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ʇʈɽɼʀʉʃʆɺʀɽ 

ʎʝʣʴʶ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʷʚʣʷʝʪʩʷ ʦʢʘʟʘʥʠʝ ʧʦʤʦʱʠ ʩʪʫʜʝʥʪʘʤ ʩʧʝʮʠʘʣʴ-

ʥʦʩʪʠ çɸʨʭʠʪʝʢʪʫʨʘè ʘ ʦʩʚʦʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʫʨʩʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. ɺ ʢʫʨ-

ʩʝ ʣʝʢʮʠʡ ʠʟʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠ-

ʢʠ ʦʙʫʯʝʥʠʷ ʠ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʰʘʪʴ ʘʨʭʠʪʝʢʪʦʨʳ ʠʟʣʦʞʝʥʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ. ʊʘʢʠʭ ʟʘʜʘʯ ʥʝʩʢʦʣʴʢʦ: 

- ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʠ ʣʘʥʜʰʘʬʪʥʘʷ ʧʣʘʥʠʨʦʚʢʘ; 

- ʩʦʟʜʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; 

- ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ; 

- ʨʘʙʦʪʳ ʧʦ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; 

- ʩʦʭʨʘʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʩʦʟʜʘʥʳ ʧʨʦʛʨʘʤʤʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʬʦʪʦʩʥʠʤʢʦʚ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʘʭ ʠ ʧʨʠʥʮʠʧʘʭ 

ʚʝʢʪʦʨʥʦʡ ʘʣʛʝʙʨʳ ʠ ʛʝʦʤʝʪʨʠʠ. ʆʩʚʦʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʧʦʜʢʨʝʧʣʝʥ-

ʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ, ʧʦʟʚʦʣʠʪ ʘʨʭʠʪʝʢʪʦʨʘʤ ʨʘʩʰʠʨʠʪʴ ʩʚʦʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʫʤʝ-

ʥʠʷ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬʝʩʩʦʨʫ ʢʘʬʝʜʨʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ɹ.ɺ. ʂʨʘʩʥʦʧʝʚʮʝʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʢʫʨʩʘ ʣʝʢʮʠʡ. 

ʂʫʨʩ ʣʝʢʮʠʡ ʩʦʩʪʘʚʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʫʯʝʙʥʠʢʘ çʌʦʪʦ-

ʛʨʘʤʤʝʪʨʠʷè, ʘʚʪʦʨʳ ɸ.ʇ. ʄʠʭʘʡʣʦʚ ʠ ɸ.ɻ. ʏʠʙʫʥʠʯʝʚ. 
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ɺɺɽɼɽʅʀɽ 

ʀʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦ-

ʣʷʶʱʠʤ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʪʦʯʥʫʶ ʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ (ʬʦʨ-

ʤʫ, ʨʘʟʤʝʨʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ) ʧʦ 

ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʥʘ ʩʥʠʤʢʘʭ. ʇʨʠʯʝʤ ʩ ʪʘʢʦʡ ʧʦʜʨʦʙʥʦʩʪʴʶ, ʢʦʪʦʨʫ  ʁʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʦʤʝʨʘʭ. 

ʇʦʷʚʣʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʬʦʪʦʛʨʘʬʠʠ, ʢʦʛʜʘ ʚ 

1839 ʛ. ʚ ʢʘʤʝʨʝ-ʦʙʩʢʫʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʭʫʜʦʞʥʠʢʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘ-

ʞʝʥʠʡ, ʣʠʩʪ ʙʫʤʘʛʠ ʟʘʤʝʥʠʣʠ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʉʧʦʩʦʙʳ ʬʠʢ-

ʩʠʨʦʚʘʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʨʘʙʦʪʘʣʠ ʬʨʘʥʮʫʟ ɾ.ʃ.ʄ. ɼʘʛʝʨ ʠ 

ʘʥʛʣʠʯʘʥʠʥ ʌ. ʊʘʣʙʦʪ, ʘ ʪʝʨʤʠʥ çʬʦʪʦʛʨʘʬʠʷè ʧʨʝʜʣʦʞʠʣ ʘʥʛʣʠʡʩʢʠʡ ʘʩʪʨʦ-

ʥʦʤ ɼʞ. ɻʝʨʰʝʣʴ. 

ʌʦʪʦʛʨʘʬʠʷ ʦʢʘʟʘʣʘʩʴ ʪʝʩʥʦ ʩʚʷʟʘʥʥʦʡ ʩ ʥʘʨʦʞʜʘʚʰʝʡʩʷ ʠʥʜʫʩʪʨʠʘʣʠʟʘ-

ʮʠʝʡ. ʋʞʝ ʢ 1850 ʛ. ʬʦʪʦʛʨʘʬʠʷ ʩʪʘʣʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɸʨʭʠʪʝʢʪʦʨʳ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʵʪʘʧʳ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʦʜʝ ʠ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʘʭ ʩʪʨʦʡʢʠ. 

ʅʘ ɺʩʝʤʠʨʥʦʡ ʇʘʨʠʞʩʢʦʡ ʚʳʩʪʘʚʢʝ 1851 ʛ. ʦʩʦʙʦʝ ʤʝʩʪʦ ʚʳʜʝʣʠʣʠ ʜʚʫʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ï ʬʦʪʦʛʨʘʬʠʠ ʠ ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʥʩʪʨʫʢʮʠ-

ʷʤ. ʆʨʛʘʥʠʟʘʪʦʨʳ ʚʳʩʪʘʚʢʠ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ çʆʪʯʝʪʦʚ ʞʶʨʠè ʩʭʝʤʘʤ ʠ ʨʠʩʫʥ-

ʢʘʤ ʧʨʝʜʧʦʯʣʠ ʬʦʪʦʛʨʘʬʠʠ, ʦʮʝʥʠʚ ʠʭ ʪʦʯʥʦʩʪʴ ʠ ʜʝʪʘʣʴʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ 

ʨʘʙʦʪʘʤ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʚʩʝʤʠʨʥʦʝ ʘʨ-

ʭʠʪʝʢʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ. 

ɺ 1852 ʛ. ʪʦʧʦʛʨʘʬ, ʠʥʞʝʥʝʨ-ʤʘʡʦʨ ʢʦʨʧʫʩʘ ʠʥʞʝʥʝʨʦʚ ʬʨʘʥʮʫʟʩʢʦʡ ʘʨ-

ʤʠʠ ʕʤʝ ʃʦʩʩʝʜʘ ʧʝʨʚʳʤ ʚ ʤʠʨʝ ʠʩʧʦʣʴʟʦʚʘʣ ʬʦʪʦʢʘʤʝʨʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʧʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʤʝʩʪʥʦʩʪʠ ʠ ʥʘʟʚʘʣ ʩʚʦʡ ʩʧʦʩʦʙ çʤʝʪʨʦʬʦʪʦʛʨʘʬʠʝʡè, ʪ.ʝ. 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʬʦʪʦʛʨʘʬʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʨʘʙʦʪ ʧʦʷʚʠʣʩʷ ʪʝʨʤʠʥ çʬʦʪʦʪʦ-

ʧʦʛʨʘʬʠʷè. 

ɺ 1858 ʛ. ʥʝʤʝʮʢʠʡ ʨʘʡʦʥʥʳʡ ʠʥʩʧʝʢʪʦʨ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸ. ʄʝʡʜʝʥʙʘʫʵʨ, 
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ʧʝʨʚʳʤ ʚ ʤʠʨʝ ʨʝh ʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʪʦʢʘʤʝʨʫ ʧʨʠ ʩʲʝʤʢʝ ʬʘʩʘʜʦʚ ʟʜʘʥʠʡ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʧʨʠʥʮʠʧʳ ʧʨʠʤʝʥʝʥʠʷ ʥʘʟʝʤʥʦʡ ʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʣʘʥʦʚ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʄʝʡʜʝʥʙʘʫʵʨ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣ ʪʝʨʤʠʥ 

çʬʦʪʦʛʨʘʤʤʝʪʨʠʷè, ʢʦʪʦʨʳʡ ʦʟʥʘʯʘʝʪ (ʬʦʪʦ ï ʩʚʝʪ, ʤʝʪʨʠʦ ï ʠʟʤʝʨʷʪʴ, ʛʨʘʤʤ ï 

ʟʘʧʠʩʴ) ʠʟʤʝʨʝʥʠʝ ʧʦ ʩʚʝʪʦʟʘʧʠʩʠ. ʕʪʦʪ ʪʝʨʤʠʥ ʰʠʨʝ, ʯʝʤ çʬʦʪʦʪʦʧʦʛʨʘʬʠʷè, 

ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʨʘʙʦʪʳ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʬʦʪʦʧʣʘʥʦʚ, ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠ-

ʤʝʥʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦ-

ʚʝʢʘ, ʛʜʝ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʯʠʩʣʦʚʫʶ ʠ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʢʦʤ-ʣʠʙʦ 

ʦʙʲʝʢʪʝ. 

ɺ 1867 ʛ. ʕ. ʃʦʩʩʝʜʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ ʬʦʪʦʪʝʦʜʦʣʠʪ, ʚ ʢʦʪʦʨʦʤ ʩʦʝʜʠʥʠʣ 

ʬʦʪʦʢʘʤʝʨʫ ʠ ʪʝʦʜʦʣʠʪ. ʉ ʪʝʭ ʧʦʨ ʬʦʪʦʪʝʦʜʦʣʠʪ (ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʦ-

ʜʠʬʠʢʘʮʠʡ) ʩʪʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʜʣʷ ʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʪʘʢ ʠ ʜʣʷ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɸ 1875 ʛ. ʤʦʩʢʦʚʩʢʠʡ ʬʦʪʦʛʨʘʬ ɼ.ʇ. ɽʟʫʯʝʚʩʢʠʡ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ ʩʪʝʨʝʦ-

ʬʦʪʦʘʧʧʘʨʘʪ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʪʨʝʭʤʝʨʥʦʤ ʠʟʤʝʨʝ-

ʥʠʠ. 

ɽʩʣʠ ʚʦ ʌʨʘʥʮʠʠ ʠ ʀʪʘʣʠʠ ʩʲʝʤʢʠ ʧʨʠʤʝʥʷʣʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʪʦʧʦ-

ʛʨʘʬʠʠ, ʚ ɸʚʩʪʨʠʠ ʠ ʈʦʩʩʠʠ ï ʧʨʠ ʠʟʳʩʢʘʥʠʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʪʦ ʚ ɻʝʨʤʘʥʠʠ ï 

ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʘʨʭʝʦʣʦʛʠʠ ʠ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʷʭ. 

ɺ 1885 ʛ. ʚ ɻʝʨʤʘʥʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ. ʄʝʡʜʝʥʙʘʫʵʨʘ ʙʳʣ ʫʯʨʝʞʜʝʥ 

ʧʝʨʚʳʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠ ʦʨʛʘʥʠʟʦʚʘʥ ʘʨʭʠʚ, ʚ ʢʦʪʦʨʦʤ ʭʨʘʥʠ-

ʣʠʩʴ ʬʦʪʦʩʥʠʤʢʠ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʵʪʠʤ ʬʦʪʦʩʥʠʤʢʘʤ 

ʯʠʩʣʦʚʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʧʘʤʷʪʥʠʢʦʚ. 

ʉ ʪʝʭ ʧʦʨ ʧʨʦʰʣʦ ʙʦʣʝʝ ʩʪʘ ʣʝʪ. ɺ ʘʨʩʝʥʘʣʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʩʪʦʚ ʧʦʷʚʠ-

ʣʠʩʴ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ, ʥʘʟʝʤʥʳʝ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ, ʤʦʱʥʳʝ ʢʦʤʧʴʶʪʝʨʳ 

ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʝr ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯ-

ʥʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ. ʉʲʝʤʢʘ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ-

ʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʟʝʤʣʝ, ʥʦ ʠ ʩ ʚʦʟʜʫʭʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʣʦʪʠʨʫʝʤʳʭ ʠ ʙʝʩʧʠ-

ʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
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ɼʣʷ ʮʝʣʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʨʝʰʘʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ. 

ʇʦʩʪʨʦʝʥʠʝ ʦʙʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʧʦ ʬʦʪʦʧʣʘʥʫ. 

ʌʦʪʦʧʣʘʥ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʩʥʠʤʢʦʚ. ʊʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʬʘʢʪʦʨʳ, ʧʨʠʚʦ-

ʜʷʱʠʝ ʢ ʠʩʢʘʞʝʥʠʶ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʚʳʟʚʘʥʥʳʝ ʜʠʩʪʦʨʩʠʝʡ ʦʙʲʝʢʪʠʚʘ, 

ʥʘʢʣʦʥʦʤ ʩʥʠʤʢʘ, ʚʣʠʷʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʠ ʨʝʣʴʝʬʦʤ ʦʙʲʝʢʪʘ ʠ ʜʨ. 

ʇʦ ʬʦʪʦʧʣʘʥʫ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʬʦʪʦʯʝʨʪʝʞʠ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʛʨʘʬʠʢʦʡ ʜʘʶʪ ʚʠʟʫʘʣʴʥʫʶ ʠ ʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʙʦʣʴʰʝʤ ʦʙʲʝʤʝ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʬʦʪʦʧʣʘʥʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʬʦʪʦʨʘʟ-

ʚʝʨʪʢʫ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ, ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ ʠʣʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʜʘʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʘʟʠʤʫʪʘʣʴʥʳʭ, ʢʦʥʠʯʝʩʢʠʭ ʠʣʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʝ̫ʪ 

ʧʨʝʜʩʪʘʚʠʪʴ ʵʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʤ ʚʠʜʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʦʙʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦ-

ʙʦʤ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʙʲʝʢʪ ʙʳʣ ʩʬʦ-

ʪʦʛʨʘʬʠʨʦʚʘʥ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʠʟ ʜʚʫʭ ʪʦʯʝʢ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʚʘ ʩʥʠʤ-

ʢʘ ʥʘʟʳʚʘʶʪʩʷ ʩʪʝʨʝʦʧʘʨʦʡ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʩʪʝʨʝʦʧʘʨʳ ʧʦʣʫʯʘʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ ʩʦʦʨʫʞʝʥʠʷ, ʠʟʤʝʨʷʷ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʦʤʝʨʳ ʤʝʞʜʫ ʣʶʙʳ-

ʤʠ ʪʦʯʢʘʤʠ ʦʙʲʝʢʪʘ, ʣʠʙʦ ʧʦʩʪʨʦʠʪʴ ʪʨʝʭʤʝʨʥʳʡ ʦʙʤʝʨʥʳʡ ʯʝʨʪʝʞ. 

ʉʦʯʝʪʘʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. 

ʉʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʛʨʘʤ-

ʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʯʝʪʘ-

ʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦ-

ʜʝʣʝʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʮʚʝʪʘʭ, ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʠ ʪ.ʜ. 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʆʙʨʘʙʦʪʢʘ ʤʥʦʞʝʩʪʚʘ ʩʥʠʤʢʦʚ ʦʙʲʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
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ʧʦʜʭʦʜʦʚ ʧʦʠʩʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʧʦ ʤʥʦʞʝʩʪʚʫ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 

ʩʥʠʤʢʦʚ (ʘʥʛʣ. Structure From Motion (SFM)) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʤʥʳʝ 

ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ. 

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʜʝʬʦʨʤʘʮʠʝʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝ-

ʥʠʡ. 

ʉʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʝʬʦʨʤʘʮʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʩ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʙʘʟʠʩʘ ʧʦʣʫʯʘʶʪ ʥʝ-

ʩʢʦʣʴʢʦ ʩʪʝʨʝʦʧʘʨ, ʥʘʧʨʠʤʝʨ, ʤʦʩʪʘ: ʧʝʨʚʫʶ ʜʦ ʥʘʛʨʫʟʢʠ, ʚʪʦʨʫʶ ʚʦ ʚʨʝʤʷ 

ʥʘʛʨʫʟʢʠ ʠ ʪʨʝʪʴʶ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʨʫʜʥʦʜʦ-

ʩʪʫʧʥʳʭ ʠ ʩʣʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 
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ɻʃɸɺɸ 1 

ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʠʟ ʪʝʦʨʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

1.1 ɻʝʦʤʝʪʨʠʷ ʩʥʠʤʢʘ 

ʆʩʚʦʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʯʘʪʴ ʩ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʬʦʪʦʩʲʝʤʢʝ. ʀʤʝʥʥʦ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪ ʪʝʭʥʦʣʦʛʠʶ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʝʪ-

ʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʩʥʠʤʢʝ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʲʝʢʪʠʚʦʤ ʬʦ-

ʪʦʘʧʧʘʨʘʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ. ʅʘ ʨʠʩ. 1.1 ʧʦʢʘʟʘʥ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʠʚʦʤ ʬʦʪʦʢʘʤʝʨʳ. ʅʘ ʥʝʤ R1 ʠ R2 ï ʧʝʨʝʜʥʷʷ ʠ ʟʘʜʥʷʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʣʠʥʟ ʦʙʲʝʢʪʠʚʘ; S1 ʠ S2 ï ʝʛʦ ʧʝʨʝʜʥʷʷ ʠ ʟʘʜʥʷʷ 

ʫʟʣʦʚʳʝ ʪʦʯʢʠ; F1 ʠ F2 ï ʧʝʨʝʜʥʠʡ ʠ ʟʘʜʥʠʡ ʛʣʘʚʥʳʝ ʬʦʢʫʩʳ; H1 ʠ H2 ï ʛʣʘʚʥʳʝ 

ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʠʚʘ (ʦʥʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʪʦʯʢʠ S1 ʠ S2 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʣʘʚ-

ʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ). 

ʇʝʨʝʜʥʷʷ ʫʟʣʦʚʘʷ ʪʦʯʢʘ S1 ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ʧʨʝʜʤʝʪʦʚ ʠ ʷʚʣʷʝʪ-

ʩʷ ʪʦʯʢʦʡ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ɿʘʜʥʷʷ ʫʟʣʦʚʘʷ ʪʦʯʢʘ S2 ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʧʨʦʝʢʮʠʠ. 

 

ʈʠʩ 1.1. ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʠʚʦʤ ʬʦʪʦʢʘʤʝʨʳ 

 

ʃʫʯʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʩʥʠʤʢʝ, ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʝʢʪʠʨʫʶ-

ʱʠʤʠ ʣʫʯʘʤʠ, ʘ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ ï ʩʚʷʟʢʦʡ ʧʨʦʝʢʪʠʨʫʶʱʠʭ ʣʫʯʝʡ. 
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ʇʨʦʝʢʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʩʝ ʧʨʦʝʢʪʠʨʫʶʱʠʝ ʣʫʯʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʦʧʨʝʜʝ-

ʣʝʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʮʝʥʪʨ ʧʨʦʝʢʮʠʠ), ʥʘʟʳʚʘʝʪʩʷ ʎʝʥʪʨʘʣʴʥʦʡ ʧʨʦ-

ʝʢʮʠʝʡ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʝʝ ʵʣʝʤʝʥʪʳ (ʨʠʩ. 1.2). 

P ï ʧʣʦʩʢʦʩʪʴ ʩʥʠʤʢʘ. 

E ï ʧʨʝʜʤʝʪʥʘʷ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ) ʧʣʦʩ-

ʢʦʩʪʴ. 

S ï ʮʝʥʪʨ ʧʨʦʝʢʮʠʠ (ʪʦʯʢʘ ʬʦʪʦʛʨʘʬʠ-

ʨʦʚʘʥʠʷ). 

ʦ ï ʛʣʘʚʥʘʷ ʪʦʯʢʘ ʩʥʠʤʢʘ ï ʩʣʝʜ ʧʝʨʝʩʝ-

ʯʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʩʥʠʤʢʘ ʛʣʘʚʥʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʣʫʯʦʤ, ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʮʝʥʪʨ ʧʨʦʝʢʮʠʠ S 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʩʥʠʤʢʘ. 

So = f ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʲʝʤʦʯ-

ʥʦʡ ʢʘʤʝʨʳ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ 

S ʜʦ ʩʥʠʤʢʘ ʚʜʦʣʴ ʛʣʘʚʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʣʫʯʘ. 

n ï ʪʦʯʢʘ ʥʘʜʠʨʘ ï ʧʝʨʝʩʝʯʝʥʠʝ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ SN, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʮʝʥʪʨ ʧʨʦʝʢʮʠʠ, ʩ ʧʣʦʩʢʦʩʪʴʶ ʩʥʠʤʢʘ. 

N ï ʧʨʦʝʢʮʠʷ ʪʦʯʢʠ ʥʘʜʠʨʘ ʩʥʠʤʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ɽ. 

SN = H ï ʚʳʩʦʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ï ʚʳʩʦʪʘ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʨʝʜʤʝʪʥʦʡ ʧʣʦʩʢʦʩʪʠ ɽ. 

Ŭʦ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʥʠʤʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʤʝʞʜʫ ʛʣʘʚʥʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʣʫʯʦʤ ʠ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ. 

 

1.2 ʀʩʪʦʯʥʠʢʠ ʠʩʢʘʞʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ 

ʩʥʠʤʢʝ 

ʇʦʜ ʦʙʲʝʢʪʦʤ, ʚ ʢʦʥʪʝʢʩʪʝ ʜʘʥʥʦʛʦ ʧʦʩʦʙʠʷ, ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʢʘʢ ʦʪʜʝʣʴ-

ʥʦʝ ʩʪʨʦʝʥʠʝ, ʪʘʢ ʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʣʘʥʜʰʘʬʪʘ (ʩʪʨʦʝʥʠʷ, ʬʦʨʤʳ ʨʝʣʴ-

ʝʬʘ ʠ ʪ.ʧ.), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʧʨʦʝʢʪʠʚʥʦʡ ʛʝʦʤʝʪ-

ʈʠʩ. 1.2. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ 
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ʨʠʠ, ʧʦʩʪʨʦʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʝʜʤʝʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʠʤʝʝʪ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʇʨʠ ʦʪʚʝʩʥʦʤ ʧʦʣʦʞʝʥʠʠ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʬʦʪʦʢʘʤʝʨʳ (Ŭʦ = 0) 

ʩʥʠʤʦʢ ʩʝʪʢʠ ʙʫʜʝʪ ʧʘʨʘʣʣʝʣʝʥ ʧʨʝʜʤʝʪʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 1.3). ʆʜʥʘʢʦ ʚʝʨʪʠ-

ʢʘʣʴʥʳʝ ʣʠʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʪʚʝʩʥʦʡ ʣʠ-

ʥʠʠ SN ʧʨʝʪʝʨʧʝʚʘʶʪ ʠʩʢʘʞʝʥʠʝ ʠ ʠʟʦʙʨʘ-

ʞʘʶʪʩʷ ʚ ʚʠʜʝ ʚʝʝʨʘ ʧʨʷʤʳʭ ʩ ʪʦʯʢʦʡ ʩʭʦ-

ʜʘ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʪʦʯʢʦʡ ʥʘʜʠʨʘ ʥʘ ʩʥʠʤʢʝ 

(ʨʠʩ. 1.4).  

ʀʟ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʟʦʙ-

ʨʘʞʝʥʠʝ ʧʣʦʩʢʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ ʩʥʠʤʢʝ (ʫʛʦʣ Ŭʦ = 0), ʪ.ʝ. ʩʥʠʤʦʢ ʩʝʪʢʠ, 

ʙʫʜʝʪ ʧʘʨʘʣʣʝʣʝʥ ʧʨʝʜʤʝʪʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʨʠʩ. 1.3). ɺʩʝ ʢʦʥʪʫʨʳ ʥʘ ʪʘʢʦʤ ʩʥʠʤʢʝ ʙʫ-

ʜʫʪ ʩʪʨʦʛʦ ʧʦʜʦʙʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʥ-

ʪʫʨʘʤ ʥʘ ʤʝʩʪʥʦʩʪʠ (ʪ.ʝ. ʧʨʦʝʢʮʠʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʨʪʦʛʦʥʘʣʥɹʦʡ). 

ʕʪʦ ʧʦʜʦʙʠʝ ʥʘʨʫʰʘʝʪʩʷ ʥʘ ʩʥʠʤʢʝ ʨʝ-

ʣʴʝʬʥʦʡ (ʛʦʨʥʦʡ) ʤʝʩʪʥʦʩʪʠ. ʊʘʢʦʡ ʩʥʠʤʦʢ 

ʥʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʝʡ 

ʤʝʩʪʥʦʩʪʠ (ʩʤ. ʧ. 1.2.1.) 

ʇʨʠ ʥʘʢʣʦʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ ʬʦʪʦʘʧʧʘʨʘʪʘ Ŭʦ Í 0 (ʨʠʩ. 1.5ʘ) ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʣʠʥʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠ-

ʝʤ ʣʠʥʠʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʶ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʣʠʥʠʠ ʠʟʦʙʨʘʞʘʶʪʩʷ ʥʘ ʩʥʠʤʢʘʭ ʩʭʦʜʷʱʠʤʠ-

ʩʷ ʣʠʥʠʷʤʠ. ʈʠʩʫʥʦʢ 1.5ʙ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʦʝʢʮʠʠ ʪʦʯʝʢ ɸ ʠ ɺ ʥʘ ʥʘʢʣʦʥʥʳʡ ʈ 

ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʈ0 ʩʥʠʤʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʦʜʥʦʛʦ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ. 

ʈʠʩ. 1.4. ʆʪʦʙʨʘʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʣʠʥʠʡ ʥʘ ʩʥʠʤʢʘʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʨʦʝʢʮʠʠ 

ʈʠʩ. 1.3 ʉʚʦʡʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ ʧʨʠ ʦʪʚʝʩʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 
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ʈʠʩ. 1.5. ʉʤʝʱʝʥʠʝ ʢʦʥʪʫʨʦʚ ʥʘ ʥʘʢʣʦʥʥʦʤ ʩʥʠʤʢʝ 

ʅʘ ʥʘʢʣʦʥʥʦʤ ʩʥʠʤʢʝ ʧʨʦʠʩʭʦʜʷʪ ʩʤʝʱʝʥʠʷ ʢʦʥʪʫʨʦʚ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʙʣʠʞʝ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢ ʢʨʘʶ ʩʥʠʤʢʘ ʠ ʯʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʥʠʤʢʘ Ŭʦ. 

 

1.2.1 ʉʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʝ, ʚʳʟʚʘʥʥʳʝ ʨʝʣʴʝʬʦʤ 

ʇʦ ʟʘʢʦʥʘʤ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʦ-

ʝʢʮʠʠ ʪʦʯʢʘ ʄ ʤʝʩʪʥʦʩʪʠ (ʨʠʩ. 1.6) ʠʟʦʙʨʘʟʠʪʴʩʷ ʥʘ ʩʥʠʤʢʝ ʈ ʚ ʪʦʯʢʝ m, ʦʪʩʪʦ-

ʷʱʝʡ ʦʪ ʪʦʯʢʠ ʥʘʜʠʨʘ n ʥʘ ʨʘʩʩʪʦʥ̫ʠʠ 

r. 

ʊʦʯʢʘ ʦʙʲʝʢʪʘ ʄ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʝʛʦ ʧʣʘʥʘ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ 

ʜʦʣʞʥʘ ʧʨʦʝʢʪʠʨʦʚʘʪʴʩ ̫ ʥʘ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ɽ ʚ ʪʦʯʢʫ ʄ0. ɽʩʣʠ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʩʥʠʤʢʝ 

ʈ, ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʦ ʟʘʢʦʥʘʤ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ɽ, ʪʦ 

ʪʦʯʢʘ m ʩʧʨʦʝʢʪʠʨʫʝʪʩʷ ʚ ʪʦʯʢʫ M', ʘ 

ʥʝ ʚ ʪʦʯʢʫ M0. ʏʪʦʙʳ ʪʦʯʢʘ m ʩʧʨʦʝʢ-

ʪʠʨʦʚʘʣʘʩʴ ʚ ʪʦʯʢʫ ʄ0, ʥʝʦʙʭʦʜʠʤʦ 

ʩʤʝʩʪʠʪʴ ʝʝ ʥʘ ʩʥʠʤʢʝ ʚ ʪʦʯʢʫ m0. ɺʝ-

ʈʠʩ. 1.6. ɺʣʠʷʥʠʝ ʨʝʣʴʝʬʘ ʥʘ ʧʦʣʦʞʝʥʠʝ 

ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʝ 
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ʣʠʯʠʥʫ ʩʤʝʱʝʥʠʷ ï ʦʪʨʝʟʦʢ mm0 = ŭrh ʥʘʟʳʚʘʶʪ ʩʤʝʱʝʥʠʝʤ ʪʦʯʢʠ, ʚʳʟʚʘʥʥʳʤ 

ʨʝʣʴʝʬʦʤ ʤʝʩʪʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʩʤʝʱʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʘʟʥʳʭ 

ʧʨʦʝʢʮʠʡ ʥʘ ʩʥʠʤʢʝ ʠ ʧʣʘʥʝ. ɽʩʣʠ ʠʟ ʢʘʢʠʭ-ʣʠʙʦ ʩʦʦʙʨʘʞʝʥʠʡ ʜʝʣʘʪʴ ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ, ʪʦ ʥʠʢʘʢʦʛʦ ʩʤʝʱʝʥʠʷ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ʌʦʨʤʫʣʘ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʥʠʤʢʝ, ʚʳʟʚʘʥʥʳʭ ʨʝʣʴʝ-

ʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʚʳʛʣʜ̫ʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

H

rh
r

h
=d  (1.1) 

ʀʟ ʘʥʘʣʠʟʘ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ drh = 0 ʧʨʠ: 

1) r = 0, ʪ.ʝ. ʚ ʪʦʯʢʝ ʥʘʜʠʨʘ n ʩʤʝʱʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʨʝʣʴʝʬʦʤ, ʦʪʩʫʪ-

ʩʪʚʫʝʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʦʯʢʘ ʥʘʜʠʨʘ ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʧʝʨʝʩʝʯʝʥʠʷ 

ʩʥʠʤʢʘ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ. ʊ.ʝ. ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʪʦʯʢʘ ʩʥʠʤʢʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʦ-

ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ; 

2) h = 0, ʪ.ʝ. ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʦʩʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʨʝʦʙʨʘ-

ʟʫʝʪʩʷ ʠʟ ʮʝʥʪʨʘʣʥɹʦʡ ʧʨʦʝʢʮʠʠ ʚ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʙʝʟ ʧʦʛʨʝʰʥʦʩʪʝʡ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʨʠʯʠʥʘ ʥʝʪʦʞʜʝʩʪʚʝʥʥʦʛʦ ʦʪʦʙ-

ʨʘʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ. 

