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1. ʅʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ɻʎ ʈɸʅ ʚ 2017 ʛʦʜʫ 

ʅʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ɻʎ ʈɸʅ) ʚ 2017 ʛʦʜʫ 

ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ  

ɻʎ ʈɸʅ ˉ007-00119-16-02, ʫʪʚʝʨʞʜʝʥʥʦʛʦ 11.11.2016 ʛʦʜʘ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ 

ʨʘʙʦʪʳ ʧʦ ʯʝʪʳʨʝʤ ʪʝʤʘʤ ʅʀʈ ʠ 8-ʠ ʧʨʦʝʢʪʘʤ ʇʨʦʛʨʘʤʤ ʇʨʝʟʠʜʠʫʤʘ ʠ ʆʅɿ ʈɸʅ. ʂʨʦʤʝ 

ʵʪʦʛʦ ʚʳʧʦʣʥʷʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʯʝʪʳʨʝʤ ʧʨʦʝʢʪʘʤ ʈʅʌ, ʪʨʝʤ ʛʨʘʥʪʘʤ ʈʌʌʀ, ʦʜʥʦʤʫ 

ʛʨʘʥʪʫ ʇʨʝʟʠʜʝʥʪʘ ʈʌ.  

ʕʪʠ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ ʚ ʈʌ ''ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ'', ʨʘʟʜʝʣʘʤ ʧʝʨʝʯʥʷ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʈʌ:  

¶ 19. ʊʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʝʸ ʟʘʛʨʷʟʥʝʥʠʷ;  

¶ 21. ʊʝʭʥʦʣʦʛʠʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʨʦʜʥʦʛʦ 

ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 

¶ 20. ʊʝʭʥʦʣʦʛʠʠ ʧʦʠʩʢʘ, ʨʘʟʚʝʜʢʠ, ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʠ ʠʭ ʜʦʙʳʯʠ; 

ʠ ʥʘʧʨʘʚʣʝʥʠʷʤ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʢʘʜʝʤʠʡ ʥʘʫʢ ʥʘ 2013ï2020 ʛʛ.: 

¶ ʈʘʟʜʝʣ I. "ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ":  

ʇʦʜʨʘʟʜʝʣ 3. "ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ". 

¶ ʈʘʟʜʝʣ IX. "ʅʘʫʢʠ ʦ ɿʝʤʣʝ":  

ʇʦʜʨʘʟʜʝʣ 135. "ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ, ʚʢʣʶʯʘʷ 

ʠʦʥʦʩʬʝʨʫ ʠ ʤʘʛʥʠʪʦʩʬʝʨʫ ɿʝʤʣʠ, ʢʨʠʦʩʬʝʨʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʤʝʭʘʥʠʟʤʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʣʘʥʜʰʘʬʪʦʚ, ʦʣʝʜʝʥʝʥʠʷ ʠ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ"; 

ʇʦʜʨʘʟʜʝʣ 138. "ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ, ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʨʝʜʩʪʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝʜʨ ɿʝʤʣʠ, ʘʪʤʦʩʬʝʨʳ, ʚʢʣʶʯʘʷ ʠʦʥʦʩʬʝʨʫ ʠ ʤʘʛʥʠʪʦʩʬʝʨʫ 

ɿʝʤʣʠ, ʛʠʜʨʦʩʬʝʨʳ ʠ ʢʨʠʦʩʬʝʨʳ; ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ 

(ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ)". 

ʉʦʛʣʘʩʥʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʟʘʜʘʥʠʶ ʚ ʨʘʤʢʘʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ɻʎ ʈɸʅ ʚʳʧʦʣʥʷʣʠ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʪʝʤʘʤ ʅʀʈ:  

1. ''ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ''. ʈʫʢʦʚʦʜʠʪʝʣʠ: ʚ.ʥ.ʩ., ʢ.ʬ.-

ʤ.ʥ. ʅ. ɸ. ʉʝʨʛʝʝʚʘ; ʟʘʚ ʣʘʙ., ʢ.ʬ.-ʤ.ʥ. ʕ. ʆ. ʂʝʜʨʦʚ; ʟʘʚ. ʩʝʢʪʦʨʦʤ, ʢ.ʛ.-ʤ.ʥ. ɸ. ʀ. ʈr ʙʢʠʥʘ 

(  ̄AAAA -A17-117012610076-8; 0145-2016-0005). 

2. ''ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʢʠ ʙʣʦʯʥʳʭ ʤʘʩʩʠʚʦʚ ʧʨʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʘʡʦʥʠʨʦʚʘʥʠʠ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. 

ʣʘʙ., ʜ.ʪ.ʥ. ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ (ˉ AAAA-A17-117012610082-9; 0145-2016-0004). 
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3. ''ʉʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ɸ. ɸ. ʃʫʰʥʠʢʦʚ (ˉ 115012960029; 0145-

2014-0015). 

4. ''ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʩʦʙʳʪʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ 

ʜʘʥʥʳʤ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ɿʝʤʣʠ". ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-

ʤ.ʥ. ʈ. ʖ. ʃʫʢʴʷʥʦʚʘ (ˉ 115021010261; 0145-2014-0014). 

ɸ ʪʘʢʞʝ ʧʦ ʧʨʦʝʢʪʘʤ ʇʨʦʛʨʘʤʤ ʇʨʝʟʠʜʠʫʤʘ ʠ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ: 

1. "ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʈʦʩʩʠʠ (ʵʪʘʧ 2017 ʛʦʜʘ)" ʧʨʦʛʨʘʤʤʳ 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ I.4ʇ "ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʚ ʈʦʩʩʠʠ: ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ, ʦʮʝʥʢʝ ʠ ʜʦʙʳʯʝ". ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, 

ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ (ˉ ɸɸɸɸ-ɸ17-117012610079-9; 0145-2016-0006). 

2. "ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʈʌ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʟʘ XX ʚʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʩʬʝʨʠʯʝʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ (ʵʪʘʧ 2017 ʛʦʜʘ)" ʧʨʦʛʨʘʤʤʳ 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ I.28ʇ "ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ 

ʚ ʈʦʩʩʠʠ: ʤʝʩʪʦ ʚ ʤʠʨʦʚʦʤ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ". ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ (ˉ ɸɸɸɸ-

ɸ17-117012610085-0; 0145-2016-0011). 

3. "ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ ʝʛʦ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʚ 

ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ (ʵʪʘʧ 2017 ʛʦʜʘ)" ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ I.32ʇ ''ʇʦʠʩʢʦʚʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ (ˉ 

AAAA -A17-117012610084-3; 0145-2016-0013). 

4. "ʉʦʟʜʘʥʠʝ ʩʝʤʝʡʩʪʚʘ ʯʠʩʣʝʥʥʳʭ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʩʧʫʪʥʠʢʘ SWARM ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ (ʵʪʘʧ 

2017 ʛʦʜʘ)" ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ I.33ʇ "ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ". ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ 

ɸ. ɼ. ɻʚʠʰʠʘʥʠ (ˉ AAAA-A17-117012610083-6; 0145-2016-0012). 

5. "ʅʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʵʪʘʧ 

2017 ʛʦʜʘ)" ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ I.33ʇ "ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ". ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ 

ɸ. ɼ. ɻʚʠʰʠʘʥʠ (ˉ ɸɸɸɸ-ɸ17-117012610078-2; 0145-2016-0008). 

6. "ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʛʝʦʧʦʨʪʘʣʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ (ʵʪʘʧ 2017 

ʛʦʜʘ)" ʧʨʦʛʨʘʤʤʳ ʆʅɿ ʈɸʅ III.8 "ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘ". ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. 

ɺ. ɻ. ɻʝʪʤʘʥʦʚ (ˉ ɸɸɸɸ-ɸ17-117012610077-5; 0145-2016-0007). 

7. "ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʠ 

ʨʘʩʰʠʨʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʥʘʙʣʶʜʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʵʪʘʧ 2017 

ʛʦʜʘ)" ʧʨʦʛʨʘʤʤʳ ʆʅɿ ʈɸʅ III.8 "ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 
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ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘ". ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. 

ɺ. ɻ. ɻʝʪʤʘʥʦʚ (ˉ ɸɸɸɸ-ɸ17-117012610080-5; 0145-2016-0009). 

8. "ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʵʪʘʧ 2017 ʛʦʜʘ)'' ʧʨʦʛʨʘʤʤʳ ʆʅɿ ʈɸʅ III.8 "ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘ". ʈʫʢʦʚʦʜʠʪʝʣʴ: 

ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ɺ. ɻ. ɻʝʪʤʘʥʦʚ (ˉ ɸɸɸɸ-ɸ17-117012610081-2; 0145-2016-0010). 

ʇʝʨʝʯʝʥʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʦʪ ʧʨʠʥʦʩʷʱʝʡ ʜʦʭʦʜ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚ 2017 ʛʦʜʫ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ: 

1. ɻʨʘʥʪ ʈʌʌʀ ˉ15-05-07436 ''ʄʦʥʠʪʦʨʠʥʛ ʥʝʨʝʛʫʣʷʨʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʤʝʪʦʜʘʤʠ ʜʠʩʢʨʝʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ. 

2. ɻʨʘʥʪ ʈʌʌʀ ˉ16-35-00603 ʤʦʣ_ʘ ''ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ (ʂʘʤʯʘʪʢʘ, ʉʘʭʘʣʠʥ ʠ 

ʂʫʨʠʣʴʩʢʠʝ ʦʩʪʨʦʚʘ) ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʠʟʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʧʠʮʝʥʪʨʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙ., ʢ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ. 

3. ɻʨʘʥʪ ʈʌʌʀ ˉ17-05-01085 ''ʄʝʪʦʜʳ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʠ ʚ ʠʟʫʯʝʥʠʠ ʦʪʣʦʞʝʥʠʡ 

ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ'' ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙ., ʢ.ʛ.-ʤ.ʥ. 

ɸ. ʀ. ʈr ʙʢʠʥʘ. 

4. ɻʨʘʥʪ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʄʂ-4555.2016.5 ''ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙ., ʢ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ. 

5. ʇʨʦʝʢʪ ʈʅʌ ˉ15-17-30020 ''ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʮʝʥʢʠ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʚʢʣʶʯʘʷ ʂʘʚʢʘʟ-ʂʨʳʤ ʠ ɸʣʪʘʡ-ʉʘʷʥʳ-

ʇʨʠʙʘʡʢʘʣʴʝ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸʣ. ɸ. ʉʦʣʦʚʴʝʚ. 

6. ʇʨʦʝʢʪ ʈʅʌ ˉ16-17-00121 ''ʈʘʟʚʠʪʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ''. 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ɺ. ɸ. ʇʠʣʠʧʝʥʢʦ. 

7. ʇʨʦʝʢʪ ʈʅʌ ˉ17-77-20034 ''ʈʘʟʨʘʙʦʪʢʘ ʢʘʨʪ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʩ.ʥ.ʩ., 

ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʝʨʦʚ. 

8. ʇʨʦʝʢʪ ʈʅʌ ˉ17-17-01215 ''ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʘ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʤʘʪʨʠʮ ʥʘʙʣʶʜʝʥʠʡ ʤʶʦʥʥʦʛʦ 

ʛʦʜʦʩʢʦʧʘ''. ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʢʝ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸʥ. ɸ. ʉʦʣʦʚʴʝʚ. 

ɺʘʞʥʝʡʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 2017 ʛʦʜʘ, ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʥʘ 

ʟʘʩʝʜʘʥʠʠ ʋʯʝʥʦʛʦ ʩʦʚʝʪʘ ɻʎ ʈɸʅ ˉ46 ʦʪ 08.12.2017ʛ., ʩʪʘʣʠ ʩʣʝʜʫʶʱʠʝ: 
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1.1 ɸʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ɼʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ; ʚ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ; 

ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ʉ. ʄ. ɸʛʘʷʥ; ʤ.ʥ.ʩ. ʀ. ʆ. ɹʝʣʦʚ 

ʉʦʟʜʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʘʣʛʦʨʠʪʤ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ SFCAZ (Successive Formalized Clustering And Zoning), ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ 

ʤʘʛʥʠʪʫʜʥʳʭ ʧʦʨʦʛʦʚ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʝʡʩʤʦʦʧʘʩʥʦʤ ʨʝʛʠʦʥʝ. ʕʪʦ ʫʜʘʣʦʩʴ ʩʜʝʣʘʪʴ ʟʘ 

ʩʯʝʪ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʩʫʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʝʦʜʥʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ DPS ʠ 

ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ E2XT. 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʩʪʨʦʠʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʩʛʫʱʝʥʠʡ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɺʪʦʨʦʡ ʘʣʛʦʨʠʪʤ E2XT ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦʝ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʝ ʦʪʦʙʨʘʞʝʥʠʝ 

ʧʦʩʪʨʦʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʥʫʣʝʚʦʡ ʤʝʨʳ ʚ 2D ʟʦʥʳ ʥʘ ʨʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ʇʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ ʠʩʢʦʤʳʤʠ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʤʠ ʟʦʥʘʤʠ. 

ɿʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʤʘʛʥʠʪʫʜʥʦʛʦ 

ʧʦʨʦʛʘ ʨʘʩʧʦʟʥʘʶʪʩʷ ʚʥʫʪʨʠ ʟʦʥ ʫʞʝ ʨʘʩʧʦʟʥʘʥʥʳʭ ʢʘʢ ʦʧʘʩʥʳʝ ʜʣʷ ʤʝʥʴʰʝʡ ʧʦʨʦʛʦʚʦʡ 

ʤʘʛʥʠʪʫʜʳ ʥʘ ʙʘʟʝ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. 

ɸʣʛʦʨʠʪʤ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥ ʚ ʨʝʛʠʦʥʝ ʇʨʠʙʘʡʢʘʣʴʝ ï ɿʘʙʘʡʢʘʣʴʝ. 

 

 

ʈʠʩʫʥʦʢ 1.1  ɿʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʝʛʠʦʥʝ ʇʨʠʙʘʡʢʘʣʴʝ ï

ɿʘʙʘʡʢʘʣʴʝ 
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ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʥʘʟʚʘʥ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚ ʜʦʢʣʘʜʝ ʇʨʝʟʠʜʝʥʪʘ ʈɸʅ, 

ʘʢʘʜʝʤʠʢʘ ɸʣʝʢʩʘʥʜʨʘ ʄʠʭʘʡʣʦʚʠʯʘ ʉʝʨʛʝʝʚʘ ''ʆ ʩʦʩʪʦʷʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʚʘʞʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʤʠ 

ʫʯʝʥʳʤʠ ʚ 2017 ʛʦʜʫ'' ʆʙʱʝʤʫ ʩʦʙʨʘʥʠʶ ʯʣʝʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

1.2. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʚʩʧʣʝʩʢʦʚ ʚʝʢʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʛʣʘʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ ï ʤʘʥʪʠʷ ʧʦ ʜʘʥʥʳʤ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ 

ɿʘʤ. ʜʠʨ. ʧʦ ʥʘʫʢʝ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʝʚ;  

ʚ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʐ. ʈ. ɹʦʛʦʫʪʜʠʥʦʚ;  

ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ʉ. ʄ. ɸʛʘʷʥ  

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʠʝ ʚʝʢʦʚʳʭ ʚʘʨʠʘʮʠʡ ʛʣʘʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ (ɻʄʇɿ) ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ ï ʤʘʥʪʠʷ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʝʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʚʳʩʦʢʦʪʦʯʥʳʤ ʩʧʫʪʥʠʢʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ʥʘʯʠʥʘʷ ʩ 2000 ʛ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪ.ʥ. ʚʩʧʣʝʩʢʠ ʚʝʢʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ (ɺʋ) ɻʄʇɿ 2006, 2009 ʠ 

2012 ʛʛ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʚʧʝʨʚʳʝ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʦʛʠʯʥʳʡ ʘʥʘʣʠʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ʇʦʤʠʤʦ ʨʘʥʝʝ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʙʳʣʠ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʥʦʚʳʝ 1996, 1999, 2002 ʠ 2014 ʛʛ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 6-ʣʝʪʥʝʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʚʩʧʣʝʩʢʦʚ ɺʋ ʦʜʠʥʘʢʦʚʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʣʥʦʚʦʡ 

ʧʨʠʨʦʜʝ ʧʨʦʮʝʩʩʘ. ʊʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ʩ 

ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʜʞʝʨʢʘʤʠ. ɺʩʧʣʝʩʢʠ ʠ ʜʞʝʨʢʠ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʧʨʦʷʚʣʝʥʠʝʤ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʜʢʦʤ ʷʜʨʝ. 

 

 

ʈʠʩʫʥʦʢ 1.2  ɺʚʝʨʭʫ: ʢʘʨʪʘ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʜʘʥʥʳʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʩʧʣʝʩʢʦʚ ɺʋ. ʉʥʠʟʫ: 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʍʌ) ʜʣʷ ʟʘʧʠʩʠ d2X/ʛʦʜ2 ʧʦ ʜʘʥʥʳʤ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ 

ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʨʠ ʧʦʨʦʛʝ A=2 ʥʊʣ/ʛʦʜ2 (ʩʣʝʚʘ) ʠ ʝʚʨʦʧʝʡʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʨʠ 

ʧʦʨʦʛʝ A=3 ʥʊʣ/ʛʦʜ2 (ʩʧʨʘʚʘ). ʉʠʥʠʝ ʠ ʢʨʘʩʥʳʝ ʩʪʦʣʙʠʢʠ ʦʪʨʘʞʘʶʪ ʝʞʝʤʝʩʷʯʥʳʡ 

ʧʨʦʮʝʥʪ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ d2B/dt2<ïA (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʩʧʣʝʩʢʠ ɺʋ) ʠ 

d2B/dt2>A (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʩʧʣʝʩʢʠ ɺʋ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʠʢʠ ʍʌ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʚʩʧʣʝʩʢʘʭ ɺʋ ʚ ʨʘʡʦʥʝ 1996, 1999, 2002, 2006, 2009, 2012 ʠ 2014 ʛʛ. 
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1.3. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʦ ʚʳʩʦʢʦʰʠʨʦʪʥʳʤ 

ʛʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ 

ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ʈ. ʖ. ʃʫʢʴʷʥʦʚʘ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʥʳʤʠ 

ʩʫʙʙʫʨʷʤʠ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʠ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ) ʟʘ ʩʪʦʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʧʦ 

ʩʝʟʦʥʘʤ, ʧʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʦʷʚʣʝʥʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʉɺ ʠ 

ʰʠʨʦʪʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ (ʂɼ) ʥʘ ʩʦʣʥʝʯʥʦʤ ʜʠʩʢʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʠʢʫ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʝʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 1950-ʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʧʠʢ ʧʦʣʷʨʥʳʭ ʂɼ, ʘ ʟʘʚʝʨʰʝʥʠʶ ʚʝʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ï ʧʠʢ 

ʥʠʟʢʦʰʠʨʦʪʥʳʭ ʂɼ. ʇʦʣʷʨʥʳʝ ʂɼ ʩʚʷʟʘʥʳ ʩ ʫʩʠʣʝʥʠʝʤ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʉʦʣʥʮʘ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ï ʩ ʫʩʠʣʝʥʠʝʤ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ ʚ 22-

ʣʝʪʥʝʤ ʤʘʛʥʠʪʥʦʤ ʮʠʢʣʝ ʉʦʣʥʮʘ. ʈʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʝʦʨʠʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ.  

 

 

 

ʈʠʩʫʥʦʢ 1.3  ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʧʦ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʘʚʥʦʜʝʥʩʪʚʠʡ (ʢʨʘʩʥʳʡ) ʠ 

ʩʦʣʥʮʝʩʪʦʷʥʠʡ (ʩʠʥʠʡ), ʠ ʯʠʩʣʦ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ (ʯʝʨʥʳʡ ʠ ʥʦʤʝʨʘ ʩʦʣʥʝʯʥʳʭ 

ʮʠʢʣʦʚ).   
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2. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0005 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: ɸɸɸ-ɸ17-117012610076-8 

ʈʫʢʦʚʦʜʠʪʝʣʠ: ʚ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʅ. ɸ. ʉʝʨʛʝʝʚʘ;  

ʟʘʚ. ʣʘʙ., ʢ.ʬ.-ʤ.ʥ. ʕ. ʆ. ʂʝʜʨʦʚ;  

ʟʘʚ. ʣʘʙ., ʢ.ʛ.-ʤ.ʥ. ɸ. ʀ. ʈr ʙʢʠʥʘ 

ʅʀʈ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʄʠʨʦʚʳʭ ʮʝʥʪʨʘʭ ʜʘʥʥʳʭ, ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ 

ʙʘʟʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ, ʩ ʮʝʣʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ.  

2.1. ʋʚʝʣʠʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ ʚ ʄʠʨʦʚʳʭ ʮʝʥʪʨʘʭ ʜʘʥʥʳʭ ʧʦ ʉɿʌ ʠ ʌʊɿ 

ʄʠʨʦʚʳʝ ʮʝʥʪʨʳ ʜʘʥʥʳʭ, ʷʚʣʷʷʩʴ ʨʝʛʫʣʷʨʥʳʤʠ ʯʣʝʥʘʤʠ ʄʠʨʦʚʦʡ ʩʠʩʪʝʤʳ ʜʘʥʥʳʭ 

(ʄʉɼ) ʠ ʩʣʝʜʫʷ ʧʦʣʠʪʠʢʝ ʄʉɼ ʚ ʦʪʥʦʰʝʥʠʠ ʜʘʥʥʳʭ ʠ ʧʦʣʦʞʝʥʠʷʤ ''ʉʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʘ 2014-2018'' [http://www.icsu-wds.org/organization/strategic-plan] ʄʉɼ, ʨʝʰʘʶʪ ʟʘʜʘʯʠ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʥʘʫʯʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ. 

ɺ 2017 ʛ. ʧʨʦʜʦʣʞʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʘ ''ʉʦʭʨʘʥʝʥʠʝ ʩʪʘʨʳʭ ʜʘʥʥʳʭ''  ï 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʘʥʘʣʦʛʦʚʦʡ ʬʦʨʤʳ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʚʠʜ, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ on-line ʜʦʩʪʫʧʘ ʢ 

ʥʠʤ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʦʟʜʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʚ ʬʦʨʤʘʪʝ PDF. ʇʦ 

ʜʠʩʮʠʧʣʠʥʝ ''ʀʦʥʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷ'' ʧʝʨʝʚʝʜʝʥʳ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʚʠʜ ʜʘʥʥʳʝ ʧʷʪʠ 

ʠʦʥʦʩʬʝʨʥʳʭ ʩʪʘʥʮʠʡ (46 500 ʜʦʢʫʤʝʥʪʦʚ) - ʨʝʟʫʣʴʪʘʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʠʦʥʦʩʬʝʨʳ (ʪʘʙʣʠʮʳ ʠ ʛʨʘʬʠʢʠ ʯʘʩʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ), ʠʟʤʝʨʝʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ, ʠʦʥʦʩʬʝʨʥʳʭ ʚʝʪʨʦʚ, ʘʪʤʦʩʬʝʨʥʳʭ ʨʘʜʠʦʰʫʤʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʬʠʣʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ. ɺʩʝ ʵʣʝʢʪʨʦʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʨʦʰʣʠ ʧʨʦʮʝʜʫʨʳ 

ʧʨʦʚʝʨʢʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʜʘʥʥʳʭ ʚ PDF ʬʦʨʤʘʪʝ ʩʦʩʪʘʚʣʝʥʳ ʢʘʪʘʣʦʛ ʠ 

ʤʝʪʘʜʘʥʥʳʝ, ʩʬʦʨʤʠʨʦʚʘʥʦ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʄʎɼ 

ʧʦ ʉɿʌ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ http://www.wdcb.ru/stp/data/ionosphere_3/. 

ʇʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʚʦʜʫ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʚʠʜ (PDF ʬʦʨʤʘʪ) ʠʩʪʦʨʠʯʝʩʢʦʛʦ 

ʠʟʜʘʥʠʷ ''ʅʦʚʳʡ ʢʘʪʘʣʦʛ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ ʩ ʜʨʝʚʥʝʡʰʠʭ 

ʚʨʝʤʝʥ ʜʦ 1975 ʛ.'' ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʅ. ɺ. ʂʦʥʜʦʨʩʢʦʡ ʠ ʅ. ɺ. ʐʝʙʘʣʠʥʘ. ʉʦʟʜʘʥʥʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʚʝʨʩʠʷ ʢʘʪʘʣʦʛʘ ʨʘʟʤʝʱʝʥʘ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʄʎɼ ʧʦ ʌʊɿ 

http://www.wdcb.ru/sep/seismology/cat_strong_USSR.ru.html. 

http://www.icsu-wds.org/organization/strategic-plan
http://www.wdcb.ru/stp/data/ionosphere_3/
http://www.wdcb.ru/sep/seismology/cat_strong_USSR.ru.html
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ʉʙʦʨ, ʘʥʘʣʠʟ, ʭʨʘʥʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʄʎɼ. ɺ 2017 ʛ. ʜʦʧʦʣʥʝʥʳ ʤʘʩʩʠʚʳ ʩʨʝʜʥʝʯʘʩʦʚʳʭ ʠ ʤʠʥʫʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʷʜʘ ʦʙʩʝʨʚʘʪʦʨʠʡ ʚʥʦʚʴ ʧʦʩʪʫʧʠʚʰʠʤʠ ʜʘʥʥʳʤʠ. 

ʇʦʣʫʯʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʂ-ʠʥʜʝʢʩʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ''ɺʦʝʡʢʦʚʦ'' ʚ ʚʠʜʝ ʙʫʤʘʞʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʝʜʝʥʳ ʚ ʵʣʝʢʪʨʦʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʚ ʬʦʨʤʘʪʝ PDF ʠ ʚ ʪʝʢʩʪʦʚʳʝ 

ʬʘʡʣʳ ʚ ʢʦʜʘʭ ASCII. ɼʦʧʦʣʥʝʥʳ ʤʘʩʩʠʚʳ ʟʥʘʯʝʥʠʡ ʂ-ʠʥʜʝʢʩʘ ʦʙʩʝʨʚʘʪʦʨʠʡ 

''ʅʦʚʦʩʠʙʠʨʩʢ'', ''ʄʘʛʘʜʘʥ'' ʠ ''ʄʦʩʢʚʘ''. ɼʘʥʥʳʝ ʨʘʟʤʝʱʝʥʳ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʎʝʥʪʨʘ. 

ɼʦʧʦʣʥʝʥʳ ʨʷʜʳ ʚʩʝʭ ʠʥʜʝʢʩʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʂʦʣʣʝʢʮʠʷ ʠʟ ʪʨʝʭ ʢʘʪʘʣʦʛʦʚ ʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʜʦʧʦʣʥʝʥʘ ʥʦʚʳʤ ʢʘʪʘʣʦʛʦʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʠʟ ɻʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ''ɹʦʨʦʢ'': ''ʂʘʪʘʣʦʛ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ 

ʪʠʧʘ Pc1 ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʘʥʪʘʨʢʪʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ''ʄʠʨʥʳʡ'',  

1979ï1989 ʛʛ.'', ʘʚʪʦʨ ʕ. ʊ. ʄaʪʚʝʝʚʘ. ʇʨʦʚʝʜʝʥʳ ʘʥʘʣʠʟ, ʧʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʝʭ ʯʝʪʳʨʝʭ ʢʘʪʘʣʦʛʦʚ ʚ ʝʜʠʥʦʤ ʬʦʨʤʘʪʝ. ʉʦʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʦʧʠʩʘʥʠʷ 

ʜʘʥʥʳʭ ʠ ʬʦʨʤʘʪʦʚ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ. ɼʘʥʥʳʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ʚʝʙ-ʩʘʡʪʝ.  

ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʠʦʥʦʩʬʝʨʥʦʡ ʩʪʘʥʮʠʠ ''ʄʦʩʢʚʘ'' (ʀɿʄʀʈɸʅ) ʟʘ ʧʝʨʠʦʜ  

XI.2016-X.2017 ʛʛ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ, ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʛʦʜʦʚʳʝ ʬʘʡʣʳ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 18 ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʘʥʥʳʝ ʟʘ ʧʝʨʠʦʜ 2008-2017 ʛʛ. ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʄʎɼ ʧʦ ʉɿʌ http://www.wdcb.ru/stp/data/ionosphere_4/.  

ɼʦʧʦʣʥʝʥ ʂʘʪʘʣʦʛ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ XXIV ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʤʠ ʟʘ 2016-2017 ʛʛ. ʇʨʦʚʝʜʝʥʘ ʢʦʨʨʝʢʮʠʷ ʢʘʪʘʣʦʛʘ. ɼʦʧʦʣʥʝʥʳ ʨʘʟʜʝʣʳ 

''ʉʦʣʥʝʯʥʳʝ ʧʷʪʥʘ'', ''ʉʝʢʪʦʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ'', ''ʇʦʪʦʢ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 10.7 ʩʤ''. ʅʘ ʚʝʙ-ʩʘʡʪʝ ʄʎɼ ʧʦ ʉɿʌ ʨʝʛʫʣʷʨʥʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʝʜʝʣʴʥʳʝ ʧʨʦʛʥʦʟʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʟ ʀɿʄʀʈɸʅ. 

ʇʦʣʫʯʝʥʥʳʝ ʠʟ ɻʉ ʈɸʅ ''ʉʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ ʢʘʪʘʣʦʛ'' ʠ ''ʉʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ 

ʙʶʣʣʝʪʝʥʴ'' (ʝʞʝʜʝʢʘʜʥʳʝ) ʟʘ ʧʝʨʠʦʜ XII .2015-II.2017 ʛʛ. ʧʦʩʣʝ ʧʨʦʚʝʨʢʠ ʠ 

ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ʚʝʙ-

ʩʘʡʪʝ http://www.wdcb.ru/sep/seismology/cat_OBN.ru.html 

http://www.wdcb.ru/sep/seismology/bul_OBN.ru.html 

ʇʨʦʜʦʣʞʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʪʘʣʦʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ 

ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ʚ ʢʦʜʘʭ ASCII ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʝʞʝʛʦʜʥʠʢʘʭ ''ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʉʉʉʈ'' ʠ ''ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʉʝʚʝʨʥʦʡ 

ɽʚʨʘʟʠʠ''. ɼʦʧʦʣʥʝʥʳ ʜʘʥʥʳʤʠ ʟʘ 2010 ʛ. ʢʘʪʘʣʦʛʠ ʨʝʛʠʦʥʦʚ ''ʂʨʳʤ'', ''ʂʘʨʧʘʪʳ'', ''ɸʣʪʘʡ ʠ 

ʉʘʷʥʳ'' ʠ ''ʇʨʠʙʘʡʢʘʣʴʝ ʠ ɿʘʙʘʡʢʘʣʴʝ'', ʩʬʦʨʤʠʨʦʚʘʥ ʢʘʪʘʣʦʛ ʨʝʛʠʦʥʘ ''ʇʨʠʤʦʨʴʝ'' 

1962-2010 ʛʛ. ʠ ʜʦʧʦʣʥʝʥ ʜʘʥʥʳʤʠ ʟʘ 2008-2010 ʛʛ. ʢʘʪʘʣʦʛ ʨʝʛʠʦʥʘ ''ʗʢʫʪʠʷ''. ɺ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ ʦʢʦʣʦ 20 000 ʩʦʙʳʪʠʡ. 

ʈʘʩʰʠʨʝʥʘ ʙʘʟʘ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ɻʀʉ. ʇʦʜʛʦʪʦʚʣʝʥʳ ʠ ʦʬʦʨʤʣʝʥʳ 

ʮʠʬʨʦʚʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʚ ʩʨʝʜʝ ɻʀʉ ʥʘ ʦʩʥʦʚʝ ʜʦʧʦʣʥʝʥʥʳʭ ʢʘʪʘʣʦʛʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʨʝʛʠʦʥʦʚ ''ɸʣʪʘʡ ʠ ʉʘʷʥʳ'', ''ʇʨʠʙʘʡʢʘʣʴʝ ʠ ɿʘʙʘʡʢʘʣʴʝ'' ʠ ʚʥʦʚʴ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʦʛʦʚ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ''ʇʨʠʤʦʨʴʝ'' ʠ ''ʗʢʫʪʠʷ''. 

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩʣʦʠ ʜʦʙʘʚʣʝʥʳ ʚ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʚʝʙ-ʩʝʨʚʠʩ ''ɻʝʦʬʠʟʠʢʘ'' 

(http://gis.gcras.ru:6080/arcgis/rest/services/gisr/geophysics/MapServer). 

1. ʇʨʦʚʝʜʝʥʘ ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦ ʨʘʟʜʝʣʫ ''ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ''. ʅʘ ʚʝʙ-

ʩʘʡʪʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʥʘʟʝʤʥʳʤ ʚʦʟʨʘʩʪʘʥʠʷʤ GLE, ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ 

http://www.wdcb.ru/stp/data/ionosphere_4/
http://www.wdcb.ru/sep/seismology/cat_OBN.ru.html
http://www.wdcb.ru/sep/seismology/bul_OBN.ru.html
http://gis.gcras.ru:6080/arcgis/rest/services/gisr/geophysics/MapServer
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ʄʠʨʦʚʦʡ ʩʝʪʠ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʦʚ ʟʘ ʧʝʨʠʦʜ ʩ 1953 ʛ. ʧʦ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʜʘʥʥʳʝ 

ʥʝʢʦʪʦʨʳʭ ʤʶʦʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ. ʉʦʩʪʘʚʣʝʥ ʩʧʠʩʦʢ ʩʪʘʥʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, 

ʧʦʜʛʦʪʦʚʣʝʥ ʢʘʪʘʣʦʛ ʥʘʣʠʯʠʷ ʜʘʥʥʳʭ. ʈʝʦʨʛʘʥʠʟʦʚʘʥʳ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʨʘʟʜʝʣʘ: ʦʙʨʘʱʝʥʠʝ 

ʢ ʢʘʞʜʦʤʫ ʚʠʜʫ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʦ ʧʨʷʤʳʤ ʩʩʳʣʢʘʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʜʘʥʥʳʭ 

ʩʦʟʜʘʥʘ ʦʪʜʝʣʴʥʘʷ ʠʥʪʝʨʥʝʪ-ʩʪʨʘʥʠʮʘ, ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʩʪʨʘʥʠʮʘʭ ʥʦʚʳʝ 

ʦʧʠʩʘʥʠʷ ʜʘʥʥʳʭ ʠ ʬʦʨʤʘʪʦʚ (ʨʠʩ. 2.1) 

http://www.wdcb.ru/stp/cosmic_rays/cosmic_rays.ru,html. 

 

ʈʠʩʫʥʦʢ 2.1  ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ''ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ''  

ɺ 2017 ʛ. ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʨʝʣʷʮʠʦʥʥʦʡ MySQL 

ʙʘʟʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʠ ʚʝʙ-ʬʦʨʤʳ ʜʦʩʪʫʧʘ ʢ ʥʝʡ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʜʘʣʝʥʥʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʙʠʨʘʪʴ ʠʟ ɹɼ ʜʘʥʥʳʝ ʧʦ ʨʷʜʫ ʫʩʣʦʚʠʡ. ʀʟʤʝʥʝʥ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠ ʚʥʝʰʥʠʡ ʠʥʪʝʨʬʝʡʩ ʬʦʨʤʳ ʟʘʧʨʦʩʘ ʜʘʥʥʳʭ: ʇʝʨʝʨʘʙʦʪʘʥʘ 

ʚʥʫʪʨʝʥʥʷʷ ʦʙʦʣʦʯʢʘ ʚʝʙ-ʬʦʨʤʳ, ʠʟʤʝʥʝʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʠ ʩʪʨʫʢʪʫʨʘ ʪʘʙʣʠʮ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʳʙʦʨʢʠ ʠʟ ɹɼ. ɼʦʧʦʣʥʝʥʘ ɹɼ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ 2016 ʛ. ɺʝʙ-ʬʦʨʤʘ 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʘʙʦʪʳ http://www.wdcb.ru/stp/geomagnetism/rantest/www/newmain.php 

2.2. ʈʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʨʝʛʠʩʪʨʘʮʠʠ, ʧʫʙʣʠʢʘʮʠʠ ʠ ʮʠʪʠʨʦʚʘʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ 

ʧʨʠʩʚʦʝʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʦʙʲʝʢʪʘ DOI "ɹʘʟʘ ʜʘʥʥʳʭ ʧʦ 

ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ". ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʠʥʪʝʨʬʝʡʩ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ XML-ʬʘʡʣʦʚ 

ʉ 2014 ʛ. ʚ ɻʎ ʈɸʅ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʝʢʪ  ''ɹʘʟʘ ʜʘʥʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ'' ï ESDB 

(''Earth Science DataBase'')  ʩʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʫʙʣʠʢʘʮʠʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʧʨʠʩʚʦʝʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʦʙʲʝʢʪʘ DOI, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ʩʠʩʪʝʤʝ CrossRef, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʮʠʪʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʚ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. ʉʦʟʜʘʥ ʚʝʙ-ʩʘʡʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ 

http://www.wdcb.ru/stp/cosmic_rays/cosmic_rays.ru,html
http://www.wdcb.ru/stp/geomagnetism/rantest/www/newmain.php


16 

 

(http://esdb.wdcb.ru/). ʌʦʨʤʠʨʫʝʪʩʷ ʙʘʟʘ ʤʝʪʘʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʣʥʳʝ ʦʧʠʩʘʥʠʷ ʩʘʤʠʭ 

ʜʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʚʪʦʨʘʭ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ ʜʘʥʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʷʭ-ʧʦʩʪʘʚʱʠʢʘʭ ʠ 

ʭʨʘʥʠʪʝʣʷʭ (ʧʫʙʣʠʢʘʪʦʨʘʭ) ʜʘʥʥʳʭ ʠ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦʡ 

ʧʦʪʨʝʙʠʪʝʣʷʤ. ʆʙʲʝʢʪʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʥʘʙʦʨʳ ʜʘʥʥʳʭ. ʂʘʞʜʦʤʫ 

ʦʙʲʝʢʪʫ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ XML ʦʧʠʩʘʥʠʝ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʚ CrossRef XML 

ʩʭʝʤʝ, ʚʢʣʶʯʘʶʱʝʝ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʠ ʘʢʪʫʘʣʴʥʳʡ URL ʘʜʨʝʩ ʩʪʨʘʥʠʮʳ ʦʪʢʣʠʢʘ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ.  

ɺ 2017 ʛ. ʚ "ɹʘʟʝ ʜʘʥʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ" ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 5 ʢʘʪʘʣʦʛʦʚ 

ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ (ʪʘʙ. 2.1) ʚ ʢʘʯʝʩʪʚʝ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʣʠ 

ʙʘʟʫ ʜʘʥʥʳʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʨʘʥʝʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʩʦʟʜʘʥʘ ʩʪʨʘʥʠʮʘ 

ʦʪʢʣʠʢʘ. ʉʦ ʩʪʨʘʥʠʮ ʦʪʢʣʠʢʘ ʤʦʞʥʦ ʧʦ ʫʢʘʟʘʥʥʳʤ ʘʜʨʝʩʘʤ ʜʣʷ ''ʟʘʛʨʫʟʢʠ'' ʜʘʥʥʳʭ ʧʝʨʝʡʪʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʥʘʙʦʨʘʤ ʜʘʥʥʳʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʄʎɼ ʧʦ ʉɿʌ 

http://www.wdcb.ru/stp/online_data.ru.html#ref113_r.  

ʊʘʙʣʠʮʘ 2.1 - ʂʘʪʘʣʦʛʠ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ 

2017 ʛ. 

ʅʘʟʚʘʥʠʝ ʢʘʪʘʣʦʛʘ ʎʠʬʨʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ DOI 

ʂʘʪʘʣʦʛ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ  

1970-1979 ʛʛ. 
https://doi.org/10.2205/ESDB-SAD-P-002 

ʂʘʪʘʣʦʛ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʩʦʣʥʝʯʥʳʭ 

ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ 1970-1979 ʛʛ. 
https://doi.org/10.2205/ESDB-SAD-P-003 

ʉʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ. ʂʘʪʘʣʦʛ 1980ï

1986 ʛʛ. ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʪʦʥʦʚ 

https://doi.org/10.2205/ESDB-SAD-P-004 

ʉʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ. ʂʘʪʘʣʦʛ 1980ï

1986 ʛʛ. ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʯʘʩʪʠʮ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ. 

https://doi.org/10.2205/ESDB-SAD-P-005 

ʂʘʪʘʣʦʛ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ 1987ï

1996 ʛʛ. 
https://doi.org/10.2205/ESDB-SAD-P-006 

 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʥʦʚʦʛʦ ʚʦʣʥʦʚʦʛʦ ʠʥʜʝʢʩʘ - ULF-ʠʥʜʝʢʩʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʫʨʦʚʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2ï7 

ʤɻʮ. ɹɼ ʠʥʜʝʢʩʘ ULF ʧʦʩʪʦʷʥʥʦ ʦʙʥʦʚʣʷʝʤʘʷ ʠ ʩʚʦʙʦʜʥʦ ʜʦʩʪʫʧʥʘ ʯʝʨʝʟ ʚʝʙ-ʩʘʡʪ 

http://ulf.gcras.ru ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹɼ ʩʦʜʝʨʞʠʪ 

ʝʞʝʤʝʩʷʯʥʳʝ ʛʨʘʬʠʢʠ 3-ʭ ʥʘʙʦʨʦʚ ʠʥʜʝʢʩʦʚ ULF ʚʤʝʩʪʝ ʩ ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. ʀʜʝʥʪʠʬʠʢʘʪʦʨ DOI (https://doi.org/10.2205/ULF-index) ʧʨʠʩʚʦʝʥ 

ʙʘʟʝ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʝʡ 26 ʛʦʜʦʚʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 1991-2016 ʛʛ. ʂʘʞʜʦʤʫ 

ʛʦʜʦʚʦʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʧʨʠʩʚʦʝʥ ʩʚʦʡ DOI. ɼʣʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʘʙʦʨʦʚ 

ʜʘʥʥʳʭ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʧʠʩʘʥʠʷ, ʩʦʩʪʘʚʣʝʥʳ ʤʝʪʘʜʘʥʥʳʝ ʠ ʩʦʟʜʘʥʳ ʩʪʨʘʥʠʮʳ ʦʪʢʣʠʢʘ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʚʝʙ-ʩʘʡʪʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʧʦʟʠʪʦʨʠʷ (http://esdb.wdcb.ru/). 

ʈʘʟʨʘʙʦʪʘʥʦ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʥʣʘʡʥ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʫʙʣʠʢʦʚʘʥʠʷ. ɼʘʥʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʚʚʦʜ ʤʝʪʘʜʘʥʥʳʭ ʜʣʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʙʘʟ ʜʘʥʥʳʭ 

http://esdb.wdcb.ru/
http://www.wdcb.ru/stp/online_data.ru.html#ref113_r
http://www.wdcb.ru/stp/data/SPE/SPE_1970-1979.pdf
https://doi.org/10.2205/ESDB-SAD-P-003
http://www.wdcb.ru/stp/data/SPE/SPE_1970-1979_(SPECTRA).pdf
https://doi.org/10.2205/ESDB-SAD-P-003
http://www.wdcb.ru/stp/data/SPE/SPE_1980-1986_(SPECTRA).pdf
http://www.wdcb.ru/stp/data/SPE/SPE_1980-1986_(SPECTRA).pdf
https://doi.org/10.2205/ESDB-SAD-P-004
http://www.wdcb.ru/stp/data/SPE/SPE_1980-1986.pdf
http://www.wdcb.ru/stp/data/SPE/SPE_1980-1986.pdf
https://doi.org/10.2205/ESDB-SAD-P-005
http://www.wdcb.ru/stp/data/SPE/SPE_1987-1996.pdf
http://www.wdcb.ru/stp/data/SPE/SPE_1987-1996.pdf
https://doi.org/10.2205/ESDB-SAD-P-006
http://ulf.gcras.ru/
https://doi.org/10.2205/ULF-index
http://esdb.wdcb.ru/
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ʠ/ʠʣʠ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ʕʪʦ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʬʦʨʤʘ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ XML -ʬʘʡʣʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ.  

ʉ ʮʝʣʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʪʝ ʧʦ ʧʨʠʩʚʦʝʥʠʶ DOI ʜʘʥʥʳʤ ʠ 

ʧʨʠʚʣʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʘʥʥʳʭ ʢ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʣʘʜʳ ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ''Global Challenges and Data-Driven 

Science'' (8-13.10.2017 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) [Sergeeva et al., 2017], ʥʘ ɻʝʥʝʨʘʣʴʥʦʡ 

ʘʩʩʘʤʙʣʝʝ EGU2017 (23ï28.04.2017 ʛ., ɺʝʥʘ) [Sergeeva, Zabarinskaya, 2017] ʠ ʥʘ 

ʉʦʚʤʝʩʪʥʦʡ ʥʘʫʯʥʦʡ ʘʩʩʘʤʙʣʝʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʩʩʦʮʠʘʮʠʡ: ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ ʦʙ ʦʢʝʘʥʝ, 

ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʥʘʫʢ ʠ ʛʝʦʤʘʛʥʝʪʠʟʤʘ ʠ ʘʵʨʦʥʦʤʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʠ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʩʦʶʟʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘʩʴ ʚ ʛ. ʂʝʡʧʪʘʫʥʝ, ʖɸʈ 

(27.08-1.09.2017 ʛ.) [Soloviev et al., 2017]. 

2.3. ʈʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ 

ʚ ʠʟʜʘʥʠʷʭ ɻʎ ʈɸʅ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʚʝʙ-ʩʘʡʪʘ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʞʫʨʥʘʣʘ '' Russian Journal of Earth Sciences''  

ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʮʝʥʪʨ ʈɸʅ ʷʚʣʷʝʪʩʷ ʫʯʨʝʜʠʪʝʣʝʤ ʠ ʠʟʜʘʪʝʣʝʤ ʪʨʝʭ ʦʥʣʘʡʥʦʚʳʭ 

ʞʫʨʥʘʣʦʚ ï ''Russian Journal of Earth Sciences'' (http://rjes.wdcb.ru/), ''ɺʝʩʪʥʠʢ ʆʪʜʝʣʝʥʠʷ 

ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ'' (http://onznews.wdcb.ru/) ʠ ʩʝʨʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʜʘʥʠʷ 

''ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ. ʊʨʫʜʳ ɻʎ ʈɸʅ'' (''Geoinformatics Research Papers. 

Proceedings of the Geophysical Center RAS'' (http://ebooks.wdcb.ru/)). 

ɾʫʨʥʘʣ ''Russian Journal of Earth Sciences'' (RJES) ʧʫʙʣʠʢʫʝʪ ʦʨʠʛʠʥʘʣʴʥʳʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʭʠʤʠʠ, 

ʚʢʣʶʯʘʷ ʛʝʦʠʥʬʦʨʤʘʪʠʢʫ, ʵʢʦʣʦʛʠʶ, ʬʠʟʠʢʫ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ. ɾʫʨʥʘʣ ʧʫʙʣʠʢʫʝʪʩʷ ʥʘ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʉʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʦʤʫ 

ʧʨʦʮʝʩʩʫ "ʩʣʝʧʦʛʦ" ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ, ʚʩʝ ʩʪʘʪʴʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʨʝʜʘʢʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʆʥʣʘʡʥʦʚʘʷ ʚʝʨʩʠʷ ʞʫʨʥʘʣʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʦʡ (version of 

record). ʉʪʠʣʴ ʞʫʨʥʘʣʘ ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʥʘʫʯʥʳʤʠ ʠʟʜʘʥʠʷʤʠ, ʠ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʝʯʘʪʥʫʶ ʚʝʨʩʠʶ ʞʫʨʥʘʣʘ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʝʯʘʪʘʪʴ PDF-ʚʝʨʩʠʶ 

ʥʘ ʧʨʠʥʪʝʨʝ. ʉʪʘʪʴʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʦʥʪʝʥʪʘ. ʅʘʨʷʜʫ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʥʘʫʯʥʳʤʠ ʩʪʘʪʴʷʤʠ ʞʫʨʥʘʣ ʥʘʯʘʣ ʧʫʙʣʠʢʦʚʘʪʴ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪ.ʝ. Flash ʠ HTML5 ʧʨʝʟʝʥʪʘʮʠʠ ʣʝʢʮʠʡ ʠ ʜʦʢʣʘʜʦʚ, 

ʚʢʣʶʯʘʶʱʠʝ ʚʠʜʝʦ ʤʘʪʝʨʠʘʣʳ ʩ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤʠ ʩʣʘʡʜʘʤʠ, ʧʝʨʝʭʦʜʘʤʠ, 

ʫʢʘʟʘʪʝʣʷʤʠ ʠ ʜʨʫʛʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. 

RJES ʠʥʜʝʢʩʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ Web of Science (Emerging Sources Citation Index), 

ʈʦʩʩʠʡʩʢʠʤ ʠʥʜʝʢʩʦʤ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ (ʈʀʅʎ) (ʠʤʧʘʢʪ-ʬʘʢʪʦʨ 0,760), ʚʭʦʜʠʪ ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʩʠʩʪʝʤʝ CrossRef (ʢʘʞʜʘʷ ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ ʞʫʨʥʘʣʝ 

ʩʪʘʪʴʷ ʠʤʝʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ DOI). 

ʅʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʞʫʨʥʘʣ ''ɺʝʩʪʥʠʢ ʆʅɿ ʈɸʅ'' (ʥʦʚʘʷ ʩʝʨʠʷ) ʠʟʜʘʝʪʩʷ ʚ 

ʬʦʨʤʘʪʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʞʫʨʥʘʣʘ ʩ ʩʝʥʪʷʙʨʷ 2009 ʛ. ʅʦʚʦʩʪʠ ʚ ʥʝʤ 

ʦʙʥʦʚʣʷʶʪʩʷ ʝʞʝʤʝʩʷʯʥʦ. ɾʫʨʥʘʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʠ ʠʥʜʝʢʩʠʨʫʝʪʩʷ ʚ ʈʀʅʎ ʠ CrossRef. 

