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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɸʄʇ ï ʘʥʦʤʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ɸʈʂ ï ʘʵʨʦʨʘʜʠʦʭʠʤʠʯʝʩʢʦʝ ʢʨʘʪʠʨʦʚʘʥʠʝ 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ɽʈʕ ï ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʂʇ ï ʢʦʥʪʨʦʣʴʥʳʡ ʧʫʥʢʪ 

ʄʇ ï ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʇʂ ï ʧʠʢʝʪ 

ʇʈ ï ʧʨʦʬʠʣʴ 

ʉɺ ï ʩʝʚʝʨʦ-ʚʦʩʪʦʢ 

ʉɿ ï ʩʝʚʝʨʦ-ʟʘʧʘʜ 

ʉʉɺ ï ʩʝʚʝʨʦ-ʩʝʚʝʨʦ-ʚʦʩʪʦʢ 

ʊʅ ï ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ 

ʊʕɿ-ɺʇ ï ʪʦʯʝʯʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʩ ʠʟʤʝʨʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ 

ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʋʕʉ ï ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʕɼʉ ï ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ 

ʕʊ ï ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ 

IGRF ï International Geomagnetic Reference Field  

OM ï oasis montaj 
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ɺɺɽɼɽʅʀɽ 

ɺ ʧʝʨʠʦʜ ʩ 28.10.2023 ʧʦ 25.12.2023 ʛ. ʢʦʤʧʘʥʠʝʡ ʆʆʆ "ʉɿɻɻʂ "ɻʝʦʢʦʤʧʣʝʢʩ" 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘʟʝʤʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʘ ʣʠʮʝʥʟʠʦʥʥʦʡ ʧʣʦʱʘʜʠ ˉ3479 

(ˉˉ1-5) (ʨʠʩ.1) ʧʨʦʚʠʥʮʠʠ Toamasina, ʨʝʩʧʫʙʣʠʢʘ ʄʘʜʘʛʘʩʢʘʨ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʦʚ ʨʦʩʩʳʧʝʡ ʙʣʘʛʦʨʦʜʥʳʭ 

ʢʦʨʫʥʜʦʚ (ʨʫʙʠʥʦʚ, ʩʘʧʬʠʨʦʚ) ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʦʡ, ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʦʡ ʤʝʪʦʜʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʤʦʜʠʬʠʢʘʮʠʠ 

ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ (ʕʊ). 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ 

ʨʝʘhʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

ʚr ʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʦʚ ʨʦʩʩʳʧʝʡ ʙʣʘʛʦʨʦʜʥʳʭ ʢʦʨʫʥʜʦʚ (ʨʫʙʠʥʦʚ, 

ʩʘʧʬʠʨʦʚ) ʥʘʟʝʤʥʳʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ; 

ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʨʫʩʣʦʚʳʭ ʠ ʪʝʨʨʘʩʦʚʳʭ ʨʦʩʩʳʧʝʡ 

ʙʣʘʛʦʨʦʜʥʳʭ ʢʦʨʫʥʜʦʚ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥ rʟʘʣʝʛʘʥʠʷ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ.  

 

 

ʈʠʩ. 1. ʂʘʨʪʘ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ 

 



 

10 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ. 

ʊʘʙʣʠʮʘ 1. ʂʦʦʨʜʠʥʘʪʳ ʫʛʣʦʚʳʭ ʪʦʯʝʢ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ 

NAME X Y 

A 264219.738 8120312.967 

B 264278.151 8117812.62 

C 269221.12 8120368.878 

D 266809.39 8117841.1 

E 269248.792 8117868.255 

F 266837.053 8115370.66 

G 274280.648 8117923.367 

H 274307.423 8115453.022 
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1. ʌʀɿʀʂʆ-ɻɽʆɻʈɸʌʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ʈʝʩʧʫʙʣʠʢʘ ʄʘʜʘʛʘʩʢʘʨ ï ʦʩʪʨʦʚʥʦʝ ʛʦʩʫʜʘʨʩʪʚʦ ʚ ʀʥʜʠʡʩʢʦʤ ʦʢʝʘʥʝ, ʫ ʶʛʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɸʬʨʠʢʠ. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʦʩʪʨʦʚ ʄʘʜʘʛʘʩʢʘʨ, ʯʝʪʚʸʨʪʳʡ ʧʦ 

ʚʝʣʠʯʠʥʝ ʦʩʪʨʦʚ ʚ ʤʠʨʝ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ ʫʜʘʣʝʥʥʳʭ ʦʩʪʨʦʚʦʚ. ʇʦʩʣʝ 

ʜʦʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʩʢʦʣʘ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ɻʦʥʜʚʘʥʘ ʄʘʜʘʛʘʩʢʘʨ ʦʪʜʝʣʠʣʩʷ ʦʪ 

ʀʥʜʠʡʩʢʦʛʦ ʩʫʙʢʦʥʪʠʥʝʥʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʬʣʦʨʘ ʠ ʬʘʫʥʘ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʠʟʦʣʷʮʠʠ. ʇʣʦʱʘʜʴ 596 ʪʳʩʷʯ ʢʤ2 (ʚ ʪ.ʯ. ʦʩʪʨʦʚ ʄʘʜʘʛʘʩʢʘʨ 590 ʪʳʩʷʯ ʢʤ2). ʅʘʩʝʣʝʥʠʝ 29 

ʤʣʥ. ʯʝʣʦʚʝʢ (2023 ʛ). ʉʪʦʣʠʮʘ ï ʛ. ɸʥʪʘʥʘʥʘʨʠʚʫ. 

 ʅʘ ʟʘʧʘʜʝ ʄʘʜʘʛʘʩʢʘʨ ʦʪʜʝʣʝʥ ʦʪ ʤʘʪʝʨʠʢʘ ʄʦʟʘʤʙʠʢʩʢʠʤ ʧʨʦʣʠʚʦʤ ʰʠʨʠʥʦʡ 400 

ʢʤ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 5 080 ʢʤ, ʦʥʘ ʤʘʣʦ ʠʟʨʝʟʘʥʘ. ɺʦʩʪʦʯʥʳʡ ʠ 

ʟʘʧʘʜʥʳʡ ʙʝʨʝʛʘ ʥʠʟʢʠʝ, ʧʣʦʩʢʠʝ, ʧʦʯʪʠ ʧʨʷʤʦʣʠʥʝʡʥʳʝ. ɺʦʩʪʦʯʥʳʡ ʙʝʨʝʛ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʧʦʢʨʳʪ ʧʝʩʯʘʥʳʤʠ ʜʶʥʘʤʠ, ʟʘ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʷʪʩʷ ʣʘʛʫʥʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʳ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʳʨʳʪʳʤʠ ʢʘʥʘʣʘʤʠ. ɺʜʦʣʴ ʟʘʧʘʜʥʳʭ ʙʝʨʝʛʦʚ ʪʷʥʫʪʩʷ 

ʢʦʨʘʣʣʦʚʳʝ ʨʠʬʳ. ʖʞʥʦʝ ʧʦʙʝʨʝʞʴʝ ʦʩʪʨʦʚʘ ʚʳʩʦʢʦʝ, ʤʝʩʪʘʤʠ ʦʙʨʳʚʠʩʪʦʝ. ɺ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʠ ʢʨʘʡʥʝʡ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʙʝʨʝʛ ʩʢʘʣʠʩʪʳʡ, ʚʳʩʦʢʠʡ ʠ ʦʯʝʥʴ ʠʟʨʝʟʘʥʥʳʡ. 

ʆʩʪʨʦʚ ʄʘʜʘʛʘʩʢʘʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʨʝʚʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʙʣʦʢ, ʦʪʜʝʣʠʚʰʠʡʩʷ ʦʪ 

ɸʬʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʚ ʢʦʥʮʝ ʧʘʣʝʦʟʦʷ. ɺʳʩʦʢʦʝ ʧʣʘʪʦ, ʚʳʪʷʥʫʪʦʝ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 800 ʢʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʝʛʦ ʧʦʣʦʛʘʷ, ʩʪʫʧʝʥʯʘʪʦ ʧʦʥʠʞʘʶʱʘʷʩʷ ʩ ʚʦʩʪʦʢʘ ʥʘ 

ʟʘʧʘʜ ʠ ʛʣʫʙʦʢʦ ʨʘʩʯʣʝʥʝʥʥʘʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʘʩʩʠʚʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʦʙʰʠʨʥʳʝ ʠ ʨʦʚʥʳʝ ʧʣʦʩʢʦʜʦʥʥʳʝ ʢʦʪʣʦʚʠʥʳ ʠ ʜʦʣʠʥʳ. ʅʘ ʟʘʧʘʜʝ ɺʳʩʦʢʦʝ ʧʣʘʪʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʙʦʣʝʝ ʥʠʟʢʦʝ ʧʣʘʪʦ ʚʳʩʦʪʦʡ ʤʝʥʝʝ 800 ʤ, ʘ ʥʘ ʚʦʩʪʦʢʝ ʦʥʦ ʩʧʫʩʢʘʝʪʩʷ ʜʚʫʤʷ 

ʢʨʫʪʳʤʠ ʫʩʪʫʧʘʤʠ ʢ ʫʟʢʦʡ (10-20 ʢʤ) ʧʨʠʙʨʝʞʥʦʡ ʭʦʣʤʠʩʪʦʡ ʨʘʚʥʠʥʝ. ɼʣʷ ɺʳʩʦʢʦʛʦ 

ʧʣʘʪʦ ʭʘʨʘʢʪʝʨʥʳ ʤʘʣʦʧʣʦʜʦʨʦʜʥʳʝ ʢʨʘʩʥʳʝ ʬʝʨʨʘʣʠʪʦʚʳʝ ʧʦʯʚʳ. ʅʘ ʚʦʩʪʦʯʥʦʡ 

ʧʨʠʙʨʝʞʥʦʡ ʨʘʚʥʠʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʘʩʥʦ-ʞʝʣʪʳʝ ʠ ʢʨʘʩʥʳʝ 

ʬʝʨʨʘʣʠʪʦʚʳʝ ʧʦʯʚʳ, ʤʝʩʪʘʤʠ ʩ ʤʘʥʛʨʦʚʳʤʠ ʧʦʯʚʘʤʠ. ʅʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʨʘʟʚʠʪʳ 

ʢʦʨʠʯʥʝʚʘʪʦ-ʢʨʘʩʥʳʝ ʣʘʪʝʨʠʪʥʳʝ ʧʦʯʚʳ, ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ð ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ. ʕʨʦʟʠʷ 

ʧʦʯʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦ ʚʩʝʤʫ ʦʩʪʨʦʚʫ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʄʘʜʘʛʘʩʢʘʨʘ 

ʧʦʢʨʳʪʘ ʛʫʩʪʦʡ ʩʝʪʴʶ ʨʝʢ. ʈʝʢʠ, ʚʧʘʜʘʶʱʠʝ ʚ ʄʦʟʘʤʙʠʢʩʢʠʡ ʧʨʦʣʠʚ, ʥʝ ʪʘʢ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʥʦ ʛʦʨʘʟʜʦ ʜʣʠʥʥʝʝ, ʧʦʣʥʦʚʦʜʥʳ ʣʝʪʦʤ (ʩ ʥʦʷʙʨʷ ʧʦ ʘʧʨʝʣʴ) ʠ ʤʘʣʦʚʦʜʥʳ 

ʟʠʤʦʡ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʨʝʢʠ - ʄʘʥʛʫʢʠ (714ʢʤ), ɹʝʯʠʙʫʢʘ (525ʢʤ), ʋʥʠʣʘʭʠ (400ʢʤ), 

ʏʠʨʠʙʠʭʠʥʘ (380ʢʤ), ʄʘʭʘʚʘʚʠ (365ʢʤ), ʉʫʬʠʷ (328ʢʤ) ʠ ʜʨ. ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʚ ʩʫʭʦʡ ʩʝʟʦʥ 

ʥʝʢʦʪʦʨʳʝ ʤʘʣʳʝ ʨʝʢʠ ʧʝʨʝʩʳʭʘʶʪ. ʉʫʜʦʭʦʜʥʳʝ ʫʯʘʩʪʢʠ ʝʩʪʴ ʪʦʣʴʢʦ ʚ ʫʩʪʴʷʭ 

ʢʨʫʧʥʝʡʰʠʭ ʨʝʢ.  
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ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʩʪʨʦʚʘ ʄʘʜʘʛʘʩʢʘʨ ʦʪʥʦʩʠʪʩʷ ʢ ʄʘʜʘʛʘʩʢʘʨʩʢʦʡ ʧʦʜʦʙʣʘʩʪʠ 

ʇʘʣʝʦʪʨʦʧʠʯʝʩʢʦʡ ʬʣʦʨʠʩʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʥʦʛʠʝ ʠʟ ʠʟʚʝʩʪʥʳʭ ʟʜʝʩʴ ʚʠʜʦʚ (ʙʦʣʝʝ 

6700) ʷʚʣʷʶʪʩʷ ʵʥʜʝʤʠʢʘʤʠ. ʊʨʦʧʠʯʝʩʢʠʝ ʣʝʩʘ ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ 10% ʪʝʨʨʠʪʦʨʠʠ. 

ʇʨʝʦʙʣʘʜʘʶʪ ʚʪʦʨʠʯʥʳʝ ʩʘʚʘʥʥʳ. ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʨʘʟʚʠʪʘ ʪʨʦʧʠʯʝʩʢʘʷ ʧʦʣʫʧʫʩʪʳʥʷ. 

