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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ɺ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ (ʄʈ) (ɚ=0.3-10 ʥʤ) ʠ ʚʘʢʫʫʤʥʦʛʦ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (ɺʋʌ) (ɚ=10-200 ʥʤ) ʠʟʣʫʯʝʥʠʷ ʠʥʪʝʨʝʩ ʢ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʤ 

ʦʧʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʨʝʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ɸʇ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʇ 

ʚʳʩʦʢʦʛʦ (ʚʳʰʝ 2-ʛʦ) ʧʦʨʷʜʢʘ ʚ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʙʦʣʴʰʝʛʦ ʧʦʣʷ ʟʨʝʥʠʷ ʧʨʠ ʤʝʥʴʰʝʤ ʯʠʩʣʝ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʘʩʩʝ ʠ 

ʛʘʙʘʨʠʪʘʭ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʳʛʦʜʥʦ ʚ ʄʈ ʠ ɺʋʌ ʜʠʘʧʘʟʦʥʘʭ, ʛʜʝ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʝʨʢʘʣʴʥʘʷ ʦʧʪʠʢʘ. ʀʟ-ʟʘ ʤʘʣʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ 

ʟʝʨʢʘʣ, ʠʭ ʯʠʩʣʦ ʚʳʛʦʜʥʦ ʜʝʣʘʪʴ ʤʠʥʠʤʘʣʴʥʳʤ. 

ʈʘʟʚʠʪʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʀʌʄ ʈɸʅ ʤʝʪʦʜʳ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʩ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʚʦʣʥʦʡ ʩʨʘʚʥʝʥʠʷ (ʀɼɺʉ), ʠʦʥʥʦ-ʧʫʯʢʦʚʦʡ 

ʘʩʬʝʨʠʟʘʮʠʠ ʠ ʢʦʨʨʝʢʮʠʠ ʣʦʢʘʣʴʥʳʭ ʦʰʠʙʦʢ ʬʦʨʤʳ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɸʇ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [ɸ6,ɸ8,ɸ12]. ʇʦʵʪʦʤʫ ʚ 

ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ɸʇ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ɺʋʌ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ (ɼɿɿ) ʠ ʩʚʝʪʦʩʠʣʴʥʦʛʦ ʟʝʨʢʘʣʴʥʦʛʦ ʄʈ ʤʠʢʨʦʩʢʦʧʘ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ɼɿɿ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʟʨʝʥʠʷ ʪʝʣʝʩʢʦʧʘ: ʯʝʤ 

ʦʥʦ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʴʰʠʡ ʫʯʘʩʪʦʢ ʥʘ ɿʝʤʣʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ. ɺ ʦʙʣʘʩʪʠ ɺʋʌ ʜʠʘʧʘʟʦʥʘ 

ʜʣʠʥ ʚʦʣʥ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʤ ʣʠʥʟ (ʩʪʝʢʣʦʤ, ʧʣʘʚʣʝʥʳʤ 

ʢʚʘʨʮʝʤ ʠ ʪ.ʜ.) ʠ ʭʨʦʤʘʪʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʣʠʥʟ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʪʦʣʴʢʦ ʟʝʨʢʘʣʴʥʳʝ 

ʪʝʣʝʩʢʦʧʳ ï ʨʝʬʣʝʢʪʦʨʳ.  ʂʣʘʩʩʠʯʝʩʢʠʝ ʜʚʫʭʟʝʨʢʘʣʴʥʳʝ ʩʭʝʤʳ ʨʝʬʣʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ɸʇ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: ʩʭʝʤʘ ʂʘʩʩʝʛʨʝʥʘ, ʈʠʯʠ-ʂʨʝʪʴʝʥʘ, ɻʨʝʛʦʨʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʥʝʜʦʩʪʘʪʢʠ: ʤʘʣʳʝ ʧʦʣʷ ʟʨʝʥʠʷ ʤʝʥʝʝ 1Á [1-3] ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʤʝʥʝʝ 1:5, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʘʣʦʡ ʩʚʝʪʦʩʠʣʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ʪʝʣʝʩʢʦʧʘ. 

ɺ ʟʘʜʘʯʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʧʦʣʝ ʟʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʚ ʩʠʩʪʝʤʘʭ ɼɿɿ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʣʝʩʢʦʧʳ ʩ ʪʨʸʭʟʝʨʢʘʣʴʥʳʤʠ ʦʙʲʝʢʪʠʚʘʤʠ ʠ ʯʝʪʚʝʨʪʳʤ ʧʣʦʩʢʠʤ 

ʟʝʨʢʘʣʦʤ. ʆʥʠ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʦʣʷ ʟʨʝʥʠʷ: ʚ ʩʭʝʤʝ ʂʦʨʰʘ ʜʦ 3-4Á, ʚ ʩʭʝʤʝ ʂʫʢʘ ʜʦ 8Á-
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10Á- ʚ ʩʘʛʠʪʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʜʦ 1.5Á - ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ 

ʤʘʣʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ, ʤʝʥʝʝ 1:4, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ, ʘ ʪʘʢʞʝ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ (ʜʚʘ ï ʪʨʠ) ʩʣʦʞʥʳʭ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʶʩʪʠʨʦʚʢʝ ʚʥʝʦʩʝʚʳʭ 

ʘʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣ [4-8].  

ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʭʝʤ ʪʝʣʝʩʢʦʧʦʚ-ʨʝʬʣʝʢʪʦʨʦʚ ʜʣʷ 

ɼɿɿ ʥʘ ʦʩʥʦʚʝ ɸʇ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʝʡ, 

ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ ʠ ʨʘʟʨʝʰʝʥʠʶ, ʠʤʝʶʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʶʪ ʤʘʩʩʫ ʠ ʛʘʙʘʨʠʪʳ ʧʨʠʙʦʨʘ.  

ɺ ʄʈ ʜʠʘʧʘʟʦʥʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 30-ʪʠ ʣʝʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʤʷʛʢʘʷ 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʄʈʄ) ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè, 

ʜʣʠʥʳ ʚʦʣʥ 2.3-4.4 ʥʤ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩ ʚʝʱʝʩʪʚʦʤ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʘʢʠʝ ʢʘʢ ʩʣʘʙʦʝ ʨʘʩʩʝʷʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ 

ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʚʦʜʫ ʜʦ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ɚ = 2.4 ʥʤ) ʠ ʚ ʙʝʣʦʢ ʜʦ 

ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʨʦʜʘ (ɚ = 4.4 ʥʤ) ʠ ʨʝʟʢʠʝ ʩʢʘʯʢʠ ʧʦʛʣʦʱʝʥʠʷ ʟʘ ʥʠʤʠ, ʘ ʪʘʢʞʝ 

ʤʘʣʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʠʟʫʯʝʥʠʝ ʞʠʚʳʭ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ ʪʦʣʱʠʥʦʡ ʜʦ ʜʝʩʷʪʠ ʠ ʙʦʣʴʰʝ ʤʠʢʨʦʤʝʪʨʦʚ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 10 ʤʢʤ ʠ ʙʦʣʝʝ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʤʝʥʝʝ 100 ʥʤ, ʢʦʪʦʨʦʝ ʚʳʰʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ʨʘʟʨʝʰʝʥʠʷ ʚ200-

300 ʥʤ ʚ ʩʘʤʳʭ ʩʚʝʪʦʩʠʣʴʥʳʭ ʤʠʢʨʦʩʢʦʧʘʭ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʟʦʙʨʘʞʘʶʱʝʛʦ 

ʦʙʲʝʢʪʠʚʘ ʚ ʄʈʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʦʥʥʳʝ ʧʣʘʩʪʠʥʢʠ ʌʨʝʥʝʣʷ (ɿʇʌ). ʇʨʠ ʵʪʦʤ ʣʫʯʰʝʝ 

ʣʘʪʝʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʄʈʄ, ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʤʥʳʭ ʙʝʣʢʦʚʳʭ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʛʣʦʚʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʩʦʩʪʘʚʣʷʝʪ 60-70 ʥʤ ʩ 

ʩʠʥʭʨʦʪʨʦʥʥʳʤʠ ʚʳʩʦʢʦʤʦʥʦʭʨʦʤʘʪʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ [9-11] ʠ 100-140 ʥʤ ʩ 

ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ [12-13] ʧʨʠ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʧʨʝʜʝʣʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ [9-13] ɿʇʌ 30-50 ʥʤ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʠʥʦʡ ʧʦʩʣʝʜʥʝʡ ʟʦʥʳ 

ʧʣʘʩʪʠʥʢʠ). ɼʦʩʪʠʛʥʫʪʦʝ ʘʢʩʠʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʭʫʞʝ 100 ʥʤ [12-13]. ʅʝʜʦʩʪʠʞʝʥʠʝ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ʩʚʷʟʘʥʦ ʩ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʪʨʸʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦ ʩʝʨʠʠ ʝʛʦ ʫʛʣʦʚʳʭ ʧʨʦʝʢʮʠʡ ʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʦʤ 

çʬʠʣʴʪʨʘʮʠʠ ʦʙʨʘʪʥʳʭ ʧʨʦʝʢʮʠʡè [14], ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʣʫʯʠ ʩʪʨʦʛʦ 

ʧʘʨʘʣʣʝʣʴʥʳ, ʪ.ʝ. ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʛʣʫʙʠʥʳ ʬʦʢʫʩʘ 

ɿʇʌ. ʆʜʥʘʢʦ, ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ɿʇʌ ʩ ʛʣʫʙʠʥʦʡ ʬʦʢʫʩʘ 1-1.5 ʤʢʤ [9-13], ʘ 

ʠʟʫʯʘʶʪ ʢʣʝʪʢʠ ʪʦʣʱʠʥʦʡ 5 ï 15 ʤʢʤ, ʧʦʵʪʦʤʫ ʣʫʯʠ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳʝ. ʇʦʷʚʠʚʰʠʝʩʷ 

ʤʝʪʦʜʳ ʫʯʸʪʘ ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʣʫʯʝʡ [15,16] ʧʦʢʘ ʥʝ ʥʘʰʣʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 
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ʧʨʠʤʝʥʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʠʟ-ʟʘ ʥʠʟʢʠʭ ʯʠʩʣʦʚʳʭ ʘʧʝʨʪʫʨ (NA = 0.01 ï 0.1) ʚʨʝʤʷ 

ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ, ʦʙʳʯʥʦ 1-2 ʤʠʥʫʪʳ, ʧʦʵʪʦʤʫ 

ʰʫʤʳ ʇɿʉ-ʜʝʪʝʢʪʦʨʘ ʠ ʜʨʝʡʬ ʦʙʨʘʟʮʘ ʠʟ-ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʚʥʝʰʥʠʭ 

ʚʠʙʨʘʮʠʡ ʠ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʢʣʝʪʦʢ ʟʥʘʯʠʪʝʣʴʥʳ. ɺ-ʪʨʝʪʴʠʭ, ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ 

ʩʪʦʣʠʢʘ ʩ ʦʙʨʘʟʮʦʤ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʦʙʨʘʟʮʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦ ʫʛʣʫ 

ʚʦʟʥʠʢʘʶʪ ʩʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ. ʉʣʦʞʥʦʩʪʴ ʶʩʪʠʨʦʚʢʠ ʠ ʧʨʠ ʵʪʦʤ ʥʘʢʦʧʣʝʥʠʝ ʦʙʨʘʟʮʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʟʳ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʰʘʛ ʧʦ ʫʛʣʫ ʚʳʙʠʨʘʶʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʤ, 

1-4Á [9-13,17], ʯʪʦ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʂʨʦʫʚʝʨʘ [18], ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ 

ʨʘʟʨʝʰʝʥʠʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʠʟ-ʟʘ ʤʘʣʝʥʴʢʦʛʦ 

ʨʘʙʦʯʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɿʇʌ ʠ ʦʙʨʘʟʮʦʤ (ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ) ʩʪʦʣʠʢ ʩ ʦʙʨʘʟʮʦʤ 

ʥʝʚʦʟʤʦʞʥʦ ʥʘʢʣʦʥʠʪʴ ʥʘ ʙʦʣʴʰʠʝ ʫʛʣʳ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ çʦʪʩʫʪʩʪʚʠʝ 

ʢʣʠʥʘè. ɼʠʘʧʘʟʦʥ ʫʛʣʦʚ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ Ñ40Á [12], Ñ60Á [6] ʜʣʷ ʧʨʦʪʷʞʝʥʥʳʭ 

ʩʪʦʣʠʢʦʚ ʩ ʦʙʨʘʟʮʘʤʠ, ʠ Ñ90Á, ʝʩʣʠ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʢʦʥʮʝ ʟʘʫʞʝʥʥʦʛʦ ʢʘʧʠʣʣʷʨʘ 

[10-11,13,19]. ʆʛʨʘʥʠʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʫʛʣʦʚ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠ ʫʭʫʜʰʝʥʠʶ ʨʘʟʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʣʦʚʘʷ ʪʦʤʦʛʨʘʬʠʷ 

ʥʘ ɿʇʌ ʠʤʝʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʨʘʟʨʝʰʝʥʠʡ 

ʣʫʯʰʝ 60 ʥʤ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʪʠʧʘ ʄʈʄ ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʪʦʩʠʣʴʥʦʛʦ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʠ ʤʝʪʦʜʠʢʠ z-ʪʦʤʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʜʣʷ ʥʝʛʦ, 

ʢʦʪʦʨʘʷ, ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʡ ʛʣʫʙʠʥʝ ʬʦʢʫʩʘ ʠ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʝ ʩʠʛʥʘʣʘ, ʧʦʟʚʦʣʠʪ 

ʧʦʣʫʯʠʪʴ ʪʨʸʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʣʘʪʝʨʘʣʴʥʳʤ ʠ ʘʢʩʠʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʣʫʯʰʝ 60 

ʥʤ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ɺʋʌ ʠ, ʦʩʦʙʝʥʥʦ, ʚ ʄʈ 

ʜʠʘʧʘʟʦʥʝ, ʚ ʩʠʣʫ ʤʘʣʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʦʙʲʝʢʪʠʚʘ ʠ ʝʛʦ ʘʙʝʨʨʘʮʠʷʤ ʦʯʝʥʴ ʞʸʩʪʢʠʝ. ʉʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ 

ʄʘʨʝʰʘʣʷ, ʧʘʨʘʤʝʪʨ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ) ʘʙʝʨʨʘʮʠʡ ʥʝ ʜʦʣʞʝʥ 

ʧʨʝʚʳʰʘʪʴ ɚ/14, ʯʪʦ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 3.37 ʥʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʩʦʩʪʘʚʣʷʝʪ 

0.24 ʥʤ. ʆʜʥʘʢʦ ʨʘʩʯʸʪ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʣʘ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʧʨʝʜʝʣʫ 

ʜʦʩʪʘʪʦʯʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʰʠʙʢʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʦ ʫʨʦʚʥʷ ʘʙʝʨʨʘʮʠʡ ʩ ʉʂʆ=ɚ/2-ɚ/3, 

ʪ.ʝ. ʥʘ ʫʨʦʚʥʝ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ1 ʥʤ. ɺ ɺʋʌ ʜʠʘʧʘʟʦʥʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʥʝ 

ʪʘʢʠʝ ʩʪʨʦʛʠʝ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʘʭʦʜʷʪʩʷ ʚ ʥʘʥʦʤʝʪʨʦʚʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʪʘʢʦʤ 

ʥʘʥʦʤʝʪʨʦʚʦʤ ʫʨʦʚʥʝ ʪʦʯʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 
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ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ: ʜʝʬʦʨʤʘʮʠʶ, ʚʦʟʥʠʢʘʶʱʫʶ ʠʟ-ʟʘ ʚʝʩʘ ʦʧʪʠʯʝʩʢʦʡ 

ʜʝʪʘʣʠ, ʘʙʝʨʨʘʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʢʠ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ, ʜʝʬʦʨʤʘʮʠʶ ʠʟ-ʟʘ 

ʫʩʪʘʥʦʚʢʠ ʠ ʬʠʢʩʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ ʚ ʦʧʨʘʚʫ ʠ ʩʘʤʦʡ ʦʧʨʘʚʳ ʚ ʦʧʪʠʯʝʩʢʠʡ 

ʧʨʠʙʦʨ. ʇʨʦʙʣʝʤʘ ʤʝʪʨʦʣʦʛʠʠ ʠ ʢʦʨʨʝʢʮʠʠ ʬʦʨʤʳ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟʦʙʨʘʞʘʶʱʠʝ 

ʦʙʲʝʢʪʠʚʳ ʠ ʪʝʣʝʩʢʦʧʳ ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʘʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɸʪʪʝʩʪʘʮʠʷ ʬʦʨʤʳ ʠ ʘʙʝʨʨʘʮʠʡ ʘʩʬʝʨʠʯʝʩʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʜʘʯʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʘʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷʶʪʩʷ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʨʨʝʢʪʦʨʦʚ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, 

ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʩʬʝʨʠʯʝʩʢʠʡ ʬʨʦʥʪ ʚ ʘʩʬʝʨʠʯʝʩʢʠʡ, ʧʦ ʬʦʨʤʝ ʩʦʚʧʘʜʘʶʱʠʡ ʩ 

ʠʩʩʣʝʜʫʝʤʦʡ ʘʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [20]. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʰʠʙʢʠ, 

ʚʥʦʩʠʤʳʝ ʢʦʨʨʝʢʪʦʨʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʫʯʸʪʘ ʘʙʝʨʨʘʮʠʡ 

ʢʦʨʨʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʝʬʦʨʤʘʮʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʝʸ 

ʚʝʩʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʧʨʠ ʘʪʪʝʩʪʘʮʠʠ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʙʘʟʠʨʦʚʘʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʦʨʙʠʪʝ ʚʝʩʘ ʥʝʪ, ʠ ʬʦʨʤʘ ʟʝʨʢʘʣ ʪʝʣʝʩʢʦʧʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʠʟʤʝʨʷʝʤʦʡ ʥʘ ɿʝʤʣʝ [21, 22]. ɺ-ʪʨʝʪʴʠʭ, ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ 

ʦʧʨʘʚʳ, ʧʦʵʪʦʤʫ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʨʝʧʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʥʠʭ ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʤʠʥʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ [23]. ɺ-ʯʝʪʚʸʨʪʳʭ, 

ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʪʝʣʝʩʢʦʧʘʭ, ʝʩʪʴ ʧʨʦʙʣʝʤʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʧʦʣʫʢʠʥʝʤʘʪʠʯʝʩʢʠʝè ʦʧʨʘʚʳ, ʢʦʪʦʨʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʶ ʨʘʟʤʝʨʦʚ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ [24]. ɼʣʷ ʥʘʩ 

ʟʘʜʘʯʘ ʙʝʟʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʝʧʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʫʶ, ʥʘ ʫʨʦʚʥʝ 

ʦʜʥʦʛʦ ʥʘʥʦʤʝʪʨʘ ʧʦ ʉʂʆ ʜʝʬʦʨʤʘʮʠʶ ʬʦʨʤʳ ʟʝʨʢʘʣʘ ʠʟ-ʟʘ: ʚʝʩʘ, ʧʨʠʞʠʤʘ ʚ ʦʧʨʘʚʝ ʠ 

ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ ʩʚʷʟʠ ʩ ʨʘʙʦʪʘʤʠ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ 

ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çɸʈʂɸè, ʚ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʠʯʴ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ 0.1ǌ [25].  

 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʎʝʣʷʤʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ. 1. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʪʝʣʝʩʢʦʧʦʚ ʠ ʤʠʢʨʦʩʢʦʧʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʚʘʢʫʫʤʥʦʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠ ʤʷʛʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʠ ʦʙʣʘʜʘʶʱʠʭ 
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ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʙʦʣʴʰʝʡ ʩʚʝʪʦʩʠʣʦʡ, ʫʚʝʣʠʯʝʥʥʳʤ ʧʦʣʝʤ 

ʟʨʝʥʠʷ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʷ. 2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʸʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʩʚʝʪʦʩʠʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʢʨʝʧʣʝʥʠʷ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʧʨʘʚʳ ʠ ʧʨʠʙʦʨʳ, ʠ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ 

ʘʙʝʨʨʘʮʠʡ ʩ ʩʫʙʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ. 

1. ʄʦʜʠʬʠʢʘʮʠ ̫ ʩʭʝʤʳ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʝʨʢʘʣʴʥʦʛʦ 

ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʩ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʝʡ ʠ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ 

ʋʌ-ɺʋʌ ʪʝʣʝʩʢʦʧʘ ʥʘ ʝʸ ʦʩʥʦʚʝ. 

2. ʄʦʜʠʬʠʢʘʮʠ ̫ʩʭʝʤʳ çʢʘʤʝʨʳ ʐʤʠʜʪʘè ʩ ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʝʸ 

ʦʩʥʦʚʝ ʢʦʣʣʠʤʘʪʦʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʪʝʣʝʩʢʦʧʘ 

ʥʘ ʚʩʸʤ ʧʦʣʝ ʟʨʝʥʠʷ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠ ʧʦʣʝʤ ʟʨʝʥʠʷ, ʠ 

ʩʚʝʪʦʩʠʣʴʥʦʛʦ ʦʙʲʝʢʪʠʚʘ ʩ ʘʩʬʝʨʠʟʘʮʠʝʡ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʜʣʷ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʜʣʠʥʫ 

ʚʦʣʥʳ 3.37 ʥʤ ʠʟ çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè.  

4. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʸʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʣʝʪʦʢ 

ʧʦ ʜʘʥʥʳʤ z-ʪʦʤʦʛʨʘʬʠʠ ʚ ʩʚʝʪʦʩʠʣʴʥʦʡ (ʟʝʨʢʘʣʴʥʦʡ) ʤʷʛʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʫʯʝʪʦʤ 

ʘʙʝʨʨʘʮʠʡ ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʚʝʩʦʤ ʜʝʪʘʣʠ. 

6. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʙʝʟʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʥʪʘʞʘ ʧʨʝʮʠʟʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʚ 

ʦʧʨʘʚʳ ʠ ʧʨʠʙʦʨʳ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

1. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʫʯʝʥʘ ʧʦʣʥʦʟʝʨʢʘʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʭʝʤʳ 

ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, 

ʠʤʝʶʱʝʛʦ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʘʩʬʝʨʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 6-ʛʦ ʧʦʨʷʜʢʘ, ʠ ʠʟ ʦʙʲʝʢʪʠʚʘ 

ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʟʝʨʢʘʣʘʤʠ. ʉʭʝʤʘ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʘʩʬʝʨʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʶʩʪʠʨʦʚʢʫ, ʥʝ ʠʤʝʝʪ ʭʨʦʤʘʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ ʠ 

ʢʨʠʚʠʟʥʳ ʧʦʣʷ, ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 1:3.2, ʰʠʨʦʢʠʤ ʧʦʣʝʤ 

ʟʨʝʥʠʷ 3Á ʠ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 1.3ǌ. 
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2. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ, ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʫʯʝʥʘ ʧʦʣʥʦʟʝʨʢʘʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʭʝʤʳ 

ʢʦʣʣʠʤʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ çʢʘʤʝʨʳ ʐʤʠʜʪʘè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʩ 

ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʝʡ ʠ ʚʳʧʫʢʣʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʤʠʨʳ ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʦʚ. 

ʉʭʝʤʘ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 1:3.2 ʠ ʧʦʣʝ ʟʨʝʥʠʷ 3Á.  ʈʘʟʨʝʰʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ 

ʜʠʬʨʘʢʮʠʝʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ŭű = 0.5"-1" ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 120 ï 380 ʥʤ.  

3. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʨʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠ ʧʦʣʝʤ ʟʨʝʥʠʷ ʜʣʷ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 

3.37 ʥʤ. ʇʨʦʝʢʮʠʦʥʥʘʷ ʯʘʩʪʴ ʩʭʝʤʳ ʩʦʩʪʦʠʪ ʠʟ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ (ʆʐ) ʠ 

ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʎɼ). ʀʟʤʝʥʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʠ ʧʦʣʷ ʟʨʝʥʠʷ ʩʭʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʟʘʤʝʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ ʎɼ. ɿʘ ʩʯʝʪ ʘʩʬʝʨʠʟʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʆʐ 

ʣʘʪʝʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʠʢʨʦʩʢʦʧʘ ʫʣʫʯʰʘʝʪʩʷ ʚ 6-20 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʆʐ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʟʝʨʢʘʣʘʤʠ: ʜʦ 8 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 30% ʥʘ ʧʦʣʝ 

ʟʨʝʥʠʷ 10Ĭ10 ʤʢʤ2; ʜʦ 36 ʥʤ (=1 ʧʠʢʩʝʣʶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ Ĭ195) ʩ ʢʦʥʪʨʘʩʪʦʤ 90% ʥʘ 

ʧʦʣʝ ʟʨʝʥʠʷ 40Ĭ40 ʤʢʤ2; ʠ ʜʦ 76 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 97% ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 100Ĭ100 ʤʢʤ2. ɿʘ 

ʩʯʸʪ ʙʦʣʴʰʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʆʐ, ʨʘʚʥʦʡ 0.3, ʛʣʫʙʠʥʘ ʬʦʢʫʩʘ ʤʠʢʨʦʩʢʦʧʘ ʤʘʣʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 37.5 ʥʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ z-ʪʦʤʦʛʨʘʬʠʶ ʜʣʷ ʪʨʸʭʤʝʨʥʦʡ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʨʘʟʮʦʚ. 

4. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠ ʤʝʪʦʜʠʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʸʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʩʚʝʪʦʩʠʣʴʥʳʭ (NA>> 0.1) ʄʈʄ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ z-

ʪʦʤʦʛʨʘʬʠʠ. ɸʣʛʦʨʠʪʤ ʫʯʠʪʳʚʘʝʪ ʩʠʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʩʨʝʜʦʡ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʥʠʪʴ ʤʦʱʥʳʡ ʜʝʢʦʥʚʦʣʶʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ, ʨʘʟʚʠʪʳʡ ʚ ʦʧʪʠʯʝʩʢʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʜʣʷ ʫʯʸʪʘ ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʨʘʟʨʝʰʝʥʠʷ. ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʴʥʦʡ ʙʝʣʢʦʚʦʡ ʢʣʝʪʢʠ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʄʈʄ ʩ NA = 0.3, ɚ = 3.37 ʥʤ ʚ ʩʣʫʯʘʝ ʜʠʬʨʘʢʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʧʪʠʢʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 40 ʥʤ ʨʘʟʨʝʰʝʥʠʝ ʩ ʢʦʥʪʨʘʩʪʦʤ 50%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 20 ʥʤ 

ʨʵʣʝʝʚʩʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʩ ʢʦʥʪʨʘʩʪʦʤ 20%. 

5. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʪʜʝʣʠʪʴ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʦʰʠʙʢʫ ʬʦʨʤʳ ʠʟʤʝʨʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʘʙʝʨʨʘʮʠʡ 

ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʚʝʩʦʤ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ. 

ʄʝʪʦʜʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʙʥʘʥʦʤʝʪʨʦʚʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʚʧʝʨʚʳʝ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʘʪʪʝʩʪʘʮʠʠ ʬʦʨʤʳ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʦʙʲʝʢʪʠʚʘ ʕʋʌ ʣʠʪʦʛʨʘʬʘ 

ʠ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʉʦʣʥʮʘ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

1. ʅʘ ʙʘʟʝ ʧʦʣʥʦʟʝʨʢʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʭʝʤʳ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʦʪʦʪʠʧ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʋʌ-ɺʋʌ ʪʝʣʝʩʢʦʧʘ ʥʘ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ 120 ï 380 ʥʤ, 

ʠʤʝʶʱʠʡ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ʜʠʘʤʝʪʨʦʤ 180 ʤʤ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 1:3.2 ʠ ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ŭű = 1.3ǌ ʥʘ ʰʠʨʦʢʦʤ ʧʦʣʝ ʟʨʝʥʠʷ 3Á. 

2. ʅʘ ʙʘʟʝ ʧʦʣʥʦʟʝʨʢʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ çʢʘʤʝʨʳ ʐʤʠʜʪʘè ʨʘʟʨʘʙʦʪʘʥ ʢʦʣʣʠʤʘʪʦʨ ʠ 

ʧʨʠʤʝʥʝʥ ʜʣʷ ʘʪʪʝʩʪʘʮʠʠ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʋʌ-ɺʋʌ ʪʝʣʝʩʢʦʧʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ 

ʚʩʸʤ ʧʦʣʝ ʟʨʝʥʠʷ ʚ 3Á. 

3. ʄʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʜʝʬʦʨʤʘʮʠʠ ʬʦʨʤʳ ʟʝʨʢʘʣ ʠ ʘʙʝʨʨʘʮʠʠ ʦʙʲʝʢʪʠʚʦʚ: ɺʋʌ ʣʠʪʦʛʨʘʬʘ ʠ ʪʝʣʝʩʢʦʧʦʚ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʠ 

ʠʟʤʝʨʠʪʴ ʬʦʨʤʫ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ ʜʣʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ. 

4. ʄʝʪʦʜ ʙʝʟʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʥʪʘʞʘ ʧʨʝʮʠʟʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʚ ʦʧʨʘʚʳ ʠ 

ʧʨʠʙʦʨʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʢʝʪʘ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʪʝʣʝʩʢʦʧʘ ʦʙʩʝʨʚʘʪʦʨʠʠ çɸʈʂɸè.  

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 ɼʣʷ ʧʝʨʚʠʯʥʦʛʦ çʛʘʙʘʨʠʪʥʦʛʦè ʨʘʩʯʸʪʘ ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ ʧʨʠʤʝʥʷʣʠʩʴ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ʦʧʪʠʢʝ ʜʣʷ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ, ʩʭʝʤʳ çʢʘʤʝʨʳ 

ʐʤʠʜʪʘè ʠ ʩʭʝʤʳ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʠ 

ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʠ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʩʬʝʨʠʟʘʮʠʠ çʢʘʤʝʨʳ 

ʐʤʠʜʪʘè ʠ ʩʭʝʤʳ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʧʨʠʤʝʥʷʣʘʩʴ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ Zemax.  

ʇʨʠ ʘʪʪʝʩʪʘʮʠʠ ʘʙʝʨʨʘʮʠʡ ʧʨʦʪʦʪʠʧʘ ʪʝʣʝʩʢʦʧʘ ʠ ʢʦʣʣʠʤʘʪʦʨʘ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʘʚʪʦʢʦʣʣʠʤʘʮʠʠ, ʢʦʛʜʘ ʣʫʯʠ ʧʨʦʭʦʜʷʪ ʩʭʝʤʫ ʪʫʜʘ ʦʙʨʘʪʥʦ, ʠ ʪʦʯʢʘ ʬʦʢʫʩʠʨʦʚʢʠ 

ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʫʩʪʘʥʦʚʢʠ ʠʩʪʦʯʥʠʢʘ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ. ʇʨʠ ʘʪʪʝʩʪʘʮʠʠ ʘʙʝʨʨʘʮʠʡ 

ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʠ ʟʝʨʢʘʣʘ-ʵʣʣʠʧʩʦʠʜʘ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʘʥʘʙʝʨʘʮʠʦʥʥʳʭ 

ʪʦʯʝʢ: ʧʝʨʚʳʡ ʠʩʪʦʯʥʠʢ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʧʝʨʚʫʶ ʪʘʢʫʶ ʪʦʯʢʫ (ʧʝʨʚʳʡ ʬʦʢʫʩ), ʚʪʦʨʦʡ 

ʠʩʪʦʯʥʠʢ ï ʚʦ ʚʪʦʨʫʶ (ʚʪʦʨʦʡ ʬʦʢʫʩ). ʃʫʯʠ, ʦʪʨʘʞʸʥʥʳʝ ʦʪ ʦʙʲʝʢʪʠʚʘ ʠʣʠ ʵʣʣʠʧʩʦʠʜʘ 

ʧʨʠʭʦʜʠʣʠ ʚʦ ʚʪʦʨʫʶ ʘʥʘʙʝʨʘʮʠʦʥʥʫʶ ʪʦʯʢʫ. ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʚʳʩʦʢʦʘʧʝʨʪʫʨʥʦʡ ʤʷʛʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʙʘʟʝ 

ʠʟʚʝʩʪʥʦʡ ʤʦʜʝʣʠ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ. ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ 



12 

 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʟʝʨʢʘʣʝ ʠ ʦʧʨʘʚʝ ʠʟ-ʟʘ ʚʠʙʨʘʮʠʡ ʠ ʫʜʘʨʦʚ ʧʨʠ ʟʘʧʫʩʢʝ ʥʘ ʦʨʙʠʪʫ ɿʝʤʣʠ ʠ 

ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ Solid Works. ɺ ʥʝʡ ʨʝʘʣʠʟʦʚʘʥ ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʨʘʟʙʠʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ-ʪʝʪʨʘʵʜʨʦʚ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʚʦʨʦʪʘ 

ʜʝʪʘʣʠ ʚʦʢʨʫʛ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʦʰʠʙʢʫ ʬʦʨʤʳ 

ʠʟʤʝʨʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʘʙʝʨʨʘʮʠʡ ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʚʝʩʘ ʜʝʪʘʣʠ. ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 1 ʥʤ ʧʦ ʧʘʨʘʤʝʪʨʫ 

ʉʂʆ.   

2. ʄʦʜʠʬʠʢʘʮʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʟʘ ʩʯʸʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʩ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ 

ʧʨʦʬʠʣʝʤ ʘʩʬʝʨʠʟʘʮʠʠ 6-ʛʦ ʧʦʨʷʜʢʘ ʧʦ r ʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ű ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ 

ʟʝʨʢʘʣʴʥʳʡ ʪʝʣʝʩʢʦʧ ʩ ʙʦʣʴʰʠʤ ʧʦʣʝʤ ʟʨʝʥʠʷ 3Á ʠ ʨʘʟʨʝʰʝʥʠʝʤ 1.3" ʜʣʷ ʋʌ ʠ ɺʋʌ 

ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ ʚʦʣʥ. 

3. ʄʦʜʠʬʠʢʘʮʠʷ ʩʭʝʤʳ çʢʘʤʝʨʳ ʐʤʠʜʪʘè ʥʘ ʦʩʥʦʚʝ ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ ʩ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʝʡ ʠ ʚʳʧʫʢʣʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʤʠʨʳ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʢʦʣʣʠʤʘʪʦʨ ʩ ʙʦʣʴʰʠʤ ʧʦʣʝʤ ʟʨʝʥʠʷ 3Á ʠ ʜʠʬʨʘʢʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 0.5"-1" ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ɚ = 120-380 ʥʤ.  

4. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 3.37 ʥʤ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ, ʩ ʘʩʬʝʨʠʯʝʩʢʠʤ ʧʝʨʚʠʯʥʳʤ ʟʝʨʢʘʣʦʤ,  ʠ 

ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ Ĭ90, Ĭ195, Ĭ920 ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʘʪʝʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ:  8 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 30% ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 10Ĭ10 

ʤʢʤ2; 36 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 90% ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 40Ĭ40 ʤʢʤ2; 76 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 97% ʥʘ 

ʧʦʣʝ ʟʨʝʥʠʷ 100Ĭ100 ʤʢʤ2, ʠ ʢʦʨʦʪʢʫʶ ʛʣʫʙʠʥʫ ʬʦʢʫʩʘ  37.5 ʥʤ. 

5. ɸʣʛʦʨʠʪʤ çʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠè ʧʝʨʝʜ ʜʝʢʦʥʚʦʣʶʮʠʝʡ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ z-ʪʦʤʦʛʨʘʬʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʩʚʝʪʦʩʠʣʴʥʳʭ (NA >> 0.1) ʤʷʛʢʠʭ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʠʢʨʦʩʢʦʧʘʭ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʚʦʜʳè. ʅʘ ʤʠʢʨʦʩʢʦʧʝ ʩ NA = 0.3 ʠ ɚ = 3.37 ʥʤ ʚ ʩʣʫʯʘʝ ʜʠʬʨʘʢʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʧʪʠʢʠ ʨʘʟʨʝʰʝʥʠʝ ʚ ʪʨʸʭʤʝʨʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʢʣʝʪʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 40 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 50% ʠ 20 ʥʤ ʩ ʨʵʣʝʝʚʩʢʠʤ ʢʦʥʪʨʘʩʪʦʤ 20%. 
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6. ʄʦʜʠʬʠʢʘʮʠʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʦʧʨʘʚʳ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʤʳʯʝʢ ʠ ʩʣʦʷ 

ʵʧʦʢʩʠʜʥʦʛʦ ʢʣʝʷ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʳ ʠ ʦʧʦʨʥʦʡ ʧʣʠʪʳ ʫʤʝʥʴʰʘʝʪ ʜʝʬʦʨʤʘʮʠʶ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ, ʚʦʟʥʠʢʘʶʱʫʶ ʠʟ-ʟʘ ʬʠʢʩʘʮʠʠ ʦʧʨʘʚʳ ʥʘ 

ʦʧʦʨʥʦʡ ʧʣʠʪʝ, ʜʦ ʫʨʦʚʥʷ ʦʢʦʣʦ 1 ʥʤ ʧʦ ʉʂʆ. 

 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʟʘʱʠʪʫ ʤʘʪʝʨʠʘʣʘʤ ʘʚʪʦʨʦʤ ʦʧʫʙʣʠʢʦʚʘʥʦ 15 ʩʪʘʪʝʡ ʚ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 17 ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ. ɺʩʝ 

ʥʘʫʯʥʳʝ ʞʫʨʥʘʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʝʨʝʯʥʝ ɺɸʂ. ʅʝʦʜʥʦʢʨʘʪʥʦ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ 

ʘʚʪʦʨʦʤ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

 

ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʫʯʘʩʪʠʝ ʚ 

ʧʦʩʪʘʥʦʚʢʝ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʠʟʤʝʨʝʥʠʝ ʘʙʝʨʨʘʮʠʡ, ʠ ʨʘʟʨʝʰʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʩʯʸʪ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʦʰʠʙʢʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʘʙʝʨʨʘʮʠʠ ʣʠʥʟʦʚʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ [ɸ11] 

ʠ ʦʪ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʚʝʩʦʤ ʜʝʪʘʣʠ [ɸ9-ɸ10], ʘ ʪʘʢʞʝ ʚ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ ʧʦ ʵʪʠʤ 

ʪʝʤʘʪʠʢʘʤ ʚʢʣʘʜ ʘʚʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ. ʈʘʙʦʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʠ ʢʦʨʨʝʢʮʠʠ 

ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʜʣʷ ʕʋʌ-ʣʠʪʦʛʨʘʬʘ 

[ɸ8,ɸ13,ɸ15] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʄ.ʅ. ʊʦʨʦʧʦʚʳʤ ʠ ɸ.ɽ. ʇʝʩʪʦʚʳʤ. ɺ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʥʘ ʀɼɺʉ ʬʦʨʤʳ ʟʝʨʢʘʣʘ-ʵʣʣʠʧʩʦʠʜʘ ʩʢʦʣʴʟʷʱʝʛʦ ʫʛʣʘ 

ʧʘʜʝʥʠʷ ʠ ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʴʠ ʧʦ ʵʪʦʡ ʪʝʤʝ ʚʢʣʘʜ ʘʚʪʦʨʘ - ʦʧʨʝʜʝʣʷʶʱʠʡ [A7]. ɿʝʨʢʘʣʦ-

ʵʣʣʠʧʩʦʠʜ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʝʛʦ ʬʦʨʤʳ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʙʝʣʦʛʦ ʩʚʝʪʘ ʙʳʣʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɸ.ɼ. ɸʭʩʘʭʘʣʷʥʦʤ. ʈʘʩʯʸʪ ʤʦʜʠʬʠʢʘʮʠʡ ʩʭʝʤ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʠ 

çʢʘʤʝʨʳ ʐʤʠʜʪʘè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʚʪʦʨʦʤ 

ʣʠʯʥʦ.  ɺ ʨʘʙʦʪʘʭ ʧʦ ʩʙʦʨʢʝ, ʶʩʪʠʪʠʨʦʚʢʝ, ʠʟʤʝʨʝʥʠʶ ʘʙʝʨʨʘʮʠʡ ʠ ʢʦʨʨʝʢʮʠʠ ʬʦʨʤʳ 

ʟʝʨʢʘʣ ʧʨʦʪʦʪʠʧʘ ɺʋʌ ʠ ʋʌ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ɿʝʤʣʠ [ɸ12,A14] ʠ 

ʢʦʣʣʠʤʘʪʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʝʛʦ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [ɸ6] ʘʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ 

ʚʤʝʩʪʝ ʩ ʄ.ʅ. ʊʦʨʦʧʦʚʳʤ ʠ ɸ.ɽ. ʇʝʩʪʦʚʳʤ. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ çʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʠè ʧʝʨʝʜ ʜʝʢʦʥʚʦʣʶʮʠʝʡ z-ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʢʣʝʪʦʢ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʘʚʪʦʨʦʤ ʣʠʯʥʦ [ɸ1,A2]. ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʠʬʠʢʘʮʠʠ ʦʧʨʘʚʳ ʜʣʷ 

ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʘ çɸʈʂɸè, ʢʦʪʦʨʘʷ ʫʩʪʨʘʥʷʝʪ ʜʝʬʦʨʤʘʮʠʶ ʠʟ-ʟʘ ʫʩʪʘʥʦʚʢʠ 

ʟʝʨʢʘʣʘ ʚ ʪʝʣʝʩʢʦʧ, ʧʨʦʜʝʣʘʥʘ ʘʚʪʦʨʦʤ ʣʠʯʥʦ [ɸ9-ɸ10]. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʅ.ʀ. ʏʭʘʣʦ.  

