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1ʍʣʦʧʢʦʚ ʖʨʠʡ ʀʚʘʥʦʚʠʯ / Khlopkov Yury Ivanovich - ʬʘʢʫʣʴʪʝʪ ʘʵʨʦʤʝʭʘʥʠʢʠ ʠ ʣʝʪʘʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ; 
2ɼʦʨʦʬʝʝʚ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ / Dorofeev Evgeny Aleksandrovich - ʬʘʢʫʣʴʪʝʪ ʘʵʨʦʤʝʭʘʥʠʢʠ ʠ 

ʣʝʪʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ; 
3ɿʝʷ ʄʴʦ ʄʴʠʥʪ / Zay Yar Myo Myint - ʬʘʢʫʣʴʪʝʪ ʘʵʨʦʤʝʭʘʥʠʢʠ ʠ ʣʝʪʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʢʘʥʜʠʜʘʪ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʢʪʦʨʘʥʪ; 
4ʍʣʦʧʢʦʚ ɸʥʪʦʥ ʖʨʴʝʚʠʯ / Khlopkov Anton Yuryevich - ʬʘʢʫʣʴʪʝʪ ʘʵʨʦʤʝʭʘʥʠʢʠ ʠ ʣʝʪʘʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʘʩʧʠʨʘʥʪ; 
5ʇʦʣʷʢʦʚ ʄʠʭʘʠʣ ʉʝʨʛʝʝʚʠʯ / Polyakov Mikhail Sergeevich - ʬʘʢʫʣʴʪʝʪ ʘʵʨʦʤʝʭʘʥʠʢʠ ʠ ʣʝʪʘʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʘʩʧʠʨʘʥʪ; 
6ɸʛʘʝʚʘ ʀʣʘʭʘ ʈʫʩʪʘʤ ʢʳʟʳ / Agaeva Ilaha Rustam kyzy - ʬʘʢʫʣʴʪʝʪ ʘʵʨʦʤʝʭʘʥʠʢʠ ʠ ʣʝʪʘʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʩʪʫʜʝʥʪ 
ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ɾʫʢʦʚʩʢʠʡ 

 

ɸʥʥʦʪʘʮʠʷ: ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ ʙʳʣ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʦʡ, ʷʚʣʷʷʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʘʫʢʦʡ, ʠ ʠʩʢʫʩʩʪʚʦʤ, 

ʠ ʪʝʭʥʠʢʦʡ ʠ ʧʩʠʭʦʣʦʛʠʝʡ.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 

ʛʠʧʝʨʟʚʫʢʦʚʦʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

Keywords: neural networks, neural network technology, artificial intelligence, hypersonic 

aerospace systems. 
 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ. ʉʧʝʮʠʘʣʠʩʪʳ ʧʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʧʳʪʘʶʪʩʷ ʥʘʡʪʠ ʩʧʦʩʦʙʳ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʫʠʪʠʚʥʦʛʦ ʤʳʰʣʝʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʙʳʣ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʥʘʫʢʦʡ, ʷʚʣʷʷʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʘʫʢʦʡ, ʠ ʠʩʢʫʩʩʪʚʦʤ, ʠ ʪʝʭʥʠʢʦʡ 

ʠ ʧʩʠʭʦʣʦʛʠʝʡ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʠʩʪʝʤ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ (ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ ʠ ʪ.ʜ.) [1]. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚʳʟʚʘʥʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʛʨʝʩʩʦʤ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʀʅʉ) ï ʵʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʤʠʪʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ 

ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ɺʘʞʥʦʡ 

ʯʝʨʪʦʡ ʀʅʉ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʠʣʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ, ʥʝ ʪʨʝʙʫʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ.  
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ʈʘʙʦʪʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʨʝʦʙʨʘʟʫʝʪ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʚ 

ʚʳʭʦʜʥʦʡ ʚʝʢʪʦʨ, ʧʨʠʯʝʤ ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘʜʘʝʪʩʷ ʚʝʩʘʤʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʨʦʮʝʩʩ 

ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ: 

1. ɺʳʙʦʨ ʪʠʧʘ (ʘʨʭʠʪʝʢʪʫʨʳ) ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ; 

2. ʇʦʜʙʦʨ ʚʝʩʦʚ (ʦʙʫʯʝʥʠʝ) ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʚʳʙʠʨʘʝʤ: ʢʘʢʠʝ ʥʝʡʨʦʥʳ ʭʦʪʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ (ʯʠʩʣʦ ʚʭʦʜʦʚ, 

ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ); ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʣʝʜʫʝʪ ʩʦʝʜʠʥʠʪʴ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ; ʯʪʦ ʚʟʷʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʨʠʩ.1). 

 

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʜʦʢʘʟʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ʉʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʠ ʠʟʫʯʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ī ʵʪʦ 

ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʦʙʱʝʡ ʨʝʛʨʝʩʩʠʝʡ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʂʦʭʦʥʝʥʘ 

ʠ ʜʨʫʛʠʝ. ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʙʫʜʝʪ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɺ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʢʦʣʠʯʝʩʪʚʦ ʚʝʩʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ, 

ʧʦʵʪʦʤʫ ʦʙʫʯʝʥʠʝ ī ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʥʘʩʪʨʦʠʪʴ ʚʝʩʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ.  
ɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʦʟʥʘʯʘʝʪ ʧʨʦʮʝʜʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʚʠʣʘ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʥʘʩʪʦʡʢʠ ʚʝʩʦʚ. ʆʙʳʯʥʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʦʣʞʥʘ ʥʘʩʪʨʦʠʪʴ ʚʝʩʘ ʩʚʷʟʝʡ ʧʦ ʠʤʝʶʱʝʡʩʷ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ. ʉʚʦʡʩʪʚʦ ʩʝʪʠ ʦʙʫʯʘʪʴʩʷ ʥʘ ʧʨʠʤʝʨʘʭ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʘʚʠʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʧʘʨʘʜʠʛʤʳ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: çʩ ʫʯʠʪʝʣʝʤè, çʙʝʟ ʫʯʠʪʝʣʷè 

(ʩʘʤʦʦʙʫʯʝʥʠʝ), çʩʤʝʰʘʥʥʦʝè. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʨʘʩʧʦʣʘʛʘʝʪ ʧʨʘʚʠʣʴʥʳʤʠ 

ʦʪʚʝʪʘʤʠ (ʚʳʭʦʜʘʤʠ ʩʝʪʠ) ʥʘ ʢʘʞʜʳʡ ʚʭʦʜʥʦʡ ʧʨʠʤʝʨ. ɺʝʩʘ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʩʝʪʴ 

ʧʨʦʠʟʚʦʜʠʣʘ ʦʪʚʝʪʳ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʢ ʠʟʚʝʩʪʥʳʤ ʧʨʘʚʠʣʴʥʳʤ ʦʪʚʝʪʘʤ. ʆʙʫʯʝʥʠʝ ʙʝʟ 

ʫʯʠʪʝʣʷ ʥʝ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʥʘ ʢʘʞʜʳʡ ʧʨʠʤʝʨ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ ʠʣʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʚ ʩʠʩʪʝʤʝ 

ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʦʙʨʘʟʮʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ. ʇʨʠ ʩʤʝʰʘʥʥʦʤ ʦʙʫʯʝʥʠʠ ʯʘʩʪʴ 

ʚʝʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʫʯʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʪʘʣʴʥʘʷ ʧʦʣʫʯʘʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʦʙʫʯʝʥʠʷ. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʦʙʪʝʢʘʥʠʷ. 
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ʀʟʚʝʩʪʥʳ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʧʨʘʚʠʣ ʦʙʫʯʝʥʠʷ: ʢʦʨʨʝʢʮʠʷ ʧʦ ʦʰʠʙʢʝ, ʤʘʰʠʥʘ 

ɹʦʣʴʮʤʘʥʘ, ʧʨʘʚʠʣʦ ʍʝʙʙʘ ʠ ʦʙʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʩʦʨʝʚʥʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʡ ʠʟ 

ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ī ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ (Error Back Propagation), 

ʠʩʧʦʣʴʟʫʝʤʳʡ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʝʨʩʝʧʪʨʦʥʘ. 

 

 
ʈʠʩ.2. ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʦʙʪʝʢʘʥʠʷ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʪʝʢʘʥʠʷ ʪʝʣ ʚ ʛʠʧʝʨʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʧʨʦʚʝʜʝʥ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ɸɼʍ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʛʠʧʝʨʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ. 

ɻʝʦʤʝʪʨʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʫʩʣʦʚʥʦ ʠʤʠʪʠʨʫʝʪ ʬʦʨʤʫ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

(ɻʃɸ). ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ɸɼʍ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʄʌʊʀ ʠ 

ʎɸɻʀ ʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʘʷ ʩʝʙʷ ʜʣʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ɸɼɸʅɸʊ (ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ɸʥʘʣʠʟ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʟʜʘʥʠʷ ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʊʝʭʥʠʢʠ) 

[2]. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ɸɼɸʅɸʊ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʝʪʦʜʠʢʫ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʄʦʥʪʝ-ʂʘʨʣʦ [3,4]), ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ (ɸʈɻʆʃɸ-2), ʢʦʛʥʠʪʠʚʥʳʝ ʤʝʪʦʜʳ [5,6]. ʅʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʨʘʩʯʝʪʘ ɸɼʍ ɻʃɸ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʥʠʛʝ [7] ʧʨʦʚʦʜʠʪʩʷ ʦʙʫʯʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ.  

 
ʈʠʩ.3. ʆʙʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ Cx(a) ʩ ʧʦʤʦʱʴʶ Neuro Module21 
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ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʦʩʪʨʦʝʥʘ ʩ 4 ʚʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, 1 ʚʳʭʦʜʥʳʤ, ʩʢʨʳʪʥʳʤ ʩʣʦʷʤʠ ʠ 

ʙʦʣʝʝ 4000 ʧʘʪʪʝʨʥʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʦʡ Neuro Module21, ʢʦʪʦʨʦʡ ʨʘʟʨʘʙʦʪʘʥʦ 

ɼʦʨʦʬʝʝʚʳʤ ʥʘ ʌɸʃʊʝ. ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʚʭʦʜʦʚ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ: ʫʛʦʣ ʪʨʝʫʛʦʣʴʥʠʢʘ 

q ʦʪ 15 ʜʦ 60 ʰʘʛʦʤ 15; ʩʢʦʨʦʩʪʥʦʝ ʦʪʥʦʰʝʥʠʝ s ʦʪ 5 ʜʦ 30 ʰʘʛʦʤ 5; ʫʛʦʣ ʘʪʘʢʠ a ʦʪ - 90̄  ʜʦ 

+90̄, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ tw = Tw/T¤= 0.0001, 0.001, 0.01, 0.1, 1. ʇʦʩʣʝ ʦʙʫʯʝʥʠʷ ʧʦʣʫʯʠʣʠ 
ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ Cx c ʦʰʠʙʢʦʡ MSE/SQDEV 4% (MSE/SQDEV ï 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʚʘʨʠʘʮʠʷ ʜʘʥʥʳʭ ʥʘ ʤʥʦʞʝʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʰʠʙʢʠ) (ʈʠʩ. 3). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʠʥʪʝʨʝʩʘʭ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɻʃɸ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ɻʃɸ. 
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ʊʝʨʤʠʥ çʢʦʛʥʠʪʠʚʥʳʡè ʷʚʣʷʝʪʩʷ ʟʥʘʤʝʥʠʝʤ ʜʚʫʭ ʥʦʚʳʭ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 

ʧʩʠʭʦʣʦʛʠʠ ʠ ʥʘʫʢʝ ʦʙ ʠʥʪʝʣʣʝʢʪʝ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʢʦʛʥʠʪʠʚʥʘʷ ʧʩʠʭʦʣʦʛʠʷ ʠ ʢʦʛʥʠʪʠʚʥʘʷ ʥʘʫʢʘ. 

ʂʦʛʥʠʪʠʚʥʘʷ ʧʩʠʭʦʣʦʛʠʷ (ʧʩʠʭʦʣʦʛʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʫʧʦʜʦʙʣʷʝʪ ʤʦʟʛ ʢʦʤʧʴʶʪʝʨʫ, 

ʠʩʩʣʝʜʫʝʪ ʧʝʨʝʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʢʦʤ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʟʥʘʥʠʝ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʂʦʛʥʠʪʠʚʥʘʷ ʥʘʫʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ 

ʜʠʩʮʠʧʣʠʥ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʝʜʠʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʦʡ ʠ ʩʭʦʜʥʳʤʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʠʥʮʠʧʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ: ʧʩʠʭʦʣʦʛʠʶ, ʦʙʣʘʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʝʡʨʦʙʠʦʣʦʛʠʶ, 

ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʶ, ʣʠʥʛʚʠʩʪʠʢʫ, ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʣʦʛʠʢʫ, ʥʝʚʨʦʣʦʛʠʶ ʠ ʬʠʣʦʩʦʬʠʶ.  

ʂʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʩʧʦʩʦʙʳ ʠ ʘʣʛʦʨʠʪʤʳ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʩʫʙʲʝʢʪʦʚ, 

ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʜʘʥʥʳʝ ʦ ʧʨʦʮʝʩʩʘʭ ʧʦʟʥʘʥʠʷ, ʦʙʫʯʝʥʠʷ, ʢʦʤʤʫʥʠʢʘʮʠʠ, ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʢʦʤ, ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʡʨʦʥʘʫʢʠ, ʥʘ ʪʝʦʨʠʶ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʩʦʟʥʘʥʠʷ, ʨʷʜ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ.  
ʂʦʛʥʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʨʦʛʨʘʤʤ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʕʪʦ ʟʘʜʘʯʠ ï ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ (ʨʝʯʠ, ʩʠʛʥʘʣʦʚ, 

ʠʟʦʙʨʘʞʝʥʠʡ, ʩʮʝʥ ʠ ʪ.ʜ.), ʚʳʷʚʣʝʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ, 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʝhʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʯʝʪʢʠʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʪ.ʜ. ɹʦʣʝʝ ʧʦʣʫʚʝʢʘ ʥʘʟʘʜ 

ʦʪʮʘʤʠ ʢʠʙʝʨʥʝʪʠʢʠ ɹʦʛʜʘʥʦʚʳʤ, ɺʠʥʝʨʦʤ ʠ ʅʝʡʤʘʥʦʤ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʟʘʜʘʯʘ 

ʩʦʝʜʠʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʘ ʩ ʢʦʛʥʠʪʠʚʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʥʘʪʫʨʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʟʜʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʪʠʧʦʚ Knowledge Based 

Engineering (KBE), Computer Aided Engineering (CAE) [1]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ, ʷʚʣʷʶʱʠʝʩʷ, ʧʦ 

ʩʫʱʝʩʪʚʫ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʘ (ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʨ.), ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʦʞʠʜʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘʭʦʜʠʪʴ ʥʘʠʣʫʯʰʠʝ 

(ʨʘʮʠʦʥʘʣʴʥʳʝ) ʨʝʰʝʥʠʷ. 
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ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (Computer Aided Design, CAD) ʧʨʠ ʩʚʦʝʤ 

ʟʘʨʦʞʜʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʫʜʘ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʷʪʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ (ʨʘʟʨʘʙʦʪʢʝ ʯʝʨʪʝʞʝʡ, ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʪ.ʧ.). ʉʦʚʨʝʤʝʥʥʳʝ CAD ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

çʙʝʟʙʫʤʘʞʥʦʝè ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʦʙʲʝʢʪ 

ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʨʝʰʘʶʪʩʷ ʪʨʠ ʙʘʟʦʚʳʝ ʧʨʦʙʣʝʤʳ: 

ī ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʝʥʝʨʘʮʠʷ ʚʘʨʠʘʥʪʦʚ ʮʠʬʨʦʚʳʭ ʦʧʠʩʘʥʠʡ ʦʙʲʝʢʪʦʚ;  
ī ʧʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ ï ʚʳʯʠʩʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʧʦ ʟʘʜʘʥʥʳʤ ʮʠʬʨʦʚʦʤʫ 

ʦʧʠʩʘʥʠʶ ʦʙʲʝʢʪʘ, ʧʘʨʘʤʝʪʨʘʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʘʤ ʩʨʝʜʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

ī ʦʧʪʠʤʠʟʘʮʠʷ ī ʧʦʩʪʨʦʝʥʠʝ ʦʙʲʝʢʪʘ ʩ ʥʘʠʣʫʯʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʠʤʝʥʥʦ ʥʘ 

ʢʦʛʥʠʪʠʚʥʦʤ ʧʦʜʭʦʜʝ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʘʫʯʥʦʛʦ ʠ ʠʥʪʫʠʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ, ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ. ʇʦʩʪʨʦʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʤʦʜʝʣʠ ʬʘʢʪʠʯʝʩʢʠ ʠʤʠʪʠʨʫʶʪ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʢʦʪʦʨʦʡ 

ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ, ʪʘʢ ʠ ʩʘʤʠ ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʦʚ ʠ 

ʦʧʠʩʳʚʘʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʘ.  

ɺ ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʢʝ ʵʪʠ ʷʚʣʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʦʞʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʠ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʥʘʧʨʠʤʝʨ, ʢʨʘʝʚʳʝ 

ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ, ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʈʝʡʥʦʣʴʜʩʘ, ɹʦʣʴʮʤʘʥʘ) [3,4]. ɼʣʷ ʪʘʢʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʠʟʚʝʩʪʥʳ ʥʠ ʪʝʦʨʝʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ, 

ʥʠ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʀʩʧʦʣʴʟʫʝʤʳʝ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʢʘʢ ʩʘʤʠʭ 

ʨʘʩʯʝʪʦʚ, ʪʘʢ ʠ ʧʦʜʛʦʪʦʚʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʘ, ʠ 
ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʯʥʳʭ ʤʦʜʝʣʝʡ 

ʦʩʦʙʝʥʥʦ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʡ ʠ ʚʳʩʦʢʘ ʮʝʥʘ ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ ʨʝʰʝʥʠʷ.  

ʉʣʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʮʠʬʨʦʚʳʭ ʦʧʠʩʘʥʠʡ ʦʙʲʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, 3D-ʦʧʠʩʘʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʷʝʪ ʧʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʝʢʪʦʨʦʚ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢʠʭ ʚʝʢʪʦʨʦʚ. ʄʥʦʞʝʩʪʚʦ ʮʠʬʨʦʚʳʭ ʦʧʠʩʘʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʣʝʞʘʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʙʣʠʟʠ ʤʥʦʛʦʦʙʨʘʟʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʠ ʥʝʦʙʭʦʜʠʤʦ çʦʩʪʘʚʘʪʴʩʷè ʚʙʣʠʟʠ ʵʪʠʭ ʤʥʦʛʦʦʙʨʘʟʠʡ ʧʨʠ 

ʛʝʥʝʨʘʮʠʠ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ).  

ʉʧʝʮʠʘʣʠʩʪ ʧʦ ʢʦʛʥʠʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʰʠʨʦʢʠʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʛʣʫʙʣʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʠ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ [1]. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʥ ʜʦʣʞʝʥ ʠʤʝʪʴ ʙʘʟʦʚʳʝ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʠʤʝʪʴ ʥʘʚʳʢʠ ʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʢʝʪʘʤʠ). ʆʥ ʜʦʣʞʝʥ ʟʥʘʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʠ 
ʞʝʣʘʪʝʣʴʥʦ ʚʣʘʜʝʪʴ ʭʦʪʷ ʙʳ ʦʜʥʠʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʘʭ [5-11] ʤʦʞʥʦ 

ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʛʥʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ. 
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ʈʦʤʘʥʝʥʢʦ ɺ.ɸ. 
 

ʈʦʤʘʥʝʥʢʦ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʝʝʚʠʯ / Vladimir Alekseevich Romanenko ï ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ 

ʅʠʞʥʝʩʝʨʛʠʥʩʢʠʡ ʤʝʪʠʟʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʟʘʚʦʜ, ʛ. ʈʝʚʜʘ 

 

ɸʥʥʦʪʘʮʠʷ: ʧʦʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠʟʚʝʩʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʨʘʟʤʝʨʘʤ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʩʨʘʚʥʠʤʳʭ ʩ ʝʜʠʥʠʮʘʤʠ ʇʣʘʥʢʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʘʟʤʝʨʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. ɼʘʥʦ ʦʙʲʷʩʥʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʬʫʥʢʮʠʠ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʚʨʝʤʝʥʠ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʝʜʠʥʠʮʳ ʇʣʘʥʢʘ, ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ, ʧʦʣʝ 

ʚʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ, ʪʝʦʨʠʷ ʚʨʝʤʝʥʠ, ʧʣʘʥʢʝʦʥ. 

Keywords: interaction, Planck units, the scale factor, ʩrand unified field, theory of time, 

plankeon. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ɼʫʙʥʝ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʣʣʘʡʜʝʨʘ ʥʘ ʚʩʪʨʝʯʥʳʭ 

ʧʫʯʢʘʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ NICA ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʫʩʢʦʨʠʪʝʣʷ 
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ʥʫʢʣʦʪʨʦʥʘ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʝʨʝʭʦʜʘ ʷʜʝʨʥʦʡ ʤʘʪʝʨʠʠ ʚ ʢʚʘʨʢ-

ʛʣʶʦʥʥʫʶ ʧʣʘʟʤʫ ʠ ʩʤʝʰʘʥʥʦʡ ʬʘʟʳ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʜʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ. 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʧʝʨʚʳʝ ʵʪʘʧʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʘ ʠʤʝʥʥʦ: ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʥʩʪʘʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [1,ʩ.403, 

407]. ʄʝʪʦʜʠʢʝ ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. ʉʚʝʜʝʤ ʚʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʪʘʙʣʠʮʫ: 
ʊʘʙʣʠʮʘ 1. 

 
 ̄ ʊʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʌʦʨʤʫʣʘ ɺʝʣʠʯʠʥʘ ʇʨʠʤʝʯʘʥʠʝ 

1 ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʩ

ʝ
ʝ
>

2

=a  
å 31

7,2973535308 10
137,03599911(46)

-= ³
 ʝ-ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ 

2 ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ 

c

Gmp

gp
>

2

=a  
= 39

5,9046863 10
-

³  
pm -ʤʘʩʩʘ ʧʨʦʪʦʥʘ 

3 ʉʠʣʴʥʦʝ 

p

s

m

m

a

ln

=a

 

pmm² , 1aºī ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʩʦʨʪʦʚ 

ʢʚʘʨʢʦʚ 

å1 ʧʨʠ 
pmmº  

 

4 Cʣʘʙʦʝ 2 2

3 5

ð e
c F

m c
g

a
a= =  

5
1,065028 10

-
º ³  349

101 ʵʨʛʩʤgF

-
³=

 

ʧʦʩʪʦʷʥʥʘʷ ʌʝʨʤʠ 

5 ʉʚʝʨʭʩʠʣʴʥʦʝ 

c

g
gs
>

2

=a  
å15 g-ʟʘʨʷʜ 

ʩʚʝʨʭʩʠʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʥʠʢʘʶʪ ʚ ʢʚʘʥʪʝ ʇʣʘʥʢʘ, 

ʠʤʝʶʱʝʛʦ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ [2, ʩ.218]:  

¶ ʜʣʠʥʘ 
33

0 3
1,6160456 10

G
cʤ

c

-
= = ³ ;  

¶ ʚʨʝʤʷ 
440

0 5
5,3 10

G
c

c c
q -
= = º ³ ;  

¶ ʤʘʩʩʘ 
5

0 2,176828363 10
c

m ʛ
G

-
= = ³  

¶ ʧʣʦʪʥʦʩʪʴ 

5
930

0 3 2 3

0

5 10
m c ʛ

G ʩʤ
rº = º ³ :  ʪʝʤʧʝʨʘʪʫʨʘ 

2
320

0 10
m c

T K
k

= º  

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. 