ɾʠʚʦʪʥʳʡ ʤʠʨ ʄʘʜʘʛʘʩʢʘʨʘ ʩʚʦʝʦʙʨʘʟʝʥ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʣʝʤʫʨʳ ʠ ʪʝʥʨʝʢʠ (ʚʠʜ ʥʘʩʝʢʦʤʦʷʜʥʳʭ). ʇʦʯʪʠ ʚʩʝ ʧʪʠʮʳ 

ʦʩʪʨʦʚʘ ʷʚʣʷʶʪʩʷ ʵʥʜʝʤʠʢʘʤʠ. ɿʜʝʩʴ ʦʙʠʪʘʶʪ ʟʝʣʝʥʳʝ ʧʦʧʫʛʘʠ, ʷʨʢʦ-ʢʨʘʩʥʳʝ ʢʘʨʜʠʥʘʣʳ, 

ʩʠʟʳʝ ʛʦʣʫʙʠ, ʤʦʨʩʢʠʝ ʧʪʠʮʳ. ʈʘʟʥʦʦʙʨʘʟʥʳ ʨʝʧʪʠʣʠʠ: ʭʘʤʝʣʝʦʥʳ, ʛʝʢʢʦʥʳ, ʠʛʫʘʥʳ, 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʟʤʝʡ (ʷʜʦʚʠʪʳʝ ʟʤʝʠ ʥʘ ʦʩʪʨʦʚʝ ʦʪʩʫʪʩʪʚʫʶʪ). 

ʂʣʠʤʘʪ ʦʩʪʨʦʚʘ ʪʨʦʧʠʯʝʩʢʠʡ, ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ - ʩʫʙʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʤʫʩʩʦʥʥʳʡ. 

ʅʘ ʧʨʠʤʦʨʩʢʦʡ ʚʦʩʪʦʯʥʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʦʙʨʘʱʝʥʥʳʭ ʢ ʚʦʩʪʦʢʫ ʫʩʪʫʧʘʭ ɺʳʩʦʢʠʭ ʧʣʘʪʦ 

ʢʣʠʤʘʪ ʞʘʨʢʠʡ ʠ ʚʣʘʞʥʳʡ, ʩʦ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʪ 13-20Áʉ ʟʠʤʦʡ ʜʦ 27-

33Áʉ ʣʝʪʦʤ, ʩʫʤʤʘ ʦʩʘʜʢʦʚ 1500-3000 ʤʤ ʚ ʛʦʜ ʠ ʙʦʣʝʝ. ʅʘ ɺʳʩʦʢʠʭ ʧʣʘʪʦ ʢʣʠʤʘʪ ʩʫʭʦʡ ʠ 

ʧʨʦʭʣʘʜʥʳʡ, ʩʦ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʦʪ 13 ʜʦ 20Áʉ (ʟʠʤʦʡ ʥʘ ʙʦʣʴʰʠʭ 

ʚʳʩʦʪʘʭ ʠʥʦʛʜʘ ʙʳʚʘʶʪ ʟʘʤʦʨʦʟʢʠ) ʠ ʛʦʜʦʚʦʡ ʩʫʤʤʦʡ ʦʩʘʜʢʦʚ 1000-1500 ʤʤ. ʅʘ ʟʘʧʘʜʥʳʭ 

ʧʣʘʪʦ ʠ ʥʠʟʤʝʥʥʦʩʪʷʭ ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʣʝʪʥʠʡ ʜʦʞʜʣʠʚʳʡ ʠ ʟʠʤʥʠʡ ʩʫʭʦʡ ʧʝʨʠʦʜʳ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 500-1000 ʤʤ, ʥʘ ʢʨʘʡʥʝʤ ʶʛʦ-ʟʘʧʘʜʝ ʤʝʥʝʝ 500 ʤʤ ʚ ʛʦʜ. 
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ʈʠʩ. 1.1. ʂʘʨʪʘ ʨʝʣʴʝʬʘ ʄʘʜʘʛʘʩʢʘʨʘ (ʢʨʘʩʥʳʤ ʚʳʜʝʣʝʥ ʫʯʘʩʪʦʢ ʨʘʙʦʪ) 
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2. ʂʈɸʊʂɸʗ ɻɽʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʦʩʪʨʦʚʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʦʙʨʘʟʫʶʱʠʝ ʬʫʥʜʘʤʝʥʪ ʠ ʟʘʥʠʤʘʶʱʠʝ ʦʢʦʣʦ 2/3 ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦʪ ʬʫʥʜʘʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʜʚʝ ʪʨʝʪʠ ʦʩʪʨʦʚʘ. ʕʪʦ ʩʣʦʞʥʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʘʷ ʚʤʝʱʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩʪʨʘʥʳ. ʆʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʨʭʝʡʩʢʦ-ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ (ʦʪ 3,2 ʤʣʨʜ. ʜʦ 530 ʤʣʥ. ʣʝʪ) ʧʦʨʦʜ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʣʠ ʜʦʤʝʥʦʚ ʧʦ ʠʭ 

ʣʠʪʦʣʦʛʠʠ, ʚʦʟʨʘʩʪʫ ʠ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʦʣʦʞʝʥʠʶ (ʨʠʩ.2.1). ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʘʨʭʝʡʩʢʠʝ ʛʥʝʡʩʳ, ʤʠʛʤʘʪʠʪʳ, ʘʤʬʠʙʦʣʠʪʳ, ʢʚʘʨʮʠʪʳ. ʍʘʨʘʢʪʝʨʥʳ ʠʥʪʨʫʟʠʠ 

ʛʨʘʥʠʪʦʠʜʦʚ, ʛʘʙʙʨʦʠʜʦʚ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ. ʅʘ ʟʘʧʘʜʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ 

ʜʦʢʝʤʙʨʠʡʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʧʦʛʨʫʞʘʝʪʩʷ ʧʦʜ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ, ʢʦʪʦʨʳʡ ʩʣʦʞʝʥ ʧʦʨʦʜʘʤʠ 

ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ï ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ. ɺʜʦʣʴ ʚʦʩʪʦʯʥʳʭ ʠ ʶʞʥʳʭ 

ʦʢʨʘʠʥ ï ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʮʝʥʪʨʳ ʚʫʣʢʘʥʠʟʤʘ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ 

ï ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʐʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʥʘ ʦʩʪʨʦʚʝ ʠʤʝʶʪ 

ʧʣʦʱʘʜʥʳʝ ʣʘʪʝʨʠʪʥʳʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʛʣʠʥʠʩʪʳʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ 

ʤʥʦʛʦʤʝʪʨʦʚʦʡ ʤʦʱʥʦʩʪʠ. 

ʄʘʜʘʛʘʩʢʘʨ ʙʦʛʘʪ ʧʦʣʝʟʥʳʤʠ ʠʩʢʦʧʘʝʤʳʤʠ. ʅʘ ʦʩʪʨʦʚʝ ʚʝʜʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʦʪʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʨʦʤʠʪʦʚ, ʥʠʢʝʣʷ, ʛʨʘʬʠʪʘ, ʪʠʪʘʥʘ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢ ʞʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʦʢʩʠʪʦʚ, ʞʝʣʝʟʘ, ʫʨʘʥʘ, ʤʝʜʥʳʭ ʨʫʜ. ʄʥʦʛʦʯʠʩʣʝʥʥʳ ʧʨʦʷʚʣʝʥʠʷ 

ʜʨʘʛʦʮʝʥʥʳʭ ʠ ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ ï ʩʘʧʬʠʨʘ, ʨʫʙʠʥʘ, ʮʚʝʪʥʳʭ ʪʫʨʤʘʣʠʥʦʚ, ʘʤʝʪʠʩʪʦʚ, 

ʛʨʘʥʘʪʦʚ, ʢʦʨʜʠʝʨʠʪʘ, ʨʦʟʦʚʦʛʦ ʢʚʘʨʮʘ ʠ ʜʨʫʛʠʭ, ʦʪʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʩʪʘʨʘʪʝʣʷʤʠ.  

ʃʠʮʝʥʟʠʦʥʥʘʷ ʧʣʦʱʘʜʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʚʠʥʮʠʠ Toamasina (ʢʦʤʫʥʥʘ Saranambana) 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 400 ʢʤ (270 ʢʤ ʧʦ ʧʨʷʤʦʡ) ʦʪ ʩʪʦʣʠʮʳ ʩʪʨʘʥʳ ʠ ʚ 40 ʢʤ ʦʪ ʛʦʨʦʜʘ 

Andilamena, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʷʪʴ ʩʤʝʞʥʳʭ ʢʚʘʜʨʘʪʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʟʤʝʨʦʤ 2,5ʭ2,5 

ʢʤ ʢʘʞʜʳʡ (ʨʠʩ.2.2). ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ï ʨʝʟʢʦʭʦʣʤʠʩʪʳʡ, ʯʪʦ ʚʝʩʴʤʘ ʦʩʣʦʞʥʷʝʪ 

ʧʝʨʝʜʚʠʞʝʥʠʝ ʧʦ ʥʝʤʫ ʚ ʜʦʞʜʣʠʚʫʶ ʧʦʛʦʜʫ. ʆʩʥʦʚʥʦʡ ʨʝʢʦʡ ʧʣʦʱʘʜʠ ʷʚʣʷʝʪʩʷ ʨ. 

Sandratsio, ʪʝʢʫʱʘʷ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʠ ʧʝʨʝʩʝʢʘʶʱʘʷ ʚʩʶ ʧʣʦʱʘʜʴ ʧʦ 

ʜʠʘʛʦʥʘʣʠ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʧʨʠʪʦʢʘʤʠ ʷʚʣʷʶʪʩʷ ʨ.ʨ. Sahaleone ʠ Fapanambu. 

ʇʦʨʦʜʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʣʠʮʝʥʟʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʭʝʡ-

ʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʛʥʝʡʩʘʤʠ, ʩʣʶʜʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʛʨʘʥʠʪʘʤʠ, ʨʝʞʝ ï ʘʤʬʠʙʦʣʠʪʘʤʠ ʠ 

ʧʨʠʥʘʜʣʝʞʘʪ ʜʦʤʝʥʫ Antogil-Masora. ʅʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʠ ʧʦʣʦʛʠʭ ʩʢʣʦʥʘʭ ʦʪʤʝʯʘʶʪʩʷ 

ʤʦʱʥʳʝ (ʜʦ 10-12 ʤ) ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʣʦʞʝʥʥʳʝ ʢʨʘʩʥʳʤʠ, ʢʨʘʩʥʦ-ʙʫʨʳʤʠ ʠ 

ʧʝʩʪʨʳʤʠ ʛʣʠʥʘʤʠ. 
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ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʮʝʥʟʠʠ ʚ 2014-2016 ʛʛ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʝ ʨʘʙʦʪʳ 

ʜʦʢʪʦʨʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ɸ. ʖ. ʂʠʩʠʥʳʤ ʠ ʛʝʦʣʦʛʦʤ ʆ.ɺ. ʐʠʨʦʚʘʪʦʚʳʤ. ɺ 2019ʛ 

ʛʝʦʣʦʛʘʤʠ ʉ.ʄ. ʄʝʰʘʣʢʠʥʳʤ ʠ ʆ.ɺ. ʍʦʪʳʣʝʚʳʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʣʠʮʝʥʟʠʠ ʚ ʪʝʯʝʥʠʝ 

ʤʝʩʷʮʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʡʜʝʥʳ 

ʵʢʩʢʘʚʘʪʦʨʥʳʝ ʰʫʨʬʳ ʚ ʜʦʣʠʥʝ ʨ. Sahaleone ʠ ʧʨʦʚʝʜʝʥʦ ʠʭ ʦʧʨʦʙʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʧʨʦʙ ʠ ʚʳʜʝʣʝʥʠʝʤ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ [13]. 

 

ʈʠʩ. 2.1. ʂʨʫʧʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ (ʜʦʤʝʥʳ) ʄʘʜʘʛʘʩʢʘʨʘ (ʢʨʘʩʥʳʤ ʚʳʜʝʣʝʥ 

ʫʯʘʩʪʦʢ ʨʘʙʦʪ). 
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ʈʠʩ. 2.2. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ [15]  
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3. ʆɹʆʉʅʆɺɸʅʀɽ ʇʈʀʄɽʅɽʅʀʗ ʂʆʄʇʃɽʂʉɸ ɻɽʆʌʀɿʀʏɽʉʂʀʍ 

ʄɽʊʆɼʆɺ ʇʈʀ ʇʆʀʉʂɸʍ ʈʆʉʉʓʇʅʓʍ ʂʆʈʋʅɼʆɺ 

ʆʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʨʝʛʠʦʥʘ ʜʣʷ ʢʦʨʫʥʜʘ 

ʷʚʣʷʝʪʩʷ ʣʠʪʦʣʦʛʦ-ʬʦʨʤʘʮʠʦʥʥʳʡ ʛʦʨʠʟʦʥʪ (ʛʦʨʠʟʦʥʪ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ). ʇʦʵʪʦʤʫ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʚʳʷʚʣʝʥʠʝ ʵʪʦʛʦ 

ʢʨʠʪʝʨʠʷ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ. 

ʊʘʢ ʢʘʢ ʚʩʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ ʩʚʷʟʘʥʳ ʩ ʧʝʩʯʘʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʪʦ ʙʳʣ 

ʧʦʜʦʙʨʘʥ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʨʘʟʜʝʣʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ 

ʧʝʩʯʘʥʳʭ ʩʣʦʝʚ ʥʘ ʬʦʥʝ ʛʣʠʥʠʩʪʳʭ ʪʦʣʱ. 

