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ʈʆɿɼɯʃ ɯ. ɻɯɼʈʆʄɽʍɸʅɯʏʅɯ ʇʈʆʎɽʉʀ ʊɸ ʆɹʃɸɼʅɸʅʅʗ 
 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʽʚ ʪʘ ʘʧʘʨʘʪʽʚ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʚ ʘʧʘʨʘʪʘʭ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʮʽ ʧʨʦʮʝʩʠ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ 

ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʨʫʰʽʡʥʦʾ, ʩʠʣʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʣʦʞʝʥʴ ʽ ʨʦʟʨʘʭʫʥʢʫ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʘʧʘʨʘʪʽʚ, ʷʢʽ ,ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ, ʚʠʟʥʘʯʘʶʪʴ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʟʜʽʡʩʥʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ.  

 

ɻʣʘʚʘ 1. ʈʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʛʘʟʦʚʠʭ ʽ ʨʽʜʢʠʭ ʩʠʩʪʝʤ 

 

1.1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

 

ɺʩʽ ʥʝʦʜʥʦʨʽʜʥʽ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʶʪʴ ʜʠʩʧʝʨʩʽʷʤʠ. ɼʠʩʧʝʨʩʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɼʉ) ʪʘ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ (ɼʌ) 

ʜʠʩʧʝʨʩʽʾ ʧʦʜʽʣʷʶʪʴ: 

1. ɼʉ ï ʨʽʜʠʥʘ, ɼʌ ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ï ʩʫʩʧʝʥʟʽʷ. ʗʢʱʦ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ d: 

ʘ) d > 100 ʤʢʤ ï ʛʨʫʙʘ ʩʫʩʧʝʥʟʽʷ; 

ʙ) 0,5 ¢ d ¢ 100 ʤʢʤ ï ʪʦʥʢʘ ʩʫʩʧʝʥʟʽʷ; 

ʚ) 0,1 ¢ d ¢ 0,5 ʤʢʤ ï ʤʫʪʽ; 

ʛ) d ¢ 0,1 ʤʢʤ ï ʢʦʣʦʾʜʥʽ ʩʠʩʪʝʤʠ. 

2. ɼʉ ï ʨʽʜʠʥʘ, ɼʌ ï ʨʽʜʠʥʘ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʦʢ d ¢ 0,5 ʤʢʤ ï ʝʤʫʣʴʩʽʷ. 

3. ɼʉ ï ʛʘʟ, ɼʌ ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨ ʷʢʠʭ: 

ʘ) d > 1 ʤʢʤ ï ʧʠʣ; 

ʙ) d < 1 ʤʢʤ ï ʜʠʤ. 

4. ɼʉ ï ʛʘʟ, ɼʌ ï ʨʽʜʠʥʘ ʟ ʯʘʩʪʠʥʢʘʤʠ d < 1 ʤʢʤ ï ʪʫʤʘʥ. 

5. ɼʉ ï ʨʽʜʠʥʘ; ɼʌ ï ʛʘʟ ï ʧʽʥʘ. 

ʄʝʪʦʶ ʨʦʟʜʽʣʝʥʥʷ ʻ: 

ʘ) ʚʣʦʚʣʶʚʘʥʥʷ ʮʽʥʥʠʭ ʧʨʦʜʫʢʪʽʚ; 

ʙ) ʚʠʜʘʣʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ, ̫ ʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʦʨʦʟʽʾ ʘʧʘʨʘʪʽʚ; 

ʚ) ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʇʝʨʰʠʡ ʝʪʘʧ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʟʜʽʣʝʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʜʽʣʝʥʥʷ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʝ 1 ʤʢʤ, ʪʦʙʪʦ ʚʣʦʚʣʶʚʘʥʥʷ ʧʠʣʫ. 

ɸʧʘʨʘʪʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʧʠʣʫ ʟ ʛʘʟʦʚʠʭ ʜʠʩʧʝʨʩʽʡ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʠʣʦʚʣʦʚʣʶʚʘʯʘʤʠ. 

ʆʨʽʻʥʪʦʚʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ ʧʨʦʚʦʜʠʪʴʩʷ: 

ɸ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ: 

ʘ) ʄʝʭʘʥʽʯʥʽ. 

ʙ) ɽʣʝʢʪʨʠʯʥʽ. 

ɹ. ɿʘ ʩʧʦʩʦʙʘʤʠ: 

1. ʄʝʭʘʥʯ̔ʥʽ: 

ʘ) ʉʫʭʽ: 

ʙ) ɻʨʘʚʽʪʘʮʽʡʥʽ; 

ʚ) ɯʥʝʨʮʽʡʥʽ; 

ʛ) ɺʽʜʮʝʥʪʨʦʚʽ. 

2. ʌʽʣʴʪʨʫʶʯʽ: 

ʘ) ɺʦʣʦʢʥʠʩʪʽ ʬʽʣʴʪʨʠ; 

ʙ) ʊʢʘʥʠʥʥ̔  ʬʽʣʴʪʨʠ; 

ʚ) ɿʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ. 

3. ʄʦʢʨʽ: 

ʘ) ʂʨʘʧʝʣʴʥʽ; 

ʙ) ʇʣʽʚʢʦʚʽ; 
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ʚ) ɹʘʨʙʦʪʘʞʥʽ. 

4. ɽʣʝʢʪʨʠʯʥʽ: 

ʘ) ʆʜʥʦʟʦʥʥʽ: 

½ ʉʫʭʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ; 

½ ʉʫʭʽ ʚʝʨʪʠʢʘʣʴʥʽ; 

½ ʄʦʢʨʽ. 

ʙ) ɼʚʦʭʟʦʥʥʽ. 

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʠʣʫ. 

1. ɻʫʩʪʠʥʘ ʯʘʩʪʠʥʦʢ: ʨʦʟʨʽʟʥʷʶʪʴ ʜʽʡʩʥʫ, ʥʘʩʠʧʥʫ ʪʘ ʫʷʚʥʫ ʛʫʩʪʠʥʫ. 

2. ɼʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʯʘʩʪʠʥʦʢ ʧʠʣʫ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʜʽʣʝʥʥʷ ʧʝʨʚʠʥʥʽ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʤʦʞʫʪʴ 

ʦʙ'ʻʜʥʫʚʘʪʠʩʴ ʫ ʚʝʣʠʢʽ ʘʛʣʦʤʝʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʘʛʫʣʷʮʽʾ. ʊʦʤʫ ʚ ʪʝʭʥʽʮʽ ʧʠʣʝʦʯʠʱʝʥʥʷ 

ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʪʘʢ ʟʚʘʥʠʡ ʩʪʦʢʩʽʚʩʴʢʠʡ ʜʽʘʤʝʪʨ. 

ɹʽʣʴʰʽʩʪʴ ʧʠʣʫ ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ (ʃʅʈ) ʤʘʩʠ ʟʘ ʨʦʟʤʽʨʘʤʠ. 

ɸʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʽʥʪʝʛʨʘʣʴʥʦʾ ʢʨʠʚʦʾ ʨʦʟʧʦʜʽʣʫ ʤʘʩʠ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʤʘʻ ʚʠʛʣʷʜ: 
2
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ʜʝ dʯ ï ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʯʘʩʪʦʢ ʤʝʥʰʝ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ, %; lg sʯ ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ; lg(dʯ/dm) ï ʣʦʛʘʨʠʬʤʽʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ dʯ ʜʦ ʤʝʜʽʘʥʥʦʛʦ (ʮʝ ʪʘʢʝ ʟʥʘʯʝʥʥʷ, ʧʨʠ 

ʷʢʦʤʫ ʯʠʩʣʦ ʯʘʩʪʦʢ ʙʽʣʴʰʝ dm ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʯʘʩʪʦʢ ʤʝʥʰʝ dm); lg sʯ ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʜʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ. 

ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʬʦʨʤʫʣʠ ʚʠʨʘʟʫ:  
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ʆʢʨʽʤ ʩʪʦʢʩ̔ ʚʩʴʢʦʛʦ ʜʽʘʤʝʪʨʘ ʨʦʟʨʽʟʥʷʶʪʴ ʱʝ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʢʠ dʯa. 

ʎʝʡ ʜʽʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʽʘʤʝʪʨ ʩʬʝʨʠ, ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ (ʩʝʜʠʤʝʥʪʘʮʽʾ) ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ 

ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʟ ʛʫʩʪʠʥʦʶ 1000 ʢʛ/ʤ3. 

ɺʝʣʠʯʠʥʘ dʯa ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 
1/ 2

÷a ÷ ÷ ê(d d C=   

ʜʝ rʯ ï ʛʫʩʪʠʥʘ ʯʘʩʪʠʥʢʠ, ʢʛ/ʤ3; ʉʢ ï ʧʦʧʨʘʚʢʘ ʂʝʥʽʥʛʝʤʘ-ʄʽʣʽʢʝʥʘ. 

3. ɸʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʠʣʫ: 

ʘ) ʥʝʟʣʠʧʘʶʯʽ; 

ʙ) ʩʣʘʙʦʟʣʠʧʘʶʯʽ; 

ʚ) ʩʝʨʝʜʥʴʦʟʣʠʧʘʶʯʽ; 

ʛ) ʩʠʣʴʥʦʟʣʠʧʘʶʯʽ. 

4. ɸʙʨʘʟʠʚʥʽʩʪʴ ʧʠʣʫ. 

5. ɿʤʦʯʫʚʘʥʽʩʪʴ: 

ʘ) ʛʽʜʨʦʬʽʣʴʥʽ (ʜʦʙʨʝ ʟʤʦʯʫʚʘʥʽ: ʢʘʣʴʮʽʡ, ʢʚʘʨʮ, ʩʠʣʽʢʘʪ); 

ʙ) ʛʽʜʨʦʬʦʙʥʽ (ʧʦʛʘʥʦ ʟʤʦʯʫʚʘʥʽ ʚʦʜʦʶ: ʛʨʘʬʽʪ, ʚʫʛʽʣʣʷ, ʩʽʨʢʘ). 

6. ɻʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ʪʘ ʨʦʟʯʠʥʥʽʩʪʴ ʯʘʩʪʠʥʦʢ. 

7. ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ (ʇɽʆ): 

1) ʅʠʟʴʢʦʦʤʥʽ ï ʇɽʆ = 104 ʆʤÖʤ ï ʤʠʪʪʻʚʦ ʨʦʟʨʷʜʞʘʶʪʴʩʷ, ʩʧʨʠʯʠʥʷʶʪʴ ʚʪʦʨʠʥʥʠʡ 

ʚʠʥʦʩ; 

2) ʉʝʨʝʜʥʴʦʦʤʥʽ ï 104 ¢ ʇɽʆ ¢ 1010 ʆʤÖʤ ï ʜʦʙʨʝ ʚʣʦʚʣʶʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʭ; 

3) ɺʠʩʦʢʦʦʤʥʽ ʇɽʆ > 1010·1013 ʆʤÖʤ ï ʚʘʞʢʦ ʚʣʦʚʣʶʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʭ. 

8. ɿʜʘʪʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʜʦ ʩʘʤʦʟʘʡʤʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʩʫʤʽʰʝʡ ʟ 

ʧʦʚʽʪʨʷʤ. 

8.1. ʗʢʱʦ 1 ʛ ʧʠʣʫ ʤʘʻ ʧʦʚʝʨʭʥʶ 1 ʤ2, ʪʦ ʧʠʣ ʟʜʘʪʝʥ ʜʦ ʩʘʤʦʟʘʡʤʘʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ 
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ʚʠʙʫʭʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʧʦʚʽʪʨʷʤ. 

ʄʽʥʽʤʘʣʴʥʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʚ ʧʦʚʽʪʨʽ ï 20·50 ʛ/ʤ3, ʤʘʢʩʠʤʘʣʴʥʘ ï

 700·800 ʛ/ʤ3.  

ʏʠʤ ʙʽʣʴʰʠʡ ʚʤʽʩʪ ʢʠʩʥʶ ʚ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ, ʪʠʤ ʚʽʨʦʛʽʜʥʽʰʠʡ ʚʠʙʫʭ ʪʘ ʙʽʣʴʰʘ ʡʦʛʦ 

ʩʠʣʘ. 

ʇʨʠ ʚʤʽʩʪʽ ʢʠʩʥʶ ʤʝʥʰʝ 16% ʧʠʣʦʚʠʜʥʘ ʩʫʤʽʰ ʥʝ ʚʠʙʫʭʘʻ. 

 

1.2 ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʜʦ ʚʠʚʯʝʥʥʷ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʧʨʘʢʪʠʮʽ ʢʽʥʝʪʠʯʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʢʽʥʝʪʠʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʚʯʝʥʽ ʚ ʦʙ'ʻʤ,̔ ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʪʦʙʪʦ ʟʥʘʡʜʝʥʦ ʨʽʚʥʷʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ ʽ 

ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʝʨʝʙʽʛ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʦʮʝʩʠ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʫʞʝ ʩʢʣʘʜʥʽ; ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʙʽʣʴʰʦʩʪʽ ʾʭ 

ʚʜʘʻʪʴʩʷ ʩʢʣʘʩʪʠ ʣʠʰʝ ʩʢʣʘʜʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ, ʷʢ ʧʨʘʚʠʣʦ, ʣʠʰʝ ʥʘʙʣʠʞʝʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʝʨʝʙʽʛ ʮʠʭ ʧʨʦʮʝʩʽʚ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʧʨʦʮʝʩʽʚ. 

ʇʣʽʜʥʝ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʝʦʨʽʾ 

ʧʦʩʪʘʥʦʚʢʠ ʜʦʩʣʽʜʽʚ ʽ ʦʙʨʦʙʢʠ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʊʘʢʦʶ ʪʝʦʨʽʻʶ ʻ ʪʝʦʨʽʷ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʫʷʚʣʝʥʥʽ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʧʨʦʮʝʩʽʚ. ɺʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʧʠʪʘʥʥʷ, ʷʢ ʧʦʪʨʽʙʥʦ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʜʦʩʣ̔ ʜ ʽ ʦʙʨʦʙʠʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʦʰʠʨʠʪʠ ʥʘ 

ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʫʤʦʚʘʭ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʫʤʦʚ ʜʦʩʣ̔ ʜʫ. 

ʇʝʨʰʽ ʧʦʥʷʪʪʷ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ (ʤʝʭʘʥʽʯʥʫ) ʙʫʣʠ ʜʘʥʽ ʅʴʶʪʦʥʦʤ ʫ 1686 ʨ. ʆʩʥʦʚʠ 

ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʚ ʩʫʯʘʩʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ʚʽʜʦʤʠʤ ʨʦʩʽʡʩʴʢʠʤ ʚʯʝʥʠʤ 

ɺ. ʃ. ʂʠʨʧʠʯʦʚʠʤ ʱʝ ʚ 1874 ʨ. ʁʦʛʦ ʽʜʝʾ ʧʽʟʥʽʰʝ ʙʫʣʠ ʨʦʟʚʠʥʝʥʽ ʚ ʧʨʘʮʷʭ ʨʷʜʫ ʚʯʝʥʠʭ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ɺ. ʅʫʩʩʝʣʴʪʘ, ʄ. ɺ. ʂʠʨʧʠʯʦʚʘ, ɻ. ʂ. ɼʴʷʢʦʥʦʚʘ, ɯ. ɹʝʢʽʥʛʝʤʘ ʽ ʽʥ. ɰʭ ʨʦʙʦʪʠ ʜʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʰʠʨʦʢʦ ʽ ʧʣʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ɿʘ ʚʠʩʣʦʚʦʤ ʄ. ɺ. ʂʠʨʧʠʯʦʚʘ, ʪʝʦʨʽʷ ʧʦʜʽʙʥʦʩʪʽ çʩʪʘʣʘ ʦʩʥʦʚʦʶ 

ʝʢʩʧʝʨʠʤʝʥʪʫ; ʚʦʥʘ ʟʜʽʡʩʥʶʻ ʩʠʥʪʝʟ ʪʝʦʨʽʾ ʽ ʜʦʩʣ̔ ʜʫè. 

ʋʷʚʣʝʥʥʷ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ: 1) ʚʩʪʘʥʦʚʠʪʠ ʫʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʦʙʽʪ, ʧʨʠ ʷʢʠʭ ʯʠʩʣʦ ʥʝʦʙʭʽʜʥʠʭ ʜʦʩʣʽʜʽʚ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ; 2) ʚʠʟʥʘʯʠʪʠ ʥʘʡʤʝʥʰʝ ʯʠʩʣʦ 

ʚʝʣʠʯʠʥ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʶʚʘʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʽʚ, ʽ ʧʨʘʚʠʣʴʥʦ ʦʙʨʦʙʠʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʽʚ; 3) ʚʩʪʘʥʦʚʠʪʠ ʦʙʣʘʩʪʽ, ʥʘ ʷʢʽ ʤʦʞʥʘ ʧʦʰʠʨʠʪʠ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ɿ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʜʽʙʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʦ ʥʝ ʪʽʣʴʢʠ 

ʜʦʩʣʽʜʥʠʢʘʤ, ʘʣʝ ʽ ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʭʽʤʽʯʥʠʭ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ. ɺʦʥʦ ʜʦʟʚʦʣʷʻ ʽʥʞʝʥʝʨʘʤ-

ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʭʽʤʽʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʩʚʽʜʦʤʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʯʠʩʣʦʚʽ ʨʽʚʥʷʥʥʷ, 

ʱʦ ʧʦʻʜʥʫʶʪʴ ʪʝʦʨʽʶ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣ̔ ʜʫ.  

ɺʠʩʥʦʚʢʠ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʦʩʦʙʣʠʚʠʭ ʬʦʨʤ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʦʮʝʩ ʨʦʟʛʣʷʜʘʶʪʴ ʥʝ ʚ ʫʩʴʦʤʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʦʙ'ʻʤʽ ʽ ʥʝ ʟʘ ʚʝʩʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʘ ʚ ʜʦʚʽʣʴʥʦ ʚʠʜʽʣʝʥʦʤʫ 

ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙ'ʻʤʽ ʧʨʦʪʷʛʦʤ ʜʦʚʽʣʴʥʦ ʦʙʨʘʥʦʛʦ ʤʘʣʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ. ɺʠʜʽʣʝʥʠʡ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙ'ʻʤ ʥʘʩʪʽʣʴʢʠ ʤʘʣʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʩʽʤ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʦʙ'ʻʤʦʤ, ʱʦ ʡʦʛʦ 

ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʡʥʷʪʽ ʟʘ ʜʠʬʝʨʝʥʮʽʘʣʠ ʜʦʚʞʠʥʠ. ʉʪʦʩʦʚʥʦ ʜʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙ'ʻʤʽ ʧʨʦʮʝʩʫ ʜʘʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʬʽʟʠʢʠ. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ (ʘʙʦ ʚʠʨʘʟʠ), ʱʦ ʬʦʨʤʫʣʶʻ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʟʘʛʘʣʴʥʠʡ ʟʘʢʦʥ (ʘʙʦ 

ʟʘʢʦʥʠ) ʬʽʟʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʧʨʦʪʽʢʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʦʙ'ʻʤʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 



6 

 

 

 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʽʜʚʦʣʽʢʘʶʪʴʩʷ ʚʽʜ ʯʘʩʪʢʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʦʮʝʩʫ, ʪʦʤʫ ʚʦʥʦ ʦʧʠʩʫʻ ʮʽʣʠʡ ʢʣʘʩ ʧʨʦʮʝʩʽʚ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʜʽʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʬʽʟʠʯʥʽ 

ʟʘʢʦʥʠ. ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʦ ʩʫʪʽ ʥʝ ʤʦʞʝ ʦʧʠʩʫʚʘʪʠ ʷʢʠʡʩʴ ʦʜʠʥʠʯʥʠʡ ʧʨʦʮʝʩ, ʚʦʥʦ 

ʦʧʠʩʫʻ ʤʥʦʞʠʥʫ ʦʜʥʦʨʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʑʦʙ ʦʧʠʩʘʪʠ ʦʜʠʥʠʯʥʠʡ ʧʨʦʮʝʩ, ʧʦʪʨʽʙʥʦ ʜʦʧʦʚʥʠʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ʜʘʥʠʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʮʝʡ ʧʨʦʮʝʩ. ʎʽ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ ʥʘʟʠʚʘʶʪʴ ʫʤʦʚʘʤʠ 

ʦʜʥʦʟʥʘʯʥʦʩʪʽ. 

ʋʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʢʣʶʯʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ, ʱʦ ʥʝ ʥʘʣʝʞʘʪʴ ʚʩʴʦʤʫ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʢʣʘʩʫ ʧʨʦʮʝʩʽʚ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

1) ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʽ ʬʦʨʤʘ ʦʙ'ʻʤʫ, ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ; 

2) ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʧʨʦʮʝʩʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ; 

3) ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʩʝʨʝʜʦʚʠʱʘ ʟ ʪʽʣʘʤʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ 

ʦʙ'ʻʤ, ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʻ ʧʨʦʮʝʩ; 

4) ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʾʾ ʩʪʘʥ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʧʦʯʠʥʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷ 

ʧʨʦʮʝʩʫ. 

ʋʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ, ʟʘʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʢʦʥʢʨʝʪʥʠʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ, ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʚʠʜʽʣʷʶʪʴ ʟ ʫʩʴʦʛʦ ʢʣʘʩʫ ʦʜʠʥ ʢʦʥʢʨʝʪʥʠʡ ʧʨʦʮʝʩ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʷʢʱʦ ʡʦʛʦ ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ, ʩʧʨʘʚʝʜʣʠʚʦ 

ʪʽʣʴʢʠ ʜʣʷ ʟʘʜʘʥʠʭ ʯʠʩʣʦʚʠʭ ʫʤʦʚ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʫ ʧʨʦʮʝʩ ʧʨʦʪʽʢʘʻ ʚ ʘʧʘʨʘʪʽ, ʱʦ ʤʘʻ ʢʦʥʢʨʝʪʥʽ ʨʦʟʤʽʨʠ ʽ ʬʦʨʤʫ, 

ʚ ʩʝʨʝʜʦʚʠʱʽ, ʦʙʣʘʩʪʽ, ʷʢʘ ʤʘʻ ʧʝʚʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʠ ʢʦʥʢʨʝʪʥʠʭ ʛʨʘʥʠʯʥʠʭ ʽ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ. ʆʪʨʠʤʘʥʽ ʚ ʜʦʩʣʽʜʘʭ ʜʘʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʥʢʨʝʪʥʠʤ ʫʤʦʚʘʤ 

ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʽ ʜʘʶʪʴ ʧʨʘʢʪʠʯʥʝ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʜʣʷ ʦʜʠʥʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʦʯʥʦ ʪʘʢ ʞʝ, 

ʷʢ ʯʠʩʝʣʴʥʝ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʠ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʝʣʠʯʠʥ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʤʦʚʘʤʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. 

 
ʈʠʩ. 1.1 ï ɻʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʽ ʘʧʘʨʘʪʠ 

 

ʇʝʨʝʥʦʩʠʪʠ ʨʝʟʫʣʴʪʘʪʠ ʦʜʠʥʠʯʥʦʛʦ ʜʦʩʣ̔ ʜʫ ʥʘ ʮʽʣʠʡ ʢʣʘʩ ʧʨʦʮʝʩʽʚ ʧʨʘʢʪʠʯʥʦ 

ʥʝʚʽʨʥʦ, ʪʘʢ ʷʢ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʢʣʘʩʫ ʟ ʦʛʣʷʜʫ ʥʘ ʨʽʟʢʝ ʚʽʜʤʽʥʥʦʩʪʽ ʫʤʦʚ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʻ 

ʟʦʚʩʽʤ ʨʽʟʥʽ ʧʨʦʮʝʩʠ. 

ʊʝʦʨʽʷ ʧʦʜʽʙʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʧʦʰʠʨʠʪʠ ʜʘʥʽ ʦʜʠʥʠʯʥʦʛʦ ʜʦʩʣ̔ ʜʫ ʥʘ ʧʝʚʥʫ ʛʨʫʧʫ 

ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʤʝʞʘʭ ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʣʘʩʫ ʰʣʷʭʦʤ ʦʩʦʙʣʠʚʦʛʦ ʩʧʦʩʦʙʫ ʟʘʚʜʘʥʥʷ ʫʤʦʚ 

ʦʜʥʦʟʥʘʯʥʦʩʪʽ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʥʦʩʠʪʠ ʜʦʩʣʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʤʦʜʝʣʽ ʥʘ ʧʦʜʽʙʥʠʡ 

ʧʨʦʤʠʩʣʦʚʠʡ ʦʙ'ʻʢʪ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʟ ʢʣʘʩʫ ʛʨʫʧʠ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʫʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ 

ʟʘʜʘʶʪʴʩʷ ʥʝ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʠʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʚ ʬʦʨʤʽ ʜʦʙʫʪʢʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʦʩʪʽʡʥʽ ʯʠʩʣʦʚʽ ʤʥʦʞʥʠʢʠ. ʋ ʚʠʜʽʣʝʥʽʡ ʪʘʢʠʤ ʯʠʥʦʤ ʛʨʫʧʽ 

ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʦʢʨʝʤʽ ʧʨʦʮʝʩʠ ʥʘʩʪʽʣʴʢʠ ʩʭʦʞʽ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, ʱʦ ʾʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, 

ʷʢ ʦʜʠʥʠʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʟʽ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ 

ʤʘʩʰʪʘʙʦʤ. 

ʇʦʜ̔ʙʥʽʩʪʴ ʫʤʦʚ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʢʣʶʯʘʻ ʛʝʦʤʝʪʨʠʯʥʫ ʧʦʜʽʙʥʽʩʪʴ ʩʠʩʪʝʤ, ʯʘʩʦʚʫ 

ʧʦʜ̔ʙʥʽʩʪʴ, ʧʦʜʽʙʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ, ʧʦʜʽʙʥʽʩʪʴ ʛʨʘʥʠʯʥʠʭ ʽ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. 
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ɻʝʦʤʝʪʨʠʯʥʘ ʧʦʜʽʙʥʽʩʪʴ ʘʧʘʨʘʪʽʚ (ʩʠʩʪʝʤ), ʚ ʷʢʠʭ ʧʨʦʪʽʢʘʻ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ, 

ʜʦʪʨʠʤʫʻʪʴʩʷ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʚʩʽʭ ʩʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʜʚʦʭ ʧʦʨʽʚʥʶʚʘʥʠʭ ʘʧʘʨʘʪʽʚ ʻ 

ʚʝʣʠʯʠʥʦʶ ʧʦʩʪʽʡʥʦʶ (ʧʨʠ ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʥʽ ʢʫʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʽʚʥʽ), ʪʦʙʪʦ, ʨʠʩ. 1.1. 

1 1 2 2 3 3/ / / ... ll l l l l l K¡¡ ¡ ¡¡ ¡ ¡¡ ¡= = = = 

ʘʙʦ 

1 1 2 2 3 3; ; ,l l ll K l l K l l K l¡¡ ¡ ¡¡ ¡ ¡¡ ¡= = =  

ʜʝ 
1 2 3, ,l l l¡ ¡ ¡ï ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʨʰʠʡ ʘʧʘʨʘʪ; 1 2 3, ,l l l¡¡ ¡¡ ¡¡ ï 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʨʫʛʠʡ ʘʧʘʨʘʪ, ʧʦʜʽʙʥʠʡ ʜʦ ʧʝʨʰʦʛʦ; lK  ï 

ʤʥʦʞʥʠʢ ʣʽʥʽʡʥʦʛʦ (ʛʝʦʤʝʪʨʠʯʥʦʛʦ) ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʟʙʝʨʽʛʘʻ ʧʦʩʪʽʡʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʚʦʭ 

ʧʦʜʽʙʥʠʭ ʘʧʘʨʘʪʽʚ (ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʪʨʝʪʴʦʛʦ ʘʧʘʨʘʪʫ, ʧʦʜʽʙʥʦʛʦ ʜʦ ʧʝʨʰʦʛʦ, ʤʥʦʞʥʠʢ 

ʧʝʨʝʪʚʦʨʝʥʥʷ lK  ʦʪʨʠʤʫʻ ʽʥʰʝ ʟʥʘʯʝʥʥʷ). 

ʏʘʩʦʚʘ ʧʦʜʽʙʥʽʩʪʴ ʜʦʪʨʠʤʫʻʪʴʩʷ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʦʜʽʙʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʯʘʩʫ 

ʧʨʦʮʝʩʫ ʟʙʝʨʽʛʘʻ ʩʪʘʣʝ ʟʥʘʯʝʥʥʷ. ʇʦʜʽʙʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʯʘʩʫ ʧʨʦʮʝʩʫ ʚʚʘʞʘʶʪʴ ʽʥʪʝʨʚʘʣʠ, 

ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʟʘʚʝʨʰʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʽ ʩʪʘʜʽʾ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʦʮʝʩʽʚ. 

ʏʘʩʦʚʘ ʧʦʜʽʙʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ  

1 1 2 2 3 3/ / / ... Ktt t t t t t¡¡ ¡ ¡¡ ¡ ¡¡ ¡= = = = 

ʘʙʦ 

1 1 2 2 3 3; ;K K Kt t tt t t t t t¡¡ ¡ ¡¡ ¡ ¡¡ ¡= = = , 

ʜʝ 1 2 3, ,t t t¡ ¡ ¡ ï ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʚ ʧʝʨʰʦʤʫ ʧʨʦʮʝʩʽ; 1 2 3, ,t t t¡¡ ¡¡ ¡¡ ï ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʚ ʜʨʫʛʦʤʫ 

ʧʨʦʮʝʩʽ, ʧʦʜʽʙʥʦʤʫ ʧʝʨʰʦʤʫ; Kt ï ʤʥʦʞʥʠʢ ʯʘʩʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʟʙʝʨʽʛʘʻ ʧʦʩʪʽʡʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʚʦʭ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʏʘʩʦʚʫ ʧʦʜʽʙʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʧʨʠʢʣʘʜʽ. ʋ ʜʚʦʭ ʘʧʘʨʘʪʘʭ 

ʧʨʦʪʽʢʘʶʪʴ ʟʘ ʨʽʟʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʘʥʘʣʦʛʽʯʥʽ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ: ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʘʧʘʨʘʪ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ, ʟʘ ʯʘʩ ʚʽʜʧʦʚʽʜʥʦ 1 1³t t¡ ¡¡, ʥʘʛʨʽʚʘʥʥʷ ʡʦʛʦ (2 2³t t¡ ¡¡), 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ (3 3³t t¡ ¡¡). ʆʭʦʣʦʜʞʝʥʥʷ (4 4³t t¡ ¡¡') ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʟ ʘʧʘʨʘʪʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 

( 5 5³t t¡ ¡¡). ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʚ ʧʝʨʰʦʤʫ ʘʧʘʨʘʪʽ ï 2 ãî ät¡= , ʚ ʜʨʫʛʦʤʫ 1 ãî ät¡¡= . 

ʊʦʜʽ / 1/ 2 0,5Kt t t¡¡ ¡= = =. ʂʦʞʥʘ ʟ ʘʥʘʣʦʛʽʯʥʠʭ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ ʚ ʧʝʨʰʦʤʫ ʽ ʜʨʫʛʦʤʫ 

ʘʧʘʨʘʪʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʽʟʥʽ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʧʨʦʪʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʽʥʪʝʨʚʘʣʘʤʠ ʯʘʩʫ 

ʧʨʦʪʽʢʘʥʥʷ ʜʚʦʭ ʧʦʜʽʙʥʠʭ ʩʪʘʜʽʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ: 

1 1 2 2 3 3 5 5/ / / / ... / 0,5Kt t t t t t t t t t t¡¡ ¡ ¡¡ ¡ ¡¡ ¡ ¡¡ ¡ ¡¡ ¡= = = = = = = 

ʏʘʩʦʚʫ ʧʦʜʽʙʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʥʘʟʠʚʘʶʪʴ ʛʦʤʦʭʨʦʥʥʩ̔ʪʶ (ʦʜʥʦʨʽʜʥʽʩʪʶ ʚ ʯʘʩʽ). 

ʆʜʥʦʯʘʩʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʻ ʯʘʩʪʢʦʚʠʤ ʚʠʧʘʜʢʦʤ ʛʦʤʦʭʨʦʥʥʦʩʪʽ (ʧʨʠ  

ʂt = 1), ʥʘʟʠʚʘʶʪʴ ʩʠʥʭʨʦʥʥʽʩʪʶ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʜʽʙʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʩʧʽʚʧʘʜʘʶʪʴ. 

ʇʦʜʽʙʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ, ʜʦʪʨʠʤʫʻʪʴʩʷ, ʷʢʱʦ 

ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʮʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʦʜʽʙʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʻ ʧʦʩʪʽʡʥʦʶ, 

ʪʦʙʪʦ 

1 1 2 2 3 3/ / / ... Krr r r r r r¡¡ ¡ ¡¡ ¡ ¡¡ ¡= = = = 

ʘʙʦ 

1 1 2 2 3 3; ; ,K K Kr r rr r r r r r¡¡ ¡ ¡¡ ¡ ¡¡ ¡= = =  

ʜʝ 1 2 3, ,r r r¡ ¡ ¡ï ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʚ ʧʝʨʰʦʤʫ ʧʨʦʮʝʩʽ; 1 2 3, ,r r r¡¡ ¡¡ ¡¡ï ʾʭ ʟʥʘʯʝʥʥʷ 

ʫ ʜʨʫʛʦʤʫ ʧʨʦʮʝʩʽ, ʧʦʜʽʙʥʦʤʫ ʧʝʨʰʦʤʫ; ʂr - ʤʥʦʞʥʠʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ. 

ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʥʝ ʟʘʚʞʜʠ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ, ʦʭʦʧʣʝʥʦʤʫ ʧʨʦʮʝʩʦʤ, 

ʪʦ ʜʣʷ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚʠʥʥʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʦʜʽʙʥʽʩʪʴ ʧʦʣʽʚ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ. 

ʇʦʣʝʤ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ 

ʫ ʚʩʴʦʤʫ ʦʙ'ʻʤʽ, ʱʦ ʦʭʦʧʣʶʻʪʴʩʷ ʧʨʦʮʝʩʦʤ.  
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ʇʦʜʽʙʥʽʩʪʴ ʧʦʣʽʚ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʜʦʪʨʠʤʫʻʪʴʩʷ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʮʠʭ 

ʚʝʣʠʯʠʥ ʜʣʷ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʦʜʽʙʥʠʭ ʪʦʯʢʘʭ ʦʙ'ʻʤʫ ʚ ʧʦʜʽʙʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʻ 

ʚʝʣʠʯʠʥʦʶ ʧʦʩʪʽʡʥʦʶ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʝʢʪʦʨʥʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʪʦ ʜʣʷ ʧʦʜʽʙʥʠʭ 

ʧʨʦʮʝʩʽʚ ʥʘʧʨʷʤʦʢ ʾʭ ʧʦʚʠʥʥʠʡ ʟʙʽʛʘʪʠʩʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʥʦʞʥʠʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʂl, ʂt, ʂr ʟʘ ʚʝʣʠʯʠʥʦʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʪʦʙʪʦ ʜʣʷ ʢʦʞʥʦʾ ʟʤʽʥʥʦʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ, ʽʩʥʫʻ ʩʚʽʡ ʤʥʦʞʥʠʢ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʇʦʜʽʙʥʽʩʪʴ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʩ ̔ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʮʽ ʫʤʦʚʠ ʥʘ ʛʨʘʥʠʮʷʭ ʩʠʩʪʝʤʠ, ʜʣʷ ʧʦʜʽʙʥʠʭ ʪʦʯʦʢ ʚ ʧʦʜʽʙʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʩʪʽʡʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ. 

ʇʦʜʽʙʥʽʩʪʴ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʦʟʥʘʯʘʻ, ʱʦ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʧʦʯʠʥʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷ 

ʧʨʦʮʝʩʫ (ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ), ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʦʜʽʙʥʽʩʪʴ ʧʦʣʽʚ ʚʩʽʭ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʫ ʚʩʴʦʤʫ 

ʦʙ'ʻʤʽ, ʦʭʦʧʣʝʥʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʧʨʦʮʝʩʦʤ. 

ʋʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 

ʢʣʘʩʫ. ɿʘ ʮʠʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ ʦʟʥʘʢʘʤʠ ʽ ʨʦʟʨʽʟʥʷʶʪʴ ʤʽʞ ʩʦʙʦʶ ʧʨʦʮʝʩʠ. ʗʢʱʦ ʚʩʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʦʟʥʘʢʠ ʧʦʜʽʙʥʽ, ʪʦ ʧʨʦʮʝʩʠ ʪʘʢʦʞ ʧʦʜʽʙʥʽ, ʪʦʙʪʦ ʧʦʜʽʙʥʽ ʧʨʦʮʝʩʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʦʜʠʥ ʧʨʦʮʝʩ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ, ʪʘʢ ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʦʟʥʘʢʠ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʤʘʩʰʪʘʙʘʤʠ. 

ʇʦʥʷʪʪʷ ʧʦʜʽʙʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʟʥʘʯʥʦ ʰʠʨʰʝ, ʥʽʞ ʧʦʥʷʪʪʷ ʧʦʜʽʙʥʦʩʪʽ ʫʤʦʚ 

ʦʜʥʦʟʥʘʯʥʦʩʪʽ. ʇʦʜʽʙʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʚʝʩʴ ʦʙ'ʻʤ ʽ ʥʘ ʚʝʩʴ ʧʝʨʽʦʜ ʾʭ 

ʧʨʦʪʽʢʘʥʥʷ. ʇʦʜʽʙʥʽʩʪʴ ʫʤʦʚ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʝʩʴ ʦʙ'ʻʤ ʪʽʣʴʢʠ ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ, ʘ ʚ ʥʘʩʪʫʧʥʽ ʤʦʤʝʥʪʠ ʫʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʜ̔ʙʥʽʩʪʴ ʪʽʣʴʢʠ ʥʘ ʛʨʘʥʠʮʽ. 

ʇʨʦʮʝʩʠ ʧʦʜʽʙʥʽ, ʷʢʱʦ ʚʦʥʠ ʦʧʠʩʫʶʪʴʩʷ ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ 

(ʘʙʦ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ) ʧʨʠ ʧʦʜʽʙʥʠʭ ʫʤʦʚʘʭ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. 

