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ʇʈɽɼʀʉʃʆɺʀɽ 

ʉʧʫʪʥʠʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʷʚʠʣʠʩʴ ʚ ʈʦʩʩʠʠ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʛ., ʧʦʯʪʠ ʥʘ 

10 ʣʝʪ ʧʦʟʜʥʝʝ, ʯʝʤ ʚ ʉʐɸ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʛʝʦʜʝʟʠʠ ʙʳʣʦ ʥʘʩʪʦʣʴʢʦ ʚʧʝʯʘʪʣʷʶʱʠʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʥʠ ʙʳʩʪʨʦ ʩʪʘʣʠ ʥʘʭʦʜʠʪʴ ʚ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʈʦʩʩʠʠ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʦʧʳʪʘ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʟʥʘʥʠʡ ʧʦ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʥʝ ʧʦʟʚʦʣʷʣʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ. ʉʢʘʟʳʚʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ. ʀʤʝʥʥʦ ʵʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦʙʫʜʠʣʦ ʘʚʪʦʨʘ ʚʟʷʪʴʩʷ ʟʘ 

ʜʘʥʥʫʶ ʨʘʙʦʪʫ.  

ɸʚʪʦʨ ʩʪʨʝʤʠʣʩʷ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʠʪʴ ʧʨʦʙʣʝʤʝ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʠʤʝʥʥʦ ʜʣʷ ʛʝʦʜʝʟʠʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʧʫʪʥʠʢʦʚʳʭ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʦʪʥʦʰʝʥʠʠ 

ʜʦʩʪʠʛʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʧʦʣʦʞʝʥʠʡ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʦʧʳʪʫ ʨʘʙʦʪʳ 

ʥʘʯʘʣʴʥʠʢʦʤ ʩʪʘʥʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʀʉɿ ɸʩʪʨʦʩʦʚʝʪʘ ɸʅ ʉʉʉʈ, 15-ʣʝʪʥʝʤʫ ʦʧʳʪʫ 

ʨʘʙʦʪ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʪʦʯʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʩʧʫʪʥʠʢʦʚʳʤ ʤʝʪʦʜʦʤ, 

ʨʘʙʦʪʝ ʧʦʚʝʨʠʪʝʣʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʥʘʫʯʥʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ, ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ, 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʘʩʪʨʦʥʦʤʠʠ.  

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʣʠ ʢʥʠʛʠ ʧʦ GPS ʠ ʧʦ 

ɻʃʆʅɸʉʉ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʫʧʥʳʤʠ ʘʚʪʦʨʫ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ 

ʥʘʟʚʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʝʨʚʫʶ ʢʥʠʛʫ ʧʦ GPS ʪʝʭʥʦʣʦʛʠʷʤ çSurveying with 

Global Positioning System (GPS)è, ʠʟʜʘʥʥʫʶ ʚ 1985 ʛ. ʚ ɸʚʩʪʨʘʣʠʠ ʠ 

ʧʝʨʝʠʟʜʘʥʥʫʶ ʚ 1987 ʛ. ʚ ɹʝʨʣʠʥʝ [King et al., 1987]. ʇʝʨʝʚʦʜ ʵʪʦʡ ʢʥʠʛʠ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʚ ʄʦʩʢʚʝ ɸ.ɸ. ɻʝʥʠʢʝ, ʚ ʅʦʚʦʩʠʙʠʨʩʢ ʙʳʣʘ ʧʨʠʚʝʟʝʥʘ ʢʦʧʠʷ 

ʧʝʨʝʚʦʜʘ. ʕʪʘ ʢʥʠʛʘ ʙʳʣʘ ʙʫʢʚʘʣʴʥʦ çʟʘʯʠʪʘʥʘ ʜʦ ʜʳʨè, ʠ ʝʝ ʥʘʟʳʚʘʣʠ ʥʝ ʠʥʘʯʝ 

ʢʘʢ çʧʝʨʝʚʦʜ ɻʝʥʠʢʝè. ʆʛʨʦʤʥʦʝ ʩʧʘʩʠʙʦ ʟʘ ʥʝʝ ɸʨʢʘʜʠʶ ɸʣʝʢʩʘʥʜʨʦʚʠʯʫ. 

ʇʦʟʜʥʝʝ ʫ ʘʚʪʦʨʘ ʧʦʷʚʠʣʘʩʴ ʠʟʜʘʥʥʘʷ ʚʦ ʌʨʘʥʮʠʠ ʢʥʠʛʘ ʧʦ GPS [Botton et 

al., 1997]. ɼʘʣʝʝ ʧʦʷʚʠʣʠʩʴ ʢʥʠʛʠ ʊ. ʃʦʛʩʜʦʥʘ, ɸ. ʃʝʡʢʘ, ʇ. ʊʴʶʥʠʩʩʝʥʘ ʠ 

ɸ. ʂʣʸʡʩʙʝʨʛʘ, ɸ. ʕʣʴ-ʈʘʙʙʘʥʠ, ɼʞ. ʉʪʨʵʥʛʘ ʠ ʂ. ɹʦʨʨʘ, ɹ. ʍʦʬʤʘʥʥʘ-

ɺʝʣʣʝʥʭʦʬʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʠ ʨʷʜ ʜʨʫʛʠʭ. ʕʪʠ ʢʥʠʛʠ ʠʤʝʶʪ ʨʘʟʥʳʡ ʥʘʫʯʥʳʡ 

ʫʨʦʚʝʥʴ ʠ ʨʘʟʣʠʯʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʠ ʦʥʠ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʫʪʥʠʢʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʅʘʢʦʥʝʮ, ʧʦʷʚʠʣʠʩʴ ʠ ʢʥʠʛʠ ʥʘ ʨʫʩʩʢʦʤ 

ʷʟʳʢʝ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʢʥʠʛʘ çɻʃʆʅɸʉʉè, ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʢʦʣʣʝʢʪʠʚʦʤ 

ʘʚʪʦʨʦʚ ʠ ʚʳʜʝʨʞʘʚʰʘʷ ʫʞʝ ʜʚʘ ʠʟʜʘʥʠʷ, ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ ɸ.ʂ. ʉʠʥʷʢʠʥʘ ʠ 

ɹ.ɹ. ʉʝʨʘʧʠʥʘʩʘ, ʜʚʝ ʢʥʠʛʠ ʖ.ɸ. ʉʦʣʦʚʴʝʚʘ, ʢʥʠʛʘ ɸ.ɸ. ɻʝʥʠʢʝ ʠ ɻ.ɻ. 

ʇʦʙʝʜʠʥʩʢʦʛʦ. ʅʝʢʦʪʦʨʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʠʚʦʜʷʪʩʷ 

ʚ ʨʘʙʦʪʘʭ [ʆʜʫʘʥ, ɻʠʥʦ, 2002; ʂʘʨʧʠʢ, 2004; ʐʘʥʫʨʦʚ, ʄʝʣʴʥʠʢʦʚ, 2001]. 

ʄʥʦʛʦ ʠʥʪʝʨʝʩʥʦʛʦ ʙʳʣʦ ʠʟʚʣʝʯʝʥʦ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʢʘʬʝʜʨʳ ʘʩʪʨʦʥʦʤʠʠ ʠ 

ʛʨʘʚʠʤʝʪʨʠʠ ʉɻɻɸ, ʩʦʙʨʘʥʥʦʡ ʧʦʯʪʠ ʟʘ ʯʝʪʚʝʨʪʴ ʚʝʢʘ ʦʨʙʠʪʘʣʴʥʦʡ ʛʨʫʧʧʦʡ 

ʧʨʦʬʝʩʩʦʨʘ ʖ.ɺ. ʉʫʨʥʠʥʘ.  

ɹʦʣʴʰʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʥʘ ʘʚʪʦʨʘ ʧʨʦʠʟʚʝʣʠ ʧʫʙʣʠʢʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪʝ 

ɸʣʴʬʨʝʜʘ ʃʝʡʢʘ, ʦʜʥʦʛʦ ʠʟ ʧʠʦʥʝʨʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʝʦʜʝʟʠʠ, 

ʧʨʦʬʝʩʩʦʨʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʰʪʘʪʘ ʄʵʥ (ʉʐɸ). ʊʦʯʥʦʩʪʴ ʠ ʢʨʘʪʢʦʩʪʴ, 



ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʨʠʩʫʥʢʘʤʠ ʠ ʯʝʨʪʝʞʘʤʠ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʘʡʪʘ ʇʝʪʝʨʘ 

ɼʘʥʳ. ɿʘʤʝʯʘʪʝʣʴʥʘʷ ʢʥʠʛʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ GPS ʚ ʛʝʦʜʝʟʠʠ ʚʳʩʪʘʚʣʝʥʘ ʥʘ 

ʩʘʡʪʝ ʋʥʠʚʝʨʩʠʪʝʪʘ ʖʞʥʦʛʦ ʋʵʣʴʩʘ (ɸʚʩʪʨʘʣʠʷ). ʆʥʘ ʥʘʧʠʩʘʥʘ ʝʱʝ ʦʜʥʠʤ ʠʟ 

ʧʠʦʥʝʨʦʚ GPS ʛʝʦʜʝʟʠʠ ï ʂʨʠʩʦʤ ʈʠʟʦʩʦʤ. ʈʷʜ ʞʫʨʥʘʣʦʚ ʩʚʦʙʦʜʥʦ ʚʳʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩʥʳʝ ʩʪʘʪʴʠ ʚ ʀʥʪʝʨʥʝʪʝ ï ʵʪʦ GPS World (ʉʐɸ), Earth, Space, Planets 

(ʗʧʦʥʠʷ), Journal of Global Positioning Systems (ɸʚʩʪʨʘʣʠʷ), ɻʝʦʧʨʦʬʠ (ʈʦʩʩʠʷ). 

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ ʞʫʨʥʘʣʦʚ Journal of Geodesy, GPS Solutions ʪʨʝʙʫʶʪ 

ʦʧʣʘʪʳ, ʦʜʥʘʢʦ ʠʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʨʝʟ ʈʦʩʩʠʡʩʢʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ. 

ʍʦʨʦʰʫʶ ʠʥʠʮʠʘʪʠʚʫ ʧʨʦʷʚʠʣʘ ʢʦʤʧʘʥʠʷ ʅʘʚʛʝʦʢʦʤ, ʨʘʟʤʝʱʘʷ ʥʘ ʩʘʡʪʝ 

ʧʝʨʝʚʦʜʳ ʩʪʘʪʝʡ ʠʟ ʞʫʨʥʘʣʘ GPS World ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ. ɸʜʨʝʩʘ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʭ ʩʪʨʘʥʠʮ ʠʟ ʀʥʪʝʨʥʝʪʘ, ʢʘʩʘʶʱʠʭʩʷ ʧʨʦʙʣʝʤ, ʟʘʪʨʦʥʫʪʳʭ ʚ 

ʤʦʥʦʛʨʘʬʠʠ, ʘʚʪʦʨ ʧʨʠʚʦʜʠʪ ʚ ʧʨʠʣʦʞʝʥʠʠ. 

ʆʜʥʘ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ ʥʝʠʟʙʝʞʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʩʧʝʮʠʘʣʠʩʪ ʧʦ 

ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ï ʵʪʦ ʧʨʦʙʣʝʤʘ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʊʝʨʤʠʥʦʣʦʛʠʷ ʚ ʦʙʣʘʩʪʠ 

GPS/ɻʃʆʅɸʉʉ ʪʝʭʥʦʣʦʛʠʡ ï ʥʝ ʠʩʢʣʶʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʭʦʜʷʪ ʢ ʥʘʤ ʩ ʟʘʧʘʜʘ. ʕʪʦ ʦʪʤʝʯʘʶʪ ʤʥʦʛʠʝ ʘʚʪʦʨʳ, ʥʘʧʨʠʤʝʨ, [ɾʫʢʦʚ, 

ʉʝʨʘʧʠʥʘʩ, 2002]. ʍʦʪʷ ʎʅʀʀɻɸʠʂ ʚʳʧʫʩʪʠʣ çʈʫʢʦʚʦʜʷʱʠʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ ʧʦ ʪʝʨʤʠʥʘʤ ʠ ʦʧʨʝʜʝʣʝʥʠʷʤè [ʈʊʄ 68-14-01, 2001], ʥʦ, ʥʘ ʚʟʛʣʷʜ 

ʘʚʪʦʨʘ, ʟʜʝʩʴ ʥʝ ʚʩʝ ʫʜʘʯʥʦ. ʆʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ï ʪʝʨʤʠʥʦʣʦʛʠʷ ʧʦ ʬʘʟʦʚʳʤ 

ʨʘʟʥʦʩʪʷʤ single difference, double difference ʠ triple difference. ɹʳʣʦ ʙʳ 

ʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʦʡ ʧʝʨʝʚʦʜ: ʦʜʠʥʘʨʥʳʝ, ʜʚʦʡʥʳʝ ʠ ʪʨʦʡʥʳʝ 

ʨʘʟʥʦʩʪʠ, ʢʘʢ ʩʜʝʣʘʥʦ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ɹ.ɹ. ʉʝʨʘʧʠʥʘʩʘ [ʉʝʨʘʧʠʥʘʩ, 1999]. 

ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʫʚʘʞʘʝʤʳʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥʳ çʧʝʨʚʳʝ, ʚʪʦʨʳʝ ʠ 

ʪʨʝʪʴʠ ʨʘʟʥʦʩʪʠè, ʪʦ ʝʩʪʴ ʢʘʢ ʧʝʨʝʚʦʜ ʦʪ first, second and third differences. 

ʄ.ɹ. ʂʘʫʬʤʘʥ ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʟʘʤʝʯʘʝʪ: çʀʥʦʛʜʘ ʵʪʠ ʨʘʟʥʦʩʪʠ ʦʰʠʙʦʯʥʦ 

ʥʘʟʳʚʘʶʪ çʧʝʨʚʳʝè ʠ çʚʪʦʨʳʝè, ʥʦ ʵʪʠ ʪʝʨʤʠʥʳ ʚ ʤʘʪʝʤʘʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʜʥʦʛʦ ʨʷʜʘ, 

ʟʜʝʩʴ ʞʝ ʨʝʯʴ ʠʜʝʪ ʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʠ ʨʘʟʥʳʭ ʨʷʜʦʚ ʠʟʤʝʨʝʥʠʡè [ʆʜʫʘʥ, ɻʠʥʦ, 

2002, ʩ. 360].  

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʧʨʦʙʣʝʤʳ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʷʚʣʷʝʪʩʷ çʩʪʦʣʢʥʦʚʝʥʠʝè 

ʪʝʨʤʠʥʦʚ ʠʟ ʥʘʚʠʛʘʮʠʠ ʠ ʠʟ ʛʝʦʜʝʟʠʠ. ʅʘʧʨʠʤʝʨ, ʪʝʨʤʠʥ çclock errorè ï 

çʦʰʠʙʢʘ ʯʘʩʦʚè ï ʜʣʷ ʛʝʦʜʝʟʠʩʪʦʚ, ʪʝʤ ʙʦʣʝʝ ʜʣʷ ʘʩʪʨʦʥʦʤʦʚ-ʛʝʦʜʝʟʠʩʪʦʚ, 

ʧʦʥʷʪʥʝʝ, ʚʩʝ ʞʝ, ʢʘʢ ʧʦʧʨʘʚʢʘ ʯʘʩʦʚ. ʇʦʩʢʦʣʴʢʫ ʢʥʠʛʘ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʛʝʦʜʝʟʠʩʪʦʚ, ʘʚʪʦʨ ʦʪʜʘʚʘʣ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʇʦ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʪʝʢʩʪʝ ʜʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʷʩʥʝʥʠʷ.  

ɺʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʦʙʲʝʢʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʦʜʥʠ ʜʘʥʥʳʝ ʧʨʦʝʢʪʥʳʝ, 

ʜʨʫʛʠʝ ï ʨʝʘʣʴʥʳʝ), ʨʘʟʣʠʯʥʳʝ ʧʦʥʷʪʠʷ ʧʦʜ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʥʘʟʚʘʥʠʷʤʠ 

ʠ ʪ. ʧ. ʇʦʵʪʦʤʫ ʘʚʪʦʨ ʧʳʪʘʣʩʷ ʧʨʠʤʝʥʷʪʴ ʪʝʨʤʠʥʦʣʦʛʠʶ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

ʦʬʠʮʠʘʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʫʶ.  

ʀʟʚʝʩʪʥʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʘ ʨʫʩʩʢʦʷʟʳʯʥʦʛʦ ʥʘʧʠʩʘʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ 

ʬʘʤʠʣʠʡ. ʅʝʢʦʪʦʨʳʝ ʬʘʤʠʣʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʠʟʜʘʥʠʷʭ ʧʠʰʫʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʧʦʧʫʣʷʨʥʫʶ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʜʘʥʠʷʭ ʬʘʤʠʣʠʶ 

ʠʟʚʝʩʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʠʦʥʦʩʬʝʨʥʳʤ ʤʦʜʝʣʷʤ John Klobuchar. ɽʱʝ ʙʦʣʝʝ 



ʧʝʯʘʣʴʥʳʡ ʩʣʫʯʘʡ ʩ ʠʤʝʥʝʤ ʜʨʫʛʦʛʦ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʫʯʝʥʦʛʦ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ɼʞ. ɻʦʧʢʠʥʩʘ, ʘʚʪʦʨʘ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʪʨʦʧʦʩʬʝʨʥʳʭ ʧʦʧʨʘʚʦʢ, ʵʪʦ Helen S. 

Hopfield. ɺ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʥʘ ʥʝʝ ʯʘʩʪʦ ʩʩʳʣʘʶʪʩʷ ʚ ʤʫʞʩʢʦʤ 

ʨʦʜʝ.  

ʂʥʠʛʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʟʫʯʝʥʠʝʤ, ʧʨʝʧʦʜʘʚʘʥʠʝʤ ʠʣʠ ʨʘʙʦʪʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  



1. ɺɺɽɼɽʅʀɽ 

1.1. ʈʦʣʴ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʂʘʢ ʥʘʫʢʘ, ʜʠʩʮʠʧʣʠʥʘ çʂʦʩʤʠʯʝʩʢʘʷ ʛʝʦʜʝʟʠʷè ʧʦʷʚʠʣʘʩʴ ʦʢʦʣʦ 50 ʣʝʪ 

ʥʘʟʘʜ, ʢʦʛʜʘ ʙʳʣʠ ʟʘʧʫʱʝʥʳ ʧʝʨʚʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʧʫʪʥʠʢʠ ɿʝʤʣʠ. ɺ ʪʝʯʝʥʠʝ 

ʧʦʯʪʠ 30 ʣʝʪ ʤʝʪʦʜʳ ʩʧʫʪʥʠʢʦʚʦʡ ʛʝʦʜʝʟʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʯʠʩʪʦ ʥʘʫʯʥʳʝ. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʧʫʥʢʪʦʚ ʩʦʩʪʘʚʣʷʣʘ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʝʜʠʥʠʮʳ ʤʝʪʨʦʚ, ʥʦ ʠ ʵʪʦ ʪʨʝʙʦʚʘʣʦ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʡ ʘʧʧʘʨʘʪʫʨʳ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʠ ʢʨʦʧʦʪʣʠʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʨʫʯʥʦʛʦ ʪʨʫʜʘ. ʂʦʨʝʥʥʦʡ ʧʝʨʝʣʦʤ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʙʳʣ ʩʦʚʝʨʰʝʥ ʚ 

ʥʘʯʘʣʝ 1980-ʭ ʛʛ., ʢʦʛʜʘ ʧʦʷʚʠʣʠʩʴ ʩʧʫʪʥʠʢʦʚʳʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ï ʘʤʝʨʠʢʘʥʩʢʘʷ ʩʠʩʪʝʤʘ GPS (NAVSTAR) ʠ ʩʦʚʝʪʩʢʘʷ 

ʩʠʩʪʝʤʘ ɻʃʆʅɸʉʉ. ʋʞʝ ʧʝʨʚʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʫʨʳ, ʨʘʙʦʪʘʶʱʝʡ ʧʦ ʩʠʛʥʘʣʘʤ 

ʩʠʩʪʝʤʳ ʉʈʅʉ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʪʦʯʥʦʩʪʠ, ʧʨʝʚʳʰʘʶʱʠʝ ʪʦʯʥʦʩʪʴ 

ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ.  

ʊʝʨʤʠʥ çGPS ʪʝʭʥʦʣʦʛʠʠè (ʠʣʠ ɻʃʆʅɸʉʉ/GPS ʪʝʭʥʦʣʦʛʠʠ) ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʉʈʅʉ) ï ʘʤʝʨʠʢʘʥʩʢʦʡ ʩʠʩʪʝʤʳ GPS ʠ ʨʦʩʩʠʡʩʢʦʡ 

ɻʃʆʅɸʉʉ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʉʈʅʉ ʧʨʠ ʧʦʣʥʦʤ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʩʦʩʪʦʠʪ ʠʟ 24 

ʩʧʫʪʥʠʢʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ ʥʘ ʦʨʙʠʪʘʭ ʩ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 20 000 ʢʤ. ʉʧʫʪʥʠʢʠ 

ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʜʘʶʪ ʩʠʛʥʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʧʦʣʦʞʝʥʠʠ ʠ 

ʪʦʯʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʜʘʣʴʥʦʤʝʨʥʳʝ ʢʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʨʷʪʴ ʨʘʩʩʪʦʷʥʠʷ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʉʈʅʉ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʧʨʠʝʤʥʠʢʦʚ (ʨʠʩ. 1.1), ʠʟʤʝʨʷʶʱʠʭ ʣʠʙʦ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʧʫʪʥʠʢʦʚ ʜʦ ʧʨʠʝʤʥʠʢʘ, ʣʠʙʦ ʬʘʟʫ ʩʠʛʥʘʣʘ 

ʥʘ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʩʩʪʦʷʥʠʷ ʠʟʤʝʨʷʶʪʩʷ ʩ ʤʝʪʨʦʚʳʤ ʫʨʦʚʥʝʤ 

ʪʦʯʥʦʩʪʠ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʩ ʤʠʣʣʠʤʝʪʨʦʚʳʤ ʫʨʦʚʥʝʤ ʪʦʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʨʝʘʣʠʟʦʚʘʥ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʠ GPS, ʠ 

ɻʃʆʅɸʉʉ ʷʚʣʷʶʪʩʷ ʙʝʟʟʘʧʨʦʩʥʳʤʠ ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʦʧʫʩʢʘʶʱʠʤʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʤʥʦʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ.  

ʂʘʞʜʳʡ ʧʨʠʝʤʥʠʢ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʣʠʙʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ 

ʧʨʠʝʤʥʠʢʦʚ, ʣʠʙʦ ʩʠʥʭʨʦʥʥʦ ʩ ʜʨʫʛʠʤʠ ʧʨʠʝʤʥʠʢʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, 

ʥʘʟʳʚʘʝʤʦʤ ʘʙʩʦʣʶʪʥʳʤ ʤʝʪʦʜʦʤ, ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʦʜʥʦʢʨʘʪʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦ ʢʦʜʘʤ ʧʦʨʷʜʢʘ 1-15 ʤ. ʊʘʢʦʡ ʤʝʪʦʜ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʣʶʙʳʭ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʦʙʲʝʢʪʦʚ, ʦʪ ʧʝʰʝʭʦʜʦʚ ʜʦ ʨʘʢʝʪ. 

ʆʜʥʘʢʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʷʭ ʩʧʫʪʥʠʢʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʝʤʥʠʢʘʤʠ ʧʦ ʬʘʟʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ. ʇʨʠ 

ʪʘʢʦʡ ʤʝʪʦʜʠʢʝ ʥʘʙʣʶʜʝʥʠʡ ʦʜʠʥ ʠʟ ʧʨʠʝʤʥʠʢʦʚ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʫʥʢʪʝ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʊʦʛʜʘ ʧʦʣʦʞʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʧʨʠʝʤʥʠʢʘ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝʩʢʦʣʴʢʦ 

ʤʠʣʣʠʤʝʪʨʦʚ. ʕʪʦʪ ʤʝʪʦʜ GPS ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ. ʇʨʠ 

ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʠʟʤʝʨʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʜʦ ʪʳʩʷʯ 

ʢʠʣʦʤʝʪʨʦʚ. 



ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʡ 

ʥʘ ʪʦʯʢʝ, ʩʧʫʪʥʠʢʦʚʘʷ ʘʧʧʘʨʘʪʫʨʘ ʜʦʧʦʣʥʷʝʪʩʷ ʨʘʜʠʦʤʦʜʝʤʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʜʣʷ ʚʟʘʠʤʦʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʧʨʠʝʤʥʠʢʘʤʠ. ʇʦʩʪ-ʦʙʨʘʙʦʪʢʘ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʙʦʣʝʝ ʩʪʨʦʛʦ, ʦʜʥʘʢʦ 

ʜʦʧʫʱʝʥʥʳʝ ʚ ʧʦʣʝ ʧʨʦʤʘʭʠ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴ ʧʦʚʪʦʨʥʳʭ ʚʳʝʟʜʦʚ ʥʘ 

ʠʟʤʝʨʝʥʠʷ.  

ʄʝʪʦʜʳ GPS ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ. 

ʇʨʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʝʘʥʩʝ ʧʨʠʝʤʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʧʫʥʢʪʘʭ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 

ʦʪ 5 ʤʠʥʫʪ (ʙʳʩʪʨʘʷ ʩʪʘʪʠʢʘ) ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʠ ʜʘʞʝ ʩʫʪʦʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ. ʇʨʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʷʭ ʦʜʠʥ ʠʟ ʧʨʠʝʤʥʠʢʦʚ ʥʘʭʦʜʠʪʩʷ ʧʦʩʪʦʷʥʥʦ ʥʘ ʦʧʦʨʥʦʤ ʧʫʥʢʪʝ, ʘ 

ʚʪʦʨʦʡ ʧʨʠʝʤʥʠʢ (ʤʦʙʠʣʴʥʳʡ) ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʠ. ʊʦʯʥʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʥʝʤʥʦʛʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʪʘʪʠʢʝ (ʦʙʳʯʥʦ 2-3 ʩʤ ʥʘ ʣʠʥʠʶ ʜʦ 10 ʢʤ). 

 

ʈʠʩ. 1.1. ʉʪʫʜʝʥʪʳ ʉɻɻɸ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ ʩʦ ʩʧʫʪʥʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ 

(1997 ʛ.) 

ʀʥʪʝʥʩʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʉʈʅʉ ʚ ʛʝʦʜʝʟʠ ʁ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ 

ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʩʣʝʜʫʶʱʠʝ. 

1. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʪʦʯʥʦʩʪʝʡ ï ʦʪ ʝʜʠʥʠʮ ʤʝʪʨʦʚ ʜʦ ʩʫʙʩʘʥʪʠʤʝʪʨʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. ʅʘʙʣʶʜʝʥʠʝ ʚʳʩʦʢʠʭ ʮʝʣʝʡ ʦʩʣʘʙʣʷʝʪ 

ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ. ɺʳʠʛʨʳʰ ʚ ʪʦʯʥʦʩʪʠ ʦʪ ʵʪʦʛʦ ʜʦʩʪʠʛʘʝʪ 1-2 ʧʦʨʷʜʢʘ.  

2. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʷʤʦʡ 
ʚʠʜʠʤʦʩʪʠ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ. ʇʦʵʪʦʤʫ ʥʝ ʥʫʞʥʦ ʩʪʨʦʠʪʴ ʚʳʩʦʢʠʝ ʟʥʘʢʠ-

ʩʠʛʥʘʣʳ, ʚʳʙʠʨʘʷ ʤʝʩʪʘ ʥʘ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʟʥʘʢʦʚ ʟʘʥʠʤʘʣʦ ʚ 

ʛʝʦʜʝʟʠʠ ʜʦ 80 ʦʪ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ. ʅʦʚʳʝ ʧʫʥʢʪʳ ʟʘʢʣʘʜʳʚʘʶʪ ʚ ʤʝʩʪʘʭ, 

ʫʜʦʙʥʳʭ ʜʣʷ ʧʦʜʲʝʟʜʘ. 

3. ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʚ 10-15 ʨʘʟ.  



4. ɺ ʧrʦʣʥʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʪʦ ʝʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ 

ʜʚʠʞʝʥʠʠ. ʆʩʦʙʝʥʥʦ ʮʝʥʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚ ʤʦʨʩʢʦʡ ʛʝʦʜʝʟʠʠ, 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ. ʇʨʠ ʵʪʦʤ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʥʘʟʝʤʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʠʚʷʟʢʫ ʦʧʦʟʥʘʢʦʚ.  

5. ʆʙʝʩʧʝʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

6. ʆʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴʩ ̫ ʪʨʠ ʢʦʦʨʜʠʥʘʪʳ. ɼʝʣʝʥʠʝ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ ʥʘ ʧʣʘʥʦʚʳʝ ʠ ʚʳʩʦʪʥʳʝ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ 

ʥʘ ʧʫʥʢʪʘʭ ʪʨʠʘʥʛʫʣʷʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʛʨʫʙʳʝ ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ, ʘ ʥʘ ʨʝʧʝʨʘʭ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʣʘʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ.  

7. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʙʳʩʪʨʦʪʘ 

ʦʙʨʘʙʦʪʢʠ, ʫʤʝʥʴʰʝʥʠʝ ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʰʠʙʦʢ. 

8. ʇʦʯʪʠ ʧʦʣʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʳ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʠ ʩʧʫʪʥʠʢʦʚʳʤʠ 

ʤʝʪʦʜʘʤʠ ʛʝʦʜʝʟʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʚʝʩʥʦʡ ʣʠʥʠʠ (ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʠʜʘ), ʪʦ ʝʩʪʴ ʚ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʣʝʞʠʪ ʬʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʜʝʣʷʪʩʷ ʥʘ 

ʧʣʘʥʦʚʳʝ ʠ ʚʳʩʦʪʥʳʝ ʩʝʪʠ. ɺ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ ʤʝʪʦʜʦʚ ʣʝʞʠʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʡ, ʢʦʛʜʘ ʠʟʤʝʨʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ, 

ʷʚʣʷʶʱʠʝʩʷ ʠʥʚʘʨʠʘʥʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʠ ʥʝ 

ʜʘʶʱʠʝ ʩʚʷʟʴ ʩ ʛʝʦʠʜʦʤ. ʇʦʵʪʦʤʫ ʦʜʥʘ ʠʟ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ ʤʝʪʦʜʘʤʠ, ï ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ ʤʝʪʦʜʳ 

ʫʥʠʚʝʨʩʘʣʴʥʳ. ʆʪʤʝʪʠʤ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʦʚ GPS: 

1. ʇʨʦʙʣʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʪ ʠ ʢʦʦʨʜʠʥʘʪ ʚ ʣʦʢʘʣʴʥʫʶ 

ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʘ ʚʳʩʦʪ ï ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʩʠʩʪʝʤʫ ʥʦʨʤʘʣʴʥʳʭ (ʠʣʠ 

ʦʨʪʦʤʝʪʨʠʯʝʩʢʠʭ) ʚʳʩʦʪ. 

