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ʇɽʈɽʏɽʅʔ ʋʉʃʆɺʅʓʍ ʉʆʂʈɸʑɽʅʀʁ 

 

ʜɹ ï ʜʝʮʠʙʝʣ 

ɸʏʍ ï ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ɻɻɻ ï ʛʘʣʣʠʡ-ʛʘʜʦʣʠʥʠʝʚʳʡ ʛʨʘʥʘʪ 

ɻʂʏ ï ʛʝʥʝʨʘʪʦʨ ʢʘʯʘʶʱʝʡʩʷ ʯʘʩʪʦʪʳ 

ɾʀɻ ï ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ 

ʃɿ ï ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ 

ʂʇ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 

ʂʉɺʅ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʧʦ ʥʘʧʨʷʞʝʥʠʶ 

ʄʉɺ ï ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ 

ʄʇʃ ï ʤʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ 

ʆʄʉɺ ï ʦʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ 

ʆʆʄʉɺ ï ʦʙʨʘʪʥʘʷ ʦʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ 

ʇɸɺ ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʦʣʥʘ 

ʇʄʉɺ ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ 

ʇʆʄʉɺ ï ʧʨʷʤʘʷ ʦʙʲʝʤʥʘʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ 

ʇʇʌ ï ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ 

ʉɺʏ ï ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ 

ʉʃɸʋ ï ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʌʇ ï ʬʝʨʨʠʪʦʚʘʷ ʧʣʝʥʢʘ 

ʌʕʉ ï ʬʝʨʨʠʪʦʚʘʷ ʵʧʠʪʘʢʩʠʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʕʄɺ ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ 

0m ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ 

g ï ʤʦʜʫʣʴ ʛʠʨʦʤʘʛʥʠʪʥʦʛʦ ʦʪʥʦʰʝʥʠ ̫

w ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ 

k  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʨʘʜʠʦʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʟʫʯʝʥʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠ 

ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʧʦʩʚʷʱʝʥ ʦʜʠʥ ʠʟ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʨʘʜʠʦʬʠʟʠʢʠ [1-4]. ɺ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʚʦʣʥ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʠ 

ʩʧʠʥʦʚʳʝ [5], ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ.  

ʉʧʠʥʦʚʳʝ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʟʤʫʱʝʥʠʡ 

ʧʨʝʮʝʩʩʠʡ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ ʚ ʫʟʣʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʚ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ [1]. ʇʦʜ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʤʠ 

ʩʨʝʜʘʤʠ ʧʦʥʠʤʘʶʪ ʪʘʢʠʝ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʦʙʣʘʜʘʶʪ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂ ʪʘʢʠʤ ʩʨʝʜʘʤ 

ʦʪʥʦʩʷʪʩʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʠ ʠ ʬʝʨʨʠʪʳ [1, 6]. 

ʉʧʠʥʦʚʳʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ ɻɻʮ. 

ʉʧʠʥʦʚʳʝ ʚʦʣʥʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʪʠʧʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʠʥʦʚ ʘʪʦʤʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ ʜʠʧʦʣʴʥʳʝ ʠ ʦʙʤʝʥʥʳʝ. ɺ 

ʩʣʫʯʘʝ ʦʙʤʝʥʥʳʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʚ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʭ ʦʢʘʟʳʚʘʝʪ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʦʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ  

k > 10
4
 ʩʤ

-1
. ɺ ʩʣʫʯʘʝ ʜʠʧʦʣʴʥʳʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʚʣʠʷʥʠʝ ʦʙʤʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʠ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʜʠʧʦʣʴïʜʠʧʦʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ k ʦʪ 1 ʜʦ 

10
4
 ʩʤ

-1
 [2-4]. ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʠʧʦʣʴʥʳʭ ʩʧʠʥʦʚʳʭ ʚʦʣʥ ʤʥʦʛʦ ʤʝʥʴʰʝ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʠ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʚ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ [5] ʠʣʠ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʤ [3] ʧʨʠʙʣʠʞʝʥʠʠ, ʧʨʠ ʵʪʦʤ 

ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʥʟʦʨʦʤ, 



6 

ʟʘʚʠʩʷʱʠʤ ʦʪ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥ. ʀʟïʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʠʧʦʣʴʥʳʭ ʩʧʠʥʦʚʳʭ 

ʚʦʣʥ, ʠʭ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ (ʄʉɺ). ɺ 

ʬʝʨʨʠʪʦʚʳʭ ʧʣʝʥʢʘʭ (ʌʇ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʥʘʤʘʛʥʠʯʝʥʘ ʧʣʝʥʢʘ, 

ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʪʨʠ ʪʠʧʘ ʄʉɺ. ɺ ʢʘʩʘʪʝʣʴʥʦ 

ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʧʣʝʥʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʄʉɺ (ʇʄʉɺ) ʠ 

ʦʙʨʘʪʥʳʝ ʦʙʲʝʤʥʳʝ ʄʉɺ (ʆʆʄʉɺ). ɺ ʥʦʨʤʘʣʴʥʦ ʥʘʤʘʛʥʠʯʝʥʥʳʭ 

ʬʝʨʨʠʪʦʚʳʭ ʧʣʝʥʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʷʤʳʝ ʦʙʲʝʤʥʳʝ ʄʉɺ (ʇʆʄʉɺ). 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʉɺʏ ʵʣʝʤʝʥʪʦʚ ʞʝʩʪʢʦ ʩʚʷʟʘʥʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʨʘʜʠʦʩʠʛʥʘʣʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʥʠʭ. ʇʦʩʢʦʣʴʢʫ, ʜʣʠʥʘ ʚʦʣʥʳ ʄʉɺ 

ʥʘ 2-4 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʜʣʠʥʳ ɻʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʤʠʥʠʘʪʶʨʥʳʝ ʉɺʏ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ ʛʠʙʨʠʜʥʳʭ ʠ ʤʦʥʦʣʠʪʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. 

ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ɾʀɻ Y3Fe5O12 ʪʦʣʱʠʥʦʡ ʦʪ 0,2 ʜʦ  

100 ʤʢʤ ʠ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʦʩʢʦʩʪʠ ʜʦ 80 ʤʤ, ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʄʉɺ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʪʝʭʥʠʢʝ. ɺ ʦʩʥʦʚʥʦʤ 

ʧʣʝʥʢʠ ɾʀɻ ʚʳʨʘʱʠʚʘʪʁʩʷ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʛʘʣʣʠʡ-ʛʘʜʦʣʠʥʠʝʚʦʛʦ ʛʨʘʥʘʪʘ 

(ɻɻɻ) [7]. ʇʣʝʥʢʠ ɾʀɻ ʦʙʣʘʜʘʶʪ ʤʘʣʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʧʦʪʝʨʷʤʠ [3, 4, 8-11]. ʅʘ ʧʨʘʢʪʠʢʝ ɾʀɻ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ. ɺ ʪʘʢʠʭ ʧʣʝʥʢʘʭ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʘʶʪʩʷ ʠ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʤ 

ʉɺʏ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,2 ʜʦ 40 ɻɻʮ [2, 3]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʉɺ ʭʦʨʦʰʦ ʧʦʜʜʘʶʪʩʷ ʫʧʨʘʚʣʝʥʠʶ ʧʨʠ ʧʦʤʦʱʠ 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ, ʬʦʨʤʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʧʦʣʷ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʧʫʪʠ ʄʉɺ, ʚʳʟʳʚʘʝʪ ʨʘʩʩʝʷʥʠʝ ʚʦʣʥʳ. 

ɸʥʘʣʠʟʫ ʦʪʨʘʞʝʥʠʷ ʄʉɺ ʦʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʧʣʝʥʢʠ, ʧʦʩʚʷʱʝʥ ʨʷʜ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʠʟ ʢʦʪʦʨʳʭ 

ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʄʉɺ, ʧʘʜʘʶʱʘʷ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʞʜʫ ʦʪʨʘʞʝʥʥʦʡ, ʧʨʦʰʝʜʰʝʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʚʦʣʥʘʤʠ ʠ ɻʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 



7 

ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ [12-17]. ɺ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʌʇ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʢʦʥʦʚ ʦʪʨʘʞʝʥʠʷ, ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʘʢʦʥʘʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ, ʚʦʟʤʦʞʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʄʉɺ ʩ 

ʥʝʢʦʣʣʠʥʝʘʨʥʳʤʠ ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʷʤʠ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ 

ʬʝʨʨʠʪʦʚʳʭ ʢʨʠʩʪʘʣʣʘʭ ʜʠʧʦʣʴʥʦʛʦ, ʦʙʤʝʥʥʦʛʦ, ʤʘʛʥʠʪʦʫʧʨʫʛʦʛʦ ʠ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʚ ʥʠʭ 

ʧʨʦʮʝʩʩʳ, ʩʦʟʜʘʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʷʚʣʝʥʠʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ 

ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜʘʭ. 

ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʫʪʠ ʜʣʷ ʤʠʢʨʦʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʉɺʏ 

ʧʨʠʙʦʨʦʚ. ʃʠʥʠʠ ʟʘʜʝʨʞʢʠ (ʃɿ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʃɿ, 

ʰʫʤʦʧʦʜʘʚʠʪʝʣʠ, ʵʣʝʢʪʨʠʯʝʩʢʠ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʝ, 

ʧʦʣʦʩʥʦ-ʟʘʛʨʘʞʜʘʶʱʠʝ, ʨʝʞʝʢʪʦʨʥʳʝ ʬʠʣʴʪʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪʚʝʪʚʠʪʝʣʠ, 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʬʘʟʦʚʨʘʱʘʪʝʣʠ ï ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʠʟ 

ʧʝʨʝʯʥʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ [2, 4-11, 18-56]. ʋʩʪʨʦʡʩʪʚʘ ʥʘ ʄʉɺ ʩʣʫʞʘʪ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʠ 

ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʘ ʦʩʥʦʚʝ ʄʉɺ 

ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʘʩʩʠʚʥʳʝ, ʥʦ ʠ ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʝʨʝʜʘʯʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʉɺʏ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ [57]. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʄʉɺ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʫʯʥʦʤ ʠ 

ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ: ʵʣʝʤʝʥʪʳ ʥʘ ʄʉɺ ʚʭʦʜʷʪ ʚ 

ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʬʘʟʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʜʨʫʛʠʭ ʩʣʦʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ 

ʜʝʣʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʠʥʦʚʳʭ ʧʨʠʙʦʨʦʚ ʚʝʩʴʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʄʉɺ ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠ ʟʘʪʫʭʘʥʠʠ ʄʉɺ, ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʢʪʦʨʦʚ 

ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʝʡ, ʬʦʢʫʩʠʨʦʚʢʠ ʄʉɺ, ʨʘʩʰʠʨʝʥʠʠ ʚʦʣʥʦʚʦʛʦ 

ʧʫʯʢʘ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʄʉɺ. ʂʨʦʤʝ ʪʦʛʦ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʠʛʥʘʣʳ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʥʘʚʦʜʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ ʠ ʜʨʫʛʠʝ 

ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʝʜʫʱʝʡ 

ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʵʪʦʛʦ ʠʟʫʯʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʣʘʥʘʨʥʳʝ ʩʣʦʠʩʪʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʤʘʛʥʠʯʝʥʥʳʝ ʬʝʨʨʠʪʦʚʳʝ ʧʣʝʥʢʠ, ʥʘʧʨʠʤʝʨ, 

ʜʠʵʣʝʢʪʨʠʢ-ʬʝʨʨʠʪ-ʜʠʵʣʝʢʪʨʠʢ, ʜʠʵʣʝʢʪʨʠʢ-ʬʝʨʨʠʪ-ʤʝʪʘʣʣ, ʬʝʨʨʠʪ- 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ-ʬʝʨʨʠʪ, ʜʠʵʣʝʢʪʨʠʢ-ʬʝʨʨʠʪ, ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ. ɺ ʩʪʨʫʢʪʫʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʌʇ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʚʦʣʥ, 

ʥʘʧʨʠʤʝʨ, ʄʉɺ ʠ ʇɸɺ ʠʣʠ ʄʉɺ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʝʱʝ ʨʘʟ 

ʜʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʥʘ ʄʉɺ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʭʥʠʢʝ ʠ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤʠ ʥʦʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ:  

ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ (ʇʄʉɺ) ʠ ʦʙʨʘʪʥʳʭ ʦʙʝ̡ʤʥʳʭ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ (ʆʆʄʉɺ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʤʦʱʥʦʩʪʝʡ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʩʘʪʝʣʴʥʦ ʥʘʤʘʛʥʠʯʝʥʥʦʡ ʌʇ, ʦʢʨʫʞʝʥʥʦʡ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ 

ʜʠʵʣʝʢʪʨʠʢʘʤʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; 

ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʆʆʄʉɺ, 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʣʠʥʝʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʜʦʣʴ 

ʬʝʨʨʠʪʦʚʦʡ ʧʣʝʥʢʠ; 

ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʌʇ, ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʉɺ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʨʘʙʦʪʳ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʝʨʘʪʠʚʥʦ 

ʚʳʧʦʣʥʷʪʴ ʠʟʤʝʨʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʉɺ, ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʧʨʦʬʠʣʝʡ ʧʫʯʢʘ ʄʉɺ, ʨʘʩʩʝʷʥʠʷ ʄʉɺ ʦʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʀʟʤʝʨʝʥʠʷ ʜʦʣʞʥʳ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ (ʇʂ). 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʉɺ ʠ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʚʝʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʉɺ, ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ ʧʫʯʢʘ 

ʄʉɺ, ʨʘʩʩʝʷʥʠʷ ʦʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 

1. ɺʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʛʣʦʱʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʠʤʝʥʝʥ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ (ʇʇʌ) ʥʘ ʚʳʭʦʜʝ 

ʚʦʣʥʦʚʝʜʫʱʝʡ ʄʉɺïʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴh ʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʄʉɺ ʠ ʩʥʠʟʠʪʴ ʩʠʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʧʦʤʝʭ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

2. ʈʘʟʨʘʙʦʪʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʚʠʞʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʢʦʪʦʨʳʡ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʛʝʥʝʨʘʪʦʨʘ ʢʘʯʘʶʱʝʡʩʷ ʯʘʩʪʦʪʳ (ɻʂʏ) ʠ 

ʦʙʨʘʙʦʪʢʝ ʘʤʧʣʠʪʫʜʥʦïʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ 

ʧʨʠ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʄʉɺ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣ 

ʚʨʝʤʷ, ʧʦʚʳʩʠʣ ʥʘʜʝʞʥʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʉɺ. 

3. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʜʚʠʞʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʛʨʘʥʠʮ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʦʟʙʫʞʜʝʥʠʷ ʇʄʉɺ ʠ ʆʆʄʉɺ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʪʦʣʱʠʥʘʭ ʌʇ ʠ ʨʘʟʣʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʥʠʮʘʝʤʦʩʪʷʭ ʩʣʦʝʚ, ʛʨʘʥʠʯʘʱʠʭ ʩ ʬʝʨʨʠʪʦʚʦʡ ʧʣʝʥʢʦʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟʤʝʨʝʥʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʇʄʉɺ ʠ ʆʆʄʉɺ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʩʪʨʦʛʠʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

4. ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʧʦʜʚʠʞʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʳ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʧʫʯʢʘ ʆʆʄʉɺ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʣʠʥʝʡʥʦʛʦ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʄʉɺ. 

5. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʩʝʷʥʠʷ ʇʄʉɺ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʌʇ. 
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ʅʘʫʯʥʦïʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ʇʨʠʤʝʥʝʥʠʝ ɻʂʏ, ʦʮʠʬʨʦʚʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʌʫʨʴʝïʘʥʘʣʠʟʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʚʝʜʫʱʠʭ 

ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʤʘʛʥʠʯʝʥʥʫʶ ʬʝʨʨʠʪʦʚʫʶ ʧʣʝʥʢʫ, ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʄʉɺ ʠ ʆʆʄʉɺ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠ ̫ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʇʄʉɺ ʠ 

ʆʆʄʉɺ [ɸ1 ï ɸ12]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠ ʩʦʙʨʘʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʤʘʛʠʩʪʨʘʥʪʘʤʠ ʠ ʘʩʧʠʨʘʥʪʘʤʠ ʢʘʬʝʜʨʳ 

ʨʘʜʠʦʬʠʟʠʢʠ ʖʌʋ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʚʳʧʫʩʢʥʳʭ ʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʄʉɺ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʧʣʦʩʢʦʩʣʦʠʩʪʳʭ ʚʦʣʥʦʚʝʜʫʱʠʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʌʇ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʨʦʰʝʜʰʝʡ 

ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʧʦʚʝʨʢʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ, 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ, ʪʘʢʠʭ, ʢʘʢ Maple, Origin, Lab 

VIEW; ʤʥʦʛʦʢʨʘʪʥʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ 

ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʭʦʨʦʰʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚ 

ʨʘʙʦʪʘʭ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

1. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʨʷʪʴ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʉɺ ʩ ʤʘʣʳʤʠ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ. 

2. ʇʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʉɺ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʄʉɺ ʚ ʩʪʨʫʢʪʫʨʘʭ 
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ʜʠʵʣʝʢʪʨʠʢ-ʬʝʨʨʠʪ-ʜʠʵʣʝʢʪʨʠʢ (ɼʌɼ). 

3. çɺʪʷʛʠʚʘʥʠʝè ʧʦʣʷ ʄʉɺ ʚ ʜʠʵʣʝʢʪʨʠʢ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ɼʌɼ ʩʪʨʫʢʪʫʨʝ. 

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʣʝʥʢʝ ɾʀɻ ʧʫʯʦʢ 

ʆʆʄʉɺ, ʚʦʟʙʫʞʜʘʝʤʳʡ ʢʦʥʝʯʥʳʤ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʧʣʝʥʢʠ, ʨʘʩʰʠʨʷʷʩʴ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ 

ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

5. çɺʠʟʫʘʣʠʟʘʮʠʷè ʨʘʩʩʝʷʥʠʷ ʇʄʉɺ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɸʧʨʦʙʘʮʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʦʞʝʥʳ ʥʘ 9 

ʢʦʥʬʝʨʝʥʮʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʨʝʛʫʣʷʨʥʦ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ çʀʟʣʫʯʝʥʠʝ ʠ ʨʘʩʩʝʥ̫ʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥè (ʀʈʕʄɺ-2011, 

2015) ï ʊʘʛʘʥʨʦʛ ï ɼʠʚʥʦʤʦʨʩʢʦʝ: ʊʊʀ ʖʌʋ, 2011; çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ 

ʤʘʪʝʨʠʘʣʳè ï ʄʦʩʢʚʘ ï ʌʠʨʩʘʥʦʚʢʘ: ʄʕʀ (ʊʋ), 2011; ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʟʠʤʥʷ ̫

ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʧʦ ʵʣʝʢʪʨʦʥʠʢʝ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʠ ʨʘʜʠʦʬʠʟʠʢʝ ï ʉʘʨʘʪʦʚ: 

2012; çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʤʘʪʝʨʠʘʣʳè. ï ʄʦʩʢʚʘ: ʅʀʋ çʄʕʀè, 2012; 

çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʤʘʪʝʨʠʘʣʳè ï ʄʦʩʢʚʘ: ʅʀʋ ʄʕʀè, 2013; 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷè (ɸʇʕʇ-2014) ï ʉʘʨʘʪʦʚ: 

2014; çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʤʘʪʝʨʠʘʣʳè ï ʄʦʩʢʚʘ: ʅʀʋ ʄʕʀè, 2014, ʘ 

ʪʘʢʞʝ ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ çʌʠʟʠʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʣʥè 

(çɺʦʣʥʳ-2011è) ï ɿʚʝʥʠʛʦʨʦʜ: ʄɻʋ, 2011. 

ʇʫʙʣʠʢʘʮʠʠ. 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 12 ʥʘʫʯʥʳʭ ʨʘʙʦʪ 

[ɸ1-ɸ12], ʠʟ ʥʠʭ 3 ï ʚ ʠʟʜʘʥʠʷʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ 

ʧʨʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʩʪʘʥʦʚʢʠ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʉɺ ʚ ʧʣʘʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʌʇ: ʜʠʩʧʝʨʩʠʦʥʥʳʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʄʉɺ ʠ ʆʆʄʉɺ, ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʬʠʣʷ ʧʫʯʢʘ ʆʆʄʉɺ, 

ʨʘʩʩʝʷʥʠʝ ʇʄʉɺ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʌʇ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʜʛʦʪʦʚʢʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʣʠʯʥʦ 

ʘʚʪʦʨʦʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4-ʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 117 ʠʩʪʦʯʥʠʢʦʚ, ʠ ʧʨʠʣʦʞʝʥʠ.̫ ʆʙʱʠʡ ʦʙʲʝʤ 

ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 115 ʩʪʨʘʥʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ 49 ʨʠʩʫʥʢʦʚ ʠ 1 ʪʘʙʣʠʮʘ. 
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ɻʃɸɺɸ 1. ʕʃɽʂʊʈʆɼʀʅɸʄʀʏɽʉʂʀʁ ʄɽʊʆɼ ʈɸʉʏɽʊɸ 

ɼʀʉʇɽʈʉʀʆʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄʉɺ ɺ ɼʌɼ ʉʊʈʋʂʊʋʈɸʍ 

 

ʄʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʡ ʚʦʣʥʦʡ ʥʘʟʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʨʝʜʝ ʩ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ k < 10
4
 ʩʤ

-1
. ɺʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʉɺ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʵʪʦʡ ʩʨʝʜʳ 

ʚʥʝʰʥʠʤ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɽʩʣʠ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʚʦʣʥʦʚʦʤʫ ʚʝʢʪʦʨʫ, ʚ ʧʣʝʥʢʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʙʨʘʪʥʳʝ ʦʙʝ̡ʤʥʳʝ ʄʉɺ. ʆʆʄʉɺ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʤʦʜʦʚʳʤʠ, 

ʧʨʠ ʵʪʦʤ ʬʘʟʦʚʘʷ ʠ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʠ ʆʆʄʉɺ ʥʘʧʨʘʚʣʝʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ. ɺ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʚʝʢʪʦʨ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʦʣʥʦʚʦʤʫ ʚʝʢʪʦʨʫ, ʦʙʨʘʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʄʉɺ. ʇʄʉɺ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄʉɺ ʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʩʨʝʜʝ, ʢʦʪʦʨʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʧʣʝʥʢʘ ɾʀɻ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʜʣʠʥʳ ʚʦʣʥʳ ʄʉɺ ʦʪ ʯʘʩʪʦʪʳ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʉɺʏ ʩʠʛʥʘʣʘ. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʬʫʥʢʮʠʝʡ ɤ(k), ʢʦʪʦʨʘʷ 

ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ. 

ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʧʠʥʦʚʦʣʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨ. ɺ ʨʘʙʦʪʝ [58] ʧʦʣʫʯʝʥʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʜʠʵʣʝʢʪʨʠʢ-ʬʝʨʨʠʪ-ʜʠʵʣʝʢʪʨʠʢ (ɼʌɼ), ʚ 

ʢʦʪʦʨʦʡ ʢʘʩʘʪʝʣʴʥʦ ʥʘʤʘʛʥʠʯʝʥʥʘʷ ʌʇ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʛʨʘʥʠʯʠʪ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʨʝʜʘʤʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʜʠʵʣʝʢʪʨʠʢʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ: ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʣʫʯʠʣʠ ʧʣʝʥʢʠ ɾʀɻ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ ʠʟ ɻɻɻ [59, 60], ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʌʇ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʄʉɺ ʩ ʤʘʣʳʤʠ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ ʤʦʞʝʪ çʚʳʪʝʢʘʪʴè ʠʟ ʌʇ ʚ ʧʦʛʨʘʥʠʯʥʳʝ ʩ 

ʥʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ [61]. ʊʘʢʦʡ ʵʬʬʝʢʪ ʠʥʪʝʨʝʩʝʥ ʜʣʷ ʧʨʘʢʪʠʢʠ ʠ 
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ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʉɺ, 

ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, ʯʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʘ ʙʦʣʝʝ ʪʦʯʥʳʡ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ 

[62, 63]. 

ɺ ʨʘʙʦʪʝ [62] ʧʦʣʫʯʝʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʪʦʯʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʙʨʘʪʥʳʭ ʦʙʲʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʄʉɺ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʢʘʩʘʪʝʣʴʥʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʡ ʬʝʨʨʠʪʦʚʦʡ ʧʣʝʥʢʝ ʧʦʜ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʛʣʦʤ ʢ ʧʦʣʶ 

ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʨʝʜʳ ʧʦ ʦʙʝ 

ʩʪʦʨʦʥʳ ʧʣʝʥʢʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʕʪʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʪʦʯʥʦʛʦ 

ʨʘʩʯʝʪʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʉɺ ʠ ʩʨʘʚʥʝʥʠʷ ʠʭ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ɺ [62] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʬʝʨʨʠʪʦʚʘʷ ʧʣʝʥʢʘ ʪʦʣʱʠʥʦʡ 

s, ʠʤʝʶʱʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1.1. ʇʣʝʥʢʘ ʙʝʩʢʦʥʝʯʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʩʝʡ y ʠ z ʠ 

ʛʨʘʥʠʯʠʪ cʚʝʨʭʫ ʩʦ ʩʨʝʜʦʡ ʩ Ů1, ʘ ʩʥʠʟʫ ʩʦ ʩʨʝʜʦʡ ʩ Ů2. ʇʨʠ ʵʪʦʤ ʦʩʴ ʭ ʠʤʝʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, ʘ ʧʦʩʪʦʷʥʥʦʝ ʚʥʝʰʥʝʝ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ ʇH
C

 ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ z. ʆʩʠ ʭ, y, z ʦʙʨʘʟʫʶʪ ʧʨʘʚʫʶ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʌʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʄʉɺ ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʫʛʣʦʤ ű ʢ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʤʫ ʧʦʣʶ. ʇʦʣʘʛʘʷ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʝ ʧʦʣʝ ʚʥʫʪʨʠ ʬʝʨʨʠʪʦʚʦʡ 

ʧʣʝʥʢʠ ʨʘʚʥʳʤ ʥʫʣʶ, ʩʯʠʪʘʝʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʥʫʪʨʠ ʬʝʨʨʠʪʦʚʦʡ ʧʣʝʥʢʠ ʇɺH
C

 

ʩʦʚʧʘʜʘʶʱʠʤ ʧʦ ʚʝʣʠʯʠʥʝ ʩ ʚʥʝʰʥʠʤ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʠʤ ʧʦʣʝʤ ʇH
C

 [3]. 