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʠ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʨʘʩʯʸʪʦʚ 

ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʝʰʝʥʠʷ ʜʝʢʦʥʚʦʣʶʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʪʨʸʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʈʘʩʯʸʪ ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ ʪʝʣʝʩʢʦʧʘ ʠ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ (ʆʐ) ʜʣʷ ʤʠʢʨʦʩʢʦʧʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʩʫʤʤ ɿʝʡʜʝʣʷ ʦʩʥʦʚʥʳʭ ʘʙʝʨʨʘʮʠʡ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʆʐ. ʆʩʥʦʚʥʳʝ 

ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʸʪʘ ʚ ʧʨʦʛʨʘʤʤʘʭ ʠ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʦʰʝʜʰʠʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʨʝʬʝʨʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ ʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʘ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʠʤʧʦʟʠʫʤʘʭ ʠ ʩʦʚʝʱʘʥʠʷʭ: 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʚʦʨʦʪʦʚ 

ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ ʚʦʢʨʫʛ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʪʜʝʣʠʪʴ ʦʰʠʙʢʫ ʬʦʨʤʳ 

ʠʟʤʝʨʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ: ʘ) ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʚʝʩʘ ʜʝʪʘʣʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʜʣʷ ʪʝʣʝʩʢʦʧʘ çɸʈʂɸè 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ñSPIE. EUV and X-ray Optics: Synergy 

between Laboratory and Space Vò ʚ ʇʨʘʛʝ, ʏʝʭʠʷ, ʚ 2017 ʛ ʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ 

çʈʝʥʪʛʝʥʦʚʩʢʘʷ ʦʧʪʠʢʘ 2016è ʚ ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, 26-29 ʩʝʥʪʷʙʨʷ 2016; ʙ) ʘʙʝʨʨʘʮʠʡ 

ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʬʦʨʤʳ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʦʙʲʝʢʪʠʚʘ ʜʣʷ 

ʕʋʌ-ʣʠʪʦʛʨʘʬʘ ʜʦʢʣʘʜʳʚʘʣʘʩʴ ʥʘ ʩʠʤʧʦʟʠʫʤʝ çʅʘʥʦʬʠʟʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʛ. 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2016 ʛ. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʟʝʨʢʘʣʘ ï ʵʣʣʠʧʩʦʠʜʘ 



15 

 

ʩʢʦʣʴʟʷʱʝʛʦ ʧʘʜʝʥʠʷ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʩ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʚʦʣʥʦʡ ʩʨʘʚʥʝʥʠʷ (ʀɼɺʉ) 

ʜʦʢʣʘʜʳʚʘʣʘʩʴ ʥʘ ʩʠʤʧʦʟʠʫʤʝ çʅʘʥʦʬʠʟʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 

2016 ʛ.ʄʝʪʦʜʠʢʘ z-ʪʦʤʦʛʨʘʬʠʠ ʜʣʷ ʤʷʛʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʦʩʪʦʷʥʠʝ ʜʝʣ 

ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʄʈʄ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʠʤʧʦʟʠʫʤʝ çʅʘʥʦʬʠʟʠʢʘ ʠ 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʚ 2018 ʠ 2019ʛ. ɺʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʩ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʚʦʣʥʦʡ ʩʨʘʚʥʝʥʠʷ ʜʣʷ ʘʪʪʝʩʪʘʮʠʠ ʬʦʨʤʳ ʩʫʧʝʨʛʣʘʜʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʦʰʠʙʢʦʡ ʬʦʨʤʳ ʥʘ ʫʨʦʚʥʝ ʝʜʠʥʠʮ ʥʘʥʦʤʝʪʨʦʚ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ çPhysics 

of X-Ray and Neutron Multilayer Structuresè ʚ ʇʘʣʠʟʦ (ʌʨʘʥʮʠʷ) ʚ 2018ʛ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʆʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 179 ʩʪʨʘʥʠʮ, ʧʨʠʚʝʜʝʥʦ 97 ʨʠʩʫʥʢʦʚ ʠ 7 ʪʘʙʣʠʮ. ʆʙʟʦʨ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʜʨʫʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʷʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʩʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 1-ʡ ʦʙʟʦʨʥʦʡ ʛʣʘʚʝ ʠ ʚ ʥʘʯʘʣʝ 

ʦʩʪʘʣʴʥʳʭ ʛʣʘʚ. 

 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦ ʛʣʘʚʘʤ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ, ʠʟʣʦʞʝʥʳ ʮʝʣʠ 

ʨʘʙʦʪʳ, ʧʦʢʘʟʘʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʠ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ 

ʜʠʩʩʝʨʪʘʮʠʠ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ï ʦʙʟʦʨʥʘʷ ʠ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʯʘʩʪʠ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʝʣʘʝʪʩʷ ʦʙʟʦʨ 

ʪʝʣʝʩʢʦʧʦʚ ï ʨʝʬʣʝʢʪʦʨʦʚ. ʉʨʘʚʥʠʚʘʶʪʩʷ ʠʭ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʣʷ ʟʨʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʦʪʚʝʨʩʪʠʷ, ʯʠʩʣʦ ʟʝʨʢʘʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʩʬʝʨʠʯʝʩʢʠʭ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʣʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʭʝʤʳ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʜʝʣʘʝʪʩʷ ʦʙʟʦʨ ʧʦ ʤʷʛʢʠʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʤʠʢʨʦʩʢʦʧʘʤ ʜʣʷ çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè: ʜʣʠʥʳ ʚʦʣʥ 2.3 ï 4.4 ʥʤ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʧʨʦʙʣʝʤʳ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʄʈʄ ʥʘ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʢʘʭ ʌʨʝʥʝʣʷ ʨʝʘʣʠʟʦʚʘʪʴ 

ʪʦʤʦʛʨʘʬʠʶ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʣʫʯʰʝ 60-100 ʥʤ. ɺ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣ: ʜʝʬʦʨʤʘʮʠʡ 

ʠʟ-ʟʘ ʚʝʩʘ, ʠʟ-ʟʘ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ ʚ ʦʧʨʘʚʫ ʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ ʬʦʨʤʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʬʦʥʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ, ʚʳʟʚʘʥʥʦʡ ʚʝʩʦʤ ʜʝʪʘʣʠ ʠ ʘʙʝʨʨʘʮʠʷʤʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʢʨʝʧʣʝʥʠʷ ʟʝʨʢʘʣ ʚ 

ʦʧʨʘʚʳ ʠ ʪʝʣʝʩʢʦʧʳ, ʚ ʯʘʩʪʥʦʩʪʠ çʧʦʣʫʢʠʥʝʤʘʪʠʯʝʩʢʠʝè ʢʨʝʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʚ 

ʦʧʪʠʯʝʩʢʫʶ ʜʝʪʘʣʴ ʤʠʥʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʝʸ 

ʪʝʧʣʦʚʦʤʫ ʨʘʩʰʠʨʝʥʠʶ/ʩʞʘʪʠʶ.  

ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʥʦʟʝʨʢʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ: ʪʝʣʝʩʢʦʧʘ 

ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ (ʐʂ) ʩ ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ (ɿʂ) ʠ ʢʦʣʣʠʤʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

çʢʘʤʝʨʳ ʐʤʠʜʪʘè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ 

ʪʝʣʝʩʢʦʧʘ ʥʘ ʚʩʸʤ ʧʦʣʝ ʟʨʝʥʠʷ. ʈʘʩʯʸʪ ʩʭʝʤʳ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʤʤ 

ɿʝʡʜʝʣʷ. ʆʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ 

ʪʝʣʝʩʢʦʧʘ ʠ ʝʛʦ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ ʥʘ ʀɼɺʉ ʚ ʘʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʦʡ 

ʩʭʝʤʝ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʢʦʣʣʠʤʘʪʦʨʘ ʠ ʠʟʤʝʨʝʥʠʷ 

ʨʘʟʨʝʰʝʥʠʷ ʪʝʣʝʩʢʦʧʘ. ʂʦʣʣʠʤʘʪʦʨ ʠʤʠʪʠʨʫʝʪ ʫʜʘʣʸʥʥʳʝ ʦʙʲʝʢʪʳ, ʩʚʝʪ ʦʪ ʢʦʪʦʨʳʭ 

ʧʨʠʭʦʜʠʪ ʚ ʪʝʣʝʩʢʦʧ ʩ ʫʛʣʦʚ ʟʨʝʥʠʷ ʦʪ -1.5Á ʜʦ +1.5Á. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ 

ʚʠʜʠʤʦʤ ʙʝʣʦʤ ʩʚʝʪʝ ʧʨʦʪʦʪʠʧ ʪʝʣʝʩʢʦʧʘ ʩʧʦʩʦʙʝʥ ʫʚʠʜʝʪʴ ʜʘʞʝ 6-ʤʢʤ ʧʦʣʦʩʳ ʤʠʨʳ 

ʢʦʣʣʠʤʘʪʦʨʘ, ʧʦʵʪʦʤʫ ʝʛʦ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1.5-1.7ǌ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʢʠ ʥʘ 

ʧʦʣʝ ʟʨʝʥʠʷ. ʇʦʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ ʧʝʨʝʜʘʯʠ ʯʘʩʪʦʪʳ ʧʨʦʪʦʪʠʧʘ ʪʝʣʝʩʢʦʧʘ ʩ ʫʯʸʪʦʤ 

ʠʟʤʝʨʝʥʥʳʭ ʘʙʝʨʨʘʮʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ ʨʘʙʦʯʠʭ ʜʣʠʥʘʭ ʚʦʣʥ 120-380 ʥʤ ʩʨʝʜʥʝʝ ʧʦ 

ʜʣʠʥʘʤ ʚʦʣʥ ʠ ʫʛʣʘʤ ʟʨʝʥʠʷ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1.3ǌ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʯʸʪʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʚʝʪʦʩʠʣʴʥʦʛʦ ʤʷʛʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʦʩʥʦʚʝ ʟʝʨʢʘʣʴʥʦʡ ʦʧʪʠʢʠ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 3.37 ʥʤ ʠʟ 

çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè. ɿʘ ʩʯʸʪ ʙʦʣʴʰʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ NA = 0.3 

ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʤʠʢʨʦʩʢʦʧ ʠʤʝʝʪ ʤʘʣʫʶ ʛʣʫʙʠʥʫ ʬʦʢʫʩʘ DOF 

= Ñ 37.5 ʥʤ (depth of focus), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ z-ʪʦʤʦʛʨʘʬʠʶ 

ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʘʷ ʨʘʥʴʰʝ ʚ ʄʈʄ ʥʝ ʧʨʠʤʝʥʷʣʘʩʴ. ɹʦʣʴʰʘʷ ʩʚʝʪʦʩʠʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʄʈʄ ʥʘ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʢʘʭ ʌʨʝʥʝʣʷ (ɿʇʌ) ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʦʙʨʘʟʮʦʚ ʜʦ 

ʝʜʠʥʠʮ - ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʄʈʄ ʥʘ ɿʇʌ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʤʠʥʫʪʳ. ɺ ʛʣʘʚʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʝʜʣʘʛʘʝʤʘʷ ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʩʭʝʤʘ ʫʚʝʣʠʯʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʦʩʥʦʚʝ ʆʐ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭ46 ʠ ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩʦ ʩʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪ 2 ʜʦ 20 ʨʘʟ. 

ʆʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʩʢʦʧʘ ʜʦ 920 ʨʘʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʜʚʫʤʝʨʥʳʭ 
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ʦʙʲʝʢʪʦʚ ʜʦ 8 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 30% ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 10Ĭ10 ʤʢʤ2, ʘ ʪʘʢʞʝ ʨʘʟʨʝʰʝʥʠʝ 

ʪʨʸʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦ 20 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 20%. ɿʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʆʐ 

ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ, ʠʤʝʶʱʝʛʦ ʧʨʦʬʠʣʴ ʘʩʬʝʨʠʟʘʮʠʠ 6-ʛʦ ʧʦʨʷʜʢʘ, ʨʘʟʨʝʰʝʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʷ ʟʨʝʥʠʷ ʫʣʫʯʰʝʥʦ ʚ 6-20 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʆʐ ʥʘ 

ʦʩʥʦʚʝ ʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣ.  

ʊʘʢʞʝ ʚ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʫʛʣʦʚʦʡ ʪʦʤʦʛʨʘʬʠʠ ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʸʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʄʈʄ ʥʘ ɿʇʌ ʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ z-ʪʦʤʦʛʨʘʬʠʠ, ʢʦʛʜʘ ʦʙʨʘʟʝʮ ʩʜʚʠʛʘʝʪʩʷ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ, ʠ ʜʝʣʘʝʪʩʷ ʩʝʨʠʷ ʝʛʦ ʩʥʠʤʢʦʚ. ʆʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʜ ʜʝʢʦʥʚʦʣʶʮʠʝʡ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʸʭʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʤ. ʊʘʢʦʡ ʤʝʪʦʜ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʚʝʪʦʩʠʣʴʥʳʭ ʄʈʄ ʩ ʯʠʩʣʦʚʳʤʠ ʘʧʝʨʪʫʨʘʤʠ NA >> 0.1, ʢʦʛʜʘ ʛʣʫʙʠʥʘ 

ʬʦʢʫʩʘ ʤʘʣʘ (<< 100 ʥʤ). ʊʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʴʥʦʡ 

ʙʝʣʢʦʚʦʡ ʢʣʝʪʢʠ ʧʦ ʜʘʥʥʳʤ z-ʪʦʤʦʛʨʘʬʠʠ ʚ ʩʣʫʯʘʝ ʜʠʬʨʘʢʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʧʪʠʢʠ. 

ʏʝʪʚʸʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʘʩʬʝʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʩ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʚʦʣʥʦʡ ʩʨʘʚʥʝʥʠʷ (ʀɼɺʉ). ɺ ʥʘʯʘʣʝ 

ʛʣʘʚʳ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ. ɼʘʣʝʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʤʝʨʝʥʠʶ ʬʦʨʤʳ ʟʝʨʢʘʣ ʠ ʘʙʝʨʨʘʮʠʡ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʚʦʨʦʪʦʚ ʠʟʤʝʨʷʝʤʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ ʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʣʠʥʟʦʚʦʛʦ 

ʢʦʨʨʝʢʪʦʨʘ ʠ ʦʰʠʙʢʠ ʬʦʨʤʳ ʚʦʛʥʫʪʦʛʦ ʟʝʨʢʘʣʘ ʦʙʲʝʢʪʠʚʘ. ʅʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ 

ʘʙʝʨʨʘʮʠʠ ʦʙʲʝʢʪʠʚʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʦʩ ʚ ʣʠʪʦʛʨʘʬʝ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 13.5 

ʥʤ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʛʣʘʚʳ ʦʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʀɼɺʉ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʟʝʨʢʘʣ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: ʵʣʣʠʧʩʦʠʜʦʚ, 

ʧʘʨʘʙʦʣʦʠʜʦʚ ʠ ʛʠʧʝʨʙʦʣʦʠʜʦʚ. ʆʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʤʝʨʝʥʠʶ ʬʦʨʤʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʟʝʨʢʘʣʘ-ʵʣʣʠʧʩʦʠʜʘ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʀɼɺʉ ʠ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʙʝʣʦʛʦ ʩʚʝʪʘ Zygo.    

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʦʧʨʘʚʳ ʜʣʷ ʙʝʟʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʢʨʝʧʣʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʘ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ɸʈʂɸ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʠʣʘ ʫʤʝʥʴʰʠʪʴ ʜʝʬʦʨʤʘʮʠʶ ʟʝʨʢʘʣʘ ʠʟ-ʟʘ ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʠ ʬʠʢʩʘʮʠʠ ʚ ʪʝʣʝʩʢʦʧʝ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 2 ʧʦʨʷʜʢʘ. ɿʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʦʧʨʘʚʘ ʩ ʧʣʘʩʪʠʥʘʤʠ. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ 
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ʦʧʪʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʝʨʝʤʳʯʝʢ, ʧʣʘʩʪʠʥ ʠ ʩʣʦʷ ʵʧʦʢʩʠʜʥʦʛʦ ʢʣʝʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʟʝʨʢʘʣʘ ʠʟ-ʟʘ ʫʩʪʘʥʦʚʢʠ ʦʧʨʘʚʳ ʩ ʟʝʨʢʘʣʦʤ ʚ 

ʪʝʣʝʩʢʦʧ ʧʨʠ ʥʘʣʠʯʠʠ 5-ʤʠʢʨʦʥʥʳʭ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʧʨʠʪʸʨʪʳʤʠ ʧʣʠʪʦʡ ʠ ʦʧʨʘʚʦʡ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʚʳʜʝʨʞʠʚʘʶʱʠʝ ʧʫʩʢʦʚʳʝ ʥʘʛʨʫʟʢʠ ʚ ʨʘʢʝʪʝ, ʩ ʜʨʫʛʦʡ. 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠ ʠʟʤʝʨʷʶʪʩʷ ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʠʟ-ʟʘ ʝʛʦ 

ʚʝʩʘ, ʠ ʜʝʬʦʨʤʘʮʠʷ ʠʟ-ʟʘ ʫʩʪʘʥʦʚʢʠ ʚ ʪʝʣʝʩʢʦʧ. ʄʦʜʝʣʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʧʝʨʝʧʘʜʘ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ ʠ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ. ʇʨʠʚʦʜʠʪʩʷ ʨʘʩʯʸʪ 

ʚʣʠʷʥʠʷ ʜʝʬʦʨʤʘʮʠʠ çʫʩʪʘʥʦʚʢʠè ʠ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʀɼɺʉ ʥʘ 0.1ǌ ʨʘʟʨʝʰʝʥʠʝ 

ʪʝʣʝʩʢʦʧʘ ɸʈʂɸ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ 
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ɻʃɸɺɸ 1. ʈʘʟʨʘʙʦʪʢʘ ʟʝʨʢʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʤʷʛʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʚʘʢʫʫʤʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ 

ʚʦʣʥ 

 

ʅʘʙʣʶʜʘʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʤ ʦʧʪʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ ʩʚʷʟʘʥ ʩ ʨʘʟʚʠʪʠʝʤ ʨʷʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ (ʥʘʥʦʬʠʟʠʢʘ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʘʩʪʨʦʥʦʤʠʷ, ʙʠʦʣʦʛʠʷ, ʤʝʜʠʮʠʥʘ) ʠ ʧʨʠʢʣʘʜʥʳʭ (ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʘʪʤʦʩʬʝʨʳ, ʤʷʛʢʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʣʠʪʦʛʨʘʬʠʷ) ʥʘʧʨʘʚʣʝʥʠʡ. ɺ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʤʷʛʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ (ʄʈ, ʜʣʠʥʳ ʚʦʣʥ 0.3-10 ʥʤ) ʠ ʚʘʢʫʫʤʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (ɺʋʌ, 

ʜʣʠʥʳ ʚʦʣʥ 10-200 ʥʤ) ʠʟʣʫʯʝʥʠʷ ʵʪʦʪ ʠʥʪʝʨʝʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʨʨʝʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ɸʇ), ʯʘʱʝ 

ʚʩʝʛʦ ʵʪʦ: ʧʘʨʘʙʦʣʦʠʜʳ, ʛʠʧʝʨʙʦʣʦʠʜʳ ʠ ʵʣʣʠʧʩʦʠʜʳ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɸʇ ʚ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʧʦʣʷ ʟʨʝʥʠʷ ʧʨʠ ʤʝʥʴʰʝʤ ʯʠʩʣʝ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʘʩʩʝ ʠ ʛʘʙʘʨʠʪʘʭ. ʆʩʦʙʝʥʥʦ 

ʚʳʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʄʈ ʠ ɺʋʌ ʜʠʘʧʘʟʦʥʘʭ, ʛʜʝ ʯʠʩʣʦ 

ʟʝʨʢʘʣ ʣʫʯʰʝ ʜʝʣʘʪʴ ʤʠʥʠʤʘʣʴʥʳʤ ʠʟ-ʟʘ ʤʘʣʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʚ ɺʋʌ ʠ ʚ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʄʈ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ 

ʚʦʣʥ.  

 

1.1 ɸʥʘʣʠʟ ʩʭʝʤ ʪʝʣʝʩʢʦʧʦʚ-ʨʝʬʣʝʢʪʦʨʦʚ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʩʚʷʟʠ ʩ ʚʩʸ ʙʦʣʝʝ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʥʘʷ ɿʝʤʣʠ ʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ɼɿɿ) [26-28]. 

ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ ʚ ʠʥʪʝʨʝʩʘʭ 

ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʢʘʨʪʦʛʨʘʬʠʠ. ɼʦ ʥʝʜʘʚʥʝʛʦ 

ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʚʝʣʘʩʴ ʚ ʚʠʜʠʤʦʤ ʠ 
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ʠʥʬʨʘʢʨʘʩʥʦʤ (ʀʂ) ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ. ɼʠʘʧʘʟʦʥ 0.4ï2.5 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʫʤʫ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʫʢʦʪʚʦʨʥʳʭ ʦʙʲʝʢʪʦʚ [26]. ɺ ʩʨʝʜʥʝʡ ʀʂ ʦʙʣʘʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 

3 ï 5 ʤʢʤ, ʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, ʚʝʜʸʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʛʣʦʱʝʥʠʷ ñʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮò, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʛʘʟʦʚʦʛʦ ʠ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ɺʋʌ ʠ ʋʌ ʜʠʘʧʘʟʦʥʘʭ, ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 120 ï 380 ʥʤ, 

ʤʦʞʝʪ ʚʝʩʪʠʩʴ ʥʘʙʣʶʜʝʥʠʝ ʙʳʩʪʨʦʣʝʪʷʱʠʭ ʦʙʲʝʢʪʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ [ɸ12,ɸ14]. ʀʟ-

ʟʘ ʪʦʛʦ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ɿʝʤʣʠ ʚ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʩ ʥʠʟʢʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʚ ʜʥʝʚʥʦʝ 

ʚʨʝʤʷ, ʢʘʢ ʧʦ ʨʘʩʩʝʷʥʠʶ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ʣʠʥʠʠ HLyŬ (121.6 ʥʤ), ʪʘʢ ʠ ʧʦ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʣʠʥʠʷʤ ʛʘʟʦʚ ʘʪʤʦʩʬʝʨʳ, ʚʦʟʙʫʞʜʸʥʥʳʭ ʜʚʠʞʫʱʠʤʠʩʷ ʛʠʧʝʨʟʚʫʢʦʚʳʤʠ 

ʦʙʲʝʢʪʘʤʠ. ʀʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʠʞʥʠʭ ʩʣʦʸʚ ʘʪʤʦʩʬʝʨʳ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ 

ʚʦʣʥ ʪʝʣʝʩʢʦʧ ʜʦʣʞʝʥ ʩʤʦʪʨʝʪʴ ʥʘ ɿʝʤʣʶ ʠʟ ʢʦʩʤʦʩʘ. 

ʆʩʥʦʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʝʜʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʪʦʯʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʦʚ, ʚʨʝʤʝʥʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʦʙʣʘʩʪʠ ʦʙʟʦʨʘ, ʷʚʣʷʝʪʩʷ ʪʝʣʝʩʢʦʧ. ʉʧʝʮʠʬʠʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʘʙʦʩʚʝʪʷʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ ʚ ɺʋʌ ʠ ʋʌ ʜʠʘʧʘʟʦʥʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʛʣʦʱʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʭʨʦʤʘʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʳʙʦʨ ʙʘʟʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʝʣʝʩʢʦʧʘ ʟʝʨʢʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʨʝʬʣʝʢʪʦʨʘʤʠ). ɺʦ-ʚʪʦʨʳʭ, 

ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʡ ʩʣʘʙʦʩʚʝʪʷʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʚʤʝʩʪʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʇɿʉ ʤʘʪʨʠʮ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʚʝʪʦʩʠʣʴʥʦʡ ʦʧʪʠʢʠ.  

ʇʨʦʩʪʝʡʰʘʷ ʟʝʨʢʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ï ʩʠʩʪʝʤʘ ʅʴʶʪʦʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ, ʜʦʧʦʣʥʝʥʥʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʧʣʦʩʢʠʤ ʧʦʚʦʨʦʪʥʳʤ ʟʝʨʢʘʣʦʤ [29] (ʨʠʩ. 1.1). ɹʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʭʝʤʘ 

ʥʘʰʣʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʠ ʘʩʪʨʦʥʦʤʦʚ-ʣʶʙʠʪʝʣʝʡ [30]. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 

ʩʠʩʪʝʤʳ ʅʴʶʪʦʥʘ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʠʝ ʧʦʣʝʚʳʝ ʘʙʝʨʨʘʮʠʠ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʦʤʘ), 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʧʦʣʝ ʟʨʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʫʛʣʦʚʳʤʠ ʤʠʥʫʪʘʤʠ. ʄʘʣʦʝ ʧʦʣʝ ʟʨʝʥʠʷ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʅʴʶʪʦʥʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. ʇʦ 

ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʚ ʩʠʩʪʝʤʘʭ ɼɿɿ ʵʪʘ ʩʭʝʤʘ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. 
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ʈʠʩ. 1.1. ʉʭʝʤʘ ʅʴʶʪʦʥʘ. 

 

ɼʨʫʛʠʤʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʟʝʨʢʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ 

ʩʠʩʪʝʤʘ ʂʘʩʩʝʛʨʝʥʘ ʠ ʝʝ ʤʦʜʠʬʠʢʘʮʠʠ. ʉʠʩʪʝʤʘ ʂʘʩʩʝʛʨʝʥʘ ʩʦʩʪʦʠʪ ʠʟ ʛʣʘʚʥʦʛʦ 

ʚʦʛʥʫʪʦʛʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʠ ʚʪʦʨʠʯʥʦʛʦ ʚʳʧʫʢʣʦʛʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ (ʨʠʩ. 

1.2).  

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʂʘʩʩʝʛʨʝʥʘ. 

 

ʇʦ ʘʙʝʨʨʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʷʭ) 

ʩʠʩʪʝʤʘ ʂʘʩʩʝʛʨʝʥʘ ʘʥʘʣʦʛʠʯʥʘ ʩʠʩʪʝʤʝ ʅʴʶʪʦʥʘ.ʇʦʣʝ ʟʨʝʥʠʷ (ʦʙʣʘʩʪʴ ʫʛʣʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1ǌ) ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʫʛʣʦʚʳʭ ʤʠʥʫʪ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʦʪʚʝʨʩʪʠʠ (ʦʪʥʦʰʝʥʠʠ ʜʠʘʤʝʪʨʘ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ D ʢ ʬʦʢʫʩʥʦʤʫ 

ʨʘʩʩʪʦʷʥʠʶ ʪʝʣʝʩʢʦʧʘ fË, ʨʠʩ. 1.2)D/fË = 1:3-1:5 [31]. ʏʝʤ ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʦʪʚʝʨʩʪʠʝ, ʪʝʤ ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʠʤʝʝʪ ʪʝʣʝʩʢʦʧ ʧʨʠ ʪʦʤ ʞʝ ʜʠʘʤʝʪʨʝ ʟʝʨʢʘʣ. ɼʣʠʥʘ 

ʪʝʣʝʩʢʦʧʘ, ʟʘʧʫʩʢʘʝʤʦʛʦ ʚ ʢʦʩʤʦʩ, ʦʛʨʘʥʠʯʝʥʘ ʦʪʩʝʢʦʤ ʚ ʨʘʢʝʪʝ, ʧʦʵʪʦʤʫ ʪʝʣʝʩʢʦʧʳ ʩ 

ʤʘʣʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʠʤʝʶʪ ʤʘʣʳʡ ʜʠʘʤʝʪʨ ʟʝʨʢʘʣ.   

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʤʦʜʠʬʠʢʘʮʠʷ ʩʭʝʤʳ ʂʘʩʩʝʛʨʝʥʘ - ʩʠʩʪʝʤʘ 

ʈʠʯʠ-ʂʨʝʪʴʝʥʘ, ʚ ʢʦʪʦʨʦʡ ʠ ʧʝʨʚʠʯʥʦʝ, ʠ ʚʪʦʨʠʯʥʦʝ ʟʝʨʢʘʣʘ ʷʚʣʷʶʪʩʷ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ. ʇʦʣʷ ʟʨʝʥʠʷ ʩʠʩʪʝʤʳ ʈʠʯʠ-ʂʨʝʪʴʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʝʜʝʥʦ ʜʦ 1Á ʧʨʠ 
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ʫʛʣʦʚʦʤ ʨʘʟʨʝʰʝʥʠʠ 2ǌ [1]. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʜʣʠʥʥʦʬʦʢʫʩʥʳʭ ʧʨʠʙʦʨʦʚ (ʜʣʠʥʘ ʦʙʲʝʢʪʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ 

ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ), ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʩʤʠʯʝʩʢʠʭ, ʧʨʠʤʝʨ ï ʪʝʣʝʩʢʦʧ ʍʘʙʙʣʘ) [2]. 

ɺ ʩʚʝʪʦʩʠʣʴʥʳʭ ʦʙʲʝʢʪʠʚʘʭ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʜʢʦ ʠʟ-ʟʘ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ/ʶʩʪʠʨʦʚʢʠ ʠ ʨʦʩʪʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʫ ʈʠʯʠ-ʂʨʝʪʴʝʥʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ ʙʦʣʝʝ 

1:4.  

ɺ ʤʦʜʠʬʠʢʘʮʠʠ ʩʭʝʤʳ ʈʠʯʠ-ʂʨʝʪʴʝʥʘ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʬʦʢʘʣʴʥʦʛʦ 

ʣʠʥʟʦʚʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʧʦʣʝ ʟʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 3Á ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʨʘʟʨʝʰʝʥʠʷ < 1" 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 1:3.5. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ɺʋʌ ʠʟʣʫʯʝʥʠʷ ʣʠʥʟʦʚʳʤ 

ʢʦʨʨʝʢʪʦʨʦʤ ʩʭʝʤʘ ʥʝ ʧʨʠʛʦʜʥʘ ʜʣʷ ʜʣʠʥ ʚʦʣʥ ʢʦʨʦʯʝ 250 ʥʤ [32]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʠʩʪʝʤʳ ʈʠʯʠ-ʂʨʝʪʴʝʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ɺʋʌ ʠ ʄʈ ʜʠʘʧʘʟʦʥʘʤ 

ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʧʦʣʝ ʟʨʝʥʠʷ. 

ʈʘʟʥʦʚʠʜʥʦʩʪʴʶ 2-ʭ ʟʝʨʢʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ɻʨʝʛʦʨʠ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʦʛʥʫʪʦʛʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʠ ʚʦʛʥʫʪʦʛʦ 

ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʚʪʦʨʠʯʥʦʛʦ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ (ʬʦʢʫʩ 

ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʦʨʴʙʳ ʩ ʚʥʝʘʧʝʨʪʫʨʥʳʤʠ ʠ 

ʬʦʥʦʚʳʤʠ ʟʘʩʚʝʪʢʘʤʠ (ʨʠʩ. 1.3). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ ɻʨʝʛʦʨʠ ʧʣʦʭʦ ʠʩʧʨʘʚʣʝʥʘ ʥʘ 

ʧʦʣʝʚʳʝ ʘʙʝʨʨʘʮʠʠ ʠ ʤʘʣʦʧʨʠʛʦʜʥʘ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ ʙʦʣʴʰʠʭ, ʯʝʤ 1:5 ʠ 

ʧʦʣʝʡ ʟʨʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʭ 1Á [3]. 

 

ʈʠʩ. 1.3. ʉʭʝʤʘ ɻʨʝʛʦʨʠ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 4-ʭ ʘʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣ (ʜʚʘ ʟʝʨʢʘʣʘ ʦʙʲʝʢʪʠʚʘ ʠ ʜʚʘ ʢʦʨʨʝʢʪʦʨʘ 

ʘʙʝʨʨʘʮʠʡ) ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʩʧʨʘʚʠʪʴ ʧʦʣʝʚʳʝ ʘʙʝʨʨʘʮʠʠ ʩʠʩʪʝʤʳ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʫʛʣʦʚʦʝ ʧʦʣʝ ʟʨʝʥʠʷ ʜʦ 3Á [33]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʫʜʦʙʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʳʭʦʜʥʦʡ ʟʨʘʯʦʢ. ʉʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʷʚʣʷʶʪʩʷ ʥʘʣʠʯʠʝ ʪʨʝʭ ʢʨʫʧʥʳʭ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʩʩʠʚʥʳʭ) ʠ ʩʣʦʞʥʳʭ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 
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ʟʝʨʢʘʣ, ʩʣʦʞʥʦʩʪʴ ʶʩʪʠʨʦʚʢʠ, ʧʦʪʝʨʷ ʩʠʛʥʘʣʘ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʝʨʢʘʣʘʭ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ (ʜʦ 25% ʧʦ ʧʣʦʱʘʜʠ) ʮʝʥʪʨʘʣʴʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ. ʅʠʟʢʘʷ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ɺʋʌ ʠ ʋʌ ʘʧʧʘʨʘʪʫʨʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. 

ɺ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʝ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʥʘʭʦʜʠʪ ʚʥʝʦʩʝʚʘʷ ʟʝʨʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʠʟʚʝʩʪʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʟʝʨʢʘʣʴʥʳʡ ʪʨʠʧʣʝʪ 

ʂʫʢʘ (ʨʠʩ. 1.4): ʥʘʧʨʠʤʝʨ, ʥʘ ʩʧʫʪʥʠʢʝ Topsat (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) [4] ʠ ʥʘ ʩʧʫʪʥʠʢʝ EO-1 

(ʉʐɸ) [5]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʚʠʯʥʦʛʦ ʦʩʝʚʦʛʦ ʚʦʛʥʫʪʦʛʦ ʛʠʧʝʨʙʦʣʦʠʜʘ, 

ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ ʚʭʦʜʥʳʤ ʟʨʘʯʢʦʤ, ʚʪʦʨʠʯʥʦʛʦ ʚʥʝʦʩʝʚʦʛʦ ʚʳʧʫʢʣʦʛʦ ʵʣʣʠʧʩʦʠʜʘ, 

ʪʨʝʪʠʯʥʦʛʦ ʚʦʛʥʫʪʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʠ ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʛʘʙʘʨʠʪʦʚ ʩʠʩʪʝʤʳ [6].  

 

ʈʠʩ. 1.4. ʉʭʝʤʘ ʪʨʠʧʣʝʪʘ ʂʫʢʘ. 

 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʟʝʨʢʘʣʴʥʦʛʦ ʪʨʠʧʣʝʪʘ ʂʫʢʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʣʝ ʟʨʝʥʠʷ ʚ ʩʘʛʠʪʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʨʠʩ. 1.4). ʇʦʣʝ 

ʟʨʝʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 8Á, ʪ.ʝ. ʠʤʝʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʦʡ ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ ʤʝʩʪʥʦʩʪʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʝ ʟʨʝʥʠʷ 1.5Á. ʇʨʠ ʙʦʣʴʰʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʦʩʪʘʪʦʯʥʳʝ ʘʙʝʨʨʘʮʠʠ. ʊʘʢ ʞʝ 

ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ï ʩʦʚʤʝʩʪʥʘʷ ʧʣʦʱʘʜʴ 2-ʛʦ, 3-ʛʦ ʠ 4-ʛʦ ʟʝʨʢʘʣ 

ʧʨʠʤʝʨʥʦ ʚʪʨʦʝ ʧʨʝʚʳʰʘʝʪ ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ. ɽʱʸ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ ʩ ʪʦʯʢʠ 
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ʟʨʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ï ʜʚʘ ʘʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣʘ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ï 

ʚʳʧʫʢʣʳʡ ʚʥʝʦʩʝʚʦʡ ʵʣʣʠʧʩʦʠʜ. 

ʏʘʩʪʠʯʥʦ ʚʥʝʦʩʝʚʘʷ 3-ʭ ʟʝʨʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʂʘʩʩʝʛʨʝʥʘ, ʜʦʧʦʣʥʝʥʥʫʶ ʪʨʝʪʠʯʥʳʤ ʟʝʨʢʘʣʦʤ ï 

ʢʦʨʨʝʢʪʦʨʦʤ ʧʦʣʝʚʳʭ ʘʙʝʨʨʘʮʠʡ ʠ ʧʣʦʩʢʠʤ ʟʝʨʢʘʣʦʤ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʩʠʩʪʝʤʳ ʂʦʨʰʘ 

(ʨʠʩ. 1.5). ʉʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ  

ʚʳʭʦʜʥʳʤ ʟʨʘʯʢʦʤ [7]. ʆʩʥʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʪʦʣʴʢʦ 

ʯʘʩʪʠʯʥʦ (ʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʠʩʢʣʶʯʝʥʘ) ʠʟ-ʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʝ ʟʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʚʝʜʝʥʦ ʜʦ 3õ4Á. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ï 1:3.5. ʅʝʜʦʩʪʘʪʢʠ ï 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ,ʪʨʠ ʘʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣʘ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʚʥʝʦʩʝʚʦʝ, ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʦʯʥʦʩʪʠ ʶʩʪʠʨʦʚʢʠ; ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʩʭʝʤʘ ʂʦʨʰʘ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ɼɿɿ, ʥʘʧʨʠʤʝʨ, ʪʝʣʝʩʢʦʧʳ 

Pleiades ʠ Kompsat 3 [8] 

 

ʈʠʩ. 1.5. ʉʭʝʤʘ ʂʦʨʰʘ. 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʝʨʢʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ɸʇ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ɺʋʌ ʠ ʋʌ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʝ ʩ ʧʦʣʝʤ ʟʨʝʥʠʷ ʙʦʣʝʝ 1Á 

ʤʦʛʫʪ ʙʳʪʴ ʩʠʩʪʝʤʘ ʂʦʨʰʘ ʠ ʟʝʨʢʘʣʴʥʳʡ ʪʨʠʧʣʝʪ ʂʫʢʘ. ʇʨʠ ʵʪʦʤ ʵʪʠ ʩʠʩʪʝʤʳ ʢʨʘʡʥʝ 

ʩʣʦʞʥʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʦʣʴʰʠʭ ʘʩʬʝʨʠʯʝʩʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʥʝʦʩʝʚʳʭ, ʟʝʨʢʘʣ ʠ 

ʶʩʪʠʨʦʚʢʝ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʸʪʩʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʭʝʤ ʪʝʣʝʩʢʦʧʦʚ, 
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ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ ʠ ʨʘʟʨʝʰʝʥʠʶ ʠ ʠʤʝʶʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʩʦʙʝʥʥʦ ʘʩʬʝʨʠʯʝʩʢʠʭ. 