ʅʘʨʷʜʫ ʩ ʦʬʠʮʠʘʣʴʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʚ ʞʫʨʥʘʣʝ ʧʫʙʣʠʢʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʦ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʭ ʠ ʠʥʪʝʨʝʩʥʳʭ ʩʦʙʳʪʠʷʭ ʚ ʞʠʟʥʠ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ ʠ ʝʛʦ ʠʥʩʪʠʪʫʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʨʦʩʩʠʡʩʢʠʝ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʟʘʢʣʶʯʝʥʠʷ ʜʦʛʦʚʦʨʦʚ ʠ 

http://rjes.wdcb.ru/
http://onznews.wdcb.ru/
http://ebooks.wdcb.ru/
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ʚʘʞʥʝʡʰʠʭ ʥʘʫʯʥʳʭ ʩʦʛʣʘʰʝʥʠʡ ʧʦ ʪʝʤʘʪʠʢʝ ʆʅɿ ʈɸʅ, ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʤʘʪʝʨʠʘʣʳ ʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʠʥʩʪʠʪʫʪʦʚ. 

ʉʝʨʠʘʣʴʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʠʟʜʘʥʠʝ ''ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ. ʊʨʫʜʳ ɻʎ 

ʈɸʅ'' ʙʳʣʦ ʫʯʨʝʞʜʝʥʦ ɻʝʦʬʠʟʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʈɸʅ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ, 

ʪʝʤʘʪʠʢʘ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʚʥʝʜʨʝʥʥʳʤʠ ʚ ʥʘʫʢʠ ʦ 

ɿʝʤʣʝ, ʥʘʫʯʥʳʭ ʦʪʯʝʪʦʚ, ʪʝʟʠʩʦʚ ʢʦʥʬʝʨʝʥʮʠʡ, ʠʥʩʪʨʫʢʮʠʡ ʠ ʪ.ʜ. ʉʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʚ ʞʫʨʥʘʣ, ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʡ ʧʨʦʮʝʩʩ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʪʘʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʯʣʝʥʘʤʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ɺʩʝ ʩʪʘʪʴʠ ʧʨʦʭʦʜʷʪ 

ʨʝʜʘʢʮʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ. ʉʪʘʪʴʠ ʠ ʢʥʠʛʠ ʚ ʵʪʦʡ ʩʝʨʠʠ ʧʫʙʣʠʢʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʜʘʪʝʣʴʩʪʚʘ, ʚʢʣʶʯʘʷ ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ ʠ 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʢʦʥʪʝʥʪ.  

ʇʦ ʠʪʦʛʘʤ 2017 ʛ. ʦʧʫʙʣʠʢʦʚʘʥʦ: 

¶ ʚ 17 ʚʳʧʫʩʢʝ ʞʫʨʥʘʣʘ ''Russian Journal of Earth Sciences'' ï 6 ʥʦʤʝʨʦʚ (22 ʩʪʘʪʴʠ); 

¶ ʚ ''ɺʝʩʪʥʠʢ ʆʅɿ ʈɸʅ'' ï 210 ʥʦʚʦʩʪʥʳʭ ʩʦʦʙʱʝʥʠʡ, 1 ʥʘʫʯʥʘʷ ʩʪʘʪʴʷ; 

¶ ʚ ''ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ. ʊʨʫʜʳ ɻʎ ʈɸʅ'' ï 1 ʦʪʯʝʪ, 1 ʠʥʩʪʨʫʢʮʠʷ,  

1 ʪʝʟʠʩʳ ʢʦʥʬʝʨʝʥʮʠʠ (172 ʩ.), 1 ʩʧʝʮʚʳʧʫʩʢ (18 ʩʪʘʪʝʡ). 

ʉʦʟʜʘʥʘ ʠ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʘʷ ʚʝʨʩʠʷ ʚʝʙ-ʩʘʡʪʘ ʞʫʨʥʘʣʘ ''Russian Journal 

of Earth Sciences'' ʩ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʝʜʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʄʝʞʜʫʥʘʨʦʜʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʪʦʙʨʘʞʝʥʠʶ ʢʦʥʪʝʥʪʘ 

ʥʘʫʯʥʦʛʦ ʞʫʨʥʘʣʘ. ɼʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪ ʪʘʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘʫʯʥʦʡ 

ʧʝʨʠʦʜʠʢʠ, ʢʘʢ SCOPUS, Web of Science, DOAJ, Google Scholar ʠ ʜʨ., ʧʦ ʢʦʪʦʨʳʤ 

ʚʳʯʠʩʣʷʶʪʩʷ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʞʫʨʥʘʣʘ ʠ ʘʚʪʦʨʦʚ, ʧʝʯʘʪʘʶʱʠʭʩʷ ʚ ʥʝʤ. 

ɾʫʨʥʘʣ RJES ʠʟʜʘʝʪʩʷ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʚʝʙʩʘʡʪ ʞʫʨʥʘʣʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʥʛʣʠʡʩʢʠʡ ʠ ʨʫʩʩʢʠʡ ʷʟʳʢʠ. ʅʘ ʚʝʙ-ʩʘʡʪʝ ʞʫʨʥʘʣʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚʩʶ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʨʠʩ. 2.2), ʪʘʢʫʶ ʢʘʢ, ʧʨʦʬʠʣʴ ʞʫʨʥʘʣʘ, ʩʧʠʩʦʢ ʨʝʜʘʢʮʠʦʥʥʦʡ 

ʢʦʣʣʝʛʠʠ, ʧʫʙʣʠʢʘʮʠʦʥʥʫʶ ʵʪʠʢʫ, ʧʨʠʥʷʪʫʶ ʠʟʜʘʪʝʣʝʤ, ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ 

ʞʫʨʥʘʣʘ (ʥʦʤʝʨ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʚ ʈʦʩʢʦʤʥʘʜʟʦʨ, ISSN ʠ ʜʨ.), ʨʝʢʦʤʝʥʜʘʮʠʠ ʘʚʪʦʨʘʤ ʧʦ 

ʦʬʦʨʤʣʝʥʠʶ ʩʪʘʪʝʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʞʫʨʥʘʣ. 

 

ʈʠʩʫʥʦʢ 2.2  ɺʝʙ-ʩʪʨʘʥʠʮʘ ʞʫʨʥʘʣʘ RJES ʩ ʦʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ 
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ɺʩʝ ʩʪʘʪʴʠ, ʧʨʠʥʷʪʳʝ ʢ ʧʫʙʣʠʢʘʮʠʠ ʚ RJES, ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʬʦʨʤʘʪ LaTeX, ʧʦʩʣʝ ʯʝʛʦ 

ʪʨʘʥʩʣʠʨʫʶʪʩʷ ʢ ʬʦʨʤʘʪʘʤ PDF, HTML5, EPUB3 c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʠʣʝʚʳʭ ʬʘʡʣʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʚ ɻʎ ʈɸʅ. ɸʚʪʦʨʳ ʤʦʛʫʪ ʩʢʘʯʘʪʴ ʧʦʩʣʝʜʥʶʶ ʚʝʨʩʠʶ 

ʩʪʠʣʝʚʦʛʦ ʬʘʡʣʘ elxpaper.sty, ʚʢʣʶʯʝʥʥʦʛʦ ʚ ʩʦʩʪʘʚ ʦʜʥʦʠʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

ELXpaper, ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʨʫʢʦʧʠʩʠ ʚ ʬʦʨʤʘʪʝ LaTeX2e. ʅʘ ʚʝʙ-ʩʘʡʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʪʝʢʫʱʝʛʦ ʠ ʧʨʦʰʣʳʭ ʪʦʤʦʚ ʠ ʥʦʤʝʨʦʚ ʚ ʚʠʜʝ ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 

2.3). ʊʘʢ ʞʝ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʝʨʝʯʥʝʤ ʩʪʘʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʳ ʨʝʜʘʢʮʠʦʥʥʦʡ 

ʢʦʣʣʝʛʠʝʡ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ ʩʪʘʪʴʠ ʢ ʦʧʫʙʣʠʢʦʚʘʥʠʶ. 

ʅʘʨʷʜʫ ʩ ʦʙʳʯʥʳʤ ʧʦʠʩʢʦʤ ʧʦʷʚʠʣʩʷ ʠʥʩʪʨʫʤʝʥʪ ʘʚʪʦʨʩʢʦʛʦ ʧʦʠʩʢʘ ʠ ʧʦʠʩʢʘ ʧʦ 

ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʘʚʪʦʨʘ ʤʦʞʥʦ ʚ ʦʪʢʨʳʚʘʶʱʝʤʩʷ ʦʢʥʝ ʫʚʠʜʝʪʴ ʩʧʠʩʦʢ DOI 

ʝʛʦ ʩʪʘʪʝʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʞʫʨʥʘʣʝ. ʇʨʠ ʥʘʚʝʜʝʥʠʠ ʢʫʨʩʦʨʘ ʥʘ ʩʪʨʦʢʫ ʩ DOI 

ʧʦʷʚʣʷʝʪʩʷ ʥʘʟʚʘʥʠʝ ʩʪʘʪʴʠ.  

 

ʈʠʩʫʥʦʢ 2.3 - ɺʝʙ-ʩʪʨʘʥʠʮʘ ʞʫʨʥʘʣʘ RJES ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʥʦʤʝʨʦʚ ʚ ʚʠʜʝ ʜʨʝʚʦʚʠʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ 

 

2.4. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʝʨʚʠʩʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʩʬʝʨʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ɺ 2017 ʛ. ʨʘʙʦʪʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʩʝʨʚʠʩʦʚ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʩʬʝʨʠʯʝʩʢʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʠ ʚʟʷʪʳ 

ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟʫʯʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ʆʩʫʱʝʩʪʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʝʥʪʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ (ʢʘʢ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ) ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʝ ʚʨʝʤʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʬʝʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ɻʀʉ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ ʟʘ ʧʝʨʠʦʜ 1000ï520 Ma ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʨʝʩʫʨʩʘ ''EarthByte'' 

[https://www.earthbyte.org/global-plate-models]. ɼʘʥʥʳʝ ʙʳʣʠ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʩ ʰʘʛʦʤ 1 

Ma. ʉʦʟʜʘʥʥʳʡ ɻʀʉ-ʧʨʦʝʢʪ ʩʦʩʪʦʠʪ ʠʟ 481 ʩʣʦʷ. ɹʘʟʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 



20 

 

ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ï ʧʦ 

ʨʝʛʠʦʥʘʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʣʠʪʳ (ʨʠʩ. 2.4), ʣʠʙʦ ʧʦ ʥʘʟʚʘʥʠʷʤ ʧʣʠʪ.  

 

ʈʠʩʫʥʦʢ 2.4 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʨʝʛʠʦʥʘʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʣʠʪʳ 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ''ʆʨʙʫʩ'' ʧʦʟʚʦʣʷʝʪ ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʚ 

ʩʬʝʨʠʯʝʩʢʠʝ, ʟʘʮʠʢʣʠʚ ʠʭ ʚ ʦʜʥʫ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʨʝʟʝʥʪʘʮʠʶ. ʕʢʩʧʦʨʪ ʩʣʦʝʚ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʥʘʧʨʷʤʫʶ ʠʟ ɻʀʉ-ʧʨʦʝʢʪʘ, ʪʘʢ ʠ ʧʦʛʨʫʟʢʦʡ ʧʘʧʢʠ ʩʦ ʩʣʦʷʤʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʇʆ ʚʨʫʯʥʫʶ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣ ʚʳʙʨʘʥ ʚʪʦʨʦʡ 

ʚʘʨʠʘʥʪ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʠʟʫʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʩʪʨʦʝʥʥʦʤ ʨʝʜʘʢʪʦʨʝ Orbus. ʅʘ ʩʬʝʨʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʣʝʥʦ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ. ʊʘʢʞʝ ʟʘʜʘʥʘ ʯʘʩʪʦʪʘ ʩʤʝʥʳ 

ʩʣʘʡʜʦʚ ʜʣʷ ʠʤʠʪʘʮʠʠ ʘʥʠʤʘʮʠʠ ʠ ʟʘʮʠʢʣʝʥʘ ʚʩʷ ʧʨʝʟʝʥʪʘʮʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʝʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʝʨʚʠʩʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʠʟʫʘʣʴʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʡ ʬʨʘʛʤʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ ʟʘ 

ʧʝʨʠʦʜ 1000ï520 Ma.  

ɸʥʘʣʦʛʠʯʥʦ ʚʩʝʤ ʧʨʝʜʳʜʫʱʠʤ ʚʠʟʫʘʣʠʟʘʮʠʷʤ, ʧʨʝʟʝʥʪʘʮʠʷ ʜʚʠʞʝʥʠʷ 

ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʪʨʘʥʩʣʠʨʦʚʘʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʮʠʬʨʦʚʦʡ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʧʨʦʝʢʮʠʦʥʥʳʤ ʵʢʨʘʥʦʤ ʣʠʙʦ ʟʘʛʨʫʞʝʥʘ ʥʘ 

ʚʝʙ-ʩʝʨʚʠʩ ʜʣʷ ʦʙʱʝʛʦ ʜʦʩʪʫʧʘ. 

2.5. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʥʘ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʚʳʭ ʠ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʚ 

ʀɿʄʀʈɸʅ (ʄʦʩʢʚʘ), ʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʥʘ ʧʫʥʢʪʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʂʌ ɻʉ ʈɸʅ (ʚʙʣʠʟʠ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ) ʚ 2017 ʛ. ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʦʪʦʢʠ ʥʝʡʪʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ 

ʧʨʠʨʦʜʥʳʤʠ ʩʪʠʭʠʡʥʳʤʠ ʩʦʙʳʪʠʷʤʠ. ɺʩʧʣʝʩʢʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʧʨʠʙʦʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩ ʛʝʣʠʝʚʳʤʠ ʩʯʝʪʯʠʢʘʤʠ, ʪ. ʝ. ʩ ʵʥʝʨʛʠʝʡ ʥʝʩʢʦʣʴʢʦ ʄʵɺ, 

ʥʦ ʠ ʥʘ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʘʭ, ʧʦʨʦʛʦʚʘʷ ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʨʘʚʥʘ 20-30 ʄʵɺ.  
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ɺ 2017 ʛ. ʪʘʢʠʝ ʧʦʪʦʢʠ ʥʝʡʪʨʦʥʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʚ 

ʄʝʢʩʠʢʝ 7 ʩʝʥʪʷʙʨʷ (ʤʘʛʥʠʪʫʜʘ 8,1) ʠ 19 ʩʝʥʪʷʙʨʷ (ʤʘʛʥʠʪʫʜʘ 7,1), ʧʨʠ ʫʨʘʛʘʥʝ ''ʍʘʨʚʠ''  ʚ 

ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ ʚ ʘʚʛʫʩʪʝ ʠ 1 ʩʝʥʪʷʙʨʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʭʦʜʘ ʩʝʣʷ ʙʣʠʟ ʧʦʩʝʣʢʘ 

ʕʣʴʙʨʫʩ. 

ɺʩʧʣʝʩʢʠ ʯʘʩʪʠʮ ʥʘ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʘʭ (ʅʄ) ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʦ ʠ ʦʪ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʩʪʠʭʠʡʥʳʭ ʩʦʙʳʪʠʡ. ɺ ʘʚʛʫʩʪʝ 2017 ʛ. ʥʘ 

ʶʞʥʦʝ ʧʦʙʝʨʝʞʴʝ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʰʪʘʪʘ ʊʝʭʘʩ ʦʙʨʫʰʠʣʩʷ ʫʨʘʛʘʥ ''ʍʘʨʚʠ'', 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ, ʚʳʟʚʘʚʰʠʡ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʥʘʚʦʜʥʝʥʠʷ ʚ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʰʪʘʪʘ. ʕʪʦ ʩʠʣʴʥʝʡʰʠʡ ʫʨʘʛʘʥ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ ʧʦʩʣʝ 

ʫʨʘʛʘʥʘ ''ʂʘʪʨʠʥʘ'' ʚ 2005 ʛ. ''ʍʘʨʚʠ'' ʷʚʠʣʩʷ ʚʦʩʴʤʳʤ ʰʪʦʨʤʦʤ, ʪʨʝʪʴʠʤ ʫʨʘʛʘʥʦʤ ʠ 

ʧʝʨʚʳʤ ʤʦʱʥʳʤ ʫʨʘʛʘʥʦʤ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʩʝʟʦʥʝ ʫʨʘʛʘʥʦʚ 2017 ʛ. ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʉʐɸ ʦʪʤʝʪʠʣʘ, ʯʪʦ ''ʍʘʨʚʠ'' ʷʚʣʷʝʪʩʷ ʫʨʘʛʘʥʦʤ ʦʧʘʩʥʦʡ 

ʯʝʪʚʸʨʪʦʡ ʢʘʪʝʛʦʨʠʠ ʠ ʪʨʦʧʠʯʝʩʢʠʤ ʰʪʦʨʤʦʤ. 

ʅʘ ʨʠʩʫʥʢʝ 2.5 ʧʦʢʘʟʘʥʳ ʚʩʧʣʝʩʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʝʡʪʨʦʥʥʳʤ ʤʦʥʠʪʦʨʦʤ MXCO ʚ ʄʝʢʩʠʢʝ ʚ ʘʚʛʫʩʪʝ 2017 ʛ. ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʧʣʝʩʢʦʚ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʜʦʩʪʠʛʘʣʘ ʧʨʠʤʝʨʥʦ 10000% 

ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʆʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ, ʚʠʜʠʤʦ, 

ʩʚʷʟʘʥʦ ʩ ʪʘʢʠʤʠ ʚʳʩʦʢʠʤʠ ʧʦʪʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʧʨʠʙʦʨʦʤ. 

 

ʈʠʩʫʥʦʢ 2.5 ï ɺʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ 12ï15 ʘʚʛʫʩʪʘ 2017 ʛ. ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ 

ʯʘʩʪʠʮ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ ʅʄ MXCO, ʄʝʢʩʠʢʘ, ʥʝʠʩʧʨʘʚʣʝʥʥʳʝ ʥʘ ʜʘʚʣʝʥʠʝ 

ʇʦʪʦʢʠ ʥʝʡʪʨʦʥʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠ ʚ ʤʝʥʝʝ ʟʥʘʯʠʤʳʭ ʩʪʠʭʠʡʥʳʭ ʩʦʙʳʪʠʷʭ. ɺ ʥʦʯʴ 

ʥʘ 1 ʩʝʥʪʷʙʨʷ 2017 ʛ. ʚ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʠ ʚ ʨʘʡʦʥʝ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʕʣʴʙʨʫʩ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʠʣʴʥʳʭ ʦʩʘʜʢʦʚ ʧʨʦʠʟʦʰʝʣ ʩʭʦʜ ʩʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʙʦʣʝʝ 500 ʯʝʣʦʚʝʢ 

ʦʢʘʟʘʣʠʩʴ ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʤʠ, ʚʢʣʶʯʘʷ ʪʫʨʠʩʪʦʚ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʉʭʦʜ ʤʦʱʥʦʛʦ ʩʝʣʝʚʦʛʦ 

ʧʦʪʦʢʘ ʚʳʟʚʘʣ ʚʩʧʣʝʩʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2.6 ʧʦʢʘʟʘʥʳ 

ʚʩʧʣʝʩʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʅʄ BKSN (ɹʘʢʩʘʥ, 

ʕʣʴʙʨʫʩ) 31 ʘʚʛʫʩʪʘ 2017 ʛ.  
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ʈʠʩʫʥʦʢ 2.6 ï ɺʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ 30 ʘʚʛʫʩʪʘ-1ʩʝʥʪʷʙʨʷ 2017 ʛ. ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘ ʅʄ BKSN (ɹʘʢʩʘʥ, ʕʣʴʙʨʫʩ). ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʠ ï ʚʨʝʤʷ ʚ ʤʠʥʫʪʘʭ 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʝʣʝʚʳʤ ʧʦʪʦʢʦʤ ʥʘʙʣʶʜʘʣʦʩʴ 

ʚʦʟʨʘʩʪʘʥʠʝ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ. ʇʦʚʳʰʝʥʥʳʝ ʧʦʪʦʢʠ ʥʝʡʪʨʦʥʦʚ 

ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ, ʥʦ ʠ ʧʨʠ 

ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʩʪʠʭʠʡʥʳʭ ʩʦʙʳʪʠʷʭ. ʊʦ ʝʩʪʴ ʧʦʪʦʢʠ ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ɿʝʤʣʠ.  

2.6. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʧʨʘʚʦʢ ʥʘ ʪʨʦʧʦʩʬʝʨʫ ʠ ʠʦʥʦʩʬʝʨʫ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʪ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʦʪʦʚʳʭ ʜʣʷ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʧʦʣʥʝʥʠʝ ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɹʘʟʳ ɼʘʥʥʳʭ 

ʉʧʫʪʥʠʢʦʚʦʡ ɸʣʴʪʠʤʝʪʨʠʠ 

ɺ 2017 ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʢʣʶʯʝʥʠʝ ʫʪʦʯʥʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʝʨʚʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʧʫʪʥʠʢʘ ʦʙʝʩʧʝʯʝʥʠʷ ʚ 

ʀʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ɹʘʟʫ ɼʘʥʥʳʭ ʉʧʫʪʥʠʢʦʚʦʡ ɸʣʴʪʠʤʝʪʨʠʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʦʛʨʘʤʤʥʦ 

ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ Jason-2/3 ʠ SARAL/AltiKa ʜʣʷ ʫʯʝʪʘ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʧʨʘʚʦʢ ʥʘ ʚʣʠʷʥʠʝ ʪʨʦʧʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʳ. 

ʆʩʫʱʝʩʪʚʣʝʥʘ ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ Jason-2/3, ERS-1/2, SARAL/AltiKa, 

Satinel-3 ʚ ʠʩʭʦʜʥʦʤ ʬʦʨʤʘʪʝ ʠ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʚ ʬʦʨʤʘʪ ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ɹʘʟʳ ɼʘʥʥʳʭ ʉʧʫʪʥʠʢʦʚʦʡ ɸʣʴʪʠʤʝʪʨʠʠ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʀʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ɹʘʟʳ 

ɼʘʥʥʳʭ ʉʧʫʪʥʠʢʦʚʦʡ ɸʣʴʪʠʤʝʪʨʠʠ ʩ ʩʘʡʪʦʚ ʙʳʣʠ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʠ ʟʘʘʨʭʠʚʠʨʦʚʘʥʳ 

ʜʘʥʥʳʝ ʵʪʠʭ ʩʧʫʪʥʠʢʦʚ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʚ ʘʨʭʠʚʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 

10 ʊɹʘʡʪ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʫʨʦʚʥʷ 

ɹʘʣʪʠʡʩʢʦʛʦ, ʏʝʨʥʦʛʦ ʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʝʡ ʧʦ ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ. ʀʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʝʛʦ ʘʢʚʘʪʦʨʠʠ 

ʦʪʨʘʞʘʶʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʤʦʨʷ: ʫʨʦʚʥʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ 

ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʠ ʨʘʜʠʦʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʤʝʞʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ.  
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ (ʊʇʄ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʘ ʠʥʪʝʨʚʘʣ 1982ï2015 ʛʛ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 1982ï2015 ʛʛ. ʊʄʇ ʫ ʧʦʙʝʨʝʞʴʷ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ ʨʦʩʣʘ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 0,079Ñ0,005Áʉ/ʛʦʜ, ʘ ʫ ʧʦʙʝʨʝʞʴʷ ʈʝʩʧʫʙʣʠʢʠ ɸʙʭʘʟʠʷ ï 

ʩʦ ʩʢʦʨʦʩʪʴʶ 0,072Ñ0,002Áʉ/ʛʦʜ (ʨʠʩ. 2.7). ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʊʄʇ ʫʤʝʥʴʰʘʣʘʩʴ ʦʪ 

ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ (0,082Áʉ/ʛʦʜ) ʜʦ ɸʜʣʝʨʘ (0,076Áʉ/ʛʦʜ), ʘ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ 

ʈʝʩʧʫʙʣʠʢʠ ɸʙʭʘʟʠʷ ʫʤʝʥʴʰʘʣʘʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ɸʜʣʝʨʘ (0,076 Áʉ/ʛʦʜ) ʜʦ ʆʯʘʤʯʠʨʳ 

(0,071 Áʉ/ʛʦʜ). 

ɿʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 1993ï2015 ʛʛ. ʫʨʦʚʝʥʴ ʤʦʨʷ ʫ ʧʦʙʝʨʝʞʴʷ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ ʨʦʩ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 0,29Ñ0,03 ʩʤ/ʛʦʜ, ʘ ʫ ʧʦʙʝʨʝʞʴʷ ʈʝʩʧʫʙʣʠʢʠ ɸʙʭʘʟʠʷ ï ʩʦ 

ʩʢʦʨʦʩʪʴʶ 0,27Ñ0,02 ʩʤ/ʛʦʜ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʫʨʦʚʥʷ ʏʝʨʥʦʛʦ ʤʦʨʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ 

ʦʪ ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ (0,28 ʩʤ/ʛʦʜ) ʜʦ ɸʜʣʝʨʘ (0,31 ʩʤ/ʛʦʜ), ʘ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ 

ʈʝʩʧʫʙʣʠʢʠ ɸʙʭʘʟʠʷ ʥʘʦʙʦʨʦʪ ï ʫʤʝʥʴʰʘʣʘʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ɸʜʣʝʨʘ (0,31 ʩʤ/ʛʦʜ) ʜʦ 

ʆʯʘʤʯʠʨʳ (0,24 ʩʤ/ʛʦʜ) (ʨʠʩ. 2.8). 

  

ʈʠʩʫʥʦʢ 2.7 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ  

ʠʟʤʝʥʝʥʠʷ ʊʇʄ (Áʉ/ʛʦʜ) ʟʘ ʧʝʨʠʦʜ ʩ 1983 

ʧʦ 2015 ʛʛ 

ʈʠʩʫʥʦʢ 2.8 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʏʝʨʥʦʛʦ ʤʦʨʷ (ʩʤ/ʛʦʜ) 

ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2015 ʛʛ 

ɿʘ ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ 1993ï2016 ʛʛ. ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʤʝʞʛʦʜʦʚʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʨʦʚʥʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ (ʙʦʣʝʝ 5 ʤʤ/ʛʦʜ) ʥʘʙʣʶʜʘʶʪʩʷ ʚ ɹʦʪʥʠʯʝʩʢʦʤ 

ʟʘʣʠʚʝ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ɼʘʪʩʢʠʤ ʧʨʦʣʠʚʘʤ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 4,4 ʜʦ 3,2 ʤʤ/ʛʦʜ.  

ɺ ʧʨʦʣʠʚʝ ʂʘʪʪʝʛʘʪ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 3,6 ʤʤ/ʛʦʜ. ɸʥʘʣʠʟ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʨʦʚʥʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʜʲʝʤʘ ʠʣʠ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʣʠʚʝ 

ʂʘʪʪʝʛʘʪ ʠ ʫ ʧʦʙʝʨʝʞʴʷ ʕʩʪʦʥʠʠ, ʘ ʤʠʥʠʤʘʣʴʥʳʭ ï ʥʘ ʛʨʘʥʠʮʝ ɼʘʪʩʢʠʭ ʧʨʦʣʠʚʦʚ ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʨʷ ʠ ʚ ɹʦʪʥʠʯʝʩʢʦʤ ʟʘʣʠʚʝ (ʨʠʩ. 2.9, ʨʠʩ. 2.10). 

ʉ ʩʝʥʪʷʙʨʷ 1992 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ 

ʭʦʨʦʰʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ (ʨʠʩ. 2.11). ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦʪ ʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʰʝʩʪʴ ʠʥʪʝʨʚʘʣʦʚ. 

ʅʘʯʠʥʘʷ ʩ 2016 ʛ. ʧʦ ʢʦʥʝʮ 2017 ʛ. ʫʨʦʚʝʥʴ ʤʦʨʷ ʥʘʯʘʣ ʨʘʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ  

3,22Ñ1,27 ʩʤ/ʛʦʜ ʠ ʢ ʠʶʥʶ 2016 ʛ. ʩʦʩʪʘʚʠʣ -27,87 ʤ. ʆʜʥʘʢʦ ʚ ʠʶʥʝ 2017 ʛ. ʦʥ 
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ʫʤʝʥʴʰʠʣʩʷ ʜʦ ʚʝʣʠʯʠʥʳ -27,93 ʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʫʩʪʦʡʯʠʚʦʡ ʪʝʥʜʝʥʮʠʠ ʢ 

ʨʦʩʪʫ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. 

 

 

 

 

 
ʈʠʩʫʥʦʢ 2.9 - ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʝʞʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦ 

ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

 ʈʠʩʫʥʦʢ 2.10 - ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦ 

ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 2.11 ï ɺʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʩ ʷʥʚʘʨʷ 1993 ʛ. ʧʦ ʜʝʢʘʙʨʴ 2017 ʛ. ʇʝʨʠʦʜʳ ʨʦʩʪʘ ʫʨʦʚʥʷ 

ʚʳʜʝʣʝʥʳ ʞʝʣʪʳʤ ʮʚʝʪʦʤ 

ɿʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ɹʘʟʘ ɼʘʥʥʳʭ ʉʧʫʪʥʠʢʦʚʦʡ ɸʣʴʪʠʤʝʪʨʠʠ 

ʜʣʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ɹʘʟʘ ɼʘʥʥʳʭ ʉʧʫʪʥʠʢʦʚʦʡ ɸʣʴʪʠʤʝʪʨʠʠ ʜʣʷ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʙʳʣʠ ʧʦʧʦʣʥʝʥʳ ʜʘʥʥʳʤʠ ʩʧʫʪʥʠʢʘ Jason-2 ʚʝʨʩʠʠ D. 

2.7. ɺʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʡ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʢʦʤʠʪʝʪ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʅɻʂ ʈɸʅ) 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʠ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʛʝʦʜʝʟʠʯʝʩʢʦʤ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʩʦʶʟʝ (IUGG) ʠ ʝʛʦ ʚʦʩʴʤʠ ʘʩʩʦʮʠʘʮʠʷʭ. ɹʘʟʦʚʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʅɻʂ 

ʷʚʣʷʝʪʩʷ ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʮʝʥʪʨ ʈɸʅ. 

ɺ 2017 ʛ. ʂʦʤʠʪʝʪ ʫʯʘʩʪʚʦʚʘʣ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ''Global Challenges and Data-Driven Science'' (http://codata2017.gcras.ru/), 

ʢʦʪʦʨʘʷ ʧʨʦʰʣʘ 8ï13 ʦʢʪʷʙʨʷ 2017 ʛ. ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ʇʨʝʜʩʝʜʘʪʝʣʴ ʅɻʂ ʈɸʅ, 
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ʘʢʘʜʝʤʠʢ, ʧʨʦʬʝʩʩʦʨ ɸ. ɼ. ɻʚʠʰʠʘʥʠ ʙʳʣ ʯʣʝʥʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʠʪʝʪʘ ʢʦʥʬʝʨʝʥʮʠʠ; 

ʩʝʢʨʝʪʘʨʴ ʅɻʂ ʈɸʅ, ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʸʨʦʚ ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ. 

ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ɹʶʨʦ ʠ ʘʧʧʘʨʘʪʘ ʅɻʂ ʈɸʅ, ʘ ʪʘʢʞʝ ʯʣʝʥʦʚ ʩʝʢʮʠʡ ʙʳʣʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʫʯʘʩʪʠʷ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʥʘʫʯʥʳʭ 

ʘʩʩʘʤʙʣʝʷʭ IUGG. ɺ 2017 ʛ. ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ 5 ʥʘʫʯʥʳʭ ʘʩʩʘʤʙʣʝʡ ʘʩʩʦʮʠʘʮʠʡ IUGG 

(ʪʘʙ. 2.2). 

ʊʘʙʣʠʮʘ 2.2 ï ɼʘʪʳ ʠ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʘʩʩʘʤʙʣʝʡ ʘʩʩʦʮʠʘʮʠʡ IUGG ʚ 2017 ʛ. 

ɸʩʩʦʮʠʘʮʠʷ ɼʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʄʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʀʥʪʝʨʥʝʪ-ʩʘʡʪʳ ʘʩʩʘʤʙʣʝʡ 

IACS 12ï17 ʬʝʚʨʘʣʷ 
ɺʝʣʣʠʥʛʪʦʥ, ʅʦʚʘʷ 

ɿʝʣʘʥʜʠʷ 
http://www.climate-cryosphere.org/ 

IAHS 1ï14 ʠʶʣʷ ʇʦʨʪ-ʕʣʠʟʘʙʝʪ, ʖɸʈ https://iahs.info/IAHS-2017.do 

IAGïIASPEI 30 ʠʶʣʷ ï 4 ʘʚʛʫʩʪʘ ʂʦʙʝ, ʗʧʦʥʠʷ http://www.iag-iaspei-2017.jp/ 

IAVCEI  14ï18 ʘʚʛʫʩʪʘ ʇʦʨʪʣʝʥʜ, ʉʐɸ http://iavcei2017.org/ 

IAPSOïIAMASï

IAGA 

27 ʘʚʛʫʩʪʘ ï 1 

ʩʝʥʪʷʙʨʷ 
ʂʝʡʧʪʘʫʥ, ʖɸʈ http://www.iapso-iamas-iaga2017.com/ 

 

ʏʣʝʥʳ ʉʝʢʮʠʠ ʛʝʦʤʘʛʥʝʪʠʟʤʘ ʠ ʘʵʨʦʥʦʤʠʠ ʧʨʠʥʷʣʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ 

ʉʦʚʤʝʩʪʥʦʡ ʥʘʫʯʥʦʡ ʘʩʩʘʤʙʣʝʠ ʪʨʝʭ ʘʩʩʦʮʠʘʮʠʡ IUGG: ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ ʦʙ ʦʢʝʘʥʝ 

(IAPSO), ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʥʘʫʢ (IAMAS) ʠ ʛʝʦʤʘʛʥʝʪʠʟʤʘ ʠ ʘʵʨʦʥʦʤʠʠ 

(IAGA), ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘʩʴ ʚ ʛ. ʂʝʡʧʪʘʫʥʝ, ʖɸʈ (27 ʘʚʛʫʩʪʘ ï 1 ʩʝʥʪʷʙʨʷ 2017 ʛ.). 

ʅʘʮʠʦʥʘʣʴʥʳʤ ʜʝʣʝʛʘʪʦʤ ʦʪ ʈʦʩʩʠʠ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʟʘʩʝʜʘʥʠʷʭ ʀʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʚʝʪʘ 

IAGA ʙʳʣ ʥʘʟʥʘʯʝʥ ʯʣʝʥ ʉʝʢʮʠʠ ʯʣ.-ʢʦʨʨ. ɸ. ɸ. ʉʦʣʦʚʴʸʚ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʘʩʩʘʤʙʣʝʠ ʦʥ 

ʙʳʣ ʠʟʙʨʘʥ ʚʠʮʝ-ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʂʦʤʠʩʩʠʠ ʧʦ ʜʘʥʥʳʤ ʠ ʠʥʬʦʨʤʘʮʠʠ IUGG (UCDI). 

ʅʘ ʟʘʩʝʜʘʥʠʠ ʈʘʙʦʯʝʡ ʛʨʫʧʧʳ ʧʦ ʛʝʦʤʘʛʥʠʪʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ (IAGA Division V 

Working Group V-OBS: Geomagnetic Observation) ʚ ʢʘʯʝʩʪʚʝ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ 

ʉʝʤʠʥʘʨʘ IAGA (IAGA-Workshop) ʚ 2020 ʛ. ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʘʛʥʠʪʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ 

''ʂʘʟʘʥʴ'' ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʂʌʋ). 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

Sergeyeva N., Kedrov E. et al. Creation of a modern system of registration, publication and 

citation of geophysical data // Book of Abstracts of the International Conference ñGlobal 

Challenges and Data-Driven Scienceò // Geoinf. Res. Papers Ser. (edit. Kedrov E), 2017, Vol. 5, 

P. 107. BS1002, DOI:10.2205/CODATA2017 

Sergeyeva N.A., Zabarinskaya L.P. Open access to geophysical data // 19th EGU General 

Assembly, EGU2017, proceedings from the conference held, 2017, Vol. 19, P. 6734. 

Soloviev A., Kedrov E. et al.  Geophysical data publishing under the "Earth Science DataBase" 

project // Joint IAPSO-IAMAS-IAGA Assembly "Good Hope for Earth Sciences", (Cape Town, 

South Africa), Abstract Book, 2017, P. 176. 

Strategic Plan 2014ï2018 ð World Data System: Trusted Data Services for Global Science 

URL: http://www.icsu-wds.org/organization/strategic-plan 

EarthByte URL: https://www.earthbyte.org/global-plate-models 

http://www.climate-cryosphere.org/
https://iahs.info/IAHS-2017.do
http://www.iag-iaspei-2017.jp/
http://iavcei2017.org/
http://www.iapso-iamas-iaga2017.com/
https://doi.org/10.2205/CODATA2017
javascript:openWebLink('http://www.icsu-wds.org/organization/strategic-plan')
https://www.earthbyte.org/global-plate-models
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3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʢʠ ʙʣʦʯʥʳʭ ʤʘʩʩʠʚʦʚ ʧʨʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʡʦʥʠʨʦʚʘʥʠʠ ʤʝʩʪ ʨʘʟʤʝʱʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ 

ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0004 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: AAAA-A17-117012610082-9 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙ., ʜ.ʪ.ʥ. ɺ. ʅ. ʊʘʪʘʨʠʥʦʚ 

ɺ 2017 ʛ. ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ: 

1 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʦʨʦʛʝʥʝʟʘ. 

2 ʀʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

''GPS/ɻʃʆʅɸʉʉ'' ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʨʘʜʠʘʮʠʦʥʥʦ 

ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ. 

3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʤʘʪʠʢʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʘʭ ʩʠʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ. 

4 ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʅʠʞʝ ʢʨʘʪʢʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʜʘʯʘʤ 1 ʠ 3. 

ɺ 2017 ʛʦʜʫ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʣʦʛʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʦʨʦʛʝʥʝʟʘ, ʢʘʢ ʪʝʩʪʦʚʳʭ ʨʘʡʦʥʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʧʦʩʦʙʥʳʭ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ- 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʨʷʜʘ ʢʨʫʧʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʤʝʪʦʜʦʣʦʛʠʠ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʦʪʯʝʪʝ ʦ ʅʀʈ ʟʘ 2016 ʛ. 

16 ʘʧʨʝʣʷ 2016 ʛ. ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦ. ʂʶʩʶ (ʗʧʦʥʠʷ) ʧʨʦʠʟʦʰʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʩ ʄ=7.0ð7.3, ʩʠʣʴʥʝʡʰʝʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠʜʮʘʪʴ ʣʝʪ ʚ ʵʪʦʤ ʨʘʡʦʥʝ. ʕʧʠʮʝʥʪʨ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚʦʩʪʦʯʥʝʝ ʛ. ʂʠʤʘʤʦʪʦ (32Á46ô55.2ò ʩʰ ʠ 130Á43ô00ò ʚʜ). (ʨʠʩ. 

3.1). ɼʚʘ ʘʢʪʠʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʘ (Futagawa fault, Hinagu fault) ʨʘʟʜʝʣʝʥʳ 

ʦʙʣʘʩʪʴʶ ʣʦʢʘʣʠʟʘʮʠʠ ʪʨʝʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʨʘʟʣʦʤʦʚ, 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ. ɿʥʘʯʝʥʠʷ ʛʣʘʚʥʳʭ 

ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʥʷʪʳ: „  = 10 ʄʇʘ, „  = 30 ʄʇʘ. 

ʇʨʝʜʤʝʪʦʤ ʘʥʘʣʠʟʘ ʙʳʣʠ ʢʘʨʪʳ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ  

(„ , „ , † ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ „ ʚ ʧʨʝʜʝʣʘʭ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʜʦ ʠ 

ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʦʪʥʦʰʝʥʠʷ „ /„ . ʅʘ ʢʘʨʪʫ 

ʚʳʥʝʩʝʥʳ ʵʧʠʮʝʥʪʨʳ ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ ʠ ʬʦʨʰʦʢʦʚ. ʄʦʞʥʦ ʚʠʜʝʪʴ,ʯʪʦ ʵʧʠʮʝʥʪʨ ʦʜʥʦʛʦ ʠʟ 

ʬʦʨʰʦʢʦʚ ʠ ʵʧʠʮʝʥʪʨ ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ ʧʦʧʘʜʘʶʪ ʚ ʟʦʥʳ ʦʪʥʦʰʝʥʠʡ („ /„ ), ʚʜʚʦʝ ʠ 

ʙʦʣʴʰʝ ʧʨʝʚʳʰʘʶʱʠʝ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʳʝ ʪʨʝʤ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʛʠʧʦʮʝʥʪʨʳ ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ ʠ ʬʦʨʰʦʢʦʚ ʚʦʟʥʠʢʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʡ ʙʦʢʦʚʦʛʦ ʦʪʧʦʨʘ, ʚʦʟʤʦʞʥʦ, ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʪʷʞʝʥʠʷ. 

ʌʦʨʰʦʢʠ, ʧʦʩʣʝʜʦʚʘʚʰʠʝ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ (ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ) ʩʬʦʨʤʠʨʦʚʘʣʠ ʥʦʚʳʡ ʨʘʟʨʳʚ, 

ʚʝʨʦʷʪʥʦ ʩʦʝʜʠʥʷʶʱʠʡ ʨʘʟʣʦʤʳ (Futagawa fault, Hinagu fault), ʚʳʟʳʚʘʷ ʯʘʩʪʠʯʥʦʝ (ʚ 
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ʪʝʯʝʥʠʝ ʩʫʪʦʢ) ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʪʠʤʫʣʠʨʫʷ ʩʪʘʨʪ ʨʘʟʨʳʚʘ ʚ ʛʠʧʦʮʝʥʪʨʝ 

ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ, ʛʜʝ ʦʪʥʦʰʝʥʠʝ „ /„  ʙʦʣʴʰʝ ʰʝʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦ ʚʨʝʤʷ 

ʬʦʨʰʦʢʦʚ ʦʙʨʘʟʦʚʘʣʩʷ ʥʦʚʳʡ ʨʘʟʨʳʚ, ʩʦʝʜʠʥʷʶʱʠʡ ʜʚʘ ʧʨʦʪʷʞʝʥʥʳʭ ʨʘʟʣʦʤʘ  

(Futagawa fault, Hinagu fault). ʅʦʚʳʡ ʨʘʟʨʳʚ ʚ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʅɼʉ.  

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

16.04.2016 [ʄʦʨʦʟʦʚ, ʄʘʥʝʚʠʯ, 2017; ʋʩʪʠʥʦʚ, ʂʘʬʪʘʥ, 2016], ʦʙʣʘʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï 

ʧʣʦʱʘʜʴ ABCD. ɿʚʝʟʜʘ ï ʵʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 16 ʘʧʨʝʣʷ 2016 ʛʦʜʘ, ʢʨʫʞʢʠ ï 

ʵʧʠʮʝʥʪʨʳ ʬʦʨʰʦʢʦʚ ʩ ʄ 6.4, ʩʪʨʝʣʢʠ ï ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʩʞʘʪʠʷ, 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʦʢʦʥʪʫʨʠʚʘʝʪ ʦʙʣʘʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʘʬʪʝʨʰʦʢʦʚ, ʚ ʧʝʨʚʳʝ ʪʨʦʝ 

ʩʫʪʦʢ ʧʦʩʣʝ ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ, ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʣʦʱʘʜʴ 

ʚʦʟʤʦʞʥʦʛʦ ʵʧʠʮʝʥʪʨʘ ʩʠʣʴʥʦʛʦ ʢʦʨʦʚʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʨʘʟʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ 

ʛʣʘʚʥʦʛʦ ʨʘʟʨʳʚʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

̙̒̂̑̏̆̎̎̏̊ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʧʠʮʝʥʪʨʦʚ 

ʧʦʩʣʝʜʦʚʘʚʰʠʭ ʘʬʪʝʨʰʦʢʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘ ʢʦʥʮʘʭ ʨʘʟʣʦʤʦʚ ʚʦʟʥʠʢʘʶʪ ʟʦʥʳ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Ў„). ɺ ʨʘʤʢʘʭ ʫʧʨʫʛʦʡ ʤʦʜʝʣʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʤʛʥʦʚʝʥʥʦ (ʩʦ ʩʢʦʨʦʩʪʴʶ, ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ), ï ʚ ʨʝʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ 

ʥʝʦʙʭʦʜʠʤʦ ʚʨʝʤʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʯʘʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʰʘʨʦʚʦʛʦ 

ʪʝʥʟʦʨʘ ʚ ʧʨʠʣʝʛʘʶʱʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʩʥʠʤʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʚʦʛʦ 

ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʨʘʟʣʦʤʘʤʠ (Futagawa fault, Hinagu fault), ʩʪʠʤʫʣʠʨʫʷ ʥʦʚʳʡ ʨʘʟʨʳʚ ʚ 

ʛʠʧʦʮʝʥʪʨʝ ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ. ʅʦʚʳʡ ʨʘʟʨʳʚ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 14 

ʘʧʨʝʣʷ 2016 ʛ., ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 50 ʢʠʣʦʤʝʪʨʦʚ, ʠʟʤʝʥʷʝʪ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʨʦʷʚʣʝʥʠʝ ʢʦʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʚ ʘʥʘʣʠʟʝ ʅɼʉ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʯʘʛʘ ʩʠʣʴʥʦʛʦ ʢʦʨʦʚʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʦʥʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ, ʪ.ʝ. 

ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʟʘʨʦʞʜʝʥʠʷ ʠ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʨʳʚʘ. ʈʘʟʨʳʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʘʨʪʫʝʪ ʠʟ ʧʝʨʠʬʝʨʠʡʥʦʡ 

ʦʙʣʘʩʪʠ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʫʩʣʦʚʠʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪʧʦʨʘ (ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ ʥʘʧʨʷʞʝʥʠʝ ʨʘʩʪʷʞʝʥʠʷ). 

 

ʈʠʩʫʥʦʢ 3.2  ʂʘʨʪʘ ʦʪʥʦʰʝʥʠʡ ὀὀ

ὁὁ
 ʜʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, (ʟʚʝʟʜʘ ï ɻ ʧʠʮʝʥʪʨ ʛʣʘʚʥʦʛʦ 

ʪʦʣʯʢʘ, ʢʨʫʞʢʠ ï ʵʧʠʮʝʥʪʨʳ ʬʦʨʰʦʢʦʚ) 

 

ʈʠʩʫʥʦʢ 3.3  ʂʘʨʪʘ ʨʘʟʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ  

16 ʘʧʨʝʣʷ 2016 ʛʦʜʘ, (ʟʚʝʟʜʘ ï ɻ ʧʠʮʝʥʪʨ ʛʣʘʚʥʦʛʦ ʪʦʣʯʢʘ, ʢʨʫʞʢʠ ï ɻ ʧʠʮʝʥʪʨʳ 

ʬʦʨʰʦʢʦʚ, ʢʨʘʩʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʨʘʟʨʳʚ) 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʩʚʷʟʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 
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ʪʘʢʠʝ ʢʘʢ ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʫʣʢʘʥʠʟʤ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ, ʢʘʢ 

ʛʣʦʙʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ (ɻʅʉʉ). ʊʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʳʷʚʣʝʥʠʷ ʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʩʨʝʜʩʪʚʘʤʠ ɻʅʉʉ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʝʪʝʡ. ʇʦʵʪʦʤʫ ʦʥʠ ʚʳʥʫʞʜʝʥʳ ʷʚʣʷʪʴʩʷ ʧʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʠʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʃʆʅɸʉʉ ʩʦʚʤʝʩʪʥʦ ʩ GPS ʠʣʠ ʙʝʟ ʥʝʝ ʧʨʠ ʨʝʰʝʥʠʠ ʪʦʯʥʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʮʝʥʝʥʘ. ʀʤʝʶʪʩʷ ʧʫʙʣʠʢʘʮʠʠ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʘʥʘʣʠʟʦʚ ʪʦʯʥʦʩʪʠ ʘʚʪʦʥʦʤʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʚ ʨʝʞʠʤʝ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ Point Precise Positioning (PPP). ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʳ ʥʘʙʣʶʜʝʥʠʷ ɻʃʆʅɸʉʉ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʫʩʣʦʚʠʷʭ ʣʦʢʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʦʧʠʩʘʥʠʝ 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʢʦʨʦʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

ʈʝʟʫʣʴʪʘʪʳ ɻʅʉʉ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʣʦʢʘʣʴʥʦʡ ʪʝʩʪʦʚʦʡ ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʝʭ ʧʫʥʢʪʦʚ, ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 3 ʢʤ ʜʦ 19 ʢʤ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʤʝʩʷʮʝʚ (ʥʦʷʙʨʴ 2014 ʛ. ï 

ʬʝʚʨʘʣʴ 2015 ʛ.) ʚ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʝʧʨʝʨʳʚʥʳʝ ɻʅʉʉ ʠʟʤʝʨʝʥʠʷ ʩ ʠʥʪʝʨʚʘʣʦʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʠʛʥʘʣʘ 30 ʩʝʢ.  

ʇʦʣʫʯʝʥʳ ʥʘʙʦʨʳ ʠʟ ʰʝʩʪʠ ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ʩʝʪʠ ʥʘ ʢʘʞʜʳʝ ʩʫʪʢʠ ʚ ʪʝʯʝʥʠʝ 

ʪʨʝʭ ʤʝʩʷʮʝʚ ʚ ʢʦʤʙʠʥʘʮʠʷʭ, ʧʦʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.1. 