ʀʟ ʥʠʭ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʙʠʥʘʮʠʠ ʠ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ: 

ʜʣʠʥʘ 
0

0 2

m G

c
= ;  

ʚʨʝʤʷ 
0

0 3

m G

c
q= ;  

ʵʥʝʨʛʠʷ 

2
2 190

0 0 0

0 0

10
m Gc

E m c ɻʵɺw= = = = = ; 
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 ʩʠʣʘ 

2 2 4

0 0 0
0 2

0 0 0

E m c m G c
F

G
= = = =; 

 ʧʦʩʪʦʷʥʥʘʷ  ɼʠʨʘʢʘ
27

0 0 1.05459 10
2

h
m l c ʵʨʛ ʩʝʢ

p

-
= = = Ö Ö,  

ʧʨʦʠʟʚʝʜʝʥʠʝ 
22

00 0c m l c m G= = ;  

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 
8 2 2

6,672 10 /G ʜʠʥ ʩʤ ʛ
-

= Ö Ö  

ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ ʚʳʨʘʞʝʥʠʷ 

ʤʘʩʩʳ ʇʣʘʥʢʘ ʯʝʨʝʟ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʘ ï ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʣʝʧʪʦʥʦʚ, ʠ ʢʚʘʨʢʘ ï ʧʨʝʜʩʪʘʚʠʪʝʣʷ 
ʙʘʨʠʦʥʦʚ: 

0 e e ʢʚ ʢʚm m n m n= =                      (1) 

ʛʜʝ en  - ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʘʩʩʝ ʢʚʘʥʪʘ; ʢʚn  - ʯʠʩʣʦ ʢʚʘʨʢʦʚ ʚ ʤʘʩʩʝ ʢʚʘʥʪʘ. 

ɺʳʨʘʟʠʤ ʤʘʩʩʫ ʧʨʦʪʦʥʘ ʯʝʨʝʟ ʤʘʩʩʫ ʢʚʘʨʢʦʚ ʧʦ ʬʦʨʤʫʣʝ:  

ʢʚp mm 3= , ʛʜʝ 
3

p

ʢʚ

m
m =                       (2) 

ʇʦʜʩʪʘʚʣʷʷ ʚ (1), ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: 

0
3

p

ʢʚ p p

m
m n m n= =                       (3) 

ʛʜʝ 
3

ʢʚ
p

n
n =  ʯʠʩʣʦ ʧʨʦʪʦʥʦʚ ʚ ʤʘʩʩʝ ʢʚʘʥʪʘ. 

ʉ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʧʨʝʦʙʨʘʟʫʝʤ ʬʦʨʤʫʣʫ ʢʦʥʩʪʘʥʪʳ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ ʌʝʨʤʠ: 
2 22 2 2 23 2

0 0 2 2

022 2 3 4

3 00

2

( ) ( )( )( ) c p c pc c
F W

p

p

m G n n m Gc
g c N c

m c m c cm
c

n

a aa a
= = = = =                        (4) 

ʛʜʝ 
22

pcW nN a=  ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ. 

ʉ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʦʛʦ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ʬʦʨʤʫʣʘ ʜʣʷ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ: 
2 2 2

2

22

0
22

W W W
c W gp

p

pp

N N N
N

cm Gn

m Gm G

a a= = = =
                       (5)

  

ʛʜʝ 

2 2

2 2

0

1 p p

gp

p

m G m

n c m
a = = =  - ʢʦʥʩʪʘʥʪʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʧʨʦʪʦʥʘ. 

ʊ.ʦ. ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʤʘʩʰʪʘʙʘ ʤʝʞʜʫ ʩʣʘʙʳʤ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ: 

22

pc

gp

c
W nN a
a

a
==                          (6) 
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ʉʚʷʞʝʤ ʢʦʥʩʪʘʥʪʫ ʩʣʘʙʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʝʨʝʟ 

ʵʤʧʠʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ, ʧʨʠʚʝʜʝʥʥʫʶ ʚ ʪʘʙʣʠʮʝ1: 
2 3 2

5(7,2973535308 10 )
1,065028 10

5 5

e
c

a
a

-
-³

= = = ³           (7) 

ʆʧʨʝʜʝʣʠʤ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ:  
5

2 33

39

1,065028 10
1,803699546 10

5,9046863 10

c
W

gp

N
a

a

-

-

³
= = = ³

³
            (8) 

ɺʳʨʘʟʠʤ ʝʛʦ ʯʝʨʝʟ ʠʟʚʝʩʪʥʫʶ ʜʣʠʥʫ ʇʣʘʥʢʘ: 

2 32

33

0

[1 ] [1 ]
6,1879442 10

1,6160456 10
W

ʩʤ ʩʤ
N

ʩʤ-
º º º ³

³
 

ʂʘʢ ʚʠʜʠʤ, ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ ʙʣʠʟʦʢ ʦʙʨʘʪʥʦʡ ʜʣʠʥʝ ʇʣʘʥʢʘ. 

ʏʪʦʙʳ ʪʦʯʥʦ ʚʳʨʘʟʠʪʴ ʝʛʦ ʯʝʨʝʟ ʵʪʫ ʚʝʣʠʯʠʥʫ ʚʚʝʜʝʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʬʫʥʢʮʠʶ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʣʠʥʳ ʇʣʘʥʢʘ: 

0

b

ʢl e-=                      (9) 

ʠ ʧʨʠʨʘʚʥʷʝʤ ʝʝ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʝ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ: 

[ ]
1 0 2

1
b

ʢ

W

cʤ
l e

N

-
= =   

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ b : 

 

[ ]

2
33 330ln ln(1,6160456 10 1,803699546 10 ) ln 2,91486075 1,069822037

1

WN
b

cʤ

-= = ³ ³ ³ = =    (10) 

ɼʘʜʠʤ ʝʱʝ ʦʜʥʦ ʚʳʨʘʞʝʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʤʘʩʰʪʘʙʥʦʤʫ ʬʘʢʪʦʨʫ: 
3 28

2 33

39 25

7,29735308 10 9,1093897 10
2,0192073 10

5,9046863 10 5,5754103 10

e e
W

gp ʢʚ

m
N

m

a
e

a

- -

- -

³ ³
= = ³ = ³

³ ³
      (11) 

ʛʜʝ 
24

251,6726231 10
5,5754103 10

3
ʢʚm ʛ

-
-³

= = ³  - ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʢʚʘʨʢʘ      (12) 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ: 
33

2 33

2,0192073 10
1,1194806

1,8037 10

e e

gp ʢʚ W

m

m N

a
e
a

³
= = =

³
              (13) 

ɽʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʥʩʪʘʥʪʦʡ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʤ. ʪʘʙʣ.1), ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ 

ʬʦʨʤʫʣʝ: 

1 1
1,1194806

0,8932714
ln

s

p

m

m

e a= = = =
                (14) 

ʛʜʝ 
0,8932714 2,443115331p pm m e m= = . 

ʊ.ʦ. ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʚʠʜʝ: 

segp

ʢʚe

sʢʚgp

ee
W

n

n

m

m
N

aa

a

aa

a
==2

                   (15) 
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ʇʦʣʫʯʝʥʥʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʨʠʪʝʨʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʅʘ 

ʠʭ ʦʩʥʦʚʝ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʠʭ ʦʙʲʝʜʠʥʝʥʠʶ ʚ ʝʜʠʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʧʨʝʜʝʣʘʭ ʧʣʘʥʢʦʚʩʢʦʛʦ ʢʚʘʥʪʘ ʜʣʠʥʳ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʚʠʜ: 

[ ]2 2

0

1
be ʢʚ c

W c p

gp e s gp

ʩʤn
N n e

n

a a
a

a a a
= = = =  (ʘ); 

e

c

se

ʢʚ

n

n

a

a

a
=  (ʙ)          (16) 

 
5

2

e
c

a
a =  (ʚ) 

3

ʢʚ
p

n
n =  (ʛ) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (ʘ) ʥʘʭʦʜʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʪʦʥʦʚ ʩ ʫʯʸʪʦʤ (ʚ) ʠ (ʛ): 

3
5

5
2

22

ʢʚ

e

W

e

W

c

W
p

nNNN
n ====

aaa
               (17) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (ʘ) ʥʘʭʦʜʠʤ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʠʩʧʦʣʴʟʫʷ (17): 

2 2

3 5 3 5e ʢʚ W e
e

Wgp W s gp s e gp W s

n N
n

N N N

a a

a a a a a a a
= = =        

ɺʳʨʘʞʘʝʤ ʢʚʘʜʨʘʪ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʢʦʥʩʪʘʥʪʫ ʜʣʷ ʵʣʝʢʪʨʦʥʘ: 
2 5 2 2

2 22 2 440

2 2 28 2

1 (2,176828363 10 )
(2,389653352 10 ) 5,71044314 10

(9,1093897 10 )
e

e e ge

m G c ʛ
n

m G m G ʛa

-

-

³
= = = = = Ö = Ö

³
  ( 18) 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʦʥʩʪʘʥʪʘ ʜʣʷ ʧʨʦʪʦʥʘ ʧʨʠʤʝʥʝʥʘ ʚ ʬʦʨʤʫʣʝ (5):  
2 5 2 2

2 19 2 380

2 2 24 2

1 (2,176828363 10 )
(1,301463807 10 ) 1,69380804 10

(1,6726 10 )
p

p p gp

m G c ʛ
n

m G m G ʛa

-

-

Ö
= = = = = Ö = Ö

Ö
 

ɺʳʨʘʞʘʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʯʝʨʝʟ ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ: 

[ ]
2 2

2

022

0

11

3 5 3 5

gp s gp s b

ge W

e

ʩʤ
N e

n

a a a a
a

å õ å õ
= = =æ ö æ ö

ç ÷ ç ÷
             (19) 

[ ]

2 2

0

2 2

1

5 5 1

b

e e
gp

p W

e

n N ʩʤ

a a
a

-

= = =                     (20) 

ʂʘʢ ʚʠʜʠʤ, ʦʥʠ ʩʦʜʝʨʞʘʪ ʚʦʟʨʘʩʪʘʶʱʫʶ ʠ ʫʙʳʚʘʶʱʫʶ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. 

[ ]

2

0 2

2 0 02
45

( ) 1 [1 ]

geb

ʢ

gp s

ɸ
l e

ʩʤ ʩʤ

a

a a
= = =                 

(21) 

ʛʜʝ 2ʢl - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʪʝʤʧʘ (ʧʨʘʚʦʝ 

ʚʨʘʱʝʥʠʝ); 

2
)(

45
sgp

ge
A

aa

a
=  - ʢʦʵʬʬʠʮʠʝʥʪ;                  (22) 

[ ] [ ]
[ ]

1 0 2 2

5 1
1 1 [1 ]

gp gpb

ʢ

e c W

cʤ
l e ʩʤ ʩʤ ɺ ʩʤ

N

a a

a a

-
= = = = =             (23) 

ʛʜʝ 1ʢl - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʫʙʳʚʘʶʱʝʛʦ ʪʝʤʧʘ (ʣʝʚʦʝ ʚʨʘʱʝʥʠʝ); 
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2 2

5 1gp gp

e c W

ɺ
N

a a

a a
= = =                      (24)  

ʂʘʢ ʚʠʜʥʦ ʠʟ (21), ʵʣʝʢʪʨʦʥ, ʷʚʣʷʶʱʠʡʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʣʝʧʪʦʥʦʚ, ʟʘʨʦʞʜʘʝʪʩʷ ʚ ʧʦʪʦʢʝ ʩ 

ʧʨʘʚʳʤ ʚʨʘʱʝʥʠʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʪʦʥ (ʩʤ. (23)), ʷʚʣʷʶʱʠʡʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʚʘʨʢʦʚ - 

ʚ ʧʦʪʦʢʝ ʩ ʣʝʚʳʤ ʚʨʘʱʝʥʠʝʤ. ʇʦʜ ʧʦʪʦʢʘʤʠ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʧʦʪʦʢʠ ʚʨʝʤʝʥʠ. 
ʋʤʥʦʞʘʷ (21) ʥʘ (23), ʧʦʣʫʯʘʝʤ: 

2 2 2

2 1 0 0 0 0 0[1 ]
[1 ]

b b

ʢ ʢ

ɸ
l l e e ɺ ʩʤ ɸ ɺ

ʩʤ

-Ö = = = Ö = Ö Ö          (25) 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ ʩʚʷʟʴ: 
2 2

0 0ɸ ɺ= Ö Ö ʠʣʠ 1 ɸ ɺ= Ö                   (26) 

ʈʘʩʩʤʦʪʨʠʤ ʦʪʥʦʰʝʥʠʝ ʦʙʝʠʭ ʢʦʦʨʜʠʥʘʪ: 
2 2 2

20 01 1

2 2

2 0 0 0

b b
bʢ ʢ

b

ʢ

e el l
e

l e

- -
-

= = = = 

ʀʟ ʥʝʛʦ ʩʣʝʜʫʝʪ: 
3 22

2 2 2 2 21
1 0 0 2

2 22
0 2

5[1 ] [1 ]
[1 ] [1 ]

9
45

[1 ] ( )

gp gp sʢ
ʢ

geʢ e ge
e

gp s

l ɺ ʩʤ ɺ ʩʤ
l ʩʤ ʩʤ

ɸl ɸ

ʩʤ

a a a

a a a
a

a a

= = = = =

Ö

  (27)  

ʇʫʪʝʤ ʩʣʦʞʝʥʠʷ ʦʙʝʠʭ ʬʫʥʢʮʠʡ ʧʦʣʫʯʘʝʤ ʬʫʥʢʮʠʶ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʢʦʩʠʥʫʩʘ: 

20 0
2 1 0 0

( )
2 2 [1 ]

2 [1 ]

b b

ʢ ʢ

e e A
l l chb B ʩʤ

ʩʤ

-
+

+ = = = +          (28) 

ʇʨʝʦʙʨʘʟʦʚʳʚʘʝʤ ʧʦʣʫʯʝʥʥʫʶ ʬʫʥʢʮʠʶ ʢ ʢʚʘʜʨʘʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʘʥʢʦʚʩʢʦʡ ʜʣʠʥʳ: 

2 2

0 02 [1 ] [1 ] 0
chb B

ʩʤ ʩʤ
A A

- + =                 (29) 

ɺʚʦʜʠʤ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʧʘʜʘʶʱʝʛʦ ʚʝʢʪʦʨʘ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʣʷ ʚʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ: 

[ ]
2 2

[1 ] 1
45

gp s

GU GU

ge

chb
ʩt L ʩʤ ʩʤ chb

A

a a

a
¡¡= = =                 (30) 

ʠ ʢʚʘʜʨʘʪʘ ʧʝʨʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʧʦʣʫʯʝʥʥʦʡ ʚʳʰʝ (ʩʤ. (23)): 

[ ]
3 22

22

1 2

[1 ]
1

9

gp s

ʢ

e ge

B ʩʤ
l ʩʤ

A

a a

a a
= =                    (31) 

ʉ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ (29) ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
22

0 0 12 0GU ʢL l- + = 

 

ʆʪʢʫʜʘ: 
2 22

0 1 0 1

0 02 2 2

ʢ ʢ
GU

l l
L

+
= = +                         (32)  

ʊ.ʢ. 1 0

b

ʢl e-= , ʪʦ, ʧʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʘʝʤ: 
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22 2 2 2

0 1 0 0
0 1

0 02 2 2

b b b
bʢ

GU ʢ

l e e e
L e l chb

- -
-+ + +

= = = =           (33) 

ʇʨʠʨʘʚʥʠʚʘʷ ʦʙʦʟʥʘʯʝʥʠʶ (30), ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ: 

1 [1 ]GU ʢ

chb
L l chb ʩʤ

A
= =        

ʀʟ ʥʝʛʦ ʥʘʭʦʜʠʤ 1ʢl  ʩ ʫʯʝʪʦʤ (31):  

[ ]2 2

1

1[1 ]
[1 ]

45

gp sGU
ʢ

ge

ʩʤL ʩʤ ɺ
l ʩʤ

chb ɸ ɸ

a a

a
= = = =                     (34) 

ʀʟ ʚʳʨʘʞʝʥʠʷ ʩʣʝʜʫʝʪ ʬʦʨʤʫʣʘ ʩʚʷʟʠ (II.26): 

ɸɺ=1  ʠʣʠ ɸɺ=1         

ɿʘʧʠʰʝʤ ʚ ʚʠʜʝ (23) ʠ ʧʨʠʨʘʚʥʷʝʤ (32):  

1 0

[1 ]
[1 ]

b

ʢ

ʩʤ
l e ɺ ʩʤ

ɸ

-
= = =  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʦʚʴ ʧʨʠʭʦʜʠʤ ʢ ʧʨʦʠʟʚʝʜʝʥʠʶ, ʨʘʚʥʦʤʫ ʝʜʠʥʠʮʝ, ʪ.ʝ. (26). 

ʊ.ʦ. ʠʤʝʝʤ ʜʚʦʡʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ 1ʢl . ɺʳʨʘʟʠʤ ʝʛʦ ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: 

[ ]
[ ]

2 2 3/2

1

1
1

45 3

gp s gp s

ʢ

ge e ge

ʩʤ
l ʩʤ
a a a a

a a a
= =                   (35) 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʭʦʜʠʤ ʜʨʫʛʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʥʩʪʘʥʪʳ sa : 

gp

ge

e

gs

gp

ge

e

s
a

a

a

a

a

a

a
a ==

15
                    (36) 

ʛʜʝ 15=gsa  ʝʩʪʴ ʢʦʥʩʪʘʥʪʘ ʩʚʝʨʭʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʤ. ʪʘʙʣ.1). 

ʀʟ (16) ʥʘʭʦʜʠʤ:   

gp

ge

c

e

ce

ep

ec

ʢʚe
s

n

n

n

n

a

a

a

a

a

a

a

a
a 33 ===                    (37) 

ʆʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʧʝʨʚʦʝ ʧʨʠ 
5

2

e
c

a
a = (ʩʤ. (7)). 

ʀʟ (34) ʥʘʭʦʜʠʤ ʚʳʨʘʞʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʩʚʝʨʭʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʜʨʫʛʠʝ 

ʢʦʥʩʪʘʥʪʳ: 

ge

gp

esgs
a

a
aaa =                                                                                                                         

                     

ʇʦ ʥʘʡʜʝʥʥʳʤ ʚʳʨʘʞʝʥʠʷʤ (30) ʠ (34) ʥʘʭʦʜʠʤ ʯʠʩʣʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ: 
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[ ]
2 2 39 2 2

44

34 0
0

0

(5,9046863 10 ) 1,1194806
1 5,71044314 10 1,62896

45 45

9,032220285 10 0,5589087514

gp s

GU

ge

L ʩʤ chb

ʩʤ

a a

a

-

-

Ö Ö
= = Ö Ö Ö =

= Ö =

        (39) 

1 0 00,343077126
bGU

ʢ

L
l e

chb

-
= = = ,                      (40) 

ʛʜʝ 62896,1=chb  ʜʣʷ 1,0698b=  ʠʟ (10). 

ʊ.ʢ. 1 1ʢl < , ʪʦ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 1ʢl ʠ GUL  ʚ ʚʠʜʝ 

ʩʠʥʫʩʘ ʫʛʣʘ: 

1 0,343077126
sin 0,613833877

0,5589087514

ʢ
GU

GU

l

L
q= = =                        (41) 

37,867j=  ̄                     (42) 

ʕʪʦʪ ʫʛʦʣ ʷʚʣʷʝʪʩʷ ʫʛʣʦʤ ɺʘʡʥʙʝʨʛʘ ʜʣʷ ʧʦʣʷ ɺʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ, ʥʘʭʦʜʠʤʦʛʦ ʠʟ 

ʫʩʣʦʚʠʷ [3, ʩ.99]: 

2( ) 3
sin

8

em
GU

GU

qa
q

a
= =  ʠʣʠ 

3
sin 0,612372435

8
WGUq = =          (42) 

ʂʘʢ ʚʠʜʠʤ, ʫʛʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʅʝʩʦʚʧʘʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʵʤʧʠʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʨʦʚʳʭ ʢʦʥʩʪʘʥʪ. 

ʇʦ ʟʥʘʯʝʥʠʶ ʢʚʘʜʨʘʪʘ ʩʠʥʫʩʘ ʦʙʲʝʜʠʥʠʤ ʚʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʧʦʣʝ ʚʝʣʠʢʦʛʦ 

ʦʙʲʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ (31) ʠ ʢʚʘʜʨʘʪ (30): 

ʇʦʣʫʯʘʝʤ:     

[ ]

[ ]

3 2
2

2 3 2 2 2 22
2 1

2 22 2 4 4 2 2 2 2 2 2 2

2

1
9 45 225( )

sin
9

( 1 )
45

gp s

e ge gp s ge ge gs geem ʢ
GU

gp sGU GU e ge gp s e gp s e gp s

ge

ʩʤ
q l

L chb chb chb
ʩʤ chb

a a

a a a a a a a aa
q

a aa a a a a a a a a a a

a

= = = = = =  

ʆʪʢʫʜʘ: 
2 2 2 2 2

2 2 2
( ) ( )

sin

e gp s e gp s

GU em em

gs ge gs ge W

chb
q q

a a a a a a
a a a

a a a a q
= =                      (43) 

ʛʜʝ 
1

sin W

chb
q

= , 

2 2

2
1

e gp s

gs ge

a a a

a a
=  

ɽʜʠʥʠʯʥʦʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʯʝʨʝʟ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʢʦʥʩʪʘʥʪʫ ʜʣʷ ʧʨʦʪʦʥʘ 

ʚ ʚʠʜʝ: 
2

2 2

gs

gp ge

e s

a
a a

a a
=                        (44) 

ʀʟ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʩʩʫ ʧʨʦʪʦʥʘ, ʚʳʨʘʞʝʥʥʫʶ ʯʝʨʝʟ ʤʘʩʩʫ ʵʣʝʢʪʨʦʥʘ. ɼʣʷ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ ʠʟʚʣʝʯʴ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʦʙʝʠʭ ʯʘʩʪʝʡ: 
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gs

gp ge

e s

a
a a

aa
=  ʠʣʠ 

g

p

e s

e

s
m m

a

aa
=                   (45) 

 

ʀʟ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʥʩʪʘʥʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ (38) ʜʣʷ gsa ī ʢʦʥʩʪʘʥʪʳ 

ʩʚʝʨʭʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʇʦʢʘʞʝʤ, ʯʪʦ ʦʙʣʘʩʪʴ, ʛʜʝ ʚʦʟʥʠʢʘʝʪ ʧʦʣʝ ʚʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʣʝʚʦʡ 

ʧʘʨʘʙʦʣʳ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ (33): 
2 2 2

0 1 0 1

0 02 2 2

ʢ ʢ
GU

l l
L

+
= = +  

ɽʩʣʠ ʝʛʦ ʨʝʰʠʪʴ ʢʘʢ  ʢʚʘʜʨʘʪʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 0, ʪʦ ʧʨʠʭʦʜʠʤ ʢ ʚʠʜʫ: 

2 2 2

0 1( ) ( )GU ʢ GUL l L- + =                    (46) 

ɼʣʷ ʜʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥʘ ʢʦʦʨʜʠʥʘʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʢ ʢs ct= . 

ʊʦʛʜʘ ʦʥʦ ʧʨʠʤʝʪ ʚʠʜ: 
2 2 2

1ʢ ʢ GUs l L+ =  

ʛʜʝ 0ʢ GUs L- = -  ʠʣʠ 0GU ʢL s= +                 (47) 

ɺʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʚʦʜʠʪ ʢ ʬʫʥʢʮʠʠ ʣʝʚʦʡ ʧʘʨʘʙʦʣʳ, ʩʤʝʱʝʥʥʦʡ ʚʣʝʚʦ ʥʘ 
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ʇʦʣʫʯʝʥʠʝ ʪʘʢʦʡ ʬʫʥʢʮʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʩʦʟʜʘʥʠʝ ʪʝʦʨʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʩʘʤʦʡ ɺʩʝʣʝʥʥʦʡ. ʊʘʢʘʷ ʪʝʦʨʠʷ ʩʦʟʜʘʥʘ ʘʚʪʦʨʦʤ. ʉʦʦʪʚʝʪʩʪʚʠʝ 

ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ  ʝʩʪʴ  ʢʨʠʪʝʨʠʡ ʠʩʪʠʥʳ. 

ʂʦʨʦʪʢʦ ʦ ʪʝʦʨʠʠ. ʕʪʦ ʪʝʦʨʠʷ ʚʨʝʤʝʥʠ. ɽʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʷʚʣʷʶʪʩʷ ʜʫʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ: ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ. ʇʝʨʚʦʝ ʦʧʠʩʳʚʘʝʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ ʚ ʢʦʥʪʠʥʫʫʤʝ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʣʘʩʪʝʡ ʩ 

ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʩʨʘʚʥʠʤʳʭ ʩ ʦʙʣʘʩʪʴʶ ʇʣʘʥʢʘ. ɺʪʦʨʦʝ 

ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʘʥʪʠʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ ʚ ʢʦʥʪʠʥʫʫʤʝ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʦʙʣʘʩʪʝʡ ʩ ʥʝʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʥʘʯʠʥʘʷ ʩ ʦʙʣʘʩʪʠ 

ʇʣʘʥʢʘ. ɺʳʚʦʜ ʫʨʘʚʥʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʥʘʠʙʦʣʝʝ ʦʙʱʠʡ 
ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦ ʚʨʝʤʝʥʠ, ʢʘʢ ʩʢʘʣʷʨʥʦʤ ʧʦʣʝ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʦʜʥʦʤ 

ʝʜʠʥʩʪʚʝʥʥʦʤ ʧʦʩʪʫʣʘʪʝ ʪʝʦʨʠʠ ʚʨʝʤʝʥʠ. ʊʨʝʪʠʡ ʩʧʦʩʦʙ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʫʨʘʚʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʘʚʪʦʨʩʢʦʡ  ʪʝʦʨʠʠ ʚʘʢʫʫʤʘ. ʅʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʚʦʜ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ (48).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʵʪʘʧʦʤ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʠʨʦʜʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʦʧʠʩʳʚʘʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʥʪʘ ʇʣʘʥʢʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʣʘʥʢʝʦʥʦʤ. 

