Ö + - Ö

é ù é ù
é ù é ù-ê ú ê ú

 (2.24)  

ʆʪʢʫʜʘ 

 
2 3 1 3 1 2 1 2 3

3 2 1 1 3 2 2 1 3

( ) sin( ) ( ) sin( ) ( ) sin( )
.

( ) cos( ) ( ) cos( ) ( ) cos( )

I I I I I I
arctg

I I I I I I

d d d
f

d d d

- Ö + - Ö + - Ö
=

- Ö + - Ö + - Ö
 (2.25)  

ʅʝʩʣʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 

ʚʳʨʘʞʝʥʠʝʤ ʬʦʨʤʫʣʳ ʨʘʩʰʠʬʨʦʚʢʠ (1.4). ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ, ʧʦʣʫʯʠʤ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʚʳʨʘʞʝʥʠʷ (ʪʘʙʣʠʮʘ 2.1 ): 

ʊʘʙʣʠʮʘ 2.1 ð ʌʦʨʤʫʣʳ ʨʘʩʰʠʬʨʦʚʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʌʘʟʦʚʳʝ ʩʜʚʠʛʠ 

 

ʌʦʨʤʫʣʘ ʨʘʩʰʠʬʨʦʚʢʠ 
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ɺ ʩʣʫʯʘʝ ʯʝʪʳʨʝʭ ʩʜʚʠʛʦʚ 

 

2 41

1 32

2 43

1 34

0 1 0 1

1 0 1 0
.

0 1 0 1

1 0 1 0

I II

I II

I II

I II

^

-- è øè øè ø
é ùé ùé ù - +-
é ùé ùé ù= =
é ùé ùé ù - +-
é ùé ùé ù
--ê úê úê ú

I
 

(2.26)  

ʇʝʨʝʤʥʦʞʘʷ ʧʦʣʫʯʝʥʥʳʡ ʚʝʢʪʦʨ ʥʘ ʚʝʢʪʦʨʳ ἡ ʠ Ἅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʤ 

 

2 4 1

1 3 2

2 4 3

1 3 4

2 4 1 3 1 2 4 1 3 1 3 4

sin

sin

sin

sin

( )sin ( )sin ( )sin ( )sin ,

T
I I

I I

I I

I I

I I I I I I I I

d

d

d

d

d d d d

-è øè ø
é ùé ù
- +
é ùé ù=
é ùé ù- +
é ùé ù
- ê úê ú

= - + - + - + -

 (2.27)  

 

2 4 1

1 3 2

2 4 3

1 3 4

2 4 1 3 1 2 4 1 3 1 3 4

sin

sin

sin

sin

( )cos ( )cos ( )cos ( )cos ,

T
I I

I I

I I

I I

I I I I I I I I

d

d

d

d

d d d d

-è øè ø
é ùé ù
- +
é ùé ù=
é ùé ù- +
é ùé ù
- ê úê ú

= - + - + - + -

 (2.28)  

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ 

 
2 4 1 3 1 2 4 1 3 1 3 4

4 2 1 1 3 2 1 4 3 3 1 4

( ) sin ( ) sin ( ) sin ( ) sin
.

( ) cos ( ) cos ( ) cos ( ) cos

I I I I I I I I
arctg

I I I I I I I I

d d d d
f

d d d d

- Ö + - Ö + - Ö + - Ö
=

- Ö + - Ö + - Ö + - Ö
 (2.29)  

ʇʨʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ, ʨʘʚʥʳʭ  πȟ ȟ “ȟ : 

 
4 2

1 3

.
I I

arctg
I I

f
-

=
-

 (2.30)  
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 ʇʨʠ ʯʠʩʣʝ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʙʦʣʝʝ ʪʨʝʭ, ʢʨʦʤʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʨʘʩʰʠʬʨʦʚʢʠ  (2.15), (2.18)  ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʭ ʣʠʥʝʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ (ʧʦʜʚʝʢʪʦʨ)r, ʥʘʧʨʠʤʝʨ, ʠʟ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʯʝʪʳʨʝʭ ʩʜʚʠʛʦʚ ʚʦʟʤʦʞʥʦ 

( )
!

4
3! 3  !

n
m

n
= =

-
 ʢʦʤʙʠʥʘʮʠʡ ʥʘʙʦʨʦʚ ʧʦ 3 ʬʘʟʦʚʳʭ ʩʜʚʠʛʘ: 

 

0

0 0 0 1

1

1 1 2 2

2

2 3 3 3

3

.

I
I I I I

I
I I I I

I
I I I I

I

è ø
è ø è ø è ø è øé ù
é ù é ù é ù é ùé ù   
é ù é ù é ù é ùé ù
é ù é ù é ù é ùé ùê ú ê ú ê ú ê ú

ê ú

 (2.31)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʥʝʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠʟ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʬʦʨʤʫʣ ʨʘʩʰʠʬʨʦʚʢʠ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʦʢ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʦʚ, ʚʠʙʨʘʮʠʝʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʫʩʨʝʜʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʙʠʥʘʮʠʡ ʧʦʜʚʝʢʪʦʨʦʚ.  J.Schwider [46] ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʪ ʞʝ ʵʬʬʝʢʪ 

ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ ʦʙʲʝʜʠʥʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʦʚʦʜʠʪʴ ʨʘʩʰʠʬʨʦʚʢʫ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 
1 2

1 2

,
N N

arctg
D D

j
+

=
+

 (2.32)  

ʛʜʝ ὔ ʠ Ὀ ð ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʦʨʤʫʣʳ ʨʘʩʰʠʬʨʦʚʢʠ. ʕʪʦ ʤʦʞʥʦ ʚʳʚʝʩʪʠ, ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ: 

 sin sin 2sin cos ,
2 2

a b a b
a b

+ -
+ =   (2.33)  

 cos cos 2cos cos .
2 2

a b a b
a b

+ -
+ =   (2.34)  
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ʇʦʢʘʞʝʤ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʪʘʢʞʝ ʩʧʨʘʚʝʜʣʠʚʦ. ʕʪʦ 

ʩʣʝʜʫʝʪ ʠʟ (2.10), (2.11) ʠ (2.13). ʇʫʩʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʥʦʞʠʪʝʣʷ  

Ὅὠ 

 ( )sin ,N j^= ÖC S  (2.35)  

 ( )cos .D j^= ÖS C  (2.36)  

ʊʦʛʜʘ 

 

1 1 1

1 1

1 1

... sin ... sin

( ... )sin

[( ... ) ( ... )]sin ,

n n n

n n

n n

N N j j

j

j

^ ^

^ ^

^ ^

° ° = Ö ° ° Ö =

= Ö ° ° Ö =

° ° Ö ° °

C S C S

C S C S

C C S S

 
(2.37)  

 

1 1 1

1 1

1 1

1 1

... ( )cos ... ( )cos

( ... )cos

[( ... ) ( ... )]cos

[( ... ) ( ... )]cos .

n n n

n n

n n

n n

D D j j

j

j

j

^ ^

^ ^

^ ^

^ ^

° ° = Ö ° ° Ö =

= Ö ° ° Ö =

= ° ° Ö ° ° =

=- ° ° Ö ° °

S C S C

S C S C

S S C C

C C S S

 
(2.38)  

ʆʪʩʶʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

 

( )

( )

1 11

1 1

1

...
... .