ʊʘʙʣʠʮʘ 3.1 ï ʂʦʤʙʠʥʘʮʠʠ ʥʘʙʦʨʦʚ ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ 

ɻʅʉʉ ʄʘʩʢʘ ʚʦʟʚʳʰʝʥʠʷ ʩʧʫʪʥʠʢʦʚ ɻʅʉʉ 

5Á 15Á 

GPS Ĭ Ĭ 

GPS+ɻʃʆʅɸʉʉ Ĭ ï 

 

ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ, ʧʦʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʟʥʘʢʦʤ ''Ĭ'', ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʥʝʥʪʳ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʧʨʠʨʘʱʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ (dX, dY ʠ dZ) ʙʘʟʦʚʳʭ ʣʠʥʠʡ, 

ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ (mdX, mdY ʠ mdZ) ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʤʘʪʨʠʮʳ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʝʪʠ. ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʷʚʣʷʣʦʩʴ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʩʤʝʱʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʪʝʩʪʦʚʦʡ ʩʝʪʴʶ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʨʘʚʥʠʚʘʥʠʷ ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʨʩʢʠʭ ʤʝʪʦʜʠʢ. 

ʋʨʘʚʥʠʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʧʦʧʨʘʚʦʢ v ʚʠʜʘ  

v Adx l= +, (1) 

ʛʜʝ v ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʠʩʢʦʤʳʭ ʧʦʧʨʘʚʦʢ ʢ ʨʘʟʥʦʩʪʷʤ ʧʦʚʪʦʨʥʦ ʠʟʤʝʨʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʪʠ, ʧʦʨʷʜʢʘ (3n-3)Ĭ1 ʜʣʷ n ʙʘʟʦʚʳʭ 

ʣʠʥʠʡ; ɸ ï ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ ʧʦʧʨʘʚʦʢ (1); dx ï ʚʝʢʪʦʨ ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʩʤʝʱʝʥʠʡ ʧʫʥʢʪʦʚ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʪʠ ʧʦʨʷʜʢʘ 3kĬ1 ʧʨʠ k ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʫʥʢʪʦʚ; l ï 

ʚʝʢʪʦʨ ʨʘʟʥʦʩʪʝʡ ʠʟʤʝʨʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ ʧʦʨʷʜʢʘ (3n-3)Ĭ1.  
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ɼʣʷ ʫʯʝʪʘ ʥʝʨʘʚʥʦʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʚʘʨʠʘʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ 

ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ Ql, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Topcon Tools. ʈʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦʧʨʘʚʦʢ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ 

ʫʯʝʪʦʤ ʥʝʨʘʚʥʦʪʦʯʥʦʩʪʠ ʠ ʚʟʘʠʤʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ʧʦʜ 

ʫʩʣʦʚʠʝʤ ʤʠʥʠʤʫʤʘ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ vTQl
+v ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝ  

,                                                        (2)dxdx N L Q L+=- =-  

ʛʜʝ, 1

TN A Q A+=  ʠ 1

TL A Q l+=  ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʠ ʚʝʢʪʦʨ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʛʜʝ Ql
+=P ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʘʪʨʠʮʫ ʚʝʩʦʚ ʠʟʤʝʨʝʥʠʡ. ʊʘʢ ʢʘʢ ʚʳʧʦʣʥʷʣʦʩʴ ʫʨʘʚʥʠʚʘʥʠʝ ʩʚʦʙʦʜʥʦʡ ʩʝʪʠ, ʪʦ 

ʚʤʝʩʪʦ ʩʪʘʥʜʘʨʪʥʦʡ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ N-1 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʣʘʚʥʘʷ ʧʩʝʚʜʦʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ N+.  

ɺ ʩʣʫʯʘʝ ʫʨʘʚʥʠʚʘʥʠʷ ʩʚʦʙʦʜʥʦʡ ʩʝʪʠ ʥʝʩʤʝʱʝʥʥʦʡ ʦʮʝʥʢʦʡ ʜʠʩʧʝʨʩʠʠ ʝʜʠʥʠʮʳ 

ʚʝʩʘ ʟʘʚʠʩʠʤʳʭ ʠ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ  

2 ,                                                               (3)
T

lv Q v

n m
m

+

=
-

 

ʛʜʝ n ï ʦʙʱʝʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ, m ï ʯʠʩʣʦ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ ʜʠʩʧʝʨʩʠʡ ʠʩʢʦʤʳʭ ʩʤʝʱʝʥʠʡ dx ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

2 2 ,                                                                   (4)
iid x iim qm=  

ʛʜʝ qii ï ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʥʝʠʟʚʝʩʪʥʳʭ Qdx. 

ʆʧʨʝʜʝʣʠʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʨʘʚʥʠʚʘʥʠʷ ʩʣʘʛʘʝʤʳʝ ʩʫʤʤʳ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʢʦʤʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʠʟʤʝʨʝʥʠʡ (ʨʘʟʥʦʩʪʝʡ ʠʟʤʝʨʝʥʥʳʭ ʚʝʢʪʦʨʦʚ) ʚ ʚʘʨʠʘʥʪʘʭ ʪʘʙʣʠʮʳ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʧʦʩʪʘʚʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ 

ʠʟ ʚʘʨʠʘʥʪʦʚ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʣʦʩʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʦʯʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʢʠ ʚʦʟʚʳʰʝʥʠʷ, 

ʨʘʚʥʦʡ 5Á ʠ 15Á. ɺ ʵʪʦʤ ʘʥʘʣʠʟʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʥʘʙʣʶʜʝʥʠʷ ʩʧʫʪʥʠʢʦʚ 

ʩʠʩʪʝʤʳ GPS. ʉʨʘʚʥʠʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ (ʉʂʆ) ʝʜʠʥʠʮʳ ʚʝʩʘ ɛ, 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʦʪʥʦʰʝʥʠʷ F ʠ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ (ʨʠʩ. 3.4), ʦʙʦʙʱʝʥʥʦ ʜʣʷ ʚʩʝʡ ʩʝʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.4 ʠ 3.5.  

 

ʈʠʩʫʥʦʢ 3.4  ʉʨʘʚʥʝʥʠʝ ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ (ʘ) ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʦʪʥʦʰʝʥʠʡ F (ʙ) 

ʨʝʟʫʣʴʪʘʪʦʚ ʫʨʘʚʥʠʚʘʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʩ ʤʘʩʢʘʤʠ 5Á ʠ 15Á 

ʘ 

ʙ 
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 ʊʦʯʢʠ ʠ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ-ʠʟʤʝʥʝʥʠʷ ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ GPS ʜʣʷ ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ 

5Á. ʂʨʫʞʢʠ ʠ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʠʟʤʝʥʝʥʠʷ ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ GPS ʜʣʷ ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ 

15Á. ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ Fʢʨʠʪ. (ʞʠʨʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʧʨʷʤʘʷ) ʧʦʣʫʯʝʥʦ ʧʦ ʪʘʙʣʠʮʘʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʌʠʰʝʨʘ ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʈ>=0.01 ʠ ʯʠʩʣʝ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ 6.  

 ʈʠʩʫʥʦʢ 3.4 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʤʝʱʝʥʠʡ ʧʨʠ ʤʘʩʢʝ 15Á ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ 5Á. ʇʨʠ ʵʪʦʤ ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ ʚ 

ʩʨʝʜʥʝʤ ʤʝʥʴʰʝ ʥʘ 0.1 ʤʤ. ʉʨʝʜʥʠʝ ʫʨʦʚʥʠ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʥʳ ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʷʤʳʤʠ 

ʣʠʥʠʷʤʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʧʨʠ ʤʘʩʢʝ 15Á, ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʩʢʝ 5Á, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 3.5. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʚʳʷʩʥʠʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʱʝʥʠʡ (ʧʣʘʥʦʚʳʝ ʠʣʠ ʚʳʩʦʪʥʳʝ) ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʦʯʥʝʝ ʧʨʠ ʤʘʩʢʝ 15Á ʠ ʚ ʢʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. 

 

ʈʠʩʫʥʦʢ 3.5  ʉʨʘʚʥʝʥʠʝ ʉʂʆ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʘ) ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʙ) 

ʢʦʤʧʦʥʝʥʪ ʩʤʝʱʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʨʘʚʥʠʚʘʥʠʷ GPS ʥʘʙʣʶʜʝʥʠʡ ʩ 

ʤʘʩʢʘʤʠ 5Á ʠ 15Á. ʊʦʯʢʠ ʠ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʠʟʤʝʥʝʥʠʷ ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ GPS ʜʣʷ 

ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ 5Á. ʂʨʫʞʢʠ ʠ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ - ʠʟʤʝʥʝʥʠʷ ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ GPS 

ʜʣʷ ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ 15Á 

ʈʠʩʫʥʦʢ 3.4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʢʠ ʩ 5Á ʜʦ 15Á ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 

0,1 ʤʤ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʚʳʩʦʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʚʳʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ.  

ʀʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚʳʧʦʣʥʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʟʤʝʨʝʥʠʷ ʢʘʢ GPS, ʪʘʢ ʠ ɻʃʆʅɸʉʉ, ʦʩʫʱʝʩʪʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʨʘʙʦʪʢʠ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʥʘʙʣʶʜʝʥʠʡ GPS ʠ GPS+ɻʃʆʅɸʉʉ ʩ ʤʘʩʢʦʡ 5Á. ʉʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ ʚʘʨʠʘʥʪʦʚ ʫʨʘʚʥʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.6. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʉʂʆ ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʫʨʘʚʥʠʚʘʥʠʷ ʪʦʣʴʢʦ 

GPS ʠ GPS+ɻʃʆʅɸʉʉ ʚ ʩʨʝʜʥʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʱʫʪʠʤʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ ʜʚʫʭ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʠʞʥʠʡ ʛʨʘʬʠʢ (ʨʠʩ. 

3.6). ʊʦ ʝʩʪʴ ʪʦʯʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʝʥʠʡ ʜʚʫʭ ʩʠʩʪʝʤ, ʭʦʪʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʥʦ ʚʳʰʝ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʪʦʣʴʢʦ GPS ʥʘʙʣʶʜʝʥʠʡ. ʇʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʚ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘʙʣʶʜʝʥʠʡ ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ 

ʘ 

ʙ 
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ʨʘʟʜʝʣʴʥʦ. ʊʘʢ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Topcon 

Tools ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʧʨʦʛʨʘʤʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ɻʃʆʅɸʉʉ ʙʝʟ ʫʯʘʩʪʠʷ 

GPS ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ, ʚʳʧʦʣʥʷʣʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʉʂʆ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʦʙʝʠʭ ʚʘʨʠʘʥʪʘʭ ʫʨʘʚʥʠʚʘʥʠʷ: GPS ʠ GPS+ɻʃʆʅɸʉʉ.  

 

ʈʠʩʫʥʦʢ 3.6  ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʦʯʥʦʩʪʠ (ʘ) ʨʝʟʫʣʴʪʘʪʦʚ ʫʨʘʚʥʠʚʘʥʠʷ ʥʘʙʣʶʜʝʥʠʡ GPS ʠ 

GPS+ɻʃʆʅɸʉʉ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʡ (ʙ) Fʢʨʠʪ=8 ʜʣʷ ʈ<0.01 ʠ k=6 

ʊʦʯʢʠ ʠ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʠʟʤʝʥʝʥʠʷ ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ F ʜʣʷ ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ 5Á ʧʦ GPS. ʂʨʫʞʢʠ ʠ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ - ʠʟʤʝʥʝʥʠʷ 

ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʦʪʥʦʰʝʥʠʡ F ʜʣʷ ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ 5Á ʧʦ 

GPS+ɻʃʆʅɸʉʉ.  

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫʣʫ ʜʠʩʧʝʨʩʠʠ ʝʜʠʥʠʮʳ ʚʝʩʘ ʠʟʤʝʨʝʥʠʡ, ʦʙʦʟʥʘʯʠʚ ʚ ʥʝʡ ʯʠʩʣʦ 

ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʠʤʚʦʣʦʤ r, 

2 12 12 12
12

12

,                                                             (5)
Tv P v

r
m =  

ʛʜʝ ʧʦʜʩʪʨʦʯʥʳʡ ʠʥʜʝʢʩ 12 ʦʟʥʘʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʙʨʘʙʦʪʢʝ ʠʟʤʝʨʝʥʠʡ ʜʚʫʭ 

ʩʠʩʪʝʤ GPS ï 1 ʠ ɻʃʆʅɸʉʉ ï 2.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʮʝʥʢʫ (5) ʤʳ ʧʦʣʫʯʠʣʠ ʠʟ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʝʥʠʡ ʜʚʫʭ 

ʩʠʩʪʝʤ GPS+ɻʃʆʅɸʉʉ. ɼʠʩʧʝʨʩʠʶ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʩʦʚʳʝ ʤʘʪʨʠʮʳ 

ʥʝʟʘʚʠʩʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ ʢʘʞʜʦʡ ʠʟ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

2 12 12 12 1 1 1 2 2 2
12

1 2 1 2 1 2

.                                          (6)
T T Tv P v v Pv v P v

r r r r r r
m = = +

+ + +
 

ʀʟ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʝʥʠʡ GPS ʦʪʜʝʣʴʥʦ ʦʪ ɻʃʆʅɸʉʉ ʧʦʣʫʯʝʥʘ ʪʘʢʞʝ ʦʮʝʥʢʘ  

2 1 1 1
1

1

.                                                              (7)
Tv Pv

r
m =  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʝʜʠʥʠʮʳ ʚʝʩʘ ʥʘʙʣʶʜʝʥʠʡ ɻʃʆʅɸʉʉ ʦʩʪʘʝʪʩʷ ʫʟʥʘʪʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʯʠʩʝʣ ʠʟʙʳʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ r1 ʠ r2, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʥʘʙʣʶʜʝʥʠʠ ʩʧʫʪʥʠʢʦʚ ʦʙʝʠʭ ʩʠʩʪʝʤ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʉʂʆ ʝʜʠʥʠʮ ʚʝʩʘ ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GPS ʠ ɻʃʆʅɸʉʉ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.7. 

ʘ 

ʙ 
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ʈʠʩʫʥʦʢ 3.7  ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʢʣʘʜʘ GPS ʠ ɻʃʆʅɸʉʉ ʚ ʦʙʱʫʶ ʉʂʆ 

ʝʜʠʥʠʮʳ ʚʝʩʘ. ʊʦʯʢʠ ʠ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʉʂʆ ʜʣʷ GPS. ʂʨʫʞʢʠ ʠ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï 

ʉʂʆ ʜʣʷ ɻʃʆʅɸʉʉ 

ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʉʂʆ ʠʟʤʝʨʝʥʠʡ ɻʃʆʅɸʉʉ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʫ GPS. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʣʫʯʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʉʂʆ, ʢʘʢ ʩʨʝʜʥʝʛʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ. ʆʧʝʨʘʮʠʷ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʜʠʩʧʝʨʩʠʡ. ʇʦʵʪʦʤʫ, ʚʳʯʠʩʣʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʫʤʤʳ ʩʨʝʜʥʠʭ 

ʢʚʘʜʨʘʪʦʚ ʠ ʠʟʚʣʝʢʘʷ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ, ʧʦʣʫʯʘʝʤ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʦʙʦʙʱʝʥʥʳʭ 

ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ ʢʘʞʜʦʡ ʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ɛ1 = 1.08 ʤʤ  

ʠ ɛ2 = 1.12 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ GPS+ɻʃʆʅɸʉʉ 

ʧʦʣʫʯʘʝʤ ɛ12 = 1,08 ʤʤ.  

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʂʆ ʥʘʙʣʶʜʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GPS ʠ ɻʃʆʅɸʉʉ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʂʆ ɻʃʆʅɸʉʉ 

ʤʝʥʝʝ ʦʩʪʨʦʚʝʨʰʠʥʥʦʝ, ʯʝʤ ʫ GPS, ʪ.ʝ. ʦʥʦ ʠʤʝʝʪ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʨʫʧʥʳʭ 

ʉʂʆ.  

ʅʘʙʣʶʜʝʥʠʷ ʩʧʫʪʥʠʢʦʚ GPS ʥʘ ʨʘʟʥʳʭ ʫʛʣʘʭ ʚʦʟʚʳʰʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʝʝ 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʨʘʱʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ 

ʩʤʝʱʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʢʠ ʚʦʟʚʳʰʝʥʠʷ 15Á. 

ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʉʂʆ ʜʦʩʪʠʛʘʝʪ 20ï25% ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʙʣʶʜʝʥʠʷʤ ʩ ʤʘʩʢʦʡ 5Á, 

ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʧʦʚʳʰʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 40%.  

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ GPS ʠ GPS+ɻʃʆʅɸʉʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ GPS+ɻʃʆʅɸʉʉ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ GPS ʚ ʩʨʝʜʥʝʤ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ 

ʧʦ ʉʂʆ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʝʥʴʰʠʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ, 

ʪ.ʝ. ʙʦʣʴʰʫʶ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʧʦ ʜʠʩʧʝʨʩʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʨʘʚʥʝʥʠʝ ʢʨʠʪʝʨʠʝʚ 

ʟʥʘʯʠʤʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʩʤʝʱʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʝʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 30%.  
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ʈʠʩʫʥʦʢ 3.8  ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʂʆ ʝʜʠʥʠʮʳ ʚʝʩʘ ʥʘʙʣʶʜʝʥʠʡ GPS (ʘ), 

ɻʃʆʅɸʉʉ (ʙ) ʠ GPS+ɻʃʆʅɸʉʉ (ʚ) 

ʆʮʝʥʢʘ ʚʢʣʘʜʘ ɻʃʆʅɸʉʉ ʚ ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ɻʅʉʉ ʙʣʠʟʢʘ ʢ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʡ GPS. ʅʦ ʧʨʠ 

ʵʪʦʤ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʦʪʥʦʰʝʥʠʠ ʢ ʠʩʢʣʶʯʠʪʝʣʴʥʦ GPS ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ɻʃʆʅɸʉʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʦʙʥʘʜʝʞʠʚʘʝʪ ʪʝʤ, ʯʪʦ ʧʨʠ ʜʦʚʝʜʝʥʠʠ ʩʦʩʪʘʚʘ ʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ɻʃʆʅɸʉʉ ʜʦ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʩʦʩʪʘʚʘ GPS, ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ 

ʧʦʚʳʩʠʪʴʩʷ ʧʦʯʪʠ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʉʂʆ GPS ʥʘʙʣʶʜʝʥʠʡ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦ 

ʚʦ ʚʨʝʤʝʥʠ, ʯʝʤ ʫ ɻʃʆʅɸʉʉ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʂʆ ʜʣʷ ʚʘʨʠʘʥʪʘ ʩʦʚʤʝʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ 

GPS+ɻʃʆʅɸʉʉ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʧʨʝʜʧʦʯʪʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʨʘʙʦʪʢʝ ʪʦʣʴʢʦ 

GPS ʥʘʙʣʶʜʝʥʠʡ. 

ʆʙʱʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚ ʮʝʣʦʤ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʝʪʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï ʧʦʨʷʜʢʘ 1 ʤʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʫʪʦʯʥʳʝ 

ʩʝʘʥʩʳ ʥʝʧʨʝʨʳʚʥʳʭ ɻʅʉʉ ʥʘʙʣʶʜʝʥʠʡ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦ ʦʧʘʩʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʯʘʩʪʳʭ ʯʘʩʦʚʳʭ ʩʝʘʥʩʦʚ, ʟʘ ʩʯʝʪ ʢʦʤʧʝʥʩʘʮʠʠ 

ʚʥʫʪʨʠʩʫʪʦʯʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ.  
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4. ʉʦʟʜʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2014-0015 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: 115012960029 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ɸ. ɸ. ʃʫʰʥʠʢʦʚ 

4.1. ɺʚʝʜʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘ 

ʧʨʠʤʝʨʝ ʩʣʫʯʘʡʥʳʭ ʙʣʫʞʜʘʥʠʡ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʩʣʫʯʘʡʥʦʡ ʧʝʨʝʤʝʞʘʝʤʦʩʪʴʶ 

ʨʝʞʠʤʦʚ ʙʣʫʞʜʘʥʠʷ ʚʳʚʝʜʝʥʳ ʠ ʨʝʰʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʝʩʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʣʳʚʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʷʪʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʩʢʘʟʘʥʠʡ ʦʙʳʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʜʠʬʬʫʟʠʠ ʟʘ ʩʯʝʪ ʢʦʥʝʯʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʙʦʣʴʰʠʭ ʩʤʝʱʝʥʠʡ (ʘʥʦʤʘʣʴʥʘʷ ʜʠʬʬʫʟʠʷ). ʅʘ 

ʧʨʠʤʝʨʝ ʵʚʦʣʶʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʛʨʘʬʘ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʛʘʥʪʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʄʝʪʦʜʳ ʜʠʩʢʨʝʪʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʩ ʮʝʣʴʶ ʧʨʝʜʩʢʘʟʘʥʠʷ ʪʨʝʥʜʦʚ ʠ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʩʣʫʯʘʡʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʥʝ ʟʘʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʠ ʟʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʩʪʘʚʣʝʥʳ. ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʠʛʨʘʶʱʠʭ ʪʫ ʞʝ ʨʦʣʴ ʯʪʦ ʠ 

ʦʙʳʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʥʦ ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʝʨʠʨʦʚʘʪʴ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ. 

ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ ʢʦʛʜʘ ʟʘ ʩʣʫʯʘʡʥʳʤ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩʪʦʠʪ ʥʝʢʠʡ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ, ʥʦ ʟʘʰʫʤʣʝʥʥʳʡ 

ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʰʫʤʦʚ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ: ʉʦʟʜʘʥʳ ʦʙʱʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʨʢʦʚʩʢʦʡ ʮʝʧʦʯʢʠ ʫʨʘʚʥʝʥʠʡ. 

ʄʝʪʦʜʳ ʦʢʘʟʘʣʠʩʴ ʢʨʘʡʥʝ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʵʚʦʣʶʮʠʠ ʧʦʧʫʣʷʮʠʡ, ʪʝʦʨʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʛʘʥʪʩʢʠʭ ʢʦʤʧʦʥʝʥʪ ʚ ʩʣʫʯʘʡʥʳʭ ʛʨʘʬʘʭ, ʪʝʦʨʠʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʯʝʨʝʟ ʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ. ɺʳʷʩʥʝʥʘ ʨʦʣʴ ʧʣʘʟʤʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ 

ʠ ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠ ʛʝʥʝʨʘʮʠʠ ʨʘʜʠʦʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝ. 

ʀʤʝʥʥʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʨʘʩʩʝʠʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʟʘ 

ʩʯʝʪ ʧʣʘʟʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʘʨʷʜʦʚ, ʘ ʨʠʜʙʝʨʛʦʚʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʵʬʬʝʢʪʠʚʥʦ ʠʟʣʫʯʘʶʪ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʘʭ ʟʘ ʩʯʝʪ ʢʚʘʥʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʥʫʪʨʠ ʛʨʫʧʧʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʦʨʙʠʪʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ. ʇʨʝʜʣʦʞʝʥʳ ʠ 

ʧʨʠʤʝʥʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʭʦʜʫ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʅʦʚʳʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʦʛʦ ʭʦʜʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʛʠʛʘʥʪʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʣʫʯʘʡʥʦʤ ʛʨʘʬʝ. 
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4.2. ʉʣʫʯʘʡʥʳʝ ʛʨʘʬʳ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙ ʵʚʦʣʶʮʠʠ ʩʣʫʯʘʡʥʦʛʦ ʛʨʘʬʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦ ʜʣʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʵʚʦʣʶʮʠʠ ʩʣʫʯʘʡʥʳʭ ʛʨʘʬʦʚ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʘʢʠʝ ʚʘʞʥʳʝ ʷʚʣʝʥʠʷ ʢʘʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʢʦʨʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʯʥʳʭ 

ʩʠʩʪʝʤ, ʜʠʥʘʤʠʢʫ ʟʘʣʝʞʝʡ ʧʦʣʝʭʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʜʨ. ɼʦ ʩʠʭ ʧʦʨ ʧʦʜʭʦʜ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ 

ʙʘʟʠʨʦʚʘʣʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʶ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʘʧʧʘʨʘʪ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʇʫʩʪʴ ʝʩʪʴ ʛʨʘʬ ʧʦʨʷʜʢʘ M  ʩʦʜʝʨʞʘʱʠʡ N  ʩʚʷʟʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʂʘʞʜʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʝ ʧʦʨʷʜʢʦʤ g  ʠ ʯʠʩʣʦʤ ʟʘʧʦʣʥʝʥʠʷ ʨʝʙʝʨ n. ʗʩʥʦ, ʯʪʦ 

1 ( 1) / 2g g gn- ¢ ¢ -. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ n ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʨʝʚʫ ʧʦʨʷʜʢʘ g, ʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ï ʯʠʩʣʫ ʨʝʙʝʨ ʚ ʧʦʣʥʦʤ ʛʨʘʬʝ ʧʦʨʷʜʢʘ g. ʆʪʜʝʣʴʥʘʷ ʚʝʨʰʠʥʘ ʪʦʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʚʷʟʥʳʡ ʛʨʘʬ ʧʦʨʷʜʢʘ 1. 

ʃʶʙʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʘʬʘ ʟʘʜʘʝʪʩʷ ʥʘʙʦʨʦʤ ʯʠʩʝʣ ʟʘʧʦʣʥʝʥʠʷ  

 ,= { },gQ n n  

 ʛʜʝ ,gn n ï ʯʠʩʣʦ ʩʚʷʟʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʨʷʜʢʘ g  ʩʦʜʝʨʞʘʱʠʭ n ʨʝʙʝʨ  

( ,gnïʢʦʤʧʦʥʝʥʪʘ). 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʫʩʪʦʡ ʛʨʘʬ ʧʦʨʷʜʢʘ M  (ʧʨʦʩʪʦ M  ʚʝʨʰʠʥ) ʠ ʥʘʯʥʝʤ 

ʜʦʙʘʚʣʷʪʴ ʢ ʵʪʦʤʫ ʛʨʘʬʫ ʨʝʙʨʘ (ʦʜʥʦ ʨʝʙʨʦ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ). ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʚʝʜʝʪ ʣʠʙʦ 

ʢ ʦʙʲʝʜʠʥʝʥʠʶ ʜʚʫʭ ʩʚʷʟʥʳʭ ʢʦʤʧʦʥʝʥʪ  

 ( , ) ( , ) ( , 1)l m l ml m l m+ ­ + + +, 

 ʣʠʙʦ ʢ ʟʘʧʦʣʥʝʥʠʶ ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʜʦʙʘʚʦʯʥʳʤ ʨʝʙʨʦʤ  

 ( , ) ( , 1).g gn n­ +  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʛʨʘʬ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʩʚʷʟʥʳʭ ʢʦʤʧʦʥʝʥʪ, 

ʠʭ ʧʦʨʷʜʢʘ ʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʣʠʷʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ lm, ʯʠʩʣʫ 

ʩʧʦʩʦʙʦʚ ʩʦʝʜʠʥʠʪʴ ʜʚʝ ʩʚʷʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʜʥʠʤ ʨʝʙʨʦʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ 

ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʜʦʙʘʚʦʯʥʳʤ ʨʝʙʨʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ( 1) / 2g g n- -, ʯʠʩʣʫ ʩʚʦʙʦʜʥʳʭ 

ʤʝʩʪ ʜʣʷ ʢʦʥʮʦʚ ʨʝʙʨʘ. 

ɺʚʝʜʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ( , )W Q t  ʟʘʩʪʘʪʴ ʛʨʘʬ ʚ ʩʦʩʪʦʷʥʠʠ Q  ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʠ 

ʧʨʦʠʟʚʦʜʷʱʠʡ ʬʫʥʢʮʠʦʥʘʣ ʵʪʦʡ ʚʝʨʦʷʪʥʦʩʪʠ.  

 
( , | )

,

,

( , ) = ( , ) ,n g Q

g

Q g

X t W Q t x n

n

n

Y ä Ô  

 ʛʜʝ ( , | )n g Qn  ï ʯʠʩʣʘ ʟʘʧʦʣʥʝʥʠʷ ,gn n ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʟʘʜʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʡ Q  ʠ 

,= { }gX x n  ï ʥʘʙʦʨ ʥʝʟʘʚʠʩʠʤʳʭ ʬʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʌʫʥʢʮʠʦʥʘʣ Y ʧʦʜʯʠʥʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʶ  

 = ( ) .f cV L L
t

µY
+ Y

µ
 

 ɿʜʝʩʴ ʤʥʦʞʠʪʝʣʴ V  ʟʘʜʘʝʪ ʤʘʩʰʪʘʙ ʚʨʝʤʝʥʠ. ɺ ʪʝʦʨʠʠ ʢʦʘʛʫʣʷʮʠʠ V  ï ʧʦʣʥʳʡ 

ʦʙʲʝʤ ʩʠʩʪʝʤʳ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʜʚʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʘ 

fL  and cL . ʆʧʝʨʘʪʦʨ fL  ʦʪʚʝʯʘʝʪ ʟʘ ʵʚʦʣʶʮʠʶ ʟʘʧʦʣʥʝʥʠʷ ʩʚʷʟʥʳʭ ʢʣʘʩʪʝʨʦʚ. 
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ʅʘʤʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʘ ʦʙʲʝʢʪʘ ʠ ʜʘʥ ʝʛʦ ʩʢʵʡʣʠʥʛ-ʘʥʘʣʠʟ ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ (ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʛʘʥʪʩʢʦʛʦ ʢʣʘʩʪʝʨʘ). ʀʤʝʥʥʦ ʵʪʦ ʷʚʣʝʥʠʝ ʠ ʠʟʫʯʘʝʪʩʷ ʚ ʧʨʦʝʢʪʝ. 

ʉʧʦʥʪʘʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʧʝʨʢʣʘʩʪʝʨʘ ï ʵʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʨʦʣʴ 

ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʘ ʚ ʢʦʪʦʨʦʤ ʠʛʨʘʝʪ ʝʛʦ ʤʘʩʩʘ, ʩʪʨʦʛʦ ʨʘʚʥʘʷ ʥʫʣʶ ʚ ʜʦʢʨʠʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʆʢʘʟʳʚʘʝʪʩʷ, ʚʙʣʠʟʠ ʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʤʘʩʩʘ ʠ ʜʨʫʛʠʝ ʤʦʤʝʥʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʪʝʨʦʚ ʧʦ ʨʘʟʤʝʨʫ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʩʪʝʧʝʥʥʳʝ ʬʫʥʢʮʠʠ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 

ʪʝʢʫʱʠʤ ʠ ʢʨʠʪʠʯʝʩʢʠʤ ʚʨʝʤʝʥʝʤ, ʧʨʠʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʘʷ ʜʦ ʠ 

ʧʦʩʣʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (ʨʠʩ. 4.1). 

  

ʈʠʩʫʥʦʢ 4.1  ɼʠʥʘʤʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʫʧʝʨʛʨʘʬʘ  

 

4.3. ʈʝʛʨʝʩʩʠʦʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ɼʄɸ ʧʦʩʪʨʦʝʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʢʘʩʘʪʝʣʴʥʳʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʜʠʩʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ, ʟʘʜʘʥʥʦʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʦʥʠ 

ʜʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʳʯʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʚ ʨʝʛʫʣʷʨʥʦʤ ʩʣʫʯʘʝ. 

ɿʥʘʯʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʪʦʯʢʝ ʜʘʝʪ ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʚ ʥʝʡ, ʪʦ ʝʩʪʴ 

ʩʛʣʘʞʠʚʘʥʠʝ, ʥʦ ʫʞʝ ʜʨʫʛʦʝ ʨʝʛʨʝʩʩʠʦʥʥʦʝ (ʯʝʤ ʙʦʣʴʰʝ ʢʫʙʠʢʦʚ, ʪʝʤ ʣʫʯʰʝ). 

ʇʫʩʪʴ ʬʫʥʢʮʠʷ = ( )y f x  ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʚ ʥʫʣʝ; ( )f xD  ï ʦʛʨʘʥʠʯʝʥʠʝ f  ʥʘ 

ʦʪʨʝʟʦʢ [ , ]-D D. ɺʳʯʠʩʣʠʤ ʧʨʦʝʢʮʠʶ pr fD ʥʘ ʣʠʥʝʡʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ 2Lin ( , )-D D 

ʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
2( , )L -D D. 

ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʦʮʝʩʩʦʤ ʦʨʪʦʛʦʥʘʣʠʟʘʮʠʠ ɻʨʘʤʘ-ʐʤʠʜʪʘ ʢ ʙʘʟʠʩʫ (1, )x : 

1 =e c; 1|| || =1e D  Ú  
2 =1e dx

D

-Dñ ; 2 1
=

2
c

D
 

1. 2 =e ax b+ ; 2 1( , ) = ( ) = 0e e ax b c
D

-D
+ñ  Ú  ( ) = 0ax b dx

D

-D
+ñ  
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2

= | 2 = 0 = 0
2

x
axdx bdx a b b
D D

D

-D
-D -D

+ + D Ýñ ñ . 

2. 
3 3

2 2 2 2 2

2 3

2 3
|| ||=1 = | = 3 =1 =

3 3 2

x
e a x dx a a a

D
D

-D
-D

D
Ú Ý

Dñ  

ʊʝʧʝʨʴ ʧʨʦʝʢʮʠʷ ( )1 1 2 2 3

1 3
pr = ( , ) ( , ) = ( ) ( )

2 2
f f e e f e e f x dx xf x dx x

D D

D D D
-D -D

+ +
D Dñ ñ . 

ʇʝʨʚʳʡ ʯʣʝʥ 
1

( ) (0)
2

f x dx f
D

-D
­

Dñ
 (ʪʝʦʨʝʤʘ ʦ ʩʨʝʜʥʝʤ). 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠ x. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʴʶ ( )f x : 

( ) = (0) (0) ( )'f x f f x x xa+ + , ʛʜʝ ( ) 0xa ­  ʧʨʠ 0x­ . 

( ) ( )3 3

3 3
( ) = ( (0) (0) ( ) )

2 2

'xf x dx x x f f x x x dx xa
D D

-D -D
+ +

D Dñ ñ   

  1. 
3

3
(0) = 0

2
xf dx

D

-DDñ
  

  2. 2

3

3
(0) = (0)

2

' 'f x dx f
D

-DD ñ   

  3. 
2 3( ) ) = ( )x x dx oa

D

-D
Dñ  ( > 0 ( ) : < ( ) | ( ) |<xe e e a e" $D "D D  Ý 

2
2 2

( ) ) < .
3

x x dxa e
D

-D

D
ñ   

 

 ɺʳʚʦʜ: ( ) 30

3
lim ( ) = (0)

2

'xf x dx f
D

-DD­ Dñ  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʛʣʘʜʢʠʭ ʠ ʟʘʰʫʤʣʝʥʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4.2 ʧʦʢʘʟʘʥʥʦʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ 

ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ. 

 

ʈʠʩʫʥʦʢ 4.2  ɿʘʰʫʤʣʝʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʘʷ 
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ʅʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ɼʄɸ ʧʦʩʪʨʦʝʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ 

ʢʘʩʘʪʝʣʴʥʳʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ, ʟʘʜʘʥʥʦʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ 

ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ. 

4.4. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʟʘʜʘʯ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ 

ʆʩʥʦʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʟʜʝʩʴ ʧʦʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʨʝʘʣʠʟʘʮʠʠ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʜʣʷ ʟʘʜʘʯ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʟʘ ʩʯʸʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʕɺʄ. 

ʇʦʣʦʞʠʤ, ʯʪʦ ʟʘʜʘʥʳ ʣʦʢʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ( ), = 0,1,..., 1y Ti i N- , N -ʯʠʩʣʦ 

ʥʘʙʣʶʜʝʥʠʡ, T -ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʃʦʢʘʣʴʥʫʶ ʢʫʩʦʯʥʦ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ( , ) = cos sinMy c Ti a Ti b Tiw w+ , ʛʜʝ = ( , , )Tc a bw  ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ. ʉʚʝʜʸʤ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʢ ʟʘʜʘʯʝ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ( , )S c y   

 
1

2

=0

( , ) = ( ( ) ( , )) , = arg{ ( , )}.min

N

M
ci

S c y y Ti y c Ti c S c y
-

-ä  

ɺʳʯʠʩʣʝʥʠʝ c  ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʘʣʠʟʫʝʤ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʈʝʘʣʠʟʫʝʤ ʜʚʫʭʵʪʘʧʥʫʶ ʤʠʥʠʤʠʟʘʮʠʶ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʟʘʬʠʢʩʠʨʫʝʤ ʯʘʩʪʦʪʥʳʡ ʧʘʨʘʤʝʪʨ w; ʧʨʠʚʝʜʸʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʠ ʦʮʝʥʦʢ ʯʘʩʪʠʯʥʦ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʯʠʩʣʠʤ ʦʩʪʘʪʦʯʥʫʶ ʩʫʤʤʫ0( , )S yw  ʠ ʧʨʦʠʟʚʝʜʸʤ ʝʸ ʤʠʥʠʤʠʟʘʮʠʶ. 

ɺ ʜʠʩʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʦʨʛʘʥʠʟʫʝʤ ʧʦʠʩʢ ʧʦ ʯʘʩʪʦʪʝ, ʟʘʜʘʜʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʯʘʩʪʦʪ , = 1,...,k fk kw , ʚʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʷ 0( , )kS yw ; ʥʘʡʜʸʤ ʦʧʪʠʤʘʣʴʥʳʡ ʠʥʜʝʢʩ k  ʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

 
0= arg{ ( , )}, = , = ( ), = ( ).min k k k kk

k S y a a b bw w w w w 

ɺʠʜʠʤ, ʯʪʦ ʥʘʭʦʞʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʠ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʠʚʦʜʠʪ ʢ ʣʠʥʝʡʥʳʤ ʦʧʝʨʘʮʠʷʤ ʥʘʜ ʥʘʙʣʶʜʝʥʠʷʤʠ  
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ʆʯʝʚʠʜʥʦ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʦʝ ʩʚʦʜʠʪʩʷ ʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʚʳʯʠʩʣʝʥʠʶ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʨʘʟʤʝʱʝʥʠʶ ʠʭ ʚ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʕɺʄ, ʚʦʟʤʦʞʥʦ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ, ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʚʳʯʠʩʣʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 4.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 4.3  ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʥʘ ʤʦʜʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ 
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5. ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʩʦʙʳʪʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ɿʝʤʣʠ 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2014-0014 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: 115021010261 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ʈ. ʖ. ʃʫʢʴʷʥʦʚʘ 

5.1. ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʠ ʩʪʝʧʝʥʴ ʠʭ ʚʳʧʦʣʥʝʥʠʷ 

ʇʨʦʝʢʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʨʘʤʢʘʭ ʇʦʜʨʘʟʜʝʣʘ "ʌʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʚʢʣʶʯʘʷ ʠʦʥʦʩʬʝʨʫ ʠ ʤʘʛʥʠʪʦʩʬʝʨʫ ɿʝʤʣʠ, ʢʨʠʦʩʬʝʨʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʝʤʣʠ, ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʣʘʥʜʰʘʬʪʦʚ, 

ʦʣʝʜʝʥʝʥʠʷ ʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ". ʎʝʣʠ ʧʨʦʝʢʪʘ ʩʦʩʪʦʷʣʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʷʟʠ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʵʚʦʣʶʮʠʝʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʉʦʣʥʮʘ, ʘ ʪʘʢʞʝ ʚ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʠ ʧʨʦʮʝʩʩʦʚ ʚ 

ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʡ ʤʝʪʦʜ ʚʳʷʚʣʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ; 

ʚʳʷʚʣʝʥ ʛʝʦʤʘʛʥʠʪʥʳʡ ʧʘʨʘʤʝʪʨ, ʷʚʣʷʶʱʠʡʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ; ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʬʦʨʤʘʣʠʟʘʮʠʠ ʜʠʥʘʤʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʝʢʦʚʦʛʦ ʭʦʜʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʣʷʨʥʳʭ ʠ ʘʚʨʦʨʘʣʴʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ 

ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ. ɹʳʣʦ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʦʧʫʙʣʠʢʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ 3 ʩʪʘʪʴʷʭ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ WoS/Scopus/ʈʀʅʎ. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ ʚʳʧʦʣʥʝʥʳ ʧʦʣʥʦʩʪʴʶ, ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ.  

ɺ 2015ï2017 ʛʛ. ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʩʪʘʪʝʡ: 2015 ʛ. ï 2 ʩʪʘʪʴʠ, 2016 ʛ. ï 2 ʩʪʘʪʴʠ, 2017 ʛ. ï 2 

ʩʪʘʪʴʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ. 

ʇʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ) ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʄʇ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʚʦʣʶʮʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʭʦʜʝ 22-ʣʝʪʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ (ʉʎ), 11-ʣʝʪʥʝʛʦ ʉʎ ʠ ʧʨʠ ʙʦʣʝʝ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʉɺ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʬʘʟʝ ʩʧʘʜʘ 11-ʣʝʪʥʝʛʦ 

ʉʎ, ʢʦʛʜʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ɺʉʇ ʚʳʭʦʜʷʪ ʠʟ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʢʦʨʦʥʘʨʥʳʭ ʜʳʨ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ. ʇʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 

ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ɺʉʇ ʩʞʠʤʘʶʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʬʦʥʦʚʳʡ ʉɺ, ʠ ʪʘʢ 

ʬʦʨʤʠʨʫʶʪʩʷ ʦʙʣʘʩʪʠ ʬʨʦʥʪʦʚ ʩʢʦʨʦʩʪʠ (CIR). ɺʳʙʨʦʩʳ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ (ʉʄɽ) ʠ CIR 

ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʠ ʩʫʙʙʫʨʠ, ʧʨʠ ʵʪʦʤ 

ʉʄɽ ʚʳʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʠ ʢʦʨʦʪʢʠʝ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ, ʘ CIR ʠ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʠʤʠ ʘʣʴʚʝʥʦʚʩʢʠʝ ʚʦʣʥʳ ï ʙʦʣʝʝ ʩʣʘʙʳʝ, ʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʙʫʨʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʢʦʨʦʩʪʴ ʉɺ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉɺ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ 

ɿʝʤʣʠ. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʉɺ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʠʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

ʇʨʷʤʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʄʄʇ ʠ ʉɺ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʩʝʨʝʜʠʥʳ 

1960-ʭ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʩʧʫʪʥʠʢʦʚ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʟʥʘʯʝʥʠʡ ʄʄʇ ʠ ʉɺ ʚ 
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ʜʦʩʧʫʪʥʠʢʦʚʫʶ ʵʧʦʭʫ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʦ ʢʦʩʚʝʥʥʳʤ ʜʘʥʥʳʤ. ɻʝʦʤʘʛʥʠʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʷʤʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʧʳʪʢʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʜʘʥʥʳʤ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʢʘʟʳʚʘʣʠʩʴ ʚʝʩʴʤʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʉɺ ʥʘ ʩʧʘʜʝ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ. ʄʳ ʧʨʝʜʣʦʞʠʣʠ ʠ ʬʠʟʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʣʠ ʥʦʚʳʡ ʤʝʪʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʦʨʦʩʪʠ ʉɺ ʧʦ ʜʣʠʥʥʳʤ ʨʷʜʘʤ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʜʘʥʥʳʭ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ 

ʉɺ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʨʘʚʥʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ, ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʴ ʉɺ ʚ 

ʢʘʞʜʦʤ ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʠ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʦʪʷ ʚ ʩʨʝʜʥʝʤ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʝʡ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʝ ʢʦʨʦʥʘʨʥʳʭ ʜʳʨ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʋʜʘʣʦʩʴ 

ʦʙʥʘʨʫʞʠʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʥʘ ʩʧʘʜʝ ʮʠʢʣʘ 18, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʡ ʮʠʢʣʠʯʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʦʠʜʘʣʴʥʦʡ ʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. 

ʇʝʨʠʦʜʳ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʠʘʪʤʦʩʬʝʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ɺʦ ʚʨʝʤʷ 

ʧʦʥʠʞʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 24-ʤ ʮʠʢʣʝ ʩʣʦʞʠʣʠʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʜʚʠʞʝʥʠʡ ʥʝʡʪʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʝ. 

ɺʳʩʦʢʦʰʠʨʦʪʥʘʷ ʩʨʝʜʥʷʷ ʘʪʤʦʩʬʝʨʘ ʠ ʤʝʟʦʩʬʝʨʘ/ʥʠʞʥʷʷ ʪʝʨʤʦʩʬʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʠʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʪʝʤ, ʯʪʦ ʥʘ ʥʝʝ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʥʠʟʫ (ʠʟ ʩʪʨʘʪʦʩʬʝʨʳ) ʠ ʩʚʝʨʭʫ (ʠʟ ʤʘʛʥʠʪʦʩʬʝʨʳ). ʄʝʞʛʦʜʦʚʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ, ʢʣʠʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ ʚʝʪʨʦʚʳʝ ʠ ʧʨʠʣʠʚʥʳʝ ʧʦʣʷ ʚ ʩʝʚʝʨʥʦʡ 

ʧʦʣʷʨʥʦʡ ʤʝʟʦʩʬʝʨʝ/ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʝ ʥʘ ʚʳʩʦʪʘʭ 80ï100 ʢʤ ʠʟʫʯʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʣʶʜʝʥʠʡ ʤʝʪʝʦʨʥʦʛʦ ʨʘʜʘʨʘ, ʢʦʪʦʨʳʡ ʥʝʧʨʝʨʳʚʥʦ ʨʘʙʦʪʘʣ ʚʦ ʚʨʝʤʷ ʩ 

ʜʝʢʘʙʨʷ 2008 ʛʦʜʘ ʥʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʷ ʉʦʜʘʥʢʶʣʘ (67N, 26E). 

5.2. ʅʦʚʳʡ ʤʝʪʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ 

ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ɺʉʇ ʉɺ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʟʳʚʘʶʪ ʤʘʛʥʠʪʦʩʬʝʨʥʳʝ ʩʫʙʙʫʨʠ ʥʘʠʙʦʣʴʰʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʝ ʜʦʤʠʥʠʨʫʝʪ ʩʫʙʙʫʨʝʚʦʡ 

ʠʦʥʦʩʬʝʨʥʳʡ ʟʘʧʘʜʥʳʡ ʘʚʨʦʨʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜʞʝʪ (WEJ). ʄʳ ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʤʝʪʦʜ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʠ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʉɺ ʧʦ 

ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ WEJ. ʇʦ 

ʜʘʥʥʳʤ ʧʦʣʷʨʥʦʡ ʦʙʩ. ɻʦʜʭʘʚʥ ʠ ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʩ. ʉʦʜʘʥʢʶʣʷ ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʉɺ, ʥʘʯʠʥʘʷ ʩ 1914 ʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʠʡ ʨʷʜ 

ʩʢʦʨʦʩʪʠ ʉɺ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʉɺ ʠ ʛʝʦʤʘʛʥʠʪʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ WEJ ʧʨʝʚʦʩʭʦʜʠʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʚʩʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʥʝʝ ʬʫʥʢʮʠʡ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  
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ɸʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʷʜʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʳʣʦ ʜʚʘ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʷ ɺʉʇ: ʚ 2003 ʛ. 

(ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ 23) ʠ 1952 ʛ. (ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ 18). ʇʦʩʣʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ɺʉʇ ʚ 1952 ʛ. 

ʧʦʩʣʝʜʦʚʘʣ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʩʦʣʥʝʯʥʳʡ ʤʘʢʩʠʤʫʤ ʮʠʢʣʘ 19, ʢʦʪʦʨʳʡ ʙʳʣ 

ʚʝʨʰʠʥʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ 100-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ''ʛʨʘʥʜ-ʤʘʢʩʠʤʫʤʘ''. ʊʦʪ ʬʘʢʪ, ʯʪʦ 

ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ɺʉʇ ʚ 1952 ʛ., ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʮʠʢʣʠʯʥʦʩʪʴ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʦʠʜʘʣʴʥʦʡ ʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʚ 22-ʣʝʪʥʝʤ ʮʠʢʣʝ. 

ʀʟʤʝʥʝʥʠʝ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ ʧʨʦʩʭʦʜʠʪ ʚ ʬʘʟʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʠ 

ʵʚʦʣʶʮʠʷ ʵʪʦʛʦ ʧʦʣʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. ʇʦʣʦʠʜʘʣʴʥʦʝ ʧʦʣʝ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ ʪʦʨʦʠʜʘʣʴʥʳʤ ʧʦʣʝʤ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ, ʠʩʭʦʜʷʱʠʝ ʠʟ ʢʦʨʦʥʘʨʥʳʭ ʜʳʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʢʦʨʦʩʪʴ ʉɺ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʚʝʣʠʯʠʥʳ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ, ʥʦ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʥʘʯʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʩʝʨʝʜʠʥʝ 1960-ʭ ʛʦʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʚʧʝʨʚʳʝ 

ʜʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʥʘ ʧʠʢʝ ''ʛʨʘʥʜ-ʤʘʢʩʠʤʫʤʘ'' 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʦʱʥʦʤʫ ʪʦʨʦʠʜʘʣʴʥʦʤʫ ʧʦʣʶ 19-ʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ 

ʥʝ ʤʝʥʝʝ ʤʦʱʥʦʝ ʧʦʣʦʠʜʘʣʴʥʦʝ ʧʦʣʝ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ï ʝʜʠʥʩʪʚʝʥʥʳʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʉɺ, ʘ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʊʘʢ, ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʠʟʤʝʨʝʥʥʦʡ ʩʧʫʪʥʠʢʦʤ ʚ 2003 ʛ., ʘ ʪʘʢʞʝ ʚ 

ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ɺʉʇ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʦʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʥʝ 

ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ, ʘ ʧʦʣʷʨʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ɺʉʇ ʚʳʟʳʚʘʶʪ ʩʫʙʙʫʨʠ 

ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʙʫʨʠ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʝ ʢʦʨʦʥʘʨʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʤʘʩʩʳ 

(ʉʄɽ) ʩ ʢʦʣʴʮʝʚʳʤ ʪʦʢʦʤ (Dst ʠʥʜʝʢʩ). ʇʨʠ ʙʫʨʷʭ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ɺʉʇ, ʧʦʥʠʞʝʥʠʝ Dst 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ, ʠ ʜʦʤʠʥʠʨʫʝʪ ʩʫʙʙʫʨʝʚʦʡ ʟʘʧʘʜʥʳʡ ʵʣʝʢʪʨʦʜʞʝʪ.  