ʋ ʜʚʦʭ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʘʭ ʟʤʽʥʘ ʟʤʽʥʥʠʭ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʧʨʦʮʝʩ, ʧʨʦʪʽʢʘʻ ʧʦʜʽʙʥʦ, 

ʪʦʙʪʦ ʟʤʽʥʶʶʯʠʩʴ, ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦʩʪʽʡʥʠʤ ʤʥʦʞʥʠʢʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʇʦʜʽʙʥʽ 

ʧʨʦʮʝʩʠ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʢʣʘʩʫ ʽ ʦʧʠʩʫʶʪʴʩʷ ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ, 

ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʤʽʥʥʠʤʠ, ʽʩʪʦʪʥʠʤʠ ʜʣʷ ʧʨʦʮʝʩʫ. ʎʶ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

ʜʣʷ ʧʝʨʰʦʛʦ ʧʨʦʮʝʩʫ: 

( , , ,...) 0;F l t r¡ ¡ ¡=        (1.1) 

ʜʣʷ ʜʨʫʛʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʜʽʙʥʦʛʦ ʧʝʨʰʦʤʫ:  

( , , ,...) 0 àáî ( , , ...) 0.lF l F K l K Kt rt r t r¡¡ ¡¡ ¡¡ ¡ ¡ ¡= =     (1.2) 

ʈʽʚʥʷʥʥʷ (1.1) ʽ (1.2) ʦʧʠʩʫʶʪʴ ʧʦʜʽʙʥʽ ʧʨʦʮʝʩʠ ʽ ʥʝ ʧʦʚʠʥʥʽ ʚʽʜʨʽʟʥʷʪʠʩʷ ʦʜʠʥ ʚʽʜ 

ʽʥʰʦʛʦ. ʆʪʞʝ, ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʧʦʜʽʙʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʽ ʚʠʪʨʠʤʘʪʠ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ 

ʤʥʦʞʝʥʥʷ ʟʤʽʥʥʠʭ ʥʘ ʧʦʩʪʽʡʥʽ ʤʥʦʞʥʠʢʠ ʥʝ ʤʽʥʷʣʦ ʙ ʨʽʚʥʷʥʥʷ. 

ɿʘʟʥʘʯʝʥʽ ʫʤʦʚʠ ʣʝʛʢʦ ʟʥʘʡʪʠ, ʘʥʘʣʽʟʫʶʯʠ ʙʫʜʴ-ʷʢʫ ʢʦʥʢʨʝʪʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʟʘʣʝʞʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʨʽʚʥʷʥʥʷ (1.3), ʱʦ ʚʠʨʘʞʘʻ ʜʨʫʛʠʡ ʟʘʢʦʥ ʤʝʭʘʥʽʢʠ (ʩʠʣʘ ʜʦʨʽʚʥʶʻ 

ʜʦʙʫʪʢʫ ʤʘʩʠ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ). ʇʨʘʚʘ ʽ ʣʽʚʘ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (1.3) ʤʘʶʪʴ ʦʜʥʫ ʽ ʪʫ ʞ 

ʨʦʟʤʽʨʥʽʩʪʴ. ʎʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʚʩʽʭ ʧʨʘʚʠʣʴʥʦ ʩʢʣʘʜʝʥʠʭ ʬʽʟʠʯʥʠʭ ʨʽʚʥʷʥʴ. ʈʦʟʜʽʣʠʤʦ 

ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘ ʧʨʘʚʫ ʯʘʩʪʠʥʫ; ʪʦʜʽ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʩʪʘʥʫʪʴ ʙʝʟʨʦʟʤʽʨʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ï ʨʽʚʥʷʥʥʷ (1.4): 

;
d

f m
d

w

t
=

             (1.3)    
1;

fd

md

t

w
=

             (1.4) 

ʜʝ f ïʩʠʣʘ, m ï ʤʘʩʘ, w ï ʰʚʠʜʢʽʩʪʴ, t ï ʯʘʩ. 

ɿʘʩʪʦʩʫʻʤʦ ʨʽʚʥʷʥʥʷ (1.4) ʜʣʷ ʜʚʦʭ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʦʜʽ ʜʣʷ ʧʝʨʰʦʛʦ ʧʨʦʮʝʩʫ 

ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ (1.5), ʘ ʜʣʷ ʜʨʫʛʦʛʦ ʧʨʦʮʝʩʫ, ʧʦʜʽʙʥʦʛʦ ʜʦ ʧʝʨʰʦʛʦ, - ʨʽʚʥʷʥʥʷ (1.6): 

1;
f d

m d

t

w

¡ ¡
=

¡ ¡              (1.5)    
1.

f d

m d

t

w

¡¡ ¡¡
=

¡¡ ¡¡             (1.6) 
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ʆʩʢʽʣʴʢʠ ʧʝʨʰʠʡ ʽ ʜʨʫʛʠʡ ʧʨʦʮʝʩʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʦʜʽʙʥʦ, ʟʤʽʥʥʽ ʨʽʚʥʷʥʥʷ (1.6) ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʟʤʽʥʥʽ ʨʽʚʥʷʥʥʷ (1.5) ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʾʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʤʥʦʞʥʠʢʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ: 

1.
f

m

K f dK

K m dK

t

w

t

w

¡ ¡
=

¡ ¡
 

ɺʠʥʦʩʷʯʠ ʧʦʩʪʽʡʥʽ ʂt̔  ʂw ʟ-ʧʽʜ ʟʥʘʢʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʦʪʨʠʤʘʻʤʦ: 
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ʈʽʚʥʷʥʥʷ (1.5) ʽ (1.7) ʦʧʠʩʫʶʪʴ ʧʦʜʽʙʥʽ ʧʨʦʮʝʩʠ ʽ ʪʦʤʫ ʥʝ ʧʦʚʠʥʥʽ ʚʽʜʨʽʟʥʷʪʠʩʷ ʦʜʠʥ 

ʚʽʜ ʽʥʰʦʛʦ. ʆʜʥʘʢ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʟ ʪʚʦʨʫ ʧʦʩʪʽʡʥʠʭ ʚʝʣʠʯʠʥ. ʆʯʝʚʠʜʥʦ, ʮʽ 

ʨʽʚʥʷʥʥʷ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʽ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʦʤʧʣʝʢʩ ʟ ʪʚʦʨʽʚ ʧʦʩʪʽʡʥʠʭ ʚʝʣʠʯʠʥ 

(ʤʥʦʞʥʠʢʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ), ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʨʽʚʥʷʥʥʷ (1.7), ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ: 
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       (1.8) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.8) ʚʠʨʘʞʘʻ ʫʤʦʚʫ, ʧʨʠ ʷʢʽʡ ʤʥʦʞʝʥʥʷ ʟʤʽʥʥʠʭ ʚ ʨʽʚʥʷʥʥʽ ʥʘ 

ʧʦʩʪʽʡʥʽ ʤʥʦʞʥʠʢʠ ʥʝ ʟʤʽʥʶʻ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ, ʪʦʙʪʦ ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʙʫʤʦʚʣʶʻ 

ʧʦʜʽʙʥʽʩʪʴ ʧʨʦʮʝʩʽʚ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.8) ʧʦʢʘʟʫʻ, ʱʦ ʚʠʙʽʨ ʤʥʦʞʥʠʢʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʚʝʣʠʯʠʥ ʚ 

ʧʦʜʽʙʥʦʤʫ ʧʨʦʮʝʩʽ ʥʝ ʻ ʜʦʚʽʣʴʥʠʤ. ʂʦʤʧʣʝʢʩ ʟ ʜʦʙʫʪʢʫ ʤʥʦʞʥʠʢʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʨʽʚʥʶʻ 

ʦʜʠʥʠʮʽ. ʋ ʨʦʟʛʣʷʥʫʪʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ (1.8) ʧʦʚ'ʷʟʫʻ ʯʦʪʠʨʠ ʥʝʟʘʣʝʞʥʠʭ ʤʥʦʞʥʠʢʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʪʦʤʫ ʜʦʚʽʣʴʥʦ ʤʦʞʥʘ ʚʠʙʠʨʘʪʠ ʪʽʣʴʢʠ ʪʨʠ ʟ ʥʠʭ, ʟʥʘʯʝʥʥʷ ʯʝʪʚʝʨʪʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ (1.8). 

ʗʢʱʦ ʟʘʤʽʥʠʪʠ ʤʥʦʞʥʠʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʨʽʚʥʷʥʥʽ (1.8) ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʟʤʽʥʥʠʭ, ʦʪʨʠʤʘʻʤʦ ʽʥʰʫ ʬʦʨʤʫ ʨʽʚʥʷʥʥʷ, ʱʦ ʚʠʨʘʞʘʻ ʧʦʜʽʙʥʽʩʪʴ 

ʧʨʦʮʝʩʽʚ: 
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ʇʦʟʥʘʯʝʥʥʷ idem ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʷʢ çʦʜʥʝ ʡ ʪʝ ʩʘʤʝè. ʎʝ ʧʦʥʷʪʪʷ ʥʝ ʨʽʚʥʦʩʠʣʴʥʦ 

ʧʦʥʷʪʪʶ ʩʪʘʣʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʢʦʞʥʦʤʫ ʟ 

ʮʠʭ ʧʨʦʮʝʩʽʚ ʢʦʤʧʣʝʢʩʠ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʽ ʚ ʯʘʩʽ. ɸʣʝ ʟʤʽʥʠ ʮʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢ, ʱʦ 

ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʧʦʜʽʙʥʠʭ ʪʦʯʦʢ ʦʙʩʷʛʫ ʚ ʧʦʜʽʙʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʢʦʤʧʣʝʢʩʠ ʫ ʚʩʽʭ ʧʦʜʽʙʥʠʭ 

ʧʨʦʮʝʩʘʭ ʙʝʨʫʪʴ ʦʜʥʝ ʽ ʪʝ ʞ ʟʥʘʯʝʥʥʷ. 

ɹʝʟʨʦʟʤʽʨʥʽ ʢʦʤʧʣʝʢʩʠ, ʩʢʣʘʜʝʥʽ ʟʘ ʪʠʧʦʤ ʢʦʤʧʣʝʢʩʫ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (1.9), 

ʚʽʜʽʛʨʘʶʪʴ ʚʝʣʠʢʫ ʨʦʣʴ ʚ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʯʠʩʝʣ ʧʦʜʽʙʥʦʩʪʽ. 

ʏʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ ʟʘʟʚʠʯʘʡ ʧʦʟʥʘʯʘʶʪʴ ʜʚʦʤʘ ʧʝʨʰʠʤʠ ʣʽʪʝʨʘʤʠ ʧʨʽʟʚʠʱ ʚʯʝʥʠʭ, 

ʚʽʜʦʤʠʭ ʩʚʦʾʤʠ ʨʦʙʦʪʘʤʠ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʛʘʣʫʟʽ ʥʘʫʢ. ʆʪʨʠʤʘʥʝ ʯʠʩʣʦ (1.9) ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦʤ 

ʅʴʶʪʦʥʘ, ʚʦʥʦ ʚʠʟʥʘʯʘʻ ʤʝʭʘʥʽʯʥʫ ʧʦʜ̔ʙʥʽʩʪʴ: 

/( ).Ne f mt w=       (1.10) 

ɸʥʘʣʽʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (1.3) ʧʦʢʘʟʫʻ, ʱʦ ʦʪʨʠʤʘʥʥʷ ʯʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ Ne ʟ 

ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʝ ʜʦ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮʽʡ: 1) ʟʘʧʠʩ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ; 2) ʦʪʨʠʤʘʥʥʷ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʽʣʝʥʥʷʤ ʦʙʦʭ ʯʘʩʪʠʥ ʨʽʚʥʷʥʥʷ ʥʘ ʧʨʘʚʫ 

ʯʘʩʪʠʥʫ; 3) ʚʠʢʨʝʩʣʶʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ: 
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ʋ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʧʦʢʘʟʫʻʪʴʩʷ, ʱʦ ʘʥʘʣʦʛʽʯʥʠʤ ʰʣʷʭʦʤ ʯʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ ʦʪʨʠʤʫʶʪʴ 

ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʙʫʜʴ-ʷʢʦʛʦ ʩʪʫʧʝʥʷ ʩʢʣʘʜʥʦʩʪʽ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: 

1) ʟʘʧʠʩ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ; 

2) ʦʪʨʠʤʘʥʥʷ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʽʣʝʥʥʷʤ ʦʙʦʭ ʯʘʩʪʠʥ 

ʨʽʚʥʷʥʥʷ ʥʘ ʧʨʘʚʫ ʘʙʦ ʣʽʚʫ ʯʘʩʪʠʥʫ; ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ ʢʽʣʴʢʦʭ 

ʜʦʜʘʥʢʽʚ ʙʝʟʨʦʟʤʽʨʥʽ ʢʦʤʧʣʝʢʩʠ ʦʪʨʠʤʫʶʪʴ ʜʽʣʝʥʥʷʤ ʚʩʽʭ ʜʦʜʘʥʢʽʚ ʥʘ ʦʜʥʝ ʟ ʥʠʭ (ʩʣʽʜ ʤʘʪʠ 

ʥʘ ʫʚʘʟʽ, ʱʦ ʚ ʧʨʘʚʠʣʴʥʦ ʩʢʣʘʜʝʥʦʤʫ ʨʽʚʥʷʥʥʽ ʚʩʽ ʩʢʣʘʜʦʚʽ ʤʘʶʪʴ ʦʜʥʫ ʽ ʪʫ ʞ ʨʦʟʤʽʨʥʽʩʪʴ); 

3) ʚʠʢʨʝʩʣʶʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʩʠʤʚʦʣʠ ʧʦʨʷʜʢʫ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ; ʩʠʤʚʦʣʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʩʪʫʧʝʥʽ ʜʠʬʝʨʝʥʮʽʘʣʽʚ, ʟʙʝʨʽʛʘʶʪʴʩʷ; ʩʠʤʚʦʣʠ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʯʣʝʥʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʽ ʽʥʜʝʢʩʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʧʨʷʤʦʢ, ʚʠʢʨʝʩʣʶʶʪʴʩʷ. 

ɿʘʟʥʘʯʝʥʘ ʩʭʝʤʘ ʦʪʨʠʤʘʥʥʷ ʯʠʩʝʣ ʧʦʜʽʙʥʦʩʪʽ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʩʽʭ ʨʦʟʜʽʣʘʭ ʢʫʨʩʫ. 

ʂʨʽʤ ʯʠʩʝʣ ʧʦʜʽʙʥʦʩʪʽ, ʦʜʝʨʞʫʚʘʥʠʭ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʯʠʩʣʘ 

ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʫʭʫ 

ʨʽʜʠʥʠ ʧʦ ʟʤʽʡʦʚʠʢʫ ʟʘʜʘʶʪʴ ʜʽʘʤʝʪʨ ʪʨʫʙʠ ʽ ʨʘʜʽʫʩ ʟʤʽʡʦʚʠʢʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʨʫʩʽ ʨʽʜʠʥʠ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

d/R=idem 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʘʥʫ ʛʨʫʧʫ ʷʚʠʱ. 

ʏʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʜʚʦʭ ʦʜʥʦʡʤʝʥʥʠʭ ʚʝʣʠʯʠʥ ʽ 

ʚʠʭʦʜʷʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʫʤʦʚ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʟʠʚʘʶʪʴ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʯʠʩʣʘʤʠ 

ʧʦʜʽʙʥʦʩʪʽ. 

ʌʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ, ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʪʦʯʦʢ ʦʙʩʷʛʫ, ʦʭʦʧʣʝʥʦʛʦ ʧʨʦʮʝʩʦʤ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʟʚʠʯʘʡ ʢʦʨʠʩʪʫʶʪʴʩʷ ʫʩʝʨʝʜʥʝʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. ʏʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ, ʩʢʣʘʜʘʥʥʷ ʟ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ, ʥʘʟʠʚʘʶʪʴ ʫʩʝʨʝʜʥʝʥʠʤʠ ʯʠʩʣʘʤʠ ʧʦʜʽʙʥʦʩʪʽ. 

ʗʢʱʦ ʚ ʚʠʨʘʟ ʯʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ ʚʭʦʜʠʪʴ ʣʽʥʽʡʥʠʡ ʨʦʟʤʽʨ, ʪʦ ʚʠʙʠʨʘʶʪʴ ʪʦʡ ʨʦʟʤʽʨ, 

ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʠʩʪʝʤʫ, ʦʭʦʧʣʝʥʫ ʧʨʦʮʝʩʦʤ (ʥʘʧʨʠʢʣʘʜ, ʜʽʘʤʝʪʨ ï ʧʨʠ 

ʨʦʟʛʣʷʜʽ ʧʨʦʮʝʩʫ ʨʫʭʫ ʨʽʜʠʥʠ ʧʦ ʪʨʫʙʽ). 

ʃʽʥʽʡʥʠʡ ʨʦʟʤʽʨ, ʱʦ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʯʠʩʣʦ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʻ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ 

ʜʘʥʦʾ ʩʠʩʪʝʤʠ, ʥʘʟʠʚʘʶʪʴ ʚʠʟʥʘʯʘʣʴʥʠʤ, ʯʠ ʭʘʨʘʢʪʝʨʥʠʤ ʣʽʥʽʡʥʠʤ ʨʦʟʤʽʨʦʤ. 

ʋ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʘʭ ʚʩʽ ʯʠʩʣʘ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩʠ, ʟʤʽʥʶʶʪʴʩʷ 

ʪʘʢ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʦʜʽʙʥʦʾ ʪʦʯʢʠ ʦʙʩʷʛʫ ʚ ʧʦʜʽʙʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚʦʥʠ ʧʨʠʡʤʘʶʪʴ ʦʜʥʝ ʽ 

ʪʝ ʞ ʟʥʘʯʝʥʥʷ. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʨʫʩʽ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʽ ʨʽʟʥʽ ʰʘʨʠ ʨʽʜʠʥʠ ʚʥʘʩʣʽʜʦʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ 

ʤʘʶʪʴ ʨʽʟʥʽ ʰʚʠʜʢʦʩʪʽ. ʇʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʩʠʣʘ ʪʝʨʪʷ f ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʧʨʦʧʦʨʮʽʡʥʘ ʟʤʽʥʽ 

ʰʚʠʜʢʦʩʪʽ ʧʦ ʪʦʚʱʠʥʽ ʰʘʨʫ ʽ ʚʠʨʘʞʘʻʪʴʩʷ, ʷʢ  

w

l
t m=  

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ, ʇʘÖʩ; w ï ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ, ʤ/ʩ; l ï ʪʦʚʱʠʥʘ 

ʟʘʜʘʥʦʛʦ ʰʘʨʫ, ʤ. 

ʇʨʠʧʫʩʪʠʤʦ ʱʦ ʻ ʨʫʭ ʜʚʦʭ ʰʘʨʽʚ ʨʽʜʠʥʠ. ɺʠʜʽʣʠʤʦ ʟ ʦʜʥʦʛʦ ʰʘʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʦʙ'ʻʤ ʫ ʚʠʛʣʷʜʽ ʢʫʙʘ ʟʽ ʩʪʦʨʦʥʦʶ l. ʊʦʜʽ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʚʩʶ ʧʣʦʱʫ ʚʠʟʥʘʯʠʪʴʩʷ:  

2 2w
f l l wl

l
t m m= = =  

ʆʪʨʠʤʘʥʠʡ ʚʠʨʘʟ ʧʽʜʩʪʘʚʠʤʦ ʜʦ ʨʽʚʥʷʥʥʷ ʢʨʠʪʝʨʽʶ Ne ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ 

3m lr= , ʘ 
l

w
t= , ʪʦʜʽ:  

3

1

Re

wl l
Ne

l w w l

m m

r r
= = = ,  
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ʷʢʱʦ ʢʽʥʝʤʘʪʠʯʥʫ ʚ'ʷʟʢʽʩʪʴ ʟʘʧʠʩʘʪʠ, ʷʢ 
m

n
r
= , ʪʦʜʽ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʟʘʧʠʰʝʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ  

Re
wl

n
= , 

ʜʝ w ï ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ (ʨʽʜʠʥʠ ʛʘʟʫ), ʤ/ʩ; 

l ï ʚʠʟʥʘʯʘʣʴʥʠʡ ʛʝʦʤʝʪʨʠʯʥʠʡ ʨʦʟʤʽʨ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, ʜʽʘʤʝʪʨ ʪʨʫʙʠ); 

n ï ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ, ʤ2/ʩ. 

 

ɺʝʣʠʯʠʥʘ ʢʨʠʪʝʨʽʶ ʈʝʡʥʦʣʴʜʩʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ. ʗʢʱʦ ReÒ2200, ʪʦ 

ʨʝʞʠʤ ʨʫʭʫ ï ʣʘʤʽʥʘʨʥʠʡ, ʧʨʠ Re Ó 10000 ï ʪʫʨʙʫʣʝʥʪʥʠʡ, ʧʨʠ 2200 Ò Re Ò 10000 ï ʨʝʞʠʤ 

ʨʫʭʫ ï ʧʝʨʝʭʽʜʥʠʡ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʚʠʢʣʘʜʝʥʦʛʦ, ʢʨʠʪʝʨʽʡ ʧʦʜʽʙʥʦʩʪʽ ʤʦʞʣʠʚʦ ʦʜʝʨʞʘʪʠ ʟ ʘʥʘʣʽʟʫ ʙʫʜʴ-

ʷʢʦʛʦ ʬʽʟʠʯʥʦʛʦ ʷʚʠʱʘ, ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʤʽʥʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʝ ʷʚʠʱʝ. 

ɿʘʩʘʜʠ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʪʝʦʨʝʤ, ʚ ʷʢʠʭ ʚʽʜʧʦʚʽʜʽ ʥʘ ʪʘʢʽ 

ʟʘʧʠʪʘʥʥʷ:  

1) ʷʢʽ ʚʝʣʠʯʠʥʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ? 
2) ʷʢ ʧʨʝʜʩʪʘʚʣʷʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚ ʫʟʘʛʘʣʴʥʝʥʽʡ ʬʦʨʤʽ? 
3) ʥʘ ʷʢʽ ʚʠʧʘʜʢʠ ʧʦʰʠʨʶʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ? 
ʇʝʨʰʘ ʪʝʦʨʝʤʘ ʧʦʜʽʙʥʦʩʪʽ 

ʇʦʜʽʙʥʽ ʤʽʞ ʩʦʙʦʶ ʷʚʠʱʘ ʤʘʶʪʴ ʯʠʩʝʣʴʥʦ ʨʽʚʥʽ ʢʨʠʪʝʨʽʾ ʧʦʜʽʙʥʦʩʪʽ (ʪʦʙʪʦ, ʚ ʜʦʩʣʽʜʘʭ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʪʽʣʴʢʠ ʪʽ ʚʝʣʠʯʠʥʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ). 

ɼʨʫʛʘ ʪʝʦʨʝʤʘ ʧʦʜʽʙʥʦʩʪʽ 

ɹʫʜʴ-ʷʢʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʤʽʥʥʠʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʤʦʞʥʘ 

ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʨʠʪʝʨʽʷʤʠ ʧʦʜʽʙʥʦʩʪʽ, ʩʢʣʘʜʝʥʠʤʠ ʟ ʪʠʭ ʩʘʤʠʭ ʟʤʽʥʥʠʭ 

y(K1, K2, K3...)=0, 

ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ. 

ʊʨʝʪʷ ʪʝʦʨʝʤʘ ʧʦʜʽʙʥʦʩʪʽ 

ʇʦʜʽʙʥʠʤʠ ʥʘʟʠʚʘʶʪʴ ʷʚʠʱʘ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʛʝʦʤʝʪʨʠʯʥʦ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʨʽʚʥʷʥʥʷ ʨʦʟʚ'ʷʟʢʫ ʪʘ ʫʤʦʚʠ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʡ ʨʽʚʥʽ ʚʠʟʥʘʯʘʣʴʥʽ ʢʨʠʪʝʨʽʾ 

ʧʦʜʽʙʥʦʩʪʽ, ʩʢʣʘʜʝʥʽ ʟ ʮʠʭ ʫʤʦʚ ʦʜʥʦʟʥʘʯʥʦʩʪʽ. 

 

1.3 ʄʝʭʘʥʽʯʥʝ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ 

1.3.1 ʈʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ ʚ ʧʦʣʽ ʩʠʣ ʪʷʞʽʥʥʷ 

ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ 

ʗʢʱʦ ʪʚʝʨʜʫ ʩʬʝʨʠʯʥʫ ʯʘʩʪʠʥʫ ʨʦʟʤʽʩʪʠʪʠ ʚ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʦ ʾʾ ʨʫʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʪʘʢʠʭ ʩʠʣ (ʨʠʩ. 1.2): 

 

- ʩʠʣʠ ʪʷʞʽʥʥʷ G, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʽ 

ʥʘʧʨʘʚʣʝʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ; 

- ʩʠʣʠ ɸʨʭʽʤʝʜʘ ɸ, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʽ 

ʥʘʧʨʘʚʣʝʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦ ʚʛʦʨʫ; 

- ʩʠʣʠ ʪʝʨʪʷ S, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ ʽ 

ʥʘʧʨʘʚʣʝʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʣʝʞʥʫ 

ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ. 

ʇʨʦʝʢʮʽʷ ʮʠʭ ʩʠʣ ʥʘ ʚʽʩʴ Y: 
.G A S R- - = (1.11) 

 

ʗʢʱʦ R>0, ʪʦ ʯʘʩʪʠʥʢʘ ʨʫʭʘʻʪʴʩʷ 

ʨʽʚʥʦʧʨʠʩʢʦʨʝʥʦ; 

A

 s

G

 n

R

X

Y

 
ʈʠʩ. 1.2 ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ ʪʚʝʨʜʫ 

ʯʘʩʪʠʥʢʫ  

ʧʨʠ ʦʩʽʜʘʥʥʽ ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ 
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ʗʢʱʦ R=0, ʪʦ ʯʘʩʪʠʥʢʘ ʨʫʭʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ (ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ); 

ʗʢʱʦ R<0, ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʨʫʭʦʤʦʛʦ ʛʘʟʦʚʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; 

ɺʠʨʘʟʠʤʦ ʮʽ ʩʠʣʠ. ʉʠʣʫ ʪʷʞʽʥʥʷ, ʷʢ: 
3

3

ò ò 1 ò
6

d
G V g g c l g= = =  

(1.12) 

ʇʦʟʥʘʯʠʤʦ l ï ʚʠʟʥʘʯʘʣʴʥʠʡ ʨʦʟʤʽʨ. ɼʣʷ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ l = d. 

Cʠʣʫ ɸʨʭʽʤʝʜʘ: 
3

3

ã ã 1 ã
6

d
A V g g c l g= = =  

(1.13) 

 

ʉʠʣʫ ʪʝʨʪʷ: 

2 2

2

d w d w d w
S F d c l

d l d l d l
= = =  

(1.14) 

ʜʝ F ï ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʢʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ: 
2F d=   

ʈʽʚʥʦʜʽʡʥʘ ʩʠʣʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʜʨʫʛʦʤʫ ʟʘʢʦʥʽ ʅʴʶʪʦʥʘ, 

ʟʘʧʠʰʝʪʴʩʷ: 
3

3

ò ò 1 ò

dw d dw dw
R ma V c l

d d d
= = = =

p
 

(1.15) 

ɺʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ ʚʠʨʘʟʽʚ (1.12)-(1.15) ʜʦ ʨʽʚʥʷʥʥʷ (1.11), ʦʜʝʨʞʠʤʦ: 

ã

3 2 3

1 ò 2 1 òg (
d w d w

c l c l l
d l d

- - =  
(1.16) 

ʎʝ ʜʠʬʝʨʝʥʮʽʘʣʥɹʝ ʨʽʚʥʷʥʥʷ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ.  

ɿ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʜʽʣʠʤʦ ʚʩʽ 

ʯʣʝʥʠ ʨʽʚʥʷʥʥʷ (1.16) ʥʘ ʧʨʘʚʫ ʯʘʩʪʠʥʫ: 
3 2

1 ò ã 2

3 3
1 ò 1 ò

(
1 0.

cc l d l d w d
g

c l d w c l d l d w

-
Ö Ö Ö - Ö Ö Ö - = 

 

(1.17) 

ʇʦʤʥʦʞʠʤʦ ʚʩʽ ʯʣʝʥʠ ʨʽʚʥʷʥʥʷ (1.17) ʥʘ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʤʧʣʝʢʩ ʚʽʜʥʦʰʝʥʥʷ ʛʫʩʪʠʥʠ 

ʯʘʩʪʠʥʢʠ ʪʘ ʛʘʟʫ ɟʪ/ ɟʛ: 

( )ò ãò 2 ò ò

ã ò 1 ò ã ã

0.
cd dw d

g
dw c l dl dw

-
Ö Ö Ö - Ö Ö Ö - = 

 

(1.18) 

ʈʦʟʛʣʷʥʝʤʦ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ (1.18). ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʚʠʣʫʯʘʻʤʦ ʩʠʤʚʦʣʠ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ, ʽ, ʚʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʠʨʘʟʠʚʰʠ [Ű/l] = [1/w], ʦʜʝʨʞʠʤʦ: 

2 2 2

1 ã 1 ã 1

.
c c c

c l l c wl c
Ö = Ö = Ö 

 

 

ʊʦʙʪʦ ʦʪʨʠʤʫʻʤʦ ʢʨʠʪʝʨʽʡ Re. ʇʦʩʪʽʡʥʘ c2/c1 ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʬʦʨʤʠ ɣ = c2/c1. 

ʂʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ Re ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʩʠʣ ʽʥʝʨʮʽʾ ʪʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʨʪʷ. 

ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʨʽʚʥʷʥʥʷ (1.18) ʜʦʤʥʦʞʠʤʦ ʥʘ l/l, ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ l/t = w: 

( ) ( ) ( )ò  ã  ò  ã  ò ã

2

ã ã ã

ɟ  ɟ ɟ  ɟ ɟ  ɟ Ű Ű
.

ɟ ɟ ɟ

g gl gl

w wl w

- - -Ö Ö
= =  

 

(1.19) 

ʇʦʤʥʦʞʠʤʦ ʪʝʧʝʨ ʚʠʨʘʟ (1.19) ʥʘ Re2: 

( ) ( )2 2 3
ò ã ò ã

2 2 2

ã ã

ɟ  ɟ ɟ  ɟg
Ar.

ɟ ɜ ɜ ɟ

gl w l l

w

- -
Ö Ö = Ö = 

 

(1.20) 

 ɺʠʨʘʟ (1.20) ʻ ʯʠʩʣʦʤ ɸʨʭʽʤʝʜʘ. ʂʨʠʪʝʨʽʡ ɸʨʭʠʤʝʜʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʟʘʻʤʦʜʽʶ ʚ'ʷʟʢʦʛʦ 

ʪʝʨʪʷ ʪʘ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ. 
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ʊʦʜʽ ʟʘʧʠʰʝʤʦ ʢʨʠʪʝʨʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

,Re ( Ar)nAj=   

ʜʝ ñô ì/F F=j  ï ʬʘʢʪʦʨ ʬʦʨʤʠ, Fʩʬ ï ʧʦʚʝʨʭʥʷ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ, Fʩʬ = pDcʬ2, Fʤ ï ʧʦʚʝʨʭʥʷ ʜʘʥʦʾ ʯʘʩʪʠʥʢʠ, 

Fʤ = pDʝ2 , 
3

ì eV D= Ö , 3
e ì6 /D V=  . 

ʇʦʩʪʽʡʥʽ A ʽ n ʚʠʟʥʘʯʝʥʽ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ, ʘ ʩʘʤʝ: 

- ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʷʢʱʦ Re < 1,85 ʘʙʦ jAr < 33, ʪʦ ʢʨʠʪʝʨʽʡ 

ʈʝʡʥʦʣʴʜʩʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 
1

Re Ar.
18
j=  

 

- ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ ʦʩʘʜʞʝʥʥʷ, ʷʢʱʦ Re >500 ʘʙʦ jAr > 83000, ʪʦʜʽ: 
0,5Re 1,74( Ar) .j=   

- ʧʨʠ ʧʝʨʝʭʽʜʥʦʤʫ ʨʝʞʠʤʽ ʦʩʘʜʞʝʥʥʷ, ʷʢʱʦ 1,85 < Re <500, 33 <jAr < 83000: 
0,715Re 0,152( Ar) .j=   

ʇʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʚ ʧʦʣʽ ʩʠʣ ʪʷʞʽʥʥʷ: 

1. ɺʠʟʥʘʯʘʻʤʦ ʢʨʠʪʝʨʽʡ Ar: 

( )ò ã

3

2

ã

Ar .
gd -
= Ö  

 

2. ʈʦʟʨʘʭʦʚʫʻʤʦ ʢʨʠʪʝʨʽʡ Re. 

3. ʈʦʟʨʘʭʦʚʫʻʤʦ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ: 

î ñ

Re
w

d
=  

 

ʇʨʘʢʪʠʯʥʦ ʜʣʷ ʯʘʩʪʠʥʦʢ ʬʦʨʤʠ ʢʫʣʽ ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ j = 1, ʜʣʷ ʦʢʨʫʛʣʦʾ ʬʦʨʤʠ  

j = 0,77, ʜʣʷ ʬʦʨʤʠ ʢʫʙʘ j = 0,66, ʜʣʷ ʧʨʦʜʦʚʛʫʚʘʪʦʾ ʬʦʨʤʠ j = 0,58, ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʦʾ  

j = 0,43.  

ʐʚʠʜʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʟ j = 1 ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʦʩʘʜʞʝʥʥʽ (ʜʽʘʤʝʪʨ 

ʯʘʩʪʠʥʦʢ < 100 ʤʢʤ) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ: 

1
Re Ar.

18
=  

 

ʇ̔ ʜʩʪʘʚʠʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʠʤʦ: 

( )3
ò ãî ñ

2

ã

.
w d gd -

= Ö  
 

ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 
2

ò ã
î ñ

(
.

18

dg
w

-
= Ö  

 

(1.21) 

ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʜʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʫʭʫ ʧʨʠ R = 0 ʨʽʚʥʷʥʥʷ (1.11) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 
0, àáî ,G A S G A S- - = - = (1.22) 

ʜʝ S = 3pdwocm ï ʩʠʣʘ ʉʪʦʢʩʘ. 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ (1.12) ʥʘʙʫʚʘʻ ʚʠʛʣʜ̫ʫ: 
3

ò ã oc(
6

d
g d w- =  

 

 

ʟʚʽʜʢʠ 

( )
2

oc ò ã
18

gd
w = -  

(1.23) 

ʊʦʙʪʦ, ʨʽʚʥʷʥʥʷ (1.21) ʽ (1.23) ʻ ʽʜʝʥʪʠʯʥʠʤʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʠʯʥʽʡ ʩʫʪʥʦʩʪʽ ʧʨʦʮʝʩʫ. 

 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʛʘʟʦʚʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ. 



14 

 

 

 

ɻʘʟʦʚʠʡ ʚʽʜʩʪʽʡʥʠʢ ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʨʘʣʝʣʝʧʽʧʝʜ (ʨʠʩ. 1.3). ɿʘʧʠʣʝʥʠʡ ʛʘʟ ʧʦʜʘʻʪʴʩʷ 

ʯʝʨʝʟ ʧʝʨʝʜʥʶ ʚʝʨʪʠʢʘʣʴʥʫ ʛʨʘʥʴ, ʱʦ ʤʘʻ ʧʣʦʱʫ fʚʭ = H³B. ʊʦʜʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ 

ʚʽʜʩʪʽʡʥʠʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 

ã âõ.V W f=  (1.24)  

ʈʦʟʛʣʷʥʝʤʦ ʯʘʩʪʠʥʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʦʯʮʽ 1 ʽ ʤʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʰʚʠʜʢʦʩʪʽ 

Wʛ ʪʘ ʚʝʨʪʠʢʘʣʴʥʫ W0 ï ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ. 

ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ 

ʩʬʦʨʤʫʣʶʻʪʴʩʷ: ʯʘʩ ʦʩʘʜʞʝʥʥʷ tʦʩ ʧʦʚʠʥʝʥ 

ʜʦʨʽʚʥʶʚʘʪʠ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ tʧʝʨ. 

oc ï åð=  (1.25)  

ɺ̔ ʜʧʦʚʽʜʥʦ ʮʽ ʚʝʣʠʯʠʥʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ, 

ʷʢ: 

oc ï åð

0 ã

H L

W W
= =  

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʨʽʚʥʷʥʥʷ (1.25) 

ʦʜʝʨʞʠʤʦ: 

0
ã

0 ã

, çâ³äêè .
WH L

W L
W W H
= =  

(1.26) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟ (1.26) ʜʦ ʬʦʨʤʫʣʠ (1.24) ʦʜʝʨʞʠʤʦ: 

0 0
âõ 0 .

W W
V L f LHB W LB

H H
= Ö = =  

 

ʇʦʟʥʘʯʠʚʰʠ F0 = L³B ï ʧʣʦʫɦ ʦʩʘʜʞʝʥʥʷ ʦʜʝʨʞʠʤʦ: 

0 0 .V W F=   

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʦʩʘʜʞʝʥʥʷ, ʧʦʤʥʦʞʝʥʦʾ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʢʘʤʝʨʠ ʅ. 

ʊʘʢʽ ʧʠʣʝʦʩʘʜʞʫʚʘʣʴʥʽ ʢʘʤʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ. ʉʪʫʧʽʥʴ 

ʦʯʠʱʝʥʥʷ ʚ ʥʠʭ ʜʦ 70%. 

 

1.3.2 ʆʛʣʷʜ ʙʘʟʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

 

ɺʽʜʩʪʽʡʥʠʡ ʛʘʟʦʭʽʜ. 

ɺ ʛʘʟʦʭʦʜʽ (ʨʠʩ. 1.4), ʻ ʧʝʨʝʛʦʨʦʜʢʠ 1 ʽ ʟʙʽʨʥʠʢʠ ʧʠʣʫ 2.  

 

 

 

B 

W ʦ 

Wʛ 

L 

H 

1 

 
ʈʠʩ. 1.3 ʉʭʝʤʘ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

 
 

 

 

 

 
 

ʈʠʩ. 1.4 ʉʭʝʤʘ ʚʽʜʩʪʽʡʥʦʛʦ ʛʘʟʦʭʦʜʫ 

1 ï ʚʽʜʙʽʡʥʠʢʠ; 2 ï ʙʫʥʢʝʨ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʧʠʣʫ;  

ɯ ï ʚʭʽʜ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ; ɯɯ ï ʚʠʭʽʜ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ 

 
ʈʠʩ. 1.5 ʉʭʝʤʘ ʧʠʣʝʦʩʘʜʞʫʶʯʦʾ ʢʘʤʝʨʠ: 

ɯ ï ʚʭʽʜ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ; ɯɯ ï ʚʠʭʽʜ ʦʯʠʱʝʥʦʛʦ 

ʛʘʟʫ; 1 ï ʧʦʣʠʮʽ; 2 ï ʚʽʜʙʽʡʥʠʢ 
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ʇʠʣʦʦʩʘʜʞʫʶʯʘ ʢʘʤʝʨʘ. 