...

n

i

n n i

n

n n
i

i

N
N N NN

arctg arctg arctg arctg
D D D D

D

j =

=

°
° °

= ° ° = =
° °

°

ä

ä
 (2.39)  

ɺr ʨʘʞʝʥʠʝ (2.39) ʥʝ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʯʠʩʣʠʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʧʦʤʥʦʞʠʪʴ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʊʦʛʜʘ 

ʚʳʨʘʞʝʥʠ ̫(2.15), (2.18) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 
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( )

( )
,

i i i

i

i i i

i

arctg

a

j
a

^

^

å õÖ
æ ö

= æ öÖæ ö
ç ÷

ä

ä

I S

I C
 (2.40)  

 

( )

( )
,

i i i

i

i i i

i

arctg

a

j
a

^

^

å õÖ
æ ö

= æ öÖæ ö
ç ÷

ä

ä

I S

I C
 (2.41)  

ʛʜʝ ἓ, ἡ ʠ Ἅ ð ʧʦʜʚʝʢʪʦʨ rʦʧʨʝʜʝʣʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʣʠʥʝʡʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʢʦʤʧʦʥʝʥʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʢʪʦʨʦʚ,  ð ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ (2.40), (2.41) ʧʦʟʚʦʣʷʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ 

ʢʣʘʩʩ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʦʙʲʝʜʠʥʝʥʠʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʜʚʝʢʪʦʨʦʚ  ʜʣʷ ʧʷʪʠʪʦʯʝʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɹʫʜʝʤ ʦʙʲʝʜʠʥʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʜʚʝʢʪʦʨʦʚ 

0 1 2

1 2 3

2 3 4

I I I

I I I

I I I

è ø è ø è ø
é ù é ù é ù
 

é ù é ù é ù
é ù é ù é ùê ú ê ú ê ú

, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʯʝʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩ ʚʝʩʦʚʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʚʥʳʤʠ ʯʠʩʣʫ ʚʭʦʞʜʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ ʚ ʬʦʨʤʫʣʫ 

ʨʘʩʰʠʬʨʦʚʢʠ 

 [ ] [ ]0 1 2 3 411100 01110 00111 2 3 2 .I I I I I        (2.42)  

ɿʘʧʠʰʝʤ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʢʦʤʙʠʥʘʮʠʠ ʫʢʘʟʘʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʦ (2.39). 

 

0 0 1 1 2 2

012 123 234 1 1 2 2 3 3

2 2 3 3 4 4

0 1 1 sin sin sin

1 0 1 sin sin sin ,

1 1 0 sin sin sin

I I I

N I I I

I I I

d d d

d d d

d d d

+ +

- è øè ø è øè ø è øè ø è øè ø
é ùé ù é ùé ù é ùé ù é ùé ù

 - + +é ùé ù é ùé ù é ùé ù é ùé ù
é ùé ù é ùé ù é ùé ù é ùé ù-ê ú ê úê ú ê úê ú ê úê úê ú

 

(2.43)  
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0 0 1 1 2 2

012 123 234 1 1 2 2 3 3

2 2 3 3 4 4

0 1 1 cos cos cos

1 0 1 cos cos cos .

1 1 0 cos cos cos

I I I

D I I I

I I I

d d d

d d d

d d d

+ +

- è øè ø è øè ø è øè ø è øè ø
é ùé ù é ùé ù é ùé ù é ùé ù

 - + +é ùé ù é ùé ù é ùé ù é ùé ù
é ùé ù é ùé ù é ùé ù é ùé ù-ê ú ê úê ú ê úê ú ê úê úê ú

 (2.44)  

ʇʦʩʣʝ ʠʭ ʦʙʲʝʜʠʥʝʥʠʷ ʧʦʣʫʯʠʤ ʘʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ 

1 2 0 2 0 3 1 0 1 3 4 2

1 2 0 2 0 3 1 0 1 3 4 2

( )sin (2 )sin ( 2 2 )sin

( )cos (2 )cos ( 2 2 )cos

I I I I I I I I I
arctg

I I I I I I I I I

d d d
j

d d d

è - + - - + - + - +
= é

- + - - + - + - +ê
 

 1 2 4 3 2 3 4

1 2 4 3 2 3 4

( 2 )sin ( )sin
.

( 2 )cos ( )cos

I I I I I

I I I I I

d d

d d

ø+ - + + -
ù

+ - + + - ú
 (2.45)  

ʇʦʩʢʦʣʴʢʫ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ, 

ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʚʳʯʠʩʣʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʝʨʝʛʨʫʧʧʠʨʦʚʘʪʴ ʯʣʝʥʳ 

ʚʳʨʘʞʝʥʠʷ (2.45) ʢ ʚʠʜʫ ʘʥʘʣʦʛʠʯʥʦʤʫ ʬʦʨʤʝ (2.15). 

 ,
i i

i

i i

i

a I

arctg
b I

j

å õ
æ ö

=
æ ö
æ ö
ç ÷

ä

ä  (2.46)  

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ὥ ʠ ὦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʮʝʣʳʤʠ, ʪʘʢ ʠ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ. 

ɿʜʝʩʴ  ὥ Ἅ, ʘ ὦ ἡ . 

ʊʦʛʜʘ ʬʦʨʤʫʣʘ ʨʘʩʰʠʬʨʦʚʢʠ ʧʨʠʤʝʪ ʚʠʜ 

 ,
N

arctg
D

j
å õ

= æ ö
ç ÷

 (2.47)  

ʛʜʝ 

 

1 2 0 0 3 2 1

1 0 3 4 2

2 1 4 3 2 3 4

(sin sin ) (sin sin 2sin )

(2sin sin 2sin sin )

(2sin sin sin ) (sin sin ) ,

N I I

I

I I

d d d d d

d d d d

d d d d d

= - + + - +

+ - - + +

+ - - + -

 (2.48)  
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2 1 0 0 3 2 1

1 0 3 4 2

2 1 4 3 3 2 4

(cos cos ) (cos cos 2cos )

(2cos cos 2cos cos )

(2cos cos cos ) (cos cos ) .

D I I

I

I I

d d d d d

d d d d

d d d d d

= - + + - +

+ - - + +

+ - - + -
 (2.49)  

ɿʘʜʘʚʘʷ  ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ, ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ 

ʨʘʩʰʠʬʨʦʚʢʠ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʘʭ ʢʨʘʪʥʳʭ “Ⱦς ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʨʘʩʰʠʬʨʦʚʢʠ 

 0 1 3 4

0 1 2 3 4

3 3
.

4

I I I I
arctg

I I I I I
j

è ø- + -
= é ù

+ - + -úê
 (2.50)  

2.3 ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥ  ʦʙʦʙʱʝʥʥʳʡ  ʘʣʛʦʨʠʪʤ  ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʦʰʘʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʩ ʧʦʤʦʱʴʶ  ʢʦʪʦʨʦʛʦ  

ʤʦʞʥʦ  ʧʦʣʫʯʘʪʴ  ʢʦʥʢʨʝʪʥʳʝ  ʬʦʨʤʫʣʳ  ʨʘʩʰʠʬʨʦʚʢʠ  ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ  

ʢʦʣʠʯʝʩʪʚʘ  ʬʘʟʦʚʳʭ  ʩʜʚʠʛʦʚ,  ʥʝ  ʧʨʠʙʝʛʘʷ  ʢ  ʨʝʰʝʥʠʶ  ʩʠʩʪʝʤ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ  ʫʨʘʚʥʝʥʠʡ. ʇʨʦʠʟʚʝʜʝʥʘ  ʧʨʦʚʝʨʢʘ  ʩʪʨʫʢʪʫʨʳ ʘʣʛʦʨʠʪʤʦʚ 

ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʆʙʦʙʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ  

ʠʟʚʝʩʪʥʳʭ, ʠ  ʧʦʟʚʦʣʷʝʪ  ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ  ʥʦʚʳʝ  ʘʣʛʦʨʠʪʤʳ  ʥʘ  ʦʩʥʦʚʝ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ.  ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʨʘʙʦʪʘʭ [47], [48] ʠ [49].   
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3 ɼɺʋʍʊʆʏɽʏʅʓʁ ɸʃɻʆʈʀʊʄ ʆʇʈɽɼɽʃɽʅʀʗ ʌɸɿʆɺʓʍ 

ʉɼɺʀɻʆɺ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ 

ʪʨʘʝʢʪʦʨʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟ ʥʘʙʦʨʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ ʥʘʡʪʠ ʚʥʝʩʝʥʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ [50-53, 57]. ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʘʥʳ ʚ 

ʛʣʘʚʝ 5. 

3.1 ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʩʥʦʚʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʤʝʪʦʜʘ 

ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʦʰʘʛʦʚʦʤ ʬʘʟʦʚʦʤ 

ʩʜʚʠʛʝ ð ʧʦʛʨʝʰʥʦʩʪʴ, ʚʳʟʚʘʥʥʫʶ ʥʝʧʨʘʚʠʣʴʥʳʤ ʟʘʜʘʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ [54]. 

ɿʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ὼȟώ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 [ ]0( , ) ( , ) 1 ( , )cos( ( , ) ) ,i iI x y I x y V x y x yj d= + +  (3.1)   

ʛʜʝ Ὥ ρȟςȟȣȟάȟά ð ʯʠʩʣʦ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʠ  π. 

ɽʩʣʠ ʠʟʚʝʩʪʥʦ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʪʦ ʚ ʫʨʘʚʥʝʥʠʠ 3 

ʥʝʠʟʚʝʩʪʥʳʭ:  • ð ʨʘʟʥʦʩʪʴ ʬʘʟ ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ, Ὅ ð 

ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ὠ ð ʤʦʜʫʣʷʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʚʠʜʥʦʩʪʴ). ɼʣʷ ʠʭ 

ʥʘʭʦʞʜʝʥʠʷ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʤʝʥʝʝ 3 ʫʨʘʚʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ . 

ɽʩʣʠ ʞʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʥʦʩʠʤʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʪʦʞʝ ʥʝʠʟʚʝʩʪʝʥ, ʪʦ ʚ ʵʪʦʤ 

ʫʨʘʚʥʝʥʠʠ ʫʞʝ 4 ʥʝʠʟʚʝʩʪʥʳʭ: •ȟȟὍȟὠ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʚ ʩʦʩʝʜʥʠʭ ʪʦʯʢʘʭ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ 

ʦʜʠʥʘʢʦʚʳ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʭʦʜʷ ʠʟ 
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ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʦʛʜʘ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ 

ʜʦʙʘʚʦʯʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʨʝʰʝʥʠʷ ʥʝ ʚ ʦʜʥʦʡ, ʘ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʪʦʯʢʘʭ ὼȟώ : 

 [ ], 0,( , ) ( , ) 1 ( , )cos( ( , ) ) .i k k k k k k k k k k k k iI x y I x y V x y x yj d= Ö + + (3.2)   

ɽʩʣʠ ʤʳ ʙʝʨʝʤ ά ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ, ʪʦ ʦʙʱʝʝ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʚ 2 ʪʦʯʢʘʭ 

ʙʫʜʝʪ: ςϽσ ά ρ. ʉʯʠʪʘʝʤ, ʯʪʦ  π. ɽʩʣʠ ʚʟʷʪʴ 5 ʩʜʚʠʛʦʚ, ʪʦ ʚ 2 ʪʦʯʢʘʭ 

ʧʦʣʫʯʠʪʩʷ 10 ʫʨʘʚʥʝʥʠʡ ʠ 10 ʥʝʠʟʚʝʩʪʥʳʭ: 

 

1,1 0,1 1 1

1,2 0,2 2 2

2,1 0,1 1 1 2

2,2 0,2 2 2 2

3,1 0,1 1 1 3

3,2 0,2 2 2 3

4,1 0,1 1 1 4

4,2 0,2 2 2 4

[1 cos( )],

[1 cos( )],

[1 cos( )],

[1 cos( )],

[1 cos( )],

[1 cos( )],

[1 cos( )],

[1 cos( )

I I V

I I V

I I V

I I V

I I V

I I V

I I V

I I V

j

j

j d

j d

j d

j d

j d

j d

= +

= +

= + +

= + +

= + +

= + +

= + +

= + +

5,1 0,1 1 1 5

5,2 0,2 2 2 5

],

[1 cos( )],

[1 cos( )].

I I V

I I V

j d

j d

ë
î
î
î
î
î
îî
ì
î
î
î
î
î = + +
î

= + +îí

 

(3.3)   

ʕʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʪʦʯʥʦ (ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ) ʦʧʨʝʜʝʣʠʪʴ ʬʘʟʦʚʳʝ ʨʘʟʥʦʩʪʠ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʳ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʯʠʩʣʦ ʪʦʯʝʢ Ὧ ρȟȣȟὲ. ʆʙʱʝʝ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ: 

σὲ ά ρ. ʏʠʩʣʦ ʫʨʘʚʥʝʥʠʡ: ὲά. ʈʝʰʝʥʠʝ ʤʦʞʥʦ ʥʘʡʪʠ, ʝʩʣʠ ʦʙʱʝʝ ʯʠʩʣʦ 

ʫʨʘʚʥʝʥʠʡ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ ʯʠʩʣʫ ʥʝʠʟʚʝʩʪʥʳʭ, ʪ.ʝ.: 

 3 1.n m n mÖ ² Ö + - (3.4)   
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ɿʘʬʠʢʩʠʨʫʝʤ ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʦʯʢʠ 

ʠ ʙʫʜʝʤ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʚ ʥʠʭ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʠ ʚʥʝʩʝʥʠʠ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʦʚ (ʨʠʩʫʥʦʢ 4.1). 

 

ʈʠʩʫʥʦʢ 3.1 ð ʈʝʛʠʩʪʨʘʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʠʥʪʝʨʬʝʨʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 

ʧʨʠ ʚʥʝʩʝʥʠʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ 

ɺʦʟʴʤʝʤ ʧʣʦʩʢʦʩʪʴ, ʠ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʙʫʜʝʤ ʦʪʢʣʘʜʳʚʘʪʴ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ð ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦ 

ʚʪʦʨʦʡ ʪʦʯʢʝ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʦʚ ʩʜʚʠʛʘ ʦʪ π ʜʦ ς“ ʪʦʯʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʙʫʜʝʪ  

ʦʧʠʩʳʚʘʪʴ ʥʝʢʦʪʦʨʫʶ ʪʨʘʝʢʪʦʨʠʶ. ɼʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʮʝʥʪʨʘʣʴʥʫʶ ʢʨʠʚʫʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʵʣʣʠʧʩ ð 

ʨʠʩʫʥʦʢ 3.2). ʕʪʦ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ: 

 
cos( ),

sin( ).

x a t

y b t

= Öë
ì
= Öí

 (3.5)   
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ʋʨʘʚʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʪʦʯʢʘʭ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
[ ]

[ ]
,1 0,1 1 1

,2 0,2 2 2

1 cos( ) ,

1 cos( ) .

i i

i i

I I V

I I V

f d

f d

= + +

= + +
 (3.6)   

ʀʟ (3.5) ʠ (3.6) ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʵʣʣʠʧʩ. 

 

ʈʠʩʫʥʦʢ 3.2 ð ʊʨʘʝʢʪʦʨʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʪʨʘʝʢʪʦʨʠ ̫

ʨʝʘʣʴʥʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʤʝʝʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ 

ʨʠʩʫʥʢʝ 3.3. 
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ʈʠʩʫʥʦʢ 3.3 ð ʊʨʘʝʢʪʦʨʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʧʦʛʨʝʰʥʦʩʪʷʭ ʠʟʤʝʨʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʇʦʣʴʟʫʷʩʴ ʠʟʚʝʩʪʥʳʤʠ ʬʦʨʤʫʣʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ, ʟʘʧʠʰʝʤ 

ʫʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [55]: 

 
2 2

11 22 12 13 23 332 2 2 0.a x a y a xy a x a y a+ + + + + = (3.7)   

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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(3.8)   

ʛʜʝ ὔ ð ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʩʯʝʪʦʚ, ὼ ʠ ώ ð ʢʦʦʨʜʠʥʘʪʳ ὼ ʠ i-ʡ ʪʦʯʢʠ ʥʘ 

ʧʣʦʩʢʦʩʪʠ (Ὥ ρȢȢὔ).  
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ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (3.7) ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʥʝ ʣʫʯʰʝ ρπ . ʇʦʵʪʦʤʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ 

ʘʣʛʦʨʠʪʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [56]. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 

ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ ʤʠʥʠʤʠʟʘʮʠʷ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 

ʦʪʢʣʦʥʝʥʠʡ (ʢʘʢ ʠ ʚ ʤʝʪʦʜʝ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ), ʥʦ ʘʣʛʦʨʠʪʤ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʠʤʝʥʥʦ ʵʣʣʠʧʩ. ɸʣʛʦʨʠʪʤ ʨʘʟʙʠʪ ʥʘ 4 ʰʘʛʘ. 

1) ʌʦʨʤʠʨʫʝʤ ʤʘʪʨʠʮʫ Ὀ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 
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(3.9)   

ʛʜʝ ὼ ʠ ώ ð ʢʦʦʨʜʠʥʘʪʳ i-ʡ ʪʦʯʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪ.ʝ. ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʪʦʯʢʘʭ, Ὥ ρȢȢȢὔ, ὔ ð ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ (ʯʠʩʣʦ ʬʘʟʦʚʳʭ 

ʩʜʚʠʛʦʚ). 

