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ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʜʦʣʴ 

ʩʪʘʮʠʦʥʘʨʥʳʭ (ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʪʨʘʩʩ ʠʤʧʫʣʴʩʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʎʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, 
ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʛʣʫʙʠʥ ʠ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʧʨʠʭʦʜʦʚ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʡ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʥʠʤʘʝʤʳʭ ʛʠʜʨʦʬʦʥʘʤʠ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ 
ʜʠʘʧʘʟʦʥ ʘʥʘʣʠʟʘ ʠ çʩʦʧʨʦʚʦʞʜʘʪʴè ʝʛʦ ʚʘʨʠʘʮʠʠ ʥʘ ʦʩʠ ʚʨʝʤʝʥ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʦʚ.  

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʦʢʝʘʥʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʨʝʙʫʝʪ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʠ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʧʦʜʚʦʜʥʦʡ ʘʢʫʩʪʠʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʛʣʫʙʦʢʦʤ ʦʢʝʘʥʝ, ʜʣʷ 

ʘʢʫʩʪʠʢʠ ʤʝʣʢʦʛʦ ʤʦʨʷ ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʟʚʫʢʘ ʚ 

ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʩʚʦʡʩʪʚ ʛʨʘʥʠʮ ʚʦʣʥʦʚʦʜʦʚ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ɹʝʟ ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʠʛʥʘʣʦʚ ʥʝʚʦʟʤʦʞʥʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʩʣʦʞʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʤʧʫʣʴʩʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʭʝʤʘ ʠʤʧʫʣʴʩʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʩʨʝʜʳ ʩ ʠʟʤʝʨʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚʜʦʣʴ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʪʨʘʩʩ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʙʣʠʟʠ ʜʥʘ ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʛʠʜʨʦʬʦʥʦʚ [1]. ʉ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʧʨʠʤʝʥʷʣʠʩʴ ʠʤʧʫʣʴʩʥʳʝ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʤ-ʢʦʜʦʚ ʩʠʛʥʘʣʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ 

ʘʥʘʣʠʟʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʩʚʦʡʩʪʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʘʢʫʩʪʠʢʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʥʘ ʰʝʣʴʬʝ 

ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ, ʚ ʙʫʭʪʝ ɺʠʪʷʟʴ ʠ ʚ ʂʦʨʝʡʩʢʦʤ ʧʨʦʣʠʚʝ ʚ 2005-2010 ʛʛ.  

ʌʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ {h(k)} ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʥʘ ʦʩʥʦʚʝ ʤ-ʢʦʜʦʚ. ɹʣʦʢ-

ʩʭʝʤʘ ʨʘʩʯʝʪʘ {h(k)} ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʨʘʩʯʝʪʘ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ 
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ʌʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤ-ʢʦʜʘ ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ x(k) ʩ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 2500 ɻʮ ʠʟʣʫʯʘʣʩʷ ʚ ʩʨʝʜʫ. ʌʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʢʘʥʘʣʘ h(k) 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʚ ʢʦʨʨʝʣʷʪʦʨʝ ʧʫʪʝʤ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ (ʩʚʝʨʪʢʠ) ʠʟʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ 

x(k) ʠ ʧʨʠʥʷʪʦʛʦ ʛʠʜʨʦʬʦʥʦʤ ʩʠʛʥʘʣʘ y(k). ɺʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʡ x(k) ʠ y(k) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ: 
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ʀʟʤʝʨʝʥʠʷ ʌʆʂ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 

ʦʜʠʥ ʨʘʟ ʚ ʤʠʥʫʪʫ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʜʣʷ ʪʨʝʭ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʡ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ 24 ʯʘʩʦʚ. 

ʆʪʤʝʪʠʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʤʧʣʠʪʫʜʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʜʣʷ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1 

ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ (ʌʆʂ). ɿʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʌʆʂ ʠʟʤʝʥʷʶʪʩʷ ʚ 10 

ʨʘʟ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʣʘʩʪʝʨʦʚ ʟʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʚʨʝʤʝʥ ʧʨʠʭʦʜʦʚ ʧʝʨʚʳʭ 6-7 ʢʣʘʩʪʝʨʦʚ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʩ 8 ʧʦ 15-ʡ ʚʠʜʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʨʝʤʝʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ, ʢʦʪʦʨʘʷ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʬʘʟʘʤʠ ʧʨʠʣʠʚʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦ ʫʛʣʘʤ ʚʳʭʦʜʘ ʠ ʪʨʘʝʢʪʦʨʠʷʤ ʩʦʙʩʪʚʝʥʥʳʭ ʣʫʯʝʡ, ʠʤʧʫʣʴʩʦʚ 

ʬʦʨʤʠʨʫʶʱʠʭ ʌʆʂ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʣʫʯʝʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩʨʝʜʳ. ʆʙʱʝʡ 