ɿʘʧʠʣʝʥʠʡ ʛʘʟ ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʘʤʝʨʠ, ʱʦ ʤʘʻ ʤʥʦʞʠʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʣʠʮʴ (ʨʠʩ. 1.5), 

ʧʨʦʭʦʜʷʯʠ ʚʟʜʦʚʞ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʣʠʮʴ 1 ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

ʇʦʣʠʮʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 40-100 ʤʤ. ʇʦʪʽʤ ʛʘʟ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʚʽʜʙʽʡʥʠʢʘ 2 ʚʥʠʟ. ɺ ʢʽʥʮʽ ʢʘʥʘʣʫ ʨʦʟʚʝʨʪʘʻʪʴʩʷ ʥʘ 180Ü ʽ ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʢʘʤʝʨʠ. 

ʇʨʦʪʠ ʢʦʞʥʦʾ ʧʦʣʠʮʽ ʻ ʜʚʝʨʮʷʪʘ, ʯʝʨʝʟ ʥʠʭ ʧʠʣ ʚʠʛʨʽʙʘʻʪʴʩʷ ʩʢʨʝʙʢʘʤʠ. ʂʘʤʝʨʫ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʮʝʛʣʷʥʦʶ ʽ ʚʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʝ 100 ʤʢʤ, 

ʪʦʙʪʦ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ. ɸʧʘʨʘʪ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. 

 

ɯʥʝʨʮʽʡʥʽ ʧʠʣʝʚʣʦʚʣʶʚʘʯʽ. 

ʗʢʱʦ ʚ ʧʠʣʝʦʩʘʜʞʫʚʘʣʴʥʠʭ ʢʘʤʝʨʘʭ ʜʣʷ ʟʤʽʥʠ ʨʫʭʫ ʛʘʟʽʚ ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʝʨʝʛʦʨʦʜʢʠ, 

(ʨʠʩ. 1.6ʘ), ʪʦ ʨʘʟʦʤ ʽʟ ʩʠʣʦʶ ʪʷʞʽʥʥʷ ʜʽʶʪʴ ʽ ʩʠʣʠ ʽʥʝʨʮʽʾ. ʇʠʣʦʚʽ ʯʘʩʪʢʠ, ʧʨʘʛʥʫʯʠ ʟʙʝʨʝʛʪʠ 

ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʧʽʩʣʷ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʦʪʦʢʫ ʛʘʟʽʚ, ʦʩʘʜʞʫʶʪʴʩʷ ʫ ʙʫʥʢʝʨʽ. ɻʘʟ ʚ 

ʽʥʝʨʮʽʡʥʽ ʘʧʘʨʘʪʠ ʥʘʜʭʦʜʠʪʴ ʟʽ ʰʚʠʜʢʽʩʪʶ 5-15 ʤ/ʩ. ʎʽ ʘʧʘʨʘʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʠʭ 

ʙʽʣʴʰʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ ʪʘ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʦʯʠʩʪʢʠ ʛʘʟʫ. 

ɿʘʛʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʛʘʟʫ ʫ ʞʘʣʶʟʽʡʥʠʭ ʧʠʣʝʚʣʦʚʣʶʚʘʯʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʦʙʫʪʢʦʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʯʠʱʝʥʥʷ ʨʝʰʽʪʢʠ ɖʨ ʪʘ ʮʠʢʣʦʥʘ ɖʮ : ɖ0 = ɖʨ ɖʮ . 

ʆʧʪʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʧʦʙʣʠʟʫ ʨʝʰʽʪʢʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 12é20 ʤ/ʩ ʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʰʽʪʢʠ, ʪʘ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʚ ʛʘʟʦʭʦʜʘʭ. 

ʆʧʪʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʚʩʤʦʢʪʫʚʘʥʥʷ ʛʘʟʫ ʚ ʮʠʢʣʦʥ ʧʨʠʙʣʠʟʥʦ ʥʘ 25 % ʙʽʣʴʰʝ ʰʚʠʜʢʦʩʪʽ 

ʧʽʜʭʦʜʫ ʛʘʟʫ ʜʦ ʨʝʰʽʪʢʠ. 

ɿ ʧʨʦʤʠʩʣʦʚʠʭ ʞʘʣʶʟʽʡʥʠʭ ʧʠʣʝʚʣʦʚʣʶʚʘʯʽʚ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʡ ʘʧʧʘʨʘʪ ʩʠʩʪʝʤʠ ɺʊɯ 

(ʨʠʩ. 1.6ʙ), ʚ ʷʢʦʤʫ ʨʝʰʽʪʢʘ ʚʠʢʦʥʘʥʘ ʟ ʩʪʘʣʽ ʢʫʪʦʚʦʛʦ ʧʨʦʬʽʣʶ. ʇʠʣʝʚʣʦʚʣʶʚʘʯ ɺʊɯ ʤʦʞʝ 

ʝʬʝʢʪʠʚʥʦ ʚʣʦʚʣʶʚʘʪʠ ʪʽʣʴʢʠ ʢʨʫʧʥʠʡ ʧʠʣ ʨʦʟʤʽʨʦʤ ʙʽʣʴʰ 30 - 40 ʤʢʤ, ʪʦʤʫ ʟʘʛʘʣʴʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʥʝʚʠʩʦʢʘ. ɺʠʪʨʘʪʘ ʤʝʪʘʣʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʞʘʣʶʟʽʡʥʠʭ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ 

ʥʝʟʥʘʯʥʘ ʽ ʩʢʣʘʜʘʻ 40 - 50 ʢʛ ʧʨʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 1000 ʤ3/ʛʦʜ. ʛʘʟʫ. ʂʦʝʬʽʮʽʻʥʪʠ ʦʯʠʱʝʥʥʷ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʫ ʞʘʣʶʟʽʡʥʦʤʫ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʥʠʭ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.1 (ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʮʠʢʣʦʥʘ, ʩʪʘʥʦʚʠʪʴ 

10%, ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʨʝʰʽʪʢʠ 400 - 500 ʇʘ). 

ʊʘʙʣʠʮʷ 1.1. ʂʦʝʬʽʮʽʻʥʪʠ ʦʯʠʱʝʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʫ ʞʘʣʶʟʽʡʥʦʤʫ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ 

 
 

 

1.3.3 ʈʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 

 

1.3.3.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

 

ʆʩʘʜʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ, ʩʫʩʧʝʥʟʽʡ ʪʘ ʝʤʫʣʴʩʽʡ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʜʦ ʯʘʩʪʠʥʦʢ, ʱʦ 

   
                             ʘ                                                               ʙ  

ʈʠʩ. 1.6  ɹʘʟʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ: 

ʘ ʽʥʝʨʮʽʡʥʠʡ (ʟ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʜʘʯʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ); 

ʙ ʞʘʣʶʟʽʡʥʠʡ ʧʠʣʦʚʣʦʚʣʶʚʘʯ ʩʠʩʪʝʤʠ ɺʊɯ ( 1 - ʞʘʣʶʟʽʡʥʽ ʨʝʰʽʪʢʠ, 2 ï ʮʠʢʣʦʥ) 

dʯ, ʤʢʤ 5 10 15 20 25 30 40 50 60 100 

ɖ, % 2 47 63 76 86,5 91,3 94,8 96,5 97,7 100 
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ʩʢʣʘʜʘʶʪʴ ʜʠʩʧʝʨʩʥʫ ʬʘʟʫ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʢʣʘʩʪʠ ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʚʝʜʝʥʥʷʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʧʦʣʝ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. 

ʇʦʣʝ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʚ ʪʝʭʥʽʮʽ ʩʪʚʦʨʶʻʪʴʩʷ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: 

- ʧʦʪʽʢ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʫ ʚ ʥʝʨʫʭʦʤʦʤʫ 

ʘʧʘʨʘʪʽ ï ʮʠʢʣʦʥʥʠʡ ʧʨʦʮʝʩ; 

- ʧʦʪʽʢ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʥʘʜʭʦʜʠʪʴ ʜʦ ʘʧʘʨʘʪʫ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ ʨʘʟʦʤ ʟ ʦʙʝʨʪʦʚʠʤ ʘʧʘʨʘʪʦʤ ï ʧʨʦʮʝʩ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʠʢʣʦʥʥʠʡ ʧʨʦʮʝʩ (ʨʠʩ. 1.7). 

ʅʝʦʜʥʦʨʽʜʥʠʡ ʛʘʟʦʚʠʡ ʧʦʪʽʢ 

ʨʫʭʘʻʪʴʩʷ ʟʘ ʢʨʠʚʦʣʽʥʽʡʥʦʶ 

ʪʨʘʻʢʪʦʨʽʻʶ ʚ ʢʘʥʘʣʽ. ɺʽʜʮʝʥʪʨʦʚʘ 

ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʪʚʝʨʜʫ ʯʘʩʪʠʥʢʫ ʚ ʪʦʯʮʽ 

b, ʩʧʨʠʯʠʥʶʻ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ Woʚ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʨʘʜʽʫʩʫ ï Wʛ, ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʯʘʩʪʠʥʢʘ ʨʫʭʘʻʪʴʩʷ ʟʘ 

ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ ʟʽ 

ʰʚʠʜʢʽʩʪʶ Wʨ. 

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʚ ʧʦʣʽ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ: 

oâ ,
Ű

dr
W

d
=  

 

 ̔ʯʘʩ ʦʩʘʜʞʝʥʥʷ: 
2

1

î â

î â

Ű .

r

r

dr
S

W
= =ñ  

 

ʈʫʰʽʡʥʦʶ ʩʠʣʦʶ ʧʨʦʮʝʩʫ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ, ʻ 

ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʉ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʟʘ ʚʠʨʘʟʦʤ: 
2

ã ,
mW

C
r

=  (1.27) 

ʜʝ m ï ʤʘʩʘ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ; 

Wʛ ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʫ; 

r ï ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʪʨʘʻʢʪʦʨʽʾ ʚ ʜʘʥʽʡ 

ʪʦʯʮʽ. 

ʇʦ ʘʥʘʣʦʛʽʾ ʟ ʧʦʧʝʨʝʜʥʽʤ, ʚʠʨʘʟʠʤʦ ʤʘʩʫ m, ʷʢ: 
3

1 òm C l=  (1.28) 

 

ɺʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ (1.28) ʜʦ ʚʠʨʘʟʫ (1.27), ʦʜʝʨʞʠʤʦ: 
3 2

1 ò ã .
C l W

C
r

=  
 

ɿʛʽʜʥʦ ʥʘʚʝʜʝʥʦʛʦ ʨʽʚʥʷʥʥʷ (1.12), ʩʠʣʘ ʪʷʞʽʥʥʷ ʚʠʟʥʘʯʠʪʴʩʷ: 
3

1 òG C l g=   

ɺʽʜʥʦʰʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʜʦ ʩʠʣʠ ʪʷʞʽʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʬʘʢʪʦʨʦʤ ʨʦʟʜʽʣʝʥʥʷ: 
3 2 2

1 ò ã ã
p 3

1 ò

Ô .
C l W WÑ

G rC l g rg
= = =  (1.29) 

ʊʦʙʪʦ, ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ ʧʦʢʘʟʫʻ, ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʩʠʣʘ ʚʽʜʮʝʥʪʨʦʚʘ ʙʽʣʴʰʝ ʩʠʣʠ 

  

 

 ʘ  b  c 

r 

 W0ʚ  Wp 

 Wʛ 
r1 

r2 

 
ʈʠʩ. 1.7 ʉʭʝʤʘ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ  

ʯʘʩʪʠʥʦʢ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ  

  

1/Woc

rr1
r2

s

 

ʈʠʩ. 1.8 ɻʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ 
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ʪʷʞʽʥʥʷ, ʘʙʦ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʧʝʨʝʚʠʱʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ 

ʪʷʞʽʥʥʷ. 

ʋ ʮʠʢʣʦʥʥʠʭ ʘʧʘʨʘʪʘʭ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ ʙʽʣʴʰʝ 100. ʊʦʜʽ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʧʦʧʝʨʝʜʥʽʤ, 

ʥʝʭʪʫʶʯʠ ʚʝʣʠʯʠʥʦʶ ʜʽʾ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʟʘʧʠʰʝʤʦ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ: 
2

3 2 3ã

1 ò ã 2 1 ò

W
(

d w d w
Ñ l Ñ l Ñ l

r d l d
- - =  (1.30) 

ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʦʜʝʨʞʠʤʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ: 

( )2 3

ò ãã

âö
2

ã

Ar .
W l

r

-
= Ö  (1.31) 

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʽʟ ʟʚʠʯʘʡʥʦʛʦ ʢʨʠʪʝʨʽʶ Ar, 

ʧʦʤʥʦʞʠʚʰʠ ʡʦʛʦ ʥʘ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ:  

( ) ( )2 23 3
ò ã ò ãã ã

âö 2

ã ã

2
Ar

W Wgl l

rg r

- -
= Ö Ö = Ö Ö (1.32) 

ʊʦʙʪʦ ʟ ʨʽʚʥʷʥʥʷ (1.29) ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʜʝʨʞʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ: 

ðRe (Ô Ar) .nA=   

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ, ʷʢʱʦ: 

ð ð

1/1,4

ð

ð

0,5

ð ð

1
1)Ô Àr 36, òî ä³ Re Ô Àr

18

Ô Àr
2)36 Ô Àr 84000, òî ä³ Re

13.9

3)Ô Àr 84000, òî ä³ Re 1,71(Ô Àr)

û
< = î

î
îå õ

¢ ¢ = üæ ö
ç ÷ î

î> =
î
ý

 

 

 

 

(1.33) 

ɼʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʦʩʘʜʞʝʥʥʷ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ, ʢʦʣʠ ʌʨAr<36: 

ð

1
Re Ô Àr ,

18
=  

 

ʪʦʙʪʦ: 
32

ò ãoâ ã

2

ã

(1
.

dW d W

r

-
= Ö Ö  

 

 

ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʚ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʧʦʣʽ ʚʠʨʘʟʠʪʴʩʷ: 
2 2

ã ò ã
oâ

(
.

18

W d
W

r

-
=  

 

ɿʘʧʠʩʘʚʰʠ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ 

ʩʠʣ ʽ ʩʠʣ ʪʷʞʽʥʥʷ ʦʜʝʨʞʠʤʦ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ: 
22 2

ò ãoâ ã ã
ð2

oc ò ã

(
Ô ,

18

dW W W

W r gd gr

-
= = =

-
 (1.34) 

ʪʦʙʪʦ 

oâ oc ðÔ .W W=   

 

  



18 

 

 

 

1.3.3.2 ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʮʠʢʣʦʥʽʚ 

 

ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ 

ʮʠʢʣʦʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ñʅʀʀʆɻɸɿò, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ ʱʦ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ, ʯʝʨʝʟ ʷʢʠʡ 

ʚʚʦʜʠʪʴʩʷ ʟʘʧʠʣʝʥʠʡ ʛʘʟ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʽʜ ʢʫʪʦʤ 10ï12̄  ʽ ʤʘʻ ʧʨʷʤʦʢʫʪʥʠʡ ʧʝʨʝʨʽʟ. ʎʠʢʣʦʥ 

ʢʦʥʩʪʨʫʢʮʽʾ ʅʀʆɻɸɿ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.9. ʊʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʛʘʟ ʥʘʙʫʚʘʻ ʩʧʽʨʘʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʫʭ ʚʞʝ ʥʘ ʚʭʦʜʽ ʜʦ ʮʠʢʣʦʥʘ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʘʧʘʨʘʪʘ ʪʘ 

ʟʘʧʦʙʽʛʘʻ ʟʙʫʨʝʥʥʶ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʜʥʦʛʦ ʦʙʝʨʪʫ. 

 

ʉʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʚʽʜ ʧʠʣʫ ʚ ʮʠʢʣʦʥʘʭ 

ʩʪʘʥʦʚʠʪʴ 70-85% ʜʣʷ ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 5 ʤʢʤ, 

ʜʽʘʤʝʪʨʦʤ 20 ʤʢʤ ï 95ï97%. 

ʎʠʢʣʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʨʧʫʩʫ 1 ʟ ʢʦʥʽʯʥʠʤ ʜʥʦʤ 2. ɻʘʟ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʚʚʦʜʷʪʴ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 3 ʧʦ 

ʜʦʪʠʯʥʽʡ ʜʦ ʮʠʣʽʥʜʨʘ (ʪʘʥʛʝʥʮʽʘʣʴʥʦ) ʽʟ ʚhʠʜʢʽʩʪ ʁ

15ï25 ʤ/ʩ. ɺ ʮʝʥʪʨʽ ʮʠʢʣʦʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʪʨʫʙʘ 4  ʜʣʷ 

ʚʠʚʝʜʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ. ʇʦʪʽʢ ʛʘʟʫ ʟʘʢʨʫʯʫʻʪʴʩʷ ʽ 

ʨʫʭʘʻʪʴʩʷ ʧʦ ʛʚʠʥʪʦʚʽʡ ʣʽʥʽʾ. ʇʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʛʘʟ 

ʨʦʙʠʪʴ ʜʝʢʽʣʴʢʘ ʦʙʝʨʪʽʚ.  

ʇʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ 

ʚʽʜʢʠʜʘʶʪʴʩʷ ʥʘ ʧʝʨʠʬʝʨʽ ʁʽ ʦʩʽʜʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʘ ʮʠʢʣʦʥʘ. ʇʽʜ ʜʽʻʶ ʨʝʟʫʣʴʪʫʶʯʦʾ 

ʩʠʣʠ ʚʦʥʠ ʨʫʭʘʶʪʴʩʷ ʚʥʠʟ ʜʦ ʢʦʥʽʯʥʦʛʦ ʜʥʠʘɦ ʽ ʯʝʨʝʟ 

ʧʘʪʨʫʙʦʢ ʥʘʜʭʦʜʷʪʴ ʜʦ ʙʫʥʢʝʨʘ 5. ʆʯʠʱʝʥʠʡ ʧʦʪʽʢ 

ʚʠʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʚʠʚʽʜʥʫ ʪʨʫʙʫ 4.  

ʇʝʨʝʚʘʛʘʤʠ ʮʠʢʣʦʥʽʚ ʻ: ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ 

(ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʪʘʣʝʡ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ) ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʦʤʧʘʢʪʥʽʩʪʴ  ̔ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ. 

ʅʝʜʦʣʽʢʘʤʠ ʮʠʢʣʦʥʽʚ ʻ: 

- ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ 

ʤʝʥʰʝ 5 ʤʢʤ; 

- ʥʝʟʘʜʦʚʽʣʴʥʝ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʚʦʣʦʛʠʭ 
ʛʘʟʘʭ ʪʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʮʠʢʣʦʥʽ ʙʽʣʴʰʝ ʥʽʞ 20%. 

ʉʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʛʘʟʫ ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ  

ʌʨ=Wʚʭ
2/(rĀg), ʮʝ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʘʙʦ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ ʫ ʚʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʫ. ɸʣʝ 

ʟʙʽʣʴʰʝʥʥ ̫ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʱʦ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ 

ʧʝʨʝʤʽʰʫʚʘʥʥ ̫ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ ʽʟ ʟʘʧʠʣʝʥʥʷʤ. 

ɸʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʮʠʢʣʦʥʘ ʚʠʟʥʘʯʘʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
2

â õ
ö ã

2

W
P =  

 

ʜʝ Wʚʭ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʚʭʽʜʥʦʤʫ ʰʪʫʮʝʨʽ; rʛ ï ʛʫʩʪʠʥʘ ʛʘʟʫ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ; z ï ʢʦʝʬʽʮʽʻʥʪ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ, ʚʽʜʥʝʩʝʥʠʡ ʜʦWʚʭ.. 

    

1 ï ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʨʧʫʩ; 2 ï ʢʦʥʽʯʥʝ ʜʥʦ; 

3- ʧʘʪʨʫʙʦʢ ʚʚʝʜʝʥʥʷ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ; 4 ï 

ʪʨʫʙʘ ʚʠʚʝʜʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ; 5 ï 

ʙʫʥʢʝʨ 

ʈʠʩ. 1.9 ʉʭʝʤʘ ʮʠʢʣʦʥʘ ʢʦʥʩʪʨʫʢʮʽʾ 

"ʅʀʀʆɻɸɿ"  
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ʈʘʟʦʤ ʟ ʪʠʤ, ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʘ 

ʮʠʢʣʦʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʊʦʤʫ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʤʽʩʪʴ 

ʮʠʢʣʦʥʘ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʝʢʽʣʴʢʘ 

ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʦʙ'ʻʜʥʘʥʠʭ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ. 

ʊʘʢʽ ʘʧʘʨʘʪʠ ʥʘʟʠʚʘʶʪʴ 

ʙʘʪʘʨʝʡʥʠʤʠ ʮʠʢʣʦʥʘʤʠ ʘʙʦ 

ʤʫʣʴʪʠʮʠʢʣʦʥʘʤʠ (ʨʠʩ. 1.10). 

ɺ ʩʧʽʣʴʥʦʤʫ ʢʦʨʧʫʩʽ 1 

(ʨʠʩ. 1.10) ʨʦʟʪʘʰʦʚʘʥʽ 

ʮʠʢʣʦʥʥʽ ʝʣʝʤʝʥʪʠ 3, ʷʢʽ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʽʧʣʝʥʽ ʚ 

ʪʨʫʙʥʠʭ ʨʝʰʽʪʢʘʭ 4. ɿʘʧʠʣʝʥʠʡ 

ʛʘʟ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʰʪʫʮʝʨ 

ʥʘʜʭʦʜʠʪʴ ʜʦ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʾ 

ʢʘʤʝʨʠ 2 ʽ ʜʘʣʽ ʜʦ ʮʠʢʣʦʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʘ ʩʘʤʝ ʚ ʢʽʣʴʮʝʚʠʡ 

ʧʨʦʩʪʽʨ ʤʽʞ ʢʦʨʧʫʩʦʤ ʝʣʝʤʝʥʪʘ 

3 ʪʘ ʧʘʪʨʫʙʢʦʤ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ. ɺ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ ʨʦʟʤʽʱʝʥʽ ʣʦʧʘʪʝʚʽ 

ʧʨʠʩʪʨʦʾ 6, ʷʢʽ ʥʘʜʘʶʪʴ ʛʘʟʦʚʦʤʫ ʧʦʪʦʢʫ ʦʙʝʨʪʦʚʠʡ ʨʫʭ. ʇʠʣ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 

ʚʽʜʚʦʜʠʪʴʩʷ ʜʦ ʩʪʽʥʦʢ, ʨʫʭʘʻʪʴʩʷ ʚʥʠʟ ʧʦ ʩʧʽʨʘʣʽ ʪʘ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ ʽʟ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʜʦ 

ʩʧʽʣʴʥʦʛʦ ʙʫʥʢʝʨʫ 5. ʆʯʠʱʝʥʠʡ ʛʘʟ ʚʠʭʦʜʠʪʴ ʟ ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʪʨʫʙʘʤ ʚ ʩʧʽʣʴʥʫ 

ʢʘʤʝʨʫ ʽ ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʘʧʘʨʘʪʘ ʯʝʨʝʟ ʚʝʨʭʥʽʡ ʰʪʫʮʝʨ.  

ɼʽʘʤʝʪʨ ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 150 ʜʦ 250 ʤʤ.  

ʋ ʙʘʪʘʨʝʡʥʠʭ ʮʠʢʣʦʥʘʭ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʛʘʟʫ ʤʝʥʰʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ: 

ʜʣʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʨʦʟʤʽʨʽʚ (5, 10 ʽ 20 ʤʢʤ) ʮʝʡ ʧʘʨʘʤʝʪʨ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʠʪʴ 65-85, 85 ï 90, 

90 ï95%. ɹʽʣʴʰʘ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʮʠʢʣʦʥʘʭ ʟ ʙʽʣʴʰʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ 

ʦʧʦʨʦʤ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚ ʮʠʢʣʦʥʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

ï ê

ï

C C

C

-
=  

 

ʜʝ ʉʧ ʽ ʉʢ ï ʦʙ'ʻʤʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʭʦʜʽ ʽʟ ʮʠʢʣʦʥʘ, ʢʛ/ʤ3 (ʛ/ʤ3). 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʦʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʮʠʢʣʦʥʽʚ. 

ɿʘ ʩʧʦʩʦʙʦʤ ʧʽʜʚʦʜʫ ʽ ʚʽʜʚʦʜʫ ʛʘʟʫ ʮʠʢʣʦʥʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʨʦʪʠʚʦʪʦʯʥʽ ʽ 

ʧʨʷʤʦʪʦʯʥʽ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʫʪʴ ʙʫʪʠ: ʟʽ ʩʧʽʨʘʣʴʥʠʤ (ʨʠʩ. 1.11ʘ), ʪʘʥʛʝʥʮʽʡʥʠʤ 

(ʨʠʩ. 1.11ʙ), ʛʚʠʥʪʦʧʦʜʽʙʥʠʤ (ʨʠʩ. 1.11ʚ), ʨʦʟʝʪʦʯʥʠʤ (ʨʠʩ. 1.11ʛ,ʜ) ʚʚʝʜʝʥʥʷʤ ʛʘʟʫ. ʋ 

ʧʨʦʪʠʪʝʯʽʡʥʠʭ ʮʠʢʣʦʥʘʭ ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʧʨʠ ʨʫʩʽ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ ʟʤʽʥʶʻ ʩʚʽʡ ʥʘʧʨʷʤʦʢ ʥʘ 

180ę. ʋ ʧʨʷʤʦʪʦʯʥʠʭ ʮʠʢʣʦʥʘʭ ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʩʚʦʛʦ ʥʘʧʨʷʤʢʫ ʥʝ ʟʤʽʥʶʻ, ʡʦʛʦ ʛʽʜʨʘʚʣʽʯʥʠʡ 

ʦʧʽʨ ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʥʽʞ ʫ ʧʨʦʪʝʯʽʡʥʠʭ, ʦʜʥʘʢ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʚʣʦʚʣʝʥʥʷ) ʟʥʘʯʥʦ ʥʠʞʯʘ. 

 

 
                          ʘ                                                            ʙ     

ʈʠʩ. 1.10 ɹʘʪʘʨʝʡʥʠʡ ʮʠʢʣʦʥ (ʘ) ʪʘ ʡʦʛʦ ʝʣʝʤʝʥʪʠ (ʙ): 

1 ï ʢʦʨʧʫʩ; 2 ï ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʘ ʢʘʤʝʨʘ; 3 ï ʢʦʨʧʫʩʘ ʮʠʢʣʦʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ; 4 ï ʪʨʫʙʥʽ ʨʝʰʽʪʢʠ; 5 ï ʙʫʥʢʝʨ ʜʣʷ ʧʠʣʫ; 6 ï ʣʦʧʘʪʝʚʽ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ʟʘʚʠʭʨʶʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚʩʝʨʝʜʠʥʽ ʝʣʝʤʝʥʪʽʚ 
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ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ 

ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 

ʙʽʣʴʰʝ 50 ʤʢʤ ʥʘ ʧʝʨʰʽʡ ʩʪʫʧʝʥʽ 

ʦʯʠʱʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʨʷʤʦʪʦʯʥʽ ʮʠʢʣʦʥʠ, ʷʢʽ ʙʽʣʴʰ 

ʢʦʤʧʘʢʪʥʽ, ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ 

ʤʝʪʘʣʦʻʤʥʽʩʪʴ, ʚʝʣʠʢʫ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʧʦ ʛʘʟʫ. ʎʽ ʪʠʧʠ 

ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʙʨʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʢʦʤʧʘʢʪʥʠʭ ʘʧʘʨʘʪʽʚ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʜʣʷ 

ʩʫʰʽʥʥʷ ʪʝʨʤʦʣʘʙʽʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʩʫʰʽʥʥʷ 

ʢʘʟʝʾʥʫ ʚ ʘʛʨʝʛʘʪʘʭ ɺʉ-150-ʂʇɯ ʽ 

ɺʉ-300-ʂʇɯ, ʱʦ ʩʝʨʽʡʥʦ 

ʚʠʧʫʩʢʘʣʠʩʴ ʚ ʋʢʨʘʾʥʽ. ɸʚʪʦʨ 

ʨʦʟʨʦʙʢʠ ï ʄʘʨʯʝʚʩʴʢʠʡ ɺ.ʄ., 

ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʪʘ ʘʧʘʨʘʪʽʚ ʭʽʤʽʯʥʠʭ ʽ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʮʠʢʣʦʥʠ ʨʽʟʥʠʭ ʪʠʧʽʚ: çʅʀʆɻɸɿè, çʎʂʊʀè, çʃʀʆʊè, 

çʉʀʆʊè, çɺʎʅʀʀʆʊè. ʅʘʡʙʽʣʴʰʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʮʠʣʽʥʜʨʠʯʥʽ ʪʘ ʢʦʥʽʯʥʽ 

ʮʠʢʣʦʥʠ çʅʀʆɻɸɿè. ɼʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʮʠʢʣʦʥʽʚ ʅʀʆɻɸɿ  ʚʽʜʥʦʩʷʪʴʩʷ ʘʧʘʨʘʪʠ ʪʠʧʫ ʎʅ-11, 

ʎʅ-15, ʎʅ-15ʋ, ʎʅ-24 (ʨʠʩ. 1.13), (ʪʘʙʣ. 1.2). ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʘʧʘʨʘʪʽʚ ʻ 

ʚʠʜʦʚʞʝʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʫ, ʢʨʠʰʢʘ ʪʘ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʽʜ ʢʫʪʦʤ 11ę, 15ę ʽ 24ę. ʎʠʢʣʦʥʠ ʎʅ-15ʋ ʤʘʶʪʴ ʤʝʥʰʫ ʚʠʩʦʪʫ ʪʘ ʙʽʣʴʰ ʥʠʟʴʢʽ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʘʧʘʨʘʪʘʤʠ ʪʠʧʫ ʎʅ. ɼʦ ʢʦʥʽʯʥʠʭ 

ʮʠʢʣʦʥʽʚ çʅʀʆɻɸɿè ʚʽʜʥʦʩʷʪʴ ʘʧʘʨʘʪʠ ʪʠʧʽʚ  

ʉɼʂ-ʎʅ-33, ʉʂ-ʎʅ-34 ʽ ʉʂ-ʎʅ-34ʄ (ʨʠʩ. 1.14), (ʪʘʙʣ. 1.2). ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʮʠʢʣʦʥʽʚ ʪʠʧʫ ʎʅ ʜʦʚʞʠʥʦʶ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ, ʥʘʷʚʥʽʩʪʶ ʩʧʽʨʘʣʴʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʫ ʪʘ 

ʤʘʣʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʽʘʤʝʪʨʽʚ ʚʠʚʽʜʥʦʾ ʪʨʫʙʠ ʪʘ ʢʦʨʧʫʩʫ ʮʠʢʣʦʥʘ (ʚʽʜʧʦʚʽʜʥʦ 0.334, 

0.340, 0.22). ʎʠʢʣʦʥ ʉʂ-ʎʅ-34ʄ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʣʦʚʣʝʥʥʷ ʧʠʣʫ ʟ ʚʠʩʦʢʠʤʠ ʘʙʨʘʟʠʚʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʙʦ ʟ ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʻʶ. ɺʪʨʘʪʠ ʪʠʩʢʫ ʚ ʮʴʦʤʫ ʮʠʢʣʦʥʽ ʟʥʘʯʥʦ ʙʽʣʴʰʽ, ʥʽʞ ʚ 

ʽʥʰʠʭ ʢʦʥʽʯʥʠʭ ʮʠʢʣʦʥʘʭ. 

ʎʠʣʽʥʜʨʠʯʥʽ ʮʠʢʣʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ, ʘ ʢʦʥʽʯʥʽ - ʜʦ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʧʘʨʘʪʽʚ. ɼʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʠʭ ʮʠʢʣʦʥʽʚ, ʟʘʟʚʠʯʘʡ, ʥʝ ʧʝʨʝʚʠʱʫʻ 2000 

ʤʤ, ʘ ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʽʯʥʠʭ - 3000 ʤʤ.  

 

12.2.3.3. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʦʥʽʚ 

 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʦʥʘ ʟʘ ʬʽʟʠʯʥʦʶ ʤʦʜʝʣʣʶ. 

ʇʨʠʧʫʱʝʥʥʷ: 

1) ʚʽʣʴʥʝ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ; 

2) ʩʪʫʧʽʥʴ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʽʘʤʝʪʨʘ ï 100%. 

ɺʠʭʽʜʥʽ ʜʘʥʽ: 

ɿʘʜʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʥʘ ʚʭʦʜʽ ʜʦ ʮʠʢʣʦʥʘ Wʚʭ=18 - 25ʤ/ʩ ʽ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʚʠʚʽʜʥʽʡ 

ʪʨʫʙʽ wʚʠʭ= 4 - 8 ʤ/ʩ. 

    
            ʘ                 ʙ                  ʚ                 ʛ                ʜ       

ʈʠʩ. 1.11 ʆʩʥʦʚʥʽ ʪʠʧʠ ʢʦʥʩʪʨʫʢʮʽʡ ʮʠʢʣʦʥʽʚ: 

ʘ ʩʧʽʨʘʣʴʥʠʡ; ʙ ʪʘʥʛʝʥʮʽʡʥʠʡ; ʚ ʛʚʠʥʪʦʧʦʜʽʙʥʠʡ; 

 ʛ, ʜ ʨʦʟʝʪʦʯʥʠʡ; 1 ï ʚʚʝʜʝʥʥʷ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ,  

2 ï ʚʠʚʽʜ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ; 3ï ʮʠʣʽʥʜʨʠʯʥʘ ʢʘʤʝʨʘ;  

4 ï ʢʦʥʽʯʥʘ ʢʘʤʝʨʘ; 5 ï ʧʠʣʝʟʙʽʨʥʠʢ 
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1. ɿʘ ʟʘʜʘʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʮʠʢʣʦʥʘ ʚʠʟʥʘʯʘʻʤʦ ʨʘʜʽʫʩ 

ʚʥʫʪʨʽʰʥʴʦʾ ʚʠʚʽʜʥʦʾ ʪʨʫʙʠ: 

,ñåê âèõV f wÖ=  
2

,ñ å ê â â è õV r w=  

ʟʚʽʜʢʠ 

ñ å ê

â í

â è õ

.
V

r
w

=  

2. ɺʠʙʠʨʘʻʤʦ  ʪʦʚʱʠʥʫ  ʩʪʽʥʢʠ 

ʚʠʚʽʜʥʦʾ ʪʨʫʙʠ ŭ ʽ ʚʠʟʥʘʯʘʻʤʦ 

ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʪʨʫʙʠ r2:  

2 âr r= +   

3. ɺʠʟʥʘʯʘʻʤʦ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʮʠʢʣʦʥʘ r1 ʟ ʫʤʦʚʠ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ:  ʯʘʩ 

ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʜʦʨʽʚʥʶʻ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ: 

.î ñ ï åð=   

ʏʘʩ ʦʩʘʜʞʝʥʥʷ ʚʠʟʥʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

1 2
î ñ

î â

r r

w

-
=  

 

ʜʝ (r1 - r2)  ï ʥʘʡʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ, ʤ; 

woʚ ï ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʤ/ʩ. 

ɺʽʜʧʦʚʽʜʥʦ, ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʷʢ: 

ï åð

ã

l

w
=  

 

ʜʝ l = 2ˊr1n  ï ʜʦʚʞʠʥʘ ʣʽʥʽʾ, ʥʘ ʷʢʽʡ ʝʬʝʢʪʠʚʥʦ ʜʽʻ ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ; 

n = 1,5 ï ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ; 

wʛ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʢʦʨʧʫʩʽ ʮʠʢʣʦʥʘ wʛ = 10·12 ʤ/ʩ. 

1
ï åð

ã

2 r n

w

Ö
=  

(1.35) 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ (1.35) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ ʧʨʠ n = 1,5: 

1 1 1 1

ï åð

ã ã ã

2ˊ 2ˊ 1,5 10
Ű .

rn r r r

w w w
= = º  

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚʠ Űʦʩ = Űʧʝʨ, ʦʜʝʨʞʠʤʦ: 

1 2 1

oâ ã

10
,

r r r

w w

- =  
 

ʟʚʽʜʢʠ 

2
1

î â

ã

.

1 10

r
r

w

w

=

-

 
 

 

5. ɺʠʟʥʘʯʘʻʤʦ ʚʠʩʦʪʫ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʮʠʢʣʦʥʘ, ʅ. 

ɿ ʨʽʚʥʷʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜʩʪʽʡʥʠʢʘ:  

.ñåê 0 î ñV FW=   

 

ʇʦʚʝʨʭʥʷ ʦʩʘʜʞʝʥʥʷ ʚ ʮʠʢʣʦʥʽ ï ʮʝ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʮʠʣʽʥʜʨʘ: 

0 12F r HÖ=   

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʠʢʣʦʥʘ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ, ʷʢ:  

,ñåê 1 î â2V r HwÖ=   

 

rʚ 

d 

ɯ-ɯ 

r2 

Wʚʭ 

r1 

rʚʥ 

ɯ 

                       
ʈʠʩ. 1.12 ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʦʥʘ 
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ʟʚʽʜʩʠ ʚʠʩʦʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʚʠʨʘʟʠʪʴʩʷ ʷʢ: 

ñåê

1 î â

= .
2

V
H

r wÖ
 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʝʢʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʦʥʽʚ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʢʣʦʥʽʚ ʅʀʆɻɸɿ ʥʝʦʙʭʽʜʥʽ ʪʘʢ̔ ʚʠʭʽʜʥʽ ʜʘʥʽ: 

1) ʚʠʪʨʘʪʠ ʛʘʟʫ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ ʧʨʠ ʨʦʙʦʯʠʭ ʫʤʦʚʘʭ Vʛ, ʤ
3/ʩ; 

2)  ʛʫʩʪʠʥʘ ʛʘʟʫ ʧʨʠ ʨʦʙʦʯʠʭ ʫʤʦʚʘʭ ɟ, ʢʛ/ʤ3; 

3)  ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ ʧʨʠ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ɛ, ʇʘĀʩ; 

4)  ʜʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʧʠʣʫ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: dm ʽ lgůʯ (dm ï ʤʝʜʽʘʥʥʠʡ 

ʜʽʘʤʝʪʨ, ʧʨʠ ʷʢʦʤʫ ʤʘʩʘ ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʧʠʣʫ ʤʝʥʰʝ ʘʙʦ ʙʽʣʴʰʝ dm ʩʢʣʘʜʘʻ 50%; lgůʯ ï 

ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʝʣʠʯʠʥʠ lgd; 

5) ʧʦʯʘʪʢʦʚʘ ʟʘʧʠʣʝʥʽʩʪʴ ʛʘʟʫ ʉʚʭ, ʛ/ʤ
3; 

6) ʛʫʩʪʠʥʘ ʯʘʩʪʠʥʦʢ ɟʯ, ʢʛ/ʤ
3; 

7) ʟʘʜʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʛʘʟʫ ɖ. 