2) ɺʳʯʠʩʣʷʝʤ ʤʘʪʨʠʮʫ S, ʨʘʚʥʫʶ ʧʨʦʠʟʚʝʜʝʥʠʶ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ 

ʤʘʪʨʠʮʳ D ʥʘ ʩʘʤʫ ʤʘʪʨʠʮʫ D, ʪ.ʝ. 

 .TS D D=  (3.10)  

3) ʈʝʰʘʝʤ ʦʙʦʙʱʝʥʥʫʶ ʟʘʜʘʯʫ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

 ,Sq Cql=  (3.11)  

ʛʜʝ ʤʘʪʨʠʮʘ ὅ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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 (3.12)  

ʅʘ ʜʘʥʥʦʤ ʰʘʛʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ‗ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ή, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ (3.11). 

4) ʀʟ ʥʘʡʜʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ‗  ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

ʤʠʥʠʤʘʣʴʥʦʝ ʧʦ ʤʦʜʫʣʶ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ ʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ 

ʵʣʣʠʧʩʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʛʦ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʣʣʠʧʩʫ, ʘ ʥʝ ʜʨʫʛʦʡ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʠʥʚʘʨʠʘʥʪʳ: 

 11 22,I a a= +  (3.13)  

 
11 12

12 22

,
a a

D
a a
=  (3.14)  

 

11 12 13

12 22 23

13 23 33

.

a a a

A a a a

a a a

=  (3.15)  

ʕʪʠ ʠʥʚʘʨʠʘʥʪʳ ʦʧʨʝʜʝʣʷʶʪ ʩʚʦʡʩʪʚʘ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʥʝ 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʝʝ ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠ Ὀ π ʠ π ʠʤʝʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʵʣʣʠʧʩ (ʦʢʨʫʞʥʦʩʪʴ, ʝʩʣʠ 

Ὅ τὈ). ʇʨʠ Ὀ π ʠ π ð ʤʥʠʤʳʡ ʵʣʣʠʧʩ (ʥʠ ʦʜʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʪʦʯʢʠ).  
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ʇʨʠ Ὀ π ʢʨʠʚʘʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʛʠʧʝʨʙʦʣʫ, ʧʨʠ  Ὀ π ð ʧʘʨʘʙʦʣʫ 

[55]. 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʵʣʣʠʧʩʘ ʨʘʩʩʯʠʪʳʚʘʝʤ 

ʢʦʦʨʜʠʥʘʪʳ ʝʛʦ ʮʝʥʪʨʘ ὼȟώ , ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

 11 0 12 0 13 0,a x a y a+ + = (3.16)  

 12 0 22 0 23 0.a x a y a+ + = (3.17)  

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ 
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=-  (3.18)  
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y

a a
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=-  (3.19)  

ɿʘʪʝʤ ʧʨʠʚʦʜʠʤ ʮʝʥʪʨ ʵʣʣʠʧʩʘ ʢ ʥʘʯʘʣʫ ʢʦʦʨʜʠʥʘʪ (ʨʠʩʫʥʦʢ 3.4), 

ʚʳʯʠʩʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ: 

 0 0, , 1.. .i i i ix x x y y y i N= - = - = (3.20)  
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ʈʠʩʫʥʦʢ 3.4 ð ʊʨʘʝʢʪʦʨʠʷ, ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʥʘʯʘʣʫ ʢʦʦʨʜʠʥʘʪ 

ɼʘʣʝʝ, ʨʘʟʚʦʨʘʯʠʚʘʝʤ ʵʣʣʠʧʩ ʧʘʨʘʣʣʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ: 

 
cos sin

,
sin cos

i i

i i

x x

y y

W Wè ø è øè ø
=é ù é ùé ù
- W Wê úê ú ê ú

 (3.21)  

ʛʜʝ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ɱ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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11 22

21
.

2

a
arctg

a a
W=

-
 (3.22)  

ɿʜʝʩʴ ʫʛʦʣ  ɱ ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ 

ὕὼ ʠ ʢʘʞʜʳʤ ʠʟ ʜʚʫʭ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [55]. 

ʅʘʡʜʝʥʥʳʡ ʫʛʦʣ ɱ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ɽʩʣʠ ɱ π, ʪʦ ʵʣʣʠʧʩ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʧʨʠ ɱ π ʵʣʣʠʧʩ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʇʨʠ ʵʪʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʵʣʣʠʧʩʘ ʠ ʟʥʘʢʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ɱ, ʧʦʩʣʝ ʨʘʟʚʦʨʦʪʘ 

ʵʣʣʠʧʩ ʤʦʞʝʪ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʣʠʙʦ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʘʙʩʮʠʩʩ, ʣʠʙʦ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʦʨʜʠʥʘʪ (ʨʠʩʫʥʢʠ  3.5 ʠ  3.6). 
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ʈʠʩʫʥʦʢ 3.5 ð ʆʨʠʝʥʪʘʮʠʷ ʵʣʣʠʧʩʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʘʙʩʮʠʩʩ 

 

ʈʠʩʫʥʦʢ 3.6 ð ʆʨʠʝʥʪʘʮʠʷ ʵʣʣʠʧʩʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʦʨʜʠʥʘʪ 

ʇʦʩʣʝ ʨʘʟʚʦʨʦʪʘ ʵʣʣʠʧʩʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ 

ʨʘʩʪʷʛʠʚʘʝʤ ʵʣʣʠʧʩ ʜʦ ʦʢʨʫʞʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʨʝʰʘʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ 

 
11 12

12 22
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b
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=

-
 (3.23)  

ʧʦʣʫʯʘʝʤ ʢʦʨʥʠ   ʠ . ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʪʷʞʝʥʠʷ ʦʩʝʡ ʵʣʣʠʧʩʘ   ʧʨʠ 

 . ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʪʷʞʝʥʠʷ  ρ. ɺ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ 
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ρ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʪʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʝʛʦ ʛʣʘʚʥʳʭ ʦʩʝʡ   

(ὦȾὥ ʧʨʠ ὦ ὥ). 

ʈʘʩʪʷʞʝʥʠʝ ʵʣʣʠʧʩʘ ʜʦ ʦʢʨʫʞʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

(ʨʠʩʫʥʢʠ 3.7 ʠ 3.8): 

¶ ʝʩʣʠ ʵʣʣʠʧʩ ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ὕώ, ʪʦ ὼ ; 

¶ ʝʩʣʠ ʵʣʣʠʧʩ ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ὕὼ, ʪʦ ώ . 

 

ʈʠʩʫʥʦʢ 3.7 ð ʈʘʩʪʷʞʝʥʠʝ ʵʣʣʠʧʩʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ OY 

 

ʈʠʩʫʥʦʢ 3.8 ð ʈʘʩʪʷʞʝʥʠʝ ʵʣʣʠʧʩʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ OX 

ʅʘ ʨʠʩʫʥʢʝ 3.9 ʧʦʢʘʟʘʥʘ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ (ʨʘʩʪʷʥʫʪʘʷ) ʪʨʘʝʢʪʦʨʠʷ. ɹʦʣʝʝ 

ʢʨʫʧʥʳʤ ʨʘʟʤʝʨʦʤ ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʪʦʯʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʚʦʤʫ 
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(ʥʫʣʝʚʦʤʫ) ʬʘʟʦʚʦʤʫ ʩʜʚʠʛʫ. 

 

ʈʠʩʫʥʦʢ 3.9 ð ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ (ʨʘʩʪʷʥʫʪʘʷ ʜʦ ʦʢʨʫʞʥʦʩʪʠ) ʪʨʘʝʢʪʦʨʠʷ 

ɼʘʣʝʝ ʧʦʚʦʨʘʯʠʚʘʝʤ ʦʢʨʫʞʥʦʩʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʚ 

ʧʝʨʚʦʡ ʪʦʯʢʝ ʙʳʣ ʨʘʚʝʥ ʥʫʣʶ (ʨʠʩʫʥʦʢ 3.10). ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʧʦʚʝʨʥʫʚ 

ʦʢʨʫʞʥʦʩʪʴ ʥʘ ʫʛʦʣ 

 
1

1

( ).
y

arctg
x

w=  (3.24)  

 

ʈʠʩʫʥʦʢ 3.10 ð ʇʦʣʦʞʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʥʫʣʝʚʦʤ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ 
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ʋʛʣʳ ʩʜʚʠʛʘ ʬʘʟ ʥʘʡʜʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ,i
i

i

y
arctg

x
d=  (3.25)  

ʛʜʝ Ὥ ρȣὔ. 