ʇʣʘʥʢʝʦʥʳ ʷʚʣʷʶʪʩʷ ʭʨʦʥʦʯʘʩʪʠʮʘʤʠ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʚ ʘʙʩʦʣʶʪʥʦʡ ʧʫʩʪʦʪʝ 

ʠ ʷʚʣʷʶʱʠʤʠʩʷ ʛʘʨʘʥʪʘʤʠ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ çʢʦʢʦʥʳè ʚʨʝʤʝʥʠ 

ʠʣʠ ʤʠʢʨʦ ʯʝʨʥʳʝ ʜʳʨʳ. ʂʘʞʜʳʡ çʢʦʢʦʥè ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʫʙʩʪʘʥʮʠʶ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʣʦʝʚ ʭʨʦʥʦʥʦʚ ʠ ʛʨʘʚʠʪʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʠʣʦʚʦʤ ʨʘʚʥʦʚʝʩʠʠ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʚ ʯʝʨʥʦʡ ʜʳʨʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʭʨʦʥʦʥʳ, 
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ʷʚʣʷʷʩʴ ʯʘʩʪʠʮʘʤʠ ʚʨʝʤʝʥʠ,  ʚʨʘʱʘʶʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʷʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ 

ʮʝʥʪʨʘʭ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʛʨʘʚʠʪʦʥʳ. ɻʨʘʚʠʪʦʥʳ ʷʚʣʷʶʪʩʷ ʚʘʢʫʫʤʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ 

ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʙʨʘʪʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʪʷʞʝʥʠʶ. ʇʣʘʥʢʝʦʥ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ ʩ ʨʘʜʠʫʩʦʤ ʠ ʜʣʠʥʦʡ, ʨʘʚʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʜʣʠʥʝ 

ʇʣʘʥʢʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣ, ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʰʥʝʝ 

ʠʩʢʨʠʚʣʝʥʠʝ ʮʠʣʠʥʜʨʘ ʚ ʚʠʜʝ ʣʝʚʦʡ ʧʘʨʘʙʦʣʳ, ʦʧʠʩʳʚʘʝʤʦʡ (48). ʕʪʦ ʠʩʢʨʠʚʣʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʠ ʧʣʘʥʢʝʦʥʘ. ʉ ʢʘʞʜʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩʚʦʡ ʚʝʢʪʦʨ ʚʨʝʤʝʥʠ. ʆʙʘ ʚʝʢʪʦʨʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳ ʠ 

ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʛʣʳ ʠ ʤʦʜʫʣʠ ʚ ʧʣʘʥʢʝʦʥʝ. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʛʨʘʚʠʪʦʥʦʚ ʚʦʟʤʦʞʥʦ ʩ 
ʧʦʤʦʱʴʶ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʜʫʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʣʘʥʢʝʦʥ ʩʪʘʣ ʥʝʩʪʘʙʠʣʴʥʳʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʦʥ ʚʩʪʨʝʪʠʣʩʷ ʩ 

ʭʨʦʥʦʯʘʩʪʠʮʝʡ ʚʪʦʨʦʛʦ ʪʠʧʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʨʝʤʝʥʥʘʷ ʠʥʚʝʨʩʠʷ 

ʛʨʘʚʠʪʦʥʦʚ. ʆʥʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʘʥʪʠʛʨʘʚʠʪʦʥʳ, ʪ.ʝ. ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʜʚʠʞʝʥʠʝ 

ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʝʤʝʥʠ. ʀʭ ʦʧʠʩʘʥʠʝ ʥʘʯʠʥʘʝʪ ʧʦʜʯʠʥʷʪʴʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ 

ʜʫʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʘʥʪʠʛʨʘʚʠʪʦʥʦʚ, ʭʨʦʥʦʥʳ ʥʘʯʠʥʘʶʪ ʧʝʨʝʭʦʜʠʪʴ ʩ 

ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʜʨʫʛʦʡ ʩ ʠʩʧʫʩʢʘʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ.  

 ʉʘʤʳʤ ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ. ʍʨʦʥʦʥʳ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʥʘ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ, ʠʩʧʫʩʢʘʶʪ ʧʦʪʦʢ ʪʷʞʝʣʳʭ ʬʦʪʦʥʦʚ. ʇʦʪʦʢ ʜʚʠʞʝʪʩʷ ʚ ʚʠʜʝ 

ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʧʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʦʛʦ  ʫʨʦʚʥʷ ʧʣʘʥʢʝʦʥʘ. ɼʦʩʪʠʛʥʫʚ ʝʛʦ 

ʚʨʝʤʝʥʥʦʡ ʛʨʘʥʠʮʳ, ʧʦʪʦʢ ʧʝʨʝʭʦʜʠʪ ʚ ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʚʥʫʪʨʝʥʥʝʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʦʪʨʘʞʘʝʪʩʷ ʚ ʝʝ ʬʦʢʫʩ ʚ ʚʠʜʝ ʜʚʫʭ ʣʫʯʝʡ. ʇʝʨʚʳʡ ʣʫʯ ʥʘʭʦʜʠʪʩʷ ʩʚʝʨʭʫ ʠ 

ʥʝʩʝʪ ʚ ʩʝʙʝ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ. ɺʪʦʨʦʡ ʣʫʯ ʥʘʭʦʜʠʪʩʷ ʩʥʠʟʫ ʠ ʥʝʩʝʪ ʚ ʩʝʙʝ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ. ɺ ʬʦʢʫʩʝ ʵʥʝʨʛʠʠ ʣʫʯʝʡ ʩʣʠʚʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ 

ʵʥʝʨʛʠʶ, ʜʚʠʞʫʱʫʶʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʜʦʩʪʠʛʘʶʱʫʶ 

ʚʝʨʰʠʥʳ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʬʦʢʫʩʘ ʣʝʚʦʡ 

ʧʘʨʘʙʦʣʳ. ʇʦʵʪʦʤʫ ʚ ʚʝʨʰʠʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʚʦʝʥʠʝ ʵʥʝʨʛʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʠ 
ʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʚʠʜʝ ʢʦʥʫʩʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ ʣʝʚʦʡ ʧʘʨʘʙʦʣʳ. ɺ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʧʦʪʦʢ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʧʦʣʷ ʚʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʩ ʫʛʣʦʤ  ʥʘʢʣʦʥʘ 

ʦʙʨʘʟʫʶʱʝʡ, ʨʘʚʥʦʡ ʫʛʣʫ ɺʘʡʥʙʝʨʛʘ. ʂʦʥʠʯʝʩʢʠʡ ʧʦʪʦʢ, ʜʦʩʪʠʛʥʫʚ ʣʝʚʦʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (48), ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʥʝʝ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʷʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʩʠ ʚʨʝʤʝʥʠ ʠ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʨʘʙʦʣʳ ʚ ʜʚʫʭ ʪʦʯʢʘʭ. ɺ ʪʦʯʢʘʭ 

ʢʦʥʪʘʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʥʦʚʴ ʦʪʨʘʞʝʥʠʝ ʧʦʪʦʢʘ ʚ ʝʝ ʬʦʢʫʩ ʚ ʚʠʜʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʡ. ɺ ʬʦʢʫʩʝ ʵʪʠ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʷʪ ʚ ʘʥʪʠʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ, 

ʢʦʪʦʨʘʷ  ʜʚʠʞʝʪʩʷ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʝʤʝʥʠ ʚ ʪʦʯʢʫ bī ʮʝʥʪʨʘ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ 
ʚʘʢʫʫʤʥʦʡ ʵʥʝʨʛʠʠ ʚʥʫʪʨʝʥʥʝʡ ʧʘʨʘʙʦʣʳ. ʅʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʦʤ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʧʣʘʥʢʝʦʥʘ ʥʘ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ. 

 ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʢʘʨʪʠʥʘ ʚʠʜʦʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

 ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʣʫʯʠ, ʚʭʦʜʷʱʠʝ ʚ ʬʦʢʫʩ ʠ ʚʳʭʦʜʷʱʠʝ ʠʟ ʥʝʛʦ ʚ 

ʪʦʯʢʫ b, ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ ʜʚʫʭ ʜʨʫʛʠʭ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ 

ʚʝʢʪʦʨʦʚ. ʆʥʠ ʚʭʦʜʷʪ ʚ ʪʦʯʢʫ ʠ ʚʳʭʦʜʷʪ ʠʟ ʥʝʝ ʧʦʜ ʫʛʣʘʤʠ ɺʘʡʥʙʝʨʛʘ ʜʣʷ ʵʣʝʢʪʨʦʩʣʘʙʦʛʦ 

ʧʦʣʷ ʠ ʧʦʢʘʟʘʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ.    
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ʈʠʩ.1. ʅʘʯʘʣʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʝʨʠʠ ʠ ʚʨʝʤʝʥʠ ʚ ʧʣʘʥʢʝʦʥʝ 

 

ɺ ʮʝʥʪʨʝ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ ʚʘʢʫʫʤʥʦʡ ʵʥʝʨʛʠʠ ʩʣʠʷʥʠʝ ʵʥʝʨʛʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʧʦʪʦʢʘ ʭʨʦʥʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʳʡ 

ʵʪʘʧ ʨʘʩʰʠʨʝʥʠʷ ʧʣʘʥʢʝʦʥʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʞʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʦʚ. 

ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʟʘʢʦʥʦʤʝʨʥʳʤ ʧʫʪʝʤ ʚʳʪʝʢʘʝʪ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʨʝʤʝʥʠ, 

ʧʨʠʤʝʥʸʥʥʦʡ ʢ ʥʘʯʘʣʫ ʦʙʨʘʟʦʚʘʥʠʷ ɺʩʝʣʝʥʥʦʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆʙ ʦʜʥʦʤ ʘʣʛʦʨʠʪʤʝ, ʥʝ ʩʦʛʣʘʩʫʶʱʝʤʩʷ ʩ ʪʝʟʠʩʘʤʠ 

ʊʴʶʨʠʥʛʘ, ʏʝʨʯʘ ʠ ʄʘʨʢʦʚʘ 

ʂʦʯʢʘʨʝʚ ɹ.ʉ. 
 

ʂʦʯʢʘʨʝʚ ɹʘʛʨʘʤ ʉʠʙʛʘʪʫʣʣʦʚʠʯ / Kochkarev Bagram Sibgatullovich ï ʢʘʬʝʜʨʘ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
ʀʠʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʠʤʝʥʠ ʅ.ʀ.ʃʦʙʘʯʝʚʩʢʦʛʦ ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 
ɸʥʥʦʪʘʮʠʷ: ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʧʨʦʙʣʝʤʘ ʠʟ ʧʝʨʝʯʠʩʣʠʪʝʣʴʥʦʡ ʢʦʤʙʠʥʘʪʦʨʠʢʠ ʠ ʩʪʨʦʠʪʩʷ 

ʘʣʛʦʨʠʪʤ ʝʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʪʚʝʨʛʘʝʪ ʪʝʟʠʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤʘʣʴʥʳʭ 

ʧʦʥʷʪʠʡ ʘʣʛʦʨʠʪʤʘ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʚʳʷʩʥʝʥʘ ʧʨʠʨʦʜʘ NP ʧʦʣʥʳʭ ʧʨʦʙʣʝʤ. 

Abstract: formulated the problem of enumerative combinatorics and construct an algorithm for its 

solution that rejects the corresponding abstract formal algorithms. In paper discovered also the 

nature of NPC problems. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʯʠʩʣʦ, ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ 

ʤʥʦʞʝʩʪʚʦ, ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ. 

Keywords: combinatory set, combinatory number, polynomial set, polynomial algorithm. 

 
ʋɼʂ 539.182: 535.33 

 

ɺ 30-ʭ ʠ 40-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ɸʥʛʣʠʠ, ʉʐɸ ʠ ʚ ʉʉʉʈ ʤʘʪʝʤʘʪʠʢʠ 

ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʠʥʪʫʠʪʠʚʥʦʝ ʧʦʥʷʪʠʝ ʘʣʛʦʨʠʪʤʘ. ɺ ɸʥʛʣʠʠ ɸ. 

ʊʴʶʨʠʥʛ ʚ 1937 ʛʦʜʫ ʚʚʝʣ ʧʦʥʷʪʠʝ ʤʘʰʠʥʳ, ʧʦʟʜʥʝʝ ʥʘʟʚʘʥʥʦʡ ʝʛʦ ʠʤʝʥʝʤ, ʚ ʉʐɸ ʚ 30-ʭ ï 

40-ʭ ʛʦʜʘʭ ʏʝʨʯ, ʂʣʠʥʠ ʠ ʇʦʩʪ ʚʚʝʣʠ ʧʦʥʷʪʠʝ ʨʝʢʫʨʩʠʚʥʦʡ ʬʫʥʢʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʚʳʯʠʩʣʠʤʦʩʪʠ ʠ, ʥʘʢʦʥʝʮ, ʚ ʢʦʥʮʝ 40-ʭ ʠ ʥʘʯʘʣʝ 50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʉʉʉʈ ɸ.ɸ. 

ʄʘʨʢʦʚ ʚʚʝʣ ʧʦʥʷʪʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʠʣʠ ʘʣʛʦʨʠʬʤʘ, ʢʘʢ ʥʘʟʳʚʘʣ ʝʛʦ ʩʘʤ ʘʚʪʦʨ). 

ʕʪʠ ʦʙʲʝʢʪʳ ʩʣʫʞʠʣʠ ʢʘʢ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʜʣʷ ʯʝʛʦ ʩʣʫʞʠʪ ʠ ʣʶʙʦʡ 

ʘʣʛʦʨʠʪʤ ʚ ʠʥʪʫʠʪʠʚʥʦʤ ʩʤʳʩʣʝ. ʌʦʨʤʘ ʟʘʜʘʥʠʷ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜʣʝʞʘʱʝʡ 
ʧʝʨʝʨʘʙʦʪʢʝ ʜʣʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʘ, ʥʦ ʵʪʠ ʬʦʨʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʦʜʥʘ ʢ ʜʨʫʛʦʡ ʩ 

ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʢʦʜʠʨʦʚʦʢ, ʠ ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ ʩʦʩʪʦʷʣ ʚ ʩʨʘʚʥʝʥʠʠ ʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʠʭ ʚʟʘʠʤʥʘʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ [1] ʠ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʜʪʦʣʢʥʫʣʦ ʘʚʪʦʨʦʚ ʵʪʠʭ ʦʙʲʝʢʪʦʚ 

ʧʨʦʚʦʟʛʣʘʩʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʟʠʩʳ, ʩʫʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ, ʩʢʘʞʝʤ, ʥʘ ʧʨʠʤʝʨʝ ʤʘʰʠʥʳ 

ʊʴʶʨʠʥʛʘ, ʚ ʩʣʝʜʫʶʱʝʤ: ʝʩʣʠ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʘʣʛʦʨʠʪʤ ʚ ʠʥʪʫʠʪʠʚʥʦʤ ʩʤʳʩʣʝ, ʪʦ 

ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʘʰʠʥʫ ʊʴʶʨʠʥʛʘ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʵʪʦʤʫ ʘʣʛʦʨʠʪʤʫ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʦʧʨʦʚʝʨʛʘʝʤ ʪʝʟʠʩ ʊʴʶʨʠʥʛʘ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʠ ʪʝʟʠʩʳ ʏʝʨʯʘ ʠ 

ʄʘʨʢʦʚʘ ʚ ʩʠʣʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʘʣʛʦʨʠʪʤʦʚ [1]. 

ɺ ʧʝʨʝʯʠʩʣʠʪʝʣʴʥʦʡ ʢʦʤʙʠʥʘʪʦʨʠʢʝ [2], ʦʙʳʯʥʦ, ʜʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʳʡ ʢʣʘʩʩ ʢʦʥʝʯʥʳʭ 

ʤʥʦʞʝʩʪʚ Si
, ʛʜʝ i  ʧʨʦʙʝʛʘʝʪ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʠʥʜʝʢʩʦʚ I  (ʪʘʢʦʝ, ʢʘʢ ʤʥʦʞʝʩʪʚʦ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʮʝʣʳʭ ʯʠʩʝʣ N), ʠ ʤʳ ʭʦʪʠʤ ʩʦʩʯʠʪʘʪʴ ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʯʠʩʣʦ Si
 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ Si
 çʦʜʥʦʚʨʝʤʝʥʥʦè. ʄʥʦʞʝʩʪʚʘ Si

 ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʢʦʤʙʠʥʘʪʦʨʥʳʤʠ ʤʥʦʞʝʩʪʚʘʤʠ. 
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ʆʜʥʘʢʦ ʜʣʷ ʥʘʰʠʭ ʮʝʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ: ç Si
 

ʧʦʣʠʥʦʤ ʠʣʠ ʥʝʪ ʦʪ i è. ɺ ʩʣʫʯʘʝ ʫʪʚʝʨʜʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʥʘʤ ʜʦʩʪʘʪʦʯʥʦ 

ʜʦʢʘʟʘʪʴ, ʯʪʦ ()iS
k

i
O¢ , ʛʜʝ k  ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʄʥʦʞʝʩʪʚʦ Si
 ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ, ʝʩʣʠ ()iS

k

i
O¢ , ʛʜʝ k  

ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥʦ ʥʘʟʳʚʘʝʪʩʷ ʥʝʧʦʣʠʥʦʤʠʘʣʴʥʳʤ. 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʧʨʦʙʣʝʤʳ: ʧʫʩʪʴ Si
 ī ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʤʥʦʞʝʩʪʚʦ ʠ x  ī ʥʝʢʦʪʦʨʳʡ 

ʦʙʲʝʢʪ ʩ ʣʝʛʢʦ ʧʨʦʚʝʨʷʝʤʳʤ, (ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ ʦʪ ʜʣʠʥʳ ʚʭʦʜʘ), ʧʨʠʟʥʘʢʦʤ 

(ʩʚʦʡʩʪʚʦʤ) a. ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʟʘ Si
 ʯʠʩʣʦ 

ʰʘʛʦʚ ʦʧʨʝʜʝʣʷʝʪ: Si
xÍ  ʠʣʠ Si

xÎ . ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ: ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ Si
 ʦʙʲʝʢʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ 

ʝʤʢʦʩʪʠ W. ʀʟ ʝʤʢʦʩʪʠ W ʤʳ ʠʟʚʣʝʢʘʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʝʟ ʚʦʟʚʨʘʱʝʥʠʷ ʚʩʝ ʦʙʲʝʢʪʳ ʜʦ 

ʧʦʩʣʝʜʥʝʛʦ ʚʢʣʶʯʠʪʝʣʴʥʦ. ɼʣʷ ʧʦʩʣʝʜʥʝʛʦ ʦʙʲʝʢʪʘ ʤʳ ʧʨʦʚʝʨʷʝʤ ʥʘʣʠʯʠʝ ʩʚʦʡʩʪʚʘ a. 

ɽʩʣʠ ʧʦʩʣʝʜʥʠʡ ʠʟʚʣʝʯʝʥʥʳʡ ʦʙʲʝʢʪ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ a, ʪʦ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʘ, ʪ.ʝ. 

Si
xÍ . ɽʩʣʠ ʵʪʦʪ ʦʙʲʝʢʪ ʥʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ a, ʪʦ ʚʩʝ ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ W ʦʙʲʝʢʪʳ ʤʳ 

ʚʦʟʚʨʘʱʘʝʤ ʚ W ʠ ʚʦʟʦʙʥʦʚʣʷʝʤ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʠʟ W ʦʙʲʝʢʪʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ, ʧʨʠ 

ʢʘʞʜʦʤ ʦʯʝʨʝʜʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʦʙʲʝʢʪʘ, ʧʨʦʚʝʨʷʝʤ, ʦʙʣʘʜʘʝʪ ʣʠ ʠʟʚʣʝʯʝʥʥʳʡ ʦʙʲʝʢʪ 

ʩʚʦʡʩʪʚʦʤ a. ɽʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ SS ii
mm ¢+ , , ʰʘʛʘ ʦʙʲʝʢʪ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʦʤ 

a, ʪʦ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʘ, ʪ.ʝ. Si
xÍ . ɽʩʣʠ ʜʣʷ Si

m¢  ʥʠ ʦʜʠʥ ʠʟ ʠʟʚʣʝʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ 

ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ a, ʪʦ ʧʨʦʙʣʝʤʘ ʪʘʢʞʝ ʨʝʰʝʥʘ, ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ W ʥʝʪ ʦʙʲʝʢʪʘ 

ʩʦ ʩʚʦʡʩʪʚʦʤ a, ʪ.ʝ. Si
xÎ  . ʀʟ ʧʦʩʪʨʦʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʣʝʜʫʝʪ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ. ɽʩʣʠ ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʤʥʦʞʝʩʪʚʦ Si
 ʷʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ, ʪʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʟʘ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ, ʠʤʝʥʥʦ, ʯʠʩʣʦ 

ʰʘʛʦʚ t  ʧʦʩʪʨʦʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʘʤ SS ii
t 2¢¢ . ɽʩʣʠ 

ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʤʥʦʞʝʩʪʚʦ Si
 ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ, ʪʦ ʧʨʦʙʣʝʤʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ. 

ʆʯʝʚʠʜʥʦ, ʝʩʣʠ 2, ²² kkS
i

i
, ʪʦ ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʤʥʦʞʝʩʪʚʦ Si

 ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ. 

ʇʦʩʪʨʦʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʪʝʢʘʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʚʳʰʝ ʪʝʦʨʝʤʘ, 

ʦʯʝʚʠʜʥʦ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠʥʪʫʠʪʠʚʥʦʛʦ ʧʦʥʷʪʠʷ ʘʣʛʦʨʠʪʤʘ, ʥʦ ʥʝ 

ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʬʦʨʤʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʣʛʦʨʠʪʤʘ, (ʥʘʧʨʠʤʝʨ, çʤʘʰʠʥʘ ʊʴʶʨʠʥʛʘè), ʪ.ʢ. 

ʝʩʣʠ Si
xÎ , ʪʦ ʦʪʚʝʪ ʧʦʣʫʯʘʝʪʩʷ ʟʘ Si

2  ʰʘʛʦʚ ʘʣʛʦʨʠʪʤʘ, ʘ ʝʩʣʠ Si
xÍ , ʪʦ ʦʪʚʝʪ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʟʘ ʯʠʩʣʦ ʰʘʛʦʚ t, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʘʤ 

SS ii
t 2¢¢ , ʥʦ ʤʘʰʠʥʘ ʊʴʶʨʠʥʛʘ ʥʘ ʣʶʙʦʡ ʜʦʧʫʩʪʠʤʳʡ ʚʭʦʜ ʜʘʝʪ ʦʪʚʝʪ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʯʠʩʣʦ ʰʘʛʦʚ. ʇʦʵʪʦʤʫ ʧʦʩʪʨʦʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʘʥʥʫʣʠʨʫʝʪ ʠʟʚʝʩʪʥʳʡ ʪʝʟʠʩ: çʜʣʷ ʣʶʙʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʘʰʠʥʫ ʊʴʶʨʠʥʛʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʵʢʚʠʚʘʣʝʥʪʥʘ ʵʪʦʤʫ 

ʘʣʛʦʨʠʪʤʫè. 
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ɺ ʩʠʣʫ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʤʘʰʠʥʝ ʊʴʶʨʠʥʛʘ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʨʝʢʫʨʩʠʚʥʳʝ 

ʬʫʥʢʮʠʠ, ʥʦʨʤʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʟʠʩʳ ʪʘʢʞʝ ʘʥʥʫʣʠʨʫʶʪʩʷ. 

ʉʣʝʜʩʪʚʠʝ 1. ɽʩʣʠ ʢʦʤʙʠʥʘʪʦʨʥʦʝ ʤʥʦʞʝʩʪʚʦ Si
 ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤ, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʙʫʜʝʪ ʥʝʧʦʣʠʥʦʤʠʘʣʴʥʳʤ. 

ʀʟ [3,4] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʣʦʞʥʦʩʪʥʦʤ ʢʣʘʩʩʝ NP  [3] ʩʫʱʝʩʪʚʫʶʪ ʥʝʧʦʣʠʥʦʤʠʘʣʴʥʳʝ 

ʤʥʦʞʝʩʪʚʘ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ ʩʣʝʜʩʪʚʠʝ. 

