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ɸʬʪʘʥʶʢ ɺ.ɺ., ʂʽʨʽʩ ʆ.ɺ., ɸʬʪʘʥʶʢ ɸ.ɺ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

ɸʅɸʃɯɿ ɽʂʉʇʃʋɸʊɸʎɯɰ ʊɸ ʄʆɼɽʈʅɯɿɸʎɯʗ ʂʃɸʇɸʅɯɺ 

ʅɸɻʅɯʊɸʅʅʗ ɻɸɿʋ ɼɺʆʍʇɸʃʀɺʅʀʍ ʉʋɼʅʆɺʀʍ  

ɼɺʀɻʋʅɯɺ  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʽ ʾʾ ʟʚ'ʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʪʘ 

ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ.  

ʆʜʥʠʤ ʽʟ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ 

ʪʝ ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤʘʪʠʚʽʚ ʄɸʈʇʆʃ (ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʚʝʥʮʽʷ ʧʨʦ 

ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʶ ʟ ʩʫʜʝʥ, ɼʦʜʘʪʦʢ VI) ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦ-

ʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ  [1]. 

ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʘʙʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʘʣʴ-

ʥʦʛʦ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʙʝʟʫʤʦʚʥʦ ʟʘʙʝʟʧʝʯʫʻ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʜʥʘʢ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ 

ʢʦʥʩʪʨʫʢʮʽʶ ʧʘʣʠʚʥʦʾ ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ [2]. 

ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫ-

ʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʧʘʣʠʚʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʚʽʜ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʚʦʧʘʣʠ-

ʚʥʠʭ ʜʚʠʛʫʥʽʚ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʥʝʜʦʣʽʢʠ ʷʢʽ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʧʨʦ-

ʮʝʩʽ ʨʦʙʦʪʠ [3]. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʜʚʠʛʫʥʽ 

ʜʦʮʽʣʴʥʦ ʚʽʜʦʢʨʝʤʠʪʠ ʥʘʩʪʫʧʥʽ: 

- ʧʝʨʝʛʨʽʚ ʛʘʟʦʙʣʦʢʫ ʯʝʨʝʟ ʟʘʢʣʠʥʶʚʘʥʥʷ ʢʣʘʧʘʥʘ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʫʧʨʠʩʢʫʚʘʥʥʷ ʛʘʟʫ ʫ ʚʽʜʢʨʠʪʦʤʫ ʧʦʣʦʞʝʥʥʽ (ʧʝʨʝʛʨʽʚ ʧʨʠʟʚʦʜʠʪʴ 

ʪʘʢʦʞ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʫʱʽʣʴʥʝʥʴ); 

- ʥʝʜʦʩʢʦʥʘʣʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠ-

ʛʫʥʦʤ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʛʘʟʦʚʠʡ ʨʝʞʠʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʘ. 

- ʚʽʜʤʦʚʠ ʚ ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʩʪʘʯʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ 

(ʩʠʩʪʝʤʽ ʚʠʷʚʣʝʥʥʷ ʚʠʪʦʢʽʚ ʽ ʚʝʥʪʠʣʷʮʽʾ, ʘʟʦʪʥʽʡ ʩʠʩʪʝʤʽ ʪʘ ʩʠʩʪʝʤʽ 

ʧʦʚʝʨʥʝʥʥʷ ʛʘʟʫ); 

- ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʩʫʥʦʢ ʧʦʜʘʚʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʚʥʘʩʣʽ-

ʜʦʢ ʧʝʨʝʛʨʽʚʫ. 

ɺʩʝ ʧʝʨʝʣʽʯʝʥʽ ʥʝʜʦʣʽʢʠ ʧʦʩʪʫʧʦʚʦ ʫʩʫʚʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʥʝ-

ʩʝʥʥʷ ʟʤʽʥ ʚ ʢʦʥʩʪʨʫʢʮʽʶ. ʇʨʠʢʣʘʜʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʜʚʦʧʘ-

ʣʠʚʥʠʭ ʜʚʠʛʫʥʽʚ ʻ ʟʤʽʥʘ ʢʦʥʩʪʨʫʢʮʽʾ ʢʣʘʧʘʥʽʚ ʥʘʛʥʽʪʘʥʥʷ ʛʘʟʫ (GIV) 
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[3]. ɿʘ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʬʦʨʩʫʥʢʘʭ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ 

ʪʨʽʱʠʥʠ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʊʨʽʱʠʥʠ ʚ ʩʦʧʣʽ GIV [3] 

ɸʥʘʣʽʟ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʴʦʛʦ ʢʣʘʧʘʥʫ ʧʦʢʘʟʫʻ, ʱʦ ʦʛʦʣʦʚʦʢ 

ʢʣʘʧʘʥʫ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʡ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ (ʧʦʷʚʘ ʪʨʽʱʠʥ). ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ 

ʥʝʜʦʣʽʢʫ ʬʘʭʽʚʮʷʤʠ [3] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʤʝʥʰʠʪʠ ʜʦʚʞʠʥʫ ʢʣʘ-

ʧʘʥʫ (ʨʠʩ. 2) ʪʘ ʤʘʪʝʨʽʘʣ ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʢʣʘʧʘʥ (ʚʠʢʦʨʠʩʪʘʥʦ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʩʪʘʣʴ S40Cr5Mo1V), ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʤʦʞʣʠʚʦ ʧʨʦ-

ʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ.  
 

 
ʈʠʩ. 2. ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʚʦʛʦ ʩʦʧʣʘ GIV - ʦʩʪʘʥʥʷ ʨʦʟʨʦʙʢʘ 

ʩʧʨʘʚʘ [3] 

ʇʦʜʘʣʴʰʝ ʧʦʣʽʧʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʢʣʘʧʘʥʽʚ ʥʘʛʥʽʪʘʥʥʷ ʛʘʟʫ ʤʦ-

ʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʦʢ ʦʛʦʣʦʚʢʫ, ʦʜʥʘʢ ʪʘʢʝ 
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ʨʽʰʝʥʥʷ ʟʙʽʣʴʰʫʻ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʦʪʚʦʨʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʛʦʣʦ-

ʚʢʫ. ʊʦʤʫ ʜʣʷ ʟʙʘʣʘʥʩʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʣʘʧʘʥʫ 

ʥʝʦʙʭʽʜʥʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʘʮʽʦʥʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʦʪʚʦʨʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʢʣʘʧʘʥʘ ʥʘʛʥʽʪʘʥʥʷ ʛʘʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʴʯʠʭ 

ʦʪʚʦʨʽʚ ʩʧʝʮʽʘʣʴʥʦʾ ʬʦʨʤʠ ʟʽ ʟʤʝʥʰʝʥʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʰʚʠʜʢʦʩʪʝʡ ʚ ʧʝʨʝ-

ʨʽʟʽ. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥ-

ʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʦʪʚʦʨʫ ʪʘʢ ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʟʤʝʥʰʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʥʘʡʙʽʣʴʰ ʨʽʚʥʦʤʽʨ-

ʥʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʢʣʘʧʘʥʫ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʝʬʝʢʪʠʚ-

ʥʩ̔ʪʴ ʚʥʝʩʝʥʠʭ ʟʤʽʥ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʛʘʟʫ ʢʨʽʟʴ ʦʪʚʽʨ ʚ ʛʦʣʦʚʮʽ ʢʣʘʧʘ-

ʥʫ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʭʦʜʞʝʥʥʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʢʨʽʟʴ ʤʘʣʠʡ 

ʦʪʚʽʨ ʟ ʨʝʟʝʨʚʫʘʨʫ ʥʝʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ (ʨʠʩ. 3) [4]. ɺʠʟʥʘʯʝʥʥʷ 

ʚʪʨʘʪ ʥʘʧʦʨʫ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʽ ʢʘʥʘʣʫ ʟ ʨʘʧʪʦ-

ʚʠʤ ʟʚʫʞʝʥʥʷʤ, ʚ ʷʢʦʤʫ ʤʽʩʮʝʚʽ ʦʧʦʨʠ ʦʙʫʤʦʚʣʝʥʽ ʪʝʨʪʷʤ ʧʦʪʦʢʫ ʧʨʠ 

ʚʭʦʜʽ ʫ ʚʫʞʯʠʡ ʦʪʚʽʨ ʪʘ ʚʠʭʨʦʫʪʚʦʨʝʥʥʷʤ. 

 
ʈʠʩ. 3. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʪʚʦʨʫ ʚ ʛʦʣʦ-

ʚʮʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʢʣʘʧʘʥʫ 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʚʪʨʘʪ ʥʘʧʦʨʫ ʚ ʦʪʚʦʨʽ ʚʠʢʦʥʫ-

ʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʽ ɺʝʡʩʙʘʭʘ  [4] 

g
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2

2

2x=  

ʜʝ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʟʚʫʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ  ʧʦ ʥʘʧʽʚʝʤʧʽʨʠʯʥʽʡ ʬʦ-

ʨʤʫʣʽ ɯ.ɭ. ɯʜʝʣʴʯʠʢʘ [4]: 
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ʚ ʷʢʽʡ n = S1/S2 -  ʩʪʫʧʽʥʴ ʟʚʫʞʝʥʥʷ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʩʪʘʣʦʾ ʨʦʙʦʪʠ ʛʘʟʦʨʦʟʧʦ-

ʜʽʣʴʥʦʛʦ ʛʦʣʦʚʢʠ ʢʣʘʧʘʥʫ ʜʦʮʽʣʴʥʦ ʟʙʽʣʴʰʠʪʠ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ʛʦʣʦʚ-

ʢʠ, ʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʟʤʽʥʠʪʠ ʬʦʨʤʫ ʦʪʚʦʨʫ 

(ʨʠʩ. 4). 

 
ʈʠʩ. 4. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘ-

ʥʦʛʦ ʦʪʚʦʨʫ ʚ ʛʦʣʦʚʮʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʢʣʘʧʘʥʫ 

ɿ ʙʘʟʦʚʠʭ ʧʦʣʦʞʝʥʴ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʚʽʜʦʤʦ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʫ 

ʨʘʧʪʦʚʦʛʦ ʟʚʫʞʝʥʥʷ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʪʫʧʦʚʦʛʦ 

ʟʚʫʞʝʥʥʷ (ʢʦʥʬʫʟʦʨ) ʘʙʦ ʩʦʧʣʘ (ʢʦʥʬʫʟʦʨ ʟ ʧʣʘʚʥʦ ʩʧʦʣʫʯʝʥʠʤʠ 

ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʪʘ ʢʦʥʽʯʥʠʤʠ ʯʘʩʪʠʥʘʤʠ, ʨʠʩ.4). 

ʊʝʯʽʷ ʨʽʜʠʥʠ ʫ ʢʦʥʬʫʟʦʨʽ (ʘʙʦ ʩʦʧʣʽ) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥ-

ʥʷʤ ʰʚʠʜʢʦʩʪʽ ʪʘ ʧʘʜʽʥʥʷʤ ʪʠʩʢʫ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʪʨʘʪ ʥʘʧʦ-

ʨʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʣʠʰʝ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʢʦʥʬʫʟʦʨʫ (ʘʙʦ ʩʦʧʣʘ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-

ʣʦʶ [5]: 
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ʅʝʚʝʣʠʢʝ ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʚʽʜʨʠʚ ʧʦʪʦʢʫ ʚʽʜ ʩʪʽʥʢʠ ʟ ʦʜʥʦʯʘʩ-

ʥʠʤ ʩʪʠʩʥʝʥʥʷʤ ʧʦʪʦʢʫ ʚʠʥʠʢʘʻ ʣʠʰʝ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʚ ʤʽʩʮʽ ʧʝʨʝ-

ʭʦʜʫ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʫ ʮʠʣʽʥʜʨʠʯʥʫ. ɿʘʢʨʫʛʣʝʥʥʷʤ ʚʭʽʜʥʦʛʦ ʢʫʪʘ 
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ʤʦʞʥʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʫ ʥʘʧʦʨʫ ʧʨʠ ʚʭʦʜʽ ʚ ʮʠʣʽʥʜʨʠʯʥʫ ʯʘʩ-

ʪʠʥʫ. 

ʊʦʙʪʦ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʢʦʥʘʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʯʽʡ ʚ ʦʪʚʦʨʽ ʛʦʣʦʚʢʠ ʛʘʟʦ-

ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʢʣʘʧʘʥʫ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʛʽʜʨʘʚ-

ʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʣʘʧʘʥʫ ʚʠʢʦʥʘʪʠ ʦʪʚʦʨʠ ʫ ʚʠʛʣʷʜʽ ʩʦʧʣʘ ʟ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷʤ ʚʭʽʜʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʦ ʚʠʭʽʜʥʦʛʦ 2/1 ʪʦʙʪʦ ʩʪʫʧʽʥʴ ʟʚʫʞʝʥʥʷ 

n = 0,5, ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʫ 3 ʨʘʟʠ ʫ ʧʦʨʽʚ-

ʥʷʥʥʽ ʟ ʩʪʘʥʜʘʨʪʥʦʶ (ʨʠʩ. 5).  

 

        
 

                   ʘ)                                                       ʙ) 
ʈʠʩ. 5. ʉʭʝʤʘ ʦʪʚʦʨʽʚ ʫ ʛʦʣʦʚʮʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʢʣʘʧʘʥʫ: ʘ ï ʩʪʘʥ-

ʜʘʨʪʥʠʡ ʦʪʚʽʨ; ʙ ï ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʦʪʚʽʨ (ʧʨʠ ʟʙʽʣʴʰʝʥʽʡ ʪʦʚʱʠʥʽ ʪʘ ʦʪʚʦʨʠ 

ʫ ʚʠʛʣʷʜʽ ʩʦʧʣʘ) 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʡ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʪʚʝʨʜʦʪʽ-

ʣʴʥʫ ʤʦʜʝʣʴ ʛʦʣʦʚʢʠ ʢʣʘʧʘʥʫ ʥʘʛʥʽʪʘʥʥʷ ʛʘʟʫ ʪʘ ʧʨʦʚʝʩʪʠ 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ. 

ɺʠʩʥʦʚʢʠ 

1. ʅʘ ʧʽʜʩʪʘʚʽ ʜʦʩʚʽʜʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʚʦʧʘʣʠʚʥʠʭ ʜʚʠʛʫʥʽʚ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʥʝʜʦʣʽʢʠ ʷʢʽ ʚʠʷʚʣʷʶʪʴʩʷ ʧʨʦʮʝʩʽ ʾʭ ʨʦʙʦʪʠ.  

2. ɺʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʜʚʠʛʫʥʽ, ʘ 

ʩʘʤʝ: ʧʝʨʝʛʨʽʚ ʛʘʟʦʙʣʦʢʫ ʯʝʨʝʟ ʟʘʢʣʠʥʶʚʘʥʥʷ ʢʣʘʧʘʥʘ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʫʧʨʠʩʢʫʚʘʥʥʷ ʛʘʟʫ; ʥʝʜʦʩʢʦʥʘʣʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʦʤ; ʚʽʜʤʦʚʠ ʚ ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʩʪʘʯʘʥʥʷ 

ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ; ʨʫʡʥʫʚʘʥʥʷ ʬʦʨʩʫʥʦʢ ʧʦʜʘʚʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘ-

ʣʠʚʘ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʛʨʽʚʫ. 

3. ɼʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʬʦʨʩʫʥʦʢ ʧʦʜʘʚʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷ-

ʤʦʢ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

4. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʨʦʙʦʪʠ ʢʣʘʧʘʥʽʚ ʥʘʛʥʽʪʘʥʥʷ ʛʘʟʫ ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʟʤʽʥʘ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʦʪʚʦʨʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʟʙʽ-

ʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʘ ʟʤʽʥʫ ʬʦʨʤʠ ʦʪʚʦʨʫ, ʪʦʙʪʦ ʚʠʢʦʥʘʥʥʷ 

ʦʪʚʦʨʫ ʫ ʬʦʨʤʽ ʩʦʧʣʘ (ʨʠʩ.4) ʟʽ ʩʪʫʧʝʥʝʤ ʟʚʫʞʝʥʥʷ n = 0,5. 
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5. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʡ ʟ ʚʽʟʫʘʣʽʟʘʮʽʻʶ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʦʛʦʣʦʚʢʫ ʢʣʘʧʘʥʫ ʥʘʛʥʽʪʘʥʥʷ ʛʘʟʫ ʤʦʞ-

ʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ï CFD ʤʦ-

ʜʝʣʶʚʘʥʥʷ. 

ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. W RTSIL  ENCYCLOPEDIA OF SHIP TECHNOLOGY/ Jan 

Babicz. ï Helsinki, 2015.  ï 663 p. 

2. MAN Energy Solutions. MAN B&W ME-LGIP dual-fuel engines. 

ï ʂʦʧʝʥʛʘʛʝʥ: MAN Diesel & Turbo, 2020. ï 29 ʩ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

www.man-es.com. 

