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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʜʸʪ ʦʩʚʦʝʥʠʝ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ 

ʚʦʣʥ. ʆʩʚʦʝʥʠʝ ʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʚ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ.  

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʘʚʠʛʘʮʠʠ, ʩʚʷʟʠ, ʤʝʜʠʮʠʥʳ, ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʘʢʠʝ ʢʘʢ: ʫʤʝʥʴʰʝʥʠʝ ʛʘʙʘʨʠʪʦʚ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ, ʧʦʚʳʰʝʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʨʳʪʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ.   

ʋʩʪʨʦʡʩʪʚʘ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʥʘʟʝʤʥʳʭ ʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʷʭ (ʈʃʉ) ʩ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʚ 

ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʜʦʧʣʝʨʦʚʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʚ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʤʝʪʝʦʨʦʣʦʛʠʠ, ʚ ʤʝʜʠʮʠʥʝ 

ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [1-3].  

ɺʘʞʥʦʝ ʤʝʩʪʦ ʚʦ ʚʩʝʭ ʨʘʜʠʦʩʠʩʪʝʤʘʭ ʟʘʥʠʤʘʶʪ ʬʝʨʨʠʪʦʚʳʝ ʨʘʟʚʷʟʳʚʘʶʱʠʝ 

ʧʨʠʙʦʨʳ (ʌʈʇ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʫʨʦʚʥʷ ʉɺʏ ʤʦʱʥʦʩʪʠ 

ʛʝʥʝʨʘʪʦʨʦʚ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʴʥʳʭ ʮʝʧʦʯʝʢ ʥʘ ʧʝʨʝʤʝʥʥʳʝ 

ʥʘʛʨʫʟʢʠ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʧʨʝʜʝʣʷʪʴ ʤʦʱʥʦʩʪʴ ʉɺʏ ʩʠʛʥʘʣʘ ʚ ʮʝʧʷʭ ʈʃʉ. [4,5]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ 

ʬʝʨʨʠʪʦʚʳʝ ʨʘʟʚʷʟʳʚʘʶʱʠʝ ʧʨʠʙʦʨʳ (ʄʌʈʇ), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʨʨʠʪʦʚʳʤʠ 

ʧʨʠʙʦʨʘʤʠ ʜʨʫʛʠʭ ʪʠʧʦʚ [10, 11].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʚ ʦʩʥʦʚʥʦʤ ʚʝʜʫʪʩʷ ʥʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ, 
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ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʘʪʶʨʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʝʰʝʚʠʟʥʫ 

[4-11]. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʘ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʤʠʥʠʘʪʶʨʠʟʘʮʠʝʡ ʠ ʧʦʚʳʰʝʥʠʝʤ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʘʨʘʤʝʪʨʘʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʠʩʪʝʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ  

ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ 

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʨʘʩʰʠʨʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦ ʯʘʩʪʦʪʥʦʤʫ 

ʜʠʘʧʘʟʦʥʫ, ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʭ ʧʘʨʘʤʝʪʨʘʤ.  

ʉʝʛʦʜʥʷ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ 

ʧʨʠʙʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʚʩʪʘʸʪ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʙʦʨʦʚ,  ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄʌʈʇ ʤʤ-

ʜʠʘʧʘʟʦʥʘ. ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʨʦʩʰʝʛʦ ʩʧʨʦʩʘ ʥʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʬʝʨʨʠʪʦʚʳʝ 

ʨʘʟʚʷʟʳʚʘʶʱʠʝ ʧʨʠʙʦʨʳ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʨʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦ.   

ʅʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ  - ʦʪʩʫʪʩʪʚʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ 

ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʠ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. 

ʎʝʣʴ ʠ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ 

ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ: 

- ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʠ ʩʪʝʥʜʦʚ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚ, ʘʥʘʣʠʟ ʠ ʚʳʙʦʨ 

ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ 

ʧʨʠʙʦʨʦʚ ʤʤ-ʜʠʘʧʘʟʦʥʘ; 
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- ʈʘʩʯʸʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʟʜʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʚʝʥʪʠʣʝʡ ʠ ʮʠʨʢʫʣʷʪʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ; 

- ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʠʥʠʘʪʶʨʥʳʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ; 

- ʉʦʟʜʘʥʠʝ Y-ʮʠʨʢʫʣʷʪʦʨʘ ʠ ʚʝʥʪʠʣʷ 8-ʤʤ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʙʦʨʦʚ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʭ ʘʥʘʣʦʛʦʚ; 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ 

ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʙʝʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʧʦʜʣʦʞʢʘʭ ʠʟ ʬʝʨʨʠʪʦʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʉɺʏ ʬʝʨʨʠʪʦʚʳʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ 

ʨʘʟʚʷʟʳʚʘʶʱʠʝ ʧʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʭ ʩʦʟʜʘʥʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʤʠʥʠʘʪʶʨʥʳʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ 

ʬʝʨʨʠʪʦʚʳʝ ʨʘʟʚʷʟʳʚʘʶʱʠʝ ʧʨʠʙʦʨʳ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, 

ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. 

1. ʅʘ ʦʩʥʦʚʝ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ R 

ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ (ʊɽʄ-ʚʦʣʥʳ) ʦʪ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʣʦʷ 

ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʘ ʧʨʠ ʝʸ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʘ ʠ ʩʪʝʥʜ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʤʤ-ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. 

2. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʮʦʚ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʤʘʣʳʭ 

ʨʘʟʤʝʨʦʚ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʉɺʏ ʧʦʣʝʤ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʌʄʈ ʦʙʨʘʟʮʦʚ ʦʪ ʚʝʣʠʯʠʥʳ Hɸʵʬʬ. ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 25 ʜʦ 67 ɻɻʮ. 
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3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʦʟʜʘʥʳ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʚʝʥʪʠʣʷ ʠ                         

Y-ʮʠʨʢʫʣʷʪʦʨʘ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ, ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʠ 

ʨʘʟʤʝʨʦʚ ʧʦʜʣʦʞʢʠ. 

4. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʘʩʯʸʪʦʚ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ 

ʢʦʥʩʪʨʫʢʮʠʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ 

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ. 

5. ʇʨʦʚʝʜʸʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʝʨʨʠʪʦʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʙʝʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʚʳʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʣʦʞʢʘʤ ʜʣʷ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

1. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ. ʄʝʪʦʜʠʢʠ ʠ ʩʪʝʥʜʳ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʬʝʨʨʠʪʦʚʳʭ ʟʘʛʦʪʦʚʦʢ.  

2. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʠʥʠʘʪʶʨʥʳʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʠʟʛʦʪʦʚʣʝʥʳ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʬʝʨʨʠʪʦʚʳʝ ʚʝʥʪʠʣʴ ʠ Y-ʮʠʨʢʫʣʷʪʦʨ 8-ʤʤ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ 

ʚʦʣʥ, ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ ʧʦ ʢʦʤʧʣʝʢʩʫ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

3. ʆʨʛʘʥʠʟʦʚʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʥʠʘʪʶʨʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ 

ʚʝʥʪʠʣʝʡ ʠ     Y-ʮʠʨʢʫʣʷʪʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʚ ɸʆ çʅʇʇ 

çʀʩʪʦʢè ʠʤ. ʐʦʢʠʥʘè. 

4. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʨʘʩʯʸʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ 
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ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ. 

5. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʙʝʟ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʳʨʘʙʦʪʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʝʢʩʘʬʝʨʨʠʪʦʚʳʤ ʧʦʜʣʦʞʢʘʤ ʜʣʷ 

ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ, ʦʙʣʝʛʯʘʶʱʠʝ ʠʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ. 

6. ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ 

ʬʝʨʨʠʪʦʚʳʭ ʧʣʘʪ ʧʫʪʸʤ ʩʥʠʞʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʣʫʯʰʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʥʪʠʣʝʡ ʠ Y-ʮʠʨʢʫʣʷʪʦʨʦʚ 

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʛʦʜʥʳʭ ʧʣʘʪ ʠ 

ʩʥʠʟʠʪʴ ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɸʣʛʦʨʠʪʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʦʙʣʘʩʪʠ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʧʨʠʙʦʨʘ ʠ 

ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʬʝʨʨʠʪʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ 

ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʠ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ. 

2. ʉʥʠʞʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʪʸʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʦʚ ʥʘʥʝʩʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʠ ʨʝʟʠʩʪʠʚʥʳʭ ʩʣʦʸʚ ʥʘ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʬʝʨʨʠʪʦʚʳʝ ʧʣʘʪʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ 

ʘʜʛʝʟʠʶ, ʠʟʙʝʞʘʪʴ ʜʝʛʨʘʜʘʮʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʙʦʨʦʚ. 

3. ʉʥʠʞʝʥʠʝ ʧʨʷʤʳʭ ʧʦʪʝʨʴ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ 

ʧʨʠʙʦʨʦʚ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʭ 

ʦʩʥʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʪʦʣʱʠʥʦʡ ʥʝ ʤʝʥʝʝ 0,3 ʤʤ ʠ ʠʩʢʣʶʯʝʥʠʷ ʠʟ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʩʢʘ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʠʘʤʝʪʨʳ 

ʮʠʨʢʫʣʷʮʠʠ ʠ ʤʘʛʥʠʪʘ ʨʘʚʥʳ. 

4. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ 

ʧʨʠʙʦʨʦʚ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʙʝʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʦ 

ʩʪʝʧʝʥʴʶ ʪʝʢʩʪʫʨʳ ʥʝ ʤʝʥʝʝ 90%, ʰʠʨʠʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʝ ʙʦʣʝʝ   

2 ʢʕ ʠ ʧʣʦʪʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 98% ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʦʜʥʘ 



10 
 

      
 

ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʦʪ ʝʛʦ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʠ 

ʦʙʩʫʞʜʝʥʳ ʥʘ 5 ʨʝʛʠʦʥʘʣʴʥʳʭ, 2 ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʦʜʥʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ: ʥʘ VI-ʡ, VII -ʡ, VIII -ʡ, IX-ʡ ʠ ʍ-ʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ɸʆ çʅʇʇ 

çʀʩʪʦʢ ʠʤ. ʐʦʢʠʥʘè (ʛ. ʌʨʷʟʠʥʦ ʄʦʩʢ. ʦʙʣ. 2016õ2020 ʛʛ.), VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʣʝʢʪʨʦʥʠʢʘ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʉɺʏè (ʛ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 29 ʤʘʷõ1 ʠʁʥʷ 2017 ʛ.), ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉɺʏ ʵʣʝʢʪʨʦʥʠʢʘ-2018. 75 ʣʝʪ ʨʘʟʚʠʪʠʷè (ʛ. ʌʨʷʟʠʥʦ, ʄʦʩʢ. ʦʙʣ.,                   

15õ16 ʤʘʷ 2018 ʛ.), 8 ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʨʘʜʠʦʬʠʟʠʢʠè  ʛ. ʊʦʤʩʢ, 1 - 4 ʦʢʪʷʙʨʷ 2019 ʛ. 

ʇʫʙʣʠʢʘʮʠʠ. 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 5 

ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ 2 ʩʪʘʪʴʠ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ 

ʨʝʬʝʨʘʪʠʚʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ Scopus. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʥʘʫʯʥʘʷ ʠʜʝʦʣʦʛʠʷ ʚʩʝʡ ʨʘʙʦʪʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ, ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ, ʧʨʦʚʝʜʝʥʦ 

ʦʙʦʙʱʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʥʘʫʯʥʳʝ ʚʳʚʦʜʳ. ʆʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʧʝʯʘʪʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ɸʆ çʅʇʇ çʀʩʪʦʢ ʠʤ. ʐʦʢʠʥʘè,  ʅʀʊʋ 

çʄʀʉʠʉè, ʄɻʊʋ çʄʀʈʕɸè ʠ ʌʀʈʕ ʈɸʅ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ ʠ 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 156 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 

ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 80 ʥʘʠʤʝʥʦʚʘʥʠʡ, 25 ʪʘʙʣʠʮ ʠ 90 ʨʠʩʫʥʢʦʚ.  



11 
 

      
 

ɻʃɸɺɸ 1. ʉʆɺʈɽʄɽʅʅʓɽ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ʆ ʌɽʈʈʀʊɸʍ, ʀʍ 

ʉʊʈʋʂʊʋʈʅʓʍ ʆʉʆɹɽʅʅʆʉʊʗʍ ʀ ʄʀʂʈʆʇʆʃʆʉʂʆɺʓʍ 

ʈɸɿɺʗɿʓɺɸʖʑʀʍ ʇʈʀɹʆʈɸʍ ʅɸ ʀʍ ʆʉʅʆɺɽ 

1.1 ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʠ ʧʨʠʥʮʠʧ ʠʭ 

ʨʘʙʦʪʳ 

1.1.1 ʌʝʨʨʠʪʦʚʳʝ ʮʠʨʢʫʣʷʪʦʨʳ 

ʌʝʨʨʠʪʳ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʉɺʏ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʧʨʠʥʮʠʧʫ ʚʟʘʠʤʥʦʩʪʠ - ʠʤʝʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʩʯʠʪʘʶʪʩʷ ʈʃʉ, ʩʠʩʪʝʤʳ ʩʚʷʟʠ, 

ʨʘʜʠʦʤʝʪʨʠʷ, ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. 

 ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥ ʠ ʚʳʧʫʩʢʘʝʪʩʷ ʰʠʨʦʢʠʡ ʨʷʜ ʬʝʨʨʠʪʦʚʳʭ 

ʧʨʠʙʦʨʦʚ ʉɺʏ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʥʳʥʝʰʥʠʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, 

ʧʨʦʛʨʘʤʤ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʙʦʪ ʧʦ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʩʠʩʪʝʤ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʠ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʉɺʏ ʜʠʘʧʘʟʦʥʘ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʉɺʏ ʪʝʭʥʠʢʝ ʧʨʠʙʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʬʝʨʨʠʪʦʚʳʡ ʮʠʨʢʫʣʷʪʦʨ. ʎʠʨʢʫʣʷʪʦʨ - ʤʥʦʛʦʧʣʝʯʝʚʦʝ (ʤʥʦʛʦʧʦʣʶʩʥʦʝ) 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ: 

ʵʥʝʨʛʠʷ, ʧʦʜʚʝʜʸʥʥʘʷ ʢ ʦʜʥʦʤʫ ʠʟ ʧʣʝʯ, ʧʝʨʝʜʘʸʪʩʷ ʚ ʜʨʫʛʦʝ (ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʸʥʥʦʝ) ʧʣʝʯʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʷʜʢʦʤ ʠʭ ʯʝʨʝʜʦʚʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1.1 

ʠʟʦʙʨʘʞʸʥ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʡ ʬʝʨʨʠʪʦʚʳʡ Y - ʮʠʨʢʫʣʷʪʦʨ. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ Y-ʮʠʨʢʫʣʷʪʦʨʘ, 1 - ʪʦʧʦʣʦʛʠʷ, 2 ï 

ʬʝʨʨʠʪʦʚʘʷ ʧʦʜʣʦʞʢʘ, 3-ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ. 
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 ɼʝʡʩʪʚʠʝ ʬʝʨʨʠʪʦʚʳʭ ʮʠʨʢʫʣʷʪʦʨʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʬʝʨʨʠʪʦʚ, 

ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʚʦ ʚʥʝʰʥʝʤ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʩʦʟʜʘʚʘʪʴ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (ʚʦʣʥʦʡ) ʥʝʚʟʘʠʤʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ, 

ʥʝʚʟʘʠʤʥʳʡ ʧʦʚʦʨʦʪ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ, ʣʠʙʦ ʪʘʢʫʶ ʢʦʤʙʠʥʘʮʠʶ ʚʦʣʥ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʠʟ ʧʣʝʯ. 

 ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʝʨʨʠʪʦʚʳʝ ʮʠʨʢʫʣʷʪʦʨʳ:  

1) ʌʘʟʦʚʳʝ Y- ʮʠʨʢʫʣʷʪʦʨʳ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ ʩʦʪʝʥ ʜʦ ʪʳʩʷʯ ʄɻʮ, ʥʝʚʟʘʠʤʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʚ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʬʝʨʨʠʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ʠ ʩʠʩʪʝʤʳ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʳʭ ʚʠʪʢʦʚ. 

2) ʎʠʨʢʫʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʣʠ ʢʨʫʛʣʳʭ 

ʚʦʣʥʦʚʦʜʦʚ ʣʠʙʦ ʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ (ʚ ʪ. ʯ. ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ) - Y-, ʊ- ʠ ʍ-

ʮʠʨʢʫʣʷʪʦʨʳ ʩ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʦʪ 1 ʜʦ 100 ɻɻʮ. 

 ʌʝʨʨʠʪʦʚʳʝ ʮʠʨʢʫʣʷʪʦʨʳ ï ʵʪʦ ʧʘʩʩʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʨʘʙʦʪʘʶʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʦʱʥʦʩʪʷʭ, ʯʝʤ 

ʘʢʪʠʚʥʳʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʠʭ ʛʘʙʘʨʠʪʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʧʨʠʝʤʣʝʤʦ ʙʦʣʴʰʠʤʠ. 

  ʌʝʨʨʠʪʦʚʳʝ X - ʠ Y-ʮʠʨʢʫʣʷʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʭ ʪʨʘʢʪʘʭ 

ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʘʥʪʝʥʥʳ ʠʣʠ ʤʦʜʫʣʷ ʩʣʦʞʥʦʡ ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʸʪʢʠ 

ʠʟ ʨʝʞʠʤʘ ʧʝʨʝʜʘʯʠ ʚ ʨʝʞʠʤ ʧʨʠʸʤʘ. ʌʝʨʨʠʪʦʚʳʡ Y-ʮʠʨʢʫʣʷʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʦ 

ʠʟ ʧʣʝʯ ʩʦʜʝʨʞʠʪ ʧʦʛʣʦʱʘʶʱʫʶ ʥʘʛʨʫʟʢʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʚʝʥʪʠʣʷ. ʆʙʨʘʟʫʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ Y-ʮʠʨʢʫʣʷʪʦʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ (ʢʘʩʢʘʜʥʳʝ) 

ʩʦʝʜʠʥʝʥʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʮʠʨʢʫʣʷʪʦʨ ʩ ʣʶʙʳʤ ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ ʧʣʝʯ; ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʣʦʩʥʦ-ʧʨʦʧʫʩʢʘʶʱʠʤʠ ʬʠʣʴʪʨʘʤʠ ʧʦʟʚʦʣʷʶʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʣʦʞʝʥʠʷ ʠʣʠ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʬʠʣʴʪʨʦʚ 

[14,15]. 
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ɻʣʘʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʨʢʫʣʷʪʦʨʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʚʥʦʩʠʤʳʝ ʧʨʷʤʳʝ 

ʧʦʪʝʨʠ aʧʨ = ʈ1+ / ʈ2- = ʈ2+ / ʈ3- = ʈ3+ / ʈ1- ʠ ʦʙʨʘʪʥʳʝ ʧʦʪʝʨʠ (ʨʘʟʚʷʟʢʘ) aʦʙʨ = ʈ1+ / ʈ3- = 

ʈ2+ / ʈ1- = ʈ3+ / P2-. . 