2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʨʘʜʠʦʧʦʤʝʭ. ʉʧʫʪʥʠʢʦʚʳʝ ʤʝʪʦʜʳ 
ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʜ ʟʝʤʣʝʡ.  

3. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʚ 2-5 ʨʘʟ ʫʩʪʫʧʘʝʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ.  

4. ɺʳʩʦʢʘʷ  ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʣʦʞʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʂʦʛʜʘ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ GPS ʧʨʠʝʤʥʠʢʠ, ʚʦʟʥʠʢʣʦ ʤʥʝʥʠʝ, ʯʪʦ ʪʝʧʝʨʴ 

ʛʝʦʜʝʟʠʩʪʫ ʥʠʯʝʛʦ ʥʝ ʥʫʞʥʦ ʜʝʣʘʪʴ: ʥʘʞʘʣ ʥʘ ʢʥʦʧʢʫ, ʠ ʧʨʠʝʤʥʠʢ ʪʫʪ ʞʝ ʚʳʜʘʝʪ 

ʢʦʦʨʜʠʥʘʪʳ. ʆʜʥʘʢʦ ʫʞʝ ʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʝʤʥʠʢ 

ʤʦʞʝʪ ʚʳʜʘʚʘʪʴ çʥʝ ʪʝ ʢʦʦʨʜʠʥʘʪʳè. ʊʦ ʥʘʙʣʶʜʘʪʝʣʴ ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʣ ʤʝʩʪʦ 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ, ʪʦ ʥʘʞʘʣ çʥʝ ʪʫ ʢʥʦʧʢʫè, ʪʦ ʝʩʪʴ ʥʝʚʝʨʥʦ ʟʘʜʘʣ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʠ ʪ. ʜ. ʉʝʡʯʘʩ ʚ ʈʦʩʩʠʠ ʥʘʢʦʧʣʝʥ ʜʦʩʪʘʪʦʯʥʳʡ ʦʧʳʪ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʦʷʚʠʣʠʩʴ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ. 

ʆʜʥʘʢʦ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʤʘʩʩʘ ʩʧʦʨʥʳʭ ʚʦʧʨʦʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʨʨʝʢʪʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʫʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʭʦʪʷ ʠ ʚʦ ʤʥʦʛʦʤ ʧʦʜʦʙʥʳ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʛʝʦʜʝʟʠʠ, ʚ ʪʦ ʞʝ 



ʚʨʝʤʷ, ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝʫʯʝʪ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠʤʝʪʴ ʩʝʨʴʝʟʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. 

1.2. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ GPS/ɻʃʆʅɸʉʉ ʠʟʤʝʨʝʥʠʡ 

ɿʘʧʫʩʢ ʧʝʨʚʦʛʦ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ʩʠʩʪʝʤʳ 

NAVSTAR ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʚ 1978 ʛ., ʨʦʩʩʠʡʩʢʘʷ ʞʝ ʩʠʩʪʝʤʘ ɻʃʆʅɸʉʉ ʥʘʯʘʣʘ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʟʘʧʫʩʢʘ ʪʨʝʭ ʩʧʫʪʥʠʢʦʚ ʚ 1982 ʛ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʥʘ ʦʨʙʠʪʘʭ 

ʚʦʢʨʫʛ ɿʝʤʣʠ ʚʨʘʱʘʣʦʩʴ ʫʞʝ ʰʝʩʪʴ ʘʤʝʨʠʢʘʥʩʢʠʭ ʩʧʫʪʥʠʢʦʚ. ʀʤʝʥʥʦ ʧʦ ʥʠʤ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʚʧʝʯʘʪʣʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ɺ 

1982 ʛ. ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʪʝʭʥʦʣʦʛʠʡ (ʉʐɸ) ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʏʘʨʣʴʟʘ ʂʫʥʩʝʣʤʘʥʘ. ɺ ʥʝʝ ʚʭʦʜʠʣʠ 

ʀʝʛʫʜʘ ɹʦʢ, ʈʦʙʝʨʪ ʂʠʥʛ, ɼʞʝʡʤʩ ʂʦʣʣʠʥʟ, ɸʣʴʬʨʝʜ ʃʝʡʢ ʠ ʜʨ. ʕʪʘ ʛʨʫʧʧʘ 

ʧʨʦʚʝʣʘ ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʧʨʠʝʤʥʠʢʘ çʄʘʢʨʦʤʝʪʨè, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʏ. ʂʫʥʩʝʣʤʘʥʦʤ. ʇʨʠ ʩʪʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ʚ ʩʝʘʥʩʘʭ ʧʦ 

ʥʝʩʢʦʣʴʢʫ ʯʘʩʦʚ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ, ʨʘʚʥʳʝ (1-2) 10
-6
. 

ʇʦʟʜʥʝʝ ɸ. ʃʝʡʢ ʥʘʧʠʰʝʪ ʚ ʩʚʦʝʡ ʢʥʠʛʝ: çʕʪʦ ʙʳʣʦ ʰʦʢʦʚʦʝ ʦʪʢʨʳʪʠʝ. 

ɺʥʝʟʘʧʥʦ ʧʦʷʚʠʣʘʩʴ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʩʧʦʩʦʙʥʘʷ ʧʨʝʚʟʦʡʪʠ ʪʦʯʥʦʩʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʝʨʚʦʢʣʘʩʩʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡè [Leick, 1995].  

ɺ ʪʝʯʝʥʠʝ 1983 ï 1984 ʛʛ. ʩʲʝʤʢʠ ʩ ʧʨʠʝʤʥʠʢʦʤ Macrometr V-1000 ʜʦʢʘʟʘʣʠ 

ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ GPS ʪʝʭʥʦʣʦʛʠʡ. ɻʨʫʧʧʦʡ ʫʯʝʥʳʭ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʝʪʴ ʩʛʫʱʝʥʠʷ 1-ʛʦ ʢʣʘʩʩʘ ʠʟ 30 ʩʪʘʥʮʠʡ ʚ ʨʘʡʦʥʝ 

ʕʡʬʝʣʴ ʧʨʦʚʠʥʮʠʠ ʉʝʚʝʨʥʳʡ ʈʝʡʥ-ɺʝʩʪʬʘʣʣʠʷ ʚ ɿʘʧʘʜʥʦʡ ɻʝʨʤʘʥʠʠ [Bock, 

1985]. ɺ ʥʘʯʘʣʝ 1984 ʛ. ï ʩʝʪʴ ʩʛʫʱʝʥʠʷ ʚ ʦʢʨʫʛʝ ʄʦʥʪʛʦʤʝʨʠ (ʰʪʘʪ 

ʇʝʥʩʠʣʴʚʘʥʠʷ, ʉʐɸ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʥʘ ʫʨʦʚʥʝ 
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ʧʨʠ ʜʣʠʥʘʭ ʦʢʦʣʦ 10 ʢʤ ʠ ʧʨʝʚʳʰʘʣʘ ʪʦʯʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʪʝʡ 

[Leick, 1995].  

ɺ 1984 ʛ. ʩʧʫʪʥʠʢʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʉʪʘʥʬʦʨʜʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ (ʂʘʣʠʬʦʨʥʠʷ, ʉʐɸ) ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʪʦʯʥʦʡ ʠʥʞʝʥʝʨʥʦʡ 

ʩʝʪʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ [Ruland and Leick, 1985]. 

ʆʙʳʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʠ ʨʘʩʩʪʦʷʥʠʡ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʩ GPS ʥʘʙʣʶʜʝʥʠʷʤʠ 

ʙʘʟʦʚʳʭ ʣʠʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʤʠʣʣʠʤʝʪʨʦʚʘʷ ʪʦʯʥʦʩʪʴ, 

ʧʦʜʪʚʝʨʞʜʝʥʥʘʷ ʩʨʘʚʥʝʥʠʝʤ ʩ ʣʘʟʝʨʥʳʤ ʪʨʘʩʩʠʨʦʚʘʥʠʝʤ ʫʩʢʦʨʠʪʝʣʷ, 

ʚʦʩʧʨʦʠʟʚʦʜʠʚʰʠʤ ʧʨʷʤʫʶ ʣʠʥʠʶ ʜʦ 0.1 ʤʤ.  

ʆʜʥʘʢʦ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚʦʟʥʠʢʣʠ 

ʥʝʢʦʪʦʨʳʝ ʪʨʫʜʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʥʦʩʠʤʦʩʪʠ. ɺ 

ʩʧʫʪʥʠʢʦʚʦʤ ʤʝʪʦʜʝ ʩʝʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʙʱʝʤ ʟʝʤʥʦʤ ʵʣʣʠʧʩʦʠʜʝ (ʥʘʧʨʠʤʝʨ, 

WGS-84), ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʠʟʤʝʨʝʥʠʷ ʚʝʜʫʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʠʜʘ (ʠʣʠ 

ʢʚʘʟʠʛʝʦʠʜʘ).  

ʊ. ʕʥʛʝʣʠʩ, ʈ. ʈʘʧʧ ʠ ʀ. ɹʦʢ, ʧʦʣʫʯʠʚ ʦʨʪʦʤʝʪʨʠʯʝʩʢʠʝ ʚʳʩʦʪʳ ʧʫʥʢʪʦʚ 

ʕʡʬʝʣʝʚʦʡ ʩʝʪʠ, ʧʦʢʘʟʘʣʠ, ʢʘʢ ʥʫʞʥʦ ʦʙʲʝʜʠʥʷʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʥʠʚʝʣʠʨʦʚʢʠ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʟ GPS-ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʦʩʪʝʡ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʚʳʩʦʪ [Engelis et al., 

1985]. ɼʞ. ʃʘʜʜ ʩ ʏ. ʂʫʥʩʝʣʤʘʥʦʤ ʠ ʉ. ɻʫʨʝʚʠʯʝʤ ʩʦʦʙʱʠʣʠ ʦ ʜʦʩʪʠʞʝʥʠʠ 
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 ʟʘ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʚ 15 ʤʠʥʫʪ ʙʝʩʢʦʜʦʚʳʤ ʜʚʫʭʯʘʩʪʦʪʥʳʤ 

ʧʨʠʝʤʥʠʢʦʤ Macrometer II, ʯʪʦ ʜʘʣʦ ʠʤʧʫʣʴʩ ʢ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʢʠ ʙʳʩʪʨʦʡ 

ʩʪʘʪʠʢʠ [Ladd, 1985]. ʉʪʘʣʠ ʜʦʩʪʫʧʥʳʤʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 



ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʝ ʫʨʘʚʥʠʚʘʥʠʝ, ʢʦʦʨʜʠʥʘʪʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʠʜʘ [Leick, 1995].  

ɺ 1984 ʛ. ɹʝʥʜʞʘʤʠʥ ʈʝʤʦʥʜʠ ʠʟʣʦʞʠʣ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ GPS 

ʠʟʤʝʨʝʥʠʡ [Remondi, 1985]. ʀʤ ʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʷʭ ʘʥʪʝʥʥʘ ʦʜʥʦʛʦ ʠʟ 

ʧʨʠʝʤʥʠʢʦʚ ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ, ʘ ʚʪʦʨʦʡ ʧʨʠʝʤʥʠʢ ʚʤʝʩʪʝ ʩ ʘʥʪʝʥʥʦʡ ʣʠʙʦ 

ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ, ʣʠʙʦ ʜʚʠʞʝʪʩʷ ʦʪ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʢ ʜʨʫʛʦʡ, 

ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. ʇʝʨʚʳʡ ʚʠʜ ʠʟʤʝʨʝʥʠʡ ʩʪʘʣ 

ʥʘʟʳʚʘʪʴʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ, ʘ ʚʪʦʨʦʡ ï ʢʠʥʝʤʘʪʠʢʦʡ çʩʪʦʡ-ʠʜʠè. ɺ 

ʧʦʩʣʝʜʫʶʱʠʝ ʜʚʘ ʛʦʜʘ ɼʞ. ʄʘʜʝʨʦʤ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʮʝʩʩʝ ʘʵʨʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ [Mader, 1986]. ʆʧʨʝʜʝʣʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʘʧʧʘʨʘʪʫʨʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʜʚʠʞʝʥʠʠ, ʧʝʨʩʧʝʢʪʠʚʥʦ ʚ ʪʘʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʢʘʢ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ, ʩʲʝʤʢʘ ʜʥʘ 

ʨʝʢ, ʰʝʣʴʬʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ.  

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠ ̫ ʪʨʝʙʫʶʪ ʨʘʟʨʝʰʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ 

ʬʘʟʦʚʳʭ ʦʪʩʯʝʪʦʚ ʥʘ ʩʪʘʨʪʦʚʦʡ ʙʘʟʦʚʦʡ ʣʠʥʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ 

ʠʥʠʮʠʘʣʠʟʘʮʠʝʡ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʟʘʭʚʘʪ ʩʠʛʥʘʣʦʚ ʥʝ ʤʝʥʝʝ ʯʝʤ 

ʯʝʪʳʨʝʭ ʩʧʫʪʥʠʢʦʚ. ɽʩʣʠ ʯʠʩʣʦ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʫʪʥʠʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ 

ʯʝʪʳʨʝʭ, ʪʦ ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʪʦʨʷʪʴ. ʄʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, 

ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʥʝʫʜʦʙʥʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʚʦʟʜʫʭʝ ʠʣʠ ʥʘ ʚʦʜʝ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ 

ʚʘʞʥʳʤ ʜʣʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʢʘʟʘʣʩʷ ʤʝʪʦʜ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ 

çʠʥʠʮʠʘʣʠʟʘʮʠʠ ʥʘ ʣʝʪʫè (On-the-fly, OTF). ɽʛʦ ʨʘʟʨʘʙʦʪʘʣʠ ʚ 1989 ʛ. ʥʝʤʝʮʢʠʝ 

ʫʯʝʥʳʝ ɻ. ʉʝʝʙʝʨ ʠ ɻ. ɺʶʙʙʝʥʘ. ʄʝʪʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʧʦʩʪ-

ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʪʦʯʥʦʡ 

ʥʘʚʠʛʘʮʠʠ. 

ʉ. ʃʠʭʪʝʥ ʠ ɼʞ. ɹʦʨʜʝʨ ʚ 1987 ʛ. ʩʦʦʙʱʠʣʠ ʦ ʜʦʩʪʠʞʝʥʠʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 
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 ʚʦ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʘʭ ʚʝʢʪʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [Lichten, Border, 1987]. ʆʜʥʘʢʦ, ʟʜʝʩʴ, ʢʘʢ ʠ ʚʦ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʩʠʪʫʘʮʠʷʭ, ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʘʙʩʦʣʶʪʥʫʶ ʪʦʯʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʫʶ 

ʠʩʪʠʥʥʳʤʠ ʦʰʠʙʢʘʤʠ, ʠ ʚʥʫʪʨʝʥʥʶʶ ʩʭʦʜʠʤʦʩʪʴ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʩʝ 

ʨʝʟʫʣʴʪʘʪʳ ʯʘʩʪʦ ʤʦʛʫʪ ʠʤʝʪʴ ʦʙʱʠʝ, ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʦ ʟʥʘʢʫ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ.  

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 1980-ʭ ʛʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʪʦʯʥʦʩʪʴ GPS ʠʟʤʝʨʝʥʠʡ. ɹʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʭʦʨʦʰʘʷ 

ʩʭʦʜʠʤʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ʩ ʤʝʪʦʜʦʤ ʨʘʜʠʦʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʩʦ 

ʩʚʝʨʭʜʣʠʥʥʳʤʠ ʙʘʟʘʤʠ (ʈʉɼɹ). ʉʬʦʨʤʠʨʦʚʘʣʦʩʴ ʤʥʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ 

ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ, ʝʩʣʠ ʙʫʜʝʪ ʧʦʚʳʰʝʥʘ ʪʦʯʥʦʩʪʴ 

ʵʬʝʤʝʨʠʜ. ɺʦʧʨʦʩ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʩʣʫʞʙʳ ʪʦʯʥʳʭ ʵʬʝʤʝʨʠʜ ʦʢʘʟʘʣʩʷ 

ʨʝʰʝʥʥʳʤ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ GPS ʩʣʫʞʙʳ 

(ʄɻʉ) [James et al., 1994]. 

ɸ. ɹʨʘʫʥ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜ GPS ʩʲʝʤʦʢ, ʥʘʟʳʚʘʝʤʳʡ ʪʝʧʝʨʴ çʄʝʪʦʜ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ GPS ʜʣʷ ʰʠʨʦʢʠʭ ʟʦʥè (Wide area differential GPS, 

WADGPS) [Brown, 1989]. ɹʳʣʦ ʩʜʝʣʘʥʦ ʤʥʦʛʦ ʧʦʧʳʪʦʢ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 



ʤʝʪʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ GPS ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʥʠ ʫʚʝʥʯʘʣʠʩʴ 

ʧʦʷʚʣʝʥʠʝʤ ʩʪʘʥʜʘʨʪʘ RTCM-104, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʈʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʝʡ 

ʜʣʷ ʩʣʫʞʙʳ ʤʦʨʩʢʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ (Radio Technical Commission for Maritime 

Services, RTCM). ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ DGPS ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʛʣʦʙʘʣʴʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʤʝʪʦʜʘ [Blewitt et al., 2002].  

ɺ ʪʝʯʝʥʠʝ 1991 ʠ 1992 ʛʛ. ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʦʜ ʵʛʠʜʦʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʛʝʦʜʝʟʠʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦʧʳʪʢʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʝʜʝʣʳ ʚʦʟʤʦʞʥʦʩʪʝʡ GPS ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʠʩʴ 

ʩ ʢʘʤʧʘʥʠʠ GIG-91 (GIG ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ GPS experiment for IERS and 

Geodynamics, ʪʦ ʝʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ GPS ʜʣʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʩʣʫʞʙʳ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ ʜʣʷ ʛʝʦʜʠʥʘʤʠʢʠ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ GPS 

ʠʟʤʝʨʝʥʠʷʤ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʪʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣ ʬʘʢʪ ʚʳʚʦʜʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʳʝ 

ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʦʮʝʥʢʘʤʠ ʩʧʫʪʥʠʢʦʚʦʡ ʣʘʟʝʨʥʦʡ ʜʘʣʴʥʦʤʝʪʨʠʠ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ GPS ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʨʘʟʨʝʰʘʪʴ ʚ ʛʣʦʙʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʞʝʩʫʪʦʯʥʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʦʨʷʜʢʘ 10
-9
. ɹʳʣʘ 

ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʳʭ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ GPS. ʉ 

1 ʷʥʚʘʨʷ 1994 ʛ. ʥʘʯʘʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʄʝʞʜʫʥʘʨʦʜʥʘʷ GPS ʩʣʫʞʙʘ (ʄɻʉ). 

ʉ ʵʪʦʛʦ ʞʝ ʛʦʜʘ ʄʉɺɿ ʩʪʘʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ GPS ʜʣʷ ʚʳʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ɿʝʤʣʠ [IERS, 1996]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʩʩʠʡʩʢʦʡ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʜʣʷ ʮʝʣʝʡ ʛʝʦʜʝʟʠʠ 

ʘʢʪʠʚʠʟʠʨʦʚʘʣʦʩʴ ʧʦʩʣʝ ʝʝ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʚ 1988 ʛ. 

ʇʦʯʪʠ ʩʨʘʟʫ ʧʦʩʣʝ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʛ. ʃʠʜʩʘ (ɸʥʛʣʠʷ) ʙʳʣ ʩʦʟʜʘʥ 

ʢʦʜʦʚʳʡ ʧʨʠʝʤʥʠʢ, ʨʘʙʦʪʘʶʱʠʡ ʠ ʧʦ GPS, ʠ ʧʦ ɻʃʆʅɸʉʉ [Dale et al., 1989]. 

ʇʨʠʤʝʥʝʥʠʝ ʨʦʩʩʠʡʩʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʣʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʫʪʥʠʢʦʚ, ʵʪʦ ʜʘʚʘʣʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʯʥʦʩʪʠ ʠ 

ʙʩrʪʨʦʪʝ ʧʨʠ ʥʘʙʦʨʝ ʥʫʞʥʦʛʦ ʦʙʲʝʤʘ ʠʟʤʝʨʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɻʃʆʅɸʉʉ ʚ ʪʦʯʥʦʡ ʛʝʦʜʝʟʠʠ 

ʚʩʪʨʝʪʠʣʦ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ. ʇʦʪʨʝʙʦʚʘʣʠʩʴ ʫʪʦʯʥʝʥʠʷ ʚ ʪʝʦʨʠʠ ʦʙʨʘʙʦʪʢʠ [Leick 

et al., 1995; Wang, 2000]. ʇʦʥʘʜʦʙʠʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ 

WGS-84 ʠ ʇɿ-90, ʚ ʢʦʪʦʨʳʭ ʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ [ɻʘʣʘʟʠʥ ʠ 

ʜʨ., 1997]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 1990-ʝ ʛʛ. ʨʷʜ ʬʠʨʤ (Ashtech, Javad, 3S Navigation) 

ʚʳʧʫʩʪʠʣʠ ʦʜʥʦ- ʠ ʜʚʫʭʯʘʩʪʦʪʥʫʶ ʜʚʫʭʩʠʩʪʝʤʥʫʶ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʘʧʧʘʨʘʪʫʨʫ. ɺ 

1998 ï 1999 ʛʛ. ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʣʝʚʘʷ ʯʘʩʪʴ ʢʘʤʧʘʥʠʠ ʚ ʧʝʨʚʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʩʧʫʪʥʠʢʦʚ ɻʃʆʅɸʉʉ (IGEX ï international 

GLONASS experiment) ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʳʭ ʵʬʝʤʝʨʠʜ ɻʃʆʅɸʉʉ. ɺ ʠʪʦʛʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʦʨʙʠʪ [Weber and Springer, 2001].  

ɺ 1995 ʛ. ʚ ʉʐɸ ʅʘʮʠʦʥʘʣʴʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ (NGS) ʙʳʣʦ ʥʘʯʘʪʦ 

ʧʦʩʪʨʦʝʥʠʝ ʘʢʪʠʚʥʦʡ ʩʝʪʠ ʥʝʧʨʝʨʳʚʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʦʧʦʨʥʳʭ ʩʪʘʥʮʠʡ CORS 

(Continiously operating reference stations). ɺ ʪʘʢʠʭ ʩʝʪʷʭ ʥʘ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʶʱʠʝ GPS ʧʨʠʝʤʥʠʢʠ. ɼʘʥʥʳʝ ʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʢʦʦʨʜʠʥʘʪʳ ʜʦʩʪʫʧʥʳ ʧʦ ʣʠʥʠʷʤ ʩʚʷʟʠ. ɻʝʦʜʝʟʠʩʪ ʤʦʞʝʪ ʚʳʝʟʞʘʪʴ ʥʘ ʧʦʣʝʚʳʝ 

ʨʘʙʦʪʳ ʩ ʦʜʥʠʤ ʧʨʠʝʤʥʠʢʦʤ, ʘ ʧʦ ʚʦʟʚʨʘʱʝʥʠʠ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʩ 

ʙʣʠʞʘʡʰʠʭ ʪʦʯʝʢ ʩʝʪʠ. ʆʯʝʚʠʜʥʘ ʵʢʦʥʦʤʠʷ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 



(ʥʝ ʥʫʞʥ rʚʪʦʨʦʡ ʧʨʠʝʤʥʠʢ ʠ ʦʧʝʨʘʪʦʨ). ʇʦʜʦʙʥʳʝ ʩʝʪʠ ʘʢʪʠʚʥʳʭ ʩʪʘʥʮʠʡ 

ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ ʩʦʟʜʘʶʪʩʷ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʈʦʩʩʠʠ 

(http://www.agp.ru). 

ʇʨʠʤʝʥʝʥʠʝ GPS ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʪʦʡ ʥʘʙʣʶʜʝʥʠʡ. ʆʙʳʯʥʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʢʦʨʦʪʢʠʭ 

ʙʘʟʦʚʳʭ ʣʠʥʠʡ (ʧʨʠʤʝʨʥʦ ʜʦ 30-50 ʢʤ) ʜʚʫʭʯʘʩʪʦʪʥʳʤʠ GPS ʧʨʠʝʤʥʠʢʘʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤʠ ʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ: ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 23 ʤʤ + 0.5D 10
-6
 (ʜʣʷ ʣʠʥʠʠ ʚ 10 

ʢʤ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʚʥʘ 7-8 ʤʤ), ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 10 ʤʤ + 2 D 10
-6
. 

ʊʦʯʥʦʩʪ ɹʧʦ ʚʳʩʦʪʝ ʚ 2 ï 5 ʨʘʟ ʭʫʞʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʯʥʳʭ ʵʬʝʤʝʨʠʜ 

ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʪʦʯʥʦʩʪʝʡ 10
-7 

 ï 10
-9
 ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʚ ʪʳʩʷʯʠ 

ʢʠʣʦʤʝʪʨʦʚ. 

ɺ ʪʘʙʣ. 1.1 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʚʦʟʨʘʩʪʘʣʘ ʪʦʯʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠ 

ʧʦ ʢʘʢʠʤ ʧʨʠʯʠʥʘʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ [Teunissen et al., 1998]. ʀʟ ʪʘʙʣʠʮʳ 

ʚʠʜʥʦ, ʥʘʩʢʦʣʴʢʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʵʬʝʤʝʨʠʜ ʩʧʫʪʥʠʢʦʚ (ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʯʘʩʦʚ), ʪʦʯʥʦʩʪʴ ʦʧʦʨʥʦʡ ʩʝʪʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʰʠʙʦʢ. 

ʊʘʙʣʠʮʘ 1.1. ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʩʧʫʪʥʠʢʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʬʘʢʪʦʨʳ, ʫʯʝʪ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʣ ʝʝ ʜʦʩʪʠʛʥʫʪʴ 

ɻʦʜ 

ʆʪʥʦʩʠ-

ʪʝʣʴʥʘʷ 

ʦʰʠʙʢʘ b 

ʀʩʪʦʯʥʠʢʠ ʫʣʫʯʰʝʥʠʷ ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʰʠʙʦʢ 

1983 10
-6

 ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʝʤʥʠʢʠ 

(ʠʟʤʝʨʝʥʠʝ ʬʘʟʳ ʥʝʩʫʱʝʡ ʚʦʣʥʳ) 

ʘʪʤʦʩʬʝʨʥʘʷ ʨʝʬʨʘʢʮʠʷ, ʦʰʠʙʢʠ 

ʦʨʙʠʪ 

1986 10
-7

 ʜʚʫʭʯʘʩʪʦʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʬʘʟʳ ʪʨʦʧʦʩʬʝʨʥʘʷ ʨʝʬʨʘʢʮʠʷ, 

ʦʰʠʙʢʠ ʦʨʙʠʪ 

1989 10
-8

 ʛʣʦʙʘʣʴʥʘʷ ʩʝʪʴ ʩʣʝʞʝʥʠʷ 

(CIGNET) 

ʪʨʦʧʦʩʬʝʨʥʘʷ ʨʝʬʨʘʢʮʠʷ, 

ʦʰʠʙʢʠ ʦʨʙʠʪ 

1992 5 10
-9

 ʫʣʫʯʰʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʩʣʝʞʝʥʠʷ 

ʟʘ ʩʧʫʪʥʠʢʘʤʠ (ʄɻʉ) 

ʦʰʠʙʢʠ ʦʪ ʪʨʦʧʦʩʬʝʨʳ, ʦʨʙʠʪ, 

ʬʘʟʦʚʳʭ ʮʝʥʪʨʦʚ 

1997 10
-9

 ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʨʙʠʪ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʦʧʦʩʬʝʨʳ ʠ 

ʬʘʟʦʚʳʭ ʮʝʥʪʨʦʚ ʘʥʪʝʥʥ 

ʦʰʠʙʢʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʰʠʙʢʠ 

ʧʫʥʢʪʦʚ, ʘʪʤʦʩʬʝʨʥʳʝ ʛʨʘʜʠʝʥʪʳ 

ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚ ʧʣʘʥʝ 

MD (ʤʤ) = [(0.1 - 1.0 ʤʤ)
2 
+ (2 b D)

2
]
1/2

,  ʛʜʝ D ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʨʦʧʦʩʬʝʨʥʦʡ ʟʘʜʝʨʞʢʠ ʠ 

ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʙʦʪʘʭ ʍ. ʍʦʧʬʠʣʜ, ʖ. 

ʉʘʘʩʪʘʤʦʡʥʝʥʘ, ɸ. ʅʘʡʝʣʣʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ GPS 

ʤʝʪʝʦʨʦʣʦʛʠʠ. ʋʜʠʚʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʩʤʝʱʝʥʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʝ 

ʢʘʥʘʜʩʢʦʛʦ ʛʝʦʜʝʟʠʩʪʘ ʗʥʘ ʂʦʫʙʳ [Kouba, 2003]. 

ʉʧʫʪʥʠʢʦʚʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʨʘʟʣʠʯʥʦʡ ʪʦʯʥʦʩʪʠ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʂ ʥʠʤ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪʩʷ: 

 ʛʝʦʜʠʥʘʤʠʢʘ (ʦʪ ʣʦʢʘʣʴʥʦʡ ʜʦ ʛʣʦʙʘʣʴʥʦʡ, ʚʢʣʶʯʘʷ ʜʚʠʞʝʥʠʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʘʮʠʠ ɿʝʤʣʠ ʠ ʪ. ʧ.); 



 ʛʣʷʮʠʦʣʦʛʠʷ (ʜʚʠʞʝʥʠʝ ʣʝʜʥʠʢʦʚ ʚ ɻʨʝʥʣʘʥʜʠʠ ʠ ɸʥʪʘʨʢʪʠʜʝ); 

 ʛʠʜʨʦʣʦʛʠʷ (ʩʲʝʤʢʠ ʰʝʣʴʬʘ, ʘʢʚʘʪʦʨʠʡ ʧʦʨʪʦʚ, ʜʥʘ ʨʝʢ ʠ ʪ. ʜ.); 

 ʛʦʨʦʜʩʢʦʡ ʠ ʟʝʤʝʣʴʥʳʡ ʢʘʜʘʩʪʨ; 

 ʩʣʫʞʙʳ ʚʨʝʤʝʥʠ ʠ ʯʘʩʪʦʪʳ; 

 ʢʦʥʪʨʦʣʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʘʚʪʦʜʦʨʦʛʠ, ʞʝʣʝʟʥʳʝ 
ʜʦʨʦʛʠ, ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʤʦʨʩʢʠʝ ʧʣʘʪʬʦʨʤʳ ʠ ʪ. ʧ.); 

 ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʤʘʰʠʥʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ; 

 ʘʨʭʝʦʣʦʛʠʷ [ʇʦʩʪʥʦʚ, ɺʝʨʛʫʥʦʚ, 2003]; 

 ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ (ʢʦʥʪʨʦʣʴ ʩʝʣʭɹʦʟʫʛʦʜʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʤʘʰʠʥʘʤʠ); 

 ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɻʀʉ) ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ; 

 ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʥʘ ʨʫʜʥʠʢʘʭ, ʚ ʛʨʫʟʦʚʳʭ 

ʪʝʨʤʠʥʘʣʘʭ, ʘʵʨʦʧʦʨʪʘʭ, ʨʘʡʦʥʘʭ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʠ ʪ. ʧ.). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʩʧʫʪʥʠʢʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʤʝʭʘʥʠʟʤʦʚ, ʤʘʰʠʥ, ʛʨʫʟʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, 

ʚʢʣʶʯʘʷ ʣʶʜʝʡ. ʇʦʷʚʠʣʠʩʴ ʩʣʫʞʙʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ (Location based service, LBS) [Diep Dao et al., 2002]. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʳʝ ʤʝʪʦʜʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ 

ʠʥʝʨʮʠʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʩʝʚʜʦʩʧʫʪʥʠʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʙʦʨʘ ʠ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ [ɸʥʪʦʥʦʚʠʯ, 2003]: 

 ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʘʤʠʭ ʩʠʩʪʝʤ ʠ ʩʧʫʪʥʠʢʦʚ; 

 ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʤʝʪʦʜʦʚ GPS/ɻʃʆʅɸʉʉ (ʦʙʱʘʷ ʪʝʦʨʠʷ ʤʝʪʦʜʦʚ 
ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ, ʪʝʦʨʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʩ ʠʥʠʮʠʘʣʠʟʘʮʠʝʡ 

ʥʘ ɿʝʤʣʝ ʠ ʚ ʜʚʠʞʝʥʠʠ ʠ ʪ. ʧ.) [Teunissen et al., 1998]; 

 ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ; 

 ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ [Langley, 2000]; 

 ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ï ʨʘʟʨʘʙʦʪʢʘ ʬʦʨʤʘʪʦʚ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ, ʫʣʫʯʰʝʥʠʝ ʤʦʜʝʣʝʡ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ [IERS, 1999];  

 ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʝʥʠʷ ɻʃʆʅɸʉʉ/GPS ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 
ʜʝʷʪʝʣʴʥʦʩʪʠ; 

 ʧʦʷʚʣʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʣʫʞʙ (ʄɻʉ, ʘʢʪʠʚʥʳʝ ʩʝʪʠ).  

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʝʦʜʝʟʠʠ ʩʚʷʟʳʚʘʶʪ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʚʠʜʦʚ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʠ ʧʦʷʚʣʝʥʠʝʤ ʩʠʩʪʝʤʳ ɻʘʣʠʣʝʦ. ʕʪʦ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʠʚʘʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ 

[de Jong et al., 1999; Blewitt et al., 2002]. 



2. ʉʀʉʊɽʄʓ ʂʆʆʈɼʀʅɸʊ ʀ ɺʈɽʄɽʅʀ ɺ ʉʇʋʊʅʀʂʆɺʓʍ 
ʊɽʍʅʆʃʆɻʀʗʍ 

2.1. ʆʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ ʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦʡ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʜʥʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʙʣʶʜʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ, ʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʪʨʝʙʫʶʪʩʷ ʩʦʚʝʨʰʝʥʥʦ 

ʠʥʳʝ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʫʞʥʘ ʘʜʝʢʚʘʪʥʘʷ ʪʝʦʨʠʷ ʚʨʝʤʝʥʠ, ʧʦʩʢʦʣʴʢʫ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʦʙʲʝʢʪʦʚ, 

ʯʘʩʪʦ ʜʚʠʞʫʱʠʭʩʷ ʩ ʦʛʨʦʤʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ.  

ʅʘʙʣʶʜʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʢʘʢ ʠʩʢʫʩʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ, 

ʚʢʣʶʯʘʷ ɿʝʤʣʶ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠʭ ʜʚʠʞʝʥʠʷ, ʝʩʣʠ 

ʧʘʨʘʤʝʪʨʳ ʥʘʙʣʶʜʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʣʠ ʧʨʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʦʩʷʤ. ʊʘʢʠʝ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪ ʠʥʝʨʮʠʘʣʴʥʳʤʠ. ʀʭ ʦʩʠ ʥʝ 

ʠʟʤʝʥʷʶʪ ʩʚʦʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʨʭʜʘʣʝʢʠʭ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. ʉʚʦʙʦʜʥʘʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ 

ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ. ʕʪʠ ʩʠʩʪʝʤʳ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ (ʀʉɿ). ʆʜʥʘʢʦ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʧʦʣʦʞʝʥʠʝ 

ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʧʦʪʝʥʮʠʘʣ ʟʝʤʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʙʳʣʠ ʙʳ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʝ ʩ 

ɿʝʤʣʝʡ. ʉʠʩʪʝʤʳ, ʚʨʘʱʘʶʱʠʝʩʷ ʚʤʝʩʪʝ ʩ ɿʝʤʣʝʡ, ʥʘʟʳʚʘʶʪ ʟʝʤʥʳʤʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʫʪʦʯʥʦʤ ʚʨʘʱʝʥʠʠ, 

ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʥʝʙʝʩʥʳʤʠ ʠʣʠ ʟʚʝʟʜʥʳʤʠ.  

ʉʠʩʪʝʤʳ, ʥʘʯʘʣʦ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ɿʝʤʣʠ, ʥʘʟʳʚʘʶʪ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʤʠ. ɿʝʤʥʳʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ 

ʦʙʱʝʟʝʤʥʳʤʠ ʠʣʠ ʛʣʦʙʘʣʴʥʳʤʠ, ʤʠʨʦʚʳʤʠ ʨʝʬʝʨʝʥʮʥʳʤʠ (ʦʧʦʨʥʳʤʠ), ʠʣʠ 

ʫʩʣʦʚʥʳʤʠ ʟʝʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʫʩʣʦʚʥʳʤʠ ï ʚ ʩʤʳʩʣʝ ʧʨʠʥʷʪʳʤʠ ʧʦ 

ʩʦʛʣʘʰʝʥʠʶ). ʆʙʱʝʟʝʤʥʳʝ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʨʘʜʠʦʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ ʩʦ 

ʩʚʝʨʭʜʣʠʥʥʳʤʠ ʙʘʟʘʤʠ (ʈʉɼɹ), ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʩʧʫʪʥʠʢʦʚ ʠ ʃʫʥʳ, ʧʦ 

ʩʧʫʪʥʠʢʘʤ GPS ʠ ɻʃʆʅɸʉʉ. ɸʥʘʣʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʙʱʝʟʝʤʥʳʭ ʩʠʩʪʝʤ 

ʢʦʦʨʜʠʥʘʪ, ʩʦʟʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʩʧʫʪʥʠʢʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʝʩʦʚʧʘʜʝʥʠʝ ʠʭ ʥʘʯʘʣ ʩ ʛʝʦʮʝʥʪʨʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʢʦʣʦ 5 ʤ [ʏʦʣʠʡ, 

1987]. 

ʅʘʨʷʜʫ ʩ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ 

ʢʚʘʟʠʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ, ʠʣʠ ʣʦʢʘʣʴʥʳʝ ʨʝʬʝʨʝʥʮʥʳʝ ʩʠʩʪʝʤʳ. ʀʭ ʥʘʯʘʣʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʥʝʢʦʪʦʨʦʛʦ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʧʦʜʭʦʜʷʱʝʛʦ ʢ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʠʣʠ ʤʘʪʝʨʠʢʘ. ʃʦʢʘʣʴʥʳʝ ʨʝʬʝʨʝʥʮʥʳʝ 

ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʜʫʩʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ 

(ʪʨʠʘʥʛʫʣʷʮʠʷ, ʪʨʠʣʘʪʝʨʘʮʠʷ, ʧʦʣʠʛʦʥʦʤʝʪʨʠʷ, ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʦʧʨʝʜʝʣʝʥʠʷ). 



ʅʝʩʦʚʧʘʜʝʥʠʝ ʮʝʥʪʨʦʚ ʣʦʢʘʣʴʥʳʭ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʦʚ ʩ ʛʝʦʮʝʥʪʨʦʤ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʦʙʱʝʟʝʤʥʳʤʠ ʠ 

ʣʦʢʘʣʴʥʳʤʠ ʨʝʬʝʨʝʥʮʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʪʨʘʞʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ: ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʡ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʦʙʳʯʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʧʫʪʥʠʢʘʤ, ʚʨʘʱʘʶʱʠʤʩʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ ɿʝʤʣʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʜʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʘʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʥʘ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠʟʤʝʨʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʝʦʠʜʘ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʥʘ ʩʧʫʪʥʠʢ ʚʦ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʧʦʣʫʯʘʶʪ ʣʠʙʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʦʯʝʢ ʛʦʨʠʟʦʥʪʘ, ʣʠʙʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʟʜ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʧʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʩ ʥʘʯʘʣʦʤ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʦʧʨʦʩʦʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩ ʥʘʯʘʣʘʤʠ ʚ ʮʝʥʪʨʝ ʉʦʣʥʮʘ 

(ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʝ), ʚ ʙʘʨʠʮʝʥʪʨʝ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʙʘʨʠʮʝʥʪʨʝ ʩʠʩʪʝʤʳ 

çɿʝʤʣʷ ï ʃʫʥʘè (ʙʘʨʠʮʝʥʪʨʠʯʝʩʢʠʝ), ʚ ʮʝʥʪʨʝ ʤʘʩʩ ʥʝʢʦʪʦʨʦʡ ʧʣʘʥʝʪʳ 

(ʧʣʘʥʝʪʦʮʝʥʪʨʠʯʝʩʢʠʝ) ʠ ʚ ʮʝʥʪʨʝ ʩʧʫʪʥʠʢʘ (ʩʧʫʪʥʠʢʦʮʝʥʪʨʠʯʝʩʢʠʝ). 

ɿʘ ʦʩʥʦʚʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʣʦʩʢʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʶʪ ʧʣʦʩʢʦʩʪʠ 

ʟʝʤʥʦʛʦ ʠʣʠ ʥʝʙʝʩʥʦʛʦ ʵʢʚʘʪʦʨʦʚ, ʛʦʨʠʟʦʥʪʘ ʠʣʠ ʦʨʙʠʪʳ ʀʉɿ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʚʳʜʝʣʷʶʪ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ, ʛʦʨʠʟʦʥʪʥʳʝ ʠ ʦʨʙʠʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʀʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʢʣʠʧʪʠʯʝʩʢʠʝ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

[ɸʙʘʣʘʢʠʥ, 1980]. 

ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʟʘʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʳʭ 

ʪʦʯʝʢ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ ʠʣʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʦʞʥʦ ʪʘʢʞʝ ʛʦʚʦʨʠʪʴ ʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʝʢʪʦʨʘʭ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʟʘʜʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ. ʂ ʵʪʠʤ ʚʝʢʪʦʨʘʤ ʦʪʥʦʩʷʪ ʚʝʢʪʦʨ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ɿʝʤʣʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ʝʝ ʚʨʘʱʝʥʠʷ, ʚʝʢʪʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ 

ʪʞ̫ʝʩʪʠ, ʥʦʨʤʘʣʴ ʢ ʦʨʙʠʪʝ ɿʝʤʣʠ (ʢ ʵʢʣʠʧʪʠʢʝ), ʚʝʢʪʦʨ ʣʠʥʠʠ ʫʟʣʦʚ ʟʝʤʥʦʡ 

ʦʨʙʠʪʳ (ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʪʦʯʢʫ ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ) ʠ ʜʨʫʛʠʝ. ʂʦʦʨʜʠʥʘʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʚʝʩʥʦʡ ʣʠʥʠʝʡ, ʥʘʟʳʚʘʶʪ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ. 

ɺ ʢʘʞʜʦʡ ʩʠʩʪʝʤʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʬʦʨʤʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ (ʜʝʢʘʨʪʦʚʳʭ) ʠʣʠ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ, ʘ ʜʣʷ ʩʠʩʪʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʣʠʧʩʦʠʜʘʤʠ, ï ʪʘʢʞʝ ʚ ʬʦʨʤʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ (ʩʬʝʨʦʠʜʠʯʝʩʢʠʭ, 

ʠʣʠ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ, ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ) ʢʦʦʨʜʠʥʘʪ.  

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʢʠ ʩʠʩʪʝʤ ʪʦʯʢʠ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʦʙʷʟʘʪʝʣʴʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʵʧʦʭʘ ï ʪʦʪ ʤʦʤʝʥʪ, ʢ ʢʦʪʦʨʦʤʫ 

ʦʪʥʦʩʷʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʳʭ 

ʫʯʠʪʳʚʘʶʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ, ʚʚʦʜʷʪ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʩʠʩʪʝʤʳ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʥʘʚʠʛʘʮʠʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʦʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʷʭ. 

ɺ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥʘʭ ʉʅɻ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʨʦʝʢʮʠʷ ɻʘʫʩʩʘ ï ʂʨʶʛʝʨʘ. ɺ 

ʩʧʫʪʥʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠ ʝʝ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʙʣʠʟʢʦʡ ʢ ʥʝʡ ʧʦʧʝʨʝʯʥʦʡ ʧʨʦʝʢʮʠʝʡ ʄʝʨʢʘʪʦʨʘ UTM. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʙʳʯʥʦ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʝʡ, ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʨʦʚʥʝ 



ʪʦʯʥʦʩʪʠ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʠʩʪʝʤ, ʟʘʜʘʚʘʝʤʳʭ 

ʨʘʟʥʳʤʠ ʥʘʙʦʨʘʤʠ ʪʦʯʝʢ ʠ ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʨʘʟʥʳʤ ʥʘʙʦʨʘʤ ʠʥʬʦʨʤʘʮʠʠ.  

2.2. ɻʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

2.2.1. ʅʝʙʝʩʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʏʪʦʙʳ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʫ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʚʦʢʨʫʛ ɿʝʤʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʅʴʶʪʦʥʘ, ʥʝʦʙʭʦʜʠʤʘ ʠʥʝʨʮʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ 

ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʨʘʞʘʪʴ ʚʝʢʪʦʨʳ ʩʠʣʳ ʫʩʢʦʨʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʣʦʞʝʥʠʷ. ʀʥʝʨʮʠʘʣʴʥʘʷ ʦʧʦʨʥʘʷ ʩʠʩʪʝʤʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʜʚʠʞʫʱʝʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ (ʙʝʟ 

ʫʩʢʦʨʝʥʠʷ). ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 ʥʘʯʘʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ ʆ (ʨʠʩ. 2.1); 

 ʦʩʴ z ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʢ ʠʩʪʠʥʥʦʤʫ 

ʩʝʚʝʨʥʦʤʫ ʧʦʣʶʩʫ ʤʠʨʘ P; 

 ʦʩʴ x ï ʥʘʧʨʘʚʣʝʥʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ ʠʩʪʠʥʥʦʡ ʪʦʯʢʝ 

ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ b   (ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʠʩʪʠʥʥʦʛʦ ʵʢʚʘʪʦʨʘ 

ɿʝʤʣʠ ʩ ʦʨʙʠʪʦʡ ɿʝʤʣʠ, ʥʘʢʣʦʥʝʥʥʦʡ ʢ ʵʢʚʘʪʦʨʫ ʥʘ ʫʛʦʣ ); 

 ʦʩʴ y ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ ʧʨʘʚʦʡ.  

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʳʩʢʘʟʘʥʥʳʤ 

ʨʘʥʝʝ. ʎʝʥʪʨ ʤʘʩʩ ɿʝʤʣʠ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʜʚʠʞʝʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʩ 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʂʝʧʣʝʨʘ ʩʢʦʨʦʩʪʴʶ. ʆʜʥʘʢʦ ʥʘ 

ʢʦʨʦʪʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʵʪʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʠʥʝʨʮʠʘʣʴʥʦʡ.  

ʇʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ  ʚ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʣʠʙʦ 

ʩʬʝʨʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ï ʧʨʷʤʳʤ ʚʦʩʭʦʞʜʝʥʠʝʤ  ʠ ʩʢʣʦʥʝʥʠʝʤ , ʣʠʙʦ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ x, y, z. ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʘ ʧʦʣʦʞʝʥʠʷ Tzyx ),,(r . ʇʨʷʤʦʝ ʚʦʩʭʦʞʜʝʥʠʝ  ï ʵʪʦ ʫʛʦʣ 

ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʡ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʦʪ ʪʦʯʢʠ 

ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʜʦ ʢʨʫʛʘ ʩʢʣʦʥʝʥʠʡ (ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʦʛʦ ʯʘʩʦʚʳʤ 

ʢʨʫʛʦʤ). ʉʢʣʦʥʝʥʠʝ ʦʙʲʝʢʪʘ  ï ʵʪʦ ʫʛʦʣ, ʠʟʤʝʨʷʝʤʳʡ ʦʪ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ ʜʦ 

ʩʚʝʪʠʣʘ; ʦʥ ʧʦʣʦʞʠʪʝʣʝʥ ʜʣʷ ʦʙʲʝʢʪʦʚ ʚ ʩʝʚʝʨʥʦʡ ʧʦʣʫʩʬʝʨʝ ʠ ʦʪʨʠʮʘʪʝʣʝʥ 

ʜʣʷ ʶʞʥʦʡ ʧʦʣʫʩʬʝʨʳ. ʇʨʠ ʟʘʜʘʥʠʠ ʧʦʣʦʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ 

ʚʚʦʜʠʪʩʷ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ r, ʜʣʷ ʟʚʝʟʜ ʞʝ ʝʛʦ ʦʙʳʯʥʦ ʧʦʣʘʛʘʶʪ 

ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. 



 

ʈʠʩ. 2.1. ʀʩʪʠʥʥʘʷ ʥʝʙʝʩʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. 

ʆʩʴ z ʥʘʧʨʘʚʣʝʥʘ ʚ ʠʩʪʠʥʥʳʡ ʧʦʣʶʩ ʤʠʨʘ ʈ, ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʥʝʙʝʩʥʦʛʦ ʵʬʝʤʝʨʠʜʥʦʛʦ ʧʦʣʶʩʘ ʅʕʇ, ʘ ʥʫʣʴ-ʧʫʥʢʪʦʤ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ b, ʨʝʘʣʠʟʫʝʤʘʷ ʚ ʚʠʜʝ 

ʋʩʣʦʚʥʦʛʦ ʵʬʝʤʝʨʠʜʥʦʛʦ ʥʘʯʘʣʘ (ʋʕʅ) 

ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
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ʆʧʠʩʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʘʟʳʚʘʝʪʩʷ ʠʩʪʠʥʥʦʡ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʆʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʚ ʥʝʡ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʩʪʴ ʠʩʪʠʥʥʦʛʦ ʥʝʙʝʩʥʦʛʦ ʵʢʚʘʪʦʨʘ, 

ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʧʣʦʩʢʦʩʪʴʶ ʤʛʥʦʚʝʥʥʦʛʦ ʵʢʚʘʪʦʨʘ 

ɿʝʤʣʠ. ʀʩʪʠʥʥʘʷ ʥʝʙʝʩʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʠʥʝʨʮʠʘʣʴʥʦʡ (ʧʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʝʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʢʚʘʟʠʠʥʝʨʮʠʘʣʴʥʦʡ): ʦʨʠʝʥʪʠʨʦʚʢʘ ʝʝ ʦʩʝʡ 

ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʟ-ʟʘ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʦʡ ʧʨʝʮʝʩʩʠʠ ʠ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʥʫʪʘʮʠʠ ʟʝʤʥʦʡ ʦʩʠ; ʧʨʠ ʵʪʦʤ ʠʩʪʠʥʥʳʡ ʧʦʣʶʩ ʈ ʩʦʚʝʨʰʘʝʪ 

ʚʝʢʦʚʦʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʢʨʫʛ ʧʦʣʶʩʘ ʵʢʣʠʧʪʠʢʠ Pʕ. ʇʦʣʦʞʝʥʠʝ 

ʵʢʣʠʧʪʠʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʝʮʝʩʩʠʠ ʦʪ ʧʣʘʥʝʪ.  

2.2.2. ʇʨʝʮʝʩʩʠʷ ʠ ʥʫʪʘʮʠʷ 

ʇʨʠʯʠʥʘ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ ʣʝʞʠʪ ʚ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʝʤʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʨʠʪʷʞʝʥʠʠ ʉʦʣʥʮʘ, ʃʫʥʳ (ʘ ʪʘʢʞʝ ʚ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ï ʧʣʘʥʝʪ) 

ʠ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩ ɿʝʤʣʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 



ɿʝʤʣʠ ʠ ʃʫʥʳ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʩʩʪʦʷʥʠʷʭ ʷʚʣʷʶʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ, ʪʦ ʧʨʝʮʝʩʩʠʷ ʠ ʥʫʪʘʮʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʳʭ 

ʜʚʠʞʝʥʠʡ ʉʦʣʥʮʘ ʠ ʃʫʥʳ; ʝʜʠʥʩʪʚʝʥʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ï ʧʨʝʮʝʩʩʠʷ ʦʪ ʧʣʘʥʝʪ.  

ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʥʝʩʬʝʨʠʯʝʩʢʦʡ ɿʝʤʣʠ ʉʦʣʥʮʝʤ ʠ ʃʫʥʦʡ 

ʟʘʩʪʘʚʣʷʝʪ ɿʝʤʣʶ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜʦʙʥʦ ʚʦʣʯʢʫ (ʧʝʨʠʦʜ ʦʢʦʣʦ 

25 700 ʣʝʪ) ʠ ʧʨʠ ʵʪʦʤ ʠʩʧʳʪʳʚʘʪʴ ʤʘʣʳʝ ʥʘʢʣʦʥʳ, ʥʘʟʳʚʘʝʤʳʝ ʥʫʪʘʮʠʝʡ 

(ʛʣʘʚʥʳʡ ʧʝʨʠʦʜ ï 18.6 ʛʦʜʘ) (ʨʠʩ. 2.2). ɼʣʷ ʪʦʯʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʮʝʩʩʠʠ ʠ 

ʥʫʪʘʮʠʠ ʦʯʝʥʴ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʤʥʳʭ ʤʘʩʩ. ʉʘʤʳʝ ʚʘʞʥʳʝ 

ʯʣʝʥʳ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʩʞʘʪʠʷ ɿʝʤʣʠ ʠ ʥʝʩʦʚʧʘʜʝʥʠʷ 

ʧʣʦʩʢʦʩʪʝʡ ʵʢʚʘʪʦʨʘ ʠ ʵʢʣʠʧʪʠʢʠ (ʠ ʥʝʩʦʚʧʘʜʝʥʠʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʃʫʥʳ ʩ ʵʢʣʠʧʪʠʢʦʡ). ʉʬʝʨʠʯʝʩʢʘʷ ɿʝʤʣʷ ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʥʝ ʠʤʝʣʘ ʙʳ ʥʠ ʧʨʝʮʝʩʩʠʠ, ʥʠ ʥʫʪʘʮʠʠ. 

ɽʩʣʠ ʚ ʧʦʣʦʞʝʥʠʠ ʠʩʪʠʥʥʦʛʦ ʧʦʣʶʩʘ ʈ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʥʫʪʘʮʠʠ ʚ ʜʘʥʥʫʶ 

ʵʧʦʭʫ t, ʪʦ ʧʦʣʫʯʠʪʩʷ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʥʝʛʦ ʧʦʣʶʩʘ Pt ʥʘ ʵʪʫ ʵʧʦʭʫ. ɽʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʩʢʦʩʪʴ ʩʨʝʜʥʝʛʦ ʥʝʙʝʩʥʦʛʦ ʵʢʚʘʪʦʨʘ ʠ ʩʨʝʜʥʷʷ ʪʦʯʢʘ ʚʝʩʝʥʥʝʛʦ 

ʨʘʚʥʦʜʝʥʩʪʚʠʷ bt (ʨʠʩ. 2.3). ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʩʨʝʜʥʝʡ ʥʝʙʝʩʥʦʡ 

ʩʠʩʪʝʤʦʡ ʚ ʵʧʦʭʫ t, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʥʘʟʳʚʘʶʪ ʩʨʝʜʥʠʤ 

ʧʦʣʦʞʝʥʠʝʤ.  

ʇʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʵʧʦʭ T, ʥʘʟʳʚʘʝʤʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʵʧʦʭʘʤʠ ʠ 

ʟʘʜʘʚʘʝʤʳʭ ʦʙʳʯʥʦ ʥʘ ʥʘʯʘʣʦ ɹʝʩʩʝʣʝʚʘ ʛʦʜʘ, ʥʘʧʨʠʤʝʨ, B1950.0, ʠʣʠ ʥʘ ʥʘʯʘʣʦ 

ʖʣʠʘʥʩʢʦʛʦ ʛʦʜʘ, ʥʘʧʨʠʤʝʨ, J2000.0, ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʢʘʪʘʣʦʛʘʭ ʢʦʦʨʜʠʥʘʪʘʤʠ 

T , T  ʟʚʝʟʜ ʠʣʠ ʜʨʫʛʠʭ ʥʝʙʝʩʥʳʭ ʦʙʲʝʢʪʦʚ. ʉʚʷʟʴ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ xt, yt ʠ zt ʥʘ ʵʧʦʭʫ ʥʘʙʣʶʜʝʥʠʡ t ʠ ʩʨʝʜʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ xT , yT

, zT  ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʵʧʦʭʠ T ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʮʝʩʩʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ , z ʠ . 

 

ʈʠʩ. 2.2. ʇʨʝʮʝʩʩʠʷ ʠ ʥʫʪʘʮʠʷ 



ʘ) ʧʨʠʪʷʞʝʥʠʝ ʥʝʩʬʝʨʠʯʝʩʢʦʡ ɿʝʤʣʠ ʉʦʣʥʮʝʤ ʠ ʃʫʥʦʡ ʚʳʟʳʚʘʝʪ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʷʚʣʝʥʠʷʤ ʧʨʝʮʝʩʩʠʠ ʠ 

ʥʫʪʘʮʠʠ; 

ʙ) ʚ ʧʦʣʦʞʝʥʠʷʭ ʩʨʝʜʥʝʛʦ ʧʦʣʶʩʘ (PT, Pt) ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʝʮʝʩʩʠʷ. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʠʩʪʠʥʥʦʤʫ ʧʦʣʶʩʫ P ʫʯʠʪʳʚʘʝʪʩʷ ʥʫʪʘʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʥʫʪʘʮʠʠ ʧʦ ʜʦʣʛʦʪʝ   + d   ʠ ʥʫʪʘʮʠʠ ʥʘʢʣʦʥʘ   + d  

 

ʈʠʩ. 2.3. ʉʚʷʟʴ ʤʝʞʜʫ ʩʨʝʜʥʠʤʠ ʥʝʙʝʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʥʘ ʵʧʦʭʠ T ʠ t 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʨʝʮʝʩʩʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ , z ʠ  

ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʥʝʙʝʩʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ ʵʧʦʭʠ T ʠ t. 

ʕʢʚʘʪʦʨʳ ʩʠʩʪʝʤ, ʦʪʤʝʯʝʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʯʢʘʤʠ QT ʠ Qt, ʩʦʜʝʨʞʘʪ ʪʦʯʢʠ 

ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ b T ʠ b t ʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʧʦ ʧʨʷʤʦʡ OM. ʇʝʨʝʭʦʜ ʦʪ 

ʩʨʝʜʥʝʡ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʳ ʵʧʦʭʠ ʢʘʪʘʣʦʛʘ T  ʢ ʵʧʦʭʝ ʥʘʙʣʶʜʝʥʠʡ  t ʯʝʨʝʟ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

T

T

T

t

t

t

z

y

x

z

y

x

P ,      (2.5) 

ʚ ʢʦʪʦʨʦʡ P ï ʤʘʪʨʠʮʘ ʜʣʷ ʫʯʝʪʘ ʧʨʝʮʝʩʩʠʠ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ t ï T. ʆʥʘ 

ʚʳʯʠʩʣʷʝʪʩʷ ʯʝʨʝʟ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʧʨʝʮʝʩʩʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ , z ʠ : 

)()()( 323 zRRRP           (2.6) 

ʠʣʠ ʧʦʩʣʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ ʧʦʣʫʯʘʝʪʩʷ ʢʘʢ 

cossinsinsincos

sinsincossinsincoscoscossincoscossin

sincoscoscossinsincoscoscoscossinsin

zzzzz

zzzzz

P . (2.7) 

ɺ ʤʦʜʝʣʠ ʧʨʝʮʝʩʩʠʠ, ʧʨʠʥʷʪʦʡ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤ ʩʦʶʟʦʤ 

(ʄɸʉ) ʚ 1976 ʛ., ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʧʦ ʨʘʟʣʦʞʝʥʠʷʤ ʅʴʶʢʦʤʘ ï ɸʥʜʫʘʡʝ, 

ʫʪʦʯʥʝʥʥʳʤ ʃʠʩʢʝ (Lieske) [IERS, 1996]. ʉ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʣʝʥʦʚ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ 

,041833.054266.09310.2004

;018203.080946.11218.2306

;017998.083018.01218.2306

32

32

32

ttt

tttz

ttt

           (2.8) 



ʛʜʝ t ï ʠʥʪʝʨʚʘʣ, ʠʟʤʝʨʝʥʥʳʡ ʚ ʶʣʠʘʥʩʢʠʭ ʩʪʦʣʝʪʠʷʭ ʧʦ 

ʙʘʨʠʮʝʥʪʨʠʯʝʩʢʦʤʫ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʨʝʤʝʥʠ (TDB) ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʵʧʦʭʦʡ J2000.0 ʠ ʵʧʦʭʦʡ JD(t):  

36525

0.2451545)JD(t
t .   (2.9) 

ɿʥʘʯʝʥʠʝ ʶʣʠʘʥʩʢʦʡ ʜʘʪʳ 2451545.0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʧʦʭʝ J2000.0. 

