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ʋɼʂ 63 

 

ɸɻʈʆɹʀʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɽʂʆʊʆʈʓʍ ʉʆʈʊʆɺ 

ʆɿʀʄʆʁ ʄʗɻʂʆʁ ʇʐɽʅʀʎʓ ɺ ʋʉʃʆɺʀʗʍ ʎɽʅʊʈɸʃʔʅʆʁ ɿʆʅʓ 

ʂʈɸʉʅʆɼɸʈʉʂʆɻʆ ʂʈɸʗ 

ʂʘʟʘʢʦʚʘ ɺ.ɺ., ʊʦʭʘʜʟʝ ɹ.ɻ., ʂʘʟʘʢʦʚʘ ɺ.ʉ. 

ʂʫʙʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʊ. ʊʨʫʙʠʣʠʥʘ, ʂʨʘʩʥʦʜʘʨ 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʷʪʠ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʤʷʛʢʦʡ 

ʧʰʝʥʠʮʳ ʩʝʣʝʢʮʠʠ ʅʎɿ ʠʤ. ʇ.ʇ. ʃʫʢʴʷʥʝʥʢʦ ʚ ʫʩʣʦʚʠʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʣʝʤʝʥʪʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʣʦʩʘ ʠ ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ, ʚʳʜʝʣʝʥʳ 

ʩʦʨʪʘ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ; ʫʩʪʘʥʦʚʣʝʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʩʦʨʪʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʵʣʝʤʝʥʪʳ 

ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ, ʫʨʦʞʘʡʥʦʩʪʴ,  

 

ʋʨʦʞʘʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʩʪʝʥʠʡ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʫʩʠʣʠʡ ʯʝʣʦʚʝʢʘ. ʇʦ 

ʤʥʝʥʠʶ ʅ.ʀ. ɺʘʚʠʣʦʚʘ ʩʫʜʴʙʘ ʚʠʜʦʚ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʨʘʩʪʝʥʠʡ [1], ʟʘʯʘʩʪʫʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʨʪʘʤʠ, ʘ ʫʩʧʝʭʠ ʚ ʠʭ ʩʦʟʜʘʥʠʠ ï ʚʳʙʦʨʦʤ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʕʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʘ ʙʳʪʴ ʫʯʪʝʥʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʩʦʨʪʦʚ. ʉʦʨʪʘ, ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʥʝʢʦʪʦʨʳʭ ʥʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʥʝʩʫʪ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ ʟʘʪʨʘʪ 

ʥʘ ʫʙʦʨʢʫ ʫʨʦʞʘʷ ʠʣʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʥʘ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʧʦ ʟʘʱʠʪʝ ʦʪ ʩʦʨʥʷʢʦʚ, 

ʙʦʣʝʟʥʝʡ ʠ ʚʨʝʜʠʪʝʣʝʡ, ʚʨʷʜ ʣʠ ʦʢʫʧʷʪ ʚʣʦʞʝʥʥʳʝ ʥʘ ʠʭ ʩʦʟʜʘʥʠʝ ʩʨʝʜʩʪʚʘ [3]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʝʤʢʦʩʪʴ ʟʘʧʘʩʘʶʱʠʭ 

ʦʨʛʘʥʦʚ. ʋ ʧʰʝʥʠʮʳ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʠ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ: ʯʠʩʣʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʪʝʙʣʝʡ, ʜʣʠʥʳ ʢʦʣʦʩʘ, ʯʠʩʣʘ ʢʦʣʦʩʢʦʚ ʠ 

ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ, ʤʘʩʩʳ 1000 ʩʝʤʷʥ, ʤʘʩʩʳ ʟʝʨʥʘ ʩ ʢʦʣʦʩʘ ʠ ʨʘʩʪʝʥʠʷ. ʏʠʩʣʦ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʩʪʝʙʣʝʡ ʨʝʛʫʣʠʨʫʝʪʩʷ ʥʦʨʤʦʡ ʚʳʩʝʚʘ, ʘ ʵʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʢʦʣʦʩʘ ʟʘʚʠʩʷʪ ʦʪ ʛʝʥʦʪʠʧʘ ʩʦʨʪʘ 

[3]. 

ɺ ʥʘʰʝʤ ʦʧʳʪʝ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʡ ʢʦʣʦʩ ʦʢʘʟʘʣʩʷ ʫ ʩʦʨʪʘ ʂʫʨʝʥʴ (10,6 ʩʤ). ʂ ʥʝʤʫ 

ʧʨʠʙʣʠʞʘʣʩʷ ʩʦʨʪ ʊʘʥʷ (10,1 ʩʤ) ʠ ʩʦʨʪ ʃʘʫʨʝʘʪ (9,8 ʩʤ). ʉʦʨʪ ɻʨʦʤ ʦʢʘʟʘʣʩʷ ʥʘ ʫʨʦʚʥʝ 

ʩʪʘʥʜʘʨʪʘ ʇʘʤʷʪʴ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. ʕʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʣʦʩʘ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, 2017-

2019 ʛʛ. 

ʉʦʨʪ ɼʣʠʥʘ ʢʦʣʦʩʘ, ʩʤ ʏʠʩʣʦ, ʰʪ. 

ʢʦʣʦʩʢʦʚ ʚ ʢʦʣʦʩʝ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ ʟʝʨʝʥ ʚ ʢʦʣʦʩʢʝ 

ʇʘʤʷʪʴ(st) 9,4 19,0 33,5 1,76 

ʂʫʨʝʥʴ 10,6 19,4 32,1 1,65 

ʃʘʫʨʝʘʪ 9,8 18,4 42,3 2,30 

ɻʨʦʤ 9,4 17,8 39,2 2,20 

ʊʘʥʷ 10,1 17,3 42,4 2,45 

 

ʇʦ ʯʠʩʣʫ ʢʦʣʦʩʢʦʚ ʣʠʰʴ ʩʦʨʪ ʂʫʨʝʥʴ ʧʦʢʘʟʘʣ ʟʥʘʯʝʥʠʷ ʚʳʰʝ ʩʪʘʥʜʘʨʪʘ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʩʦʨʪʘ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʣʦʩʢʦʚ. 



ʀʩʩʣʝʜʫʝʤʳʝ ʥʘʤʠ ʩʦʨʪʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʬʦʨʤʠʨʦʚʘʣʠ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ ʚ ʧʨʝʜʝʣʘʭ 

33,5-42,4 ʰʪ., ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʭ ʦʪʤʝʯʝʥʦ ʫ ʩʦʨʪʦʚ ʃʘʫʨʝʘʪ ʠ ʊʘʥʷ. ʅʘʠʤʝʥʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʙʳʣʠ ʫ ʩʦʨʪʘ ʇʘʤʷʪʴ.  

ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʣʦʞʠʣʘʩʴ ʠ ʧʦ ʯʠʩʣʫ ʟʝʨʝʥ ʚ ʢʦʣʦʩʢʝ. ʉʦʨʪʘ ʊʘʥʷ, ʃʘʫʨʝʘʪ ʠ 

ɻʨʦʤ ʩʬʦʨʤʠʨʦʚʘʣʠ ʙʦʣʝʝ ʜʚʫʭ ʥʦʨʤʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʟʝʨʥʦʚʦʢ ʚ ʢʦʣʦʩʢʝ. ʉʦʨʪ ʂʫʨʝʥʴ ʠʤʝʣ 

ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʨʘʟʚʠʪʳʭ ʟʝʨʝʥ ʚ ʢʦʣʦʩʢʝ (1,65 ʰʪ.). 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʦʣʦʩʘ ʧʰʝʥʠʮʳ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʝʥ ʚ ʥʝʤ, ʥʦ ʠ ʦʪ 

ʠʭ ʚʳʧʦʣʥʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʤʘʩʩʫ ʟʝʨʥʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʫʨʦʞʘʡʥʦʩʪʴ ʚ ʮʝʣʦʤ (ʪʘʙʣ. 2). 

ʋ ʠʟʫʯʘʝʤʳʭ ʥʘʤʠ ʩʦʨʪʦʚ ʤʘʩʩʘ ʢʦʣʦʩʘ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 1,70 ʛ ʜʦ 2,11 ʛ. ʅʘʠʙʦʣʴʰʝʡ ʦʥʘ 

ʙʳʣʘ ʫ ʩʦʨʪʘ ʊʘʥʷ. ʇʦ ʤʘʩʩʝ ʟʝʨʥʘ ʩ ʢʦʣʦʩʘ ʩʥʦʚʘ ʩʦʨʪ ʊʘʥʷ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ (1,81 

ʛ, ʯʪʦ ʥʘ 0,45 ʛ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʪʘʥʜʘʨʪʘ). ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʦʢʘʟʘʣʩʷ ʩʦʨʪ ʃʘʫʨʝʘʪ (1,60 ʛ). ʉʦʨʪ 

ʂʫʨʝʥʴ ʧʦʢʘʟʘʣ ʤʘʩʩʫ ʟʝʨʥʘ ʩ ʢʦʣʦʩʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʪʘʥʜʘʨʪʘ. 

 

ʊʘʙʣʠʮʘ 2. ʕʣʝʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, 2017-2019 ʛʛ. 

ʉʦʨʪ ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʩʪʝʙʣʝʡ, ʰʪ./ʤ2 

ʄʘʩʩʘ, ʛ ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ, ʛ/ʤ2 ʢʦʣʦʩʘ ʟʝʨʥʘ ʩ ʢʦʣʦʩʘ 1000 ʟʝʨʝʥ 

ʇʘʤʷʪʴ(st) 530 1,98 1,36 40,6 720,8 

ʂʫʨʝʥʴ 503 1,79 1,34 41,7 674,0 

ʃʘʫʨʝʘʪ 447 1,80 1,60 37,8 715,2 

ɻʨʦʤ 510 1,70 1,41 36,0 719,1 

ʊʘʥʷ 483 2,11 1,81 42,7 874,2 

 

ʄʘʩʩʘ 1000 ʟʝʨʝʥ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 36,0-42,7 ʛ. ʅʘʠʙʦʣʴʰʝʡ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʫ ʩʦʨʪʘ 

ʊʘʥʷ (ʥʘ 2,1 ʛ ʚʳʰʝ, ʯʝʤ ʫ ʩʪʘʥʜʘʨʪʘ). ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʦʢʘʟʘʣʩʷ ʩʦʨʪ 

ʂʫʨʝʥʴ (41,7 ʛ). ʆʩʪʘʣʴʥʳʝ ʩʦʨʪʘ ʠʤʝʣʠ ʟʥʘʯʝʥʠʷ ʥʠʞʝ ʩʪʘʥʜʘʨʪʘ. 

ʇʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʫ ʩʦʨʪʘ ʊʘʥʷ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʩʪʘʥʜʘʨʪ, 

ʦʩʪʘʣʴʥʳʝ ʞʝ ʩʦʨʪʘ ʧʦʢʘʟʘʣʠ ʟʥʘʯʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʠʣʠ ʥʠʞʝ ʩʪʘʥʜʘʨʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʘʝʤʳʝ ʥʘʤʠ ʩʦʨʪʘ ʧʦ-ʨʘʟʥʦʤʫ ʬʦʨʤʠʨʦʚʘʣʠ ʫʨʦʞʘʡʥʦʩʪʴ. ʊʘʢ, ʫ 

ʩʦʨʪʘ ʃʘʫʨʝʘʪ ʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʭʦʨʦʰʝʡ ʦʟʝʨʥʝʥʥʦʩʪʠ ʢʦʣʦʩʘ ʠ 

ʢʨʫʧʥʦʩʪʠ ʟʝʨʥʘ. ʋ ʩʦʨʪʘ ʊʘʥʷ ʟʘ ʩʯʝʪ ʢʨʫʧʥʦʩʪʠ ʟʝʨʥʘ, ʧʨʠ ʤʝʥʴʰʝʡ ʛʫʩʪʦʪʝ ʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ 

ʥʘ ʤ2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʦʤ. ʉʦʨʪʘ ɻʨʦʤ, ʂʫʨʝʥʴ ʠ ʇʘʤʷʪʴ ʬʦʨʤʠʨʫʶʪ ʫʨʦʞʘʡʥʦʩʪʴ ʟʘ 

ʩʯʝʪ ʭʦʨʦʰʝʛʦ ʩʪʝʙʣʝʩʪʦʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʦʛʦ ʠ ʭʦʨʦʰʦ ʚʳʧʦʣʥʝʥʥʦʛʦ ʟʝʨʥʘ ʧʨʠ ʩʨʝʜʥʝʡ 

ʦʟʝʨʥʝʥʥʦʩʪʠ ʢʦʣʦʩʘ. 
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AGROBIOLOGICAL CHARA CTERISTICS OF SOME VARIETI ES OF WINTER 

SOFT WHEAT AT THE CE NTRAL ZONE OF KRASNO DAR TERRITORY  

Kazakova V. V., Tohadze B. G., Kazakova V. S. 

Kuban State Agrarian University, Krasnodar 

 

The results of comparative characteristics of five varieties of winter soft wheat of selection of the 

National Center of Grain named after P.P. Lukyanenko in the conditions of the central zone of 

Krasnodar Territory are presented. The elements of the spike productivity and yield structure have 

been analyzed, the varieties with the highest characteristics have been identified, and the yield of the 

studying varieties has been determined. Sufficient attention is devoted to the factors on which it is 

possible to estimate the economic efficiency of cultivation of these varieties and the most profitable 

variety is established. 

Key words: Comparative characteristics, varieties of winter wheat, elements of the structure of the 

crop, yield, economic efficiency 

  



ʋɼʂ 63 

 

ɸʊʃɸʉʅɸʗ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ʂɸʂ ʉʈɽɼʉʊɺʆ ʍʈɸʅɽʅʀʗ 

ʈɸɿʃʀʏʅʓʍ ʆʊʂʈʓʊʓʍ ɹɸɿ ɼɸʅʅʓʍ ɼʃʗ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʇʈʆʎɽʉʉʆɺ ɿɽʄʃɽʋʉʊʈʆʁʉʊɺɸ 

ʉʠʤʘʢʠʥʘ ɸ.ʉ. 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʪʢʨʳʪʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʚ 

ʩʪʨʫʢʪʫʨʫ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʥʝʩʢʦʣʴʢʠʭ ʦʪʢʨʳʪʳʭ ʙʘʟ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʣʘʩʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʪʢʨʳʪʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, 

ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʦ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʢʘʟʘʪʝʣʠ. 

 

ʅʘʠʙʦʣʝʝ ʥʦʚʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʨʝʜʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʘʪʣʘʩʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 

ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ. ɺ ʈʦʩʩʠʠ ʘʪʣʘʩʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʢʘʢ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ ʨʘʟʚʠʪʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʘ ʪʘʢʞʝ ʥʝ ʨʘʟʨʘʙʦʪʘʥʦ ʤʝʪʦʜʠʯʝʩʢʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʪʣʘʩʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʟʘʜʘʯ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ, ʥʝ 

ʩʦʟʜʘʥʘ ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. ʉʚʝʜʝʥʥʳʝ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʦʪʢʨʳʪʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ, 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʠ ʪʝʢʩʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʜʘʜʫʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʦʩʪʦʷʥʠʷ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʨʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʨʘʙʦʪʝ ʌ. ʆʨʤʝʣʠʥʛ ʜʘʥʦ ʧʝʨʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ - 

ʵʪʦ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʥʢʨʝʪʥʦʡ 

ʪʝʨʨʠʪʦʨʠʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʤʘʪʠʯʝʩʢʦʡ ʯʘʩʪʴʶ, ʛʜʝ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʘʨʪʳ [1]. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʘʪʣʘʩʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʚʝʨʩʠʝʡ 

ʙʫʤʘʞʥʦʛʦ ʘʪʣʘʩʘ ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʥʘʚʠʛʘʮʠʠ, ʘʜʨʝʩʥʦʛʦ ʧʦʠʩʢʘ, ʢʘʨʪʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʨʠʩʫʱʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ 

ʩʠʩʪʝʤʘʤ. 

ʇʨʠ ʧʦʤʦʱʠ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚʦʟʤʦʞʥʦ, ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢ ʢʘʢ ʚ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʦʙʰʠʨʥʘʷ ʙʘʟʘ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʥʘ ʥʫʞʥʫʶ ʪʝʨʨʠʪʦʨʠʶ, ʠ ʧʨʠʤʝʥʠʪʴ ʠʭ 

ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ 

ʨʘʟʤʝʱʝʥʠʷ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʩʝʚʦʦʙʦʨʦʪʦʚ. 

ʇʨʦʚʝʜʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ. ɺ ʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʭʦʜʠʪ ʧʝʨʝʯʝʥʴ 

ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʦʙʱʝʡ ʩʫʤʤʝ 58 ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʪʣʘʩʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʥʘʧʨʠʤʝʨ: 



¶ ʛʨʘʥʠʮʳ (ʛʨʘʥʠʮʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʛʨʘʥʠʮʳ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, 

ʛʨʘʥʠʮʳ ʢʘʜʘʩʪʨʦʚʳʭ ʢʚʘʨʪʘʣʦʚ ʠ ʜʨ.);  

¶ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ (ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʜʨ.); 

¶ ʧʦʯʚʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ (ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʦʯʚ, ʪʠʧ 

ʦʩʥʦʚʥʦʡ ʧʦʯʚʳ, ʩʪʝʧʝʥʴ ʥʘʨʫʰʝʥʥʦʩʪʠ ʧʨʦʬʠʣʷ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʜʨ.); 

¶ ʨʝʣʴʝʬ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ; 

¶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʩʝʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ (ʪʦʯʝʯʥʳʝ, ʣʠʥʝʡʥʳʝ ʠ 

ʧʣʦʱʘʜʥʳʝ ʦʙʲʝʢʪʳ); 

¶ ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ ʪʝʨʨʠʪʦʨʠʠ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ; 

¶ ʜʘʥʥʳʝ ʧʦ ʟʝʤʣʷʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ (ʧʣʦʱʘʜʴ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʣʦʱʘʜʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʜ ʧʘʰʥʶ ʠ ʜʨ.); 

¶ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

ʏʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʪʘʢʠʝ ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ ʣʠʰʥʠʭ 

ʫʩʠʣʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʦʙʲʝʜʠʥʠʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʪʢʨʳʪʳʝ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʚ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʥʘʧʦʣʥʝʥʥʳʤʠ ʦʪʢʨʳʪʳʤʠ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʚʣʷʶʪʩʷ: 

 ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ GISGeo - ɹʘʥʢʠ ʈʦʩʩʠʠ, ʜʘʥʥʳʡ ʩʘʡʪ ʩʪʘʚʠʪ ʩʚʦʝʡ ʮʝʣʴʶ 

ʧʦʧʫʣʷʨʠʟʘʮʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʜʘʥʥʦʤ ʩʘʡʪʝ ʥʘʭʦʜʷʪʩʷ ʮʝʣʳʝ ʨʘʟʜʝʣʳ 

ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ: ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʜʝʣʝʥʠʝ; ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ; ʦʪʢʨʳʪʳʝ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʜʘʥʥʳʝ [2].  

 ʆʪʢʨʳʪʳʝ ʜʘʥʥʳʝ VMap0 ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʘʡʪʝ Gis-

lab. ɿʜʝʩʴ ʤʦʞʥʦ ʥʘʡʪʠ ʥʘʙʦʨ ʩʣʦʸʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʢʘʯʠʚʘʥʠʷ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ: ʨʝʣʴʝʬ ʠ ʚʳʩʦʪʳ; ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ; ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʥʘʙʦʨʳ ʩʣʦʸʚ [3]. 

 SAS.ʇʣʘʥʝʪʘ, ʩʚʦʙʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʠ ʟʘʛʨʫʟʢʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʦʙʳʯʥʳʭ ʢʘʨʪ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʪʘʢʠʤʠ 

ʩʝʨʚʠʩʘʤʠ, ʢʘʢ GoogleEarth, BingMaps, DigitalGlobe, çʂʦʩʤʦʩʥʠʤʢʠè, ʢʘʨʪʳ ɻʝʥʰʪʘʙʘ ʠ 

ʜʨʫʛʠʝ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʪʠʭ ʩʝʨʚʠʩʦʚ, ʚʩʝ ʩʢʘʯʘʥʥʳʝ ʢʘʨʪʳ ʦʩʪʘʶʪʩʷ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ. ʇʦʤʠʤʦ ʩʧʫʪʥʠʢʦʚʳʭ ʢʘʨʪ ʚʦʟʤʦʞʥʘ ʨʘʙʦʪʘ ʩ ʧʦʣʠʪʠʯʝʩʢʦʡ, ʣʘʥʜʰʘʬʪʥʦʡ, 

ʩʦʚʤʝʱʝʥʥʦʡ ʢʘʨʪʘʤʠ [4]. 

 ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʇ. 

ʂʘʨʧʠʥʩʢʦʛʦ. ʉʧʝʮʠʘʣʠʩʪʘʤʠ ʂʘʨʪʬʘʙʨʠʢʠ ɺʉɽɻɽʀ ʚ 2005 ʛ. ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʮʠʬʨʦʚʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦ ʦʜʥʦʤʫ ʠʩʭʦʜʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠ ʧʦ ʦʜʥʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʕʪʦ ʮʠʬʨʦʚʘʷ ʦʩʥʦʚʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʤʘʩʰʪʘʙʘ 1:2 500 000 ʠ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʤʘʩʰʪʘʙʦʚ 1:5 000 000, 1:10 000 000, 1:15 000 000, 1:2 500 00 [5]. 

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʘʡʪʦʚ ʩ ʦʪʢʨʳʪʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ: ʤʘʪʝʨʠʘʣʳ 

ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʛʝʥʝʨʘʣʴʥʳʝ ʧʣʘʥʳ, ʦʪʯʝʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʨʝʩʫʨʩʳ. ɺʩʝ ʠʤʝʶʱʠʝʩʷ ʦʪʢʨʳʪʳʝ ʜʘʥʥʳʭ ʚ 

ʣʶʙʦʤ ʚʠʜʝ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠ ʚʢʣʶʯʠʪʴ ʚ ʩʦʜʝʨʞʘʥʠʝ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʜʣʷ ʵʪʦʛʦ ʚʩʝʛʦ ʣʠʰʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʦʙʨʘʙʦʪʘʪʴ 

ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʝʜʠʥʦʡ ʧʨʦʝʢʮʠʠ, ʠ ʚ ʝʜʠʥʦʤ ʤʘʩʰʪʘʙʝ.  



ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʚ 

ʩʠʩʪʝʤʫ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʠʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʠ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʪʫ ʠʥʞʝʥʝʨʘʤ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʷʤ. 

ʊʘʢ ʦʬʦʨʤʣʝʥʠʝ ʠ ʧʦʣʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʘʪʣʘʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ ʜʣʷ ʟʘʜʘʯ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʩʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʪʘʢʞʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʨʝʜʩʪʚʦʤ ʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʪʢʨʳʪʳʭ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʩʦʙʨʘʥʥʳʭ 

ʚ ʦʜʥʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʨʝʩʫʨʩʝ. 
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ɻʀɼʈʆʂʉʀʂʀʅʋʈɽʅʀʅʓ ʀ ʇʈʆɼʋʂʊʓ ʀʍ ɼʀʄɽʈʀɿɸʎʀʀ ʂɸʂ 

ʀʅɻʀɹʀʊʆʈʓ ʇɽʈɽʂʀʉʅʆɻʆ ʆʂʀʉʃɽʅʀʗ ʃʀʇʀɼʆɺ 

ɺʝʪʨʦʚʦʡ ʆ.ɺ., ɾʫʨʘʚʣʝʚ ɸ.ɺ. 

ʀʥʩʪʠʪʫʪ ʌʠʟʠʦʣʦʛʠʠ ʠʤʝʥʠ ʀ.ʇ.ʇʘʚʣʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʙʫʪʠʣʧʝʨʦʢʩʠʣʴʥʦʤʫ ʨʘʜʠʢʘʣʫ ʩʦ ʩʪʦʨʦʥʳ 3-

ʛʠʜʨʦʢʩʠʢʠʥʫʨʝʥʠʥʘ (3ʅʆʂ) ʠ 3-ʛʠʜʨʦʢʩʠʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (3ʅɸɸ), ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ 

ʠʭ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ (D-3ʅʆʂ, D-3ʅAA). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʫ ʜʠʤʝʨʦʚ 3HOK ʠ 3HAA ʚʳʰʝ, ʯʝʤ ʫ ʤʦʥʦʤʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʢʠʥʫʨʝʥʠʥʦʚʳʡ ʧʫʪʴ ʦʙʤʝʥʘ ʪʨʠʧʪʦʬʘʥʘ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 

 

ʄʝʪʘʙʦʣʠʪʳ ʢʠʥʫʨʝʥʠʥʦʚʦʛʦ ʧʫʪʠ ʦʙʤʝʥʘ ʪʨʠʧʪʦʬʘʥʘ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʥʝʡʨʦʪʨʦʧʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʢʠʥʫʨʝʥʠʥʦʚ ʚ ʤʦʟʛʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʷʜʝ 

ʥʝʡʨʦʧʘʪʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʝʟʥʴ ʍʘʥʪʠʥʛʪʦʥʘ, ʇʘʨʢʠʩʦʥʘ, ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʜʨ. [2] 

ʅʝʡʨʦʘʢʪʠʚʥʦʩʪʴ ʢʠʥʫʨʝʥʠʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʨʷʜʦʤ 

ʢʣʝʪʦʯʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʘ ʩ ʜʨʫʛʦʡ ð ʤʦʜʫʣʷʮʠʝʡ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʝ [3,4]. 3-

ʛʠʜʨʦʢʩʠʢʠʥʫʨʝʥʠʥ (3ʅʆʂ) ʠ 3-ʛʠʜʨʦʢʩʠʘʥʪʨʘʥʠʣʦʚʘʷ ʢʠʩʣʦʪʘ (3ʅɸɸ) ʧʨʠ 

ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʧʨʦʜʫʮʠʨʫʶʪ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʨʘʟʚʠʪʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʛʠʙʝʣʠ ʥʝʡʨʦʥʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥʠ ʠʥʛʠʙʠʨʫʶʪ 

ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ 

ʧʝʨʦʢʩʠʣʴʥʦʤʫ ʨʘʜʠʢʘʣʫ [5].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ (ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʫʨʦʚʝʥʴ 

B3LYP/6-311G(d,p)) ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʙʫʪʠʣʧʝʨʦʢʩʠʣʴʥʦʤʫ ʨʘʜʠʢʘʣʫ (Butper*) ʩʦ ʩʪʦʨʦʥʳ 3ʅʆʂ, 3ʅɸɸ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ (D-3ʅʆʂ, D-3ʅAA). ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʦʮʝʥʝʥʘ ʩʢʦʨʦʩʪʴ 

ʦʪʨʳʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʪ ʤʦʣʝʢʫʣʳ ʙʫʪʘʥʘ ʛʠʜʨʦʢʩʠʢʠʥʫʨʝʥʠʥ-ʨʘʜʠʢʘʣʦʤ, ʢʦʪʦʨʳʡ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʨʦʢʩʠʢʠʥʫʨʝʥʠʥʘ ʩ Butper*.  

ʉʢʦʨʦʩʪʠ (1/(ʄ*ʩʝʢ)) ʨʝʘʢʮʠʠ çʛʠʜʨʦʢʩʠʢʠʥʫʨʝʥʠʥ ï Butper*è ʜʣʷ 3HOK, 3HAA, D-

3HOK ʠ D-3HAA ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ð 1,47E12, 1,22E13, 1,60E13 ʠ 1,24E14. Cʢʦʨʦʩʪʠ ʦʙʨʘʪʥʦʡ 

ʨʝʘʢʮʠʠ ð 2,06E4, 3,50E4, 5,07E0 ʠ 2,13E0. ʉʢʦʨʦʩʪʠ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ çʛʠʜʨʦʢʩʠʢʠʥʫʨʝʥʠʥ-

ʨʘʜʠʢʘʣ ð ʙʫʪʘʥè ʜʣʷ ʵʪʠʭ ʞʝ ʩʦʝʜʠʥʝʥʠʡ ð 6,73E-10, 9,18E-10, 8,26E-13 ʠ 4,68ɽ-16. 

ʉʢʦʨʦʩʪʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ çʛʠʜʨʦʢʩʠʢʠʥʫʨʝʥʠʥ ð ʙʫʪʠʣ-ʨʘʜʠʢʘʣè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ð 

2,16E11, 1,93E11, 6,66E11 ʠ 3,03E12.  

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

 ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫ ʜʠʤʝʨʦʚ 3HOK ʠ 3HAA ʚʳʰʝ, ʯʝʤ ʫ ʤʦʥʦʤʝʨʦʚ.  

 ʈʝʘʢʮʠʷ ʢʘʢ ʩ ʙʫʪʠʣʴʥʳʤ, ʪʘʢ ʠ ʩ ʙʫʪʠʣʧʝʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʠʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʙʨʘʪʠʤʦ, ʪ.ʢ. ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʳ 

ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʢʩʠʢʠʥʫʨʝʥʠʥʦʚ ʥʝ ʩʧʦʩʦʙʳ ʦʢʠʩʣʷʪʴ ʥʘʩʳʱʝʥʥʳʝ ʣʠʧʠʜʳ ʢʣʝʪʦʯʥʳʭ 

ʤʝʤʙʨʘʥ.  

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 18-34-00761. 
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A comparative assessment of the transfer rate of a hydrogen atom to a butyl peroxyl radical by 3-

hydroxykynurenine (3HOK) and 3-hydroxyanthranilic acid (3HAA), as well as their non-enzymatic 

dimerization products (D-3HOK, D-3HAA), was carried out. It was shown that the antioxidant 

activity of 3HOK and 3HAA dimers is higher than that of monomers. 
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ɼʀʅɸʄʀʂɸ ɿɸɻʈʗɿʅɽʅʀʗ ɸʊʄʆʉʌɽʈʅʆɻʆ ɺʆɿɼʋʍɸ 

 ɻʆʈʆɼɸ ʏʀʊɸ ʉ 2013ɻ ʇʆ 2017ɻ 

ɼʘʞʠʥʦʚʘ ɸ.ʅ. 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʠʪʘ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʨʦʧʘʝʚʘ ʊ.ɺ., ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ, ʜʦʮʝʥʪ, ɿʘʙʘʡʢʘʣʴʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʠʪʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʛʦʨʦʜʘ ʏʠʪʘ ʷʚʣʷʝʪʩʷ 

ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼʦʢʣʘʜʘ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ 

ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʟʘ 2017ʛ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʯʝʥʴ ʚʳʩʦʢʠʡ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʛʦʨʦʜʘ ʏʠʪʘ ʩ 2013ʛ ʧʦ 

2017ʛ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʜʠʥʘʤʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʝ ʏʠʪʘ ʩ 

2013ʛ ʧʦ 2017ʛ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʜʠʥʘʤʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ʛ. ʏʠʪʘ ʟʘ ʧʝʨʠʦʜ ʩ 2013 ʛ. ʧʦ 2017 ʛ.  

ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʟʘ ʵʪʠ ʛʦʜʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚʝʱʝʩʪʚʘ, ʧʨʝʚʳʰʘʶʱʠʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʕʪʦ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ (ʧʳʣʴ), ʜʠʦʢʩʠʜ 

ʘʟʦʪʘ, ʬʝʥʦʣ, ʬʦʨʤʘʣʴʜʝʛʠʜ ʠ ʙʝʥʟ(ʘ)ʧʠʨʝʥ [5]. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʩʪʫʧʣʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʷʚʣʷʝʪʩʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʊʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʠ ʧʨʝʜʧʨʠʷʪʠʷ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [5]. 

 

ʊʘʙʣʠʮʘ 1 - ʇʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʛ. ʏʠʪʘ 

2013-2017ʛʛ [1-5] 

 ʂʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʇɼʂ (ʤʛ/̍ )  

2013ʛ. 2014ʛ. 2015ʛ. 2016ʛ. 2017ʛ. 

ʇʳʣʴ (ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ) 1,4 1,5 1,7 1,3 1,3 

ɼʠʦʢʩʠʜ ʘʟʦʪʘ 1,0 1,1 1,2 0,9 0,7 

ʌʝʥʦʣ 1,0 1,03 0,7 0,6 0,8 

ʌʦʨʤʘʣʴʜʝʛʠʜ 5,4 1,3 1,0 0,8 0,9 

ɹʝʥʟ(ʘ)ʧʠʨʝʥ 6,6 (ʥʛ/̍ ) 9,0 (ʥʛ/̍ ) 11,4 (ʥʛ/̍ ) 9,0 (ʥʛ/̍ ) 9,8 (ʥʛ/̍ ) 

 

ʅʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮʳ 1 ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʠʥʘʤʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ. 

 



 
ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʧʨʝʚʳʰʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʛ. ʏʠʪʘ ʩ 2013 ʧʦ 2017ʛʛ [1-5] 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʷʪʠʣʝʪʥʶʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ 

ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʟʘ 2014 ʠ 2015 ʛʦʜʘ, ʚ 2016 ʩʥʠʟʠʣʘʩʴ, ʥʦ ʚ 2017 ʚʥʦʚʴ ʚʦʟʨʦʩʣʘ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʯʘʩʪʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʨʘʩʩʝʠʚʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʦʟʜʫʭ ʚʝʱʝʩʪʚ 

[5].  

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʠ ʬʝʥʦʣʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʦʨʦʜʘ ʚ ʢʦʪʣʦʚʠʥʝ ʫ ʧʦʜʥʦʞʠʷ ʩʦʧʦʢ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʵʪʠʭ ʚʝʱʝʩʪʚ ʫ ʧʨʠʟʝʤʥʦʛʦ 

ʩʣʦʷ. ʊʘʢʞʝ ʵʪʦʪ ʬʘʢʪʦʨ ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʣʝʪʦʤ [5].  