 ʇʨʠʤʝʨ ʧʨʠʚʝʜʸʥ ʜʣʷ ʪʨʸʭʧʣʝʯʝʚʦʛʦ ʮʠʨʢʫʣʷʪʦʨʘ (Y-ʮʠʨʢʫʣʷʪʦʨʘ), ʟʥʘʢ 

ʧʣʶʩ ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʱʥʦʩʪʷʤ, ʚʚʦʜʠʤʳʤ ʚ ʮʠʨʢʫʣʷʪʦʨ, ʘ ʟʥʘʢ ʤʠʥʫʩ - ʢ 

ʚʳʚʦʜʠʤʳʤ. ɺ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʭʦʨʦʰʠʡ ʮʠʨʢʫʣʷʪʦʨ ʦʙʣʘʜʘʝʪ ʦʙʳʯʥʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: aʧʨ < 0,5 ʜɹ; aʦʙʨ > 20 ʜɹ. 

 ʊʘʢʞʝ ʚʳʜʝʣʷʶʪ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ (ʜʣʠʥʘ ʚʦʣʥʳ), 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʧʨʝʜʝʣʴʥʘʷ ʨʘʙʦʯʘʷ ʤʦʱʥʦʩʪʴ, ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʩʧʦʩʦʙ ʚʢʣʶʯʝʥʠʷ ʚ ʪʨʘʢʪ (ʚʠʜ ʨʘʟʲʸʤʦʚ), ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʝʤʫ ʧʦʩʪʦʷʥʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ, ʩʨʦʢ 

ʩʣʫʞʙʳ. 

ɺ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʨʝʭʧʦʨʪʦʚʳʝ ʧʨʠʙʦʨʳ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ Y-ʮʠʨʢʫʣʷʪʦʨʳ. ʇʨʦʩʪʝʡʰʘʷ ʩʭʝʤʘ Y-ʮʠʨʢʫʣʷʪʦʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʠʤʤʝʪʨʠʯʥʦʝ 3-ʧʣʝʯʝʝ ʚʦʣʥʦʚʦʜʥʦʝ ʠʣʠ ʧʦʣʦʩʢʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʮʝʥʪʨʝ 

ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥ ʧʦʜʤʘʛʥʠʯʝʥʥʳʡ ʢʨʫʛʣʳʡ ʬʝʨʨʠʪʦʚʳʡ ʚʢʣʘʜʳʰ. ʇʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʷʩʥʝʥ ʷʚʣʝʥʠʝʤ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʥʘ ʢʨʫʛʣʦʤ ʬʝʨʨʠʪʦʚʦʤ ʮʠʣʠʥʜʨʝ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʥʝ ʚʢʣʘʜʳʰʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʫʤʤʦʡ ʧʘʜʘʶʱʝʡ ʠ ʚʦʟʙʫʞʜʝʥʥʦʡ ʚʦ ʚʢʣʘʜʳʰʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ.  

ɸʤʧʣʠʪʫʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʧʦʣʷ ʥʘ ʚʥʝʰʥʝʡ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʢʣʘʜʳʰʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ ʉɺʏ ʩʠʛʥʘʣʘ, ʜʠʘʤʝʪʨʦʤ 

ʚʢʣʘʜʳʰʘ ʠ ʝʛʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʧʦʜʙʦʨʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʢʘʨʪʠʥʘ ʩʪʦʷʯʠʭ ʚʦʣʥ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʢʣʘʜʳʰʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2. ʊʘʢ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʬʝʨʨʠʪʘ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʧʦʣʷ, ʪʦ ʠʟʤʝʥʷʷ ʧʦʩʣʝʜʥʝʝ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʠʥʠʤʫʤ ʩʪʦʷʯʝʡ ʚʦʣʥʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʮʝʥʪʨʫ ʨʘʟʚʷʟʘʥʥʦʛʦ ʧʦʨʪʘ 3-ʧʣʝʯʝʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʘ ʚ ʮʝʥʪʨʘʭ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʧʦʨʪʦʚ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʙʳʣʠ 
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ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʤʘʢʩʠʤʘʣʴʥʳ (ʨʠʩ.1.2). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʉɺʏ 

ʵʥʝʨʛʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1.2 ʩʪʨʝʣʢʘʤʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ 

ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʘʜʘʶʱʝʡ ʠ 

ʚʦʟʙʫʞʜʝʥʥʦʡ ʚʦ ʚʢʣʘʜʳʰʝ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʦʡ ʠ ʫʟʣʳ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʳ ʩʤʝʱʘʶʪʩʷ ʧʦ ʫʛʣʫ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ ʥʘ ʦʙʨʘʪʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʝʨʨʠʪʦʚʦʛʦ ʚʢʣʘʜʳʰʘ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 120
0
 ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʟʚʷʟʘʥʥʦʝ ʧʣʝʯʦ ʩʪʘʥʦʚʠʪʩʷ 

ʚʳʭʦʜʥʳʤ, ʪʦʞʝ ʩʘʤʦʝ ʧʨʦʠʟʦʡʜʝʪ ʝʩʣʠ ʚʦʟʙʫʜʠʪʴ ʮʠʨʢʫʣʷʪʦʨ ʩʦ ʩʪʦʨʦʥʳ 

ʚʳʭʦʜʥʦʛʦ ʧʣʝʯʘ [12-15]. 

ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʛʦ ʧʨʦʩʪʦʛʦ ʮʠʨʢʫʣʷʪʦʨʘ ʠʤʝʶʪ 

ʨʝʟʦʥʘʥʩʥʳʡ ʭʘʨʘʢʪʝʨ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʂʘʨʪʠʥʘ ʩʪʦʷʯʠʭ ʚʦʣʥ 3-ʭ ʧʣʝʯʥʦʛʦ ʮʠʨʢʫʣʷʪʦʨʘ. 

ʄʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʮʠʨʢʫʣʷʪʦʨʘ ʠʤʝʝʪ ʚʠʜ (ʨʠʩʫʥʦʢ 1.3): 

 

ʈʠʩʫʥʦʢ 1.3 ï ʄʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʮʠʨʢʫʣʷʪʦʨʘ. 
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ʅʫʣʝʚʳʝ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʦʪʨʘʞʝʥʠʡ ʥʘ ʧʦʨʪʘʭ ʮʠʨʢʫʣʷʪʦʨʘ, ʪ.ʝ. ʝʛʦ ʠʜʝʘʣʴʥʦʤ ʩʦʛʣʘʩʦʚʘʥʠʠ. ʈʘʚʝʥʩʪʚʦ 

ʥʫʣʶ ʚʥʝʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ S21= S13= S32= 0- ʦʙ ʠʜʝʘʣʴʥʦʡ ʨʘʟʚʷʟʢʝ ʧʘʨ 

ʚʭʦʜʦʚ, ʨʘʚʝʥʩʪʚʦ S12= S23= S12å 1 - ʦ ʨʘʚʝʥʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ ʤʝʞʜʫ 

ʩʚʷʟʘʥʥʳʤʠ ʧʦʨʪʘʤʠ ʚ ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʨʝʞʠʤʝ [13]. 

 ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ 

ʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠ, ʧʦʵʪʦʤʫ ʤʘʪʨʠʮʘ S ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝ ʙʫʜʝʪ 

ʩʦʜʝʨʞʘʪʴ ʥʫʣʝʚʳʭ ʯʣʝʥʦʚ, ʤʦʜʫʣʠ S12, S23, S13  ʙʫʜʫʪ ʥʝ ʦʜʠʥʘʢʦʚʳ ʠ ʤʝʥʴʰʝ 1.  

ʆʙʳʯʥʦ ʧʦʪʝʨʠ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ Y-ʮʠʨʢʫʣʷʪʦʨʘʭ ʨʘʩʪʫʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ 

ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʨʦʩʪʦʤ ʧʦʪʝʨʴ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ 

ʧʝʨʝʜʘʯʠ ʠ ʩʣʦʞʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʧʨʠʙʦʨʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʷʤʳʝ ʧʦʪʝʨʠ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ Y-ʮʠʨʢʫʣʷʪʦʨʘʭ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ [16-18]: 

- ʜʦ 8 ɻɻʮ - ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 0,4 ʜɹ; 

- ʜʦ 12 ɻɻʮ - ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 0,5 ʜɹ; 

- ʜʦ 18 ɻɻʮ - ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 0,7 ʜɹ; 

- ʜʦ 26 ɻɻʮ - ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 0,8 ʜɹ; 

- ʜʦ 40 ɻɻʮ ï ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 1 ʜɹ; 

- ʦʪ 40 ɻɻʮ ʠ ʚʳʰʝ - 1õ1,6 ʜɹ. 

Y-ʮʠʨʢʫʣʷʪʦʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʚʷʟʢʠ ʧʘʜʘʶʱʝʡ ʠ ʦʪʨʘʞʝʥʥʦʡ 

ʚʦʣʥ, ʝʩʣʠ ʨʘʟʚʷʟʘʥʥʳʡ ʧʦʨʪ (ʥʘʧʨʠʤʝʨ ʧʦʨʪ 3 ʥʘ ʨʠʩʫʥʢʝ 1.2) ʥʘʛʨʫʟʠʪʴ ʥʘ 

ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʥʘʛʨʫʟʢʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ 2 

ʧʦʨʪʫ ʧʦʩʪʫʧʠʪ ʚ ʙʘʣʣʘʩʪʥʫʶ ʥʘʛʨʫʟʢʫ ʪʨʝʪʴʝʛʦ ʧʦʨʪʘ, ʘ ʥʝ ʧʦʧʘʜʝʪ ʥʘ 

ʚʦʟʙʫʞʜʘʶʱʠʡ ʧʦʨʪ 1. ʕʪʦ ʩʚʦʡʩʪʚʦ ʯʘʩʪʦʪ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʪʯʠʢʘʭ 

ʜʣʷ ʨʘʟʚʷʟʢʠ ʚʭʦʜʦʚ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ. ɽʩʣʠ ʢ ʧʦʨʪʫ 2 ʧʦʜʢʣʶʯʠʪʴ 

ʫʧʨʘʚʣʷʝʤʫʶ ʨʝʘʢʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ, ʪʦ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʥʝʝ ʩʠʛʥʘʣ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ 

ʚ ʧʦʨʪ 3, ʧʨʠʯʝʤ ʬʘʟʘ ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʨʝʘʢʪʠʚʥʦʩʪʠ ʥʘʛʨʫʟʢʠ 

ʥʘ 2 ʧʦʨʪʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʘ ʉɺʏ ʫʛʣʦʚʫʶ ʤʦʜʫʣʷʮʠʶ ʩʠʛʥʘʣʘ.  
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1.1.2 ʌʝʨʨʠʪʦʚʳʝ ʚʝʥʪʠʣʠ 

ʌʝʨʨʠʪʦʚʳʡ ʚʝʥʪʠʣʴ - ʵʪʦ ʥʝʚʟʘʠʤʥʦʝ ʜʚʫʧʣʝʯʝʝ ʫʩʪʨʦʡʩʪʚʦ 

(ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢ), ʥʝ ʩʦʟʜʘʶʱʝʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʚʦʣʥʳ, 

ʜʚʠʛʘʶʱʝʡʩʷ ʧʦ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ ʚʥʦʩʷʱʝʝ ʙʦʣʴʰʦʝ 

ʟʘʪʫʭʘʥʠʝ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʵʥʝʨʛʠʠ. 

ʌʝʨʨʠʪʦʚʳʝ ʚʝʥʪʠʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʘʟʚʷʟʢʠ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʉɺʏ ʪʨʘʢʪʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ 

ʦʪʨʘʞʝʥʠʡ ʥʘ ʧʝʨʝʜʘʶʱʠʝ ʠ ʧʨʠʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʈʃʉ [13,14]. ʅʘ ʨʠʩʫʥʢʝ 1.4 

ʠʟʦʙʨʘʞʸʥ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʡ ʬʝʨʨʠʪʦʚʳʡ ʚʝʥʪʠʣʴ S-ʜʠʘʧʘʟʦʥʘ. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʄʠʢʨʦʧʦʣʦʩʢʦʚʳʡ ʚʝʥʪʠʣʴ ʥʘ ʦʩʥʦʚʝ Y-ʮʠʨʢʫʣʷʪʦʨʘ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ ʩ ʧʣʘʥʘʨʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʬʝʨʨʠʪʦʚʦʛʦ ʚʝʥʪʠʣʷ - ʵʪʦ ʟʘʱʠʪʘ ʠʩʪʦʯʥʠʢʘ ʉɺʏ 

ʩʠʛʥʘʣʘ ʦʪ ʚʦʣʥ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʥʘʛʨʫʟʢʠ ʪʨʘʢʪʘ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʦʪʨʘʞʝʥʥʦʡ 

ʚʦʣʥʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʝʨʨʠʪʦʚʦʛʦ ʮʠʨʢʫʣʷʪʦʨʘ ʥʝ ʦʪʚʦʜʠʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʫʶ 

ʥʘʛʨʫʟʢʫ, ʷʚʣʷʶʱʫʶʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʮʠʨʢʫʣʷʪʦʨʘ ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʪʜʝʣʴʥʦ ʦʪ ʮʠʨʢʫʣʷʪʦʨʘ, ʘ ʧʦʛʣʦʱʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʘʛʨʫʟʢʝ ʚʝʥʪʠʣʷ.  

ʅʘʛʨʫʟʢʦʡ, ʨʘʩʩʝʠʚʘʶʱʝʡ ʉɺʏ ʵʥʝʨʛʠʶ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʘʤ ʬʝʨʨʠʪʦʚʳʡ 

ʚʢʣʘʜʳʰ, ʧʣʝʥʦʯʥʳʡ ʧʦʛʣʦʪʠʪʝʣʴ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʬʝʨʨʠʪ, ʠʣʠ ʢʝʨʘʤʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ʩ ʥʘʧʳʣʸʥʥʳʤ ʥʘ ʥʝʸ ʨʝʟʠʩʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʘʷ ʧʨʠʧʘʠʚʘʝʪʩʷ ʢ 3 

ʧʣʝʯʫ ʚʝʥʪʠʣʷ (ʨʠʩ. 1.4). ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʥʘʛʨʫʟʦʢ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ 
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ʵʣʝʤʝʥʪʦʤ ʚʝʥʪʠʣʷ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʪʜʝʣʴʥʦ ʠʣʠ ʟʘʤʝʥʝʥʘ ʙʝʟ 

ʧʦʣʥʦʡ ʧʝʨʝʜʝʣʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʮʝʣʦʤ [13,14]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʬʝʨʨʠʪʦʚʳʭ ʚʝʥʪʠʣʝʡ: 

1. ʈʝʟʦʥʘʥʩʥʳʝ ʬʝʨʨʠʪʦʚʳʝ ʚʝʥʪʠʣʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʝʟʦʥʘʥʩʥʳʭ 

ʚʝʥʪʠʣʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʘʤʦʤ 

ʬʝʨʨʠʪʝ. ʇʦʵʪʦʤʫ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʣʫʯʘʷʤʠ, ʢʦʛʜʘ 

ʤʦʱʥʦʩʪʴ ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ ʥʝ ʦʯʝʥʴ ʚʝʣʠʢʘ. [13]. 

ɺ ʧʦʣʦʩʢʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʝʥʪʠʣʷ ʚʨʘʱʘʶʱʝʝʩʷ ʧʦʣʝ ʚ 

ʦʙʣʘʩʪʠ ʬʝʨʨʠʪʦʚʳʭ ʜʠʩʢʦʚ ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʦʧʝʨʝʯʥʳʭ ʨʝʘʢʪʠʚʥʳʭ 

ʰʣʝʡʬʦʚ ʜʣʠʥʦʡ ɚɽ/8 ʠ 3ɚɽ/8. ɺ ʧʨʦʚʦʜʥʠʢʘʭ ʵʪʠʭ ʰʣʝʡʬʦʚ ʚʦʟʥʠʢʘʝʪ ʩʪʦʷʯʘʷ 

ʧʦʣʫʚʦʣʥʘ ʪʦʢʘ, ʨʘʚʥʘʷ ʧʦ ʚʝʣʠʯʠʥʝ ʪʦʢʫ ʚ ʦʩʥʦʚʥʦʤ ʪʨʘʢʪʝ ʠ ʩʜʚʠʥʫʪʘʷ ʧʦ ʬʘʟʝ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʤʫ ʥʘ 90Á. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʪʦʢʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ 

ʧʣʝʯʠ ʢʨʝʩʪʦʦʙʨʘʟʥʦʛʦ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʦʙʨʘʟʫʝʪʩʷ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ 

ʣʝʚʳʤ ʚʨʘʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʧʦʜʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ 

ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʠ ʩ ʧʨʘʚʳʤ ʚʨʘʱʝʥʠʝʤ ʜʣʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ 

ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʬʝʨʨʠʪʦʚʳʭ ʜʠʩʢʘʭ ʧʨʠ ʛʠʨʦʤʘʛʥʠʪʥʦʤ ʨʝʟʦʥʘʥʩʝ. ʉʫʤʤʘʨʥʳʡ 

ʪʦʢ, ʦʪʚʝʪʚʣʷʶʱʠʡʩʷ ʚ ʰʣʝʡʬʳ, ʨʘʚʝʥ ʥʫʣʶ, ʠ ʰʣʝʡʬʳ ʥʝ ʥʘʨʫʰʘʶʪ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʝʥʪʠʣʷ. ɺʝʥʪʠʣʠ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʰʣʝʡʬʘʤʠ ʫʟʢʦʧʦʣʦʩʥʳʝ [13,14]. 