ʯʝʨʪʦʡ ʌʆʂ ʜʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʣʫʯʝʡ, ʧʦ 

ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ, ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ: ʧʦ ʫʛʣʘʤ ʚʳʭʦʜʘ ï 

ʵʪʦ ʜʠʘʧʘʟʦʥ +/- 20 ʛʨʘʜʫʩʦʚ ʠ ʧʦ ʯʠʩʣʫ ʦʪʨʘʞʝʥʠʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʪ ʜʥʘ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪ 0 ʜʦ 15-18. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʌʆʂ ʚ ʚʠʜʝ ʘʥʩʘʤʙʣʝʡ ʩʣʫʯʘʡʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ( )ip t . ɽʩʣʠ ʩʦʚʤʝʩʪʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ( )ip t  ʠ ( )ip t t+ , ʤʝʞʜʫ ʥʠʤʠ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʣʠʙʦ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʩʚʷʟʴ. ʆʪʩʫʪʩʪʚʠʝ ʪʘʢʦʡ ʩʚʷʟʠ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʦʜʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʜʨʫʛʘʷ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ. ɼʚʫʤʝʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠ ʵʪʦʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʜʥʦʤʝʨʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʚʝʨʦʷʪʥʦʩʪʠ: 

 1 2( , ) ( ) ( )p t t p t p tt t+ = ³ +                                         (2) 

ɺr ʨʘʞʝʥʠʝ (2) ʦʟʥʘʯʘʝʪ ʫʩʣʦʚʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʦʛʦ ʜʨʫʛʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʕʪʘ ʩʚʷʟʴ 

ʤʦʞʝʪ ʙʳʪʴ ʩʠʣʴʥʦʡ, ʩʣʘʙʦʡ, ʣʠʥʝʡʥʦʡ ʠʣʠ ʥʝʣʠʥʝʡʥʦʡ. ʄʝʨʦʡ ʣʠʥʝʡʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ:  

   12

{ ( ) ( )} { ( )} { ( )}

{ ( )} { ( )}

M p t p t M p t M p t

D p t D p t
r

t t

t

+ - +
=

+
                                 (3), 

ʛʜʝ {}M  ʠ {}D  ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ ʧʨʦʮʝʩʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʞʥʦ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ 12 1r ¢. ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 1° ʜʦʩʪʠʛʘʶʪʩʷ, ʝʩʣʠ ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ ʞʝʩʪʢʦ ʩʚʷʟʘʥʳ ʣʠʥʝʡʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ( ) ( )p t a p t bt= ³ + +, ʛʜʝ a ʠ b ï 

ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʘʥʪʳ. ɿʥʘʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʵʪʦʤ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ 

ʤʥʦʞʠʪʝʣʷ ʘ. ʈʘʚʝʥʩʪʚʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʥʫʣʶ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʣʠʥʝʡʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (2) 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ:               { ( ) ( )} { ( )} { ( )}M p t p t M p t M p tt t+ = +                   (4). 
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ʈʠʩ. 2. ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʣʝʚʳʝ ʧʘʥʝʣʠ) ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʝʨʪʢʠ ʠʟʣʫʯʝʥʥʳʭ ʠ ʧʨʠʥʷʪʳʭ ʠʤʧʫʣʴʩʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

(ʧʨʘʚʳʝ ʧʘʥʝʣʠ): ʘ) ʜʣʷ ʪʨʘʩʩ ʚ ʂʦʨʝʡʩʢʦʤ ʧʨʦʣʠʚʝ, ʙ) ʚ ʙʫʭʪʝ ɺʠʪʷʟʴ, 
ʚ) ʥʘ ʰʝʣʴʬʝ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ 

 

ʀʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʣʝʜʫʝʪ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. 

ʅʦ ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʥʝ ʦʟʥʘʯʘʝʪ ʠʭ ʥʝʟʘʚʠʩʠʤʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [2] ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʜʣʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʠʤʝʶʱʠʭ ʚʨʝʤʝʥʘ ʟʘʜʝʨʞʢʠ t: 

max

max max

( , )
( ) ( )

( ) ( ) ( ) ( )
t

p t p t

p t p t p t p t
r t

t

t t

*

* *
=

è ø
ê ú

è ø è ø
ê ú ê ú

Ã +

Ã + Ã +
                        (5), 
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ʛʜʝ 
max

( ) ( )p t p t t*è ø
ê ú

Ã + ï ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʚʫʭ 

ʚʨʝʤʝʥʥʳʭ ʚʳʙʦʨʦʢ ʠʣʠ ʤʘʢʩʠʤʫʤ ʚ ʩʚʝʨʪʢʝ ʦʙʨʘʱʝʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ 

(ʦʙʦʟʥʘʯʝʥʥʦʛʦ 
*
) ʩ ʜʨʫʛʠʤ ʩʠʛʥʘʣʦʤ. ɺʳʨʘʞʝʥʠʝ (5) ʩʣʝʜʫʝʪ ʠʟ ʚʳʨʘʞʝʥʠʷ (3) ʠ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 12r .  