ʂʦʥʩʪʨʫʢʮʽʶ ʮʠʢʣʦʥʘ ʨʦʟʨʘʭʦʚʫʶʪʴ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʫ ʪʘʢʦʤʫ 

ʧʦʨʷʜʢʫ. 

1. ɺʠʙʠʨʘʁʪʴ ʪʠʧ ʮʠʢʣʦʥʘ ʟ ʪʘʙʣ. 1.2, ʨʠʩ. 1.13  ̔  1.14,  ̔ ʚʠʟʥʘʯʘʶʪʴ ʦʧʪʠʤʘʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʘʧʘʨʘʪʽ Wʦʧʪ. 

ʊʘʙʣʠʮʷ 1.2ï ʇʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʠʢʣʦʥʽʚ 

ʇʘʨʘʤʝʪʨ 

ʊʠʧ ʮʠʢʣʦʥʘ 

ʎ
ʅ-

2
4 

ʎ
ʅ-
1
5
ʋ 

ʎ
ʅ-

1
5 

ʎ
ʅ-

1
1 

ʉ
ɼ
ʂ-ʎ
ʅ-

3
3 

ʉ
ʂ-
ʎ
ʅ-

3
4 

ʉ
ʂ-
ʎ
ʅ-

3
4
ʄ 

d50
T, ʤʢʤ 8,50 6,00 4,50 3,65 2,31 1,95 1,13 

lgůɖ 0,308 0,283 0,352 0,352 0,364 0,308 0,340 

Wʦʧʪ, ʤ/ʩ 4,5 3,5 3,5 3,5 2,0 1,7 2,0 

ʇʨʠʤʽʪʢʠ.  

1. d50
ʊ - ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʣʦʚʣʶʶʪʴʩʷ ʥʘ 50% ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ; ʟʥʘʯʝʥʥʷ d50

ʊ ʚʽʜʧʦʚʽʜʘʻ ʪʘʢʠʤ 

ʫʤʦʚʘʤ ʨʦʙʦʪʠ ʮʠʢʣʦʥʽʚ: ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʮʠʢʣʦʥʽ W = 3,5 ʤ/ʩ;  ʜʽʘʤʝʪʨ ʮʠʢʣʦʥʘ D = 0,6ʤ; ʛʫʩʪʠʥʘ 

ʯʘʩʪʠʥʦʢ ɟʯ =1930 ʢʛ/ʤ3;  ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ ɛʪ=22,2Ā10-6 ʇʘĀʩ.  

2. ůɖ - ʚʝʣʠʯʠʥʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʠʩʧʝʨʩʽʶ (lg2ůɖ) ʚʝʣʠʯʠʥʠ lgůɖ ʫ ʬʫʥʢʮʽʾ ʬʨʘʢʮʽʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

2. ɺʠʟʥʘʯʘʶʪʴ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ ʮʠʢʣʦʥʽʚ, ʤ2: 

ã

î ï ò

= .
V

F
W

 
 

3. ɺʠʟʥʘʯʘʶʪʴ ʜʽʘʤʝʪʨ ʮʠʢʣʦʥʘ, ʟʘʜʘʶʯʠʩʴ ʢʽʣʴʢʽʩʪʶ ʮʠʢʣʦʥʽʚ N, ʤ: 

= ,
4

D
F N  

 

ʟʚʽʜʢʠ 

.
0,785

F
D

N
=  
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ɼʽʘʤʝʪʨ ʮʠʢʣʦʥʘ ʦʢʨʫʛʣʶʁ ʪʴ ʜʦ ʚʝʣʠʯʠʥ 200, 300, 400, 500, 600, 700, 800, 900, 1000, 

1200, 1400, 1600, 1800, 2000, 2400, 3000 ʤʤ. 

 

4. ʆʙʯʠʩʣʶʶʪʴ ʜʽʡʩʥʫ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ: 

ã

2
.

0,785

V
W

ND
=  

 

ʐʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ ʥʝ ʧʦʚʠʥʥʘ ʚʽʜʭʠʣʷʪʠʩʷ ʙʽʣʴʰ ʥʽʞ ʥʘ 15% ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ. 

5. ɺʠʟʥʘʯʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʮʠʢʣʦʥʘ ʘʙʦ ʛʨʫʧʠ ʮʠʢʣʦʥʽʚ: 

2

ñï

1 ö500 3K K Ê= +   

ʜʝ ñï

ö500
 ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʦʜʠʥʦʯʥʦʛʦ ʮʠʢʣʦʥʘ ʜʽʘʤʝʪʨʦʤ 500 ʤʤ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʘʙʣ. 12.5; 

ʂ1 ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʤʝʪʨʘ ʮʠʢʣʦʥʘ, ʪʘʙʣ.12.6; 

ʂ2 ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʘʧʠʣʝʥʽʩʪʴ ʛʘʟʫ, ʪʘʙʣ.12.7.;  

ʂ3 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʪʠʩʢʫ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʢʦʤʧʦʥʫʚʘʥʥʷʤ ʮʠʢʣʦʥʽʚ ʚ ʛʨʫʧʫ (ʜʣʷ 

ʦʜʠʥʦʯʥʠʭ ʮʠʢʣʦʥʽʚ ʂ3 = 0).  

        
ʈʠʩ. 1.14 ʂʦʥʩʪʨʫʢʮʽʷ ʮʠʢʣʦʥʘ  ʪʠʧʫ ʉʂ-ʎʅ 

 

 

        
ʈʠʩ. 1.13 ʂʦʥʩʪʨʫʢʮʽʷ ʮʠʢʣʦʥʘ ʪʠʧʫ ʎʅ 
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ʊʘʙʣʠʮʷ 1.3 ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʫ ʯʘʩʪʢʘʭ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ D ʜʣʷ ʮʠʢʣʦʥʽʚ ʪʠʧʫ ʎʅ 

ʇʦʢʘʟʥʠʢ 
ʊʠʧ ʮʠʢʣʦʥʘ 

ʎʅ-11 ʎʅ-15 ʎʅ-15ʋ ʎʅ-24 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʚʠʚʽʜʥʦʾ ʪʨʫʙʠ, d 0,59 0,59 0,59 0,59 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʠʣʝʚʠʧʫʩʢʥʦʛʦ 

ʦʪʚʦʨʫ, d1 
0,3-0,4 0,3-0,4 0,3-0,4 0,3-0,4 

ʐʠʨʠʥʘ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʫ ʮʠʢʣʦʥʽ 

(ʚʥʫʪʨʽʰʥʽʡ ʨʦʟʤʽʨ), b 
0,2 0,2 0,2 0,2 

ʐʠʨʠʥʘ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʥʘ ʚʭʦʜʽ 

(ʚʥʫʪʨʽʰʥʽʡ ʨʦʟʤʽʨ), b1 
0,26 0,26 0,26 0,26 

ɼʦʚʞʠʥʘ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ, l 0,6 0,6 0,6 0,6 

ɼʽʘʤʝʪʨ ʩʝʨʝʜʥʴʦʾ ʣʽʥʽʾ ʮʠʢʣʦʥʘ, Dʩʝʨ 0,8 0,8 0,8 0,8 

ɺʠʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʬʣʘʥʮʷ, hʬʣ 0,1 0,1 0,1 0,1 

ʂʫʪ ʥʘʭʠʣʫ ʢʨʠʰʢʠ ʽ ʚʭʽʜʥʦʛʦ 

ʧʘʪʨʫʙʢʫ ʮʠʢʣʦʥʘ, Ŭ, ʛʨʘʜ 
11 15 15 24 

ɺʠʩʦʪʘ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ, ʘ 0,48 0,66 0,66 1,11 

ɺʠʩʦʪʘ ʚʠʚʽʜʥʦʾ ʪʨʫʙʠ, hT 1,56 1,74 1,5 2,11 

ɺʠʩʦʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ, ʅʮ 2,06 2,26 1,51 2,11 

ɺʠʩʦʪʘ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ, ʅʢ 2,0 2,0 1,5 1,75 

ɺʠʩʦʪʘ ʟʦʚʥʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʚʠʚʽʜʥʦʾ 

ʪʨʫʙʠ, hB  
0,3 0,3 0,3 0,4 

ɿʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʮʠʢʣʦʥʘ 4,38 4,56 3,31 4,26 
 

 

 

ʊʘʙʣʠʮʷ 1.4 ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʽʜ ʜʽʘʤʝʪʨʫ ʜʣʷ ʮʠʢʣʦʥʽʚ ʉɼʂ-ʎʅ-33, ʉʂ-ʎʅ-34, ʉʂ-ʎʅ-34ʄ 

ʇʦʢʘʟʥʠʢ 
ʊʠʧ ʮʠʢʣʦʥʘ 

ʉɼʂ-ʎʅ-33 ʉʂ-ʎʅ-34 ʉʂ-ʎʅ-34ʄ 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʯʘʩʪʠʥʠ, D 
ɼʦ 3000 ʤ ɼʦ 4000 ʤ 

ɺʠʩʦʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ, ʅʮ 0,535 0,515 0,4 

ɺʠʩʦʪʘ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ, ʅʢ 3,0 2,11 2,6 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʚʠʚʽʜʥʦʾ ʪʨʫʙʠ, d 0,334 0,34 0,220 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʠʣʝʚʠʧʫʩʢʥʦʛʦ 

ʦʪʚʦʨʫ, d1 
0,334 0,229 0,18 

ʐʠʨʠʥʘ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʫ ʮʠʢʣʦʥʽ 

(ʚʥʫʪʨʽʰʥʽʡ ʨʦʟʤʽʨ), b 
0,264 0,214 0,18 

ɺʠʩʦʪʘ ʟʦʚʥʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʚʠʚʽʜʥʦʾ 

ʪʨʫʙʠ, hB  
0,2-0,3 0,515 0,3 

ɺʠʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʬʣʘʥʮʷ, hʬʣ 0,1 0,1 0,1 

ɺʠʩʦʪʘ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ, ʘ 0,535 0,2-0,3 0,4 

ɼʦʚʞʠʥʘ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ, l 0,6 0,6 0,6 

ɺʠʩʦʪʘ ʚʠʭʣʦʧʥʦʾ ʪʨʫʙʠ, hT 0,535 0,515 0,4 

ʇʦʪʦʯʥʠʡ ʨʘʜʽʫʩ ʟʘʚʠʪʢʘ, r D/2 b /2j p+  D/2 b /j p+  
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ʊʘʙʣʠʮʷ 1.5 ʂʦʝʬʽʮʽʻʥʪʠ ʦʧʦʨʫ ʮʠʢʣʦʥʽʚ D=500 ʤʤ (W=3ʤ/ʩ) 

ʊʠʧ 

ʮʠʢʣʦʥʘ 
D/d 

ɹʝʟ 

ʜʦʜʘʪʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ 

ɯʟ 

ʢʽʣʴʮʝʚʠʤ 

ʜʠʬʫʟʦʨʦʤ 

ɯʟ ʚʠʭʽʜʥʠʤ 

ʟʘʚʠʭʨʶʚʘʯʝʤ 

 

ɯʟ ʚʽʜʚʦʜʦʤ ʧʽʜ 

ʢʫʪʦʤ 90ę, 

R/d=1,5 
ñ

ö500

 

ï

ö500

 

ñ

ö500

 

ï

ö500

 

ñ

ö500 
l/d=0-12 

ñ

ö500 

l/d>12 
ï

ö500 

ʎʅ-11 0,59 245 250 207 215 235 245 250 

ʎʅ-15 - 155 163 132 140 150 155 160 

ʎʅ-15ʋ - 165 170 140 148 158 165 170 

ʎʅ-24 - 75 80 64 70 73 75 80 

ʉɼʂ-ʎʅ-

33 
0,33 520 600 - - - - - 

ʉʂ-ʎʅ-

34 
0,34 1050 1150 - - - - - 

ʉʂ-

ʎʅ34ʄ 
0,22 - 2000 - - - - - 

ʇʨʠʤʽʪʢʘ.  
ɯʥʜʝʢʩ ñʩò ʦʟʥʘʯʘʻ, ʱʦ ʮʠʢʣʦʥ ʧʨʘʮʶʻ ʫ  ʛʽʜʨʘʚʣʽʯʥʽʡ ʤʝʨʝʞʽ; ʘ ʽʥʜʝʢʩ ñʧò- ʮʠʢʣʦʥ ʧʨʘʮʶʻ ʥʘ ʚʠʢʠʜ ʜʦ 

ʘʪʤʦʩʬʝʨʠ.  

 

 
ʊʘʙʣʠʮʷ 1.6 ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʂ1, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʤʝʪʨʘ ʮʠʢʣʦʥʘ 

D, ʤʤ 

ʊʠʧ ʮʠʢʣʦʥʘ 

ʎʅ-11 
ʎʅ-15, ʎʅ-24, ʎʅ-

15ʋ 

ʉɼʂ-ʎʅ-33, ʉʂ-ʎʅ-34, ʉʂ-ʎʅ-

34ʄ 

150 0,94 0,85 1,0 

200 0,95 0,90 1,0 

300 0,96 0,93 1,0 

450 0,99 1,0 1,0 

500 1,0 1,0 1,0 

 

 
ʊʘʙʣʠʮʷ 1.7 ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʂ2, ʱʦ ʚʨʘʭʦʚʫʻ ʟʘʧʠʣʝʥʽʩʪʴ ʛʘʟʽʚ (D = 500ʤʤ) 

ʊʠʧ ʮʠʢʣʦʥʘ 
ɿʘʧʠʣʝʥʽʩʪʴ, ʉĀ103, ʢʛ/ʤ3 

0 10 20 40 80 120 150 

ʎʅ-11 1 0,96 0,94 0,92 0,90 0,87 0,5 

ʎʅ-15 1 0,93 0,92 0,91 0,90 0,87 0,86 

ʎʅ-15ʋ 1 0,93 0,92 0,91 0,89 0,88 0,87 

ʎʅ-24 1 0,95 0,93 0,92 0,90 0,87 0,86 

ʉɼʂ-ʎʅ-33 1 0,81 0,785 0,78 0,77 0,76 0,745 

ʉʂ-ʎʅ-34 1 0,98 0,947 0,93 0,915 0,91 0,90 

ʉʂ-ʎʅ-34ʄ 1 0,99 0,97 0,95 - - - 

 

 

 

6. ɺʠʟʥʘʯʘʶʪʴ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʮʠʢʣʦʥʽ (ʇʘ): 
2

ö
2

W
P=

  

ʗʢʱʦ ʚʪʨʘʪʠ ʪʠʩʢʫ ȹʈ ʚʠʷʚʠʣʠʩʷ ʧʨʠʡʥʷʪʥʠʤʠ (ʜʦ 1200 ʇʘ), ʪʦ ʧʝʨʝʭʦʜʷʪʴ ʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʦʯʠʱʝʥʥʷ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ. 

7. ɺʠʟʥʘʯʘʶʪʴ ʜʽʘʤʝʪʨ ʯʘʩʪʦʢ, ʱʦ ʚʣʦʚʣʶʶʪʴʩʷ ʥʘ 50%: 
ò ò

ò ö ÷

5 0 5 0 ò ò

ö ÷

,
D W

d d
D W

=  
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ʜʝ ʽʥʜʝʢʩ ñʪò ʦʟʥʘʯʘʻ ʩʪʘʥʜʘʨʪʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʮʠʢʣʦʥʘ. 

8. ɺʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨ ʍ ʟʘ ʬʦʨʤʫʣʦʶ: 

( )

( )
50

0,5
2 2
ɖ ÷

lg /
.

lg ů lg ů

md d
Õ=

+

 
 

 

9. ɺʠʟʥʘʯʘʶʪʴ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʌ(ʭ) ʟʘ ʪʘʙʣ. 1.9 ʪʘ ʧʦʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʯʠʱʝʥʥʷ ʛʘʟʫ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

ð 50[1 Ô( )].õ= +h   

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʮʠʢʣʦʥʽʚ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʯʘʪʢʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʠʣʫ 

ʚ ʛʘʟʘʭ. ɼʦʧʫʩʪʠʤʘ ʟʘʧʠʣʝʥʽʩʪʴ ʛʘʟʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʤʝʪʨʫ ʮʠʢʣʦʥʘ ʽ ʜʣʷ ʧʠʣʫ, ʱʦ ʩʣʘʙʦ 

ʟʣʠʧʘʻʪʴʩʷ, ʦʨʽʻʥʪʦʚʥʽ ʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ (ʪʘʙʣ. 1.8). 

ɼʣʷ ʧʠʣʫ, ʱʦ ʟʣʠʧʘʻʪʴʩʷ, ʩʝʨʝʜʥʷ ʧʨʠʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʚ ʛʘʟʘʭ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʚ 4 ʨʘʟʠ ʤʝʥʰʝ. 

ʊʘʙʣʠʮʷ 1.8. ɼʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʚ ʛʘʟʘʭ 

ɼʽʘʤʝʪʨ ʮʠʢʣʦʥʘ, ʤʤ 800 600 500 400 300 200 100 

ʇʨʠʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʯʘʩʪʦʢ, ʢʛ/ʤ3 
2,5 2,0 1,5 1,2 1,0 0,8 0,6 

 

ʊʘʙʣʠʮʷ 1.9. ɿʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʌ(ʭ) 

ʭ ʌ(ʭ) ʭ ʌ(ʭ) ʭ ʌ(ʭ) 

-2,70 0,0035 -0,90 0,1841 0,90 0,8159 

-2,60 0,0047 -0,80 0,2119 1,00 0,8413 

-2,50 0,0062 -0,70 0,2420 1,10 0,8643 

-2,40 0,0082 -0,60 0,2743 1,20 0,8849 

-2,30 0,0107 -0,50 0,3085 1,30 0,9032 

-2,20 0,0139 -0,40 0,3446 1,40 0,9192 

-2,10 0,0179 -0,30 0,3821 1,50 0,9332 

-2,00 0,0228 -0,20 0,4207 1,60 0,9452 

-1,90 0,0288 -0,10 0,4602 1,70 0,9554 

-1,80 0,0359 0,00 0,5000 1,80 0,9641 

-1,70 0,0446 0,10 0,5398 1,90 0,9713 

-1,60 0,0548 0,20 0,5793 2,00 0,9772 

-1,50 0,0668 0,30 0,6179 2,10 0,9821 

-1,40 0,0808 0,40 0,6554 2,20 0,9861 

-1,30 0,0968 0,50 0,6915 2,30 0,9893 

-1,20 0,1151 0,60 0,7257 2,40 0,9918 

-1,10 0,1357 0,70 0,7580 2,50 0,9938 

-1,00 0,1587 0,80 0,7881 2,60 0,9953 

 

ɿʛʽʜʥʦ ʟ ɼʉʊʋ 9617 ʜʣʷ ʮʠʢʣʦʥʽʚ ʧʨʠʡʥʷʪʠʡ ʥʘʩʪʫʧʥʠʡ ʨʷʜ ʜʽʘʤʝʪʨʽʚ: 200, 300, 400, 

500, 600, 700, 800, 900, 1000, 1200, 1400, 1600, 1800, 2000, 2400, 3000 ʤʤ. ɼʣʷ ʚʩʽʭ ʦʜʠʥʦʯʥʠʭ 

ʮʠʢʣʦʥʽʚ ʙʫʥʢʝʨʘ ʚʠʢʦʥʫʶʪʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ. ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʜʽʘʤʝʪʨʠ ʙʫʥʢʝʨʽʚ: Dʙ = 

1,5D (ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʮʠʢʣʦʥʘ), Dʙ=1,1 ï 1,2D (ʜʣʷ ʢʦʥʽʯʥʦʛʦ ʮʠʢʣʦʥʘ). ɺʠʩʦʪʫ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʙʫʥʢʝʨʘ ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʦʶ 0,8D. ɼʥʠʱʝ ʙʫʥʢʝʨʘ ʚʠʢʦʥʫʶʪʴ ʟʘ ɼʉʊʋ 

1260 ʟ ʢʫʪʦʤ ʥʘʭʠʣʫ ʩʪʽʥʦʢ 60ę. 

 

ʆʛʣʷʜ ʙʘʟʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʘʪʘʨʝʡʥʠʭ ʮʠʢʣʦʥʽʚ. 

ɹʘʪʘʨʝʡʥʠʡ ʮʠʢʣʦʥ ʷʚʣʷʻ ʩʦʙʦʶ ʧʠʣʦʚʣʦʚʣʶʶʯʠʡ ʘʧʘʨʘʪ, ʱʦ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʩ̔ʪɹ 

ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʣʦʛʦ ʜʽʘʤʝʪʨʫ, ʟôʻʜʥʘʥʠʭ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ, ʩʧʦʨʷʜʞʝʥʠʡ ʩʧʽʣʴʥʠʤ 

ʧʽʜʚʝʜʝʥʥʷʤ ʽ ʚʽʜʚʝʜʝʥʥʷʤ ʛʘʟʽʚ, ʪʘ ʙʫʥʢʝʨ-ʟʙʽʨʥʠʢʦʤ ʧʠʣʫ, ʱʦ ʚʣʦʚʣʶʻʪʴʩʷ. ʂʘʤʝʨʠ ʜʣʷ 



27 

 

 

 

ʧʽʜʚʝʜʝʥʥʷ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʛʘʟʫ ʚ ʘʧʘʨʘʪʘʭ ʟʚʠʯʘʡʥʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʢʣʠʥʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. ʋ 

ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʘʭ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʟʘʢʨʫʯʫʚʘʥʥʷ ʧʦʪʦʢʫ ʛʘʟʫ: 

ʜʚʦʭʦʜʦʚʠʡ ʛʚʠʥʪ ʟ ʣʦʧʘʪʷʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʽʜ ʢʫʪʦʤ 25ę ʜʦ ʛʦʨʠʟʦʥʪʫ, ʨʦʟʝʪʢʫ ʟ ʚʦʩʴʤʠ 

ʣʦʧʘʪʝʡ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʽʜ ʢʫʪʦʤ 25ę ʘʙʦ 30ę ʜʦ ʛʦʨʠʟʦʥʪʫ; ʧʘʪʨʫʙʦʢ ʜʣʷ ʪʘʥʛʝʥʮʽʡʥʦʛʦ 

ʧʽʜʚʝʜʝʥʥʷ ʛʘʟʫ. ɺʽʩʴ ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʚʝʨʪʠʢʘʣʴʥʦʶ ʘʙʦ ʧʽʜ ʥʘʭʠʣʦʤ. 

ɼʽʘʤʝʪʨ ʦʢʨʝʤʠʭ ʮʠʢʣʦʥʽʚ ʚ ʘʧʘʨʘʪʘʭ ʧʨʠʡʤʘʶʪʴ ʫ ʤʝʞʘʭ 150 - 250 ʤʤ. ʆʧʪʠʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʚ ʝʣʝʤʝʥʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 3,5 - 4,75 ʤ/ʩ, ʜʣʷ ʧʨʷʤʦʪʦʯʥʠʭ ʮʠʢʣʦʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 11 - 13 ʤ/ʩ. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʙʘʪʘʨʝʡʥʠʭ ʮʠʢʣʦʥʽʚ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ: 
ö=  ʜʣʷ ʪʠʧʫ 

ʝʣʝʤʝʥʪʘ ñʨʦʟʝʪʢʘò (= ę); 
ö
=  - ñʨʦʟʝʪʢʘò ( = ę); 

ö
=  - ñʛʚʠʥʪò (= ę);

ö
=  

ʧʨʷʤʦʪʦʯʥʠʡ (ʎʂʊɯ). 

ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚ ʝʣʝʤʝʥʪʽ ʙʘʪʘʨʝʡʥʦʛʦ ʮʠʢʣʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʮʠʢʣʦʥʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʘʙʣ. 12.10). 

ʊʘʙʣʠʮʷ 1.10 ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚ ʝʣʝʤʝʥʪʽ ʦʜʠʥʦʯʥʦʛʦ ʙʘʪʘʨʝʡʥʦʛʦ ʮʠʢʣʦʥʘ  

ʇʘʨʘʤʝʪʨʠ 
ñɻʚʠʥʪò, 

25=a ę 

ñʈʦʟʝʪʢʘò, 

25=a ę 

ñʈʦʟʝʪʢʘò, 

30=a ę 
ʇʨʷʤʦʪʦʯʥʠʡ (ʎʂʊɯ) 

d50
ʊ, ʤʢʤ 4,5 3,85 5,0 4,0 

lg  0,46 0,46 0,46 0,535 

 

ɼʘʥʽ ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ, ʢʨʽʤ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʧʨʷʤʦʪʦʯʥʦʛʦ ʮʠʢʣʦʥʘ, ʦʪʨʠʤʘʥʽ ʧʨʠ 

Dʮ=250 ʤʤ,  Wʛʮ=4,5 ʤ/ʩ, ɛʛ=23,7Ā10-6 ʇʘĀʩ, ɟʯ=2200 ʢʛ/ʤ
3. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʙʘʪʘʨʝʡʥʦʛʦ ʮʠʢʣʦʥʘ ʟʚʠʯʘʡʥʦ ʥʘ 20 ï 25 % ʥʠʞʯʝ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɺ ʙʘʪʘʨʝʡʥʠʭ ʮʠʢʣʦʥʘʭ ʟ ʝʣʝʤʝʥʪʘʤʠ ʜʽʘʤʝʪʨʦʤ 250 ʤʤ ʟʘʧʠʣʝʥʽʩʪʴ ʛʘʟʽʚ, ʱʦ 

ʧʨʦʧʫʩʢʘʻʪʴʩʷ, ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʽʜ ʧʠʣʫ, ʱʦ ʩʣʘʙʦ ʟʣʠʧʘʻʪʴʩʷ, ʩʢʣʘʜʘʻ 100 ʛ/ʤ3 (ʜʣʷ 

ʟʘʚʠʭʨʶʚʘʯʘ ʪʠʧʫ ñʛʚʠʥʪò) ʪʘ 75 ʛ/ʤ3 (ʜʣʷ ʟʘʚʠʭʨʶʚʘʯʘ ʪʠʧʫ ñʨʦʟʝʪʢʘò). ɼʣʷ ʦʯʠʱʝʥʥʷ ʛʘʟʫ 

ʚʽʜ ʧʠʣʫ, ʱʦ ʩʠʣʴʥʦ ʟʣʠʧʘʻʪʴʩʷ, ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʙʘʪʘʨʝʡʥʽ ʮʠʢʣʦʥʠ. 

ʇʨʦʤʠʩʣʦʚʽ ʙʘʪʘʨʝʡʥʽ ʮʠʢʣʦʥʠ ʪʠʧʫ ɹʎ-2 ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʣʦʚʣʝʥʥʷ ʥʝʚʦʣʦʢʥʠʩʪʦʛʦ 

ʧʠʣʫ ʪʘ ʧʠʣʫ, ʱʦ ʥʝ ʟʣʠʧʘʻʪʴʩʷ. ɼʣʷ ʟʘʢʨʫʯʝʥʥʷ ʧʦʪʦʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʝʣʝʤʝʥʪʠ ʪʠʧʫ 

ñʨʦʟʝʪʢʘò. ʂʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ, ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʰʚʠʜʢʦʩʪʽ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʦʨʽʚʥʶʻ e = 65. ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʛʘʟʫ ʚʽʜ ʟʦʣʠ ʧʨʠ d50 

= 10 ʤʢʤ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 80%. ɼʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʧʦʨʦʟʤʨʽʚ ɹʎ-2 ʚʠʪʨʘʪʠ ʛʘʟʫ ʟʤʽʥʶʻʪʴʩʷ 

ʚ ʤʝʞʘʭ (15,0 ï4 2,2)Ā103 ʤ3/ʛʦʜ ʧʨʠ ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʦʧʦʨʽ 4,5 ʢʇʘ ʪʘ (17,4-49)Ā103 ʤ3/ʛʦʜ ʧʨʠ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʦʧʦʨʽ 6 ʢʇʘ. ʂʦʨʧʫʩʠ ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʥʘʥʽ ʟ ʩʽʨʦʛʦ ʯʘʚʫʥʫ, ʘ 

ʚʠʭʣʦʧʥʽ ʪʨʫʙʠ - ʟ ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ. ɺʝʨʭʥʷ ʤʝʞʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ, 

ʜʦʨʽʚʥʶʻ 400ę ʉ. 

ɹʘʪʘʨʝʡʥʽ ʮʠʢʣʦʥʠ ʇɹʎ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʯʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʟʽʚ ʪʘ ʧʦʚʽʪʨʷ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʩʫʰʽʥʥʷ, ʪʘʢʦʞ ʚ ʩʠʩʪʝʤʘʭ ʘʩʧʽʨʘʮʽʾ ʚʫʛʣʝʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʬʘʙʨʠʢ ʪʘ 

ʧʽʜʧʨʠʻʤʩʪʚ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʦʥʠ ʤʘʶʪʴ ʮʠʢʣʦʥʥʽ ʝʣʝʤʝʥʪʠ ʟ ʥʘʧʽʚʩʧʨ̔ʘʣʴʥʠʤʠ 

ʟʘʚʠʭʨʶʚʘʯʘʤʠ ʧʦʪʦʢʫ. ʂʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʜʦʨʽʚʥʶʻ 150, ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʫ 

ʧʨʠ ɟʯ = 1500 ʢʛ/ʤ
3 ʪʘ d50 = 30 ʤʢʤ ʩʢʣʘʜʘʻ 95%. ɺʝʨʭʥʷ ʤʝʞʘ ʪʝʤʧʝʨʘʪʫʨʠ 120ę ʉ. ɺʠʪʨʘʪʘ 

ʛʘʟʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʦʨʦʟʤʽʨʫ (12-60)Ā103 ʤ3/ʛʦʜ. ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʪʠʩʢ ʜʦ 0,04 ʄʇʘ. 

ɹʘʪʘʨʝʡʥʽ ʮʠʢʣʦʥʠ ʟ ʯʘʩʪʢʦʚʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʛʘʟʫ ɹʎʈʅ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ 

ʘʧʘʨʘʪʘʤʠ. ʎʠʢʣʦʥʥʽ ʝʣʝʤʝʥʪʠ ɹʎʈʅ ʤʘʶʪʴ ʩʧʽʨʘʣʴʥʠʡ ʧʽʜʚʽʜ ʪʘ ʟʘʙʝʟʧʝʯʝʥʽ ʢʦʥʫʩʥʠʤʠ 

ʨʦʟʢʨʫʯʫʚʘʯʘʤʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʠʪʨʘʪʠ ʛʘʟʫ ʧʨʠ 140ęʉ ʩʢʣʘʜʘʶʪʴ 140 ʪʘ 280 ʪʠʩ. ʤ3/ʛʦʜ ʧʨʠ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʦʧʦʨʽ 8,5 ʪʘ 9 ʢʇʘ ʚʽʜʧʦʚʽʜʥʦ. ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚʽʜ ʟʦʣʠ ʟ d50=18 - 20 

ʤʢʤ ʜʦʨʽʚʥʶʻ 95%. 

ɹʘʪʘʨʝʡʥʽ ʮʠʢʣʦʥʠ ɹʎʋ-ʄ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʪʘ ʥʘʭʠʣʝʥʠʤ (ʧʽʜ ʢʫʪʦʤ 45ę) 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʥʘʧʽʚʨʘʚʣʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ. ɺʠʪʨʘʪʘ ʛʘʟʫ ʚ ʪʘʢʠʭ ʘʧʘʨʘʪʘʭ ʩʢʣʘʜʘʻ (47-860)Ā103 ʤ3/ʛʦʜ. 
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1.3.3.4 ɸʧʘʨʘʪ ʽʟ ʟʫʩʪʨʽʯʥʠʤʠ ʟʘʢʨʫʯʝʥʠʤʠ ʧʦʪʦʢʘʤʠ 
 

ɸʧʘʨʘʪʠ ʟ ɿɿʇ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʮʠʢʣʦʥʘʤʠ. 

ɸʧʘʨʘʪ ɿɿʇ (ʨʠʩ. 12.14) ʷʚʣʷʻ ʩʦʙʦʶ ʮʠʣʽʥʜʨʠʯʥʫ ʢʘʤʝʨʫ 4, ʚʩʪʘʥʦʚʣʝʥʫ ʚʝʨʪʠʢʘʣʴʥʦ, 

ʷʢʘ ʤʘʻ ʰʪʫʮʝʨʠ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ 7, 3, ʘ ʪʘʢʦʞ ʰʪʫʮʝʨʠ ʜʣʷ ʚʽʜʚʦʜʫ 

ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ 1, ʚʣʦʚʣʝʥʦʛʦ ʧʠʣʫ, ʟôʻʜʥʘʥʦʛʦ ʟ ʙʫʥʢʝʨʦʤ 8. ɿʘʧʠʣʝʥʠʡ ʛʘʟ ʥʘʜʭʦʜʠʪʴ ʚ 

ʘʧʘʨʘʪ ʯʝʨʝʟ ʰʪʫʮʝʨ 7 (ʧʝʨʚʠʥʥʝ ʧʦʚʽʪʨʷ) ʽ, ʧʨʦʡʰʦʚʰʠ ʟʘʚʠʭʨʶʚʘʯ 5, ʟʘʢʨʫʯʫʻʪʴʩʷ. 

ɺʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜʪʠʩʢʫʶʪʴ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʜʦ ʩʪʽʥʢʠ ʘʧʘʨʘʪʘ 4. ɺ ʰʪʫʮʝʨ 

3 ʧʦʜʘʻʪʴʩʷ ʚʪʦʨʠʥʥʝ ʧʦʚʽʪʨʷ, ʷʢʝ ʟʫʤʦʚʣʶʻ ʨʫʭ ʦʩʘʜʞʝʥʥʷ ʥʘ ʩʪʽʥʮʽ ʘʧʘʨʘʪʘ ʧʠʣʫ ʚ ʥʠʞʥʶ 

ʡʦʛʦ ʯʘʩʪʠʥʫ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʚ ʙʫʥʢʝʨ 8. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʝʩʝʥʥʷ ʧʠʣʫ ʟ 

ʙʫʥʢʝʨʘ ʚʩʪʘʥʦʚʣʝʥʝ ʚʽʜʙʽʡʥʝ ʢʽʣʴʮʝ 6, ʧʨʠ ʮʴʦʤʫ ʪʠʩʢ ʚʪʦʨʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 0,3 

ʄʇʘ. ʆʩʥʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʘʧʘʨʘʪʽʚ ɿɿʇ ʚʽʜ ʮʠʢʣʦʥʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʜʦʧʦʤʽʞʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ, 

ʱʦ ʟʘʢʨʫʯʫʻ. 

 
ʈʠʩ. 1.15 ʇʠʣʝʚʣʦʚʣʶʚʘʯ ɿɿʇ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ ʚʚʝʜʝʥʥʷʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ: 

1 ï ʚʠʚʝʜʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ, 2 - ʩʠʩʪʝʤʘ ʪʘʥʛʝʥʮʽʡʥʠʭ ʩʦʧʝʣ ʜʣʷ ʚʚʝʜʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʧʦʪʦʢʫ,  

3 - ʚʚʝʜʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʧʦʪʦʢʫ,  4 ï ʢʘʤʝʨʘ, 5 - ʟʘʚʠʭʨʶʚʘʯ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ, 6 ï ʜʠʩʢ,  

7 - ʚʚʝʜʝʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʧʦʪʦʢʫ, 8 - ʧʠʣʦʚʠʡ ʙʫʥʢʝʨ 

 

ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʚʝʜʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʧʦʢʘʟʘʥʽ ʥʘ (ʨʠʩ. 1.16). 

ɺʪʦʨʠʥʥʝ ʧʦʚʽʪʨʷ ʤʦʞʝ ʧʦʜʘʚʘʪʠʩʴ ʩʠʩʪʝʤʦʶ ʪʘʥʛʝʥʮʽʡʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʩʦʧʝʣ ʚ ʯʦʪʠʨʠ 

ʨʷʜʠ ʧʽʜ ʢʫʪʦʤ 30ę. 

 
ʈʠʩ. 1.16 ɺʘʨʽʘʥʪʠ ʚʚʝʜʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʧʦʪʦʢʫ 

ʘ ï ʯʝʨʝʟ ʣʦʧʘʪʝʚʠʡ ʟʘʚʠʭʨʶʚʘʯ, ʙ ï ʯʝʨʝʟ ʪʘʥʛʝʥʮʽʘʣʴʥʠʡ ʟʘʚʠʭʨʶʚʘʯ,  

ʚ ï ʯʝʨʝʟ ʩʧʽʨʘʣʴʥʠʡ ʟʘʚʠʭʨʶʚʘʯ 

 

ɺ ʘʧʘʨʘʪʘʭ ɿɿʇ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʦʩʝʨʝʜʞʝʥʝ ʚʚʝʜʝʥʥʷ, ʢʦʣʠ ʚʪʦʨʠʥʥʠʡ ʛʘʟ 

ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʣʦʧʘʪʝʚʠʡ ʟʘʚʠʭʨʶʚʘʯ (ʨʠʩ. 1.16ʘ), ʯʝʨʝʟ ʪʘʥʛʝʥʮʽʡʥʠʡ (ʨʠʩ. 1.16ʙ) ʘʙʦ ʯʝʨʝʟ 

ʩʧʽʨʘʣʴʥʠʡ ʟʘʚʠʭʨʶʚʘʯ (ʨʠʩ.1.16ʚ). ɺ ʝʢʦʥʦʤʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʚʪʦʨʠʥʥʠʡ ʧʦʪʽʢ ʟʘʧʠʣʝʥʽ ʛʘʟʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʧʘʨʘʪʘ. ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʘʧʘʨʘʪʽʚ ɿɿʇ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚʠʪʨʘʪʠ ʚʪʦʨʠʥʥʦʛʦ ʛʘʟʫ ʜʦ ʧʝʨʚʠʥʥʦʛʦ, ʨʽʚʥʦʛʦ 3:1, ʚ ʘʧʘʨʘʪʘʭ ʟ 

ʟʦʩʝʨʝʜʞʝʥʠʤ ʚʚʝʜʝʥʥʷʤ (ʨʠʩ. 1.16) ʛʨʘʥʠʯʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʣʦʚʣʶʶʪʴʩʷ, ʜʦʨʽʚʥʶʻ 

1,3 ʤʢʤ ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʣʦʚʣʶʚʘʥʥʷ 96,5%. ɹʽʣʴʰ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ï 98,45% 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʢʦʣʠ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:3 ʧʦ ʚʪʦʨʠʥʥʦʤʫ ʢʘʥʘʣʽ ʧʦʜʘʻʪʴʩʷ ʯʠʩʪʠʡ 

ʛʘʟʦʚʠʡ ʧʦʪʽʢ, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʥʦ ʟʨʦʩʪʘʶʪʴ ʚʠʪʨʘʪʠ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʧʨʦʮʝʩʫ ʫ ʟʚôʷʟʢʫ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʠʭ ʘʧʘʨʘʪʽʚ, ʪʦʙʪʦ ʟ ʧʦʜʘʯʝʶ. 