 

1.2.2 ɼʠʩʪʦʨʩʠʷ ʦʙʲʝʢʪʠʚʘ ʬʦʪʦʢʘʤʝʨʳ 

ɼʠʩʪʦʨʩʠʷ ʦʙʲʝʢʪʠʚʘ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʧʦʜʦʙʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʠ ʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʝʤ, ʪ.ʝ. ʦʙʲʝʢʪʠʚ ʥʝ ʦʙʣʘʜʘʝʪ ʦʨʪʦʩʢʦʧʠʝʡ. 

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ: 1) ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʛʥʫʪʴ ʦʨʪʦʩʢʦʧʠʠ ʫʞʝ ʥʘ 

ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 2) ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʪʜʝʣʴ-

ʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, 3) ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʩʙʦʨʢʝ ʦʧʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. 

ɺ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʠʚʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʜʠʩʪʦʨʩʠʷ, ʧʦʵʪʦ-

ʤʫ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʧʦʤʠʤʦ ʨʘʜʠʘʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ 

ʪʘʥʛʝʥʮʠʘʣʴʥʘ ̫ ʜʠʩʪʦʨʩʠʷ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʩʤʝʱʝʥʠ ̫ ʪʦʯʝʢ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʨʘʜʠʘʣʴʥʦʤʫ. ʀʭ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʩʦ-



13 

ʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ. ʇʦʜʨʦʙʥʝʝ ʦ ʜʠʩʪʦʨʩʠʠ ʠ 

ʩʧʦʩʦʙʘʭ ʝʝ ʢʦʤʧʝʥʩʘʮʠʠ ʩʤ. ʚ ʧ. 2.2. 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʠʩʪʦʨʩʠʠ ʨʝʘʣʴʥʳʡ ʦʙʲʝʢʪʠʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʜʝʘʣʴʥʦʡ ʦʧʪʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʟrʳʚʘʝʪ ʦʪʢʣʦʥʝʥʠʝ ʭʦʜʘ ʚʳʭʦʜʷʱʝʛʦ ʣʫʯʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʚʭʦʜʷʱʝʛʦ ʣʫʯʘ. ɺ ʨʝʟʫʣʪɹʘʪʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʷʝʪ ʩʚʦʠ ʨʘʟʤʝʨʳ, 

ʥʦ ʠ ʬʦʨʤʫ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʦʪʦʛʨʘʬʠʨʫʝʪʩʷ ʢʚʘʜʨʘʪ (ʨʠʩ. 1.7ʘ). 

 

ʈʠʩ. 1.7. ʀʩʢʘʞʝʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ, ʚʳʟʚʘʥʥʳʝ ʜʠʩʪʦʨʩʠʝʡ ʦʙʲʝʢʪʠʚʘ 

 

ʊʘʢ ʢʘʢ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʫʛʣʦʚ ʢʚʘʜʨʘʪʘ ʙʦʣʴʰʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ ʦʩʪʘʣʴ-

ʥʭr ʪʦʯʝʢ ʩʪʦʨʦʥ, ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʩʪʦʨʦʥ ʙʫʜʫʪ ʨʘʟʥʳʤʠ: ʥʘʠʤʝʥʴʰʠʝ ʚ ʩʝʨʝ-

ʜʠʥʝ ʩʪʦʨʦʥʳ ʠ ʥʘʠʙʦʣʴʰʠʝ ʚ ʫʛʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʳʝ ʣʠʥʠʠ ʙʫʜʫʪ ʧʨʝʦʙ-

ʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʢʨʠʚʳʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ ʢʚʘʜ-

ʨʘʪ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʧʦʜʫʰʢʦʦʙʨʘʟʥʫʶ ʬʠʛʫʨʫ (ʨʠʩ. 1.7ʙ), ʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʜʠʩʪʦʨʩʠʠ ï ʚ ʙʦʯʢʦʦʙʨʘʟʥʫʶ ʬʠʛʫʨʫ (ʨʠʩ. 1.7ʚ).  
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ʈʠʩ. 1.8. ɺʣʠʷʥʠʝ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʥʘ ʦʪʦʙʨʘʞʝʥʠʝ ʬʦʨʤʳ ʬʘʩʘʜʘ 

ʅʘ ʨʠʩ. 1.8ʙ ʜʠʩʪʦʨʩʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʩʢʘʞʝʥʠʠ ʫʛʣʦʚ ʚʳʩʪʫʧʘʶʱʝʡ ʯʘ-

ʩʪʠ ʟʜʘʥʠʷ (ʨʠʟʘʣʠʪʘ), ʥʘ ʨʠʩ. 1.8ʚ - ʬʦʨʤʳ ʢʨʳʰʠ. ɸ ʥʘ ʨʠʩ 1.8ʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʠʚʝʜʸʥ ʩʥʠʤʦʢ ʩ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʜʠʩʪʦʨʩʠʝʡ.  

 

1.3 ʉʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. 

ʕʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

1.3.1 ʕʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ 

ɼʣʷ ʮʝʣʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʘʟʝʤʥʦʤ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʠ ʘʵʨʦʩʲʝʤʢʝ (ʥʘʧʨʠʤʝʨ, ʩ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘ-

ʨʘʪʦʚ). 

ɺ ʥʘʟʝʤʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʞʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʩʥʠʤʢʘ, ʦʙʲʝʢʪʘ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʘʵʨʦʩʥʠʤʢʦʚ. 

ʂʦʦʨʜʠʥʘʪʳ ʠʟʦʙʨʘʞʝʥʠʡ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ ʥʘ ʩʥʠʤʢʘʭ (ʭ, y, z = 0) ʦʧʨʝ-
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ʜʝʣʷʶʪʩʷ ʚ ʧʨʘʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʲʝ-

ʤʦʯʥʦʡ ʢʘʤʝʨʳ oǋxyz. ʉʥʠʤʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʦʚʦʡ (ʧʣʝʥʦʯʥʦʡ) 

ʢʘʤʝʨʦʡ ʠʣʠ ʮʠʬʨʦʚʦʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʘʜʨʳ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʚʠʜ 

ʧʫʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʘʥʘʣʦʛʦʚʦʛʦ ʩʥʠʤʢʘ 

ʚ ʧʦʣʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʤʝʶʪʩʷ ʢʦʦʨʜʠʥʘʪʥʳʝ ʤʝʪʢʠ, ʢʦʪʦʨʳʝ ʚʧʝʯʘʪʳʚʘʶʪʩʷ ʚ 

ʩʥʠʤʦʢ ʚ ʤʦʤʝʥʪ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ (ʨʠʩ. 1.9). ʏʝʨʝʟ ʤʝʪʢʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʩʪʦʨʦʥʝ ʢʘʜʨʘ, ʧʨʦʭʦʜʠʪ ʦʩʴ x; ʯʝʨʝʟ ʤʝʪʢʠ ʥʘ ʚʝʨʭʥʝʡ  ʥʠʞ-

ʥʝʡ ʩʪʦʨʦʥʝ ʢʘʜʨʘ ʧʨʦʭʦʜʠʪ ʧʨʷʤʘʷ, ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʦʪʦʨʦʡ ʩ ʦʩʴʶ x ʜʘʝʪ 

ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʘ oô. ʀʟ ʪʦʯʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʩʴ y .ʆʩʴ z 

ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ. ʅɸ ʨʠʩ.1.9. ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʝ-

ʥʳʤ ʮʚʝʪʦʤ. 

 

ʈʠʩ. 1.9. ɺʦʟʤʦʞʥʳʝ ʚʠʜʳ ʢʦʦʨʜʠʥʘʪʥʳʭ ʤʝʪʦʢ: ʘ ï ʥʘ ʘʵʨʦʩʥʠʤʢʝ, ʙ ï ʥʘ ʥʘʟʝʤʥʦʤ ʩʥʠʤʢʝ. 

 

ɺ ʮʠʬʨʦʚʳʭ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨʘʭ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ oǋxyz ʟʘʜʘʝʪʩʷ ʩʚʝʪʦ-

ʧʨʠʝʤʥʦʡ ʤʘʪʨʠʮʝʡ. ʆʩʠ ʭ ʠ y, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʘʨʘʣʣʝʣʴʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ ʤʘʪʨʠʮʳ. ɽʝ ʥʘʯʘʣʦ ʩʦʚʤʝʱʘʶʪ ʩ ʧʠʢʩʝʣʝʤ ʚ ʣʝʚʦʤ ʥʠʞ-

ʥʝʤ ʫʛʣʫ ʤʘʪʨʠʮʳ ʠʣʠ ʩ ʧʠʢʩʝʣʝʤ ʚ ʮʝʥʪʨʝ ʤʘʪʨʠʮʳ. ʆʩʴ ʭ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʲʝʤʢʠ. ʅʘ ʨʠʩ. 1.10 ʠʟʦʙʨʘʞʝʥʳ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ ʮʠʬʨʦʚʦʛʦ ʩʥʠʤʢʘ: ʩʣʝʚʘ ï ʧʨʠ ʘʵʨʦʩʲʝʤʢʝ, ʩʧʨʘʚʘ ï ʧʨʠ ʥʘʟʝʤʥʦʡ ʬʦʪʦ-

ʩʲʝʤʢʝ. 

ʇʫʩʪʴ ʪʦʯʢʘ ʄ ʦʙʲʝʢʪʘ ʠʟʦʙʨʘʟʠʣʘʩʴ ʥʘ ʩʥʠʤʢʝ ʚ ʪʦʯʢʝ m (ʨʠʩ. 1.10) ʠ 

ʠʤʝʝʪ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʘ ʢʦʦʨʜʠʥʘʪʳ m (xm, ym, zm = 0). 
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ʈʠʩ. 1.10. ʉʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʦʚ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʄ ʚ ʩʠʩʪʝʤʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʘ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ S ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ x = xʦ, y = yʦ, z 

= f, ʛʜʝ f ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ, ʘ ʭʦ ʠ yʦ ï ʢʦʦʨʜʠʥʘʪʳ ʛʣʘʚ-

ʥʦʡ ʪʦʯʢʠ ʩʥʠʤʢʘ ʦ (ʧʦʜʨʦʙʥʝʝ ʦ ʛʝʦʤʝʪʨʠʠ ʩʲʝʤʢʠ ʦʧʠʩʘʥʦ ʚ ʧ. 1.1). ʇʘʨʘʤʝʪ-

ʨ  rf, ʭʦ, yʦ ʥʘʟʳʚʘʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ. ʆʥʠ ʦʧʨʝ-

ʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʩʥʠʤʢʘ ʠ ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʶʪ ʩʚʷʟʢʫ ʧʨʦʝʢʪʠʨʫʶʱʠʭ ʣʫʯʝʡ, ʩʫʱʝʩʪʚʦʚʘʚʰʫʶ ʚ ʤʦʤʝʥʪ ʵʢʩʧʦʥʠ-

ʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ (ʦʙʲʝʢʪʘ) ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢʘʤʝʨʳ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʥʘ ʩʥʠʤʢʝ, ʧʦ ʬʦʨʤʫʣʝ 

(1.2) 
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C  , (1.2) 

ʛʜʝ r
C
 ï ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ ʩʥʠʤʢʘ o'xyz;  
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xm, ym, zm ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ m;  

xʦ, yʦ, f ï ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ 

ö
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õ

æ
æ
æ

ç

å

-

+-

+-

=

f

yy

xx

r
y0

x0

d

d
C . (1.3) 

ʇʨʠ ʥʘʣʠʯʠʠ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ r
C
 ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ (1.3). ɿʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʲʝʤʦʯʥʦʡ ʩʠ-

ʩʪʝʤʳ xʦ, yʦ, f ʠ ʧʦʧʨʘʚʢʠ dx, dy ʟʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʜʠʩʪʦʨʩʠʶ ʦʧʨʝʜʝʣʷ-

ʶʪ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ. 

 

1.3.2 ʕʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ 

ʇʨʠ ʨʝʰʝʥʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʩʥʠʤʢʘʤ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ ʠ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ ʚ ʤʦʤʝʥʪ ʧʦʣʫʯʝʥʠʷ ʩʥʠʤʢʘ ʦʧʨʝʜʝʣʷʶʪ ʚ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ 

ʢʘʨʪ ʠ ʜʨʫʛʠʭ ʜʦʢʫʤʝʥʪʦʚ ʦ ʤʝʩʪʥʦʩʪʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʇʨʠ ʩʲʝʤʢʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʛʜʘ ʥʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʦʪʦʙʨʘʞʘʪʴ ʦʙʲʝʢʪʳ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʣʦʢʘʣʴʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʥʠ-

ʤʘʝʤr ʤ ʦʙʲʝʢʪʦʤ (ʧʦʜʨʦʙʥʝʝ ʩʤ. ʛʣʘʚʫ 2). 

ʇʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ ʦʙʲʝʢʪʘ OXYZ ʦʧʨʝʜʝʣʷʶʪ ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ 

(ʕɺʆ). 

ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ S ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʶʪ 

ʝʛʦ ʢʦʦʨʜʠʥʘʪʳ Xs, Ys, Zs. 

ʋʛʣʦʚʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʫʛʣʘʤʠ ʤʝʞʜʫ ʦʩʷʤʠ ʩʠ-
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ʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ ʠ ʩʥʠʤʢʘ Sxyz. 

ʅʘ ʨʠʩ. 1.11 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʠʩʪʝʤʳ ʫʛʣʦʚ 

ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ: ʩʣʝʚʘ ʜʣʷ ʘʵʨʦʩʲʝʤʢʠ, ʩʧʨʘʚʘ ʜʣʷ ʥʘʟʝʤʥʦʡ ʬʦʪʦ-

ʩʲʝʤʢʠ. 

 

ʈʠʩ. 1.11. ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʫʛʣʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

 

ɺ ʢʘʯʝʩʪʚʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫ-

ʶʪ ʫʛʣʳ w, a ʠ ¿, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ʫʛʣʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠ-

ʨʦʚʘʥʠʷ ʩʥʠʤʢʘ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʠʷ ʜʣʷ ʥʘʟʝʤʥʦʡ ʩʲʝʤʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.11, ʛʜʝ 

w ï ʧʦʧʝʨʝʯʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʥʠʤʢʘ. ʋʛʦʣ ʤʝʞʜʫ ʦʩʴʶ Z ʠ ʧʨʦʝʢʮʠʝʡ 

ʦʩʠ z ʥʘ ʧʣʦʩʢʦʩʪʴ ʍY; 

a ï ʧʨʦʜʦʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʥʠʤʢʘ (ʦʪʚʦʨʦʪ). ʋʛʦʣ ʤʝʞʜʫ ʦʩʴʶ z ʠ ʝʝ 

ʧʨʦʝʢʮʠʝʡ ʥʘ ʧʣʦʩʢʦʩʪʴ Zʍ; 

k ï ʫʛʦʣ ʨʘʟʚʦʨʦʪʘ ʩʥʠʤʢʘ. ʋʛʦʣ, ʣʝʞʘʱʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʩʥʠʤʢʘ ʤʝʞʜʫ 

ʦʩʴʶ x ʠ ʩʣʝʜʦʤ ʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʩʥʠʤʢʘ ʧʣʦʩʢʦʩʪʴʶ Xz. 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʵʪʠ ʫʛʣʳ ʧʨʠ ʥʘʟʝʤʥʦʡ ʬʦʪʦʩʲʝʤʢʝ ʩ ʫʛʣʦʚʳʤʠ ʵʣʝʤʝʥʪʘ-

ʤʠ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʘʵʨʦʩʥʠʤʢʘ, ʪʦ ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʪʝ ʞʝ ʩʘʤʳʝ ʠ 
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ʠʤʝʶʪ ʪʫ ʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪ-

ʩʷ ʪʦ, ʯʪʦ ʚ ʥʘʟʝʤʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʫʛʣʳ ʥʘʢʣʦʥʘ ʩʥʠʤʢʦʚ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʷ ʦʪ 0ę ʜʦ 360ę, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

 

1.4 ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʧʦ ʦʜʠʥʦʯʥʦʤʫ ʩʥʠʤʢʫ: 

ʧʨʷʤʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʟʘʜʘʯʘ 

ʇʫʩʪʴ ʠʟ ʪʦʯʢʠ S ʧʦʣʫʯʝʥ ʩʥʠʤʦʢ ʈ, ʥʘ ʢʦʪʦʨʦʤ ʪʦʯʢʘ ʄ ʤʝʩʪʥʦʩʪʠ ʠʟʦʙ-

ʨʘʟʠʣʘʩʴ ʚ ʪʦʯʢʝ m (ʨʠʩ. 1.12). ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʄ ʤʝʩʪʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ ʦʧʨʝʜʝʣʷʝʪ ʚʝʢʪʦʨ Rʄ = OM. ɺʝʢʪʦʨ R S = OS ʦʧʨʝʜʝʣʷ-

ʝʪ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ S ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ. ɺʝʢʪʦʨʳ 

r
C
 = Sm ʠ R  = SM, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ m ʠ ʄ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥ-

ʪʨʘ ʧʨʦʝʢʮʠʠ S, ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ, ʧʦʵʪʦʤʫ ʟʘʚʠʩʠʤʦʩʪ ɹʤʝʞʜʫ ʥʠʤʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ. 

ʇʦ ʬʦʨʤʫʣʝ 1.4 ʦʧʨʝʜʝʣʷʶʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʤʝʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʢʦ-

ʦʨʜʠʥʘʪʳ ʝʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʥʠʤʢʝ. 
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. (1.4) 

ɺ ʬʦʨʤʫʣʝ (1.4) X, Y, Z ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʄ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲ-

ʝʢʪʘ; ʍs, Ys, Zs ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ S ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ; 

ʵʣʝʤʝʥʪʳ aij  ʤʘʪʨʠʮʳ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʫʛ-

ʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ w, a, k.  

ʀʟ ʬʦʨʤʫʣ (1.4) ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʤʝʩʪʥʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʝʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʥʠʤʢʝ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝ-

ʛʦ ʠ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʠ ʠʟʚʝʩʪʥʘ ʚʳʩʦʪʘ Z ʵʪʦʡ ʪʦʯʢʠ. 
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ʈʠʩ. 1.12. ʉʚʷʟʴ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʥʘ ʤʝʩʪʥʦʩʪʠ ʠ ʥʘ ʩʥʠʤʢʝ 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʙʨʘʪʥʳʝ ʬʦʨʤʫʣʳ ʩʚʷʟʠ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʪʦʯʝʢ ʩʥʠʤʢʘ ʠ ʤʝʩʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʪʦʯʢʠ ʥʘ ʩʥʠʤʢʝ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʘ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʤʝʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ. 
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. (1.5) 

ʇʦ ʬʦʨʤʫʣʘʤ (1.5), ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʤʝʩʪʥʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʢʦʦʨʜʠʥʘʪ rʝʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʥʠʤʢʝ. 

ɽʩʣʠ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʦʩʢʦʛʦ ʦʙʲʝʢʪʘ ʧʦʣʫʯʝʥʦ ʥʘ ʩʥʠʤʢʝ, ʧʘʨʘʣʣʝʣʴʥʦʤ 

ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʘ, ʠ ʠʟʚʝʩʪʥʦ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʢ ʚʳ-

ʩʦʪʝ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ (ʦʪʩʪʦʷʥʠʝ ʦʪ ʦʙʲʝʢʪʘ) f/H = 1/m , ʛʜʝ 1/m ïʤʘʩʰʪʘʙ 
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ʩʥʠʤʢʘ, ʪʦ ʪʘʢʦʡ ʩʥʠʤʦʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʙʝʟ ʪʨʘʥʩʬʦʨʤʠ-

ʨʦʚʘʥʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʝ ʫʛʣʳ 

ʥʘʢʣʦʥʘ ʩʥʠʤʢʘ ʠ ʚʣʠʷʥʠʝ ʨʝʣʴʝʬʘ. 

ʆʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʳʩʦʪʳ ʪʦʯʝʢ Z ʪʦʯʝʢ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʠʭ ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦ 

ʦʜʠʥʦʯʥʦʤʫ ʩʥʠʤʢʫ (ʨʠʩ. 1.13). 

ʅʘ ʨʠʩ. 1.13 ʩʥʠʤʦʢ P, ʧʦʣʫ-

ʯʝʥʥʳʡ ʠʟ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ S, ʥʘ ʢʦ-

ʪʦʨʦʤ ʪʦʯʢʘ ʤʝʩʪʥʦʩʪʠ M ʠʟʦʙʨʘʟʠ-

ʣʘʩʴ ʚ ʪʦʯʢʝ m. ʇʣʦʩʢʦʩʪʴ E ï ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ, ʧʨʦʚʝʜʝʥʥʘʷ 

ʯʝʨʝʟ ʪʦʯʢʫ ʤʝʩʪʥʦʩʪʠ M. ʊʦʯʢʘ n ï 

ʪʦʯʢʘ ʥʘʜʠʨʘ. ɽʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯ-

ʢʘ N ʥʘ ʦʙʲʝʢʪʝ. ʇʫʩʪʴ ʚʳʩʦʪʘ ʪʦʯʢʠ 

ʄ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʛʨʝʥhʦʩʪʴʶ ȹZ 

(ʪʦʯʢʘ M
ô
). ʊʦʛʜʘ ʦʰʠʙʢʘ ʚ ʦʧʨʝʜʝ-

ʣʝʥʠʠ ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ 

ʄ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʝʣʠʯʠʥʦʡ ȹR ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʥʘʜʠʨʘ N. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʥʠʤʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ, ʪʦ ʪʦʯʢʘ ʥʘʜʠʨʘ n ʩʦʚ-

ʧʘʜʘʝʪ ʩ ʛʣʘʚʥʦʡ ʪʦʯʢʦʡ ʦ, ʘ ʚʝʣʠʯʠʥʫ ȹR ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ, ʧʦʣʫ-

ʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ (1.4): 

æR
2
 = æX 

2
 + DY

2
, (1.6) 

æX = (x/ f)D Z, æY = (y/ f)æZ, 

ʛʜʝ x, y - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ m; f - ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʥʠʤʢʘ. 

 

1.5. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʧʦ ʦʧʦʨʥʳʤ 

ʪʦʯʢʘʤ: ʦʙʨʘʪʥʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʟʘʩʝʯʢʘ 

ɿʘʯʘʩʪʫʶ ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʥʝ ʠʟʚʝʩʪʥʳ, ʪʦʛʜʘ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʈʠʩ. 1.13. ɺʣʠʷʥʠʝ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ 

ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 
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ʩʥʠʤʢʘ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ. 

ʆʧʦʨʥʦʡ ʪʦʯʢʦʡ ʥʘʟʳʚʘʝʪʩ ̫ʪʦʯʢʘ, ʦʧʦʟʥʘʥʥʘ ̫ʥʘ ʦʙʲʝʢʪʝ ʠ ʥʘ ʩʥʠʤʢʝ ʠ 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʡ ʥʘ ʤʝʩʪʥʦʩʪʠ ʠʟʚʝʩʪʥʳ (ʤʝʪʦʜʳ ʛʝʦʜʝʟʠʯʝ-

ʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʟʝʤʥʦʡ ʬʦʪʦʩʲʝʤʢʠ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 2). ʏʘʩʪʴ ʪʦʯʝʢ 

ʩ ʠʟʚʝʩʪʥʳʤʠ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʝʯʥʦʡ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚʦ ʚʥʝʰʥʝʤ ʦʨʠʝʥʪʠʨʦʚʘʥʠʠ ʠ ʫʨʘʚʥʠʚʘʥʠʠ 

ʩʝʪʠ ʠʣʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʢʘʢ ʠʟʤʝʨʝʥʥʳʝ ʪʦʯʢʠ.  

ʅʘ ʨʠʩ. 1.14 ʦʧʦʨʥʳʝ ʪʦʯʢʠ ʦʙʦʟʥʘʯʝʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʚʦʩʧʦʣʴʟʫ-

ʝʤʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ (1.5), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

( ) ( ) ( )

( ) ( ) ( )
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( ) ( ) ( )
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. (1.7) 

ʂʘʞʜʘʷ ʦʧʦʨʥʘʷ ʪʦʯʢʘ, ʠʟʤʝʨʝʥʥʘʷ ʥʘ ʩʥʠʤʢʝ, ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʜʚʘ 

ʫʨʘʚʥʝʥʠʷ (1.7), ʚ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʭ, ʫ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʧʦʨʥʦʡ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʘ Sxyz ʠ X, Y, Z ï ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦ-

ʦʨʜʠʥʘʪʳ ʦʧʦʨʥʦʡ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ, ʘ ʪʘʢʞʝ f, xo, yo ï

ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ. 

ɺ ʫʨʘʚʥʝʥʠʷʭ (1.7) ʥʝʠʟʚʝʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʰʝʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ Xs, Ys, Zs, w, a, k. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʰʝʩʪʠ ʥʝ-

ʠʟʚʝʩʪʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʰʝʩʪʴ ʫʨʘʚʥʝʥʠʡ (1.7). ʇʨʠ ʥʘʣʠʯʠʠ ʭʦʪʷ ʙʳ 

ʪʨʝʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʙʨʘʞʝʥʠʡ ʢʦʪʦʨʳʭ ʥʘ ʩʥʠʤʢʝ ʠʟʤʝʨʝʥʳ, 

ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ʠʟ ʰʝʩʪʠ ʫʨʘʚʥʝʥʠʡ (1.7) ʩ ʰʝʩʪʴʶ ʥʝʠʟʚʝʩʪʥʳʤʠ. 

ʆʧʦʨʥʳʝ ʪʦʯʢʠ ʥʘ ʦʙʲʝʢʪʝ ʥʝ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ. 
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ʈʠʩ. 1.14. ʆʙʨʘʪʥʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʟʘʩʝʯʢʘ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʙʨʘʢʦʚʘʪʴ ʧʣʦʭʠʝ ʠʟʤʝʨʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʕɺʆ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʩʠʪ ʪʦʯʥʦʩʪʴ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ. 

 

1.6. ʊʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʘʥʳ, ʦʙʤʝʨʥʳʝ ʯʝʨʪʝʞʠ ʬʘʩʘʜʦʚ ʚʳʧʦʣʥʷʶʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʠʣʠ ʧʨʦʝʢʮʠʠ ʧʣʘʥʘ. ʇʦ ʩʥʠʤʢʫ, ʧʦʣʫʯʝʥ-

ʥʦʤʫ ʚ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʣʘʥ ʦʙʲʝʢʪʘ, ʝʩʣʠ 

ʦʙʲʝʢʪ ʧʣʦʩʢʠʡ ʠ ʩʲʝʤʢʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʩʥʠʤʦʢ ʧʘʨʘʣʣʝ-

ʣʝʥ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʘ, ʥʘʯʘʣʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘʭʦʜʠʪʩʷ 

ʚ ʮʝʥʪʨʝ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʘ). 

ʅʘ ʧʨʘʢʪʠʢʝ ʪʘʢʠʝ ʫʩʣʦʚʠʷ ʨʝʜʢʦ ʦʩʫʱʝʩʪʚʠʤʳ. ʇʦʵʪʦʤʫ ʩʥʠʤʢʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ. 

ʊʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʥʠʤʢʦʚ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʩʥʠʤʢʝ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʚ ʦʨ-

ʪʦʛʦʥʘʣʴʥʫʶ ʠʣʠ ʪʨʝʙʫʝʤʫʶ ʧʨʦʝʢʮʠʶ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘʢʣʦʥʥʦʛʦ ʩʥʠʤʢʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ 1.8 

( ) ( )
( ) ( )

( ) ( )
( ) ( ) î

î

ý

î
î

ü

û

--+-

--+-
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--+-
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-=
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33032031

230220210

33032031

130120110

, (1.8) 

ʛʜʝ f, xo, yo ï ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ; ʵʣʝʤʝʥʪʳ aij   -

ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʫʛ-

ʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ w, a, k; ʭ, ʫ ï ʢʦʦʨʜʠʥʘʪʳ 

ʠʟʤʝʨʝʥʥʳʭ ʪʦʯʝʢ ʥʘ ʥʘʢʣʦʥʥʦʤ ʩʥʠʤʢʝ; ʭ
0
, ʫ

0
 ï ʢʦʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʪʦʯʝʢ ʥʘ ʛʦʨʠʟʦʥʪʘʣʥɹʦʤ ʩʥʠʤʢʝ. 

 

1.6.1 ʌʦʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ 

(ʧʣʦʩʢʦʛʦ ʦʙʲʝʢʪʘ) 

ɽʩʣʠ ʧʨʝʚʳʰʝʥʠʷ ʪʦʯʝʢ ʥʘ ʫʯʘʩʪʢʝ ʤʝʩʪʥʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʩʥʠʤʢʝ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʮʝʥʪʨʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʠʩʭʦʜʥʦʛʦ ʩʥʠʤʢʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʥɹʫʶ ʧʣʦʩʢʦʩʪʴ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʚʳʩʦʪʝ Z, ʨʘʚʥʦʡ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʚʳʩʦʪʳ ʫʯʘʩʪʢʘ ʤʝʩʪ-

ʥʦʩʪʠ. ʊʘʢʦʡ ʤʝʪʦʜ ʬʦʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʰʠʙʢʠ 

ʚ ʧʦʣʦʞʝʥʠʠ ʪʦʯʝʢ ʥʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʚʳʟʳʚʘʝʤʳʝ ʨʝʣʴʝ-

ʬʦʤ ʤʝʩʪʥʦʩʪʠ, ʥʝ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

ɺʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʚʳʰʝʥʠʡ ʪʦʯʝʢ ʤʝʩʪ-

ʥʦʩʪʠ ï hmax ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʠʝ ʚ ʧʦʣʦ-

ʞʝʥʠʠ ʪʦʯʝʢ ʥʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝ ʙʫʜʫʪ ʧʨʝʚʳʰʘʪʴ ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʛʦ ʜʦʧʫʩʢʘ Rˏmax , ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ : 

h max 
max

R
r

f
D= , (1.9) 
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ʚ ʢʦʪʦʨʦʡ: f ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ; r ï ʨʘʩʩʪʦʷʥʠʝ ʥʘ ʠʩ-

ʭʦʜʥʦʤ ʩʥʠʤʢʝ ʦʪ ʪʦʯʢʠ ʥʘʜʠʨʘ ʜʦ ʪʦʯʢʠ ʥʘ ʩʥʠʤʢʝ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ (1.9), ʚʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʛʦ ʩʤʝʱʝʥʠʷ, Rmax 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʟʥʘʯʝʥʠʶ r. ʇʦʵʪʦʤʫ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ hmax ʠʟʤʝʨʷʝʪʩʷ 

ʥʘ ʩʥʠʤʢʝ ʟʥʘʯʝʥʠʝ r ʦʪ ʪʦʯʢʠ ʥʘʜʠʨʘ ʜʦ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʠ. ɺʝʣʠʯʠʥʘ 

ʜʦʧʫʩʪʠʤʦʛʦ ʩʤʝʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʣʘʥʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʫʣʫ (1.9) ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʥʠʤʢʘʤ, ʫʛʣʳ ʥʘʢʣʦʥʘ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝ-

ʚʳʰʘʶʪ 3 ï̄5 .̄ (ʆʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʤʝʨʥʳʭ 

ʯʝʨʪʝʞʝʡ ʬʘʩʘʜʦʚ ʠʟʣʦʞʝʥʳ ʚ ʛʣʘʚʝ 2). 