 

1.2 ʄʷʛʢʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʚ 

çʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè, ʜʣʠʥʳ ʚʦʣʥ 2.3 ï 4.4 ʥʤ, ʪʘʢʠʝ ʢʘʢ ʩʣʘʙʦʝ ʨʘʩʩʝʷʥʠʝ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʚʦʜʫ ʜʦ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

(ɚ=2.4 ʥʤ) ʠ ʚ ʙʝʣʦʢ ʜʦ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʨʦʜʘ (ɚ=4.4 ʥʤ) ʠ ʨʝʟʢʠʝ ʩʢʘʯʢʠ 

ʧʦʛʣʦʱʝʥʠʷ ʟʘ ʥʠʤʠ (ʨʠʩ. 1.6), ʘ ʪʘʢʞʝ ʤʘʣʘʷ ʜʣʠʥʘ ʚʦʣʥʳ, ʦʪʢʨʳʚʘʶʪ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʥʘʥʦʜʠʘʛʥʦʩʪʠʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʣʝʪʦʢ.  

 

ʈʠʩ. 1.6. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʚʦʜʫ (ʩʠʥʷʷ ʢʨʠʚʘʷ) ʠ ʙʝʣʦʢ 

(ʞʸʣʪʘʷ ʢʨʠʚʘʷ) ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 2 ï 7 ʥʤ (ʟʘʠʤ. ʠʟ [34]) 

 

ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʚʦʜʫ ʠ ʩʠʣʴʥʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʨʘʩʩʝʷʥʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʙʝʣʢʦʤ ʚ ʜʠʘʧʘʟʦʥʝ çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè [35] 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟʫʯʝʥʠʝ çʞʠʚʳʭè ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʣʝʪʦʢ 

ʪʦʣʱʠʥʦʡ ʜʦ ʜʝʩʷʪʢʘ ʤʠʢʨʦʤʝʪʨʦʚ [9,36]. ʄʘʣʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʨʘʟʨʝʰʝʥʠʝ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʜʚʫʤʝʨʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘ ʫʨʦʚʥʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʥʘʥʦʤʝʪʨʦʚ. 
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1.2.1 ʄʠʢʨʦʩʢʦʧʳ ʥʘ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʢʘʭ ʌʨʝʥʝʣʷ 

 

ɼʣʠʥʳ ʚʦʣʥ çʚʦʜʥʦʛʦ ʦʢʥʘè: 2.3 ï 4.4 ʥʤ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʜʣʠʥ ʚʦʣʥ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʧʦʵʪʦʤʫ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʨʘʟʨʝʰʝʥʠʷ ʚ çʚʦʜʥʦʤ ʦʢʥʝè ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʣʫʯʰʝʝ ʨʘʟʨʝʰʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʄʈʄ ʜʣʷ çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʢʘʭ 

ʌʨʝʥʝʣʷ (ɿʇʌ) [9-10,35-37], ʪ.ʢ. ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʦʨʦʰʦ ʦʪʣʘʞʝʥʘ, ʠ 

ʣʘʪʝʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʩʨʘʚʥʠʤʦʝ ʩ ʰʠʨʠʥʦʡ ʧʦʩʣʝʜʥʝʡ ʟʦʥʳ, ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ 

ʥʘʥʦʤʝʪʨʦʚ. ʅʘ ʨʠʩ. 1.7 ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ çEpithemiasorexè ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

2.48 ʥʤ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʄʈʄ ʥʘ ɿʇʌ, ʠʤʝʝʪ ʣʫʯʰʝʝ ʨʘʟʨʝʰʝʥʠʝ, ʯʝʤ ʝʛʦ ʞʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʥʦ ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʤʠʢʨʦʩʢʦʧʝ, ʨʘʙʦʪʘʶʱʝʤ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʬʠʙʨʦʙʣʘʩʪʘ ʠ ʥʝʡʨʦʥʦʚ ʪʘʢʞʝ ʣʫʯʰʝ ʥʘ ʄʈʄ, ʯʝʤ ʥʘ ʦʧʪʠʯʝʩʢʦʤ 

ʤʠʢʨʦʩʢʦʧʝ (ʨʠʩ. 1.8). 

 

ʈʠʩ. 1.7 ʀʟʦʙʨʘʞʝʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ çEpithemiasorexè, ʧʦʣʫʯʝʥʥʦʝ ʚ: ʦʧʪʠʯʝʩʢʦʤ 

ï ʘ) ʠʤʷʛʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ï ʙ) ʤʠʢʨʦʩʢʦʧʘʭ. (ɿʘʠʤ. ʠʟ [17]) 
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ʈʠʩ. 1.8 ʉʨʘʚʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ: ʬʠʙʨʦʙʣʘʩʪʘ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ (ʘ) ʠ ʚ çʚʦʜʥʦʤ ʦʢʥʝè 

(ʙ); ʥʝʡʨʦʥʦʚ ʤʦʟʛʘ ʤʳʰʠ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ (ʚ) ʠ ʚ çʚʦʜʥʦʤ ʦʢʥʝè (ʛ). (ɿʘʠʤ. ʠʟ [38]). 

 

 ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʄʈʄ ʥʘ ʦʩʥʦʚʝ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʃʇʀ) ʠʟ-ʟʘ ʠʭ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʩʠʥʭʨʦʪʨʦʥʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ ʜʣʷ ʃʇʀ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʛʘʟʦʚʳʝ 

ʩʪʨʫʠ [10,38-42], ʩʪʨʫʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ [12,43], çz-pinchè ʨʘʟʨʷʜ ʚ ʛʘʟʝ [44], ʘ ʪʘʢʞʝ 

ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʠʰʝʥʠ [45-47]. ʃʇʀ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʤʦʱʥʳʝ (P ~ 0.1 - 1 

ɼʞ) ʢʦʨʦʪʢʠʝ (Ű ~  3 ï 10 ʥʩ) ʣʘʟʝʨʥʳʝ ʠʤʧʫʣʴʩʳ ʩ ʯʘʩʪʦʡ (10 ï 300 ɻʮ) ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ 

ʤʠʰʝʥʠ, ʨʦʞʜʘʷ ʧʣʘʟʤʫ (ʨʠʩ. 1.9). ʇʣʘʟʤʝʥʥʦʝ ʦʙʣʘʢʦ, ʨʘʟʣʝʪʘʷʩʴ ʩ ʫʩʢʦʨʝʥʠʝʤ, 

ʠʟʣʫʯʘʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʷʛʢʠʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ.   ʂʦʣʣʝʢʪʦʨ 

(ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʟʝʨʢʘʣʘ ʥʦʨʤʘʣʴʥʦʛʦ [9,13,36] ʠʣʠ ʩʢʦʣʴʟʷʱʝʛʦ ʧʘʜʝʥʠʷ [42-

43], ʣʠʙʦ ʟʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ [48-49]) ʦʪʨʘʞʘʝʪ (ʧʨʦʧʫʩʢʘʝʪ) ʯʘʩʪʴ ʧʨʠʰʝʜʰʝʛʦ ʦʪ ʃʇʀ 

ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʟʘʜʘʚʘʝʤʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʦʪʨʘʞʝʥʠʷ (ʧʨʦʧʫʩʢʘʥʠʷ) 

ʢʦʣʣʝʢʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʙʨʘʟʮʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʚʘʟʠʨʘʚʥʦʤʝʨʥʘʷ ʟʘʩʚʝʪʢʘ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʫʛʣʦʚʦʡ ʪʦʤʦʛʨʘʬʠʠ ʦʙʨʘʟʝʮ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʶʚʝʪʘʭ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʛʣʦʚʦʛʦ ʚʨʘʱʝʥʠʷ ʠ ʣʠʥʝʡʥʦʡ ʧʦʜʩʪʨʦʡʢʦʡ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ, ʦʙʳʯʥʦ, ʦʢʦʣʦ 1000 ʨʘʟ ʩʪʨʦʠʪʩʷ ɿʇʌ ʥʘ 

ʦʭʣʘʞʜʘʝʤʦʡ çback-side-illuminatedè ʇɿʉ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʄʈʀ (ʨʠʩ. 1.9).   
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ʈʠʩ. 1.9. ʊʠʧʠʯʥʘʷ ʩʭʝʤʘ ʄʈʄ ʥʘ ɿʇʌ. (ɿʘʠʤ. ʠʟ [13]) 

 

ʆʙʩʫʜʠʤ ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʪʨʸʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʪʦʤʦʛʨʘʬʠʠ) ʚ 

ʤʠʢʨʦʩʢʦʧʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʦʧʪʠʢʠ ʟʦʥʥʳʝ ʧʣʘʩʪʠʥʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ɿʇʌ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʯʠʩʣʦʚʘʷ ʘʧʝʨʪʫʨʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʬʦʢʫʩʘ DOF (depthoffocus) ʚ ʝʜʠʥʠʮʳ ʠ ʜʘʞʝ ʜʝʩʷʪʢʠ 

ʤʠʢʨʦʤʝʪʨʦʚ. ɿʘʯʘʩʪʫʶ DOF ʩʨʘʚʥʠʤ ʠʣʠ ʜʘʞʝ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʦʚ, ʧʦʵʪʦʤʫ 

ʚʢʣʘʜ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ʜʘʶʪ ʚʩʝ ʩʨʝʟʳ ʦʙʨʘʟʮʘ, ʠ ʦʥʦ ʩʠʣʴʥʦ ʨʘʟʤʳʚʘʝʪʩʷ ʚʜʦʣʴ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʙʝʛʘʶʪ ʢ ʫʛʣʦʚʦʡ ʪʦʤʦʛʨʘʬʠʠ. ʆʙʨʘʟʝʮ ʚʨʘʱʘʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʫʛʣʳ, ʠ ʜʝʣʘʝʪʩ ̫ ʩʝʨʠ ̫ ʩʥʠʤʢʦʚ. ʇʨʠ ʵʪʦʤ ʣʫʯʰʝʝ ʣʘʪʝʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ 

ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʤʥʳʭ ʙʝʣʢʦʚʳʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʝʪ 60-70 ʥʤ ʩ ʩʠʥʭʨʦʪʨʦʥʥʳʤ 

ʚʳʩʦʢʦʤʦʥʦʭʨʦʤʘʪʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ [9-11,19] ʠ 100-140 ʥʤ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤ ʣʘʟʝʨʥʦ-

ʧʣʘʟʤʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ [12-13] ʧʨʠ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʧʨʝʜʝʣʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ [9-13,19]  

ɿʇʌ 30-50 ʥʤ. ɼʦʩʪʠʛʥʫʪʦʝ ʘʢʩʠʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠ ʫʛʣʦʚʦʡ ʪʦʤʦʛʨʘʬʠʠ ʭʫʞʝ 100 

ʥʤ [12-13]. ʅʝʜʦʩʪʠʞʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ʩʚʷʟʘʥʦ ʩ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ. ɺʦ-

ʧʝʨʚʳʭ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʪʨʸʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦ ʩʝʨʠʠ ʝʛʦ ʫʛʣʦʚʳʭ 

ʧʨʦʝʢʮʠʡ ʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʦʤ çʬʠʣʴʪʨʘʮʠʠ ʦʙʨʘʪʥʳʭ ʧʨʦʝʢʮʠʡè [14], ʢʦʪʦʨʳʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʣʫʯʠ ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʳ, ʪ.ʝ. ʨʘʟʤʝʨ ʦʙʨʘʟʮʘ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʛʣʫʙʠʥʳ ʬʦʢʫʩʘ ɿʇʌ. ʅʦ ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʯʪʦ 

ʩʚʷʟʘʥʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ. ɻʣʫʙʠʥʘ ʬʦʢʫʩʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ 

ʰʠʨʠʥʳ ʢʨʘʡʥʝʡ ʟʦʥʳ ɿʇʌ, ʨʘʚʥʦʡ ʧʨʝʜʝʣʫ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʵʪʦʤʫ, ʯʝʤ ʙʦʣʴʰʝ DOF, ʪʝʤ 

ʭʫʞʝ ʧʨʝʜʝʣ ʨʘʟʨʝʰʝʥʠʷ. ɺ ʠʪʦʛʝ, ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʟʦʥʥʳʝ ʧʣʘʩʪʠʥʢʠ ʩ 

ʛʣʫʙʠʥʦʡ ʬʦʢʫʩʘ 1-1.5 ʤʢʤ [11-13], ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 5 ï 10 ʤʢʤ, 
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ʧʦʵʪʦʤʫ ʤʝʪʦʜ çʬʠʣʴʪʨʘʮʠʠ ʦʙʨʘʪʥʳʭ ʧʨʦʝʢʮʠʡè ʨʘʙʦʪʘʝʪ ʣʠʰʴ ʧʨʠʙʣʠʞʸʥʥʦ. 

ʇʦʷʚʠʚʰʠʝʩʷ ʤʝʪʦʜʳ ʫʯʸʪʘ ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʣʫʯʝʡ [15-16] ʚ ʄʈʄ ʧʦʢʘ ʥʝ ʥʘʰʣʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʠʟ-ʟʘ ʥʠʟʢʠʭ ʯʠʩʣʦʚʳʭ ʘʧʝʨʪʫʨ (NA = 0.01 ï 0.1) 

ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ, ʦʙʳʯʥʦ 1-2 ʤʠʥʫʪʳ 

[11-13], ʧʦʵʪʦʤʫ  ʰʫʤʳ ʇɿʉ-ʜʝʪʝʢʪʦʨʘ ʠ ʜʨʝʡʬ ʦʙʨʘʟʮʘ ʠʟ-ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʚʥʝʰʥʠʭ ʚʠʙʨʘʮʠʡ ʠ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʢʣʝʪʦʢ ʟʥʘʯʠʪʝʣʴʥʳ. ɺ-

ʪʨʝʪʴʠʭ, ʥʘ ʧʨʘʢʪʠʢʝ ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʩʪʦʣʠʢʘ ʩ ʦʙʨʘʟʮʦʤ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ 

ʦʙʨʘʟʮʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦ ʫʛʣʫ ʚʦʟʥʠʢʘʶʪ ʩʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦ ʚʩʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ɼʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʙʨʘʟʮʳ ʜʦʙʘʚʣʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ 

ʤʘʨʢʝʨʳ ï ʰʘʨʠʢʠ ʠʟ ʟʦʣʦʪʘ [12] ʣʠʙʦ, ʝʩʣʠ ʚ ʦʙʨʘʟʮʝ ʫʞʝ ʝʩʪʴ ʤʝʣʢʠʝ ʩʠʣʴʥʦ 

ʧʦʛʣʦʱʘʶʱʠʝ ʯʘʩʪʠʮʳ, ʪʦ ʠʩʧʦʣʴʟʫʶʪ ʠʭ [13]. ʆʪʩʣʝʞʠʚʘʥʠʝ ʤʘʨʢʝʨʦʚ ʜʝʣʘʶʪ ʚ 

ʧʨʦʛʨʘʤʤʝ IMOD [50]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʢʘʞʜʦʤ ʧʦʚʦʨʦʪʝ ʪʨʝʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʦʙʨʘʟʮʘ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʟʝ. ʉʣʦʞʥʦʩʪʴ ʶʩʪʠʨʦʚʢʠ ʠ ʥʘʢʦʧʣʝʥʠʝ ʜʦʟʳ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʰʘʛ 

ʧʦ ʫʛʣʫ ʚʳʙʠʨʘʶʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʤ, ʨʘʚʥʳʤ 1 - 2Á [12-13,17], ʵʪʦ, ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ 

ʂʨʦʫʚʝʨʘ, [18], ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʨʘʟʨʝʰʝʥʠʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʦʙʲʝʢʪʝ. ɺ-ʯʝʪʚʝʨʪʳʭ,  ʠʟ-ʟʘ ʤʘʣʝʥʴʢʦʛʦ ʨʘʙʦʯʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɿʇʌ ʠ ʦʙʨʘʟʮʦʤ 

(ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ) ʩʪʦʣʠʢ ʩ ʦʙʨʘʟʮʦʤ ʥʝʚʦʟʤʦʞʥʦ ʥʘʢʣʦʥʠʪʴ ʥʘ ʙʦʣʴʰʠʝ ʫʛʣʳ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ çʦʪʩʫʪʩʪʚʠʝ ʢʣʠʥʘè. ʆʙʳʯʥʦ, ʫʛʣʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪ Ñ40Á [12] 

ʜʦ Ñ60Á[17], ʭʦʪʷ ʝʩʪʴ ʠ ʨʘʙʦʪʳ, ʛʜʝ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʢʦʥʮʘ ʟʘʫʞʝʥʥʦʛʦ ʜʦ 

~10 ʤʢʤ ʢʘʧʠʣʣʷʨʘ, ʠ ʫʛʣʳ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʫʞʝ Ñ90Á [11,13,19]. ʆʛʨʘʥʠʯʝʥʠʝ 

ʜʠʘʧʘʟʦʥʘ ʫʛʣʦʚ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ ʠ ʫʭʫʜʰʝʥʠʶ 

ʨʘʟʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʣʦʚʘʷ ʪʦʤʦʛʨʘʬʠʷ ʥʘ ɿʇʌ ʠʤʝʝʪ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʨʘʟʨʝʰʝʥʠʡ ʣʫʯʰʝ 60 ʥʤ. ʅʘʤ 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʘ ʦʜʥʘ ʨʘʙʦʪʘ, ʛʜʝ ʚ ʤʠʢʨʦʩʢʦʧʝ ʥʘ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʢʘʭ ʨʝʘʣʠʟʦʚʘʥʘ z-

ʪʦʤʦʛʨʘʬʠʷ [51]. ɺ  ʥʝʡ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʮʝʥʢʠ ʬʫʥʢʮʠʠ ʬʦʢʫʩʠʨʦʚʢʠ ʧʦ ʤʝʪʦʜʫ [52]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʦʡ 

ʢʦʨʦʪʢʦʬʦʢʫʩʥʦʡ ʟʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ ʩ DOF = 500 ʥʤ ʠ ʰʠʨʠʥʦʡ ʢʨʘʡʥʝʡ ʟʦʥʳ 15 ʥʤ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 550 ʥʤ ʘʢʩʠʘʣʴʥʦʝ ʠ 30 ʥʤ ʣʘʪʝʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ.  
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1.2.2 ʄʠʢʨʦʩʢʦʧʳ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʘʧʝʨʪʫʨʥʳʭ ʩʚʝʪʦʩʠʣʴʥʳʭ ʦʙʲʝʢʪʠʚʦʚ 

ʐʚʘʨʮʰʠʣʴʜʘ 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚ ʄʈʄ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʪʦʩʠʣʴʥʳʝ 

ʟʝʨʢʘʣʴʥʳʝ ʆʐ ʩ ʯʠʩʣʦʚʳʤʠ ʘʧʝʨʪʫʨʘʤʠ NA = 0.2 ï 0.5 [45,53-54]. ʀʟ-ʟʘ ʙʦʣʴʰʠʭ 

ʯʠʩʣʦʚʳʭ ʘʧʝʨʪʫʨ ʩʠʛʥʘʣ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 1-2 ʧʦʨʷʜʢʘ, ʯʪʦ ʨʝʟʢʦ ʫʣʫʯʰʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ 

çʩʠʛʥʘʣ/ʰʫʤè ʠ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ 

ʥʘ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. ɽʱʸ ʦʜʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʆʐ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʙʦʣʴʰʦʤ, ʜʝʩʷʪʢʠ ʤʠʣʣʠʤʝʪʨʦʚ, ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʦʙʲʝʢʪʠʚʦʤ ʠ ʦʙʨʘʟʮʦʤ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʫʩʪʘʥʦʚʢʫ ʦʙʨʘʟʮʦʚ ʚ ʧʨʝʜʤʝʪʥʫʶ ʧʣʦʩʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʄʈʄ ʥʘ ɿʇʌ, ʛʜʝ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʯʝʥʴ ʤʘʣʦ: 0.1 ï 1 ʤʤ [11-13]. ɿʝʨʢʘʣʴʥʳʝ ʄʈʄ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: ʢʦʥʪʘʢʪʥʳʝ [46-47] ʠ ʧʨʦʝʢʮʠʦʥʥʳʝ [45,53].  

ɺ [46] ʨʝʘʣʠʟʦʚʘʥ ʢʦʥʪʘʢʪʥʳʡ ʄʈʄ ʩ ʮʠʬʨʦʚʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 13.5 

ʥʤ, ʚ ʢʦʪʦʨʦʤ ʦʙʨʘʟʝʮ ʧʦʜʚʦʜʠʪʩʷ ʚʧʣʦʪʥʫʶ ʢ ʩʮʠʥʪʠʣʣʷʪʦʨʫ, ʧʨʝʦʙʨʘʟʫʶʱʝʤʫ ʄʈʀ ʚ 

ʚʠʜʠʤʳʡ ʩʚʝʪ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʥʘ ʇɿʉ-ʢʘʤʝʨʝ ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʣʠʥʟʦʚʳʤ ʦʙʲʝʢʪʠʚʦʤ. 

ɼʦʩʪʠʛʥʫʪʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ 700 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʧʨʝʜʝʣʫ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʲʝʢʪʠʚʘ. ɺ [38,39]  ʢʦʥʪʘʢʪʥʳʡ ʄʈʄ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʢʠ ʥʘ ʬʦʪʦʨʝʟʠʩʪʝ çPMMAè ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ çʦʢʥʘ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè. ʉʚʝʪ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʦʙʨʘʟʝʮ, ʟʘʩʚʝʯʠʚʘʣ ʬʦʪʦʨʝʟʠʩʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʣʝʪʢʠ. ʄʦʜʫʣʷʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʸʥʥʦʛʦ 

ʩʚʝʪʘ ʧʦʩʣʝ ʧʨʦʷʚʣʝʥʠʷ ʬʦʪʦʨʝʟʠʩʪʘ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʚ ʨʝʣʴʝʬ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

çPMMAè, ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʪʝʤ ʠʟʤʝʨʝʥ ʥʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ (ɸʉʄ). ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʦʢʦʣʦ 100 ʥʤ. ʅʝʜʦʩʪʘʪʢʠ ʢʦʥʪʘʢʪʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʌʦʪʦʨʝʟʠʩʪ ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʷʚʣʷʪʴ ʠ ʩʪʨʦʠʪʴ 

ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ɸʉʄ ʠʣʠ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʜʦʣʛʠʡ. ʊʘʢʞʝ 

ʠʤʝʝʪ ʤʝʩʪʦ ʜʠʬʨʘʢʮʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʙʨʘʟʮʘ, ʠ ʜʠʬʨʘʢʮʠʦʥʥʦʝ 

ʨʘʟʤʳʪʠʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʘ, ʧʦʵʪʦʤʫ ʨʘʟʨʝʰʝʥʠʝ ʧʘʜʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʦʚ. ʅʘʢʦʥʝʮ, ʥʝʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʪʦʤʦʛʨʘʬʠʶ 

ʦʙʨʘʟʮʦʚ. 

ʇʨʦʝʢʮʠʦʥʥʳʝ ʄʈʄ ʣʠʰʝʥʳ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ [53] ʥʘ ʧʨʦʝʢʮʠʦʥʥʦʤ ʄʈʄ ʥʘ 

ʜʣʠʥʫ ʚʦʣʥʳ 13.4 ʥʤ ʧʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʩʨʝʟʦʚ ʤʦʟʛʘ ʤʳʰʠ ʩ ʣʘʪʝʨʘʣʴʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 130 ʥʤ. ɺ [45] ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 20 ʥʤ ʧʦʣʫʯʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 
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ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʸʪʦʢ ʩ ʣʘʪʝʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 200 ʥʤ. ɺ [54] ʥʘ ʤʠʢʨʦʩʢʦʧʝ ʥʘ 

ʜʣʠʥʫ ʚʦʣʥʳ 13 ʥʤ ʧʦʣʫʯʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʩʢʠ ʜʣʷ ʣʠʪʦʛʨʘʬʘ ʩ ʣʘʪʝʨʘʣʴʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʚ 20 ʥʤ.  

ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ ʠʩʧʦʣʴʟʫʶʪ ʦʙʲʝʢʪʠʚʳ ʥʘ ʦʩʥʦʚʝ ʩʬʝʨʠʯʝʩʢʠʭ 

ʟʝʨʢʘʣ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟ ʨʘʙʦʪ [55-57] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʘʩʬʝʨʠʟʘʮʠʷ ʟʝʨʢʘʣ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʧʦʣʷ ʟʨʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʨʘʟʨʝʰʝʥʠʷ, 

ʧʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʆʐ ʩ ʘʩʬʝʨʠʯʝʩʢʠʤ 

ʧʝʨʚʠʯʥʳʤ ʟʝʨʢʘʣʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 6-ʛʦ ʧʦʨʷʜʢʘ. ʊʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʨʘʟʨʝʰʝʥʠʡ ʠ ʧʦʣʝʡ ʟʨʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʆʐ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʨʷʜʢʘ ʘʩʬʝʨʠʟʘʮʠʠ ʠ ʯʠʩʣʦʚʳʭ ʘʧʝʨʪʫʨ. 

ɺ ʨʘʙʦʪʘʭ [45,53-54] ʪʦʤʦʛʨʘʬʠʷ ʦʙʨʘʟʮʦʚ ʥʝ ʜʝʣʘʣʘʩʴ, ʠ ʧʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ï ʜʚʫʤʝʨʥʳʝ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʣʝʪʦʢ ʠʥʪʝʨʝʩʥʦ ʧʦʣʫʯʘʪʴ ʪʨʸʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

[11-13,19], ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʄʈʄ ʥʘ ʦʩʥʦʚʝ ʆʐ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʨʝʰʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʇʦʤʠʤʦ ʦʪʤʝʯʝʥʥʳʭ ʫʞʝ ʚʳʰʝ ʜʦʩʪʦʠʥʩʪʚ ʄʈʄ ʥʘ 

ʦʩʥʦʚʝ ʆʐ  ʝʩʪʴ ʝʱʝ ʦʜʥʘ ʚʘʞʥʘʷ ʜʣʷ ʤʠʢʨʦʩʢʦʧʠʠ ʦʩʦʙʝʥʥʦʩʪʴ. ʆʯʝʥʴ ʤʘʣʘʷ ʛʣʫʙʠʥʘ 

ʬʦʢʫʩʘ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʢʚʘʜʨʘʪʫ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ (DOF = ɚ/NA2), 

ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʥʘʥʦʤʝʪʨʦʚ. ʕʪʦ ʜʦʩʪʦʠʥʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʩʪʝʡʰʫʶ z-

ʪʦʤʦʛʨʘʬʠʶ ʦʙʨʘʟʮʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʦʥʬʦʢʘʣʴʥʳʤʠ ʤʠʢʨʦʩʢʦʧʘʤʠ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʅʝ 

ʩʤʦʪʨʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʨʦʝʢʮʠʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ ʜʣʷ çʦʢʥʘ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè ʥʘ ʦʩʥʦʚʝ ʆʐ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʝʩʴʤʘ ʞʝʩʪʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ: ʢ ʘʙʝʨʨʘʮʠʷʤ ʥʘ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ 1 ʥʤ, ʠ ʢ hʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʟʝʨʢʘʣ ʥʘ ʫʨʦʚʥʝ 0.2 ʥʤ. ɿʘʜʘʯʘ ʘʪʪʝʩʪʘʮʠʠ ʠ ʢʦʨʨʝʢʮʠʠ ʬʦʨʤʳ ʦʩʣʦʞʥʷʝʪʩʷ ʝʱʸ ʠ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʫ ʠʟʤʝʨʷʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʦʵʪʦʤʫ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʄʈ ʠ ɺʋʌ ʜʠʘʧʘʟʦʥʘ, 

ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʳʤ. 
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1.3 ɺʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʬʦʨʤʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣ 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ɺʋʌ ʠ ʄʈ ʜʠʘʧʘʟʦʥʘʭ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʦʙʨʘʞʘʶʱʝʛʦ ʦʙʲʝʢʪʠʚʘ ʦʯʝʥʴ ʞʸʩʪʢʠʝ ʚ 

ʩʠʣʫ ʤʘʣʦʩʪʠ ʜʣʠʥʳ ʚʦʣʥʳ. ʉʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʄʘʨʝʰʘʣʷ, ʘʙʝʨʨʘʮʠʠ ʥʝ ʜʦʣʞʥʳ 

ʧʨʝʚʳʰʘʪʴ ɚ/14, ʧʦʵʪʦʤʫ ʜʣʷ ʜʚʫʭʟʝʨʢʘʣʴʥʦʛʦ ʦʙʲʝʢʪʠʚʘ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ ɚ = 3.37 ʥʤ (ʠʟ 

çʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè) ʦʩʪʘʪʦʯʥʘʷ ʦʰʠʙʢʘ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ ʧʦ ʧʘʨʘʤʝʪʨʫ ʉʂʆ ʚʝʣʠʯʠʥʫ ɚ/(2Ŀ14Ŀã2) å 0.1 ʥʤ (ʤʥʦʞʠʪʝʣʴ 1/2 ʠʟ-ʟʘ ʪʦʛʦ, 

ʯʪʦ ʧʨʠ ʟʝʨʢʘʣʴʥʦʤ ʦʪʨʘʞʝʥʠʠ ʥʘʙʝʛ ʬʘʟʳ ʚ ʘʙʝʨʨʘʮʠʷʭ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʦʰʠʙʢʠ ʬʦʨʤʳ, 

ʤʥʦʞʠʪʝʣʴ 1/ã2 ʠʟ-ʟʘ ʪʦʛʦ ʯʪʦ ʟʝʨʢʘʣʘ ʜʚʘ, ʠ ʦʰʠʙʢʠ ʬʦʨʤʳ ʟʝʨʢʘʣ ʥʝʟʘʚʠʩʠʤʳ). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ ʤʠʢʨʦʩʢʦʧʘ ʠ ʜʝʢʦʥʚʦʣʶʮʠʦʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʪ ʥʝʩʢʦʣʴʢʦ ʦʩʣʘʙʠʪʴ ʪʨʝʙʦʚʘʥʠʝ ʥʘ ʦʰʠʙʢʫ ʬʦʨʤʳ ʜʦ 

ʉʂʆ= ɚ/3 å 1 ʥʤ.  

ʅʘ ʪʘʢʦʤ ʫʨʦʚʥʝ ʪʦʯʥʦʩʪʝʡ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʦʨʤʫ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ: ʚʝʩʘ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ, ʘʙʝʨʨʘʮʠʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, çʜʝʬʦʨʤʘʮʠʡ ʠʟ-ʟʘ 

ʧʨʠʞʠʤʘè ʜʝʪʘʣʠ ʚ ʦʧʨʘʚʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʦʙʣʝʤʘ ʤʝʪʨʦʣʦʛʠʠ ʠ ʢʦʨʨʝʢʮʠʠ ʬʦʨʤʳ 

ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟʦʙʨʘʞʘʶʱʠʝ ʦʙʲʝʢʪʠʚʳ ʠ ʪʝʣʝʩʢʦʧʳ ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ 

ʘʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʪʪʝʩʪʘʮʠʷ ʬʦʨʤʳ ʠ ʘʙʝʨʨʘʮʠʡ ʘʩʬʝʨʠʯʝʩʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʜʘʯʝʡ. ɺʦ-ʧʝʨʚʳʭ, ʘʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷʶʪʩʷ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʨʨʝʢʪʦʨʦʚ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, 

ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʩʬʝʨʠʯʝʩʢʠʡ ʬʨʦʥʪ ʚ ʘʩʬʝʨʠʯʝʩʢʠʡ, ʧʦ ʬʦʨʤʝ ʩʦʚʧʘʜʘʶʱʠʡ ʩ 

ʠʩʩʣʝʜʫʝʤʦʡ ʘʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [20]. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʰʠʙʢʠ, 

ʚʥʦʩʠʤʳʝ ʢʦʨʨʝʢʪʦʨʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʝʬʦʨʤʘʮʠʶ ʦʧʪʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʝʸ ʚʝʩʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʧʨʠ ʘʪʪʝʩʪʘʮʠʠ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʦʚ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʦʨʙʠʪʝ ʚʝʩʘ ʥʝʪ, ʠ ʬʦʨʤʘ ʠ ʘʙʝʨʨʘʮʠʠ 

ʪʝʣʝʩʢʦʧʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʤʝʨʷʝʤʳʭ ʥʘ ɿʝʤʣʝ [21-22]. ɺ-ʪʨʝʪʴʠʭ, ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʦʧʨʘʚʳ, ʧʦʵʪʦʤʫ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʨʝʧʣʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʚʥʦʩʷʪ ʤʠʥʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʥʠʭ ʦʧʪʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ [23]. ɺ-ʯʝʪʚʸʨʪʳʭ, ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, 
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ʥʘʧʨʠʤʝʨ, ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʘʭ, ʝʩʪʴ ʧʨʦʙʣʝʤʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ [24].     

 

1.3.1 ʇʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ ʘʙʝʨʨʘʮʠʡ ʢʦʨʨʝʢʪʦʨʦʚ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʬʦʨʤʳ ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 2-ʛʦ ʧʦʨʷʜʢʘ (ʵʣʣʠʧʩʦʠʜʦʚ, 

ʧʘʨʘʙʦʣʦʠʜʦʚ ʠ ʛʠʧʝʨʙʦʣʦʠʜʦʚ) ʧʦ ʤʝʪʦʜʫ ʘʥʘʙʝʨʘʮʠʦʥʥʳʭ ʪʦʯʝʢ [20,58]  ʪʨʝʙʫʶʪʩʷ 

ʣʠʙʦ ʧʨʦʩʪʳʝ ʟʝʨʢʘʣʴʥʳʝ ʢʦʨʨʝʢʪʦʨʳ: ʧʣʦʩʢʦʩʪʠ ʠ ʚʦʛʥʫʪʳʝ ʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʩʘʤʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʜʝʞʥʦ ʘʪʪʝʩʪʦʚʘʥʳ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʢʠ, ʣʠʙʦ ʢʦʨʨʝʢʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʛʦʣʦʛʨʘʤʤ (ʂʉɻ) [59]. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ɸʇ  ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʣʠʥʟʦʚʳʝ ʢʦʨʨʝʢʪʦʨʳ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʠʥʠʤʫʤ ʦʜʥʫ ʚʳʧʫʢʣʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ [20], ʠ ʧʦʵʪʦʤʫ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʪʠʢʠ, ʚʣʠʷʶʱʝʡ ʥʘ 

ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ, ʘʪʪʝʩʪʦʚʘʥʳ ʙʳʪʴ ʥʝ ʤʦʛʫʪ. ʂʘʢ ʣʠʥʟʦʚʳʝ ʢʦʨʨʝʢʪʦʨʳ, ʪʘʢ ʠ ʂʉɻ, 

ʥʝʠʟʙʝʞʥʦ ʠʤʝʶʪ ʦʰʠʙʢʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʙʝʨʨʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ɸʇ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʪʦʯʥʦʩʪʴ ʣʠʥʟʦʚʳʭ ʢʦʨʨʝʢʪʦʨʦʚ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʝʜʠʥʠʮ ʥʘʥʦʤʝʪʨʦʚ [ɸ11]. ʕʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʪʦʯʥʦʩʪʴʶ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢ ʠ ʩ ʣʦʢʘʣʴʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʂʦʛʜʘ 

ʨʝʯʴ ʠʜʸʪ ʦʙ ʠʟʤʝʨʝʥʠʷʭ ʠ ʢʦʨʨʝʢʮʠʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʥʘʥʦʤʝʪʨʦʚʦʤ ʠ 

ʩʫʙʥʘʥʦʤʝʪʨʦʚʦʤ ʫʨʦʚʥʷʭ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ ʬʦʨʤʳ ʠʟʤʝʨʷʝʤʦʡ 

ʘʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʬʦʥʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ, ʚʳʟʚʘʥʥʦʡ 

ʚʣʠʷʥʠʝʤ ʢʦʨʨʝʢʪʦʨʘ, ʚʝʩʦʤ ʠ ʦʰʠʙʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʫʯʸʪʘ ʦʰʠʙʦʢ, ʚʥʦʩʠʤʳʭ ʢʦʨʨʝʢʪʦʨʘʤʠ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʘʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ. 
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1.3.2 ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʬʦʥʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ, ʚʳʟʚʘʥʥʦʡ ʚʝʩʦʤ ʠ ʘʙʝʨʨʘʮʠʷʤʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ ʬʦʨʤʳ ʠʟʤʝʨʷʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʬʦʥʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çʘʙʩʦʣʶʪʥʳʡ ʪʝʩʪè ʚ 

ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʘʙʝʨʨʘʮʠʷʤʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ [60-61]. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʘʪʪʝʩʪʘʮʠʠ ʬʦʨʤʳ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʟʝʨʢʘʣ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ ʜʘʸʪ ʜʝʬʦʨʤʘʮʠʷ 

ʠʟʤʝʨʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʚʝʩʘ ʢʨʫʧʥʳʭ ʧʝʨʚʠʯʥʳʭ ʟʝʨʢʘʣ ʜʣʷ ʪʝʣʝʩʢʦʧʦʚ ʥʘ 

ʫʨʦʚʥʝ 10 ï 20 ʥʤ ʧʦ ʉʂʆ, ʧʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʰʠʙʢʠ ʬʦʨʤʳ 

ʥʘʟʳʚʘʝʪʩʷ çʪʝʩʪ ʙʝʟʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʬʦʨʤʳè [22]. ʊʝʩʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʦʨʦʪʝ 

ʠʟʤʝʨʷʝʤʦʡ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ ʚʦʢʨʫʛ ʝʸ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʨʠ ʵʪʦʤ ʚʢʣʘʜ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ, ʚʳʟʚʘʥʥʳʡ ʜʝʬʦʨʤʘʮʠʝʡ ʠʟ-ʟʘ ʚʝʩʘ ʠ ʘʙʝʨʨʘʮʠʷʤʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʥʝ ʚʨʘʱʘʝʪʩʷ, ʘ ʚʢʣʘʜ ʩʦʙʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʪʦʯʥʦʩʪʴʶ ʝʸ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ çʜʝʬʦʨʤʘʮʠʝʡ ʠʟ-ʟʘ ʧʨʠʞʠʤʘè ʦʧʪʠʯʝʩʢʦʡ 

ʜʝʪʘʣʠ ʚ ʢʨʝʧʣʝʥʠʠ, ʚʨʘʱʘʝʪʩʷ. ʇʫʪʸʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʢʣʘʜ 

ʩʦʙʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ ʬʦʨʤʳ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦ ʪʝʣʝʩʢʦʧʘʭ ʩ ʩʝʢʫʥʜʥʳʤ ʠ 

ʩʫʙʩʝʢʫʥʜʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʫʯʸʪ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʚʝʩʦʤ, ʢʨʘʡʥʝ ʚʘʞʝʥ. 

ʅʘʧʨʠʤʝʨ, ʚ [ɸ10] ʧʦʢʘʟʘʥʦ ʯʪʦ, ʝʩʣʠ ʵʪʦʛʦ ʥʝ ʩʜʝʣʘʪʴ, ʪʦ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʈʠʯʠ-

ʂʨʝʪʴʝʥʘ ʫʧʘʜʸʪ ʥʘ 0.3", ʧʨʠ ʨʘʩʯʸʪʥʦʤ ʨʘʟʨʝʰʝʥʠʠ ʚ 0.1" ï 0.2".  