ʇʨʘʢʪʠʢʘ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ, ʉʅɻ ʠ ʩʪʨʘʥ ʜʘʣʴʥʝʛʦ ɿʘʨʫʙʝʞʴʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʩʯʘʥʳʝ ʪʦʣʱʠ ʩʨʝʜʠ ʚʤʝʱʘʶʱʠʭ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ 

ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʙʣʘʛʦʜʘʨʷ ʨʘʟʣʠʯʠʶ ʋʕʉ ʠ ʥʘʣʠʯʠʶ ʜʠʬʬʫʟʠʦʥʥʦ-

ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

ɺ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʨʦʬʠʣʴʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪʘʭ, ʠʤʝʶʱʠʭʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ, ʤʦʞʥʦ ʥʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʰʠʨʦʢʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʧʦʠʩʢʘʭ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʅʘ ʫʯʘʩʪʢʝ ʣʠʮʝʥʟʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʠ ʧʦʣʦʛʠʭ ʩʢʣʦʥʘʭ ʦʪʤʝʯʘʶʪʩʷ 

ʤʦʱʥʳʝ (ʜʦ 10-12 ʤ) ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʣʦʞʝʥʥʳʝ ʢʨʘʩʥʳʤʠ, ʢʨʘʩʥʦ-ʙʫʨʳʤʠ ʠ 

ʧʝʩʪʨʳʤʠ ʛʣʠʥʘʤʠ. ɺ ʢʦʥʮʝʥʪʨʘʪʘʭ ʧʨʦʙ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʥʮʝʩʩʠʠ, ʠʩʭʦʜʷ ʠʟ ʨʘʥʝʝ 

ʧʨʦʚʝʜʸʥʥʳʭ ʨʘʙʦʪ, ʚʩʪʨʝʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʦʩʥʦʚʥʦʡ ʥʘʙʦʨ ʤʠʥʝʨʘʣʦʚ: ʤʘʛʥʝʪʠʪ, 

ʠʣʴʤʝʥʠʪ, ʛʨʘʥʘʪ, ʣʠʤʦʥʠʪ, ʢʦʨʫʥʜ, ʮʠʨʢʦʥ, ʨʫʪʠʣ, ʜʠʩʪʝʥ, ʤʦʥʘʮʠʪ.  

ʀʤʝʥʥʦ ʥʘʣʠʯʠʝ ʤʘʛʥʝʪʠʪʘ ʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʫ ʧʨʠ ʧʦʠʩʢʘʭ ʨʦʩʩʳʧʝʡ ʙʣʘʛʦʨʦʜʥʳʭ ʢʦʨʫʥʜʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʨʦʩʩʳʧʥʦʛʦ ʤʘʛʥʝʪʠʪʘ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʨʦʩʩʳʧʷʭ ʢʦʨʫʥʜʦʚ, 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʦʡ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʭʦʪʷ ʠ ʙʣʠʟʢʦ, ʥʦ ʥʝ ʠʜʝʥʪʠʯʥʦ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʷʭ. ɺ ʜʘʥʥʦʤ ʢʣʶʯʝ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʘʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʳ ʥʝʠʟʤʝʥʥʳʭ ʛʥʝʡʩʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʪʘʢ ʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʦʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʩʳʣʘʷʩʴ ʥʘ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʣʣʶʚʠʘʣʴʥʳʝ ʨʦʩʩʳʧʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʝʪʠʪʘ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʥʠʟʢʦʘʤʧʣʠʪʫʜʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʠ ʘʥʦʤʘʣʠʷʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 
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ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦʣʷʨʠʟʫʶʱʠʤʠʩʷ ʦʙʲʝʢʪʘʤʠ ʩʦ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʣʦʢʘʣʴʥʳʤʠ 

ʧʦʚʳʰʝʥʠʷʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʥʠʟʢʦʦʤʥʦʡ ʪʦʣʱʝ [3]. 

ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʫʨʝʥʠʷ 

ʥʘ ʧʦʠʩʢʦʚʦʡ ʩʪʘʜʠʠ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɺʕɿ). 

ʆʜʥʘʢʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ, ʜʦʢʘʟʳʚʘʶʱʠʭ, ʯʪʦ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ ʦʙʣʘʜʘʝʪ 

ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʜʝʪʘʣʴʥʦʩʪʴʶ ʠ ʤʦʙʠʣʴʥʦʩʪʴʶ, ʚ ʨʘʤʢʘʭ 

ʨʝʰʝʥʠʷ ʪʝʭ ʞʝ ʟʘʜʘʯ.  

ɺ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ, ʜʣʷ ʮʝʣʝʡ ʨʘʟʚʝʜʢʠ, ʠʟʫʯʘʶʪ ʠ ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨʳ 

ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ) ʠ ʚʳʟʚʘʥʥʦʡ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʚ ʨʘʟʨʝʟʝ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʢʘʢ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʢʝʣʝʪ), ʞʠʜʢʦʩʪʠ (ʯʘʱʝ ʚʩʝʛʦ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ) ʠ ʛʘʟʘ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʳʭ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʪʝʨʨʠʛʝʥʥʳʤ ʨʘʟʨʝʟʦʤ ʠ ʧʦʨʦʜʘʤʠ ʥʝʠʟʤʝʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ 

ʷʚʣʷʝʪʩʷ ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ʊʘʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʦʚ ʠʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʦʪʨʳʚʝ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʘʪʦʤʦʚ ʠʣʠ ʧʨʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʢ ʘʪʦʤʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʋʕʉ ʚ ʨʘʟʨʝʟʝ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʨʘʩʪʚʦʨʦʤ ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʨʦʜ (ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʫʩʪʦʪ 

ʚʥʫʪʨʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʩʧʦʩʦʙʥʦʡ ʚʤʝʱʘʪʴ ʚ ʩʝʙʷ ʞʠʜʢʫʶ ʠ ʛʘʟʦʦʙʨʘʟʥʫʶ ʬʘʟʫ) ï ʪʦ ʝʩʪʴ 

ʙʦʣʝʝ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ ʠ ʧʦʨʠʩʪʳʝ ʧʦʨʦʜʳ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʋʕʉ. 

ɺʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ ï ʚʳʟʚʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ. ʇʦʜ ʵʬʬʝʢʪʦʤ 

ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʕɼʉ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʵʪʠ ʚʪʦʨʠʯʥʳʝ ʕɼʉ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʡ ʠ 

ʪʚʝʨʜʦʡ ʬʘʟ ʠ ʩʦʟʜʘʶʪ ʚʪʦʨʠʯʥʳʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʝʨʚʠʯʥʦʤʫ 

ʪʦʢʫ. ɽʩʣʠ ʚ ʧʦʣʷʨʠʟʫʶʱʝʤ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʨʦʜʘ, ʩʦʜʝʨʞʘʱʘʷ ʨʘʩʩʝʷʥʥʳʝ 

ʵʣʝʢʪʨʦʥʥʦ-ʧʨʦʚʦʜʷʱʠʝ ʚʢʣʶʯʝʥʠʷ, ʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʧʨʦʠʩʭʦʜʷʪ 

https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B6%D1%83%D1%89%D0%B0%D1%8F_%D1%81%D0%B8%D0%BB%D0%B0
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ʧʨʦʮʝʩʩʳ, ʧʦʜʦʙʥʳʝ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ, ʠ ʢʘʞʜʦʝ ʠʟ ʚʢʣʶʯʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʜʠʧʦʣʴʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʷ. 

ʉʨʝʜʠ ʠʦʥʦʧʨʦʚʦʜʷʱʠʭ ʧʦʨʦʜ, ʛʣʠʥʳ ʦʪʤʝʯʝʥʳ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 

ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ [10]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʳʭ ʨʘʙʦʪ ʧʘʨʘʤʝʪʨ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦʟʚʦʣʠʪ 

ʚʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, ʘ ʪʘʢʞʝ ʣʦʢʘʣʠʟʦʚʘʪʴ ʤʝʩʪʘ 

ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ, ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʷʞʝʣʘʷ ʬʨʘʢʮʠʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʥʦ-ʧʨʦʚʦʜʷʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʘʛʥʝʪʠʪ. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʘʥʘʣʠʟ ʨʘʟʨʝʟʦʚ ʧʘʨʘʤʝʪʨʦʚ ʋʕʉ ʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦʟʚʦʣʠʪ 

ʨʝʰʠʪʴ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʣʴʝʬʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠ ʤʦʱʥʦʩʪʠ ʨʳʭʣʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʧʦʛʨʝʙʝʥʥʳʭ ʜʦʣʠʥ ʠ ʧʘʣʝʦʨʫʩʝʣ, ʣʦʢʘʣʠʟʘʮʠʷ ʫʨʦʚʥʷ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʘ ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. 

ɺ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ɽʈʕ). ʆʥʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩɹʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʬʦʨʤʘʭ: ʥʘ ʛʨʘʥʠʮʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ ʠ ʚ ʪʨʝʱʠʥʘʭ, ʘ ʪʘʢʞʝ ʟʘʤʝʱʘʪʴ ʘʪʦʤʳ ʩ ʙʣʠʟʢʠʤ 

ʨʘʜʠʫʩʦʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʤʠʥʝʨʘʣʦʚ, ʣʠʙʦ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦ 

ʤʠʥʝʨʘʣʳ ʫʨʘʥʘ ʠ ʪʦʨʠʷ. ʈʘʟʣʠʯʘʶʪ ʚʳʩʦʢʦʨʘʜʠʦʘʢʪʠʚʥʳʝ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ, ʪʘʢʠʝ 

ʢʘʢ ʩʬʝʥ, ʦʨʪʠʪ, ʤʦʥʘʮʠʪ, ʮʠʨʢʦʥ, ʣʦʧʘʨʠʪ ʠ ʜʨ. ʊʘʢʠʝ ʤʠʥʝʨʘʣʳ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʨʘʟʨʫʰʝʥʠʠ ʧʦʨʦʜ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ [8].  

ʀʟ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ [13], ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ 

ɿʘʢʘʟʯʠʢʘ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʦʥʮʝʥʪʨʘʪʘʭ ʧʨʦʙ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʮʝʥʟʠʦʥʥʦʡ ʧʣʦʱʘʜʠ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʢʨʠʩʪʘʣʣʳ ʮʠʨʢʦʥʘ ʠ ʤʦʥʘʮʠʪʘ. ɺ ʜʘʥʥʳʭ ʤʠʥʝʨʘʣʘʭ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʦʤʦʨʬʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʛʜʝ ʘʪʦʤʳ ʮʝʨʠʷ (Ce3+) 

ʟʘʤʝʱʘʶʪʩʷ ʪʦʨʠʝʤ, ʘ ʘʪʦʤʳ ʮʠʨʢʦʥʠʷ (Zr4+) ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʱʝʥʳ ʪʦʨʠʝʤ ʣʠʙʦ ʫʨʘʥʦʤ 

[7]. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʚ ʭʦʜʝ ʨʘʙʦʪ ʠ ʙʝʛʣʦʛʦ ʦʩʤʦʪʨʘ ʦʪʚʘʣʦʚ ʤʝʩʪʥʳʭ ʩʪʘʨʘʪʝʣʝʡ, ʥʘʤʠ ʪʘʢ 

ʞʝ ʙʳʣʠ ʥʘʡʜʝʥʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʙʣʦʤʢʠ ʢʨʠʩʪʘʣʣʦʚ ʮʠʨʢʦʥʦʚ (ʨʠʩ. 3.1).   
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ʈʠʩ. 3.1. ʆʙʣʦʤʢʠ ʢʨʠʩʪʘʣʣʦʚ ʮʠʨʢʦʥʘ 

ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʫʥʜʦʚ ʠ/ʠʣʠ 

ʨʫʙʠʥʦʚ, ʩʘʧʬʠʨʦʚ ʩ ʚʳʩʦʢʦʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʪʷʞʝʣʦʡ 

ʬʨʘʢʮʠʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (çʧʝʩʢʠè), ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʛʘʣʝʯʥʦ-ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ [13]. ʇʦʵʪʦʤʫ, ʧʨʠʤʝʥʝʥʠʝ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʜʣʷ ʧʦʠʩʢʘ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʝʢ Sandratsio ʠ Sahaleone, ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʝʪ ʜʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ.  
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4. ʄɽʊʆɼʀʂɸ ʈɸɹʆʊ 

4.1 ʊʦʧʦʛʝʦʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʤʝʨʝʥʠʡ ʚʳʧʦʣʥʷʣʦʩʴ ʪʦʧʦʛʝʦʜʝʟʠʯʝʩʢʦʝ ʤʘʨʢʠʨʦʚʘʥʠʝ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʧʦ ʩʝʪʠ 40 ʭ 10 ʤ. ʈʘʟʙʠʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ GPS Garmin 

64 (ʨʠʩʫʥʦʢ 4.1.1.) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ çʀʥʩʪʨʫʢʮʠʝʡ ʧʦ ʨʘʟʚʠʪʠʶ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ 

ʩʲʝʤʢʝ ʨʝʣʴʝʬʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ɻʃʆʅɸʉʉ ʠ GPSè. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ GPS Garmin 64 ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʈʠʩ. 4.1.1. GPS Garmin 64 
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ʊʘʙʣʠʮʘ 2. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ GPS Garmin 64 

ʊʠʧ ʧʦʨʪʘʪʠʚʥʳʡ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʇʦʜʜʝʨʞʢʘ ɻʃʆʅɸʉʉ ʝʩʪʴ 

ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ 
Garmin 

ʂʦʣʠʯʝʩʪʚʦ ʧʫʪʝʚʳʭ 

ʪʦʯʝʢ 
5000 

ʂʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʦʚ 200 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ 

ʤʘʨʰʨʫʪʝ 
10000 

ʊʠʧ ʵʢʨʘʥʘ LCD-ʮʚʝʪʥʦʡ 

ɼʠʘʛʦʥʘʣʴ ʵʢʨʘʥʘ 2.6 ʜʶʡʤ. 