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ ʢʘʥʘʣʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ Matlab ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ cov, corrcoeff, xcov, xcorr, 

ʨʝʘʣʠʟʫʶʱʠʭ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʚʟʘʠʤʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (1)-(4). ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʟʘʠʤʥʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʌʆʂ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ. 2.  
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ʈʠʩ. 3. ʌʫʥʢʮʠʠ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʌʆʂ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: 

ʘ) ʚ ʂʦʨʝʡʩʢʦʤ ʧʨʦʣʠʚʝ, ʙ) ʚ ʙʫʭʪʝ ɺʠʪʷʟʴ, ʚ) ʥʘ ʐʝʣʴʬʝ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ 

 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʦʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʦʚ 

ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ (ʯʘʩʪʦʪʘ 2500 ɻʮ, ʜʣʠʥʘ ʤ-ʢʦʜʘ 511 ʩʠʤʚʦʣʦʚ, ʢʦʜʠʨʦʚʘʥʠʝ 4-ʷ 

ʧʝʨʠʦʜʘʤʠ ʥʘ ʩʠʤʚʦʣ) ʚʠʜ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ 

(ʘʢʚʘʪʦʨʠʡ) ʨʘʟʣʠʯʝʥ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʷ ʚʳʰʝ ʫʨʦʚʥʷ 0,65 ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʩʝʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʫʯʘʝʚ. 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʠ ʠʭ ʣʘʛʦʚ ʚʦ ʚʨʝʤʝʥʠ (ʫʨʘʚʥʝʥʠʝ 3) ʧʦʟʚʦʣʷʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ çʤʝʜʣʝʥʥʳʝè ʧʝʨʝʤʝʱʝʥʠʷ ʚʩʝʡ ʌʆʂ ʚʜʦʣʴ ʦʩʠ ʚʨʝʤʝʥ 

ʧʨʠʭʦʜʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ ʘʢʚʘʪʦʨʠʷʭ. ʅʘ ʨʠʩ. 4. 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʠ ʣʘʛʦʚ ʚʦ ʚʨʝʤʝʥʠ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʨʘʙʦʪʝ ʌʆʂ. ʏʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʜʠʥʘʤʠʢʝ ʚʦ ʚʨʝʤʝʥʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ ʠ ʣʘʛʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʢʚʘʪʦʨʠʡ ʩʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʫ 1. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʛʨʘʬʠʢʘʭ ʨʠʩ. 4 ʠ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʌʆʂ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʥʘ 

ʫʨʦʚʥʝ 0,65-0,8. ʊʦ ʞʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʚʨʝʤʝʥʥʳʤ ʣʘʛʘʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ. ɿʥʘʯʝʥʠʷ 

ʣʘʛʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,15-6,0 ʤʩ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʚʨʝʤʝʥ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʜʠʘʧʘʟʦʥʝ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʠ ʣʘʛʦʚ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ. ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʫʣʫʯʰʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʨʘʟʨʝʰʝʥʠʝ ʧʦ 

ʚʨʝʤʝʥʠ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʠʦʜʘ ʘʥʘʣʠʟʘ. ɼʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʩʠʩʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʥʝʢʦʛʝʨʝʥʪʥʦʡ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʚʦʜʷ çʧʦʜʩʪʨʦʡʢʫè ʠʥʪʝʨʚʘʣʘ ʘʥʘʣʠʟʘ ʤʘʩʢʠ ï ʪʦ ʝʩʪʴ, ʢʦʨʨʝʢʪʠʨʫʷ 

ʦʧʦʨʥʫʶ ʌʆʂ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ, ʥʠʞʝ ʫʨʦʚʥʷ 0,7. 
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ʈʠʩ. 4. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʠ ʣʘʛʠ ʜʣʷ ʌʆʂ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: ʘ) ʚ ʂʦʨʝʡʩʢʦʤ 

ʧʨʦʣʠʚʝ, ʙ) ʚ ʙʫʭʪʝ ɺʠʪʷʟʴ, ʚ) ʥʘ ʐʝʣʴʬʝ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ 

 

ʊʘʙʣʠʮʘ 1. ɺʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʠ ʣʘʛʦʚ 

ʈʘʡʦʥ ʨʘʙʦʪ 
Kcorr Lag 

0,95 0,8 0,65 60 ʤʠʥ 180 ʤʠʥ 900 ʤʠʥ 

ʂʦʨʝʡʩʢʠʡ ʧʨʦʣʠʚ 60 ʤʠʥ 900 ʤʠʥ N 0,15 ʤʩ 0,5 ʤʩ 1,0 ʤʩ 

ɹʫʭʪʘ ɺʠʪʷʟʴ 5 ʤʠʥ 1440 ʤʠʥ N 1,0 ʤʩ 2,0 ʤʩ 6,0 ʤʩ 

ʐʝʣʴʬ ʗʧʦʥʩʢʦʛʦ 
ʤʦʨʷ 

1 ʤʠʥ N 4300 2,0 ʤʩ 2,0 ʤʩ 2,5 ʤʩ 

 