ʀʩʪʠʥʥʳʡ ʥʝʙʝʩʥʳʡ ʵʢʚʘʪʦʨ ʦʨʪʦʛʦʥʘʣʝʥ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ 

ʧʦʜʚʝʨʞʝʥ ʜʝʡʩʪʚʠʶ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ, ʪʦ ʝʩʪʴ ʦʥ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʨʝʜʥʠʤ 

ʵʢʚʘʪʦʨʦʤ ʠʟ-ʟʘ ʥʫʪʘʮʠʠ, ʚʳʯʠʩʣʷʝʤʦʡ ʥʘ ʥʫʞʥʫʶ ʵʧʦʭʫ JD(t). ʅʫʪʘʮʠʷ 

ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʜʦʣʛʦ- ʠ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʫʶ (ʧʝʨʠʦʜ ʤʝʥʝʝ 35 ʩʫʪʦʢ) 

ʥʫʪʘʮʠʶ ʧʦ ʜʦʣʛʦʪʝ  + d  (ʚʜʦʣʴ ʵʢʣʠʧʪʠʢʠ) ʠ ʥʘ ʜʦʣʛʦ- ʠ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʫʶ ʥʫʪʘʮʠʶ ʥʘʢʣʦʥʘ  + d  (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʢʣʠʧʪʠʢʝ). 

ʅʘ ʨʠʩ. 2.4 ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʠʡ ʠ ʠʩʪʠʥʥʳʡ ʵʢʚʘʪʦʨʳ ʥʘ ʵʧʦʭʫ t, ʘ ʪʘʢʞʝ ʩʨʝʜʥʠʡ 

ʥʘʢʣʦʥ ʵʢʣʠʧʪʠʢʠ ʢ ʵʢʚʘʪʦʨʫ t ʠ ʠʩʪʠʥʥʳʡ ʥʘʢʣʦʥ ; ʦʥʠ ʩʚʷʟʘʥʳ ʯʝʨʝʟ 

ʥʫʪʘʮʠʶ ʥʘʢʣʦʥʘ  + d : 

dt .                                         (2.10) 

ʈʠʩ. 2.4. ʅʝʩʦʚʧʘʜʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠ ʠʩʪʠʥʥʦʛʦ ʵʢʚʘʪʦʨʦʚ ʠʟ-ʟʘ ʥʫʪʘʮʠʠ 

ʇʝʨʝʭʦʜ ʦʪ ʩʨʝʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʵʧʦʭʫ t ʢ ʠʩʪʠʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʵʪʦʡ ʞʝ 

ʵʧʦʭʠ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʤʘʪʨʠʮʫ ʥʫʪʘʮʠʠ N:  

t

t

t

z

y

x

z

y

x

N .        (2.11) 

ʄʘʪʨʠʮʘ ʥʫʪʘʮʠʠ N ʚʳʯʠʩʣʷʝʪʩʷ ʯʝʨʝʟ ʜʦʣʛʦ- ʠ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʥʫʪʘʮʠʶ ʧʦ ʜʦʣʛʦʪʝ  + d , ʢʦʨʦʪʢʦ- ʠ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʫʶ ʥʫʪʘʮʠʶ ʥʘʢʣʦʥʘ 

 + d   ʠ ʥʘʢʣʦʥʳ ʵʢʣʠʧʪʠʢʠ, ʩʨʝʜʥʠʡ  ʠ ʠʩʪʠʥʥʳʡ dt : 

)()()( 131 RRRN dd .         (2.12) 

ʇʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʣʝʥʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʬʦʨʤʫʣʘ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

1sin)(

)(1cos)(

sin)(cos)(1

dd

dd

dd

N .  (2.13) 

ʉʨʝʜʥʠʡ ʥʘʢʣʦʥ ʵʢʣʠʧʪʠʢʠ ʢ ʵʢʚʘʪʦʨʫ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʪʦʣʴʢʦ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʨʝʮʝʩʩʠʠ, ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

.300181.090005.00815.46844.216223 32 tttt        (2.14) 



ʇʦʣʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʶʣʠʘʥʩʢʫʶ ʜʘʪʫ JD(ʊ) 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʵʧʦʭʠ ʊ ʜʦ ʠʩʪʠʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʶʣʠʘʥʩʢʫʶ ʜʘʪʫ JD(t) 

ʠʤʝʝʪ ʚʠʜ:  

T

T

T

z

y

x

z

y

x

PN .     (2.15) 

ʀʩʪʠʥʥʦʝ ʧʨʷʤʦʝ ʚʦʩʭʦʞʜʝʥʠʝ  ʠ ʠʩʪʠʥʥʦʝ ʩʢʣʦʥʝʥʠʝ  ʤʦʞʥʦ 

ʚʳʯʠʩʣʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʡ (2.2) ʠ (2.3). ʈʘʩʩʪʦʷʥʠʝ r ʚ ʵʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ.  

ʕʣʝʤʝʥʪʳ ʥʫʪʘʮʠʠ ʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʨʘʟʣʦʞʝʥʠʷʤʠ [IERS, 1996]: 
5

1

106

1

sin)(
j

jj
i

ii FNtAAd ;              (2.16) 

5

1

106

1

cos)(
j

jj
i

ii FNtBBd .              (2.17) 

ʇʘʨʘʤʝʪʨʳ Ai ʠ Bi ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʨʷʜʘʭ ʷʚʣʷʶʪʩʷ ʘʤʧʣʠʪʫʜʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, iA  ʠ iB  ï ʠʭ ʩʢʦʨʦʩʪʠ. ɺʝʣʠʯʠʥʘ t ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

(2.9). ʇʦʣʥʳʡ ʥʘʙʦʨ ʯʣʝʥʦʚ ʥʫʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ. ɺ ʤʦʜʝʣʠ 

ʥʫʪʘʮʠʠ ʄɸʉ ʦʪ 1980 ʛ., ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʝʦʨʠʠ ʪʚʝʨʜʦʡ ɿʝʤʣʠ ʂʠʥʦʰʠʪʘ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɼʞʠʣʴʙʝʨʪʘ ʠ ɼʟʝʚʦʥʩʢʠ (ʪʚʝʨʜʦʝ ʚʥʫʪʨʝʥʥʝʝ ʷʜʨʦ, 

ʞʠʜʢʦʝ ʚʥʝʰʥʝʝ ʷʜʨʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʘʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʚʝʜʝʥʥʳʭ 

ʧʦ ʙʦʣʴʰʦʤʫ ʥʘʙʦʨʫ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ), 106 ʯʣʝʥʦʚ. ɺ ʤʦʜʝʣʠ ʥʫʪʘʮʠʠ 

ʄʉɺɿ ʦʪ 1996 ʛ. ʩʦʜʝʨʞʠʪʩʷ 263 ʯʣʝʥʘ ʧʦ ʢʘʞʜʦʤʫ ʢʦʤʧʦʥʝʥʪʫ [IERS, 1996], ʘ ʚ 

ʤʦʜʝʣʷʭ ʄɸʉ 2000ɸ ʠ 2000ɺ ʩʦʜʝʨʞʠʪʩʷ 678 ʯʣʝʥʦʚ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʦʡ ʥʫʪʘʮʠʠ 

ʠ ʜʦʙʘʚʣʷʝʪʩʷ 687 ʯʣʝʥʦʚ ʧʣʘʥʝʪʘʨʥʦʡ ʥʫʪʘʮʠʠ [IERS, 2003]. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʯʣʝʥʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʝʨʚʳʝ ʯʣʝʥʳ ʚ ʥʫʪʘʮʠʠ ʨʘʚʥʳ 17.2 ʧʦ ʜʦʣʛʦʪʝ ʠ 9.2  ʧʦ 

ʥʘʢʣʦʥʫ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʨʷʜʫ ʘʤʧʣʠʪʫʜʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʤʝʥʴʰʝ. ɺ ʤʦʜʝʣʷʭ ʥʫʪʘʮʠʠ ʄɸʉ 2000 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʣʶʩ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ 0.0000002.  

ɸʨʛʫʤʝʥʪʳ ʧʨʠ ʩʠʥʫʩʘʭ ʠ ʢʦʩʠʥʫʩʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʘʨʛʫʤʝʥʪʦʚ (ʧʝʨʝʤʝʥʥʳʝ ɼʝʣʦʥʝ): 

 lF1  ï ʩʨʝʜʥʷʷ ʘʥʦʤʘʣʠʷ ʃʫʥʳ; 

 lF2  ï ʩʨʝʜʥʷʷ ʘʥʦʤʘʣʠʷ ʉʦʣʥʮʘ; 

 LFF3  ï ʨʘʟʥʦʩʪʴ ʩʨʝʜʥʠʭ ʜʦʣʛʦʪ ʉʦʣʥʮʘ ʠ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ 

ʦʨʙʠʪʳ ʃʫʥʳ; 

 DF4  ï ʩʨʝʜʥʷʷ ʵʣʦʥʛʘʮʠʷ ʃʫʥʳ ʦʪ ʉʦʣʥʮʘ; 

 5F  ï ʩʨʝʜʥʷʷ ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ ʃʫʥʳ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʘʨʛʫʤʝʥʪʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ, 

ʘʥʘʣʦʛʠʯʥʳʤ ʬʦʨʤʫʣʝ (2.14), ʢʦʪʦʨʳʝ ʟʜʝʩʴ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. ʂʦʵʬʬʠʮʠʝʥʪʳ Nj 

ʧʨʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʘʨʛʫʤʝʥʪʘʭ ʷʚʣʷʶʪʩʷ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ.  

ʇʝʨʠʦʜʳ ʥʫʪʘʮʠʠ ʚ ʬʦʨʤʫʣʘʭ (2.16) ʠ (2.17) ʠʟʤʝʥʷʶʪʩʷ ʧʨʠʤʝʨʥʦ ʦʪ 18.6 

ʣʝʪ (6 798.4 ʩʫʪʦʢ) ʜʦ 5 ʩʫʪʦʢ. ʕʣʝʤʝʥʪʳ (l, lô, F, D, ) ʦʧʠʩʳʚʘʶʪ ʩʨʝʜʥʠʝ 



ʧʦʣʦʞʝʥʠʷ ʉʦʣʥʮʘ ʠ ʃʫʥʳ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʣʝʤʝʥʪ , ʢʦʪʦʨʳʡ 

ʧʦʷʚʣʷʝʪʩʷ ʢʘʢ ʘʨʛʫʤʝʥʪ ʚ ʧʝʨʚʦʤ ʯʣʝʥʝ ʚ ʫʨʘʚʥʝʥʠʷʭ (2.16) ʠ (2.17). ʕʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʯʣʝʥʦʚ ʥʫʪʘʮʠʠ ʩ ʧʝʨʠʦʜʦʤ 18.6 ʛʦʜʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʣʥʦʤʫ ʦʙʦʨʦʪʫ ʧʣʦʩʢʦʩʪʠ ʣʫʥʥʦʡ ʦʨʙʠʪʳ ʚʦʢʨʫʛ ʧʦʣʶʩʘ ʵʢʣʠʧʪʠʢʠ. ʊʦ ʞʝ 

ʩʘʤʦʝ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʧʝʨʠʦʜ ʧʨʠʣʠʚʦʚ ʚ 18.6 ʣʝʪ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠʣʠʚʳ ʠ ʥʫʪʘʮʠʷ ʚʳʟʳʚʘʶʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ 

ʧʨʠʪʷʞʝʥʠʝʤ ʉʦʣʥʮʘ ʠ ʃʫʥʳ, ʪʦ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʷʜʳ 

ʥʫʪʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʷʜʳ ʦʪ ʧʨʠʣʠʚʦʚ.  

ʀʩʪʠʥʥʳʡ ʧʦʣʶʩ ʤʠʨʘ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʝʦʨʠʠ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ, ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʅʝʙʝʩʥʦʛʦ ʵʬʝʤʝʨʠʜʥʦʛʦ ʧʦʣʶʩʘ 

(ʅʕʇ). ʈʝʬʝʨʝʥʮ-ʦʩɹ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʅʕʇ, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʤʛʥʦʚʝʥʥʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ ʚʝʢʪʦʨʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʧʦʯʪʠ ʥʝ ʠʤʝʝʪ ʩʫʪʦʯʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʥʠ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ, ʥʠ ʚ ʟʝʤʥʦʡ ʩʠʩʪʝʤʘʭ [ɸʙʘʣʘʢʠʥ ʠ ʜʨ., 1996; 

ʄʦʨʠʮ, ʄʶʣʣʝʨ, 1992]. ʉʪʝʧʝʥʴ ʫʜʘʣʝʥʠʷ ʅʕʇ ʦʪ ʠʩʪʠʥʥʦʛʦ ʥʝʙʝʩʥʦʛʦ ʧʦʣʶʩʘ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʧʨʠʥʷʪʳʭ ʤʦʜʝʣʝʡ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ. ʂʦʥʮʝʧʮʠʷ ʅʕʇ (ʘ 

ʪʘʢʞʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ ʧʦʥʷʪʠʷ ʅʝʙʝʩʥʦʛʦ ʵʬʝʤʝʨʠʜʥʦʛʦ ʥʘʯʘʣʘ, ɻʨʠʥʚʠʯʝʩʢʦʛʦ 

ʠʩʪʠʥʥʦʛʦ ʟʚʝʟʜʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʦʥʷʪʠʡ) ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʩʪʨʦʛʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʝ ʦʙʨʘʱʘʷʩʴ ʢ ʠʩʪʠʥʥʦʤʫ ʧʦʣʶʩʫ, 

ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ ICRS ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ. ɹʦʣʝʝ ʪʦʛʦ, ʢʦʥʮʝʧʮʠʷ ʅʕʇ ʧʦʟʚʦʣʷʝʪ 

ʦʧʝʨʘʪʠʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʦʨʠʶ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ ʙʝʟ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʥʷʪʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ.  

ɺʚʝʜʝʥʠʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤ ʩʦʶʟʦʤ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʳ ICRS ʩ 1 ʷʥʚʘʨʷ 1998 ʛ. ʠ ʪʦʯʥʦʩʪʴ, 

ʜʦʩʪʠʛʥʫʪʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʥʘʙʣʶʜʝʥʠʡ ʚʨʘʱʝʥʠʷ 

ɿʝʤʣʠ, ʪʨʝʙʫʶʪ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ ʇʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʠʨʦʚʢʠ ɿʝʤʣʠ (ʇʆɿ). 

ɺʦ-ʧʝʨʚʳʭ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʨʝʮʝʩʩʠʠ-ʥʫʪʘʮʠʠ ʠ 

ɻʨʠʥʚʠʯʩʢʦʛʦ ʟʚʝʟʜʥʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʠʩʪʝʤʦʡ FK5, ʯʪʦʙʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʩ ICRS. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠʥʷʪʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʅʝʙʝʩʥʦʛʦ ʵʬʝʤʝʨʠʜʥʦʛʦ ʧʦʣʶʩʘ ʅʕʇ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʩʰʠʨʝʥʦ, 

ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʫʪʘʮʠʠ ʠ 

ʧʦʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʦ ʤʠʢʨʦʩʝʢʫʥʜʥʦʡ ʪʦʯʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʩʫʪʦʯʥʳʝ ʠ 

ʩʫʙʩʫʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ ʠ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʥʘʙʣʶʜʝʥʠʡ. ʕʪʠ ʧʨʦʙʣʝʤʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʜʛʨʫʧʧʳ ʊ5, ʥʘʟʳʚʘʝʤʦʡ çʇʦʩʣʝʜʩʪʚʠʷ 

ʚʳʯʠʩʣʝʥʠʡè ʚ ʨʘʙʦʯʝʡ ʛʨʫʧʧʝ ʄɸʉ/ʄʉɺɿ [Capitaine, 1999]. 

ɺ ʤʦʜʝʣʷʭ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ ʄɸʉ 2000 ʧʦʷʚʠʣʠʩʴ ʩʫʪʦʯʥʳʝ ʠ 

ʩʫʙʩʫʪʦʯʥʳʝ ʯʣʝʥʳ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʪʝʦʨʠʠ 

ʧʨʝʮʝʩʩʠʠ-ʥʫʪʘʮʠʠ, ʩʚʷʟʠ ʟʝʤʥʳʭ ʠ ʥʝʙʝʩʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ. ʉ 

ʧʦʷʚʣʝʥʠʝʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʳ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (ʄʉɺɿ) ʚ 1988 ʛ. ʩʪʘʣʦ 

ʚʦʟʤʦʞʥʳʤ ʦʧʝʨʘʪʠʚʥʦ ʫʪʦʯʥʷʪʴ ʚʳʯʠʩʣʷʝʤʦʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʦʣʦʞʝʥʠʝ 

ʅʕʇ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ. ʉʤʝʱʝʥʠʷ ʥʝʙʝʩʥʦʛʦ ʧʦʣʶʩʘ ʧʫʙʣʠʢʫʶʪʩʷ ʄʉɺɿ ʚ 

ɹʶʣʣʝʪʝʥʝ ɸ ʢʘʢ ʧʦʧʨʘʚʢʠ ʢ ʥʫʪʘʮʠʠ ʧʦ ʜʦʣʛʦʪʝ )(  ʠ ʧʦ ʥʘʢʣʦʥʫ )( . ʕʪʦ 

ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʠʚʷʟʢʠ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʠʥʝʨʮʠʘʣʴʥʦʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʫ. ɹʦʣʝʝ ʧʦʣʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʫʯʝʪʝ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ [ɸʙʘʣʘʢʠʥ ʠ ʜʨ., 1996; ʃʫʢʘʰʦʚʘ ʠ ʜʨ., 2004; IERS, 1996; IERS, 2003]. 



2.2.3. ʉʠʩʪʝʤʳ ʥʝʙʝʩʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 
ʢʘʪʘʣʦʛʘʭ FK5 ʠ FK6 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʘʮʠʠ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ï 

ʩʦʩʪʘʚʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʘʪʘʣʦʛʦʚ ʟʚʝʟʜʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʷʨʢʠʭ ʟʚʝʟʜ (ʦʙʳʯʥʦ ʜʦ 6-7 ʚʝʣʠʯʠʥʳ). ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩ 1986 ʛ. ʚ ɸʩʪʨʦʥʦʤʠʯʝʩʢʦʤ ʝʞʝʛʦʜʥʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ 

ʢʘʪʘʣʦʛʘ FK5 [Fricke et al., 1988].  

ʇʷʪʳʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʢʘʪʘʣʦʛ FK5 ʦʩʥʦʚʘʥ ʥʘ ʫʣʫʯʰʝʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʷʭ 1 535 ʟʚʝʟʜ, ʢʦʪʦʨʳʝ ʚʭʦʜʠʣʠ ʚ ʧʨʝʜʳʜʫʱʠʝ ʢʘʪʘʣʦʛʠ 

FK3 ʠ FK4. ʈʘʙʦʪʳ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʵʪʦʛʦ ʢʘʪʘʣʦʛʘ ʧʨʦʚʦʜʠʣʠʩʴ ʄɸʉ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ. ʌʨʠʢʢʝ ʠ ʙʳʣʠ ʟʘʢʦʥʯʝʥʳ ʢ 1984 ʛ. ʂʘʪʘʣʦʛ ʩʦʜʝʨʞʠʪ 

ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜ ʜʣʷ ʵʢʚʘʪʦʨʘ ʠ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʵʧʦʭʠ 

J2000.0. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʣʫʯʰʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦʯʪʠ 

300 ʢʘʪʘʣʦʛʦʚ ʚʘʨʠʘʥʪ FK4, ʚ ʢʦʪʦʨʦʤ ʫʯʪʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʩʣʫʯʘʡʥʳʝ 

ʦʰʠʙʢʠ ʩʨʝʜʥʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʚʝʟʜ, ʫʩʪʨʘʥʝʥʘ ʦʰʠʙʢʘ 

ʚ ʨʘʚʥʦʜʝʥʩʪʚʠʠ FK4 ʠ ʚʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʄɸʉ 

1976 ʛ. 

ʇʦʨʷʜʦʢ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ 

ʢʘʪʘʣʦʛʘ FK5, ʢʘʢ ʠ ʜʣʷ FK4, ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʩʦʩʪʘʚʠʣ ʧʦ ʧʨʷʤʦʤʫ 

ʚʦʩʭʦʞʜʝʥʠʶ (0.001
s
 õ 0.002

s
)sec, ʧʦ ʩʢʣʦʥʝʥʠʶ ï 0.02   0.03 . ʇʦʛʨʝʰʥʦʩʪʠ 

ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʷʭ ʟʘ 100 ʣʝʪ ʩʦʩʪʘʚʣʷʶʪ ʧʦ ʧʨʷʤʳʤ ʚʦʩʭʦʞʜʝʥʠʷʤ 

(0.005
s
 õ 0.012

s
)sec, ʘ ʧʦ ʩʢʣʦʥʝʥʠʷʤ 0.10  0.15 . ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʩʨʝʜʥʝʛʦ ʧʦʣʶʩʘ FK5 ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʧʦʣʶʩʘ ʵʧʦʭʠ J2000.0 

ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 0.50 10
-3
, ʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʥʘʯʘʣʘ ʧʨʷʤʳʭ 

ʚʦʩʭʦʞʜʝʥʠʡ ʚ FK5 ï ( 80 10
-3
) [ɸʙʘʣʘʢʠʥ ʠ ʜʨ., 1996].  

ʂʘʪʘʣʦʛ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʚʝʟʜ FK6 ʦʙʲʝʜʠʥʷʝʪ ʥʘʟʝʤʥʳʝ ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʦʩʥʦʚʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʚʝʟʜ, ʧʦʣʫʯʝʥʥʳʭ ʙʦʣʝʝ ʯʝʤ ʟʘ ʜʚʘ ʩʪʦʣʝʪʠʷ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʢʘʪʘʣʦʛʝ FK5, ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʫʪʥʠʢʘ 

Hipparcos. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʩʘʤʳʝ ʪʦʯʥʳʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʜʚʠʞʝʥʠʷ, ʜʦʩʪʫʧʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʊʠʧʠʯʥʳʝ ʩʨʝʜʥʠʝ ʦʰʠʙʢʠ 

ʚ FK6(I) ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʜʚʠʞʝʥʠʷʤ ʩʦʩʪʘʚʣʷʶʪ 0.00035/ʛʦʜ (ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ 

ʣʫʯʰʝ, ʯʝʤ ʧʦ ʠʟʤʝʨʝʥʠʷʤ Hipparcos) ʠ 0.00050/ʛʦʜ ʚ ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʨʦʛʥʦʟʝ (ʚ 

ʯʝʪʳʨʝ ʨʘʟʘ ʣʫʯʰʝ, ʯʝʤ ʧʦ ʠʟʤʝʨʝʥʠʷʤ Hipparcos).  

ɺ 1999 ʛ. ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ çʏʘʩʪʴ 1. ʆʩʥʦʚʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʚʝʟʜʳ 

ʩ ʧʨʷʤʳʤʠ ʨʝʰʝʥʠʷʤʠè, ʩʦʜʝʨʞʘʱʘʷ 878 ʟʚʝʟʜ. ɺ 2000 ʛ. ʧʦʷʚʠʣʘʩʴ çʏʘʩʪʴ III . 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʚʝʟʜʳ ʩ ʧʨʷʤʳʤʠ ʨʝʰʝʥʠʷʤʠè, 

ʩʦʜʝʨʞʘʱʘʷ 3 272 ʟʚʝʟʜʳ. ɻʦʪʦʚʷʪʩʷ ʏʘʩʪʴ II  ʠ ʏʘʩʪʴ IV (ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʢʦʣʦ 1 500 ʟʚʝʟʜ) (http://www.ari.uni-heidelberg.de/fk6). 

2.2.4. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʝʙʝʩʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ICRF 

ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʠʥʝʨʮʠʘʣʴʥʳʝ ʥʝʙʝʩʥʳʝ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʫʶʪʩʷ ʄʉɺɿ ʚ 

ʬʦʨʤʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʝʙʝʩʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ International Celestial 

Reference Frame, ICRF. ʀʭ ʧʝʨʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ 1995 ʛ. ʕʪʠ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʢʘʪʘʣʦʛʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʙʦʣʝʝ ʯʝʤ 200 



ʢʦʤʧʘʢʪʥʳʭ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʟʘʨʦʚ), 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʨʘʜʠʦʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ ʩʦ ʩʚʝʨʭʜʣʠʥʥʳʤʠ 

ʙʘʟʘʤʠ (ʈʉɼɹ) [Burġa, KosteleckĨ, 1999].  

ʆʙʲʝʢʪʳ ʚ ʢʘʪʘʣʦʛʝ ICRF ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: çʦʧʨʝʜʝʣʷʶʱʠʝè, 

çʢʘʥʜʠʜʘʪʳ ʚ ʦʧʨʝʜʝʣʷʶʱʠʝè ʠ çʜʨʫʛʠʝè. ʆʧʨʝʜʝʣʷʶʱʠʝ ʠʩʪʦʯʥʠʢʠ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ (ʥʝ ʤʝʥʝʝ 20), ʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʣʝʪ. ɺ ʨʝʘʣʠʟʘʮʠʠ 1995 ʛ. ʯʠʩʣʦ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʨʘʚʥʦ 212. ʀʩʪʦʯʥʠʢʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʙʣʶʜʝʥʠʡ ʠʣʠ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʥʜʠʜʘʪʘʤ ʚ 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʩʪʦʯʥʠʢʠ, ʚʦʟʤʦʞʥʦ, ʦʥʠ ʩʪʘʥʫʪ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʨʝʘʣʠʟʘʮʠʷʭ ICRF. ʏʠʩʣʦ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʚʥʦ 294. ɺ ʢʘʪʝʛʦʨʠʶ 

çʜʨʫʛʠʝè ʚʦʰʣʠ ʠʩʪʦʯʥʠʢʠ ʩ ʧʣʦʭʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ, ʥʦ ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʚʷʟʝʡ ICRF ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʇʦʣʥʦʝ ʯʠʩʣʦ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʚʥʦ 667.  

ʂʦʦʨʜʠʥʘʪʳ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ ʚʳʯʠʩʣʷʶʪʩʷ ʝʞʝʛʦʜʥʦ ʥʝʩʢʦʣʴʢʠʤʠ 

ʎʝʥʪʨʘʤʠ ʘʥʘʣʠʟʘ ʄʉɺɿ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʛʨʫʧʧʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʈʉɼɹ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʚʦʜʷʪʩʷ ʩʨʝʜʥʠʝ ʚʟʚʝʰʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʧʨʷʤʳʭ 

ʚʦʩʭʦʞʜʝʥʠʷʭ ʩʦʩʪʘʚʣʷʶʪ 0.00035, ʘ ʚ ʩʢʣʦʥʝʥʠʷʭ ï 0.00040. ʇʨʝʜʝʣ 

ʪʦʯʥʦʩʪʠ ʩʪʘʚʠʪ ʩʪʨʫʢʪʫʨʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ [IERS, 2003].  

ʇʦʩʪʦʷʥʩʪʚʦ ʥʘʧʨʘʚʣʝʥʠʡ ʦʩʝʡ ICRF ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʩʥʦʚʘʥʦ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʥʝ ʠʤʝʶʪ ʥʠʢʘʢʠʭ ʩʦʙʩʪʚʝʥʥʳʭ 

ʜʚʠʞʝʥʠʡ. ʂʘʪʘʣʦʛ ICRF ʥʝʷʚʥʦ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. 

ʅʘʯʘʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ʚ ICRF ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʄɸʉ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʩʠʩʪʝʤʦʡ FK5. ʋʩʧʝʰʥʳʝ ʨʝʘʣʠʟʘʮʠʠ 

ICRF, ʩʜʝʣʘʥʥʳʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʧʦʜʜʝʨʞʠʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʧʨʝʜʝʣʘʭ 0.00002 [IERS, 1997; ʃʫʢʘʰʦʚʘ ʠ ʜʨ., 2004]. 

2.2.5. ʂʘʪʘʣʦʛ Hipparcos 

ɺ 1991 ʛ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʩʦʶʟ (ʄɸʉ) ʧʦʩʪʘʥʦʚʠʣ, ʯʪʦ 

ʧʦʩʢʦʣʴʢʫ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʦʪʩʯʝʪʘ ʦʧʨʝʜʝʣʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ, ʪʦ ʢʘʪʘʣʦʛ FK5 ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ICRF. ʅʦ ʫʞʝ ʚ 

1997 ʛ. ʄɸʉ ʨʝʰʠʣ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʦʛʘ Hipparcos ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʝʛʦ ʢʘʢ ʨʝʘʣʠʟʘʮʠʶ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ICRF ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ.  

ɽʚʨʦʧʝʡʩʢʠʡ ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʫʪʥʠʢ çɻʠʧʧʘʨʢʦʩè ʙʳʣ ʟʘʧʫʱʝʥ ʚ 

ʘʚʛʫʩʪʝ 1989 ʛ., ʜʘʥʥʳʝ ʩ ʥʝʛʦ ʧʝʨʝʜʘʚʘʣʠʩʴ ʩ ʥʦʷʙʨʷ 1989 ʛ. ʧʦ ʤʘʨʪ 1993 ʛ. 

ʅʘʙʣʶʜʝʥʠʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʘʟʝʤʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʪʝʤ, ʯʪʦ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʠ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʣʥʦʝ ʥʝʙʦ.  

ɺ ʢʘʪʘʣʦʛʝ Hipparcos ʧʨʠʚʦʜʷʪʩʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 118 218 ʟʚʝʟʜ ʥʘ 

ʵʧʦʭʫ 1991.25 ʩ ʠʭ ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʧʘʨʘʣʣʘʢʩʘʤʠ ʠ ʟʚʝʟʜʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ, ʜʦʩʪʫʧʥʦʡ ʩʠʩʪʝʤʝ Hipparcos. ʉʨʝʜʥʠʝ 



ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʷʨʢʠʭ ʟʚʝʟʜ (ʥʝ ʩʣʘʙʝʝ 9-ʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ) ʩʦʩʪʘʚʣʷʶʪ 

0.77 10
-3
 ʧʦ ʧʨʷʤʦʤʫ ʚʦʩʭʦʞʜʝʥʠʶ ʠ 0.64 10

-3 
ʧʦ ʩʢʣʦʥʝʥʠʶ. ʇʦʜʦʙʥʳʤ 

ʦʙʨʘʟʦʤ, ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʩʦʙʩʪʚʝʥʥʳʭ ʜʚʠʞʝʥʠʷʭ ʩʦʩʪʘʚʣʷʶʪ ʧʦ ʧʨʷʤʦʤʫ 

ʚʦʩʭʦʞʜʝʥʠʶ 0.88 10
-3
/ʛʦʜ ʠ ʧʦ ʩʢʣʦʥʝʥʠʶ 0.74 10

-3
/ʛʦʜ.  