ʉʣʝʜʩʪʚʠʝ 2. NP  ʧʦʣʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ. 
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ʇʨʦʙʣʝʤʳ ʪʝʦʨʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠ ʬʦʪʦʥʥʦʝ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ 

ɺʘʣʫʝʚ ʅ.ʇ. 
 

ɺʘʣʫʝʚ ʅʠʢʦʣʘʡ ʇʨʦʭʦʨʦʚʠʯ / Valuev Nikolay Prohorovith - ʢʘʬʝʜʨʘ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʢʘʜʝʤʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʟʘʱʠʪʳ ʄʏʉ ʈʦʩʩʠʠ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ. ʛ. ʍʠʤʢʠ 

 
ɸʥʥʦʪʘʮʠʷ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʙʣʝʤʳ ʪʝʦʨʠʡ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. ʇʨʝʜʣʦʞʝʥʘ ʬʦʪʦʥʥʘʷ 

ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. 

ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʪʦʥʦʚ, 

ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʯʘʩʪʠʮʳ, ʧʨʠʯʝʤ ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʘʚʝʥʩʪʚʫ ʯʘʩʪʦʪ ʬʦʪʦʥʦʚ ʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʩʪʘʙʠʣʴʥʘʷ ʦʨʙʠʪʘ. ʌʦʪʦʥʳ, ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʧʨʦʪʦʥ ʠ ʵʣʝʢʪʨʦʥ, 

ʥʝ ʷʚʣʷʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʤ ʯʘʩʪʠʮʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʚʥʫʪʨʠʘʪʦʤʥʦʝ ʠʟʣʫʯʝʥʠʝè. 

Abstract: the article presents the analysis of the problems of the theory of the hydrogen atom. This 

paper presents a photon interaction model of the proton and electron, describing the structure of 

the hydrogen atom. This interaction is a continuous sequence of photons, exchanged by particles, 

with the photon energy equal to the energy of the Coulomb interaction. Only one stable orbit 

corresponds to certain (equal) photons and electron rotation frequency. Photons exchanged 

between the proton and electron are not virtual particles. They represent the çintra-atomic 
radiatioè. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘʪʦʤ ʚʦʜʦʨʦʜʘ, ʧʨʦʪʦʥ, ɻ ʣʝʢʪʨʦʥ. 

Keywords: photons interaction, atom of hydrogen, proton, electron. 
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ʈʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚʦ ʤʥʦʛʦʤ ʧʨʝʜʦʧʨʝʜʝʣʠʣʘ ʩʪʘʥʦʚʣʝʥʠʝ ʢʚʘʥʪʦʚʦʡ 

ʬʠʟʠʢʠ. ɺʦʜʦʨʦʜ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʚʦ ɺʩʝʣʝʥʥʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʚʷʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʪʦʥʘ ʨ
+
 ʠ ʵʣʝʢʪʨʦʥʘ e

ī
. ʕʪʦ ʧʨʦʩʪʝʡʰʘʷ 

ʘʪʦʤʥʦʧʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ. 

ɺʧʝʨʚʳʝ ʪʘʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʤʦʜʝʣʠ ɹʦʨʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʦʩʪʫʣʠʨʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʚʦʢʨʫʛ ʷʜʨʘ (ʧʨʦʪʦʥʘ) ʪʦʣʴʢʦ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʨʙʠʪʘʤ, ʥʘʭʦʜʷʩʴ 

ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ ʥʝ ʠʟʣʫʯʘʶʪ [1]. ʉʪʘʮʠʦʥʘʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʪʝ ʦʨʙʠʪʳ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʨʘʚʝʥ ʮʝʣʦʤʫ ʯʠʩʣʫ ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ. 

ʄʦʜʝʣʴ ɹʦʨʘ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʦʜʥʘʢʦ ʦʥʘ ʥʝ ʦʙʲʷʩʥʷʝʪ, 
ʧʦʯʝʤʫ ʩʫʱʝʩʪʚʫʶʪ ʫʢʘʟʘʥʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʦʨʙʠʪʳ, ʧʦʯʝʤʫ ʵʣʝʢʪʨʦʥʳ, ʜʚʠʛʘʷʩʴ ʧʦ ʦʨʙʠʪʘʤ, 

ʥʝ ʠʟʣʫʯʘʶʪ, ʧʦʯʝʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, 

ʷʚʣʷʶʱʘʷʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʠ ʯʘʩʪʦʪʦʡ ʜʨʫʛʦʡ ʯʘʩʪʠʮʳ ï 

ʬʦʪʦʥʘ, ʧʦʯʝʤʫ ʩʪʘʙʠʣʴʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʦʨʙʠʪʘ ʩ ʨʘʜʠʫʩʦʤ 0,53Ā10
-10
ʤ, ʧʦʯʝʤʫ ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ? 

ʊʝʦʨʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ [2], ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʢʫʣʦʥʦʚʩʢʦʤ ʧʦʣʝ ʷʜʨʘ (ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʦʤ). ʉ ʵʣʝʢʪʨʦʥʦʤ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ 

ʦʪʦʞʝʩʪʚʣʷʶʪ ʚʦʣʥʫ ʜʝ ɹʨʦʡʣʷ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ɚ = h/mv, ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, m ï ʤʘʩʩʘ, v 

ï ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ. 

ʋʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʦʤ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʥʘʙʦʨʦʤ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʵʥʝʨʛʠʠ ʚ ʤʦʜʝʣʠ ɹʦʨʘ. ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʭʦʞʜʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʘʥʥʦʡ ʤʦʤʝʥʪ. ɺʤʝʩʪʦ ʦʨʙʠʪ ʵʣʝʢʪʨʦʥʘ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ çʦʨʙʠʪʘʣʠè ʩ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʨʘʜʠʫʩʘʤʠ, 

ʩʦʚʧʘʜʘʶʱʠʤʠ ʩ ʨʘʜʠʫʩʘʤʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʨʙʠʪ ʧʦ ɹʦʨʫ. ʈʘʟʨʝʰʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʪʝ 
ʦʨʙʠʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʫʢʣʘʜʳʚʘʝʪʩʷ ʮʝʣʦʝ ʯʠʩʣʦ ʚʦʣʥ ʜʝ ɹʨʦʡʣʷ. 

ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʦʙʲʷʩʥʷʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

(ʥʘʙʦʨʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʙʠʪʘʣʝʡ). ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʷʩʥʦ, ʧʦʯʝʤʫ ʵʣʝʢʪʨʦʥ, ʜʚʠʛʘʷʩʴ ʚ 

ʢʫʣʦʥʦʚʩʢʦʤ ʧʦʣʝ ʷʜʨʘ, ʥʝ ʠʟʣʫʯʘʝʪ ʠ ʧʦʯʝʤʫ ʩʪʘʙʠʣʴʥʘ ʚ ʘʪʦʤʝ ʪʦʣʴʢʦ ʦʜʥʘ ʦʨʙʠʪʘ (ʦʨʙʠʪʘʣʴ), 

ʧʦʯʝʤʫ ʚ ʦʜʥʦʤ ʫʨʘʚʥʝʥʠʠ (ʐʨʝʜʠʥʛʝʨʘ) ʩʦʚʤʝʱʝʥʳ çʪʦʯʝʯʥʳʡè ʠ çʨʘʩʧʣʳʚʘʶʱʠʡʩʷè 

ʵʣʝʢʪʨʦʥ ʚ ʚʠʜʝ ʚʦʣʥʳ? ʆʛʨʘʥʠʯʝʥʠʝʤ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʷʚʣʷʝʪʩʷ ʠ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʦʧʠʩʘʥʠʝ 

ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʥʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʝʛʦ ʪʨʘʝʢʪʦʨʠʠ ʠ ʵʥʝʨʛʠʠ. ɺ ʩʘʤʦʤ ʞʝ 

ʫʨʘʚʥʝʥʠʠ ʐʨʝʜʠʥʛʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʦʤ (e
2
/r), ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ (r) ʵʣʝʢʪʨʦʥʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʢʫʣʦʥʦʚʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʥʘ (ʨ
+
) ʠ ʵʣʝʢʪʨʦʥʘ (ʝ

ī
) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʪʦʥʦʚ (ɔ), ʵʥʝʨʛʠʷ 

ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʠʭ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʌʦʪʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʚʘʥʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ hɜɔ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ T=1/ɜɔ ʠ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ=c/ɜɔ (ɜɔ ï 

ʯʘʩʪʦʪʘ ʬʦʪʦʥʘ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ 

ʯʘʩʪʠʮʳ.  

ʏʘʩʪʦʪʘ ʪʘʢʠʭ ʬʦʪʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ: 
 

rh

e

h

ɽʢʫʣ

0

2

4pe
ng ==                                                                      (1) 

ʛʜʝ -ʢʫʣɽ ʵʥʝʨʛʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨ
+
 ʠ ʝ

ī
 ʥʘ ʨʘʩʩʪʦʷʥʠʠ r; 
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-h  ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ (6,62Ā10
ī34 
ɼʞĀʩ); 

-0e  ɻ ʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ (8,85Ā10
ī12 
ʌ/ʤ); 

-ʝ  ɻ ʣʝʤʝʥʪʘʨʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ (1,62Ā10
ī19
ʂʣ). 

ɺʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʧʦ ʫʩʪʦʡʯʠʚʦʡ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʚʝʥʩʪʚʝ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʭ ʩʠʣ ʠ 
ʢʫʣʢʠʥ ɽɽ

2

1
=  ( -ʢʠʥɽ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʘ). ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ:  

ɜe =Ve/2ˊr, ʛʜʝ Ve ï ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʥʘ ʦʨʙʠʪʝ. ʋʩʣʦʚʠʶ 
ʢʫʣʢʠʥ ɽɽ

2

1
=  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʢʦʨʦʩʪʴ 

Ve, ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

mr

e
Ve

02 pe
=                                                                         (2) 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʧʦ ʫʩʪʦʡʯʠʚʦʡ ʦʨʙʠʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

rmr

ʝ
ʝ

04 pep
n=                                                                  (3) 

ʛʜʝ -m  ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ (0,91Ā10
ī30
ʢʛ). 

ʆʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʬʦʪʦʥʦʚ ʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʩʦʩʪʘʚʣʷʝʪ: 
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ʇʨʠ 1=n : 

,1053,0
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2
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h
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ʛʜʝ -ʙr ʨʘʜʠʫʩ ʧʝʨʚʦʡ ʦʨʙʠʪʳ ʚ ʤʦʜʝʣʠ ɹʦʨʘ. 

ʇʨʠ 2=n  ;1012,2
10
ʤr

-
Ö=  ʧʨʠ 3=n  .1077,4

10
ʤr

-
Ö=  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪ ʬʦʪʦʥʦʚ ʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʘʚʥʦʤʫ 
ʢʚʘʥʪʦʚʦʤʫ ʯʠʩʣʫ ʚ ʤʦʜʝʣʷʭ ɹʦʨʘ ʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ. ʀʟ (4) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʚʝʣʠʯʠʥʘ n 

ʤʦʛʣʘ ʙʳ ʧʨʠʥʠʤʘʪʴ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ (n = 0), ʪʦ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʙʳ ʦʪʩʫʪʩʪʚʠʶ ʬʦʪʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʨ
+
ʝ
ī
. ʆʪʩʫʪʩʪʚʠʝ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʛʣʘʚʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ n 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʬʦʪʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ, ʘ ʩʘʤʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ n ʥʝ ʤʦʞʝʪ ʨʘʚʥʷʪʴʩʷ ʥʫʣʶ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʚʦʢʨʫʛ ʧʨʦʪʦʥʘ ʫʩʣʦʚʠʝ 
ʢʫʣʢʠʥ ɽɽ

2

1
=  ʚ ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ ʵʣʝʢʪʨʦʥʘ ʧʨʠʭʦʜʠʪʩʷ ʦʜʠʥ ʬʦʪʦʥ ʩ ʵʥʝʨʛʠʝʡ, ʨʘʚʥʦʡ Eʢʫʣ. ʇʨʠ n <1 

ʠ r <0,53Ā10
-10

 ʤ (ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʧʨʝʚʳʰʘʝʪ ʯʘʩʪʦʪʫ ʬʦʪʦʥʦʚ) ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ 

ʵʣʝʢʪʨʦʥʘ ʚʦʢʨʫʛ ʧʨʦʪʦʥʘ ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʝʝ ʦʜʥʦʛʦ ʬʦʪʦʥʘ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʵʥʝʨʛʠʠ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʯʘʩʪʠʮ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ 

ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʫʩʪʦʡʯʠʚʦʡ ʦʨʙʠʪʝ (
ʢʫʣʢʠʥ ɽɽ

2

1
> ), ʠ ʵʣʝʢʪʨʦʥ 

çʚʳʪʘʣʢʠʚʘʝʪʩʷè ʢ ʦʨʙʠʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ n = 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʦʡʯʠʚʳʝ ʦʨʙʠʪʳ ʩ n < 1 r 

< rʙ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʛʫʪ, ʘ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʫʩʪʦʡʯʠʚʦʡ ʦʨʙʠʪʳ ʩʦʩʪʘʚʣʷʝʪ rʙ= 0,53Ā10
-

10
ʤ. 
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ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʦʙʲʷʩʥʷʝʪ ʥʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ ʵʥʝʨʛʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ (ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʨʘʜʠʫʩʘ ʦʨʙʠʪʘʣʠ) ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠʤʧʫʣʴʩʘ ʠ 

ʢʦʦʨʜʠʥʘʪ ʵʣʝʢʪʨʦʥʘ (ȹpȹxÓh/2ˊ). ʇʨʠ ȹxårʙ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʘʢʦʚʘ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʡ ʦʨʙʠʪʝ, ʘ ʧʨʠ ȹx< rʙ 
ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʧʨʝʚʳʰʘʝʪ 0,5ɽʢʫʣ ʠ ʵʣʝʢʪʨʦʥ ʩʪʨʝʤʠʪʩʷ ʢ ʦʨʙʠʪʝ ʨʘʜʠʫʩʦʤ rʙ. 

ʆʜʥʘʢʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʝ ʚ ʚʠʜʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ ʚ ʦʙʣʘʩʪʠ ȹx (ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʝ, ʯʝʤ ʚʝʣʠʯʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʩʪʦʡʯʠʚʦʡ ʦʨʙʠʪʠʝ (0,5ɽʢʫʣ)). 

ʇʨʠ n=1 ʠ r=rʙ ʚʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʦ ʩ ʬʦʪʦʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 
ʢʫʣʦʥʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ. ʅʘ ʵʪʦʡ ʦʨʙʠʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʭ ʩʠʣ. ɺʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝʤ ʚ 

ʚʠʜʝ ʬʦʪʦʥʦʚ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʘ ʠ 

ʧʨʦʪʦʥʘ. ʕʪʠ ʬʦʪʦʥʳ ʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʧʘʨʦʡ ʵʣʝʢʪʨʦʥ-ʧʨʦʪʦʥ, ʪ.ʝ. çʧʨʠʚʷʟʘʥʳè ʢ ʧʘʨʝ ʵʪʠʭ 

ʯʘʩʪʠʮ ʠ ʥʝ ʠʟʣʫʯʘʶʪʩʷ ʚʦ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʚʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʥʘ, ʷʚʣʷʝʪʩʷ çʚʥʫʪʨʠʘʪʦʤʥʳʤè; ʵʥʝʨʛʠʷ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʠ ʵʣʝʢʪʨʦʥʦʤ ʪʘʢ, ʯʪʦ ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ 

ʵʪʠʭ ʯʘʩʪʠʮ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ, ʥʘʨʷʜʫ ʩ ʨʘʚʝʥʩʪʚʦʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʠ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ ʩʠʣ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʘ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ Ŭ = e
2
/2Ů0hc = 1/137 [1], ʪ.ʝ. Ve = Ŭc. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ɜe=Ŭc/4Ů́0hr. ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʬʦʪʦʥʦʚ ɜɔ (1), ʢʦʪʦʨʳʤʠ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʧʨʦʪʦʥ ʠ ʵʣʝʢʪʨʦʥ. ɼʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ Ve = Ŭc, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʵʣʝʢʪʨʦʥʘ ʠ ʬʦʪʦʥʘ, ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʝ ʬʦʪʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʨ
+
ʝ
ī
. 

ʇʨʠ n>1 ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ ʵʣʝʢʪʨʦʥʘ ʚʦʢʨʫʛ ʧʨʦʪʦʥʘ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ ʦʜʥʦʛʦ ʬʦʪʦʥʘ, ʵʥʝʨʛʠʷ 

ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ p
+
 ʠ ʝ

ï
. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʵʥʝʨʛʠʷ 

ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʯʘʩʪʠʮ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ 
ʢʠʥɽ

2

1  (ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʨʙʠʪʳ), ʠ ʵʣʝʢʪʨʦʥ ʩʪʨʝʤʠʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ n = 1 ʠ r = rʙ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ n ʥʝ ʷʚʣʷʝʪʩʷ ʮʝʣʳʤ 

ʯʠʩʣʦʤ, ʥʘ ʢʘʞʜʳʡ ʦʙʦʨʦʪ ʵʣʝʢʪʨʦʥʘ ʙʫʜʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʭʦʪʷ ʙʳ ʦʜʠʥ çʥʝʮʝʣʳʡè ʬʦʪʦʥ, 

ʧʦʵʪʦʤʫ ʦʨʙʠʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʮʝʣʦʤʫ ʟʥʘʯʝʥʠʶ n ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʤʦʛʫʪ. ʆʨʙʠʪʳ ʩ 

ʮʝʣʳʤ ʟʥʘʯʝʥʠʝʤ n ʩʫɦʝʩʪʚʦʚʘʪʴ ʤʦʛʫʪ, ʦʜʥʘʢʦ ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ, ʪ.ʢ. ʣʶʙʘʷ 

ʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʨ
+
ʝ
ī 
, ʩʪʨʝʤʠʪʩʷ ʢ ʩʦʩʪʦʷʥʠʶ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ. ʕʣʝʢʪʨʦʥ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʦʨʙʠʪʘʭ ʩ n > 1, ʩʪʨʝʤʠʪʩʷ ʟʘʥʷʪʴ ʦʨʙʠʪʫ ʩ ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ n ʠ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʧʝʨʝʡʪʠ ʚ ʩʦʩʪʦʷʥʠʝ ʩ n=1 ʠ r=rʙ. ʕʪʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʙʫʜʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʬʦʪʦʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚʦ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʫʩʢʦʨʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʚ ʢʫʣʦʥʦʚʩʢʦʤ ʧʦʣʝ ʧʨʦʪʦʥʘ. ʋʩʢʦʨʝʥʠʝ ʵʣʝʢʪʨʦʥ ʧʦʣʫʯʘʝʪ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ 

ʧʨʦʪʦʥʫ ʠʟ ʙʦʣʝʝ ʫʜʘʣʝʥʥʦʡ ʟʦʥʳ (ʨʘʜʠʫʩ r1) ʚ ʟʦʥʫ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ r2, ʵʥʝʨʛʠʷ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʪʦʨʦʡ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʘ ʚ ʟʦʥʝ r1. ʋʩʢʦʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ 

ʧʨʠʦʙʨʝʪʘʝʪ ʵʥʝʨʛʠʶ: 
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ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʨʙʠʪʳ ʨʘʜʠʫʩʘ r2 ʵʣʝʢʪʨʦʥ ʠʩʧʳʪʳʚʘʝʪ ʪʦʨʤʦʞʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ 

ʠʟʣʫʯʝʥʠʝʤ ʬʦʪʦʥʘ ʵʥʝʨʛʠʝʡ Eɔ = ȹE - 1/2Eʢʫʣ2. ʏʘʩʪʦʪʘ ʚʦʟʥʠʢʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: 
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ʌʦʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʠ ʵʣʝʢʪʨʦʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʚʠʞʝʥʠʷ ʵʪʠʭ ʯʘʩʪʠʮ ʩ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ ʯʘʩʪʦʪʝ ʬʦʪʦʥʦʚ. ɼʣʠʥʘ 

ʚʦʣʥʳ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʠʪ: 
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ʕʪʦ ʟʥʘʯʝʥʠʝ ɚe ʩʦʚʧʘʜʘʝʪ c ʜʣʠʥʦʡ ʚʦʣʥʳ ʵʣʝʢʪʨʦʥʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʜʝ 

ɹʨʦʡʣʷ ɚe = h/mVe, ʝʩʣʠ ʚ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ 
ʥʘ ʫʩʪʦʡʯʠʚʦʡ ʦʨʙʠʪʝ (2). ʋʢʘʟʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʦʣʥʳ ʜʝ 

ɹʨʦʡʣʷ ʢʘʢ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʠʭ 

ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʦʪʦʥʦʚ. 

ʅʘʣʠʯʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʠʭ ʢʨʫʛʦʚʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʪʘʢ, ʯʪʦ ʚ ʦʜʥʦʤ ʧʦʣʫʧʝʨʠʦʜʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥ ʦʪʜʘʣʷʝʪʩʷ ʦʪ 

ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ, ʘ ʚ ʜʨʫʛʦʤ ï ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʝʤʫ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʦʪ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʜʘʣʝʥʠʷ ʢ ʪʦʯʢʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʨʦʪʦʥʫ ʵʣʝʢʪʨʦʥ ʠʩʧʳʪʳʚʘʝʪ ʫʩʢʦʨʝʥʠʝ, ʘ ʚ 

ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥ ʪʦʨʤʦʟʠʪʩʷ. ʊʦʨʤʦʞʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʧʦʣʫʧʝʨʠʦʜʫ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʨʘʚʥʦʤʫ ʫʜʚʦʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚʝʣʠʯʠʥʳ, ʦʙʨʘʪʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ (3). 

ʀʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʧʝʨʝʭʦʜʠʪ ʥʘ ʧʨʦʪʦʥ, ʢʦʪʦʨʳʡ ʠʩʧʳʪʳʚʘʝʪ ʫʩʢʦʨʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ. ɺ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʧʝʨʠʦʜʘ ʧʨʦʪʦʥ ʪʦʨʤʦʟʠʪʩʷ. ʀʟʣʫʯʝʥʠʝ 

ʧʨʦʪʦʥʘ ʧʝʨʝʭʦʜʠʪ ʥʘ ʵʣʝʢʪʨʦʥ, ʚʳʟʳʚʘʷ ʝʛʦ ʫʩʢʦʨʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʢʣʳ ʫʩʢʦʨʝʥʠʷ ï 

ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʢʦʪʦʨʳʤ ʦʙʤʝʥʠʚʘʶʪʩʷ ʯʘʩʪʠʮʳ. ʀʟʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʪʦʥʦʚ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘ (3). 
ʏʘʩʪʦʪʘ ʬʦʪʦʥʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʧʨʠ n = 1. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʳʨʘʞʝʥʠʷ (3) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʬʦʪʦʥʦʚ: 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʦʤʥʦʞʠʪʝʣʴ e
2 
/4 ˊŮ0r ʨʘʚʝʥ ʵʥʝʨʛʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʘ 

ʠ ʧʨʦʪʦʥʘ (ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ E), ʚʳʨʘʞʝʥʠʝ (8) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɼʞĀʩ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ ʚ ʠʟʚʝʩʪʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ E = hɜ , ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʚʷʟʴ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʠ ʯʘʩʪʦʪʦʡ ʬʦʪʦʥʦʚ. ʀʟ (3), (8), (9) 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ ʯʘʩʪʦʪʝ ʠ ʧʦʯʝʤʫ 

ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ ʬʠʛʫʨʠʨʫʝʪ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʥʳʭ ʯʘʩʪʠʮ: 

ʬʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ. ʏʘʩʪʦʪʘ ʬʦʪʦʥʦʚ ʣʠʙʦ ʨʘʚʥʘ, ʣʠʙʦ ʢʨʘʪʥʘ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʙʦʨʫ ʜʠʩʢʨʝʪʥʳʭ 

ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ. ʏʝʤ ʚʳʰʝ ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ, ʪʝʤ 

ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʘʩʪʦʪʘ ʬʦʪʦʥʦʚ. 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, 

ʦʙʫʩʣʦʚʣʝʥ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴʶ ʵʪʠʭ ʯʘʩʪʠʮ: ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʫʣʦʥʦʚʩʢʦʤ 
ʧʦʣʝ ʧʨʦʪʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʦʪʝ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʯʘʩʪʠʮʳ (3), (7), ʘ 

ʯʘʩʪʦʪʘ ʬʦʪʦʥʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ (8). 
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ɸʥʘʣʠʟ ʬʦʪʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʧʦʩʪʦʷʥʥʫʶ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ Ŭ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ t=2ŕ/c (c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ) ʢ ʧʝʨʠʦʜʫ T 

ʬʦʪʦʥʘ (T = h/E), ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʥʦʤ ʠ ʧʨʦʪʦʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r. ɺʝʣʠʯʠʥʘ Ŭ ʚ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʝʨʠʦʜʦʤ ʬʦʪʦʥʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʝʤ ʜʚʠʞʝʥʠʷ ʬʦʪʦʥʘ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ. 

ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʠ ʩʣʝʜʫʶʱʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ: Ŭ = 2ˊr/ ɚ, ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʬʦʪʦʥʘ, 

ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. 
 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

 
ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʝʥʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʙʲʷʩʥʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʧʨʠʯʝʤ ʵʥʝʨʛʠʷ 

ʬʦʪʦʥʦʚ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ɺʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʦʣʴʢʦ ʪʘʢʠʭ ʦʨʙʠʪ ʵʣʝʢʪʨʦʥʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʦʤʫ 

ʟʥʘʯʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʳ ʬʦʪʦʥʦʚ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʥʘ. ʈʘʚʝʥʩʪʚʫ ʫʢʘʟʘʥʥʳʭ 

ʯʘʩʪʦʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʡ ʦʨʙʠʪʳ (ʤʠʥʠʤʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ). 

ʌʦʪʦʥʳ, ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʧʨʦʪʦʥ ʠ ʵʣʝʢʪʨʦʥ, ʷʚʣʷʶʪʩʷ çʚʥʫʪʨʠʘʪʦʤʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤè, ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʤʳʤ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʩʪʦʷʥʩʪʚʘ 

ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʧʨʦʪʦʥ-ʵʣʝʢʪʨʦʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. ɺʥʝʰʥʝʝ 

ʠʟʣʫʯʝʥʠʝ ʘʪʦʤʘ ʚʦʟʥʠʢʘʝʪ ʣʠʰʴ ʧʨʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʩ ʦʨʙʠʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ n ʥʘ ʦʨʙʠʪʳ ʩ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪ ʬʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʘ. 

ʌʦʪʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 
ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʩ ʯʘʩʪʦʪʦʡ, ʨʘʚʥʦʡ ʯʘʩʪʦʪʝ ʬʦʪʦʥʦʚ. 

ʌʦʪʦʥʳ, ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʷʚʣʷʶʪʩʷ ʥʝ ʚʠʨʪʫʘʣʴʥʳʤʠ, ʘ 

ʨʝʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʚʣʝʢʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ. 

ʌʦʪʦʥʥʦ-ʵʣʝʢʪʨʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ ʦʙʲʷʩʥʷʝʪ ʧʨʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʠʮ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ (ʬʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ) 

ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʵʥʝʨʛʠʠ ʠ ʯʘʩʪʦʪʳ ʬʦʪʦʥʦʚ. 
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ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 

ɺʝʨʠʬʠʢʘʮʠʷ ʮʠʬʨʦʚʦʛʦ ʂʀʍ ʬʠʣʴʪʨʘ 

ɻʫʙʘʨʝʥʢʦ ʄ. ɸ. 
 

ɻʫʙʘʨʝʥʢʦ ʄʠʭʘʠʣ ɸʥʜʨʝʝʚʠʯ / Gubarenko Mikhail Andreevich ï ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 
ʢʘʬʝʜʨʘ cʨʝʜʩʪʚ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘʩʧʠʨʘʥʪ 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʤʩʢ 

 

ɸʥʥʦʪʘʮʠʷ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʪʨʝʙʫʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʬʠʣʴʪʨʦʚ. ʂʘʞʜʳʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ. 
Abstract: an innovation in digital signal processing requires to reconstruct filters. Every digital 

filter is worked out according to concrete problem. The article contains verification of digital 

filter. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ, ʬʠʣʴʪʨʘʮʠʷ, ʚʝʨʠʬʠʢʘʮʠʷ. 

Keywords: digital signal processing, filtering, verification. 

 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦ ʨʘʩʯʝʪʫ ʮʠʬʨʦʚʦʛʦ ʂʀʍ ʬʠʣʴʪʨʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʤʦʜʝʣʴ ʂʀʍ ʬʠʣʴʪʨʘ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ 0 é 3.4 ʢɻʮ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ¢ 

0.1 ʜɹ. ʇʦʣʦʩʘ ʟʘʜʝʨʞʘʥʠʷ > 4.5 ʢɻʮ ʩ ʦʩʣʘʙʣʝʥʠʝʤ ² 65 ʜɹ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʦʚ ʨʘʚʥʘ 48 ʢɻʮ. 

ɺʳʭʦʜʥʳʝ ʦʪʩʯʝʪʳ ʬʠʣʴʪʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʩʚʝʨʪʢʠ [1]: 

1
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ʛʜʝ x(n-k) ī ʦʪʩʯʝʪʳ ʚʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [2], h(k) ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʘʢʝʪʝ [3], ʄ ï ʢʦʣʠʯʝʩʪʚʦ ʚʝʪʚʣʝʥʠʡ ʬʠʣʴʪʨʘ, y(n) ï 

ʦʪʩʯʝʪʳ ʚʳʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.  
ʈʘʙʦʪʘ ʬʠʣʴʪʨʘ ʧʨʦʚʝʨʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʚʭʦʜʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʫʤʤʫ ʜʚʫʭ ʩʠʥʫʩʦʠʜ ʩ ʯʘʩʪʦʪʘʤʠ 3 ʢɻʮ ʠ 5 ʢɻʮ. ʇʦʩʪʨʦʝʥ ʩʧʝʢʪʨ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ [4] ʨʠʩ. 1: 

 
 

ʈʠʩ. 1. ʉʧʝʢʪʨ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
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ʆʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʧʠʢʠ ʥʘ 3 ʢɻʮ ʠ 5 ʢɻʮ. ʅʘʣʠʯʠʝ ʰʫʤʦʚ ʥʠʞʝ ī 250 dB ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʧʨʠ ʦʢʨʫʛʣʝʥʠʠ. ʇʨʦʚʝʜʝʥʘ ʬʠʣʴʪʨʘʮʠʷ ʠ ʧʦʣʫʯʝʥ ʩʧʝʢʪʨ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ (ʨʠʩ. 2). ʉʦʛʣʘʩʥʦ ʩʧʝʢʪʨʫ ʛʘʨʤʦʥʠʢʘ 5 ʢɻʮ, ʧʦʧʘʜʘʶʱʘʷ ʚ ʧʦʣʦʩʫ ʟʘʜʝʨʞʘʥʠʷ, 

ʦʩʣʘʙʣʝʥʘ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 65 ʜɹ: 
 

 
 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʨʠʤʝʨ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʬʠʣʴʪʨʘ. 
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ʇʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ɻʕʉ 

ʌʠʣʠʧʧʦʚʘ ʊ.ɸ.
1
, ʈʦʤʘʥʦʚ ɸ.ɺ.

2
 

 
1ʌʠʣʠʧʧʦʚʘ ʊʘʤʘʨʘ ɸʨʩʝʥʪʴʝʚʥʘ / Filippova Tamara Arsent'evna ï ʢʘʬʝʜʨʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʵʢʦʥʦʤʠʢʠ ʵʥʝʨʛʝʪʠʢʠ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 
2ʈʦʤʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɺʘʜʠʤʦʚʠʯ / Romanov Aleksandr Vadimovich ï ʢʘʬʝʜʨʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʵʢʦʥʦʤʠʢʠ ʵʥʝʨʛʝʪʠʢʠ, ʘʩʧʠʨʘʥʪ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʪʤʝʯʝʥʘ ʦʩʦʙʘʷ ʨʦʣʴ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ ʚ ʮʝʣʦʤ ʠ ʚ ʈʦʩʩʠʠ ʚ ʯʘʩʪʥʦʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ɻʕʉ ʠ ʧʦʜʭʦʜ ʢ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʕʉ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʯʘʩʪʴ ʩʪʘʥʮʠʠ. 

Keywords: hydroelectric, hydropower, mathematical modeling, electrical part of the station. 

 

ʈʦʣʴ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʘʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʧʦʩʪʦʷʥʥʦ, ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʙʝʟ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʟʚʠʪʳʭ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ 

ʫʜʝʣʷʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʵʪʦʡ ʯʘʩʪʠ ʩʚʦʝʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, ʢʘʢ ʥʘʧʨʠʤʝʨ 
ʀʩʣʘʥʜʠʷ, ʅʦʨʚʝʛʠʷ, ʂʘʥʘʜʘ ʠ ʐʚʝʮʠʷ, ʚʦʟʣʘʛʘʶʪ ʥʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ 

ʚʳʨʘʙʦʪʢʫ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʪʠʭ ʩʪʨʘʥʘʭ. ʆʜʥʘʢʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʮʝʣʦʤ, ʠ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʢʣʠʤʘʪ ʠ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ, ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɻʕʉ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʩʯʝʪʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʛʨʘʣʦ ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʷʚʣʷʣʦʩʴ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʥʘʫʯʥʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɺʟʛʣʷʥʫʚ ʥʘ 

ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʦʩʦʙʫʶ ʨʦʣʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʤʧʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʙʳʣʠ ʙʳ 

ʧʨʦʩʪʦ ʥʝʜʦʩʪʠʞʠʤʳ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʛʣʫʙʞʝ 

ʧʨʦʥʠʢʘʝʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʚ ʨʘʟʚʠʪʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʨʦʣʴ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʝʡ[1].  
ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʣʘʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ɻʕʉ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʭʝʤʳ, ʚʦʜʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʥʳʭ ʩʚʷʟʝʡ ʩʪʘʥʮʠʠ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʯʝʪʢʫʶ ʠ ʦʙʲʝʢʪʠʚʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ ʪʦʣʴʢʦ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɼʣʷ 

ʵʪʠʭ ʮʝʣʝʡ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʪʝʭʥʦʣʦʛʠʡ, ʫʧʨʦʱʘʶʱʠʭ ʟʘʜʘʯʫ ʘʥʘʣʠʟʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʂ ʪʘʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʘʣʛʝʙʨʳ ʠʟ ʢʣʘʩʩʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ MathCAD ʠ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʘʷ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʯʝʨʯʝʥʠʷ AutoCAD. ɼʘʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʣʘʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ɻʕʉ. 

ʇʨʠ ʵʪʦʤ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʳ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʣʘʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʝʩʫʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ. ʂ ʪʘʢʠʤ ʚʦʧʨʦʩʘʤ ʦʪʥʦʩʷʪʩʷ: 

1.ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʠ ɻʕʉ; 

2.ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʙʦʨʘ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʥʮʠʠ: 
ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʙʣʦʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʪ.ʜ; 

3.ɺʳʙʦʨ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʭʝʤʳ ʠʭ ʦʨʛʘʥʠʟʘʮʠʠ; 

4.ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʙʦʨʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ: ʚʳʢʣʶʯʘʪʝʣʝʡ, ʨʘʟʲʝʜʠʥʠʪʝʣʝʡ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪ.ʜ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʜʝʪ ʧʦ ʧʦʨʷʜʢʫ, 

ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʩʯʝʪʘʭ, ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʠʟ ʚʦʧʨʦʩʦʚ, 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʚʦʧʨʦʩʦʚ. ʇʦʜʦʙʥʳʡ ʘʣʛʦʨʠʪʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʧʣʦʚʳʭ ʠ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ. ʉʨʝʜʠ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ɻʕʉ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ: 

1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʦʙʳʯʥʦ ʚʳʙʠʨʘʝʪʩʷ ʧʦ ʫʩʣʦʚʠʷʤ 

ʥʘʠʚʳʛʦʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʪʦʢʘ ʚʜʘʣʠ ʦʪ ʮʝʥʪʨʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, 

ʠ ʧʦʵʪʦʤʫ, ʧʦʯʪʠ ʚʩʷ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʝʶ ʤʦʱʥʦʩʪʴ ʚʳʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʜʣʷ ʩʥʘʙʞʝʥʠʷ 
ʫʜʘʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [2].  

2. ʇʨʠ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ɻʕʉ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʦʛʜʘ ʥʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩʘ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʦʤ ʩ ʥʠʤ ʠʟʤʝʥʝʥʠʠ ʛʣʘʚʥʦʡ ʩʭʝʤʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʵʢʦʥʦʤʠʯʥʳʝ ʠ ʥʘʜʝʞʥʳʝ ʢʦʣʴʮʝʚʳʝ 

ʩʭʝʤʳ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ [3].  

3. ɿʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʛʠʜʨʦʛʝʥʝʨʘʪʦʨʳ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ, ʘ ʚ ʤʘʣʦʚʦʜʥʳʝ ʧʝʨʠʦʜʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʠ ʚʦʚʩʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʨʝʤʝʥʥʦ ʚʳʚʝʜʝʥʳ ʠʟ ʨʘʙʦʪʳ, ʯʠʩʣʦ ʙʣʦʢʦʚ ʥʘ ɻʕʉ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʧʘʨʠʚʘʥʠʷ ʙʣʦʢʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ. ʊʘʢʠʝ 

ʩʭʝʤʳ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʩʪʘʥʮʠʠ, ʥʦ ʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤʠ, ʪʘʢ ʢʘʢ 

ʩʪʦʠʤʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʚ 1,5-1,7 ʨʘʟʘ ʤʝʥʴʰʝ ʩʪʦʠʤʦʩʪʠ 

ʜʚʫʭ ʜʚʫʭʦʙʤʦʪʦʯʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ [3].  

ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʥʘ ʦʪʢʨʳʚʘʝʪ ʙʦʣʴʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ɻʕʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʯʘʩʪʠ, ʠ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʦʮʝʥʠʪʴ ʙʫʜʫʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘʜʝʞʥʦʩʪʴ ʩʪʘʥʮʠʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʧʨʦʝʢʪʥʳʭ 
ʦʨʛʘʥʠʟʘʮʠʷʭ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʠʭ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ʩʘʞʝʥʮʝʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ. ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʧʣʝʥʦʢ ʥʘ 

ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʘʞʝʥʮʝʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ. ɺʳʷʚʣʝʥʳ ʤʝʞʚʠʜʦʚʳʝ ʨʘʟʣʠʯʠʷ ʠ 

ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʪʝʥʠʷ ʩʚʝʪʘ ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. 

Abstract: the results of studying the effect of different spectral composition and quality 

polyethylene films on growth, development and physiological indices of softwood seedlings. The 

positive impact of these films on the Production processes softwood seedlings. Identified 

interspecies differences and the impact on the plant light of different spectral composition. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʧʣʝʥʢʠ, ʨʦʩʪ ʠ 

ʨʘʟʚʠʪʠʝ, ʭʚʦʡʥʳʝ ʨʘʩʪʝʥʠʷ. 

Keywords: spectral composition of sunlight, polyethylene films, growth and development, conifers. 
 

ɻʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʘ ʪʘʢ ʞʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠ 

ʪʝʭʥʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʣʝʩʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʩʪʨʝʩʩ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʧʨʦʷʚʣʝʥʠʷʭ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʩʪʨʝʩʩʦʚʳʤ ʫʩʣʦʚʠʷʤ  

ʩʨʝʜʳ. ɺ ʨʘʥʥʝʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʚʣʠʷʥʠʶ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʶʚʝʥʠʣʴʥʳʝ ʩʘʞʝʥʮʳ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʤʦʣʦʜʦʡ ʧʦʜʨʦʩʪ ʭʚʦʡʥʳʭ 

ʧʦʨʦʜ, ʭʚʦʷ ʢʦʪʦʨʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʘʝʪʩʷ çʩʦʣʥʝʯʥʳʤʠ ʦʞʦʛʘʤʠè. ʇʨʠ ʵʪʦʤ 

ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʩʩʦʚʦʝ ʧʦʞʝʣʪʝʥʠʝ ʠ ʛʠʙʝʣʴ ʭʚʦʠ, ʧʦʚʨʝʞʜʝʥʠʝ ʚʝʨʭʫʰʝʯʥʳʭ ʪʦʯʝʢ ʨʦʩʪʘ.   

ʉʚʝʪ ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʚʣʠʷʝʪ  ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ,  ʨʦʩʪ ʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ,  ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ 
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ʨʘʩʪʝʥʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ï ʬʦʪʦʨʝʮʝʧʪʦʨʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʝʜʦʙʣʫʯʝʥʠʝ ʢʨʘʩʥʳʤ 

ʩʚʝʪʦʤ ʟʘʱʠʱʘʝʪ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʨʘʩʪʝʥʠʡ ʦʪ ʋʌ-ʠʟʣʫʯʝʥʠʷ  ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ 

[2;3]. ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʚʳʰʝʥʥʦʡ ʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʦʝ ʘʢʪʠʚʠʨʫʝʪ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʩʠʩʪʝʤʫ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʤʦʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʝʪʘ ʥʘ ʤʦʨʬʦʛʝʥʝʟ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ Larix 

sibirica [1], ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʠʟʤʝʥʷʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘ ʩʚʝʪʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʝʛʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʨʠ ʙʝʣʦʤ ʩʚʝʪʝ ʣʶʤʠʥʠʩʮʝʥʪʥʳʭ ʣʘʤʧ, ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ 

ʤʝʥʴʰʝ ʧʨʠ ʢʨʘʩʥʦʤ ʩʚʝʪʝ. 
ʇʦʣʠʩʚʝʪʘʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʋʌ-ʨʘʜʠʘʮʠʠ 

(ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʦʙʣʘʩʪʴ ʩʚʝʪʘ ʠ ʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʦʙʣʘʩʪʴ 590-690 ʥʤ). ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʥʘ ɻʦʨʥʦʪʘʝʞʥʦʡ ʩʪʘʥʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʳ ʵʢʨʘʥʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʝʥʢʠ çʇʦʣʠʩʚʝʪʘʥè [6].  ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʝʥʢʘ çʇʦʣʠʩʚʝʪʘʥè  ʟʘ 

ʩʯʝʪ ʚʚʝʜʝʥʥʳʭ ʚ ʝʝ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ, ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʶʱʠʭ ʀʂ-ʨʘʜʠʘʮʠʶ, ʦʙʣʘʜʘʝʪ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʧʨʠʤʝʥʷʝʤʳʤʠ 

ʧʣʝʥʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ.   

ɺʣʠʷʥʠʝ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʧʣʝʥʦʢ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʧʨʠ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʣʶʤʠʥʦʬʦʨʘʤʠ ʥʘ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʷʜʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ  

(ʦʚʦʱʥʳʭ) ʢʫʣʴʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʄʠʥʠʯʘ ɸ.ʉ. [4]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ  ʠʟʫʯʝʥʠʝ  ʚʣʠʷʥʠʷ ʨʘʟʥʳʭ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʢʘʯʝʩʪʚʫ ʧʣʝʥʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʢʦʣʣʝʢʪʠʚʦʤ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʍʠʤʠʠ ɼɺʆ 

ʈɸʅ, ʥʘ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ  ʩʘʞʝʥʮʝʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʚ 

ʚʝʛʝʪʘʮʠʦʥʥʦʤ ʦʧʳʪʝ ʠ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ  ʣʝʩʥʦʛʦ ʧʠʪʦʤʥʠʢʘ  ɻʦʨʥʦʪʘʝʞʥʦʡ 

ʩʪʘʥʮʠʠ ɼɺʆ ʈɸʅ.  

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʝʷʥʮʘʭ ʠ ʜʚʫʭ-ʪʨʝʭ ʣʝʪʥʠʭ ʩʘʞʝʥʮʘʭ ʭʚʦʡʥʳʭ ʧʦʨʦʜ, 

ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ï ʝʣʴ ʢʦʨʝʡʩʢʘʷ (Picea koraiensis N.), ʝʣʴ ʢʦʣʶʯʘʷ (ʬʦʨʤʘ ʛʦʣʫʙʘʷ) 

(Picea glauca),  ʩʦʩʥʘ ʝʚʨʦʧʝʡʩʢʘʷ (Pinus cembra L.), ʩʦʩʥʘ ʚʝʡʤʫʪʦʚʘ (Pinus strobus L.). ʆʧʳʪ ʙʳʣ 

ʟʘʣʦʞʝʥ ʚ ʤʘʝ 2011 ʛ. ʠ ʧʨʦʜʦʣʞʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩ ʧʝʨʚʦʡ ʜʝʢʘʜʳ ʤʘʷ 

ʤʝʩʷʮʘ 2011 ʛ. ʠ ʧʦ 15 ʦʢʪʷʙʨʷ 2012 ʛʛ. ɺ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʩʘʞʝʥʮʳ ʭʚʦʡʥʳʭ ʚʳʩʘʞʠʚʘʣʠʩʴ ʧʦʜ 

ʧʣʝʥʢʠ ʨʘʟʥʦʛʦ ʢʘʯʝʩʪʚʘ: ˉ2 (ʧʨʦʟʨʘʯʥʘʷ), ˉ4 (ʦʨʘʥʞʝʚʘʷ), ˉ6 (ʨʦʟʦʚʘʷ). ʀʩʧʳʪʫʝʤʳʝ ʧʣʝʥʢʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ɻʆʉʊʋ 10354-82. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʳ 

ʧʨʠʤʝʥʷʣʩʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʀʟʛʦʪʦʚʣʝʥʳ ʧʣʝʥʢʠ ʩ 

ʧʠʛʤʝʥʪʦʤ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʠ ʣʶʤʠʥʦʬʦʨʘʤʠ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʶʤʠʥʦʬʦʨʘ 0,1-0,5% 

ʦʧʨʝʜʝʣʝʥʘ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʠʛʤʝʥʪʘ 0,5-1% ʦʙʫʩʣʦʚʣʝʥʘ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʚʦʟʤʦʞʥʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʡ ʠ ʀʂ ʦʙʣʘʩʪʠ 

20%. ʉʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝ ʦʨʘʥʞʝʚʦʡ ʧʣʝʥʢʠ ˉ 4 ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 400 ʥʤ ï 26%, ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

600 ʥʤ ï 30%.  

ɺ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ ʝʞʝʤʝʩʷʯʥʦ ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ ʧʨʦʚʦʜʠʣʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʭʚʦʡʥʳʭ ʩʘʞʝʥʮʝʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʧʝʨʚʳʭ ʯʠʩʣʘʭ ʘʚʛʫʩʪʘ ʠ 
ʥʘʯʘʣʝ ʦʢʪʷʙʨʷ ʦʧʨʝʜʝʣʷʣʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʠʛʤʝʥʪʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ [5]. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʜʝʢʘʜʥʦ (5, 15, 25 ʯʠʩʣʘ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ) ʧʨʦʚʦʜʠʣʠ ʤʦʥʠʪʦʨʠʥʛ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʧʦʜ ʧʣʝʥʢʘʤʠ ʠ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʌɸʈ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʋʌ-ʨʘʜʠʘʮʠʠ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 
 

ʉʘʞʝʥʮʳ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʚʳʩʘʞʠʚʘʣʠ ʚ ʥʘʯʘʣʝ ʚʝʛʝʪʘʮʠʠ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʤʘʷ ʧʦʜ ʧʣʝʥʢʘʤʠ 

ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘ  ˉ 2, ˉ 4, ˉ6 ʠ ʧʦʜ ʦʙʳʯʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʦʡ ï ʢʦʥʪʨʦʣʴ. ɺ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ  ʪʝʤʧʝʨʘʪʫʨʘ  ʚʦʟʜʫʭʘ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ   ʥʘ 4-6 ʛʨʘʜʫʩʦʚ ʙʦʣʴʰʝ 

ʧʦʜ ʧʣʝʥʢʘʤʠ, ʯʝʤ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʪʘʙʣ. 1). ʇʦʜ ʧʣʝʥʢʦʡ ˉ2  ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 2,4-3,7 ʛʨʘʜʫʩʘ ʚʳʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʈʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ4, 

ˉ6 ʠ ʚ ʢʦʥʪʨʦʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ï 0,4-1,5 ʛʨʘʜʫʩʘ. ʆʩʚʝʱʝʥʥʦʩʪʴ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ6   

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ  ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʘʙʣ. 2). ʉʘʤʘʷ ʥʠʟʢʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ 

ʦʪʤʝʯʝʥʘ ʧʦʜ ʧʣʝʥʢʦʡ ˉ4, ʩʚʝʪʦʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʣʘ 57-77% ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ. ʇʦʢʘʟʘʪʝʣʠ ʋʌ-ʨʘʜʠʘʮʠʠ ʥʘ 35-63% ʥʠʞʝ ʧʦʜ ʧʣʝʥʢʦʡ ˉ 4,  ʯʝʤ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʜ ʧʣʝʥʢʦʡ ˉ6. ʄʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʝʥʦʢ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮ 1 ʠ 2 ʩʣʝʜʫʶʱʘʷ: ʧʦʜ ʧʣʝʥʢʦʡ ˉ 2 ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 2,4-3,7  ʛʨʘʜʫʩʦʚ 
ʦ
ʉ; ʦʩʚʝʱʝʥʥʦʩʪʴ (ʣʢ) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʜʘʥʥʳʤ ʚ ʢʦʥʪʨʦʣʝ.  ʌʣʫʦʨʝʩʮʝʥʪʥʘʷ ʧʣʝʥʢʘ  ˉ4 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʫʜʝʨʞʠʚʘʶʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ,  ʚ ʘʚʛʫʩʪʝ ʠ ʩʝʥʪʷʙʨʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ ʠ ʩʘʤʦʡ 

ʥʠʟʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʣʝʥʢʘʤʠ. ʇʦʜ ʧʣʝʥʢʦʡ ˉ 6 ï ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʪʝʧʣʦʫʜʝʨʞʠʚʘʶʰʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ (ʘʚʛʫʩʪ, ʩʝʥʪʷʙʨʴ); ʦʩʚʝʱʝʥʥʦʩʪʴ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʦʜ ʧʣʝʥʢʦʡ ˉ 4 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʪʨʦʣʴʥʳʤ ʫʩʣʦʚʠʷʤ.  
 