2. ʂʦʘʢʩʠʘʣʴʥʳʝ ʬʝʨʨʠʪʦʚʳʝ ʚʝʥʪʠʣʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʡ 

ʢʦʘʢʩʠʘʣʴʥʳʭ ʌɺ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʛʦ ʠʩʢʘʞʝʥʠʷ ʧʦʣʷ ʊ-ʚʦʣʥʳ, 

ʯʪʦʙʳ ʚ ʥʝʡ ʥʘʨʷʜʫ ʩ ʧʦʧʝʨʝʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʷʚʠʣʘʩʴ ʧʨʦʜʦʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʚʝʢʪʦʨ ʅ ʙʳʣ ʧʦʣʷʨʠʟʦʚʘʥ ʧʦ 

ʢʨʫʛʫ. ʊʘʢʦʝ ʠʩʢʘʞʝʥʠʝ ʧʦʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʙʦʨʦʤ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʢʣʘʜʳʰʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (e) ʠ 

ʯʘʩʪʦʪʝ (f). ɿʘ ʩʯʸʪ ʵʪʦʛʦ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʦʙʣʘʩʪʴ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʬʝʨʨʠʪʝ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʧʨʠ 

ʧʨʷʤʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʉɺʏ ʚʦʣʥʳ ʠ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʴʰʝʝ ʚʝʥʪʠʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ [13]. 
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3. ɺʝʥʪʠʣʠ ʥʘ ʩʤʝʱʝʥʠʠ ʧʦʣʷ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʚʝʥʪʠʣʝʡ 

ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʣʠʯʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʣʷ ʧʘʜʘʶʱʝʡ ʠ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥ.  

ʆʩʥʦʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʚʝʥʪʠʣʝʡ ʥʘ ʩʤʝʱʝʥʠʠ ʧʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʭ 

ʧʘʨʘʤʝʪʨʳ ʚʝʩʴʤʘ ʩʪʘʙʠʣʴʥʳ, ʘ ʩʘʤʠ ʚʝʥʪʠʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʩʪʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʠ ʥʘʩʪʨʦʡʢʝ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ ʚʝʥʪʠʣʝʡ ʥʘ ʩʤʝʱʝʥʠʠ 

ʧʦʣʷ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ ʚʦʣʥ, ʨʘʚʝʥ 10õ15 ɺʪ 

ʩʨʝʜʥʝʡ ʠ 7õ10 ʢɺʪ ʠʤʧʫʣʴʩʥʦʡ ʤʦʱʥʦʩʪʠ (ʜʣʷ ʚʦʣʥʦʚʦʜʥʳʭ). ʇʦʪʝʨʠ ʧʨʠ 

ʧʨʷʤʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʳ ʩʦʩʪʘʚʣʷʶʪ 0,3õ0,7 ʜɹ, ʘ ʧʨʠ ʦʙʨʘʪʥʦʤ 30õ40 ʜɹ [13] 

4. ɺʝʥʪʠʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʵʬʬʝʢʪʝ ʌʘʨʘʜʝʷ. ʕʬʬʝʢʪ ʌʘʨʘʜʝʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʚʦʨʦʪʝ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʚʦʣʥʳ 

ʧʨʠ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʧʨʦʜʦʣʴʥʦ ʧʦʜʤʘʛʥʠʯʝʥʥʦʤ ʬʝʨʨʠʪʝ. ɿʘ ʩʯʸʪ ʵʪʦʛʦ 

ʵʬʬʝʢʪʘ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʚʝʥʪʠʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. 

5. ɺʝʥʪʠʣʠ ʥʘ ʦʩʥʦʚʝ Y - ʮʠʨʢʫʣʷʪʦʨʘ. ʃʶʙʦʡ ʬʝʨʨʠʪʦʚʳʡ                      

Y-ʮʠʨʢʫʣʷʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʚʝʥʪʠʣʷ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʚʢʣʶʯʠʪʴ ʚ ʦʜʥʦ ʠʟ ʧʣʝʯ ʮʠʨʢʫʣʷʪʦʨʘ ʩʦʛʣʘʩʦʚʘʥʥʫʶ ʥʘʛʨʫʟʢʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʧʦʛʣʦʱʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʚ ʵʪʦ ʧʣʝʯʦ. ʊʘʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ Y - ʮʠʨʢʫʣʷʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʚʝʥʪʠʣʝʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʠʸʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʤʦʜʫʣʝʡ ʠ 

ʫʩʠʣʠʪʝʣʴʥʳʭ ʮʝʧʦʯʝʢ. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʚʝʩ ʚʝʥʪʠʣʝʡ ʥʘ ʦʩʥʦʚʝ Y - 

ʮʠʨʢʫʣʷʪʦʨʦʚ ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʯʘʩʪʫʶ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚʝʥʪʠʣʝʡ ʥʘ ʩʤʝʱʝʥʠʠ ʧʦʣʷ, ʯʪʦ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʠʤʝʥʝʥʠʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʌɺ ʨʝʟʢʦ ʫʣʫʯʰʘʝʪ ʨʘʙʦʪʫ ʛʝʥʝʨʘʪʦʨʦʚ ʉɺʏ ʢʦʣʝʙʘʥʠʡ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʟʘʪʷʛʠʚʘʥʠʷ ʯʘʩʪʦʪʳ, ʫʣʫʯʰʝʥʠʶ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ, 

ʫʩʪʨʘʥʝʥʠʶ ʵʬʬʝʢʪʘ ʜʣʠʥʥʦʡ ʣʠʥʠʠ ʠ ʪ.ʜ. ʂʘʢ ʧʨʘʚʠʣʦ, ʬʝʨʨʠʪʦʚʳʡ ʚʝʥʪʠʣʴ 

ʚʢʣʶʯʘʝʪʩʷ ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʥʘʛʨʫʟʢʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʵʥʝʨʛʠʷ 

ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʢ ʥʘʛʨʫʟʢʝ, ʧʨʦʭʦʜʠʣʘ 

ʚʝʥʪʠʣʴ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʦʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʩʪʨʝʣʢʦʡ ʥʘ ʢʦʨʧʫʩʝ 

ʬʝʨʨʠʪʦʚʦʛʦ ʚʝʥʪʠʣʷ) ʩ ʤʘʣʳʤʠ ʧʦʪʝʨʷʤʠ, ʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʦʪʨʘʞʝʥʥʘʷ 
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ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʛʣʦʱʘʣʘʩʴ ʚ 

ʚʝʥʪʠʣʝ [13].  

ʆʩʥʦʚʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʝʨʨʠʪʦʚʳʭ ʚʝʥʪʠʣʝʡ 

ʷʚʣʷʶʪʩʷ: ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ - Ŭʧʨ, ʟʘʪʫʭʘʥʠʝ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ - Ŭʦʙʨ, ʜʠʘʧʘʟʦʥ ʠ ʧʦʣʦʩʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʦʷʯʝʡ 

ʚʦʣʥʳ ʧʦ ʥʘʧʨʷʞʝʥʠʶ (ʂʉɺʅ) ʚ ʧʦʣʦʩʝ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʠ ʫʨʦʚʝʥʴ ʚʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ [13]. 

ɺʝʥʪʠʣʠ ʦʩʦʙʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳ ʚ ʧʝʨʝʜʘʪʯʠʢʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʧʨʠʥʮʠʧʫ 

ʫʩʠʣʠʪʝʣʴʥʦʡ ʮʝʧʦʯʢʠ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʷʟʘʪʴ ʧʦʩʣʝʜʫʶʱʠʝ ʢʘʩʢʘʜʳ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ.  
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1.2 ʄʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʬʝʨʨʠʪʦʚʳʝ ʨʘʟʚʷʟʳʚʘʶʱʠʝ ʧʨʠʙʦʨʳ (ʄʌʈʇ) ʠ  

ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʉɺʏ ʘʧʧʘʨʘʪʫʨʝ ʤʤ ï ʜʠʘʧʘʟʦʥʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʪʝʭʥʠʢʠ ʜʠʘʧʘʟʦʥʘ ʤʠʣʣʠʤʝʪʨʦʚʳʭ 

ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʦʩʚʦʝʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ɼʣʷ ʨʘʟʚʷʟʢʠ ʩʚʷʟʥʳʭ ʢʘʥʘʣʦʚ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚʦʣʥʦʚʦʜʥʳʝ ʮʠʨʢʫʣʷʪʦʨʳ ʠ ʚʝʥʪʠʣʠ. ʀʭ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ - ʙʦʣʴʰʠʝ 

ʛʘʙʘʨʠʪʳ ʠ ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʅʘ ʟʘʤʝʥʫ ʚʦʣʥʦʚʦʜʥʳʤ ʮʠʨʢʫʣʷʪʦʨʘʤ ʠ ʚʝʥʪʠʣʷʤ ʤʤ - ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ 

ʚʦʣʥ ʤʦʛʫʪ ʧʨʠʡʪʠ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʮʠʨʢʫʣʷʪʦʨʳ ʠ ʚʝʥʪʠʣʠ, ʠʤʝʶʱʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʣʥʦʚʦʜʥʳʤʠ ʨʘʟʚʷʟʳʚʘʶʱʠʤʠ 

ʧʨʠʙʦʨʘʤʠ ʠ ʠʩʧʦʣʴʟʫʶʱʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʉɺʏ-ʬʝʨʨʠʪʳ.  

ʂ ʚʘʞʥʝʡʰʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʧʦʜʣʦʞʝʢ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʌʈʇ ʦʪʥʦʩʷʪʩʷ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʪʘʢʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʰʠʨʠʥʘ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ,  ʫʜʝʣʴʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ. ʌʘʢʪʦʨʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʯʩʪʴ ʬʝʨʨʠʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ʂʶʨʠ. ʏʝʤ ʚʳʰʝ ʪʦʯʢʘ ʂʶʨʠ, ʪʝʤ 

ʙʦʣʝʝ ʪʝʨʤʦʩʪʘʙʠʣʝʥ ʤʘʪʝʨʠʘʣ. ʊʦʯʢʘ ʂʶʨʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʬʝʨʨʠʪʘ.  

ʀʟʚʝʩʪʥʳ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʮʠʨʢʫʣʷʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʧʣʦʰʥʫʶ 

ʬʝʨʨʠʪʦʚʫʶ ʧʦʜʣʦʞʢʫ ʠ ʥʘʥʝʩʝʥʥʫʶ ʥʘ ʥʝʝ ʩʠʩʪʝʤʫ ʠʟ ʪʨʝʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʣʦʩʢʦʚ ʩ ʜʠʩʢʦʤ ʩʦʯʣʝʥʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʮʝʥʪʨʝ ʧʦʜʣʦʞʢʠ. ʀʭ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʉɺʏ- ʠ ʂɺʏ-ʜʠʘʧʘʟʦʥʦʚ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʟʘʜʘʯʘʤʠ ʫʚʝʣʠʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ, 

ʫʤʝʥʴʰʝʥʠʷ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ, ʤʘʩʩʳ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʠ ʩʪʦʠʤʦʩʪʠ.  

ʇʦ ʤʝʨʝ ʨʝʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ, ʩʠʩʪʝʤʦʪʝʭʥʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩ ʠʥʪʝʛʨʘʮʠʠ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ. ʅʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʩʪʦʠʪ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʠ 

ʤʦʥʦʣʠʪʥʳʭ ʩʭʝʤ ʤʤ-ʜʠʘʧʘʟʦʥʘ. 
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ɺ ʢʦʤʧʣʝʢʩʝ ʟʘʜʘʯ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʤʤ-

ʜʠʘʧʘʟʦʥʘ ʚʘʞʥʝʡʰʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʬʝʨʨʠʪʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʦʪʝʭʥʠʢʝ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʧʦʣʫʯʠʣʠ ʌʈʇ ʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʦʣʦʩʢʦʚʳʭ (ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ) ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʌʈʇ ʥʘ ʵʪʠʭ ʣʠʥʠʷʭ. 

ʇʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʦʙʱʠʭ ʧʨʠʥʮʠʧʘʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʌʈʇ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʀʉ ʩʤ-ʜʠʘʧʘʟʦʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ 

ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʡ ʮʠʨʢʫʣʷʪʦʨʦʚ ʥʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʷʭ: ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ ʬʝʨʨʠʪʦʚʳʤ ʜʠʩʢʦʤ, ʥʘ ʬʝʨʨʠʪʦʚʳʭ ʧʦʜʣʦʞʢʘʭ ʠ 

ʥʘʚʝʩʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʤʤ-ʜʠʘʧʘʟʦʥʝ ʚʳʙʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʌʈʇ 

ʜʦʣʞʝʥ ʦʮʝʥʠʚʘʪʴʩʷ ʩ ʧʦʟʠʮʠʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʀʉ ʚ ʮʝʣʦʤ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʵʪʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʝʜʠʥʦʡ ʧʦʜʣʦʞʢʝ. 

ʉʪʨʝʤʣʝʥʠʝ ʫʚʝʣʠʯʠʪʴ ʜʦʙʨʦʪʥʦʩʪʴ ʚʦʣʥʦʚʝʜʫʱʝʡ ʩʪʨʫʢʪʫʨʳ ʀʉ ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʇʃ ʧʦʜʚʝʰʝʥʥʦʡ ʠ 

ʦʙʨʘʱʝʥʥʦʡ ʧʦʣʦʩʢʦʚʳʭ ʣʠʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʌʈʇ 

ʷʚʣʷʝʪʩʷ ʥʘʚʝʩʥʘʷ [19,20]. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʚʝʩʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ 

ʧʨʠʙʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʫʢʘʟʘʥʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [21] ʦʧʠʩʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʮʠʨʢʫʣʷʪʦʨʦʚ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʚ 

ʢʚʘʨʮʝʚʫʶ ʧʦʜʣʦʞʢʫ ʪʦʣʱʠʥʦʡ 0,3 ʤʤ (ʬʝʨʨʠʪʦʚʳʤ ʜʠʩʢʦʤ ʜʠʘʤʝʪʨʦʤ 1,4 ʤʤ ʠ 

ʥʘ ʬʝʨʨʠʪʦʚʦʡ ʧʦʜʣʦʞʢʝ ʪʦʣʱʠʥʦʡ 0,16 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʬʝʨʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥ Ni-Zn ʬʝʨʨʠʪ LTT-6II2. .ɺ ʨʘʙʦʯʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 13 % ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʳ 34,5 ɻɻʮ ʧʨʷʤʳʝ ʧʦʪʝʨʠ (ʩ ʫʯʝʪʦʤ ʧʝʨʝʭʦʜʦʚ ʥʘ ʚʦʣʥʦʚʦʜʳ) 

ʩʦʩʪʘʚʠʣʠ 1 ʜɹ, ʨʘʟʚʷʟʢʘ ʙʦʣʝʝ 18 ʜɹ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʥʫʩ 55 ʜʦ 

+70Áʉ, ʨʘʟʚʷʟʢʘ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 16 ʜɹ, ʘ ʧʦʪʝʨʠ ʚʦʟʨʘʩʪʘʣʠ ʜʦ 1,3 ʜɹ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʨʝʟʦʥʘʪʦʨʘʤʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʣʦʩʳ 
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ʯʘʩʪʦʪ ʪʘʢʠʭ ʮʠʨʢʫʣʷʪʦʨʦʚ ʰʠʨʝ, ʥʦ ʠ ʧʦʪʝʨʠ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʠʨʢʫʣʷʪʦʨʘʤʠ ʥʘ ʜʠʩʢʦʚʳʭ ʨʝʟʦʥʘʪʦʨʘʭ. 

ɺ ʨʘʙʦʪʝ [22] ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʮʠʨʢʫʣʷʪʦʨʘ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʚ ʢʚʘʨʮʝʚʫʶ 

ʧʦʜʣʦʞʢʫ ʜʠʩʢʦʚʳʤ ʬʝʨʨʠʪʦʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ. ɺ ʨʘʙʦʯʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 10 % 8-

ʤʤ ʜʠʘʧʘʟʦʥʘ ʥʘ ʧʦʜʣʦʞʢʝ ʨʘʟʤʝʨʘʤʠ 15x15 ʤʤ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʳ ʧʨʷʤʳʝ ʧʦʪʝʨʠ 0,75 ʜɹ, ʨʘʟʚʷʟʢʘ ʙʦʣʝʝ 20 ʜɹ, ʂʉɺʅ ʤʝʥʝʝ 

1,25. ɸʥʘʣʦʛʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʮʠʨʢʫʣʷʪʦʨʘ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [23] . 

ʂʦʥʩʪʨʫʢʮʠʷ ʮʠʨʢʫʣʷʪʦʨʘ ʥʘ ʬʝʨʨʠʪʦʚʦʡ ʧʦʜʣʦʞʢʝ ʠʟ Ni-Zn ʬʝʨʨʠʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʠ ʚ ʨʘʙʦʪʝ [24] (ʨʠʩ. 1.5). ʈʘʟʤʝʨʳ ʧʦʜʣʦʞʢʠ 4x4x0,2 ʤʤ, ʜʠʘʤʝʪʨ 

ʜʠʩʢʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 0,9 ʤʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 1800 ʕ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʠʟ ʩʧʣʘʚʘ Sm - Cʦ , ʧʦʤʝʱʝʥʥʳʡ ʩʥʠʟʫ ʧʦʜʣʦʞʢʠ. ʉʚʝʨʭʫ 

ʨʝʟʦʥʘʪʦʨʘ ʧʨʠʢʣʝʝʥ ʧʦʣʶʩʥʦʡ ʥʘʢʦʥʝʯʥʠʢ ʤʝʥʴʰʝʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʟʦʥʘʪʦʨʦʤ ʜʠʘʤʝʪʨʘ. ɺʚʝʜʝʥʠʝ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʫʣʫʯʰʠʣʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʨʢʫʣʷʪʦʨʘ - ʨʘʟʚʷʟʢʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 7 ʜɹ. ʉ ʧʦʣʶʩʥʳʤ 

ʥʘʢʦʥʝʯʥʠʢʦʤ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 48...51 ɻɻʮ ʧʦʣʫʯʝʥʳ ʧʨʷʤʳʝ ʧʦʪʝʨʠ 0,9 ʜɹè 

ʨʘʟʚʷʟʢʘ - ʙʦʣʝʝ 20 ʜɹ. 