 

1.3.3 çʇʦʣʫʢʠʥʝʤʘʪʠʯʝʩʢʠʝè ʢʨʝʧʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʟʝʨʢʘʣ ʢʦʩʤʠʯʝʩʢʠʭ 

ʪʝʣʝʩʢʦʧʦʚ 

 

ɺ ʧʦʩʣʝʜʥʠʝ 35 ʣʝʪ ʧʦʷʚʠʣʩʷ ʨʷʜ ʨʘʙʦʪ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ  

çʧʦʣʫʢʠʥʝʤʘʪʠʯʝʩʢʠʭè ʢʨʝʧʣʝʥʠʡ ʜʣʷ ʟʝʨʢʘʣ ʪʝʣʝʩʢʦʧʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ 

[23,62-64]. ʉʝʡʯʘʩ ʧʨʠ ʨʝʰʝʥʠʠ ʪʘʢʠʭ ʟʘʜʘʯ ʘʢʪʠʚʥʦ ʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʘʤʠ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʧʦ çʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚè, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ 

ʥʘʧʨʠʤʝʨ ʚ SolidWorks. ʎʝʣʴ ʪʘʢʠʭ ʢʨʝʧʣʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʩʪʠʞʝʥʠʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ: 1) ʜʝʬʦʨʤʘʮʠʠ ʠʟ-ʟʘ ʚʝʩʘ, 2) ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʟʘʧʫʩʢʝ ʠ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, 3) 

ʜʝʬʦʨʤʘʮʠʠ ʠʟ-ʟʘ ʟʘʢʨʝʧʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ ʚ ʦʧʨʘʚʝ ʢ ʦʧʦʨʥʦʡ ʧʣʠʪʝ (ʜʘʣʝʝ: 
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çʜʝʬʦʨʤʘʮʠʠ ʠʟ-ʟʘ ʧʨʠʞʠʤʘè), ʢʦʪʦʨʘʷ ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʩʦʙʨʘʥʘ ʩ ʢʦʥʯʝʥʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʚʳʟʳʚʘʶʱʝʡ ʧʝʨʝʢʦʩʳ; 4) ʠ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʚʠʙʨʘʮʠʡ ʠ ʪʦʣʯʢʦʚ ʧʨʠ ʟʘʧʫʩʢʝ ʪʝʣʝʩʢʦʧʦʚ ʥʘ ʦʨʙʠʪʫ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʢʨʝʧʣʝʥʠʷ, ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʚʰʠʝʩʷ ʚ ʜʚʘʜʮʘʪʦʤ ʚʝʢʝ ʜʣʷ ʪʝʣʝʩʢʦʧʦʚ ʚʠʜʠʤʦʛʦ ʠ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ: 1) ʥʘ ʪʨʫʙʢʝ, ʚʩʪʘʚʣʝʥʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʟʝʨʢʘʣʘ, ʩ 

ʥʘʢʨʫʯʠʚʘʥʠʝʤ ʛʘʡʢʠ [65]; 2) ʚ ʦʧʨʘʚʝ, ʧʨʠʞʠʤʘʶʱʝʡ ʟʝʨʢʘʣʦ ʢ ʧʦʜʣʦʞʢʝ ʧʦ ʢʦʣʴʮʫ 

[66] (ʨʠʩ.1.10) ʠʤʝʶʪ ʜʚʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʘ: ʘ) ʧʨʠʞʠʤ ʜʝʡʩʪʚʫʝʪ ʥʘ ʨʘʙʦʯʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʨʢʘʣʘ, ʧʦʵʪʦʤʫ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʫʝʪ ʝʸ; ʙ) ʢʨʝʧʣʝʥʠʷ ʞʸʩʪʢʠʝ, ʧʦʵʪʦʤʫ 

ʨʘʟʣʠʯʠʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʨʘʩʰʠʨʝʥʠʷ ʧʦʜʣʦʞʢʠ ʜʣʷ ʟʝʨʢʘʣʘ ʠ 

ʢʨʝʧʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʠʩʢʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ.  

 

 

ʈʠʩ. 1.10.  ʘ) ʢʨʝʧʣʝʥʠʝ ʟʝʨʢʘʣʘ ʥʘ ʪʨʫʙʢʝ, ʚʩʪʘʚʣʝʥʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʟʝʨʢʘʣʘ, 

ʩ ʥʘʢʨʫʯʠʚʘʥʠʝʤ ʛʘʡʢʠ; ʙ) ʢʨʝʧʣʝʥʠʝ ʟʝʨʢʘʣʘ ʚ ʦʧʨʘʚʝ, ʧʨʠʞʠʤʘʶʱʝʡ ʟʝʨʢʘʣʦ ʢ 

ʧʦʜʣʦʞʢʝ ʧʦ ʢʦʣʴʮʫ. 

 

çʇʦʣʫʢʠʥʝʤʘʪʠʯʝʩʢʠʝè ʢʨʝʧʣʝʥʠʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʘʶʪ ʚʣʠʷʥʠʝ 

ʥʝʜʦʩʪʘʪʢʦʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʝʧʣʝʥʠʡ. ʊʘʢʠʝ ʢʨʝʧʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʘʢʨʝʧʣʝʥʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ ʧʦʯʪʠ ʙʝʟ ʜʝʬʦʨʤʘʮʠʡ ʠʟʤʝʥʷʪʴ ʩʚʦʡ ʨʘʟʤʝʨ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʧʘʜʘ 

ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʦʩʣʘʙʣʷʶʪ ʝʸ ʩʚʷʟʴ ʩ ʥʝʨʦʚʥʦʡ ʥʘ ʤʠʢʨʦʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʦʧʦʨʥʦʡ 

ʧʣʠʪʦʡ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʜʝʬʦʨʤʘʮʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʝʸ ʫʩʪʘʥʦʚʢʝ ʠ 

ʬʠʢʩʘʮʠʠ (ʧʨʠʞʠʤʝ) ʚ ʢʨʝʧʣʝʥʠʠ ʠ ʬʠʢʩʘʮʠʠ ʩʘʤʦʛʦ ʢʨʝʧʣʝʥʠʷ ʚ ʪʝʣʝʩʢʦʧʝ. ʄʝʩʪʘ 

ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʝʥʳ ʦʪ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʣʠʙʦ ʥʘ ʪʦʨʮʝ ʟʝʨʢʘʣʘ [22-

24,62] (ʨʠʩ. 1.11), ʣʠʙʦ ʥʘ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʝ ʟʝʨʢʘʣʘ [64-67] (ʨʠʩ. 1.12), ʧʦʵʪʦʤʫ 

çʜʝʬʦʨʤʘʮʠʷ ʠʟ-ʟʘ ʧʨʠʞʠʤʘè ʥʘ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʝʜʘʸʪʩʷ ʥʝ ʪʘʢ ʩʠʣʴʥʦ.  
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ʈʠʩ. 1.11. ʂʨʝʧʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʟʝʨʢʘʣ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʩ ʤʝʩʪʘʤʠ ʟʘʢʨʝʧʣʝʥʠʷ 

ʥʘ ʪʦʨʮʝ ʟʝʨʢʘʣʘ: ʘ) ʟʘʠʤ. ʠʟ [23], ʙ) ʟʘʠʤ. ʠʟ [24]. 

 

 

ʈʠʩ. 1.12. ʂʨʝʧʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʟʝʨʢʘʣ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʩ ʤʝʩʪʘʤʠ ʟʘʢʨʝʧʣʝʥʠʷ 

ʩ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ ʟʝʨʢʘʣʘ: ʘ) ʟʘʠʤ. ʠʟ [64], ʙ) ʟʘʠʤ. ʠʟ [67]. 

 

ʊʘʢʞʝ ʵʪʠ ʢʨʝʧʣʝʥʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ, ʚ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʝʨʢʘʣʘ 

ʤʘʢʩʠʤʘʣʴʥʦ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʞʸʩʪʢʦʝ, ʯʪʦʙʳ ʚʳʜʝʨʞʘʪʴ ʚʠʙʨʘʮʠʦʥʥʳʝ 

ʥʘʛʨʫʟʢʠ ʠ ʫʜʘʨʳ ʧʨʠ ʟʘʧʫʩʢʝ ʥʘ ʦʨʙʠʪʫ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʧʝʨʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ, 

ʩʦʚʧʘʜʘʶʱʝʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʟʘʧʫʩʢʘ ʨʘʢʝʪʳ, ʚʠʙʨʘʮʠʡ ʠ ʫʜʘʨʦʚ, ʢʨʝʧʣʝʥʠʷ ʞʸʩʪʢʠʝ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ. ʇʦ-ʩʫʪʠ ʚʩʝ ʵʪʠ ʢʨʝʧʣʝʥʠʷ ï ʵʪʦ ʪʘʢ ʠʣʠ 

ʠʥʘʯʝ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʝ ʧʣʘʩʪʠʥʳ: ʩʢʨʝʱʝʥʥʳʝ ʜʚʦʡʥʳʝ ʧʣʘʩʪʠʥʳ [62]; ʧʣʘʩʪʠʥʳ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʠʩ.1.11ʘ) [22-23,68]; ʦʜʠʥʘʨʥʳʝ ʧʣʘʩʪʠʥʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ ʢʘʩʘʥʠʶ ʢ ʪʦʨʮʫ ʟʝʨʢʘʣʘ (ʨʠʩ.1.11ʙ) [24,ɸ10]. ʂʨʦʤʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʧʨʦʙʣʝʤʳ, ʧʣʘʩʪʠʥʳ ʯʘʩʪʠʯʥʦ ʨʝʰʘʶʪ ʠ ʧʨʦʙʣʝʤʫ ʥʘʚʝʜʝʥʠʷ  ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʟʝʨʢʘʣʦ, 
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ʚʦʟʥʠʢʘʶʱʝʡ  ʧʨʠ  ʤʦʥʪʘʞʝ ʦʧʨʘʚʳ ʩ ʟʝʨʢʘʣʦʤ ʠʟ-ʟʘ ʚʦʟʜʫʰʥʦʛʦ ʢʣʠʥʘ (ʦʪ ʝʜʠʥʠʮ ʜʦ 

ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʤʝʪʨʦʚ) ʤʝʞʜʫ ʦʧʨʘʚʦʡ ʠ ʙʘʟʦʚʦʡ ʧʣʠʪʦʡ. ʇʨʠ ʟʘʢʨʫʯʠʚʘʥʠʠ ʢʨʝʧʣʝʥʠʷ 

ʚʦʟʜʫʰʥʳʡ ʢʣʠʥ ʫʭʦʜʠʪ, ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʢʨʝʧʣʝʥʠʝʤ ʠ ʙʘʟʦʚʦʡ ʧʣʠʪʦʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦ 

ʚʩʝʭ ʪʦʯʢʘʭ, ʥʦ ʧʣʘʩʪʠʥʳ ʠʟʛʠʙʘʶʪʩʷ ʠ ʧʝʨʝʜʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʝʨʢʘʣʦ, ʚʳʟʳʚʘʷ 

ʘʩʪʠʛʤʘʪʠʯʥʫʶ ʜʝʬʦʨʤʘʮʠʶ [ɸ10]. ʅʘʧʨʠʤʝʨ, ʚ [68], ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

çʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʢʨʝʧʣʝʥʠʝè ʧʨʦʙʣʝʤʘ çʢʣʠʥʘè ʧʨʠʚʝʣʘ ʢ ʘʩʪʠʛʤʘʪʠʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʪʝʣʝʩʢʦʧʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʜʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʸʪʩʷ ʥʝʨʝʰʝʥʥʦʡ ʟʘʜʘʯʘ ʙʝʟʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʧʨʘʚʳ. ɼʣʷ ʥʘʩ ʵʪʘ ʟʘʜʘʯʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ ʩʚʷʟʠ ʩ ʨʘʙʦʪʘʤʠ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ 

ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çɸʈʂɸè, ʚ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʠʯʴ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʚ 0.1ǌ[ɸ9]. 
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ɻʃɸɺɸ 2. ʇʦʣʥʦʟʝʨʢʘʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-

ʂʘʩʩʝʛʨʝʥʘ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʥʘ ʜʣʠʥʘʭ 

ʚʦʣʥ 120 ï 380 ʥʤ 

 

2.1 ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ʟʝʨʢʘʣʴʥʳʤ 

ʢʦʨʨʝʢʪʦʨʦʤ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ɺʋʌ ʠ ʋʌ ʜʠʘʧʘʟʦʥʘʭ, ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 120 ï 380 ʥʤ, 

ʤʦʞʝʪ ʚʝʩʪʠʩʴ ʦʙʥʘʨʫʞʝʥʠʝ ʙʳʩʪʨʦʣʝʪʷʱʠʭ ʦʙʲʝʢʪʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ [ɸ12,ɸ14]. ʀʟ-

ʟʘ ʪʦʛʦ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ɿʝʤʣʠ ʚ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʩ ʥʠʟʢʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʚ ʜʥʝʚʥʦʝ 

ʚʨʝʤʷ, ʢʘʢ ʧʦ ʦʪʨʘʞʝʥʠʶ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ʣʠʥʠʠ HLyŬ (121.6 ʥʤ), ʪʘʢ ʠ ʧʦ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʣʠʥʠʷʤ ʛʘʟʦʚ ʘʪʤʦʩʬʝʨʳ (ʚʦʜʦʨʦʜʘ, ʘʟʦʪʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʆʅ ʠ NH), 

ʚʦʟʙʫʞʜʸʥʥʳʭ ʜʚʠʞʫʱʠʤʠʩʷ ʛʠʧʝʨʟʚʫʢʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʀʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʥʠʞʥʠʭ ʩʣʦʸʚ ʘʪʤʦʩʬʝʨʳ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʪʝʣʝʩʢʦʧ ʜʦʣʞʝʥ ʩʤʦʪʨʝʪʴ ʥʘ 

ɿʝʤʣʶ ʠʟ ʢʦʩʤʦʩʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ɺʋʌ ʠ ʋʌ ʪʝʣʝʩʢʦʧ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ: 

- ʦʙʥʘʨʫʞʝʥʠʷ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʥʘ ʩʨʝʜʥʝʤ 

ʫʯʘʩʪʢʝ ʠʭ ʧʦʣʝʪʘ (ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʧʦʩʣʝ ʦʪʩʝʯʢʠ ʜʚʠʛʘʪʝʣʷ ʠ ʜʦ ʚʭʦʜʘ ʮʝʣʠ ʚ 

ʧʣʦʪʥʳʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ); 

- ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ʢʦʩʤʠʯʝʩʢʦʤʫ ʬʦʥʫ ʠ ʬʦʥʫ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; 

- ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʢʦʩʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʥʠʟʢʠʭ ʦʨʙʠʪʘʭ (ʥʘ ʚʳʩʦʪʝ 160 ï 2000 ʢʤ). 

ʆʩʥʦʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʝʜʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʪʦʯʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʦʚ, ʚʨʝʤʝʥʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ 

ʠ ʦʙʣʘʩʪʠ ʦʙʟʦʨʘ, ʷʚʣʷʝʪʩʷ ʪʝʣʝʩʢʦʧ. ʉʧʝʮʠʬʠʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʘʙʦʩʚʝʪʷʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ ʚ ɺʋʌ ʠ ʋʌ ʜʠʘʧʘʟʦʥʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʛʣʦʱʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ  ʠ ʭʨʦʤʘʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ, ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʳʙʦʨ ʙʘʟʦʚʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʪʝʣʝʩʢʦʧʘ ʟʝʨʢʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʨʝʬʣʝʢʪʦʨʘʤʠ). ɺʦ-ʚʪʦʨʳʭ, 

ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʡ ʩʣʘʙʦʩʚʝʪʷʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʚʢʫʧʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʇɿʉ ʤʘʪʨʠʮ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʚʝʪʦʩʠʣʴʥʦʡ ʦʧʪʠʢʠ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʚ 1-ʡ ʛʣʘʚʝ ʘʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʝʨʢʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʩ ɸʇ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ɺʋʌ ʠ ʋʌ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʝ ʩ ʧʦʣʝʤ ʟʨʝʥʠʷ ʙʦʣʝʝ 1Á 

ʤʦʛʫʪ ʙʳʪʴ 4-ʭ ʟʝʨʢʘʣʴʥʳʡ ʦʙʲʝʢʪʠʚ, ʩʠʩʪʝʤʘ ʂʦʨʰʘ ʠ ʟʝʨʢʘʣʴʥʳʡ ʪʨʠʧʣʝʪ ʂʫʢʘ. ʇʨʠ 

ʵʪʦʤ ʵʪʠ ʩʠʩʪʝʤʳ ʢʨʘʡʥʝ ʩʣʦʞʥʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʦʣʴʰʠʭ ʘʩʬʝʨʠʯʝʩʢʠʭ ʟʝʨʢʘʣ ʠ 

ʶʩʪʠʨʦʚʢʝ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʸʪʩʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʩʭʝʤ ʪʝʣʝʩʢʦʧʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ ʠ ʨʘʟʨʝʰʝʥʠʶ ʠ ʠʤʝʶʪ 

ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʇʝʨʝʭʦʜ ʦʪ ʩʠʩʪʝʤ ʩ ɸʇ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʢ ʩʠʩʪʝʤʘʤ ʩ ɸʇ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʠ ʧʦʣʷ ʟʨʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʪʝʣʝʩʢʦʧʘ. 

ɼʘʥʥʘʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʨʘʩʯʸʪʫ ʠ ʩʦʟʜʘʥʠʶ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʣʝʩʢʦʧʘ 

ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʩ ɸʇ 6-ʛʦ ʧʦʨʷʜʢʘ ʧʦ 

ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʡ ʠ ʩʬʝʨʠʯʝʩʢʠʤʠ ʧʝʨʚʠʯʥʳʤ ʠ 

ʚʪʦʨʠʯʥʳʤ ʟʝʨʢʘʣʘʤʠ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʪʘʢʠʝ ʪʝʣʝʩʢʦʧʳ ʩʯʠʪʘʣʠʩʴ 

ʥʝʨʝʘʣʠʟʫʝʤʳʤʠ ʠʟ-ʟʘ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ [67]. 

ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ ʠʦʥʥʦ-ʧʫʯʢʦʚʳʭ  ʤʝʪʦʜʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʩʦʟʜʘʥʠʝ ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʦ [ɸ8]. 

 

2.2 ʈʘʩʯʸʪ ʩʭʝʤʳ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ 

 

ɺ 1929 ʛʦʜʫ ɹʝʨʥʛʘʨʪ ʐʤʠʜʪ ʧʨʠʜʫʤʘʣ ʩʭʝʤʫ ʩʚʝʪʦʩʠʣʴʥʦʛʦ ʪʝʣʝʩʢʦʧʘ, ʩʚʦʙʦʜʥʦʛʦ 

ʦʪ ʢʦʤʳ, ʘʩʪʠʛʤʘʪʠʟʤʘ, ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʠ ʦʙʣʘʜʘʶʱʝʛʦ ʙʦʣʴʰʠʤ ʧʦʣʝʤ ʟʨʝʥʠʷ 

[69]. ʀʜʝʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʘ ʠ ʘʩʪʠʛʤʘʪʠʟʤ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʚʦʟʥʠʢʘʶʪ ʧʦʪʦʤʫ, 

ʯʪʦ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʫʯʢʠ ʣʫʯʝʡ, ʧʨʠʭʦʜʷʱʠʝ ʚ ʪʝʣʝʩʢʦʧ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʠ 

ʧʦʜ ʫʛʣʦʤ ʢ ʥʝʡ, ʥʝ ʨʘʚʥʦʮʝʥʥʳ. ɽʩʣʠ ʧʨʠʤʝʥʠʪʴ ʚʦʛʥʫʪʦʝ ʩʬʝʨʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ ʩ 

ʚʭʦʜʥʳʤ ʟʨʘʯʢʦʤ, ʩʦʚʤʝʱʝʥʥʳʤ ʩ ʩʘʤʠʤ ʟʝʨʢʘʣʦʤ, ʪʦ ʦʥʦ ʪʘʢʞʝ ʚʥʝʩʸʪ ʢʦʤʫ ʠ 

ʘʩʪʠʛʤʘʪʠʟʤ. ʅʦ ʝʩʣʠ ʚʭʦʜʥʦʡ ʟʨʘʯʦʢ ʫʩʪʘʥʦʚʠʪʴ ʚ ʮʝʥʪʨʝ ʢʨʠʚʠʟʥʳ ʟʝʨʢʘʣʘ, ʪʦ ʢʦʤʘ ʠ 

ʘʩʪʠʛʤʘʪʠʟʤ ʧʨʦʧʘʜʘʶʪ, ʪ.ʢ. ʚʩʝ ʧʘʜʘʶʱʠʝ ʥʘ ʟʝʨʢʘʣʦ ʧʫʯʢʠ ʩʦʚʝʨʰʝʥʥʦ ʨʘʚʥʦʮʝʥʥʳ 

(ʨʠʩ. 2.1ʘ), ʥʦ ʦʩʪʘʥʝʪʩʷ ʩʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ, ʚʳʟʚʘʥʥʘʷ ʨʘʟʣʠʯʠʝʤ ʬʦʢʫʩʥʦʛʦ 
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ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʠ ʧʨʠʦʩʝʚʳʭ ʦʙʣʘʩʪʝʡ ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ (ʨʠʩ. 2.1ʘ). ɽʩʣʠ 

ʩʬʝʨʠʯʝʩʢʫʶ ʘʙʝʨʨʘʮʠʶ ʫʩʪʨʘʥʠʪʴ, ʧʨʝʚʨʘʪʠʚ ʩʬʝʨʫ ʚ ʧʘʨʘʙʦʣʫ, ʪʦ ʩʠʤʤʝʪʨʠʷ ʧʫʯʢʦʚ 

ʠʩʯʝʟʥʝʪ. ʋʩʪʨʘʥʠʪʴ ʝʸ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʧʫʯʢʦʚ ʤʦʞʥʦ, 

ʜʝʬʦʨʤʠʨʦʚʘʚ ʯʪʦ-ʪʦ ʚ ʧʣʦʩʢʦʩʪʠ ʚʭʦʜʥʦʡ ʜʠʘʬʨʘʛʤʳ. ʅʦ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ ʥʝʪ ʥʠʯʝʛʦ, 

ʯʪʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʜʝʬʦʨʤʠʨʦʚʘʪʴ. ʊʦʛʜʘ ʐʤʠʜʪ ʧʦʩʪʘʚʠʣ ʪʫʜʘ ʧʣʦʩʢʦʝ ʦʧʪʠʯʝʩʢʦʝ 

ʩʪʝʢʣʦ ʠ ʘʩʬʝʨʠʟʦʚʘʣ ʝʛʦ, ʧʨʠʜʘʚ ʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʫ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ 4-

ʛʦ ʧʦʨʷʜʢʘ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʢʦʤ (ʨʠʩ. 2.1ʙ). ʕʪʦ ʩʪʝʢʣʦ ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʨʝʢʮʠʦʥʥʦʡ 

ʧʣʘʩʪʠʥʦʡ ʠʣʠ ʧʣʘʩʪʠʥʦʡ ʐʤʠʜʪʘ, ʘ ʚʩʷ ʢʘʤʝʨʘ ï ʢʘʤʝʨʦʡ ʐʤʠʜʪʘ ʠʣʠ ʩʠʩʪʝʤʦʡ 

ʐʤʠʜʪʘ [70].ʎʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ  ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʩʣʘʙʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʣʠʥʟʘ, ʘ ʧʝʨʠʬʝʨʠʡʥʘʷ ʦʙʣʘʩʪʴ ʢʘʢ ʩʣʘʙʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʣʠʥʟʘ.  

 

ʈʠʩ. 2.1. ʇʦʷʩʥʝʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʢʘʤʝʨʳ ʐʤʠʜʪʘ. ʘ) ʉʭʝʤʘ ʙʝʟ ʢʦʨʨʝʢʪʦʨʘ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʝʡ; ʙ) ʉʭʝʤʘ ʩ ʢʦʨʨʝʢʪʦʨʦʤ ʙʝʟ ʘʙʝʨʨʘʮʠʡ. 

(ɿʘʠʤ. ʠʟ [70]) 

 

ʉʠʤʤʝʪʨʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʧʫʢʣʫʶ ʩʬʝʨʫ ʩ ʨʘʜʠʫʩʦʤ ʚʜʚʦʝ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʘ 
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ʟʝʨʢʘʣʘ, ʧʦʵʪʦʤʫ ʝʜʠʥʩʪʚʝʥʥʘʷ ʘʙʝʨʨʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʨʠʚʠʟʥʝ ʧʦʣʷ ʟʨʝʥʠʷ. 

ʂʨʠʚʠʟʥʫ ʧʦʣʷ ʨʘʥʴʰʝ ʠʣʠ ʢʦʤʧʝʥʩʠʨʦʚʘʣʠ, ʚʚʦʜʷ ʨʷʜʦʤ ʩ ʬʦʢʫʩʦʤ ʧʣʦʩʢʦ-ʚʳʧʫʢʣʫʶ 

ʣʠʥʟʫ ʇʠʘʮʮʠ-ʉʤʠʪʘ, ʠʣʠ ʧʫʪʸʤ ʠʟʛʠʙʘ ʬʦʪʦʧʣʘʩʪʠʥʢʠ. ʀʥʦʛʜʘ ʧʨʠʙʝʛʘʶʪ ʢ ʫʩʪʘʥʦʚʢʝ 

ʤʥʦʞʝʩʪʚʘ ʤʘʣʳʭ ʇɿʉ-ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʚʳʧʫʢʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦʣʝ ʟʨʝʥʠʷ 

ʢʘʤʝʨʳ ʐʤʠʜʪʘ ʧʨʠ ʩʫʙʩʝʢʫʥʜʥʦʤ ʢʘʯʝʩʪʚʝ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ 

ʛʨʘʜʫʩʦʚ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ï 1:1 ʠ ʤʝʥʝʝ.ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʢʘʤʝʨʳ ʐʤʠʜʪʘ 

ʦʪʥʦʩʠʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ ʠ 

ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʪʝʣʝʩʢʦʧʘ, ʚʜʚʦʝ ʙʦʣʴʰʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʪ.ʢ. 

ʧʣʘʩʪʠʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʚʫʭ ʨʘʜʠʫʩʦʚ ʢʨʠʚʠʟʥʳ ʦʪ ʟʝʨʢʘʣʘ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʢʨʠʚʠʟʥʳ ʧʦʣʷ ʚ 1940 ʛ. ɼ.ɹʵʢʝʨ [71], ʘ ʜʚʫʤʷ ʛʦʜʘʤʠ ʧʦʟʞʝ ʠ, 

ʥʝʟʘʚʠʩʠʤʦ, ɹʝʨʯ ʧʨʝʜʣʦʞʠʣʠ ʜʦʧʦʣʥʠʪʴ ʢʘʤʝʨʫ ʐʤʠʪʘ ʚʪʦʨʠʯʥʳʤ ʚʳʧʫʢʣʳʤ 

ʟʝʨʢʘʣʦʤ, ʪʘʢʘʷ ʩʭʝʤʘ ʙʳʣʘ ʥʘʟʚʘʥʘ ʪʝʣʝʩʢʦʧʦʤ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ, ʢʦʤʘ ʠ ʘʩʪʠʛʤʘʪʠʟʤ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-

ʂʘʩʩʝʛʨʝʥʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤ ɿʝʡʜʝʣʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ 

[67]: 
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ʛʜʝ q = D2/D1 ï ʮʝʥʪʨʘʣʴʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʤ ʟʝʨʢʘʣʦʤ, ʨʘʚʥʦʝ ʦʪʥʦʰʝʥʠʶ 

ʜʠʘʤʝʪʨʘ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʢ ʜʠʘʤʝʪʨʫ ʧʝʨʚʠʯʥʦʛʦ, ɓ ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʠʟʤʝʥʝʥʠʝ ʩʭʦʜʠʤʦʩʪʠ ʧʫʯʢʘ ʧʦʩʣʝ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ: 

ɓ =fË1/fËeq, ʛʜʝ fË1 ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ (fË1 = R1/2,  fËeqï 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʪʝʣʝʩʢʦʧʘ (ʩʤ. ʨʠʩ. 2.2) 
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ʈʠʩ. 2.2. ʆʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʜʚʫʭʟʝʨʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. (ɿʘʠʤ. ʠʟ [70]). 

 

e1
2 ʠ e2

2 ï ʢʚʘʜʨʘʪʳ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚ ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣ; 

d2 ï ʚʦʟʜʫʰʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʢʦʡ ʠ ʚʝʨʰʠʥʦʡ ʧʝʨʚʠʯʥʦʛʦ 

ʟʝʨʢʘʣʘ 

ɻ ï ʘʩʬʝʨʠʯʥʦʩʪʴ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ (ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʲʸʤ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʘʩʬʝʨʠʟʘʮʠʠ), ʚʳʨʘʞʝʥʥʘʷ ʚ ʝʜʠʥʠʮʘʭ ʘʩʬʝʨʠʯʥʦʩʪʠ ŭmaxʧʣʘʩʪʠʥʢʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʐʤʠʜʪʘ (ʩʤ. ʩʪʨ. 266 ʚ [70]): 
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,
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n
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-
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ʛʜʝ Dï ʜʠʘʤʝʪʨ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ, A1=D1/fË1 ï ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʪʚʝʨʩʪʠʝ 

ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ (D1 ï ʜʠʘʤʝʪʨ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ), n0 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ 

ʩʪʝʢʣʘ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ. 

ʆʪʢʣʦʥʝʥʠʝ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ ʦʪ ʧʣʦʩʢʦʩʪʠ d - d0 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʘʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʫʦʧʠʩʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ 4-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ʫ, ʠʤʝʶʱʝʡ ʚʠʜ ʩʬʝʨʠʯʝʩʢʦʡ 

ʘʙʝʨʨʘʮʠʠ [70]: 

2 2 2
0

0
0

( )
, (2.3)

32( 1)

y y y
d d

n D

-
- =

-
 

ʛʜʝ y0 ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʟʝʨʢʘʣʘ ʠ ʣʫʯʘ, ʧʨʠʭʦʜʷʱʝʛʦ ʩ ʢʨʘʷ ʧʦʣʷ ʟʨʝʥʠʷ ű = 1.5Á (ʨʠʩ. 2.3). 
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ʈʠʩ. 2.3. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʬʠʣʷ ʘʩʬʝʨʠʟʘʮʠʠ (d ï d0) ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ 

ʐʤʠʜʪʘ. ʇʨʝʨʳʚʠʩʪʦʡ ʣʠʥʠʝʡ ʫʢʘʟʘʥ ʭʦʜ ʣʫʯʝʡ ʙʝʟ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ; 

ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ï ʧʨʠ ʥʘʣʠʯʠʠ ʧʣʘʩʪʠʥʢʠ. ʐʪʨʠʭ-ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʘ ʨʝʬʝʨʥʘʷ 

ʧʘʨʘʙʦʣʘ, ʠʤʝʶʱʘʷ ʪʦʞʝ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʯʪʦ ʠ ʩʬʝʨʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ. (H=D/2). 

(ɿʘʠʤ. ʠʟ [70]). 

 

ɿʘʜʘʜʠʤ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʚ ʩʠʩʪʝʤʝ 

(2.1): 

e1
2 = e2

2 = 0 (ʩʣʫʯʘʡ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʟʝʨʢʘʣʘʤʠ); q = 0.45; ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʪʚʝʨʩʪʠʝ 

ʪʝʣʝʩʢʦʧʘ A = D/ fËeq = 1 / 3.2; D = 184 ʤʤ; D1 = 190 ʤʤ. 

ʆʪʢʫʜʘ ʧʦʣʫʯʘʝʪʩʷ: 

fËeq = D/A = 589 ʤʤ, D2 = q Ŀ D1 = 86 ʤʤ 

ɓ=fË1 / fËeq = (R1/2)/589 = R1/1178 

ʇʦʜʩʪʘʚʠʤ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʩʠʩʪʝʤʫ (2.1), ʧʨʠʨʦʚʥʷʚ ʘʙʝʨʨʘʮʠʠ , , aI II IIIä ä ä

(ʩʬʝʨʠʯʝʩʢʫʶ, ʢʦʤʫ ʠ ʘʩʪʠʛʤʘʪʠʟʤ) ʢ ʥʫʣʶ, ʠ ʧʦʣʫʯʠʤ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʩ ʪʨʝʤʷ 

ʥʝʠʟʚʝʩʪʥʳʤʠ: R1, ɻ ʠ d2. ʇʦʩʣʝ ʠʭ ʨʝʰʝʥʠʷ ʧʦʣʫʯʠʤ:  

R1 = 645.2 ʤʤ, d2 = 747 ʤʤ, ɻ = 0.543. 

ʊʦʛʜʘ,  fË1 = 645.2 ʤʤ / 2 = 322.6 ʤʤ,  A1 = D1 / fË1 = 0.59, ɓ = 0.548. 

ɿʥʘʷ D, A1ʠn0, ʥʘʡʜʸʤ ʘʩʬʝʨʠʯʥʦʩʪʴ ŭmax ʧʣʘʩʪʠʥʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʐʤʠʜʪʘ 

ʧʦ ʬʦʨʤʫʣʝ (2.2) ʚ ʩʣʫʯʘʝ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ ʠʟ ʩʪʝʢʣʘ ʂ8 ʩ n0 = 1.5168. 

ɸʩʬʝʨʠʯʥʦʩʪʴ ʧʣʘʩʪʠʥʢʠ ʢʘʤʝʨʳ ʐʤʠʜʪʘ ʩʦʩʪʘʚʣʷʝʪŭmax = 35.7 ʤʢʤ, ʟʥʘʯʠʪ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʲʝʤ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʩʬʝʨʠʟʘʮʠʠ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʪʝʣʝʩʢʦʧʝ 
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ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ, ʨʘʚʥʳʡ ɻ = 0.543 ʚ ʝʜʠʥʠʮʘʭ ʘʩʬʝʨʠʯʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ ʢʘʤʝʨʳ 

ʐʤʠʜʪʘ, ʚ ʘʙʩʦʣʶʪʥʳʭ ʝʜʠʥʠʮʘʭ ʩʦʩʪʘʚʣʷʝʪ: 

ŭmax
ʐ-ʂ=  ŭmax Ŀ ɻ = 35.7ʤʢʤ Ŀ 0.543 = 19.4 ʤʢʤ.  

ɼʘʣʝʝ ʥʘʡʜʸʤ ʨʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ (ʨʠʩ. 2.2) ʧʦ ʬʦʨʤʫʣʘʤ ʥʘ ʩʪʨ. 216 ʚ 

[67]: 

s2 = q Ŀ fË1 = 0.45 Ŀ 322.6 ʤʤ = 145.2 ʤʤ 

d = fË1 ï s2 = 177.4 ʤʤ (ʩʤ. ʨʠʩ. 2.2) 

ɼʣʷ ʧʨʝʜʬʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ (ʚ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʬʦʢʫʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʧʦʩʣʝ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ) ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ (ʩʪʨ. 

219 ʚ [100]):  

2
2 2 0.548 0.45

589( ) 642.7( ) (2.4)
1 1 0 548

Ë
.

eq
q

R mm mmf
b

b

Ö Ö
=- =- Ö =
- -

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ 

ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʦʡ ʠʟ ʩʪʝʢʣʘ ʚʳʯʠʩʣʝʥʳ. ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʝʨʝʭʦʜʝ ʦʪ ʩʪʝʢʣʷʥʥʦʡ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ ʢ ʟʝʨʢʘʣʴʥʦʡ (ʠʣʠ ʟʝʨʢʘʣʴʥʦʤʫ 

ʢʦʨʨʝʢʪʦʨʫ ɿʂ, ʢʘʢ ʙʫʜʝʤ ʝʛʦ ʜʘʣʴʰʝ ʥʘʟʳʚʘʪʴ). ɿʘ ʩʯʸʪ ʦʪʨʘʞʝʥʠʷ ʣʫʯʝʡ ʦʪ 

ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʢʚʘʟʠʧʣʦʩʢʦʛʦ ɿʂ (ʨʠʩ. 2.4) ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʥʘʙʠʨʘʝʪ ʩʬʝʨʠʯʝʩʢʫʶ 

ʘʙʝʨʨʘʮʠʶ, ʨʘʚʥʫʶ ʫʜʚʦʝʥʥʦʡ ʘʩʬʝʨʠʟʘʮʠʠ ɿʂ, ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʘ ʜʣʷ ʘʩʬʝʨʠʯʥʦʩʪʠ 

ʧʣʘʩʪʠʥʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʐʤʠʜʪʘ (2.2) ʧʝʨʝʭʦʜʠʪ ʚ ʬʦʨʤʫʣʫ, ʛʜʝ ʚ ʟʥʘʤʝʥʘʪʝʣʝ 

ʚʤʝʩʪʦ n0ï 1 ʩʪʦʠʪ ʮʠʬʨʘ 2: 

3 3
1 184( ) 0.59

9.2 , (2.2')
2048 2 2048 2

max
DA mm

md m
Ö

= = =
Ö Ö

 

ʧʦʵʪʦʤʫ ʩʲʝʤ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʘʩʬʝʨʠʟʘʮʠʠ ʟʝʨʢʘʣʴʥʦʛʦ 

ʢʦʨʨʝʢʪʦʨʘ ʚ ʪʝʣʝʩʢʦʧʝ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ, ʨʘʚʥʳʡ ɻ = 0.543 ʚ ʝʜʠʥʠʮʘʭ ʘʩʬʝʨʠʯʥʦʩʪʠ 

ʧʣʘʩʪʠʥʢʠ ʢʘʤʝʨʳ ʐʤʠʜʪʘ, ʚ ʘʙʩʦʣʶʪʥʳʭ ʝʜʠʥʠʮʘʭ ʩʦʩʪʘʚʣʷʝʪ: 

ŭmax
ɿʐ-ʂ = 9.2ʤʢʤ Ŀ 0.543 = 5 ʤʢʤ.  

 ʉʦʛʣʘʩʥʦ (2.3) ʟʘʢʦʥ ʘʩʬʝʨʠʟʘʮʠʠ ʠʟʥʘʯʘʣʴʥʦ ʧʣʦʩʢʦʡ ʢʦʨʨʝʢʮʠʦʥʥʦʡ ʧʣʘʩʪʠʥʳ 

(ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ) ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʧʦʣʠʥʦʤʦʤ 4-ʛʦ 

ʧʦʨʷʜʢʘ: 

(d - d0)(ɟ) = Ŭ9 Ŀ (6ɟ4 ī 6ɟ2+1), ʛʜʝ  ɟ ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ 

ʢʦʨʨʝʢʪʦʨʘ ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʚ (2.3) ʦʥʘ ʦʙʦʟʥʘʯʝʥʘ ʯʝʨʝʟ y, 
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ʢʘʢ ʚ [70]). ʂʦʵʬʬʠʮʠʝʥʪ Ŭ9 ʥʘʭʦʜʠʤ ʠʟ ʚʳʯʠʩʣʝʥʥʦʛʦ ʨʘʥʝʝ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ ʘʩʬʝʨʠʟʘʮʠʠ ŭmax
ɿʐ-ʂ: 

Hmax ï Hmin = ŭmax
ɿʐ-ʂ (2.5) 

H(ɟ=1)-H(ɟ0)= ŭmax
ɿʐ-ʂ (2.5Ë) 

 

( ) ( )0

' 3
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1  
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ʈʝʰʠʚ ʥʠʞʥʝʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ (2.6), ʧʦʣʫʯʠʤ: ɟ0=ã2/2, ʪʦʛʜʘ H(ɟ0)= ï0.5Ŭ9. ʇʦʵʪʦʤʫ 

ʚʝʨʭʥʝʝ ʫʨʘʚʥʝʥʠʝ (2.6) ʩʪʘʥʦʚʠʪʩʷ: Ŭ9 ï (ï0.5Ŭ9) = ŭmax
ɿʐ-ʂ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ŭmax
ɿʐ-ʂ = 5 ʤʢʤ, ʥʘʭʦʜʠʤ Ŭ9 = 3.33 ʤʢʤ = 3.33Ŀ10-3 (ʤʤ). 

 

 

ʈʠʩ. 2.4. ʉʭʝʤʘ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ʟʝʨʢʘʣʴʥʳʤ ʘʩʬʝʨʠʯʝʩʢʠʤ ʢʦʨʨʝʢʪʦʨʦʤ 

ʠ ʩʬʝʨʠʯʝʩʢʠʤʠ ʟʝʨʢʘʣʘʤʠ. 