3. MAN Energy Solutions .Service experience ï two-stroke 

technologies. ï ʂʦʧʝʥʛʘʛʝʥ: MAN Diesel & Turbo, 2020. ï 52 ʩ. ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: www.man-es.com. 
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ɹʦʛʘʯ ɺ.ʄ., ʆʙʝʨʪʶʨ ʂ.ʃ., ɼʦʚʠʜʝʥʢʦ ʖ.ʄ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʇʈʆʎɽʉʋ ʇʆɼɸʏɯ ʄɸʉʊʀʃɸ ɺ  

ʎʀʃɯʅɼʈʀ ʉʋɼʅʆɺʀʍ ɼʀɿɽʃɯɺ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ʇʨʠ ʘʥʘʣʽʟʽ ʝʬʝʢ-

ʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʣʫʙʨʠʢʘʪʦʨʥʠʭ ʩʠʩʪʝʤ ʩʫʜʥʦʚʠʭ ʄʆɼ ʨʽʚʝʥʴ ʟʥʦ-

ʰʫʚʘʥʥʷ ʚ ʮʠʣʽʥʜʨʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʘʨʦʫʪʚʦʨʝʥʴ ʽ ʚʠʪʨʘʪʠ ʮʠʣʽʥ-

ʜʨʦʚʦʛʦ ʤʘʩʣʘ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʘʣʠʰʘʣʠʩʷ ʣʠʰʝ ʢʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ 

ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ [1] ʜʦʚʝʜʝʥʦ, ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʤʘʩʪʠʣʘ (ʧʨʠ ʽʩ-

ʥʫʶʯʠʭ ʩʠʩʪʝʤʘʭ) ʥʝʤʠʥʫʯʝ ʥʘʜʭʦʜʠʪʴ ʫ ʮʠʣʽʥʜʨ ʫ ʧʝʨʽʦʜ ʨʫʭʫ ʧʦʨ-

ʰʥʷ ʥʠʞʯʝ ʤʘʩʪʠʣʴʥʠʭ ʦʪʚʦʨʽʚ ʽ ʧʦʪʨʘʧʣʷʻ ʥʘ ʙʦʢʦʚʫ ʧʦʚʝʨʭʥʶ ʛʦ-

ʣʦʚʢʠ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʜʥʠʱʝ, ʜʝ ʚʦʥʦ ʩʪʘʻ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʫʪʚʦ-

ʨʝʥʥʷ ʥʘʛʘʨʫ (ʨʠʩ.1), ʷʢʠʡ, ʷʢ ʚʽʜʦʤʦ, ʧʦʛʽʨʰʫʻ ʩʪʘʥ ʽ ʫʤʦʚʠ ʨʦʙʦʪʠ 

ʮʠʣʽʥʜʨʘ. 

ʎʷ ʥʝʢʝʨʦʚʘʥʘ ʧʦʜʘʯʘ ʤʘʩʣʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʨʰʥʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʷʢʠʭ ʜʦʩʷʛʘʻ 500Áʉ ʽ ʙʽʣʴʰʝ, ʩʪʘʚʠʪʴ ʤʘʩʣʦ ʚ ʢʨʠʪʠʯʥʽ (ʥʝ ʟʘʧʣʘʥʦʚʘ-

ʥʽ ʧʨʠ ʾʭ ʩʪʚʦʨʝʥʥʽ) ʫʤʦʚʠ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʽʟ-ʟʘ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʣʫʙ-

ʨʠʢʘʪʦʨʥʠʭ ʩʠʩʪʝʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʧʨʷʤʝ, ʥʝʚʠʧʨʘʚʜʘʥʝ ʩʧʘ-

ʣʶʚʘʥʥʷ ʜʝʬʽʮʠʪʥʠʭ ʮʠʣʽʥʜʨʦʚʠʭ ʤʘʩʝʣ, ʘ ʡ ʩʫʪʪʻʚʝ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʧʨʦʷʚʽʚ ʾʭ ʷʢʦʩʪʽ ʪʘ ʩʧʨʘʚʞʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʤʘʩʪʠʣʴʥʠʭ ʩʠʩʪʝʤ ʙʝʟ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʬʦʨʤʦʚʘʥʽ ʥʠʤʠ ʧʨʦʮʝʩʠ ʥʝʧʨʠʧʫʩʪʠʤʦ. ʅʝʜʦʩʢʦʥʘʣʽʩʪʴ ʤʘʩʣʦ-

ʧʦʜʘʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝ ʤʦʞʝ ʽ ʥʝ ʧʦʚʠʥʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠʩʷ ʧʽʜʚʠ-

ʱʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʤʘʩʪʠʣ. 

ɿʫʩʠʣʣʷ ʧʦ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ - ʩʪʚʦʨʝʥʥʷ ʤʘʩʝʣ ʽ ʩʠʩʪʝʤ, ʽʩʪʦʨʠʯʥʦ 

ʽʟʦʣʶʚʘʥʠʭ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʦʪʨʠʤʘʪʠ ʨʝʟʝʨʚʠ ʚ ʧʽʜʚʠʱʝʥʥʽ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʠʟʝʣʽʚ, 

ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʣʽʥʜʨʦʚʠʭ ʤʘʩʪʠʣ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʽʻʾ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʫ ʧʦʜʘʯʽ ʤʘʩʣʘ ʚ ʮʠʣʽʥʜ-

ʨʠ ʄʆɼ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʟʤʽʥʽ ʷʢʠʭ 

ʢʨʠʻʪʴʩʷ ʨʝʘʣʴʥʠʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ [1,2] ʧʦ-

ʢʘʟʘʣʠ, ʱʦ ʧʨʦʮʝʩ ʚʠʪʽʢʘʥʥʷ ʤʘʩʣʘ ʚ ʮʠʣʽʥʜʨ ʬʦʨʤʫʻʪʴʩʷ ʚ ʧʝʨʝʜʢʘ-

ʤʝʨʽ ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʤ ʜʣʷ ʚʩʽʭ ʜʚʠʛʫʥʽʚ ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʩʪʠʣ ʧʦʚʷʟʘʥʠʤ ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ ʧʦʜʘʯʘʤʠ  ʾʭ ʥʘ 

ʧʝʨʰʠʭ ʦʙʦʨʦʪʘʭ ʮʠʢʣʫ, ʪʘ ʥʝʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʥʘ ʦʩʪʘʥʥʽʭ ʦʙʝ-

ʨʪʘʭ.  

ʎʝ, ʨʘʟʦʤ ʟ ʨʽʟʥʠʮʝʶ ʰʚʠʜʢʦʩʪʝʡ ʧʦʜʘʯʽ ʤʘʩʣʘ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠ-

ʚʦʩʪʷʤʠ, ʟʫʤʦʚʣʝʥʠʤʠ ʧʨʠʥʘʣʝʞʥʽʩʪʶ ʧʨʝʜʢʘʤʝʨʠ ʜʦ ʢʦʥʢʨʝʪʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ, ʚʠʟʥʘʯʠʣʦ ʥʘʧʨʷʤʦʢ ʧʦʰʫʢʫ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʫ ʤʘʩʣʘ ʧʨʠ ʚʠʭʦʜʽ ʡʦʛʦ ʚ ʮʠʣʽʥʜʨ. ɰʭ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ. 

  

ʈʠʩ.1. ɺʽʜʢʣʘʜʝʥʥʷ ʥʘ ʙʦʢʦʚʽʡ ʧʦʚʝʨʭʥʽ ʛʦʣʦʚʢʠ ʧʦʨʰʥʷ 

ʋ ʧʝʨʰʫ ʛʨʫʧʫ ʚʭʦʜʷʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʬʘʢʪʦʨʠ: ʦʙ'ʻʤ ʧʨʝʜʢʘʤʝ-

ʨʠ; ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ ʚ ʩʪʽʥʮʽ ʚʪʫʣʢʠ ʪʘ ʡʦʛʦ ʜʦʚʞʠʥʘ; ʨʽʚʝʥʴ ʨʦʟʪʘʰʫ-

ʚʘʥʥʷ ʤʘʩʪʠʣʴʥʠʭ ʦʪʚʦʨʽʚ ʧʦ ʚʠʩʦʪʽ ʮʠʣʽʥʜʨʘ; ʥʘʭʠʣ ʢʘʥʘʣʫ ʚ ʩʪʽʥʮʽ 

ʚʪʫʣʢʠ  [3].  

ɼʨʫʛʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʬʘʢʪʦʨʠ: ʚʝʣʠʯʠʥʘ ʧʦʨʮʽʡ 

ʤʘʩʣʘ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʚ ʧʝʨʝʜʢʘʤʝʨʫ; ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚ ʧʝʨʝʜʢʘʤʝ-

ʨʽ; ʯʠʩʣʦ ʦʙʦʨʦʪʽʚ ʜʚʠʛʫʥʘ ʪʘ ʡʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʢʨʝʥ ʘʙʦ ʜʠʬʝʨʝʥʪ 

ʩʫʜʥʘ. 

ʇʨʠ ʧʦʯʝʨʛʦʚʽʡ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ 

ʥʘ ʧʨʦʮʝʩ ʧʦʜʘʯʽ ʤʘʩʣʘ, ʚʜʘʣʦʩʷ ʚʠʷʚʠʪʠ ʛʦʣʦʚʥʽ ʟ ʥʠʭ ʽ ʚʠʟʥʘʯʠʪʠ 

ʥʘʧʨʷʤʦʢ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʤʘʱʝʥʥʷ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ 

ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʩʣʦʧʦʜʘʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʷʚʣʷ-

ʶʪʴ ʩʦʙʦʶ ʟʘʢʣʶʯʥʫ ʯʘʩʪʠʥʘ ʥʘʛʥʽʪʘʣʴʥʦʛʦ ʪʨʘʢʪʫ ʩʠʩʪʝʤ ʟʤʘʱʫ-

ʚʘʥʥʷ ʮʠʣʽʥʜʨʽʚ ʄʆɼ. 

ɺʠʢʣʘʜʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʤʘʩʣʘ ʧʦ ʢʘʥʘʣʘʭ ʩʠʩʪʝʤʠ ʚʩʪʘʥʦʚʣʝ-

ʥʦ [1, 2, 3], ʱʦ ʦʩʥʦʚʥʠʤʠ ʫʤʦʚʘʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʻ ʚʽʣʴʥʽ 

ʧʦʚʝʨʭʥʽ ʤʘʩʣʘ ʚ ʧʝʨʝʜʢʘʤʝʨʽ, ʜʝʬʦʨʤʘʮʽʷ ʾʭ ʧʽʜ ʜʽʻʶ ʫʜʘʨʥʠʭ ʽʤʧʫ-
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ʣʴʩʽʚ ʪʠʩʢʫ ʛʘʟʫ ʟʩʝʨʝʜʠʥʠ ʮʠʣʽʥʜʨʘ ʟ ʧʦʜʘʣʴʰʠʤ ʫʪʚʦʨʝʥʥʷʤ ʛʨʝʙʝ-

ʥʷ, ʷʢʠʡ ʟʘʤʠʢʘʻ ʢʘʥʘʣ, ʟʘʤʠʢʘʶʯʠ ʛʘʟʦʚʽ ʧʦʨʦʞʥʠʥʠ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʾʭ ʩʪʠʩʥʝʥʥʷʤ (ʨʠʩ.2), ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʢʽʥʮʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ 

ʽʤʧʫʣʴʩʫ. 

 

  

ʈʠʩ.2. ʍʘʨʘʢʪʝʨ ʨʫʭʫ ʤʘʩʣʘ ʧʦ ʢʘʥʘʣʘʭ ʎɺ 

ɿʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʢʘʥʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦ-

ʤʽʨʥʦʩʪʽ ʧʦʨʮʽʡ ʤʘʩʣʘ ʚʽʜ ʦʙʝʨʪʫ ʜʦ ʦʙʝʨʪʫ ʪʦʤʫ, ʱʦ ʟʘʤʠʢʘʥʥʷ ʡʦʛʦ 

(ʪʦʙʪʦ ʜʦʪʠʢ ʛʨʝʙʝʥʷ ʟ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʢʘʥʘʣʫ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʜʰʝ. 

ʂʨʽʤ ʪʦʛʦ, ʟʚ'ʷʟʦʢ ʚʝʨʰʠʥʠ ʛʨʝʙʝʥʷ ʟ ʚʝʨʭʥʴʦʶ ʩʪʽʥʢʦʶ ʢʘʥʘʣʫ ʩʪʘʻ, 

ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ, ʙʽʣʴʰ ʩʣʘʙʢʠʤ ʽ ʣʝʛʰʝ ʨʫʡʥʫʻʪʴʩʷ ʷʢ 

ʧʨʠ ʨʫʩʽ ʛʨʝʙʝʥʷ ʚ ʛʣʠʙ ʢʘʥʘʣʫ, ʪʘʢ ʽ ʚ ʧʝʨʽʦʜ ʨʦʟʰʠʨʝʥʥʷ ʚ ʥʴʦʤʫ 

ʛʘʟʽʚ. 

ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʰʚʠʜʢʦʛʦ ʟʨʽʚʥʶʚʘʥʥʷ ʪʠʩʢʫ ʧʝʨʝʜ ʛʨʝ-

ʙʝʥʝʤ ʽ ʧʽʩʣʷ ʥʴʦʛʦ, ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʛʘʩʘʥʥʷ ʽʥʝʨʮʽʾ ʤʘʩʠ ʛʨʝʙʝʥʷ ʽ, 

ʧʨʠʨʦʜʥʦ, ʜʦ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʘʩʣʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʮʠʣʽʥʜʨ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ ʧʦʨʮʽʷʤʠ. ʌʦʨʤʫʚʘʥʥʷ ʛʨʝʙʝʥʷ, ʟʜʘʪʥʦʛʦ ʧʝʨʝʢʨʠ-

ʪʠ ʢʘʥʘʣ, ʚʠʤʘʛʘʻ ʧʝʚʥʦʾ ʡʦʛʦ ʜʦʚʞʠʥʠ. ʋ ʢʦʨʦʪʢʦʤʫ ʢʘʥʘʣʽ, ʟʘ ʯʘʩ 

ʥʘʨʦʩʪʘʥʥʷ ʽʤʧʫʣʴʩʫ ʪʠʩʢʫ, ʛʨʝʙʽʥʴ ʥʝ ʚʩʪʠʛʘʻ ʨʦʟʚʠʥʫʪʠʩʷ ʜʦ ʨʦʟʤʽ-

ʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʢʨʠʪʪʷ ʧʝʨʝʨʽʟʫ ʽ ʟʘʤʠʢʘʥʥʷ ʛʘʟʦʚʦʾ ʧʦʨʦ-

ʞʥʠʥʠʶ  

ʈʘʟʦʤ ʟ ʛʝʦʤʝʪʨʽʻʶ ʟʘʢʣʘʧʘʥʦʾ ʧʦʨʦʞʥʠʥʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʭʫ 

ʤʘʩʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽ ʥʠʟʢʦʶ ʽʥʰʠʭ ʫʤʦʚ, ʥʘʧʨʠʢʣʘʜ, ʨʽʚʥʝʤ ʨʦʟʪʘ-

ʰʫʚʘʥʥʷ ʤʘʩʪʠʣʴʥʠʭ ʦʪʚʦʨʽʚ ʧʦ ʚʠʩʦʪʽ ʮʠʣʽʥʜʨʘ. ʎʝʡ ʬʘʢʪʦʨ ʟʫʤʦʚ-

ʣʶʻ ʯʠʩʣʦ ʽʤʧʫʣʴʩʽʚ ʪʠʩʢʫ, ʱʦ ʜʽʶʪʴ ʫ ʟʘʢʣʘʧʘʥʽʡ ʧʦʨʦʞʥʠʥʽ ʟʘ ʦʜʠʥ 

ʦʙʦʨʦʪ, ʾʭ ʚʝʣʠʯʠʥʫ, ʰʚʠʜʢʽʩʪʴ ʥʘʨʦʩʪʘʥʥʷ ʪʘ ʧʘʜʽʥʥʷ ʪʠʩʢʫ, ʧʨʦʤʽ-

ʞʦʢ ʯʘʩʫ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʣʘ ʚ ʧʝʨʝʜʢʘʤʝʨʽ. 