ɺ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʞʝ ʜʘʥʥʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʵʬʬʝʢʪʳ ʠ ʉʄɽ, ʠ ɺʉʇ. 

ʇʦʵʪʦʤʫ ʧʦ ʥʠʤ ʥʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʢʦʨʨʝʢʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʉɺ, ʠ ʦʥʠ 

ʧʦʣʫʯʘʶʪʩʷ ʟʘʥʠʞʝʥʥʳʤʠ, ʠ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʤʦʱʥʝʝ ɺʉʇ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʉɺ, 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, 

ʚʳʟʳʚʘʝʤʦʛʦ WEJ, ʠ ʟʥʘʯʝʥʠʝʤ ʩʧʦʢʦʡʥʦʛʦ ʧʦʣʷ, ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ 5 ʥʘʠʙʦʣʝʝ ʩʧʦʢʦʡʥʳʤ 

ʜʥʷʤ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ. ɺ ʧʦʣʷʨʥʦʡ ʰʘʧʢʝ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ï ʘʤʧʣʠʪʫʜʘ ʚʘʨʠʘʮʠʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ Z. ɺ ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʝ ï ʵʪʦ ʘʤʧʣʠʪʫʜʘ ʚʘʨʠʘʮʠʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʝʚʝʨ ʢʦʤʧʦʥʝʥʪʳ H. ʇʨʠ ʵʪʦʤ ʚʳʙʠʨʘʶʪʩʷ ʪʦʣʴʢʦ 

ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʯʥʳʤ ʯʘʩʘʤ ʤʝʩʪʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤ ʩʢʦʨʦʩʪʴ ʉɺ ʧʦ ʧʘʨʘʤʝʪʨʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ WEJ. ʇʘʨʘʤʝʪʨ ''delta'' Z ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʥʘʠʙʦʣʝʝ ʚʦʟʤʫʱʝʥʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʩʧʦʢʦʡʥʳʤ ʛʦʜʦʚʳʤʠ ʫʨʦʚʥʷʤʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʚ ʧʦʣʷʨʥʦʡ ʰʘʧʢʝ. ʇʦʣʷʨʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ɻʦʜʭʘʚʥ  

(ʢʦʜ GDH) ʠʤʝʝʪ ʨʷʜ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ 1926 ʛ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʦʨʦʩʪʠ ʉɺ ʧʦʣʫʯʝʥʳ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨ delta ʅ ʜʣʷ 
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ʘʚʨʦʨʘʣʴʥʳʭ ʩʪʘʥʮʠʡ. ɸʚʨʦʨʘʣʴʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʉʦʜʘʥʢʶʣʷ (ʢʦʜ SOD) ʠʤʝʝʪ ʨʷʜ ʜʘʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʩ 1914 ʛ.  

ʂʦʨʨʝʣʷʮʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ''delta'' ʠ ʩʢʦʨʦʩʪʠ ʉɺ ʜʦʩʪʠʛʘʝʪ 0.8. 

ɼʣʷ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʠʤʝʝʪ ʩʝʟʦʥʥʫʶ 

ʚʘʨʠʘʮʠʶ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.7 ʜʦ 0.9. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʪʦʜʫ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʘ ''delta'' ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ  

[Mursula et al., 2015; 2016; Lukianova et al., 2012, 2017; Lukianova, 2016].  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʛʝʦʤʘʛʥʠʪʥʳʡ ʠʥʜʠʢʘʪʦʨ ʩʢʦʨʦʩʪʠ ʉɺ 

ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɺʉʇ, ʘ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ. ʊʘʢ, 

ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ ʩʢʦʨʦʩʪʷʤʠ ʉɺ, ʠʟʤʝʨʝʥʥʳʤʠ ʩʧʫʪʥʠʢʦʤ ʚ 2003 ʛ., ʘ 

ʪʘʢʞʝ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ɺʉʇ. ɺ ʠʥʪʝʨʚʘʣʝ 1965ï2009 ʛʛ. ʠʤʝʝʪʩʷ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ 

ʤʝʞʜʫ ʦʙʝʠʤʠ ʣʠʥʠʷʤʠ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʉɺ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʣʝʪ, ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʳʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʦʡ ʩʢʦʨʦʩʪʴ ʉɺ ʠ deltaZ GDH (ʩʩ=0.8) ʧʨʝʚʦʩʭʦʜʠʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʣʶʙʳʭ ʢʦʛʜʘ-ʣʠʙʦ ʧʨʝʜʣʦʞʝʥʥʳʭ ʬʫʥʢʮʠʡ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʉɺ ʚ ʧʨʦʰʣʦʤ [Lockwood et al., 2009; Svalgaard, Cliver, 2007]. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʢʦʨʨʝʣʷʮʠʠ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʦʪ 1 ʜʥʷ ʜʦ 1 ʤʝʩʷʮʘ. ʇʨʷʤʳʭ ʤʝʪʦʜʦʚ 

ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʩʢʦʨʦʩʪʠ, ʩ ʢʦʪʦʨʦʡ ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʠʟ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ 

ʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʠ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ 

ʠʥʜʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʢʩʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʠʭ ʢʦʨʨʝʣʷʮʠʠ ʩ ʚʳʙʨʘʥʥʳʤ 

ʠʥʜʝʢʩʦʤ. ʅʘ ʨʠʩʫʥʢʝ 5.1 ʧʦʢʘʟʘʥ ʭʦʜ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʉɺ ʠ 

ʧʘʨʘʤʝʪʨʦʤ delta H SOD ʥʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʦʪ 1 ʜʦ 30 ʜʥʝʡ ʜʣʷ ʨʘʟʥʳʭ ʩʝʟʦʥʦʚ: 

ʟʠʤʳ (ʤʝʩʷʮ 1), ʚʝʩʥʳ (ʤʝʩʷʮ 4) ʠ ʦʩʝʥʠ (ʤʝʩʷʮ 10). ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ 

ʈʘʩʩʝʣʘ-ʄʘʢʬʝʨʨʦʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʝʩʝʥʥʠʭ, ʘ ʩʘʤʳʝ 

ʥʠʟʢʠʝ ï ʜʣʷ ʦʩʝʥʥʠʭ ʤʝʩʷʮʝʚ. ɺ ʦʢʪʷʙʨʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʯʪʠ ʥʝ 

ʤʝʥʷʝʪʩʷ ʥʘ ʤʘʩʰʪʘʙʘʭ ʦʪ 10 ʜʦ 30 ʜʥʝʡ. ɺ ʘʧʨʝʣʝ ʥʘ 30-ʜʥʝʚʥʳʭ ʤʘʩʰʪʘʙʘʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʜʝʢʘʜʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʤʘʩʰʪʘʙʘʭ, 

ʤʝʥʴʰʠʭ, ʯʝʤ 8 ʜʥʝʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʚʩʝʭ ʩʝʟʦʥʦʚ. ʕʪʦʪ 

ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʥʘ ʵʪʠʭ ʤʘʩʰʪʘʙʘʭ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ 

ʤʝʭʘʥʠʟʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ, ʫʞʝ ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ, ʘ ʥʝ ʪʦʣʴʢʦ ʵʥʝʨʛʠʠ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʉɺ.   
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ʈʠʩʫʥʦʢ 5.1  ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʉɺ ʠ ʧʘʨʘʤʝʪʨʦʤ 

delta H SOD ʥʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʦʪ 1 ʜʦ 30 ʜʥʝʡ ʜʣʷ ʷʥʚʘʨʷ, ʘʧʨʝʣʷ ʠ ʦʢʪʷʙʨʷ 
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6. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʟʫʯʝʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʩʳʨʴʷ 
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ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʩ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʸʨʦʚ 

6.1. ɺʚʝʜʝʥʠʝ 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ  ̄I.4ʇ ''ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʚ ʈʦʩʩʠʠ: 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ, ʦʮʝʥʢʝ ʠ ʜʦʙʳʯʝ'' ʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʙʰʠʨʥʳʭ ʙʘʟ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʛʝʦʬʠʟʠʢʝ ʠ ʛʝʦʣʦʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʝʢʪʘ ʩʨʝʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ ʘʪʨʠʙʫʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ ʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʘʭ ʈʦʩʩʠʠ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʚʝʙ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ɻʀʉ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʜʨ. 

6.2. ʊʝʤʘʪʠʯʝʩʢʘʷ ʙʘʟʘ ʛʝʦʜʘʥʥʳʭ ʧʨʦʝʢʪʘ 

6.2.1. ɻʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ 

ɹʘʟʘ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ (ɹɼ), ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ ʭʦʜʝ ʧʨʦʝʢʪʘ  

ʚ 2015ð2017 ʛʛ., ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʮʠʬʨʦʚʳʝ ʚʝʢʪʦʨʥʳʝ ʠ ʨʘʩʪʨʦʚʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ. ɹɼ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʝʨʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʤʘʩʰʪʘʙʘ 

1:2 500 000 ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʠ ʠ ʝʝ ʦʪʜʝʣʴʥʳʝ ʨʝʛʠʦʥʳ ʠ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʧʦ 

ʛʝʦʬʠʟʠʢʝ: ʨʘʩʪʨʦʚʳʝ ʢʘʨʪʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

EGM2008 ʠ EIGEN-6c2 [Fºrste et al., 2012; Pavlis et al., 2012]; ʢʘʨʪʳ ʘʥʦʤʘʣʴʥʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ ʠ ʧʣʦʪʥʦʩʪʥʳʤʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʢʦʨʳ [Kaban, 2001; Kaban et al., 2012]; ʢʘʨʪʳ 

ʠʟʦʩʪʘʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ [Kaban, 2001; Kaban et al., 2004]; ʢʘʨʪʳ 

ʛʣʫʙʠʥ ʛʨʘʥʠʮʳ ʄʦʭʦʨʦʚʠʯʠʯʘ [Soloviev, 2016]; ʢʘʨʪʳ ʤʦʱʥʦʩʪʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ 

[Kaban, 2001; Kaban, 2002]. ɺ ʭʦʜʝ ʧʨʦʝʢʪʘ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʝʨʚʠʩʦʚ ʚ ɹɼ ʙʳʣʠ ʚʢʣʶʯʝʥʳ: ʢʘʨʪʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

[ʇʝʪʨʦʚ ʠ ʜʨ., 2014] ʠ ʢʘʨʪʘ ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ [ʊʢʘʯʝʚ ʠ ʜʨ., 2015]. ɼʣʷ 

ʛʠʙʢʦʛʦ ʠ ʫʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ ʦʥʠ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʪʜʝʣʴʥʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʝʨʚʠʩʳ ʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ɻʀʉ-ʩʝʨʚʝʨʝ ɻʎ ʈɸʅ [ʂʨʘʩʥʦʧʝʨʦʚ, ʉʦʣʦʚʴʸʚ, 2015; ʂʨʘʩʥʦʧʝʨʦʚ ʠ ʜʨ., 

2016]. ɼʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʝʦʧʦʨʪʘʣʘ. 
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ɺ 2017 ʛ. ʚ ɹɼ ʙʳʣʘ ʚʢʣʶʯʝʥʘ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʢʘʨʪʘ ʦʙʣʘʩʪʠ ʩʦʯʣʝʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-

ɸʟʠʘʪʩʢʦʛʦ ʠ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʷʩʦʚ ʤʘʩʰʪʘʙʘ 1:1 500 000, ʛʣ. ʨʝʜ. ʃ.ʇ. ʂʘʨʩʘʢʦʚ ʠ 

ʏʞʘʦ ʏʫʥʴʮʟʠʥ (ʨʠʩ. 6.1) [ʂʘʨʩʘʢʦʚ ʠ ʜʨ., 2005]. 

 

ʈʠʩʫʥʦʢ 6.1  ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʢʘʨʪʘ ʦʙʣʘʩʪʠ ʩʦʯʣʝʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʠ 

ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʷʩʦʚ ʤʘʩʰʪʘʙʘ 1:1 500 000 [ʂʘʨʩʘʢʦʚ ʠ ʜʨ., 2005]. ʆʪʦʙʨʘʞʝʥʠʝ 

ʩʨʝʜʩʪʚʘʤʠ ʩʝʪʝʚʦʛʦ ʩʝʨʚʠʩʘ ArcGIS.com 

ɼʘʥʥʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʢʘʨʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʥʩʪʠʪʫʪʘ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ (ʀʊʠɻ) ʠʤ. ʖ. ɸ. ʂʦʩʳʛʠʥʘ ɼɺʆ ʈɸʅ ʠ ʐʵʥʴʷʥʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʨʠʛʠʥʘʣʴʥʘʷ ʢʘʨʪʘ ʠ ʝʝ ʣʝʛʝʥʜʘ ʦʬʦʨʤʣʝʥʳ 

ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʂʘʨʪʘ ʙʳʣʘ ʧʝʨʝʜʘʥʘ ʚ ɻʎ ʈɸʅ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʀʊʠɻ ɼɺʆ ʈɸʅ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʢʘʨʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ ʨʷʜ ʠʟʜʘʥʥʳʭ ʨʘʥʝʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ (1:500 000ð1:2 500 000). ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʩʭʝʤʳ ʨʘʩʯʣʝʥʝʥʠʷ ʠ 

ʢʦʨʨʝʣʷʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʜʨʫʛʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʠ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʦʚ 

ʂʠʪʘʷ [ʂʘʨʩʘʢʦʚ ʠ ʜʨ., 2005]. 

6.2.2. ʄʝʪʘʜʘʥʥʳʝ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʦʟʜʘʥʠʶ ʙʘʟʳ ʤʝʪʘʜʘʥʥʳʭ ʜʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʣʦʝʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ɹɼ. ʅʘ ʢʘʞʜʳʡ ʠʟ ʪʝʤʘʪʠʯʝʩʢʠʭ ʩʣʦʝʚ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʝʨʚʠʩ ʦʬʦʨʤʣʷʶʪʩʷ ʧʦʜʨʦʙʥʳʝ ʤʝʪʘʜʘʥʥʳʝ. ʆʥʠ ʛʦʪʦʚʷʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʬʠʢʘʮʠʝʡ ISO 19139. ʄʝʪʘʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʘʡʣʳ ʚ 

ʬʦʨʤʘʪʝ XML ʠ ʩʦʜʝʨʞʘʪ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʣʦʝ: ʘʥʥʦʪʘʮʠʶ, 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʩʳʣʢʠ, ʨʘʩʰʠʬʨʦʚʢʫ ʧʦʣʝʡ ʘʪʨʠʙʫʪʠʚʥʦʡ ʪʘʙʣʠʮʳ ʠ ʪ.ʧ. ɼʦʩʪʫʧ ʢ 

ʤʝʪʘʜʘʥʥʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʛʝʦʧʦʨʪʘʣʘ ʚ ʨʘʟʜʝʣʝ 

ʩ ʣʝʛʝʥʜʦʡ. ʕʪʘ ʬʫʥʢʮʠʷ ʚʳʟʳʚʘʝʪ ʚ ʦʪʜʝʣʴʥʦʤ ʦʢʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ HTML-ʩʪʨʘʥʠʮʫ ʩ 

ʤʝʪʘʜʘʥʥʳʤʠ ʚʳʙʨʘʥʥʦʛʦ ʩʣʦʷ (ʨʠʩ. 6.2). ʆʯʝʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʤʝʪʘʜʘʥʥʳʭ. ʉʪʨʘʥʠʮʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʛʝʥʝʨʠʨʫʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ, ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʥʘʙʦʨ ʧʦʣʝʡ ʠ ʜʘʶʪ ʣʠʰʴ ʝʛʦ ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʧʠʩʘʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦʛʦ ʩʝʨʚʠʩʘ, ʥʦ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʣʦʝʚ. 
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ʈʠʩʫʥʦʢ 6.2  HTML -ʩʪʨʘʥʠʮʘ ʩ ʤʝʪʘʜʘʥʥʳʤʠ ʩʣʦʷ ''ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ: 

ʘʥʦʤʘʣʠʠ ɹʫʛʝ'', ʚʳʟʚʘʥʥʘʷ ʯʝʨʝʟ ʢʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ 

6.3. ɻʝʦʧʦʨʪʘʣ ʧʨʦʝʢʪʘ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʝʨʚʠʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʨʝʜʩʪʚʘʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʛʝʦʧʦʨʪʘʣʘ (http://geology-gis.gcras.ru/). ʆʩʥʦʚʦʡ 

ʛʝʦʧʦʨʪʘʣʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʢʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʨʘʟʤʝʱʝʥʥʦʝ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʝ. 

ʏʝʨʝʟ ʥʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʢ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʩʝʨʚʠʩʘʤ ʠ ʩʝʨʚʠʩʘʤ 

ʛʝʦʦʙʨʘʙʦʪʢʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʥʘ ɻʀʉ-ʩʝʨʚʝʨʝ. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʛʝʦʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢ ʥʠʤ ʧʨʠʤʝʥʷʪʴ [Soloviev et al., 2016]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ JavaScript, ʷʟʳʢ ʨʘʟʤʝʪʢʠ 

HTML, ʘ ʪʘʢʞʝ ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʜʦʢʫʤʝʥʪʘ CSS. ɺʝʩʴ ʦʩʥʦʚʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʥʘʧʠʩʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʱʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ ArcGIS API for JavaScript, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʣʝʛʢʦ ʨʘʙʦʪʘʪʴ ʩ 

ʢʘʨʪʘʤʠ ʚ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ, ʥʦ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ REST API ʩ 

ɻʀʉ-ʩʝʨʚʝʨʘʤʠ ʥʘ ʙʘʟʝ ArcGIS for Server ʠ ʩʝʨʚʠʩʘʤʠ ArcGIS Online [Fu, 2016]. ɺ ʦʩʥʦʚʝ 

ʵʪʦʡ ʙʠʙʣʠʦʪʝʢʠ ʣʝʞʠʪ ʬʨʝʡʤʚʦʨʢ Dojo Toolkit. Dojo ð ʵʪʦ ʦʪʢʨʳʪʘʷ ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ 

ʷʟʳʢʘ JavaScript, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʘ ʘʩʠʥʭʨʦʥʥʦʡ ʟʘʛʨʫʟʢʠ ʤʦʜʫʣʝʡ. ʕʪʦ 

ʧʦʚʳʰʘʝʪ ʯʠʪʘʝʤʦʩʪʴ ʢʦʜʘ ʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʟʘʛʨʫʟʢʫ ʚʝʙ-ʩʪʨʘʥʠʮʳ, ʪʘʢ 

ʢʘʢ ʤʦʜʫʣʠ ʟʘʛʨʫʞʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʩʪʘʣʴʥʳʤ ʢʦʥʪʝʥʪʦʤ ʩʘʡʪʘ [Russell, 2008]. 

ʕʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʣʦʞʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʩʥʦʚʥʦʝ ʤʝʥʶ, ʠʥʪʝʨʘʢʪʠʚʥʫʶ 

ʢʘʨʪʫ ʠ ʪʝʢʫʱʫʶ ʣʝʛʝʥʜʫ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʩʥʦʚʥʦʛʦ ʤʝʥʶ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʦʥʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʦʪʜʝʣʴʥʳʝ ʚʢʣʘʜʢʠ: 

''ɹʘʟʦʚʳʝ ʢʘʨʪʳ'', ''ʆʧʮʠʠ'', ''ʉʧʠʩʦʢ ʛʝʦʜʘʥʥʳʭ'', ''ɸʣʛʦʨʠʪʤʳ'', ''ʇʦʠʩʢ'' ʠ ''ʈʝʟʫʣʴʪʘʪʳ''. 

ʀʥʩʪʨʫʤʝʥʪʳ ʛʝʦʦʙʨʘʙʦʪʢʠ [Soloviev et al., 2016], ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʘ ɻʀʉ-ʩʝʨʚʝʨʝ, 

ʜʦʩʪʫʧʥʳ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʝʨʝʟ ʚʢʣʘʜʢʫ ''ɸʣʛʦʨʠʪʤʳ''. ʆʥʠ ʜʦʙʘʚʣʷʶʪʩʷ ʚ ʧʨʠʣʦʞʝʥʠʝ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ ʩʠʩʪʝʤʳ. ʀʥʩʪʨʫʤʝʥʪ ʧʦʠʩʢʘ ʧʦ ʙʘʟʝ ʛʝʦʜʘʥʥʳʭ ʜʦʩʪʫʧʝʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʢʣʘʜʢʝ ''ʇʦʠʩʢ''. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʠʟʚʦʜʠʪ ʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ 

ʧʦ ʥʘʟʚʘʥʠʷʤ ʠ ʤʝʪʘʜʘʥʥʳʤ ʩʝʨʚʠʩʦʚ. ɽʩʣʠ ʧʦʠʩʢ ʫʩʧʝʰʝʥ, ʪʦ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ 

ʦʪʦʙʨʘʥʥʳʭ ʩʣʦʝʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʧʨʦʩʫ, ʚʳʜʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʵʪʦʡ ʞʝ ʚʢʣʘʜʢʝ. 

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ. ʆʥʘ ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʘ 

http://geology-gis.gcras.ru/
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ʦʪʦʙʨʘʞʝʥʠʷ. ʃʝʛʝʥʜʘ ʢʘʨʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʨʘʚʘ. ʆʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘ 

ʦʩʥʦʚʝ ʣʝʛʝʥʜ ʚʳʙʨʘʥʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʣʦʝʚ. ʃʝʛʝʥʜʘ ʪʘʢʞʝ ʩʥʘʙʞʝʥʘ 

ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ ʧʦʨʷʜʢʘ ʦʪʦʙʨʘʞʝʥʠʷ ʩʣʦʝʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ 

ʩʣʦʠ ʚ ʣʶʙʦʤ ʧʦʨʷʜʢʝ, ʨʝʛʫʣʠʨʫʷ ʧʦʨʷʜʦʢ ʠʭ ʧʨʦʨʠʩʦʚʢʠ ʜʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʊʘʢʞʝ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʦʪʦʙʨʘʞʘʝʤʳʭ ʩʣʦʝʚ. 

ʇʨʠʯʝʤ ʦʥʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʘʢʪʠʚʥʳʭ ʩʣʦʝʚ. 

ʇʨʠʣʦʞʝʥʠʝ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʶ ʧʨʦʩʤʦʪʨʘ ʜʘʥʥʳʭ ʠʟ ʘʪʨʠʙʫʪʠʚʥʦʡ 

ʪʘʙʣʠʮʳ ʩʣʦʷ (ʨʠʩ. 6.3). ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʧʦʷʚʣʷʝʪʩʷ ʦʢʥʦ ʩ 

ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʨʠ ʵʪʦʤ ʦʙʲʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʪʦʯʝʯʥʳʤ, ʪʘʢ ʠ 

ʧʦʣʠʛʦʥʘʣʴʥʳʤ. ʕʪʘ ʬʫʥʢʮʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩʣʦʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʣʦʷʤʠ, 

ʦʪʨʘʞʘʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺ ʘʪʨʠʙʫʪʠʚʥʳʭ 

ʜʘʥʥʳʭ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʛʠʧʝʨʩʩʳʣʢʠ ʥʘ ʚʥʝʰʥʠʝ ʨʝʩʫʨʩʳ (ʥʘʧʨʠʤʝʨ, ʩʭʝʤʳ 

ʨʘʟʨʝʟʦʚ, ʪʝʢʩʪʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʪ.ʧ.). ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʪʘʥʜʘʨʪʥʦʤ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʤ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ ESRI ArcGIS Online. 

 

ʈʠʩʫʥʦʢ 6.3  ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʵʣʝʤʝʥʪʘ ʢʘʨʪʳ ʠʟ ʩʣʦʷ 

''ʂʨʫʧʥʝʡʰʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʤʠʨʘ''  [ʊʢʘʯʝʚ ʠ ʜʨ., 2015] 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʂʘʨʩʘʢʦʚ ʃ.ʇ., ʏʞʘʦ ʏ. ʠ ʜʨ. ʊʝʢʪʦʥʠʢʘ, ʛʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʤʝʪʘʣʣʦʛʝʥʠʷ ʦʙʣʘʩʪʠ 

ʩʦʯʣʝʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ʘʟʠʘʪʩʢʦʛʦ ʠ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʷʩʦʚ. ʆʙʲʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ ʢ 

ʊʝʢʪʦʥʠʯʝʩʢʦʡ ʢʘʨʪʝ ʤʘʩʰʪʘʙʘ 1:1 500 000. ð ɺʣʘʜʠʚʦʩʪʦʢ; ʍʘʙʘʨʦʚʩʢ: ɼɺʆ ʈɸʅ, 2005.  

ʂʨʘʩʥʦʧʝʨʦʚ ʈ.ʀ., ʉʦʣʦʚʴʸʚ ɸ. ɸ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ // ɻʦʨʥʳʡ 

ʞʫʨʥʘʣ, 2015, ̄  10, C. 89-93. DOI: 10.17580/gzh.2015.10.16 

ʂʨʘʩʥʦʧʝʨʦʚ ʈ.ʀ., ʉʦʣʦʚʴʝʚ ɸ.ɸ. ʠ ʜʨ. ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ 
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ʛʝʦʜʘʥʥʳʭ ɻʎ ʈɸʅ // ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ, 2016, ʊ. 4, ˉ 1. DOI: 

10.2205/2016BS039 

ʇʝʪʨʦʚ ʆ.ɺ., ʄʦʨʦʟʦʚ ɸ.ʌ. ʠ ʜʨ. ʂʘʨʪʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʘʩʰʪʘʙʘ 1: 2 500 000. ʉʇʙ.: ʌɻʋʇ ''ɺʉɽɻɽʀ'', 2014. 
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7. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ 

ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʈʌ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʟʘ 20 ʚʝʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ 

ʩʬʝʨʠʯʝʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ (ʵʪʘʧ 2017 ʛʦʜʘ) 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0011 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: ɸɸɸɸ-ɸ17-117012610085-0 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʟʘʚ. ʣʘʙ., ʢ.ʛ.-ʤ.ʥ. ɸ. ʀ. ʈr ʙʢʠʥʘ 

ɺ ʨʘʤʢʘʭ ʪʨʝʪʴʝʛʦ (ʟʘʚʝʨʰʘʶʱʝʛʦ) ʵʪʘʧʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦ ʧʨʦʛʨʘʤʤʝ  

ˉ 1.28ʇ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ''ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ ʚ ʈʦʩʩʠʠ: ʤʝʩʪʦ ʚ ʤʠʨʦʚʦʤ ʥʘʫʯʥʦʤ ʩʦʦʙʱʝʩʪʚʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ''  ʧʦ ʪʝʤʝ ''ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ 

ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʈʌ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʟʘ 20 ʚʝʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʩʬʝʨʠʯʝʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ'' ʙʳʣʠ ʧʦʜʚʝʜʝʥʳ 

ʩʫʤʤʘʨʥʳʝ ʠʪʦʛʠ ʧʦ ʧʨʦʝʢʪʫ: ʘʧʨʦʙʠʨʦʚʘʥ ʟʘʧʫʱʝʥʥʳʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʝʙ-ʩʝʨʚʠʩ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʛʦ ʩʪʘʣʘ ʩʦʟʜʘʚʘʝʤʘʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ 

ʧʨʦʝʢʪʘ ɹɼ ʧʦ ʢʨʫʧʥʝʡʰʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʈʦʩʩʠʠ ʠ ʤʠʨʘ; ʧʨʦʚʝʜʝʥʳ ʥʝ 

ʪʦʣʴʢʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʋɺ ʥʘ 

ʦʩʥʦʚʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ɻʀʉ-ʧʨʦʝʢʪʘ, ʥʦ ʠ ʩʨʘʚʥʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɹɼ ʩ ʜʨʫʛʠʤʠ ʙʘʟʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ʀʪʦʛʦʚʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ ʩʪʘʣʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ɹɼ ʥʘ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʙʦʨ ʩʬʝʨʠʯʝʩʢʠʭ ʩʣʘʡʜʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʈʦʩʩʠʠ ʠ 

ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʚ 20 ʚʝʢʝ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ, ʘ ʪʘʢʞʝ ʥʘʙʦʨ ʩʬʝʨʠʯʝʩʢʠʭ 

ʩʣʘʡʜʦʚ ʧʦ ʦʮʝʥʢʝ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʈʌ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʟʘ 

ʧʝʨʠʦʜ ʩ 1900 ʧʦ 2000 ʛʛ. 

7.1. ʉʫʤʤʘʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ 

1. ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ; 

2. ʈʘʟʨʘʙʦʪʘʥʘ ɹɼ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʩ ʠʟʫʯʝʥʠʝʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʪʨʠʙʫʪʠʚʥʳʭ ʧʦʣʝʡ ï ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ 

ʨʘʟʚʠʪʠʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʚʪʦʨʦʛʦ ʵʪʘʧʘ; 

3. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʨʦʝʢʪʘ ʩʪʘʣʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʢʦʥʪʝʥʪʘ ɹɼ, ʨʝʘʣʠʟʫʝʤʘʷ ʚ 

ʩʨʝʜʝ Esri ArcGIS (ʨʠʩ. 7.1, 7.2). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʤʝʩʪʝ ʩʦ ʚʩʝʡ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʦʪʦʙʨʘʞʝʥʥʳʭ ʥʘ ʝʜʠʥʦʡ ʢʘʨʪʝ, ʩʥʘʙʞʝʥʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ. ɺʘʞʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʨʫʧʥʝʡʰʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʋɺ ï ʵʪʦ 
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ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʚʝʙ-ʩʝʨʚʠʩ, ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʢʦʪʦʨʦʛʦ ʩʪʘʣʦ ʦʙʝʩʧʝʯʝʥʠʝ ʫʜʦʙʥʦʛʦ 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʜʦʩʪʫʧʘ ʢʦ ʚʩʝʤʫ ʤʥʦʞʝʩʪʚʫ ʩʣʦʝʚ 

ʜʘʥʥʳʭ, ʠʤʝʶʱʠʭʩʷ ʚ ɹɼ; 

 

ʈʠʩʫʥʦʢ 7.1  ʇʨʠʤʝʨ ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚ ʩʨʝʜʝ 

ʧʦʩʪʨʦʝʥʥʦʛʦ ɻʀʉ-ʧʨʦʝʢʪʘ (ArcGIS). ʅʘ ʢʘʨʪʝ ʪʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʢʨʫʧʥʝʡʰʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋɺ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʥʘʯʘʣʘʩʴ ʚ 20 ʚʝʢʝ. ɺ ʘʪʨʠʙʫʪʠʚʥʦʡ ʪʘʙʣʠʮʝ 

ʧʦʜ ʢʘʨʪʦʡ ʧʦ ʢʘʞʜʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʜʦʩʪʫʧʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ 

4. ʅʝʤʘʣʦʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚʝʙ-ʩʝʨʚʠʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ 

ʦʪʜʝʣʴʥʳʡ ʙʣʦʢ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣ, ʜʦʩʪʫʧʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʨʪʘʣʘ 

ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ: ʚʳʙʦʨ ʩʣʦʝʚ, ʧʨʦʩʤʦʪʨ ʣʝʛʝʥʜʳ ʩʣʦʝʚ, ʧʨʦʩʤʦʪʨ ʘʪʨʠʙʫʪʠʚʥʦʡ ʪʘʙʣʠʮʳ 

ʠ ʧʨ.; 

 

ʈʠʩʫʥʦʢ 7.2  ʇʨʠʤʝʨ ʦʪʦʙʨʘʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚ 

ʩʨʝʜʝ ArcGIS. ʅʘ ʢʘʨʪʝ ʪʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʢʨʫʧʥʝʡʰʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋɺ, ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 1965 ʛʦʜʫ. ɺ ʘʪʨʠʙʫʪʠʚʥʦʡ ʪʘʙʣʠʮʝ ʧʦʜ ʢʘʨʪʦʡ ʧʦ ʢʘʞʜʦʤʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʜʦʩʪʫʧʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘʢʪʫʘʣʴʥʳʤʠ ʥʘ 

1965 ʛʦʜ ï ʤʝʪʦʜ ʜʦʙʳʯʠ, ʪʝʭʥʦʣʦʛʠʷ ʜʦʙʳʯʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʝʙʠʪ 

ʩʢʚʘʞʠʥ 

5. ʇʨʦʚʝʜʝʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʵʪʘʧʦʚ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʨʘʟʜʝʣʝʥʥʦʛʦ ʥʘ ʙʣʦʢʠ: ʧʝʨʚʘʷ ʯʘʩʪʴ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʮʝʣʴʶ ʦʮʝʥʢʠ ʩʪʘʥʦʚʣʝʥʠʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚ ʤʠʨʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 20 ʚʝʢʘ ʠ 

ʦʙʦʟʥʘʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ; ʚʪʦʨʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ 

ʨʦʣʠ ʠ ʤʝʩʪʘ ʈʦʩʩʠʠ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚ ʦʙʣʘʩʪʠ ʜʦʙʳʯʠ ʋɺ ʚ ʧʝʨʠʦʜ ʩ 1900 ʧʦ 

2000 ʛʛ. 

7.2. ɺʠʟʫʘʣʠʟʘʮʠʷ ɹɼ ʥʘ ʩʬʝʨʠʯʝʩʢʦʤ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʵʢʨʘʥʝ 

ʅʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʣʦʩʢʠʤ ʵʢʨʘʥʦʤ, ʩʦʟʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ɹɼ ï ɻʀʉ-ʩʝʨʚʠʩ ï 

ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʦʩʥʘʱʝʥʘ ʠ ʦʜʥʠʤ ʠʟ ʧʝʨʝʜʦʚʳʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ï ʮʠʬʨʦʚʳʤ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʧʨʦʝʢʮʠʦʥʥʳʤ ʵʢʨʘʥʦʤ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ 

ʦʩʥʦʚʘʥʦ ʥʘ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʬʝʨʠʯʝʩʢʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʪʨʦʚʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʘʥʠʤʘʮʠʶ ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʳ. 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʪʝʭʥʦʣʦʛʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ɻʝʦʬʠʟʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʈɸʅ (ɻʎ ʈɸʅ). ɺ ɻʎ ʈɸʅ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʦʨʠʛʠʥʘʣʴʥʦʝ ʩʬʝʨʦ-

ʚʠʟʫʘʣʠʟʠʨʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ñORBUSò, ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʚʦʩʭʦʜʷʱʝʝ ʘʤʝʨʠʢʘʥʩʢʠʡ ʠ ʢʠʪʘʡʩʢʠʡ ʘʥʘʣʦʛʠ. 

7.3. ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦ 

ʩʬʝʨʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ 

ʂʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʳʡ ʩʬʝʨʠʯʝʩʢʠʡ ʵʢʨʘʥ ʜʠʘʤʝʪʨʦʤ 100 ʩʤ ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʥʘʧʳʣʝʥʠʝʤ, ʧʨʦʝʢʪʦʨ, ʦʙʲʝʢʪʠʚ ʪʠʧʘ ''ʨʳʙʠʡ ʛʣʘʟ'' ʠ ʨʘʙʦʯʫʶ ʩʪʘʥʮʠʶ ʩʦ 

ʩʧʝʮʠʘʣʴʥʳʤ ʇʆ (ʨʠʩ. 7.3). ʉʬʝʨʠʯʝʩʢʠʡ ʵʢʨʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ ʰʘʨ 

ʠʟ ʘʢʨʠʣʘ. ʐʘʨ ʠʤʝʝʪ 2 ʚʠʜʘ ʥʘʧʳʣʝʥʠʷ ï ʚʥʫʪʨʝʥʥʝʝ ʠ ʚʥʝʰʥʝʝ: ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ 

ʥʘʧʳʣʝʥʠʝ ʤʠʥʠʤʠʟʠʨʫʝʪ ʙʣʠʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ; ʚʥʫʪʨʝʥʥʝʝ ʟʘʜʝʨʞʠʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ï ʩʧʨʦʝʮʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ). 

ɺʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ''ORBUS'', ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʚʝʯʘʶʱʝʝ ʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʣʦʩʢʦʤ ʦʪʦʙʨʘʞʝʥʠʠ ʚ ʩʬʝʨʠʯʝʩʢʠʡ ʬʦʨʤʘʪ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʥʘ ʩʬʝʨʠʯʝʩʢʦʤ ʵʢʨʘʥʝ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʥʦʤʝʨ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʕɺʄ 2014618293 ʦʪ 

14 ʘʚʛʫʩʪʘ 2014 ʛ.). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ, ʚʳʚʦʜʠʤʳʭ ʥʘ ʩʬʝʨʠʯʝʩʢʠʡ ʵʢʨʘʥ, ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʪʝʢʩʪʦʚʳʝ ʥʘʜʧʠʩʠ, ʚʝʢʪʦʨʥʳʝ ʦʙʲʝʢʪʳ, ʠʟʦʙʨʘʞʝʥʠʷ, ʚʠʜʝʦ, ʙʝʛʫʱʘʷ ʩʪʨʦʢʘ ʠ 

ʧʨʦʯʝʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʝʟʝʥʪʘʮʠʠ ʣʶʙʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ. ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʙʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʶ ʦʙʲʝʢʪʘ, ʣʠʙʦ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ ʩ ʮʝʣʴʶ ʚʠʟʫʘʣʴʥʦʡ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʈʠʩʫʥʦʢ 7.3  ʇʨʠʤʝʨ ʤʦʙʠʣʴʥʦʛʦ ʧʨʦʝʢʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʪʚʝʨʜʳʤ 

ʩʬʝʨʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ 

ɺ 2015 ʛʦʜʫ ʧʨʦʛʨʘʤʤʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ, ʬʫʥʢʮʠʦʥʘʣ ʇʆ ʧʨʦʜʦʣʞʘʝʪ 

ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʩʝʨʚʠʩʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʬʦʨʤʘʪʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʨʪ ʥʘ ʙʘʟʝ ʧʦʩʪʫʧʘʶʱʠʭ ʜʘʥʥʳʭ, 

ʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ (ʩʝʡʩʤʠʯʝʩʢʠʭ, ʛʝʦʤʘʛʥʠʪʥʳʭ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ, 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ) ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ (ʢʚʘʟʠʨʝʘʣʴʥʦʛʦ) ʚʨʝʤʝʥʠ. 

ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʪʢʨʳʪʳʭ ʙʘʟ ʜʘʥʥʳʭ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

ʇʆ ñORBUSò ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ C++. ɼʣʷ ʪʨʝʭʤʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʥʠʞʥʝʤ 

ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ OpenGL, ʘ ʧʦʚʝʨʭ ʥʝʛʦ ï ʛʨʘʬʠʯʝʩʢʠʡ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ OpenSceneGraph. ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ Qt framework. ʇʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʦʜ Windows ʠ Linux. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʘʣʛʦʨʠʪʤʫ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʢʦʥʪʝʥʪʘ ɹɼ ʥʘ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʵʢʨʘʥʝ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹɼ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦ ʠ 

ʜʠʥʘʤʠʯʥʦ, ʬʦʨʤʠʨʫʷ ʪʝʤ ʩʘʤʳʤ ʧʨʘʚʠʣʴʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋɺ ʚʦ ʚʩʝʤ ʤʠʨʝ (ʨʠʩ. 7.4). 

 

ʈʠʩʫʥʦʢ 7.4  ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʇʆ ñORBUSò ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ 

ʋɺ ʥʘ ʩʬʝʨʠʯʝʩʢʦʤ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʵʢʨʘʥʝ. ʊʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʢʨʫʧʥʝʡʰʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋɺ. ʇʨʦʚʝʜʝʥʳ 40Ü ʠ 60Ü ʤʝʨʠʜʠʘʥʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʠʪʩʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
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7.4. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʝʢʪʘ 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʫʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʧʦ 

ʩʙʦʨʫ, ʘʥʘʣʠʟʫ ʠ ʫʧʨʘʚʣʝʥʠʶ ʜʘʥʥʳʤʠ ʠʟ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ ʨʘʟʣʠʯʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʢʨʫʧʥʳʤ ʠ ʩʫʧʝʨʢʨʫʧʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʚ 

ʆʪʜʝʣʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. 

ɺ. ʀ. ɺʝʨʥʘʜʩʢʦʛʦ (ɻɻʄ ʈɸʅ). ʂʦʣʣʝʢʪʠʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ (ʀɻɽʄ ʈɸʅ) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʙʘʥʢʦʚ ʜʘʥʥʳʭ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʤʠʥʝʨʘʣʦʛʠʠ, ʧʝʪʨʦʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʚʫʣʢʘʥʦʣʦʛʠʠ. ɻʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʄʠʨʦʚʦʛʦ 

ʮʝʥʪʨʘ ʜʘʥʥʳʭ ʧʦ ʬʠʟʠʢʝ ʪʚʝʨʜʦʡ ɿʝʤʣʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʚ ɻʝʦʬʠʟʠʯʝʩʢʦʤ ʮʝʥʪʨʝ 

ʈɸʅ ʠ ʷʚʣʷʶʱʝʛʦʩʷ ʨʝʛʫʣʷʨʥʳʤ ʯʣʝʥʦʤ ʄʠʨʦʚʦʡ ʩʠʩʪʝʤʳ ʜʘʥʥʳʭ  

(World Data System ï WDS, http://icsu-wds.org/), ʟʘʥʠʤʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ, ʭʨʘʥʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢ ʥʠʤ ʜʦʩʪʫʧ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʨʝʜʝ ʀʥʪʝʨʥʝʪ ʟʘʨʫʙʝʞʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʧʦʣʝʟʥʳʤ 

ʠʩʢʦʧʘʝʤʳʭ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʢʦʥʪʝʥʪʫ: ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʩʫʛʫʙʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʚʝʙ-ʙʠʙʣʠʦʪʝʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʥʘʧʨʠʤʝʨ, ʜʘʥʥʳʝ ʧʦ 

ʙʫʨʝʥʠʶ ʩʢʚʘʞʠʥ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ 

ʙʘʟʳ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʜʘʥʥʳʝ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʠʥʝʨʘʣʘʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ ɸʤʝʨʠʢʠ ʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʂʘʥʘʜʳ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʙʘʟ ʜʘʥʥʳʭ ʢʘʢ ʧʦ ʤʠʥʝʨʘʣʘʤ, ʪʘʢ ʠ ʧʦ ʪʝʢʪʦʥʠʢʝ, ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʨʚʠʩʦʚ, ʩʦʟʜʘʥʥʳʭ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʫʯʝʥʳʤʠ ʚʩʝʛʦ ʤʠʨʘ ʠ ʦʩʥʘʱʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʙʘʟ ʜʘʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ ʥʘʫʢ ʦ ɿʝʤʣʝ, 

ʦʩʪʘʝʪʩʷ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ. ʉʨʝʜʠ ʥʠʭ: ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ 

ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʥʣʘʡʥ; ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʙʘʟ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʧʨʠʚʣʝʯʝʥʠʷ 

ʢ ʥʠʤ ʚʳʩʦʢʦʛʦ ʥʘʫʯʥʦʛʦ ʠ ʧʨʠʢʣʘʜʥʦʛʦ ʠʥʪʝʨʝʩʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʦʩʩʠʡʩʢʦʤ, ʥʦ ʠ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʠʤʝʶʱʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ, ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ 

ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʚ ɻʀʉ-ʩʨʝʜʝ; ʦʩʥʘʱʝʥʠʝ ʧʦʜʦʙʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ 

ʜʦʩʪʫʧ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʉʦʟʜʘʥʥʘʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʩʠʩʪʝʤʘ ɹɼ ï ɻʀʉ-ʩʝʨʚʠʩ ï ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, 

ʦʩʥʘʱʝʥʥʘʷ ʢ ʪʦʤʫ ʞʝ ʦʜʥʠʤ ʠʟ ʧʝʨʝʜʦʚʳʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ï ʮʠʬʨʦʚʳʤ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ ʧʨʦʝʢʮʠʦʥʥʳʤ ʵʢʨʘʥʦʤ, ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ. ɺʚʝʜʝʥʥʦʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʫʞʝ 

ʙʦʣʴʰʝ ʛʦʜʘ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʘ ʧʦʨʪʘʣʝ http://gis.gcras.ru/ ʠ ʫʩʧʝʰʥʦ ʧʨʦʰʣʦ 

ʩʪʘʜʠʶ ʚʘʣʠʜʘʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʫʯʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʥʘ ʢʨʫʧʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʢʘʢ ʨʦʩʩʠʡʩʢʦʛʦ, ʪʘʢ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʤʘʩʰʪʘʙʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

http://icsu-wds.org/
http://gis.gcras.ru/
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ʪʘʢʞʝ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʟʥʘʯʠʤʦʩʪʴ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ʀʩʧʦʣʴʟʫʷ ʩʦʟʜʘʥʥʳʡ ɻʀʉ-ʧʨʦʝʢʪ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʋɺ ʥʘ ʢʘʨʪʝ ʤʠʨʘ, ʚʳʷʚʠʪʴ ʩʪʨʘʥʳ-ʣʠʜʝʨʳ ʧʦ ʜʦʙʳʯʝ, ʦʪʩʣʝʜʠʪʴ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʚ ʢʘʞʜʦʡ ʩʪʨʘʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʠʜʫ ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, 

ʦʥʘ ʤʦʞʝʪ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ ʩʪʘʣ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ 

ʥʘʫʯʥʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 
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8. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʬʠʣʴʪʨʘʮʠʠ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʥʘʢʣʦʥʥʦʛʦ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0013 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: AAAA -A17-117012610084-3 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ʈ. ʖ. ʃʫʢʴʷʥʦʚʘ 

8.1. ʎʝʣʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ɺʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ''ʇʦʠʩʢʦʚʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ'' 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: (*) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ ʠ ʢʦʨʨʝʢʮʠʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ ʚ ʫʩʣʦʚʠʷʭ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚʦ 

ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ; (*) ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ ʦʮʝʥʢʘ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ 

ʧʦʜʟʝʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ; (*) ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʝʨʘʪʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʟʘʜʘʯʘ ʩʚʷʟʘʥʘ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʦʜʟʝʤʥʦʡ ʥʘʚʠʛʘʮʠʠ ʧʨʠ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʤ 

ʙʫʨʝʥʠʠ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ ʚ ɸʨʢʪʠʢʝ. ʇʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʳ ʧʦʣʥʦʩʪʴʶ, 

ʧʣʘʥʠʨʫʝʤʳʝ ʥʘ 2017 ʛ. ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʥʫʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ:  

¶ ʅʘ ʦʩʥʦʚʝ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 2017 ʛ. ʚʳʜʝʣʝʥʳ ʧʝʨʠʦʜʳ 

ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʙʫʨʠ  

7 ʩʝʥʪʷʙʨʷ 2017 ʛ. ʥʘʠʙʦʣʴʰʠʝ ʚʦʟʤʫʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ɸʨʢʪʠʢʠ, ʘ 8 ʩʝʥʪʷʙʨʷ ï ʢʘʥʘʜʩʢʦʤ ʩʝʢʪʦʨʝ.  

¶ ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʘʛʥʠʪʥʦʡ ʙʫʨʝʡ, ʥʘ ʬʘʢʪʠʯʝʩʢʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʨʘʝʢʪʦʨʠʠ ʩʪʚʦʣʘ ʧʨʠ ʙʫʨʝʥʠʠ ʛʣʫʙʦʢʦʡ ʥʘʢʣʦʥʥʦ-

ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʢʚʘʞʠʥʳ. ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʟʘʙʦʷ, ʜʣʠʥʘ ʩʪʚʦʣʘ ʠ ʨʘʜʠʫʩ ʜʦʧʫʩʢʘ, ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ. 

ʄʦʜʝʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʪʨʝʭʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʷ ʠ ʠʭ ʧʨʠʨʘʱʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʟʤʝʨʝʥʠʡ, ʩʤʝʱʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ 

ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʘʟʠʤʫʪ ʩʤʝʱʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʢʨʠʚʣʝʥʠʷ ʩʪʚʦʣʘ.  

¶ ʈʘʟʨʘʙʦʪʘʥ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ, ʨʝʘʣʠʟʫʶʱʠʡ ʤʦʜʝʣʴ. 

¶ ʇʨʦʚʝʜʝʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʬʘʢʪʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩʪʚʦʣʘ ʚ ʫʩʣʦʚʠʷʭ 

ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʥʘ ʧʨʠʤʝʨʝ ʚʠʨʪʫʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʰʠʨʦʪʘʭ 

ʚ ɸʨʢʪʠʢʝ. ʏʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʤʝʱʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʢʨʠʚʣʝʥʠʷ ʩʪʚʦʣʘ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʚʦ ʚʨʝʤʷ ʙʫʨʠ ʠʤʝʶʪ ʘʤʧʣʠʪʫʜʫ >2Á.  

¶ ʇʦʩʪʨʦʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘʟʝʤʥʳʭ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʠʥʜʝʢʩʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 



58 

 

¶ ʉ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʙʘʟʠʩʥʦʛʦ ʨʷʜʘ ʧʦʚʳʰʝʥʦ ʢʘʯʝʩʪʚʦ ʙʘʟʠʩʥʦʡ 

ʣʠʥʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ.  

¶ ʆʙʥʦʚʣʝʥ ʩʝʨʚʠʩ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʚ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ''ʄʘʛʥʫʩ''. 

8.2. ʄʦʥʠʪʦʨʠʥʛ ʚʦʟʤʫʱʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ɸʨʢʪʠʢʝ 

ʄʦʥʠʪʦʨʠʥʛ ʚʦʟʤʫʱʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ɸʨʢʪʠʢʝ ʚ 2017 ʛ. ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʝʛʫʣʷʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ 

(https://omniweb.gsfc.nasa.gov/) ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʥʜʝʢʩʦʚ Dst  

(http://wdc.kugi.kyoto-u.ac.jp/dstdir) ʠ AE. (http://wdc.kugi.kyoto-u.ac.jp/aedir/index.html), ʘ 

ʪʘʢʞʝ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʘʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ (ɸʇʂ) ''ʄɸɻʅʋʉ'', 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ɻʎ ʈɸʅ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʝʙ-ʩʝʨʚʠʩ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʩʤʦʪʨʘ 

ʤʘʛʥʠʪʦʛʨʘʤʤ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ. 

