
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

ɾʀɾɽʈʀʅ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ 

 

 

 

ʉʆɺʈɽʄɽʅʅʓɽ ɼɺʀɾɽʅʀʗ ɿɽʄʅʆʁ ʂʆʈʓ ɺɽʈʍʅɽɻʆ ʇʈʀɸʄʋʈʔʗ  

ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻɽʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ  

ʇʆ ɼɸʅʅʓʄ GPS ʅɸɹʃʖɼɽʅʀʁ 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ: 25.00.03 ï ɻʝʦʪʝʢʪʦʥʠʢʘ ʠ ʛʝʦʜʠʥʘʤʠʢʘ 

 

ɸɺʊʆʈɽʌɽʈɸʊ 
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 ʢʘʥʜʠʜʘʪʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ  
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ 

ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʌɻɹʋʅ 

ʀɻʠʇ ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ). 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:  

ʉʦʨʦʢʠʥ ɸʥʜʨʝʡ ɸʥʘʪʦʣʴʝʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ 

ʈɸʅ, ʜʠʨʝʢʪʦʨ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ (ʌɻɹʋʅ ʀɻʠʇ 

ɼɺʆ ʈɸʅ, ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ) 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: 

ɼʠʜʝʥʢʦ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ 

ʈɸʅ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʢʪʦʥʠʢʠ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪʘ ʪʝʢʪʦʥʠʢʠ ʠ 

ʛʝʦʬʠʟʠʢʠ ʠʤ. ʖ.ɸ. ʂʦʩʳʛʠʥʘ ɼɺʆ ʈɸʅ (ʌɻɹʋʅ ʀʊʠɻ ɼɺʆ ʈɸʅ, ʛ. ʍʘʙʘʨʦʚʩʢ) 

 

ʉʘʥʴʢʦʚ ɺʣʘʜʠʤʠʨ ɸʥʘʪʦʣʴʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʠ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪʘ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ (ʌɻɹʋʅ 

ʀɿʂ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ) 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ ʠ 

ʛʝʦʬʠʟʠʢʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʌɻɹʋʅ ʀʄɻʠɻ ɼɺʆ 

ʈɸʅ, ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ) 

 

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç20è ʤʘʷ 2021 ʛʦʜʘ ʚ 09-00 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ɼ 003.022.03 ʧʨʠ ʀʥʩʪʠʪʫʪʝ ʟʝʤʥʦʡ ʢʦʨʳ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɿʂ ʉʆ 

ʈɸʅ) ʧʦ ʘʜʨʝʩʫ: 664033, ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, ʜ. 128. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʥʘʫʯʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʌɻɹʋʅ ʀɿʂ ʉʆ ʈɸʅ ʠ ʥʘ ʩʘʡʪʝ: 

http://www.crust.irk.ru/images/upload/newsfull188/2416.pdf. 

 

ʆʪʟʳʚʳ ʥʘ ʘʚʪʦʨʝʬʝʨʘʪ ʚ ʜʚʫʭ ʵʢʟʝʤʧʣʷʨʘʭ ʩ ʧʦʜʧʠʩʴʶ, ʟʘʚʝʨʝʥʥʦʡ ʧʝʯʘʪʴʶ ʫʯʨʝʞʜʝʥʠʷ, 

ʧʨʦʩʠʤ ʥʘʧʨʘʚʣʷʪʴ ʫʯʝʥʦʤʫ ʩʝʢʨʝʪʘʨʶ ʩʦʚʝʪʘ, ʢʘʥʜʠʜʘʪʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ɼʦʙʨʳʥʠʥʦʡ 

ɸʥʥʝ ɸʣʝʢʩʘʥʜʨʦʚʥʝ ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʦʤʫ ʘʜʨʝʩʫ ʠʣʠ e-mail: dobrynina@crust.irk.ru. ʊʝʣ: 

8(3952)427000. 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç15è ʬʝʚʨʘʣʷ 2021 ʛ. 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʩʦʚʝʪʘ ɼ 003.022.03, ʢʘʥʜʠʜʘʪ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ  

 

 

ɸ.ɸ. ɼʦʙʨʳʥʠʥʘ 

http://www.crust.irk.ru/images/upload/newsfull188/2416.pdf
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʶ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʧʨʠʢʣʘʜʥʦʛʦ, ʪʘʢ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɹʳʩʪʨʳʝ ʩʤʝʱʝʥʠʷ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ, ʦʩʦʙʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʄʝʜʣʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʥʳʝ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ, ʤʘʛʠʩʪʨʘʣʴʥʳʝ 

ʪʨʫʙʦʧʨʦʚʦʜʳ, ʧʣʦʪʠʥʳ ʠ ʜʨ. ɼʣʷ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ 

ʢʦʨʳ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʪʨʘʥʩʧʨʝʩʩʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɽʚʨʘʟʠʡʩʢʦʡ ʠ ɸʤʫʨʩʢʦʡ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ 

ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʚʳʜʝʣʷʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʥʝʝ ʥʠʢʦʛʜʘ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʉʦʟʜʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʪʨʘʞʘʶʱʝʡ 

ʩʦʚʨʝʤʝʥʥʦʝ ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʠ ʤʝʞʙʣʦʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ɽʚʨʘʟʠʡʩʢʦʡ ʠ 

ɸʤʫʨʩʢʦʡ ʧʣʠʪ ʚ ʧʨʝʜʝʣʘʭ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʉʦʟʜʘʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʥʘ ʥʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ GPS ʠʟʤʝʨʝʥʠʡ. 

2. ɺʳʯʠʩʣʝʥʠʝ ʧʦʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʙʣʦʢʦʚʦʡ ʜʝʣʠʤʦʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʢʠʥʝʤʘʪʠʢʠ ʚʳʜʝʣʝʥʥʳʭ ʙʣʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ. 

5. ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʣʦʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʜʝʬʦʨʤʠʨʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ ʚ 

ʧʨʝʜʝʣʘʭ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʵʪʦʤ ʚʳʩʪʫʧʘʣʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʝ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ 

ʧʝʨʚʦʡ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ, ʢʫʜʘ ʚʭʦʜʷʪ: ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʥʘ ʧʫʥʢʪʘʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʢʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ 

ʜʘʥʥʳʭ, ʚʳʯʠʩʣʝʥʠʝ ʧʦʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. ɺʪʦʨʫʶ ʛʨʫʧʧʫ 

ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

ʩʛʣʘʞʠʚʘʥʠʝ ʠ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ, ʪʝʥʟʦʨʥʦʝ ʠʩʯʠʩʣʝʥʠʝ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ɺ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʞʘʪ ʤʘʪʝʨʠʘʣʳ, ʩʦʙʨʘʥʥʳʝ ʘʚʪʦʨʦʤ ʟʘ 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ 

ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʩ 2007 ʧʦ 2018 ʛʛ. ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʚ 2007 ʛʦʜʫ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀɿʂ ʉʆ ʈɸʅ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʝʪʨʦʛʝʥʝʟʠʩʘ ʠ ʛʝʦʜʠʥʘʤʠʢʠ. ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 20 ʨʝʧʝʨʥʳʭ 

ʧʫʥʢʪʘʭ, 3 ʠʟ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʶʪ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

GPS ʥʘʙʣʶʜʝʥʠʡ ʧʦʩʪʦʷʥʥʳʭ ʩʪʘʥʮʠʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʠ IGS.  

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʅʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ GPS ʛʝʦʜʝʟʠʠ ʥʘ ɺʝʨʭʥʝʘʤʫʨʩʢʦʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʧʦʣʠʛʦʥʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɸʤʫʨʩʢʦʡ ʠ ɽʚʨʘʟʠʡʩʢʦʡ ʧʣʠʪ ʪʝʢʪʦʥʠʯʝʩʢʠ 

ʥʝʩʪʘʙʠʣʴʥʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʥʟʠʪʥʫʶ ʟʦʥʫ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʶʪʩʷ 

ʪʨʘʥʩʧʨʝʩʩʠʦʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʪʠʭ ʧʣʠʪ. 

2. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ ʢʦʨʳ (ʥʘ 2 ʧʦʨʷʜʢʘ ʚʳʰʝ ʪʠʧʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʫʯʘʩʪʢʦʚ) ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʜʫ ʊʫʢʫʨʠʥʛʨʩʢʦʡ ʩʠʩʪʝʤʦʡ ʨʘʟʣʦʤʦʚ ʠ 

ɼʞʝʣʪʫʣʘʢʩʢʦʡ ʰʦʚʥʦʡ ʟʦʥʦʡ, ʘ ʪʘʢʞʝ ʚʙʣʠʟʠ ʉʪʘʥʦʚʦʡ ʩʠʩʪʝʤʳ ʨʘʟʣʦʤʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ɸʨʛʫʥʩʢʠʡ ʠ ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʡ ʙʣʦʢʠ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʩʣʘʙʦ. 

3. ɺʳʯʠʩʣʝʥʥʦʝ ʧʦʣʝ ʜʠʚʝʨʛʝʥʮʠʠ (ʜʠʣʘʪʘʮʠʠ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ 

ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩʤʳʢʘʥʠʷ ʖʞʥʦ- ʠ ʉʝʚʝʨʦ-

ʊʫʢʫʨʠʥʛʨʩʢʠʭ ʨʘʟʣʦʤʦʚ ʥʘ ʟʘʧʘʜʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʠ ʚ 

ʚʦʩʪʦʯʥʦʤ ʩʝʛʤʝʥʪʝ ɼʞʝʣʪʫʣʘʢʩʢʦʡ ʰʦʚʥʦʡ ʟʦʥʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʛʦ 

ʠ ʉʝʣʝʥʛʘ-ʉʪʘʥʦʚʦʛʦ ʙʣʦʢʦʚ ʠʩʧʳʪʳʚʘʝʪ ʩʞʘʪʠʝ.  
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʧʦʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʚʳʯʠʩʣʝʥʳ ʩʢʦʨʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝ ɸʤʫʨʩʢʦʡ ʧʣʠʪʳ. ʇʦʣʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʝʦʜʥʦʨʦʜʥʦ, ʚʳʷʚʣʝʥʳ ʢʘʢ ʦʙʣʘʩʪʠ ʨʘʩʪʷʞʝʥʠʷ, ʪʘʢ ʠ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ. 

2. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʚʘʨʠʘʥʪ ʩʪʨʦʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ 

ɸʤʫʨʩʢʦʡ ʧʣʠʪʳ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ 

ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʦʤ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʤʘʩʩʠʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʢ. ʜʘʞʝ ʥʘ ʚʝʩʴʤʘ 

ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʠʤʝʶʪ ʤʝʩʪʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʣʠʯʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʘʤʧʣʠʪʫʜʳ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʦʢʘʟʘʚʰʠʭʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʧʦʜʚʠʞʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʅʘʠʙʦʣʴʰʝʤʫ ʨʠʩʢʫ ʧʦʜʚʝʨʞʝʥʳ 

ʧʨʦʪʷʞʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʥʝʬʪʝʧʨʦʚʦʜʳ ʠ ʛʘʟʦʧʨʦʚʦʜʳ, ʤʦʩʪʳ, ʧʣʦʪʠʥʳ ʠ 

ʪ.ʧ., ʢʦʪʦʨʳʝ ʚ ʩʠʣʫ ʩʚʦʝʛʦ ʨʘʟʤʝʨʘ ʤʦʛʫʪ ʧʝʨʝʩʝʢʘʪʴ ʤʥʦʞʝʩʪʚʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʨʘʟʥʳʭ 

ʨʘʥʛʦʚ. 

ɺ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʧʣʘʥʝ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʫʛʣʫʙʠʪʴ ʥʘʫʯʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʠʪʴ 

ʛʨʘʥʠʮʳ ɽʚʨʘʟʠʡʩʢʦʡ ʠ ɸʤʫʨʩʢʦʡ ʧʣʠʪ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.03 ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ ˉ 3 ʠ ˉ 4. 

ʇʫʥʢʪ ˉ 3: çʀʟʫʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ: ʢʘʢ 

ʩʦʚʨʝʤʝʥʥʳʭ (ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ), ʪʘʢ ʠ ʜʨʝʚʥʠʭ (ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ 

ʤʝʪʦʜʘʤʠ)è, ʪ.ʢ. ʚ ʨʘʙʦʪʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ. 