ɼʣʷ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʢʦʛʝʨʝʥʪʥʳʭ ʩʭʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʣʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʚʨʝʤʝʥʠ ʚʳʩʦʢʦʡ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ (ʧʦʨʷʜʢʘ 0,95) ʌʆʂ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʯʘʩʪʦ ʧʨʦʚʦʜʠʪʴ 

ʢʦʨʨʝʢʮʠʶ ʦʧʦʨʥʦʡ ʌʆʂ. 

 ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ ʌʆʂ ʥʘ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ. ʅʘ ʨʠʩ. 4, ʘ ʥʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʌʆʂ ʚ ʂʦʨʝʡʩʢʦʤ ʧʨʦʣʠʚʝ ʩ ʧʝʨʠʦʜʘʤʠ 

ʘʥʘʣʠʟʘ 0,4 ʩ, 0,0927 ʩ ʠ 0,0223 ʩ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʚʨʝʤʝʥʠ 

ʘʥʘʣʠʟʘ 0,0223 ʩ ʥʘ 3-5 % ʚʳʰʝ, ʯʝʤ ʜʣʷ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ 0,4 ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʢʘʟʘʥʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʜʠʘʧʘʟʦʥ ʚʢʣʶʯʘʝʪ ʚʩʝ ʟʥʘʯʠʤʳʝ ʘʤʧʣʠʪʫʜʳ ʧʨʠʭʦʜʦʚ ʚ ʌʆʂ ʠ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʢʘʢ ʧʦ ʪʦʯʥʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ ʠ ʚʨʝʤʷ ʨʘʩʯʝʪʘ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ 

ʌʆʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠ ʫʨʦʚʥʷ ʦʢʨʫʞʘʶʱʠʭ ʰʫʤʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʈʌʌʀ (ʧʨʦʝʢʪ 09-05-00074-ʘ) ʠ ʛʨʘʥʪʘ 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʰʢʦʣ (ʅʐ-3641.2010.5). 
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ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘʚʠʛʘʮʠʠ ʜʣʷ ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ 

ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɸʅʇɸ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʧʦʜʚʦʜʥʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʘʧʨʦʙʘʮʠʠ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʰʠʙʦʢ (ʨʘʟʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʤʝʞʜʫ 

ʩʠʩʪʝʤʦʡ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʉɸʇ) ʠ GPS) ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʳʭ 

ʧʨʠʯʠʥʘʭ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʤʝʪʦʜʘʭ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ 13-14 ʠʶʣʷ 2010 ʛʦʜʘ ʚ ʙʫʭʪʝ ɺʠʪʷʟʴ ʟʘʣʠʚʘ ʇʦʩʴʝʪʘ. ɼʚʘ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʟʣʫʯʘʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʙʣʠʟʠ ʙʝʨʝʛʘ (ʢʦʦʨʜʠʥʘʪʳ ʤʝʩʪʘ ʧʦʩʪʘʥʦʚʢʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʝʤʥʠʢʘ GPS: ɽʊ ï 112), ʠʟʣʫʯʘʣʠ ʝʞʝʤʠʥʫʪʥʦ ʩʣʦʞʥʳʝ 

ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʪʠʧʘ ʄ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʉʠʛʥʘʣʳ ʧʨʠʥʠʤʘʣʠʩʴ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʘʢʫʩʪʠʯʝʩʢʠʤ ʧʨʠʝʤʥʠʢʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʙʝʨʝʛʘ 

ʙʫʭʪʳ, ʠ ʩʚʦʙʦʜʥʦ ʜʨʝʡʬʫʶʱʠʤ ʠʤʠʪʘʪʦʨʦʤ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ (ʨʘʜʠʦʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ 

ʙʫʝʤ). ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʩʫʪʦʯʥʦʡ ʩʪʘʥʮʠʠ ʩ 14ʯ 49ʤ 13 ʠʶʣʷ ʧʦ 

14ʯ 46ʤ 14 ʠʶʣʷ 2010 ʛʦʜʘ ʩ ʠʥʪʝʨʚʘʣʦʤ 1 ʯʘʩ. ʇʦʣʠʛʦʥʥʘʷ ʩʲʝʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʜʚʘʞʜʳ 

ʫʪʨʦʤ ʠ ʚʝʯʝʨʦʤ 15 ʠʶʣʷ 2010 ʛʦʜʘ, ʪʘʢʞʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʨʦʤʝʨ ʛʣʫʙʠʥ ʚʜʦʣʴ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʘʩʩ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ: 1, 2 ï ʥʦʤʝʨʘ ʪʨʘʩʩ 
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ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʟʣʫʯʘʪʝʣʝʡ, 