ɺ 2017 ʛ. ʥʘ ʩʧʘʜʝ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʦʰʣʦ ʜʚʝ ʢʨʫʧʥʳʝ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ:  

1ï2 ʤʘʷ ʠ 7ï8 ʩʝʥʪʷʙʨʷ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʷʷ ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ. Dst ʠʥʜʝʢʩ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʫʨʠ. ʉʨʝʜʥʝʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ Dst 

ʠʥʜʝʢʩʘ ʩʦʩʪʘʚʣʷʣʠ 2 ʤʘʷ Dst = -75 ʥʊʣ, ʘ 8 ʩʝʥʪʷʙʨʷ Dst = -150 ʥʊʣ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʩʨʝʜʥʝʯʘʩʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚ 12 UT 8 ʩʝʥʪʷʙʨʷ ʜʦʩʪʠʛʘʣʦ -142 ʥʊʣ. ɹʫʨʷ ʧʨʦʠʟʦʰʣʘ ʥʘ ʩʧʘʜʝ 

24 ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʠ ʙʳʣʘ ʚʳʟʚʘʥʘ ʤʦʱʥʳʤ ʢʦʨʦʥʘʨʥʳʤ ʚʳʙʨʦʩʦʤ ʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 

8.3. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʙʫʨʝʥʠʷ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʢʚʘʞʠʥʳ ʚ 

ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ɺ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʧʦʢʘʟʘʥʠʷ ʩʢʚʘʞʠʥʥʳʭ 

ʠʥʢʣʠʥʦʤʝʪʨʦʚ ʚʥʦʩʷʪ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʚʦʟʤʫʱʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʠ ʩʫʙʙʫʨʷʤʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʧʦʤʝʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʦʢʘʟʘʥʠʷʭ ʩʢʚʘʞʠʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 7ï8 ʩʝʥʪʷʙʨʷ 2017 ʛ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʪʦʯʥʦʩʪʴ ʧʨʦʚʦʜʢʠ ʩʢʚʘʞʠʥʳ ʧʦʤʝʩʪʠʤ ʚʠʨʪʫʘʣʴʥʳʝ 

ʣʦʢʘʮʠʠ ʤʦʜʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʘʨʢʪʠʯʝʩʢʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʥʝʩʝʥʳ ʧʦ ʰʠʨʦʪʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʩʝʨʚʘʪʦʨʩʢʠʡ 

ʤʘʛʥʠʪʦʤʝʪʨ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʨʦʣʠ ʩʢʚʘʞʠʥʥʦʛʦ ʠʥʢʣʠʥʦʤʝʪʨʘ. ʆʙʩʝʨʚʘʪʦʨʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʨʝʤʷ ʙʫʨʠ ʠ, 

ʨʘʩʩʯʠʪʘʚ ʧʘʨʘʤʝʪʨʳ ʪʨʘʝʢʪʦʨʠʠ ʙʫʨʝʥʠʷ ʧʨʠ ʥʘʙʣʶʜʘʝʤʳʭ ʚʘʨʠʘʮʠʷʭ ʤʘʛʥʠʪʥʦʛʦ 

ʩʢʣʦʥʝʥʠʷ, ʦʮʝʥʠʪʴ ʥʘ ʵʪʦʡ ʤʦʜʝʣʠ ʩʪʝʧʝʥʴ ʦʪʢʣʦʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʪʚʦʣʘ ʦʪ 

ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʝʠʟʤʝʥʥʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʘʛʥʠʪʥʦʡ ʙʫʨʝʡ 

ʚʦʟʤʫʱʝʥʠʡ ʧʦʣʷ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʬʘʢʪʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʣʝʜʫʝʪ ʧʦʢʘʟʘʥʠʷʤ 

ʦʙʩʝʨʚʘʪʦʨʩʢʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʤʫʱʝʥʠʷʤ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʝʭʥʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʙʫʨʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʨʘʩʯʝʪʝ 

ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʦʪ ʧʨʦʝʢʪʥʦʛʦ ʠ 

http://wdc.kugi.kyoto-u.ac.jp/dstdir
http://wdc.kugi.kyoto-u.ac.jp/aedir/index.html
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ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʟʝʤʣʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʝʨʳʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʦʥʝʥʪʥʳʤ ʩʢʚʘʞʠʥʥʳʤ 

ʤʘʛʥʠʪʦʤʝʪʨʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʥʝʤʘʛʥʠʪʥʦʡ ʢʘʧʩʫʣʝ ʥʘ ʢʦʥʮʝ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʝʢʪʥʦʛʦ ʠ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʧʨʠʥʷʪʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʤʝʨʠʜʠʘʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʟʝʤʥʦʛʦ ʪʷʛʦʪʝʥʠʷ. ɼʘʪʯʠʢʠ ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʪʨʠʠ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʢʚʘʞʠʥʝ, ʧʨʠʚʷʟʘʥʳ ʢ ʠʩʪʠʥʥʦʤʫ ʠʣʠ ʤʘʛʥʠʪʥʦʤʫ ʩʝʚʝʨʫ. ɿʘʜʘʯʘ ʨʘʩʯʸʪʘ 

ʪʨʘʝʢʪʦʨʠʠ ʙʫʨʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʝʢ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʩʪʴʝʤ ʩʢʚʘʞʠʥʳ: ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʛʣʫʙʠʥʫ (z) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ (x ʠ y) ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨ-ʶʛ ʠ 

ʚʦʩʪʦʢ-ʟʘʧʘʜ. 

8.4. ʈʘʩʯʝʪ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʠ ʩʪʚʦʣʘ ʚʦ ʚʨʝʤʷ 

ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 7ï8 ʩʝʥʪʷʙʨʷ 2017 ʛ. 

ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ D (ʩʢʣʦʥʝʥʠʝ) ʠ I (ʥʘʢʣʦʥʝʥʠʝ) 

ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʠʥʥʳʡ ʩʝʚʝʨʥʳʡ ʧʦʣʶʩ, ʚʝʣʠʯʠʥʫ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʟʠʤʫʪʘ ʠ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʚʝʨʪʠʢʘʣʠ. ʅʘ ʨʠʩʫʥʢʝ 8.1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʟʤʝʥʝʥʠʷ D ʥʘ ʪʨʝʭ ʘʚʨʦʨʘʣʴʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 7ï8 ʩʝʥʪʷʙʨʷ 

2017 ʛ. ʆʙʩʝʨʚʘʪʦʨʠʠ CBB (77Á, 309Á) ʠ YKC (67Á, 300Á) ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ɸʣʷʩʢʝ, ʘ 

ʦʙʩʝʨʚʘʪʦʨʠʷ ABS (67Á, 21Á) - ʚ ʩʝʚʝʨʥʦʡ ɽʚʨʦʧʝ. ɺʘʨʠʘʮʠʠ ʤʠʥʫʪʥʳʭ ʟʥʘʯʝʥʠʡ D 

ʜʦʩʪʠʛʘʶʪ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ: 10, 30 ʠ 30 ʛʨʘʜʫʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ CBB, YKC 

ʠ ABS.  

ʇʨʠ ʫʩʨʝʜʥʝʥʠʠ ʟʘ 0.5 ʯʘʩʘ, ʘʤʧʣʠʪʫʜʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʜʫʩʦʚ, ʦʜʥʘʢʦ 

ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, ʯʪʦʙʳ ʚʥʦʩʠʪʴ ʧʦʤʝʭʠ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ.  

 

ʈʠʩʫʥʦʢ 8.1  ʄʠʥʫʪʥʳʝ ʟʥʘʯʝʥʠʷ D (ʩʠʥʷʷ ʣʠʥʠʷ) ʥʘ ʪʨʝʭ ʘʚʨʦʨʘʣʴʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ 

ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 7ï8 ʩʝʥʪʷʙʨʷ 2017 ʛ. ʆʙʩʝʨʚʘʪʦʨʠʠ CBB (77Á, 309Á), 

YKC (67Á, 300Á) ʠ ABS (67Á, 21Á). ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʪʦʯʢʠ ʧʦʣʫʯʘʩʦʚʦʛʦ 

ʫʩʨʝʜʥʝʥʠʷ 

ʅʘ ʨʠʩʫʥʢʝ 8.2 ʠʟʦʙʨʘʞʝʥʳ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʩʪʚʦʣʘ, ʚʳʯʠʩʣʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʫʱʸʥʥʳʭ ʚʝʣʠʯʠʥ ʘʟʠʤʫʪʘ ű ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝ ʧʨʦʚʦʜʠʪʩʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʨʦʝʢʪʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʬʘʢʪʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʙʫʨʝʥʠʷ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʜʘʥʥʳʤ ʩʢʚʘʞʠʥʥʳʭ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʠʥʢʣʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ Ŭ (ʟʝʥʠʪʥʳʡ ʫʛʦʣ) ʠ ű (ʘʟʠʤʫʪ). 
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ʇʨʠʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʪʨʝʟʢʝ ȹL ʚ ʩʦʩʝʜʥʠʭ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʪʦʯʢʘʭ ʟʘʤʝʨʘ i, i+1 

ʚʜʦʣʴ ʜʣʠʥʳ ʩʪʚʦʣʘ L ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʤʝʪʦʜʘ ʤʠʥʠʤʫʤʘ ʢʨʠʚʠʟʥʳ ʢʘʢ 
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1 1

1

(sin sin sin sin )

(sin cos sin cos ),
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i i i i
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a j a j
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1 1 1 1arccos(sin sin sin sin sin cos sin cos ).i i i i i i i iF a j a j a j a j+ + + += Ö Ö Ö + Ö Ö Ö  (3) 

ʇʦ ʜʘʥʥʳʤ ʦ ʧʨʠʨʘʱʝʥʠʷʭ ʢʦʦʨʜʠʥʘʪ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ɸ 

ʜʣʷ i-ʦʡ ʪʦʯʢʠ ʧʨʦʬʠʣʷ ʦʪ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ ʘʟʠʤʫʪ ʩʤʝʱʝʥʠʷ Ɋ: 

  
2 2,i i ix yA = D +D               .i

i

i

y
arctg

x

D
Y =

D
  (4)  

                

ʋʛʦʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʩʪʚʦʣʘ ɔ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʢʨʠʚʣʝʥʠʷ J (ʚ 

ʝʜʠʥʠʮʘʭ ʛʨʘʜʫʩ/10 ʤ) ʥʘ i-ʤ ʠʥʪʝʨʚʘʣʝ ȹL ʤʝʞʜʫ ʪʦʯʢʘʤʠ i, i+1 : 

 2 2 2

1 1 1 1 1arcsin [sin cos cos( ) sin cos ] sin sin ( ),i i i i i i i i i ig a a j j a a a j j+ + + + += Ö Ö - - Ö + Ö -  (5) 

      
1,

.
10

i i

iJ
g+
=                                                           (6) 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (1) ï (6) ʦʧʨʝʜʝʣʷʶʪ ʬʘʢʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʤʝʩʪʘ ʨʝʟʢʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ.  

ɺ ʧʝʨʠʦʜʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʢʨʠʚʣʝʥʠʷ ʜʦ 2Á ʥʘ 10 ʤ. ʄʝʩʪʘ ʨʝʟʢʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʩʪʚʦʣʘ ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʨʚʘʣʘʤʠ ʚʝʨʦʷʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʙʫʨʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʜʝʣʴʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʘʟʠʤʫʪʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷʤʠ 

ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʷʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ ʟʘʜʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 8.2  ʀʟʤʝʥʝʥʠʝ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ ʠ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʜʣʷ ʜʣʠʥʳ ʩʪʚʦʣʘ. ʉʚʝʨʭʫ ʚʥʠʟ: 

ʠʟʤʝʥʝʥʠʝ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ Ŭ ʠ ʘʟʠʤʫʪʘ ű; ʧʨʠʨʘʱʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ y ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʠʟʤʝʨʝʥʠʡ; ʩʤʝʱʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ɸ; ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʩʢʨʠʚʣʝʥʠʷ ʩʪʚʦʣʘ ʜʣʷ 7ï8 ʩʝʥʪʷʙʨʷ, ʦʙʩ. ʉɺɺ (ʣʝʚʘʷ ʢʦʣʦʥʢʘ ʛʨʘʬʠʢʦʚ), ʦʙʩ. YKC 

(ʩʨʝʜʥʷʷ ʢʦʣʦʥʢʘ) ʠ ʦʙʩ. ABS (ʧʨʘʚʘʷ ʢʦʣʦʥʢʘ)  

8.5. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʙʘʟʠʩʥʦʡ ʣʠʥʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʰʠʨʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʘ ɸʇʂ ''ʄɸɻʅʋʉ''  

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʫ ʨʝʛʫʣʷʨʥʳʭ ʨʷʜʦʚ ʙʘʟʠʩʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʀʅʊɽʈʄɸɻʅɽʊ. ʇʦʜʭʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʙʩʦʣʶʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʟʥʘʯʝʥʠʡ ʨʝʛʫʣʷʨʥʦʛʦ 

ʨʷʜʘ DF=DF(t), ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʷʜ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʫʣʷ ʧʦʣʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʩʢʘʣʷʨʥʳʤ 

ʤʘʛʥʠʪʦʤʝʪʨʦʤ, ʠ ʚʳʯʠʩʣʝʥʥʳʤʠ ʧʦ ʧʦʣʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʤʧʦʥʝʥʪ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ 

ʜʘʥʥʳʭ ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ DF ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ 

ʧʦʟʚʦʣʷʝʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʩʶ ʠʤʝʶʱʫʶʩʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʪʝ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʧʨʠʙʦʨʦʚ 

ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʩ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʙʘʟʠʩʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʚʦʜʠʪʩʷ ʬʫʥʢʮʠʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʙʘʟʠʩʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʄʝʪʦʜ ʧʨʦʰʝʣ ʘʧʨʦʙʘʮʠʶ ʥʘ ʯʘʩʪʠʯʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ ʟʥʘʯʝʥʠʡ ( , , )v v vV X Y Z=  ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʯʠʱʝʥʥʳʝ ʦʪ 

ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʤʝʭ ʚʘʨʠʘʮʠʠ ʪʨʝʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʄʇɿ, ʠʟʤʝʨʝʥʥʳʝ 

ʚʝʢʪʦʨʥʳʤ ʤʘʛʥʠʪʦʤʝʪʨʦʤ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʅʊɽʈʄɸɻʅɽʊ ''ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ''  

(IAGA-ʢʦʜ SPG). ʇʨʦʮʝʩʩ ʘʧʨʦʙʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʷʣ ʠʟ 100 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 



62 

 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʢʘʞʜʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʢ ʧʩʝʚʜʦʥʘʙʣʶʜʝʥʥʳʤ ʙʘʟʠʩʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʦʙʘʚʣʷʣʩʷ ʘʜʜʠʪʠʚʥʳʡ ʙʝʣʳʡ 

ʛʘʫʩʩʦʚʩʢʠʡ ʰʫʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʰʫʤʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ 2016 ʛ. ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ''ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ'' (IAGA-ʢʦʜ SPG) ʜʘʥʥʳʝ 

ʠʟʤʝʨʝʥʠʡ ʄʇɿ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʢʘʯʝʩʪʚʫ 

ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʴʶ ʥʘʙʣʶʜʝʥʠʡ ʀʅʊɽʈʄɸɻʅɽʊ. ʅʘ ʦʩʥʦʚʝ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʛʦʜʦʚʦʡ ʦʪʯʝʪ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʬʦʨʤʘʪʘʭ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʨʫʢʦʚʦʜʩʪʚʝ ʀʅʊɽʈʄɸɻʅɽʊ. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʙʦʪʳ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʈʦʩʩʠʡʩʢʦ-ʫʢʨʘʠʥʩʢʦʛʦ 

ʮʝʥʪʨʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʝʙ-ʩʝʨʚʠʩ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʩʤʦʪʨʘ 

ʤʘʛʥʠʪʦʛʨʘʤʤ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

''ʄɸɻʅʋʉ''. ʋʣʫʯʰʝʥʥʳʡ ʚʝʙ-ʩʝʨʚʠʩ Plot 2.0 (http://geomag.gcras.ru/dataprod-plot20.html) 

ʨʝʘʣʠʟʦʚʘʥ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʚʦʙʦʜʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

  

http://geomag.gcras.ru/dataprod-plot20.html
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9. ʉʦʟʜʘʥʠʝ ʩʝʤʝʡʩʪʚʘ ʯʠʩʣʝʥʥʳʭ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚʝʨʭʥʝʡ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʩʧʫʪʥʠʢʘ SWARM ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʠʩʪʝʤ (ʵʪʘʧ 2017 ʛʦʜʘ) 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0012 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: AAAA-A17-117012610083-6 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ʈ. ʖ. ʃʫʢʴʷʥʦʚʘ 

9.1. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ F- ʦʙʣʘʩʪʠ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ 

ɺʳʩʦʢʦʰʠʨʦʪʥʘʷ ʠʦʥʦʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʩʣʦʞʥʦʡ ʦʙʣʘʩʪʴʶ ʠʦʥʦʩʬʝʨʥʦʡ 

ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʡ ʧʨʦʮʝʩʩʳ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ 

ʠʦʥʠʟʘʮʠʝʡ ʩʦʣʥʝʯʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʥʦ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʵʥʝʨʛʠʯʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʚʳʩʳʧʘʶʱʠʤʠʩʷ ʠʟ ʤʘʛʥʠʪʦʩʬʝʨʳ.  

ɺ F-ʦʙʣʘʩʪʠ (ʥʘ ʚʳʩʦʪʘʭ 200ï300 ʢʤ) ʪʠʧʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (Ne). ɺ ʩʚʷʟʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʫʥʢʪʦʚ ʨʝʛʫʣʷʨʥʳʭ ʥʘʙʣʶʜʝʥʠʷ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʯʠʩʪʦ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝ ʜʘʶʪ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʷʨʥʦʡ 

ʠʦʥʦʩʬʝʨʳ ʠ ʝʸ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʣʷ ʨʝʘʣʴʥʳʭ ʛʝʣʠʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʦʩʪʦʷʥʠʠ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʨʘʩʯʝʪʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ne 

ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʠ ʫʯʠʪʳʚʘʶʪ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʠʤʝʥʥʦ ʜʣʷ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʨʘʩʯʝʪʦʚ. ɺ ʦʩʥʦʚʝ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʦʥʦʩʬʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʣʝʞʠʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ''ʠʦʥʦʩʬʝʨʥʦʡ ʧʦʛʦʜʳ'', ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʪʘʢʦʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʦʤ ʨʝʛʠʦʥʝ ʢʘʢ ɸʨʢʪʠʢʘ. 

ʍʦʪʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʚ ʮʝʣʦʤ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʦʩʥʦʚʥʳʝ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ F-ʦʙʣʘʩʪʠ, ʚʘʞʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ne. ʇʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ, ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʶʪʩʷ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʕʪʦ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʨʘʩʯʝʪʝ Ne ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ 

ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʧʣʘʟʤʝʥʥʦʡ ʪʨʫʙʢʝ, ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʝʥʷʶʱʝʛʦʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʪʢʨʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʢʚʘʟʠ-ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʙʝʩʧʝʯʠʪʴ ʨʝʛʫʣʷʨʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʪʨʸʭʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ F-ʦʙʣʘʩʪʠ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ. ʇʝʨʝʭʦʜ ʢ ʫʯʸʪʫ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʨʠ ʨʘʩʯʸʪʝ ʪʨʘʝʢʪʦʨʠʡ ʢʦʥʚʝʢʮʠʠ ʥʘ ʚʨʝʤʝʥʥʦʤ ʦʪʨʝʟʢʝ 

ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʧʣʘʟʤʝʥʥʳʭ ʪʨʫʙʦʢ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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9.2. ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ ʩ ʫʯʝʪʦʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ 

ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪ ʪʨʝʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Ne ʚ ʧʦʣʷʨʥʦʡ 

ʠʦʥʦʩʬʝʨʝ, ʪ.ʝ. ʚ ʦʙʣʘʩʪʠ ʚʳʰʝ 50Á ʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ (MLat). ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʩʦʩʪʦʷʥʠʝ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʳ, ʷʚʣʷʶʪʩʷ ʜʠʥʘʤʠʢʘ ʧʣʘʟʤʳ ʠ 

ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʦʥʦʚ. ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʙʣʦʢʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʘʢʪʦʨ. 

ɺ ʙʣʦʢʝ ʨʘʩʯʝʪʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ 

ʪʨʘʝʢʪʦʨʠʠ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʜʨʝʡʬʫʝʪ ʧʣʘʟʤʝʥʥʘʷ ʪʨʫʙʢʘ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʨʪʠʥ 

ʢʦʥʚʝʢʮʠʠ. ʊʘʢ ʢʘʢ ʚ F ʦʙʣʘʩʪʠ ʧʣʘʟʤʘ ʟʘʤʘʛʥʠʯʝʥʘ, ʣʠʥʠʠ ʢʦʥʚʝʢʮʠʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʠʟʦʣʠʥʠʷʤʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʀʦʥʦʩʬʝʨʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʨʦʜʦʣʴʥʳʤʠ ʪʦʢʘʤʠ (ʇʊ), ʢʦʪʦʨʳʝ ʪʝʢʫʪ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʚʷʟʳʚʘʶʪ ʠʦʥʦʩʬʝʨʫ ʩ ʧʦʛʨʘʥʠʯʥʳʤʠ ʩʣʦʷʤʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ 

ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ. ʇʊ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʤʝʞʧʣʘʥʝʪʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (ʄʄʇ) ʠ 

ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʩʦʣʥʝʯʥʳʤ 

ʟʝʥʠʪʥʳʤ ʫʛʣʦʤ (ʩʝʟʦʥʦʤ ʛʦʜʘ ʠ ʤʠʨʦʚʳʤ ʚʨʝʤʝʥʝʤ). ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʚʝʣʠʯʠʥʘ ʠ 

ʛʝʦʤʝʪʨʠʷ ʇʊ, ʠʦʥʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʰʠʨʦʪʳ ʛʨʘʥʠʮʳ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ.  

ɺʦ ʚʪʦʨʦʤ ʙʣʦʢʝ ʨʝʰʘʝʪʩʷ ʦʜʥʦʤʝʨʥʘʷ ʟʘʜʘʯʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʳʩʦʪʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʷ ʬʦʪʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʪʨʫʙʢʝ, ʜʨʝʡʬʫʶʱʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʢʦʨʦʪʘʮʠʠ. ʋʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʠʦʥʘ O+ ʠ ʫʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʦʙʦʙʱʝʥʥʦʛʦ ʠʦʥʘ M+ 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʜʨʝʡʬʫʶʱʝʡ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʡ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʵʢʚʠʧʦʪʝʥʮʠʘʣʷʤʠ. 

ʇʘʨʘʤʝʪʨʳ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʝʨʤʦʩʬʝʨʳ MSISE. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠ ʧʦʪʦʢʠ ʚʳʩʳʧʘʶʱʠʭʩʷ ʯʘʩʪʠʮ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ 

ʩʧʫʪʥʠʢʦʚ DMSP. 

ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ Bz ʠ By 

ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʄʇ), ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ VCB, ʜʝʥʴ ʛʦʜʘ (DOY) 

ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʚʨʝʤʷ (UT), ʘ ʪʘʢʞʝ ʠʥʜʝʢʩʳ ʩʦʣʥʝʯʥʦʡ (F10.7) ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (Kp). ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʝʪ 15 ʤʠʥ, ʘ ʧʦ ʚʳʩʦʪʝ ï 10 ʢʤ. ɺʳʭʦʜʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ne ʚ F-ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʚ ʫʟʣʘʭ ʩʝʪʢʠ ʩ 

ʥʦʤʠʥʘʣʴʥʳʤʠ ʰʘʛʘʤʠ 2Á ʧʦ MLat ʠ 15Á ʧʦ ʜʦʣʛʦʪʝ ʚ ʰʠʨʦʪʥʦʡ ʦʙʣʘʩʪʠ MLat >50Á ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ 130 ʠ 600 ʢʤ. ʇʦ ʧʨʦʬʠʣʷʤ Ne ʩʪʨʦʷʪʩʷ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (NmF2). 

ʋʨʘʚʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʢʦʥʚʝʢʮʠʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ r, ɗ, ű (r ï ʨʘʜʠʫʩ, ɗ ï ʢʦʰʠʨʦʪʘ, ű ï ʛʝʦʤʘʛʥʠʪʥʘʷ ʜʦʣʛʦʪʘ). ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʢʦʨʦʩʪʠ ʢʦʨʦʪʘʮʠʠ  

VK = (0, 0, ɤĿrĿsinɗ) ʠ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ Vɼ ʚ ʩʢʨʝʱʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʦʤ (ɽ) ʠ ʤʘʛʥʠʪʥʦʤ 

(ɺ) ʧʦʣʷʭ:  



65 

 

Vɼ = (ïEűɺɗ/B, Eűɺr/B, (Erɺű, ïEɗɺr)/B).          (1) 

ʉʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʢʦʥʚʝʢʪʠʚʥʳʝ 

ʪʨʘʝʢʪʦʨʠʠ, ʠʤʝʝʪ ʚʠʜ: 
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(2) 

(

(3) 

ʛʜʝ M ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ɿʝʤʣʠ, ɤ ï ʯʘʩʪʦʪʘ ʫʛʣʦʚʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʩʠ, R = RE+200 ʢʤ, RE ï ʨʘʜʠʫʩ ɿʝʤʣʠ, t ï ʚʨʝʤʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʜʨʝʡʬʘ ʧʣʘʟʤʝʥʥʦʡ ʪʨʫʙʢʠ ʪʨʘʝʢʪʦʨʠʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʥʘʟʘʜ ʥʘ 8ï10 ʯʘʩʦʚ. ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʯʪʦ ʄʄʇ ʠ ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʝ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʚʥʳʤʠ 

ʪʦʤʫ ʯʠʩʣʫ, ʢʦʪʦʨʦʝ ʟʘʜʘʥʦ ʢʘʢ ʚʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ. ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʚʝʨʩʠʠ ʚʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʝʥʷʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʨʘʩʯʝʪʘ.  

ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ ʤʦʜʝʣʴ ʢʦʥʚʝʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʯʝʪ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʚʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʤʠʨʦʚʦʛʦ ʚʨʝʤʝʥʠ (UT) ʠ ʠʟʤʝʥʷʶʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʘʩʯʝʪʘ ȹt. 

ʅʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʬʫʥʢʮʠʠ: 

BZ = fZ(UT), BY = fY(UT), V=fV(UT).   (4) 

 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʯʠʩʣʝʥʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ) ʩ ʰʘʛʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ȹUT ʥʘ ʠʥʪʝʨʚʘʣʝ [UT1, UT2], ʚ ʢʦʪʦʨʦʤ 

ʩʦʜʝʨʞʠʪʩʷ N ʪʦʯʝʢ. ʊʦʛʜʘ ʚʝʣʠʯʠʥʳ BZ, BY ʠ V ʦʧʠʩʳʚʘʶʪʩʷ ʤʘʩʩʠʚʘʤʠ  

{ BZi}
N

i=1 ,  { BYi}
N

i=1 , { Vi}
N

i=1.   (5) 

ɺ ʯʘʩʪʥʦʩʪʠ,  

BZ(UT) = BZi  ,   (6) 

ʛʜʝ i = ʮʝʣʘʷ ʯʘʩʪʴ ʦʪ [(UT - UT1) / ȹUT] +1. 

ɿʜʝʩʴ ʚʠʜʥʘ ʩʚʷʟʴ UT ʩ ʜʠʩʢʨʝʪʥʦʡ ʧʝʨʝʤʝʥʥʦʡ i. ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʣʷ BY(UT) ʠ V(UT). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʫʯʘʝʤ ʠʟʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʬʦʨʤʫʣʳ ʜʣʷ ɸɽ 

ʠʥʜʝʢʩʘ ʠ ʢʦʰʠʨʦʪʳ ʛʨʘʥʠʮʳ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ ɗ1:  

ɸɽ = 90 Ā (BS + 0.5) Ā (V / 400)2 ,   (7) 

ʛʜʝ BS = - BZ , ʝʩʣʠ BZ Ò 0 ʠ BS = 0 , ʝʩʣʠ BZ > 0. 

ɗ1 = 17Á - 0.6 Ā BZ .  (8) 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʬʦʨʤʫʣʝ (6). 

ɿʘʚʠʩʠʤʦʩʪʴ ʂʨ ʠʥʜʝʢʩʘ ʦʪ ʚʨʝʤʝʥʠ UT ʥʘʜʦ ʫʯʝʩʪʴ ʠ ʚ ʢʦʥʚʝʢʮʠʦʥʥʦʤ, ʠ ʚ 

ʠʦʥʦʩʬʝʨʥʦʤ ʙʣʦʢʝ. ɺ ʙʣʦʢʝ ʢʦʥʚʝʢʮʠʠ ʧʨʠ ʨʘʩʯʝʪʝ ʪʨʘʝʢʪʦʨʠʡ ʢʦʥʚʝʢʮʠʠ ʚʩʧʷʪʴ ʧʦ UT 

ʥʘʜʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʧʨʘʚʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʂʨ ''ʚ ʧʨʦʰʣʦʝ''. ɺ ʠʦʥʦʩʬʝʨʥʦʤ ʙʣʦʢʝ ʧʨʠ 

ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʠʦʥʘ ʆ+ ʠ ʦʙʦʙʱʝʥʥʦʛʦ ʠʦʥʘ ʄ+ ʥʘʜʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʠʟʤʝʥʝʥʠʝ ʂʨ(UT) ''ʚ ʙʫʜʫʱʝʝ'', ʪ.ʢ. ʂʨ(UT) ʚʭʦʜʠʪ ʚ ʤʦʜʝʣʴ ʥʝʡʪʨʘʣʦʚ ʠ ʤʦʜʝʣʴ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʡ ʠʦʥʠʟʘʮʠʠ.  

ʐʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʂʨ ʩʦʩʪʘʚʣʷʝʪ 3 ʯʘʩʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʂʨ(UT) ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʘʩʩʠʚʦʤ ʯʠʩʝʣ {ʂʨi}
N

i=1 ʚ ʠʥʪʝʨʚʘʣʝ [UT1, UT2]. ʊʦʛʜʘ  
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ʂʨ(UT) = ʂʨi  ,   (9) 

ʛʜʝ i ʝʩʪʴ ʮʝʣʘʷ ʯʘʩʪʴ ʦʪ [(UT - UT1) / ȹUTʂʨ] +1. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʙʳʣʠ ʚʥʝʩʝʥʳ ʚ ʧʨʦʛʨʘʤʤʫ, ʨʝʘʣʠʟʫʶʱʫʶ ʤʦʜʝʣʴ.  

9.3. ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʝ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Ne ʚ F-ʦʙʣʘʩʪʠ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʟʤʝʥʷʝʪʩʷ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʄʄʇ ʠ ʚʝʣʠʯʠʥʳ ʩʦʣʥʝʯʥʦʛʦ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ. 

ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ Ne ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʚʳʩʦʪʝ 

ʤʘʢʩʠʤʫʤʘ ʩʣʦʷ F2. ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ Ne 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʚʝʨʭʥʶʶ ʠʦʥʦʩʬʝʨʫ ʜʦ ʚʳʩʦʪ 1000 ʠ ʙʦʣʝʝ ʢʠʣʦʤʝʪʨʦʚ. ʀʟʤʝʨʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʚ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚ Swarm. 

ɼʣʷ ʚʘʣʠʜʘʮʠʠ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Ne ʜʣʷ ʜʚʫʭ ʜʥʝʡ, 17 ʠ 31 ʷʥʚʘʨʷ 2014 ʛ., ʢʦʛʜʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʥʘʢʘʭ ʘʟʠʤʫʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʄʄʇ ʙʳʣʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʙʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ 

ʜʘʥʥʳʤʠ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ (31 ʷʥʚʘʨʷ) By = +5 ʥʊʣ ʧʨʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʤ Bz. ɺʦ ʚʨʝʤʷ ʚʪʦʨʦʛʦ ʧʝʨʠʦʜʘ (17 ʷʥʚʘʨʷ) ʄʄʇ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦ, ʚ 

ʩʨʝʜʥʝʤ By = ï3 ʥʊʣ, ʘ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ Bz ʩʦʩʪʘʚʣʷʝʪ Ñ 2 ʥʊʣ. ɻʝʦʤʘʛʥʠʪʥʳʝ ʫʩʣʦʚʠʷ 

ʩ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʜʦʩʪʘʪʦʯʥʦ ʩʧʦʢʦʡʥʳʝ, ʣʠʰʴ ʢ ʢʦʥʮʫ ʩʫʪʦʢ 17.I ʂʨ ʧʦʚʳʰʘʣʩʷ ʜʦ 1.7. 

ʅʘ ʨʠʩʫʥʢʝ 9.1 ʚ ʢʦʦʨʜʠʥʘʪʘʭ MLat-MLT ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʪʨʘʝʢʪʦʨʠʠ ʟʘ 31.I.2014 

(ʨʠʩ. 9.1ʘ) ʠ 17.I.2014 (ʨʠʩ. 9.1ʙ). ʎʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ Ne ʚʜʦʣʴ ʢʘʞʜʦʡ ʪʨʘʝʢʪʦʨʠʠ.  

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʦʥʘ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʪʨʘʝʢʪʦʨʠʷʭ, 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʧʦʣʫʥʦʯʥʳʡ ʤʝʨʠʜʠʘʥ ʠ, ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ, ʦʪʥʦʩʷʱʠʭʩʷ ʢʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʩʫʪʦʢ. ʇʨʠ ʵʪʦʤ ʥʘ ʨʠʩʫʥʢʝ 9.1ʘ ʦʥʘ ʩʤʝʱʝʥʘ ʥʘ ʫʪʨʝʥʥʶʶ, ʘ ʥʘ ʨʠʩʫʥʢʝ 9.1ʙ ï 

ʥʘ ʚʝʯʝʨʥʶʶ ʩʪʦʨʦʥʫ. ʊʘʢʦʝ ʩʤʝʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʪʨʝʥʥʝ-ʚʝʯʝʨʥʝʛʦ ʤʝʨʠʜʠʘʥʘ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʘʨʪʠʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʘʭ By ʄʄʇ. 

ʇʨʠ By > 0 ʫʩʠʣʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʥʘ ʫʪʨʝʥʥʝʡ ʧʦʣʦʚʠʥʝ ʰʘʧʢʠ ʬʦʨʤʠʨʫʝʪ ʟʜʝʩʴ ʥʘʠʙʦʣʝʝ 

ʨʘʟʚʠʪʳʡ ʗʟʳʢ ʀʦʥʠʟʘʮʠʠ (ʗʀ), ʘ ʧʨʠ ɺʫ < 0 ʧʨʦʠʩʭʦʜʠʪ ʚʳʪʷʛʠʚʘʥʠʝ ʗʀ ʚ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʪʦʢ ʥʘ ʚʝʯʝʨʥʝʡ ʧʦʣʦʚʠʥʝ ʰʘʧʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 17.I.2014 ʟʦʥʘ 

ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ Ne ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʦ ʧʦʣʫʥʦʯʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʠ ʜʘʞʝ ʚ 

ʧʨʝʜʧʦʣʫʥʦʯʥʳʡ ʩʝʢʪʦʨ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʝʡ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʚʳʩʳʧʘʶʱʠʤʠʩʷ ʘʚʨʦʨʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ 13 UT. 
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ʈʠʩʫʥʦʢ 9.1  ʈʘʩʧʨʝʜʝʣʝʥʠʝ Ne ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʡ ʚ ʦʙʣʘʩʪʠ MLat > 70Á 

ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʗʀ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ By ʢʦʤʧʦʥʝʥʪʦʡ ʄʄʇ, 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ. ʅʘ ʨʠʩʫʥʢʝ 9.2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʣʠʥʠʠ Ne ʥʘ ʚʳʩʦʪʝ 500 ʢʤ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʚʣʠʷʥʠʝ ʟʥʘʢʘ By ʄʄʇ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ Ne. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ By > 0 (ʨʠʩ. 9.2ʘ) ʧʦʣʷʨʥʳʡ ʗʀ ʚʳʪʷʥʫʪ ʦʪ 

ʧʦʣʫʜʝʥʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʥʘ ʫʪʨʝʥʥʶʶ ʩʪʦʨʦʥʫ, ʘ ʧʨʠ By < 0 (ʨʠʩ. 9.2ʙ) ï ʥʘ ʚʝʯʝʨʥʶʶ. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʦʥʦʩʬʝʨʳ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʢʦʥʚʝʢʪʠʚʥʦʤ ʜʨʝʡʬʝ ʧʣʘʟʤʳ ʚ 

ʫʪʨʝʥʥʝʤ ʠʣʠ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʘʭ ʄLT.  

 

ʈʠʩʫʥʦʢ 9.2  ʂʘʨʪʳ ʠʟʦʣʠʥʠʡ Ne 105 ʩʤï3 ʧʨʠ Bz = 0 ʠ By = + 5 ʥʊʣ (ʘ) ʠ By = ï 5 ʥʊʣ (ʙ). 

ʂʘʨʪʳ ʧʦʩʪʨʦʝʥʳ ʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʚ ʦʙʣʘʩʪʠ MLat > 60Á ʥʘ ʚʳʩʦʪʝ 500 ʢʤ. 

ɼʨʫʛʠʝ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ: ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 350 ʢʤ/ʩ, ʜʝʥʴ ʛʦʜʘ 20, 

ʠʥʜʝʢʩ ʂʨ = 0, ʠʥʜʝʢʩ F10.7 = 150, UT = 18 

ʇʨʠ By < 0 ʧʨʦʠʩʭʦʜʠʪ ʩʫʞʝʥʠʝ ʠ ʚʳʪʷʛʠʚʘʥʠʝ ʗʀ (ʠʟʦʣʠʥʠʠ ʟʘʪʷʛʠʚʘʶʪʩʷ ʚ ʧʦʪʦʢ 

ʥʘ ʚʝʯʝʨʥʝʡ ʧʦʣʦʚʠʥʝ ʰʘʧʢʠ) ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʧʣʘʟʤʝʥʥʦʡ ʧʦʣʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʥʦʯʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʢ ʫʪʨʝʥʥʝʤʫ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʪʦʱʝʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʪʨʫʙʦʢ ʚ 

ʦʙʣʘʩʪʠ ʦʩʣʘʙʣʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʥʘ ʫʪʨʝʥʥʝʡ ʧʦʣʦʚʠʥʝ ʰʘʧʢʠ. ʇʨʠ By > 0 ʧʝʨʝʩʪʨʦʡʢʘ 

ʩʪʨʫʢʪʫʨʳ ʠʦʥʦʩʬʝʨʳ ʝʱʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘ, ʯʝʤ ʧʨʠ ɺʫ < 0. ʋʩʠʣʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʥʘ 

ʫʪʨʝʥʥʝʡ ʧʦʣʦʚʠʥʝ ʰʘʧʢʠ ʬʦʨʤʠʨʫʝʪ ʟʜʝʩʴ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʡ ʗʀ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʟʘʧʦʣʥʷʝʪʩʷ ʧʣʘʟʤʝʥʥʘʷ ʧʦʣʦʩʪʴ. ʇʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʢʦʥʚʝʢʮʠʠ ʪʨʫʙʢʠ 

ʥʘʯʠʥʘʶʪ ʧʨʦʥʠʢʘʪʴ ʚ ʦʙʣʘʩʪʴ ʧʨʷʤʦʛʦ ʋʌ ʠʟʣʫʯʝʥʠʷ, ʚʢʣʘʜ ʢʦʪʦʨʦʛʦ ʚ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʠʦʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʗʀ. ʅʘ ʚʝʯʝʨʥʝʡ ʧʦʣʦʚʠʥʝ ʰʘʧʢʠ ʗʀ 
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ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʜʘʚʣʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ Ne ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠ ʤʦʜʝʣʴ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʣʷʨʥʦʡ 

ʠʦʥʦʩʬʝʨʝ. 
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10. ʅʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0008 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: ɸɸɸɸ-ɸ17-117012610078-2 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʬ.-ʤ.ʥ. ɸ. ɸ. ʃʫʰʥʠʢʦʚ 

10.1. ɺʚʝʜʝʥʠʝ 

ʇʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʈʝʯʴ ʠʜʝʪ ʦ ʬʦʨʤʫʣʠʨʦʚʢʝ ʥʦʚʳʭ 

ʧʨʠʥʮʠʧʦʚ ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʫʧʨʘʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʩʘʤʘ ʩʣʫʯʘʡʥʦʩʪʴ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ ʠ 

ʥʠʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ. ɼʘʥ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʢʘʢ 

ʩʣʫʯʘʡʥʳʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʜʠʥʘʤʢʫ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ. ʆʙʦʩʥʦʚʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʦʢʦ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʪʝʦʨʠʠ 

ʛʨʘʬʦʚ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʪʝʨʤʠʥʘʭ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʙʣʶʜʘʪʴ ʟʘʜʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʣʶʙʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʂʦʥʢʨʝʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʩʨʝʜʝ 

ʩʦʜʝʨʞʘʱʝʡ ʨʠʜʙʝʨʛʦʚʩʢʠʝ ʮʝʥʪʨʳ ʠ ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʠʜʙʝʨʛʦʚʩʢʠʝ 

ʮʝʥʪʨʳ ʩʘʤʠ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʦʤʝʭʠ, ʘ ʟʘʨʷʞʝʥʥʳʝ ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ ʩʧʦʩʦʙʥʳ 

ʨʘʩʩʝʠʚʘʪʴ ʠ ʧʦʛʣʦʱʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʣʘʥʦʤ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʤʝʥʪʦʚ ʥʘʩʪʫʧʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. 

ʅʀʈ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ 

ʠʦʥʦʩʬʝʨʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʤʝʭ ʥʘ ʯʘʩʪʦʪʘʭ ʚʘʞʥʳʭ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʣʴʥʝʡ ʩʚʷʟʠ ʠ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʯʴ ʠʜʝʪ ʦʙ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʚʝʨʭʥʠʭ ʝʝ ʩʣʦʷʭ ʧʦʤʝʭʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʯʴ ʠʜʝʪ ʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ. ʇʦ ʩʫʱʝʩʪʚʫ ʵʪʦ ʠʦʥʠʟʦʚʘʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʧʘʨʘ ʩʚʷʟʘʥʥʘʷ ʦʜʥʠʤ ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʦʥʦʤ, ʚʨʘʱʘʶʱʠʤʩʷ ʥʘ ʫʜʘʣʝʥʥʦʡ ʦʨʙʠʪʝ.  

ʕʪʦʪ ʵʣʝʢʪʨʦʥ ʫʜʝʨʞʠʚʘʝʪʩʷ ʟʘʨʷʜʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤ ʚ ʮʝʥʪʨʝ, ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʪʠ ʚʳʨʦʞʜʝʥʳ. ɺʳʨʦʞʜʝʥʠʝ ʩʥʠʤʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʘʪʦʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʠʜʙʝʨʛʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʣʠʯʥʦ ʦʪ ʥʫʣʷ. 

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʩʦʩʪʦʷʥʠʶ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʦʨʙʠʪʘʣʴʥʳʤ 

ʤʦʤʝʥʪʦʤ ʢʘʢ ʨʘʟ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʜʠʦʯʘʩʪʦʪʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʩʠʩʪʝʤʘʭ GPS ʠ 

ɻʃʆʅɸʉʉ. ʉʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʦ ʜʠʥʘʤʢʝ ʠ ʧʨʠʯʠʥʘʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʠʜʙʝʨʥʦʚʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʢʦʥʝʯʥʦ, ʠʩʩʣʝʜʦʚʘʪʴ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʝʥ. ʉʨʝʜʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʪʘʢʠʝ 

ʚʘʞʥʳʝ ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʚʦʟʜʫʰʥʦʡ, ʞʠʜʢʦʡ ʩʨʝʜʝ ʠ ʧʦ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʮʝʩʩʳ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʚʩʧʣʝʩʢʘʤʠ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʧʠʜʝʤʠʡ. ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ 
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ʫʨʘʚʥʝʥʠʷʤʠ (ʯʘʱʝ ʚʩʝʛʦ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ), ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ. 

ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʦʢʦ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ 

ʪʝʨʤʠʥʘʭ ʚʝʨʦʷʪʥʦʩʪʠ, ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʪʝʢʘʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʤʝʩʪʝ ʩ ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ 

ʘʥʘʣʠʟʘ ʩʣʫʯʘʡʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʜʝʡ ʜʠʩʢʨʝʪʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʝʨʝʛʫʣʷʨʥʳʭ ʤʥʦʞʝʩʪʚ 

ʤʦʤʝʥʪʦʚ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ. 

10.2. ʕʚʦʣʶʮʠʷ ʜʚʫʜʦʣʴʥʦʛʦ ʛʨʘʬʘ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʚʘ ʩʦʨʪʘ ʚʝʨʰʠʥ ʩʦʝʜʠʥʷʶʪʩʷ ʨʝʙʨʘʤʠ. ɺʝʨʰʠʥʳ ʦʜʥʦʛʦ ʩʦʨʪʘ ʥʝ 

ʩʦʝʜʠʥʷʶʪʩʷ. ʊʦʛʜʘ ʯʠʩʣʦ ʦʙʲʝʜʠʥʝʥʠʡ ʜʣʷ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʦʜʝʨʞʘʱʠʭ  

1 1,m n  ʠ 2 2,m n  ʚʝʨʰʠʥ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʦʨʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 1 2 2 1m n m n+ . ʏʠʩʣʦ 

ʚʘʢʘʥʪʥʳʭ ʤʝʩʪ ʜʣʷ ʨʝʙʝʨ ʚ ,m n ï ʢʦʤʧʦʥʝʥʪʝ ʝʩʪʴ mn n- . ʄʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ n 

ʨʘʚʥʘ = 1m nn + -. 

ɺʦʟʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ , ;m nn ï ʢʦʤʧʦʥʝʥʪ  

 
/ /

, ; , ;( ) = ( 1) .
mnt V mM t nM t t Vr g

m n g r m nn t M M e e C
m n

n

n n

- -å õå õ
-æ öæ ö

ç ÷ç ÷
 (1) 

 ʠ ʜʣʷ ʯʠʩʣʘ ,m n ʢʦʤʧʦʥʝʥʪ  

 
/ / 1 /

, 1, 1( ) = ( 1) ( ).
mnt V mM t nM t t V m n t Vr g

m n g r m nn t M M e e F e
m n

- - + -

- -

å õå õ
-æ öæ ö

ç ÷ç ÷
 (2) 

 

ɿʜʝʩʴ 
, , ;( ) = ( )m n m nn t n tnnä , ,g rM M  ï ʯʠʩʣʘ ʚʝʨʰʠʥ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʦʨʪʘ ʚ ʛʨʘʬʝ, 

ʘ , ,= /g r g rM M V , , :m nC n ï ʯʠʩʣʦ , ;m nn ʩʚʷʟʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʇʦʣʠʥʦʤʳ , ( )m nF x  ʠʛʨʘʶʪ ʪʫ 

ʞʝ ʨʦʣʴ, ʯʪʦ ʠ ʧʦʣʠʥʦʤʳ ʄʵʣʣʦʫ ʚʚʝʜʝʥʥʳʝ ʜʣʷ ʦʜʥʦʜʦʣʴʥʳʭ ʛʨʘʬʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ 

ʧʦʣʠʥʦʤ 1

1, 1(1 )m n

m nw F w+ -

- - +  ʛʝʥʝʨʠʨʫʝʪ , ;m nC n,  

 1

1, 1 , ;

= 1

(1 ) = .
mn

m n

m n m n

m n

w F w C wnn
n

+ -

- -

+ -

+ ä  (3) 

ʉʘʤʠ ʧʦʣʠʥʦʤʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʦʞʜʝʩʪʚʫ  

 
1

1, 1

, , =1

ln = ( 1) ( ) .
! ! ! !

m n m n
mn m n

m n

m n m n

x x F x
m n m n

x h x h
x h

¤
+ -

- -

å õ
- + +æ ö

ç ÷
ä ä  (4) 

ʕʪʦ ʦʙʦʙʱʝʥʠʝ ʪʝʦʨʝʤʳ ʈʠʜʜʝʣʷ ʜʣʷ ʜʚʫʜʦʣʴʥʳʭ ʛʨʘʬʦʚ. 