ɽʩʣʠ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ, ʚʳʟʚʘʥʥʳʝ ʨʝʣʴʝʬʦʤ, ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʥʘ 

ʧʣʘʥʝ ʚʝʣʠʯʠʥʳ, ʚʳʧʦʣʥʷʶʪ ʦʨʪʦʬʦʪʦʪʨʘʥʬʦʨʤʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ. 

 

1.6.2 ʇʨʠʥʮʠʧ ʮʠʬʨʦʚʦʛʦ ʦʨʪʦʬʦʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʮʠʬʨʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʥʠʤʢʘ ʥʘ 

ʧʨʠʤʝʨʝ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʠʬʨʦʚʦʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʤʝʩʪʥʦʩʪʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʧʣʦʩʢʦʩʪʴ (ʦʨʪʦʬʦʪʦʩʥʠʤʦʢ). 

ʀʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ ʮʠʬʨʦʚʦʤ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʠ ʩʥʠʤʢʦʚ 

ʩʣʫʞʘʪ: 

- ʮʠʬʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʬʦʪʦʩʥʠʤʢʘ; 

- ʤʘʪʨʠʮʘ ʚʳʩʦʪ (ʩʤ. ʛʣʘʚʫ 4), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ 

ʢʚʘʜʨʘʪʦʚ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʩʪʦʨʦʥʳ ʢʦʪʦʨʳʭ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʷʤ X ʠ Y ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ; 

- ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ; 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.15 
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ʈʠʩ. 1.15. ʉʭʝʤʘ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʦʨʪʦʬʦʪʦʧʣʘʥʘ 

 

ʉʤʳʩʣ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʪʘ-

ʢʦʚ: 

1. ɺʥʘʯʘʣʝ ʩʦʟʜʘʶʪ ʧʫʩʪʫʶ ʤʘʪʨʠʮʫ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʣʷ ʵʪʦʛʦ: 

ʘ) ʥʘ ʩʥʠʤʢʝ ʟʘʜʘʶʪ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʜʣʝʞʘ-

ʱʝʛʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʶ. ɻʨʘʥʠʮʘ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ; 

ʙ) ʢʦʤʧʴʶʪʝʨ, ʠʩʧʦʣʴʟʫʷ ʢʦʦʨʜʠʥʘʪʳ x ʠ y ʫʛʣʦʚ ʫʯʘʩʪʢʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ o
'
xyz ʩʥʠʤʢʘ, ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʦ ʬʦʨʤʫʣʘʤ (1.4) ʢʦʦʨʜʠʥʘʪʳ X ʠ Y ʵʪʠʭ ʫʛ-
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ʣʦʚ ʥʘ ʤʝʩʪʥʦʩʪʠ (ʦʙʲʝʢʪʝ). ʊ.ʢ. ʚʳʩʦʪʳ Z ʥʘ ʤʝʩʪʥʦʩʪʠ ʥʝ ʠʟʚʝʩʪʥʳ, ʧʨʠ ʨʘʩʯʝ-

ʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʙʦ ʚʳʩʦʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʣʠʙʦ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʚʳʩʦ-

ʪʳ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʳʩʦʪʘʤ ʦʧʦʨʥʳʭ ʪʦʯʝʢ; 

ʚ) ʟʘʜʘʝʪʩʷ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʘ ʤʝʩʪʥʦʩʪʠ. ʈʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ (ʧʠʢʩʝʣʝʡ) ʤʘʪʨʠʮʳ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʝ DĬm, ʛʜʝ: 

D ï ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʥʠʤʢʘ; 

m ï ʟʥʘʤʝʥʘʪʝʣʴ ʩʨʝʜʥʝʛʦ ʤʘʩʰʪʘʙʘ ʩʥʠʤʢʘ; 

ʛ) ʠʩʧʦʣʴʟʫʷ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʠ ʢʦʦʨʜʠʥʘʪʳ X ʠ Y ʫʛʣʦʚ 

ʫʯʘʩʪʢʘ, ʢʦʤʧʴʶʪʝʨ ʩʦʟʜʘʝʪ ʧʫʩʪʫʶ ʤʘʪʨʠʮʫ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝ-

ʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʩʝʪʢʫ ʢʚʘʜʨʘʪʦʚ. ʂʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ ʩʦʟʜʘʚʘʝʤʦʡ ʤʘʪʨʠʮʳ, ʢʦʤʧʴʶʪʝʨ ʠʟʤʝʥʷʝʪ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʩʪʘʣʠ ʢʨʘʪ-

ʥʳʤʠ ʚʝʣʠʯʠʥʝ ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʠʢʩʝʣʷ, ʠ ʧʨʠʙʘʚʣʷʝʪ ʢ ʥʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘ-

ʜʘʥʥʳʡ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ, ʪʝʤ ʩʘʤʳʤ ʩʪʨʦʷ ʧʦʩʪʨʦʯʥʦ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʩʚʝʨʭʫ 

ʚʥʠʟ ʧʫʩʪʫʶ ʤʘʪʨʠʮʫ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

2. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʤʘʪʨʠʮʳ ʠʟʦʙʨʘʞʝʥʠʝʤ ʤʝʩʪ-

ʥʦʩʪʠ: 

ʘ) ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ Xi, Yi ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨ ʥʘʭʦʜʠʪ ʥʘ ʤʘʪʨʠʮʝ ʚʳʩʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʝʤʫ ʪʦʯ-

ʢʫ ʠ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʚʳʩʦʪʫ Zi. 

ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ Xi, Yi, Zi ʠ ʟʥʘʯʝʥʠʷʤ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʭ, ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʠ 

ʥʘ ʠʩʭʦʜʥʦʤ ʮʠʬʨʦʚʦʤ ʩʥʠʤʢʝ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʥʠʤʢʘ Sʭʫz (ʩʤ. ʬʦʨʤʫʣʫ 

ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ 1.5) 

ʇʦ ʟʥʘʯʝʥʠʷʤ ʧʠʢʩʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ xp, yp ʪʦʯʢʠ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʥʠʤʢʘ, ʥʘʭʦʜʷʪ ʙʣʠʞʘʡʰʠʝ ʢ ʵʪʦʡ ʪʦʯʢʝ ʯʝʪʳʨʝ ʧʠʢʩʝʣʷ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʩʥʠʤʢʘ ʠ ʤʝʪʦʜʦʤ ʙʠʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʝ ʦʧʪʠ-

ʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ Di ʯʝʨʥʦ-ʙʝʣʦʛʦ ʩʥʠʤʢʘ ʠʣʠ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚ (ʢʨʘʩʥʳʡ, 

ʩʠʥʠʡ, ʟʝʣʝʥʳʡ), ʢʦʪʦʨʳʝ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʠʢʩʝʣʶ ʤʘʪʨʠʮʳ 



28 

ʮʠʬʨʦʚʦʛʦ ʦʨʪʦʬʦʪʦʩʥʠʤʢʘ. 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʮʚʝʪ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʧʠʢʩʝʣʦʚ ʮʠʬʨʦʚʦʛʦ ʦʨʪʦʬʦʪʦʩʥʠʤʢʘ. 

 

1.6.3 ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʬʦʪʦʧʣʘʥʦʚ 

ʎʠʬʨʦʚʳʤ ʬʦʪʦʧʣʘʥʦʤ ʥʘʟʳʚʘʝʪʩʷ ʮʠʬʨʦʚʦʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʠʟʦʙ-

ʨʘʞʝʥʠʝ ʤʝʩʪʥʦʩʪʠ (ʦʙʲʝʢʪʘ), ʩʦʟʜʘʥʥʦʝ ʧʦ ʧʝʨʝʢʨʳʚʘʶʱʠʤʩʷ ʠʩʭʦʜʥʳʤ ʩʥʠʤ-

ʢʘʤ. ʎʠʬʨʦʚʳʝ ʬʦʪʦʧʣʘʥʳ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʟʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩʥʠʤʢʦʚ, ʠʣʠ ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʪʦʧʣʘʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʩʝʭ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʠʩʭʦʜʥʳʭ ʩʥʠʤʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʩʪʳʢʦʚʢʠ ʚ ʝʜʠ-

ʥʳʡ ʦʨʪʦʬʦʪʦʧʣʘʥ. 

ʅʘ ʨʠʩ. 1.16 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʥʮʠʧ ʩʦʝʜʠʥʝʥʠʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʟʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʩʥʠʤʢʦʚ. 

 

ʈʠʩ. 1.16 ʉʭʝʤʘ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʤʦʟʘʠʯʥʦʛʦ ʬʦʪʦʧʣʘʥʘ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʦʪʦʧʣʘʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʬʨʦʚʳʝ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʥʠʤʢʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʨʘʟʤʝʨʦʤ ʧʠʢʩʝʣʝʡ ʠ ʠʤʝʶʱʠʝ ʢʦʦʨʜʠʥʘ-

ʪʳ ʥʘʯʘʣ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʨʘʪʥʳʝ ʨʘʟʤʝʨʫ ʧʠʢʩʝʣʷ. 
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ʇʨʠ ʩʦʟʜʘʥʠʠ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʧʣʘʥʘ ʚ ʟʦʥʝ ʧʝʨʝʢʨʳʪʠʷ ʪʨʘʥʩʬʦʨʤʠʨʦ-

ʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʥʠʤʢʦʚ ʧʨʦʚʦʜʷʪ ʣʠʥʠʶ ʧʦʨʝʟʘ ʚ ʚʠʜʝ ʧʦʣʠʣʠʥʠʠ ʩ ʫʟ-

ʣʘʤʠ Ki. 

ɿʘʪʝʤ, ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʥʠʯʥʳʝ ʧʠʢʩʝʣʠ, ʩʦʚʤʝʱʝʥʥʳʝ ʩ 

ʣʠʥʠʝʡ ʧʦʨʝʟʘ, ʠ ʧʨʠʩʪʫʧʘʶʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʘʪʨʠʮʳ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʧʣʘʥʘ. 

ʂʦʦʨʜʠʥʘʪʘ ʥʘʯʘʣʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʧʣʘʥʘ XOM ʧʨʠʥʠ-

ʤʘʝʪʩʷ ʨʘʚʥʦʡ ʥʘʠʤʝʥʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʢʦʦʨʜʠʥʘʪ XO1 ʠ XO2 ʥʘʯʘʣ ʩʠʩʪʝʤ ʢʦʦʨ-

ʜʠʥʘʪ ʮʠʬʨʦʚʳʭ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʥʠʤʢʦʚ, ʘ YOM ï 

ʥʘʠʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʢʦʦʨʜʠʥʘʪ YO1 ʠ YO2 . 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʧʣʘʥʘ ʩʣʝʜʫʶʱʠʡ. 

ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ ʬʦʪʦʧʣʘʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʩʪʨʦʢʠ ʪʨʘʥʩʬʦʨʤʠ-

ʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʥʠʤʢʘ P1, ʚʢʣʶʯʘʷ ʛʨʘʥʠʯʥʳʡ ʧʠʢʩʝʣʴ ʠ ʩʪʨʦʢʠ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʩʥʠʤʢʘ P2, ʥʘʯʠʥʘʷ ʩ ʧʠʢʩʝʣʷ, ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʛʨʘʥʠʯʥʳʤ. 

ʆʧʠʩʘʥʥʳʤ ʚʳʰʝ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʩʦʟʜʘʥʥʦʤʫ ʬʦʪʦʧʣʘʥʫ 

ʜʨʫʛʠʝ ʧʝʨʝʢʨʳʚʘʁ ʱʠʝʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʥʠʤʢʦʚ. 

ʎʠʬʨʦʚʳʝ ʬʦʪʦʧʣʘʥʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ 

ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʧʣʘʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʚʩʝʤ ʧʝʨʝʢʨʳʚʘʶʱʠʤʩʷ ʮʠʬʨʦʚʳʤ 

ʩʥʠʤʢʘʤ.  

 

1.7 ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ 

ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ 

ʀʤʝʷ ʧʘʨʫ ʩʥʠʤʢʦʚ ʤʦʞʥʦ, ʠʟʤʝʨʠʚ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠ ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʪʦʯʢʠ ʥʘ ʩʥʠʤʢʘʭ ʈ1 ʠ ʈ2, ʚʳʯʠʩʣʠʪʴ ʪʨʝʭʤʝʨʥʳʝ, ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨ-

ʜʠʥʘʪʳ ʣʶʙʦʡ ʪʦʯʢʠ ʦʙʲʝʢʪʘ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ. 

ʇʫʩʪʴ ʠʟ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ S1 ʙʳʣ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥ ʦʙʲʝʢʪ (ʨʠʩ. 1.18). ʅʘ 

ʩʥʠʤʢʝ ʈ1 ʠʟʦʙʨʘʟʠʣʘʩʴ ʪʦʯʢʘ ʄ ʤʝʩʪʥʦʩʪʠ. ʅʘ ʩʥʠʤʢʝ ʝʝ ʦʙʦʟʥʘʯʠʤ m1. 

ʏʝʨʝʟ ʢʘʢʦʝ-ʪʦ ʨʘʩʩʪʦʷʥʠʝ ɺ (ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ) ʙʳʣ ʩʬʦʪʦʛʨʘʬʠ-

ʨʦʚʘʥ ʪʦʪ ʞʝ ʦʙʲʝʢʪ. ʀʟ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ S2 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʈ2 ʠ 

ʥʘ ʥʝʤ ʪʦʯʢʘ ʦʙʲʝʢʪʘ ʄ ʠʟʦʙʨʘʟʠʣʘʩʴ ʢʘʢ m2.  
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ɽʩʣʠ ʩʦʙʣʶʩʪʠ ʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʦʚ (ʫʩʣʦʚʠʝ ʢʦʤʧʣʘʥʘʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ 

R 1, R 2 ʠ B), ʪʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʩʚʷʟʢʠ ʧʨʦʝʢʪʠʨʫʶʱʠʭ ʣʫʯʝʡ, ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʜʦʙʥʘ ʦʙʲʝʢ-

ʪʫ, ʥʦ ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʥʝ ʫʜʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʲʝʤʢʠ, ʥʦ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ 

ʚʝʣʠʯʠʥʫ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʤʘʩ-

ʰʪʘʙʘ ʤʦʜʝʣʠ. 

 

ʈʠʩ. 1.18 ʀʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ 

 

ʇʦʚʝʨʭʥʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʪʦʯʢʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʨʦʝʢ-

ʪʠʨʫʶʱʠʭ ʣʫʯʝʡ, ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʝ. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʩʦʭʨʘʥʷʶʱʘʷ ʛʝʦʤʝʪʨʠʶ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʝ ʚʠʜʥʘ ʦʧʝʨʘʪʦʨʫ, ʘ 

ʚʠʜʥʘ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙ̡ʝʢʪʘ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥʘ ʥʝ ʩʦʭʨʘʥʷʝʪ ʛʝʦʤʝʪʨʠʶ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥʥʦʛʦ ʦʙʝ̡ʢʪʘ. ʆʙʝ ʤʦʜʝʣʠ ʥʝ 

ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʆʜʥʘʢʦ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʣʘʜʘʝʪ ʧʣʘʩʪʠʯ-

ʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ɺ ʤʦʤʝʥʪ ʥʘʚʝʜʝʥʠʷ 
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ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʤʘʨʢʠ ʥʘ ʠʟʤʝʨʷʝʤʫʶ ʪʦʯʢʫ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʚ-

ʧʘʜʘʝʪ ʚ ʵʪʦʡ ʪʦʯʢʝ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ. 

ʊʦʯʢʠ, ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʦʙʲʝʢʪʘ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʧʨʘʚʦʤ ʠ ʥʘ ʣʝʚʦʤ ʩʥʠʤ-

ʢʝ m1 ʠ m2 ʥʘʟʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʪʦʯʢʘʤʠ. ʅʘ ʢʘʞʜʦʤ ʠʟ ʜʚʫʭ ʩʥʠʤ-

ʢʦʚ ʵʪʠ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ. ʈʘʟʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʳʭ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʝ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʣʣʘʢʩʦʤ. ʇʘʨʘʣʣʘʢʩʳ ʤʦʛʫʪ ʙʳʣʴ ʧʨʦ-

ʜʦʣʴʥʳʤʠ ʠ ʧʦʧʝʨʝʯʥʳʤʠ. 

 ʧʘʨʘʣʣʘʢʩ ʧʦʧʝʨʝʯʥʳʡ - y q

ʧʘʨʘʣʣʘʢʩ ʧʨʦʜʦʣʴʥʳʡ - 

21

21

y

xxʨ

-=

-=
 

 

ʈʠʩ. 1.19. ʀʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʥʘ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ 

 

ʇʨʦʜʦʣʴʥʳʡ ʧʘʨʘʣʣʘʢʩ ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʬʦʪʦʩʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʠʟ 

ʨʘʟʥʳʭ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ. ʇʦ ʩʫʪʠ ʧʨʦʜʦʣʴʥʳʡ ʧʘʨʘʣʣʘʢʩ ï ʵʪʦ ʙʘʟʠʩ ɺ ʬʦʪʦ-

ʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʤʘʩʰʪʘʙʝ ʩʥʠʤʢʘ. 

ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: x2 - x1 = p = b = Bm, ʛʜʝ b ï ʙʘʟʠʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, m 

ï ʟʥʘʤʝʥʘʪʝʣʴ ʤʘʩh ʪʘʙʘ ʩʥʠʤʢʘ. 

ʇʦʧʝʨʝʯʥʳʡ ʧʘʨʘʣʣʘʢʩ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʥʠʤʢʠ ʠʤʝʶʪ ʨʘʟʥʳʝ 

ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ. 
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1.8 ʄʝʪʦʜʳ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʩʥʠʤʢʦʚ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ ʥʘʙʣʶʜʘʪʴ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝ-

ʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʫʩʣʦʚʠʡ: 

1. ʉʥʠʤʢʠ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴʩʷ ʨʘʟʜʝʣʴʥʦ, ʪ.ʝ. ʧʨʘʚʳʤ ʛʣʘʟʦʤ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʧʨʘʚʳʡ ʩʥʠʤʦʢ, ʘ ʣʝʚʳʤ ʛʣʘʟʦʤ ï ʣʝʚʳʡ ʩʥʠʤʦʢ. 

2. ʉʥʠʤʢʠ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʡ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʨʘʩʧʦʣʘ-

ʛʘʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʟʨʠʪʝʣʴʥʳʤ ʦʩʷʤ ʥʘʙʣʶʜʘʪʝʣ.̫ 

3. ʉʥʠʤʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʦʛʦ ʤʘʩʰʪʘʙʘ. 

4. ɺʝʣʠʯʠʥʳ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʩʥʠʤʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʝ ʜʦʣʞʥʳ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ. 

ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʫʩʣʦʚʠʡ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʨʠʙʦʨʳ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. ʆʩʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʥ-

ʪʨʦʣʠʨʫʪʁʩʷ ʚʦ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʧrʦʣʥʝʥʠʷ ʩʲʝʤʢʠ. 

ɹʠʥʦʢʫʣʷʨʥʳʡ ʤʝʪʦʜ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʥʘ 

ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʚʳʚʦʜʷʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʝʛʦ 

ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʷʭ, ʠʟʦʙʨʘʞʝʥʠʷ ʣʝʚʦʛʦ ʠ ʧʨʘ-

ʚʦʛʦ ʩʥʠʤʢʦʚ ʩʪʝʨʝʦʧʘʨʳ (ʨʠʩ. 1.20). ʅʘʙʣʶʜʝʥʠʝ 

ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʦʧʝʨʘʪʦʨ ʚʧrʦʣʥʷʝʪ ʩ ʧʦʤʦʱʴʶ 

ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʦʛʦ ʩʪʝʨʝʦʩʢʦʧʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʧʝʨʝʜ ʜʠʩʧʣʝʝʤ ʢʦʤʧʴʪʁʝʨʘ. 

 

  ɸʥʘʛʣʠʬʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʨʠʩ.1.21) ʦʩʥʦʚʘʥ ʥʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʩʥʠʤʢʦʚ ʩʪʝʨʝʦʧʘʨʳ, 

ʦʢʨʘʰʝʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʜʚʘ ʮʚʝʪʘ: ʢʨʘʩʥʳʡ ʠ 

ʩʠʥʝ-ʟʝʣʝʥʳʡ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʨʘʩʥʳʡ ʠ ʩʠ-

ʥʠʡ, ʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʙʫʜʝʪ ʯʝʨʥʦ-ʙʝʣʳʤ. 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʩʥʠʤʢʦʚ ʯʝʨʝʟ ʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʈ 1  

 

ʈ 2  

 

ʈʠʩ. 1.20. ɹʠʥʦʢʫʣʷʨʥʳʡ ʤʝʪʦʜ 

ʈʠʩ. 1.21. ɸʥʘʛʣʠʬʠʯʝʩʢʠʡ ʤʝʪʦʜ 
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ʧʝʨʝʜ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʛʣʘʟʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʦʛʦ ʮʚʝʪʘ ʩʚʝʪʦʬʠʣʴʪʨʳ, 

ʣʝʚʳʤ ʛʣʘʟʦʤ ʦʧʝʨʘʪʦʨ ʥʘʙʣʜʁʘʝʪ ʧʨʘʚʳʡ ʩʥʠʤʦʢ, ʘ ʧʨʘʚʳʤ ʛʣʘʟʦʤ ï ʣʝʚʳʡ 

ʩʥʠʤʦʢ. 

 

ʇʦʣʷʨʦʠʜʥʳʡ ʤʝʪʦʜ. ʇʝʨʝʜ ʵʢʨʘʥʦʤ ʤʦʥʠʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʣʷʨʠ-

ʟʘʮʠʦʥʥʳʡ ʬʠʣʴʪʨ ʠʟʤʝʥʷʶʱʠʡ ʦʩʴ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ 90Á ʩʠʥʭʨʦʥʥʦ ʩʦ ʩʤʝʥʦʡ 

ʠʟʦʙʨʘʞʝʥʠʷ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʩʥʠʤʢʦʚ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ (ʨʠʩ. 1.22). 

ʉʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʯʢʦʚ ʩ ʧʦʣʷʨʠʟʘ-

ʮʠʦʥʥʳʤʠ ʬʠʣʴʪʨʘʤʠ. ʆʩʴ ʧʦʣʷʨʠʟʘʮʠʠ 

ʬʠʣʴʪʨʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʧʝʨʝʜ ʣʝʚʳʤ 

ʛʣʘʟʦʤ, ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʧʦʣʷʨʠʟʘʮʠʠ ʵʢʨʘ-

ʥʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʣʝʚʦʛʦ 

ʩʥʠʤʢʘ, ʘ ʦʩʴ ʧʦʣʷʨʠʟʘʮʠʠ ʬʠʣʴʪʨʘ, ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʤʦʛʦ ʧʝʨʝʜ ʧʨʘʚʳʤ ʩʥʠʤʢʦʤ, ʧʘ-

ʨʘʣʣʝʣʴʥʘ ʦʩʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʘʚʦʛʦ ʩʥʠʤʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʝʚʳʡ ʛʣʘʟ ʦʧʝʨʘʪʦʨʘ 

ʥʘʙʣʶʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʣʝʚʦʛʦ ʩʥʠʤʢʘ, ʘ ʧʨʘʚʳʡ ʛʣʘʟ ï ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʘʚʦʛʦ 

ʩʥʠʤʢʘ. ɼʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʩʪʝʨʝʦʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʤʦʥʠʪʦʨʳ ʩ 

ʯʘʩʪʦʪʦʡ ʨʘʟʚʝʨʪʢʠ ʥʝ ʤʝʥʝʝ 120 Hz. 

ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ ʧʦʣʷʨʦʠʜʥʦʛʦ ʤʝ-

ʪʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ɾʂ-ʤʦʥʠʪʦʨʘ (ʨʠʩ. 

1.23): ʥʘ çʣʝʚʦʤè ʬʦʨʤʠʨʫʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ 

ʣʝʚʦʛʦ ʩʥʠʤʢʘ, ʘ ʥʘ çʧʨʘʚʦʤè ï ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʨʘʚʦʛʦ ʩʥʠʤʢʘ. 

ʅʘ ʣʝʚʦʤ ʠ ʧʨʘʚʦʤ ʤʦʥʠʪʦʨʘʭ ʬʦʨʤʠ-

ʨʫʶʪʩʷ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʚʟʘ-

ʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʦʩʷʤʠ ʧʦʣʷʨʠʟʘ-

ʮʠʠ. ʆʧʝʨʘʪʦʨ ʥʘʙʣʶʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦ-

ʈ 1  
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ʈʠʩ. 1.22. ʇʦʣʨ̫ʦʠʜʥʳʡ ʤʝʪʦʜ 

ɺʘʨʠʘʥʪ 1 

ʈʠʩ. 1.22. ʇʦʣʷʨʦʠʜʥʳʡ ʤʝʪʦʜ. 

ɺʘʨʠʘʥʪ 2 
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ʤʦʱʴʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʦʯʢʦʚ ʯʝʨʝʟ ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ ʟʝʨʢʘʣʦ. 

 

ɿʘʪʚʦʨʥʳʝ ʦʯʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʜ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʛʣʘʟʘʤʠ ʦʧʝʨʘʪʦʨʘ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʘʪʚʦʨʳ, ʢʦʪʦ-

ʨʳʝ ʧʨʦʟʨʘʯʥʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʘʯʠ ʥʘ ʥʠʭ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʝ ʧʨʦʟʨʘʯʥʳ ʧʨʠ ʧʦʜʘʯʝ 

ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 1.24). ʅʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ 

ʧʦʧʝʨʝʤʝʥʥʦ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʩʥʠʤʢʦʚ ʩʪʝʨʝʦʧʘʨʳ, ʘ ʥʘ 

ʟʘʪʚʦʨʳ ʩʠʥʭʨʦʥʥʦ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘ ʤʦʥʠʪʦʨʝ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʣʝʚʦʛʦ ʩʥʠʤʢʘ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʧʨʘʚʳʡ ʬʠʣʴʪʨ, ʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʧʨʘʚʦʛʦ ʩʥʠʤʢʘ ï ʥʘ ʣʝʚʳʡ ʬʠʣʴʪʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʝʨʘʪʦʨ ʧʦʦʯʝ-

ʨʝʜʥʦ ʥʘʙʣʶʜʘʝʪ ʩʥʠʤʢʠ ʪʦ ʣʝʚʳʤ ʛʣʘʟʦʤ ʣʝʚʳʡ ʩʥʠʤʦʢ, ʪʦ ʧʨʘʚʳʤ ʛʣʘʟʦʤ 

ʧʨʘʚʳʡ ʩʥʠʤʦʢ. 

 

 1.9 ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʥʘ ʮʠʬʨʦʚʳʭ 

ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʪʝʨʝ-

ʦʧʘʨʳ ʩʥʠʤʢʦʚ ʠ ʠʟʤʝʨʝʥʳ ʥʘ ʵʪʠʭ ʩʥʠʤʢʘʭ ʢʦʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ 

x1, y1 ʠ x2, y2, ʪʦ ʧʦ ʬʦʨʤʫʣʝ (1.11) ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ Xô, Yô, Zô.  ɸ ʟʘʪʝʤ 

ʧʦ ʬʦʨʤʫʣʝ (1.10) ʥʘʭʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʤʝʩʪʥʦʩʪʠ X, Y, Z. 
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A  (1.11) 

ʛʜʝ f, ʭʦ, yʦ ï ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ, x1, y1 ï ʠʟʤʝʨʝʥʠʷ 

ʥʘ ʩʥʠʤʢʝ, N ï ʩʢʘʣʷʨ, ʚʭʦʜʷʱʠʡ ʚ ʬʦʨʤʫʣʫ (1.10) ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 
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ʈʠʩ. 1.24. ɿʘʪʚʦʨʥʳʝ ʦʯʢʠ 
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ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, XS1, Y S1, Z S1 ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ ʧʝʨʚʦʛʦ 

ʩʥʠʤʢʘ, ɸi ï ʤʘʪʨʠʮʘ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ i-ʪʦʛʦ 

ʩʥʠʤʢʘ, ʵʣʝʤʝʥʪʳ aij  ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʦʩʠʥʫʩʘʤʠ ʠ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ w, 

a, k. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦ ʩʪʝʨʝʦʤʦʜʝʣʠ ʤʝʩʪʥʦʩʪʠ, ʦʨʠʝʥʪʘʮʠʷ ʢʦʪʦʨʦʡ ʚʦ 

ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝʜʝʣʝʥʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʣʶʙʦʡ 

ʪʦʯʢʠ ʦʙʲʝʢʪʘ, ʠʟʤʝʨʷʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʨʘʚʦʤ ʠ ʣʝʚʦʤ ʩʥʠʤ-

ʢʘʭ. ʕʪʦʪ ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʟʘʩʝʯʢʦʡ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʘʢʪʠʢʠ ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʩʥʠʤʢʦʚ ʥʝ ʠʟʚʝʩʪʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ ʧʦ 

ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ ʚʳʧʦʣʥʷʶʪ ʤʝʪʦʜʦʤ ʜʚʦʡʥʦʡ ʦʙʨʘʪʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʦʡ ʟʘʩʝʯʢʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ. 

1. ʆʧʨʝʜʝʣʷʶʪ ʵʣʝʤʝʥʪʳ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ. ʇʷʪʴ ʵʣʝ-

ʤʝʥʪʦʚ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʦʧʨʝʜʝʣʷʶʪ ʚʟʘʠʤʥʫʶ ʫʛʣʦʚʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʩʪʝʨʝʦʧʘʨʳ ʩʥʠʤʢʦʚ ʠ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ɼʣʷ ʠʭ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʥʘ ʩʪʝʨʝʦʧʘ-

ʨʝ ʩʥʠʤʢʦʚ. 