 

ʈʠʩʫʥʦʢ 1.5 - Y -ʮʠʨʢʫʣʷʪʦʨ ʥʘ ʬʝʨʨʠʪʦʚʦʡ ʧʦʜʣʦʞʢʝ 

ʄʠʢʨʦʧʦʣʦʩʢʦʚʳʡ Y -ʮʠʨʢʫʣʷʪʦʨ ʩ ʬʝʨʨʠʪʦʚʳʤ ʜʠʩʢʦʤ ʜʠʘʤʝʪʨʦʤ 0,965 ʤʤ, 

ʪʦʣʱʠʥʦʡ 0,13 ʤʤ, ʚʩʪʨʦʝʥʥʳʤ ʚ ʧʦʜʣʦʞʢʫ ʠʟ ʧʣʘʚʣʝʥʥʦʛʦ ʢʚʘʨʮʘ, ʦʧʠʩʘʥ ʚ 

ʩʪʘʪʴʝ [25]. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʳʝ 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ. ɺ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʪ 55,3 ʜʦ 58,3 ɻɻʮ ʚʥʦʩʠʤʳʝ ʧʦʪʝʨʠ ʩʦʩʪʘʚʠʣʠ 

0,7 ʜɹ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʩʦʦʙʱʝʥʠʷ ʦ ʨʘʟʨʘʙʦʪʢʘʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ    

Y -ʮʠʨʢʫʣʷʪʦʨʦʚ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (ʚʧʣʦʪʴ ʜʦ 110 ɻɻʮ). ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʚ ʢʚʘʨʮʝʚʫʶ ʧʦʜʣʦʞʢʫ 

ʨʝʟʦʥʘʪʦʨʦʤ, ʨʘʙʦʪʘʶʱʠʝ ʢʘʢ ʥʘ ʦʩʥʦʚʥʦʤ ʪʠʧʝ [26-28], ʪʘʢ ʠ ʥʘ ʚʳʩʰʠʭ ʪʠʧʘʭ 

ʮʠʨʢʫʣʷʮʠʠ [29,30].  

ɺ ʨʘʙʦʪʝ [26] ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʮʠʨʢʫʣʷʪʦʨʘ ʥʘ ʢʚʘʨʮʝʚʦʡ ʧʦʜʣʦʞʢʝ 

ʪʦʣʱʠʥʦʡ 0,12 ʤʤ ʩ ʬʝʨʨʠʪʦʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ ʜʠʘʤʝʪʨʦʤ 0,6 ʤʤ. ɺ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 

ʦʢʦʣʦ 10 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʦʣʫʯʝʥʳ ʧʦʪʝʨʠ I ʜɹ, ʨʘʟʚʷʟʢʘ - 

20 ʜɹ, ʂʉɺʅ - ʥʝ ʙʦʣʝʝ 1,5. 

 ʃʫʯʰʠʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʬʝʨʨʠʪʦʚʳʤ ʜʠʩʢʦʤ ʜʠʘʤʝʪʨʦʤ 2 

ʤʤ, ʚʩʪʨʦʝʥʥʳʤ ʚ ʧʦʜʣʦʞʢʫ ʪʦʣʱʠʥʦʡ 250 ʤʢʤ [28]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʫʛʦʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʟʦʥʘʪʦʨʘ ʩ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʤʠ ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʳʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʦʪʝʨʠ ʤʝʥʝʝ 0,5 ʜɹ, ʨʘʟʚʷʟʢʫ ʙʦʣʝʝ 20 ʜɹ 

ʠ ʂʉɺʅ ʤʝʥʝʝ 1,3 ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʢʦʣʦ 10 % ʚ 8-ʤʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ.  

ɼʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʝ ʮʠʨʢʫʣʷʪʦʨʳ ʠ 

ʚʝʥʪʠʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʛʝʢʩʘʬʝʨʨʠʪʘʭ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʷʤʠ ʘʥʠʟʦʪʨʦʧʠʠ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʚʝʩʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʬʝʨʨʠʪʦʚʳʤ ʧʨʠʙʦʨʘʤ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚ. 

ɺ ʨʘʙʦʪʝ [31] ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ çʙʝʟʤʘʛʥʠʪʥʦʛʦè 

ʚʦʣʥʦʚʦʜʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʝʥʪʠʣʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʣʥʦʚʦʜ ʚ 

ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʩʪʘʚʣʝʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ (ʧʦʣʠʢʦʨ) ʩ ʪʦʥʢʦʡ 

ʧʣʸʥʢʦʡ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩ ʦʙʦʠʭ ʝʸ ʩʪʦʨʦʥ. ʊʘʢʦʡ ʨʝʟʦʥʘʥʩʥʳʡ ʚʝʥʪʠʣʴ ʠʤʝʝʪ 

ʧʨʷʤʳʝ ʧʦʪʝʨʠ ʥʝ ʙʦʣʝʝ 2 ʜɹ ʠ ʦʙʨʘʪʥʳʝ ʧʦʪʝʨʠ ʥʝ ʤʝʥʝʝ 18 ʜɹ ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʦʪ 63 ʜʦ 83 ɻɻʮ. 

ʇʨʠʤʝʥʝʥʠʝ Y ï ʮʠʨʢʫʣʷʪʦʨʘ ʙʝʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʝʤ 

ʤʦʜʫʣʝ, ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʯʘʩʪʦʪʝ 94 ɻɻʮ ʦʧʠʩʘʥʦ ʚ ʩʪʘʪʴʝ [32]. ʎʠʨʢʫʣʷʪʦʨ 

ʠʟʛʦʪʦʚʣʝʥ ʢʦʤʧʘʥʠʝʡ Dorado International (ʉʐɸ) ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ, 
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ʪʦʣʱʠʥʦʡ 127 ʤʢʤ. ʎʠʨʢʫʣʷʪʦʨ ʚʤʦʥʪʠʨʦʚʘʥ ʚ ʤʦʜʫʣʴ ʩ ʧʦʤʦʱʴʶ 

ʥʝʧʨʦʚʦʜʷʱʝʛʦ ʢʣʝʷ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʨʧʫʩʘ ʤʦʜʫʣʷ ʥʘ 

ʧʦʣʝ ʚʥʫʪʨʠ ʬʝʨʨʠʪʘ. 

ɺ ʨʘʙʦʪʝ [33] ʠʩʩʣʝʜʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʮʠʨʢʫʣʷʪʦʨʦʚ 

ʟʘʨʝʟʦʥʘʥʩʥʦʛʦ ʪʠʧʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 10õ15 ɻɻʮ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʘʭ 

ʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʝʨʨʦʛʨʘʥʘʪʘ (ɾʀɻ) ʠ ʛʝʢʩʘʬʝʨʨʠʪʘ (ʇɻʌ) ʘ ʪʘʢʞʝ ʥʘ 

ʧʦʜʣʦʞʢʘʭ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ Ba-Sc ʛʝʢʩʘʬʝʨʨʠʪʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʧʦʣʝʤ 

ʘʥʠʟʦʪʨʦʧʠʠ HA=640 ʢɸ/ʤ (ʄɻʌ-640) ʠ HA=464 ʢɸ/ʤ (ʄɻʌ-464). ʎʠʨʢʫʣʷʪʦʨʳ 

ʠʤʝʶʪ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ß1,8ʭ1,3 ʤʤ ʠ ʤʘʩʩʫ 0,025 ʛ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 

ʠʭ ʩʦʚʤʝʩʪʥʦ ʩ ʛʠʙʨʠʜʥʦ-ʤʦʥʦʣʠʪʥʳʤʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʩʭʝʤʘʤʠ. ʇʘʨʘʤʝʪʨʳ 

ʟʘʨʝʟʦʥʘʥʩʥʳʭ ʮʠʨʢʫʣʷʪʦʨʦʚ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 

ʊʘʙʣʠʮʘ 1.1. 

ʇʘʨʘʤʝʪʨ ʊʠʧ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ 

ɾʀɻ ʇɻʌ ʄɻʌ-640 ʄɻʌ-464 

ɼʠʘʤʝʪʨ, ʤʤ 1,9 1,8 1,8 1,75 

HA, ʢɸ/ʤ - 320 640 464 

ʊʨʝʙʫʝʤʦʝ ʜʣʷ ʨʘʙʦʪʳ 

ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢɸ/ʤ 

328õ640 120õ160 40õ120 40õ120 

ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ, ɻɻʮ 10õ16 11,0 14,0 13,6 

ʇʦʣʦʩʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, % 2,5 2,5 5,5 3 

ʇʨʷʤʳʝ ʧʦʪʝʨʠ, ʜɹ 0,5 2,2 1,0 1,0 

ʆʙʨʘʪʥʳʝ ʧʦʪʝʨʠ, ʜɹ 15 17 20 20 

 

ɺ ʨʘʙʦʪʝ [34] ʦʧʠʩʳʚʘʝʪʩʷ Y-ʮʠʨʢʫʣʷʪʦʨ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ, 

ʨʘʙʦʪʘʶʱʠʡ ʙʝʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ. ʎʠʨʢʫʣʷʪʦʨ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ Dorado 

International (ʉʐɸ) ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 93õ95 ɻɻʮ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʧʨʷʤʳʝ ʧʦʪʝʨʠ ï ʥʝ ʙʦʣʝʝ 1,5 ʜɹ, ʨʘʟʚʷʟʢʘ ï ʥʝ ʤʝʥʝʝ 

20 ʜɹ, ʂʉɺʅ ʚʭʦʜʦʚ ï ʥʝ ʙʦʣʝʝ 1,3. ʋʨʦʚʝʥʴ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ï ʥʝ ʙʦʣʝʝ 1 ɺʪ.  
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1.3 ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʬʠʟʠʢʦ ï ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ 

1.3.1 ʌʝʨʨʠʪʳ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ ʠ ʰʧʠʥʝʣʠ 

ʌʝʨʨʠʪʳ ð ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʢʩʠʜʘ ʞʝʣʝʟʘ Fʝ203 ʩ ʦʢʩʠʜʘʤʠ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʦʩʦʙʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʉɺʏ-ʵʣʝʢʪʨʦʥʠʢʝ. 

ʉʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʝʨʨʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʜʠʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʝʨʨʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠʯʸʤ ʢʘʞʜʳʡ ʢʨʠʩʪʘʣʣʠʪ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ, ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʦʪ ʩʦʩʝʜʥʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʌʝʨʨʠʪʳ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʢʝʨʘʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ ʦʢʠʩʣʦʚ ʨʘʟʣʠʯʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʩʤʝʰʝʥʠʷ ʦʢʠʩʣʦʚ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʣʝʡ, 

ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʦʢʠʩʝʡ ʠʣʠ ʫʛʣʝʢʠʩʣʳʭ ʩʦʣʝʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʤʝʪʦʜʳ [35-38] 

ɺ ʩʦʩʪʘʚ ʬʝʨʨʠʪʘ ʚʭʦʜʷʪ ʘʥʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʆ
2-
, ʦʙʨʘʟʫʶʱʠʝ ʦʩʪʦʚ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ. ɺ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʘʪʠʦʥʳ Fʝ
3+
, ʠʤʝʶʱʠʝ ʤʝʥʴʰʠʡ ʨʘʜʠʫʩ, ʯʝʤ ʘʥʠʦʥʳ ʆ

2-
 ʠ 

ʢʘʪʠʦʥʳ ʄʝ
ʢ+

 ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʜʠʫʩʳ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʠ 

ʨʘʟʥʳʝ ʚʘʣʝʥʪʥʦʩʪʠ ʢ. ʉʫʱʝʩʪʚʫʶʱʝʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʠ ʘʥʠʦʥʘʤʠ ʢʫʣʦʥʦʚʩʢʦʝ 

(ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʠ ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʥʝʡ ʢʘʪʠʦʥʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʪʠʦʥʦʚ Fʝ
3+

 ʠ ʄʝ
ʢ+

 ʬʝʨʨʠʪʳ 

ʦʙʣʘʜʘʶʪ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʦʤ ʠ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʪʦʯʝʢ ʂʶʨʠ. ʈʘʟʣʠʯʘʶʪ ʬʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ, ʬʝʨʨʠʪʳ-ʛʨʘʥʘʪʳ, 

ʦʨʪʦʬʝʨʨʠʪʳ ʠ ʛʝʢʩʘʬʝʨʨʠʪʳ. 
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ʌʝʨʨʠʪʳ-ʰʧʠʥʝʣʠ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʤʠʥʝʨʘʣʘ ʰʧʠʥʝʣʠ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

ʄʝFʝ204, ʛʜʝ ʄʝ ð Ni
2+
, ʉʦ

2+
, Fʝ

2+
, ʄn

2+
, ʄg

2+
, Li

+
, ʉu

2+
. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʬʝʨʨʠʪʘ-ʰʧʠʥʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʫʙ, ʦʙʨʘʟʫʝʤʳʡ 8 ʤʦʣʝʢʫʣʘʤʠ ʄʝʆFʝ2ʆʟ 

ʠ ʩʦʩʪʦʷʱʠʡ ʠʟ 32 ʘʥʠʦʥʦʚ ʆ
2-
, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠʤʝʝʪʩʷ 64 ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ (A) 

ʠ 32 ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ (B) ʧʨʦʤʝʞʫʪʢʦʚ, ʯʘʩʪʠʯʥʦ ʟʘʩʝʣʸʥʥʳʭ ʢʘʪʠʦʥʘʤʠ Fʝ
3+

 ʠ 

ʄʝ
2+
. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʠʦʥʳ ʠ ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʢʠ ɸ ʠ ɺ, ʨʘʟʣʠʯʘʶʪ ʥʦʨʤʘʣʴʥʳʝ ʰʧʠʥʝʣʠ ʠ ʦʙʨʘʱʝʥʥʳʝ ʰʧʠʥʝʣʠ. 

ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʰʧʠʥʝʣʠ, ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʳʭ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: ὓὩ ὊὩ ὓὩ ὊὩ ὕ , ʛʜʝ ŭ ï ʩʪʝʧʝʥʴ 

ʦʙʨʘʱʸʥʥʦʩʪʠ, ʚʳʯʠʩʣʷʝʤʘʷ ʠʟ ʚʳʨʘʞʝʥʠʷ (1.1): 

Ͻ
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 ʛʜʝ: ȹɽå0,14 ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ; 

 k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. 
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ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʛʨʘʥʘʪʘ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ R3Fʝ5012. ʉʪʨʫʢʪʫʨʘ ʛʨʘʥʘʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʪʨʝʭ ʢʘʪʠʦʥʥʳʭ 

ʧʦʜʨʝʰʝʪʦʢ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ, ʜʨʫʛʘʷ ʠʟ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ, ʘ ʪʨʝʪʴʷ ʠʟ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʧʨʦʤʝʞʫʪʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ 

ʠʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʝʪʘʣʣʘ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ 

ʩʦʜʝʨʞʠʪ 8 ʤʦʣʝʢʫʣ R3Fʝ5012; ʚ ʥʝʸ ʚʭʦʜʠʪ 96 ʠʦʥʦʚ ʆ
2-
, 24 ʠʦʥʘ R

3+
 ʠ 40 ʠʦʥʦʚ 

Fʝ
3+
. ɺ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʘʭ ʠʤʝʝʪʩʷ ʪʨʠ ʪʠʧʘ ʧʨʦʤʝʞʫʪʢʦʚ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʘʶʪʩʷ 

ʢʘʪʠʦʥʳ: ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʦʥʦʚ Fʝ
3+

 ʟʘʥʠʤʘʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ, ʤʝʥʴʰʘʷ ʯʘʩʪʴ 

ʠʦʥʦʚ Fʝ
3+

 ð ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠ ʠʦʥʳ R
3+

 ð ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʤʝʩʪʘ [38].  

ʆʨʪʦʬʝʨʨʠʪʘʤʠ ʥʘʟʳʚʘʶʪ ʛʨʫʧʧʫ ʬʝʨʨʠʪʦʚ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʭ ʦʙʨʘʟʫʶʪ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠʣʠ ʠʪʪʨʠʡ 

ʧʦ ʦʙʱʝʡ ʬʦʨʤʫʣʝ RFʝʆʟ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʨʨʠʪʘʤʠ-ʛʨʘʥʘʪʘʤʠ ʦʥʠ ʠʤʝʶʪ 

ʥʝʙʦʣʴʰʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ ʥʝʢʦʣʣʠʥʝʘʨʥʳʤ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʦʤ (ʩʣʘʙʳʤ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʦʤ) ʠ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ K ʠ ʥʠʞʝ) ð ʬʝʨʨʠʤʘʛʥʝʪʠʟʤʦʤ. 



27 
 

      
 

ɹʦʣʴʰʠʥʩʪʚʦ ʬʝʨʨʠʪʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ ʠ ʛʨʘʥʘʪʘ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʉɺʏ-ʧʨʠʙʦʨʦʚ [35-38]. 

ʇʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʬʝʨʨʠʪʳ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʢʝʨʘʤʠʢʝ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʜʥʦʪʠʧʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʉʦʩʪʘʚ ʬʝʨʨʠʪʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʪʦʨʦʡ ʜʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ. 

ʌʝʨʨʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʧʦʨ. ɻʘʟʦʚʘʷ ʬʘʟʘ ʬʝʨʨʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ï ʠʭ ʧʦʨʠʩʪʦʩʪʴ. ʆʪ ʧʦʨʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʷʪ ʢʘʢ 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʪʘʢ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʠʘʣʦʚ [35]. 

ʌʝʨʨʠʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ ʥʠʭ ʧʦʜʣʦʞʝʢ, ʦʙʣʘʜʘʶʱʠʭ ʭʦʨʦʰʠʤ 

ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ʜʣʷ ʬʝʨʨʠʪʦʚ ʜʝʬʦʨʤʘʮʠʠ 

ʨʘʩʪʷʞʝʥʠʷ, ʠʟʛʠʙʘ ʠ ʢʨʫʯʝʥʠʷ. ʇʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʵʪʠʭ ʜʝʬʦʨʤʘʮʠʷʭ 

ʦʙʳʯʥʦ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʩʞʘʪʠʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ ʠʟ ʬʝʨʨʠʪʦʚ ʦʢʘʟʳʚʘʝʪ ʤʘʩʰʪʘʙʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, 

ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʦʙʨʘʟʮʦʚ ʠ ʧʣʦʱʘʜʠ ʠʭ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚ 

ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦ - ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʚʦʜʳ, ʘʮʝʪʦʥʘ, ʩʧʠʨʪʘ ʠ ʪ.ʜ.) ʧʨʦʯʥʦʩʪʴ 

ʠʟʜʝʣʠʡ ʠʟ ʬʝʨʨʠʪʦʚ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ. ɿʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʧʨʦʯʥʦʩʪʴ ʚʩʝʛʜʘ 

ʠʤʝʶʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʢʘʢ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʧʦʩʣʝ ʦʙʞʠʛʘ, ʧʘʡʢʠ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʄʠʢʨʦʪʨʝʱʠʥʳ, ʢʘʢ ʠ ʧʦʨʳ, ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʝʩʪʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ Ŭʬ, ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʉʬ. 

ɹʦʣʝʝ ʧʣʦʪʥʳʝ ʬʝʨʨʠʪʳ, ʠʤʝʶʱʠʝ ʤʝʥʴʰʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ.  
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ʊʘʢʦʡ ʧʘʨʘʤʝʪʨ ʬʝʨʨʠʪʘ, ʢʘʢ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʬʝʨʨʠʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ. ʍʦʨʦʰʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʬʝʨʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʦʪʚʦʜʠʪʴ ʙʦʣʴʰʝ ʪʝʧʣʘ ʦʪ 

ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʧʨʠʙʦʨʘ, ʠ ,ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʡ ʬʝʨʨʠʪʦʚʳʡ 

ʨʘʟʚʷʟʳʚʘʶʱʠʡ ʧʨʠʙʦʨ ʥʘ ʧʦʜʣʦʞʢʝ ʩ ʙʦʣʴʰʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʤʦʞʝʪ 

ʚʳʜʝʨʞʘʪʴ ʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɺ ʩʨʝʜʥʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʬʝʨʨʠʪʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 2 

ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʫ ʤʝʜʠ (å2,3 6,7 ɺʪ/(ʤʂ)). ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʊʂʃʈ) ʬʝʨʨʠʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣ ʠ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

(6 10) 10
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- 1 
.  ɹʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʙʣʘʜʘʶʪ ʤʥʦʛʠʝ ʩʦʨʪʘ 

ʢʝʨʘʤʠʢʠ - ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʡ, ʰʧʠʥʝʣʴʥʦʡ, ʪʠʪʘʥʦʩʦʜʝʨʞʘʱʝʡ, ʥʝʢʦʪʦʨʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ - ʪʠʪʘʥ, ʧʩʝʚʜʦʩʧʣʘʚʳ ʤʝʜʠ ʩ ʤʦʣʠʙʜʝʥʦʤ ʠ ʜʨʫʛʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʝʨʨʠʪʦʚ ʉɺʏ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʙʳʯʥʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʪʘʥʛʝʥʩʦʤ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ 

ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʊʘʢʞʝ ʢʘʢ ʠ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʢʝʨʘʤʠʢʘ, 

ʬʝʨʨʠʪʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 10
8

10
12

 ʆʤĿʩʤ ʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʬʝʨʨʠʪʘ ʠ ʦʪ ʠʤʝʶʱʠʭʩʷ ʚ ʥʝʤ ʧʨʠʤʝʩʝʡ. ʇʦʵʪʦʤʫ ʥʘ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʬʝʨʨʠʪʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ  tgŭ=10
-3 10

-4
. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ tgde   ʬʝʨʨʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʧʨʠʙʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʦʣʷʨʠʟʘʮʠʷ 

ʨʝʟʢʦ ʧʘʜʘʝʪ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʉɺʏ e/
ʬ  ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʨʦʢ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

12õ18 [35]. 

ʄʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ, 

ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʧʦʚʝʜʝʥʠʝ ʬʝʨʨʠʪʦʚ ʚ ʧʦʩʪʦʷʥʥʳʭ ʠʣʠ ʤʝʜʣʝʥʥʦ 

ʤʝʥʷʶʱʠʭʩʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʬʝʨʨʠʪʦʚ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʳʩʪʨʦʧʝʨʝʤʝʥʥʳʤʠ ʉɺʏ ʤʘʛʥʠʪʥʳʤʠ 

ʧʦʣʷʤʠ. ʂʨʠʚʘʷ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʬʝʨʨʠʪʦʚ ʩʚʷʟʘʥʘ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦ 
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ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʜʦʤʝʥʦʚ, ʪ.ʝ. 

ʦʙʣʘʩʪʝʡ, ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʩʧʦʥʪʘʥʥʦ ʜʦ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʝʨʨʠʪʘ. ʇʨʠ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʚʩʝʛʦ 

ʬʝʨʨʠʪʦʚʦʛʦ ʦʙʨʘʟʮʘ ï ʄ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʧʦʣʶ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚʩʝʭ ʜʦʤʝʥʦʚ, 

ʥʘʟʳʚʘʝʪʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ - ʄs, ʘ ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʛʥʠʪʥʘʷ 

ʠʥʜʫʢʮʠʷ ʥʘʩʳʱʝʥʠʷ ʤʘʪʝʨʠʘʣʘ - ɺs.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʥʝʚʟʘʠʤʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʫʥʠʢʘʣʴʥʦʡ ʜʣʷ ʉɺʏ ʧʦʣʝʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʪʚʝʨʜʦʤ ʪʝʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅi ʚʦʟʥʠʢʘʝʪ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ 

ɺ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʢʪʦʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

(1.2) 

B=mm0Hi,       (1.2) 

ʛʜʝ: m - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; 

m0 = 4ˊÅ10
-7
 ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ɺ ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʅ. 

ʋ ʬʝʨʨʠʪʦʚ, ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʜʣʷ ʉɺʏ ʧʦʣʝʡ 

ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʪʝʥʟʦʨʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ 

ʚʝʢʪʦʨ ɺ ʤʦʞʝʪ ʠʤʝʪʴ ʦʪʣʠʯʥʦʝ ʦʪ ʚʝʢʪʦʨʘ ʅ ʥʘʧʨʘʚʣʝʥʠʝ.[35-38]  
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1.3.2 ʌʝʨʨʠʪʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʬʝʨʨʠʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ 

ʚʦʣʥ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ 

ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ. ʊʘʢ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʝʨʨʠʪʦʚʦʛʦ ʧʨʠʙʦʨʘ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʚ 8 ʤʤ-ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʚʝʣʠʯʠʥʘ ʧʦʜʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʧʦʣʷ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʨʷʜʢʘ 5 ʢʕ, ʘ ʜʣʷ ʧʨʠʙʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ 3 ʤʤ-ʜʠʘʧʘʟʦʥʝ ï 

ʧʦʨʷʜʢʘ 50 ʢʕ. 

ʇʨʝʜʝʣʦʤ ʯʘʩʪʦʪʥʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʬʝʨʨʠʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʧʦʜʣʦʞʢʘʭ ʠʟ 

ʬʝʨʨʠʪʦʚ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʘʪʘ ʠ ʰʧʠʥʝʣʠ ʷʚʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥ 

ʯʘʩʪʦʪ 50õ60 ɻɻʮ, ʛʜʝ ʨʘʟʤʝʨʳ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʠʤʝʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚʝʣʠʯʠʥʳ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʉɺʏ ʫʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʳ ʬʝʨʨʠʪʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʩʦʯʝʪʘʶʱʠʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʣʝʡ ʘʥʠʟʦʪʨʦʧʠʠ Hɸ ʠ 

ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ Hc. ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪ ʬʝʨʨʠʪʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ (ʛʝʢʩʘʬʝʨʨʠʪʳ).  

ʌʝʨʨʠʪʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʧʨʠʙʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ. ɺ ʪʝʦʨʠʠ, ʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʡ ʧʨʠʙʦʨ ʥʘ 

ʧʦʜʣʦʞʢʝ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʝʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʝʥʴʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ.  

ʌʝʨʨʠʪʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʤʝʶʪ ʩʪʦʣʴ 

ʙʦʣʴʰʠʝ ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ, ʯʪʦ ʠʭ ʯʘʩʪʦʪʳ ʛʠʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

(ɻʄʈ) ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʚʦʣʥ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʩʠʣʴʥʦʝ, ʯʝʤ ʫ ʠʟʦʪʨʦʧʥʳʭ ʬʝʨʨʦʰʧʠʥʝʣʝʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ [39-43].  

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ ʩʪʨʦʥʮʠʝʚʳʝ ʠ ʙʘʨʠʝʚʳʝ ʛʝʢʩʘʬʝʨʨʠʪʳ. ʉʪʨʦʥʮʠʝʚʳʝ 

ʛʝʢʩʘʬʝʨʨʠʪʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʢʘʢ ʧʨʘʚʠʣʦ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʧʦʣʷ 

ʢʨʠʩʪʦʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ Hɸ, ʯʝʤ ʙʘʨʠʝʚʳʝ. 

ʌʝʨʨʠʪʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʄ-ʪʠʧʘ ʠʤʝʶʪ ʦʙʱʫʶ ʬʦʨʤʫʣʫ    

ʄʝʆ6(Fʝ203), ʛʜʝ ʄʝ ð ʠʦʥʳ ɺʘ, Sr ʠʣʠ ʈb. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʩʦʩʪʦʠʪ ʠʟ 38 ʘʥʠʦʥʦʚ ʆ
2-
, 24 ʢʘʪʠʦʥʦʚ 

Fʝ
3+

 ʠ 2 ʢʘʪʠʦʥʦʚ ʄʝ
2+

 (ɺʘ
2+

 , Sr
2+ 

 ʠʣʠ Pb
2+
). ʅʝʢʦʪʦʨʳʝ ʛʝʢʩʘʬʝʨʨʠʪʳ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʬʝʨʨʠʪʘʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʧʨʠʙʦʨʘʭ ʤʤ-ʜʠʘʧʘʟʦʥʘ: 

- ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ HA ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʌʄʈ ʚ 

ʟʘʜʘʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ 12 ʢʕ ʜʦ 55 ʢʕ) ʜʣʷ ʨʘʙʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʦʪ 30 ʜʦ 150 ɻʊʮ; 

- ʛʝʢʩʘʬʝʨʨʠʪ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʴʰʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ ʠ ʚʳʩʦʢʫʶ ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ, ʧʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘʝʪ ʚ ʩʦʩʪʦʷʥʠʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ; ʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤʠ, ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʴ ʚʳʩʦʢʠʤʠ 

[39-43]. 

ʂʨʦʤʝ ʪʦʛʦ ʢ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʛʝʢʩʘʬʝʨʨʠʪʘʤ ʧʨʝʜʲʷʚʣʷʝʪʩʷ 

ʪʨʝʙʦʚʘʥʠʝ ʚʳʩʦʢʦʡ ʢʨʠʩʪʦʣʣʘʛʨʦʬʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ. ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʢʩʪʫʨʘ ʬʝʨʨʠʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʨʝʩʩʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʧʨʠʙʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ Hɸ, ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ, ʥʝʦʙʭʦʜʠʤʳ ʬʝʨʨʠʪʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Hɸ. ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʝʨʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (Hɸ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ 

ʟʘʤʝʱʝʥʠʷ ʯʘʩʪʠ ʠʦʥʦʚ ʞʝʣʝʟʘ ʠʦʥʘʤʠ ʘʣʶʤʠʥʠʷ. ʉʠʩʪʝʤʘ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ï 

ʘʣʶʤʠʥʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚʘʨʴʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (Hɸ ʠ 4́ʄs), ʥʦ ʠ ʪʘʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ 

ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʅʩ, ʧʣʦʪʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʧʦʨʠʩʪʦʩʪʠ, ʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʫʧʨʘʚʣʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [39-41]. 
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ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʛʝʢʩʘʬʝʨʨʠʪʳ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʣʦʞʝʢ ʩʚʝʨʭʤʠʥʠʘʪʶʨʥʳʭ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʌʈʇ  

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʠ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ ʚʦʣʥ.  
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1.4 ɺʳʚʦʜʳ ʧʦ 1-ʡ ʛʣʘʚʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʉɺʏ ʘʧʧʘʨʘʪʫʨʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ 

ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ.  ʉʦʚʨʝʤʝʥʥʘʷ ʙʦʨʪʦʚʘʷ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʘ 

ʪʨʝʙʫʝʪ ʤʠʥʠʘʪʶʨʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʭʦʨʦʰʝʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʝʸ ʵʣʝʤʝʥʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʠ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʠʤʝʶʪʩʷ 

ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʈʕɸ). ɼʣʷ ʩʦʟʜʘʥʠʷ ʈʕɸ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʄʌʈʇ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʨʘʙʦʯʝʡ ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ, ʩ ʥʠʟʢʠʤʠ 

ʧʨʷʤʳʤʠ ʧʦʪʝʨʷʤʠ ʠ ʩ ʫʤʝʥʴʰʝʥʥʳʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʬʝʨʨʠʪʦʚʳʝ 

ʨʘʟʚʷʟʳʚʘʶʱʠʝ ʧʨʠʙʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʦʙʣʘʜʘʶʪ 

ʧʨʠʝʤʣʝʤʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʦʣʴʢʦ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 60 ɻɻʮ. ɺ 

ʜʠʘʧʘʟʦʥʝ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪ ʫ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʌʈʇ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʧʦʪʝʨʠ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʠʟʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ ʨʝʟʦʥʘʪʦʨʦʚ, ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʦʣʥ ʚʳʩʰʝʛʦ 

ʪʠʧʘ ʠ ʨʦʩʪʦʤ ʧʦʪʝʨʴ ʥʘ ʠʟʣʫʯʝʥʠʝ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ. ʊʘʢʞʝ 

ʚʦʟʨʘʩʪʘʶʪ ʨʘʟʤʝʨʳ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʪʘʢʠʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ 

ʧʨʠʙʦʨʦʚ.  

ɺ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʛʦʚʦʨʠʪʩʷ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʬʝʨʨʠʪʦʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʣʘʜʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʣʷʤʠ ʘʥʠʟʦʪʨʦʧʠʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ, ʧʨʠʯʝʤ ʜʘʞʝ ʙʝʟ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʩ 

ʤʘʣʝʥʴʢʦʡ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʧʦʜʩʪʨʦʝʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʫ ʌʈʇ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ.  
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ɻʃɸɺɸ 2.  ʄɽʊʆɼʀʂʀ ʊʆʏʅʆɻʆ ʀɿʄɽʈɽʅʀʗ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʌɽʈʈʀʊʆɺʓʍ ʄɸʊɽʈʀɸʃʆɺ ɼʃʗ 

ʈɸɿɺʗɿʓɺɸʖʑʀʍ ʇʈʀɹʆʈʆɺ ʄʄ-ɼʀɸʇɸɿʆʅɸ 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʦʚ 

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʥʝʦʙʭʦʜʠʤʦ ʚʝʨʥʦ ʚʳʙʨʘʪʴ ʬʝʨʨʠʪʦʚʳʡ 

ʤʘʪʝʨʠʘʣ ʠ ʩʦʩʪʘʚʠʪʴ ʝʛʦ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʸʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʠʟʤʝʨʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʨʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (Ůɻʬʬ, tgŭ×, Ms, HAʵʬʬ, æH), ʢʦʪʦʨʳʡ 

ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʨʘʟʚʷʟʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚ ʚ 

ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʠ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ ʧʨʦʚʦʜʷʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʫʥʠʢʘʣʴʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʩʴʤʘ ʪʨʫʜʦʸʤʢʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʚʩʝʛʜʘ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ.  

ɺ ʭʦʜʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ  ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʩʪʝʥʜ,r ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʛʨʘʥʘʪ ʠ ʰʧʠʥʝʣʴ, ʪʘʢ ʠ ʩ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʠʢ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʧʨʦʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ ʠ ʤʝʥʴʰʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʘʥʘʣʦʛʘʤʠ [46,47]. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʦʜʠʢ ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ. 
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2.1 ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʤʤ-ʜʠʘʧʘʟʦʥʝ. 

ɼʘʥʥʘ ̫ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ůɻʬʬ) ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ (tgŭ×) 

ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ 

ʬʝʨʨʠʪʦʚʳʭ ʨʘʟʚʷʟʳʚʘʶʱʠʭ ʧʨʠʙʦʨʘʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʚ ʤʠʣʣʠʤʝʪʨʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ.  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (Ůɻʬʬ, tgŭ×) 

ʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʝʱʸ ʥʘ ʵʪʘʧʝ ʟʘʛʦʪʦʚʦʢ, ʪʦʣʱʠʥʦʡ (1 õ 10) ʤʤ. ʄʝʪʦʜʠʢʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ȿ2ȿ ʧʣʦʩʢʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʪ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʣʦʷ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʘ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [44-46].  