ʅʘʡʜʝʥʥʳʝ ʫʛʣʳ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʦʞʥʦ ʧʦʜʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʬʦʨʤʫʣ rʨʘʩʰʠʬʨʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʨʘʟʥʦʩʪʠ ʬʘʟ. 

3.2 ʇʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʜʚʫʭʪʦʯʝʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʆʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʪʨʘʝʢʪʦʨʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʣʣʠʧʩʦʤ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʘʣʛʦʨʠʪʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʟʙʠʪ ʥʘ ʯʝʪʳʨʝ ʵʪʘʧʘ. ʉ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʧʝʨʚʳʭ ʜʚʫʭ 

ʵʪʘʧʦʚ ʘʣʛʦʨʠʪʤʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝ ʚʦʟʥʠʢʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ. ʆʜʥʘʢʦ, ʦʙʨʘʪʠʤ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʨʝʪʠʡ ʰʘʛ ʘʣʛʦʨʠʪʤʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʦʙʦʙʱʝʥʥʫʶ ʟʘʜʘʯʫ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ 

ʪʘʢʦʡ ʟʘʜʘʯʠ ʥʝ ʷʚʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʳʤ. ʈʘʩʩʤʦʪʨʠʤ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʦʜʨʦʙʥʝʝ. 

ɺʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ ‗ ʠ ʚʝʢʪʦʨ ή ʥʘʟʳʚʘʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʘʨʦʡ ʤʘʪʨʠʮʳ 

ὃ, ʝʩʣʠ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʝʤʫ ʫʩʣʦʚʠʶ: 

 .Aq ql=  (3.26)  

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʝʱʝʩʪʚʝʥʥʘʷ ʤʘʪʨʠʮʘ ὃ ʨʘʟʤʝʨʦʤ ὲ ὲ ʩʠʤʤʝʪʨʠʯʥʘ, ʫ ʥʝʸ 

ʝʩʪʴ ὲ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʨʘʟʣʠʯʥʳʭ) ʠ ὲ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʩʦʙʩʪʚʝʥʥʳʡ ʙʘʟʠʩ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.26) ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ [58]. 

ʇʝʨʚʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʨʝʰʘʶʱʠʤ ʟʘʜʘʯʫ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʦʤ ὲ ὲ, ʙʳʣ ʘʣʛʦʨʠʪʤ ʗʢʦʙʠ, ʧʨʠʚʦʜʷʱʠʡ ʤʘʪʨʠʮʫ ʢ 

ʜʠʘʛʦʥʘʣʴʥʦʡ ʬʦʨʤʝ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʇʦ ʤʝʨʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʩʭʦʜʥʦʡ ʤʘʪʨʠʮʳ, ʵʣʝʤʝʥʪʳ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ 

ʫʤʝʥʴʰʘʣʠʩʴ, ʘ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ - ʫʚʝʣʠʯʠʚʘʣʠʩʴ. ɽʩʪʝʩʪʚʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ʚʥʝʜʠʘʛʦʥʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʥʫʣʶ, ʘ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʥʘʭʦʜʷʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɽʩʪʴ ʠ ʜʨʫʛʠʝ ʘʣʛʦʨʠʪʤʳ, ʥʘʧʨʠʤʝʨ, ʩʝʤʝʡʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ὗ-

ʠʪʝʨʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʢ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝ. ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʧʨʦʙʣʝʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ [59]. 

ʆʙʦʙʱʝʥʥʘʷ ʟʘʜʘʯʘ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʜʘʯʠ (3.26), 

ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʪʘʢʦʛʦ ʯʠʩʣʘ ‗ ʠ ʚʝʢʪʦʨʘ ή, ʯʪʦʙʳ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʣʠ 

ʩʣʝʜʫʶʱʝʤʫ ʫʩʣʦʚʠʶ: 

 ,Aq Bql=  (3.27)  

ʛʜʝ ὄ ð ʤʘʪʨʠʮʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʠʱʫʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ 

ὃ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.27) ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʤʘʪʨʠʮʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʠʱʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦ-ʦʧʨʝʜʝʣʝʥʥʦʡ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ 

ʠʱʝʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ Ὓ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʮʳ ὅ, ʘ ʤʘʪʨʠʮʘ ὅ ʥʝ 

ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ-ʦʧʨʝʜʝʣʝʥʥʦʡ. ʊʘʢʞʝ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ 

ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʦʩʷʪ ʠʪʝʨʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʫʜʫʪ ʜʘʚʘʪʴ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʵʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ 

ʦʙʦʙʱʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (3.11). 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ Ὓ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʮʳ ὅ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʢʦʨʥʠ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ 

 0.S Cl- =  (3.28)  



55 
 

ʈʘʩʢʨʳʚʘʝʤ ʦʧʨʝʜʝʣʠʪʝʣʴ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (3.28), ʠ ʧʨʠʚʦʜʷ 

ʧʦʜʦʙʥʳʝ ʩʣʘʛʘʝʤʳʝ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ 

 3 2 0,x ax bx c+ + + = (3.29)  

ʛʜʝ ὥȟὦ ʠ ὧ ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʩʦʙʠʨʘʥʠʝʤ ʯʣʝʥʦʚ ʫʨʘʚʥʝʥʠʷ (3.29) ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʩʪʝʧʝʥʷʤʠ. ɺ ʩʠʣʫ ʙʦʣʴʰʦʡ ʜʣʠʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὥȟὦ ʠ ὧ ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʥʝʡ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʦʨʤʫʣʳ ɺʠʝʪʘ-ʂʘʨʜʘʥʦ. ɼʣʷ ʵʪʦʛʦ ʚʥʘʯʘʣʝ ʚʳʯʠʩʣʷʶʪʩʷ 

 2( 3 ) / 9,Q a b= -  (3.30)  

 
3(2 9 27 ) / 54.R a ab c= - +  (3.31)  

ɼʘʣʝʝ, ʝʩʣʠ Ὑ ȿὗȿ, ʪʦ ʫʨʘʚʥʝʥʠʝ (3.29) ʠʤʝʝʪ ʪʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʷ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ 

 3
arccos ,

3

R
t

Q
=  (3.32)  

 1 2 cos( ) / 3,x Q t a= Ö -  (3.33)  

 2

2
2 cos( ) / 3,

3
x Q t a

p
= Ö + - (3.34)  

 3

2
2 cos( ) / 3.

3
x Q t a

p
= Ö - - (3.35)  

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ Ὑ ȿὗȿ, ʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʝʡ ʦʜʠʥ (ʦʙʱʠʡ 

ʩʣʫʯʘʡ) ʠʣʠ ʜʚʘ (ʚʳʨʦʞʜʝʥʥʳʝ ʩʣʫʯʘʠ). ʂʨʦʤʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʢʦʨʥʷ, ʠʤʝʝʪʩʷ 

ʜʚʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ. ɼʣʷ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ 



56 
 

 2 33( ) ,A sign R R R Q= + -  (3.36)  

 / 0 0 0.B Q AʧʨʠA ʠʣʠB ʧʨʠA= ¸ = = (3.37)  

ɼʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ ʙʫʜʝʪ: 

 1 ( ) / 3.x A B a= + -  (3.38)  

ʂʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʝ ʢʦʨʥʠ: 

 2,3 / 3 3 .
2 2

A B A B
x a i

+ -
=- - °  (3.39)  

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ὃ ὄ, ʠʤʝʝʤ ʦʜʠʥ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ: 

 2 / 3.x A a=- -  (3.40)  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (3.29) ʙʫʜʝʪ ʠʤʝʪʴ ʪʨʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʷ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʥʝʡ ʜʦʩʪʘʪʦʯʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʘʤʠ (3.33) 

ð (3.35). 