2. ʉʪʨʦʷʪ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʥʘ ʩʪʝ-

ʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ ʢʦʦʨʜʠʥʘʪʘʤ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʠ ʟʥʘʯʝʥʠ-

ʷʤ ʵʣʝʤʝʥʪʦʚ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ. ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʦʙ-

ʥʘ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥʥʦʤʫ ʦʙʲʝʢʪʫ, ʥʦ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʘʩʰʪʘʙ ʠ ʧʨʦʠʟ-

ʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. 

3. ʆʧʨʝʜʝʣʷʶʪ ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ. ʕʪʠ ʩʝʤʴ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʤʘʩʰʪʘʙ ʤʦ-

ʜʝʣʠ, ʝʝ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʝʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʥʝ ʣʝʞʘʱʠʭ ʥʘ ʦʜʥʦʡ 
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ʧʨʷʤʦʡ. ʇʦ ʟʥʘʯʝʥʠʷʤ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʠ ʵʣʝʤʝʥʪʦʚ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʦʧʨʝʜʝʣʷʶʪ ʵʣʝ-

ʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʪʝʨʝʦʧʘʨʳ ʩʥʠʤʢʦʚ. 

4. ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ ʪʦʯʝʢ, ʦʧʨʝʜʝʣʝʥʥʤr ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʠ, ʠ 

ʵʣʝʤʝʥʪʘʤ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʶʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. 

ʇʨʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʝʨʝʦʧʘʨʳ ʩʥʠʤʢʦʚ ʥʘ ʮʠʬʨʦʚʳʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʎʌʉ) ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

- ʚʥʫʪʨʝʥʥʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ; 

- ʚʟʘʠʤʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ (ʧʦʩʪʨʦʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ); 

- ʚʥʝʰʥʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ. 

ʇʨʦʮʝʩʩ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʥʠʤʢʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Sxyz ʮʠʬʨʦ-

ʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʥʘʯʘʣʦʤ ʚ ʮʝʥʪʨʝ ʧʨʦʝʢʮʠʠ S. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʥʠʤʢʘ ʦʧʨʝ-

ʜʝʣʷʶʪ ʩ ʫʯʝʪʦʤ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ ʠ ʜʝʬʦʨʤʘʮʠʠ ʠʟʦʙ-

ʨʘʞʝʥʠʷ. ɽʩʣʠ ʩʥʠʤʢʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʦʚʦʡ ʢʘʤʝʨʦʡ, ʪʦ ʚʥʘʯʘʣʝ ʠʟʤʝʨʷʶʪ ʢʦ-

ʦʨʜʠʥʘʪʳ ʠʟʦʙʨʘʞʝʥʠʡ ʢʦʦʨʜʠʥʘʪʥʳʭ ʤʝʪʦʢ ʩʥʠʤʢʘ (ʨʠʩ. 1.9), ʢʦʪʦʨʳʝ ʬʠʢʩʠ-

ʨʫʶʪ ʧʦʣʦʞʝʥʠʝ ʥʘ ʩʥʠʤʢʝ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɽʩʣʠ ʩʥʠʤʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ, ʪʦ ʧʨʦʮʝʩʩ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʟʘʣʦʞʝʥ ʚ ʧʨʦʛʨʘʤʤʝ ʦʙʨʘʙʦʪʢʠ ʠ, ʯʪʦʙʳ ʝʛʦ ʟʘʧʫ-

ʩʪʠʪʴ, ʦʧʝʨʘʪʦʨʫ ʜʦʩʪʘʪʦʯʥʦ ʥʘʚʝʩʪʠ ʤʘʨʢʫ ʥʘ ʣʶʙʫʶ ʪʦʯʢʫ ʩʥʠʤʢʘ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ, ʚʚʝʜʝʥʥʳʝ ʚ ʬʘʡʣ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. 

ʇʨʦʮʝʩʩ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ. 

ʇʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʠʟʤʝʨʝʥʠʷ ʪʦʯʝʢ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʝhʩʪʠ ʩʪʘʥʜʘʨʪʥʳʭ ʟʦʥʘʭ (ʨʠʩ. 1.25). 
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ʏʘʩʪʴ ʩʪʝʨʝʦʧʘʨʳ, ʧʦʧʘʜʘʶʱʘʷ ʚ ʟʦʥʫ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ, ʥʘʟʳʚʘ-

ʝʪʩʷ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʴʶ. ʅʘ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ ʢʘʞʜʦʡ ʩʪʝʨʝʦʧʘʨʳ ʯʝʪʳʨʝ 

ʩʪʘʥʜʘʨʪʥʳʝ ʟʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʝʝ ʫʛʣʘʭ, ʘ ʜʚʝ ï ʚ ʨʘʡʦʥʘʭ ʛʣʘʚʥʳʭ ʪʦʯʝʢ 

ʩʥʠʤʢʦʚ. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, ʠʟʤʝʨʝʥʥʳʝ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʟʦʥʘʭ, ʦʢʘʟʳʚʘʶʪ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʧʝʨʝʯʥʳʝ ʧʘʨʘʣʣʘʢʩʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠ-

ʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦ ʠ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠ-

ʯʝʩʪʚʦʤ ʠʪʝʨʘʮʠʡ (ʩ ʤʝʥʴʰʝʡ ʟʘʪʨʘʪʦʡ ʚʨʝʤʝʥʠ) ʚʳʯʠʩʣʠʪʴ ʵʣʝʤʝʥʪʳ ʚʟʘʠʤ-

ʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʠʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ (ʠʟʤʝʨʠʪʝʣʴʥʫʶ) 

ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ. ʏʠʩʣʦ ʩʪʘʥʜʘʨʪʥʳʭ ʟʦʥ ʚʳʙʨʘʥʦ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʷʪʴ ʵʣʝʤʝʥ-

ʪʦʚ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʩʪʝʨʝʦʧʘʨʳ ʜʘʝʪ ʦʜʥʦ ʫʨʘʚʥʝ-

ʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʞʥʦ ʠʟʤʝʨʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʥʝ ʤʝʥʴʰʝ ʧʷʪʠ ʪʦʯʝʢ. ʐʝ-

ʩʪʘʷ ʪʦʯʢʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʫʞʝ ʩ ʢʦʥʪʨʦʣʝʤ. ʀʟ-

ʤʝʨʝʥʠʝ 12 ʪʦʯʝʢ (ʧʦ ʜʚʝ ʪʦʯʢʠ ʚ ʢʘʞʜʦʡ ʟʦʥʝ) ʜʘʝʪ ʧʨʠʨʦʩʪ ʪʦʯʥʦʩʪʠ ʧʨʠʤʝʨʥʦ 

ʥʘ 50%, ʘ ʠʟʤʝʨʝʥʠʝ 18 ʪʦʯʝʢ (ʧʦ ʪʨʠ ʚ ʢʘʞʜʦʡ ʟʦʥʝ) ï ʝʱʝ ʥʘ 12ï15%. 

ʊʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʟʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʙʦʯʠʭ ʧʣʦʱʘʜʝʡ 

ʩ ʩʦʩʝʜʥʠʤʠ ʩʪʝʨʝʦʧʘʨʘʤʠ (ʩʣʝʚʘ, ʩʧʨʘʚʘ, ʩʥʠʟʫ ʠ ʩʚʝʨʭʫ), ʠʟʤʝʨʝʥʥʳʝ ʚ ʥʠʭ 

ʈʠʩ. 1.25. ʉʭʝʤʘ ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 
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ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʩʦʩʝʜʥʠʭ ʤʦʜʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʩʦʝʜʠʥʠʪʴ ʵʪʠ ʤʦʜʝʣʠ. 

ʇʨʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʦʚʨʝʤʝʥʥʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʝ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ 

ʩ ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʭ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʩʪʝʨʝʦʧʘʨʳ, ʥʦ ʢʦʥ-

ʪʨʦʣʝʤ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʦʯʝʢ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʟʦʥʘʭ. 

ɺʟʘʠʤʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ (ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ) ʩʯʠʪʘʝʪʩʷ ʚʳʧʦʣʥʝʥ-

ʥʳʤ, ʝʩʣʠ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ q ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ 7 ʤʢʤ. ɺ ʧʨʦʛʨʘʤʤʘʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, 

ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʩʨʝʜʥʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʚ 1,25. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʝ ʚʝ-

ʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 9 ʤʢʤ. ʂʦʥ-

ʪʨʦʣʝʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʝʚʳʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠ-

ʤʦʡ ʚʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʫʜʚʦʝʥ-

ʥʦʡ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʪ.ʝ. 18 ʤʢʤ. 

ɼʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʘʥʘʣʦʛʦʚʳʭ ʩʥʠʤʢʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ, 

ʠ ʠʩʭʦʜʠʣʠ ʠʟ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʥʘʣʦʛʦʚʳʭ ʩʥʠʤʢʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʢʘʤʝʨ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʤʘʪʨʠʮʳ ʠʟʦʙʨʘʞʝʥʠʷ ʛʦʨʘʟʜʦ ʤʝʣʴʯʝ 

(ʝʜʠʥʠʮʳ ʤʠʢʨʦʤʝʪʨʦʚ), ʯʝʤ ʟʝʨʥʦ ʬʦʪʦʧʣʝʥʢʠ, ʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦʣʝʡ ʤʠʢʨʦʤʝʪʨʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʥʝ ʚ ʤʢʤ, ʘ ʚ ʧʠʢʩʝʣʷʭ: ʩʨʝʜʥʷʷ ʚʝ-

ʣʠʯʠʥʘ ʦʩʪʘʪʦʯʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ q ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʝʪ 0,3 ʧʠʢʩʝ-

ʣʷ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ï 1 ʧʠʢʩʝʣʴ. 

ʇʨʦʮʝʩʩ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʨʦ-

ʮʝʩʩʦʚ: 

- ʠʟʤʝʨʝʥʠʝ ʦʧʦʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ;  

- ʧʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʠ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʦʙʲʝʢʪʘ 
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ʈʠʩ. 1.26. ɺʥʝʰʥʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʜʠʥʦʯʥʦʛʦ ʩʥʠʤʢʘ ʤʦʜʝʣʴ ʠʤʝʝʪ ʩʝʤʴ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝ-

ʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ: X0, Y0, Z0, wʄ, aʄ, əʄ, t, ʛʜʝ: X0, Y0, Z0 ï ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ; ʫʛʣʳ wʄ, 

aʄ, əʄ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʦʨʠʝʥʪʘʮʠʶ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ; t ï ʟʥʘʤʝʥʘʪʝʣʴ ʤʘʩʰʪʘʙʘ ʤʦʜʝʣʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʧʦ ʦʧʦʨ-

ʥʳʤ ʪʦʯʢʘʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʠʩʧʦʣʴʟʫʶʪ ʫʨʘʚʥʝʥʠʷ (1.12), 
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ʂʘʞʜʘʷ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʦʧʦʨʥʘʷ ʪʦʯʢʘ (X, Y, Z) ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ 

ʪʨʠ ʫʨʘʚʥʝʥʠʷ (1.12), ʚ ʢʦʪʦʨʳʭ ʥʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʝʤʴ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰ-

ʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ. ʂʘʞʜʘʷ ʧʣʘʥʦʚʘʷ ʦʧʦʨʥʘʷ ʪʦʯʢʘ (X, Y) ʧʦʟʚʦʣʷʝʪ 

ʩʦʩʪʘʚʠʪʴ ʜʚʘ ʧʝʨʚʳʭ ʫʨʘʚʥʝʥʠʷ ʠʟ ʚʳʨʘʞʝʥʠʷ (1.12), ʘ ʢʘʞʜʘʷ ʚʳʩʦʪʥʘʷ ʦʧʦʨ-

ʥʘʷ ʪʦʯʢʘ (Z) ï ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ ʠʟ ʚʳʨʘʞʝʥʠʷ (1.12). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠ-

ʤʦ ʩʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʠʟ ʩʝʤʠ ʫʨʘʚʥʝʥʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʳʭ ʠ ʦʜʥʦʡ ʚʳʩʦʪʥʦʡ ʦʧʦʨ-



40 

ʥʦʡ ʪʦʯʢʠ. ɿʘʜʘʯʫ ʤʦʞʥʦ ʪʘʢʞʝ ʨʝʰʠʪʴ, ʝʩʣʠ ʠʤʝʪʴ ʜʚʝ ʧʣʘʥʦʚʳʝ ʠ ʪʨʠ ʚʳʩʦʪ-

ʥʳʝ ʦʧʦʨʥʳʝ ʪʦʯʢʠ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʧʦʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʬʦʪʦʘʙ-

ʨʠʩʳ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʥʘ ʥʠʭ ʧʦʣʦʞʝʥʠʷʤʠ ʵʪʠʭ ʪʦʯʝʢ, ʣʠʙʦ ʛʨʘʬʠʯʝʩʢʠʝ ʘʙʨʠ-

ʩʳ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʷ ʧʦʣʦʞʝʥʠʡ ʪʦʯʝʢ. 

ʀʟʤʝʨʝʥʠʝ ʦʧʦʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʤʦʥʦ- ʠʣʠ 

ʩʪʝʨʝʦʨʝʞʠʤʝ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ, ʥʘʙʣʶʜʘʷ ʦʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʠ ʣʦʛʠʯʝʩʢʠ ʨʘʩʩʫʞʜʘʷ, ʛʜʝ ʮʝʥʪʨ ʦʧʦʨʥʦʡ ʪʦʯʢʠ, ʙʦʣʝʝ ʪʦʯʥʦ ʥʘʚʝʩʪʠ ʠʟʤʝʨʠ-

ʪʝʣʴʥʫʶ ʤʘʨʢʫ ʥʘ ʪʦʯʢʫ. 

ɺʥʝʰʥʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʬʦʨʤʫʣʘʤ (1.12) ʜʦ ʪʝʭ ʧʦʨ, ʧʦ-

ʢʘ ʦʩʪʘʪʦʯʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʥʘ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ ʥʝ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʦʯʥʦ-

ʩʪʠ, ʫʢʘʟʘʥʥʦʡ ʚ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ [1], ʣʠʙʦ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ. 

ɺ ʠʥʩʪʨʫʢʮʠʠ ʫʢʘʟʘʥʦ, ʯʪʦ ʚʥʝʰʥʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʠ ʫʨʘʚʥʠʚʘʥʠʝ ʩʝʪʠ 

ʩʯʠʪʘʝʪʩʷ ʟʘʢʦʥʯʝʥʥʳʤ, ʝʩʣʠ ʥʘ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ ʦʩʪʘʪʦʯʥʳʝ ʩʨʝʜʥʠʝ ʨʘʩʭʦʞ-

ʜʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʥʝ ʧʨʝʚʳʰʘʶʪ ʚ ʧʣʘʥʝ 0,2 ʤʤ ʚ ʤʘʩʰʪʘʙʝ ʢʘʨʪʳ, ʘ ʧʦ ʚʳʩʦʪʝ 

0,15 ʚʳʩʦʪʳ ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ. 

ʈʘʩʭʦʞʜʝʥʠʷ ʚʳʯʠʩʣʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠ ʠʭ ʢʘʪʘʣʦʞ-

ʥʳʭ ʚʝʣʠʯʠʥ ʧʦʢʘʟʳʚʘʶʪ ʬʘʢʪʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷ-

ʮʠʦʥʥʦʡ ʩʝʪʠ. ʕʪʘ ʪʦʯʥʦʩʪʴ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʩʚʦʙʦʜ-

ʥʦʡ ʩʝʪʠ, ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʦʧʦʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʧʦ-

ʛʨʝʰʥʦʩʪʝʡ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʵʪʠʭ ʪʦʯʝʢ. 

 

1.9.1 ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʧʦ ʩʪʝʨʝʦʧʘʨʝ 

ʩʥʠʤʢʦʚ 

ʇʨʠʚʝʜʝʤ ʬʦʨʤʫʣʳ ʧʨʝʜʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ (ʚʘ-

ʨʠʘʥʪ 1) ʠ ʥʘʟʝʤʥʦʡ ʬʦʪʦʩʲʝʤʢʠ (ʚʘʨʠʘʥʪ 2). ɼʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ: f  - ʬʦʢʫʩ-

ʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʘʤʝʨʳ, mx, my, mp ï ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ 
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ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʦʜʦʣɹʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʪʦʯʝʢ ʥʘ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤ-

ʢʦʚ; b ï ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʤʘʩh ʪʘʙʝ ʩʥʠʤʢʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:

 
%100

)%100( Pl
b x

-
= , (1.13) 

ʚ ʢʦʪʦʨʦʡ lx ï ʨʘʟʤʝʨ ʢʘʜʨʘ ʚʜʦʣʴ ʦʩʠ ʭ, ʘ ʈ ï ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ 

ʩʪʝʨʝʦʧʘʨʳ, ʚʳʨʘʞʝʥʥʦʝ ʚ %. 

ɺʘʨʠʘʥʪ 1. ʌʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʘʵʨʦʩʥʠ-

ʢʦʚ. 

xX m
f

Z
m = ,  yY m

f

Z
m = ,   pZ m

b

Z
m = ,   (1.14) 

ʛʜʝ Z ï ʚʳʩʦʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ mfZ Ö= ; m ï ʟʥʘ-

ʤʝʥʘʪʝʣʴ ʤʘʩʪhʘʙʘ ʩʦʟʜʘʚʘʝʤʦʡ ʢʘʨʪʳ. 

ɺʘʨʠʘʥʪ 2. ʌʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲ-

ʝʢʪʘ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʥʘʟʝʤʥʳʭ ʩʥʠʤʢʦʚ.  

xX
m

f

Y
m = ,    pY m

b

Y
m = , 

yZ
m

f

Y
m = , (1.15) 

ʛʜʝ; Y ï ʦʪʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ (ʟʥʘʯʝʥʠʝ ʢʦ-

ʦʨʜʠʥʘʪʳ Y ʚ ʙʘʟʠʩʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). 

 

 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʯʠʪʘʝʤ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʥʦʨʤʘʣʴʥʦʛʦ ʩʣʫʯʘʷ ʩʲʝʤʢʠ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʦʡ 

Kodak DCS Pro14. ʇʫʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʙʲʝʢʪʘ ʜʦ ʪʦʯʝʢ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʨʘʚʥʦ 400 ʤ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ ʨʘʚ-

ʥʦ 60%, ʘ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʦ-

ʜʦʣʴʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʥʘ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ ʨʘʚʥʳ 0,5 ʧʠʢʩʝʣʷ. 

ʇʨʠ ʩʲʝʤʢʝ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʘʜʨʘ ʜʣʷ ʢʘʤʝʨʳ Kodak ʩ 

f = 4000 pix ʠ lx = 4500 pix, ʟʥʘʯʝʥʠʝ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʤʘʩʰʪʘʙʝ 

ʩʥʠʤʢʘ ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (1.12) b = 1800 pix, ʘ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʢʚʘʜ-

ʨʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʨʘʚʥʳ: 
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1.10 ʌʦʪʦʪʨʠʘʥʛʫʣʷʮʠʷ 

1.10.1 ʅʘʟʥʘʯʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʜʣʷ ʧʦʢʨʳʪʠʷ ʚʩʝʡ ʧʣʦʱʘʜʠ ʦʙʲʝʢʪʘ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 

ʜʚʫʭ ʩʥʠʤʢʦʚ, ʪ.ʝ. ʥʫʞʥʦ ʙʫʜʝʪ ʚʳʧʦʣʥʠʪʴ ʤʘʨʰʨʫʪʥʫʶ ʠʣʠ ʙʣʦʯʥʫʶ ʬʦʪʦ-

ʩʲʝʤʢʫ, ʧʦ ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ ʩʝʪʠ. 

ʄʘʨʰʨʫʪʥʘʷ ʬʦʪʦʩʲʝʤʢʘ ʩʪʨʦʠʪʩʷ ʠʟ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʤʢʦʚ. ʇʝʨʝʢʨʳʪʠʝ ʤʦʞʝʪ ʙʳʪʴ 60ï80%. 

ɹʣʦʯʥʘʷ ʬʦʪʦʩʲʝʤʢʘ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʢʨʳ-

ʚʘʶʱʠʭʩʷ ʤʘʨʰʨʫʪʦʚ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 1.27. ʇʝʨʝʢʨʳʪʠʝ ʤʝʞʜʫ ʤʘʨʰʨʫ-

ʪʘʤʠ ʥʘʟʳʚʘʝʪʩʷ ʧʦʧʝʨʝʯʥʳʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 40ï60%. 

 

ʈʠʩ. 1.27.  ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʥʠʤʢʦʚ ʧʨʠ ʙʣʦʯʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ. 

S1 ï S6 ï ʮʝʥʪʨʳ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ 
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ɼʣʷ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ ʪʨʝʙʫʶʪʩʷ 

ʦʧʦʨʥʳʝ ʪʦʯʢʠ, ʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʧʦʩʪʨʦʝʥʠʷ ï ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ. ʂʦ-

ʦʨʜʠʥʘʪʳ ʵʪʠʭ ʪʦʯʝʢ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʬʦʪʦʛʨʘ-

ʬʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʕɺʆ ʜʣʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʝ ʤʝʥʝʝ 

ʪʨʝʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʘ ʩʥʠʤʦʢ. ʊʘʢʘʷ ʧʨʠʚʷʟʢʘ ʥʘʟʳʚʘʝʪʩʷ ʩʧʣʦʰʥʦʡ. ʆʥʘ ʜʦ-

ʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʘʷ, ʘ ʚ ʩʣʫʯʘʝ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝ ʚʦʟʤʦʞʥʦʡ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʝʞʝʥʥʘʷ ʧʨʠʚʷʟʢʘ, ʢʦʛʜʘ ʕɺʆ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʦʧʦʨʥʳʭ 

ʪʦʯʝʢ. 

ɿʘʜʘʯʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ, ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. ʕʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʚ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: ʧʦʩʪʨʦʝ-

ʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, ʦʨʪʦʬʦʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʤʦʥʪʠʨʦʚʘʥʠʷ ʦʨʪʦʬʦ-

ʪʦʧʣʘʥʦʚ, ʚʝʢʪʦʨʠʟʘʮʠʠ ʢʦʥʪʫʨʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʝʡ (ʩʲʝʤʢʠ ʨʝʣʴʝʬʘ). 

ʂʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʳ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʮʠʬʨʦʚʳʭ ʩʪʝʨʝʦ-

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʠ ʫʨʘʚʥʠʚʘ-

ʥʠʷ ʩʝʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʩʚʷʟʦʢ ʠ ʥʝ-

ʟʘʚʠʩʠʤʳʭ ʤʦʜʝʣʝʡ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠ ʫʨʘʚʥʠʚʘʥʠʠ ʩʝʪʝʡ ʤʘʨʰʨʫʪʥʦʡ ʠ ʙʣʦʯʥʦʡ ʬʦʪʦʪʨʠʘʥ-

ʛʫʣʷʮʠʠ ʚ ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʩʥʠʤʢʘʭ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚʚʦʜʷʪʩʷ ʧʦʧʨʘʚ-

ʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʢʣʶʯʠʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʩʥʠʤʢʦʚ, ʚʳʟʳʚʘʝʤʳʝ 

ʜʠʩʪʦʨʩʠʝʡ ʦʙʲʝʢʪʠʚʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ, ʜʝʬʦʨʤʘʮʠʝʡ ʬʦʪʦʧʣʝʥʢʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʩʥʠʤʢʠ ʠʤʝʶʪ ʦʩʪʘʪʦʯʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʟʚʘ-
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ʥʳ ʪʝʤ, ʯʪʦ ʧʨʠ ʬʦʪʦʩʲʝʤʢʝ ʚʝʣʠʯʠʥʳ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʠ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ ʙʫʜʫʪ ʜʨʫʛʠʤʠ, ʯʝʤ ʠʭ ʟʥʘʯʝʥʠʷ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʢʘʣʠʙʨʦʚʢʠ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʩʥʠʤʢʦʚ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʣʠ ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʤʝʨʝ ʦʩʣʘʙʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʩʝʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʩʚʷʟʦʢ ʩ ʩʘʤʦʢʘʣʠʙʨʦʚʢʦʡ. 

ʇʦʩʪʨʦʝʥʠʝ ʠ ʫʨʘʚʥʠʚʘʥʠʝ ʩʝʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʦ-

ʛʠʯʥʦ ʧʦʩʪʨʦʝʥʠʶ ʠ ʫʨʘʚʥʠʚʘʥʠʶ ʩʝʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦ ʤʝʪʦʜʫ ʩʚʷʟʦʢ. ʊʦ 

ʝʩʪʴ, ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʦʧʨʘʚʦʢ, 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ, ʜʣʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, 

ʠ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʩʥʠʤʢʦʚ, ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ, ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ 

ʢʦɻ ʬʬʠʮʠʝʥʪʦʚ ʜʠʩʪʦʨʩʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠ ʫʨʘʚʥʠʚʘʥʠʠ ʩʝʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʧʦ-

ʩʦʙʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʦɻ ʬʬʠʮʠʝʥʪʦʚ. 

 

1.10.2 ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʪʘʙʣ. 1. 

ʇʦ ʩʫʪʠ ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʦʜʠʥʦʯʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʘʧʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʩʨʝʜʥʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʥʳʭ ʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʣʠʯʠʥ. 

ɺʳʧʦʣʥʝʥʠʝ ʧʫʥʢʪʦʚ 1 ʠ 2 ʪʘʙʣ.1 ʦʧʠʩʘʥʳ ʚ ʧ. 1.9. ʉʚʷʟʴ ʤʦʜʝʣʝʡ ʚ 

ʤʘʨʰʨʫʪ (ʧʫʥʢʪ 3) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ ʦʙʱʠʭ ʜʣʷ ʜʚʫʭ ʩʚʷ-

ʟʳʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʪʦʯʝʢ. ʕʪʠ ʪʦʯʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʪʨʦʡʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ 
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(ʪʨʠʧʣʝʪ). ʂʘʞʜʘʷ ʩʚʟ̫ʫʶʱʘʷ ʜʣʷ ʜʚʫʭ ʤʦʜʝʣʝʡ ʪʦʯʢʘ ʙʫʜʝʪ ʠʟʤʝʨʝʥʘ ʪʨʠʞʜʳ, 

ʧʦ ʵʪʠʤ ʠʟʤʝʨʝʥʠʷʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʩʦʩʝʜʥʠʭ ʤʦʜʝʣʷʭ. ʈʘʟʥʦ-

ʩʪʠ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪ ȹX, ȹY, ȹZ ʩʣʫʞʘʪ ʢʨʠʪʝʨʠʝʤ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʤʘʨʰʨʫʪʘ ʠ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʛʨʫʙʳʝ ʠʟʤʝʨʝʥʠʷ. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʤʘʨʰʨʫ-

ʪʦʚ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʙʣʦʯʥʫʶ ʩʝʪʴ ʧʦ ʩʚʷʟʫʶʱʠʤ ʪʦʯʢʘʤ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʤ ʚ ʤʝʞʤʘʨʨhʫʪʥʦʤ ʧʝʨʝʢʨʳʪʠʠ. 

 

ʊʘʙʣʠʮʘ 1. ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

 ̄

ʧ/ʧ 
ʅʘʟʚʘʥʠʝ ʵʪʘʧʘ ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʏʪʦ ʠʟʤʝʨʷʝʪʩʷ ʄʠʥ. 

ʢʦʣʠʯʝʩʪʚʦ 
ʪʦʯʝʢ 

1 ɺʥʫʪʨʝʥʥʝʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ 

ʩʥʠʤʢʦʚ 

ʇʝʨʝʭʦʜ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨ-

ʜʠʥʘʪ ʤʘʪʨʠʮʳ ʠʣʠ ʘʥʘʣʦ-

ʛʦʚʦʛʦ ʩʥʠʤʢʘ ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʚ 

ʮʝʥʪʨʝ ʧʨʦʝʢʮʠʠ. 

ɿʘʜʘʥʠʝ ʕɺʥʆ ʮʠʬʨʦʚʳʤ 

ʩʥʠʤʢʘʤ. 
ʀʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʤʝ-

ʪʦʢ ʥʘ ʘʥʘʣʦʛʦʚʳʭ ʩʥʠʤʢʘʭ 

3 ʥʘ 

ʦʜʥʦʤ 

ʩʥʠʤʢʝ 

2 ɺʟʘʠʤʥʦʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ 

ʩʥʠʤʢʦʚ 

ʅʘʭʦʞʜʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 
ʚʟʘʠʤʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʩʥʠʤʢʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝ-

ʣʠ. ʀʥʘʯʝ, ʧʝʨʝʭʦʜ ʦʪ ʩʠ-

ʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʦʜʠʥʦʯ-

ʥʳʭ ʩʥʠʤʢʦʚ ʢ ʩʠʩʪʝʤʘʤ 

ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʝʡ, ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʧʦ ʩʪʝʨʝʦʧʘʨʘʤ 

ʩʥʠʤʢʦʚ. 

ʀʟʤʝʨʝʥʠʝ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ 

ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ 

ʧʝʨʝʢʨʳʪʠʷʭ. 
ʇʝʨʝʩʯʝʪ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʪ-

ʜʝʣʴʥʳʭ ʩʥʠʤʢʘʭ ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʤʦʜʝʣʠ 

5 ʥʘ ʩʪʝʨʝ-

ʦʧʘʨʝ 

3 ʇʦʩʪʨʦʝʥʠʝ 
ʤʘʨʰʨʫʪʥʳʭ 

ʩʝʪʝʡ 

ʉʚʷʟʴ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʚ ʦʙʱʫʶ ʤʦʜʝʣʴ ʤʘʨʰʨʫ-

ʪʘ. 

ʀʟʤʝʨʝʥʠʝ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ 

ʚ ʪʨʦʡʥʦʤ ʧʨʦʜʦʣʴʥʦʤ ʧʝʨʝ-

ʢʨʳʪʠʠ. ʇʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʝʢ ʚ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʷʭ ʚ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʝʨʚʦʡ 

ʤʦʜʝʣʠ. 

3 ʥʘ 
ʪʨʠʧʣʝʪ 

4 ʉʦʝʜʠʥʝʥʠʷ 

ʩʤʝʞʥʳʭ 
ʤʘʨʰʨʫʪʦʚ 

ʉʚʷʟʴ ʦʪʜʝʣʴʥʳʭ ʤʘʨʰʨʫ-

ʪʦʚ ʚ ʦʙʱʫʶ ʤʦʜʝʣʴ ʙʣʦʢʘ. 
ʀʟʤʝʨʝʥʠʝ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ 

ʚ ʤʝʞʤʘʨʰʨʫʪʥʦʤ ʧʝʨʝʢʨʳ-

ʪʠʠ. 
ʇʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʠʟ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʪʜʝʣʴ-

ʥʳʭ ʤʘʨʰʨʫʪʦʚ ʚ ʦʙʱʫʶ ʩʠ-

ʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (ʧʦʩʪʨʦʝʥʠʝ 

ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ) 

3 ʪʦʯʢʠ 

ʤʝʞʜʫ 

ʤʘʨʰʨʫʪ-

ʥʳʤʠ ʩʪʝ-

ʨʝʦʧʘʨʘʤʠ 
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5 ʇʦʩʪʨʦʝʥʠʷ 
ʙʣʦʯʥʳʭ ʩʝʪʝʡ. 

ɺʥʝʰʥʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ 

ʩʝʪʠ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ. 
ʀʟʤʝʨʝʥʠʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 
ʆʧʨʝʜʝʣʝʥʠʝ ʕɺʆ ʢʘʞʜʦʛʦ 

ʩʥʠʤʢʘ ʠ ʧʝʨʝʩʯʝʪ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʝʢ ʠʟ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. 

3 ʥʘ ʙʣʦʢ 

 

ɻʨʘʬʠʯʝʩʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.28 

 

 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʠʚʘʥʠʝ ʙʣʦʯ-

ʥʦʡ ʩʝʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘ-

ʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʪʦʯʝʢ ʩʝʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠ-

ʈʠʩ. 1.28. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 
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ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ. ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʠ ʫʨʘʚʥʠʚʘʥʠʷ ʩʝ-

ʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ 

ʩʚʷʟʦʢ ʠ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʜʝʣʝʡ.  ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʨʘʩʭʦʞʜʝ-

ʥʠʷʤ ʥʘ ʦʧʦʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ. ɼʦʧʫʩʢʠ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʪʦʪʨʠʘʥʛʫʣʷ-

ʮʠʠ ʠʟ ʠʥʩʪʨʫʢʮʠʠ ʫʢʘʟʘʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ. 
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ɻʃɸɺɸ 2 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʟʝʤʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ 

ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʢʘʢ: 

- ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʠ ʣʘʥʜʰʘʬʪʥʘʷ ʧʣʘʥʠʨʦʚʢʘ; 

- ʩʦʟʜʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; 

- ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ; 

- ʨʘʙʦʪʳ ʧʨʦ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; 

- ʩʦʭʨʘʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʤʦ-

ʛʫʪ ʙʳʪʴ: ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ; ʬʦʪʦʧʣʘ-

ʥʳ, ʬʦʪʦʯʝʨʪʝʞʠ ʠ ʬʦʪʦʨʘʟʚʝʨʪʢʠ; ʦʙʤʝʨʥʳʝ ʯʝʨʪʝʞʠ. 

ʅʘ ʨʠʩ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʤʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤʠ ʩʧʦ-

ʩʦʙʘʤʠ. 

ʅʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʦʮʝʩʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʧʦ-

ʣʫʯʝʥʠʷ ʦʙʤʝʨʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ. 

1. ʇʨʦʚʦʜʠʪʩʷ ʚʠʟʫʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʝʛʦ ʛʘʙʘʨʠʪʳ. 

2. ʀʟʫʯʘʝʪʩʷ ʙʣʠʟʣʝʞʘʱʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴ-

ʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ. 

3. ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʳʙʦʨ ʘʧʧʘʨʘʪʫʨʳ ʩʲʝʤʢʠ, ʢʘʣʠʙʨʦʚʢʘ ʬʦʪʦʢʘʤʝʨ ʠ ʨʘʩ-

ʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʩʲʝʤʢʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ ʤʝʩʪʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʠʣʠ ʚʦʟʜʫʰʥʦʝ/ʤʦʙʠʣʴʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. 

ɼʣʷ ʩʲʝʤʢʠ ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦʟʜʫʰʥʘʷ ʠ ʥʘʟʝʤʥʘʷ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʠ/ʠʣʠ ʥʘʟʝʤʥʦʝ ʠ ʤʦʙʠʣʴʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘ-

ʥʠʝ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ 

ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʩʲʝʤʦʢ 

 

ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʬʦʪʦʩʲʝʤʢʫ ʠ/ʠʣʠ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦ-

ʚʘʥʠʝ ʦʙʲʝʢʪʘ ʠ ʩʦʟʜʘʥʠʝ ʦʧʦʨʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ɼʘʣʝʝ ʙʫʜʝʪ 

ʨʘʩʩʢʘʟʘʥʦ ʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ ʦʙʤʝʨʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 

ʘ ʦ ʤʝʪʦʜʠʢʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʦ ʚ ʛʣʘʚʝ 3. 

ʂʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʟʘʜʘ-

ʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʙʦʪ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʢʦʥʝʯ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʅʘ ʨʠʩ. 2.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʨʝʟʫʣʴʪʘʪʘ 

ʈʠʩ. 2.1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʥʘʟʝʤʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 
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ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: 1 ï ʩʦʟʜʘʥʠʝ ʬʦʪʦʧʣʘʥʘ, ʯʝʨʪʝʞʘ (ʬʦʪʦʯʝʨ-

ʪʝʞʘ); 2 ï ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʠ ʮʠʬʨʦʚʳʭ ʪʨʝʭʤʝʨʥʳʭ ʪʝʢ-

ʩʪʫʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʘ; 3 ï ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʚʝʢʪʦʨʥʳʭ ʯʝʨʪʝ-

ʞʝʡ. 

 

2.1 ʎʠʬʨʦʚʳʝ ʢʘʤʝʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʟʝʤʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʩʲʝʤʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʨʠʯʝʩʢʠʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ. ɺ ʵʪʠʭ ʬʦʪʦʢʘʤʝ-

ʨʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʲʝʢʪʠʚ ʠ ʩʚʝʪʦʧʨʠʝʤʥʘʷ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦ ʫʢʨʝʧʣʝʥʳ ʥʘ ʢʦʨ-

ʧʫʩʝ ʢʘʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʦʷʥʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʢʘʤʝʨʳ. ʀʭ ʚʝʣʠʯʠʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʚʝʣʠʯʠʥʘʤʠ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ, ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʟʘʚʦʜʝ-ʠʟʛʦʪʦʚʠʪʝʣʝ. 

ʇʦʤʠʤʦ ʤʝʪʨʠʯʝʩʢʠʭ ʬʦʪʦʢʘʤʝʨ ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʁ ʙʠʪʝʣʴʩʢʠʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʩʲʝʤʦʯʥʳʝ 

ʢʘʤʝʨʳ. ʆʜʥʘʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʦʪʦʢʘʤʝʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦʪʦʢʘʤʝʨʳ ʠ ʚʝʣʠʯʠʥʳ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ. 

ʅʘ ʨʠʩ. 2.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʣʷ 

ʥʘʟʝʤʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʨʘʙʦʪ. 
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ʈʠʩ. 2.2. ʎʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʣʷ ʥʘʟʝʤʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʨʘʙʦʪ: 

ʘ ï ʤʝʪʨʠʯʝʩʢʘʷ ʮʠʬʨʦʚʘʷ ʬʦʪʦʢʘʤʝʨʘ AIC ʬʠʨʤʳ Trimble ʩʦ ʩʚʝʪʦʧʨʠʝʤʥʦʡ ʤʘʪʨʠʮʝʡ 60 ʤʝ-

ʛʘʧʠʢʩʝʣʝʡ; ʙ ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʮʠʬʨʦʚʘʷ ʬʦʪʦʢʘʤʝʨʘ Hasselblad H4D c ʬʦʪʦʧʨʠʝʤʥʦʡ ʤʘʪ-

ʨʠʮʝʡ ʦʪ 16 ʜʦ 60 ʤʝʛʘʧʠʢʩʝʣʝʡ; ʚ ï ʣʶʙʠʪʝʣʴʩʢʘʷ ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ Canon EOS 5D c ʤʘʪʨʠʮʝʡ 

21,1 ʤʝʛʘʧʠʢʩʝʣʷ; ʛ ï ʚʠʜʝʦʢʘʤʝʨʘ ʩ ʤʘʪʨʠʮʝʡ 640 ʧʠʢʩʝʣʝʡ ʭ 480 ʧʠʢʩʝʣʝʡ. 

 

2.2 ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʮʠʬʨʦʚʳʭ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʮʠʬʨʦʚʳʭ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ, ʚʢʣʶʯʘʷ ʚʝʣʠʯʠʥʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢ-

ʪʠʚʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. 

ʇʦʧʨʘʚʢʠ dx ʠ dy ʚ ʢʦʦʨʜʠʥʘʪʳ ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʩʥʠʤʢʝ ʪʦʯʝʢ, ʢʦʤʧʝʥʩʠ-

ʨʫʶʱʠʝ ʚʣʠʷʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝ-

ʨʳ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦʧʠʩʳʚʘʪʁʩʷ ʨʘʟʣʠʯʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ 
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ʛʜʝ x, y ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʥʠʤʢʘ; k1, k2, k3 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʜʠʘʣʴʥʦʡ ʜʠʩ-

ʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ; p1, p2 ï ʢʦʬɻʬʠʮʠʝʥʪʳ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ; 

2

0

2

0 )yy()xx(r -+-=  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʮʠʬʨʦʚʳʭ 

ʬʦʪʦʢʘʤʝʨ ʧʦ ʩʥʠʤʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʧʣʦʩʢʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ, ʪ.ʢ. ʵʪʠ 

ʤʝʪʦʜʳ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʝ 

ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ. 

 

2.2.1 ʂʘʣʠʙʨʦʚʢʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ ʧʦ ʩʥʠʤʢʘʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʘ 

ʊʝʩʪ-ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʝ ʤʘʨʢʠʨʦʚʘʥʥʳʭ 

ʪʦʯʝʢ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʩʣʫ-

ʞʠʪ ʪʝʩʪ-ʦʙʲʝʢʪ ʢʘʬʝʜʨʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2.3. ʆʧʨʝ-

ʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦ-

ʯʝʢ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ 

ʧʨʷʤʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ  ʟʘʩʝʯʢʠ ʩ ʧʦʤʦ-

ʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʛʦ ʠʟʤʝʨʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʛʣʦʚ ʩʦ ʩʨʝʜʥʠʤʠ ʢʚʘʜʨʘ-

ʪʠʯʝʩʢʠʤʠ ʧʦʛʨʝʰʥʦʩʪʤ̫ʠ 3"ï5". 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ, 

ʪ.ʝ. ʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʧʦ ʩʥʠʤʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʪʝʩʪ-

ʦʙʲʝʢʪʘ, ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ 

(2.2). 

ɼʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʢʦʦʨʜʠʥʘ-

ʪʘʤ ʪʦʯʝʢ ʩʥʠʤʢʘ x, y ʠ ʢʦʦʨʜʠʥʘʪʘʤ X, Y, Z ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ ʪʝʩʪ-

ʈʠʩ. 2.3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʪʝʩʪ-ʦʙʲʝʢʪ 
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ʦʙʲʝʢʪʘ. 
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ʛʜʝ dx, dy ï ʧʦʧʨʘʚʢʠ ʚ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʥʠʤʢʘ ʟʘ ʜʠʩʪʦʨʩʠʶ ʦʙʲʝʢʪʠʚʘ, ʚʳ-

ʯʠʩʣʷʝʤʳʝ ʧʦ (2.1). ɺ ʢʘʯʝʩʪʚʝ ʥʝʠʟʚʝʩʪʥʳʭ ʚ ʫʨʘʚʥʝʥʠʷʭ (2.2) ʚʳʩʪʫʧʘʶʪ ʵʣʝ-

ʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ f, xo, yo, ʠ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ XS, YS, ZS, w, a, k, ʘ 

ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʩʪʦʨʩʠʠ k1, k2, k3, p1, p2. ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʦ ʩʧʦʩʦʙʫ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʢʘʣʠʙʨʫʝʤʳʭ ʬʦʪʦʢʘʤʝʨ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦ-

ʜʠʪʴ ʬʦʪʦʩʲʝʤʢʫ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʤʥʦʛʦʢʨʘʪʥʦ ʩ ʧʦʚʦʨʦʪʦʤ ʢʘʤʝʨʳ ʚʦʢʨʫʛ ʛʣʘʚʥʦʡ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʙʲʝʢʪʠʚʘ ʥʘ 180
ʦ
 ʠ ʦʧʨʝʜʝʣʷʪʴ ʠʩʢʦʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʚʩʝʤ ʧʦʣʫʯʝʥʥʳʤ ʩʥʠʤ-

ʢʘʤ. 

ʂʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙ-

ʨʦʚʢʠ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʨʠʪʝʨʠʝʤ ʧʨʠʛʦʜʥʦʩʪʠ ʬʦʪʦʢʘ-

ʤʝʨʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʦʩʪʘʪʦʯʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʦʨʜʠʥʘʪ ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʩʥʠʤʢʝ ʪʦʯʝʢ. ʀʭ ʟʥʘʯʝʥʠʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʘʣʠʙʨʫʝʤʦʡ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚ ʧʨʝʜʝ-

ʣʘʭ ʦʪ 0,15 ʜʦ 0,5 ʧʠʢʩʝʣʷ. 

 

2.2.2 ʂʘʣʠʙʨʦʚʢʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ ʧʦ ʩʥʠʤʢʘʤ ʧʣʦʩʢʦʛʦ 

ʪʝʩʪ-ʦʙʲʝʢʪʘ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʮʠʬʨʦʚʳʭ ʬʦ-

ʪʦʢʘʤʝʨ ʧʣʦʩʢʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʦʣʝ ʤʘʨʢʠʨʦʚʘʥʥʳʭ 

ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʣʦʩʢʦʩʪʠ, ʬʦʪʦʩʲʝʤʢʫ ʪʝʩʪ-ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʧʦʣʥʷʪʴ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʘʤʝʨʳ ʠ ʩ ʥʘʢʣʦʥʦʤ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ ʢʘʤʝʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʪʝʩʪ-ʦʙʲʝʢʪʘ (ʨʠʩ. 2.4). 
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ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 

ʥʘʢʣʦʥʥʫʶ ʩʲʝʤʢʫ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʪʝʩʪ-

ʦʙʲʝʢʪʘ ʧʨʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʤ ʫʛ-

ʣʝ ʥʘʢʣʦʥʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʦ ʧʦʣʫ-

ʯʝʥʥʳʤ ʩʥʠʤʢʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʚʩʝʤ ʧʦʣʫʯʝʥʥʳʤ ʩʥʠʤ-

ʢʘʤ, ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʥʠʤʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʪʝʩʪ-

ʦʙʲʝʢʪʘ. 

 

2.3 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʟʝʤʥʦʡ ʬʦʪʦʩʲʝʤʢʠ 

2.3.1 ʆʩʥʦʚʥʳʝ ʩʣʫʯʘʠ ʥʘʟʝʤʥʦʡ ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʥʘʟʝʤʥʦʡ ʩʪʝʨʝʦʬʦʪʦʛʨʘʤ-

ʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ʆʥʠ ʟʘʚʠʩʷʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ, ʘ ʪʘʢʞʝ 

ʦʪ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʝʢ ʬʦʪʦʩʲʝʤʢʠ. 

 

ʆʙʱʠʡ ʩʣʫʯʘʡ ʬʦʪʦʩʲʝʤʢʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʫʛ-

ʣʳ ʥʘʢʣʦʥʘ ʥʘʟʝʤʥʳʭ ʩʥʠʤʢʦʚ ʤʦʛʫʪ 

ʧʨʠʥʠʤʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʦʪ 0
o
 

ʜʦ 360
o
). 

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʚʦʟ-

ʤʦʞʥʦʡ ʩʲʝʤʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ 

 

 

ʈʠʩ. 2.4 ʉʲʝʤʢʘ ʧʣʦʩʢʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʘ 

ʈʠʩ. 2.5. ʉʭʝʤʘ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʬʦʪʦʩʲʝʤʢʠ 
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ʅʦʨʤʘʣʴʥʳʡ ʩʣʫʯʘʡ ʬʦʪʦʩʲʝʤʢʠ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʬʦʪʦʢʘʤʝʨ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʙʘʟʠʩʫ ʬʦʪʦʛʨʘ-

ʬʠʨʦʚʘʥʠʷ (ʨʠʩ. 2.6). 

ʇʨʠ ʵʪʦʤ ʠʭ ʚʟʘʠʤʥʦʝ ʫʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʠʩʘ 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

a1 º a2 º 0
Á
, w1 º w2 º 90

Á
 

k1 º k2 º 0
Á
 

 

 

ʈʘʚʥʦʦʪʢʣʦʥʝʥʥʳʡ ʩʣʫʯʘʡ ʬʦʪʦʩʲʝʤʢʠ 

ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʬʦʪʦʢʘʤʝʨ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʪʢʣʦʥʝʥʳ ʦʪ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʙʘʟʠʩʫ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ (ʨʠʩ. 2.7). ʋʛʣʦʚʳʝ ʵʣʝʤʝʥʪʳ 

ʩʥʠʤʢʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

a1 º a2 ºa, w1 º w2 º 0
Á
,  k1 º k2 º 0

Á
 

ʕʪʦʪ ʩʣʫʯʘʡ ʩʲʝʤʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʩʲʝʤʢʠ ʩ ʦʜʥʦʛʦ 

ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩ 

ʦʜʥʦʛʦ ʙʘʟʠʩʘ ʧʦʣʫʯʘʶʪ ʪʨʠ ʩʪʝʨʝʦʧʘʨʳ: ʩ 

ʦʪʢʣʦʥʝʥʠʝʤ ʚʣʝʚʦ, ʥʦʨʤʘʣʴʥʳʡ ʩʣʫʯʘʡ ʠ 

ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʚʧʨʘʚʦ. 

 

 

ʈʘʚʥʦʥʘʢʣʦʥʥʳʡ ʩʣʫʯʘʡ ʬʦʪʦʩʲʝʤʢʠ 

ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʢʘʤʝʨ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʘʢʣʦʥʝʥʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ w (ʨʠʩ.2.8ʘ). ʋʛʣʦʚʳʝ 

ʵʣʝʤʝʥʪʳ ʩʥʠʤʢʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 

ʈʠʩ. 2.6. ʉʭʝʤʘ ʥʦʨʤʘʣʴʥʦʛʦ ʩʣʫʯʘʷ 

ʬʦʪʦʩʲʝʤʢʠ 

 

ʈʠʩ. 2.7. ʉʭʝʤʘ ʨʘʚʥʦʦʪʢʣʦʥʝʥʥʦʛʦ 

ʩʣʫʯʘʷ ʬʦʪʦʩʲʝʤʢʠ 
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a1 º a2 º 0
Á w1 º w2 º w k1 º k2 º 0

Á
 

 

ʕʪʦʪ ʩʣʫʯʘʡ ʬʦʪʦʩʲʝʤʢʠ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʥʘʜʦ ʩʥʷʪʴ ʚʳʩʦʢʠʡ ʦʙʲʝʢʪ 

(ʥʘʧʨʠʤʝʨ, ʤʥʦʛʦɻ ʪʘʞʥʦʝ ʟʜʘʥʠʝ). 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʧʨʠ ʬʦʪʦʩʲʝʤʢʝ ʚʳʩʦʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʣʫʯʝʥʠʝ ʩʪʝʨʝʦʧʘʨ ʩʥʠʤʢʦʚ ʥʦʨʤʘʣʴʥʦʛʦ, ʨʘʚʥʦʦʪʢʣʦʥʝʥʥʦʛʦ ʠ 

ʨʘʚʥʦʥʘʢʣʦʥʥʦʛʦ ʩʣʫʯʘʝʚ ʬʦʪʦʩʲʝʤʢʠ ʩ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʙʘʟʠʩʘ (ʨʠʩ. 2.8ʙ). 

 

ʂʦʥʚʝʨʛʝʥʪʥʳʡ ʩʣʫʯʘʡ ʬʦʪʦʩʲʝʤʢʠ 

ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʬʦʪʦʢʘʤʝʨ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʧʦʚʝʨʥʫʪʳ 

ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʧʦʜ ʫʛʣʦʤ g, ʢʦʪʦ-

ʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʤ ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʠ 

(ʨʠʩ. 2.9). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯ-

ʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲ-

ʝʢʪʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʙʘʟʠʩʘ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʢʦʥʚʝʨ-

ʛʝʥʮʠʠ, ʘ ʪʘʢʞʝ, ʝʩʣʠ ʦʙʲʝʢʪ ʠʤʝʝʪ ʚʳ-

ʩʪʫʧʳ, ʤʦʞʝʪ ʧʦʪʝʨʷʪʴʩʷ ʝʛʦ ʩʪʝʨʝʦʩʢʦ-

ʧʠʯʝʩʢʦʝ ʚʦʩʧʨʠʷʪʠʝ, ʢʘʢ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ 

ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ. ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʬʦʪʦʩʲʝʤʢʠ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ, ʥʘʧʨʠ-

ʈʠʩ. 2.8. ʉʭʝʤʘ ʬʦʪʦʩʲʝʤʢʠ ʚʳʩʦʢʠʭ ʩʦʦʨʫʞʝʥʠʡ: ʘ- ʨʘʚʥʦʥʘʢʣʦʥʥʳʡ ʩʣʫʯʘʡ ʬʦʪʦʩʲʝʤʢʠ, 

ʙ ï ʬʦʪʦʩʲʝʤʢʘ ʩ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʙʘʟʠʩʘ 

ʈʠʩ. 2.9.  ʂʦʥʚʝʨʛʝʥʪʥʳʡ ʩʣʫʯʘʡ 

ʬʦʪʦʩʲʝʤʢʠ 
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ʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʥʘ ʦʙʲʝʢʪʝ ʪʦʯʝʢ ʩ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʪ.ʢ. ʥʘ ʥʠʭ ʥʘ ʦʙʦʠʭ ʩʥʠʤʢʘʭ ʤʘʨʢʠ ʤʦʞʥʦ ʥʘʚʝʩʪʠ ʤʦʥʦʢʫʣʷʨ-

ʥʦ. 

 

ʄʘʨʰʨʫʪʥʘʷ ʠ ʙʣʦʯʥʘʷ ʬʦʪʦʩʲʝʤʢʠ 

ʇʨʠ ʩʲʝʤʢʝ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʤʘʨʰʨʫʪ-

ʥʫʶ ʠʣʠ ʙʣʦʯʥʫʶ ʬʦʪʦʩʲʝʤʢʫ ʦʙʲʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 2.10 ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʤʘʨʰʨʫʪʥʦʡ ʬʦʪʦʩʲʝʤʢʠ ʟʜʘʥʠʷ. 

 

 

ɺ ʤʘʨʰʨʫʪʥʦʡ ʬʦʪʦʩʲʝʤʢʝ ʠʟ ʩʤʝʞʥʳʭ ʩʥʠʤʢʦʚ ʤʘʨʰʨʫʪʘ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʪʝʨʝʦʧʘʨʳ ʩʥʠʤʢʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʠʣʠ ʨʘʚʥʦʥʘʢʣʦʥʥʦʛʦ ʩʣʫʯʘʝʚ ʩʲʝʤʢʠ. ʇʨʠ 

ʵʪʦʤ ʬʦʪʦʩʲʝʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫ ʩʤʝʞʥʳʭ ʩʪʝʨʝʦʧʘʨ 

ʠʤʝʣʘʩʴ ʦʙʣʘʩʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʪʨʦʡʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ. ɼʣʷ ʵʪʦʛʦ ʬʦʪʦʩʲʝʤʢʫ 

ʚʳʧʦʣʥʷʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʤʝʞʥʳʝ ʩʥʠʤʢʠ ʚ ʤʘʨʰʨʫʪʝ ʧʝʨʝʢʨʳʚʘʣʠʩʴ 

ʈʠʩ. 2.10. ʄʘʨʰʨʫʪʥʘʷ ʥʘʟʝʤʥʘʷ ʬʦʪʦʩʲʝʤʢʘ 
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ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʤʘʨʰʨʫʪʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 60%. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʘʨʰʨʫʪʥʦʡ ʬʦʪʦʩʲʝʤʢʠ ʦʙʲʝʢʪ ʠʟʦʙʨʘʞʘ-

ʝʪʩʷ ʥʘ ʩʥʠʤʢʘʭ ʧʦ ʚʳʩʦʪʝ ʥʝ ʧʦʣʥʦʩʪʴʶ, ʧʨʦʠʟʚʦʜʷʪ ʙʣʦʯʥʫʶ (ʤʥʦʛʦʤʘʨʰ-

ʨʫʪʥʫʶ) ʬʦʪʦʩʲʝʤʢʫ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʤʘʨʰʨʫʪʥʫʶ ʬʦ-

ʪʦʩʲʝʤʢʫ ʦʙʲʝʢʪʘ, ʬʦʨʤʠʨʫʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʩ 

ʧʦʧʝʨʝʯʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ ʤʘʨʰʨʫʪʦʚ ʥʝ ʤʝʥʴʰʝ 20ï30%. 

ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʨʦʚʝʜʝʥʠʷ ʙʣʦʯʥʦʡ ʩʲʝʤʢʠ (ʨʠʩ.2.11). ɺ ʧʝʨʚʦʤ 

ʚʘʨʠʘʥʪʝ ʤʘʨʰʨʫʪʥʳʝ ʩʲʝʤʢʠ ʧʨʦʠʟʚʦʜʷʪ ʩ ʨʘʟʥʳʭ ʚʳʩʦʪ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʟʝʤʣʠ ʠ ʢʨʳʰʠ ʟʜʘʥʠʷ (ʨʠʩ. 2.11ʘ). 

 

ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʩ ʢʘʞʜʦʡ ʪʦʯʢʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʶʪ ʩʥʠʤʢʠ 

ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ w, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʤʘʨʰ-

ʨʫʪʳ ʠʟ ʩʪʝʨʝʦʧʘʨ ʩʥʠʤʢʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʨʘʚʥʦʥʘʢʣʦʥʥʦʛʦ ʩʣʫʯʘʝʚ ʩʲʝʤʢʠ 

(ʨʠʩ. 2.11ʙ). 

ʅʘ ʨʠʩ. 2.12 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʙʣʦʯʥʦʡ ʬʦʪʦʩʲʝʤʢʠ 16-ʪʠ ʵʪʘʞʥʦʛʦ 

ʜʦʤʘ. ʌʘʩʘʜ ʩʥʠʤʘʣʩʷ ʩ ʜʚʫʭ ʦʪʩʪʦʷʥʠʡ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʥʠʤʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʫ-

ʯʠʣʠʩʴ ʧʨʠ ʬʦʪʦʩʲʝʤʢʝ, ʚʳʜʝʣʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʟʝʤʥʦʡ ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʤʝʨʪʚʳʝ ʟʦʥʳè (ʫʯʘʩʪʢʠ ʦʙʲʝʢʪʘ, ʥʝ ʠʟʦʙʨʘʟʠʚʰʠ-

ʈʠʩ. 2.11. ɺʘʨʠʘʥʪʳ ʧʨʦʚʝʜʝʥʠʷ ʙʣʦʯʥʦʡ ʬʦʪʦʩʲʝʤʢʠ 
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ʝʩʷ ʥʘ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ). ɼʣʷ 

ʩʲʝʤʢʠ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʦʙʲʝʢʪʘ ʧʨʦʠʟ-

ʚʦʜʷʪ ʬʦʪʦʩʲʝʤʢʫ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʙʘʟʠʩʦʚ. 

ʅʘ ʨʠʩ. 2.13 ʤʝʨʪʚʳʝ ʟʦʥʳ, ʚʦʟ-

ʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʲʝʤʢʠ ʩ 

ʪʦʯʝʢ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ S1, S2, S3 

ʧʦʢʘʟʘʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ. ʉʲʝʤʢʠ ʵʪʠʭ 

ʯʘʩʪʝʡ ʦʙʝ̡ʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣ-

ʥʠʪʴ ʩ ʜʦʧʦʣʥʠʪʝʣʥɹʳʭ ʩʪʘʥʮʠʡ (S4 ï 

S5). 

 

ʈʠʩ. 2.13. ʉʭʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ 

 

2.3.2 ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʩʲʝʤʢʠ 

ʇʨʠ ʚʳʙʦʨʝ ʩʭʝʤʳ ʩʲʝʤʢʠ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʪʨʠ ʦʩʥʦʚ-

ʥʳʝ ʟʘʜʘʯʠ: 

1. ʆʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʝ̡ʢʪʘ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʪʘʥʮʠʡ ʩʲʝʤʢʠ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʧʨʘʚʠʣʴʥʦ 

ʚʳʙʨʘʪʴ ʦʪʩʪʦʷʥʠʝ ʢʘʤʝʨʳ ʦʪ ʦʙʲʝʢʪʘ ʠ ʚʝʣʠʯʠʥʫ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. 

2. ʇʦʢʨʳʪʴ ʩʥʠʤʢʘʤʠ ʚʝʩ ɹ ʠʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ, ʯʪʦʙʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ 

ʈʠʩ. 2.12. ʉʲʝʤʢʘ ʚʳʩʦʪʥʦʛʦ ʟʜʘʥʠʷ ʩ ʜʚʫʭ 

ʦʪʩʪʦʷʥʠʡ 
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ʤʝʨʪʚʳʝ ʟʦʥʳ (ʯʘʩʪʠ ʦʙʲʝʢʪʘ, ʥʝ ʠʟʦʙʨʘʟʠʚʰʠʝʩʷ ʥʘ ʩʥʠʤʢʘʭ). 

3. ʆʙʝʩʧʝʯʠʪʴ ʜʝʰʠʬʨʠʨʫʝʤʦʩʪʴ ʦʙʲʝʢʪʦʚ ʧʦ ʩʥʠʤʢʘʤ (ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʦʟʥʘʚʘʥʠʷ ʥʘ ʩʥʠʤʢʘʭ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʦʙʲʝʢʪʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʢʘʞʜʫʶ ʠʟ ʵʪʠʭ ʟʘʜʘʯ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ ʦʙʤʝʨʥʳʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʦʢʘʣʥɹʘʷ ʩʠʩʪʝʤʘ ʢʦ-

ʦʨʜʠʥʘʪ ʬʘʩʘʜʘ, ʚ ʢʦʪʦʨʦʡ ʦʩʴ X ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʬʘʩʘʜʘ, ʦʩʴ Y ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʘ ʝʡ ʠ ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ, ʦʩʴ Z ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ (ʨʠʩ. 2.14). 

 

ʈʠʩ. 2.14. ʉʭʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʟʝʤʥʦʡ ʬʦʪʦʩʲʝʤʢʠ 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢ-

ʪʘ (mX, mY, mZ), ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ B ʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʦʪʩʪʦʷʥʠʝ ʢʘʤʝʨʳ ʦʪ ʦʙʲʝʢʪʘ Z. 