ʈʘʟʤʝʨ ʵʢʨʘʥʘ 3.6x5.5 ʩʤ 

ʈʘʟʨʝʰʝʥʠʝ ʵʢʨʘʥʘ 160x240 ʧʠʢʩ. 

ʈʘʟʤʝʨ ʚʩʪʨʦʝʥʥʦʡ 

ʧʘʤʷʪʠ 
4 ɻʙ 

ʇʦʜʜʝʨʞʢʘ EGNOS ʝʩʪʴ 

ʇʦʜʜʝʨʞʢʘ WAAS ʝʩʪʴ 

ʊʠʧ ʘʥʪʝʥʥʳ ʚʥʝʰʥʷʷ 

ɺʨʝʤʷ ʨʘʙʦʪʳ 16 ʯ 

ʇʦʜʢʣʶʯʝʥʠʝ USB 

ɻʘʙʘʨʠʪʳ (ʐʭɺʭɻ) 61x160x36 ʤʤ 

ɺʝʩ 230 ʛ 

 

4.2 ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

4.2.1. ʄʘʛʥʠʪʦʨʘʟʚʝʜʢʘ 

ʄʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ 

ʨʝʰʘʝʪ ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ ï ʦʪ ʧʦʤʦʱʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʢʘʨʪʠʨʦʚʘʥʠʶ ʜʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʜʘʝʢ ʠ ʞʠʣ.  

4.2.1.1 ɸʧʧʘʨʘʪʫʨʘ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ɸʧʧʘʨʘʪʫʨʘ 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʚʘʨʠʘʮʠʡ ʠ ʧʝʰʝʭʦʜʥʦʡ ʩʲʝʤʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʘʛʥʠʪʦʤʝʪʨʳ MiniMag (ʠʟʛʦʪʦʚʠʪʝʣʴ: ʆʆʆ çɻɽʆɼɽɺɸʁʉè) (ʨʠʩ.4.2.1.1). ʊʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʄʘʛʥʠʪʦʤʝʪʨʳ ʧʨʦʰʣʠ ʧʦʚʝʨʢʫ ʠ ʠʤʝʶʪ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʝʨʪʠʬʠʢʘʪʳ.  
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ʊʘʙʣʠʮʘ 3. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʦʤʝʪʨʘ MiniMag 

 

 

ʈʠʩ. 4.2.1.1. ʄʘʛʥʠʪʦʤʝʪʨ MiniMag 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ʄʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ ʫʯʘʩʪʢʝ ʧʦ ʩʝʪʠ ʧʨʦʬʠʣʝʡ 40Ĭ5 ʤ. 
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ʄʘʛʥʠʪʥʘʷ ʩʲʝʤʢʘ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʫʯʝʪʦʤ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʠʥʪʝʨʚʘʣʦʤ 

ʚʨʝʤʝʥʠ 2 ʩʝʢʫʥʜʳ. ʄʘʛʥʠʪʦʚʘʨʠʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ (ʄɺʉ) ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʩʧʦʢʦʡʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʫʯʘʩʪʢʫ. ʅʘ ʨʠʩʫʥʢʝ 4.2.1.2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʠʤʝʨʳ ʛʨʘʬʠʢʦʚ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. 

 

ʈʠʩ. 4.2.1.2. ʇʨʠʤʝʨ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘ 3 ʨʘʙʦʯʠʭ ʜʥʷ 

ʂʦʥʪʨʦʣʴ 

ʉʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʝ, ʝʞʝʜʥʝʚʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠ ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʨʘʙʦʪ ʚʳʧʦʣʥʷʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʧʫʥʢʪʝ (ʂʇ) ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʠʙʦʨʦʚ ʠ ʧʨʠʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢ ʝʜʠʥʦʤʫ ʫʨʦʚʥʶ. 

ʅʘʚʠʛʘʮʠʷ ʚʜʦʣʴ ʧʨʦʬʠʣʝʡ ʠ ʧʨʠʚʷʟʢʘ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʦ 

ʩʧʫʪʥʠʢʦʚʦʤʫ ʥʘʚʠʛʘʪʦʨʫ Garmin GPS-64. 

ʆʙʲʸʤ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʥʠʞʝ 5% ʦʪ ʦʙʱʝʛʦ ʦʙʲʸʤʘ [3]. 

ʆʙʲʸʤ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʘʙʦʪ ʩʦʩʪʘʚʠʣ 1824ʤ, ʯʪʦ ʙʦʣʝʝ 5% ʦʪ 

ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʠ ʠʟʤʝʨʝʥʠʡ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 4.2.1.1: 

♫= ,  (4.2.1.1) 

ʛʜʝ = -  - ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ i-ʦʡ ʧʘʨʳ; , , é,  ʠ , , é,  -- ʠʩʭʦʜʥʳʡ ʠ 

ʧʦʚʪʦʨʥʳʡ ʨʷʜʳ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ; n ï ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʚ ʢʘʞʜʦʤ ʨʷʜʫ  

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʩʲʸʤʢʠ ʩʦʩʪʘʚʠʣʘ  0,6658ʥʊʣ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʦʤʫ ʢʣʘʩʩʫ ʪʦʯʥʦʩʪʠ.  

ʇʨʠʤʝʨ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.2.1.3. 
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ʈʠʩ. 4.2.1.3. ʇʨʠʤʝʨ ʛʨʘʬʠʢʦʚ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʨʷʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʇʈ4530,4570,4610 

 



 

26 

 

4.2.1.2 ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʀʟʤʝʨʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʝ ʠʟʚʣʝʢʘʣʠʩʴ ʚ ʬʦʨʤʘʪʝ ".txt" ʯʝʨʝʟ 

ʧʨʦʛʨʘʤʤʫ "ʄʀʅʀʄɸɻ", ʧʨʦʠʟʚʦʜʩʪʚʘ Geodevice, ʠ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʬʦʨʤʘʪʝ ".xlsx". 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ Oasis Montaj (ʆʄ) ʧʨʦʠʟʚʦʜʩʪʚʘ Geosoft inc. ʠ ʧʨʦʛʨʘʤʤʳ 

Surfer, ʚʭʦʜʷʱʝʡ ʚ ʧʘʢʝʪ Golden Software. 

ʈʘʩʯʝʪ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ȹTʘ, ɸʄʇ) ʚʳʧʦʣʥʝʥ ʧʦ ʬʦʨʤʫʣʝ (4.2.1.2): 

ȹTa=T ï Tʥʦʨʤ ï ŭTʚʘʨ.,       (4.2.1.2) 

ʛʜʝ ʊ ï ʠʟʤʝʨʝʥʥʦʝ ʧʦʣʝ; Tʥʦʨʤ ï ʥʦʨʤʘʣʴʥʦʝ (ʛʣʘʚʥʦʝ) ʧʦʣʝ; ŭTʚʘʨ ï ʧʦʧʨʘʚʢʠ ʟʘ 

ʚʘʨʠʘʮʠʶ. 

ʇʦʧʨʘʚʢʠ ʟʘ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʝ (4.2.1.3): 

ŭTʚʘʨ=ʊʚʘʨ.ʠʟʤ. ï ʊʚʘʨ.ʩʨ.,  (4.2.1.3) 

ʛʜʝ ʊʚʘʨ.ʠʟʤ. ï ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʚʘʨʠʘʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ; 

ʊʚʘʨ.ʩʨ. ï ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʚʘʨʠʘʮʠʠ. 

ɼʘʣʝʝ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʊlocal (ʣʦʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʡʦʥʘ ʨʘʙʦʪ. ʃʦʢʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ (ʊlocal) ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʣʠ ʟʘʣʝʞʝʡ ʨʫʜ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʪʝʣʘ, ʢʦʪʦʨʳʝ 

ʚʳʜʝʣʷʶʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʦʤ, ʯʝʤ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʦʙʲʝʢʪʳ. ɼʘʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʦʙʱʝʛʦ ʧʦʣʷ ʨʝʛʠʦʥʘʣʴʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʧʨʦʩʣʝʜʠʪʴ ʣʦʢʘʣʴʥʳʝ ʦʙʲʝʢʪʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʊlocal, ʩʪʨʦʷʪʩʷ ʢʘʨʪʳ ʛʨʘʬʠʢʦʚ ʠ ʠʟʦʣʠʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪ ʛʨʘʬʠʢʦʚ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ 

ʅʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʛʨʘʬʠʢʦʚ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʧʨʦʛʨʘʤʤʝ Oasis Montaj (ʨʠʩ.4.2.1.5). ʇʘʨʘʤʝʪʨʳ ʦʪʨʠʩʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ.4.2.1.4. ʇʘʨʘʤʝʪʨ çProfile scaleè ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʛʨʘʬʠʢʠ ʚ 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʤ ʚʠʜʝ ʙʝʟ ʧʦʪʝʨʠ ʠʭ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ. 
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ʈʠʩ. 4.2.1.4. ʆʢʥʦ ʧʘʨʘʤʝʪʨʦʚ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʜʘʥʥʳʭ ʚ ʆʄ 

 

ʈʠʩ. 4.2.1.5. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʜʘʥʥʳʭ ʚ ʆʄ 
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4.2.2 ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

 

4.2.2.1 ɸʧʧʘʨʘʪʫʨʘ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ɸʧʧʘʨʘʪʫʨʘ 

ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʦʨʪʘʪʠʚʥʦʛʦ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʘ RS-125 (ʨʠʩ.4.2.2.1). ʆʥ ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʡ ʜʝʪʝʢʪʦʨ ʩ ʢʨʠʩʪʘʣʣʦʤ ʡʦʜʠʜʘ 

ʥʘʪʨʠʷ ʦʙʲʝʤʦʤ 6.3 ʢʫʙʠʯʝʩʢʠʭ ʜʶʡʤʦʚ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʦʙʣʘʜʘʝʪ 

ʨʘʟʨʷʜʥʦʩʪʴʶ ɸʎʇ 1024 ʢʘʥʘʣʘ.  

 

ʈʠʩ. 4.2.2.1. ʉʧʝʢʪʨʦʤʝʪʨ RS-125 ʠ ʝʛʦ ʢʦʤʧʣʝʢʪʫʶʱʠʝ 

ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

¶ ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʝʪʝʢʪʦʨʘ ʩ ʙʦʣʴʰʠʤ ʢʨʠʩʪʘʣʣʦʤ ʡʦʜʠʜʘ ʥʘʪʨʠʷ ʨʘʟʤʝʨʦʤ 

"2x2x1,5" (6,3 ʢʫʙ. ʜʶʡʤʘ), ʫʩʪʨʦʡʩʪʚʦ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 30 ʢʵɺ ï 3000 ʢʵɺ.  

¶ ʇʦʣʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʜʠʥʦʯʥʳʤ ʠʤʧʫʣʴʩʘʤ: Am-241 - 75 ʦʪʩʯʝʪ/ʩ/Mɹʢ/ʤ, Cs-

137 ï 163 ʦʪʩʯʝʪ/ʩ/Mɹʢ/ʤ, Co-60 ï 267 ʦʪʩʯʝʪ/ʩ/Mɹʢ/ʤ. ʉʪʘʥʜʘʨʪʥʳʝ ʫʨʦʚʥʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 50% ʚʳʰʝ, ʯʝʤ ʫ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʨʫʛʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʨʘʟʤʝʨʫ ʢʨʠʩʪʘʣʣʘ ʠ ʩʘʤʳʤ ʩʦʚʨʝʤʝʥʥʳʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ.  
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¶ ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʚ % 

ʢʘʣʠʷ (K) ʠ ppm ʫʨʘʥʘ (U) ʠ ʪʦʨʠʷ (Th).  

¶ ɺʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʭʦʨʦʰʦ ʩʣʳʰʠʤʳʡ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʧʨʠ ʯʘʩʪʦʪʝ ʚʟʷʪʠʷ 

ʦʪʩʯʝʪʦʚ 20 1/ʩ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ, ʥʝ ʧʨʠʢʦʚʳʚʘʷ 

ʚʥʠʤʘʥʠʝ ʦʧʝʨʘʪʦʨʘ ʢ ʜʠʩʧʣʝʶ.  

¶ ʉʧʝʮʠʘʣʴʥʘʷ ʞʝʩʪʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʦʯʥʳʡ ʢʦʨʧʫʩ ʠʟ ʣʠʪʦʛʦ ʘʣʶʤʠʥʠʷ ʩ ʥʘʜʝʞʥʳʤ 

ʦʙʨʝʟʠʥʝʥʥʳʤ ʚʥʝʰʥʠʤ ʧʦʢʨʳʪʠʝʤ, ʢʦʪʦʨʦʝ ʨʘʙʦʪʘʝʪ ʢʘʢ ʘʤʦʨʪʠʟʘʪʦʨ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʧʣʦʚʫʶ ʠʟʦʣʷʮʠʶ.  