ɿʨʦʩʪʘʥʥʷ ʯʠʩʣʘ ʦʙʦʨʦʪʽʚ ʜʚʠʛʫʥʘ, ʟʘ ʽʥʰʠʭ ʥʝʟʤʽʥʥʠʭ ʫʤʦʚ, ʩʫ-

ʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʽʤʧʫʣʴʩʽʚ ʽ ʷʚʠʱʘ ʢʦʥʮʝʥʪʨʦʚʘ-

ʥʦʾ ʧʦʜʘʯʽ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʘʩʣʘ ʪʘ 

ʥʘʙʣʠʞʝʥʥʷ ʡʦʛʦ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʚʝʨʭʥʴʦʾ ʩʪʽʥʢʠ ʢʘʥʘʣʫ, ʱʦ 
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ʩʧʨʠʷʶʪʴ ʙʽʣʴʰ ʨʘʥʥʴʦʤʫ ʟʘʤʠʢʘʥʥʶ ʛʘʟʦʚʦʾ ʧʦʨʦʞʥʠʥʠ ʛʨʝʙʝʥʝʤ. 

ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʘʩʣʘ ʚ ʢʘʥʘʣʽ ʧʦʷʩʥʶʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷʤ ʯʘʩʫ ʤʽʞ 

ʽʤʧʫʣʴʩʘʤʠ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʪʽʢʘʥʥʷ ʡʦʛʦ ʟ ʦʪʚʦʨʽʚ ʫ 

ʮʝʡ ʧʝʨʽʦʜ. 

ʆʩʢʽʣʴʢʠ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʤʘʩʣʘ ʚ ʢʘʥʘʣʽ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʧʦʜʘʯʽ, ʪʦ ʙʽʣʴʰʠʤ ʧʦʨʮʽʷʤ, ʱʦ ʧʦʜʘ-

ʶʪʴʩʷ ʚ ʧʝʨʝʜʢʘʤʝʨʫ, ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʘʩʣʘ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʫ ʮʠʣʽʥʜʨ ʢʦʥʮʝʥʪʨʦʚʘʥʦ.  

 
ʈʠʩ.3.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʫʭʫ ʤʘʩʪʠʣʘ ʥʘ ʚʠʭʦʜʽ ʚ ʮʠʣʽʥʜʨ 

ʎʠʢʣʦʚʽ ʧʦʜʘʯʽ ʤʘʩʣʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʘ, ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽ-

ʦʜʠ ʦʙʢʘʪʦʢ, ʟʤʽʥʶʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʪʦʤʫ ʦʪʨʠʤʘʥʘ ʛʨʘ-

ʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʠʩ.3, ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʜʭʦ-

ʜʞʝʥʥʷ ʤʘʩʣʘ ʚ ʮʠʣʽʥʜʨ ʟʘ ʟʛʘʜʘʥʠʭ ʫʤʦʚ, ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʘʻ ʢʽʣʴʢʽʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʫ ʯʘʩʪʠʥʫ ʤʘʩʣʘ, ʷʢʘ 

ʦʙʫʤʦʚʣʶʻ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʥʘʛʘʨʦʚʽʜʢʣʘʜʝʥʴ. ɿ ʛʨʘʬʽʢʽʚ ʰʣʷʭʦʤ 

ʛʨʘʬʽʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʥʴʦʛʦ 

ʬʨʦʥʪʫ ʯʘʩʪʠʥʠ ʤʘʩʣʘ, ʱʦ ʟʜʽʡʩʥʶʻ ʚʠʭʽʜ ʟʘ ʤʝʞʽ ʟʨʽʟʫ ʤʘʩʣʷʥʦʛʦ 

ʦʪʚʦʨʫ. 

ʅʘ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʘʩʣʘ (ʨʠʩ.4), ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʮʠʣʽʥʜʨ ʟ 

ʚʽʜʨʠʚʦʤ ʚʽʜ ʩʪʽʥʢʠ ʚʪʫʣʢʠ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʯʠʩʣʘ ʦʙʝʨʪʽʚ, ʨʽʚʥʷ ʚ 
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ʢʘʥʘʣʽ, ʘ ʦʪʞʝ ʽ ʪʦʚʱʠʥʠ ʡʦʛʦ ʰʘʨʫ, ʡʤʦʚʽʨʥʦ ʚʧʣʠʚʘʶʪʴ ʨʝʟʦʥʘʥʩʥʽ 

ʷʚʠʱʘ ʢʦʣʠʚʘʥʴ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʩʣʘ ʽ ʪʠʩʢʫ ʛʘʟʽʚ ʥʘʜ ʥʝʶ. ʎʽ ʢʦ-

ʣʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʟʚʦʨʦʪʥʦ - ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʤʘʩʣʘ ʚ ʢʘʥʘʣʽ ʧʽʜ 

ʜʽʻʶ ʨʽʟʢʦʾ ʟʤʽʥʠ ʚʝʣʠʯʠʥ ʪʠʩʢʫ ʪʘ ʥʘʧʨʷʤʽʚ ʧʦʪʦʢʫ ʛʘʟʽʚ, ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʨʠʛʦʪʫʚʘʥʥʷ ʚ ʧʝʨʝʜʢʘʤʝʨʽ ʛʘʟʦʤʘʩʣʷʥʦʾ ʩʫʤʽʰʽ. 

 

ʈʠʩ.4.  ʆʙʩʷʛ ʩʪʨʫʡʥʦʛʦ ʚʠʪʽʢʘʥʥʷ ʤʘʩʣʘ (Vʚ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ: 

ʭʦʜʫ ʧʣʫʥʞʝʨʘ ʍʧʣ ï 1; ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ n ï 2 

ʈʽʟʥʽ ʧʝʨʽʦʜʠ ʧʦʧʦʚʥʝʥʥʷ ʢʘʥʘʣʽʚ ʤʘʩʣʦʤ, ʚʽʜʧʦʚʽʜʥʽ ʯʝʨʛʠ ʨʦʙʦ-

ʯʠʭ ʭʦʜʽʚ ʧʣʫʥʞʝʨʽʚ ʣʫʙʨʠʢʘʪʦʨʽʚ, ʟʫʤʦʚʣʶʶʪʴ ʣʠʰʝ ʨʽʟʥʠʮʶ ʚ ʫʤʦ-

ʚʥʽʡ ʯʝʨʛʦʚʦʩʪʽ ʧʨʦʧʫʩʢʫ ʥʘʜʭʦʜʞʝʥʥʷ ʤʘʩʣʘ ʟ ʦʪʚʦʨʽʚ. ʏʝʨʛʫʚʘʥʥʷ 

ʬʦʨʤ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʧʦʜʘʯʽ, ʧʨʦʤʽʞʢʠ ʤʽʞ ʥʠʤʠ ʪʘ ʧʝʨʝʨʚʠ ʚ ʧʦʜʘʯʽ 

ʤʘʩʣʘ ʟ ʦʪʚʦʨʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʝ ʩʧʫʩʪʦʰʝʥʥʷ ʢʘʥʘʣʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ [3], ʱʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʩʧʫʩʪʦʰʝʥʥʷʤ ʢʘʥʘʣʫ ʪʘ ʨʫʭʦʤ 

ʤʘʩʣʘ ʚʽʜ ʜʟʝʨʢʘʣʘ ʜʦ ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʚ ʧʝʨʽʦʜ ʥʘʨʦʩʪʘʥʥʷ ʪʠʩʢʫ 

ʛʘʟʫ ʫ ʤʘʩʪʠʣʴʥʦʛʦ ʦʪʚʦʨʫ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʛʦʣʝʥʥʷ ʩʪʨʠʞʥʷ, ʨʦʟʤʽʱʝ-

ʥʦʛʦ ʚ ʢʘʥʘʣʽ ʰʪʫʮʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʨʠʞʝʥʴ ʰʚʠʜʢʦ ʧʨʦʛʨʽʚʘʻʪʴʩʷ ʽ 

ʩʪʘʻ ʘʢʫʤʫʣʷʪʦʨʦʤ ʪʝʧʣʘ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʨʦʟʢʣʘʜʘʥʥʷ ʤʘʩʣʘ (ʷʢʝ ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʥʘ ʧʦʚʝʨʭʥʽ ʩʘʤʦʛʦ ʩʪʨʠʞʥʷ) ʘʞ ʜʦ ʟʘʛʦʨʷʥʥʷ 

ʢʘʥʘʣʫ, ʷʢ ʚʽʜʦʤʦ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʄʆɼ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩ-

ʪʘʥʥʽ ʮʠʣʽʥʜʨʦʚʠʭ ʤʘʩʝʣ ʟ ʥʠʟʴʢʦʶ ʪʝʨʤʦ-ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʩʪʘʙʽʣʴʥʽ-

ʩʪʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʣʘʜʥʽ ʥʝʢʝʨʦʚʘʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ 

ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʶʪʴ ʭʘʦʪʠʯʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ 
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ʟʤʘʱʫʚʘʥʥʷ ʮʠʣʽʥʜʨʽʚ ʽ ʨʘʧʪʦʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʾʭ ʟʥʦʩʫ. ʉʢʣʘʜʥʽʩʪʴ 

ʮʠʭ ʦʙʩʪʘʚʠʥ ʜʦʧʦʚʥʶʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʥʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫ-

ʚʘʥʥʷ ʪʘʢʦʞ ʦʮʽʥʢʠ ʧʦʪʦʯʥʦʛʦ ʟʤʽʥʠ ʫʤʦʚ ʨʦʙʦʪʠ ʎʇɻ ʽ ʪʨʫʜʥʦʱʘʤʠ 

(ʚ ʮʠʭ ʫʤʦʚʘʭ) ʚʠʙʦʨʫ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʦʨʪʫ ʤʘʩʝʣ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʮʠʣʽʥ-

ʜʨʽʚ. 

ʊʦʤʫ, ʨʘʟʦʤ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʩʦʨʪʽʚ ʤʘʩʝʣ, ʚ ʪʘʢʽʡ ʞʝ ʤʽʨʽ ʥʝ-

ʦʙʭʽʜʥʦ ʟʘʡʤʘʪʠʩʷ ʚʠʚʯʝʥʥʷʤ ʨʦʙʦʪʠ ʽʩʥʫʶʯʠʭ ʤʘʩʣʦʧʦʜʘʶʯʠʭ ʧʨʠ-

ʩʪʨʦʾʚ, ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʾʭ ʽ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʽʣʴʰ ʝʬʝ-

ʢʪʠʚʥʽ ʽ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʩʫʯʘʩʥʦʾ ʪʝʥʜʝʥʮʽʾ ʬʦʨʩʫʚʘʥʥʷ ʜʠʟʝʣʽʚ, ʘ 

ʪʘʢʦʞ ʝʢʩʧʣʫʘʪʘʮʽʾ ʾʭ ʥʘ ʚʘʞʢʠʭ ʩʦʨʪʘʭ ʧʘʣʠʚ, ʱʦ ʚʩʝ ʧʦʛʽʨʰʫʶʪʴʩʷ. 

ɿ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʤʘʩʣʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʮʠʣʽʥʜʨ ʢʦʥʮʝʥ-

ʪʨʦʚʘʥʠʤʠ ʧʦʨʮʽʷʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʚʠ-

ʧʣʠʚʘʻ, ʱʦ ʛʦʣʦʚʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʛʥʽʪʘʣʴ-

ʥʦʛʦ ʪʨʘʢʪʫ, ʱʦ ʤʘʶʪʴ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʦʜʘʯʫ ʤʘʩʣʘ ʚ ʮʠʣʽʥʜʨ, ʻ 

ʦʙ'ʻʤ, ʜʦʚʞʠʥʘ ʪʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʝʨʝʜʢʘʤʝʨʠ, ʘ ʪʘʢʦʞ ʢʫʪ ʾʾ ʥʘʭʠʣʫ. 

ɼʣʷ ʣʽʢʚʽʜʘʮʽʾ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʧʦʜʘʯʽ (ʘʙʦ ʱʦʥʘʡʤʝʥʰʝ ʛʨʘʥʠʯ-

ʥʦʛʦ ʾʾ ʟʥʠʞʝʥʥʷ) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ: 

- ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʝʜʢʘʤʝʨʠ ʚ ʢʘʥʘʣ ʧʦʩʪʽʡʥʦʛʦ ʦʙʤʝʞʝʥʦʛʦ ʧʝʨʝ-

ʨʽʟʫ ʟ ʢʘʧʽʣʷʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʪʽʡʥʫ ʟʘʧʦʚ-

ʥʝʥʽʩʪʴ ʡʦʛʦ ʤʘʩʣʦʤ;  

- ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʥʘʙʣʠʞʝʥʥʷ ʙʝʟʧʦʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʘ ʜʦ 

ʜʟʝʨʢʘʣʘ ʮʠʣʽʥʜʨʘ;  

- ʥʘʜʘʥʥʷ ʧʝʨʝʜʢʘʤʝʨʽ ʬʦʨʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʘʟʦʚʫ ʧʦʜʘʯʫ ʙʝʟ 

ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʧʦʜʘʯʽ ʪʘ ʽʥ. 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ, ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʩʠʩ-

ʪʝʤ, ʽ ʚʠʭʽʜʥʦʶ ʧʦʟʠʮʽʻʶ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʮʽʣʦʾ ʛʨʫʧʠ ʥʦʚʠʭ ʤʘʩʣʦʧʽʜ-

ʚʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷ-

ʶʪʴʩʷ, ʪʘ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʫʙʨʠʢʘʪʦʨʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʜʚʠʛʫʥʦʤ ʜʦʟʚʦ-

ʣʠʣʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʣʫʙʨʠʢʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʪʨʘ-

ʜʠʮʽʡʥʽʡ ʩʠʩʪʝʤʽ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʭʘʥʽʯʥʠʡ ʧʨʠʚʽʜ ʣʫʙʨʠʢʘ-

ʪʦʨʽʚ, ʨʷʜ ʬʽʨʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʜʘʯʽ ʤʘʩʣʘ ʜʦ ʮʠʣʽʥʜʨʽʚ ʧʨʠ ʟʥʠ-

ʞʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ ʧʦʚ'ʷʟʫʚʘʣʠ ʤʝʭʘʥʽʟʤ ʧʦʜʘʯʽ ʟ ʧʦʣʦʞʝʥ-

ʥʷʤ ʨʝʡʢʠ ʧʘʣʠʚʥʠʭ ʥʘʩʦʩʽʚ. ɸʣʝ, ʥʘ ʞʘʣʴ, ʥʝ ʟʤʦʛʣʠ ʜʦʩʷʛʪʠ ʩʠʥʭ-

ʨʦʥʽʟʘʮʽʾ ʧʦʜʘʯʽ ʟ ʨʫʭʦʤ ʧʦʨʰʥʷ ʨʦʙʦʯʦʛʦ ʮʠʣʽʥʜʨʘ, ʘ ʮʝ ʧʨʠʟʚʦʜʠʣʦ 

ʜʦ ʪʦʛʦ, ʱʦ ʯʘʩʪʠʥʘ ʤʘʩʣʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟʽ ʰʪʫʮʝʨʽʚ, ʧʦʪʨʘʧʣʷʣʘ ʚ 

ʮʠʣʽʥʜʨ ʥʘʜ ʧʦʨʰʥʝʤ, ʽ ʧʨʠ ʡʦʛʦ ʨʫʩʽ ʚʛʦʨʫ ʧʦʨʰʥʝʚʠʤʠ ʢʽʣʴʮʷʤʠ 

ʧʝʨʝʤʽʱʘʣʦʩʷ ʚ ʥʘʧʨʷʤʢʫ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʜʝ ʚʠʛʦʨʘʣʦ. 
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ɯʥʰʘ ʯʘʩʪʠʥʘ ʤʘʩʣʘ ʚʠʭʦʜʠʣʘ ʟʽ ʰʪʫʮʝʨʽʚ ʮʠʣʽʥʜʨʘ ʧʽʜ ʧʦʨʰʝʥʴ ʽ 

ʧʨʠ ʡʦʛʦ ʨʫʩʽ ʚʥʠʟ ʢʽʣʴʮʷʤʠ ʟʘʢʠʜʘʣʦʩʷ ʚ ʧʨʦʜʫʚʥʽ ʪʘ ʚʠʧʫʩʢʥʽ ʚʽʢʥʘ. 

ɯʜʝʘʣʴʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʧʦʜʘʯʘ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʤʘʩʣʦ ʚʠʭʦʜʠʪʴ ʟʽ ʰʪʫ-

ʮʝʨʘ ʚ ʧʨʦʤʽʞʦʢ ʤʽʞ ʧʝʨʰʠʤ ʽ ʜʨʫʛʠʤ ʧʦʨʰʥʝʚʠʤʠ ʢʽʣʴʮʷʤʠ. ʊʦʜʽ 

ʤʘʩʣʦ ʜʦʙʨʝ ʨʦʟʥʦʩʠʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʘ ʽ ʨʘʥʽʰʝ ʟʘʟʥʘʯʝʥʽ 

ʚʪʨʘʪʠ ʟʤʝʥʴʰʫʶʪʴʩʷ.  

