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ɺʉʊʋʇ 
 

ʉʫʯʘʩʥʘ ʪʝʥʜʝʥʮʽʷ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʨʦʟʨʘʭʫʥʢʽʚ ʦʙôʻʤʽʚ ʤʘʩʪʠʣ ʚ 

ʛʽʜʨʘʚʣʽʯʥʠʭ, ʧʥʝʚʤʘʪʠʯʥʠʭ ʚʫʟʣʘʭ ʧʦʚ'ʷʟʘʥʘ ʟ ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʨʝʜʤʝʪʫ 

ʚʠʚʯʝʥʥʷ ʪʨʠʙʦʣʦʛʽʾ, ʦʩʥʦʚʘʥʠʭ ʥʘ ʙʘʟʽ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ. 

ɼʦ ʚʫʟʣʽʚ ʟʽ ʟʤʘʱʝʥʥʷʤ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʝʣʠʢʠʡ ʨʷʜ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ: ʚʽʜ 

ʫʪʚʦʨʝʥʠʭ ʧʘʨ ʫʱʽʣʴʥʝʥʴ ʪʘ ʧʦʚʝʨʭʦʥʴ ʧʦʨʰʥʽʚ ʜʦ ʧʘʨʠ ʮʘʧʬ ʪʘ ʧʽʜʰʠʧʥʠʢʘ ʽ ʪ.ʧ. 

ɺʽʜʧʦʚʽʜʥʦ ʪʦʛʦ, ʷʢʽ ʨʽʜʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʞ ʚʫʟʣʘʤʠ ʧʘʨ ʪʝʨʪʷ ʜʣʷ 

ʟʤʘʱʝʥʥʷ, ʚʠʟʥʘʯʘʪʁʴʩʷ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʫʟʣʽʚ. 

ʆʩʥʦʚʠ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ ï ʚʠʜ ʥʘʫʢʠ ʟ ʨʷʜʫ ʪʨʠʙʦʣʦʛʽʾ, ʪʦʯʥʽʰʝ 

ʪʨʠʙʦʪʝʭʥʽʢʠ, ʱʦ ʚʠʚʯʘʻ ʧʨʦʮʝʩʠ ʪʝʨʪʷ, ʟʥʦʩʫ ʽ ʟʤʘʱʫʚʘʥʥʷ. 

ʊʝʦʨʽʷ ʟʤʘʱʫʚʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʪʠ ʜʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʧʦʨʰʥʝʚʠʭ ʫʱʽʣʴʥʝʥʴ, ʫʱʽʣʴʥʝʥʴ ʫ ʨʦʟʧʦʜʽʣʴʥʠʢʘʭ, ʧʽʜʧ'ʷʪʥʠʢʘʭ 

ʪʦʱʦ. ʄʽʞ ʮʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʚʠʥʠʢʘʻ ʨʽʜʠʥʥʝ ʪʝʨʪʷ, ʷʢʝ ʽʥʢʦʣʠ ʧʝʨʝʭʦʜʠʪʴ ʚ 

ʥʘʧʽʚʩʫʭʝ ʯʠ ʥʘʚʽʪʴ ʩʫʭʝ (ʥʘ ʯʘʩ ʧʫʩʢʫ ʤʘʰʠʥʠ). 
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ɿɸɻɸʃʔʅɯ ɺɯɼʆʄʆʉʊɯ 
 

ɼʠʩʮʠʧʣʽʥʘ çʆʩʥʦʚʠ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷè ʚʠʚʯʘʻ ʚʧʣʠʚ ʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ ʤʽʞ 

ʜʦʪʠʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʨʽʟʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʚʫʟʣʽʚ (ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ, ʧʥʝʚʤʦʧʨʠʚʦʜʽ, 

ʧʘʨʘʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʪʦʱʦ). 

ʇʨʝʜʤʝʪ ʚʠʚʯʝʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ çʆʩʥʦʚʠ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷè ʻ 

ʨʽʜʠʥʥʝ ʪʝʨʪʷ ʤʽʞ ʜʦʪʠʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 

ʄʝʪʘ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ï ʬʦʨʤʫʚʘʥʥʷ ʫ ʩʪʫʜʝʥʪʽʚ ʧʦʥʷʪʪʷ ʚʘʞʣʠʚʦʩʪʽ 

ʚʠʚʯʝʥʥʷ ʟʤʘʱʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʤʽʥʥʷ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ 

ʟʤʘʱʫʚʘʥʥʷ; ʦʪʨʠʤʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʟʥʘʥʴ ʱʦʜʦ ʧʝʨʝʜʧʨʦʻʢʪʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʽʞ 

ʜʦʪʠʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʟʽ ʟʤʘʱʝʥʥʷʤ. 

ɿʘʚʜʘʥʥʷ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ: 

- ʨʦʟʚʠʥʫʪʠ ʫ ʩʪʫʜʝʥʪʘ ʟʥʘʥʥʷ ʧʨʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʟʤʘʱʫʚʘʥʥʷ, ʚʘʞʣʠʚʽʩʪʴ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʽʜʙʦʨʫ ʟʤʘʱʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʾʾ ʚ ʧʘʨʘʭ ʜʚʦʭ 

ʧʦʚʝʨʭʦʥʴ.  

- ʥʘʜʘʪʠ ʩʪʫʜʝʥʪʫ ʧʨʘʢʪʠʯʥʽ ʥʘʚʠʯʢʠ ʫ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ ʱʦʜʦ ʧʽʜʙʦʨʫ ʪʘ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʤʘʱʫʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʨʽʟʥʠʭ ʤʘʰʠʥʘʭ ʪʘ 

ʤʝʭʘʥʽʟʤʘʭ.  

ʉʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʟʥʘʪʠ ʤʘʪʝʨʽʘʣ ʜʠʩʮʠʧʣʽʥʠ çʆʩʥʦʚʠ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷè, ʘ 

ʩʘʤʝ: ʷʚʠʱʘ ʪʘ ʧʨʦʮʝʩʠ, ʦʩʥʦʚʥʽ ʦʙ'ʻʢʪʠ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʨʪʷʤ ʪʘ ʟʥʦʰʫʚʘʥʥʷʤ, 

ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʘʨʘʭ ʪʝʨʪʷ, ʧʨʦʚʦʜʠʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨ ʪʝʨʪʷ.  

ʉʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʫʤʽʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʟ ʪʝʦʨʽʾ 

ʟʤʘʱʫʚʘʥʥʷ ʫ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʨʽʰʝʥʥʽ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ.  
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ʈʆɿɼɯʃ 1. ʌɯɿʀʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ, ʈɽɾʀʄʀ 

ʇʈʆʎɽʉɯɺ ɿʄɸʑʋɺɸʅʅʗ ʊɸ ʊɽʈʊʗ 
 

ʑʦ ʪʘʢʝ ʟʤʘʱʫʚʘʥʥʷ? 

ɿʤʘʫɦʚʘʥʥʷ. ʇʨʠʟʥʘʯʝʥʥʷ ʤʘʩʪʠʣʘ. 

ʆʩʥʦʚʥʽ ʮʽʣʽ ʤʘʩʪʠʣʘ ʥʘʩʪʫʧʥʽ: 

¶ ʋʪʚʦʨʝʥʥʷ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʝʥʥʷ ʤʽʞ ʜʚʦʤʘ ʯʘʩʪʠʥʘʤʠ 

ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʴ ʽ, ʦʪʞʝ, ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

¶ ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʭʦʜʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʷʢ 

ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʘʙʦ ʪʝʨʪʷ. 

¶ ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʛʨʽʚʫ ʧʽʜʰʠʧʥʠʢʽʚ ʽ ʟʘʧʦʙʽʛʘʥʥʶ ʧʦʛʽʨʰʝʥʥʷ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʧʨʦʤʽʥʶʶʯʠ ʫʪʚʦʨʝʥʝ ʪʝʧʣʦ ʥʘʟʦʚʥʽ. ʎʝ ʦʩʦʙʣʠʚʦ ʜʦʙʨʝ 

ʧʨʘʮʶʻ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʤʝʪʦʜ ʟʤʘʱʫʚʘʥʥʷ. 

¶ ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʥʠʢʥʝʥʥʶ ʩʪʦʨʦʥʥʽʭ ʤʘʪʝʨʽʘʣʽʚ, ʽʨʞʽ ʪʘ ʢʦʨʦʟʽʾ. 

ɿʤʘʱʫʚʘʥʥʷ (ʘʥʛʣʽʡʩʴʢʦʶ lubricationè), ʪʨʠʙʦʣʦʛʽʷ (ʘʥʛʣ. tribos ð ʪʝʨʪʷ),  

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʪʁʴʩʷ ʮ ̔ʧʦʥʷʪʪʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʩʬʝʨʽ, ʜʝ ʻ ʧʘʨʠ ʪʝʨʪʷ (ʨʠʩ.1.1). 

 

 

 

ʈʠʩ.1.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʭʝʤ ʧʘʨ ʪʝʨʪʷ ʪʘ ʪʠʧʠ ʚʽʜ ʚô̫ ʟʢʦʩʪʽ ʤʘʩʪʠʣʘ [1, 47]  

ʅʘ ʨʠʩʫʥʢʫ 1.1. ʧʦʢʘʟʘʥʦ ʫʟʘʛʘʣʴʥʝʥʽ ʢʘʨʪʠʥʢʠ, ʘ ʩʘʤʝ:  ʨʠʩ. 1.1. (ʘ) ʚʠʜʠ ʧʘʨ 

ʪʝʨʪʷ; ʨʠʩ. 1.1. (ʙ) ʷʢ ʢʘʧʣʝʧʦʜʽʙʥʽ ʨʽʜʠʥʠ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ: 

ʧʦʟʠʮʽʷ 1 ï ʥʝ ʚôʷʟʢʘ ʨʽʜʠʥʘ, 2 ï ʙʽʣʴʰ ʚôʷʟʢʘ ʨʽʜʠʥʘ; 3 ï ʚôʷʟʢʘ ʨʽʜʠʥʘ 

ʅʘʚʽʱʦ ʚʠʚʯʘʪʠ? 

ɼʣʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʥʘ ʧʦʯʘʪʢʫ ʢʫʨʩʫ ʜʠʩʮʠʧʣʽʥʠ ʚ ʧʨʠʢʣʘʜʘʭ ʜʘʣʽ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʩʘʤʝ ʽ ʜʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʦʨʽʶ ʨʦʟʫʤʽʥʥʷ ʟʤʘʱʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʛʣʷʜʽ ʟʤʘʱʫʚʘʥʥʷ ʚ ʧʽʜʰʠʧʥʠʢʫ ʽ ʡʦʛʦ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʪʠʯʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʦʛʦ ʚôʷʟʢʦʧʨʫʞʥʦʛʦ ʟʤʘʱʝʥʥʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ 

1 

2 3 
(ʘ) 

(ʙ) 

https://www.tribonet.org/wiki/what-is-lubrication/
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ʢʦʚʟʘʥʥʷ [2] ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ.1.2 (ʘ) ʧʨʘʢʪʠʯʥʠʤ ʨʽʰʝʥʥʷʤ ʻ ʨʦʟʨʘʭʫʥʦʢ ʩʠʣ 

ʪʠʩʢʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.2 (ʙ). 

 

 

(ʘ) 

 

(ʙ) 

ʈʠʩ. 1.2. ɿʤʘʱʝʥʥʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʢʦʚʟʘʥʥʷ: ʘ) ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ;  

ʙ) ʟʦʥʘ ʟʤʘʱʫʚʘʥʥʷ ʪʘ ʩʠʣʠ ʱʦ ʚʠʥʠʢʘʶʪʴ [2] 

ʅʘ ʨʠʩ. 1.2 (ʘ) ʦʙô̒ ʤ ʢʣʽʨʝʥʩʫ, ʜʣʷ ʤʘʩʪʠʣʘ, ʱʦ ʥʘ ʨʠʩ.1.2 (ʙ) ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʟʠʮʽʾ ʉ. 

 ˿
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ʄʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʠ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʘʨʠ ʪʝʨʪ,̫ ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.3, ʘ ʩʘʤʝ ʚʽʜ ʯʠʩʣʘ Wi (ʱʦ ʧʦʨʽʚʥʶʻ 

ʩʠʣʠ ʧʨʫʞʥʦʩʪʽ ʽʟ ʩʠʣʘʤʠ ʚôʷʟʢʦʩʪʽ), Ŭ ï ʧʘʨʘʤʝʪʨ ʱʦ ʚʨʘʭʦʚʫʻ ʤʦʜʝʣʴ ɻʽʟʝʢʫʩʘ ʧʨʠ 

ʬʘʢʪʦʨʘʭ ʨʫʭʣʠʚʦʩʪʽ (ʚʽʜʥʦʰʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʜʦ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʫ ʧʨʠ 

ʥʫʣʴʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ), Ů ï ʚ̔ ʜʥʦʩʥʠʡ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ [2].  

ɺ ʜʘʥʦʤʫ ʢʫʨʩʽ ʦʜʥʽʻʶ ʟ ʟʘʜʘʯ, ʻ ʥʘʚʠʢʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʫ ʟʦʥʘʭ ʨʫʭʦʤʠʭ ʧʦʚʝʨʭʦʥʴ (ʧʘʨʘʭ ʪʝʨʪʷ ʟʽ ʟʤʘʱʝʥʥʷʤ) ʧʨʠ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ. 

 

 
ʈʠʩ. 1.3. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʧʽʜʰʠʧʥʠʢʫ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ [2] 

 

ʑʦ ʥʘʤ ʮʝ ʜʘʻ?  

¶ ʂʦʣʠ ʯʠʩʣʦ ɺʘʡʩʝʥʙʝʨʛʘ (Wi ï ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚôʷʟʢʦʧʨʫʞʥʶ ʪʝʯʽʶ; ʙʝʟʨʦʟʤʽʨʥʝ ʯʠʩʣʦ Wi ʧʦʨʽʚʥʶʻ ʩʠʣʠ ʧʨʫʞʥʦʩʪʽ ʽʟ ʩʠʣʘʤʠ 

ʚôʷʟʢʦʩʪʽ), ʷʢʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʫʞʥʽ ʝʬʝʢʪʠ ʥʝʟʥʘʯʥʽ, ʽ ʨʽʜʠʥʫ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʩʪʽʰʫ, ʥʴʶʪʦʥʽʚʩʴʢʫ ʨʽʜʠʥʫ [3]. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʟʙʽʣʴʰʝʥʥʷ 

ʯʠʩʣʘ ɺʘʡʩʝʥʙʝʨʛʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚôʷʟʢʦʧʨʫʞʥʦʾ ʨʽʜʠʥʠ ʧʦʨʽʚʥʷʥʦ ʟ ʨʽʜʠʥʦʶ ʅʴʶʪʦʥʘ. 
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ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚôʷʟʢʦʧʨʫʞʥʘ ʯʠ ʥʴʶʪʦʥʽʚʩʴʢʘ 

ʨʽʜʠʥʠ ï ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.4.: ʥʘ ʧʦʟʠʮʽʾ (ʘ) ʷʢ ʚʠʜʥʦ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʻʤʥʦʩʪʽ, ʨʽʜʠʥʘ 

ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʽʡ ʧʦ ʩʪʝʨʞʥʶ ʧʽʜʽʡʤʘʻʪʴʩʷ ʚʚʝʨʭ, ʘ ʨʽʜʠʥʘ ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʻʤʥʦʩʪʽ ʧʦʟʠʮʽʾ (ʙ) ï ʧʨʠ ʦʙʝʨʪʘʥʥʽ çʧʦʚʟʝè ʧʦ ʩʪʽʥʢʘʭ ʻʤʥʦʩʪʽ ʚʛʦʨʫ, ʫʪʚʦʨʶʶʯʠ 

ʚʦʨʦʥʢʫ. 

¶ ʂʦʣʠ ʚôʷʟʢʦʧʨʫʞʥʷ ʨʽʜʠʥʘ ʟʘʟʥʘʻ ʜʝʬʦʨʤʘʮʽʾ ʘʙʦ ʟʩʫʚʫ, ʧʦʣʽʤʝʨʥʠʡ 

ʣʘʥʮʶʛ ʫ ʨʽʜʠʥʽ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʧʦʜʦʚʞʫʚʘʪʠʩʷ ʪʘ ʟʙʝʨʽʛʘʪʠ ʧʨʫʞʥʫ ʝʥʝʨʛʽʶ. ʎʷ 

ʧʨʫʞʥʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʘ ʨʦʟʧʦʜʽʣʷʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʙʽʣʴʰʫʶʯʠ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ, ʱʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʟʚʠʯʘʡʥʠʭ 

ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ [3]. 

 

  

ʈʠʩ. 1.4. ɽʬʝʢʪ ɺʘʡʩʝʥʙʝʨʛʘ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʩʫʜʠʥʽ: 

ʘ) ʚôʷʟʢʦʧʨʫʞʥʷ ʨʽʜʠʥʘ; ʙ) ʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ 

 

¶ ɿʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʫʭʣʠʚʦʩʪʽ ʚ ʤʦʜʝʣʽ ɻʽʟʝʢʫʩʘ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʧʨʫʛʠ ʟʩʫʚʫ, ʥʽʞ ʫ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʘʩʪʠʣʘʭ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʦʢʨʘʱʫʻ 

ʧʨʫʞʥʫ ʨʝʘʢʮʽʶ ʤʘʪʝʨʽʘʣʫ ʪʘ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʠʩʪʦʷʪʠ ʜʝʬʦʨʤʘʮʽʾ, ʥʘʢʦʧʠʯʫʚʘʪʠ 

ʝʥʝʨʛʽʶ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʪʚʦʨʶʚʘʪʠ ʥʘʧʨʫʛʫ ʟʩʫʚʫ (ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʤʦʞʥʘ 

ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʤʦʜʝʣʣ  ʁɻʽʟʝʢʫʩʘ ʚ ʨʦʙʦʪ ̔[3]). 

¶ ɹʽʣʴʰʽ ʢʦʝʬʽʮʽʻʥʪʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʚʩʝʨʝʜʠʥʽ ʧʽʜʰʠʧʥʠʢʘ. ʍʦʯʘ ʮʽ ʟʦʥʠ ʻ 

ʞʠʪʪʻʚʦʚʘʞʣʠʚʠʤʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʘʚʘʥʪʘʞʝʥʴ, ʜʫʞʝ ʚʘʞʣʠʚʦ ʝʬʝʢʪʠʚʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʘʜʤʽʨʥʦʛʦ ʟʥʦʩʫ ʪʘ ʧʝʨʝʛʨʽʚʫ [3]. 

¶ ʇʦʣʽʤʝʨʠ ʚʠʷʚʣʷʶʪʴ ʩʪʽʡʢʠʡ ʦʧʽʨ ʙʫʜʴ-ʷʢʦʾ ʚʠʩʦʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʘʚʜʷʢʠ 

ʩʚʦʾʤ ʤʦʣʝʢʫʣʘʤ ʟ ʜʦʚʛʠʤ ʣʘʥʮʶʛʦʤ; ʦʪʞʝ, ʚô̫ ʟʢʽʩʪʴ ʧʦʣʽʤʝʨʫ ʧʨʠʨʦʜʥʦ ʚʠʩʦʢʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʡ ʧʨʝʜʤʝʪ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʦʩʦʙʣʠʚʦ ʪʘʤ, ʜʝ ʧʦʪʽʢ ʤʘʻ ʚʠʱʫ 

ʚôʷʟʢʫ ʧʨʫʞʥʽʩʪʴ [3]. 

ʘ) ʙ) 
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¶ ʗʢ ʧʨʘʚʠʣʦ, ʧʦʪʽʢ ʨʽʜʠʥʠ ʧʦʜʽʙʥʠʡ ʜʦ ʧʨʦʩʪʦʛʦ ʧʦʪʦʢʫ ʟʩʫʚʫ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʥʘʚʢʦʣʦ, ʜʝ ʤʘʻʤʦ ʯʠʩʪʠʡ ʝʢʩʪʝʥʩʽʡʥʠʡ ʧʦʪʽʢ [3]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ, ʧʦʥʷʪʪʷ çʧʘʨʠ ʪʝʨʪʷè, ʪʝʦʨʽʶ ʟʤʘʱʫʚʘʥʥʷ ʚ ʮʽʣʦʤʫ. 

 

1.1. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥ 

 

ɼʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʜʠʥʠ ʚʽʜʥʦʩʷʪʴ ʛʫʩʪʠʥʫ ʧʠʪʦʤʫ 

ʚʘʛʫ, ʩʪʠʩʣʠʚʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʥʝ ʨʦʟʰʠʨʝʥʥʷ, ʚôʷʟʢʽʩʪʴ, ʪʠʩʢ ʥʘʩʠʯʝʥʠʭ ʧʘʨʽʚ. 

ɻʫʩʪʠʥʘ ɟ ï ʮʝ ʤʘʩʘ ʨʽʜʠʥʠ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ V (4) 

 

ʍ̨ ÌÉÍ
Ў

Ў

Ў
, Ὥ ρȟςȟȣÎ, 

              

(1.1) 

 

ʜʝ  ȹmi ï ʤʘʩʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ ȹVi. 

 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ: ʍ̒ ̆̑ ᷿ ʍÄ6 ʪʘ ʍ . 

ʈʦʟʤʽʨʥʽʩʪʴ ʛʫʩʪʠʥʠ ʚ ʉɯ: ʍ ̋Ⱦ̄̍ . 

ɼʣʷ ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʩʪʠʣ ʛʫʩʪʠʥʘ ɟ=830-940 ʢʛ/ʤ3, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 50Áʉ ʧʨʠʡʥʷʪʝ ʟʥʘʯʝʥʥʷ 900 ʢʛ/ʤ3. 

ʇʠʪʦʤʘ ʚʘʛʘ ɔ ï ʮʝ ʚʘʛʘ ʨʽʜʠʥʠ G ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ V. 

 

ɾ . (1.2) 

 

ʈʦʟʤʽʨʥʽʩʪʴ ʧʠʪʦʤʦʾ ʚʘʛʠ ʚ ʉɯ: [ɔ]=ʅ/ʤ3; ʉɻʉ: [ɔ]=ʜʽʥ/ʩʤ3; ʄʂɻʉʉ: 

[ɔ]=ʢʛʩ/ʤ3. 

ʊʘʢ ʷʢ G=mg, ʪʦ: 

 

ɾ ʍÇ. (1.3) 

 

ɺôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʾʾ ʯʘʩʪʠʥʦʢ ʘʙʦ ʦʢʨʝʤʠʭ ʰʘʨʽʚ ʯʠʥʠʪʠ ʦʧʽʨ 

ʧʨʠ ʾʭ ʚʟʘʻʤʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ (ʪʝʯʽʾ), ʨʦʟʧʦʜʽʣ ʧʨʦʬʽʣʶ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʪʝʯʽʾ 

ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.5. 
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ʈʠʩ. 1.5. ʇʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʪʝʯʽʾ ʚôʷʟʢʦʾ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʩʪʽʥʢʠ [4] 

 

ʏʝʨʝʟ ʥʘʧʨʫʞʝʥʥʷ ʪʝʨʪʷ Ű ï çʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʂè ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ (1.4): 

ʐ
˟
ʂ , (1.4) 

ʜʝ ÄÙ ï ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʘ ʚʽʜʜʘʣʴ ʤʽʞ ʰʘʨʘʤʠ ʨʽʜʠʥʠ (ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʚ 

ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ ʟʘʟʦʨʦʚʽ ʤʽʞ ʩʪʽʥʢʘʤʠ ŭ); 

ÄÕ  ï ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ. 

ʈʦʟʤʽʨʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ (ʜʠʥʘʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚôʷʟʢʦʩʪʽ) ʚ ʉɯ: [ʂ]=ʇʘĿʩ; ʉɻʉ: [ʂ]=ʜʽʥĿ(ʩ/ʩʤ2)=ʇ(ʇʘʫʟ); ʄʂɻʉʉ: [ʂ]=ʢʛ ʩ/ʤ2 . 

ʂʽʥʝʤʘʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ n, çʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴè: 

 

ɜ= ʂ /ɟ. (1.5) 

 

ʈʦʟʤʽʨʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʚ ʉɯ: [ɜ]=ʤ2/ʩ. 

ʉʪʠʩʣʠʚʽʩʪʴ ï ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʨʽʜʠʥʠ ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʦʙôʻʤ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʩʢʫ. 

ʉʪʠʩʣʠʚʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʙôʻʤʥʦʾ ʩʪʠʩʣʠʚʦʩʪʽ ɓp [4]. 

 

ɼÐ
Ў

Ў
, 

(1.6) 6Ð 6 ρ ɼÐЎÐ, 

ʍ̑
Ў̑̑

. 

 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʨʦʟʰʠʨʝʥʥʷ ï ʟʤʽʥʘ ʦʙôʻʤʫ ʤʘʩʠ ʜʘʥʦʾ ʨʽʜʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ: 

 

ɼ
Ў

Ў
, (1.7) 
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6Ô 6 ρ ɼЎ4, 

ʍÔ
Ў

. 

 

ʊʠʩʢ ʥʘʩʠʯʝʥʠʭ ʧʘʨʽʚ ̑ Ȣ̎̐Ȣ ï ʪʠʩʢ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʚ ʨʽʜʠʥʽ, ʱʦʙ ʤʘʣʘ 

ʤʽʩʮʝ ʨʽʚʥʦʚʘʛʘ ʨʽʜʢʦʾ ʽ ʛʘʟʦʚʦʾ ʬʘʟ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ɼʣʷ ʚʦʜʠ pʥ.ʧ.=p ʘʪ. [4]. 

 

1.2. ʇʨʠʟʥʘʯʝʥʥʷ ʟʤʘʱʫʚʘʥʥʷ 

 

ü ʆʩʥʦʚʥʽ ʩʧʦʩʦʙʠ ʟʤʘʱʫʚʘʥʥʷ ʽ ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ [5] 

ʉʠʩʪʝʤʘ ʟʤʘʱʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʨʚʥʫ ʧʦʜʘʯʫ ʤʘʩʪʠʣʘ ʜʦ ʚʩʽʭ ʜʝʪʘʣʝʡ 

ʤʝʭʘʥʽʟʤʽʚ ʽ ʩʠʩʪʝʤ, ʤʽʞ ʷʢʠʤʠ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʚʠʥʠʢʘʻ ʪʝʨʪʷ. ɼʣʷ ʟʤʘʱʝʥʥʷ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʪʠ ʚʠʜ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ ʫʤʦʚʘʤ ʨʦʙʦʪʠ ʤʘʰʠʥʠ (ʪʠʧ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʤʘʱʫʚʘʥʠʭ ʜʝʪʘʣʝʡ, 

ʚʠʜ ʪʝʨʪʷ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪ.ʜ.). ʆʩʥʦʚʥʽ ʩʧʦʩʦʙʠ ʟʤʘʱʫʚʘʥʥʷ: 

ʧʽʜ ʪʠʩʢʦʤ; ʨʦʟʙʨʠʟʢʫʚʘʥʥʷʤ; ʩʘʤʦʧʣʠʚʦʤ. ɿʤʘʱʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʝ ʢʦʣʠ ʻ ʪʝʨʪʷ, ʷʢʝ 

ʙʫʚʘʻ ʨʽʜʠʥʥʠʤ, ʪʦʙʪʦ ʪʝʨʪʷ, ʢʦʣʠ ʤʘʩʪʠʣʴʥʘ ʧʣʽʚʢʘ ʧʦʚʥʽʩʪʶ ʨʦʟʜʽʣʷʻ ʜʝʪʘʣʽ. ʗʢʱʦ 

ʤʘʩʪʠʣʴʥʠʡ ʰʘʨ ʟʨʫʡʥʫʻʪʴʩʷ ʽ ʚ ʦʢʨʝʤʠʭ ʤʽʩʮʷʭ ʪʝʨʪʴʦʚʽ ʧʦʚʝʨʭʥʽ ʜʦʪʠʢʘʶʪʴʩʷ 

ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʪʦ ʪʘʢʝ ʪʝʨʪʷ ʥʘʟʠʚʘʶʪʴ ʥʘʧʽʚʨʽʜʠʥʥʠʤ. ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʤʘʩʪʠʣʦ 

ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʚʠʪʠʩʥʝʥʝ ʟ ʟʘʟʦʨʫ, ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ 

ʜʫʞʝ ʪʦʥʢʘ ʧʣʽʚʢʘ. ʊʘʢʝ ʪʝʨʪʷ ʥʘʟʠʚʘʶʪʴ ʛʨʘʥʠʯʥʠʤ. ʉʫʭʝ ʪʝʨʪʷ ï ʮʝ ʢʦʣʠ ʨʦʙʦʯʽ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʘʙʩʦʣʶʪʥʦ ʩʫʭʽ ʽ ʜʦʪʠʢʘʶʪʴʩʷ ʦʜʥʘ ʜʦ ʦʜʥʦʾ. 

ɿʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ï ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʧʽʜʚʦʜʷʪʴ/ʥʘʥʦʩʷʪʴ ʜʦ/ʥʘ ʧʦʚʝʨʭʥʽ 

ʪʝʨʪʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ ʪʝʨʪʷ ʪʘ/ʯʠ ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʤʝʭʘʥʽʟʤʽʚ.  

ʄʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘ ʘʛʨʝʛʘʪʥʠʤ ʩʪʘʥʦʤ, ʚʠʜʦʤ ʚʠʭʽʜʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʩʧʦʩʦʙʦʤ ʟʜʦʙʫʪʪʷ ʪʘ ʟʘ ʮʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. ɿʘ ʘʛʨʝʛʘʪʥʠʤ ʩʪʘʥʦʤ 

ʤʘʩʪʠʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʨʦʟʨʽʟʥʷʶʪʴ ʨʽʜʢʽ (ʤʘʩʪʠʣʘ), ʧʣʘʩʪʠʯʥʽ (ʟʤʘʱʝʥʥʷ), ʪʚʝʨʜʽ ʪʘ 

ʛʘʟʦʧʦʜʽʙʥʽ, ʘ ʟʘ ʚʠʜʦʤ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ï ʥʘʬʪʦʚʽ (ʤʽʥʝʨʘʣʴʥʽ), ʪʚʘʨʠʥʥʽ, 

ʨʦʩʣʠʥʥʽ ʡ ʩʠʥʪʝʪʠʯʥʽ. ʅʘʬʪʦʚʽ ʤʘʩʪʠʣʘ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʠʩʪʠʣʷʪʥʽ, ʟʘʣʠʰʢʦʚʽ ʡ 

ʢʦʤʧʘʫʥʜʥʽ. ʇʝʨʝʣʽʢ ʤʘʩʪʠʣ ʟʘ ʮʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʜʫʞʝ ʚʝʣʠʢʠʡ. ɰʭ ʧʦʜʽʣʷʶʪʴ 

ʥʘ ʤʦʪʦʨʥʽ, ʪʨʘʥʩʤʽʩʽʡʥʽ ʦʩʴʦʚʽ, ʽʥʜʫʩʪʨʽʘʣʴʥʽ, ʛʽʜʨʘʚʣʽʯʥʽ, ʪʫʨʙʽʥʥʽ, ʢʦʤʧʨʝʩʦʨʥʽ, 

ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʡʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʜʣʷ ʧʨʠʣʘʜʽʚ. 

 

1.3. ʄʝʪʦʜʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʤʘʱʝʥʥʷ 

 

ʊʝʦʨʝʪʠʯʥʠʡ ʤʝʪʦʜ ï ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʙʩʪʨʘʢʪʥʠʭ 
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ʫʷʚʣʝʥʴ, ʽʜʝʡ, ʧʦʣʦʞʝʥʴ, ʢʦʥʮʝʧʮʽʡ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʪʦʩʫʶʪʴʩʷ ʧʨʦʮʝʩʫ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʅʘ ʝʪʘʧʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʷʪʴ ʘʥʘʣʽʟ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʫʤʦʚ ʨʦʙʦʪʠ ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ 

ʟʤʘʱʝʥʥʷ ʝʣʝʤʝʥʪʫ. ʆʙˇʨʫʥʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʨʦʙʦʪʠ, ʥʘʧʨʠʢʣʘʜ, 

ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʥʘʩʦʩʘ, ʢʣʘʧʘʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʬʽʣʴʪʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʥʘ ʦʩʥʦʚʽ ʧʦʣʦʞʝʥʴ ʪʝʦʨʽʾ ʟʤʘʱʝʥʥʷ ʪʘ ʟʥʦʰʝʥʥʷ, 

ʧʦʣʦʞʝʥʴ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʩʧʦʩʦʙʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ. ʇʽʩʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʝʘʣʴʥʦʾ 

ʦʮʽʥʢʠ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʜʝʪʘʣʝʡ ʩʧʨʷʞʝʥʴ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ 

ʟʤʘʱʝʥʥʷ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ/ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚ ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ [5]. 

 

1.4. ʄʦʜʝʣʴ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ʆʩʙʦʨʥ ʈʝʡʥʦʣʴʜʩ (Osborne Reynolds, 1842 ð1912 ʨʦʢʠ ʞʠʪʪʷ,  

ʘʥʛʣʽʡʩʴʢʠʡ ʽʥʞʝʥʝʨ  ̔ʬʽʟʠʢ), ʫ 1886 ʨʦʮʽ ʨʦʟʨʦʙʠʚ ʢʣʘʩʠʯʥʫ ʤʦʜʝʣʴ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʤʘʱʫʚʘʥʥʷ. ʈʽʚʥʷʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʨʽʚʥʷʥʥʷʤʠ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. 

ɺʦʥʠ ʚʨʘʭʦʚʫʶʪʴ ʜʽʾ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ ʪʚʝʨʜʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʥʝ 

ʜʦʪʠʢʘʶʪʴʩʷ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʽ ʨʦʟʜʽʣʝʥʽ ʰʘʨʦʤ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [5]. ʆ. 

ʈʝʡʥʦʣʴʜʩ ʫʧʝʨʰʝ ʦʪʨʠʤʘʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʱʦ ʟʚ'ʷʟʫʻ ʪʠʩʢ ʚ 

ʟʤʘʱʫʚʘʣʴʥʦʤʫ ʰʘʨʽ ʟ ʡʦʛʦ ʪʦʚʱʠʥʦʶ, ʚ'ʷʟʢʽʩʪʶ ʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ, 

ʽ ʜʘʚ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ. ʄʘʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʟʜʘʪʥʠʡ 

ʩʧʨʠʡʤʘʪʠ ʚʠʩʦʢʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʽ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʢʦʥʪʘʢʪʥʦ-ʛ̔ ʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʟʤʘʱʫʚʘʥʥʷ [5]. ɼʣʷ ʦʧʠʩʫ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʪʘʢʪʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʠʡʥʷʪʘ ʥʝʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ɺʽʥʢʣʝʨʘ (Winkler E.). ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʘʣʛʦʨʠʪʤ 

ʚʠʨʽʰʝʥʥʷ ʟʥʦʩʦʢʦʥʪʘʢʪʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʣʷ ʫʧʦʨʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʤʘʪʠʤʝ ʩʫʪʪʻʚʽ 

ʩʢʣʘʜʥʦʩʪʽ ʚ ʨʘʟʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʧʨʦʙʣʝʤʘʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʜʦʟʚʽʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ ʜʦʜʘʪʢʦʚʦ 

ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʛʝʦʤʝʪʨʽʶ ʢʦʥʪʘʢʪʫ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ 

ʧʽʜʰʠʧʥʠʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʚô̫ ʟʦʢ ʨʽʚʥʷʥʥʷ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʧʨʦʩʪʦʛʦ ʚʠʧʘʜʢʫ ʟʤʘʱʝʥʥʷ 

ʩʠʩʪʝʤʠ çʮʠʣʽʥʜʨ ï ʧʣʦʱʠʥʘè [5] ʨʠʩ. 1.6, ʱʦʙ ʧʦʢʘʟʘʪʠ ʟʤʽʩʪ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʽ 

ʦʜʝʨʞʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʝʞʠʤʫ ʧʨʫʞʥʦʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʤʘʱʝʥʥʷ. 

ʆʜʥʦʚʠʤʽʨʥʝ ʨʽʚʥʷʥʥʷ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʫʭʫ ʪʘʢʝ: 

 

φʂ6 ,  (1.8) 

https://uk.wikipedia.org/wiki/1842
https://uk.wikipedia.org/wiki/1912
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80
https://uk.wikipedia.org/wiki/%D0%A4%D1%96%D0%B7%D0%B8%D0%BA
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ʜʝ V ï ʰʚʠʜʢʽʩʪʴ ʧʦʚʝʨʭʥʽ; 

 ɖ ï ʜʠʥʘʤʽʯʥʘ ʚô̫ ʟʢʽʩʪʴ (ʚ ʜʝʷʢʠʭ ʽʥʰʠʭ ʜʞʝʨʝʣʘʭ ï ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʪʘʢʦʞ ʣʽʪʝʨʦʶ Õ); 

 h ï ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʥʘ ʚʭʦʜʽ, 

 È ï ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʥʘ ʚʠʭʦʜʽ, ʢʦʣʠ dp/dx = 0. 

 

 

 
ʈʠʩ. 1.6. ʉʠʩʪʝʤʘ çʮʠʣʽʥʜʨ-ʧʣʦʱʠʥʘè ʚ ʩʝʨʝʜʦʚʠʱʽ ʨʽʜʠʥʠ [5] 

 

ʅʘʚʢʦʣʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʢʦʣʘ ʨʘʜʽʫʩʦʤ r ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʨʽʚʥʷʥʥʷʤ ʧʘʨʘʙʦʣʠ y=x2/2r. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝ ʨʽʚʥʷʥʥʷ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʽ 

ʛʨʘʥʠʯʥʫ ʫʤʦʚʫ ʜʣʷ p(x), ʽʥʪʝʛʨʫʻʤʦ ʨʽʚʥʷʥʥʷ ʈʝʡʥʦʣʴʜʩʘ. ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʜʣʷ p(x):  

ï ʫʤʦʚʘ ɿʦʤʝʨʬʝʣʴʜʘ p = 0 ʧʨʠ x=+¤ ; 

ï ʫʤʦʚʘ ɿʦʤʝʨʬʝʣʴʜʘ p = 0 ʧʨʠ ʭÓ0;  

ï ʫʤʦʚʘ ʈʝʡʥʦʣʴʜʩʘ p = 0, ʢʦʣʠ dp/dx = 0 ʧʨʠ ʭ>0.  

ɯʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʈʝʡʥʦʣʴʜʩʘ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʤʦʚʠ ɿʦʤʝʨʬʝʣʴʜʘ ʜʘʻ 

ʪʘʢʠʡ ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ: 

 

Ð ςÈ6
Ø

È
Ȣ (1.9) 

 

ʊʝʧʝʨ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʤʦʚʫ ɿʦʤʝʨʬʝʣʴʜʘ, ʤʦʞʥʘ ʣʝʛʢʦ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʚʥʫ 

ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ N/L ʥʘ ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ ʮʠʣʽʥʜʨʘ L: 

 

.

,
ÐÄØς

Ð6Ò

Î
Ȣ (1.10) 

 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʫʤʦʚʫ ʈʝʡʥʦʣʴʜʩʘ, ʦʜʝʨʞʫʻʤʦ: 
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.