¶ ʇʦʣʥʘʷ ʟʘʱʠʪʘ ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ IP67 ï ʧʦʟʚʦʣʷʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ 

ʧʦʛʨʫʞʘʪʴ ʧʨʠʙʦʨ ʚ ʚʦʜʫ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʧʦʣʥʫʶ ʟʘʱʠʪʫ ʦʪ ʧʳʣʠ.  

¶ ɺʤʝʩʪʝ ʩ ʧʨʠʙʦʨʦʤ ʧʦʩʪʘʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʪ ʧʝʨʝʟʘʨʷʞʘʝʤʳʭ NiMH ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ 

ʙʘʪʘʨʝʡ (4xAA), ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ 

ʧʦʩʪʘʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ), ʠ ʢʘʙʝʣʴ ʜʣʷ ʟʘʨʷʜʢʠ ʦʪ ʛʥʝʟʜʘ 

ʧʨʠʢʫʨʠʚʘʪʝʣʷ (12 ɺ).  

¶ ɸʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʧʨʠʙʦʨʘ ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 8 

ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 15Áʉ.  

¶ ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʥʝ ʪʨʝʙʫʶʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ.  

¶ ʈʘʟʤʝʨ ʧʨʠʙʦʨʘ 10,2" x 3,2" x 3,6" (259 x 81 x 91 ʤʤ), ʤʘʩʩʘ ʩ ʙʘʪʘʨʝʡʥʳʤ ʤʦʜʫʣʝʤ 4 

ʬʫʥʪʘ (1,8 ʢʛ).  

¶ ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -20 ʜʦ 50 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ (ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʜʠʩʧʣʝʡ).  

 

ʄʝʪʦʜʠʢʘ ʩʲʝʤʢʠ 

ɻʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ. ʇʝʨʚʳʡ ʨʝʞʠʤ, 

ʨʝʞʠʤ çʘʥʘʣʠʟʘè (çAssayè) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʦʯʢʝ. ʇʨʠʙʦʨ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʜʘʪʯʠʢʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ, ʥʘ 

ʥʘʠʙʦʣʝʝ ʨʦʚʥʳʡ ʫʯʘʩʪʦʢ ʢʦʨʝʥʥʦʛʦ ʚʳʭʦʜʘ ʧʦʨʦʜʳ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʘʞʜʦʡ 

ʪʦʯʢʝ (ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʧʝʢʪʨʘ) ʙʳʣʦ ʚʳʙʨʘʥʦ ʚ 90 ʩʝʢʫʥʜ. ʇʨʠʤʝʨ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʚ ʨʝʞʠʤʝ çʘʥʘʣʠʟʘè ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4.2.2.2.  

ʉʲʝʤʢʘ ʚ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ U, Th, K ʚ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʧʨʦʜʫʢʪʠʚʥʦʤ ʛʦʨʠʟʦʥʪʝ) ʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ, ʠ ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʦʱʘʜʥʳʭ ʨʘʙʦʪ. 
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ʈʠʩ. 4.2.2.2. ʀʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʦʤ RS-125 ʥʘ ʪʦʯʢʝ ʚ ʨʝʞʠʤʝ çʘʥʘʣʠʟʘè 

ɺʦ ʚʪʦʨʦʤ ʩʧʝʢʪʨʦʤʝʪʨ ʨʘʙʦʪʘʣ ʚ ʨʝʞʠʤʝ çʥʘ ʣʝʪʫè (çOnFlyAssayè), ʜʝʣʘʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʨʳ ʢʘʞʜʳʝ 30 ʩʝʢʫʥʜ, ʥʘʭʦʜʷʩʴ ʚ ʚʦʟʜʫʭʝ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʈʘʙʦʪʳ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʚʝʣʠʩʴ ʧʦ ʧʨʦʬʠʣʷʤ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʧʦ 

ʩʝʪʠ 40ʭ10 ʤ. ʇʨʠʤʝʨ ʨʘʙʦʯʝʛʦ ʦʢʥʘ ʧʨʠ ʩʲʝʤʢʝ çʥʘ ʣʝʪʫè (ʨʠʩ.4.2.2.3). 

 

ʈʠʩ. 4.2.2.3. ʈʘʙʦʯʝʝ ʦʢʥʦ ʩʧʝʢʪʨʦʤʝʪʨʘ RS-125 ʚ ʨʝʞʠʤʝ çʥʘ ʣʝʪʫè 
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4.2.2.2 ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʨʦʚʝʨʢʝ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, 

ʦʧʨʝʜʝʣʝʥʠʠ ʚʙʨʦʩʦʚʳʭ ʟʥʘʯʝʥʠʡ ʠ ʠʭ ʠʩʢʣʶʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʧʝʨʚʠʯʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʝ 

ʧʠʢʦʚ ʠʥʪʝʨʝʩʫʶʱʠʭ ʘʥʦʤʘʣʠʡ. 

ɼʣʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʞʠʤʝ çʘʥʘʣʠʟè, ʚ ʧʨʦʛʨʘʤʤʝ Grapher v10.2 ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʨʘʬʠʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ U, Th, K ʩ 

ʛʣʫʙʠʥʦʡ. ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʢ ʛʨʘʬʠʢʘʤ ʧʨʠʢʨʝʧʣʝʥʳ ʬʦʪʦ ʦʙʥʘʞʝʥʠʡ ʩ 

ʦʧʠʩʘʥʠʝʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ ʠ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʡ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʧʦʜʩʯʝʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ STATISTICA 12.  

ʆʙʨʘʙʦʪʢʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʣʦʱʘʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʞʠʤʝ çʥʘ ʣʝʪʫè, 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Oasis Montaj v. 8.3. ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪ ʤʦʱʥʦʩʪʠ ʵʢʩʧʦʟʠʮʠʦʥʥʦʡ 

ʜʦʟʳ, ʩʦʜʝʨʞʘʥʠʡ U, Th, K, ʠʭ ʦʪʥʦʰʝʥʠʡ, ʚʳʧʦʣʥʷʣʘʩʴ ʤʝʪʦʜʦʤ (Minimum Curvature) ʩ 

ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 10 ʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʜʠʩʧʝʨʩʠʶ ʦʰʠʙʢʠ 

ʠʟʤʝʨʝʥʠʷ.  

ʊʘʢʞʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ɸʈʂ, ʠʣʠ ɸʵʨʦʈʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʂʘʨʪʠʨʦʚʘʥʠʝ. 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʚʟʘʠʤʦʩʚʷʟʝʡ ɽʈʕ ʩ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʠʣʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʦʚ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʚʘʨʠʘʥʪʝ ʨʝʘʣʠʟʦʚʘʥ 

ʚ ʤʝʪʦʜʠʢʝ ɸʈʂ ɿʫʙʦʚʳʤ ɽ.ʀ. ʠ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʩʠʩʪʝʤʫ LineamGrdW_d64 ɿʫʙʦʚʳʤ ɼ.ɽ. 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʮʝʣʝʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʨʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ʄʝʪʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʨʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ 

ʬʦʥʦʚʫʶ çʩʢʦʨʨʝʣʠʨʦʚʘʥʥʫʶè ʠ ʘʥʦʤʘʣʴʥʫʶ çʥʝʩʢʦʨʝʣʣʠʨʦʚʘʥʥʫʶè ʢʦʤʧʦʥʝʥʪʳ 

ʨʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʄʝʪʦʜ çɸʈʂè ʦʩʥʦʚʘʥ ʥʘ ʤʦʜʝʣʠ ʨʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʧʦʣʷ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʣʥʳʡ ʚʝʢʪʦʨ ʩʦʜʝʨʞʘʥʠʡ U, Th ʠ K ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʦʩʥʦʚʥʳʭ ʩʣʘʛʘʝʤʳʭ 

(4.2.2.1): 

                                                        (4.2.2.1.) 

ʛʜʝ  - ʬʦʥʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʚʷʟʝʡ, ʪʠʧʠʯʥʦʡ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ;  ï 

ʘʥʦʤʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʨʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʚʣʠʷʥʠʷ ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʳʯʠʩʣʝʥʠʝ  ʢʘʢ ʧʝʨʚʦʡ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 
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ɺʩʝʛʦ ʧʦ ʪʨʝʤ ʧʨʠʟʥʘʢʘʤ (U, Th, K) ʚʳʜʝʣʷʶʪʩʷ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʠʣʠ 

ʢʣʘʩʩʦʚ (ʚ ʩʢʦʙʢʘʭ ʧʦʢʘʟʘʥʳ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʨʘʩʢʨʘʩʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʩʦʚ 

ʥʘ ʢʘʨʪʝ): 1 - ʠʟʙʳʪʦʢ ʪʦʨʠʷ ʥʘʜ ʫʨʘʥʦʤ ʠ ʢʘʣʠʝʤ (Th+, ʩʠʥʠʡ ʮʚʝʪ);  

2 - ʠʟʙʳʪʦʢ ʫʨʘʥʘ ʥʘʜ ʪʦʨʠʝʤ ʠ ʢʘʣʠʝʤ (U+, ʢʨʘʩʥʳʡ);  

3 - ʠʟʙʳʪʦʢ ʢʘʣʠʷ ʥʘʜ ʫʨʘʥʦʤ ʠ ʪʦʨʠʝʤ (K+, ʟʝʣʝʥʳʡ);  

4 - ʠʟʙʳʪʦʢ ʪʦʨʠʷ ʠ ʢʘʣʠʷ ʥʘʜ ʫʨʘʥʦʤ (Th+K+, ʩʝʨʳʡ);  

5 - ʠʟʙʳʪʦʢ ʪʦʨʠʷ ʠ ʫʨʘʥʘ ʥʘʜ ʢʘʣʠʝʤ (Th+U+, ʣʠʣʦʚʳʡ);  

6 - ʠʟʙʳʪʦʢ ʫʨʘʥʘ ʠ ʢʘʣʠʷ ʥʘʜ ʪʦʨʠʝʤ (U+K+, ʞʝʣʪʳʡ 

 

ʈʘʩʯʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʪʘʪʠʚʥʦʛʦ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ RS-125 ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʝʦʬʠʟʠʯʝʩʢʫʶ ʨʘʟʚʝʜʢʫ ʩ ʚʳʩʦʢʦʡ çʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶè. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʫ 

ʚʩʝʭ ʧʨʠʙʦʨʦʚ, ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʪʘʙʣʠʮʘ ʧʨʠʤʝʨʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠʙʦʨʘ, ʚʟʷʪʘʷ ʠʟ ʨʫʢʦʚʦʜʩʪʚʘ 

ʜʣʷ RS-125. ɼʘʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʠʤʝʨʥʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ. 

ʊʘʙʣʠʮʘ 4. ɼʘʥʥʳʝ ʦ ʧʦʛʨʝʰʥʦʩʪʠ RS-125 

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʠʤʝʶʪ ʤʝʩʪʦ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʚʳʯʠʩʣʝʥʠʷʭ 

ʜʣʷ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʦ ʠ ʧʦʧʫʪʥʦ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ, ʧʦʵʪʦʤʫ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ* ( ʧʦ ʬʦʨʤʫʣʝ 4.2.2.2 (*ʨʫʢʦʚʦʜʩʪʚʦ ʢ RS-

125). 

K %  1 sigma K%   1 sigma U ppm   1 sigma Th ppm  

0 0.000 0.000 0.000 

0.1 0.030 0.041 0.006 

1 0.096 0.130 0.019 

5 0.214 0.291 0.042 

10 0.303 0.412 0.060 

    

U ppm  1 sigma  K%   1 sigma U ppm   1 sigma Th ppm  

0 0.000 0.000 0.000 

1 0.043 0.307 0.027 

10 0.135 0.970 0.087 

100 0.427 3.067 0.274 

1000 1.349 9.698 0.866 

10,000 4.27 30.67 2.74 

    

Th ppm  1 sigma K%   1 sigma U ppm   1 sigma Th ppm  

0 0.000 0.000 0.000 

1 0.023 0.237 0.539 

10 0.072 0.750 1.705 

100 0.228 2.373 5.391 

1000 0.721 7.504 17.047 

10,000 2.28 23.7 53.9 
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                                         (4.2.2.2) 

ɻʜʝ , ,  - ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʪʘʙʣʠʮʳ 4 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʟʨʷʜʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʢʘʣʠʷ ʨʘʟʨʷʜʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 1 ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʷʭ 0-2.5%, ʜʣʷ ʫʨʘʥʘ -10 ʧʨʠ 0-15 ppm, ʜʣʷ ʪʦʨʠʷ ï 

10 ʧʨʠ 0-70.5 ppm. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ K, U, Th. 

 

 

 

 

4.2.3 ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ 

4.2.3.1 ɸʧʧʘʨʘʪʫʨʘ ʠ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ɸʧʧʘʨʘʪʫʨʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʤʝʪʦʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʫʩʪʘʥʦʚʢʦʡ ʪʦʯʝʯʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʊʕɿ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʪ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʆʆʆ çʅʇʂ ʉʠʙɻʝʦʬʠʟʇʨʠʙʦʨ»: ʛʝʥʝʨʘʪʦʨ - SGD-

EGC200 çSKAT IVè (ʨʠʩ. 4.2.3.1) ʠ ʠʟʤʝʨʠʪʝʣʴ SGD-EEM «MEDUSA-B2è (ʨʠʩ.4.2.3.2). 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʘʭ 5, 6. 