  

ʀʪʘʢ, ʚʩʝ ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ ʧʘʨʘʤʝʪʨʳ ʪʝʣʝʩʢʦʧʘ, ʢʨʦʤʝ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ 

ʘʩʬʝʨʠʟʘʮʠʠ ʢʦʨʨʝʢʪʦʨʘ, ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʚ ʧʨʦʛʨʘʤʤʫ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ Zemax. ʈʘʩʯʸʪ 

ʧʦʜʪʚʝʨʜʠʣʩʷ, ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʪʝʣʝʩʢʦʧʘ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 2ɤ = 3Á ʠʤʝʣʠ ʚʠʜ  

ʧʝʨʝʢʨʝʩʪʠʡ (ʨʠʩ. 2.5) ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʘʩʪʠʛʤʘʪʠʟʤʘ, ʚʳʟʚʘʥʥʦʛʦ ʥʘʢʣʦʥʦʤ ʢʦʨʨʝʢʪʦʨʘ, ʠ 

ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʟʘ ʩʯʸʪ ʘʩʬʝʨʠʟʘʮʠʠ 
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ʢʦʨʨʝʢʪʦʨʘ.ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʘʩʬʝʨʠʟʘʮʠʠ ʢʦʨʨʝʢʪʦʨʘ ʟʘʜʘʚʘʣʘʩʴ ʚ ʚʠʜʝ 

ʩʫʤʤʳ ʩʬʝʨʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ 4-ʛʦ ʠ 6-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ʬʦʨʤʫʣʝ: 

d - d0 = Ŭ9 Ŀ (6ɟ4 ī 6ɟ2+1)+Ŭ16 Ŀ (20ɟ6 ī 30ɟ4ī 12ɟ2 ï 1) (2.7) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʠʤʠʟʘʮʠʠ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ, ʨʘʚʥʦʡ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ 

ʜʠʘʤʝʪʨʦʚ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʟʨʝʥʠʷ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʟʘʜʘʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ ʎʝʨʥʠʢʝ: Ŭ9 = 3.26584Ŀ10ī3, Ŭ16 =1.32261Ŀ10ī5. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʩʲʸʤ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʠ ɿʂ ʩʦʚʧʘʣ ʩ ʨʘʩʯʸʪʥʳʤ ŭmax
ɿʐ-ʂ = 5 

ʤʢʤ (ʨʠʩ.2.6). ʂʦʵʬʬʠʮʠʝʥʪ Ŭ9 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʘʤ Ŭ9 ʚʩʝʛʦ ʥʘ 

2%. ʋʯʸʪ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ 6-ʛʦ ʧʦʨʷʜʢʘ ʥʝʦʙʭʦʜʠʤ, ʧʦʪʦʤʫ ʯʪʦ ʪʝʣʝʩʢʦʧ 

ʩʚʝʪʦʩʠʣʴʥʳʡ (ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 1:3.2), ʠ ʫʤʝʥʴʰʘʝʪ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʙʝʟ ʫʯʝʪʘ 6-ʛʦ ʧʦʨʷʜʢʘ, ʧʨʠʤʝʨʥʦ ʥʘ 10%. 

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ɿʂ ʥʝ ʧʣʦʩʢʠʡ ʠ ʥʘʢʣʦʥʸʥ ʥʘ ʫʛʦʣ ɗ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʤʫ ʧʫʯʢʫ ʣʫʯʝʡ, ʠʜʫʱʝʤʫ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ 

ʦʙʲʝʢʪʘ, ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʦʡ ʘʩʪʠʛʤʘʪʠʟʤ ʠ ʥʝʙʦʣʴʰʘʷ ʢʦʤʘ. ʊʘʢ ʢʘʢ ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ 

ʨʘʩʯʸʪʘ ʘʩʬʝʨʠʢʠ ʢʦʨʨʝʢʪʦʨʘ ʟʘʚʠʩʠʤʦʩʪʠ ʘʩʬʝʨʠʟʘʮʠʠ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʝʢ ʢʦʨʨʝʢʪʦʨʘ ʥʝʪ, ʪʦ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʘʩʪʠʛʤʘʪʠʟʤʘ ʠ ʢʦʤʳ ʚ Zemax ʟʘʜʘʚʘʣʘʩʴ 

ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʘʩʬʝʨʠʟʘʮʠʠ ɿʂ (ʨʠʩ. 2.8) ʚ ʚʠʜʝ ʘʩʪʠʛʤʘʪʠʟʤʘ 3-ʛʦ ʠ 5-

ʛʦ ʧʦʨʷʜʢʘ ʠ ʢʦʤʳ 3-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ʟʘʢʦʥʫ: 

d - d0 = Ŭ5 Ŀ ɟ2 cos(2ű) +Ŭ8 Ŀ (3ɟ2 ï 2)ɟ Ŀ sin(ű)+ Ŭ12 Ŀ (4ɟ2 ï 3)ɟ2 cos(2ű)  (2.8) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʠʤʠʟʘʮʠʠ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠʙʳʣʠ ʥʘʡʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ ʎʝʨʥʠʢʝ: Ŭ5 = 0.000102, Ŭ8 = 3.3651 Ŀ 10ī5,Ŭ12 = 9.084283 Ŀ 10ī5, 

ʘ ʜʠʘʤʝʪʨʳ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʫʤʝʥʴʰʠʣʠʩʴ ʩ ʨʘʟʤʝʨʦʚ 9.6 ï 17 ʤʢʤ (ʨʠʩ. 2.5)  ʜʦ 

ʨʘʟʤʝʨʦʚ ʤʝʥʝʝ 3.5 ï5.7 ʤʢʤ (ʧʦ ʫʨʦʚʥʶ ʵʥʝʨʛʠʠ ʚ ʧʷʪʥʘʭ 80%) (ʨʠʩ. 2.7) 

ʧʨʠʙʣʠʟʠʚʰʠʩʴ ʢ ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʢʨʫʞʢʫ ʕʡʨʠ ʩ ʜʠʘʤʝʪʨʦʤ 4.4 ʤʢʤ.  
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ʈʠʩ. 2.5. ʇʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ʟʝʨʢʘʣʴʥʳʤ ʘʩʬʝʨʠʯʝʩʢʠʤ 

ʢʦʨʨʝʢʪʦʨʦʤ ʙʝʟ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʪʦʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʛʣʘʤ ʟʨʝʥʠʷ (0Á,0Á);(0Á,-1.5Á);(-1.5Á,0Á);(1.5Á,0Á);(0Á,1.5Á). 

 

ʈʠʩ. 2.6. ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʧʨʦʬʠʣʴ ʘʩʬʝʨʠʟʘʮʠʠ ɿʂ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʲʸʤ ʤʘʪʝʨʠʘʣʘ 5 

ʤʢʤ ʥʘ ʧʝʨʠʬʝʨʠʠ ʢʦʨʨʝʢʪʦʨʘ (ʢʨʘʩʥʳʡ ʮʚʝʪ). 
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ʈʠʩ. 2.7. ʇʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ʟʝʨʢʘʣʴʥʳʤ ʘʩʬʝʨʠʯʝʩʢʠʤ 

ʢʦʨʨʝʢʪʦʨʦʤ ʩ ʦʩʝ ʠ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʝʡ. ʇʨʠʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʪʦʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʛʣʘʤ ʟʨʝʥʠʷ (0Á,0Á);(0Á,-1.5Á);(-1.5Á,0Á);(1.5Á,0Á);(0Á,1.5Á). ʂʨʫʞʦʢ 

ʕʡʨʠ ʧʨʠʚʝʜʝʥ ʥʘ ʜʠʘʛʨʘʤʤʝ, ʝʛʦ ʜʠʘʤʝʪʨ 4.4 ʤʢʤ (ʧʦ ʫʨʦʚʥʶ ʵʥʝʨʛʠʠ ʚ ʧʷʪʥʘʭ 80%). 

 

 

ʈʠʩ. 2.8. ʅʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʡ ʧʨʦʬʠʣʴ ʘʩʬʝʨʠʟʘʮʠʠ ɿʂ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʲʸʤ ʤʘʪʝʨʠʘʣʘ 

0.477 ʤʢʤ (ʢʨʘʩʥʳʡ ʮʚʝʪ). 
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ʅʘ ʨʠʩ. 2.9 ʧʨʠʚʝʜʝʥʳ ʬʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣʝʩʢʦʧʘ ʧʦʩʣʝ ʥʝʙʦʣʴʰʦʡ 

ʧʦʜʩʪʨʦʡʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (ʥʘ ʫʨʦʚʥʝ 1%), ʚʳʧʦʣʥʝʥʥʦʡ ʚ Zemax. 

 

ʈʠʩ. 2.9. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣʝʩʢʦʧʘ  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʣʝʩʢʦʧʘ ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʝʛʦ 

ʬʫʥʢʮʠʷ ʧʝʨʝʜʘʯʠ ʯʘʩʪʦʪʳ (ʌʇʏ). ʉʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʌʫʢʦ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠʟʦʙʨʘʞʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʸʪʩʷ ʩ 

ʢʦʥʪʨʘʩʪʦʤ 20%. ɼʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ ʢʦʥʪʨʘʩʪ ʌʇʏ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʣʷ ʜʠʘʧʘʟʦʥʘ 

120 - 380 ʥʤ,ʧʘʜʘʝʪ ʜʦ ʫʨʦʚʥʷ 0.2 ʚ ʩʨʝʜʥʝʤ ʜʣʷ ʚʩʝʭ ʫʛʣʦʚ ʟʨʝʥʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʝ ʪʝʩʪ-ʦʙʲʝʢʪʘ270 ʤʤ-1 (ʨʠʩ. 2.10), ʧʦʵʪʦʤʫ ʩʨʝʜʥʝʝ ʧʦ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ ʠ ʜʣʠʥʘʤ 

ʚʦʣʥ ʨʘʟʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʳ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ɿʂ ʩʦʩʪʘʚʣʷʝʪ: 

 

 ŭŬʪʝʣʝʩʢʦʧʘ
ʪʝʦʨ. = atan (ŭʭ / fËɻʢʚ) = atan (1:270ʤʤ-1 / 584 ʤʤ)å 1.3ǌ  (2.9) 
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ʈʠʩ. 2.10. ʌʇʏ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʟʨʝʥʠʷ ʠ ʫʩʨʝʜʥʝʥʥʘʷ ʧʦ 

ʚʩʝʤ ʜʣʠʥʘʤ ʚʦʣʥ ʠʟ ʜʠʘʧʘʟʦʥʘ 120 ï 380 ʥʤ. ʏʝʨʥʘʷ ʢʨʠʚʘʷ - ʜʠʬʨʘʢʮʠʦʥʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʏʂʍ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 120 ʥʤ. ʂʘʞʜʘʷ ʧʘʨʘ ʮʚʝʪʥʳʭ ʢʨʠʚʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʜʘʯʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʯʘʩʪʦʪ ʪʝʩʪ-ʦʙʲʝʢʪʘ. ʋʛʣʳ 

ʟʨʝʥʠʷ ʧʦʜʧʠʩʘʥʳ ʩʚʝʨʭʫ. 

 

 ɼʦʩʪʦʠʥʩʪʚʦʤ ʨʘʩʩʯʠʪʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʘʩʬʝʨʠʟʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ 

ʠ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʝʣʝʩʢʦʧʘ. ɺ ʨʘʙʦʪʝ [72] 

ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦʜʦʙʥʘʷ ʩʭʝʤʘ, ʥʦ ʪʘʤ ʚʩʝ ʟʝʨʢʘʣʘ ʠʤʝʣʠ ʘʩʬʝʨʠʯʝʩʢʫʶ! ʬʦʨʤʫ, 

ʥʘʚʝʨʥʦʝ, ʧʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʘ ʩʭʝʤʘ ʩ ʪʨʝʤʷ ʘʩʬʝʨʠʯʝʩʢʠʤʠ 

ʟʝʨʢʘʣʘʤʠ ʥʝ ʥʘʰʣʘ.ʉʣʝʜʩʪʚʠʝʤ ʩʬʝʨʠʯʝʩʢʠʭ ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣ ʚ ʥʘʰʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʭʝʤʳ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʶʩʪʠʨʦʚʢʠ 

ʪʝʣʝʩʢʦʧʘ, ʣʝʛʢʦ ʚʳʧʦʣʥʠʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦʧʫʩʢʠ ʥʘ ʜʝʮʝʥʪʨʦʚʢʫ ʟʝʨʢʘʣ ʠ ʢʦʨʨʝʢʪʦʨʘ 

ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʳʝ ʜʦʣʠ ʤʠʣʣʠʤʝʪʨʘ. 
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2.3 ɸʪʪʝʩʪʘʮʠʷ ʠ ʢʦʨʨʝʢʮʠʷ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʘʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ 

ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ 

 

 

ɼʣʷ ʘʪʪʝʩʪʘʮʠʠ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ɿʂ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʘʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʘʷ ʩʭʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʘʤʦʛʦ ʪʝʣʝʩʢʦʧʘ (ʧʦʟ. 5,6,7 ʥʘ ʨʠʩ. 2.11), 

ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʧʦʟ. 4) ʠ ʦʪʨʘʞʘʶʱʝʛʦ ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ - ʵʪʘʣʦʥʘ (ʧʦʟ. 8). 

ɸʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʘ ʠ ʬʦʪʦʛʨʘʬʠʷ ʩʪʝʥʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.2.11 ʠ ʨʠʩ. 2.12, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʪʦʯʥʠʢ ʵʪʘʣʦʥʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ 

ʚʦʣʥʳ ʧʦʤʝʱʘʝʪʩʷ ʚ ʪʦʯʢʫ ʬʦʢʫʩʘ ʪʝʣʝʩʢʦʧʘ ʚ ʝʛʦ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠ.̫ ɺʦʣʥʦʚʦʡ 

ʬʨʦʥʪ ʧʨʦʭʦʜʠʪ ʪʝʣʝʩʢʦʧ ʦʪ ʠʩʪʦʯʥʠʢʘ (ʧʦʟ. 4) ʜʦ ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ (ʧʦʟ. 8) ʠ ʦʙʨʘʪʥʦ, 

ʥʘʙʠʨʘʷ ʫʜʚʦʝʥʥʳʝ ʘʙʝʨʨʘʮʠʠ ʪʝʣʝʩʢʦʧʘ ʧʣʶʩ ʘʙʝʨʨʘʮʠʶ ʠʟ-ʟʘ ʦʰʠʙʢʠ ʬʦʨʤʳ ʧʣʦʩʢʦʛʦ 

ʟʝʨʢʘʣʘ. 

 

ʈʠʩ. 2.11. ɸʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʘ.ʀʥʪʝʨʬʝʨʦʤʝʪʨ ʩ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʚʦʣʥʦʡ ʩʨʘʚʥʝʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ:1) ʅʝ-Ne ʣʘʟʝʨʘ, 2) ʣʠʥʟ rʜʣʷ ʟʘʚʦʜʢʠ 

ʠʟʣʫʯʝʥʠʷ ʚ ʦʧʪʦʚʦʣʦʢʥʦ, 3) ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʜʝʣʠʪʝʣ ̫ ʧʫʯʢʘ, 4) 

ʠʩʪʦʯʥʠʢʦʚ ʵʪʘʣʦʥʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ; ʠ ʠʟʤʝʨʷʝʤʳʡ ʤʘʢʝʪ ʪʝʣʝʩʢʦʧʘ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ: 5) ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ, 6) ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ, 7) ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ; + 8) ʧʣʦʩʢʦʝ ʟʝʨʢʘʣʦ, 9) ʦʧʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ, 10) ʇɿʉ 

ʢʘʤʝʨʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. 
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ʈʠʩ. 2.12. ʌʦʪʦʛʨʘʬʠʷ ʩʪʝʥʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʘ. 1) ʅʝ-Ne ʣʘʟʝʨ, 2) 

ʣʠʥʟʘ ʜʣʷ ʟʘʚʦʜʢʠ ʠʟʣʫʯʝʥʠʷ ʚ ʦʧʪʦʚʦʣʦʢʥʦ, 3) ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʠ 

ʜʝʣʠʪʝʣʴ ʧʫʯʢʘ, 4) ʠʩʪʦʯʥʠʢʠ ʵʪʘʣʦʥʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ, 5) ʧʝʨʚʠʯʥʦʝ ʟʝʨʢʘʣʦ, 6) 

ʚʪʦʨʠʯʥʦʝ ʟʝʨʢʘʣʦ, 7) ʟʝʨʢʘʣʴʥʳʡ ʢʦʨʨʝʢʪʦʨ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, 8) ʧʣʦʩʢʦʝ ʟʝʨʢʘʣʦ, 9) 

ʦʧʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ, 10) ʇɿʉ ʢʘʤʝʨʘ, 11) ʶʩʪʠʨʦʚʦʯʥʳʡ ʣʘʟʝʨ. 

 

ʉʥʘʯʘʣʘ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʩ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʚʦʣʥʦʡ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʠʟʤʝʨʝʥʘ 

ʬʦʨʤʘ ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ. ʊʨʘʩʩʠʨʦʚʢʘ ʣʫʯʝʡ ʚ ʩʭʝʤʝʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.13.  
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ʈʠʩ. 2.13. ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.14. 

 

ʈʠʩ. 2.14. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ ʚ ʩʭʝʤʝ (ʩʣʝʚʘ) ʠ ʢʘʨʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷʝʤʦʛʦ 

ʧʣʦʩʢʦʛʦ ʟʝʨʢʘʣʘ (ʩʧʨʘʚʘ). 

 

ʇʣʦʩʢʦʝ ʟʝʨʢʘʣʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʘʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʫʶ ʩʭʝʤʫ ʪʝʣʝʩʢʦʧʘ, 

ʥʝʙʦʣʴʰʘʷ ʦʰʠʙʢʘ ʝʛʦ ʬʦʨʤʳ ʥʘ ʫʨʦʚʥʝ  ʉʂʆ = 6.3 ʥʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʚʳʩʦʪ 

ʄʇ = 69 ʥʤ ʫʯʠʪʳʚʘʣʘʩʴ ʚ ʜʘʣʴʥʝʡʰʝʤ. 
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ɼʠʥʘʤʠʢʘ ʚʳʧʨʷʤʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʚ 

ʘʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʩʭʝʤʝʜʦ ʠ ʧʦʩʣʝ 7-ʤʠ ʢʦʨʨʝʢʮʠʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ɿʂ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.15. 

 

ʈʠʩ. 2.15. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʧʦʣʦʩʳ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʜʚʘʞʜʳ ʧʨʦʰʝʜʰʝʛʦ ʪʝʣʝʩʢʦʧ 

ʚ ʘʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʩʭʝʤʝ, ʜʦ ʠ ʧʦʩʣʝ 7-ʤʠ ʢʦʨʨʝʢʮʠʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ. ʏʸʨʥʘʷ ʧʦʣʦʩʘ ʚʥʠʟʫ ʚʳʟʚʘʥʘ ʪʝʥʴʶ ʦʪ ʩʪʝʨʞʥʷ, ʥʘ ʢʦʪʦʨʳʡ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚʪʦʨʠʯʥʦʝ ʟʝʨʢʘʣʦ. 

 

ʇʦʩʣʝ ʬʠʥʘʣʴʥʦʡ ʢʦʨʨʝʢʮʠʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʠ ʘʙʝʨʨʘʮʠʠ ʚ 

ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ ʪʝʣʝʩʢʦʧʘ (ʨʠʩ. 2.16), ʘ ʪʘʢʞʝ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʪʝʣʝʩʢʦʧʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʟʨʝʥʠʷ: -1.5Á, 0, 1.5Á(ʨʠʩ. 2.17). ʈʘʟʤʝʨ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʧʦ ʫʨʦʚʥʶ 

80% ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 5 ʤʢʤ (ʨʠʩ. 2.17). ʌʦʨʤʘ ʠ ʨʘʟʤʝʨ ʧʷʪʝʥ ʧʦʭʦʞʠ ʥʘ 

ʨʘʩʯʸʪʥʳʝ (ʩʤ. ʨʠʩ. 2.7). 
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ʈʠʩ. 2.16. ʀʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʠ ʢʘʨʪʘ ʚʦʣʥʦʚʳʭ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʘ ʚ ʮʝʥʪʨʝ ʧʦʣʷ 

ʟʨʝʥʠʷ (ʄʇ =263ʥʤ, ʉʂʆ =24ʥʤ, dʚʥʝʰʥʠʡ = 152 ʤʤ, dʚʥʫʪʨʝʥʥʠʡ = 88 ʤʤ). 

 

ʈʠʩ. 2.17. ʀʟʤʝʨʝʥʥʳʝ ʧʷʪʥʘʬʦʢʫʩʠʨʦʚʢʠ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʟʨʝʥʠʷ-1.5Á, 0, 

1.5Á. (ɚ = 632.8ʥʤ) 

 

ʇʦ ʨʘʟʤʝʨʫ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʤʦʞʥʦ ʧʨʠʙʣʠʞʸʥʥʦ ʦʮʝʥʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʚ 

ʚʠʜʠʤʦʤ ʩʚʝʪʝ(ɚ = 632.8ʥʤ). ʉʨʝʜʥʝʝ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ:  

ŭŬʪʝʣʝʩʢʦʧʘʦʮʝʥʦʯʥʦʝ = atan(dʧʷʪʝʥʬʦʢʫʩʠʨʦʚʢʠ / fËɻʢʚ) = atan(5 ʤʢʤ / 584 ʤʤ) å 1.7ǌ (2.10) 

ɹʦʣʝʝ ʪʦʯʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʩʸʤ ʧʦʣʝ ʟʨʝʥʠʷ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʙʳʣʦ 

ʠʟʤʝʨʝʥʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ, ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʏʂʍ ʪʝʣʝʩʢʦʧʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʘʙʝʨʨʘʮʠʡ ʠ ʥʘ ʨʘʙʦʯʠʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʦ ʯʸʤ ʨʝʯʴ 

ʠʜʸʪ ʚ ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ. 
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2.4. ʐʠʨʦʢʦʫʛʦʣʴʥʳʡ ʢʦʣʣʠʤʘʪʦʨ ʥʘ ʦʩʥʦʚʝ çʢʘʤʝʨʳ ʐʤʠʜʪʘè ʜʣʷ 

ʘʪʪʝʩʪʘʮʠʠ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ 

ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ ʥʘ ʚʩʸʤ ʧʦʣʝ ʟʨʝʥʠʷ 2ɤ=3ę 

 

ʂʦʣʣʠʤʘʪʦʨ ʨʘʙʦʪʘʝʪ ʚ ʧʘʨʝ ʩ ʘʪʪʝʩʪʫʝʤʳʤ ʪʝʣʝʩʢʦʧʦʤ ʠ ʩʦʟʜʘʸʪ ʥʘʙʦʨ ʧʣʦʩʢʦ-

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʫʯʢʦʚ, ʚʳʭʦʜʷʱʠʭ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʦʪ -1.5Á ʜʦ +1.5Á ʠ ʥʝʩʫʱʠʭ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʤʠʪʠʨʫʝʤʳʭ ʫʜʘʣʸʥʥʳʭ ʦʙʲʝʢʪʘʭ (ʨʠʩ. 2.18). ɼʣʷ ʠʤʠʪʘʮʠʠ ʫʜʘʣʸʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩʚʝʪ ʦʪ ʩʠʩʪʝʤʳ ʧʦʜʩʚʝʯʠʚʘʝʤʳʭ ʧʦʣʦʩ (ʤʠʨʳ) ʧʝʨʝʥʦʩʠʪʩʷ ʢʦʣʣʠʤʘʪʦʨʦʤ ʚ 

ʚʠʜʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʧʫʯʢʦʚ, ʠʜʫʱʠʭ ʚ ʘʪʪʝʩʪʫʝʤʳʡ ʪʝʣʝʩʢʦʧ. ɿʘʪʝʤ ʵʪʠ ʧʫʯʢʠ, 

ʦʪʚʝʯʘʶʱʠʝ ʨʘʟʣʠʯʥʳʤ ʧʦʣʝʚʳʤ ʪʦʯʢʘʤ ʪʝʣʝʩʢʦʧʘ, ʩʦʙʠʨʘʶʪʩʷ ʦʧʪʠʢʦʡ ʪʝʣʝʩʢʦʧʘ ʥʘ 

ʇɿʉ ʢʘʤʝʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʣʝʩʢʦʧʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝ ʫʜʘʣʸʥʥʳʭ ʦʙʲʝʢʪʦʚ ï ʩʠʩʪʝʤʳ ʧʦʣʦʩ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʚ ʨʘʟʥʳʭ ʧʦʣʝʚʳʭ 

ʪʦʯʢʘʭ. ʇʦ ʝʛʦ ʢʘʯʝʩʪʚʫ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʫʛʣʦʚʦʤ ʨʘʟʨʝʰʝʥʠʠ ʪʝʣʝʩʢʦʧʘ. ʂʦʣʣʠʤʘʪʦʨ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʦʣʝ ʟʨʝʥʠʷ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦʝ ʧʦʣʶ ʟʨʝʥʠʷ ʘʪʪʝʩʪʫʝʤʦʛʦ ʪʝʣʝʩʢʦʧʘ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʩʭʝʤʳ ʢʦʣʣʠʤʘʪʦʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ çʢʘʤʝʨʘ 

ʐʤʠʜʪʘè ʩ ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ ʘʙʝʨʨʘʮʠʡ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 1:3.2, 

ʜʠʘʤʝʪʨ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ 180 ʤʤ ʠ ʧʦʣʝ ʟʨʝʥʠʷ 2ɤ = 3Á ʢʦʣʣʠʤʘʪʦʨʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʫ ʘʪʪʝʩʪʫʝʤʦʛʦ ʪʝʣʝʩʢʦʧʘ.  

 

ʈʠʩ. 2.18. ʘ) ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʣʣʠʤʘʪʦʨʘ ʚ ʩʙʦʨʝ ʩ ʪʝʣʝʩʢʦʧʦʤ: 1) ʚʳʧʫʢʣʘʷ ʤʠʨʘ 

(ʩʠʩʪʝʤʘ ʧʦʣʦʩ) ʚ ʦʙʲʝʢʪʥʦʡ çʧʣʦʩʢʦʩʪʠè ʢʦʣʣʠʤʘʪʦʨʘ, ʧʦʜʩʚʝʯʠʚʘʝʤʘʷ ʩ ʪʳʣʴʥʦʡ 
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ʩʪʦʨʦʥʳ ʣʘʤʧʦʡ ʙʝʣʦʛʦ ʩʚʝʪʘ,  2) ʧʣʦʩʢʦʝ ʧʦʚʦʨʦʪʥʦʝ ʟʝʨʢʘʣʦ, 3) ʩʬʝʨʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ 

ʢʦʣʣʠʤʘʪʦʨʘ, 4) ʟʝʨʢʘʣʴʥʳʡ ʢʦʨʨʝʢʪʦʨ ʢʦʣʣʠʤʘʪʦʨʘ, 5) ʟʝʨʢʘʣʴʥʳʡ ʢʦʨʨʝʢʪʦʨ ʋʌ ʠ 

ɺʋʌ ʪʝʣʝʩʢʦʧʘ, 6) ʧʝʨʚʠʯʥʦʝ ʟʝʨʢʘʣʦ ʪʝʣʝʩʢʦʧʘ, 7) ʚʪʦʨʠʯʥʦʝ ʟʝʨʢʘʣʦ ʪʝʣʝʩʢʦʧʘ, 8) 

ʇɿʉ ʤʘʪʨʠʮʘ.  

 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ - ʢʘʤʝʨʳ ʐʤʠʜʪʘ ʩ ʟʝʨʢʘʣʴʥʳʤ 

ʢʦʨʨʝʢʪʦʨʦʤ ʘʙʝʨʨʘʮʠʡ (ɿʂ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.1. ʅʘ ʨʠʩ. 2.19 ʧʨʠʚʝʜʝʥʳ ʢʘʨʪʳ ʜʣʷ 

ʘʩʬʝʨʠʟʘʮʠʠ ɿʂ ʢʦʣʣʠʤʘʪʦʨʘ. ʆʥ ʪʘʢʞʝ ʠʤʝʝʪ ʦʩʝ ʠ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, 

ʦʧʠʩʳʚʘʝʤʳʝ ʧʦʣʠʥʦʤʘʤʠ ʎʝʨʥʠʢʝ 6-ʛʦ ʧʦʨʷʜʢʘ ʧʦ r ʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ű, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ 2.1 

ʕʣʝʤʝʥʪ ʈʘʟʤʝʨ, ʤʤ ʇʘʨʘʤʝʪʨʳ, ʤʤ ʈʘʩʩʪʦʷʥʠʝ ʜʦ 

ʩʣʝʜʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ, ʤʤ 

ʄʠʨʘ Ï50  

(ʨʘʙʦʯʘʷ ʟʦʥʘ 

Ï30) 

R = 600  138.96  

ʇʣʦʩʢʦʝ ʧʦʚʦʨʦʪʥʦʝ 

ʟʝʨʢʘʣʦ  

ʕʣʣʠʧʩ 86 ʭ 130  R = Ð  460  

ʉʬʝʨʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ  Ï300 R = 1200  1200  

ɿʝʨʢʘʣʴʥʳʡ  

ʢʦʨʨʝʢʪʦʨʘʙʝʨʨʘʮʠʡ 

Ï250 R = Ð 

ʂʦʵʬ-ʪʳ ʎʝʨʥʠʢʝ  

Ŭ5 = 1.02428Ā10-4 

Ŭ8 = -4.85307Ā10-5 

Ŭ9 = 2.94307Ā10-3 

Ŭ12 = 1.01942Ā10-4 

Ŭ16 = 8.51561Ā10-6 

1800  
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ʈʠʩ. 2.19. ʘ) ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʧʨʦʬʠʣʷ ʪʨʘʚʣʝʥʠʷ ʟʝʨʢʘʣʴʥʦʛʦ ʢʦʨʨʝʢʪʦʨʘ 

ʢʦʣʣʠʤʘʪʦʨʘ (ʢʨʘʩʥʳʡ ʮʚʝʪ ï ʤʝʩʪʘ ʥʘʠʙʦʣʴʰʝʛʦ ʩʲʸʤʘ ʤʘʪʝʨʠʘʣʘ). b) 

ʅʝʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ. 

 

 ʈʘʩʯʸʪʥʳʝ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʢʦʣʣʠʤʘʪʦʨʘ ʠʤʝʶʪ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦ ʧʦʣʶ 

ʟʨʝʥʠʷ, ʨʘʚʥʳʡ 1.4 ʤʢʤ (ʨʠʩ. 2.20), ʢʦʪʦʨʳʡ ʚ ɺʋʌ ʜʠʘʧʘʟʦʥʝ, ɚ = 120 ï 200 ʥʤ, ʥʝʤʥʦʛʦ 

ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʢʨʫʞʢʘ ʕʡʨʠ (ʩʤ. ʨʠʩ. 2.20), ʘ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ, 200 ï 

380  ʥʤ, ʤʝʥʴʰʝ. ʇʦʵʪʦʤʫ ʧʦ ʨʘʩʯʸʪʫ ʢʦʣʣʠʤʘʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ: 

ŭŬʢʦʣʣʠʤ. ʪʝʦʨ. = atan(Ὠʧʷʪʝʥʬʦʢʫʩʠʨʦʚʢʠ / fËɻʢʚ) = atan(1.4 ʤʢʤ / 599 ʤʤ) = 0.5ǌ (2.11) 

 ʚ ɺʋʌ ʜʠʘʧʘʟʦʥʝ ʠ 0.5ǌ - 1ǌ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ. 

 

ʈʘʩʯʸʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʦʣʣʠʤʘʪʦʨʘ ʚ ɺʋʌ ʜʠʘʧʘʟʦʥʝ ʣʫʯʰʝ ʨʘʩʯʸʪʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʪʝʣʝʩʢʦʧʘ ʙʦʣʝʝ ʯʝʤ ʚ 2ʨʘʟʘ, ʧʦʪʦʤʫ ʯʪʦ ʫ ʢʦʣʣʠʤʘʪʦʨʘ ʚ ʦʙʲʝʢʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʪʦʠʪ ʥʝ ʧʣʦʩʢʘʷ, ʘ ʚʳʧʫʢʣʘʷ ʤʠʨʘ, ʘ ʫ ʪʝʣʝʩʢʦʧʘ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠ ̫

ʩʪʦʠʪ ʧʣʦʩʢʘʷ ʇɿʉ ʤʘʪʨʠʮʘ. 
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ʈʠʩ. 2.20. ʇʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʢʦʣʣʠʤʘʪʦʨʘ ʧʦ ʩʭʝʤʝ ʢʘʤʝʨʳ ʐʚʘʨʮʰʠʣʴʜʘ ʩ 

ʟʝʨʢʘʣʴʥʳʤ ʘʩʬʝʨʠʯʝʩʢʠʤ ʢʦʨʨʝʢʪʦʨʦʤ. ɺ ʩʪʨʦʢʝ ñRMSRADIUSò ʧʨʠʚʝʜʝʥʳ ʨʘʜʠʫʩʳ 

ʢʨʫʞʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 80% ʵʥʝʨʛʠʠ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ.  

 

ʇʦʩʣʝ ʩʙʦʨʢʠ, ʶʩʪʠʨʦʚʢʠ, ʠʟʤʝʨʝʥʠʷ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ (ʨʠʩ. 2.21) ʠ ʢʦʨʨʝʢʮʠʠ 

ʘʙʝʨʨʘʮʠʡ ʢʦʣʣʠʤʘʪʦʨʘ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʝʛʦ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʥʘ ʚʠʜʠʤʦʤ ʩʚʝʪʝ(ɚ = 

532 ʥʤ) ʜʣʷ ʫʛʣʦʚ ʟʨʝʥʠʷ -1.5Á, 0Á ʠ 1.5Á (ʨʠʩ. 2.22). ʀʭ ʜʠʘʤʝʪʨ ʧʦ ʫʨʦʚʥʶ ʵʥʝʨʛʠʠ 80% 

ʩʦʩʪʘʚʠʣ 4 ʤʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʤʝʪʨʫ ʢʨʫʞʢʘ ʕʡʨʠ ʧʨʠ ɚ = 532 ʥʤ, ʧʦʵʪʦʤʫ ʚ 

ʚʠʜʠʤʦʤ ʩʚʝʪʝ ʠʟʤʝʨʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʢʦʣʣʠʤʘʪʦʨʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ: 

ŭŬʢʦʣʣʠʤ. = atan(dʧʷʪʝʥʬʦʢʫʩʠʨʦʚʢʠ / fËɻʢʚ) = atan(4 ʤʢʤ / 599 ʤʤ) å 1.4ǌ  (2.12) 
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ʈʠʩ. 2.21. ɸʪʪʝʩʪʘʮʠʷ ʘʙʝʨʨʘʮʠʡ ʠ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʢʦʣʣʠʤʘʪʦʨ ʚ 

ʘʚʪʦʢʦʣʣʠʤʘʮʠʦʥʥʦʡ ʩʭʝʤʝ ʩ ʀɼɺʉ. ʘ) ʉʭʝʤʘ  ʠ ʙ) ʬʦʪʦʛʨʘʬʠʷ: 1) ʀɼɺʉ, 1.1) 

ʢʦʤʧʴʶʪʝʨ, 1.2) ʇɿʉ ʢʘʤʝʨʘ, 1.3) ʦʧʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ, 1.4) 

ʧʝʨʚʳʡ ʚʦʣʦʢʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ (ɺʀʉɺ) ʚ ʮʝʥʪʨʝ ʦʙʲʝʢʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʣʠʤʘʪʦʨʘ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʢʦʣʣʠʤʘʪʦʨ, 1.5) ʚʪʦʨʦʡ ɺʀʉɺ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʇɿʉ, 1.6) ʦʧʪʦʚʦʣʦʢʥʦ, 1.7) ʜʝʣʠʪʝʣʴ ʧʫʯʢʘ ʠ ʢʦʥʪʨʦʣʣʝʨ ʧʦʣʷʨʠʟʘʮʠʠ, 

1.8) ʅʝ-Ne ʣʘʟʝʨ, 2) ʧʣʦʩʢʦʩʪʴ ʦʙʲʝʢʪʦʚ ʢʦʣʣʠʤʘʪʦʨʘ, ʚ ʢʦʪʦʨʫʶ ʧʨʠ ʨʘʙʦʪʝ 

ʢʦʣʣʠʤʘʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʠʨʘ, 3) ʧʣʦʩʢʦʝ ʧʦʚʦʨʦʪʥʦʝ ʟʝʨʢʘʣʦ, 4) ʩʬʝʨʠʯʝʩʢʦʝ 

ʟʝʨʢʘʣʦ, 5) ʟʝʨʢʘʣʴʥʳʡ ʘʩʬʝʨʠʯʝʩʢʠʡ ʢʦʨʨʝʢʪʦʨ, 6) ʨʘʤʘ, 7) ʧʣʦʩʢʦʝ ʟʝʨʢʘʣʦ. 
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ʈʠʩ. 2.22. ʀʟʤʝʨʝʥʥʳʝ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʢʦʣʣʠʤʘʪʦʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʟʨʝʥʠʷ: ʘ) 

0Á, ʙ) -1.5Á, ʚ) 1.5Á. (ɚ = 532 ʥʤ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩ ɿʂ ʚ 1.7ǌ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ çʢʦʣʣʠʤʘʪʦʨ + ʪʝʣʝʩʢʦʧè, ʨʘʚʥʦʡ 

ã(1.7ǌ2+1.4ǌ2)å2.2ǌ, ʧʦʵʪʦʤʫ ʢʦʣʣʠʤʘʪʦʨ ʥʝ ʩʠʣʴʥʦ ʫʭʫʜʰʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ, 

ʧʦʵʪʦʤʫ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʝʛʦ ʨʘʟʨʝʰʝʥʠʝ.ʆʪ ʩʶʜʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʚʠʜʠʤʦʤ 

ʩʚʝʪʝ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʣʝʩʢʦʧʘʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʠʟʤʝʨʷʝʤʦʛʦ ʜʘʣʝʝ 

ʨʘʟʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ çʢʦʣʣʠʤʘʪʦʨ + ʪʝʣʝʩʢʦʧè ʢʘʢ: 

ŭŬʪʝʣʝʩʢʦʧʘ = ã ((ŭŬʪʝʣʝʩʢʦʧ.+ʢʦʣʣʠʤ.)2 - 1.4ǌ2)  (2.13) 

 

ʌʦʪʦʛʨʘʬʠʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʪʝʣʝʩʢʦʧʘ ʚ ʢʦʣʣʠʤʘʪʦʨʝ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ.2.23. ʄʠʨʘ ʩ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ ʧʦʜʩʚʝʯʠʚʘʝʪʩʷ ʣʘʤʧʦʡ ʙʝʣʦʛʦ ʩʚʝʪʘ (ɚʩʨ.=580ʥʤ). 

ɽʸ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʦʠʪʩʷ ʪʝʣʝʩʢʦʧʦʤ ʥʘ ʇɿʉ ʤʘʪʨʠʮʝ. ʇʨʦʪʦʪʠʧ ʪʝʣʝʩʢʦʧʘ ʠʤʝʝʪ ʜʚʘ 

ʢʘʥʘʣʘ, ʧʦʢʘʟʘʥʥʳʝ ʮʠʬʨʘʤʠ 2 ʠ 3 ʥʘ ʨʠʩ. 2.22. ɺ ʢʘʯʝʩʪʚʝ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ 

ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʙʳʯʥʘʷ ʇɿʉ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ 3.5 ʤʢʤ ʭ 3.5 

ʤʢʤ. ʄʳ ʩʜʚʠʛʘʣʠ ʪʝʣʝʩʢʦʧ ʧʦʧʝʨʸʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʯʪʦʙʳ ʩʪʨʦʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʤʠʨʳ 

ʧʦ ʦʯʝʨʝʜʠ: ʩʥʘʯʘʣʘ ʩ ʧʦʤʦʱʴʶ 1-ʛʦ ʢʘʥʘʣʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʚ ɺʋʌ 

ʜʠʘʧʘʟʦʥʝ, ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ 2-ʛʦ ʢʘʥʘʣʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ. 
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ʈʠʩ. 2.23. ʌʦʪʦʛʨʘʬʠʷ ʢʦʣʣʠʤʘʪʦʨʘ ʚ ʩʙʦʨʝ ʩ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʴʶ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ 

ʧʨʦʪʦʪʠʧʘ ʪʝʣʝʩʢʦʧʘ: 1) ʢʦʣʣʠʤʘʪʦʨ, 2) 1-ʡ ʢʘʥʘʣ ʥʘ ʜʣʠʥʳ ʚʦʣʥ 120 - 200 ʥʤ, 3) 2-ʡ 

ʢʘʥʘʣ ʥʘ ʜʣʠʥʳ ʚʦʣʥ 200 ï 380 ʥʤ, 4) ʇɿʉ ʢʘʤʝʨʘ. ʅʘ ʬʦʪʦ ʧʨʠʚʝʜʸʥ ʤʦʤʝʥʪ ʘʪʪʝʩʪʘʮʠʠ 

2ʛʦ ʢʘʥʘʣʘ.  

 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʭ ʦʙʣʘʩʪʝʡ ʩ ʧʦʣʦʩʘʤʠ ʥʘ ʤʠʨʝ ʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʘʥʘʣʘ. ʅʘ ʨʠʩ.2.24 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ.  