,
ςȟτυ

Ð6Ò

Î
Ȣ (1.11) 

 

ʇʝʨʝʪʚʦʨʶʶʯʠ ʮʽ ʚʠʨʘʟʠ ʫ ʬʦʨʤʫʣʠ, ʱʦ ʧʦʚô̫ ʟʫʶʪʴ ʤʽʥʽʤʘʣʴʥʫ ʪʦʚʱʠʥʫ 

ʧʣʽʚʢʠ ʟ ʨʦʙʦʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʥʘʚʘʥʪʘʞʝʥʥʷʤ N ʽ ʰʚʠʜʢʽʩʪʶ V, ʚô̫ ʟʢʽʩʪʶ ɖ, 

ʨʘʜʽʫʩʦʤ ʮʠʣʽʥʜʨʘ r ʽ ʜʦʚʞʠʥʦʶ L, ʦʜʝʨʞʠʤʦ: 

 

ÈÒ ς
Ð6Ò

.
Ȣ (1.12) 

 

ʜʣʷ ʫʤʦʚʠ ɿʦʤʝʨʬʝʣʴʜʘ ʽ ʜʣʷ ʫʤʦʚʠ ʈʝʡʥʦʣʴʜʩʘ: 

 

ÈÒ ςȟτυ . (1.13) 

 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʩʠʩʪʝʤʽ çʮʠʣʽʥʜʨ ï ʧʣʦʱʠʥʘè ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ 

ʟʤʘʱʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʚô̫ ʟʢʦʩʪʽ ɖ, ʟʤʝʥʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ V ʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ N. ʇʽʩʣʷ ʚʠʚʯʝʥʥʷ ʟʚô̫ ʟʢʫ ʤʽʞ ʪʦʚʱʠʥʦʶ 

ʧʣʽʚʢʠ ʟʤʘʱʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʝʾ, ʨʦʟʛʣʷʥʝʤʦ ʧʠʪʘʥʥʷ 

ʧʨʦ ʪʝʨʪʷ. ʗʢ ʟʘʟʥʘʣʦʩʷ ʚʠʱʝ, ʩʠʣʫ ʪʝʨʪʷ ʤʦʞʥʘ ʟʥʘʡʪʠ, ʽʥʪʝʛʨʫʶʯʠ ʜʽʶʯʽ ʥʘ 

ʧʦʚʝʨʭʥʶ ʮʠʣʽʥʜʨʘ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʜʦʜʘʶʯʠ ʜʦ ʨʝʟʫʣʴʪʘʪʫ ʚʩʽ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʤʦʚʠ ʈʝʡʥʦʣʴʜʩʘ ʦʜʝʨʞʠʤʦ 

ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ: 

‘
&

.
πȟχφ ʂ 6 ,Ⱦ. ȾȢ 

(1.14) 

 

ʇʦʨʽʚʥʷʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ çʮʠʣʽʥʜʨïʧʣʦʱʠʥʘè ʽ ʜʣʷ ʨʘʜʽʘʣʴʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ, 

ʧʨʘʢʪʠʯʥʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʾ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʤʘʱʝʥʥʷ. ʅʘ 

ʨʠʩ.1.8 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʠʡ ʧʨʘʮʶʶʯʠʡ ʨʘʜʽʘʣʴʥʠʡ ʧʽʜʰʠʧʥʠʢ. ʆʩʢʽʣʴʢʠ, ʚ ʙʫʜʴ 

ʷʢʦʤʫ ʨʘʜʽʘʣʴʥʦʤʫ ʧʽʜʰʠʧʥʠʢʫ ʽʩʥʫʻ ʧʨʠʨʦʜʥʠʡ ʤʘʩʪʠʣʴʥʠʡ ʢʣʠʥ ʚʥʘʩʣʽʜʦʢ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʘʟʦʨʫ, ʪʦ ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʫ ʤʘʩʪʠʣʴʥʽʡ ʨʽʜʠʥʽ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʠʩʢ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʚʘʣ ʽ ʮʽʣʢʦʤ ʚʽʜʦʢʨʝʤʣʶʻ ʡʦʛʦ ʚʽʜ ʚʪʫʣʢʠ 

ʧʽʜʰʠʧʥʠʢʘ. ʊʝʨʪʷ ʟʨʫʯʥʦ ʦʧʠʩʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʙʦʯʠʭ ʟʤʽʥʥʠʭ ʽ ʧʘʨʘʤʝʪʨʽʚ 
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ʈʠʩ. 1.7. ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʨ ʚ ʟʤʘʱʫʚʘʣʴʥʦʤʫ ʧʨʦʰʘʨʢʫ [5] 

†
‬†

‬ᾀ
ὨᾀὨὼ 

ʧʽʜʰʠʧʥʠʢʘ, ʦʙô̒ʜʥʘʥʠʭ ʫ çʯʠʩʣʦ ɿʦʤʝʨʬʝʣʴʜʘè (ʽʥʦʜʽ ʥʘʟʠʚʘʥʝ çʯʠʩʣʦʤ 

ɻʶʤʙʝʣʷè) [5]. ʏʠʩʣʦ ɿʦʤʝʨʬʝʣʴʜʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

3 , (1.15) 

 

ʜʝ ʨ = N/2rL ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʜʽʣʝʥʝ ʥʘ ʧʣʦʱʫ ʧʨʦʝʢʮʽʾ ʧʽʜʰʠʧʥʠʢʘ; 

yr = Cr/r ï ʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʜʦ ʨʘʜʽʫʩʘ ʚʘʣʫ;  

ɖ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ;  

w = V/r ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ. 

 

  
ʈʠʩ. 1.8. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʛʝʦʤʝʪʨʽʾ ʨʘʜʽʘʣʴʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ: N ï ʥʘʚʘʥʪʘʞʝʥʥʷ; 

V ï ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ; ʝ ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ; r1 ï ʨʘʜʽʫʩ ʚʘʣʫ; r2 ï ʨʘʜʽʫʩ ʚʪʫʣʢʠ; ʉr=r1ïr2 ï 

ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ [5] 

dx 
dz 

p 

x 
z †

‬†

‬ᾀ
ὨᾀὨὼ 

pdz ὴ
‬ὴ

‬ὼ
ὨὼὨᾀ 

u 
dx 
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ɿʛʽʜʥʦ ʟ ʌʦʛʝʣʴʧʦʣʝʤ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʧʨʠʙʣʠʟʥʦ ʫ ʪʘʢʦʤʫ 

ʚʠʛʣʷʜʽ: 

 

ʈ  ʧʨʠ 3 ρ; ʈḙ  ʧʨʠ 3 ρ; 

(1.16) 
ʈ  ʧʨʠ 3 ρ; ʈḙ  ʧʨʠ 3 ρ. 

 

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʚʘʨʪʦ ʥʘʛʘʜʘʪʠ, ʱʦ ʧʘʨʘʤʝʪʨ hV/N ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʘʙʩʮʠʩʘ 

ʢʨʠʚʦʾ ʐʪʨʠʙʝʢʘ (ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ). 

 

1.5. ʄʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʥʝʩʫʯʦʛʦ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʰʘʨʫ ʤʽʞ 

ʧʦʚʝʨʭʥʷʤʠ ʪʝʨʪʷ. 

 

ʈʽʜʠʥʥʝ ʟʤʘʱʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʪʨʫʪʴʩʷ, 

ʨʦʟʜʽʣʝʥʽ h ʘʨʦʤ ʨʜ̔ʢʦʛʦ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʤʘʩʪʠʣʘ), ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ 

ʪʠʩʢʦʤ [40]. ʊʠʩʢ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʨʽʚʥʦʚʘʞʫʻ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʐʘʨ ʤʘʩʪʠʣʘ ʥʘʟʠʚʘʶʪʴ ʥʝʩʫʯʠʤ ʰʘʨʦʤ.  

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʡʦʛʦ ʪʦʚʱʠʥʠ ʙʽʣʴʰʝ ʪʦʚʱʠʥʠ ʛʨʘʥʠʯʥʦʾ ʧʣʽʚʢʠ ʟʤʝʥʰʫʻʪʴʩʷ 

ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʪʚʝʨʜʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʤʦʣʝʢʫʣʠ ʤʘʩʪʠʣʘ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʣʝʢʦ ʚiʜ 

ʥʝʾ. ʐʘʨʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ʙʽʣʴʰʝ 5 ʤʢʤ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʥʘʙʫʚʘʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʚʽʣʴʥʦ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʛʦ. 

ʇʨʠ ʨʽʜʠʥʥʦʤʫ ʟʤʘʱʫʚʘʥʥʽ ʦʧʽʨ ʨʫʭʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤ ʪʝʨʪʷʤ 

(ʚôʷʟʢʽʩʪʶ) ʨʽʜʠʥʠ i ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʦʨʫ ʢʦʚʟʘʥʥʶ ʰʘʨʽʚ ʤʘʩʪʠʣʘ ʧʦ ʪʦʚʱʠʥʽ 

ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʧʨʦʰʘʨʢʫ. ʎʝʡ ʨʝʞʠʤ ʪʝʨʪʷ, ʟ ʚʣʘʩʪʠʚʠʤʠ ʡʦʤʫ ʜʦʩʠʪʴ ʤʘʣʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʨʪʷ, ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʚʫʟʣʘ ʪʝʨʪʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʪʨʘʪ ʝʥʝʨʛʽʾ, 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ i ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. ʉʠʣʠ ʪʝʨʪʷ ʧʨʠ ʨʽʜʠʥʥʦʤʫ ʟʤʘʱʫʚʘʥʥʽ ʥʝ ʟʘʣʝʞʘʪʴ 

ʚiʜ ʧʨʠʨʦʜʠ ʩʧʨʷʞʝʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʗʚʠʱʝ ʪʝʨʪʷ ʧʨʠ ʨʽʜʠʥʥʦʤʫ ʟʤʘɦʫʚʘʥʥʽ ʚʽʜʢʨʠʚ 

ʫ 1883 ʨʦʮʽ ʄ.ʇ. ʇʝʪʨʦʚ, ʷʢʠʡ ʩʪʚʦʨʠʚ ʦʩʥʦʚʠ ʪʝʦʨʽʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʟʤʘʱʫʚʘʥʥʷ. ɯʩʥʫʻ ʜʚʘ ʩʧʦʩʦʙʠ ʩʪʚʦʨʝʥʥʷ ʪʠʩʢʫ ʚ ʥʝʩʫʯʦʤʫ ʰʘʨi. ɿʘ ʧʝʨʰʠʤ 

ʩʧʦʩʦʙʦʤ ʩʧʝʮʽʘʣʴʥʦ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʥʘʩʦʩ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, 

ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʪʨʫʪʴʩʷ (ʨʠʩ.1.9). 
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ʈʠʩ. 1.9. ʅʝʩʫʯʠʡ ʰʘʨ ʟʤʘʱʝʥʥʷ [6] 

 

ɺʠʪʽʢ ʤʘʩʪʠʣʘ ʯʝʨʝʟ ʪʦʨʮʽ ʧʽʜʰʠʧʥʠʢʘ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦʶ ʧʦʜʘʯʝʶ 

ʥʘʩʦʩʫ. ɿʘ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʪʠʩʢ ʫ ʟʤʘʱʫʚʘʣʴʥʦʤʫ ʰʘʨi ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʽ ʥʘʣʝʞʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʘʭʦʜʠ i ʧʽʜʙʽʨ ʤʘʨʢʠ ʤʘʩʪʠʣʘ ʟʘʣʝʞʥʦ 

ʚʽʜ h ʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ. ɿʛʽʜʥʦ ʟ ʦʙʦʤʘ ʩʧʦʩʦʙʘʤʠ ʩʪʚʦʨʝʥʥʷ ʪʠʩʢʫ ʚ ʥʝʩʫʯʦʤʫ ʰʘʨi 

ʨʦʟʨʽʟʥʷʶʪʴ ʛʽʜʨʦʩʪʘʪʠʯʥʽ ʡ ʛiʜʨʦʜʠʥʘʤiʯʥi ʦʧʦʨʠ ʢʦʚʟʘʥʥʷ. ʆʜʥʽ ʡ ʜʨʫʛʽ ̒  ʦʧʦʨʘʤʠ 

ʪʝʨʪʷ ʧʨʠ ʨʽʜʠʥʥʦʤʫ ʟʤʘʱʫʚʘʥʥʽ. ʇʽʜ ʦʧʦʨʦʶ ʟ ʨʽʜʠʥʥʠʤ ʟʤʘʱʫʚʘʥʥʷʤ ʨʦʟʫʤʽʶʪʴ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʦʧʦʨʫ. ɺ ʧʦʙʫʪʽ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʛiʜʨʦʜʠʥʘʤiʯʥi. 

ʄʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʪʠʩʢʫ ʚ ʥʝʩʫʯʦʤʫ ʰʘʨi ʣʝʛʢʦ ʧʦʷʩʥʠʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʧʣʦʩʢʦʾ 

ʦʧʦʨʠ (ʨʠʩ.1.10). ʅʝʭʘʡ ʧʣʘʩʪʠʥʘ ɸ-ɸ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʟ ʜʝʷʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʽʜ 

ʢʫʪʦʤ ʜʦ ʥʝʨʫʭʦʤʦʾ ʧʽʜʢʣʘʜʢʠ ɹ-ɹ. ʇʨʦʤʽʞʦʢ ʤʽʞ ʧʣʘʩʪʠʥʦʶ i ʧʽʜʢʣʘʜʢʦʶ 

ʟʘʧʦʚʥʝʥʠʡ ʚôʷʟʢʦʶ ʨʽʜʠʥʦʶ. ʐʘʨ ʨʽʜʠʥʠ, ʷʢʠʡ ʟʤʦʯʫʻ ʧʣʘʩʪʠʥʫ ɸ-ɸ, ʩʠʣʘʤʠ 

ʚôʷʟʢʦʛʦ ʪʝʨʪʷ ʧʨʠʚʦʜʠʪʴ ʫ ʨʫʭ ʩʫʤʽʞʥʽʡ ʟ ʥʠʤ ʧʦ ʚʠʩʦʪʽ ʰʘʨ. ʊʘʢ ʨʫʭ ʙʫʜʝ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʚʽʜ ʦʜʥʦʛʦ ʰʘʨʫ ʜʦ ʜʨʫʛʦʛʦ, ʟʘ ʚʠʥʷʪʢʦʤ ʰʘʨʫ, ʷʢʠʡ ʟʤʦʯʫʻ ʥʝʨʫʭʦʤʫ 

ʧʽʜʢʣʘʜʢʫ ɹ-ɹ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʩʪʠʣʦ ʙʫʜʝ ʚʪʷʛʫʚʘʪʠʩʷ ʚ ʢʣʠʥʦʚʠʡ ʟʘʟʦʨ, ʷʢʠʡ 

ʟʚʫʞʫʻʪʴʩʷ, ʚ ʥʦɹʤʫ ʙʫʜʝ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʪʠʩʢ, ʷʢʠʡ ʙʫʜʝ ʧʦʩʪʽʡʥʽʤ ʧʦ ʜʦʚʞʠʥʽ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʚʭʽʜʥʠʡ i ʚʠʭʽʜʥʠʡ ʢʨʦʤʢʘʭ ʤʘʩʪʠʣʦ ʩʪʠʢʘʻʪʴʩʷ ʟ ʘʪʤʦʩʬʝʨʦʶ, ʜʝ 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ʨʠʩ.1.10). ɻʨʘʬʽʢʠ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʨʽʜʠʥ ʫ 

ʟʘʟʦʨʽ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1.10. ʅʝʩʫʯʘ ʟʜʘʪʥʽʩʪ,ɹ ʘʙʦ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ 

ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʰʘʨʫ ʜʦʨʽʚʥʶʻ ʨʽʚʥʦʜʽʶʯʽʡ ʩʠʣi ʪʠʩʢʫ. ʊʘʢʦʶ ʩʠʣʦʶ ʤʦʞʥʘ 

ʥʘʚʘʥʪʘʞʠʪʠ ʧʣʘʩʪʠʥʫ ʧʨʠ ʜʘʥʠʭ ʾʾ ʨʦʟʤʽʨʘʭ, ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ i ʚôʷʟʢʦʩʪʽ 

ʤʘʩʪʠʣʘ. 

ɿʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʥʝʩʫʯʦʛʦ 

ʘhʨʫ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ i ʦʧʦʨʦʤ ʪʝʨʪ.̫ ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʞʠʤ ʪʝʨʪʷ ʚ 
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ʧʽʜʰʠʧʥʠʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚôʷʟʢʽʩʪʶ, ʰʚʠʜʢʽʩʪʶ ʢʦʚʟʘʥʥʷ i ʪʠʩʢʦʤ ʈ, ʪʦʯʥʽʰʝ, 

ʬʘʢʪʦʨʦʤ (ɖĀ◒)/P. 

 

 
 

ʈʠʩ. 1.10. ʄʝʭʘʥʽʟʤ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ: 

ʫʪʚʦʨʝʥʥʷ ʥʝʩʫʯʦʛʦ ʰʘʨʫ ʟʤʘʱʫʚʘʥʥʷ [5] 

 

ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ 1. ɿʘʜʘʯʽ ʟʘ ʪʝʤʦʶ çʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥè 

ʂʦʨʠʩʪʫʚʘʪʠʩʷ ʬʦʨʤʫʣʘʤʠ 1.1-1.7 ʜʣʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯ. 

 

ʇʨʠʢʣʘʜ.1. ʅʘʬʪʘ, ʧʠʪʦʤʘ ʚʘʛʘ ʷʢʦʾ ɔ=9000 ʅ/ʤ3, ʤʘʻ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ t=50 Áʉ 

ʜʠʥʘʤʽʯʥʫ ʚôʷʟʢʽʩʪʴ ʂ=5,88410-3 ʢʛ/(ʤĿʩ). ɺʠʟʥʘʯʠʪʠ ʾʾ ʢʽʥʝʤʘʪʠʯʥʫ ʚôʷʟʢʽʩʪʴ. 

ʈʦʟʚôʷʟʦʢ: 

‎ ʍÇ . (1.17) 

n
ȟ Ͻ ȟ

=6,4Ŀ10-6(ʤ2/ʩ). 

ʇʨʠʢʣʘʜ 2. ɺ ʦʙôʻʤ V=50 ʣ ʟʘʢʘʯʘʥʦ 50,5 ʣ ʝʬʽʨʫ. ɺʠʟʥʘʯʠʪʠ, ʥʝʭʪʫʶʯʠ 

ʜʝʬʦʨʤʘʮʽʻʶ ʩʪʽʥʦʢ, ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʥʴʦʤʫ ȹʨ, ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʦʙôʻʤʥʦʾ 

ʩʪʠʩʣʠʚʦʩʪʽ ʝʬʽʨʫ ʟʘ t=20 Áʉ ʤʘʻ ʟʥʘʯʝʥʥʷ ɼ̑=1,95Ŀ10-9 ʇʘ-1.  

ʈʦʟʚôʷʟʦʢ: 

Ў̑
Ў

̑
, (1.18) 

 

ʜʝ ȹV=(V-V0). 

ʈ 

ʈ 
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ʊʦʜʽ: Ў̑
ȟϽ

ȟ Ͻ Ͻ ȟϽ
υπȟψϽρπ˜ .́ 

ʇʨʠʢʣʘʜ 3. ɺ ʨʝʟʝʨʚʫʘʨʽ ʜʽʘʤʝʪʨʦʤ d=4 ʤ ʟʙʝʨʽʛʘʻʪʴʩʷ 100 ʪ ʥʘʬʪʠ, ʛʫʩʪʠʥʘ 

ʷʢʦʾ ɟ=850 ʢʛ/ʤ3 ʟʘ t=0Áʉ. ɺʠʟʥʘʯʠʪʠ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ʚ ʨʝʟʝʨʚʫʘʨʽ ʧʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʬʪʠ ʚʽʜ 0 ʜʦ 30Áʉ. ʈʦʟʰʠʨʝʥʥʷ ʨʝʟʝʨʚʫʘʨʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ. 

ʂʦʝʬʽʮʽʻʥʪ ɓt=0,00072 ʂ-1.  

ʈʦʟʚôʷʟʦʢ: 6
Ͻ

ρρχȟψ ʤ3. 

ɿʤʽʥʘ ʦʙôʻʤʫ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 30Áʉ: 

Ў6 ɼϽ6ϽЎ4 πȟπππχςϽρρχȟψϽσπ ςȟυτ ʤ3. 

ʈʦʟʤʘʭ ʢʦʣʠʚʘʥʴ ʨʽʚʥʷ ʥʘʬʪʠ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʨʝʟʝʨʚʫʘʨʽ ʟ ʧʣʦʱʝʶ ʜʥʠʱʘ 

S=ˊd2/4: 

È
ϽЎ ϽȢ

ȟ Ͻ
πȟςπς ʤ. 

 

1.6. ɻʽʜʨʦʩʪʘʪʠʯʥʝ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʟʤʘʱʝʥʥʷ  

 

ɻʽʜʨʦʩʪʘʪʠʯʥʝ ï (ʛʘʟʦʚʝ) ʟʤʘʱʝʥʥʷ, ʚ ʫʤʦʚʘʭ ʷʢʦʛʦ ʧʦʚʥʝ ʨʦʟʜʽʣʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʪʽʣ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ ʚʽʜʥʦʩʥʦʛʦ ʨʫʭʫ ʯʠ ʩʧʦʢʦʶ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʜʠʥʠ (ʛʘʟʫ), ʱʦ ʧʦʜʘʻʪʴʩʷ ʧʽʜ ʟʦʚʥʽʰʥʽʤ ʪʠʩʢʦʤ ʤʽʞ 

ʧʦʚʝʨʭʥʷʤʠ ʪʝʨʪʷ [3]. 

ʇʨʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʤʫ ʟʤʘʱʫʚʘʥʥʽ ʤʘʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʜʘʻʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ 

ʫ ʟʘʟʦʨ ʤʽʞ ʥʝʨʫʭʦʤʠʤʠ ʧʦʚʝʨʭʥʷʤʠ (ʪʠʩʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʝʚʥʠʤ ʯʠʥʦʤ). 

ɻʽʜʨʦʩʪʘʪʠʯʥʝ ʟʤʘʱʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʥʝʟʘʣʝʞʥʽʩʪʴ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʤʘʣʽ ʚʪʨʘʪʠ ʥʘ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ. 

ʈʦʟʧʦʜʽʣʝʥʥʷ ʩʠʣʠ ʪʠʩʢʫ, ʩʠʣʠ ʧʽʜʽʡʤʘʣʴʥʦʾ, ʥʦʨʤʘʣʴʥʽ ʧʨʠ ʢʦʯʝʥʥʽ ʫ 

ʧʽʜʰʠʧʥʠʢʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.11, ʷʢ ʚʠʜʥʦ ʤʘʩʪʠʣʴʥʠʡ ʢʣʠʥ. ʇʦʢʘʟʘʥʦ ʝʧʶʨʫ 

ʩʠʣʠ ʪʠʩʢʫ ʈ , ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ɤ, ʩʠʣʘ Fr. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ ʟʤʘʱʫʚʘʥʥʷ ï ʮʝ ʢʦʣʠ ʧʦʚʝʨʭʥʽ ʩʧʦʣʫʯʝʥʥʷ ʧʦʚʥʽʩʪʶ 

ʨʦʟʜʽʣʝʥʽ ʰʘʨʦʤ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʤʘʩʪʠʣʘ (h) ʟʥʘʯʥʦ ʙʽʣʴʰʘ 

ʟʘ ʚʝʣʠʯʠʥʫ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ (Ra). 

https://www.google.com.ua/search?biw=1309&bih=722&q=%D0%92%D0%B8%D0%B7%D0%BD%D0%B0%D1%87%D0%B8%D1%82%D0%B8+%D0%BA%D0%BE%D0%BB%D0%B8%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F+hsdyz+d+htpthdefhs+ghb+pvsys+ntvgthfnehb+yfanb+dsl+0+lj&spell=1&sa=X&ved=0ahUKEwjH097OxrPWAhWDYZoKHcY9ArkQBQgiKAA
https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
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(ʙ) 

(ʘ)  

 

 

 

 

 

 

ʈʠʩ. 1.11. ɻʽʜʨʦʩʪʘʪʠʯʥʝ ʪʘ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʟʤʘʱʫʚʘʥʥʷ:  

(ʘ) ï ʨʦʟʧʦʜʽʣ ʪʘ ʫʪʚʦʨʝʥʥʷ ʩʠʣ 

ʪʠʩʢʫ ʚ ʤʘʩʪʠʣʴʥʦʤʫ ʧʨʦʰʘʨʢʫ 

ʧʽʜʰʠʧʥʠʢʘ; 

 (ʙ) - ʨʦʟʧʦʜʽʣ ʩʠʣ ʧʨʠ 

ʧʦʩʪʫʧʘʣʴʥʦʤʫ ʨʫʩʽ ʜʚʦʭ 

ʧʦʚʝʨʭʦʥʴ (ʚôʷʟʢʝ ʪʝʨʪʷ) [7] 

 

ʊʝʨʪʷ ʤʽʞ ʥʠʤʠ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʦʙô̒ ʤʥʠʤʠ (ʚôʷʟʢʽʩʥʠʤʠ) ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʚʽʜʩʫʪʥʻ. 

ʋ ʨʝʞʠʤʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʤʘʩʪʠʣʘ ʧʨʘʮʶʶʪʴ ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʪʘ ʪʫʨʙʽʥʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ.  
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ʈʆɿɼɯʃ 2. ɿɸɻɸʃʔʅɯ ʋʗɺʃɽʅʅʗ ʇʈʆ ʊɽʆʈɯʖ 

ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɻʆ ɿʄɸʑʋɺɸʅʅʗ 
 

2.1. ɻʽʜʨʦʜʠʥʘʤʽʯʥʘ ʪʝʦʨʽʷ ʟʤʘʱʝʥʥ ̫

 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʨʪʷ ʧʨʠ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʘʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʩʪʠʣʴʥʽ ʦʣʠʚʠ. ʅʘʧʨʠʢʣʘʜ, ʟʤʘʱʫʶʪʴʩʷ 

ʧʦʚʝʨʭʥʽ ʮʘʧʬ ʽ ʧʽʜʰʠʧʥʠʢʽʚ ʦʩʝʡ ʽ ʚʘʣʽʚ, ʧʦʚʝʨʭʥʽ ʧʦʨʰʥʽʚ ʽ ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʽʚ ʽ 

ʪ.ʧ.. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʤʘʱʝʥʥʷ ʜʚʦʭ ʧʦʚʝʨʭʦʥʴ ʱʦ ʜʦʪʠʢʘʶʪʴʩʷ ʫʪʚʦʨʶʻʪʴʩʷ ʪʦʥʢʠʡ 

ʰʘʨ ʤʘʩʪʠʣʴʥʦʾ ʦʣʠʚʠ. 

 

2.2. ɿʘʨʦʜʞʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ 

 

ɺ ʧʝʨʽʦʜ 1883-1886 ʨʨ. ʟôʷʚʠʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʝ ʟʘʣʝʞʥʽ ʦʜʥʝ ʚʽʜ ʦʜʥʦʛʦ, ʷʢʽ 

ʜʦʩʪʘʪʥʴʦ ʨʦʟôʷʩʥʠʣʠ ʩʫʪʴ ʷʚʠʱ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʤʘʱʫʚʘʣʴʥʦʤʫ ʪʝʨʪʽ. ɺ 

1883 ʨ. ʟôʷʚʠʣʘʩʴ ʩʪʘʪʪʷ ʧʨʦʬʝʩʦʨʘ ʇʝʪʝʨʙʫʨʟʴʢʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʄ.ʇ. ʇʝʪʨʦʚʘ, ʚ ʷʢʽʡ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʦʩʥʦʚʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʙʘʛʘʪʦ ʚʯʝʥʠʭ ʚʚʘʞʘʣʠ ʚʯʝʥʦʛʦ ʙʘʪʴʢʦʤ ʮʽʻʾ ʪʝʦʨʽʾ. ɺʽʥ ʧʨʠʩʚʷʪʠʚ ʟʥʘʯʥʫ 

ʯʘʩʪʠʥʫ ʩʚʦʻʾ ʨʦʙʦʪʠ ʜʦʢʘʟʫ ʩʘʤʦʾ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʛʘʜʘʥʠʭ ʨʽʚʥʷʥʴ ʜʦ 

ʧʠʪʘʥʥʷ ʧʨʦ ʨʫʭ ʨʽʜʠʥʠ. ʇʨʠʡʤʘʶʯʠ ʧʦʚʝʨʭʥʽ ʰʠʧʘ (ʮʘʧʬʠ) ʽ ʧʽʜʰʠʧʥʠʢʘ ʟʘ 

ʩʧʽʚʚʽʩʥʽ ʢʨʫʛʣʽ ʮʠʣʽʥʜʨʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʢʦʚʟʘʥʥʷ ʨʽʜʠʥʠ ʥʘ ʦʙʦʭ ʧʦʚʝʨʭʥʷʭ, 

ʚʽʥ ʦʪʨʠʤʘʚ ʩʚʦʶ ʟʥʘʤʝʥʠʪʫ ʬʦʨʤʫʣʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ ʚ 

ʧʽʜʰʠʧʥʠʢʫ [4]: 
 

& , (2.1) 

 

ʜʝ Q ï ʧʦʚʝʨʭʥʷ ʪʝʨʪʷ; 

 ŭ ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʰʠʧʘ ʽ ʧʽʜʰʠʧʥʠʢʘ; 

 Õ ï ʘʙʩʦʣʶʪʥʘ ʚôʷʟʢʽʩʪʴ ʟʤʘʱʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ; 

 ɚ ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ ʥʘ ʛʨʘʥʠʮʷʭ ʟ ʰʠʧʦʤ ʪʘ 

ʧʽʜʰʠʧʥʠʢʦʤ. 
 

ʇʨʠʻʜʥʘʚʰʠ ʩʶʜʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʦʭʦʣʦʜʞʝʥʥʷ ʰʠʧʘ ʧʨʦʧʦʨʮʽʡʥʦ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʰʘʨʫ ʟʤʘʱʫʚʘʥʥʷ ʽ ʥʘʚʢʦʣʠʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʽ ʢʦʨʠʩʪʫʶʯʠʩʴ ʪʘʢ 

ʟʚʘʥʠʤʠ ʛʨʘʬʽʢʘʤʠ ʘʙʩʦʣʶʪʥʦʾ ʚô̫ ʟʢʦʩʪʽ, ʄ.ʇ. ʇʝʪʨʦʚ ʦʪʨʠʤʘʚ ʤʦʞʣʠʚʽʩʪʴ 

ʛʨʘʬʽʯʥʦ ʚʠʨʘʞʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʙʘʛʘʪʴʤʘ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʷʚʠʱʘ ʪʝʨʪʷ ʜʦʙʨʝ ʟʤʘʱʝʥʦʛʦ ʰʠʧʘ ʚ ʧʽʜʰʠʧʥʠʢʫ [4]. 

ɻʦʣʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʪʝʦʨʽʾ ʙʫʣʠ: ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʟʤʘʱʫʶʯʦʛʦ ʰʘʨʫ.  
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2.3.  ʆʩʥʦʚʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ 

 

ʊʝʨʪʷ ʚ ʤʘʰʠʥʘʭ ʽ ʚʧʣʠʚ ʥʘ ʥʴʦʛʦ ʟʤʘʱʫʻ ʨʽʜʠʥʠ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ 

ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʪʨʫʪʴʩʷ, 

ʩʪʚʦʨʶʻʪʴʩʷ ʰʘʨ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʨʫʩʽ ʨʘʟʦʤ ʟʽ ʟʤʘʱʫʚʘʣʴʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 

ʅʘʚʽʪʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʮʘʧʬʠ ʚ ʧʽʜʰʠʧʥʠʢʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʮʘʧʬʠ ʽ ʚʥʫʪʨʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʚʢʣʘʜʠʰʽʚ ʧʽʜʰʠʧʥʠʢʘ ʩʪʚʦʨʶʻʪʴʩʷ ʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʰʘʨ ʤʘʩʪʠʣʘ. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʚʘʣʽʚ ʨʦʙʠʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ ʅɽ ʚʠʜʘʚʣʶʚʘʥʥʷ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʧʽʜʰʠʧʥʠʢʘ, ʦʩʢʽʣʴʢʠ ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʟʘʤʽʩʪʴ ʪʝʨʪʷ ʟʤʘʱʫʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʚʠʥʠʢʘʻ ʩʫʭʝ ʪʝʨʪʷ, ʱʦ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʝʨʝʛʨʽʚʫ ʧʽʜʰʠʧʥʠʢʘ ʽ ʦʩʪʘʥʥʽʡ ʚʠʡʜʝ ʟ 

ʣʘʜʫ [4]. 

ʉʠʣʘ ʪʝʨʪʷ, ʱʦ ʚʠʥʠʢʘʻ ʤʽʞ ʨʫʭʦʤʠʤʠ ʟʤʘʱʫʚʘʪʠ ʧʦʚʝʨʭʥʷʤʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʝ ʨʦʜʦʤ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʘ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʊʦʤʫ ʧʨʠ ʚʠʚʯʝʥʥʽ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʰʘʨʽ ʤʘʩʪʠʣʘ ʩʣʽʜ ʤʝʭʘʥʽʯʥʫ ʟʘʜʘʯʫ ʧʨʦ ʪʝʦʨʽʶ 

ʟʘʤʽʥʠʪʠ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʟʘʜʘʯʫ ʧʨʦ ʚʠʚʯʝʥʥʷ ʨʫʭʫ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ [4].  

ɼʣʷ ʢʦʨʦʪʢʦʛʦ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʪʝʦʨʽʻʶ ʤʘʩʪʠʣʘ ʨʦʟʛʣʷʥʝʤʦ ʪʝʨʪʷ ʮʘʧʬʠ 

ʨʘʜ̔ʫʩʦʤ r ʽ ʜʦʚʞʠʥʦʶ l ʚ ʧʽʜʰʠʧʥʠʢʫ ʧʨʠ ʾʾ ʢʦʥʮʝʥʪʨʠʯʥʦʤʫ ʦʙʝʨʪʘʥʥʽ (ʨʠʩ.2.1, ʘ) 

[4]. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʰʘʨ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʢʨʠʚʘʻ ʮʘʧʬʫ, ʤʘʻ 

ʦʜʥʘʢʦʚʫ ʪʦʚʱʠʥʫ ŭ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʮʘʧʬʠ ʟ ʦʢʨʫʞʥʦʶ ʰʚʠʜʢʽʩʪʶ u ʯʘʩʪʢʠ 

ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʧʦʚʝʨʭʥʽ ʮʘʧʬʠ ʤʘʪʠʤʫʪʴ ʪʫ ʞ ʰʚʠʜʢʽʩʪʴ. ʋ ʤʽʨʫ 

ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʮʘʧʬʠ ʮʷ ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʰʠʧʥʠʢʘ 

ʩʪʘʥʝ ʨʽʚʥʦʶ ʥʫʣʶ [4]. 

ʉʠʣʘ ʪʝʨʪʷ ʤʽʞ ʮʘʧʬʦʶ ʽ ʤʘʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ: 

 

& ʐϽ3 А3 ςʌ ÒÌАϽ , (2.2) 

 

ʜʝ S=2ĿˊĿrĿl  ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʮʘʧʬʠ. 

 

ʇʨʠʡʥʷʚʰʠ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʰʘʨʽ 

ʟ ʪʦʚʱʠʥʦʶ ŭ ʣʽʥʽʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ u ʜʦ ʥʫʣʷ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʛʨʘʜʽʻʥʪ 

ʰʚʠʜʢʦʩʪʽ ʷʢ du/dr = u/ŭ. ʊʦʜʽ [4]: 

 

& ςʌ ÒÌАϽ. (2.3) 
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ʈʠʩ 2.1. ʉʭʝʤʘ ʦʙʝʨʪʘʥʥʷ ʮʘʧʬʠ ʚ ʧʽʜʰʠʧʥʠʢʫ ʧʨʠ ʩʧʽʚʚʽʩʥʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ (ʘ) ʽ ʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ (ʙ) [4]:  

l ï ʰʘʨ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 2 ï ʮʘʧʬʘ, 3 ï ʧʽʜʰʠʧʥʠʢ, r ï ʨʘʜʽʫʩ ʮʘʧʬʠ, u ï 

ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʮʘʧʬʠ, ŭ ï ʪʦʚɦʠʥʘ ʟʘʟʦʨʫ, ɚ ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ 

 

 

ʄ.ʇ. ʇʝʪʨʦʚ ʦʪʨʠʤʘʚ ʙʽʣʴʰ ʪʦʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʩʠʣʠ ʪʝʨʪʷ ʮʘʧʬʠ: 

 

& А
Ͻ

ϳ  ϳ
, (2.4) 

 

ʜʝ ɚ ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʮʠʣʽʥʜʨʽʚ. 

ɸ ʷʢʱʦ ʇ ʇ Њ, ʪʦ ʬʦʨʤʫʣʘ 2.4 ʩʧʨʦʱʫʻʪʴʩʷ ʜʦ ʚʠʜʫ: 

& А
ςʌ ÒÌϽÕ

ɿ
Ȣ (2.4.1) 

ʌʦʨʤʫʣʘ ʇʝʪʨʦʚʘ ʄ.ʇ. ʜʣʷ ʚʠʧʘʜʢʫ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ ʧʨʠ ʫʤʦʚʽ, ʱʦ  А

ὧέὲίὸ. ʎʷ ʬʦʨʤʫʣʘ ʻ ʤʘʡʞʝ ʻʜʠʥʠʤ ʚʠʧʘʜʢʦʤ ʚ ʪʝʦʨʽʾ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʟʤʘʱʫʚʘʥʥʷ ʟ ʪʦʯʥʠʤ ʨʦʟʚô̫ ʟʢʦʤ ʟʘʜʘʯʽ. 

ʉʠʣʘ ʪʝʨʪʷ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʘ ʚô̫ ʟʢʦʩʪʽ ʨʽʜʠʥʠ ʽ ʯʠʩʣʫ ʦʙʝʨʪʽʚ ʽ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʪʦʚʱʠʥʽ ʟʤʘʱʫʶʯʦʛʦ ʰʘʨʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʪʝʦʨʽʷ ʟʤʘʱʝʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʘ 

ʨʦʟʚʠʥʝʥʘ ʅ.ɭ. ɾʫʢʦʚʩʴʢʠʤ ʽ C.ɸ. ʏʘʧʣʠʛʽʥʠʤ ʫ ʧʨʘʮʽ çʇʨʦ ʪʝʨʪʷ ʟʤʘʱʫʚʘʣʴʥʦʛʦ 

ʘhʨʫ ʤʽʞ ʰʠʧʦʤ ʽ ʧʽʜʰʠʧʥʠʢʦʤè [8,9,10]. 
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2.4. ʈʝʞʠʤ ʟʤʘʱʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ ʢʨʠʚʘ ˆʝʨʩ-̔ʐʪʨʠʙʝʢʘ 

 

ʈʝʞʠʤʠ ʟʤʘʱʝʥʥʷ ð ʫʤʦʚʠ ʨʦʙʦʪʠ ʟʤʘʱʫʚʘʥʠʭ ʜʝʪʘʣʝʡ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʾʭ ʢʦʥʪʘʢʪʥʫ ʚʟʘʻʤʦʜʽʶ ʧʽʜ ʯʘʩ ʪʝʨʪʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʪʨʠʙʦʣʦʛʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʩʧʨʷʞʝʥʴ. 

ʈʝʞʠʤʠ ʟʤʘʱʫʚʘʥʥʷ ʟʨʫʯʥʦ ʨʦʟʛʣʷʜʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ˆʝʨʩ-̔

ʐʪʨʠʙʝʢʘ, ʚ ʷʢʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ɛ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʝʞʠʤʫ. 

ʟʤʘʱʫʚʘʥʥʷ (ʚôʷʟʢʽʩʪʶ, ʰʚʠʜʢʽʩʪʶ ð ɡ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ð N) ʩʧʨʷʞʝʥʥʷ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ, ʛʨʘʥʠʯʥʠʡ ʽ ʟʤʽʰʘʥʠʡ ʨʝʞʠʤʠ ʟʤʘʱʝʥʥʷ. 

V ɻʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʟʤʘʱʝʥʥʷ 

ɿʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʤʘʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʦʚʥʽʩʪʶ ʨʦʟʜʽʣʝʥʽ 

ʰʘʨʦʤ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʦʚʱʠʥʘ ʰʘʨʫ ʤʘʩʪʠʣʘ (h) ʟʥʘʯʥʦ ʙʽʣʴʰʝ 

ʚʝʣʠʯʠʥʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ (Ra). ʊʝʨʪʷ ʤʽʞ ʥʠʤʠ ʟʫʤʦʚʣʝʥʝ ʦʙ'ʻʤʥʠʤʠ 

(ʚô̫ ʟʢʽʩʥʠʤʠ) ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʥʦʩ ʧʦʚʝʨʭʦʥʴ ʚʽʜʩʫʪʥʽʡ. ʋ 

ʨʝʞʠʤʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʤʘʱʝʥʥʷ ʧʨʘʮʶʶʪʴ ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʫ ʽ ʪʫʨʙʽʥʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ [12-14]. 

V ɻʨʘʥʠʯʥʝ ʟʤʘʱʝʥʥʷ (ʘʙʦ ʛʨʘʥʠʯʥʝ ʪʝʨʪʷ) 

ɿʘ ʛʨʘʥʠʯʥʦʛʦ ʟʤʘʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʢʦʥʪʘʢʪʫʶʪʴ ʤʽʞ ʩʦʙʦʶ. ʊʦʚʱʠʥʘ 

ʰʘʨʫ ʤʘʩʪʠʣʘ ʟʥʘʯʥʦ ʤʝʥʰʝ ʚʝʣʠʯʠʥʠ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ. ʊʝʨʪʷ ʤʽʞ ʥʠʤʠ 

ʟʫʤʦʚʣʝʥʝ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʦʙô̒ ʤʥʠʭ. ɿʥʦʩ 

ʧʦʚʝʨʭʦʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʣʷʤʘʭ 

ʬʘʢʪʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʚʝʨʭʦʥʴ. 

ʋ ʨʝʞʠʤʽ ʛʨʘʥʠʯʥʦʛʦ ʟʤʘʱʝʥʥʷ ʧʨʘʮʶʻ ʧʘʨʘ çʩʪʽʥʢʘ ʮʠʣʽʥʜʨʘ ð ʧʦʨʰʥʝʚʝ 

ʢʽʣʴʮʝè ʫ ʜʚʠʛʫʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ; ʥʘʧʨʷʤʥʽ ʢʦʚʟʘʥʥʷ ʚʝʨʩʪʘʪʽʚ. ʑʝ ʦʜʥʠʤ 

ʧʨʠʢʣʘʜʦʤ ʛʨʘʥʠʯʥʦʛʦ ʟʤʘʱʝʥʥʷ ʻ ʢʦʚʟʘʥʥʷ ʧʦ ʣʴʦʜʫ ʰʠʥʠ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʫʧʦʚʽʣʴʥʝʥʥʷ, ʢʦʣʠ ʤʘʩʪʠʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʻ ʪʦʥʢʘ ʧʣʽʚʢʘ ʚʦʜʠ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ 

ʚʽʜ ʪʝʨʪʷ ʰʠʥʠ ʦʙ ʣʽʜ [12-14]. 

V ɿʤʽʰʘʥʝ ʟʤʘʱʝʥʥʷ 

ɿʘ ʟʤʽʰʘʥʦʛʦ ʟʤʘʱʝʥʥʷ (ʜʽʣʷʥʢʘ II ʜʽʘʛʨʘʤʠ ʨʠʩ.2.3) ʜʝʷʢʽ ʯʘʩʪʠʥʠ ʧʦʚʝʨʭʦʥʴ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʝʞʠʤʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ, ʘ ʜʝʷʢʽ ʛʨʘʥʠʯʥʦʛʦ ʟʤʘʱʫʚʘʥʥʷ. ɺʽʜʩʪʘʥʴ 

ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʤʦʞʝ ʙʫʪʠ ʧʦʨʽʚʥʷʥʘ ʟ ʚʝʣʠʯʠʥʦʶ ʾʭ ʰʦʨʩʪʢʦʩʪʽ [12-14]. 

 

2.5. ʆʩʦʙʣʠʚʽ ʚʠʜʠ ʟʤʘʱʝʥʥʷ 

 

ɼʦ ʦʩʦʙʣʠʚʦʛʦ ʚʠʜʫ ʟʤʘʱʝʥʥʷ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʛʘʟʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ, ʢʦʣʠ 

ʤʘʩʪʠʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚʠʩʪʫʧʘʻ ʛʘʟ (ʧʦʚʽʪʨʷ), ʥʘʧʨʠʢʣʘʜ ʫ ʛʽʨʦʩʢʦʧʽʯʥʠʭ 

ʧʨʠʩʪʨʦʷʭ [12-14]. 

https://www.wikidata.uk-ua.nina.az/%D0%92'%D1%8F%D0%B7%D0%BA%D1%96%D1%81%D1%82%D1%8C.html
https://www.wikidata.uk-ua.nina.az/%D0%A8%D0%B2%D0%B8%D0%B4%D0%BA%D1%96%D1%81%D1%82%D1%8C.html
https://www.wikidata.uk-ua.nina.az/%D0%9C%D0%B0%D1%81%D1%82%D0%B8%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB.html
https://www.wikidata.uk-ua.nina.az/%D0%A8%D0%BE%D1%80%D1%81%D1%82%D0%BA%D1%96%D1%81%D1%82%D1%8C_%D0%BF%D0%BE%D0%B2%D0%B5%D1%80%D1%85%D0%BD%D1%96.html
https://www.wikidata.uk-ua.nina.az/%D0%97%D0%BD%D0%BE%D1%81.html
https://www.wikidata.uk-ua.nina.az/%D0%9A%D0%BE%D0%BB%D1%96%D0%BD%D1%87%D0%B0%D1%81%D1%82%D0%B8%D0%B9_%D0%B2%D0%B0%D0%BB.html
https://www.wikidata.uk-ua.nina.az/%D0%9A%D0%BE%D0%BB%D1%96%D0%BD%D1%87%D0%B0%D1%81%D1%82%D0%B8%D0%B9_%D0%B2%D0%B0%D0%BB.html
https://www.wikidata.uk-ua.nina.az/%D0%A2%D1%83%D1%80%D0%B1%D1%96%D0%BD%D0%B0.html
https://www.wikidata.uk-ua.nina.az/%D0%94%D0%B2%D0%B8%D0%B3%D1%83%D0%BD_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D1%96%D1%88%D0%BD%D1%8C%D0%BE%D0%B3%D0%BE_%D0%B7%D0%B3%D0%BE%D1%80%D1%8F%D0%BD%D0%BD%D1%8F.html
https://www.wikidata.uk-ua.nina.az/%D0%92%D0%B5%D1%80%D1%81%D1%82%D0%B0%D1%82.html
https://www.wikidata.uk-ua.nina.az/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D1%96%D0%BB%D1%8C%D0%BD%D0%B0_%D1%88%D0%B8%D0%BD%D0%B0.html
https://www.wikidata.uk-ua.nina.az/%D0%9F%D0%BE%D0%B2%D1%96%D1%82%D1%80%D1%8F.html
https://www.wikidata.uk-ua.nina.az/%D0%93%D1%96%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF.html
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ɺʠʜʽʣʷʶʪʴ ʪʘʢʦʞ ʩʫʭʝ ʪʝʨʪʷ, ʯʠ ʪʝʨʪʷ ʥʝʟʤʘʱʝʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʦʚʝʨʭʥʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʩʪʠʣʘ. ʅʘ ʜʽʘʛʨʘʤʽ 

ʫʤʦʚʠ ʩʫʭʦʛʦ ʪʝʨʪʷ ʫʤʦʚʥʦ ʧʦʢʘʟʘʥʦ ʪʦʯʢʦʶ ʥʘ ʦʩʽ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. ʋ 

ʨʝʞʠʤʽ ʩʫʭʦʛʦ ʪʝʨʪʷ ʧʨʘʮʶʶʪʴ ʘʚʪʦʤʦʙʽʣʴʥʽ ʜʠʩʢʠ ʟʯʝʧʣʝʥʥʷ. ɺʠʜʠ ʟʥʦʰʫʚʘʥʥʷ 

ʥʘʚʝʜʝʥʽ  ʚ ʪʘʙʣ. 2.1. 

 

ʊʘʙʣ. 2.1. ɺʠʜʠ ʟʥʦʰʫʚʘʥʥʷ 

ɺʀɼʀ ɿʅʆʐʋɺɸʅʅʗ 

ʄʝʭʘʥʽʯʥʠʡ ʄʦʣʝʢʫʣʷʨʥʦ-ʄʝʭʘʥʽʯʥʠʡ ʂʦʨʦʟʽʡʥʦ-ʄʝʭʘʥʽʯʥʠʡ 

ɸʙʨʘʟʠʚʥʠʡ ʇʽʪʠʥʛ ʂʦʨʦʟʽʷ 

ɽʨʦʟʽʡʥʠʡ  

ɿʥʦʩ ʚʽʜ ʚʪʦʤʠ 

ʂʘʚʽʪʘʮʽʡʥʠʡ 

 

 

2.6. ʂʨʠʚʘ ʐʪʨʠʙʝʢʘ ʽ ʨʝʞʠʤʠ ʟʤʘʱʝʥʥʷ 

 

ʊʨʠʙʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʪʦʙʪʦ ʧʨʦʮʝʩʠ ʢʦʥʪʘʢʪʫ, ʪʝʨʪʷ ʽ ʟʥʦʰʫʚʘʥʥʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʦʚ'ʷʟʘʥʽ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʬʽʟʠʯʥʠʤʠ ʚʟʘʻʤʦʜʽʷʤʠ ʤʽʞ ʟʜʽʡʩʥʶʶʯʠʤʠ 

ʚʽʜʥʦʩʥʠʡ ʨʫʭ ʧʦʚʝʨʭʥʷʤʠ. ʅʘ ʚʩʽ ʮʽ ʧʨʦʮʝʩʠ ʚʧʣʠʚʘʻ ʤʘʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ, 

ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʧʦʜʽʣʽ ʨʫʭʦʤʠʭ ʚʽʜʥʦʩʥʦ ʦʜʥʘ ʦʜʥʦʾ ʧʦʚʝʨʭʦʥʴ 

ʧʣʽʚʢʦʶ ʤʘʪʝʨʽʘʣʫ, ʟʜʘʪʥʦʛʦ ʧʽʜʜʘʚʘʪʠʩʷ ʟʩʫʚʫ ʟ ʤʘʣʠʤ ʦʧʦʨʦʤ ʽ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ 

ʫʰʢʦʜʞʝʥʴ ʧʦʚʝʨʭʦʥʴ. 

 

 
ʈʠʩ. 2.2. ɺʠʜʠ ʟʥʦʩʫ ʚ ʧʘʨʘʭ ʪʝʨʪʷ 

 

ʊʦʚʱʠʥʘ ʽ ʭʘʨʘʢʪʝʨ ʟʤʘʱʫʚʘʣʴʥʦʛʦ ʰʘʨʫ ʚʠʟʥʘʯʘʻ ʚʠʜ ʟʤʘʱʝʥʥʷ ʽ ʪʠʤ ʩʘʤʠʤ, 

ʪʝʨʪʷ. ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʧʣʽʚʢʠ ʟʤʘʱʝʥʥʷ (ʚʽʜ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ ʤʽʣʽʤʝʪʨʘ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʤʝʪʨʽʚ), ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʪ ʥʝʨʽʚʥʦʩʪʝʡ ʫ ʧʣʽʚʮʽ ʟʤʘʱʝʥʥʷ ʽ ʩʪʫʧʝʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʨʠʣʷʛʘʥʥʷ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʨʽʟʥʽ ʨʝʞʠʤʠ ʟʤʘʱʝʥʥʷ, ʱʦ ʟʨʫʯʥʦ 

https://www.wikidata.uk-ua.nina.az/%D0%97%D1%87%D0%B5%D0%BF%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F.html
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ʦʙʛʦʚʦʨʠʪʠ, ʨʦʟʛʣʷʜʘʶʯʠ ʢʨʠʚʫ ʐʪʨʠʙʝʢʘ (Richard Hermann Stribeck). ʋ ʧʝʨʽʦʜ ʟ 

1900ï1902 ʨ. ʈ̔ ʯʘʨʜ ɻʝʨʤʘʥ ʐʪʨʠʙʝʢ ʧʨʦʚʽʚ ʯʠʩʣʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʪʝʨʪʷʤ 

ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ ʽ ʢʦʯʝʥʥʷ, ʚʠʤʽʨʷʚ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ N, ʰʚʠʜʢʦʩʪʽ V ̔  ʪʝʤʧʝʨʘʪʫʨʠ T. ʑʦʙ ʚʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʟʘʣʝʞʥʦʩʪʽ ʚô̫ ʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʥ ʧʝʨʝʨʘʭʫʚʘʚ ʽ ʚʠʤʽʨʷʚ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʫ 

ʬʫʥʢʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʦʙ'ʻʤʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʦʣʠʚʠ 25Áʉ. 

ʊʦʯʥʽ ʚʠʤʽʨʠ ʐʪʨʠʙʝʢʘ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ɿʦʤʝʨʬʝʣʴʜʘ, ɻʶʤʙʝʣʷ ʪʘ ʾʭʥʽʭ ʧʦʩʣʽʜʦʚʥʠʢʽʚ. 

ʊʝʧʝʨ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʦ, ʱʦ ʢʨʠʚʘ ʐʪʨʠʙʝʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʛʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʟʤʘʟʘʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʨʫʭʘʶʪʴʩʷ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚ'ʷʟʢʦʩʪʽ ʦʣʠʚʠ ɖ, ʰʚʠʜʢʦʩʪʽ 

V ʽ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ N (ʘʙʦ ʪʠʩʢʫ p). 

ʅʘ ʨʠʩ.2.3. ʧʦʢʘʟʘʥʘ ʢʨʠʚʘ ʐʪʨʠʙʝʢʘ ʚ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʷʢ ʬʫʥʢʮʽʷ 

ʧʘʨʘʤʝʪʨʫ ɖȚV/N. ʎʝʡ ʧʘʨʘʤʝʪʨ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʝʣʠʯʠʥʦʶ, ʟʚʦʨʦʪʥʦʶ ʯʠʩʣʫ 

ɿʦʤʝʨʬʝʣʴʜʘ S0. ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ɛ, ʄʘʩʪʠʣʴʥʠʡ ʤʘʪʝʨʽʘʣ N V h ʐʦʨʩʪʢʽʩʪʴ 

ʧʦʚʝʨʭʥʽ R III II I hŸ0 håR h>>R . ɺô̫ ʟʢʽʩʪʴ ɖ Ț ʐʚʠʜʢʽʩʪʴ V/ ʅʘʚʘʥʪʘʞʝʥʥʷ N.  

 

 
ʈʠʩ. 2.3. ʂʨʠʚʘ ˆʝʨʩʽ-ʐʪʨʠʙʝʢʘ, ʷʢʘ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ f ʚʽʜ 

ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ɖɜ/p [11] 

 

I 

II III 
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ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʨʤʠ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʤʘʪʝʨʽʘʣʽʚ, ʨʦʙʦʯʠʭ ʫʤʦʚ ʽ 

ʧʨʦʤʽʞʢʫ h ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʛʦʣʦʚʥʠʭ ʨʝʞʠʤʠ ʟʤʘʱʝʥʥʷ: ɯɯI. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ ʟʤʘʱʝʥʥʷ (ʘʙʦ ʝʣʘʩʪʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ (ɽɻɼ) ʤʘʱʝʥʥʷ). II. ɿʤʽʰʘʥʝ 

ʟʤʘʝɦʥʥʷ. I. ɻʨʘʥʠʯʥʝ ʟʤʘʱʝʥʥʷ. ʋ ʨʝʞʠʤʽ Iɯɯ ʪʚʝʨʜʽ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʝʥʽ 

ʙʝʟʧʝʨʝʨʚʥʦʶ ʧʣʽʚʢʦʶ ʨʽʜʠʥʠ, ʪʦʚʱʠʥʘ ʷʢʦʾ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʨʽʚʥʷ ʰʦʨʩʪʢʦʩʪʽ 

ʧʦʚʝʨʭʦʥʴ Rʘ. ʆʧʽʨ ʨʫʭʫ ʦʙʫʤʦʚʣʝʥʠʡ ʚʥʫʪʨʽʰʥʽʤ ʪʝʨʪʷʤ ʨʽʜʠʥʠ. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ 

ʪʨʠʙʦʣʦʛʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʝʦʣʦʛʽʻʶ ʨʽʜʠʥʠ ʽ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʘ ʘʙʦ ʦʮʽʥʝʥʘ ʤʝʪʦʜʘʤʠ ʤʝʭʘʥʽʢʠ ʨʽʜʠʥ. ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʘ ʩʠʩʪʝʤʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʛʘʥʦ ʧʨʠʣʷʛʘʶʯʠʭ ʟʦʩʝʨʝʜʞʝʥʠʭ ʢʦʥʪʘʢʪʽʚ, ʪʦ ʚʘʨʪʦ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʫʞʥʫ ʜʝʬʦʨʤʘʮʽʶ (ɻʝʨʮʘ) ʧʦʚʝʨʭʦʥʴ ʽ ʟʘʣʝʞʥʽʩʪʴ ʚô̫ ʟʢʦʩʪʽ ʨʽʜʠʥʠ 

ʚʽʜ ʪʠʩʢʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʫʻʤʦ ʨʝʞʠʤ ʧʨʫʞʥʦʜʠʥʘʤʽʯʥʦʛʦ ʟʤʘʱʝʥʥʷ. ʆʩʢʽʣʴʢʠ 

ʚ ʨʝʞʠʤʽ Iɯɯ ʥʝʤʘʻ ʧʨʷʤʠʭ ʬʽʟʠʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ, ʪʦ 

ʧʨʦʮʝʩʠ ʟʥʦʰʫʚʘʥʥʷ ʚʽʜʩʫʪʥʽ (ʢʨʽʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʫʪʦʤʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, 

ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, ʨʽʜʠʥʥʦʾ ʝʨʦʟʽʾ ʘʙʦ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʝʟ 

ʥʘʷʚʥʽʩʪʴ ʚ ʨʽʜʠʥʽ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʦʢ). ʗʢʱʦ ʚ ʫʤʦʚʘʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʘʙʦ ɽɻɼ ï 

ʟʤʘʱʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʚ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʘʙʦ ʰʚʠʜʢʽʩʪʴ, ʯʠ ʟʨʦʩʪʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ 

ʧʣʽʚʢʘ ʨʽʜʠʥʠ ʩʪʘʻ çʪʦʥʰʦʶè ʽ ʟʘʟʦʨ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ ʟʤʝʥʰʫʻʪʴʩʷ. ʂʦʣʠ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʧʝʨʰʽ ʢʦʥʪʘʢʪʥʽ ʚʟʘʻʤʦʜʽʾ ʥʝʨʽʚʥʦʩʪʝʡ, ʚʠʥʠʢʘʻ ʨʝʞʠʤ II ï ʯʘʩʪʢʦʚʝ 

ɽɻɼïʟʤʘʱʝʥʥʷ, ʘʙʦ ʟʤʽʰʘʥʝ ʟʤʘʱʝʥʥʷ. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʯʘʩʪʢʦʚʦ ʧʣʽʚʢʦʶ ʨʽʜʠʥʠ, ʯʘʩʪʢʦʚʦ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ 

ʧʦʚʝʨʭʦʥʴ. ʆʪʞʝ, ʫ ʮʴʦʤʫ ʨʝʞʠʤʽ ʦʧʽʨ ʪʝʨʪʷ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʦʧʦʨʫ ʟʩʫʚʫ 

ʧʣʽʚʢʠ ʟʤʘʱʝʥʥʷ ʽ ʯʘʩʪʢʦʚʦ ʟ ʚʟʘʻʤʦʜʽʡ ʥʝʨʽʚʥʦʩʪʝʡ. ʋ ʨʝʞʠʤʽ II ʫ ʧʨʠʥʮʠʧʽ 

ʤʦʞʣʠʚʽ ʚʩʽ ʤʝʭʘʥʽʟʤʠ ʟʥʦʰʫʚʘʥʥʷ. ʗʢʱʦ ʫʤʦʚʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚ ʨʝʞʠʤʽ II ʥʘ 

ʨʠʩ. 2.3 ʟʨʫʰʫʶʪʴʩʷ ʚʣʽʚʦ ʧʦ ʢʨʠʚʽʡ ʐʪʨʠʙʝʢʘ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʚʟʘʻʤʦʜʽʡ ʥʝʨʽʚʥʦʩʪʝʡ 

ʫ ʤʝʞʘʭ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʟʨʦʩʪʘʻ, ʘ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʠʭ ʰʘʨʽʚ ʽ ʤʝʥʰʝ. ʋ I ʨʝʞʠʤʽ ʛʨʘʥʠʯʥʦʛʦ ʟʤʘʱʝʥʥʷ ʦʙô̒ ʤʥʽ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʯʦʚʠʥʠ ʟʤʘʱʝʥʥʷ ʩʪʘʶʪʴ ʤʝʥʰ ʚʘʞʣʠʚʠʤʠ, ʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʡʞʝ ʮʽʣʢʦʤ ʩʧʨʠʡʤʘʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʻʶ ʥʝʨʽʚʥʦʩʪʝʡ. ʆʯʝʚʠʜʥʦ, 

ʱʦ ʚ ʨʝʞʠʤʽ III ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʟʘʻʤʦʜʽʾ ʥʘ ʧʦʚʝʨʭʥʷʭ ʨʦʟʧʦʜʽʣʫ ʪʚʝʨʜʝ ʪʽʣʦ ï 

ʨʽʜʠʥʘ ï ʪʚʝʨʜʝ ʪʽʣʦ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ ʪʝʨʪʷ ʽ ʟʥʦʰʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ [12-14].
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ʇʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ˉ2. ɯʥʩʪʨʫʢʪʘʞ ʟ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. ʇʦʥʷʪʪʷ ʪʨʠʙʦʣʦʛʽʾ. 

ɻʨʘʬʽʢ ʐʪʨʠʙʝʢʘ. 

 

ʄʝʪʘ ï ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʛʨʘʬʽʢʦʤ ʐʪʨʠʙʝʢʘ  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʧʘʨ ʪʝʨʪʷ, ʪʘʢʠʭ ʷʢ ʧʽʜʰʠʧʥʠʢʠ, ʮʠʣʽʥʜʨʠ, 

ʨʦʟʧʦʜʽʣʴʥʠʢʠ ʽ ʪ.ʧ. ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʫ ʪʝʨʪʷ (ʩʫʭʝ, ʟʤʽʰʘʥʝ ʯʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ), ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ: ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʨʪʷ f(Õ) ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʯʠʩʣʘ ˆʝʨʩ,̔ ʘʙʦ ʢʨʠʪʝʨʽʷ ɿʦʤʝʨʬʝʣʴʜʘ (hɤ/ʈ ʚôʷʟʢʽʩʪʴ, 

ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʩʥʘ ʧʘʨ ʪʝʨʪʷ ʜʦ ʧʦʛʦʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʈ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ) ʜʠʚ. ʩʪʨ.17-20.  

 

 
ʈʠʩ. 2.4. ɼʽʘʛʨʘʤʘ ˆʝʨʩʽ -ʐʪʨʠʙʝʢʘ [19] 

 

ɿʘʚʜʘʥʥʷ: 

ʇʨʦʛʣʷʥʫʪʠ ʽʣʶʩʪʨʘʪʠʚʥʝ ʚʽʜʝʦ-ʫʨʦʢ ʧʨʦ ʛʨʘʬʽʢ ʐʪʨʠʙʝʢʘ [20]:  
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ʈʠʩ. 2.5. ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ Õ ʪʘ ɤ [20] 

 

ʅʘ ʨʠʩ. 2.6, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʛʨʘʬʽʢ ʐʪʨʠʙʝʢʘ ʜʣʷ ʪʝʨʪʷ ʚ ʧʘʨ̔  ʢʣʘʧʘʥʽʚ 

(ʩʢʨʽʥ-ʢʦʧ̫̔  ʟ ʚʽʜʝʦ [20]). 

 

 

ʈʠʩ. 2.6.  ɻʨʘʬʽʢ ʐʪʨʠʙʝʢʘ Õ ʪʘ ɤ ʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʘʨʠ ʪʝʨʪʷ [20] 

ɼʦʙʨʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ.2.6, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʘʨʽ ʪʝʨʪʷ ʢʣʘʧʘʥʽʚ ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʛʨʘʬʽʢʫ ʐʪʨʠʙʝʢʘ. 

ɺʽʜʧʦʚʽʜʥʦ, ʜʽʟʥʘʚʰʠʩʴ, ʜʝ ʚ ʷʢʽʡ ʜʽʣʷʥʮʽ ʢʣʘʧʘʥʽʚ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ 

Õ , ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʚʠʜ ʤʘʱʝʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʙʝʟʨʦʟʤʽʨʥʝ ʯʠʩʣʦ 

ˆʝʨʩʽ, ʷʢʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ f(Õ), ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʪʘʙʣʠʮʽ 

2.2. 

 

  ̟
2˾ 

2˾ 

 ̟

ҡ 

2˾Ҕ1˾ 
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ʊʘʙʣ. 2.2. ʈʦʟʧʦʜʽʣ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʜʫ ʤʘʱʝʥʥʷ 

ɺʠʜ ʤʘʱʝʥʥʷ ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, 

Õ 

ɺʠʟʥʘʯʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɚ ʯʠʩʣʦ 

ˆʝʨʩʽ 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ 0,001é0,01 ɺôʷʟʢʽʩʪʴ >3  

ɻʽʜʨʦʩʪʘʪʠʯʥʝ 0,001é0,01 - >3  

ɽʣʘʩʪʦʛʽʜʨʦʜʠʥʘʤʽʯʥʝ 0,001é0,01 ɺôʷʟʢʽʩʪʴ, 

ʧô̒ ʟʦʢʦʝʬʽʮʽʻʥʪ 

ʚôʷʟʢʦʩʪʽ 

>3  

ɿʤʽʰʘʥʝ 0,08é0,15 ɺôʷʟʢʽʩʪʴ, 

ʧʦʚʝʨʭʥʝʚʘ 

ʘʢʪʠʚʥʽʩʪʴ, 

ʭʽʤʽʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, 

ʧôʻʟʦʢʦʝʬʽʮʽʻʥʪ 

ʚôʷʟʢʦʩʪʽ 

3>ɚ>1  

ʂʨʠʪʠʯʥʝ  0,08é0,18 ʧʦʚʝʨʭʥʝʚʘ 

ʘʢʪʠʚʥʽʩʪʴ, 

ʭʽʤʽʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, 

<1  

 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ, ʧʨʠ ʢʦʞʥʦʤʫ ʟ ʚʠʜʽʚ ʪʝʨʪʷ ʻ ʧʝʚʥʘ ʪʦʚʱʠʥʘ ʟʤʘʱʫʚʘʣʴʥʦʛʦ 

ʧʨʦʰʘʨʢʫ, ʥʘʧʨʠʢʣʘʜ, ʨʠʩ. 2.7. 

 

ʈʠʩ. 2.7. ɽʧʶʨʠ ʰʚʠʜʢʦʩʪʽ ʽ ʪʠʩʢʫ 

 

ɺʝʣʠʯʠʥʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ hmin ʟʤʘʱʫʚʘʣʴʥʦʛʦ 

(ʨʠʩ.2.7.). ʧʨʦʰʘʨʢʫ ʚ ʟʦʥʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʩʦʪʠ ʥʝʨʽʚʥʦʩʪʝʡ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ:  

 

ʇ ,  
(2.5) 
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ʜʝ hmin - ʥʘ ʨʠʩ. 2.7 ʧʦʢʘʟʘʥʦ ʪʦʚʱʠʥʫ ʤʽʞ ʜʝʪʘʣʷʤʠ ʧʘʨʠ ʪʝʨʪʷ, Ra ï ʰʦʨʩʪʢʽʩʪʴ 

ʜʝʪʘʣʝʡ ʧʘʨ ʪʝʨʪʷ [15]. 
 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ: 

1) ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ ʧʘʨ ʪʝʨʪʷ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʚʦʜʽʚ (ʦʙʠʨʘʻʪʝ ʟ 

ʢʘʪʘʣʦʛʽʚ, ʜʦʚʽʜʥʠʢʽʚ, ʩʭʝʤ ï ʧʨʝʜʩʪʘʚʣʷʻʪʝ ʡʦʛʦ ʨʠʩʫʥʢʦʤ ).  

 

ʇʨʠʢʣʘʜ ʚʠʢʦʥʘʥʥʷ:  

ɿ ʧʽʜʨʫʯʥʠʢʘ ʦʙʠʨʘʻʤʦ ʙʫʜʴ-ʷʢʫ ʧʘʨʫ, ʜʝ ʦʜʥʘ ʯʠ ʜʚʽ ʧʦʚʝʨʭʥʽ ʻ ʨʫʭʦʤʠʤʠ, 

ʚʩʪʘʚʣʷʻʤʦ ʚ ʪʘʙʣʠʮʶ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ: 

 
 

- ʇʦʷʩʥʶʻʤʦ ʱʦ ʮʝ: 

ʎʝ ʻ ʪʦʨʮʝʚʝ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʚʘʣʫ. ʊʘʢʽ ʧʘʨʘʤʝʪʨʠ ʷʢ ʚʽʜʩʪʘʥʽ l1-3 ʜʽʘʤʝʪʨʠ D, 

d1-4. 

 

2) ɺʽʜʧʦʚʽʜʥʦ ʚ ʥʘʩʪʫʧʥʽʡ ʪʘʙʣʠʮʽ, ʧʦʢʘʟʘʪʠ ʧʘʨʠ ʪʝʨʪʷ ʜʦ ʦʙʨʘʥʦʾ ʩʭʝʤʠ 

ʪʦʨʮʝʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʚʘʣʫ (ʜʠʚ. ʧʨʠʢʣʘʜ ʥʠʞʯʝ). 

 

 

 
 

ʉʭʝʤʠ ʫʩʪʘʥʦʚʢʠ ʦʙʝʨʪʦʚʠʭ 

ʢʽʣʝʮʴ ʧʘʨʠ ʪʝʨʪʷ 

ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʚʘʣʫ 

 

 

3) ɿʥʘʡʪʠ ʷʢʽ ʨʽʜʠʥʠ ʜʣʷ ʟʤʘʱʝʥʥʷ ʚ ʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ? ʅʘʚʝʩʪʠ ʧʨʠʢʣʘʜʠ 

ʤʘʩʪʠʣ ʽ ʾʭ ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ʇʨʠʢʣʘʜ ʟʥʘʭʦʜʞʝʥʥʷ 

ʂʦʨʠʩʪʫʻʤʦʩʴ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ (ʜʦʚʽʜʥʠʢʠ, ʧʽʜʨʫʯʥʠʢʠ, ʽʥʪʝʨʥʝʪ ʨʝʩʫʨʩʠ 

ï ʜʝ ʚʢʘʟʫʶʪʴʩʷ ʨʽʜʠʥʠ ʜʣʷ ʟʤʘʱʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ [41]: 
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MULTIFAK T EP 2 ï ʚʠʩʦʢʦʷʢʽʩʥʝ ʧʣʘʩʪʠʯʥʝ ʤʘʩʪʠʣʦ, ʩʪʚʦʨʝʥʝ ʥʘ ʙʘʟʽ 

ʥʘʧʽʚʩʠʥʪʝʪʠʯʥʦʛʦ ʙʘʟʦʚʦʛʦ ʤʘʩʪʠʣʘ ʚʠʩʦʢʦʾ ʚ'ʷʟʢʦʩʪʽ ʽ ʟʛʫʱʫʚʘʯʘ - ʣʽʪʽʻʚʦʛʦ 

ʤʠʣʘ. 

ʄʘʩʪʠʣʦ ʤʽʩʪʠʪʴ ʘʥʪʠʢʦʨʦʟʽʡʥʽ, ʘʥʪʠʦʢʠʩʣʶʚʘʣʴʥʽ ʽ EP-ʧʨʠʩʘʜʢʠ, ʘ ʪʘʢʦʞ 

ʧʨʠʩʘʜʢʫ, ʧʦʣʽʧʰʫʻ ʫʪʨʠʤʘʥʥʷ ʤʘʩʪʠʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ. 

MULTIFAK T EP 2 ʩʪʘʙʽʣʴʥʘ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʠʥʠʪʴ ʦʧʽʨ ʚʧʣʠʚʫ 

ʚʦʜʠ ʪʘ ʢʦʨʦʟʽʾ, ʜʽʻ ʚ ʨʫʭʦʤʠʭ ʟô̒ ʜʥʘʥʥʷʭ ʜʝʪʘʣʝʡ ʷʢ ʫʱʽʣʴʥʝʥʥʷ ʧʨʦʪʠ ʚʦʜʠ ʽ 

ʧʠʣʫ. ʆʩʢʽʣʴʢʠ ʚʦʜʘ ʥʝ ʚʠʤʠʚʘʻ ʤʘʩʪʠʣʦ ʽ ʟʘʭʠʩʪ ʧʨʦʪʠ ʢʦʨʦʟʽʾ ʥʘ ʚʠʩʦʢʦʤʫ 

ʨʽʚʥʽ, ʤʘʩʪʠʣʦ ʟʜʘʪʥʘ ʜʦʚʛʦ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʟʘʤʽʥʠ, ʪʦʙʪʦ ʚ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ 

ʚʫʟʣʘʭ. ɿʘʚʜʷʢʠ ʤô̫ ʢʽʡ ʩʪʨʫʢʪʫʨʽ, ʤʘʩʪʠʣʦ ʣʝʛʢʦ ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʟʤʘʱʫʚʘʥʥʷ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʜʣʷ ʤʘʩʪʠʣ ʢʣʘʩʫ ʢʦʥʩʠʩʪʝʥʮʽʾ 

NLGI 2.  

 

4) ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʟʘʚʜʘʥʥʷ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʙʣʠʮ ̔2.2 ʪʘ ʨʠʩ. 2.7: 

ʚʠʟʥʘʯʠʪʠ ʯʠʩʣʦ ʝ̂ʨʩʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʠʜʽʚ ʟʤʘʱʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ ʟʘʥʝʩʪʠ 

ʜʦ ʪʘʙʣʠʮʽ. h =5,888*10-3ʢʛ/(ʤ*ʩ); ɤ=0,2ʤ/ʩ; ʈ=2ʤʅ, Ra1=0,01, Ra2=0,32 (ʟʥʘʯʝʥʥʷ ʟʘʜʘʥʦ 

ʜʦʚʽʣʴʥʦ). 

ɺʠʜ ʤʘʱʝʥʥʷ ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʨʪʷ, Õ 
hmin ɚ ʯʠʩʣʦ 

ˆʝʨʩʽ 

(hV/˾ύ 
ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ 0,001é0,01  >3  

ɻʽʜʨʦʩʪʘʪʠʯʥʝ 0,001é0,01  >3  

ɽʣʘʩʪʦʛʽʜʨʦʜʠʥʘʤʽʯʥʝ 0,001é0,01  >3  

ɿʤʽʰʘʥʝ 0,08é0,15  3>ɚ>1  

ʂʨʠʪʠʯʥʝ  0,08é0,18  <1  
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1. ɯʥʩʪʨʫʢʪʘʞ ʟ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. ʇʦʥʷʪʪʷ ʪʨʠʙʦʣʦʛʽʾ.  

 

ʄʝʪʘ ï ʥʘ ʦʩʥʦʚʽ ɻʨʘʬʽʢʘ ˆʝʨʩ-̔ʐʪʨʠʙʝʢʘ ʥʘʚʯʠʪʠʩʷ ʟʘʜʘʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʘʱʝʥʥʷ ʨʽʟʥʠʭ ʚʫʟʣʽʚ ʧʘʨ ʪʝʨʪʷ. ɿʥʘʡʦʤʩʪʚʦ ʟ ʦʙʣʘʜʥʘʥʥʷʤ 

ʚʽʩʢʦʟʠʤʝʪʨʽʚ. 

 

ɺʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʧʦ ʧʫʥʢʪʘʭ:  

 

1) ɺʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʜʠʥʠ.  

ʇʨʦʛʣʷʥʫʪʠ ʟʘ ʧʦʩʠʣʘʥʥʷʤ ʩʪʘʪʪʶ [21], ʜʝ ʷʢ ʧʦʨʽʚʥʷʥʥʷ ʨʽʜʠʥ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʜ, 

ʤʘʩʪʠʣʴʥʫ ʦʣʠʚʫ ʪʘ ʚʦʜʫ (ʨʠʩ.2.8 ʩʢʨʽʥ-ʢʦʧʽʷ ʟ ʩʪʘʪʪʽ). ɺʽʜʦʤʦ ʱʦ ʚʦʜʘ ʥʝ ʻ ʪʘʢʦʶ 

ʚôʷʟʢʦʶ ʷʢ ʦʣʠʚʘ, ʘ ʦʣʠʚʘ ï ʷʢ ʤʝʜ, ʚʩʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ.  

 

 
ʈʠʩ. 2.8. ʈʽʜʠʥʠ ʟʣʽʚʘ-ʥʘʧʨʘʚʦ: ʤʝʜ, ʦʣʠʚʘ ʪʘ ʚʦʜʘ [21] 

 

ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ? ɿʥʘʯʝʥʥʷʤ ʚô̫ ʟʢʦʩʪʽ, ʚʧʣʠʚ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘʩʪʫʧʥʦʶ ʩʢʨʽʥ-ʢʦʧʽʻʶ ʨʠʩ.2.9. 

 

ʄʝʜ ʙʽʣʴʰ ʚô̫ ʟʢʠʡ ʥʽʞ ʦʣʠʚʘ, ʽ ʦʣʠʚʘ ʙʽʣʴʰ ʚôʷʟʢʘ 

ʥʽʞ ʚʦʜʘ. 
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ʈʠʩ. 2.9. ɺʧʣʠʚ ʚôʷʟʢʦʩʪʽ ʥʘ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ 
ʅʘ ʨʠʩʫʥʢʫ 2.9. ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ ʚʧʣʠʚʫ ʚô̫ ʟʢʦʩʪʽ, 

ʝʧʶʨʫ ʰʚʠʜʢʦʩʪʝʡ (u). 

ʈʦʙʦʪʘ ʟ ʨʽʟʥʠʤʠ ʨʽʜʠʥʘʤʠ ʥʘ ʚʽʟʢʦʟʠʤʝʪʨʽ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʥʴʶʪʦʥʽʚʩʴʢʫ ʪʝʯʽʶ (ʨʽʜʠʥʫ) ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [21], ʪʦʙʪʦ ʚʦʥʘ 

ʤʦʞʝ ʦʧʠʩʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʠʨʘʟʘʤʠ ʟʘʣʝʞʥʦʩʪʝʡ: 

 

ʑʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʜʠʥʘʤʽʯʥʦʾ ʚôʟʢʦʩʪʽ ʨʽʜʠʥʠ ʟ ʛʘʟʦʧʦʜʽʙʥʦʾ 

ʨʝʯʦʚʠʥʦʶ? ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʟ ʨʽʟʥʠʤʠ ʚʠʨʘʟʘʤʠ, ʘ ʩʘʤʝ ʨʽʚʥʷʥʥʷ ɸʥʜʨʘʜʝ ʜʣʷ 

ʨʽʜʠʥ ʪʘ ʨʽʚʥʷʥʥʷ ʉʘʟʝʨʣʝʥʜʘ ʜʣʷ ʛʘʟʽʚ, ʷʢ ʥʘ ʨʠʩʫʥʢʫ ʥʠʞʯʝ: 

 

 

ɼʘʣʽ, ʧʦʢʘʟʘʥʦ ʨʦʟôʷʩʥʝʥʥʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʝʡ [21], ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʩʣʘ 

Re:  

  

ɼʘʣʽ, ʧʦʢʘʟʘʥʦ, ʷʢ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʜʦ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ 

ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ: 
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ʏʝʨʚʦʥʠʤ ʚʠʜʽʣʝʥʠʡ ʬʨʘʛʤʝʥʪ ï ʮʝ ʚôʷʟʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ. ɹʝʟ ʥʠʭ, ʦʪʨʠʤʘʥʦ 

ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ ʪʘ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ ʥʠʞʯʝ: 

 

 
 

ʆʪʞʝ, ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʩʫʚʫ ʧʦʢʘʟʘʥʦ 

ʥʠʞʯʝ ʨʠʩ. 2.10, ʜʝ ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʽ ʚʢʘʟʫʶʪʴ ʱʦ ʮʝ ʻ ʪʦʥʢʠʡ ʟʩʫʚ, ʥʴʶʪʦʥʽʚʩʴʢʘ 

ʨʽʜʠʥʘ ʯʠ ʧʦʪʦʚʱʝʥʠʡ ʟʩʫʚ. 
 

 

ʈʠʩ. 2.10. ʈʦʟʧʦʜʽʣ ʥʘ ʥʴʶʪʦʥʽʚʩʴʢʽ ʪʘ ʥʝʥʴʶʪʦʥʽʚʩʴʢʽ ʨʽʜʠʥʠ [21] 
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2) ɺʠʚʯʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʩʢʦʟʠʤʝʪʨʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʣʘʜʠ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʨʝʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʜʠʥ (ʨʦʙʦʯʠʭ ʨʽʜʠʥ, 

ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʩʪʠʣ). 

ɹʫʚʘʶʪʴ ʨʦʪʘʮʽʡʥʽ, ʢʘʧʽʣʷʨʥʽ (ʥʘ ʨʠʩ. 2.11-2.12). 