 

1.3.4 ʄʦʢʨʘ ʛʘʟʦʦʯʠʩʪʢʘ 
 

ʇʨʠ ʤʦʢʨʽʡ ʛʘʟʦʦʯʠʩʪʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʪʘʢʪ ʛʘʟʫ ʟ ʨʽʜʠʥʦʶ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʚʦʣʦʞʝʥʥʷ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʘ ʢʦʘʛʫʣʷʮʽʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʫʪʨʠʤʘʥʥʷ ʾʭ ʨʽʜʠʥʦʶ 

ʘʙʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʘʛʣʦʤʝʨʘʪʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʨʽʜʢʦʾ ʬʘʟʠ (ʰʣʘʤ). 

ʎʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʷʢʱʦ: 

- ʜʦʧʫʩʢʘʻʪʴʩʷ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʟʚʦʣʦʞʝʥʥʷ ʛʘʟʫ; 

- ʢʦʣʠ ʟʚʘʞʝʥʽ ʯʘʩʪʠʥʢʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʮʽʥʥʽʩʪʴ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʚʠʚʦʜʷʪʴʩʷ ʟ ʘʧʘʨʘʪʫ 
ʫ ʚʠʛʣʷʜʽ ʰʣʘʤʫ. 

ʄʦʢʨʽ ʧʠʣʦʚʣʦʚʣʶʶʯʽ ʘʧʘʨʘʪʠ. 

ʇʦ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʤʦʢʨʝ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʘʢʽ ʛʨʫʧʠ:  

ʘ) ʧʦʨʦʞʥʠʩʪʽ; 

ʙ) ʥʘʩʘʜʢʦʚ̔ ; 

ʚ) ʙʘʨʙʦʪʘʞʥʽ;  

ʛ) ʧʽʥʥʽ;  

ʜ) ʘʧʘʨʘʪʠ ʫʜʘʨʥʦ-ʽʥʝʨʮʽʡʥʦʛʦ ʪʠʧʫ;  

ʻ) ʜʠʥʘʤʽʯʥʽ ʪʘ ʪʫʨʙʫʣʝʥʪʥʽ ʧʨʦʤʠʚʘʯʽ. 

 

1.3.4.1 ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʘʧʘʨʘʪʽʚ ʜʣʷ ʤʦʢʨʦʾ ʛʘʟʦʦʯʠʩʪʢʠ  

 

ʇʦʨʦʞʥʠʩʪʽ ʪʘ ʥʘʩʘʜʢʦʚʽ ʧʨʦʤʠʚʘʯʽ. 

ɼʦ ʧʦʨʦʞʥʠʩʪʠʭ ʛʘʟʦʧʨʦʤʠʚʘʯʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʩʢʨʫʙʝʨʠ, ʟʨʦʰʫʚʘʥʽ ʨʽʜʠʥʦʶ, ʱʦ 

ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ, ʜʽʣʷʥʢʠ ʛʘʟʦʧʨʦʚʦʜʽʚ, ʧʨʦʤʠʚʥʽ ʢʘʤʝʨʠ, ʧʫʩʪʦʪʽʣʽ ʬʦʨʩʫʥʢʦʚʽ 

ʢʦʣʦʥʠ. ʅʘʡʧʦʰʠʨʝʥʽʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʪʘʢʠʭ ʛʘʟʦʧʨʦʤʠʚʘʯʽʚ ʤʘʻ ʧʫʩʪʦʪʽʣʠʡ ʬʦʨʩʫʥʢʦʚʠʡ 

ʩʢʨʫʙʝʨ (ʨʠʩ. 1.17) ʟ ʧʨʦʪʠʪʝʯʽʡʥʠʤ ʨʫʭʦʤ ʬʘʟ ʛʘʟ-ʨʽʜʠʥʘ. ʈʽʜʠʥʘ, ʱʦ ʟʨʦʰʫʻ, ʧʦʜʘʻʪʴʩʷ ʜʦ 

ʩʢʨʫʙʝʨʘ ʧʽʜ ʪʠʩʢʦʤ ʈʨ=300 - 400 ʢʇʘ. ɺʠʩʦʪʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʪʠʪʝʯʽʡʥʦʛʦ 

ʧʦʨʦʞʥʠʩʪʦʛʦ ʩʢʨʫʙʝʨʘ ʅ=2,5D. ʐʚʠʜʢʽʩʪʴ ʛʘʟʫ ʩʢʣʘʜʘʻ Wʛ=0,6-1,5 ʤ/ʩ. ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ 

ʨʽʜʠʥʠ m=10 ʣ/ʤ3. ʎʽ ʬʦʨʩʫʥʢʦʚʽ ʩʢʨʫʙʝʨʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ h

=90-92% ʧʨʠ ʚʣʦʚʣʝʥʥʽ ʯʘʩʪʦʢ ʧʠʣʫ ʨʦʟʤʽʨʦʤ dʯ>10 ʤʢʤ. 
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ʈʠʩ. 1.17 ʇʦʨʦʞʥʠʩʪʠʡ ʬʦʨʩʫʥʢʦʚʠʡ ʩʢʨʫʙʝʨ: 

1 ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʘ ʨʝʰʽʪʢʘ, 2 - ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯ, 3 ï ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʠʥʠ, 4 - ʬʦʨʩʫʥʢʠ 

 

ɿʘʣʝʞʥʽʪʴ ʬʨʘʢʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚʽʜ ʧʠʣʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.18. ɻʽʜʨʘʚʣʽʯʥʠʡ 

ʦʧʽʨ ʧʫʩʪʦʪʽʣʦʛʦ ʩʢʨʫʙʝʨʘ (ʚ ʚʽʜʩʫʪʥʦʩʪʽ ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯʘ ʪʘ ʛʘʟʦʨʦʟʧʦʜʽʣʴʯʦʾ ʨʝʰʽʪʢʠ) ʥʝ 

ʧʝʨʝʚʠʱʫʻ 250 ʇʘ. ʇʦʨʦʞʥʠʩʪʽ ʬʦʨʩʫʥʢʦʚʽ ʩʢʨʫʙʝʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʧʠʣʝʚʣʦʚʣʝʥʥʷ, ʘʣʝ ʡ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʽʚ. ʎʽ ʩʢʨʫʙʝʨʠ, ʟʘʟʚʠʯʘʡ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʪʘ ʧʽʜʛʦʪʫʚʘʥʥʷ ʾʭ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʦʯʠʱʝʥʥʷ  ʚ ʥʘʩʪʫʧʥʠʭ 

ʘʧʘʨʘʪʘʭ. 

ʅʘʩʘʜʢʦʚʽ ʩʢʨʫʙʝʨʠ ʟ ʢʽʣʴʮʝʚʦʶ, ʩʽʜʣʦʧʦʜʽʙʥʦʶ, ʰʤʘʪʢʦʚʦʶ, ʭʦʨʜʦʚʦʶ, ʙʣʦʯʥʦʶ, 

ʢʫʪʦʚʦʶ ʥʘʩʘʜʢʘʤʠ ʤʘʣʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʣʦʚʣʝʥʥʷ ʧʠʣʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʯʘʩʪʠʤ 

ʟʘʙʠʚʘʥʥʷʤ ʥʘʩʘʜʢʠ ʦʩʘʜʞʝʥʠʤʠ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ.  

 

 
ʈʠʩ. 1.18 ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚʽʜ ʧʠʣʫ ʚ ʧʦʨʦʞʥʠʩʪʦʤʫ ʩʢʨʫʙʝʨʽ ʜʣʷ ʯʘʩʪʠʥʦʢ ʟ 

ʛʫʩʪʠʥʦʶ rʯ = 2700 ʢʛ/ʤ3 

 

ɹʘʨʙʦʪʘʞʥʽ ʘʧʘʨʘʪʠ ʤʦʢʨʦʾ ʛʘʟʦʦʯʠʩʪʢʠ 

ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʪʘʨʽʣʯʘʪʠʭ ʛʘʟʦʧʨʦʤʠʚʘʯʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ ʛʘʟʫ ʟ ʨʽʜʠʥʦʶ ʥʘ 

ʪʘʨʽʣʢʘʭ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠʯʦʤʫ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 



31 

 

 

 

ʰʚʠʜʢʽʩʪʶ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ʇʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ (~ʜʦ 1 ʤ/ʩ) ʛʘʟʠ ʧʨʦʥʠʢʘʶʪʴ ʯʝʨʝʟ ʰʘʨ 

ʨʽʜʠʥʠ ʫ ʚʠʛʣʷʜʽ ʙʫʣʴʙʘʰʦʢ - ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʘʨʙʦʪʘʞ.  

 
  

 

ʘ ʙ  
ʈʠʩ. 1.19 ʇʽʥʥʽ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ: 

ʘ ï ʽʟ ʧʨʦʚʘʣʴʥʦʶ ʪʘʨʽʣʢʦʶ: 1- ʢʦʨʧʫʩ; 2 ï ʟʨʦʰʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 3 - ʪʘʨʽʣʢʘ.  

ʙ ï ʧ̔ ʥʥʠʡ ʧʠʣʦʚʣʦʚʣʶʚʘʯ ʽʟ ʧʝʨʝʣʠʚʥʦʶ ʪʘʨʽʣʢʦʶ: 1- ʢʦʨʧʫʩ; 2 - ʪʘʨʽʣʢʘ; 3 - ʧʨʠʡʦʤʥʘ ʢʘʤʝʨʘ; 

4 ï ʧʝʨʝʣʠʚʥʠʡ ʧʦʨʽʛ; 5 ï ʢʘʤʝʨʘ ʚʽʜʚʦʜʫ ʰʣʘʤʫ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʠʣʦʚʣʦʚʣʶʚʘʥʥʷ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʙʫʣʴʙʘʰʦʢ. ʇʨʠ ʚʣʦʚʣʶʚʘʥʥʽ ʯʘʩʪʦʢ ʨʦʟʤʽʨʦʤ 

ʙʽʣʴʰʝ 5 ʤʢʤ ʚʦʥʘ ʜʦʩʠʪʴ ʥʝʚʝʣʠʢʘ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʘ ʪʘʢʦʞ ʥʝʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʙʘʨʙʦʪʘʞʥʽ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ ʚ ʮʝʡ ʯʘʩ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. 

ɿ ʨʦʩʪʦʤ ʰʚʠʜʢʦʩʪʽ ʛʘʟʽʚ ʚʟʘʻʤʦʜʽʷ ʛʘʟʦʚʦʛʦ ʡ ʨʽʜʠʥʥʦʛʦ ʧʦʪʦʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʦ ʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʚʠʩʦʢʦ ʪʫʨʙʫʣʽʟʦʚʘʥʥʦʾ ʧʽʥʠ, ʫ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʝ ʨʫʡʥʫʚʘʥʥʷ, ʟʣʠʪʪʷ ʡ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʙʫʣʴʙʘʰʦʢ. ʊʦʤʫ ʛʘʟʦʧʨʦʤʠʚʘʯʽ ʜʘʥʦʛʦ 

ʪʠʧʫ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʧʽʥʥʠʤʠ ʘʧʘʨʘʪʘʤʠ. 

ɿʽ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʫ ʢʦʥʪʘʢʪʫ ʛʘʟʽʚ ʽ ʨʽʜʠʥʠ ʩʫʪʦ ʙʘʨʙʦʪʘʞʥʠʡ ʤʝʭʘʥʽʟʤ 

ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʦʢ ʧʠʣʫ ʧʝʨʝʭʦʜʠʪʴ ʫ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʡ ʪʫʨʙʫʣʝʥʪʥʦ-ʽʥʝʨʮʽʡʥʠʡ 

ʤʝʭʘʥʽʟʤ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʤʦʞʣʠʚʦ ʝʬʝʢʪʠʚʥʝ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʦʢ ʧʠʣʫ ʨʦʟʤʽʨʦʤ dʯ>2 

ʤʢʤ. 

ɯʩʥʫʻ ʮʽʣʠʡ ʨʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʨʽʣʯʘʩʪʠʭ (ʧʽʥʥʠʭ) ʛʘʟʦʧʨʦʤʠʚʘʯʽʚ: ʘʧʘʨʘʪ ʽʟ 

ʧʨʦʚʘʣʴʥʠʤʠ ʪʘʨʽʣʢʘʤʠ (ʨʠʩ. 1.19ʘ), ʘʧʘʨʘʪ ʟ ʧʝʨʝʣʠʚʥʠʤʠ ʪʘʨʽʣʢʘʤʠ (ʨʠʩ. 1.19ʙ).  

ʉʭʝʤʘ ʩʢʨʫʙʝʨʘ ʟ ʫʜʘʨʥʦ-ʚʽʜʙʠʚʥʠʤʠ ʪʘʨʽʣʢʘʤʠ ʥʘ ʨʠʩ. 1.20. 
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.  
ʈʠʩ. 1.20 ʉʭʝʤʘ ʩʢʨʫʙʝʨʘ ʟ ʫʜʘʨʥʦ-ʚʽʜʙʠʚʥʠʤʠ ʪʘʨʽʣʢʘʤʠ: 

1 ï ʢʦʘʛʫʣʷʮʽʡʥʘ ʧʣʠʪʘ (ʧʽʜʛʦʪʦʚʯʘ ʩʪʘʜʽʷ); 2 ï ʫʜʘʨʥʦ-ʚʽʜʙʠʚʥʘ ʧʣʠʪʘ;  3 ï ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯ;  

4 ï ʬʦʨʩʫʥʢʠ ʛʨʫʙʦʛʦ ʨʦʟʧʠʣʶʚʘʥʥʷ;  5 ï ʚʽʜʙʠʚʥʽ ʧʣʘʩʪʠʥʠ; 6 ï ʪʨʫʙʘ ʜʣʷ ʟʣʠʚʫ ʨʽʜʠʥʠ 

 

 
ʈʠʩ. 1.21 ʂʦʥʩʪʨʫʢʮʽʾ ʧʨʦʚʘʣʴʥʠʭ ʪʘʨʽʣʦʢ: 

ʘ ï ʱʽʣʠʥʥʘ ; ʙ ï ʧʝʨʬʦʨʦʚʘʥʘ 

 

ɺ ʘʧʘʨʘʪʽ ʟ ʧʨʦʚʘʣʴʥʠʤʠ ʪʘʨʽʣʢʘʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʘ ʪʠʧʠ ʪʘʨʽʣʦʢ ï ʧʝʨʬʦʨʦʚʘʥʽ ʪʘ 

ʱʽʣʠʥʥʽ (ʨʠʩ. 1.21). ɯʥʢʦʣʠ ʱʽʣʠʥʥʽ ʪʘʨʽʣʢʠ ʟʚʘʨʶʶʪʴʩʷ ʟ ʪʨʫʙʦʢ ʘʙʦ ʧʣʘʩʪʠʥ. ɿ ʤʝʪʦʶ ʚʠʙʦʨʫ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘʨʽʣʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʦʚʱʠʥʫ 4-8 ʤʤ, ʰʠʨʠʥʘ ʱʽʣʠʥʠ 4-5 

ʤʤ, ʢʦʝʬʽʮʽʻʥʪ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 20·25% ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ 

ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʜʦ 40-50%. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ, ʪʦʙʪʦ ʧʨʦʚʘʣʴʥʦʾ ʪʘʨʽʣʢʠ ʨʘʟʦʤ ʟ ʰʘʨʦʤ ʧʽʥʠ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 
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ʜʝ Dʈs - ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ, ʱʦ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ ʜʽʾ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʇʘ; 

ɸʪ ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʫ ʚʟʘʻʤʦʜʽʾ ʛʘʟʫ ʟ ʨʽʜʠʥʦʶ ʥʘ ʪʘʨʽʣʮʽ. 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ɸʪ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘʨʽʣʦʢ ʪʘ ʨʝʞʠʤʽʚ ʾʭ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ 

ʪʘʙʣ. 1.11 ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

ɺʝʣʠʯʠʥʘ Dʈs ʜʣʷ ʱʽʣʠʥʥʠʭ ʪʘʨʽʣʦʢ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ s - ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ ʛʘʟ-ʨʽʜʠʥʘ, ʅ/ʤ. 

ɼʣʷ ʧʝʨʬʦʨʦʚʘʥʠʭ ʪʘʨʽʣʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 
2

0 0

4

1.3 0.08
P

d d

s
D =

+
. 



33 

 

 

 

 

ʊʘʙʣʠʮʷ 1.11 ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʘ ɸʪ 

ʊʠʧ ʪʘʨʽʣʢʠ ɾʠʚʠʡ 

ʧʝʨʝʪʠʥ 

ʪʘʨʽʣʢʠ 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ 

ʘʙʦ ʰʚʠʜʢʽʩʪʴ ʫ ʚʽʣʴʥʦʤʫ 

ʧʝʨʝʪʠʥʽ ʘʧʘʨʘʪʫ, ʤ/ʩ 

ʌʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʇʝʨʬʦʨʦʚʘʥʽ 

ʪʘ ʱʽʣʠʥʥʽ 
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ʊʨʫʙʯʘʩʪ̔ 0,3-0,4 uʛ = 0,8 ï 5,0 6,0
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0,3-0,5 uʛ = 1,0 ï 3,5 46,0
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ʐʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʘʧʘʨʘʪʽ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ S0 = 0,15 ï 0,2 ʤ2/ʤ2 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʽʥʥʦʛʦ ʨʝʞʠʤʫ ʜʦ ʭʚʠʣʴʦʚʦʛʦ, Vʢʨ (ʤ/ʩ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ 

ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʟʘ ʚʠʨʘʟʦʤ: 
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ʇʨʠ ʚʣʦʚʣʶʚʘʥʥʽ ʧʠʣʫ ʦʧʪʠʤʘʣʴʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʧʽʥʥʠʡ ʨʝʞʠʤ ʚʟʘʻʤʦʜʽʾ ʛʘʟʫ ʽ ʨʽʜʠʥʠ ʥʘ 

ʪʘʨʽʣʮʽ. ʇʠʪʦʤʝ ʟʨʦʰʝʥʥʷ (ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʫ ʙʝʟ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʫ) ʧʨʠʡʤʘʻʪʴʩʷ 

0,4·0,5 ʣ/ʤ3. ɺ ʮʠʭ ʚʠʧʘʜʢʘʭ ʚʝʣʠʯʠʥʘ Wʢʨ ʩʪʘʥʦʚʠʪʴ 2,0·2,3 ʤ/ʩ. 

ɻʨʘʥʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʚ ʘʧʘʨʘʪʽ ʟ ʧʨʦʚʘʣʴʥʠʤʠ ʪʘʨʽʣʢʘʤʠ Wʛʨ (ʤ/ʩ) ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʯʘʪʢʫ ʟʘʭʣʠʥʘʥʥʷ ʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ɺʝʣʠʯʠʥʘ j - ʯʘʩʪʢʘ ʪʘʨʽʣʢʠ, ʱʦ ʟʘʡʥʷʪʘ ʛʘʟʦʤ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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 , 

ʜʝ m - ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ ʧʨʠ ʪʝʯʽʾ ʨʽʜʠʥʠ ʯʝʨʝʟ ʦʪʚʽʨ (mº0,62) 

xʩ ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʦʾ ʪʘʨʽʣʢʠ (ʧʨʠ ʪʦʚʱʠʥʽ ʪʘʨʽʣʢʠ d = 4-6 ʤʤ ʚʝʣʠʯʠʥʘ xʩ = 1,6 ï 1,7). 

ɼʽʘʤʝʪʨ ʧʠʣʝʚʣʦʚʣʶʚʘʯʘ ʟ ʧʨʦʚʘʣʴʥʠʤʠ ʪʘʨʽʣʢʘʤʠ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 2,5 ʤ, ʱʦ 

ʚʠʧʣʠʚʘʻ ʟ ʫʤʦʚ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʛʘʟʫ.  

 

ɺʠʩʦʪʘ ʧʽʥʠ ʥʘ ʪʘʨʽʣʮʽ ʅʧ (ʤ) ʚ ʘʧʘʨʘʪʘʭ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ:  
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, 

ʜʝ h0 ï ʚʠʩʦʪʘ ʧʦʯʘʪʢʦʚʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ, ʤ. 

ɺ ʧʽʥʥʠʭ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘʭ ʟ ʧʝʨʝʣʠʚʥʠʤʠ ʪʘʨʽʣʢʘʤʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʝʨʬʦʨʦʚʘʥʽ 

ʪʘʨʽʣʢʠ ʟ ʜʽʘʤʝʪʨʦʤ ʦʪʚʦʨʽʚ 3-8 ʤʤ ʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ 0,15·0,25 ʤ2/ ʤ2. 

ʐʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʞʠʚʦʤʫ ʧʝʨʝʪʠʥʽ 1-3 ʤ/ʩ.  
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ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʧʝʨʝʪʠʥʫ ʘʧʘʨʘʪʫ ʧʝʨʝʜ ʪʘʨʽʣʢʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʘʟʫ ʽ ʩʪʘʥʦʚʠʪʴ 5-8 ʤ2; ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʥʘ ʟʨʦʰʝʥʥʷ ʘʧʘʨʘʪʫ 

ʩʪʘʥʦʚʣʷʪʴ 0,2-0,3 ʣ/ʤ3; ʚʠʩʦʪʘ ʧʽʥʠ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 80-100 ʤʤ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʘʨʽʣʢʠ ʟ ʪʦʚʱʠʥʦʶ 4-6 ʤʤ ʽʟ ʰʘʨʦʤ ʧʽʥʠ ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 
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ɺ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʥʥʠʭ ʘʧʘʨʘʪʘʭ ʚʝʣʠʯʠʥʘ Dʈ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 300 ʜʦ 1000 ʇʘ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʚʠʩʦʪʠ ʧʽʥʠ ʘʧʘʨʘʪʠ ʩʧʦʨʷʜʞʫʶʪʴʩʷ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʧʽʥʥʦʛʦ 

ʰʘʨʫ. ɺʽʜʤʽʥʥʽʩʪʴ ʮʴʦʛʦ ʘʧʘʨʘʪʘ ʚʽʜ ʛʘʟʦʧʨʦʤʠʚʘʯʘ ʽʟ ʧʨʦʚʘʣʴʥʦʶ ʪʘʨʽʣʢʦʶ ʧʦʣʷʛʘʻ ʚ 

ʚʪʘʥʦʚʣʝʥʥʽ ʥʘ ʪʘʨʽʣʮʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʦʪʦʚʫ ʨʝʰʽʪʢʫ ʟ ʚʝʨʪʠʢʘʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʣʘʩʪʠʥ, ʱʦ ʨʦʟʜʽʣʷʶʪʴ ʧʝʨʝʪʠʥ ʘʧʘʨʘʪʘ ʡ ʧʽʥʥʠʡ ʰʘʨ ʥʘ ʥʝʚʝʣʠʢʽ ʢʦʤʽʨʢʠ 

(ʨʠʩ. 1.22). ʉʪʘʙʽʣʽʟʘʪʦʨ ʧʽʥʠ ʟʘʧʦʙʽʛʘʻ ʚʠʥʠʢʥʝʥʥʶ ʭʚʠʣʴʦʚʦʛʦ ʨʝʞʠʤʫ ʥʘ ʪʘʨʽʣʮʽ ʘʞ ʜʦ 

ʰʚʠʜʢʦʩʪʽ ʛʘʟʽʚ 4,0 ʤ/ʩ, ʪʦʙʪʦ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʶʻ ʰʚʠʜʢʽʩʥʠʡ ʽʥʪʝʨʚʘʣ ʧʽʥʥʦʛʦ ʨʝʞʠʤʫ. 

ɿʘʚʜʷʢʠ ʩʪʘʙʽʣʽʟʘʪʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʨʽʜʠʥʠ ʥʘ ʪʘʨʽʣʮʽ ʡ, ʦʪʞʝ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʧʽʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʨʦʚʘʣʴʥʦʶ ʪʘʨʽʣʢʦʶ ʙʝʟ ʩʪʘʙʽʣʽʟʘʪʦʨʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʟʨʦʰʝʥʥʷ ʘʧʘʨʘʪʘ. 

 

 

 
ʈʠʩ. 1.22 ʇʽʥʥʠʡ ʘʧʘʨʘʪ ʟʽ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʰʘʨʫ ʧʽʥʠ: 

1 - ʢʦʨʧʫʩ; 2 - ʧʨʦʚʘʣʴʥʘ ʪʘʨʽʣʢʘ; 3 - ʩʪʘʙʽʣʽʟʘʪʦʨ ʧʽʥʠ; 4 - ʟʨʦʰʫʚʘʯ; 5 - ʙʨʠʟʛʦʚʣʦʚʣʶʚʘʯ 

 

ʈʝʢʦʤʝʥʜʫʶʪʴʩʷ ʪʘʢʽ ʨʦʟʤʽʨʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ: ʚʠʩʦʪʘ ʧʣʘʩʪʠʥʢʠ 60 ʤʤ; ʨʦʟʤʽʨ ʦʩʝʨʝʜʢʽʚ 

ʚʽʜ 35ʭ35 ʜʦ 40ʭ40 ʤʤ. 

ʆʧʪʠʤʘʣʴʥʠʤʠ ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʘʧʘʨʘʪʘ ʻ: ï 100 120H = -  ʤʤ; ã 2,5 3,5W = -  ʤ/ʩ; 

0,05 0,1m= -  ʣ/ʤ3; 0 5 6d = - ʤʤ ʧʨʠ 0 0,18 0,20s = -  ʤ2/ʤ2, h > 95%. 

ʇʨʠ ʟʨʦʰʝʥʥʽ ʘʧʘʨʘʪʘ ʚʦʜʦʶ ʚʠʩʦʪʘ ʰʘʨʫ ʧʽʥʠ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʧʦ ʝʤʧʽʨʠʯʥʽʡ 

ʬʦʨʤʫʣʽ: 
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ʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʟʦʥʠ ʢʦʥʪʘʢʪʫ, ʪʦʙʪʦ ʪʘʨʽʣʢʠ, ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʡ ʰʘʨʫ ʧʽʥʠ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ɻʘʟʦʧʨʦʤʠʚʘʯʽ ʟ ʨʫʭʦʤʠʤ ʰʘʨʦʤ ʢʫʣʴʦʚʦʾ ʥʘʩʘʜʢʠ 

ɸʧʘʨʘʪʠ ʟ ʨʫʭʦʤʠʤ ʰʘʨʦʤ ʢʫʣʴʦʚʦʾ ʥʘʩʘʜʢʠ (ʨʠʩ. 1.23) ʟ'ʷʚʠʣʠʩʷ ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ. ɺ 

ʷʢʦʩʪʽ ʥʘʩʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʨʦʞʥʠʩʪʽ ʡ ʩʫʮʽʣʴʥʽ ʢʫʣʽ ʟ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ 

ʪʘʢʦʞ ʩʢʣʘ ʡ ʧʦʨʠʩʪʦʾ ʛʫʤʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʥʘʩʘʜʢʠ ʪʽʣ ʡ ʽʥʰʦʾ ʬʦʨʤʠ, 

ʥʘʧʨʠʢʣʘʜ ʢʽʣʝʮʴ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʩʘʜʢʠ ʚ ʛʘʟʦʨʽʜʠʥʥʽʡ ʩʫʤʽʰʽ 

ʛʫʩʪʠʥʘ ʢʫʣʴ 
Êr  (ʢʛ/ʤ3) ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʫʩʪʠʥʠ ʨʽʜʠʥʠ ( )Ê Ær ¢r. 

ʆʧʪʠʤʘʣʴʥʠʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʛʘʟʦʧʨʦʤʠʚʘʯʘ ʧʨʠ ʧʠʣʝʚʣʦʚʣʝʥʥʽ 

ʚʚʘʞʘʻʪʴʩʷ ʨʝʞʠʤ ʧʦʚʥʦʛʦ  ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ãW  (ʤ/ʩ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʯʘʪʢʫ ʨʝʞʠʤʫ ʧʦʚʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 
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, 

ʜʝ êd  ï ʜʽʘʤʝʪʨ ʢʫʣʴʦʚʦʾ ʥʘʩʘʜʢʠ, ʤ; 

ʩ - ʢʦʝʬʽʮʽʻʥʪ  (ʧʨʠ  ʰʠʨʠʥʽ ʱʽʣʠʥʠ ʚ ʦʧʦʨʥʽʡ ʪʘʨʽʣʮʽ b=2ʤʤ, ʩ ʜʦʨʽʚʥʶʻ 2,8Ā103; ʧʨʠ b>2ʤʤ ï ʩ=4,6Ā103). 

 
 

ʈʠʩ 1.23 ɸʧʘʨʘʪ ʟ ʨʫʭʦʤʦʶ ʢʫʣʴʦʚʦʶ ʥʘʩʘʜʢʦʶ: 

1 - ʦʧʦʨʥʘ ʪʘʨʽʣʢʘ; 2 - ʢʫʣʴʦʚʘ ʥʘʩʘʜʢʘ; 3 - ʦʙʤʝʞʫʚʘʣʴʥʘ ʪʘʨʽʣʢʘ; 4 - ʟʨʦʰʫʚʘʯ; 5 ð ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯ 

 

ɻʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ "

ãW , ʪʘʢʦʞ ʚʽʜʥʝʩʝʥʘ ʜʦ ʧʦʚʥʦʛʦ ʧʝʨʝʪʠʥʫ 

ʘʧʘʨʘʪʘ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʱʽʣʠʥʠ ʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ: 

 ( )
0,15

" 0,4

ã 0 ð ã2.9 / .W s V V
-

= Ö Ö  

ʇʨʠ ʧʠʣʦʚʣʦʚʣʝʥʥʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʫ ʤʝʞʘʭ ʜʦ 5-6 ʤ/ʩ, ʘ 

ʧʠʪʦʤʝ ʟʨʦʰʝʥʥʷ - ʫ ʤʝʞʘʭ 0,5ð0,7 ʣ/ʤ3. ʏʘʩʪʢʘ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʦʧʦʨʥʦʾ ʪʘʨʽʣʢʠ 0s  

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ 0,4 ʤ2/ʤ2 ʧʨʠ ʰʠʨʠʥʽ ʱʽʣʠʥ 4ð6 ʤʤ. ʇʨʠ ʦʯʠʱʝʥʥʽ ʛʘʟʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʩʤʦʣʠʩʪʽ ʨʝʯʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʧʠʣ, ʩʭʠʣʴʥʠʡ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʢʣʘʜʝʥʴ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʱʽʣʠʥʥʽ 

ʪʘʨʽʣʢʠ ʟ ʙʽʣʴʰʦʶ ʯʘʩʪʢʦʶ ʚʽʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ (0,5ð0,6 ʤ2/ʤ2). 

ʇʨʠ ʚʠʙʦʨʽ ʜʽʘʤʝʪʨʘ ʢʫʣʴ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 ÀÏ ê/ 10.D d ²  
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ʆʧʪʠʤʘʣʴʥʠʤʠ ʻ ʢʫʣʽ ʜʽʘʤʝʪʨʦʤ 20ï40 ʤʤ ʽ ʱʽʣʴʥʽʩʪʶ 200ï300 ʢʛ/ʤ3. 

ʄʽʥʽʤʘʣʴʥʘ ʩʪʘʪʠʯʥʘ ʚʠʩʦʪʘ ʰʘʨʫ ʥʘʩʘʜʢʠ 
ÑÒH (ʤ) ʩʪʘʥʦʚʠʪʴ 5ð8 ʜʽʘʤʝʪʨʽʚ ʢʫʣʴ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ÑÒ ÀÏ/ 1H D ¢ . 

ɺʠʩʦʪʘ ʩʝʢʮʽʾ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʪʘʨʽʣʢʘʤʠ) ÑÅÊÖH  (ʤ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ 

 ÑÅÊÖ ÄÈÍ ÑÅÏ ,Í Í Í= +  

 

ʜʝ ÄÈÍÍ  ð ʜʠʥʘʤʽʯʥʘ ʚʠʩʦʪʘ ʰʘʨʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʢʫʣʴʦʚʦʾ ʥʘʩʘʜʢʠ, ʤ; 

ÑÅÏÍ  ð ʚʠʩʦʪʘ ʟʦʥʠ ʩʝʧʘʨʘʮʽʾ, ʤ. 

ɺʝʣʠʯʠʥʘ ÄÈÍÍ  ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʘ ʚʝʣʠʯʠʥʘ 
ÑÅÏÍ  ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʨʽʚʥʦʶ (0,1-0,2) ÄÈÍÍ . 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʟʦʥʠ ʢʦʥʪʘʢʪʫ (ʦʧʦʨʥʦʾ ʪʘʨʽʣʢʠ ʡ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥ̫  ʰʘʨʫ ʢʫʣʴʦʚʦʾ 

ʥʘʩʘʜʢʠ) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
'

Ð Ò Ø Æ.Í . OÒ,p ð ð ð ðD =D +D +D +D 

ʜʝ 
ÒðD  - ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʦʧʦʨʥʦʾ ʪʘʨʽʣʢʠ ʽʟ ʰʘʨʦʤ ʨʽʜʠʥʠ, ʱʦ ʫʪʨʠʤʫʻʪʴʩʷ, ʇʘ;  

ØðD ð ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʰʘʨʫ ʩʫʭʦʾ ʥʘʩʘʜʢʠ, ʇʘ;  

Æ.Í .ðD ð ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʰʘʨʫ ʨʽʜʠʥʠ, ʷʢʘ ʫʪʨʠʤʫʻʪʴʩʷ ʰʘʨʦʤ ʥʘʩʘʜʢʠ, ʇʘ; 

'

OÒðD  ð ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʪʘʨʽʣʢʠ, ʇʘ. 

ɺʝʣʠʯʠʥʘ OTp¡D  ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ ʜʣʷ ʧʨʦʚʘʣʴʥʠʭ ʪʘʨʽʣʦʢ ʟ ʙʽʣʴʰʠʤ 

ʧʝʨʝʪʠʥʦʤ. ɺʝʣʠʯʠʥʘ '

OTpD  ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʮʽʻʶ ʬʦʨʤʫʣʦʶ, ʷʢʱʦ ʟʨʦʰʫʚʘʯ 

ʫʩʪʘʥʦʚʢʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʠʱʝ ʪʘʨʽʣʢʠ. ʗʢʱʦ ʞ ʟʨʦʰʫʚʘʯ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʠʞʯʝ ʪʘʨʽʣʢʠ, ʪʦ 
'

TpD  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʘʥʠʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. 

ɿʥʘʯʝʥʥʷ ØpD  ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 Ø Ø CT 0(1 )p H gD =r Ö Ö -e, 

ʜʝ 
Ør  ï ʝʬʝʢʪʠʚʥʘ ʛʫʩʪʠʥʘ ʢʫʣʴ, ʢʛ/ʤ3; 

0e ï ʧʦʨʦʟʥʽʩʪʴ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʩʫʭʦʾ ʢʫʣʴʦʚʦʾ ʥʘʩʘʜʢʠ, ʧʨʠʡʥʷʪʘ ʨʽʚʥʦʶ, e0 = 0,4. 

 0,24 0,17 0,92 -0,1

Æ.Í . ã æ CT Ø128p g v v H gD = Ö Ö Ö Ö Ö Ög, 

ʜʝ æv  ï ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ, ʱʦ ʟʨʦʰʫʻ, ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʽʣʴʥʠʡ ʧʝʨʝʪʠʥ ʘʧʘʨʘʪʘ, ʤ/ʩ. 

ɿʘ ʜʘʥʠʤʠ ʙʘʛʘʪʴʦʭ ʘʚʪʦʨʽʚ ʭʘʨʘʢʪʝʨ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʧʠʣʫ ʚ ʘʧʘʨʘʪʘʭ ʟ ʨʫʭʦʤʦʶ 

ʥʘʩʘʜʢʦʶ ʘʥʘʣʦʛʽʯʥʠʡ ʾʭʥʴʦʤʫ ʦʩʘʜʞʝʥʥʶ ʚ ʧʽʥʥʠʭ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘʭ. ʊʫʪ ʪʘʢʦʞ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʪʨʠ ʩʪʘʜʽʾ: 1) ʽʥʝʨʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʫ ʧʽʜʪʘʨʽʣʴʯʘʩʪʦʤʫ ʧʨʦʩʪʦʨʽ; 2) 

ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʦʢ ʧʨʠ ʚʭʦʜʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʰʘʨ ʧʽʥʠ ʥʘ ʪʘʨʽʣʮʽ (çʤʝʭʘʥʽʟʤ ʫʜʘʨʫè); 3) 

ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʫ ʰʘʨʽ ʧʽʥʠ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʪʨʠʬʘʟʥʫ ʩʠʩʪʝʤʫ: ʥʘʩʘʜʢʘ-ʨʽʜʠʥʘ-ʛʘʟ. 

ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

çʤʝʭʘʥʽʟʤʫ ʫʜʘʨʫè. ɸʧʘʨʘʪʠ ʟ ʨʫʭʦʤʦʶ ʥʘʩʘʜʢʦʶ, ʷʢ ʚʢʘʟʘʥʦ ʚʠʱʝ, ʧʨʘʮʶʶʪʴ ʧʨʠ 

ʰʚʠʜʢʦʩʪʷʭ 5-6 ʤ/ʩ, ʪʦʙʪʦ ʚ 2-3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʶʯʫ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʫ ʧʽʥʥʠʭ ʘʧʘʨʘʪʘʭ.  

ɺʠʟʥʘʯʘʣʴʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʥʘ ʪʨʝʪʽʡ ʩʪʘʜʽʾ ʦʩʘʜʞʝʥʥʷ ʻ ʜʠʥʘʤʽʯʥʘ ʚʠʩʦʪʘ ʰʘʨʫ ʧʽʥʠ 

ÄÈÍH . ɹʽʣʴʰ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʚ ʘʧʘʨʘʪʘʭ ʟ ʨʫʭʦʤʦʶ ʥʘʩʘʜʢʦʶ ʡ ʪʫʨʙʫʣʽʟʫʶʯʘ ʜʽʷ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʢʫʣʴ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʰʘʨʫ. ʂʨʽʤ ʪʦʛʦ, ʢʫʣʴʦʚʘ ʥʘʩʘʜʢʘ, 

ʱʦ ʮʠʨʢʫʣʶʻ ʚ ʨʦʙʦʯʦʤʫ ʦʙ'ʻʤʽ ʘʧʘʨʘʪʘ, ʚʥʘʩʣʽʜʦʢ ʙʝʟʧʝʨʝʨʚʥʦʾ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʫʣʷʤʠ ʽ 

ʾʭʥʽʤʠ ʟʽʪʢʥʝʥʥʷʤʠ ʩʧʨʠʷʻ ʜʝʷʢʽʡ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʠ ʧʠʣʫ ʚ ʰʘʨʽ ʧʽʥʠ. 
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ɿʘʣʝʞʥʽʩʪʴ ʟʘʛʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʠʣʦʚʣʦʚʣʝʥʥʷ ʚ ʘʧʘʨʘʪʽ ʟ ʨʫʭʦʤʦʶ ʥʘʩʘʜʢʦʶ  ʚʽʜ 

ʜʠʥʘʤʽʯʥʦʾ ʚʠʩʦʪʠ ʰʘʨʫ ʧʽʥʠ ʜʣʷ ʨʝʞʠʤʽʚ ʧʨʦʤʽʞʥʦʛʦ ʡ ʧʦʚʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʦʙʨʝ 

ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 0,075

ÄÈÍ" ,B Hh= Ö  

ʜʝ ɺ" - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʽʜ ʜʠʩʧʝʨʩʥʦʩʪʽ ʧʠʣʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʜʽʷʭ. 