10.3. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ 

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘʥʠʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʤʝʥʷʝʪʩʷ ʩʣʫʯʘʡʥʦ. ʇʨʠ ʵʪʦʤ ʤʳ ʥʝ ʙʫʜʝʤ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʤʘʣʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʦʛʜʘ ʤʳ ʜʦʣʞʥʳ 

ʩʪʘʨʪʦʚʘʪʴ ʩ ʫʨʘʚʥʝʥʠʷ  
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1

= ( , ) .t

v

W v W A v v W W
t¡

¡ ¡µ + ÖÐ -ä  (5) 

ɿʜʝʩʴ = ( , : )W W r v t  ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʩʪʘʪʴ ʧʨʠʤʝʩʴ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ 1/ =
v

t
¡ä  ï ʦʙʨʘʪʥʦʝ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ (ʠʣʠ, ʣʫʯʰʝ 

ʩʢʘʟʘʪʴ, ʚ ʫʨʘʚʥʝʥʠʝ ʌʦʢʢʝʨïʇʣʘʥʢʘ ʧʨʠ ʤʘʣʳʭ ʩʤʝʱʝʥʠʷʭ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ). 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʦʜʝʣʴʶ ʚ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ A  ï ʩʝʧʘʨʘʙʝʣʴʥʘʷ ʬʫʥʢʮʠʷv  ʠ v¡: ( , ) = ( ) ( )A v v Aq V q v¡ ¡ ʇʝʨʝʭʦʜʷ ʢ 

ʬʫʨʴʝïʦʙʨʘʟʫ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʧʨʦʜʝʣʘʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ ʧʦ ʚʨʝʤʝʥʠ ʤʳ 

ʥʘʡʜʝʤ,  

 0

1
= ( )pW W ik vW W Aq v Q

t
- + Ö + , (6) 

 ʛʜʝ = ( )
v

Q q v Wä . ʊʦʛʜʘ ʧʦʣʫʯʘʝʤ  

 0( , ) = .
AqQ W

W p q
p ik v

+

+ Ö
 (7) 

ʀ ʜʣʷ Q  ʤʳ ʠʤʝʝʤ ʨʘʚʝʥʩʪʚʦ 

 0= ( , ) = .
AqQ W

Q W p q
p ik v

+

+ Ö
ä  (8) 

ʌʠʥʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʤʝʝʪ ʚʠʜ  

 0= ,
1

Q
Q

S-
 (9) 
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 0
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qW
Q

p ik v+ Ö
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= .
Aq

S
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ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʛʨʦʤʦʟʜʢʠ ʠ ʟʜʝʩʴ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ï ʨʝʟʢʘʷ ʛʨʘʥʠʮʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʩ ʢʦʥʝʯʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʤʝʥʝʝ ʢʨʫʪʦʡ ʧʨʦʬʠʣʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤ ʧʨʝʜʝʣʦʤ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ï ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʘʷ 

ʟʘʜʘʯʘ ʜʣʷ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʩʣʫʯʘʡʥʳʭ ʛʨʫʥʪʘʭ. 

10.4. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ ( ) = ( )x t f t¡  

ʇʫʩʪʴ D  ʦʧʝʨʘʪʦʨ ʜʠʩʢʨʝʪʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʟʘʜʘʥʥʳʭ ʥʘ ʢʦʥʝʯʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

[ , ]a b . ɽʩʣʠ | [ , ] |=a b n, ʪʦ ʦʧʝʨʘʪʦʨ D  ʧʝʨʝʚʦʜʠʪ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ 
n
 ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ 
n
, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʳʯʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʝʚʦʜʷʪ ʨʷʜ ʠʟ 

n
 

ʚ 
1n-
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ, ʪʦ ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ ʤʦʞʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʠʩʭʦʜʥʳʡ 

ʨʷʜ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʨʘʟ. 
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ʇʫʩʪʴ ʥʘ ʠʥʪʝʨʚʘʣʝ [ , ]a b  ʟʘʜʘʥʘ ʬʫʥʢʮʠʷ ( )f t , ʢʦʪʦʨʫʶ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ, ʪ.ʝ. ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ  

 ( ) = ( )x t f t¡  (10) 

 ʧʨʠ 0 0( ) = .x t f  

ʈʝʰʠʪʴ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʣʠʙʦ ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʦʙʳʯʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʦʡ, 

ʣʠʙʦ ʧʦʧʨʦʙʦʚʘʪʴ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. ʊ.ʝ. 

ʤʳ ʟʘʤʝʥʷʝʤ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʫʨʘʚʥʝʥʠʝ  

 = ,Dx f  (11) 

 ʛʜʝ 0= [ , , ]nf f f  ð ʟʘʜʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ, 0= [ , , ]nx x x  ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ, 

ʟʘʜʘʥʥʘʷ ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʟʘʤʝʥʷʝʤ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ (10)  ʥʘ 

ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (11) . 

ʈʘʥʛ ʤʘʪʨʠʮʳ D  ʥʘ ʝʜʠʥʠʮʫ ʤʝʥʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ, ʧʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʣʛʦʨʠʪʤʦʤ ʍʫʘʥʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʳ 

ʤʳ ʧʦʣʫʯʘʝʤ ʥʝʢʦʪʦʨʦʝ ʨʝʰʝʥʠʝ *x  ʠ ʤʘʪʨʠʮʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ H. ɼʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʥʘʯʘʣʴʥʦʤʫ ʫʩʣʦʚʠʶ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ  

 *

0= ,Hs x x+  (12) 

 ʦʪʢʫʜʘ ʠʩʢʦʤʘʷ ʢʦʥʩʪʘʥʪʘ  

 *

0= ( ) / .s x x H-  

ʅʘ ʨʠʩʫʥʢʘʭ 10.1, 10.2, 10.3 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ( ) = ( )x t f t¡  ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʘʚʳʭ ʯʘʩʪʝʡ. 

 

 

ʈʠʩʫʥʦʢ 10.1  ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ( ) = tx t e¡  
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ʈʠʩʫʥʦʢ 10.2  ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ( ) = sin( )x t t¡  

 

 

 

ʈʠʩʫʥʦʢ 10.3  ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ( ) = cos( )x t t¡  

 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ (ʤʝʪʦʜʘʤʠ ʂʦʰʠ ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ) ʩʨʘʚʥʠʤ ʠʭ ʩ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ. ʇʫʩʪʴ *x  ï ʪʦʯʥʦʝ 

ʨʝʰʝʥʠʝ, Cx  ï ʨʝʰʝʥʠʝ ʂʦʰʠ, Rx  ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʨʝʰʝʥʠʝ. ɺ ʪʘʙʣʠʮʝ 10.1 ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʩʨʘʚʥʝʥʠʷ.  

ʊʘʙʣʠʮʘ 10.1  ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʥʘ ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʷʭ 

 *

2( )CL x x-  *

2( )RL x x-  *( )CL x x¤ -  *( )RL x x¤ -  *

1( )CL x x-  *

1( )RL x x-  

te  39.143412 0.376609 11.116218 0.107059 267.857404 2.713228 

sin( )t  0.181393 0.006691 0.021089 0.001290 2.000000 0.068076 

cos( )t  0.314162 0.002618 0.041888 0.000609 3.141593 0.027784 
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ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ ʩʛʣʘʞʠʚʘʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʘ p  (ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ 

ʚ ʚʳʙʨʘʥʥʦʡ ʤʝʨʝ ʙʣʠʟʦʩʪʠ). ʇʦʵʪʦʤʫ ʭʦʪʝʣʦʩʴ ʧʦʩʤʦʪʨʝʪʴ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ 

ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʨʝʰʠʤ ʫʨʘʚʥʝʥʠʝ ( ) = sin( ) ( )x t t te¡ +  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʦʢʘʟʘʪʝʣʷ (ʨʠʩ. 10.4 ). 

 

ʈʠʩʫʥʦʢ 10.4  ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ( ) = sin( ) ( )x t t te¡ +  

 

ɺ ʪʘʙʣʠʮʝ 10.2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʨʝʰʝʥʠʷ ʂʦʰʠ ʠ ʨʝʰʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ p. ɺ ʪʘʙʣʠʮʝ 
*x  ï ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

( ) = sin( )x t t¡ , x  ï ʦʜʥʦ ʠʟ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ( ) = sin( ) ( ).x t t te¡ +   

ʊʘʙʣʠʮʘ 10.2  ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ p  

 x   *

2( )L x x-    *( )L x x¤ -    *

1( )L x x-   

ʂʦʰʠ   0.275219   0.040904   2.916814  

=10p    0.192984   0.039018   1.921600  

= 30p    0.167276   0.032700   1.706131  

= 70p    0.167189   0.032672   1.705344  

 

10.5. ʇʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʠʦʥʦʩʬʝʨʳ 

ʀʦʥʦʩʬʝʨʥʳʝ ʘʵʨʦʟʦʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʛʣʦʙʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʥʦʡ ʠʦʥʦʩʬʝʨʳ. ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʘʵʨʦʟʦʣʝʡ ʚ 

ʠʦʥʦʩʬʝʨʝ ï ʵʪʦ ʧʦʩʪʫʧʣʝʥʠʝ ʤʝʪʝʦʨʠʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʢʦʩʤʦʩʘ. ʄʝʪʝʦʨʠʪʳ ʩʛʦʨʘʶʪ 

ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʧʘʨ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʠ ʜʘʝʪ ʦʙʣʘʢʦ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʟʤʝʨʳ ʠʦʥʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ 

ʯʘʩʪʠʮ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 0.01 ï 10 ʤʢʤ. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʥʝ 

ʠʟʚʝʩʪʥʘ. ʄʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʚʠʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ï 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʝ ʠ ʩʪʝʧʝʥʥʦʝ. 
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ʆʩʥʦʚʥʳʝ ʫʯʘʩʪʥʠʢʠ ʘʵʨʦʟʦʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ï ʵʪʦ ʩʘʤʠ ʘʵʨʦʟʦʣʴʥʳʝ 

ʯʘʩʪʠʮʳ, ʠʦʥʳ (ʚ ʦʩʥʦʚʥʦʤ ʠʦʥʳ ʘʟʦʪʘ) ʠ ʵʣʝʢʪʨʦʥʳ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʫʯʘʩʪʥʠʢʦʚ ʘʵʨʦʟʦʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 10.1. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʫʜʝʣʠʤ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʠʤ ʘʵʨʦʟʦʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, 

ʧʨʦʪʝʢʘʶʱʠʤ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʠʦʥʦʩʬʝʨʳ.  

  1. ɿʘʨʷʜʢʘ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ 

  2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʟʘʨʷʜʘʤ 

  3. ʂʦʥʜʝʥʩʘʮʠʷ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ 

  4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣʥʘʤʠ ʚ ʠʦʥʦʩʬʝʨʝ 

  5. ʈʘʩʩʝʷʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

  6. ʌʦʪʦʟʘʨʷʜʢʘ ʯʘʩʪʠʮ 

  7. ʂʦʣʣʝʢʪʠʚʥʳʝ ʤʦʜʳ ʚʦʟʥʠʢʘʶʱʠʝ ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʫʪʩʪʚʠʶ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ 

ʠʦʥʦʩʬʝʨʝ.  

10.6. ʅʦʚʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʩʢʦʨʦʩʪʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʚ ʠʦʥʦʩʬʝʨʝ 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʜʨʫʛʦʡ ʧʨʠʥʮʠʧ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ, ʛʜʝ ʩʰʠʚʘʣʠʩʴ 

ʧʦʪʦʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʠ ʩʚʦʙʦʜʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʤ ʧʨʝʜʝʣʘʭ, ʘ ʨʘʜʠʫʩ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʬʝʨʳ ʦʧʨʝʜʝʣʷʣʩʷ ʠʟ ʪʨʝʙʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʦʡ ʧʨʦʬʠʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʤʦʣʝʢʫʣ. ʕʪʘ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʨʘʥʝʝ, ʪ.ʢ. ʨʝʟʫʣʴʪʘʪ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ ʠ ʪʝʧʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʘ ʥʝ ʯʝʨʝʟ ʜʣʠʥʫ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ. ʌʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ:  
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ʕʪʘ ʬʦʨʤʫʣʘ ʦʯʝʥʴ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʢʦʥʜʝʥʩʘʮʠʠ. 

10.7. ʀʦʥ-ʘʵʨʦʟʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʠʦʥʦʩʬʝʨʝ 

ʈʝʢʦʤʙʠʥʘʮʠʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ. ɿʘʨʷʞʝʥʥʳʡ ʠʦʥ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ 

ʯʘʩʪʠʮʝ ʜʦʣʞʝʥ ʧʦʪʝʨʷʪʴ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʪʘʢ, ʯʪʦʙʳ ʧʦʧʘʩʪʴ ʚ ʩʚʷʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʀ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʟʘʭʚʘʯʝʥ ʯʘʩʪʠʮʝʡ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʠʜʝʪ ʪʦʣʴʢʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪʴʝʡ ʯʘʩʪʠʮʳ (ʦʙʳʯʥʦ ʵʪʦ ʤʦʣʝʢʫʣʘ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ). ʇʦʵʪʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʜʦʣʞʥʦ ʟʘʚʠʩʝʪʴ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ. ʉʦʚʝʨʰʝʥʥʦ ʷʩʥʦ, ʯʪʦ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʠʜʝʪ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʜʣʠʥʫ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʠʦʥʘ. ɼʘʣʝʝ, ʧʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʩ ʪʨʝʪʴʠʤ ʪʝʣʦʤ ʠʦʥ ʜʦʣʞʝʥ ʟʘʥʷʪʴ ʥʠʟʢʦʣʝʞʘʱʠʝ ʩʦʩʪʦʷʥʠʷ, ʘ ʠʥʘʯʝ ʩʦʩʪʦʷʥʠʝ ʠʦʥ-

ʯʘʩʪʠʮʘ ʦʢʘʞʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʠ ʝʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʝ ʭʚʘʪʠʪ ʥʘ ʪʦ, ʯʪʦʙʳ ʟʘʭʚʘʪʠʪʴ 

ʠʦʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʠʦʥʫ 

ʧʨʠʙʣʠʟʠʪʴʩʷ, ʯʪʦʙʳ ʙʳʪʴ ʟʘʭʚʘʯʝʥʥʳʤ ʯʘʩʪʠʮʝʡ. ʆʜʥʘʢʦ, ʚʢʣʘʜ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ. ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʣʝʞʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʟʦʥʝ ʩʚʦʙʦʜʥʦ-

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥ ʥʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ, ʘ ʟʥʘʯʠʪ 

ʥʝʧʨʝʤʝʥʥʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʜʠʬʬʫʟʠʦʥʥʫʶ ʟʦʥʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʪʝ ʪʨʘʝʢʪʦʨʠʠ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʩʝʢʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮʳ, ʤʦʛʫʪ ʜʘʪʴ ʚʢʣʘʜ ʚ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ 

ʧʨʦʮʝʩʩ. ʄʳ ʞʝ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʩʝ ʪʨʘʝʢʪʦʨʠʠ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʜʘʶʪ 
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ʚʢʣʘʜ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫ ʠʦʥʘ ʧʦʧʘʚʰʝʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʛʣʫʙʦʢʦ ʚ ʢʫʣʦʥʦʚʩʢʫʶ ʷʤʫ ʝʩʪʴ ʦʯʝʥʴ ʤʘʣʦ ʰʘʥʩʦʚ ʚʝʨʥʫʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʦʥ 

ʤʦʞʝʪ ʚʳʣʝʪʝʪʴ ʠ ʩʪʘʪʴ ʩʚʦʙʦʜʥʳʤ. ʆʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʦʝ 

ʜʦʣʞʝʥ ʧʨʠʙʣʠʟʠʪʴʩʷ ʠʦʥ ʯʪʦʙʳ ʙʳʪʴ ʟʘʭʚʘʯʝʥʥʳʤ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʩʰʠʚʘʥʠʷ ʧʦʪʦʢʦʚ. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ 

ʚʛrʣʷʜʠʪ ʦʯʝʥʴ ʧʨʦʩʪʦ  
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ʛʜʝ R(a)= 4 / TD v . ɿʜʝʩʴ D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ ʚ ʛʘʟʝ-ʥʦʩʠʪʝʣʝ ʠ 

2= /cl e kT  ï ʢʫʣʦʥʦʚʩʢʘʷ ʜʣʠʥʘ. ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʤʘʣʝʥʴʢʠʭ ʯʘʩʪʠʮ, 

ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ. ʈʘʟʫʤʝʝʪʩʷ, ʵʪʦ 

ʚʳʨʘʞʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ ʃʵʥʛʤʶʨʘ ʧʨʠ ʟʘʤʝʪʥʦ ʙʦʣʴʰʠʭ R(a). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮʳ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ. 
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11. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʛʝʦʧʦʨʪʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ (ʵʪʘʧ 2017 ʛʦʜʘ) 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0007 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: ɸɸɸɸ-ɸ17-117012610077-5 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʪ.ʥ. ɺ. ɻ. ɻʝʪʤʘʥʦʚ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʩ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʈ. ʀ. ʂʨʘʩʥʦʧʸʨʦʚ 

11.1. ɺʚʝʜʝʥʠʝ 

ʅʘʩʪʦʷʱʠʡ ʧʨʦʝʢʪ ʚʳʧʦʣʥʷʣʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʆʅɿ ʈɸʅ IV.8.7 

''ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʛʝʦʬʠʟʠʢʘ''. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʝʢʪʫ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʰʠʨʥʦʡ 

ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʙʘʟʳ ʛʝʦʜʘʥʥʳʭ ʧʦ ʛʝʦʬʠʟʠʢʝ. ɻʝʦʜʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʙʘʟʝ 

ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʘʪʝ ɻʀʉ-ʧʨʦʝʢʪʦʚ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʚʠʜʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ''ɻʝʦʬʠʟʠʢʘ''. ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʙʘʟʘ 

ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʛʝʦʜʘʥʥʳʭ ʧʦ ʬʠʟʠʢʝ ʪʚʝʨʜʦʡ ɿʝʤʣʠ, ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ɿʝʤʣʠ 

ʠ ʜʨ. ʜʠʩʮʠʧʣʠʥʘʤ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʛʝʦʧʦʨʪʘʣʘ ɻʀʉ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʟʜʝʣʘ ʚʝʙ-ʩʘʡʪʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ INTERMAGNET. 

11.2. ʈʘʩʰʠʨʝʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ''ɻʝʦʬʠʟʠʢʘ''  

11.2.1. ʎʠʬʨʦʚʘʷ ʢʘʨʪʘ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʤʠʨʘ WDMAM 

ʃʠʪʦʩʬʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʣʠʪʦʩʬʝʨʳ. ʂʘʨʪʳ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʝʝ ʫʟʥʘʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʠ ʩʪʨʦʝʥʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ. ɻʣʦʙʘʣʴʥʳʝ ʢʘʨʪʳ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦʣʝʟʥʳ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ 

ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʨʳ ʩ ʛʣʫʙʠʥʥʦʡ ʤʘʥʪʠʝʡ ʠ ʜʨʫʛʠʤʠ ʘʩʧʝʢʪʘʤʠ 

ʜʠʥʘʤʠʢʠ ɿʝʤʣʠ. ʇʨʦʝʢʪ WDMAM ð ʵʪʦ ʧʦʧʳʪʢʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚʩʝʭ 

ʜʦʩʪʫʧʥʳʭ ʦʢʦʣʦʟʝʤʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʤʘʛʥʠʪʥʳʤ ʘʥʦʤʘʣʠʷʤ. ʇʨʦʝʢʪ ʙʳʣ 

ʟʘʧʫʱʝʥ ʚ 2003 ʛ. ʠ ʚ 2007 ʛ. ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʠ ʦʬʠʮʠʘʣʴʥʦ ʧʨʠʥʷʪʘʷ ʢʘʨʪʘ WDMAM. 

ʂʘʨʪʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʦʜʝʣʠ MF5. ɺ 2010 ʛ. ʥʘʯʘʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʦʙʥʦʚʣʝʥʥʦʡ 

ʚʝʨʩʠʠ ʢʘʨʪʳ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʣʦʞʥʦʡ ʧʨʦʮʝʜʫʨʳ ʚʘʣʠʜʘʮʠʠ ʠ ʢʦʨʨʝʢʮʠʠ ʢʘʨʪʘ ʙʳʣʘ 

ʦʬʠʮʠʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠ ʧʨʠʥʷʪʘ ʥʘ 26-ʡ ɻʝʥʝʨʘʣʴʥʦʡ ʘʩʩʘʤʙʣʝʝ IUGG ʚ ʠʶʥʝ 2015 ʛ. 

ʚ ʇʨʘʛʝ, ʏʝʭʠʷ (ʨʠʩ. 11.1). 

11.2.2. ʂʘʨʪʘ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ɿʝʤʣʠ EMAG2 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʢʦʣʴ`ʢʠʭ ʣʝʪ ʨʘʙʦʪʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ 

2009 ʛ. ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʢʦʨʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ, ʧʦʣʫʯʠʚʰʘʷ 

ʦʙʦʟʥʘʯʝʥʠʝ EMAG2. ʄʦʜʝʣʴ EMAG2 ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʙʦʣʝʝ 100 ʧʦʩʪʘʚʱʠʢʦʚ ʜʘʥʥʳʭ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. ʆʥʘ ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ, ʤʦʨʩʢʠʭ ʠ ʘʵʨʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 2 ʤʠʥʫʪʳ ʜʫʛʠ. ɺ 2017 ʛ. ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʥʦʚʣʝʥʥʘʷ, ʪʨʝʪʴʷ, 

ʚʝʨʩʠʷ ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 11.1  ʎʠʬʨʦʚʘʷ ʢʘʨʪʘ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʤʠʨʘ WDMAM [Dyment et al., 

2015; Lesur et al., 2016]. ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʨʝʜʩʪʚʘʤʠ ʛʝʦʧʦʨʪʘʣʘ gis.gcras.ru 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʥʦʚʣʝʥʠʝʤ ʩʝʨʠʠ ʤʦʜʝʣʝʡ 

EMAG. ʄʦʜʝʣʴ EMAG2 ʚʝʨʩʠʠ 3 ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʪʨʘʞʘʝʪ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʚ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʠ ʪʦʯʥʝʝ ʤʦʜʝʣʠʨʫʝʪ ʨʝʛʠʦʥʳ, ʥʘ ʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʦʜʝʣʠ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʝʪ 2 ʤʠʥʫʪʳ ʜʫʛʠ. ʉʫʱʝʩʪʚʝʥʥʳʤ 

ʜʦʧʦʣʥʝʥʠʝʤ ʥʦʚʦʡ ʚʝʨʩʠʠ ʷʚʣʷʶʪʩʷ ʩʝʪʦʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ ʜʣʷ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ. ʇʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʘʵʨʦʤʘʛʥʠʪʥʳʭ ʠ ʤʦʨʩʢʠʭ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʀʥʪʝʨʧʦʣʷʮʠʷ ʤʝʞʜʫ 

ʨʘʟʨʝʞʝʥʥʳʤʠ ʪʨʝʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʢʨʘʡʛʠʥʛʘ. ʅʘʠʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʵʣʝʤʝʥʪʳ (ʙʦʣʝʝ 300 ʢʤ) ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʦʚʳʤʠ ʜʝʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʩʧʫʪʥʠʢʦʚʦʡ ʤʦʜʝʣʠ MF7. 

ʎʠʬʨʦʚʳʝ ʢʘʨʪʳ WDMAM ʠ EMAG2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʝʪʦʯʥʳʭ ʜʘʥʥʳʭ ʥʘ ʚʩʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ 

ʚʳʩʦʪʝ 5 ʠ 4 ʢʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʭʦʜʥʳʝ ʩʝʪʦʯʥʳʝ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ 

GeoTIFF ʙʳʣʠ ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʚ ʦʪʜʝʣʴʥʫʶ ʬʘʡʣʦʚʫʶ ʙʘʟʫ ʛʝʦʜʘʥʥʳʭ (ɹɻɼ) ð ʬʦʨʤʘʪ 

gdb ESRI ArcGIS ð ʠ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʩʣʦʷ ɻʀʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʢʣʶʯʝʥʠʝʤ ʚ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʝʨʚʠʩ ''ɻʝʦʬʠʟʠʢʘ'' ʥʘ ʩʝʨʚʝʨʝ ɻʎ ʈɸʅ. 

11.3. ʈʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʛʝʦʧʦʨʪʘʣʘ 

11.3.1. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɹɻɼ 

ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʝʦʜʘʥʥʳʤʠ, ʥʘʢʘʧʣʠʚʘʝʤʳʤʠ ʚ ɹɻɼ ɻʎ 

ʈɸʅ ʷʚʣʷʝʪʩʷ ʚʝʙ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʩʥʦʚʘ ʢʦʪʦʨʦʛʦ ð 

ʪʝʤʘʪʠʯʝʩʢʠʡ ʛʝʦʧʦʨʪʘʣ. ʉʦʟʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʝʨʚʝʨ ɹɻɼ, ɻʀʉ-ʩʝʨʚʝʨ ʠ 

ʚʝʙ-ʩʝʨʚʝʨ. ʆʙʱʘʷ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 11.2. 

http://gis.gcras.ru/
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ʈʠʩʫʥʦʢ 11.2  ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ 

ʅʘ ʩʝʚʝʨʝ ɹɼ ʨʘʟʚʝʨʥʫʪʦ ʬʘʡʣʦʚʦʝ ʭʨʘʥʠʣʠʱʝ ʠ ʨʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʉʋɹɼ Microsoft SQL Server Express. ɺ ʙʘʟʝ ʭʨʘʥʷʪʩʷ ʨʘʩʪʨʦʚʳʝ ʠ ʚʝʢʪʦʨʥʳʝ 

ʩʣʦʠ ʜʘʥʥʳʭ ʧʦ ʛʝʦʬʠʟʠʢʝ ʠ ʜʨʫʛʠʤ ʪʝʤʘʪʠʯʝʩʢʠʤ ʢʘʪʝʛʦʨʠʷʤ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ 

(ʛʝʦʜʝʟʠʷ, ʛʝʦʣʦʛʠʷ, ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʠ ʜʨ.). ɻʀʉ-ʩʝʨʚʝʨ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʜʦʩʪʫʧ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʘʥʥʳʤ ʚ ɹɻɼ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʧʫʙʣʠʢʘʮʠʠ ʚ ʬʦʨʤʘʪʝ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ɹɼ ʠ ɻʀʉ-ʩʝʨʚʝʨʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʱʠʱʝʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ ʦʙʨʘʱʘʝʪʩʷ ʢ ʜʘʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 

ʨʘʟʚʝʨʥʫʪʦʛʦ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʝ. ʏʝʨʝʟ ʥʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʱʝʥʠʝ ʢ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʩʝʨʚʠʩʘʤ ʠ ʩʝʨʚʠʩʘʤ ʛʝʦʦʙʨʘʙʦʪʢʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʥʘ ɻʀʉ-ʩʝʨʚʝʨʝ. ʆʥʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʛʝʦʧʦʨʪʘʣʘ. ʇʨʠʣʦʞʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʧʠʩʦʢ ʜʦʩʪʫʧʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʛʝʦʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢ ʥʠʤ ʧʨʠʤʝʥʷʪʴ. ɺ 2017 ʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ 

ʨʘʩʰʠʨʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʣʦʞʝʥʠʷ ʠ ʛʝʦʧʦʨʪʘʣʘ. ɹʳʣʠ ʜʦʙʘʚʣʝʥʳ 

ʬʫʥʢʮʠʠ ʧʦʠʩʢʘ ʜʘʥʥʳʭ; ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʘʤʦʡ ʢʘʨʪʦʡ: ʠʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ, 

ʧʣʦʱʘʜʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ. 

11.3.2. ʀʥʪʝʨʘʢʪʠʚʥʦʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʠʥʪʝʨʥʝʪ-ʩʘʡʪʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ INTERMAGNET 

ɺ 2017 ʛ. ʧʦ ʧʨʝʜʣʦʞʝʥʠʶ ʨʫʢʦʚʦʜʩʪʚʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

INTERMAGNET ʙr ʣʦ ʩʦʟʜʘʥʦ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʦʙʩʝʨʚʘʪʦʨʠʡ ʩʝʪʠ ʥʘ ʢʘʨʪʝ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʜʝʣʘ ʥʘ ʠʥʪʝʨʥʝʪ-ʩʘʡʪʝ 

INTERMAGNET (http://intermagnet.org/imos/imomap-eng.php). ɺ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ ʩʘʡʪʘ 

ʢʘʨʪʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʨʦʩʪʦʝ ʨʘʩʪʨʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʯʪʦ ʙʳʣʦ ʢʨʘʡʥʝ ʥʝʛʠʙʢʠʤ ʠ 

ʥʝʫʜʦʙʥʳʤ ʨʝʰʝʥʠʝʤ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʦʟʜʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʫʶ ʢʘʨʪʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʙʨʘʱʝʥʠʷ ʢ ʙʘʟʝ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʩʧʨʘʚʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʢʘʞʜʦʡ ʠʟ 

ʦʙʩʝʨʚʘʪʦʨʠʡ. ʈʝʘʣʠʟʘʮʠʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʤʦʱʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ ArcGIS API for JavaScript. ʆʙʩʝʨʚʘʪʦʨʠʠ ʦʪʤʝʯʝʥʳ ʥʘ ʢʘʨʪʝ ʧʫʥʩʦʥʘʤʠ ʩ 

ʠʟʦʙʨʘʞʝʥʠʝʤ ʵʤʙʣʝʤʳ ʩʝʪʠ INTERMAGNET. ɼʣʷ ʢʘʞʜʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʪʨʠʙʫʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʣʠʢʥʫʚ ʧʦ ʥʝʡ (ʨʠʩ. 11.3). 

http://intermagnet.org/imos/imomap-eng.php
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ʈʠʩʫʥʦʢ 11.3  ɺʥʝʰʥʠʡ ʚʠʜ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʠʥʪʝʨʥʝʪ-ʩʘʡʪʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ INTERMAGNET 

(http://intermagnet.org/imos/imomap-eng.php). ɺʳʟʚʘʥʦ ʦʢʥʦ ʩ ʤʝʪʘʜʘʥʥʳʤʠ ʜʣʷ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ''ɸʨʪʠ''  (ARS) 

11.3.3. ʀʥʩʪʨʫʤʝʥʪʳ ʛʝʦʦʙʨʘʙʦʪʢʠ 

ɺʘʞʥʝʡʰʠʤ ʩʚʦʡʩʪʚʦʤ ʩʦʟʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʢʦʤʧʦʥʝʥʪʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʘʩʰʠʨʷʝʤʦʡ ʙʘʟʳ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʩʨʝʜʫ ɻʀʉ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʝʦʦʙʨʘʙʦʪʢʠ. ʆʩʥʦʚʫ ʙʘʟʳ ʩʦʩʪʘʚʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ɻʎ ʈɸʅ 

ʘʣʛʦʨʠʪʤʳ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ɼʄɸ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ 

ʢʘʪʘʣʦʛ ʢʦʤʧʣʝʢʩʘ ʚʢʣʶʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ɼʄɸ: ''ʄʦʥʦʣʠʪ'', ''ʈʦʜʝʥ-2'' ʠ ''DPS'' 

[0 et al., 2015; Soloviev et al., 2016]. ɺ 2017 ʛ. ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʦʪʜʝʣʴʥʳʡ ʥʘʙʦʨ 

ʠʥʩʪʨʫʤʝʥʪʦʚ (toolbox) ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʥʘʩʪʦʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ArcGIS Desktop, 

ʥʘ ʢʦʪʦʨʳʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ [ʉʦʣʦʚʴʝʚ ʠ 

ʜʨ., 2017]. ɺ 2017 ʛ. ʘʣʛʦʨʠʪʤ  

DPS [Agayan et al., 2014; Nikolov et al., 2015] ʙʳʣ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʚʫʤʝʨʥʳʤʠ 

ʨʘʩʪʨʦʚʳʤʠ ʜʘʥʥʳʤʠ ʠ ʜʦʙʘʚʣʝʥ ʚ ʢʘʪʘʣʦʛ ʘʣʛʦʨʠʪʤʦʚ ʦʧʠʩʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʨʘʩʪʨʦʚʳʤʠ ʩʣʦʷʤʠ ʛʝʦʜʘʥʥʳʭ, ʟʥʘʯʝʥʠʝ ʚ ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʘʥʦʤʘʣʠʷ ʛʝʦʠʜʘ, ʘʥʦʤʘʣʠʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʤʘʛʥʠʪʥʘʷ ʘʥʦʤʘʣʠʷ ʠ ʪ.ʧ.). ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʘʣʛʦʨʠʪʤʘ 

ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʣʷʪʴ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʘʥʦʤʘʣʠʠ, ʢʦʪʦʨʳʝ ʚ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʤʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʵʣʝʤʝʥʪʦʚ 

ʥʝʯʝʪʢʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ɼʄɸ. 

http://intermagnet.org/imos/imomap-eng.php
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ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʨʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʥʘʙʣʶʜʝʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʵʪʘʧ 2017 ʛʦʜʘ) 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0009 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: ɸɸɸɸ-ɸ17-117012610080-5 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʪ.ʥ. ɺ. ɻ. ɻʝʪʤʘʥʦʚ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʟʘʤ. ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʢʝ ɻʎ ʈɸʅ,  

ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ. ɸ. ʉʦʣʦʚʴʝʚ 

12.1. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʥʦʚʳʭ ʚʩʧʣʝʩʢʦʚ ʚʝʢʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʟʘ ʧʝʨʠʦʜ 1991.0ï

2015.0 

12.1.1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʅʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʘʥʥʳʝ ʛʣʦʙʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʩʝʨʚʘʪʦʨʠʡ ʟʘ ʧʝʨʠʦʜ 

1991.0ï2015.0. ʆʪʙʦʨ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʥʝ ʤʝʥʝʝ  

17 ʧʦʣʥʳʭ ʣʝʪ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 1991.0ï2015.0, ʛʝʦʤʘʛʥʠʪʥʘʷ ʰʠʨʦʪʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ 

ʧʨʝʜʝʣʘʭ Ñ55 ʛʨʘʜʫʩʦʚ. ʅʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʙʩʝʨʚʘʪʦʨʠʠ ʩʝʪʠ 

ʀʅʊɽʈʄɸɻʅɽʊ ʠ ʜʘʥʥʳʝ ʩʪʘʪʫʩʘ ''ʦʢʦʥʯʘʪʝʣʴʥʳʝ'', ʪ.ʢ. ʣʠʰʴ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʚʳʩʦʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʙʘʟʠʩʥʳʭ ʣʠʥʠʡ, ʯʪʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʣʷ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ɺʋ. ʅʝʩʤʦʪʨʷ ʥʘ ʞʝʩʪʢʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ, ʟʘʧʠʩʠ ʥʝʢʦʪʦʨʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩʦʜʝʨʞʘʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʰʫʤʣʝʥʥʳʭ 

ʠ ʧʨʦʙʣʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʜʦʩʪʠʛʘʚʰʝʝ 20% ʦʪ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʜʘʥʥʳʭ. ɺʩʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʧʨʝʜʤʝʪ ʩʢʘʯʢʦʚ ʜʣʷ ʯʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ''World Monthly Means Database'' [Chulliat, 

Telali, 2007] ʠ ʙʘʟʳ ''Worldwide Observatory Annual Means'' 

(http://www.geomag.bgs.ac.uk/data_service/data/annual_means.shtml). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ 56 ʦʙʩʝʨʚʘʪʦʨʠʡ (ʨʠʩ. 12.1), ʢ ʜʘʥʥʳʤ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʣʩʷ ʩʦʟʜʘʥʥʳʡ ʤʝʪʦʜ ʥʘ 

ʙʘʟʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ (GrS) [Agayan et al., 2014] ʜʣʷ ʨʘʩʯʝʪʘ ɺʍ ʠ ɺʋ 

ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʳ. 
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ʈʠʩ. 12.1  ʉʚʝʨʭʫ: ʢʘʨʪʘ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʜʘʥʥʳʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʚʩʧʣʝʩʢʦʚ ɺʋ. ʉʥʠʟʫ: ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ (ʍʌ) ʜʣʷ ʟʘʧʠʩʠ d2ʍ/ʛʦʜ2 ʧʦ ʜʘʥʥʳʤ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʨʠ ʧʦʨʦʛʝ 

A=2 ʥʊʣ/ʛʦʜ2 (ʩʣʝʚʘ) ʠ ʝʚʨʦʧʝʡʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʨʠ ʧʦʨʦʛʝ A=3 ʥʊʣ/ʛʦʜ2 (ʩʧʨʘʚʘ). 

ʉʠʥʠʝ ʠ ʢʨʘʩʥʳʝ ʩʪʦʣʙʠʢʠ ʦʪʨʘʞʘʶʪ ʝʞʝʤʝʩʷʯʥʳʡ ʧʨʦʮʝʥʪ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ 

d2B/dt2<ïA (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʩʧʣʝʩʢʠ ɺʋ) ʠ d2B/dt2>A (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʩʧʣʝʩʢʠ ɺʋ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʠʢʠ ʍʌ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʩʧʣʝʩʢʘʭ ɺʋ ʚ ʨʘʡʦʥʝ 1996, 1999, 2002, 

2006, 2009, 2012 ʠ 2014 ʛʛ. 

12.1.2. ɻʣʦʙʘʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʦʟʥʘʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ɺʋ 

ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚʩʧʣʝʩʢʦʚ ɺʋ ʧʦ ʤʥʦʞʝʩʪʚʫ ʦʙʩʝʨʚʘʪʦʨʠʡ ʜʣʷ ʢʘʞʜʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʤʳ ʚʚʦʜʠʤ ʟʘʚʠʩʷʱʫʶ ʦʪ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ (ʍʌ), 

ʦʧʨʝʜʝʣʷʝʤʫʶ ʢʘʢ ʧʨʦʮʝʥʪ ʦʙʩʝʨʚʘʪʦʨʠʡ ʠʟ ʯʠʩʣʘ ʜʦʩʪʫʧʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ ɺʋ ʧʨʝʚʳʰʘʝʪ 

ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ A ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, ʍʌ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ 

ʨʘʟʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 12.1, ʍʌ ʜʣʷ ʢʦʤʧʦʥʝʥʪ X ʠ Z, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʚʩʝʤ 

ʦʙʩʝʨʚʘʪʦʨʠʷʤ, ʠʤʝʶʪ ʣʦʢʘʣʴʥʳʝ ʵʢʩʪʨʝʤʫʤʳ ʚ ʨʘʡʦʥʝ 1996, 1999, 2002, 2006, 2009, 2012 

ʠ 2014 ʛʛ.  

ʕʪʦ ʷʚʣʷʝʪʩʷ ʷʚʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʥʘʰ ʤʝʪʦʜ ʩʧʦʩʦʙʝʥ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʧʦʚʳʰʝʥʥʫʶ ʵʥʝʨʛʠʶ ɺʋ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ ʠ ʥʝʦʜʥʦʨʦʜʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʧʦʢʨʳʪʠʝʤ, ʠ ɺʋ ʥʝ ʧʨʦʜʣʝʚʘʣʦʩʴ ʚʛʣʫʙʴ ʜʦ ʛʨʘʥʠʮʳ ʷʜʨʦ-ʤʘʥʪʠʷ. ɺʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʚʳʪʝʢʘʝʪ ʠʟ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʜʣʝʚʘʪʴ ʚʛʣʫʙʴ ʜʘʥʥʳʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ 

ʦʜʥʦʡ ʪʦʯʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʤʘʩʰʪʘʙʳ 

ʜʦʤʠʥʠʨʫʶʪ ʚ ʩʠʛʥʘʣʝ ɺʋ, ʜʝʪʝʢʪʠʨʫʝʤʦʤ ʥʘʰʠʤ ʤʝʪʦʜʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʩʠʛʥʘʣʝ ɺʋ ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ-ʤʘʥʪʠʷ ʜʦʤʠʥʠʨʫʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʤʘʩʰʪʘʙʳ, ʦʩʦʙʝʥʥʦ 
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ʩʪʝʧʝʥʠ ʉɻɸ ʦʪ 4 ʜʦ 6 [Chulliat, Maus, 2014]. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʠʢʠ ʍʌ ʧʦ Y-

ʢʦʤʧʦʥʝʥʪʝ ʠʤʝʶʪ ʚʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ (2012) ʜʦ ʜʚʫʭ ʣʝʪ (2006) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʵʧʦʭʘʤ ʚʩʧʣʝʩʢʦʚ ɺʋ. ʇʨʠʯʠʥʘ ʥʝ ʩʦʚʩʝʤ ʷʩʥʘ: ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʦʜʦʣʞʝʥʠʝʤ ʚʚʝʨʭ ʛʣʘʚʥʦʛʦ ʄʇɿ ʦʪ ʛʨʘʥʠʮʳ ʷʜʨʦ-ʤʘʥʪʠʷ ʜʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʧʨʦʷʚʣʝʥʠʝʤ ʵʢʩʪʨʝʤʫʤʦʚ ʥʘ X- ʠ Y-ʢʦʤʧʦʥʝʥʪʘʭ ʥʝʩʢʦʣʴʢʦ ʚ ʠʥʳʭ 

ʨʝʛʠʦʥʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʍʌ ʧʦ ʜʘʥʥʳʤ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʈʠʩʫʥʦʢ 12.1 ʪʘʢʞʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʯʝʨʝʜʦʚʘʥʠʝ ʟʥʘʢʘ ʚʩʧʣʝʩʢʦʚ ɺʋ ʥʘ ʍʌ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ X ʠ Z, ʥʝ ʪʦʣʴʢʦ 

ʟʘ ʧʝʨʠʦʜ 2005ï2012 ʛʛ., ʥʦ ʠ ʥʘ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰ 

ʤʝʪʦʜ ʢʦʨʨʝʢʪʥʦ ʜʝʪʝʢʪʠʨʫʝʪ ʧʦʣʷʨʥʦʩʪʴ ʚʩʧʣʝʩʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʷʜʨʘ ʥʘ 

ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ï ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ɺʋ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʧʫʪʝʤ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ɺʋ ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ-ʤʘʥʪʠʷ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʨʦʛʘ ʦʪ 2 ʜʦ 5 ʥʊʣ/ʛʦʜ2 ʥʝʢʦʪʦʨʳʝ ʧʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʦʩʪʨʝʝ (ʥʘʧʨ., ʚ 

2009 ʠ 2012 ʛʛ. ʥʘ X-ʢʦʤʧʦʥʝʥʪʝ), ʘ ʥʝʢʦʪʦʨʳʝ ï ʮʝʣʠʢʦʤ ʩʛʣʘʞʠʚʘʶʪʩʷ (ʥʘʧʨ., ʚ 2012 ʥʘ 

Z-ʢʦʤʧʦʥʝʥʪʝ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʰ ʤʝʪʦʜ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ï ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʩʧʣʝʩʢʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘʙʦʨ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ. 

ɺʩʝ ʯʝʪʳʨʝ ʥʦʚʳʭ ʚʩʧʣʝʩʢʘ ɺʋ (1996, 1999, 2002 ʠ 2014 ʛʛ.) ʫʩʪʦʡʯʠʚʦ 

ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʥʘ ʍʌ ʧʦ X-ʢʦʤʧʦʥʝʥʪʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ A ʜʦ 5 

ʥʊʣ/ʛʦʜ2. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʘʤʧʣʠʪʫʜʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʚʩʧʣʝʩʢʦʚ 2009 ʠ 

2012 ʛʛ., ʧʦ ʘʤʧʣʠʪʫʜʝ ʦʥʠ ʩʨʘʚʥʠʤʳ ʠʣʠ ʜʘʞʝ ʙʦʣʴʰʝ, ʯʝʤ ʚʩʧʣʝʩʢ 2006 ʛ. ɺ ʩʣʫʯʘʝ 

ʢʦʤʧʦʥʝʥʪʳ Z ʢʘʨʪʠʥʘ ʤʝʥʝʝ ʷʩʥʘʷ, ʪ.ʢ. ʘʤʧʣʠʪʫʜʳ ʫʤʝʥʴʰʘʶʪʩʷ ʜʣʷ ʚʩʝʭ ʵʧʦʭ, ʦʜʥʘʢʦ 

ʣʦʢʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʍʌ ʧʦ-ʧʨʝʞʥʝʤʫ ʟʘʤʝʪʥʳ ʚ ʨʘʡʦʥʝ 1997, 1999 ʠ 

2002 ʛʛ. ʅʝ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤʘ ʥʠ ʚ 2014, ʥʠ ʚ 2012 ʛʛ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʟʦʥʳ ʩ ʥʘʠʙʦʣʴʰʠʤ ɺʋ ʥʘ Z-ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʵʪʠ ʜʚʝ ʵʧʦʭʠ 

ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʦʙʣʘʩʪʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʙʨʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ʂʘʢ ʠ ʧʨʠ ʤʝʥʴʰʝʤ 

ʧʦʨʦʛʦʚʦʤ ʟʥʘʯʝʥʠʠ 2 ʥʊʣ/ʛʦʜ2 ʧʦʣʷʨʥʦʩʪʴ ʧʠʢʦʚ ʍʌ ʯʝʨʝʜʫʝʪʩʷ ʩ 1997 ʧʦ 2014 ʛʛ. ʢʘʢ ʧʦ 

X-, ʪʘʢ ʠ ʧʦ Z-ʢʦʤʧʦʥʝʥʪʝ. 

12.1.3. ʈʝʛʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʦʟʥʘʥʥʳʭ ʚʩʧʣʝʩʢʦʚ ɺʋ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʚʳʭ ʚʩʧʣʝʩʢʦʚ ɺʋ ʤʳ ʧʨʦʚʝʣʠ 

ʘʥʘʣʠʟ ʍʌ ʦʪʜʝʣʴʥʦ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʨʝʛʠʦʥʦʚ: ʊʠʭʦʦʢʝʘʥʩʢʠʡ, ʉʝʚʝʨʦ-ʘʤʝʨʠʢʘʥʩʢʠʡ, 

ɸʪʣʘʥʪʠʯʝʩʢʠʡ, ɽʚʨʦʧʝʡʩʢʠʡ, ʉʝʚʝʨʦ-ʘʟʠʘʪʩʢʠʡ, ʖʞʥʦ-ʘʟʠʘʪʩʢʠʡ ʠ ɸʚʩʪʨʘʣʠʡʩʢʠʡ. 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʧʦʤʝʯʝʥʳ ʨʘʟʥʳʤ ʮʚʝʪʦʤ ʥʘ 

ʨʠʩʫʥʢʝ 12.1 ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 12.1. ʆʥʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʥʘʣʠʯʠʠ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʚʩʧʣʝʩʢʦʚ ɺʋ, ʚʠʜʠʤʳʭ ʧʨʠ ʨʘʟʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʷʭ 

A ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʍʌ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʭ ʧʦʣʷʨʥʦʩʪʠ (''+'' ʜʣʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ''ï'' ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ). ɺ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʚʩʝ ʚʩʧʣʝʩʢʠ ɺʋ 

ʫʩʪʦʡʯʠʚʦ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʩ 1997 ʧʦ 2014 ʛʛ. ʥʘ X-ʢʦʤʧʦʥʝʥʪʝ. ʀʭ ʧʦʣʷʨʥʦʩʪʴ ʯʝʨʝʜʫʝʪʩʷ 

ʦʪ ʦʜʥʦʛʦ ʚʩʧʣʝʩʢʘ ʢ ʧʦʩʣʝʜʫʶʱʝʤʫ. ʀʥʘʯʝ ʩʠʪʫʘʮʠʷ ʚʳʛʣʷʜʠʪ ʥʘ Z-ʢʦʤʧʦʥʝʥʪʝ, 

ʧʦʩʢʦʣʴʢʫ ʚʩʧʣʝʩʢ 2014 ʛ. ʥʝ ʧʨʦʷʚʣʝʥ ʥʘ ʵʪʦʡ ʢʦʤʧʦʥʝʥʪʝ, ʘ ʥʝʢʦʪʦʨʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʚʩʧʣʝʩʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʦʣʷʨʥʦʩʪʴ. ʅʘʠʙʦʣʴʰʠʝ ʘʤʧʣʠʪʫʜʳ 

ʚʩʧʣʝʩʢʦʚ ʥʘ Z-ʢʦʤʧʦʥʝʥʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʍʝʨʤʘʥʫʩ (HER, ʖɸʈ), 
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ʍʘʨʪʝʙʠʩʪʦʢ (HBK, ʖɸʈ) ʠ ʊʨʝʣʝʚ (TRW, ɸʨʛʝʥʪʠʥʘ) ʚ 2002ï2003 ʛʛ., ɹʘʥʛʫʡ (BNG, 

ʎʝʥʪʨʘʣʴʥʘʷ ʘʬʨʠʢʘʥʩʢʘʷ ʨʝʩʧʫʙʣʠʢʘ) ʠ HER ʚ 1999ï2000 ʛ., ʠ ʦ. ɺʦʟʥʝʩʝʥʠʷ (ASC, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), BNG,  

ʄʙʫʨ (MBO, ʉʝʥʝʛʘʣ), ʊʘʤʘʥʨʘʩʩʝʪ (TAM, ɸʣʞʠʨ) ʠ ʎʫʤʝʙ (TSU, ʅʘʤʠʙʠʷ)  

ʚ 1996ï1997 ʛʛ. ɺʩʝ ʚʩʧʣʝʩʢʠ ʙʳʣʠ ʪʘʢʞʝ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʩ ʯʝʨʝʜʫʶʱʝʡʩʷ ʧʦʣʷʨʥʦʩʪʴʶ ʥʘ 

X-ʢʦʤʧʦʥʝʥʪʝ ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʠ ʖʞʥʦ-ʘʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʘʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ  

ʨʠʩ. 12.1, ʛʜʝ ʍʌ ʧʦ X-ʢʦʤʧʦʥʝʥʪʝ ʩ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ Ñ3 ʥʊʣ/ʛʦʜ2 ʧʦʩʪʨʦʝʥʘ ʧʦ 

ʜʘʥʥʳʤ ɽʚʨʦʧʝʡʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ʅʘʦʙʦʨʦʪ, ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʚʦʟʥʠʢʘʝʪ ʚ 

ʊʠʭʦʦʢʝʘʥʩʢʦʤ, ɸʚʩʪʨʘʣʠʡʩʢʦʤ, ʉʝʚʝʨʦ-ʘʟʠʘʪʩʢʦʤ ʠ ʉʝʚʝʨʦ-ʘʤʝʨʠʢʘʥʩʢʦʤ ʨʝʛʠʦʥʘʭ, ʛʜʝ 

ʣʠʙʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʟʥʘʢʦʚ ʚʩʧʣʝʩʢʦʚ, ʣʠʙʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʠʥʘʢʦʚʘʷ ʧʦʣʷʨʥʦʩʪʴ ʫ 

ʥʝʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʩʧʣʝʩʢʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʍʌ ʧʦ Y-ʢʦʤʧʦʥʝʥʪʝ, ʧʦʩʪʨʦʝʥʥʦʡ ʦʪʜʝʣʴʥʦ ʜʣʷ ʖʞʥʦ-ʘʟʠʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʘ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʠʢʠ 2006 ʠ 2009 ʛʛ. ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʧʦʣʷʨʥʦʩʪʴ. ʉʢʦʨʝʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʙʨʘʥʥʳʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ, ʢʦʪʦʨʳʝ ʚʩʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦ ʥʠʤ ʥʝ 

ʜʝʪʝʢʪʠʨʫʝʪʩʷ ʵʬʬʝʢʪ ʥʘ Y-ʢʦʤʧʦʥʝʥʪʝ, ʚʳʟʚʘʥʥʳʡ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʫʯʘʩʪʢʦʤ ɺʋ 

ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ-ʤʘʥʪʠʷ, ʢʦʪʦʨʳʡ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʚ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʫʯʘʩʪʢʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʬʫʥʢʮʠʷ ɻʨʠʥʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʜʠʘʣʴʥʳʤ 

ʧʦʣʝʤ ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ-ʤʘʥʪʠʷ ʠ Y-ʢʦʤʧʦʥʝʥʪʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʥʘʧʨ., [Constable 

et al., 1993; Chulliat et al, 2010]). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʰ ʤʝʪʦʜ ʢʦʨʨʝʢʪʥʦ 

ʜʝʪʝʢʪʠʨʫʝʪ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʚʩʧʣʝʩʢʠ ɺʋ ʤʘʢʩʠʤʘʣʴʥʳ, ʦʥ ʥʝ ʩʧʦʩʦʙʝʥ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʩʤʝʥʫ ʧʦʣʷʨʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ɺʋ ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ-ʤʘʥʪʠʷ. 