 

3)  ʆʟʥʘʡʦʤʣʝʥʥʷ ʧʦ ʚʽʜʝʦ [22] ʟ ʧʨʠʥʮʠʧʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʪʨʠʙʦʣʦʛʽʾ, 

ʟʘʩʪʦʩʦʚʫʶʯʠ ʛʨʘʬʽʢ ʐʪʨʠʙʝʢʘ ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ: 

 
 

 

ʈʠʩ. 2.11. ʈʦʪʘʮʽʡʥʠʡ ʚʽʩʢʦʟʠʤʝʪʨ ATAGʦ ʪʘ  ViscoQC 100 

  
 

ʈʠʩ. 2.12.  ʂʘʧʽʣʷʨʥʽ 
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ʇʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʢ ʐʪʨʠʙʝʢʘ (ʩʢʨʽʥ -ʢʦʧʽʷ ʟ ʧʦʩʠʣʘʥʥʷ) ʜʣʷ ʦʧʠʩʫ 

ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʫ (ʥʘ ʨʠʩʫʥʢʫ ʱʦ ʚʠʱʝ ʮʝ ʦʧʦʨʘ ʧʽʜʰʠʧʥʠʢʫ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʷʪʴ ʥʘ ʩʫʯʘʩʥʦʤʫ ʚʽʟʢʦʟʠʤʝʪʨʽ, ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʧʘʥʝʣʣʶ 

ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷʤ ʥʘ ʤʦʥʽʪʦʨ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʨʘʬʽʢʽʚ, ʚʠʨʘʟʽʚ 

ʟʘʣʝʞʥʦʩʪʝʡ. ɺ ʮʴʦʤʫ ʧʨʠʣʘʜʽ ʪʘʢʦʞ ʚʙʫʜʦʚʘʥʠʡ ʥʘʛʨʽʚʘʯ, ʷʢ ʫ ʢʣʘʩʠʯʥʠʭ 

ʚʽʩʢʦʟʠʤʝʪʨʽʚ (ʩʢʨʽʥ-ʢʦʧʽʷ ʟ ʚʽʜʝʦ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ).  
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ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʪʘʮʽʡʥʦʤʫ ʚʽʟʢʦʟʠʤʝʪʨʽ ʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, 

ʟʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʟʥʷʪʪʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

(ʜʠʚ. ʥʠʞʯʝ ʩʢʨʽʥ-ʢʦʧʽʾ ʚʽʜʝʦ). 

 

 ɼʦʜʘʚʘʥʥʷ ʫ ʚʽʟʢʦʟʠʤʝʪʨ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʩʪʠʣʘ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʚʜʷʢʠ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ, ʥʘ ʤʦʥʽʪʦʨʽ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʽ ʛʨʘʬʽʢʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʩʢʨʽʥ-ʢʦʧʽʻʶ ʥʠʞʯʝ: 

 

 

ʇʨʦʮʝʩʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʜʷʢʠ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥ.ʁ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ, ʟʘʚʜʷʢʠ ʧʨʦʛʨʘʤʽ, ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʢ ʐʪʨʠʙʝʢʘ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʫ 

ʚ ʧʨʦʛʨʘʤʽ. 

 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʫ ʥʘ ʚʽʟʢʦʟʠʤʝʪʨʽ ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ (ʧʨʠ 0Áʉ, 25Áʉ ʪʘ 80Áʉ) ʩʠʥʪʝʪʠʯʥʦ ʾʤʦʪʦʨʥʦʾ 

ʦʣʠʚʠ 10W-30. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ2. ɿʥʘʡʦʤʩʪʚʦ ʟ ʫʩʪʨʦʻʤ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʪʝʥʜʽʚ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚ Ansys. 

 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʠʪʠ ʨʦʙʦʯʽ ʨʽʜʠʥʠ ʥʘ ʨʦʪʘʮʽʡʥʦʤʫ ʚʽʟʢʦʟʠʤʝʪʨʽ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʦʨʝʞʠʤʥʠʭ ʧʨʠʚʦʜʘʭ, ʟ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʫʤʦʚ. ʅʘʚʯʠʪʠʩʷ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟ ʧʦʜʘʣʴʰʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. 

 

ʈʠʩ. 2.13. ʈʦʪʘʮʽʡʥʠʡ ʚʽʟʢʦʟʠʤʝʪʨ  çʈɽʆʊɽʉʊ-2.1è 

 

ʍʽʜ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ: 

ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ʨʦʪʘʮʽʡʥʦʤʫ ʚʽʩʢʦʟʠʤʝʪʨʽ çʈɽʆʊɽʉʊ-2.1è ʟ 

ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ ʪʠʧʫ ʮʠʣʽʥʜʨ-ʮʠʣʽʥʜʨ, ʚ ʷʢʦʤʫ ʤʘʩʪʠʣʦ (ʘʙʦ ʜʘʣʽ ʤʦʞʝ 

ʟʫʩʪʨʽʯʘʪʠʩʷ ʷʢ ʦʣʠʚʘ ʯʠ ʤʘʩʪʠʣʴʥʘ ʦʣʠʚʘ), ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ, ʨʦʟʤʽʱʫʚʘʣʦʩʴ ʤʽʞ 

ʜʚʦʤʘ ʮʠʣʽʥʜʨʘʤʠ (ʨʠʩ. 2.13). ʇʨʠʚʦʜ ʨʦʪʘʮʽʡʥʦʛʦ ʚʽʩʢʦʟʠʤʝʪʨʘ ʈɽʆʊɽʉʊ-2.1 

ʟʜʽʡʩʥʶʻʪʴʩʷ 24-ʪʠʩʪʫʧʝʥʝʚʦʶ ʧʝʨʝʜʘʯʝʶ ʟʽ ʟʤʽʥʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʚʽʜ 

ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʧʝʨʝʤʠʢʘʥʥʷʤ ʧʦʣʶʩʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʪʠʣ ʥʘ ʨʦʪʘʮʽʡʥʦʤʫ ʚʽʩʢʦʟʠʤʝʪʨʽ ʈɽʆʊɽʉʊ-2.1 ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʦʪʨʠʤʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʥʘʧʨʫʛʦʶ ʟʩʫʚʫ ʽ ʰʚʠʜʢʽʩʪʶ ʟʩʫʚʫ. 

ʇʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʷʪʠ ʚ'ʷʟʢʽʩʪʴ ʚ ʜʽʘʧʘʟʦʥʽ (1õ1,8Ĭ105ʇʘĬʩ) ʪʘ ʜʽʘʧʘʟʦʥʽ 

ʛʨʘʜʽʻʥʪʽʚ ʰʚʠʜʢʦʩʪʝʡ (0,2õ1,3Ĭ103ʩ-1) ʧʨʠ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʥʷʭ (16õ3Ĭ104 

ʜʽʥ/ʩ2). ʇʦʭʠʙʢʘ ʜʦʩʣʽʜʽʚ ʩʢʣʘʜʘʻ (3õ4)% ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʩʪʨʦʶ ʚʠʤʽʨʶʚʘʥʥʷ. 
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ɿʤʽʥʫ ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 0Üʉé+90Áʉ. 

ɺʠʟʥʘʯʘʣʦʩʷ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʟʤʽʥʽ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ 218,70 

(1/c) ʜʦ 1312 (1/c) ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 3,66-18,32 ʇʘ. 

ʇʨʦʤʽʞʢʠ ʯʘʩʫ, ʚ ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʦʞʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʝ ʙʽʣʴʰʝ 

10 ʭʚʠʣʠʥ [40].  

ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʨʝʦʣʦʛʽʯʥʽ ʢʨʠʚʽ ʟʘʣʝʞʥʦʩʪʝʡ 

Ű=f(ɾ). ʍʘʨʘʢʪʝʨ ʦʜʝʨʞʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʜʦʩʣʽʜʽʚ 

ʨʽʜʠʥʠ ʟʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʣʠʟʴʢʽ ʜʦ ʤʦʜʝʣʽ ʆʩʚʘʣʴʜʘ-ʜʝ-ɺʽʣʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʩʪʠʣʴʥʦʾ ʦʣʠʚʠ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʽ 

ʨʦʙʦʯʘ ʨʽʜʠʥʘ, ʪʦʙʪʦ ʦʣʠʚʘ, ʘ ʪʘʢʦʞ ʻ ʽ ʤʘʩʪʠʣʦ ʜʣʷ ʨʽʟʥʠʭ ʚʫʟʣʽʚ) ɸʄɻ-10 ʚʧʣʠʚʫ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʧʨʠ ʛʨʘʜʽʻʥʪʽ ʰʚʠʜʢʦʩʪʽ 656 1/ʩ ʧʨʠʚʝʜʝʥʽ 

ʚ ʪʘʙʣ. 2.3[40]. 

 

ʊʘʙʣʠʮʷ 2.3 ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩʪʠʣʘ ɸʄɻ-10 ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ɿ ʪʘʙʣ. 2.3 ʚʠʜʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʚôʷʟʢʽʩʪʴ ʪʘ ʧʦʢʘʟʥʠʢ ʽʥʜʝʢʩʫ ʧʨʦʪʽʢʘʥʥʷ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ [40]. ɺ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜ +20Áʉ ʜʦ +50Áʉ 

1 ûn  ʦʣʠʚʘ ɸʄɻ-10 ʚʝʜʝ ʩʝʙʝ ʷʢ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʘ ʨʽʜʠʥʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50Áʉ 

1 =n ï ʮʝ ʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ, ʤʽʨʘ ʢʦʥʩʠʩʪʝʥʮʽʾ ʨʽʜʠʥʠ ʜʦʨʽʚʥʶʻ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚôʷʟʢʦʩʪʽ mk= . ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʽʣʴʰʝ 80Áʉ 1 =n  ï ʮʝ ʦʟʥʘʢʘ ʜʠʣʘʪʘʥʪʥʦʾ ʨʽʜʠʥʠ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʚ ʛʽʜʨʦʩʠʩʪʝʤʘʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ 

[40]. 

ʅʘʧʨʠʢʣʘʜ, ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʨʠʩ.2.14 ʩʧʦʩʪʝʨʽʛʘʻʤʦ, ʱʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʦʙʫʜʦʚʘʥʘ ʨʝʦʣʦʛʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʚôʷʟʢʦʩʪʽ ʦʣʠʚʠ ɸʄɻ-10 ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 
-0,020,035 = gt #Ö , ʜʝ 

ʤʽʨʘ ʢʦʥʩʠʩʪʝʥʮʽʾ ʨʽʜʠʥʠ ə=0,035 ʪʘ ʽʥʜʝʢʩ ʧʨʦʪʽʢʘʥʥʷ n=0,02 [40]. ɻʫʩʪʠʥʘ ʦʣʠʚʠ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʜʦʨʽʚʥʶʚʘʣʘ ɟ=1030ʢʛ/ʤ3 ʧʨʠ T=+20oC. 

ʇʨʠ ʛʨʘʜʽʻʥʪʽ ʰʚʠʜʢʦʩʪʽ 656 1/ʩ 

t,ʦʉ 
ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ Õ, 

ʇʘ ʩ 
ʽʥʜʝʢʩ ʧʨʦʪʽʢʘʥʥʷ ʧ 

20 0,021 0,954 

30 0,016 0.969 

40 0,012 0,973 

50 0,009 1 

60 0,007 1,000001 

70 0,006 1,0000034 

80 0,004 1,000035 

90 0,004 1,001 
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ʈʠʩ. 2.14. ɿʘʣʝʞʥʽʩʪʴ  ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ɸʄɻ-10 

 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ: 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʦʣʠʚʠ ɸʄɻ-10 ʧʨʠ +20Áʉ 

ʪʘ ʧʨʠ +90Áʉ ʥʘʚʝʜʝʥʦ ʚ  ʪʘʙʣ. 2.4-2.5 [40]. 

 

ʊʘʙʣ. 2.4 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʦʣʠʚʠ ɸʄɻ-10 ʧʨʠ 20Áʉ 

 ̄ T,oC ʇʦʟ. ɔ, 1/ʩ Ŭ, ʧʦʜʽʣ. Ű, ʇʘ Õ, ʇʘĀʩ k,ʇʘĀʩ n ɡ, ʤ2/ʩ 

1 20 8ad-I 145,8 9,0 2,997 0,0206 

0,022 0,954 

19,9568 

2 10bd-I 218,7 13,0 4,329 0,018 19,2177 

3 9ad-I 243,0 14,7 4,895 0,0191 19,5577 

4 11bd-I 364,5 21,5 7,160 0,0197 19,0699 

5 10ad-I 437,4 25,5 8,492 0,0195 18,84814 

6 12bd-I 656,0 38,0 12,654 0,0193 18,7278 

7 11ad-I 729,0 42,0 13,986 0,0192 18,6264 

8 12ad-I 1312,0 78,0 25,974 0,0198 19,2206 

 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʢʨʠʚʽ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ 

ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ. ʂʨʠʚʘ (ʨʠʩ.2.14), ʧʨʠ ʊ=+20oC ʟʘʩʚʽʜʯʫʻ, ʱʦ ʨʽʜʠʥʘ 

ʥʴʶʪʦʥʽʚʩʴʢʘ
0,970,0233 = gt #Ö , ʘ ʢʨʠʚʘ ʧʨʠ ʊ=+90oC ʚʠʨʘʞʘʻ ʦʟʥʘʢʫ ʜʠʣʘʪʘʥʪʥʦʩʪʽ 

ʨʽʜʠʥʠ, ʪʘʢ ʷʢ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʽ n >1, 
1,0030,005 = gt #Ö . 
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ʊʘʙʣ. 2.5 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʦʣʠʚʠ ɸʄɻ-10 ʧʨʠ 90Áʉ 

ɸʥʘʣʦʛʽʯʥʦ ʧʦʙʫʜʦʚʘʥʽ ʨʝʦʣʦʛʽʯʥʽ ʢʨʠʚʽ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʛʨʘʜʽʻʥʪʘ  

 

 

ʈʠʩ. 2.15. ʂʨʠʚʽ ʜʣʷ ʨʽʜʠʥʠ ɸʄɻ-10 

 

ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʦʣʠʚʠ Nuto H22. ɻʫʩʪʠʥʘ ʦʣʠʚʠ, ʱʦ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ  ɟ=865ʢʛ/ʤ3 ʧʨʠ T=+20ÜC [40].  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʩʪʠʣʘ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʽ ʨʦʙʦʯʘ ʨʽʜʠʥʘ, ʪʦʙʪʦ 

ʦʣʠʚʘ, ʘ ʪʘʢʦʞ ʻ ʽ ʤʘʩʪʠʣʦ ʜʣʷ ʨʽʟʥʠʭ ʚʫʟʣʽʚ) Nuto H22 ʪʘ ʚʧʣʠʚʫ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʧʨʠ ʛʨʘʜʽʻʥʪʽ ʰʚʠʜʢʦʩʪʽ 656 (1/ʩ) ʧʨʠʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 2.6. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ ʪʘʙʣ. 2.6, ʚʠʜʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʚôʷʟʢʽʩʪʴ ʪʘ 

ˉ T,oC ʇʦʟ. ɔ, 1/ʩ Ŭ,ʧʦʜʽʣ. Ű, ʇʘ Õ,  ʇʘĀʩ k, ʇʘĀʩ n ɡ, ʤ2/ʩ 

1  9bd-I 121,5 1,3 0,433 0,0036   3,4592 

2  8ad-I 145,8 1,8 0,599 0,0041   3,9914 

3  10bd-I 218,7 3,0 0,999 0,0046   4,4349 

4  9ad-I 243,0 3,5 1,166 0,0048   4,6566 

5 90 11bd-I 364,5 5,5 1,832 0,0051 0,002 1,0013 4,8783 

6  10ad-I 437,4 6,8 2,264 0,0052   5,0262 

7  12bd-I 656,0 10,0 3,330 0,0054   4,9284 

8  11ad-I 729,0 11,5 3,830 0,0055   5,1001 

9  12ad-I 1312,0 20,0 6,660 0,0058   4,9284 
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ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʽ ʽʥʜʝʢʩʫ ʧʨʦʪʽʢʘʥʥʷ n, ʷʢʠʡ ʧʦʢʘʟʫʻ ʷʢ ʨʽʜʠʥʘ ʟʤʽʥʶʻʪʴʩʷ ʟ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʦʾ ʚ ʜʠʣʘʪʘʥʪʥʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

ʊʘʙʣ. 2.6 ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩʪʠʣʘ Nuto H 22 ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

 

ʈʽʜʠʥʘ Nuto H22 ʜʦ T=+800ʉ ï ʧʨʦʷʚʣʷʻ ʥʴʶʪʦʥʽʚʩʴʢʫ ʚʣʘʩʪʠʚʽʩʪʴ, ʚʠʱʝ 

+800ʉ ï ʮʝ ʥʝʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ. 

ʇʦʙʫʜʦʚʘʥʘ ʨʝʦʣʦʛʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ Nuto H22 ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ -0,040,2 = gt Ö  (ʨʠʩ. 2.16). ɼʣʷ ʤʘʩʪʠʣʘ Nuto 

ʇʨʠ ʰʚʠʜʢʦʩʪʽ 656 1/ʩ 

T,ÜC Õ, ʇʘ ʩ n 

20 0,0767 0,923 

30 0,0511 0,936 

40 0,0343 0,941 

50 0,0228 0,947 

60 0,0149 0,953 

70 0,0087 0,965 

80 0,0060 1,047 

90 0,0032 1,162 

 

ʈʠʩ. 2.16. ɿʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʠ Nuto H 22 
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H22 ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ +20Áʉ ʜʦ 

+800ʉ (ʪʘʙʣ. 2.7 ʪʘ ʪʘʙʣ. 2.8) [40].  

ʊʘʙʣ. 2.7 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʤʘʩʪʠʣʘ Nuto H 22 ʧʨʠ +20Áʉ 

 

ʊʘʙʣ. 2.8 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʤʘʩʪʠʣʘ Nuto H 22 ʧʨʠ +80Áʉ 

 ̄ T, oC ʇʦʟ. ɔ, 1/ʩ Ŭ, ʧʦʜʽʣ Ű, ʇʘ Õ,ʇʘ ʩ k,ʇʘ ʩ n ɡ, ʤ2/ʩ 

1  7ad-I 81,0 0,5 0,167 0,0021   2,3764 

2  9bd-I 121,5 1,5 0,500 0,0041   4,7527 

3  8ad-I 145,8 2,5 0,833 0,0057   6,6010 

4  10bd-I 218,7 4,0 1,332 0,0061   7,0411 

5 80 9ad-I 243,0 4,5 1,499 0,0062 0,001 1,162 7,1291 

6  11bd-I 364,5 6,5 2,165 0,0059   6,8651 

7  10ad-I 437,4 7,0 2,331 0,0053   6,1610 

8  12bd-I 656,0 10,0 3,330 0,0051   5,8685 

9  11ad-I 729,0 11,0 3,663 0,0051   5,8089 

10  12ad-I 1312,0 18,5 6,161 0,0047   5,4283 

 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʦʣʦʛʽʯʥʽ ʢʨʠʚʽ ʜʣʷ ʤʘʩʪʠʣʘ Nuto H22 (ʨʠʩ.2.17). 

ʇʨʠ 20Áʉ ʟʘʣʝʞʥʽʩʪʴ ʚʠʷʚʣʷʻ ʧʩʝʚʜʦ ʧʣʘʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

+80Áʉ ʧʦʢʘʟʥʠʢ 1 =n  ʨʽʜʠʥʘ Nuto H 22  ʥʘʙʣʠʞʝʥʘ ʜʦ ʜʠʣʘʪʘʥʪʥʦʾ. 

ɸʥʘʣʦʛʽʯʥʦ ʧʦʙʫʜʦʚʘʥʽ ʨʝʦʣʦʛʽʯʥʽ ʢʨʠʚʽ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʛʨʘʜʽʻʥʪʘ 

ʰʚʠʜʢʦʩʪʽ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʤʘʩʪʠʣʘ Skydrol [40].  

 

 

 

 ̄ T, oC ʇʦʟ. ɔ, 1/ʩ Ŭ, ʧʦʜʽʣ Ű, ʇʘ Õ,ʇʘ ʩ k,ʇʘ ʩ n ɡ, ʤ2/ʩ 

1  7ad-I 81,0 13,5 4,496 0,0555   53,8835 

2  9bd-I 121,5 19,5 6,494 0,0534   51,8879 

3  8ad-I 145,8 23,0 7,659 0,0525   51,0008 

4  10bd-I 218,7 34,5 11,489 0,0525   51,0008 

5 20 9ad-I 243,0 38,0 12,654 0,0521 0,071 0,94 50,5574 

6  11bd-I 364,5 58,0 19,314 0,0529   51,4443 

7  10ad-I 437,4 70,0 23,310 0,0533   51,7399 

8  12bd-II  656,0 9,0 30,330 0,0462   44,8881 

9  11ad-II  729,0 10,0 33,700 0,0462   44,8813 

10  12ad-II  1312,0 19,0 64,030 0,0488   47,3819 
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ʈʠʩ. 2.17. ʂʨʠʚʽ ʜʣʷ ʨʽʜʠʥʠ Nuto H 22:  

ʧʨʠ +20Áʉ -0,76540,2155 = gt Ö , ʧʨʠ +80Áʉ 
-1,0430,004 = gt Ö  [40] 

 

ɻʫʩʪʠʥʘ ʤʘʩʪʠʣʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ  ɟ=925ʢʛ/ʤ3 ʧʨʠ T=+20ÜC. 

 

ʊʘʙʣ. 2.9. ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩʪʠʣʘ Skydrol ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ɺ ʊʘʙʣ. 2.9 ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʩʪʠʣʘ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʽ ʨʦʙʦʯʘ ʨʽʜʠʥʘ, ʪʦʙʪʦ ʦʣʠʚʘ, ʘ ʪʘʢʦʞ ʻ ʽ ʤʘʩʪʠʣʦ ʜʣʷ ʨʽʟʥʠʭ ʚʫʟʣʽʚ) Skydrol ʚʧʣʠʚʫ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʧʨʠ ʛʨʘʜʽʻʥʪʽ ʰʚʠʜʢʦʩʪʽ 656 1/ʩ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ ʚʠʜʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʚôʷʟʢʽʩʪʴ ʪʘ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʽ ʽʥʜʝʢʩʫ 

ʧʨʦʪʽʢʘʥʥʷ n, ʷʢʠʡ ʧʦʢʘʟʫʻ ʱʦ ʨʽʜʠʥʘ ʟʤʽʥʶʻʪʴʩʷ ʧʦʚʽʣʴʥʦ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ. Skydrol ʜʦ T=+800ʉ ï ʮʝ ʥʴʶʪʦʥʽʚʩʴʢʘ ʨʽʜʠʥʘ, ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʮʷ 

ʨʽʜʠʥʘ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ +20Á ʜʦ +80Áʉ ʥʝ ʟʤʽʥʶʻ ʩʚʽʡ ʢʣʘʩ [40]. 

 

 

 

ʇʨʠ ʰʚʠʜʢʦʩʪʽ 656 1/ʩ 

T,ÜC Õ, ʇʘ ʩ n 

20 0,26365 0,856 

30 0,2114 0,857 

40 0,15988 0,873 

50 0,1342 0,884 

60 0,10278 0,881 

70 0,0822 0,886 

80 0,06852 0,901 

́ҐҌнлϲ˿ 

́ҐҌ8лϲ˿ 



48 
 

ʇʦʙʫʜʦʚʘʥʘ ʨʝʦʣʦʛʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ 
-0,040,2 = gt Ö , ʤʽʨʘ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʽ ʨʽʜʠʥʠ ə=0,2 ʪʘ ʽʥʜʝʢʩ ʧʨʦʪʽʢʘʥʥʷ n 

= -0,04 (ʨʠʩ. 2.18). ʎʝ ʜʘʻ ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʪʨʘʪʠ ʚ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘʢ ʷʢ ʤʘʩʪʠʣʦ ʚʝʜʝ ʩʝʙʝ ʩʪʘʙʽʣʴʥʦ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ [40].  

ɼʣʷ ʤʘʩʪʠʣʘ Skydrol ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ +20Áʉ ʜʦ +800ʉ (ʪʘʙʣ. 2.10-2.11). 

 

ʊʘʙʣ. 2.10. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʤʘʩʪʠʣʘ Skydrol ʧʨʠ +20Áʉ 

 

 

 

ʈʠʩ. 2.18. ɿʘʣʝʞʥʽʩʪʴ  ʚôʷʟʢʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʽʜʠʥʠ Skydrol 

 

 ̄ T,oC ʇʦʟ. ɔ, 1/ʩ Ŭ,ʧʦʜʽʣ Ű, ʇʘ Õ, ʇʘ ʩ k,ʇʘ ʩn n ɡ, ʤ2/ʩ 

1  7ad-I 81,0 7,0 23,310 0,2878   311,11 

2  9bd-I 121,5 8,0 26,640 0,2193   237,04 

3  8ad-I 145,8 11,5 38,295 0,2627   283,95 

4  10bd-I 218,7 14,0 46,620 0,2132   230,45 

5 20 9ad-I 243,0 16,0 53,280 0,2193 0,407 0,884 237,04 

6  11bd-I 364,5 23,0 76,59 0,2101   227,16 

7  10ad-I 437,4 27,0 89,91 0,2056   222,22 

8  12bd-II  656,0 29,5 98,24 0,1498   161,894 

9  11ad-II  729,0 44,0 146,52 0,2010   217,28 
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ʊʘʙʣ. 2.11. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʤʘʩʪʠʣʘ Skydrol ʧʨʠ +80Áʉ 

 ̄ T,oC ʇʦʟ. ɔ, 1/ʩ Ŭ, ʜʝʣ Ű, ʇʘ Õ, ʇʘ ʩ k,ʇʘ ʩn n ɡ, ʤ2/ʩ 

1  7ad-I 81,0 1,0 3,330 0,0411   47,20 

2  9bd-I 121,5 2,5 8,325 0,0685   78,67 

3 

80 

8ad-I 145,8 3,0 9,990 0,0685 

0,116 

 78,67 

4 10bd-I 218,7 4,5 14,985 0,0685 

0,901 

78,67 

5 9ad-I 243,0 5,5 18,315 0,0754 86,53 

6 11bd-I 364,5 7,5 24,98 0,0685 78,67 

7  10ad-I 437,4 8,5 28,31 0,0647   74,29 

8  12bd-I 656,0 12,0 39,96 0,0609   69,94 

9  11ad-I 729,0 13,0 43,29 0,0594   68,18 

 

ʈʝʦʣʦʛʽʯʥʽ ʢʨʠʚʽ ʚʽʜ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʤʘʩʪʠʣʘ Skydrol (ʨʠʩ. 2.19). 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʠʩ. 2.19, ʚʠʜʥʦ ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʛʨʘʜʽʻʥʪʥʘ ʰʚʠʜʢʦʩʪʽ [40]. 

 

 

ʈʠʩ. 2.19.  ʂʨʠʚʽ ʜʣʷ ʨʽʜʠʥʠ Skydrol: 

 ʧʨʠ +20Áʉ -0,76350,9957 = gt Ö , ʧʨʠ +80Áʉ 
-0,850,1679 = gt Ö [40] 

 

ʂʨʠʚʽ ʧʦʙʫʜʦʚʘʥʽ ʧʨʠ +20Áʉ ʪʘ +80Áʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʜʠʥʫ Skydrol 

ʥʘʙʣʠʞʝʥʫ ʜʦ ʥʴʶʪʦʥʽʚʩʴʢʦʾ (ʟʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʤʘʩʪʠʣʘ ʚ ʧʣʦʱʠʥʽ ʨʠʩ.2.20). 

́ҐҌнлϲ ˿

́ҐҌ8лϲ˿ 
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ʈʠʩ. 2.20. ʈʝʦʣʦʛʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʜʠʥʠ Skydrol  ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʛʨʘʜʽʻʥʪʘ ʰʚʠʜʢʦʩʪʽ ɔ=81(1/ʩ) [40] 

 

ɼʣʷ ʨʽʜʠʥʠ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʽ ʨʦʙʦʯʘ ʨʽʜʠʥʘ, ʪʦʙʪʦ ʦʣʠʚʘ, ʘ ʪʘʢʦʞ ʻ ʽ 

ʤʘʩʪʠʣʦ ʜʣʷ ʨʽʟʥʠʭ ʚʫʟʣʽʚ) ʅɻʈ-5ʋ, ʢʨʠʚʽ ʧʦʢʘʟʘʥʽ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ +20Á,+60Á,+95Áʉ 

(ʨʠʩ. 2.21). 

 

 

ʈʠʩ. 2.21. ʂʨʠʚʽ ʜʣʷ ʨʽʜʠʥʠ ʅɻʈ-5ʋ:  

ʧʨʠ +20Áʉ 
-0,92080,0187 = gt Ö , ʧʨʠ +60Áʉ 

-0,90350,0137 = gt Ö  ʪʘ ʧʨʠ +95Áʉ 
-0,9670,0059 = gt Ö [40] 

ʊ=+60Áʉ

ʊ=+20Áʉ
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ɺ ʨʝʟʫʣʴʪʘʪʽ, ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 

+20Áʉ ʜʦ +40Áʉ ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ Nuto H22 ʚ 1,5 ʨʘʟ ʙʽʣʴʰʘ ʥʽʞ ʫ ʤʘʩʪʠʣʘ 

ɸʄɻ-10. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ +60Áʉ ʜʦ +90Áʉ ʮʷ ʨʽʟʥʠʮʷ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʤʘʩʪʠʣʘ Nuto H22 ʩʪʘʻ ʤʘʡʞʝ ʨʽʚʥʠʤ 

ʜʠʥʘʤʽʯʥʽʡ ʚôʷʟʢʦʩʪʽ ʤʘʩʪʠʣʘ ɸʄɻ-10, ʱʦ ʥʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ʤʘʩʪʠʣʦ Skydrol.   

ʋ ʤʘʩʪʠʣʘ ɸʄɻ-10 ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʤʽʨʘ 

ʢʦʥʩʠʩʪʝʥʮʽʾ k, ʘ ʚ ʤʘʩʪʠʣʽ Nuto H22 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ +60Áʉ ʤʽʨʘ 

ʢʦʥʩʠʩʪʝʥʮʽʾ ʨʽʟʢʦ ʟʤʝʥʰʫʻʪʴʩʷ. 

ɺʠʚʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ +20Á ʜʦ 

+60Áʉ, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʨʽʜʠʥʘ Nuto H22 ʤʘʻ ʙʽʣʴʰʫ ʚôʷʟʢʽʩʪʴ, ʥʽʞ 

ɸʄɻ-10. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ ʪʘʙʣ. 2.5-2.6, ʽʥʜʝʢʩ ʧʨʦʪʽʢʘʥʥʷ ʜʦ +60Áʉ ʜʣʷ ɸʄɻ-

10 ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,954<n<0,973, ʪʘ ʜʣʷ ʨʽʜʠʥʠ Nuto H22 ʚ ʤʝʞʘʭ 

0,923<n<0,947. ʈʽʜʠʥʘ ɸʄɻ-10 ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 60Áʉ (ʽʥʜʝʢʩ ʧʨʦʪʽʢʘʥʥʷ 

1,0<n<1,135), ʘ ʨʽʜʠʥʘ Nuto H22 ʧʨʠ +80Áʉ ʽ ʚʠʱʝ (ʽʥʜʝʢʩ ʧʨʦʪʽʢʘʥʥʷ 

1,047<n<1,162), ʻ ʥʝʥʴʶʪʦʥʽʚʩʢʽ ʨʽʜʠʥʠ [40].  

ʄʘʩʪʠʣʦ Skydrol ʤʘʻ ʧʣʘʚʥʫ ʟʤʽʥʫ ʚôʷʟʢʦʩʪʽ ʪʘ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʙʫʜʝ ʜʘʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʛʽʜʨʦʧʨʠʚʦʜʫ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʘ ʢʣʘʩʠ ʨʦʙʦʯʠʭ 

ʨʽʜʠʥ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 2.22) [40]. 

 

ʈʠʩ. 2.23. ʈʦʟʧʦʜʽʣ ʥʘ ʢʣʘʩʠ ʨʦʙʦʯʠʭ ʨʽʜʠʥ [40] 
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ɺ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʽʩʥʫʶʯʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʜʣʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʨʽʜʠʥ, 

ʨʦʟʛʣʷʥʫʪʽ ʨʽʜʠʥʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘʢʦʥʦʤ ʆʩʚʘʣʴʜʘ ʜʝ ɺʽʣʷ ʽ ʚʽʜʥʝʩʪʠ ʜʦ ʛʨʫʧʠ 

ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʠʭ ʨʽʜʠʥ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ +60Áʉ, (n<1). ʇʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ n 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʾ ʧʦʚʝʜʽʥʢʠ ʨʽʜʠʥʠ Nuto H22 ʙʽʣʴʰʠʡ ʥʽʞ ʫ ɸʄɻ-10. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʚ 

ʝʣʝʤʝʥʪʘʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚôʷʟʢʽʩʪʴ 

ʤʘʩʪʠʣ, ʘ ʟʤʽʥʘ ʚôʷʟʢʦʩʪʽ ʤʘʩʪʠʣ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʚ ʝʣʝʤʝʥʪʘʭ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʧʨʠʚʦʜʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʽʜʠʥʠ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ [40]. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʚ Ansys 

ʗʢ ʧʨʠʢʣʘʜ, ʜʦ ʨʦʟʛʣʜ̫ʫ ʚʽʜʝʦ-ʫʨʦʢ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʨʪʷ ʧʨʠ ʨʽʟʥʠʭ ʨʽʜʠʥʘʭ. ʅʘ ʨʠʩ. 2.24 ʪʘ 2.25 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʠʭ 

ʢʨʠʚʠʭ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʩʠʣ [23]. 

 

 

ʈʠʩ. 2.24. ʂʨʠʚʽ ʟʘʣʝʞʥʦʩʪʝʡ ʦʪʨʠʤʘʥʽ ʚ ʧʨʦʛʨʘʤʽ ʤʦʜʝʣʶʚʘʥʥʷ [23] 
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ʈʠʩ. 2.25. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʚ Ansys [23] 

 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ: 

ɺʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʽ ʟʘ ʇʂ: 

- ɿʽ ʟʤʽʥʘʤʠ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩʪʠʣʘ ʧʘʨ ʪʝʨʪʷ ʥʘ ʚʠʙʽʨ, ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʭʽʜʥʠʤʠ 

ʟʘʜʘʪʠʩʷ ʩʘʤʦʩʪʽʡʥʦ. 
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ʈʆɿɼɯʃ 3. ʊɽʆʈɯʗ ɿʄɸʑʋɺɸʅʅʗ ʇʈʀ ʃɸʄɯʅɸʈʅʆʄʋ 

ʈʋʉɯ ʄɸʉʊʀʃɸ 
 

ʄʝʪʘ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ: 

ɺʠʚʯʠʪʠ ʧʨʠʥʮʠʧ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʟʤʘʱʫʚʘʥʥʷ ʫ ʚʫʟʴʢʠʭ ʱʽʣʠʥʘʭ ʤʝʭʘʥʽʟʤʽʚ.  

ɺ ʙʽʣʴʰʦʩʪʽ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʟ ʮʽʣʣʶ ʟʥʠʞʝʥʥʷ ʪʝʨʪʷ ʤʽʞ ʨʫʭʦʤʠʤʠ 

ʚʫʟʣʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʥʮʠʧ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʟʤʘʱʫʚʘʥʥʷ, ʢʦʣʠ ʤʘʣʽ ʟʘʟʦʨʠ ʤʽʞ 

ʜʦʪʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʘʧʦʚʥʶʶʪʴʩʷ ʥʠʟʴʢʦʚôʷʟʢʦʶ ʯʠ ʽʥʰʦʶ ʨʽʜʠʥʦʶ (ʨʠʩ.3.1). 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʩʫʭʦʛʦ ʪʝʨʪʷ ʤʽʞ ʪʚʝʨʜʠʤʠ ʨʫʭʦʤʠʤʠ ʪʽʣʘʤʠ ʟʘʤʽʥʶʻʪʴʩʷ 

ʢʦʚʟʘʥʥʷʤ. ɻʽʜʨʘʚʣʽʯʥʝ ʟʤʘʱʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʽʟʦʣʷʮʽʶ ʟʘʟʦʨʽʚ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʥʠʭ ʨʽʜʠʥ. ʎʽ ʯʠʩʪʦ 

ʧʨʘʢʪʠʯʥʽ ʟʘʜʘʯʽ ʧʦʚôʷʟʘʥʽ ʟ ʪʝʦʨʽʻʶ ʪʝʯʽʾ ʨʽʜʠʥʠ ʫ ʚʫʟʴʢʠʭ ʱʽʣʠʥʘʭ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ 

ɹʫʩʩʽʥʝ ʽ ʄ.ʇ. ʇʝʪʨʦʚʠʤ. 

ʎʶ ʟʘʜʘʯʫ ʨʦʟʛʣʷʥʫʪʦ ʥʘ ʢʣʘʩʠʯʥʦʤʫ ʨʽʚʥʽ. ɼʚʽ ʦʜʥʘʢʦʚʽ ʧʣʦʩʢʽ ʧʣʘʩʪʠʥʠ, ʷʢʽ 

ʨʦʟʤʽʱʝʥʽ ʧʘʨʘʣʝʣʴʥʦ ʦʜʥʘ ʦʜʥʽʡ ʥʘ ʥʝʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʎʽ ʧʣʘʩʪʠʥʠ 

ʩʪʚʦʨʶʶʪʴ ʤʽʞ ʩʦʙʦʶ ʪʦʥʢʫ ʱʽʣʠʥʫ (ʟʘʟʦʨ) d. 

ʇʨʠ ʨʽʜʠʥʥʦʤʫ ʪʝʨʪʽ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʽ ʚʪʫʣʢʠ ʨʦʟʜʽʣʝʥʽ ʧʨʦʰʘʨʢʦʤ 

ʤʘʩʪʠʣʘ, ʪʦʚʱʠʥʘ h ʷʢʦʛʦ ʙʽʣʴʰʝ ʩʫʤʠ ʚʠʩʦʪ Rz ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ (ʥʘ ʨʠʩ. 3.1 

ʨʦʟʜʽʣʝʥʠʡ ʧʨʦʰʘʨʦʢ ʤʘʩʪʠʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʚʩʪʦʶ ʣʽʥʽʻʶ): 

 

h > Rz1+ Rz2. (3.1) 

 

ʇʨʠ ʮʽʡ ʫʤʦʚʽ ʤʘʩʪʠʣʦ ʩʧʨʠʡʤʘʻ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʘʧʦʙʽʛʘʶʯʠ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʜʦʪʠʢ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʦʙʪʦ. ʾʭ ʟʥʦʩ. ʆʧʽʨ ʨʫʭʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚʥʫʪʨʽʰʥʽʤ ʪʝʨʪʷʤ ʫ ʤʘʩʪʠʣʴʥʽʡ ʨʽʜʠʥʽ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,001 ʜʦ 0,005 (ʱʦ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʠʤ ʥʽʞ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʯʝʥʥʷ)[3-10] . 

 

 

ʈʠʩ. 3.1. ʇʘʨʘ ʪʝʨʪʷ ʚʘʣ ʽ ʚʪʫʣʢʘ 
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ʇʨʘʢʪʠʯʥʝ ʟʘʥʷʪʪʷ ˉ2 ʈʦʟʨʘʭʫʥʦʢ ʧʽʜʰʠʧʥʠʢʽʚ ʟʤʘʱʫʚʘʥʥʷ. 

 

3.1. ʈʫʭ ʚôʷʟʢʦʧʣʘʩʪʠʯʥʠʭ ʨʽʜʠʥ ʚ ʪʨʫʙʘʭ 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚ'ʷʟʢʦʧʣʘʩʪʠʯʥʽ ʨʽʜʠʥʘ ʧʦʯʘʣʘ ʧʝʨʝʤʽʱʘʪʠʩʷ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʠʪʠ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤ ʽ ʢʽʥʮʝʚʠʤ ʧʝʨʝʪʠʥʘʤʠ ʜʽʣʷʥʢʠ ʪʨʫʙʠ ʜʝʷʢʫ ʨʽʟʥʠʮʶ 

ʥʘʧʦʨʽʚ, ʧʨʠ ʷʢʽʡ ʙʫʜʝ ʧʦʜʦʣʘʥʘ ʚʝʣʠʯʠʥʘ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʪʠʯʥʦʾ ʥʘʧʨʫʛʠ ʟʩʫʚʫ. 

ʇʨʠ ʮʴʦʤʫ ʨʽʜʠʥʘ ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ ʩʪʽʥʦʢ ʪʨʫʙʠ ʽ ʥʘ ʧʦʯʘʪʢʫ ʨʫʭʘʻʪʴʩʷ ʧʦ 

ʣʘʤʽʥʘʨʥʦʤʫ ʰʘʨʽ, ʟʙʝʨʽʛʘʶʯʠ ʩʚʦʶ ʢʦʣʠʰʥʶ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʪʦʙʪʦ ʟ 

ʦʜʥʘʢʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʦ ʚʩʴʦʤʫ ʚʽʜʩʽʢʫ ʧʦʪʦʢʫ. ʈʫʡʥʫʚʘʥʥʷ ʮʽʻʾ ʩʪʨʫʢʪʫʨʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʟʥʽʰʝ ʽ ʧʨʠ ʜʝʷʢʦʤʫ ʧʝʨʝʚʠʱʝʥʥʽ ʥʘʧʦʨʫ. 