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʩʦʚʨʝʤʝʥʥʳʡ 

ʩʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ůɻʬʬ) ʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ (tgŭ×) ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʬʝʨʨʠʪʦʚ ʚ 2ʨʘʟʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʘʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʥʦʨʘʤʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʂʉɺʅ ʠ 

ʦʩʣʘʙʣʝʥʠʷ ʈ2-124ʄ (78,33õ118,1 ɻɻʮ) ʠ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ ʚ ʚʠʜʝ ʧʣʘʚʥʦʛʦ 

ʚʦʣʥʦʚʦʜʥʦ ï ʨʫʧʦʨʥʦʛʦ ʧʝʨʝʭʦʜʘ, ʩ ʚʳʭʦʜʥʳʤ ʩʝʯʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʢʦʥʪʘʢʪʠʨʫʝʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ 

ʵʬʬʝʢʪʠʚʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ůɻʬʬ  ï  (ʦʪ 10 ʜʦ 30) ʠ ʪʘʥʛʝʥʩ 

ʫʛʣʘ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ tgŭ× ï (ʦʪ 10
 -2

 ʜʦ 5Ŀ10 
-4
) ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 78 ɻɻʮ ʜʦ 118 ɻɻʮ. ʆʙʨʘʟʮʳ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʦʚ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʥʝ ʤʝʥʝʝ 20Ĭ20 

ʤʤ
2
 ʠ ʪʦʣʱʠʥʦʡ (1õ10) ʤʤ ʠʣʠ ʜʠʩʢ ʩ ʜʠʘʤʝʪʨʦʤ ʥʝ ʤʝʥʝʝ 25 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 

(1õ10) ʤʤ. 
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ʀʟʤʝʨʝʥʠʷ Ůɻʬʬ, ʠ tgŭ× ʧʨʦʚʦʜʷʪ ʤʝʪʦʜʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʯʘʩʪʦʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ȿὙȿ ʧʣʦʩʢʦʡ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ  

ʚʦʣʥʳ  (ʊɽʄ-ʚʦʣʥʳ)  ʦʪ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʣʦʷ  ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʘ [44-46] 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ  ʧʨʦʚʝʜʝʥʠʷ  ʠʟʤʝʨʝʥʠʡ  

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

ʆʥʘ ʩʦʜʝʨʞʠʪ ʧʘʥʦʨʘʤʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʂʉɺʅ ʠ ʦʩʣʘʙʣʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʡ ʚ 

ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʚ ʢʦʪʦʨʳʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟʤʝʨʷʝʤʳʡ ʦʙʨʘʟʝʮ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʟʤʝʨʝʥʠʷ.  

ʇʨʠ ʠʟʤʝʨʝʥʠʠ tgŭ× ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʘʨʠʘʥʪ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʊɽʄ-ʚʦʣʥʳ 

ʥʘ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʡ ʩʣʦʡ ʤʘʛʥʠʪʦʵʜʠʵʣʝʢʪʨʠʢʘ ʪʦʣʱʠʥʦʶ d, ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʥʘ ʠʜʝʘʣʴʥʦʤ ʦʪʨʘʞʘʶʱʝʤ ʟʝʨʢʘʣʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ |R|
2
=|Rʢ|

2
 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ: 

ȿ╡̋ȿ  ,     (2.1) 

ʛʜʝ: Ὧ ; 

ɚ0 ï ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʯʘʩʪʦʪʝ ʠʟʤʝʨʝʥʠʷ; 

ὲ = n + ̪x  ī ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ; 

Ů',ɛ,' Ů'',ɛ''ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʤʥʠʤʳʝ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ; 

 ὲ ‐ᴂ ‘ᴂ  ‐ᴂᴂ ‘ᴂᴂὼ ï ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ; 

‐ȟ‘ȟ‐ȟ‘ᴂᴂï ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʤʥʠʤʳʝ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ; 

ὼ
 

 = 
 
ὸὫ‏ ὸὫ‏

 
ὸὫ‏  īʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ;  

ὸὫ‏ȟὸὫ‏    - ʪʘʥʛʝʥʩʳ ʫʛʣʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;                                                                                                   

ὸὫ‏ ï ʪʘʥʛʝʥʩ ʫʛʣʘ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ (ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ); 
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Ò   ï ʢʚʘʜʨʘʪ ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʩʣʦʷ;  

ὸὫ 
 
, ʛʜʝ Ɋ ï ʩʜʚʠʛ ʬʘʟʳ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʪʝʨʴ ʚ 

ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʝ; 

ὼ  ï ʧʦʧʨʘʚʢʘ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ; 

ʘ ï ʨʘʟʤʝʨ ʩʪʦʨʦʥʳ  ʨʘʩʢʨʳʚʘ   ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʥʦ-ʨʫʧʦʨʥʦʛʦ 

ʧʝʨʝʭʦʜʘ. 

 

ʈʠʩʫʥʦʢ 2.1 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ: 

1 ï ʧʘʥʦʨʘʤʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʂʉɺʅ ʠ ʦʩʣʘʙʣʝʥʠʷ, 2 ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ. 

 ɺ ʤʠʣʣʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʨʘʟʤʘʛʥʠʯʝʥʥʦʛʦ 

ʦʙʨʘʟʮʘ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʘ ʩ ʵʬʬʝʢʪʠʚʥʳʤ  ʧʦʣʝʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʥʝ ʙʦʣʝʝ 80 ʢɸ/ʤ, ʩ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʥʘʩʳʱʝʥʠʷ ʥʝ ʙʦʣʝʝ 400 ʢɸ/ʤ  

  ‘ᴂḙρ  ʠ ʧʨʠ tgŭ× <0,01,  ‐̞ = (10-30) ʚ ʚʳʨʘʞʝʥʠʷʭ ʜʣʷ n, r ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ  x, 

Ů'',ɛ''  ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ (ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 0,2 %) ʠ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ n, r ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

                                         ὲ ʀʈ =  ʀ̞                                                (2.2) 

                                            ὶ  .                                                    (2.3) 

ɺ ʪʘʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ (2.2), (2.3) ʜʣʷ ὲ ʠ r 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʷʭ ʀ̞ ȟÔÇɿ   ̉  ὼ. 
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ʊʘʥʛʝʥʩ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʚ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʦʷʯʝʡ ʚʦʣʥʳ  ὑ̒  ̓ ʚ ʦʜʥʦʤ ʠʟ ʤʠʥʠʤʫʤʦʚ |Rʢ|
2
 ʩ 

ʫʯʝʪʦʤ ʧʦʧʨʘʚʢʠ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ὼ ̉  ̜̠̈̃̑́̇̆̎̉̐̑ ̉ὲὨ ρυ̍:̍ 

                          ὸὫ‏ ÌÎ̒̓
̒̓

ὼ ȟ                                  (2.4) 

ʛʜʝ ʟʥʘʯʝʥʠʝ ὑ̒ ̓  ʠʟʤʝʨʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʠʟʤʝʨʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ  r.  

      ɼʣʷ ʪʦʥʢʦʛʦ ʩʣʦʷ (ʧʨʠ nĿd ᾽ 15ʤʤ)  ὸὫ‏  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʠʟʤʝʨʝʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ |Rʢmax|
2
  (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ)   ʧʦ ʬʦʨʤʫʣʝ: 

                                             ὸὫ‏
ȿ̋ ȿ

 
 

  .     (2.5) 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʧʨʠ ʩʣʘʙʦʡ ʜʠʩʧʝʨʩʠʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʧ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ. 

ʇʝʨʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ 

                                      ῳὪ Ὢ Ὢȟ                                  (2.6) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʦʞʝʥʠʶ ʢʨʘʡʥʠʭ ʤʠʥʠʤʫʤʦʚ |R|
2
, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ d 

ʢʦʥʝʯʥʘ (m ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʘ ʵʢʨʘʥʝ ʠʥʜʠʢʘʪʦʨʘ ʤʠʥʠʤʫʤʘ,  

ʨ ï ʥʦʤʝʨ ʠʟʤʝʨʷʝʤʦʛʦ ʤʠʥʠʤʫʤʘ ʧʨʠ ʦʪʩʯʝʪʝ ʩʣʝʚʘ ʥʘʧʨʘʚʦ). 

         ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ n ʧʦ ʯʘʩʪʦʪʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʤʠʥʠʤʫʤʘʤʠ |R|
2
 , 

ʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʘʨʠʘʥʪ ʦʪʨʘʞʝʥʠʷ ʊɽʄ - ʚʦʣʥʳ ʦʪ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʣʦʷ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʘ ʙʝʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ.  ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʚʘʜʨʘʪʘ ʤʦʜʫʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ |Rʭ|
2
  ʠ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ n  ʠʤʝʶʪ ʚʠʜ[44-46]: 

             ȿ╡̖ȿ ὶ ȟ    (2.7) 

     ὲ
Ў

   ,                     (2.8) 

ʛʜʝ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 
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ʇʨʠ ʚʪʦʨʦʤ ʤʝʪʦʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚʘʨʠʘʥʪ ʠʟʤʝʨʝʥʠʷ |R|
2 
ʦʪ ʦʙʨʘʟʮʘ 

ʙʝʩʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ  ȿ╡ ȿ ὶ. 

ɺ ʩʣʫʯʘʝ ʦʪʨʘʞʝʥʠʷ  ʦʪ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʩʣʦʷ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʘ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ n ʠʤʝʝʪ ʚʠʜ [44-46]: 

                       ὲ
ȿ ȿ

ȿ ȿ

Ӷ

Ӷ
˗̓   ,                               (2.9) 

ʛʜʝ  ̠ ̓ȟ   ὶӶ - ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦ ʜʠʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. 

ɺ ʩʣʫʯʘʝ  çʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʩʣʦʷè ʟʘ ʠʟʤʝʨʷʝʤʳʤ ʦʙʨʘʟʮʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ  ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʠʟ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ  ʩ 

ʦʩʣʘʙʣʝʥʠʝʤ ʚ ʥʝʡ ʩʠʛʥʘʣʘ ʥʘ ʜʚʦʡʥʦʡ ʪʦʣʱʠʥʝ ʥʝ ʤʝʥʝʝ 40 ʜɹ, ʠ ʤʦʜʫʣʝʤ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʨʘʟʮʘ.  

     ʕʬʬʝʢʪʠʚʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ůɻ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ  ʧʦ ʬʦʨʤʫʣʝ: 

      ‐̞ ὲȢ               (2.10) 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʩ ʜʨʫʛʠʤʠ 

ʩʪʝʥʜʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʠʪʦʚ [48-51], 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1. 

ʅʘʟʚʘʥʠʝ ʩʪʝʥʜʘ ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʡ 

ʧʘʨ-ʚ 

ɼʠʘʧʘʟʦʥ 

ʯʘʩʪʦʪ, ɻɻʎ 

ʊʦʯʥʦʩʪʴ ʕʬʬʝʢʪʠʚʥʦʩ

ʪ ɹ

ɸʪʪʝʩʪʘʮʠ̫ 

ʉʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

Ůɻʬʬ ʠ tgŭ× 

ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʦʚ 

ʚ ʤʤ-ʜʠʘʧʘʟʦʥʝ. 

(ʅʇʇ çʀʩʪʦʢè,    

ʅʇʂ-9)[44]. 

 

Ůɻʬʬ  =  

(10õ30) 

 

tgŭ× =    5Ŀ10 
-4
õ10

 -2
 

 

 

78,33õ118,1 
̞̕̕‐‏

ς Ϸ  
ЎÔÇɿ

Ͻρπ , 

ʛʜʝ               

d-ʪʦʣʱʠʥʘ 

ʦʙʨʘʟʮʘ, ʤʤ 

ɺʳʩʦʢʘʷ, 

ʧʨʠʤʝʥʠʤʘ 

ʧʨʠ 

ʥʝʨʘʟʨʫʰʘʶʱ

ʝʤ ʢʦʥʪʨʦʣʝ 

ʬʝʨʨʠʪʦʚʳʭ 

ʧʣʘʩʪʠʥ 

 

ʄʝʪʦʜʠʢʘ 

ʘʪʪʝʩʪʦʚʘʥʘ 

ʚ ʌɻʋʇ 

ɺʅʀʀʌʊʈʀ 

ʉʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ 

ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʢʦʤʧʘʥʠʠ  Keysight 

[48]. 

ὑ' = 1õ100 

tgŭ× =         

10 
-3
õ10

 -1
 

 

25 õ110  ‏‐̞̕̕

ρπ Ϸ  
ЎὸὫ‏
ρπ 
 

ʄʝʪʦʜʠʢʘ ʥʝ 

ʘʪʪʝʩʪʦʚʘʥʘ, 

ʪʦʯʥʦʩʪʴ 

ʥʠʯʝʤ ʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥʘ 
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ʉʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ 

ʤʘʪʝʨʠʘʣʦʚ 

 (ɸʆ çʅʇʇ çʀʩʪʦʢè 

ʠʤ.ʐʦʢʠʥʘè, 

ʆʪʜʝʣʝʥʠʝ 10, ʇʊʂ-

39) [51] 

ὑ =1õ100 

 ɛ=1õ 100 

tgŭὑ =10
-5
õ 

10
-2

 

 tgŭɛ =10
-5

 

õ10
-2
 

 

8,15- 118 

 

ȹ ὑ = Ñ 3% 

ȹ ɛ = Ñ 3% 
ʅʠʟʢʘʷ ï 

ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʬʝʨʨʠʪʦʚʳʝ 

ʦʙʨʘʟʮʳ ʧʦʜ 

ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʨʘʟʤʝʨ, 

ʨʘʟʨʫʰʘʶʱʠʡ 

ʤʝʪʦʜ 

ʢʦʥʪʨʦʣʷ. 

ɿʘʷʚʢʘ ʥʘ 

ʧʘʪʝʥʪ 

ˉ202011806

9 ʦʪ 

19.05.2020ʛ 

ʉʪʝʥʜ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʤ- 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 

ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʦʥʘʪʦʨʥʦʛʦ ʤʝʪʦʜʘ. 

(ʅʇʇ çʀʩʪʦʢè, ʌʀʈʕ 

ʈɸʅ) [50]. 

ὑ' = 10õ20 

tgŭắ  =7Ŀ10
-

4
õ10

-2
 

Õ' = 0,6õ1 

tgŭÕ =9Ŀ10
-

4
õ10

-2
 

 

 

26,5 õ 28  

æŮ'
 
= Ñ3%; 

ætgŭ
ắ
  = 

Ñ5Ŀ10
-4

 

 ʄʝʪʦʜʠʢʘ 

ʘʪʪʝʩʪʦʚʘʥʘ 

ʚ ʌɻʋʇ 

ɺʅʀʀʌʊʈʀ 

Cʪʝʥʜ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʉʧʣʠʪ ï 

ʮʠʣʠʥʜʨ. (Keysight) 

[48]. 

ὑ' = 1õ100 

tgŭắ  =10
-

2
õ1Ŀ10

-4
 

 

10 õ 28  æŮ'
 
= Ñ2%; 

ætgŭ
ắ
  = 

Ñ5Ŀ10
-4

 

ɺʳʩʦʢʘʷ, 

ʧʨʠʤʝʥʠʤʘ 

ʧʨʠ 

ʥʝʨʘʟʨʫʰʘʶʱ

ʝʤ ʢʦʥʪʨʦʣʝ 

ʧʣʘʩʪʠʥ 

ʄʝʪʦʜʠʢʘ ʥʝ 

ʘʪʪʝʩʪʦʚʘʥʘ, 

ʪʦʯʥʦʩʪʴ 

ʥʠʯʝʤ ʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʪʝʥʜ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ 

ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʤʤ-ʜʠʘʧʘʟʦʥʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʠʤʧʦʨʪʥʳʤʠ ʩʪʝʥʜʘʤʠ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʛʦʪʦʚʦʢ ʬʝʨʨʠʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʘʪʪʝʩʪʦʚʘʥʘ ʚʦ ʌɻʋʇ ɺʅʀʀʌʊʈʀ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʩʪʝʥʜʘ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʳ ʬʝʨʨʠʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ  ʰʧʠʥʝʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ɸʆ çʅʇʇ 

çʀʩʪʦʢè ʠʤ. ʐʦʢʠʥʘè ʜʣʷ ʦʮʝʥʢʠ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʣʦʞʝʢ ʜʣʷ ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ: 

- ʅʠʢʝʣʴ-ʮʠʥʢʦʚʘʷ ʰʧʠʥʝʣʴ (ʅʎɺ) ʠʤʝʝʪ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ: 

Ni1,05Zn0,45Mn0,03Co0,004Fe1,466O4; 
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- ʃʠʪʠʡ-ʮʠʥʢʦʚʘʷ ʰʧʠʥʝʣʴ (ʃʎ-380) ʠʤʝʝʪ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ: 

Li 0,37Zn0,20Mn0,15Bi0,002Fe2,29O4; 

- ɻʝʢʩʘʬʝʨʨʠʪʳ ʩʪʨʦʥʮʠʷ:   

- ɻʉ-1-2 - SrFe11,6Al 0,1Si0,15Ca0,15O19;         

- ɻʉ-8-1 - SrFe11,2Al 0,1Si0,15Ca0,15O19. 

- ɻʝʢʩʘʬʝʨʨʠʪʳ ʙʘʨʠʷ:  

- ɻɹ-2-5 - BaFe12O19 ;  

- ɻɹ-7-1 - BaFe10,2Al1,3Ni0,2Ti0,2Mn0,1O19;  

- ɻɹ-8 - BaFe11,0Al 0,9Mn0,1O19; 

- ɻɹ-9 -BaFe10,4Al1 ,4Mn0,1O19.  

 ɺ ʪʘʙʣʠʮʝ 2.2 ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʪʝʥʜʘ ʧʘʨʘʤʝʪʨʳ 

ʬʝʨʨʠʪʦʚʳʭ ʦʙʨʘʟʮʦʚ, ʨʘʟʤʝʨʦʤ 30ʭ48ʭ10 ʤʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʝʨʨʠʪʦʚ ʥʘ 

ʯʘʩʪʦʪʝ f= 100 ɻɻʮ. 