ʇʨʠ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʢʦʨʥʝʡ ʢʫʙʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (3.29) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʙʣʝʤʳ ʩʣʝʜʫʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ὥȟὦ ʠ ʩʚʦʙʦʜʥʦʛʦ ʯʣʝʥʘ ὧ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ   

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ ʪʦʯʥʳʭ ʤʝʪʦʜʘʭ ʚʳʯʠʩʣʝʥʠʡ. ʉʪʘʥʜʘʨʪʥʳʝ, 

ʚʩʪʨʦʝʥʥʳʝ ʚ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʠʧʳ ʜʘʥʥʳʭ ʩ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʴʶ ʥʝ 

ʩʧʨʘʚʣʷʣʠʩʴ: ʚʦʟʥʠʢʘʣʦ ʧʝʨʝʧʦʣʥʝʥʠʝ ʚ ʩʠʣʫ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʧʝʨʠʨʦʚʘʥʠʷ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤʠ ʠ ʩʣʠʰʢʦʤ ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʣʴʢʫʣʷʪʦʨ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʪʦʯʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʦʡ 

ʢʘʣʴʢʫʣʷʪʦʨ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ. 
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3.3 ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʚʫʭʪʦʯʝʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʦ ʩʛʝʥʝʨʠʨʦʚʘʥʦ 42 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʩ ʰʘʛʦʤ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ, ʨʘʚʥʳʤ πȢρυ ʨʘʜʠʘʥ. ʅʘ ʨʠʩʫʥʢʝ 

3.11  ʧʦʢʘʟʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʩʝʤʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ. 

 

ʈʠʩʫʥʦʢ 3.11 ð ʄʦʜʝʣʴʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʩ ʰʘʛʦʤ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ πȢρυ 

ʨʘʜʠʘʥ 

ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʜʣʷ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ.  
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ʊʘʙʣʠʮʘ 3.1 ð ʈʝʘʣʴʥʳʝ ʠ ʚʳʯʠʩʣʝʥʥʳʝ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ 

ɺʳʯʠʩʣʝʥʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʈʝʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

0,0000 0,0000 0,0000 

0,1525 0,1500 0,0025 

0,3023 0,3000 0,0023 

0,4517 0,4500 0,0017 

0,5963 0,6000 0,0037 

0,7478 0,7500 0,0022 

0,8986 0,9000 0,0014 

1,0498 1,0500 0,0002 

1,1954 1,2000 0,0046 

1,3503 1,3500 0,0003 

1,4976 1,5000 0,0024 

1,6499 1,6500 0,0001 

1,8008 1,8000 0,0008 

1,9501 1,9500 0,0001 

2,0952 2,1000 0,0048 

2,2447 2,2500 0,0053 

2,4002 2,4000 0,0002 

2,5464 2,5500 0,0036 

2,7012 2,7000 0,0012 

2,8515 2,8500 0,0015 

2,9954 3,0000 0,0046 

3,1475 3,1500 0,0025 

3,3004 3,3000 0,0004 

3,4503 3,4500 0,0003 

3,5998 3,6000 0,0002 

3,7444 3,7500 0,0056 

3,8957 3,9000 0,0043 

4,0505 4,0500 0,0005 

4,1969 4,2000 0,0031 

4,3480 4,3500 0,0020 

4,4960 4,5000 0,0040 

4,6474 4,6500 0,0026 

4,8016 4,8000 0,0016 

4,9516 4,9500 0,0016 

5,1011 5,1000 0,0011 

5,2539 5,2500 0,0039 

5,3988 5,4000 0,0012 

5,5506 5,5500 0,0006 

5,7015 5,7000 0,0015 

5,8509 5,8500 0,0009 

6,0018 6,0000 0,0018 

6,1496 6,1500 0,0004 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ πȢππφ ʨʘʜʠʘʥ.  
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ɺ ʪʘʙʣʠʮʝ  3.2  ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ð 255). ʇʦʛʨʝʰʥʦʩʪʴ Ў ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

 
2

1

1
( ) ,

1

N

ʨʝʘʣʴʥ i

iN
d d

=

D= -
-
ä  (3.41)  

ʛʜʝ ̑ ̝̆́̌̎ ð ʨʝʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ,  ð ʚʳʯʠʩʣʝʥʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ, 

ὔ σς ð ʯʠʩʣʦ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ 

ʬʘʟʦʚʳʝ ʨʝʘʣʴʥʳʝ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʬʦʨʤʫʣʳ ʨʘʩʰʠʬʨʦʚʢʠ. 

ʊʘʙʣʠʮʘ 3.2 ð ɺʣʠʷʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

 ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

1% 2% 5% 10% 15% 

Ў ʚ ʨʘʜʠʘʥʘʭ 0,022 0,042 0,110 0,208 1,128 

3.4 ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʘʥʘʣʠʟʝ ʪʨʘʝʢʪʦʨʠʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʜʚʫʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʢʘʭ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʪʳʩʷʯʥʳʝ ʜʦʣʠ ʨʘʜʠʘʥ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʦʯʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʚʥʦʩʠʤʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. ʇʦʩʢʦʣʴʢʫ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

ʚʳʯʠʩʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʟʥʘʯʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʩʪʝʤʳ ʩ ʘʧʨʠʦʨʥʦ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚʥʦʩʠʤʳʤʠ  ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʚʫʭʪʦʯʝʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  
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4 ɸʃɻʆʈʀʊʄ ʈɸʉʐʀʌʈʆɺʂʀ ʀʅʊɽʈʌɽʈɽʅʎʀʆʅʅʓʍ 

ʂɸʈʊʀʅ ɺ ʆʊʉʋʊʉʊɺʀʀ ɸʇʈʀʆʈʅʆʁ ʀʅʌʆʈʄɸʎʀʀ ʆ 

ʌɸɿʆɺʓʍ ʉɼɺʀɻɸʍ 

ɺ ʛʣʘʚʝ 1 ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʟʥʘʥʠʷ ʪʦʯʥʦʡ ʚʝʣʠʯʠʥʳ ʚʥʦʩʠʤʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. 

ʇʨʠ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥʘʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʢʘʣʠʙʨʦʚʢʠ. ɺ ʛʣʘʚʝ 3 ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʪʨʝʙʫʶʪ ʨʝʛʠʩʪʨʘʮʠʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ.  

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʨʘʩʰʠʬʨʦʚʢʠ, ʥʝ ʪʨʝʙʫʶʱʠʡ 

ʟʥʘʥʠʷ ʦ ʪʦʯʥʦʡ ʚʝʣʠʯʠʥʝ ʚʥʦʩʠʤʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ 

ʘʣʛʦʨʠʪʤʘ ʧʨʠʚʝʜʝʥʳ ʚ ʛʣʘʚʝ 5. 

4.1 ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʚʝʜʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʩ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘʥʥʳʤʠ ʬʘʟʦʚʳʤʠ 

ʩʜʚʠʛʘʤʠ ʢ ʪʨʘʝʢʪʦʨʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʠʟʚʝʩʪʥʳ 

ʪʦʯʥʦ [60]. 

ʇʫʩʪʴ ʠʤʝʝʤ ʪʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʩ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ 

 .ð ʨʠʩʫʥʦʢ 4.1 ȟȟ
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 π 

 

 “Ⱦσ 

 

 ς“Ⱦσ 

ʈʠʩʫʥʦʢ 4.1 ð ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ ʜʣ ̫ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚʝʢʪʦʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ʕʪʠ ʚʝʢʪʦʨʳ ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ. ʇʫʩʪʴ Ὅὼȟώ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʪʦʯʢʝ ØȟÙ i-ʡ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ. ʉʦʩʪʘʚʠʤ ʚʝʢʪʦʨ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ἓὼȟώ ʚ ʪʦʯʢʝ ὼȟώ. ɼʘʥʥʳʡ 

ʚʝʢʪʦʨ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ  ἓὼȟώ Ὅὼȟώ Ὅὼȟώ Ὅὼȟώ . 

ɿʘʪʝʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ἓ ʚʳʯʠʩʣʷʝʤ 

ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʢ ʥʝʤʫ ʚʝʢʪʦʨ. ʆʨʪʦʛʦʥʘʣʴʥʳʡ  ʚʝʢʪʦʨ ) ʤʦʞʥʦ  ʥʘʡʪʠ  ʩ  

ʧʦʤʦʱʴʶ  ʤʘʪʨʠʯʥʦʛʦ  ʫʨʘʚʥʝʥʠʷ: 

 M .^= ÖI I   (4.1)   

ʄʘʪʨʠʮʘ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ὓ ʜʦʣʞʥʘ  ʫʜʦʚʣʝʪʚʦʨʷʪʴ  ʩʣʝʜʫʶʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ: 

 M 0,=   (4.2)   

 [ ]
T

M 1 1 0.Ö = (4.3)   

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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0 1 1

M= 1 0 1 .

1 1 0

-è ø
é ù
-
é ù
é ù-ê ú

  (4.4)   

ɺʳʯʠʩʣʝʥʥʳʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʙʫʜʫʪ ʠʤʝʪʴ ʪʘʢʫʶ ʞʝ ʨʘʟʤʝʨʥʦʩʪʴ, 

ʢʘʢ ʠ ʚʝʢʪʦʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʪ.ʝ. ʩʦʜʝʨʞʘʪ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ. ʅʘ ʨʠʩʫʥʢʝ 4.2 

ʧʦʢʘʟʘʥʘ ʪʨʘʝʢʪʦʨʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. 

ɿʜʝʩʴ ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʡ ʪʦʯʢʠ ʝʩʪʴ ʵʣʝʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ 

ʚʝʢʪʦʨʘ. ʌʦʨʤʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ.  

ɺ ʩʠʣʫ ʩʚʦʡʩʪʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ, ʚʩʝ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʜʫʪ 

ʣʝʞʘʪʴ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ. ɼʣʷ ʵʪʦʛʦ, ʨʘʟʚʦʨʘʯʠʚʘʝʤ ʧʦʣʫʯʝʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ 

ʧʘʨʘʣʣʝʣʴʥʦ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʧʣʦʩʢʦʩʪʠ XY  ð 

ʨʠʩʫʥʦʢ 4.3. ɿʘʪʝʤ ʧʨʦʝʮʠʨʫʝʤ ʦʙʣʘʢʦ ʪʦʯʝʢ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ 

ʧʣʦʩʢʦʩʪʴ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʵʣʣʠʧʩʦʤ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʟʜʝʣʝ 3.1 

ð ʨʠʩʫʥʦʢ 4.4. 
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ʈʠʩʫʥʦʢ 4.2 ð ʊʨʘʝʢʪʦʨʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

 

 

ʈʠʩʫʥʦʢ 4.3 ð ʊʨʘʝʢʪʦʨʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ 
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ʈʠʩʫʥʦʢ 4.4 ð ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʪʨʘʝʢʪʦʨʠʠ ʵʣʣʠʧʩʦʤ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚʧʠʰʝʤ ʧʣʦʩʢʠʡ ʵʣʣʠʧʩ ʚ ʦʙʲʝʤʥʳʡ ʮʠʣʠʥʜʨ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʷʶʱʫʶ ʮʠʣʠʥʜʨʘ. ʇʫʩʪʴ ὥ ð ʙʦʣʴʰʘʷ 

ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʘ, ὦ ð ʤʘʣʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʘ. ɼʣʠʥʳ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ 

ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (3.7): 

 
11 12

12 22

0.
a a

a a

l

l

-
=

-
  (4.5)   

ʂʦʨʥ̫ʤʠ ‗ ʠ ‗ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʡ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ 

 
11 12

12 22

.
a a

a a

è ø
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  (4.6)   

http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B1%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D1%8B,_%D0%B7%D0%BD%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D1%8F_%D0%B8_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%B0
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ʊʦʛʜʘ ʜʣʠʥʳ ʧʦʣʫʦʩʝʡ ʵʣʣʠʧʩʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ 

‗  ‗: 

 2( 1/ ) ( / ),a A Dl= - Ö  (4.7)   

 1( 1/ ) ( / ),b A Dl= - Ö  (4.8)   

ʛʜʝ ὃ ʠ Ὀ ð ʠʥʚʘʨʠʘʥʪʳ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʚʳʯʠʩʣʷʝʤʳʝ ʬʦʨʤʫʣʘʤ (3.15) 

ʠ (3.14) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ‗  ‗: 

 1( 1/ ) ( / ),a A Dl= - Ö  (4.9)   

 2( 1/ ) ( / ).b A Dl= - Ö  (4.10)  

ʅʘʧʨʘʚʣʷʶʱʘʷ ʮʠʣʠʥʜʨʘ Ἐ, ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʧʠʩʘʥ ʵʣʣʠʧʩ, ʙʫʜʝʪ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

cos( )

sin( ) ,

/b a

Wè ø
é ù
= W
é ù
é ùê ú

L   (4.11)  

ʛʜʝ ɱ ð ʫʛʦʣ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ὕὼ ʠ ʢʘʞʜʳʤ ʠʟ ʜʚʫʭ 

ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ (3.22). 

ɿʥʘʷ ʥʘʧʨʘʚʣʷʶʱʫʶ ʮʠʣʠʥʜʨʘ, ʚ ʢʦʪʦʨʳʡ ʚʧʠʩʘʥ ʵʣʣʠʧʩ, ʪʨʘʝʢʪʦʨʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪ ɹʢ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʘʷ 

ʪʦʯʢʘ ʪʨʘʝʢʪʦʨʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʝʮʠʨʫʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʷʶʱʝʡ ʮʠʣʠʥʜʨʘ ʥʘ 

ʧʣʦʩʢʦʩʪʴ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʥʦʚʘʥʠʶ ʮʠʣʠʥʜʨʘ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ╟ὼȟώȟᾀ ð ʪʦʯʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ  ʥʘ ʵʣʣʠʧʩʝ ʜʣʷ 

ʠʩʭʦʜʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʊʦʛʜʘ ʥʦʚʘʷ ʪʦʯʢʘ ╖ ʥʘ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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 (4.12)  

ʈʝʟʫʣʴʪʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 

4.5. ɺʩʝ ʪʦʯʢʠ ʥʘ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʫʪ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʥʦʚʘʥʠʶ ʮʠʣʠʥʜʨʘ, ʚ ʢʦʪʦʨʳʡ ʚʧʠʩʘʥ ʵʣʣʠʧʩ. 

    

ʈʠʩʫʥʦʢ 4.5 ð ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʧʦ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʮʠʣʠʥʜʨʘ) 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʥʝʦʙʭʦʜʠʤʦ ʢʨʫʛʦʚʫʶ ʪʨʘʝʢʪʦʨʠʶ ʧʦʚʝʨʥʫʪʴ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʧʣʦʩʢʦʩʪʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʪʦʯʢʠ 

ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʩʦʚʧʘʜʘʣʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ╔ ρ ρ ρ . ɼʣʷ 

ʚʧrʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʤʘʪʨʠʮʫ ʧʦʚʦʨʦʪʘ ʜʣʷ ʚʨʘʱʝʥʠʷ 

ʥʦʨʤʘʣʠ ʧʣʦʩʢʦʩʪʠ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʦ ʚʝʢʪʦʨʘ ╔. ʄʘʪʨʠʮʫ ʧʦʚʦʨʦʪʘ ʤʦʞʥʦ 

ʥʘʡʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ╣ ð ʚʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʝʨʥʫʪʴ ʜʦ 

ʚʝʢʪʦʨʘ ╟. ɺʳʯʠʩʣʷʝʤ ʫʛʦʣ  ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ╣ ʠ ╟ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

  arccos .b
Ö

=
Ö

T P

T P
  (4.13)  

ɺʳʯʠʩʣʷʝʤ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ╥ ╣ ╟.  

ɿʘʪʝʤ ʥʦʨʤʠʨʫʝʤ ʚʝʢʪʦʨ ╥: 
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 .R=
V

V   (4.14)  

ʌʦʨʤʠʨʫʝʤ ʤʘʪʨʠʮʫ ὃ: 

 

0

0 .