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʝʥʦʣʘ, ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʦʡ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʊʕʎ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʟʘ ʧʷʪʴ ʣʝʪ ʠʤʝʶʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʟʘʢʨʳʪʠʝʤ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʡ [5]. 

ɺ ʮʝʣʦʤ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ, ʬʝʥʦʣʘ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʩʥʠʞʘʝʪʩʷ, ʘ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ (ʧʳʣʴ) ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɼʦʢʣʘʜ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʟʘ 2013 

ʛʦʜ/ʄʠʥʠʩʪʝʨʩʪʚʦʧʨʠʨʦʜʥʳʭʨʝʩʫʨʩʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʟʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. ʏʠʪʘ, 

2014. 179 ʩ. 

2. ɼʦʢʣʘʜ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʟʘ 2014 

ʛʦʜ/ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʟʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. 

ʏʠʪʘ, 2014. 208 ʩ. 

3. ɼʦʢʣʘʜ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʟʘ 2015 

ʛʦʜ/ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʟʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. 

ʏʠʪʘ, 2016. 215 ʩ. 

4. ɼʦʢʣʘʜ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʟʘ 2016 

ʛʦʜ/ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʟʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. 

ʏʠʪʘ, 2017. 213 ʩ. 
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5. ɼʦʢʣʘʜ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ɿʘʙʘʡʢʘʣʴʩʢʦʤ ʢʨʘʝ ʟʘ 2017 

ʛʦʜ/ʄʠʥʠʩʪʝʨʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʟʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. 

ʏʠʪʘ, 2018. 240 ʩ. 
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ʋʏɸʉʊʀɽ ʊʊʍ-ʉʆɼɽʈɾɸʑʀʍ ʉʋɹʕʇʀɼɽʈʄɸʃʔʅʓʍ ɾɽʃɽɿ ɺ 

ʌʆʈʄʀʈʆɺɸʅʀʀ ʉʃʀɿʀʉʊʆɻʆ ʉʃʆʗ ʋ ʅɽʄɽʈʊʀʅʓ 

 KULIKOVIA ALBOROSTRATA 

ʄʘʣʳʢʠʥ ɻ.ɺ., ʂʫʟʥʝʮʦʚ ɺ.ɻ., ʇʝʨʝʚʝʨʟʝʚʘ ɸ.ʆ. 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʦʮʝʩʩʫ ʵʢʩʢʨʝʮʠʠ ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ ʠ ʝʛʦ ʫʯʘʩʪʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʟʘʱʠʪʥʦʛʦ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʧʠʜʝʨʤʠʩʘ ʥʝʤʝʨʪʠʥʳ Kulikovia alborostrata. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʤʝʨʪʠʥʳ, ʞʝʣʝʟʳ, ʪʦʢʩʠʥʳ. 

 

ʕʧʠʜʝʨʤʠʩ ʥʝʤʝʨʪʠʥ ʚʳʧʦʣʥʷʝʪ ʧʠʪʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ, ʧʦʛʣʦʱʘʷ ʤʝʪʘʙʦʣʠʪʳ, 

ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ ʚʦʜʝ, ʣʦʢʦʤʦʪʦʨʥʫʶ - ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʠ ʟʘʨʳʚʘʥʠʠ ʚ ʛʨʫʥʪ [1], ʠ ʟʘʱʠʪʥʫʶ 

ʬʫʥʢʮʠʠ. ʇʦʩʣʝʜʥʷʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʝʢʨʝʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʞʝʣʝʟʠʩʪʳʤʠ 

ʢʣʝʪʢʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʵʧʠʪʝʣʠʷ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚ ʵʧʠʪʝʣʠʠ 

ʥʝʢʦʪʦʨʳʭ ʥʝʤʝʨʪʠʥ ʦʙʥʘʨʫʞʝʥʳ ʩʝʢʨʝʪʦʨʥʳʝ ʢʣʝʪʢʠ, ʩʣʠʟʠʩʪʳʡ ʩʝʢʨʝʪ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 

ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ (ʊʊʍ) ʠ ʚʳʜʝʣʷʝʪʩʷ ʥʘʨʫʞʫ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʪʠʤʫʣʷʮʠʠ ʞʠʚʦʪʥʦʛʦ[2].  

ʂʦʞʥʳʝ ʧʦʢʨʦʚʳ ʥʝʤʝʨʪʠʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʩʣʦʡʥʳʤ ʤʥʦʛʦʨʷʜʥʳʤ ʵʧʠʪʝʣʠʝʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʩʫʙʵʧʠʜʝʨʤʘʣʴʥʦʤ ʵʢʩʪʨʘʮʝʣʣʶʣʷʨʥʦʤ ʤʘʪʨʠʢʩʝ (ʕʎʄ). ʋ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʨʷʜʘ ʛʝʪʝʨʦʥʝʤʝʨʪʠʥ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ Kulikovia alborostrata, ʧʦʜ ʕʎʄ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ ï ʢʫʪʠʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʵʣʝʤʝʥʪʳ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ 

ʪʢʘʥʠ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʫʙʵʧʠʜʝʨʤʘʣʴʥʳʝ ʞʝʣʝʟʳ ʠ ʤʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ. ʆʩʥʦʚʫ ʵʧʠʪʝʣʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʨʝʩʥʠʯʥʳʝ ʢʣʝʪʢʠ, ʤʝʞʜʫ ʪʝʣʘʤʠ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʩʝʢʨʝʪʦʨʥʳʝ ʩʝʨʦʟʥʳʝ 

ʢʣʝʪʢʠ ʠ ʧʨʦʪʦʢʠ ʞʝʣʝʟʠʩʪʳʭ ʢʣʝʪʦʢ ʢʫʪʠʩʘ - ʤʫʢʦʠʜʥʳʭ ʠ ʛʨʘʥʫʣʷʨʥʳʭ (ʨʠʩ. 1 ɸ,ɹ). ʎʝʣʴʶ 

ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʵʢʩʢʨʝʮʠʠ ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʱʠʪʥʦʛʦ ʊʊʍ 

ʩʦʜʝʨʞʘʱʝʛʦ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʧʠʜʝʨʤʠʩʘ ʥʝʤʝʨʪʠʥʳ Kulikovia alborostratʘ.  

ʀʟʫʯʝʥʠʝ ʵʢʩʢʨʝʮʠʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʩʨʝʟʦʚ. ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʝʢʨʝʪʦʨʥʳʭ ʢʣʝʪʦʢ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 12ʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʝ ʦʩʦʙʠ. ʃʦʢʘʣʠʟʘʮʠʷ ʊʊʍ ʚʳʷʚʣʷʣʘʩʴ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢ ʊʊʍ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  



 
ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʢʨʠʦʩʨʝʟʦʚ Kulikovia alborostratʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ 

ʩʚʝʪʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸ, ɹ - ʧʨʦʭʦʜʷʱʠʡ ʩʚʝʪ, ʦʢʨʘʩʢʘ ʤʝʪʠʣʝʥʦʚʳʤ ʩʠʥʠʤ; ɺ, ɻ ï 

ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʟʝʣʝʥʳʡ ï ʘʥʪʠʪʝʣʘ ʢ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʤʫ ʪʫʙʫʣʠʥʫ, ʢʨʘʩʥʳʡ ï 

ʘʥʪʠʪʝʣʘ ʢ ʊʊʍ). ʆʙʦʟʥʘʯʝʥʠʷ: cut ï ʢʫʪʠʩ; ep ï ʵʧʠʜʝʨʤʠʩ; ʩʩ ï ʨʝʩʥʠʯʥʳʝ ʢʣʝʪʢʠ; se ï

ʩʝʨʦʟʥʳʝ ʢʣʝʪʢʠ; mu - ʤʫʢʦʠʜʥʳʝ ʢʣʝʪʢʠ; gr I,II  ï ʛʨʘʥʫʣʷʨʥʳʝ ʢʣʝʪʢʠ; ecm - 

ʵʢʩʪʨʘʮʝʣʣʶʣʷʨʥʳʡ ʤʘʪʨʠʢʩ.  

 

ʋ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ ʞʝʣʝʟʳ, ʩʦʜʝʨʞʘʱʠʝ ʊʊʍ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʢʫʪʠʩʝ. ʇʨʠ ʩʪʠʤʫʣʷʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʚʝʩʴ ʩʝʢʨʝʪ ʊʊʍ-ʩʦʜʝʨʞʘʱʝʡ ʢʣʝʪʢʠ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʵʧʠʜʝʨʤʠʩ ʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʣʠʟʠʩʪʦʛʦ ʩʣʦʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʚ ʪʝʢʫʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʦ ʯʪʦ ʊʊʍ-ʩʦʜʝʨʞʘʱʠʝ ʢʫʪʠʩʥʳʝ ʞʝʣʝʟʳ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʣʠʟʠ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Turbeville, J. M. Epidermal muscles and peristaltic burrowing in Carinoma tremaphoros 

(Nemertini): correlates of effective burrowing without segmentation // Zoomorphology. 1983. ʊ. 103. 

ʉ. 103ï120.  

2. Ali, A.E., Arakawa, O., Noguchi, T., Miyazawa, K., Shida, Y., Hashimoto, K. 

Tetrodotoxin and related substances in a ribbon worm Cephalothrix linearis (nemertean) // Toxicon. 

1990. ʊ. 28. ʉ. 1083ï1093. 
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The work is devoted to the process of tetrodotoxin excretion and its participation in the formation of 

a protective mucous layer on the surface of the nemertea epidermis Kulikovia alborostrata. 
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ʇʆɺʓʐɽʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉʇʆʉʆɹʅʆʉʊɽʁ ʄʆɿɻɸ ʇʈʀ 

ʅɽʁʈʆɹʀʆʋʇʈɸɺʃɽʅʀʀ ʋ ɼɽʊɽʁ ʉ ʈɸɿʃʀʏʅʓʄʀ 

ʇʉʀʍʆʌʀɿʀʆʃʆɻʀʏɽʉʂʀʄʀ ʅɸʈʋʐɽʅʀʗʄʀ 

ʄʝʥʴʰʠʢʦʚʘ ʀ.ɸ., ɼʞʦʩ ʖ.ʉ. 

ʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ɸʨʭʘʥʛʝʣʴʩʢ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʨʫʰʝʥʠʷʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʜʝʪʝʡ. ʉʝʘʥʩʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 

(ɹʆʉ) ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʳ (ʕʕɻ) ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʠʪʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʥʝʡʨʦʤʦʜʫʣʷʪʦʨʥʳʭ ʚʣʠʷʥʠʡ 

ʩʪʚʦʣʘ ʤʦʟʛʘ, ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʥʝʡʨʦʥʥʳʭ ʘʥʩʘʤʙʣʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʫʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʶ ʮʝʥʪʨʘʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʨʝʛʫʣʷʮʠʠ ʩʝʘʥʩʳ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʧʦ ʕʕɻ ʧʨʠʚʦʜʷʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʕʪʦ 

ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʫ ʜʝʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʝ, ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤʘ, ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʨʫʰʝʥʠʷ. 

 

 ʇʨʠʥʮʠʧ ʘʜʘʧʪʠʚʥʦʛʦ ʙʠʦʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ɹʆʉ, ʷʚʣʷʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʥʘ ʩʪʳʢʝ ʤʝʜʠʮʠʥʳ, 

ʬʠʟʠʦʣʦʛʠʠ ʠ ʧʩʠʭʦʪʝʨʘʧʠʠ [1ï3]. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʯʝʣʦʚʝʢʫ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʤʛʥʦʚʝʥʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʝʛʦ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʝʪʦʚʳʭ 

ʠʣʠ ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

 ʄʝʪʦʜ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʫ ʜʝʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʚʪʦʨʳ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ ʫ ʜʝʪʝʡ ʩ ʘʫʪʠʟʤʦʤ. 

ʊʘʢ, ʫʯʝʥʳʝ L. Thompson, M. Thompson ʠ A. Reid, ʟʘʥʠʤʘʷʩʴ ʧʨʦʙʣʝʤʦʡ ʘʫʪʠʟʤʘ ʠ ʧʨʦʚʝʜʷ 

ʪʘʢʠʤ ʜʝʪʷʤ ʦʪ 40 ʜʦ 60 ʩʝʘʥʩʦʚ ʕʕɻ-ɹʆʉ, ʜʦʙʠʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʫʣʫʯʰʝʥʠʷ 

ʚʥʠʤʘʥʠʷ, ʩʯʝʪʘ, ʧʨʘʚʦʧʠʩʘʥʠʷ ʠ ʯʪʝʥʠʷ [4]. R. Coben, ʪʘʢʞʝ ʟʘʥʠʤʘʚʰʠʡʩʷ ʚʦʧʨʦʩʘʤʠ 

ʫʤʝʥʴʰʝʥʠʷ ʦʙʱʠʭ ʩʠʤʧʪʦʤʦʚ ʘʫʪʠʟʤʘ, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʢʫʨʩʘ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ ʦʪʤʝʯʘʝʪ 

ʩʥʠʞʝʥʠʝ ʜʝʬʠʮʠʪʘ ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʣʫʯʰʝʥʠʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʩʦʮʠʘʣʴʥʦʡ 

ʩʬʝʨʳ ʫ ʜʝʪʝʡ ʚ 42 % ʩʣʫʯʘʝʚ [5]. 

J.E. Walker ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ ʫ ʜʝʪʝʡ ʩ ʜʠʩʣʝʢʩʠʝʡ ʜʦʩʪʠʛ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʯʪʝʥʠʶ [6].  

ʋʯʝʥʳʝ T. Surmeli ʠ A. Ertem, ʟʘʥʠʤʘʷʩʴ ʧʨʦʙʣʝʤʦʡ ʣʝʯʝʥʠʷ ʩʠʥʜʨʦʤʘ ɼʘʫʥʘ ʫ ʜʝʪʝʡ, 

ʧʦʩʪʘʚʠʣʠ ʟʘʜʘʯʫ ʫʣʫʯʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʪʨʝʥʠʥʛʦʚ 

ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʪʨʝʥʠʥʛʘ ʚ 100 % ʩʣʫʯʘʝʚ ʦʥʠ ʜʦʙʠʣʠʩʴ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ, ʥʦ ʠ ʩʥʠʞʝʥʠʷ ʠʤʧʫʣʴʩʠʚʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʷ ʧʨʦʙʣʝʤ ʩ 

ʧʦʚʝʜʝʥʠʝʤ ʠ ʨʝʯʴʶ, ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʕʕɻ. ʇʦʟʞʝ ʵʪʘ ʞʝ 

ʛʨʫʧʧʘ ʫʯʝʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 80ï160 ʩʝʘʥʩʦʚ ʫ ʜʝʪʝʡ ʩ 

ʣʝʛʢʦʡ ʠʣʠ ʫʤʝʨʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ ʪʦʞʝ ʜʦʩʪʠʛʣʘ ʫʣʫʯʰʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʠ ʚʥʠʤʘʥʠʷ [7]. 



ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʟʫʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʕʕɻ-ɹʆʉ ʷʚʣʷʝʪʩʷ ʙʝʪʘ-

ʩʪʠʤʫʣʠʨʫʶʱʠʡ ɹʆʉ-ʪʨʝʥʠʥʛ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʣʝʯʝʥʠʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʘʪʦʣʦʛʠʠ 

ʜʝʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ï ʩʠʥʜʨʦʤʘ ʜʝʬʠʮʠʪʘ ʚʥʠʤʘʥʠʷ ʠ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʠ (ʉɼɺɻ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʥʝʡʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ [8, 9]. J.F. Lubar, M.N. Shouse ʚʧʝʨʚʳʝ 

ʫʩʧʝʰʥʦ ʚʥʝʜʨʠʣʠ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʝ ʚ 1976 ʛʦʜʫ ʜʣʷ ʣʝʯʝʥʠʷ ʩʠʤʧʪʦʤʘʪʠʢʠ ʉɼɺɻ [10]. ɺ 

ʕʕɻ ʜʝʪʝʡ, ʩʪʨʘʜʘʶʱʠʭ ʉɼɺɻ, ʜʦ ʩʝʘʥʩʦʚ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʘʣʴʬʘ- ʠ ʪʝʪʘ-ʢʦʣʝʙʘʥʠʡ ʚ ʣʦʙʥʳʭ ʦʙʣʘʩʪʷʭ [11] ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʙʝʪʘ-ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʦʣʦʩʝ 12ï21 ɻʮ ʚ ʧʝʨʝʜʥʠʭ ʦʪʜʝʣʘʭ ʢʦʨʳ. ɸ ʚ ʭʦʜʝ 

ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ, ʧʦ ʤʥʝʥʠʶ R. Drechsler, ʧʨʠ ʉɼɺɻ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʙʝʪʘ-

ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʪʝʪʘ-ʘʢʪʠʚʥʦʩʪʠ [9].  

 ɻʨʫʧʧʘ ʫʯʝʥʳʭ ʠʥʩʪʠʪʫʪʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ ʉʆ ʈɸʄʅ (ʥʳʥʝ ï 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ (ʅʀʀʄɹɹ) 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳ, ʛ. 

ʅʦʚʦʩʠʙʠʨʩʢ), ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʙʣʝʤʘʤʠ ʣʝʯʝʥʠʷ ʜʝʪʝʡ ʩ ʩʠʥʜʨʦʤʦʤ ʜʝʬʠʮʠʪʘ ʚʥʠʤʘʥʠʷ 

ʩ\ʙʝʟ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʠ ʚ ʚʦʟʨʘʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 6 ʜʦ 14 ʣʝʪ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʫʨʩ ʙʝʪʘ-

ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʪʨʝʥʠʥʛʘ. ʆʥʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʪʨʝʥʠʥʛʘ ʧʘʮʠʝʥʪʳ, 

ʧʦʧʘʜʘʷ ʚ ʢʦʥʪʫʨ ʢʦʤʧʴʶʪʝʨʥʦʡ ɹʆʉ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʟʘʜʘʯʝʡ ʫʚʝʣʠʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʙʝʪʘ-

ʜʠʘʧʘʟʦʥʝ ʕʕɻ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʪʘ-ʜʠʘʧʘʟʦʥʝ. ʋʩʧʝʰʥʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʠ ʨʦʩʪʫ ʫʨʦʚʥʷ ʤʝʪʘʙʦʣʠʟʤʘ 

ʬʨʦʥʪʘʣʴʥʳʭ ʦʪʜʝʣʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ [12]. ʇʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʫʯʝʥʳʝ ʩʤʦʛʣʠ ʜʦʩʪʠʯʴ ʫ 26 

ʧʨʦʣʝʯʝʥʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʫʯʠʣʠʩʴ ʚʦʣʝʚʦʤʫ ʢʦʥʪʨʦʣʶ ʙʝʪʘ-ʘʢʪʠʚʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ. ʆʜʥʘʢʦ 9 ʧʘʮʠʝʥʪʦʚ ʥʝ ʩʤʦʛʣʠ ʩʧʨʘʚʠʪʴʩʷ ʩ ʟʘʜʘʥʠʝʤ. ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʘʥʩʦʚ 

ʙʝʪʘ-ʪʨʝʥʠʥʛʘ ʚ ʫʩʧʝʰʥʦʡ ʛʨʫʧʧʝ ʩʦʩʪʘʚʠʣʦ 45, ʯʘʩʪʦʪʘ ʟʘʥʷʪʠʡ ï 3ï4 ʨʘʟʘ ʚ ʥʝʜʝʣʶ. 

ʇʦʟʠʪʠʚʥʳʝ ʩʜʚʠʛʠ ʚ ʧʦʚʝʜʝʥʠʠ ʠ ʫʩʧʝʚʘʝʤʦʩʪʠ ʵʪʠʭ ʧʘʮʠʝʥʪʦʚ ʥʘʙʣʶʜʘʣʠʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʯʝʨʝʟ 3,5ï4 ʤʝʩʷʮʘ ʟʘʥʷʪʠʡ. 

ɼʘʥʥʳʝ ɸ.ʃ. ʋʩʧʝʥʩʢʦʛʦ, ɸ.ʅ. ʉʫʙʙʦʪʢʠʥʦʡ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çɹʦʩʣʘʙè, ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʦʨʨʝʢʮʠʦʥʥʳʡ ʢʫʨʩ 

ʙʠʦʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʭʘʥʠʟʤʝ ʘʜʘʧʪʠʚʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʠʪʤʦʚ ʕʕɻ ʫ ʜʝʪʝʡ ʩ ʉɼɺɻ [12].  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʆ.ɸ. ɼʞʘʬʘʨʦʚʘ ʠ ɽ.ʅ. ɼʘʥʠʣʝʥʢʦ ʩʪʘʚʠʣʠ ʮʝʣʴ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʫ ʜʝʪʝʡ ʩ ʉɼɺɻ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʨʨʝʢʮʠʦʥʥʳʭ 

ʧʨʦʮʝʜʫʨ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ. ʀʭ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʩʪʠʞʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʮʝʣʠ, ʪ. ʢ. ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʚʥʠʤʘʥʠʷ ʫ ʜʝʪʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʣʘʩʩʘ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ 

ʪʝʯʝʥʠʝ 4 ʣʝʪ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʠʟʤʝʥʠʣʠʩʴ ʚ ʩʪʦʨʦʥʫ ʫʣʫʯʰʝʥʠʷ ʠ ʢ ʥʘʯʘʣʫ 4-ʛʦ ʢʣʘʩʩʘ 

ʩʨʘʚʥʷʣʠʩʴ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʯʘʱʠʭʩʷ ʠʟ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʛʨʫʧʧʦʡ 

ʢʦʥʪʨʦʣʷ [13]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʥʝʡʨʦʙʠʦʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʣʫʯʰʝʥʠʷ ʩʠʤʧʪʦʤʘʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ ʫ ʜʝʪʝʡ, ʦʙʣʘʜʘʶʱʠʤ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 
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ʀʄʄʋʅʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɹʆʃʔʅʓʍ ʉ 

ʉʀʄʇʊʆʄɸʊʀʏɽʉʂʆʁ ʕʇʀʃɽʇʉʀɽʁ ɺʀʈʋʉʅʆʁ ʕʊʀʆʃʆɻʀʀ 

ɸʜʘʤʙʘʝʚ ɿ.ʀ., ʀʩʤʘʠʣʦʚʘ ʄ.ʆ. 

ʋʨʛʝʥʯʩʢʠʡ ʬʠʣʠʘʣ ʊʘʰʢʝʥʪʩʢʦʡ ʄʝʜʠʮʠʥʩʢʦʡ ɸʢʘʜʝʤʠʠ, 

 ʅʝʚʨʦʣʦʛʠʯʝʩʢʘʷ ʢʣʠʥʠʢʘ çGlobal Med Systemè, ʊʘʰʢʝʥʪ 

 

ʇʨʠ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʠ ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ ʚ ʢʣʝʪʦʯʥʦʤ ʠʤʤʫʥʠʪʝʪʝ ʠʤʝʝʪ 

ʤʝʩʪʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʊ-ʩʫʧʨʝʩʩʦʨʦʚ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʠʣʣʝʨʦʚ ʚʤʝʩʪʝ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ɺ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʩʥʠʞʝʥʠʝ ʠʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʦʛʦ ʠʥʜʝʢʩʘ. ɺ ʧʦʢʘʟʘʪʝʣʷʭ 

ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʦʪʤʝʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ IgA ʠ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʎʀʂ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ IgM, IgG. ʋʨʦʚʝʥʴ IgG ɻʝʨʧʝʩʘ ʠ 

ʎʄɺ ʧʨʠ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʠ ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʪʝʯʝʥʠʠ 

ʧʨʝʚʳʰʘʝʪ ʚ 4,5 ʨʘʟ, ʘ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ï ʚ 8,6 ʨʘʟ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʘʷ ʵʧʠʣʝʧʩʠʷ, ʠʤʤʫʥʦʣʦʛʠʷ, ʛʝʨʧʝʩ, ʮʠʪʦʤʝʛʘʣʦʚʠʨʫʩ.  

 

ʕʧʠʣʝʧʩʠʷ ï ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʪʨʫʜʥʦʢʫʨʘʙʝʣʴʥʳʭ 

(ʬʘʨʤʘʢʦʨʝʟʠʩʪʝʥʪʥʳʭ) ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʙʣʝʤʦʡ, 

ʠʤʝʶʱʝʡ ʦʪʯʝʪʣʠʚʫʶ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ [1, 6]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʭʨʦʥʠʟʘʮʠʠ ʵʧʠʣʝʧʩʠʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʚʠʨʫʩʘʤ ʠ ʠʤʤʫʥʥʳʤ ʧʨʦʮʝʩʩʘʤ [3, 4]. ʆʜʥʘʢʦ ʨʦʣʴ ʘʫʪʦʠʤʤʫʥʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ʚ ʧʘʪʦʛʝʥʝʟʝ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʡ ʨʘʙʦʪʳ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʠʪʴ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫ ʙʦʣʴʥʳʭ ʩ 

ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʝʡ ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʆʙʩʣʝʜʦʚʘʥʦ 90 ʙʦʣʴʥʳʭ ʩ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʝʡ 

ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ. ɺʦʟʨʘʩʪ ʙʦʣʴʥʳʭ ʢʦʣʝʙʘʣʩʷ ʦʪ 14 ʜʦ 60 ʣʝʪ, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ ʩʦʩʪʘʚʠʣ 

26,1Ñ1,9 ʛʦʜʘ. ʉʨʝʜʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʙʳʣʦ 50 (66,7%) ʤʫʞʯʠʥ ʠ 40 (33,3%) ʞʝʥʱʠʥ.  

ʇʘʮʠʝʥʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʱʝʢʣʠʥʠʯʝʩʢʦʤʫ, ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʤʫ 

ʦʙʩʣʝʜʦʚʘʥʠʷʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ (30 ʯʝʣʦʚʝʢ), 

ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʣʠʮ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʣʘ ʠ ʚʦʟʨʘʩʪʘ. ʇʨʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ ʢʨʠʪʝʨʠʡ 

ʉʪʴʶʜʝʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʨʠʧʘʜʢʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʝʜʫʱʠʤʠ 

ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʠʩʪʫʧʘʤʠ ʙʳʣʠ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʧʨʠʧʘʜʢʠ ʫ 61,1% ʙʦʣʴʥʳʭ ʠ ʙʦʣʴʥʳʭ ʩ 

ʧʨʦʩʪʳʤʠ ʠ ʩʣʦʞʥʳʤʠ ʧʘʨʮʠʘʣʴʥʳʤʠ ʧʨʠʧʘʜʢʘʤʠ (ʫ 38,9%). ʏʘʩʪʦʪʘ ʧʘʨʮʠʘʣʴʥʳʭ ʧʨʠʧʘʜʢʦʚ 

ʩ ʚʪʦʨʠʯʥʦʡ ʛʝʥʝʨʘʣʠʟʘʮʠʝʡ ʩʦʩʪʘʚʠʣʘ 44,4%. ʋ 27,8% ʙʦʣʴʥʳʭ ʠʤʝʣʠ ʧʦʣʠʤʦʨʬʥʳʝ 

ʧʨʠʩʪʫʧʳ (ʧʨʦʩʪʳʝ ʧʘʨʮʠʘʣʴʥʳʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʙʩʘʥʩʘʤʠ ʠʣʠ ʞʝ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʝʨʚʠʯʥʦ-

ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʪʦʥʠʢʦ-ʢʣʦʥʠʯʝʩʢʠʤʠ ʧʨʠʧʘʜʢʘʤʠ).  

ʅʘʰʠʭ ʙʦʣʴʥʳʭ ʧʦ ʪʝʯʝʥʠʶ ʟʘʙʦʣʝʚʘʥʠʷ ʤʳ ʨʘʩʧʨʝʜʝʣʠʣʠ ʥʘ ʜʚʘ ʪʠʧʘ: ʙʣʘʛʦʧʨʠʷʪʥʳʡ 

(63,3% ʙʦʣʴʥʳʭ) ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ (36,7%). ʇʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʪʝʯʝʥʠʠ ʥʘ ʬʦʥʝ 

ʧʨʦʪʠʚʦʩʫʜʦʨʦʞʥʦʡ ʪʝʨʘʧʠʠ ʦʪʤʝʯʘʣʦʩʴ ʫʨʝʞʝʥʠʝ, ʯʝʪʢʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ 

ʠ ʤʦʥʦʤʦʨʬʠʟʤ ʧʨʠʧʘʜʢʦʚ, ʩʦʭʨʘʥʥʘʷ ʩʦʮʠʘʣʴʥʘʷ ʘʜʘʧʪʘʮʠʷ ʙʦʣʴʥʳʭ. ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʪʠʧ 



ʪʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʫʯʘʱʝʥʠʝʤ ʠ ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʧʨʠʧʘʜʢʦʚ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʙʦʣʝʟʥʠ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʴʶ ʨʝʤʠʩʩʠʡ, ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʩʝʨʠʡʥʦʩʪʠ, 

ʩʪʘʪʫʩʥʦʤʫ ʪʝʯʝʥʠʶ, ʥʘʨʘʩʪʘʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʩʠʭʠʢʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫ ʦʙʩʣʝʜʫʝʤʳʭ ʙʦʣʴʥʳʭ ʦʮʝʥʠʚʘʣʠʩʴ 

ʧʦʢʘʟʘʪʝʣʠ ʢʣʝʪʦʯʥʦʛʦ ʠ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʘ ʪʘʢʞʝ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ 

ɻʝʨʧʝʩʘ ʠ ʮʠʪʦʤʝʛʘʣʦʚʠʨʫʩʘ (ʎʄɺ). ɺ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ʊ-ʣʠʤʬʦʮʠʪʳ (CD3), ʊ-ʭʝʣʧʝʨʳ (CD4), ʊ-ʩʫʧʨʝʩʩʦʨʳ (CD8), ɺ-ʣʠʤʬʦʮʠʪʳ (CD72), NK ʢʣʝʪʢʠ 

ï ʝʩʪʝʩʪʚʝʥʥʳʝ ʢʠʣʣʝʨʳ (CD16) ʠ CD4/CD8 (ʠʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʳʡ ʠʥʜʝʢʩ), ʮʠʨʢʫʣʠʨʫʶʱʠʝ 

ʠʤʤʫʥʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʎʀʂ), ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ (Ig) ï IgA, IgM, IgG, ɻʝʨʧʝʩ IgM, ɻʝʨʧʝʩ IgG, 

ʎʄɺ IgM, ʎʄɺ IgG. 

 

ʊʘʙʣʠʮʘ. ʀʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫ ʙʦʣʴʥʳʭ ʩ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʝʡ 

 ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʪʠʧ 

n=33 

ɹʣʘʛʦʧʨʠʷʪʥʳʡ 

ʪʠʧ n=57 

ʂɻ n=30 

CD3 (0,95-1,8)  3,45Ñ0,8 2,95Ñ0,45 1,85Ñ1,0 

CD4 (0,54-1,1)  0,91Ñ0,1 1,02Ñ0,05 1,14Ñ0,04 

CD8 (0,45-0,85)  1,01Ñ0,08 0,86Ñ0,04 0,78Ñ0,05 

CD16 (0,18-0,42)  0,85Ñ0,09 0,55Ñ0,07 0,435Ñ0,08 

CD72 (0,15-0,4)  0,83Ñ0,07 0,56Ñ0,04 0,45Ñ0,05 

CD4/CD8 (1,2-2,0)  0,9Ñ0,03 1,19Ñ0,02 1,14Ñ0,02 

IgA (0,9-4,5)  2,51Ñ0,1 3,38Ñ0,08 3,85Ñ0,08 

IgM (0,6-2,5) 1,75Ñ0,07 1,66Ñ0,04 1,52Ñ0,05 

IgG (7,0-18) 16,2Ñ0,54 12,3Ñ0,38 10,2Ñ0,46 

ʎʀʂ (ʜʦ 55 ʦʪʥ. ʝʜ.) 55Ñ0,8 32Ñ0,5 27Ñ0,6 

ɻʝʨʧʝʩ IgM (0-1) 0,8Ñ0,01 0,4Ñ0,01 0,15Ñ0,02 

ɻʝʨʧʝʩ IgG (0-1) 8,6Ñ0,3 4,5Ñ0,2 0,11Ñ0,02 

ʎʄɺ IgM (0-1) 0,7Ñ0,01 0,4Ñ0,01 0,14Ñ0,02 

ʎʄɺ IgG (0-1) 8,5Ñ0,4 4,5Ñ0,3 0,12Ñ0,03 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʚ ʢʣʝʪʦʯʥʦʤ ʠʤʤʫʥʠʪʝʪʝ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʱʘʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ 

ʧʦʧʫʣʷʮʠʡ ʊ-ʣʠʤʬʦʮʠʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʩ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʪʠʧʦʤ ʪʝʯʝʥʠʷ, ʧʦʤʠʤʦ ʵʪʦʛʦ ʜʦʩʪʦʚʝʨʥʦ ʫʚʝʣʠʯʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʊ-

ʩʫʧʨʝʩʩʦʨʦʚ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʠʣʣʝʨʦʚ ʚʤʝʩʪʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɺ-ʣʠʤʬʦʮʠʪʦʚ ʚ ʵʪʦʡ ʞʝ ʛʨʫʧʧʝ 

ʙʦʣʴʥʳʭ. ʉʥʠʞʝʥʠʝ ʠʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʦʛʦ ʠʥʜʝʢʩʘ ʧʨʦʠʟʦʰʣʦ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʊ-

ʩʫʧʨʝʩʩʦʨʥʳʭ ʢʣʝʪʦʢ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʢʘʟʘʪʝʣʝʡ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʚʠʜʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ IgA ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʎʀʂ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ IgM, IgG ʫ ʙʦʣʴʥʳʭ 

ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʪʠʧʦʤ ʪʝʯʝʥʠʷ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ M ʠ G ɻʝʨʧʝʩʘ ʠ ʎʄɺ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ IgM ʙʳʣʠ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ, ʪʦʛʜʘ ʢʘʢ IgG ʙʳʣ 

ʧʦʚʳʰʝʥ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʪʝʯʝʥʠʠ ʚ 4,5 ʨʘʟ, ʘ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ï ʚ 8,6 ʨʘʟ. 