ʕʪʠ ʚʳʯʠʩʣʝʥʠʷ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʷʶʪ ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ b ʚ ʤʘʩʰʪʘʙʝ ʩʥʠʤʢʘ, ʟʘʜʘʚʘʷʩʴ 

ʧʨʦʜʦʣʴʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ Px ʤʝʞʜʫ ʩʥʠʤʢʘʤʠ: 

( )

%100

%100
xx

P
b

-
=
? , (2.3) 

ʛʜʝ ǎx ï ʬʦʨʤʘʪ ʩʥʠʤʢʘ ʚʜʦʣʴ ʦʩʠ x. 

ɿʘʪʝʤ ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʩʪʦʷʥʠʝ Z, ʧʨʠ ʢʦʪʦʨʦʤ ʙʫʜʝʪ 
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ʦʙʝʩʧʝʯʝʥʘ ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ mZ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ Z (ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ ʢʘʤʝʨʳ) ʪʦʯʝʢ ʦʙʲʝʢʪʘ (ʨʠʩ. 2.13), ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ: 

Z

p

m
m

b
Z =  (2.4) 

ʛʜʝ mp ï ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣ-

ʣʘʢʩʦʚ ʧʦ ʩʥʠʤʢʘʤ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

b
f

Z
B=  (2.5) 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʙʘʟʠ-

ʩʦʚ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʩʲʝʤʢʠ ʦʙʲʝʢʪʘ ʜʣʠʥʦʡ L: 

B

L
n

B
=  (2.6) 

ɽʩʣʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʲʝʤʢʠ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʟʥʘʯʝʥʠʡ ʦʪʩʪʦʷʥʠʷ ʠ ʙʘ-

ʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʘʤ (2.4ï2.6), ʪʦ ʧʨʠ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʭ ʩʥʠʤʢʦʚ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ 

Z ʥʝ ʙʫʜʝʪ ʥʠʞʝ ʟʘʜʘʥʥʦʡ mZ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ 

mX, mY ʙʫʜʝʪ ʟʘʚʝʜʦʤʦ ʚʳʰʝ, ʯʝʤ mZ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ ʚʳʯʠʩʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʲʝʤʢʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʬʦʪʦʩʲʝʤʢʫ ʬʘʩʘʜʘ ʟʜʘʥʠʷ 

(ʨʠʩ. 2.14) ʩʦ ʩʣʝʜʫʶɦ ʠʤʠ ʨʘʟʤʝʨʘʤʠ: ʜʣʠʥʘ L = 25 ʤ, ʚʳʩʦʪʘ H = 10 ʤ. ʎʝʣʴ ï 

ʧʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʵʪʦʛʦ ʬʘʩʘʜʘ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʦʙʲʝʢʪʘ OXYZ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʤʦʜʝʣʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ 

ʭʫʞʝ 1 ʩʤ, ʪ.ʝ.,  mX, = mY = mZ = 0,01 ʤ. ʌʦʪʦʩʲʝʤʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʷʪʴ 

ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ Kodak DCS Pro14 ʩ ʨʘʟʤʝʨʦʤ ʤʘʪʨʠʮʳ (ʬʦʨʤʘʪ ʩʥʠʤʢʘ) 

4500x3000 pix ʠ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ f = 4500 pix . ʆʙʨʘʙʦʪʢʫ ʩʥʠʤʢʦʚ ʙʫʜʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ ʧʦʨʷʜʢʘ 0,5 ʧʠʢʩʝʣʷ, ʪ.ʝ. mp = 0,5 
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pix. 

ʇʨʦʜʦʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ Px ʚʦʟʴʤʝʤ ʨʘʚʥʳʤ 60%, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʪʨʦʡ-

ʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ ʩ ʮʝʣʴʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ. 

ʊʦʛʜʘ ʟʥʘʯʝʥʠʝ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʤʘʩʰʪʘʙʝ ʩʥʠʤʢʘ, ʩʦʛʣʘʩʥʦ (2.4) 

ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʝ: 
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ɹʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚʳʙʨʘʪʴ ʜʣʠʥʫ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʝ ʤʝʥʝʝ 

14,4 ʤ, ʘ ʦʪʩʪʦʷʥʠʝ ʥʝ ʙʦʣʝʝ 36 ʤ, ʪʦ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʦʙʲʝʢʪʘ ʧʦ ʩʥʠʤʢʘʤ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 1 ʩʤ. 

ɿʥʘʷ ʜʣʠʥʫ ʦʙʲʝʢʪʘ Lx, ʧʦʣʫʯʠʤ ʢʦʣʠʯʝʩʪʚʦ ʙʘʟʠʩʦʚ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ 

ʯʠʩʣʦ ʩʪʘʥʮʠʡ: 71
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ɽʩʣʠ ʯʠʩʣʦ ʙʘʟʠʩʦʚ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʜʨʦʙʥʳʤ, ʪʦ ʝʩʪʝ-

ʩʪʚʝʥʥʦ ʝʛʦ ʩʣʝʜʫʝʪ ʦʢʨʫʛʣʠʪʴ, ʧʨʠʯʝʤ ʚʩʝʛʜʘ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ, ʩ ʪʝʤ ʯʪʦʙʳ 

ʧʦʢʨʳʪʴ ʬʦʪʦʩʲʝʤʢʦʡ ʚʝʩʴ ʦʙʲʝʢʪ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ nB = 2. ɼʚʫʭ ʙʘʟʠʩʦʚ ʬʦʪʦ-

ʛʨʘʬʠʨʦʚʘʥʠʷ ʠʣʠ ʪʨʝʭ ʩʥʠʤʢʦʚ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʲʝʤʢʠ ʚʩʝʛʦ ʦʙʲʝʢʪʘ ʧʦ ʝʛʦ 

ʜʣʠʥʝ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.14. 

ʆʩʪʘʣʦʩʴ ʚʳʷʩʥʠʪʴ ʠʟʦʙʨʘʟʠʪʩʷ ʣʠ ʚʝʩʴ ʦʙʲʝʢʪ ʧʦ ʚʳʩʦʪʝ ʥʘ ʵʪʠʭ ʩʥʠʤ-

ʢʘʭ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʚʳʯʠʩʣʠʚ ʚʳʩʦʪʫ ʟʘʭʚʘʪʘ H ʜʘʥʥʦʡ ʬʦʪʦʢʘʤʝʨʦʡ ʜʣʷ 

ʦʪʩʪʦʷʥʠʷ Z: ʤ24
pix4500

36
pix3000 ===

ʤ

f

Z
H y?  (2.7) 

ɿʜʝʩʴ ǎy ï ʬʦʨʤʘʪ ʢʘʜʨʘ ʚʜʦʣʴ ʦʩʠ y. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʝʩʴ ʦʙʲʝʢʪ ʧʦ ʚʳʩʦ-

ʪʝ (10 ʤ) ʙʫʜʝʪ ʠʟʦʙʨʘʞʝʥ ʥʘ ʵʪʠʭ ʩʥʠʤʢʘʭ (ʨʠʩ. 2.14), ʪ.ʝ. ʚʩʝʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʪʨʝʭ ʩʥʠʤʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦ ʫʩʣʦʚʠʷʤ ʨʝʘʣʴʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʜʭʦʜʳ ʢ ʜʘʥʥʦʤʫ 
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ʦʙʲʝʢʪʫ ʦʛʨʘʥʠʯʝʥʳ ʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʦʡʪʠ ʦʪ ʜʘʥʥʦʛʦ ʬʘʩʘʜʘ ʟʜʘʥʠʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 36 ʤ, ʥʘʧʨʠʤʝʨ, ʰʠʨʠʥʘ ʫʣʠʮʳ ʚʩʝʛʦ 10 ʤ, ʪ.ʝ. ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʪʴ ʢʘʤʝʨʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʪʩʪʦʷʥʠʠ, ʨʘʚʥʦʤ 10 ʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʚʝʣʠʯʠʥʘ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʙʫʜʝʪ: 
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ʪ.ʝ. nB = 7 ʠʣʠ 8 ʩʥʠʤʢʦʚ ʚ ʤʘʨʰʨʫʪʝ (ʨʠʩ. 2.11). 

ʇʨʠ ʵʪʦʤ ʟʘʭʚʘʪ ʢʘʜʨʘ ʧʦ ʚʳʩʦʪʝ ʧʨʠ 10 ʤ ʦʪʩʪʦʷʥʠʷ ʙʫʜʝʪ: 
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ʪ.ʝ. ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʦʪʦʩʲʝʤʢʘ ʚ ʚʠʜʝ ʚʪʦʨʦʛʦ ʤʘʨʰʨʫʪʘ, ʧʦʢʨʳ-

ʚʘʶʱʝʛʦ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʟʜʘʥʠʷ. 

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʙʳʪʴ ʪʨʠ ʚʘʨʠʘʥʪʘ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ. ɽʩʣʠ ʠʤʝʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʚ ʚʠʜʝ ʧʦʜʲʝʤʥʠ-

ʢʘ ʩ ʣʶʣʴʢʦʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦʡ ʰʪʘʥʛʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʲʝʤʢʠ ʩ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʙʘʟʠʩʘ, ʪʦ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʬʦʪʦʩʲʝʤʢʫ ʬʘʩʘʜʘ ʚ ʚʠʜʝ ʜʚʫʭ ʧʝʨʝʢʨʳʚʘʶ-

ʱʠʭʩʷ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʘʨʰʨʫʪʘ (ʨʠʩ. 2.11ʘ, 2.12). ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʧʦʧʝʨʝʯʥʳʡ (ʚʝʨʪʠʢʘʣʴʥʳʡ) ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ BV. ʆʥ ʚʳʯʠʩʣʷ-

ʝʪʩʷ ʧʦ ʪʝʤ ʞʝ ʬʦʨʤʫʣʘʤ, ʯʪʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʙʘʟʠʩ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʪʘʢʦʡ ʙʘʟʠʩ, ʯʪʦʙʳ ʦʥ ʦʙʝʩʧʝʯʠʚʘʣ 30% ʧʝʨʝʢʨʳʪʠʷ 

ʤʝʞʜʫ ʤʘʨʰʨʫʪʘʤʠ, ʪʦʛʜʘ: 
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ʅʘ ʨʠʩ. 2.11, ʘ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ, ʘ ʥʘ ʨʠʩ. 

2.15 ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʘ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʫʞʝ ʪʨʝʙʫʝʪʩʷ 16 ʩʥʠʤʢʦʚ. 

ʈʠʩ. 2.15. ʉʭʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦʩʲʝʤʢʠ ʚʳʩʦʢʦʛʦ ʦʙʲʝʢʪʘ. ɺʘʨʠʘʥʪ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʙʘ-

ʟʠʩʦʤ. 

 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ. ɽʩʣʠ ʥʝʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʳʡ ʙʘʟʠʩ ʬʦ-

ʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʪʦ ʚʳʧʦʣʥʷʶʪ ʥʘʢʣʦʥʥʫʶ ʬʦʪʦʩʲʝʤʢʫ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ ʩ 

ʪʝʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʬʦʪʦʩʲʝʤʢʫ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʜʘʥʠʷ (ʨʠʩ. 2.11ʙ). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʳʯʠʩʣʷʶʪ ʥʘʢʣʦʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʜʦ ʚʝʨʭ-

ʥʝʡ ʢʨʦʤʢʠ ʟʜʘʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʝʩʪʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘʤʠ 

ʦʪʩʪʦ̫ ʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʦʡ ʯʘʩʪʠ 

ʟʜʘʥʠʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʙʫʜʝʪ ʥʠʞʝ ʟʘʜʘʥʥʦʡ. 

ʇʦʵʪʦʤʫ, ʜʣʷ ʥʘʢʣʦʥʥʦʡ ʩʲʝʤʢʠ ʩʣʝʜʫʝʪ ʨʘʩʩʯʠʪʘʪʴ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʙʘʟʠʩʘ ʬʦ-

ʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʢʣʦʥʥʦʝ ʦʪʩʪʦʷʥʠʝ Z' (ʨʠʩ. 2.16) ʙʫʜʝʪ: 

ʤ812810 2222
,HZZ =+=+=¡  

ɿʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʪʳ ʟʜʘʥʠʷ H ʚʟʷʪʦ 8 ʤ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʢʘʤʝ-

ʨʘ (ʪʦʯʢʘ S) ʚ ʤʦʤʝʥʪ ʩʲʝʤʢʠ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʚʳʩʦʪʝ 2 ʤ. 
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 ʈʠʩ. 2.16. ʉʭʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦʩʲʝʤʢʠ ʚʳʩʦʢʦʛʦ ʦʙʲʝʢʪʘ. ɺʘʨʠʘʥʪ ʥʘʢʣʦʥʥʦʡ ʩʲʝʤʢʠ. 

 

ɿʥʘʯʝʥʠʝ ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʢʣʦʥʥʦʡ ʩʲʝʤʢʠ ʨʘʚʥʦ: 
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ʀʪʘʢ, ʩʭʝʤʘ ʬʦʪʦʩʲʝʤʢʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ (ʨʠʩ. 2.11ʙ) (ʥʘʢʣʦʥʥʳʝ ʩʥʠʤʢʠ ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ). ɺʩʝʛʦ ʧʦʣʫʯʘʝʪʩʷ 

14 ʩʥʠʤʢʦʚ. 

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ. ʈʘʩʩʯʠʪʘʝʤ ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʩʲʝʤʢʠ, ʝʩʣʠ ʢʘʤʝʨʫ ʧʦʚʝʨ-

ʥʫʪʴ ʥʘ 90Á, ʪ.ʝ. ʩʦʨʠʝʥʪʠʨʦʚʘʪʴ ʜʣʠʥʥʫʶ ʩʪʦʨʦʥʫ ʢʘʜʨʘ ʧʦ ʚʝʨʪʠʢʘʣʠ (ʨʠʩ. 

2.17). ʊʦʛʜʘ: 
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ʇʨʠ ʵʪʦʤ ʟʘʭʚʘʪ ʧʦ ʚʝʨʪʠʢʘʣʠ ʨʘʚʝʥ 
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ʤ10
pix4500

ʤ10
pix45000 ===

f

Z
H y? , 

ʪ.ʝ. ʚʳʩʦʪʝ ʩʘʤʦʛʦ ʟʜʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʩʜʝʣʘʪʴ ʦʜʠʥ ʤʘʨʰʨʫʪ ʠʟ 

11 ʩʥʠʤʢʦʚ ʠ ʧʦʢʨʳʪʴ ʬʦʪʦʩʲʝʤʢʦʡ ʚʩʝ ʟʜʘʥʠʝ, ʢʘʢ ʥʘ ʨʠʩ. 2.17. 

 

 

B 

ʈʠʩ. 2.17. ʉʭʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦʩʲʝʤʢʠ ʚʳʩʦʢʦʛʦ ʦʙʲʝʢʪʘ. ɺʘʨʠʘʥʪ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʢʘʜ-

ʨʦʤ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʡ ʠʟ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʥʘ 

ʧʨʘʢʪʠʢʝ ʠ ʦʙʝʩʧʝʯʠʪ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢ-

ʪʘ. ʆʜʥʘʢʦ ʠʟ ʵʪʠʭ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʦʧʪʠʤʘʣʥɹʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʨʝʪʠʡ, ʪ.ʢ. ʦʥ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ. 

ʇʨʠ ʬʦʪʦʩʲʝʤʢʝ ʩʣʦʞʥʳʭ ʧʦ ʬʦʨʤʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʤʝʨʪʚʳʝ ʟʦʥʳ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʦʪʦ-

ʩʲʝʤʢʠ ʵʪʠʭ ʟʦʥ. ʅʘ ʨʠʩ. 2.13 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʤʝʨʪʚʦʡ ʟʦʥʳ ʠ ʩʭʝʤʳ ʝʝ ʬʦʪʦ-

ʩʲʝʤʢʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʙʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʥʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʤʝʣʢʠʭ ʦʙʲʝʢʪʦʚ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ æ ʦʜʥʦʛʦ ʧʠʢʩʝʣʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʤʘʩh ʪʘʙʝ ʦʙʲʝʢʪʘ. ɺʳʯʠʩʣʠʤ æ, ʨʘʟʜʝʣʠʚ ʚʝʣʠʯʠʥʫ ʟʘʭʚʘʪʘ H, 

ʧʦʣʫʯʝʥʥʫʶ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʪʩʪʦʷʥʠʷ Z, ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʢʩʝʣʝʡ ʚ ʢʘʜʨʝ ǎy: 
y
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ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʧʨʠ ʦʪʩʪʦʷʥʠʠ Z = 36 ʤ, H = 24 ʤ ʠ ǎy = 3000 pix, ʨʘʟʤʝʨ 

ʧʠʢʩʝʣʷ ʥʘ ʦʙʝ̡ʢʪʝ ʙʫʜʝʪ æ = 0,008 ʤ, ʘ ʧʨʠ ʦʪʩʪʦʷʥʠʠ Z = 10 ʤ, H = 6,7 ʤ ʠ ǎy = 

3000 pix, æ = 0,002 ʤ. 

ɽʩʣʠ ʪʘʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝ, ʪʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ ʦʪʩʪʦʷʥʠʝ ʩ ʪʝʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʨʘʟʤʝʨ 

ʧʠʢʩʝʣʷ ʥʘ ʦʙʲʝʢʪʝ, ʘ ʟʘʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʧʝʨʝʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʙʘʟʠʩʘ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʩʜʝʣʘʪʴ ʥʦʚʳʡ ʧʨʦʝʢʪ ʬʦʪʦʩʲʝʤʢʠ. 

ʇʨʝʜʨʘʩʯʝʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʧʦ ʩʪʝʨʝʦʧʘʨʝ 

ʩʥʠʤʢʦʚ (ʛʣʘʚʘ 1, ʧ. 1.9.1) ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʤʝʪʦ-

ʜʘʤʠ. ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʩrʦʪ 

ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 1/3 ʦʪ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʧʦ ʩʪʝʨʝʦʧʘʨʝ 

ʩʥʠʤʢʦʚ. 

 

2.4 ʉʦʟʜʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʧʦʨʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʥʘʟʝʤʥʳʭ ʩʥʠʤʢʦʚ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠʩ-

ʧʦʣʴʟʫʶʪ ʢʦʦʨʜʠʥʘʪʳ ʦʧʦʨʥʳʭ ʪʦʯʝʢ (ʆʊ) ʠ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ, ʠ ʟʥʘ-

ʯʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ. 

ʇʨʠ ʥʘʟʝʤʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʝ ʟʜʘʥʠʡ, ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫ-

ʞʝʥʠʡ ʠ ʜʨʫʛʠʭ ʦʙʝ̡ʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʟʤʝʨʝʥʥʳʝ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʦʙʲʝʢʪʘ, ʪʦʯʢʘʤʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘ-

ʥʠʷ, ʪʦʯʢʘʤʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʪʦʯʢʘʤʠ ʦʙʲʝʢʪʘ. ʊʘʢ ʞʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʦʯʝʢ ʦʙʲʝʢʪʘ, ʠʟʦʙʨʘʟʠʚ-

ʰʠʭʩʷ ʥʘ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ, ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʦʙʲʝʢʪʘʤ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 2.18). 
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ʈʠʩ. 2.18 ɺʘʨʠʘʥʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘ ʟʜʘʥʠʠ 

 

ʆʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠ ʦʧʦʨʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ï ʟʥʘʯʝʥʠʷ 

ʜʠʨʝʢʮʠʦʥʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʫʛʣʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʟ ʪʦʯʢʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘ-

ʥʠʷ ʥʘ ʪʦʯʢʫ ʦʙʲʝʢʪʘ, ʠʟʦʙʨʘʟʠʚʰʝʡʩʷ ʥʘ ʩʥʠʤʢʝ (ʨʠʩ. 2.18). 

ʂʦʦʨʜʠʥʘʪʳ ʆʊ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʤʠ ʧʨʠʚʝʜʝʥʥʫʶ ʚ ʪʘʙʣ. 2 ʪʦʯʥʦʩʪʴ
1
. 

ɺ ʛʣʘʚʝ 1 ʫʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʦʜʠ-

ʥʦʯʥʦʛʦ ʩʥʠʤʢʘ ʥʫʞʥʳ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʳʭ (ʇɺ) ʪʦʯʝʢ, ʘ ʜʣʷ ʤʦ-

ʜʝʣʠ ʦʙʲʝʢʪʘ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʜʚʝ ʇɺ ʪʦʯʢʠ ʠ ʦʜʥʘ ʚʳʩʦʪ-

ʥʘʷ (ɺ) ʪʦʯʢʘ. ʄʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʙʝʟ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʥʘʩʪʦʷʪʝʣʴ-

ʥʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʦʟʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʢʠʨʦʚʘʥʥʳʭ 

ʪʦʯʝʢ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ, ʘ ʦʩʪʘʣʴʥʳʝ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ. 

                                           

1
 ɻʆʉʊ ʈ 56905-2016 ʇʨʦʚʝʜʝʥʠʝ ʦʙʤʝʨʥʳʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʦʙʲʝʢʪʘʭ ʢʫʣʴʪʫʨʥʦʛʦ 

ʥʘʩʣʝʜʠʷ 
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ʇʨʠ ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ 

ʩʲʝʤʢʘ ʩ ʧʦʤʦʱʴʶ ʪʘʭʝʦʤʝʪʨʦʚ ʩ ʫʛʣʦʚʦʡ ʪʦʯʥʦʩʪʴʶ 3ï5 ʩʝʢ. ʠ ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʤʠ ʣʠʥʝʡʥʫʶ ʪʦʯʥʦʩʪʴ 1ï2 ʩʤ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʙʝʟʦʪʨʘʞʘʪʝʣʴʥʦʤ 

ʨʝʞʠʤʝ ʠʣʠ ʫʛʣʦʚʳʤʠ ʟʘʩʝʯʢʘʤʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʪʦʯʥʦʩʪʴ ʧʦʨʷʜʢʘ 1ï2 ʤʤ. 

ʊʘʙʣʠʮʘ 2. ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʦʙʤʝʨʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʄʘʩʰʪʘʙ 

ʯʝʨʪʝʞʘ 

ɺʠʜ ʯʝʨʪʝʞʝʡ ʇʨʝʜʝʣʴʥʘʷ ʧʦʛʨʝʰ-

ʥʦʩʪʴ, ʤʤ 

1:1ï1:20 ʏʝʨʪʝʞʠ ʜʝʪʘʣʝʡ, ʰʘʙʣʦʥʦʚ, ʧʨʦʨʠʩʝʡ 1ï2 

1:50 ʏʝʨʪʝʞʠ ʧʣʘʥʦʚ, ʨʘʟʨʝʟʦʚ, ʬʘʩʘʜʦʚ 2ï5 

1:100 ʏʝʨʪʝʞʠ ʧʣʘʥʦʚ, ʨʘʟʨʝʟʦʚ, ʬʘʩʘʜʦʚ 10ï20 

1:200 ʆʙʟʦʨʥʳʝ ʯʝʨʪʝʞʠ ʧʣʘʥʦʚ, ʨʘʟʨʝʟʦʚ, 

ʬʘʩʘʜʦʚ 

30ï50 

1:500 ʉʭʝʤʳ 200ï300 

 

ʅʘ ʨʠʩʫʥʢʝ 2.18 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʆʊ (ʢʨʘʩʥʳʝ ʪʨʝ-

ʫʛʦʣʴʥʠʢʠ) ʥʘ ʬʘʩʘʜʝ ʟʜʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʤ̫ʠ. 

 

ʈʠʩ. 2.18. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 

 

ʇʨʠ ʧʣʦʩʢʦʤ ʬʘʩʘʜʝ ʠʣʠ ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʳʩʪʫʧʘʤʠ ʪʘʭʝʦʤʝʪʨ ʤʦʞʥʦ ʟʘ-

ʤʝʥʠʪʴ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʨʫʣʝʪʢʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʷ ʩ ʪʦʯʥʦ-

ʩʪʴʶ 1ï2 ʤʤ. ʆʧʦʨʥʳʝ ʪʦʯʢʠ ʥʫʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʬʘʩʘʜʫ. 

ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʦʨʥʳʝ (ʢʦʥʪʨʦʣʴʥʳʝ) ʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʘ ʥʘʜ ʜʨʫʛʦʡ. ɽʩʣʠ 
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ʦʙ̡ʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʦʙʨʘʟʥʳʡ ʫʯʘʩʪʦʢ ʙʝʟ ʭʘʨʘʢʪʝʨʥʳʭ ʢʦʥʪʫʨʦʚ 

(ʦʢʥʘ, ʜʚʝʨʠ, ʣʝʧʥʠʥʘ ʩ ʯʝʪʢʠʤʠ ʫʛʣʘʤʠ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʧʦʨʥʳʤʠ 

ʪʦʯʢʘʤʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʬʘʩʘʜʝ ʟʘʢʨʝʧʠʪʴ ʤʘʨʢʠ. 

ɽʩʣʠ ʫ ʦʙʲʝʢʪʘ ʥʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʝʝ ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʜʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʨʦʢ. 

ʅʘ ʨʠʩ. 2.20 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʟʤʝʱʝʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ (ʢʨʘʩʥʳʝ ʪʨʝ-

ʫʛʦʣʴʥʠʢʠ) ʥʘ ʵʣʝʤʝʥʪʘʭ ʬʘʩʘʜʘ ʟʜʘʥʠʷ. ʈʘʩʧʦʣʦʞʠʚ ʆʊ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ 

ʟʘʜʘʪʴ ʣʦʢʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʜʘʥʥʦʛʦ ʬʘʩʘʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʫʣʝʪʢʠ. 

 

ʈʠʩ. 2.20. ʈʘʟʤʝʱʝʥʠʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʜʣʷ ʟʘʜʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 

ʄʘʨʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʬʘʩʘʜʝ ʫ ʣʝʚʦʛʦ ʢʨʘʷ ʠ ʚʥʠʟʫ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 

ʥʘʯʘʣʦ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʏʪʦʙʳ ʥʝ ʙʳʣʦ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ 

ʦʩʪʘʣʴʥʳʭ ʤʘʨʢʘʭ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʷʝʤʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʦʯʢʘʭ, ʥʘʯʘʣʴʥʦʡ 

ʤʘʨʢʝ ʧʨʠʜʘʶʪ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦ ʪʨʝʤ ʦʩʷʤ, ʨʘʚʥʳʝ, ʥʘʧʨʠʤʝʨ, 100 ʤ. 

ɼʣʷ ʟʘʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʚʳʙʠʨʘʶʪ ʤʘʨʢʠ, ʥʘʠʙʦʣʝʝ 

ʫʜʘʣʝʥʥʳʝ ʦʪ ʤʘʨʢʠ 1. ʅʘʧʨʠʤʝʨ, ʤʘʨʢʫ 3 ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʟʘʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ ʍ, ʧʨʠʜʘʚ ʝʡ ʢʦʦʨʜʠʥʘʪʳ X = 108,465 ʤ (ʚʝʣʠʯʠʥʘ ʧʦʣʫʯʝʥʘ 

ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ), Y = 100,000 ʤ, Z = 100,000 ʤ. ʋ ʤʘʨʦʢ 1 ʠ 3 ʢʦʦʨʜʠʥʘʪʳ Y ʠ Z 
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ʦʜʠʥʘʢʦʚʳʝ, ʪ.ʝ. ʤʘʨʢʠ ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ 

ʍ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʨʢʫ 4 ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʟʘʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʦʩʠ Z, ʧʨʠʜʘʚ ʢʦʦʨʜʠʥʘʪʳ X = 100,000 ʤ, Y = 104,925 ʤ (ʚʝʣʠʯʠʥʘ ʧʦʣʫʯʝʥʘ ʧʫ-

ʪʝʤ ʠʟʤʝʨʝʥʠʷ), Z =100,000 ʤ. ʀʟʙʳʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʘ ʤʘʨʢʝ 2 ʙʫʜʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʥʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ. 

 

2.5 ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʜʠʥʦʯʥʳʭ ʠ ʩʪʝʨʝʦʧʘʨ ʥʘʟʝʤʥʳʭ ʩʥʠʤ-

ʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʯʪʦ ʠ ʦʙʨʘʙʦʪʢʘ ʘʵʨʦʩʥʠʤʢʦʚ, ʪʦ ʝʩʪʴ ʤʝ-

ʪʦʜʘʤʠ ʧʨʷʤʦʡ, ʦʙʨʘʪʥʦʡ ʠ ʜʚʦʡʥʦʡ ʦʙʨʘʪʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʟʘʩʝʯʢʠ, 

ʤʝʪʦʜʦʤ ʩʚʷʟʦʢ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝʤ ʤʘʨʰʨʫʪʥʦʡ ʠ ʙʣʦʯʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷ-

ʮʠʠ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

(ʎʌʉ) ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʘʨʘʛʨʘʬʝ 1.10.2. ɺʩʝ ʠʟʤʝʨʝ-

ʥʠʷ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʨʫʯʥʦʤ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝ-

ʞʠʤʘʭ. 

ʇʨʠ ʨʫʯʥʦʤ ʠʟʤʝʨʝʥʠʠ ʦʧʝʨʘʪʦʨ ʥʘʚʦʜʠʪ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʤʘʨʢʫ ʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʳʡ ʢʦʥʪʫʨ ʥʘ ʧʨʘʚʦʤ ʠ ʣʝʚʦʤ ʩʥʠʤʢʝ ʤʦʥʦʢʫʣʷʨʥʦ (ʪ.ʝ. ʨʘʟʜʝʣʴʥʦ) 

ʠʣʠ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠ (ʪ.ʝ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʝʨʝʦʤʦʜʝʣʠ) (ʨʠʩ. 2.20). ʅʘ 

ʨʠʩʫʥʢʝ ʚʚʝʨʭʫ ʧʦʢʘʟʘʥʘ ʩʪʝʨʝʦʧʘʨʘ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʪʝʨʝʦʠʟʦʙ-

ʨʘʞʝʥʠʝ ʯʝʨʝʟ ʘʥʘʛʣʠʬʠʯʝʩʢʠʝ ʦʯʢʠ. 

ɺʥʠʟʫ ʨʠʩʫʥʢʘ ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʯʝʨʪʝʞʘ ʩ ʧʨʦʤʝʨʘʤʠ ʚ Autocad. 

ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʪʦʯʥʠʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʝ 

ʥʘʚʝʜʝʥʠʝ ʧʫʪʝʤ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʠʢʩʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʨʨʝʣʷʪʦʨʘ. 
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ʈʠʩ. 2.20. ʇʦʣʫʯʝʥʠʝ ʦʙʤʝʨʥʦʛʦ ʯʝʨʪʝʞʘ ʧʦ ʩʪʝʨʝʦʤʦʜʝʣʠ 

 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦ-

ʚʘʪʴ ʫʯʘʩʪʠʝ ʦʧʝʨʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ, ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʳʩʢʘ-

ʥʠʷ ʥʘ ʧʘʨʝ ʩʥʠʤʢʦʚ ʠʜʝʥʪʠʯʥʳʭ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ) ʪʦʯʝʢ. ʊʝʤ ʩʘʤʳʤ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ (ʧ. 3.1). 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝ-

ʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʩʦʟʜʘʶʪʩʷ ʬʦʪʦʧʣʘʥʳ, ʯʝʨʪʝʞʠ ʠ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ. ɺ ʃʘʙʦ-

ʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ [10] ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʦʙʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʌʉ ʌʦʪʦʤʦʜ 5 Litʝ. ʇʨʠʥʮʠʧʳ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 3. 
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2.6 ʊʦʯʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʙʤʝʨʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʅʘ ʪʦʯʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʪʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʣʠʷʶʪ 

ʨʷʜ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 1) ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʧʦ ʩʥʠʤʢʘʤ; 2) ʧʦʛʨʝʰʥʦʩʪʠ ʧʣʘʥʦʚʦʛʦ-ʚʳʩʦʪʥʦʛʦ ʧʦ-

ʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʳʭ ʪʦʯʝʢ; 3) ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʦʞʜʝʩʪʚʣʝ-

ʥʠʷ ʥʘ ʩʥʠʤʢʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʦʛʨʝʰʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʪʦʞʜʝʩʪʚʝʥʥʳ ʧʦʛʨʝʰʥʦʩʪʷʤ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ, ʘ 

ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʤʘʨʢʠ ʥʘ ʤʦʜʝʣʴ ʧʨʠ ʩʪʝʨʝʦʚʝʢʪʦʨʠʟʘʮʠʠ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘ-

ʝʪ ʦʩʪʨʦʪʘ ʩʪʝʨʝʦʟʨʝʥʠʷ ʦʧʝʨʘʪʦʨʘ. ɺ ʩʨʝʜʥʝʤ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 3ï5 ʤʢʤ, ʯʪʦ ʩʦ-

ʧʦʩʪʘʚʠʤʦ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ. 

1. ʆʞʠʜʘʝʤʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʧʦ 

ʩʥʠʤʢʘʤ ʚʳʯʠʩʣʝʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ (2.8) 

xX
m

f

Y
m º ,    

pY
m

b

Y
m º , 

yZ
m

f

Y
m º , (2.8) 

ʛʜʝ mx, my, mz ï ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ 

ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ ʪʦʯʝʢ ʩʥʠʤʢʦʚ, Y ï ʦʪʩʪʦʷʥʠʝ ʦʪ ʦʙʲʝʢʪʘ ʩʲʝʤʢʠ, b ï 

ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʤʘʩʰʪʘʙʝ ʩʥʠʤʢʘ, ʚʳʯʠʩʣʝʥʥʳʡ ʧʦ (2.3). 

2. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʦʧʦʨʥʳʭ 

ʪʦʯʝʢ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʰʠʙʢʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʙʝʟʦʪʨʘʞʘ-

ʪʝʣɹʥʦʤ ʨʝʞʠʤʝ ʦʪ 1ï2 ʤʤ ʫʛʣʦʚʳʤʠ ʟʘʩʝʯʢʘʤʠ ʥʘ ʤʘʨʢʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʜʦ 1ï

2 ʩʤ ʧʨ̫ʤr ʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʥʝʤʘʨʢʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʪʨʘʞʘʪʝʣʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦʚʳʰʘʝʪʩʷ ʚ ʨʘʟʳ. 

3. ʊʦʯʥʦʩʪʴ ʦʧʦʟʥʘʚʘʥʠʷ ʥʘ ʩʥʠʤʢʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʧʠʢʩʝʣʘ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʙʲʝʢʪʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʘʤʦʡ ʪʦʯʢʠ: ʤʘʨʢʠʨʦʚʘʥʥʳʡ 

ʦʧʦʟʥʘʢ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʢʦʥʪʫʨ (ʥʘʧʨʠʤʝʨ, ʫʛʦʣ ʦʢʦʥʥʦʛʦ ʧʨʦʝʤʘ). 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʦ ʬʦʪʦʧʣʘʥʫ ʬʘʩʘʜʘ 

ʟʜʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 2.12 ʠ 2.21. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʬʘʩʘʜʘ 77 ʤ, ʚʳʩʦ-

ʪʘ 50 ʤ. ʉʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʢʚʘʜʨʦʢʦʧʪʝʨʘ DJI Phantom 4 pro, ʬʦʢʫʩʥʦʝ 
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ʨʘʩʩʪʦʷʥʠʝ ʬʦʪʦʢʘʤʝʨʳ FC6310 f = 8,8 ʤʤ, ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʤʘʪʨʠʮʳ 0,0024 ʤʤ, 

ʨʘʟʤʝʨ ʢʘʜʨʘ 5472 ʭ 3684 pix. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʢʘʤʝʨʳ ʥʝ ʧʨʦʠʟ-

ʚʦʜʠʣʦʩʴ. 

ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʨʝʜʨʘʩʯʝʪ ʪʦʯʥʦʩʪʠ ʛʝʦʜʝʟʠ-

ʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʲʝʤʢʠ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʫʩʣʦʚʠʡ (ʠʤʝʶʱʘʷʩʷ ʘʧʧʘʨʘʪʫʨʘ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠ ʧʦʛʦʜʘ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʬʘʩʘʜʝ 

ʩʪʨʦʷʱʝʛʦʩʷ ʟʜʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʠʩ-

ʧʦʣʴʟʦʚʘʣʩʷ ʪʘʭʝʦʤʝʪʨ Leica TS06 ˉ1321959. ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ  ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʦʧʠʩʘʥʠʠ ʪʠʧʘ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ 

 

ʂʦʦʨʜʠʥʘʪʳ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʠʟʤʝʨʝʥʳ ʩ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʵʣʝʢʪʨʦʥʥʳʤ ʪʘ-

ʭʝʦʤʝʪʨʦʤ ʧʦʣʷʨʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʥʳʤ ʧʨʠʝʤʦʤ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʝ-

ʪʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʬʦʨʤʫʣ, ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ mxy ʠ ʦʪʤʝʪʦʢ ʩʦʩʪʘʚʠʣʘ 

  

ɺʩʝʛʦ ʙʳʣʦ ʠʟʤʝʨʝʥʦ 19 ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ (ʢʨʘʩʥʳʝ ʢʨʫʞʢʠ 

ʥʘ ʨʠʩ. 2.21ʘ), ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʬʘʩʘʜʫ ʟʜʘʥʠʷ. 

 

ʈʠʩ. 2.21. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ (ʘ), ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʨʘʟʤʝʨ ʦʧʦʨʥʦʡ ʪʦʯʢʠ (ʙ). 

 

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʆʊ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

;   
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ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ, ʨʘʩʯʝʪʳ ʚʝʣʠʩʴ 

ʜʣʷ ʜʚʫʭ ʦʪʩʪʦʷʥʠʡ: 20 ʤ ʠ 40 ʤ. ʇʨʠ ʦʪʩʪʦʷʥʠʠ ʚ 20 ʤ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 5 ʤʤ, ʧʨʠ 40 ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 10 ʤʤ. ʇʨʠ ʩʲʝʤʢʝ ʩ ɹɺʉ ʧʨʦʜʦʣʴʥʦʝ ʧʝ-

ʨʝʢʨʳʪʠʝ ʩʦʩʪʘʚʣʷʣʦ ʧʦʨʷʜʢʘ 80%, ʘ ʧʦʧʝʨʝʯʥʦʝ 70%. ʆʞʠʜʘʝʤʳʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʆʪʩʪʦʷʥʠʝ 

ʦʪ ʦʙʲʝʢʪʘ, 

ʤ 

ʨʘʟʤʝʨ 

ʧʠʢʩʝʣʷ ʥʘ 

ʦʙʲʝʢʪʝ, ʤʤ 

ʇʦʛʨʝʰʥʦʩʪʴ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝ-

ʨʝʥʠʡ, ʤʤ 

ʆʙʱʘʷ, 

ʤʤ 

ʉʫʤʤʘʨʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʩ 

ʫʯʝʪʦʤ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʤʤ 

ʆʙʱʘʷ, 

ʤʤ 

mxy mz m mxy mz m 

20 5 3 7 8 6 9 10 

40 10 5 14 15 7 15 16 

 

ʈʝʟʫʣʴʪʘʪʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 546-ʪʠ ʩʥʠʤʢʦʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʚ ʪʘʙʣ. 4 ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʥʝʝ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʘʙʣʠʮʘ 4. ʆʰʠʙʢʠ ʥʘ ʆʊ 

ʆʪʩʪʦʷʥʠʝ, ʤ  ʆʰʠʙʢʘ X, 

ʤʤ  

ʆʰʠʙʢʘ Y, 

ʤʤ  

ʆʰʠʙʢʘ Z, 

ʤʤ  

ʆʙʱʘʷ, 

ʤʤ  

ʌʦʪʦ, 

ʧʠʢʩ  

ʆʙʱʘʷ  3,3  3,1  5,3  7,0  0,195  

20  3,1  3,0  6,1  7,5  0,133  

40  3,6  3,0  5,6  7,3  0,407  

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦ-

ʯʝʢ. ʇʦ ʧʣʦʪʥʦʤʫ ʦʙʣʘʢʫ ʪʦʯʝʢ ʚʳʯʠʩʣʷʣʘʩʴ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʪʨʦʠʣʩʷ ʦʨʪʦʬʦʪʦʧʣʘʥ. ʊʦʯʥʦʩʪʴ ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʙʳʣʘ ʦʮʝʥʝʥʘ ʧʦ ʦʧʦʨʥʳʤ 

ʪʦʯʢʘʤ, ʠʟʤʝʨʝʥʥʳʤ ʥʘ ʬʘʩʘʜʝ, ʠ ʩʦʩʪʘʚʠʣʘ 14 ʤʤ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʫʚʝʨʝʥʥʦʝ 

ʧʦʣʫʯʝʥʠʝ ʦʙʤʝʨʥʳʭ ʯʝʨʪʝʞʝʡ ʤʘʩʰʪʘʙʘ 1:100 ʠ ʤʝʣʴʯʝ (ʩʤ. ʪʘʙʣ. 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʡ ʠ ʦʪʢʘʣʠʙʨʦʚʘʥ-

ʥʦʡ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʩʲʝʤʢʠ ʠ ʩʦʟʜʘʥʠʝ ʥʘʜʝʞʥʦʛʦ 

ʦʧʦʨʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʦʙʤʝʨʥʳʝ ʜʦʢʫʤʝʥʪʳ ʩ ʪʦʯʥʦʩʪʴʶ 

ʥʝ ʭʫʞʝ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
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ɻʃɸɺɸ 3 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʝ̡ʢʪʦʚ 

ʈʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʙʲʝʢʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 3D ʦʙʤʝʨʥʦʡ 

ʤʦʜʝʣʠ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʜʘʶʪ ʬʦʪʦʨʝʘʣʠʩʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʠ ʚ ʜʦʧʦʣʥʝ-

ʥʠʝ ʢ ʯʠʩʪʦ ʵʩʪʝʪʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ, ʠʤʝʶʪ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ, ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠ ̫ʠʣʠ ʧʦʩʪʨʦʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ (BIM). 

ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʩʦʟʜʘʶʪʩʷ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʦʨʤ ʨʝ-

ʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘʤʢʥʫʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʣʫʯʘ-

ʶʪʩʷ ʧʫʪʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʝʪʠ ʪʦʯʝʢ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʵʪʠʭ ʦʙʲʝʢʪʘʭ. ʉʝʪʴ (ʠʣʠ 

ʦʙʣʘʢʦ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʪʨʠ ʢʦ-

ʦʨʜʠʥʘʪʳ ʚ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʦʣʫʯʠʪʴ ʪʘʢʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʤʦʞʥʦ 

ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ (ʩʤ. ʛʣʘʚʫ 4). 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʧʦʩʦʙʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʭʦʞ-

ʜʝʥʠʷ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʘʨʭʠʪʝʢʪʫʨʝ: ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʠ ʣʘʟʝʨ-

ʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. 

 

3.1 ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ 

ɽʩʣʠ ʦʙʲʝʢʪ ʠʤʝʝʪ ʥʝʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʪʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʧʦ ʩʪʝʨʝʦʠʟʤʝʨʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʝ ʨʫʯʥʦʡ ʩʪʝʨʝʦʚʝʢʪʦʨʠʟʘʮʠʠ ʧʦ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ [10]. ʏʝʤ ʩʣʦʞʥʝʝ ʬʦʨʤʘ ʦʙʲʝʢʪʘ, 

ʪʝʤ ʙʦʣʴʰʝ ʪʦʯʝʢ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ. 

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʪʦʯʝʢ ʥʘ ʩʦʩʝʜʥʠʭ ʩʥʠʤʢʘʭ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʚ ʚʠ-

ʜʝ ʧʣʦʪʥʦʡ ʩʝʪʠ ʪʦʯʝʢ, ʧʦʢʨʳʚʘʶʱʫʶ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʘʥʘʣʦʛʠʯʥʦ 

ʪʦʤʫ, ʢʘʢ ʵʪʦ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʭʤʝʨʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɺ ʦʜʥʠʭ ʩʣʫʯʘʷʭ, ʥʘ ʦʙʲʝʢʪʝ ʟʘʜʘʝʪʩʷ ʧʣʦʪʥʘʷ ʩʝʪʢʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʣʘʥʦ-
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ʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ X, Y ʠ ʥʘʭʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʦʦʨʜʠʥʘʪʳ Z, ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ (Feature Based Match-

ing). ʇʨʠʥʮʠʧ ʢʦʨʨʝʣʷʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʅʘ ʦʜʥʦʤ ʠʟ ʩʥʠʤʢʦʚ 

ʩʪʝʨʝʦʧʘʨʳ ʠʟʤʝʨʷʝʪʩʷ ʣʶʙʘʷ ʪʦʯʢʘ, ʟʘʪʝʤ ʚʦʢʨʫʛ ʵʪʦʡ ʪʦʯʢʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʬʨʘʛʤʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʠʜʝ ʵʪʘʣʦʥʥʦʡ ʤʘʪʨʠʮʳ, ʠ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʚʪʦʨʦʡ 

ʩʥʠʤʦʢ. ʕʪʘʣʦʥʥʫʶ ʤʘʪʨʠʮʫ ʧʝʨʝʤʝʱʘʶʪ ʧʦ ʚʪʦʨʦʤʫ ʩʥʠʤʢʫ (ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘ-

ʩʪʠ ʧʦʠʩʢʘ) ʩ ʰʘʛʦʤ ʦʜʠʥ ʧʠʢʩʝʣʴ ʠ ʢʘʞʜʳʡ ʨʘʟ ʩʨʘʚʥʠʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʝ 

ʷʨʢʦʩʪʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʥʠʤʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʤʝʨʦʚ ʵʪʘʣʦʥʥʦʡ ʤʘʪʨʠʮʳ. 

ɽʩʣʠ ʚʩʝ ʷʨʢʦʩʪʠ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʡʜʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʘʷ 

(ʠʜʝʥʪʠʯʥʘʷ) ʪʦʯʢʘ ʥʘ ʚʪʦʨʦʤ ʩʥʠʤʢʝ. ʊʦʯʥʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1/3 ʧʠʢʩʝʣʷ. 

ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (Least Squares Matching) ʛʦʨʘʟʜʦ ʪʦʯʥʝʝ. 

ʅʘʭʦʜʠʪʩʷ ʪʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʚʪʦʨʦʤ ʩʥʠʤʢʝ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʩʨʝʜʥʝ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʛʨʘʜʠʝʥʪʦʚ ʥʝ ʙʫʜʝʪ 

ʩʚʝʜʝʥʘ ʢ ʤʠʥʠʤʫʤʫ. ʆʜʥʘʢʦ, ʜʣʷ ʵʪʦ ʤʝʪʦʜʘ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʝ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʠ ʦʥ ʨʘʙʦʪʘʝʪ ʤʝʜʣʝʥʥʝʡ, ʯʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ. ɺ ʦʩʥʦʚʥʦʤ. 

ʊʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 1/10 ʧʠʢʩʝʣʷ. 

ɺ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʩʝʭ ʧʠʢ-

ʩʝʣʝʡ ʣʝʚʦʛʦ ʩʥʠʤʢʘ ʩʪʝʨʝʦʧʘʨʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʠʢʩʝʣʷʤʠ ʧʨʘʚʦʛʦ 

ʩʥʠʤʢʘ. 

ɺ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʝʡ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʧʠʢʩʝʣʴʥʦʝ 

ʚʳʯʠʩʣʝʥʠʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʧʦ ʤʝʪʦʜʫ Cost-Based Matching (ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦ ʟʘʪʨʘʪʘʤ ʥʘ ʦʪʦʞʜʝʩʪʚʣʝ-

ʥʠʝ). ɺ ʵʪʦʡ ʛʨʫʧʧʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʦʩʪʠ ʷʨʢʦʩʪʝʡ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʩʝʣʝʡ, ʥʦ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʠʢʩʝʣʷʤʠ ʥʘ 

ʧʨʝʜʤʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʝʡ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʜʦʣʴʥʳʝ ʧʘʨʘʣʣʘʢʩʳ ʜʣʷ ʚʩʝʭ ʧʠʢʩʝʣʝʡ ʩʪʝʨʝʦʧʘʨʳ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʪʨʦʝʥʠʷ 

ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʧʦʣʫ-
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ʛʣʦʙʘʣʴʥʦʝ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ (Semi-Global Matching (SGM)). ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

ʉʥʘʯʘʣʘ ʩʥʠʤʢʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʦʯʢʠ ʥʘʭʦʜʠʣʠʩʴ ʚʜʦʣʴ ʙʘʟʠʩʥʳʭ ʣʠʥʠʡ. ɿʘʪʝʤ, ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ 

ʣʝʚʦʛʦ ʩʥʠʤʢʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʦ ʚʩʝʤʠ ʧʠʢʩʝʣʷʤʠ ʚʪʦʨʦʛʦ ʩʥʠʤʢʘ ʚ ʧʨʝʜʝʣʘʭ 

ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ, ʠ ʢʘʞʜʳʡ ʨʘʟ ʚʳʯʠʩʣʷʝʪʩʷ 

çʩʪʦʠʤʦʩʪʴè ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ. ʕʪʘ ʩʪʦʠʤʦʩʪʴ ʯʘʱʝ ʚʩʝʛʦ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʨʘʟ-

ʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʨʢʦʩʪʝʡ ʧʠʢʩʝʣʝʡ. 

ʌʦʨʤʠʨʫʝʪʩʷ ʢʫʙ ʩʪʦʠʤʦʩʪʝʡ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʥʘ ʣʝʚʦʤ 

ʩʥʠʤʢʝ ʩ ʚʦʟʤʦʞʥʳʤʠ ʧʠʢʩʝʣʷʤʠ ʥʘ ʧʨʘʚʦʤ. ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʩʪʦʠʤʦʩʪʠ, ʥʘʭʦ-

ʜʷʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ, ʪ.ʢ. ʯʝʤ ʤʝʥʴʰʝ ʩʪʦʠʤʦʩʪʴ, 

ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʠʢʩʝʣʠ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʤʝʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʣʝʚʦʛʦ ʩʥʠʤʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʦʜʦʣʴʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ. ʅʘ ʨʠʩ. 3.1ʘ, ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʝʨʝʦʧʘʨʘ ʩʥʠʤʢʦʚ, ʘ ʥʘ 

ʨʠʩ. 3.1ʚ ï ʢʘʨʪʘ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ. ʂʘʢ ʚʠʜʥʦ, ʢʘʨʪʘ ʧʘʨʘʣʣʘʢʩʦʚ ʟʘʥʠ-

ʤʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʩʪʴ ʧʨʦʜʦʣʴʥʦ ʧʝʨʝʢʨʳʪʠʷ, ʘ ʚʩʶ ʧʣʦʱʘʜʴ ʧʨʘʚʦʛʦ ʩʥʠʤʢʘ.  

ʕʪʦ ʚʟrʚʘʥʦ ʪʝʤ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʢʘʨʪʘ ʧʨʦʜʦʣʴ-

ʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʠ ʧʘʨʘʣʣʘʢʩ rʩʦʩʝʜʥʝʡ ʤʦʜʝʣʠ ʩʧʨʘʚʘ. ɺʝ-

ʣʠʯʠʥʘ ʧʨʦʜʦʣɹʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʦʧʨʝʜʝʣ̫ʝʪʩʷ ʮʚʝʪʦʤ ʰʢʘʣʳ. ʏʝʨʥʳʝ ʜʨrʳ 

ʦʙʦʟʥʘʯʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʘʨʘʣʣʘʢʩʳ ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʝʡ ʧʦ ʚʦʩʴʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʠ ʩʪʦʠʤʦʩʪʴ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʧʠʢʩʝʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʟʥʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ. ʌʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

(ʩʛʣʘʞʝʥʥʦʝ) ʩʪʦʠʤʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠ ʢʘʞʜʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʧʦʣʫʯʘʝʪʩʷ 

ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʩʪʦʠʤʦʩʪʝʡ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ x, y 

ʥʘʭʦʜʷʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʜʦʣʴʥʳʡ ʧʘʨʘʣʣʘʢʩ ʨ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʪʦʠʤʦʩʪʴ 

ʤʠʥʠʤʘʣʴʥʘ. 
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ɿʘʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʨʝʰʠʪʴ ʧʨʷʤʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʟʘʩʝʯʢʠ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʧʠʢʩʝʣʷ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 3D-ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦ-

ʯʝʢ. 

  

ʈʠʩ. 3.1. ʀʣʣʶʩʪʨʘʮʠʷ ʘʣʛʦʨʠʪʤʘ SGM: ʘ, ʙ ï ʩʪʝʨʝʦʧʘʨʘ ʩʥʠʤʢʦʚ; ʚ ï ʢʘʨʪʘ ʧʨʦʜʦʣʴʥʳʭ ʧʘ-

ʨʘʣʣʘʢʩʦʚ; ʛ ï ʦʙʣʘʢʦ ʪʦʯʝʢ 

 

ʅʘ ʨʠʩ. 3.1ʛ ʤʦʞʥʦ ʚʠʜʝʪʴ çʪʝʤʥʦ ʩʝʨʳʝ ʜʳʨʳè ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʥʝ ʫʜʘ-

ʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʜʦʣʴʥʳʝ ʧʘʨʘʣʣʘʢʩʳ. ɸʥʘʣʦʛʠʯʥʳʝ çʜʳʨʳè ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʠ ʥʘ ʢʘʨʪʘʭ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ ʥʘ ʨʠʩ. 3.1ʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʚʟrʚʘʥʦ 

ʧʨʦʙʣʝʤʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʦʩʚʝʱʝʥ-

ʥʦʩʪʠ ʩʥʠʤʢʦʚ, ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʨʝʣʴʝʬʘ ʦʙʲʝʢʪʘ. ʇʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʥʠʤʢʦʚ ʦʙʲʝʢʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʬʦʪʦʛʨʘʬʠ-

ʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʬʦ-
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ʪʦʩʲʝʤʢʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʩ ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʧʝʨʝʢʨʳʪʠʷʤʠ 

ʥʝ ʤʝʥʝʝ 60%. ɺ ɻʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʢʦʤʙʠʥʘʮʠʡ ʧʘʨ ʩʥʠʤʢʦʚ ʧʨʠ 

ʘʥʘʣʠʟʝ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ. 

ʏʪʦʙʳ ʩʫʟʠʪʴ ʧʣʦʱʘʜʴ ʧʦʠʩʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʠʨʘʤʠʜʳ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʠʨʘʤʠʜʘ ʠʟʦʙ-

ʨʘʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟ ʠʩ-

ʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʯʠʩʣʘ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ. ʂʘʞʜʳʡ ʩʣʦʡ ʧʠʨʘʤʠʜʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʝʜʥʝʛʦ ʚ ʜʚʘ 

ʨʘʟʘ. ʀʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʨʘʟʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʦʯʝʢ. ʀʟʦʙʨʘʞʝʥʠʷ ʩ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠ-

ʝʤ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʣʘʟʝʨʥʳʤ ʩʢʘʥʠ-

ʨʦʚʘʥʠʝʤ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʦʧʠʩʘʥʳ ʚ ʫʯʝʙ-

ʥʠʢʝ çʌʦʪʦʛʨʘʤʤʝʪʨʠʷè [8]. 

 

3.1.1 ʊʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ, ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʥʘ ʩʦʩʝʜ-

ʥʠʭ ʩʥʠʤʢʘʭ ʨʘʙʦʪʘʶʪ ʩ ʮʚʝʪʦʤ ʧʠʢʩʝʣʷ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʪʨʘʩʪʘ. ʇʦʵʪʦʤʫ 

ʫʩʧʝʭ ʚ ʧʦʣʫʯʝʥʠʠ ʪʨʝʙʫʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʢʘʯʝʩʪʚʘ ʬʦʪʦʩʲʝʤʢʠ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʥʠʤʢʦʚ ʦʙʲʝʢʪʘ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ. ʅʘ ʨʠʩ. 

3.2 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʧʨʘʚʠʣʥɹʳʝ (ʩʧʨʘʚʘ) ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ (ʩʣʝʚʘ) ʩʣʫʯʘʠ 

ʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩ. 3.3ʘ ʧʦʢʘʟʘʥʘ ʘʵʨʦʩʲʝʤʢʘ ʙʫʜʜʠʡʩʢʦʛʦ ʭʨʘʤʘ (ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʨʘʩ-

ʧʦʣʦʞʝʥʠʷ ʮʠʬʨʦʚʳʭ ʢʘʤʝʨ ʚʦʚʨʝʤʷ ʬʦʪʦʩʲʝʤʢʠ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ 

Pix4D). ʅʘ ʨʠʩ. 3.3ʙ ʧʨʠʚʝʜʝʥʘ ʥʘʟʝʤʥʘ ̫ʬʦʪʦʩʲʝʤʢʘ ʙʶʩʪʘ ɽʢʘʪʝʨʠʥʳ (ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʤʝʨ ʧʨʦʠʟʚʝʜʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ Metashape (AgiSoft)). 
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ʈʠʩ. 3.2. ʉʭʝʤʳ ʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

 

ʈʠʩ. 3.3. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʥʠʤʢʦʚ ʧʨʠ ʩʲʝʤʢʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʦʙʲʝʢʪʘ (ʘ) ʠ ʩʢʫʣʴʧʪʫʨʳ (ʙ) 

 

ɺʪʦʨʦʡ ʧʨʠʥʮʠʧ ʢʘʩʘʝʪʩʷ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ: ʨʘʚ-

ʥʦʤʝʨʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʦʪʩʫʪʩʪʚʠʝ ʧʣʦʪʥʳʭ ʪʝʥʝʡ, ʤʠʥʠʤʠʟʘʮʠʷ ʩʤʘʟʘ ʠʟʦʙʨʘʞʝ-

ʥʠʷ. ʇʨʠ ʬʦʪʦʩʲʝʤʢʝ ʦʙʲʝʢʪʦʚ ʩ ʤʘʣʦʢʦʥʪʨʘʩʪʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʛʠʧʩʦʚʳʝ 

ʩʢʫʣʴʧʪʫʨʳ, ʦʜʥʦʪʦʥʥʳʝ ʬʘʩʘʜʳ ʠ ʪ.ʧ.) ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʪʝʢʩʪʫʨʫ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʙʲʝʢʪ ʩ ʧʦ-
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ʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʦʨʘ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʩʣʫʯʘʡʥʦʛʦ 

ʧʦʣʷ ʷʨʢʦʩʪʝʡ ʠʣʠ ʚ ʚʠʜʝ ʩʚʝʪʦʚʳʭ ʧʦʣʦʩ, ʠʣʠ ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ. ʊʘʢʘʷ 

ʧʦʜʩʚʝʪʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦ ʩʥʠʤʢʘʤ ʧʦʩʪʨʦʠʪʴ ʧʣʦʪʥʫʶ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʙʲʝʢʪʘ. ʏʪʦʙʳ ʩʫʟʠʪʴ ʧʣʦʱʘʜʴ ʧʦʠʩʢʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʩʢʠʨʦʚʘʥʠʝ (ʛʨʘ-

ʬʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ) ʦʙʲʝʢʪʘ ʥʘ ʩʥʠʤʢʘʭ. 

ʄʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ: Metashape 

(AgiSoft), Contex Capture (Bently), Pix4D. ʂʘʞʜʳʡ ʠʟ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ, ʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʩʪʨʦʝʥʠʝ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

 

ʌʦʪʦʪʨʠʘʥʛʫʣʷʮʠʷ 

ʇʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ ʤʝʞʜʫ ʚʩʝʤʠ ʩʥʠʤ-

ʢʘʤʠ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ (ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʨʝʞʝʥʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ) ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʥʝʥhʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ. ʅʘ 

ʨʠʩ. 3.4 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʚʠʜʝ ʦʙʣʘʢʘ ʩʚʷʟʫʁ ʱʠʭ ʪʦʯʝʢ, 

ʚʠʟʫʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʜʨʦʚ ʠ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ (ʩʠʥʝ-ʟʝʣʝʥʳʝ 

ʢʨʫʞʦʯʢʠ) ʚʦ ʚʨʝʤʷ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʈʠʩ. 3.4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʚ Pix4D 
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ʂʦʣʠʯʝʩʪʚʦ (ʧʣʦʪʥʦʩʪʴ) ʪʦʯʝʢ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʦ ʧʦʣʶ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ (ʩʤ. ʧʘʨʘʛʨʘʬ 1.10.3) ʠ ʟʘʜʘʝʪʩʷ ʫʨʦʚʥʝʤ ʧʠʨʘʤʠ-

ʜʳ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ. ʏʝʤ 

ʚʳʰʝ ʫʨʦʚʝʥʴ ʧʠʨʘʤʠʜʳ (ʤʝʣʴʯʝ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ), ʪʝʤ ʪʦʯʥʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʭʦʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʭ ʪʦʯʝʢ ʠ ʚʳʯʠʩʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ 

ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʠ 

ʧʘʨʘʤʝʪʨʳ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʷ ʩ ʩʘʤʦʢʘʣʠʙʨʦʚʢʦʡ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ ʠʣʠ ʦʧʦʨ-

ʥʳʤ ʮʝʥʪʨʘʤ ʧʨʦʝʢʮʠʠ, ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ɼʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʦʪʨʝʟʢʠ. 

 

ʇʦʩʪʨʦʝʥʠʝ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ 

Semi-Global Matching (SGM) 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ, ʧʨʦ-

ʛʨʘʤʤʘ ʚʳʯʠʩʣʷʝʪ çʢʘʨʪʳ ʛʣʫʙʠʥʳè ʜʣʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ. ʇʦ ʩʫʪʠ, ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʧʨʦʜʦʣʴʥʳʝ ʧʘʨʘʣʣʘʢʩʳ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʦʧʠʩʘʥʥʦʤʫ 

ʚʳʰʝ. ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʛʣʫʙʠʥʳ ʜʣʷ ʩʥʠʤʢʘ, ʛʜʝ ʮʚʝʪʦʚʦʡ ʰʢʘ-

ʣʦʡ ʦʙʦʟʥʘʯʝʥʳ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʣʣʘʢʩʦʚ. ɼʘʣʝʝ, ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 

ʧʠʢʩʝʣʦʚ ʠ ʧʨʦʜʦʣʴʥʳʤ ʧʘʨʘʣʣʘʢʩʘʤ ʩʪʨʦʠʪʩʷ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ [8]. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʛʝʥʝʨʠʨʫʶʪʩʷ ʦʯʝʥʴ ʧʣʦʪʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʪʘʢʠʝ ʞʝ ʧʣʦʪʥʳʝ (ʝʩʣʠ ʥʝ 

ʧʣʦʪʥʝʝ) ʢʘʢ ʦʙʣʘʢʘ ʪʦʯʝʢ LIDAR. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʦ ʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʦʪ ʪʦʯʝʢ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʨʝʣʴʝʬʦʤ (ʜʝʨʝ-

ʚʴʷ, ʜʦʤʘ ʠ ʪ.ʧ.) (ʨʠʩ. 3.5). ʅʘ ʨʠʩʫʥʢʝ ʩʣʝʚʘ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʮʚʝʪ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʚʝʪʫ ʥʘ ʠʩʭʦʜʥʳʭ ʩʥʠʤʢʘʭ. ʉʧʨʘʚʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʦʙʣʘʢʦ, ʛʜʝ ʢʦʨʠʯʥʝʚʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʪʦʯʢʠ ʟʝʤʣʠ, ʘ ʩʚʝʪʣʦ-ʩʝʨʳʤ ï ʩʪʨʦ-

ʝʥʠʷ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. 
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ɼʘʣʝʝ, ʧʦ ʦʙʣʘʢʫ ʪʦʯʝʢ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ, 

ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʦʨʪʦʬʦʪʦʧʣʘʥ. 

 

ʈʠʩ. 3.5. ʇʣʦʪʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ. ʉʣʝʚʘ ï ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʝ; ʩʧʨʘʚʘ ï ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʝ ʧʦ 

ʧʨʠʥʮʠʧʫ çʟʝʤʣʷ-ʥʝ ʟʝʤʣʷè. 

 

ʂʘʯʝʩʪʚʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʪʦʯʝʢ. ɹʦʣʝʝ ʚʳ-

ʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠ ʪʦʯʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʦʜ-

ʥʘʢʦ ʪʨʝʙʫʶʪ ʧʨʠ ʵʪʦʤ ʙʦʣʴʰʠʭ ʨʝʩʫʨʩʦʚ ʠ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʣʦʪʥʦʩʪʴ ʪʦʯʝʢ ʨʘʚʥʘ ʧʠʢʩʝʣʶ ʠʩʭʦʜ-

ʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʥʘ ʦʜʥʫ ʩʪʫʧʝʥʴ, ʧʦʠʩʢ ʪʦʯʝʢ ʙʫ-

ʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʜʨʫʛʦʤ ʫʨʦʚʥʝ ʧʠʨʘʤʠʜʳ ʠʟʦʙʨʘʞʝʥʠʡ; ʨʘʟʤʝʨ ʬʦʪʦʛʨʘʬʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ 4 ʨʘʟʘ, ʘ ʨʘʩʩʪʦʥ̫ʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2 ʨʘʟʘ. 

 

ʇʦʩʪʨʦʝʥʠʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʧʦʣʠʛʦʥʘʣʴ-

ʥʦʡ ʤʦʜʝʣʠ. 

ʇʦ ʨʘʟʨʝʞʝʥʥʦʤʫ ʦʙʣʘʢʫ ʪʦʯʝʢ. ʕʪʦ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʩʣʦʞʥʦʡ ʬʦʨʤʳ. 

ʇʦ ʧʣʦʪʥʦʤʫ ʦʙʣʘʢʫ ʩʪʨʦʠʪʩʷ ʧʦʣʠʛʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

(ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 4). ʂʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʠ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʠʛʦʥʦʚ. 

ʇʦ ʢʘʨʪʘʤ ʛʣʫʙʠʥʳ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨ-

ʤʘʮʠʶ ʩ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʙʝʟ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ), ʧʦʵʪʦʤʫ, ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ, ʪʨʝʙʫʝʪ 

ʤʝʥʴʰʠʭ ʨʝʩʫʨʩʦʚ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ çʧʨʦʠʟʚʦʣʴʥʦʛʦè ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʩʮʝʥʘʨʠʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʝʨʝʜ ʧʦʩʪʨʦʝʥʠʝʤ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

çʇʨʦʠʟʚʦʣʴʥʳʡè ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʣʶʙʦʛʦ ʚʠʜʘ. ʕʪʦʪ ʪʠʧ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʘ-

ʤʢʥʫʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʪʘʪʫʠ, ʟʜʘʥʠʷ ʠ ʪ.ʜ. ʄʝʪʦʜʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʪʠʧʦʤ ʧʦʚʝʨʭʥʦʩʪʠ çʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʚʳʩʦʪè, ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʣʘʥʜʰʘʬʪ ʠʣʠ ʙʘʨʝʣʴʝʬʳ. 

ʅʠʞʝ ʥʘ ʨʠʩ. 3.6 ʧʨʠʚʝʜʝʥʳ ʠʣʣʶʩʪʨʘʮʠʠ ʢʘʨʢʘʩʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ (ʩ 

ʟʘʣʠʚʢʦʡ ʠ ʙʝʟ ʟʘʣʠʚʢʠ ʧʦʣʠʛʦʥʦʚ): ɹʫʜʜʠʡʩʢʠʭ ʭʨʘʤ (ʘʵʨʦʩʲʝʤʢʘ ʢʚʘʜʨʦʢʦʧʪʝ-

ʨʦʤ DJI Phantom 4 PRO), ʙʶʩʪ ɽʢʘʪʝʨʠʥʳ II (ʥʘʟʝʤʥʘʷ ʬʦʪʦʩʲʝʤʢʘ ʮʠʬʨʦʚʦʡ 

ʬʦʪʦʢʘʤʝʨʦʡ Canon EOS 650D), ʩʝʣʴʩʢʘʷ ʤʝʩʪʥʦʩʪʴ (ɿʘʦʢʩʢʠʡ ʛʝʦʧʦʣʠʛʦʥ ʄʀ-

ʀɻɸʠʂ) (ʘʵʨʦʩʲʝʤʢʘ ʢʚʘʜʨʦʢʦʧʪʝʨʦʤ DJI Phantom 4 PRO). 

 

ʈʠʩ. 3.6. ʇʨʠʤʝʨʳ ʢʘʨʢʘʩʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ: ɹʫʜʜʠʡʩʢʠʡ ʭʨʘʤ (Pix4D), ʩʝʣʴʩʢʘʷ 

ʤʝʩʪʥʦʩʪʴ ʠ ʩʢʫʣʧɹʪʫʨʘ (AgiSoft Metashape) 
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ʇʦʩʪʨʦʝʥʠʝ ʪʝʢʩʪʫʨʳ ʤʦʜʝʣʠ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʥʘʣʦʞʝʥʠʷ 

ʪʝʢʩʪʫʨʳ ʠ ʭʨʘʥʝʥʠʷ ʝʝ ʚ ʪʝʢʩʪʫʨʥʦʤ ʘʪʣʘʩʝ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦ ʠʩʭʦʜ-

ʥʳʤ ʩʥʠʤʢʘʤ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʘ ʥʝ ʜʝʣʘʝʪ ʥʠʢʘʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʠ ʦʙʲʝʢʪʘ ʠ ʩʪʘʨʘʝʪʩʷ ʩʦʟʜʘʪʴ ʥʘʩʪʦʣʴʢʦ ʨʘʚʥʦʤʝʨʥʫʶ ʪʝʢʩʪʫ-

ʨʫ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ. ɺ ʘʜʘʧʪʠʚʥʳʭ ʩʣʫʯʘʷʭ ʧʣʦʩʢʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʢʩʪʫʨʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʪʝʢʩʪʫʨʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʦ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʯʥʦʤʫ 

ʦʪʦʙʨʘʞʝʥʠʶ ʪʝʢʩʪʫʨʳ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ. ʉʬʝʨʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ 

ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʰʘʨʦʦʙ-

ʨʘʟʥʫʶ ʬʦʨʤʫ. 

ʅʘ ʨʠʩ. 3.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʦʙʲʝʢ-

ʪʦʚ. 

 

ʈʠʩ. 3.7 ʊʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʩʠʩʪʝʤʝ Agisoft Metashape (ʩʝʣʴʩʢʠʡ ʣʘʥʜ-

ʰʘʬʪ ʠ ʙʶʩʪ) ʠ Pix4D (ʙʫʜʜʠʡʩʢʠʡ ʭʨʘʤ). 
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3.2 ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʃʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ (ʣʠʜʘʨʳ) ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʲʝʤʢʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢ-

ʪʦʚ (ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʤʝʩʪʥʦʩʪʠ ʠ ʪ.ʜ.). ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʦʯʝʢ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ X, Y, Z ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ d. 

ʇʨʠʥʮʠʧ ʧʦʣʫʯʝʥʠʷ ʪʦʯʝʢ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʣʘʟʝʨʥʳʡ ʣʫʯ ʩ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʧʦʩʳʣʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʠʤʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʚʦʟ-

ʚʨʘʱʘʝʪʩʷ ʚ ʩʲʝʤʦʯʥʫʶ ʩʠʩʪʝʤʫ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʧʨʠʝʤʥʠʢʝ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʬʠʢʩʠʨʫʝʪʩʷ ʚʨʝʤʷ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʦʪ ʣʘʟʝʨʘ ʜʦ ʦʙʲʝʢʪʘ ʠ ʦʙʨʘʪʥʦ ʜʦ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʡ 

(ʠʤʧʫʣʩɹʥʳʝ ʩʢʘʥʝʨʳ) ʠʣʠ ʨʘʟʥʦʩʪʠ ʬʘʟ ʧʦʩʣʘʥʥʦʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʦʚ 

(ʬʘʟʦʚʳʝ ʩʢʘʥʝʨʳ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ D ʜʦ ʜʘʥʥʦʡ ʪʦʯʢʠ 

ʦʙʲʝʢʪʘ. ʇʦ ʟʥʘʯʝʥʠʷʤ D ʠ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘ-

ʪʳ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʢʘʥʝʨʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʣʘʟʝʨʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ. ʉʫʱʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʟʣʫ-

ʯʘʪʝʣʴ ʠ ʧʨʠʝʤʥʠʢ ʩʠʛʥʘʣʘ ʨʘʟʥʝʩʝʥʳ ʥʘ ʠʟʚʝʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ï ʙʘʟʠʩ. ʆʧʨʝʜʝ-

ʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʠʟʚʝʩʪ-

ʥʳ ʦʜʥʘ ʩʪʦʨʦʥʘ ʠ ʜʚʘ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʡ ʫʛʣʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʥʦʩʠʪʝʣʷ ʣʠʜʘʨʘ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʚʦʟʜʫʰʥʳʤ, ʥʘʟʝʤʥʳʤ ʠ ʤʦʙʠʣʴʥʳʤ. 

 

3.2.1 ɺʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ (ɺʃʉ) 

ʇʨʠ ʚʦʟʜʫʰʥʦʤ ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʣʠʜʘʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʙʦʨʪ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʩʘʤʦʣʝʪ, ʚʝʨʪʦʣʝʪ, ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ). 

ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʘʚʠʘʥʦʩʠʪʝʣʷ (ʨʠʩ. 3.8). 
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ʈʠʩ. 3.8. ɺʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

 

ʃʫʯ ʥʘʧʨʘʚʣʷʝʪʩʷ ʠʟ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ɿʝʤʣʶ ʟʘ ʩʯʝʪ ʟʝʨʢʘʣʘ (ʨʠʩ. 

3.9). ʇʦ ʨʘʩʩʪʦʷʥʠʶ D ʠ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʟʝʨʢʘʣʘ ű, ʧʦ ʬʦʨʤʫʣʘʤ (3.1) ʚʳʯʠʩʣʷ-

ʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʢʘʥʝʨʘ Sxyz 

(ʨʠʩ. 3.9) [8]. 
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ʈʠʩ. 3.9. ʉʭʝʤʘ ʨʘʙʦʪʳ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ 
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ʕʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ XSi, YSi, ZSi, Ŭi, ɤi, əi, ʣʘʟʝʨʥʦʛʦ ʩʢʘ-

ʥʝʨʘ ʚʦʚʨʝʤʷ ʩʲʝʤʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʩʦʩʪʘʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʠʣʠ/ʠ GPS ʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ. 

ɿʥʘʷ ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʢʘʥʝʨʘ ʚ ʵʪʦʪ ʤʦʤʝʥʪ, ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʵʪʦʡ ʪʦʯʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ: 
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ʛʜʝ X, Y, Z ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʦʙʲʝʢʪʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ; A ï 

ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʨʝʭ ʫʛʣʦʚ w, a, k. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨ-

ʥʘʷ ʤʦʜʝʣʴ ʩʥʠʤʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘ-

ʤʠ X, Y, Z ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ (ʨʠʩ. 3.10). 

 

ʈʠʩ. 3.10. ʇʨʠʤʝʨʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʣʘʢʦʚ ɺʃʉ 

 

ʆʙʣʘʢʦ ʪʦʯʝʢ ɺʃʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘ-

ʱʠʭ ʚʩʝʤ ʦʙʲʝʢʪʘʤ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʘʥʜʰʘʬʪʘ ʠ ʨʝʣʴʝʬʫ. ɼʘʣɹ-

ʥʝʡʰʠʤ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʙʦʪʢʠ ʪʘʢʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʪʦʯʝʢ ʧʦ ʪʠʧʘʤ ʦʙʲʝʢʪʦʚ. ʅʘ ʨʠʩ. 3.10 ʩʧʨʘʚʘ ʧʦʢʘʟʘʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʦʙʣʘʢʦ ʪʦʯʝʢ (ʚʠʜ ʩʙʦʢʫ). 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʩʲʝʤʢʠ ʠ ʪʠʧʘ 



90 

ʩʢʘʥʝʨʘ. ɺʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʚʳʩʦʪʳ 500ï5000 ʤ. 

ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 15 ʩʤ ʚ 

ʧʣʘʥʝ ʠ ʧʦ ʚʳʩʦʪʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï ʜʦ 5 ʩʤ. 

ɽʩʣʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʙʝʩʧʠʣʦʪʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, ʪʦʯ-

ʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦʚrh ʘʝʪʩʷ ʜʦ 1 ʩʤ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

 

3.2.2 ʅʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʅʘʟʝʤʥʳʡ ʣʘʟʝʨʥʳʡ ʩʢʘʥʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʦʙʲʝʜʠʥʷʶ-

ʱʝʝ ʚ ʩʝʙʝ ʪʝʦʜʦʣʠʪ, ʣʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ ʠ ʩʝʥʩʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʶʙʦʡ 

ʪʦʯʢʠ ʦʙʲʝʢʪʘ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ j ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ n ʫʛʣʳ ʩ ʧʦ-

ʤʦʱʴʶ ʪʝʦʜʦʣʠʪʘ, ʨʘʩʩʪʦʷʥʠʝ D ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ ʠ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʣʴʥʦʤʝʨʘ d ʩ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʘ (ʨʠʩ. 3.11). 

ɿʘʜʘʚʘʷ ʜʠʘʧʘʟʦʥ (jmin,nmin ʠ jmax,nmax) ʠ ʰʘʛ (Dj, Dn) ʠʟʤʝʥʝʥʠʷ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʛʣʦʚ ʩʢʘʥʝʨ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʤʦʪʦʨʦʚ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʣʫʯ ʣʘʟʝʨʘ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ j, n, D ʠ d 

ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʲʝʢʪʘ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. ʊʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ Dj, Dn ʩ 

ʧʦʤʦʱʴʶ ʤʦʪʦʨʦʚ ʥʠʞʝ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ j, n, ʧʦʵʪʦʤʫ ʜʣʷ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ j, n 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʠʟ-

ʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ: 

n

jn

jn

sinDZ

coscosDY

sincosDX

=¡

=¡

=¡

. (3.3) 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ X' , Y' , Z'  ʧʦʣʫʯʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʢʘʥʝʨʘ (ʤʦʜʝʣʠ) SX'Y'Z'  (ʨʠʩ. 3.11). 

ʕʪʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩʚʷʟʘʥʘ ʩ ʩʠʩʪʝʤʦʡ ʦʪʩʯʝʪʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʛʣʦʚ ʚ ʩʢʘʥʝʨʝ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ʈʠʩ. 3.11. ʉʭʝʤʘ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʚ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʚʥʝʰʥʝʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʤʦʜʝ-

ʣʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 

ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʨʘʩʧʦʟʥʘʶʪʩʷ ʚ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. ʅʘ ʨʠʩ. 3.12 ʧʨʠʚʝʜʝʥʳ ʥʝ-

ʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʪʦʯʝʢ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʧʣʦʩʢʠʭ ʠʣʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʤʘʨʦʢ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʢʨʝʧʠʪʴ ʥʘ ʦʙʲʝʢʪʝ ʧʫʪʝʤ ʥʘʢʣʝʠʚʘʥʠʷ ʠʣʠ 

ʠʩʧʦʣʴʟʫʷ ʩʧʝʮʠʘʣʴʥʳʝ ʢʨʝʧʣʝʥʠʷ. ʂʦʦʨʜʠʥʘʪʳ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦ-

ʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ. 

ʅʝʠʟʚʝʩʪʥʳʝ ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ (ʩʢʘʥʝʨʘ) X0, 

Y0, Z0, w, a, k ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ ʧʦ ʬʦʨʤʫʣʝ (3.2). ʄʠʥʠ-

ʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʪʨʠ, ʥʝ ʣʝʞʘʱʠʭ ʥʘ ʦʜʥʦʡ 

ʧʨʷʤʦʡ. ɽʩʪʝʩʪʚʝʥʥʦ, ʣʫʯʰʝ ʠʤʝʪʴ ʙʦʣʴʰʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ 

ʧʣʦʱʘʜʠ. 
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ʈʠʩ. 3.12. ʇʨʠʤʝʨʳ ʩʚʝʪʦʦʪʨʘʞʘʪʝʣʴʥʳʭ ʤʘʨʦʢ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘ-

ʥʠʷ: ʧʣʦʩʢʠʝ (ʚʝʨʭʥʠʡ ʨʷʜ), ʩʬʝʨʠʯʝʩʢʠʝ (ʥʠʞʥʠʡ ʨʷʜ). 

 

ʇʦʩʣʝ ʧʝʨʝʚʳʯʠʩʣʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʤʦʜʝʣʠ ʧʦ ʬʦʨʤʫʣʘʤ (3.2) ʧʦʣʫʯʘʶʪ 

ʚʥʝʰʥʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ, ʪ.ʝ. ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʭ ʪʦʯʝʢ ʤʦʜʝʣʠ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ OXYZ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʚʩʝʛʦ ʦʙʲʝʢʪʘ ʙʳʚʘʝʪ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ ʩʥʷʪʴ ʝʛʦ ʩ ʦʜʥʦʡ ʪʦʯʢʠ. ʇʦʵʪʦʤʫ ʜʝʣʘʶʪ ʩʝʨʠʶ ʩʲʝʤʦʢ ʩ ʨʘʟʣʠʯ-

ʥʳʭ ʪʦʯʝʢ ʩʪʦʷʥʠʷ Si (ʨʠʩ. 3.13ʘ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʪʘʝʪ ʟʘʜʘʯʘ ʦʙʲʝʜʠʥʝʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʘ (ʨʠʩ. 3.13ʙ) ʚ ʝʜʠʥʫʶ ʤʦʜʝʣʴ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪ-

ʩʷ ʧʦ ʩʚʷʟʫʶʱʠʤ ʪʦʯʢʘʤ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʟʦʥʝ ʧʝʨʝʢʨʳʪʠʷ ʤʝʞʜʫ ʤʦ-

ʜʝʣʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʝ ʦʪʨʘʞʘʪʝ-

ʣʠ-ʤʘʨʢʝʨʳ (ʪʝ ʞʝ, ʯʪʦ ʠ ʜʣʷ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ), ʢʦʪʦʨʳʝ ʣʝʛʢʦ 

ʦʧʦʟʥʘʶʪʩʷ ʚ ʩʦʩʝʜʥʠʭ ʤʦʜʝʣʷʭ 

 



93 

 

ʈʠʩ. 3.13. ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʲʝʜʠʥʝʥʠʷ ʦʙʣʘʢʦʚ ʅʃʉ ʚ ʝʜʠʥʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ 

 

ɿʘʜʘʯʘ ʦʙʲʝʜʠʥʝʥʠʷ ʤʦʜʝʣʝʡ ʨʝʰʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ (3.2) ʘʥʘʣʦ-

ʛʠʯʥʦ ʚʥʝʰʥʝʤʫ ʦʨʠʝʥʪʠʨʦʚʘʥʠʶ ʤʦʜʝʣʠ. ɼʘʣʝʝ ʦʙʱʘʷ ʤʦʜʝʣʴ ʦʨʠʝʥʪʠʨʫʝʪʩʷ 

ʚʥʝʰʥʝ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ ʧʦ ʤʝʪʦʜʫ, ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʤʝʝʤ 
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X, Y, Z, d ʜʣʷ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʚ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʦʙʲʝʢʪʘ OXYZ (ʨʠʩ. 3.13ʚ). 

ʀʥʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʢʦʥʪʫʨʘ 

ʦʙʲʝʢʪʘ, ʧʦʧʘʚʰʠʝ ʚ ʟʦʥʫ ʧʝʨʝʢʨʳʪʠʷ ʤʦʜʝʣʝʡ. ʀʟʤʝʨʝʥʠʝ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ ʠʣʠ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠ. 

ʊʦʯʥʦʩʪʴ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʥʮʠʧʘ ʠʟʤʝ-

ʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʠ ʝʝ ʚʝʣʠʯʠʥʳ. ɺ ʪʘʙʣ. 5 ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʣʘʟʝʨʥʳʭ 

ʩʢʘʥʝʨʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦ̫ ʥʠʡ. 

ʊʘʙʣʠʮʘ 5. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʢʘʥʝʨʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 

ʇʨʠʥʮʠʧ 

 ʠʟʤʝʨʝʥʠʷ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʠʟʤʝʨʷʝʤʦʝ 

ʨʘʩʩʪʦʷʥʠʝ, 

ʤ 

ʊʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ, 

ʤʤ 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

 ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʀʤʧʫʣʴʩʥʳʡ 50ï300 ʜʦ 1000 ɼʦ 10 

ɼʦ 20 

ʌʘʩʘʜʳ, 

ʊʦʧʦʛʨʘʬʠʷ 

ʌʘʟʦʚʳʡ ɼʦ 100 ɼʦ 10 ʌʘʩʘʜʳ, ʠʥʪʝʨʴʝʨʳ 

ʊʨʠʘʥʛʫʣʷʮʠʦʥ-

ʥʳʡ 

ɼʦ 5 ɼʦ 1 ɹʘʨʝʣʴʝʬʳ, ʛʦʨʝʣʴʝ-

ʬʳ, ʤʝʣʢʠʝ ʜʝʢʦʨʘ-

ʪʠʚʥʳʝ ʜʝʪʘʣʠ 

 

3.2.3 ʄʦʙʠʣʴʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʇʦʜʚʠʞʥʳʝ ʩʢʘʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʲʝʤʢʠ ʧʨʦʪʷʞʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʣʠʮʳ ʛʦʨʦʜʦʚ, ʪʦʥʥʝʣʠ, ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʠ ʪ.ʧ. ʅʘ ʨʠʩ. 

3.14 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʧʦʜʚʠʞʥʳʭ ʩʢʘʥʝʨʥʳʭ ʩʠʩʪʝʤ. ʇʦʜʚʠʞʥʘʷ ʩʢʘʥʝʨʥʘʷ 

ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʢʘʥʝʨʦʚ, ʧʨʠʝʤʥʠʢʘ ɻʅʉʉ, ʠʥʝʨʮʠ-

ʘʣʴʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ INS ʠ ʧʘʥʦʨʘʤʥʦʡ ʬʦʪʦʢʘʤʝʨʳ. ɺʩʝ ʵʪʠ ʵʣʝʤʝʥ-

ʪʳ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʧʣʘʪʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʥʦʩʠʪʝʣʴ (ʘʚ-

ʪʦʤʦʙʠʣʴ, ʢʘʪʝʨ ʠ ʜʨ.). ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʩʲʝʤʢʠ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʘ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 
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ʈʠʩ. 3.14. ʄʦʙʠʣʴʥʳʝ ʩʢʘʥʝʨʥʳʝ ʩʠʩʪʝʤʳ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ ʩʘʤʦʛʦ 

ʩʢʘʥʝʨʘ (ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʢʘʥʝʨʘ SXǋYǋZǋ) ʙʫʜʫʪ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʪʴʩʷ ʠʟ-

ʟʘ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪʝʣʷ, ʪ.ʝ. ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʫ ʩʢʘʥʝʨʘ ʙʫʜʫʪ ʩʚʦʠ ʵʣʝ-

ʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʣʫʞʘʪ 

ʧʨʠʝʤʥʠʢʠ ɻʃʆʅɸʉʉ ʠ GPS (ʦʧʨʝʜʝʣʷʝʪ ʣʠʥʝʡʥʳʝ ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʠʷ ʩʢʘʥʝʨʘ XS, YS, ZS) ʠ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ INS (ʦʧʨʝʜʝʣʷʝʪ ʫʛʣʦʚʳʝ 

ʵʣʝʤʝʥʪʳ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʢʘʥʝʨʘ Ŭ, ɤ, ə ʠ ʣʠʥʝʡʥʳʝ ʩʦʚʤʝʩʪʥʦ ʩ 

GPS), ʚʭʦʜʷʱʠʝ ʚ ʢʦʤʧʣʝʢʪ ʧʦʜʚʠʞʥʦʡ ʩʢʘʥʝʨʥʦʡ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʟʘʠʤʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ (GPS, INS ʠ 

ʩʢʘʥʝʨʘ), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤʳ. 

ʉ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʷʝʪʩʷ ʬʦʪʦʩʲʝʤʢʘ 

ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʣʝʞʘʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ 200 ʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʛʨʝʰʥʦ-

ʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 8 ʤʤ. ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʣʘʟʝʨʥʳʭ ʦʪʨʘʞʝʥʠʡ ʩʦʩʪʘʚʣʝ̫ʪ +/ï5 ʩʤ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʧʘʥʦʨʘʤʥʦʡ ʬʦʪʦʢʘʤʝʨʳ ʪʦʯʢʠ ʦʙʣʘʢʘ ʪʝʢʩʪʫʨʠʨʫʶʪʩʷ. ʅʘ 

ʨʠʩ. 3.15 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʩʲʝʤʢʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦʜʚʠʞʥʦʡ ʩʢʘʥʝʨʥʦʡ ʩʠʩʪʝʤʦʡ 

(ʙʝʟ ʪʝʢʩʪʫʨ). 
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ʈʠʩ. 3.15. ʆʙʣʘʢʦ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʦʝ ʤʦʙʠʣʴʥʳʤ ʣʘʟʝʨʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ 

 

 3.2.4 ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʦ  ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʝʢʪʦʨʥʦʡ 3D ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʧʦ ʦʙʣʘʢʫ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʶʪ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʪʨʠ ʤʝʪʦʜʘ 

ʚʝʢʪʦʨʠʟʘʮʠʠ ʦʙʲʝʢʪʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʡ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʳ ʦʙʲʝʢʪʘ ʠʤʝʶʪ ʧʨʘʚʠʣʴ-

ʥʫʶ ʬʦʨʤʫ (ʮʠʣʠʥʜʨ, ʢʨʫʛ, ʰʘʨ, ʢʦʥʫʩ ʠ ʪ.ʜ.). ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʠ ʠʥʪʝʨʘʢ-

ʪʠʚʥʳʡ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʝʢʪʦʨʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʢʪʘ ʠʤʝʶʱʠʭ 

ʩʣʦʞʥʫʶ ʬʦʨʤʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʠʟʫʶʪʩʷ ʢʘʢ ʧʦʣʠʣʠʥʠʠ 

ʠʣʠ ʧʦʣʠʛʦʥʳ (ʨʠʩ. 3.16). 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʧʝʨʘʪʦʨʘ ʯʘʩʪʦ ʚʝʢʪʦʨʠʟʘʮʠʶ ʚʳʧʦʣʥʷʶʪ ʧʦ ʬʦʪʦʩʥʠʤʢʘʤ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʤ ʚʥʝʰʥʠʤʠ ʮʠʬʨʦʚʳʤʠ ʢʘʤʝʨʘʤʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʧʝʨʘʪʦʨ ʚʳʧʦʣʥʷʝʪ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʩʘʤʫ ʚʝʢʪʦʨʠʟʘʮʠʶ ʜʝʪʘʣʝʡ ʦʙʲʝʢ-

ʪʘ ʧʦ ʩʥʠʤʢʫ, ʘ ʨʝʟʫʣʴʪʘʪʦʤ ʚʝʢʪʦʨʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝ ʧʣʦʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦ-

ʯʝʢ ʩʥʠʤʢʘ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʙʲʝʢʪʘ, ʪʘʢ ʢʘʢ ʢʘʞʜʦʡ ʠʟ-

ʤʝʨʝʥʥʦʡ ʪʦʯʢʝ ʥʘ ʩʥʠʤʢʝ ʥʘʭʦʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʦʯʢʘ ʥʘ ʦʙʣʘʢʝ ʪʦʯʝʢ. 