ʉʦʛʣʘʩʦʚʘʥʠʝ ʢʘʪʘʣʦʛʘ Hipparcos ʩ ICRF ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʦʰʠʙʢʦʡ 0.6 10
-3
 ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʢʠ ʚ ʵʧʦʭʫ 1991.25 ʠ 0.25 10

-3
/ʛʦʜ ʜʣʷ 

ʚʨʘʱʝʥʠʷ [IERS, 2003]. 

2.3. ɿʝʤʥʳʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

2.3.1. ɼʚʠʞʝʥʠʝ ʧʦʣʶʩʘ ɿʝʤʣʠ 

ɺ ʟʝʤʥʳʭ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʥʘʯʘʣʦʤ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨ 

ʤʘʩʩ ɿʝʤʣʠ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʝʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʣʦʞʝʥʠʝʤ ʧʦʣʶʩʘ ɿʝʤʣʠ, ʝʝ 

ʵʢʚʘʪʦʨʘ ʠ ʤʝʨʠʜʠʘʥʘ ɻʨʠʥʚʠʯʘ. ɼʣʷ ʢʨʘʪʢʦʩʪʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʵʪʠ ʩʠʩʪʝʤʳ 

ʦʙʱʝʟʝʤʥʳʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʠʭ ʩʦʢʨʘʱʝʥʠʝ ʆɿʉʂ. ʕʪʠ ʩʠʩʪʝʤʳ 

ʚʨʘʱʘʶʪʩʷ ʚʤʝʩʪʝ ʩ ɿʝʤʣʝʡ ʧʨʠ ʝʝ ʩʫʪʦʯʥʦʤ ʜʚʠʞʝʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʪʘʢʦʡ 

ʩʠʩʪʝʤʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʠʤʝʶʪ 

ʢʦʦʨʜʠʥʘʪʳ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʦʣʴʢʦ ʤʘʣʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟ-

ʟʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ (ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠʣʠ ʧʨʠʣʠʚʥʳʝ ʜʝʬʦʨʤʘʮʠʠ), 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʫʯʠʪʳʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʦʜʝʣʠ ʷʚʣʝʥʠʡ.  

ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʝʝ ʧʦʣʶʩʘ ʠ ʵʢʚʘʪʦʨʘ, ʘ 

ʪʘʢʞʝ ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʜʣʷ ʩʯʝʪʘ ʜʦʣʛʦʪ ʠ ʚʨʝʤʝʥʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦʙʣʝʤʦʡ 

ʜʚʠʞʝʥʠʷ ʧʦʣʶʩʘ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʣʶʩʘ ʚ 1899 ʛ. 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʛʝʦʜʝʟʠʠ ʦʨʛʘʥʠʟʦʚʘʣʘ ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʩʣʫʞʙʫ 

ʰʠʨʦʪʳ (ʄʉʐ). ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʉʐ ʜʚʠʞʝʥʠʝ ʧʦʣʶʩʘ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʥʝʧʨʝʨʳʚʥʳʤ ʨʷʜʘʤ ʥʘʙʣʶʜʝʥʠʡ ʰʠʨʦʪʳ ʥʘ ʩʪʘʥʮʠʷʭ 

ʄʠʮʫʟʘʚʘ (ʗʧʦʥʠʷ), ʂʠʪʘʙ (ʋʟʙʝʢʠʩʪʘʥ), ʂʘʨʣʦʬʦʨʪʝ (ʀʪʘʣʠʷ), ʖʢʘʡʷ ʠ 

ɻʝʡʪʝʨʩʙʝʨʛ (ʉʐɸ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ çʤʝʞʜʫʥʘʨʦʜʥʦʡè ʧʘʨʘʣʣʝʣʠ 3908 N. 

ʋʩʨʝʜʥʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠʩʪʠʥʥʦʛʦ ʧʦʣʶʩʘ ʟʘ ʧʝʨʠʦʜ ʩ 1900 ʛ. ʧʦ 1905 ʛ. ʚ 

1960 ʛ. ʙʳʣʦ ʧʨʠʥʷʪʦ ʟʘ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʟʝʤʥʦʛʦ ʧʦʣʶʩʘ ʠ ʥʘʟʚʘʥʦ 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʫʩʣʦʚʥʳʤ ʥʘʯʘʣʦʤ (ʄʋʅ). ʈʝʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʄʋʅ 

ʟʘʜʘʚʘʣʦʩʴ ʥʘʟʥʘʯʝʥʠʝʤ ʰʠʨʦʪ ʩʪʘʥʮʠʡ ʄʉʐ. 

ɺ 1961 ʛ. ʄʉʐ ʙʳʣʘ ʨʝʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʩʣʫʞʙʫ ʜʚʠʞʝʥʠʷ 

ʧʦʣʶʩʘ (ʄʉɼʇ), ʘ ʚ 1988 ʛ. ï ʚ ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʩʣʫʞʙʫ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

(ʄʉɺɿ, IERS), ʢʦʪʦʨʘʷ ʚ 2003 ʛ. ʙʳʣʘ ʧʝʨʝʠʤʝʥʦʚʘʥʘ ʚ ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʩʣʫʞʙʫ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ ʨʝʬʝʨʝʥʮʥʳʭ ʩʠʩʪʝʤ (http://www.iers.org). ʄʉɺɿ ʧʨʦʜʦʣʞʘʝʪ 

ʨʘʙʦʪʫ, ʥʘʯʘʪʫʶ ʄʉʐ ʠ ʄʉɼʇ ʚ ʜʫʭʝ ʚʨʝʤʝʥʠ, ʨʘʩʰʠʨʠʚ ʩʝʪʴ ʩʪʘʥʮʠʡ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʥʘʙʣʶʜʝʥʠʷʭ, ʧʦʯʪʠ ʜʦ 50 ʠ ʧʨʠʚʣʝʢʘʷ ʥʦʚʳʝ ʩʧʦʩʦʙʳ 

ʥʘʙʣʶʜʝʥʠʡ.  

ʆʜʥʘ ʠʟ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʄʉɺɿ, ï ʵʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ 

ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʣʶʩʘ ɿʝʤʣʠ xp, yp, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʅʝʙʝʩʥʦʛʦ 

ʵʬʝʤʝʨʠʜʥʦʛʦ ʧʦʣʶʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʋʩʣʦʚʥʦʛʦ ʟʝʤʥʦʛʦ ʧʦʣʶʩʘ (ʋɿʇ). ʋɿʇ 

ʦʙʳʯʥʦ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʦʥ ʥʘʭʦʜʠʣʩʷ ʥʝʜʘʣʝʢʦ ʦʪ ʧʦʣʦʞʝʥʠʷ 



ʵʬʝʤʝʨʠʜʥʦʛʦ ʧʦʣʶʩʘ, ʫʩʨʝʜʥʝʥʥʦʛʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. ʆʩʴ xp 

ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʫʣʝʚʦʤʫ ʤʝʨʠʜʠʘʥʫ ʄʉɺɿ, ʘ ʦʩʴ yp ï ʧʦʜ ʫʛʣʦʤ 90 ʥʘ ʟʘʧʘʜ 

(ʨʠʩ. 2.5). ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ xp, yp ʧʦ ʜʘʥʥʳʤ 

ʄʉɺɿ ʩʦʩʪʘʚʣʷʶʪ 0.0003 [IERS, 1996]. 

 

ʈʠʩ. 2.5. ɼʚʠʞʝʥʠʝ ʧʦʣʶʩʘ ʟʘ ʧʝʨʠʦʜ 1890 ï 2000.5 ʛʛ. (ʪʦʯʝʯʥʘʷ ʣʠʥʠʷ, ʪʦʯʢʠ 

ʯʝʨʝʟ 5 ʩʫʪʦʢ) ʠ ʜʨʝʡʬ ʧʦʣʶʩʘ ʩ 1890 ʛ. (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) 

(http://hpiers.obspm.fr/eoppc/eop/eopc04/eopc04-xy.gif) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʄʋʅ, ʢʦʦʨʜʠʥʘʪʳ xp, yp ʪʦʣʴʢʦ ʜʣʷ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʷʪʠ ʩʪʘʥʮʠʡ ʄʉʐ ʤʦʛʣʠ ʩʯʠʪʘʪʴʩʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ 

ʄʉɺɿ, ʘ ʪʘʢʞʝ ʟʘʢʨʳʪʠʝʤ ʚ 1982 ʛ. ʜʚʫʭ ʘʤʝʨʠʢʘʥʩʢʠʭ ʩʪʘʥʮʠʡ, ʠʜʝʷ ʄʋʅ 

ʠʩʯʝʨʧʘʣʘ ʩʝʙʷ. ʇʦʣʦʞʝʥʠʷ ʋɿʇ ʠ ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʩʪʘʥʮʠʡ ʩʝʪʠ ʄʉɺɿ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʫʩʣʦʚʥʦʝ ʥʘʯʘʣʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʋʩʣʦʚʥʦʛʦ ʟʝʤʥʦʛʦ ʧʦʣʶʩʘ. ʇʨʠ ʦʧʠʩʘʥʠʠ ʟʝʤʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʦʙʳʯʥʦ 

ʫʢʘʟʳʚʘʝʪʩʷ, ʧʦ ʢʘʢʠʤ ʜʘʥʥʳʤ ʠ ʥʘ ʢʘʢʫʶ ʵʧʦʭʫ ʟʘʜʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʧʦʣʶʩʘ ʠ 

ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ.  

ɺ ʜʚʠʞʝʥʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚ ʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚʳʜʝʣʷʶʪ 

ʩʚʦʙʦʜʥʳʝ ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʇʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʏʘʥʜʣʝʨʦʚ 

ʧʝʨʠʦʜ) ï ʦʢʦʣʦ 430 ʩʫʪʦʢ, ʘʤʧʣʠʪʫʜʘ ï ʧʦʨʷʜʢʘ 0.4 (12 ʤ). ɺʳʥʫʞʜʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩ ʧʝʨʠʦʜʦʤ ʚ ʦʜʠʥ ʛʦʜ ʠ 0.5 ʛʦʜʘ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʩʝʟʦʥʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʤʘʩʩ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʢʝʘʥʘʭ, ʠʭ ʘʤʧʣʠʪʫʜʘ ʦʢʦʣʦ 0.15 (2 ʤ). 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʧʨʠʣʠʚʦʚ ʠ ʜʨʫʛʠʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩ ʩʫʪʦʯʥʳʤʠ ʠ ʧʦʣʫʩʫʪʦʯʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʠ ʩ 

ʘʤʧʣʠʪʫʜʦʡ ʦʢʦʣʦ 0.5 ʤ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʥʠʭ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʝ ʵʬʬʝʢʪʳ 

ʤʦʛʫʪ ʭʦʨʦʰʦ ʤʦʜʝʣʠʨʦʚʘʪʴʩʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʧʦʣʶʩʘ ʠ ʚʩʝʤʠʨʥʦʤ ʚʨʝʤʝʥʠ 

UT1. ʂʨʦʤʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʦʩʴ ʚʨʘʱʝʥʠʷ ʠʤʝʝʪ ʠ ʥʝʙʦʣʴʰʦʝ 

ʚʝʢʦʚʦʝ ʜʚʠʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 0.0037/ʩʪʦʣʝʪʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʟʘʧʘʜ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ. 

ʆʧʠʩʳʚʘʝʤʘʷ ʤʛʥʦʚʝʥʥʳʤ ʧʦʣʶʩʦʤ ʢʨʠʚʘʷ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʦʜʠʷ. ɿʘʤʝʪʠʤ, ʯʪʦ 



ʠʟ-ʟʘ ʚʝʢʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʶʩʘ ʮʝʥʪʨ ʧʦʣʦʜʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʶʩʘ 

ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʋɿʇ.  

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʄʉɼʇ, ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʧʦʣʶʩʘ ʜʦ 1988 ʛ. 

ʟʘʥʠʤʘʣʦʩʴ ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʙʶʨʦ ʚʨʝʤʝʥʠ (ʄɹɺ, BIH), ʚʦʰʝʜʰʝʝ ʚ ʩʦʩʪʘʚ 

ʄʉɺɿ. ɺ ʉʉʉʈ ʠ ʟʘʪʝʤ ʚ ʈʦʩʩʠʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʧʦʣʶʩʘ ʚʭʦʜʠʪ ʚ ʟʘʜʘʯʠ 

ɻʦʩʩʪʘʥʜʘʨʪʘ ʉʉʉʈ (ʈʌ), ʢʦʪʦʨʳʡ ʚʳʚʦʜʠʪ, ʧʨʦʛʥʦʟʠʨʫʝʪ ʠ ʧʫʙʣʠʢʫʝʪ ʩʚʦʠ 

ʟʥʘʯʝʥʠʷ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʩʠʩʪʝʤʳ ʄʉɺɿ. ɼʣʷ ʠʭ ʚʳʚʦʜʘ 

ɻʦʩʩʪʘʥʜʘʨʪ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪ ʨʘʜʠʦʜʘʣʴʥʦʤʝʨʥʳʝ (ʬʘʟʦʚʳʝ) ʥʘʙʣʶʜʝʥʠʷ 

ʩʧʫʪʥʠʢʦʚ ɻʃʆʅɸʉʉ, ʜʦʧʣʝʨʦʚʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʩʧʫʪʥʠʢʘ ɻʝʦ-ʀʂ ʠ ʜʘʥʥʳʝ 

ʘʩʪʨʦʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʦʙʩʝʨʚʘʪʦʨʠʡ ʈʦʩʩʠʠ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʩʪʨʘʥ. 

ʉʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʦʣʶʩʘ 

ɻʦʩʩʪʘʥʜʘʨʪʦʤ ʈʌ ʚ 1993 ʛ. ʩʦʩʪʘʚʠʣʠ 0.002 [ʂʘʫʬʤʘʥ, 1994].  

2.3.2. ʎʝʥʪʨ ʤʘʩʩ ɿʝʤʣʠ 

ʎʝʥʪʨ ʤʘʩʩ ɿʝʤʣʠ, ʠʣʠ ʛʝʦʮʝʥʪʨ, ʚʳʙʠʨʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʘ ʚʦ ʤʥʦʛʠʭ 

ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʦʡ ʪʦʯʢʦʡ ʚ ʪʝʣʝ ɿʝʤʣʠ. 

ʕʪʘ ʪʦʯʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʩʧʫʪʥʠʢʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ɿʝʤʣʠ. ɻʝʦʮʝʥʪʨ ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʘ ʜʣʷ 

ʟʝʤʥʦʡ ʨʝʬʝʨʝʥʮʥʦʡ ʩʠʩʪʝʤʳ ʚ [IERS, 1996] ʠ [IERS, 2003] ʢʘʢ ʮʝʥʪʨ ʤʘʩʩ 

ɿʝʤʣʠ, ʚʢʣʶʯʘʷ ʦʢʝʘʥʳ ʠ ʘʪʤʦʩʬʝʨʫ. 

ɸʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʣʘʟʝʨʥʳʭ ʜʘʣʴʥʦʤʝʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʫʚʝʨʝʥʥʦ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʩʪʘʥʮʠʡ 

ʥʘʙʣʶʜʝʥʠʡ, ʥʝʧʦʜʚʠʞʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʥʦʡ ʢʦʨʳ, ʦʱʫʪʠʤʦ ʩʤʝʱʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ɿʝʤʣʠ.  

ɺ 1997 ʛ. ʄʉɺɿ ʧʨʦʚʝʣʘ ʢʘʤʧʘʥʠʶ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʛʝʦʮʝʥʪʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 42 ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠʟ 25 ʥʘʫʯʥʳʭ ʛʨʫʧʧ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʭ ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʣʘʟʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, GPS ʠ DORIS. ɺ ʢʦʥʮʝ 1997 ʛ. ʚ ʉʘʥ-ʌʨʘʥʮʠʩʢʦ 

ʩʦʩʪʦʷʣʘʩʴ ʚʩʪʨʝʯʘ ʧʦ ʦʙʤʝʥʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ.  

ʇʦ ʦʮʝʥʢʘʤ ʖ.ɺ. ɹʘʨʢʠʥʘ (ɻɸʀʐ), ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʝʡ ʚʝʢʦʚʳʭ ʜʚʠʞʝʥʠʡ 

ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʢʦʦʨʜʠʥʘʪ ʛʝʦʮʝʥʪʨʘ ʩʦʩʪʘʚʣʷʝʪ [IERS, 1999]: 
ʩʪʦʣʝʪʠʝʩʤzʩʪʦʣʝʪʠʝʩʤyʩʪʦʣʝʪʠʝʩʤx /214.0,/177.0,/801.0 ### . 

ɺʝʢʦʚʳʝ ʩʤʝʱʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠʠ ʛʝʦʮʝʥʪʨʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʘʢʠʤʠ 

ʧʨʠʯʠʥʘʤʠ: 

 ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ; 

 ʠʟʤʝʥʝʥʠʷ ʚ ʣʝʜʷʥʦʤ ʱʠʪʝ (ʚ ɻʨʝʥʣʘʥʜʠʠ, ɸʥʪʘʨʢʪʠʜʝ); 

 ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʤʝʱʝʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ (ʧʦʩʪʣʝʜʥʠʢʦʚʘʷ ʦʪʜʘʯʘ, 

ʜʚʠʞʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ, ʩʫʙʜʫʢʮʠʠ ʠ ʜʨ.). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʨʝʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʷʚʣʝʥʳ ʛʦʜʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʧʦʣʦʞʝʥʠʠ ʛʝʦʮʝʥʪʨʘ (ʘʤʧʣʠʪʫʜʘ ʦʢʦʣʦ 4 ʤʤ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ X, Y ʠ 

ʧʦʨʷʜʢʘ 10 ʤʤ ʧʦ Z), ʧʦʣʫʛʦʜʦʚʳʝ, ʩ ʧʝʨʠʦʜʘʤʠ ʦʢʦʣʦ 140 ʩʫʪʦʢ, 60-70 ʩʫʪʦʢ, 20 

ʩʫʪʦʢ ʠ 14 ʩʫʪʦʢ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ ʠ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ 

ʘʤʧʣʠʪʫʜ ʧʦʯʪʠ ʪʘʢʦʛʦ ʞʝ ʧʦʨʷʜʢʘ.  

ʆʙʱʝʝ ʤʥʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʚʩʪʨʝʯʠ ʪʘʢʦʚʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʦʪʩʯʝʪʥʦʡ ʦʩʥʦʚʳ 

ʥʘʟʝʤʥʦʡ ʩʝʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʮʝʥʪʨʘ ʧʦʜʜʘʝʪʩʷ ʚʳʷʚʣʝʥʠʶ, ʥʦ ʚʝʣʠʯʠʥʘ ʝʛʦ 



ʥʝʙʦʣʴʰʘʷ, ʚʝʨʦʷʪʥʦ, ʥʝ ʙʦʣʝʝ 1 ʩʤ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʦʤʧʦʥʝʥʪ. ʋʯʠʪʳʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʝʦʮʝʥʪʨʘ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘ ʥʝ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ [IERS, 1999]. ʂʦʣʝʙʘʥʠʷ ʛʝʦʮʝʥʪʨʘ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʚ ʨʘʙʦʪʝ 

ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ [ʊʘʪʝʚʷʥ ʠ ʜʨ., 2004]. 

2.3.3. ʇʨʷʤʦʫʛʦʣʴʥʳʝ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʦʙʱʝʟʝʤʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ  

ʉʠʩʪʝʤʘ ʦʙʱʝʟʝʤʥʳʭ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ, 

ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɿʝʤʣʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ʥʘʯʘʣʦ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ; 

 ʦʩʴ z ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʋɿʇ; 

 ʦʩʴ x ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ G ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ ʠ 

ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ ʥʘʯʘʣʴʥʳʡ ʤʝʨʠʜʠʘʥ ʜʣʷ ʩʯʝʪʘ 

ʜʦʣʛʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʪʘʥʮʠʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ; 

 ʦʩʴ y ʥʘʭʦʜʠʪʩʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ 

ʧʨʘʚʦʡ. 

ʉʠʩʪʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.6, ʝʝ ʦʩʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ X, Y, Z. ɺ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʪʘʢʠʝ ʥʘʟʚʘʥʠʷ, 

ʢʘʢ çʦʙʱʝʟʝʤʥʘʷ ʩʠʩʪʝʤʘè ʠʣʠ çʩʨʝʜʥʷʷ ʟʝʤʥʘʷ ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘè. 

ʇʦʩʣʝʜʥʠʡ ʪʝʨʤʠʥ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ ʟʝʤʥʦʛʦ 

ʧʦʣʶʩʘ, ʢʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʠ ʋɿʇ, ʠ ʄʋʅ.  

ɿʝʤʥʳʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʨʝʘʣʠʟʫʪʁʩʷ ʚ ʚʠʜʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʝʪʝʡ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ (ʠʣʠ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ). ʇʫʥʢʪʳ ʪʘʢʠʭ ʩʝʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʤʫ ʟʝʤʥʦʤʫ ʰʘʨʫ ʠʣʠ ʧʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ. ʏʝʤ 

ʙʦʣʝʝ ʪʦʯʥʳ ʧʦʣʦʞʝʥʠ ̫ʵʪʠʭ ʪʦʯʝʢ, ʪʝʤ ʤʝʥʴʰʝ ʦʩʪʘʪʦʯʥʳʝ ʦʰʠʙʢʠ, ʠ ʙʦʣʝʝ 

ʪʦʯʥʘ ʨʝʘʣʠʟʘʮʠʷ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʈʠʩ. 2.6. ɻʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʟʝʤʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

ɺ ʧʦʥʷʪʠʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʟʝʤʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ ʥʝ 

ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʝ ʟʘʢʨʝʧʣʷʶʪ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʝʝ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʵʪʦ ʧʘʨʘʤʝʪʨʳ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ 

ɿʝʤʣʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʘ: 



ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʨʘʜʠʫʩ a ʠ ʩʞʘʪʠʝ . ʉʞʘʪʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ ʠ ʧʦʣʷʨʥʳʤ ʨʘʜʠʫʩʦʤ (ʠʣʠ ʤʘʣʦʡ ʧʦʣʫʦʩʴʶ) b: 

a

ba
.      (2.18) 

ɼʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʵʣʣʠʧʩʦʠʜʘ, 

ʥʘʧʨʠʤʝʨ, ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩ b ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʝ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʵʪʠʤ 

ʜʚʫʤ ʧʘʨʘʤʝʪʨʘʤ: 

)1(ab ;       (2.19) 

a

ba
e

22

.       (2.20) 

ʀʟ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʫʞʥʦ ʫʢʘʟʘʪʴ ʧʘʨʘʤʝʪʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ɿʝʤʣʠ, ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ, 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʥʦʛʠʭ ʪʳʩʷʯ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʛʦʚʦʨʷʪ ʦ 

ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʠʣʠ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ), ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ (datum). 

ɺ ʪʘʙʣ. 2.1 ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʷʪʠ ʩʠʩʪʝʤ. 

ʊʘʙʣʠʮʘ 2.1. ʆʩʥʦʚʥʳʝ (1 ï 4) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ (5 ï 9) ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʵʣʣʠʧʩʦʠʜʦʚ GRS80, WGS-84, ʇɿ-90  ʠ ʜʣʷ ʩʪʘʥʜʘʨʪʦʚ ʄʉɺɿ 1996 ʠ 2000 ʛʛ. 

 ̄

ʧ/ʧ 

ʅʘʟʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

ʆʙʱʝʟʝʤʥʳʝ ʵʣʣʠʧʩʦʠʜʳ 

GRS80 WGS-84 ʇɿ-90 

ʉʪʘʥʜʘʨʪ 

ʄʉɺɿ 1996 

ʛ. 

ʉʪʘʥʜʘʨʪ 

ʄʉɺɿ 2000 

ʛ. 

1 

 

ɹʦʣʴʰʘʷ 

ʧʦʣʫʦʩʴ, a 

ʤ 6378137 6378137 Ñ 2 6378136 6378136.49  

0.1 

6378136.6  

0.1 

2 ɻʝʦʮʝʥʪʨʠʯʝʩʢʘʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʩ 

ʫʯʝʪʦʤ 

ʘʪʤʦʩʬʝʨʳ, GM 

ʤ
3
ʩ

-2
 398600.510

9
 

 

(398600.50.06)  

 10
9
 

398600.4410
9
 398600.4418  

 10
9 

 8 10
5
 

398600.4418  

 10
9 

 8 10
5
 

3 ʂʦʵʬʬʠʮʠʝʥʪ  

2-ʡ ʟʦʥʘʣʴʥʦʡ 

ʛʘʨʤʦʥʠʢʠ, J2 

ʙ/ʨ. 1.0826310
-3

 1.08263Ā10
-3
 1.08263Ā10

-3
 1.0826359Ā10

-

3 
 

 1.010
-10

 

1.0826359 Ĭ  

 10
-3 

 

1.010
-10

 

4 ʋʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, 

E (ʠʣʠ ) 

ʨʘʜ./ʩ  7292115Ā10
-11

 7292115.8553  

 10
-11 

+ 4.3Ā10
-

15Āt * 

7292115Ā10
-11 

 7292115
.
10

-11 

** 
7292115  

  10
-11 ** 

5 ɿʥʘʤʝʥʘʪʝʣʴ 

ʩʞʘʪʠʷ, 1/  

ʙ/ʨ. 298.257222101 298.257223563 298.257839303 298.25645
 

  

 0.00001 

298.25642  

 0.00001 

6 

 

ʂʚʘʜʨʘʪ ʧʝʨʚʦʛʦ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ 

e
2 

ʙ/ʨ. 6.69438002290  

 10
-3
 

6.69437999013  

 10
-3
 

6.69436619310  

 10
-3
 

6.694397236  

 10
-3
 

 

  



ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.1 

 ̄

ʧ/ʧ 

ʅʘʟʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ 

ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

ʆʙʱʝʟʝʤʥʳʝ ʵʣʣʠʧʩʦʠʜʳ 

GRS80 WGS-84 ʇɿ-90 

ʉʪʘʥʜʘʨʪ 

ʄʉɺɿ 1996 

ʛ. 

ʉʪʘʥʜʘʨʪ 

ʄʉɺɿ 2000 

ʛ. 

7 ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 2-ʡ 

ʟʦʥʘʣʴʥʦʡ 

ʛʘʨʤʦʥʠʢʠ 20C , 

*** 

ʙ/ʨ.  -(484.16685   

 0.00130) 10
-

6
 

-484164.953 

10
-9

 

  

8 

 

ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʜʣʷ 

ʘʪʤʦʩʬʝʨʳ  

ʤ
3
ʩ

-2
   0.01 10

9
 0.3510

9
   

9 

 

ʅʦʨʤʘʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ U0 

ʤ
2
ʩ

-2
 62636860.850 62636860.8497 62636861.074 62636856.85 

 1.0 

62636856.0  

0.5 

* ʇʨʠʚʝʜʝʥʠʝ ʥʘ ʵʧʦʭʫ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪ ʵʧʦʭʠ J2000.0. 

** ʇʝʨʝʤʝʥʥʘʷ ʚʝʣʠʯʠʥʘ. 

*** ʇʘʨʘʤʝʪʨʳ 20C  ʠ 2J  ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 2/1
220 )5/(JC  

[DMA, 1991]. 

 

ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʵʣʣʠʧʩʦʠʜʳ ʠ ʢʦʦʨʜʠʥʘʪʥʳʝ ʩʠʩʪʝʤʳ 

ʦʪʥʝʩʝʥʳ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʩ = 299792458  1.2 ʤ/ʩ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʠʩʪʝʤʘʭ ʚʟʷʪʘ ʠʟ [Moritz, 1988; DMA, 1991; ɻʘʣʘʟʠʥ ʠ ʜʨ., 

1998; IERS, 1996; IERS, 2003]. 

ɺʩʝ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʵʣʣʠʧʩʦʠʜʘʤʠ, 

ʥʘʟʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʟʚʘʥʠʝʤ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʜʝʢʘʨʪʦʚʳʭ, ʥʦ ʠ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ 

(ʩʬʝʨʦʠʜʠʯʝʩʢʠʭ) ʢʦʦʨʜʠʥʘʪ: ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʰʠʨʦʪʳ B, ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʜʦʣʛʦʪʳ 

L ʠ ʚʳʩʦʪʳ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ H (ʩʤ. ʨʠʩ. 2.6). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪ ʠʟ ʪʦʯʢʠ A ʧʨʦʚʦʜʠʪʩʷ ʥʦʨʤʘʣʴ ʢ ʵʣʣʠʧʩʦʠʜʫ ɸʉ. ɻʝʦʜʝʟʠʯʝʩʢʦʡ 

ʰʠʨʦʪʦʡ ɺ ʥʘʟʳʚʘʝʪʩʷ ʫʛʦʣ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʠ ʧʣʦʩʢʦʩʪʴʶ ʵʢʚʘʪʦʨʘ 

ʵʣʣʠʧʩʦʠʜʘ, ʘ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʜʦʣʛʦʪʦʡ L ï ʫʛʦʣ, ʦʪʩʯʠʪʳʚʘʝʤʳʡ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʜʦ ʤʝʨʠʜʠʘʥʘ ʧʫʥʢʪʘ. ʇʨʷʤʦʫʛʦʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ X, Y, Z ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ B, L, H ʧʦ 

ʬʦʨʤʫʣʘʤ: 

BHeN

LBHN

LBHN

Z

Y

X

sin])1([

sincos)(

coscos)(

2

,      (2.21) 

ʛʜʝ N ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʵʣʣʠʧʩʦʠʜʘ ʚ ʧʝʨʚʦʤ ʚʝʨʪʠʢʘʣʝ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʢʘʢ 

Be

a
N

22 sin1 .          (2.22) 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʦʣʛʦʪʳ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʡ: 



X

Y
L arctg

,     (2.23) 

ʘ ʦʧʨʝʜʝʣʝʥʠʝ ʰʠʨʦʪʳ ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʀʭ ʜʝʣʷʪ ʥʘ 

ʠʪʝʨʘʪʠʚʥʳʝ ʠ ʟʘʤʢʥʫʪʳʝ. ʀʟ ʘʣʛʦʨʠʪʤʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʧʨʠʚʝʜʝʤ ʤʝʪʦʜ, 

ʦʧʠʩʘʥʥʳʡ ʚ [ʇʝʣʣʠʥʝʥ, 1978]. ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʰʠʨʦʪʘ B  ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

D

BeNZ
B

ii
i

)1(2)1(
)( sin+

arctan
,          (2.24) 

ʛʜʝ i ï ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ, ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 
)1(ii BB

 (  ï 

ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ); D ï ʧʨʦʝʢʮʠʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʵʢʚʘʪʦʨʘ: 
22 YXD ,          (2.25) 

ʘ ʚʝʣʠʯʠʥʘ 
)1(iN  ʥʘʭʦʜʠʪʩʷ ʧʦ ʰʠʨʦʪʝ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

ʕʣʣʠʧʩʦʠʜʘʣʴʥʘʷ ʚʳʩʦʪʘ H ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

)1(
sin

2eN
B

Z
H

.              (2.26) 

ʅʝʤʥʦʛʦ ʦʪʣʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ʜʘʝʪʩʷ ʚ [ɻʘʣʘʟʠʥ ʠ ʜʨ., 1998] ʠ [ɻʆʉʊ 

ʈ 51794-2001]. ɸʣʛʦʨʠʪʤʳ, ʜʘʶʱʠʝ ʟʘʤʢʥʫʪʦʝ ʨʝʰʝʥʠʝ, ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʘʙʦʪʘʭ 

[Borkowski, 1989; Fukushima, 1999; Vermeille, 2002].  