 

 

 
                              ʘ                                         ʙ 

 
ʈʠʩ. 1.24 ʂʦʥʽʯʥʠʡ ʩʢʨʫʙʝʨ ʟ ʨʫʭʦʤʦʶ ʢʫʣʴʦʚʦʶ ʥʘʩʘʜʢʦʶ (ʘ - ʬʦʨʩʫʥʦʯʥʠʡ; ʙ - ʝʞʝʢʮʽʡʥʠʡ):  

1 - ʢʦʨʧʫʩ; 2 - ʦʧʦʨʥʘ ʪʘʨʽʣʢʘ; 3 - ʟʨʦʰʫʚʘʥʠʡ ʰʘʨ ʢʫʣʴ; 4 ï ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʣʴʥʠʡ ʰʘʨ ʢʫʣʴ;  

5 - ʦʙʤʝʞʫʚʘʣʴʥʘ ʪʘʨʽʣʢʘ; 6 - ʬʦʨʩʫʥʢʘ; 7 - ʻʤʥ̔ʩʪʴ ʽʟ ʧʦʩʪʽʡʥʠʤ ʨʽʚʥʝʤ ʨʽʜʠʥʠ 

 

ʂʦʥʽʯʥʽ ʩʢʨʫʙʝʨʠ ʟ ʨʫʭʦʤʦʶ ʢʫʣʴʦʚʦʶ ʥʘʩʘʜʢʦʶ. ɼʣʷ ʧʦʣʽʧʰʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʽʜʠʥʠ ʡ 

ʟʤʝʥʰʝʥʥʽ ʢʨʘʧʣʝʚʠʥʦʩʫ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʘʧʘʨʘʪʠ ʢʦʥʽʯʥʦʾ ʬʦʨʤʠ ʟ ʨʫʭʦʤʦʶ ʢʫʣʴʦʚʦʶ 

ʥʘʩʘʜʢʦʶ. 

ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ: ʬʦʨʩʫʥʦʯʥʠʡ (ʨʠʩ. 1.24ʘ) ʽ ʝʞʝʢʮʽʡʥʠʡ 

(ʨʠʩ. 1.24ʙ). ɺ ʘʧʘʨʘʪʘʭ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʢʫʣʴʢʠ ʜʽʘʤʝʪʨʦʤ 30 - 

40 ʤʤ ʽʟ ʥʘʩʠʧʥʦʶ ʱʽʣʴʥʽʩʪʶ 110-120 ʢʛ/ʤ3. ʉʪʘʪʠʯʥʘ ʚʠʩʦʪʘ ʰʘʨʫ ʢʫʣʴʦʢ ʩʪʘʥʦʚʠʪʴ 650 ʤʤ. 

ʐʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʥʘ ʚʭʦʜʽ ʚ ʰʘʨ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 6-10 ʤ/ʩ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʟ ʥʴʦʛʦ 

ʜʦ 1-2 ʤ/ʩ. ɺʠʩʦʪʘ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʚ ʦʙʦʭ ʚʘʨʽʘʥʪʘʭ ʧʨʠʡʥʷʪʘ ʨʽʚʥʦʶ 1 ʤ. ɺʥʫʪʨʽʰʥʽʡ ʢʫʪ 

ʨʦʟʢʨʠʪʪʷ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʧʘʨʘʪʽʚ, ʧʨʠʯʦʤʫ ʧʨʘʢʪʠʢʘ 

ʧʦʢʘʟʘʣʘ, ʱʦ ʥʦʨʤʘʣʴʥʠʡ ʨʝʞʠʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʷ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʮʴʦʛʦ ʢʫʪʘ ʚʽʜ 

10 ʜʦ 60Á. 

ɼʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʢʨʘʧʝʣʴ ʫ ʮʠʣʽʥʜʨʠʯʥʽʡ ʯʘʩʪʠʥʽ ʘʧʘʨʘʪʽʚ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʝʟʨʦʰʫʚʘʥʠʡ 

ʰʘʨ ʢʫʣʴʦʢ ʚʠʩʦʪʦʶ ~150 ʤʤ. 

ʋ ʬʦʨʩʫʥʦʯʥʦʤʫ ʩʢʨʫʙʝʨʽ ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʩʢʣʘʜʘʶʪʴ 4-6 ʣ/ʤ3 ʛʘʟʽʚ. ʇʨʠ 

ʝʞʝʢʮʽʡʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʟʨʦʰʝʥʥʷ ʢʫʣʴʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʽʜʠʥʦʶ, ʱʦ ʚʩʤʦʢʪʫʻʪʴʩʷ ʟ ʻʤʥʦʩʪʽ 

ʧʦʩʪʽʡʥʦʛʦ ʨʽʚʥʷ ʛʘʟʘʤʠ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʦʯʠʱʝʥʥʶ. ɺʝʣʠʯʠʥʘ ʟʘʟʦʨʫ d ʤʽʞ ʥʠʞʥʴʦʶ 

ʦʩʥʦʚʦʶ ʢʦʥʫʩʘ ʡ ʨʽʚʥʝʤ ʨʽʜʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʧʘʨʘʪʘ, (ʨʠʩ. 1.25). 



38 

 

 

 

 
ʈʠʩ. 1.25 ɿʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʟʘʟʦʨʫ ʤʽʞ ʥʠʞʥʴʦʶ ʧʽʜʩʪʘʚʦʶ  

ʢʦʥʫʩʘ ʡ ʨʽʚʥʝʤ ʨʽʜʠʥʠ ʚʽʜ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦ ʛʘʟʫ 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʬʦʨʩʫʥʦʯʥʦʛʦ ʚʘʨʽʘʥʪʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 900 ʜʦ 1400 ʇʘ, ʘ ʝʞʝʢʮʽʡʥʦʛʦ - 

ʚʽʜ 800 ʜʦ 1400 ʇʘ. 

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʥʽʯʥʽ ʩʢʨʫʙʝʨʠ ʟ ʨʫʭʦʤʦʶ ʥʘʩʘʜʢʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʧʦ ʛʘʟʫ ʚʽʜ 3000 ʜʦ 40000 ʤ3/ʛʦʜ. 

ʉʢʨʫʙʝʨʠ ʟ ʢʦʣʠʚʥʦʶ ʥʘʩʘʜʢʦʶ. ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʧʘʨʘʪʠ, ʫ ʷʢʠʭ ʝʣʝʤʝʥʪʠ ʥʘʩʘʜʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʝ ʧʩʝʚʜʦʟʨʽʜʞʫʶʪʩʷ, ʘ 

ʢʦʣʠʚʘʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʢʫʣʽ ʪʨʫʪʴʩʷ ʦʜʥʘ ʦʙ ʦʜʥʫ ʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʩʘʤʦʦʯʠʱʘʶʪʴʩʷ. ʅʘ 

(ʨʠʩ. 1.26) ʧʦʢʘʟʘʥʠʡ ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʩʢʨʫʙʝʨ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ. ɿʘʧʠʣʝʥʽ ʛʘʟʠ ʧʨʦʭʦʜʷʪʴ 

ʩʧʦʯʘʪʢʫ ʯʝʨʝʟ ʩʪʨʫʤʝʥʽ ʨʽʜʠʥʠ, ʘ ʧʦʪʽʤ ʫʞʝ ʯʝʨʝʟ ʰʘʨ ʥʘʩʘʜʢʠ ʟʽ ʩʢʣʷʥʠʭ ʢʫʣʴʦʢ ʚʠʩʦʪʦʶ 

155 ʤʤ. ʐʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʫ ʚʽʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʘʧʘʨʘʪʘ ï 2,4ð3,0 ʤ/ʩ. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ 

ʘʧʘʨʘʪʘ ʩʪʘʥʦʚʠʪʴ 1000ï1500 ʇʘ, ʧʨʠ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪʘʭ ʨʽʜʠʥʠ ʚʽʜ 

 0, 25 ʜʦ 0,55 ʣ/ʤ3 ʛʘʟʫ. 

 
 

ʈʠʩ 1.26. ʉʢʨʫʙʝʨ ʟ ʢʦʣʠʚʥʦʶ ʥʘʩʘʜʢʦʶ: 

1 - ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʚʝʜʝʥʥʷ ʛʘʟʽʚ; 2 - ʥʘʩʘʜʢʘ; 3 - ʬʦʨʩʫʥʢʠ, 4 - ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯ;  

5 - ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʽʜʚʦʜʫ ʛʘʟʽʚ 

 

ʉʢʨʫʙʝʨ ʪʘʢʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʷʻ, ʟʛʽʜʥʦ ʥʘʚʝʜʝʥʠʤ ʫ ʣʽʪʝʨʘʪʫʨʽ ʜʘʥʠʤ, ʚʣʦʚʣʶʚʘʪʠ ʜʦ 

99% ʯʘʩʪʦʢ ʨʦʟʤʽʨʦʤ 2 ʤʢʤ. 

ʇʨʘʢʪʠʯʥʦ ʚ ʘʧʘʨʘʪʽ ʻ ʜʚʽ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʛʘʟʽʚ ʟ ʨʽʜʠʥʦʶ: ʧʝʨʰʘ ʫ ʚʠʛʣʷʜʽ ʢʨʘʧʝʣʴ 

ʫʪʚʦʨʠʪʴʩʷ ʜʦ ʰʘʨʫ ʥʘʩʘʜʢʠ, ʜʨʫʛʘ ʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʽʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʰʘʨʽ ʡ ʥʘʜ 

ʰʘʨʦʤ ʥʘʩʘʜʢʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʢʨʫʙʝʨʘ ʟ ʢʦʣʠʚʥʦʶ ʥʘʩʘʜʢʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ: 
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ʐʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʫ ʢʨʠʪʝʨʽʾ 
tkS  ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʽʣʴʥʦʛʦ ʧʝʨʝʪʠʥʫ ʰʘʨʫ 

ʥʘʩʘʜʢʠ. 

 

ɸʧʘʨʘʪʠ ʫʜʘʨʥʦ-ʽʥʝʨʮʽʡʥʦʾ ʜʽʾ 

ɼʦ ʘʧʘʨʘʪʽʚ ʫʜʘʨʥʦ-ʽʥʝʨʮʽʡʥʦʾ ʜʽʾ ʚʽʜʥʦʩʠʪʴʩʷ ʙʽʣʴʰʘ ʛʨʫʧʘ ʤʦʢʨʠʭ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ, ʫ 

ʷʢʠʭ ʢʦʥʪʘʢʪ ʛʘʟʽʚ ʟ ʨʽʜʠʥʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʫʜʘʨʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʦʙ ʧʦʚʝʨʭʥʶ 

ʨʽʜʠʥʠ ʟ ʥʘʩʪʫʧʥʠʤ ʨʫʭʦʤ ʛʘʟʦʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ ʯʝʨʝʟ ʦʪʚʦʨʠ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʢʨʘʧʣʽ ʜʽʘʤʝʪʨʦʤ 300 - 400 ʤʢʤ. ʆʩʦʙʣʠʚʽʩʪʶ ʘʧʘʨʘʪʽʚ ʫʜʘʨʥʦʾ 

ʜʽʾ ʻ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʩʦʙʽʚ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ, ʽ ʪʦʤʫ ʚʩʷ ʝʥʝʨʛʽʷ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ, ʧʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʛʘʟʦʚʠʡ ʧʦʪʽʢ. ʋ ʟʚ'ʷʟʢʫ ʽʟ ʮʠʤ 

ʛʘʟʦʧʨʦʤʠʚʘʯʽ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʘʧʘʨʘʪʘʤʠ ʽʟ ʚʥʫʪʨʽʰʥʴʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʨʽʜʠʥʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʧʘʨʘʪʽʚ ʮʴʦʛʦ ʪʠʧʫ, ʱʦ ʟʥʘʡʰʣʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʟʘ ʢʦʨʜʦʥʦʤ, ʩʢʽʣʴʢʠ-ʥʝʙʫʜʴ ʥʘʜʽʡʥʦʛʦ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʾʭʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʠ ʥʝʤʘʻ. ʉ. ʂʘʣʚʝʨʪ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʦʛʽʶ ʤʽʞ 

ʦʩʘʜʞʝʥʥʷʤ ʯʘʩʪʦʢ ʧʠʣʫ ʚ ʮʠʭ ʘʧʘʨʘʪʘʭ ʡ ʫ ʪʨʫʙʘʭ ɺʝʥʪʫʨ,̔ ʪʦʙʪʦ ʧʨʦʧʦʥʫʻ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʦʩʥʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʽʥʝʨʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʥʘ ʢʨʘʧʣʷʭ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʮʽ ʰʚʠʜʢʦʩʪʝʡ 

ʦʜʥʦʩʧʨʷʤʦʚʘʥʠʭ ʧʦʪʦʢʽʚ ʟʘʧʠʣʝʥʠʭ ʛʘʟʽʚ ʽ ʨʽʜʠʥʠ. ʆʯʝʚʠʜʥʦ ʪʘʢʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʜʦʩʠʪʴ ʩʧʨʦʱʝʥʦʶ. 

ʅʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʛʘʟʦʧʨʦʤʠʚʘʯʽʚ ʫʜʘʨʥʦ-ʽʥʝʨʮʽʡʥʦʛʦ ʪʠʧʫ ʻ ʨʦʪʦʢʣʦʥ 

ʪʠʧʫ N (ʨʠʩ. 1.27). 

 
ʈʠʩ. 1.27 ʈʦʪʦʢʣʦʥ ʪʠʧʫ N: 

1 - ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʛʘʟʽʚ; 2 - ʥʘʧʨʘʚʣʷʶʯʽ ʣʦʧʘʪʽ; 3 ï ʢʨʘʧʣʝʚʽʜʙʽʡʥʠʢ;  

4 - ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʛʘʟʽʚ 

 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʘʟʦʧʨʦʤʠʚʘʯʽʚ ʮʴʦʛʦ ʢʣʘʩʫ ʚʽʜʽʛʨʘʻ 

ʧʽʜʪʨʠʤʢʘ ʧʦʩʪʽʡʥʦʛʦ ʨʽʚʥʷ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ. ʅʘʚʽʪʴ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʨʽʚʥʷ ʨʽʜʠʥʠ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʙʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ.  

ɺʜ̔ʩʫʪʥʽʩʪʴ ʜʨʽʙʥʠʭ ʦʪʚʦʨʽʚ ʜʣʷ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʨʽʜʠʥʠ ʡ ʤʝʭʘʥʽʯʥʠʭ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ 

ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʟʥʘʯʥʽʡ ʟʘʧʠʣʝʥʦʩʪʽ ʛʘʟʽʚ. ɺʠʜʘʣʝʥʥʷ ʰʣʘʤʫ ʟ ʚʽʜʩʪʽʡʥʠʢʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦ (ʽʥʦʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʨʝʙʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ). 

ʇʽʜʞʠʚʣʝʥʥʷ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʾʾ ʚʪʨʘʪ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʡ 

ʚʽʜʚʝʜʝʥʥʷ ʟʽ ʰʣʘʤʦʤ. 

ʊʦʤʫ ʨʦʪʦʢʣʦʥʠ ʜʦʮʽʣʴʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʭʦʣʦʜʥʠʭ ʘʙʦ ʧʦʧʝʨʝʜʥʴʦ 

ʦʭʦʣʦʜʞʝʥʠʭ ʛʘʟʽʚ. 
 

ʇʠʣʦʚʣʦʚʣʶʚʘʯ ʪʠʧʫ ʇɺʄ. ɺʝʥʪʠʣʷʮʽʡʥʠʡ ʤʦʢʨʠʡ ʧʠʣʦʚʣʦʚʣʶʚʘʯ, (ʨʠʩ. 1.28), 

ʨʦʟʨʦʙʣʝʥʠʡ çʎʅʀʀʇʨʦʤʟʜʘʥʠʡè ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʪʦʢʣʦʥʘ ʪʠʧʫ N ʙʽʣʴʰ ʧʨʦʩʪʠʤ  ʧʦ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʢʘʥʘʣʦʤ. 
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ʇʠʣʦʚʣʦʚʣʶʚʘʯʽ ʪʠʥʫ ʇɺʄ ʤʘʶʪʴ ʜʚʽ ʤʦʜʠʬʽʢʘʮʽʾ: ʟʽ ʟʣʠʚʦʤ ʰʣʘʤʦʚʦʾ ʚʦʜʠ 

(ʜʦʜʘʪʢʦʚʠʡ ʽʥʜʝʢʩ ʉ) ʽ ʤʝʭʘʥʽʟʦʚʘʥʠʤ ʩʢʨʝʙʢʦʚʠʤ ʚʠʜʘʣʝʥʥʷʤ ʰʣʘʤʫ (ʜʦʜʘʪʢʦʚʠʡ ʽʥʜʝʢʩ 

ʂ). ɸʧʘʨʘʪ ʦʙʣʘʜʥʘʥʠʡ ʪʘʢʦʞ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʦʜʦʧʽʜʞʠʚʣʝʥʥʷ ʡ ʧʽʜʪʨʠʤʢʠ 

ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʘʥʥʽ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘ 
ɸʇpD  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 3 '

ÀÏ Ï Ã(10 90 )p g V-D = Ö Öd+ Ö, 

ʜʝ ŭ - ʚʠʩʦʪʘ ʚʝʨʭʥʴʦʛʦ ʨʽʚʥʷ  ʚʦʜʠ ʚʽʜ ʥʠʞʥʴʦʾ  ʢʨʘʡʢʠ  ʚʝʨʭʥʴʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʤ;  
'

ÃV - ʚʠʪʨʘʪʘ ʛʘʟʽʚ ʥʘ 1 ʤ ʜʦʚʞʠʥʠ ʧʝʨʝʛʦʨʦʜʢʠ, ʤ3/ʩ. 

ʇʨʠ ʚʣʦʚʣʶʚʘʥʥʽ ʩʝʨʝʜʥʴʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʟʥʘʯʝʥʥʷ ŭ ʧʨʠʡʤʘʶʪʴ ʫ ʤʝʞʘʭ ʚʽʜ 20 ʜʦ 

60 ʤʤ, ʘ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ - ʚʽʜ 60 ʜʦ 200 ʤʤ ʽ ʙʽʣʴʰʝ. 

ɺʠʪʨʘʪʘ ʛʘʟʽʚ ʥʘ 1 ʤ ʜʦʚʞʠʥʠ ʧʝʨʝʛʦʨʦʜʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 2000 ʜʦ 7500 ʤ3/ʛʦʜ 

ʽ ʙʽʣʴʰʝ. 

ɿʥʘʯʝʥʥʷ ʬʨʘʢʮʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʯʠʱʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʤʝʪʨʘ 

ʯʘʩʪʠʥʠ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʚʦʜʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.29. 

ʉʘʤʦʨʝʛʫʣʶʶʯʠʡ ʛʘʟʦʧʨʦʤʠʚʘʯ. ɸʧʘʨʘʪ ʨʦʟʨʦʙʣʝʥʠʡ ʫ "ʅʀʀʆɻʘʟʽ" ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʟʚʠʯʘʡʥʠʭ ʨʦʪʦʢʣʦʥʽʚ ʪʠʤ, ʱʦ ʱʽʣʠʥʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʢʘʥʘʣ ʟʤʦʥʪʦʚʘʥʠʡ ʫ ʩʪʽʥʢʘʭ ʧʣʘʚʘʶʯʦʾ 

ʢʘʤʝʨʠ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʩʣʫʞʠʪʴ ʢʘʤʝʨʦʶ ʟʘʙʨʫʜʥʝʥʦʛʦ ʛʘʟʫ (ʨʠʩ. 12.29). ɺʽʜʥʦʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʝʡ ʨʽʜʠʥʠ ʡ ʛʘʟʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʠʡ ʢʘʥʘʣ, ʟʤʽʥʶʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʛʘʟʽʚ ʫ ʧʝʨʝʪʠʥʽ ʢʘʥʘʣʫ ʡ ʚʽʜ ʩʪʘʪʠʯʥʦʾ ʚʠʩʦʪʠ ʩʪʦʚʧʘ ʨʽʜʠʥʠ ʥʘʜ ʥʠʞʥʽʤ ʧʦʨʦʛʦʤ 

ʢʘʥʘʣʫ. 

 

 
ʈʠʩ. 1.28 ʉʭʝʤʘ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘ ʪʠʧʫ ʇɺʄ: 

1- ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 2 - ʢʦʨʧʫʩ; 3 - ʚʝʨʭʥʷ ʧʝʨʝʛʦʨʦʜʢʘ; 4 ï ʥʠʞʥʷ ʧʝʨʝʛʦʨʦʜʢʘ; 5 - ʟʣʠʚʥʠʡ ʧʘʪʨʫʙʦʢ;  

6 - ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʨʽʚʥʷ ʚʦʜʠ; 7 - ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯ; 8 ï ʚʝʥʪʠʣʷʪʦʨ 
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ʈʠʩ. 1.29 ʌʨʘʢʮʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʯʠʱʝʥʥʷ ʜʣʷ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘ ʪʠʧʫ  

ʇɺʄ ʧʨʠ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʚʦʜʠ d (ʤʤ): 1 ï 40; 2 ï 80; 3 ï 200 

 

 
ʈʠʩ. 1.30 ʉʘʤʦʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʘʟʦʧʨʦʤʠʚʘʯ: 

1 - ʢʦʨʧʫʩ; 2 - ʙʘʣʘʩʪʠʨʦʚʦʯʥʠʡ ʚʘʥʪʘʞ; 3 - ʧʣʘʚʘʶʯʘ   ʢʘʤʝʨʘ; 4 - ʪʷʛʠ; 5 - ʢʦʥʪʘʢʪʥʠʡ ʢʘʥʘʣ (ʽʤʧʝʣʝʨ); 

6 - ʽʤʧʝʣʝʨʥʠʡ ʚʽʜʩʽʢ; 7 - ʚʽʢʥʦ ʜʣʷ ʧʨʦʭʦʜʫ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ; 8 - ʰʪʫʮʝʨ ʜʣʷ ʟʣʠʚʫ ʨʽʜʠʥʠ,  

9 - ʛʘʟʦʭʽʜ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʛʘʟʽʚ ʚ ʘʧʘʨʘʪ; 10 - ʧʝʨʝʛʦʨʦʜʢʘ; 11 ï ʛʘʟʦʭʽʜʥʠʡ ʚʽʜʩʽʢ;  

12 - ʰʪʫʮʝʨ ʜʣʷ ʟʘʣʠʚʘʥʥʷ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ ʡ ʧʽʜʞʠʚʣʝʥʥʷ 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʨʦʪʦʢʣʦʥʽʚ, ʫ ʷʢʠʭ ʟʽ ʟʤʽʥʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʛʘʟ-ʨʽʜʠʥʘ ʚ ʟʦʥʽ 

ʢʦʥʪʘʢʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʘʧʘʨʘʪʘ, ʩʘʤʦʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʘʟʦʧʨʦʤʠʚʘʯ 

ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʫ ʧʽʜʪʨʠʤʢʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ ʧʨʠ ʟʤʽʥʽ ʚʠʪʨʘʪ 

ʛʘʟʫ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ - ʜʦ  Ñ30% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ. ʌʫʥʢʮʽʾ ʨʝʛʫʣʶʚʘʣʴʥʦʛʦ ʦʨʛʘʥʘ 

ʚʠʢʦʥʫʻ ʧʨʠ ʮʴʦʤʫ ʧʣʘʚʘʶʯʘ ʢʘʤʝʨʘ. ʈʽʚʝʥʴ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʥʘʣʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʘʥʪʘʞʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʮʽʻʾ ʢʘʤʝʨʠ, ʱʦ  ʟʤʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʙʘʣʘʩʪʠʨʦʚʢʠ 

ʦʩʪʘʥʥʴʦʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʢʦʨʠʛʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʡ ʜʦʚʝʩʪʠ ʾʾ ʜʦ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʚ ʧʝʨʽʦʜ ʥʘʣʘʛʦʜʞʝʥʥʷ ʘʧʘʨʘʪʘ, ʧʽʩʣʷ ʯʦʛʦ ʚʦʥʘ ʚʞʝ ʙʫʜʝ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ  

ʘʚʪʦʤʘʪʠʯʥʦ ʚʝʩʴ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʛʘʟʦʧʨʦʤʠʚʘʯʘ ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʛʠ 

ʙʘʣʘʩʪʠʨʦʚʦʯʥʦʛʦ ʚʘʥʪʘʞʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 2500 ʜʦ 3500 ʇʘ. ɸʚʪʦʤʘʪʠʯʥʘ ʧʽʜʪʨʠʤʢʘ 

ʥʝʦʙʭʽʜʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʻ ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʩʘʤʦʨʝʛʫʣʶʚʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʤʠʚʘʯʘ, 

ʦʜʥʘʢ ʛʨʦʤʽʟʜʢʽʩʪʴ ʧʣʘʚʘʶʯʦʾ ʢʘʤʝʨʠ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʙʽʣʴʰʫʻ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʘʧʘʨʘʪʘ, ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʦʙʤʝʞʫʻ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

 
ʈʠʩ. 1.31 ʌʨʘʢʮʽʡʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʘʤʦʨʝʛʫʣʶʶʯʦʛʦ ʛʘʟʦʧʨʦʤʠʚʘʯʘ, ʦʙʣʘʜʥʘʥʦʛʦ ʮʠʢʣʦʥʦʤ-

ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯʝʤ 
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ɼʦʩʣʽʜʞʝʥʥʷ ʘʧʘʨʘʪʘ ʜʦʟʚʦʣʠʣʠ ʦʜʝʨʞʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʬʨʘʢʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʛʘʟʦʧʨʦʤʠʚʘʯʘ (ʦʙʣʘʜʥʘʥʠʤ ʧʨʷʤʦʪʦʯʥʠʤ ʮʠʢʣʦʥʦʤ-ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯʝʤ) ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ 

ʛʽʜʨʘʚʣʽʯʥʦʤʫ ʦʧʦʨʽ 4300 ʇʘ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.31. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʧʠʣʦʚʣʦʚʣʶʚʘʯ ʪʠʧʫ ʇɺ-2. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʠʣʦʚʣʦʚʣʶʚʘʯʘ ʽʟ ʚʥʫʪʨʽʰʥʴʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʚʦʜʠ ʇɺ-2 (ʨʠʩ. 1.32). ɿʘʧʠʣʝʥʽ ʛʘʟʠ ʥʘʜʭʦʜʷʪʴ 

ʫ ʢʘʤʝʨʫ 1 ʽ ʟʘʭʦʧʣʶʶʪʴ ʨʽʜʠʥʫ ʚ ʢʘʥʘʣ (ʽʤʧʝʣʝʨ) ʤʽʞ ʧʦʭʠʣʠʤʠ ʣʦʧʘʪʷʤʠ 2. ɻʘʟʦʨʽʜʠʥʥʘ 

ʩʫʤʽʰ, ʧʨʦʭʦʜʷʯʠ ʤʽʞ ʥʠʞʥʽʤʠ ʢʨʘʡʢʘʤʠ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʣʘʩʪʠʥ 3, ʚʽʜʢʠʜʘʻʪʴʩʷ ʥʘ 

ʧʝʨʝʛʦʨʦʜʢʠ 4 ʽ ʜʦʜʘʪʢʦʚʦ ʚʽʜʭʠʣʷʻʪʴʩʷ V-ʧʦʜʽʙʥʦʶ ʥʘʧʨʘʚʣʷʶʯʦʶ 5. ʇʨʦʡʰʦʚʰʠ 

ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯ 6, ʦʯʠʱʝʥʽ ʛʘʟʠ ʚʠʢʠʜʘʶʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʚʦʜʘ ʨʘʟʦʤ ʟ ʚʣʦʚʣʝʥʠʤ  

ʧʠʣʦʤ ʩʪʽʢʘʻ ʫ ʚʘʥʥʫ 7, ʟʚʽʜʢʠ ʰʣʘʤ ʚʠʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʧʨʠʩʪʨʽʡ 8. ʅʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʨʽʜʠʥʠ 

ʚ ʘʧʘʨʘʪʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ 9. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʛʘʟʦʧʨʦʤʠʚʘʯʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʝʞʘʭ 400-3000 ʇʘ, ʚʠʪʨʘʪʘ ʚʦʜʠ 

(ʧʨʠ ʦʯʠʱʝʥʥʽ ʭʦʣʦʜʥʠʭ ʛʘʟʽʚ) ʩʢʣʘʜʘʻ 0,005 ʣ/ʤ3 ʛʘʟʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʧʘʨʘʪʘ (ʨʠʩ. 1.32): ʘ =250 ʤʤ; 60b=  ʤʤ; ʩ = 40 ʤʤ; 45g= Á. ʆʧʪʠʤʘʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ʛʘʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 1 ʤ ʽʤʧʝʣʝʨʘ ʩʪʘʥʦʚʠʪʴ 5000 ʤ3/ʛʦʜ. 

ɸʧʘʨʘʪ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʡ  ʧʨʠ  ʚʣʦʚʣʶʚʘʥʥʽ ʯʘʩʪʦʢ ʧʠʣʫ ʙʽʣʴʰʝ 3 ï 5 ʤʢʤ. 

ʉʇʂʀ ʨʦʟʨʦʙʣʝʥʠʡ ʪʠʧʦʨʦʟʤʽʨʥʠʡ ʨʷʜ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ  ʇɺ-2 ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʽʜ 

5000 ʜʦ 40000 ʤ3/ʛʦʜ. 

 

 
 

ʈʠʩ. 1.32 ɻʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʧʠʣʦʚʣʦʚʣʶʚʘʯ ʇɺ-2: 

1 - ʢʘʤʝʨʘ; 2 - ʣʦʧʘʪʢʠ; 3 - ʧʣʘʩʪʠʥʘ; 4 - ʧʝʨʝʛʦʨʦʜʢʘ; 5 - ʥʘʧʨʘʚʣʷʶʯʽ; 6 - ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯ; 7 - ʚʘʥʥʘ;  

8 - ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʚʦʜʫ ʰʣʘʤʫ; 9 - ʨʝʛʫʣʷʪʦʨ 

 

ʉʢʨʫʙʝʨ ɼʦʡʣʷ. ɸʧʘʨʘʪʠ ʮʴʦʛʦ ʪʠʧʫ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʟʘ ʢʦʨʜʦʥʦʤ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʨʦʙʦʪʠ ʘʧʘʨʘʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.33. ɻʘʟʦʚʠʡ ʧʦʪʽʢ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ  

ʪʨʫʙʠ, ʫ  ʥʠʞʥʽʡ  ʯʘʩʪʠʥʽ  ʷʢʠʭ  ʫʩʪʘʥʦʚʣʝʥʽ ʢʦʥʫʩʠ, ʱʦ ʟʙʽʣʴʰʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʫ 

ʚʽʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ ʪʨʫʙʠ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʱʽʣʠʥʽ ʥʘ ʚʠʭʦʜʽ ʽʟ ʪʨʫʙʠ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ 

ʩʪʘʥʦʚʠʪʴ 35-55 ʤ/ʩ. ʈʫʭʘʶʯʠʩʴ ʽʟ ʮʽʻʶ ʰʚʠʜʢʽʩʪʶ, ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʫʜʘʨʷʻʪʴʩʷ ʦʙ ʧʦʚʝʨʭʥʶ 

ʨʽʜʠʥʠ, ʩʪʚʦʨʶʶʯʠ ʟʘʚʽʩʫ ʽʟ ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ. ʈʽʚʝʥʴ ʨʽʜʠʥʠ ʚ ʩʢʨʫʙʝʨʽ (ʫ ʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʽ) ʥʘ 
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2-3  ʤʤ ʥʠʞʯʝ ʢʨʘʡʢʠ ʪʨʫʙʠ. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʛʘʟʦʧʨʦʤʠʚʘʯʘ ʚʽʜ 500 ʜʦ 1000 ʇʘ, ʘ ʧʠʪʦʤʽ 

ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 0,13 ʣ/ʤ3 ʛʘʟʫ. 

 
ʈʠʩ. 1.33 ʉʭʝʤʘ ʨʦʙʦʪʠ ʩʢʨʫʙʝʨʘ ɼʦʡʣʷ 

 

ɺʽʜʮʝʥʪʨʦʚʽ ʛʘʟʦʧʨʦʤʠʚʘʯʽ 

ʇʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʦʢ ʧʠʣʫ ʟʥʘʡʰʦʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʡ ʫ ʮʽʣʦʤʫ ʨʷʜʽ ʘʧʘʨʘʪʽʚ ʜʣʷ ʤʦʢʨʦʾ ʛʘʟʦʦʯʠʩʪʢʠ. 

ɼʦ ʤʦʢʨʠʭ ʚʽʜʮʝʥʪʨʦʚʠʭ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʡ ʮʠʢʣʦʥ ʟ ʤʦʢʨʦʶ ʧʣʽʚʢʦʶ. ʗʢ 

ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʨʦʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥʦʢ ʮʠʢʣʦʥʘ ʧʝʨʝʰʢʦʜʞʘʻ ʚʪʦʨʠʥʥʦʤʫ 

ʚʽʜʥʝʩʝʥʥʶ ʛʘʟʦʤ ʦʩʽʣʠʭ ʥʘ ʥʠʭ ʯʘʩʪʦʢ ʧʠʣʫ. 

ʂʨʽʤ ʮʠʢʣʦʥʽʚ ʟ ʤʦʢʨʦʶ ʧʣʽʚʢʦʶ ʚʽʜʦʤʽ ʽʥʰʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʢʨʠʭ ʚʽʜʮʝʥʪʨʦʚʠʭ 

ʧʠʣʝʚʣʦʚʣʶʚʘʯʽʚ, ʷʢʽ ʟʚʠʯʘʡʥʦ ʥʘʟʠʚʘʶʪʴʩʷ ʤʦʢʨʠʤʠ ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʩʢʨʫʙʝʨʘʤʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʠʣʝʚʣʦʚʣʝʥʥʷ ʮʠʭ ʘʧʘʨʘʪʽʚ ʚʠʱʝ, ʥʽʞ ʟʚʠʯʘʡʥʠʭ ʩʢʨʫʙʝʨʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʨʘʧʣʽ ʡ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʦʙʝʨʪʦʚʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. 

ɹʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʥʘ ʢʨʘʧʣʷʭ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʧʽʜ ʜʽʻʶ 

ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ Ö ×/ 100F m = g  (ʨʠʩ. 1.34). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʧʨʠ ʨʦʟʤʽʨʽ ʢʨʘʧʝʣʴ 

ʙʣʠʟʴʢʦ 100 ʤʢʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʧʠʣʦʚʣʦʚʣʝʥʥʽ; 

ʙʽʣʴʰ ʜʨʽʙʥʽ ʢʨʘʧʣʽ ʚʠʥʦʩʷʪʴʩʷ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ. ɿ ʨʠʩ. 1.34 ʪʘʢʦʞ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʢʨʫʙʝʨʽʚ ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʛʨʘʚʽʪʘʮʽʡʥʠʭ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʚʣʦʚʣʶʚʘʥʥʽ ʯʘʩʪʦʢ ʨʦʟʤʽʨʦʤ 1-10 ʤʢʤ. 

 
ʈʠʩ. 1.34 ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʢʨʘʧʝʣʴ ʧʨʠ ʚʣʦʚʣʶʚʘʥʥʽ ʯʘʩʪʦʢ ʫ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʩʢʨʫʙʝʨʽ (ʧʽʜ ʜʽʻʶ 

ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ Fʎ/mʯ=100g) ʧʨʠ ʨʽʟʥʦʤʫ ʜʽʘʤʝʪʨʽ ʯʘʩʪʦʢ (ʤʢʤ):  

1 - 5; 2 - 2; 3 - 1; 4 ï 0,5; 5 ï 0,2 
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ʈʠʩ. 1.35 ɺʽʜʮʝʥʪʨʦʚʠʡ ʩʢʨʫʙʝʨ ʟ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʛʘʟʽʚ: 

1 - ʣʦʧʘʪʽ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʪʦʢʫ; 2 - ʮʝʥʪʨʘʣʴʥʠʡ ʜʠʩʢ; 3 - ʩʠʩʪʝʤʘ ʟʨʦʰʝʥʥʷ; 4 - ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʚʝʜʝʥʥʷ 

ʛʘʟʽʚ; 5 - ʧʦʚʦʨʦʪʥʘ ʟʘʩʣʽʥʢʘ ʥʘ ʚʭʦʜʽ; 6 - ʰʪʦʢ; 7 - ʧʘʪʨʫʙʦʢ ʜʣʷ ʰʣʘʤʫ; 8 - ʧʘʪʨʫʙʦʢ ʜʣʷ ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʠʥʠ ʜʣʷ 

ʟʨʦʰʝʥʥʷ 

 

ɺʽʜʮʝʥʪʨʦʚʽ ʩʢʨʫʙʝʨʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ 

ʥʘ ʜʚʘ ʚʠʜʠ: ʘʧʘʨʘʪʠ ʟ ʪʘʥʛʝʥʮʽʡʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʛʘʟʽʚ (ʨʠʩ. 1.35) ʽ ʘʧʘʨʘʪʠ, ʫ ʷʢʠʭ ʦʙʝʨʪʘʥʥʷ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʣʦʧʘʪʝʡ (ʨʠʩ. 1.36). 
 