ʅʘ ʢʘʜʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʛʣʫ ʟʨʝʥʠʷ  (ɤ = 0ę, ű = 0ę), ʣʠʥʠʠ ʩ ʰʠʨʠʥʦʡ ʠ 

ʧʝʨʠʦʜʦʤ 6 ʤʢʤ ʨʘʟʨʝʰʘʶʪʩʷ ʩʦ ʩʨʝʜʥʠʤ ʢʦʥʪʨʘʩʪʦʤ 33%. ʅʘ ʢʘʜʨʘʭ, ʦʪʚʝʯʘʶʱʠʭ 

ʫʛʣʘʤ ʟʨʝʥʠʷ (0ę,0.75ę) ʠ (0.75ę,0ę) ʣʠʥʠʠ ʩ ʰʠʨʠʥʦʡ ʠ ʧʝʨʠʦʜʦʤ 6 ʤʢʤ ʨʘʟʨʝʰʘʶʪʩʷ ʩʦ 

ʩʨʝʜʥʠʤ ʢʦʥʪʨʘʩʪʦʤ 20%.  

ʇʦʣʦʩʳ ʩ ʧʝʨʠʦʜʦʤ 6 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʨʝʰʝʥʠʶ ʦʙʲʝʜʠʥʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ çʢʦʣʣʠʤʘʪʦʨ + ʪʝʣʝʩʢʦʧè: 

ŭŬʪʝʣʝʩʢʦʧ.+ʢʦʣʣʠʤ.= atan(d ʧʦʣʦʩ / fËɻʢʚ) = atan(6 ʤʢʤ / 584 ʤʤ) å 2.1ǌ (2.14) 
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ʉ ʫʯʝʪʦʤ ʨʘʟʨʝʰʝʥʠʷ ʢʦʣʣʠʤʘʪʦʨʘ,ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʨʝʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʪʝʣʝʩʢʦʧʘ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ -0.75Á ï 0.75Á ʩ ʢʦʥʪʨʘʩʪʦʤ 20 ï 33% ʩʦʩʪʘʚʣʷʝʪ:  

ŭŬʪʝʣʝʩʢʦʧ.-0.75Á ï 0.75Á= ã (2.1ǌ2 - 1.4ǌ2)= 1.5ǌ  (2.15) 

 

 

ʈʠʩ. 2.24. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʣʦʩ ʤʠʨʳ ʥʘ ʇɿʉ ʢʘʤʝʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʟʨʝʥʠʷ 

ʪʝʣʝʩʢʦʧʘ Ñ 1.5Á (ʫʛʦʣ ɤ - ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ, ʫʛʦʣ ű ï ʩʘʛʠʪʪʘʣʴʥʳʡ).  

 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʨʝʰʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʨʦʪʦʪʠʧʘ ʪʝʣʝʩʢʦʧʘ ʥʘ ʨʘʙʦʯʠʭ ʜʣʠʥʘʭ 

ʚʦʣʥ 120 ï 380 ʥʤ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳʌʇʏ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʤʝʨʝʥʥʳʭ ʘʙʝʨʨʘʮʠʡ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2.16. ʉʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʌʫʢʦ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʜʘʸʪʩʷ ʩ ʢʦʥʪʨʘʩʪʦʤ 20%, ʦʧʨʝʜʝʣʷʝʪʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ [73]. 

ʀʟ ʨʠʩ. 2.25 ʚʠʜʥʦ, ʯʪʦ 20% ʢʦʥʪʨʘʩʪ ʚ ʩʨʝʜʥʝʤ ʜʣʷ ʚʩʝʭ ʫʛʣʦʚ ʟʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ 

ʥʘ ʯʘʩʪʦʪʝ 270 ʤʤ-1, ʧʦʵʪʦʤʫ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ: 

ŭŬʪʝʣʝʩʢʦʧʘ  =atan (ŭʭ / fËɻʢʚ) = atan (1:270ʤʤ-1  / 584 ʤʤ) å 1.3ǌ (2.16) 

ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʯʸʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʦʪʦʤʫ ʯʪʦ ʉʂʆ ʘʙʝʨʨʘʮʠʡ ʪʝʣʝʩʢʦʧʘ = 24 ʥʤ (ʨʠʩ. 

2,16) ʦʯʝʥʴ ʤʘʣʦ, ʚʩʝʛʦ ɚ/5 ï ɚ/16   ʜʣʷ ʜʠʘʧʘʟʦʥʘ 120-380 ʥʤ. 
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ʈʠʩ. 2.25. ʌʇʏ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʪʝʣʝʩʢʦʧʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʟʨʝʥʠʷ ʠ 

ʫʩʨʝʜʥʝʥʥʘʷ ʧʦ ʚʩʝʤ ʜʣʠʥʘʤ ʚʦʣʥ ʠʟ ʜʠʘʧʘʟʦʥʘ 120 ï 380 ʥʤ. ʏʝʨʥʘʷ ʢʨʠʚʘʷ - 

ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʏʂʍ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 120 ʥʤ. ʂʘʞʜʘʷ ʧʘʨʘ ʮʚʝʪʥʳʭ 

ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʜʘʯʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʯʘʩʪʦʪ ʪʝʩʪ-ʦʙʲʝʢʪʘ. 

ʋʛʣʳ ʟʨʝʥʠʷ ʧʦʜʧʠʩʘʥʳ ʩʚʝʨʭʫ. 

 

ɺ ʚʠʜʠʤʦʤ ʩʚʝʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʌʇʏ ʜʘʸʪ ʪʦʞʝ ʨʘʟʨʝʰʝʥʠʝ ʚ 1.5ǌ, ʢʦʪʦʨʦʝ 

ʧʦʣʫʯʝʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʤʠʨʳ, ʧʦʵʪʦʤʫ ʨʘʩʯʸʪ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʌʇʏ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʤʝʨʝʥʠʝʤ ʨʘʟʨʝʰʝʥʠʷ ʧʨʦʪʦʪʠʧʘ ʪʝʣʝʩʢʦʧʘ ʚ 

ʢʦʣʣʠʤʘʪʦʨʝ ʥʘ ʚʠʜʠʤʦʤ ʩʚʝʪʝ. 
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2.5 ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʛʣʘʚʳ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʩʦʟʜʘʥ ʰʠʨʦʢʦʫʛʦʣʴʥʳʡ 

ʢʦʣʣʠʤʘʪʦʨ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʩʭʝʤʝ ʟʝʨʢʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ñʢʘʤʝʨʳ ʐʤʠʜʪʘò ʩ 

ʘʩʬʝʨʠʯʝʩʢʠʤ ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ ʩ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʝʡ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ ʠ ʚʳʧʫʢʣʦʡ ʤʠʨʦʡ. ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʝʛʦ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʣʝ 

ʟʨʝʥʠʷ ʢʦʣʣʠʤʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 2ɤ=3ę, ʨʘʩʯʸʪʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ɺʋʌ ʠ ʋʌ ʜʠʘʧʘʟʦʥʘʭ 

ʦʪ0.5ǌ ʜʦ 1ǌ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ-1.4ǌʦʛʨʘʥʠʯʝʥʦ 

ʜʠʬʨʘʢʮʠʝʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ. ʉ 

ʧʦʤʦʱʴʶ ʢʦʣʣʠʤʘʪʦʨʘ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʨʘʟʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʋʌ-ɺʋʌ 

ʪʝʣʝʩʢʦʧʘ ʥʘ ʚʩʸʤ ʧʦʣʝ ʟʨʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ.ʅʘ ʨʘʙʦʯʠʭ ʜʣʠʥʘʭ ʚʦʣʥ (120 ï 380 ʥʤ) 

ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʘʙʝʨʨʘʮʠʡ. 

ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ, ʨʘʩʩʯʠʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʟʝʨʢʘʣʴʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʩʭʝʤʳ ʐʤʠʜʪʘ-ʂʘʩʩʝʛʨʝʥʘ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ ʧʝʨʚʠʯʥʳʤ ʠ ʚʪʦʨʠʯʥʳʤ 

ʟʝʨʢʘʣʘʤʠ ʠ ʟʝʨʢʘʣʴʥʳʤ ʢʦʨʨʝʢʪʦʨʦʤ, ʠʤʝʶʱʠʤ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʘʩʬʝʨʠʟʘʮʠʶ, 

ʦʧʠʩʳʚʘʝʤʫ  ʁʧʦʣʠʥʦʤʘʤʠ 6-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʠ 2-ʛʦ ʧʦʨʷʜʢʘ ʧʦ 

ʘʟʠʤʫʪʘʣʴʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʟʘʮʠʠ ʚʳʩʦʢʦʛʦ (6-ʛʦ ʧʦ r ʠ 2-

ʛʦ ʧʦ ű) ʧʦʨʷʜʢʘ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʦʪʦʪʠʧʝ ʪʝʣʝʩʢʦʧʘ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʦʛʦ 

ʧʦʣʷ ʟʨʝʥʠʷ ʚ 3ę ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʨʘʟʨʝʰʝʥʠʷ ʙʣʠʟʢʦʛʦ ʢ ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʚ ɺʋʌ 

ʜʠʘʧʘʟʦʥʝ ʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ.  

ʂʘʯʝʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʪʠʢʠ ʠ ʩʙʦʨʢʠ ʧʨʦʪʦʪʠʧʘ ʪʝʣʝʩʢʦʧʘ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ 

ʨʘʟʨʝʰʝʥʠʷ ʚ 1.3ǌ, ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʨʘʩʯʸʪʥʳʤ (ʧʨʠʚʝʜʸʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʜʣʷ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ 120 -380 ʥʤ ʠ ʩʨʝʜʥʠʤ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʣʘʚʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ: [ɸ6,ɸ8,ɸ12,ɸ14,ʊ7,ʊ18,ʊ19] 
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ɻʃɸɺɸ 3. ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʚʝʪʦʩʠʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 3.37 ʥʤ ʠ ʤʝʪʦʜʠʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʸʭʤʝʨʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʥʝʛʦ 

 

3.1 ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʘʜʘʯʠ ʤʷʛʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʟʘʜʘʯʘʭ, ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʙʦʣʝʟʥʝʡ ʥʘ ʢʣʝʪʢʠ [19,35,41] ʪʨʝʙʫʝʪʩʷ ʫʚʠʜʝʪʴ ʜʝʪʘʣʠ ʞʠʚʳʭ ʢʣʝʪʦʢ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 

ʜʝʩʷʪʢʠ ʥʘʥʦʤʝʪʨʦʚ. ʀʟ-ʟʘ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ ʪʨʘʜʠʮʠʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʩ ʜʝʪʘʣʷʤʠ ʤʝʥʝʝ 200ʥʤ ʚ ʣʘʪʝʨʘʣʴʥʦʤ ʠ ʤʝʥʝʝ 700 ʥʤ ʚ ʘʢʩʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ [65]. ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʠʟ-ʟʘ ʤʘʣʦʩʪʠ ʜʣʠʥʳ 

ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ ʫ ʵʣʝʢʪʨʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʚʫʤʝʨʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʫʨʦʚʥʝ0.3 ï 

5 ʥʤ [76-78].ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʘʜʝʥʠʷ ʩʠʛʥʘʣʘ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ, ʧʨʠʭʦʜʠʪʩʷ ʨʝʟʘʪʴ ʦʙʨʘʟʮʳ ʥʘ ʪʦʥʢʠʝ ʩʣʦʠ<300 ʥʤ. 

ɹʦʣʝʝ ʪʦʣʩʪʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠ ʥʝʫʧʨʫʛʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʦʙʨʘʟʝʮ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ [76].ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʨʝʟʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʠʚʦʜʠʪ ʧʦʚʨʝʞʜʝʥʠʶ 

ʪʢʘʥʝʡ ʚ ʤʝʩʪʘʭ ʩʨʝʟʘ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʩʦʚʤʝʩʪʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩʨʝʟʦʚ ʠ 

ʜʦʩʪʦʚʝʨʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʪʨʸʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ[77]. ʀʟʫʯʝʥʠʶ ʞʠʚʳʭ ʢʣʝʪʦʢ ʚ ʉʕʄ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʛʨʦʤʥʳʝ ʜʦʟʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʘʟʣʦʞʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʫʯʢʘ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʥʘ ʦʙʨʘʟʮʳ ʠʭ 

ʟʘʤʦʨʘʞʠʚʘʶʪ. ɺ ʧʦʩʣʝʜʥʠʝ 3 ʛʦʜʘ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ 3D ʪʦʤʦʛʨʘʬʠʠ ʢʣʝʪʦʢ ʥʘ ʉʕʄ 

ʧʫʪʸʤ ʫʛʣʦʚʦʡ ʪʦʤʦʛʨʘʬʠʠ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʨʝʟʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʦ ʧʨʠ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʪʨʸʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ [77-

78].ɸʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʠ ʩʢʘʥʠʨʫʶʱʘʷ ʪʫʥʥʝʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠʤʝʶʪ ʥʘʥʦʤʝʪʨʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʥʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʣʠʰʴ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ [79], ʘ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʠʥʪʝʨʝʩʥʘ ʥʝ ʪʦʣʴʢʦ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ, ʥʦ ʠ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ. 
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ɺ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʤʷʛʢʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʄʈʄ) 

ʚ çʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳè ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 2.3-4.4 ʥʤ [19,34-48]. ʇʦʛʣʦʱʝʥʠʝ ʵʪʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʤʠ ʙʝʣʢʘʤʠ, ʞʠʨʘʤʠ ʠ ʫʛʣʝʚʦʜʘʤʠ ʠ ʧʨʦʧʫʩʢʘʥʠʝ ʚʦʜʦʡ 

(ʩʤ. ʨʠʩ.1.6) ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʚ ʞʠʚʳʭ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʦʙʨʘʟʮʘʭ ʪʦʣʱʠʥʦʡ ʧʨʠʤʝʨʥʦ ʜʦ ʜʝʩʷʪʠ ʤʠʢʨʦʥ. ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʤʘʣʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʜʚʫʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʥʘʥʦʤʝʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [9,48,41,43] ʧʦʣʫʯʝʥʳ ʜʚʫʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʦʥʥʳʭ 

ʧʣʘʩʪʠʥʦʢʩ ʨʘʟʨʝʰʝʥʠʝʤ40 ʥʤ ï 60 ʥʤ, ʘ ʧʦʣʷ ʟʨʝʥʠʷ ʦʪ 10 ï 30 ʤʢʤ [9,38]  ʜʦ50 - 60 

ʤʢʤ [19, 35].ɺ [80] ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʦʡ ɿʇʌ ʩ ʰʠʨʠʥʦʡ ʢʨʘʡʥʝʡ ʟʦʥʳ 12 

ʥʤ ʠ ʯʘʩʪʠʯʥʦ-ʢʦʛʝʨʝʥʪʥʦʡ ʟʘʩʚʝʪʢʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 10 ʥʤ-ʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʜʚʫʤʝʨʥʦʤ 

ʠʟʦʙʨʘʞʝʥʠʠ ʩʨʝʟʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʟʝʨʢʘʣʘ. ɺ [81] ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɿʇʌ ʩ 

ʰʠʨʠʥʦʡ ʢʨʘʡʥʝʡ ʟʦʥʳ 25ʥʤ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʘʟʨʝʰʝʥʠʝ 

12 ʥʤ ʪʘʢʞʝ ʚ ʜʚʫʤʝʨʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʩʨʝʟʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʟʝʨʢʘʣʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʄʈ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ 

ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʝʡ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʦʤʦʛʨʘʬʠʶ çʪʦʣʩʪʳʭè, ʪʦʣʱʠʥʦʡ ʜʦ 

10-15 ʤʠʢʨʦʥ, ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʦʤʝʪʨʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʙʝʟ ʠʭ ʥʘʨʝʟʘʥʠʷ ʥʘ ʪʦʥʢʠʝ ʩʣʦʠ. 

ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʚ ʉʕʄ. 

ɿʘʜʘʯʠ ʤʷʛʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʨʘʟʣʠʯʥʳʝ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [38] 

ʠʟʫʯʘʝʪʩʷ ʩʪʨʦʝʥʠʝ ʥʝʡʨʦʥʦʚ ʠ ʜʝʥʪʨʠʪʦʚ ʤʦʟʛʘ ʤʳʰʠ. ɺ ʨʘʙʦʪʘʭ [9-11,13,42,48] 

ʠʟʫʯʘʝʪʩʷ ʩʪʨʦʝʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʜʠʘʪʦʤʥʳʭ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʝʡ. ɺ [40] ï ʩʪʨʦʝʥʠʝ 

ʛʝʦʢʦʣʦʠʜʥʳʭ ʢʣʝʪʦʢ, ʚʟʷʪʳʭ ʠʟ ʚʦʜʳ ʨʝʢʠ ʄʘʡʥ. ɺ [49] ʠʟʫʯʘʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ ʚ 

ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʅʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʄʈʄ ʩʚʷʟʘʥʳ ʩ 

ʤʝʜʠʮʠʥʦʡ. ɺ [41] ʠʟʫʯʘʝʪʩʷ ʧʣʘʟʤʠʜʥʘʷ ɼʅʂ, ʩʚʷʟʘʥʥʘʷ ʩ ʙʦʣʝʟʥʴʶ ʤʝʥʠʥʛʠʪ. ɺ [19] 

ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʚ ʵʨʠʪʨʦʮʠʪʘʭ, 

ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʙʦʣʝʟʥʴʶ ʤʘʣʷʨʠʷ. ɺ [12] ʠʟʫʯʘʶʪʩʷ B-ʢʣʝʪʢʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ 

ʯʝʣʦʚʝʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʈʄ ï ʵʪʦ ʫʥʠʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʝʱʝ ʥʝ ʨʘʩʢʨʳʪʳ, ʪ.ʢ. ʜʦʩʪʠʛʥʫʪʦʝ ʨʘʟʨʝʰʝʥʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʭ 

ʪʨʸʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠ, ʩʦʩʪʘʚʣʷʝʪ 60-100 ʥʤ ʧʨʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʧʨʝʜʝʣʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʦʢ ʚŭʭ = 40-50 ʥʤ [9-

13,19].ʇʨʠʯʸʤ, 60 ʥʤ ʨʘʟʨʝʰʝʥʠʝ ʚ [9-11,19] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʚʳʩʦʢʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʜʦʩʪʫʧʥʦ ʥʝ ʜʣʷ ʚʩʝʭ ʠ 

ʥʝ ʚʩʝʛʜʘ, ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʦʬʠʢʩʘʮʠʠ ʦʙʨʘʟʮʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʝʪʦʩʠʣʳ ʠ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ʨʘʟʨʝʰʝʥʠʷ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʩʭʝʤʘ ʄʈʄ ʥʘ ʦʩʥʦʚʝ ʩʚʝʪʦʩʠʣʴʥʦʛʦ ʟʝʨʢʘʣʴʥʦʛʦ 

ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ (ʆʐ). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʠʧʠʯʥʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ NA=0.3 ʠ 

ʜʣʠʥʳ ʚʦʣʥʳ 3.37ʥʤ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʝʜʝʣ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ʈʝʣʝʷ ʩʦʩʪʘʚʣʷʝʪ 

ŭʭ=0.61ɚ/NA= 7 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 20%, ʘ ʛʣʫʙʠʥʘ ʬʦʢʫʩʘ DOF = ɚ/NA2 = 37.5 ʥʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ z-ʪʦʤʦʛʨʘʬʠʶ ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʦʤʝʪʨʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʇʦʵʪʦʤʫ 

ʜʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʄʈʄ ʥʘ ʦʩʥʦʚʝ ʆʐ. ʇʨʠʯʸʤ, ʘʩʬʝʨʠʟʘʮʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʦʙʲʝʢʪʠʚʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ: ʚ 20 ʨʘʟ ʥʘ ʧʦʣʝ 

ʟʨʝʥʠʷ 40 ʭ 40 ʤʢʤ2 ʠ ʚ 6 ʨʘʟ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 100 ʭ 100 ʤʢʤ2. 

ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʜʘʥʥʳʤ z-ʪʦʤʦʛʨʘʬʠʠ ʢʨʘʡʥʝ ʚʘʞʥʦ ʫʯʝʩʪʴ 

ʧʦʛʣʦʱʘʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʧʦ ʤʝʨʝ 

ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʛʣʫʙʴ ʦʙʨʘʟʮʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʩʧʘʜʘʝʪ. ʇʨʠʯʝʤ, ʘʧʝʨʪʫʨʘ 

ʦʙʲʝʢʪʠʚʘ ʙʦʣʴʰʘʷ (NA = 0.3), ʧʦʵʪʦʤʫ ʣʫʯʠ ʩʭʦʜʷʪʩʷ ʚ ʢʘʞʜʫʶ ʪʦʯʢʫ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ 

ʢʦʥʫʩʦʚ ʩ ʫʛʣʘʤʠ ʧʨʠ ʚʝʨʰʠʥʝ 35Á ʠ ʪʝʨʷʶʪ ʩʚʦʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʦʨʤʦʡ ʠ ʩʦʩʪʘʚʦʤ ʚʝʱʝʩʪʚʘ, ʚʩʪʨʝʯʘʶʱʝʛʦʩʷ ʥʘ ʧʫʪʠ ʣʫʯʝʡ. ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [82] ʆʪʦʥʦʤ ʠ ʜʨ. ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʜʣʷ ʥʠʟʢʦʘʧʝʨʪʫʨʥʳʭ 

ʄʈʄ ʥʘ ɿʇʌ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʢʦʥʫʩʥʦʝ ʩʭʦʞʜʝʥʠʝ ʣʫʯʝʡ, ʧʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʵʪʫ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ 

ʥʦʚʳʡ ʤʝʪʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ z-ʪʦʤʦʛʨʘʬʠʠ, ʢʦʪʦʨʘʷ ʚ ʄʈʄ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʧʝʨʚʳʝ. 

 

3.2 ʉʭʝʤʘ ʧʦʣʥʦʟʝʨʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʩ ʜʚʫʭʫʨʦʚʥʝʚʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ z-ʪʦʤʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʩ ʮʝʣʴʶ ʧʨʦʜʚʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʴ  

ʨʘʟʨʝʰʝʥʠʡ ʤʝʥʝʝ 60 ʥʤ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ 

ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʩ 1-2 ʤʠʥʫʪ [11-13] ʜʦ ʝʜʠʥʠʮ ʩʝʢʫʥʜ ʚ ʀʌʄ ʈɸʅ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʤʠʢʨʦʩʢʦʧ ʥʘ ʦʩʥʦʚʝ ʩʚʝʪʦʩʠʣʴʥʦʛʦ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʴʥʦʛʦ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ (ʆʐ) [ɸ1,ʊ1,ʊ5]. ɻʣʫʙʠʥʘ ʬʦʢʫʩʘ DOF = ɚ/NA2 = 37.5 ʥʤ (ɚ = 3.37 ʥʤ ï 

ʚʳʙʨʘʥʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ, NA = 0.3 ï ʯʠʩʣʦʚʘʷ ʘʧʝʨʪʫʨʘ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ) 
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ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ 1 - 10 ʤʠʢʨʦʥ, ʧʦʵʪʦʤʫ ʚ ʤʠʢʨʦʩʢʦʧʝ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ z-ʪʦʤʦʛʨʘʬʠʷ ʦʙʨʘʟʮʦʚ. ʈʝʥʪʛʝʥʦʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʠʢʨʦʩʢʦʧʘ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.1. ɺ ʣʘʟʝʨʥʦ-ʧʣʘʟʤʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʝʡ 

ʛʘʟʦʚʦʡ ʩʪʨʫʠ ʧʦʧʘʜʝʪ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʡ ʣʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩ. ʇʦʣʫʯʠʚʰʘʷʩʷ ʧʣʘʟʤʘ 

ʩʚʝʪʠʪ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʢʦʣʣʝʢʪʦʨ ʩ ʤʥʦʛʦʩʣʦʡʥʳʤ Cr/Sc ʧʦʢʨʳʪʠʝʤ 

ʦʪʨʘʞʘʝʪ ʥʘ ʦʙʨʘʟʝʮ ʚʳʙʨʘʥʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ 3.37 ʥʤ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʵʪʘʥʦʣ ʩ ʷʨʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʝʡ 5-ʪʠ ʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʉ-VI[37] ʠʣʠ ʘʨʛʦʥ ʩ ʷʨʢʠʤʠ ʣʠʥʠʷʤʠ ɸr-V ʠ Ar-VIII  [83]. ʆʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʠʤʝʝʪ ʜʚʫʭ ʫʨʦʚʥʝʚʦʝ ʫʚʝʣʠʯʝʥʠʝ. ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ ʩʪʨʦʠʪʩʷ ʥʘ 

ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʩ ʧʦʤʦʱʴʶ ʆʐ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 46 ʨʘʟ. YAG-ʉecʩʮʠʥʪʠʣʣʷʪʦʨ 

ʧʨʝʦʙʨʘʟʫʝʪ ʤʷʛʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʚʠʜʠʤʳʡ ʩʚʝʪ. ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʩʮʠʥʪʠʣʣʷʪʦʨʝ ʧʝʨʝʥʦʩʠʪʩʷ ʣʠʥʟʦʚʳʤ ʦʙʲʝʢʪʠʚʦʤ ʩʦ ʩʤʝʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ Ĭ1.96, Ĭ4.23 ʠ Ĭ20 ʥʘ ʇɿʉ ʤʘʪʨʠʮʫ. ʉʮʠʥʪʠʣʣʷʪʦʨ, ʣʠʥʟʦʚʳʡ ʦʙʲʝʢʪʠʚ ʠ 

ʇɿʉ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʦʤ ʢʦʨʧʫʩʝ ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.1ʘ, ʬʦʪʦ ʥʘ 

ʨʠʩ. 3.1ʙ). 

ʇʦʣʝ ʟʨʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ (7 Ĭ 8.5 ʤʤ2) ʠʩʧʦʣʴʟʫʝʤʦʡ ʇɿʉ-

ʤʘʪʨʠʮʦʡ (BMR-5000HM-UF, ʧʨʦʠʟʚ. çʅʇʂ, ɽʉ ʕʢʩʧʝʨʪʩè), ʜʝʣʝʥʥʳʤ ʥʘ ʦʙʱʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʩʢʦʧʘ (Ĭ90, Ĭ195, Ĭ920), ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 7.7Ĭ9.2 ʤʢʤ2 ʜʦ 79Ĭ95 ʤʢʤ2 

(ʪʘʙʣ. 3.1). ɺ ʨʘʙʦʪʝ [46] ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʧʦʣʝ ʟʨʝʥʠʷ 

ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ ʤʠʢʨʦʩʢʦʧʝ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.1ʚ, ʛʜʝ ʧʨʠʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʝ ʩʝʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʣʦʩ ʮʠʬʨʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ. ʇʨʝʜʝʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 0.65 ʤʢʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 

30% ʜʣʷ ʎɼ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʦʙʲʝʢʪʠʚ ʩ NA = 0.55, ʧʦʵʪʦʤʫ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʨʘʟʨʝʰʝʥʠʝ 

ʤʠʢʨʦʩʢʦʧʘ ʩʦʩʪʘʚʣʷʝʪ 0.65 ʤʢʤ / 46 å 14 ʥʤ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 7.7 Ĭ 9.2 ʤʢʤ2.ʈʘʩʯʸʪ ʚ 

Zemax ʧʦʢʘʟʳʚʘʝʪ, ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʜʠʬʨʘʢʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʧʪʠʢʠ ʢʦʥʪʨʘʩʪ 

ʧʦʣʦʩ ʰʠʨʠʥʦʡ 0.65 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ 40%, ʧʦʵʪʦʤʫ ʢʘʯʝʩʪʚʦ ʦʧʪʠʢʠ ʎɼ ʙʣʠʟʢʦ ʢ 

ʜʠʬʨʘʢʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʦʤʫ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʇɿʉ ʢʘʤʝʨʳ ʚ ʧʨʝʜʤʝʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ 3.45 ʤʢʤ / Ĭ920 = 3.75 ʥʤ, ʪ.ʝ. ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʇɿʉ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ. ʅʘ ʧʦʣʝ ʟʨʝʥʠʷ 79 Ĭ 95 ʤʢʤ2ʨʘʟʨʝʰʝʥʠʝ ʤʠʢʨʦʩʢʦʧʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ ʠ ʫʚʝʣʠʯʝʥʠʝʤ. ʈʘʟʤʝʨ ʧʠʢʩʝʣʷ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ 3.45 ʤʢʤ / Ĭ90 = 38 ʥʤ, ʘ ʜʚʝ ʪʦʯʢʠ ʦʙʲʝʢʪʘ ʚʠʜʥʳ ʨʘʟʜʝʣʴʥʦ, ʢʦʛʜʘ ʤʝʞʜʫ 

ʥʠʤʠ ʜʚʘ ʧʠʢʩʝʣʷ, ʧʦʵʪʦʤʫ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 79 Ĭ 95 ʤʢʤ2 ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 76 ʥʤ. 
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ʊʦʤʦʛʨʘʬʠʷ ʚ ʤʠʢʨʦʩʢʦʧʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʟʘ ʩʯʝʪ ʩʜʚʠʛʘ ʦʙʨʘʟʮʘ ʧʦ 

ʚʝʨʪʠʢʘʣʠ (ʚʜʦʣʴ ʦʩʠ z) ʩ ʧʦʤʦʱʴʶ ʧʴʝʟʦʢʝʨʘʤʠʢʠ. ʇʨʠʯʸʤ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ z-

ʪʦʤʦʛʨʘʬʠʠ ʚʳʛʦʜʥʦ ʠʤʝʪʴ ʧʨʦʝʢʮʠʦʥʥʳʡ ʦʙʲʝʢʪʠʚ ʩ ʙʦʣʴʰʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ, 

ʧʦʪʦʤʫ ʯʪʦ ʛʣʫʙʠʥʘ ʬʦʢʫʩʘ ʠ ʨʘʟʤʳʪʠʝ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ NA-2. 

ʀ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ z-ʪʦʤʦʛʨʘʬʠʠ 

ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʚ ʩʣʫʯʘʝ NA>> 0.1, ʢʘʢ ʨʘʟ ʠʟ-ʟʘ ʤʘʣʦʡ DOF.  ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʯʸʪ, ʥʘʯʠʥʘʷ ʩ NA = 0.3 ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ NA ʜʦ 0.4, 0.5 ʠ ʪ.ʜ. 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʤʳ 5-ʛʦ ʠ 7-ʛʦ ʧʦʨʷʜʢʦʚ, ʢʦʪʦʨʫʶ ʘʩʬʝʨʠʟʘʮʠʷ ʥʘ 

ʚʩʸʤ ʧʦʣʝ ʟʨʝʥʠʷ 100 ʤʢʤ  ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪ, ʠ ʨʘʟʨʝʰʝʥʠʝ ʧʘʜʘʝʪ. ɺ ʠʪʦʛʝ, ʜʣʷ 

ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭ46, ʢʦʪʦʨʦʝ ʩʦʛʣʘʩʦʚʘʥʦ ʩ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʷ 

ʇɿʉ ʜʝʪʝʢʪʦʨʘ,  ʦʧʪʠʤʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʚʘʷ ʘʧʝʨʪʫʨʘ 0.3.  

 

ʊʘʙʣʠʮʘ 3.1.ʇʘʨʘʤʝʪʨʳ ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʏʠʩʣʦʚʘʷ ʘʧʝʨʪʫʨʘ 

ʦʙʲʝʢʪʠʚʘ 

NA = 0.14 NA = 0.28 NA = 0.55 

ʋʚʝʣʠʯʝʥʠʝ 1.96 4.23 20 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʤʢʤ 

3.3 1 0.65 

ʇʦʣʝ ʟʨʝʥʠʷ ʥʘ 

ʦʙʨʘʟʮʝ, ʤʢʤ2 

79 Ĭ 95 36Ĭ44 7.7 Ĭ 9.2 
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ʈʠʩ. 3.1.ʘ) ʉʭʝʤʘ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʄʈʄ ʥʘ ʦʩʥʦʚʝ ʆʐ; ʙ) ʬʦʪʦ ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ: 1 

ï YAG:Ce ʩʮʠʥʪʠʣʣʷʪʦʨ, 2 - ʦʙʲʝʢʪʠʚ Mitutoyo Plan Apo (NA = 0.55), 3 ï ʦʧʨʘʚʘ ʩ 

ʠʟʦʙʨʘʞʘʶʱʝʡ ʣʠʥʟʦʡ, 4- ʇɿʉ ʢʘʤʝʨʘ BMR 1400; ʚ) ʀʟʦʙʨʘʞʝʥʠʝ ʪʝʩʪʦʚʳʭ ʧʦʣʦʩ ʩ 

ʰʠʨʠʥʦʡ 0.65 ʤʢʤ ʠ ʧʝʨʠʦʜʦʤ 1.3 ʤʢʤ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʮʠʬʨʦʚʦʤ ʜʝʪʝʢʪʦʨʝ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 633 ʥʤ (ɿʘʠʤ. ʠʟ [46]). 

 

3.3 ʈʘʩʯʸʪ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʩ ʘʩʬʝʨʠʟʘʮʠʝʡ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ 

 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ z-ʪʦʤʦʛʨʘʬʠʠ ʚʳʛʦʜʥʦ ʠʤʝʪʴ ʧʨʦʝʢʮʠʦʥʥʳʡ ʦʙʲʝʢʪʠʚ ʩ ʙʦʣʴʰʦʡ 

ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ z-ʪʦʤʦʛʨʘʬʠʠ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʚ 

ʩʣʫʯʘʝ NA>> 0.1, ʢʦʛʜʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩʨʝʟʦʚ ʦʙʨʘʟʮʘ ʧʦʯʪʠ ʥʝ ʨʘʟʤʳʚʘʶʪʩʷ ʚʜʦʣʴ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʤʠʢʨʦʩʢʦʧʘ.   

ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʯʠʪʘʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʬʝʨʠʯʝʩʢʠʡ ʛʝʪʝʨʦʮʝʥʪʨʠʯʝʩʢʠʡ ʦʙʲʝʢʪʠʚ 

ʐʚʘʨʮʰʠʣʴʜʘ ʩ NA = 0.3 ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 46 ʨʘʟ. ɺ ʩʬʝʨʠʯʝʩʢʦʤ ʆʐ ʟʘ ʩʯʸʪ ʧʦʜʙʦʨʘ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ ʠ ʨʘʜʠʫʩʦʚ ʢʨʠʚʠʟʥʳ ʫʜʘʸʪʩʷ ʯʘʩʪʠʯʥʦ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʩʬʝʨʠʯʝʩʢʫʶ ʘʙʝʨʨʘʮʠʶ 4-ʛʦ ʧʦʨʷʜʢʘ (w(ɟ) = 6ɟ4 - 6ɟ2 + 1) ʠ ʢʦʤʫ 3-ʛʦ ʧʦʨʷʜʢʘ (w(ɟ,ű) = 

(3ɟ2 ï 2) ɟ Ŀ cos(ű) ʠ w(ɟ,ű) = (3ɟ2 ï 2) ɟ Ŀ sin(ű)) [84]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʦʙʲʝʢʪʠʚʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʛʝʪʝʨʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʆʐ ʚ ʪʦʤ, 
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ʯʪʦ ʮʝʥʪʨʳ ʢʨʠʚʠʟʥʳ ʧʝʨʚʠʯʥʦʛʦ ʄ1 ʠ ʚʪʦʨʠʯʥʦʛʦ ʄ2 ʟʝʨʢʘʣ ʥʝ ʩʦʚʧʘʜʘʶʪ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʨʠʚʠʟʥʳ zM1 ʠ zM2ʦʙʦʟʥʘʯʠʤ ʟʘ d(ʨʠʩ. 3.2). 

 

ʈʠʩ. 3.2. ʆʙʲʝʢʪʠʚ ʐʚʘʨʮʰʠʣʴʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭ46 ʠ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ 0.3.  

ʘ) ï ʦʙʱʠʡ ʚʠʜ; ʙ) ï ʚ ʤʘʩʰʪʘʙʝ ʧʦʢʘʟʘʥʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʨʠʚʠʟʥʳ ʟʝʨʢʘʣ    

 

ʇʨʠʤʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʨʘʩʯʸʪʘ: ʨʘʜʠʫʩ ʧʝʨʚʠʯʥʦʛʦ ʚʦʛʥʫʪʦʛʦ 

ʟʝʨʢʘʣʘ R = 137.5 ʤʤ, ʨʘʜʠʫʩ ʚʪʦʨʠʯʥʦʛʦ ʚʳʧʫʢʣʦʛʦ ʟʝʨʢʘʣʘ r = 24 ʤʤ, ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʭ46:  

M åὤ / ὤ Ὠ = 46 (3.1) 

ɺ ʆʐ ʩʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ 4-ʛʦ ʧʦʨʷʜʢʘ ʠ ʢʦʤʘ 3-ʛʦ ʧʦʨʷʜʢʘ ʨʘʚʥʳ ʥʫʣʶ [84], ʪ.ʝ. 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ:  

˞ ˞ φ˞ πȟ (3.2) 

ʛʜʝ 

ὥ ρ Ὠ
ς

Ὑ

ρ

ὤ
ȠὶӶ

ὶ

ὥ
Ƞ ˞  

ς

ὶӶ

ς

Ὑ

ρ

ὤ
Ƞ 

ὅӶ 
Ӷ

ȠὅӶ  Ƞὤ
Ӷ
 , (3.3) 

ʛʜʝ ὤ - ʨʘʩʩʪʦʷʥʠʝ ʦʪ zM1ʜʦ ʠʟʦʙʨʘʞʝʥʠʷ, ὤ- ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʨʘʟʮʘ ʜʦ zM2 (ʩʤ. ʨʠʩ. 

3.2ʙ), r ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʚʳʧʫʢʣʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ, R ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʚʦʛʥʫʪʦʛʦ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ. ʇʦʩʣʝ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (3.1)-(3.3), 

ʧʦʣʫʯʠʤ:  ὤ = 21.5 ʤʤ, ὤ  = 745.5 ʤʤ, d = 5.3 ʤʤ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ NA = 0.3, 

ʜʠʘʤʝʪʨ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ D = 100 ʤʤ ʠ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ d = 5 ʤʤ ʟʘʜʘʚʘʣʠʩʴ ʚ 
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ʧʨʦʛʨʘʤʤʝ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ Zemax [85]. ʇʦʩʣʝ ʤʠʥʠʤʠʟʘʮʠʠ ʚ Zemax ʦʮʝʥʦʯʥʦʡ 

ʬʫʥʢʮʠʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ  ὤ, ὤ  ʠ d ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ M = 46, ʙʳʣʠ 

ʚʥʝʩʝʥʳ ʥʝʙʦʣʴʰʠʝ ʧʦʧʨʘʚʢʠ ʚ ʨʘʩʯʸʪ: ὤ = 21.525 ʤʤ, ὤ  = 738.434 ʤʤ ʠ d = 4.195 ʤʤ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (3.1) ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʠʤ ʪʦʣʴʢʦ ʜʣʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ, 

ʢʦʛʜʘ d = 0, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪ ʤʠʥʠʤʠʟʘʮʠʠ ʚ Zemax ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʯʝʪʘ. 

ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ NA = 0.3 ʦʩʪʘʪʦʯʥʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ 4-ʛʦ ʠ 6-

ʛʦ ʧʦʨʷʜʢʘ (ʢʦʵʬ. Z9 ʠ Z16 ʚ ʪʘʙʣ.3.2), ʘ ʪʘʢʞʝ ʢʦʤʘ 3-ʛʦ ʠ 5-ʛʦ ʧʦʨʷʜʢʘ (ʢʦʵʬ. Z8 ʠ Z15 

ʪʘʙʣ.3.2) ʜʘʶʪ ʜʠʘʤʝʪʨʳ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʦʢʦʣʦ 6 ʤʢʤ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 100 

ʤʢʤ (ʨʠʩ. 3.3). (ʇʦʜ ʜʠʘʤʝʪʨʘʤʠ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʧʦʥʠʤʘʶʪʩʷ ʟʥʘʯʝʥʠʷ  2ĿRMSradius, 

ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʠʩ. 3.3 ï 3.6 ʠ ʚ ʢʦʪʦʨʳʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ 80% 

ʵʥʝʨʛʠʠ). ɼʠʘʤʝʪʨ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʚ 6 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʝʰʝʥʠʶ ʚ ʦʙʲʝʢʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʆʐ ʧʨʠʤʝʨʥʦ, ʨʘʚʥʦʤʫ 6 ʤʢʤ / 46 = 130 ʥʤ, ʯʪʦ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʥʝ ʛʦʜʠʪʩʷ. 