 

ʈʠʩ. 4.2.3.1. ʕʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʡ 

ʛʝʥʝʨʘʪʦʨ ʪʦʢʘ SGD-EGC200 

«SKAT IV» 

ʈʠʩ. 4.2.3.2. ʕʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʡ 

ʠʟʤʝʨʠʪʝʣʴ SGD-EEM «MEDUSA-B2» 
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ʊʘʙʣʠʮʘ 5. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ SGD-EGC200 «SKAT IV» 

 

ʊʘʙʣʠʮʘ 6. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʠʪʝʣʷ SGD-EEM «MEDUSA-B2» 

ʂʦʣʠʯʝʩʪʚʦ ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʨʘʟʚʷʟʘʥʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ (MN) 
2 

ʈʘʙʦʯʠʝ ʯʘʩʪʦʪʳ ʠʟʤʝʨʝʥʠʡ, ɻʮ 

0 (ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ), 0.019, 0.038, 

0.076, 0.152, 0.305, 0.61, 1.22, 2.44, 

4.88, 9.76, 19.5, 39.0, 78.1, 156.25, 

312.5, 625.0 ɻʮ 

ʋʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʢʘʥʘʣʘ MN (Ku =8, 

Fȹ = 0,1é10 ɻʮ), ʤʢɺ 
< 1 

ɿʥʘʯʝʥʠʝ ʝʜʠʥʠʮʳ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʠʟʤʝʨʝʥʠʷ, 

ʤʢɺ 
1 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ɺ 
± 5 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʫʩʠʣʠʪʝʣʷ 
1, 8 

ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ 

ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ, ʄʆʤ 
Ó 60 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0.5 ʤɺ ʜʦ 10 ʤɺ, % 
< 1 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʤɺ ʜʦ 5 ɺ, % 
< 0,1 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ, ę ± 45 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ɸʎʇ 23 + ʟʥʘʢ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʭʨʘʥʝʥʥʳʭ ʟʘʧʠʩʝʡ 

ʚ ɿʋ 
131072 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ/ʟʘʨʷʜʘ ʦʪ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ɺ 
4.5 é 15 

ɺʨʝʤʷ ʟʘʨʷʜʘ ʚʩʪʨʦʝʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʯ < 2.5 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʜʥʠʤ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʘʥʘʣʦʤ, ɺʪ 
3 (3.5) 

ʅʦʤʠʥʘʣʴʥʘʷ ʸʤʢʦʩʪʴ ʚʩʪʨʦʝʥʥʦʛʦ 51 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ  SGD-EGC200 «SKAT IV» 

ɺʳʭʦʜʥʦʡ ʪʦʢ ʧʨʠ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 200 ɺʪ  ʦʪ 1 ʜʦ 1000 ʤɸ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ 

Ñ 1500 (ʦʪ 

ʧʠʢʘ ʜʦ ʧʠʢʘ) ɺ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʦʢʘ  ʥʝ ʙʦʣʝʝ 1 %. 

ʈʝʞʠʤ ʨʘʙʦʪʳ 

ʉ ʧʘʫʟʦʡ 

ɹʝʟ ʧʘʫʟʳ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ ʛʝʥʝʨʘʪʦʨʦʤ ʪʦʢʘ  ʥʝ ʙʦʣʝʝ 12 ɸ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ 

ʪʦʢʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠ-ʩʪʝʤʳ GNSS ʥʝ ʙʦʣʝʝ 10-6  

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ  ʦʪ -40 ʜʦ + 50Áʉ 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ  

ʥʝ ʙʦʣʝʝ 212ʭ77ʭ235 

ʤʤ 

ʄʘʩʩʘ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ  ʥʝ ʙʦʣʝʝ 2,8 ʢʛ 
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ʘʢʢʫʤʫʣʷʪʦʨʘ, ɺʪÅʯ 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, Áʉ - 40 é +70 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ 210Å110Å70 

ʄʘʩʩʘ, ʢʛ < 1.4 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʸʤʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʚ ʣʠʥʠʠ MN ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʧʦʣʷʨʠʟʫʶʱʠʝʩʷ 

ʵʣʝʢʪʨʦʜʳ Pb-PbCl2 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çɻʝʦʜʝʚʘʡʩè ʩʦ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʘ Ñ5 ʤɺ 

(ʨʠʩ.4.2.3.3). 

 

ʈʠʩ. 4.2.3.3. ʅʝʧʦʣʷʨʠʟʫʶʱʠʡʩʷ ʵʣʝʢʪʨʦʜ 

ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʦ 12ɺ. 

 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ 

ʕʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ ð ʵʪʦ ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʢʘʢ ʤʝʪʦʜʠʢʫ ʧʦʣʝʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʶ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ. ɽʝ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʶʱʠʭ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʦʜʥʠ ʠ ʪʝ ʞʝ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʥʘ ʧʨʦʬʠʣʝ ʥʘʙʣʶʜʝʥʠʡ ʧʦʣʦʞʝʥʠʷ 

ʵʣʝʢʪʨʦʜʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʛʦ ʯʠʩʣʘ ʨʘʙʦʯʠʭ ʧʦʣʦʞʝʥʠʡ ʵʣʝʢʪʨʦʜʦʚ 

ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʤʝʪʦʜʦʤ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʦʥʜʠʨʦʚʘʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʨʘʙʦʪʘʪʴ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʨʠʤʝʥʷʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʚʝʨʩʠʠ. ʀʥʪʝʨʧʨʝʪʘʮʠʶ ʜʘʥʥʳʭ 

ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʨʘʤʢʘʭ ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ [14]. 
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ʈʠʩ. 4.2.3.4. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʇʦʣʴ-ɼʠʧʦʣʴ ʪʦʯʝʯʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʊʕɿ-ɺʇ) ʚ 

ʚʘʨʠʘʥʪʝ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ (ʨʠʩ.4.2.3.4): ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʠʪʘʶʱʠʡ ʵʣʝʢʪʨʦʜ ɸ0 (ʧʠʢʝʪ 0), ʟʘʪʝʤ, ʧʨʠʝʤʥʘʷ ʣʠʥʠʷ ʩ ʟʘʤʝʨʘʤʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʰʘʛʦʤ ʩʲʝʤʢʠ ʜʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʫʞʥʦʡ ʛʣʫʙʠʥʳ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʦ ʦʢʦʥʯʘʥʠʶ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʜ ɸ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʬʠʣʷ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ (ʥʘ ʩʭʝʤʝ ʰʘʛ ɸ ï 80 ʤ), ʠ ʩʲʝʤʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ. ʅʠ 

ʦʜʠʥ ʠʟ ʧʨʠʸʤʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʥʝ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʠʪʘʶʱʝʤ ʵʣʝʢʪʨʦʜʝ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʠʟʤʝʨʝʥʠʷ ʠʜʫʪ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʧʠʪʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʉ ʫʩʪʘʥʦʚʢʦʡ ʊʕɿ-ɺʇ ʜʣʠʥʘ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ ɸɺ (ʣʠʥʠʠ ʙʝʩʢʦʥʝʯʥʦʩʪʴ) 

ʩʦʩʪʘʚʣʷʣʘ ʧʦʨʷʜʢʘ 2000 ʤʝʪʨʦʚ. ʈʘʟʥʦʩ ʧʨʠʝʤʥʦʡ ʣʠʥʠʠ MN ʩʦʩʪʘʚʣʷʣ 5 ʤʝʪʨʦʚ, ʰʘʛ 

ʧʝʨʝʤʝʱʝʥʠʷ ʣʠʥʠʠ MN - 5 ʤʝʪʨʦʚ. ʐʘʛ ʧʠʪʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ɸ ʧʦ ʧʨʦʬʠʣʶ ï 20 ʤʝʪʨʦʚ. 

ɻʣʫʙʠʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 60ʤ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʚʳʙʦʨʫ ʤʝʩʪʘ ʟʘʟʝʤʣʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʤʦʱʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʜ ʟʘʟʝʤʣʝʥʠʷ ʚʳʙʠʨʘʣʠʩʴ ʫʚʣʘʞʥʝʥʥʳʝ ʤʝʩʪʘ (ʨʫʩʣʘ 

ʨʫʯʴʝʚ, ʟʘʙʦʣʦʯʝʥʥʳʝ ʦʙʣʘʩʪʠ ʠ ʪ.ʧ.). 

 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʟʤʝʨʝʥʠʷ, 

ʚʳʧʦʣʥʝʥʳ ʦʧʳʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʧʨʦʬʠʣʶ 4930, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ (ʨʠʩ. 

4.2.3.5, 4.2.3.6).  ʅʘ ʫʯʘʩʪʢʘʭ, ʩʦ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʡ ʘʤʧʣʠʪʫʜʦʡ ʩʠʛʥʘʣʘ, ʨʘʩʭʦʞʜʝʥʠʷ ʚ 
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ʨʝʟʫʣʴʪʘʪʘʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʥʦ ʧʨʠ ʦʪʜʘʣʝʥʠʠ ʦʪ ʪʦʯʢʠ 

ʟʘʟʝʤʣʝʥʠʷ, ʨʘʩʭʦʞʜʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʩʸ ʩʠʣʴʥʝʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʙʦʨ ʯʘʩʪʦʪʳ ʠʛʨʘʝʪ 

ʚʩʸ ʙʦʣʴʰʫʶ ʨʦʣʴ. ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʝ ʠʟ ʪʝʩʪʠʨʫʝʤʳʭ (2.44 ɻʮ) ʛʨʘʬʠʢ ʧʦʣʫʯʠʣʩʷ 

ʩʣʠʰʢʦʤ ʩʛʣʘʞʝʥʥʳʤ ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʚʨʝʤʝʥʝʤ ʟʘʨʷʜʘ, ʥʘ ʪʘʢʦʡ ʯʘʩʪʦʪʝ ʙʫʜʝʪ 

ʩʣʦʞʥʦ ʚʳʜʝʣʠʪʴ ʘʥʦʤʘʣʠʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. ʅʘ ʯʘʩʪʦʪʝ 1.22 ɻʮ ʚʠʜʥʳ, ʚʝʨʦʷʪʥʦ, ʣʦʞʥʳʝ 

ʝʜʠʥʠʯʥʳʝ «ʚʳʩʢʦʢʠ», ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʛʨʘʬʠʢʘʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠʟʤʝʨʝʥʥʳʭ 

ʥʘ ʜʨʫʛʠʭ ʯʘʩʪʦʪʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʦʪʳ 0.3 ɻʮ ʠ 

0.61 ɻʮ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʥʳʭ ʨʘʙʦʪ ʘʥʦʤʘʣʠʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 0,61 ɻʮ 

ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦ, ʧʦʵʪʦʤʫ ʦʥʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ. 

 

ʈʠʩ. 4.2.3.5. ɻʨʘʬʠʢʠ ʟʥʘʯʝʥʠʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʘ ʯʘʩʪʦʪʘʭ 0.3 ɻʮ, 0.61 ɻʮ, 1.22 ɻʮ, 2.44 

ɻʮ ʧʦ ʧʨʦʬʠʣʶ 4930. 

 
ʈʠʩ. 4.2.3.6. ɻʨʘʬʠʢʠ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ 0.3 

ɻʮ, 0.61 ɻʮ, 1.22 ɻʮ, 2.44 ɻʮ ʧʦ ʧʨʦʬʠʣʶ 4930. 
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ʂʦʥʪʨʦʣʴ 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʝ ʥʘ ʫʯʘʩʪʢʘʭ ʨʘʙʦʪ 

ʧʨʦʚʦʜʠʣʩʷ ʥʝʟʘʚʠʩʠʤʳʡ ʢʦʥʪʨʦʣʴ ʚ ʨʘʟʤʝʨʝ ʥʝ ʤʝʥʝʝ 5% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʠʟʤʝʨʝʥʠʡ 

[11]. 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʝ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʩʨʝʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ. ʉʨʝʜʥʷʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʲʝʤʢʠ ʥʘ ʫʯʘʩʪʢʝ ʨʘʙʦʪ ʚʳʯʠʩʣʷʝʪʩʷ 

ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʟ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʋʕʉ ʥʘ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʡ 

ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʝ 4.2.3.1 [11]:  

,                            (4.2.3.1)     

ʛʜʝ ŭ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ;  

ʭi ï ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʡ ʚʝʣʠʯʠʥʳ; 

ʭʉʈ ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ; 

n ï ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʦʯʢʝ. 

 ʇʦʛʨʝʰʥʦʩʪʴ ʩʲʝʤʢʠ ʥʘ ʫʯʘʩʪʢʝ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 5% ʜʣʷ ʠʟʤʝʨʝʥʠʡ ɖk, 2.5% 

- ʜʣʷ ɟk. 

ʆʙʲʝʤ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʠʣ 355 ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ (9 ʪʦʯʝʢ 

ʟʦʥʜʠʨʦʚʘʥʠʷ), ʯʪʦ ʩʦʩʪʘʚʠʣʦ 6,5% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ ʩʦʩʪʘʚʠʣʘ: ʜʣʷ ɖk ï 4.9 %, ʜʣʷ ɟk ï 2.47 %. 

ɺʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʠʛʥʘʣʘ ʜʦ 1-2 ʤɺ. ʇʨʠ ʪʘʢʦʤ 

ʥʘʧʨʷʞʝʥʠʠ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 0,2 ʤɺ, ʜʘʝʪ ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

20%. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʧʨʦʬʠʣʶ 800 

ʜʣʷ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʠʪʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ɸ (ʨʠʩ.4.2.3.7). 
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ʈʠʩ. 4.2.3.7. ɻʨʘʬʠʢʠ ʨʷʜʦʚʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ: ʘ) ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ; ʙ) 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʧʨʦʬʠʣʶ 800, ʧʨɸ_600, ʧʢɸ_800 

 

4.2.3.2 ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʪʨʠ ʵʪʘʧʘ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʤʧʦʨʪ ʜʘʥʥʳʭ ʩ ʠʟʤʝʨʠʪʝʣʷ ʚ 

ʧʨʦʛʨʘʤʤʫ "B2_Reader" ʠ ʩʦʟʜʘʝʪʩʷ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ ".xls". ɼʣʷ ʩʦʭʨʘʥʥʦʩʪʠ ʜʘʥʥʳʭ 

ʠʩʭʦʜʥʳʡ ʬʘʡʣ ʥʝ ʧʦʜʣʝʞʠʪ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ, ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʩ ʝʛʦ ʢʦʧʠʝʡ. 

ʇʨʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʙʘʟʳ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤ ʪʨʝʭ ʧʝʨʚʳʭ ʛʘʨʤʦʥʠʢ ʠ 
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ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ï ʧʝʨʚʳʝ ʪʨʠ ʥʝʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʭʦʞʠʝ ʟʥʘʯʝʥʠʷ, ʘ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ ʚʳʰʝ ʥʦʣʷ, ʥʦ ʪʘʢʞʝ ʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʘʙʩʫʨʜʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʟʘʤʝʥʷʶʪʩʷ ʧʫʩʪʳʤ 

ʤʥʦʞʝʩʪʚʦʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʩʦʟʜʘʝʪʩʷ ʦʙʱʘʷ ʙʘʟʘ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʧʦ 

ʫʯʘʩʪʢʫ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʪʘʥʦʚʢʠ ʠ ʢʘʞʫʱʝʝʩʷ ʫʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ. ʂʘʞʫʱʝʝʩʷ ʫʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ɟk) ʚʳʯʠʩʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ (4.2.3.2).  

,                                            (4.2.3.2) 

ʛʜʝ  ï ʠʟʤʝʨʷʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʨʠʝʤʥʦʡ ʣʠʥʠʠ;  ï ʩʠʣʘ ʪʦʢʘ ʚ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ; 

 ,                       (4.2.3.3) 

 ,                         (4.2.3.4) 

 ,                       (4.2.3.5) 

 ,                         (4.2.3.6) 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʬʦʨʤʠʨʫʶʪʩʷ ʠʪʦʛʦʚʳʝ ʪʘʙʣʠʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʜʘʥʥʳʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʠʟʤʝʨʝʥʠʡ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʚʝʨʩʠʠ ʚ ʧʨʦʛʨʘʤʤʝ 

ZondRes2D. 

 

2D ʀʥʚʝʨʩʠʷ 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ ZondRes2D v.6, 

ʢʦʪʦʨʘʷ ʥʘ ʦʩʥʦʚʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ 

ʨʘʟʨʝʟʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʋʕʉ ʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ (ʨʠʩ. 4.2.3.8). 

ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ ʘʣʛʦʨʠʪʤʫ ʆʢʢʘʤ ʠʥʚʝʨʩʠʠ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʛʣʘʞʠʚʘʶʱʝʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʤʠʥʠʤʠʟʘʮʠʝʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʉʪʘʨʪʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʩʦʩʪʘʚʠʣʠ ɖ = 2%, ɟ = 900 

ʆʤĿʤ. ʄʦʱʥʦʩʪʴ ʧʝʨʚʦʛʦ ʩʣʦʷ 1.8 ʤ, ʯʠʩʣʦ ʩʣʦʝʚ ʩʦʩʪʘʚʠʣʦ 20, ʠʥʢʨʝʤʝʥʪ ʙʳʣ ʚʳʙʨʘʥ 

1.05.  
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ʈʠʩ. 4.2.3.8. ʇʨʠʤʝʨ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʛʨʘʤʤʳ ZondRes2D 
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4.3 ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ɼʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʚʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʝʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 13 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. 

ʄʘʨʰʨʫʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʦʙʥʘʞʝʥʠʷʤ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ 

ʧʨʝʜʝʣʘʭ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ˉ1 (10 ʤʘʨʰʨʫʪʦʚ). 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦ 1 ʤʘʨʰʨʫʪʫ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ 

ˉ 2 ʠ 3 ʠ 1 ʤʘʨʰʨʫʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʝ Fapanambu ʟʘ ʧʨʝʜʝʣʘʤʠ ʣʠʮʝʥʟʠʠ. 

ʇʦ 14 ʤʘʨʰʨʫʪʘʤ, ʧʦʤʠʤʦ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʚʳʧʦʣʥʷʣʠʩʴ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺʩʝʛʦ ʙʳʣʦ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʦ 31 ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʡ (ʨʠʩ. 4.3.1). 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 7-ʜʥʝʚʥʘʷ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʘʷ ʧʦʝʟʜʢʘ ʥʘ ʜʚʘ 

ʫʯʘʩʪʢʘ ʥʘ ʶʛʝ ʦʩʪʨʦʚʘ (3 ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ).  

 

ʈʠʩ. 4.3.1. ʂʘʨʪʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ 
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5. ʈɽɿʋʃʔʊɸʊʓ ʈɸɹʆʊ 

5.1 ʄʘʛʥʠʪʦʨʘʟʚʝʜʢʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʧʨʦʡʜʝʥʦ 32,5 ʧʦʛ.ʢʤ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʠʟʤʝʨʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʇ) ʩ 

ʫʯʝʪʦʤ ʚʘʨʠʘʮʠʡ (ʨʠʩ.5.1.1) 

 

ʈʠʩ. 5.1.1. ʂʘʨʪʘ ʠʟʦʣʠʥʠʡ ʠʟʤʝʨʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʩʭʦʜʥʦʡ ʢʘʨʪʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʚʘʨʠʦʛʨʘʤʤʳ (ʨʠʩ.5.1.2). 
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ʈʠʩ. 5.1.2. ɺʘʨʠʦʛʨʘʤʤʘ ʜʣʷ ʜʘʥʥʳʭ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ. ʏʝʨʥʳʡ ʛʨʘʬʠʢ ï ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. ʉʠʥʠʡ ï ʧʦʩʪʨʦʝʥʥʘʷ 

ʤʦʜʝʣʴ. 

ɺ ʪʘʙʣʠʮʝ 7 ʧʨʠʚʝʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʝʥʥʳʭ ʜʘʥʥʳʭ ʩ 

ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʢ. 

ʊʘʙʣʠʮʘ 7. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʢ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ Z 

25%-tile (ʇʝʨʚʳʡ ʢʚʘʥʪʠʣʴ):                35481.43  

Median (ʄʝʜʠʘʥʘ):                  35500.82  

75%-tile (ʪʨʝʪʠʡ ʢʚʘʥʪʠʣʴ):                35519.06  

ʄʝʞʢʚʘʨʪʠʣʴʥʳʡ ʨʘʟʤʘʭ: 37.63205  

Minimum (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ):                 33777.63  

Maximum (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ):                 36267.6  

Mean (ʩʨʝʜʥʝʝ):                    35500.53  

Variance (ʜʠʩʧʝʨʩʠʷ):                2267.458  

Standard Deviation (ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ):      47.61783  

Skewness (ʘʩʠʤʤʝʪʨʠʷ):                - 6.57785  

Kurtosis (ʕʢʩʮʝʩʩ):                283.0901  

 

ʉʫʜʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʯʘʩʪʦʢ ʧʦʯʪʠ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʣʝʤ (ʤʝʜʠʘʥʘ ʠ ʩʨʝʜʥʝʝ 

ʧʦʯʪʠ ʨʘʚʥʳ, ʥʝʙʦʣʴʰʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ). ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʳʡ 

ʨʘʟʤʘʭ ʚ ʟʥʘʯʝʥʠʷʭ (2 490 ʥʊʣ), ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʙʨʦʩʘʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 37.6 

ʥʊʣ. 
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ɼʦ ʥʘʯʘʣʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʟ ʠʟʤʝʨʝʥʥʦʛʦ ʧʦʣʷ (ʩ ʚʚʝʜʝʥʥʦʡ ʧʦʧʨʘʚʢʦʡ 

ʟʘ ʚʘʨʠʘʮʠʶ) ʠʩʢʣʶʯʠʪʴ ʤʝʩʪʥʳʡ ʛʨʘʜʠʝʥʪ. ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ɻʘʫʩʩʘ. 

ʅʘ ʨʠʩ.5.1.3 ʧʦʢʘʟʘʥʘ ʢʘʨʪʘ ʠʟʦʣʠʥʠʡ ʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ɻʘʫʩʩʘ), ʥʘ ʨʠʩ.5.1.4 ʧʦʢʘʟʘʥʘ ʢʘʨʪʘ ʛʨʘʬʠʢʦʚ ʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

ʈʠʩ. 5.1.3. ʂʘʨʪʘ ʠʟʦʣʠʥʠʡ ʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʫʯʘʩʪʢʝ ʠʟʤʝʥʷʶʪʩʷ ʦʪ -315.2ʥʊʣ ʜʦ 343.5ʥʊʣ. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʧʦʣʝ ʩʧʦʢʦʡʥʦʝ, ʦʜʥʦʨʦʜʥʦʝ. ʀʩʢʣʶʯʝʥʠʝ ï ʇʈ5290-5330 

(ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ) ï ʪʘʤ ʧʦʣʝ ʦʩʣʦʞʥʝʥʦ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ. 

ʃʦʢʘʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʚʙʣʠʟʠ ʚʳʨʘʙʦʪʦʢ ʠ ʜʝʨʝʚʝʥʴ.  
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ʈʠʩ. 5.1.4. ʂʘʨʪʘ ʛʨʘʬʠʢʦʚ ʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʀʟʥʘʯʘʣʴʥʦ ʚʳʧʦʣʥʝʥʠʝ ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʪʦʣʴʢʦ ʚ 

ʧʨʝʜʝʣʘʭ ʪʝʨʨʘʩ, ʥʦ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʦʡ ʢʘʨʪʠʥʳ ʠ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ 

ʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʘʩʰʠʨʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʫʯʘʩʪʦʢ. ʊʘʢ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʩʥʷʪ ʫʯʘʩʪʦʢ ʧʝʨʚʦʡ 

ʦʯʝʨʝʜʠ (ʤʝʩʪʘʤʠ ʩ ʚʳʭʦʜʦʤ ʟʘ ʝʛʦ ʧʨʝʜʝʣʳ). 

ʉʲʝʤʢʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʫʯʘʩʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ 

ʦʪʚʘʣʦʚ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʨʠʩ.5.1.5). 

 

ʈʠʩ. 5.1.5. ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ ʬʘʢʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ʠ ʩʪʘʨʳʝ ʚʳʨʘʙʦʪʢʠ 

ʩʪʘʨʘʪʝʣʝʡ (ʨʦʟʦʚʳʡ ʮʚʝʪ) 
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ʅʘ ʫʯʘʩʪʢʝ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʪʨʝʥʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʦʦʙʨʘʟʫʶʱʠʭ ʩʪʨʫʢʪʫʨ: 

ʇʝʨʚʳʡ ʪʨʝʥʜ ï ʩʝʚʝʨʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ. ɸʥʦʤʘʣʠʠ ʜʘʥʥʦʛʦ ʪʨʝʥʜʘ ʥʘʧʨʘʚʣʝʥʠʷ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ (ʨʠʩ.5.1.6). 

  

 

ʈʠʩ. 5.1.6. ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ ʣʦʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʄʇ. ɸʥʦʤʘʣʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ 

ʆʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʆʩʠ ʪʨʝʭ ʩʪʨʫʢʪʫʨ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʦʙʣʘʩʪʷʤʠ ʨʝʟʢʦʛʦ 

ʧʝʨʝʛʠʙʘ ʨʝʢʠ Sandratsio. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʄʇ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ 

ʩʚʷʟʘʥʳ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ ʢʦʨʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɺʪʦʨʦʡ ʪʨʝʥʜ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ (ʨʠʩ.5.1.7). 
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ʈʠʩ. 5.1.7. ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ ʠʟʦʣʠʥʠʡ ʣʦʢʘʣʴʥʦʛʦ ʄʇ. ɸʥʦʤʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʳʤ ʄʇ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʉ ʵʪʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʩʚʷʟʘʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ 

ʢʦʨʫʥʜʦʚʳʭ ʨʦʩʩʳʧʝʡ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʦʙʣʘʩʪʝʡ, ʦʪʨʘʙʦʪʘʥʥʳʭ ʩʪʘʨʘʪʝʣʷʤʠ, ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʵʪʠ ʘʥʦʤʘʣʠʠ. 

ʊʨʝʪʠʡ ʪʨʝʥʜ ï ʩʫʙʰʠʨʦʪʥʳʝ ʘʥʦʤʘʣʠʠ (ʨʠʩ.5.1.8).  
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ʈʠʩ. 5.1.8. ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ ʠʟʦʣʠʥʠʡ ʣʦʢʘʣʴʥʦʛʦ ʄʇ. ʆʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʫʙʰʠʨʦʪʥʳʭ ʘʥʦʤʘʣʠʡ ʄʇ 

ʕʪʦʪ ʪʠʧ ʘʥʦʤʘʣʠʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʧʨʘʚʦʤ ʧʦʙʝʨʝʞʴʝ ʨʝʢʠ Sandratsio.  