ɺ ʢʣʝʪʢʘʭ ʎʅʉ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʨʫʩʳ, ʥʘʧʨʠʤʝʨ, ʛʝʨʧʝʩ ʚʠʨʫʩʳ (ɺʇɻ-1, ɺɺɿ, 

ɺɻʏ-6 ʠ ɺɻʏ-7), ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʣʘʪʝʥʪʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ 

ʥʘʯʘʣʴʥʦʛʦ ʠʥʬʠʮʠʨʦʚʘʥʠʷ. ʕʪʠ ʚʠʨʫʩʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʥʝʡʨʦʪʨʦʧʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʥʠ 

ʘʛʨʝʩʩʠʚʥʦ ʚʪʦʨʛʘʶʪʩʷ ʚ ʎʅʉ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʠʥʬʠʮʠʨʫʶʪ ʠ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʤʥʦʞʘʶʪʩʷ ʚ ʥʝʡʨʦʥʘʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʆʩʥʦʚʘ ʥʝʡʨʦʪʨʦʧʠʟʤʘ ʵʪʠʭ ʚʠʨʫʩʦʚ 

ʥʝ ʜʦ ʢʦʥʮʘ ʧʦʥʷʪʥʘ. ʕʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʚʠʨʫʩʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʢʨʳʪʳʭ 

ʣʘʪʝʥʪʥʳʭ ʠ ʚʷʣʦʪʝʢʫʱʠʭ ʥʝʡʨʦʠʥʬʝʢʮʠʡ, ʧʝʨʚʠʯʥʫʶ ʭʨʦʥʠʟʘʮʠʶ ʚʠʨʫʩʥʦʛʦ ʵʥʮʝʬʘʣʠʪʘ ʩ 

ʯʘʩʪʳʤʠ ʨʝʮʠʜʠʚʘʤʠ ʟʘʙʦʣʝʚʘʥʠʷ [2, 5, 7].  



ɺʳʚʦʜʳ 

 ʇʨʠʩʪʫʧʳ ʧʨʠ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʠ ʚʠʨʫʩʥʦʡ ʵʪʠʦʣʦʛʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ (ʫ 61,1%) ʠ ʧʘʨʮʠʘʣʴʥʳʤʠ (ʫ 38,9%) ʧʨʠʧʘʜʢʘʤʠ.  

 ɺ ʢʣʝʪʦʯʥʦʤ ʠʤʤʫʥʠʪʝʪʝ ʠʤʝʝʪ ʤʝʩʪʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʊ-

ʩʫʧʨʝʩʩʦʨʦʚ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʠʣʣʝʨʦʚ ʚʤʝʩʪʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ɺ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʩʥʠʞʝʥʠʝ 

ʠʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʦʛʦ ʠʥʜʝʢʩʘ. 

 ɺ ʧʦʢʘʟʘʪʝʣʷʭ ʛʫʤʦʨʘʣʴʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ʦʪʤʝʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ IgA ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʎʀʂ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ IgM, IgG. 

 ʋʨʦʚʝʥʴ IgG ɻʝʨʧʝʩʘ ʠ ʎʄɺ ʧʨʠ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʵʧʠʣʝʧʩʠʠ ʚʠʨʫʩʥʦʡ 

ʵʪʠʦʣʦʛʠʠ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʪʝʯʝʥʠʠ ʧʨʝʚʳʰʘʝʪ ʚ 4,5 ʨʘʟ, ʘ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ï ʚ 8,6 ʨʘʟ. 

 ɻʝʨʧʝʩ ʠ ʎʄɺ ʷʚʣʷʝʪʩʷ ʵʪʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʟʚʠʪʠʷ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ 

ʵʧʠʣʝʧʩʠʠ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʣʠʥʠʢʦ-ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʣʝʯʝʥʠʠ ʵʪʦʛʦ ʚʠʜʘ ʵʧʠʣʝʧʩʠʠ.  
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IMMUNOLOGICAL CHARAC TERISTICS OF PATIENT S WITH SYMPTOMATIC 

EPILEPSY OF VIRAL ET IOLOGY  
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In symptomatic epilepsy of viral etiology in cellular immunity, there is a significant increase in T-

suppressor and natural killer counts along with an increase in B-lymphocytes and a decrease in the 

immunoregulatory index. In terms of humoral immunity, there is a relative decrease in IgA and an 

increase in the level of CIC, as well as an increase in IgM, IgG. The level of IgG of Herpes and CMV 

in symptomatic epilepsy of viral etiology with a favorable course exceeds 4.5 times, and with an 

unfavorable one - 8.6 times. 

Key words: symptomatic epilepsy, immunology, herpes, cytomegalovirus. 
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ɺʈɸɻ ɺ ʂʀʐɽʏʅʀʂɽ: ɹɸʂʊɽʈʀɸʃʔʅʓɽ ʇɸʊʆɻɽʅʓ ʇʈʀ ʎɽʃʀɸʂʀʀ, 

ɸʋʊʆʀʄʄʋʅʀʊɽʊ 

ʄʘʭʢʘʤʦʚ ʉ.ɸ. ʫʛʣʠ, ʂʘʚʳʝʚ ɸ.ɸ., ɼʝʨʝʚʮʦʚʘ ɸ.ɸ. 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ 

 

ʇʝʧʪʠʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʠʢʨʦʙʦʚ ʠ ʠʤʠʪʠʨʫʶʱʠʝ ʠʤʤʫʥʦʛʝʥʥʳʝ ʧʝʧʪʠʜʳ ʛʣʠʘʜʠʥʘ ʧʨʠ 

ʮʝʣʠʘʢʠʠ, ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʦʠʩʢʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɸʥʘʣʠʟʳ ʘʢʪʠʚʘʮʠʠ ʊ-ʢʣʝʪʦʢ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʝʣʦʢ 

ʢʦʤʤʝʥʩʘʣʴʥʦʡ ʙʘʢʪʝʨʠʠ Pseudomonas fluorescens ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʥʪʠʛʝʥʧʨʝʟʝʥʪʠʨʫʶʱʠʤʠ ʢʣʝʪʢʘʤʠ ʜʣʷ ʩʠʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʊ-ʢʣʝʪʦʢ ʫ ʧʘʮʠʝʥʪʦʚ ʩ 

ʮʝʣʠʘʢʠʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʢʪʝʨʠʘʣʴʥʳʝ ʧʘʪʦʛʝʥʳ, ʮʝʣʠʘʢʠʷ, ʘʫʪʦʠʤʤʫʥʥʘʷ ʨʝʘʢʮʠʷ. 

 

ɺʠʨʫʩʥʳʝ ʠ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʧʘʪʦʛʝʥʳ ʜʘʚʥʦ ʧʦʜʦʟʨʝʚʘʶʪʩʷ ʚ ʩʨʘʙʘʪʳʚʘʥʠʠ ʠʤʤʫʥʥʳʭ 

ʦʪʚʝʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʢ ʩʘʤʦʟʘʱʠʪʝ (ʘʫʪʦʠʤʤʫʥʠʪʝʪ). ʆʜʠʥ ʤʝʭʘʥʠʟʤ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʘʪʦʛʝʥʥʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʪʝ, ʠʣʠ ʠʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʝʪʢʠ, ʪʦ ʪʦʛʜʘ 

ʵʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʠʤʠʢʨʠʷ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʠʤʠʢʨʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫ 

ʯʝʣʦʚʝʢʘ ʩ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ, ʠ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʫʪʦʠʤʤʫʥʥʳʤ 

ʟʘʙʦʣʝʚʘʥʠʝʤ. ʎʝʣʠʘʢʠʷ ʭʨʦʥʠʯʝʩʢʦʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʘʫʪʦʠʤʤʫʥʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʧʦʪʝʨʝʡ ʦʨʘʣʴʥʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʛʣʶʪʝʥʦʚʦʤʫ ʩʝʤʝʡʩʪʚʫ 

ʙʝʣʢʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʰʝʥʠʮʝ, ʨʞʠ ʠ ʷʯʤʝʥʝ. ɿʜʝʩʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʣʶʪʝʥʦʚʳʝ ʵʧʠʪʦʧʳ 

ʧʨʦʪʠʚʦʩʪʦʷʪ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤʫ ʧʠʱʝʚʘʨʝʥʠʶ ʭʦʟʷʠʥʘ ʠ ʚʚʦʜʷʪ ʚ ʪʦʥʢʠʡ ʢʠʰʝʯʥʠʢ 

ʩʦʙʩʪʚʝʥʥʫʶ ʧʣʘʩʪʠʥʢʫ, ʛʜʝ ʦʥʠ ʠʥʠʮʠʠʨʫʶʪ T-ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ 

ʢʠʰʝʯʥʠʢʝ ʚʦʩʧʘʣʝʥʠʝ, ʚʦʨʩʠʥʯʘʪʘʷ ʘʪʨʦʬʠʷ ʠ ʢʨʠʧʪʘ ʛʠʧʝʨʧʣʘʟʠʷ ʩ ʩʠʤʧʪʦʤʘʤʠ ʦʪ ʣʝʛʢʠʭ 

ʢʠʰʝʯʥʳʭ ʞʘʣʦʙ ʥʘ ʜʠʘʨʝʶ ʠ ʜʦ ʪʷʞʝʣʦʡ ʤʘʣʴʘʙʩʦʨʙʮʠʠ.  

ɻʣʷʜʠʥʳ, ʣʫʯʰʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʩʝʤʝʡʩʪʚʝ ʛʣʶʪʝʥʦʚʳʭ ʙʝʣʢʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʛʣʶʪʘʤʠʥʦʤ 

ʠ ʧʨʦʣʠʥʦʤ, ʢʦʪʦʨʳʝ ʥʘʨʫʰʘʶʪ ʧʨʘʚʠʣʴʥʳʡ ʧʨʦʪʝʦʣʠʟ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ 

ʯʝʣʦʚʝʢʘ. ʇʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ ʯʝʨʝʟ ʢʠʰʝʯʥʳʡ ʙʘʨʴʝʨ, ʫʩʪʦʡʯʠʚʳʡ ʢ ʧʨʦʪʝʦʣʠʟʫ ʧʝʧʪʠʜʳ 

ʛʣʶʪʝʥʘ ʨʝʘʛʠʨʫʶʪ ʩ ʧʣʘʩʪʠʥʢʦʡ ʩʦʙʩʪʚʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʪʢʘʥʝʚʦʡ ʪʨʘʥʩʛʣʫʪʘʤʠʥʘʟʳ. ʕʪʦʪ 

ʬʝʨʤʝʥʪ ʜʝʟʘʤʠʜʠʨʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʛʣʶʪʘʤʠʥʦʚʳʝ ʦʩʪʘʪʢʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʩʨʦʜʩʪʚʦ 

ʛʣʶʪʝʥʘ ʧʝʧʪʠʜʳ ʜʣʷ HLA-DQ2.5 (ʠʣʠ HLA-DQ8) ʤʦʣʝʢʫʣʳ ʥʘ ʘʥʪʠʛʝʥʧʨʝʟʝʥʪʠʨʫʶʱʠʭ 

ʢʣʝʪʦʢ 5,6. ʇʦʩʣʝʜʫʶʱʝʝ ʘʢʪʠʚʘʮʠʷ ʛʣʶʪʝʥ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʊ-ʢʣʝʪʦʢ ʠ ʘʢʪʠʚʘʮʠʷ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʠʥʪʨʘʵʧʠʪʝʣʠʘʣʴʥʦʛʦ ʣʠʤʬʦʮʠʪʘ (IELs) ʫʧʨʘʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʘʪʨʦʬʠʠ 

ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʧʫʪʝʤ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʣʘʩʪʠʥʢʠ ʠ ʨʘʟʨʫʰʝʥʠʝʤ 

ʵʧʠʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʢʠʰʝʯʥʠʢʘ. 
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Microbially derived peptides that mimic immunogenic gliadin peptides in celiac disease have been 

identified using a structure- and sequence-guided search. T cell activation assays and crystal 

structures reveal that a protein from the commensal bacterium Pseudomonas fluorescens can be 

processed and presented by antigen-presenting cells to potently activate T cells from patients with 

celiac disease. 
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ʂʃʀʅʀʂʆ-ʉʆʎʀɸʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɹʆʃʔʅʓʍ 

ɺʅɽɹʆʃʔʅʀʏʅʓʄ ʉɽʇʉʀʉʆʄ 

ʇʘʚʣʦʚ ɼ.ʉ., ʉʥʦʧʢʦʚʘ ɸ.ɼ., ʀʚʘʥʦʚʘ ɼ.ɸ. 

ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, ʈʦʩʪʦʚ-

ʥʘ-ɼʦʥʫ 

 

ʉʝʧʩʠʩ, ʢʘʢ ʥʦʟʦʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ, ʩʝʛʦʜʥʷ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʦʚʦʜʦʤ ʜʣʷ ʰʠʨʦʢʠʭ 

ʜʠʩʢʫʩʩʠʡ. ʅʘʤʠ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʥʘʫʯʥʘʷ ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʢʣʠʥʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʪʷʞʝʩʪʴ ʠ ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʙʦʣʴʥʳʭ ʚʥʝʙʦʣʴʥʠʯʥʳʤ ʩʝʧʩʠʩʦʤ (ɺʉ) 

ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʭ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʨʦʞʜʝʥʥʦʛʦ ʠ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʚʥʳʭ ʠʩʪʦʨʠʡ ʙʦʣʝʟʥʠ 96 ʙʦʣʴʥʳʭ 

ʠ ʜʘʥʘ ʢʣʠʥʠʢʦ-ʩʦʮʠʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʦʣʴʥʳʤ ɺʉ, ʧʦʩʪʫʧʠʚʰʠʤ ʚ ʠʥʬʝʢʮʠʦʥʥʳʡ 

ʩʪʘʮʠʦʥʘʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʧʩʠʩ, ʚʥʝʙʦʣʴʥʠʯʥʳʡ ʩʝʧʩʠʩ, ʥʘʨʢʦʤʘʥʠʷ, ʘʥʪʠʙʠʦʪʠʢʦʪʝʨʘʧʠʷ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʞʘʣʫʡ, ʥʠ ʦʜʥʘ ʠʟ ʥʦʟʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʥʝ ʠʤʝʝʪ 

ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ çʙʝʣʳʭè ʧʷʪʝʥ ʠ ʥʝ ʩʪʘʚʠʪ ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʣʴʢʦ ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ, 

ʢʘʢ ʩʝʧʩʠʩ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʠ ʯʝʪʢʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʝʧʩʠʩʘ, ʦʩʪʘʝʪʩʷ ʪʘʢʞʝ 

ʤʥʦʛʦ ʩʧʦʨʥʳʭ ʚʦʧʨʦʩʦʚ ʠ ʚ ʝʛʦ ʣʝʯʝʥʠʠ [1]. ʇʘʪʦʛʥʦʤʦʥʠʯʥʳʤ ʧʨʠʟʥʘʢʦʤ ʩʝʧʩʠʩʘ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ ʥʘʣʠʯʠʝ ʚʪʦʨʠʯʥʳʭ ʦʯʘʛʦʚ ʨʘʟʤʥʦʞʝʥʠʷ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʙʥʦʡ ʬʣʦʨʳ 

(ʋʇʌ) ʚ ʜʚʫʭ ʠ ʙʦʣʝʝ ʦʨʛʘʥʘʭ ʯʝʣʦʚʝʢʘ [3].  

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʞʠʟʥʝʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠʟ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʦʯʘʛʦʚ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ɻʣʦʙʘʣʴʥʦʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʝ ʙʨʝʤʷ 

ʩʝʧʩʠʩʘ ʥʝ ʧʦʜʜʘʝʪʩʷ ʪʦʯʥʦʡ ʦʮʝʥʢʝ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʦʥ ʝʞʝʛʦʜʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 

ʫ 30 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʠ, ʚʦʟʤʦʞʥʦ, ʫʥʦʩʠʪ ʞʠʟʥʠ 6 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ ʕʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʘʷ 

ʞʝ ʟʥʘʯʠʤʦʩʪʴ ʚʥʝʙʦʣʴʥʠʯʥʦʛʦ ʩʝʧʩʠʩʘ (ɺʉ) ʥʝ ʧʦʜʜʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 

[2]. 

ʅʘʫʯʥʘʷ ʛʠʧʦʪʝʟʘ. ʂʣʠʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʪʷʞʝʩʪʴ ʠ ʧʨʦʛʥʦʟ ʟʘʙʦʣʝʚʘʥʠʷ ʫ ʙʦʣʴʥʳʭ 

ɺʉ ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʭ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʨʦʞʜʝʥʥʦʛʦ ʠ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʘʪʴ ʢʣʠʥʠʢʦ-ʩʦʮʠʘʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʦʣʴʥʳʤ ɺʉ, 

ʧʦʩʪʫʧʠʚʰʠʤ ʚ ʠʥʬʝʢʮʠʦʥʥʳʡ ʩʪʘʮʠʦʥʘʨ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʇʨʦʚʝʜʝʥ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʘʨʭʠʚʥʳʭ ʠʩʪʦʨʠʡ ʙʦʣʝʟʥʠ 96 

ʙʦʣʴʥʳʭ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʥʘ ʣʝʯʝʥʠʠ ʚ ʠʥʬʝʢʮʠʦʥʥʦʤ ʦʪʜʝʣʝʥʠʠ ˉ 5 ɻɹ ˉ1 ʛ. ʈʦʩʪʦʚʘ-ʥʘ-

ɼʦʥʫ, ʫ ʢʦʪʦʨʳʭ ʜʠʘʛʥʦʟ ʩʝʧʩʠʩʘ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʧʦ ʢʣʠʥʠʯʝʩʢʠʤ ʣʠʙʦ ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ. ɸʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʮʠʝʥʪʦʚ (84,4%) ʠʟʥʘʯʘʣʴʥʦ ʥʘʙʣʶʜʘʣʠʩʴ ʘʤʙʫʣʘʪʦʨʥʦ 

ʫ ʚʨʘʯʝʡ ʨʘʟʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ (ʪʝʨʘʧʝʚʪʳ, ʭʠʨʫʨʛʠ, ʛʠʥʝʢʦʣʦʛʠ, ʫʨʦʣʦʛʠ, ʦʪʦʣʘʨʠʥʛʦʣʦʛʠ ʠ 

ʜʨ.). ʉʨʝʜʠ ʥʘʧʨʘʚʠʪʝʣʴʥʳʭ ʜʠʘʛʥʦʟʦʚ ʧʨʝʦʙʣʘʜʘʣʘ (67,7%) ʣʠʭʦʨʘʜʢʘ ʥʝʷʩʥʦʛʦ ʛʝʥʝʟʘ. 

ɺʦʟʨʘʩʪ 75,0% ʧʘʮʠʝʥʪʦʚ ʙʳʣ ʚ ʧʨʝʜʝʣʘʭ 21-40 ʣʝʪ. ʄʫʞʯʠʥʳ ʩʦʩʪʘʚʠʣʠ 85,4%. 90,6% 

ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʣʠʮ ʥʠʛʜʝ ʥʝ ʨʘʙʦʪʘʣʠ. 60,4 % ʧʘʮʠʝʥʪʦʚ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʫʯʝʪʝ ʚ ʩʚʷʟʠ ʩ 

ʥʘʨʢʦʤʘʥʠʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ɺʉ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʪʷʞʝʣʳʤ ʠ ʦʯʝʥʴ 

ʪʷʞʝʣʳʤ ʪʝʯʝʥʠʝʤ ʩ ʚʳʨʘʞʝʥʥʳʤ ʣʠʭʦʨʘʜʦʯʥʦ-ʠʥʪʦʢʩʠʢʘʮʠʦʥʥʳʤ ʩʠʥʜʨʦʤʦʤ, ʘ ʪʘʢʞʝ ï 



ʨʘʟʚʠʪʠʝʤ ʧʥʝʚʤʦʥʠʠ, ʤʝʥʠʥʛʦʵʥʮʝʬʘʣʠʪʘ, ʵʥʜʦʤʠʦʢʘʨʜʠʪʘ, ʨʝʞʝ ʜʨʫʛʠʭ ʦʯʘʛʦʚ ʚʦʩʧʘʣʝʥʠʷ. 

ʋ 40 ʯʝʣʦʚʝʢ (41,7%) ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʋʇʌ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʨʦʚʠ, 32 (33,3%) ï ʣʠʢʚʦʨʝ, 46 

(47,9%) ï ʤʦʢʨʦʪʝ ʠ 5 (5,2%) ï ʵʣʝʤʝʥʪʘʭ ʢʦʞʥʦʡ ʩʳʧʠ. ʇʨʝʦʙʣʘʜʘʣʘ ʩʪʘʬʠʣʦʢʦʢʢʦʚʘʷ ʬʣʦʨʘ 

(29,2%).  

ɺʩʝʤ ʙʦʣʴʥʳʤ ɺʉ ʥʘʟʥʘʯʘʣʠ ʘʥʪʠʙʠʦʪʠʢʠ: 1) ʮʝʬʘʣʦʩʧʦʨʠʥʳ 3-ʛʦ (ʮʝʬʪʘʟʠʜʠʤ, 

ʮʝʬʦʧʝʨʘʟʦʥÑʩʫʣʴʙʘʢʪʘʤ, ʮʝʬʦʪʘʢʩʠʤ, ʮʝʬʪʨʠʘʢʩʦʥ, ʮʝʬʪʠʟʦʢʩʠʤ) ʠ 4-ʛʦ (ʮʝʬʝʧʠʤ, 

ʮʝʬʧʠʨʦʤ) ʧʦʢʦʣʝʥʠʡ; 2) ʛʣʠʢʦʧʝʧʪʠʜʳ (ʚʘʥʢʦʤʠʮʠʥ, ʪʝʡʢʦʧʣʘʥʠʥ); 3) ʦʢʩʘʟʦʣʠʜʦʥʳ 

(ʣʠʥʝʟʦʣʠʜ); 4) ʢʘʨʙʦʧʝʥʝʤʳ (ʤʝʨʦʧʝʥʝʤ, ʠʤʠʧʝʥʝʤ+ʮʠʣʘʩʪʘʪʠʥ). ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʫ ʚʳʞʠʚʰʠʭ ʠ ʧʦʛʠʙʰʠʭ ʧʘʮʠʝʥʪʦʚ ʙʳʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʥʘ (ʨ>0,05). ʊʘʢʞʝ ʚʩʝʤ ʙʦʣʴʥʳʤ ʧʨʦʚʦʜʠʣʠ ʘʢʪʠʚʥʫʶ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʫʶ ʪʝʨʘʧʠʶ. 

ɺʩʝ ʩʪʨʘʜʘʚʰʠʝ ɺʉ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʣʝʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʥʠʤʘʮʠʦʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. ʆʙʱʘʷ ʣʝʪʘʣʴʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ï 34,4 %. ʆʩʪʘʣʴʥʳʝ (n=63) ʙʳʣʠ 

ʚʳʧʠʩʘʥʳ ʠʟ ʩʪʘʮʠʦʥʘʨʘ ʩ ʢʣʠʥʠʯʝʩʢʠʤ ʫʣʫʯʰʝʥʠʝʤ. ʇʦʩʣʝʜʫʶʱʘʷ ʩʫʜʴʙʘ ʚʳʧʠʩʘʚʰʠʭʩʷ ʠʟ 

ʩʪʘʮʠʦʥʘʨʘ ʦʢʘʟʘʣʘʩʴ ʥʝʟʘʚʠʜʥʦʡ: ʫ 13 ʨʘʟʚʠʣʩʷ ʭʨʦʥʠʦʩʝʧʩʠʩ, ʦʪ ʢʦʪʦʨʦʛʦ ʦʥʠ ʚ ʙʣʠʞʘʡʰʠʝ 

2 ʛʦʜʘ ʫʰʣʠ ʠʟ ʞʠʟʥʠ, ʝʱʸ 32 ï ʧʦʛʠʙʣʠ ʦʪ ʧʝʨʝʜʦʟʠʨʦʚʢʠ ʥʘʨʢʦʪʠʢʦʚ, 5 ï ʧʦʢʦʥʯʠʣʠ ʞʠʟʥʴ 

ʩʘʤʦʫʙʠʡʩʪʚʦʤ. ʉʫʜʴʙʫ ʦʩʪʘʚʰʠʭʩʷ 13 ʯʝʣʦʚʝʢ ʧʨʦʩʣʝʜʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

ɺʳʚʦʜʳ: 

 ʆʪʩʫʪʩʪʚʠʝ ʩʨʝʜʠ ʚʨʘʯʝʡ ʨʘʟʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʝʨʤʠʥʦʣʦʛʠʠ, 

ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʣʝʯʝʥʠʶ ʩʝʧʩʠʩʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʟʜʥʝʡ ʚʝʨʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʠ 

ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʣʝʪʘʣʴʥʦʩʪʠ. 

 ʅʠʟʢʠʡ ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ ʧʘʮʠʝʥʪʦʚ ʠ ʧʨʠʝʤ ʥʘʨʢʦʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʯʝʪʘʥʥʳʡ ʧʨʝʜʨʘʩʧʦʣʘʛʘʶʱʠʡ ʬʘʢʪʦʨ ʨʘʟʚʠʪʠʷ ɺʉ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʛʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ. 

 ʏʘʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʘʥʪʠʙʠʦʪʠʢʦʪʝʨʘʧʠʠ ʥʝ ʠʤʝʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʫ ʚʳʞʠʚʰʠʭ ʠ ʫʤʝʨʰʠʭ ʙʦʣʴʥʳʭ ɺʉ. 
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ʈɽʅʊɻɽʅʆʃʆɻʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈ ʅɸʈʋɾʅʆʁ 

ʂʆʈʊʀʂɸʃʔʅʆʁ ʇʃɸʉʊʀʅʂʀ ʀ ʂɽʈɸʊʀʅʀɿʀʈʆɺɸʅʅʆʁ ɼɽʉʅʓ ɺ 

ʆɹʃɸʉʊʀ ʌʈʆʅʊɸʃʔʅʓʍ ɿʋɹʆɺ ɺɽʈʍʅɽʁ ʏɽʃʖʉʊʀ  

ʊʨʫʥʠʥ ɼ.ɸ., ʂʦʩʪʠʦʥʦʚʘ-ʆʚʦʜ ʀ.ɸ., ʅʝʩʪʝʨʦʚ ɸ.ʄ., 

 ʉʘʜʳʢʦʚ ʄ.ʀ., ʉʘʛʠʨʦʚ ʄ.ʈ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ 

 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ ʪʦʣʱʠʥʳ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʜʝʩʥʳ ʠ ʪʦʣʱʠʥʳ ʥʘʨʫʞʥʦʡ 

ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʫ ʬʨʦʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʟʫʙʦʚ ʥʘ ʚʝʨʭʥʝʡ ʯʝʣʶʩʪʠ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʪʦʜʘ ʂʊ-ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʦʚʝʜʝʥʦ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʪʠʧ ʜʝʩʥʳ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʥʘʨʫʞʥʘʷ ʢʦʨʪʠʢʘʣʴʥʘʷ 

ʧʣʘʩʪʠʥʢʘ.  

 

ɺ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʣʝʯʝʥʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʧʘʨʦʜʦʥʪʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʦʩʪʦʷʥʠʝ 

ʪʢʘʥʝʡ, ʦʢʨʫʞʘʶʱʠʭ ʟʫʙʳ [4]. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʤ ʥʘ ʫʩʧʝʭ ʧʨʦʚʦʜʠʤʦʛʦ 

ʣʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʣʱʠʥʘ ʧʨʠʢʨʝʧʣʝʥʥʦʡ ʜʝʩʥʳ [1]. ʊʦʣʱʠʥʘ ʜʝʩʥʳ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʣʝʯʝʥʠʷ ʨʝʮʝʩʩʠʠ ʜʝʩʥʳ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʝʝ 

ʣʝʯʝʥʠʷ [2,5]. 

ʏʪʦʙʳ ʧʨʝʜʩʢʘʟʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʣʝʯʝʥʠʷ ʪʢʘʥʝʡ ʧʘʨʦʜʦʥʪʘ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ 

ʜʝʩʥʳ, ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʦ, ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ ʤʷʛʢʠʭ ʠ ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ 

[3]. ʕʪʦ ʠ ʷʚʠʣʦʩʴ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ.  ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʥʠʤʘʣʦ ʫʯʘʩʪʠʝ 50 ʯʝʣʦʚʝʢ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʦʣʱʠʥʳ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʜʝʩʥʳ. ʇʘʮʠʝʥʪʳ ʙʳʣʠ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 

18 ʜʦ 60 ʣʝʪ ʙʝʟ ʚʠʜʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʚʦʩʧʘʣʝʥʠʷ ʪʢʘʥʝʡ ʧʘʨʦʜʦʥʪʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʦʣʱʠʥʦʡ ʥʘʨʫʞʥʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʠ 

ʙʠʦʪʠʧʦʤ ʜʝʩʥʳ, ʧʨʦʚʦʜʠʣʘʩʴ 3D ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʪʦʤʦʛʨʘʬ GALILEOS The Dental 

Company SIRONA). ʀʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʜʝʩʥʳ ʠ ʥʘʨʫʞʥʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʟʫʙʘʭ 1.1, 1.2, 1.3, 2.1, 2.2, 2.3.  

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʩʥʠʤʢʘʭ ʚʳʙʠʨʘʣʩʷ ʧʨʦʜʦʣʴʥʳʡ ʩʨʝʟ, ʢʦʪʦʨʳʡ ʤʝʟʠʦʜʠʩʪʘʣʴʥʦ 

ʨʘʟʜʝʣʷʣ ʢʦʨʦʥʢʫ ʟʫʙʘ ʥʘ 2 ʨʘʚʥʳʝ ʯʘʩʪʠ. ʀʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʜʝʩʥʳ ʠ ʥʘʨʫʞʥʦʡ 

ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ ʨʘʟʥʳʭ ʤʝʩʪʘʭ: ʥʘ ʫʨʦʚʥʝ ʚʝʨʰʠʥʳ ʘʣʴʚʝʦʣʷʨʥʦʛʦ 

ʛʨʝʙʥʷ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʠ 5 ʤʤ ʦʪ ʝʛʦ ʚʝʨʰʠʥʳ. ʈʘʩʩʪʦʷʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʣʱʠʥʳ ʢʝʨʘʪʝʥʠʟʠʨʦʚʘʥʥʦʡ ʜʝʩʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʩʥʠʤʢʦʤ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʩʠʣʠʢʦʥʦʚʳʡ ʢʣʶʯ ʧʦʚʪʦʨʷʶʱʠʡ ʘʥʘʪʦʤʠʶ 

ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ. ɺ ʩʠʣʠʢʦʥʦʚʳʡ ʢʣʶʯ (ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ ʜʝʩʥʳ) ʢʣʝʠʣʘʩʴ ʪʦʥʢʘʷ 

ʩʚʠʥʮʦʚʘʷ ʬʦʣʴʛʘ ʩ ʮʝʣʴʶ ʪʦʯʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʘʥʘʪʦʤʠʠ ʩʣʠʟʠʩʪʦʡ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʩʥʠʤʢʝ. 

ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʥʠʤʦʢ ʧʦʣʫʯʘʣʠ ʩ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʩʠʣʠʢʦʥʦʚʳʤ ʢʣʶʯʦʤ ʥʘ ʟʫʙʘʭ ʧʘʮʠʝʥʪʘ. 

ʊʦʣʱʠʥʫ ʚ 1,5 ʤʤ ʨʘʩʮʝʥʠʚʘʣʠ ʢʘʢ ʧʦʨʦʛ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʦʣʩʪʳʤ ʠ ʩʨʝʜʥʠʤ ʙʠʦʪʠʧʦʤ. 

ʊʦʣʱʠʥʫ ʚ 1 ʤʤ ʨʘʩʮʝʥʠʚʘʣʠ ʢʘʢ ʧʦʨʦʛ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʠ ʪʦʥʢʠʤ ʙʠʦʪʠʧʦʤ.  

ʈʝʟʫʣʴʪʘʪʳ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʳ ʚʳʷʚʠʣʠ, ʯʪʦ ʥʘʙʣʶʜʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ 

ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʝ ʥʘʨʫʞʥʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʟʫʙʘʭ. ʊʦʣʱʠʥʘ 

ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʙʦʢʦʚʳʭ ʨʝʟʮʦʚ ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʮʝʥʪʨʘʣʴʥʳʭ ʨʝʟʮʦʚ ʠ ʢʣʳʢʦʚ. 



ʅʘʠʤʝʥʴʰʫʶ ʪʦʣʱʠʥʫ ʥʘʨʫʞʥʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʢʣʳʢʘʭ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʦʣʱʠʥʳ ʜʝʩʥʳ, ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʦʜʠʥʘʢʦʚʳʤ, ʠ 

ʥʘʠʤʝʥʴʰʘʷ ʪʦʣʱʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʢʣʳʢʦʚ.  

ʉʦʛʣʘʩʥʦ ʥʘʰʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʩʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʥʘʨʫʞʥʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʥʘ 

ʮʝʥʪʨʘʣʴʥʳʭ, ʙʦʢʦʚʳʭ ʨʝʟʮʘʭ ʠ ʢʣʳʢʘʭ ʩʦʩʪʘʚʣʷʣʘ 0,77, 0,78 ʠ 0,71 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʮʝʣʦʤ, 

ʧʨʦʮʝʥʪ ʫʯʘʩʪʢʦʚ ʩ ʪʦʥʢʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʦʡ (<1 ʤʤ) ʙʳʣ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʠ ʩʦʩʪʘʚʠʣ 73% 

ʦʪ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʟʫʙʦʚ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʣʫʯʘʝʚ ʩ ʪʦʣʱʠʥʦʡ 

ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ Ó2 ʤʤ. ʂʨʦʤʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ ʜʝʩʥʳ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢ ʙʦʢʦʚʦʤʫ ʨʝʟʮʫ ʠ ʢʣʳʢʫ. ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʜʝʩʥʳ 

ʥʘ ʮʝʥʪʨʘʣʴʥʳʭ, ʙʦʢʦʚʳʭ ʨʝʟʮʘʭ ʠ ʢʣʳʢʘʭ ʩʦʩʪʘʚʣʷʣʘ 1,15, 1,05 ʠ 0,77 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʮʝʣʦʤ, ʧʨʦʮʝʥʪ ʫʯʘʩʪʢʦʚ ʩ ʪʦʥʢʦʡ ʜʝʩʥʦʡ (<1 ʤʤ) ʙʳʣ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʠ ʩʦʩʪʘʚʠʣ 68% ʦʪ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʟʫʙʦʚ. ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʩʣʫʯʘʝʚ ʩ ʪʦʣʱʠʥʦʡ ʜʝʩʥʳ Ó2 ʤʤ. 

ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʥʘʨʫʞʥʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʩʦʩʪʘʚʠʣʘ 0,75Ñ0,28 ʤʤ (ʜʠʘʧʘʟʦʥ ʦʪ 0,1 ʜʦ 

1,85 ʤʤ). ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʜʝʩʥʳ ʩʦʩʪʘʚʠʣʘ 0,99Ñ0,31 ʤʤ (ʜʠʘʧʘʟʦʥ 0,35-1,8 ʤʤ). 

ɺʳʚʦʜʳ: 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ ʥʘ ʢʘʞʜʦʤ 

ʫʨʦʚʥʝ ʠʟʤʝʨʝʥʠʷ ʩʭʦʜʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ, ʠ ʙʦʢʦʚʳʭ ʨʝʟʮʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʜʝʩʥʳ ʫʚʝʣʠʯʠʣʠʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʚʝʨʰʠʥʝ ʢʦʨʥʷ. 

ʊʦʣʱʠʥʘ ʥʘʨʫʞʥʦʡ ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʠʤʝʣʘ ʢʨʠʪʠʯʝʩʢʠ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʭ 

ʛʨʫʧʧ ʟʫʙʦʚ ʥʘ ʫʨʦʚʥʝ ʚʝʨʰʠʥʳ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʛʨʝʙʥʷ ʠ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʩʪʦʨʦʥʫ 

ʚʝʨʰʠʥʳ ʢʦʨʥʷ. ʉʘʤʘʷ ʪʦʥʢʘʷ ʢʦʨʪʠʢʘʣʴʥʘʷ ʧʣʘʩʪʠʥʢʘ ʠ ʜʝʩʥʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʣʳʢʘʭ. 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʜʝʩʥʳ ʩʚʷʟʘʥʘ ʩ ʪʦʣʱʠʥʦʡ 

ʢʦʨʪʠʢʘʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ANALYSIS OF THE RELA TIONSHIP BETWEEN THE  STATE OF THE GUMS OF 

DIFFERENT BIO TYPES AND THE EXTERN AL CORTICAL PLATE  

Trunin D.A., Kostinova-Ovod I.A., Nesterov A.M., Sadykov M.I., Sagirov M.R. 

Samara state medical University, Samara 

 

The article analyzes the relationship between the thickness of the attached gum and the thickness of 

the external cortical plate in the frontal group of teeth using the CT-diagnostics method. The results 

were discussed and conclusions were made. 

Key words: gum biotype, computed tomography, external cortical plate.  
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ɻʀʉʊʆʃʆɻʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ʇʈʀʄɽʅɽʅʀʗ ʀʄʇʈɽɻʅʀʈʆɺɸʅʅʆɻʆ 

ɸʅʊʀɹʀʆʊʀʂʆʄ ʂʆʉʊʅʆɻʆ ɸʃʃʆʊʈɸʅʉʇʃɸʅʊɸʊɸ ʅɸ ʄʆɼɽʃʀ 

ʆʉʊɽʆʄʀɽʃʀʊɸ 

ʊʫʣʝʫʙʘʝʚ ɹ. ɽ., ʂʦʰʘʥʦʚʘ ɸ. ɸ., ʉʘʛʠʥʦʚʘ ɼ. ɸ., ʂʘʤʙʘʨʭʘʥʦʚ ɹ. ʂ., ʂʘʤʳʰʘʥʩʢʠʡ 

ɽ. ʂ. 

ʅɸʆ çʄʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʂʘʨʘʛʘʥʜʳè, ʂʘʨʘʛʘʥʜʘ 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʦʩʪʝʦʤʠʝʣʠʪʘ, ʢʦʩʪʥʳʝ ʘʣʣʦʪʨʘʥʩʧʣʘʥʪʘʪʳ, ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ 

ʤʘʪʝʨʠʘʣ. 

 

ɺʝʜʝʥʠʝ. ʍʨʦʥʠʯʝʩʢʠʡ ʦʩʪʝʦʤʠʝʣʠʪ-ʵʪʦ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʚ ʤʝʜʠʮʠʥʝ. ʃʝʯʝʥʠʝ ʵʪʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʜʦʨʦʞʝ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʚʩʝʛʦ ʤʠʨʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʦʠʩʢʝ ʥʦʚʳʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʛʦ ʦʩʪʝʦʤʠʝʣʠʪʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʟʘʨʫʙʝʞʥʳʡ 

ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝ ʠʟʣʦʞʝʥʥʳʤ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʙʝʟʦʧʘʩʥʳʤʠ, ʧʦʣʝʟʥʳʤʠ ʠ 

ʜʝʰʝʚʳʤʠ ʢʘʢ ʜʣʷ ʢʣʠʥʠʢ, ʪʘʢ ʠ ʜʣʷ ʧʘʮʠʝʥʪʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ-ʦʮʝʥʠʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʦʛʦ ʘʥʪʠʙʠʦʪʠʢʦʤ ʢʦʩʪʥʦʛʦ ʘʣʣʦʪʨʘʥʩʧʣʘʥʪʘʪʘ ʥʘ ʤʦʜʝʣʠ ʦʩʪʝʦʤʠʝʣʠʪʘ. 

ʄʝʪʦʜʳ. ɹʳʣʘ ʩʦʟʜʘʥʘ ʠ ʧʨʦʣʝʯʝʥʘ ʤʦʜʝʣʴ ʭʨʦʥʠʯʝʩʢʦʛʦ ʦʩʪʝʦʤʠʝʣʠʪʘ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ɺʩʝ ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʙʳʣʠ ʦʜʦʙʨʝʥʳ ʠ ʚʳʧʦʣʥʝʥʳ 

ʂʦʤʠʪʝʪʦʤ ʙʠʦʵʪʠʢʠ ʅɸʆ "ʄʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʂʘʨʘʛʘʥʜʳ". ɺ ʢʘʯʝʩʪʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 42 ʙʝʩʧʦʨʦʜʥʳʭ ʢʨʦʣʠʢʘ. ʆʩʪʝʦʤʠʝʣʠʪ 

ʙʳʣ ʚʳʟʚʘʥ S. aureus ʚ ʜʠʩʪʘʣʴʥʦʤ ʦʪʜʝʣʝ ʙʝʜʨʝʥʥʦʡ ʢʦʩʪʠ. ɺʩʝ ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʛʨʫʧʧʳ ʩʦʛʣʘʩʥʦ ʧʨʠʤʝʥʝʥʦʛʦ ʤʝʪʦʜʘ ʣʝʯʝʥʠʷ. ɺ 1-ʡ ʛʨʫʧʧʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʩʪʥʳʡ 

ʘʣʣʦʪʨʘʥʩʧʣʘʥʪʘʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ɺʦ 2-ʡ ʛʨʫʧʧʝ ʢʦʩʪʥʳʝ ʜʝʬʝʢʪʳ ʟʘʧʦʣʥʷʣʠ 

ʧʨʦʧʠʪʘʥʥʳʤ ʘʥʪʠʙʠʦʪʠʢʦʤ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ ʢʦʩʪʥʳʤ ʘʣʣʦʪʨʘʥʩʧʣʘʥʪʘʪʦʤ, ʢʦʪʦʨʳʡ 

ʠʤʧʨʝʛʥʠʨʦʚʘʣʠ ʘʥʪʠʙʠʦʪʠʢʦʤ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʘʧʧʘʨʘʪʝ ñLOBATOR SD-2ò. 

ɺ 3-ʡ ʛʨʫʧʧʝ ʢʦʩʪʥʳʝ ʜʝʬʝʢʪʳ ʟʘʧʦʣʥʷʣʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʤ ʢʦʩʪʥʳʤ ʘʣʣʦʪʨʘʥʩʧʣʘʥʪʘʪʦʤ, 

ʢʦʪʦʨʳʡ ʩʚʘʨʠʣʠ ʚʤʝʩʪʝ ʩ ʘʥʪʠʙʠʦʪʠʢʦʤ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʚ ʘʧʧʘʨʘʪʝ ñ LOBATOR SD-2ò. 

ɺ 4-ʡ ʛʨʫʧʧʝ ʢʦʩʪʥʳʝ ʜʝʬʝʢʪʳ ʟʘʧʦʣʥʷʣʠʩʴ ʧʨʦʧʠʪʘʥʥʳʤ ʘʥʪʠʙʠʦʪʠʢʘʤʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ñPerOssalò. ɺ 5-ʡ ʛʨʫʧʧʝ ʢʦʩʪʥʳʝ ʜʝʬʝʢʪʳ ʟʘʧʦʣʥʷʣʠ ʧʨʦʧʠʪʘʥʥʳʤ ʘʥʪʠʙʠʦʪʠʢʦʤ 

ʮʝʣʴʥʳʤ ʢʦʩʪʥʳʤ ʘʣʣʦʪʨʘʥʩʧʣʘʥʪʘʪʦʤ, ʢʦʪʦʨʳʡ ʠʤʧʨʝʛʥʠʨʦʚʘʣʠ ʘʥʪʠʙʠʦʪʠʢʦʤ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʘʧʧʘʨʘʪʝ ñ LOBATOR SD-2ò. ɾʠʚʦʪʥʳʭ ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʯʝʨʝʟ 6 ʠ 12 ʥʝʜʝʣʴ. 

ʈʝʟʫʣʴʪʘʪʳ. ɺ 1-ʡ ʛʨʫʧʧʝ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʣʝʯʝʥʠʷ ʩʦʭʨʘʥʷʣʦʩʴ ʧʦʚʨʝʞʜʝʥʠʝ 

ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʩʪʝʦʤʠʝʣʠʪʘ. ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ, ʛʜʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʩʪʥʳʝ ʘʣʣʦʪʨʘʥʩʧʣʘʥʪʘʪʳ ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ñPerOssalò, 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʙʳʣʘ ʨʘʩʮʝʥʝʥʘ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʘʷ. ʇʨʠʟʥʘʢʠ ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʦʩʪʝʦʤʠʝʣʠʪʘ ʨʝʛʨʝʩʩʠʨʦʚʘʣʠ ʢ 12 ʥʝʜʝʣʝ, ʯʪʦ ʜʦʢʘʟʘʥʦ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ. 

ɺʳʚʦʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ "PerOssal" ʧʦʣʝʟʝʥ ʧʨʠ 

ʣʝʯʝʥʠʠ ʭʨʦʥʠʯʝʩʢʦʛʦ ʦʩʪʝʦʤʠʝʣʠʪʘ, ʢʦʩʪʥʳʝ ʘʣʣʦʪʨʘʥʩʧʣʘʥʪʘʪʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʘʢʪʠʚʥʦʝ 

ʢʦʩʪʥʦʝ ʨʝʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʦʯʘʛʝ ʧʦʨʘʞʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʜʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʙʫʝʪ ʧʨʦʜʦʣʞʝʥʠʷ.  
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ʂʆʄʀʏɽʉʂʆɽ ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ɸɼɸʇʊɸʎʀʀ ɸʋɼʀʊʆʈʀʀ ʂ 

ʇʋɹʃʀʎʀʉʊʀʏɽʉʂʆʄʋ ɼʀʉʂʋʈʉʋ ʈʆʉʉʀʁʉʂʀʍ ʉʄʀ 

ʐʫʨʭʘʝʚ ɸ.ʀ. 

ʎʝʥʪʨ ʚʥʝʰʢʦʣʴʥʦʡ ʨʘʙʦʪʳ ʇʨʠʚʦʣʞʩʢʦʛʦ ʨʘʡʦʥʘ, ʂʘʟʘʥʴ, 

 

ʅʦʚʝʡʰʘʷ ʵʧʦʭʘ ʥʘ ʩʪʳʢʝ 20 ʠ 21 ʚʝʢʦʚ ʚ ʩʠʣʫ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʮʠʘʣʴʥʦ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʢʘʪʘʢʣʠʟʤʦʚ ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʩʦʮʠʫʤʝ, ʧʦʪʨʝʙʦʚʘʣʘ ʦʪ ʧʫʙʣʠʮʠʩʪʠʢʠ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʥʘʣʠʟʘ, ʥʦʚʳʭ ʙʦʣʝʝ ʵʤʦʮʠʦʥʘʣʴʥʦ-ʵʢʩʧʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʩʪʘʚʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʢ ʘʫʜʠʪʦʨʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʣʦ ʢʦʤʠʯʝʩʢʦʝ ʚ ʩʘʤʳʭ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʠ ʤʦʜʠʬʠʢʘʮʠʷʭ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʫʙʣʠʮʠʩʪʠʢʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʵʢʩʧʨʝʩʩʠʷ, ʢʦʤʠʯʝʩʢʦʝ, ʩʦʮʠʫʤ, 

ʞʫʨʥʘʣʠʩʪʠʢʘ, ʘʫʜʠʪʦʨʠʷ, ʠʥʬʦʨʤʘʮʠʷ. 

 

ʂʦʤʠʯʝʩʢʦʝ (ʦʪ ʛʨʝʯ. koik·s ð ʚʝʩʸʣʳʡ, ʩʤʝʰʥʦʡ) ʛʣʫʙʦʢʦ ʧʫʙʣʠʮʠʩʪʠʯʥʦ, ʠ ʩʪʘʥʦʚʷʩʴ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʞʫʨʥʘʣʠʩʪʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʘʫʜʠʪʦʨʠʝʡ ʧʦʜʘʥʥʦʛʦ ʝʡ ʬʘʢʪʘ. ɼʘʥʥʘʷ ʵʩʪʝʪʠʯʝʩʢʘʷ ʢʘʪʝʛʦʨʠʷ ʧʨʠʚʣʝʢʘʣʘ ʠ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʥʝ ʦʜʥʦ ʧʦʢʦʣʝʥʠʝ ʫʯʝʥʳʭ ʠ ʧʠʩʘʪʝʣʝʡ. ɺ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝʤ ʢʦʤʠʯʝʩʢʦʛʦ 

ʟʘʥʠʤʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʬʠʣʦʩʦʬʳ ʠ ʣʠʪʝʨʘʪʫʨʦʚʝʜʳ: 

ʉʦʢʨʘʪ, ʇʣʘʪʦʥ, ɸʨʠʩʪʦʪʝʣʴ, ɼʝʢʘʨʪ, ɹʝʨʛʩʦʥ, ʂʘʥʪ, ɻʝʛʝʣʴ, ɾʘʥ ʇʦʣʴ,  

ɹ. ɼʟʝʤʠʜʦʢ, ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʠʡ, ɺ.ɻ. ɹʝʣʠʥʩʢʠʡ, ɺ.ʗ.ʇʨʦʧʧ, ʖ. ɹʦʨʝʚ, ɺ.ɸ.ɹʘʭʪʠʥ, 

ʅ.ɸ.ɻʫʣʷʝʚ, ɸ.ɺʫʣʠʩ, ʀ.ʂ. ɺʣʘʩʦʚʘ, ʃ.ɺ.ʂʘʨʘʩʝʚ, ʇ.ɹ.ʂʦʨʪʝʚʘ, ɸ.ɺ.ʂʫʢʘʨʢʠʥ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ʄ.ʄ.ɹʘʭʪʠʥ, ʨʘʩʩʫʞʜʘʷ ʦ ʢʦʤʠʯʝʩʢʦʤ ʜʘʝʪ ʪʘʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʤʝʭʫ ʢʘʢ 

ʧʨʦʠʟʚʦʜʥʦʡ ʢʘʪʝʛʦʨʠʠ ʢʦʤʠʯʝʩʢʦʛʦ: çʕʪʦ ʦʩʦʙʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʥʘ ʤʠʨ, 

ʚʠʜʷʱʘʷ ʤʠʨ ʧʦ ʠʥʦʤʫ, ʥʦ ʥʝ ʤʝʥʝʝ (ʝʩʣʠ ʥʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʝʤ ʩʝʨʴʝʟʥʦʩʪʴè [1,ʉ.134]. 

ɺ ʵʪʠʭ ʩʣʦʚʘʭ ʫʯʝʥʦʛʦ ʧʦ ʩʫʪʠ ʫʞʝ ʟʘʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʦʤʠʯʝʩʢʦʝ ʢʘʢ ʦʩʦʙʳʡ ʨʝʩʫʨʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʛʣʫʙʣʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʬʘʢʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʠʯʝʩʢʦʝ ʢʘʢ ʦʙʦʨʦʪʥʘʷ ʩʪʦʨʦʥʘ ʩʝʨʴʝʟʥʦʛʦ ʩʧʦʩʦʙʥʦ ʪʘʢ ʞʝ, ʘ ʧʦʨʦʡ ʠ ʙʦʣʝʝ 

ʧʨʦʜʫʢʪʠʚʥʦ, ʜʘʚʘʪʴ ʦʮʝʥʢʫ ʣʶʙʦʤʫ ʷʚʣʝʥʠʶ ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʦʡ ʤʳʩʣʠ.  

ʆʧʠʨʘʷʩʴ ʥʘ ʜʘʥʥʦʝ ʚʳʩʢʘʟʳʚʘʥʠʝ ʫʯʝʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ, ʩʦʚʨʝʤʝʥʥʘʷ 

ʞʫʨʥʘʣʠʩʪʠʢʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ ʩʤʝʣʝʝ 

ʚʚʦʜʠʪʴ ʝʛʦ ʚ ʢʦʥʪʝʢʩʪ ʩʦʚʨʝʤʝʥʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʧʫʙʣʠʮʠʩʪʠʢʠ. ʅʝʚʝʨʥʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ 

ʢʦʤʠʯʝʩʢʦʝ ʧʨʦʩʪʦ ʨʘʟʚʣʝʯʝʥʠʝ, ʥʘʦʙʦʨʦʪ ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʨʝʮʠʧʠʝʥʪʫ ʫʚʠʜʝʪʴ ʵʪʦ çʩʝʨʴʝʟʥʦʝè 

ʯʝʨʝʟ ʝʛʦ çʥʝʦʞʠʜʘʥʥʦʝè ʠʟʦʙʨʘʞʝʥʠʝ. 

ʂʦʤʠʟʤ ʪʘ ʞʝ ʩʝʨʴʝʟʥʦʩʪʴ ʥʦ ʚ ʠʥʦʤ ʝʝ ʦʙʣʠʯʠʠ. ʊʦ ʝʩʪʴ ʢʦʤʠʯʝʩʢʦʝ ʚ ʧʫʙʣʠʮʠʩʪʠʢʝ 

ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʠʪʝʪʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ, ʦʨʫʞʠʝʤ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ, ʜʘʶʱʠʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʷʨʢʦ, ʜʦʭʦʜʯʠʚʦ, ʘ ʛʣʘʚʥʦʝ ʥʘ ʚʳʩʦʢʦʤ ʵʢʩʧʨʝʩʩʠʚʥʦʤ, ʘ ʟʥʘʯʠʪ ʠ ʧʦʚʳʰʝʥʥʦ-

ʢʦʤʧʝʥʩʘʪʦʨʥʦʤ ʫʨʦʚʥʝ ʚʦʩʧʨʠʥʠʤʘʪʴ ʤʘʪʝʨʠʘʣ ʞʫʨʥʘʣʠʩʪʘ. ɼʘʥʥʘʷ ʵʩʪʝʪʠʯʝʩʢʘʷ ʢʘʪʝʛʦʨʠʷ 

ʙʣʠʟʢʘ, ʠʟʦʤʦʨʬʥʘ ʯʠʪʘʪʝʣʶ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʛʦ ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʤ ʦʞʠʜʘʥʠʷʤ, ʝʛʦ ʬʦʥʦʚʳʝ 

ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɼʦʤʠʥʘʥʪʦʡ ʢʦʤʠʯʝʩʢʦʛʦ ʚ ʢʦʥʪʝʢʩʪʝ ʧʫʙʣʠʮʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ ʦʪʥʶʜʴ ʥʝ ʝʛʦ 

ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʭʦʪʷ ʠ ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʣʶʩʦʤ, ʘ ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ, ʦʩʦʙʳʡ ʤʝʭʘʥʠʟʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʥʘʩ ʤʠʨʘ, ʩʧʦʩʦʙʥʳʡ ʷʨʢʦ, 

ʦʙʨʘʟʥʦ, ʥʘ ʩʚʦʝʤ ʷʟʳʢʝ ʨʘʩʩʢʘʟʘʪʴ ʠ ʫʢʘʟʘʪʴ ʥʘ ʣʶʙʦʡ ʞʠʟʥʝʥʥʳʡ ʬʘʢʪ. ɼʘʪʴ ʝʤʫ 



ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʚʝʜʷ ʜʘʥʥʳʡ ʬʘʢʪ ʯʝʨʝʟ çʵʤʦʮʠʦʥʘʣʴʥʳʡ ʬʠʣʴʪʨè, ʘ ʟʥʘʯʠʪ, ʧʨʠʙʣʠʟʠʚ ʝʛʦ 

ʢ ʯʠʪʘʪʝʣʶ, ʪʘʢ ʢʘʢ ʵʤʦʮʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʦʝ ʚʩʝʛʜʘ ʧʦʚʳʰʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ.  

ʇʨʠʯʝʤ ʜʝʣʘʷ ʵʪʦ ʚʝʩʝʣʦ ʯʝʨʝʟ ʜʦʤʠʥʘʥʪʫ ʩʤʝʭʘ, ʢʦʪʦʨʳʡ, ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʦʩʦʙʳʤ 

ʦʨʫʜʠʝʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ çʷʜʨʘè ʬʘʢʪʘ ʠʩʪʠʥʳ ʢʦʪʦʨʫʶ ʦʥ ʥʝʩʝʪ ʚ ʩʝʙʝ. ʊʘʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʩʤʝʭʫ ʢʘʢ ʧʨʦʠʟʚʦʜʥʦʤʫ ʢʦʤʠʯʝʩʢʦʛʦ ʜʘʝʪ ʠʟʚʝʩʪʥʳʡ ʬʠʣʦʣʦʛ - ʬʦʣʴʢʣʦʨʠʩʪ ɺ. ʗ. ʇʨʦʧʧ: 

çʉʤʝʭ ʥʝ ʚʥʝʰʥʷʷ, ʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʬʦʨʤʘ, ʢʦʪʦʨʫʶ ʥʝʣʴʟʷ ʩʤʝʥʠʪʴ ʥʘ 

ʩʝʨʴʝʟʥʦʩʪʴ, ʥʝ ʫʥʠʯʪʦʞʠʚ ʠ ʥʝ ʧʦʢʘʟʘʚ ʩʘʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʢʨʳʪʦʡ ʩʤʝʭʦʤ ʠʩʪʠʥʳè [2, ʉ. 

105]. 

ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʩʣʝʜʫʶʱʘʷ ʤʳʩʣʴ, ʯʪʦ ʩʤʝʭ (ʢʦʤʠʟʤ) ʧʦ ʩʚʦʝʡ ʦʥʪʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʩʫʨʩʦʤ, ʨʘʩʢʨʳʚʘʶʱʠʤ çʠʩʪʠʥʫè, ʪʦ ʝʩʪʴ ʜʘʶʱʠʤ ʩʚʦʶ ʦʨʠʛʠʥʘʣʴʥʫʶ 

ʪʨʘʢʪʦʚʢʫ ʧʫʙʣʠʮʠʩʪʠʯʝʩʢʦʤʫ ʬʘʢʪʫ. ʀʤʝʥʥʦ ʦʩʦʙʘʷ ʚʥʫʪʨʝʥʥʷʷ ʩʠʣʘ çʩʧʨʷʪʘʥʥʘʷè ʚ 

ʢʦʤʠʯʝʩʢʦʤ, ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʦʡ ʠ ʧʦʥʷʪʥʦʡ, ʫʜʦʙʥʦʡ ʠ ʧʨʠʪʷʛʘʪʝʣʴʥʦʡ, ʵʩʪʝʪʠʯʝʩʢʠ 

ʢʦʤʬʦʨʪʥʦʡ, ʘ ʟʥʘʯʠʪ ʠ ʧʦʚʳʰʝʥʥʦ ʨʝʣʷʪʠʚʥʦʡ ʜʣʷ ʨʝʮʠʧʠʝʥʪʘ.  

ʉʤʝʷʩʴ ʯʝʣʦʚʝʢ, ʥʘʯʠʥʘʝʪ ʚʠʜʝʪʴ ʤʠʨ ʚ ʥʦʚʦʤ ʨʘʢʫʨʩʝ, ʟʘʤʝʯʘʝʪ ʥʝʜʦʩʪʘʪʢʠ, ʢʘʢ 

ʦʪʜʝʣʴʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʟʘʤʝʯʘʣ. ʆʩʦʙʦʝ ʚʠʜʝʥʠʝ ʤʠʨʘ, 

ʥʝʦʞʠʜʘʥʥʳʡ ʧʨʦʨʳʚ ʢ ʦʪʢʨʳʪʠʶ ʠʩʪʠʥʳ, ʦʨʠʛʠʥʘʣʴʥʘʷ, ʘ ʯʘʩʪʦ ʠ ʵʢʩʢʣʶʟʠʚʥʘʷ ʧʦʜʘʯʘ 

ʦʙʱʝʩʪʚʝʥʥʦ ʟʥʘʯʠʤʦʛʦ ʬʘʢʪʘ ʚ ʝʛʦ ʦʩʦʙʦʡ çʵʩʪʝʪʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝè ʝʩʪʴ ʚʝʩʢʠʡ ʘʨʛʫʤʝʥʪ 

ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʢʦʤʠʯʝʩʢʦʛʦ ʚ ʧʫʙʣʠʮʠʩʪʠʢʫ.  

ʕʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʤʝʭ ʜʝʡʩʪʚʝʥʥʦʝ ʦʨʫʜʠʝ ʘʥʘʣʠʟʘ ʬʘʢʪʘ, ʜʘʶʱʝʝ ʝʤʫ 

ʩʚʦʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ, çʦʪʢʨʳʚʘʶʱʝʝè ʵʪʦʪ ʬʘʢʪ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚ - ʥʦ ʠ ʦʨʠʛʠʥʘʣʴʥʦ. ɺ 

ʧʫʙʣʠʮʠʩʪʠʢʝ ʚʘʞʥʦ, ʯʪʦ ʠʜʝʡʥʦʡ ʜʦʤʠʥʘʥʪʦʡ ʢʦʤʠʯʝʩ - ʢʦʛʦ ʝʝ ʢʦʥʪʝʢʩʪʘ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʯʝʣʦʚʝʢ. ʏʝʣʦʚʝʢ, ʢʘʢ ʦʙʲʝʢʪ, ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʟʘʨʦʞʜʝʥʠʷ ʢʦʤʠʟʤʘ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʝʛʦ 

ʠʧʦʩʪʘʩʷʭ. ʏʝʨʝʟ ʢʦʤʠʟʤ ʨʘʟʣʠʯʥʳʝ ʝʛʦ ʬʦʨʤʳ ʠ ʞʘʥʨʳ ʞʫʨʥʘʣʠʩʪ ʩʧʦʩʦʙʝʥ ʩʦʮʠʘʣʠʟʠʨʦʚʘʪʴ 

ʠʜʝʶ ʚ ʝʝ ʥʝʥʘʚʷʟʯʠʚʦʡ ʵʩʪʝʪʠʯʝʩʢʠ ʢʦʤʬʦʨʪʥʦʡ ʜʣʷ ʨʝʮʠʧʠʝʥʪʘ çʫʧʘʢʦʚʢʝè. ʖ. ɹʦʨʝʚ 

ʩʯʠʪʘʝʪ ʯʪʦ: çʉʤʝʭ ï ʤʦʛʫʯʝʝ ʩʨʝʜʩʪʚʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʛʨʦʟʥʦʝ ʠ ʛʫʤʘʥʥʦʝ 

ʦʨʫʞʠʝè [3, ʉ.91]. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɹʘʭʪʠʥ ʄ.ʄ. ʊʚʦʨʯʝʩʪʚʦ ʌʨʘʥʩʫʘ ʈʘʙʣʝ. / ʅʘʨʦʜʥʘʷ ʢʫʣʴʪʫʨʘ ʩʨʝʜʥʝʚʝʢʦʚʴʷ ʠ 

ʈʝʥʝʩʩʘʥʩʘè. / ʄ.ʄ.ɹʘʭʪʠʥ. - ʄ.: ʀʟʜ. çʍʫʜ. ʣʠʪè, 1965. ï 134 ʩ. 

2. ʇʨʦʧʧ ɺ.ʗ. ʇʨʦʙʣʝʤʳ ʢʦʤʠʟʤʘ ʠ ʩʤʝʭʘ. / ɺ.ʗ.ʇʨʦʧʧ.- ʄ.: çʀʩʢʫʩʩʪʚʦè, 1976.- 

105 ʩ. 

3. ɹʦʨʝʚ ʖ. ʕʩʪʝʪʠʢʘ. / ʖ.ɹʦʨʝʚ.- ʄ.: ʀʟʜ. ʇʦʣʠʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1975.- 91ʩ. 

 

COMIC AS A TOOL FOR ADAPTING THE AUDIENC E TO THE PUBLICISTIC  

DISCOURSE OF THE RUSSIAN MEDIA  

Suraev A. I. 

 

The modern era at the junction of the 20th and 21st centuries, due to certain socio-political 

cataclysms that occurred in society, demanded from journalism qualitatively new tools of analysis, 

new more emotional and expressive technologies for delivering information to the audience. One of 

these tools was the comic in various forms and modifications of its existence. 

Key words: journalism, interpretation, expression, comic, society, journalism, audience, information. 
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ʈɸɿʈɸɹʆʊʂɸ ʇʆʃʋʏɽʅʀʗ ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʃɽʂɸʈʉʊɺɽʅʅʆɻʆ 

ʉʈɽɼʉʊɺɸ ʅɸ ʆʉʅʆɺɽ ʎʀʇʈʆʌʃʆʂʉɸʎʀʅɸ, ʀʅʂɸʇʉʋʃʀʈʆɺɸʅʅʆɻʆ ɺ 

ʄɸɻʅʀʊʆʋʇʈɸɺʃʗɽʄʓʁ ʂɸʈɹʆʅɸʊʅʓʁ ʅɸʅʆʂʆʄʇʆɿʀʊ, 

 ɼʃʗ ʊɽʈɸʇʀʀ ɺʆʉʇɸʃɽʅʀʗ, ɸʉʉʆʎʀʀʈʆɺɸʅʅʆɻʆ ʉ ɹɸʂʊɽʈʀɸʃʔʅʓʄʀ 

ɹʀʆʇʃɽʅʂɸʄʀ 

ɸʥʜʨʝʝʚʘ ʖ.ʀ., ɼʨʦʟʜʦʚ ɸ.ʉ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʇʨʦʚʝʜʝʥʦ ʜʦʢʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʧʨʝʧʘʨʘʪʦʚ: 

ʤʘʛʥʠʪʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤ 

ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʦʤ ʜʣʷ ʵʪʠʦʪʨʦʧʥʦʡ ʪʝʨʘʧʠʠ ʚʦʩʧʘʣʝʥʠʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʙʠʦʧʣʝʥʢʘʤʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʘʪʦʛʝʥʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʦʟʠʪ, ʙʠʦʧʣʝʥʢʠ, ʙʘʢʪʝʨʠʠ. 

 

ɸʥʪʠʤʠʢʨʦʙʥʘʷ ʪʝʨʘʧʠʷ ʧʨʦʪʠʚ ʙʠʦʧʣʝʥʦʢ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʳʯʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚ ʩʚʦʙʦʜʥʦ ʧʣʘʚʘʶʱʠʭ (ʧʣʘʥʢʪʦʥʥʳʭ) 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʘʢʪʝʨʠʠ ʚ ʩʦʩʪʘʚʝ ʙʠʦʧʣʝʥʦʢ ʚ 100-1000 ʨʘʟ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦ ʚʩʝʤ ʧʨʝʧʘʨʘʪʘʤ, ʘ ʪʘʢʞʝ ʠʤʤʫʥʥʦʤʫ ʦʪʚʝʪʫ ʩʦ ʩʪʦʨʦʥʳ 

ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ; ʩʦʚʨʝʤʝʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʣʝʯʝʥʠʷ ʦʩʪʘʝʪʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʡ (Gilbertetal. 1997; 

Hall-Stoodleyetal. 2004; Grishin et al. 2013)  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʙʠʦʧʣʝʥʦʢ. ɺ ʦʪʥʦʰʝʥʠʠ ʠʤʧʣʘʥʪʠʨʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦ ʩʠʭ 

ʧʦʨ ʩʘʤʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʙʦʨʴʙʳ ʩ ʙʠʦʧʣʝʥʢʘʤʠ ʦʩʪʘʝʪʩʷ ʪʨʘʚʤʘʪʠʯʝʩʢʦʝ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʫʜʘʣʝʥʠʝ ʠʣʠ ʠʭ ʟʘʤʝʥʘ (Bouza et al. 1999; Mermel et al. 2009; Hoiby et al. 2010; 

Lebeaux et al. 2014; Percival et al. 2015). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ 

ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʝʨʘʧʠʠ ʚʦʩʧʘʣʝʥʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʙʠʦʧʣʝʥʢʘʤʠ [1-3]. 

ʆʙʲʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʣʠʦʬʠʣʠʟʘʪ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʦʛʦ ʙʠʦʮʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʘʤʦʨʬʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʠ 

ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ ʠ ʵʥʪʨʘʧʠʨʦʚʘʥʥʦʛʦ ʚ ʥʝʛʦ ʘʥʪʠʙʠʦʪʠʢʘ ʬʪʦʨʭʠʥʦʣʠʥʦʚʦʛʦ ʨʷʜʘ. ɺ 

ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʬʪʦʨʭʠʥʦʣʠʥ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʮʠʧʨʦʬʣʦʢʩʘʮʠʥ. (ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʚ 

ʥʘʥʦʢʦʤʧʦʟʠʪʝ 5 % ʤʘʩʩ). 

ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ: ʤʘʛʥʠʪʥʳʡ 

ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ (ʬʘʪʝʨʠʪʘ) ʩ ʘʥʪʠʙʠʦʪʠʢʦʤ 

ʬʪʦʨʭʠʥʦʣʠʥʦʚʦʛʦ ʨʷʜʘ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʩʦʢʦʥʜʝʥʩʘʮʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʣʫʯʘʶʪ ʩʪʘʙʠʣʴʥʳʡ ʛʠʜʨʦʟʦʣʴ ʥʘʥʦʯʘʩʪʠʮ ʤʘʛʥʝʪʠʪʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʩʤʝʰʠʚʘʶʪ ʝʛʦ ʩ ʨʘʩʪʚʦʨʦʤ ʘʥʪʠʙʠʦʪʠʢʘ ʠ ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʢ ʨʘʩʪʚʦʨʫ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʶʪ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʘʨʙʦʥʘʪʘ 

ʥʘʪʨʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʥʫʢʣʝʘʮʠʷ ʯʘʩʪʠʮ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʚʦʢʨʫʛ ʥʘʥʦʯʘʩʪʠʮ 

ʤʘʛʥʝʪʠʪʘ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʯʘʩʪʠʮ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ, ʚ ʚʠʜʝ ʬʘʪʝʨʠʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʯʘʩʪʠʮ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʤʦʣʝʢʫʣʳ 

ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ 



ʦʩʪʘʪʢʘʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʛʨʫʧʧ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, ʠ ʦʢʘʟʳʚʘʶʪʩʷ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʚʥʫʪʨʠ ʧʦʨ ʨʘʩʪʫʱʝʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʬʨʘʢʮʠʦʥʠʨʫʶʪ, ʚʳʜʝʣʷʷ ʯʘʩʪʠʮʳ 

ʤʝʥʝʝ 1 ʤʢʤ, ʠ ʧʦʜʚʝʨʛʘʶʪ ʣʠʦʬʠʣʴʥʦʤʫ ʚʳʩʫʰʠʚʘʥʠʶ. ʃʠʦʬʠʣʠʟʘʪ ʭʨʘʥʠʪʩʷ ʚ ʩʪʝʨʠʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +40ʉ ʜʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʚ 

ʩʪʝʨʠʣʴʥʫʶ ʝʤʢʦʩʪʴ ʩ ʥʘʥʦʤʘʪʝʨʠʘʣʦʤ ʜʦʙʘʚʣʷʝʪʩʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʣʣʦʠʜʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10 ʤʛ/ʤʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʮʠʧʨʦʬʣʦʢʩʘʮʠʥʘ 0,5 ʤʛ/ʤʣ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 25-35%, ʧʨʠ 

ʵʪʦʤ ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʩʪʘʜʠʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʘʛʨʝʛʘʪʦʚ. 
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DEVELOPMENT OF OBTAI NING AN INNOVATIVE M EDICINE BASED ON 

CYPROFLOXACIN INCAPS ULATED IN A MAGNETIC  CONTROLLED CARBONAT E 

NANOCOMPOSIT FOR THE  INFLAMMATION THERAP Y ASSOCIATED WITH 

BACOPERINAL  

Andreeva Yu.I., Drozdov A.S. 

National Research University ITMO, St. Petersburg 

 

A preclinical study of a new class of antimicrobial agents was carried out: a magnetic ceramic 

nanocomposite material with encapsulated ciprofloxacin for the etiotropic therapy of inflammation 

associated with biofilms formed by pathogenic bacteria. 

Key words: magnetic composite, biofilms, bacteria. 
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ʄɽʊʆɼʓ ɼʆɹʓʏʀ ʅɽʌʊʀ 

ɹʦʨʦʥʠʥʘ ʖ.ʉ., ʑʝʪʠʥʠʥʘ ɼ.ʉ., ɹʦʯʢʘʨʝʚʘ ʀ.ɸ. 

ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʆʨʝʥʙʫʨʛ 

 

ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʳ ʜʦʙʳʯʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ, ʥʝʬʪʴ, ʵʥʝʨʛʠʷ 

 

ʅʝʬʪʝʜʦʙʳʯʘ ð ʦʪʨʘʩʣʴ ʵʢʦʥʦʤʠʢʠ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʜʦʙʳʯʝʡ ʧʨʠʨʦʜʥʦʛʦ ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ ð ʥʝʬʪʠ. ʅʝʬʪʝʜʦʙʳʯʘ ð ʩʣʦʞʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ 

ʩʝʙʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʫ, ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʠ ʠʭ ʨʝʤʦʥʪ, ʦʯʠʩʪʢʫ ʜʦʙʳʪʦʡ ʥʝʬʪʠ ʦʪ ʚʦʜʳ, ʩʝʨʳ, 

ʧʘʨʘʬʠʥʘ.  

ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʚ ʤʠʨʝ ʧʦʪʝʥʮʠʘʣʦʚ ʪʦʧʣʠʚʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʅʘ 13 % ʪʝʨʨʠʪʦʨʠʠ ɿʝʤʣʠ, ʚ ʩʪʨʘʥʝ, ʛʜʝ ʧʨʦʞʠʚʘʝʪ ʤʝʥʝʝ 3 % 

ʥʘʩʝʣʝʥʠʷ ʤʠʨʘ, ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 13 % ʚʩʝʭ ʤʠʨʦʚʳʭ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ. ʈʦʩʩʠʷ 

ʙʦʛʘʪʘ ʥʝʬʪʷʥʳʤʠ ʟʘʧʘʩʘʤʠ, ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʝʸ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ʊʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʯʥʠʢʘ ñʜʚʠʞʫʱʝʡ ʩʠʣʳ", 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʜʦʙʳʯʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ. ɽʩʪʴ ʪʨʠ 

ʢʘʪʝʛʦʨʠʠ, ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢ ʠ ʥʝʟʘʢʦʥʦʤʝʨʥʦ.[1] 

ʇʝʨʚʘʷ ʢʘʪʝʛʦʨʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʧʝʨʚʠʯʥʦʤʫ 

ʠʟʚʣʝʯʝʥʠʶ ʟʘʚʠʩʠʪ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʝʜʝʣʘʭ ʨʝʟʝʨʚʫʘʨʘ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ 

ʤʘʩʣʦʤ ʯʝʨʝʟ ʧʦʨʦʚʫʶ ʩʝʪʴ ʩ ʧʣʘʩʪʦʚʦʡ ʧʦʨʦʜʳ ʜʦ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. ʀʩʪʦʯʥʠʢʠ ʵʪʦʡ 

ʧʨʠʨʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

¶ ʈʘʩʰʠʨʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʚʳʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʛʘʟʘ ʠʟ ʥʝʬʪʠ, ʧʣʘʩʪʦʚʦʝ 

ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

¶ ʈʘʩʰʠʨʝʥʠʝ ʛʘʟʦʚʦʡ ʰʘʧʢʠ ʠʣʠ ʛʘʟʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʜʘʚʣʝʥʠʷ. 

¶ ʇʨʠʪʦʢ ʚʦʜʳ ʠʟ ʩʤʝʞʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʝʨʚʠʯʥʘʷ ʨʝʢʫʧʝʨʘʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʨʦʜʥʦʡ ʧʣʘʩʪʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʦʥʘ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩ ʩʘʤʳʭ ʧʝʨʚʳʭ ʜʥʝʡ ʜʦʙʳʯʠ ʥʝʬʪʠ. ʆʜʥʘʢʦ, ʚ ʧʝʨʚʳʝ ʛʦʜʳ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʝ ʙʳʣʦ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʬʠʟʠʢʦʡ ʠ ʥʝʬʪʝʜʦʙʳʯʠ. ɺʩʝ ʨʝʩʫʨʩʳ ʠ ʩʠʣʳ 

ʫʭʦʜʠʣʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝʬʪʝʜʦʙʳʯʠ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʘʩʪʨʘʪʝ ʨʝʩʫʨʩʘ. ʉ ʨʘʟʚʠʪʠʝʤ ʥʝʬʪʠ, ʠʥʞʝʥʝʨʠʷ ʢʘʢ ʜʠʩʮʠʧʣʠʥʘ, ʨʘʥʥʝʝ ʚʳʷʚʣʝʥʥʦʛʦ 

ʦʩʥʦʚʥʦʛʦ ʧʝʨʚʠʯʥʦʛʦ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʉʪʘʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʠ 

ʩʢʚʘʞʠʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʙʳʯʠ, ʘ ʪʘʢʞʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʭʦʜʦʚ 

ʧʨʠʨʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʵʥʝʨʛʠʠ. ʇʨʦʚʦʜʠʣʠʩʴ ʦʧʳʪʳ ʧʦ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʧʦʨʦʞʥʝʥʠʷ 

ʨʝʟʝʨʚʫʘʨʘ ʜʣʷ ʩʚʝʜʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʚʦʜʥʳʡ ʠʣʠ ʛʘʟʦʚʳʡ ʢʦʥʫʩ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘ ʜʦʙʳʯʫ 

ʛʘʟʘ ʠʣʠ ʥʝʬʪʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ "ʧʨʦʜʫʚʢʠ" ʨʝʟʝʨʚʫʘʨʦʚ, ʠʤʝʶʱʠʭ ʧʨʠʚʦʜʳ ʢʨʳʰʢʠ ʛʘʟʘ.  

ʇʦʩʢʦʣʴʢʫ ʧʝʨʚʠʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪ ʧʨʠʨʦʜʥʫʶ ʵʥʝʨʛʠʶ, ʦʥʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʦ ʚʩʝʤ ʨʝʟʝʨʚʫʘʨʘʤ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʘʠʙʦʣʝʝ ʚʷʟʢʠʝ ʤʘʩʣʘ ʠʣʠ ʙʠʪʫʤ, 

ʚ ʢʦʪʦʨʳʭ ʫʛʣʝʚʦʜʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʜʚʠʞʥʳ ʚ ʩʚʦʝʤ ʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ 

ʚʦʜʦʝʤʘʭ ʩ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʦʜʢʠʩʣʝʥʠʷ ʠ / 

ʠʣʠ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʨʘʩʭʦʜ ʧʦʪʦʢʘ. 



ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʦʩʣʝʜʩʪʚʠʝ ʧʨʠ ʧʝʨʚʠʯʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. 

ʇʝʨʚʠʯʥʳʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʦʙʳʯʥʦ ʦʢʘʟʳʚʘʶʪ ʥʘʠʤʝʥʴʰʝʝ ʢʫʤʫʣʷʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʪʘʢʞʝ ʙʦʣʝʝ ʥʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʚʣʝʯʝʥʠʷ, ʯʝʤ 

ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʫʣʫʯʰʝʥʠʷ ʚ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʫʯʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʢʠ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʚʳʙʦʨʘ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ. ɹʦʣʴʰʝ ʥʠʢʪʦ ʥʝ 

ʧʨʠʤʝʥʷʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʙʣʠʟʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ. ɺ ʧʝʨʚʠʯʥʳʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥʘʭ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʘʤʳʝ ʧʝʨʚʳʝ ʜʥʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʚʨʝʤʝʥʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ 

ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʷ ʫʜʘʨʦʤ ʫʤʝʥʴʰʝʥʠʡ ʚ ʟʦʥʘʭ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ.  

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʤʦʞʝʪ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʟʘʙʦʡʥʳʭ ʙʫʨʦʚʳʭ ʧʣʦʱʘʜʦʢ.  

ʕʪʦ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ ʚʦʟʜʝʡʩʪʚʫʶʪ ʧʨʦʢʣʘʜʢʠ ʜʦʨʦʛ 

ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʤʠʣʴ, ʧʨʦʡʜʝʥʥʳʭ ʧʝʨʩʦʥʘʣʦʤ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʝʞʝʜʥʝʚʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘ ʩʢʚʘʞʠʥʝ.  

ʈʘʟʚʠʪʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ 

ʫʣʫʯʰʝʥʥʳʡ ʧʨʦʬʠʣʴ ʨʠʩʢʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʩʠʩʪʝʤʳ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ 

ʧʦʤʦʛʘʶʪ ʫʤʝʥʴʰʠʪʴ ʜʚʠʞʝʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʙʫʨʝʥʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʣʠ ʥʝ ʙʳʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʢʦʥʦʤʠʝʡ ʚ 

ʙʫʨʦʚʦʡ ʧʣʦʱʘʜʢʝ ʠ ʜʨʫʛʠʭ ʨʘʩʭʦʜʘʭ. ɸʥʘʣʦʛʠʯʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʣʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʨʘʪʳ ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥ ʩ ʦʞʠʜʘʝʤʦʡ 

ʵʢʦʥʦʤʠʝʡ. 

ɺʪʦʨʘʷ ʢʘʪʝʛʦʨʠʷ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ. ɺʪʦʨʠʯʥʘʷ ʨʝʢʫʧʝʨʘʮʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢʠʤ ʤʝʪʦʜʘʤ, ʢʘʢ ʟʘʢʘʯʢʘ ʛʘʟʘ ʠʣʠ ʚʦʜʳ, ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʂʦʛʜʘ ʝʩʪʝʩʪʚʝʥʥʘʷ ʵʥʝʨʛʠʷ ʧʨʠʚʦʜʘ 

ʨʝʟʝʨʚʫʘʨʘ ʠʩʪʦʱʘʝʪʩʷ ʠʣʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʞʝʣʘʝʤʳʭ ʪʝʤʧʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʥʝʨʛʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʙʘʚʣʝʥʘ ʜʣʷ ʜʦʧʦʣʥʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʚʧʨʳʩʢʘ ʚʦʜʳ ʠʣʠ ʛʘʟʘ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʧʦʜʘʯʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʣʘʩʪ, ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʠʣʠ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʥʘʛʥʝʪʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ ʠ 

ʧʣʘʩʪʦʚʳʤ ʤʘʩʣʦʤ. ʆʪʜʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʘʛʥʝʪʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚ, ʧʨʠʯʝʤ 

ʥʘʛʥʝʪʘʝʤʳʝ ʞʠʜʢʦʩʪʠ ʣʠʙʦ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʣʠʙʦ ʟʘʢʘʯʢʠ ʨʝʟʝʨʚʫʘʨʘ 

ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʱʝʥʠʷ. ɺʧʨʳʩʥʫʪʘʷ ʞʠʜʢʦʩʪʴ ʚʳʪʝʩʥʷʝʪ ʯʘʩʪʴ ʥʝʬʪʴ, ʢʦʪʦʨʘʷ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ ʜʦʙʳʚʘʶʱʠʤ ʩʢʚʘʞʠʥʘʤ. ɺ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʧʨʦʮʝʩʩ ʩʤʝʱʝʥʠʷ 

ʠʤʠʪʠʨʫʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʠʪʦʢ ʚʦʜʳ ʠʣʠ ʨʘʩʰʠʨʝʥʠʝ ʛʘʟʘ.  

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʚʪʦʨʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʚʦʜʥʝʥʠʝ. ɺ ʟʘʚʦʜʥʝʥʠʠ, 

ʚʦʜʘ ʚʧʨʳʩʥʫʪʘ ʯʝʨʝʟ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ, ʠʣʠ ʥʘ ʧʝʨʠʬʝʨʠʠ ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ ʠʣʠ 

ʩʢʚʘʞʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʤʫ ʧʣʘʩʪʫ[2]. ɼʦʙʳʪʘʷ ʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʝʠʥʞʝʢʮʠʠ, ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʲʝʤʳ ʚʦʜʳ ʦʙʳʯʥʦ ʪʨʝʙʫʶʪʩʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʟʘʪʦʧʣʝʥʠʷ. ɺʦʜʘ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʠʟ ʜʨʫʛʠʭ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ, ʠʩʪʦʯʥʠʢʦʤ ʩʢʚʘʞʠʥ 

ʥʝʧʠʪʴʝʚʦʡ ʩʦʣʝʥʦʡ ʚʦʜʳ, ʷʚʣʷʶʪʩʷ ʦʯʠʱʝʥʥʳʝ ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʠʣʠ ʠʩʪʦʯʥʠʢʠ 

ʧʨʝʩʥʦʡ ʚʦʜʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʜʜʝʨʞʘʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʦʛʨʘʥʠʯʝʥʥʦʤ ʨʝʟʝʨʚʫʘʨʝ. 



ʆʜʥʘʢʦ ʵʬʬʝʢʪ ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ, ʢʦʪʦʨʘʷ 

ʦʪʢʣʘʜʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦʝʢʪʘ 

ʚʪʦʨʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʝʨʚʠʯʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʣʷ ʩʦʢʨʘʱʘʝʪ ʝʛʦ 

ʢʦʥʝʯʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʢʘʯʢʠ ʛʘʟʘ ʚ ʫʜʘʣʝʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʉʝʚʝʨʥʳʡ ʩʢʣʦʥ ɸʣʷʩʢʠ), ʩʦʭʨʘʥʷʶʪ ʛʘʟʦʚʳʡ ʨʝʩʫʨʩ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʫʜʫʱʝʤ, ʢʦʛʜʘ ʨʳʥʦʢ ʨʘʟʚʠʚʘʝʪʩʷ. 

ɺʦʟʨʘʩʪʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʙʳʯʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʩʢʦʨʦʤ 

ʙʫʜʫʱʝʤ ʪʷʞʝʣʳʭ ʥʝʬʪʝʡ, ʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʥʝʬʪʝʡ. 

ʆʙʱʠʡ ʚʳʚʦʜ: ʵʨʘ ʣʸʛʢʦʡ ʥʝʬʪʠ ʧʦʜʭʦʜʠʪ ʢ ʢʦʥʮʫ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ 

ʫʣʫʯʰʘʪʴ ʩʧʦʩʦʙʳ ʜʦʙʳʯʠ ʪʷʞʸʣʦʡ ʥʝʬʪʠ, ʧʨʠ ʵʪʦʤ ʥʝ ʟʘʙʳʚʘʪʴ ʩʦʭʨʘʥʷʪʴ ʦʢʨʫʞʘʶʱʫʶ 

ʵʢʦʣʦʛʠʶ[3]. 

ʊʨʝʪʠʡ ʢʘʪʝʛʦʨʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ. ʅʝʬʪʴ, ʢʦʪʦʨʘʷ ʥʝ 

ʠʟʚʣʝʢʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʠʣʠ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʚʣʝʯʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʚʣʝʯʝʥʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ. ʂʘʢ ʚʪʦʨʠʯʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, EOR ʚʢʣʶʯʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʵʥʝʨʛʠʠ ʢ ʨʝʟʝʨʚʫʘʨʫ ʯʝʨʝʟ ʚʧʨʳʩʢ ʞʠʜʢʦʩʪʠ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ-ʚʪʦʨʠʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪ 

ʚʧʨʳʩʥʫʪʫʶ ʚʦʜʫ ʠʣʠ ʛʘʟ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʦʜʘʯʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʩʩʦʡ ʠʣʠ ʪʝʧʣʦʤ ʧʝʨʝʜʘʯʘ 

ʤʝʞʜʫ ʥʘʛʥʝʪʘʝʤʦʡ ʚʦʜʦʡ ʠʣʠ ʛʘʟʦʤ ʠ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʴʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʇʅʇ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ 

ʩʚʝʨʭ ʪʦʛʦ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʧʨʦʩʪʦ ʜʦʧʦʣʥʷʷ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ: 

ʇʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ (ʇʅʇ) ʷʚʣʷʝʪʩʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʫʪʝʤ ʟʘʢʘʯʢʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʥʝ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʦʜʦʝʤʝ. ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʚʠʜʳ ʥʝʬʪʠ 

ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʧʨʠʚʦʜ, ʜʚʫʭʪʘʢʪʥʳʡ, ʠ ʭʦʨʦʰʠʝ ʦʙʨʘʙʦʪʢʠ) ʠ ʧʦʢʨʳʚʘʝʪ ʤʥʦʛʦ 

ʤʘʩʣʘ ʘʛʝʥʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʕʆʈ ʢ ʦʩʦʙʘʷ ʬʘʟʘ 

(ʧʝʨʚʠʯʥʘʷ, ʚʪʦʨʠʯʥʘʷ ʠʣʠ ʪʨʝʪʠʯʥʘʷ) ʚ ʞʠʟʥʠ ʚʦʜʦʝʤʘ (ʦʟʝʨʘ,1989). ʋʣʫʯʰʝʥʥʦʝ ʚʳʪʝʩʥʝʥʠʝ 

ʥʝʬʪʠ ʠʣʠ ʫʣʫʯʰʝʥʥʳʝ ʨʘʩʭʦʜʳ ʥʝʬʪʠ ʚ ʧʣʘʩʪʝ ʯʘʱʝ ʚʩʝʛʦ ʠʥʜʫʮʠʨʫʶʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʪʝʧʣʘ, 

ʜʦʙʘʚʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʩʤʝʱʝʥʠʷ, ʠʣʠ ʧʫʪʝʤ ʚʧʨʳʩʢʠʚʘʥʠʷ ʞʠʜʢʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʟʘʢʘʯʠʚʘʶʪʩʷ ʞʠʜʢʦʩʪʠ ʠ ʧʣʘʩʪʦʚʘʷ ʥʝʬʪʴ[4]. 

ɺ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʕʆʈ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚ ʠʟʤʝʥʷʶʪʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʨʦʤʝ ʪʝʧʣʘ. ʏʘʱʝ ʚʩʝʛʦ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʪʘʢ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʡ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʦʙʳʯʥʳʭ ʥʝʬʪʴ, ʪʷʞʝʣʘʷ ʥʝʬʪʴ, ʙʠʪʫʤ) ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʡ 

ʜʦʙʳʯʠ (ʧʝʨʚʠʯʥʘʷ ʜʦʙʳʯʘ, ʚʪʦʨʠʯʥʘʷ ʜʦʙʳʯʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ). ɼʣʷ 

ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ ʩʫʱʝʩʪʚʫʶʪ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʙʳʚʘʶʪ ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ ʥʝʢʦʪʦʨʫʶ ʜʦʣʶ ʠʟʚʣʝʢʘʝʤʦʡ ʥʝʬʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʜʘʚʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʜʝʣʝʥʠʷ 

ʧʦʪʦʢʦʚ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʝ ʚʳʭʦʜʳ ʠʟ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ. ʕʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ ʤʝʪʦʜʳ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʠʪʫʤ, ʯʪʦʙʳ ʙʳʪʴ ʙʦʣʝʝ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʳʤ ʠ 

ʪʦʚʘʨʥʳʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʦʯʠʩʪʢʠ ʪʷʞʝʣʳʭ ʥʝʬʪʝʡ. 

ʇʦʚʳʰʝʥʠʝ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʪʦʧʣʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʚʦʜʦʡ, ʟʘʪʦʧʣʝʥʠʝ CO2 ʠ ʟʘʪʦʧʣʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʘʨʫ ʟʘʪʦʧʣʝʥʠʝ ʠ ʜʨʫʛʠʝ ʪʝʧʣʦʚʳʝ ʤʝʪʦʜʳ. ʅʘʢʦʧʣʝʥ 



ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʪʨʘʩʣʝʚʦʡ ʦʧʳʪ ʧʦʩʨʝʜʩʪʚʦʤ ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʘʢʪʠʢ ʕʆʈ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ. 

ʅʝʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʘʥʮʳ ʠ ʛʘʟʦʚʳʝ ʛʠʜʨʘʪʳ, 

ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʙʨʦʩʘʶʱʠʝʩʷ ʚ ʛʣʘʟʘ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʡ, ʫʩʪʦʡʯʠʚʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʝʢʫʧʝʨʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʇʝʨʝʛʦʥʢʘ ʩʣʘʥʮʝʚ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʫʞʝ ʨʘʙʦʪʘʝʪ, ʭʦʪʷ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʜʘʣʝʢʠʡ ʦʪ ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ. 
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ʊɽʍʅʆʃʆɻʀʗ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʏɽʃʆɺɽʏɽʉʂʆɻʆ ʉʂɽʃɽʊɸ ʉ 

ʇʆʄʆʑʔʖ MICROSOFT  KINECT . 

ɸʠʤʙʝʪʦʚʘ ɸ.ʊ. 

ʂʦʩʪʘʥʘʡʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ɹʘʡʪʫʨʩʳʥʦʚʘ, ʂʦʩʪʘʥʘʡ 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ Microsoft 

Kinect.ʀʟʫʯʝʥ ʧʨʠʥʮʠʧ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʜʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Kinect ʩʝʥʩʦʨ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, ʠʥʬʨʘʢʨʘʩʥʳʡ ʬʠʣʴʪʨ, ʚʠʜʝʦʧʦʪʦʢ. 

 

ʊʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʜʝʥʴ ʟʘ ʜʥʝʤ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʞʠʟʥʴʶ ʯʝʣʦʚʝʢʘ. 

ʇʦʷʚʣʷʶʪʩʷ ʦʛʨʦʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ: ʭʠʨʫʨʛʠʷ, ʠʛʨʳ, ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʦʙʲʝʢʪʳ ʠ ʪ.ʜ. ʉʘʤʳʤ ʩʦʚʝʨʰʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʘ ʦʙʲʝʢʪʘ ʠʟ ʨʝʘʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. 

Kinect -ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʜʚʠʞʝʥʠʡ ʯʝʣʦʚʝʢʘ ʚʦ ʚʨʝʤʷ ʠʛʨʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʣ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʳʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ. ʇʨʠʤʝʥʷʝʪʩʷ ʢʘʢ 

ʧʨʠʙʦʨ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʨʝʥʠʝʤ ʚ ʤʝʜʠʮʠʥʝ, ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʜʨʫʛʠʭ ʘʩʧʝʢʪʘʭ 

ʥʘʫʢʠ. 

Kinect ʠʤʝʝʪ 2 ʩʝʥʩʦʨʘ, RGB-ʢʘʤʝʨʫ ʠ ʤʥʦʞʝʩʪʚʦ ʤʠʢʨʦʬʦʥʦʚ ʚ ʦʩʥʦʚʘʥʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʇʝʨʚʳʡ ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʝʥʩʦʨ ʩʣʫʞʠʪ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʢʨʫʛ 

ʠʛʨʦʢʘ, ʚʪʦʨʦʡ ʤʦʥʦʭʨʦʤʥʳʡ CMOS-ʩʝʥʩʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʥʝʩʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚ ʠʛʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʂʘʤʝʨʘ ʩʣʫʞʠʪ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʩʲʝʤʢʠ ʚʠʜʝʦ ʠ 

ʬʦʪʦʛʨʘʬʠʡ. ʊʘʢ ʞʝ ʫʩʪʨʦʡʩʪʚʦ ʦʩʥʘʱʝʥʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʜʩʪʘʚʢʦʡ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʚʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʢʣʦʥʷʝʪ ʩʝʥʩʦʨ ʚʚʝʨʭ ʠ ʚʥʠʟ. ɼʘʣʴʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

3-5 ʤʝʪʨʦʚ.[1] 

Kinect ʠʩʧʫʩʢʘʝʪ ʠʥʬʨʘʢʨʘʩʥʫʶ ʩʝʪʢʫ ʠ ʧʦʣʫʯʘʝʪ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʧʦʤʦʱʠ CMOS ʢʘʤʝʨʳ 

ʩ ʠʥʬʨʘʢʨʘʩʥʳʤ ʬʠʣʴʪʨʦʤ. ɺʥʫʪʨʝʥʥʠʡ ʧʨʦʮʝʩʩʦʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ PrimeSense, 

ʚʳʯʠʩʣʷʝʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤ ʩʥʠʤʢʦʤ ʧʨʦʝʢʮʠʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʝʪʢʠ ʠ ʟʘʰʠʪʳʤ ʚ 

ʧʘʤʷʪʴ ʢʦʥʪʨʦʣʣʝʨʘ ʰʘʙʣʦʥʦʤ. ʂʦʛʜʘ ʦʪʜʝʣʴʥʘʷ ʪʦʯʢʘ ʩʧʨʦʝʮʠʨʦʚʘʥʘ ʥʘ ʦʙʲʝʢʪ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʙʣʠʞʝ ʠʣʠ ʜʘʣʴʰʝ, ʯʝʤ ʨʘʩʯʸʪʥʘʷ ʧʣʦʩʢʦʩʪʴ ʧʨʦʝʢʮʠʠ, ʝʸ ʧʦʟʠʮʠʷ, ʦʯʝʚʠʜʥʦ, 

ʙʫʜʝʪ ʩʤʝʱʝʥʘ. ʀʟʤʝʨʝʥʠʝ ʩʤʝʱʝʥʠʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʜʫʨʳ ʢʦʨʨʝʣʷʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʤʘʪʨʠʮʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ Kinect 

ʦʧʨʝʜʝʣʠʪʴ ʠʩʪʠʥʥʫʶ ʜʠʩʪʘʥʮʠʶ ʦʪ ʧʣʦʩʢʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦ ʣʶʙʦʡ ʪʦʯʢʠ ʥʘ ʩʢʘʥʠʨʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʭʦʜʷʱʠʡ ʧʦʪʦʢ ʜʘʣʴʥʦʤʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʢʘʜʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ 

ʩʦʜʝʨʞʠʪ ʨʘʩʩʪʦʷʥʠʝ (ʚ ʤʠʣʣʠʤʝʪʨʘʭ) ʦʪ ʧʣʦʩʢʦʩʪʠ ʩʝʥʩʦʨʘ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʦʙʲʝʢʪʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʦʣʷ ʟʨʝʥʠʷ ʢʘʤʝʨʳ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʠʜʝʦʧʦʪʦʢʘ, ʜʣʷ ʧʦʪʦʢʘ 

ʜʘʥʥʳʭ ʜʘʣʴʥʦʤʝʨʘ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʟʨʝʰʝʥʠʝ ʦʜʥʦʛʦ ʢʘʜʨʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʝʨʝʯʠʩʣʝʥʠʝʤ DepthImageFormat. ʇʨʠ ʯʘʩʪʦʪʝ ʢʘʜʨʦʚ 30 ʚ ʩʝʢʫʥʜʫ, ʨʘʟʨʘʙʦʪʯʠʢ ʚʦʣʝʥ 

ʚʳʙʠʨʘʪʴ ʨʘʟʨʝʰʝʥʠʷ 80x60 (Resolution80x60Fps30), 320x240 (Resolution320x240Fps30) ʠ 

640x480 (Resolution640x480Fps30). ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʜʠʘʧʘʟʦʥʘ çʨʘʙʦʯʠʭè ʨʘʩʩʪʦʷʥʠʡ: Default 

Range ʠ Near Range, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʝʨʝʯʠʩʣʝʥʠʝʤ DepthRange.[2] 

// ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʨʘʩʩʪʦʷʥʠʡ 

kinect.DepthStream.Range = DepthRange.Near; 

// ʠ ʚʢʣʶʯʘʝʪʩʷ ʧʦʪʦʢ ʜʘʣʴʥʦʤʝʨʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 640x480(30fps) 



kinect.DepthStream.Enable(DepthImageFormat.Resolution640x480Fps30); 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ ʢʦʜʠʨʫʝʪʩʷ 

ʪʦʣʴʢʦ 13-ʶ ʙʠʪʘʤʠ, ʘ 3 ʙʠʪʘ ʧʨʠʟʚʘʥʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʯʝʣʦʚʝʢʘ. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʦʙʲʝʢʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʭʦʜʷʱʠʤ ʟʘ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ, ʚ 13 ʙʠʪʘʭ ʚʝʨʥʝʪʩʷ ʥʦʣʴ ʠʣʠ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʦʥʩʪʘʥʪʘ. ɽʩʣʠ ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʩʝʥʩʦʨʘ ʚʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʝʢʠʥʛʘ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʬʠʛʫʨʳ, ʚ 3 ʙʠʪʘʭ ʙʫʜʝʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ (1 ʠʣʠ 2) 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ (ʝʩʣʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʥʘʡʜʝʥ ʯʝʣʦʚʝʢ, ʠʥʘʯʝ ʚʝʨʥʝʪʩʷ 0): 

kinect.SkeletonStream.Enable(); 

ʊʦʯʢʠ ʚ ʧʦʩʪʨʦʝʥʥʦʤ ʩʢʝʣʝʪʝ ʥʘʟʳʚʘʶʪʩʷ Joint, ʯʪʦ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʢʘʢ ʩʫʩʪʘʚ, 

ʩʦʝʜʠʥʝʥʠʝ, ʫʟʝʣ. ɺʩʝʛʦ ʚ ʩʠʩʪʝʤʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ Microsoft Kinect ʩʫʱʝʩʪʚʫʝʪ 2 ʩʢʝʣʝʪʘ: 20-

ʫʟʣʦʚʦʡ ʠ 10-ʫʟʣʦʚʦʡ (ʨʝʞʠʤ, ʥʘʟʳʚʘʝʤʳʡ ʪʨʝʢʠʥʛ ʩʠʜʷʱʝʡ ʬʠʛʫʨʳ -seated skeletal 

tracking).[3] 

ʏʪʦʙʳ Kinect ʥʘʯʘʣ ʨʘʩʧʦʟʥʘʚʘʪʴ ʬʠʛʫʨʳ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʩʚʦʡʩʪʚʦ TrackingMode ʦʙʲʝʢʪʘ SkeletonStream ʚʦ ʚʨʝʤʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʦʪʦʢʦʚ:[4] 

kinect.SkeletonStream.TrackingMode = SkeletonTrackingMode.Seated; 

ɺ ʨʝʞʠʤʝ ʪʨʝʢʠʥʛʘ ʩʠʜʷʱʝʡ ʬʠʛʫʨʳ ʩʝʥʩʦʨ ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʦ ʰʝʩʪʠ ʬʠʛʫʨ ʠ 

ʦʪʩʣʝʞʠʚʘʪʴ ʜʚʝ ʬʠʛʫʨʳ. ʅʦ ʝʩʪʴ ʠ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʩʝʥʩʦʨ çʟʘʤʝʪʠʣè 

ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʚʠʛʘʪʴʩʷ, ʧʦʤʘʭʘʪʴ ʨʫʢʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʨʝʞʠʤʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʧʦʣʥʦʛʦ ʩʢʝʣʝʪʘ ʜʦʩʪʘʪʦʯʥʦ ʚʩʪʘʪʴ ʧʝʨʝʜ ʩʝʥʩʦʨʦʤ. ʊʨʝʢʠʥʛ ʩʠʜʷʱʝʡ ʬʠʛʫʨʳ ʙʦʣʝʝ 

ʨʝʩʫʨʩʦʝʤʢʘʷ ʦʧʝʨʘʮʠʷ, ʧʦʵʪʦʤʫ ʫʤʝʥʴʰʝʥʠʝ FPS ʙʫʜʝʪ ʥʝʠʟʙʝʞʥʦ. 
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ʂ ɺʆʇʈʆʉʋ ɺʃʀʗʅʀʗ ɺɽʃʀʏʀʅʓ ʄɸɻʅʀʊʅʆʁ ʀʅɼʋʂʎʀʀ ʅɸ 

ʄɸʉʉʆɻɸɹɸʈʀʊʅʓɽ ʇɸʈɸʄɽʊʈʓ ʉʀʃʆɺʓʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 

ɻʦʨʙʫʥʦʚ ɸ.ʉ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʙʦʨʘ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʩʪʝʨʞʥʝ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʪʨʝʭʬʘʟʥʳʭ ʩʠʣʦʚʳʭ ʤʘʩʣʷʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʤʦʱʥʦʩʪʴʶ 25ï2500 ʢɺɸ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʥʜʫʢʮʠʷʭ ʚ ʩʪʝʨʞʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʨʘʥʩʬʦʨʤʘʪʦʨ, ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ, ʤʘʛʥʠʪʦʧʨʦʚʦʜ, ʧʣʘʥ ʰʠʭʪʦʚʢʠ, 

ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ. 