 



ʊʘʙʣʠʮʘ 12.1 ï ɺʩʧʣʝʩʢʠ ɺʋ ʚ ʍʌ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʠ ʠʭ ʧʦʣʷʨʥʦʩʪʠ 

ʈʝʛʠʦʥ/ 
ʛʦʜ 

ʊʠʭʠʡ ʦʢʝʘʥ (4 ʦʙʩ.) ʉʝʚ. ɸʤʝʨʠʢʘ (6 ʦʙʩ.) ɸʪʣʘʥʪʠʢʘ (13 ʦʙʩ.) ɽʚʨʦʧʘ (18 ʦʙʩ.) ʉʝʚ. ɸʟʠʷ (4 ʦʙʩ.) ʖʞ. ɸʟʠʷ (6 ʦʙʩ.) ɸʚʩʪʨʘʣʠʷ (7 ʦʙʩ.) 

d2X/ʛʦʜ2 d2Y/ʛʦʜ2 d2Z/ʛʦʜ2 d2X/ʛʦʜ2 d2Y/ʛʦʜ2 d2Z/ʛʦʜ2 d2X/ʛʦʜ2 d2Y/ʛʦʜ2 d2Z/ʛʦʜ2 d2X/ʛʦʜ2 d2Y/ʛʦʜ2 d2Z/ʛʦʜ2 d2X/ʛʦʜ2 d2Y/ʛʦʜ2 d2Z/ʛʦʜ2 d2X/ʛʦʜ2 d2Y/ʛʦʜ2 d2Z/ʛʦʜ2 d2X/ʛʦʜ2 d2Y/ʛʦʜ2 d2Z/ʛʦʜ2 

1996ï

1997 -  + - -  - - + -  +    -   -  + 
1999ï
2000 + + +   - +  - + -  +  - +  -  -  
2002ï

2003 - + +   + -  - -  + -  + - -  -   
2005ï
2007       + + - +   -   +  + + - - 
2009ï

2010 -   -  - - - + - + + - - + - -  -  - 
2012ï
2013 +  +    + - - + - - + +  +   +   
2014ï

2015 -   - + + -   -  + -  + -  - - + - 
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12.1.4. ɺʟʘʠʤʦʩʚʷʟʴ ʥʦʚʳʭ ʚʩʧʣʝʩʢʦʚ ɺʋ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʜʞʝʨʢʘʤʠ 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʧʣʝʩʢʠ ɺʋ ʨʘʟʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 

ʜʦʣʞʥʳ ʯʝʨʝʜʦʚʘʪʴʩʷ ʩ V-ʦʙʨʘʟʥʳʤʠ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʜʞʝʨʢʘʤʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʦʭʚʘʪ ʪʘʢʠʭ ʜʞʝʨʢʦʚ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʩʧʣʝʩʢʦʚ ɺʋ. ʕʪʦ ʙʳʣʦ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʧʘʨ 

ʚʩʧʣʝʩʢʦʚ ɺʋ 2006/2009 ʠ 2009/2012, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʙʣʶʜʘʣʠʩʴ ʜʞʝʨʢʠ 2007 ʠ 2011 

ʛʛ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʞʝʨʢʦʚ 

ʤʝʞʜʫ: 1996 ʠ 1999 ʛʛ., 1999 ʠ 2002 ʛʛ., 2002 ʠ 2006 ʛʛ., 2012 ʠ 2014 ʛʛ. ɿʜʝʩʴ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʪʠʨʦʚʢʘ ʚʩʧʣʝʩʢʦʚ ɺʋ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʜʞʝʨʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʢʦʣʦ 1 ʛʦʜʘ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ ʦʙʩʝʨʚʘʪʦʨʠʡ (ʯʪʦ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʚʨʝʤʝʥʥʦʡ ʨʘʟʥʠʮʝ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ) ʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ 

ʩʣʘʙʦʧʨʦʚʦʜʷʱʝʡ ʤʘʥʪʠʠ. ʊʘʢʞʝ ʚʩʧʣʝʩʢʠ ɺʋ ʠʤʝʶʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʦʣʝʝ 1ï2 ʣʝʪ, ʘ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘʤʠ ʜʘʪʳ ʚʩʧʣʝʩʢʦʚ ɺʋ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʝʨʠʦʜʘʤʠ, ʟʘ ʢʦʪʦʨʳʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩ ʧʨʝʚʳʰʘʶʱʠʤ ʧʦʨʦʛ ɺʋ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ. 

ʆ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʞʝʨʢʘ ʦʢʦʣʦ 2014 ʛ. ʨʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [Torta et al., 2015]. 

ʅʘ Y-ʢʦʤʧʦʥʝʥʪʝ ʵʪʦʪ ʜʞʝʨʢ ʙʳʣ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʝʥ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. ʆʥ 

ʪʘʢʞʝ ʷʚʥʦ ʧʨʦʷʚʣʷʣʩʷ ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ X ʠ Z ʚ ɽʚʨʦʧʝʡʩʢʦʤ ʠ ɸʚʩʪʨʘʣʠʡʩʢʦʤ ʨʝʛʠʦʥʘʭ. 

ʕʪʘ ʢʘʨʪʠʥʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʰʠʤʠ ʦʪʢʨʳʪʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ ʥʘ ʙʘʟʝ GrS. 

ɺʩʧʣʝʩʢ ɺʋ 2014 ʛ. ʥʘʯʠʥʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʛʦʜʘ ʚ ɽʚʨʦʧʝ, ʘ ʯʫʪʴ ʨʘʥʝʝ ï ʚ ɸʚʩʪʨʘʣʠʠ. ʉ 

ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʟʘ 2015 ʠ 2016 ʛʛ. ʤʳ, ʚʝʨʦʷʪʥʦ, ʦʙʥʘʨʫʞʠʤ, ʯʪʦ ʵʪʦʪ ʚʩʧʣʝʩʢ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʚ 2015 ʛ., ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʘʤ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʙʦʣʝʝ 

ʪʦʯʥʦ. 

ɼʞʝʨʢʠ ʙʳʣʠ ʪʘʢʞʝ ʨʘʥʝʝ ʜʝʪʝʢʪʠʨʦʚʘʥʳ ʚ 2003 ʛ. [Olsen, Mandea, 2007] ʠ 1999 

[Mandea et al., 2000; De Michelis, Tozzi, 2005], ʚ ʦʩʥʦʚʥʦʤ ʚ ɽʚʨʦʧʝ. ʀʟ ʨʠʩʫʥʢʘ 12.1.1 

ʚʠʜʥʦ, ʯʪʦ ʜʞʝʨʢ 2003 ʛ. ʠʤʝʣ ʤʝʩʪʦ ʤʝʞʜʫ ʚʩʧʣʝʩʢʘʤʠ ɺʋ 2002 ʠ 2005 ʛʛ. ʠ ʯʪʦ ʝʛʦ 

ʵʬʬʝʢʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣ ʩʠʣʝʥ ʚ ɽʚʨʦʧʝ, ʘ ʪʘʢʞʝ ɸʚʩʪʨʘʣʠʠ. ʉʣʦʞʥʝʝ ʩʚʷʟʘʪʴ ʜʞʝʨʢ 

1999 ʛ., ʦʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʩ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʥʘʤʠ ʚʩʧʣʝʩʢʘʤʠ ɺʋ, ʧʦʩʢʦʣʴʢʫ ʦʙʝ 

ʧʨʦʮʠʪʠʨʦʚʘʥʥʳʝ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ Y-ʢʦʤʧʦʥʝʥʪʳ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʰʠ ʚʩʧʣʝʩʢʠ 

ɺʋ ʤʝʥʝʝ ʦʯʝʚʠʜʥʳ. ʂʦʣʠʯʝʩʪʚʦ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩ ʙʦʣʴʰʠʤ ɺʋ ʥʘ Y-ʢʦʤʧʦʥʝʥʪʝ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ ʚ 1998 ʛ., ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʦʙʥʘʨʫʞʝʥʥʳʤ ʜʞʝʨʢʦʤ 1999 ʛ. ʆʜʥʘʢʦ ʧʨʠ 

ʘʥʘʣʠʟʝ ʢʦʤʧʦʥʝʥʪ X ʠ Z ʤʳ ʦʙʥʘʨʫʞʠʚʘʝʤ V-ʦʙʨʘʟʥʳʝ ʜʞʝʨʢʠ ʦʢʦʣʦ 1998 ʛ., ʥʘʧʨʠʤʝʨ, 

ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ɻʫʘʤ (GUA, ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʊʠʭʦʛʦ ʦʢʝʘʥʘ), ʄʝʤʘʤʙʝʮʫ (MMB, 

ʗʧʦʥʠʷ), ʅʝʤʝʢ (NGK, ɻʝʨʤʘʥʠʷ), ʉʘʥ ʍʫʘʥ (SJG, ʇʫʵʨʪʦ-ʈʠʢʦ) ʠ TAM, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ɿʝʤʣʠ. ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ 

[Brown et al., 2013], ʛʜʝ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʜʞʝʨʢʦʚ ʩʠʛʥʘʣʦʚ ʧʦ ʜʘʥʥʳʤ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʦʙʩʝʨʚʘʪʦʨʠʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʵʢʩʪʨʝʤʫʤ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʜʝʪʝʢʪʠʨʦʚʘʥʥʳʭ ʜʞʝʨʢʦʚ ʚ 1995ï1998 ʛʛ. ʊʝʤ ʩʘʤʳʤ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ 

ʚʩʧʣʝʩʢʠ ɺʋ 1996 ʠ 1999 ʛʛ. ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʘʟʜʝʣʝʥʳ V-ʦʙʨʘʟʥʳʤ ʜʞʝʨʢʦʤ, ʚ ʦʩʥʦʚʥʦʤ 

ʥʘ ʢʦʤʧʦʥʝʥʪʘʭ X ʠ Z, ʘ ʠʥʦʛʜʘ ʠ Y-ʢʦʤʧʦʥʝʥʪʝ, ʚʦ ʤʥʦʛʠʭ ʯʘʩʪʷʭ ʤʠʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʜʞʝʨʢʝ ʤʝʞʜʫ ʚʩʧʣʝʩʢʘʤʠ 

ɺʋ 1999 ʠ 2002 ʛʛ., V-ʦʙʨʘʟʥʳʝ ʚʘʨʠʘʮʠʠ ɺʍ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʚ ʨʘʡʦʥʝ 2001ï2002 ʛʛ. ʕʪʠ ʩʤʝʥʳ ʧʦʣʷʨʥʦʩʪʠ ɺʋ ʨʘʥʝʝ ʥʝ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠʩʴ ʢʘʢ ʜʞʝʨʢ ʩʢʦʨʝʝ ʚʩʝʛʦ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʨʝʤʠʪʝʣʴʥʦʩʪʠ, 
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ʩʚʦʡʩʪʚʝʥʥʦʡ ʪʠʧʠʯʥʳʤ ʜʞʝʨʢʘʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʳ ʧʨʝʜʧʦʯʠʪʘʝʤ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠʭ 

ʢʘʢ ʜʞʝʨʢ, ʩʣʝʜʫʷ ʦʧʨʝʜʝʣʝʥʠʶ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [Chulliat,  Maus, 2014], ʪʘʢ ʢʘʢ 

ʦʥ ʠʤʝʝʪ ʤʝʩʪʦ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʚʩʧʣʝʩʢʘʤʠ ɺʋ (ʨʠʩ. 12.2). 

   

ʈʠʩʫʥʦʢ 12.2  ɺʍ (ʥʊʣ/ʛʦʜ) ʧʦ ʤʝʪʦʜʫ ʥʘ ʙʘʟʝ GrS (ʬʠʦʣʝʪʦʚʳʡ) ʠ ɺʍ ʧʦ 

ʥʝʩʛʣʘʞʝʥʥʳʤ ʜʘʥʥʳʤ (ʯʝʨʥʳʡ) ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ GUA 

12.2. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ 

''ʂʣʠʤʦʚʩʢʘʷ''  ʠ ''ʂʘʟʘʥʴ''  

12.2.1. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ''ʂʣʠʤʦʚʩʢʘʷ''  ʟʘ 

2016 ʛ. 

ɺ ʭʦʜʝ ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʠ 

''ʂʣʠʤʦʚʩʢʘʷ'' (IAGA-ʢʦʜ KLI) [ʉʦʣʦʚʴʝʚ ʠ ʜʨ., 2016; Geomagnetic dataé, 2015;  

Soloviev et al., 2015] ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʥʘʙʦʨ ʦʯʠʱʝʥʥʳʭ ʠ ʧʨʦʚʝʨʝʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ 

ʜʘʥʥʳʭ ʟʘ 2016 ʛ. ʆʯʠʩʪʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚʘʨʠʘʮʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʀʅʊɽʈʄɸɻʅɽʊ [St-Louis et al., 2012].  

ɺ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʳʜʝʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʚʳʙʨʦʩʳ ʥʘ ʩʝʢʫʥʜʥʳʭ 

ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʨʳ ʘʥʦʤʘʣʴʥʦʩʪʠ [Soloviev et al., 2016] ʧʨʠʚʝʣʦ ʢ 

ʩʦʟʜʘʥʠʶ ʤʝʪʦʜʘ ʦʙʨʘʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʤʝʭ ʧʦ ʤʠʥʫʪʥʳʤ ʜʘʥʥʳʤ. 

ɺʳʩʦʢʦʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʝʨʳ ʘʥʦʤʘʣʴʥʦʩʪʠ (1 ʤʠʥʫʪʘ) ʧʦʟʚʦʣʠʣʦ ʣʦʢʘʣʠʟʦʚʘʪʴ 

ʪʝʭʥʦʛʝʥʥʳʝ ʧʦʤʝʭʠ ʚ ʚʘʨʠʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʥʝ ʦʙʥʘʨʫʞʠʤʳʝ ʠʣʠ ʪʨʫʜʥʦ ʦʙʥʘʨʫʞʠʤʳʝ 

ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʜʭʦʜʦʚ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ 

ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ ʘʙʩʦʣʶʪʥʳʭ ʜʘʥʥʳʭ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʦʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ 

ʦʙʩʝʨʚʘʪʦʨʠʠ. ʊʘʢ, ʯʘʩʪʴ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʦʪʙʨʘʢʦʚʘʥʘ ʙʣʘʛʦʜʘʨʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʫʛʣʦʚ ʪʝʦʜʦʣʠʪʘ. ɻʣʫʙʦʢʠʡ 

ʘʥʘʣʠʟ ʨʷʜʘ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʠʣ ʦʙʥʘʨʫʞʠʪʴ ʩʢʘʯʢʠ (ʩʙʦʠ) ʚ ʨʘʙʦʪʝ 

ʬʝʨʨʦʟʦʥʜʦʚʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʇʦʩʣʝ ʦʪʙʨʘʢʦʚʢʠ ʥʝʚʝʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʬʠʣʴʪʨʘʮʠʠ ʚʳʙʨʦʩʦʚ ʚ ʥʘʙʣʶʜʝʥʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʢʘʞʜʳʡ ʠʟ ʨʷʜʦʚ ʙʘʟʠʩʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʠʥʪʝʨʧʦʣʠʨʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤʦʤ 

GrS (ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ) [ɸʛʘʷʥ ʠ ʜʨ., 2010; ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2011;  

Agayan et al., 2014] ʩ ʧʘʨʘʤʝʪʨʦʤ l=0.99999 ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʫʣʷʨʥʦʡ ʙʘʟʠʩʥʦʡ ʢʨʠʚʦʡ 

ʧʦ ʢʘʞʜʦʡ ʢʦʤʧʦʥʝʥʪʝ (ʨʠʩ. 12.3ʘ). ɺʚʠʜʫ ʥʘʣʠʯʠʷ ʩʙʦʝʚ ʚʘʨʠʦʤʝʪʨʘ ʠ ʥʘʣʠʯʠʷ ʧʨʦʧʫʩʢʘ 

ʜʘʥʥʳʭ ʩ 11 ʠʶʣʷ ʧʦ 22 ʩʝʥʪʷʙʨʷ 2016 ʛ. ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʪʨʠ ʥʝʧʨʝʨʳʚʥʳʭ ʙʘʟʠʩʥʳʭ 

ʦʪʨʝʟʢʘ ʩ ʰʘʛʦʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 1 ʟʥʘʯʝʥʠʝ ʚ ʩʫʪʢʠ [St-Louis et al., 2012] (ʨʠʩ. 12.3ʙ). 
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(ʘ)      (ʙ) 

ʈʠʩʫʥʦʢ 12.3  ɹʘʟʠʩʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪ X, Y ʠ Z ʦʙʩʝʨʚʘʪʦʨʠʠ 

''ʂʣʠʤʦʚʩʢʘʷ''  ʟʘ 2016 ʛ.: ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ (ʘ) ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʚ ʦʬʠʮʠʘʣʴʥʦʤ 

ʧʨʠʣʦʞʝʥʠʠ ʀʅʊɽʈʄɸɻʅɽʊ (ʙ) 

ɿʘʷʚʢʘ ʥʘ ʚʢʣʶʯʝʥʠʝ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʩʝʪʴ ʀʅʊɽʈʄɸɻʅɽʊ ʦʙʩʫʞʜʘʣʘʩʴ ʥʘ 

ʝʞʝʛʦʜʥʦʤ ʩʦʙʨʘʥʠʠ ʵʢʩʧʝʨʪʦʚ ʀʅʊɽʈʄɸɻʅɽʊ ʚ ʛ. ʍʝʨʤʘʥʫʩ (ʖɸʈ) ʚ ʩʝʥʪʷʙʨʝ 2017 ʛ. 

ɹʳʣʠ ʚʳʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʚʢʣʶʯʝʥʠʝ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʩʦʩʪʘʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ. 

12.2.2. ʈʝʛʠʩʪʨʘʮʠʷ ʩʝʢʫʥʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ''ʂʘʟʘʥʴ''  

ʅʘ ʩʦʚʤʝʩʪʥʦʡ ʩ ʂʘʟʘʥʩʢʠʤ ʬʝʜʝʨʘʣʴʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʦʙʩʝʨʚʘʪʦʨʠʠ ''ʂʘʟʘʥʴ'' 

(ɿʝʣʝʥʦʜʦʣʴʩʢʠʡ ʨʘʡʦʥ, ʨʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ) ʙʳʣʘ ʦʩʫʱʝʩʪʚʠʣʘ ʥʘʣʘʜʢʘ ʩʢʘʣʷʨʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʘ POS-1 ʠ ʥʘʩʪʨʦʡʢʘ ʨʝʛʠʩʪʨʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʦʣʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʪʨʸʭʩʝʢʫʥʜʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʝʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʊʘʢʞʝ 

ʙʳʣ ʟʘʧʫʱʝʥ ʚʝʢʪʦʨʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ LEMI-25, ʥʘʣʘʞʝʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʩʝʢʫʥʜʥʳʭ 

ʚʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʟʘʧʠʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚ ʤʠʥʫʪʥʳʝ ʠ 

ʩʝʢʫʥʜʥʳʝ ʬʘʡʣʳ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʦʚ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 12.4. 

 

(ʘ)      (ʙ) 

ʈʠʩ. 12.4  ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʦʚ LEMI -025 (ʘ) ʠ POS-1 (ʙ) ʥʘ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ''ʂʘʟʘʥʴ''  

ɺ ʠʪʦʛʝ ʙʳʣʘ ʥʘʩʪʨʦʝʥʘ ʧʝʨʝʜʘʯʘ ʚʩʝʭ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʚ ʛʝʦʤʘʛʥʠʪʥʳʡ 

ʮʝʥʪʨ ʥʘ ʙʘʟʝ ɻʎ ʈɸʅ (http://geomag.gcras.ru/) ʚ ʨʝʞʠʤʝ ʢʚʘʟʠʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʨ 

ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʬʦʨʤʘʪʝ ʩ ʩʘʡʪʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʮʝʥʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 12.5. 
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ʈʠʩʫʥʦʢ 12.5  ʇʨʠʤʝʨ 1-ʩʝʢʫʥʜʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʦʥʝʥʪ (H, E, Z) ʄʇɿ, 

3-ʩʝʢʫʥʜʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʣʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (F) ʄʇɿ, ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ 

(deltaF), 1-ʩʝʢʫʥʜʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʝʥʩʦʨʝ (t sensor) ʠ ʙʣʦʢʝ ʵʣʝʢʪʨʦʥʠʢʠ  

(t electronics) ʚʘʨʠʦʤʝʪʨʘ ʟʘ 16 ʥʦʷʙʨʷ 2017 ʛ. (http://geomag.gcras.ru/) 
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13. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʥʘ ʦʩʥʦʚʝ 

ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʵʪʘʧ 2017 ʛʦʜʘ) 

ʅʦʤʝʨ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʀʉ ʌɸʅʆ: 0145-2016-0010 

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: ɸɸɸɸ-ɸ17-117012610081-2 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʛ.ʥ.ʩ., ʜ.ʪ.ʥ. ɺ. ɻ. ɻʝʪʤʘʥʦʚ 

13.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ SC - ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʟʘʜʘʥʠʝʤ ʜʣʷ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʘ 2017 ʛʦʜʘ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ  

ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ  SC- ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʙʘʟʠʨʫʶʱʠʭʩʷ 

ʥʘ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ. ɹʳʣʠ ʫʯʪʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ  ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ, ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʭ 

ʤʦʜʝʣʷʭ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʦʪ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʠ ʩʢʘʣʷʨʥʦʛʦ 

ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʧʨʠ  ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʨʷʜʘ ʦʙʩʝʨʚʘʪʦʨʠʡ.  

1. ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ 

ʟʘʪʨʘʪ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ 

ʤʦʜʝʣʝʡ ʧʨʠ SC-ʨʘʩʧʦʟʥʘʚʘʥʠʠ. 

 ʇʦʣʦʞʠʤ, ʯʪʦ ʟʘʜʘʥʳ ʣʦʢʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ( ), 0,1,..., 1y Ti i N= -, N  ï ʯʠʩʣʦ 

ʥʘʙʣʶʜʝʥʠʡ, T ï ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʃʦʢʘʣʴʥʫʶ ʢʫʩʦʯʥʦ-ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ( , ) cos sinMy c Ti a Ti b Tiw w= + , ʛʜʝ ( , , )Tc a bw=  ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ. ʉʚʝʜʸʤ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʢ ʟʘʜʘʯʝ 

ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ( , )S c y  

1
2

0

( , ) ( ( ) ( , ))
N

M

i

S c y y Ti y c Ti
-

=

= -ä  , arg{min
c

c = ( , )}S c y  . 

ʈʝʘʣʠʟʫʝʤ ʜʚʫʭʵʪʘʧʥʫʶ ʤʠʥʠʤʠʟʘʮʠʶ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʟʘʬʠʢʩʠʨʫʝʤ ʯʘʩʪʦʪʥʳʡ 

ʧʘʨʘʤʝʪʨ w; ʚʳʯʠʩʣʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʠ 

ʦʮʝʥʦʢ ʯʘʩʪʠʯʥʦ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ( ), ( )rs rba w w , 1,2r s= , ( ), ( )ba w w. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʯʠʩʣʠʤ ʦʩʪʘʪʦʯʥʫʶ ʩʫʤʤʫ0( , )S yw  ʠ ʧʨʦʠʟʚʝʜʸʤ ʝʸ ʤʠʥʠʤʠʟʘʮʠʶ; 

ʦʧʪʠʤʘʣʴʥʫʶ ʦʮʝʥʢʫ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʠʤ ʩʣʝʜʫʶʱʠʤʠ 

ʬʦʨʤʫʣʘʤʠ  

    0 1 2( , ) ( ) ( ) ( ) ( )S y a b b bw w w w w=- - , arg(min
w

w= 0( , )}S yw , ( )a a w= , ( )b b w= .   (1) 

ʆʨʛʘʥʠʟʫʝʤ ʧʦʠʩʢ ʧʦ ʯʘʩʪʦʪʝ ʜʣʷ (1), ʟʘʜʘʜʠʤ , 1,...,k fk kw = , ʚʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʷ 

0( , )kS yw ; ʥʘʡʜʸʤ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ k  ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
  

           
arg{min

k
k = 0( , )}kS yw , 

k
w w= , ( )

k
a a w= , ( )

k
b b w= .   (2) 

 ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʧʦʠʩʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʫʝʤ ʜʚʘ ʦʜʥʦʤʝʨʥʳʭ ʤʘʩʩʠʚʘ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ cos , sink kTi Tiw w  ʠ ʜʚʘ 

ʜʚʫʤʝʨʥʳʭ ʤʘʩʩʠʚʘ ʵʣʝʤʝʥʪʦʚ 
1,kic , 2,kic  . ʅʘʡʜʸʤ ʦʜʥʦʤʝʨʥʳʝ ʤʘʩʩʠʚʳ 01( )kb w , 02( )kb w , 

( )ka w , ( )kb w , ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ ʦʩʪʘʪʦʯʥʳʭ ʩʫʤʤ 0( , )kS yw
 
ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 
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0 1 01 2 02( , ) ( ) ( ) ( ) ( )k k k k kS y a b b bw w w w w=- -
 
, 1,..., fk k= .   (3) 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʦʝ ʩʚʦʜʠʪʩʷ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ 

ʚʳʯʠʩʣʝʥʠʶ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʨʘʟʤʝʱʝʥʠʶ ʠʭ ʚ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʕɺʄ (ʚʦʟʤʦʞʥʦ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ) ʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ (2), (3) 

ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʜʣʷ ʧʨʦʮʝʜʫʨʳ SC-ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

2. ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ SC-

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʣʦʢʘʣʴʥʳʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʟʘ 

ʩʯʸʪ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʙʦʨʘ. ʇʨʝʜʩʪʘʚʠʤ ʣʦʢʘʣʴʥʫʶ 

ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

  =),( Tiʩyʄ ä
=

+
L

l

llll TibTia
1

)sincos( ww , 0,1,..., 1i N= -,  (4) 

ʛʜʝ ʚʝʢʪʦʨ ),,( TTTT baʩ w= ,,...,,( 21 Laaa=  ,,...,, 21 Lbbb  ),...,, 21 Lwww  ʠʤʝʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ )1,3( L . ʅʘ ʣʠʥʝʡʥʳʝ ʘʤʧʣʠʪʫʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ: ¤¢¢¤- la , ¤¢¢¤- lb , Ll ,...,2,1= . ɼʣʷ ʚʝʢʪʦʨʦʚ ʥʝʣʠʥʝʡʥʳʭ 

ʯʘʩʪʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʫʯʸʪʦʤ ʠʭ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ, ʜʦʧʫʩʪʠʤʦʝ ʤʥʦʞʝʩʪʚʦ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

  
:),...,( 1 Lww }... max21min wwwww ¢<<<¢ L , Íw L

0W .  (5) 

ɿʘʜʘʯʫ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʘʟʠʩʥʳʭ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʷʞʝʤ ʩ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʥʘʙʣʶʜʝʥʠʡ ( )y Ti  ʤʦʜʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ),( Tiʩyʄ (4) ʠ ʥʘʭʦʞʜʝʥʠʝʤ 

ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʯʘʩʪʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʬʦʨʤʠʨʫʝʤ ʬʫʥʢʮʠʦʥʘʣ  

 
1

2

0

( , , , ) ( ( ) ( , ))
N

M

i

S a b y y Ti y c Tiw
-

=

= -ä
1

0

( ( )
N

i

y Ti
-

=

= -ä 2

1

))sincos(ä
=

+
L

l

llll TibTia ww . (6) 

ʄʠʥʠʤʠʟʠʨʫʝʤ ʚʚʝʜʸʥʥʳʡ  ʬʫʥʢʮʠʦʥʘʣ 

  
0, ,

( , , ) arg{ min ( , , , )}
La b

a b S a b y
w

w w
ÍW

= .  (7) 

ʇʦʣʠʛʘʨʤʦʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦ ʯʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ  

ä
=

+
L

l

llll TibTia
1

)sincos( ww ),( Tiʊ wjb= , 1,...,1,0 -= Ni , 

  =TTi),(wj )(cos( 1Tiw ,é, )cos( TiLw , )sin( 1Tiw , ))sin(...., TiLw .  (8) 

ʇʦʣʦʞʠʤ, ʯʪʦ ʚʝʢʪʦʨ ʥʘʙʣʶʜʝʥʠʡ Y  ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ )1,(N . ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

),( Tiwj  ʩʬʦʨʤʠʨʫʝʤ ʤʘʪʨʠʮʫ ʧʣʘʥʘ ʩʠʛʥʘʣʘ )(wʍ  ʨʘʟʤʝʨʥʦʩʪʠ )2,( LN   

))1((),...,1(),0(( -ÖÖ= NTyTyTyYT
,  

( , 0)

( , 1)
( ) .

( , ( 1))

T

T
ʍ

T N

f w

f w
w

f w

Ö

Ö
=

-

 (9) 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ (9) ʬʫʥʢʮʠʦʥʘʣ (6) ʟʘʧʠʰʝʤ ʚ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ  

 ( , , ) ( ( ) ) ( ( ) )TS Y Y X Y Xb w w b w b= - - .  

{0 =WL
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʠʥʠʤʠʟʘʮʠʠ ʜʣʷ ( , , )S Yb w  ʬʠʢʩʠʨʫʝʤ ʥʝʣʠʥʝʡʥʳʝ ʯʘʩʪʦʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ const=w  ʩ ʫʯʸʪʦʤ, ʯʪʦ L

0WÍw , ʠ ʥʘʭʦʜʠʤ ʯʘʩʪʠʯʥʦ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʣʠʥʝʡʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ),( Ywba  

),( Ywba
const=

=
wb,
minarg{ ( , , )}S Yb w , 

ʉ ʫʯʸʪʦʤ ),( Ywba  ʩʬʦʨʤʠʨʫʝʤ ʬʫʥʢʮʠʦʥʘʣ ʯʘʩʪʠʯʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʩʫʤʤʳ 

          0( , )S Yw = ( ( ), , )S Yb w w ),( Y
T

wba-= ),( Ybw . (10

) 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʠʥʠʤʠʟʘʮʠʠ ʜʣʷ 0( , )S Yw  ʦʩʫʱʝʩʪʚʠʤ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦ L

0WÍw .  

  
L

Y
0

minarg{)(
WÍ

==
w

ww aa
0( , )}S Yw , =ab ),( Yaa wb ),()( 1 YbD aa ww -= . (11) 

 ɸʣʛʦʨʠʪʤ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ ʬʦʨʤʫʣ (2.5, 9), ʧʨʦʚʝʜʝʥʠʠ 

ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʬʦʨʤʫʣʘʤ (10, 11) ʠ ʤʠʥʠʤʠʟʘʮʠʠ (12) ʩ ʫʯʸʪʦʤ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ (5). 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣ 0( , )S Yw  ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʵʢʩʪʨʝʤʘʣʴʥʳʤ, ʝʛʦ ʤʠʥʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʝʜʸʤ ʧʨʠ ʧʦʤʦʱʠ ʧʦʠʩʢʦʚʦʡ ʧʨʦʮʝʜʫʨʳ 

ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. ɼʣʷ ʫʢʘʟʘʥʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʘʤʧʣʠʪʫʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 
ab  (12) ʨʝʘʣʠʟʫʝʤ ʧʝʨʝʙʦʨ ʚʝʢʪʦʨʦʚ ʧʦʠʩʢʦʚʳʭ ʯʘʩʪʦʪ. ɿʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʚʝʢʪʦʨʦʚ ʯʘʩʪʦʪ ʚʳʙʠʨʘʝʤ ʥʘ ʩʝʪʢʝ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ kw  ʚ ʜʠʘʧʘʟʦʥʝ ),( maxmin ww   

   wD )1/()( 1minmax --= fkww , )1(min -D+= kk www , fkk ,...,1= ,   

ʛʜʝ fk  ï ʯʠʩʣʦ ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʦʪ, wD  ï ʰʘʛ ʜʠʩʢʨʝʪʥʦʩʪʠ. ʏʘʩʪʦʪʳ ,
1kw ,

2kw é

Lkw,  ʥʘʟʥʘʯʘʶʪʩʷ ʠʟ ʥʘʙʦʨʘ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ kw , fkk ,...,1= .  

ʄʝʪʦʜ ʟʘʜʘʥʠʷ ʯʘʩʪʦʪ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʢʘʞʜʦʤʫ ʚʝʢʪʦʨʫ ʠʥʜʝʢʩʦʚ sk , 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʝʢʪʦʨ ʧʦʠʩʢʦʚʳʭ ʯʘʩʪʦʪ sw , s  ï ʥʦʤʝʨ ʚʝʢʪʦʨʘ. 

ʂʦʦʨʜʠʥʘʪʳ s

k1
w , s

k2
w ,é, skL

w  ʜʣʷ ʚʝʢʪʦʨʘ ʯʘʩʪʦʪ sw  ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ  

 sw s

k1
(w= , s

k2
w ,é, )s

kL
w , )1(min -D+= s

l

s

k k
l

www , Ll ,...,2,1= , fss ,...,1= .  (12) 

ʆʪʳʩʢʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʯʘʩʪʦʪʥʳʭ ʠ ʘʤʧʣʠʪʫʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ ʥʘ ʣʦʢʘʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩ Y  ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʯʠʩʣʝʥʠʷʤ ʜʣʷ 

fss ,...,1=  sw  ʧʦ (13), (8), (9), (10) ʠ (11) , ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʙʦʨʘ  

 
fss

s
,...,1

minarg{
=

=a
0( , )}sS Yw , 

aa sww = , =ab )(
aa swb . (13) 

ɺʚʝʜʝʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʦʚ w ʠʟ L0W  ʧʦ (5) ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʠʩʢʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʅʘʭʦʞʜʝʥʠʝ ʨʘʟʤʝʨʦʚ ʜʣʷ L

0W  ʠ L

0W  ʩʚʦʜʷʪʩʷ 

ʢ ʠʥʪʝʛʨʘʣʘʤ V )( 0

LW , V )( 0

LW   

 V )( 0

LW ñ
WÍ

=
L

Ldd

0

...1

w

ww , V )( 0

LW ñ
WÍ

=
L

Ldd

0

...1

w

ww .   

ʂʦʵʬʬʠʮʠʝʥʪ  ʦʮʝʥʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ  

V /)( 0

LW V )( 0

LW . 
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=)(Le
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ɼʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ L = 1, 2, 3, 4 ʧʨʠʥʠʤʘʣ ʟʥʘʯʝʥʠʷ 1)1( =e , 5.0)2( =e , 

166.0)3( =e , 002.0)4( =e , ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʚʦʟʤʦʞʥʦʡ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʘ ʧʦ ʚʝʢʪʦʨʘʤ ʯʘʩʪʦʪ ʚʩʣʝʜʩʪʚʠʝ ʫʯʸʪʘ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ. 

ɺʝʣʠʯʠʥʘ 
fs  ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ, ʢʘʢ ʯʠʩʣʦ ʩʦʯʝʪʘʥʠʡ ʠʟ 

fk  ʵʣʝʤʝʥʪʦʚ ʧʦ L , 

),( Lkʉs ff =  ʠ 

))!(!/(!),( LkLkLkʉ fff -= . 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʧʝʨʝʙʦʨʘ ʚ (14) ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ))!(!/(!),(1 LkLkLkT fff -= . ʇʝʨʝʭʦʜʷ ʢ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ, ʧʦʩʣʝ 

ʫʧʨʦʱʝʥʠʡ ʜʣʷ Lk f >>, ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ ʚʨʝʤʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ 

L

ff LkʆLkT )/(),(2 = , ʢʦʪʦʨʘʷ ʚʝʜʸʪ ʩʝʙʷ, ʪʘʢʞʝ ʢʘʢ ʠ ),(1 LkT f
. ʅʘ ʨʠʩʫʥʢʝ 13.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʚʝʢʪʦʨʦʚ ʯʘʩʪʦʪ ),( LkCs ff =  ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ 

ʤʘʩʰʪʘʙʝ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ 4021-=fk ; ʧʘʨʘʤʝʪʨ L  ʧʨʠʥʠʤʘʣ ʟʥʘʯʝʥʠʷ 3, 5, 7 ʠ 9. 

 

ʈʠʩʫʥʦʢ 13.1 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʯʠʩʣʘ ʯʘʩʪʦʪʥʳʭ ʚʝʢʪʦʨʦʚ 
10log ( , )f fs k L  ʜʣʷ 

ʧʘʨʘʤʝʪʨʘ L= 3 (ʢʨʠʚʘʷ 1), L= 5 (ʢʨʠʚʘʷ 2), L=7 (ʢʨʠʚʘʷ 3), L=9 (ʢʨʠʚʘʷ 4) 

ʇʨʠʚʝʜʸʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 13.1 ʛʨʘʬʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʣʦʢʘʣʴʥʳʭ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʟʘʜʘʯʝ SC-ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

3. ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʧʨʠ SC-ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʚ 

ʟʘʜʘʯʝ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʥʘʙʣʶʜʝʥʠʡ ʦʪ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʠ ʩʢʘʣʷʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʦʚ. ɺʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘ ʩʯʸʪ ʧʝʨʝʭʦʜʘ ʦʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʫʪʸʤ ʧʦʠʩʢʦʚʦʛʦ 

ʧʨʷʤʦʛʦ ʧʝʨʝʙʦʨʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʘʨʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠ 

ʚʳʯʠʩʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ.   

ʇʦʣʦʞʠʤ, ʯʪʦ 1 ( )H Ti , 2 ( )H Ti , 3 ( )H Ti  ʠ 0 ( )H Ti  ï ʠʩʭʦʜʥʳʝ ʬʫʥʢʮʠʠ 

ʢʦʤʧʦʥʝʥʪ ʠ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ N-ʪʦʯʝʯʥʦʤ 

ʣʦʢʘʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ; ʧʫʩʪʴ 1( )y Ti ,
2( )y Ti ,

3( )y Ti  ʠ 0( )y Ti
 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʘʙʣʶʜʝʥʠʷ ʦʪ ʚʝʢʪʦʨʥʦʛʦ ʠ ʩʢʘʣʷʨʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʦʚ; ʚʚʝʜʸʤ ʣʦʢʘʣʴʥʳʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ),( TiH nM a , ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʝʢʪʦʨʦʚ ʧʘʨʘʤʝʪʨʦʚ na , 

1,2,3n= , 0,1,..., 1i N= -, ʊ ï ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ( )nW Ti  ï 

ʰʫʤʦʚʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʝʡʩʪʚʫʶʪ ʘʜʜʠʪʠʚʥʦ ʠ ʷʚʣʷʶʪʩʷ 
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ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʯʠʩʣʘʤʠ ʩ ʥʫʣʝʚʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʜʠʩʧʝʨʩʠʷʤʠ 2 2 2 2

0 1 2 3, , ,s s s s. ʇʦ ʟʘʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ 

( ) ( , ) ( )n n n ny Ti H Ti W Tia= +
 
ʥʘʡʜʸʤ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ 1 ( )H Ti , 2( )H Ti , 3 ( )H Ti , 

0,1,..., 1i N= -, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʙʣʠʟʢʠʤʠ, ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʩʤʳʩʣʝ, ʢ ʠʩʭʦʜʥʳʤ 

ʬʫʥʢʮʠʷʤ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʌʫʥʢʮʠʠ ( )nH Ti , 

1,2,3n= ʧʨʠʤʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ( )ny Ti , 

0,...,3n= . 

ʉʬʦʨʤʠʨʫʝʤ ʩʦʩʪʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʳ ( , )n n nS ya ʠ 0 0( , )S ya , ʚʚʝʜʸʤ ʙʣʦʯʥʳʡ 

ʚʝʢʪʦʨ 
1 2 3( , , )T T T Ta a a a=   

  

1
2

0

( , ) ( ( ) ( , ))
N

n n n n M n

i

S y y Ti H Tia a
-

=

= -ä ,  (15) 

  

1
2 2 2

0 0 0 1 2 3

0

( , ) ( ( ) ( , ) ( , ) ( , )
N

M M M

i

S y y Ti H Ti H Ti H Tia a a a
-

=

= - + +ä
2) .  (16) 

ʀʩʭʦʜʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʦʚ (15), 

(16) 

  ( , )S ya 1 1 1

1
( ( , )

4
S y

N
a= 2 2 2( , )S ya+ +3 3 3( , )S ya 0 0( , ))S ya+ ,  (17) 

ʛʜʝ ʙʣʦʯʥʳʡ ʚʝʢʪʦʨ ),,,( 3210

TTTTʊ yyyyy = ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ (4 ,1)N . 

ʆʪʳʩʢʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ a  ʧʨʦʠʟʚʝʜʸʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦ a ʠʩʭʦʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ( , )S ya  

 arg{min
a

a= ( , )}S ya . (18) 

ʆʧʪʠʤʘʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ )(TiH n

a , ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩ 

ʫʯʸʪʦʤ ʚʝʢʪʦʨʦʚ a
na  

  
),()( TiHTiH nMn

aa a= , 1,2,3n=  , 0,1,..., 1i N= -  (19) 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʦʪ ʩʠʩʪʝʤʳ 

ʤʘʛʥʠʪʦʤʝʪʨʦʚ. 

 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʩ 1-ʤʠʥʫʪʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʝʡ. ʀʩʭʦʜʥʳʝ ʤʦʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ( )MGnH Ti  ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ 

ʧʦʣʠʥʦʤʘʤʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ; ʤʦʜʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ 
0( )MGH Ti  

ʚʳʯʠʩʣʷʣʘʩʴ ʠʟ 
1( )MGH Ti , 

2( )MGH Ti , 
3( )MGH Ti  

2 3

,0 ,1 ,2 ,3( ) ( ) ( )MGn n n n nH Ti c c Ti c Ti c Ti= + + +
 
,
 

1,2,3n= , 

2 2 2

0 1 2 3( ) ( ) ( ) ( )MG MG MG MGH Ti H Ti H Ti H Ti= + + , 

 0,1,..., 1fi N= -. ʐʫʤʦʚʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ( )nW Ti , 0,1,2,3n= ,
 
ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʯʠʩʣʘʤʠ ʩ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʦʞʠʜʘʥʠʝʤ ʠ ʜʠʩʧʝʨʩʠʷʤʠ 2 2 2 2

1 2 3s s s s= = =
 
ʠ
 

2

0s . ʄʦʜʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʠ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʤʤʘʤʠ 
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( )MnH Ti = ( )MGnH Ti + ( )nW Ti , 0,1,..., 1fi N= -, 0,1,2,3n= .  (20) 

ɹʳʣʠ ʧʨʠʥʷʪʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʥʘʙʣʶʜʝʥʠʡ: 
5

1,0 1,1 1,213004, 0.013, 1.3 10c c c -= = =- Ö, 9

1,3 3 10c -= Ö , 
2,0 2,1 2,25000, 0.06, 0.0004c c c= = =- ,

2,3 0c = , 

3,0 3,1 3,220000, 0.08, 0.0007c c c= = = , 
3,3 0c = ; ʧʘʨʘʤʝʪʨ 60T c= ʦʧʨʝʜʝʣʠʣ 1-ʤʠʥʫʪʥʳʡ ʰʘʛ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʄʦʜʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ (20) ʧʦʩʪʫʧʘʣʠ ʚ ʬʦʨʤʫʣʳ (15)ï(20) ʘʣʛʦʨʠʪʤʘ 

ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ.
 
 

ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʣʫʯʘʡ ʣʦʢʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ʩ ʯʠʩʣʦʤ ʪʦʯʝʢ N , 

1 ( 1)sN N s= -, 2 1 1s sN N N= + -, 1,...,s m= , 
fmN N= . ɺʳʯʠʩʣʷʣʠʩʴ ʣʦʢʘʣʴʥʳʝ ʦʮʝʥʢʠ 

ns nsH a= , 1,...,s m= , ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  )(TiH Ln

a , 1,2,3n= . 

ɼʣʷ ʩʣʫʯʘʷ ʩʢʦʣʴʟʷʱʠʭ ʣʦʢʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩ ʯʠʩʣʦʤ ʪʦʯʝʢ N  ʚʳʙʠʨʘʣʩʷ ʰʘʛ 

ʩʢʦʣʴʞʝʥʠʷ dN , 0s ï ʯʠʩʣʦ ʩʢʦʣʴʟʷʱʠʭ ʣʦʢʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ɺʳʯʠʩʣʷʣʘʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ ʦʮʝʥʦʢ 
,n sa  

ns sH a= , 01,...,s s=  ʠ ʬʫʥʢʮʠʠ ʦʮʝʥʦʢ 

( )nsH Ti , 1,2,3n= , 0,1,..., 1fi N= -; ʜʘʣʝʝ ʧʫʪʝʤ ʬʠʣʴʪʨʘʮʠʠ ʩʦ ʚʟʚʝʰʝʥʥʳʤ 

ʫʩʨʝʜʥʝʥʠʝʤ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ( )SnH Ti , 1,2,3n= .  

ʅʘ ʨʠʩʫʥʢʝ 13.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʷʭ. ɹʳʣʠ ʚʳʙʨʘʥʳ ʟʥʘʯʝʥʠʷ 56,fN =  8N= , ʧʘʨʘʤʝʪʨʳ ʰʫʤʦʚʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ï 0 0.5s= ʥʊʣ,1.5s= ʥʊʣ. ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʩ ʠʥʜʝʢʩʦʤ 

1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
1( )MGH Ti . ʃʦʤʘʥʘʷ ʣʠʥʠʷ ʩ ʠʥʜʝʢʩʦʤ 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʰʫʤʣʸʥʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ ʢʦʤʧʦʥʝʥʪʳ 
1( )MH Ti . ʂʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʝ ʦʮʝʥʢʠ ʩ ʠʥʜʝʢʩʦʤ 3 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʬʠʣʴʪʨʘʮʠʠ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ ï 1( )LH Ti . ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʩ 

ʠʥʜʝʢʩʦʤ 4 ʦʧʨʝʜʝʣʷʣʘ ʦʮʝʥʢʠ 1( )SH Ti  ï ʨʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ ʠ 

ʚʟʚʝʰʝʥʥʳʤ ʫʩʨʝʜʥʝʥʠʝʤ ʩ 1dN = .  

 

ʈʠʩʫʥʦʢ 13.2 ï ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʥʘ ʤʦʜʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ 

ʇʨʦʠʟʚʝʜʸʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʥʘ 1-ʤʠʥʫʪʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ 

ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʵʢʩʧʝʨʪʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʉʂɿ ʧʦʛʨʝʰʥʦʩʪʝʡ ʜʣʷ ʩʢʦʣʴʟʷʱʠʭ ʤʦʜʝʣʝʡ ʩʦ 

ʚʟʚʝʰʝʥʥʳʤ ʫʩʨʝʜʥʝʥʠʝʤ ʤʝʥʴʰʝ ʉʂɿ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʠʣʴʪʨʘʮʠʠ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ, ʚ 

ʩʨʝʜʥʝʤ, ʥʘ 40ï60%.  
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4.ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ SC-ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩʫʥʢʝ 13.3. 

ʃʠʥʠʝʡ ʩ ʠʥʜʝʢʩʦʤ 1 ʦʙʦʟʥʘʯʝʥʳ 1-ʤʠʥʫʪʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ X 

ʦʪ ʦʙʩʝʨʚʘʪʦʨʠʠ SPG (ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ) ʚ ʧʝʨʠʦʜ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 

17.03.2015 ʛ. ʃʠʥʠʝʡ ʩ ʠʥʜʝʢʩʦʤ 2 ʦʙʦʟʥʘʯʝʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʬʠʣʴʪʨʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʢʫʩʦʯʥʦ- ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʧʨʠʚʝʜʸʥ ʛʨʘʬʠʢ ʨʘʟʥʦʩʪʠ 

ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʬʠʣʴʪʨʘʮʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʭʦʨʦʰʦ ʚʠʜʥʦ 

ʚʳʷʚʣʝʥʥʦʝ ʚʥʝʟʘʧʥʦʝ ʥʘʯʘʣʦ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʨʘʡʦʥʝ 04:45 ʧʦ ʤʠʨʦʚʦʤʫ ʚʨʝʤʝʥʠ. 

ɸʣʛʦʨʠʪʤ ʙʳʣ ʠʩʧʳʪʘʥ ʥʘ ʜʘʥʥʳʭ ʜʨʫʛʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʚ ʨʘʟʣʠʯʥʳʝ ʙʫʨʝʚʳʝ ʧʝʨʠʦʜʳ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚ ʮʝʣʦʤ ʵʬʬʝʢʪʠʚʥʦʝ SC- ʨʘʩʧʦʟʥʘʚʘʥʠʝ. 

