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ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 
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ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄʆɺ ʈɽɻʋʃʀʈʆɺɸʅʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇɽʏɽʁ  

 

ɹʘʛʘʫʪʜʠʥʦʚ ɸ. ʊ., ʀʚʘʥʦʚ ʖ. ɸ., ɺʘʩʠʣʴʝʚʘ ʅ. ɻ., ɻʨʘʯʝʚʘ ʃ. ʅ. 

 
ʆʜʥʦʡ ʠʟ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʜʩʠʩʪʝʤ ɸʉʋʊʇ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ɸʉʋʊʇ ʫʯʘʩʪʢʦʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʥʘ ʆɸʆ çʂʫʤɸʇʇè, 

ʦʩʥʘʱʝʥʥʦʛʦ ʚʘʢʫʫʤʥʳʤʠ ʧʝʯʘʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉɺɻ ʠ ʉɺʐ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴ ʢʦʥʪʨʦʣʴ ʠ ʧʨʦʪʦʢʦʣʠʨʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʫʜʘʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʩʠʛʥʘʣʠʟʘʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʛʣʷʜʥʳʡ ʠ 

ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩ.  

ʆʜʥʠʤ ʠʟ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɸʉʋʊʇ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ TRACEMODE (ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ AdAstraResearchGroup, 

ʄʦʩʢʚʘ ʚ 1992 ʛʦʜʫ) [1]. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʝʢʪʳ (ʦʪ ʧʨʦʩʪʦʛʦ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ), ʘ ʝʛʦ ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʠʤʠʪʠʨʦʚʘʪʴ ʠʭ ʨʘʙʦʪʫ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʦʧʝʨʘʪʦʨʘ [2]. 

ʇʨʝʞʜʝ ʯʝʤ ʫʧʨʘʚʣʷʪʴ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʠʣʠ ʧʨʦʮʝʩʩʦʤ, ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʦʚʝʨʷʪʴ 

ʨʘʙʦʪʫ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʠ ʥʝʜʦʨʘʙʦʪʦʢ ʧʨʦʝʢʪʘ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʘ ʚʳʚʦʜʘ ʠʟ 

ʩʪʨʦʷ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ (ɸʈʄ) ʦʧʝʨʘʪʦʨʘ ɸʉʋʊʇ ʠ ʧʨʦʛʨʘʤʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʢʫʫʤʥʳʭ ʧʝʯʝʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉɻɺ ʠ ʉʐɺ ʚ ʩʨʝʜʝ TRACEMODE 6.  

ʇʝʯʠ ʉɻɺ ʠ ʉʐɺ ʩʭʦʞʠ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ, ʩʭʦʞʠ ʠʭ ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʠ 

ɸʈʄ ʦʧʝʨʘʪʦʨʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʤʠʪʘʮʠʦʥʥʫʶ 

ʤʦʜʝʣʴ ʠ ɸʈʄ ʦʧʝʨʘʪʦʨʘ ʧʝʯʠ ʉɻɺ. 

ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʝʢʪʦʚ ʚ SCADA ï ʩʠʩʪʝʤʝ TRACEMODE ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ (ʱʠʪʳ, ʧʫʣʴʪʳ ʦʧʝʨʘʪʦʨʦʚ, 

ʚʠʨʪʫʘʣʴʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʠ ʪ.ʜ.), ʩʦʝʜʠʥʝʥʠʷ ʠʭ ʚʠʨʪʫʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʩʚʷʟʠ ʙʣʘʛʦʜʘʨʷ 

ʰʠʨʦʢʦʤʫ ʥʘʙʦʨʫ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʧʨʠʥʮʠʧ, 

ʚʩʝ ʜʘʪʯʠʢʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʙʳʣʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʢʦʥʪʨʦʣʣʝʨʫ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʤʫ ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʢʦʤʘʥʜʘʤ, ʧʝʨʝʜʘʥʥʳʤ ʦʪ ʱʠʪʘ ʫʧʨʘʚʣʝʥʠʷ [3, 4].  

ɺ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ 

ʩʨʝʜʳ TRACEMODE: ʩʦʟʜʘʥʠʝ ʦʧʝʨʘʪʦʨʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚ çʈʝʜʘʢʪʦʨʝ ʇʨʦʝʢʪʦʚè ʧʫʪʸʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʦʪ ʰʘʙʣʦʥʦʚè, ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤ çʦʪ ʰʘʙʣʦʥʦʚè ʜʣʷ ʢʦʥʪʨʦʣʣʝʨʘ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʫʧʨʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʠ, ʟʘʧʫʱʝʥ ʥʘ ʨʝʘʣʠʟʘʮʠʶ çʄʦʥʠʪʦʨ ʈʝʘʣʴʥʦʛʦ 

ɺʨʝʤʝʥʠè, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʫ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʨʝʞʠʤʝ ʠʤʠʪʘʮʠʠ [4]. 

ɺ ʩʣʦʡ ʵʢʨʘʥʦʚ ɸʈʄ ʦʧʝʨʘʪʦʨʘ çʈʝʩʫʨʩʳ ʠʟ ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠè ʙʳʣʠ 

ʧʝʨʝʥʝʩʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʘ 

(ʠʟʦʙʨʘʞʝʥʠʝ ʢʣʘʧʘʥʦʚ, ʥʘʩʦʩʦʚ, ʝʤʢʦʩʪʝʡ ʠ ʪ.ʜ.). ɹʳʣʠ ʩʦʟʜʘʥʳ çɹʠʙʣʠʦʪʝʢʘ 

ʠʟʦʙʨʘʞʝʥʠʡè, ʩʦʜʝʨʞʘʱʘʷ ʪʝʢʩʪʫʨʳ, ʠ çɹʠʙʣʠʦʪʝʢʘ ɺʠʜʝʦʢʣʠʧʦʚè, ʚʢʣʶʯʘʶʱʘʷ 

ʘʥʠʤʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʩʦʟʜʘʚʘʝʤʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʵʢʨʘʥʦʚ. ʉʦʟʜʘʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʘʨʛʫʤʝʥʪʳ ʧʨʦʝʢʪʘ. ʉ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʩʦʭʨʘʥʸʥʥʳʭ ʚ 

https://ru.wikipedia.org/w/index.php?title=AdAstra_Research_Group&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%81%D0%BA%D0%B2%D0%B0


ˉ 1 (13). ʄʘʡ, 2015 ʛ.          ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ         ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   7 

 

ʨʝʩʫʨʩʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ, ʘ ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʘʥʝʣʝʡ çʃʦʤʘʥʳʝ ʠ  ʢʨʠʚʳʝè, çʇʣʦʩʢʠʝ 

ʬʠʛʫʨʳè, çʆʙʲʝʤʥʳʝ ʬʠʛʫʨʳè ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʪʘʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʵʢʨʘʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʸʤʢʦʩʪʴʶ, ʵʣʝʢʪʨʦʧʝʯʴʶ, ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʟʘʤʝʱʘʶʱʘʷ ʨʝʘʣʴʥʳʡ ʦʙʲʝʢʪ ï ʵʣʝʢʪʨʦʧʝʯʴ ʉʐɺ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʄʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: ʚʘʢʫʫʤʥʫʶ ʧʝʯɹ ʉʐɺ 

(1), ʸʤʢʦʩʪʴ ʩ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ (2), ʠʟ ʢʦʪʦʨʦʡ ʞʠʜʢʦʩʪʴ ʧʦ ʚʦʜʦʧʨʦʚʦʜʫ ʩ 

ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ ʟʘʢʘʯʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʧʝʯʠ. ɺ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʯʠ 

ʩʦʟʜʘʝʪʩʷ ʚʘʢʫʫʤ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ (3) ʠ ʵʣʝʢʪʨʦʢʣʘʧʘʥʘ (4). ʅʘʛʨʝʚ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (5, 6, 7, 8), ʘ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ ʧʦ ʦʙʲʝʤʫ ʧʝʯʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʯʝʪʳʨʝʭ 

ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ (9, 10, 11, 12). ʇʨʝʜʫʩʤʦʪʨʝʥʳ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ (13) ʠ 

ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʚʦʜʳ (14).  

 
ʈʠʩ. 1. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʝʯʠ ʉʐɺ 

 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʝʯʠ ʉɻɺ (ʨʠʩ. 2) ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ 

ʧʝʯʠ ʉɺɻ - 1, ʸʤʢʦʩʪʠ ʩ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ - 2. ʀʟ ʝʤʢʦʩʪʠ (2) ʦʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ 

ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩ ʧʦʤʦʱʴʶ ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʘ ʟʘʢʘʯʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʧʝʯʠ. ɺ 

ʢʘʤʝʨʝ ʧʝʯʠ ʩʦʟʜʘʝʪʩʷ ʚʘʢʫʫʤ ʥʘʩʦʩʦʤ 3 ʠ ʢʣʘʧʘʥʦʤ 15. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ (6) ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʛʨʝʚ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʠ, ʯʝʪʳʨʝ ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ (7) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʝʚʘ ʧʝʯʠ. ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ (8) ʩʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʭ ʛʘʟʦʚ ʚ ʨʘʙʦʯʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʯʠ, ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʚʦʜʳ (9) ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ 

ʦʭʣʘʞʜʝʥʠʷ. ɺʝʥʪʠʣʷʪʦʨ (10) ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʚʥʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʦʙʲʝʤʫ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʯʠ, ʝʩʣʠ ʥʘʛʨʝʚ ʚʝʜʝʪʩʷ ʚ ʩʨʝʜʝ ʥʝʡʪʨʘʣʴʥʳʭ ʛʘʟʦʚ ʠʣʠ ʚʦʟʜʫʭʘ.  

ʇʦʤʠʤʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʢʨʘʥʘʭ ɸʈʄ ʦʧʝʨʘʪʦʨʘ (ʨʠʩ.2) ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ: ʧʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ (12), ʧʘʥʝʣʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

(11), ʱʠʪ ʫʧʨʘʚʣʝʥʠʷ (13), ʪʨʝʥʜʳ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (14). 

ʇʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʘʪʯʠʢʘʤʠ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʚʘʢʫʫʤʘ, ʜʘʚʣʝʥʠʷ ʚʦʜʳ. ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ 

ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʮʚʝʪʦʚʘʷ ʠʥʜʠʢʘʮʠʷ (ʪʘʙʣ.1).  

ʉ ʧʦʤʦʱʴʶ ʧʘʥʝʣʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʝʨʘʪʦʨ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴ ʟʘ ʭʦʜʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʳʰʠ ʠ ʢʣʘʚʠʘʪʫʨʳ 

ʚʤʝʰʠʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʜʘʚʘʷ ʪʨʝʙʫʝʤʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʪʨʝʙʫʝʤʦʝ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 



8  ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ          ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  1 (13). ʄʘʡ, 2015 ʛ. 

 

ɼʣʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ: ʞʝʣʪʳʡ ʮʚʝʪ, ʝʩʣʠ ʜʦʩʪʠʛʥʫʪ ʥʘʛʨʝʚ 0-600 
0
ʉ, ʦʨʘʥʞʝʚʳʡ ï 600-900 

0
ʉ, 

ʢʨʘʩʥʳʡ ï 900-1500 
0
ʉ. ʇʝʨʝʛʨʝʚ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ɽʩʣʠ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʪʦ ʥʘ 

ʵʢʨʘʥʝ ʦʧʝʨʘʪʦʨ ʧʦʩʨʝʜʩʪʚʦʤ ʢʥʦʧʢʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠʣʠ ʚʳʢʣʶʯʘʪʴ 

ʚʝʥʪʠʣʷʪʦʨ (15). ʊʨʝʥʜʳ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʫʯʰʝʤʫ 

ʧʦʥʠʤʘʥʠʶ ʜʠʥʘʤʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʢʘʢ ʦʪʦʙʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʝ 

ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  ʚ ʪʝʢʫʱʝʤ ʚʨʝʤʝʥʠ. 
 

 
ʈʠʩ. 2. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʝʯʠ ʉɻɺ 

ʊʘʙʣʠʮʘ 1  

ʎʚʝʪʦʚʘʷ ʠʥʜʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʀʟʤʝʨʷʝʤʳʡ ʧʘʨʘʤʝʪʨ ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʎʚʝʪ ʠʥʜʠʢʘʪʦʨʘ 

ɼʘʚʣʝʥʠʝ ʚʦʜʳ 0-1,3ʘʪʤ ʂʨʘʩʥʳʡ 

1,4-1,5 ʘʪʤ ɿʝʣʝʥʳʡ 

ɼʘʚʣʝʥʠʝ ʚʘʢʫʫʤʘ ʅʝ ʜʦʩʪʠʛʣʦ ʥʫʞʥʦ ʧʦʨʷʜʢʘ ʂʨʘʩʥʳʡ 

ɼʦʩʪʠʛʣʦ ʥʫʞʥʳʡ ʧʦʨʷʜʦʢ 

ʚʘʢʫʫʤʘ 

ɿʝʣʝʥʳʡ 

ʊʝʤʧʝʨʘʪʫʨʘ  0-700 
0
ʉ ɾʝʣʪʳʡ 

700-900 
0
ʉ ɿʝʣʝʥʳʡ 

900-1400 
0
ʉ ʂʨʘʩʥʳʡ 

 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʢʫʫʤʥʳʭ ʧʝʯʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʝʜʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʘʢʫʫʤʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʟʘʛʨʫʟʢʠ ʜʝʪʘʣʝʡ ʚ ʧʝʯʴ ʠ 

ʝʝ ʟʘʢʨʳʪʠʷ ʥʫʞʥʦ: ʟʘʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʟʘʜʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʘʚʣʝʥʠʶ ʚʘʢʫʫʤʘ, ʦʪʢʘʯʘʪʴ ʚʦʟʜʫʭ ʠʟ ʧʦʣʦʩʪʠ ʧʝʯʠ, ʚʳʧʦʣʥʠʪʴ ʨʝʞʠʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʳʧʦʣʥʠʪʴ ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ ʧʝʯʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʝʜʠʥʦʡ ʣʠʥʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʝʤʘʷ TRACEMODE, 

ʧʦʟʚʦʣʷʝʪ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ʩʦʟʜʘʚʘʪʴ ʩʨʝʜʩʪʚʘ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, 

ʩʠʩʪʝʤʳ ʫʯʸʪʘ ʨʝʩʫʨʩʦʚ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

web-ʠʥʪʝʨʬʝʡʩ [1].  

ʉ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʠ ʚʘʢʫʫʤʘ ʨʠʩ. 3, ʨʠʩ.4, ʨʠʩ.5. ɸʣʛʦʨʠʪʤʳ 

ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 7-10. 
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ʇʨʦʛʨʘʤʤʦʡ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʦʪ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʚʦʜʳ (ʨʠʩ.3) ʩʯʠʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ, 
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ʢʦʪʦʨʳʡ ʦʮʠʬʨʦʚʳʚʘʝʪʩʷ ʠ ʚʳʩʚʝʯʠʚʘʝʪʩʷ ʥʘ ʧʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ. ɽʩʣʠ ʜʘʚʣʝʥʠʝ ʚʦʜʳ 

ʤʝʥʴʰʝ 1,5 ʘʪʤʦʩʬʝʨ, ʪʦ ʥʘʩʦʩ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʝʥ, ʘ ʢʣʘʧʘʥ ʥʘ ʚʳʭʦʜʝ ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʟʘʢʨʳʪ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʚʢʣʶʯʘʝʪʩʷ ʘʚʘʨʠʡʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ï ʨʠʩ.7. ɽʩʣʠ 

ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʩʪʘʥʝʪ ʙʦʣʴʰʝ 1,5 ʘʪʤʦʩʬʝʨʳ, ʪʦ ʧʨʦʛʨʘʤʤʘ ʧʝʨʝʢʣʶʯʠʪ ʥʘʩʦʩ ʚ ʩʦʩʪʦʷʥʠʝ 

çʚʳʢʣʶʯʝʥè, ʘ ʢʣʘʧʘʥ ʚ ʩʦʩʪʦʷʥʠʝ çʦʪʢʨʳʪè. 

ʉʦʛʣʘʩʥʦ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʘʢʫʫʤʘ ʚ ʧʝʯʠ (ʨʠʩ. 4), ʩʯʠʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ ʦʪ 

ʜʘʪʯʠʢʘ ʚʘʢʫʫʤʘ. ʆʮʠʬʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʚʳʩʚʝʯʠʚʘʝʪʩʷ ʥʘ ʧʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ, ʚʚʦʜʠʪʩ ̫

ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʦʪ ʧʘʥʝʣʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʢʨʳʚʘʝʪʩ ̫ ʢʣʘʧʘʥ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʘʢʫʫʤ, ʚʢʣʶʯʘʝʪʩʷ ʚʦʟʜʫʰʥʳʡ ʥʘʩʦʩ. ʂʘʢ ʪʦʣʴʢʦ ʜʘʚʣʝʥʠʝ ʩʯʠʪʳʚʘʝʤʦʝ 

ʜʘʪʯʠʢʦʤ ʩʪʘʥʝʪ ʤʝʥʴʰʝ ʪʨʝʙʫʝʤʦʛʦ, ʟʘʢʨʳʚʘʝʪʩ ̫ʢʣʘʧʘʥ ʠ ʦʪʢʣʶʯʘʝʪʩʷ ʚʦʟʜʫʰʥʳʡ ʥʘʩʦʩ. 

ɺ ʩʦʦʪʚʝʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʨʠʩ.6) ʩʯʠʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ, ʦʥ ʦʮʠʬʨʦʚʳʚʘʝʪʩʷ ʠ ʚʳʩʚʝʯʠʚʘʝʪʩʷ ʥʘ ʧʘʥʝʣʠ ʠʥʜʠʢʘʮʠʠ 

ʠʟʤʝʨʝʥʠʡ. ʊʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʯʠʪʳʚʘʝʪʩʷ ʩ ʧʘʥʝʣʠ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʢʣʶʯʘʶʪʩ ̫ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʝʝ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ. ɺ ʩʣʫʯʘʝ ʧʝʨʝʛʨʝʚʘ ʚʢʣʶʯʘʝʪʩʷ ʘʚʘʨʠʡʥʘʷ 

ʩʠʛʥʘʣʠʟʘʮʠʷ. 

ʅʘ ʨʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʚ ʩʨʝʜʝ ʚʘʢʫʫʤʘ, ʥʘ ʨʠʩ. 10 ï ʧʨʠ ʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʠʣʠ ʚʦʟʜʫʭʘ. ɺ 

ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʫʢʘʟʘʥ ʙʣʦʢ ʨʘʩʯʝʪʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ.  

ɺ ʧʨʦʛʨʘʤʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʠ 

ʚʘʢʫʫʤʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʩʪʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʚʳʨʘʞʝʥʠʷʤʠ, ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʫʙʝʜʠʪʴʩʷ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʧʝʨʘʪʦʨʘ.  

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤ ʫʧʨʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʡ 

ʤʦʱʴʥʦʩʪʴʶ ʧʝʯʠ ʠ ʦʭʣʘʞʜʝʥʠʝʤ ʧʝʯʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʬʝʨʝʥʮʠʦʣʴʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. 
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ʋɼʂ 621.315.1 

 

ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ʉʀʉʊɽʄʓ ʇʃɸɺʂʀ ɻʆʃʆʃɽɼɸ 

ʅɸʃʆɾɽʅʀɽʄ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ ʅɸ ʇɽʈɽʄɽʅʅʓʁ  

ɹɽɿ ʆʊʂʃʖʏɽʅʀʗ ʇʆʊʈɽɹʀʊɽʃɽʁ 

 

ɽʣʠʟʘʨʴʝʚ ɸ. ʖ., ʐʘʨʘʬʠʝʚʘ ɻ. ɸ. 

 
ʇʣʘʚʢʘ ʛʦʣʦʣʝʜʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʦʣʦʣʝʜʥʳʭ 

ʘʚʘʨʠʡ ʥʘ ɺʃ. ʇʣʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʫʜʘʣʠʪʴ ʛʦʣʦʣʝʜ ʥʘ ʜʝʩʷʪʢʘʭ ʢʠʣʦʤʝʪʨʦʚ 

ʣʠʥʠʡ, ʧʨʝʜʫʧʨʝʜʠʚ ʦʧʘʩʥʫʶ ʧʝʨʝʛʨʫʟʢʫ, ʦʙʨʳʚʳ ʠ ʩʙʣʠʞʝʥʠʝ ʧʨʦʚʦʜʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʦʧʦʨ 

ʠ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʣʷʩʢʫ ʧʨʦʚʦʜʦʚ. [1] 

ʇʨʘʢʪʠʢʫʝʤʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʭʝʤʳ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʪʨʝʙʫʶʪ ʦʪʢʣʶʯʝʥʠʷ 

ʣʠʥʠʠ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʧʣʘʚʢʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʠʪʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʧʫʩʪʠʤʦ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ I ʢʘʪʝʛʦʨʠʠ ʠʣʠ ʧʦ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʩʝʪʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʛʦʣʦʣʝʜʦʦʧʘʩʥʳʡ ʧʝʨʠʦʜ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʨʝʞʠʤʳ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʆʜʥʠʤ ʠʟ 

ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʥʘʣʦʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʪʦʢ ʥʘʛʨʫʟʢʠ. [2] ʕʪʦʪ 

ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʣʘʚʠʪʴ ʛʦʣʦʣʝʜ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʠʥʠʷʭ ʠ ʚ ʢʦʣʴʮʝʚʳʭ ʩʝʪʷʭ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʣʘʚʢʠ ʧʦ 

ʦʜʥʦʡ ʠʟ ʬʘʟ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʠʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʘʢʝʪʘ MATLAB Simulink. (ʨʠʩʫʥʦʢ 1).  
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ʈʠʩ. 1. ʀʩʭʦʜʥʘʷ ʩʭʝʤʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʄʦʜʝʣʴ, ʠʤʠʪʠʨʫʶʱʘʷ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ, 

ʩʪʨʦʠʪʩʷ ʧʦ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ 2). 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʥʘ ʦʜʥʦʡ ʠʟ ʬʘʟ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʥʘ ʦʜʥʦʡ 

ʠʟ ʧʦʜʩʪʘʥʮʠʡ ʫʩʪʘʥʦʚʢʫ ʧʣʘʚʢʠ, ʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʨʝʘʢʪʦʨ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʠ ʧʝʨʝʤʳʯʢʠ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʥʘ ʚʪʦʨʦʡ ʧʦʜʩʪʘʥʮʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩ. 2.  ʄʦʜʝʣʴ MATLAB  ʙʝʟ ʩʭʝʤʳ ʧʣʘʚʢʠ 
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ʈʠʩ. 3.   ʄʦʜʝʣʴ MATLAB  ʩʦ ʩʭʝʤʦʡ ʧʣʘʚʢʠ 

 

ɺʝʣʠʯʠʥʳ ʪʦʢʦʚ (ʜʝʡʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ) ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʩʭʝʤʳ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʫ 1. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʪʦʢ ʧʨʦʧʣʘʚʣʷʝʤʦʡ ʬʘʟʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

.2
ʇʆʉʊ

2
ʇɽʈʇʃ III +=

 
ʊʘʙʣʠʮʘ 1  

ʌʘʟʘ 

ʊʦʢ I, ɸ 

ʇʠʪʘʶʱʘʷ 

ʧʦʜʩʪʘʥʮʠʷ 

ʅʘʯʘʣʦ  

ɺʃ 1 

ʂʦʥʝʮ  

ɺʃ 1 

ʇʦʥʠʟʠʪʝʣʴʥʘʷ 

ʧʦʜʩʪʘʥʮʠʷ 

ʉʭʝʤʘ ʙʝʟ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ 

A 208 104 104,4 208,7 

B 208 104 104,4 208,7 

C 208 104 104,4 208,7 

ʉʭʝʤʘ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʥʘ ʬʘʟʝ A 

A 208,5 503,6 503,7 209 

B 208,5 104,2 104,5 209 

C 208,5 104,2 104,5 209 

ʊʦʢ ʧʣʘʚʢʠ ï 492,7 492,7 ï 

A 

(ʨʘʩʯʝʪʥʳʡ) 
ï 503,6 503,6 ï 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʦʧʣʘʚʣʷʝʤʦʡ ʣʠʥʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʪʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ (1). ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʦʩʪʦʷʥʥʳʡ 

ʪʦʢ ʧʣʘʚʢʠ ʟʘʤʳʢʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʣʠʥʠʷʤ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʠ ʥʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʨʫʛʠʤ ʯʘʩʪʷʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ.  

ʊʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʭʝʤʳ ʧʣʘʚʢʠ ʥʘʣʦʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʝʨʝʤʝʥʥʳʡ 
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ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʝʥʜʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. 

ʈʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʚʧʘʣʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 6%. 

ʇʨʦʚʝʜʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʥʘʣʦʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʝʨʝʤʝʥʥʳʡ ʙʝʟ 

ʦʪʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʛʦʣʦʣʝʜʘ ʟʘ ʩʯʝʪ ʥʘʛʨʝʚʘ ʧʨʦʚʦʜʦʚ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ.  

ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʪʨʝʙʫʝʪ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʜʣʷ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʭʝʤʫ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜʩʪʘʥʮʠʡ, ʚʳʙʦʨʘ ʠ ʤʦʥʪʘʞʘ ʥʝʦʙʭʦʜʠʤʦʛʦ  

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ  

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɹʳʣ ʨʘʩʩʤʦʪʨʝʥ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʧʦ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤʳ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ 

ʥʘʣʦʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʝʨʝʤʝʥʥʳʡ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʣʦʢʘʣʴʥʦʤ 

ʫʯʘʩʪʢʝ ɺʃ-35 ʢɺ (ʢʦʣʠʯʝʩʪʚʦ ʊʇ ï 49 ʰʪ. ʦʙʱʝʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ï    12 632 

ʢɺɸ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʢʦʣʦ 60 ʢʤ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʜʚʘ 

ʚʘʨʠʘʥʪʘ: 

1. ʂʘʞʜʘʷ ʧʣʘʚʢʘ ʛʦʣʦʣʝʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʫʪʝʤ ʧʣʘʥʦʚʳʭ 

ʦʪʢʣʶʯʝʥʠʡ. ɿʘ ʛʦʣʦʣʝʜʥʳʡ ʩʝʟʦʥ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 133 ʜʥʷ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ɹʘʰʢʦʨʪʦʩʪʘʥ ʥʘ ʫʯʘʩʪʢʝ ɺʃ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 10 ʧʣʘʚʦʢ.  

2. ʈʝʘʣʠʟʫʝʪʩʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʧʦ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤʳ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ 

ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʨʦʠʟʚʦʜʠʪʩʷ 10 ʧʣʘʚʦʢ ʙʝʟ 

ʦʪʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ  

ʧʨʠ ʨʘʟʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʧʣʘʚʢʝ ʛʦʣʦʣʝʜʘ ʥʘ ʫʯʘʩʪʢʝ ɺʃ 

 

ʇʦʢʘʟʘʪʝʣʠ 

ɺʘʨʠʘʥʪ 1 ɺʘʨʠʘʥʪ 2 

ʇʣʘʚʢʘ ʛʦʣʦʣʝʜʘ 

ʧʣʘʥʦʚʳʤ 

ʦʪʢʣʶʯʝʥʠʝʤ ɺʃ ʥʘ 

ʚʨʝʤʷ ʧʣʘʚʢʠ 

ʇʣʘʚʢʘ ʛʦʣʦʣʝʜʘ 

ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ ʙʝʟ 

ʦʪʢʣʶʯʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʀʥʚʝʩʪʠʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʨʫʙ.   - 910 000 

ʌʦʥʜ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʙʨʠʛʘʜʳ 

ʆɺɹ ʧʨʠ ʧʣʘʚʢʝ ʛʦʣʦʣʝʜʘ, 

ʨʫʙ./ʛʦʜ    

15 225 4 350 

ʋʱʝʨʙ ʦʪ ʥʝʜʦʦʪʧʫʩʢʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʨʫʙ./ʛʦʜ    

147 005 ʆʪʩʫʪʩʪʚʫʶʪ ʧʨʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʣʘʚʢʝ 

ʛʦʣʦʣʸʜʘ 

ʀʪʦʛʦ ʟʘʪʨʘʪʳ  162 230 914 350 

 

ʉʦʛʣʘʩʥʦ ʧʨʦʠʟʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʩʫʤʤʫ ʚ ʨʘʟʤʝʨʝ 162 ʪʳʩ. ʨʫʙ. ʧʨʝʜʧʨʠʷʪʠʝ 

ʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ɺʃ, ʛʜʝ ʚʥʝʜʨʝʥʳ ʩʠʩʪʝʤʳ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ 

ʥʘʣʦʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʝʨʝʤʝʥʥʳʡ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘ ʧʝʨʚʳʡ ʛʦʜ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

ʉ ʫʯʝʪʦʤ ʠʥʜʝʢʩʘ ʮʝʥ ʠ ʩʪʘʚʢʠ ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʪʳʡ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ ʦʪ ʧʨʦʝʢʪʘ ʟʘ ʚʝʩʴ ʩʨʦʢ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

 



ˉ 1 (13). ʄʘʡ, 2015 ʛ.          ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ         ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   17 

 

 
ʈʠʩ. 4. ɼʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʥʦʛʦ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʝʥʝʞʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ 

 

ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 4, ʧʨʦʝʢʪ ʚ ʪʝʯʝʥʠʝ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʦʢʫʧʠʪʩʷ, ʯʠʩʪʳʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʜʦʭʦʜ ʧʨʦʝʢʪʘ ʢ ʢʦʥʮʫ 8-

ʛʦ ʛʦʜʘ ʩʦʩʪʘʚʠʪ 117 362 ʨʫʙ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ             

(ʪʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3  

 ʆʩʥʦʚʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʝʢʪʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 
ɿʥʘʯʝʥʠʝ 

ʂʨʠʪʝʨʠʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

1 ʅʝʦʙʭʦʜʠʤʳʝ ʠʥʚʝʩʪʠʮʠʠ ʩ ʅɼʉ ʪʳʩ. ʨʫʙ. 910 000  

2 ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʬʘʟʳ 
ʣʝʪ 8  

3 ɼʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ ʩʨʦʢ 

ʦʢʫʧʘʝʤʦʩʪʠ (ʦʢʊ ) 
ʣʝʪ 6,83  6,83 ʛʦʜʘ < 8 ʣʝʪ 

4 ʏʠʩʪʳʡ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʳʡ 

ʜʦʭʦʜ (ʏɼɼ) ʧʨʠ ʩʪʘʚʢʝ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ 14 % 

ʨʫʙ. 117 362 117 362 ʨʫʙ. > 0 ʨʫʙ. 

5 ʀʥʜʝʢʩ ʜʦʭʦʜʥʦʩʪʠ (ʀɼ) ï 1,1289 12,89 % > 12 % 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 

ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʥʘʣʦʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʝʨʝʤʝʥʥʳʡ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʫʧʫʱʝʥʥʦʡ ʚʳʛʦʜʳ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠʥʷʪ ʨʘʚʥʳʤ ʩʫʤʤʝ: 

- ʫʱʝʨʙʘ ʦʪ ʥʝʜʦʦʪʧʫʩʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʩʝʪʝʚʦʡ ʢʦʤʧʘʥʠʠ ʚʦ ʚʨʝʤʷ 

ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ, 

- ʬʦʥʜʘ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ. 

ʉʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʦʝʢʪ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ 

ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʥʘʣʦʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʝʨʝʤʝʥʥʳʡ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 
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ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʥʘʣʦʞʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʥʘ ʧʝʨʝʤʝʥʥʳʡ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʙʦʨʴʙʳ ʩ ʛʦʣʦʣʝʜʦʤ ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1. ʧʣʘʚʢʘ ʛʦʣʦʣʝʜʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʩʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ 
ʢʦʣʴʮʫʶʱʠʭ ɺʃ; 

2. ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʧʣʘʚʢʠ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʝʨʘʪʠʚʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʡ; 

3. ʫʤʝʥʴʰʘʝʪʩʷ ʨʠʩʢ ʦʰʠʙʦʢ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ; 

4. ʨʝʞʠʤ ʧʣʘʚʢʠ ʥʝ ʙʫʜʝʪ ʟʘʚʝʩʠʪʴ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʦʪʨʝʙʠʪʝʣʷ; 

5. ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʜʦʦʪʧʫʩʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

6. ʧʨʦʚʝʜʝʥʠʝ ʧʣʘʚʦʢ ʚʦʟʤʦʞʥʦ ʚ ʣʶʙʦʝ ʚʨʝʤʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʧʦʪʨʝʙʠʪʝʣʷ; 

7. ʫʩʪʨʦʡʩʪʚʦ ʥʘʣʦʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʧʝʨʝʤʝʥʥʳʡ ʨʘʙʦʯʠʡ ʪʦʢ ʥʘʛʨʫʟʢʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ɺʃ ʧʨʠ ʣʶʙʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʷʭ: 

ʤʘʩʩʦʚʳʭ ʛʦʣʦʣʝʜʘʭ, ʩʥʝʛʦ-ʚʝʪʨʦʚʳʭ ʷʚʣʝʥʠʷʭ, ʣʝʜʷʥʳʭ ʜʦʞʜʷʭ, ʤʘʩʰʪʘʙʥʳʭ çʧʣʷʩʢʘʭè 

ʧʨʦʚʦʜʦʚ; 

8. ʩʦʛʣʘʩʥʦ ʧʨʦʠʟʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʫ 

ʩʠʩʪʝʤʳ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ ʙʝʟ ʦʪʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʦʢʫʧʘʶʪʩʷ ʚ ʪʝʯʝʥʠʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʬʘʟʳ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʉʆ 153-34.20.512 ʈʫʢʦʚʦʜʷʱʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʧʣʘʚʢʝ ʛʦʣʦʣʝʜʘ ʥʘ ɺʃ 

ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ 20 ʢɺ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ; 

2. ɻʫʟʘʠʨʦʚ ʄ. ɹ., ʄʘʢʩʠʤʦʚ ɺ. ɸ., ɺʘʣʝʝʚ ɸ. ʈ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʧʣʘʚʦʢ ʛʦʣʦʣʝʜʘ ʥʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ɺʃ//ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʩʠʩʪʝʤʳ: 

ʤʝʞʚʫʟʦʚʩʢʠʡ ʥʘʫʯʥʳʡ ʩʙʦʨʥʠʢ/ ʋʬʠʤʩʢ. ʛʦʩ. ʘʚʠʘʮ. ʪʝʭʥ. ʫʥ-ʪ. ï ʋʬʘ: ʋɻɸʊʋ, 2014.-30-

34 ʩ. 