ʂʦʥʮʝʧʮʽʷ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʤʘʩʪʠʣʘ ʮʠʣʽʥʜʨʽʚ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʢʝʨʫ-

ʚʘʥʥʷʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.5. ʄʘʩʣʦ ʟ ʮʠʩʪʝʨʥʠ ʥʘʜʭʦʜʠʪʴ ʫ ʥʘʩʦʩ-

ʥʫ ʩʪʘʥʮʽʶ, ʜʝ ʡʦʛʦ ʪʠʩʢ ʧʽʜʥʽʤʘʻʪʴʩʷ ʜʦ 4,5 ʄʇʘ ʽ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʮʠʣʽʥʜʨʘ ʘʢʫʤʫʣʷʪʦʨʠ ʽ ʜʘʣʽ ʚ ʣʫʙʨʠʢʘʪʦ-

ʨʠ. ʋ ʩʪʘʥʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʜʚʘ ʨʦʙʦʯʽ ʥʘʩʦʩʠ ʽ ʦʜʠʥ, ʱʦ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ stand-by. ʂʽʣʴʢʽʩʪʴ ʣʫʙʨʠʢʘʪʦʨʽʚ (1 ʘʙʦ 2) ʥʘ 

ʢʦʞʥʦʤʫ ʮʠʣʽʥʜʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʮʠʣʽʥʜʨʘ (ʢʽʣʴʢʦʩʪʽ ʰʪʫʮʝ-

ʨʽʚ). 

 

ʈʠʩ.5. ʉʠʩʪʝʤʘ ʤʘʱʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ 

ʃʫʙʨʠʢʘʪʦʨ (ʨʠʩ.6) ʟʘʙʝʟʧʝʯʝʥʠʡ ʧʦʨʰʥʝʤ ʛʽʜʨʦʧʽʜʩʠʣʶʚʘʯʘ, 

ʧʦʜʘʯʘ ʤʘʩʣʘ ʥʘ ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʰʚʠʜʢʦʜʽʶʯʠʡ ʜʚʦʧʦʟʠʮʽʡ-

ʥʠʡ ʢʣʘʧʘʥ, ʢʝʨʦʚʘʥʠʡ ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ. ʇʦʨʰʝʥʴ ʥʘʜʘʻ ʨʫʭʫ ʨʦʟ-

ʤʽʱʝʥʠʤ ʧʦ ʢʦʣʫ ʧʣʫʥʞʝʨʘʤ ʥʘʩʦʩʽʚ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʱʦ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴ ʧʦʜʘʯʫ ʦʜʥʘʢʦʚʠʭ ʢʽʣʴʢʦʩʪʝʡ ʤʘʩʣʘ ʧʦ ʚʩʽʭ ʪʦʯʢʘʭ ʤʘʱʝʥʥʷ ʽ, 

ʧʨʘʢʪʠʯʥʦ, ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʯʘʩʫ. 
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ʃʫʙʨʠʢʘʪʦʨ ʧʦʜʘʻ ʤʘʩʣʦ ʯʝʨʝʟ ʢʦʞʥʽ ʚ 4é6 ʦʙʦʨʦʪʽʚ ʢʦʣʽʥʯʘʩʪʦ-

ʛʦ ʚʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʧʦʜʘʯʽ. ɿʙʽʣʴʰʝʥʥʷ 

ʧʦʜʘʯʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʧʦʜʘʯ, ʟʤʝʥʰʝʥʥʷ ï ʥʘʚʧʘ-

ʢʠ. ʏʘʩ ʫʧʨʠʩʢʫʚʘʥʥʷ (ʤʦʤʝʥʪ ʧʦʜʘʯʽ) ʟʘʜʘʻʪʴʩʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ ʟ 

ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ ʟ ʪʠʤ, ʱʦʙ ʥʘʜʭʦʜʞʝʥʥʷ ʤʘʩʣʘ ʚ ʰʪʫʮʝʨ ʚʽʜʙʫʚʘ-

ʣʦʩʷ ʚ ʧʝʨʽʦʜ, ʢʦʣʠ ʧʦʨʰʝʥʴ ʩʚʦʾʤ ʢʦʤʧʣʝʢʪʦʤ ʢʽʣʝʮʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʣʦʱʠʥʽ ʢʘʥʘʣʽʚ ʥʘ ʜʟʝʨʢʘʣʽ ʮʠʣʽʥʜʨʘ.  

ʂʘʥʘʣ ʧʦʚʠʥʝʥ ʤʘʪʠ ʦʙʤʝʞʝʥʠʡ ʧʝʨʝʨʽʟ ʽ ʤʘʪʠ ʢʘʧʽʣʷʨʥʽ ʚʣʘʩʪʠ-

ʚʦʩʪʽ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʩʪʽʡʥʘ ʟʘʧʦʚʥʝʥʽʩʪʴ ʡʦʛʦ ʤʘʩ-

ʣʦʤ, ʱʦ ʚʠʢʣʶʯʘʻ ʫʪʚʦʨʝʥʥʷ ʛʘʟʦʚʠʭ ʧʦʨʦʞʥʠʥ. ʊʘʢʠʡ ʚʘʨʽʘʥʪ, ʧʨʠ 

ʜʦʚʛʠʭ ʧʨʠʩʪʨʦʷʭ, ʩʧʨʦʱʫʻ ʪʝʭʥʦʣʦʛʽʶ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

ʽʩʪʦʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʚʠʪʨʘʪʘʭ ʽ ʰʚʠʜʢʦʩʪʷʭ ʟʤʽʥʠ ʥʘʧʦʨʫ ʤʘʩʣʘ, ʘ 

ʪʘʢʦʞ ʫ ʜʦʚʞʠʥʘʭ ʢʘʥʘʣʽʚ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠ-

ʚʦʩʪʝʡ ʜʚʠʛʫʥʘ, ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʰʫʢʘʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʢʠ 

ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʙʦʨʫ ʨʦʟʤʽʨʽʚ ʤʘʩʣʦʧʽʜʚʽʜʥʠʭ ʦʨʛʘʥʽʚ ʽ ʚʝʣʠʯʠʥʠ 

ʢʽʣʴʮʝʚʦʾ ʱʽʣʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʭʽʜ ʤʘʩʪʠʣʘ ʙʝʟ ʚʽʜʨʠʚʫ ʚʽʜ 

ʜʟʝʨʢʘʣʘ ʚʪʫʣʢʠ. 

ʆʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʜʚʠʛʫʥʽʚ, ʫ ʷʢʠʭ ʰʪʫ-

ʮʝʨʘ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʮʠʣʽʥʜʨʘ. ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ 

ʥʘʚʝʜʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʣʘʧʘʥʘ ʧʦʙʣʠʟʫ ʜʟʝʨʢʘʣʘ 

ʮʠʣʽʥʜʨʘ. ʎʝ ʛʨʘʥʠʯʥʦ ʟʤʝʥʰʫʻ ʰʢʽʜʣʠʚʠʡ ʦʙ'ʻʤ ʽ ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʟʠ-

 

ʈʠʩ. 6. ʃʫʙʨʠʢʘʪʦʨ ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ 
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ʪʠ ʚʠʭʽʜ ʤʘʩʣʘ ʚ ʮʠʣʽʥʜʨ ʜʦ ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ ʡʦʛʦ ʣʫʙʨʠʢʘʪʦʨʦʤ. 

ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʜʣʷ ʜʠʟʝʣʽʚ ʟ ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʤ 

ʧʨʠʚʦʜʦʤ ʥʘʩʦʩʽʚ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʤʘʩʪʠʣʴʥʠʭ ʦʪʚʦʨʽʚ ʚ ʟʦʥʽ ʚʽʜʥʦʩ-

ʥʦ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ. 

ɿʘʚʜʷʢʠ ʙʽʯʥʠʤ ʦʪʚʦʨʘʤ ʤʘʩʣʦ ʧʦʜʘʻʪʴʩʷ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʢʦʣʘ ʮʠ-

ʣʽʥʜʨʘ ʽ ʦʪʨʠʤʫʻ ʩʧʨʷʤʦʚʘʥʠʡ ʨʫʭ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʪʦʯʢʠ ʟʤʘʱʫ-

ʚʘʥʥʷ. ʎʝ ʧʦʢʨʘʱʫʻ ʨʦʟʧʦʜʽʣ ʡʦʛʦ ʧʦ ʜʟʝʨʢʘʣʫ ʽ ʟʘʧʦʙʽʛʘʻ ʧʦʜʘʯʽ ʥʘ 

ʛʦʣʦʚʢʫ ʧʦʨʰʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʽʩʥʫʶʯʽ ʥʝʜʦʣʽʢʠ ʣʫʙʨʠʢʘʪʦʨʥʠʭ ʩʠʩʪʝʤ ʥʘʤʠ ʨʦʟ-

ʨʦʙʣʝʥʦ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʚʫʟʦʣ ʤʘʱʝʥʥʷ ʮʠʣʽʥʜʨʦʚʦʾ ʚʪʫʣʢʠ (ʨʠʩ.7), 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʰʪʫʮʝʨʫ ʟ ʦʪʚʦʨʦʤ ʜʣʷ ʤʘʩʪʠʣʘ, ʥʝʟʚʦʨʦʪʥʦʛʦ ʢʣʘ-

ʧʘʥʫ, ʥʘʢʠʜʥʦʾ ʪʘ ʧʨʠʪʠʩʢʥʦʾ ʛʘʡʦʢ ʪʘ ʫʱʽʣʴʥʝʥʴ, ʪʘ  ʷʢʠʡ ʚʽʜʨʽʟʥʷ-

ʻʪʴʩʷ ʪʠʤ, ʱʦ ʢʫʣʴʢʘ ʥʝʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʧʨʠʪʠʩʢʫʻʪʴʩʷ ʧʨʫʞʠ-

ʥʦʶ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʙʽʤʝʪʘʣʝʚʫ ʤʝʤʙʨʘʥʫ, ʘ ʫ ʪʽʣʽ ʚʪʫʣʢʠ ʢʘʥʘʣʠ 

ʜʣʷ ʤʘʱʝʥʥʷ ʚʠʢʦʥʘʥʽ ʧʽʜ ʢʫʪʦʤ ʜʦ ʦʩʽ ʰʪʫʮʝʨʘ.  

ʊʝʭʥʽʯʥʠʡ ʝʬʝʢʪ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʢʦʤʙʽʥʘʮʽʷ ʦʪʚʦ-

ʨʽʚ ʪʘ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʻ: 

- ʟʤʝʥʰʝʥʥʷ ʚʫʟʣʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʪʘ ʟʘʙʨʫʜ-

ʥʝʥʥʷ ʫ ʮʠʣʽʥʜʨʦʚʽʡ ʚʪʫʣʮʽ; 

- ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʤʘʱʝʥʥʷ ʜʟʝʨʢʘʣʘ ʮʠʣʽʥʜʨʦʚʦʾ ʚʪʫʣʢʠ; 

- ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʤʘʱʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʡʩʥʦʾ ʪʝʤʧʝʨʘ-

ʪʫʨʠ ʪʘ ʚ`ʷʟʢʦʩʪʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

 

ʈʠʩ.7. ɺʜʦʩʢʦʥʘʣʝʥʠʡ ʚʫʟʦʣ ʤʘʱʝʥʥʷ ʮʠʣʽʥʜʨʦʚʦʾ ʚʪʫʣʢʠ: 

1 ï ʢʦʨʧʫʩ ʰʪʫʮʝʨʘ;  2 ï ʢʦʨʧʫʩ ʥʝʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ; 3 ï ʢʫʣʴʢʘ; 4 ï 

ʧʨʫʞʠʥʘ; 5 ï ʙʽʤʝʪʘʣʝʚʘ ʤʝʤʙʨʘʥʘ; 6 ï ʛʘʡʢʘ ʥʘʢʠʜʥʘ; 7 ï ʛʘʡʢʘ ʧʨʠʪʠʩʢʥʘ; 8 

ï ʰʘʡʙʘ; 9 ï ʫʱʽʣʴʥʝʥʥʷ; 10 ï ʪʽʣʦ ʮʠʣʽʥʜʨʦʚʦʛʦ ʚʪʫʣʢʠ; 11 ï ʧʦʭʠʣʽ ʦʪʚʦʨʠ 

ʤʘɦʝʥʥʷ 12 ï ʪʽʣʦ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ 
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- ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʮʠʣʽʥʜʨʦʚʦʛʦ ʚʪʫʣʢʠ; 

- ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʨʝʤʦʥʪʥʠʭ ʚʠʪʨʘʪ; 

- ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ. 

ʈʦʟʨʦʙʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʠʩʪʨʦʾʚ ʧʽʜʚʝʜʝʥʥʷ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝ-

ʨʽʘʣʽʚ ʚʽʜ ʣʫʙʨʽʢʘʪʦʨʽʚ ʜʦ ʜʟʝʨʢʘʣʘ ʮʠʣʽʥʜʨʦʚʦʛʦ ʚʪʫʣʢʠ ʩʫʜʥʦʚʠʭ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ [1,3]. 

ɺʽʜʦʤʠʡ ʚʫʟʦʣ ʤʘʱʝʥʥʷ ʮʠʣʽʥʜʨʦʚʦʛʦ ʚʪʫʣʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ 

ʰʪʫʮʝʨʫ ʟ ʦʪʚʦʨʦʤ ʜʣʷ ʤʘʩʪʠʣʘ, ʥʝʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ, ʥʘʢʠʜʥʦʾ ʪʘ 

ʧʨʠʪʠʩʢʥʦʾ ʛʘʡʦʢ ʪʘ ʫʱʽʣʴʥʝʥʴ. ʐʪʫʮʝʨ ʤʘʻ ʦʜʠʥ ʦʪʚʽʨ, ʚʽʩʴ ʷʢʦʛʦ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʩʩʶ ʰʪʫʮʝʨʘ [4]. 

ʅʝʜʦʣʽʢʦʤ ʜʘʥʦʛʦ ʚʫʟʣʘ ʻ: 

- ʥʝʝʬʝʢʪʠʚʥʝ ʤʘʱʝʥʥʷ ʜʟʝʨʢʘʣʘ ʮʠʣʽʥʜʨʦʚʦʾ ʚʪʫʣʢʠ ʟʘʚʜʷʢʠ ʚʝ-

ʣʠʢʦʤʫ ʜʽʘʤʝʪʨʫ ʤʘʩʪʠʣʴʥʦʛʦ ʦʪʚʦʨʫ;  

- ʥʽʷʢʠʤ ʯʠʥʦʤ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʤʘʱʝʥʥʷ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚ`ʷʟʢʽʩʪʴ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ ʤʘʩʪʠʣʴʥʠʡ ʦʪʚʽʨ, ʘ ʦʩʦʙʣʠʚʦ ʢʘʥʘʚʢʠ ʥʘ ʜʟʝ-

ʨʢʘʣʽ ʚʪʫʣʢʠ ʧʝʚʥʠʤ ʯʠʥʦʤ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʤʽʮʥʽʩʪʴ. 

ʅʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʤ ʟʘ ʪʝʭʥʽʯʥʦʶ ʩʫʪʥʽʩʪʶ ʪʘ ʨʝʟʫʣʴʪʘʪʦʤ, ʱʦ 

ʜʦʩʷʛʘʻʪʴʩʷ, ʜʦ ʨʦʟʨʦʙʢʠ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʻ ʚʫʟʦʣ ʤʘʱʝʥʥʷ ʮʠʣʽʥʜ-

ʨʦʚʦʾ ʚʪʫʣʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʰʪʫʮʝʨʫ ʟ ʦʪʚʦʨʦʤ ʜʣʷ ʤʘʩʪʠʣʘ, ʥʝ-

ʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ, ʥʘʢʠʜʥʦʾ ʪʘ ʧʨʠʪʠʩʢʥʦʾ ʛʘʡʦʢ ʪʘ ʫʱʽʣʴʥʝʥʴ. ɼʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʤʘʱʝʥʥʷ ʥʘ ʜʟʝʨʢʘʣʽ ʮʠʣʽʥʜʨʦʚʦʾ ʚʪʫʣʢʠ ʚʠʢʦʥʘ-

ʥʽ ʧʦʭʠʣʽ ʧʦʛʣʠʙʣʝʥʥʷ [2,5]. 

ʅʝʜʦʣʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʛʦ ʦʪʚʦʨʫ ʜʣʷ ʧʦʜʘʯʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ ʪʘ ʧʦʛʣʠʙʣʝʥʴ (ʢʘʥʘʚʦʢ) ʥʘ ʜʟʝʨʢʘʣʽ ʮʠʣʽʥʜʨʦʚʦʛʦ ʚʪʫʣʢʠ 

ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤ, ʱʦ:  

- ʧʦʭʠʣʽ  ʧʦʛʣʠʙʣʝʥʥʷ ʻ ʜʞʝʨʝʣʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʥʘ-

ʧʨʫʛ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʮʠʣʽʥʜʨʦʚʽʡ ʚʪʫʣʮʽ;  

- ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʚʠʛʫʥʘ; 

ɿʘʜʘʯʝʶ ʨʦʟʨʦʙʢʠ ʻ ʩʪʚʦʨʝʥʥʷ ʚʫʟʣʘ ʤʘʱʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʣʫʙʨʠʢʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ, ʚʽʜʩʫʪʥʽʩʪʴ ʚʫʟʣʽʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʮʠʣʽʥʜʨʦʚʽʡ ʚʪʫʣ-

ʮʽ, ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʤʘʱʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʡʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʚ`ʷʟʢʦʩʪʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʨʝʩʫʨʩʫ ʮʠʣʽʥʜʨʦʚʦʾ 

ʚʪʫʣʢʠ, ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʫ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ. ɸ 

ʪʘʢʦʞ ʫ ʟʥʠʞʝʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʪʘ ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʝʨʝʞʝʥʽ 

ʧʨʦʩʪʦʪʠ  ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʚʫʟʣʽʚ ʤʘʱʝʥʥʷ ʚʽʜʦʤʠʭ ʪʠʧʽʚ. 
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ʉʫʪʴ ʨʦʟʨʦʙʢʠ ʧʦʷʩʥʶʻʪʴʩʷ ʢʨʝʩʣʝʥʥʷʤ (ʨʠʩ.6), ʜʝ ʟʦʙʨʘʞʝʥʦ  

ʢʦʨʧʫʩ ʰʪʫʮʝʨʘ 1, ʷʢʠʡ ʤʽʩʪʠʪʴ ʥʝʟʚʦʨʦʪʥʠʡ ʢʣʘʧʘʥ 2. ʋ ʢʦʨʧʫʩʽ 

ʢʣʘʧʘʥʫ ʤʽʩʪʷʪʴʩʷ ʩʪʘʣʝʚʘ ʢʫʣʴʢʘ 3, ʷʢʘ ʧʝʨʝʢʨʠʚʘʻ ʢʘʥʘʣ ʤʘʱʝʥʥʷ. 

ʂʫʣʴʢʫ ʧʽʜʪʠʩʢʫʻ ʧʨʫʞʠʥʘ 4, ʷʢʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʙʽʤʝʪʘʣʝʚʫ ʤʝʤʙʨʘʥʫ 

5. ʂʦʨʧʫʩ ʥʝʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ ʬʽʢʩʫʻʪʴʩʷ ʫ ʢʦʨʧʫʩʽ ʰʪʫʮʝʨʘ ʥʘʢʠ-

ʜʥʦʶ ʛʘʡʢʦʶ 6. ʐʪʫʮʝʨ ʬʽʢʩʫʻʪʴʩʷ ʫ ʪʽʣʽ ʮʠʣʽʥʜʨʦʚʦʛʦ ʚʪʫʣʢʠ 10 

ʨʽʟʴʙʦʚʠʤ ʟ'ʻʜʥʘʥʥʷʤ. ʄʘʩʪʠʣʦ ʧʦʪʨʘʧʣʷʻ ʜʦ ʜʟʝʨʢʘʣʘ ʚʪʫʣʢʠ ʯʝʨʝʟ 

ʦʪʚʦʨʠ 11, ʷʢʽ ʚʠʢʦʥʘʥʽ ʧʽʜ ʢʫʪʦʤ ʜʦ ʦʩʽ ʰʪʫʮʝʨʘ. ʄʽʞ ʰʪʫʮʝʨʦʤ ʪʘ 

ʚʪʫʣʢʦʶ ʪʘ ʤʽʞ ʰʪʫʮʝʨʦʤ ʪʘ ʪʽʣʦʤ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ ʚʩʪʘʥʦʚʣʝʥʽ ʤʽʜʥʽ 

ʫʱʽʣʴʥʝʥʥʷ. ɼʦ ʪʽʣʘ ʙʣʦʢʫ ʮʠʣʽʥʜʨʽʚ ʫʱʽʣʴʥʝʥʥʷ ʧʨʠʪʠʩʢʫʻʪʴʩʷ  ʛʘʡ-

ʢʦʶ ʧʨʠʪʠʩʢʥʦʶ 7 ʯʝʨʝʟ ʰʘʡʙʫ 8. 

ʋ ʨʦʟʨʦʙʮʽ ʟʘʩʪʦʩʦʚʘʥʦ ʢʦʤʙʽʥʘʮʽʶ ʦʪʚʦʨʽʚ ʪʘ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥ-

ʪʽʚ. ʋ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ (ʜʚʠʛʫʥ  ʚʠʤʢʥʝʥʦ)  ʢʫʣʴʢʘ ʥʝʟʚʦʨʦʪʥʦʛʦ 

ʢʣʘʧʘʥʘ, ʷʢʘ ʧʨʠʪʠʩʢʫʻʪʴʩʷ ʧʨʫʞʠʥʦʶ ʪʘ ʤʝʤʙʨʘʥʦʶ, ʟʘʤʠʢʘʻ ʢʘʥʘʣ 

ʤʘʱʝʥʥʷ.  

ʋ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ (ʜʚʠʛʫʥ ʧʨʘʮʶʻ) ʤʘʩʪʠʣʦ ʧʽʜ ʪʠʩʢʦʤ ʥʘʜ-

ʭʦʜʠʪʴ ʚʽʜ ʣʫʙʨʽʢʘʪʦʨʫ ʜʦ ʥʝʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ.  ʂʦʣʠ ʪʠʩʢ ʜʦʩʷʛʥʝ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʩʪʨʫʤ ʤʘʩʪʠʣʘ ʚʽʜʪʠʩʢʫʻ ʢʫʣʴʢʫ ʽ ʤʘʩʪʠʣʦ 

ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʠʡ ʦʪʚʽʨ ʫ ʰʪʫʮʝʨʽ ʪʘ ʧʦʭʠʣʽ ʦʪʚʦʨʠ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʜʟʝʨʢʘʣʘ ʮʠʣʽʥʜʨʦʚʦʛʦ ʚʪʫʣʢʠ. ɿʘʚʜʷʢʠ ʧʦʭʠʣʠʤ ʦʪʚʦʨʘʤ ʤʘʩʪʠʣʦ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʜʟʝʨʢʘʣʫ, ʘ ʩʘʤʽ ʦʪʚʦʨʠ ʟʤʝʥʰʝʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʥʝ ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʷʚʫ ʪʦʯʦʢ  ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʛʠ ʫ ʪʽʣʽ 

ʚʪʫʣʢʠ. 

ʗʢʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚ`ʷʟʢʦʩʪʽ ʤʘʩʪʠʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʙʽʤʝʪʘʣʝʚʘ ʧʣʘʩʪʠʥʢʘ  ʧʽʜʩʠʣʶʻ ʘʙʦ ʟʤʝʥʰʫʻ ʩʫʤʘʨʥʠʡ 

ʪʠʩʢ ʥʘ ʢʫʣʴʢʫ ʥʝʟʚʦʨʦʪʥʦʛʦ ʢʣʘʧʘʥʫ. ʊʠʤ ʩʘʤʠʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʨʛʘ-

ʥʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʤʘʱʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʡʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚ`ʷʟʢʦʩʪʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ɺʠʩʥʦʚʢʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʪʥʽʩʪʴ ʦʧʠ-

ʩʘʥʠʭ ʚʠʱʝ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʩʪʠʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʧʣʠʚʘʻ ʟ ʨʝʟʫʣʴʪʘ-

ʪʽʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʘʥʦʥʽʯʥʽ ʚ ʪʝʭʥʽʮʽ 

ʨʽʰʝʥʥʷ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʠ ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʫʶʪʴ ʧʨʦʮʝʩ ʤʘʩʣʦ-

ʧʦʜʘʯʽ ʽ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ. 

ɺ ʮʽʣʦʤʫ ʦʧʠʩʘʥʽ ʚʠʱʝ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʝʜʝʥʥʷ ʚʩʴʦʛʦ 

ʤʘʩʣʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʩʪʠʢʘ "ʢʽʣʴʮʝ-ʚʪʫʣʢʘ" ʽ, ʪʠʤ ʩʘʤʠʤ, ʩʪʚʦʨʶ-

ʶʪʴ ʫʤʦʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʤʘʟʫʚʘʥʥʷ 

ʮʠʣʽʥʜʨʘ. 

ɿʘ ʨʘʭʫʥʦʢ ʢʘʧʽʣʷʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʥʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʦʩʪʽʡʥʫ ʟʘʧʦʚʥʝʥʽʩʪʴ ʡʦʛʦ ʤʘʩʣʦʤ, ʛʨʘʥʠʯʥʦ ʦʙʤʝʞʝʥʝ ʧʨʦʥʠʢʥʝʥʥʷ 
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ʛʘʨʷʯʠʭ ʛʘʟʽʚ, ʷʢʝ, ʢʨʽʤ ʦʢʠʩʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʽʥʪʝʥ-

ʩʠʚʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʟ ʤʘʩʣʦʤ ʽ ʧʨʠʛʦʪʫʚʘʥʥʷʤ ʩʫʤʽʰʽ, ʱʦ ʽʥʪʝʥ-

ʩʠʬʽʢʫʻ ʢʦʥʮʝʥʪʨʦʚʘʥʽʩʪʴ ʧʦʨʮʽʡ. 

ʈʦʟʨʦʙʣʝʥʽ ʥʦʚʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʘʩʪʠʣʴʥʽ ʧʨʠʩʪʨʦʾ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴ ʚʠʚʝʜʝʥʥʷ ʚʩʴʦʛʦ ʤʘʩʣʘ ʥʘ ʜʟʝʨʢʘʣʦ ʨʝʛʫʣʷʨʥʠʤʠ ʽ ʨʽʚʥʦʤʽʨʥʠʤʠ 

ʧʦʨʮʽʷʤʠ. 
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10.31653/smf47.2023.23-31 
ɿʘʙʣʦʮʴʢʠʡ ʖ.ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

ɿʅʀɾɽʅʅʗ ɺʊʈɸʊ ɽʅɽʈɻɯɰ ʇɯɼ ʏɸʉ ɿɸɹɽɿʇɽʏɽʅʅʗ 

ʇʈʆʎɽʉɯɺ ʄɸʑɽʅʅʗ ʉʋɼʅʆɺʀʍ ɼɺʀɻʋʅɯɺ  

ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈʗʅʅʗ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ɽʥʝʨʛʝʪʠʯʥʽ ʢʦʤ-

ʧʣʝʢʩʠ ʩʫʜʝʥ ʤʦʨʩʴʢʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʻ ʙʘʛʘ-

ʪʦʢʦʤʧʦʥʝʥʪʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʧʨʠ ʮʴʦʤʫ: 

Á ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʨʠʡʦʤʫ ʥʘ ʙʦʨʪ ʩʫʜʥʘ ʨʦʙʦ-

ʯʠʭ ʨʽʜʠʥ (ʧʘʣʠʚʘ, ʤʘʩʪʠʣʘ, ʚʦʜʠ) [1, 2]; 

Á ʾʭ ʦʩʥʦʚʥʠʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʪʝ-

ʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʥʘ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʫʻ ʘʙʦ ʨʫʭ ʩʫʜʥʘ, ʘʙʦ ʚʠʨʦʙʣʝʥʥʷ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ [3, 4];  

Á ʟʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʾʭ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʻ ʚʠʜʘʣʝʥʥʷ ʚʽʜʧ-

ʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʨʽʜʠʥ ʫ ʜʦʚʢʽʣʣʷ [5, 6]. 

ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʚʠʤʦʛʠ ʱʦʜʦ 

ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʽʜʪʨʠʤʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪ-

ʨʽʚ, ʘʣʝ ʡ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽ-

ʜʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ. ʉʠʩʪʝʤʘʤʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʮʴʦʤʫ, ʻ 

ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ, ʷʢʽ ʟʘ ʩʚʦʾʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʘ ʬʫʥʢʮʽʶʚʘʥʥʷʤ ʧʦ-

ʜʽʣʷʶʪʴ ʥʘ ʮʠʨʢʫʣʷʮʽʡʥʽ ʪʘ ʮʠʣʽʥʜʨʦʚʽ [7, 8]. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʂʦʥʩʪʨʫʢʮʽʡʥʽ ʪʘ ʪʝʭ-

ʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʤʘʱʝʥʥʷ ʩʫʜʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ (ɼɺɿ), ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʨʽʟʥʠʭ ʨʦʙʦʪʘʭ. ʇʨʠ ʮʴʦʤʫ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʣʘʩʷ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʦ-ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ 

[9, 10], ʟʘʙʝʟʧʝʯʝʥʥʶ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ [11, 12] ʾ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʠʟʝʣʷ [13, 14]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɸʥʘʣʽʟ ʜʦʩʚʽʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘ-

ʪʘʮʽʾ ʩʫʜʥʦʚʠʭ ʧʨʦʧʫʣʴʩʠʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʥʽʤʘ-

ʣʴʥʠʡ ʨʽʚʝʥʴ ʥʝʦʙʝʨʪʦʚʠʭ ʚʪʨʘʪ, ʧʦʢʘʟʫʻ, ʱʦ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʦʮʽ-

ʣʴʥʦ ʚʝʩʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: 

Á ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ (ʂʐʄ) ʽ ʧʽʜʰʠʧʥʠʢʽʚ ʨʫʭʫ [15, 16]; 

Á ʟʥʠʞʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʧʨʫʞʥʦʜʝʤʧ-

ʬʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
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ʧʨʦʮʝʩʠ ʤʘʱʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʂʐʄ ʽ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥ-

ʥʷ, ʘ ʪʘʢʦʞ ʧʨʘʮʝʟʜʘʪʥʠʡ ʩʪʘʥ ʢʦʣʽʥʯʘʪʦʛʦ ʚʘʣʫ ʪʘ ʣʽʥʽʾ ʚʘʣʦʧ-

ʨʦʚʦʜʫ [17, 18];  

Á ʤʽʥʽʤʽʟʘʮʽʾ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪ ʽ ʢʦʥʪʘʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʧʘ-

ʣʠʚʥʽʡ ʘʧʘʨʘʪʫʨʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ [19]; 

Á ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ ʽ ʜʝʪʘʣʝʡ 
ʜʠʟʝʣʷ, ʘ ʪʘʢʦʞ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʠʭ ʨʽʜʠʥ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ [20]; 

Á ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ, ʱʦ ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʪʝʨʤʽʯʥʠʭ ʽ 
ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʨʫʭʦʤʽ ʪʘ ʥʝʨʫʭʦʤʽ ʜʝʪʘʣʽ ʜʠʟʝʣʷ 

ʪʘ ʚʘʣʦʧʨʦʚʦʜʫ [21].  

ʅʘʡʙʽʣʴʰʠʤ ʜʦʩʪʫʧʥʠʤ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʞʝ ʽʩʥʫʶʯʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʩʠʩ-

ʪʝʤ ʤʘʱʝʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. ɿ ʮʽʣʦʛʦ ʨʷʜʫ ʤʝʪʦ-

ʜʽʚ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʩʫʜʥʦʚʠʭ ʫʤʦʚ (ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʪʘ ʬʽʥʘʥʩʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ), ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʦʣʠʚʘʥʥʷ 

ʤʘʩʪʠʣʘ ʚ ʩʠʩʪʝʤʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

(ʇɸʈ) [22, 23]. 

ɺʧʣʠʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʣʠʚʘʥʥʷ ʤʦʪʦʨʥʦʛʦ ʤʘʩʪʠʣʘ ʚ ʟʘʛʘʣʴʥʠʡ 

ʦʙôʻʤ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ 

ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʟʘ ʟʤʽʥʦʶ ʤʝʭʘʥʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʠʩʥʦʾ ʜʽʾ 

(ʂʂɼ) ʜʠʟʝʣʷ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʨʽʟʥʠʭ ʫʤʦʚ ʧʦʧʦʚʥʝʥʥʷ 

ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ ʩʚʽʞʠʤ ʤʘʩʪʠʣʦʤ). ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʚʘʣʦʩʴ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʠʟʝʣʽʚ 

6EY22AW (ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 35-ʪʠ, 50-ʪʠ, 65-ʪʠ ʽ 80-ʪʠ %-ʦʤʫ ʥʘʚʘʥ-

ʪʘʞʝʥʥʶ) ʟʘ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʧʦʚʥʝʥʥʷ ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ: 

Á 1-ʠʡ ʜʠʟʝʣʴ ï ʯʝʨʝʟ ʢʦʞʥʽ 100 ʛʦʜʠʥ ʨʦʙʦʪʠ; 

Á 2-ʠʡ ï ʯʝʨʝʟ ʢʦʞʥʽ 25 ʛʦʜʠʥ ʨʦʙʦʪʠˉ 

Á 3-ʠʡ ï ʯʝʨʝʟ ʢʦʞʥʽ 10 ʛʦʜʠʥ ʨʦʙʦʪʠ. 