ʇʫʥʢʪ ˉ 4: çʉʝʡʩʤʦʪʝʢʪʦʥʠʢʘ ï ʠʟʫʯʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ, ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷè, ʪ.ʢ. ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʚʳʯʠʩʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʷʚʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ. ɸʚʪʦʨ ʣʠʯʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʦ ʩʙʦʨʫ ʤʥʦʛʦʣʝʪʥʠʭ 

ʜʘʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ GPS ʥʘʙʣʶʜʝʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʣ ʢʦʥʚʝʨʪʘʮʠʶ ʠ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʜʘʥʥʳʭ. ʅʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ: ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʩʤʝʱʝʥʠʡ ʠ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʛʦ 

ʠ ʚʪʦʨʦʛʦ ʠʥʚʘʨʠʘʥʪʘ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 11 ʢʦʥʬʝʨʝʥʮʠʷʭ, ʩʠʤʧʦʟʠʫʤʘʭ ʠ ʩʦʚʝʱʘʥʠʷʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ, ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʚ ʪʦʤ ʯʠʩʣʝ: çɺʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠè (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, 2010), XI ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʣʦʜʝʞʴ XXI ʚʝʢʘ: ʰʘʛ ʚ ʙʫʜʫʱʝʝè (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, 2010), çʉʦʚʨʝʤʝʥʥʘʷ 

ʛʝʦʜʠʥʘʤʠʢʘ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʦʧʘʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ: ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʩʥʦʚʝè (ʛ. ʀʨʢʫʪʩʢ, 2012), VIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʊʝʢʪʦʥʠʢʘ, ʛʣʫʙʠʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʠ ʤʠʥʝʨʘʛʝʥʠʷ ɺʦʩʪʦʢʘ ɸʟʠʠ: ʂʦʩʳʛʠʥʩʢʠʝ ʯʪʝʥʠʷè (ʛ. ʍʘʙʘʨʦʚʩʢ, 2013), III ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ: çɺʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚʦʩʪʦʯʥʦʡ 

ɸʟʠʠè (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, 2014), çʇʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ: ʠʟʫʯʝʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ, ʧʨʦʛʥʦʟè VI 

ʉʘʭʘʣʠʥʩʢʘʷ ʤʦʣʦʜʝʞʥʘ.̫ ʥʘʫʯʥʘ.̫ ʰʢʦʣʘ (ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ, 2016), XVI ʥʘʫʯʥʦʝ ʩʦʚʝʱʘʥʠʝ 

çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ (ʦʪ ʦʢʝʘʥʘ ʢ 

ʢʦʥʪʠʥʝʥʪʫ)è, (ʛ. ʀʨʢʫʪʩʢ, 2018), VII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷè, (ʛ. ɹʠʨʦʙʠʜʞʘʥ, 2018), V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɺʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʚʦʩʪʦʯʥʦʡ ɸʟʠʠè (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ, 2018), XXVIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè (ʛ. ʀʨʢʫʪʩʢ, 2019), ʍ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʝʢʪʦʥʠʢʘ, ʛʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʤʠʥʝʨʘʛʝʥʠʷ ɺʦʩʪʦʢʘ ɸʟʠʠ: 

ʂʦʩʳʛʠʥʩʢʠʝ ʯʪʝʥʠʷè (ʛ. ʍʘʙʘʨʦʚʩʢ, 2019). 
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ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ 23 

ʨʘʙʦʪ,r ʚ ʪʦʤ ʯʠʩʣʝ 7 ʩʪʘʪʝʡ ʚ ʨʦʩʩʠʡʩʢʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʙʨʘʥʥʳʤ ʘʚʪʦʨʦʤ ʦʙʰʠʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʧʦʣʝʚʳʭ ʠ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʝʡʰʠʭ ʚʝʨʩʠʡ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʟʥʘʥʥʳʭ 

ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʧʠʩʢʦʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦ 

ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ 5 ʛʣʘʚ, ʚʚʝʜʝʥʠʷ, ʟʘʢʣʶʯʝʥʠʷ ʠ 

ʧʨʠʣʦʞʝʥʠʷ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 120 ʩʪʨʘʥʠʮ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ 24 ʨʠʩʫʥʢʘ, 

2 ʪʘʙʣʠʮʳ, ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 89 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʛ.-ʤ.ʥ., ɸ.ɸ. ʉʦʨʦʢʠʥʫ ʟʘ 

ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ 

ʢ.ʪ.ʥ. ʄ.ɸ. ʉʝʨʦʚʫ ʟʘ ʧʣʦʜʦʪʚʦʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. 

ʉʚʷʟɹ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʝʢʪʘʤʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 18-35-00049). 

 

ɻʃɸɺɸ 1. ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ, ɻɽʆɼʀʅɸʄʀʂɸ ʀ ʅɽʆʊɽʂʊʆʅʀʂɸ 

ɺɽʈʍʅɽɸʄʋʈʉʂʆɻʆ ɻɽʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʇʆʃʀɻʆʅɸ 

ɺʝʨʭʥʝʝ ʇʨʠʘʤʫʨʴʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʠ ʠ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʫʶ ʠ 

ʤʘʣʦʠʟʫʯʝʥʥʫʶ ʦʙʣʘʩʪʴ. ʀʩʪʦʨʠʷ ʝʝ ʨʘʟʚʠʪʠʷ ʩʚʷʟʘʥʘ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʩʤʝʥʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʪʨʘʞʘʚʰʠʤʠʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʩʪʘʥʦʚʦʢ, 

ʵʚʦʣʶʮʠʷ ʢʦʪʦʨʳʭ ʧʨʦʪʝʢʘʣʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʜʦʩʪʦʠʥ ʦʪʜʝʣʴʥʦʛʦ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ [ʇʘʨʬʝʥʦʚ ʠ ʜʨ., 2003]. 

ʀʟʫʯʘʝʤʳʡ ʚ ʨʘʙʦʪʝ ʨʝʛʠʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʨʦʡʥʦʛʦ ʩʦʯʣʝʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-

ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ (ʎɸʉʇ), ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. 

ʅʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʫʨʦʚʥʝ ʦʥ ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ɸʨʛʫʥʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ, ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ (ʄʆʉʇ), ʉʝʣʝʥʛʘ-ʉʪʘʥʦʚʦʛʦ ʠ 

ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʛʦ ʙʣʦʢʦʚ. 

ʅʝʦʜʥʦʢʨʘʪʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʦʨʦʛʝʥʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʵʧʠʟʦʜʦʚ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ 

ʦʙʫʩʣʦʚʠʣʦ ʝʛʦ ʩʢʣʘʜʯʘʪʦ-ʛʣʳʙʦʚʦʝ, ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʩ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʘʨʝʘʣʘʤʠ ʨʘʟʚʠʪʠʷ 

ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʆʙʦʙʱʝʥʠʝ ʩʚʝʜʝʥʠʡ ʦ ʥʦʚʝʡʰʝʡ ʪʝʢʪʦʥʠʢʝ, ʘ ʪʘʢʞʝ ʛʣʘʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʦʩʥʦʚʥʳʭ ʨʘʟʣʦʤʘʭ ʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʙʦʪʘʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ [ɸʰʫʨʢʦʚ ʠ ʜʨ., 2011; ɸʰʫʨʢʦʚ ʠ ʜʨ., 2016; 

ɻʦʨʥʦʚ ʠ ʜʨ., 2009; ɻʦʨʦʰʢʦ ʠ ʜʨ., 2010; ɼʠʜʝʥʢʦ ʠ ʜʨ., 2010; ʀʤʘʝʚ ʠ ʜʨ., 2003; ʀʤʘʝʚʘ ʠ ʜʨ., 2012; 

ʂʘʧʣʫʥ, 2006; ʃʝʚʠ, 2007; ʄʘʣʳʰʝʚ ʠ ʜʨ., 2007; ʅʠʢʦʣʘʝʚ, 1973; ʅʠʢʦʣʘʝʚ ʠ ʜʨ., 1978; ʇʦʜʛʦʨʥʳʡ, 

ʄʘʣʳʰʝʚ 2005; ʉʘʭʥʦ, 2002; ʉʝʤʝʥʦʚ, 2002; ʊʠʤʦʬʝʝʚ ʠ ʜʨ., 2011; ʍʘʥʯʫʢ ʠ ʜʨ., 2012; ʐʝʚʯʝʥʢʦ, 

ʂʘʧʣʫʥ, 2007; Zhao, Liu, 2010; Zonenshain, Savostin, 1981]. 

ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʮʝʣʦʩʪʥʦʩʪʴ ɸʤʫʨʩʢʦʡ ʤʝʛʘʩʪʨʫʢʪʫʨʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ GPS ʤʦʥʠʪʦʨʠʥʛʘ [ɸʰʫʨʢʦʚ ʠ ʜʨ., 2011; ɸʰʫʨʢʦʚ ʠ ʜʨ., 2016], ʦ ʯʝʤ ʪʘʢʞʝ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ITRF2014, ʥʘ ʢʦʪʦʨʦʡ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʝʪʩʷ ɸʤʫʨʩʢʘʷ 

ʧʣʠʪʘ [Altamimi et al., 2016].  

 

ɻʃɸɺɸ 2. GPS ɻɽʆɼɽɿʀʗ ʂɸʂ ʄɽʊʆɼ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʆɺʈɽʄɽʅʅʓʍ 

ʊɽʂʊʆʅʀʏɽʉʂʀʍ ɼɺʀɾɽʅʀʁ 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʥʘ 

ʛʣʦʙʘʣʴʥʦʤ, ʪʘʢ ʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ʷʚʣʷʝʪʩʷ ʢʦʩʤʠʯʝʩʢʘʷ ʛʝʦʜʝʟʠʷ. ɽʝ 

ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʦʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʩʪʫʧʘʝʪ GPS-ʛʝʦʜʝʟʠʷ. ʀʤʝʥʥʦ 

ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʩʣʝʜʥʝʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʝ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. 

ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʛʣʘʚʳ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠʟʤʝʨʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʥʘʟʝʤʥʦʡ ʛʝʦʜʝʟʠʠ, ʠ ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʧʦʷʚʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ, ʝʝ 

ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 
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ɺʪʦʨʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʦʙʱʠʤ ʩʚʝʜʝʥʠʷʤ ʦ ʛʣʦʙʘʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

GPS. ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ 

ʛʨʫʧʧʠʨʦʚʢʠ GPS ʩʧʫʪʥʠʢʦʚ, ʩʪʨʫʢʪʫʨʘ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʩʧʫʪʥʠʢʘʤʠ, ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʝʤʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

GPS ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʛʣʘʚʳ ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʘʤʠ GPS ʛʝʦʜʝʟʠʠ 

ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʠʛʦʥʘʭ: ʊʠʙʝʪʩʢʦʝ 

ʥʘʛʦʨʴʝ [Wang et al., 2009; Wang et al., 2008], ʅʝʧʘʣ [Verma, Bansal, 2012], ʊʷʥʴ-ʐʘʥʴ [Wang et al., 

2007], ʄʦʥʛʦʣʴʩʢʠʡ ʠ ɻʦʙʠʡʩʢʠʡ ɸʣʪʘʡ [Lukhnev et al., 2010], ʂʠʨʛʠʟʠʷ [Levi et al., 2009], ʂʘʤʯʘʪʢʘ 

[Levin et al., 2010], ʀʥʜʠʡʩʢʘʷ ʧʣʠʪʘ [Verma, Bansal, 2012], ʌʠʣʠʧʧʠʥʳ [Chen et al., 2013], 

ɸʨʘʚʠʡʩʢʘʷ ʧʣʠʪʘ [Nilforoushan et al., 2003], ɹʘʡʢʘʣʴʩʢʘʷ ʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ [ʉʘʥʴʢʦʚ ʠ ʜʨ., 2009; 

Sankov, 2014], ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʘʷ ʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ [Nocquet et al., 2006], ʉʠʥʦ-ʂʦʨʝʡʩʢʘʷ 

ʧʣʘʪʬʦʨʤʘ [Jin et al., 2006], ʉʠʭʦʪʵ-ɸʣʠʥʴ [ʊʠʤʦʬʝʝʚ ʠ ʜʨ., 2008]. 