 

 

 
 

ʆɹ ɸɺʊʆʈɸʍ 

 

ɽʣʠʟʘʨʴʝʚ ɸʨʪʸʤ ʖʨʴʝʚʠʯ, ʘʩʧʠʨʘʥʪ ʢʘʬ. ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʌɻɹʆʋ 

ɺʇʆ çʋɻɸʊʋè, ʜʠʧʣ. ʠʥʞ.  ʧʦ ʩʧʝʮ. çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʠ ʩʝʪʠè (ʋɻɸʊʋ, 2007).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʙʦʨʴʙʳ ʩ 

ʛʦʣʦʣʝʜʦʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʷʭ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʢʠ 

ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʣʘʚʢʠ ʛʦʣʦʣʝʜʘ. 

e-mail: elizar-1@yandex.ru 

 

 

 
 

 

ʐʘʨʘʬʠʝʚʘ ɻʫʟʘʣʠʷ ɸʡʨʘʪʦʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ 2-ʛʦ ʛʦʜʘ ʦʙʫʯʝʥʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ çʕʢʦʥʦʤʠʢʘè ʌɻɹʆʋ ɺʇʆ çʋɻɸʊʋè.  

ʀʥʞʝʥʝʨ ʧʦ ʩʧʝʮ. çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè (ʋɻɸʊʋ, 

2014).  ʕʢʦʥʦʤʠʩʪ-ʤʝʥʝʜʞʝʨ ʧʦ ʩʧʝʮ. çʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʧʨʝʜʧ.è (ʋɻɸʊʋ, 2013). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

e-mail: sharafieva.guzel@mail.ru 
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ʋɼʂ 621.45 

ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ, ʍɸʈɸʂʊɽʈʀɿʋʖʑɽʁ ʉʆʉʊʆʗʅʀʗ ʆʇʆʈ 

ɻɸɿʆʊʋʈɹʀʅʅʆɻʆ ʇʈʀɺʆɼɸ ɸʃ-31ʉʊʅ 

 
ɿʳʨʷʥʦʚ ɸ. ɺ., ʂʦʩʪʨʦʚ ɺ. ʉ. 

 
ɺ ʞʫʨʥʘʣʝ çʄʦʣʦʜʝʞʥʳʡ ʚʝʩʪʥʠʢ ʋɻɸʊʋè ˉ 3 (12) / 2014 ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ 

çɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʣʘ ʚ ʦʧʦʨʝ ʪʫʨʙʠʥʳ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ 

ʧʨʠʚʦʜʘ ɸʃ-31ʉʊʅè. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʦʧʨʝʜʝʣʠʪʴ 

ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʜʦʛʨʝʚʫ ʤʘʩʣʘ ʚ ʦʧʦʨʝ ʪʫʨʙʠʥʳ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ ʧʨʠʚʦʜʘ 

(ɻʊʇ) ɸʃ-31ʉʊʅ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘ ʧʦʜʦʛʨʝʚ ʤʘʩʣʘ 

ʚ ʦʧʦʨʝ ʪʫʨʙʠʥʳ ʚʣʠʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʈʅɼ), ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʈɺɼ), ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʟʘ ʪʫʨʙʠʥʦʡ 

ʠ ʥʘʨʘʙʦʪʢʘ ʜʚʠʛʘʪʝʣʷ. ɺ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɲtʤ-ʣʘ=f(nʅɼ, nɺɼ, ʊʛ, ˍύ ʥʘʠʙʦʣʴʰʠʡ 
ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʨʘʙʦʪʢʘ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʧʦʜʰʠʧʥʠʢʦʚ ʈɺɼ 

ʠ ʈʅɼ. ʊʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʠʤʠʪʠʨʫʶʱʝʡ ʧʦʜʦʛʨʝʚ ʤʘʩʣʘ ʚ ʦʧʦʨʝ ʪʫʨʙʠʥʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʚ ʯʘʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʘʢʝʪ Maple, ʩʦʜʝʨʞʘʱʠʡ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʙʳʩʪʨʳʭ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʷʚʣʝʥʠʡ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ 

ʩʘʤʦʛʦ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ tʤ-ʣʘ=f(nʅɼ, nɺɼ, ʊʛ,Ű), ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʦʜʝʣʠ ʚ Maple ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

ȹtʤ-ʣʘ=k1+k2Ŀnʅɼ+k3Ŀnʧʨ ɺɼ+k4ĿŰ+k5Ŀ ʊʛ    (1) 

ʛʜʝ k1, k2, k3, k4, k5 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ȹtʤ-ʣʘ. ʊʘʢ ʢʘʢ ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘ (n ʅɼ, nɺɼ, ʊʛ, Ű), ʪʦ ʚʚʦʜʠʪʩʷ ʤʘʪʨʠʮʘ 4Ĭ224 

(ʨʠʩ. 1), ʛʜʝ 4 ʦʟʥʘʯʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, 224 ï ʢʦʣʠʯʝʩʪʚʦ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ. 

 
ʈʠʩ. 1. ɺʚʦʜ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 



20  ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ          ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  1 (13). ʄʘʡ, 2015 ʛ. 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʚʚʦʜʠʪʩʷ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ ï ȹtʤ-ʣʘ. ɿʘʜʘʝʪʩʷ ʤʘʪʨʠʮʘ 

1Ĭ224 (ʨʠʩ. 2), ʛʜʝ 1 ï ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʧʘʨʘʤʝʪʨ, 224 ï ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ï ʚʚʦʜ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʘ (ʨʠʩ. 2). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ  ʚʳʙʨʘʥʘ  ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (1). 

 

 
ʈʠʩ. 2. ɺʚʦʜ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʦʜʝʣʴ: 

ȹtʤ-ʣʘ=ï174,23404+0,00028Ŀnʅɼ+0,01728Ŀnɺɼ+0,00135ĿŰ+0,07263Ŀʊʛ   (2) 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚʳʰʝ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʷʪʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʜʚʠʛʘʪʝʣʷ, ʠʤʝʶʱʝʛʦ 

ʧʦʩʪʦʷʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ (nʅɼ=const, nɺɼ=const, ʊʛ=const), ʪ.ʝ. ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ 

ʚʣʠʷʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʥʘ ȹtʤ-ʣʘ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ȹtʤ-ʣʘ=f(Ű), ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʚ ʠʥʪʝʨʚʘʣʝ ʥʘʨʘʙʦʪʢʠ 

9 119 ï 17 343 ʯ. 

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʦʛʨʝʚʘ ʤʘʩʣʘ ʚ ʦʧʦʨʝ ʪʫʨʙʠʥʳ ʦʪ ʥʘʨʘʙʦʪʢʠ 

 

ʅʘʣʠʯʠʝ ʩʚʷʟʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ȹtʤ-ʣʘ=f(Ű) ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʠ 

ʪʘʙʣʠʯʥʳʤ (ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʈ=0,999) ʢʨʠʪʝʨʠʷʤʠ ʉʪʴʶʜʝʥʪʘ: 
ʊʩʪ.ʨʘʩʯ.=11,89 > ʊʩʪ.ʪʘʙʣ=3,29    (3) 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʠʩ. 3 ʪʨʫʜʥʦ ʩʢʘʟʘʪʴ ʦ ʥʘʣʠʯʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʪʨʝʥʜʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ȹtʤ-ʣʘ=f(Ű), ʪ.ʢ. ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʘʯʢʠ ȹtʤ-ʣʘ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ 

ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. 

ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (2) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʚʝʜʝʥʠʝ ʢ 

ʦʜʥʦʤʫ ʧʦʩʪʦʷʥʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɼʘʥʥʦʝ ʧʨʠʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 
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ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ k2, k3, k5, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ  ʢʘʞʜʦʛʦ  ʠʟ  ʬʘʢʪʦʨʦʚ 

(n ʅɼ, nɺɼ, ʊʛ) ʥʘ ȹtʤ-ʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʨʠʩ. 4. 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʦʛʨʝʚʘ ʤʘʩʣʘ ʚ ʦʧʦʨʝ ʪʫʨʙʠʥʳ ʦʪ ʥʘʨʘʙʦʪʢʠ ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʢ 

ʧʦʩʪʦʷʥʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 
 

ʀʟ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʩʛʣʘʜʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ, ʩʪʘʣ 

ʚʳʩʚʝʯʠʚʘʪʴʩʷ ʙʦʣʝʝ ʷʚʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʨʝʥʜ ʠ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʨʝʟʢʠʝ ʩʢʘʯʢʠ 

ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢʞʝ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ: 

ʊʩʪ.ʨʘʩʯ.=25,26 > ʊʩʪ.ʪʘʙʣ=3,29    (4) 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʊʩʪ.ʨʘʩʯ. ʜʦ ʠ ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ (3 ʠ 4), ʪʦ ʚʠʜʥʦ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʩʠʣʝʥʠʠ ʩʚʷʟʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ȹtʤ-ʣʘ=f(Ű). ʕʪʦ ʝʱʝ ʨʘʟ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʟʥʦʩ ʧʦʜʰʠʧʥʠʢʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ȹtʤ-ʣʘ. 

ʊʘʢʞʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʪʨʝʥʜʘ ʚ ʩʪʘʪʠʩʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʦʩʦʙ, 

ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜʦʤ ʫʢʨʫʧʥʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʤʫ ʘʥʘʣʠʟʫ ʵʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʠʥʪʝʨʚʘʣ ʟʘʤʝʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: ʠʤʝʶʱʠʝʩʷ ʝʞʝʜʥʝʚʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʫʩʨʝʜʥʷʶʪʩʷ, ʠ ʠʟ ʩʝʤʠ ʟʘʤʝʨʝʥʥʳʭ ʟʘ ʥʝʜʝʣʶ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʣʫʯʘʝʪʩʷ ʦʜʠʥ, ʧʫʪʝʤ ʥʘʭʦʞʜʝʥʠʷ ʩʨʝʜʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʥʝʜʝʣʶ. 

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥ ʨʝʟʫʣʴʪʘʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʫʢʨʫʧʥʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʠ 

ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ȹtʤ-ʣʘ=f(Ű), ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 3 ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʦʛʨʝʚʘ ʤʘʩʣʘ ʚ ʦʧʦʨʝ ʪʫʨʙʠʥʳ ʦʪ ʥʘʨʘʙʦʪʢʠ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʘ ʫʢʨʫʧʥʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʟʚʦʣʠʣʦ ʚʳʨʘʟʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʨʝʥʜ ʚʠʜʝʥ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ, ʝʩʣʠ ʩʨʘʚʥʠʪʴ ʨʠʩ. 3 ʠ 5. 

ʅʦ ʜʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘʣʠʯʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ȹtʤ-ʣʘ=f(Ű) ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢʞʝ 
ʧʨʠʚʝʜʝʥʠʝ ʢ ʦʜʥʦʤʫ ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ (ʨʠʩ. 6). 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʦʛʨʝʚʘ ʤʘʩʣʘ ʚ ʦʧʦʨʝ ʪʫʨʙʠʥʳ ʦʪ ʥʘʨʘʙʦʪʢʠ ʧʦʩʣʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʫʢʨʫʧʥʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʠ ʧʨʠʚʝʜʝʥʠʷ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʨʝʞʠʤʫ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʨʠʩ. 6 ʪʘʢʞʝ ʢʘʢ ʠ ʥʘ ʨʠʩ. 4) ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʞʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ȹtʤ-ʣʘ, ʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʫʢʨʫʧʥʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ 

ʧʦʟʚʦʣʠʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʢʣʶʯʠʪʴ ʩʢʘʯʢʠ ȹtʤ-ʣʘ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʨʠʩ. 4. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ȹtʤ-ʣʘ 

ʥʘ ʜʚʠʛʘʪʝʣʝ ʟʘ ʚʝʩʴ ʝʛʦ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʠʤʝʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʨʘʙʦʪʢʠ, ʠ ʧʨʠ ʨʝʟʢʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ȹtʤ-ʣʘ ʧʨʦʠʟʚʝʩʪʠ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʦʩʪʘʥʦʚ ʜʚʠʛʘʪʝʣʷ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʥʘʯʘʣʘ 

ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʧʦʜʰʠʧʥʠʢʦʚ. ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʜʦʣʛʦʩʨʦʯʥʫʶ 

ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʮʝʣʴʶ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ ɻʊʇ, ʚʳʟʚʘʥʥʳʭ ʠʭ 

ʨʘʟʨʫʰʝʥʠʝʤ. 
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ʆɹ ɸɺʊʆʈɸʍ 
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ɺʚʝʜʝʥʠʝ 

  ʆʩʦʙʝʥʥʦʩʪʠ ʣʶʙʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʪʘʢʦʚʳ, ʯʪʦ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ 

ʠʟ-ʟʘ ʦʰʠʙʦʢ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʠʢʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʚ ʩʘʤʦʡ ʩʠʩʪʝʤʝ 

ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʧʦʜʥʷʪʠʷ ʚʝʨʩʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ  ʦʮʝʥʦʢ ʚʦʟʥʠʢʘʶʱʠʭ ʦʰʠʙʦʢ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ  ʠʭ ʧʦʷʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʧʦʣʥʦʪʫ ʠ  ʥʝʪʦʯʥʦʩʪʴ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʨʝʰʘʶʱʘʷ ʟʘʜʘʯʠ  ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʨʘʟʚʠʪʠʷ ʩʠʪʫʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʰʠʙʦʢ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʠʩʢʦʚ, ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ  ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ, 

ʣʝʛʢʦʜʦʩʪʫʧʥʦʩʪʴ ʜʘʥʥʳʭ. 

ʅʦʚʠʟʥʫ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ 

ʜʦʧʫʱʝʥʥʳʭ ʦʰʠʙʢʘʭ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʷʜʘ ʬʘʢʪʦʨʦʚ , ʥʘʧʨʠʤʝʨ, ʪʝʤʳ ʜʦʢʫʤʝʥʪʘ, ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠ ʪ.ʜ). ɺʩʝ ʵʪʦ ʪʨʝʙʫʝʪ 

ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʠ ʤʝʪʦʜʦʚ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ, ʩʪʨʦʠʪʴ ʦʪʯʝʪʳ ʧʦ 

ʟʘʨʘʥʝʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤ ʘʪʨʠʙʫʪʘʤ ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʪʠʯʝʩʩʢʠʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ  ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, 

ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʭ ʦʮʝʥʢʘʭ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʠʩʪʝʤʳ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʦʥʘ ʙʦʣʝʝ ʧʨʦʩʪʘ ʜʣʷ  ʧʦʥʠʤʘʥʠʷ, ʯʝʤ  

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ,  ʥʝʯʝʪʢʠʝ ʤʦʜʝʣʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʪʨʠʚʠʘʣʴʥʳʤʠ  ʜʣʷ ʩʚʦʝʡ  ʨʝʘʣʠʟʘʮʠʠ. ʇʦ ʪʘʙʝʣʴʥʦʤʫ ʥʦʤʝʨʫ ʚ 

ʣʠʯʥʦʤ ʜʝʣʝ ʧʦʣʫʯʘʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʦʧʳʪ ʨʘʙʦʪʳ, ʫʨʦʚʝʥʴ ʥʘʛʨʫʟʦʢ ʧʦ ʦʙʨʘʙʦʪʢʝ 

ʜʦʢʫʤʝʥʪʦʚ, ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʙʝʟʦʰʠʙʦʯʥʦʩʪʴ ʧʨʝʜʳʜʫʱʠʭ 

ʜʝʡʩʪʚʠʡ. ɺʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʪʦʜʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʫʢʘʟʳʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʚ 

ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ ʫ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʚʨʝʤʷ ʫʩʪʨʘʥʠʪʴ ʠ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʩʣʝʜʫʶʱʝʝ ʥʘʢʦʧʣʝʥʠʝ ʦʰʠʙʢʠ. ɽʩʣʠ ʜʦʢʫʤʝʥʪ ʩ ʦʰʠʙʢʦʡ ʧʨʠʤʫʪ ʢ 

ʫʯʝʪʫ ʩʧʝʮʠʘʣʠʩʪʳ ʙʫʭʛʘʣʪʝʨʠʠ, ʪʦ ʚʝʨʥʫʪʴ ʧʨʦʮʝʩʩ ʚ ʩʠʩʪʝʤʫ ʧʦ ʜʘʥʥʦʤʫ ʦʙʲʝʢʪʫ 

(ʜʦʢʫʤʝʥʪʫ) ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʯʝʨʝʟ ʧʝʨʩʦʥʘʣ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ, ʢʦʪʦʨʘʷ ʟʘʚʝʜʝʪ 

ʥʦʚʳʡ ʧʨʦʮʝʩʩ. ʕʪʦ ʥʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʦʪʯʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʠʩʪʝʤʳ, ʪʘʢ 

ʢʘʢ ʧʦ ʦʜʥʦʤʫ ʜʦʢʫʤʝʥʪʫ  ʚ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʜʚʘ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʥʝʪ 

ʚ ʧʦʩʪʨʦʝʥʠʝ ʦʪʯʝʪʦʚ ʧʦ ʩʪʘʪʠʩʪʠʢʝ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʧʦʷʚʣʝʥʠʝ ʨʘʟʥʠʮʳ  ʚ 

ʥʝʩʢʦʣʴʢʦ ʜʦʢʫʤʝʥʪʦʚ ʦʯʝʚʠʜʥʦ. ʇʦ ʩʪʘʪʠʯʝʩʢʠ ʜʘʥʥʳʤ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳ ʪʘʢʠʝ 

ʥʝʪʦʯʥʦʩʪʠ ʚ ʨʘʙʦʪʝ, ʢʘʢ ʦʪʧʨʘʚʢʘ ʧʘʢʝʪʘ ʜʦʢʫʤʝʥʪʦʚ  ʢʫʨʘʪʦʨʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʢ 

ʢʦʪʦʨʦʤʫ ʦʥ ʥʝ ʦʪʥʦʩʠʪʩʷ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʧʨʠʥʷʪʠʝ ʜʦʢʫʤʝʥʪʦʚ ʢ ʫʯʝʪʫ, ʥʝʩʦʙʣʶʜʝʥʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʨʦʢʦʚ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʦʚ. ʊʘʢʞʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʦʰʠʙʢʠ ʧʨʠ 

ʦʪʧʨʘʚʢʝ ʜʦʢʫʤʝʥʪʘ ʚ ʩʠʩʪʝʤʫ ʩʦ ʩʪʘʥʮʠʠ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʠ ʧʝʨʝʟʘʧʦʣʥʝʥʠʠ ʢʘʥʘʣʘ 

ʩʝʨʚʝʨʘ ʧʨʠʣʦʞʝʥʠʡ. 