ʊʘʙʣʠʮʘ 1.  

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʚʝʛʝʪʘʮʠʦʥʥʦʤ ʦʧʳʪʝ 2012 ʛ. 
 

 

 

ʄʝʩʷʮ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʉ
0
 

(ʩʨʝʜʥʝʝ ʟʘ ʤʝʩʷʮ) 

ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, % 

(ʩʨʝʜʥʝʝ ʟʘ ʤʝʩʷʮ) 

ʅʘ ʦʪʢʨʳʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʇʦʜ ʧʣʝʥʢʦʡ ʅʘ ʦʪʢʨʳʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʇʦʜ ʧʣʝʥʢʦʡ 

ɸʧʨʝʣʴ 14,2 - - 41,9 - - 

ʄʘʡ 21,1 - - 47,0  - 

ʀʶʥʴ 26,6 ʂ* 29,6 58,9 ʂ 50,2 

  ˉ2** 30,7  ˉ2 50,3 

  ˉ4 29,9  ˉ4 50,1 

  ˉ6 30,5  ˉ6 49,4 

ʀʶʣʴ 37,7 ʂ 39,9 44,9 ʂ 48,8 

  ˉ2 43,6  ˉ2 45,1 

  ˉ4 41,1  ˉ4 41,6 

  ˉ6 41,4  ˉ6 46,3 

ɸʚʛʫʩʪ 34,7 ʂ 38,9 50,9 ʂ 48,1 

  ˉ2 35,9  ˉ2 56,9 

  ˉ4 39,0  ˉ4 51,7 

  ˉ6 39,3  ˉ6 47,2 

ʉʝʥʪʷʙʨʴ 30,5 ʂ 30,7 51,4 ʂ 56,3 

  ˉ2 33,1  ˉ2 49,3 

  ˉ4 31,4  ˉ4 53,9 

  ˉ6 32,4  ˉ6 47,5 

ʆʢʪʷʙʨʴ 20,1 ʂ 22,4 49,9 ʂ 58,1 

  ˉ2 24,2  ˉ2 60,4 

  ˉ4 22,7  ˉ4 58,5 

  ˉ6 22,8  ˉ6 59,0 
* ʂ- ʦʙʳʯʥʘʷ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʝʥʢʘ;  ** ˉ - ʥʦʤʝʨʘ ʧʣʝʥʦʢ; 
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ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʫ ʨʘʟʥʳʭ ʧʦʨʦʜ ʭʚʦʡʥʳʭ ʙʳʣʘ ʨʘʟʣʠʯʥʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʥʦʪʠʧʘ ʵʪʠʭ ʚʠʜʦʚ. ʇʦ ʢʦʥʪʨʦʣʴʥʳʤ ʜʘʥʥʳʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʨʫʥʪʦʚʘʷ 

ʚʩʭʦʞʝʩʪʴ ʜʣʷ ʩʝʷʥʮʝʚ ʝʣʠ ʘʷʥʩʢʦʡ ʠ ʝʣʠ ʢʦʨʝʡʩʢʦʡ ʩʦʩʪʘʚʣʷʣʘ ï 80-70%, ʘ ʜʣʷ  ʩʦʩʥʳ 

ʛʫʩʪʦʮʚʝʪʢʦʚʦʡ - 84% (ʪʘʙʣ.3). ʋ ʠʥʪʨʦʜʫʮʝʥʪʘ ï ʩʦʩʥʳ ʩʠʙʠʨʩʢʦʡ ʧʝʨʠʦʜ ʧʨʦʨʘʩʪʘʥʠʷ 

ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ, ʯʝʤ ʫ ʤʝʩʪʥʳʭ ʚʠʜʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʫ ʵʪʦʛʦ ʚʠʜʘ ʢ 

ʢʦʥʮʫ ʠʶʥʷ ʚʩʝʛʦ 34%. ʇʦʜ ʧʣʝʥʢʘʤʠ ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʩʭʦʞʝʩʪʠ ʫ 

ʩʝʷʥʮʝʚ ʝʣʠ ʘʷʥʩʢʦʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 78-112%, ʝʣʠ ʢʦʨʝʡʩʢʦʡ ï 56-83%,  ʫ ʩʦʩʥʳ 

ʛʫʩʪʦʮʚʝʪʢʦʚʦʡ ï 90-108%, ʘ ʫ ʠʥʪʨʦʜʫʮʝʥʪʘ ʩʦʩʥʳ ʩʠʙʠʨʩʢʦʡ ï 33-44% (ʪʘʙʣ. 3). ʋ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʨʘʩʪʘʥʠʷ ʨʘʟʣʠʯʥʘ. ɼʣʷ ʤʝʩʪʥʳʭ ʚʠʜʦʚ ī ʝʣʠ ʘʷʥʩʢʦʡ ʠ 
ʩʦʩʥʳ ʛʫʩʪʦʮʚʝʪʢʦʚʦʡ  ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʦʪʤʝʯʝʥʦ ʧʦʜ ʧʣʝʥʢʘʤʠ 

ˉ4 ʠ ˉ6. ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ (ʝʣʠ ʘʷʥʩʢʦʡ, ʝʣʠ ʢʦʨʝʡʩʢʦʡ, 

ʩʦʩʥʳ  ʩʠʙʠʨʩʢʦʡ) ʧʦʜ ʧʣʝʥʢʦʡ ˉ 2 ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. 

 
ʊʘʙʣʠʮʘ 2.  

ʆʩʚʝʱʝʥʥʦʩʪʴ ʠ ʋʌ-ʨʘʜʠʘʮʠʷ ʚ ʚʝʛʝʪʘʮʠʦʥʥʦʤ ʦʧʳʪʝ 2012 ʛ. 

 

 

ɼʘʪʘ 

ʆʩʚʝʱʝʥʥʦʩʪʴ ʌɸʈ, ʣʢ                          

(ʩʨʝʜʥʝʝ ʟʘ ʤʝʩʷʮ) 

ʋʌ, ʤʚʪ/ʤ
2 

(ʩʨʝʜʥʝʝ ʟʘ ʤʝʩʷʮ) 

ʆʪʢʨʳʪʦʝ 

ʧʨʦʩʪ-

ʨʘʥʩʪʚʦ 

ʇʦʜ 

ʇʣʝʥʢʘʤʠ 

ʆʪʢʨʳʪʦʝ 

ʧʨʦʩʪʨʘʥʩ

ʪʚʦ 

ʇʦʜ 

ʧʣʝʥʢʘʤʠ 

ɸʧʨʝʣʴ 523 -  908(ʭ100) -  

ʄʘʡ 567 -   -  

ʀʶʥʴ 618 ʂ* 330***  229 ʂ 432 

  ˉ2** 452  ˉ2 65 

  ˉ4 254  ˉ4 64 

  ˉ6 345  ˉ6 351 

ʀʶʣʴ 990 ʂ 862 376 ʂ 291 

  ˉ2 810  ˉ2 42 

  ˉ4 597  ˉ4 166 

  ˉ6 874  ˉ6 272 

ɸʚʛʫʩʪ 846 ʂ 689 324 ʂ 235 

  ˉ2 627  ˉ2 189 

  ˉ4 510  ˉ4 150 

  ˉ6 716  ˉ6 233 

ʉʝʥʪʷʙʨʴ 837 ʂ 614 257 ʂ 162 

  ˉ2 592  ˉ2 153 

  ˉ4 447  ˉ4 106 

  ˉ6 655  ˉ6 176 

ʆʢʪʷʙʨʴ 483 ʂ 645 315 ʂ 132 

  ˉ2 185  ˉ2 68 

  ˉ4 369  ˉ4 67 

  ˉ6 478  ˉ6 132 
* ʂ - ʦʙʳʯʥʘʷ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʝʥʢʘ; 

** ˉ - ʥʦʤʝʨʘ ʧʣʝʥʦʢ; 

*** - ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʠʙʦʨʘ ʧʦ ʌɸʈ ʠ ʋʌ-ʨʘʜʠʘʮʠʠ ʫʤʝʥʴʰʝʥʳ ʚ 100 ʨʘʟ. ʅʘʧʨʠʤʝʨ: 330ʭ(100) ʣʢ = 330 ʣʢ  
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ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ  (ʪʘʙʣ. 3) ʧʦʷʚʣʝʥʠʝ ʚʩʭʦʜʦʚ ʫ ʭʚʦʡʥʳʭ ʠʤʝʝʪ ʧʝʨʠʦʜ ʪʦʨʤʦʞʝʥʠʷ ʜʦ 

10 ʜʥʝʡ ʠ ʙʦʣʝʝ, ʚ ʦʩʥʦʚʥʦʤ, ʫ ʩʝʷʥʮʝʚ ʧʠʭʪʳ ʙʝʣʦʢʦʨʦʡ ʠ ʩʦʩʥʳ ʩʠʙʠʨʩʢʦʡ, ʧʝʨʚʳʝ ʚʩʭʦʜʳ 

ʫ ʢʦʪʦʨʳʭ ʧʦʷʚʠʣʠʩʴ ʪʦʣʴʢʦ  ʚ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʘʧʨʝʣʷ ʠʣʠ  ʚ ʥʘʯʘʣʝ ʤʘʷ. ʇʦʟʜʥʝʝ 

ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʫ ʵʪʠʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʦʪʤʝʯʝʥʦ, ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ, ʪʘʢ ʠ ʧʦʜ  

ʠʩʩʣʝʜʫʝʤʳʤʠ ʧʣʝʥʢʘʤʠ. 

ʆʩʥʦʚʥʦʡ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʝʡ ʨʘʩʪʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʦʝ ʢʘʯʝʩʪʚʦ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʦʧʳʪʘ ʙʳʣʠ ʚʟʷʪʳ 3-ʭ-5-ʣʝʪʥʠʝ 

ʩʘʞʝʥʮʳ ʜʚʫʭ ʚʠʜʦʚ ʝʣʝʡ ʠ ʜʚʫʭ ʚʠʜʦʚ ʩʦʩʝʥ, ʚʳʩʦʪʘ ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʣʶʯʝʡ ʠ ʢʦʨʝʡʩʢʦʡ ʚ 

ʢʦʥʪʨʦʣʝ ʠ ʦʧʳʪʝ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʩʨʝʜʥʝʤ ʦʪ 14,6 ʜʦ 19,7 ʩʤ. ʉʘʞʝʥʮʳ ʩʦʩʝʥ ʵʪʦʛʦ ʞʝ 
ʚʦʟʨʘʩʪʘ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʚʳʩʦʪʝ, ʯʝʤ  ʚʠʜʦʚ ʝʣʝʡ. ʇʨʠ ʧʦʩʘʜʢʝ ʩʘʞʝʥʮʝʚ 

ʨʘʩʪʝʥʠʷ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ ʧʦ ʚʳʩʦʪʝ ʧʨʘʢʪʠʯʝʩʢʠ  ʨʘʚʥʳ  ʩʘʞʝʥʮʘʤ ʝʣʠ (12,4-15,0 ʩʤ). 

ɺʳʩʦʪʘ ʩʘʞʝʥʮʝʚ ʩʦʩʥʳ ʝʚʨʦʧʝʡʩʢʦʡ ʵʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ ʧʨʠ ʧʦʩʘʜʢʝ ʙʳʣʘ ʚʩʝʛʦ 5,3 ï 6,3 ʩʤ 

ʧʦ ʩʨʝʜʥʠʤ  ʟʥʘʯʝʥʠʷʤ (ʪʘʙʣ. 4). 

 
ʊʘʙʣʠʮʘ 3.  

ɺʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʭʚʦʡʥʳʭ ʧʦʜ ʧʣʝʥʢʘʤʠ ʨʘʟʥʦʛʦ ʢʘʯʝʩʪʚʘ 

 

ʈʘʩʪʝʥʠʷ ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 

ʂʦʣʠʯʝʩʪʚʦ ʚʩʭʦʜʦʚ ʧʦ ʜʥʷʤ ʥʘʙʣʶʜʝʥʠʡ, % * 

18.04 22.04 26.04 04.05 18.05 25.05 28.06 ʆʪʧʘʜ, 

% 

1 2 3 4 5 6 7 8 9 10 

 

ɽʣʴ 

ɸʷʥʩʢʘʷ 

ʂʦʥʪʨ. 30 68 80**  60 48 42 36 44 

ˉ 2 24 46 68 56 36 32 26 42 

ˉ 4 0 0 0 76 84 84 76 8 

ˉ 6 34 78 86 72 52 34 26 60 

 

ɽʣʴ 

ʂʦʨʝʡʩʢʘʷ 

ʂʦʥʪʨ. 56 62 68 70 70 70 66 4 

ˉ 2 46 52 52 54 54 52 50 4 

ˉ 4 6 34 38 34 30 30 30 8 

ˉ 6 12 54 66 56 54 52 52 14 

ʇʠʭʪʘ 

ʙʝʣʦ- 

ʢʦʨʘʷ 

ʂʦʥʪʨ. 0 0 0 2 4 10 8 2 

ˉ 2 0 0 0 0 4 10 6 4 

ˉ 4 0 0 2 8 18 20 16 4 

ˉ 6 0 0 0 0 4 12 2 10 

ʉʦʩʥʘ 

ʛʫʩʪʦ- 

ʮʚʝʪʢʦʚʘʷ 

ʂʦʥʪʨ. 24 66 84 54 78 76 68 16 

ˉ 2 20 70 80 76 56 54 54 26 

ˉ 4 40 72 80 34 8 8 8 72 

ˉ 6 28 68 82 72 62 64 64 18 

ʉʦʩʥʘ  

ʉʠʙʠʨʩʢʘʷ 

ʂʦʥʪʨ. 0 0 2 16 18 20 34 ʅʝʪ 

ˉ 2 0 0 2 6 4 4 18 ʅʝʪ 

ˉ 4 0 0 6 4 4 4 8 ʅʝʪ 

ˉ 6 0 0 0 4 4 4 14 ʅʝʪ 

 * - ʧʨʦʮʝʥʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʝʷʥʥʳʭ ʩʝʤʷʥ (50 ʰʪ.); 

** - ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʭʚʦʡʥʳʭ ʚʳʜʝʣʝʥʦ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. 
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ɿʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ, ʩ ʤʦʤʝʥʪʘ ʟʘʢʣʘʜʢʠ ʦʧʳʪʘ ʚ ʤʘʝ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠʨʦʩʪ ʧʦ ʚʳʩʦʪʝ ʫ ʩʘʞʝʥʮʝʚ ʝʣʠ ʦʢʘʟʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʘʞʝʥʮʝʚ ʩʦʩʝʥ (ʪʘʙʣ.). 

ʇʨʠʨʦʩʪ ʚʝʨʭʫʰʝʯʥʳʭ ʧʦʙʝʛʦʚ ʩʘʞʝʥʮʝʚ ʚʩʝʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʚ ʠʶʥʝ 2011 ʛʦʜʘ ʠ ʚ ʠʶʥʝ ʤʝʩʷʮʝ 

2012 ʛʦʜʘ ʧʦʜ ʠʩʩʣʝʜʫʝʤʳʤʠ ʧʣʝʥʢʘʤʠ ˉ2, ˉ4 ʠ ˉ6 ʙʳʣ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ ï ʧʦʜ 

ʦʙʳʯʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʦʡ (ʩʤ. ʪʘʙʣ. 4). ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʟʘ 2011 ʛʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ ʧʨʠʨʦʩʪʘ ʚʝʨʭʫʰʝʯʥʳʭ ʧʦʙʝʛʦʚ  ʚʩʝʭ ʩʘʞʝʥʮʝʚ  ʝʣʠ ʠ ʩʦʩʝʥ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ4 ʠ ˉ6 

ʙʳʣʠ ʙʣʠʟʢʠ. ɺ ʧʝʨʠʦʜ ʣʝʪʥʝʡ ʚʝʛʝʪʘʮʠʠ 2012 ʛʦʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʫ ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʣʶʯʝʡ  ʩʦʩʝʥ - ʚʝʡʤʫʪʦʚʦʡ ʠ ʝʚʨʦʧʝʡʩʢʦʡ ʧʦʜ ʧʣʝʥʢʦʡ ˉ4. ʇʨʠ ʵʪʦʤ, ʧʨʠʨʦʩʪ 

ʧʦʙʝʛʦʚ ʧʦʜ ʧʣʝʥʢʦʡ ˉ4 ʤʝʥʴʰʝ ʙʳʣ, ʯʝʤ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ6 ʧʦʯʪʠ ʚ 1,2-2,0 ʨʘʟʘ, ʪʦʣʴʢʦ ʫ 
ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʨʝʡʩʢʦʡ ʧʦʢʘʟʘʪʝʣʠ ʨʦʩʪʘ ʧʦʙʝʛʦʚ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ4 ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʳʝ 

ʟʥʘʯʝʥʠʷ. ʉʘʤʦʝ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʦʩʪʦʚʳʭ ʚʝʨʭʫʰʝʯʥʳʭ ʧʦʙʝʛʦʚ ʦʪʤʝʯʝʥʦ ʫ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ. 

ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 2011 ʛʦʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʫ 

ʠʥʪʨʦʜʫʮʝʥʪʘ ï ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ (ʪʘʙʣ. 4). ʇʦ ʜʘʥʥʳʤ ʧʨʠʨʦʩʪʘ ʚʝʨʭʫʰʝʯʥʳʭ ʧʦʙʝʛʦʚ 

ʵʥʝʨʛʠʷ ʨʦʩʪʘ ʫ ʩʘʞʝʥʮʝʚ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ ʚ 1,6-3,0 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʝʣʠ ʢʦʣʶʯʝʡ; ʚ 1,2-2,9 

ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʨʝʡʩʢʦʡ ʠ   ʩʦʩʥʳ ʝʚʨʦʧʝʡʩʢʦʡ. 

ʇʣʝʥʢʠ ʨʘʟʥʦʛʦ ʢʘʯʝʩʪʚʘ ʦʢʘʟʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʩʘʞʝʥʮʝʚ 

ʭʚʦʡʥʳʭ ʧʦʨʦʜ (ʪʘʙʣ. 4).   ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʚʳʩʦʪʘ ʩʘʞʝʥʮʝʚ ʝʣʠ ʫʚʝʣʠʯʠʣʘʩʴ  ʚ 

ʩʨʝʜʥʝʤ ʥʘ 4,3-4,6 ʩʤ ʚ ʢʦʥʪʨʦʣʝ,  ʘ ʧʦʜ ʧʣʝʥʢʘʤʠ ʥʘ 4,4-8,1 ʩʤ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʙʳʣ 

ʨʦʩʪ ʩʘʞʝʥʮʝʚ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ (ʠʥʪʨʦʜʫʮʝʥʪ), ʫ ʢʦʪʦʨʳʭ ʦʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 10,3-15,4 ʩʤ ʠ ʚ 

ʢʦʥʪʨʦʣʝ, ʠ ʧʦʜ ʧʣʝʥʢʘʤʠ. ʇʨʠʨʦʩʪ ʧʦ ʚʳʩʦʪʝ ʩʘʞʝʥʮʝʚ ʩʦʩʥʳ ʝʚʨʦʧʝʡʩʢʦʡ ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ  ï ʚʩʝʛʦ 6,2-7,2 ʩʤ. ʈʦʩʪ ʶʚʝʥʠʣʴʥʳʭ   ʩʘʞʝʥʮʝʚ   

ʚʠʜʦʚ ʝʣʠ ʢʦʨʝʡʩʢʦʡ ʠ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ   ʙʦʣʴʰʝ ʚ ʦʧʳʪʥʦʤ ʚʘʨʠʘʥʪʝ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ6, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʀʩʩʣʝʜʫʝʤʳʝ ʧʣʝʥʢʠ ʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘ ʦʢʘʟʳʚʘʣʠ ʥʝʦʜʥʦʟʥʘʯʥʦʝ 

ʚʣʠʷʥʠʝ  ʥʘ ʧʨʠʨʦʩʪ  ʧʦʙʝʛʦʚ ʚʝʨʭʫʰʝʯʥʳʭ ʤʫʪʦʚʦʢ (ʪʘʙʣ. 5). ʋ ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʨʝʡʢʦʡ ʦʥ ʙʳʣ 

ʙʦʣʴʰʝ ʧʦʜ ʧʣʝʥʢʘʤʠ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ ʥʘ 13 ï 68%, ʘ ʧʨʠʨʦʩʪ ʚʝʨʭʫʰʝʯʥʳʭ ʧʦʙʝʛʦʚ ʨʘʩʪʝʥʠʡ 

ʝʣʠ ʢʦʣʶʯʝʡ  ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ ʪʦʣʴʢʦ ʧʦʜ ʧʣʝʥʢʦʡ ˉ 2. ɺʝʨʭʫʰʝʯʥʳʡ ʧʨʠʨʦʩʪ ʩʘʞʝʥʮʝʚ 
ʩʦʩʥʳ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʚʝʡʤʫʪʦʚʦʡ ʧʦʜ ʧʣʝʥʢʦʡ ˉ 2 ʠ ˉ4  ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ ʚ 2,0-2,9 ʠ ʚ 1,4-

1,5 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂ ʢʦʥʮʫ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 2011 ʛ. ʚʳʩʦʪʘ ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʣʶʯʝʡ ʠ ʢʦʨʝʡʩʢʦʡ 

ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 17,5 ʜʦ 24,4 ʩʤ. ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʩʦʩʥʳ ʝʚʨʦʧʝʡʩʢʦʡ ʙʳʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʩʘʞʝʥʮʝʚ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ 11,5-13,5 ʩʤ. ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʩʦʪʳ ʚʝʡʤʫʪʦʚʦʡ 

ʩʦʩʪʘʚʣʷʣʠ 23,4-28,5 ʩʤ.  ʋ ʩʘʞʝʥʮʝʚ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʭʫʰʝʯʥʳʭ ʨʦʩʪʦʚʳʭ 

ʧʦʙʝʛʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ.  
 

ʊʘʙʣʠʮʘ 4.  
ʇʨʠʨʦʩʪ ʧʦ ʚʳʩʦʪʝ ʩʘʞʝʥʮʝʚ ʝʣʠ ʠ ʩʦʩʥʳ ʟʘ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʡ ʚʝʛʝʪʘʮʠʠ (ʩʨʝʜʥʝʝ ʥʘ 1 ʨʘʩʪʝʥʠʝ) 

 

ʈʘʩʪʝʥʠʝ ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ, ʩʤ. 

05.05.2011 

ɺʳʩʦʪʘ ʨʘʩʪʝʥʠʡ, ʩʤ. 

05.10.2011 

ʇʨʠʨʦʩʪ ʧʦ ʚʳʩʦʪʝ, ʩʤ. 

ʂ ˉ2 ˉ4 ˉ6 ʂ ˉ2 ˉ4 ˉ6 ʂ ˉ2 ˉ4 ˉ6 
ʝʣʴ 

ʢʦʣʶʯʘʷ 
19,7 14,6 17,1 19,1 24,0 22,7 17,5 23,5 4,3 8,1 0,4 4,4 

ʝʣʴ 

ʢʦʨʝʡʩʢʘʷ 
17,4 16,5 15,6 16,7 22,0 24,4 19,8 24,1 4,6 7,9 4,2 7,4 

ʩʦʩʥʘ 

ɺʝʡʤʫʪʦʚʘ 
13,1 14,5 15,0 12,4 23,4 28,5 26,8 27,8 10,3 14,0 11,8 15,4 

ʩʦʩʥʘ 
ʝʚʨʦʧʝʡʩʢʘʷ 

6,3 5,3 5,7 5,6 13,5 11,5 12,6 11,8 7,2 6,2 6,9 6,2 
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ɼʠʥʘʤʠʢʘ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩʘʞʝʥʮʝʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ  ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 2012 

ʛ. ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 7. ʈʦʩʪ ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʣʶʯʝʡ ʠ ʢʦʨʝʡʩʢʦʡ ʚ ʘʚʛʫʩʪʝ ʙʳʣ ʟʘʚʝʨʰʝʥ. 