ʆʩʢʽʣʴʢʠ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʩʠʣʠ ʪʝʨʪʷ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʪʽʣʴʢʠ ʫ 

ʩʪʽʥʦʢ ʪʨʫʙʠ, ʪʦ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

0 0 4 π, 

Ð Ð ʐʌÄÌ. 
(3.2) 

 

ʅʝʦʙʭʽʜʥʘ ʨʽʟʥʠʮʷ ʥʘʧʦʨʽʚ ʤʽʞ ʧʦʯʘʪʢʦʤ ʽ ʢʽʥʮʝʤ ʜʽʣʷʥʢʠ ʪʨʫʙʠ ʚʠʟʥʘʯʠʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

ЎÈ È È τʐʍÇÄ. (3.3) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʨʽʟʥʠʮʽ ʥʘʧʦʨʽʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʚʝʣʠʯʠʥʘ 

ʨʽʜʠʥʘ ʧʦʯʥʝ ʨʫʭʘʪʠʩʷ ʧʦ ʪʨʫʙʽ, ʧʨʠʯʦʤʫ ʭʘʨʘʢʪʝʨ (ʨʝʞʠʤ) ʾʾ ʨʫʭʫ ʙʫʜʝ ʟʘʣʝʞʘʪʠ 

ʚʽʜ ʚʝʣʠʯʠʥʠ  ЎÈ. ʇʨʠ ʨʫʩʽ ʚ'ʷʟʢʦʧʣʘʩʪʠʯʥʦʾ ʨʽʜʠʥʠ ʤʦʞʣʠʚʽ ʪʨʠ ʨʝʞʠʤʠ ʪʝʯʽʾ ʾʾ: 

ʩʪʨʫʢʪʫʨʥʠʡ, ʣʘʤʽʥʘʨʥʠʡ ʽ ʪʫʨʙʫʣʝʥʪʥʠʡ. 

ʋʤʦʚʘ ЎÈ È È τʐʍÇÄ ʷʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʧʦʯʘʪʢʫ ʨʫʭʫ 

ʨʽʜʠʥʠ ʚ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʝʞʠʤʽ, ʧʨʠ ʮʴʦʤʫ ʧʽʜ ʚʝʣʠʯʠʥʦʶ ʩʪʘʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʟʩʫʚʫ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʚʝʣʠʯʠʥʫ ʚʽʜʧʦʚʽʜʥʦʶ ʪʨʠʚʘʣʦʤʫ ʩʧʦʢʦʶ ʨʽʜʠʥʠ, ʪʦʙʪʦ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʷʚʫ ʪʠʢʩʦʪʨʦʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʜʠʥʠ. 

ʉʪʨʫʢʪʫʨʥʠʡ ʨʝʞʠʤ ʪʝʯʽʾ ʨʽʜʠʥʠ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʫʟʜʦʚʞ ʩʪʽʥʦʢ ʪʨʫʙʠ 

ʩʫʮʽʣʴʥʦʛʦ ʣʘʤʽʥʘʨʥʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ; ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʪʨʫʙʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʷʜʨʦ ʪʝʯʽʾ, ʜʝ ʨʽʜʠʥʘ ʨʫʭʘʻʪʴʩʷ, ʟʙʝʨʽʛʘʶʯʠ ʢʦʣʠʰʥʶ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ, ʪʦʙʪʦ ʷʢ 

ʪʚʝʨʜʝ ʪʽʣʦ. ʈʦʟʤʽʨʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʷʜʨʘ ʪʝʯʽʾ (ʨʘʜʽʫʩ r0) ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ 

ʚʠʭʦʜʷʯʠ ʟ ʥʘʩʪʫʧʥʦʛʦ  ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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Ò
ϽЎ

. (3.4) 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ A/r0 ʨʦʟʤʽʨʠ ʣʘʤʽʥʘʨʥʦʾ ʟʦʥʠ ʙʫʜʫʪʴ ʧʦʩʪʫʧʦʚʦ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʷʜʨʘ ʪʝʯʽʾ ʧʦʢʠ ʩʪʨʫʢʪʫʨʥʠʡ ʨʝʞʠʤ 

ʥʝ ʧʝʨʝʡʜʝ ʚ ʧʦʚʥʽʩʪʶ ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ. ʅʘʜʘʣʽ ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ 

ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʠʪʴʩʷ ʪʫʨʙʫʣʝʥʪʥʠʤ ʨʝʞʠʤʦʤ ʨʫʭʫ ʨʽʜʠʥʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʧʝʨʝʪʠʥʫ ʧʦʪʦʢʫ ʧʨʠ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʨʽʜʠʥʠ ʟʘʧʠʰʝʤʦ ʜʝʷʢʫ ʬʫʥʢʮʽʶ ʜʣʷ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ  ʬʦʨʤʫʣʦʶ ɹʽʥʛʘʤʘ: 

 

Æʐ . (3.5) 

 

ʊʦʜʽ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʧʦ ʧʝʨʝʨʽʟʫ ʪʨʫʙʠ  ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

ÕÒ ᷿ Äʐ, (3.6) 

 

ʜʝ u(r)  - ʚhʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʥʘ ʚʽʜʩʪʘʥʽ Ò ʚʽʜ ʮʝʥʪʨʘ ʪʨʫʙʠ; 

 ʐ - ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʩʪʽʥʮʽ ʪʨʫʙʠ ʨʘʜʽʫʩʦʤ r0. 

 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ: 

 

ÕÒ ρ ρ , 

ÕÒ
Ў

Ͻ
Ò Ò Ò Ò, 

ЎÐ
Ў

. 

(3.7) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚ ʷʜʨʽ ʪʝʯʽʾ ʧʨʠʡʤʝʤʦ Ò ÒӶ ,  ʜʝ ÒӶ - ʨʘʜʽʫʩ ʷʜʨʘ 

ʪʝʯʽʾ. (ʉʪʨʫʢʪʫʨʥʦʾ ʯʘʩʪʠʥʠ ʧʦʪʦʢʫ ʨʽʜʠʥʠ). ʊʦʜʽ ʚʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ ʚ ʮʴʦʤʫ ʷʜʨʽ 

ʪʝʯʽʾ (ʰʚʠʜʢʦʩʪʽ ʚ ʷʜʨʽ ʪʝʯʽʾ ʦʜʥʘʢʦʚʦ ʨʽʚʥʽ) Õ: 

 

Õ
Ў

Ͻ
Ò Ò Ò Ò. (3.8) 
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ɺʠʪʨʘʪʘ ʨʽʜʠʥʠ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʫʩʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʚʽʜʦʤʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʢʨʫʛʣʦʾ ʪʨʫʙʠ: 

 

1
Ͻ
᷿ʐ ʐ ϽʐÄʐ. (3.9) 

 

ɯʥʪʝʛʨʫʶʯʠ ʨʽʚʥʷʥʥʷ ʚ ʤʝʞʘʭ ʚʽʜ Ű=Űr, ʜʦ Ű =Ű0, ʦʜʝʨʞʠʤʦ: 

 

, 

1
ϽЎ

Ͻ
ρ

ϽЎ ϽЎ
. 

(3.10) 

 

ʆʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ, ʚʽʜʦʤʝ ʷʢ ʬʦʨʤʫʣʘ ɹʫʢʽʥʛʘʤʘ, ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ: 

1
Ͻ
ЎÐ

Ў

Ў
ЎÐ , (3.11) 

 

ʜʝ: ЎÐ ï ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ ʧʨʠ ʧʦʯʘʪʢʫ ʨʫʭʫ ʨʽʜʠʥʠ, ʢʦʣʠ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʥʽʡ 

ʜʦʩʷʛʘʶʪʴ ʚʝʣʠʯʠʥʽ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʟʩʫʚʫ.  

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʚʝʣʠʯʠʥʦʶ ʜʨʫʛʦʛʦ ʯʣʝʥʫ ʯʝʨʝʟ ʡʦʛʦ ʤʽʟʝʨʥʝ ʟʥʘʯʝʥʥʷ, 

ʦʪʨʠʤʘʻʤʦ: 

 

1
Ͻ
ЎÐ ЎÐ , 

È
Ͻ Ͻ

ʇ , 

ʇ
φτϽʂ

ʍʉÄ

σςʐ

σʍʉ

φτ

2ÅϽ
Ȣ 

 

(3.12) 

 

ʜʝ:  2ÅϽ   ï ʟʘʛʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ. 

 

2ÅϽ . (3.13) 

 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʘʨʘʤʝʪʨ Ű0d/Õɡ=Sen ʥʦʩʠʪʴ ʥʘʟʚʫ ʯʠʩʣʘ ʉʝʥ-ɺʝʥʘʥʘ. 
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3.2. ʈʫʭ ʟʤʘʱʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʚ ʧʽʜʰʠʧʥʠʢʫ 

ʆʩʥʦʚʥʽ ʪʠʧʠ ʧʽʜʰʠʧʥʠʢʽʚ: ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ, ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ, 

ʛʘʟʦʜʠʥʘʤʽʯʥʽ ʧʽʜʰʠʧʥʠʢʠ, ʛʽʜʨʦʩʪʘʪʠʯʥʽ ʧʽʜʰʠʧʥʠʢʠ, ʤʘʛʥʽʪʥʽ ʧʽʜʰʠʧʥʠʢʠ (ʨʠʩ. 

3.2). ʆʩʥʦʚʥʽ ʪʠʧʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ï ʮʝ ʧʽʜʰʠʧʥʠʢʠ 

ʢʦʯʝʥʥʷ ʪʘ ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ. ɹʫʚʘʶʪʴ ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ ʚʠʛʦʪʦʚʣʝʥʽ ʙʝʟ 

ʩʝʧʘʨʘʪʦʨʘ. 

 

 
ʈʠʩ. 3.2. ï ɺʠʜʠ ʧʽʜʰʠʧʥʠʢʽʚ 

 

ɼʫʞʝ ʩʚʦʻʨʽʜʥʦ ʥʘ ʩʪʽʡʢʽʩʪʴ ʣʘʤʽʥʘʨʥʦʛʦ ʧʝʨʝʙʽʛʫ ʤʘʩʪʠʣʘ ʚʧʣʠʚʘʻ ʢʨʠʚʠʟʥʘ 

ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ, ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ ʩʪʘʚʣʝʥʥʷʤ ʡʦʛʦ ʨʘʜʽʫʩʘ R ʜʦ ʡʦʛʦ ʩʝʨʝʜʥʴʦʾ 

ʪʦʚʱʠʥʠ Hʦ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʝʢʩʮʝʥʪʨʠʮʠʪʝʪʫ ʮʘʧʬʠ ʰʚʠʜʢʽʩʪʴ ʦʢʨʫʞʥʦʾ ʣʘʤʽʥʘʨʥʦʾ 

ʪʝʯʽʾ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʚʠʨʘʞʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.14): 

‮
Ὑ‫Ὑ Ὑ ὶ

Ὑ ὶ Ὑ Ὑ
Ὑ‫ρ ὶ ρ ὶὬ  

Ὑ Ὑ Ὄ ; ὶ ὶὌ ; 

Ὤ ὌὙ ; Ὑ πȟυὙ Ὑ ; 

 

(3.14) 

     

ʜʝ  Ὑ ʪʘ Ὑ ï ʨʘʜʽʫʩʠ ʮʘʧʬʠ ʪʘ ʚʪʫʣʢʠ ʧʽʜʰʠʧʥʠʢʘ, ὶ  -  ʨʘʜʽʘʣʴʥʘ ʢʦʦʨʜʠʥʘʪʘ. 

ɺ ʮʽʣʦʤʫ ʩʪʽʡʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ ʢʨʠʪʝʨʽʷʤʠ: ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ὙὩ

ὙὌ”‘ ʪʘ ʩʠʧʣʝʢʩʦʤ ὬὙ . ʋ ʚʘʞʣʠʚʦʤʫ ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ ʚʠʧʘʜʢʫ, ʢʦʣʠ Ὤ ᴼπ, 
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ʧʨʘʢʪʠʯʥʦ ʧʨʠ  Ὤ πȟ1 , ʩʪʽʡʢʽʩʪʴ ʣʘʤʽʥʘʨʥʦʾ ʪʝʯʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʠʤ ʢʨʠʪʝʨʽʻʤ  

- ʯʠʩʣʦʤ ʊʝʡʣʦʨʘ (3.15): 

Ὕ ὙὩὬ
ϳ

.  
(3.15) 

ʉʪʽʡʢʽʩʪʴ ʧʦʨʫʰʫʻʪʴʩʷ, ʢʦʣʠ ʯʠʩʣʦ ʊʝʡʣʦʨʘ ʜʦʩʷʛʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ: 

Ὕz τρȟσ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʚʽʜʢʨʠʪʪʽʚ ʙʫʣʦ ʫ ʢʣʘʩʠʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʊʝʡʣʦʨʘ - 

ʚʠʭʦʨʠ ʡʦʛʦ ʽʤʝʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ʟʘʟʦʨʽ ʤʽʞ ʜʚʦʤʘ ʢʦʘʢʩʽʘʣʴʥʠʤʠ ʮʠʣʽʥʜʨʘʤʠ, 

ʚʥʫʪʨʽʰʥʽʡ ʟ ʷʢʠʭ ʢʨʫʪʠʚʩʷ. ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʊʝʡʣʦʨʘ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʪʝʯʽʾ 

ʂʫʝʪʪʘ, ʷʢʝ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʴ ʅʦʚô̒-ʉʪʦʢʩʘ ʤʘʣʦ ʚʠʥʠʢʘʪʠ ʚ ʪʦʥʢʦʤʫ ʟʘʟʦʨʽ. 

ɸʣʝ ʟʘʤʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʘʜʽʫʩʦʤ ʚʠʥʠʢʣʘ ʩʠʩʪʝʤʘ 

ʚʠʭʦʨʽʚ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.3.3. ʊʦʙʪʦ, ʨʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʠʤʝʥʪʫ ʊʝʡʣʦʨʘ ʩʪʘʚ 

ʧʝʨʰʠʤ ʜʟʚʽʥʢʦʤ, ʱʦ ʩʧʦʚʽʱʘʻ ʧʨʦ çʟʘʚʝʨʰʝʥʥʷ ʽʩʥʫʚʘʥʥʷè ʨʽʚʥʷʥʴ ʅʦʚô̒-ʉʪʦʢʩʘ 

[44]. 

 

ʈʠʩ. 3.3.  ɺʠʭʦʨ ʊʝʡʣʦʨʘ (ʤʽʞ ʜʚʦʤʘ ʩʧʽʚʚʽʩʥʠʤʠ ʮʠʣʽʥʜʨʘʤʠ ʧʨʠ ʨʫʩʽ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʮʠʣʽʥʜʨʫ) 

ʅʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʽ ʪʨʘʻʢʪʦʨʽʾ ʯʘʩʪʠʥʦʢ ʟʤʘʱʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ. 

ʈʫʭ ʚô̫ ʟʢʦʾ ʨʽʜʠʥʠ, ʨʦʟʤʽʱʝʥʦʾ ʚ ʟʤʘʱʫʚʘʣʴʥʦʤʫ ʰʘʨʽ ʤʽʞ ʰʠʧʦʤ ʽ 

ʧʽʜʰʠʧʥʠʢʦʤ, ʙʫʣʦ ʩʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʦ ʄ.ʇ. ʇʝʪʨʦʚʠʤ, ʷʢʠʡ ʟʘʢʣʘʚ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʪʝʦʨʽʶ ʰʠʧʘ(ʮʘʧʬʠ) (ʨʠʩ.3.4). ɺʽʥ ʧʨʠʡʤʘʚ ʟʤʘʱʫʚʘʣʴʥʠʡ ʰʘʨ 

ʦʙʤʝʞʝʥʠʡ ʜʚʦʤʘ ʢʦʥʮʝʥʪʨʠʯʥʠʤʠ ʮʠʣʽʥʜʨʘʤʠ. ɺʧʣʠʚ ʥʘ ʜʘʥʝ ʷʚʠʱʝ 

ʝʢʩʮʝʥʪʨʠʯʥʦʩʪʽ ʰʠʧʘ ʽ ʧʽʜʰʠʧʥʠʢʘ ʙʫʣʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʙʣʠʞʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʦʢʣʘʜʥʦ ʜʦʩʣʽʜʞʝʥʦ ʈʝʡʥʦʣʴʜʩʦʤ. ɼʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʘʥʘʣʽʟ ʙʫʚ ʩʧʨʦʱʝʥʠʡ 
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ɿʦʤʝʨʬʝʣʴʜʦʤ, ʷʢʠʡ ʚʩʪʘʥʦʚʠʚ ʪʝʦʨʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʤʦʤʝʥʪʦʤ ʩʠʣ ʪʝʨʪʷ, 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʰʚʠʜʢʽʩʪʶ ʰʠʧʘ ʽ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʤʦʤʝʥʪʫ ʩʠʣ ʪʝʨʪʷ 

ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ ʘʙʦ ʡʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ - ʜʚʘ ʛʨʘʥʠʯʥʽ ʚʠʧʘʜʢʠ ʟʘʛʘʣʴʥʦʛʦ ʟʘʢʦʥʫ 

ʪʝʨʪʷ ʰʠʧʘ ʽ ʧʽʜʰʠʧʥʠʢʘ, ʧʨʠʯʦʤʫ ʧʝʨʰʠʡ ʛʨʘʥʠʯʥʠʡ ʚʠʧʘʜʦʢ ʚʠʭʦʜʠʪʴ ʧʨʠ 

ʚʝʣʠʢʠʭ, ʘ ʜʨʫʛʠʡ ʧʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʰʠʧʘ (ʨʠʩ. 3.4). ʊʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ 

ʧʨʦ ʨʫʭ ʚô̫ ʟʢʦʾ ʨʽʜʠʥʠ ʚ ʜʚʦʭ ʚʠʤʽʨʘʭ ʤʽʞ ʜʚʦʤʘ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʢʦʣʘʤʠ, ʪʘʢ ʩʘʤʦ 

ʷʢ ʨʦʟʚôʷʟʦʢ ʘʥʘʣʽʪʠʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʨʽʚʥʦʚʘʛʫ ʧʨʫʞʥʦʾ ʧʣʘʩʪʠʥʠ, ʦʙʤʝʞʝʥʦʶ ʜʚʦʤʘ 

ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʢʦʣʘʤʠ, ʜʦ ʩʠʭ ʧʽʨ ʱʝ ʥʝ ʟʥʘʡʜʝʥʦ. 

 

 
ʈʠʩ. 3.4. ʌʦʨʤʫʚʘʥʥʷ ʟʤʘʱʫʚʘʣʴʥʦʾ ʧʣʽʚʢʠ ʚ ʦʧʦʨʥʦʤʫ ʧʽʜʰʠʧʥʠʢʫ ʢʦʚʟʘʥʥʷ: 

ʘ ï ʩʪʘʥ ʩʧʦʢʦʶ (ɺ ï ʧʽʜʰʠʧʥʠʢ, ʆ ï ʤʘʩʪʠʣʦ, J ï ʮʘʧʬʘ); ʙ ï ʧʦʯʘʪʦʢ ʨʫʭʫ, ʛʨʘʥʠʯʥʝ 

ʪʝʨʪʷ; ʚ ï ʩʪʘʙʽʣʽʟʦʚʘʥʠʡ ʨʝʞʠʤ (ʫʩʪʘʪʢʦʚʘʥʠʡ), ʨʽʜʠʥʥʝ ʪʝʨʪʷ 

 

 
ʈʠʩ. 3.5. ʇʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ. (ʆʧʦʨʥʘ ʜʽʣʷʥʢʘ ʚʘʣʫ ʤʘʻ ʥʘʟʚʫ ʮʘʧʬʠ - ʰʠʧ) 

 

ʌʦʨʤʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜʰʠʧʥʠʢʘ ʢʦʚʟʘʥʥʷ ʪʘʢʦʞ, ʷʢ ʽ ʬʦʨʤʘ ʮʘʧʬʠ ʚʘʣʫ, 

5ʤʦʞʝ ʙʫʪʠ ʮʠʣʽʥʜʨʠʯʥʦʶ (ʨʠʩ. 3.5,ʘ), ʧʣʦʩʢʦʶ (ʨʠʩ. 3.5,6), ʢʦʥʽʯʥʦʶ (ʨʠʩ.3.5, ʚ) 

ʘʙʦ ʩʬʝʨʠʯʥʦʶ (ʨʠʩ. 3.5, ʛ)). 
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ʎʘʧʬʫ, ʷʢʘ ʧʝʨʝʜʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʰʠʧʦʤ, ʢʦʣʠ ʚʦʥʘ ʨʦʟʤʽʱʝʥʘ ʚ 

ʢʽʥʮʽ ʚʘʣʫ, ʘʙʦ h ʠʡʢʦʶ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʚ ʩʝʨʝʜʠʥʽ ʚʘʣʫ. ʎʘʧʬʫ, ʷʢʘ ʧʝʨʝʜʘʻ ʦʩʴʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʟʠʚʘʶʪʴ ʧôʷʪʦʶ, ʘ ʦʧʦʨʫ (ʧʽʜʰʠʧʥʠʢ) ð ʧʽʜʧôʷʪʥʠʢʦʤ. 

ʇʨʠ ʧʨʘʚʠʣʴʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʟʤʘʱʫʚʘʥʥʽ ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ ʤʦʞʫʪʴ ʥʝʩʪʠ 

ʚʝʣʠʢʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʨʘʚʠʣʴʥʦ ʨʦʟʨʘʭʦʚʘʥʠʭ ʽ ʧʨʘʮʶʶʯʠʭ ʚ ʫʤʦʚʘʭ ʨʽʜʠʥʥʦʾ 

ʟʤʘʟʢʠ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ ʜʦʨʽʚʥʶʻ 0,001ð0,005. ɸʣʝ, ʧʨʠ ʥʝʩʧʨʠʷʪʣʠʚʠʭ 

ʫʤʦʚʘʭ (ʚʠʩʦʢʘ ʚôʷʟʢʽʩʪʴ ʤʘʩʪʠʣʘ, ʚʝʣʠʢʽ ʢʨʫʛʦʚʽ ʰʚʠʜʢʦʩʪʽ, ʤʘʣʽ ʟʘʟʦʨʠ) 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʟʨʦʩʪʘʻ ʜʦ 0,01ð0,03. ʋ ʧʽʜʰʠʧʥʠʢʽʚ, ʧʨʘʮʶʶʯʠʭ ʧʨʠ 

ʥʘʧʽʚʩʫʭʦʤʫ ʪʝʨʪʽ, ʢʦʝʬʽʮʽʻʥʪ f, ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ 0,1ð0,2. 

ɺʥʘʩʣʽʜʦʢ ʟʘʛʫʩʘʥʥʷ ʤʘʩʪʠʣʘ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ ʫ 

ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ ʤʘʻ ʟʘʚʠʱʝʥʝ ʟʥʘʯʝʥʥʷ.  

ɺʘʞʢʦʥʘʚʘʥʪʘʞʝʥʽ ʽ ʧʨʘʮʶʶʯʽ ʧʨʠ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʧʽʜʰʠʧʥʠʢʠ, 

ʧʦʪʨʝʙʫʶʪʴ ʙʝʟʧʝʨʝʚʥʫ ʧʦʜʘʯʫ ʤʘʩʪʠʣʘ ʧʽʜ ʪʠʩʢʦʤ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʝʞʠʤʫ ʨʽʜʠʥʥʦʾ 

ʟʤʘʟʢʠ ʽ ʚʽʜʚʦʜʫ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʪʝʨʪʽ. 

ɼʣʷ ʧʽʜʰʠʧʥʠʢʽʚ ʤʘʩʪʠʣʦʦʙʝʨʪʦʚʠʭ ʚʘʣʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʝʚʝʣʠʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʜʦʩʪʘʪʥʴʦ ʧʝʨʽʦʜʠʯʥʘ ʧʦʜʘʯʘ ʨʽʜʠʥ ʘʙʦ ʢʦʥʩʠʩʪʝʥʪʥʦʾ ʟʤʘʟʢʠ. ʗʢ 

ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ, ʷʢ ʬʫʥʢʮʽʦʥʫʻ ʟʤʘʱʝʥʠʡ ʧʽʜʰʠʧʥʠʢ ʢʦʚʟʘʥʥʷ, ʪʦʯʥʽʰʝ, ʷʢ 

ʟʤʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʟʘʣʝʞʥʦ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  ɖɜ/ɟ (ʯʠʩʣʦ 

ʝ̂ʨʩʽ), ʜʝ ɜ ï ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ, p ï ʧʦʛʦʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʰʠʧʥʠʢ 

(ʨʠʩ.3.5). 

 

ʈʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʪʽʣʘʤʠ ʢʦʯʝʥʥʷ (ʟʘʜʘʯʘ ʐʪʨʠʙʝʢʘ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʩʠʣʘʤʠ F0, F1, F2éFn ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʪʘʢʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʫʤʦʚʽ ʘʙʩʦʣʶʪʥʦʾ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʢʫʣʴ ʽ ʢʽʣʝʮʴ, ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʴ ʨʘʜʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʫʩʪʘʥʦʚʠʪʠ (ʨʠʩ.3.6): 

 

F1 = F0cos3/2ɔ, é , Fn = F0cos3/2(nɔ).      (3.16) 

 

Fr=F0+2F1cosɔ+F2cos(2ɔ)+é+2Fncos(nɔ), (3.17) 

ʜʝ F0  ï ʩʠʣʘ ʥʘ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽʡ ʢʫʣʽ (ʪʽʣʽ ʢʦʯʝʥʥʷ); 

 ɔ ï ʢʫʪ ʤʽʞ  ʩʫʤʽʞʥʠʤʠ ʪʽʣʘʤʠ ʢʦʯʝʥʥʷ. 
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ʈʠʩ. 3.6. ʈʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʽʞ ʪʽʣʘʤʠ ʢʦʯʝʥʥʷ 

 

ɼʦʜʘʚʰʠ ʧʦʧʨʘʚʢʫ ʥʘ ʚʧʣʠʚ ʨʘʜʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ ʽ ʥʝʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ, 

ʧʨʘʢʪʠʯʥʦ ʧʨʠʡʤʘʶʪʴ: 

 

F0=(5ĿFr )/z . (3.18) 

 

 

ʈʠʩ. 3.7. ʈʦʟʤʽʱʝʥʥʷ ʧʣʘʩʪʠʥ 

 

ɿʘʚʜʘʥʥʷ:  

ɺʠʚʯʠʪʠ ʧʨʠʥʮʠʧ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʟʤʘʱʫʚʘʥʥʷ ʫ ʚʫʟʴʢʠʭ ʱʽʣʠʥʘʭ ʤʝʭʘʥʽʟʤʽʚ ʥʘ 

ʦʩʥʦʚʽ ʧʨʠʢʣʘʜʫ ʟʘʜʘʯʽ. 

 

ʆʧʠʩ ʟʘʜʘʯʽ ʟ ʧʨʠʢʣʘʜʦʤ ʨʽʰʝʥʥʷ: 

l 

1 

2 

y 

x 

d

x 
b 

2y 

B 
L 

d 
X P1 P2 

l 

y 

O 
d z 2y 

dy 

b 

y 

O 
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ɼʚʽ ʦʜʥʘʢʦʚʽ ʧʣʘʩʢʽ ʧʣʘʩʪʠʥʠ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʧʘʨʘʣʝʣʴʥʦ ʦʜʥʘ ʦʜʥʽʡ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʎʽ ʧʣʘʩʪʠʥʠ ʩʪʚʦʨʶʶʪʴ ʤʽʞ ʩʦʙʦʶ ʪʦʥʢʫ ʱʽʣʠʥʫ 

(ʟʘʟʦʨ) d. 

ʑʽʣʠʥʘ ʙʫʜʝ ʚʚʘʞʘʪʠʩʷ ʪʦʥʢʦʶ, ʷʢʱʦ ʾʾ ʰʠʨʠʥʘ d ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʤʝʥʰʝ 

ʨʦʟʤʽʨʽʚ ʧʣʘʩʪʠʥ dçL ʽ dçB, ʜʝ L ̔  ɺ ï ʨʦʟʤʽʨʠ ʧʣʘʩʪʠʥʠ. ʇʨʦʚʝʜʝʤʦ ʚ ʧʦʪʦʮʽ ʱʽʣʠʥʠ 

ʜʚʘ ʧʘʨʘʣʝʣʴʥʠʭ ʦʜʠʥ ʦʜʥʦʤʫ ʧʝʨʝʪʠʥʠ ʥʘ ʚʽʜʩʪʘʥʽ l ʽ ʚʠʜʽʣʠʤʦ ʤʘʣʠʡ ʚʽʜʩʽʢ ʨʽʜʠʥʠ 

ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʟʽ ʩʪʦʨʦʥʘʤʠ: l, b ̔  2ʫ. ʈʽʜʠʥʘ ʨʫʭʘʻʪʴʩʷ ʫʟʜʦʚʞ ʦʩʽ ʆʍ (ʥʘ 

ʨʠʩ. 3.7 ʟʣʽʚʘ ʥʘ ʧʨʘʚʦ). ɻʨʘʥʽ, ʯʝʨʝʟ ʷʢʽ ʨʽʜʠʥʘ ʚʪʽʢʘʻ ʚ ʩʝʨʝʜʠʥʫ ʚʠʜʽʣʝʥʦʛʦ ʚʽʜʩʽʢʫ 

ʽ ʚʠʪʽʢʘʻ ʟ ʥʴʦʛʦ, ʤʘʶʪʴ ʧʣʦʱʫ s=2yÅb. ɼʦ ʮʠʭ ʛʨʘʥʝʡ ʧʨʠʢʣʘʜʝʥʽ ʩʠʣʠ ʪʠʩʢʫ ʨʽʚʥʽ: 

 

ὖρ ὴϽÓ   ʽ  ὖς ὴϽÓ . (3.19) 

 

ʊʦʜʽ ʚʠʜʽʣʝʥʠʡ ʚʽʜʩʽʢ ʨʽʜʠʥʠ ʙʫʜʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʧʽʜ ʜʽʻʶ ʩʠʣ 

ʪʠʩʢʫ ʪʝʨʪʷ ʽ ʩʠʣʠ ʪʷʞʽʥʥʷ: 

Ўὖ̖ Ὕὼ Ὃὼ π  ,  ὴ ὴ ϽÓ  ʂϽ3Ͻ -0=0 , (3.20) 

 

ʜʝ S=lÅb ï ʧʣʦʱʘ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʛʨʘʥʝʡ ʚʽʜʩʽʢʫ ʨʽʜʠʥʠ. 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥʠ ʧʣʦʱʽ ʧʣʘʩʪʠʥ ʽ ʛʨʘʥʝʡ, ʽ ʧʝʨʝʪʚʦʨʠʪʠ 

ʨʽʚʥʷʥʥʷ, ʦʪʨʠʤʘʻʤʦ: 

ʍÇ ÌϽςÙϽÂ ʉϽʍϽςϽÌÂ: 

ÄÕ ÙϽÄÙ, 
(3.21) 

 

ʜʝ É
ЎÈ

Ì
 ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʫʭʠʣ. 

 

ɿʘ ʨʽʚʥʷʥʥʷʤ ʇʫʘʟʝʡʣʷ 

 

ЎÐ Ð Ð σς ; 

ЎÐ ʂ1 2̌1; 
(3.22) 

 

ʜʝ ÐȟÐ ï ʪʠʩʢ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʥʘ ʢʽʥʮʽ ʚʽʜʨʽʟʢʫ; 
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 L ʪʘ d   ï ʜʦʚʞʠʥʘ ʪʘ ʜʽʘʤʝʪʨ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʝʨʝʨʽʟʫ ʜʽʣʷʥʢʠ, ʷʢʘ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ; 

 1 ʪʘ Õ   ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʪʘ ʰʚʠʜʢʦʩʪʽ; 

 2̌  ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʢʘʥʘʣʫ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʧʨʦʪʽʢʘʥʥʽ. 

 

ʇʨʠ ʨʽʜʠʥʥʦʤʫ ʪʝʨʪʽ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʚʘʣʫ ʽ ʚʢʣʘʜʠʰʫ ʨʦʟʜʽʣʝʥʽ ʰʘʨʦʤ ʤʘʩʪʠʣʘ, 

ʪʦʚʱʠʥʘ h ʷʢʘ ʙʽʣʴʰʝ ʩʫʤʠ ʚʠʩʦʪ Rz ʰʦʨʩʪʢʦʩʪ ̔ʧʦʚʝʨʭʦʥʴ: 

h > Rz1 + Rz2 . 

ɿʘ ʮʠʭ ʫʤʦʚ ʤʘʩʪʠʣʦ ʩʧʨʠʡʤʘʻ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʘʧʦʙʽʛʘʻ 

ʙʝʟʧʦʩʝʨʝʜʥʻ ʜʦʪʠʢʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʦʙʪʦ ʾʭ ʟʥʦʰʫʚʘʥʥ.̫ ʆʧʽʨ ʨʫʭʫ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʚʥʫʪʨʽʰʥʽʤ ʪʝʨʪʷʤ ʚ ʟʤʘʱʫʚʘʣʴʥʽʡ ʨʽʜʠʥʽ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,001 ʜʦ 0,005. 

 

ɿʘʜʘʯʘ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 3.7 ʤʘʣʠʡ ʚʽʜʩʽʢ ʨʽʜʠʥʠ ʟʽ ʩʪʦʨʦʥʘʤʠ: l=4ʤʤ, b=2ʤʤ ʽ 

2ʫ=3ʤʤ. ʗʢʘ ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ ʪʠʩʢʫ ʜʦ ʮʠʭ ʛʨʘʥʝʡ (ʈ1 ʪʘ ʈ2)? 

ɼʘʥʦ: ʄʽʥʝʨʘʣʴʥʝ ʤʘʩʪʠʣʦ (ɟ=900 ʢʛ/ʤ3),  ʉ ̍Ⱦ̒;.  ɖ= 62 ʩʉʪ (ʧʝʨʝʚʝʩʪʠ ʚ 

ʇʘĿʩ). 

ɼʽʣʷʥʢʘ ʯʝʨʝʟ ʷʢʫ ʧʨʦʭʦʜʠʪʴ ʨʽʜʠʥʘ ʤʘʻ ʧʘʨʘʤʝʪʨʠ: L=16ʤʤ ʪʘ d=8ʤʤ. ʈʽʜʠʥʘ 

ʧʨʦʪʽʢʘʻ ʟʽ ʰʚʠʜʢʽʩʪʶ u (ʤ/c), Ð (ʇʘ)ï ʪʠʩʢ ʥʘ ʧʦʯʘʪʢʫ ʚʽʜʨʽʟʢʫ. 

 

3.3. ɺʠʙʽʨ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʟʤʘʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ 

ʢʦʚʟʘʥʥʷ 

ʊʘʢʠʡ ʨʦʟʨʘʭʫʥʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʚʦʜʘʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ 

(ʨʦʟʨʦʙʣʝʥʠʡ ʄ.ʇ. ʇʝʪʨʦʚʠʤ). ɼʣʷ ʮʽʻʾ ʮʽʣʽ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʦʨʤʫʣʦʶ: 

 

ʂ
ȟ˝

Ͻȟ Ⱦ
, (3.23) 

 

ʜʝ ʂ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʇʘʩ;   

 0  ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʰʠʧʥʠʢ, ʅ;   

 l/d ï ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʧʽʜʰʠʧʥʠʢʘ ʜʦ ʡʦʛʦ ʜʽʘʤʝʪʨʫ;   

 d ï ʜʽʘʤʝʪʨ ʮʘʧʬʠ, ʤ; 

 n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ, ʦʙ/ʭʚ.  

 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʫʣʘ:    

ʂ
ȟϽ

ȟ Ͻȟ Ⱦ
. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʟʤʘʱʫʶʯʦʛʦ ʰʘʨʫ ʧʽʜʰʠʧʥʠʢʫ ʊʦʉ  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʠʥʘʤʽʯʥʦʾ 

ʚôʷʟʢʦʩʪʽ ʤʘʩʪʠʣʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʚʠʨʘʟʦʤ ɽ. ʌʘʣʴʮʘ: 

 

4 Ô
Ͻ Ͻ

Ͻ Ͻ

ȟ

, (3.24) 

 

ʜʝ t ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, Áʉ; 

 P ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʰʠʧʥʠʢ, H; 

 n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ, ʦʙ/ʭʚ; 

 ɖ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʇʘ*ʩ; 

 Ŭ ï ʢʦʝʬʽʮʽʻʥʪ (ʜʣʷ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʧʽʜʰʠʧʥʠʢʽʚ Ŭ=1) ; 

 l/d  ï ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʧʽʜʰʠʧʥʠʢʘ ʜʦ ʡʦʛʦ ʜʽʘʤʝʪʨʫ. 

 

ʆʪʨʠʤʘʻʤʦ:  

 

4 Ô
Ͻ Ͻ

Ͻ Ͻ

ȟ

. (3.25) 

 

ʋʤʦʚʥʘ ʚôʷʟʢʽʩʪʴ ɺʋ ʧʨʠ t=50Áʉ  ʟʘ ʬʦʨʤʫʣʦʶ ʨʽʚʥʘ: 

 

ˏˠ ȟ. (3.26) 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚ ʤʘʩʪʠʣʽ ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ, ʱʦ ʤʘʶʪʴ ʢʨʘʧʝʣʴʥʫ ʯʠ 

ʬʽʪʠʣʴʥʫ ʩʠʩʪʝʤʫ ʟʤʘʱʫʚʘʥʥʷ, ʤʦʞʝʪʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʚʠʨʘʟʦʤ: 

 

1
ȟ

, (3.27) 

 

ʜʝ Q ï ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʤʘʩʪʠʣʽ, ʣ/ʭʚ; 

 (D ï d) ï ʜʽʘʤʝʪʨʘʣʴʥʠʡ ʟʘʟʦʨ, ʤ;    

 n  ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ, ʦʙ/ʭʚ; 

 ɖ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʇʘĿʩ, ʧʨʠ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ;   

 l/d  ï ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʽʜʰʠʧʥʠʢʘ ʜʦ 

ʡʦʛʦ ʜʽʘʤʝʪʨʫ. 

 

ʆʪʨʠʤʘʻʤʦ: 
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1
ϽϽ

. (3.29) 

 

ʜʝ d ï ʜʽʘʤʝʪʨ ʚʘʣʫ, ʤ; 

 l ï ʜʦʚʞʠʥʘ ʧʽʜʰʠʧʥʠʢʘ, ʤ.  

 

 

1
ϽϽ

. (3.30) 

 

ʜʝ Q ï ʢʽʣʴʢʽʩʪʴ ʤʘʩʪʠʣʘ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʣ/ʭʚ;   

 D ï ʜʽʘʤʝʪʨ ʧʽʜʰʠʧʥʠʢʘ; 

 d ï ʜʽʘʤʝʪʨ ʚʘʣʫ, ʤ; 

 l ï ʜʦʚʞʠʥʘ ʧʽʜʰʠʧʥʠʢʘ, ʤ;   

 ɟ ï ʛʫʩʪʠʥʘ ʤʘʩʪʠʣʘ,  ʍ πȟωϽρπ(ʢʛ/ʤ3) [16-18]. 

 

ʃʘʙʦʨʘʪʦʨʥʝ ʨʦʙʦʪʘ ˉ4. ʄʦʜʝʣʶʚʘʥʥʷ ʟʤʘʱʝʥʥʷ ʚ Ansys. 

 

ʄʝʪʘ ï ʟʤʦʜʝʣʚʁʘʪʠ ʟʤʘʱʫʚʘʥʥʷ ʚ ʮʠʣʽʥʜʨʽ 

ʍʽʜ ʨʦʙʦʪʠ  

1. ʆʟʥʘʡʦʤʠʪʠʩʷ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʛʽʜʨʘʚʣ̔ ʯʥʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʚʠʟʥʘʯʠʪʠ 

ʜʝ ʻ ʧʘʨʠ ʪʝʨʪʷ ʨʠʩ. 3.8. 

2. ʆʟʥʘʡʦʤʠʪʠ ʱʦ ʚʠʥʠʢʘʻ ʚ ʧʘʨʽ ʪʝʨʪʷ ʨʠʩ. 3.9. 

 

 
ʈʠʩ. 3.8. ɹʫʜʦʚʘ ʛʽʜʨʦʮʠʣʽʥʜʨʫ[39] 

 

  ʈʦʟʪʘʰʫʚʘʥʥʷ ʤʘʩʪʠʣʴʥʦʛʦ ʢʣʠʥʫ ʚ ʮʠʣʽʥʜʨʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.9. 
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ʈʠʩ. 3.9. ɿʤʘʱʝʥʥʷ ʛʽʜʨʦʮʠʣʽʥʜʨʫ [39] 

ʈʦʙʦʪʘ ʧʨʠʩʘʜʦʢ ʤʽʞ ʜʚʦʤʘ ʨʫʭʦʤʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.3.10.  