 

ʊʘʙʣʠʮʘ 3.2. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʘʙʝʨʨʘʮʠʡ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʩ NA = 0.3 ʥʘ ʢʨʘʶ ʧʦʣʷ ʟʨʝʥʠʷ. 
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ʈʠʩ. 3.3. ʇʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʭ46 ʩ NA = 0.3 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ. ʉʠʥʝʝ 

ʧʷʪʥʦ ï ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ (r = 0 ʤʢʤ), ʢʨʘʩʥʦʝ ï r = 5 ʤʢʤ, ʟʝʣʸʥʦʝ ï r = 20 ʤʢʤ, 

ʞʸʣʪʦʝ ï r = 50 ʤʢʤ. RMSradius ï ʨʘʜʠʫʩ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ, ʚ ʢʦʪʦʨʦʤ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ 80% ʵʥʝʨʛʠʠ (ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʮʝʥʪʨʦʚ ʧʦʣʝʚʳʭ ʪʦʯʝʢ). GEOradius ï 

ʨʘʜʠʫʩ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ, ʚ ʢʦʪʦʨʦʤ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ 100% ʵʥʝʨʛʠʠ.  

 

ʋʤʝʥʴʰʝʥʠʝ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʜʦ NA = 0.2, ʢʘʢ ʚ ʨʘʙʦʪʝ [45], ʫʤʝʥʴʰʘʝʪ 

ʩʬʝʨʠʯʝʩʢʫʶ ʘʙʝʨʨʘʮʠʶ 4-ʛʦ ʠ 6-ʛʦ ʧʦʨʷʜʢʘ ʚ 12 ʨʘʟ, ʘ ʢʦʤʫ 3-ʛʦ ʠ 5-ʛʦ ʧʦʨʷʜʢʘ ʚ 8 ʨʘʟ. 

ɺ ʠʪʦʛʝ, ʨʘʟʤʝʨ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ (ʙʝʟ ʫʯʝʪʘ ʜʠʬʨʘʢʮʠʠ)~ 0.8 ʤʢʤ (ʨʠʩ. 3.4) ʤʝʥʴʰʝ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʜʠʘʤʝʪʨʦʤ ʢʨʫʞʢʘ ʕʡʨʠ ʚ 1 ʤʢʤ. ʊʘʢʦʡ 

ʦʙʲʝʢʪʠʚ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʠʢʨʦʩʢʦʧʠʠ, ʥʦ ʩʚʝʪʦʩʠʣʘ  ʤʘʣʘ. ɸ, 

ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʛʣʫʙʠʥʘ ʬʦʢʫʩʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ NA-2 ʩʦʩʪʘʚʣʷʝʪ 85 ʥʤ, ʧʦʵʪʦʤʫ, ʢʘʢ 

ʩʪʘʥʝʪ ʷʩʥʦ ʠʟ ʨʘʟʜʝʣʘ 3.9 ʜʘʥʥʦʡ ʛʣʘʚʳ, ʨʘʟʨʝʰʝʥʠʝ ʣʫʯʰʝ ~ 85 ʥʤ ʧʦʣʫʯʠʪʴ ʥʝ 

ʫʜʘʩʪʩʷ.    
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ʈʠʩ. 3.4. ʇʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʭ46 ʩ NA = 0.2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ. ʉʠʥʝʝ 

ʧʷʪʥʦ ï ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ (r = 0 ʤʢʤ), ʢʨʘʩʥʦʝ ï r = 5 ʤʢʤ, ʟʝʣʸʥʦʝ ï r = 20 ʤʢʤ, 

ʞʸʣʪʦʝ ï r = 50 ʤʢʤ. ʂʨʫʞʦʢ ʕʡʨʠ ʧʦʢʘʟʳʚʘʝʪ ʜʠʬʨʘʢʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʳʡ  ʨʘʟʤʝʨ 

ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ (ɚ = 3.37 ʥʤ) ʚ ʩʣʫʯʘʝ ʙʝʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ, ʚ ʢʦʪʦʨʦʤ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ 80% ʵʥʝʨʛʠʠ. 

 

 ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʚ ʚʳʩʦʢʦʘʧʝʨʪʫʨʥʦʤ ʆʐ ʩ ʯʠʩʣʦʚʦʡ 

ʘʧʝʨʪʫʨʦʡ NA = 0.3 ʚ ʧʨʦʛʨʘʤʤʝ Zemax ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʘʩʬʝʨʠʟʘʮʠʷ ʧʝʨʚʠʯʥʦʛʦ 

ʟʝʨʢʘʣʘ. ʇʦʣʦʞʝʥʠʝ ʟʝʨʢʘʣ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ ʜʣʷ ʘʩʬʝʨʠʟʘʮʠʠ ʟʘʜʘʚʘʣʠʩʴ 

ʧʝʨʝʤʝʥʥʳʤʠ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʪʦʷʥʥʳʤ: M = 46. ʄʠʥʠʤʠʟʠʨʦʚʘʣʘʩʴ ʦʮʝʥʦʯʥʘʷ 

ʬʫʥʢʮʠʷ (ʆʌ), ʧʨʠʥʠʤʘʶʱʘʷ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ 

ʯʝʪʳʨʸʭ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʜʣʷ ʧʦʣʝʚʳʭ ʪʦʯʝʢ ʩ r = 0, 5, 20, 50 ʤʢʤ. ʇʨʠʥʮʠʧ 

ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʪʝʨʘʮʠʦʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʪʨʘʩʩʠʨʦʚʢʝ ʣʫʯʝʡ 

ʧʦ ʟʘʢʦʥʫ ʉʥʝʣʣʠʫʩʘ ʠ ʚʳʯʠʩʣʝʥʠʠ ʟʥʘʯʝʥʠʷ ʆʌ. ɽʩʪʴ ʜʚʘ ʨʝʞʠʤʘ: ʦʙʳʯʥʘʷ ʠ hammer 

ʤʠʥʠʤʠʟʘʮʠʷ. ʇʨʠ ʦʙʳʯʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʢʘʞʜʦʝ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʝʜʳʜʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʆʌ, 
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ʧʦʵʪʦʤʫ ʝʩʪʴ ʨʠʩʢ çʩʚʘʣʠʪʴʩʷè ʚ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʆʌ. ʇʨʠ hammer ïʤʠʥʠʤʠʟʘʮʠʠ, 

ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʡ, ʥʦ ʠʱʝʪʩʷ ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʆʌ ʟʘ ʩʯʸʪ 

ʧʨʠʜʘʥʠʷ ʧʘʨʘʤʝʪʨʘʤ ʩʣʫʯʘʡʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʤʠʥʠʤʠʟʘʮʠʠ ʆʌ ʩʪʘʣʦ: ὤ = 

43.853 ʤʤ, ὤ  = 846.373 ʤʤ ʠ d = 11.264 ʤʤ ʠʣʠ ʚ ʨʘʩʩʪʦʷʥʠʷʭ, ʧʨʠʥʷʪʳʭ ʚ Zemax, 

l1(ʦʙʨʘʟʝʮ ï ʄ1) = 170.089 ʤʤ, l2(ʄ2 ï ʄ1) = 102.236 ʤʤ, l3(ʄ2 ï ʠʟʦʙʨʘʞʝʥʠʝ) = 

811.109 ʤʤ. ʊʘʢʞʝ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ ʘʩʬʝʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ ʄ1.  

ʇʦʜ ʪʝʨʤʠʥʦʤ ʘʩʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ɸʇ) ʧʦʥʠʤʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʪʢʣʦʥʝʥʠʝ ʢʦʪʦʨʦʡ( )asphz r  ʦʪ ʚʝʨʰʠʥʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ( )sphz r  

ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʠʥʦʤʘʤʠ ʚ ʚʠʜʝ: 
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ʛʜʝ n ï ʧʦʨʷʜʦʢ ʘʩʬʝʨʠʟʘʮʠʠ, r ï ʨʘʜʠʫʩʳ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʜʦ 

ʦʩʠ ʚʨʘʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ), Ŭi, ɸi ï ʚʳʯʠʩʣʷʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ,  ɟ = r/rmax ï ʨʘʜʠʫʩʳ 

ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʧʦʚʝʨʭʥʦʩʪʠ, Z(ɟ,ű) ï 

ʧʦʣʠʥʦʤʳ ʎʝʨʥʠʢʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʘʙʝʨʨʘʮʠʠ: ʩʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ, ʢʦʤʘ, 

ʘʩʪʠʛʤʘʪʠʟʤ ʠ ʘʙʝʨʨʘʮʠʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ [86], ű ï ʘʟʠʤʫʪʘʣʴʥʳʝ ʫʛʣʳ ʪʦʯʝʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʚʝʨʰʠʥʥʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ 

ʧʣʦʩʢʦʩʪʠ: 
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ʛʜʝ ʩ ï ʢʨʠʚʠʟʥʘ, 1/c R= , R ï ʨʘʜʠʫʩ ʚʝʨʰʠʥʥʦʡ ʩʬʝʨʳ.  

 ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʘʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ 

ʄ1 ʙʳʣʠ ʥʘʡʜʝʥʳ: Ŭ2 = - 2.526 Ŀ 10-5, Ŭ4 = - 2.075 Ŀ 10-10, Ŭ6 = - 2.672 Ŀ 10-15. ʇʷʪʥʘ 

ʬʦʢʫʩʠʨʦʚʢʠ ʆʐ Ĭ46 ʩ ʘʩʬʝʨʠʯʝʩʢʠʤ ʄ1 6-ʛʦ ʧʦʨʷʜʢʘ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 100 ʤʢʤ ʠʤʝʶʪ 

ʜʠʘʤʝʪʨʳ 0.22 ï 0.95 ʤʢʤ (ʨʠʩ. 3.5). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ (ʩʠʥʝʝ ʧʷʪʥʦ ʥʘ 

ʨʠʩ. 3.6) ʨʘʟʤʝʨ ʧʷʪʥʘ ʥʝ ʨʘʚʝʥ ʥʫʣʶ ʥʝ ʠʟ-ʟʘ ʦʩʪʘʪʦʯʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ, ʘ ʠʟ-

ʟʘ ʚʳʛʦʜʥʦʡ ʥʝʙʦʣʴʰʦʡ ʜʝʬʦʢʫʩʠʨʦʚʢʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʜʣʷ 

ʢʣʶʯʝʚʳʭ ʧʦʣʝʚʳʭ ʪʦʯʝʢ, ʠ ʜʝʬʦʢʫʩʠʨʦʚʢʘ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʢʦʤʫ ʜʣʷ ʢʨʘʡʥʠʭ 

ʧʦʣʝʚʳʭ ʪʦʯʝʢ (ʟʝʣʝʥʦʝ ʠ ʞʝʣʪʦʝ ʧʷʪʥʘ ʥʘ ʨʠʩ. 3.5). ɼʠʘʤʝʪʨʳ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ 
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ʩʦʩʪʘʚʠʣʠ 0.22 ï 0.34, ʯʪʦ ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ ʢʨʫʞʢʘ ʕʡʨʠ 0.63 ʤʢʤ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 40 

ʤʢʤ, ʪ.ʝ. ʥʘ ʵʪʦʤ ʧʦʣʝ ʟʨʝʥʠʷ ʨʘʟʨʝʰʝʥʠʝ ʆʐ ʦʛʨʘʥʠʯʝʥʥʦ ʥʝ ʘʙʝʨʨʘʮʠʷʤʠ, ʘ 

ʜʠʬʨʘʢʮʠʝʡ. ʅʘ ʧʦʣʝ ʟʨʝʥʠʷ 100 ʤʢʤ ʜʠʘʤʝʪʨ ʧʷʪʥʘ 0.96 ʤʢʤ, ʧʦʵʪʦʤʫ ʨʘʟʨʝʰʝʥʠʝ ʆʐ 

ʪʘʢʞʝ ʙʣʠʟʢʦ ʢ ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʩʪʘʪʦʯʥʳʭ ʘʙʝʨʨʘʮʠʡ ʙʣʠʟʢʠ ʢ ʥʫʣʶ 

(ʪʘʙʣ.3.3). ʂʦʵʬʬʠʮʠʝʥʪ Z4, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʜʝʬʦʢʫʩʠʨʦʚʢʫ, ʨʘʚʝʥ 0.3 ʧʦ ʧʨʠʯʠʥʝ 

ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʤʳ ʥʘ ʢʨʘʶ ʧʦʣʷ ʥʝʙʦʣʴʰʦʡ ʜʝʬʦʢʫʩʠʨʦʚʢʦʡ. ʂʦʵʬʬʠʮʠʝʥʪ Z3 = -0.36, 

ʦʪʚʝʯʘʝʪ ʟʘ ʩʤʝʱʝʥʠʝ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʠʩʪʦʨʩʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʛʦ 4Ŀ10-4 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʩʬʝʨʠʟʘʮʠʷ 6-ʛʦ ʧʦʨʷʜʢʘ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʫʤʝʥʴʰʠʣʘ ʝʛʦ ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʚ 20 ʨʘʟ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 10 ʤʢʤ: ʩ 6 

ʤʢʤ ʜʦ 0.22 ï 0.34 ʤʢʤ ʠ ʚ 6 ʨʘʟ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 100 ʤʢʤ: ʩ 6 ʤʢʤ ʜʦ 0.96 ʤʢʤ. 

 

ʊʘʙʣʠʮʘ 3.3. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʘʙʝʨʨʘʮʠʡ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʩ ʘʩʬʝʨʠʯʝʩʢʠʤ ʧʝʨʚʠʯʥʳʤ ʟʝʨʢʘʣʦʤ 6-ʛʦ ʧʦʨʷʜʢʘ ʩ NA = 0.3 ʥʘ ʢʨʘʶ 

ʧʦʣʷ ʟʨʝʥʠʷ. 

 

 



78 

 

 

ʈʠʩ. 3.5. ʇʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʭ46 ʩ NA = 0.3 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ. ʉʠʥʝʝ 

ʧʷʪʥʦ ï ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ (r = 0 ʤʢʤ), ʢʨʘʩʥʦʝ ï r = 5 ʤʢʤ, ʟʝʣʸʥʦʝ ï r = 20 ʤʢʤ, 

ʞʸʣʪʦʝ ï r = 50 ʤʢʤ (ʜʠʘʤʝʪʨ ʧʦʣʷ ʟʨʝʥʠʷ 100 ʤʢʤ).  

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʧʳʪʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɸʇ ʥʠʞʝ 6-ʛʦ ʧʦʨʷʜʢʘ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʢ 

ʯʘʩʪʠʯʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ 6-ʛʦ ʧʦʨʷʜʢʘ ʠ ʢʦʤʳ 5-ʛʦ ʧʦʨʷʜʢʘ, 

ʧʦʵʪʦʤʫ ʨʘʟʤʝʨ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʙʦʣʴʰʝ ʥʘ 10% ʚ ʩʣʫʯʘʝ ʩ ʘʩʬʝʨʠʟʘʮʠʝʡ 4-ʛʦ 

ʧʦʨʷʜʢʘ ʠ ʙʦʣʴʰʝ ʚ 3-10 ʨʘʟ ʚ ʩʣʫʯʘʝ ʩ ʘʩʬʝʨʠʟʘʮʠʝʡ 2-ʛʦ ʧʦʨʷʜʢʘ. ɸʩʬʝʨʠʟʘʮʠʷ 8-ʛʦ ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʠʚʝʣʘ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʜʦ 0.4 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʬʝʨʠʯʝʩʢʦʡ 

ʘʙʝʨʨʘʮʠʠ ʠ ʢʦʤʳ ʚ 5-7 ʨʘʟ. ʉʬʝʨʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʠʤʝʝʪ ʦʩʝʚʫʶ ʩʠʤʤʝʪʨʠʶ, ʧʦʵʪʦʤʫ 

ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʘʩʬʝʨʠʟʘʮʠʝʡ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ. ʂʦʤʘ ʞʝ ʥʝ ʠʤʝʝʪ 

ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ, ʧʦʵʪʦʤʫ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʘʩʬʝʨʠʟʘʮʠʝʡ ʟʝʨʢʘʣʘ ʄ1 ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʢʦʤʫ 3-ʛʦ, 5-ʛʦ ʠ 7-ʛʦ ʧʦʨʷʜʢʘ ʫʤʝʥʴʰʘʶʪʩʷ ʚʩʝʛʦ ʚ 2 

ʨʘʟʘ. ɺ ʠʪʦʛʝ, ʚ ʘʩʬʝʨʠʯʝʩʢʦʤ ʆʐ ʩ NA=0.4 (ʨʠʩ. 3.6) ʜʠʘʤʝʪʨʳ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ 

ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʘʩʬʝʨʠʯʝʩʢʦʤ ʆʐ ʩ NA = 0.3, ʯʪʦ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ 

ʫʞʝ ʥʝ ʜʦʧʫʩʪʠʤʦ. ɼʣʷ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʆʐ ʩ NA = 0.5 ʧʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʝʱʸ ʚ 2 ʨʘʟʘ 

ʙʦʣʴʰʝ. ɸʩʬʝʨʠʟʘʮʠʷ 8-ʛʦ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʆʐ ʩ NA = 0.4 ʠ 0.5 ʪʘʢʞʝ ʥʝ 
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ʧʨʠʚʝʣʘ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʠ ʘʢʩʠʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʚʘʪʴ NA ʦʙʲʝʢʪʠʚʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʣʝ ʟʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ʈʠʩ. 3.6. ʇʷʪʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʘʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ ʭ46 ʩ NA = 0.4 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ. ʉʠʥʝʝ 

ʧʷʪʥʦ ï ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ (r = 0 ʤʢʤ), ʢʨʘʩʥʦʝ ï r = 5 ʤʢʤ, ʟʝʣʸʥʦʝ ï r = 20 ʤʢʤ, 

ʞʸʣʪʦʝ ï r = 50 ʤʢʤ.  

 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʧʝʨʪʫʨʳ ʦʙʲʝʢʪʠʚʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʲʸʤ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʩʬʝʨʠʟʘʮʠʠ ʟʝʨʢʘʣʘ ʄ1. ɼʣʷ NA = 0.3 ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʲʸʤ 1.65 ʤʢʤ, ʜʣʷ 

NA = 0.4 ï ʩʲʸʤ 5.5 ʤʢʤ, NA = 0.5 ï ʩʲʸʤ 16.3 ʤʢʤ. 

ʋʯʠʪʳʚʘʷ ʞʝʣʘʝʤʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʨʘʟʤʝʨʘ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ, 

ʥʝʦʙʭʦʜʠʤʳʡ ʨʘʟʤʝʨ ʧʦʣʷ ʟʨʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʲʸʤ ʤʘʪʝʨʠʘʣʘ, ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ 

ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʆʐ ʭ46 ʩ NA = 0.3. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚ ʤʠʢʨʦʩʢʦʧʝ ʜʚʫʭʫʨʦʚʥʝʚʦʝ: ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʟʘ 

ʩʯʸʪ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʚ 46 ʨʘʟ, ʥʘ ʚʪʦʨʦʤ ï ʟʘ ʩʯʸʪ ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩʦ 

ʩʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 1.96 ï 20 ʨʘʟ. ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʆʐ ʩ NA = 0.3 ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 10 

ʤʢʤ ʨʘʟʨʝʰʘʶʪʩʷ ʧʦʣʦʩʳ ʧʝʨʠʦʜʦʤ 8 ʥʤ ʠ ʢʦʥʪʨʘʩʪʦʤ 30% (ʨʠʩ. 3.7a). ʇʨʠ ʵʪʦʤ ʥʘ ʇɿʉ 

ʤʘʪʨʠʮʝ ʟʘʩʚʝʯʠʚʘʶʪʩʷ ʧʦʣʦʩʳ ʩ ʰʠʨʠʥʦʡ ʚ 1 ʧʠʢʩʝʣ ɹʠ ʧʝʨʠʦʜʦʤ ʚ 2 ʧʠʢʩʝʣʷ, ʧʦʪʦʤʫ 
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ʯʪʦ 8 ʥʤ Ŀ Ĭ920 å7.3 ʤʢʤ å 2 ʧʠʢʩʝʣʷ ʩ ʨʘʟʤʝʨʦʤ 3.45 ʤʢʤ. ʅʘ ʧʦʣʝ ʟʨʝʥʠʷ 40 ʤʢʤ 

ʨʘʟʨʝʰʘʶʪʩʷ ʧʦʣʦʩʳ ʩ ʰʠʨʠʥʦʡ 18 ʥʤ ʠ ʧʝʨʠʦʜʦʤ 36 ʥʤ ʩ ʢʦʥʪʨʘʩʪʦʤ 90% (ʨʠʩ. 3.7ʙ). 

ʇʨʠ ʵʪʦʤ ʥʘ ʇɿʉ ʤʘʪʨʠʮʝ ʰʠʨʠʥʘ ʧʦʣʦʩ ʩʦʩʪʘʚʣʷʝʪ 18 ʥʤ Ŀ Ĭ195 å 3.5 ʤʢʤ å 1 ʧʠʢʩʝʣʴ, 

ʘ ʧʝʨʠʦʜ ʧʦʣʦʩ ï 2 ʧʠʢʩʝʣʷ. ʅʘ ʧʦʣʝ ʟʨʝʥʠʷ 100 ʤʢʤ ʨʘʟʨʝʰʘʶʪʩʷ ʧʦʣʦʩʳ ʩ ʰʠʨʠʥʦʡ 38 

ʥʤ ʠ ʧʝʨʠʦʜʦʤ 76 ʥʤʩ ʢʦʥʪʨʘʩʪʦʤ 97% (ʨʠʩ.3.7ʙ). ʇʨʠ ʵʪʦʤ ʥʘ ʇɿʉ ʤʘʪʨʠʮʝ ʰʠʨʠʥʘ 

ʧʦʣʦʩ ʩʦʩʪʘʚʣʷʝʪ 38 ʥʤ Ŀ Ĭ90 å 3.45 ʤʢʤ = 1 ʧʠʢʩʝʣ,ɹ ʘ ʧʝʨʠʦʜ ʧʦʣʦʩ ï 2 ʧʠʢʩʝʣʷ. ɺ 

ʩʣʫʯʘʝ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʆʐ ʨʘʟʨʝʰʝʥʠʝ ʙʳʣʦ ʙʳ ʚ 6 ï 20 ʨʘʟ ʭʫʞʝ.  

ɺ ʪʘʙʣ.3.4 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʆʐ, ʚʦʛʥʫʪʦʝ ʟʝʨʢʘʣʦ ʄ1 ï ʘʩʬʝʨʠʯʝʩʢʦʝ, ʘ 

ʚʳʧʫʢʣʦʝ ʟʝʨʢʘʣʦ ʄ2 - ʩʬʝʨʠʯʝʩʢʦʝ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʦʙʨʘʟʮʘ ʠ 

ʧʣʦʩʢʦʩʪʴʶ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 879 ʤʤ (ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣ. 3.4), ʯʪʦ ʜʝʣʘʝʪ ʧʦʣʥʫʶ 

ʚʳʩʦʪʫ ʤʠʢʨʦʩʢʦʧʘ ʩ ʫʯʸʪʦʤ ʩʠʩʪʝʤʳ ʟʘʩʚʝʪʢʠ ʦʙʨʘʟʮʘ ʠ ʛʘʙʘʨʠʪʦʚ ʮʠʬʨʦʚʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʦʢʦʣʦ 1.5 ʤʝʪʨʦʚ. ʉ ʫʯʸʪʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʚʠʙʨʦ ʠʟʦʣʠʨʫʶʱʝʛʦ ʩʪʦʣʘ, ʥʘ 

ʢʦʪʦʨʦʤ ʤʠʢʨʦʩʢʦʧ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ, ʚʳʩʦʪʘ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 2.5 ʤʝʪʨʦʚ. 

 

ʊʘʙʣʠʮʘ 3.4. ʇʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ x46 ʩ NA = 0.3 

 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ 

ʩʣʝʜʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ, ʤʤ 

ʈʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ, ʤʤ 

ɼʠʘʤʝʪʨ, 

ʤʤ 

ʆʙʨʘʟʝʮ 170.089 Ḓ 0.1  

ɿʝʨʢʘʣʦ ʄ1 102.236 137.5 100 

ɿʝʨʢʘʣʦ ʄ2 811.109 - 24 10 

ʀʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʩʮʠʥʪʠʣʣʷʪʦʨʝ 
- Ḓ 4.4 

 

 

ʈʠʩ. 3.7. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʣʦʩ ʦʙʲʝʢʪʠʚʦʤ ʐʚʘʨʮʰʠʣʴʜʘ ʩ NA = 0.3 ʚ ʦʙʲʝʢʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʮʠʬʨʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ: ʘ) ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 10 ʤʢʤ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʦʩ ʚ ʦʙʲʝʢʪʥʦʡ 

ʧʣʦʩʢʦʩʪʠ 8 ʥʤ ʠ ʰʠʨʠʥʦʡ 4 ʥʤ;ʙ) ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 40 ʤʢʤ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʦʩ ʚ ʦʙʲʝʢʪʥʦʡ 
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ʧʣʦʩʢʦʩʪʠ 36 ʥʤ ʠ ʰʠʨʠʥʦʡ 18 ʥʤ; ʚ) ʥʘ ʧʦʣʝ ʟʨʝʥʠʷ 100 ʤʢʤ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʦʩ ʚ 

ʦʙʲʝʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ 76 ʥʤ ʠ ʰʠʨʠʥʦʡ 38 ʥʤ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʤʠʢʨʦʩʢʦʧʘ ʭ920 ʦʙʲʝʢʪʠʚ 

ʐʚʘʨʮʰʠʣʴʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʚʫʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 8 ʥʤ ʩ 

ʢʦʥʪʨʘʩʪʦʤ 30%.  

 

3.4 ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʩʬʝʨʠʟʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ 

ʟʝʨʢʘʣʘ ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʦʪ ʝʛʦ ʫʚʝʣʠʯʝʥʠʷ 

 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʩʚʷʟʘʥʳ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʩʬʝʨʠʟʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ ʟʝʨʢʘʣʘ 

ʦʙʲʝʢʪʠʚʘ ʐʚʘʨʮʰʠʣʴʜʘ ʦʪ ʝʛʦ ʫʚʝʣʠʯʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʩʬʝʨʠʟʘʮʠʠ ʦʧʨʝʜʝʣʠʤ 

ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ ʜʠʘʤʝʪʨʘ ʧʷʪʝʥ ʬʦʢʫʩʠʨʦʚʢʠ ʜʦ ʘʩʬʝʨʠʟʘʮʠʠ 

ʢ ʩʨʝʜʥʝʤʫ ʜʠʘʤʝʪʨʫ ʧʦʩʣʝ ʘʩʬʝʨʠʟʘʮʠʠ. ɿʘʜʘʜʠʤʩʷ ʧʦʣʥʦʡ ʜʣʠʥʦʡ ʩʠʩʪʝʤʳ 1 ʤʝʪʨ ʠ 

ʨʘʩʩʯʠʪʘʝʤ ʛʦʤʦʮʝʥʪʨʠʯʝʩʢʠʝ ʆʐ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭ25, ʭ50, ʭ75, ʭ100. ʋʚʝʣʠʯʝʥʠʝ 

ʛʦʤʦʮʝʥʪʨʠʯʝʩʢʦʛʦ (ʚ ʢʦʪʦʨʦʤ ʮʝʥʪʨʳ ʢʨʠʚʠʟʥʳ ʟʝʨʢʘʣ ʩʦʚʧʘʜʘʶʪ) ʆʐ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʜʠʫʩʦʚ ʢʨʠʚʠʟʥʳ ʟʝʨʢʘʣ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [45]:  

ὓ   (3.6) 

ʀʟ (3.31) ʧʦʣʫʯʘʝʤ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʥʝʠʟʚʝʩʪʥʳʤ R2. ɺʳʨʘʞʘʝʤ R2 ʯʝʨʝʟ R1 ʠ 

ʟʘʜʘʥʥʳʡ ʄ: 

2 2 2 2
1 1 1

2

2 2

R (2M'+1) ± R (2M'+1) - 4M' R
R = (3.7)

2M'

M' = (M -1) / (M +1)

ë
î
ì
î
í

 

ɼʘʣʝʝ ʤʝʪʦʜʦʤ ʧʝʨʝʙʦʨʘ ʧʦ R1 ʠʟ ʠʥʪʝʨʚʘʣʘ ʦʪ 1 ʜʦ 1000 ʤʤ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʄ ʩʪʨʦʠʤ ʛʨʘʬʠʢ L(R1) ʧʦ ʬʦʨʤʫʣʝ: 

0

1 2
0

1 2 1 2

L = (M +1) Z

R R
Z = , (3.8)

R - R + R R

Öë
î
ì
î
í

 

ʠ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʵʪʦʤʫ ʛʨʘʬʠʢʫ ʥʝʠʟʚʝʩʪʥʳʡ R1, ʜʣʷ ʢʦʪʦʨʦʛʦ L = 1000 ʤʤ. 

ɿʘʪʝʤ, R2 ʥʘʭʦʜʠʤ ʠʟ ʨʝʰʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3.7). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ 

ʄ = 25, 50, 75, 100 ʥʘʭʦʜʷʪʩʷ R1 ʠ R2 ʠ Z0 (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʘ ʜʦ ʮʝʥʪʨʘ 
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ʢʨʠʚʠʟʥʳ ʟʝʨʢʘʣ), ʪʘʢʠʝ, ʯʪʦ L = 1000 ʤʤ. ɺ ʪʘʙʣ.3.5 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʆʐ ʩ NA = 

0.3 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʡ ʄ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʩʬʝʨʠʟʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ 

ʟʝʨʢʘʣʘ ʆʐ. ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʩʬʝʨʠʟʘʮʠʠ ʪʝʤ ʚʳʰʝ, ʯʝʤ 

ʤʝʥʴʰʝ ʫʚʝʣʠʯʝʥʠʝ. ɼʣʷ ʄ = 25 ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʩʬʝʨʠʟʘʮʠʠ ʨʘʚʥʘ 33, ʜʣʷ ʄ = 100 ʦʥʘ 

ʨʘʚʥʘ 3. 

 

ʊʘʙʣʠʮʘ 3.5 

ʋʚʝʣʠʯʝʥʠʝ ʄ 25 50 75 100 

R1, ʤʤ 135 66 44 32.5 

R2, ʤʤ 45.3 24.3 16.4 12.2 

Z0, ʤʤ 38.6 19.6 13.2 9.8 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʘʩʬʝʨʠʟʘʮʠʠ - 

Ὀ̕ ̏Ȣ̠̋̐̓̆̎
̒̆̕Ȣ̨̑˥

Ὀ̕ ̏Ȣ̠̋̐̓̆̎
́̒̆̑̕Ȣ̨  ˥

33 10 5 3 

   

3.5 ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ ʢʣʝʪʦʢ ʚ ʤʠʢʨʦʩʢʦʧʘʭ ʥʘ ʟʦʥʥʳʭ 

ʧʣʘʩʪʠʥʢʘʭ ʧʦ ʤʝʪʦʜʫ ʦʙʨʘʪʥʳʭ ʧʨʦʝʢʮʠʡ ʠ ʜʘʥʥʳʤ ʫʛʣʦʚʦʡ ʪʦʤʦʛʨʘʬʠʠ 

 

ɺ ʄʈʄ ʥʘ ɿʇʌ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʛʣʦʚʘʷ ʪʦʤʦʛʨʘʬʠʷ ʦʙʨʘʟʮʦʚ. ʉʫʪʴ ʫʛʣʦʚʦʡ 

ʪʦʤʦʛʨʘʬʠʠ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʫʛʣʘ ʦʙʨʘʟʮʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʜʝʪʝʢʪʦʨʝ ï ʧʨʦʝʢʮʠʷI. ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʸʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʪʘʢʦʤʫ ʥʘʙʦʨʫ 

ʧʨʦʝʢʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ FilteredBackProjection-ʤʝʪʦʜ (FBP), ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʟʘʠʤʩʪʚʦʚʘʥ 

ʠʟ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʛʜʝ ʟʦʥʜʠʨʫʶʱʠʡ ʢʚʘʟʠʧʘʨʘʣʣʝʣʴʥʳʡ 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʫʯʦʢ ʧʨʦʩʚʝʯʠʚʘʝʪ ʦʙʨʘʟʝʮ. ʂʘʞʜʳʡ ʣʫʯ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ 

ʦʙʨʘʟʝʮ (ʢʣʝʪʢʫ) ʪʝʨʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴI ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʤʝʨʘʤʠ ʠ ʵʣʝʤʝʥʪʥʳʤ 

ʩʦʩʪʘʚʦʤ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʝʛʦ ʧʫʪʠ (ʨʠʩ. 3.8). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʛʝʦʤʝʪʨʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʤʘʪʨʠʮʝ ʜʝʪʝʢʪʦʨʘ: ɝ, ɖ ʠ 

ʫʛʣʘ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ ʟʦʥʜʠʨʫʶʱʠʤ ʧʫʯʢʦʤ ɗi. 
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ʈʠʩ. 3.8. ɻʝʦʤʝʪʨʠʷ ʧʘʜʝʥʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʧʫʯʢʘ ʣʫʯʝʡ ʥʘ ʦʙʨʘʟʝʮ (ʢʣʝʪʢʫ) ʠ ʥʘ 

ʜʝʪʝʢʪʦʨ. 

 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʣʫʯʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʝʪ ʧʦ ʟʘʢʦʥʫ ɹʫʛʝʨʘ-ɹʝʨʘ-

ʃʘʤʙʝʨʪʘ: 

( , , )
( , , ) ( , , ) , (3.14)

dI x y z
x y z I x y z

dz
m=- Ö  

ʛʜʝ ɛ - ʠʩʢʦʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʨʘʟʮʝ, ʦʪʨʘʞʘʶʱʝʝ ʝʛʦ 

ʪʨʸʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʂʦʦʨʜʠʥʘʪʳ ʥʘ ʤʘʪʨʠʮʝ ʩʚʷʟʘʥʳ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ x,y,z ʚ ʦʙʨʘʟʮʝ 

ʧʦ ʬʦʨʤʫʣʝ: 

sin cos ; (3.15)i iz x yx J J h= Ö + Ö =  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ɛʜʝʣʘʶʪ ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʬʫʥʢʮʠʠ R, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʠʟʤʝʨʷʝʤʦʡ I: 

0

( , , )
R ln( ) , (3.16)

( , , )

i

i

I

I

x h J

x h J
=-  

ʛʜʝ I0 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʤʘʪʨʠʮʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʙʨʘʟʮʘ. 

ʇʨʷʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ: 

R( , ) R( , , ) exp( ( ))d d (3.17)i i iw J x h J w x h x h
+¤+¤

-¤-¤

= Ö - +ñ ñ  

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ: 

2

2

0 0

1
( , , ) exp( ( sin + cos + )) R( , ) d d (3.18)

(2 )
i i ix y z i z x y

p

m w J J wJ w w J
p

+¤

= Ö Ö Öññ  



84 

 

FBP-ʤʝʪʦʜ ʩʪʨʦʛʦ ʩʧʨʘʚʝʜʣʠʚ ʪʦʣʴʢʦ ʜʣʷ ʢʦʣʠʤʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ, ʢʦʪʦʨʳʡ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɺ 

ʤʠʢʨʦʩʢʦʧʘʭ ʥʘ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʢʘʭ ʧʫʯʢʠ ʩʣʘʙʦ ʩʭʦʜʷʱʠʝʩʷ, ʫʛʣʳ ʩʭʦʞʜʝʥʠʷ ʣʫʯʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʦʚʳʭ ʘʧʝʨʪʫʨ ɿʇʌ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʠʮʳ ʛʨʘʜʫʩʦʚ, ʧʦʵʪʦʤʫ 

ʨʘʟʨʝʰʝʥʠʝ ʤʝʥʝʝ60 ʥʤ ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʸʪʩʷ. ʈʘʟʣʠʯʥʳʝ ʠʪʝʨʘʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʫʛʣʦʚʳʤ ʧʨʦʝʢʮʠʷʤ: ART, SIRT, SART[14] ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʣʫʯʰʠʡ ʢʦʥʪʨʘʩʪ, ʣʫʯʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʘʤ ʠ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩ 

ʥʝʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʧʨʦʝʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʶʪ ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʴ 

ʣʫʯʝʡ.  

ʉʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʧʦ ʫʯʸʪʫ ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʣʫʯʝʡ. ʅʘʧʨʠʤʝʨ, ʚ Defocus 

Gradient Corrected Back Projection-ʤʝʪʦʜʝ (DGCBP) ʬʫʥʢʮʠʷ R ʟʘʜʘʸʪʩʷ ʚ ʚʠʜʝ [16,87]: 

 

 

 

ʠ ʫʯʠʪʳʚʘʝʪ ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʣʫʯʝʡ ʧʫʪʸʤ ʚʚʦʜʘ ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ ʤʠʢʨʦʩʢʦʧʘ 

h.ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʣʩʷ ʚ ʉʕʄ ʜʣʷ ʫʯʸʪʘ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ, ʚʳʟʚʘʥʥʦʡ ʨʘʩʩʝʷʥʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮʘʭ, ʪʘʢʠʭ ʢʘʢ ʚʠʨʫʩʳ. ɺ ʄʈʄ ʦʥ ʥʝ ʧʨʠʤʝʥʷʣʩʷ.  

ɺ FocusStackBackProjection-ʤʝʪʦʜʝ (FSBP) ʩʥʠʤʘʝʪʩʷ ʩʝʨʠʷ ʫʛʣʦʚʳʭ ʪʦʤʦʛʨʘʤʤ 

ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ z-ʧʦʣʦʞʝʥʠʡ ʦʙʨʘʟʮʘ[16], ʠ ʚʚʦʜʠʪʩʷ ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ w(æz), 

ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʬʦʢʫʩʠʨʦʚʢʫ ʣʫʯʝʡ: 

 

 

 

 

 

 

ɺʝʩʦʚʘʷ ʬʫʥʢʮʠʷ ʦʪʨʘʞʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʬʦʢʘʣʴʥʳʡ ʩʨʝʟ ʜʘʸʪ ʚ ʩʫʤʤʘʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʚʩʝʭ ʩʨʝʟʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʥʘ ʜʝʪʝʢʪʦʨʝ, 100% ʚʢʣʘʜ, ʧʦʪʦʤʫ ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʩʪʨʦʠʪ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʟʢʦ, ʘ ʩʨʝʟʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʬʦʢʘʣʴʥʦʛʦ ʩʨʝʟʘ ʜʘʶʪ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʠʭ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʦʠʪʩʷ ʨʘʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʢʨʘʡʥʝʛʦ ʧʦʣʦʞʝʥʠʷ 

ʦʙʨʘʟʮʘ, ʢʦʛʜʘ ʬʦʢʘʣʴʥʘʷ (ʦʙʲʝʢʪʥʘʷ) ʧʣʦʩʢʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʣʝʚʳʤ ʢʨʘʝʤ ʢʣʝʪʢʠ 

1

1
0

( , , ) ( , , )
ln( ) 3.16'

( , , ) ( , , )

i i
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I h
R
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R
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(ʨʠʩ.3.9ʘ) ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ  w1(æz=-rʢʣʝʪʢʠ)=1 ʜʣʷ ʩʘʤʦʛʦ ʣʝʚʦʛʦ ʩʨʝʟʘ ʠ ʣʠʥʝʡʥʦ ʩʧʘʜʘʝʪ 

ʜʦ ʥʫʣʷ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʩʨʝʟʘ ʢ ʮʝʥʪʨʫ ʢʣʝʪʢʠ: w1(æz=0)=0. ɼʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ (ʨʠʩ. 3.9ʙ) w1(æz=0)=1 ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʨʝʟʘ ʠ ʩʧʘʜʘʝʪ ʜʦ ʥʫʣʷ ʜʣʷ 

ʢʨʘʡʥʝʛʦ ʣʝʚʦʛʦ ʠ ʢʨʘʡʥʝʛʦ ʧʨʘʚʦʛʦ ʩʨʝʟʦʚ. 

 

ʈʠʩ. 3.9. ɺʢʣʘʜ ʩʨʝʟʦʚ ʚ ʩʫʤʤʘʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʠ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʬʦʢʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ: ʘ) ʢʨʘʡʥʠʤ ʣʝʚʳʤ ʩʨʝʟʦʤ ʢʣʝʪʢʠ; ʙ) ʩʨʝʟʦʤ, 

ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʮʝʥʪʨ ʢʣʝʪʢʠ; ʚ) ʢʨʘʡʥʠʤ ʧʨʘʚʳʤ ʩʨʝʟʦʤ; ʛ) ʥʘʙʦʨ ʩʫʤʤʘʨʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ ʫʛʣʦʚ ɗ  ʧʦʚʦʨʦʪʘ ʦʙʨʘʟʮʘ; ʜ) ʨʝʟʫʣʴʪʘʪ FSBP ʘʣʛʦʨʠʪʤʘ ï 

ʠʟʦʙʨʘʞʝʥʠʝ ʢʣʝʪʢʠ. (ɿʘʠʤ. ʠʟ [16]).  