 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʩʪʘʚʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʜʣʷ ʧʠʪʘʥʠʷ ʤʦʱʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʩʪʝʨʞʥʝ, ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʦʡ ʟʘʚʠʩʷʪ ʢʘʢ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʛʦʪʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʪʘʢ ʠ ʧʘʨʘʤʝʪʨʳ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ: ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

(ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʧʦʪʝʨʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ) ʠ ʪʦʢ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. 

ɺ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʠʣʦʚʳʭ ʤʘʩʣʷʥʳʭ ʠ ʩʫʭʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ, ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ 3404, 3405, 3406, 3407, 

3408, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʩʪʝʨʞʥʝ [1]: ʧʨʠ 

ʤʦʱʥʦʩʪʠ ʜʦ 16 ʢɺɸ ï 1,5ï1,55 ʊʣ; ʧʨʠ ʤʦʱʥʦʩʪʠ 25ï100 ʢɺɸ ï 1,55ï1,6 ʊʣ; ʧʨʠ ʤʦʱʥʦʩʪʠ 

ʦʪ 160 ʢɺɸ ï 1,55ï1,65 ʊʣ; ʧʨʠ ʤʦʱʥʦʩʪʠ ʦʪ 100000 ʢɺɸ ï 1,55ï1,7 ʊʣ. 

ɺʳʧʦʣʥʝʥʠʝ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʧʦʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ (ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ) ʪʦʢʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʮʝʥʦʡ ʧʦʚʳʰʝʥʠʷ ʤʘʩʩʳ ʩʪʘʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. ʊʘʢʠʝ ʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʫʜʦʚʣʝʪʚʦʨʷʣ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʦʛʦʚʘʨʠʚʘʶʪʩʷ ʧʨʝʜʝʣʴʥʳʝ ʫʨʦʚʥʠ ʧʦʪʝʨʴ ʠ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʳʙʨʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʪʨʝʭʬʘʟʥʳʭ ʩʠʣʦʚʳʭ ʤʘʩʣʷʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʚʘʨʠʘʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ 25ï2500 ʢɺɸ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ 

ʩʪʝʨʞʥʝ 1,55; 1,6; 1,65 ʊʣ. 

ɼʣʷ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʠʥʠʤʘʣʠʩʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʥʦʤʠʥʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʦʢ 10/0,4 ʢɺ; ʤʝʪʘʣʣ ʦʙʤʦʪʦʢ ï ʤʝʜʴ; ʩʭʝʤʘ ʠ ʛʨʫʧʧʘ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ: Y/Y-0; ʤʘʛʥʠʪʦʧʨʦʚʦʜ ʚʳʧʦʣʥʝʥ ʠʟ ʣʠʩʪʦʚ ʩʪʘʣʠ 3404 ʧʨʠ ʪʦʣʱʠʥʝ ʣʠʩʪʘ 

0,35 ʤʤ; ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ï ʧʣʦʩʢʘʷ ʪʨʝʭʩʪʝʨʞʥʝʚʘʷ ʩ ʯʝʪʳʨʴʤʷ ʢʦʩʳʤʠ ʠ ʪʨʝʤʷ ʧʨʷʤʳʤʠ 

ʩʪʳʢʘʤʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʝʡ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ, 

ʩʚʷʟʳʚʘʶʱʝʛʦ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 

      (1) 

ʛʜʝ d12 ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʦʙʤʦʪʦʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʤ; lʦʙʤ ïʚʳʩʦʪʘ 

ʦʙʤʦʪʢʠ, ʤ. 

,8,1
ʦʙʤ

12 =
Öp

=b
l

d



ʅʘ ʨʠʩ. 1, ʘ ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʨʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, 

ʚʳʨʘʞʝʥʥʦʛʦ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʪʦʢʘ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ, ʦʪ ʚʝʣʠʯʠʥʳ ʤʦʱʥʦʩʪʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 1,55 ʊʣ. ʅʘ ʨʠʩ. 1, ʙ ʧʦʢʘʟʘʥ ʘʥʘʣʦʛʠʯʥʳʡ ʛʨʘʬʠʢ 

ʧʨʠ ʠʥʜʫʢʮʠʠ 1,65 ʊʣ. 

ʂʘʢ ʚʠʜʥʦ, ʩʥʠʞʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩ 1,65 ʊʣ ʜʦ 1,55 ʊʣ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ 

ʧʦʪʝʨʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘ 9%, ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘ 24%. ʇʨʠ ʵʪʦʤ ʧʨʠʭʦʜʠʪʩʷ ʩʯʠʪʘʪʴʩʷ ʩ 

ʨʦʩʪʦʤ ʤʘʩʩʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʚʳʰʝʥʠʝʤ ʩʪʦʠʤʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʥʠʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʧʨʦʝʢʪʠʨʫʝʤʳʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʤʦʞʝʪ ʙʳʪ ʨʘʩʩʯʠʪʘʥ ʥʘ ʧʦʥʠʞʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʚ ɻʆʉʊ ʧʘʨʘʤʝʪʨʦʚ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʦʪ ʤʦʱʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 

ʘ ï ʧʨʠ ʠʥʜʫʢʮʠʠ 1,55 ʊʣ; ʙ ï ʧʨʠ ʠʥʜʫʢʮʠʠ 1,65 ʊʣ 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʊʠʭʦʤʠʨʦʚ ʇ. ʄ. ʈʘʩʯʝʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚʫʟʦʚ. 5-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. 

ʄ.: ɸʣʴʷʥʩ, 2013. 528 ʩ. 

 

TO THE QUESTION OF T HE INFLUE NCE OF MAGNETIC INDU CTION ON 

MASS-DIMENSIONAL PAR AMETERS OF POWER TRA NSFORMERS 

Gorbunov A.S. 

Ufa State Aviation Technical University, Ufa 

 

The article discusses the features of choosing the magnitude of the magnetic induction in the core in 

the designed three-phase power oil transformers. The results of calculations of various versions of 

power transformers with a power of 25ï2500 kVA designed for various inductions in the rod are 

presented. 

Key words: Transformer, magnetic induction, magnetic core, plan of stacking, magnetic losses.  
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ʋɼʂ 62 

 

ʉʀʉʊɽʄʓ ʆʍʃɸɾɼɽʅʀʗ ʀʅɼʋʂʊʆʈʆɺ ʀ ɺʃʀʗʅʀɽ ɼʆʇʋʉʊʀʄʆɻʆ 

ʇɽʈɽʇɸɼɸ ʊɽʄʇɽʈɸʊʋʈʓ ʆʍʃɸɾɼɸʖʑɽʁ ɺʆɼʓ ʅɸ ʇɸʈɸʄɽʊʈʓ 

ʀʅɼʋʂʊʆʈʆɺ 

ɻʦʨʙʫʥʦʚ ɸ.ʉ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʠʥʜʫʢʪʦʨʦʚ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ. ʇʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʳʙʦʨʘ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʚ ʠʥʜʫʢʪʦʨʘʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠʥʜʫʢʪʦʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʧʘʜʘʭ ʪʝʤʧʝʨʘʪʫʨ 

ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʜʫʢʮʠʦʥʥʳʡ ʥʘʛʨʝʚ, ʠʥʜʫʢʪʦʨ, ʚʦʜʷʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, 

ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʷ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʜʝʪʘʣʝʡ (ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʟʘʢʘʣʢʘ ʠ ʪ.ʜ.) ʥʘʭʦʜʠʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʥʘʛʨʝʚʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤʠ (ʥʘʛʨʝʚ 

ʧʣʘʤʝʥʝʤ, ʨʘʜʠʘʮʠʦʥʥʳʡ ʥʘʛʨʝʚ ʠ ʪ.ʜ.), ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʚʘ ʪʨʝʙʫʝʤʦʡ ʦʙʣʘʩʪʠ ʜʝʪʘʣʠ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ ʝʝ ʤʘʪʝʨʠʘʣʘ, ʦʪʩʫʪʩʪʚʠʶ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʪ.ʜ. 

ɺ ʧʨʠʤʝʥʷʝʤʳʭ ʠʥʜʫʢʪʦʨʘʭ ʜʣʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʤʝʜʥʳʝ ʪʨʫʙʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʣʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʷʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʤʝʥʷʶʪʩʷ 2 ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [1]: 

1. ʉ ʧʦʜʘʯʝʡ ʚʦʜʳ ʦʪ ʛʦʨʦʜʩʢʦʛʦ ʚʦʜʦʧʨʦʚʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢ ʦʜʥʦʤʫ ʠʟ ʢʦʥʮʦʚ ʪʨʫʙʢʠ 

ʠʥʜʫʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʰʣʘʥʛʦʚ ʧʦʜʚʦʜʠʪʩʷ ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʢʦʥʪʫʨʘ ʪʨʫʙʢʠ ʩ ʧʦʤʦʱʴʶ ʦʪʚʦʜʷʱʠʭ ʰʣʘʥʛʦʚ ʩʣʠʚʘʝʪʩʷ ʚ ʢʘʥʘʣʠʟʘʮʠʶ. 

2. ʉʠʩʪʝʤʘ (ʈʠʩʫʥʦʢ 1), ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʢʦʥʪʫʨʦʚ ʦʭʣʘʞʜʝʥʠʷ: ʚʥʝʰʥʝʛʦ 

(ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ) 1, ʚ ʢʦʪʦʨʦʤ ʧʨʦʢʘʯʠʚʘʝʪʩʷ ʚʦʜʘ ʠʟ ʛʦʨʦʜʩʢʦʛʦ ʚʦʜʦʧʨʦʚʦʜʘ, ʠ ʚʥʫʪʨʝʥʥʝʛʦ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʭʣʘʞʜʘʝʤʦʛʦ ʠʥʜʫʢʪʦʨʘ 4, ʥʘʩʦʩʘ 2 ʠ ʬʠʣʴʪʨʦʚ 3. 

 

 
ʈʠʩʫʥʦʢ 1. ɼʚʫʭʢʦʥʪʫʨʥʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 

 



ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʜʫʢʪʦʨʦʚ ʩ ʮʝʣʴʶ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʟʘʜʘʶʪʩʷ 

ʜʦʧʫʩʪʠʤʳʤ ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʳ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʚ ʧʦʣʦʩʪʠ ʪʨʫʙʢʠ. ʇʨʠ ʚʳʙʦʨʝ 

ʜʘʥʥʦʛʦ ʧʝʨʝʧʘʜʘ ʦʙʳʯʥʦ ʩʪʨʝʤʷʪʩʷ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘ 

ʧʨʦʪʝʢʘʶʱʝʡ ʚʦʜʳ ʥʝ ʙʦʣʝʝ 50ï55ÁC, ʪʘʢ ʢʘʢ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʪʣʦʞʝʥʠʷ ʩʦʣʝʡ ʥʘ ʩʪʝʥʢʘʭ ʠʥʜʫʢʪʦʨʘ ʧʨʠ ʧʠʪʘʥʠʠ ʦʙʳʯʥʦʡ ʚʦʜʦʡ, ʘ ʪʘʢʞʝ 

ʤʝʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʩʪʝʥʦʢ ʪʨʫʙʢʠ [2]. ɽʩʣʠ ʧʨʠʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ ʪʨʫʙʢʫ 

ʠʥʜʫʢʪʦʨʘ 20ÁC, ʯʘʩʪʦ ʟʘʜʘʶʪʩʷ ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨ 30ÁC. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʜʦʧʫʩʪʠʤʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʳ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʥʜʫʢʪʦʨʦʚ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʚʘʨʠʘʥʪʦʚ ʠʥʜʫʢʪʦʨʦʚ ʜʣʷ 

ʩʢʚʦʟʥʦʛʦ ʥʘʛʨʝʚʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʜʘʥʥʳʤʠ: ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ 

ʜʝʪʘʣʠ 0,2 ʤ; ʜʣʠʥʘ ʜʝʪʘʣʠ 0,5 ʤ; ʯʘʩʪʦʪʘ 2500 ɻʮ; ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʠʥʜʫʢʪʦʨʘ 750 ɺ; 

ʜʦʧʫʩʪʠʤʳʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʜʝʪʘʣʠ ʧʨʠ ʥʘʛʨʝʚʝ 150ÁC; ʪʦʣʱʠʥʘ ʪʨʫʙʢʠ ʠʥʜʫʢʪʦʨʘ 

2 ʤʤ; ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʳ 2 ʤ/ʩ. ɿʘʜʘʥʥʳʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʳ ʠʟʤʝʥʷʣʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 10ï50ÁC. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʦʚ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʘʩʯʝʪʥʦʡ ʪʦʣʱʠʥʳ ʚʠʪʢʘ ʪʨʫʙʢʠ ʦʪ ʧʨʠʥʷʪʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʜʘʥʥʳʝ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺʪʦʨʦʡ ʨʘʟʤʝʨ ʪʨʫʙʢʠ ï ʚʳʩʦʪʘ ʚʠʪʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

       (1) 

ʛʜʝ a ï ʰʠʨʠʥʘ ʠʥʜʫʢʪʦʨʘ, ʤ; g å0,85ï0,9 ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʠʥʜʫʢʪʦʨʘ. 

 

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʣʱʠʥʳ ʚʠʪʢʘ ʦʪ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ 

 

ʈʦʩʪ ʜʦʧʫʩʪʠʤʦʛʦ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʪʝʢʘʶʱʝʡ ʚʦʜʳ, ʦʪʚʦʜʷʱʝʡ ʪʝʧʣʦʚʳʝ 

ʧʦʪʝʨʠ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʪʨʝʙʫʝʤʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʯʪʦ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʰʠʨʠʥʝ ʠʥʜʫʢʪʦʨʘ, ʪʦʣʱʠʥʝ ʪʨʫʙʢʠ ʠ ʨʘʩʯʝʪʥʦʤ ʯʠʩʣʝ ʚʠʪʢʦʚ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʨ 

ʪʨʫʙʢʠ ʠʥʜʫʢʪʦʨʘ ï ʪʦʣʱʠʥʫ ʚʠʪʢʘ. ɺ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʠʥʜʫʢʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʯʘʩʪʦ 

ʧʨʠʥʠʤʘʝʪʩʷ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ 30ÁC. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ, ʩʦʢʨʘʱʝʥʠʝ ʨʘʟʤʝʨʦʚ ʪʨʫʙʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʝʧʘʜʘ ï ʨʘʟʤʝʨʳ ʪʨʫʙʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʪʴ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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INDUCTOR COOLING SYS TEMS AND THE INFLUEN CE OF THE 

ACCEPTABLE DIFFERENC E OF THE COOLING WAT ER TEMPERATURE ON TH E 

INDUCTOR PARAMETERS  

Gorbunov A.S. 

Ufa State Aviation Technical University, Ufa 

 

The article discusses the currently used inductor water cooling systems for induction heating of metal 

details. The features of choice of the maximum temperature difference of the cooling water in the 

inductors are shown. The results of calculations of inductors for various water temperature 

differences are presented. 

Key words: Induction heating, inductor, water cooling, temperature difference, electrical technology. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʆʇʈɽɼɽʃɽʅʀʗ ʊʀʇʆɺʆʁ ʄʆʑʅʆʉʊʀ 

ʌɸɿʆʇʈɽʆɹʈɸɿʋʖʑʀʍ ʊʈɽʍʌɸɿʅʆ-ɼɽɺʗʊʀʌɸɿʅʓʍ ɺʓʇʈʗʄʀʊɽʃʔʅʓʍ 

ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 

ɻʦʨʙʫʥʦʚ ɸ.ʉ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʪʠʧʦʚʦʡ (ʫʩʪʘʥʦʚʣʝʥʥʦʡ) ʤʦʱʥʦʩʪʠ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ 

ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʪʨʝʭʬʘʟʥʦ-ʜʝʚʷʪʠʬʘʟʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʙʘʟʝ ʦʜʥʦʛʦ 

ʪʨʝʭʩʪʝʨʞʥʝʚʦʛʦ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ. ʆʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʦʜʚʠʞʫʱʠʭ ʩʠʣ ʦʙʤʦʪʦʢ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʇʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʠʧʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʚʳʧʨʷʤʠʪʝʣʴʥʳʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʨʘʥʩʬʦʨʤʘʪʦʨ, ʪʠʧʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʚʳʧʨʷʤʠʪʝʣʴ, ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, 

ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ. 

 

ʊʠʧʦʚʘʷ (ʫʩʪʘʥʦʚʣʝʥʥʘʷ) ʤʦʱʥʦʩʪʴ ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ (ʚʳʧʨʷʤʣʝʥʥʦʛʦ) ʪʦʢʘ ʥʘ ʙʘʟʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦ-ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʊʠʧʦʚʘʷ ʤʦʱʥʦʩʪʴ ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʧʦʣʫʩʫʤʤʘ ʨʘʩʯʝʪʥʳʭ ʤʦʱʥʦʩʪʝʡ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɺ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʢ 

ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʜʘʥʥʘʷ ʤʦʱʥʦʩʪʴ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [1]: 

     (1) 

ʛʜʝ S1I, é, S1n ï ʨʘʩʯʝʪʥʳʝ ʤʦʱʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ɺɸ; S2I, é, 

S2m ï ʨʘʩʯʝʪʥʳʝ ʤʦʱʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ɺɸ; Ud ï 

ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʚʳʧʨʷʤʠʪʝʣʷ, ɺ; Id ï ʧʦʩʪʦʷʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʚʳʧʨʷʤʠʪʝʣʷ, ɸ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʧʠʪʘʶʱʠʝ 

ʤʥʦʛʦʤʦʩʪʦʚʳʝ ʤʥʦʛʦʧʫʣʴʩʥʳʝ ʚʳʧʨʷʤʠʪʝʣʠ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 18-

ʧʫʣʴʩʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ, ʧʠʪʘʝʤʦʛʦ ʦʪ ʪʨʝʭʬʘʟʥʦ-ʜʝʚʷʪʠʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ [2]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʘʩʯʝʪʦʤ 

ʚʝʣʠʯʠʥʳ ʪʠʧʦʚʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʨʘʚʥʝʥʠʝʤ ʝʝ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʜʣʷ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʨʝʭʬʘʟʥʳʭ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʚʝʢʪʦʨʥʘʷ 

ʜʠʘʛʨʘʤʤʘ ʚʪʦʨʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 18-ʧʫʣʴʩʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ 

 

ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʨʘʩʯʝʪʥʘʷ ʤʦʱʥʦʩʪʴ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʚ ʟʠʛʟʘʛ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2]: 

  (2) 

ʛʜʝ U2 ï ʚʪʦʨʠʯʥʦʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ɺ; I21 ï ʪʦʢ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ, 

ʩʦʝʜʠʥʝʥʥʦʡ ʚ ʟʚʝʟʜʫ, ɸ; w*211, w*221 ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʯʠʩʣʘ ʚʠʪʢʦʚ ʢʘʪʫʰʝʢ ʚʪʦʨʠʯʥʳʭ 

ʦʙʤʦʪʦʢ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦ ʩʭʝʤʘʤ ʟʠʛʟʘʛʦʚ ʧʨʠ ʙʘʟʦʚʦʤ ʯʠʩʣʝ ʚʠʪʢʦʚ w21 ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ, 

ʩʦʝʜʠʥʝʥʥʦʡ ʚ ʟʚʝʟʜʫ; w* 21=1 ïʦʪʥʦʩʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʚʠʪʢʦʚ ʙʘʟʦʚʦʡ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʧʦ 

ʩʭʝʤʝ ʟʚʝʟʜʳ; Ud1 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʜʥʦʛʦ ʤʦʩʪʘ, ɺ. 

 

 
ʈʠʩʫʥʦʢ 2. ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚʪʦʨʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

 

ɺʪʦʨʠʯʥʦʝ ʬʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ [1]: 

      (3) 
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ʈʘʩʯʝʪʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʪʨʝʭʬʘʟʥʦʡ ʦʙʤʦʪʢʠ, ʩʦʝʜʠʥʝʥʥʦʡ ʚ ʟʚʝʟʜʫ, ʦʧʫʩʢʘʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ [2]: 

   (4) 

ʛʜʝ U1, I1 ï ʧʝʨʚʠʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ; k12 ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʊʠʧʦʚʘʷ ʤʦʱʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ: 

  (5) 

ɺʝʣʠʯʠʥʘ ʪʠʧʦʚʦʡ ʤʦʱʥʦʩʪʠ ʪʨʝʭʬʘʟʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʧʠʪʘʶʱʝʛʦ ʤʦʩʪʦʚʦʡ ʚʳʧʨʷʤʠʪʝʣʴ, ʩʦʩʪʘʚʣʷʝʪ 1,045ĿUdĿId. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʦʱʥʦʩʪʴ 

ʰʝʩʪʠʬʘʟʥʦʛʦ (ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 12-ʬʘʟʥʦʛʦ) ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʧʠʪʘʥʠʷ 12-ʧʫʣʴʩʥʦʛʦ 

ʚʳʧʨʷʤʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ: 

    (6) 

ʛʜʝ S1, S2 ï ʨʘʩʯʝʪʥʳʝ ʤʦʱʥʦʩʪʠ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ɺɸ [3]. 

ʉʨʘʚʥʠʚʘʷ ʚʝʣʠʯʠʥʫ ʪʠʧʦʚʦʡ ʤʦʱʥʦʩʪʠ ʪʨʝʭʬʘʟʥʦ-ʜʝʚʷʪʠʬʘʟʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ 

ʪʨʝʭ- ʠ ʰʝʩʪʠʬʘʟʥʳʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʱʥʦʩʪʴ 9-ʬʘʟʥʦʛʦ ʚʘʨʠʘʥʪʘ 

ʙʦʣʴʰʝ ʥʘ 3%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʳʠʛʨʳʰʝʤ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʫʣʴʩʘʮʠʡ ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ 

ʪʦʢʘ ʚ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ 18-ʧʫʣʴʩʥʳʤʠ ʚʳʧʨʷʤʠʪʝʣʷʤʠ. 
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FEATURES OF DETERMIN ING EQUIVALENT POWER  OF PHASE-

CONVERTING THREE -PHASE-NINE-PHASE RECTIFIER TRANSFORMERS 

Gorbunov A.S. 

Ufa State Aviation Technical University, Ufa 

 

The article discusses a method for calculating the equivalent power of rectifier phase-converting 

three-phase-nine-phase transformers based on one three-rod magnetic core. The magnitudes of the 

magnetomotive forces of the transformer windings are determined. A comparison is made of the 

equivalent power of the proposed transformer with the known rectifier transformers. 

Key words: Transformer, equivalent power, rectifier, DC, power supply. 
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ʂ ɺʆʇʈʆʉʋ ʈɸʉʏɽʊɸ ʂʆʕʌʌʀʎʀɽʅʊɸ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʆɹʄʆʊʆʂ 

ʌɸɿʆʇʈɽʆɹʈɸɿʋʖʑʀʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 

ʈʦʛʠʥʩʢʘʷ ʃ.ʕ., ɻʦʨʙʫʥʦʚ ɸ.ʉ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ 

 

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ 

ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ ʚʪʦʨʠʯʥʳʭ ʪʨʝʭʬʘʟʥʳʭ ʦʙʤʦʪʦʢ 

(ʯʠʩʣʦʤ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʪʦʨʠʯʥʳʭ ʬʘʟ) ʜʣʷ ʧʠʪʘʥʠʷ ʤʥʦʛʦʧʫʣʴʩʥʳʭ ʤʥʦʛʦʤʦʩʪʦʚʳʭ 

ʚʳʧʨʷʤʠʪʝʣʝʡ ʥʘ ʧʨʠʤʝʨʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʧʠʪʘʥʠʷ 18-ʧʫʣʴʩʥʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ. ʈʘʩʯʝʪ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʙʘʟʝ ʢʘʨʪʠʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʘʪʫʰʝʢ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʨʘʥʩʬʦʨʤʘʪʦʨ, ʚʳʧʨʷʤʠʪʝʣʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʢʘʪʫʰʝʢ, ʦʙʤʦʪʢʠ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʤʦʱʥʳʭ 

ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʠʪʘʝʤʳʭ ʦʪ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴʩʷ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʚʳʧʨʷʤʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʭʝʤ ʧʠʪʘʶʱʠʭ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚʳʧʨʷʤʠʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʪʝʢʘʥʠʷ ʚ ʦʙʤʦʪʢʘʭ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʦʚ ʩ ʦʧʪʠʤʘʣʴʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʨʝʭʬʘʟʥʳʤ ʤʦʩʪʦʚʳʤ ʩʭʝʤʘʤ t=2Ŀˊ/3 [1]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʭʝʤʳ ʚʳʧʨʷʤʠʪʝʣʝʡ ʥʝ ʙʘʟʝ ʤʥʦʛʦʤʦʩʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʭʬʘʟʥʳʭ ʤʦʩʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦ ʚʳʭʦʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ 

ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ ʧʦ ʢʦʣʴʮʝʚʦʡ ʩʭʝʤʝ ʠ ʜʨ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʤʥʦʛʦʬʘʟʥʳʭ ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠʣʠ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʪʦʨʠʯʥʳʭ ʬʘʟ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʜʘʥʥʦʡ ʧʫʣʴʩʥʦʩʪʠ ʩʭʝʤ ʚʳʧʨʷʤʠʪʝʣʝʡ. 

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ 

ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʠʭ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʧʠʪʘʥʠʷ ʙʘʟʦʚʦʡ ʩʭʝʤʳ ʪʨʝʭʬʘʟʥʦʛʦ 

ʤʦʩʪʦʚʦʛʦ ʚʳʧʨʷʤʠʪʝʣʷ. ʇʨʠ ʨʘʩʯʝʪʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʚʪʦʨʠʯʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʯʝʪʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʦʙʤʦʪʦʢ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʳʧʨʷʤʣʝʥʥʳʭ 

ʪʦʢʦʚ ʠʣʠ ʥʘʧʨʷʞʝʥʠʡ ʩʢʣʘʜʳʚʘʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. ɺ ʩʣʫʯʘʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʤʦʩʪʦʚ ʪʦʢʠ ʢʘʞʜʦʛʦ ʤʦʩʪʘ ʦʜʠʥʘʢʦʚʳ, ʘ ʥʘʧʨʷʞʝʥʠʷ ʚʳʧʨʷʤʠʪʝʣʝʡ ʩʫʤʤʠʨʫʶʪʩʷ. ʇʨʠ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ï ʚʳʭʦʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʩʪʦʚ ʦʜʠʥʘʢʦʚʳ, ʘ ʚʳʧʨʷʤʣʝʥʥʳʝ ʪʦʢʠ 

ʩʫʤʤʠʨʫʶʪʩʷ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʤʦʩʪʦʚ, ʧʨʠ ʨʘʩʯʝʪʝ ʪʦʢʦʚ ʠʣʠ 

ʥʘʧʨʷʞʝʥʠʡ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʜʠʘʛʨʘʤʤʫ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʢʘʪʫʰʝʢ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʢʚʠʚʘʣʝʥʪʥʫʶ 18-ʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ʥʘʧʨʷʞʝʥʠʡ ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʤʝʞʜʫ 

ʦʜʥʦʠʤʝʥʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʬʘʟʘʤʠ ɓ=20Á (ʨʠʩ. 1) [2, 3]. 



ʇʨʠ ʵʪʦʤ ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʠʡ ʦʜʥʦʠʤʝʥʥʳʭ ʬʘʟ ʟʘʢʣʶʯʝʥʳ ʚʥʫʪʨʠ ʫʛʣʘ Ŭ=60Á. 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ: 

   (1) 

ʛʜʝ n=3 ï ʯʠʩʣʦ ʚʳʧʨʷʤʠʪʝʣʴʥʳʭ ʤʦʩʪʦʚ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

 
ʈʠʩʫʥʦʢ 1. ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʘʪʫʰʝʢ ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 18-ʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʥʘʧʨʷʞʝʥʠʡ 

 

ʈʘʩʯʝʪʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʙʣʠʟʢʠʭ ʢ ʠʜʝʘʣʴʥʳʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ [4]: 

     (2) 

ʛʜʝ U1ʬ ï ʬʘʟʥʦʝ ʧʝʨʚʠʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ; I1ʬ ï ʬʘʟʥʳʡ ʧʝʨʚʠʯʥʳʡ ʪʦʢ, ɸ; Ud ï ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘʛʨʫʟʢʠ, ɺ; Id ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʥʘʛʨʫʟʢʠ, ɸ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ 12-ʧʫʣʴʩʥʳʭ ʚʳʧʨʷʤʠʪʝʣʝʡ, ʧʠʪʘʝʤʳʭ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ 

ʚʪʦʨʠʯʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 12-ʬʘʟʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 0,966. ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ ʤʦʩʪʦʚ kʨ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʤʦʱʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʦʙʤʦʪʦʢ 

ʬʘʟʦʧʨʝʦʙʨʘʟʫʶʱʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ ʚʪʦʨʠʯʥʳʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʬʘʟ. 
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TO THE QUESTION OF CAL CULATING THE COEFFIC IENT OF THE 

DISTRIBUTION OF WIND INGS OF PHASE-CONVERTING TRANSFORMERS  

Roginskaya L.E., Gorbunov A.S. 

Ufa State Aviation Technical University, Ufa 

 

The article shows a method for calculating the distribution coefficients of rectifier phase-converting 

transformers with a given number of secondary three-phase windings (the number of equivalent 

secondary phases) for supplying multi-pulse multi-bridge rectifiers using an example of a transformer 

for supplying an 18-pulse rectifier. The calculation was based on the picture of periodic systems of 

coils of secondary windings. 

Key words: Transformer, rectifier, distribution coefficient, periodic system of coils, windings. 
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ɺʓɹʆʈ ʅɸɹʆʈɸ ʋʉʃʋɻ ʇʈɽɼʇʈʀʗʊʀʗ ɸɺʊʆʄʆɹʀʃʔʅʆɻʆ ʉɽʈɺʀʉɸ 

ɻʫʨʠʥ ʂ.ʂ. 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʘʚʪʦʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʢʫʤʫʣʷʪʠʚʥʦʡ ʤʘʨʞʠʥʘʣʴʥʦʩʪʠ ʫʩʣʫʛ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʩʝʨʚʠʩʘ, ʩ ʫʯʝʪʦʤ ʥʝʜʦʩʪʘʪʢʦʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʩʝʨʚʠʩ, ʉʊʆ, ʤʘʨʞʠʥʘʣʴʥʦʩʪʴ ʫʩʣʫʛ, 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ. 