 
ʈʠʩ. 1.36 ɺʽʜʮʝʥʪʨʦʚʠʡ  ʩʢʨʫʙʝʨ  ʽʟ  ʚʥʫʪʨʽʰʥʽʤʠ  ʟʘʚʠʭʨʶʚʘʯʘʤʠ: 

1 - ʨʦʟʢʨʫʯʫʚʘʯ ʜʣʷ   ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʪʦʢʫ; 2 - ʟʨʦʰʫʚʘʯ; 3 - ʟʘʚʠʭʨʶʚʘʯ;  

4 - ʻʤʥʽʩʪʴ ʜʣʷ ʟʙʦʨʫ ʨʽʜʠʥʠ; 5 - ʥʘʩʦʩ 

 

ʅʘʜ ʬʦʨʩʫʥʢʘʤʠ ʫ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʢʨʫʙʝʨʘʭ ʧʝʨʝʙʫʚʘʻ ʚʽʣʴʥʘ ʚʽʜ ʧʦʜʘʯʽ ʟʨʦʰʝʥʥʷ ʟʦʥʘ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʨʘʧʣʷʤ ʜʦʩʷʛʪʠ ʩʪʽʥʦʢ ʘʧʘʨʘʪ, ʧʝʨʰ ʥʽʞ ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʚʠʡʜʝ ʟ ʘʧʘʨʘʪʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ ʜʦʟʚʦʣʷʶʪʴ ʨʽʟʢʦ ʟʤʝʥʰʠʪʠ, ʚʠʥʝʩʝʥʥʷ ʨʽʜʠʥʠ ʟ ʘʧʘʨʘʪʘ. 
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ɺʽʜʮʝʥʪʨʦʚʽ ʛʘʟʦʧʨʦʤʠʚʘʯʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʟ ʥʠʭ ʘʧʘʨʘʪʠ: ʎɺʇ ʽ "ʉʀʆʊ". 

ʎʠʢʣʦʥ ʟ ʚʦʜʷʥʦʶ ʧʣʽʚʢʦʶ (ʎɺʇ). ʇʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʮʠʢʣʦʥʘ ʧʦʩʪʽʡʥʦ 

ʩʪʽʢʘʻ ʧʣʽʚʢʘ ʚʦʜʠ, ʱʦ ʪʘʥʛʝʥʮʽʡʥʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʘʧʘʨʘʪʫ ʯʝʨʝʟ ʥʠʟʢʫ ʪʨʫʙʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʫ ʡʦʛʦ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʚ ʢʦʨʧʫʩʽ ʮʠʢʣʦʥʠ ʤʦʞʫʪʴ ʤʘʪʠ ʜʚʘ ʚʠʢʦʥʘʥʥʷ: 

ʦʩʥʦʚʥʝ (ʨʠʩ. 1.37ʘ), ʨʦʟʤʽʨ ɸ, ʽ ʽʟ ʫʜʚʽʯʽ ʟʤʝʥʰʝʥʦʶ ʧʣʦʱʝʶ ʚʭʦʜʫ ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ ʫ 

ʚʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʫ ʧʝʨʝʛʦʨʦʜʢʠ (ʨʠʩ. 1.37ʙ); ʨʦʟʤʽʨ ɸ1. ʂʦʝʬʽʮʽʻʥʪʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ 

ʮʠʢʣʦʥʽʚ, ʚʽʜʥʝʩʝʥʽ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ, ʜʦʩʷʛʘʶʪʴ ʪʘʢʠʭ 

ʟʥʘʯʝʥʴ: ʜʣʷ ʧʝʨʰʦʛʦ ʚʠʢʦʥʘʥʥʷ 30z= , ʜʣʷ ʜʨʫʛʦʛʦ - 74z= . 

 

 

 
ʈʠʩ 1.37 ʎʠʢʣʦʥ ʟ ʚʦʜʷʥʦʶ ʧʣʽʚʢʦʶ: 

 ʘ - ʦʩʥʦʚʥʠʡ ʚʘʨʽʘʥʪ; ʙ - ʚʘʨʽʘʥʪ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ ʚ ʮʠʢʣʦʥ; 

1 ï ʚʠʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 2 ï ʢʦʨʧʫʩ; 3 ï ʩʦʧʣʦ; 4 ï ʢʦʣʝʢʪʦʨ; 5 ï ʚʠʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 6 ï ʛʽʜʨʦʟʘʪʚʦʨ  

 
ʈʠʩ. 1.38 ʐʚʠʜʢʽʩʥʠʡ ʧʨʦʤʠʚʘʯ ñʉʀʆʊò: 

1 ï ʢʦʨʧʫʩ ʢʦʥʽʯʥʠʡ; 2 ï ʢʦʨʧʫʩ ʮʠʣʽʥʜʨʠʯʥʠʡ; 3 ï ʨʦʟʢʨʫʯʫʚʘʯ;  

4 ï ʩʠʩʪʝʤʘ ʧʦʜʘʯʽ ʚʦʜʠ; 5 - ʟʘʪʚʦʨ; 6 ï ʣʶʢ 
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ʐʚʠʜʢʽʩʥʠʡ ʧʨʦʤʠʚʘʯ "ʉɯʆʊ" ʨʦʟʨʦʙʣʝʥʠʡ ʉʚʝʨʜʣʦʚʩʴʢʠʤ ʽʥʩʪʠʪʫʪʦʤ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. 

ɸʧʘʨʘʪ (ʨʠʩ. 12.37) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʠʣʽʥʜʨʠʯʥʦʛʦ 2 ʪʘ ʢʦʥʽʯʥʦʛʦ 1 ʢʦʨʧʫʩʘ; ʚʭʽʜʥʦʛʦ 

ʧʘʪʨʫʙʢʘ, ʱʦ ʤʘʻ ʟʤʽʥʥʠʡ ʟʘ ʬʦʨʤʦʶ ʧʝʨʝʪʠʥ (ʚʽʜ ʢʨʫʛʣʦʛʦ ʜʦ ʪʨʠʢʫʪʥʦʛʦ), ʢʦʥʽʯʥʦʛʦ 

ʜʥʠʱʘ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʦ ʛʚʠʥʪʦʚʽʡ ʩʧʽʨʘʣʽ; ʟʣʠʚʥʦʛʦ ʧʘʪʨʫʙʢʘ, ʯʝʨʝʟ ʷʢʠʡ ʧʨʦʚʦʜʠʪʴʩʷ 

ʚʽʜʚʝʜʝʥʥʷ ʰʣʘʤʦʚʦʾ ʚʦʜʠ; ʩʧʽʨʘʣʴʥʦʛʦ ʨʦʟʢʨʫʯʫʚʘʯʘ 3 ʽ ʚʠʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ, ʱʦ ʪʘʢʦʞ ʤʘʻ 

ʟʤʽʥʥʠʡ ʟʘ ʬʦʨʤʦʶ ʧʝʨʝʪʠʥ (ʚʽʜ ʧʨʷʤʦʢʫʪʥʦʛʦ ʜʦ ʢʨʫʛʣʦʛʦ). ʅʘ ʪʦʨʮʽ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʚ 

ʤʽʩʮʽ ʡʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʜʥʠʱʘ ʫʢʨʽʧʣʝʥʘ ʧʣʘʩʪʠʥʘ ʊ-ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ, ʱʦ ʫʪʚʦʨʶʻ 

ʩʚʦʻʨʽʜʥʠʡ ʚʠʩʪʫʧ ʟʥʠʟʫ ʡ ʟʙʦʢʫ ʚʭʽʜʥʦʛʦ ʪʨʠʢʫʪʥʦʛʦ ʧʝʨʝʪʠʥʫ. ɺʦʜʘ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʘʧʘʨʘʪʫ 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʦʜʘʯʽ ʚʦʜʠ 4, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ ʧʫʩʢʦʚʠʡ ʢʦʨʢʦʚʠʡ ʢʨʘʥ, ʨʝʛʫʣʶʶʯʠʡ 

ʚʝʥʪʠʣʴ ʽ ʜʚʘ ʩʦʧʣʘ - ʥʠʞʥʻ (ʜʣʷ ʟʤʦʯʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʘ ʡ ʜʥʠʱʘ ʟʘ ʚʠʩʪʫʧʦʤ) 

ʽ ʚʝʨʭʥʻ (ʜʣʷ ʧʦʜʘʯʽ ʚʦʜʠ ʥʘ ʧʦʣʠʮʶ ʚʦʜʦʨʦʟʧʦʜʽʣʴʥʠʢʘ ʡ ʟ ʥʴʦʛʦ - ʥʘ ʚʩʶ ʧʦʚʝʨʭʥʶ 

ʢʦʨʧʫʩʘ). 

ɺʦʜʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʜʦ ʘʧʘʨʘʪʫ, ʟʘʭʦʧʣʶʻʪʴʩʷ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ ʽ ʥʘʙʫʚʘʻ ʦʙʝʨʪʦʚʦʛʦ 

ʨʫʭʫ ʧʦ ʩʪʽʥʢʘʭ ʢʦʨʧʫʩʘ ʡ ʜʥʠʱʘ, ʜʝ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʟʘ ʪʦʚʱʠʥʦʶ ʰʘʨʦʤ. ʎʝʡ ʰʘʨ 

ʚʦʜʠ ʧʨʠ ʟʣʠʚʘʥʥʽ ʟ ʚʝʨʭʥʴʦʾ ʢʨʘʡʢʠ ʢʦʥʽʯʥʦʛʦ ʛʚʠʥʪʦʚʦʛʦ ʜʥʠʱʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʚʠʩʭʽʜʥʠʤ 

ʧʦʪʦʢʦʤ ʛʘʟʽʚ ʥʘ ʢʨʘʧʣʽ, ʷʢʽ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʚʽʜʢʠʜʘʶʪʴʩʷ ʜʦ ʩʪʽʥʦʢ ʢʦʨʧʫʩʘ, 

ʟʜʽʡʩʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʧʨʦʤʠʚʘʥʥʷ ʛʘʟʽʚ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʧʘʨʘʪʽʚ ʎɺʇ ʧʨʦʤʠʚʘʯʽ "ʉɯʆʊ" ʤʘʶʪʴ ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʢʦʥʩʪʨʫʢʮʽʶ, 

ʦʜʥʘʢ ʤʦʞʫʪʴ ʟʘʩʪʦʩʫʚʘʪʠʩʷ (ʙʝʟ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ) ʜʣʷ ʦʯʠʱʝʥʥʷ ʙʽʣʴʰʠʭ ʦʙ'ʻʤʥʠʭ 

ʚʠʪʨʘʪ ʛʘʟʽʚ (ʜʦ 300 ʪʠʩ. ʤ3/ʛʦʜ). 

 

ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʧʘʨʘʪʘ: 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʛʘʟʘʤ, ʪʠʩ. ʤ3/ʛʦʜ   1,6 ï 300,0 

ʐʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʤ/ʩ     

ʫ ʢʨʫʛʣʦʤʫ ʧʝʨʝʪʠʥʽ  ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ   14 ï 20 

ʫ ʪʨʠʢʫʪʥʦʤʫ ʧʝʨʝʪʠʥʽ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ   28 ï 40 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ, ʇʘ     1100 ï 1950 

ʇʠʪʦʤʝ ʟʨʦʰʝʥʥʷ, ʣ/ʤ3     0,08 ï 0,15 

 

ʋ  ʰʚʠʜʢʽʩʥʠʭ ʧʨʦʤʠʚʘʯʘʭ ʉʀʆʊ ʯʘʩʪʢʠ ʧʠʣʫ ʙʽʣʴʰʝ 5 ʤʢʤ ʚʣʦʚʣʶʶʪʴʩʷ ʙʽʣʴʰ, ʥʽʞ 

ʥʘ 99%. 

ɺʽʜʮʝʥʪʨʦʚʠʡ  ʩʢʨʫʙʝʨ ʟ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʛʘʟʽʚ (ʨʠʩ. 1.39). ʐʚʠʜʢʽʩʪʴ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ ʚʭʦʜʽ ʚ ʩʢʨʫʙʝʨ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 60 ʤ/ʩ; ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ, ʱʦ ʦʯʠʱʘʶʪʴ, ʫ 

ʧʝʨʝʪʠʥʽ ʩʢʨʫʙʝʨʘ ʩʪʘʥʦʚʠʪʴ 1,2-2,4 ʤ/ʩ; ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʘʧʘʨʘʪʘ ʩʪʘʥʦʚʠʪʴ 0,5ð1,5 ʢʇʘ, ʘ 

ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ 0,4ð1,3 ʣ/ʤ3. ɼʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʢʨʘʧʝʣʴ, ʚʠʥʝʩʝʥʠʭ ʛʘʟʘʤʠ, 

ʥʘʜ ʬʦʨʩʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʠʩʢʦʚʠʡ ʢʨʘʧʣʝʚʽʜʙʽʡʥʠʢ. ɺʠʨʽʚʥʶʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʘ 

ʚʠʭʦʜʽ ʟʽ ʩʢʨʫʙʝʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʣʦʧʘʪʝʚʠʤ ʨʦʟʢʨʫʯʫʚʘʯʝʤ. ʇʨʠ ʨʦʟʤʽʨʘʭ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ 

ʙʽʣʴʰʝ 1 ʤʢʤ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚ ʘʧʘʨʘʪʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 97% ʽ ʙʽʣʴʰʝ. 

ʇʦʜʘʯʘ ʨʽʜʠʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʩʫʥʦʢ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʟʜʦʚʞ ʩʪʽʥʦʢ 

ʘʧʘʨʘʪʘ (ʨʠʩ. 1.39). ɺʠʪʨʘʪʠ ʚʦʜʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʣʷʪʴ ~0,7 ʣ/ʤ3 ʛʘʟʽʚ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʽʜ ʪʠʩʢʦʤ ʚʽʜ 0,7 ʜʦ 3 ʄʇʘ, ʧʨʠʯʦʤʫ ʙʣʠʟʴʢʦ 40% ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʪʫ ʯʘʩʪʠʥʫ 

ʩʢʨʫʙʝʨʘ, ʚ ʷʢʫ ʚʚʦʜʠʪʴʩʷ ʛʘʟʦʚʠʡ ʧʦʪʽʢ. ʌʦʨʩʫʥʢʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʟ ʤʘʣʠʤʠ ʦʪʚʦʨʘʤʠ 

ʚʠʪʽʢʘʥʥʷ ʟʫʤʦʚʣʶʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʝ ʦʯʠʱʝʥʦʾ ʚʽʜ ʪʚʝʨʜʠʭ ʜʦʤʽʰʦʢ ʨʽʜʠʥʠ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʘʧʘʨʘʪʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0,3 ʜʦ 0,6 ʢʇʘ. 

ɼʦ ʚʽʜʮʝʥʪʨʦʚʠʭ ʛʘʟʦʧʨʦʤʠʚʘʯʽʚ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʡ ʪʘʢ ʥʘʟʚʘʥʽ ʙʝʟʨʝʰʽʪʦʯʥʽ ʧʽʥʥʽ 

ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ: ʮʠʢʣʦʥʥʦ-ʧʽʥʥʠʡ ʘʧʘʨʘʪ (ʎʇɸ) ʽ ʧʽʥʥʦ-ʚʠʭʨʦʚʠʡ ʘʧʘʨʘʪ (ʇɺɸ). ʋ ʮʠʭ 

ʘʧʘʨʘʪʘʭ ʦʢʨʽʤ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʧʠʣʫ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʝʣʝʤʝʥʪʠ, ʧʨʠʪʘʤʘʥʥʽ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘʤ ʫʜʘʨʥʦ-ʽʥʝʨʮʽʡʥʦʛʦ ʪʠʧʫ. 

ɺʽʜʮʝʥʪʨʦʚʽ ʧʽʥʥʽ ʘʧʘʨʘʪʠ, ʧʦʜʽʙʥʦ ʛʘʟʦʧʨʦʤʠʚʘʯʘʤ ʫʜʘʨʥʦ-ʽʥʝʨʮʽʡʥʦʾ ʜʽʾ, ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʘʧʘʨʘʪʽʚ ʽʟ ʚʥʫʪʨʽʰʥʴʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʨʽʜʠʥʠ (ʜʦʜʘʪʢʦʚʝ ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʠʥʠ ʥʝʦʙʭʽʜʥʝ 

ʪʽʣʴʢʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʾʾ ʚʪʨʘʪ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʟʽ ʰʣʘʤʦʤ). 
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ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʥʘʷʚʥʽʩʪʴ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʤʽʩʮʽ ʧʽʜʚʝʜʝʥʥʷ 

ʛʘʟʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʧʽʥʥʦʛʦ ʰʘʨʫ, ʽ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʣʦʚʣʶʚʘʥʥʽ 

ʯʘʩʪʦʢ ʧʠʣʫ ʨʦʟʤʽʨʦʤ ʤʝʥʰ 4-5 ʤʢʤ. ʆʩʪʘʥʥʷ ʦʙʩʪʘʚʠʥʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʚʝʣʠʢʠʤ ʨʽʚʥʝʤ 

ʝʥʝʨʛʦʚʠʪʨʘʪ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʮʠʭ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘʭ. 

 

 
ʈʠʩ. 1.38 ɺʽʜʮʝʥʪʨʦʚʠʡ ʩʢʨʫʙʝʨ ʟ ʙʦʢʦʚʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʬʦʨʩʫʥʦʢ: 

1 - ʬʦʨʩʫʥʢʠ; 2 - ʰʪʫʮʝʨ ʜʣʷ ʚʚʝʜʝʥʥʷ ʟʘʧʠʣʝʥʠʭ ʛʘʟʽʚ; 3 - ʚʦʜʷʥʠʡ ʢʦʣʝʢʪʦʨ;  

4 - ʬʦʨʩʫʥʢʘ ʜʣʷ ʟʨʦʰʝʥʥʷ ʩʪʽʥʦʢ ʙʫʥʢʝʨʘ 

 

ʈʦʪʦʢʣʦʥ ʪʠʧʫ çRè. ʆʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʮʝʥʪʨʦʚʦʾ 

ʩʠʣʠ ʧʦʚʠʥʥʘ ʟʤʝʥʰʫʚʘʪʠʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʘʜʽʫʩʘ ʦʙʝʨʪʘʥʥʷ, ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʘʧʘʨʘʪʠ ʥʝʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʘ. ɺʠʭʦʜʷʯʠ ʽʟ ʮʠʭ ʧʝʨʝʜʫʤʦʚ, ʬʽʨʤʘ American Air Filter ʩʪʚʦʨʠʣʘ 

ʘʧʘʨʘʪ, ʱʦ ʦʜʝʨʞʘʚ ʥʘʟʚʫ çʈʦʪʦʢʣʦʥ Rè, ʘʥʘʣʦʛʽʯʥʠʡ ʤʫʣʴʪʠʮʠʢʣʦʥʘ (ʨʠʩ. 12.39). 

 

 
    ʘ     ʙ 

ʈʠʩ. 1.40 ʈʦʪʦʢʣʦʥ ʪʠʧʫ R (ʘ - ʟʘʛʘʣʴʥʠʡ ʚʠʜ; ʙ - ʢʦʥʪʘʢʪʥʠʡ ʝʣʝʤʝʥʪ): 

1 - ʢʦʨʧʫʩ ʘʧʘʨʘʪʘ; 2 - ʢʘʤʝʨʘ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ; 3 - ʢʘʤʝʨʘ ʚʽʜʚʦʜʫ ʨʽʜʠʥʠ ʥʘ ʟʨʦʰʝʥʥ; 

4 - ʢʘʤʝʨʘ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ; 5 - ʚʠʧʫʩʢʥʠʡ ʢʦʥʫʩ; 6 - ʪʨʫʙʘ; 7 - ʚʭʽʜʥʠʡ ʢʦʥʽʯʥʠʡ ʟʘʚʠʭʨʶʚʘʯ;  

8 - ʊ-ʧʦʜʽʙʥʠʡ ʟʨʦʰʫʚʘʯ 

 

ʋ ʧʨʷʤʦʢʫʪʥʦʤʫ ʢʦʨʧʫʩʽ 1, ʨʦʟʜʽʣʝʥʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʥʘ ʪʨʠ 

ʢʘʤʝʨʠ (ʢʘʤʝʨʘ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ 2, ʢʘʤʝʨʘ ʚʽʜʚʦʜʫ ʨʽʜʠʥʠ, ʱʦ ʧʨʦʤʠʚʘʻ, 3 ʽ ʢʘʤʝʨʘ 

ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ 4), ʚʩʪʘʥʦʚʣʝʥʽ ʦʢʨʝʤʽ ʢʦʥʪʘʢʪʥʽ ʝʣʝʤʝʥʪʠ. ʂʦʥʪʘʢʪʥʠʡ ʝʣʝʤʝʥʪ ʩʢʣʘʜʘʻʪʴʩʷ 

ʽʟ ʜʚʦʭʟʘʭʽʜʥʦʛʦ ʢʦʥʫʩʥʦʛʦ ʟʘʚʠʭʨʶʚʘʯʘ 7, ʪʨʫʙʠ 6 ʜʽʘʤʝʪʨʦʤ 305 ʤʤ ʽ ʚʠʧʫʩʢʥʦʛʦ ʢʦʥʫʩʘ 5. 
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ɺʩʝʨʝʜʠʥʽ ʢʦʥʫʩʥʦʛʦ ʟʘʚʠʭʨʶʚʘʯʘ ʤʦʥʪʫʻʪʴʩʷ ʨʦʟʧʠʣʶʚʘʯ ʨʽʜʠʥʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʊ-

ʧʦʜʽʙʥʫ ʪʨʫʙʢʫ 8 ʧʝʨʝʪʠʥʦʤ İôô. 

ɿʘʧʠʣʝʥʽ ʛʘʟʠ ʧʦʜʘʶʪʴʩʷ ʜʦ ʢʘʤʝʨʠ ʟʘʙʨʫʜʥʝʥʦʛʦ ʛʘʟʫ, ʘ ʧʦʪʽʤ ʯʝʨʝʟ ʜʚʽ ʱʽʣʠʥʠ 

ʚʭʽʜʥʦʛʦ ʢʦʥʫʩʘ ʫ ʚʠʛʣʷʜʽ ʟʘʢʨʫʯʝʥʦʛʦ ʧʦʪʦʢʫ ʚʚʦʜʷʪʴʩʷ ʚ ʢʦʥʪʘʢʪʥʠʡ ʝʣʝʤʝʥʪ, ʜʝ 

ʧʨʦʤʠʚʘʶʪʴʩʷ ʚʦʜʦʶ. ɿʘ ʨʘʭʫʥʦʢ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʢʨʘʧʣʽ ʚʦʜʠ ʟ ʦʩʽʣʠʤʠ ʥʘ ʥʠʭ 

ʯʘʩʪʢʘʤʠ ʧʠʣʫ ʚʽʜʢʠʜʘʶʪʴʩʷ ʜʦ ʩʪʽʥʦʢ ʪʨʫʙʠ ʡ ʩʪʽʢʘʶʪʴ ʯʝʨʝʟ ʟʘʟʦʨ ʤʽʞ ʪʨʫʙʦʶ ʜʦ 

ʚʠʧʫʩʢʥʠʤ ʢʦʥʫʩʦʤ ʫ ʢʘʤʝʨʫ 3. ʆʯʠʱʝʥʠʡ ʛʘʟ ʟ ʢʘʤʝʨʠ 4 ʚʽʜʚʦʜʠʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ ʫ 

ʚʠʚʽʜʥʫ ʪʨʫʙʫ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʛʘʟʦʤ ʦʜʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʝʣʝʤʝʥʪʘ ʩʪʘʥʦʚʠʪʴ 4250ð9300  ʤ3/ʛʦʜ, 

ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ï 0,54ï0,74 ʣ/ʤ3.  

 

ʉʢʨʫʙʝʨ ɺʝʥʪʫʨʽ. 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʙʽʣʷ ʜʝʩʷʪʢʘ ʢʦʥʩʪʨʫʢʮʽʡ ʪʨʫʙ ɺʝʥʪʫʨʽ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ 

ʧʝʨʝʪʠʥʦʤ ʛʦʨʣʦʚʠʥʠ. ʇʨʦʤʠʩʣʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʟʥʘʡʰʣʠ ʜʚʽ ʢʦʥʩʪʨʫʢʮʽʾ: 

ʪʨʫʙʘ ɺʝʥʪʫʨʽ ʱʽʣʠʥʥʦʛʦ ʧʝʨʝʪʠʥʫ, ʫ ʷʢʽʡ ʨʝʛʫʣʶʚʘʥʥʷ ʧʣʦʱʽ ʛʦʨʣʦʚʠʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʚʦʨʦʪʥʠʭ ʟʘʩʣʽʥʦʢ (ʨʠʩ. 1.41), ʽ ʪʨʫʙʘ ɺʝʥʪʫʨʽ ʢʽʣʴʮʝʚʦʛʦ ʧʝʨʝʪʠʥʫ (ʨʠʩ. 1.42), 

ʫ ʷʢʽʡ ʫʟʜʦʚʞ ʦʩʽ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʨʝʛʫʣʶʶʯʠʡ ʢʦʥʫʩ. ɼʨʫʛʘ ʢʦʥʩʪʨʫʢʮʽʷ ʻ ʙʽʣʴʰ ʥʘʜʽʡʥʦʶ, 

ʪʦʤʫ ʱʦ ʚ ʥʽʡ ʨʝʛʫʣʶʶʯʠʡ ʤʝʭʘʥʽʟʤ ʚʠʥʝʩʝʥʠʡ ʽʟ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʽʟ ʟʘʧʠʣʝʥʠʤ ʛʘʟʦʤ. 

 
ʈʠʩ. 1.41 ʊʨʫʙʘ ɺʝʥʪʫʨʽ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʧʝʨʝʪʠʥʦʤ ʱʽʣʠʥʥʦʾ ʛʦʨʣʦʚʠʥʠ: 

1 - ʢʘʨʤʘʥ ʧʣʽʚʢʦʚʦʛʦ ʟʨʦʰʝʥʥʷ; 2 - ʬʦʨʩʫʥʢʘ; 3 - ʨʝʛʫʣʶʚʘʣʴʥʽ ʣʦʧʘʪʽ;  

4 ï ʬʦʨʩʫʥʢʠ ʥʠʞʥʴʦʛʦ ʷʨʫʩʫ ʟʨʦʰʝʥʥʷ 

 

ɿʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʢʨʫʙʝʨ ɺʝʥʪʫʨʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʽʜʨʦʟʜʽʣʠʪʠ 

ʥʘ ʚʠʩʦʢʦʥʘʧʽʨʥʽ ʡ ʥʠʟʴʢʦʥʘʧʽʨʥʽ. ʇʝʨʰʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚʽʜ 

ʤʽʢʨʦʥʥʦʛʦ ʡ ʩʫʙʤʽʢʨʦʥʥʦʛʦ ʧʠʣʫ ʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ (ʜʦ 

20000-30000 ʇʘ); ʜʨʫʛʽ ʚʠʢʦʨʠʩʪʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ (ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ) 

ʛʘʟʽʚ ʧʝʨʝʜ ʽʥʰʠʤʠ ʧʠʣʝʚʣʦʚʣʶʶʯʠʤʠ ʘʧʘʨʘʪʘʤʠ ʡ ʜʣʷ ʦʯʠʱʝʥʥʷ ʘʩʧʽʨʘʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ: 

ʾʭʥʽʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʥʝ ʧʝʨʝʚʠʱʫʻ 3000-5000 ʇʘ. ɼʣʷ ʨʦʙʦʪʠ ʚ ʥʠʟʴʢʦʥʘʧʽʨʥʦʤʫ ʨʝʞʠʤʽ 

ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʘʶʪʴ ʪʨʫʙʠ ɺʝʥʪʫʨʽ ʟ ʧʦʜʦʚʞʝʥʠʤʠ ʛʦʨʣʦʚʠʥʘʤʠ. (ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰ 

ʛʣʠʙʦʢʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʦʮʝʩʠ ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʽʚ.)  

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʠʥʠ, ʱʦ ʟʨʦʰʫʻ (ʨʠʩ. 1.43) ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ 

ʦʩʥʦʚʥʽ ʪʠʧʠ ʘʧʘʨʘʪʽʚ: 1) ʽʟ ʮʝʥʪʨʘʣʴʥʠʤ (ʬʦʨʩʫʥʦʯʥʠʤ) ʧʽʜʚʝʜʝʥʥʷʤ ʨʽʜʠʥʠ ʚ ʢʦʥʬʫʟʦʨ (ʘʙʦ 

ʧʝʨʝʜ ʥʠʤ); 2) ʟ ʧʝʨʠʬʝʨʽʡʥʠʤ ʟʨʦʰʝʥʥʷʤ (ʫ ʢʦʥʬʫʟʦʨʽ ʘʙʦ ʚ ʛʦʨʣʦʚʠʥʽ); 3) ʽʟ ʧʣʽʚʢʦʚʠʤ 

ʟʨʦʰʝʥʥʷʤ; 4) ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʨʽʜʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. 
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ʈʠʩ. 1.42  ʊʨʫʙʘ ɺʝʥʪʫʨʽ ʟ ʨʝʛʫʣʴʦʚʘʥʠʤ ʧʝʨʝʪʠʥʦʤ  ʢʽʣʴʮʝʚʦʾ ʛʦʨʣʦʚʠʥʠ: 

1 - ʬʦʨʩʫʥʢʘ; 2 - ʢʦʥʬʫʟʦʨ ʪʨʫʙʠ; 3 - ʛʦʨʣʦʚʠʥʘ; 4 - ʨʝʛʫʣʶʶʯʠʡ ʢʦʥʫʩ; 5 - ʜʠʬʫʟʦʨ; 6 - ʥʘʧʨʷʤʥʠʡ ʰʪʦʢ; 7 - 

ʚʽʜʮʝʥʪʨʦʚʠʡ ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯ; 8 ï ʢʦʨʧʫʩ 

 

 
ʈʠʩ. 1.43 ʂʦʥʩʪʨʫʢʮʽʾ ʪʨʫʙ ɺʝʥʪʫʨʽ: 

ʘ - ʮʝʥʪʨʘʣʴʥʠʡ ʬʦʨʩʫʥʢʦʚʝ ʧʽʜʚʝʜʝʥʥʷ ʨʽʜʠʥʠ, ʙ - ʧʝʨʠʬʝʨʽʡʥʝ ʟʨʦʰʝʥʥʷ; 

ʚ - ʧʣʽʚʢʦʚʝ ʟʨʦʰʝʥʥʷ; ʛ - ʙʝʟʬʦʨʩʫʥʢʦʚʝ ʟʨʦʰʝʥʥʷ. 

 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʘʝʨʦʜʠʥʘʤʽʢʠ ʦʧʪʠʤʘʣʴʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʪʨʫʙʠ ɺʝʥʪʫʨʽ (ʨʠʩ. 1.44) 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʪʘʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʨʦʟʤʽʨʽʚ ʾʾ ʝʣʝʤʝʥʪʽʚ: 

 

ʂʦʥʬʫʟʦʨ: 

ʜʽʘʤʝʪʨ ʚʭʽʜʥʦʛʦ ʢʘʥʘʣʫ, ʤ    'd  

ʢʫʪ ʟʚʫʞʝʥʥʷ, ʛʨʘʜ     ' 25 28a = - 

ʜʦʚʞʠʥʘ, ʤ      Ã

'
' ( ' ) / 2 tg

2
l d d

a
= -  

 

ɻʦʨʣʦʚʠʥʘ: 

ʜʽʘʤʝʪʨ, ʤ      Ãd  

ʜʦʚʞʠʥʘ, ʤ      0,15Ã Ãl d= Ö  

ɼʠʬʫʟʦʨ: 

ʜʽʘʤʝʪʨ ʚʠʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ, ʤ   "d  

ʢʫʪ  ʨʦʟʢʨʠʪʪʷ, ʛʨʘʜ     " 6 7a = - 

ʜʦʚʞʠʥʘ, ʤ      Ã

"
" ( " ) / 2 tg

2
l d d

a
= -  



50 

 

 

 

 
ʈʠʩ. 1.45 ʅʦʨʤʘʣʽʟʦʚʘʥʘ ʪʨʫʙʘ ɺʝʥʪʫʨʽ: 

1 ï ʢʦʥʬʫʟʦʨ; 2 ï ʛʦʨʣʦʚʠʥʘ; 3 ï ʜʠʬʫʟʦʨ 

 

ʆʜʥʘʢ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʤʽʨʢʫʚʘʥʴ ʜʝʷʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʰʣʠ ʪʘʢʦʞ ʪʨʫʙʠ ʟ 

ʨʦʟʤʽʨʘʤʠ, ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʦʧʪʠʤʘʣʴʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʦʤʧʦʥʫʚʘʥʥʽ ʙʘʪʘʨʝʡʥʠʭ 

ʩʢʨʫʙʝʨʽʚ ɺʝʥʪʫʨʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʫʙʠ ɺʝʥʪʫʨʽ ʟ ʢʫʪʦʤ ʟʚʫʞʝʥʥʷ ʢʦʥʬʫʟʦʨʘ 63ƺ ʽ ʟ 

ʚʢʦʨʦʯʝʥʠʤ ʜʠʬʫʟʦʨʦʤ; ʫ ʨʷʜʽ ʫʩʪʘʥʦʚʦʢ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʨʫʙʠ ɺʝʥʪʫʨʽ ʟ ʧʦʜʦʚʞʝʥʠʤʠ 

ʛʦʨʣʦʚʠʥʘʤʠ Ã e(3 5)l d= - , ʜʝ ed  - ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʛʦʨʣʦʚʠʥʠ, ʤ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʩʢʨʫʙʝʨʽʚ ɺʝʥʪʫʨʽ. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʩʢʨʫʙʝʨʽʚ ɺʝʥʪʫʨʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʪʨʫʙʠ ɺʝʥʪʫʨʽ ʽ ʢʨʘʧʣʝʚʣʦʚʣʶʚʘʯʘ, ʧʨʠʯʦʤʫ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʚʪʨʘʪ 

ʝʥʝʨʛʽʾ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʪʨʫʙʫ ɺʝʥʪʫʨʽ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʨʫʙʠ ɺʝʥʪʫʨʽ ʧʨʠ ʧʦʜʘʯʽ ʚ ʥʝʾ ʨʽʜʠʥʠ, ʱʦ ʟʨʦʰʫʻ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ: 

 Dʨʨ = Dʨʛ + Dʨʨ,  

ʜʝ Dʨʨ ð ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʨʫʙʠ ɺʝʥʪʫʨʽ, ʇʘ;  

Dʨʛ ð ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʨʫʙʠ ɺʝʥʪʫʨʽ, ʟʫʤʦʚʣʝʥʠʡ ʨʫʭʦʤ ʛʘʟʽʚ (ʙʝʟ ʧʦʜʘʯʽ ʟʨʦʰʝʥʥʷ), ʇʘ; 

Dʨʨ ð ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʨʫʙʠ ɺʝʥʪʫʨʽ, ʟʫʤʦʚʣʝʥʠʡ ʚʚʝʜʝʥʥʷʤ ʨʽʜʠʥʠ, ʱʦ ʟʨʦʰʫʻ, ʇʘ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʩʫʭʦʾ ʪʨʫʙʠ ɺʝʥʪʫʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 
2

ã óõ ã ã/ 2ñpD =V u r, 

ʜʝ zʩʫʭ ð ʢʦʝʬʽʮʽʻʥʪ  ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʦʾ ʪʨʫʙʠ ɺʝʥʪʫʨʽ;  

uʤ ð ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʫ ʛʦʨʣʦʚʠʥʽ (ʧʨʠʡʤʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ  

ʪʨʫʙʠ ɺʝʥʪʫʨʽ), ʤ/ʩ;  

rʤ ð ʛʫʩʪʠʥʘ ʛʘʟʽʚ (ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʩʢʫ), ʢʛ/ʤ3. 

ʂʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʩʫʭʦʾ ʪʨʫʙʠ ɺʝʥʪʫʨʽ ʟ ʢʨʫʛʣʦʶ ʽ ʧʨʷʤʦʢʫʪʥʦʶ 

ʛʦʨʣʦʚʠʥʦʶ ʜʦʚʞʠʥʦʶ 0,15dʝ, (dʝð ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʛʦʨʣʦʚʠʥʠ, ʤ) ʧʨʠʡʤʘʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 0,12 ʜʦ 0,15. ɼʣʷ ʪʨʫʙ ɺʝʥʪʫʨʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽ ʢʨʫʛʣʦʛʦ ʧʝʨʝʪʠʥʫ ʟ ʜʦʚʞʠʥʦʶ 

ʛʦʨʣʦʚʠʥʠ 10dʝ ² lʛ ² 0,15dʝ - ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟ ʚʠʨʘʟʫ: 

 ñóõ ã e ã e0,165 0,034 / (0,06 0,28 / )l d l d MV = + - +  

ʜʝ ʄ = uʛ/uʟʚ ï ʯʠʩʣʦ ʄʘʭʘ; 

 uʟʚ ï ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ, ʤ/ʩ. 

ʎʝʡ ʚʠʨʘʟ ʩʧʨʘʚʝʜʣʠʚʠʡ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʛʘʟʽʚ ʫ ʛʦʨʣʦʚʠʥʽ ʜʦ 150 ʤ/ʩ, ʧʨʠʯʦʤʫ ʦʙʠʜʚʽ 

ʰʚʠʜʢʦʩʪʽ (uʤ ʽ uʟʚ) ʙʝʨʫʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ ʪʠʩʢʦʤ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʟ ʪʨʫʙʠ ɺʝʥʪʫʨʽ. 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʪʨʫʙ ɺʝʥʪʫʨʽ, ʦʙʫʤʦʚʣʝʥʠʡ ʚʚʝʜʝʥʥʷʤ ʨʽʜʠʥʠ, ʱʦ ʟʨʦʰʫʻ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

2

p p

p p
2

p m
u r

D =V , 

ʜʝ zʨ ð ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʚʝʜʝʥʥʷ ʚ ʪʨʫʙʫ ɺʝʥʪʫʨʽ ʨʽʜʠʥʠ, ʱʦ ʟʨʦʰʫʻ;  

m - ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ, ʱʦ ʟʨʦʰʫʻ, ʤ3/ʤ3. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ zʨ ʜʝʷʢʽ ʘʚʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʫ ʮʽʣʦʤʫ ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʚʟʘʻʤʦʜʽʾ ʩʠʣ ʫ ʜʚʦʬʘʟʥʦʤʫ ʦʜʥʦʩʧʨʷʤʦʚʘʥʦʤʫ ʧʦʪʦʮʽ. 

ʇʽʜʩʪʘʚʠʤʦ ʚ ʨʽʚʥʷʥʥʷ ʟʘʤʽʩʪʴ ʚʝʣʠʯʠʥ Dʨ ̔ Dʨʛ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʟʥʘʯʝʥʥʷ ʽ ʟʘʤʽʥʠʤʦ 

ʢʦʤʧʣʝʢʩ mrʨ/rʛ ʚʽʜʥʦʰʝʥʥʷʤ ʤʘʩʦʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʽʜʠʥʠ ʽ ʛʘʟʽʚ, ʪʦʜʽ: 
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ʋ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʧʨʷʤʦʶ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ zʞ ʫ ʚʠʛʣʷʜʽ: 
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ã p

Â

W
À

W

+

è øå õå õr
V = Vé ùæ öæ öæ öré ùç ÷ç ÷ê ú

,  (1.36) 

ʜʝ ɸ, ɺ ð ʝʤʧʽʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ. 