ʧʨʠʝʤʥʠʢʦʚ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʤʠʪʘʪʦʨʘ ɸʅʇɸ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʦ 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

 
ʈʠʩ. 2. ɺʘʨʠʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ (ʩʠʥʭʨʦʥʥʦ ʩ 

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʨʘʩʩʘʭ) 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʨʠʝʤʥʠʢʦʤ, ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʠ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʜʣʷ ʜʚʫʭ ʪʨʘʩʩ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʣʫʯʘʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʘʜʘʧʪʠʚʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʝʝ ʩʛʣʘʞʠʚʘʥʠʷ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ. 3. ʕʬʬʝʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʥʘ ʪʨʘʩʩʝ: 1 ï ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ, 2- ʪʦ ʞʝ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʬʠʣʴʪʨʦʤ ʂʘʣʴʤʘʥʘ 1-ʛʦ ʧʦʨʷʜʢʘ, 3- ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

 

ʕʬʬʝʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʜʣʷ ʧʝʨʚʦʡ ʪʨʘʩʩʳ ʩʦʩʪʘʚʠʣʘ 1518 ʤ/ʩ, ʜʣʷ ʚʪʦʨʦʡ ï 1517 ʤ/ʩ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʷʪʳʭ ʠʤʠʪʘʪʦʨʦʤ ɸʅʇɸ, ʚʳʯʠʩʣʷʣʦʩʴ 

ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʦʪ ʠʟʣʫʯʘʪʝʣʝʡ ʜʦ ʠʤʠʪʘʪʦʨʘ. ʇʦ ʨʘʩʩʯʠʪʘʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʷʤʠ ʠ ʠʤʠʪʘʪʦʨʦʤ, ʠ 

ʤʝʪʦʜʦʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʥʘʭʦʜʠʣʠʩʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ. 
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 ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʠʤʠʪʘʪʦʨʘ ɸʅʇɸ, ʧʦʣʫʯʝʥʥʳʝ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ ï 

GPS ʠ ʉɸʇ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʤʠʥʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʢʘʟʘʥʠʡ ʉɸʇ ʠ GPS 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ 1492 ʠ 1493 ʤ/ʩ ʜʣʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʪʨʘʩʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʟʚʫʢʘ 

 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘʜʮʘʪʠ ʤʠʥʫʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʦ ʝʩʪʴ 20 

ʢʦʦʨʜʠʥʘʪʘʤ ʧʦʣʫʯʝʥʥʳʭ ʉɸʇ ʠ ʦʢʦʣʦ 1000 ʢʦʦʨʜʠʥʘʪ ï GPS. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ 

ʦʰʠʙʦʢ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʩʠʩʪʝʤʦʡ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ GPS ʤʝʪʦʜʦʤ ʚʳʯʠʩʣʝʥʠʷ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʪʦʯʢʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʉɸʇ ʠ GPS. ʊʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʢʦʦʨʜʠʥʘʪ ʧʦʣʫʯʝʥʥʳʭ ʧʦ GPS ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʦʨʜʠʥʘʪ, ʧʦʣʫʯʝʥʥʳʭ ʉɸʇ, ʧʨʦʚʦʜʠʣʦʩʴ ʫʩʨʝʜʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ʤʠʥʫʪʳ ʠ ʧʦʠʩʢ ʥʘʠʤʝʥʴʰʝʡ ʠ ʥʘʠʙʦʣʴʰʝʡ ʦʰʠʙʢʠ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 5. 

   

 

 

 

 

 

 

 

 

 

 ʘ) ʙ) ʚ) 

ʈʠʩ. 5. ʘ) ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ ʥʘ ʤʠʥʫʪʫ, ʙ) ʩʨʝʜʥʷʷ, ʚ) ʤʠʥʠʤʘʣʴʥʘʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʨʠʩʫʥʢʘ 5, ʚ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʦʰʠʙʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 8 ʤʝʪʨʦʚ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʠʩʪʝʤʦʡ GPS. 