 

ɺʦ ʚʩʝʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ ʚʳʩʦʢʦ ʨʘʟʚʠʪʘ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. 

ʅʘʠʙʦʣʝʝ ʚʳʠʛʨʳʰʥʘʷ ʩʪʦʨʦʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʙʠʟʥʝʩʘ ð ʵʪʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʘʚʪʦʚʣʘʜʝʣʴʮʳ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʠ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘ ʫʥʠʢʘʣʴʥʳʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 

ʚʳʧʦʣʥʝʥʥʳʝ ʫʩʣʫʛʠ ʢʣʠʝʥʪ ʛʦʪʦʚ ʧʣʘʪʠʪʴ ʟʥʘʯʠʤʳʝ ʜʝʥʴʛʠ. 

ʇʝʨʠʦʜʠʯʝʩʢʠ ʢʘʞʜʳʡ ʘʚʪʦʤʦʙʠʣʴ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʘ 

ʝʩʣʠ ʧʨʦʷʚʣʷʶʪʩʷ ʦʪʢʘʟʳ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʚʥʝʧʣʘʥʦʚʦʛʦ ʨʝʤʦʥʪʘ. ɺ ʙʦʣʴʰʠʭ 

ʛʦʨʦʜʘʭ ʚʳʩʦʢ ʨʠʩʢ ʩʪʦʣʢʥʦʚʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʜʘʞʝ ʩʘʤʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ɼʊʇ ʦʙʷʟʘʪʝʣʴʥʦ 

ʪʨʝʙʫʝʪ ʨʝʤʦʥʪʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦ ʦʪʢʨʳʪʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʦʢʘʟʘʥʠʶ 

ʘʚʪʦʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ [2]. 

ʇʦ ʨʷʜʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [1] ʥʘ ʦʜʥʦ ʦʪʢʨʳʚʰʝʝʩʷ ʉʊʆ ʧʨʠʭʦʜʠʪʩʷ ʜʚʘ 

ʟʘʢʨʳʚʘʶʱʠʭʩʷ ʠʣʠ ʨʘʟʦʨʠʚʰʠʭʩʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʥʝʨʘʮʠʦʥʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʧʝʢʪʨʘ ʦʢʘʟʳʚʘʝʤʳʭ ʫʩʣʫʛ, ʘ ʪʘʢʞʝ ʥʝʧʨʘʚʠʣʴʥʦ 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʤʝʪʦʜʳ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ ʘʚʪʦʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ: 

¶ ʧʦ ʠʟʜʝʨʞʢʘʤ, ʢʦʛʜʘ ʮʝʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʠʩʭʦʜʷ ʠʟ ʠʟʜʝʨʞʝʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʩʙʳʪ ʧʨʦʜʫʢʪʘ. ʇʨʠ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʥʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʧʨʦʩ ʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘ ʨʳʥʢʝ ʫʩʣʫʛ, 

ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʙʘʨʴʝʨ ʜʣʷ ʚʭʦʜʘ ʚ ʙʠʟʥʝʩ; 

¶ ʧʦ ʩʧʨʦʩʫ ð ʮʝʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʠʩʭʦʜʷ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʳʥʢʘ (ʧʦʢʫʧʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ). ʅʝ ʚʩʝʛʜʘ ʜʘʥʥʳʝ ʫʩʣʫʛʠ ʤʦʛʫʪ ʙʳʪʴ ʤʘʨʞʠʥʘʣʴʥʳ ʠ ʨʝʥʪʘʙʝʣʴʥʳ; 

¶ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʮʝʥʘʭ ʥʘ ʢʦʥʢʫʨʝʥʪʥʫʶ ʧʨʦʜʫʢʮʠʶ. ɺʦʟʤʦʞʝʥ ʙʦʣʴʰʦʡ ʮʝʥʦʚʦʡ 

ʨʘʟʙʝʛ ʫ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʠʥʫʩʳ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʦʨʝʥʠʶ ʘʚʪʦʩʝʨʚʠʩʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʠ ʘʥʘʣʠʟʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʩ ʫʯʝʪʦʤ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ:  

¶ ʤʝʪʦʜ ʢʫʤʫʣʷʪʠʚʥʦʡ ʤʘʨʞʠʥʘʣʴʥʦʩʪʠ ʫʩʣʫʛ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʩʝʨʚʠʩʘ. ʇʨʝʜʧʨʠʷʪʠʝ 

ʨʘʙʦʪʘʝʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʫʩʣʫʛ ʚ ʢʦʤʧʣʝʢʩʝ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʘʚʪʦʩʝʨʚʠʩ ʠʤʝʝʪ ʙʘʟʦʚʳʝ ʫʩʣʫʛʠ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʢʦʪʦʨʳʤʠ ʢʣʠʝʥʪʫ ʤʦʞʥʦ 

ʧʨʦʜʘʪʴ ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʫʛ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʙʘʟʦʚʳʤʠ [3]. 

ʈʘʩʩʤʦʪʨʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʭ ʉʊʆ ʩ ʨʘʟʥʳʤʠ 

ʥʘʙʦʨʘʤʠ ʫʩʣʫʛ (ʈʠʩʫʥʦʢ 1, 2, 3) 



 
ʈʠʩʫʥʦʢ 1 ï ʋʩʣʫʛʠ ʉʊʆ ˉ1 

 

ʉʊʆ ˉ1 ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʥʝʙʦʣʴʰʠʭ ʉʊʆ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʨʦʩʪʳʝ ʫʩʣʫʛʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʥʠʟʢʦ-ʤʘʨʞʠʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʫʥʠʢʘʣʴʥʳʭ ʫʩʣʫʛ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ, ʪʘʢ ʢʘʢ ʥʘ ʵʪʦ ʥʫʞʥʳ 

ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʚʣʦʞʝʥʠʷ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ. ʈʘʩʭʦʜʳ ʥʘ ʘʨʝʥʜʥʫʶ ʧʣʘʪʫ 

ʥʝʙʦʣʴʰʠʝ, ʢʘʢ ʠ ʥʘ ʧʝʨʩʦʥʘʣ (ʦʙʳʯʥʦ ʚ ʥʝʙʦʣʴʰʠʭ ʉʊʆ ʨʘʙʦʪʘʶʪ ʩʜʝʣʴʥʦ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʩʚʦʡ ʥʘʙʦʨ ʫʩʣʫʛ, ʥʝ ʚʳʭʦʜʷ ʠʟ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʥʘ ʨʳʥʢʝ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʫʩʣʫʛ. ɺʦʧʨʦʩʘʤʠ ʨʝʢʣʘʤʳ ʠ ʤʘʨʢʝʪʠʥʛʘ ʥʝʙʦʣʴʰʠʝ ʉʊʆ ʥʝ ʟʘʥʠʤʘʶʪʩʷ, 

ʨʘʩʧʦʣʦʞʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʥʠʤʘʝʪ ʙʣʠʞʝ ʢ ʜʦʨʦʛʝ, ʚ ʥʝʙʦʣʴʰʦʤ ʧʦʤʝʱʝʥʠʠ, ʢʚʘʣʠʬʠʢʘʮʠʷ 

ʧʝʨʩʦʥʘʣʘ ʥʝʙʦʣʴʰʘʷ, ʨʘʙʦʪʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʶʪ ʥʝʙʦʣʴʰʠʝ ʉʊʆ ʥʝ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʋʩʣʫʛʠ ʉʊʆ ˉ2 

 

ʉʊʆ ˉ2 ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ɺ ʉʊʆ ˉ2 ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʫʩʣʫʛ, ʟʘ ʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʪʦ ʝʩʪʴ ʤʝʣʢʦʩʨʦʯʥʳʡ ʠ ʢʫʟʦʚʥʦʡ ʨʝʤʦʥʪ, ʜʘʥʥʳʝ ʫʩʣʫʛʠ ʩʯʠʪʘʶʪʩʷ 

çʷʢʦʨʥʳʤʠè ʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʫʩʣʫʛʠ ʨʘʙʦʪʘʶʪ ʢʫʤʫʣʷʪʠʚʥʦ. ʀʟʜʝʨʞʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʤʥʦʛʦ 

ʚʳʰʝ, ʯʝʤ ʫ ʉʊʆ ˉ1, ʪʘʢ ʢʘʢ ʘʨʝʥʜʥʘʷ ʧʣʘʪʘ ʚʳʰʝ, (ʪʘʢ ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʜʘʯʥʝʝ ʠ ʧʣʦʱʘʜʴ 

ʟʘʥʠʤʘʝʤʦʛʦ ʧʦʤʝʱʝʥʠʷ ʙʦʣʴʰʝ). ɿʘʪʨʘʪʳ ʥʘ ʧʝʨʩʦʥʘʣ ʪʘʢ ʞʝ ʙʦʣʴʰʝ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʠ ʧʝʨʩʦʥʘʣ ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʯʠʩʪʦʪʫ ʚ ʧʦʤʝʱʝʥʠʠ. ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʘʨʢʝʪʠʥʛʘ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʵʪʠʤ 

ʟʘʜʘʯʘʤ ʧʦʜʭʦʜʷʪ ʩʝʨʴʝʟʥʦ, ʝʩʣʠ ʥʝ ʙʫʜʝʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʪʦ ʧʨʝʜʧʨʠʷʪʠʝ 

ʐʠʥʦʤʦʥʪʘʞ

10%

ʊʆʠʊʈ

ʄʝʣʢʦʪʝʢʫʱʠʡ 

ʨʝʤʦʥʪ

30%

ɿʘʤʝʥʘ ʤʘʩʣʘ

10%

ɿʘʤʝʥʘ 

ʘʛʨʝʛʘʪʦʚ

25%

ʋʩʣʫʛʠ ʉʊʆ ˉ1

ʐʠʥʦʤʦʥʪʘʞ

ʊʆʠʊʈ

ʄʝʣʢʦʪʝʢʫʱʠʡ ʨʝʤʦʥʪ

ɿʘʤʝʥʘ ʤʘʩʣʘ

ɿʘʤʝʥʘ ʘʛʨʝʛʘʪʦʚ

ʂʦʤʧʴʶʪʝʨʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ

15%

ʏʠʩʪʢʘ 

ʪʦʧʣʠʚʥʳʭ 

ʬʦʨʩʫʥʦʢ

15%

ʄʝʣʢʦʪʝʢʫʱʠʡ 

ʨʝʤʦʥʪ

25%

ʂʫʟʦʚʥʦʡ ʨʝʤʦʥʪ

40%

ʐʠʥʦʤʦʥʪʘʞ

5%

ʋʩʣʫʛʠ ʉʊʆ ˉ2
ʂʦʤʧʴʶʪʝʨʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ

ʏʠʩʪʢʘ ʪʦʧʣʠʚʥʳʭ 

ʬʦʨʩʫʥʦʢ

ʄʝʣʢʦʪʝʢʫʱʠʡ ʨʝʤʦʥʪ

ʂʫʟʦʚʥʦʡ ʨʝʤʦʥʪ

ʐʠʥʦʤʦʥʪʘʞ



ʙʫʜʝʪ ʥʝʩʪʠ ʙʦʣʴʰʠʝ ʫʙʳʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʩʣʠ ʥʝ ʙʫʜʝʪ ʛʨʘʤʦʪʥʦʛʦ ʤʘʨʢʝʪʠʥʛʘ, ʪʦ ʧʨʦ 

ʚʘʰʠ ʫʩʣʫʛʠ ʥʠʢʪʦ ʥʝ ʫʟʥʘʝʪ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʋʩʣʫʛʠ ʉʊʆ ˉ3 

 

ʉʊʆ ˉ3 ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. 

ʅʘ ʜʘʥʥʦʤ ʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʦʡ ʞʝ ʥʘʙʦʨ ʫʩʣʫʛ, ʢʘʢ ʠ ʚ ʉʊʆ1\2, ʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʩʢʣʘʜ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʩʘʤʳʡ ʤʘʨʞʠʥʘʣʴʥʳʡ ʚʠʜ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ð ɻ ʪʦ ʧʨʦʜʘʞʘ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʢʘʟʘʥʠʝ ʧʦ ʫʩʪʘʥʦʚʢʠ ʵʪʠʭ 

ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠʣʠ ʙʘʥʘʣʴʥʳʤ ʊʆ ʘʚʪʦʤʦʙʠʣʷ. ʄʘʨʞʠʥʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʫʩʣʫʛ ʙʦʣʴʰʝ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʣʠʝʥʪʩʢʘʷ ʙʘʟʘ ʙʦʣʴʰʝ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʧʨʝʜʧʦʯʠʪʘʶʪ ʚʩʝ 

ʧʨʦʙʣʝʤʳ ʘʚʪʦʤʦʙʠʣʷ ʩʜʝʣʘʪʴ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʧʦʠʩʢʫ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ 

ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢ ʞʝ ʫ ʜʘʥʥʦʛʦ ʉʊʆ ʝʩʪʴ ʧʦʨʦʰʢʦʚʘʷ ʧʦʢʨʘʩʢʘ ʠ ʰʠʥʦʤʦʥʪʘʞ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʰʠʥʦʤʦʥʪʘʞ ʵʪʦ ʩʝʟʦʥʥʦʝ ʧʨʝʜʣʦʞʝʥʠʷ, ʥʦ ʜʘʥʥʘʷ ʉʊʆ ʟʘʥʠʤʘʶʪʩʷ ʧʦʢʨʘʩʢʦʡ 

ʜʠʩʢʦʚ, ʠ ʜʘʥʥʘʷ ʫʩʣʫʛʘ ʚʦʩʪʨʝʙʦʚʘʥʘ ʠ ʫʥʠʢʘʣʴʥʘ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʜʦʧ. ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʢʦʪʦʨʦʛʦ ʥʝ ʫ ʢʘʞʜʦʛʦ ʉʊʆ ʠʤʝʝʪʩʷ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʰʠʥʦʤʦʥʪʘʞʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʟʘʛʨʫʞʝʥʦ, ʥʝ ʦʧʠʨʘʷʩʴ ʥʘ ʩʝʟʦʥ. ʀʟʜʝʨʞʢʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʩʦʢʠʝ, ʪʘʢ ʢʘʢ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʶ ʩʢʣʘʜʩʢʦʛʦ ʧʦʤʝʱʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʤʝʱʝʥʠʝ, ʪʝʭʥʠʯʝʩʢʘʷ 

ʧʦʜʜʝʨʞʢʘ, ʠ ʧʝʨʩʦʥʘʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦʙʳ ʢʦʥʝʯʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʫʟʥʘʣ ʠ ʧʨʦ ʦʢʘʟʘʥʠʝ 

ʫʥʠʢʘʣʴʥʳʭ ʠ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʫʩʣʫʛʘʭ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʥʥʳʭ ʉʊʆ ʥʝ ʧʨʠʚʷʟʳʚʘʶʪ ʢ ʧʝʨʚʦʡ 

ʠʣʠ ʚʪʦʨʦʡ ʣʠʥʠʠ ʚʙʣʠʟʠ ʜʦʨʦʛʠ, ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʥʝʤʥʦʛʦ ʦʪʜʘʣʝʥʦ ʦʪ ʜʦʨʦʛʠ, ʥʦ ʫʥʠʢʘʣʴʥʳʝ 

ʫʩʣʫʛʠ ʠ ʭʦʨʦʰʠʡ ʤʘʨʢʝʪʠʥʛ ʧʨʠʚʝʜʫʪ ʢʣʠʝʥʪʘ ʚ ʜʘʥʥʦʝ ʉʊʆ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʚ ʪʨʠ ʚʘʨʠʘʥʪʘ ʉʊʆ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʨʝʥʪʘʙʝʣʴʥʦ ʉʊʆ ˉ3, ʪʘʢ ʢʘʢ ʚ ʥʝʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʣʫʛ ʠ ʦʭʚʘʪʳʚʘʝʪʩʷ 

ʙʦʣʴʰʠʡ ʩʝʛʤʝʥʪ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʠʟ-ʟʘ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ: 

¶ ʩʢʣʘʜ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ; 

¶ ʢʫʟʦʚʥʦʡ ʮʝʭ; 

¶ ʤʝʣʢʦʪʝʢʫʱʠʡ ʨʝʤʦʥʪ. 

ʕʪʠ ʫʩʣʫʛʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʥʠ ʧʦʤʦʛʘʶʪ 

ʩʦʟʜʘʚʘʪʴ ʟʘʛʨʫʟʢʫ ʮʝʭʘ, ʦʢʘʟʘʚ ʠʭ ʥʘ ʚʳʩʰʝʤ ʫʨʦʚʥʝ, ʢʣʠʝʥʪ ʦʙʷʟʘʪʝʣʴʥʦ ʚʦʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠ ʜʨʫʛʠʤʠ ʫʩʣʫʛʘʤʠ ʜʘʥʥʦʛʦ ʉʊʆ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʢʫʤʫʣʷʪʠʚʥʦʡ ʤʘʨʞʠʥʘʣʴʥʦʩʪʠ ʫʩʣʫʛ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʩʝʨʚʠʩʘ 

ʥʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠ ʤʥʦʛʠʝ ʉʊʆ ʥʝ ʫʯʠʪʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʫʩʣʫʛʠ ʩʦʟʜʘʶʪ ʚʳʩʦʢʫʶ 

ʐʠʥʦʤʦʥʪʘʞ

5%

ʇʦʨʦʰʢʦʚʘʷ 

ʧʦʢʨʘʩʢʘ

15%

ʂʫʟʦʚʥʦʡ ʮʝʭ

30%

ʉʢʣʘʜʟʘʧʯʘʩʪʝʡʠ

ʨʘʩʭʦʜʥʳʭ

ʢʦʤʧʣʝʢʪʫʶʱʠʭ

30%

ʄʝʣʢʦʪʝʢʫʱʠʡ 

ʨʝʤʦʥʪ

20%

ʋʩʣʫʛʠ ʉʊʆ ˉ3ʐʠʥʦʤʦʥʪʘʞ

ʇʦʨʦʰʢʦʚʘʷ ʧʦʢʨʘʩʢʘ

ʂʫʟʦʚʥʦʡ ʮʝʭ

ʉʢʣʘʜ ʟʘʧʯʘʩʪʝʡ ʠ 

ʨʘʩʭʦʜʥʳʭ 

ʢʦʤʧʣʝʢʪʫʶʱʠʭ

ʄʝʣʢʦʪʝʢʫʱʠʡ ʨʝʤʦʥʪ



ʟʘʛʨʫʟʢʫ ʮʝʭʘ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʫʶ ʧʨʠʙʳʣʴ, ʝʩʣʠ ʙʳ ʵʪʠ ʫʩʣʫʛʠ 
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ʇʈʀʄɽʅɽʅʀʗ ʅʆɺʓʍ ʂʆʃʃɸɻɽʅ-ʇʆʃʀʄɽʈʅʓʍ ʉʀʉʊɽʄ  

ʂʘʜʠʨʦʚ ʊ.ɾ., ʍʫʜʘʥʦʚ ʋ.ʆ., ʋʤʤʘʪʦʚʘ ɼ. 

ɼʞʠʟʘʢʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ɼʞʠʟʘʢ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʳʭ ʠʤʧʨʝʛʥʘʥʪʦʚ 

ʜʣʷ ʦʪʜʝʣʢʠ ʢʦʞʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʣʘʛʝʥ, ʤʦʜʠʬʠʢʘʮʠʷ, ʚʠʥʠʣʦʚʳʝ ʤʦʥʦʤʝʨʠ, ʠʤʧʨʝʛʥʘʥʪ. 

 

ʆʙʣʘʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʩʦʩʪʘʚʘʭ 

ʛʨʫʥʪʦʚ, ʜʣʷ ʦʪʜʝʣʢʠ ʢʦʞ ʜʦʩʪʦʪʦʯʥʦ ʛʣʫʙʦʢʦ ʥʝ ʠʟʫʯʝʥʘ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʣʠʱ ʩ ʘʢʪʠʚʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʪʝʭ ʫʯʘʩʪʢʦʚ ʧʦʣʠʧʝʧʪʠʜʥʳʭ ʮʝʧʝʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʦʙʣʘʩʪʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʦʣʣʘʛʝʥʘ. ʂʦʪʦʨʳʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʥʠʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʯʝʤ ʦʙʣʘʩʪʠ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʣʣʘʛʝʥʘ. ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʝ 

ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʚʦʧʨʦʩ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʠʩʢ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʣʣʘʛʝʥʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʢʦʞʝʚʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʭ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʳʭ ʠʤʧʨʝʛʥʘʥʪʦʚ ʜʣʷ 

ʦʪʜʝʣʢʠ ʢʦʞ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʅʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʣʫʯʝʥʦ ʥʦʚʳʡ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʳʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʨʦʜʥʦʛʦ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʫʪʝʤ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ ʚʠʥʠʣʦʚʳʤʠ 

ʤʦʥʦʤʝʨʘʤʠ ʘʢʨʠʣʦʚʦʛʦ ʨʷʜʘ ʠ ʨʘʟʨʘʙʦʪʘʣʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ. ʇʨʠʤʝʥʠʣʠ ʢʦʣʣʘʛʝʥ-

ʧʦʣʠʤʝʨʥʳʭ ʠʤʧʨʝʛʥʘʥʪʦʚ ʜʣʷ ʦʪʜʝʣʢʠ ʢʦʞ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ ʢʦʞ, ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʘʞʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ  

ʋʢʘʞʝʤ, ʯʪʦ ʧʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ, 

ʦʩʪʘʣʴʥʳʝ ʦʪʜʝʣʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʦʧʝʨʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʟʘʚʦʜʩʢʦʡ ʤʝʪʦʜʠʢʝ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʵʪʘʧʳ ʧʨʦʮʝʩʩʘ ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʠ: ʝʤʢʦʩʪʠ ʧʦʜʘʝʪʩʷ 30-% ʥʳʡ 

ʧʨʦʜʫʢʪ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʣʣʘʛʝʥʘ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʦʡ ʦʩʪʘʪʦʢ), ʚ ʢʦʣʠʯʝʩʪʚʝ 60 % ʦʪ ʤʘʩʩʳ 

ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʠ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ. ʇʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʰʠʚʘʷ ʩ ʧʦʤʦʱʴʶ 

ʷʢʦʨʥʦʡ ʤʝʰʘʣʢʠ ʨʝʘʢʪʦʨʘ, ʩ ʝʤʢʦʩʪʠ, ʩʧʫʩʢʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ (ʚ ʧʝʨʝʩʯʝʪʝ 

ʥʘ 100 %) ʚ ʢʦʣʠʯʝʩʪʚʝ 20 % ʦʪ ʤʘʩʩʳ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʛʨʝʜʠʝʥʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʥʠʪʨʠʣ 

ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 % ʦʪ ʤʘʩʩʳ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʛʨʝʜʠʝʥʪʦʚ. ʏʝʨʝʟ 0,5 ʯʘʩʘ 

ʧʦʩʣʝ ʧʦʜʘʯʠ ʚʩʝʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʚ ʨʝʘʢʪʦʨ ʚʚʦʜʠʪʩʷ ʧʝʥʝʪʨʘʪʦʨ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʧʦ ʩʧʦʩʦʙʫ 

[2], 10% ʦʪ ʤʘʩʩʳ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʛʨʝʜʠʝʥʪʦʚ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʝʱʸ ʚ ʪʝʯʝʥʠʠ 1,5 ʯʘʩʘ, ʪ.ʝ. ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʦʤʦʛʝʥʥʦʡ ʩʫʙʩʪʘʥʮʠʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʦʛʨʝʚʘʷ ʨʝʘʢʪʦʨ ʜʦ 65-70 ʦʉ, ʩʪʨʫʝʡ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʚʦʜʠʪʩʷ 60 % - ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ (ʚ ʧʷʪʠʢʨʘʪʥʦʤ, ʨʘʟʙʘʚʣʝʥʥʳʡ) ʚ 

ʢʦʣʠʯʝʩʪʚʝ 0,05 % ʦʪ ʤʘʩʩʳ ʢʦʤʧʦʟʠʮʠʠ, ʚ ʪʝʯʝʥʠʠ 0,5 ʯʘʩʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʩʤʝʰʠʚʘʥʠʝ ʝʱʸ ʧʨʦʜʦʣʞʘʶʪ ʪʝʯʝʥʠʠ 1,5-2,0 ʯʘʩʘ.  

ɻʦʪʦʚʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʷʟʢʦ-ʪʝʢʫʯʫʶ ʛʦʤʦʛʝʥʥʫʶ ʵʤʫʣʴʩʠʶ ʩʚʝʪʣʦ-

ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʦʜʫʢʪ ʜʦʣʞʝʥ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ɖ = 

160,46 Ñ 8,5 ʤʇʘĿʩ, ʨʅ = 6,0-6,5 ʠ ʧʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʙʨʦʤʥʦʡ ʚʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʚʷʟʢʦ-ʪʝʢʫʯʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʦʛʦ 



ʠʤʧʨʝʛʥʘʥʪʘ ʩʧʫʩʢʘʶʪ ʚ ʥʘʢʦʧʠʪʝʣʴ-ʨʝʟʝʨʚʫʘʨ, ʯʝʨʝʟ ʰʪʫʮʝʨ, ʩ ʧʦʤʦʱʴʶ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 

ʩʦʟʜʘʚʘʝʤʦʝ ʢʦʤʧʨʝʩʩʦʨʦʤ. 

ɺ ʟʘʚʝʨʰʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʦʛʦ ʠʤʧʨʝʛʥʘʥʪʘ, ʦʧʷʪʴ ʞʝ 

ʩ ʧʦʤʦʱʴʶ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʥʘ ʩʤʝʩʠʪʝʣʴ, ʛʜʝ, ʠʤʧʨʝʛʥʘʥʪ 

ʨʘʟʙʘʚʣʷʝʪʩʷ ʚʦʜʦʡ ʜʦ ʧʣʦʪʥʦʩʪʠ 1,08 ʛ/ʩʤ3. ʇʨʠʛʦʪʦʚʣʝʥʥʳʡ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʳʡ 

ʠʤʧʨʝʛʥʘʥʪ ʩʘʤʦʪʝʢʦʤ ʧʦʩʪʫʧʘʝʪ ʥʘ ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ ʘʛʨʝʛʘʪ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʝ ʢʦʞ ʢʦʣʣʘʛʝʥ-ʧʦʣʠʤʝʨʥʦʡ ʩʠʩʪʝʤʦʡ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʞʘ ʧʦ ʚʩʝʤ ʢʘʯʝʩʪʚʘʤ 

ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʛʦʩʪʫ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Kadirov, T. J.,Khaitov, A. A., Alimov, ʆ. S.,Ruziev, R. R.,Thermal analysis of structural 

and relaxation changes of collagen and collagen-based modifiers136:136555u , // ɾ.ALCA may 

2002. VOL.XCVII, ʅʦʤʝʨ 5p.204 (Tashkent. Khim.-Tekhnol. Inst., Uzbekistan). 

2. ʂʘʜʠʨʦʚ ʊ.ɾ., ʊʦʰʝʚ ɸ.ʖ. ʠ ʜʨ. ʇʘʪʝʥʪ ʈʋʟ. IAP 20070038. ʇʝʥʝʪʨʘʪʦʨ ʜʣʷ 

ʦʪʜʝʣʢʠ ʢʦʞʠ. 26.10.2009. 
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ɸʅɸʃʀɿ ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʀ ʉʀʉʊɽʄʓ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ 

ʋʇʈɸɺʃɽʅʀʗ ɼʋɻʆɺʓʄʀ ʇʃɸɺʀʃʔʅʓʄʀ ʋʉʊɸʅʆɺʂɸʄʀ  

ʂʘʨʧʫʭʠʥ ʂ.ɽ., ʂʫʨʘʧʦʚʘ ʗ.ɸ. 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʣʴʷʥʦʚʩʢ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʜʫʛʦʚʦʡ ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʝʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʉʨʘʚʥʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠ ʫʧʨʝʞʜʘʶʱʝʡ 

ʢʦʨʨʝʢʮʠʝʡ. ʆʮʝʥʠʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʠ ʠ ʬʫʥʢʮʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʨʨʝʢʮʠʷ, ʢʦʣʝʙʘʪʝʣʴʥʦʩʪʴ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ ʜʫʛʦʚʦʡ ʧʣʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (ɼʇʋ) ʠ ʦʮʝʥʠʚʘʝʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʝʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ 

ʦʙʣʘʜʘʪʴ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʲʝʢʪʘ. ʇʣʘʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʜʫʛʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʤ ʠ ʰʠʭʪʦʡ 

(ʨʘʩʧʣʘʚʦʤ), ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʰʠʭʪʳ ï ʨʘʩʧʣʘʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ 

[1], ʯʪʦ ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʪʦʣʙʝ ʜʫʛʠ (ɓ) ʠ ʧʨʠʵʣʝʢʪʨʦʜʥʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ (Ŭ) 

ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʘʧʘ ʨʘʙʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʜʣʠʥʘ ʜʫʛʠ (). 

ʅʘʧʨʷʞʝʥʠʝ ʜʫʛʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

     (1) 

ʇʝʨʝʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʠʜʨʦʧʨʠʚʦʜʦʤ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʅʘ ʚʭʦʜ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣ ʟʘʜʘʥʠʷ  ʠ ʩʠʛʥʘʣ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ  ʩ ʜʘʪʯʠʢʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʪʦʢʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ . ʉʠʛʥʘʣ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʨʝʛʫʣʷʪʦʨ ʪʦʢʘ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ , ʘ ʟʘʪʝʤ 

ʥʘ ʦʙʤʦʪʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʨʘʙʦʪʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʢʣʘʧʘʥʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ . ʅʘ ʚʳʭʦʜʝ ʢʣʘʧʘʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ 

ʠʟʤʝʥʷʝʪʩʷ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʛʠʜʨʦʮʠʣʠʥʜʨ. ʆʥ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʤʝʱʝʥʠʶ  

ʰʪʦʢʘ , ʥʘ ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʝʥ ʧʦʜʚʠʞʥʳʡ ʵʣʝʢʪʨʦʜ.  
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʦʢʘ 

 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʫʯʘʡʥʦʛʦ 

ʚʦʟʤʫʱʘʶʱʝʛʦ ʩʠʛʥʘʣʘ  ʠ ʠʟʤʝʥʝʥʠʠ . ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʚ ʩʠʩʪʝʤʝ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʨʨʝʢʮʠʝʡ ʧʨʠ ʫʩʣʦʚʠʠ . ʇʨʠ ʩʥʠʞʝʥʠʠ  ʜʦ ʫʨʦʚʥʷ 

 ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ. 

 
ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʪʦʢʘ ʜʫʛʠ ʚ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʝ 
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ʇʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʩʠʩʪʝʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʝʞʜʘʶʱʝʡ ʢʦʨʨʝʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʟʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ɼʇʋ ʢ ʧʘʨʘʤʝʪʨʫ , ʯʪʦ ʧʦʚʳʰʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʫʤʝʥʴʰʘʝʪ 

ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʠ ʩʠʣʦʚʦʛʦ ʪʦʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʥʠʞʘʶʪʩʷ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

SENSITIVITY ANALYSIS  OF THE AUTOMATIC CO NTROL SYSTEM FOR ARC  

FUSION INSTALLAT IONS 

Karpukhin K.E., Kurapova Ya.A. 

Ulyanovsk State Technical University, Ulyanovsk 

 

We consider the work of arc melting facility and evaluated the sensitivity of its control system. We 

compare the structure with a consistent and proactive correction. We estimate the sensitivity of the 

target vibrational and sensitivity function for the systems under consideration. 

Key words: Sensitivity, control system, correction, vibrational. 
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ɺʓɹʆʈ ʄɽʊʆɼɸ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʉʃʆɾʅʓʍ ʊɽʍʅʀʏɽʉʂʀʍ 

ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ ɺ ɿɸɺʀʉʀʄʆʉʊʀ  

ʆʊ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

ʃʝʚʠʥʘ ʊ.ʄ., ʊʦʨʛʘʰʦʚ ɸ.ɺ., ʀʰʤʫʭʘʤʝʪʦʚʘ ɸ.ɸ. 