ʌʝʨʨʠʪʦʚʘʷ ʧʣʝʥʢʘ ʥʘʤʘʛʥʠʯʝʥʘ ʜʦ ʥʘʩʳʱʝʥʠʷ, ʠ ʧʦʣʝ ʝʝ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʚʥʫʪʨʝʥʥʝʤʫ ʧʦʣʶ ʇɺH
C

 ʇʦʣʘʛʘʷ, ʯʪʦ ʌʇ ʦʙʣʘʜʘʝʪ 

ʥʠʟʢʠʤʠ ʉɺʏ ʤʘʛʥʠʪʥʳʤʠ ʧʦʪʝʨʷʤʠ [3, 8, 9], ʚ ʨʘʩʯʝʪʘʭ ʧʨʝʥʝʙʨʝʛʣʠ ʧʦʪʝʨʷʤʠ ʚ 

ʬʝʨʨʠʪʦʚʦʤ ʩʣʦʝ. 
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ʈʠʩʫʥʦʢ 1.1 ï ɻʝʦʤʝʪʨʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ɼʌɼ ʩʪʨʫʢʪʫʨʳ. 

ʊʝʥʟʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʝʟ 

ʫʯʝʪʘ ʧʦʪʝʨʴ [3, 64] ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʚʧʘʜʝʥʠʷ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʩ ʦʩʴʶ z ʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʚʩʝʭ ʯʣʝʥʦʚ ʤʥʦʞʠʪʝʣʶ e
iɤt

 ʠʤʝʝʪ ʚʠʜ: 

100

0

0

mm

mm

m
a

a

i

i

-=
E

 

 

(1.1) 

ʛʜʝ ( )22/1 W-WW+=
HH

m , ( )22/ W-WW=
Ha

m , 
M
ww/ =W , 

0
4/ MH

iH
p=W , 

0
4 M

M
pw = , ʇɺH

C
 ï ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʣʝʥʢʝ, 

0
4 Mp  ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʠʪʦʚʦʛʦ ʩʣʦʷ. 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʦʙʣʘʩʪʝʡ ʚʥʫʪʨʠ ʠ ʚʥʝ ʬʝʨʨʠʪʦʚʦʡ 

ʧʣʝʥʢʠ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʧʣʝʥʢʠ 2/sx < ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʚʠʜʝ: 

( ) ( ) ( ) ( )[ ]ä
=

--++ -+=
2

1

exp,,1exp,,1
i

xiiiixiiii xikDxikCH gbgb
C

 
 

(1.2) 

ʚ ʦʙʣʘʩʪʠ 2/sx> : 

( )( )[ ] ( )[ ]2/exp,,/ 111 sxBABkAkiH zy --+= aa
C

 (1.3) 
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ʠ ʚ ʦʙʣʘʩʪʠ 2/sx -< : 

( )( )[ ] ( )[ ]2/exp,,/ 222 sxGFGkFkiH zy ++-= aa
C

 (1.4) 

ʛʜʝ jsinkky =  ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ (ʕʄɺ) ʚ ʧʣʦʩʢʦʩʪʠ y, 

jcoskkz =  ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʕʄɺ ʚ ʧʣʦʩʢʦʩʪʠ z, ű ï ʫʛʦʣ ʤʝʞʜʫ ʧʦʣʝʤ 

ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʕʄɺ, 
1xk  ʠ 

2xk  ï ʬʘʟʦʚʳʝ ʧʦʩʪʦʷʥʥʳʝ 

ʕʄɺ ʚʜʦʣʴ ʦʩʠ ʭ ʚʥʫʪʨʠ ʬʝʨʨʠʪʦʚʦʡ ʧʣʝʥʢʠ, 22

1

22

1 /ckk zy wea -+=  ï ʬʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʕʄɺ ʚʥʝ ʬʝʨʨʠʪʦʚʦʡ ʧʣʝʥʢʠ ʚ ʦʙʣʘʩʪʠ ʚʝʨʭʥʝʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚʜʦʣʴ ʦʩʠ ʭ, 22

2

22

2 /ckk zy wea -+=  ï ʬʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʕʄɺ ʚʜʦʣʴ ʦʩʠ ʭ ʚʥʝ 

ʬʝʨʨʠʪʦʚʦʡ ʧʣʝʥʢʠ ʚ ʦʙʣʘʩʪʠ ʥʠʞʥʝʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ °

ib  ʠ °
ig  

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʡ (1.2) - (1.4) ʧʨʠʚʝʜʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ, ʚ 

ʢʦʪʦʨʳʭ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʟʘʧʠʩʠ, ʦʧʫʱʝʥ ʤʥʦʞʠʪʝʣʴ )](exp[ zkyki
zy

+ , ʦʙʱʠʡ ʜʣʷ 

ʚʩʝʭ ʧʦʣʝʡ. 

ʇʨʠʤʝʥʷʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʣʝʥʢʠ, ʥʘʭʦʜʠʤ 

ʥʝʠʟʚʝʩʪʥʳʝ A, B, C1, C2, D1, D2, F, G ʠ ʠʩʢʦʤʦʝ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʧʨʠʨʘʚʥʠʚʘʷ ʢ ʥʫʣʶ ʦʧʨʝʜʝʣʠʪʝʣʴ M  ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 

ʦʜʥʦʨʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

0=M
 

(1.5) 

ʊʘʢ ʢʘʢ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʆʆʄʉɺ ʢʦʣʣʠʥʝʘʨʝʥ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʇH
C
, ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ M , ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (1.6). 

ɼʣʷ ʇʄʉɺ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʇH
C

, ʠ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ M , ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ, 

ʦʧʨʝʜʝʣʝʥʳ ʚʳʨʘʞʝʥʠʷʤʠ (1.7). 
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(1.7) 

ʛʜʝ ),2/exp( sikE xii =  ( ) .2 ,1   ,/
2/1222 =-= ick ii wea  

ʕʪʠʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʠʥʪʝʨʝʩʥʳʝ ʜʣʷ ʧʨʘʢʪʠʢʠ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ. ʅʘ ʨʠʩʫʥʢʘʭ 1.2 ʠ 1.3 

ʠʟʦʙʨʘʞʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʄʉɺ ʜʣʷ ʜʚʫʭ 

ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʪʨʫʢʪʫʨ, ʛʜʝ ʌʇ ʦʢʨʫʞʝʥʘ ʩʨʝʜʘʤʠ ʩ ʨʘʟʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʇʝʨʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʌʇ ʪʦʣʱʠʥʦʡ 6 ʤʢʤ, ʩʥʠʟʫ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʜʣʦʞʢʦʡ ʠʟ ɻɻɻ, ʘ ʩʚʝʨʭʫïʚʦʟʜʫʰʥʦʡ ʩʨʝʜʦʡ. ɺʪʦʨʘʷ ʩʪʨʫʢʪʫʨʘ 
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ʩʦʩʪʦʠʪ ʠʟ ʌʇ ʪʦʣʱʠʥʦʡ 6 ʤʢʤ, ʪʘʢʞʝ ʩʥʠʟʫ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦʜʣʦʞʢʦʡ ʠʟ ɻɻɻ, ʘ 

ʩʚʝʨʭʫïʧʣʘʩʪʠʥʦʡ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 100. 

ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʯʠʪʘʥʳ ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʣʝʥʢʠ: 108,0 ʢɸ/ʤ ʠ 130,3 ʢɸ/ʤ. ʀʟ ʛʨʘʬʠʢʦʚ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʘʭ 1.2 ʠ 1.3, ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʪʨʫʢʪʫʨʳ 2 ʧʨʠ ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ 

ʯʠʩʣʘʭ ʧʦʣʝ ʇʄʉɺ çʚʪʷʛʠʚʘʝʪʩʷè ʚ ʜʠʵʣʝʢʪʨʠʢ, ʦʙʨʘʟʫʷ ʇʕʄɺ. ʇʨʠ ʙʦʣʴʰʠʭ 

ʚʦʣʥʦʚʳʭ ʯʠʩʣʘʭ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʇʄʉɺ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ɼʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʄʉɺ ʜʣʷ ʌʇ ʪʦʣʱʠʥʦʡ 6 ʤʢʤ, 

ʧʨʠ ʇɺH
C

= 108,0 ʢɸ/ʤ. 1 ï ʩʪʨʫʢʪʫʨʘ ʚʦʟʜʫʭ-ɾʀɻ-ɻɻɻ; 2 ï ʩʪʨʫʢʪʫʨʘ  

ʜʠʵʣʝʢʪʨʠʢ-ɾʀɻ-ɻɻɻ.
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ʈʠʩʫʥʦʢ 1.3 ï ɼʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʄʉɺ ʜʣʷ ʌʇ ʪʦʣʱʠʥʦʡ 6 ʤʢʤ, 

ʧʨʠ ʇɺH
C

= 130,3 ʢɸ/ʤ. 1 ï ʩʪʨʫʢʪʫʨʘ ʚʦʟʜʫʭ-ɾʀɻ-ɻɻɻ; 2 ï ʩʪʨʫʢʪʫʨʘ  

ʜʠʵʣʝʢʪʨʠʢ-ɾʀɻ-ɻɻɻ. 

 

1.1. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

1. ʈʘʩʯʝʪ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʠʩʪʳʭ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʪʨʫʢʪʫʨ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʝʨʨʠʪʦʚʫʶ ʧʣʝʥʢʫ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ 

ʨʘʟʚʠʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ʀʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ 

ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ 

ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, ʛʜʝ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ. ʊʦʯʥʳʡ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ 



20 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ. 

3. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʉɺ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʡ ʠ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʪʦʯʥʳʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, 

ʦʧʠʩʘʥʥʳʤ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ. 
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ɻʃɸɺɸ 2. ʈɸɿʈɸɹʆʊʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʄɽʊʆɼɸ ʀ 

ʋʉʊɸʅʆɺʂʀ ɼʃʗ ʀɿʄɽʈɽʅʀʗ ɼʀʉʇɽʈʉʀʆʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʄʉɺ ɺ ʉʃʆʀʉʊʆʓʍ ʉʊʈʋʂʊʋʈɸʍ ʉ ʅɸʄɸɻʅʀʏɽʅʅʆʁ 

ʌɽʈʈʀʊʆɺʆʁ ʇʃɽʅʂʆʁ 

 

2.1. ʆʙʟʦʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʝʡ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʄʉɺ ʚ ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʪʨʫʢʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʝʡ ʚʦʣʥ. 

ɼʠʩʧʝʨʩʠʷ ʚʦʣʥ ʦʙʳʯʥʦ ʩʚʷʟʘʥʘ ʠʣʠ ʩ ʚʨʝʤʝʥʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʩʨʝʜʳ 

ʥʘ ʚʦʣʥʦʚʦʝ ʚʦʟʤʫʱʝʥʠʝ (ʚʨʝʤʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ), ʠʣʠ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʜʘʥʥʫʶ ʪʦʯʢʫ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʩʧʝʨʩʠʷ). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, 

ʦʜʥʘʢʦ, ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʜʥʦʟʥʘʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʚʨʝʤʝʥʥʫʶ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʩʧʝʨʩʠʠ. ɿʘʢʦʥ ʜʠʩʧʝʨʩʠʠ, ʠʣʠ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʷʟʴʶ ʯʘʩʪʦʪʳ ʠ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚʦʣʥʳ: ɤ=ɤ(k). ɼʘʥʥʳʡ ʟʘʢʦʥ 

ʚʳʨʘʞʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʝʡ ʚʦʣʥʳ. ʀʟ 

ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʘʟʦʚʫʶ ʠ ʛʨʫʧʧʦʚʫʶ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ. 

ɻʨʘʬʠʢ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʄʉɺ ʦʪ ʯʘʩʪʦʪʳ, 

ʥʘʟʳʚʘʶʪ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ɺʘʞʥʦʩʪʴ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʪʦʤ, ʯʪʦ ʦʥʘ ʦʪʦʙʨʘʞʘʝʪ ʩʚʦʡʩʪʚʘ ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʀʟʤʝʨʝʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʄʉɺ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ 

ʤʝʪʦʜʘʤʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʄʉɺ, ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʫʶ ʚʦʣʥʦʚʝʜʫʱʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʦʧʦʨʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ. 

ʆʜʠʥ ʠʟ ʧʨʦʩʪʝʡʰʠʭ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʝʪʦʜʦʚ 
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ʠʟʤʝʨʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʉɺ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [65]. 

ʀʟʤʝʨʷʝʤʘʷ ʚʦʣʥʦʚʝʜʫʱʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1.  

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʄʘʢʝʪ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʪʨʫʢʪʫʨʳ. 1 ï ʚʭʦʜʥʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, 2 ï ʧʦʣʠʢʦʨʦʚʘʷ ʧʦʜʣʦʞʢʘ, 3 ï ʚʳʭʦʜʥʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ,  

4 ï ʧʦʜʣʦʞʢʘ ʠʟ ɻɻɻ, 5 ï ʧʣʝʥʢʘ ɾʀɻ. 

ɺʦʣʥʦʚʝʜʫʱʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʩʪʦʷʣʘ ʠʟ ʧʦʣʠʢʦʨʦʚʦʡ ʧʣʘʩʪʠʥʳ ʩ ʚʭʦʜʥʳʤ ʠ 

ʚʳʭʦʜʥʳʤ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤʠ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʬʦʪʦʣʠʪʦʛʨʘʬʠʝʡ, ʠ ʌʇ ʩ ʦʩʥʦʚʘʥʠʝʤ ʠʟ ʛʘʜʦʣʠʥʠʡïʛʘʣʣʠʝʚʦʛʦ 

ʛʨʘʥʘʪʘ, ʧʨʠʞʘʪʦʡ ʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ. ʀʟʤʝʨʷʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʤʝʱʘʣʘʩʴ ʚ 

ʦʜʥʦʨʦʜʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʣʝʥʢʝ 

ɾʀɻ. ʇʄʉɺ, ʚʦʟʙʫʞʜʘʝʤʳʝ ʚ ʧʣʝʥʢʝ, ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʚʥʝʰʥʝʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʀʩʩʣʝʜʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʷʣʘʩʴ ʩ ʠʟʤʝʨʠʪʝʣʝʤ ʂʉɺʅ ʈ2-54, ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ 

ʢʦʤʧʴʶʪʝʨʫ. ʈʘʙʦʪʘ ʠʟʤʝʨʠʪʝʣʷ ʦʩʥʦʚʘʥʘ ʥʘ ʚʳʜʝʣʝʥʠʠ ʩʠʛʥʘʣʦʚ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʭ ʤʦʱʥʦʩʪʷʤ ʧʘʜʘʶʱʝʡ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ 
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ʠʩʩʣʝʜʫʝʤʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʣʥ. ʄʦʱʥʦʩʪʴ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʩʫʤʤʠʨʦʚʘʣʘʩʴ ʩ 

ʤʦʱʥʦʩʪʴʶ ʧʨʦʰʝʜʰʝʡ ʯʝʨʝʟ ʠʟʤʝʨʷʝʤʳʡ ʦʙʲʝʢʪ ʚʦʣʥʳ ʥʘ ʥʘʧʨʘʚʣʝʥʥʦʤ 

ʦʪʚʝʪʚʠʪʝʣʝ ʠ ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʠʟʤʝʨʠʪʝʣʝʤ. 

ɺʦʣʥʘ, ʧʨʦʰʝʜʰʘʷ ʯʝʨʝʟ ʬʝʨʨʠʪʦʚʫʶ ʧʣʝʥʢʫ, ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

))(cos(),()( lktlUtu www -= , ʚʳʜʝʣʝʥʥʘʷ ʚʦʣʥʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

)cos()()( tlVtv w= . ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʣʠʥʝʡʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

))(cos(),()(2),()(
1

),( 22 lklUlVlUlVlA www
p

w ++=  
(2.1) 

ʌʫʥʢʮʠʷ ),( lAw  ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʦʚ ʧʨʠ ilk pw 2)( = . 

ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

L

i
k
p

=  

(2.2) 

ʛʜʝ i ï ʥʦʤʝʨ ʤʘʢʩʠʤʫʤʘ, L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʠʟʦʙʨʘʞʝʥʘ ɸʏʍ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʧʠʩʘʥʥʳʤ 

ʚʳʰʝ ʤʝʪʦʜʦʤ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʢʨʠʚʦʡ, ʥʦ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ 

ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ. ɺʦ-ʚʪʦʨʳʭ, ʯʠʩʣʦ ʪʦʯʝʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʢʨʠʚʦʡ, ʦʛʨʘʥʠʯʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦʤ ʤʘʢʩʠʤʫʤʦʚ ɸʏʍ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʦ. ʏʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ, ʪʨʝʙʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʦʣʥʦʚʝʜʫʱʠʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʥʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʥʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʥʳʡ ʚ [66], ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʳʤ 

ʰʘʛʦʤ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʘʚʪʦʨʘʤʠ, ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.3. 
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ʈʠʩʫʥʦʢ 2.2 ï ɻʨʘʬʠʢ ɸʏʍ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟʤʝʨʠʪʝʣʝʤ ʂʉɺʅ  

ʈ2-54. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 1 ï ʛʝʥʝʨʘʪʦʨ,  

2 ï ʚʦʣʥʦʚʝʜʫʱʘʷ ʩʪʨʫʢʪʫʨʘ, 3 ï ʜʝʪʝʢʪʦʨ, 4 ï ʫʩʠʣʠʪʝʣʴ, 5 ï ʩʘʤʦʧʠʩʝʮ,  

6 ï ʧʦʜʣʦʞʢʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, 7 ï ʚʦʣʥʦʚʝʜʫʱʘʷ ʩʪʨʫʢʪʫʨʘ,  

8 ï ʵʣʝʢʪʨʦʤʘʛʥʠʪ, 9 ï ʜʘʪʯʠʢ ʍʦʣʣʘ, 10 ï ʉɺʏ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ,  

11 ï ʤʠʢʨʦʧʦʣʦʩʢʦʚʘʷ ʣʠʥʠʷ. 
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ʉɺʏ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʛʝʥʝʨʘʪʦʨʘ (1), ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʯʘʩʪʦʪʝ, ʧʦʩʪʫʧʘʣ ʥʘ ʚʭʦʜʥʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʣʥʦʚʝʜʫʱʝʡ 

ʩʪʨʫʢʪʫʨʳ (2). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʤʠ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤʠ ʉɺʏ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ (10) ʤʦʛʣʦ ʤʝʥʷʪʴʩʷ. ʀʩʩʣʝʜʫʝʤʳʡ 

ʦʙʨʘʟʝʮ (7) ʧʨʠʢʣʝʠʚʘʣʩʷ ʢ ʦʜʥʦʡ ʠʟ ʧʦʜʣʦʞʝʢ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʪʘʢ, ʯʪʦ ʚʪʦʨʘʷ 

ʧʦʜʣʦʞʢʘ, ʧʨʠʞʘʪʘʷ ʢ ʦʙʨʘʟʮʫ, ʤʦʛʣʘ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ. ʆʙʨʘʟʝʮ 

ʧʦʤʝʱʘʣʩʷ ʚ ʩʦʟʜʘʚʘʝʤʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ (8) ʧʦʩʪʦʷʥʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʙʨʘʟʮʫ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʥʘʧʨʘʚʣʝʥʠʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇʄʉɺ. ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʤʝʨʷʣʘʩʴ ʜʘʪʯʠʢʦʤ ʍʦʣʣʘ 

(9). ʉʠʛʥʘʣ ʩ ʚʳʭʦʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʫʧʘʣ ʥʘ ʚʭʦʜ ʜʝʪʝʢʪʦʨʘ (3), 

ʫʩʠʣʠʚʘʣʩʷ ʫʩʠʣʠʪʝʣʝʤ (4) ʠ ʟʘʧʠʩʳʚʘʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʘʤʦʧʠʩʮʘ (5).  

ʅʘ ʨʠʩʫʥʢʝ 2.4 ʠʟʦʙʨʘʞʝʥ ʣʠʥʝʡʥʳʡ ʧʨʠʚʦʜ, ʧʦʟʚʦʣʷʚʰʠʡ ʨʘʚʥʦʤʝʨʥʦ 

ʧʝʨʝʤʝʱʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ.  

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʭʝʤʘ ʣʠʥʝʡʥʦʛʦ ʧʨʠʚʦʜʘ. 1 ï ʧʦʜʣʦʞʢʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ,  

2 ï ʜʝʨʞʘʪʝʣʠ ʧʦʜʣʦʞʝʢ, 3 ï ʥʘʧʨʘʚʣʷʶʱʠʝ, 4 ï ʚʘʣ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ,  

5 ï ʨʝʜʫʢʪʦʨ, 6 ïɻ ʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ. 



26 

ʇʦʜʣʦʞʢʠ ʧʦʣʦʩʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (1) ʢʨʝʧʠʣʠʩʴ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʨʠ ʧʦʤʦʱʠ ʜʝʨʞʘʪʝʣʝʡ (2), ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʧʝʨʝʤʝʱʘʪɹʩʷ ʪʦʣʴʢʦ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʷʶʱʠʭ (3). ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʦʜʠʥ ʠʟ ʜʝʨʞʘʪʝʣʝʡ ʦʩʪʘʚʘʣʩʷ ʚ ʩʪʘʪʠʯʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʘ ʚʪʦʨʦʡ ʜʚʠʛʘʣʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʚʘʣʘ (4). 

ɺʘʣ ʚʨʘʱʘʣʩʷ ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ (5) ʧʨʠ ʧʦʤʦʱʠ ʨʝʚʝʨʩʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (6). 

ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʩʢʣʘʜʳʚʘʣʘʩʴ ʠʟ ʢʦʣʝʙʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʄʉɺ 

(2.3), ʠ ʢʦʣʝʙʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʠ 

ʚʳʭʦʜʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ (2.4). 

)cos()()( ,lqtlUtu -= w  (2.3) 

)cos()()( tlVtv w=  (2.4) 

ʛʜʝ ɤ ï ʯʘʩʪʦʪʘ, t ï ʚʨʝʤʷ, l ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, 

)exp()( ,,

0 lqUlU -=  ʠ V(l) ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ, q
,
 ʠ q

,,
 ï 

ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʄʉɺ. 

 

ʆʛʠʙʘʶʱʘʷ ʧʨʦʜʝʪʝʢʪʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʥʠʤʘʣʘ ʚʠʜ: 
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(2.5) 

ʛʜʝ ʬʫʥʢʮʠʷ 
ý
ü
û

í
ì
ë
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x

x
xq   

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʜʚʠʞʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʠʟʣʫʯʘʶʱʝʤʫ ʤʠʢʨʦʧʦʣʦʩʢʫ ʩʘʤʦʧʠʩʮʝʤ ʟʘʧʠʩʳʚʘʣʘʩʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ 

ʢʘʨʪʠʥʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.5. 

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ U(l) ʠ V(l) ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʤʝʥʷʶʪʩʷ ʥʘ 

ʧʝʨʠʦʜʝ ʬʫʥʢʮʠʠ lq,cos , ʪʦ ʬʫʥʢʮʠʷ )(lA  ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʦʚ ʧʨʠ ,

2
/2 qnl

n
p=  

ʠ ʤʠʥʠʤʫʤʦʚ ʧʨʠ ,
12

/)12( qnl
n

p+=
+

, ʛʜʝ n=0, 1, 2, é ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʠʣʠ ʤʠʥʠʤʫʤʘʤʠ ʨʘʚʥʦ: 
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,1232222

2
)()(

q
llll

nnnn

p
l =-=-=

+++  
(2.6) 

ʪ.ʝ. ʨʘʚʥʦ ʜʣʠʥʝ ʚʦʣʥʳ ʄʉɺ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ, ʠʟʤʝʨʷʷ ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ ʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ɤ, ʧʦʣʫʯʠʪʴ ʟʘʢʦʥ ʜʠʩʧʝʨʩʠʠ )(, wq . 