 

ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʂʊʆʅʀʏɽʉʂʀʍ 

ɼɺʀɾɽʅʀʁ ʅɸ ɺɽʈʍʅɽɸʄʋʈʉʂʆʄ ɻɽʆɼʀʅɸʄʀʏɽʉʂʆʄ ʇʆʃʀɻʆʅɽ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ 

ʨʝʞʠʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. ʆʥʠ ʩʦʩʪʦʷʣʠ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠʟʤʝʨʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 

3.1. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʩʫʙʰʠʨʦʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʪʦʯʢʠ ERO1 ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 121.96 ʚ.ʜ., 53.96 ʩ.ʰ. ʜʦ ʪʦʯʢʠ ZEY1 (127.25 Áʚ.ʜ., 53.75 

Áʩ.ʰ.) ʠ ʚ ʩʫʙʜʦʣʛʦʪʥʦʤ ï ʦʪ ʪʦʯʢʠ MAGD (125.80 Áʚ.ʜ., 53.47 Áʩ.ʰ.) ʜʦ ʪʦʯʢʠ STAN (124.87 Áʚ.ʜ., 

56.05 Áʩ.ʰ.) (ʢʦʦʨʜʠʥʘʪʳ ʜʘʥʳ ʚ ʩʠʩʪʝʤʝ WGS-84). ʀʟʤʝʨʝʥʠʷ ʥʘ ʨʝʧʝʨʥʳʭ ʧʫʥʢʪʘʭ ʚʳʧʦʣʥʷʣʠʩʴ 1 

ʨʘʟ ʚ ʛʦʜ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʩʝʟʦʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʥʘ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝ 

ʧʦʣʝʚʳʝ ʢʘʤʧʘʥʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʘʚʛʫʩʪʘïʩʝʥʪʷʙʨʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʜʥʦʡ ʪʦʯʢʝ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 36 ʯʘʩʦʚ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠʝʤʥʠʢʘʤʠ Ashtech Z-Extreme, ʦʩʥʘʱʝʥʥʳʤʠ ʘʥʪʝʥʥʘʤʠ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʜʘʚʣʝʥʠʷ ʧʦʤʝʭ ʪʠʧʘ choke ring. ɿʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʝʤʥʠʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

30-ʪʠ ʩʝʢʫʥʜʥʳʤ ʠʥʪʝʨʚʘʣʦʤ. 

ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ GAMIT/GLOBK, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ 

ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʀʥʩʪʠʪʫʪʝ.  

ʇʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʜʥʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʛʣʦʙʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ: ʪʦʯʥʳʝ ʵʬʝʤʝʨʠʜʳ ʩʧʫʪʥʠʢʦʚ, ʧʘʨʘʤʝʪʨʳ ʦʨʠʝʥʪʘʮʠʠ ɿʝʤʣʠ EOP (Earth 

Orientation Parameters), ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʣʫʞʙʦʡ ʚʨʘʱʝʥʠʷ ʟʝʤʣʠ IERS 

(International Earth Rotating Service), ʪʘʙʣʠʮʳ ʥʫʪʘʮʠʠ ʩʪʘʥʜʘʨʪʘ (IERS/IGS), ʣʫʥʥʳʝ ʠ ʩʦʣʥʝʯʥʳʝ 

ʵʬʝʤʝʨʠʜʳ, ʪʘʙʣʠʮʳ ʦʪʢʣʦʥʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʚʨʝʤʝʥʠ GPS ʦʪ ʚʩʝʤʠʨʥʦʛʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʚʨʝʤʝʥʠ UTC (Coordinated Universal Time), ʩʤʝʱʝʥʠʷ ʜʣʷ ʢʦʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ P1-C1 ʠ P1-P2, 

ʪʘʙʣʠʮʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʨʠʣʠʚʥʳʭ ʵʬʬʝʢʪʦʚ, ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʟʝʤʥʫʶ ʢʦʨʫ ʩ ʘʤʧʣʠʪʫʜʦʡ, 

ʜʦʩʪʠʛʘʶʱʝʡ ʫ ʧʦʣʶʩʦʚ 10 ʩʤ [Permanent components of the crust, geoid and ocean]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʨʦʧʦʩʬʝʨʥʦʡ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ 2-ʯʘʩʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ. ʄʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ 

ʚʦʩʭʦʞʜʝʥʠʷ ʩʧʫʪʥʠʢʘ (ʫʛʦʣ ʦʪʩʝʯʢʠ) ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 10 ʛʨʘʜʫʩʘʤ. ʊʘʢʞʝ ʥʘ 

ʵʪʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ RINEX (Receiver Independent Exchange Format) ʬʘʡʣʳ ʩʪʘʥʮʠʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ IGS (International GPS Service), ʧʦʣʫʯʝʥʥʳʝ ʩ ftp ʩʝʨʚʝʨʘ cddis.gsfc.nasa.gov. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦʩʫʪʦʯʥʳʝ ʜʘʥʥʳʝ (ʚʳʯʠʩʣʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʫʥʢʪʦʚ) ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ GLOBK ʚ ʦʙʲʝʜʠʥʝʥʥʳʝ h-ʬʘʡʣʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 

ʢʦʚʘʨʠʘʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʠ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʧʨʠʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʙʲʝʜʠʥʷʣʠʩʴ ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ. ɼʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʦʣʦʞʝʥʠʠ ʠ 

ʩʢʦʨʦʩʪʷʭ ʥʝ ʤʝʥʝʝ 20 IGS ʩʪʘʥʮʠʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʣʠʯʥʳʤ ʫʯʘʩʪʢʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʣʠʪ. 

ʈʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʯʝʨʝʟ çʦʙʦʙʱʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷè (ʧʘʨʘʤʝʪʨʳ 

ɻʝʣʴʤʝʨʪʘ). 
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3.2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʪʘʢʞʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ (ʨʠʩ. 

1). ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ, ʘ ʠʭ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʩʤʝʱʝʥʠʷ, ʵʣʣʠʧʩʳ ʥʘ ʢʦʥʮʘʭ ʩʪʨʝʣʦʢ ʧʦʢʘʟʳʚʘʶʪ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%. 

 

 
ʈʠʩʫʥʦʢ 1. ɺʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ɺʝʨʭʥʝʛʦ 

ʇʨʠʘʤʫʨʴʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ITRF2014. 