2.3.4. ʉʚʷʟʴ ʢʦʦʨʜʠʥʘʪ ʚ ʦʙʱʝʟʝʤʥʦʡ ʠ ʠʩʪʠʥʥʦʡ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʝ 

ʇʦʩʢʦʣʴʢʫ ʧʦʣʦʞʝʥʠʝ ʥʝʙʝʩʥʦʛʦ ʵʬʝʤʝʨʠʜʥʦʛʦ ʧʦʣʶʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʣʦʚʥʦʛʦ ʟʝʤʥʦʛʦ ʧʦʣʶʩʘ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʢʦʦʨʜʠʥʘʪ xp, yp, ʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʚʷʟʘʪʴ ʠʩʪʠʥʥʫʶ ʥʝʙʝʩʥʫʶ ʠ ʫʩʣʦʚʥʫʶ ʟʝʤʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ 

(ʨʠʩ. 2.7): 

 ʦʩʴ ZG ʥʘʧʨʘʚʣʝʥʘ ʢ ʧʦʣʶʩʫ ʅʕʇ; 

 ʦʩʴ XG ʥʘʧʨʘʚʣʝʥʘ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ ʅʕʇ (ʪʦ ʝʩʪʴ ʚ ʧʣʦʩʢʦʩʪʠ 

ʠʩʪʠʥʥʦʛʦ ʵʢʚʘʪʦʨʘ) ʚ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʤʛʥʦʚʝʥʥʳʤ ʤʝʨʠʜʠʘʥʦʤ ɻʨʠʥʚʠʯʘ, 

ʦʙʦʟʥʘʯʝʥʥʫʶ ʢʘʢ G; 

  ʦʩʴ YG ʥʘʭʦʜʠʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ ʅʕʇ ʠ ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ 

ʧʨʘʚʦʡ.  

ʈʠʩ. 2.7. ʉʚʷʟʴ ʤʝʞʜʫ ʠʩʪʠʥʥʦʡ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʦʙʱʝʟʝʤʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʛʥʦʚʝʥʥʦʡ ʟʝʤʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ 



ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ OXGYGZG ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʚʷʟʘʥʘ ʩ ʟʝʤʥʦʡ ʢʦʨʦʡ, 

ʧʦʵʪʦʤʫ ʝʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʤʛʥʦʚʝʥʥʦʡ ʟʝʤʥʦʡ ʩʠʩʪʝʤʦʡ. ʋʛʦʣ ʚ ʧʣʦʩʢʦʩʪʠ 

ʵʢʚʘʪʦʨʘ ʅʕʇ ʤʝʞʜʫ ʪʦʯʢʦʡ G ʠ ʠʩʪʠʥʥʦʡ ʪʦʯʢʦʡ ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ b  

ʷʚʣʷʝʪʩʷ ɻʨʠʥʚʠʯʩʢʠʤ ʠʩʪʠʥʥʳʤ ʟʚʝʟʜʥʳʤ ʚʨʝʤʝʥʝʤ S. ʅʫʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʤʛʥʦʚʝʥʥʳʡ ʤʝʨʠʜʠʘʥ ɻʨʠʥʚʠʯʘ (ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʅʕʇ ʠ G) ʧʨʦʭʦʜʠʪ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʩ ʧʣʦʩʢʦʩʪʴʶ ʵʢʚʘʪʦʨʘ ʋɿʇ ʦʥ ʧʝʨʝʩʝʢʘʝʪʩʷ ʚ ʪʦʯʢʝ G, ʣʝʞʘʱʝʡ 

ʥʘ ʩʨʝʜʥʝʤ ʤʝʨʠʜʠʘʥʝ ɻʨʠʥʚʠʯʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 
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ʄʘʪʨʠʮʘ W(t) ʩʣʫʞʠʪ ʜʣʷ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʣʶʩʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ: 
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ʂʦʦʨʜʠʥʘʪʳ ʧʦʣʶʩʘ pp yx ,  ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʨʘʜʠʘʥʘʭ. ʊʝʧʝʨʴ, ʦʙʲʝʜʠʥʷʷ 

ʬʦʨʤʫʣʳ (2.27) ʠ (2.28), ʧʦʣʫʯʘʝʤ 
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ʉʤ. ʪʘʢʞʝ ʨʘʟʜʝʣ 2.4.5. 

2.3.5. ʈʝʘʣʠʟʘʮʠʠ ʦʙʱʝʟʝʤʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ 

ʈʝʘʣʠʟʘʮʠʷ ʦʙʱʝʟʝʤʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ (ʆɿʉʂ) ï ʵʪʦ ʩʣʦʞʥʘʷ ʥʘʫʯʥʘʷ 

ʟʘʜʘʯʘ. ʈʝʘʣʠʟʘʮʠʝʡ ʆɿʉʂ ʜʣʷ ʩʠʩʪʝʤʳ GPS ʷʚʣʷʝʪʩʷ ʄʠʨʦʚʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ WGS-84, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʛʝʦʜʝʟʠʩʪʘʤʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʉʐɸ. ɺ 

ʨʦʩʩʠʡʩʢʦʡ ʩʠʩʪʝʤʝ ɻʃʆʅɸʉʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʇɿ-90. 

ʅʘʠʙʦʣʝʝ ʪʦʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʆɿʉʂ ï ʵʪʦ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʟʝʤʥʘʷ ʩʠʩʪʝʤʘ 

ʦʪʩʯʝʪʘ ITRF (ʠʣʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [ʈʊʄ 68-14-01], ï ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʟʝʤʥʘʷ 

ʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ ITRF), ʦʧʨʝʜʝʣʷʝʤʘʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ.  

2.3.6. ʆʙʱʝʟʝʤʥʦʡ ʵʣʣʠʧʩʦʠʜ GRS80 

ʕʣʣʠʧʩʦʠʜ GRS80 (Geodetic Reference System ï ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʨʝʬʝʨʝʥʮʥʘʷ 

ʩʠʩʪʝʤʘ) ʙʳʣ ʧʨʠʥʷʪ XVII ʛʝʥʝʨʘʣʴʥʦʡ ʘʩʩʘʤʙʣʝʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ 

ʛʝʦʜʝʟʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʚ ʂʘʥʙʝʨʨʝ, ʚ ʜʝʢʘʙʨʝ 1979 ʛ. ʚ ʢʘʯʝʩʪʚʝ ʦʙʱʝʟʝʤʥʦʛʦ 

ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘ [Moritz, 1988; Moritz, 2000]. ʆʧʨʝʜʝʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

GRS80 (ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ a, ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ɿʝʤʣʠ 



GM, ʢʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʦʡ ʟʦʥʘʣʴʥʦʡ ʛʘʨʤʦʥʠʢʠ ʛʝʦʧʦʪʝʥʮʠʘʣʘ J2 ʠ ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ) ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.1. 

ʇʘʨʘʤʝʪʨʳ GRS80 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʨʫʛʠʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ 

(ʥʘʧʨʠʤʝʨ, NAD-83).  

ʄʘʣʘʷ ʧʦʣʫʦʩʴ GRS80 ʧʘʨʘʣʣʝʣʴʥʘ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʝ 

ʫʩʣʦʚʥʦʝ ʥʘʯʘʣʦ (ʄʋʅ), ʘ ʥʘʯʘʣʴʥʳʡ ʤʝʨʠʜʠʘʥ ʧʘʨʘʣʣʝʣʝʥ ʥʫʣʝʚʦʤʫ 

ʤʝʨʠʜʠʘʥʫ ʩʯʝʪʘ ʜʦʣʛʦʪ ʄɹɺ. GRS80 ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʝʦʨʠʠ 

ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʛʦ (ʫʨʦʚʝʥʥʦʛʦ ʠʣʠ ʥʦʨʤʘʣʴʥʦʛʦ) ʵʣʣʠʧʩʦʠʜʘ. ɽʩʣʠ ʜʘʥ 

ʵʣʣʠʧʩʦʠʜ ʩ ʧʦʣʫʦʩʷʤʠ a ʠ b, ʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ 

constUU 0 ,    (2.32) 

ʥʘʟʳʚʘʝʤʦʡ ʥʦʨʤʘʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʌʫʥʢʮʠʷ U ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʝʤʦʡ ʉʪʦʢʩʘ ï ʇʫʘʥʢʘʨʝ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʵʣʣʠʧʩʦʠʜʘ (ʩ ʧʦʣʫʦʩʷʤʠ a, b), ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʤʘʩʩʫ M, ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ. ʕʣʣʠʧʩʦʠʜ GRS80 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʚʳʯʠʩʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣ̫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʚʦ ʚʥʝʰʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

2.3.7. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʇɿ-90 

ʇʘʨʘʤʝʪʨʳ ɿʝʤʣʠ 1990 ʛ. ʇɿ-90 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʊʦʧʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʣʫʞʙʦʡ ɺʦʦʨʫʞʝʥʥʳʭ ʩʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʘʨʘʤʝʪʨʳ ʇɿ-90 

ʚʢʣʶʯʘʶʪ: 

 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ; 

 ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʳ (ʧʘʨʘʤʝʪʨʳ ʟʝʤʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ, 
ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ, ʟʘʢʨʝʧʣʷʶʱʠʭ ʩʠʩʪʝʤʫ, ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ); 

 ʤʦʜʝʣʠ ʥʦʨʤʘʣʴʥʳʭ ʠ ʘʥʦʤʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ɿʝʤʣʠ, 
ʣʦʢʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣ̫ (ʚʳʩʦʪʳ ʢʚʘʟʠʛʝʦʠʜʘ ʥʘʜ 

ʦʙʱʠʤ ʟʝʤʥʳʤ ʵʣʣʠʧʩʦʠʜʦʤ ʠ ʘʥʦʤʘʣʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ). 

ɺʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʇɿ-90 ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʪʩʷ ʉɻʉ-90 

(ʉʧʫʪʥʠʢʦʚʘʷ ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 1990 ʛ.) [ʅʘʮʠʦʥʘʣʴʥʳʡ ʦʪʯʝʪ, 1993]. 

ʇʘʨʘʤʝʪʨʳ ɿʝʤʣʠ ʇɿ-90 ʟʘʤʝʥʠʣʠ ʧʨʝʜʳʜʫʱʠʝ ʥʘʙʦʨʳ ʇɿ-77 ʠ ʇɿ-85. 

ʇʘʨʘʤʝʪʨʳ ɿʝʤʣʠ ʇɿ-90 ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʯʪʠ 30 ʤʠʣʣʠʦʥʦʚ 

ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ, ʨʘʜʠʦʜʘʣʴʥʦʤʝʨʥʳʭ, ʜʦʧʣʝʨʦʚʩʢʠʭ, ʣʘʟʝʨʥʳʭ ʠ 

ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʘ ɻʝʦ-ʀʂ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʣʘʟʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʘʣʴʥʦʩʪʝʡ ʜʦ ʩʧʫʪʥʠʢʦʚ ʩʠʩʪʝʤ 

ɻʃʆʅɸʉʉ ʠ çʕʪʘʣʦʥè [ɹʦʡʢʦʚ ʠ ʜʨ., 1993; ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, 1997; ɻʘʣʘʟʠʥ 

ʠ ʜʨ., 1998; ɹʘʟʣʦʚ ʠ ʜʨ., 1996; ʖʨʢʠʥʘ, ʉʝʨʝʙʨʷʢʦʚʘ, 2001]. 

ʅʘʯʘʣʦ ʩʠʩʪʝʤʳ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ. ʆʩʴ Z ʥʘʧʨʘʚʣʝʥʘ ʢ 

ʩʨʝʜʥʝʤʫ ʩʝʚʝʨʥʦʤʫ ʧʦʣʶʩʫ ʥʘ ʩʨʝʜʥʶʶ ʵʧʦʭʫ 1900 ï 1905 ʛʛ. (ʄʋʅ). ʆʩʴ X 

ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʟʝʤʥʦʛʦ ʵʢʚʘʪʦʨʘ ʵʧʦʭʠ 1900 ï 1905 ʛʛ., ʠ ʧʣʦʩʢʦʩʪʴ (XOZ) 

ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʥʫʣʴ-ʧʫʥʢʪʘ ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʳ ʩʯʝʪʘ ʜʦʣʛʦʪ. ʆʩʴ Y 

ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʜʦ ʧʨʘʚʦʡ. ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ɺ, L, H 

ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʱʝʤʫ ʟʝʤʥʦʤʫ ʵʣʣʠʧʩʦʠʜʫ ʩ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʴʶ ʘ ʠ ʩʞʘʪʠʝʤ  



(ʩʤ. ʪʘʙʣ. 2.1). ʆʩʴ ʚʨʘʱʝʥʠʷ (ʤʘʣʘʷ ʧʦʣʫʦʩʴ) ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ Z, ʧʣʦʩʢʦʩʪ ɹ

ʥʘʯʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ (L = 0) ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ (XOZ). 

ʉʧʫʪʥʠʢʦʚʘʷ ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʟʘʢʨʝʧʣʝʥʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʅɻ ʢʦʦʨʜʠʥʘʪʘʤʠ 30 ʦʧʦʨʥʳʭ ʧʫʥʢʪʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʝʪʠ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ 1-3 ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. ʊʦʯʥʦʩʪʴ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʰʠʙʢʘʤʠ ʚ 10, 20 ʠ 30 ʩʤ ʜʣʷ 

ʨʘʩʩʪʦʷʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 100, 1 000 ʠ 10 000 ʢʤ. ʆʰʠʙʢʠ ʧʨʠʚʷʟʢʠ ʉɻʉ-90 

ʢ ʛʝʦʮʝʥʪʨʫ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʥʝ ʧʨʝʚʳʰʘʶʪ 1.5 ʤ. ʇʣʘʥʝʪʘʨʥʳʝ ʤʦʜʝʣʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʡ ʚ ʨʷʜ ʧʦ 

ʩʬʝʨʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ ʜʦ 36 ʠ 200 ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ ʩʠʩʪʝʤ ʪʦʯʝʯʥʳʭ ʤʘʩʩ 

(32 000 ʧʘʨʘʤʝʪʨʦʚ). ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚʳʩʦʪʳ ʛʝʦʠʜʘ ʥʘʜ 

ʵʣʣʠʧʩʦʠʜʦʤ ʨʘʚʥʘ 1.5 ʤ, ʯʪʦ ʥʝ ʫʩʪʫʧʘʝʪ ʟʘʨʫʙʝʞʥʳʤ ʤʦʜʝʣʷʤ, ʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʅɻ ʧʨʝʚʦʩʭʦʜʠʪ ʠʭ ʧʦ ʪʦʯʥʦʩʪʠ. ɼʣʷ ʩʠʩʪʝʤʳ ʇɿ-90 ʧʦʣʫʯʝʥʳ 

ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʠ ʩ ʩʠʩʪʝʤʘʤʠ ʉʂ-42 ʠ WGS-84 (ʩʤ. ʪʘʙʣ. 2.4). 

2.3.8. ʉʠʩʪʝʤʘ WGS-84 

ʄʠʨʦʚʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ WGS-84 (World Geodetic System - 84) ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ɺʦʝʥʥʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ 

ʉʐɸ [DMA, 1991]. ʉʠʩʪʝʤʘ WGS-84 ʨʝʘʣʠʟʦʚʘʥʘ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ NSWC-9Z-2, ʩʦʟʜʘʥʥʦʡ ʧʦ ʜʦʧʣʝʨʦʚʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ, 

ʧʫʪʝʤ ʧʨʠʚʝʜʝʥʠʷ ʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ɹʶʨʦ 

ɺʨʝʤʝʥʠ (ʄɹɺ). ɼʣʷ ʵʪʦʛʦ ʩʠʩʪʝʤʘ NSWC-9Z-2 ʙʳʣʘ ʩʜʚʠʥʫʪʘ ʥʘ -4.5 ʤ ʧʦ ʦʩʠ 

Z, ʧʦʚʝʨʥʫʪʘ ʢ ʟʘʧʘʜʫ ʥʘ 0.814, ʠ ʤʘʩʰʪʘʙ ʠʟʤʝʥʝʥ ʥʘ  -0.6 Ā 10
-6
.  

ʅʘʯʘʣʦ ʩʠʩʪʝʤʳ WGS-84 ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ɿʝʤʣʠ, ʦʩʴ Z ʥʘʧʨʘʚʣʝʥʘ 

ʢ ʋʩʣʦʚʥʦʤʫ ʟʝʤʥʦʤʫ ʧʦʣʶʩʫ (ʋɿʇ), ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʄɹɺ ʥʘ ʵʧʦʭʫ 1984.0. ʆʩʴ 

X ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʧʣʦʩʢʦʩʪʠ ʦʧʦʨʥʦʛʦ ʤʝʨʠʜʠʘʥʘ WGS-84 ʠ 

ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ ʋɿʇ. ʆʧʦʨʥʳʡ ʤʝʨʠʜʠʘʥ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ (ʥʫʣʝʚʳʤ) 

ʤʝʨʠʜʠʘʥʦʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʄɹɺ ʥʘ ʵʧʦʭʫ 1984.0. ʆʩʴ Y ʜʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʜʦ 

ʧʨʘʚʦʡ, ʪʦ ʝʩʪʴ ʧʦʜ ʫʛʣʦʤ 90
ʦ
 ʥʘ ʚʦʩʪʦʢ. ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ WGS-84 

ʠ ʝʝ ʦʩʠ ʪʘʢʞʝ ʩʣʫʞʘʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʠ ʦʩʷʤʠ ʨʝʬʝʨʝʥʮ-ʵʣʣʠʧʩʦʠʜʘ 

WGS-84. ʕʪʦʪ ʵʣʣʠʧʩʦʠʜ ʷʚʣʷʝʪʩʷ ʵʣʣʠʧʩʦʠʜʦʤ ʚʨʘʱʝʥʠʷ. ɽʛʦ ʧʘʨʘʤʝʪʨʳ 

ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʳ ʧʘʨʘʤʝʪʨʘʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ GRS80. 

ɺʝʣʠʯʠʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʧʨʠʥʷʪʘ ʧʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʛʝʦʜʝʟʠʠ (ʄɸɻ). ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʧʘʨʘʤʝʪʨʘʤ 2J  ʠ 20C  ʧʨʠʚʦʜʷʪʩʷ ʠʭ ʚʘʨʠʘʮʠʠ ʠʟ-ʟʘ ʧʨʠʣʠʚʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ɿʝʤʣʠ: 2J  = 9.3 Ā 10
-9
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʥʦʨʤʠʨʦʚʘʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʚʝʣʠʯʠʥʝ 20C  = -4.16 Ā 10
-9
. ʅʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʘʚʥʳʭ ʤʦʤʝʥʪʦʚ 

ʠʥʝʨʮʠʠ ɿʝʤʣʠ ɸ, ɺ, ʉ ʜʠʥʘʤʠʯʝʩʢʘʷ ʵʣʣʠʧʪʠʯʥʦʩʪʴ H ʥʘʭʦʜʠʪʩʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʷ: 

0005.04413.305/1 H .            (2.33) 

ʅʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʵʣʣʠʧʩʦʠʜʝ0  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ ʉʦʤʠʣʴʷʥʘ (Somigliana): 

2/1222
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ʛʜʝ a ʠ b ï ʙʦʣʴʰʘʷ ʠ ʤʘʣʘʷ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʦʠʜʘ, ʘ e  ʠ 
p

 ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʵʢʚʘʪʦʨʝ ʠ ʥʘ ʧʦʣʶʩʝ. ʉ ʯʠʩʣʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʬʦʨʤʫʣʘ ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ: 
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ʄʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʦʞʝʥʠʝʤ ʜʦ 

ʩʪʝʧʝʥʠ n ʠ ʧʦʨʷʜʢʘ m, ʨʘʚʥʳʤ 180, ʠ ʩʦʜʝʨʞʠʪ 32 755 ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʦ ʩʪʝʧʝʥʠ ʠ ʧʦʨʷʜʢʘ  41mn  ʧʦʣʫʯʝʥʳ ʠʟ ʦʙʲʝʜʠʥʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʦʪʜʝʣʴʥʳʭ ʤʘʪʨʠʮ ʥʦʨʤʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʜʦʧʣʝʨʦʚʩʢʠʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʩʧʫʪʥʠʢʦʚʦʡ ʣʘʟʝʨʥʦʡ ʜʘʣʴʥʦʤʝʪʨʠʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʠ ʠʟʤʝʨʝʥʠʡ ʚʳʩʦʪ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʛʝʦʠʜʘ ʤʝʪʦʜʦʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ, ʘ 

ʪʘʢʞʝ ʠʟ GPS ʠʟʤʝʨʝʥʠʡ ʠ ʩʤʝʰʘʥʥʳʭ ʜʘʥʥʳʭ. ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʩʯʝʪʘʭ ʪʦʯʥʳʭ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ. ɺʣʠʷʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʦ  41mn  ʙʳʣʦ ʫʜʘʣʝʥʦ ʠʟ ʩʨʝʜʥʠʭ ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʦ 

ʪʨʘʧʝʮʠʷʤ ʨʘʟʤʝʨʘ 11Á. ʆʩʪʘʪʦʯʥʦʝ ʧʦʣʝ ʩʨʝʜʥʠʭ ʘʥʦʤʘʣʠʡ ʧʦ ʪʨʘʧʝʮʠʷʤ 1
1Á ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʥʘʯʠʥʘʷ ʦʪ 42n  ʠ 0m , 

ʯʝʨʝʟ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ.  

ʇʦʪʝʥʮʠʘʣ ʪʷʛʦʪʝʥʠʷ V ʧʦʣʫʯʘʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʧʦ 

ʩʬʝʨʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ 
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ʛʜʝ ,,r  ï ʩʬʝʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚʦ ʚʥʝʰʥʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʧʦʣʝ; a ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʦʠʜʘ; nmnm SC ,  ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ; )(sinnmP  ï ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ 

ʬʫʥʢʮʠʠ ʃʝʞʘʥʜʨʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʃʝʞʘʥʜʨʘ: 
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ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʧʦʣʠʥʦʤʳ ʃʝʞʘʥʜʨʘ )(sinnP ʩʪʝʧʝʥʠ n: 
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ʄʥʦʞʠʪʝʣʴ k ʚ ʬʦʨʤʫʣʘʭ (2.37) ʠ (2.40) ʨʘʚʝʥ 1 ʧʨʠ 0m  ʠ ʨʘʚʝʥ 2 ʧʨʠ 1m

. 

ɺʳʩʦʪʳ ʛʝʦʠʜʘ ʥʘʜ ʵʣʣʠʧʩʦʠʜʦʤ  ʚ ʤʝʪʨʘʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ 

ʧʘʨʘʤʝʪʨʳ ʛʝʦʧʦʪʝʥʮʠʘʣʘ: 
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ʛʜʝ ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.35). ʇʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʜʦ 180-ʛʦ ʧʦʨʷʜʢʘ ʠ 180-ʡ ʩʪʝʧʝʥʠ ʦʰʠʙʢʠ ʚʳʩʦʪ ʛʝʦʠʜʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 6 ʤ. 

ʉʠʩʪʝʤʘ WGS-84 ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʜʣʷ ʙʦʨʪʦʚʳʭ ʵʬʝʤʝʨʠʜ 

ʩʧʫʪʥʠʢʦʚ GPS ʩ 23 ʷʥʚʘʨʷ 1987 ʛ., ʟʘʤʝʥʠʚ ʩʦʙʦʶ WGS-72. ʆʙʝ ʩʠʩʪʝʤʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʜʦʧʣʝʨʦʚʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʦʚ TRANSIT. ʅʦʩʠʪʝʣʷʤʠ 

ʩʠʩʪʝʤʳ ʙʳʣʠ ʧʷʪʴ ʩʪʘʥʮʠʡ ʂʦʥʪʨʦʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ GPS. ʊʦʯʥʦʩʪʴ ʧʨʠʚʷʟʢʠ 

ʥʘʯʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ WGS-84 ʢ ʛʝʦʮʝʥʪʨʫ ʥʝ ʭʫʞʝ, ʯʝʤ 1 ʤ [DMA, 

1991]. 

ʉ ʩʝʨʝʜʠʥʳ 1990-ʭ ʛʛ. ʩʝʪʴ ʩʪʘʥʮʠʡ WGS-84 ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩʣʘ. ɺ 

1994 ʛ. ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ ʉʐɸ ʚʚʝʣʦ ʨʝʘʣʠʟʘʮʠʶ WGS-84, ʢʦʪʦʨʘʷ 

ʧʦʣʥʦʩʪʴʶ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ GPS ʠʟʤʝʨʝʥʠʷʭ. ʕʪʘ ʥʦʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʟʚʝʩʪʥʘ 

ʢʘʢ WGS-84(G730), ʛʜʝ ʙʫʢʚʘ G ʩʪʦʠʪ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ GPS, ʘ ç730è ʦʙʦʟʥʘʯʘʝʪ 

ʥʦʤʝʨ ʥʝʜʝʣʠ (ʥʘʯʠʥʘʷ ʩ 
h
 UTC 2 ʷʥʚʘʨʷ 1994 ʛ.), ʢʦʛʜʘ ʅʘʮʠʦʥʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʦʪʦʙʨʘʞʝʥʠʶ ʠ ʢʘʨʪʠʨʦʚʘʥʠʶ (National Imagery and Mapping 

Agency, NIMA ) ʥʘʯʘʣʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʚʦʠ ʦʨʙʠʪʳ GPS ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. 

ʉʣʝʜʫʶʱʘʷ ʨʝʘʣʠʟʘʮʠʷ WGS-84, ʥʘʟʚʘʥʥʘʷ WGS-84(G873), ʪʘʢʞʝ ʧʦʣʥʦʩʪʴʶ 

ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ GPS ʥʘʙʣʶʜʝʥʠʷʭ. ɺʥʦʚʴ ʙʫʢʚʘ G ʦʪʨʘʞʘʝʪ ʵʪʦʪ ʬʘʢʪ, ʘ ç873è 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʤʝʨʫ ʥʝʜʝʣʠ GPS, ʥʘʯʘʚʰʝʡʩʷ ʚ 0
h 
UTC 29 ʩʝʥʪʷʙʨʷ 1996 ʛ. ʍʦʪʷ 

NIMA ʥʘʯʘʣʦ ʚʳʯʠʩʣʝʥʠʝ ʦʨʙʠʪ GPS ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʩ ʵʪʦʡ ʜʘʪʳ, ʩʝʛʤʝʥʪ 

ʆʧʝʨʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ GPS ʥʝ ʧʨʠʥʠʤʘʣ WGS-84(G873) ʜʦ 29 ʷʥʚʘʨʷ 1997 ʛ.  

ʅʘʯʘʣʦ, ʦʨʠʝʥʪʠʨʦʚʢʘ ʠ ʤʘʩʰʪʘʙ WGS-84(G873) ʦʧʨʝʜʝʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʠʥʷʪʳʭ ʢʦʦʨʜʠʥʘʪ ʜʣʷ 15 ʩʪʘʥʮʠʡ ʩʣʝʞʝʥʠʷ GPS: 5 ʠʟ ʥʠʭ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ 

ɺɺʉ, ʘ 10 ï NIMA (ʩʤ. ʨʠʩ. 4.6 ʚ ʛʣʘʚʝ 4). ʉʠʩʪʝʤʘ WGS-84(G873) ʧʨʠʙʣʠʞʝʥʘ ʢ 

ITRF94 ʩ ʩʫʙʜʝʮʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ [Snay, Soler, 1999-2000]. 

ɺ 2001 ʛ. ʋʧʨʘʚʣʝʥʠʝ NIMA ʩʦʚʤʝʩʪʥʦ ʩ ɼʘʣʴʛʨʝʥʦʚʩʢʠʤ ʜʠʚʠʟʠʦʥʦʤ 

ʚʦʝʥʥʦ-ʤʦʨʩʢʦʛʦ ʮʝʥʪʨʘ ʥʘʜʚʦʜʥʳʭ ʚʦʦʨʫʞʝʥʠʡ ʧʨʦʚʝʣʦ 15-ʩʫʪʦʯʥʳʡ ʩʝʘʥʩ 

ʥʘʙʣʶʜʝʥʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʠʣʦ ʧʨʠʚʷʟʢʫ ʩʚʦʝʡ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʠʟ 11 

ʧʦʩʪʦʷʥʥʳʭ ʩʪʘʥʮʠʡ ʠ 6 ʩʪʘʥʮʠʡ ʂʦʥʪʨʦʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʫʧʨʘʚʣʷʝʤʳʭ ɺɺʉ, ʢ 

ʩʝʪʠ ʩʪʘʥʮʠʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ GPS ʩʣʫʞʙʳ. ʂʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʩʪʘʥʮʠʡ 

ʩʦʩʪʘʚʠʣʠ ʦʧʝʨʘʪʠʚʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʩʠʩʪʝʤʳ WGS-84, ʠʩʧʦʣʴʟʫʝʤʫʶ ʄʆ ʉʐɸ 

ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ (ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ). 