ʋʚʝʣʠʯʝʥʠʝ ʦʰʠʙʢʠ ʥʘ 15-ʦʡ ʤʠʥʫʪʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩʙʦʝʤ ʚ ʨʘʙʦʪʝ GPS . 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʘʢʪʘ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, 

ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʠʟʣʫʯʘʪʝʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʫʩʨʝʜʥʝʥʠʷ ʧʨʠ ʦʮʝʥʢʝ 

ʢʦʦʨʜʠʥʘʪ ʧʦ GPS (ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ Ñ8 ʤ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʝʭ ʩʧʫʪʥʠʢʦʚ). 
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ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘ ʂʘʣʴʤʘʥʘ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʦ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʟʘʚʳʰʘʝʪ ʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ 2-3 ʤ/ʩ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʜʘʥʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʰʠʨʠʥʘ ʠʤʧʫʣʴʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʣʷʣʘ 10-15 ʤʩ, ʯʪʦ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʜʘʩʪ ʦʰʠʙʢʫ 5-15 ʤʝʪʨʦʚ (ʨʠʩ. 6).ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʦʪʤʝʯʝʥ ʫʨʦʚʝʥʴ, 

ʧʦ ʢʦʪʦʨʦʤʫ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ (1/ʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 6. ʀʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʛʥʘʣʘ, ʧʨʠʥʷʪʦʛʦ ʠʤʠʪʘʪʦʨʦʤ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʉɸʇ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʘ ʢ ʪʦʯʥʦʩʪʠ GPS ʧʨʠ 

ʫʩʪʨʘʥʝʥʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʥʠʞʝʥʠʠ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʦʦʨʜʠʥʘʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʫʩʨʝʜʥʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ GPS-

ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʪʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʦʨʜʠʥʘʪ GPS ʠ ʉɸʇ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʉʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʩʣʫʞʠʪ ʠ ʧʦʠʩʢ 

ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʘʥʘʣʠʟʫ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ. 
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ʂʦʥʪʨʦʣʴ ʘʚʪʦʥʦʤʥʦʛʦ ʥʝʦʙʠʪʘʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɸʅʇɸ) ʩ ʙʦʨʪʘ ʩʫʜʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʫʜʦʚʦʛʦ ʧʦʩʪʘ ʥʘʚʠʛʘʪʦʨʘ, ʚʢʣʶʯʘʶʱʠʤ ʚʳʥʦʩʥʫʶ ʩʫʜʦʚʫʶ 

ʘʥʪʝʥʥʫ, ʢʘʙʝʣʴʥʫʶ ʣʠʥʠʶ ʩʚʷʟʠ, ʩʫʜʦʚʦʡ ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʦʤʧʴʶʪʝʨ. ʊʘʢʞʝ 

ʚ ʩʦʩʪʘʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʪʘ ʚʭʦʜʷʪ ʧʨʠʝʤʥʠʢ GPS/ɻʃʆʅɸʉʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩʫʜʥʘ-ʥʦʩʠʪʝʣʷ, ʠ ʫʩʪʨʦʡʩʪʚʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʩʫʜʦʚʳʤ 

ʙʣʦʢʦʤ ʠ ɸʅʇɸ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ ʥʘʚʠʛʘʪʦʨʘ ʧʨʠʭʦʜʠʪ ʧʦʪʦʢ 

ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ çʇʣʘʥʰʝʪ ʥʘʚʠʛʘʪʦʨʘè (ʇʅ). ʅʘ 

ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ 

ʧʨʦʛʨʘʤʤʝ, ʘ ʥʘ ʨʠʩ. 2 ï ʤʦʥʠʪʦʨ ʧʨʦʛʨʘʤʤʳ. 

ʇʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  

1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʤʦʥʠʪʦʨʠʥʛ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʩʪʨʦʡʩʪʚ. 

2. ʇʨʠʝʤ ʜʘʥʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ. 
ʀʭ ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ. 

3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ 
ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʭ ʚ ʜʨʫʞʝʩʪʚʝʥʥʦʤ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʥʪʝʨʬʝʡʩʝ. 

4. ʆʪʦʙʨʘʞʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʣʝ ʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʦʡ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ.  

5. ʅʘʢʦʧʣʝʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʬʦʨʤʝ. 

6. ʈʘʩʯʝʪ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 
ʜʘʥʥʳʭ ʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

7. ʆʙʝʩʧʝʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ɸʅʇɸ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʤʘʥʜ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ. 

8. ʆʙʝʩʧʝʯʝʥʠʝ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʧʘʢʝʪ 
ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʘ ʇʅ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʫʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ RS-485 ʧʦ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʧʨʦʪʦʢʦʣʫ ʩʚʷʟʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʛʨʘʤʤʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʥʮʠʧʫ çʟʘʧʨʦʩ-ʦʪʚʝʪè ʜʣʷ ʢʘʞʜʦʛʦ 