 

ɻʃɸɺɸ 4. ʂʀʅɽʄɸʊʀʂɸ ʆʉʅʆɺʅʓʍ ʊɽʂʊʆʅʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ  

ɺɽʈʍʅɽɻʆ ʇʈʀɸʄʋʈʔʗ 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʛʣʘʚʳ ʧʦʩʚʷʱʝʥʘ ʦʙʱʝʡ ʢʠʥʝʤʘʪʠʢʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʛʦʥʘ ʢʘʢ ʝʜʠʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɺ ʮʝʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʠʩʩʣʝʜʫʝʤʳʡ ʨʝʛʠʦʥ ʩʤʝʱʘʝʪʩʷ ʥʘ 

ʖɺɺ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 24ï30 ʤʤ/ʛʦʜ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢʦ 

ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʷʭ ʤʝʞʜʫ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʦʯʢʘʤʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ 

ʩʦʚʨʝʤʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʤʝʞʜʫ ʊʫʢʫʨʠʥʛʨʩʢʦʡ ʠ 

ɼʞʝʣʪʘʣʫʢʩʢʦʡ ʨʘʟʣʦʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʨʠʩ. 2).  

ɼʞʝʣʪʫʣʘʢʩʢʘʷ ʰʦʚʥʘʷ ʟʦʥʘ ʨʘʟʜʝʣʷʝʪ ʪʝʨʨʠʪʦʨʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʷʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ. ɼʣʷ ʉʝʣʝʥʛʘ-ʉʪʘʥʦʚʦʛʦ ʙʣʦʢʘ ʜʦʤʠʥʠʨʫʶʱʠʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʝʡʩʪʚʫʶʪ ʚ 

ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚʦʩʪʦʯʥʝʝ ɼʞʝʣʪʫʣʘʢʩʢʦʡ ʰʦʚʥʦʡ ʟʦʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʞʫʛʜʞʫʨʦ-

ʉʪʘʥʦʚʦʤ ʙʣʦʢʘ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ [ʀʤʘʝʚ ʠ ʜʨ., 2003]. 

ʉʣʦʞʥʦʝ ʤʦʟʘʠʯʥʦ-ʛʝʪʝʨʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʢʦʨʨʝʣʠʨʫʶʱʠʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʪʢʣʦʥʝʥʠʷ 

ʚʝʢʪʦʨʦʚ ʧʦ ʘʟʠʤʫʪʫ ʠ ʚʝʣʠʯʠʥʝ, ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʡ ʵʪʘʧ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʛʦ 

ʇʨʠʘʤʫʨʴʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʟʣʦʤʥʦ-ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, 

ʛʝʥʝʟʠʩʘ ʠ ʨʘʥʛʘ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʯʘʛʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ [ʀʤʘʝʚ ʠ ʜʨ., 2005].  
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ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʙʣʦʢʦʚʦʛʦ ʩʪʨʦʝʥʠʷ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ (ʩʦʩʪʘʚʣʝʥʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ: 

[ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘé, 2009; ɻʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠé, 2010; ɻʝʦʜʠʥʘʤʠʢʘ, 

ʤʘʛʤʘʪʠʟʤ ʠ ʤʝʪʘʣʣʦʛʝʥʠʷé, 2006]). ɻʣʘʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ: 1 ï 

ɸʨʛʫʥʩʢʠʡ ʙʣʦʢ; 2-3 ï ʩʪʨʫʢʪʫʨʳ ʉʝʣʝʥʛʘ-ʉʪʘʥʦʚʦʛʦ ʙʣʦʢʘ, ʧʦʜʙʣʦʢʠ: 2 ï ʋʨʢʘʥʩʢʠʡ, 3 ï 

ʄʦʛʦʯʠʥʩʢʠʡ; 4-7 ï ʉʪʨʫʢʪʫʨʳ ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʛʦ ʙʣʦʢʘ, ʧʦʜʙʣʦʢʠ: 4 ï ʃʘʨʙʠʥʩʢʠʡ, 5 ï 

ɹʨʷʥʪʠʥʩʢʠʡ, 6 ï ʀʣʠʢʘʥʩʢʠʡ, 7 ï ɼʘʤʙʫʢʠʥʩʢʠʡ; 8-9 ʰʦʚʥʳʝ ʟʦʥʳ: 8 ï ɼʞʝʣʪʫʣʘʢʩʢʘʷ ʰʦʚʥʘʷ ʟʦʥʘ, 

9 ï ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ; 10 ï ʨʘʟʣʦʤʳ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ, ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ: 

ʖʊ ï ʖʞʥʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ, ʉʊ ï ʉʝʚʝʨʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ, ɼɾ ï ɼʞʝʣʪʫʣʘʢʩʢʠʡ. ɺʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ (ʩʪʨʝʣʢʠ) ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʫʥʢʪʘ DJEL ʩ ʵʣʣʠʧʩʘʤʠ 95 % 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʛʣʘʚʳ ʧʦʩʚʷʱʝʥʘ ʢʠʥʝʤʘʪʠʢʝ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʡ ʙʣʦʢ. ɺʳʯʠʩʣʝʥʥʳʝ ʚʝʢʪʦʨʘ ʩʤʝʱʝʥʠʡ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʙʣʦʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʘʢ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʪʘʢ ʠ ʧʦ 

ʘʤʧʣʠʪʫʜʝ, ʪʝʤ ʩʘʤʳʤ ʫʢʘʟʳʚʘʷ ʥʘ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʠʩʭʦʜʷʱʠʭ ʟʜʝʩʴ ʜʝʬʦʨʤʘʮʠʡ. ʅʘ ʟʘʧʘʜʥʦʤ 

ʬʣʘʥʛʝ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʙʣʦʢʘ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ, ʚ ʪʦʤ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʦʩʪʦʯʥʦʛʦ ʬʣʘʥʛʘ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ 

ʨʘʩʪʷʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. 