 

 
ʈʠʩ. 3.10. ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʧʨʠʩʘʜʦʢ 

 

3. ɿʘʚʜʘʥʥʷ:  

ɺʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʘʱʝʥʥʷ ʧʘʨʠ ʪʝʨʪʷ ʮʠʣʽʥʜʨʫ ʪʘ ʧʦʨʰʥʷ ʚ Ansys. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʧʦʩʠʣʘʥʥʷʤ ʥʘ ʚʽʜʝʦ-ʫʨʦʢ [44] 
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ʈʆɿɼɯʃ 4. ʆʉʅʆɺʅɯ ʈɯɺʅʗʅʅʗ ɯ ʊɽʆʈɯɰ ʂʆʅʊɸʂʊʅʆ-

ɻɯɼʈʆɼʀʅɸʄɯʏʅʆɻʆ ɿʄɸʑʋɺɸʅʅʗ 
 

ʇʽʜʥʽʤʘʣʴʥʘ ʩʠʣʘ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʫʪʚʦʨʠʪʴʩʷ ʧʨʠ ʪʝʨʪʽ ʢʦʪʽʥʥʷ ʡ ʢʦʪʽʥʥʷ ʟ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷʤ (ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ, ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ) (ʨʠʩ. 4.1). ɿʦʥʘ ʪʠʩʢʫ 

ʤʘʩʪʠʣʘ ʥʘ ʢʦʥʪʘʢʪʽ ʪʘʢʠʭ ʧʘʨ ʪʝʨʪʷ ʤʘʣʘ, ʘ ʪʠʩʢ ʟʥʘʯʥʠʡ. ʄʘʩʪʠʣʴʥʘ ʧʣʽʚʢʘ ʤʘʻ 

ʥʝʚʝʣʠʢʫ ʪʦʚʱʠʥʫ, ʧʦʨʽʚʥʷʥʫ ʟ ʤʽʩʮʝʚʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʢʦʥʪʘʢʪʫʶʯʠʭ ʪʽʣ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʥʬʽʛʫʨʘʮʽʶ ʟʘʟʦʨʫ. ʊʝʦʨʽʷ ʢʦʥʪʘʢʪʥʦ-ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʟʤʘʱʝʥʥʷ 

ʚʧʝʨʰʝ ʽ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʨʦʟʨʦʙʣʝʥʘ ʨʘʜʷʥʩʴʢʠʤʠ ʚʯʝʥʠʤʠ [24]. 

ʊʦʚʱʠʥʘ ʧʨʦʰʘʨʢʫ ʤʘʩʪʠʣʘ, ʟʛʽʜʥʦ ʢʦʥʪʘʢʪʥʦïʛʽʜʨʦʜʠʥʘʤʽʯʥʽʡ ʪʝʦʨʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʬʦʨʤʫʣʠ [26]: 

 

È
ȟ ̨̙ ̨̋

ȟ Ͻ ȟ

˗ȟ ̨̙ ̨̋
ȟ

. (4.1) 

 

 
ʈʠʩ. 4.1. ʂʦʥʪʘʢʪʥʦ-ʛʜ̔ʨʦʜʠʥʘʤʽʯʥʝ ʪʝʨʪʷ  ʚ ʧʘʨʽ  ʱʝʧʣʝʥʥʷ ʟʫʙʮʽʚ ʰʝʩʪʝʨʝʥʴ [26]  

 

ʅʘ ʨʠʩʫʥʢʫ 4.1. ʧʦʢʘʟʘʥʦ ʨʦʟʭʦʜʞʝʥʥʷ ʧʦʪʦʢʫ ʟʤʘʱʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʪʘ ʝʧʶʨʠ 

ʩʠʣ ʪʠʩʢʫ ʈ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʰʝʩʪʝʨʝʥʥʦʛʦ ʝʣʝʤʝʥʪʫ ï ʦʜʠʥ ʚʽʜʢʨʠʪʦʛʦ 

ʪʠʧʫ ʽʥʰʠʡ  - ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʚ ʷʢʦʤʫ ʻ ʟʤʘʱʫʚʘʥʥʷ ʤʽʞ ʟʫʙʮʷʤʠ ʰʝʩʪʝʨʥʽ [26]. ʇʨʠ 

ʤʘʣʽʡ ʪʦʚʱʠʥʽ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʤʦʞʣʠʚʠʡ ʤʝʪʘʣʝʚʠʡ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʦʥʴ. ʊʦʜʽ 

ʪʝʨʪʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʘʢʪʦʨʽʚ, ʚʣʘʩʪʠʚʠʭ ʨʽʜʠʥʥʦʤʫ ʪʝʨʪʶ, ʽ ʜʦʜʘʪʢʦʚʦ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ʈʽʜʠʥʥʝ ʪʝʨʪʷ 

ʚʜʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʜʘʣʝʢʦ ʥʝ ʜʣʷ ʚʩʽʭ ʧʘʨ ʪʝʨʪʷ (ʨʠʩ. 4.2). ʋ ʩʫʜʥʦʚʠʭ ʤʘʰʠʥʘʭ ʽ 

ʤʝʭʘʥʽʟʤʘʭ ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʨʽʜʠʥʥʝ ʡ ʛʨʘʥʠʯʥʝ ʪʝʨʪʷ; ʨʽʜʠʥʥʝ, ʛʨʘʥʠʯʥʝ 

ʽ ʩʫʭʝ ʪʝʨʪʷ. ʋ ʣʽʪʝʨʘʪʫʨʽ ʪʘʢʽ ʢʦʤʧʣʝʢʩʠ ʥʘʟʠʚʘʶʪʴ ʘʙʦ ʥʘʧʽʚʨʽʜʠʥʥʠʤ, ʘʙʦ 

ʥʘʧʽʚʩʫʭʠʤ ʪʝʨʪʷʤ. ɯʩʪʦʪʥʠʤ ʪʫʪ ʻ ʪʝ, ʱʦ ʚ ʤʘʩʪʠʣʽ ʟôʷʚʣʷʶʪʴʩʷ ʧʨʦʜʫʢʪʠ ʟʥʦʩʫ, ʷʢʽ 

ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʶʪʴ ʭʘʨʘʢʪʝʨ ʪʝʨʪʷ, ʱʦ ʩʢʦʨʽʰʝ ʚʘʨʪʦ ʥʘʟʚʘʪʠ ʘʙʨʘʟʠʚʥʦʨʽʜʠʥʥʠʤ 

ʪʝʨʪʷʤ [26]. 
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ʇʨʘʢʪʠʯʥʝ ʟʘʥʷʪʪʷ ˉ3. ʄʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʪʝʨʪʷ. ɺʠʨʽʰʝʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ. 

 

 
ʈʠʩ. 4.2. ʊʝʨʪʷ ʪʘ ʩʠʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ  

 

ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʥʷʪʪʷ ʤʝʭʘʥʽʯʥʦʛʦ ʪʝʨʪʷ: 

1) ɿʘʜʘʯʘ ʥʘ ʩʠʣʫ ʪʝʨʪʷ 

ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʜʦʨʦʟʽ ʘʚʪʦʤʦʙʽʣʴ ʤʘʻ ʟʨʦʙʠʪʠ ʧʦʚʦʨʦʪ ʨʘʜʽʫʩʘ 45 ʤ. ʗʢʫ 

ʥʘʡʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʤʦʞʝ ʤʘʪʠ ʘʚʪʦʤʦʙʽʣʴ, ʱʦʙ çʚʧʠʩʘʪʠʩʴè ʫ ʮʝʡ 

ʧʦʚʦʨʦʪ?  ɺʚʘʞʘʡʪʝ,  ʱʦ  ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ  ʰʠʥ  ʦʙ  ʘʩʬʘʣʴʪ m =0,5 [27].  

ɼʘʥʦ: 

r=45 ʤ; 

Õ=0,5; 

g=10 ʤ/ʩ2. 

vmax - ? 

 
ʇʦʰʫʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʨʦʟʚôʷʟʘʥʥʷ 

ɿʘʧʠʰʝʤʦ ʜʨʫʛʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʫ ʚʝʢʪʦʨʥʦʤʫ ʚʠʛʣʷʜʽ: 

&̓ ̠̄̉
ᴆ .ᴆ ÍÇᴆ &̏ᴆ̐ &̓ ̠̆̑̓ ̒

ᴆ̐ ÍÁᴆ̅ .̗ 

 
(4.2) 

https://formula.kr.ua/mehanichna-vzaemodiya-til.-sila.-vidi-sil/z-sila-tertya.html


70 
 

ʉʧʨʦʝʢʪʫʻʤʦ ʨʽʚʥʷʥʥʷ ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ: 

˛ȡs &̓ ̠̆̑̓ ̒̐ ÍÁ̅ ȟ̗

˛ ȡɣ. ÍÇ πȟ
:̨ȡ &̓ ̠̄̉&̏ ̐ πȢ

 

ʆʩʢʽʣʴʢʠ 

&̓ ̠̆̑̓ ̒  ̐ ʈ. ʈÍÇȠ Á̗̅ , 

ʈÍÇ  , 

Ö ʈÇÒȢ 

 

(4.3) 

 

ʇʝʨʝʚʽʨʠʤʦ ʦʜʠʥʠʮʶ, ʟʥʘʡʜʝʤʦ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʚʝʣʠʯʠʥʠ: 

Ö Ⱦ̍ÃϽ̍ Ⱦ̍̒; Ö πȟυϽτυϽρπ ρυ ̍ Ⱦ̒ . 

 
(4.4) 

ɺʽʜʧʦʚʽʜʴ: Ö ρυ ̍Ⱦ̒Ȣ 

2) ɿʘʜʘʯʘ ʥʘ ʩʠʣʫ ʪʝʨʪʷ [27]  

ʇʦ ʧʦʭʠʣʽʡ ʧʣʦʱʠʥʽ ʨʽʚʥʦʤʽʨʥʦ ʚʠʪʷʛʫʶʪʴ ʷʱʠʢ ʤʘʩʦʶ 100 ʢʛ. ʗʢʫ ʩʠʣʫ ʩʣʽʜ 

ʧʨʠʢʣʘʩʪʠ, ʱʦ ʚʠʪʷʛʪʠ ʷʱʠʢ, ʷʢʱʦ ʚʠʩʦʪʘ ʧʦʭʠʣʦʾ ʧʣʦʱʠʥʠ 1,5 ʤ, 

 ʘ ʜʦʚʞʠʥʘ ï 4,5 ʤ? ɿʘʜʘʯʫ ʨʦʟʚ'ʷʞʽʪʴ: 

ʘ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢ-ʪʫ ʪʝʨʪʷ (ɛ=0,3); 

ʙ) ʥʝʭʪʫʶʯʠ ʩʠʣʦʶ ʪʝʨʪʷ. 

 

ɼʘʥʦ: 

m=100 ʢʛ; 

h=1,5 ʤ; 

l=4,5 ʤ; 

Õ=0,5. 

F - ? 

 
ʈʦʟʚôʷʟʦʢ: 

ʈʦʟʚôʷʞʝʤʦ ʟʘʜʘʯʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʠ ʪʝʨʪʷ. 

ɿʦʙʨʘʟʠʤʦ ʧʦʭʠʣʫ ʧʣʦʱʠʥʫ (ʜʠʚ. ʨʠʩ. ʜʦ ʟʘʜʘʯʫ) ʽ ʧʦʢʘʞʝʤʦ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʷʱʠʢ. ɺʽʩʴ ʍ ʩʧʨʷʤʫʻʤʦ ʚ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. ʋ ʧʨʦʝʢʮʽʷʭ ʥʘ ʦʩʽ ʍ ʪʘ Y ʨʽʚʥʷʥʥʷ ʤʘʻ 

ʚʠʛʣʷʜ:  

https://formula.kr.ua/mehanichna-vzaemodiya-til.-sila.-vidi-sil/z-sila-tertya.html
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& &̓ ̆̑ÍÇ ÓÉÎ ɻ π ̎  ̨̝́̃̒ sȠ 

. ÍÇ ÃÏÓ ɻ π ̎  ̨̝́̃̒ 9Ƞ 

&̓ ̆̑ А.ȟ   O . ÍÇ ÃÏÓ ɻȟ̏ ̓̇Ƞ̆ 

&̓ ̆̑ АÍÇ ÃÏÓ ɻ. 

(4.5) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ, ʤʘʻʤʦ: 

 

&̓ ̆̑ ÍÇ ÓÉÎɻ АÃÏÓɻ. (4.6) 

 

ɿ ʨʠʩʫʥʢʫ ʜʦ ʟʘʜʘʯʽ ʚʠʜʥʦ, ʱʦ ÓÉÎɻ
ȟ̍

ȟ̍
πȟσσ. 

 

ÃÏÓɻ
Ѝ ȟ ȟ

ȟ
πȟωτ. (4.7) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʫʻʤʦ & φππ(. 

ɿ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʧʘʜʢʫ А π ʦʪʨʠʤʘʻʤʦ & ÍÇÓÉÎɻ σςσ (. 

ɺʽʜʧʦʚʽʜʴ: 600 ʅ; 323 ʅ. 

 

ʇʨʠʢʣʘʜ ʽʥʰʠʭ ʟʘʜʘʯ[28]  

ʈʦʟʨʘʭʫʚʘʪʠ ʪʦʚʱʠʥʫ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʜʣʷ ʧʨʷʤʦʟʫʙʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʝʨʝʜʘʯʽ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʦʜʫʣʴ m=3, ʤʽʞʮʝʥʪʨʦʚʘ ʚʽʜʩʪʘʥʴ ʜʦʨʽʚʥʶʻ: 

ɸ= 71,5 ʤʤ, ʜʽʘʤʝʪʨ ʢʦʣʘ ʚʠʩʪʫʧʽʚ ʰʝʩʪʝʨʥʽ ɼʩ  h= 72 ʤʤ, ʢʦʣʝʩʘ ɼʩʢ = 82,5 ʤʤ, ʯʠʩʣʦ 

ʦʙʝʨʪʽʚ ʰʝʩʪʝʨʥʽ n  h= 6350 ʦʙ/ʭʚ, ʟʫʩʠʣʣʷ ʚʧʣʠʚʫ ʥʘ ʢʦʥʪʘʢʪ ʈ = 1000 ʢʛ, ʰʠʨʠʥʘ 

ʰʝʩʪʝʨʥʽ ʽ ʢʦʣʝʩʘ ɺ = 100 ʤʤ, ʦʙôʻʤʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ ʊ0 = 500ʦʉ, ʟʤʘʱʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʽʥʝʨʘʣʴʥʠʤ ʤʘʩʪʠʣʦʤ ʟ ʚôʷʟʢʽʩʪʶ n20 = 1400 ʤʤ2/ʩ, n100 = 20 ʤʤ2/ʩ. 

ɻʫʩʪʠʥʘ ʤʘʩʪʠʣʘ ʜʦʨʽʚʥʶʻ 880 ʢʛ/ʤ3, ʧôʻʟʦʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ ʜʦʨʽʚʥʶʻ 

q = 0,15 ʤʤ2/ʢʛ.  

ʈʦʟʨʘʭʫʥʦʢ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʧʨʦʚʝʜʝʥʠʡ ʜʣʷ ʪʦʯʢʠ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚʽʜʩʪʘʥʽ, ʷʢʝ ʜʦʨʽʚʥʶʻ 0,3 m ʚʽʜ ʪʦʯʢʠ ʂ1. 

ʇʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʠʤʦ ʨʘʜʽʫʩ ʙʽʣʷ ʦʩʥʦʚʠ ʟʫʙʽʚ ʰʝʩʪʝʨʥʽ Rʦ  hʟʘ ʫʤʦʚʠ, ʱʦ:  

 

Rʝʢ + Rʦ  h= ɸ; 41,25+Rʦ =h71,5; Rʦ =h30,25 ʤʤ, (4.8) 

 

ʘ ʪʘʢʦʞ ʮʝʡ ʨʘʜʽʫʩ ʫ ʢʦʣʝʩʘ Rʦʢ :  
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Rʝ  h+ Rʦʢ = ɸ; 36+Rʦʢ =71,5; Rʦʢ =35,5 ʤʤ. (4.9) 

 

ɼʘʣʽ ʟʥʘʡʜʝʤʦ ʨʘʜʽʫʩʠ ʢʨʠʚʠʟʥʠ ʢʦʣʝʩʘ ʪʘ ʰʝʩʪʝʨʥʽ ʚ ʪʦʯʮʽ ʂ1 ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

2 2̆ ̋ 2̏ ̋ τρȟςυ συȟυ ςρ ̍ ;̍ 

2˥ Ͻ̱ÓÉÎɻ 2̆ ̋ 2̏ ̋ ωȟςτ ̍ .̍ 
(4.10) 

 

ʆʢʨʽʤ ʪʦʛʦ, ʚʠʟʥʘʯʠʤʦ ʨʘʜʽʫʩʠ ʢʦʣʝʩʘ ʪʘ ʰʝʩʪʝʨʥʽ ʚ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽʡ 

ʪʦʯʮʽ ʂ'1 , ʱʦ ʚʽʜʜʘʣʝʥʘ ʚʽʜ ʪʦʯʢʠ ʂ1 ʥʘ ʚʽʜʩʪʘʥʴ 0,3ʤ. 

 

2 ǰ 2 πȟσÍ ςρπȟσϽσ ςπȟρ̍;̍ 

2˥ ǰ 2˥ πȟσÍ ωȟςτπȟσϽσ ρπȟρτ̍̍. 
(4.11) 

 

ɿʥʘʡʜʝʤʦ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʰʝʩʪʝʨʥʽ: 

 

ʖ̙
ςʌϽÎ̙

φπ

φȟςψϽφσυπ

φπ
φφτ ̒̆ Ȣ̋ (4.12) 

 

ɿʥʘʡʜʝʤʦ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʰʝʩʪʝʨʥʽ ʚ ʪʦʯʮʽ ʂ' 
1 :  

 

5˥ ǰ 2˥ ǰϽʖ̙ Ͻρπ ρπȟρτϽφφτϽρπ φȟχσȾ̍Ã. (4.13) 

 

ɺʠʟʥʘʯʠʤʦ ʨʘʜʽʫʩʠ ʧʦʯʘʪʢʦʚʠʭ ʢʽʣ ʢʦʣʝʩʘ Rʢ ʪʘ ʰʝʩʪʝʨʥʽ Rh . ʎʽ ʢʦʣʘ 

ʟôʻʜʥʫʶʪʴʩʷ ʚ ʪʦʯʮʽ, ʜʝ ʢʦʚʟʘʥʥʷ ʟʫʙʫ ʢʦʣʝʩʘ ʧʦ ʟʫʙʫ ʰʝʩʪʝʨʥʽ ʚʽʜʩʫʪʥʻ: 

 

2 ̆̋ ̏̋ ȟ ȟ
σψȟσχυ ̍ .̍ 

2̙ ̙̆ ̙̏ ȟ
σσȟρςυ ̍  ̍. 

(4.14) 

 

ɿʥʘʭʦʜʠʤʦ ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʢʦʣʝʩʘ ʟʘ ʭʚʠʣʠʥʫ ʧʢ: 

Î̋
2̙

2̋
Î̙

σσȟρςυ

σψȟσχυ
Ͻφσυπυτψρ ̏ Ⱦ̂ ̖  ̃ (4.15) 

 

ʊʦʜʽ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʢʦʣʝʩʘ ʙʫʜʝ: 
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ʖ̋
ςʌϽÎ̋

φπ

φȟςψϽυτψρ

φπ
υχσȟχ   ρȾ̒Ȣ (4.16) 

 

ɿʥʘʡʜʝʤʦ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ ʢʦʣʝʩʘ ʚ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽʡ ʪʦʯʮʽ ʂ'
1: 

 

5̠ ǰ 2̠ ǰϽʖ̙ Ͻρπ ςπȟρϽυχσȟχϽρπ ρρȟυτ ̍ȾÃ. (4.17) 

 

ɿʘ ʬʦʨʤʫʣʦʶ ʚʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚ ʪʦʯʮʽ ʂ'1 . ɺʽʜʟʥʘʯʠʤʦ, 

ʱʦ ʚ ʮʶ ʬʦʨʤʫʣʫ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ  h'0 ʧʽʜʩʪʘʚʣʷʻʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ 

ʦʙôʻʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʪʠʣʘ, ʪʦʙʪʦ ʟ ʊ0 = 500 ʉ.  

ɿʘ ʬʦʨʤʫʣʦʶ ɺʘʣʴʪʝʨʘ ʟʥʘʡʜʝʤʦ ʢʽʥʝʤʘʪʠʯʥʫ ʚôʷʟʢʽʩʪʴ u50 ʧʨʠ ʮʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ: 

 

ÌÇÌÇπȟφ ’ ˍ ÌˏÇςχσςπȟ 
ÌÇÌÇπȟφ ’ ˍ ÌˏÇςχσρππȟ 

(4.18) 

  

ɿ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ ʪʘ ɺ: 

ʊʦʜʽ ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ u50 ʜʦʨʽʚʥʶʻ: 

 

ÌÇÌÇπȟφ ’ ˍ ÌˏÇςχσυπȟ 
‡ ρσς̍̍ Ⱦ̒Ȣ 

(4.19) 

 

ɺʠʟʥʘʯʠʤʦ ʜʠʥʘʤʽʯʥʫ ʚôʷʟʢʽʩʪʴ ʤʘʩʪʠʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ0 = 50̄  ʉ. 

 

– ”z ‡ ψωχzρπ ᶻ
ρ

ωȟψρ
ρzφςρȟτψzρπ̋̄z̍̍ Ȣ̒ϳ  (4.20) 

 

ɿʘ ʬʦʨʤʫʣʦʶ ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʚ ʪʦʯʮʽ ʂ'
1 : 

 

ÌÇÌÇπȟφ ρτππˍ ÌˏÇςωσȟ 
ÌÇÌÇπȟφ ςπ ˍ ÌˏÇσχσȢ 

ɸ=9,42140, ɺ=3,61738. 

 

ל
πȟπσρφ

ρȟτψzρπ ρρȟυτzρπ φȟχσzρπ
πȟπσȢ 

(4.21) 

 

ʈʦʟʨʘʭʫʻʤʦ ʧʨʠʨʽʩʪ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʙʽʣʷ ʪʦʯʢʠ ' ʂ1 ʟʘ 

ʬʦʨʤʫʣʦʶ: 
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ὸ πȟρψυzπȟπσz ρπ ρzȟτψzρπᶻ ρρȟυτ φȟχσ

ρυЈὅ 

 

ὑ
ὖ

ὄ

ρπππ

πȟρ
ρπ ̋ ̄̍ϳ  

 

 

(4.22) 

 

ɺʠʟʥʘʯʠʤʦ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʪʠʣʘ ʙʽʣʷ ʪʦʯʢʠ ʂ' 1: 

 

ʊ=T0+Dt = 50+15 = 65 ̄C.  (4.23) 

ɺʠʟʥʘʯʠʤʦ ʢʽʥʝʤʘʪʠʯʥʫ ʚôʷʟʢʽʩʪʴ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ: 

 

lg lg (0.6 + n65) = A ï B lg 338, 

n65 = 74,6 ʤʤ 
2 /ʩ. 

– ”z ψωχzρπ ᶻ
ρ

ωȟψρ
χzτȟφ πȟφψzρπ̋̄z̍̍ϳ̒ 

 

Ὤ
σȟρχπȟφψzρπ ρzψςχπȟ πzȟρυȟ

ρπππ
ρππ

ȟ

ᶻρȟτψzπȟρ ȟ

πȟππς ̍̍ ς ̍̋ ̍

(4.24) 

 

ʇʨʠ ʪʘʢʽʡ ʪʦʚʱʠʥʽ ʧʣʽʚʢʠ ʤʘʩʪʠʣʘ ʜʣʷ ʨʽʚʥʽʚ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʫʙʮʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʨʝʞʠʤ ʟʤʘʱʫʚʘʥʥʷ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʤʫ. ʑʦ ʤʘʻʤʦ ʛʨʘʬʽʯʥʦ ʨʠʩ. 4.3: 

 

 
ʈʠʩ. 4.3. ʉʠʣʠ ʪʝʨʪʷ  ʩʧʦʢʦʶ ʪʘ ʢʦʚʟʘʥʥʷ[29] 
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ɺʠʩʥʦʚʦʢ, ʱʦʜʦ ʟʤʝʥhʝʥʥʷ ʪʝʨʪʷ ʚ ʧʘʨʘʭ ʪʝʨʪʷ ʥʝʦʙʭʽʜʥʦ ʥʘʩʪʫʧʥʝ: 

- ɿʤʘʱʫʶʪʴ ʪʝʨʪʴʦʚʽ ʧʦʚʝʨʭʥʽ; 

- ʆʙʨʦʙʣʷʶʪʴ ʪʝʨʪʴʦʚʽ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʽʚ ʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ 

ʢʦʚʟʘʥʥʷ; 

- ɺʽʜʰʣʽʬʦʚʫʶʪʴ ʜʦ ʽʜʝʘʣʴʥʦ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ; 

- ɿʘʤʽʥʶʶʪʴ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ ʥʘ ʪʝʨʪʷ ʢʦʯʝʥʥʷ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ3. ʄʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʪʝʨʪʷ. ʄʦʜʝʣʶʚʘʥʥʷ ʚ 

Ansys. 

 

ʄʝʪʘ ï ʥʘʚʠʢʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʘʱʝʥʥʷ ʚ ʧʘʨʘʭ ʪʝʨʪʷ. 

 

ʉʢʦʨʠʩʪʘʪʠʩʷ ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʽʜʦʤʦʩʪʷʤʠ ʥʘʚʝʜʝʥʠʭ ʚ ʧʨʘʢʪʠʯʥʽʡ ʨʦʙʦʪʽ ˉ3. 

 

ɿʘʚʜʘʥʥʷ. 

 ʆʙʨʘʪʠ ʧʘʨʫ ʪʝʨʪʷ ʽ ʟʤʦʜʝʣʶʚʘʪʠ ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʪʝʨʪʷ. 

ʅʘʧʨʠʢʣʘʜ ʷʢ ʚ ʩʪʘʪʪʽ [45] 

 

 
ʄʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫʚʘʥʥʷ 

ʪʨʠʙʦʩʠʩʪʝʤ: ʘ ï ɼ16 ï 30ʍɻʉɸ, ʙ ï ɼ16+Cu ï 30ʍɻʉɸ.  
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ʈʆɿɼɯʃ 5. ɿʄɸʑʋɺɸʃʔʅɯ ʈɯɼʀʅʀ ʊɸ ɰʍ ʆʉʅʆɺʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʇʨʘʢʪʠʯʥʝ ʟʘʥʷʪʪʷ ˉ4. ɺʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ 

5.1. ʊʝʦʨʽʷ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʪʝʯʽʾ 

V ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʚʠʥʠʢʘʻ ʧʝʨʽʦʜʠʯʥʝ ʧʝʨʝʢʨʠʪʪʷ ʤʘʣʝʥʴʢʠʭ ʧʫʩʪʦʪ ʽ 

ʢʘʥʘʣʽʚ ʚ ʦʙʦʭ ʫʱʽʣʴʥʶʶʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʨʽʜʠʥʘ ʮʠʨʢʫʣʶʻ ʧʽʜ ʚʧʣʠʚʦʤ 

ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚʽʜ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ: 

 

Ð  .  (5.1) 

 

ʊʠʩʢ ʚ ʟʘʟʦʨʽ ʪʦʨʮʝʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ 

ʩʠʣ, ʥʝʚʝʣʠʢʠʡ ʽ ʩʢʣʘʜʘʻ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʠʭ ʢʛʩ/ʩʤ2. ʎʝ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʧʨʠʢʣʘʜʽ [28]. 

 

ʇʨʠʢʣʘʜ 1  

ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʪʠʩʢ ʚʽʜ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʚ ʫʱʽʣʴʥʝʥʥʽ, ʱʦ ʧʨʘʮʶʻ 

ʥʘ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚʘʭ: ʩʝʨʝʜʦʚʠʱʝ ï ʤʘʩʪʠʣʦ; ɔ =  0,825- (1ʉɻ3) ʢʛ/ʩʤ3; r = 5 ʩʤ; 

v= 1500 ʩʤ2/ʩ; g = 981 ʩʤ/ʩ2; b = 0,5 ʩʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʚʠʨʘʟʫ 5.1 ʦʪʨʠʤʘʻʤʦ: 

Ð   Ñ0,19 ʢʛʩ/ʩʤ2.  

V ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ ʪʽʣʴʢʠ ʯʠʩʪʦ ʧʨʫʞʥʫ ʜʝʬʦʨʤʘʮʽʶ ʟʦʥ ʢʦʥʪʘʢʪʫ 

ʧʦʚʝʨʭʦʥʴ ʢʦʚʟʘʥʥʷ, ʪʦ ʟʛʽʜʥʦ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʐʘʣʤʘʭʘ ʤʦʞʥʘ ʪʝʦʨʝʪʠʯʥʦ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʩʪʠ, ʱʦ ʜʽʡʩʥʘ ʧʣʦʱʠʥʘ ʢʦʥʪʘʢʪʫ  Fw ʤʽʞ ʜʚʦʤʘ ʨʽʟʥʠʤʠ 

ʧʨʫʞʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ Fw = #Ð
Ⱦ

, 

ʜʝ ʉ ð ʢʦʥʩʪʘʥʪʘ ʧʨʫʞʥʦʩʪʽ. 

 

Fw = C(0Ⱦ%)2/3, (5.2) 

 

ʜʝ ʉ ð ʧʦʩʪʽʡʥʘ ʜʝʬʦʨʤʘʮʽʾ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ % ̋ ̄Ⱦ̒̒ ̍. 

 

ɺʽʜʧʦʚʽʜʥʦ ʪʝʦʨʽʾ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʪʝʯʽʾ  - Q #6. ʜʣʷ ʟʦʥʠ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ,  

l åC(0Ⱦ%)2/3, ʧʨʠ ʮʴʦʤʫ Qå#Ð
Ⱦ

. ʃʽʥʽʡʥʠʡ ʨʦʟʤʽʨ l ʧʦ ʟʘʢʦʥʫ 

 

VåCl3. (5.3) 
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5.2. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 

V ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤʠ ʪʦʨʮʝʚʝ ʫʱʽʣʴʥʝʥʥʷ ʚ 

ʥʝʨʫʭʦʤʦʤʫ ʩʪʘʥʽ ʤʘʻ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʛʝʨʤʝʪʠʯʥʽʩʪʴ, ʦʜʥʘʢ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʚʠʪʦʢʠ ʟʨʦʩʪʘʶʪʴ. 

ʅʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʚʠʪʦʢʫ Q ʚ ʪʦʨʮʝʚʠʭ ʫʱʽʣʴʥʝʥʥʷʭ ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ ʪʨʴʦʭ ʰʚʠʜʢʦʩʪʷʭ ʢʦʚʟʘʥʥʷ. ɺʠʪʦʢʠ ʧʨʠ vg = 0 ʽ ʧʨʠ vg = 5 ʤ/ʩ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:100, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʠʪʦʢʘʤʠ  ʧʨʠ vg = 5 ʤ/ʩ 

ʽ ʧʨʠ vg = 10 ʤ/ʩ ʨʽʚʥʦ 1:4,5. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʦʢʨʝʤʦ ʥʘʚʝʜʝʥʠʭ ʬʘʢʪʦʨʽʚ ʄʘʡʻʨʦʤ ʦʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ 

ʚʠʪʦʢʫ ʚ ʫʤʦʚʘʭ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ: 

 

1
Ͻ

. 
(5.4) 

 

ʇʨʠʯʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʟʘʟʦʨʫ S ʻ ʬʫʥʢʮʽʻʶ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ, ʪʠʩʢʫ, 

ʦʙʫʤʦʚʣʝʥʦʛʦ ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʩʠʣʘʤʠ, ʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʨʘʢʪʫ ʚʠʪʦʢʫ. 

 

ʇʨʠʢʣʘʜ 2  

ɺʠʟʥʘʯʠʪʠ ʛʦʜʠʥʥʫ ʚʠʪʨʘʪʫ Q ʧʨʠ ʦʙʝʨʪʦʚʦʤʫ ʪʦʨʮʝʚʦʤʫ ʫʱʽʣʴʥʝʥʥʽ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʭʝʤʠ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʂʦʝʬʽʮʽʻʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ÐȾÐ = 0,85. 

ɼʽʘʤʝʪʨ ʥʘ ʚʭʦʜʽ ʨʽʜʠʥʠ Ä, ʩʤ =10. 

ʐʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ vg, ʤ/ʩ  = 7,5. 

ʋʱʽʣʴʥʶʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ï ʜʠʟʝʣʴʥʝ ʧʘʣʴʥʝ. 

ʊʠʩʢ Ð, ʢʛʩ/ʩʤ2 =35 

ɺʠʩʦʪʘ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ, ʤʢʤ:  

 

2 πȢψ 

2 ρȢρ 

2 ρȢπ 

2 ρȢσ 

(5.5) 
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ɺʠʩʦʪʘ ʟʘʟʦʨʫ ʤʽʞ  ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʷʤʠ ʚʠʟʥʘʯʘʻʤʦ ʷʢ È πȟυ

Ͻ
 h=1.6 ʤʢʤ, vg =7,5ʤ/ʩ ʚʠʜʥʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʟʦʨʫ SσȢυ 104 

ʢʛʩ/(ʩʤ2c). ɿʚʽʜʩʠ, ʟʘ ʬʦʨʤʫʣʦʶ ʚʠʟʥʘʯʘʻʤʦ ʚʠʪʨʘʪʫ 

1
Ͻ

  ʚʠʪʨʘʪʘ ʚ ʛʦʜʠʥʫ  Qτ̒ Ⱦ̍̄ ̏̅.  (5.6) 

5.3. ɺʠʙʽʨ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʟʤʘʱʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ 

ʄʦʞʥʘ ʚʠʙʨʘʪʠ, ʨʦʟʨʘʭʫʚʘʚʰʠ ʜʠʥʘʤʽʯʥʫ ʚôʷʟʢʽʩʪʴ ʤʘʩʪʠʣʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʽʜʠʥʥʝ ʪʝʨʪʷ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʘ [29]. ʊʘʢʠʡ ʨʦʟʨʘʭʫʥʦʢ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʚʦʜʘʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʟʤʘʱʫʚʘʥʥʷ (ʨʦʟʨʦʙʣʝʥʠʡ ʄ. 

ʇʝʪʨʦʚʠʤ). ɼʣʷ ʮʽʻʾ ʮʽʣʽ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʦʨʤʫʣʦʶ: 

 

ʂ
ȟ˝

Ͻȟ Ⱦ
, (5.7) 

 

ʜʝ ɖ  ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ, ʇʘʩ;   

 ʈ ï ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʠʣʘ) ʥʘ ʧʽʜʰʠʧʥʠʢ, ʅ;  

 l/d  ï ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʧʽʜʰʠʧʥʠʢʘ ʜʦ ʡʦʛʦ ʜʽʘʤʝʪʨʫ; 

  Ä  ï ʜʽʘʤʝʪʨ ʮʘʧʬʠ, ʤ; 

 n  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ, ʦʙ/ʭʚ.  

 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʫʣʘ (ʜʠʚ. ʧ.3.4):    

 

ʂ
ȟz

ȟ Ͻȟ Ⱦ
. (5.8) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʤʘʱʫʶʯʦʛʦ ʰʘʨʫ ʧʽʜʰʠʧʥʠʢʫ  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʤʘʩʪʠʣʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʚʠʨʘʟʦʤ ɽ. ʌʘʣʴʮʘ: 

 

˟ Ô
Ͻ Ͻ

Ͻ Ͻ

ȟ

. (5.9) 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ4. ɹʫʜʦʚʠ ʡ ʨʦʙʦʪʠ ʟʤʘʱʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʦʙʽʣʝʡ.  

 

ʊʝʤʘ. ɹʫʜʦʚʘ ʟʤʘʱʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ 

ʄʝʪʘ - ʅʘ ʜʘʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʦʟʥʘʡʦʤʠʪʠʩʴ ʟ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʟʤʘʱʝʥʥʷ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ. 
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ɿʘʚʜʘʥʥʷ. ʆʟʥʘʡʦʤʠʪʠʩʴ ʟ ʾʭ ʙʫʜʦʚʦʶ ʪʘ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ. ʈʦʟʛʣʷʥʫʪʠ ʙʫʜʦʚʫ 

ʨʝʜʫʢʮʽʡʥʦʛʦ ʢʣʘʧʘʥʘ. 

 

1. ɼʝʪʘʣʽ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ: ʤʘʩʪʠʣʴʥʠʡ ʬʽʣʴʪʨ ʛʨʫʙʦʾ ʪʘ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ 

ʤʘʩʪʠʣʘ. 

3. ʇʣʘʢʘʪʠ, ʤʘʢʝʪʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦʾ 

ʨʦʙʦʪʠ. 

 

 
ʈʠʩ. 5.1. ɹʫʜʦʚʘ ʨʝʜʫʢʮʽʡʥʦʛʦ ʢʣʘʧʘʥʫ [42] 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

 

ʉʠʩʪʝʤʘ ʟʤʘʱʝʥʥʷ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʨʪʷ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʛʨʽʚʫ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʷʢʽ ʚʟʘʻʤʥʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʦʣʠʚʘ, 

ʧʨʦʭʦʜʷʯʠ ʤʽʞ ʜʝʪʘʣʷʤʠ ʜʚʠʛʫʥʘ, ʦʭʦʣʦʜʞʫʻ ʾʭ ʽ ʚʽʜʚʦʜʠʪʴ ʧʨʦʜʫʢʪʠ ʟʥʦʩʫ. ʎʝ 

ʩʫʢʫʧʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʦʜʘʶʪʴ ʤʘʩʪʠʣʦ ʚ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʦ ʧʦʚʝʨʭʦʥʴ 

ʪʝʨʪʷ [31-36]. 

ʇʨʠ ʩʫʭʦʤʫ ʪʝʨʪʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ f=0,1, ʧʨʠ ʥʘʧʽʚʨʽʜʠʥʥʦʤʫ ï f=0,01, ʧʨʠ 

ʨʽʜʠʥʥʦʤʫ ï f=0,001. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʤʘʩʪʠʣʘ ʜʦ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʻ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʟʤʘʱʫʚʘʥʥʷ: ʨʦʟʙʨʠʟʢʫʚʘʥʥʷʤ, ʧʽʜ ʪʠʩʢʦʤ, ʢʦʤʙʽʥʦʚʘʥʽ. 

ɺ ʙʽʣʴʰʦʩʪʽ ʜʚʠʛʫʥʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʤʘʱʫʚʘʥʥʷ. ʇʽʜ 

ʪʠʩʢʦʤ ʟʤʘʱʫʶʪʴʩʷ ʢʦʨʽʥʥʽ ʽ ʰʘʪʫʥʥʽ ʧʽʜʰʠʧʥʠʢʠ, ʧʽʜʰʠʧʥʠʢʠ ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʚʘʣʫ, ʦʩʽ ʢʦʨʦʤʠʩʝʣ, ʥʘʢʦʥʝʯʥʠʢʠ ʰʪʘʥʛ, ʚʪʫʣʢʠ ʰʝʩʪʝʨʝʥʴ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʚʘʣʫ, 

ʢʫʣʘʯʢʠ. ʈʝʰʪʘ ʜʝʪʘʣʝʡ ʟʤʘʱʫʶʪʴʩʷ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷʤ [31-36]. 

ʊʠʩʢ ʤʦʪʦʨʥʦʾ ʦʣʠʚʠ ʚ ʢʘʨʙʶʨʘʪʦʨʥʦʤʫ ʜʚʠʛʫʥʽ 0,3-0,5 ʄʇʘ, ʚ ʜʠʟʝʣʷʭ ï 0,5-

0,7 ʄʇʘ. 
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ʆʩʥʦʚʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʻ (ʈʠʩ. 5.2): ʧʽʜʜʦʥ ʜʣʷ 

ʤʘʩʪʠʣʘ 9, ʷʢʠʡ ʩʣʫʞʠʪʴ ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʤʘʩʪʠʣʘ; ʤʘʩʪʠʣʴʥʠʡ ʥʘʩʦʩ 13, ʷʢʠʡ 

ʥʘʛʥʽʪʘʻ ʤʘʩʪʠʣʦ ʜʦ ʪʝʨʪʴʦʚʠʭ ʯʘʩʪʠʥ; ʤʘʩʪʠʣʦʟʘʙʽʨʥʠʢʘ 11 ʟ ʩʽʪʯʘʩʪʠʤ ʬʽʣʴʪʨʦʤ; 

ʨʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ 14, ʱʦ ʦʙʤʝʞʫʻ ʛʨʘʥʠʯʥʠʡ ʪʠʩʢ ʤʘʩʪʠʣʘ ʚ ʩʠʩʪʝʤʽ; ʤʘʩʪʠʣʴʥʽ 

ʬʽʣʴʪʨʠ ʛʨʫʙʦʾ 3 ʽ ʪʦʥʢʦʾ 1 ʦʯʠʩʪʢʠ ʤʘʩʪʠʣʘ; ʤʘʩʪʠʣʦʧʨʦʚʦʜʠ 12 ʽ ʢʘʥʘʣʠ, ʧʦ ʷʢʠʭ 

ʤʘʩʪʠʣʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʪʝʨʪʴʦʚʠʭ ʯʘʩʪʠʥ; ʤʘʥʦʤʝʪʨʘ 4, ʱʦ ʢʦʥʪʨʦʣʶʻ ʪʠʩʢ ʫ ʩʠʩʪʝʤʽ 

ʟʤʘʱʝʥʥʷ; ʧʦʢʘʞʯʠʢ ʨʽʚʥʷ ʤʘʩʪʠʣʘ 10 ʽ ʤʘʩʪʠʣʦ-ʥʘʣʠʚʥʘ ʛʦʨʣʦʚʠʥʘ 2 [31-36]. 