ɸʥʪʝʥʥʘ

ʉɹ

ʇʨʦʛʨʘʤʤʘ ʇʅ
RS-485

ʂʘʙʝʣʴ

ɹʣʦʢ ʧʨʠʝʤʘ 

ʮʠʬʨʦʚʳʭ 

ʜʘʥʥʳʭ 

ʢʘʥʘʣʦʚ

ɹʣʦʢ ʧʨʠʝʤʘ 

ʮʠʬʨʦʚʳʭ 

ʜʘʥʥʳʭ GPS

ɹʣʦʢ ʧʨʠʝʤʘ 

ʮʠʬʨʦʚʳʭ 

ʜʘʥʥʳʭ 

ʜʘʪʯʠʢʦʚ

ʇʝʨʝʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ 

ʢʘʥʘʣʦʚ

ʕʣʝʤʝʥʪʳ 

ʦʪʦʙʨʘʞʝʥʠʷ 

ʜʘʥʥʳʭ 

ʢʘʥʘʣʦʚ

ʄʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ

ʈʘʩʯʝʪ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʳ

ʕʣʝʤʝʥʪʳ 

ʦʪʦʙʨʘʞʝʥʠʷ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ

ʄʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ

ɹʣʦʢ ʟʘʧʠʩʠ ʥʘ 

ʞʝʩʪʢʠʡ ʜʠʩʢ

ɹʣʦʢ 

ʟʘʧʠʩʠ ʥʘ 

ʞʝʩʪʢʠʡ 

ʜʠʩʢ

 
ʈʠʩ. 1. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ 

ʧʨʦʛʨʘʤʤʳ çʇʣʘʥʰʝʪ ʥʘʚʠʛʘʪʦʨʘè 



 261 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʙʦʨʦʤ ʙʠʙʣʠʦʪʝʢ ʩʧʝʮʠʬʠʯʥʦʛʦ ʚʠʜʘ. ɺ ʭʦʜʝ 

ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʳʡ ʦʧʨʦʩ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩʫʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʮʝʣʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʧʦʚʝʱʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʥʝʧʦʣʘʜʢʘʭ, ʚʳʟʚʘʥʥʳʭ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʘ. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʦʛʨʘʤʤʳ ʇʅ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ɼʣʷ ʵʪʦʛʦ ʩʦʟʜʘʥ 

ʤʝʭʘʥʠʟʤ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʜʘʥʥʳʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʙʣʠʯʥʳʭ ʠ 

ʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʥʪʝʨʬʝʡʩʘ. 

ɺ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ɸʅʇɸ ʩʝʡʯʘʩ ʦʪʩʣʝʞʠʚʘʶʪʩʷ 13 ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 2 

ʩʧʝʮʠʘʣʴʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ ʨʝʘʣʠʟʦʚʘʥʳ 

ʰʝʩʪʴʶ ʯʘʩʪʦʪʥʳʤʠ ʢʘʥʘʣʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 14 kHz ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʘʜʨʝʩʘʪʦʚ ʚʦ 

ʚʨʝʤʝʥʠ. ʉʧʝʮʠʘʣʴʥʳʝ ʢʘʥʘʣʳ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ ʩʣʫʞʘʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʝʡ. ʉʧʝʮʠʘʣʴʥʳʡ ʢʘʥʘʣ ʥʝ 

ʧʨʠʚʷʟʘʥ ʢ ʝʜʠʥʦʡ ʪʦʯʢʝ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʠ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʳʤ ʚʠʜʦʤ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʪʝʣʝʫʧʨʘʚʣʝʥʠʷ ɸʅʇɸ ʠ ʝʛʦ 

ʧʝʣʝʥʛʦʚʘʥʠʷ. ɺ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʢʘʞʜʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ ʦʪʚʝʜʝʥ ʩʦʙʩʪʚʝʥʥʳʡ 

ʢʨʘʪʢʠʡ ʛʨʘʬʠʢ (ʨʠʩ. 3), ʦʪʦʙʨʘʞʘʶʱʠʡ ʘʢʫʩʪʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ (ʩʧʝʮʠʬʠʯʥʫʶ ʜʣʷ 

ʜʘʥʥʦʛʦ ʢʘʥʘʣʘ) ʟʘ ʥʝʢʦʪʦʨʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʢʘʥʘʣʦʚ ʚ ʧʨʦʛʨʘʤʤʝ 

ʇʅ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʦʜʨʦʙʥʳʡ ʛʨʘʬʠʢ (ʨʠʩ. 4) ʚʳʙʨʘʥʥʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ, 

ʢʦʪʦʨʳʡ ʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʩʣʫʯʘʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʝʤʘ, ʚʤʝʰʘʪʴʩʷ ʚ 

ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ.  

 

 
ʈʠʩ. 2. ʇʨʦʛʨʘʤʤʘ çʇʣʘʥʰʝʪ ʥʘʚʠʛʘʪʦʨʘè 

 
ʈʠʩ. 3. ʌʦʨʤʘ ʢʨʘʪʢʠʭ ʛʨʘʬʠʢʦʚ 



 262 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʠ ʦʪ ʫʩʪʨʦʡʩʪʚ 

ʩʫʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʪʦʢ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʥʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ. ʆʩʥʦʚʥʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ 

ʪʝʣʝʤʝʪʨʠʠ ʠ ʢʦʦʨʜʠʥʘʪʳ ɸʅʇɸ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʢʦʦʨʜʠʥʘʪʳ 

ʩʫʜʥʘ ï  ʥʦʩʠʪʝʣʷ ʠ ʘʥʪʝʥʥʳ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʪ.ʜ. ɼʘʥʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʷʚʣʷʝʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʝʡ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʨʘʡʦʥʘ ʨʘʙʦʪ. 