ʍʘʨʘʢʪʝʨ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʧʨʝʜʝʣʘʭ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʧʦʟʚʦʣʷʝʪ 

ʩʦʦʪʥʝʩʪʠ ʝʛʦ ʩ ʫʯʘʩʪʢʦʤ ʙʫʬʝʨʥʦʡ ʠʣʠ ʪʨʘʥʟʠʪʥʦʡ ʟʦʥʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʶʪʩʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʠʣʫ ʨʘʟʣʠʯʠʷ ʢʠʥʝʤʘʪʠʢʠ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʝʜʠʥʠʮ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʨʘʥʟʠʪʥʳʭ ʟʦʥ ʠ ʠʭ ʨʦʣʠ ʚ ʛʝʦʜʠʥʘʤʠʢʝ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʙʦʪʝ [ɻʘʪʠʥʩʢʠʡ ʠ ʜʨ., 2008]. 

ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʡ ʙʣʦʢ. ʍʘʨʘʢʪʝʨ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʣʷ ʩʤʝʱʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ 

ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʛʦ ʙʣʦʢʘ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: ʨʘʩʢʨʳʪʠʝ 

ʚʦʩʪʦʯʥʦʛʦ ʢʨʳʣʘ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʨʝʩʩʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɽʚʨʦʘʟʠʘʪʩʢʦʡ ʠ ɸʤʫʨʩʢʦʡ ʧʣʠʪ. 
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ʅʘʣʠʯʠʝ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʤʘʩʰʪʘʙʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʝʛʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʪʝʨʠʘʣʳ ʄʊɿ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʩʲʝʤʦʢ) ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʧʣʦʱʘʜʠ ʙʣʦʢʘ ʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʘ ʨʘʟʣʦʤʥʦ-ʙʣʦʢʦʚʘʷ ʪʝʢʪʦʥʠʢʘ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʝʤ çʟʦʥ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠè [ʃʝʦʥʦʚ, 2012]. 

ɸʨʛʫʥʩʢʠʡ ʙʣʦʢ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʝ ʛʝʪʝʨʦʛʝʥʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɸʨʛʫʥʩʢʦʛʦ 

ʙʣʦʢʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʠ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ.  

ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʫʥʢʪʦʚ GPS ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʱʝʝ ʧʦʜʥʷʪʠʝ ʧʦʣʠʛʦʥʘ. ʇʨʠʯʝʤ ʩʢʦʨʦʩʪʠ ʚʦʩʭʦʜʷʱʠʭ ʜʚʠʞʝʥʠʡ ʥʝ ʚʝʟʜʝ ʦʜʠʥʘʢʦʚʳ, 

ʥʘʠʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ (ʜʦ 4 ʤʤ/ʛʦʜ) ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʡʦʥʘʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʠ ɼʞʝʣʪʫʣʘʢʩʢʦʡ ʰʦʚʥʦʡ ʟʦʥʳ. ɺ ʧʨʝʜʝʣʘʭ 

ɼʞʫʛʜʞʫʨʦ-ʉʪʘʥʦʚʦʛʦ ʙʣʦʢʘ ʩʢʦʨʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʙʣʠʟʢʠ ʢ ʥʫʣʶ. ɼʣʷ ʉʝʣʝʥʛʘ-

ʉʪʘʥʦʚʦʛʦ ʙʣʦʢʘ ʦʮʝʥʠʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʩʠʣʫ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ. ɸʨʛʫʥʩʢʠʡ ʙʣʦʢ ʠʩʧʳʪʳʚʘʝʪ ʧʦʜʥʷʪʠʝ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 

ʧʦʨʷʜʢʘ 2 ʤʤ/ʛʦʜ. 

 

ɻʃɸɺɸ 5. ɻɽʆɼʀʅɸʄʀʏɽʉʂɸʗ ʀʅʊɽʈʇʈɽʊɸʎʀʗ ʈɽɿʋʃʔʊɸʊʆɺ ʀʉʉʃɽɼʆɺɸʅʀʁ 

ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʂʊʆʅʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

5.1. ʉʦʚʨʝʤʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ɺʝʨʭʥʝʛʦ ʇʨʠʘʤʫʨʴʷ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʱʝʥʠʡ ʦʙʳʯʥʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ. ʊʘʢʦʝ ʦʧʠʩʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʥʚʘʨʠʘʥʪʥʳʤ, ʪ.ʢ. ʧʨʠ ʩʤʝʥʝ ʥʘʯʘʣʘ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʚʝʣʠʯʠʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʠʟʤʝʥʷʶʪʩʷ. 

ʅʦ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʮʝʩʩʳ ʚʝʣʠʯʠʥʘʤʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʚʳʙʨʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʠʩʘʥʠʷ. ʇʝʨʝʭʦʜ ʦʪ ʚʝʢʪʦʨʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʠʩʘʥʠʷ ʚʝʣʠʯʠʥ ʢ ʩʢʘʣʷʨʥʦʤʫ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʚʘʨʠʘʥʪʥʳʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (ʦʜʠʥʘʢʦʚʳʝ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ) ʜʣʷ 

ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ [ʃʫʨʴʝ, 1970]. ɼʣʷ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʥʟʦʨʥʳʤ ʠʩʯʠʩʣʝʥʠʝʤ. ɺ 

ʤʝʭʘʥʠʢʝ (ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ) ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʚ ʦʙʣʘʩʪʠ ʫʧʨʫʛʠʭ ʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʥʟʦʨ ʤʘʣʳʭ ʜʝʬʦʨʤʘʮʠʡ ʂʦʰʠ (1): 
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ʛʜʝ u(x,y,z), v(x,y,z), w(x,y,z) ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ x, y, z. 

ʊʝʥʟʦʨ ʜʝʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʪʨʠ ʠʥʚʘʨʠʘʥʪʘ: 

3211 eeeeeee ++=++= zyxI ,     (4) 

( ) 133221

222

2
4

1
eeeeeegggeeeeeee ++=++-++= zxyzxyxzzyyxI , (5) 

3213 eeeee == ijI .       (6) 

ʅʘ ʙʦʣʴʰʠʥʩʪʚʝ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʣʠʯʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʠʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝʜʥʝʡ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʚʳʡ ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ï 

ʜʠʚʝʨʛʝʥʮʠ,̫ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʢʘʢ: 
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ʛʜʝ ʝ ï ʜʦʣʛʦʪʘ, n ï ʰʠʨʦʪʘ. 