 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʄʈʄ ʥʘ ɿʇʌ ʧʦ FSBP-ʤʝʪʦʜʫ 

ʜʘʣʘ ʣʫʯʰʝʝ ʨʘʟʨʝʰʝʥʠʝ, ʯʝʤ ʚ FBP ʠ DGCBP-ʤʝʪʦʜʘʭ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʦʙʣʘʩʪʝʡ ʢʣʝʪʢʠ [16]. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜ ʧʦʢʘ ʥʝ ʧʨʠʤʝʥʷʣʩʷ. 

ʅʘ ʨʠʩ.3.20 ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʦʢ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʣʫʯʰʠʭ ʤʠʢʨʦʩʢʦʧʘʭ 

ʥʘ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʢʘʭ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʫʛʣʦʚʘʷ ʪʦʤʦʛʨʘʬʠʷ. ʉʣʝʚʘ ʯʝʨʥʦ-

ʙʝʣʳʤ ʮʚʝʪʦʤ ʥʝʢʦʪʦʨʳʝ ʩʨʝʟʳ, ʥʘ ʢʦʪʦʨʳʭ ʚʠʜʥʳ ʥʘʠʤʝʥʴʰʠʝ ʜʝʪʘʣʠ ʩ ʨʘʟʤʝʨʦʤ 

100ʥʤ. ʉʧʨʘʚʘ ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 3D ʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʦʢ.  



86 

 

 

ʈʠʩ.3.10. ʘ) ʉʨʝʟʳ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦ ʥʠʤ ʪʨʸʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʯʝʯʥʦʡ ʢʣʝʪʢʠ 

(ʟʘʠʤ. ʠʟ [12]), ʙ) ʉʨʝʟʳ ʠ 3D ʠʟʦʙʨʘʞʝʥʠʝ çChlamydomonas reinhardtiiè (ʟʘʠʤ. ʠʟ [11]). 

 

3.6 Z-ʪʦʤʦʛʨʘʬʠʷ ʚ ʤʠʢʨʦʩʢʦʧʝ ʥʘ ʦʩʥʦʚʝ  ʚʳʩʦʢʦʘʧʝʨʪʫʨʥʦʛʦ ʦʙʲʝʢʪʠʚʘ 

ʐʚʘʨʮʰʠʣʴʜʘ 

 

3.6.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʨʸʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʜʘʥʥʳʤ z-

ʪʦʤʦʛʨʘʬʠʠ ʚ ʤʷʛʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

Z-ʪʦʤʦʛʨʘʬʠʷ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʠʢʨʦʩʢʦʧʘʭ ʚʠʜʠʤʦʛʦ 

ʩʚʝʪʘ [74]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʩʝʨʠʠ 

ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʦʙʨʘʟʮʘ, ʩʜʚʠʛʘʝʤʦʛʦ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ z. ʕʪʘ ʟʘʜʘʯʘ ʫʞʝ ʨʝʰʝʥʘ ʚ ʚʠʜʠʤʦʤ ʩʚʝʪʝ, ʥʦ ʚ ʤʷʛʢʦʤ ʨʝʥʪʛʝʥʝ, ʛʜʝ ʝʩʪʴ ʩʠʣʴʥʳʡ 

ʵʬʬʝʢʪ ʧʦʛʣʦʱʝʥʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʘ, ʧʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʵʪʦʡ ʛʣʘʚʳ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʜʘʥʥʳʤ z-ʪʦʤʦʛʨʘʬʠʠ ʚ 

ʩʚʝʪʦʩʠʣʴʥʳʭ ʄʈʄ. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʨʛʘʥʠʯʝʩʢʠʡ 

ʚʦʜʦʩʦʜʝʨʞʘʱʠʡ ʦʙʲʝʢʪ ʠʤʝʝʪ ʙʝʣʢʦʚʳʝ ʚʢʣʶʯʝʥʠʷ - ʦʨʛʘʥʝʣʣʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ 

ʦʙʲʝʤʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ɛ, ʝʛʦ-ʪʦ ʤʳ ʠ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ 

ʧʦ ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ æI(zs) ʥʘ ʜʝʪʝʢʪʦʨʝ (ʨʠʩ. 3.21). 

 

ʈʠʩ. 3.11. ɻʝʦʤʝʪʨʠʷ ʣʫʯʝʡ ʠ ʚʢʣʘʜ ʩʨʝʟʘ ʚ ʬʦʢʫʩʝ ʠ ʚʥʝʬʦʢʫʩʥʦʛʦ ʩʨʝʟʘ ʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ.  

 

ɺʢʣʘʜ ʚ ʠʟʦʙʨʘʞʝʥʠʝ æI(zs)ʙʫʜʝʪ ʜʘʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʨʝʟ ʦʙʨʘʟʮʘ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʬʦʢʫʩʝ ʦʙʲʝʢʪʠʚʘ, ʥʦ ʠ ʩʨʝʟʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʝ ʦʙʲʝʢʪʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʥʘʢʣʘʜʳʚʘʪʴʩʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʤʳʪʳʤʠ. ʇʨʠʯʝʤ ʩʨʝʟʳ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ ʙʣʠʞʝ ʢ 

ʟʝʨʢʘʣʫ-ʢʦʣʣʝʢʪʦʨʫ ʚʠʜʷʪʩʷ ʷʨʯʝ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʦʙʨʘʟʮʝ ʝʩʪʴ ʩʠʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ.  

ɺ 2012 ʛʦʜʫ ʆʪʦʥʦʤ ʠ ʜʨ. [82] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʤʷʛʢʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʫʯʝʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʟʤʳʪʠʷ ʠʟ-

ʟʘ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʠ ʤʠʢʨʦʩʢʦʧʘ - ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ h (ʌʈʊ) (ʨʠʩ. 3.12). ɼʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʜʚʠʛʦʚ ʦʙʨʘʟʮʘ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ z = zs, ʢʦʪʦʨʳʝ ʧʨʦʙʝʛʘʶʪ ʟʥʘʯʝʥʠʷ ʦʪ 

za ʜʦ zb, ʥʘ ʇɿʉ-ʜʝʪʝʢʪʦʨʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʝʨʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʨʘʟʮʘ I(x,y,zs). ʈʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ I, ʢʦʛʜʘ ʦʙʨʘʟʝʮ ʝʩʪʴ, ʠ  I0ʢʦʛʜʘ ʝʛʦ ʥʝʪ, ʦʙʦʟʥʘʯʝʥʘ æI ʠ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʘ.  
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ʈʠʩ. 3.12. ʌʈʊ ʜʣʷ ʦʙʲʝʢʪʠʚʘ ʩ NA = 0.3 ʠ ɚ = 3.37 ʥʤ ʚ ʦʪʩʫʪʩʪʚʠʠ ʘʙʝʨʨʘʮʠʡ 

(ʜʠʬʨʘʢʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʘʷ ʌʈʊ): xy-ʩʝʯʝʥʠʝ ʩʙʦʢʫ ʠ yz-ʩʝʯʝʥʠʝ ʩʧʝʨʝʜʠ. 

 

ʉʤʳʩʣ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʣʝʜʫʶʱʠʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

æI(x,y,zs) ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʢʘʞʜʦʛʦ ʩʨʝʟʘ ʚʳʟʚʘʥʦ ʚʟʚʝʰʝʥʥʦʡ ʩ ʌʈʊ ʩʫʤʤʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʰʣʠ ʜʦ z-ʩʨʝʟʦʚ ʠ ʯʘʩʪʠʯʥʦ ʧʦʛʣʦʪʠʣʠʩʴ -

0( , ) exp( ( , , ')d ')

z

za

I x y x y z zmÖ -ñ , ʘ ʪʘʢʞʝ ʩ ʩʘʤʠʤ ɛ(ʢʘʢ ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ) 

ʠ ʨʘʟʤʳʪʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟ-ʟʘ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʠ ʤʠʢʨʦʩʢʦʧʘ ʌʈʊ h. ʇʨʝʜʝʣʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚʦ ʚʥʝʰʥʝʤ ʠʥʪʝʛʨʘʣʝ ʦʪ zaʜʦ zb ï ʪɻʦ ʣʝʚʳʡ ʠ ʧʨʘʚʳʡ ʢʨʘʡ ʦʙʨʘʟʮʘ 

(ʨʠʩ. 3.10). ɺʩʝ ʩʨʝʟʳ ʦʙʨʘʟʮʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʞʜʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʝʨʠʠ, ʧʦʵʪʦʤʫ ʙʝʨʸʪʩʷ ʩʚʸʨʪʢʘ ʩ ʌʈʊ ʜʣʷ ʚʩʝʭ z: ʦʪ za ʜʦ zb. ɺʦ 

ʚʥʫʪʨʝʥʥʝʤ ʠʥʪʝʛʨʘʣʝ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʪ za (ʣʝʚʦʛʦ ʢʨʘʷ ʦʙʨʘʟʮʘ) ʜʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ çʙʝʛʫʱʝʡè ʢʦʦʨʜʠʥʘʪʳ z, ʧʦʪʦʤʫ ʯʪʦ ʜʦ ʪʦʛʦ, ʢʘʢ ʜʦʡʪʠ ʜʦ 

ʢʦʥʢʨʝʪʥʦʛʦ z-ʩʨʝʟʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʝʪ ʥʘ ʧʫʪʠ ʦʪ zaʜʦ z.  

 

3.6.2 ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʳʩʦʢʦʘʧʝʨʪʫʨʥʦʤ ʤʷʛʢʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ 

 

ʆʜʥʘʢʦ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ (3.20) ʩʧʨʘʚʝʜʣʠʚʘ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʯʘʷ 

ʩʣʘʙʦʩʠʣʴʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ ʥʘ ʦʩʥʦʚʝ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʛʜʝ ʣʫʯʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʘʨʘʣʣʝʣʴʥʳ, ʪ.ʢ. ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʦʩʠ z. ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʵʪʘ ʤʦʜʝʣʴ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʥʘ ʩʣʫʯʘʡ ʄʈʄ ʩʦ ʩʚʝʪʦʩʠʣʴʥʳʤ ʦʙʲʝʢʪʠʚʦʤ 



89 

 

(NA>>0.1),ʢʦʛʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʚʜʦʣʴ ʣʫʯʝʡ, ʩʭʦʜʷʱʠʭʩʷ ʚ ʚʠʜʝ  ʩʚʝʪʦʚʦʛʦ 

ʢʦʥʫʩʘ (ʨʠʩ. 3.23).  

 

ʈʠʩ. 3.13. ɻʝʦʤʝʪʨʠʷ ʣʫʯʝʡ ʚ ʩʚʝʪʦʩʠʣʴʥʦʤ ʦʙʲʝʢʪʠʚʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʤʠʩʷ ʚ ʚʳʨʘʞʝʥʠʠ (3.20). ʃʠʥʝʡʥʳʡ ʫʛʦʣ ʢʦʥʫʩʘ 2Ŭ=35Á ʜʣʷ NA=0.3. 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ, ʜʦʰʝʜʰʘʷ ʜʦ ʠʟʦʙʨʘʞʘʝʤʦʛʦ ʩʨʝʟʘzs ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ɛ ʥʘ ʧʫʪʠ ʣʫʯʝʡ ʚ ʢʦʥʫʩʝ (ʩʤ. ʨʠʩ. 3.11). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜ ʵʢʩʧʦʥʝʥʪʦʡ 

ʩʪʦʠʪ ʫʩʨʝʜʥʸʥʥʳʡ ʧʦ ʢʦʥʫʩʫ ɛ: 

 

 

 

 

 

 

 

 

 

ʛʜʝ ȹI(x,y,zs) ï ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʥʘ ʜʝʪʝʢʪʦʨʝ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʨʘʟʥʳʭ ʩʜʚʠʛʦʚ ʦʙʨʘʟʮʘ ʚʜʦʣʴ z, ʚʳʟʚʘʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʦʙʨʘʟʮʝ ʠ ʨʘʟʤʳʪʠʝʤ ʠʟ-ʟʘ 

ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʠ ʤʠʢʨʦʩʢʦʧʘ - ʌʈʊ; x ʠ y ï ʢʦʦʨʜʠʥʘʪʳ ʚ ʦʙʨʘʟʮʝ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʣʦʩʢʦʩʪʠ; z ï ʢʦʦʨʜʠʥʘʪʘ ʚ ʦʙʨʘʟʮʝ ʚʜʦʣʴ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ; I0(x,y) ï ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʜʩʚʝʪʢʠ 
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ʦʙʨʘʟʮʘ (ʧʨʠ ʨʘʩʯʸʪʝʠʟʦʙʨʘʞʝʥʠʷ ʢʣʝʪʢʠ ʚ ʧ. 3.6.4 ʠʩʧʦʣʴʟʫʝʪʩʷI0= 1);ɛ(x,y,z)ï 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʦʝ ʥʘʜʦ ʥʘʡʪʠ; 

ï ʤʥʦʞʠʪʝʣʴ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʫʤʝʥʴʰʝʥʠʝ  ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ,  ʜʦʰʝʜʰʝʛʦ ʜʦ ʢʘʢʦʛʦ-ʪʦ z-ʩʨʝʟʘ; 

ï ʫʩʨʝʜʥʸʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʡ ʥʘ ʣʫʯʘʭ, ʠʜʫʱʠʭ ʚ 

ʠʟʦʙʨʘʞʘʝʤʫʶ ʪʦʯʢʫ ʠʟ ʩʚʝʪʦʚʦʛʦ ʢʦʥʫʩʘ ʩ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ NA=0.3; NRï 

ʚʳʙʠʨʘʝʤʦʝ ʧʨʠ ʨʘʩʯʸʪʝ ʯʠʩʣʦ ʣʫʯʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʚʝʪʦʚʦʤ ʢʦʥʫʩʝ; 

xi, yj, zË=zkï ʙʝʛʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ (ʩʤ. ʨʠʩ. 3.13) ʜʣʷ ʩʫʤʤʠʨʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʪʦʯʢʘʭ ʥʘ ʧʫʪʠ ʣʫʯʝʡ; NRLï ʯʠʩʣʦ ʣʫʯʝʡ, ʥʘʭʦʜʷʱʝʝʩʷ ʥʘ ʜʠʘʤʝʪʨʝ 

ʩʝʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʢʦʥʫʩʘ (NRL~ ãNR) (ʩʤ. ʨʠʩ. 3.13); h ï ʌʈʊ ʤʠʢʨʦʩʢʦʧʘ;

,
( , , )s

x y
h x y z z dzÃ - ï ʦʧʝʨʘʮʠʷ ʩʚʸʨʪʢʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʟʤʳʪʠʶ ʩʨʝʟʦʚ ʦʙʨʘʟʮʘ ʢʘʢ ʚ x,y-

ʧʣʦʩʢʦʩʪʠ ʜʝʪʝʢʪʦʨʘ, ʪʘʢ ʠ ʚʜʦʣʴ zʚ ʩʣʦʠ ʰʠʨʠʥʦʡ, ʨʘʚʥʦʡ ʰʠʨʠʥʝ ʌʈʊ.  

ʇʝʨʝʡʜʸʤ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠʟʦʙʨʘʞʝʥʠʷ. ɿʘʜʘʜʠʤ ʢʣʝʪʢʫ ʜʠʘʤʝʪʨʦʤ 3.5 ʤʢʤ ʠ 

ʪʦʣʱʠʥʦʡ 0.7 ʤʢʤ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʙʦʣʦʯʢʠ, ʙʝʣʢʦʚʳʭ ʦʨʛʘʥʝʣʣ ʚ ʚʠʜʝ ʰʘʨʠʢʦʚ, 

ʵʣʣʠʧʩʦʠʜʦʚ, ʧʦʣʦʩʪʝʡ ʚ ʰʘʨʠʢʘʭ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʨʠʩ. 3.14). ʕʪʘ ʢʣʝʪʢʘ ʧʦʭʦʞʘ ʥʘ ʧʦʯʝʯʥʫʶ ʢʣʝʪʢʫ, ʢʦʪʦʨʘʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʪʘʪʴʷʭ, ʥʘʧʨʠʤʝʨ ʚ [12].ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ Õ (ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʛʣʫʙʠʥʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʠʟʣʫʯʝʥʠʝ ʟʘʪʫʭʘʝʪ ʚ ñeò ï ʨʘʟ) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʙʝʣʢʘ: ʦʪ 15% (ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʤ ʚʝʱʝʩʪʚʝ) ʜʦ 

100% = 1/zpr
A.L. = 4 ʤʢʤ-1 (ʚ ʩʘʤʳʭ ʷʨʢʠʭ ʦʨʛʘʥʝʣʣʘʭ), ʛʜʝ zpr

A.L.= 250 ʥʤï ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʩ ɚ = 3.37 ʥʤ ʚ ʙʝʣʦʢ (ʩʤ. ʨʠʩ. 1.6, ʛʣʘʚʘ 1). ɺʦʜʘ, ʦʢʨʫʞʘʶʱʘʷ 

ʢʣʝʪʢʫ, ʦʢʨʘʰʝʥʘ ʚ ʯʸʨʥʳʡ ʮʚʝʪ (ɛH2O = 0.265 ʤʢʤ-1 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʘʟʦʡ ʍʝʥʢʝ [88]). 

,
0.3

exp( / '

a
Rays

R

z

Raysz
NA

N dz

¢

- äñ m

,
0.3

/
Rays
NA

RN

¢

äm



91 

 

 

ʈʠʩ. 3.14. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɛ ʚ ʤʦʜʝʣʠʨʫʝʤʦʤ ʦʙʨʘʟʮʝ ï ʢʣʝʪʢʝ ʩ ʙʝʣʢʦʚʳʤʠ ʦʨʛʘʥʝʣʣʘʤʠ: 

ʘ) ʪʨʸʭʤʝʨʥʳʡ ʚʠʜ; ʙ) ʩʝʯʝʥʠʷ ʢʣʝʪʢʠ ʩ ʚʠʜʦʤ ʩʧʝʨʝʜʠ, ʩʙʦʢʫ ʠ ʩʚʝʨʭʫ. 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʜʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ɛ (ʨʠʩ. 3.14) ʠ 

ʌʈʊ h(ʩʤ. ʨʠʩ 3.22) ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʷʤʘʷ ʟʘʜʘʯʘ: ʚʳʯʠʩʣʝʥʘ ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ 

(3.7), ʪ.ʝ. ʥʘʡʜʝʥʦ æI (ʨʠʩ. 3.15). ʊʘʢʘʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʣʝʪʢʠ ʙʳʣʘ ʙʳ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʧʦ ʜʘʥʥʳʤ z-ʩʝʨʠʠ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ. ʈʘʟʤʳʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʌʈʊ h, ʘ ʩʧʘʜʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʜʦʣʴ ʦʩʠ z(ʚʛʣʫʙʴ ʦʙʨʘʟʮʘ) - ʩ 

ʧʦʛʣʦʱʝʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʙʝʣʢʦʤ. ʐʘʨʠʢʠ ʠ ʵʣʣʠʧʩʦʠʜʳ ʠʟʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʤʝʩʷʮʝʚ, 

ʧʦʪʦʤʫ ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʝʪʦʚʳʭ ʢʦʥʫʩʘʭ (ʨʠʩ. 3.12)ʩ 

ʣʠʥʝʡʥʳʤ ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ 35Á. ɼʘʣʴʥʠʝ ʧʦ ʭʦʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʫʯʝʡ ʩʨʝʟʳ ʚʠʜʥʳ 

ʩʣʘʙʦ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ. 
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ʈʠʩ. 3.15. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʝ yz-ʩʝʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ȹI, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʰʠʨʝʥʥʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ 

ʫʨʘʚʥʝʥʠʠ(3.20) 

 

ʆʙʨʘʪʥʘʷ (ʜʝʢʦʥʚʦʣʶʮʠʦʥʥʘʷ) ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʝʨʠʠ z-ʧʨʦʝʢʮʠʡ, ʢʦʪʦʨʳʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʪʨʸʭʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ æI(x,y,zs) (ʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʚ ʧʨʷʤʦʡ ʟʘʜʘʯʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶæI(x,y,zs))ʥʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Õ(x,y,z), ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (3.19) ʜʣʷ 

ʄʈʄ ʥʘ ɿʇʌ ʠʣʠ (3.20) ʜʣʷ ʩʚʝʪʦʩʠʣʴʥʳʭ ʄʈʄ ʠ ʠʟʚʝʩʪʥʫʶ ʌʈʊ h. 

ɼʝʢʦʥʚʦʣʶʮʠʦʥʥʘʷ ʟʘʜʘʯʘ ʪʘʢʞʝ ʨʝʰʘʝʪʩʷ ʠ ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʛʜʝ ʧʦ ʪʨʸʭʤʝʨʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ I1 ʠ ʠʟʚʝʩʪʥʦʤʫ hʥʘʭʦʜʠʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʠʨʫʶʱʠʭ ʪʦʯʝʢ ʦʙʨʘʟʮʘ Õ ʧʨʠ ʠʟʚʝʩʪʥʦʡ 

ʬʫʥʢʮʠʠ ʧʦʜʩʚʝʪʢʠ ʦʙʨʘʟʮʘ 
0( , )I x y : 

 

 

 

 

 

ʛʜʝ xa,xb; ya,yb; za,zbïʢʨʘʷ ʢʣʝʪʢʠ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ. 
0( , )I x y  - ʠʟʚʝʩʪʥʘʷ 

ʢʚʘʟʠʧʦʩʪʦʷʥʥʘʷ ʬʫʥʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʜʩʚʝʪʢʠ ʦʙʨʘʟʮʘ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʝʜʸʪʩʷ 

ʥʝ ʚ ʙʝʩʢʦʥʝʯʥʳʭ ʧʨʝʜʝʣʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʬʫʥʢʮʠʷ ɛ ʨʘʚʥʘ 0 ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʣʝʪʢʠ. 
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ʌʦʨʤʘʣʴʥʦ ʟʘʜʘʯʘ (3.20) ʦʪʣʠʯʘʝʪʩʷ ʦʪ (3.21) ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʥʦʞʠʪʝʣʝʤ:  

0
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ʇʦʧʳʪʢʘ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (3.21) ʧʦ ʥʘʡʜʝʥʥʦʤʫ ʚ ʧʨʷʤʦʡ ʟʘʜʘʯʝ (3.20) 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ æIʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ æI ʚʤʝʩʪʦI1ʚ (3.21) ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʨʘʟʨʝʰʝʥʠʷ, ʘ ʪʦʣʴʢʦ ʢ ʧʦʷʚʣʝʥʠʶ ʜʚʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ-ʟʘ ʥʝʫʯʪʸʥʥʦʛʦ ʤʥʦʞʠʪʝʣʷ 

(3.22) (ʨʠʩ. 3.16).  

 

ʈʠʩ. 3.16. ʈʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ɛ ʧʦʩʣʝ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ (3.21) ʧʦ ʥʘʡʜʝʥʥʦʤʫ ʚ ʧʨʷʤʦʡ ʟʘʜʘʯʝ (3.20) ʨʘʩʧʨʝʜʝʣʝʥʠʶ æI. 

 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ (3.20) ʢ ʨʝʰʝʥʠʶ ʠʟʚʝʩʪʥʦʡ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (3.21), ʦʙʨʘʪʠʚ ʩʧʘʜʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʜʦʣʴ ʦʩʠ z. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʥʘʟʦʚʸʤ ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʣʦʡʥʦʛʦ çʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠè, ʦʥ ʦʧʠʩʘʥ ʥʠʞʝ. 

 

3.6.3 ɸʣʛʦʨʠʪʤ ʧʦʩʣʦʡʥʦʛʦ çʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠè ʜʣʷ ʫʯʸʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʧʝʨʝʜ ʜʝʢʦʥʚʦʣʶʮʠʝʡ z-ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ɿʘʜʘʯʘ (3.20) ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ (3.21), ʝʩʣʠ ʚʳʥʝʩʪʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ 

ʠʟ ʧʦʜ ʟʥʘʢʘ ʚʥʝʰʥʝʛʦ ʠʥʪʝʛʨʘʣʘ ʠ ʧʝʨʝʥʝʩʪʠ ʚ ʣʝʚʫʶ ʯʘʩʪʴ, ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 
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ʇʨʘʚʦʤʝʨʥʦʩʪʴ ʚʳʥʦʩʘ ʵʢʩʧʦʥʝʥʪʳ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ 1 ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

çʤʝʜʣʝʥʥʦʡ ʬʫʥʢʮʠʠè, ʧʦʪʦʤʫ ʯʪʦ ʧʦ zʤʘʩʰʪʘʙ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʦʥʝʥʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ  ɛ, ʢʦʪʦʨʳʝ ʙʣʠʟʢʠ ʢ ʥʫʣʶ, ʠ ʧʦʵʪʦʤʫ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ ʤʘʩʰʪʘʙʘ ʠʟʤʝʥʝʥʠʷ 

ʬʫʥʢʮʠʠ ɛ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʦʨʛʘʥʝʣʣ ʚ ʢʣʝʪʢʝ, ʠ ʚ 16 ʨʘʟ ʙʦʣʴʰʝ 

ʤʘʩʰʪʘʙʘ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ h, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʬʦʢʫʩʘ ʠ ʩʚʝʪʦʩʠʣʦʡ 

ʤʠʢʨʦʩʢʦʧʘ.  

ʇʦʣʫʯʠʣʠ, ʯʪʦ ʚ ʣʝʚʦʡ ʯʘʩʪʠ (3.23) ʩʪʦʠʪ ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ zʠ zs, ʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

(ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ) ï ʬʫʥʢʮʠʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ zs, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʧʝʨʝʤʝʥʥʦʡ zʚ ʣʝʚʦʡ ʯʘʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʫʩʨʝʜʥʠʤ 
,
0.3

exp( ( ') / ')

a

z

Raysz
NA

RNz dzm

¢

äñ ʧʦ ʚʩʝʤ z. 

ʀʟʦʙʨʘʞʝʥʠʝ ʢʘʞʜʦʛʦ ʩʨʝʟʘ )( szID ʵʪʦ ʩʫʤʤʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚʩʝʭ z-ʩʨʝʟʦʚ, ʢʘʞʜʦʝ ʠʟ 

ʢʦʪʦʨʳʭ ʧʦʜʩʚʝʯʝʥʦ ʩʚʦʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ~ )')'(exp( ñ-
z

za

dzzm  ʠ ʚʟʷʪʳʭ ʩ ʚʝʩʦʤ, 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʬʫʥʢʮʠʝʡ h(z-zs), ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ʫʜʘʣʝʥʠʝʤ ʩʨʝʟʘ ʦʪ z=zs(ʈʠʩ. 3.17).  

ɺʢʣʘʜ, ʢʦʪʦʨʳʡ ʜʘʸʪ zsʩʨʝʟ ï ʥʘʠʙʦʣʴʰʠʡ, ʧʦʪʦʤʫ ʯʪʦ ʜʣʷ ʥʝʛʦ h(z-zs)=h(zs-zs)=h(0)=1. 

ɺʢʣʘʜ, ʢʦʪʦʨʳʡ ʜʘʶʪ ʩʨʝʟʳ c z<zs-2DOF ʠ ʩ z>zs+2DOF ʥʝʟʥʘʯʠʪʝʣʝʥ, ʧʦʪʦʤʫ ʯʪʦ h(z<zs-

2DOF)<1/eʠ h(z>zs+2DOF)<1/e, ʧʦʵʪʦʤʫ ʚ )')'(exp( ñ-
z

za

dzzm  ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ z, ʢʦʪʦʨʳʝ 

ʣʝʞʘʪ ʥʘ ʦʪʨʝʟʢʝ [zs-2DOF; zs+2DOF]. ʊʘʢʞʝ ʬʫʥʢʮʠʷ 
)')'(exp( ñ-

z

za

dzzm
ʛʦʨʘʟʜʦ 

ʤʝʜʣʝʥʥʝʡ ʬʫʥʢʮʠʠ )'(zm (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ 1),ʧʦʵʪʦʤʫ ʥʘ ʦʪʨʝʟʢʝ [zs-2DOF; zs+2DOF] 

ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ z, ʧʦʵʪʦʤʫ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ zʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ 

ʩʨʝʜʥʠʡ ʥʘ ʵʪʦʤ ʦʪʨʝʟʢʝ z=zs. 
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ʈʠʩ. 3.17. z ï ʙʝʛʫʱʘʷ ʢʦʦʨʜʠʥʘʪʘ ʜʣʷ ʫʯʝʪʘ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ ʌʈʊ; zs ï ʢʦʦʨʜʠʥʘʪʘ ʩʨʝʟʘ, 

ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʪʨʦʠʪ ʤʠʢʨʦʩʢʦʧ. 

 

ʊʦʛʜʘ ʠʟ (3.23) ʧʦʣʫʯʠʤ: 
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ɽʩʣʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ (3.23Ë) ʥʘʡʪʠ ɛ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʪʦ ɛ, ʩʪʦʷʱʝʝ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ (3.23Ë), ʥʘʭʦʜʠʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʝʢʦʥʚʦʣʶʮʠʦʥʥʦʡ ʟʘʜʘʯʠ 

(3.21). ʀʩʧʦʣʴʟʫʝʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʝʥʠʷ  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ɛ ʚ ʣʝʚʦʡ ʯʘʩʪʠ (3.23Ë).  

ʈʘʟʦʙʴʸʤ ʚʩʶ z-ʪʦʣʱʠʥʫʦʙʨʘʟʮʘ ʥʘ ʪʦʥʢʠʝ ʩʣʦʠ ʩ ʪʦʣʱʠʥʦʡ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʟʫʯʝʥʠʷ ʚ ʙʝʣʦʢ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʪʦʥʢʠʡ ʩʣʦʡ:  

1 1[ , ]; pr

s a a ALz z z z z z zÍ D = - << 
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ºäñ (ʨʠʩ. 3.22 ʚ ʧʨʠʣʦʞʝʥʠʠ 1), ʧʦʵʪʦʤʫ
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D Ö ºDäñ , ʠ ʫʨʘʚʥʝʥʠʝ (3.23Ë) ʜʣʷ 1[ , ]s az z zÍ  ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ:  
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ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʤʳʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ-ʟʘ ʩʚʸʨʪʢʠ ʩ ʌʈʊ ʚ (3.24) ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʥʝ ʙʫʜʝʤ. ʇʨʝʥʝʙʨʝʞʝʥʠʝ ʨʘʟʤʳʪʠʝʤ ʨʘʚʥʦʟʥʘʯʥʦ ʟʘʤʝʥʝ h(z-zs) ʥʘ ŭ-

ʬʫʥʢʮʠʶ ŭ(z-zs) ʚ (3.24). ʇʨʘʚʦʤʝʨʥʦʩʪʴ ʵʪʦʡ ʟʘʤʝʥʳ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ 2 ʠ ʚ 

ʩʣʫʯʘʝ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʦʨʦʪʢʦʬʦʢʫʩʥʳʤ ʦʙʲʝʢʪʠʚʦʤ ʩ NA=0.3 ʠ DOF = 37.5 ʥʤ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʡ ʦʰʠʙʢʝ ʚ 20%. ʊʦʛʜʘ ʠʟ (3.24) ʧʦʣʫʯʠʤ:  

0

1( ) ( ) , (3.25)s a sI z z z z I zmD Í · º D  

ʛʜʝ æz ï ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʀʪʘʢ, 

ɛ(zs) å ɛ0(zs) = æI(zs)/(I0Āæz), (3.26) 

ʛʜʝ ʨʝʰʝʥʠʝ ɛ0, ʙʝʟ ʫʯʸʪʘ ʵʬʬʝʢʪʘ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ ʌʈʊ, ʠʤʝʝʪ ʩʤʳʩʣ ʥʫʣʝʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ɛ ʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʟʦʙʨʘʞʝʥʠʷ æI, I0ʠ ʚʳʙʨʘʥʥʳʡ ʰʘʛ æz.  

ʇʦʩʣʝ ʟʘʤʝʥʳ ɛ ʥʘ ɛ0 ʚ (3.23Ë) ʧʦʣʫʯʠʤ: 
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ɼʣʷ ʧʨʦʩʪʦʪʳ ʦʙʦʟʥʘʯʠʤ: 1 0
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ʊʦʛʜʘ ʣʝʚʘʷ ʯʘʩʪʴ (3.27) ʩʪʘʥʦʚʠʪʩʷ: 
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ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ (3.28) ʫʨʘʚʥʝʥʠʝʤçʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠè ʧʝʨʚʦʛʦ ʩʣʦʷ, ʘ I1 ï 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʚʘʷ ʯʘʩʪʴ (3.27) ʟʘʧʠʩʳʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ (3.28), ʘ ʫʨʘʚʥʝʥʠʝ (3.27) ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʩʚʝʣʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ (3.20) ʢ ʨʝʰʘʝʤʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʝ 

(3.21), ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʚ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʥʦ ʩʜʝʣʘʣʠ ʵʪʦ 

ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʦʷ. ʇʨʦʜʦʣʞʠʤ ʨʘʩʩʫʞʜʝʥʠʷ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʩʣʦʸʚ. ʈʘʩʰʠʨʠʤ 

ʫʨʘʚʥʝʥʠʝçʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʨʫʛʠʤ ʩʣʦʷʤ, ʦʧʨʝʜʝʣʠʚ 

I1  ʚ ʥʠʭ. ʅʝʠʟʚʝʩʪʥʦʝ ɛ ʚʳʨʘʞʘʝʪʩʷ ʠʟ (3.29) ʧʫʪʸʤ ʟʘʤʝʥʳ ʌʈʊ h(z-zs) ʥʘ ŭ-ʬʫʥʢʮʠʶ. 

ʇʨʘʚʦʤʝʨʥʦʩʪʴ ʪʘʢʦʡ ʟʘʤʝʥʳ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʇʨʠʣʦʞʝʥʠʠ 2, ʘ ʝʸ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 

ʢʦʨʦʪʢʦʡ ʛʣʫʙʠʥʦʡ ʬʦʢʫʩʘ ʦʙʲʝʢʪʠʚʘ ʤʠʢʨʦʩʢʦʧʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟ (3.29) ʧʦʣʫʯʠʤ: 

0

1 1( ) ( ) ( ) / ( ), (3.30)s s sz z I z I zm m = Dº  

ʛʜʝ ʨʝʰʝʥʠʝ ɛ1, ʚʳʨʘʞʝʥʥʦʝ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷI1 ʙʝʟ ʫʯʸʪʘ ʨʘʟʤʳʪʠʷ ʠʟ-

ʟʘ ʌʈʊ ʠʤʝʝʪ ʩʤʳʩʣ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ɛ. 

ɼʣʷ ʚʪʦʨʦʛʦ ʪʦʥʢʦʛʦ ʩʣʦʷ æz2 = z2 ï z1 << zpr
ALʣʝʚʘʷ ʯʘʩʪʴ (3.23Ë) ʧʨʠʤʝʪ ʚʠʜ: 
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ʛʜʝ ʚ ʧʝʨʚʦʤ ʩʣʦʝ ɛ ʟʘʤʝʥʝʥʦ ʥʘ ɛ1, ʚʳʯʠʩʣʝʥʥʦʝ ʠʟ (3.30) ʩ ʫʯʸʪʦʤ ʥʘʡʜʝʥʥʦʡ ʠʟ (3.28) 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʚʦʛʦ ʩʣʦʷ; ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ ɛ ʟʘʤʝʥʝʥʦ ʥʘ ɛ0, 

ʚʳʯʠʩʣʝʥʥʦʝ ʠʟ (3.26).   

ʀ ʪʘʢ ʜʘʣʝʝ, ʜʣʷ n-ʛʦ ʪʦʥʢʦʛʦ ʩʣʦʷ æzn = zn ï zn-1<< zpr
ALʩʧʨʘʚʝʜʣʠʚʦ ʨʝʢʫʨʨʝʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʩʣʦʝ ʥʘ ʦʩʥʦʚʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ I1  ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʥʘ ʢʘʤʝʨʝ æIʪʝʢʫʱʝʛʦ ʩʣʦʷ: 
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ʊʘʢ ʢʘʢ ʪʦʣʱʠʥʘ [zn-1, zn]-ʩʣʦʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʩʫʤʤʳ ʪʦʣʱʠʥ ʧʨʝʜʳʜʫʱʠʭ ʩʣʦʸʚ, 

ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (3.32), ʥʝ ʫʯʠʪʳʚʘʶʱʝʝ ʧʦʛʣʦʱʝʥʠʝ, ʤʘʣʦ, ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʪʘʢʦʛʦ ʧʦʩʣʦʡʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʩʦʢʘʷ, ʢʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩ. 

3.17. 

3.6.4 ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ çʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠè ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʙʝʣʢʦʚʦʡ ʢʣʝʪʢʠ 

 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʟʘʜʘʚʘʝʤʘʷ ʪʦʣʱʠʥʘ ʩʣʦʝʚ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʯʸʪʦʚ, ʥʦ ʚʣʠʷʝʪ 

ʥʘ ʨʝʟʫʣʴʪʘʪ. ʏʝʤ ʤʝʥʴʰʝ ʪʦʣʱʠʥʘ, ʪʝʤ ʙʣʠʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʥʘʧʦʤʠʥʘʝʪ 

ʠʩʭʦʜʥʳʡ. ʅʘ ʨʠʩ. 3.17a ʠ 3.17ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɛ ʚ ʦʙʨʘʟʮʝ ʙʝʟ ʫʯʝʪʘ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ ʌʈʊ ʜʦ ʠ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

çʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠè. ʊʦʣʱʠʥʘ ʩʣʦʷ ȹzn ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʨʘʚʥʦʡ 7 ʥʤ (<< zpr
AL). ɸʣʛʦʨʠʪʤ ʩʨʘʙʦʪʘʣ ʦʪʣʠʯʥʦ, çʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴè I1(ʨʠʩ. 3.17ʙ) ʚʳʛʣʷʜʠʪ ʢʘʢ ʟʘʜʘʚʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝɛ (ʩʤ. ʨʠʩ. 3.14ʙ). 

 

ʈʠʩ. 3.17.ʀʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɛ ʙʝʟ ʫʯʝʪʘ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ ʌʈʊ: ʘ) æI ʜʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ; ʙ) I1 ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

 

ʀʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɛ ʩ ʫʯʸʪʦʤ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ ʜʠʬʨʘʢʮʠʦʥʥʦ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʌʈʊ ʪʘʢʞʝ ʭʦʨʦʰʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (ʨʠʩ. 3.18), ʢʨʦʤʝ ʤʘʣʝʥʴʢʠʭ 

ʦʨʛʘʥʝʣʣ ʩ ʨʘʟʤʝʨʘʤʠ < 2DOF=75ʥʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ. 
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ʈʠʩ. 3.18. ʀʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɛ ʩ ʫʯʝʪʦʤ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ ʜʠʬʨʘʢʮʠʦʥʥʦ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʌʈʊ: ʘ) æI ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ; ʙ) I1 ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ çʘʣʛʦʨʠʪʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠè ʜʣʷ ʚʩʝʭ 

ʩʣʦʝʚ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ (3.28, 3.31, 3.32) ʤʳ ʧʨʠʚʝʣʠ ʦʙʨʘʪʥʫʶ 

ʟʘʜʘʯʫ (3.20) ʢ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʝ (3.33): 
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ʈʝʰʝʥʠʝ Õ å Õ2 ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (3.33) ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ImageJ [89] ʩ ʧʣʘʛʠʥʦʤ DeconvolutionLab2 [74,90]. ʈʝʰʝʥʠʝ ɛ2, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʣʝʚʦʡ ʯʘʩʪʠ (3.33) ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I1 

(ʩʤ. ʨʠʩ. 3.14ʙ), ʠʤʝʝʪ ʩʤʳʩʣ ʚʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ɛ. ɸʣʛʦʨʠʪʤ 

ʈʠʯʘʨʜʩʦʥʘ-ʃʶʩʠ [76] ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (3.33) ʦʢʘʟʘʣʩʷ ʥʘʠʣʫʯʰʠʤ, 

ʧʦʵʪʦʤʫ ʧʨʠʚʝʜʝʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ɛ2-ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʵʪʦʤʫ ʘʣʛʦʨʠʪʤʫ 

(ʨʠʩ. 3.15). ʀʪʝʨʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.33)ɛI0 å ɛ2I0, ʦʧʠʩʘʥʥʦʝ ʚ [74], 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 
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