ʆʙʨʘʟʦʚʘʥʳ ʫʣʫʯʰʝʥʥʳʝ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʵʪʠʭ ʩʪʘʥʮʠʡ, ʧʨʠʚʷʟʘʥʥʳʭ ʢ 

ʩʠʩʪʝʤʝ ITRF-2000, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚ ʦʧʝʨʘʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ NIMA ʠ 

ɺɺʉ ʚ ʷʥʚʘʨʝ 2002 ʛ. ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩʪʘʥʮʠʡ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 1 ʩʤ.  

ʇʦʣʫʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʢʦʦʨʜʠʥʘʪ 17 ʩʪʘʥʮʠʡ ʙʳʣʦ ʜʘʥʦ ʦʙʦʟʥʘʯʝʥʠʝ 

WGS-84(G1150); ʦʥ ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʥʘʙʦʨ ʧʨʠʥʷʪʳʭ ʩʢʦʨʦʩʪʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʜʚʠʞʝʥʠʡ ʜʣʷ ʩʪʘʥʮʠʡ ʥʘ ʵʧʦʭʫ 2001.0. ʕʪʦ ʦʙʦʟʥʘʯʝʥʠʝ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ GPS ʥʘʙʣʶʜʝʥʠʷʤ ʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʯʥʳʭ GPS ʵʬʝʤʝʨʠʜ NIMA ʩ 1150-ʡ ʥʝʜʝʣʠ GPS [Merrigan et al., 



2002]. ʇʨʘʢʪʠʯʝʩʢʠ ʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ WGS-84(G1150) ʠʜʝʥʪʠʯʥʘ ʦʪʩʯʝʪʥʦʡ 

ʦʩʥʦʚʝ ITRF2000 (ʩʤ. ʨʠʩ. 2.9) .  

2.3.9. ʉʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ITRS ʠ ʦʪʩʯʝʪʥʳʝ ʦʩʥʦʚʳ ITRF 

ʇʦʩʪʦʷʥʥʦ ʧʦʚʳʰʘʶʱʘʷʩʷ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʪʨʝʙʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ 

ʩʠʩʪʝʤ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʣʫʞʙʘ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ ʨʝʬʝʨʝʥʮʥʳʭ ʩʠʩʪʝʤ 

(ʄʉɺɿ) ʚʳʜʝʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʶʪʩʷ ʢʦʥʮʝʧʮʠʷ 

ʩʠʩʪʝʤʳ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʪʝʦʨʠʷ ʠ ʩʪʘʥʜʘʨʪʳ, ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʠʭ ʩʠʩʪʝʤ ʯʝʨʝʟ ʥʘʙʦʨʳ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ [Boucher, Altamimi, 1996; IERS, 1996; 

IERS, 2000]. ɼʣʷ ʩʠʩʪʝʤʳ ʧʝʨʚʦʛʦ ʚʠʜʘ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʨʤʠʥ Terrestrial 

Reference System (TRS), ʪʦ ʝʩʪʴ ʟʝʤʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ. ʂʦʥʮʝʧʮʠʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʘʩʪʨʦʥʦʤʘʤʠ ʠ ʛʝʦʜʝʟʠʩʪʘʤʠ ʚ ʢʦʥʮʝ 1980-ʭ ʛʛ. 

ʉʠʩʪʝʤʳ ʚʪʦʨʦʛʦ ʚʠʜʘ ʥʘʟʳʚʘʶʪ Terrestrial Reference Frame (TRF), ʜʣʷ ʥʠʭ 

ʎʅʀʀɻɸʠʂ ʨʝʢʦʤʝʥʜʫʝʪ ʪʝʨʤʠʥ çʟʝʤʥʘʷ ʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘè [ʈʊʄ 68-14-01].  

ɿʝʤʥʘʷ ʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ TRF ï ʵʪʦ ʥʘʙʦʨ ʬʠʟʠʯʝʩʢʠʭ ʪʦʯʝʢ ʩ ʪʦʯʥʦ 
ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚ ʥʝʢʦʪʦʨʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ (ʜʝʢʘʨʪʦʚʦʡ, 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʡ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ). ʃʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʧʫʥʢʪʳ TRF, 

ʦʙʨʘʟʫʶʪ ʚ ʪʝʣʝ ɿʝʤʣʠ ʢʘʨʢʘʩ (ʩʣʦʚʦ çframeè ʤʦʞʝʪ ʧʝʨʝʚʦʜʠʪʴʩʷ ʢʘʢ çʢʘʨʢʘʩè), 

ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʡ ʩ ʟʝʤʥʦʡ ʢʦʨʦʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʯʝʪʥʳʝ ʦʩʥʦʚʳ ITRF ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ 

ʨʝʘʣʠʟʘʮʠʷʤʠ ʦʙʱʝʟʝʤʥʳʭ ʩʠʩʪʝʤ. ʅʘʟʚʘʥʠʝ ITRFyy ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ 

International Terrestrial Reference Frame ï ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʟʝʤʥʘʷ ʦʪʩʯʝʪʥʘʷ 

ʦʩʥʦʚʘ (ʠʣʠ ʢʘʨʢʘʩ), yy ï ʜʚʝ ʧʦʩʣʝʜʥʠʝ ʮʠʬʨʳ ʛʦʜʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ɺʳʚʦʜ ITRF ʦʩʥʦʚʘʥ ʥʘ ʦʙʲʝʜʠʥʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʙʦʣʝʝ ʯʝʤ 200 ʩʪʘʥʮʠʡ ʄʉɺɿ ʠ 

ʠʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʈʉɼɹ, ʣʘʟʝʨʥʦʡ 

ʣʦʢʘʮʠʠ ʃʫʥʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ, GPS (c 1991 ʛ.), ʜʦʧʣʝʨʦʚʩʢʦʡ 

ʦʨʙʠʪʦʛʨʘʬʠʯʝʩʢʦʡ ʨʘʜʠʦʧʦʟʠʮʠʦʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ 

DORIS (ʩ 1994 ʛ.) ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤ rPRARE [IERS, 1996].  

ʉʠʩʪʝʤʳ ITRS ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

 ʥʘʯʘʣʦ ʩʠʩʪʝʤ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ʚʩʝʡ ɿʝʤʣʠ, ʚʢʣʶʯʘʷ ʦʢʝʘʥʳ ʠ 

ʘʪʤʦʩʬʝʨʫ; 

 ʝʜʠʥʠʮʝʡ ʜʣʠʥʳ ʷʚʣʷʝʪʩʷ ʤʝʪʨ (SI), ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ ʣʦʢʘʣʴʥʦʡ ʟʝʤʥʦʡ 

ʩʠʩʪʝʤʝ ʚ ʩʤʳʩʣʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ; 

 ʦʨʠʝʥʪʠʨʦʚʢʘ ʦʩʝʡ ʟʘʜʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʄɹɺ ʥʘ ʵʧʦʭʫ 1984.0; 

 ʚʨʝʤʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʦʨʠʝʥʪʠʨʦʚʢʠ ʦʩʝʡ ʪʘʢʦʚʘ, ʯʪʦ ʦʥʘ ʥʝ ʠʤʝʝʪ 

ʦʩʪʘʪʦʯʥʦʡ ʚʨʘʱʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʛʦʨʠʟʦʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʟʝʤʥʦʡ ʢʦʨʝ.  

ʇʦʣʝ ʩʢʦʨʦʩʪʠ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ ITRF ʥʝ ʠʤʝʝʪ ʚʨʘʱʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ. ɼʣʷ ʩʠʩʪʝʤ 

ITRF88 ï ITRF91 ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʘʙʩʦʣʶʪʥʦʛʦ ʜʚʠʞʝʥʠʷ AMO-2, ʜʣʷ 

ITRF91 ʠ ITRF92 ï ʤʦʜʝʣʴ NNR-NUVEL1, ʘ, ʥʘʯʠʥʘʷ ʩ ITRF93, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʴ NNR-NUVEL1ɸ. 

ɺʝʢʪʦʨ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʘ R( )t  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʡ ɿʝʤʣʠ ʚ ʵʧʦʭʫ t ʚ 

ʩʠʩʪʝʤʝ ITRS ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 



)()()( 000 tttt
i

i RVRR ,     (2.42) 

ʛʜʝ 0R  ï ʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʘ ʚ ʵʧʦʭʫ 0t ;  0V  ï ʩʢʦʨʦʩʪʴ ʚ ʵʧʦʭʫ 0t ;  )(ti R  ï 

ʧʦʜʣʝʞʘʱʠʝ ʫʯʝʪʫ ʧʦʧʨʘʚʢʠ ʟʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ: 

 ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʝ ʧʨʠʣʠʚʳ ʚ ʪʚʝʨʜʦʡ ɿʝʤʣʝ, 

ʚʳʟʳʚʘʶʱʠʝ ʩʤʝʱʝʥʠʷ ʜʦ 0.5 ʤ; 

 ʜʝʬʦʨʤʘʮʠʠ ʠʟ-ʟʘ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʨʠʣʠʚʥʳʭ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʤʝʪʨʦʚ ʜʣʷ ʩʪʘʥʮʠʡ ʚʙʣʠʟʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʰʝʣʴʬʘ; 

 ʘʪʤʦʩʬʝʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʨʝʘʢʮʠʝʡ ʵʣʘʩʪʠʯʥʦʡ ʢʦʨʳ ʥʘ 

ʠʟʤʝʥʷʶʱʝʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʩʣʝʜʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʠʤʝʪʴ ʚʝʣʠʯʠʥʫ ʥʝʩʢʦʣʴʢʦ 

ʤʠʣʣʠʤʝʪʨʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʤʝʱʝʥʠʠ ʩʪʘʥʮʠʠ;  

 ʧʦʩʪʣʝʜʥʠʢʦʚʘʷ ʦʪʜʘʯʘ, ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʝʚʝʨʥʳʭ 

ʰʠʨʦʪʘʭ ʢʘʢ ʧʦʩʣʝʜʩʪʚʠʝ ʣʝʜʥʠʢʦʚʦʛʦ ʧʝʨʠʦʜʘ. ɺʣʠʷʥʠʝ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ ʚ ʛʦʜ ʧʦ ʚʳʩʦʪʝ;  

 ʧʦʣʶʩʥʳʡ ʧʨʠʣʠʚ, ʷʚʣʷʶʱʠʡʩʷ ʨʝʘʢʮʠʝʡ ʵʣʘʩʪʠʯʥʦʡ ʢʦʨʳ ɿʝʤʣʠ ʥʘ 
ʩʤʝʱʝʥʠʷ ʧʦʣʶʩʘ ʚʨʘʱʝʥʠʷ. ʇʨʠ ʢʦʤʧʦʥʝʥʪʘʭ ʧʦʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʨʷʜʢʘ 10 

ʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʙʫʜʝʪ 10 ï 20 ʤʤ. 

ʄʦʜʝʣʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʧʨʘʚʦʢ ʜʘʶʪʩʷ ʚ [IERS, 1996; IERS, 2003; 

Teunissen et al., 1998]. ɼʨʫʛʠʝ ʧʦʧʨʘʚʢʠ ʜʦʙʘʚʣʷʶʪʩʷ, ʝʩʣʠ ʦʥʠ ʙʦʣʴʰʝ 1 ʤʤ ʠ 

ʠʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʝʢʦʪʦʨʦʡ ʤʦʜʝʣʴʶ.  

ʉʢʦʨʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 10 ʩʤ/ʛʦʜ. ɽʩʣʠ ʜʣʷ 

ʥʝʢʦʪʦʨʦʡ ʩʪʘʥʮʠʠ ʩʢʦʨʦʩʪʴ ʚ ITRF ʝʱʝ ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʥʘʙʣʶʜʝʥʠʡ, ʪʦ 

ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ V0  ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ʩʫʤʤʘ ʩʢʦʨʦʩʪʝʡ: 

rplate VVV0 ,          (2.43) 

ʛʜʝ plateV  ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʣʠʪʳ, ʚʳʯʠʩʣʷʝʤʘʷ ʧʦ ʤʦʜʝʣʠ 

ʜʚʠʞʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ NNR NUVEL1A, ʘ rV  ï ʦʩʪʘʪʦʯʥʘʷ ʩʢʦʨʦʩʪʴ. 

ɺʝʢʪʦʨ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ plateV  ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʩʢʦʨʦʩʪʷʤ x, y, z ʚʨʘʱʝʥʠʷ 

ʧʣʠʪʳ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʪʘʙʣ. 2.2) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ 

ʧʫʥʢʪʘ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʣʠʪʝ (ʨʠʩ. 2.8): 
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plate .         (2.44) 



 

ʈʠʩ. 2.8. ʂʘʨʪʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ ʜʣʷ ʤʦʜʝʣʠ NNR NUVEL1A [IERS, 1996] 

ʊʘʙʣʠʮʘ 2.2. ʉʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʢʠʥʝʤʘʪʠʢʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ 

NNR NUVEL1A 

ʅʘʟʚʘʥʠʝ 

ʧʣʠʪʳ 
x y z 

Pacific -0.001510 0.004840 -0.009970 

Cocos -0.010425 -0.021605 0.010925 

Nazca -0.001532 -0.008577 0.009609 

Caribbean -0.000178 -0.003385 0.001581 

South America -0.001038 -0.001515 -0.000870 

Antarctica -0.000821 -0.001701 0.003706 

India 0.006670 0.000040 0.006790 

Australia 0.007839 0.005124 0.006282 

Africa 0.000891 -0.003099 0.003922 

Arabia 0.006685 -0.000521 0.006760 

Eurasia -0.000981 -0.002395 0.003153 

North America 0.000258 -0.003599 -0.000153 

Juan de Fuca 0.005200 0.008610 -0.005820 

Philippine 0.010090 -0.007160 -0.009670 

Rivera -0.009390 -0.030960 0.012050 

Scotia -0.000410 -0.002660 -0.001270 

ʀʩʪʦʨʠʷ ʦʪʩʯʝʪʥʳʭ ʦʩʥʦʚ ITRF ʥʘʯʠʥʘʝʪʩʷ ʩ 1984 ʛ., ʢʦʛʜʘ ʙʳʣʦ ʚʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʦ ʦʙʲʝʜʠʥʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʥʘʟʚʘʥʥʦʝ BTS84. ɺ ʥʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʘʥʥʳʝ ʈʉɼɹ, ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʩʧʫʪʥʠʢʦʚ ʠ ʃʫʥʳ ʠ ʜʦʧʣʝʨʦʚʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦ ʩʠʩʪʝʤʝ Transit ʩʦ ʩʪʘʥʮʠʡ ʩʝʪʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʙʶʨʦ ʚʨʝʤʝʥʠ (ʄɹɺ, BIH). 

ʄɹɺ ʧʦʣʫʯʠʣʦ ʝʱʝ ʪʨʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʱʝʟʝʤʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʣʝʜʥʝʡ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ BTS87.  

ʆʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚ 1988 ʛ. ʉʣʫʞʙʘ ʄʉɺɿ ʚʳʧʦʣʥʷʝʪ ʨʝʛʫʣʷʨʥʳʝ ʨʝʰʝʥʠʷ 

ITRF ʠ ʧʫʙʣʠʢʫʝʪ ʠʭ ʚ IERS Annual Reports ʠ ʚ Technical Notes. ITRF-ʢʦʦʨʜʠʥʘʪʳ 

ʩʪʘʥʮʠʡ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʚ ʬʦʨʤʝ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʜʝʩʷʪʴ ʚʝʨʩʠʡ ʩ ʥʦʤʝʨʘʤʠ 88, 89, 90, 91, 



92, 93, 94, 96, 97 ʠ 2000, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʚʦʩʭʦʜʠʣʘ ʩʚʦʝʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʦ ʪʦʯʥʦʩʪʠ (ʨʠʩ. 2.9). ʆʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ ITRF88 ʙʳʣʘ 

ʦʙʨʘʟʦʚʘʥʘ ʧʦ 100 ʧʫʥʢʪʘʤ, ʠʟ ʢʦʪʦʨʳʭ ʚ 22 ʧʫʥʢʪʘʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. ʉʝʪʴ ITRF2000 ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 800 ʩʪʘʥʮʠʡ ʚ 500 ʧʫʥʢʪʘʭ, ʚ 

101 ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʦ ʧʦ ʜʚʘ ʠ ʙʦʣʝʝ ʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ITRF2000 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʝʭʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʈʉɼɹ, ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʩʧʫʪʥʠʢʦʚ ʠ 

ʃʫʥʳ, GPS ʠ DORIS. ʇʦʩʢʦʣʴʢʫ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʥʘʙʣʶʜʝʥʠʡ ʧʦ-ʨʘʟʥʦʤʫ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʳ, ʪʦ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʘʩʰʪʘʙʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʤʙʠʥʘʮʠʷ ʈʉɼɹ ʠ ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ 

ʩʧʫʪʥʠʢʦʚ. ʆʨʠʝʥʪʠʨʦʚʢʘ ʦʩʥʦʚʳ ʙʳʣʘ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʧʨʝʜʳʜʫʱʝʡ ʨʝʘʣʠʟʘʮʠʝʡ 

ITRF97, ʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦ ʫʩʣʦʚʠʶ 

ʦʪʩʫʪʩʪʚʠʷ ʚʨʘʱʝʥʠʷ ʦʪʩʯʝʪʥʦʡ ʦʩʥʦʚʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. ɼʣʷ 

ʵʪʦʛʦ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʙʳʣʘ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ NNR-NUVEL-1A, ʘ ʚ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʧʫʥʢʪʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʜʘʣʠ ʦʪ 

ʛʨʘʥʠʮ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ ʠ ʟʦʥ ʜʝʬʦʨʤʘʮʠʠ. ɼʣʷ ʧʨʠʚʷʟʢʠ ITRF2000 ʢ 

ʛʝʦʮʝʥʪʨʫ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʣʘʟʝʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩʧʫʪʥʠʢʘ Lageos. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʣʠʥʝʡʥʘʷ ʵʚʦʣʶʮʠʷ ʛʝʦʮʝʥʪʨʘ, ʥʦ ʚ ʙʫʜʫʱʠʭ 

ʨʝʘʣʠʟʘʮʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʪʘʢʞʝ ʚʢʣʶʯʘʪʴ ʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ [IERS, 

2003]. 

 

ʈʠʩ. 2.9. ʋʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ WGS-84 ʠ ʦʪʩʯʝʪʥʳʭ ʦʩʥʦʚ ITRF 

(www.ibge.gov.br/home/geografia/geodesico/ srg/Documentos/ResolucaoSP.pdf) 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʄʉɺɿ ʨʝʢʦʤʝʥʜʫʝʪ ʧʨʠʤʝʥʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʵʣʣʠʧʩʦʠʜʘ GRS80 [Moritz, 1988]. 

2.3.10. ɼʨʫʛʠʝ ʦʪʩʯʝʪʥʳʝ ʦʩʥʦʚʳ 

ʂʨʦʤʝ ʨʝʘʣʠʟʫʝʤʳʭ ʄʉɺɿ ʦʪʩʯʝʪʥʳʭ ʦʩʥʦʚ ITRF, ʠʟʚʝʩʪʥʳ ʜʨʫʛʠʝ, 

ʟʘʜʘʚʘʝʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʤʠ ʞʝ ʩʪʘʥʮʠʷʤʠ, ʯʪʦ ʠ ʚ ITRF, ʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʦʪʩʯʝʪʥʘʷ 

ʦʩʥʦʚʘ EUREF (European Reference Frame), ʩʦʟʜʘʥʥʘʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʘʷ 

ɽʚʨʦʧʝʡʩʢʦʡ ʧʦʜʢʦʤʠʩʩʠʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʛʝʦʜʝʟʠʠ 

(http://www.epncb.oma.be). ʆʩʥʦʚʥʘʷ ʩʝʪʴ ʠʟ 93 ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʫʥʢʪʦʚ ʙʳʣʘ 

ʠʟʤʝʨʝʥʘ ʯʝʨʝʟ GPS ʚ ʪʝʯʝʥʠʝ ʤʘʷ 1989 ʛ. ʇʦʟʜʥʝʝ ʦʥʘ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʜʦ 150 



ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʮʠʡ GPS ʥʘʙʣʶʜʝʥʠʡ. ʆʢʦʥʯʘʪʝʣʴʥʦ EUREF 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʚʩʶ ɽʚʨʦʧʫ, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʦʚʘʥʘ ʩ 

ʩʠʩʪʝʤʘʤʠ WGS-84 ʠ ITRF. ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠʟʚʝʩʪʥʘ ʢʘʢ ETRF-

89 (ʠʣʠ ETRS89), ʜʣʷ ʤʥʦʛʠʭ ʮʝʣʝʡ ʦʥʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʨʝʘʣʠʟʘʮʠʷ 

WGS-84 ʚ ɽʚʨʦʧʝ. ʄʥʦʛʠʝ ʩʪʨʘʥʳ ʘʜʘʧʪʠʨʫʶʪ ʧʫʥʢʪʳ EUREF ʢʘʢ ʩʝʪʴ 

çʥʫʣʝʚʦʛʦè ʢʣʘʩʩʘ, ʦʪ ʢʦʪʦʨʦʡ ʦʥʠ ʨʘʩʰʠʨʷʶʪ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʝʪʠ [Botton et al., 

1997], (http://www.epncb.oma.be). 

ɺ ʖʞʥʦʡ ɸʤʝʨʠʢʝ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʜʦʙʥʘʷ ʦʪʩʯʝʪʥʘʷ ʦʩʥʦʚʘ SIRGAS 

(Sistema de Refer°ncia Geoc°ntrico para as Am®ricas), ʚ ɸʚʩʪʨʘʣʠʠ ï GDA94 

(Geocentric Datum of Australia), ʚ ʉʐɸ ʠ ʂʘʥʘʜʝ ï NAD83(CORS96) [Soler and 

Marshall, 2003]. 

2.4. ʉʠʩʪʝʤʳ ʚʨʝʤʝʥʠ 

2.4.1. ʌʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʚ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʂʦʩʤʠʯʝʩʢʘʷ ʛʝʦʜʝʟʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟʤʝʨʷʝʪ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ 

ʦʪ ʚʥʝʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʠ ʥʘʙʣʶʜʘʪʝʣʴ, ʠ ʥʘʙʣʶʜʘʝʤʳʝ ʦʙʲʝʢʪʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʜʚʠʞʝʥʠʠ. ʇʦʵʪʦʤʫ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʘʩʧʝʢʪʘ ʚʨʝʤʝʥʠ: ʵʧʦʭʘ ʠ 

ʠʥʪʝʨʚʘʣ. ʕʧʦʭʘ ʦʧʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪ ʩʦʙʳʪʠʷ, ʘ ʠʥʪʝʨʚʘʣ ï ʵʪʦ ʚʨʝʤʷ, ʧʨʦʪʝʢʰʝʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʵʧʦʭʘʤʠ, ʠʟʤʝʨʝʥʥʦʝ ʚ ʝʜʠʥʠʮʘʭ ʥʝʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʰʢʘʣʳ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʚʨʝʤʷ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ: 

 ʧʦʢʘʟʳʚʘʝʪ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʝʙʝʩʥʦʡ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʝʨʝʭʦʜʘʭ ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ; 

 ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʙʝʩʥʳʭ ʪʝʣ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʘʝʤʳʤʠ ʟʘʜʘʯʘʤʠ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʩʠʩʪʝʤ 

ʚʨʝʤʝʥʠ: ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʠ ʘʪʦʤʥʳʝ ʩʠʩʪʝʤʳ ʚʨʝʤʝʥʠ. ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʚʨʝʤʝʥʠ ʩʚʷʟʘʥʳ ʩ ʩʫʪʦʯʥʳʤ ʚʨʘʱʝʥʠʝʤ ɿʝʤʣʠ. ɺʨʘʱʝʥʠʝ ɿʝʤʣʠ ʥʝ 

ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ɽʛʦ ʩʢʦʨʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʠ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʜʨʝʡʬʳ ʧʦʨʷʜʢʘ ʩʝʢʫʥʜʳ ʟʘ ʛʦʜ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʤ, 

ʩʠʩʪʝʤʳ ʘʪʦʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠʤʝʶʪ ʩʪʨʦʛʦ ʨʘʚʥʦʤʝʨʥʫʶ ʰʢʘʣʫ. ʀʭ ʧʦʩʪʦʷʥʩʪʚʦ 

ʚʦ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ ʤʠʢʨʦʩʝʢʫʥʜʳ ʟʘ ʛʦʜ, ʪʦ ʝʩʪʴ 

ʙʦʣʝʝ ʯʝʤ ʥʘ ʰʝʩʪʴ ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʯʝʤ ʚ ʩʠʩʪʝʤʘʭ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. 

ʆʜʥʘʢʦ ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʥʘʠʚʳʩʰʘʷ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʠʩʪʝʤʳ ʘʪʦʤʥʦʛʦ 

ʚʨʝʤʝʥʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʥʠʭ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʵʬʬʝʢʪʳ ʦʙʱʝʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʠʤʝʶʱʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʨʝʤʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʥʘʜʝʞʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚʨʝʤʝʥʠ. 

ɺʦ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʦʤʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʫʣʴ-ʧʫʥʢʪʘ ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ, ʥʝʦʙʭʦʜʠʤʘ ʘʙʩʦʣʶʪʥʘʷ ʧʨʠʚʷʟʢʘ ʩʦʙʳʪʠʡ ʢ 

ʰʢʘʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʨʝʤʝʥʠ. ɻʣʘʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ. ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʩ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ: ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 



ʩʧʫʪʥʠʢʘ ʧʦ ʦʨʙʠʪʝ ʠʣʠ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢ ʟʝʤʥʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʚʨʝʤʷ ʩ ʪʦʯʥʦʩʪʴʶ ʦʢʦʣʦ 10 ʤʢʩ. ɿʘ ʪʘʢʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʘʚʠʛʘʮʠʦʥʥʳʡ 

ʩʧʫʪʥʠʢ ʧʨʦʣʝʪʘʝʪ 5 ʩʤ. ɽʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚ ʩʧʫʪʥʠʢʦʚʦʤ ʧʨʠʝʤʥʠʢʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʩʧʫʪʥʠʢʘ ʜʦ 

ʧʨʠʝʤʥʠʢʘ. ʋʤʥʦʞʠʚ ʵʪʦ ʚʨʝʤʷ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ, ʧʦʣʫʯʘʶʪ ʜʘʣʴʥʦʩʪʴ ʜʦ ʩʧʫʪʥʠʢʘ. ɿʜʝʩʴ ʪʘ ʞʝ ʦʰʠʙʢʘ ʚ 10 ʤʢʩ ʜʘʝʪ 

ʦʰʠʙʢʫ ʚ ʜʘʣʴʥʦʩʪʠ ʚ 3 ʢʤ. ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʤʝʪʦʜ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ ʦʯʝʥʴ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʧʨʠʚʷʟʢʦʡ ʢ ʰʢʘʣʝ ʚʨʝʤʝʥʠ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʩʧʫʪʥʠʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʪʦʤʥʳʝ 

ʯʘʩʳ (ʮʝʟʠʝʚʳʝ ʠ ʨʫʙʠʜʠʝʚʳʝ). ɺ ʧʨʠʝʤʥʠʢʘʭ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʝʥʝʝ 

ʜʦʨʦʛʠʝ ʠ ʤʝʥʝʝ ʪʦʯʥʳʝ ʢʚʘʨʮʝʚʳʝ ʯʘʩʳ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʮʝʣʝʡ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʝʤʥʠʢ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ 

ʚʦʜʦʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʯʘʩʪʦʪʳ. ʅʘʙʣʶʜʘʶʱʠʡʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ 

ʧʨʦʛʨʝʩʩ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʙʦʨʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʷʚʣʝʥʠʝ ʘʪʦʤʥʳʭ ʯʘʩʦʚ, ʦʪʢʨʳʣ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

2.4.2. ʉʠʩʪʝʤʳ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ 

ʉʠʩʪʝʤʳ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʩʫʪʦʯʥʦʤ ʚʨʘʱʝʥʠʠ 

ɿʝʤʣʠ. ʕʪʘʣʦʥʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʰʢʘʣ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩʣʫʞʘʪ 

ʩʦʣʥʝʯʥʳʝ ʠʣʠ ʟʚʝʟʜʥʳʝ ʩʫʪʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʢʠ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ, ʧʦ 

ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ. ʀʩʪʠʥʥʳʤ ʟʚʝʟʜʥʳʤ ʚʨʝʤʝʥʝʤ s 

ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʦʚʦʡ ʫʛʦʣ ʠʩʪʠʥʥʦʡ ʪʦʯʢʠ ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ. ʕʪʦ ʚʨʝʤʷ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʝʩʣʠ ʥʘʙʣʶʜʘʪʴ ʥʝʢʦʪʦʨʫʶ ʟʚʝʟʜʫ ʚ ʤʦʤʝʥʪ ʝʝ ʢʫʣʴʤʠʥʘʮʠʠ, 

ʪʦ ʝʩʪʴ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʨʠʜʠʘʥʘ ʤʝʩʪʘ. ɼʣʷ ʚʝʨʭʥʝʡ ʢʫʣʴʤʠʥʘʮʠʠ ʟʚʝʟʜʳ 

ʯʘʩʦʚʦʡ ʫʛʦʣ ʨʘʚʝʥ ʥʫʣʶ, ʠ ʪʦʛʜʘ ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ ʨʘʚʥʦ ʝʝ ʠʩʪʠʥʥʦʤʫ ʧʨʷʤʦʤʫ 

ʚʦʩʭʦʞʜʝʥʠʶ: 

s .            (2.45) 

ɿʚʝʟʜʥʦʝ ʚʨʝʤʷ ʢʘʞʜʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʨʝʤʷ ʧʦʜʦʙʥʳʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʚʦʜʠʪʩʷ ʢ ʤʝʨʠʜʠʘʥʫ ɻʨʠʥʚʠʯʘ: 

sS ,             (2.46) 

ʛʜʝ  ï ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʜʦʣʛʦʪʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʷ, ʘ S ï

ɻʨʠʥʚʠʯʩʢʦʝ ʠʩʪʠʥʥʦʝ ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ. ʂʘʢ ʚʨʝʤʷ s, ʪʘʢ ʠ ʜʦʣʛʦʪʘ  ʩʚʷʟʘʥʳ ʩ 

ʅʝʙʝʩʥʳʤ ʵʬʝʤʝʨʠʜʥʳʤ ʧʦʣʶʩʦʤ.  