ɺʝʣʠʯʠʥʘ, ʧʦʣʫʯʘʝʤʘʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (7), ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʧʣʦʱʘʜʠ ʠ 

ʜʘʝʪ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʧʨʠʨʘʱʝʥʠʡ ʧʣʦʱʘʜʠ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʡ 

ʚʝʣʠʯʠʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʥʘʨʫʞʝʥʠʠ çʠʩʪʦʯʥʠʢʦʚè (div > 0) ʠ çʩʪʦʢʦʚè (div < 0) ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʛʝʦʜʠʥʘʤʠʢʠ ʜʠʚʝʨʛʝʥʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʫʯʘʩʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʣʦʱʘʜʴ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʪ.ʝ. ʦʙʣʘʩʪʠ ʦʙʱʝʛʦ ʨʘʩʪʷʞʝʥʠʷ ʠʣʠ 

ʩʞʘʪʠʷ. 

ɺʝʣʠʯʠʥʳ 
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e=  ʠ 

n

Vn
n
µ

µ
e=  ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʧʨʠʨʘʱʝʥʠʷʤʠ ʜʝʬʦʨʤʘʮʠʡ ʧʦ 

ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ. 

ʇʝʨʝʭʦʜ ʢ ʵʪʠʤ ʚʝʣʠʯʠʥʘʤ ʚʳʧʦʣʥʝʥ ʯʝʨʝʟ ʠʥʪʝʨʧʦʣʷʮʠʶ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ 

ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ ʚ 1/3 ʛʨʘʜʫʩʘ, ʜʘʣʝʝ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ ʩʝʪʢʠ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʜʠʚʝʨʛʝʥʮʠʷ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3. ʇʝʨʚʳʡ ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ï ʜʠʚʝʨʛʝʥʮʠʷ (ʩʢʦʨʦʩʪʴ ʜʠʣʘʪʘʮʠʠ). 

 

ɺʳʯʠʩʣʝʥʥʦʝ ʧʦʣʝ ʜʠʚʝʨʛʝʥʮʠʠ ʦʙʥʘʨʫʞʠʚʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ Z-ʦʙʨʘʟʥʦʛʦ ʩʦʯʣʝʥʝʥʠʷ ɼʞʝʣʪʫʣʘʢʩʢʦʡ ʠ ʊʫʢʫʨʠʥʛʨʩʢʦʡ 

ʩʠʩʪʝʤ ʨʘʟʣʦʤʦʚ. ʄʝʥʝʝ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʨʘʩʪʷʞʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʝ ʩʤʳʢʘʥʠʷ ʖʞʥʦ- ʠ 

ʉʝʚʝʨʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʭ ʨʘʟʣʦʤʦʚ ʥʘ ʟʘʧʘʜʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʠ 

ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʀʣʠʢʘʥʩʢʦʛʦ ʙʣʦʢʘ. ʆʙʣʘʩʪʷʤʠ ʦʙʱʝʛʦ ʩʞʘʪʠʷ ʦʭʚʘʯʝʥʳ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ 

ʪʝʨʨʠʪʦʨʠʡ ʀʣʠʢʘʥʩʢʦʛʦ, ʄʦʛʦʯʠʥʩʢʦʛʦ ʠ ɸʨʛʫʥʩʢʦʛʦ ʙʣʦʢʦʚ. 

ɺʪʦʨʦʡ ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ï ʵʪʦ ʯʠʩʣʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʦʙʱʝʡ ʩʢʦʨʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʢ ʜʝʬʦʨʤʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʩʜʚʠʛʘ. ʂʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʠʤʝʶʪ ʚʠʜ: 
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.   (8) 

ɺ ʫʩʣʦʚʠʷʭ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʛʣʘʚʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʥʟʦʨʘ ɸʣʴʤʘʥʩʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ 

ʢʦʤʧʦʥʝʥʪʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

.     (9) 

ʊʦʛʜʘ ʚʪʦʨʦʡ ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʡ (ʨʠʩ. 4) ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥ ʧʦ 

ʬʦʨʤʫʣʝ: 
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.       (10) 

 

 
ʈʠʩʫʥʦʢ 4. ɺʪʦʨʦʡ ʠʥʚʘʨʠʘʥʪ ʪʝʥʟʦʨʘ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʟʦʥʘʭ ʢʨʫʧʥʳʭ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚʥʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ [ɻʘʪʠʥʩʢʠʡ ʠ ʜʨ., 2008; ʍʘʠʥ, 

ʃʦʤʠʟʝ, 2005 ʠ ʜʨ.]. ʊʘʢʠʤʠ ʨʘʟʣʦʤʘʤʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ɼʞʝʣʪʫʣʘʢʩʢʠʡ, 

ʉʝʚʝʨʦ- ʠ ʖʞʥʦ-ʊʫʢʫʨʠʥʛʨʩʢʠʡ. ɽʩʣʠ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ ʨʝʣʘʢʩʠʨʫʶʪʩʷ ʚʩʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʜʝʣʷʝʤʳʭ ʝʶ ʙʣʦʢʦʚ, ʪʦ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʜʣʷ 

ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʨʘʟʣʦʤʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʪ ɹʦʪʜʝʣʴʥʦ. 

ʉʭʝʤʳ (ʨʠʩ. 5, 6), ʦʪʦʙʨʘʞʘʶʪ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʠʥʚʘʨʠʘʥʪʦʚ ʪʝʥʟʦʨʘ 

ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʧʦʣʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʚʙʣʠʟʠ ʦʩʥʦʚʥʳʭ ʨʘʟʣʦʤʥʳʭ ʟʦʥ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʩ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʯʝʪʢʦ ʚʳʜʝʣʠʪʴ 

ʨʘʡʦʥ ʤʘʢʩʠʤʘʣʴʥʦ ʠʥʪʝʥʩʠʚʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʦʙʣʘʩʪʠ Z-ʦʙʨʘʟʥʦʛʦ ʩʦʯʣʝʥʝʥʠʷ ʊʫʢʫʨʠʥʛʨʩʢʦʡ ʠ 

ɼʞʝʣʪʫʣʘʢʩʢʦʡ ʨʘʟʣʦʤʥʳʭ ʟʦʥ ʥʘ ʬʦʥʝ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʩʪʨʫʢʪʫʨ. 

 

 