ʅʘ ʢʦʞʥʦʤʫ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʞʠʤʽʚ (0,35Neʥʦʤ, 0,5Neʥʦʤ, 

0,65Neʥʦʤ, 0,8Neʥʦʤ) ʜʠʟʝʣʽ ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʨʽʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, 

ʷʢʠʡ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʫʜʥʦʚʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʩʪʘʥʦʚʠʚ 

1,5...2,5 ʛʦʜʠʥʠ. ɿʤʽʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥʠ ʟʘ ʮʝʡ ʯʘʩ ʥʝ ʧʝʨʝ-

ʚʠʱʫʚʘʣʦ °2,5 %, ʘ ʦʪʨʠʤʘʥʠʡ ʤʘʩʠʚ ʟʥʘʯʝʥʴ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ ʜʦ-

ʟʚʦʣʷʚ ʽʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʽ ʫ ʚʠʛʣʷʜʽ ʪʘʙ-

ʣʠʮʽ 1, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʾ ʧʦʙʫʜʦʚʘʥʘ ʜʽʘʛʨʘʤʘ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1. 
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ʊʘʙʣʠʮʷ 1. ʄʝʭʘʥʽʯʥʠʡ ʂʂɼ ʪʘ ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ, 

%, ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ 6EY22AW ʬʽʨʤʠ Yanmar ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ  

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥ 

0,35Neʥʦʤ 0,5Neʥʦʤ 0,65Neʥʦʤ 0,8Neʥʦʤ 

ɼʚʠʛʫʥ ˉ 1 (ʧʦʧʦʚʥʝʥʥʷ 

ʯʝʨʝʟ 100 ʛʦʜʠʥ)  -

722,0  
-

776,0  
-

793,0  
-

842,0  

ɼʚʠʛʫʥ ˉ 2 (ʧʦʧʦʚʥʝʥʥʷ 

ʯʝʨʝʟ 25 ʛʦʜʠʥ) 86,8

786,0  
64,4

812,0  
41,4

828,0  
09,3

868,0  

ɼʚʠʛʫʥ ˉ 3(ʧʦʧʦʚʥʝʥʥʷ 

ʯʝʨʝʟ 10 ʛʦʜʠʥ) 22,11

803,0  
09,7

831,0  
18,6

842,0  
80,3

874,0  

ɺʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 1, ʚʠʟʥʘʯʘʣʦʩʴ ʟʘ ʚʠʨʘʟʘʤʠ %10012 Ö
h

h-h
=hD

 
ï ʜʣʷ ʜʚʠʛʫ-

ʥʘ ˉ 2 ʪʘ %10013 Ö
h

h-h
=hD

 
ï ʜʣʷ ʜʚʠʛʫʥʘ ˉ 3, ʜʝ h1, h2, h3 ï ʤʝʭʘ-

ʥʽʯʥʠʡ ʂʂɼ ʚʽʜʧʦʚʽʜʥʠʭ ʜʠʟʝʣʽʚ. 

 

  
ʘ) ʙ) 

ʈʠʩ. 1. ɿʤʽʥʘ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ (ʘ) ʪʘ ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ 

(ʙ) ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʷ 6EY22AW ʬʽʨʤʠ Yanmar ʟʘ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʣʠ-

ʚʘʥʥʷ ʤʘʩʪʠʣʘ: 

1 ï ʯʝʨʝʟ 100 ʛʦʜʠʥ; 2 ï ʯʝʨʝʟ 25 ʛʦʜʠʥ; 3 ï ʯʝʨʝʟ 10 ʛʦʜʠʥ 

ʅʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1 ʽ ʥʘ ʨʠʩ. 1 ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʟʥʠ-

ʞʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʤʽʞ ʜʦʣʠʚʘʥʥʷʤ ʤʘʩʪʠʣʘ 

ʚ ʦʙʩʷʛ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʇɸʈ ʥʘ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʩʫʜʥʦʚʠʭ ʩʝʨʝʜ-

ʥʴʦʦʙʝʨʪʦʚʠʭ ʜʠʟʝʣʽʚ ʝʢʩʧʝʨʠʤʝʥʪʠ ʦʪʨʠʤʘʣʠ ʥʘʩʪʫʧʥʝ ʧʨʦʜʦʚʞʝʥʥʷ 

[9, 15, 18]. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʜʠʟʝʣʽ ʝʢʩʧʣʫʘʪʫʚʘ-
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ʣʠʩʷ ʥʘ ʨʽʚʥʦʚʝʣʠʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ (250...750)°(15...45) ʢɺʪ, ʦʜʥʘ-

ʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ 12...15 ʛʦʜʠʥ/ʜʦʙʫ.  

ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʣʷʛʘʣʘ 

ʚ ʥʘʩʪʫʧʥʦʤʫ. ʇʝʨʰʠʡ ʜʠʟʝʣʴ ʙʫʚ çʢʦʥʪʨʦʣʴʥʠʤè, ʽ ʧʽʩʣʷ ʟʘʤʽʥʠ 

ʤʘʩʪʠʣʘ ʚ ʡʦʛʦ ʩʠʩʪʝʤʽ ʤʘʱʝʥʥʷ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʟ ʥʠʤ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʷ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʟʘʚʦʜʫ-ʚʠʨʦʙʥʠʢʘ  ʡʦʛʦ ʝʢʩʧʣʫʘ-

ʪʘʮʽʷ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʧʨʦʪʷʛʦʤ 100 ʛʦʜʠʥ ʨʦʙʦʪʠ ʙʝʟ ʧʨʦʤʽʞʥʦʛʦ ʧʦ-

ʧʦʚʥʝʥʥʷ ʤʘʩʪʠʣʘ ʚ ʩʠʩʪʝʤʽ. ɿʘ ʮʝʡ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʽʣʴʢʽʩʪʴ 

ʤʘʩʪʠʣʘ ʚ ʮʠʨʢʫʣʷʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʜʠʟʝʣʷ ʥʝ ʟʥʠʞʫʚʘʣʘʩʴ ʥʠʞʯʝ ʛʨʘ-

ʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚ ʮʠʨʢʫʣʷʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʟ 

ʪʦʯʥʽʩʪʶ °(2,5...3) % ʧʽʜʪʨʠʤʫʚʘʣʠʩʷ ʧʦʩʪʽʡʥʠʡ ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʘʩʪʠʣʘ. ʉʠʩʪʝʤʘ ʤʘʱʝʥʥʷ ʜʨʫʛʦʛʦ ʜʠʟʝʣʷ ʧʦʧʦʚʥʶʚʘʣʘʩʷ ʩʚʽʞʠʤ 

ʤʘʩʪʠʣʦʤ ʯʝʨʝʟ ʢʦʞʥʽ 10 ʛʦʜʠʥ ʨʦʙʦʪʠ ʜʦ ʚʝʨʭʥʴʦʛʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ-

ʛʦ ʚ ʢʘʨʪʝʨʽ ʜʠʟʝʣʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʤʫ ʦʙʩʷʛʫ 

ʤʘʩʪʠʣʘ ʚ ʩʠʩʪʝʤʽ. ɼʘʥʠʡ ʧʝʨʽʦʜ ʧʦʧʦʚʥʝʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚ ʷʢʦʩʪʽ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʉʠʩʪʝ-

ʤʘ ʤʘʱʝʥʥʷ ʪʨʝʪʴʦʛʦ ʜʠʟʝʣʷ ʩʧʦʯʘʪʢʫ ʟʘʧʦʚʥʶʚʘʣʘʩʷ ʤʘʩʪʠʣʦʤ ʟ 

ʇɸʈ, ʱʦ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʩʦʣʽ ʤʽʜʽ. ʆʧʪʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʇɸʈ ʩʪʘʥʦʚʠʣʘ 0,1 % ʚʽʜ ʦʙʩʷʛʫ ʤʘʩʪʠʣʘ ʚ ʩʠʩʪʝʤʽ ʤʘʱʝʥʥʷ ʽ ʙʫʣʘ 

ʚʩʪʘʥʦʚʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʽʭ ʦʧʪʠʯʥʠʭ ʽ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [7, 8, 13, 17]. ʂʨʽʤ ʪʦʛʦ, ʯʝʨʝʟ ʢʦʞʥʽ 10 ʛʦʜʠʥ ʨʦʙʦʪʠ 

ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʧʦʧʦʚʥʝʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ ʜʘʥʦʛʦ 

ʜʠʟʝʣʷ ʤʘʩʪʠʣʦʤ ʟ ʪʘʢʦʶ ʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʇɸʈ. 

ɸʥʘʣʦʛʽʯʥʦ ʧʦʧʝʨʝʜʥʽʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʜʣʷ ʢʦʞʥʦʛʦ ʜʠʟʝʣʷ 

ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ (0,35...0,8)Neʥʦʤ ʚʠʢʦʥʫʚʘʣʦʩʷ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2 

ʪʘ ʥʘʜʘʥʽ ʥʘ ʨʠʩ. 2. 

ʊʘʙʣʠʮʷ 2. ʄʝʭʘʥʽʯʥʠʡ ʂʂɼ ʪʘ ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ, %, 

ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ 6EY22AW ʬʽʨʤʠ Yanmar ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥ 

0,35Neʥʦʤ 0,5Neʥʦʤ 0,65Neʥʦʤ 0,8Neʥʦʤ 

ʇʦʧʦʚʥʝʥʥʷ ʯʝʨʝʟ 100 

ʛʦʜʠʥ -

726,0  
-

771,0  
-

789,0  
-

832,0  

ʇʦʧʦʚʥʝʥʥʷ ʯʝʨʝʟ 10 

ʛʦʜʠʥ  29,11

808,0  
08,9

841,0  
35,7

847,0  
81,4

872,0  

ʇʦʧʦʚʥʝʥʥʷ ʯʝʨʝʟ 10 

ʛʦʜʠʥ ʪʘ ʜʦʜʘʚʘʥʥʷ ʇɸʇ 88,14

834,0  
97,12

871,0  
66,11

881,0  
62,9

912,0  
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ɺʽʜʥʦʩʥʦ ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣʠʮʽ 2, ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʴ ʚʽʜʧʦʚʽʜʥʦ ʚʠʱʝʚʠʢʣʘʜʝʥʦʾ ʤʝʪʦʜʠʢʠ. 
 

  
ʘ) ʙ) 

ʈʠʩ. 2. ɿʤʽʥʘ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ (ʘ) ʪʘ ʚʽʜʥʦʩʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ 

(ʙ) ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʷ 6EY22AW ʬʽʨʤʠ Yanmar ʟʘ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʣʠ-

ʚʘʥʥʷ ʤʘʩʪʠʣʘ: 

1 ï ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ ʚ ʰʪʘʪʥʦʤʫ ʨʝʞʠʤʽ; 2 ï ʧʦʧʦʚʥʝʥʥʷ ʩʠʩʪʝʤʠ 

ʤʘʱʝʥʥʷ ʯʝʨʝʟ 10 ʛʦʜʠʥ ʨʦʙʦʪʠ; 3 ï ʧʦʧʦʚʥʝʥʥʷ ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ ʯʝʨʝʟ 

10 ʛʦʜʠʥ ʨʦʙʦʪʠ ʽ ʜʦʜʘʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʦʾ ʧʨʠʩʘʜʢʠ 

ɺʠʩʥʦʚʢʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɯʟ ʮʽʣʦʛʦ ʨʷʜʫ 

ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʫ ʩʫʜʥʦʚʠʭ ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʠʭ 

ʜʠʟʝʣʷʭ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʩʫʜʥʦʚʠʭ ʫʤʦʚ (ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʪʘ ʬʽʥʘʥʩʦʚʦʾ ʪʦʯʢʠ ʟʦʨʫ) ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʦʣʠʚʘʥʥʷ 

ʤʘʩʪʠʣʘ ʚ ʩʠʩʪʝʤʫ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʤʘʱʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʝʨʭ-

ʥʝʚʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʇʝʨʰʠʡ (ʜʦʣʠʚʘʥʥʷ ʤʘʩʪʠʣʘ) ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʟʘʚʦʜʦʤ-ʚʠʛʦʪʦʚʣʶʚʘʯʝʤ, ʘʣʝ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʥʦʤʽʥʘʣʴ-

ʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʠʟʝʣʷ ʟʘ ʫʤʦʚʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʩʪʘʥʜʘʨʪ-

ʥʠʭ ʫʤʦʚ. ɼʨʫʛʠʡ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʩʘʜʦʢ) ʥʝ ʤʘʻ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦ-

ʚʩʶʜʞʝʥʥʷ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ 

ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʠʟʝʣʽʚ ʥʘ ʨʽʟʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʝʞʠʤʘʭ, ʘ ʪʘʢʦʞ ʫ ʚʠʧʘʜʢʘʭ ʟʤʽ-

ʥʠ ʦʜʥʦʛʦ ʩʦʨʪʫ ʧʘʣʠʚʘ ʥʘ ʽʥʰʠʡ.  

ɿʥʠʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʦʮʽʥʶʻʪʴʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʤ 

ʟʨʦʩʪʘʥʥʷʤ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ ʜʠʟʝʣʷ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʜʠʟʝʣʷ 6EY22AW ʬʽʨʤʠ Yanmar ʟ ʨʝʢʦʤʝʥʜʦʚʘʥʦʶ ʬʽʨʤʦʶ-

ʚʠʨʦʙʥʠʢʦʤ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʦʣʠʚʘʥʥʷ ʤʦʪʦʨʥʦʛʦ ʤʘʩʪʠʣʘ ʚ ʮʠʨʢʫʣʷ-

ʮʽʡʥʫ ʩʠʩʪʝʤʫ ʤʘʱʝʥʥʷ ʪʘ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʜʦʜʘʚʘʥʥʷ ʇɸʈ ʜʦ ʦʙôʻʤʫ 

ʤʦʪʦʨʥʦʛʦ ʤʘʩʪʠʣʘ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (0,35é0,8)Neʥʦʤ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,722é0,842.  



2023 ï  ̄47 ʉʫʜʥʦʚ̔ ʝʥʝʨʛʝʪʠʯʥ ̔ʫʩʪʘʥʦʚʢʠ 28 
 

 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʧʦʧʦʚʥʝʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, 

ʘ ʪʘʢʦʞ ʜʦʜʘʚʘʥʥʷ ʚ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʝʨʭ-

ʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʧʨʠʩʘʜʢʠ ʟ ʦʧʪʠʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ (ʚʠʟʥʘʯʝʥʥʷ 

ʷʢʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤʠ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ), 

ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ ʜʠʟʝʣʷ ʜʦ ʨʽʚʥʷ 0,834é0,912 ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʥʠʞʝʥʥʶ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʝʬʝʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ.  

ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʦʧʦʚʥʝʥʥʽ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʷʢʝ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʘʻ 10 ʛʦʜʠʥ) ʪʘ ʜʦ-

ʜʘʚʘʥʥʷʤ ʜʦ ʦʙʩʷʛʫ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʘʱʝʥʥʷ ʇɸʈ (ʟ ʦʧʪʠʤʘ-

ʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,1 % ʟʘ ʟʘʛʘʣʴʥʠʤ ʦʙʩʷʛʦʤ ʩʠʩʪʝʤʠ) ʤʦʞʣʠʚʦ 

ʜʦʩʷʛʥʝʥʥʷ 9,62é14,62 %-ʝ ʟʙʽʣʴʰʝʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʂʂɼ ʜʠʟʝʣʷ ʪʘ 

ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ. 
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10.31653/smf47.2023.32-45 
ʂʨʠʚʠʡ ʄ.ʆ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʆʜʝʩʴʢʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷè 

ɺʀɿʅɸʏɽʅʅʗ ʍɸʈɸʂʊɽʈʅʀʍ ʂʋʊɯɺ ʇɸʈ ʂʆɺɿɸʅʅʗ  

ʉʋɼʅʆɺʀʍ ɽʅɽʈɻɽʊʀʏʅʀʍ ʋʉʊɸʅʆɺʆʂ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ʇʘʨʠ ʢʦʚʟʘʥʥʷ ʻ 

ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʚʫʟʣʽʚ ʩʫʜʥʦʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘ-

ʥʦʚʦʢ (ʉɽʋ), ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʷʢʠʭ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʛʦʚʽ-

ʯʥʽʩʪʴ ʉɽʋ ʚ ʮʽʣʦʤʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʾ 

ʨʦʙʦʪʠ ʧʘʨ ʢʦʚʟʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʧʘʨʠ 

ʢʦʚʟʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʛʨʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʾʭ ʨʦʙʦʪʠ, ʪʘʢʽ ʷʢ 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪʠ ʩʧʨʦʪʠʚʫ ʦʙʝʨʪʘʥʥʶ ʪʘ ʛʽʜʨʦ-

ʜʠʥʘʤʽʯʥʦʛʦ ʪʝʨʪʷ. ʆʙʯʠʩʣʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢ ʟʚʘ-

ʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʢʫʪʽʚ ʨʦʙʦʪʠ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, ʜʦ ʷʢʠʭ ʙʫʜʝʤʦ ʚʽʜʥʦ-

ʩʠʪʠ: ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʢʫʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʽ ʢʫʪ 

ʚʽʜʭʠʣʝʥʥʷ ʣʽʥʽʾ ʮʝʥʪʨʽʚ. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʢʫ-

ʪʽʚ ʨʦʙʦʪʠ ʧʘʨʠ ʢʦʚʟʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʶ ʨʦʙʦʪʠ 

ʧʘʨ ʢʦʚʟʘʥʥʷ, ʟʦʢʨʝʤʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠʩʚʷʯʝ-

ʥʦ ʙʘʛʘʪʦ ʨʦʙʽʪ [1 - 9]. ɺʦʥʠ ʨʦʟʛʣʷʜʘʣʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʚʢʘʟʘʥʦʾ ʧʨʦ-

ʙʣʝʤʠ ʽ ʚʠʢʦʥʫʚʘʣʠʩʴ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɿʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʘʭ [8, 9], 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʚ ʤʘʩʪʠʣʴʥʦʤʫ ʰʘʨʽ. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʪʘʤ ʨʦʟʚôʷʟʢʽʚ ʦʪʨʠʤʘʥʽ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ ʽʥʪʝʛʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ, ʷʢʠʤʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘ-

ʭʫʥʢʽʚ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ. ɺ ʨʦʙʦʪʘʭ [4-7] 

ʮʝʡ ʧʽʜʭʽʜ ʦʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ 

ʽʥʪʝʛʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʘʩʪʠʣʴʥʠʭ ʰʘʨʽʚ. 