ɺ ʠʩʪʠʥʥʦʝ ɻʨʠʥʚʠʯʩʢʦʝ ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ S (Greenwich Apparent Siderial 

Time ï GAST) ʚʚʦʜʠʪʩʷ ʧʦʧʨʘʚʢʘ ʟʘ ʥʫʪʘʮʠʶ ʧʦ ʧʨʷʤʦʤʫ ʚʦʩʭʦʞʜʝʥʠʶ, 

ʥʘʟʳʚʘʝʤʘʷ ʫʨʘʚʥʝʥʠʝʤ ʨʘʚʥʦʜʝʥʩʪʚʠʷ, ʠ ʧʦʣʫʯʘʝʪʩʷ ɻʨʠʥʚʠʯʩʢʦʝ ʩʨʝʜʥʝʝ 

ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ S
~
 (Greenwich Mean Siderial Time, GMST): 

)cos(
~

SS .          (2.47) 



ʉʨʝʜʥʝʝ ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ S
~

 ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʝ ʩʦʣʥʝʯʥʦʝ ʚʨʝʤʷ 

ʤʝʨʠʜʠʘʥʘ ɻʨʠʥʚʠʯʘ, ʥʘʟʳʚʘʝʤʦʝ ʚʩʝʤʠʨʥʳʤ ʚʨʝʤʝʥʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʙʦʟʥʘʯʘʝʤʳʤ ʢʘʢ UT0: 

)
~~

()
~~

(0 00 SSSSUT .            (2.48) 

ɺ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʝ:  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʦʪ ʟʚʝʟʜʥʦʛʦ ʚʨʝʤʝʥʠ ʢ 

ʩʨʝʜʥʝʤʫ ʩʦʣʥʝʯʥʦʤʫ, ʨʘʚʥʳʡ 0.0027304336, ʘ 0

~
S  ï ɻʨʠʥʚʠʯʩʢʦʝ ʩʨʝʜʥʝʝ 

ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ ʚ ʧʦʣʥʦʯʴ ʧʦ ʚʩʝʤʠʨʥʦʤʫ ʚʨʝʤʝʥʠ (ʥʘ ʤʦʤʝʥʪ UT1 = 0
h
): 

362
0 )(102.6)(093104.0812866.84018454841.50416

~
tttS sssmh ,   (2.49) 

ʛʜʝ 0.2451545)JD(tt  ï ʯʠʩʣʦ ʩʫʪʦʢ ʦʪ ʵʧʦʭʠ 2000 ʛ., ʷʥʚʘʨʴ 1, 12
h
 UT1, 

ʠʤʝʶʱʝʝ ʟʥʘʯʝʥʠʷ 0.5, 1.5, ... ʠ ʪ. ʜ. [IERS, 1996].  

ʇʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʠʟ UT0 ʚʣʠʷʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʣʶʩʘ ɿʝʤʣʠ ʥʘ ʜʦʣʛʦʪʫ 

ʦʙʩʝʨʚʘʪʦʨʠʠ, ʠʤʝʶʱʝʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ  ʠ , ʧʦʣʫʯʘʝʪʩʷ 

ʚʩʝʤʠʨʥʦʝ ʚʨʝʤʷ UT1: 
15/tg)cossin(01 pp yxUTUT .           (2.50) 

ʕʪʦ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʩʦʣʥʝʯʥʳʤ ʚʨʝʤʝʥʝʤ ʤʝʨʠʜʠʘʥʘ ɻʨʠʥʚʠʯʘ 

(Greenwich Mean Time, GMT). ɽʛʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʫʛʦʣ ʤʝʞʜʫ 

ʥʘʯʘʣʴʥʳʤ (ʦʧʦʨʥʳʤ) ʤʝʨʠʜʠʘʥʦʤ ʩʯʝʪʘ ʜʦʣʛʦʪ ʠ ʩʨʝʜʥʠʤ ʵʢʚʘʪʦʨʠʘʣʴʥʳʤ 

ʉʦʣʥʮʝʤ ï ʬʠʢʪʠʚʥʦʡ ʪʦʯʢʦʡ, ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʵʢʚʘʪʦʨʫ. ʀʤʝʥʥʦ ʵʪʦ 

ʚʨʝʤʷ ʟʘʜʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ ɿʝʤʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʨʝʤʷ UT0 ʠ UT1 ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʄʉɺɿ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʃʫʥʳ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ, ʥʘʙʣʶʜʝʥʠʷʤ ʩʧʫʪʥʠʢʦʚ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ NAVSTAR (GPS) ʠ ʥʘʙʣʶʜʝʥʠʷʤ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ ʥʘ ʨʘʜʠʦʠʥʪʝʨʬʝʨʦʤʝʪʨʘʭ ʩʦ ʩʚʝʨʭʜʣʠʥʥʳʤʠ ʙʘʟʘʤʠ. 

ʇʦʣʫʯʝʥʥʦʝ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʚʨʝʤʷ UT1 ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʦ ʚʩʝʤʠʨʥʳʤ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʚʨʝʤʝʥʝʤ UTC, ʯʪʦ ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ UT1 - UTC. 

2.4.3. ʉʠʩʪʝʤʳ ʘʪʦʤʥʦʛʦ ʚʨʝʤʝʥʠ 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʘʪʦʤʥʦʝ ʚʨʝʤ ̫TAI ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʠʶʣʝ 1955 ʛ. ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ. ɼʦ ʘʪʦʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʠʣʫʯʰʠʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʚʨʝʤʝʥʠ ʙʳʣʦ ʵʬʝʤʝʨʠʜʥʦʝ ʚʨʝʤʷ ET, ʢʦʪʦʨʦʝ 

ʠʩʧʦʣʴʟʦʚʘʣʦ ʥʘʠʣʫʯʰʫʶ ʪʝʦʨʠʶ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʝʤʝʨʠʜʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʦʜʦʣʞʘʣʦʩʴ ʜʦ 1984 ʛ. ɼʦ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʦʥʦ ʙʳʣʦ ʥʝʟʘʚʠʩʠʤʦʡ ʚʨʝʤʝʥʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʧʣʘʥʝʪʘʨʥʳʭ ʵʬʝʤʝʨʠʜ.  

ɸʪʦʤʥʘʷ ʩʝʢʫʥʜʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 9 192 631 770 ʢʦʣʝʙʘʥʠʡ ʥʝʚʦʟʤʫʱʝʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʮʝʟʠʷ 133. ʕʪʦ ʯʠʩʣʦ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʙʣʠʟʠʪʴ ʚʝʣʠʯʠʥʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʝʜʠʥʠʮʳ 

ʚʨʝʤʝʥʠ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʫʯʥʳʭ ʝʜʠʥʠʮ SI ʢ ʩʨʝʜʥʝʡ ʩʝʢʫʥʜʝ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʨʝʤʝʥʠ. ɺʨʝʤʷ TAI ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʛʨʫʧʧʳ ʘʪʦʤʥʳʭ 

ʯʘʩʦʚ ʙʦʣʝʝ ʯʝʤ 50 ʣʘʙʦʨʘʪʦʨʠʡ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ ʨʘʟʥʳʭ ʩʪʨʘʥ. ʕʪʦ ʜʝʣʘʝʪ 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʙʶʨʦ ʤʝʨ ʠ ʚʝʩʦʚ (BIH), ʙʘʟʠʨʫʶʱʝʝʩʷ ʚ ʉʝʚʨʝ, ʚʙʣʠʟʠ 

ʇʘʨʠʞʘ, ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ ʯʘʩʦʚ, ʚʢʣʶʯʘʷ 



ʩʠʛʥʘʣʳ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Loran-C, ʪʝʣʝʪʨʘʥʩʣʷʮʠʠ ʠ GPS. ʐʢʘʣʘ 

ʚʨʝʤʝʥʠ TAI ʙʳʣʘ ʩʦʚʤʝʱʝʥʘ ʩʦ ʰʢʘʣʦʡ UT1 1 ʷʥʚʘʨʷ 1958 ʛ.  

ʉʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʥʳʤ ʚʨʝʤʝʥʝʤ TAI ʠ ʚʩʝʤʠʨʥʳʤ ʚʨʝʤʝʥʝʤ UT1 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʠʙʦ ʯʝʨʝʟ ʨʘʟʥʦʩʪʴ UT1 - ATI, ʣʠʙʦ ʯʝʨʝʟ ʚʩʝʤʠʨʥʦʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ UTC, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʩʦʦʙʱʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʰʢʘʣ 

UT1 - UTC. ɺʨʝʤʷ UTC ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ ʘʪʦʤʥʳʤ. ʆʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʝʨʝʜʘʯ ʩʠʛʥʘʣʦʚ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ. ʅʦ ʚʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʠ UT1 - UTC ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʨʝʤʝʥʠ UTC ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʝʝ 0.9 ʩ. ɺ ʩʣʫʯʘʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʝʝ ʢ ʵʪʦʤʫ ʟʥʘʯʝʥʠʶ ʰʢʘʣʫ UTC ʢʦʨʨʝʢʪʠʨʫʶʪ ʥʘ 1 ʩʝʢʫʥʜʫ. 

ʇʦʵʪʦʤʫ ʰʢʘʣʘ ʚʨʝʤʝʥʠ UTC ʷʚʣʷʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦ-ʨʘʚʥʦʤʝʨʥʦʡ. 

ʂʦʨʨʝʢʮʠʷ ʰʢʘʣʳ UTC ʥʘ ʚʝʣʠʯʠʥʫ 1 ʩʝʢʫʥʜʫ ʧʨʦʚʦʜʠʪʩʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʙʶʨʦ ʤʝʨ ʠ ʚʝʩʦʚ (BIPM, ʨʘʥʝʝ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʙʶʨʦ 

ʚʨʝʤʝʥʠ BIH) ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʳ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʜʠʥ ʨʘʟ ʚ ʛʦʜ ʚ ʢʦʥʮʝ ʦʜʥʦʛʦ 

ʠʟ ʢʚʘʨʪʘʣʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, 

ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʤʠ ʠʣʠ ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʰʢʘʣʫ UTC. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ 

ʤʦʤʝʥʪʝ ʠ ʚʝʣʠʯʠʥʝ ʢʦʨʨʝʢʮʠʠ UTC ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ (ʥʝ ʤʝʥʝʝ ʯʝʤ ʟʘ ʪʨʠ 

ʤʝʩʷʮʘ) ʩʦʦʙʱʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ɿʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʝʡ UT1 - UTC ʠ UT1 - TAI, ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʥʘʙʣʶʜʝʥʠʡ, 

ʨʝʛʫʣʷʨʥʦ ʧʫʙʣʠʢʫʪʁʩʷ ʚ ʙʶʣʣʝʪʝʥʷʭ çɺʩʝʤʠʨʥʦʝ ʚʨʝʤʷ ʠ ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʶʩʘè 

(ʩʝʨʠʷ ɽ). ʈʘʟʥʦʩʪʴ ʰʢʘʣ UT1 - UTC ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʥʘ 7 ʥʝʜʝʣʴ ʝʞʝʥʝʜʝʣʴʥʦ. 

ʇʨʝʜʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʫʙʣʠʢʫʶʪʩʷ ʚ ʙʶʣʣʝʪʝʥʷʭ ʩʝʨʠʠ ɸ, ʩʦʦʙʱʘʶʪʩʷ 

ʧʦʪʨʝʙʠʪʝʣʷʤ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʰʢʘʣʳ ʘʪʦʤʥʦʛʦ ʠ ʚʩʝʤʠʨʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʦʡ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (ʄʉɺɿ), 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʦʡ ʚʨʝʤʝʥʠ ʠ ʯʘʩʪʦʪʳ (ɻʉɺʏ) ʈʦʩʩʠʠ ʠ ʄʦʨʩʢʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʝʡ ʉʐɸ (USNO). ʉʠʩʪʝʤʳ ʚʨʝʤʝʥʠ ɻʉɺʏ ʠʤʝʶʪ ʚ ʦʙʦʟʥʘʯʝʥʠʠ 

ʜʦʙʘʚʣʝʥʠʝ (SU), ʘ ʰʢʘʣʳ ʚʨʝʤʝʥʠ USNO ï (US), ʥʘʧʨʠʤʝʨ TA(SU) ʠ TA(US). 

ʆʙʦʟʥʘʯʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʰʢʘʣ ʥʝ ʠʤʝʶʪ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʤʝʯʘʥʠʡ. ʕʪʦ ʞʝ 

ʟʘʤʝʯʘʥʠʝ ʢʘʩʘʝʪʩʷ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʠʨʦʚʢʠ ɿʝʤʣʠ. 

ʇʨʠʚʝʜʝʤ ʨʘʟʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʰʢʘʣ ʚʨʝʤʝʥʠ: 

 TAI - TA(SU) = 2.8272 c, 

 TA(SU) - UTC = 26.1728 c ( c 1.07.94), 

 TAI - UTC = 29.0000 c (c 1.07.94). 

2.4.4. ʉʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʫʨʘʚʥʝʥʠʷʭ 

ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʡ ʪʝʦʨʠʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʆʊʆ). ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ, ʢ 

ʢʦʪʦʨʦʡ ʤʳ ʠʤʝʝʤ ʜʦʩʪʫʧ ʯʝʨʝʟ ʆʊʆ, ʠʤʝʝʪ ʥʘʯʘʣʦ ʚ ʮʝʥʪʨʝ ʤʘʩʩ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ (ʙʘʨʠʮʝʥʪʨʝ). ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʨʝʤʷ, ʠʟʤʝʨʷʝʤʦʝ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ, 

ʥʘʟʳʚʘʝʪʩʷ ɹʘʨʠʮʝʥʪʨʠʯʝʩʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʨʝʤʝʥʝʤ (Barycentric Dynamical 

Time, TDB). ʏʘʩʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ɿʝʤʣʝ, ʙʫʜʫʪ ʧʦʢʘʟʳʚʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʜʦ 1.6 ʤʩ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ TDB ʠʟ-ʟʘ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʉʦʣʥʮʘ. ɺʨʝʤʷ TDB ʚʘʞʥʦ ʜʣʷ ʈʉɼɹ, ʛʜʝ ʟʝʤʥʳʝ 



ʦʙʩʝʨʚʘʪʦʨʠʠ ʟʘʧʠʩʳʚʘʶʪ ʩʠʛʥʘʣʳ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʠʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ TDT 

(Terrestrial Dynamical Time ï TDT), ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʜʠʥʫʶ ʚʨʝʤʝʥʥʫʶ 

ʢhʘʣʫ ʜʣʷ ʜʚʠʞʝʥʠʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ɿʝʤʣʠ. ʆʥʦ ʠʤʝʝʪ ʪʫ ʞʝ ʩʢʦʨʦʩʪʴ 

(ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ), ʯʪʦ ʠ ʘʪʦʤʥʳʝ ʯʘʩʳ ʥʘ ɿʝʤʣʝ. 

ɺʨʝʤʷ TDT ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʄɸʉ ʚ 1976 ʛ. ʢʘʢ ʘʥʘʣʦʛ ʜʣʷ 

ɹʘʨʠʮʝʥʪʨʠʯʝʩʢʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʠʟʤʝʨʷʝʤʦʛʦ ʧʦ ʯʘʩʘʤ ʩ ʩʝʢʫʥʜʦʡ ʚ 

ʩʠʩʪʝʤʝ SI ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺʨʝʤʷ TDT ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʙʳʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʪʦʤʥʦʛʦ ʚʨʝʤʝʥʠ 

TAI. ɺʧʦʩʣʝʜʩʪʚʠʠ ʄɸʉ ʨʝʰʠʣ, ʯʪʦ ʥʘʟʚʘʥʠʝ TDT ʙʳʣʦ ʥʝʪʦʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʢʦʤʫ-ʣʠʙʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʨʝʤʝʥʠ ʚ 

ʪʝʦʨʠʷʭ ʜʚʠʞʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ. ɺ 1991 ʛ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʩʦʶʟ ʧʝʨʝʠʤʝʥʦʚʘʣ ʚʨʝʤʷ TDT ʚ ʟʝʤʥʦʝ 

ʚʨʝʤʷ (Terrestrial Time, TT).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʛʣʘʰʝʥʠʷʤʠ ʄɸʉ  

TDB = TT + 0.001658
s
 sin(g) + 0.000014

s
 sin(2g),             (2.51)  

ʛʜʝ g ï ʩʨʝʜʥʷʷ ʘʥʦʤʘʣʠʷ ʉʦʣʥʮʘ,  

 g = (357.528 + 35999.050 t)( /180 ),                   (2.52) 

ʘ t ʜʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.9) ʚ ʶʣʠʘʥʩʢʠʭ ʩʪʦʣʝʪʠʷʭ TDB.  

ɿʝʤʥʦʝ ʚʨʝʤʷ TT ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʘʣʦʡ ʚʨʝʤʝʥʠ, ʟʘʤʝʥʠʚʰʝʡ 

ʚʳʰʝʜʰʝʝ ʠʟ ʫʧʦʪʨʝʙʣʝʥʠʷ ʵʬʝʤʝʨʠʜʥʦʝ ʚʨʝʤʷ. ɿʝʤʥʦʝ ʚʨʝʤʷ TT ʙʳʣʦ ʚʚʝʜʝʥʦ 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤ ʩʦʶʟʦʤ ʢʘʢ ʢʦʦʨʜʠʥʘʪʥʦʝ ʚʨʝʤʷ, 

ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ. ʐʢʘʣʳ ʚʨʝʤʝʥ TT ʠ TDB ʦʧʨʝʜʝʣʝʥʳ ʪʘʢ, ʯʪʦ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʤʝʝʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʨʠʮʝʥʪʨʫ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʂʦʛʜʘ ɿʝʤʣʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʝʨʠʛʝʣʠʠ (ʙʣʠʞʝ ʢ ʉʦʣʥʮʫ), ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʷʥʚʘʨʝ, ʚʨʝʤʷ TT ʠʜʝʪ ʤʝʜʣʝʥʥʝʝ, 

ʯʝʤ TDB ʠʟ-ʟʘ ʩʦʚʤʝʩʪʥʳʭ ʵʬʬʝʢʪʦʚ ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ɺ ʧʝʨʠʛʝʣʠʠ ɿʝʤʣʷ ʜʚʠʞʝʪʩʷ ʙʳʩʪʨʝʝ, ʘ ʪʘʢʞʝ ʛʣʫʙʞʝ 

ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʉʦʣʥʮʘ, ʠ ʦʙʘ ʵʪʠʭ ʵʬʬʝʢʪʘ ʟʘʤʝʜʣʷʶʪ 

ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʯʘʩʦʚ ʥʘ ɿʝʤʣʝ. ɺ ʘʬʝʣʠʠ (ʚ ʠʶʣʝ) ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʩʦʙʳʪʠʷ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʚʨʝʤʷ TT ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ 

ʬʦʨʤʫʣʝ:  

TT = TAI + 32.184 ʩ.        (2.53) 

2.4.5. ɺʨʝʤʷ ʧʨʠ ʩʚʷʟʠ ʟʝʤʥʳʭ ʠ ʥʝʙʝʩʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ 

ʆʨʠʝʥʪʘʮʠʷ ɿʝʤʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʚʦʨʦʪ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ ʦʩʝʡ OXYZ, ʩʚʷʟʘʥʥʳʭ ʩ ɿʝʤʣʝʡ (ʦʙʱʝʟʝʤʥʘʷ ʩʠʩʪʝʤʘ, 

ʤʘʪʝʨʠʘʣʠʟʦʚʘʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʪʘʥʮʠʡ ʥʘʙʣʶʜʝʥʠʡ), ʠ ʥʝʚʨʘʱʘʶʱʠʤʩʷ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʤ ʥʘʙʦʨʦʤ ʦʩʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʝʨʮʠʘʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

OxTyTzT (ʥʝʙʝʩʥʘʷ ʩʠʩʪʝʤʘ, ʤʘʪʝʨʠʘʣʠʟʦʚʘʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʟʚʝʟʜ, ʢʚʘʟʘʨʦʚ 

ʠʣʠ ʦʙʲʝʢʪʦʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ). ʆʙʱʠʡ ʧʫʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

ï ʟʘʜʘʥʠʝ ʤʘʪʨʠʮ ʚʨʘʱʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʩʪʝʤʘʤʠ. ɽʩʣʠ ʙʳ ɿʝʤʣʷ ʚʨʘʱʘʣʘʩʴ 

ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʦʢʨʫʛ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʦʩʠ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʨʝ 

ɿʝʤʣʠ ʠ ʢ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʝ), ʪʦ ʠʟʤʝʥʝʥʠʷ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 



ʦʧʠʩʘʪʴ ʯʝʨʝʟ ʦʜʠʥ ʧʘʨʘʤʝʪʨ: ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʶʱʠʡʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʠʣʠ ʰʢʘʣʫ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʠʟ ʵʪʦʛʦ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʩʴ ʚʨʘʱʝʥʠʷ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʟʝʤʥʦʡ ʢʦʨʝ, ʥʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ. ʀʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

ʚʳʟʳʚʘʶʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʃʫʥʳ, ʉʦʣʥʮʘ, ʧʣʘʥʝʪ, ʘ ʪʘʢʞʝ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʧʣʘʥʝʪʳ ʠ ʜʨʫʛʠʤʠ 

ʚʦʟʙʫʞʜʘʶʱʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ.  

ɺ ʧʨʠʥʮʠʧʝ, ʦʨʠʝʥʪʘʮʠʶ ɿʝʤʣʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʯʝʨʝʟ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʫʛʣʘ (ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʫʛʣʳ ʕʡʣʝʨʘ). ʆʜʥʘʢʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʨʘʟʜʝʣʴʥʦ ʜʚʠʞʝʥʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚ ɿʝʤʣʝ ʠ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʷʪʴ ʧʘʨʘʤʝʪʨʦʚ ʦʨʠʝʥʪʠʨʦʚʢʠ 

ɿʝʤʣʠ (ʇʆɿ):  

 ʚʩʝʤʠʨʥʦʝ ʚʨʝʤʷ UT1 ʢʘʢ ʬʘʟʘ ʧʦʚʦʨʦʪʘ ɿʝʤʣʠ; ʦʙʳʯʥʦ UT1 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʠ UT1 - UTC; 

 ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʶʩʘ xp, yp; 

 ʧʘʨʘʤʝʪʨʳ ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ, ʟʘʜʘʚʘʝʤʳʝ ʤʦʜʝʣʷʤʠ ʄɸʉ 1976 ʠ 

1980 ʛ. ʠʣʠ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʤʦʜʝʣʷʤʠ ʄɸʉ 2000 ʛ. ʠ ʧʦʧʨʘʚʢʠ ʢ ʥʠʤ )(  ʠ 

)( , ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʘʙʣʶʜʝʥʠʡ; 

 ʵʢʩʮʝʩʩ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʫʪʦʢ LOD (ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʩʫʪʦʢ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʟ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʠ 

ʯʠʩʣʦʤ ʩʝʢʫʥʜ ʚ ʩʫʪʢʘʭ) ʠʣʠ ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ . 

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʙʝʩʥʦʤʫ ʵʬʝʤʝʨʠʜʥʦʤʫ ʧʦʣʶʩʫ, ʢʦʪʦʨʳʡ 

ʙʣʠʟʦʢ ʢ ʧʦʣʶʩʫ ʚʨʘʱʝʥʠʷ (ʩʤʝʱʝʥʠʷ ʤʝʥʴʰʝ 0.02"). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʅʕʇ ʭʦʨʦʰʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʠʤʝʨʥʦ ʜʦ 0.001". ʆʜʥʘʢʦ 

ʧʨʝʮʝʩʩʠʦʥʥʦ-ʥʫʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʥʝ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʧʝʨʝʤʝʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ, ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ɿʝʤʣʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʳʝ ʦʪʩʪʫʧʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʪ ʤʦʜʝʣʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʈʉɼɹ ʠ ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʩʧʫʪʥʠʢʦʚ. ʅʘʙʣʶʜʝʥʥʳʝ 

ʨʘʟʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʦʞʝʥʠʶ ʫʩʣʦʚʥʦʛʦ ʥʝʙʝʩʥʦʛʦ ʧʦʣʶʩʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʤʦʜʝʣʴʶ, ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʠ ʩʦʦʙʱʘʶʪʩʷ ʄʉɺɿ ʚ ʚʠʜʝ ʜʚʫʭ 

ʩʤʝʱʝʥʠʡ ʥʝʙʝʩʥʦʛʦ ʧʦʣʶʩʘ )(  ʠ )( . 

ʀʟ-ʟʘ ʙʣʠʟʦʩʪʠ ʧʦʣʶʩʘ ʅʕʇ ʢ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʦʥ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʫʯʝʪʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ɿʝʤʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʉɺɿ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ 

ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ ɿʝʤʣʠ, ʘ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʰʢʘʣʦʡ ʚʨʝʤʝʥʠ UT1, ʢʦʪʦʨʘʷ 

ʥʝʦʙʭʦʜʠʤʘ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʝʩʣʠ ʙʳ ɿʝʤʣʷ ʚʨʘʱʘʣʘʩʴ ʩʦ 

ʩʨʝʜʥʝʡ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ (360Á/86164.09891
s
). ʇʦʣʴʟʦʚʘʪʝʣʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʪʘʙʣʠʮʘʤʠ ʨʘʩʭʦʞʜʝʥʠʡ ʩʦ ʰʢʘʣʘʤʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʝʤʝʥʠ 

TAI ʠ UTC: dUT1= UT1 - TAI ʠʣʠ dUT1= UT1 - UTC.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʣʠʯʠʥ dUT1, xp, yp 

ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ (ʇɺɿ). 

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ  ʠ ʵʢʩʮʝʩʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʪʦʢ 

ʩʚʷʟʘʥʳ ʬʦʨʤʫʣʦʡ: 

LOD803994843.0064467.15192172 ,      (2.54) 



ʛʜʝ  ʜʘʝʪʩʷ ʚ ʧʠʢʦʨʘʜʠʘʥʘʭ/ʩ, ʘ LOD ï ʚ ʤʠʣʣʠʩʝʢʫʥʜʘʭ.  

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ TZYX ),,(r , ʧʦʣʫʯʝʥʥʦʛʦ ʚ 

ʧʨʦʠʟʚʦʣʴʥʫʶ ʵʧʦʭʫ t ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʱʝʟʝʤʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʩʨʝʜʥʶʶ ʥʝʙʝʩʥʫʶ 

ʩʠʩʪʝʤʫ OxTyTzT ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʵʧʦʭʠ T, ʧʨʠʤʝʥʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʧʨʦʮʝʜʫʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʚ ʵʧʦʭʫ t: 
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ʠʣʠ, ʦʙʲʝʜʠʥʷʷ ʵʪʠ ʜʚʘ ʚʳʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤ: 
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ʅʘʧʦʤʥʠʤ, ʯʪʦ ʟʜʝʩʴ ʤʘʪʨʠʮʘ W(t) ʩʣʫʞʠʪ ʜʣʷ ʫʯʝʪʘ ʢʦʣʝʙʘʥʠʡ ʧʦʣʶʩʘ 

(ʬʦʨʤʫʣʘ (2.29)), ʤʘʪʨʠʮʘ R3(-S) ʫʯʠʪʳʚʘʝʪ ʨʘʟʚʦʨʦʪ ʦʩʝʡ ʤʝʞʜʫ ʟʝʤʥʦʡ ʠ 

ʥʝʙʝʩʥʦʡ ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ ʥʘ ʫʛʦʣ, ʨʘʚʥʳʡ ɻʨʠʥʚʠʯʩʢʦʤʫ ʠʩʪʠʥʥʦʤʫ 

ʟʚʝʟʜʥʦʤʫ ʚʨʝʤʝʥʠ S  

100

0cossin

0sincos

)( SS
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S3R ,                 (2.58) 

ʘ ʤʘʪʨʠʮʳ )( tTT
P  ʠ )(tT

N  ʩʦʜʝʨʞʘʪ ʧʘʨʘʤʝʪʨʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʧʨʝʮʝʩʩʠʠ ʠ ʥʫʪʘʮʠʠ ʠ ʟʘʜʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ (2.7), (2.13). 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ɻʨʠʥʚʠʯʩʢʦʛʦ ʠʩʪʠʥʥʦʛʦ ʟʚʝʟʜʥʦʛʦ ʚʨʝʤʝʥʠ S, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʬʦʨʤʫʣʝ (2.57), ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʧʨʝʮʝʩʩʠʶ ʠ ʥʫʪʘʮʠʶ ʧʦ ʧʨʷʤʦʤʫ ʚʦʩʭʦʞʜʝʥʠʶ ʟʘ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ t - T. ɼʣʷ ʵʪʦʛʦ ʚʥʘʯʘʣʝ ʥʘʭʦʜʠʪʩʷ ʩʨʝʜʥʝʝ ɻʨʠʥʚʠʯʩʢʦʝ 

ʟʚʝʟʜʥʦʝ ʚʨʝʤʷ 
~
S0  ʥʘ ʥʘʯʘʣʦ ʜʘʪʳ ʵʧʦʭʠ t (ʤʦʤʝʥʪ UT1 = 0

h
) ʧʦ ʬʦʨʤʫʣʝ (2.49), 

ʘ ʟʘʪʝʤ ʫʯʠʪʳʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣ ʩʨʝʜʥʝʛʦ ʟʚʝʟʜʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 0
h
 UT1 ʜʦ ʤʦʤʝʥʪʘ 

ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ UT1: 

)1(
~~

0 dUTUTCSS ,    (2.59) 

ʛʜʝ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʦʪ ʚʩʝʤʠʨʥʦʛʦ (ʩʨʝʜʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ) ʢ 

ʟʚʝʟʜʥʦʤʫ ʚʨʝʤʝʥʠ: 

.  (2.60) 

ɼʣʷ ʨʘʟʥʦʩʪʠ ʰʢʘʣ dUT1 ʜʦʣʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʥʘʯʝʥʠʝ ʪʦʡ ʩʣʫʞʙʳ, 

ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʦʙʱʝʟʝʤʥʫʶ ʠ ʥʝʙʝʩʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ, ʪʦ ʝʩʪʴ 

ʄʉɺɿ, ɻʦʩʩʪʘʥʜʘʨʪ ʈʌ ʠ ʜʨ. 

ɺʚʦʜʷʪʩʷ ʧʦʧʨʘʚʢʠ ʟʘ ʧʨʝʮʝʩʩʠʶ ʦʪ ʥʘʯʘʣʘ ʩʫʪʦʢ ʠ ʥʫʪʘʮʠʶ ʧʦ ʧʨʷʤʦʤʫ 

ʚʦʩʭʦʞʜʝʥʠʶ ʥʘ ʵʧʦʭʫ t: 

,         (2.61) 


























































































































































































































































































































































































































