 

 
ʈʠʩ. 5.2. ʉʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʜʚʠʛʫʥʘ [31-36] 

 

ʇʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ, ʤʘʩʪʠʣʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʘ 13 ʟ ʧʽʜʜʦʥʘ 9 ʥʘʛʥʽʪʘʻʪʴʩʷ 

ʯʝʨʝʟ ʬʽʣʴʪʨ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ 3 ʫ ʛʦʣʦʚʥʫ ʤʘʛʽʩʪʨʘʣʴ 5, ʨʦʟʪʘʰʦʚʘʥʫ ʚ ʙʣʦʮʽ. ɿ 

ʤʘʛʽʩʪʨʘʣʽ ʤʘʩʪʠʣʦ ʧʦ ʢʘʥʘʣʘʭ , ʚ ʧʝʨʝʛʦʨʦʜʢʘʭ ʙʣʦʢʫ ,ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʦʨʽʥʥʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ 8 ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʫ, ʟʤʘʟʫʻ ʾʭ ʽ ʥʘʜʭʦʜʠʪʴ ʜʘʣʽ ʧʦ ʢʘʥʘʣʘʭ ʫ ʱʦʢʘʭ ʚʘʣʫ 

ʜʦ ʰʘʪʫʥʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 7, ʟʘʙʝʟʧʝʯʫʶʯʠ ʾʭʥʻ ʟʤʘʱʝʥʥʷ. ʅʘʜʣʠʰʦʢ ʦʣʠʚʠ 

ʚʠʜʘʚʣʶʻʪʴʩʷ ʯʝʨʝʟ ʟʘʟʦʨʠ ʽʟ ʰʘʪʫʥʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ  ʽ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʾʭ ʨʘʟʦʤ ʟ 

ʚʘʣʦʤ ʨʦʟʧʨʠʩʢʫʻʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʜʚʠʛʫʥʽ, ʟʤʘʟʫʶʯʠ ʚʩʽ ʽʥʰʽ ʜʝʪʘʣʽ: ʩʪʽʥʢʠ 

ʮʠʣʽʥʜʨʽʚ, ʧʦʨʰʥʝʚʽ ʧʘʣʴʮʽ, ʨʦʟʧʦʜʽʣʴʥʠʡ ʚʘʣ, ʰʪʦʚʭʘʣʴʥʠʢʠ ʽ ʪ.ʜ [31-36]. 

ʅʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʘ ʯʘʩʪʠʥʘ ʩʪʽʥʦʢ ʮʠʣʽʥʜʨʽʚ ʽ ʢʫʣʘʯʢʠ ʨʦʟʧʦʜʽʣʴʥʦʛʦ 

ʚʘʣʫ ʽʥʦʜʽ ʟʤʘʟʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʦ ʩʪʨʫʤʝʥʷʤʠ ʤʘʩʪʠʣʘ, ʱʦ ʨʦʟʧʨʠʩʢʫʻʪʴʩʷ ʯʝʨʝʟ 

ʩʧʝʮʽʘʣʴʥʠʡ ʦʪʚʽʨ ʫ ʥʠʞʥʽʡ ʛʦʣʦʚʮʽ ʰʘʪʫʥʘ, ʚ ʤʦʤʝʥʪ ʩʧʽʚʧʘʜʽʥʥʷ ʡʦʛʦ ʟ ʢʘʥʘʣʦʤ 

ʰʘʪʫʥʥʦʾ ʰʠʡʢʠ [31-36]. 
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ɿ ʛʦʣʦʚʥʦʾ ʤʘʛʽʩʪʨʘʣʽ ʤʘʩʪʠʣʦ ʪʘʢʦʞ ʧʽʜʚʦʜʠʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʜʦ ʨʦʟʧʦʜʽʣʴʥʠʭ 

ʰʝʩʪʝʨʝʥʴ 16 ʽ ʜʦ ʧʽʜʰʠʧʥʠʢʽʚ 6 ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʚʘʣʫ. ɺ ʜʝʷʢʠʭ ʜʚʠʛʫʥʘʭ  ʽʟ 

ʰʘʪʫʥʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʧʦ ʢʘʥʘʣʘʭ  ʩʪʝʨʞʥʷ ʰʘʪʫʥʽʚ, ʤʘʩʪʠʣʦ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʚʝʨʭʥʴʦʾ ʛʦʣʦʚʢʠ ʰʘʪʫʥʘ ʜʣʷ ʟʤʘʱʝʥʥʷ ʧʦʨʰʥʝʚʦʛʦ ʧʘʣʴʮʷ. 

ʋ ʜʚʠʛʫʥʽʚ ʟ ʚʝʨʭʥʽʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʣʘʧʘʥʽʚ, ʤʘʩʪʠʣʦ ʧʽʜʚʦʜʠʪʴʩʷ ʪʘʢʦʞ ʜʦ 

ʦʩʝʡ ʢʦʨʦʤʠʩʝʣ ʢʣʘʧʘʥʽʚ [31-36]. 

ɼʣʷ ʢʨʘʱʦʛʦ ʦʯʠʱʝʥʥʷ ʤʘʩʪʠʣʦ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ, ʢʨʽʤ 

ʩʽʪʯʘʩʪʦʛʦ ʬʽʣʴʪʨʘ ʤʘʩʪʠʣʦʟʘʙʽʨʥʠʢʘ 11 ʽ ʬʽʣʴʪʨʘ. ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ 3, ʻ ʱʝ ʬʽʣʴʪʨ 

ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ 1, ʯʝʨʝʟ ʷʢʠʡ ʤʘʩʪʠʣʦ ʧʨʦʭʦʜʠʪʴ ʥʝʚʝʣʠʢʠʤʠ ʧʦʨʮʽʷʤʠ ʽ ʨʝʪʝʣʴʥʦ 

ʦʯʠʱʘʻʪʴʩʷ. ɼʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʩʪʠʣʦ ʚ ʩʠʩʪʝʤʫ ʟʤʘʱʝʥʥʷ ʽʥʦʜʽ ʚʢʣʶʯʘʶʪʴ 

ʤʘʩʪʠʣʴʥʠʡ ʨʘʜʽʘʪʦʨ 15 [31-36]. 

 

ɺʫʟʣʠ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ 

ʇʦʤʧʘ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ 

ʇʦʤʧʘ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ ʩʣʫʞʠʪʴ ʜʣʷ ʧʦʜʘʯʽ ʤʘʩʪʠʣʘ ʜʦ ʪʝʨʪʴʦʚʠʭ ʯʘʩʪʠʥ ʜʚʠʛʫʥʘ 

[31-36]. 

ʇʦʤʧʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʜʝʪʘʣʝʡ (ʨʠʩ. 5.3, ʘ): ʯʘʚʫʥʥʦʛʦ ʢʦʨʧʫʩʫ 2 ʽʟ 

ʢʨʠʰʢʦʶ 3; ʚʘʣʫ 9, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʢʦʨʧʫʩʽ; ʰʝʩʪʝʨʥʽ 1 ʧʨʠʚʦʜʘ ʧʦʤʧʠ, 

ʟʘʢʨʽʧʣʝʥʦʾ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʢʽʥʮʽ ʚʘʣʫ; ʥʘʛʥʽʪʘʣʴʥʠʭ ʰʝʩʪʝʨʝʥʴ - ʚʝʜʫʯʦʾ 7, 

ʟʘʢʨʽʧʣʝʥʦʾ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʢʽʥʮʽ ʚʘʣʫ, ʽ ʚʝʜʝʥʦʾ 8, ʱʦ ʚʽʣʴʥʦ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ ʦʩʽ ʚ 

ʢʦʨʧʫʩʽ. ɼʦ ʢʦʨʧʫʩʫ ʧʨʠʻʜʥʫʻʪʴʩʷ ʦʣʠʚʦʟʙʽʨʥʠʢ ̔ ʟ ʩʽʪʯʘʩʪʠʤ ʬʽʣʴʪʨʦʤ. ʅʘʛʥʽʪʘʣʴʥʽ 

ʰʝʩʪʝʨʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʥʠʞʥʽʡ ʢʘʤʝʨʽ ʢʦʨʧʫʩʫ ʽ ʱʽʣʴʥʦ ʧʽʜʽʛʥʘʥʽ ʜʦ ʡʦʛʦ ʩʪʽʥʦʢ; 

ʟʥʠʟʫ ʢʘʤʝʨʘ ʟʘʢʨʠʪʘ ʢʨʠʰʢʦʶ [31-36]. 

ʇʦʤʧʘ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʚʽʜ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʝʩʪʝʨʝʥʴ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʚʘʣʫ ʧʦʤʧʠ ʰʝʩʪʝʨʥʽ ʚ ʢʦʨʧʫʩʽ ʦʙʝʨʪʘʶʪʴʩʷ ʚ 

ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ (ʨʠʩ. 5.3, ʙ). ʄʘʩʪʠʣʦ (ʤʘʩʪʠʣʴʥʘ ʦʣʠʚʘ), ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ 

ʢʘʨʪʝʨʘ ʜʚʠʛʫʥʘ ʫ ʚʧʫʩʢʥʫ ʧʦʨʦʞʥʠʥʫ 10 ʥʘʩʦʩʘ, ʧʦʧʘʜʘʻ ʚ ʟʘʧʘʜʠʥʠ ʤʽʞ ʟʫʙʘʤʠ ʽ 

ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʰʝʩʪʝʨʝʥʴ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʥʘʛʥʽʪʘʣʴʥʫ ʧʦʨʦʞʥʠʥʫ 11. ʇʨʠ ʮʴʦʤʫ 

ʤʘʩʪʠʣʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʥʘʛʥʽʪʘʣʴʥʽʡ ʧʦʨʦʞʥʠʥʽ, ʽ ʚ ʥʽʡ ʩʪʚʦʨʶʻʪʴʩʷ ʪʠʩʢ, ʧʽʜ ʜʽʻʶ 

ʷʢʦʛʦ ʤʘʩʪʠʣʦ ʥʘʜʭʦʜʠʪʴ ʜʦ  ʜʝʪʘʣʝʡ. ʪʝʨʪʷ [31-36]. 

ʇʦʤʧʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʘʨʪʝʨʘ  ʜʚʠʛʫʥʘ ʘʙʦ ʟʟʦʚʥʽ ʥʘ ʢʘʨʪʝʨʽ. 

ʇʦʤʧʘ ʟʘʙʠʨʘʻ ʤʘʩʪʠʣʦ ʟ ʧʽʜʜʦʥʘ ʢʘʨʪʝʨʘ ʯʝʨʝʟ ʦʣʠʚʦʙʽʨʥʠʢ, ʦʩʥʘʱʝʥʠʡ ʩʽʪʯʘʩʪʠʤ 

ʬʽʣʴʪʨʦʤ. ʎʝʡ ʬʽʣʴʪʨ ʦʭʦʨʦʥʷʻ ʰʝʩʪʝʨʥʽ ʧʦʤʧʠ ʚʽʜ ʚʣʫʯʝʥʥʷ ʤʽʞ ʥʠʤʠ ʚʝʣʠʢʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ [31-36].  

ʂʨʽʤ ʨʦʟʛʣʷʥʫʪʦʾ ʚʠʱʝ ʦʜʥʦʩʝʢʮʽʡʥʦʾ ʧʦʤʧʠ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʧʦʤʧʠ, 

ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʩʝʢʮʽʡ, ʟ ʷʢʠʭ ʢʦʞʥʘ ʤʘʻ ʩʚʦʻ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʈʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ ʩʣʫʞʠʪʴ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʪʠʩʢʫ ʦʣʠʚʠ ʚ ʤʘʩʪʠʣʦʧʨʦʚʦʜʘʭ 

ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ. ʊʠʩʢ ʦʣʠʚʠ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠʩʷ ʧʨʠ ʜʫʞʝ ʚʝʣʠʢʽʡ ʯʘʩʪʦʪʽ 
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ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʯʠ ʧʨʠ ʥʘʜʤʽʨʥʦ ʛʫʩʪʽʡ ʦʣʠʚʽ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʭʦʣʦʜʥʦʤʫ ʜʚʠʛʫʥʽ. 

 

 

 
 

ʈʠʩ. 5.3. ʇʦʤʧʘ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ  [31-36] 

 

ʈʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ 

ʈʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ ʟʚʠʯʘʡʥʦ ʩʪʘʚʣʷʪʴ ʫ ʢʦʨʧʫʩʽ ʧʦʤʧʠ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʦʨʰʥʷ ʯʠ ʢʫʣʴʢʠ (ʨʠʩ. 5.1), ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʢʘʥʘʣʽ ʢʦʨʧʫʩʫ ʽ ʥʘʚʘʥʪʘʞʝʥʦʛʦ 

ʧʨʫʞʠʥʦʶ. ɺ ʢʘʥʘʣ ʟʟʦʚʥʽ ʟʘʢʨʫʯʝʥʘ ʧʨʦʙʢʘ 6. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʪʠʩʢʫ ʦʣʠʚʠ 

ʢʣʘʧʘʥ (ʨʠʩ. 5.1) ʟʘʢʨʠʚʘʻ ʢʘʥʘʣ, ʱʦ ʟôʻʜʥʫʻ ʥʘʛʥʽʪʘʣʴʥʫ ʧʦʨʦʞʥʠʥʫ 11 ʥʘʩʦʩʘ ʟ 

ʚʧʫʩʢʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʯʠ ʟ ʟʣʠʚʥʠʤ ʦʪʚʦʨʦʤ ʢʘʨʪʝʨʘ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʚʠʱʝ 

ʥʦʨʤʠ , ʢʣʘʧʘʥ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ʦʣʠʚʠ ʚʽʜʢʨʠʚʘʻʪʴʩʷ, ʩʪʠʩʢʘʶʯʠ ʧʨʫʞʠʥʫ, ʽ 

ʧʝʨʝʧʫʩʢʘʻ ʦʣʠʚʫ ʟ ʥʘʛʥʽʪʘʣʴʥʦʾ ʧʦʨʦʞʥʠʥʠ ʫ ʚʧʫʩʢʥʫ (ʨʠʩ. 5.1) ʯʠ ʚ ʢʘʨʪʝʨ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʦʙʤʝʞʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʛʨʘʥʠʯʥʦʛʦ ʪʠʩʢʫ ʦʣʠʚʠ ʚ ʤʘʛʽʩʪʨʘʣʽ. ʊʠʩʢ ʫ 

ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ, ʟʤʽʥʶʶʯʠ ʟʘʪʷʛʫʚʘʥʥʷ ʧʨʫʞʠʥʠ 

ʚʽʜʢʨʫʯʝʥʥʷʤ ʧʨʦʙʢʠ. ʎʝ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʣʷʪʴ ʧʨʠ ʟʙʨ̔ʮʽ ʜʚʠʛʫʥʽʚ ʥʘ ʟʘʚʦʜʽ ʯʠ ʚ 

ʨʝʤʦʥʪʥʽʡ ʤʘʡʩʪʝʨʥʽ [31-36]. 
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ʈʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ ʚ ʜʝʷʢʠʭ ʜʚʠʛʫʥʘʭ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʢʦʨʧʫʩʽ ʟʦʚʥʽʰʥʴʦʛʦ  

ʬʽʣʴʪʨʘ ʯʠ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ ʤʘʩʪʠʣʴʥʦʾ ʤʘʛʽʩʪʨʘʣʽ. 

ʄʘʩʪʠʣʴʥʽ ʬʽʣʴʪʨʠ ʜʣʷ ʦʣʠʚʠ 

ʄʘʩʪʠʣʴʥʽ ʬʽʣʴʪʨʠ ʩʣʫʞʘʪʴ ʜʣʷ ʦʯʠʱʝʥʥʷ ʦʣʠʚʠ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ  ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. 

ʇʨʠ ʨʦʙʦʪʽ ʤʘʩʪʠʣʦ ʟʘʙʨʫʜʥʶʻʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ ʤʝʪʘʣʫ, ʥʘʛʘʨʫ ʽ ʧʠʣʫ, ʱʦ 

ʧʨʦʥʠʢʘʻ ʚ ʢʘʨʪʝʨ. ʎʽ ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʧʦʪʨʘʧʣʷʶʯʠ ʨʘʟʦʤ ʟ ʦʣʠʚʦʶ ʜʦ 

ʪʝʨʪʴʦʚʠʭ ʜʝʪʘʣʝʡ, ʟʙʽʣʴʰʫʶʪʴ ʾʭʥʽʡ ʟʥʦʩ ʽ ʪʦʤʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʠʣʫʯʝʥʽ ʟ ʦʣʠʚʠ. 

 

 
 

ʈʠʩ. 5.4. ʄʘʩʪʠʣʴʥʠʡ ʬʽʣʴʪʨ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ ʦʣʠʚʠ ʧʣʘʩʪʠʥʯʘʪʦ-ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ [31-36] 

 

ʆʣʠʚʫ ʦʯʠʱʘʶʪʴ ʚʽʜ ʚʝʣʠʢʠʭ ʯʘʩʪʦʢ ʩʽʪʯʘʩʪʠʤ ʬʽʣʴʪʨʦʤ ,ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʚ ʦʣʠʚʦʟʙʽʨʥʠʢ ʧʦʤʧʠ. ʆʭʦʨʦʥʷʻ ʥʘʩʦʩ ʚʽʜ ʧʽʜʚʠʱʝʥʦʛʦ ʟʥʦʩʫ. ɼʣʷ ʙʽʣʴʰ 

ʨʝʪʝʣʴʥʦʛʦ ʦʯʠʱʝʥʥʷ ʦʣʠʚʠ, ʢʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʬʽʣʴʪʨʠ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʟʦʚʥʽ, ʥʘ ʜʚʠʛʫʥʽ [31-36]. 

ɺ ʜʚʠʛʫʥʘʭ ʙʘʛʘʪʴʦʭ ʤʦʜʝʣʝʡ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʚʘ ʟʦʚʥʽʰʥʽʭ ʤʘʩʪʠʣʴʥʠʭ 

ʬʽʣʴʪʨʠ, ʟ ʷʢʠʭ ʦʜʠʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ (ʛʨʫʙʦʾ) ʦʯʠʩʪʢʠ ʦʣʠʚʠ ʚʽʜ 

ʙʽʣʴʰ ʚʝʣʠʢʠʭ ʯʘʩʪʦʢ ʽ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʘ ʽʥʰʠʡ ʜʣʷ ʦʩʪʘʪʦʯʥʦʾ (ʪʦʥʢʦʾ) 
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ʦʯʠʩʪʢʠ ʦʣʠʚʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʬʽʣʴʪʨ ʧʨʠʻʜʥʫʶʪʴ ʜʦ ʤʘʩʪʠʣʴʥʦʾ 

ʤʘʛʽʩʪʨʘʣʽ ʧʦʩʣʽʜʦʚʥʦ ʯʠ ʧʘʨʘʣʝʣʴʥʦ [31-36]. 

ɼʣʷ ʛʨʫʙʦʛʦ ʦʯʠʱʝʥʥʷ ʦʣʠʚʠ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʤʝʪʘʣʝʚʠʡ 

ʧʣʘʩʪʠʥʯʘʩʪʠʡ ʱʽʣʠʥʥʠʡ ʬʽʣʴʪʨ ʽʟ ʨʫʢʦʷʪʢʦʶ ʜʣʷ ʨʫʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʝʣʝʤʝʥʪʘ. ʊʘʢʠʡ ʬʽʣʴʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʚʫʥʥʦʛʦ ʢʦʨʧʫʩʫ 9 (ʨʠʩ.5.4) ʽʟ 

ʧʨʠʢʨʽʧʣʝʥʠʤ ʜʦ ʥʴʦʛʦ ʟʥʠʟʫ ʢʦʚʧʘʢʦʤ ʚʽʜʩʪʽʡʥʠʢʘ 8.  

ɺʩʝʨʝʜʠʥʽ ʬʽʣʴʪʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʬʽʣʴʪʨʫʶʯʠʡ ʝʣʝʤʝʥʪ 4, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʘʩʪʠʥ ʜʚʦʭ ʚʠʜʽʚ: ʬʽʣʴʪʨʫʶʯʠʭ ʧʣʘʩʪʠʥ-

ʜʠʩʢʽʚ 6 ʽ ʧʨʦʤʽʞʥʠʭ ʧʣʘʩʪʠʥ-ʟʽʨʦʯʦʢ 5, ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʧʦ ʯʝʨʟʽ ʪʘʢ, ʱʦ ʤʽʞ 

ʬʽʣʴʪʨʫʶʯʠʤʠ ʧʣʘʩʪʠʥʘʤʠ 6 ʧʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚʫʟʴʢʽ ʟʘʟʦʨʠ 

(0,08 ʤʤ). ʉʪʝʨʞʝʥʴ 12, ʥʘ ʷʢʦʤʫ ʟʘʢʨʽʧʣʝʥʽ ʧʣʘʩʪʠʥʠ, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʪʚʽʨ ʚ 

ʢʦʨʧʫʩʽ 9 ʥʘʟʦʚʥʽ, ʽ ʡʦʛʦ ʤʦʞʥʘ ʧʦʚʝʨʪʘʪʠ ʨʘʟʦʤ ʟ ʝʣʝʤʝʥʪʦʤ ʟʘ ʨʫʢʦʷʪʢʫ. ʉʪʝʨʞʝʥʴ 

ʫ ʢʦʨʧʫʩʽ ʫʱʽʣʴʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʘʣʴʥʠʢʘ 10 ʽ ʛʘʡʢʠ 11. ɺ ʟʘʟʦʨʠ ʤʽʞ 

ʧʣʘʩʪʠʥʘʤʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦ ʟʦʚʥʽʰʥʽʡ ʾʭʥʽʡ ʯʘʩʪʠʥʽ ʚʭʦʜʷʪʴ ʥʝʨʫʭʦʤʽ 

ʧʣʘʩʪʠʥʠ 3, ʷʢʽ ʦʯʠʱʘʶʪʴ ʦʣʠʚʫ , ʟʘʢʨʽʧʣʝʥʽ ʚ ʢʦʨʧʫʩʽ ʥʘ ʰʧʠʣʴʮʽ 2 [31-36]. 

ʅʝʦʯʠʱʝʥʘ ʤʘʩʪʠʣʦ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ ʢʘʥʘʣ ʢʦʨʧʫʩʫ ʚ ʢʦʚʧʘʢʠ ʽ ʯʘʩʪʢʦʚʦ ʚ 

ʥʴʦʤʫ ʚʽʜʩʪʦʶʻʪʴʩʷ. ɺʥʘʩʣʽʜʦʢ ʪʠʩʢʫ, ʱʦ ʻ ʚ ʩʠʩʪʝʤʽ, ʤʘʩʪʠʣʦ ʧʨʦʜʘʚʣʶʻʪʴʩʷ ʢʨʽʟʴ 

ʱʽʣʠʥʠ ʫ ʬʽʣʴʪʨʫʶʯʦʤʫ ʝʣʝʤʝʥʪʽ, ʦʯʠʱʘʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, 

ʧʨʦʭʦʜʠʪʴ ʚʩʝʨʝʜʠʥʫ ʝʣʝʤʝʥʪʘ ʽ ʧʦ ʽʥʰʦʤʫ ʢʘʥʘʣʽ ʚ ʢʦʨʧʫʩʽ ʚ ʦʯʠʱʝʥʦʤʫ ʚʠʜʽ 

ʥʘʜʭʦʜʠʪʴ ʫ ʜʚʠʛʫʥ. ɹʨʫʜ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘ ʡ ʚ 

ʡʦʛʦ ʟʘʟʦʨʘʭ, ʚʠʜʘʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʚʦʨʦʪʫ ʟʦʚʥʽʰʥʴʦʾ ʨʫʢʦʷʪʢʠ ʩʪʝʨʞʥʷ. ɼʣʷ 

ʚʠʧʫʩʢʫ ʙʨʫʜʫ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʚʧʘʢʘ ʟʨʦʙʣʝʥʠʡ ʩʧʫʩʢʥʠʡ ʦʪʚʽʨ, ʟʘʢʨʠʪʠʡ 

ʧʨʦʙʢʦʶ 7. ʄʘʩʪʠʣʴʥʠʡ ʬʽʣʴʪʨ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ ʚʢʣʶʯʝʥʠʡ ʫ ʤʘʩʪʠʣʴʥʫ ʤʘʛʽʩʪʨʘʣʴ 

ʧʦʩʣʽʜʦʚʥʦ. ʇʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʚʩʷ ʤʘʩʪʠʣʦ, ʱʦ ʥʘʛʥʽʪʘʻʪʴʩʷ  ʥʘʩʦʩʦʤ ʫ 

ʛʦʣʦʚʥʫ ʤʘʛʽʩʪʨʘʣʴ, ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ ʽ ʦʯʠʱʘʻʪʴʩʷ ʚ ʥʴʦʤʫ. ʌʽʣʴʪʨ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʦʧʫʩʢʥʠʤ ʢʣʘʧʘʥʦʤ 1, ʱʦ ʧʨʦʧʫʩʢʘʻ ʦʣʠʚʫ ʚ ʤʘʛʽʩʪʨʘʣʴ, 

ʤʠʥʘʶʯʠ ʬʽʣʴʪʨ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʬʽʣʴʪʨ ʥʝ ʚʩʪʠʛʘʻ ʧʨʦʧʫʩʢʘʪʠ [31-36]. 

ɼʣʷ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʦʣʠʚʠ ʚ ʢʘʨʙʶʨʘʪʦʨʥʠʭ ʜʚʠʛʫʥʘʭ ʥʘʡʙʽʣʴʰʝ   

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʝʨʞʘʣʠ ʬʽʣʴʪʨʠ ʪʠʧʫ ɸʉʌɺ (ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʩʫʧʝʨ ʬʽʣʴʪʨ-

ʚʽʜʩʪʽʡʥʠʢ) ʯʠ ɼɸʉʌɺ (ʙʫʢʚʘ ɼ ʦʟʥʘʯʘʻ, ʱʦ ʬʽʣʴʪʨ ʜʚʦʩʝʢʮʽʡʥʠʡ). ʊʘʢʠʡ ʬʽʣʴʪʨ 

(ʨʠʩ. 5.5) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ 7; ʮʝʥʪʨʘʣʴʥʦʾ ʪʨʫʙʢʠ 15, ʟʘʢʨʽʧʣʝʥʦʾ ʚ ʢʦʨʧʫʩʽ; 

ʢʨʠʰʢʠ 3, ʱʦ ʟʘʢʨʠʚʘʻ ʢʦʨʧʫʩ ʽ ʟʘʢʨʽʧʣʝʥʦʾ ʙʦʣʪʦʤ 1 ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʪʨʫʙʮʽ, ʽ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ 5, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʚ ʢʦʨʧʫʩʽ ʥʘ ʪʨʫʙʮʽ ʽ ʟʘʢʨʽʧʣʝʥʦʛʦ 

ʧʽʜʪʠʩʢʥʦʶ ʧʨʫʞʠʥʦʶ 2. 

ʌʽʣʴʪʨʫʶʯʠʡ ʝʣʝʤʝʥʪ ʪʠʥʫ ɸʉʌʌ ʟʽʙʨʘʥʠʡ ʟ ʢʘʨʪʦʥʥʠʭ ʩʫʮʽʣʴʥʠʭ 13 ʽ 

ʚʠʨʽʟʥʠʭ 14 ʧʣʘʩʪʠʥ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦ ʯʝʨʟʽ ʽ ʟʽʙʨʘʥʠʭ ʫ ʧʘʪʨʦʥ, ʷʢʠʡ ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ 

ʟʘʢʨʠʪʠʡ ʤʝʪʘʣʝʚʠʤʠ ʢʨʠʰʢʘʤʠ ʽ ʩʪʷʛʥʫʪʠʡ ʜʫʞʢʘʤʠ. ʌʽʣʴʪʨʫʶʯʠʡ ʝʣʝʤʝʥʪ ʪʠʧʫ 

ɼɸʉʌɺ ʟʽʙʨʘʥʠʡ ʟ ʢʘʨʪʦʥʥʠʭ ʩʫʮʽʣʴʥʠʭ ʧʣʘʩʪʠʥ 12 ʽ ʧʨʦʢʣʘʜʦʢ 11 ʟ ʨʘʜʽʘʣʴʥʠʤʠ 

ʢʘʥʘʚʢʘʤʠ. ɽʣʝʤʝʥʪ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʢʦʨʧʫʩ ʬʽʣʴʪʨʘ ʥʘ ʮʝʥʪʨʘʣʴʥʫ  ʪʨʫʙʢʫ [31-36]. 
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ʋʱʽʣʴʥʝʥʥʷ ʝʣʝʤʝʥʪʘ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʪʨʫʙʮʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʘʨʪʦʥʥʠʤʠ 

ʩʘʣʴʥʠʢʘʤʠ 4, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚ ʤʝʪʘʣʝʚʠʭ ʢʨʠʰʢʘʭ ʝʣʝʤʝʥʪʘ [31-36]. 

ʋ ʥʠʞʥʽʡ ʢʨʠʰʮʽ ʝʣʝʤʝʥʪʘ ʻ ʧʨʦʧʫʩʢʥʠʡ ʦʪʚʽʨ 8 ʜʽʘʤʝʪʨʦʤ 1,1 ʤʤ, ʯʝʨʝʟ ʷʢʠʡ 

ʤʘʩʪʠʣʦ ʟʘʚʞʜʠ ʥʘʜʭʦʜʠʪʴ ʟ ʢʦʨʧʫʩʫ ʬʽʣʴʪʨʘ ʚ ʮʝʥʪʨʘʣʴʥʫ ʧʦʨʦʞʥʠʥʫ ʝʣʝʤʝʥʪʘ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ  ʦʣʠʚʠ ʯʝʨʝʟ ʝʣʝʤʝʥʪ ʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʨʝʪʝʣʴʥʝ ʾʾ ʦʯʠʱʝʥʥʷ. 

 

 
 

ʈʠʩ. 5.5 ʄʘʩʪʠʣʴʥʠʡ ʬʽʣʴʪʨ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ ʦʣʠʚʠ ʟ ʬʽʣʴʪʨʫʶʯʠʤ ʝʣʝʤʝʥʪʦʤ ʪʠʧʫ 

ɸʉʌɺ ʯʠ ʽ ɼɸʉʌɺ. [31-36] 

 

ɺʥʘʩʣʽʜʦʢ ʤʘʣʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʬʽʣʴʪʨ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʧʨʠʻʜʥʫʶʪʴ 

ʜʦ ʤʘʩʪʠʣʴʥʦʾ ʤʘʛʽʩʪʨʘʣʽ ʧʘʨʘʣʝʣʴʥʦ. ʄʘʩʪʠʣʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʬʽʣʴʪʨʘ ʟ ʛʦʣʦʚʥʦʾ 

ʤʘʛʽʩʪʨʘʣʽ ʜʚʠʛʫʥʘ ʧʦ ʙʽʯʥʽʡ ʤʘʩʪʠʣʦʚʽʜʚʽʜʥʽʡ (ʪʨʫʙʮʽ ʚʽʜʚʦʜʫ ʦʣʠʚʠ) ʪʨʫʙʮʽ 6. ɿ 

ʬʽʣʴʪʨʘ ʧʦ ʮʝʥʪʨʘʣʴʥʽʡ ʤʘʩʪʠʣʦʚʽʜʚʽʜʥʽʡ ʪʨʫʙʮʽ 10 ʦʣʠʚʘ ʟʣʠʚʘʻʪʴʩʷ ʚ ʢapʪʝʨ 

ʜʚʠʛʫʥʘ [31-36]. 

ʄʘʩʪʠʣʴʥʘ ʦʣʠʚʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʬʽʣʴʪʨ, ʚʽʜʩʪʦʶʻʪʴʩʷ ʚ ʡʦʛʦ ʢʦʨʧʫʩʽ, ʧʦʪʽʤ, 

ʥʘʜʭʦʜʷʯʠ ʚ ʧʦʨʦʞʥʠʥʠ ʝʣʝʤʝʥʪʘ, ʩʪʚʦʨʝʥʽ ʚʠʨʽʟʘʤʠ ʧʣʘʩʪʠʥ 14 ʯʠ ʧʨʦʢʣʘʜʢʘʤʠ 

11, ʚʽʜʩʪʦʶʻʪʴʩʷ ʚ ʥʠʭ. ʇʨʦʭʦʜʷʯʠ ʟ ʤʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʯʝʨʝʟ ʱʽʣʠʥʠ ʧʝʨʝʛʦʨʦʜʦʢ 

ʩʪʠʩʥʫʪʠʭ ʧʣʘʩʪʠʥ ʽ ʧʨʦʢʣʘʜʦʢ ʫ ʚʽʜʚʝʜʝʥʽ ʥʘ ʥʠʭ ʢʘʥʘʣʠ, ʤʘʩʪʠʣʴʥʘ ʦʣʠʚʘ 

ʨʝʪʝʣʴʥʦ ʬʽʣʴʪʨʫʻʪʴʩʷ (ʱʽʣʠʥʥʘ ʬʽʣʴʪʨʘʮʽʷ). ʇʦ ʢʘʥʘʣʘʭ ʧʝʨʝʛʦʨʦʜʦʢ 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʘ ʤʘʩʪʠʣʦ ʥʘʜʭʦʜʠʪʴ ʫ ʮʝʥʪʨʘʣʴʥʫ ʧʦʨʦʞʥʠʥʫ ʝʣʝʤʝʥʪʘ, ʦʩʥʦʚʥʘ ʞ 

ʯʘʩʪʠʥʘ ʦʣʠʚʠ ʧʨʦʭʦʜʠʪʴ ʫ ʮʝʥʪʨʘʣʴʥʫ ʧʦʨʦʞʥʠʥʫ ʯʝʨʝʟ ʧʨʦʧʫʩʢʥʠʡ ʦʪʚʽʨ 8. ɼʘʣʽ 

ʚʩʷ ʦʣʠʚʘ ʟ ʮʝʥʪʨʘʣʴʥʦʾ ʧʦʨʦʞʥʠʥʠ ʯʝʨʝʟ ʢʘʣʽʙʨʦʚʘʥʠʡ ʦʪʚʽʨ 16, ʧʨʦʭʦʜʠʪʴ ʫ 
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ʮʝʥʪʨʘʣʴʥʫ ʪʨʫʙʢʫ 15 ʽ ʧʦ ʤʘʩʪʠʣʦʚʽʜʚʽʜʥʽʡ ʪʨʫʙʮʽ 10 ʟʣʠʚʘʻʪʴʩʷ ʥʘʟʘʜ ʫ ʢʘʨʪʝʨ 

ʜʚʠʛʫʥʘ[31-36]. 

ɼʣʷ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʦʣʠʚʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʬʽʣʴʪʨʠ ʟ ʬʽʣʴʪʨʫʶʯʠʤ 

ʝʣʝʤʝʥʪʦʤ, ʟʘʧʦʚʥʝʥʠʤ ʰʪʫʯʥʠʤ  ʤʽʥʝʨʘʣʴʥʠʤ ʚʦʣʦʢʥʦʤ (ʫ ʜʠʟʝʣʷʭ ʗʄ3). 

 

 
ʈʠʩ. 5.6. ɺʽʜʮʝʥʪʨʦʚʠʡ ʦʯʠʩʥʠʢ ʦʣʠʚʠ (ʚʽʜʮʝʥʪʨʦʚʦ-ʤʘʩʪʠʣʴʥʘ ʮʝʥʪʨʠʬʫʛʘ) 

 

ɺʽʜʮʝʥʪʨʦʚʠʡ ʦʯʠʩʥʠʢ ʦʣʠʚʠ 

ɺ ʦʩʪʘʥʥʽʡ ʯʘʩ ʚ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʘʭ ʜʣʷ ʦʯʠʩʪʢʠ ʦʣʠʚʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʩʝ ʯʘʩʪʽʰʝ ʦʯʠʩʥʠʢʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʪʠʧʫ. 

ʋ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʦʯʠʩʥʠʢʫ (ʨʝʘʢʪʠʚʥʦ-ʤʘʩʪʠʣʴʥʽʡ ʮʝʥʪʨʠʬʫʟʽ) ʥʝ ʧʦʪʨʽʙʥʘ 

ʟʘʤʽʥʘ ʯʘʩʪʠʥ ʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʫʞʝ ʨʝʪʝʣʴʥʝ ʦʯʠʱʝʥʥʷ ʦʣʠʚʠ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ. ʊʘʢʠʡ ʦʯʠʩʥʠʢ ʟʘʤʽʥʷʻ ʟʚʠʯʘʡʥʦ ʬʽʣʴʪʨʠ ʛʨʫʙʦʛʦ ʽ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʶʚʘʥʽ ʚ ʩʠʩʪʝʤʽ ʟʤʘʱʝʥʥʷ. 
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ʂʦʨʧʫʩ 14 ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʦʯʠʩʥʠʢʘ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʜʚʠʛʫʥʘ (ʨʠʩ.5.6) 

ʟʘʢʨʠʪʠʡ ʢʦʚʧʘʢʦʤ 4. ʇʽʜ ʢʦʚʧʘʢʦʤ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ 13, ʟʘʢʨʽʧʣʝʥʦʾ ʚ ʢʦʨʧʫʩʽ, 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʜʚʦʭ ʙʨʦʥʟʦʚʠʭ ʚʪʫʣʢʘʭ 16 ʦʙʝʨʪʦʚʠʡ ʨʦʪʦʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʽʜʩʪʘʚʠ 9 ʽ ʢʨʠʰʢʠ 6, ʟʘʢʨʽʧʣʝʥʦʶ ʛʘʡʢʦʶ 5. ɿʥʠʟʫ ʧʽʜ ʨʦʪʦʨʦʤ ʥʘ ʦʩʽ ʧʦʩʪʘʚʣʝʥʠʡ 

ʫʧʦʨʥʠʡ ʢʫʣʴʢʦʚʠʡ ʧʽʜʰʠʧʥʠʢ 12, ʘ ʟʚʝʨʭʫ ʚʩʪʘʥʦʚʣʝʥʦ ʫʧʦʨʥʫ ʰʘʡʙʫ 3, ʱʦ 

ʦʙʤʝʞʫʻ ʚʝʨʪʠʢʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʪʦʨʘ. ʋʧʦʨʥʘ ʰʘʡʙʘ ʬʽʢʩʫʻʪʴʩʷ ʧʨʫʞʠʥʦʶ 2. 

ʄʽʞ ʢʦʚʧʘʢʦʤ ʽ ʢʦʨʧʫʩʦʤ ʚʩʪʘʥʦʚʣʝʥʘ ʫʱʽʣʴʥʶʚʘʣʴʥʘ ʧʨʦʢʣʘʜʢʘ. ʂʦʚʧʘʢ 

ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʰʧʠʣʴʮʽ ʙʘʨʘʥʯʠʢʦʤ ɺʩʝʨʝʜʠʥʽ ʨʦʪʦʨʘ ʻ ʜʚʽ ʚʝʨʪʠʢʘʣʴʥʽ ʪʨʫʙʢʠ 8 

ʽʟ ʩʽʪʯʘʩʪʠʤʠ ʬʽʣʴʪʨʘʤʠ 7 ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ. ʇʽʜ ʪʨʫʙʢʘʤʠ ʚ ʧʽʜʩʪʘʚʽ ʨʦʪʦʨʘ 

ʧʨʦʭʦʜʷʪʴ ʜʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʢʘʥʘʣʠ ʟ ʟʘʢʨʫʯʝʥʠʤʠ ʚ ʥʠʭ ʞʠʢʣʝʨʘʤʠ 11. ʄʘʩʪʠʣʦ, 

ʱʦ ʥʘʛʥʽʪʘʻʪʴʩʷ ʚ ʦʯʠʩʥʠʢ ʥʘʩʦʩʦʤ, ʧʦ ʢʘʥʘʣʽ 14 ʚ ʢʦʨʧʫʩʽ  ʽ ʯʝʨʝʟ ʙʽʯʥʽ ʦʪʚʦʨʠ ʚ 

ʦʩʽ 13 ʧʦʧʘʜʘʻ ʚʩʝʨʝʜʠʥʫ ʨʦʪʦʨʘ ʽ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ ʥʠʞʥʶ ʡʦʛʦ ʯʘʩʪʠʥʫ ʱʠʪʢʦʤ 10. 