ʄʝʩʪʦ ʩʙʦʨʘ  ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ʎʝʣʴ 

ʭʨʘʥʠʣʠʱʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ -ʠʥʪʝʛʨʘʮʠʷ ʚʩʝʭ ʜʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʜʜʝʨʞʘʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʘʭ ʚʩʝʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪ ʚʳʜʝʣʝʥʠʝ ʠʟ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʥʦʛʦʤʝʨʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʦʩʠ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʪ ʘʪʨʠʙʫʪʳ, ʘ ʷʯʝʡʢʠ ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ. ɺʜʦʣʴ ʢʘʞʜʦʡ ʦʩʠ ʘʪʨʠʙʫʪʳ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʠʭ ʜʝʪʘʣʠʟʘʮʠʠ. 

ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʟʘʧʨʦʩʳ, 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʦʪʯʝʪʳ, ʧʦʣʫʯʘʪʴ ʧʦʜʤʥʦʞʝʩʪʚʘ ʜʘʥʥʳʭ. 

ɺ ʨʘʙʦʪʝ ʚʳʙʨʘʥ Microsoft Analysis Services - ʯʘʩʪʴ Microsoft SQL Server,  ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʘʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʙʦʪʳ ʩ OLAP ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ 

ʜʘʥʥʳʭ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ Northwind, ʚʭʦʜʷʱʘʷ ʚ ʢʦʤʧʣʝʢʪʳ ʧʦʩʪʘʚʢʠ 

Microsoft SQL Server ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʪʠʧʠʯʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʫʶ 

ʩʚʝʜʝʥʠʷ ʦ ʨʘʙʦʪʝ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. ʂ ʪʘʢʠʤ ʜʘʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷʭ, ʤʦʜʫʣʷʭ ʩʠʩʪʝʤʳ, ʠʭ ʚʝʨʩʠʠ,  ʩʧʠʩʦʢ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʠʭ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ, 

ʜʘʥʥʳʝ ʦʙ ʦʰʠʙʢʘʭ ʚ ʩʠʩʪʝʤʝ. ʆʙʱʠʝ ʦʩʠ ʢʫʙʦʚ (dimensions): ʢʦʜ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʝʢʫʱʠʡ 

ʢʚʘʨʪʘʣ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ, ʧʦʜʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʠʥʬʦʨʤʘʮʠʷ 

ʦʙ ʘʪʪʝʩʪʘʮʠʠ, ʜʦʣʞʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘ(ʧʦʣʴʟʦʚʘʪʝʣʷ), ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, 

ʪʝʢʫʱʠʡ ʜʝʥʴ. ʀʟʤʝʨʝʥʠʷ ʚʳʙʨʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ. ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʘʥʘʣʠʪʠʯʝʩʠʭ ʜʘʥʥʳʭ.  

Members: ʢʦʜ ʧʦʣʴʟʦʚʘʪʝʣʝʡ( ʯʠʩʣʘ ʦʪ 00000 ʜʦ 99999), ʪʝʢʫʱʠʡ ʢʚʘʨʪʘʣ (0-3), 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ(0-100), ʧʦʜʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ (0-100), 

ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʪʪʝʩʪʘʮʠʠ (0-10), ʜʦʣʞʥʦʩʪʴ (ʢʫʨʘʪʦʨ, ʩʢʘʥʠʨʦʚʱʠʢ, ʚʝʨʠʬʠʢʘʪʦʨ, 

ʙʫʭʛʘʣʪʝʨ), ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ (ɸʋʇ, ʈʈʅʋ, ʋʈʅʋ, ʂʈʅʋ), ʪʝʢʫʱʠʡ ʜʝʥʴ(1.*-

30.*).Measure: ʢʦʜ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʢʦʜ-ʬʘʤʠʣʠʷ-ʠʤʷ-ʦʪʯʝʪʩʚʦ), ʪʝʢʫʱʠʡ ʢʚʘʨʪʘʣ (ʛʦʜ-

ʢʚʘʨʪʘʣ-ʤʝʩʷʮ-ʜʝʥʴ-ʯʘʩ-ʤʠʥʫʪʘ), ʧʦʜʩʠʩʪʝʤʘ(ʤʦʜʫʣʴ-ʬʫʥʢʮʠʷ), ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʴ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʪʪʝʩʪʘʮʠʠ (ʧʦʩʣʝʜʥʷʷ ʜʘʪʘ ʘʪʪʝʩʪʘʮʠʠ-ʥʘʙʨʘʥʥʳʝ ʙʘʣʣʳ 

ʩʦʪʨʫʜʥʠʢʘ-ʠʤʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ), ʥʘʠʤʝʥʦʚʘʥʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ (ʈʅʋ-ɻʨʫʧʧʘ ʫʯʝʪʘ). ʈʘʟ ʚ 

ʩʫʪʢʠ ʠʟʤʝʥʝʥʠʷ ʟʘ ʧʨʦʰʝʜʰʠʡ ʜʝʥʴ ʚʳʛʨʫʞʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʙʘʟʫ 

http://ru.wikipedia.org/wiki/Microsoft_SQL_Server
http://ru.wikipedia.org/wiki/OLAP
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D0%BB%D0%BB%D0%B5%D0%BA%D1%82%D1%83%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85
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ʜʘʥʥʳʭ MsSql. ɺʳʛʨʫʞʘʝʪʩʷ ʥʝ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʘ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʥʫʞʥʦ ʜʣʷ ʢʫʙʘ.  ʇʝʨʠʦʜ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʢʫʙʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʠʦʜʦʤ ʦʙʥʦʚʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. ʂʫʙ ʫʩʣʦʚʥʦ ʥʘʟʚʘʥ Cub_1.  ʀʥʬʦʨʤʘʮʠʷ ʦʙ 

ʦʰʠʙʢʘʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʨʝʟʫʣʴʪʘʪ 

ʚʳʜʘʝʪʩʷ  ʚʠʜʝ ʦʪʯʝʪʘ ʚ Excel. 

 ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʪʘʢʞʝ Cub_2, ʩʦʜʝʨʞʘʱʠʡ ʜʘʥʥʳʝ ʧʨʦʰʝʜʰʝʛʦ ʜʥʷ. ʆʩʴ 

"ʪʝʢʫʱʠʡ ʜʝʥʴ" ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʢʫʙʘʤʠ. ʈʘʟ ʚ ʩʫʪʢʠ ʟʥʘʯʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʧʝʨʚʦʤ ʢʫʙʝ ʧʝʨʝʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʩʦʦʪʚʪʝʪʩʪʚʫʶʱʠʝ ʦʩʠ ʚʪʦʨʦʛʦ ʢʫʙʘ. ʇʦ 

ʠʟʤʝʨʝʥʠʶ, ʩʦʜʝʨʞʘʱʝʤʫ ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʦʢ, ʩʪʦʷʪʩʷ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʢʫʙʦʚ. ʂʘʞʜʳʡ 

ʢʫʙ-ʵʪʦ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʪʝʨ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʰʠʙʦʢ: 0-0,2; 0,2-

0,4; 0,4-0,6; 0,6-0,8; 0,8-1. ʊʘʢʠʝ ʨʘʟʙʠʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ ʦʪʯʝʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ 

ʠʟʥʘʯʘʣʴʥʦʤʫ ʢʫʙʫ. 

ʆʩʠ ʢʫʙʘ (dimensions): ʢʦʜ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʦʜʫʣʠ ʩʠʩʪʝʤʳ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʪʘ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʦʰʠʙʢʠ, ʩʪʝʧʝʥʴ ʦʰʠʙʢʠ, ʪʠʧ ʜʦʢʫʤʝʥʪʘ. 

Members: ʢʦʜ ʧʦʣʴʟʦʚʘʪʝʣʝʡ(ʯʠʩʣʘ ʦʪ 00000 ʜʦ 99999), ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʦʜʫʣʠ 

ʩʠʩʪʝʤʳ(ʯʠʩʣʘ ʦʪ 000-999), ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʪʘ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʦʰʠʙʢʠ(0-1), ʩʪʝʧʝʥʴ 

ʦʰʠʙʢʠ(0-10), ʪʠʧ ʜʦʢʫʤʝʥʪʘ(ʢʦʜʳ ʪʠʧʦʚ ʜʦʢʫʤʝʥʪʘ: ʦʪ 0 ʜʦ 15) 

 Measure: ʢʦʜ ʧʦʣʴʟʦʚʘʪʝʣʝʡ(ʢʦʜ-ʬʘʤʠʣʠʷ-ʠʤʷ-ʦʪʯʝʪʩʚʦ), ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʦʜʫʣʠ 

ʩʠʩʪʝʤʳ(ʢʦʜ ʤʦʜʫʣʷ-ʚʝʨʩʠʷ ʤʦʜʫʣʷ), ʩʪʝʧʝʥʴ ʦʰʠʙʢʠ(ʢʦʜ ʩʪʝʧʝʥʴ ʦʰʠʙʢʠ-ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʦʰʠʙʢʠ), ʪʠʧ ʜʦʢʫʤʝʥʪʘ(ʢʦʜʳ ʪʠʧʦʚ ʜʦʢʫʤʝʥʪʘ-ʚʠʜ ʜʦʢʫʤʝʥʪʘ: ʦʩʥʦʚʥʦʡ ʠʣʠ 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ). 

ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʤʝʪʦʜʘ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ: 

ʆʪʙʦʨ ʚʳʙʦʨʢʠ ʦʙʲʝʢʪʦʚ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ;  

1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʦʙʲʝʢʪʳ ʚ 

ʚʳʙʦʨʢʝ. 

2. ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʠʘʧʘʟʦʥʦʚ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʫʧʧ ʩʭʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ (ʢʣʘʩʪʝʨʦʚ). 

4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʤʦʞʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠ ʘʢʪʫʘʣʠʟʘʮʠʷ 

ʚʳʙʨʘʥʥʦʡ ʤʝʪʨʠʢʠ ʠ ʤʝʪʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʃʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʦʪʯʝʪʘ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʚ SQL Server Reporting Services (SSRS). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʘʢʢʫʤʫʣʠʨʫʝʪ ʟʥʘʥʠʷ ʦ ʧʦʣʴʟʦʚʘʪʝʣʝ, ʝʛʦ ʭʘʨʘʢʪʝʨʥʳʭ 

ʦʰʠʙʢʘʭ, ʜʠʘʛʥʦʩʪʠʨʫʝʪ ʩʣʘʙʦʩʪʠ ʠ ʚʦʚʨʝʤʷ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʠ, ʫʛʨʦʞʘʶʱʠʝ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ.  

ɺʳʚʦʜʳ 

ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʧʦʩʦʙʥʘ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ ʧʝʨʩʦʥʘʣʫ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ. ɿʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʛʜʝ ʩʣʝʜʫʝʪ ʢʘʢ ʤʦʞʥʦ ʨʘʥʴʰʝ ʫʟʥʘʪʴ ʦʙ 

ʦʰʠʙʢʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʮʝʩʩ ʥʘ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ  ʩʧʦʩʦʙʥʘ ʧʦʜʩʢʘʟʘʪʴ ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʨʠʯʠʥʫ ʫʞʝ ʚʦʟʥʠʢʰʝʡ 

ʦʰʠʙʢʠ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʝʝ ʫʩʪʨʘʥʝʥʠʝ. 

ɸʥʘʣʠʪʠʢʠ ʠ ʬʠʥʘʥʩʠʩʪʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʥʦʟʘ ʧʨʦʛʨʘʤʤʳ ʩʤʦʛʫʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʩʨʦʢʠ ʩʜʘʯʠ ʥʦʚʦʡ ʚʝʨʩʠʠ ʩʠʩʪʝʤʳ, ʫʯʝʩʪʴ ʚʨʝʤʝʥʥʳʝ ʠ ʜʝʥʝʞʥʳʝ ʧʦʪʝʨʠ. 

ʀʟʚʝʩʪʥʦ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ, ʢʦʛʜʘ ʜʘʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʧʨʦʩʪʦʠ ʚ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʣʠ 

ʢ ʦʩʪʘʥʦʚʢʝ ʨʘʙʦʪʳ ʚʩʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʊʘʢʞʝ ʧʨʦʛʨʘʤʤʘ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ. ʅʦ ʥʝ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʩʯʠʪʳʚʘʪʴ 

ʧʨʝʤʠʠ, ʤʘʣʦ ʢʦʛʦ ʠʟ ʨʘʙʦʪʥʠʢʦʚ ʫʜʦʚʣʝʪʚʦʨʷʪ ʧʦʢʘʟʘʪʝʣʠ ʥʝʢʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʙʘʟʝ 

"ʥʝʯʝʪʢʦʡ" ʣʦʛʠʢʠ, ʩʦʚʩʝʤ ʥʝʤʥʦʛʠʝ ʟʥʘʢʦʤʳ ʩ ʵʪʠʤ ʧʦʥʷʪʠʝʤ ʜʘʞʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʩʤʦʛʫʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʨʘʙʦʪʫ ʩʦʪʨʫʜʥʠʢʦʚ. ʄʦʜʝʣʠʨʫʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʤʦʞʥʦ ʥʘʠʙʦʣʝʝ 

ʯʝʪʢʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʦʟʤʦʞʥʫʶ ʢʘʨʪʠʥʫ ʜʘʣʴʥʝʡʰʠʭ ʩʦʙʳʪʠʡ, ʦʧʪʠʤʘʣʴʥʝʝ ʨʘʩʩʯʠʪʘʪʴ 
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ʪʨʫʜʦʟʘʪʨʘʪʳ. 

ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʜʦʚʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʣʠ ʠʛʨʘʪʴ 

 ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ. 

Olap-ʢʫʙ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʠʥʘʤʠʯʝʩʢʫʶ ʫʧʨʘʚʣʝʥʯʝʩʢʫʶ ʦʪʯʝʪʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʜʣʷ  ʬʠʥʘʥʩʠʩʪʦʚ, ʘʥʘʣʠʪʠʢʦʚ, ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʝʢʪʘ, ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʦʪʜʝʣʦʚ.  

Olap  ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ, ʧʦʤʦʛʘʝʪ 

ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʮʝʣʦʤ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂ ʤʠʥʫʩʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳ ʨʘʩʭʦʜʳ ʥʘ ʦʙʫʯʝʥʠʝ 

ʩʦʪʨʫʜʥʠʢʦʚ it-ʦʪʜʝʣʘ. ʈʠʩʢʠ ʚ ʨʘʙʦʪʝ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʦʟʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. 

ɸʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʟʥʘʪʴ ʢʪʦ, ʚ ʢʘʢʦʝ ʚʨʝʤʷ, ʩ ʢʘʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʢʘʢʠʤʠ ʤʦʜʫʣʷʤʠ, ʩ ʢʘʢʠʤʠ ʨʠʩʢʘʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩʦʚʝʨʰʘʶʪʩʷ ʠʣʠ ʤʦʛʫʪ 

ʩʦʚʝʨʰʠʪʴʩʷ ʦʰʠʙʢʠ. 
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ʮʠʣʠʥʜʨʝ. ʀʟʥʦʩ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʜʝʪʘʣʷʤʠ 

(ʩʪʝʥʢʘʤʠ ʮʠʣʠʥʜʨʘ ʠ ʧʦʨʰʥʝʚʳʤʠ ʢʘʥʘʚʢʘʤʠ), ʪʘʢ ʠ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ 

ʛʦʨʷʯʠʭ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ʀʤʝʝʪ ʤʝʩʪʦ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ, ʪʘʢ ʢʘʢ ʚ ʪʦʧʣʠʚʝ 

ʩʦʜʝʨʞʠʪʩʷ ʩʝʨʘ [2]. 

ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʘʨ ʪʨʝʥʠʷ ʚ ɼɺʉ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʩʢʦʣʴʢʫ 

ʙʦʣʴʰʠʥʩʪʚʦ ʜʚʠʛʘʪʝʣʝʡ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʠʟʥʘʰʠʚʘʥʠʷ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʠʟʥʦʩʘ ʇʂ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʯʫʛʫʥ ʠʣʠ ʩʪʘʣʴ. ʊʘʢʞʝ ʚ ʮʝʣʷʭ 

ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʥʘ ʇʂ ʥʘʥʦʩʷʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ [1]. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣ ʜʣʷ ʇʂ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʠ, ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʟʘʜʠʨʫ, ʫʧʨʫʛʦʩʪʠ, ʩʪʘʪʠʯʝʩʢʦʡ 

ʠ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ɺʩʝʤ ʵʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʠ ʦʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʢʦʣʝʮ 

[3]. ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʧʦ ʤʥʦʛʠʤ ʧʦʟʠʮʠʷʤ ʥʝ ʫʩʪʫʧʘʶʪ ʩʝʨʦʤʫ ʯʫʛʫʥʫ, ʘ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʤʘʣʳʡ 

ʚʝʩ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʢʘʢ ʥʠʟʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʫʧʨʫʛʦʩʪʴ 

ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʇʂ.  

ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʇʂ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ, ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʘʪʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ [4]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ (ʄɼʆ). 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʯʝʨʝʟ 

ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ çʤʝʪʘʣʣ-ʵʣʝʢʪʨʦʣʠʪè ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʪʘʥʦʚʠʪʴʩʷ ʚʳʰʝ ʝʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʚʦʟʥʠʢʘʶʪ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʝ ʨʘʟʨʷʜʳ ʩ ʚʳʩʦʢʠʤʠ ʣʦʢʘʣʴʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʜʘʚʣʝʥʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʝʡʩʪʚʠʷ ʤʠʢʨʦʧʣʘʟʤʝʥʥʳʭ ʨʘʟʨʷʜʦʚ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʷ ʧʦʢʨʳʪʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʣʣʘ ʦʩʥʦʚʳ 

ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʣʠʪʘ. ʊʝʭʥʦʣʦʛʠʝʡ ʄɼʆ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ 

ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʰʠʨʦʯʘʡʰʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʤʝʥʝʥʠʷ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʪʘʢʠʭ ʧʦʢʨʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 10-22 ɻʇʘ, ʘ ʪʦʣʱʠʥʘ ʜʦʩʪʠʛʘʝʪ 400 ʤʢʤ  [5]. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ 

ʧʨʦʮʝʩʩʘ ʄɼʆ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʦʢʘʟʳʚʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ: ʩʦʩʪʘʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ, ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ, ʘ 

ʪʘʢ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʧʘʪʝʥʪʝ [6] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʜʣʷ ʄɼʆ 

ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʫʚʝʣʠʯʠʚʘʝʪ ʪʦʣʱʠʥʫ ʧʦʢʨʳʪʠʷ. ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʟʘʤʝʥʠʪʴ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ʵʪʠʣʦʚʳʤ, ʧʦʩʢʦʣʴʢʫ ʤʦʣʝʢʫʣʘ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʧʦʜʦʙʥʘ ʤʦʣʝʢʫʣʝ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɹʳʣʘ ʚʳʩʢʘʟʘʥʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ 

ʜʠʧʦʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʩʧʠʨʪʘ, ʥʘʭʦʜʷʩʴ ʚ ʵʣʝʢʪʨʦʣʠʪʝ, ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ ʘʥʦʜʫ 

ʛʠʜʨʦʢʩʦʛʨʫʧʧʦʡ OH
-
, ʢʦʪʦʨʘʷ ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʄɼʆ ʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʩʦʢʨʘʱʝʥʠʶ ʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʧʨʠ ʄɼʆ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʨʰʥʝʚʳʝ 

ʢʦʣʴʮʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʯʝʪʳʨʝʭʪʘʢʪʥʦʛʦ ʘʚʠʘʤʦʜʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ASP80. ʇʂ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ16ʊ ɻʆʉʊ 4784-97. ɼʠʘʤʝʪʨ ʠ ʨʘʜʠʘʣʴʥʘʷ 

ʪʦʣʱʠʥʘ ʢʦʣʴʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 26 ʠ 1,1 ʤʤ.  ɺʳʩʦʪʘ ʧʦʨʰʥʝʚʦʛʦ ʢʦʣʴʮʘ ʨʘʚʥʘ 

1 ʤʤ. 



28  ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ          ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  1 (13). ʄʘʡ, 2015 ʛ. 

 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʵʣʝʢʪʨʦʣʠʪʘ. ɺ ʧʝʨʚʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʠʣʠʢʘʪʥʦ-ʱʝʣʦʯʥʦʡ ʵʣʝʢʪʨʦʣʠʪ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: 

ʞʠʜʢʦʝ ʩʪʝʢʣʦ (Na2SiO3) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2 ʛ/ʣ ʠ ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ (ʂʆʅ) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

2 ʛ/ʣ. ʊʘʢʦʡ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʙʳʣ ʚʳʙʨʘʥ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[7]. ɺʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʩʦʩʪʘʚʫ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʜʦʙʘʚʣʷʣʠ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ (ʉ2ʅ5ʆʅ) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 15 ʛ/ʣ. ʊʘʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʣʷ 

ʩʧʠʨʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʘʪʝʥʪʘ [6],  ʚ ʢʦʪʦʨʦʤ ʚ ʵʣʝʢʪʨʦʣʠʪ ʜʣʷ ʄɼʆ ʜʦʙʘʚʣʷʣʠ 

ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (15-35) ʛ/ʣ.   

ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʣʦʩʴ ʯʝʪʳʨʝ ʢʦʣʴʮʘ, ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ (ʨʠʩ.1), ʢʦʪʦʨʦʝ  ʚʤʝʩʪʝ ʩ ʢʦʣʴʮʘʤʠ ʦʧʫʩʢʘʣʦʩʴ ʚ ʚʘʥʥʫ ʩ 

ʛʦʪʦʚʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ. [7]. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʶ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 - 15 ʩʤ 

ʨʘʩʧʦʣʘʛʘʣʩʷ ʢʘʪʦʜ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʘʥʦʜʦʤ ʷʚʣʷʣʠʩʴ ʩʘʤʠ ʫʧʨʦʯʥʷʝʤʳʝ ʢʦʣʴʮʘ. 

ʉʭʝʤʘ  ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2 [8].  

 

 
 

ʈʠʩ. 1. ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ ʢʦʣʴʮʘʤʠ:1-ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ; 2 ï ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ; 3 ï 

ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʦʚʦʜ 

 

 
ʈʠʩ.2. ʉʭʝʤʘ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʚʘʥʥʳ: 1 ï ʫʧʨʦʯʥʷʝʤʳʡ ʦʙʨʘʟʝʮ (ʘʥʦʜ);  

2 ïɻ ʣʝʢʪʨʦʣʠʪ; 3 ï ʢʘʪʦʜ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ; 4 ï ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʘʷ ʚʘʥʥʘ;  

5 ï ʪʦʢʦʧʦʜʚʦʜ; 6 ï ʢʨʝʧʣʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ 

 

ʆʙʨʘʙʦʪʢʘ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʄɼʆ ʥʘ ʇʂ. ɺ ʪʝʯʝʥʠʝ 

ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ: ʩʠʣʘ ʪʦʢʘ ʥʘ ʘʥʦʜʝ ī Ia, 

ʩʠʣʘ ʪʦʢʘ ʥʘ ʢʘʪʦʜʝ ī Ik, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʘʥʦʜʝ ī Ua, ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʪʦʜʝ ī Uk ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʣʠʪʘ ī T. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʄɼʆ, ʢʦʣʴʮʘ ʚʳʥʠʤʘʣʠʩʴ ʠʟ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʚʘʥʥʳ ʠ ʧʨʦʤʳʚʘʣʠʩʴ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨ 

HVS-1000. ʀʟʤʝʨʝʥʠʷ ʥʘ ʇʂ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʪʨʝʤ ʪʦʯʢʘʤ (ʨʠʩ.3) ʩ ʥʘʛʨʫʟʢʦʡ ʥʘ ʠʥʜʝʥʪʦʨ 

200 ʛʨʘʤʤ. 



ˉ 1 (13). ʄʘʡ, 2015 ʛ.          ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ         ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   29 

 

 
ʈʠʩ.3.  ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʇʂ 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʩʦʢʨʘʪʠʣʘʩʴ - ʚ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʙʝʟ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ) ʦʥʘ ʩʦʩʪʘʚʠʣʘ 2 ʯʘʩʘ ʠ 

1 ʯʘʩ ʚʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʩ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ).  

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʣʴʮʘ 

ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ (ʨʠʩ.4). 

 

 
 

ʈʠʩ. 4. ʇʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ ʧʦʩʣʝ ʄɼʆ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘ ʇʂ ʧʦʩʣʝ ʩʥʷʪʠʷ ʤʫʣʣʠʪʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1 (ʵʢʩʧʝʨʠʤʝʥʪ ʙʝʟ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ) ʠ ʪʘʙʣʠʮʝ 2 (ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʵʪʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ). 

ʊʘʙʣʠʮʘ 1 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ (ʙʝʟ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ)  

ʅʦʤʝʨ ʢʦʣʴʮʘ 1 

 

2 

 

3 

 

4 

 

ʆʢʦʣʦ ʟʘʤʢʘ ʇʂ 

(ʪʦʯʢʘ 1), ɻʇʘ 

11,73 13,52 16,38 15,25 

ʆʢʦʣʦ ʟʘʤʢʘ ʇʂ 

(ʪʦʯʢʘ 2), ɻʇʘ 

12,91 13,55 18,28 

 

15,11 

ʅʘʧʨʦʪʠʚ ʟʘʤʢʘ ʇʂ 

(ʪʦʯʢʘ 3), ɻʇʘ 

10,72 12,73 13,01 14,13 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, 

ɻʇʘ 

11,79 13,27 15,89 14,83 

ʋʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦ ʚʩʝʤ ʢʦʣʴʮʘʤ, ɻʇʘ 

13,95 
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ʊʘʙʣʠʮʘ 2 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ (ʩ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ) 

ʅʦʤʝʨ ʢʦʣʴʮʘ 1 

 

2 

 

3 

 

4 

 

ʆʢʦʣʦ ʟʘʤʢʘ ʇʂ 

(ʪʦʯʢʘ 1), ɻʇʘ 

21,72 24,51 20,71 20,27 

ʆʢʦʣʦ ʟʘʤʢʘ ʇʂ 

(ʪʦʯʢʘ 2), ɻʇʘ 

23,22 23,74 19,46 

 

19,99 

ʅʘʧʨʦʪʠʚ ʟʘʤʢʘ ʇʂ 

(ʪʦʯʢʘ 3), ɻʇʘ 

20,97 21,51 20,41 21,26 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, 

ɻʇʘ 

21,97 23,25 20,19 20,51 

ʋʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦ ʚʩʝʤ ʢʦʣʴʮʘʤ, ɻʇʘ 

21,48 

 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʠʟ ʵʪʠʭ ʪʘʙʣʠʮ ʚʠʜʥʦ, ʯʪʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʧʠʨʪʘ ʚ ʩʦʩʪʘʚ 

ʵʣʝʢʪʨʦʣʠʪʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʄɼʆ-ʩʣʦʝʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ 1,54 ʨʘʟʘ. 

ʆʙʲʷʩʥʠʪʴ ʧʦʚʳʰʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʄɼʆ-ʩʣʦʝʚ ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʩ 

ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʤʦʞʥʦ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʤʧʣʝʢʩ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʄɼʆ ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ: 

 

Al ­ Al
3+ 

+ 3e
-
 ; 

KOH ­ K
+ 

+ OH
-
; 

4OH
-
 ­ O2 + 2H2O + 4e

-
. 

 

ʇʦʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣʳ ʩʧʠʨʪʘ ʉ2ʅ5ʆʅ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʧʠʨʪ ʚ ʚʦʜʝ ʥʝ ʜʠʩʩʦʮʠʠʨʫʝʪ, ʥʦ ʝʛʦ ʤʦʣʝʢʫʣʘ ʷʚʣʷʝʪʩʷ ʜʠʧʦʣʝʤ, 

ʢʦʪʦʨʳʡ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ ʘʥʦʜʫ ʩʦ ʩʪʦʨʦʥʳ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ. ʅʘ ʘʥʦʜʝ, ʧʦ ʚʩʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʜʠʩʩʦʮʠʘʮʠʠ 

ʩʧʠʨʪʘ: 

 

C2H5OH ­ C2H5
+
 + OH

-
. 

 

ɿʘʪʝʤ ʛʠʜʨʦʢʩʦʛʨʫʧʧʳ ʘʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʩʧʣʘʚʦʤ: 

 

2Al
3+

 + 6OH
-
 ­ Al2O3 + 3H2O 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʘʚʣʝʥʠʷ ʩʧʠʨʪʘ ʧʦʚʳʰʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʄɼʆ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ 

ʢʦʨʫʥʜʘ a-Al2O3, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ. ʌʦʨʤʠʨʫʷ ʄɼʆ-ʩʣʦʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʜʝʪʘʣʝʡ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ. 

 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʧʦʢʨʳʪʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ ʄɼʆ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʩʦʩʪʘʚ 

ʵʣʝʢʪʨʦʣʠʪʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʄɼʆ-ʩʣʦʝʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ 1,54 

ʨʘʟʘ, ʘ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 2 ʨʘʟʘ. 
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ʋɼʂ 621.45.03 

 

ʆɹɿʆʈ ʂʆʅʉʊʈʋʂʎʀʁ ʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɺʓʍʆɼʅʓʍ ʋʉʊʈʆʁʉʊɺ 

ʉʆɺʈɽʄɽʅʅʓʍ ɸɺʀɸʎʀʆʅʅʓʍ ɻʊɼ ɼʃʗ ɺʆɽʅʅʓʍ 

ɺʓʉʆʂʆʄɸʅɪɺʈɽʅʅʓʍ ʉɸʄʆʃɪʊʆɺ 

 

ʂʠʰʘʣʦʚ ɸ. ɽ., ʉʘʤʠʛʫʣʣʠʥ ɸ. ɸ. 

 
ɺʚʝʜʝʥʠʝ 

ʂ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʘʤ (ʃɸ) ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʦʜʥʦ ʠʟ ʥʠʭ ï ʥʠʟʢʦʝ ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʃɸ ʟʘ ʩʯʝʪ 

ʠʥʪʝʛʨʘʮʠʠ ʧʣʘʥʝʨʘ ʩ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʠ ʢ ʠʭ ʩʠʣʦʚʳʤ ʫʩʪʘʥʦʚʢʘʤ: ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʫʜʝʣʴʥʘʷ 

ʪʷʛʘ ʠ ʥʠʟʢʠʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. ɺʩʸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʪʘʣʴʥʳʭ ʠ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʨʘʩʯʸʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʭ ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʷ ʝʱʸ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʭʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʚʦʝʥʥʳʭ 

ʚʳʩʦʢʦʤʘʥʸʚʨʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ ï ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʣʦ, ʢʦʪʦʨʦʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘ ʚʩʝʛʦ ʃɸ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʧʣʘ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ï ʵʪʦ ʩʫʞʘʶʱʠʡʩʷ-ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʢʘʥʘʣ 

(ʩʦʧʣʦ ʃʘʚʘʣʷ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʟʛʦʥʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʜʦ ʩʚʝʨʭʟʚʫʢʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ, ʧʨʠʜʘʥʠʷ ʧʦʪʦʢʫ ʪʨʝʙʫʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʦʟʜʘʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ 

ʠ ʦʪʚʦʜʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʦʪ ʜʚʠʛʘʪʝʣʷ [1]. ʈʘʟʣʠʯʘʶʪ ʥʝʨʝʛʫʣʠʨʫʝʤʳʝ ʠ 

ʨʝʛʫʣʠʨʫʝʤʳʝ ʨʝʘʢʪʠʚʥʳʝ ʩʦʧʣʘ (ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʧʣʦʩʢʠʝ). 

ʆʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʨʝʘʢʪʠʚʥʳʭ ʩʦʧʝʣ, ʵʪʦ ʩʦʧʣʘ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ (ʋɺʊ) 

ʢʦʪʦʨʳʝ ʨʝʟʢʦ ʧʦʚʳʰʘʶʪ ʤʘʥʸʚʨʝʥʥʦʩʪʴ ʃɸ, ʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ 

ʫʩʣʦʚʠʷʭ ʚʦʟʜʫʰʥʦʛʦ ʙʦʷ, ʩʦʢʨʘʱʘʶʱʠʭ ʨʘʟʙʝʛ ʩʘʤʦʣʸʪʘ ʧʨʠ ʚʟʣʝʪʝ ʠ ʧʨʦʙʝʛ ʧʨʠ 

ʧʦʩʘʜʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʠ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʧʨʦʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʧʣʘ ʩ ʋɺʊ: ʜʝʬʣʝʢʪʨʦʥʳʝ ʧʘʥʝʣʠ, ʧʣʦʩʢʠʝ ʩʦʧʣʘ, 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʦʧʣʘ ʩ ʧʦʚʦʨʦʪʦʤ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʳʭʣʦʧʘ, ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʦʧʣʘ ʩ 

ʦʪʢʣʦʥʝʥʠʝʤ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʠ. 

ɼʝʬʣʝʢʪʦʨʥʳʝ ʧʘʥʝʣʠ. ʕʪʦ ʧʨʦʩʪʝʡʰʠʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʩʦʧʣʘ ʩ ʋɺʊ. 

ʆʪʢʣʦʥʷʶʱʘʷ ʧʘʥʝʣʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘ ʩʨʝʟʦʤ ʩʦʧʣʘ. ɺ ʥʝʦʙʭʦʜʠʤʳʡ ʤʦʤʝʥʪ ʦʥʘ ʚʚʦʜʠʪʩʷ 

ʚ ʩʚʝʨʭʟʚʫʢʦʚʫʶ ʩʪʨʫʶ ʠ ʦʪʢʣʦʥʷʝʪ ʝʸ. ʇʦʜʦʙʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʩʘʤʦʣʝʪʘʭ 

ʍ-31 ʠ F-18HARV, ʦʩʥʘʱʝʥʥʳʭ ʜʚʠʛʘʪʝʣʷʤʠ F404 ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Pratt&Whitney. 

ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʃɸ ʩ ʋɺʊ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʦʪʢʣʦʥʷʶʱʠʝ ʧʘʥʝʣʠ ʩʣʠʰʢʦʤ 

ʤʘʩʩʠʚʥʳ ʠ ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʦʢʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʬʣʝʢʪʦʨʥʳʭ ʧʘʥʝʣʝʡ ʥʘ ʙʦʝʚʳʭ ʩʘʤʦʣʝʪʘʭ ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ.  

ʇʣʦʩʢʠʝ ʩʦʧʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʦʧʣʘ, ʠʤʝʶʱʝʛʦ ʢʨʫʛʣʦʝ ʠʣʠ 

ʢʦʣʴʮʝʚʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, ʫ ʧʣʦʩʢʠʭ ʩʦʧʝʣ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʠʤʝʝʪ ʬʦʨʤʫ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. ɼʣʷ ʩʦʧʝʣ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʭʘʨʘʢʪʝʨʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʪʚʦʨʦʢ ʩʦʧʣʘ), ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʩʠʩʪʝʤʘ ʧʨʠʚʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʤʠʥʠʤʘʣʴʥʳʤ ʫʪʝʯʢʘʤ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʥʝ ʩʦʟʜʘʸʪ ʦʩʦʙʳʭ ʩʣʦʞʥʦʩʪʝʡ ʩ ʛʝʨʤʝʪʠʟʘʮʠʝʡ. 

ʇʣʦʩʢʠʝ ʩʦʧʣʘ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʩʧʝʮʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃɸ ʚ 

ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʫʶ ʠ ʠʥʬʨʘʢʨʘʩʥʫʶ ʟʘʤʝʪʥʦʩʪʴ. ʅʦ, ʜʣʷ 

ʧʣʦʩʢʦʛʦ ʩʦʧʣʘ ʥʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜʥʳʡ ʫʯʘʩʪʦʢ, ʚ ʢʦʪʦʨʦʤ ʢʨʫʛʣʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʝ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʵʪʦʛʦ ʫʯʘʩʪʢʘ. ʉʦʧʣʦ ʧʦʜʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʬʠʨʤʦʡ 

Pratt&Whitney ʜʣʷ ʜʚʠʛʘʪʝʣʷ F100 ʠ ʠʩʧʳʪʘʥʦ ʥʘ ʩʘʤʦʣʝʪʝ F-15/SMTD. ʀʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʦʧʝʣ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʦʧʣʦ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʆʂɹ çʄʦʪʦʨè ʜʣʷ 

ʜʚʠʛʘʪʝʣʷ ɸʃ-31ʌ ʠ ʠʩʧʳʪʘʥʥʦʝ ʥʘ ʩʘʤʦʣʝʪʝ ʉʋ-27ʋɹ. ʇʣʦʩʢʠʝ ʩʦʧʣʘ ʧʨʦʩʪʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʦʥʠ ʣʝʛʢʦ ʨʝʛʫʣʠʨʫʶʪʩʷ ʠ ʠʟʤʝʥʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʪʷʛʠ, ʥʦ, ʢʘʢ 
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ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʭʫʜʰʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʦʧʣʘ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʳʭʣʦʧʘ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʵʪʦ ʦʙʳʯʥʳʝ ʩʦʧʣʘ ʃʘʚʘʣʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʦʩʠ ʜʚʠʛʘʪʝʣʷ, 

ʪʝʤ ʩʘʤʳʤ ʦʪʢʣʦʥʷʷ ʚʝʢʪʦʨ ʪʷʛʠ. ɼʚʠʛʘʪʝʣʠ ʩ ʪʘʢʠʤ ʩʦʧʣʦʤ ʨʘʟʨʘʙʦʪʘʥʳ ʬʠʨʤʘʤʠ 

Pratt&Whitney (ʜʣʷ ʜʚʠʛʘʪʝʣʷ F100MPJM/ɺɺN), General Electric (GEATRV), ʄTU (MTU), 

ʅʇʆ çʃʶʣʴʢʘ-ʉʘʪʫʨʥè, (ɸʃ-31ʌʇ). ʉʦʧʣʘ ʪʘʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʪʷʛʠ [2]. 

ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʦʧʣʘ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʠ. ʕʪʦ ʩʦʧʣʘ ʃʘʚʘʣʷ, 

ʫ ʢʦʪʦʨʳʭ ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʪʷʛʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʧʦʚʦʨʦʪʘ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʠ. 

ɼʚʠʛʘʪʝʣʠ ʩ ʪʘʢʠʤ ʩʦʧʣʦʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʅʇʆ ʠʤʝʥʠ çʂʣʠʤʦʚʘè (ʈɼ-33, ʈɼ-133) ʠ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʝʤʝʡʩʪʚʝ ʩʘʤʦʣʝʪʦʚ ʄʠɻï29 (ʩʦʧʣʦ ʂʃʀɺʊ), ʘ ʪʘʢʞʝ ʧʦʜʦʙʥʳʝ ʩʦʧʣʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʬʨʘʥʮʫʟʩʢʦʡ ʢʦʤʧʘʥʠʝʡ SNECMA (ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ M-88) 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʘʤʦʣʝʪʘʭ Rafale. ʉʦʧʣʘ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʥʦ ʧʦʟʚʦʣʷʶʪ 

ʦʪʢʣʦʥʷʪʴ ʚʝʢʪʦʨ ʪʷʛʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʫʶ ʩʪʦʨʦʥʫ ʚ ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʝ ʃɸ [3]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʨʝʘʢʪʠʚʥʳʭ ʩʦʧʝʣ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ 4-ʛʦ ʠ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʚʦʝʥʥʳʭ ʚʳʩʦʢʦʤʘʥʸʚʨʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʦʧʣʘ 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʝʨʠʡʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 4-ʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʚʦʝʥʥʳʭ 

ʚʳʩʦʢʦʤʘʥʸʚʨʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʴ ɼ-30ʌ6. ɼʚʠʛʘʪʝʣʴ ɼ-30ʌ6, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ çʇʝʨʤʩʢʦʝ ʄʂɹè (ʆɸʆ çɸʚʠʘʜʚʠʛʘʪʝʣʴè) ʚ 1979 ʛ., ʵʪʦ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʦʙʱʝʡ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ (ʊʈɼɼʌ) ʠ 

ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʩʦʧʣʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʚʝʨʭʟʚʫʢʦʚʦʡ 

ʠʩʪʨʝʙʠʪʝʣʴ-ʧʝʨʝʭʚʘʪʯʠʢ ʄʠɻ-31 [4, 5]. 

ʉʭʝʤʘ ʜʘʥʥʦʛʦ ʩʦʧʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʨʘʟʨʳʚʦʤ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʢʦʥʪʫʨʘ ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ï ʬʣʶʛʝʨʥʳʤ ʩʦʧʣʦʤ ï 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʦʪ ʛʘʟʦʚʳʭ ʩʠʣ ʥʘ ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʚʦʨʦʢ (ʨʠʩ.1).  

ʇʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʩʦʧʣʘ ʦʙʨʘʟʦʚʘʥʘ ʯʝʪʳʨʴʤʷ ʨʷʜʘʤʠ ʩʪʚʦʨʦʢ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʤʝʞʜʫ ʥʠʤʠ ʧʨʦʩʪʘʚʦʢ. ʇʣʦʱʘʜʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩ ʧʦʤʦʱʴʶ 18 ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ.  

 

 
ʈʠʩ. 1. ʉʦʧʣʦ ʜʚʠʛʘʪʝʣʷ ɼ-30ʌ6 ʥʘ 

ʙʝʩʬʦʨʩʘʞʥʦʤ ʨʝʞʠʤʝ 

         ʉʚʝʨʭʟʚʫʢʦʚʳʝ ʩʪʚʦʨʢʠ ʧʨʠʢʨʝʧʣʝʥʳ ʢ 

ʬʣʘʥʮʫ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʳ. ʇʨʠ ʬʦʨʩʠʨʦʚʘʥʥʦʤ 

ʨʝʞʠʤʝ ʩʦʧʣʦ ʠʤʝʝʪ ʬʦʨʤʫ ʩʦʧʣʘ ʃʘʚʘʣʷ, ʘ ʥʘ 

ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣ ï ʧʦʷʚʣʷʝʪʩʷ ʨʘʟʦʨʚʘʥʥʳʡ 

ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʢʦʥʪʫʨ (ʩʤ. ʨʠʩ. 1). 

          ʀʟ ʩʦʧʝʣ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ 

4-ʛʦ ʧʦʢʦʣʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ɼ-

30ʌ6 ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʦʨʚʘʥʥʦʛʦ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ 

ʢʦʥʪʫʨʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ ʯʪʦ ʚ ʩʚʝʨʭʟʚʫʢʦʚʦʡ 

ʯʘʩʪʠ ʩʦʧʣʘ ʥʘ ʙʝʩʬʦʨʩʘʞʥʳʭ ʨʝʞʠʤʘʭ ʧʦʷʚʣʷʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʯʪʦ 

ʫʭʫʜʰʘʝʪ ʠʥʪʝʛʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʣʘ ʠ 

ʜʚʠʛʘʪʝʣʷ. ɼʚʠʛʘʪʝʣʴ ɼ-30ʌ6 ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ 

ʚʝʩ ʠ ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝʚʳʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

  

ɽʱʸ ʦʜʥʠʤ ʠʟ ʷʨʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ 

ʦʩʝʩʠʤʤʝʪʨʠʯʳʥʳʤ ʩʦʧʣʦʤ ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʴ ɸʃ-31ʌ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1986 ʛ. ʧʦʜ 

https://ru.wikipedia.org/wiki/%D0%9D%D0%9F%D0%9E_%C2%AB%D0%A1%D0%B0%D1%82%D1%83%D1%80%D0%BD%C2%BB


34  ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ          ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ          ̄  1 (13). ʄʘʡ, 2015 ʛ. 

 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ. ʄ. ʃʶʣʴʢʠ ʚ ʅʇʆ çʃʶʣʴʢʘ-ʉʘʪʫʨʥè, ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʩʘʤʦʣʝʪʦʚ ʉʫ-27. 

ʕʪʦ ʊʈɼɼʌ ʩʦ ʩʤʝʰʝʥʠʝʤ ʧʦʪʦʢʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʦʚ ʟʘ ʪʫʨʙʠʥʦʡ, 

ʦʙʱʝʡ ʜʣʷ ʦʙʦʠʭ ʢʦʥʪʫʨʦʚ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ ʠ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʚʝʨʭʟʚʫʢʦʚʳʤ 

ʚʩʝʨʝʞʠʤʥʳʤ ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʣʦʤ (ʨʠʩ. 2). ʈʝʘʢʪʠʚʥʦʝ ʩʦʧʣʦ ʜʚʠʛʘʪʝʣʷ ï ʩʫʞʘʶʱʝʝʩʷ-

ʨʘʩʰʠʨʷʶʱʝʝʩʷ [6]. ʆʥʦ ʚʢʣʶʯʘʝʪ ʚʝʥʝʮ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʩʪʚʦʨʦʢ, ʧʦʜʚʝʰʝʥʥʳʭ ʥʘ 

ʰʘʨʥʠʨʘʭ ʢ ʟʘʜʥʝʤʫ ʢʦʥʮʫ ʬʦʨʩʘʞʥʦʡ ʪʨʫʙʳ ʠ ʫʧʨʘʚʣʷʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ. 

ʂ ʟʘʜʥʝʡ ʯʘʩʪʠ ʵʪʠʭ ʩʪʚʦʨʦʢ ʰʘʨʥʠʨʥʦ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʩʚʝʨʭʟʚʫʢʦʚʳʝ ʩʪʚʦʨʢʠ, 

ʦʙʨʘʟʫʶʱʠʝ ʨʘʩʰʠʨʷʶʱʫʶʩʷ ʯʘʩʪʴ ʩʦʧʣʘ (ʨʠʩ.3). ʅʘʨʫʞʥʳʡ ʢʦʥʪʫʨ ʩʦʧʣʘ ʦʙʨʘʟʦʚʘʥ 

ʚʥʝʰʥʠʤʠ ʩʪʚʦʨʢʘʤʠ, ʧʝʨʝʜʥʠʝ ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʠʙʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʚʭʦʜʷʱʠʝ ʚʥʫʪʨʴ ʤʦʪʦʛʦʥʜʦʣʳ ʠ ʚʩʝʛʜʘ ʧʨʠʞʘʪʳʝ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʝʝ ʦʙʰʠʚʢʠ 

ʩʠʣʘʤʠ ʫʧʨʫʛʦʩʪʠ. ʇʨʠ ʧʦʤʦʱʠ ʛʠʙʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʣʘʚʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ ʚʥʝʰʥʠʭ ʩʪʚʦʨʦʢ ʩ ʢʦʥʪʫʨʦʤ 

ʤʦʪʦʛʦʥʜʦʣʳ. ɿʘʜʥʠʝ ʢʦʥʮʳ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʠ ʚʥʝʰʥʠʭ ʩʪʚʦʨʦʢ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʚʠʞʥʳʭ ʰʘʨʥʠʨʦʚ, ʤʝʞʜʫ ʵʪʠʤʠ ʩʪʚʦʨʢʘʤʠ ʚʙʣʠʟʠ ʠʭ ʟʘʜʥʠʭ 

ʢʦʥʮʦʚ ʠʤʝʝʪʩʷ ʢʦʣʴʮʝʚʦʡ ʟʘʟʦʨ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʚʳʪʝʢʘʝʪ ʚʦʟʜʫʭ, ʧʨʦʜʫʚʘʝʤʳʡ ʯʝʨʝʟ 

ʜʚʠʛʘʪʝʣʴʥʳʡ ʦʪʩʝʢ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʘ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʚʙʣʠʟʠ 

ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʩʘʤʦʣʝʪʘ ʦʩʴ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʥʘʢʣʦʥʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʜʚʠʛʘʪʝʣʷ ʥʘ 5A.  

 

 
ʈʠʩ. 2. ʉʦʧʣʦ ʜʚʠʛʘʪʝʣʷ ɸʃ-31ʌ   

ʈʠʩ. 3. ʉʭʝʤʘ ʩʦʧʣʘ ʜʚʠʛʘʪʝʣʷ ɸʃ-31ʌ 

ʇʨʠʤʝʨ ʟʘʨʫʙʝʞʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʣʦʤ ï ʄ88, 

ʜʚʫʭʚʘʣʴʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ SNECMA 

(ʨʘʟʨʘʙʦʪʘʥ ʚ 1980 ʛ.). ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʠʩʪʨʝʙʠʪʝʣʷʭ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ Rafale.  

ʈʝʘʢʪʠʚʥʦʝ ʩʦʧʣʦ ʄ88 ï ʨʝʛʫʣʠʨʫʝʤʦʝ ʩ 10 ʩʪʚʦʨʢʘʤʠ ʠ ʧʨʦʩʪʘʚʢʘʤʠ (ʨʠʩ. 4). ʋ ʜʘʥʥʦʛʦ 

ʩʦʧʣʘ ʫʤʝʥʴʰʝʥʥʘʷ ʟʘʤʝʪʥʦʩʪʴ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʧʦʥʠʞʝʥʥʘʷ ʪʝʧʣʦʚʘʷ 

ʩʠʛʥʘʪʫʨʘ).  