 

ʈʠʩʫʥʦʢ 13.3 ï ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ SC-ʨʘʩʧʦʟʥʘʚʘʥʠʷ 
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14. ɻʨʘʥʪ ʈʌʌʀ ˉ15-05-07436 ''ʄʦʥʠʪʦʨʠʥʛ ʥʝʨʝʛʫʣʷʨʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʤʝʪʦʜʘʤʠ 

ʜʠʩʢʨʝʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ''  

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: 115012960028 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʜʠʨʝʢʪʦʨ ɻʎ ʈɸʅ, ʘʢʘʜʝʤʠʢ ɸ. ɼ. ɻʚʠʰʠʘʥʠ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴ: ʚ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʐ. ʈ. ɹʦʛʦʫʪʜʠʥʦʚ 

ʉʦʟʜʘʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ɻʎ ʈɸʅ ʛʝʦʤʘʛʥʠʪʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʠ 

ʀʅʊɽʈʄɸɻʅɽʊ ʠ ʩʝʡʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚ ʂʘʣʠʬʦʨʥʠʠ ʠ ʥʘ ʂʘʚʢʘʟʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ 

ʧʨʝʜʣʦʞʠʪʴ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʛʣʘʚʥʫʶ ʮʝʣʴ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʥʘʩʪʦʷʱʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɻʣʘʚʥʘʷ ʮʝʣʴ ï ʬʦʨʤʘʣʠʟʘʮʠʷ ʜʠʥʘʤʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʤʝʨʳ ʘʢʪʠʚʥʦʩʪʠ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ï ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʜʠʥʘʤʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʨ ʘʢʪʠʚʥʦʩʪʠ; ʧʦʠʩʢ ʠ ʠʟʫʯʝʥʠʝ 

ʘʥʦʤʘʣʠʡ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ 

ʤʥʦʛʦʤʝʨʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʘʩʩʠʚ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʨʝʛʫʣʷʨʥʳʡ ʧʦ ʚʨʝʤʝʥʠ ʨʷʜ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ). ʉʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʚ ʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʳʙʠʨʘʶʪʩʷ ʨʝʧʝʨʥʳʝ ʪʦʯʢʠ, ʠ ʠʟʫʯʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʟʫʯʝʥʠʷ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʵʪʠʭ ʪʦʯʢʘʭ. ɼʘʣʝʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʨʝʧʝʨʥʳʭ ʪʦʯʢʘʭ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʰʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʛʦ ʤʦʥʠʪʦʨʠʥʛ. ʆʜʥʦʤʝʨʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʨʷʜ, ʚʳʨʘʞʘʶʱʠʡ ʧʦʚʝʜʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʪʦʯʢʝ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʤʠʤʦ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʠ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʯʝʪʢʦʟʥʘʯʥʳʤ. ʈʘʙʦʪʘ ʩ 

ʥʠʤ ʧʦʪʨʝʙʫʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ɼʄɸ ʦʙʣʘʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʘʜʝʣʘʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɸʢʪʠʚʥʦʩʪʴ ï ʧʦʥʷʪʠʝ ʤʥʦʛʦʟʥʘʯʥʦʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʩʧʝʨʪʘ. ʉʥʘʯʘʣʘ 

ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ, ʟʘʪʝʤ ʦʥʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʨʷʜʦʤ 

(ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʘʤʦ ʧʦʥʷʪʠʝ ʘʢʪʠʚʥʦʩʪʠ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ). ʅʦʨʤʠʨʫʶʱʠʡ 

ʧʝʨʝʭʦʜ ʚ ʨʘʤʢʘʭ ɼʄɸ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʳʚʘʝʪ ʪʨʝʭ ʪʠʧʦʚ: ʩ ʧʦʤʦʱʴʶ ɼʄɸ-

ʩʨʘʚʥʝʥʠʡ, ɼʄɸ-ʧʨʦʠʟʚʦʜʥʳʭ ʠ ɼʄɸ-ʪʨʝʥʜʦʚ. ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʩʭʝʤʘʭ ï ʚʳʨʘʞʝʥʠʝ ʚ 

ʰʢʘʣʝ ʦʪʨʝʟʢʘ ʩʪʝʧʝʥʠ ʤʘʢʩʠʤʘʣʴʥʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ. ɺ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ï ʩʪʝʧʝʥʴ ʚʦʟʨʘʩʪʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʤʦʤʝʥʪ. 

ʄʝʨʘ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʙʠʚʘʝʪ ʨʷʜ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʩʧʦʢʦʡʥʫʶ, ʥʝʩʧʦʢʦʡʥʫʶ ʠ ʘʥʦʤʘʣʴʥʫʶ. 

ʉʧʦʢʦʡʥʘʷ ʯʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ ʤʝʨʳ ʘʢʪʠʚʥʦʩʪʠ ʦʪ 0 ʜʦ 0.5, ʥʝʩʧʦʢʦʡʥʘʷ ï ʦʪ 

0.5 ʜʦ 0.75, ʘʥʦʤʘʣʴʥʘʷ ï ʦʪ 0.75 ʜʦ 1. ɼʠʥʘʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ òʀʟʨʝʟʘʥʥʦʩʪʴò ʙʳʣ 

ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (ʨʠʩ. 14.1). ɽʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʙʣʘʩʪʠ ʝʛʦ 

ʤʦʥʦʪʦʥʥʦʛʦ ʫʙʳʚʘʥʠʷ ʠʣʠ ʚʦʟʨʘʩʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʢʘʪʴ ʵʢʩʪʨʝʤʫʤʳ. 
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ʈʠʩʫʥʦʢ 14.1  ʆʙʣʘʩʪʠ ʤʦʥʦʪʦʥʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʩʧʦʩʦʙʥʦ ʨʘʙʦʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ, ʥʦ ʠ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʡ (ʨʠʩ. 14.2) 

 

ʈʠʩʫʥʦʢ 14.2  ʈʝʛʨʝʩʩʠʦʥʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʥʘ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʪʝʭʥʠʢʘ ʨʘʙʦʪʳ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʥʝʯʝʪʢʦʟʥʘʯʥʳʤʠ 

ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʝ: ʘʥʦʤʘʣʠʠ, ʪʨʝʥʜʳ, ʵʢʩʪʨʝʤʫʤʳ, 

ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʷʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʚ ʤʦʜʝʣʠʨʫʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʝʧʝʨʥʳʭ ʬʘʟʦʚʳʭ 

ʪʦʯʢʘʭ ʚ ʨʝʛʫʣʷʨʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʧʦʥʠʤʘʥʠʠ ʨʝʟʫʣʴʪʘʪ ʧʝʨʚʦʛʦ 

ʛʦʜʘ ʫʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʥʠʪʦʨʠʥʛ ʠʩʭʦʜʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘ ʵʪʦʡ 

ʩʪʘʜʠʠ ʫʞʝ ʚʦʟʤʦʞʥʘ ʝʛʦ ɻʀʉ-ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʣʷ ʩʣʫʯʘʷ ʤʘʣʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. 

ɼʘʣʝʝ ʨʘʙʦʪʘ ʧʦ ʧʨʦʝʢʪʫ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʦʜʥʦʤʝʨʥʳʭ ʤʝʨ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʠʭ ʦʩʥʦʚʝ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʡ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʩʣʦʞʥʳʝ ʤʝʨʳ ʘʢʪʠʚʥʦʩʪʠ ʦʜʥʦʤʝʨʥʳʭ ʨʷʜʦʚ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ 
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ʬʦʨʤʘʣʠʟʘʮʠʷ ʩʣʦʞʥʦʛʦ ʵʢʩʧʝʨʪʥʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʦʜʥʦʤʝʨʥʫʶ ʜʠʥʘʤʠʢʫ. ɹʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʩʠʩʪʝʤ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʥʘ ʦʩʥʦʚʝ ʤʝʨ ʘʢʪʠʚʥʦʩʪʠ. 

ɸʥʘʣʠʟ ʤʝʨʳ ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʝ ʙʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʩʪʘʚʣʷʶʪ ʩʫʪʴ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʵʢʩʧʝʨʪʦʤ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ:  

  1. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʥʷʪʴ ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ 

ʠʥʪʝʨʝʩʫʶʱʘʷ ʜʠʥʘʤʠʢʘ ʚʳʨʘʞʝʥʘ ʥʘ ʨʷʜʝ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

  2. ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʘʟʦʚʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʥʘ ʫʨʦʚʥʝ ʧʝʨʚʳʭ 

ʜʚʫʭ ʤʦʤʝʥʪʦʚ: ʩʨʝʜʥʠʝ ʠ ʢʦʚʘʨʠʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʟʫʣʴʪʘʪ ï ʢʦʜʠʨʦʚʘʥʠʝ 

ʧʦʚʝʜʝʥʠʷ ʨʷʜʘ ʩ ʧʦʟʠʮʠʠ ʵʢʩʧʝʨʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʝʥʠʷ ʩ ʧʦʚʝʜʝʥʠʝʤ ʜʨʫʛʦʛʦ ʨʷʜʘ 

ʥʘ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʜʨʫʛʦʤ ʧʝʨʠʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʦʟʠʮʠʠ ʪʦʛʦ ʞʝ ʵʢʩʧʝʨʪʘ. 

ʇʦʠʩʢ ʘʥʦʤʘʣʠʡ ʠ ʧʨʦʩʪʦʡ ʤʝʨʳ ʘʢʪʠʚʥʦʩʪʠ ʙʫʜʫʪ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ rʥʘ ʬʫʥʢʮʠʠ 

(ʨʠʩ. 14.3) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʠʟʨʝʟʘʥʥʦʩʪʠ.  

 

ʈʠʩʫʥʦʢ 14.3  ɺʳʜʝʣʝʥʠʝ ʘʥʦʤʘʣʠʡ 

ʄʝʨʘ ʘʢʪʠʚʥʦʩʪʠ ʜʘʝʪ ʢʣʶʯ ʢ ʪʦʯʝʯʥʳʤ ʘʥʦʤʘʣʠʷʤ: ʘʥʦʤʘʣʴʥʳʤʠ ʥʘ ʚʨʝʤʝʥʥʦʤ 

ʨʷʜʝ ʥʘʟʳʚʘʶʪʩʷ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʭ ʤʝʨʘ 0.75²  (ʝʩʣʠ ʥʝʢʦʪʦʨʦʝ ʩʚʦʡʩʪʚʦ 

ʚʳʨʘʞʝʥʦ ʚ ʰʢʘʣʝ [0,1], ʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʩʯʠʪʘʪʴ ʘʥʦʤʘʣʴʥʳʤʠ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷ, 

ʧʦʧʘʜʘʶʱʠʝ ʚ ʦʪʨʝʟʦʢ [0.75,1]). 

ɺ ʩʠʣʫ ʠʟʥʘʯʘʣʴʥʦʡ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ ʨʷʜʘ ʝʛʦ ʣʦʢʘʣʴʥʦ ʘʥʦʤʘʣʴʥʳʝ ʫʟʣʳ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʧʦʜʤʥʦʞʝʩʪʚʦ, ʥʫʞʜʘʶʱʝʝʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ 

(ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ). 

ʉʦʛʣʘʩʠʪʝʩʴ, ʯʪʦ ʧʝʨʚʘʷ ʠ ʧʦʩʣʝʜʥʷʷ ʘʥʦʤʘʣʠʠ ʥʘ ʨʠʩʫʥʢʝ 14.3 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʝʜʠʥʫʶ ʘʥʦʤʘʣʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʘʣʛʦʨʠʪʤʦʤ ɼʄɸ-

ʢʣʘʩʪʝʨʠʟʘʮʠʠ DPS. 

ʄʝʨʳ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʟʘʧʠʩʝʡ ʠ ʙʦʣʝʝ ʪʦʛʦ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ 

ʚʳʨʘʞʘʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʩʫʱʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ, ʠʥʪʝʨʝʩ ʢ ʥʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʷ. ʇʦʵʪʦʤʫ 
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ʟʘʧʠʩʠ ʥʘʧʨʷʤʫʶ ʩʨʘʚʥʠʚʘʪʴ ʥʝʣʴʟʷ, ʘ ʠʭ ʤʝʨʳ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ - 

ʦʩʥʦʚʘ ɼʄɸ-ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʟʘʧʠʩʝʡ. 

ʇʫʩʪʴ ʜʘʥʘ ʩʠʩʪʝʤʘ ʟʘʧʠʩʝʡ, ʠʥʜʝʢʩʠʨʦʚʘʥʥʘʷ ʤʥʦʞʝʩʪʚʦʤ ʠʩʪʦʯʥʠʢʦʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʟʘʧʠʩʝʡ. ʉʫʪʴ ɼʄɸ-ʤʦʥʠʪʦʨʠʥʛʘ ʵʪʦʡ ʩʠʩʪʝʤʳ ï ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʤʝʨ ʘʢʪʠʚʥʦʩʪʝʡ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʥʷʪʴ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʝʪʠ ʥʘ ʢʘʞʜʦʡ 

ʩʪʘʥʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 14.4 ʧʦʢʘʟʘʥʳ ʬʨʘʛʤʝʥʪʳ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʪʠ 

ʀʅʊɽʈʄɸɻʅɽʊ. ʅʘ ʢʘʨʪʝ ʤʦʞʥʦ ʚʠʜʝʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʚʩʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩʝʪʠ. ʇʦʢʘʟʘʪʝʣʝʤ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʘʞʜʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʩʣʫʞʠʪ ʤʝʨʘ ʘʢʪʠʚʥʦʩʪʠ ʚ ʰʢʘʣʝ ʦʪ 0 ʜʦ 1. ʉʧʨʘʚʘ ʩʥʠʟʫ ʧʨʠʚʝʜʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʟʥʳʤ ʟʥʘʯʝʥʠʷʤ ʤʝʨʳ ʘʢʪʠʚʥʦʩʪʠ. ʇʦ 

ʦʩʠ ʦʨʜʠʥʘʪ ï ʰʢʘʣʘ ʘʢʪʠʚʥʦʩʪʠ ʦʪ 0 (ʥʝʪ ʘʥʦʤʘʣʠʠ) ʜʦ 1 (ʩʠʣʴʥʘʷ ʘʥʦʤʘʣʠʷ), ʨʘʟʙʠʪʘʷ ʥʘ 

ʜʝʩʷʪʴ ʠʥʪʝʨʚʘʣʦʚ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʢʘʞʜʦʤʫ ʠʥʪʝʨʚʘʣʫ ʧʦʩʪʘʚʣʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʊʘʢʞʝ ʥʘ ʨʠʩʫʥʢʝ 14.4 ʧʨʠʚʝʜʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʛʨʘʬʠʢ ʢʦʤʧʦʥʝʥʪʳ  

Bz ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʯʝʪʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʛʠʩʪʦʛʨʘʤʤʦʡ ʥʘʙʣʶʜʘʝʤʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʠ ʧʦʚʝʜʝʥʠʝʤ Bz: ʧʨʠ ʨʝʟʢʦʤ 

ʠʟʤʝʥʝʥʠʠ Bz ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʩʝʨʚʘʪʦʨʠʡ ʚ ʘʥʦʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

ʈʠʩʫʥʦʢ 14.4  ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʪʠ INTERMAGNET 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʦʜʥʦʤʝʨʥʳʤ ʩʣʫʯʘʝʤ ʩʠʩʪʝʤʘ ʤʝʨ ʘʢʪʠʚʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʘʥʦʤʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ ʩʝʪʠ (ʘʥʦʤʘʣʴʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʚ 

ʢʦʪʦʨʳʝ ʩʨʝʜʥʷʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʚʩʝʡ ʩʝʪʠ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʘ 0.75). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦ ʪʦʧʦʣʦʛʠʠ ʠʩʪʦʯʥʠʢʦʚ, 

ʘʥʦʤʘʣʴʥʳʭ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʤʥʦʛʦʤʝʨʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʘʣʛʦʨʠʪʤʘ DPS. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʝʜʠʪʴ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ, ʨʘʟʚʠʪʠʝʤ ʠ 

ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʘʥʦʤʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʩʝʪʠ. 
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15. ɻʨʘʥʪ ʈʌʌʀ ˉ16-35-00603 ʤʦʣ_ʘ ''ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʩʪ 

ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʝʛʠʦʥʘʭ 

ʈʦʩʩʠʠ (ʂʘʤʯʘʪʢʘ, ʉʘʭʘʣʠʥ ʠ ʂʫʨʠʣʴʩʢʠʝ ʦʩʪʨʦʚʘ) ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʪʝʨʠʟʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ''  

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: 116012650004 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʚ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ɹ. ɸ. ɼʟʝʙʦʝʚ 

ɺ 2017 ʛ. ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʝʢʪʫ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ FCAZ [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2013, 2016, 2017ʘ, 2017ʙ;  

ɼʟʝʙʦʝʚ, 2014; ɻʚʠʰʠʘʥʠ, ɼʟʝʙʦʝʚ, 2015] ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʂʫʨʠʣʴʩʢʠʭ 

ʦʩʪʨʦʚʦʚ ʠ ʥʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ. 

ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ (M Ó M0) 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʘʡʦʥʝ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʟ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʦʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʩ ʛʣʫʙʠʥʦʡ ʛʠʧʦʮʝʥʪʨʘ 

ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʝʡ 70 ʢʤ. ɼʣʷ ʚʳʙʦʨʘ ʛʣʫʙʠʥʳ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʧʦ ʛʣʫʙʠʥʝ, ʧʦʢʘʟʘʚʰʘʷ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʣʦʡ 0ï70 ʢʤ. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʘ ʂʘʤʯʘʪʢʝ ʪʘʢ ʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʙʳʪʠʷ ʩ ʛʣʫʙʠʥʦʡ ʜʦ 70 ʢʤ. ʆʮʝʥʢʘ ʧʦʣʥʦʪʳ ʤʘʛʥʠʪʫʜʳ  

Mc (completeness magnitude) ʢʘʪʘʣʦʛʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ ʤʘʛʥʠʪʫʜʳ M = 4.2 ʢʘʪʘʣʦʛ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ [Wyss et al., 2001; Reasenberg, 1985]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M Ó 4.2. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʢʘʪʘʣʦʛʝ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 11 725 ʪʘʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʜʣʷ ʢʘʪʘʣʦʛʘ ʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʨʘʙʦʪʦʡ ʧʦ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʝʡʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʥʘ ʂʘʤʯʘʪʢʝ [ɼʟʝʙʦʝʚ ʠ ʜʨ., 2018] ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʂʫʨʠʣʴʩʢʠʭ 

ʦʩʪʨʦʚʦʚ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 7.75. ʂʘʪʘʣʦʛ ʪʘʢʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʯʠʥʘʷ ʩ 1900 ʛ. ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʘʪʘʣʦʛʘ ʠ ʢʘʪʘʣʦʛʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ 

[ʅʦʚʳʡé, 1977]. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ M Ó 4.2. ʂ ʤʥʦʞʝʩʪʚʫ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʙʳʣ ʧʨʠʤʝʥʝʥ ʘʣʛʦʨʠʪʤ DPS. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ 3 ʠʪʝʨʘʮʠʠ. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ɓ ï ʫʨʦʚʥʷ ʤʘʢʩʠʤʘʣʴʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ DPS-ʢʣʘʩʪʝʨʦʚ ï ʚʳʯʠʩʣʷʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2016]. 

ɺ ʨʘʩʧʦʟʥʘʥʥʳʝ DPS-ʢʣʘʩʪʝʨʳ ʚʦʰʣʦ 80% ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

(ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M Ó 4.2). ʇʦʣʫʯʝʥʥʳʝ DPS-ʢʣʘʩʪʝʨʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 15.1 ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. 

ʂ ʨʘʩʧʦʟʥʘʥʥʳʤ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʤ DPS-ʢʣʘʩʪʝʨʘʤ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

(ʨʠʩ. 15.1) ʙʳʣ ʧʨʠʤʝʥʝʥ ʘʣʛʦʨʠʪʤ E2XT. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʝʛʦ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʳʯʠʩʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2016]. 
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ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʚʫʤʝʨʥʳʝ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʝ FCAZ-ʟʦʥʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 15.1 ʟʝʣʝʥʳʤ ʠ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. ɺʥʫʪʨʴ ʨʘʩʧʦʟʥʘʥʥʳʭ FCAZ-ʟʦʥ ʧʦʧʘʜʘʝʪ 14  

ʠʟ 18 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʦʥʘ ʩ ʄ Ó 7.75, ʪʨʠ ʵʧʠʮʝʥʪʨʘ ʥʘʭʦʜʷʪʩʷ ʨʷʜʦʤ ʩ ʛʨʘʥʠʮʘʤʠ 

FCAZ-ʟʦʥ ʠ ʦʜʠʥ ʵʧʠʮʝʥʪʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʦʪʜʘʣʝʥʠʠ ʦʪ ʨʘʩʧʦʟʥʘʥʥʳʭ ʟʦʥ 

(ʨʠʩ. 15.1). ʕʪʦ ʜʘʝʪ ʘʚʪʦʨʘʤ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʧʦʣʫʯʝʥʥʳʝ FCAZ-ʟʦʥʳ ʢʘʢ ʟʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ  

ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 7.75 ʥʘ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 15.1, ʨʘʩʧʦʟʥʘʥʥʳʝ ʟʦʥʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʧʠʮʝʥʪʨʦʚ ʠʟʚʝʩʪʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 7.75. ʕʧʠʮʝʥʪʨʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 7.75 ʧʦʧʘʜʘʶʪ ʚʦ FCAZ-ʟʦʥʳ ʠʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʨʷʜʦʤ ʩ ʠʭ 

ʛʨʘʥʠʮʘʤʠ. ʀʟ 18 ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʵʧʠʮʝʥʪʨ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʷʚʣʷʝʪʩʷ 

ʦʯʝʚʠʜʥʦʡ ʦʰʠʙʢʦʡ ʪʠʧʘ ''ʧʨʦʧʫʩʢ ʮʝʣʠ''. 

ʈʘʩʧʦʟʥʘʥʥʳʝ FCAZ-ʟʦʥʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʥʘ IX 2013ïVIII  2018 ʛʛ. 

 [ʌʝʜʦʪʦʚ, ʉʦʣʦʤʘʪʠʥ, 2015]. 

 

ʈʠʩʫʥʦʢ 15.1  ɿʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 7.75 ʥʘ 

ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʘʭ, ʨʘʩʧʦʟʥʘʥʥʳʝ ʩʠʩʪʝʤʦʡ FCAZ, ʠ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʄ Ó 7.75 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʩʧʦʟʥʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʭ ʟʦʥ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʤʝʪʦʜʦʤ FCAZ ʤʳ 

ʧʨʦʚʦʜʠʤ ʜʚʘ ʪʠʧʘ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ: ''ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ'' 

ʠ ''ʧʦʣʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ'' [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2016]. ɼʣʷ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʢʦʥʪʨʦʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ''ʧʦʣʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ''. ʀʟ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʘʪʘʣʦʛʘ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʧʦʩʣʝ 2000 ʛ. ʠ ʧʦʩʪʨʦʝʥʳ FCAZ-ʟʦʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ DPS-ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʵʧʠʮʝʥʪʨʦʚ 
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ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M Ó 4.2 ʜʦ 2000 ʛ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝ ʞʝ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʦʚ DPS ʠ E2XT, ʯʪʦ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʩʝʛʦ ʢʘʪʘʣʦʛʘ ʚ ʦʩʥʦʚʥʦʤ 

ʚʘʨʠʘʥʪʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʚʝʨʰʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʧʠʮʝʥʪʨʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʦʩʣʝ 2000 ʛ., ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʦʟʥʘʥʥʳʭ ʟʦʥ. 

ʉʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʨʠʩ. 15.1) ʠ FCAZ-ʟʦʥ ''ʧʦʣʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ'' ʧʦʢʘʟʘʣ ʠʭ ʜʦʩʪʘʪʦʯʥʫʶ ʙʣʠʟʦʩʪʴ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʧʠʮʝʥʪʨʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʧʦʩʣʝ 2000 ʛ. ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʨʘʩʧʦʟʥʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ FCAZ-ʟʦʥ, ʭʦʪʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʠʭ ʥʠʢʘʢ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʠ. ʊʦ ʝʩʪʴ ʚ ʨʘʩʧʦʟʥʘʥʥʳʝ ʟʦʥʳ ʧʦʧʘʣʠ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʧʨʦʠʟʦʰʝʜʰʠʝ ʩʧʫʩʪʷ 7 ʣʝʪ ʧʦʩʣʝ ʜʘʪʳ ʧʦʩʣʝʜʥʝʛʦ ʦʙʲʝʢʪʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʵʧʠʮʝʥʪʨʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ M Ó 4.2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʣʝʜʫʝʪ 

ʧʨʠʟʥʘʪʴ ʫʩʧʝʰʥʳʤ. ʆʥ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

FCAZ-ʟʦʥ ʢʘʢ ʟʦʥ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 7.75 ʥʘ ʊʠʭʦʦʢʝʘʥʩʢʦʤ 

ʧʦʙʝʨʝʞʴʝ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚʳʧʦʣʥʝʥʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ʆʙʲʝʢʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠ ʥʘ 

ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʢʘʪʘʣʦʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʛʣʫʙʠʥʦʡ 

ʛʠʧʦʮʝʥʪʨʘ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʝʡ 30 ʢʤ. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʧʦ ʛʣʫʙʠʥʝ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʩʦʙʳʪʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʣʦʡ 0ï30 ʢʤ. 

ʄʘʛʥʠʪʫʜʥʳʝ ʧʦʨʦʛʠ MR, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʙʲʝʢʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʠ M0, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʤʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʩʧʦʟʥʘʶʪʩʷ, ʚʳʙʠʨʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʛʨʘʬʠʢʦʚ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ. ʆʙʲʝʢʪʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʩʦʙʳʪʠʷ ʩ ʄ Ó 4.1. 

ʇʦʨʦʛ ʤʘʛʥʠʪʫʜʳ M0 ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ M > M0 ʥʝ ʷʚʣʷʣʠʩʴ 

ʦʯʝʚʠʜʥʦ ʚʦʟʤʦʞʥʳʤʠ ʥʘ ʚʩʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʠ ʘʥʘʣʠʟʘ 

ʢʫʤʫʣʷʪʠʚʥʦʛʦ ʠ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʪʦʪʥʦ-ʤʘʛʥʠʪʫʜʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʣ 

ʚʟʷʪ ʧʦʨʦʛ ʄ0 = 6.5. ʂʘʪʘʣʦʛ ʪʘʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʯʠʥʘʷ ʩ 1900 ʛ. ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʘʪʘʣʦʛʘ ʠ ʢʘʪʘʣʦʛʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ [ʅʦʚʳʡé, 1977]. 

ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʚʝ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ DPS. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɓ 

ʚʳʯʠʩʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʨʘʩʧʦʟʥʘʥʥʳʝ DPS-ʢʣʘʩʪʝʨʳ 

ʚʦʰʣʦ 75.8% ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

M Ó 4.1). ʇʦʣʫʯʝʥʥʳʝ DPS-ʢʣʘʩʪʝʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 15.2 ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ. 
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ʈʠʩʫʥʦʢ 15.2  ɿʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6.5 ʥʘ ʉʘʭʘʣʠʥʝ, 

ʨʘʩʧʦʟʥʘʥʥʳʝ ʩʠʩʪʝʤʦʡ FCAZ, ʠ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ Ó 6.5 

ʂ ʨʘʩʧʦʟʥʘʥʥʳʤ DPS-ʢʣʘʩʪʝʨʘʤ ʧʨʠʤʝʥʝʥ ʘʣʛʦʨʠʪʤ E2XT. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʝʛʦ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʝ ʟʦʥʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 15.2 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʟʝʣʝʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʦʚ. ɺʥʫʪʨʴ FCAZ-ʟʦʥ ʧʦʧʘʜʘʝʪ 9 ʠʟ 10 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʦʥʘ ʩ ʄ Ó 6.5 ʠ ʦʜʠʥ ʵʧʠʮʝʥʪʨ ʨʘʩʧʦʣʦʞʝʥ ʚʥʝ FCAZ-ʟʦʥ, ʩʦʟʜʘʚʘʷ 

ʦʰʠʙʢʫ ʪʠʧʘ ''ʧʨʦʧʫʩʢ ʮʝʣʠ'' (ʨʠʩ. 15.2). ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ FCAZ-ʟʦʥʳ ʢʘʢ ʟʦʥʳ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 6.5 ʥʘ ʦʩʪʨʦʚʝ ʉʘʭʘʣʠʥ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʩʧʦʟʥʘʥʥʳʭ ʟʦʥ FCAZ ʜʣʷ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ''ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ''.  

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʝ ''ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ'' FCAZ-ʟʦʥʳ ʩʪʨʦʷʪʩʷ  

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ DPS-ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʵʧʠʮʝʥʪʨʦʚ ʪʦʣʴʢʦ ʟʘ 20 ʣʝʪ ʧʝʨʝʜ ʩʠʣʴʥʳʤʠ (ʄ Ó ʄ0) 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʨʘʩʧʦʟʥʘʥʥʳʭ ʟʦʥ ʠ ʵʧʠʮʝʥʪʨʦʚ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʵʪʠ ʟʦʥʳ ʙʳʣʠ 

ʨʘʩʧʦʟʥʘʥʳ [ɻʚʠʰʠʘʥʠ ʠ ʜʨ., 2013; 2016]. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ''ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ'' ʟʦʥʳ FCAZ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ DPS-ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M Ó 4.1 ʪʦʣʴʢʦ 

ʟʘ 20 ʣʝʪ ʧʝʨʝʜ ʩʠʣʴʥʳʤʠ (M Ó 6.5) ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʧʨʦʠʟʦʰʣʘ 
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ʟʘʜʦʣʛʦ ʜʦ ʥʘʯʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʨʝʛʠʦʥʘ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʧʝʨʝʜ ʧʦʜʣʝʞʘʱʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʫ ʩʦʙʳʪʠʷʤʠ ʠʤʝʣʘʩʴ ʧʦʣʥʦʮʝʥʥʘʷ 20-ʣʝʪʥʷʷ 

ʠʩʪʦʨʠʷ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʪʦʣʴʢʦ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, 

ʥʘʯʠʥʘʷ ʩ 1995 ʛʦʜʘ. ʅʘʯʠʥʘʷ ʩ 1995 ʛ. ʥʘ ʉʘʭʘʣʠʥʝ ʧʨʦʠʟʦʰʣʦ 3 ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ M Ó 6.5. 

ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚ ʢʘʪʘʣʦʛʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M Ó 4.1 ʟʘ 20 ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʣʝʪ. ʂ ʧʦʣʫʯʝʥʥʳʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʪʨʝʤ 

ʧʦʜʤʥʦʞʝʩʪʚʘʤ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʳ ʘʣʛʦʨʠʪʤʳ 

DPS ʠ E2XT. ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦ ʚʩʝʭ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʙʳʣʠ ʚʟʷʪʳ ʪʝ ʞʝ 

ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʩʝʛʦ ʢʘʪʘʣʦʛʘ. 

ɸʥʘʣʠʟ FCAZ-ʟʦʥ, ʨʘʩʧʦʟʥʘʥʥʳʭ ʚ ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ''ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʩʝʡʩʤʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ'', ʧʦʢʘʟʘʣ ʠʭ ʜʦʩʪʘʪʦʯʥʫʶ ʩʭʦʞʝʩʪʴ. ʇʨʠ ʵʪʦʤ ʵʧʠʮʝʥʪʨʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M Ó 6.5, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʦʢʘʟʘʣʠʩʴ ʚʥʫʪʨʠ 

ʨʘʩʧʦʟʥʘʥʥʳʭ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʭ ʟʦʥ, ʣʠʙʦ ʥʘ ʠʭ ʛʨʘʥʠʮʘʭ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʦʥ ʦʩʥʦʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʨʠʩ. 15.2)  

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʝʭ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ''ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ'' ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʜʦʩʪʘʪʦʯʥʫʶ ʙʣʠʟʦʩʪʴ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʘʝʪ ʚʝʩʦʤʳʡ 

ʘʨʛʫʤʝʥʪ ʚ ʧʦʣʴʟʫ ʫʩʪʦʡʯʠʚʦʩʪʠ FCAZ-ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 15.2. 

ɺʘʞʥʝʡʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʝʢʪʘ: 

¶ ʆʨʠʛʠʥʘʣʴʥʘʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ FCAZ ʧʦʣʫʯʠʣʘ ʩʚʦʝ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ, ʢʘʢ ʯʘʩʪʴ ʤʝʪʦʜʦʣʦʛʠʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ (advance systems 

analysis). 

¶ ɺʧʝʨʚʳʝ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʂʘʤʯʘʪʢʠ, ʉʘʭʘʣʠʥʘ ʠ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʚʳʧʦʣʥʝʥʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʠ ʩʠʣʴʥʝʡʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʧʠʮʝʥʪʨʦʚ ʠ ʛʠʧʦʮʝʥʪʨʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

¶ ɼʣʷ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʧʦʣʫʦʩʪʨʦʚʘ ʂʘʤʯʘʪʢʘ ʠ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ 

ʨʘʩʧʦʟʥʘʥʳ ʟʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 7.75. 

¶ ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ ʨʘʩʧʦʟʥʘʥʳ ʟʦʥʳ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ Ó 6.5. 

¶ ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʧʨʦʝʢʪʝ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʲʝʢʪʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʚʳʙʨʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʷʚʣʷʶʪʩʷ ʘʜʝʢʚʘʪʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

¶ ʆʩʥʦʚʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʟʦʥ ʚʦʟʤʦʞʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʠʟʫʯʘʝʤʳʭ ʨʝʛʠʦʥʘʭ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʦʙʲʝʢʪʦʚ 

ʦʙʫʯʝʥʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʣʘʙʦʡ ʤʘʛʥʠʪʫʜʳ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʈʘʩʧʦʟʥʘʥʥʳʝ ʚʳʩʦʢʦʩʝʡʩʤʠʯʥʳʝ FCAZ-ʟʦʥʳ ʤʦʛʫʪ 

ʙʳʪɹ ʚ ʙʫʜʫʱʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʙʫʜʫʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʙʦʪʳ ʧʦ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʧʨʦʛʥʦʟʫ ʩʠʣʴʥʝʡʰʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʝʪʦʜʦʤ 

ʘʢʘʜʝʤʠʢʘ ʉ.ɸ. ʌʝʜʦʪʦʚʘ. 

¶ ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʢʘʨʪ ʟʦʥ 
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16. ʈʌʌʀ 17-05-01085 ʘ ''ʄʝʪʦʜʳ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʠ ʚ ʠʟʫʯʝʥʠʠ 

ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ''  

ʅʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ: AAAA-A17-117040510185-1 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʟʘʚ. ʣʘʙ., ʢ.ʛ.-ʤ.ʥ. ɸ. ʀ. ʈr ʙʢʠʥʘ 

ɺʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʄʝʩʩʠʥʩʢʦʛʦ ʢʨʠʟʠʩʘ ʩʦʣʝʥʦʩʪʠ ʥʘ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ 

ʙʘʩʩʝʡʥʘʭ ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ ʦʩʪʘʸʪʩʷ ʜʦ ʢʦʥʮʘ ʥʝ ʨʝʰʝʥʥʳʤ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʝʛʠʦʷʨʫʩʦʚ ʥʝʦʛʝʥʘ 

ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ ʩ ʦʙʱʝʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʦʡ. ʆʩʦʙʳʝ ʜʠʩʢʫʩʩʠʠ ʚʳʟʳʚʘʝʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪ ʛʨʘʥʠʮ ʤʵʦʪʠʯʝʩʢʦʛʦ ʠ ʧʦʥʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʦʚ ʤʠʦʮʝʥʘ 

[ʊʨʫʙʠʭʠʥ, 1989; ʇʝʚʟʥʝʨ ʠ ʜʨ., 2003; ʏʫʤʘʢʦʚ, 2000; ʅʝʚʝʩʩʢʘʷ ʠ ʜʨ., 2003; ʉʝʤʝʥʝʥʢʦ ʠ 

ʜʨ., 2009; Krijgsman et al., 2010; Vasiliev et al., 2011; ʇʦʧʦʚ ʠ ʜʨ., 2013]. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʠ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʦʢʦʛʦ ʟʥʘʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ɺʳʷʚʣʝʥʠʝ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʮʠʢʣʠʯʥʦʩʪʠ ʚ ʩʨʝʜʥʝ- ʠ ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ɺʦʩʪʦʯʥʦʛʦ 

ʇʘʨʘʪʝʪʠʩʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʝʡ ʧʝʨʝʨʳʚʦʚ ʚ ʩʝʜʠʤʝʥʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʄʝʩʩʠʥʩʢʦʛʦ ʢʨʠʟʠʩʘ ʩʦʣʝʥʦʩʪʠ ʥʘ ʫʩʣʦʚʠʷ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʦ ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʤ ʙʘʩʩʝʡʥʦʤ ʨʘʡʦʥʘʭ 

ɸʣʴʧʠʡʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʚʳʷʚʣʝʥʥʦʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʮʠʢʣʠʯʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʠʣʠ ʧʨʦʩʣʝʜʠʪʴ ʩʦʙʳʪʠʷ 

ʄʝʩʩʠʥʩʢʦʛʦ ʩʦʣʝʥʦʩʥʦʛʦ ʢʨʠʟʠʩʘ (ʄʉʂ) ʢʘʢ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ 

[Hilgen et al., 1995; Krijgsman et al., 1999], ʪʘʢ ʠ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʣʷʮʠʶ ʩ ʨʘʟʨʝʟʘʤʠ 

ɸʪʣʘʥʪʠʢʠ [Hodell et al., 2001; Krijgsman et al., 2004]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʳ 

ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʜʥʦʚʦʟʨʘʩʪʥʳʤ ʨʘʟʨʝʟʘʤ ʊʘʤʘʥʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ, ʦʪʚʝʯʘʶʱʝʛʦ ɽʥʠʢʘʣʴʩʢʦʤʫ ʧʨʦʣʠʚʫ ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ.  

ɼʠʩʢʫʩʩʠʷ ʦʙ ʦʪʨʘʞʝʥʠʠ ʄʝʩʩʠʥʩʢʦʛʦ ʢʨʠʟʠʩʘ ʩʦʣʝʥʦʩʪʠ ʚ ʩʪʨʦʝʥʠʠ 

ʚʝʨʭʥʝʤʠʦʮʝʥʦʚʳʭ ʪʦʣʱ ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ  

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦ ʧʦʣʦʞʝʥʠʠ ʨʝʛʠʷʨʫʩʦʚ 

ʤʠʦʮʝʥʘ ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ ʚ ʦʙʱʝʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ. ʅʘʧʨʠʤʝʨ, ʠʤʝʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʥʦʯʪʝʥʠʷ ʚ ʜʘʪʠʨʦʚʘʥʠʝ ʛʨʘʥʠʮ ʨʝʛʠʦʷʨʫʩʦʚ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ 

ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʫʶ ʣʠʪʦʣʦʛʠʯʝʩʢʫʶ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʫʶ 

ʠʟʫʯʝʥʥʦʩʪʴ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ (ʨʠʩ. 16.1). ɺ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʨʘʟʥʦʛʣʘʩʠʷʤʠ, 

ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʟʨʝʟʦʚ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ ʇʨʠʯʝʨʥʦʤʦʨʴʷ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʘʤʠ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʨʘʙʦʪʝ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 
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ʈʠʩʫʥʦʢ 16.1  ʈʘʟʣʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʦʣʦʞʝʥʠʠ ʨʝʛʠʦʷʨʫʩʦʚ ɺʦʩʪʦʯʥʦʛʦ 

ʇʘʨʘʪʝʪʠʩʘ ʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 

ʰʢʘʣʳ  

ʊʘʢ ʚ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʪʴʝ ʦ ʨʘʟʚʠʪʠʠ ʄʉʂ ʚ ʇʘʨʘʪʝʪʠʩʝ [Christiaan G.C. van Baak et 

al., 2017] ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʠʷ ʧʦʥʪʠʯʝʩʢʦʛʦ ʷʨʫʩʘ ʚ ʦʙʱʝʡ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ ʪʦʣʱ ʨʘʟʨʝʟʘ ʤʳʩʘ ɾʝʣʝʟʥʳʡ ʈʦʛ. 

ʅʘ ʨʠʩʫʥʢʝ 16.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʄʉʂ ʩ ʛʣʦʙʘʣʴʥʦʡ [Laskar et 

al., 2004] ʠ ʣʦʢʘʣʴʥʦʡ ʟʘʧʠʩʴʶ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʮʠʢʣʠʯʥʦʩʪʠ. ʆʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʩʦʩʪʦʠʪ ʚ ʧʦʣʦʞʝʥʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʨʳʚʘ, ʢʦʪʦʨʳʡ ʚ 

ʦʜʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʤʠʦʮʝʥʘ ʠ ʧʣʠʦʮʝʥʘ, ʚ ʜʨʫʛʦʤ ï ʥʘ ʛʨʘʥʠʮʝ 

ʤʠʦʮʝʥʘ ʠ ʧʣʠʦʮʝʥʘ, ʘ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʝ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʧʦʥʪʘ ʩʦʛʣʘʩʥʦ [Rostovtseva, 

Rybkina, 2017]. ʇʨʠ ʵʪʦʤ ʚ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʙʦʩʬʦʨʩʢʠʭ ʩʣʦʝʚ, 

ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥ ʚ ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʤ ʨʝʛʠʦʥʝ [ɸʥʜʨʫʩʦʚ, 

1960]. ɺ ʨʘʤʢʘʭ ʦʪʨʘʙʦʪʢʠ ʵʪʠʭ ʜʚʫʭ ʤʦʜʝʣʝʡ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʥʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩ ʦʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʄʝʩʩʠʥʩʢʦʛʦ ʢʨʠʟʠʩʘ ʩʦʣʝʥʦʩʪʠ, 

ʚʳʜʝʣʷʝʤʦʛʦ ʚ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝ (ʨʠʩ. 16.3). ʀʩʧʦʣʴʟʫʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʚʢʣʶʯʘʶʱʠʝ ʧʦʩʪʨʦʝʥʠʝ Lomb-Scargle ʠ REDFIT ʧʝʨʠʦʜʦʛʨʘʤʤ, ʚ ʠʟʫʯʘʝʤʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʚʳʷʚʣʝʥʳ ʮʠʢʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʦʨʙʠʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ 

(ʧʨʝʮʝʩʩʠʝʡ ʠ ʠʟʤʝʥʝʥʠʝʤ ʥʘʢʣʦʥʘ ʟʝʤʥʦʡ ʦʩʠ) [Rybkina, Rostovtseva, 2017; Rostovtseva, 

Rybkina 2017]. ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʮʠʢʣʠʯʥʦʩʪʠ ʤʵʦʪʠʩ-ʧʦʥʪʠʯʝʩʢʠʭ 

(ʧʝʨʝʭʦʜʥʳʭ) ʠ ʧʦʥʪʠʯʝʩʢʠʭ ʪʦʣʱ, ʚʩʢʨʳʚʘʝʤʳʭ ʚ ʨʘʟʨʝʟʝ ɾʝʣʝʟʥʳʡ ʈʦʛ ʊʘʤʘʥʠ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ''ʧʝʨʝʭʦʜʥʳʭ'' ʩʣʦʝʚ ʥʘʯʘʣʦʩʴ ʦʢʦʣʦ 6,3 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ ʠ 

ʚʦʟʨʘʩʪ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʧʦʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6,1 ʤʣʥ. ʣʝʪ.  
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ʈʠʩʫʥʦʢ 16.2  ɼʚʝ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʦʚ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ɾʝʣʝʟʥʳʡ ʨʦʛ  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʥʪʘ (ʥʦʚʦʨʦʩʩʠʡʩʢʠʭ ʩʣʦʝʚ) ʧʨʦʠʩʭʦʜʠʣʦ 

ʩ 6,1 ʧʦ 5,6 ʤʣʥ. ʣʝʪ, ʯʪʦ ʧʦ ʚʨʝʤʝʥʠ ʦʪʚʝʯʘʝʪ ʧʝʨʚʦʤʫ ʵʪʘʧʫ ʄʉʂ. ʇʦʨʪʘʬʝʨʩʢʠʝ ʩʣʦʠ 

ʧʦʥʪʘ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʩ 5,6 ʧʦ 5,45 ʤʣʥ. ʣʝʪ ʩ ʨʘʟʚʠʪʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʨʳʚʘ ʚ 

ʩʝʜʠʤʝʥʪʘʮʠʠ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ 

ʄʉʂ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʥʫʪʨʠʧʦʥʪʠʯʝʩʢʦʛʦ ʧʝʨʝʨʳʚʘ ʩʦʩʪʘʚʣʷʝʪ ~ 150ï160 ʪʳʩ. ʣʝʪ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʨʘʩʪʝ ʚʝʨʭʥʝʛʦ 

ʧʦʥʪʘ. ɺʳʚʦʜʳ ʦ ʥʘʣʠʯʠʠ ʧʝʨʝʨʳʚʘ ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʢʘʢ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʪʘʢ ʠ ʤʝʪʦʜʘʤʠ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʠ. 

ʋʯʠʪʳʚʘʷ ʤʘʣʦʤʦʱʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʡ ʧʦʨʪʘʬʝʨʩʢʠʭ ʩʣʦʝʚ (ʦʢʦʣʦ 6 ʤʝʪʨʦʚ) ʠ ʥʘʣʠʯʠʝ 

ʧʨʠʟʥʘʢʦʚ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʨʦʜ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʷʚʣʷʪʴ ʘʩʪʨʦʥʦʤʠʯʝʩʢʫʶ 

ʮʠʢʣʠʯʥʦʩʪʴ ʪʦʣʱ, ʜʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʨʳʚʠʩʪʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʧʦʥʪʠʯʝʩʢʦʝ ʚʨʝʤʷ 

[Rostovtseva, Rybkina, 2017]. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʧʦʥʪʘ (ʢʨʦʚʣʷ ʙʦʩʬʦʨʩʢʠʭ ʩʣʦʝʚ) ʜʘʪʠʨʫʝʪʩʷ 

5,2 ʤʣʥ. ʣʝʪ, ʯʪʦ ʚ ʮʝʣʦʤ ʦʪʚʝʯʘʝʪ ʟʘʚʝʨʰʝʥʠʶ ʄʉʂ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʡ ʚ 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [Radionova et al., 2012]. 
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ʈʠʩʫʥʦʢ 16.3  ʈʝʟʫʣʴʪʘʪʳ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʨʭʥʝʤʵʦʪʠʯʝʩʠʢʭ 

ʠ ʧʦʥʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ  

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʤʠʦʮʝʥʘ ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ ʦʩʪʨʫʶ ʜʠʩʢʫʩʩʠʶ 

ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩ ʦ ʧʦʣʦʞʝʥʠʠ ʛʨʘʥʠʮʳ ʤʵʦʪʠʩʘ ʠ ʩʘʨʤʘʪʘ. ʊʘʢ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

Vasiliev et al. [2011] ʚʦʟʨʘʩʪ ʵʪʦʡ ʛʨʘʥʠʮʳ ʩʦʩʪʘʚʣʷʝʪ 8,2ï8,6 ʤʣʥ. ʣʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʵʦʪʠʩʘ ʚ 2,2ï2,6 ʤʣʥ. ʣʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʛʣʘʩʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [Trubikhin and Pilipenko, 2011; Radionova et al., 

2012; Popov et al., 2013], ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʤʵʦʪʠʩʘ ʧʨʦʭʦʜʠʪ ʥʘ ʫʨʦʚʥʝ 7,6 ʤʣʥ. ʣʝʪ  

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʵʦʪʠʩʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1,5 ʤʣʥ. ʣʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʧʦʨʥʳʤ ʚʦʧʨʦʩʦʤ, ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʦʧʨʦʙʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʩʘʨʤʘʪ-ʤʵʦʪʠʯʝʩʢʠʭ ʪʦʣʱ ʨʘʟʨʝʟʘ ʤʳʩʘ ʇʘʥʘʛʠʷ (ʊʘʤʘʥʴ) 

ʧʘʣʝʦʤʘʛʥʠʪʥʳʤʠ ʠ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʣʘʥʠʨʫʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʙʨʘʥʥʦʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʦʩʪʨʝʡʰʠʭ ʜʠʩʢʫʩʩʠʡ ʦ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʨʝʛʠʦʷʨʫʩʦʚ ɺʦʩʪʦʯʥʦʛʦ 

ʇʘʨʘʪʝʪʠʩʘ ʩ ʦʙʱʝʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʦʡ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʦʚʝʜʝʥʠʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʠ. ɺ ʭʦʜʝ 

ʨʘʙʦʪ ʙʳʣ ʩʦʙʨʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʝʦʙʭʦʜʠʤʳʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ɺʦ ʚʨʝʤʷ 

ʧʦʣʝʚʦʛʦ ʩʝʟʦʥʘ 2017 ʛʦʜʘ ʢʦʤʘʥʜʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʨʫʢʦʚʦʜʠʪʝʣʷ ʧʨʦʝʢʪʘ 

ʈʳʙʢʠʥʦʡ ɸ.ʀ., ʯʣʝʥʦʚ ʧʨʦʝʢʪʘ ʈʦʩʪʦʚʮʝʚʦʡ ʖ.ɺ. ʠ ʌʠʣʠʥʦʡ ɽ.ɺ., ʘ ʪʘʢʞʝ ʩ ʫʯʘʩʪʠʝʤ  

ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʫʣʴʪʘʥʪʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʤʘʛʥʠʪʦʩʪʨʘʪʠʛʨʘʬʠʠ ʊʨʫʙʠʭʠʥʘ ɺ.ʄ. (ɻʀʅ ʈɸʅ) 






























































