ʊʘʙʣʠʮʘ 2.2 

ʄʘʪʝʨʠʘʣ ʕʬʬʝʢʪʠʚʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, n 

ʕʬʬʝʢʪʠʚʥʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ,ὑɻʬʬ 

ʊʘʥʛʝʥʩ ʫʛʣʘ 

ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ, 

ὸὫ‏ 

ʅʎɺ 3,75 ρȟτρ Ϸ ρσς Ϸ 1,5Ŀ10
-3
Ñ6Ŀ10

-4 

ʃʎ-380 3,88 ρȟτρ Ϸ 15,1 ς Ϸ 1Ŀ10
-3
Ñ6Ŀ10

-4 

ɻʉ-1-2 4,8 ρȟτρ Ϸ 23 ς Ϸ 7Ŀ10
-3
Ñ6Ŀ10

-4 

ɻʉ-8-1 4,82 ρȟτρ Ϸ 23,2 ς Ϸ 2,4Ŀ10
-3
Ñ6Ŀ10

-4 

ɻɹ-2-5 4,68 ρȟτρ Ϸ 21,9 ς Ϸ 6Ŀ10
-3
Ñ6Ŀ10

-4 

ɻɹ-7-1 4,4 ρȟτρ Ϸ 19,4 ς Ϸ 4,7Ŀ10
-3
Ñ6Ŀ10

-4 

ɻɹ-8 4,47 ρȟτρ Ϸ 20 ς Ϸ 2Ŀ10
-3
Ñ6Ŀ10

-4 

ɻɹ-9 4,58 ρȟτρ Ϸ 21 ς Ϸ 5Ŀ10
-3
Ñ6Ŀ10

-4 
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2.2 ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ʄs) ʬʝʨʨʠʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʢʘʪʫʰʝʢ ɻʝʣʴʤʛʦʣʴʮʘ ʠ ʩ ʧʦʤʦʱʴʶ ʛʠʩʪʝʨʝʟʠʩʛʨʘʬʘ ɸʄʊ-4. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ʄs) ʬʝʨʨʠʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʢʘʪʫʰʝʢ ɻʝʣʴʤʛʦʣʴʮʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʠʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʧʣʘʩʪʠʥ ʪʦʣʱʠʥʦʡ 

(0,5õ2) ʤʤ [46].  

ɿʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ (ὓ ) ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʧʦʣʷ (æɊ) ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ 

ʠʥʜʫʢʮʠʦʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʚʠʜʝ ʢʘʪʫʰʝʢ ɻʝʣʴʤʛʦʣʴʮʘ 

(ʨʠʩ. 2.2). 

   

ʈʠʩʫʥʦʢ 2.2 - ɺʥʝʰʥʠʡ ʚʠʜ (ʩʣʝʚʘ) ʠ ʙʣʦʢ ʩʭʝʤʘ (ʩʧʨʘʚʘ) ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʠʪʦʚ (Ms). 

ʇʦʨʷʜʦʢ ʠʟʤʝʨʝʥʠʷ: 1) ʀʟʤʝʨʷʝʤʳʡ ʦʙʨʘʟʝʮ ʚʩʪʘʚʣʷʶʪ ʚ ʦʧʨʘʚʢʫ ʠ 

ʧʦʤʝʱʘʶʪ ʝʝ ʚ ʟʘʟʦʨ ʢʘʪʫʰʝʢ ɻʝʣʴʤʛʦʣʴʮʘ. 2) ʇʝʨʝʢʣʶʯʘʶʪ ʪʫʤʙʣʝʨ 

ʤʠʢʨʦʚʝʙʝʨʤʝʪʨʘ ʚ ʧʦʣʦʞʝʥʠʝ ʠʟʤʝʨʝʥʠʝ ʠ ʨʝʟʢʦ ʫʜʘʣʷʶʪ ʦʧʨʘʚʢʫ ʩ ʦʙʨʘʟʮʦʤ ʠʟ 

ʟʘʟʦʨʘ ʢʘʪʫʰʝʢ. 3) ʉʥʠʤʘʶʪ ʧʦʢʘʟʘʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʤʠʢʨʦʚʝʙʝʨʤʝʪʨʘ (æɊ). 4) 

ɺʳʯʠʩʣʷʶʪ ʦʙʲʝʤ ʦʙʨʘʟʮʘ (V) ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ. 5) 

ɺʳʯʠʩʣʷʶʪ ʟʥʘʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ:  

       ὓ
Ў

,     (2.15)  

ʛʜʝ Ὧ ςȟςυϽρπ ˟ Ⱦ̱̌ - ʧʦʩʪʦʷʥʥʘʷ ʢʘʪʫʰʝʢ ɻʝʣʴʤʛʦʣʴʮʘ [46].  



43 
 

      
 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʠʪʦʚ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʰʧʠʥʝʣʠ (ʅʎɺ, ʃʎ-380) 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.3. 

ʊʘʙʣʠʮʘ 2.3. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʬʝʨʨʠʪʦʚ. 

ʄʘʪʝʨʠʘʣ 

ʦʙʨʘʟʮʘ 

ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʘ 

axbxh [ʤʤ] 

ʆʙʲʸʤ 

ʦʙʨʘʟʮʘ 

V [̍ ]̍ 

ʀʟʤʝʨʝʥʥʦʝ 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ 

Ў  [ʤʢɺʙ] 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 

ʥʘʩʳʱʝʥʠʷ 

 ὓ  [
̋ˍ

̍
] 

ʅʎɺ 29,86x47,85x 1,17 1671,7 1450 380 4% 

ʃʎ-380 29,7x47,9x 1,16 1650,3 1440 388 4% 

ʀʟʤʝʨʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ ʬʝʨʨʠʪʦʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʛʠʩʪʝʨʝʟʠʩʛʨʘʬʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

AMT-4 ʬʠʨʤʳ çMianyang Shuangji Electronic Co. Ltd.è (ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ  Ñ1%). 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʠʩʪʝʨʝʟʠʩʛʨʘʬʘ ʩʣʝʜʫʶʱʠʡ: ʛʠʩʪʝʨʝʟʠʩʛʨʘʬ ɸʄʊ-4 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ ʩʢʘʥʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʢʥʫʪʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʪʦʢʝ. ɺʳʩʦʢʦʪʦʯʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʬʣʶʢʩʦʤʝʪʨ ʩʥʠʤʘʝʪ 

ʩʠʛʥʘʣʳ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ɺ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ  ὓ  

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚ ʢʘʪʫʰʢʝ. ɼʘʪʯʪʠʢ ʍʦʣʣʘ ʩʥʠʤʘʝʪ ʩʠʛʥʘʣ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʋʩʠʣʠʚʘʷ ʵʪʠ ʩʠʛʥʘʣʳ, ʛʠʩʪʝʨʝʟʠʩʛʨʘʬ ʩʪʨʦʠʪ ʧʝʪʣʶ 

ʛʠʩʪʝʨʝʟʠʩʘ ʬʝʨʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɿʘʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʡ, ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ ʢʘʢ B ʠ ὓ  ʘ ʪʘʢʞʝ 

ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʚʣʠʷʥʠʝ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʤ ʧʦʣʝʤ (ʩʦʟʜʘʥʥʳʤ ʩʘʤʠʤ ʦʙʨʘʟʮʦʤ) ʠ 

ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ ʚ ʩʘʤʦʤ ʦʙʨʘʟʮʝ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, 

ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʫʩʣʦʚʠʝ ʟʘʤʢʥʫʪʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʵʪʦʤʫ ʦʙʨʘʟʝʮ ʜʦʣʞʝʥ ʙʳʪʴ ʨʦʚʥʳʤ, 

ʛʣʘʜʢʠʤ, ʠ ʮʝʣʴʥʳʤ, ʙʝʟ ʪʨʝʱʠʥ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʳʩʦʪʳ ʜʦʣʞʥʦ ʩʦʚʧʘʜʘʪʴ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʸʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. ʅʘʠʣʫʯʰʘʷ ʬʦʨʤʘ ʮʠʣʠʥʜʨ ʠʣʠ ʢʫʙ. 



44 
 

      
 

ʆʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0.1 % (ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʧʣʦʱʘʜʠ Ò 0.2 %).  

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ 6 ʦʙʨʘʟʮʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʠʟ ʬʝʨʨʠʪʦʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʟʤʝʨʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʛʠʩʪʝʨʝʟʠʩʛʨʘʬʘ ɸʄʊ-4 ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ 

ʬʝʨʨʠʪʦʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

2.4. 

ʊʘʙʣʠʮʘ 2.4. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʬʝʨʨʠʪʦʚ. 

ʄʘʪʝʨʠʘʣ 

ʦʙʨʘʟʮʘ 

ʈʘʟʤʝʨʳ ʦʙʨʘʟʮʘ 

ß x h [ʤʤ] 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ  

4Ḿs [ɻʩ] 

ɻʉ-1-2 ß4,9x5 3700Ñ1% 

ɻʉ-8-1 ß 4,9x5 3730Ñ1% 

ɻɹ-2-5 ß 4,9x5 3663Ñ1% 

ɻɹ-7-1 ß 4,8x5 2350Ñ1% 

ɻɹ-8 ß 4,9x5 3500Ñ1% 

ɻɹ-9 ß 4,9x5 3000Ñ1% 

ʊʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʘʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʘʢ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ 

ʬʝʨʨʠʪʘ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʟʚʝʩʪʠ ʙʦʣʝʝ ʪʦʯʥʳʡ ʨʘʩʯʸʪ ʢʦʥʩʪʨʫʢʮʠʠ 

ʬʝʨʨʠʪʦʚʦʛʦ ʧʨʠʙʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʠ 

ʪʨʝʙʫʝʤʳʭ ʛʘʙʘʨʠʪʦʚ. 
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2.3 ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 25 õ 67 ɻɻʮ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʬʝʨʨʠʪʘ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʠ ʰʠʨʠʥʳ ʣʠʥʠʠ æʅ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ), ʦʩʥʦʚʘʥʥʘ ̫ ʥʘ ʘʥʘʣʠʟʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʨʘʟʮʦʚ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ (ʄʇʃ) ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ 

ʌʄʈ ʚ ʦʙʨʘʟʮʘʭ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʦʪ ʚʝʣʠʯʠʥʳ ʅɸʵʬʬ.  

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʬʝʨʨʠʪʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʤʘʛʥʠʪʥʦʡ ʪʝʢʩʪʫʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʤʘʛʥʠʪʦʦʜʥʦʦʩʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. 

ʍʘʨʘʢʪʝʨʥʳʤ ʩʚʦʡʩʪʚʦʤ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʬʝʨʨʠʪʦʚʳʭ 

ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ (ʉɺʏ) ʧʨʠʙʦʨʘʭ ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ ʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʳ [52,53]. 

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ) ʚ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʦ-ʦʜʥʦʦʩʥʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʬʝʨʨʠʪʘʭ (ʄʆɻʌ) 

ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ (ʅɸʵʬʬ) ʠ ʰʠʨʠʥʘ ʣʠʥʠʠ ʌʄʈ (æʅ). 

ʀʤʝʥʥʦ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʨʘʙʦʪʫ ʧʨʠʙʦʨʦʚ ʉɺʏ-

ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʛʝʢʩʘʬʝʨʨʠʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʙʦʪʫ ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʭ ʧʨʠʙʦʨʦʚ 

(ʨʝʟʦʥʘʪʦʨʦʚ, ʮʠʨʢʫʣʷʪʦʨʦʚ, ʬʠʣʴʪʨʦʚ ʠ ʪ.ʧ.) ʩʤ- ʠ ʤʤ-ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ ʚʦʣʥ ʥʘ 

ʧʦʜʣʦʞʢʘʭ ʠʟ ʛʝʩʘʬʝʨʨʠʪʦʚ ʩ ʤʘʛʥʠʪʥʦʡ ʪʝʢʩʪʫʨʦʡ [46, 52, 53]. 

ʇʨʠ ʵʪʦʤ ʅɸʵʬʬ  ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʢʘʢ ʠ ʰʠʨʠʥʫ ʣʠʥʠʡ ʌʄʈ, ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠʤʝʥʝʥʠʷ ʛʝʢʩʘʬʝʨʨʠʪʦʚ. ʕʪʦ, ʚ 

ʦʩʥʦʚʥʦʤ, ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʯʘʩʪʴ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʠ 

ʤʠʣʣʠʤʝʪʨʦʚʳʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʩʪʝʥʜ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʠ 
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ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ æʅ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʄʆɻʌ  ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ: 

- ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ (ʅɸʵʬʬ) ï 10õ23 ʢʕ;  

- ʰʠʨʠʥʘ ʣʠʥʠʠ ʌʄʈ (æʅ) ï (0,1õ5) ʢʕ. 

ʀʟʤʝʨʝʥʠʝ ʅɸʵʬʬ ʠ æʅ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʯʘʩʪʦʪʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʠʟʤʝʨʷʝʤʦʛʦ ʬʝʨʨʠʪʘ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʆʩʥʦʚʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʡ ʠʟʤʝʨʝʥʠʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʷ ʉɺʏ ʧʘʨʘʤʝʪʨʦʚ ʄʇʃ ʩ ʠʩʩʣʝʜʫʝʤʳʤ 

ʦʙʨʘʟʮʦʤ ʛʝʢʩʘʬʝʨʨʠʪʘ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ Agilent N5227A ʩ 

ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʚʭʦʜʘʤʠ ʩʝʯʝʥʠʝʤ 1,85/0,8 ʤʤ (ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ 10 ʄɻʮ õ 

67 ɻɻʮ). ʄʇʃ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʧʦʣʠʢʦʨʘ (ʀḗωȟφ) ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ḗ 50 ʆʤ (ʪʦʣʱʠʥʘ ʧʦʜʣʦʞʢʠ 0,25ʤʤ). ʈʘʟʤʝʨʳ 

ʧʦʜʣʦʞʢʠ ʄʇʃ ʚʳʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 67 ɻɻʮ ʚ ʄʇʃ ʥʝ 

ʚʦʟʙʫʞʜʘʣʠʩʴ ʚʳʩʰʠʝ ʪʠʧʳ ʚʦʣʥ. ʇʦʜʢʣʶʯʝʥʠʝ ʦʪʨʝʟʢʘ ʄʇʃ ʢ ʚʝʢʪʦʨʥʦʤʫ 

ʘʥʘʣʠʟʘʪʦʨʫ ʮʝʧʝʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʘʢʩʠʘʣʴʥʦ-ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʬʠʨʤʳ Anritsu (ʤʦʜʝʣʴ 3680V). ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʣʘʪʬʦʨʤʫ ʩ ʜʚʫʤʷ ʢʦʘʢʩʠʘʣʴʥʦ-ʤʠʢʨʦʧʦʣʦʩʢʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ (ʩʝʯʝʥʠʝ ʢʦʘʢʩʠʘʣʦʚ 1,85/0,8 ʤʤ). ɼʣʠʥʘ ʄʇʃ (ǎḗ30ʤʤ) ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʠʟ ʨʘʩʯʝʪʘ ʪʘʢʦʡ, ʯʪʦʙʳ ʨʘʩʧʦʣʦʞʠʪʴ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʜʘʣʴʰʝ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʤʝʩʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʄʇʃ ʢ ʢʦʘʢʩʠʘʣʴʥʳʤ ʣʠʥʠʷʤ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʧʨʷʤʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ (ʚʥʝ ʄʇʃ) [46, 53]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʦ- 

ʦʜʥʦʦʩʥʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʬʝʨʨʠʪʦʚ (ʄʆɻʌ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ 

ʧʣʦʩʢʦʡ ʧʨʘʚʠʣʴʥʦʡ ʧʨʠʟʤ rʩ ʢʚʘʜʨʘʪʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 

ʥʝ ʙʦʣʝʝ 1,5ʭ1,5 ʤʤ, ʪʦʣʱʠʥʦʡ (0,15 õ 0,25) ʤʤ, ʩ ʦʩʴʶ ʪʝʢʩʪʫʨʳ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʦʩʥʦʚʘʥʠʶ ʧʨʠʟʤʳ. ɼʘʥʥʳʝ ʨʘʟʤʝʨʳ ʦʙʨʘʟʮʦʚ ʧʦʟʚʦʣʷʶʪ 

ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ 

ʛʝʢʩʘʬʝʨʨʠʪʘ ʀ̕ ḗρσ ρψ) ʥʘ ʬʦʨʤʫ ʣʠʥʠʠ ʌʄʈ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 25 õ 67 
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ɻɻʮ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʙʫʞʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤ 

ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʩʦʟʜʘʚʘʝʤʦʤ ʄʇʃ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʧʦʜʢʣʶʯʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʥʝʤ ʦʪʨʝʟʢʦʤ 

ʄʇʃ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʛʝʢʩʘʬʝʨʨʠʪʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.3. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʇʦʜʢʣʶʯʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ Anritsu ʩ ʦʪʨʝʟʢʦʤ ʄʇʃ ʠ ʠʩʩʣʝʜʫʝʤʳʤ 

ʦʙʨʘʟʮʦʤ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʄʆɻʌ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʄʆɻʌ (æʅ, ʅɸ ʵʬʬ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʇʃ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.4. 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʄʆɻ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ  (25 õ 67) ɻɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʇʃ 

ʉʪʝʥʜ ʩʦʩʪʦʠʪ ʠʟ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ Agilent N5227A (ʜʠʘʧʘʟʦʥ 

ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʦʪ 10 ʄɻʮ ʜʦ 67 ɻɻʮ), ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦ-

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʬʠʨʤʳ Anritsu (ʤʦʜʝʣʴ 3680V) ʠ 
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ʦʪʨʝʟʢʘ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ (ʄʇʃ), ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

1) ʄʇʃ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʧʦʣʠʢʦʨʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʘʥʘʣʠʟʘʪʦʨʫ ʮʝʧʝʡ ʠ ʧʨʦʚʦʜʷʪ 

ʥʦʨʤʘʣʠʟʘʮʠʶ (ʚʳʨʘʚʥʠʚʘʥʠʝ) ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʝʨʝʜʘʯʠ; 

2) ʠʩʩʣʝʜʫʝʤʳʳʡ ʦʙʨʘʟʝʮ ʚ ʚʠʜʝ ʧʨʠʟʤʳ ʨʘʟʤʝʨʘʤʠ ʥʝ ʙʦʣʝʝ 

1,5ʭ1,5ʭ(0,15õ0,25) ʤʤ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʄʇʃ; 

3) ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʧʦ ʫʨʦʚʥʶ  ʠʟʤʝʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʦʣʦʚʠʥʥʦʤʫ  ʟʥʘʯʝʥʠʶ 

ʧʦʛʣʦʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ (f1 ʠ f2);  

4) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ (Ὢ̑ , ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ 

(Hɸʵʬʬ) ʠ  ʰʠʨʠʥʘ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (æH) ʧʦ ʬʦʨʤʫʣʘʤ (2.16, 2.19, 2.20) 

(ʧʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʌʄʈ 

ʧʨʠʟʤʘ ʟʘʤʝʥʷʣʘʩʴ ʩʧʣʶʱʝʥʥʳʤ ʚʧʠʩʘʥʥʳʤ ʵʣʣʠʧʩʦʠʜʦʤ ʚʨʘʱʝʥʠʷ [46, 52]): 

                                               Ὢ̑  ,                                                   (2.16) 

    Ὄ ̞̕̕
̑

σὔɀρ4 ʄ́s ï H0                     (2.17) 

(ʦʙʨʘʟʝʮ ʥʘʤʘʛʥʠʯʝʥ ʜʦ ʥʘʩʳʱʝʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʩ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ), 

                     Ὄ̞̕̕
̑

σὔɀρ4 ʄ́r            (2.18) 

(ʦʙʨʘʟʝʮ ʥʘʤʘʛʥʠʯʝʥ, ʠʟʤʝʨʝʥʠʷ ʙʝʟ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ), 

               Ὄ ̞̕̕
̑

4 ʄ́s (ʦʙʨʘʟʝʮ ʨʘʟʤʘʛʥʠʯʝʥ),                (2.19) 

                                             æH  =  ,                                               (2.20) 

ʛʜʝ ɔ ï ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ; 

      4Ḿs ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ; 

      4Ḿr ï ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (Ò0,9ʭ4ˊMs); 

      H0 ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 
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N ï ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ ʧʦ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʥʦʚʘʥʠʶ ʧʨʠʟʤʳ 

(ʜʣʷ ʩʧʣʶʱʝʥʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ N = [1- 
Ѝ

 arccosʝʜʛ ,[‮ ‮

̙̏̓̎̏̆̎̉̆ ̜̜̃̒̏̓ ̞̌̌̉̐̒̏̉̅́ ̋ ̅̉́̍̆̓̑̔); 

Ổ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʨʘʟʤʘʛʥʠʯʝʥʥʦʤ ʦʙʨʘʟʮʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (2.17), (2.18), (2.19) ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʷ  (  ̞̕ ̕ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥ 4ˊMs, 4ˊMr, H0, N, Ổ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʨʫʛʠʤʠ  ʠʟʤʝʨʝʥʠʷʤʠ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ   Ὄ ̞ ̕  ̕ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 

ʧʦʨʷʜʢʘ  Ñ4Ḿs. 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 0,95 ʩʦʩʪʘʚʣʷʝʪ: 

ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʅɸʵʬʬ ï ŭʅɸʵʬʬ  ʥʝ ʙʦʣʝʝ Ñ5%, 

ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ æʅ ï ŭ(æʅ) ʥʝ ʙʦʣʝʝ  Ñ5%; 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʩ ʜʨʫʛʠʤʠ 

ʩʪʝʥʜʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ (ʅɸʵʬʬ) ʠ ʰʠʨʠʥʳ 

ʧʦʣʦʩʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (æʅ) ʬʝʨʨʠʪʦʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ [52], ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.5. 

ʊʘʙʣʠʮʘ 2.5. 

ʅʘʟʚʘʥʠʝ ʩʪʝʥʜʘ ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʪʝʨʠʘʣʦʚ 

ɼʠʘʧʘʟʦʥ 

ʯʘʩʪʦʪ, 

ɻɻʎ 

ʊʦʯʥʦʩʪʴ ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʉʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʅɸʵʬʬ ʠ æʅ ʥʘ ʄʇʃ 

 (ʅʇʇ çʀʩʪʦʢè) 

ʅɸʵʬʬ ï 10õ23 ʢʕ;  

æʅ ï 0,1õ5 ʢʕ. 

25õ67 ŭʅɸʵʬʬ  Ñ4%, 

ŭ(æʅ) Ñ5%; 

ɺʳʩʦʢʘʷ 

ʉʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʅɸʵʬʬ ʠ æʅ ʥʘ ʧʣʘʩʪʠʥʘʭ 

 (ʅʇʇ çʀʩʪʦʢè) [46, 51] 

ʅɸʵʬʬ ï 28õ43 ʢʕ;  

æʅ ï 0,3õ8 ʢʕ. 

78,3õ118,1 ŭʅɸʵʬʬ  Ñ4%, 

ŭ(æʅ) Ñ20%; 

ɺʳʩʦʢʘʷ 

ʉʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʅɸʵʬʬ ʠ æʅ ʥʘ ʩʬʝʨʘʭ 

 (ʅʇʇ çʀʩʪʦʢè) [46, 51] 

ʅɸʵʬʬ ï 28õ43 ʢʕ;  

æʅ ï 0,3õ8 ʢʕ. 

78,3õ118,1 ŭʅɸʵʬʬ  Ñ4%, 

ŭ(æʅ) Ñ20%; 

ʅʠʟʢʘʷ, 

ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʤʠʥʠʘʪʶʨʥʳʝ 

ʩʬʝʨʳ ʠʟ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚ. 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʠ hʠʨʠʥʳ ʧʦʣʦʩʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ æʅ ʦʙʣʘʜʘʝʪ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ ʥʘ ʫʨʦʚʥʝ ʩʪʝʥʜʦʚ ï ʘʥʘʣʦʛʦʚ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ ʅɸʵʬʬ ʠ æʅ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ. 

 ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʅɸʵʬʬ ʠ æʅ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʘʨʠʝʚʳʭ ʠ ʩʪʨʦʥʮʠʝʚʳʭ 

ʄʆɻʌ  ʤʘʨʢʠ ɻʉ-1-2, ɻʉ-8-1, ɻɹ7-1, ɻɹ-2-5, ɻɹ-8, ɻɹ-9 ʩ ʨʘʟʤʝʨʘʤʠ 0,5ʭ0,5ʭ0,25 

(Nḗ0.53) ʠʤʝʶʱʠʭ ʩʣʝʜʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ [53, 54]: 

- ɻʉ-1-2: SrFe11,6Al0,1Si0,15Ca0,15O19; 

- ɻʉ-8-1: SrFe11,2Al0,1Si0,15Ca0,15O19; 

- ɻɹ-7-1: BaFe10,2Al1,3Ni0,2Ti0,2Mn0,1O19; 

- ɻɹ-2-5: BaFe12O19; 

- ɻɹ-8: BaFe11,0Al 0,9Mn0,1O19; 

- ɻɹ-9: BaFe10,4Al 1,4Mn0,1O19. 

ʅʘ ʨʠʩʫʥʢʘʭ 2.5 õ 2.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʌʄʈ  ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʜʦ ʥʘʩʳʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 30õ 67 ɻɻʮ (ʙʝʟ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ). ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʝʪʦʜʘ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-8 ʙʳʣʘ 

ʠʟʤʝʨʝʥʘ ʩʪʝʧʝʥʴ ʪʝʢʩʪʫʨʳ ʢʨʠʩʪʘʣʦʛʨʘʬʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʬʝʨʨʠʪʦʚ ʩ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʪʝʧʝʥʠ ʪʝʢʩʪʫʨʳ, ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ (f1, f2) ʠ ʨʘʩʯʝʪʘ 

ʅɸʵʬʬ ʠ æʅ ʧʦ ʬʦʨʤʫʣʘʤ (2.19, 2.20) ʧʨʠʚʝʜʝʥʳ ʪʘʙʣʠʮʝ 2.6. 
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ʈʠʩʫʥʦʢ 2.5 ï ʌʄʈ ʦʙʨʘʟʮʘ ʠʟ ɻʉ-1-2 

 

ʈʠʩʫʥʦʢ 2.6 ï ʌʄʈ ʦʙʨʘʟʮʘ ʠʟ ɻʉ-8-11 

 

ʈʠʩʫʥʦʢ 2.7 ï ʌʄʈ ʦʙʨʘʟʮʘ ʠʟ ɻɹ-7-1 

 

ʈʠʩʫʥʦʢ 2.8 ï ʌʄʈ ʦʙʨʘʟʮʘ ʠʟ ɻɹ-2-5 

 

ʈʠʩʫʥʦʢ 2.9 ï ʌʄʈ ʦʙʨʘʟʮʘ ʠʟ ɻɹ-8 

 

ʈʠʩʫʥʦʢ 2.10 ï ʌʄʈ ʦʙʨʘʟʮʘ ʠʟ ɻɹ-9 
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ʊʘʙʣʠʮʘ 2.6 - ʈʝʟʫʣʴʪʘʪʳ ʀʟʤʝʨʝʥʠʷ ʅɸʵʬʬ ʠ æʅ 

ʄʘʪʝʨʠʘʣ f1, ɻɻʮ f2, ɻɻʮ 
ȹf, 

ɻɻʮ 

fʮ, 

ɻɻʮ 

ʉʪʝʧʝʥʴ 

ʪʝʢʩʪʫʨʳ, % 

4 Ḿr, 

ɻʩ 
ʅɸʵʬʬ, ʢʕ ȹH, ʢʕ 

ɻʉ-1-2 

h=0,25 
45 56,66 11,66 50,83 45,3 3500 19,2 4,14 

ɻʉ-8-1 

h=0,25 
45,9 56 10,1 50,95 36 3500 19,22 3,6 

ɻɹ-2-5 

h=0,25 
41,18 53,32 12,14 47,25 38,9 3200 17,8 4,34 

ɻɹ-7-1 

h=0,25 
49,86 58,19 8,33 54 34,1 2100 19,91 2,98 

ɻɹ-8 

h=0,25 
48,67 62,26 13,6 55,47 83,2 3500 20,83 4,85 

ɻɹ-9 

h=0,25 
58,94 66,21 7,27 62,6 67,7 3000 22,5 2,6 

ɺʳʚʦʜʳ:  

1. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥ ʩʪʝʥʜ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʌʄʈ (æʅ) ʛʝʢʩʘʬʝʨʨʠʪʦʚ. 

2. ɹʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʨʷʜ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʩ ʧʦʣʝʤ ʘʥʠʟʦʪʨʦʧʠʠ     

ʅɸʵʬʬ ʦʪ 17,8 ʢʕ (ɻɹ-2-5) ʜʦ 22,5 ʢʕ (ɻɹ-9). 

3. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʝʨʨʠʪʳ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʘʨʢʠ   

ɻʉ-8-1 ʠ ɻɹ-9, ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʰʠʨʠʥʳ ʣʠʥʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ȹH.  
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2.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ 

ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʛʝʢʩʘʬʝʨʨʠʪʦʚ 

2.4.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ 

ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʠ ʰʠʨʠʥʳ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ȹH 

ʛʝʢʩʘʬʝʨʨʠʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ +25 
0
ʉ ʜʦ +85

0
ʉ 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (ʅɸʵʬʬ) ʠ 

ʰʠʨʠʥʳ ʣʠʥʠʠ ʌʄʈ (æʅ) ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʙʘʨʠʷ (ɻɹ-9) ʠ ʩʪʨʦʥʮʠʷ (ɻʉ-8-1) ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 25õ67 ɻɻʮ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʛʝʢʩʘʬʝʨʨʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ 

ʚʦʣʥ.  ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ +25 
0
ʉ ʜʦ +85 Áʉ [54]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʦʦʜʥʦʦʩʥʳʭ 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʬʝʨʨʠʪʦʚ (ʄʆɻʌ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʤʘʛʥʠʯʝʥʥʳʝ ʜʦ ʥʘʩʳʱʝʥʠʷ 

ʦʙʨʘʟʮʳ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʩʪʨʦʥʮʠʷ ɻʉ-8-1 ʠ ʙʘʨʠʷ ɻɹ-9 ʚ ʚʠʜʝ ʧʣʦʩʢʦʡ ʧʨʘʚʠʣʴʥʦʡ 

ʧʨʠʟʤʳ ʩ ʢʚʘʜʨʘʪʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʥʝ ʙʦʣʝʝ 1.5Ĭ1.5ʤʤ, 

ʪʦʣʱʠʥʦʡ 0,25ʤʤ, ʩ ʦʩʴʶ ʪʝʢʩʪʫʨʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʦʩʥʦʚʘʥʠʶ ʧʨʠʟʤʳ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʛʝʢʩʘʬʝʨʨʠʪʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ [54]: 

- ɻɹ-9: BaFe10,4Al 1,4Mn0,1O19; 

- ɻʉ-8-1: SrFe11,2Al0,1Si0,15Ca0,15O19. 

ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʨʠʢʣʝʠʚʘʣʠʩʴ ʥʘ ʧʦʜʣʦʞʢʠ ʠʟ ʧʦʣʠʢʦʨʘ (Al2O3) ʩ 

ʧʦʤʦʱʴʶ ʢʣʝʷ ʊʕʂ-1. ɿʘʪʝʤ ʧʦʜʣʦʞʢʠ ʩ ʧʨʠʢʣʝʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʥʘʛʨʝʚʘʣʠʩʴ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ - ʊ = 100 
0
ʉ ʥʘ ʧʘʷʣʴʥʦʤ ʪʝʨʤʦʩʪʦʣʝ çʄʘʛʠʩʪʨè (ʨʠʩʫʥʦʢ 2.15).  

ɼʘʣʝʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 25 ɻɻʮ ʜʦ 67 ɻɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ  ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʢʘʞʜʦʛʦ ʠʟ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʫʨʦʚʥʶ  ʠʟʤʝʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʦʣʦʚʠʥʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʧʦʛʣʦʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ (f1 ʠ f2). ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʪʳʚʘʶʱʠʭ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ çFluke 568è.  
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ʈʠʩʫʥʦʢ 2.11 ï ʩʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʅʘ ʠ ȹʅ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʜʠʘʧʘʟʦʥʝ +25
0
ʉ õ+85

0
ʉ. 

ɼʘʣʝʝ, ʧʦ ʬʦʨʤʫʣʘʤ (2.27), (2.28), (2.29) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ 

(Ὢ̑ , ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ (Ὄ̞̕)̕, ʰʠʨʠʥʘ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ (ȹH). 

                                      Ὢ̑                         (2.27) 

        Ὄ̞̕̕
̑

σὔɀρ4 ʄ́r,      (2.28) 

     æH  =  ,                (2.29) 

ʛʜʝ: ɔ  - ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, 

      4Ḿr ï ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, 

      H0 ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

N -  ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ ʧʦ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʥʦʚʘʥʠʶ ʧʨʠʟʤʳ 

(ʜʣʷ ʩʧʣʶʱʝʥʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ  N= [1-
Ѝ

arccos,[‮  

ʛʜʝ ‮ ̙̏̓̎̏̆̎̉̆ ̜̜̃̒̏̓ ̞̌̌̉̐̒̏̉̅́ ̋ ̅̉́̍̆̓̑̔). 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʰʠʨʠʥʳ ʧʦʣʦʩʳ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʛʝʢʩʘʬʝʨʨʠʪʦʚ ʙʘʨʠʷ (ɻɹ-9) ʠ ʩʪʨʦʥʮʠʷ (ɻʉ-8-1) 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢʘʭ 2.16 õ2.19 [54]. 
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ʈʠʩʫʥʦʢ 2.12 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʛʝʢʩʘʬʝʨʨʠʪʘ 

ɻɹ-9 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʈʠʩʫʥʦʢ 2.13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʣʠʥʠʠ ʌʄʈ ȹʅ ʛʝʢʩʘʬʝʨʨʠʪʘ ɻɹ-9 ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʈʠʩʫʥʦʢ 2.14 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʛʝʢʩʘʬʝʨʨʠʪʘ 

ɻʉ-8-1 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 



56 
 

      
 

 

ʈʠʩʫʥʦʢ 2.15 ï ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʣʠʥʠʠ ʌʄʈ  ȹʅ ʛʝʢʩʘʬʝʨʨʠʪʘ ɻʉ-8-1 ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ɺʳʚʦʜʳ: 

1) ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ +25 
0
ʉ - +85

0
ʉ 

ʩʦʩʪʘʚʣʷʝʪ: 

- ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʘʨʠʷ - 0,59 ʢʕ (9,8 ʕ/
0
ʉ); 

- ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʪʨʦʥʮʠʷ - 0,25 ʢʕ (4,2 ʕ/
0
ʉ). 

2) ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

(ȹʅ) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ +25 
0
ʉ - +85

0
ʉ ʩʦʩʪʘʚʣʷʝʪ: 

- ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ ʙʘʨʠʷ - 0,73 ʢʕ (12,2 ʕ/
0
ʉ); 

- ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʛʝʢʩʘʬʝʨʨʠʪʘ ʩʪʨʦʥʮʠʷ - 0,6 ʢʕ (10 ʕ/
0
ʉ).  
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2.4.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ 

ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʠ ʰʠʨʠʥʳ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ȹH 

ʛʝʢʩʘʬʝʨʨʠʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -65 
0
ʉ ʜʦ +20

0
ʉ 

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʠ ʰʠʨʠʥʳ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ȹH ʛʝʢʩʘʬʝʨʨʠʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -65 
0
ʉ ʜʦ 

+20
0
ʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʣʦʞʝʢ ʄʌʈʇ ʤʤ-ʜʠʘʧʘʟʦʥʘ. 

ʇʦʜʣʦʞʢʠ ʩ ʧʨʠʢʣʝʝʥʥʳʤʠ ʛʝʢʩʘʬʝʨʨʠʪʦʚʳʤʠ ʦʙʨʘʟʮʘʤʠ ʦʭʣʘʞʜʘʣʠʩʴ  ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ - ʊ = ī 65 
0
ʉ ʚ ʸʤʢʦʩʪʠ ʩ ʞʠʜʢʠʤ ʘʟʦʪʦʤ.  

ɼʘʣʝʝ ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ  ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʢʘʞʜʦʛʦ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʫʨʦʚʥʶ ʠʟʤʝʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʧʦʣʦʚʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʦʛʣʦʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʸʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ çFluke 568è. ɼʘʣʝʝ, ʧʦ ʬʦʨʤʣʫʘʤ (2.27), (2.28), (2.29) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 

ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ (Ὢ̑ , ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʣʝ ʘʥʠʟʦʪʨʦʧʠʠ (Ὄ̞̕)̕, ʰʠʨʠʥʘ ʣʠʥʠʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ȹH). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘ 

ʛʨʘʬʠʢʘʭ 2.20 õ 2.23 [54]. 

 

ʈʠʩʫʥʦʢ 2.16 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʘʥʠʟʦʪʨʦʧʠʠ ʅɸʵʬʬ ʛʝʢʩʘʬʝʨʨʠʪʘ 

ʙʘʨʠʷ ɻɹ-9 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 