ʊʘʢʞʝ, ʥʘ ʫʯʘʩʪʢʝ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ «ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ». ʆʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʠʷ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʘʥʦʤʘʣʠʡ ʄʇ ʦʪ ʝʛʦ ʠʩʪʦʯʥʠʢʘ (ʨʠʩ.5.1.9). ɼʘʥʥʘʷ ʢʘʨʪʘ ʚ 

ʜʘʣʴʥʝʡʰʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʧʦʨʥʘʷ. 
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ʈʠʩ. 5.1.9. ʂʘʨʪʘ ʠʟʦʣʠʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʦʨʤʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʠ ʪʠʣʪ-

ʪʨʘʥʩʬʦʨʤʘʮʠʷ (ʨʠʩ.5.1.10, ʨʠʩ.5.1.11). 

 

ʈʠʩ. 5.1.10. ʂʘʨʪʘ ʠʟʦʣʠʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ 
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ʈʠʩ. 5.1.11. ʂʘʨʪʘ ʠʟʦʣʠʥʠʡ ʪʠʣʪ-ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ɼʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʤʦʛʘʶʪ ʜʝʪʘʣʴʥʦ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʨʠʩʦʚʳʚʘʶʪʩʷ ʣʠʥʝʘʤʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʨʠʩ.5.1.12). 
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ʈʠʩ. 5.1.12. ʂʘʨʪʘ ʠʟʦʣʠʥʠʡ ʣʦʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʄʇ, ʩ ʦʪʨʠʩʦʚʘʥʥʳʤʠ 

ʣʠʥʝʘʤʝʥʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʨʠʩʦʚʢʠ, ʩʪʨʦʠʪʩʷ ʨʦʟʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʝʡ (ʨʠʩ.5.1.13).  

 

ʈʠʩ. 5.1.13. ʈʦʟʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʝʡ. ʆʩʥʦʚʥʦʡ ʘʟʠʤʫʪ ʩʪʨʫʢʪʫʨ ï 800, ʪʘʢ ʞʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʘʟʠʤʫʪʳ 750 ʠ 600, ʩʝʢʫʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʤʝʝʪ ʘʟʠʤʫʪ ï 3300. ʅʘ 

ʧʣʦʱʘʜʠ ʚʳʜʝʣʝʥʦ 1574 ʰʪʨʠʭʘ (ʣʠʥʝʘʤʝʥʪʘ) 

ʆʩʥʦʚʥʦʡ ʪʨʝʥʜ (ʩʝʚʝʨʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ), ʢʦʪʦʨʳʡ ʦʪʯʝʪʣʠʚʦ ʧʨʦʛʣʷʜʳʚʘʝʪʩʷ ʥʘ 

ʢʘʨʪʝ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʄʇ, ʧʣʦʭʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ. ɺʘʞʥʦ 

ʧʦʥʠʤʘʪʴ, ʯʪʦ ʜʣʠʥʘ ʨʘʜʠʫʩʘ ʥʘ ʨʦʟʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʝʡ ʦʪʨʘʞʘʝʪ ʯʘʩʪʦʪʫ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 
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ʰʪʨʠʭʘ. ʄʝʥʴʰʫʶ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʙʦʣʝʝ ʤʦʣʦʜʳʤ 

ʚʦʟʨʘʩʪʦʤ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʙʰʠʨʦʪʥʳʭ, ʚʚʠʜʫ ʤʝʥʴʰʝʡ 

ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʩʪʠ ʧʝʨʚʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʦʨʦʛʦ. 

ʅʝʢʦʪʦʨʳʝ ʘʥʦʤʘʣʠʠ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʝʣʴʝʬʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

(ʨʠʩ.5.1.14). 

 

 

ʈʠʩ. 5.1.14. ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ ʠʟʦʣʠʥʠʡ ʣʦʢʘʣʴʥʦʛʦ ʄʇ ʠ ʠʟʦʣʠʥʠʠ ʨʝʣʴʝʬʘ ʦʪ 790ʤ. 

ʉʚʝʪʣʦ-ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʦʩʠ ʣʦʢʘʣʴʥʳʭ ʩʦʚʧʘʜʝʥʠʡ ʠʟʦʬʦʨʤ ʨʝʣʴʝʬʘ ʠ 

ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʦʡ ʜʝʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ 

ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʚʳʩʦʪʝ ʜʦ 790ʤ ʠ ʧʦʩʣʝ 790ʤ [6]. 

ʇʦʤʠʤʦ ʨʘʟʙʠʝʥʠʷ ʧʦ ʚʳʩʦʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʫʯʘʩʪʦʢ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʙʠʪʴ ʥʘ 

çʣʝʚʳʡè ʠ çʧʨʘʚʳʡè ʧʦ ʨʝʢʝ Sandratsio, ʚʚʠʜʫ ʦʯʝʚʠʜʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʦʪʣʠʯʠʡ. 

 ʀʟʥʘʯʘʣʴʥʦ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 4 ʨʦʟʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʝʡ (ʨʠʩ.5.1.15). 
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ʈʠʩ. 5.1.15. (ʩʣʝʚʘ ʥʘ ʧʨʘʚʦ): ʚʝʨʭʥʠʡ ʨʷʜ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʚʳʩʦʪʥʳʤ ʦʪʤʝʪʢʘʤ, ʥʠʞʥʠʡ ï 

ʧʦ ʙʝʨʝʛʘʤ 

ʀʟ ʨʠʩ.5.1.15 ʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʙʠʝʥʠʷ ʫʯʘʩʪʢʘ ʧʦ ʚʳʩʦʪʥʳʤ ʦʪʤʝʪʢʘʤ 

ʢʘʨʪʠʥʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʘ. ɺʩʝ ʪʨʝʥʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʭʨʘʥʷʶʪʩʷ, ʠʟʤʝʥʷʝʪʩʷ ʣʠʰʴ 

ʚʪʨʝʯʘʝʤʦʩʪʴ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʅʘ ʚʳʩʦʪʘʭ ʤʝʥʝʝ 790ʤ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʣʠʥʝʘʤʝʥʪʳ ʩ ɸʟʠʤʫʪʦʤ (ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ) 850, 750, 600; ʥʘ ʚʳʩʦʪʘʭ ʙʦʣʝʝ 790ʤ (ʚ 

ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ) ï 750, 600, 850. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʘʷ ʢʘʨʪʠʥʘ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʫʯʘʩʪʢʘ ʧʦ ʙʝʨʝʛʘʤ: ʥʘ 

ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʧʨʝʦʙʣʘʜʘʝʪ ʘʟʠʤʫʪ 750, ʥʘ ʣʝʚʦʤ ï 550 ʠ 850. 

ʇʦʤʠʤʦ ʘʥʘʣʠʟʘ ʣʠʥʝʘʤʝʥʪʥʦʛʦ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʨʘʩʰʠʨʝʥʥʳʡ ï 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ [1]. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ q-q (ʢʚʘʥʪʠʣʴ-ʢʚʘʥʪʠʣʴ) ʜʠʘʛʨʘʤʤʘ (ʨʠʩ.5.1.16). 
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ʈʠʩ. 5.1.16. ʂʚʘʥʪʠʣʴ-ʢʚʘʥʪʠʣʴ ʜʠʘʛʨʘʤʤʘ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ï ʠʜʝʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʚʳʙʦʨʦʢ, 

ʜʚʝ ʪʦʯʝʯʥʳʝ ʣʠʥʠʠ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʥʝʝ +-1 ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ʉʠʥʠʝ ʪʦʯʢʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʙʦʨʦʢ ʜʘʥʥʳʭ ʥʘ ʚʳʩʦʪʝ ʦʪ 790ʤ (ʦʩʴ ʦʨʜʠʥʘʪ) ʠ ʜʦ 790ʤ (ʦʩʴ ʘʙʩʮʠʩʩ). 

ʊʦʥʢʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʩʠʥʠʝ ʣʠʥʠʠ ï ʤʝʜʠʘʥʳ. ʈʳʞʠʝ ʪʦʯʢʠ ʩʭʦʜʩʪʚʦ ʚʳʙʦʨʢʠ ʧʦ 

ʧʨʘʚʦʤʫ (ʦʩʴ ʦʨʜʠʥʘʪ) ʠ ʣʝʚʦʤʫ ʙʝʨʝʛʫ (ʦʩʴ ʘʙʩʮʠʩʩ), ʞʝʣʪʳʝ ʪʦʥʢʠʝ ʣʠʥʠʠ ï ʤʝʜʠʘʥʳ 

ʵʪʠʭ ʚʳʙʦʨʦʢ 

ʀʩʭʦʜʷ ʠʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʚʳʙʦʨʢʠ ʧʦ ʚʳʩʦʪʘʤ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʳ ʠ 

ʨʘʟʙʠʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳʙʦʨʦʢ ʧʦ ʙʝʨʝʛʘʤ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʙʦʨʢʠ ʧʦ 

ʣʝʚʦʤʫ ʙʝʨʝʛʫ, ʚʝʨʦʷʪʥʦ, ʙʣʠʟʢʦ ʢ ʥʦʨʤʘʣʴʥʦʤʫ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳʙʦʨʢʠ ʧʦ ʧʨʘʚʦʤʫ ʙʝʨʝʛʫ, 

ʢʦʪʦʨʦʝ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʧʦʣʠʤʦʜʘʣʴʥʦʝ.  

ʏʪʦʙʳ ʥʘʚʝʨʥʷʢʘ ʫʙʝʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʙʦʨʢʠ ʧʦ 

ʙʝʨʝʛʘʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʨʠʩ.5.1.17) ʠ ʨʘʩʩʯʠʪʘʥ  rʦʩʥʦʚʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʘʙʣʠʮʘ 8). 
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ʘ)  ʙ)  

ʈʠʩ. 5.1.17. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ (ʠʟʤʝʨʝʥʥʦʛʦ ʄʇ): ʘ) ʥʘ 

ʣʝʚʦʤ ʙʝʨʝʛʫ; ʙ) ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ 

ʊʘʙʣʠʮʘ 8. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʜʚʫʤ ʙʝʨʝʛʘʤ 

  ʣʝʚʳʡ ʙʝʨʝʛ ʧʨʘʚʳʡ ʙʝʨʝʛ  

ʤʝʜʠʘʥʘ 45.16324953  53.85355516  

ʩʨʝʜʥʝʝ 46.76098174  51.89159749  

ʩʪ.ʦʪʢʣʦʥʝʥʠʝ 24.69523597  30.44052354  

ʵʢʩʮʝʩʩ - 0.900015057  - 1.301354675  

ʘʩʠʤʤʝʪʨʠʷ 0.208102525  - 0.095359086  

 

ʂʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚʳʰʝ, ʄʇ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʦʪʣʠʯʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴʶ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʄʇ. ɸ ʄʇ ʥʘ ʧʨʘʚʦʤ 

ʙʝʨʝʛʫ ʦʪʣʠʯʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ ï ʫ ʛʨʘʬʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʠ ʤʦʜʳ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʥʘ ʧʣʦʱʘʜʠ ʢʘʢ ʚʳʩʦʢʠʭ, ʧʦʚʳʰʝʥʥʳʭ ʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʄʇ. ʕʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʝʩʢʦʣʴʢʠʭ ʘʥʦʤʘʣʦʦʙʨʘʟʫʶʱʠʭ ʠʩʪʦʯʥʠʢʘʭ ʥʘ ʧʣʦʱʘʜʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʥʝʘʤʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʚʫʭ ʚʳʙʦʨʢʘʭ (ʪʘʙʣʠʮʘ 8), ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʣʝʚʦʤ ʠ ʧʨʘʚʦʤ ʧʦʙʝʨʝʞʴʷʭ ʨʝʢʠ Sandratsio ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʦʙʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ. ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʥʘʞʝʥʠʷ ʥʘ ʣʝʚʦʤ 

ʧʦʙʝʨʝʞʴʝ ʧʦʜʪʚʝʨʜʠʪʴ ʜʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

 

ɺʳʚʦʜʳ ʧʦ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʝ 

ɺ ʮʝʣʦʤ, ʠʟʫʯʘʝʤʘʷ ʧʣʦʱʘʜʴ ʨʘʟʜʝʣʷʝʪʩʷ ʤʠʥʠʤʫʤ ʥʘ ʜʚʝ ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʣʘʩʪʠ ï ʣʝʚʳʡ ʠ ʧʨʘʚʳʡ ʙʝʨʝʛ ʨʝʢʠ Sandratsio. 

ʇʨʠʯʝʤ ʥʘ ʦʙʝʠʭ ʙʝʨʝʛʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʩʝʢʫʱʠʝ ʘʥʦʤʘʣʠʠ ʉɺ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʪʦʯʢʘʤʠ ʧʝʨʝʛʠʙʦʚ ʨʝʢʠ ï ʩʢʦʨʝʝ ʚʩʝʛʦ, ʜʘʥʥʳʝ ʘʥʦʤʘʣʠʠ ʩʚʷʟʘʥʳ ʩ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ (ʨʠʩ.5.1.18). 


























































































