ʉʦʧʣʘ ʩ ʋɺʊ 

ʅʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ 

ʚʝʢʪʦʨʘ ʪʷʛʠ ʧʨʠʤʝʥʝʥʳ ʜʝʬʣʝʢʪʦʨʥʳʝ ʧʘʥʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʜʚʠʛʘʪʝʣʝ F-404 ʩʘʤʦʣʝʪʘ 

F-18HARV (ʨʠʩ. 5 ʠ 6). ʉʦʧʣʦ ʜʚʠʛʘʪʝʣʷ ï ʩʫʞʘʶʱʝʝʩʷ-ʨʘʩʰʠʨʷʶʱʝʝʩʷ, ʟʘ ʩʨʝʟʦʤ ʩʦʧʣʘ 

ʨʘʩʧʦʣʦʞʝʥʳ 3 ʩʪʚʦʨʢʠ ʜʝʬʣʝʢʪʦʨʘ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʫʧʨʘʚʣʷʝʪʩʷ ʩʚʦʠʤ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʤ. ɺ ʥʝʦʙʭʦʜʠʤʳʡ ʤʦʤʝʥʪ ʩʪʚʦʨʢʠ ʜʝʬʣʝʢʪʦʨʘ ʚʚʦʜʷʪʩʷ ʚ ʩʚʝʨʭʟʚʫʢʦʚʫʶ 

ʩʪʨʫʶ ʠ ʦʪʢʣʦʥʷʶʪ ʝʸ. ʇʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʘʤʦʣʸʪʘ ʩʦʧʣʦʤ ʩ ʋɺʊ ʝʛʦ ʤʘʩʩʘ ʫʚʝʣʠʯʠʣʘʩʴ 

ʥʘ 952 ʢʛ ʠʟ ʢʦʪʦʨʳʭ 300 ʢʛ ʧʨʠʰʣʦʩʴ ʥʘ ʥʦʩʦʚʦʡ ʙʘʣʣʘʩʪ, ʯʪʦ ʫʤʝʥʴʰʠʣʦ ʧʨʦʜʦʣʴʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʃɸ. ɼʚʠʛʘʪʝʣʴ ʨʘʟʨʘʙʦʪʘʥ ʬʠʨʤʦʡ General Electric ʚ 1987 ʛ. 

 

https://ru.wikipedia.org/wiki/%D0%9B%D1%8E%D0%BB%D1%8C%D0%BA%D0%B0,_%D0%90%D1%80%D1%85%D0%B8%D0%BF_%D0%9C%D0%B8%D1%85%D0%B0%D0%B9%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9D%D0%9F%D0%9E_%C2%AB%D0%A1%D0%B0%D1%82%D1%83%D1%80%D0%BD%C2%BB


ˉ 1 (13). ʄʘʡ, 2015 ʛ.          ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ         ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   35 

 

           ɼʘʥʥʦʝ ʩʦʧʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦ ʩʭʝʤʝ 

ʩ çʨʘʟʦʨʚʘʥʥʳʤè ʩʚʝʨʭʟʚʫʢʦʚʳʤ 

ʢʦʥʪʫʨʦʤ, ʢʘʢ ʠ ʩʦʧʣʦ ʜʚʠʛʘʪʝʣʷ ɼ-

30ʌ6. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʵʪʦʛʦ ʩʦʧʣʘ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠ-ʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʚʦʨʦʢ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʤʘʩʩʫ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʝʨʝʤʝʱʝʥʠʶ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʧʝʨʝʜ ʠ 

ʫʣʫʯʰʝʥʠʶ ʝʛʦ ʤʘʥʝʚʨʝʥʥʦʩʪʠ [3]. 

 
ʈʠʩ. 4. ʉʦʧʣʦ ʜʚʠʛʘʪʝʣʷ SNECMA ʄ88 

 

ʈʠʩ. 5. ʋɺʊ ʩ ʜʝʬʣʝʢʪʦʨʥʳʤʠ ʧʘʥʝʣʷʤʠ  ʈʠʩ. 6. F-18HARV 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ ʜʚʠʛʘʪʝʣʷ F119-PW100 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʣʦʩʢʦʝ ʩʦʧʣʦ. F119-PW100 ʵʪʦ ʘʚʠʘʮʠʦʥʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ 

ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ ʠ ʫʧʨʘʚʣʷʝʤʳʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʚʝʢʪʦʨʦʤ ʪʷʛʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1991 ʛ. ʢʦʤʧʘʥʠʝʡ Pratt & Whitney ʜʣʷ ʠʩʪʨʝʙʠʪʝʣʷ 5-ʛʦ 

ʧʦʢʦʣʝʥʠʷ Lockheed Martin F-22 Raptor [7].  

ʇʣʦʩʢʦʝ ʩʦʧʣʦ ʜʣʷ ʵʪʦʛʦ ʜʚʠʛʘʪʝʣʷ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ STEALTH, 

ʫ ʢʦʪʦʨʦʡ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʤʘʣʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʠ ʠʥʬʨʘʢʨʘʩʥʘʷ ʟʘʤʝʪʥʦʩʪʴ. 

ɼʘʥʥʦʝ ʩʦʧʣʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʪʷʛʠ ʥʘ ʫʛʦʣ 20A ʧʨʠ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ 30 ʛʨʘʜ/ʩʝʢ (ʨʠʩ. 7).  

ʉʦʧʣʦ F119-PW100 ʩʦʩʪʦʠʪ ʠʟ ʥʝʧʦʜʚʠʞʥʦʡ ʨʘʤʳ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʢʨʝʧʣʷʶʪʩʷ 

ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ. ʅʘ ʦʙʝʠʭ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʦʜʥʦʤʫ ʛʠʜʨʦʮʠʣʠʥʜʨʫ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠʷ (ʨʠʩ. 8). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʣʦʩʢʦʛʦ 

ʩʦʧʣʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʠʥʬʨʘʢʨʘʩʥʫʶ ʟʘʤʝʪʥʦʩʪʴ ʚ ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʝ, ʫʤʝʥʴʰʠʪʴ 

ʚʥʝʰʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʢʨʝʡʩʝʨʩʢʠʭ ʨʝʞʠʤʘʭ ʧʦʣʝʪʘ (ʚʩʣʝʜʩʪʚʠʝ ʣʫʯʰʝʡ ʢʦʤʧʦʥʦʚʢʠ 

ʜʚʠʛʘʪʝʣʷ ʠ ʧʣʘʥʝʨʘ). ʊʘʢʞʝ ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʩʦʧʣʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʘʣʝʥʴʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʦʧʣʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʜʣʷ ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʷ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ ʦʪ ʢʨʫʛʣʦʛʦ 

ʩʝʯʝʥʠʷ ʢ ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ ʠ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʜʚʠʛʘʪʝʣʷ ʟʘ ʩʯʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʦʩʢʦʛʦ ʩʦʧʣʘ. 

 

http://otvaga2004.ru/kaleydoskop/kaleydoskop-air/5-6-pokoleniye-5/attachment/otvaga2004_bulat_gen5-6_507/
http://otvaga2004.ru/kaleydoskop/kaleydoskop-air/5-6-pokoleniye-5/attachment/otvaga2004_bulat_gen5-6_508/
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ʈʠʩ. 7. ʉʦʧʣʦ ʜʚʠʛʘʪʝʣʷ Pratt&Whitney F119 

PW100 

 
ʈʠʩ. 8. ʉʭʝʤʘ ʩʦʧʣʘ ʜʚʠʛʘʪʝʣʷ 

Pratt&Whitney F119 PW100 

ɼʣʷ ʦʜʥʦʡ ʠʟ ʤʦʜʠʬʠʢʘʮʠʡ ʜʚʠʛʘʪʝʣʷ ɸʃ-31ʌ ʚ ʆʂɹ çʄʦʪʦʨè ʚ 1990 ʛ. ʙʳʣʦ 

ʠʟʛʦʪʦʚʣʝʥʦ ʠ ʠʩʧʳʪʘʥʦ ʧʣʦʩʢʦʝ ʩʦʧʣʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʫʤʝʥʴʰʠʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʠʥʬʨʘʢʨʘʩʥʫʶ ʟʘʤʝʪʥʦʩʪʴ ʚ ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʝ (ʨʠʩ. 9). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ 

ʩʦʧʣʦʤ ʤʘʩʩʘ ʠ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʩʦʧʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʳ, ʯʪʦ ʠ ʷʚʠʣʦʩʴ 

ʧʨʠʯʠʥʦʡ ʜʣʷ ʟʘʢʨʳʪʠʷ ʧʨʦʛʨʘʤʤʳ. ʏʘʩʪʠʯʥʦ ʧʨʦʙʣʝʤʫ ʫʚʝʣʠʯʝʥʠʷ ʚʝʩʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʣʦʩʢʦʛʦ ʩʦʧʣʘ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʠʤʝʥʝʥʠʝʤ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ, 

ʥʦ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʙʣʝʤʘ ʥʝ ʨʝʰʝʥʘ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [3, 6].  

 
ʈʠʩ. 9. ʆʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ɸʃ-31ʌ ʩ ʧʣʦʩʢʠʤ ʩʦʧʣʦʤ 

ɼʚʠʛʘʪʝʣʴ ɸʃ-31ʌʇ ̫ʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʜʚʠʛʘʪʝʣʷ ɸʃ-31ʌ, ʦʩʥʦʚʥʳʤ 

ʦʪʣʠʯʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʚʦʨʦʪʥʦʝ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ 

ʩʚʝʨʭʟʚʫʢʦʚʦʝ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʣʦ (ʩʭʝʤʘ ʩ ʧʦʚʦʨʦʪʦʤ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʳʭʣʦʧʘ), ʰʘʨʥʠʨʥʳʡ 

ʫʟʝʣ ʨʘʩʧʦʣʦʞʝʥ ʚʙʣʠʟʠ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʳ (ʨʠʩ. 10). ɼʚʠʛʘʪʝʣʴ 

ʨʘʟʨʘʙʦʪʘʥ ʚ 1989 ʛ. ʚ ʅʇʆ çʃʶʣʴʢʘ-ʉʘʪʫʨʥè, ʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʆɸʆ çʋʄʇʆè. 

ʇʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʚʠʛʘʪʝʣʴ ɸʃ-31ʌʇ ʙʣʠʟʦʢ ʢ ʧʨʦʪʦʪʠʧʫ, ʦʜʥʘʢʦ 

ʥʘʣʠʯʠʝ ʧʦʚʦʨʦʪʥʦʡ ʯʘʩʪʠ ʩʦʧʣʘ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʤʘʩʩʫ ʧʨʠʤʝʨʥʦ ʥʘ 110 ʢʛ ʠ ʜʣʠʥʫ ʥʘ 

0,4 ʤ. ʈʝʩʫʨʩ ʧʦʚʦʨʦʪʥʦʛʦ ʩʦʧʣʘ ï 250 ʯ. ʉʧʝʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʣʦʪʥʝʥʠʷ ʩʪʚʦʨʦʢ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʨʳʚʫ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʠʟ ʫʟʣʦʚ ʧʦʚʦʨʦʪʘ ʩʦʧʣʘ ʚʦ ʚʩʝʭ ʝʛʦ ʧʦʣʦʞʝʥʠʷʭ. ʆʩʴ 

ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘʢʣʦʥʝʥʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʜʚʠʛʘʪʝʣʷ ʥʘ 2,5A [5, 8].  

ʀʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ ʪʷʛʠ ʚʦʟʤʦʞʥʦ ʥʘ Ñ16A ʚ ʧʣʦʩʢʦʩʪʠ, ʦʪʢʣʦʥʸʥʥʦʡ ʦʪ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘ Ñ15A (ʨʠʩ. 11).  

ɼʚʠʛʘʪʝʣʠ ɸʃ-31ʌʇ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʠʩʪʨʝʙʠʪʝʣʠ ʧʦʢʦʣʝʥʠʷ ç4++è: ʥʝʢʦʪʦʨʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʉʫ-30 ʠ ʉʫ-37, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʬʠʛʫʨʫ ʚʳʩʰʝʛʦ ʧʠʣʦʪʘʞʘ ï 

ʧʦʣʝʪ ʭʚʦʩʪʦʤ ʚʧʝʨʝʜ ï ʂʦʙʨʫ ʇʫʛʘʯʝʚʘ. ʕʪʠ ʩʘʤʦʣʸʪʳ ʤʦʛʫʪ ʣʝʪʘʪʴ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʫʛʣʘʤʠ ʘʪʘʢʠ ʜʦ 150-280A. 
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ʈʠʩ. 10. ʉʦʧʣʦ ʜʚʠʛʘʪʝʣʷ ɸʃ-31ʌʇ ʩ 

ʧʦʚʦʨʦʪʥʳʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ 

ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʣʦʤ 

 
ʈʠʩ. 11. ʉʭʝʤʘ ʩʦʧʣʘ ʜʚʠʛʘʪʝʣʷ ɸʃ-31ʌʇ ʩ 

ʧʦʚʦʨʦʪʥʳʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ 

ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʣʦʤ 

ɼʚʠʛʘʪʝʣʴ ʈɼ-133 ï ʵʪʦ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʫʭʚʘʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ 1989 ʛ. ʚ ʅʇʆ ʠʤʝʥʠ çʂʣʠʤʦʚʘè ʥʘ ʦʩʥʦʚʝ ʊʈɼɼʌ 

ʈɼ-33 ʛʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ çʂʃʀɺʊè (ʂʣʠʤʦʚʩʢʠʡ ʚʝʢʪʦʨ 

ʪʷʛʠ). 

ʊʝʭʥʦʣʦʛʠʷ çʂʃʀɺʊè ï ʪʝʭʥʦʣʦʛʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʩʦʧʣʦ ʤʦʞʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʠ ʢ ʜʨʫʛʠʤ ʜʚʠʛʘʪʝʣʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʦʩʪʨʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʧʣʘ 

ʜʚʠʛʘʪʝʣʷ ʈɼ-133, ʚʳʧʦʣʥʝʥʥʘʷ ʧʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʭʝʤʝ ʩ ʧʦʚʦʨʦʪʦʤ ʩʚʝʨʭʟʚʫʢʦʚʦʡ 

ʯʘʩʪʠ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʝʝ, ʯʝʤ, ʩʢʘʞʝʤ, ʩʦʧʣʘ ʜʚʠʛʘʪʝʣʝʡ 

F100MPJM/BBN ʠʣʠ ɸʃ-31ʌʇ. ɽʸ ʛʣʘʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʝʨʘʢʫʨʩʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʘ ʪʷʛʠ, ʥʘʠʙʦʣʴʰʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ ʥʘʠʤʝʥʴʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʜʚʠʛʘʪʝʣʷ. ʈɼ-133 ʪʷʞʝʣʝʝ ʩʚʦʝʛʦ ʧʨʦʪʦʪʠʧʘ ʚʩʝʛʦ ʥʘ 90 ʢʠʣʦʛʨʘʤʤʦʚ, 

ʥʦ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʝ ʩ ʥʠʤ ʛʘʙʘʨʠʪʳ. ʋʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʚʝʢʪʦʨʘ ʪʷʛʠ ʩʦʩʪʘʚʣʷʝʪ 15A ʚʦ 

ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʘ ʩʢʦʨʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ï 30A ʚ ʩʝʢʫʥʜʫ [5, 9]. ʇʦʚʦʨʦʪ ʚʩʝʭ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʪʚʦʨʦʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʟʘʜʘʥʥʳʡ ʫʛʦʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʥʠʭ ʯʝʨʝʟ ʪʷʛʠ ʦʜʥʠʤ ʦʙʱʠʤ ʫʧʨʘʚʣʷʶʱʠʤ ʢʦʣʴʮʦʤ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʛʠʜʨʦʧʨʠʚʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʥʝʧʦʜʚʠʞʥʦʤʫ ʩʠʣʦʚʦʤʫ ʧʦʷʩʫ ʥʘ ʬʦʨʩʘʞʥʦʡ 

ʢʘʤʝʨʝ. ʇʦʣʦʞʝʥʠʝ ʢʦʥʮʦʚ ʰʪʦʢʦʚ ʛʠʜʨʦʧʨʠʚʦʜʦʚ ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʣʦʞʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʢʦʣʴʮʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 

ʪʷʛʠ (ʨʠʩ. 12). ɺʩʣʝʜʩʪʚʠʝ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ, 

ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʩʦʧʣʦ ʠ ʢʦʨʧʫʩʥʫʶ ʩʠʩʪʝʤʫ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʚʝʢʪʦʨʘ ʪʷʛʠ, ʥʝʢʦʪʦʨʳʝ 

ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʳ ʫʩʠʣʝʥʳ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʚʠʛʘʪʝʣʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʂʃʀɺʊ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʚʝʨʭʟʚʫʢʦʚʘʷ ʯʘʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʚ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʠ ʠ ʥʝʩʢʦʣʴʢʦ ʫʭʫʜʰʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʧʣʘ. 