 

 

ʈʠʩʫʥʦʢ 2.5 ï ʌʦʨʤʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ. ɸ ï ʘʤʧʣʠʪʫʜʘ, l ï ʨʘʩʩʪʦʷʥʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʇʦʤʠʤʦ ʜʣʠʥʳ ʚʦʣʥʳ ʄʉɺ ʠʟ ʫʨʘʚʥʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʦʛʠʙʘʶʱʝʡ, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ [66], ʠʤʠ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʚʝʣʠʯʠʥʘ ʘʤʧʣʠʪʫʜ rʚ 

ʤʘʢʩʠʤʫʤʘʭ (2.7) ʠ ʤʠʥʠʤʫʤʘʭ (2.8). 
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(2.8) 

ɸʤʧʣʠʪʫʜʫ ʄʉɺ )(lU  ʠ ʘʤʧʣʠʪʫʜʫ ʨʘʜʠʦʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ 

ʤʝʞʜʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ )(lV  ʥʘʭʦʜʠʣʠ ʠʟ ʬʦʨʤʫʣ: 
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[ ])()(
2

)( lAlAlU -+ -=
p

 
(2.9) 

[ ])()(
2

)( lAlAlV -+ +=
p

 
(2.10) 

ʉʦʝʜʠʥʠʚ ʟʘʪʝʤ ʦʛʠʙʘʶʱʝʡ ʚʩʝ ʤʘʢʩʠʤʫʤʳ ʠ ʤʠʥʠʤʫʤʳ, ʤʦʞʥʦ ʥʘʡʪʠ 

)(lA+  ʠ )(lA-  ʚ ʣʶʙʦʡ ʪʦʯʢʝ l. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤ ʯʠʩʣʦʤ ʪʦʯʝʢ ʥʘ ʠʥʪʝʨʝʩʫʶʱʠʭ ʯʘʩʪʦʪʘʭ ʠ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʄʉɺ, ʥʦ ʠ ʘʤʧʣʠʪʫʜʳ ʄʉɺ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʥʘʚʦʜʢʠ. 

2.2. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ 

ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 300 ʩʤ
-1
 ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ 

ʧʦʜʚʠʞʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʦʧʠʩʘʥʥʦʤ ʚ [66] ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚ 

ʨʘʟʜʝʣʝ 2.1. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ, ʢʘʢ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʘʯʝʩʪʚʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʘ 

ʪʘʢʞʝ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʝʪʦʜ ʦʙʣʘʜʘʝʪ ʝʱʝ 

ʦʜʥʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ: ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄʉɺ ʟʘʪʫʭʘʝʪ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʣʠʥʘ ʚʦʣʥʳ ʦʩʮʠʣʣʷʮʠʡ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʭ ʨʘʚʥʘ ʥʝ ʜʣʠʥʝ 

ʚʦʣʥʳ ʄʉɺ, ʢʘʢ ʩʦʦʙʱʘʝʪʩʷ ʚ [66], ʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʪʫʭʘʥʠʷ ʄʉɺ. 

ʀʩʧʦʣʴʟʫʷ ʕɺʄ, ʛʝʥʝʨʘʪʦʨ ʢʘʯʘʶʱʝʡʩʷ ʯʘʩʪʦʪʳ, ʧʨʠʤʝʥʷʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ, ʢʘʢ Maple ʠ 

Lab VIEW, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʫʨʴʝ ʠ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʦʚ, ʫʜʘʣʦʩʴ 

ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ 

ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʟʘʪʫʭʘʥʠʷ ʄʉɺ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ 

ʤʝʥʝʝ 30 ʩʤ
-1
 ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʝʪʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ [66]. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʝʪʦʜ ʦʙʲʝʜʠʥʠʣ 

ʧʦʜʭʦʜʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [65, 66]. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʦʪ 30 ʜʦ 300 ʩʤ
-1
. ɹʣʦʢï

ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.6.  

 

ʈʠʩʫʥʦʢ 2.6 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʄʉɺ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 1 ï ʠʥʜʠʢʘʪʦʨ ʤʦʱʥʦʩʪʠ ʗ2ʈ-67,  

2 ï ʛʝʥʝʨʘʪʦʨ ʢʘʯʘʶʱʝʡʩʷ ʯʘʩʪʦʪʳ ɻ2-42, 3 ï ʠʟʣʫʯʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ,  

4 ï ʧʦʜʚʠʞʥʳʡ ʧʨʠʝʤʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʟʦʥʜ), 5 ï ʧʣʝʥʢʘ ɾʀɻ,  

ʄ44501-2 ï ʦʪʚʝʪʚʠʪʝʣʴ, ʌɺʂ2-45 ï ʚʝʥʪʠʣʴ, ʄ42151-1 ï ʉɺʏ ʫʩʠʣʠʪʝʣʴ. 

ɻʝʥʝʨʘʪʦʨ (2) ɻ2-42 ʩʦʟʜʘʚʘʣ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʢʘʙʝʣʷ ʧʝʨʝʜʘʚʘʣ ʠʭ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ 

ʪʨʘʢʪ. ʄʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʛʝʥʝʨʘʪʦʨʦʤ, ʧʦʩʪʫʧʘʣʘ ʥʘ ʦʪʚʝʪʚʠʪʝʣʴ 

ʄ44501-2. ʆʪʚʝʪʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʘ ʧʨʦʰʝʜʰʘʷ ʤʦʱʥʦʩʪʴ ʧʦʩʪʫʧʘʣʘ 

ʥʘ ʚʝʥʪʠʣʴ ʌɺʂ2-45, ʚʳʧʦʣʥʷʚʰʠʡ ʨʦʣʴ ʨʘʟʚʷʟʳʚʘʶʱʝʛʦ ʠ ʩʦʛʣʘʩʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʚʦʟʥʠʢʘʚʰʝʡ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ 
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ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʉɺʏ ʚ ʄʉɺ (3). ʇʦʩʣʝ ʚʝʥʪʠʣʷ ʧʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤʫ ʢʘʙʝʣʶ ʈʂ-

50-1-25 ʨʘʜʠʦʩʠʛʥʘʣ ʧʦʜʘʚʘʣʩʷ ʥʘ ʠʟʣʫʯʘʪʝʣʴ (3), ʧʨʝʦʙʨʘʟʦʚʳʚʘʚʰʠʡ ʉɺʏ ʚʦʣʥʳ 

ʚ ʄʉɺ. ʄʉɺ ʚʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʚ ʧʣʝʥʢʝ ɾʀɻ (5), ʧʦʤʝʱʝʥʥʦʡ ʚ 

ʦʜʥʦʨʦʜʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʦʟʙʫʞʜʘʣʘ ʚ ʧʦʜʚʠʞʥʦʤ ʧʨʠʝʤʥʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ (4) ʉɺʏ ʤʦʱʥʦʩʪʴ. ʆʪ ʧʨʠʝʤʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ̫ ʉɺʏ 

ʤʦʱʥʦʩʪʴ ʧʦ ʛʠʙʢʦʤʫ ʢʦʘʢʩʠʘʣʴʥʦʤʫ ʢʘʙʝʣʶ SUCOFORM_141_FEP ʧʝʨʝʜʘʚʘʣʘʩʴ 

ʥʘ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʡ ʬʠʣʴʪʨ (ʇʇʌ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ 

ʨʘʜʠʦʥʘʚʦʜʦʢ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʢʘʢ GSM, Wi-Fi, EDGI, Bluetooth, 

ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʧʝʯʝʡ, ʫʩʪʨʦʡʩʪʚ ʨʘʜʠʦʫʧʨʘʚʣʝʥʠʷ ʠ ʪ.ʜ. ʅʘʚʦʜʢʠ ʥʘ ʧʨʠʝʤʥʳʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʠʟʤʝʨʝʥʥʳʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʜʝʪʝʢʪʦʨʦʤ AD8318, ʠʟʦʙʨʘʞʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 2.7. ɸʤʧʣʠʪʫʜʘ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʜʦʩʪʠʛʘʣʘ 150 ʤɺ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʦʤʝʭʝ ʤʦʱʥʦʩʪʴʶ ʤʠʥʫʩ 85 ʜɹ (ɺʪ). ʇʦʩʣʝ ʇʇʌ, ʩʠʛʥʘʣ 

ʧʦʜʘʚʘʣʩʷ ʥʘ ʫʩʠʣʠʪʝʣʴ ʄ42151-1. ɸʤʧʣʠʪʫʜʫ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʬʝʨʨʠʪʦʚʫʶ 

ʧʣʝʥʢʫ ʠ ʟʘʪʝʤ ʫʩʠʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

))(cos(),()( lktlUtu www -=  (2.11) 

ɸʤʧʣʠʪʫʜʘ ʦʪʚʝʪʚʣʝʥʥʦʡ ʙʳʩʪʨʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥ rʠʤʝʝʪ ʚʠʜ: 

)cos()()( tlVtv w=  (2.12) 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʪʪʝʥʶʘʪʦʨ ʤʦʛ ʙʳʪʴ ʦʪʢʣʶʯʝʥ. ʊʦʛʜʘ ʚʤʝʩʪʦ ʦʪʚʝʪʚʣʝʥʥʦʡ 

ʚʦʣʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʤʦʛʣʘ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʦʣʥʘ, ʥʘʚʝʜʝʥʥʘʷ 

ʩ ʦʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʜʨʫʛʦʡ. ʆʪʚʝʪʚʣʝʥʥʳʡ ʠ ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʧʣʝʥʢʫ 

ɾʀɻ ʩʠʛʥʘʣʳ ʩʫʤʤʠʨʦʚʘʣʠʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʜʝʪʝʢʪʦʨ ʤʦʱʥʦʩʪʠ 

ʠʥʜʠʢʘʪʦʨʘ (1) ʗ2ʈ-67. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʦʱʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʠʥʜʠʢʘʪʦʨʦʤ 

(1), ʦʮʠʬʨʦʚʳʚʘʣʘʩʴ ʠ ʚʚʦʜʠʣʘʩʴ ʚ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. 