0

z y

z x

y x

R R

A R R

R R

è ø-
é ù
= -é ù
é ù-ê ú

  (4.15)  

ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʫʶ ʤʘʪʨʠʮʫ ʧʦʚʦʨʦʪʘ Ὓ ʤʦʞʥʦ ʥʘʡʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
2

1 0 0

0 1 0 sin( ) (1 cos( )) .

0 0 1

S A Ab b

è ø
é ù
= + Ö + - Ö
é ù
é ùê ú

 
(4.16)  

ɼʘʣʝʝ ʚʨʘʱʘʝʤ ʢʘʞʜʫʶ ʪʦʯʢʫ ʧʦ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʧʦʤʦʱʠ 

ʥʘʡʜʝʥʥʦʡ ʤʘʪʨʠʮʳ ʧʦʚʦʨʦʪʘ Ὓ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 

4.6.  ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʤʝʱʘʝʤ ʪʦʯʢʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʮʝʥʪʨ ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʠʤʠ ʪʨʘʝʢʪʦʨʠʠ ʥʘʭʦʜʠʣʩʷ ʥʘ ʚʝʢʪʦʨʝ ╔. ʎʝʥʪʨʦʤ ʧʦʣʫʯʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ ʮʝʥʪʨ ʵʣʣʠʧʩʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (4.12), ʪ.ʝ. ʧʨʦʝʮʠʨʫʝʤ ʧʦ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʮʠʣʠʥʜʨʘ. 
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ʈʠʩʫʥʦʢ 4.6  ð ʇʦʚʦʨʦʪ ʪʨʘʝʢʪʦʨʠʠ ʜʦ ʚʝʢʪʦʨʘ ╔ ρ ρ ρ 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʢʨʫʛʦʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠʩʢʦʤʫʶ ʨʘʟʥʦʩʪʴ ʬʘʟ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʦʡ 

ʬʦʨʤʫʣʳ ʨʘʩʰʠʬʨʦʚʢʠ (1.4) ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ  πȟ

ς“Ⱦσȟ τ“Ⱦσ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [81]. 

4.2 ɸʣʛʦʨʠʪʤ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʬʘʟʳ 

ɺ ʬʦʨʤʫʣʘʭ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʘʟʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ ὥὶὧὸὫ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʯʠʩʣʝʥʥʘʷ ʬʘʟʘ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ π ʜʦ ς“. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʘʟʳ ʢʨʘʪʥʳʝ ς“  ʥʝʚʦʟʤʦʞʥʦ 

ʙʫʜʝʪ ʦʪʣʠʯʠʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʬʘʟʦʚʦʡ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʘ ʘʣʛʦʨʠʪʤʳ ʝʝ ʫʩʪʨʘʥʝʥʠʷ ʥʘʟʳʚʘʶʪ ʘʣʛʦʨʠʪʤʘʤʠ 

ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʬʘʟʳ.  ʅʘ ʨʠʩʫʥʢʝ  4.7 ʧʦʢʘʟʘʥʘ ʬʘʟʘ ʜʦ (ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ) ʠ 

ʧʦʩʣʝ (ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ) ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ.  



69 
 

 

ʈʠʩʫʥʦʢ 4.7 ð ʇʦʣʥʘʷ ʬʘʟʘ (ʩʚʝʨʭʫ) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʘʟʘ (ʩʥʠʟʫ) 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʘʣʛʦʨʠʪʤʦʚ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʜʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʬʘʟʳ 

[61-73]. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʧʦʨʦʛʦʚʫʶ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʚ ʢʘʢʦʡ ʪʦʯʢʝ ʬʫʥʢʮʠʠ ʬʘʟʳ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʩʢʘʯʦʢ ʥʘ ς“ ʠʣʠ 

ς“ (ʨʠʩʫʥʦʢ  4.8). 

 

ʈʠʩʫʥʦʢ 4.8 ð ʇʦʨʦʛʦʚʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʬʘʟʳ 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʣʦʞʝʥʠʝ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʬʘʟʳ ʜʘʝʪ ʧʦʣʥʫʶ ʬʘʟʫ. ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʬʘʟʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ. ʊʘʤ, ʛʜʝ ʚ ʩʦʩʝʜʥʠʭ ʪʦʯʢʘʭ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʙʫʜʫʪ ʩʢʘʯʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦ ʤʦʜʫʣʶ ʙʦʣʴʰʝ “, ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʦʜʠʥ ʠʟ ʧʝʨʝʭʦʜʦʚ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʠ. ɿʥʘʢ ʧʝʨʝʭʦʜʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʟʥʘʢʦʤ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʚ ʵʪʠʭ 
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ʪʦʯʢʘʭ. ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʜʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʬʘʟʳ  ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʠʤʝʥʥʦ 

ʪʘʢʦʡ ʩʧʦʩʦʙ. 

4.3 ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʣʛʦʨʠʪʤʘ ʨʘʩʰʠʬʨʦʚʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ, ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʪʨʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ σππσππ ʧʠʢʩʝʣʝʡ.  

ʅʘ ʨʠʩʫʥʢʝ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʴʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʩ 

ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ȟȟ.  

   

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.9 ð ʄʦʜʝʣʴʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ 

ʅʘ ʨʠʩʫʥʢʝ  4.10 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʧʦ ʚʩʝʤʫ ʧʦʣʶ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʦʜʝʣʴʥʳʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʢʘʨʪʠʥʘʤ. 
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ʈʠʩʫʥʦʢ 4.10 ð ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʧʦ ʚʩʝʤʫ ʧʦʣʶ (ʚ ʨʘʜʠʘʥʘʭ) 

ʅʘ ʨʠʩʫʥʢʝ 4.11 ʧʦʢʘʟʘʥʳ ʩʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʠ ʚʳʯʠʩʣʝʥʥʘʷ ʬʘʟʳ ʧʦ 

ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʝ. 

 

ʈʠʩʫʥʦʢ 4.11 ð ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ (1) ʠ ʚʳʯʠʩʣʝʥʥʘʷ (2) ʬʘʟʳ ʧʦ ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʝ 

ʇʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʬʘʟʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.12. 
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ʈʠʩʫʥʦʢ 4.12 ð ʇʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʬʘʟʳ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʷ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚʳʯʠʩʣʝʥʠʷ ʬʘʟʳ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʩʦʩʪʘʚʣʷʝʪ πȢπσσ ʨʘʜʠʘʥ. 

ʅʘ ʨʠʩʫʥʢʝ  4.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʴʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʩ 

ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ ȟȟ ʠ ʰʫʤʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ρπϷ. 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.13 ð ʄʦʜʝʣʴʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʩ ʰʫʤʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 10% 

ʅʘ ʨʠʩʫʥʢʝ 4.14 ʧʦʢʘʟʘʥʳ ʩʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʠ ʚʳʯʠʩʣʝʥʥʘʷ ʬʘʟʳ ʧʦ 

ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʝ. 
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ʈʠʩʫʥʦʢ 4.14  ð  ʉʤʦʜʝʣʠʨʦʚʘʥʥʘ ̫(1) ʠ ʚʳʯʠʩʣʝʥʥʘʷ (2) ʬʘʟʳ ʧʦ ʦʪʜʝʣʴʥʦʡ ʩʪʨʦʢʝ 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚʳʯʠʩʣʝʥʠʷ ʬʘʟʳ ʧʦ ʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ [81] 

ʧʨʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ ʪʦʯʢʘʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ð ρπϷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ πȢς ʨʘʜʠʘʥ. 

4.4 ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʳ ʙʝʟ ʘʧʨʠʦʨʥʦʛʦ 

ʟʥʘʥʠʷ ʚʥʦʩʠʤʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. ɸʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʬʘʟʫ ʧʦ ʪʨʝʤ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʢʘʨʪʠʥʘʤ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʜʚʠʛʘʤʠ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʰʠʬʨʦʚʢʠ, 

ʪʨʝʙʫʶʱʠʭ ʪʦʯʥʦ ʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʠʟʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʠʟʚʦʣʴʥʳʝ 

ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ, ʢʦʪʦʨʳʝ, ʥʘʧʨʠʤʝʨ,  ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚʠʙʨʘʮʠʷʤʠ ʫʩʪʘʥʦʚʢʠ 

ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ.  


























































