ʆʜʥʘʢ, ʥʝʜʦʣʽʢʦʤ ʽʩʥʫʶʯʠʭ ʨʦʟʚôʷʟʢʽʚ ʻ ʪʝ, ʱʦ ʟʘʚʯʘʩʥʦ ʥʝʚʽʜʦʤʽ 

ʭʘʨʘʢʪʝʨʥʽ ʢʫʪʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʨʘʜʽʘ-

ʣʴʥʦʛʦ ʟʘʟʦʨʫ ʧʽʜʰʠʧʥʠʢʘ ʢʦʚʟʘʥʥʷ. ɸʣʝ ʩʘʤʝ ʮʝʡ ʧʘʨʘʤʝʪʨ ʟʤʽʥʶ-

ʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʡʦʛʦ ʥʝ ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝ ʢʦʨʝʢʪʥʦʾ ʦʮʽʥʢʠ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʧʘʨ ʢʦʚʟʘʥʥʷ ʩʫʜʥʦʚʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʋʩʫʥʝʥʥʶ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʽ ʧʨʠʩʚʷʯʝʥʘ ʜʘʥʘ 

ʨʦʙʦʪʘ.  

ʇʦʩʪʘʥʦʚʢʘ ʽ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʝʤʦ ʧʘʨʫ ʢʦ-

ʚʟʘʥʥʷ: ʧʽʜʰʠʧʥʠʢ ï ʰʠʧ, (ʚʪʫʣʢʘ ï ʚʘʣ), ʚ ʷʢʽʡ ʚʽʜʩʫʪʥʻ ʪʦʨʮʝʚʝ 
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ʚʠʪʽʢʘʥʥʷ ʤʘʩʪʠʣ (ʧʣʦʩʢʘ ʟʘʜʘʯʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʤʘʱʝʥʥʷ). 

ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ()h h= j ʪʦʚʱʠʥʫ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ 

ʧʘʨʠ ʢʦʚʟʘʥʥʷ, ʪʦʙʪʦ ʚ ʟʦʥʽ ʚ ʷʢʽʡ ʚʠʥʠʢʘʻ ʜʦʜʘʪʥʽʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ 

ʪʠʩʢ ()p p= j. ʂʫʪ j ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʽ 1 2j ¢j¢j, ʜʝ 1 2,j j - 

ʢʫʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʛʨʘʥʠʮʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ (ʈʠʩ.1). 

ʎʽ ʜʚʘ ʢʫʪʠ ʙʫʜʝʤʦ ʧʝʨʰʠʤʠ ʜʚʦʤʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʢʫʪʘʤʠ ʧʘʨʠ ʢʦʚ-

ʟʘʥʥʷ. ɺ ʤʘʩʪʠʣʴʥʦʤʫ ʰʘʨʽ ʚʠʥʠʢʘʻ ʜʦʪʠʯʥʝ ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʥʘʧʨʫ-

ʞʝʥʥʷ ʟʩʫʚʫ ( )ʭʫ j jt =t =t j. ɺʠʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ()p j  ʽ ʟʩʫʚʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ jt ʻ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʝʨʽʾʚ ʙʝʟʘʚʘ-

ʨʽʡʥʦʾ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʘ ʢʦʚʟʘʥʥʷ. ʎʷ ʟʘʜʘʯʘ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʜʚʽ 

ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯʽ, ʘ ʩʘʤʝ: ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʦʜʠ-

ʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ()p j  ʽ ʟʘʜʘʯʫ ʧʦ ʚʠʟʥʘʯʝʥʥʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʥʘ-

ʧʨʫʞʝʥʥʷ ʟʩʫʚʫ jt. 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʨʫʭʫ ʧʘʨʠ ʢʦʚʟʘʥʥʷ ʉɽʋ 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʝʨʰʦʾ ʟʘʜʘʯʽ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ 

ʨʽʚʥʷʥʥʷʤ ʈʝʡʥʦʣʴʜʩʘ, ʷʢʝ ʚ ʧʨʠʧʫʱʝʥʥʷʭ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʨʦʮʝʩʫ, 

ʱʦ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʩʪʘʣʦʾ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ 0w, ʜʣʷ ʥʴʶʪʦʥʽʚʩʴ-

ʢʠʭ ʤʘʩʪʠʣ, ʧʦʜʘʤʦ ʪʘʢ [4, 8] 

3 2
0 0 1 1 26 ,     ,

d dp dh
h R

d d d

å õ
= w m j <j<jæ ö

j j jç ÷
 (1) 
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ʜʝ [ ]0 / ( )ʢʛ ʩ ʤm Ö  ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʘʩʪʠʣʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʦʚ-

ʥʽʰʥʴʦʤʫ ʪʠʩʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʩʪʠʣ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ; 1R - ʨʘʜʽʫʩ 

ʮʘʧʬʠ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ( )hj, ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʧʦʜʘʥʥʷʤ [4]: 

() ()0ŭ Ů cos ŭ(1 Ů cos )=h hj = + Ö j= + Ö j d j (2) 

ʜʝ 2 1R Rd= -, e ï ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ʮʝʥʪʨʽʚ ʪʽʣ ʧʘʨ ʢʦʚʟʘʥʥʷ; 

0

e
e = -
d

 ʚʽʜʥʦʩʥʠʡ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʋʤʦʚʠ ʨʽʚʥʽʩʪʴ ʥʫʣʶ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʥʘ ʢʽʥʮʽ ʽ ʧʦʯʘʪʢʫ 

ʨʦʙʦʯʦʾ ʟʦʥʠ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʥʝ ʚʽʜôʻʤʥʽʩʪʴ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʟʦʥʠ 

ʧʦʜʘʤʦ ʪʘʢ  

( ) ( )1 2 0p pj = j =, ( )2 0.p¡j =  (3) 

ʇʝʨʝʡʜʝʤʦ ʚ ʨʽʚʥʷʥʥʽ (1) ʽ ʧʦʜʘʥʥʽ (2) ʽ ʫʤʦʚʘʭ (3) ʜʦ ʙʝʟʨʦʟʤʽʨ-

ʥʠʭ ʚʝʣʠʯʠʥ, ʪʦʙʪʦ ʜʦ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʪʠʩʢʫ ( )p j  ʽ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴ-

ʥʦʛʦ ʰʘʨʫ ()h j : 

1( ) ( )p k pj = j, () ()ɣh h= j d, (4) 

ʜʝ 0 0
1 2 2

0

1ʇʘ
ʢʛ

k
ʤ ʩ

m wè ø
= =é ù
d Öê ú

. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ (1) - (3), ʦʪʨʠʤʘʻʤʦ ʚʽʜ-

ʥʦʩʥʦ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʧʠʪʦʤʦʛʦ ʪʠʩʢʫ ( )p j  ʥʘʩʪʫʧʥʫ ʢʨʘʻʚʫ ʟʘʜʘʯʫ 

()

3

1 2

0

6
;    

1 Ů cos

d d p dh
h

d d d

h

ë å õ
=î æ ö

j j jj <j<jç ÷ì
î
j = + jí

. (5) 

( ) ( )1 2 0p pj = j =; ( )2 0p¡j =. (6) 

 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʽ ʥʘʧʨʫʞʝʥʴ 

ʚôʷʟʢʦʛʦ ʟʩʫʚʫ. ɿʛʽʜʥʦ ʧʝʨʰʠʭ ʜʚʦʭ ʫʤʦʚ ʽʟ (6), ʽʩʥʫʻ ʢʫʪ 

0 1 2( ; )j Í j j ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, ʚ ʷʢʽʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ 

( )0p j  ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ: ( ) ()
1 2

0 0
( ; )
maxp p p
jÍj j

= j = j. ʂʫʪ 0j  

ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʪʨʝʪʽʤ ʭʘʨʘʢʪʝʨʥʠʤ ʢʫʪʦʤ ʧʘʨʠ ʢʦʚʟʘʥʥʷ. ɿ ʦʛʣʷ-
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ʜʦʤ ʥʘ ʮʝ, ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (5), ʷʢʠʡ 

ʟʘʜʦʚʦʣʴʥʷʻ ʜʨʫʛʽʡ ʢʨʘʡʦʚʽʡ ʫʤʦʚʽ ʚ (6), ʧʦʜʘʤʦ ʪʘʢ  

( ) ( )

2

0 0

3 2

0 0

1 ʩos 1
( ) 6

1 Ů cos 1 Ů cos
p d

j

j

å õ+e j
æ öj = - j
æ ö+ j + jç ÷
ñ , 1 2( ; )jÍ j j. (7) 

ʈʝʘʣʽʟʘʮʽʷ ʧʝʨʰʦʾ ʢʨʘʡʦʚʦʾ ʫʤʦʚʠ ʽʟ (3.2): ( )1 0p j =, ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʢʫʪʘ 0j  

0cos jjj = ; (8) 

ʜʝ  

3 1 2 0

3 2 2 0

( , ,Ů )

( , ,Ů )

cj
j

j
j

j j
=

j j
; 

( )

2

2 0

0

( , ,Ů )
1 Ů cos

k k

d
j

j

j

j
j j =

+ j
ñ ;  

( )

2

2 0

0

cos
( , ,Ů )

1 Ů cos

c
k k

d
j

j

j

j j
j j =

+ j
ñ , 

( )

2

2 0

0

sin
( , ,Ů )

1 Ů cos

s
k j

d
j

j

j

j j
j j =

+ j
ñ . 

ʆʪʨʠʤʘʥʠʡ ʨʦʟʚôʷʟʦʢ (8) ʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʅʴʶʪʦʥʘ ʪʘ 

ʈʝʡʥʦʣʴʜʩʘ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʟʩʫʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʤʘʩʪʠ-

ʣʴʥʦʤʫ ʰʘʨʽ ʥʘ ʮʘʧʬʽ 

0 0

2
0 0

3(1 ʩos )4

1 Ů cos(1 Ů cos )
sh

+e j
t = -

+ j + j
, (9) 

ʆʩʥʦʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, ʘ ʩʘʤʝ ʢʦʝʬʽʮʽʻʥʪ ʥʘʚʘ-

ʥʪʘʞʝʥʦʩʪʽ (ʢʦʝʬʽʮʽʻʥʪ ʥʝʩʫʯʦʾ ʩʠʣʠ) PF  ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʫʤʦʚ ʩʠ-

ʣʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʧʘʨʠ ʢʦʚʟʘʥʥʷ. ʆʩʪʘʥʥʽ, ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʟʘʚʘʥʪʘ-

ʞʝʥʥʽ (ʜʠʚ. ʨʠʩ. 1), ʟʦʚʥʽʰʥʴʦʶ ʩʠʣʦʶ: ( ;0)rF P= , ʧʦʜʘʤʦ ʪʘʢ 

2 2

1 1

02 cos( ) ( ) 2 sin( ) ( )P p d d

j j

e e j

j j

F = y+j y y- d y+j t y yñ ñ , (10) 

2 2

1 1

00 sin( ) ( ) cos( ) ( )p d d

j j

e e j

j j

= y+j y y-d y+j t y yñ ñ ,  (11) 

ʜʝ 
1

0 1R-d =d -ʚʽʜʥʦʩʥʠʡ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ. 

ɺ ʮʠʭ ʨʽʚʥʷʥʥʷʭ ʤʽʩʪʠʪʴʩʷ ʯʝʪʚʝʨʪʠʡ ʭʘʨʘʢʪʝʨʥʠʡ ʢʫʪ ʧʘʨʠ ʢʦʚ-

ʟʘʥʥʷ, ʘ ʩʘʤʝ ʢʫʪ ej  ʚʽʜʭʠʣʝʥʥʷ ʣʽʥʽʾ ʮʝʥʪʨʽʚ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, 

ʜʣʷ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (11), ʷʢʝ ʧʝʨʝ-

ʧʠʰʝʤʦ ʪʘʢ  
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2 2

1 1

0 00 cos cos ( ( ) ( )) sin sin ( ( ) ( ))p d p d

j j

e j e j

j j

¡ ¡= j y y -d t y y- j y y -d t y yñ ñ  

ɿʚʽʜʩʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ej  ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ 

tg .c

s

A

A

-

e -
j =  (12) 

0 1 0 0 2 0 32 (3 1.5 ) 3 ;c c c
cA j h j h j-=- d + + d - 

0 1 0 0 2 0 32 (3 1.5 ) 3s s s
sA j h j h j-=- d + + d -, 0 0 01 ʩosh = +e j 

ɺʽʜʤʽʪʠʤʦ, ʱʦ, ʚ ʙʘʣʘʥʩʽ ʩʠʣ (10), (11), ʟʘʟʚʠʯʘʡ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʩʠʣʠ ʚôʷʟʢʦʛʦ ʟʩʫʚʫ. ʆʙˇʨʫʥʪʦʚʫʶʯʠ ʮʝ ʪʠʤ, ʱʦ ʧʨʠʩʫʪʥʽʡ ʪʘʤ ʚ ʷʢʦ-

ʩʪʽ ʤʥʦʞʥʠʢʘ ʚʽʜʥʦʩʥʠʡ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ 0d, ʧʨʠʡʤʘʻ ʤʘʣʽ ʟʥʘʯʝʥʥʷ 
3( 10 )-º . ʆʜʥʘʢ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʥʦʩʥʠʡ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ 

ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʙʽʣʴʰʝʥʥʷ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʦʢ ʚ 

ʦʮ̔ʥʮʽ ʪʦʯʥʦʩʪʽ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʧʘʨʠ ʢʦʚʟʘʥʥʷ.  

ʇʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʭʘʨʘʢʪʝʨʥʠʭ ʢʫʪʽʚ ʧʘʨʠ 

ʢʦʚʟʘʥʥʷ ʪʘ ʾʭ ʘʥʘʣʽʟ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʤʘʩʪʠʣʴʥʦʤʫ ʰʘʨʽ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʽʜʣʷʛʘʶʪʴ ʚʠʟʥʘ-

ʯʝʥʥʶ ʭʘʨʘʢʪʝʨʥʽ ʢʫʪʠ ʧʘʨʠ ʢʦʚʟʘʥʥʷ ʽ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʛʽʜʨʦ-

ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʪʘ ʥʘʧʨʫʞʝʥʴ ʚôʷʟʢʦʛʦ ʟʩʫʚʫ. ɺʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʢʘʟʘʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʘʩʪʠʣ ʻ ʚʽʜʥʦ-

ʩʥʠʡ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ 0Ů, ʘ ʪʘʢʦʞ, ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʚʽʜʥʦʩʥʠʡ ʨʘʜʽʘʣʴ-

ʥʠʡ ʟʘʟʦʨ 0d. 

ʉʢʣʘʜʥʽʩʪʴ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʧʘʨʽ ʢʦʚʟʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʛʨʘʥʠʮʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʤʘʩʪʠʣʴʥʦʛʦ 

ʰʘʨʫ 1j , 2j  ʟʘʟʜʘʣʝʛʽʜʴ ʥʝ ʚʽʜʦʤʽ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʘʙʦ ʤʝʪʦʜ 

ʚʘʨʽʘʮʽʾ ʛʨʘʥʠʮʴ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɹʫʜʝʤʦ ʟʘ ʨʘʭʫʥʦʢ ʚʘʨʽ-

ʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 1j, 2j, ʜʦʩʷʛʘʪʠ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ, ʷʢʽ ʚʠ-

ʪʽʢʘʶʪʴ ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ:  

( ) ( )
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ʊʫʪ ,( 1,3)ke k= -ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ 5
1 10e -< , 3

2 10e -< , 2
3 10e -< . 

ɺʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ( )2 0p j = ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʙʦʨʫ ʧʦʜʘʥʥʷ 

(7) ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (1).  

ʈʝʘʣʽʟʘʮʽʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʙʘʛʘʪʴʤʘ ʩʧʦʩʦʙʘʤʠ, 

ʟʦʢʨʝʤʘ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ ʩʽʪʦʢ. ʅʝ ʟʫʧʠʥʷʶʯʠʩʴ ʥʘ ʜʝʪʘ-

ʣʷʭ ʨʝʘʣʽʟʘʮʽʾ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ ʚʠʢʦʥʘʥʦ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʄʘpl, ʥʘʚʝʜʝʤʦ ʜʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ. ɿʦʢʨʝʤʘ, ʚ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʥʽ ʟʥʘ-

ʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʢʫʪʽʚ ʧʘʨʠ ʢʦʚʟʘʥʥʷ: 1j, 2j , edj , 0j  ʽ ʜʦʚʞʠʥʠ 

ʜʫʛʠ ʨʦʙʦʯʦʾ ʟʦʥʠ eDj ʚ ʛʨʘʜʫʩʘʭ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʝʢʩʮʝ-

ʥʪʨʠʩʠʪʝʪ 0Ů , ʧʨʠ ʟʥʘʯʝʥʥʽ ʚʽʜʥʦʩʥʦʛʦ ʨʘʜʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ 

3
0 1.63 10-d = Ö. ʊʘʤ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʚʽʜʭʠʣʝʥʥʷ ʣʽʥʽʾ 

ʮʝʥʪʨʽʚ ej  ʧʨʠ 0 0d =, ʽ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ [8, 9] ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ ʣʽʥʽʾ 

ʮʝʥʪʨʽʚ kej . 

ɺʠʢʦʨʠʩʪʘʚʰʠ, ʜʘʥʥʽ ʪʘʙʣʠʮʽ 1, ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʨʝʩʠʚʥʦʛʦ ʘʥʘ-

ʣʽʟʫ[11-14], ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʥʠʭ ʢʫʪʽʚ ʧʘʨʠ ʢʦʚʟʘʥʥʷ. ʅʝʭʘʡ haj  ʜʝʷʢʠʡ ʭʘʨʘʢ-

ʪʝʨʥʠʡ ʢʫʪ ʧʘʨʠ ʢʦʚʟʘʥʥʷ, ʡʦʛʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʝʢʩʮʝʥʪʨʠ-

ʩʠʪʝʪʫ 0Ů, ʙʫʜʝʤʦ ʨʦʟʰʫʢʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ 

1 0 2 0arccos( )ha q qj = e + e. (14) 

ʅʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ 1q , 2q  ʚʠʟʥʘʯʝʥʽ, ʩʧʠʨʘʶʯʠʩʴ ʩʪʘʥʜʘʨʪʥʫ 

ʩʭʝʤʫ ʨʝʛʨʝʩʽʡʥʦʛʦ ʽ ʜʠʩʧʝʨʩʥʦʛʦ ʘʥʘʣʽʟʫ. ʇʦʙʫʜʦʚʘʥʫ ʤʦʜʝʣʴ ʙʫʜʝ-

ʤʦ ʚʚʘʞʘʪʠ ʘʜʝʢʚʘʪʥʦʶ, ʷʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ 

ʨʦʙʦʪʘʭ [11-14]. ɺ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 1q , 2q  

ʪʘ ʾʭ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ 1g, 2g ( P-ʟʥʘʯʝʥʥʷ), ʷʢʽ ʚʠʟʥʘʯʝʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ t- ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ, ʘ ʪʘʢʦʞ ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ 2R  ( R-ʢʚʘʜʨʘʪ) ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʚ ʮʽʣʦʤʫ. ɿʘ-

ʫʚʘʞʠʤʦ, ʱʦ ʜʣʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ, ʚʠʨʽʰʘʣʴʥʠʤ ʻ 

ʚʠʢʦʥʘʥʥʷ ʜʚʦʭ ʫʤʦʚ:  

1) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʦʚʠʥʥʦ ʧʨʠʡʤʘʪʠ ʥʘʡʙʽʣʴʰ 

ʤʦʞʣʠʚʝ ʟʥʘʯʝʥʥʷ: 
2 1R ­ ; 

2) ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ ʢʦʞʥʦʛʦ ʨʝʛʨʝʩʦʨʘ ʧʨʠʡʤʘʪʠ ʥʘʡʤʝʥʰʽ ʤʦʞ-

ʣʠʚʽ ʟʥʘʯʝʥʥʷ: 0kg ­ . 
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ʊʘʙʣʠʮʷ 1. ɿʥʘʯʝʥʥʷ ʢʫʪʽʚ 1j, 2j , eDj, edj , ej , kej , 0j . 

0Ů 1j 2j  Dj 
edj  ej  kej  0j  

0,001 11,8 254,2 242,40 78,2028 66,6499 - 106,09 

0,01 27,7 248,1 220,4 62,3030 60,5694 - 111,89 

0,05 30,71 244,34 213,63 59,2961 58,9103 - 115,46 

0,1 32,07 241 208,93 57,9341 57,7267 72,55 118,998 

0,2 34,53 234,34 199,81 55,479 55,3601 61,18 125,65 

0,3 37,12 228,07 190,95 52,8878 52,7974 54,30 131,93 

0,4 39,96 222,08 182,12 50,0431 49,9664 49,98 137,92 

0,5 43,15 216,34 173,19 46,8552 46,7865 46,77 143,66 

0,6 46,8 210,75 163,95 43,2037 43,1408 43,12 149,25 

0,65 48,87 207,98 159,11 41,1396 41,0793 40,96 152,02 

0,7 51,14 205,193 154,053 38,8674 38,8097 38,75 154,81 

0,75 53,68 202,37 148,69 36,3216 36,2668 36,03 15763 

0,8 56,61 199,449 142,839 33,3983 33,3469 33,33 160,55 

0,85 60,08 196,37 136,29 29,9269 29,8796 29,7 163,63 

0,9 64,45 192,981 128,531 25,5514 25,510 25,5 167,02 

0,925 67,22 191,075 123,855 22,7822 22,7447 22,68 168,93 

0,95 70,69 188,9043 118,2143 19,3108 19,2783 19,27 171,10 

0,975 75,59 186,1956 110,6056 14,4159 14,3912 14,37 173,80 

0,99 80,38 183,87853 103,49853 9,6291 9,6122 9,62 176,12 

 

ɺʚʘʞʘʻʪʴʩʷ ʚʽʜʤʽʥʥʠʤ ʟʚôʷʟʦʢ ʤʽʞ ʭʘʨʘʢʪʝʨʥʠʤʠ ʢʫʪʘʤʠ ʪʘ ʨʝ-

ʛʨʝʩʦʨʘʤʠ 0arccos( )e  ʽ 0e, ʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʦʜʝʣʽ (14) ʘʜʝʢʚʘʪʥʠʤʠ, 

ʷʢʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ: 
20.9 1R¢ <, 310k

-g ¢ .  

ʊʘʙʣʠʮʷ 2. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʝʡ (14) ʽ ʾʭ ʨʝʛʨʝʩʽʡʥʽ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 1q  1g 2q  2g 2R  

edj  39,999757 1510-  7,842786 810-  0,998541 

kej  44,473716 1610-  4,6165924 49 10-Ö  0,996539 

1j 12,867107 610-  66,64278 1410-  0,986075 

2j  150,87762 0 138,92802 1510-  0,996906 

0j  67,411397 0 153,61016 0 0,998389 

Dj 138,01051 0 72,285239 1210-  0,997327 
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ʆʪʞʝ, ʧʦʙʫʜʦʚʘʥʽ ʤʦʜʝʣʽ (14) ʻ ʘʜʝʢʚʘʪʥʠʤʠ ʜʣʷ ʫʩʽʭ ʭʘʨʘʢʪʝʨ-

ʥʠʭ ʢʫʪʽʚ ʽʟ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ 
2R .  

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʣʽʥʽʾ ʮʝʥʪʨʽʚ edj  

ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ 0Ů, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʙʣʠʮʽ 1 

ï ʪʦʯʢʦʚʘ ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ (14) ï ʯʝʨ-

ʚʦʥʘ ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ. ʆʯʝʚʠʜʥʦ, ʦʙʠʜʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʤʽʥʥʦ ʫʟʛʦ-

ʜʞʫʶʪʴʩʷ ʽ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʶʪʴ. ʊʘʤ ʞʝ ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ 

ʢʫʪʘ ʧʦʚʦʨʦʪʫ kej , ʷʢʘ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ (14) - ʩʠʥʷ 

ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ, ʽ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʣʽʥʽʾ ʮʝʥʪʨʽʚ ej - ʟʝʣʝʥʘ 

ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʚ ʧʨʠʧʫʱʝʥʥʷʭ, ʱʦ ʮʝʥʪʨ ʮʘʧʬʠ ʦʧʠʩʫʻ 

ʧʽʚʢʦʣʦ, ʪʦʙʪʦ ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʽʩʪʴ: 0cos ej =e. ɯʟ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ 

ʩʣʽʜʫʻ, ʱʦ ʥʘʡʢʨʘʱʝ ʧʦʚʝʜʽʥʢʫ ʢʫʪʘ ʚʽʜʭʠʣʝʥʥʷ ʮʝʥʪʨʽʚ ʦʧʠʩʫʻ ʟʘʣʝ-

ʞʥʽʩʪʴ ʜʣʷ edj , ʷʢʘ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘ-

ʥʠʤʠ [8, 9], ʜʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 0Ů 0,8< , ʪʨʘʻʢʪʦʨʽʷ 

ʮʝʥʪʨʫ ʮʘʧʬʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʽʚʢʦʣʘ. 

 

 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʣʽʥʽʾ ʮʝʥʪʨʽʚ ʚʽʜ 0Ů 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʥʠʭ ʢʫʪʽʚ ʚʽʜ 0Ů. 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʠʭ ʢʫʪʽʚ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʣʘʡʥ-ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʪʘʙʣʠʮʽ 1, ʮʝ ʪʦʯʢʦʚʽ ʢʨʠ-

ʚʽ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʝʡ (14) ï ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ. ʇʨʠ ʮʴʦʤʫ ʣʽʥʽʾ 

ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʦʧʠʩʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʢʫʪʘ 1j, ʣʽʥʽʾ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦ-

ʨʫ ʧʦʚʝʜʽʥʢʫ ʢʫʪʘ 2j, ʣʽʥʽʾ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ ʧʦʚʝʜʽʥʢʫ ʢʫʪʘ 0j  ʽ ʣʽʥʽʾ 

ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ ʟʤʽʥʫ ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ ʟʦʥʠ Dj (ʚ ʛʨʘʜʫʩʘʭ) ʚ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ 0Ů.  

ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʢʠ ʧʦʢʘʟʫʶʪʴ ʚʽʜʤʽʥʥʝ ʩʧʽʚʧʘʜʽʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʽʟ ʪʘʙʣʠʯʥʠ-

ʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

 
ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʣʽʥʽʾ ʮʝʥʪʨʽʚ ʚʽʜ 0Ů 
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ʅʘ ʨʠʩ. 4 ʥʘʚʝʜʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʣʽʥʽʾ ʮʝʥʪʨʽʚ edj , 

ej  (ʚ ʛʨʘʜʫʩʘʭ) ʚʽʜ 0Ů, ʷʢʽ ʦʪʨʠʤʘʥʽ ʣʽʥʽʡʥʦʶ ʩʧʣʘʡʥ-ʘʧʨʦʢʩʠʤʘʮʽʻʶ 

ʜʘʥʠʭ ʪʘʙʣʠʮʽ 1 ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ (14). ʇʨʠ 

ʮʴʦʤʫ ʣʽʥʽʾ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʫ edj , ʘ ʣʽʥʽʾ ʯʦʨʥʦʛʦ 

ʢʦʣʴʦʨʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʫ ej . 

ʇʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʢʫʪʽʚ edj  ʽ ej, ʷʢʽ ʦʪʨʠʤʘʥʽ ʚʽʜʧʦ-

ʚʽʜʥʦ ʜʣʷ 0 0.00163d =  ʽ 0 0d =, ʧʦʢʘʟʫʻ ʚʽʜʤʽʥʥʽʩʪʴ ʾʭ ʟʥʘʯʝʥʴ ʧʨʠ 

ʚʽʜʥʦʩʥʦʤʫ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʽ 0Ů 0.2< . ʆʩʢʽʣʴʢʠ ʮʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨ-

ʥʽ ʜʣʷ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʟʘʣʝʞʠʪʴ ʢʫʪ 

ʚʽʜʭʠʣʝʥʥʷ ʮʝʥʪʨʽʚ edj  ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʨʘʜʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ 0d. ɼʣʷ 

ʮʴʦʛʦ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʥʷ (12). 

ʅʘ ʨʠʩ. 5, 6 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʫʪʘ edj  ʚʽʜ ʚʽʜʥʦʩʥʦʛʦ ʝʢʩʮʝʥ-

ʪʨʠʩʠʪʝʪʫ 0Ů, ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʽʜʥʦʩʥʦʛʦ ʨʘʜʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ 0d

. ʅʘ ʦʙʦʭ ʨʠʩʫʥʢʘʭ ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ 

0 0.0001d = ; ʯʝʨʚʦʥʦʛʦ ï ʟʥʘʯʝʥʥʶ 0 0.001d = ; ʩʠʥʴʦʛʦ - ʟʥʘʯʝʥʥʶ 

0 0.002d = ; ʟʝʣʝʥʦʛʦ - ʟʥʘʯʝʥʥʶ 0 0.003d = ; ʞʦʚʪʦʛʦ - ʟʥʘʯʝʥʥʶ 

0 0.01d = ; ʢʦʨʘʣʦʚʦʛʦ - ʟʥʘʯʝʥʥʶ 0 0.02d = ; ʧʫʨʧʫʨʦʚʠʡ - ʟʥʘʯʝʥʥʶ 

0 0.035d = . ʅʘ ʨʠʩ. 5 ʚʽʜʥʦʩʥʠʡ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ 0Ů ʟʤʽʥʶʻʪʴʩʷ ʥʘ 

ʚʩʴʦʤʫ ʧʨʦʤʽʞʢʫ ʚʽʜ 0,0097 ʜʦ 0,99, ʘ ʥʘ ʨʠʩ. 6 ʥʘ ʧʨʦʤʽʞʢʫ (0,0097; 

0,2). 

 

ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʣʽʥʽʾ ʮʝʥʪʨʽʚ ʚʽʜ 0Ů 
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ʈʠʩ. 6. ɿʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʣʽʥʽʾ ʮʝʥʪʨʽʚ ʚʽʜ 0Ů 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʣʽʥʽʾ ʮʝʥʪʨʽʚ edj  ʚʽʜʥʦʩʥʠʡ ʨʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨʫ 0d  ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʧʨʠ 0Ů 0.2> , ʽ ʚʧʣʠʚʘʻ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ 0Ů 0.2< . ʎʝʡ 

ʚʧʣʠʚ ʚʠʷʚʣʷʻʪʴʩʷ ʦʩʦʙʣʠʚʦ ʩʫʪʪʻʚʠʤ ʧʨʠ 0 0.003d > , ʪʦʙʪʦ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʽ ʟʥʦʰʫʚʘʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ ʧʘʨʠ ʢʦʚʟʘʥʥʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʥʦʩʥʠʡ ʝʢʩʮʝʥʪ-

ʨʠʩʠʪʝʪ ʧʨʷʤʫʻ ʜʦ ʥʫʣʷ: 0Ů 0­ , ʪʦʤʫ ʥʝʭʪʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʥʘʯʝʥʥʷ 

0d ʥʘ ʧʦʣʦʞʝʥʥʷ ʣʽʥʽʾ ʮʝʥʪʨʽʚ ʻ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʤ. 

ʅʘ ʪʨʠʚʠʤʽʨʥʦʤʫ ʨʠʩ. 7 ʧʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ ʧʦʚʝʜʽʥʢʠ ʢʫ-

ʪʘ ʚʽʜʭʠʣʝʥʥʷ ʣʽʥʽʾ ʮʝʥʪʨʽʚ edj  ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ ʟʤʽʥʽ 

ʚʽʜʥʦʩʥʦʛʦ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ 0Ů ʽ ʚʽʜʥʦʩʥʦʛʦ ʨʘʜʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ 0d 

 










































































































































































































































































































































































































































































































