 
ʘ)                                                                      ʙ) 

ʈʠʩ. 12. ʉʦʧʣʦ ʈɼ-133 ʩʭʝʤʳ ʂʃʀɺʊ, ʘ) ʦʩʝʚʦʝ ʧʦʣʦʞʝʥʠʝ; ʙ) ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʪʷʛʠ  
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ɼʚʠʛʘʪʝʣʴ EJ200, ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ EuroJet Turbo GmbH, ʩʦʟʜʘʚʘʝʤʳʡ ʥʘ ʙʘʟʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ XG.40 ʢʦʤʧʘʥʠʝʡ çʈʦʣʣʩ-ʈʦʡʩè ʚ 1987 ʛ., ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʊʈɼɼʌ ʩʦʩʪʦʷʱʠʡ ʠʟ ʰʝʩʪʠ ʤʦʜʫʣʝʡ.  

ʉʦʧʣʦ EJ200 ʠʤʝʝʪ ʚʩʝʛʦ 4 ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʳʝ ʧʨʠʢʨʝʧʣʝʥʳ ʦʜʥʠʤ ʢʦʥʮʦʤ ʢ 

ʩʠʣʦʚʦʤʫ ʬʣʘʥʮʫ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʳ, ʜʨʫʛʠʤ ʢʦʥʮʦʤ ʢ ʧʦʚʦʨʦʪʥʦʤʫ ʢʦʣʴʮʫ. ʂ ʢʦʣʴʮʫ 

ʪʘʢʞʝ ʧʨʠʢʨʝʧʣʝʥʳ ʪʷʛʠ ʧʨʠʩʦʝʜʠʥʸʥʥʳʝ ʜʨʫʛʠʤ ʢʦʥʮʦʤ ʢ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʩʪʚʦʨʢʘʤ. ʇʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʨʘʙʘʪʳʚʘʥʠʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʨʝʛʫʣʠʨʫʶʪʩʷ ʢʨʠʪʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʠ 

ʩʝʯʝʥʠʝ ʩʨʝʟʘ, ʘ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʩʨʘʙʘʪʳʚʘʥʠʠ ï ʩʚʝʨʭʟʚʫʢʦʚʘʷ ʯʘʩʪʴ ʦʪʢʣʦʥʷʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʥʘʠʤʝʥʴʰʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ 

ʚʝʢʪʦʨʘ ʪʷʛʠ ï ʜʦ 20A [10]. 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʩʭʦʜʥʘ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʂʃʀɺʊ, ʥʦ ʠʤʝʝʪ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ. ʅʝʜʦʩʪʘʪʢʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʪʘʢʞʝ ʩʭʦʜʥʳ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʂʃʀɺʊ 

(ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʩʦʧʣʦ ʩ ʧʦʚʦʨʦʪʦʤ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʠ) ï ʧʦʚʳʰʝʥʥʳʝ ʧʦʪʝʨʠ ʚ 

ʩʚʝʭʟʚʫʢʦʚʦʡ ʯʘʩʪʠ ʥʘ ʨʝʞʠʤʝ ʦʪʢʣʦʥʸʥʥʦʡ ʪʷʛʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʧʣʘ 

ʜʚʠʛʘʪʝʣʷ EJ200 ʷʚʣʷʝʪʩʷ ʤʘʣʝʥʴʢʦʝ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʚʦʨʦʢ ʠ ʠʭ ʨʘʟʤʝʨʳ (ʨʠʩ. 13).  

 
ʈʠʩ. 13. ʉʦʧʣʦ ʜʚʠʛʘʪʝʣʷ EJ200 

 

ɺʳʚʦʜ 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚʦʝʥʥʳʝ ʚʳʩʦʢʦʤʘʥʸʚʨʝʥʥʳʝ 

ʩʘʤʦʣʸʪʳ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʠʤʝʶʪ 

ʬʫʥʢʮʠʶ ʋɺʊ. 

ʀʩʧʳʪʘʥʠʷ ʩʘʤʦʣʝʪʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʜʚʠʛʘʪʝʣʷʤʠ ʩ ʋɺʊ, ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʩ ʋɺʊ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʳ ʭʚʦʩʪʦʚʦʛʦ ʦʧʝʨʝʥʠʷ (ʠʣʠ ʚʦʦʙʱʝ ʦʪ ʥʝʛʦ ʦʪʢʘʟʘʪʴʩʷ) ʠ, ʪʝʤ ʩʘʤʳʤ, 

ʫʤʝʥʴʰʠʪʴ ʚʝʩ ʩʘʤʦʛʦ ʩʘʤʦʣʝʪʘ, ʝʛʦ ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʟʘʤʝʪʥʦʩʪʴ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʣʫʯʰʝʥʠʝʤ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. 

  ɺ ʯʘʩʪʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʶʪʩʷ ʣʸʪʥʦ-ʪʘʢʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʨʝʞʠʤʘʭ, ʛʜʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʸʪʦʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʩʥʠʞʘʝʪʩʷ (ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʘʪʘʢʠ), ʘ ʪʘʢʞʝ ʥʘ ʚʟʣʸʪʥʦ-

ʧʦʩʘʜʦʯʥʳʭ ʨʝʞʠʤʘʭ. ʇʦʚʳʰʘʶʪʩʷ ʙʦʝʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʣʸʪʘ ʙʣʘʛʦʜʘʨʷ 

ʩʚʝʨʭʤʘʥʝʚʨʝʥʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʸʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʜʚʠʛʘʪʝʣʝʡ ʩ 

ʋɺʊ ʜʘʞʝ ʠʩʪʨʝʙʠʪʝʣʠ 4-ʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʥʦʚʳʝ ʢʘʯʝʩʪʚʘ. 

ʉʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʪʦʣʴʢʦ 

ʧʣʦʩʢʠʝ ʩʦʧʣʘ ʦʙʣʘʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʤʝʥʴʰʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʦʡ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʟʘʤʝʪʥʦʩʪʠ ʚ ʟʘʜʥʝʡ ʧʦʣʫʩʬʝʨʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʭʝʤʳ ʧʣʦʩʢʠʭ ʩʦʧʝʣ ï ʚ 

ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʚʝʨʩʠʨʦʚʘʥʠʝ ʪʷʛʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʜʣʷ ʨʝʟʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʚ ʧʦʣʝʪʝ, ʪʘʢ ʠ ʧʨʠ ʧʦʩʘʜʢʝ ʩʘʤʦʣʝʪʘ. ʇʣʦʩʢʠʝ 

ʩʦʧʣʘ ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʦʧʣʘ ʩ ʧʦʚʦʨʦʪʦʤ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʳʭʣʦʧʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʦʪʢʣʦʥʝʥʠʝ ʚʝʢʪʦʨʘ ʪʷʛʠ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 
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ʤʘʥʸʚʨʝʥʥʦʩʪʴ ʃɸ, ʥʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʥʘʠʣʫʯʰʠʤʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʉʦʧʣʘ ʩ ʦʪʢʣʦʥʷʶʱʠʤʠ (ʜʝʬʣʝʢʪʦʨʥʳʤʠ) ʧʘʥʝʣʷʤʠ ʩʣʠʰʢʦʤ ʤʘʩʩʠʚʥʳ ʠ ʩʦʟʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʢ ʚʦʟʜʫʭʫ ʦʙʪʝʢʘʶʱʝʤʫ ʃɸ, ʪʘʢ ʠ ʨʝʘʢʪʠʚʥʦʡ ʩʪʨʫʝ, ʯʪʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ.  

ʆʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʩʦʧʣʦ ʩ ʧʦʚʦʨʦʪʦʤ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʯʘʩʪʠ ʦʪʣʠʯʘʝʪʩʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʩʪʦʪʦʡ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ, ʥʝʦʙʭʦʜʠʤʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʜʚʠʛʘʪʝʣʷ.  
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ɺʃʀʗʅʀʗ ʌʆʈʄʓ ʇɸɿɸ ʀ ʄɸɻʅʀʊʅʆʁ ʉʀʉʊɽʄʓ ʈʆʊʆʈɸ ʅɸ 

ʄɸɻʅʀʊʅʆɽ ʇʆʃɽ ʉʀʅʍʈʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ʉ ʇʆʉʊʆʗʅʅʓʄʀ 

ʄɸɻʅʀʊɸʄʀ 

 

ʄʠʨʟʘʷʥʦʚ ʈ. ʈ., ɻʘʙʜʨʘʭʤʘʥʦʚʘ ɸ. ɸ., ɺʘʚʠʣʦʚ ɺ. ɽ. 
 

ʇʦʚʩʝʤʝʩʪʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ʉɼʇʄ). 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʉɼʇʄ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʘʰʠʥʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʤʦʱʥʦʩʪʝʡ. ʀʟ-ʟʘ ʧʨʦʩʪʦʪʳ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪʩʫʪʩʪʚʠʠ ʧʦʪʝʨʴ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʨʦʪʦʨʘ, ʉɼʇʄ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʙʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʢʠ, ʧʨʠʚʦʜʘʭ ʧʦʜʘʯʠ 

ʩʪʘʥʢʦʚ, ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʣʝʞʝʥʠʷ [1,2]. 

ʅʘʣʠʯʠʝ ʧʘʟʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʪʦʨʘ ʉɼʇʄ ʚʳʟʳʚʘʝʪ ʠʩʢʘʞʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʟʘʟʦʨʝ ʠ ʧʦʷʚʣʝʥʠʝ ʟʫʙʮʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʘʨʤʦʥʠʢ ʵʪʦʛʦ ʧʦʣʷ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʘʨʤʦʥʠʢʠ ʚʳʟʳʚʘʶʪ ʜʦʙʘʚʦʯʥʳʝ ʧʦʪʝʨʠ ʚ ʩʪʘʣʠ, ʠʩʢʘʞʝʥʠʝ ʢʨʠʚʦʡ 

ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʠʟʤʝʥʝʥʠʝ ʠʥʜʫʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʠ ʧʦʷʚʣʝʥʠʷ ʰʫʤʘ ʚ ʜʚʠʛʘʪʝʣʝ[3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉɼʇʄ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ  ʧʘʟʘ ʩʪʘʪʦʨʘ ʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ 

ʨʦʪʦʨʘ ʩ  ʚʳʩʦʢʦʢʦʵʨʮʠʪʠʚʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ (ɺʇʄ). 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʩʨʘʚʥʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ MaxwellRMXprt.  ɺʩʝ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ 

ʉɼʇʄ. 

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ  MaxwellRMXprt  ʜʣʷ ʨʘʩʯʝʪʘ ʉɼʇʄ ʧʨʝʜʩʪʘʚʣʝʥʳ 4 

ʚʠʜʘ ʧʘʟʘ ʩʪʘʪʦʨʘ, ʘ ʪʘʢʞʝ 5 ʪʠʧʦʚ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʨʦʪʦʨʘ ʩ ɺʇʄ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 1 

ʌʦʨʤʳ ʧʘʟʦʚ ʚ MaxwellRMXprt 

1 2 3 4 

ʆʚʘʣʴʥʳʡ  

ʧʦʣʫʟʘʢʨʳʪʳʡ ʧʘʟ 1 

ʆʚʘʣʴʥʳʡ  

ʧʦʣʫʟʘʢʨʳʪʳʡ ʧʘʟ 2 

ʊʨʘʧʝʮʝʠʜʘʣʴʥʳʡ  

ʇʦʣʫʟʘʢʨʳʪʳʡ ʧʘʟ 

1 

ʊʨʘʧʝʮʝʠʜʘʣʴʥʳʡ  

ʧʦʣʫʟʘʢʨʳʪʳʡ ʧʘʟ 2 
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ʊʘʙʣʠʮʘ 2 

ʄʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʨʦʪʦʨʘ MaxwellRMXprt 

1 2 3 4 5 

ʎʠʣʠʥʜʨʠʯʝʩʢʠ

ʝ ɺʇʄ 1 

ʎʠʣʠʥʜʨʠʯʝʩʢʠ

ʝ ɺʇʄ 2 

ʇʦʣʫʢʨʫʛʣʳʝ 

ɺʇʄ 

ɺʇʄ 

ʢʦʣʣʝʢʪʦʨʥʦʛʦ 

ʪʠʧʘ ʩ 

ʘʢʩʠʘʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝ

ʤ 1 

ɺʇʄ 

ʢʦʣʣʝʢʪʦʨʥʦʛʦ 

ʪʠʧʘ 2 

   
 

 
 

ɺ ʪʘʙʣʠʮʝ 3 ʠ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʧʘʟʘ ʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʨʦʪʦʨʘ ʩ ɺʇʄ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

ANSYS RMxprt. 

 

ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʬʦʨʤʳ ʧʘʟʘ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʚʠʛʘʪʝʣʷ 

ˉ 

ʧʘʟʘ 

,

(ʆʤ)

adDX
 ( )

1 ,

ʆʤ

adDX X+

 

,

(ʆʤ)

aqQX
 

1 ,

(ʆʤ)

aqQX X+

 

,ʊʣBd  ,ʊʣZB  ,ʊʣSB  
2,ɸ ʤʤj

 

1 5,4150 14,6968 5,41507 14,6968 0,716097 1,43971 1,72427 11,2565 

2 5,4150 13,3172 5,41507 13,3172 0,715483 1,60088 1,46559 12,4907 

3 5,4150 12,5055 5,41507 12,5055 0,716507 1,60317 1,21447 16,0038 

4 5,4150 12,5055 5,41507 12,5055 0,716507 1,60317 1,21447 16,0038 

 

ʊʘʙʣʠʮʘ 4 

ɺʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʨʦʪʦʨʘ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ˉ 

ʤʘʛʥ

ʠʪʘ 

,

(ʆʤ)

adDX
 ( )

1 ,

ʆʤ

adDX X+

 

,

(ʆʤ)

aqQX
 

1 ,

(ʆʤ)

aqQX X+

 

,ʊʣBd  ,ʊʣZB  ,ʊʣSB  
2,ɸ ʤʤj

 

1 5,41507 14,6968 5,41507 14,6968 0,716097 1,43971 1,72427 11,2565 

2 5,41507 14,6968 5,41507 14,6968 0,701081 1,41098 1,39479 10,6393 

3 6,15494 15,3777 12,0291 21,2518 0,7534 1,51285 1,64089 11,1071 

4 18,9681 27,7476 36,9774 45,7569 0,636437 1,27976 1,47546 9,68783 

5 17,1068 25,8261 40,2935 49,0129 0,302241 0,60775 0,69538 6,71475 

 

ʅʘ ʨʠʩ. 1-9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʛʣʷʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ ʧʘʟʘ ʩʪʘʪʦʨʘ ʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʨʦʪʦʨʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʦʜʝʣʠ ʜʚʠʛʘʪʝʣʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ  ʢʦʥʮʝʥʪʨʠʯʝʩʢʘʷ ʦʙʤʦʪʢʘ. ʇʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʘ ʟʘʜʘʶʪʩʷ 

1,1rB =  ʊʣ ʠ 838000cH =  ɸ/ʤ, ʩʝʨʜʝʯʥʠʢ ʩʪʘʪʦʨʘ ʩʦʩʪʘʚʣʝʥ ʠʟ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ 

2421. 
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ʈʠʩ. 4. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʤ ʧʦʣʫʟʘʢʨʳʪʦʤ ʧʘʟʝ 2 ʩʪʘʪʦʨʘ 

 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʬʦʨʤ ʧʘʟʘ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʚʠʛʘʪʝʣʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʟʘ 

ʦʪ ʦʚʘʣʴʥʦʛʦ ʧʦʣʫʟʘʢʨʳʪʦʛʦ 1 ʪʠʧʘ ʢ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʤʫ ʧʦʣʫʟʘʢʨʳʪʦʤʫ ʧʘʟʫ 2 ʪʠʧʘ. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʚ ʧʨʦʚʦʜʘʭ ʥʘ 4,747 ɸ/ʤʤ
2
  ʠ ʠʥʜʫʢʮʠʷ ʚ 

ʟʫʙʮʘʭ ʩʪʘʪʦʨʘ ʥʘ 0,1635 ʊʣ. ʀʥʜʫʢʮʠʷ ʚ ʷʨʤʝ ʩʪʘʪʦʨʘ, ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 0,5098 

ʊʣ.  

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪ, ʥʘʠʤʝʥʴʰʝʝ ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʤʝʶʪ ʧʘʟʳ 

ʧʦʣʫʟʘʢʨʳʪʳʝ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʪʠʧʘ, ʥʦ ʧʨʠ ʥʠʭ ʚ ʧʨʦʚʦʜʘʭ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʫ ʦʚʘʣʴʥʦʛʦ 

ʧʦʣʫʟʘʢʨʳʪʦʛʦ ʧʘʟʘ 1 ʪʠʧʘ. ʆʜʥʘʢʦ ʧʨʠ ʥʝʤ ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʴʰʠʝ ʠʥʜʫʢʪʠʚʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

 

 
ʈʠʩ. 5. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ɺʇʄ 1 

 

 

 

 




















































































































































































































































































































