ʉʘʣʘʚʘʪʩʢʠʡ ʬʠʣʠʘʣ ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʉʘʣʘʚʘʪ 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɺʳʜʝʣʝʥʳ ʤʝʪʦʜʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʨʦʛʥʦʟʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

(ʚʝʨʦʷʪʥʦʩʪʥʳʡ); ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ (ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ), ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ). 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʩʣʦʞʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ 

ʟʘʩʣʫʞʠʚʘʶʪ ʚʦʧʨʦʩʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʢ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʪʠʤʘʣʴʥʳʭ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʟʘʚʠʩʷʪ 

ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠ ʝʝ ʩʦʟʜʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʟʜʘʥʠʶ, ʩʣʦʞʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʤʝʪʦʜʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʘʣʴʥʦʤ ʚʠʜʝ [2] ʜʝʣʷʪʩʷ ʥʘ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ (ʚʝʨʦʷʪʥʦʩʪʥʳʝ); 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ (ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ) ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ (ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ) (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1. ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ˉ ʤʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʘʧʧʘʨʘʪ 

1 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ •ὖȟὖȟȣȟὖ  - n-ʤʝʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʝʡ; 

 ὖ  ЎὖȾ ςȠ ὖ  ЎὖȾ ςȟȣȟὖ  ЎὖȾ ςȠ ὖ  ЎὖȾ ς - 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʠʥʪʝʨʚʘʣ; 

‐ ᷿ ᷿ ȣ᷿ •ὖȟὖȟȣȟὖ ὨὖȟὨὖȟȣȟὨὖ 
 Ў Ⱦ 

 Ў Ⱦ 

 Ў Ⱦ 

 Ў Ⱦ 

 Ў Ⱦ 

 Ў Ⱦ 
-

ʧʦʣʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʛʥʘʣʘ; 

ὖȟὖȟȣȟὖ ï ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ὖὸ; 

ὸȟὸȟȣȟὸ ̜̍̏̍̆̎̓ ̃̑̆̍̆̎̉Ȣ 
2 ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ  ὖ Ὂ•ȟ Ὓ ὕ ï ʤʦʜʝʣʴ ʦʙʱʝʛʦ ʚʠʜʘ; 

• ï ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ; 

 Ὓ ὤȟȣȟὤ ȟὤ ȟȣȟὤ T ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʚʝʢʪʦʨ; 

 ὤ ï ʚʭʦʜʥʳʝ ʚʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ; 

Ὂȣ  ï ʬʫʥʢʮʠʷ ʠʣʠ ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʧʨʦʛʥʦʟʥʫʶ ʤʦʜʝʣʴ 

3 ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ P(t, d) - ʥʘʛʨʫʟʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʘʢʪʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʛʦ ʛʨʘʬʠʢʘ; 

PS(t, d) - ʬʘʢʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ; 

PD(t, d) ï ʦʩʪʘʪʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

P(t, d) = PS(t, d) + PD(t, d) - ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʦʩʠʪ 

ʘʜʜʠʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ; 

P(t, d) = PS(t, d)PD(t, d) - ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ.  

(ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ P(t, d), PS(t, d), PD(t, 

d), ʤʘʣʘʷ ʙʫʢʚʘ d ʦʙʦʟʥʘʯʘʝʪ ʪʠʧ (ʥʦʤʝʨ) ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʩʫʪʦʢ) 



 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʦʞʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3] ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. 
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ʂ ɺʆʇʈʆʉʋ ʆ ʇʃɸʉʊʀʌʀʂɸʊʆʈɸʍ ɺ ɹɽʊʆʅɽ ɼʃʗ ʉʋʍʀʍ ɼʆʂʆɺ 

ʃʠʯʤʘʥʶʢ ɽ.ʆ., ʂʫʟʴʤʠʥ ɼ.ɽ., ʍʨʘʤʦʚ ɼ.ɸ. 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʧʦʚʳʰʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʪʦʨʳʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ 

ʥʘ ʥʝʠʟʤʝʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʩʫʭʦʡ ʜʦʢ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, 

ʢʦʨʨʦʟʠʡʥʘʷ ʩʪʦʡʢʦʩʪʴ. 

 

ʆʪʜʘʚʘʷ ʥʘ ʦʙʩʫʞʜʝʥʠʝ ʦʩʥʦʚʥʫʶ ʩʝʨʠʶ ʚʠʜʦʚ ʪʷʞʝʣʦʛʦ ʙʝʪʦʥʘ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʧʨʦʯʥʦʩʪʴ ʚ ʨʘʩʯʝʪʥʦʤ ʚʦʟʨʘʩʪʝ ʥʦʨʤʘʣʠʟʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ɹɺ.2.7-

43-96 ʜʣʷ ʢʣʘʩʩʦʚ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, ʦʩʝʚʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʠ ʠʟʛʠʙʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. 

ɼʣʷ ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʧʦʧʝʨʝʤʝʥʥʦʤʫ ʟʘʤʦʨʘʞʠʚʘʥʠʶ ʠ 

ʦʪʪʘʠʚʘʥʠʶ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʟʥʘʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ (F): 50, 

75, 100, 150, 200, 300, 400, 500, 600, 800, 1000 ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʦʙʦʟʥʘʯʘʶʪ ʤʘʨʢʠ ʧʦ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ (ɺʪ): 2; 4, 

6; 8; 10, 12; 14; 16; 18; 20 

ɺʩʝ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʴ 

ʙʝʪʦʥʘ. ʇʦʤʠʤʦ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʩʫʱʝʩʪʚʫʶʪ ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ. ɺʩʝ 

ʦʥʠ ʠʤʝʶʪ ʦʜʥʫ ʦʯʝʥʴ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ - ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʶʪ ʩʤʝʰʠʚʘʥʠʝ 

ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 

ɺʦʟʤʦʞʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʜʘʩʪ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

¶ ʟʘʚʦʜʳ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʠʟʜʝʣʠʷ, ʚʳʠʛʨʳʚʘʶʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʧʘʨʠʚʘʥʠʷ ʠʣʠ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʢʘʤʝʨʘʭ. 

¶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʪʦʥʘ ʦʜʠʥʘʢʦʚʦʡ ʧʨʦʯʥʦʩʪʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉ-3 ʠ ʙʝʟ ʥʝʛʦ ʦʜʠʥ ʢʫʙʠʯʝʩʢʠʡ ʤʝʪʨ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 

ʧʦʪʨʝʙʣʷʝʪ ʥʘ 15% ʤʝʥʴʰʝ ʮʝʤʝʥʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʜʦʙʘʚʢʠ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ; 

¶ ʧʦʜʚʠʞʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʚʦʟʨʘʩʪʘʝʪ ʙʝʟ ʵʬʬʝʢʪʘ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ; ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 25% 

¶ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ F350, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ (ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʩʞʘʪʠʝ ʙʦʣʝʝ 100 ʄʇʘ). ʅʘʧʨʠʤʝʨ, ʙʝʪʦʥʥʳʡ ʦʙʨʘʟʝʮ ʤʘʨʢʠ ʤ 350 (ɺ25) ʚ ʚʦʟʨʘʩʪʝ 28 ʜʥʝʡ 

ʠʤʝʝʪ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ 25 ʄʇʘ; 

¶ ʩʮʝʧʣʝʥʠʝ ʘʨʤʘʪʫʨʳ ʩ ʙʝʪʦʥʦʤ ʫʚʝʣʠʯʝʥʦ ʚ 1,5 ʨʘʟʘ. 

ʋʛʨʦʟʳ. ʇʨʠ ʚʳʙʦʨʝ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʚʳʙʦʨʫ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʢʘʯʝʩʪʚʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʙʝʪʦʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʪʚʝʨʜʝʚʘʝʪ ʤʝʜʣʝʥʥʝʝ. 

ʏʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʟʘʤʝʜʣʷʶʱʠʡ ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʚ ʙʝʪʦʥʥʳʡ 



ʨʘʩʪʚʦʨ ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥ ʫʩʢʦʨʠʪʝʣʴ ʪʚʝʨʜʝʥʠʷ, ʯʪʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʬʠʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʫʜʝʪ ʩʦʛʣʘʩʦʚʘʥ. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʜʦʙʘʚʦʢ ʜʣʷ ʙʝʪʦʥʦʚ ʠ ʨʘʩʪʚʦʨʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ. 

ʋʩʢʦʨʠʪʝʣʠ ʪʚʝʨʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʜʝʡʩʪʚʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʧʨʦʮʝʩʩʫ ʦʪʚʝʨʞʜʝʥʠʷ. ʊʘʢʞʝ ʫʩʢʦʨʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʙʝʪʦʥʠʨʦʚʘʥʠʷ 

ʚ ʭʦʣʦʜʥʫʶ ʧʦʛʦʜʫ. ʇʦʩʢʦʣʴʢʫ ʯʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ, ʧʨʦʯʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʤʝʜʣʝʥʥʳʤʠ ʪʝʤʧʘʤʠ. 

ʆʪʚʝʨʜʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. ɺ 

ʛʨʫʧʧʫ ʟʘʤʝʜʣʠʪʝʣʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʫʰ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʜʣʷʶʱʠʡ ʵʬʬʝʢʪ. 

ɸʥʪʠʬʨʠʟʥʳʝ ʜʦʙʘʚʢʠ ʜʣʷ ʙʝʪʦʥʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʠʤʥʝʛʦ ʙʝʪʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʟʘʧʦʣʥʝʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʜʦʙʘʚʦʢ ʧʦʟʚʦʣʷʶʪ ʙʝʪʦʥʠʨʦʚʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ï25 Á C. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ 

ʜʦʙʘʚʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʧʦʟʚʦʣʷʝʪ ʟʘʚʦʜʘʤ ʧʨʦʠʟʚʦʜʠʪʴ ʩʤʝʩʠ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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TO THE QUESTION OF PLASTICIZERS IN CONCR ETE FOR DRY DOCKS 

Lichmanyuk E.O., Kuzmin D.E., Khramov D.A. 

Far Eastern Federal University, Vladivostok 

 

This article discusses the main indicators of concrete mix, the increase in the characteristics of which 

should first be taken into account when improving the quality of the mixture on the same primary 

components. 
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ʋɼʂ 62 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ 

ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ʆɹʋʏɽʅʀʗ ʉʆʊʉɹʀ ɼʃʗ ɸʂʊʋɸʃʀɿɸʎʀʀ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɻʆ ʈɽʉʋʈʉɸ ʂʋʈʉɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ʄʝʥʜʠʙʘʝʚʘ ɾ., ϧʦʞʘʙʝʨʛʝʥʦʚʘ ɾ. 

ɽʚʨʘʟʠʡʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ.ɻʫʤʠʣʝʚʘ, ʅʫʨ-ʉʫʣʪʘʥ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʉʚʦʙʦʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

(ʉʇʆ) - ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʘʚʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʫʩʪʘʥʦʚʢʫ, ʟʘʧʫʩʢ, ʘ ʪʘʢʞʝ ʩʚʦʙʦʜʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʠʟʫʯʝʥʠʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ (ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ) ʧʨʦʛʨʘʤʤ ʟʘʱʠʱʝʥʳ ʶʨʠʜʠʯʝʩʢʠ 

ʘʚʪʦʨʩʢʠʤʠ ʧʨʘʚʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʩʚʦʙʦʜʥʳʭ ʣʠʮʝʥʟʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʇʆ ʩʚʦʙʦʜʥʦ 

ʚʝʟʜʝ: ʚ ʰʢʦʣʘʭ, ʦʬʠʩʘʭ, ʚʫʟʘʭ, ʥʘ ʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ, ʠ ʚʦ ʚʩʝʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʠ ʫʯʨʝʞʜʝʥʠʷʭ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʢ ʢʦʤʤʝʨʯʝʩʢʠʭ, ʪʘʢ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ).  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʇʆ, ʉʆʊʉɹʀ 

 

ʏʘʩʪʴ 1 ʆʨʛʘʥʠʟʘʮʠʷ ʀʥʪʝʨʘʢʪʠʚʥʦʛʦ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʤʦʜʫʣ ̫

ʉʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ çʉʆʊʉɹʀ-ʋè ð ʵʪʦ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʦʙʫʯʘʶʱʠʝ 

ʢʫʨʩʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʟʥʘʥʠʷ ʙʦʣʴʰʦʡ ʘʫʜʠʪʦʨʠʠ ʩʣʫʰʘʪʝʣʝʡ. çʉʆʊʉɹʀ-ʋè 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ (ɺʋɿʳ, 

ʢʦʣʣʝʜʞʠ, ʫʯʝʙʥʳʝ ʮʝʥʪʨʳ ʢʦʤʧʘʥʠʡ ʠ ʪ.ʧ.), ʪʘʢ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, 

ʦʙʫʯʘʶʱʠʤʠʩʷ ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʣʶʜʴʤʠ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

ʅʊʎ ʉʆʊʉɹʀ ʧʨʦʠʟʚʦʜʠʪ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʪʘʚʢʠ ɿʘʢʘʟʯʠʢʘʤ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ð ʫʯʝʙʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ 

çʉʆʊʉɹʀ-ʋè. 

ʂʦʤʧʣʝʢʩ ʉʆʊʉɹʀ-ʋ ʨʘʟʨʘʙʦʪʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ 

ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʣʶʙʦʝ, ʠʤʝʶʱʝʝʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʚ ʪʦʤ ʯʠʩʣʝ Softswitch, ʤʝʜʠʘʰʣʶʟʳ, ʰʣʶʟʳ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʜʨ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʛʠʙʢʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ ʉʆʊʉɹʀ-ʋ, ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʝʝ ʙʘʟʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʫʨʩʦʚ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ʄʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʢʦʤʧʣʝʢʩʝ ʉʆʊʉɹʀ-ʋ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ 

ʦʙʫʯʘʶʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʩ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʚ ʩʦʧʨʦʚʦʞʜʝʥʠʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʩʦʙʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ʠ 

ʤʘʛʠʩʪʨʘʥʪʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʝʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʥʷʪʦʡ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ: ʩʪʫʜʝʥʪʳ, ʧʦʣʫʯʘʶʱʠʝ ʢʚʘʣʠʬʠʢʘʮʠʶ ʤʘʛʠʩʪʨʘ, ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʧʨʝʜʤʝʪʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ʂʦʤʧʣʝʢʩ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʜʚʝ ʧʣʦʩʢʦʩʪʠ: ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʪʝʦʨʠʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʙʫʯʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʫʯʘʱʠʭʩʷ. 

ʅʘ ʈʠʩʫʥʢʝ 1 ʤʳ ʧʦʢʘʟʳʚʘʝʤ ʚ ʢʘʢʦʤ ʬʦʨʤʘʪʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ. 



 
ʈʠʩʫʥʦʢ 1 ʆʩʥʦʚʥʳʝ ʤʦʜʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʉʆʊʉʊɹʀ  

 

ʏʘʩʪʴ 2 ʋʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʨʘʙʦʪʦʡ ʫʯʝʙʥʦʛʦ ʢʣʘʩʩʘ  

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʷ.  

ʄʦʥʠʪʦʨʠʥʛ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʡ ʧʨʦʛʨʘʤʤʳ iTALC ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʠ ʫʯʘʱʠʤʩʷ: ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʙʦʪʦʡ ʩʪʫʜʝʥʪʦʚ, 

ʜʝʤʦʥʩʪʨʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʵʢʨʘʥʘ ʥʘ ʵʢʨʘʥʳ ʫʯʘʱʠʭʩʷ, ʙʣʦʢʠʨʦʚʢʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʠʩʧʣʝʷʭ ʩʪʫʜʝʥʪʦʚ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʤʦʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢʠʝ 

ʟʘʪʨʫʜʥʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʫ ʦʙʫʯʘʶʱʠʭʩʷ.  

ɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʠ ʩʪʘʪʠʩʪʠʢʘ. ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʠʜʠʪ ʨʝʟʫʣʴʪʘʪ ʠ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʝʣʘʥʥʦʡ ʫʯʘʱʠʤʠʩʷ ʨʘʙʦʪʳ, ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʠ ʫʜʘʣʷʪʴ ʛʨʫʧʧʳ ʩʪʫʜʝʥʪʦʚ, ʤʝʥʷʪʴ 

ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʧʘʨʦʣʠ.  
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The use of free software is one of the directions in the development of education in Russia and in 

Kazakhstan. Free software (open source software) is a wide range of software solutions in which user 

rights for unlimited installation, launch, as well as free use, study, distribution and modification 

(improvement) of programs are legally protected by copyright using free licenses. The use of such 

software is free everywhere: in schools, offices, universities, on personal computers, and in all 

organizations and institutions (including both commercial and state). 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ 

ʋʇʈɸɺʃɽʅʀʗ ʆʉʋʐʂɸ ɺʆɿɼʋʍɸ ɺ ʎɽʆʃʀʊʓɺʓʍ ɸɼʉʆʈɹɽʈɸʍ 

ʇʦʥʦʤʘʨʝʚ ɽ.ʗ. 

ɺʦʣʞʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʣʠʘʣ ɺʦʣʛʦʛʨʘʜʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ɺʦʣʞʩʢʠʡ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨ. ʇʨʠʚʝʜʝʥʘ 

ʨʝʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʛʨʘʤʤʝ SimInTech. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʠʟʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, SimInTech, ʨʝʛʫʣʷʪʦʨ, ʪʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ. 

 

 ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʭʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʣʦʢʦʚ ʦʯʠʩʪʢʠ 

ʚʦʟʜʫʭʘ. ʆʧʠʩʘʥʠʝ ʵʪʠʭ ʩʭʝʤ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʥʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʪʠʧʦʚʳʤʠ ʠ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ. 

ʀʥʞʝʥʝʨʫ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʩʜʝʣʘʪʴ ʩʚʦʡ ʚʳʙʦʨ ʥʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʩʭʝʤʘʭ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ.  

ʇʦ ʪʝʤʝ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʠʣʠ ʚ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʪʝʥʪʳ: 

ʇʘʪʝʥʪ ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ ʘʜʩʦʨʙʮʠʝʡ. ʀʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ ʘʜʩʦʨʙʮʠʝʡ. ʋʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ ʩ ʨʘʟʤʝʱʝʥʥʳʤ 

ʚ ʥʝʤ ʩʣʦʝʤ ʩʦʨʙʝʥʪʘ, ʩʨʝʜʩʪʚʦ ʧʦʜʞʘʪʠʷ ʩʣʦʷ ʩʦʨʙʝʥʪʘ, ʢʦʣʴʮʦ ʠ ʞʝʩʪʢʠʡ ʩʝʪʯʘʪʳʡ ʬʠʣʴʪʨ. 

ʉʨʝʜʩʪʚʦ ʧʦʜʞʘʪʠʷ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʵʣʘʩʪʠʯʥʦʡ ʢʘʤʝʨʳ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʢʦʣʴʮʝ. ʂʦʣʴʮʦ 

ʦʧʠʨʘʝʪʩʷ ʥʘ ʬʠʣʴʪʨ, ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʩʣʦʝ ʩʦʨʙʝʥʪʘ. ʀʟʦʙʨʝʪʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʜʞʘʪʠʝ ʩʣʦʷ ʩʦʨʙʝʥʪʘ ʚ ʢʦʨʧʫʩʝ ʘʜʩʦʨʙʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ [24]. 

 ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʘʥʦʚʢʝ ʧʦ ʦʩʫʰʢʝ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʠʣʠ ʩʪʨʫʢʪʫʨʫ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʝʨʚʘʷ ʛʣʘʚʘ ɺʂʈ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ. 

ʈʘʩʢʨʳʪʠʝ ʵʪʦʡ ʛʣʘʚʳ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʙʟʦʨʘ ʠ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʘʪʝʥʪʦʚ ʧʦ ʪʝʤʝ ʤʘʛʠʩʪʝʨʩʢʦʡ ʨʘʙʦʪʳ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ɺʂʈ ʙʫʜʫʪ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 ʆʙʟʦʨ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʙʫʜʝʪ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʩʫʰʢʝ ʚʦʟʜʫʭʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʩʪʘʥʦʚʢʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʩʣʝʜʫʶʱʝʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʩʪʨʦʝʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʫʣʷʪʦʨʘ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʫʪ ʩʜʝʣʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 



¶ ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ; 

¶ ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʩʪʨʦʝʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʫʣʷʪʦʨʘ. 

¶ ʉʦʩʪʘʚʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʩʫʰʢʝ ʚʦʟʜʫʭʘ; 

¶ ʅʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʰʢʝ ʚʦʟʜʫʭʘ, ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʨʠʪʴ ʧʨʝʜʣʦʞʝʥʥʫʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʥʘʜʝʞʥʦʡ 

ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʩʫʰʢʝ ʚʦʟʜʫʭʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʫʩʪʘʥʦʚʢʘ ʧʦ ʦʩʫʰʢʝ ʚʦʟʜʫʭʘ. ʇʨʦʚʝʜʝʥ 

ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʩʪʨʦʝʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʝʛʫʣʷʪʦʨʘ 
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ɸʅʊɽʅʅʓ ʊɽʈɸɻɽʈʎʆɺʆɻʆ ɼʀɸʇɸɿʆʅɸ 

ʉʘʬʘʨʛʫʣʦʚʘ ʃ.ʀ., ɻʨʘʭʦʚʘ ɽ.ʇ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʬʘ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʯʝʥʴ ʚʘʞʥʦ ʧʦʣʫʯʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʢʣʘʩʩ ʘʥʪʝʥʥ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʛʨʘʬʝʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʬʝʥ, ʫʛʣʝʨʦʜʥʘʷ ʦʩʥʦʚʘ, ʘʥʪʝʥʥʘ, ʪʝʨʘʙʠʪʥʘʷ ʩʢʦʨʦʩʪʴ  

 

ɻʨʘʬʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʤʝʨʥʳʡ ʣʠʩʪ, ʪʦʣʱʠʥʦʡ ʚ ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ 

ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʦʡ çʩʦʪʦʚʦʡè ʩʪʨʫʢʪʫʨʦʡ: ʘʪʦʤʳ ʚ ʛʨʘʬʝʥʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʛʣʘʭ 

ʠʜʝʘʣʴʥʳʭ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ. ʕʪʦ ʫʜʠʚʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʝʪ 

ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʛʠʝ ʩʬʝʨʳ ʠʥʜʫʩʪʨʠʠ. 

ɿʘ ʩʯʝʪ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥ ʦʙʣʘʜʘʝʪ ʥʝʦʙʳʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʦʥ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʧʨʠ ʵʪʦʤ ʛʠʙʢʠʡ, ʧʨʦʯʥʳʡ ʠ 

ʦʯʝʥʴ ʣʝʛʢʠʡ. ʕʪʠ ʚʩʝ ʢʘʯʝʩʪʚʘ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʛʨʘʬʝʥʫ ʟʘʤʝʥʠʪʴ ʢʨʝʤʥʠʡ ʠ ʤʝʪʘʣʣʳ ʚ 

ʵʣʝʢʪʨʦʥʠʢʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʚ ʝʸ ʧʦʢʘʟʘʪʝʣʠ ʩʢʦʨʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʛʨʘʬʝʥʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

¶ ʊʨʫʜʥʦ ʧʦʣʫʯʘʪʴ ʛʨʘʬʝʥ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʩ 

ʟʘʜʘʥʥʳʤ ʚʳʩʦʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʋʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʥʝʙʦʣʴʰʠʝ ʧʦ 

ʨʘʟʤʝʨʘʤ ʣʠʩʪʳ ʛʨʘʬʝʥʘ; 

¶ ʇʨʦʤʳʰʣʝʥʥʳʡ ʛʨʘʬʝʥ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʤ ʧʨʦʠʛʨʳʚʘʝʪ 

ʵʢʟʝʤʧʣʷʨʘʤ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʚ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʇʦʵʪʦʤʫ ʜʦʩʪʠʯʴ ʘʥʘʣʦʛʠʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʫʜʘʝʪʩʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ; 

¶ ʇʨʦʠʟʚʦʜʩʪʚʦ ʛʨʘʬʝʥʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ. 

ʀʟ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʫʛʣʝʨʦʜʥʳʭ ʘʥʪʝʥʥ: 

¶ ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʛʠʙʘʶʱʝʡ ʫʩʪʘʣʦʩʪʠ;  

¶ ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ; 

¶ ɺʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ. ʇʦʤʠʤʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʜʘʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʛʦʜʥʳʤ ʜʣʷ 

ʵʪʠʭ ʘʥʪʝʥʥ ʥʘ ʫʛʣʝʨʦʜʥʦʡ ʦʩʥʦʚʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʩʦʜʝʨʞʘʪ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʦʤ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʘʥʪʝʥʥ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʪʝʨʘʙʠʪʥʫʶ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ. ʊʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥ ʟʘʥʠʤʘʝʪ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ ʦʪ 0,3 ʜʦ 10 ʊɻʮ. ʂ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʨʠʤʝʥʝʥʠʷ ʊɻʮ ʠʟʣʫʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ï ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ, 

ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʷ ʠ ʦʪʜʝʣʴʥʳʝ ʚʠʜʳ ʨʘʜʠʦʣʦʢʘʮʠʠ. 

ɸʧʧʘʨʘʪʫʨʘ ʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʙʣʘʜʘʝʪ ʚʘʞʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʙʦʣʴʰʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʥʝʧʨʦʟʨʘʯʥʳʝ 

ʧʨʝʜʤʝʪʳ. 
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In todayôs world, it is very important to receive and transmit information at high speed. This article 

will discuss next-generation antennas for wireless networks made of graphite, a thin carbon film, one 

atom thick 
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ɺʃʀʗʅʀɽ ʄʆɼʀʌʀʂɸʊʆʈɸ ʅɸ ʆʉʅʆɺɽ ɹʋʊɸɼʀɽʅʅʀʊʈʀʃʔʅʆɻʆ 

ʂɸʋʏʋʂɸ ʅɸ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ  

ɸʉʌɸʃʔʊʆɹɽʊʆʅʅʓʍ ʇʆʂʈʓʊʀʁ 

ʉʘʬʠʥ ʈ.ʈ., ɻʘʬʠʷʪʫʣʣʠʥʘ ʄ.ʈ. 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ 

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʥʘ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʤʦʜʠʬʠʢʘʪʦʨ, ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢ. 

 

ʇʨʦʙʣʝʤʘ ʢʘʯʝʩʪʚʘ ʜʦʨʦʞʥʳʭ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʦʙʣʘʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ.  

ɸʩʬʘʣʴʪʦʙʝʪʦʥ - ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʝʛʦ ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʜʦʙʘʚʣʝʥʠʝ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʠʤʝʨʥʳʡ ʤʦʜʠʬʠʢʘʪʦʨ ʜʣʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, ʩʦʜʝʨʞʘʱʠʡ 

ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʡ ʢʘʫʯʫʢ, ʦʨʛʘʥʠʯʝʩʢʠʡ ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʥʘʧʦʣʥʠʪʝʣʴ, ʧʦʣʠʤʝʨ ʠʣʠ ʩʤʝʩʴ 

ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ ʛʨʫʧʧʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʨʝʛʫʣʷʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʝʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨ ʩʦʜʝʨʞʠʪ 

ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢ. ɹʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢ ʩʦʜʝʨʞʠʪ ʧʨʦʜʫʢʪ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʙʫʪʘʜʠʝʥʘ ʩ ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʦʤ.  

ʕʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʡ ʢʘʫʯʫʢ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʜʫʢʪʦʤ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ, 

ʧʨʦʧʠʣʝʥʘ ʠ ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʠʣʠ ʵʪʠʣʠʜʝʥʥʦʨʙʦʨʥʝʥʘ. ʋʢʘʟʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʧʨʦʜʫʢʪʘʤʠ ʨʝʮʠʢʣʠʥʛʘ ʦʪʭʦʜʦʚ ʧʣʘʩʪʤʘʩʩ ʠ/ʠʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʩʦʜʝʨʞʠʪ ʙʠʪʫʤ ʠʣʠ ʛʫʜʨʦʥ, ʠʣʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʤʘʩʣʦ, ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʠʤ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʜʝʨʞʠʪ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʠʣʠ ʘʥʘʣʦʛʠ: 

ʠʟʚʝʩʪʥʷʢ, ʙʘʟʘʣʴʪ, ʢʚʘʨʮʠʪ, ʣʝʪʫʯʫʶ ʟʦʣʫ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʜʝʨʞʠʪ 

ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ, ʥʘʧʨʠʤʝʨ ʮʝʣʣʶʣʦʟʥʦʝ ʚʦʣʦʢʥʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʜʝʨʞʠʪ ʚʪʦʨʠʯʥʳʝ ʧʦʣʠʤʝʨʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʦʛʦ ʠ/ʠʣʠ ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢʘ ʠ/ʠʣʠ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʦʣʝʬʠʥʦʚʦʡ 

ʛʨʫʧʧʳ. [2] 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʘʥʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʧʳʪʘʥʠʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ɻʆʉʊ 

12801-908 [1]: ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʥʘʩʳʱʝʥʠʷ; ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ; ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ; ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʠ; ʚʦʜʦʩʪʦʡʢʦʩʪʠ; ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʩʢʦʣʝ. 

ʉʨʘʚʥʠʚ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʙʨʘʟʮʦʚ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʘ 

ʠ ʩ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʣʘʝʤ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

 ɺʦʜʦʥʘʩʳʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩ ʧʦʣʠʤʝʨʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 13 %, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘ/ʙ ʧʦʢʨʳʪʠʷ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʢ ʚʣʘʛʝ. 



 ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʘʢ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: ʧʨʠ 20Áʉ ʟʥʘʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩ 

ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 9,8%; ʧʨʠ 0Áʉ - ʥʘ 14,3%; ʧʨʠ 50Áʉ - ʥʘ 1%. ʊʦ ʝʩʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʫʣʫʯʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ. 

 ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪʩʷ ʥʘ 

18,9%. 

 ʇʘʨʘʤʝʪʨʳ ʩʜʚʠʛʦʫʩʪʦʡʯʠʚʦʩʪʠ: ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʝ ʧʨʠ ʩʜʚʠʛʝ: 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 4,7% ʠ 28,9% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʨʠ ʦʮʝʥʢʝ ʩʚʦʡʩʪʚ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

 ɺʦʜʦʩʪʦʡʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 8,9 %, ʯʪʦ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ. 

 ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʢʦʣʝ ʦʪʚʝʯʘʝʪ ʟʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ 

ʧʦʣʦʪʥʘ: ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʫʣʫʯʰʘʝʪ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʥʘ 16,3%. 

ʆʩʥʦʚʥʳʝ ʚʘʞʥʳʝ ʩʚʦʡʩʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʵʪʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʢʨʳʪʠʷ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʣʝʝ ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢ ʚʧʠʪʳʚʘʥʠʶ ʚʣʘʛʠ.  

ɼʦʙʘʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥʥʠʪʨʠʣʴʥʦʛʦ 

ʢʘʫʯʫʢʘ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʫʚʝʣʠʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʢʨʳʪʠʷ ʢ ʚʦʜʝ ʠ ʫʤʝʥʴʰʘʝʪ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʦʨʦʞʥʳʭ 

ʧʦʢʨʳʪʠʡ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɹʀɿʅɽʉ-ʇʈʆʎɽʉʉʆɺ ɺ ʋʏʈɽɾɼɽʅʀʀ 

ɿɼʈɸɺʆʆʍʈɸʅɽʅʀʗ 

ʉʝʣʝʜʮʦʚʘ ɸ.ɺ. 

ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʨʷʥʩʢ 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʫʯʨʝʞʜʝʥʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʛ. ʇʦʯʝʧʘ, ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ, ʘʥʘʣʠʟ, ʧʨʦʮʝʩʩʳ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʫʩʪʘʨʝʚʰʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʧʘʮʠʝʥʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʯʝʨʝʜʷʤ ʚʦʟʣʝ 

ʨʝʛʠʩʪʨʘʪʫʨʳ ʠ ʢʘʙʠʥʝʪʦʚ ʚʨʘʯʝʡ, ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʧʘʩʪʴ ʥʘ ʧʨʠʝʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ 

ʷʚʣʷʝʪʩʷ ʨʘʩʜʦʩʘʜʦʚʘʥʥʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʢʘʯʝʩʪʚʦʤ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʚ 

ʧʦʣʠʢʣʠʥʠʢʘʭ, ʢʦʪʦʨʳʝ ʬʠʥʘʥʩʠʨʫʶʪʩʷ ʠʟ ʬʦʥʜʘ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʫʩʣʫʛʠ ʩʪʨʘʭʦʚʦʡ ʤʝʜʠʮʠʥʳ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʠ ʥʝ ʦʧʨʘʚʜʳʚʘʶʪ ʦʞʠʜʘʥʠʷ ʥʘʩʝʣʝʥʠʷ. ʆʜʥʘʢʦ, ʚ ʫʩʣʦʚʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, 

ʙʝʩʧʣʘʪʥʳʝ ʫʩʣʫʛʠ ʜʝʣʘʶʪ ʙʦʣʴʥʠʮʳ ʢʦʥʢʫʨʝʥʪʥʳʤ ʠʛʨʦʢʦʤ ʥʘ ʨʳʥʢʝ ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ. [1] 

ʄʝʜʠʮʠʥʩʢʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ - ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʧʨʦʮʝʩʩʘ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʫʤʘʞʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʢʘʨʪʘ ʧʘʮʠʝʥʪʘ, ʢʦʪʦʨʘʷ 

ʟʘʧʦʣʥʷʝʪʩʷ ʚʨʘʯʦʤ ʚʨʫʯʥʫʶ ʥʘ ʧʨʠʝʤʝ. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʚʝʜʝʥʠʶ ʙʫʤʘʞʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ 

ʢʘʨʪʳ ʧʘʮʠʝʥʪʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʚʥʫʪʨʝʥʥʠʤ ʧʦʣʦʞʝʥʠʝʤ ʢʦʤʧʘʥʠʠ. 

ʄʝʜʠʮʠʥʩʢʘʷ ʢʘʨʪʘ ʧʘʮʠʝʥʪʘ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʝʨʝʯʝʥʴ ʜʦʢʫʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʦʬʦʨʤʣʷʶʪʩʷ ʥʘ ʢʦʥʢʨʝʪʥʦʝ ʧʦʩʝʱʝʥʠʝ ʧʘʮʠʝʥʪʘ ʠʣʠ ʵʪʘʧ ʣʝʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʚ 

ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʧʦʩʝʱʝʥʠʡ. 

ɹʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʚʝʜʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ çʢʘʢ ʝʩʪʴè (AS IS) ʟʘʧʦʣʥʝʥʠʝ ʤʝʜʠʮʠʥʩʢʠʭ 

ʜʦʢʫʤʝʥʪʦʚ 

 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʦʣʷ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʣʷ 

ʟʘʧʦʣʥʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʠ ʟʘʧʦʣʥʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
































































































































