ɺʝʨʭʫʰʝʯʥʳʡ ʧʨʠʨʦʩʪ ʝʣʠ ʢʦʣʶʯʝʡ ʠ ʢʦʨʝʡʩʢʦʡ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 2,4 ʜʦ 4,9ʩʤ., 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʩʦʩʝʥ ʚʝʨʭʫʰʝʯʥʳʝ ʧʦʙʝʛʠ ʨʦʩʣʠ ʝʱʝ ʠ ʚ ʘʚʛʫʩʪʝ ʤʝʩʷʮʝ. ʇʨʠʨʦʩʪ 

ʧʦʙʝʛʦʚ ʩʘʞʝʥʮʝʚ ʩʦʩʝʥ ʙʳʣ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʘʞʝʥʮʝʚ ʝʣʝʡ ʢʦʨʝʡʩʢʦʡ ʠ ʢʦʣʶʯʝʡ. ʇʦʜ 

ʨʘʟʥʳʤʠ ʧʣʝʥʢʘʤʠ ʧʨʠʨʦʩʪ ʩʦʩʥʳ ʝʚʨʦʧʝʡʩʢʦʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 3,8-5,8 ʩʤ. ʚ ʦʧʳʪʝ ʠ 10,7 ʩʤ. 

ʚ ʢʦʥʪʨʦʣʝ. ʅʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠʨʦʩʪʘ ʙʳʣʘ ʫ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ ī 8,8-19,7 ʩʤ. 

ʧʦʜ ʧʣʝʥʢʘʤʠ ʠ 10,8 ʚ ʢʦʥʪʨʦʣʝ. ɺ ʚʝʛʝʪʘʮʠʦʥʥʦʤ ʦʧʳʪʝ 2012 ʛʦʜʘ ʥʘʠʙʦʣʴʰʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʫ ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʨʝʡʩʢʦʡ ʠ ʢʦʣʶʯʝʡ 
ʧʦʜ ʧʣʝʥʢʦʡ ˉ2, ʘ ʫ ʩʦʩʝʥ ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʚʝʡʤʫʪʦʚʦʡ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ4 ʠ ˉ6, ʥʦ 

ʚʝʨʭʫʰʝʯʥʳʡ ʧʨʠʨʦʩʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ ʧʦʜ ʦʙʳʯʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ 

ʧʣʝʥʢʦʡ (ʪʘʙʣ.4). 

 
ʊʘʙʣʠʮʘ 5.  

ɺʝʨʭʫʰʝʯʥʳʡ ʧʨʠʨʦʩʪ ʩʘʞʝʥʮʝʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʦʧʳʪʘʭ 2011-2012 ʛʛ. 

 
ʈʘʩʪʝʥʠʝ ɺʘʨʠʘʥʪ 

ʦʧʳʪʘ 

ʇʨʠʨʦʩʪ, ʩʤ. 2011 ʛʦʜ ʇʨʠʨʦʩʪ, ʩʤ. 2012 ʛʦʜ 

ʠʶʥʴ ʠʶʣʴ % ʦʪ 

ʢʦʥʪʨʦʣʷ 

ʠʶʥʴ ʠʶʣʴ % ʦʪ 

ʢʦʥʪʨʦʣʷ 

ɽʣʴ 

ʢʦʣʶʯʘʷ 
ʂʦʥʪʨ. 3,44 8,36 100 3,1 3,2 100 

ˉ 2 3,38 7,62 98 3,8 4,6 123 

ˉ 4 4,30 9,68 125 1,2 2,5 37 

ˉ 6 4,30 10,28 125 2,5 3,0 81 

ɽʣʴ 

ʢʦʨʝʡʩʢʘʷ 
ʂʦʥʪʨ. 6,22 12,66 100 3,1 3,2 100 

ˉ 2 6,54 13,04 105 5,2 4,6 168 

ˉ 4 6,14 12,96 98 5,2 4,9 168 

ˉ 6 5,94 13,90 95 3,5 2,4 113 

ʉʦʩʥʘ 

ɺʝʡʤʫʪʦʚʘ 
ʂʦʥʪʨ. 6,32 14,07 100 5,7 9,8 100 

ˉ 2 8,41 21,91 133 4,8 7,0 84 

ˉ 4 6,79 17,16 107 4,6 8,0 81 

ˉ 6 6,84 17,02 108 12,5 16,2 219 

ʉʦʩʥʘ 

ʝʚʨʦʧʝʡʩʢʘʷ 
ʂʦʥʪʨ. 3,90 9,68 100 10,0 10,6 100 

ˉ 2 5,48 12,02 140 4,3 3,8 43 

ˉ 4 4,54 9,24 116 3,2 5,7 32 

ˉ 6 4,56 9,70 117 6,2 5,3 62 

 
ʋʨʦʚʝʥʴ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʣʠʩʪʝ (ʭʚʦʝ)  ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʝʥʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʭʚʦʝ ʩʘʞʝʥʮʝʚ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ ʧʨʦʚʦʜʠʣʠ  ʚ ʘʚʛʫʩʪʝ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 

ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ  ʠ ʚ ʦʢʪʷʙʨʝ ʤʝʩʷʮʝ, ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʘʩʩʠʤʠʣʷʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʢ 

ʟʠʤʝ.  ɺ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʘʚʛʫʩʪʘ ʩʫʤʤʘ ʧʠʛʤʝʥʪʦʚ (ʍʣ (a+b) + ʢʘʨʦʪʠʥʦʠʜʳ)  ʚ ʭʚʦʝ ʨʘʟʥʳʭ ʧʦʨʦʜ 

ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 2,12-2,69 ʤʛ/ʛ ʩʳʨ. ʚʝʱʝʩʪʚʘ ï ʫ ʝʣʠ ʢʦʨʝʡʩʢʦʡ; 1,86-2,56 ʤʛ/ʛ ʚ ʭʚʦʝ ʝʣʠ 

ʢʦʣʶʯʝʡ ʠ 1,49-1,93 ʤʛ/ʛ ʚ ʭʚʦʝ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ (ʪʘʙʣ.6). ʂʦʣʠʯʝʩʪʚʦ ʞʝʣʪʳʭ ʧʠʛʤʝʥʪʦʚ 
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ʢʘʨʦʪʠʥʦʠʜʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʭʚʦʝ ʨʘʟʥʳʭ ʧʦʨʦʜ ʭʚʦʡʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,24 ʜʦ 0,34 ʤʛ/ʛ 

ʩʳʨʦʛʦ ʚʝʩʘ ʪʢʘʥʠ. ʉʫʤʤʘ ʍʣ(a+b) ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʢʘʨʦʪʠʥʦʠʜʦʚ, ʠ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ 

1,22-2,47 ʤʛ/ʛ ʩʳʨʦʛʦ ʚʝʩʘ. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʜʨʫʛʠʭ ʧʠʛʤʝʥʪʦʚ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘʢʦʧʣʝʥʠʝʤ ʍʣʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ, ʥʘʧʨʠʤʝʨ, ʚ ʭʚʦʝ ʩʦʩʥʳ 

ɺʝʡʤʫʪʦʚʘ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʍʣb.  ʆʪʥʦʰʝʥʠʝ ʍʣʘ/ʍʣb ʚ ʭʚʦʝ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ ʭʚʦʡʥʳʭ 

ʚ ʢʦʥʪʨʦʣʝ ʩʪʘʙʠʣʴʥʦ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,92-2,05 ʤʛ/ ʛ ʩʳʨ. ʚʝʩʘ ʭʚʦʠ.  ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʡ ʚʝʛʝʪʘʮʠʠ, ʘʚʛʫʩʪʝ ʤʝʩʷʮʝ, ʫ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʜ 

ʭʚʦʡʥʳʭ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʛʤʝʥʪʦʚ ʙʳʣʦ ʧʦʜ ʧʣʝʥʢʦʡ ˉ2 (ʙʝʣʘʷ) ʠ ʧʣʝʥʢʦʡ ˉ4 

(ʦʨʘʥʞʝʚʘʷ), ʧʦʜ ʢʦʪʦʨʳʤʠ ʩʫʤʤʘ ʍʣ(ʘ+b) ʠ ʩʫʤʤʘ ʚʩʝʭ ʧʠʛʤʝʥʪʦʚ ʙʳʣʠ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʜ 
ʧʣʝʥʢʦʡ ˉ6 ʠ  ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ, ʧʦʜ ʦʙʳʯʥʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʦʡ (ʩʤ. ʪʘʙʣ.5). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʝʯʥʦʟʝʣʝʥʳʭ ʭʚʦʡʥʳʭ ʨʘʩʪʝʥʠʡ ʦʪ ʣʠʩʪʦʧʘʜʥʳʭ 

ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ  ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ. ʌʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʭʚʦʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʝʱʝ ʠ ʚ ʩʝʥʪʷʙʨʝ ʠ ʚ ʦʢʪʷʙʨʝ ʤʝʩʷʮʘʭ. ʇʦ ʢʦʥʪʨʦʣʴʥʳʤ ʜʘʥʥʳʤ 

ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ  ʧʠʛʤʝʥʪʦʚ ʚ ʦʢʪʷʙʨʝ ʤʝʩʷʮʝ ʚ ʭʚʦʝ ʜʚʫʭ ʚʠʜʦʚ ʝʣʠ ʠ ʚ ʭʚʦʝ ʩʦʩʥʳ 

ʚʝʡʤʫʪʦʚʦʡ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,38-2,48 ʤʛ/ʛ ʩʳʨʦʡ ʥʘʚʝʩʢʠ 

(ʪʘʙʣ.7). ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʛʤʝʥʪʦʚ ʦʪʤʝʯʝʥʦ ʚ ʭʚʦʝ ʝʣʠ ʢʦʨʝʡʩʢʦʡ   ʧʦʜ ʧʣʝʥʢʦʡ 

ˉ2 (3,03 ʤʛ) ʠ ʚ ʭʚʦʝ ʝʣʠ ʢʦʣʶʯʝʡ ʧʦʜ ʧʣʝʥʢʦʡ ˉ6 (2,71 ʤʛ). ɺ ʭʚʦʝ ʩʦʩʥʳ ɺʝʡʤʫʪʦʚʘ 

ʩʫʤʤʘ ʧʠʛʤʝʥʪʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ4 ʠ ˉ6 ī 2,54-2,56ʤʛ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʶ ï 2,43 ʤʛ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ (ʚ ʦʢʪʷʙʨʝ ʤʝʩʷʮʝ) ʫʨʦʚʝʥʴ 

ʧʠʛʤʝʥʪʦʚ ʚ ʭʚʦʝ ʨʘʟʥʳʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ, ʢʘʢ  ʚ ʦʧʳʪʝ, ʪʘʢ ʠ ʚ ʢʦʥʪʨʦʣʝ ʠʤʝʝʪ ʩʪʘʙʠʣʴʥʫʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʦ  ʩʝʟʦʥʥʦʡ 

ʧʝʨʝʩʪʨʦʡʢʦʡ ʧʠʛʤʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʭʚʦʝ.   

ʂʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʭʚʦʡʥʳʭ ʧʦʜ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʧʣʝʥʢʘʤʠ ʠ ʚ ʢʦʥʪʨʦʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 7. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ ʠ 

ʝʣʠ ʢʦʣʶʯʝʡ ʥʘʠʙʦʣʴʰʝʝ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʛʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʦ ʧʦʜ ʧʣʝʥʢʦʡ ˉ6 

(ʨʦʟʦʚʘʷ) ï 2,56 ʤʛ/ʛ ʠ 2,71 ʤʛ/ʛ ʩʳʨʦʛʦ ʚʝʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʭʚʦʝ ʝʣʠ ʢʦʨʝʡʩʢʦʡ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʠʛʤʝʥʪʦʚ ʩʦʜʝʨʞʠʪʩʷ ʧʦʜ ʧʣʝʥʢʦʡ ˉ2 (ʙʝʣʘʷ) ï 3,03 ʤʛ/ʛ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʦʪʠʥʦʠʜʦʚ ʫ ʨʘʟʥʳʭ ʧʦʨʦʜ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 0,10 ʫ ʝʣʠ ʢʦʨʝʡʩʢʦʡ ʧʦʜ 

ʧʣʝʥʢʦʡ ˉ2 ʜʦ 0,30 ʫ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ ʧʦʜ ʧʣʝʥʢʦʡ ˉ2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʤʤʘ 

ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʦʢʪʷʙʨʝ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʚ ʘʚʛʫʩʪʝ ʤʝʩʷʮʝ. 

ʈʘʟʣʠʯʠʝ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʠʛʤʝʥʪʦʚ ʚ ʦʢʪʷʙʨʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʶʣʝʤ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʝʟʦʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʩʠʥʪʝʟʘ, ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʤʠʢʨʦʢʣʠʤʘʪʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʠʥʩʦʣʷʮʠʝʡ (ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʌɸʈ ʠ ʋʌ-ʨʘʜʠʘʮʠʠ). 
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ʊʘʙʣʠʮʘ 6.  

ɼʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ ʩʘʞʝʥʮʝʚ  
ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʧʦʜ ʧʣʝʥʢʘʤʠ (01.08.2012) 

 

 

ʅʦʤʝʨ 

ʧʣʝʥʢʠ 

ʉʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ, ʤʛ/1ʛ ʩʳʨʦʡ ʥʘʚʝʩʢʠ ʆʪʥʦʰʝʥʠʝ 

ɸʘ ɸb ɸʘ+b ɸʢʘʨ ɸʘ+b+ʢʘʨ ʘ/b S ʘ+b /S 

ʢʘʨ. 

ʉʦʩʥʘ ʚʝʡʤʫʪʦʚʘ 

ʂʦʥʪʨʦʣʴ 0,86Ñ0,02 0,42Ñ0,05 1,28Ñ0,07 0,29Ñ0,02 1,57Ñ0,09 2,05 4,41 

ˉ2  1,09Ñ0,07 0,55Ñ0,01 1,64Ñ0,08 0,29Ñ0,02 1,93Ñ0,10 1,98 5,66 

ˉ4  1,02Ñ0,03 0,48Ñ0,04 1,50Ñ0,07 0,28Ñ0,02 1,78Ñ0,09 2,13 5,36 

ˉ6  0,80Ñ0,05 0,42Ñ0,02 1,22Ñ0,07 0,27Ñ0,01 1,49Ñ0,08 1,90 4,52 

ɽʣʴ ʢʦʨʝʡʩʢʘʷ 

ʂʦʥʪʨʦʣʴ 1,17Ñ0,03 0,61Ñ0,07 1,78Ñ0,10 0,34Ñ0,01 2,12Ñ0,11 1,92 5,24 

ˉ2  1,51Ñ0,03 0,89Ñ0,06 2,40Ñ0,09 0,24Ñ0,02 2,64Ñ0,11 1,70 10,00 

ˉ4  1,53Ñ0,03 0,94Ñ0,04 2,47Ñ0,07 0,22Ñ0,02 2,69Ñ0,09 1,63 11,23 

ˉ6  1,31Ñ0,05 0,63Ñ0,07 1,94Ñ0,13 0,31Ñ0,01 2,25Ñ0,14 2,08 6,26 

ɽʣʴ ʢʦʣʶʯʘʷ 

ʂʦʥʪʨʦʣʴ 1,11Ñ0,05 0,57Ñ0,04 1,68Ñ0,09 0,31Ñ0,01 1,99Ñ0,10 1,95 5,42 

ˉ2  1,36Ñ0,03 0,72Ñ0,04 2,08Ñ0,07 0,29Ñ0,02 2,37Ñ0,09 1,89 7,18 

ˉ4  1,46Ñ0,04 0,85Ñ0,06 2,31Ñ0,10 0,25Ñ0,03 2,56Ñ0,13 1,72 9,24 

ˉ6  1,05Ñ0,02 0,50Ñ0,06 1,55Ñ0,08 0,310,01 1,86Ñ0,09 2,10 5,00 

 

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʭʚʦʠ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʫ  ʩʘʞʝʥʮʝʚ ʝʣʠ ʥʘ 7,4%  ʙʦʣʴʰʝ, 

ʯʝʤ  ʩʘʞʝʥʮʝʚ ʩʦʩʝʥ (ʪʘʙʣ. 8). ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʭʚʦʝ 

ʚʠʜʦʚ ʝʣʠ ï 75,2%, ʘ ʩʦʩʝʥ ï 67,8% . ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʭʚʦʠ ʩʘʞʝʥʮʝʚ ʝʣʠ ʢʦʨʝʡʩʢʦʡ ʠ ʝʣʠ 

ʢʦʣʶʯʝʡ ʥʘ 9,0-14,3%  ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ4 ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʋ ʩʘʞʝʥʮʝʚ ʩʦʩʝʥ 

ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʚʝʡʤʫʪʦʚʦʡ  ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʭʚʦʠ ʥʘ 6,7-8,8% ʙʦʣʴʰʝ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ 

ˉ4, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʦʧʳʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʣʝʪʥʝʡ ʪʝʧʣʠʮʳ ʠ ʚ 

ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʣʝʥʦʢ 
(ˉ2, ˉ4, ˉ6 ʠ ʢʦʥʪʨʦʣʴ ï ʦʙʳʯʥʘʷ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʝʥʢʘ) ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪʦʚʳʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʝʷʥʮʝʚ ʠ ʩʘʞʝʥʮʝʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ. 
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ʊʘʙʣʠʮʘ 7.  

ɼʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʫ ʩʘʞʝʥʮʝʚ 
ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʧʦʜ ʧʣʝʥʢʘʤʠ (08.10.2012) 

 

 
ʅʦʤʝʨ 

ʧʣʝʥʢʠ 

 

ʉʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʦʚ, ʤʛ/1ʛ ʩʳʨʦʡ ʥʘʚʝʩʢʠ ʆʪʥʦʰʝʥʠʝ 

ɸʘ ɸb ɸʘ+b ɸʢʘʨ ɸʘ+b+ʢʘʨ ʘ/b S ʘ+b 

/S ʢʘʨ. 

ʉʦʩʥʘ ʚʝʡʤʫʪʦʚʘ 
ʂʦʥʪʨʦʣʴ 1,41Ñ0,04 0,74Ñ0,06 2,15Ñ0,09 0,28Ñ0,01 2,43Ñ0,07 1,91 7,68 

ˉ2  1,36Ñ0,05 0,81Ñ0,06 2,17Ñ0,11 0,30Ñ0,04 2,47Ñ0,15 1,68 7,24 

ˉ4  1,47Ñ0,02 0,81Ñ0,02 2,28Ñ0,04 0,27Ñ0,01 2,54Ñ0,03 1,82 8,45 

ˉ6  1,47Ñ0,01 0,81Ñ0,02 2,28Ñ0,03 0,28Ñ0,03 2,56Ñ0,04 1,82 8,15 

ɽʣʴ ʢʦʨʝʡʩʢʘʷ 

ʂʦʥʪʨʦʣʴ 1,45Ñ0,05 0,85Ñ0,07 2,30Ñ0,13 0,25Ñ0,02 2,55Ñ0,11 1,71 9,20 

ˉ2  1,58Ñ0,02 1,35Ñ0,08 2,93Ñ0,10 0,10Ñ0,05 3,03Ñ0,13 1,17 29,30 

ˉ4  1,42Ñ0,02 0,67Ñ0,01 2,09Ñ0,01 0,29Ñ0,01 2,38Ñ0,02 2,12 7,21 

ˉ6  1,45Ñ0,03 0,79Ñ0,02 2,24Ñ0,05 0,26Ñ0,07 2,50Ñ0,11 1,84 8,62 

ɽʣʴ ʢʦʣʶʯʘʷ 

ʂʦʥʪʨʦʣʴ 1,38Ñ0,17 0,88Ñ0,18 2,26Ñ0,33 0,23Ñ0,08 2,49Ñ0,24 1,57 9,83 

ˉ2  1,42Ñ0,08 0,89Ñ0,14 2,31Ñ0,22 0,24Ñ0,04 2,55Ñ0,17 1,60 9,63 

ˉ4  1,40Ñ0,05 0,82Ñ0,03 2,22Ñ0,08 0,26Ñ0,01 2,48Ñ0,06 1,71 8,54 

ˉ6  1,55Ñ0,02 0,97Ñ0,11 2,52Ñ0,13 0,19Ñ0,03 2,71Ñ0,14 1,60 13,27 

 

 
ʊʘʙʣʠʮʘ 8.  

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʭʚʦʠ ʩʘʞʝʥʮʝʚ ʝʣʠ ʠ ʩʦʩʥʳ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (%) 
 

ʈʘʩʪʝʥʠʷ ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ, % 

ʂʦʥʪʨʦʣʴ* ˉ 2** ˉ 4** ˉ 6** 

ɽʣʴ  

ʂʦʣʶʯʘʷ 

72,8 58,5 68,5 67,3 

ɽʣʴ 

ʢʦʨʝʡʩʢʘʷ 

75,2 74,3 65,3 74,3 

ʉʦʩʥʘ 

ʚʝʡʤʫʪʦʚʘ 

66,8 75,6 74,0 68,0 

ʉʦʩʥʘ 

ʝʚʨʦʧʝʡʩʢʘʷ 

67,8 71,9 74,5 68,7 

* - ʢʦʥʪʨʦʣʴ ï ʦʙʳʯʥʘʷ ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʝʥʢʘ;   ** - ʥʦʤʝʨʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ. 
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ɺʳʚʦʜʳ 
 

1. ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʚʩʭʦʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʚʟʦʰʝʜʰʠʭ ʩʝʤʷʥ (%) ʙʳʣ 

ʩʘʤʳʤ ʥʠʟʢʠʤ ʫ ʠʥʪʨʦʜʫʮʝʥʪʘ ï ʩʦʩʥʳ ʩʠʙʠʨʩʢʦʡ (33-44%). ʋ ʦʩʪʘʣʴʥʳʭ ʭʚʦʡʥʳʭ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʩʭʦʞʝʩʪʠ ʧʦʜ ʨʘʟʥʳʤʠ ʧʣʝʥʢʘʤʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 78-80% ʜʦ 108-

178%. ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʤʠ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʧʦʜ ʧʣʝʥʢʦʡ ˉ2. 

2. ʇʣʝʥʢʠ ʨʘʟʥʦʛʦ ʢʘʯʝʩʪʚʘ ʦʢʘʟʳʚʘʣʠ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ 

ʩʘʞʝʥʮʝʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ. ɺʝʨʭʫʰʝʯʥʳʡ ʧʨʠʨʦʩʪ ʶʚʝʥʠʣʴʥʳʭ ʨʘʩʪʝʥʠʡ ʝʣʝʡ ʢʦʣʶʯʝʡ ʠ 

ʢʦʨʝʡʩʢʦʡ ʠ ʩʦʩʝʥ ʙʳʣ ʙʦʣʴʰʝ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ̄ 6, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. 

3. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʠʛʤʝʥʪʦʚ ʚ ʭʚʦʝ ʩʘʞʝʥʮʝʚ ʝʣʝʡ ʠ ʩʦʩʝʥ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ (ʘʚʛʫʩʪ) ʙʳʣʦ ʙʦʣʴʰʝ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ4, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʚʝʛʝʪʘʮʠʠ (ʦʢʪʷʙʨʴ) ʩʫʤʤʘ ʧʠʛʤʝʥʪʦʚ ʚ ʭʚʦʝ ʙʳʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ, ʫ 

ʩʘʞʝʥʮʝʚ ʝʣʝʡ ʢʦʣʶʯʝʡ ʠ ʢʦʨʝʡʩʢʦʡ ʠ ʩʦʩʥʳ ʛʫʩʪʦʮʚʝʪʢʦʚʦʡ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ4, ʠ ʪʦʣʴʢʦ ʚ 

ʭʚʦʝ ʩʦʩʥʳ ʚʝʡʤʫʪʦʚʦʡ ʦʥʘ ʙʳʣʘ ʙʦʣʴʰʝ ʧʦʜ ʜʨʫʛʠʤʠ ʧʣʝʥʢʘʤʠ ˉ4 ʠ ˉ6. ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ 

ʥʘʤʠ ʚʳʰʝ, ʩʚʝʪʦʧʨʦʧʫʩʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʘʥʞʝʚʦʡ ʧʣʝʥʢʠ ˉ4 ʙʳʣʘ ʦʯʝʥʴ ʥʠʟʢʦʡ, ʚʩʝʛʦ 

20-30%. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʧʠʛʤʝʥʪʦʚ ʧʦʜ ʵʪʦʡ ʧʣʝʥʢʦʡ  ʫ ʨʘʩʪʝʥʠʡ ʝʣʠ ʢʦʣʶʯʝʡ ʠ ʩʦʩʥʳ 

ʚʝʡʤʫʪʦʚʦʡ ʙʳʣ ʥʘ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ,  ʯʝʤ ʧʦʜ ʧʣʝʥʢʦʡ ˉ6, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʵʪʦʡ ʧʣʝʥʢʝ (ˉ4) ʧʠʛʤʝʥʪʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʠ ʣʶʤʠʥʦʬʦʨʘʤʠ, 

ʚʚʝʜʝʥʥʳʤʠ ʧʨʠ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʥʪʝʟʫ ʧʠʛʤʝʥʪʦʚ. 

4. ʆʙʱʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʦ ʥʘʢʦʧʣʝʥʠʶ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʭʚʦʠ ʙʳʣʘ ʙʦʣʴʰʝ ʫ ʝʣʝʡ (75%), 
ʯʝʤ ʫ ʩʦʩʝʥ (67%). ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʭʚʦʠ ʩʦʩʝʥ ʥʘ 6,7-8,5% ʙʦʣʴʰʝ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ4, ʯʝʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʭʚʦʠ ʝʣʝʡ ʢʦʣʶʯʝʡ ʠ ʢʦʨʝʡʩʢʦʡ ʧʦʜ ʵʪʠʤʠ ʞʝ ʧʣʝʥʢʘʤʠ. 

ʇʦ ʢʦʤʧʣʝʢʩʫ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʣʠʯʝʩʪʚʘ ʧʠʛʤʝʥʪʦʚ ʚ ʭʚʦʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ) ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʝʪʘʙʦʣʠʟʤʘ ʨʘʩʪʝʥʠʡ 

ʙʳʣʠ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ4 ʜʣʷ ʩʘʞʝʥʮʝʚ ʝʣʝʡ, ʠ ʧʦʜ ʧʣʝʥʢʘʤʠ ˉ2 ʠ ˉ6 ʜʣʷ ʩʘʞʝʥʮʝʚ ʩʦʩʝʥ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʧʣʝʥʦʢ ʥʘ ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʘʞʝʥʮʝʚ 

ʭʚʦʡʥʳʭ ʧʦʨʦʜ. 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʀʚʘʥʦʚʘ ɸ.ʅ., ɻʘʝʚʩʢʠʡ ʅ.ɸ., ʇʘʢ ʄ.ʕ. ɺʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʝʪʘ ʥʘ 

ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ Larix sibirica. VII  ʉʲʝʟʜ ʆʙʱʝʩʪʚʘ 

ʬʠʟʠʦʣʦʛʦʚ ʈʦʩʩʠʠ. ʄʝʞʜʫʥʘʨʦʞʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ. 

2011. ʩ.278-279. 

2. ʂʨʝʩʣʘʚʩʢʠʡ ɺ.ɼ., ʃʶʙʠʤʦʚ ɺ.ʖ. ʂʨʘʩʥʳʡ ʩʚʝʪ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʭʦʣʠʥʩʦʜʝʨʞʘʱʠʝ 

ʨʝʪʘʨʜʘʥʪʳ ʢʘʢ ʠʥʜʫʢʪʦʨʳ ʩʪʨʝʩʩ-ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. VII ʉʲʝʟʜ 

ʆʙʱʝʩʪʚʘ ʬʠʟʠʦʣʦʛʦʚ ʨʘʩʪʝʥʠʡ ʈʦʩʩʠʠ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ. 

ʅʠʞʥʠʡ ʅʦʚʛʦʛʨʦʜ,2011. ʩ.279-380. 
3. ʂʨʝʩʣʘʚʩʢʠʡ ɺ.ɼ., ʐʠʨʰʠʢʦʚʘ ɻ.ʅ., ʐʘʙʥʦʚʘ ʅ.ʀ., ʃʶʙʠʤʦʚ ɺ.ʖ., ɹʫʪʘʥʘʝʚ ɸ.ʄ. 
ʇʨʝʜʦʙʣʫʯʝʥʠʝ ʨʘʩʪʝʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʢʨʘʩʥʳʤ ʩʚʝʪʦʤ ʟʘʱʠʱʘʝʪ 

ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʦʪ ʋʌ-ʨʘʜʠʘʮʠʠ.  VII  ʉʲʝʟʜ ʆʙʱʝʩʪʚʘ ʬʠʟʠʦʣʦʛʦʚ ʨʘʩʪʝʥʠʡ 

ʈʦʩʩʠʠ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ. ʅʠʞʥʠʡ ʅʦʚʛʦʛʨʦʜ,2011. ʩ. 380-

381. 

4. ʄʠʥʠʯ ɸ.ʉ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ 

ʧʦʜ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤʠ ʧʣʝʥʢʘʤʠ // ɸʚʪʦʨʝʬ. ʜʠʩʩ. ʜ.ʙ.ʥ., ʊʦʤʩʢ. ʌɻɹʆʋ ɺʇʆ çʊʦʤʩʢʠʡ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2011, ʩ.43. 

5. ʐʣʳʢ ɸ.ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʭʣʦʨʦʬʠʣʣʦʚ ʠ ʢʘʨʦʪʠʥʦʠʜʦʚ ʚ ʵʢʩʪʨʘʢʪʘʭ ʟʝʣʝʥʳʭ ʣʠʩʪʴʝʚ // 

ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʬʠʟʠʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ.  ʄ.: ʅʘʫʢʘ, 1971. ʩ.170-174. 

6. ʑʝʪʠʥʠʥ ʊ.ɺ., ʂʘʨʘʩʝʚ ɺ.ɽ., ʊʦʣʢʘʯʝʚʘ ʃ.ʇ., ɾʫʨʘʚʣʝʚ ʖ.ʅ. ʇʝʨʚʳʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ 

ʧʣʝʥʦʢ çʇʦʣʠʩʚʝʪʘʥè ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʚ ʇʨʠʤʦʨʴʝ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ɻʦʨʥʦʪʘʝʞʥʦʡ ʩʪʘʥʮʠʠ. ɺʣʘʜʠʚʦʩʪʦʢ, 1989. ʩ. 78-87.  



47 

 

ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 

ʇʨʦʙʣʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨ ʛʨʘʞʜʘʥʩʢʦʛʦ  

ʦʙʱʝʩʪʚʘ ʠ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 

ʃʦʙʘʯ ɸ.ʊ. 
 

ʃʦʙʘʯ ɸʣʝʢʩʘʥʜʨ ʊʠʤʦʬʝʝʚʠʯ / Lobach Alexander Timofeevich ï ʢʘʬʝʜʨʘ ʵʢʦʥʦʤʠʢʠ ʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘʩʧʠʨʘʥʪ 

ɹʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʘʚʘ, ʛ. ʀʨʢʫʪʩʢ 

 

ɸʥʥʦʪʘʮʠʷ: ʩʪʨʦʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʚʩʝʛʜʘ ʷʚʣʷʣʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʩʝʢʪʦʨʦʚ ʣʶʙʦʡ 
ʵʢʦʥʦʤʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʶ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʈʦʩʩʠʠ ʫʜʝʣʷʝʪʩʷ 

ʦʛʨʦʤʥʦʡ ʚʥʠʤʘʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦ ʩʪʦʨʦʥʳ ʩʪʨʫʢʪʫʨ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʘ ʧʨʦʙʣʝʤ ʚ 

ʥʝʤ ʤʝʥʴʰʝ ʥʝ ʩʪʘʥʦʚʠʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

Abstract: the construction sector has always been one of the key sectors of any economy. Now the 

development of the construction complex in Russia pays great attention, including from the side of civil 

society and but the problems it is not less. In this article we will analyze the existing problems of 

interaction between civil society and authorities in the construction industry. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʛʨʘʞʜʘʥʩʢʦʝ ʦʙʱʝʩʪʚʦ, ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʦʨʛʘʥʳ ʚʣʘʩʪʠ. 

Keywords: construction, civil society, self-regulation, authorities. 

 

ʈʘʟʚʠʪʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʝʝ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʠʥʚʝʩʪʠʮʠʡ, ʥʘʧʨʘʚʣʷʶʱʠʭʩʷ ʚ 

ʩʪʨʦʠʪʝʣʴʥʫʶ ʦʪʨʘʩʣʴ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʦʨʠʪʝʪʝ ʦʪʨʘʩʣʠ ʚ ʩʠʩʪʝʤʝ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʩʪʨʘʥʳ ʈʦʩʩʠʠ. ʊʘʢ ʚ 2013 ʛʦʜʫ ʦʙʲʝʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʚʠʜʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʦʩʪʘʚʠʣ 93,1 ʤʣʨʜ. ʨʫʙ., ʯʪʦ ʚ 4,5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ 2005 ʛʦʜʫ, ʢʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʲʝʤ 

ʩʦʩʪʘʚʠʣ 20,5 ʤʣʨʜ. ʨʫʙ. [4]. 
ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʧʝʨʝʞʠʣʘ ʤʥʦʞʝʩʪʚʦ ʨʝʬʦʨʤ, ʛʣʘʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʥʷʪʠʷ ʚ 2007 

ʛʦʜʫ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʚʣʘʩʪʠ 

ʧʨʝʢʨʘʪʠʣʠ ʚʳʜʘʚʘʪʴ ʣʠʮʝʥʟʠʠ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ [2]. ʉʪʨʦʠʪʝʣʴʥʳʤ 

ʢʦʥʪʨʦʣʝʤ ʩʪʘʣʠ ʟʘʥʠʤʘʪʴʩʷ ʩʘʤʠ ʟʘʩʪʨʦʡʱʠʢʠ, ʪʦ ʝʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʚ ʩʣʫʯʘʝ 

ʯʘʩʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ) ʠʣʠ ʟʘʢʘʟʯʠʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠʣʠ 

ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ), ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʥʝ ʚʩʝʛʜʘ ʝʩʪʴ ʩʧʝʮʠʘʣʠʩʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʪʘʧʘʭ. ɿʘ ʛʦʩʫʜʘʨʩʪʚʦʤ ʦʩʪʘʣʠʩʴ ʣʠʰʴ 

ʬʫʥʢʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʥʘʜʟʦʨʘ (ʚ ʩʣʫʯʘʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʴʷ ʩ ʵʪʘʞʥʦʩʪʴʶ ʙʦʣʴʰʝ ʯʝʤ 3 

ʵʪʘʞʘ) ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 

ʂʘʢʦʝ ʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ ʧʦ ʣʠʮʝʥʟʠʨʦʚʘʥʠʶ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ? ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʵʪʦ ʥʝʢʦʤʤʝʨʯʝʩʢʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʩʫʙʲʝʢʪʳ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʩʭʦʜʷ ʠʟ ʝʜʠʥʩʪʚʘ 

ʦʪʨʘʩʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ (ʨʘʙʦʪ, ʫʩʣʫʛ) ʠʣʠ ʨʳʥʢʘ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʪʦʚʘʨʦʚ (ʨʘʙʦʪ, ʫʩʣʫʛ) 

ʣʠʙʦ ʦʙʲʝʜʠʥʷʶʱʠʝ ʩʫʙʲʝʢʪʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ [2]. 

ʂʦʥʢʨʝʪʠʟʠʨʫʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʚʦʶ 
ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʙʨʘʪʠʤʩʷ ʢ ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʤʫ ʢʦʜʝʢʩʫ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 



48 

 

ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʞʠʟʥʠ ʠʣʠ 

ʟʜʦʨʦʚʴʶ, ʠʤʫʱʝʩʪʚʫ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʞʠʟʥʠ ʠʣʠ ʟʜʦʨʦʚʴʶ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ, ʦʙʲʝʢʪʘʤ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ (ʧʘʤʷʪʥʠʢʘʤ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ) ʥʘʨʦʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʦʚ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [1]. 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʷʚʣʷʝʪʩʷ ʚʳʜʘʯʘ ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ 

ʯʣʝʥʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʠ ʜʦʧʫʩʢʦʚ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɿʘ ʚʳʜʘʯʫ ʫʢʘʟʘʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʧʦʣʥʷʶʪ ʙʶʜʞʝʪ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 
ʅʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ɻʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʜʝʢʩʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʦʟʜʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʮʠʦʥʘʣʴʥʳʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʆʙʱʝʨʦʩʩʠʡʩʢʘʷ ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ çʅʘʮʠʦʥʘʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʯʣʝʥʩʪʚʝ ʣʠʮ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʦè (ʅʦʩʩʪʨʦʡ). 

ʅʦʩʩʪʨʦʡ ʩʦʟʜʘʥ ʚ ʮʝʣʷʭ ʩʦʙʣʶʜʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʠ ʟʘʱʠʪʳ ʠʭ ʠʥʪʝʨʝʩʦʚ ʚ ʦʨʛʘʥʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʚʣʘʩʪʠ, ʦʨʛʘʥʘʭ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ, 

ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʨʠʩ.1). ʇʨʠ 

ʵʪʦʤ ʚʩʝ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʟʜʘʥʥʳʝ ʚ ʩʫʙʲʝʢʪʘʭ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʙʷʟʘʥʳ ʙʳʪʴ ʯʣʝʥʘʤʠ ʅʦʩʩʪʨʦʷ. 
 

 
 

ʈʠʩ.1  
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʯʣʝʥʘʤʠ ʅʦʩʩʪʨʦʷ ʷʚʣʷʶʪʩʷ 272 

ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʫʙʲʝʢʪʘʭ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ 101,4 ʪʳʩ. ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ [5]. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʠʟ ʯʣʝʥʦʚ 

ʆʙʱʝʨʦʩʩʠʡʩʢʦʛʦ ʤʝʞʦʪʨʘʩʣʝʚʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʙʦʪʦʜʘʪʝʣʝʡ çʈʦʩʩʠʡʩʢʠʡ ʩʦʶʟ 

ʩʪʨʦʠʪʝʣʝʡè (ʉʦʶʟ ʩʪʨʦʠʪʝʣʝʡ) ʠ ʝʛʦ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʩʦʟʜʘʥʥʦʛʦ ʚ 1991 ʛʦʜʫ. 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʉʦʶʟʘ ʩʪʨʦʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʫʢʨʝʧʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʚ ʈʦʩʩʠʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʉʦʶʟ ʩʪʨʦʠʪʝʣʝʡ 

ʟʘʱʠʱʘʝʪ ʟʘʢʦʥʥʳʝ ʧʨʘʚʘ ʠ ʠʥʪʝʨʝʩʳ ʩʚʦʠʭ ʯʣʝʥʦʚ ʚ ʦʨʛʘʥʘʭ ʚʣʘʩʪʠ, ʫʯʘʩʪʚʫʝʪ ʚ 
ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʜʝʡʩʪʚʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʧʨʦʝʢʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʢʘʟʳʚʘʝʪ ʶʨʠʜʠʯʝʩʢʫʶ 

ʧʦʜʜʝʨʞʢʫ ʦʨʛʘʥʠʟʘʮʠʷʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ (ʨʠʩ. 2). 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʦʩʪʘʚ ʉʦʶʟʘ ʩʪʨʦʠʪʝʣʝʡ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʦʥ ʩʦʩʪʦʠʪ ʠʟ 82 

ʦʢʨʫʞʥʳʭ, ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʦʶʟʦʚ, ʢʦʪʦʨʳʝ, ʦʙʲʝʜʠʥʷʶʪ ʙʦʣʝʝ 41,0 ʪʳʩ. 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ [6]. 

ʇʨʦʚʝʜʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʝʜʤʝʪʦʚ ʚʝʜʝʥʠʷ ʅʦʩʩʪʨʦʷ ʠ ʉʦʶʟʘ ʩʪʨʦʠʪʝʣʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʈʦʩʩʠʠ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʠʭ ʚʤʝʩʪʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫ ʥʠʭ ʝʩʪʴ ʨʷʜ ʦʙʱʠʭ ʩʦʛʣʘʩʠʪʝʣʴʥʦ-ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ: 

ɺʦ-ʧʝʨʚʳʭ, ʦʙʝ ʵʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʚʳʨʘʙʦʪʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ 

ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ; 
ɺʦ-ʚʪʦʨʳʭ, ʟʘʱʠʱʘʶʪ ʠʥʪʝʨʝʩʳ ʩʚʦʠʭ ʯʣʝʥʦʚ ʧʝʨʝʜ ʛʦʩʫʜʘʨʩʪʚʦʤ ʠ ʜʨʫʛʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ 

ʨʳʥʢʘ. 

ɺ ʦʩʪʘʣʴʥʦʤ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ 

ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʤʠʤʦ ʩʦʛʣʘʩʠʪʝʣʴʥʦ-ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʶ ʢʦʥʪʨʦʣʷ ʟʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʦ ʢʦʪʦʨʦʡ ʤʳ ʛʦʚʦʨʠʣʠ ʚ 

ʥʘʯʘʣʝ ʩʪʘʪʴʠ [3]. 

ʆʙʷʟʘʪʝʣʴʥʦʝ ʯʣʝʥʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ 

ʦʧʨʝʜʝʣʠʣʦ ʝʱʝ ʦʜʥʫ ʩʪʘʪʴʶ ʟʘʪʨʘʪ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ ï ʨʝʛʫʣʷʨʥʳʝ ʯʣʝʥʩʢʠʝ ʚʟʥʦʩʳ. 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʬʠʨʤ ʚʭʦʜʠʣʘ ʚ 

ʩʦʩʪʘʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʉʦʶʟʘ ʩʪʨʦʠʪʝʣʝʡ, ʢʫʜʘ ʦʥʠ ʫʧʣʘʯʠʚʘʣʠ ʩʚʦʠ ʯʣʝʥʩʢʠʝ 

ʚʟʥʦʩʳ. ʉʝʛʦʜʥʷ ʞʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʬʠʨʤ ʚʳʥʫʞʜʝʥʘ ʚʳʡʪʠ ʠʟ ʩʦʩʪʘʚʘ ʉʦʶʟʘ 

ʩʪʨʦʠʪʝʣʝʡ ʠʟ-ʟʘ ʨʝʛʫʣʷʨʥʳʭ çʧʦʙʦʨʦʚè ʩʦ ʩʪʦʨʦʥʳ ʦʙʱʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʩʪʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʨʘʥʴʰʝ, 

ʢʦʛʜʘ ʦʥʠ ʙʳʣʠ ʯʣʝʥʘʤʠ ʉʦʶʟʘ ʩʪʨʦʠʪʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʩʪʨʫʢʪʫʨ ʛʨʘʞʜʘʥʩʢʦʛʦ 

ʦʙʱʝʩʪʚʘ ʚ ʩʪʨʦʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ï ʅʦʩʩʪʨʦʷ ʠ ʉʦʶʟʘ ʩʪʨʦʠʪʝʣʝʡ ï ʪʘʢ ʠ ʥʝ ʨʝʰʠʣʦ ʨʷʜ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʩʝʛʦʜʥʷ ʧʝʨʝʜ ʩʪʨʦʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ï ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 1 
ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʴʷ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʚʥʝʜʨʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʫʩʠʣʠʷ ʅʦʩʩʪʨʦʷ ʠ ʉʦʶʟʘ ʩʪʨʦʠʪʝʣʝʡ, 

ʩʘʤʦʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʉʦʶʟʘ ʩʪʨʦʠʪʝʣʝʡ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʚ ʤʝʭʘʥʠʟʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʦʨʛʘʥʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʦʨʛʘʥʘʤʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʦʡ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʠ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʨʘʟʚʠʪʠʶ ʚʩʝʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ. 
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ɹʦʨʴʙʘ ʩ ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʮʝʧʮʠʠ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʀʚʘʥʦʚʘ ʊ. 
 

ʀʚʘʥʦʚʘ ʊʘʪʴʷʥʘ / Ivanova Tatyana - ʢʘʬʝʜʨʘ ʤʝʥʝʜʞʤʝʥʪʘ ʦʨʛʘʥʠʟʘʮʠʠ, ʘʩʧʠʨʘʥʪ  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʪʝʨʠ ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ 

ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʧʦʪʝʨʴ ʜʘʥʥʦʛʦ ʚʠʜʘ. 

Abstract: this article describes the loss of overproduction and prepositional ways to reduce losses of 

this kind. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʪʝʨʠ, ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʘʥʙʘʥ ʜʝʬʝʢʪ. 

Keywords: lean production, losses, overproduction, kanban defect. 

 

ɺ ʥʘʯʘʣʝ XXI  ʚʝʢʘ ʪʝʨʤʠʥ çʙʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè ʧʨʠʦʙʨʝʣ ʠʟʚʝʩʪʥʦʩʪʴ ʚ ʢʨʫʛʘʭ 

ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ. ʇʝʨʚʳʤʠ ʢʨʫʧʥʝʡʰʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʧʝʨʝʰʣʠ ʦʪ ʩʣʦʚ ʢ ʜʝʣʫ, ʩʪʘʣʠ ʂʫʨʛʘʥʩʢʠʡ ʘʚʪʦʙʫʩʥʳʡ ʟʘʚʦʜ, ɿʘʚʦʣʞʩʢʠʡ 

ʤʦʪʦʨʥʳʡ ʟʘʚʦʜ, ɸɿ ʋʨʘʣ ʠ ɻɸɿ. ʉʝʛʦʜʥʷ ʷʧʦʥʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʟʥʘʥʠʝ ʚ ʈʦʩʩʠʠ.  

ɼʣʷ ʚʥʝʜʨʝʥʠʷ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ, ʯʪʦ 

ʦʟʥʘʯʘʝʪ ʵʪʦʪ ʪʝʨʤʠʥ. ʇʨʠʤʠʪʠʚʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʙʝʨʝʞʣʠʚʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʪʦʨʳʭ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʵʪʦʪ 

ʪʝʨʤʠʥ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ ʠ ʤʥʦʛʦʛʨʘʥʥʝʝ. ɹʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ: ʩʠʩʪʝʤʫ ʧʨʠʥʮʠʧʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʟʥʝʩʘ, ʠʥʩʪʨʫʤʝʥʪʦʚ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʝʘʣʠʟʘʮʠʶ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʥʪʘʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. [3] 

ʎʝʣʴʶ ʣʶʙʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ. ʋʩʪʨʘʥʝʥʠʝ ʧʦʪʝʨʴ 

ʧʨʠʙʣʠʞʘʝʪ ʢ ʥʘʟʥʘʯʝʥʥʦʡ ʮʝʣʠ. ɺ ʧʦʥʠʤʘʥʠʠ ʙʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʝ 

ʨʝʩʫʨʩʦʟʘʪʨʘʪʳ, ʥʝ ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʫʨʦʚʝʥʴ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʷ, ʠ ʝʩʪʴ ʧʦʪʝʨʠ. ʊʘʢʞʝ ʵʪʦ ʧʝʨʝʛʨʫʟʢʠ ʠ ʥʝʩʪʘʙʠʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʨʘʙʦʪʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʪʝʨʴ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʊʘʠʪʠ ʆʥʦ.  

ɺʠʜʳ ʧʦʪʝʨʴ: 

ī ʇʝʨʝʧʨʦʠʟʚʦʜʩʪʚʦ; 

ī ʇʦʪʝʨʷ ʚʨʝʤʝʥʠ; 

ī ʃʠʰʥʷʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ; 

ī ɼʝʬʝʢʪʳ; 

ī ʃʠʰʥʠʝ ʜʚʠʞʝʥʠʷ; 

ī ʀʟʙʳʪʦʢ ʟʘʧʘʩʦʚ; 
ī ʅʝʨʝʘʣʠʟʦʚʘʥʥʳʡ ʪʚʦʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʪʝʨʠ ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʘ. ʀ ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʧʦ 

ʫʩʪʨʘʥʝʥʠʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʧʦʪʝʨʴ. 

ʇʦʪʝʨʠ ʧʝʨʝʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʥʠʢʘʶʪ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʷʪ ʧʨʦʜʫʢʮʠʶ çʧʨʦʩʪʦ ʥʘ ʚʩʷʢʠʡ 

ʩʣʫʯʘʡè, ʚʤʝʩʪʦ ʪʦʛʦ ʯʪʦʙʳ ʜʝʣʘʪʴ çʪʦʯʥʦ ʚʦʚʨʝʤʷè. ʀʟʛʦʪʦʚʣʝʥʠʝ ʠʟʣʠʰʢʦʚ ʧʨʦʜʫʢʮʠʠ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʩʦʤʳʤ ʚʠʜʦʤ ʧʦʪʝʨʴ, ʧʦʩʢʦʣʴʢʫ ʨʝʩʫʨʩʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʞʝ 

ʧʦʪʨʘʯʝʥʳ, ʘ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʦʪ ʧʦʢʫʧʘʪʝʣʷ ʥʝ ʧʦʣʫʯʝʥʳ, ʜʘ ʠ ʨʝʘʣʴʥʦʛʦ ʩʧʨʦʩʘ ʥʘ 

ʜʘʥʥʫʶ ʧʨʦʜʫʢʮʠʶ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝʪ. ɺ ʦʬʠʩʘʭ ʵʪʦ ʚʝʜʝʪ ʢ ʩʦʟʜʘʥʠʶ ʥʝʥʫʞʥʳʭ 




















































































































































