ʆʪʦʙʨʘʞʝʥʠʝ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ 

ʧʨʦʛʨʘʤʤʝ ʇʅ ʚʳʧʦʣʥʝʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ 

ï ʦʪʦʙʨʘʞʝʥʠʝ ʪʝʢʫʱʠʭ ʜʘʥʥʳʭ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʦʪʚʝʜʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ 

ʦʩʪʘʝʪʩʷ ʜʦʩʪʫʧʥʦʡ (ʨʠʩ. 5). ʀ ʚʪʦʨʦʡ ï ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ ʇʅ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʧʦ ʞʝʣʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʶʙʦʡ ʧʘʨʘʤʝʪʨ ʦʩʥʦʚʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʚ 

ʚʠʜʝ ʛʨʘʬʠʢʘ (ʨʠʩ. 4). ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʣʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ 

ʪʘʙʣʠʯʥʳʝ ʬʦʨʤʳ ʩʦʩʪʦʷʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʪʘʙʣʠʯʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʢʘʥʘʣʦʚ ʠ ʪ.ʜ. ʇʦʣʫʯʝʥʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ʇʅ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ 

ʧʦʣʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʰʝʪʘ ʚ ʚʠʜʝ ʦʙʲʝʢʪʦʚ ʠ ʣʠʥʠʡ (ʨʠʩ. 6).  

 

 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʦʛʨʘʤʤʳ ʇʅ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ OpenGL ʩ ʬʫʥʢʮʠʷʤʠ GLScene ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʧʦʜ ʷʟʳʢʦʤ Object 

Pascal. 

ɼʘʥʥʦʝ ʧʦʣʝ ʧʨʦʛʨʘʤʤʳ ʦʩʥʘʱʝʥʦ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʦʡ ʜʚʫʭ ʚʠʜʦʚ: ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ (ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ï ʛʨʘʜʫʩʳ) ʠ ʤʝʩʪʥʳʭ ʢʦʦʨʜʠʥʘʪ (ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ï

ʤʝʪʨʳ) ʩʦ ʩʚʦʙʦʜʥʦ ʚʳʙʨʘʥʥʳʤ ʥʘʯʘʣʦʤ ʦʪʯʝʪʘ. ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ OpenGL ʫʜʘʣʦʩʴ 

ʜʦʙʠʪʴʩʷ ʧʣʘʚʥʦʩʪʠ ʦʪʦʙʨʘʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʣʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʠʜʠʤʦʛʦ ʩʝʢʪʦʨʘ ʚ ʩʪʦʨʦʥʳ 

ʠ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʨʘʟʤʝʨʘ. ʅʘʚʠʛʘʮʠʦʥʥʳʝ ʦʙʲʝʢʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʧʦʣʝ ʚ ʚʠʜʝ ʠʢʦʥʦʢ ʩ 

ʣʠʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʨʘʝʢʪʦʨʠʷʤ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. ʇʦʤʠʤʦ ʦʩʥʦʚʥʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʦʙʨʘʞʘʝʤʦʡ ʥʘ ʧʣʘʥʰʝʪʝ, ʚ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʠʟʤʝʨʝʥʠʷ, ʦʪʦʙʨʘʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʩʪʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʢʠ ʧʦ ʞʝʣʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ 

(ʨʠʩ. 6). ʊʘʢʞʝ, ʚ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʩʪʨʦʝʢ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʦʧʮʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤ ʧʦʣʝʤ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʦʞʝʥʠʷ ʥʘ 

ʧʦʣʝ ʨʘʩʪʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠʚʷʟʘʥʥʦʛʦ ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʩʝʪʢʠ. ɼʣʷ 

ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʪʨʦʚ ʢʘʨʪ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʭ ʚ ʧʨʦʛʨʘʤʤʝ ʇʅ ʩʧʝʮʠʘʣʴʥʦ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʪʠʣʠʪʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʘʜʘʧʪʘʮʠʶ ʨʘʩʪʨʘ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʝʛʦ ʚ ʧʦʣʝ ʧʣʘʥʰʝʪʘ. 

ɺʩʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʇʅ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʞʝʩʪʢʠʡ 

ʜʠʩʢ ʚ ʬʘʡʣʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʬʦʨʤʘʪʘʤʠ. ʍʨʘʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ ʇʅ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʦ ʧʨʠʥʮʠʧʫ çʟʘʧʠʩʘʣ ʠ ʟʘʙʳʣè, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ 

ʥʝʧʨʝʨʳʚʥʦ, ʚʝʩʴ ʧʝʨʠʦʜ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ.  
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