ʆʪʚʝʪʚʣʝʥʥʘʷ ʠ ʧʨʦʰʝʜʰʘʷ ʯʝʨʝʟ ʚʦʣʥʦʚʝʜʫʱʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʣʥʳ ʠʤʝʣʠ 

ʨʘʚʥʳʝ ʯʘʩʪʦʪʳ ʠ ʩʦʚʧʘʜʘʣʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ʅʘʡʜʝʤ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʝʥʠʷ ʵʪʠʭ 

ʚʦʣʥ. ʉʣʦʞʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʜʦʤ ʚʝʢʪʦʨʥʳʭ ʜʠʘʛʨʘʤʤ [67] 

(ʈʠʩʫʥʦʢ 2.8). 

 



31 

 

 

ʈʠʩʫʥʦʢ 2.7 ï ʅʘʚʦʜʢʘ ʩʠʛʥʘʣʦʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʄʉɺ. 
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ʈʠʩʫʥʦʢ 2.8 ï ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʣʦʞʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

ʇʫʩʪʴ ʢʦʣʝʙʘʥʠʷ ʟʘʜʘʥʳ ʫʨʘʚʥʝʥʠʷʤʠ: 

))(cos(),()(
1

lktlUtux www -==  

)cos()()(
2

tlVtvx w==  

(2.13) 

ʆʪʣʦʞʠʤ ʠʟ ʪʦʯʢʠ ʆ ʚʝʢʪʦʨ )(lV  ʚʜʦʣʴ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʚʝʢʪʦʨ ),( lU w  ʧʦʜ 

ʫʛʣʦʤ lk )(w . ʊʘʢ ʢʘʢ ʢʦʣʝʙʘʥʠʷ ʢʦʛʝʨʝʥʪʥʳ, ʦʙʘ ʚʝʢʪʦʨʘ ʚʨʘʱʘʶʪʩʷ ʧʨʦʪʠʚ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ, ʧʦʵʪʦʤʫ ʠʭ ʨʘʟʥʦʩʪʴ ʬʘʟ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. 

ʇʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ A
C

 ʥʘ ʦʩʠ x ʠ y ʨʘʚʥʘ ʩʫʤʤʝ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ ),( lU w  ʠ 

)(lV  ʥʘ ʵʪʠ ʦʩʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʦ 

ʚʝʢʪʦʨʦʤ ʘʤʧʣʠʪʫʜʳ A= ),( lU w + )(lV , ʚʨʘʱʘʶʱʠʤʩʷ ʚʦʢʨʫʛ ʪʦʯʢʠ ʆ ʩ ʪʦʡ ʞʝ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ, ʯʪʦ ʠ ),( lU w  ʠ )(lV , ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʙʫʜʝʪ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ: 

)cos()( jw+= tAtx  (2.14) 

ʇʦ ʧʨʘʚʠʣʫ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʡʜʝʤ ʩʫʤʤʘʨʥʫʶ ʘʤʧʣʠʪʫʜʫ: 

))(cos(),()(2),()(

))(cos(
2

1
))(cos(

2

1
))(cos(

2

1
))(cos(

2

1

),()(2),()(

))(sin(),()0sin())(sin(),()(2

)0(sin)())((cos),(

)0cos())(cos(),()(2)0(cos)(

22)()(

22

22

2

2222

22

22

221

2

1

22

21

2

lklUlVlUlV

klklkk

lUlVlUlV

lklUlklUlV

lVlklU

lklUlVlV

yyxxxxyxxA

www

wwww

ww

wwww

ww

ww

++=

=ù
ú

ø
é
ê

è
++-³

³++=

=++

+++

++=

=++++=++=

 

 

 

 

(2.15) 

ʈʝʟʫʣʴʪʠʨʫʶʱʘ ̫ʘʤʧʣʠʪʫʜʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

))(cos(),()(2),()( 222 lklUlVlUlVA www ++=  (2.16) 

ʉʠʛʥʘʣ, ʠʟʤʝʨʷʝʤʳʡ ʜʝʪʝʢʪʦʨʦʤ, ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘ ʧʝʨʠʦʜʝ ʫʩʨʝʜʥʝʥʠʷ 
w

p2
 [68] ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

dttP
T

P
T

ʩʨ ñ=
0

)(
1

 
(2.17) 

ʇʨʠʤʝʥʷʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʘʜʠʦʩʠʛʥʘʣʘ ʛʝʥʝʨʘʪʦʨ ʢʘʯʘʶʱʝʡʩʷ 

ʯʘʩʪʦʪʳ (ɻʂʏ), ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʘʤʧʣʠʪʫʜʳ ʦʪ 

ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʦʟʙʫʞʜʝʥʠʷ ʄʉɺ. ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (2.16) ʠ (2.17) 

ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʣʠʥʝʡʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

))(cos(),()(2),()(
1

),( 22 lklUlVlUlVlA www
p

w ++=  
(2.18) 

ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴ ʧʦʜʚʠʞʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʧʘʨʘʣʣʝʣʴʥʦ ʠʟʣʫʯʘʶʱʝʤʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʘʨʘʥʝʝ ʚʳʙʨʘʥʥʳʤ 
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ʰʘʛʦʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʘʙʣʠʮʫ, ʚ ʩʪʨʦʢʘʭ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʮʠʬʨʦʚʳʝ 

ʢʦʜʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʘʤ ʄʉɺ ʥʘ ʯʘʩʪʦʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʪʦʣʙʮʦʚ. ʂʘʞʜʘʷ ʩʪʨʦʢʘ ʦʪʦʙʨʘʞʘʝʪ ɸʏʍ ʜʣʷ ʦʜʥʦʡ ʠʟʤʝʨʷʝʤʦʡ ʪʦʯʢʠ. ʇʨʠʤʝʨ 

ʯʘʩʪʠ ʪʘʢʦʡ ʪʘʙʣʠʮʳ ʠʟʦʙʨʘʞʝʥ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1 

ʊʘʙʣʠʮʘ ʦʮʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʏʘʩʪʦʪʘ, ʄɻʮ 4592,1 4592,5 4592,9 4593,3 4593,7 4594,1 4594,5 

ˉ ʠʟʤʝʨʝʥʠʷ  

1 13 14 19,33333 23 23 26 18,5 

2 19,66667 12 10 9,5 17 9 10,5 

3 24,5 33 24,66667 27,5 24 19,33333 18 

4 22 28 30,5 31,66667 21 23,5 22,33333 

5 24,00432 23 21,66667 13,01963 13 12 19,33333 

6 26,5 34,5 39 42 34,33333 23 14,66667 

7 56,5 65,5 71,5 73,66667 78 73,66667 76 

8 10,33333 10,5 26,34483 42,5 58,5 81,33333 96 

9 53,99215 26,33333 14 15 12,001 25,5 39,33333 

10 108 93,5 78 64,33333 41,5 19 8,5 

11 124,3333 118 112,6667 103 97 70,33333 44 

12 113,5 109 111 107 96 80 51 

13 21 39,33333 54,5 73 89 86 70,5 

14 99,33333 98 98 102 106 110,6667 112 

15 128,5 124,6667 124 126,5 127 128,6667 129,5 

16 147,5 145 144,9954 143,5 144 145,3333 145,5 

17 157 156,5 156 156,6667 157 157 157 

18 163 164 164 165 165 166 165 

19 163,5 165 166,5 167,6667 168,5 169,5 168,5 

20 162 164 165 166 169,5 170,6667 169,5 

 

ɹʣʘʛʦʜʘʨʷ ʠʟʤʝʨʝʥʠʶ ʘʤʧʣʠʪʫʜ ʄʉɺ ʩʨʘʟʫ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʜʣʷ ʢʘʞʜʦʡ 

ʪʦʯʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦʩʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʪʨʫʢʪʫʨʳ. 

ɽʩʣʠ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʜʘʥʥʳʭ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʩʪʦʣʙʮʝ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʝ (ɤ) ʚʜʦʣʴ ʧʣʝʥʢʠ 

(ʈʠʩʫʥʦʢ 2.9). 

ʇʫʩʪʴ ʘʤʧʣʠʪʫʜʳ U(l) ʠ V(l) ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʤʝʥʷʶʪʩʷ ʥʘ ʧʝʨʠʦʜʝ 

ʬʫʥʢʮʠʠ klcos , ʪʦʛʜʘ ʬʫʥʢʮʠʷ A(l) ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʦʚ ʧʨʠ knl
n
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