ɺʥʘʩʣʽʜʦʢ ʩʪʚʦʨʶʚʘʥʦʛʦ ʪʠʩʢʫ ʤʘʩʪʠʣʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨʠ 7 ʫ ʚʝʨʪʠʢʘʣʴʥʽ 

ʪʨʫʙʢʠ 8 ʽ ʚʠʙʨʠʟʢʫʻʪʴʩʷ ʯʝʨʝʟ ʞʠʢʣʝʨʠ 11 ʫ ʢʦʨʧʫʩ ʜʚʦʤʘ ʩʠʣʴʥʠʤʠ ʧʨʦʪʠʣʝʞʥʦ 

ʩʧʨʷʤʦʚʘʥʠʤ ʩʪʨʫʤʝʥʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʨʝʘʢʪʠʚʥʠʭ ʩʠʣ ʨʦʪʦʨ 

ʦʯʠʩʥʠʢʘ ʦʜʝʨʞʫʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ [31-36]. 

ʇʨʠ ʰʚʠʜʢʦʤʫ ʦʙʝʨʪʘʥʥʽ ʨʦʪʦʨʘ ʚʩʽ ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʱʦ ʻ ʚ ʤʘʩʪʠʣʽ, ʧʽʜ 

ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʚʽʜʢʠʜʘʶʪʴʩʷ ʥʘ ʡʦʛʦ ʩʪʽʥʢʠ, ʥʘ ʷʢʠʭ ʽ ʦʩʽʜʘʶʪʴ ʱʽʣʴʥʠʤ 

ʰʘʨʦʤ. ʈʝʪʝʣʴʥʦ ʦʯʠʱʝʥʝ 11 ʤʘʩʪʠʣʦ, ʱʦ ʨʦʟʧʨʠʩʢʫʻʪʴʩʷ ʯʝʨʝʟ ʞʠʢʣʝʨʠ, ʩʪʽʢʘʻ ʚ 

ʢʦʨʧʫʩ 14 ʦʯʠʩʥʠʢʘ ̔ ʜʘʣʽ ʧʦ ʢʘʥʘʣʽ ʚ ʙʣʦʮʽ ʩʪʽʢʘʻ ʚ ʢʘʨʪʝʨ, ʚʽʜʢʽʣʷ ʥʘʧʨʘʚʣʷʻʪʴʩʷ 

ʜʣʷ ʟʤʘʱʝʥʥʷ ʜʝʪʘʣʝʡ ʜʚʠʛʫʥʘ [31-36]. 

ɺ ʢʦʨʧʫʩʽ 14 ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ 15, ʱʦ ʦʙʤʝʞʫʻ ʪʠʩʢ ʤʘʩʪʠʣʘ, 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʦʯʠʩʥʠʢ. 

ʈʘʜʽʘʪʦʨ ʜʣʷ ʦʣʠʚʥʦʾ ʩʠʩʪʝʤʠ  

ʇʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʨʪʝʨʥʦʾ ʦʣʠʚʠ ʥʝ ʧʦʚʠʥʥʘ ʩʠʣʴʥʦ 

ʧʽʜʚʠʱʫʚʘʪʠʩʷ ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʘʜʽʥʥʷ ʾʾ ʚ'ʷʟʢʦʩʪʽ. ʏʘʩʪʢʦʚʝ ʦʭʦʣʦʜʞʝʥʥʷ ʦʣʠʚʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʽʜʜʦʥʽ ʢʘʨʪʝʨʘ ʡ ʚ ʢʦʨʧʫʩʘʭ ʟʦʚʥʽʰʥʽʭ ʬʽʣʴʪʨʽʚ ʚʥʘʩʣʽʜʦʢ ʦʙʜʫʚʫ ʾʭ 

ʧʦʚʽʪʨʷʤ ʚʽʜ ʚʝʥʪʠʣʷʪʦʨʘ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ. ɼʣʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʢʘʨʪʝʨʥʦʾ ʦʣʠʚʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʘʩʪʠʣʴʥʽ ʨʘʜʽʘʪʦʨʠ. ʈʘʜʽʘʪʦʨʠ 

ʙʫʚʘʶʪʴ ʟ ʧʦʚʽʪʨʷʥʠʤ ʯʠ ʚʦʜʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ [31-36]. ʅʘʟʚʫ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʷʢ 

ʤʘʩʣʷʥʽ ʨʘʜʽʘʪʦʨʠ, ʦʣʠʚʥʽ ʨʘʜʽʘʪʦʨʠ ʘʙʦ ʤʘʩʣʷʥʽ/ʦʣʠʚʥʽ ʦʭʦʣʦʜʞʫʚʘʯʽ ʩʠʩʪʝʤʠ.  
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ʈʠʩ. 5.6. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʣʠʚʥʦʛʦ ʨʘʜʽʘʪʦʨʫ [43] 

ʇʨʠ ʧʦʚʽʪʨʷʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʤʘʩʣʷʥʠʡ ʨʘʜʽʘʪʦʨ ʪʨʫʙʯʘʩʪʦʛʦ ʪʠʧʫ, 

ʚʢʣʶʯʝʥʠʡ ʫ ʤʘʩʪʠʣʴʥʫ ʤʘʛʽʩʪʨʘʣʴ, ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʨʘʜʽʘʪʦʨʦʤ ʚʦʜʷʥʦʾ ʩʠʩʪʝʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ. ʇʨʠ ʮʴʦʤʫ ʤʘʩʪʠʣʴʥʠʡ ʨʘʜʽʘʪʦʨ ʧʨʦʭʦʣʦʜʞʫʻʪʴʩʷ ʧʦʚʽʪʨʷʤ, 

ʱʦ ʧʨʦʩʤʦʢʪʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʩʪʠʣʴʥʠʭ ʦʣʠʚ ð ʮʝ ʚ'ʷʟʢʽʩʪʴ (ʚʣʘʩʪʠʚʽʩʪʴ ʦʧʦʨʫ 

ʯʘʩʪʦʢ ʦʣʠʚʠ ʚʟʘʻʤʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ) ʽ ʤʘʩʪʠʣʴʥʽʩʪʴ (ʚʣʘʩʪʠʚʽʩʪʴ ʦʣʠʚʠ 

ʫʪʚʦʨʶʚʘʪʠ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʩʫʮʣ̔ʴʥʫ ʚʘʞʢʦʨʦʟʨʠʚʥʫ ʧʣʽʚʢʫ) [31-36]. 

ɯʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʣʠʚ: ʭʽʤʽʯʥʘ ʽ ʪʝʨʤʦʦʢʠʩʣʶʶʯʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʤʠʶʯʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʢʦʢʩʽʚʥʽʩʪʴ, ʟʦʣʴʥʽʩʪʴ, ʢʦʦʨʜʠʥʫʶʯʽ ʜʽʾ, ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʘʣʘʭʫ ʽ 

ʟʘʩʪʠʛʘʥʥʷ. 

ʆʩʥʦʚʫ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʯʘʩʥʠʭ ʜʚʠʛʫʥʽʚ ʩʢʣʘʜʘʶʪʴ ʤʽʥʝʨʘʣɹ ʥʽ 

ʦʣʠʚʠ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʚ'ʷʟʢʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʟ ʤʘʟʫʪʫ ð ʧʨʦʜʫʢʪʫ ʥʘʬʪʠ ʧʽʩʣʷ ʚʽʜʛʦʥʫ ʟ 

ʾʾ ʧʘʣʠʚʥʠʭ ʬʨʘʢʮʽʡ. ʗʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʦʣʠʚ ʧʦʣʽʧʰʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʧʨʠʩʘʜʢʘʤʠ, ʱʦ 

ʟʥʠʞʫʶʪʴ ʾʭʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʠʛʘʥʥʷ, ʟʙʽʣʴʰʫʶʪʴ ʚ'ʷʟʢʽʩʪʴ ʧʨʠ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʧʨʠʷʶʪʴ ʟʤʠʚʘʥʥʶ ʥʘʛʘʨʫ ʟ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ. ʇʨʠʩʘʜʢʠ 

ʜʦʜʘʶʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ 3...15 % (ʧʦ ʤʘʩʽ). 

ɼʣʷ ʟʤʘʫɦʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʘʨʙʶʨʘʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʽ ʜʠʟʝʣʽʚ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʪʦʨʥʽ ʦʣʠʚʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ɼʉʊʋ 10541 ð 78 ʽ 

ɼʉʊʋ 8581 ð 78. ʋ ʧʦʟʥʘʯʝʥʥʽ ʦʣʠʚʠ (ʧʨ. ʄ-8ɸ) ʧʝʨʰʘ ʙʫʢʚʘ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ (ʄ ð ʤʦʪʦʨʥʘ); ʮʠʬʨʠ ð ʥʘ ʢʽʥʝʤʘʪʠʯʥʫ ʚ'ʷʟʢʽʩʪʴ ʦʣʠʚʠ ʚ ʤ2/ʩ ʯʠ ʚ 

ʩʉʪ (ʩʘʥʪʠʩʪʦʢʩʘʭ) ʧʨʠ 100 Áʉ; ʜʨʫʛʘ ʙʫʢʚʘ ð ʮʝ ʛʨʫʧʘ ʦʣʠʚʠ. ʄʦʪʦʨʥʽ ʦʣʠʚʠ ʧʦ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʦʜʽʣʷʶʪʴ ʥʘ ʰʽʩʪʴ ʛʨʫʧ: ɸ, ɹ, ɺ, ɻ, ɼ, ɽ. ɻʨʫʧʠ ʦʣʠʚ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʡ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʚʝʜʝʥʠʭ ʧʨʠʩʘʜʦʢ. ʅʘʡʤʝʥʰʝ ʧʨʠʩʘʜʦʢ ʚ 

ʤʘʩʪʠʣʘʭ ʛʨʫʧʠ ɸ, ʘ ʚ ʢʦʞʥʽʡ ʥʘʩʪʫʧʥʽʡ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʧʦʧʝʨʝʜʥʽʡ. ʇʨʠʩʘʜʢʠ ð ʮʝ 

ʩʢʣʘʜʥʽ ʦʨʛʘʥʽʯʥʽ ʯʠ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʽ ʟ'ʻʜʥʘʥʥʷ, ʱʦ ʚʚʦʜʷʪʴ ʚ ʦʣʠʚʠ ʜʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʾʭʥʴʦʾ ʷʢʦʩʪʽ [31-36]. 
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ʆʣʠʚ ʛʨʫʧ ɼ ʽ ɽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʚʠʛʫʥʽʚ. ʆʣʠʚ ʛʨʫʧ ɹ, ɺ ʠ 

ɻ ʚʠʨʦʙʣʷʶʪʴ ʪʨʴʦʭ ʚʠʜʽʚ: ɹ1, ɺ1 ʽ ɻ1 ð ʜʣʷ ʢʘʨʙʶʨʘʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ; ɹ2, ʋ2 ʽ ɻ2 

ð ʜʣʷ ʜʠʟʝʣʽʚ. ʋʥʽʚʝʨʩʘʣʴʥʽ ʦʣʠʚʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʫ 

ʢʘʨʙʶʨʘʪʦʨʥʠʭ ʜʚʠʛʫʥʘʭ, ʪʘʢ ʽ ʚ ʜʠʟʝʣʷʭ ʧʦʟʥʘʯʘʶʪʴ ʙʫʢʚʦʶ ʙʝʟ ʮʠʬʨʦʚʦʛʦ 

ʽʥʜʝʢʩʫ. ʆʣʠʚʠ ʛʨʫʧʠ ɸ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʥʝʬʦʨʩʦʚʘʥʠʭ ʜʚʠʛʫʥʽʚ, ʛʨʫʧʠ ɹ ð ʜʣʷ 

ʦʣʠʚʦʬʦʨʩʦʚʘʥʠʭ, ʛʨʫʧʠ ɺ ð ʜʣʷ ʩʝʨʝʜʥʴʦʬʦʨʩʦʚʘʥʠʭ ʽ ʛʨʫʧʠ ɻ ð ʜʣʷ 

ʚʠʩʦʢʦʬʦʨʩʦʚʘʥʠʭ. 

ʋ ʟʠʤʦʚʠʭ ʽ ʚʩʝʩʝʟʦʥʥʠʭ ʩʦʨʪʘʭ ʦʣʠʚ ʚ'ʷʟʢʽʩʪʴ ʚʢʘʟʫʶʪʴ ʜʚʦʤʘ ʮʠʬʨʘʤʠ 

(ʜʨʦʙʦʤ). ʅʘʧʨʠʢʣʘʜ, ʫ ʧʦʟʥʘʯʝʥʥʷʭ 43/10 ʯʠ 63/8 ʮʠʬʨʠ 4 ʽ 6 ʦʟʥʘʯʘʶʪʴ 

ʢʽʥʝʤʘʪʠʯʥʫ ʚ'ʷʟʢʽʩʪʴ ʦʣʠʚʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 18 Áʉ (4 ð ʚ'ʷʟʢʽʩʪʴ ʥʝ ʤʝʥʰ 1300 ʽ ʥʝ 

ʙʽʣʴʰ 2600 ʩʉʪ, ʘ 6 ð ʚ'ʷʟʢʽʩʪʴ ʥʝ ʤʝʥʰ 2600 ʽ ʥʝ ʙʽʣʴʰ 10400 ʩʉʪ). ɹʫʢʚʘ ç3è ʫ 

ʯʠʩʝʣʴʥʠʢʫ ʦʟʥʘʯʘʻ, ʱʦ ʤʘʩʪʠʣʦ ʤʽʩʪʠʪʴ ʟʛʫʱʫʶʯʽ ʧʨʠʩʘʜʢʠ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʠʤʦʚʠʡ ʯʘʩ ʯʠ ʫ ʷʢʦʩʪʽ ʚʩʝʩʝʟʦʥʥʦʛʦ; ʮʠʬʨʘ ʚ ʟʥʘʤʝʥʥʠʢʫ 

ʚʽʜʧʦʚʽʜʘʻ ʢʽʥʝʤʘʪʠʯʥʽʡ ʚ'ʷʟʢʦʩʪʽ ʦʣʠʚʠ ʚ ʩʉʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 100Áʉ. ɼʣʷ 

ʟʤʘʟʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʣʠʚʠ ʪʽʣʴʢʠ ʪʠʭ ʩʦʨʪʽʚ, ʱʦ ʟʘʟʥʘʯʝʥʽ 

ʚ ʽʥʩʪʨʫʢʮʽʾ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʪʝʧʣʠʡ ʯʘʩ ʨʦʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʣʠʚʠ ʟ ʙʽʣʴʰʦʶ 

ʚ'ʷʟʢʽʩʪʶ, ʘ ʚ ʭʦʣʦʜʥʠʡ ʯʘʩ ð ʟ ʤʝʥʰʦʶ  ʚ'ʷʟʢʽʩʪʶ ʯʠ ʚʩʝʩʝʟʦʥʥʽ ʤʘʩʪʠʣʘ. 

ɿʘ ɼʉʊʋ 10541 ð 78 ʚʠʧʫʩʢʘʶʪʴ ʦʣʠʚʠ: ʄ-8ɸ, ʄ-8ɹ1, ʄ-8ɺ1, ʄ-8ɻ1, ʄ-

6ʟ/10ɻ1, ʄ-12ɻ1. ɼʉʊʋ 8581ð78  ʚʩʪʘʥʦʚʣʶʻ ʥʘʩʪʫʧʥʽ ʤʘʨʢʠ ʤʦʪʦʨʥʠʭ ʤʘʩʪʠʣ 

ʜʣʷ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʠʟʝʣʽʚ: ʄ-8ɺ2, ʄ-8ɻ2, ʄ-8ɻ2ʢ - ʟʠʤʦʚʦʛʦ; ʄ-10ɺ2, ʄ-10ɻ3, 

ʄ-10ɻ3ʢ ï ʣʽʪʥʴʦʛʦ. ʋ ʤʘʨʢʫʚʘʥʥʽ ʤʦʪʦʨʥʠʭ ʤʘʩʪʠʣʦ ʜʣʷ ʜʠʟʝʣʽʚ ʻ ʙʫʢʚʘ çʢè, ʱʦ 

ʚʢʘʟʫʻ, ʱʦ ʜʘʥʘ ʤʘʩʪʠʣʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʠʟʝʣʽʚ ʪʠʧʫ ʂʘʤɸɿ [31-36]. 
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ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ5. ʉʠʩʪʝʤʘ ʟʤʘʱʫʚʘʥʥʷ 

 

ʄʝʪʘ - ɺʠʚʯʠʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʦʩʥʦʚʥʠʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ 

ʟʤʘʱʝʥʥʷ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ, ʾʭ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

ʅʘʦʯʥʽ ʧʦʩʽʙʥʠʢʠ: ʘʣʴʙʦʤʠ ʧʦ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ; ʧʣʘʢʘʪʠ-ʩʭʝʤʠ 

ʩʠʩʪʝʤ ʟʤʘʱʫʚʘʥʥʷ ʘʚʪʦʪʨʘʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ; ʨʦʟʨʽʟʥʽ ʜʚʠʛʫʥʠ ʚ ʟʙʦʨʽ ʄʝʄɿ-968; 

ɺɸɿ-2101; ɻɸɿ-24; ɻɸɿ(ɿʄɿ)-53; ɿɯʃ-130; ʗʄɿ-236; ɺɸɿ-311; ʚʫʟʣʠ ʽ ʜʝʪʘʣʽ 

ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ [33-36]. 

 

 

ʈʠʩ. 5.7. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ ʜʚʠʛʫʥʘ [33-36] 

 

ɼʦʤʘʰʥʻ ʟʘʚʜʘʥʥʷ 

ɺʠʧʠʩʘʪʠ ʦʩʥʦʚʥʽ ʜʘʥʽ ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʚʘʨʽʘʥʪʫ ʟʘʚʜʘʥʥʷ: 

1. ʊʠʧ ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ. 

2. ʄʘʨʢʘ  ʤʘʩʪʠʣʘ. 

3. ɭʤʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ. 
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4. ʊʠʧ ʬʽʣʴʪʨʘ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ. 

5. ʊʠʧ ʬʽʣʴʪʨʘ ʛʨʫʙʦʛʦ ʦʯʠʱʝʥʥʷ. 

6. ʊʠʧ ʤʘʩʪʠʣʦʧʨʠʡʤʘʯʘ. 

7. ʊʠʧ ʤʘʩʪʠʣʴʥʦʛʦ ʥʘʩʦʩʘ. 

8. ʂʽʣʴʢʽʩʪʴ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʢʣʘʧʘʥʽʚ ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ. 

9. ʄʽʩʮʷ ʫʩʪʘʥʦʚʢʠ ʢʣʘʧʘʥʽʚ. 

10. ʇʨʠ ʷʢʦʤʫ ʪʠʩʢʫ ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʨʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ ʽ ʢʣʘʧʘʥ 

ʤʘʩʪʠʣʴʥʦʛʦ ʨʘʜʽʘʪʦʨʘ? 

11. ʉʧʦʩʽʙ ʦʭʦʣʦʜʞʫʚʘʥʥʷ ʤʘʩʪʠʣʘ. 

12. ʉʧʦʩʽʙ ʚʝʥʪʠʣʷʮʽʾ ʢʘʨʪʝʨʘ. 

13. ʇʝʨʝʣʽʢ ʜʝʪʘʣʝʡ, ʱʦ ʟʤʘʱʫʶʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʽ ʧʽʜ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷʤ. 

14. ʇʝʨʽʦʜʠʯʥʽʩʪʴ ʟʤʽʥʠ ʤʘʩʪʠʣʘ ʽ ʧʨʦʤʠʚʢʠ ʘʙʦ ʟʤʽʥ ʬʽʣʴʪʨʘ. 

ʅʘʢʨʝʩʣʽʪʴ: ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʽ ʧʦʢʘʞʽʪʴ 

ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ: ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ, ʬʽʣʴʪʨ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ; ʬʽʣʴʪʨ 

ʛʨʫʙʦʛʦ ʦʯʠʱʝʥʥʷ; ʨʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ; ʧʝʨʝʧʫʩʢʥʠʡ ʢʣʘʧʘʥ; ʤʘʩʪʠʣʴʥʠʡ 

ʥʘʩʦʩ; ʤʘʩʪʠʣʴʥʠʡ ʨʘʜʽʘʪʦʨ; ʛʦʣʦʚʥʫ ʤʘʩʪʠʣʴʥʫ ʤʘʛʽʩʪʨʘʣʴ; ʤʘʩʪʠʣʦʟʘʣʠʚʥʫ 

ʛʦʨʣʦʚʠʥʫ; ʩʽʪʢʫ ʤʘʩʪʠʣʦʧʨʠʡʤʘʯʘ; ʰʘʪʫʥʥʽ ʽ ʢʦʨʽʥʥʽ ʧʽʜʰʠʧʥʠʢʠ; ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʪʠʣʘ; ʜʘʪʯʠʢ ʽ ʧʦʢʘʞʯʠʢ ʪʠʩʢʫ ʤʘʩʪʠʣʘ; ʧʦʢʘʞʯʠʢ ʨʽʚʥʷ 

ʤʘʩʪʠʣʘ ʚ ʧʽʜʜʦʥʽ ʢʘʨʪʝʨʘ; ʩʭʝʤʫ ʬʽʣʴʪʨʘ ʚʽʜʮʝʥʪʨʦʚʦʾ ʦʯʠʩʪʢʠ ʤʘʩʪʠʣʘ ʽ 

ʧʦʢʘʞʽʪʴ ʡʦʛʦ ʜʝʪʘʣʽ (ʜʣʷ ʜʚʠʛʫʥʽʚ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘʢʨʝʩʣʽʪʴ ʩʭʝʤʫ 

ʧʦʚʥʦʧʦʪʦʯʥʦʛʦ ʧʘʧʝʨʦʚʦʛʦ ʬʽʣʴʪʨʘ ʽ ʧʦʢʘʞʽʪʴ ʡʦʛʦ ʜʝʪʘʣʽ). 

 

ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ [33-36]. 

1. ʇʨʠʟʥʘʯʝʥʥʷ ʽ ʟʘʛʘʣʴʥʘ ʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʟʤʘʱʫʚʘʥʥʷ. 

2. ɿ ʷʢʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʢʣʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟʤʘʱʫʚʘʥʥʷ? 

3. ʗʢʽ ʜʝʪʘʣʽ ʩʫʯʘʩʥʠʭ ʜʚʠʛʫʥʽʚ ʟʤʘʱʫʶʪʴʩʷ ʧʽʜ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷʤ, ʽ ʷʢʽ 

ʧʽʜ ʪʠʩʢʦʤ? 

4. ʗʢ ʚʣʘʰʪʦʚʘʥʠʡ ʽ ʧʨʘʮʶʻ ʬʽʣʴʪʨ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ʤʘʩʪʠʣʘ? 

5. ʗʢ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʟʤʘʱʫʚʘʥʥʷ ʬʽʣʴʪʨʠ ʛʨʫʙʦʛʦ ʽ ʪʦʥʢʦʛʦ 

ʦʯʠʱʝʥʥʷ ʤʘʩʪʠʣʘ ʽ ʯʦʤʫ ʧʨʠʡʥʷʪʠʡ ʪʘʢʠʡ ʧʦʨʷʜʦʢ ʚʢʣʶʯʝʥʥʷ? 

6. ʗʢʝ ʧʨʠʟʥʘʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʢʣʘʧʘʥʽʚ ʚ ʩʠʩʪʝʤʽ ʟʤʘʱʫʚʘʥʥʷ? 

7. ʗʢʽ ʜʝʪʘʣʽ ʜʚʠʛʫʥʘ ʟʤʘʱʫʶʪʴʩʷ ʧʫʣʴʩʫʶʯʠʤ ʩʪʨʫʤʝʥʝʤ ʤʘʩʪʠʣʘ? 

8. ʗʢʘ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʧʨʠʥʮʠʧʽ ʜʽʾ ʽ ʫʣʘʰʪʫʚʘʥʥʷ ʧʦʚʥʦʧʦʪʦʯʥʦʾ ʽ ʥʝ 

ʧʦʚʥʦʧʦʪʦʯʥʦʾ ʤʘʩʪʠʣʴʥʠʭ ʮʝʥʪʨʠʬʫʛ? 

9. ʇʨʠʟʥʘʯʝʥʥʷ ʚʝʥʪʠʣʷʮʽʾ ʢʘʨʪʝʨʘ ʽ ʩʧʦʩʦʙʠ ʾʾ ʟʜʽʡʩʥʝʥʥʷ. 

10. ʂʣʘʩʠʬʽʢʘʮʽʷ ʽ ʧʦʟʥʘʯʝʥʥʷ ʤʦʪʦʨʥʠʭ ʤʘʩʪʠʣ. ɺʠʤʦʛʠ, ʱʦ 

ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʥʠʭ. 
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ʇʨʘʢʪʠʯʥʝ ʟʘʥʷʪʪʷ ˉ5. ʇʨʠʩʪʨʦʾ ʜʣʷ ʧʦʜʘʯʽ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʦʣʠʚʠ 

 

ʄʝʪʘ ï ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʙʫʜʦʚʦʶ ʥʘʩʦʩʽʚ, ʪʘ ʾʭ ʟʤʘʱʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʅʘʩʦʩ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʪʠʩʢʫ ʦʣʠʚʠ. ʋ ʩʠʩʪʝʤʘʭ 

ʟʤʘʱʝʥʥʷ ʜʚʠʛʫʥʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʜʥʦ-, ʜʚʦ- ʪʘ ʪʨʠʩʝʢʮʽʡʥʽ ʰʝʩʪʝʨʝʥʥʽ ʥʘʩʦʩʠ 

[31-36]. 

ʆʜʥʦʩʝʢʮʽʡʥʠʡ ʥʘʩʦʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ 1 (ʨʠʩ.5.8), ʚ ʷʢʦʤʫ ʻ ʜʚʽ 

ʰʝʩʪʝʨʥʽ: ʚʝʜʫʯʘ 2 ʧʨʠʚʦʜʠʪʴʩʷ ʫ ʜʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʝʩʪʝʨʝʥʥʦʾ ʧʝʨʝʜʘʯʽ ʚʽʜ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʪʘ ʚʝʜʝʥʘ 4. ʋ ʧʨʦʮʝʩʽ ʦʙʝʨʪʘʥʥʷ ʰʝʩʪʝʨʝʥʴ ʾʭʥʽ ʟʫʙʮʽ, ʚʠʭʦʜʷʯʠ 

ʽʟ ʟʘʯʝʧʣʝʥʥʷ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ ʧʦʨʦʞʥʠʥʽ ʥʘʩʦʩʘ, ʩʪʚʦʨʶʶʪʴ ʨʦʟʨʽʜʞʝʥʥʷ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʘʩʪʠʣʦ ʟʘʩʤʦʢʪʫʻʪʴʩʷ ʟ ʧʽʜʜʦʥʘ ʢʘʨʪʝʨʘ ʯʝʨʝʟ ʩʽʪʯʘʩʪʠʡ ʬʽʣʴʪʨ 3, 

ʟʘʧʦʚʥʶʻ ʚʧʘʜʠʥʠ ʤʽʞ ʟʫʙʮ̫ ʤʠ ʡ ʧʝʨʝʥʦʩʠʪʴʩʷ ʫ ʥʘʛʥʽʪʘʣʴʥʫ ʧʦʨʦʞʥʠʥʫ [31-36]. 

 ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘʜʤʽʨʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ (ʧʦʜʘʯʫ ʥʘʩʦʩʦʤ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʽʟ ʟʘʧʘʩʦʤ) ʧʝʨʝʜʙʘʯʝʥʦ ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ.  

ɿ ʙʦʢʫ ʥʘʛʥʽʪʘʣʴʥʦʾ ʧʦʨʦʞʥʠʥʠ ʥʘ ʡʦʛʦ ʢʫʣʴʢʫ 6 ʜʽʻ ʪʠʩʢ ʤʘʩʪʠʣʘ, ʘ ʟ 

ʧʨʦʪʠʣʝʞʥʦʾ ð ʧʨʫʞʠʥʘ. ʗʢʱʦ ʪʠʩʢ ʤʘʩʪʠʣʘ ʧʝʨʝʚʠʱʫʻ ʦʧʽʨ ʧʨʫʞʠʥʠ 

(ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʧʫʩʢʫ ʜʚʠʛʫʥʘ, ʢʦʣʠ ʤʘʩʪʠʣʘ ʭʦʣʦʜʥʘ ʽ ʤʘʻ ʧʽʜʚʠʱʝʥʫ 

ʚôʷʟʢʽʩʪʴ), ʢʣʘʧʘʥ ʧʝʨʝʧʫʩʢʘʻ ʾʾ ʥʘʜʣʠʰʦʢ ʫ ʧʽʜʜʦʥ (ʚ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ð ʫ 

ʚʩʤʦʢʪʫʚʘʣʴʥʫ ʧʦʨʦʞʥʠʥʫ ʥʘʩʦʩʘ). 

 

  
ʈʠʩ. 5.8. ʉʠʩʪʝʤʘ ʟʤʘʱʝʥʥʷ ʜʚʠʛʫʥʘ ɼ-240:  

1 ð ʨʘʜʽʘʪʦʨ; 2 ð ʛʦʣʦʚʥʘ ʤʘʛʽʩʪʨʘʣʴ; 3 ð ʤʘʥʦʤʝʪʨ; 4 ð ʩʽʪʢʘ; 5 ð ʬʽʣʴʪʨ; 6 ð 

ʥʘʩʦʩ; 7, 8, 9 ð ʚʽʜʧʦʚʽʜʥʦ ʨʝʜʫʢʮʽʡʥʠʡ (ʨʘʜʽʘʪʦʨʥʠʡ), ʟʣʠʚʥʠʡ ʽ ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥʠ; 10 ð 

ʫʧʦʨʥʝ ʧʽʚʢʽʣʴʮʝ; 11 ð ʧʘʪʨʫʙʦʢ; 12 ð ʦʣʠʚʦʧʨʠʡʤʘʯ; 13 ð ʧʽʜʜʦʥ ʢʘʨʪʝʨʘ  [31-36] 
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ʂʣʘʧʘʥʠ 8 ʽ 2 ʦʙʤʝʞʫʶʪʴ ʪʠʩʢ ʧʦʜʘʯʽ ʦʣʠʚʠ (ʥʘʛʥʽʪʘʣʴʥʦʾ ʩʝʢʮʽʾ ʜʦ 1 ʄʇʘ, 

ʨʘʜʽʘʪʦʨʥʦʾ ð ʜʦ 0,25 ʄʇʘ). ʅʘʜʣʠʰʢʦʚʝ ʤʘʩʪʠʣʦ ʟʣʠʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʨʫʙʢʠ 6 ʫ 

ʧʽʜʜʦʥ ʢʘʨʪʝʨʘ  [31-36]. 

ɼʚʦʩʝʢʮʽʡʥʠʡ ʥʘʩʦʩ ʜʚʠʛʫʥʽʚ ʉʄɼ-60 ʽ ʉʄɼ-62 (ʨʠʩ.5.10) ʤʘʻ ʦʩʥʦʚʥʫ 

ʩʝʢʮʽʶ, ʱʦ ʧʦʜʘʻ ʦʣʠʚʫ ʫ ʛʦʣʦʚʥʠʡ ʢʦʥʪʫʨ (ʜʦ ʬʽʣʴʪʨʘ), ʪʘ ʜʦʜʘʪʢʦʚʫ, ʷʢʘ ʧʦʜʘʻ 

ʦʣʠʚʫ ʜʦ ʨʘʜʽʘʪʦʨʘ. ɼʦ ʢʦʨʧʫʩʫ ʥʘʛʥʽʪʘʣʴʥʦʾ ʩʝʢʮʽʾ ʥʘʩʦʩʘ 17 ʢʨʽʧʠʪʴʩʷ ʢʦʨʧʫʩ ʨʘ-

ʜʽʘʪʦʨʥʦʾ ʩʝʢʮʽʾ 12. ʅʘ ʚʘʣʫ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʰʝʩʪʝʨʥʝʶ 19, ʨʦʟʤʽʱʝʥʦ ʚʝʜʫʯʽ 

ʰʝʩʪʝʨʥʽ ʥʘʛʥʽʪʘʣʴʥʦʾ 16 (ʚʠʛʦʪʦʚʣʝʥʘ ʟʘʦʜʥʦ ʟ ʚʘʣʦʤ) ʪʘ ʨʘʜʽʘʪʦʨʥʦʾ 14 

(ʟʘʬʽʢʩʦʚʘʥʘ ʢʫʣʴʢʦʶ) [31-36]. 

 

 
ʈʠʩ. 5.9.  ʉʭʝʤʘ ʨʦʙʦʪʠ ʥʘʩʦʩʘ: 

1 ð ʢʦʨʧʫʩ; 2, 4 ð ʚʽʜʧʦʚʽʜʥʦ ʚʝʜʫʯʘ ʽ ʚʝʜʝʥʘ ʰʝʩʪʝʨʥʽ; 3 ð ʩʽʪʯʘʩʪʠʡ ʬʽʣʴʪʨ; 5 ð 

ʢʘʥʘʣ ʥʘʛʥʽʪʘʥʥʷ; 6, 8, 9 ð ʚʽʜʧʦʚʽʜʥʦ ʟʘʧʽʨʥʘ ʢʫʣʴʢʘ, ʧʨʫʞʠʥʘ ʽ ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʚʠʥʪ 

ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ; 7 ð ʦʪʚʽʨ ʜʣʷ ʧʝʨʝʧʫʩʢʫ ʤʘʩʪʠʣʦ; ʅ, ɺ ð ʚʽʜʧʦʚʽʜʥʦ ʥʘʛʥʽʪʘʣʴʥʘ ʽ 

ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʧʦʨʦʞʥʠʥʠ  [31-36] 

 

ʅʘ U-ʧʦʜʽʙʥʠʭ ʜʚʠʛʫʥʘʭ ʉʄɼ ʟʘʧʨʦʚʘʜʞʝʥʠʡ ʥʘʩʦʩ ʜʣʷ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ 

ʧʨʦʢʘʯʫʚʘʥʥʷ ʤʘʩʪʠʣʘ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʧʦʜʘʯʫ ʦʣʠʚʠ ʫ ʩʠʩʪʝʤʫ ʟ ʤʦʤʝʥʪʫ ʧʫʩʢʫ 

ʧʫʩʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʯʠʤ ʫʩʫʚʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʥʘʧʽʚʩʫʭʦʛʦ ʘʙʦ ʩʫʭʦʛʦ ʪʝʨʪʷ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʰʠʧʥʠʢʽʚ. ʇʨʠʚʦʜʠʪʴʩʷ ʥʘʩʦʩ ʚʽʜ ʰʝʩʪʝʨʥʽ 

ʨʝʜʫʢʪʦʨʘ ʧʫʩʢʦʚʦʛʦ ʜʚʠʛʫʥʘ  [31-36]. 

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʤʘʩʪʠʣʦ ʟʘʙʨʫʜʥʶʻʪʴʩʷ ʤʝʪʘʣʝʚʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, 

ʥʘʛʘʨʦʤ, ʩʤʦʣʘʤʠ ʡ ʧʠʣʦʤ. ɼʣʷ ʾʾ ʦʯʠʱʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʧʨʠʩʪʨʦʾ, 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ, ʚʽʜʩʪʦʶʚʘʥʥʷ ʯʠ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʦʯʠʱʝʥʥʷ  [31-36]. 
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ʌʽʣʴʪʨʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʩʦʯʫʚʘʥʥʷ ʤʘʩʪʠʣʦ ʯʝʨʝʟ ʜʨʽʙʥʽ ʦʪʚʦʨʠ 

ʬʽʣʴʪʨʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʝʭʘʥʽʯʥʽ ʯʘʩʪʢʠ ʟʘʪʨʠʤʫʶʪʴʩʷ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ʊʘʢʽ 

ʬʽʣʴʪʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʫ ʟʘʣʠʚʥʠʭ ʛʦʨʣʦʚʠʥʘʭ ʩʠʩʪʝʤ, ʚ ʦʣʠʚʦʧʨʠʡʤʘʯʘʭ ʪʦʱʦ  

[31-36]. 

 

 

ʈʠʩ. 510. ɼʚʦʩʝʢʮʽʡʥʠʡ ʥʘʩʦʩ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ ʜʚʠʛʫʥʽʚ ʉʄɼ-60 ʽ ʉʄɼ-62: 

1, 16 ð ʚʽʜʧʦʚʽʜʥʦ ʚʝʜʝʥʘ ʽ ʚʝʜʫʯʘ ʰʝʩʪʝʨʥʽ ʥʘʛʥʽʪʘʣʴʥʦʾ ʩʝʢʮʽʾ; 2, 3 ð ʚʽʜʧʦʚʽʜʥʦ 

ʨʝʜʫʢʮʽʡʥʠʡ ʢʣʘʧʘʥ ʽ ʚʠʭʽʜʥʠʡ ʦʪʚʽʨ ʥʘʛʥʽʪʘʣʴʥʦʾ ʩʝʢʮʽʾ; 4 ð ʩʪʦʧʦʨʥʝ ʢʽʣʴʮʝ; 5 ð 

ʨʝʛʫʣʶʚʘʣʴʥʽ ʧʨʦʙʢʠ; 6 ð ʟʣʠʚʥʽ ʪʨʫʙʢʠ; 7 ð ʢʦʨʧʫʩ ʢʣʘʧʘʥʽʚ; 8 ð ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ 

ʨʘʜʽʘʪʦʨʥʦʾ ʩʝʢʮʽʾ; 9 ð ʚʠʭʽʜʥʠʡ ʦʪʚʽʨ ʨʘʜʽʘʪʦʨʥʦʾ ʩʝʢʮʽʾ; 10, 14 ð ʚʽʜʧʦʚʽʜʥʦ ʚʝʜʝʥʘ ʽ 

ʚʝʜʫʯʘ ʰʝʩʪʝʨʥʽ ʨʘʜʽʘʪʦʨʥʦʾ ʩʝʢʮʽʾ; 11 ð ʚʩʤʦʢʪʫʚʘʣʴʥʘ ʪʨʫʙʢʘ; 12 ð ʢʦʨʧʫʩ ʨʘʜʽʘʪʦʨʥʦʾ 

ʩʝʢʮʽʾ; 13 ð ʰʧʦʥʢʘ (ʢʫʣʴʢʘ); 15 ð ʧʨʦʩʪʘʚʢʘ; 17 ð ʢʦʨʧʫʩ ʥʘʛʥʽʪʘʣʴʥʦʾ ʩʝʢʮʽʾ; 18 ð 

ʚʩʪʘʥʦʚʣʶʚʘʣʴʥʠʡ ʰʪʠʬʪ; 19 ð ʧʨʠʚʦʜʥʘ ʰʝʩʪʝʨʥʷ ʩʝʢʮʽʡ. 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ, ʱʦ ʟʘʪʨʠʤʫʶʪʴʩʷ, ʨʦʟʨʽʟʥʷʶʪʴ ʬʽʣʴʪʨʠ 

ʛʨʫʙʦʾ (ʥʝ ʧʨʦʧʫʩʢʘʶʪʴ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ ʧʦʥʘʜ 40 ʤʢʤ) ʽ ʪʦʥʢʦʾ (ʚʽʜʧʦʚʽʜʥʦ 

ʧʦʥʘʜ 1ð2 ʤʢʤ) ʦʯʠʩʪʢʠ. ɺʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ ʦʧʦʨʫ ʬʽʣʴʪʨʠ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ 

ʧʽʜôʻʜʥʫʶʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʧʘʨʘʣʝʣʴʥʦ, ʱʦʙ ʯʝʨʝʟ ʥʠʭ ʧʨʦʭʦʜʠʚ ʥʝ ʚʝʩʴ ʧʦʪʽʢ  [31-

36]. 

ʋ ʧʨʦʩʪʦʤʫ ʱʽʣʠʥʥʦʤʫ ʬʽʣʴʪʨʽ ʷʢ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʚʠ-

ʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʽʙʥʘ ʤʝʪʘʣʝʚʘ ʩʽʪʢʘ. ʇʣʘʩʪʠʥʯʘʩʪʦ-ʱʽʣʠʥʥʽ ʬʽʣʴʪʨʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʣʝʢʪʽʚ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʘʩʪʠʥ. ʄʘʩʪʠʣʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʱʽʣʠʥʠ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ, ʟʘʣʠʰʘʶʯʠ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʤʫ ʝʣʝʤʝʥʪʽ ʯʘʩʪʠʥʢʠ, 

ʙʽʣʴʰʽ ʟʘ ʱʽʣʠʥʠ  [31-36]. 






