ʋ ʪʘʙʣ. 1.12 ʧʨʠʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ ʽ ɺ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʣʷ ʜʝʷʢʠʭ ʪʠʧʽʚ ʪʨʫʙ ɺʝʥʪʫʨʽ. 

 
ʊʘʙʣʠʮʷ 1.12. ɿʥʘʯʝʥʥʷ  ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ  ʪʘ  1+ɺ  ʚ ʬʦʨʤʫʣʽ (1.36) 

ʉʧʦʩʽʙ ʧʽʜʚʝʜʝʥʥʷ ʟʨʦʰʝʥʥʷ ʚ 

ʪʨʫʙʫ ɺʝʥʪʫʨʠ  

ʐʚʠʜʢʽʩʪʴ ʛʘʟʽʚ ʫ 

ʛʦʨʣʦʚʠʥʽ, ʤ/ʩ  

ɼʦʚʞʠʥʘ ʛʦʨʣʦʚʠʥʠ 

ʪʨʫʙʠ ɺʝʥʪʫʨʠ lʛ, ʤ 
ɸ 1+ɺ 

ʎʝʥʪʨʘʣʴʥʝ ʽ ʧʣʽʚʢʦʚʝ ʧʽʜʚʝʜʝʥʥʷ  >80  1,68(lʛ/de)°0.29 1 ð 1,12 

 (0,15-12,0)de  (lʛ/de)0.045 

 <80  3,49(lʛ/de)0.266 1ð0,98 

    (lʛ/de)0.026 

ʎʝʥʪʨʘʣʴʥʝ ʧʽʜʚʝʜʝʥʥʷ  

ʧʝʨʝʜ ʢʦʥʬʫʟʦʨʦʤ ʯʠ ʟʨʦʰʝʥʥʷ 

ʧʣʦʱʽ ʥʘʜ ʙʘʪʘʨʝʻʶ ʪʨʫʙ 

ɺʝʥʪʫʨʠ  

40-150 0,15de 0,215 ð0,54 

    

    

ʇʝʨʠʬʝʨʽʡʥʝ ʧʽʜʚʝʜʝʥʥʷ ʚʦʜʠ 

ʢʦʥʬʫʟʦʨ  
>80 0,15de 13,4 0,024 

 <80  1,4 ð0,316 

ʎʝʥʪʨʘʣʴʥʝ    ʧʽʜʚʝʜʝʥʥʷ ʚ 

ʢʦʥʬʫʟʦʨ   ʪʨʫʙʠ ʟ ʢʽʣʴʮʝʚʠʤ 

ʧʝʨʝʪʠʥʦʤ ʛʦʨʣʦʚʠʥʠ  

30-160 - 0,08 ð0,502 

    

ʎʝʥʪʨʘʣʴʥʝ ʧʽʜʚʝʜʝʥʥʷ ʟʨʦʰʝʥʥʷ 

ʚ ʢʦʥʬʫʟʦʨ ʪʨʫʙʠ ɺʝʥʪʫʨʠ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ  

40ð150 0,15de 0,63 ð0,3 

 

ɯʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʨʫʙ ɺʝʥʪʫʨʽ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʂʘʣʚʝʨʪʦʤ. 

ɺʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ ʟʥʝʭʪʫʚʘʪʠ ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʥʘ ʪʝʨʪʷ ʧʨʠ ʨʫʩʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʦʙ 

ʩʪʽʥʢʠ ʘʧʘʨʘʪʘ ʽ ʟʤʽʥʦʶ ʪʠʩʢʫ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʛʘʟʽʚ ʫ ʜʠʬʫʟʦʨʽ, ʚʚʘʞʘʶʯʠ, ʱʦ ʜʨʫʛʝ 

ʧʨʠʧʫʱʝʥʥʷ ʜʦ ʜʝʷʢʦʾ ʤʽʨʠ ʢʦʤʧʝʥʩʫʻ ʧʝʨʰʝ. ɹʫʣʦ ʧʨʠʡʥʷʪʦ, ʱʦ ʦʩʥʦʚʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ 

ʪʨʫʙʽ ɺʝʥʪʫʨʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʠʩʢʦʨʝʥʥʷʤ (ʨʦʟʛʦʥʦʤ) ʢʨʘʧʝʣʴ ʫ ʛʦʨʣʦʚʠʥʽ. ʆʢʨʽʤ ʪʦʛʦ, ʙʫʣʠ 

ʟʨʦʙʣʝʥʽ ʪʘʢʽ ʧʨʠʧʫʱʝʥʥʷ: 

1) ʦʩʴʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʥʘ ʚʭʦʜʽ ʚ ʛʦʨʣʦʚʠʥʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ; 

2) ʨʦʟʤʽʨ ʢʨʘʧʝʣʴ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʧʦ ʬʦʨʤʫʣʽ ʅʫʢʽʷʤʽ-ʊʘʥʘʟʘʚʽ: 
0,45
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, 

ʜʝ Vʦʛ ï ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʽʚ (ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ) ʫ ʚʫʟʴʢʦʤʫ ʤʽʩʮʽ, ʤ/ʩ. 

3)  ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʨʫʭʘʻʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʥʝ ʩʪʠʩʢʫʻʪʴʩʷ; 

4) ʢʽʣʴʢʽʩʪʴ ʨʽʜʠʥʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʥʝʟʥʘʯʥʘ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʙʘʣʘʥʩʫ ʩʠʣ ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ, ʧʦʜʦʣʘʥʦʛʦ ʛʘʟʦʚʠʤ 

ʧʦʪʦʢʦʤ, ʤʘʻ ʚʠʜ: 
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p ã p ã ê( / )dp V V d=-r u u. 

ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʠʨʘʟʫ ʦʜʝʨʞʫʻʤʦ: 

 p p ã p ã ê 2( / )p V VD =-r u u, 

ʜʝ uʢ2 ð ʰʚʠʜʢʽʩʪʴ ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ ʥʘ ʚʠʭʦʜʽ ʟ ʛʦʨʣʦʚʠʥʠ, ʤ/ʩ. 

ɺʝʣʠʯʠʥʘ uʢ2 ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ: 

 * 2 4 2 0.5

ê 2 ê ã ã2 1 ( )x x xè øu =u u = u - + -ê ú. 

ʊʦʜʽ, ʧʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟ (2.140) ʫ (2.139), ʦʜʝʨʞʫʻʤʦ: 

 2 2 4 2

p p ã p ã2 ( / )(1 )p V V x x xD =- r u - + -.  (1.37) 

ʆʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʘʶʪʴ ʜʦʩʠʪʴ ʭʦʨʦʰʠʡ ʟʙʽʛ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ Dʨʨ, 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʨʽʚʥʷʥʥʷʤ (1.37), ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʷʢ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʤʫ, ʪʘʢ ʽ 

ʧʝʨʠʬʝʨʽʡʥʦʤʫ ʧʽʜʚʝʜʝʥʥʷʭ ʟʨʦʰʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʨʫʙʝʨʽʚ ɺʝʥʪʫʨʽ, ʷʢʽ ʦʜʝʨʞʘʣʠ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

 

1.3.5 ʆʯʠʩʪʢʘ ʛʘʟʽʚ ʤʝʪʦʜʦʤ ʬʽʣʴʪʨʘʮʽʾ  

 

1.3.5.1 ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

 

ɺ ʦʩʥʦʚʽ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʣʝʞʠʪʴ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʫ ʯʝʨʝʟ ʧʦʨʠʩʪʫ ʧʝʨʝʛʦʨʦʜʢʫ ï 

ʬʽʣʴʪʨʫʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʟʚʘʞʝʥʽ ʚ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʟʘʪʨʠʤʫʶʪʴʩʷ ʥʘ ʥʽʡ, ʘ ʛʘʟ ʧʦʚʥʽʩʪʶ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʥʝʾ. 

ʇʦʨʠʩʪʽ ʧʝʨʝʛʦʨʦʜʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʪʘʢʽ ʪʠʧʠ: 

ɻʥʫʯʢʽ ʧʦʨʠʩʪʽ ʧʝʨʝʛʦʨʦʜʢʠ: 

- ʪʢʘʥʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʧʨʠʨʦʜʥʠʭ, ʩʠʥʪʝʪʠʯʥʠʭ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʚʦʣʦʢʦʥ; 

- ʥʝʪʢʘʥʥʽ ʤʘʪʝʨʽʘʣʠ (ʚʦʡʣʦʢʠ, ʢʣʝʡʦʚʽ ʪʘ ʛʦʣʢʦʧʨʦʙʠʚʥʽ ʤʘʪʝʨʽʘʣʠ, ʧʘʧʽʨ, ʢʘʨʪʦʥ, 
ʚʦʣʦʢʥʠʩʪʽ ʤʘʪʠ); 

- ʢʦʤʽʨʢʦʚʽ ʣʠʩʪʠ (ʛʫʙʢʦʚʘ ʛʫʤʘ, ʧʽʥʦʧʦʣʽʫʨʠʪʘʥ, ʤʝʤʙʨʘʥʥʽ ʬʽʣʴʪʨʠ). 

ʅʘʧʽʚʞʦʨʩʪʢʽ ʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ: 

- ʰʘʨʠ ʚʦʣʦʢʦʥ, ʩʪʨʫʞʢʘ, ʧʣʝʪʝʥʽ ʩʽʪʢʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʧʦʨʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘʙʦ 

ʟʘʪʠʩʥʫʪʽ ʤʽʞ ʥʠʤʠ. 

ɾʦʨʩʪʢʽ ʧʦʨʠʩʪʽ ʧʝʨʝʛʦʨʦʜʢʠ: 

- ʟʝʨʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ï ʧʦʨʠʩʪʘ ʢʝʨʘʤʽʢʘ ʽ ʧʣʘʩʪʤʘʩʠ, ʩʧʝʯʝʥʽ ʯʠ ʩʧʨʝʩʦʚʘʥʽ ʧʦʨʦʰʢʠ 

ʤʝʪʘʣʽʚ (ʤʝʪʘʣʦʢʝʨʘʤʽʢʠ), ʧʦʨʠʩʪʝ ʩʢʣʦ, ʚʫʛʣʝʛʨʘʬʽʪʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʦʱʦ; 

- ʚʦʣʦʢʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ï ʩʬʦʨʤʦʚʘʥʽ ʰʘʨʠ ʽʟ ʩʢʣʷʥʠʭ ʪʘ ʤʝʪʘʣʝʚʠʭ ʚʦʣʦʢʦʥ; 

- ʤʝʪʘʣʝʚʽ ʩʽʪʢʠ ʪʘ ʧʝʨʬʦʨʦʚʘʥʽ ʣʠʩʪʠ. 

ɿʝʨʥʠʩʪʽ ʰʘʨʠ: 

- ʥʝʨʫʭʦʤʽ, ʚʽʣʴʥʦ ʥʘʩʠʧʘʥʽ ʤʘʪʝʨʽʘʣʠ; 

- ʧʝʨʽʦʜʠʯʥʦ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦ ʨʫʭʦʤʽ ʤʘʪʝʨʽʘʣʠ. 

ʉʫʯʘʩʥʽ ʬʽʣʴʪʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʚʝʣʠʯʠʥʠ ʚʭʽʜʥʦʾ ʪʘ ʢʽʥʮʝʚʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 3 ʢʣʘʩʠ. 

ɯ ʌʽʣʴʪʨʠ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ (ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʘʙʦ ʘʙʩʦʣʶʪʥʽ ʬʽʣʴʪʨʠ) ï ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʣʦʚʣʶʚʘʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ (ʙʽʣʴʰʝ 99%) ʚ ʦʩʥʦʚʥʦʤʫ ʩʫʙʤʽʢʨʦʥʥʠʭ 

ʯʘʩʪʠʥʦʢ ʧʨʠ ʥʠʟʴʢʽʡ ʚʭʽʜʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʤʝʥʰʝ 1 ʤʛ/ʤ3)ʽ ʥʝʚʝʣʠʢʽʡ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 

(ʤʝʥʰʝ 0,1 ʤ/ʩ). ʊʘʢʽ ʬʽʣʴʪʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʦʩʦʙʣʠʚʦ ʪʦʢʩʠʯʥʠʭ ʯʘʩʪʦʢ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʫʣʴʪʨʘʪʦʥʢʦʾ ʦʯʠʩʪʢʠ ʧʦʚʽʪʨʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʝʷʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ ʚ 

ʦʩʦʙʣʠʚʦ ʯʠʩʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʚ ʷʢʠʭ ʧʦʚʽʪʨʷ ʻ ʨʦʙʦʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ɿʘʟʚʠʯʘʡ ʮʽ ʬʽʣʴʪʨʠ 

ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʨʝʛʝʥʝʨʘʮʽʾ. 

ɯɯ ʌʽʣʴʪʨʠ ʜʣʷ ʦʯʠʩʪʢʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ (ʧʦʚʽʪʨʷʥʽ ʬʽʣʴʪʨʠ) ï 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʨʠʪʦʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ. ɺʦʥʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʨʦʙʦʪʫ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ ʤʝʥʰʝ 50 ʤʛ/ʤ3, ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʜʦ 
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2,5·3,0 ʤ/ʩ. 

ʌʽʣʴʪʨʠ ʮʴʦʛʦ ʢʣʘʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦ ʥʝ ʨʝʛʝʥʝʨʫʶʪʴʩʷ, ʘʙʦ ʧʽʜʣʷʛʘʶʪʴ 

ʧʝʨʽʦʜʠʯʥʽʡ ʯʠ ʙʝʟʧʝʨʝʨʚʥʽʡ ʨʝʛʝʥʝʨʘʮʽʾ. 

ɯɯɯ ʇʨʦʤʠʩʣʦʚʽ (ʪʢʘʥʠʥʦʚʽ, ʟʝʨʥʠʩʪʽ, ʛʨʫʙʦʚʦʣʦʢʥʠʩʪʽ) ʬʽʣʴʪʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʯʠʩʪʢʠ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʟʽʚ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦ 60 ʛ/ʤ3. ɼʣʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʚʠʜʘʣʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʛʦ ʥʘ ʬʽʣʴʪʨʫʶʯʽʡ ʧʝʨʝʛʦʨʦʜʮʽ ʧʠʣʫ ʮʽ ʬʽʣʴʪʨʠ ʩʧʦʨʷʜʞʝʥʽ 

ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʨʝʛʝʥʝʨʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʽ 

ʧʦʚʝʨʪʘʪʠ ʮʽʥʥʽ ʧʨʦʜʫʢʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. ʌʽʣʴʪʨʠ ʮʴʦʛʦ ʢʣʘʩʫ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

 
ʈʠʩ. 1.46 ʈʫʢʘʚʥʠʡ ʬʽʣʴʪʨ 

1 ï ʨʫʢʘʚʘ; 2 ï ʚʽʙʨʦʧʨʠʩʪʨʽʡ ʜʣʷ ʦʯʠʱʝʥʥʷ ʬʽʣʴʪʨʫʶʯʦʾ ʧʦʚʝʨʭʥʽ ʨʫʢʘʚʽʚ; 3 ï ʰʥʝʢ;  

ɯ ï ʟʘʧʠʣʝʥʠʡ ʛʘʟ; ɯɯ ï ʦʯʠʱʝʥʠʡ ʛʘʟ; ɯɯɯ ï ʧʠʣ 

ɺʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʨʫʢʘʚʘ ʜʦ ʜʽʘʤʝʪʨʫ ʩʪʘʥʦʚʠʪʴ 16-20, ʘ ʜʽʘʤʝʪʨ ʨʫʢʘʚʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 125-300 ʤʤ.  

 

ʊʘʢʽ ʬʽʣʴʪʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʟʘʚʝʨʰʘʣʴʥʠʭ ʩʪʫʧʝʥʽʚ ʚ ʢʦʤʧʣʝʢʩʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ. 

ʊʢʘʥʠʥʥʽ ʬʽʣʴʪʨʠ ʧʨʘʮʶʶʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, ʚʝʨʭʥʷ ʤʝʞʘ ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʩʪʡ̔ʢ̔ʩʪʶ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘʚʝʜʝʥʽʡ ʚ ʪʘʙʣ. 1.13, ʘ ʥʠʞʥʽʡ - ʪʦʯʢʦʶ 

ʨʦʩʠ ʛʘʟʫ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ. 

 

ʊʘʙʣʠʮ ̫1.13 ï ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʪʢʘʥʠʥ 

ʊʢʘʥʠʥʘ 

ʍ̔ʤ̔ʯʥʘ ʩʪ̔ʡʢ̔ʩʪʴ ʚ ʨʟ̔ʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ɼʦʧʫʩʪʠʤʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

ʊʜ, Áʉ ʢʠʩʣʦʪʠ ʣʫʛʠ 
ʦʢʠʩʣʶʶʯʽ 

ʘʛʝʥʪʠ 
ʨʦʟʯʠʥʥʠʢʠ 

ʉʫʢʥʦ ˉ 2 (ʘʨʪʠʢʫʣ 20), ʩʘʨʞʘ 22, 

ʰʝʨʩʪʴ + ʙʘʚʦʚʥʘ 
ɼʇ ʍ ʋ ɼʍ 80 

ɹʘʡʢʘ ʏʐ (ʘʨʪʠʢʫʣ 21), ʩʘʨʞʘ 22 ɿ ɼʇ ɿ ʍ 95 

ʅʠʪʨʦʥ (ʘʨʪʠʢʫʣ 1609), ʩʘʨʞʘ 22 ɿ ɿ ʍ ʍ 120 

ʅʠʪʨʦʥ ʅʎʄ, ʩʘʨʞʘ 22 ʟ ʥʘʯʦʩʦʤ ɿ ɿ ʍ ʍ 120 

ʊʢʘʥʴ ʎʄ (ʰʝʨʩʪʴ + 30 % ʢʘʧʨʦʥʫ, 

ʘʨʪʠʢʫʣ 83), ʩʘʨʞʘ 22 
ɼʇ ɼʍ ɿ ʍ 85 

ʃʘʚʩʘʥ (ʙʝʟ ʥʘʯʦʩʫ) ʍ ɿïʇ ʍ ʍ 130 

ʃʘʚʩʘʥ (ʟ ʥʘʯʦʩʦʤ) ˉ 5386ʘ ʍ ɿïʇ ʍ ʍ 130 

ʍʣʦʨʠʥ ˉ 5231 ɼʍ ɼʍ ɼʍ ɿïʍ 70 

ʉʢʣʦʪʢʘʥʠʥʘ ʊʉʉʅʌ (ʆ) (ʘʧʧʨʝʪ 1,5% 

ʨʦʟʯʠʥ ɻʂɾ-94) 
ʍ ɿïʇ ɼʍ ɼʍ 240 

ʇʨʠʤʽʪʢʘ. ʋ ʪʘʙʣʠʮʽ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: ɼʍ - ʜʫʞʝ ʭʦʨʦʰʘ; ʍ 
- ʭʦʨʦʰʘ; ɿ - ʟʘʜʦʚʽʣʴʥʘ; ʇ - ʧʦʛʘʥʘ; ɼʇ - ʜʫʞʝ ʧʦʛʘʥʘ. 
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ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʫ ʚ ʪʢʘʥʠʥʥʦʤʫ ʬʽʣʴʪʨʽ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʫ; ʦʨʽʻʥʪʦʚʥʠʡ ʾʾ 

ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʫʤʦʚʘʭ ʜʦʩʣʽʜʽʚ, ʘʥʘʣʦʛʽʯʥʠʭ ʚʠʨʦʙʥʠʯʠʤ. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʨʫʢʘʚʥʠʭ ʬʽʣʴʪʨʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.14 

(ʆʉʊ 26-14-2005-77). ɯʥʜʝʢʩʘʮʽʷ ʬʽʣʴʪʨʽʚ ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʽ ʙʫʢʚʝʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʌ - 

ʬʽʣʴʪʨ; ʈ - ʨʫʢʘʚʥʠʡ; ʇʨʦ - ʟʚʦʨʦʪʥʘ ʧʨʦʜʫʚʘʥʥʷ; ʂ - ʢʘʨʢʘʩʥʠʡ; ɯ - ʟ ʽʤʧʫʣʴʩʥʦʶ ʧʨʦʜʫʚʢʦʶ; 

ɼɯ - ʟ ʜʚʦʩʪʦʨʦʥʥʽʤ ʽʤʧʫʣʴʩʥʦʾ ʧʨʦʜʫʚʢʦʶ; ʋ - ʫʥʽʬʽʢʦʚʘʥʠʡ; ʨʠʤʩʴʢʽ ʮʠʬʨʠ - ʢʽʣʴʢʽʩʪʴ 

ʩʝʢʮʽʡ; ʮʠʬʨʠ ʧʽʩʣʷ ʣʽʪʝʨʥʠʭ ʧʦʟʥʘʯʝʥʴ - ʧʦʚʝʨʭʥʶ ʬʽʣʴʪʨʘʮʽʾ, ʤ2. 
 

ʊʘʙʣʠʮ ̫1.14 ï ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʨʫʢʘʚʥʠʭ ʬʽʣʴʪʨʽʚ 

ʄʘʨʢʘ ʬʣ̔ʴʪʨʫ 

ɿʘʛʘʣʴʥʘ 
ʧʣʦʱʘ 
ʧʦʚʝʨʭʥ ̔
ʬ̔ʣʴʪʨʫ F, 
ʤ2 

ʏʠʩʣʦ 
ʩʝʢʮʡ̔ 
n, ʰʪ. 

ɿʘʛʘʣʴʥʝ 
ʯʠʩʣʦ 
ʨʫʢʘʚʚ̔ z, 
ʰʪ. 

ɼ̔ʘʤʝʪʨ 
ʨʫʢʘʚʘ d, 
ʤʤ 

ɼʦʚʞʠʥʘ 
ʨʫʢʘʚʘ L, ʤ 

ʇʨʠʟʥʘʯʝʥʥʷ 

ʌʈʆ-1250-1 1266 6 252 

200 8 

ʋʣʦʚʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʧʠʣʫ ʟ ʩʫʭʠʭ 
ʛʘʟʽʚ ʚ ʢʦʣʴʦʨʦʚʠʡ ʽ ʯʦʨʥʦʾ 
ʤʝʪʘʣʫʨʛʽʾ,ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 
ʙʫʜʤʘʪʝʨʽʘʣʽʚ ʽ ʪ.ʧ. 

ʌʈʆ-1650-1 1688 8 336 

ʌʈʆ-2500-1 2530 12 504 

ʌʈʆ-4100-2 4104 8 432 

300 10 

ʌʈʆ-5100-2 5130 10 540 

ʌʈʆ-6000-2 6156 12 648 

ʌʈʆ-7000-2 7182 14 756 

ʌʈʆ-8000-2 8208 16 864 

ʌʈʆ-20000-3 20 520 10 2160 

ʌʈʆ-24000-3 24 624 12 2592 

ʌʈʂɼʀ-550 550 

1 

216 

135 6 

ʋʣʦʚʣʶʚʘʥʥʷ ʥʝʪʦʢʩʠʯʥʠʭ ʽ 
ʥʝʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʧʠʣʫ ʟ 
ʜʽʘʤʝʪʨʦʤ ʯʘʩʪʦʢ ʥʝ ʤʝʥʰ 3 ʤʢʤ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʽ ʜʦ 130 Á ʉ 

ʌʈʂɼʀ-720 720 288 

ʌʈʂɼʀ-1100 1100 432 

ʌʈʂʀ-30 30 1 36 

135 

2 ʆʙʝʟʧʠʣʶʚʘʥʥʷ ʥʝʪʦʢʩʠʯʥʠʭ, 
ʧʦʞʝʞʦ- ʘʙʦ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 
ʛʘʟʽʚ ʚ ʭʽʤʽʯʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʌʈʂʀ-60 60 2 72 

ʌʈʂʀ-90 90 3 108 

ʌʈʂʀ-180 180 4 114 
3 

ʌʈʂʀ-360 360 8 228 

ʌʈʋII-15 15 

2 28 

130 

1,5 

ʆʯʠʱʝʥʥʷ ʨʽʟʥʠʭ ʛʘʟʽʚ ʚ ʭʽʤʽʯʥʽʡ ʪʘ 
ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʌʈʋII-20 20 2 

ʌʈʋII-25 25 

2,5 ʌʈʋIII-37,5 37,5 3 42 

ʌʈʋIV-50 50 4 56 
 

 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʢʘʥʠʥʥʦʛʦ ʬʽʣʴʪʨʘ ʻ ʟʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʡʦʛʦ ʨʫʢʘʚʽʚ 

,       (1.38) 

ʜʝ z - ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʨʫʢʘʚʽʚ ʚ ʘʧʘʨʘʪʽ. 

ʊʘʢ ʷʢ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ʟʽ ʟʚʦʨʦʪʥʠʤ ʧʨʦʜʫʚʘʥʥʷʤ ʯʘʩʪʠʥʘ ʡʦʛʦ ʨʫʢʘʚʽʚ zʧʨ 

ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʥʘ ʨʝʛʝʥʝʨʘʮʽʶ, ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʨʫʢʘʚʽʚ. 

,      (1.39) 

ʜʝ Fʬ - ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʦʚʝʨʭʥʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ ʘʧʘʨʘʪʽ, ʤ
2. 
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ʇʨʠ ʽʤʧʫʣʴʩʥʦʾ ʧʨʦʜʫʚʮʽ ʧʨʠʡʤʘʶʪʴ F = Fʬ. 

ʋ ʬʽʣʴʪʨʘʭ, ʱʦ ʤʘʶʪʴ n ʩʘʤʦʩʪʽʡʥʠʭ ʩʝʢʮʽʡ (ʜʠʚ. ʪʘʙʣ. 1.15), ʢʽʣʴʢʽʩʪʴ ʨʫʢʘʚʽʚ, 

ʦʜʥʦʯʘʩʥʦ ʧʽʜʜʘʶʪʴʩʷ ʧʨʦʜʫʚʮʽ, 

.      (1.40) 

ɼʣʷ ʦʜʥʦʩʝʢʮʽʡʥʠʭ ʬʽʣʴʪʨʽʚ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ zʧʨ = (0,150,20) z. 

ʈʦʟʨʘʭʫʥʦʢ ʨʫʢʘʚʥʦʛʦ ʪʢʘʥʠʥʥʦʛʦ ʬʽʣʴʪʨʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʬʽʣʴʪʨʫʚʘʥʥʷ Fʬ ʽ ʯʠʩʣʘ ʬʽʣʴʪʨʽʚ ʘʙʦ ʩʝʢʮʽʡ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʦʚʝʨʭʥʶ ʬʽʣʴʪʨʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

,      (1.41) 

ʜʝ Qʛ - ʚʠʪʨʘʪʘ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʘʧʘʨʘʪ, ʤ
3 / ʩ; Qʧʨ = (0,10,2) Qʛ - ʚʠʪʨʘʪʘ 

ʧʨʦʜʫʚʦʯʥʦʛʦ ʧʦʚʽʪʨʷ, ʤ3 / ʩ (ʤʝʥʰʠʭ ʟʥʘʯʝʥʴ ʥʘʙʫʚʘʶʪʴ ʜʣʷ ʩʠʥʪʝʪʠʯʥʠʭ ʪʢʘʥʠʥ, ʱʦʙ 

ʟʘʧʦʙʽʛʪʠ ʾʭ ʧʝʨʝʦʯʽʩʪʢʫ); Qʧ.ʚ - ʚʠʪʨʘʪʘ ʧʽʜʩʤʦʢʪʫʻʪʴʩʷ ʚ ʘʧʘʨʘʪ ʧʦʚʽʪʨʷ, ʤ3 / ʩ; vʬ - 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʢʘʥʠʥʥʦʛʦ ʬʽʣʴʪʨʘ ʧʦ ʛʘʟʫ (ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ ʜʣʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʢʘʥʠʥ ʥʘʚʝʜʝʥʽ ʚʠʱʝ), ʤ / ʩ. 

ɺʠʪʨʘʪʘ ʧʽʜʩʤʦʢʪʫʻʪʴʩʷ ʧʦʚʽʪʨʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʚ ʬʽʣʴʪʨ. ʗʢʱʦ ʟʘʧʠʣʝʥʠʡ ʛʘʟ ʧʽʜʭʦʜʠʪʴ ʜʦ ʬʽʣʴʪʨʫ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊʛ, 

ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʟʥʠʟʠʪʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʤʽʰʽ ʊʩʫʤʽʰʽ ʜʦʧʫʩʪʠʤʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊʜ ʜʣʷ ʜʘʥʦʛʦ 

ʚʠʜʫ ʪʢʘʥʠʥʠ (ʜʠʚ. ʪʘʙʣ. 1.15) ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʩʦʩʫ ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʮʴʦʛʦ 

ʧʦʚʽʪʨʷ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʷʢ 

,      (1.42) 

 

ʜʝ rʛ ʽ rʚ - ʚʽʜʧʦʚʽʜʥʦ ʛʫʩʪʠʥʘ ʛʘʟʫ ʽ ʧʦʚʽʪʨʷ, ʱʦ ʧʽʜʩʤʦʢʪʫʻʪʴʩʷ ʟ ʘʪʤʦʩʬʝʨʠ, ʢʛ / ʤ3;  

ʊʚ - ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, Á ʉ (ʜʣʷ ʦʨʽʻʥʪʦʚʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʊʚ = 20 Á ʉ) 

ʗʢʱʦ ʟʘʧʠʣʝʥʠʡ ʛʘʟ ʧʽʜʭʦʜʠʪʴ ʜʦ ʬʽʣʴʪʨʫ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊʛ <ʊʜ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, 

ʱʦ ʧʽʜʩʤʦʢʪʫʻʪʴʩʷ, ʧʨʠʡʤʘʶʪʴ: 

     (1.43) 

ʈʦʟʨʘʭʦʚʘʥʘ ʟʘ (1.42) ʧʦʚʝʨʭʥ ̫ ʬʽʣʴʪʨʘʮʽʾ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʝʨʝʚʽʨʝʥʘ ʥʘ ʜʦʧʫʩʪʠʤʫ 

ʟʘʧʠʣʝʥʽʩʪʴ ʪʢʘʥʠʥʠ 

,       (1.44) 

ʧʠʪʦʤʘ ʟʘʧʠʣʝʥʽʩʪʴ ʪʢʘʥʠʥʠ: Gʜ = (0,20,3) 10-3 ʢʛ / (ʤ2 ʩ). 

ʇʝʨʽʦʜʠ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ʤʽʞ ʨʝʛʝʥʝʨʘʮʽʾ ʩʪʨʫʰʫʚʘʥʥʷʤ ʘʙʦ ʧʨʦʜʫʚʘʥʥʷʤ ʦʨʽʻʥʪʦʚʥʦ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʭʽʜʥʠʭ ʟʘʧʠʣʝʥʦʩʪʽ ʟʘ ʪʘʙʣ. 1.16. 

 

ʊʘʙʣʠʮʷ 1.16 ï ʊʨʠʚʘʣʽʩʪʴ ʬʠʣʴʪʨʦʮʠʢʣʘ ʨʫʢʘʚʥʦʛʦ ʬʽʣʴʪʨʘ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʭʽʜʥʦʾ ʟʘʧʠʣʝʥʦʩʪʽ ʛʘʟʫ 

ɺʭʽʜʥʘ ʟʘʧʠʣʝʥʽʩʪʴ,ʛ/ʤ3 5 10 20 

ʇʝʨʽʦʜʠ ʤʽʞ ʨʝʛʝʥʝʨʘʮʽʻʶ, ʭʚ 10ï12 8ï9 4ï7 

 

ɺʦʣʦʢʥʠʩʪʽ ʬʽʣʴʪʨʠ 

ɺʦʣʦʢʥʠʩʪʽ ʬʽʣʴʪʨʠ (ʥʘʙʠʚʥʽ, ʤʘʪʠ, ʟ ʢʘʨʪʦʥʫ, ʧʘʧʝʨʫ ʪʘ ʽʥʰʽ) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʰʘʨʠ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ, ʚ ʷʢʠʭ ʙʽʣʴʰ-ʤʝʥʰ ʦʜʥʦʨʽʜʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʚʦʣʦʢʥʘ. ʎʝ ʬʽʣʴʪʨʠ 

ʦʙ'̒ʤʥʦʾ ʜʽʾ, ʪ. ʢ. ʚʦʥʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʝʨʝʚʘʞʥʦ ʧʦ 

ʚʩʽʡ ʛʣʠʙʠʥʽ ʰʘʨʫ. ʉʫʮʽʣʴʥʠʡ ʰʘʨ ʧʠʣʫ ʫʪʚʦʨʶʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ ʱʦʜʦ ʢʨʫʧʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʜʦ ʢʽʥʮʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʬʽʣʴʪʨʘ. 
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ɺʦʣʦʢʥʠʩʪʽ ʬʽʣʴʪʨʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʠʩʧʝʨʩʥʦʾ ʪʚʝʨʜʦʾ ʬʘʟʠ 0,5-5 ʤʛ / ʤ3, ʽ ʪʽʣʴʢʠ ʜʝʷʢʽ ʚʠʜʠ ʨʝʛʝʥʝʨʽʨʫʝʤʠʭ ʛʨʫʙʦʚʦʣʦʢʥʠʩʪʠʭ 

ʬʽʣʴʪʨʽʚ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ 5-50 ʤʛ / ʤ3. ʇʨʠ ʪʘʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʦʩʥʦʚʥʘ ʯʘʩʪʢʘ ʯʘʩʪʠʥʦʢ ʟʘʟʚʠʯʘʡ ʤʘʻ ʨʦʟʤʽʨʠ ʤʝʥʰʝ 5-10 ʤʢʤ; ʟʥʘʯʥʫ ʯʘʩʪʢʫ 

ʩʪʘʥʦʚʣʷʪʴ ʩʫʙʤʽʢʨʦʥʥʽ ʯʘʩʪʢʠ. 

ɼʣʷ ʬʽʣʴʪʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʨʦʜʥʽ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ ʦʜʝʨʞʫʚʘʥʽ ʚʦʣʦʢʥʘ ʪʦʚʱʠʥʦʶ 

ʚʽʜ 0,01 ʜʦ 100 ʤʢʤ, ʘ ʪʘʢʦʞ ʾʭ ʩʫʤʽʰʽ. 

ʊʦʚʱʠʥʘ ʬʽʣʴʪʨʫʶʯʠʭ ʩʝʨʝʜʦʚʠʱ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʜʝʩʷʪʠʭ ʯʘʩʪʦʢ ʤʽʣʽʤʝʪʨʘ (ʧʘʧʽʨ) ʜʦ 

ʜʚʦʭ ʤʝʪʨʽʚ (ʙʘʛʘʪʦʰʘʨʦʚʽ ʛʣʠʙʦʢʽ ʥʘʩʘʜʢʦʚʽ ʬʽʣʴʪʨʠ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ). 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʚʠʜʠ ʧʨʦʤʠʩʣʦʚʠʭ ʚʦʣʦʢʥʠʩʪʠʭ ʬʽʣʴʪʨʽʚ: 

- ʉʫʭʽ - ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʽ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ, ʛʣʠʙʦʢʽ ʬʽʣʴʪʨʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ 

(ʧʝʨʝʜʬʽʣʴʪʨʠ); 

- ʄʦʢʨʽ - ʩʽʪʢʦʚʽ, ʱʦ ʩʘʤʦʦʯʠʱʘʶʪʴʩʷ, ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʠʤ ʟʨʦʰʝʥʥʷʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʫʪ ʣʠʰʝ ʩʫʭʽ ʚʦʣʦʢʥʠʩʪʽ ʬʽʣʴʪʨʠ. 

ʇʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʚ ʚʦʣʦʢʥʠʩʪʠʭ ʬʽʣʴʪʨʘʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʩʪʘʜʽʡ. ʅʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ 

(ʩʪʘʮʽʦʥʘʨʥʘ ʬʽʣʴʪʨʘʮʽʷ) ʚʣʦʚʣʝʥʽ ʯʘʩʪʢʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴ ʩʪʨʫʢʪʫʨʠ ʬʽʣʴʪʨʘ ʚ ʯʘʩʽ. 

ʅʘ ʜʨʫʛʽʡ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ (ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʬʽʣʴʪʨʘʮʽʷ) ʚ ʬʽʣʴʪʨʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʫʣʦʚʣʝʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʚʝʩʴ ʯʘʩ ʟʤʽʥʶʶʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʽ ʦʧʽʨ ʬʽʣʴʪʨʘ. ʊʝʦʨʽʷ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʬʽʣʴʪʨʘʭ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʨʦʙʣʝʥʘ. ʄʝʭʘʥʽʟʤ ʫʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ 

ʚ ʚʦʣʦʢʥʠʩʪʠʭ ʬʽʣʴʪʨʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʨʦʟʤʽʨʘʤʠ. ɼʣʷ ʯʘʩʪʠʥʦʢ ʤʝʥʰʝ 0,3 ʤʢʤ ʧʝʨʝʚʘʞʘʻ 

ʜʠʬʫʟʽʡʥʝ ʦʩʘʜʞʝʥʥʷ, ʜʣʷ ʙʽʣʴʰʠʭ - ʝʬʝʢʪʠ ʪʦʨʢʘʥʥʷ ʽ ʽʥʝʨʮʽʾ. 

ɺʦʣʦʢʥʠʩʪʽ ʬʽʣʴʪʨʠ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʥʦʚʠʭ ʛʘʣʫʟʝʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʪʦʯʥʦʛʦ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, 

ʧʨʦʤʠʩʣʦʚʦʾ ʤʽʢʨʦʙʽʦʣʦʛʽʾ ʽ ʭʽʤʽʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ) ʨʦʟʨʦʙʣʝʥʽ ʚʦʣʦʢʥʠʩʪʽ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʬʽʣʴʪʨʠ, ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʥʢʫ ʦʯʠʩʪʢʫ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʛʘʟʽʚ ʽ ʧʦʚʽʪʨʷ ʚʽʜ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚʩʽʭ ʨʦʟʤʽʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʩʫʙʤʽʢʨʦʥʥʽ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʦʯʠʱʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʘʙʦ ʽʥʰʠʭ ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʭ ʘʝʨʦʟʦʣʽʚ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʷʜʫ ʪʦʥʢʠʭ, ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʙʩʦʣʶʪʥʦ ʚʽʣʴʥʠʤ ʚʽʜ ʟʚʠʯʘʡʥʦʾ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʠʣʫ ʧʦʚʽʪʨʷʤ. 

ɼʣʷ ʫʣʦʚʣʶʚʘʥʥʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʘʝʨʦʟʦʣʽʚ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʥʝ ʤʝʥʰʝ 99% ʧʦ 

ʥʘʡʙʽʣʴʰ ʧʨʦʥʠʢʘʶʯʠʤ ʯʘʩʪʢʘʤ (ʟ ʨʦʟʤʽʨʘʤʠ 0,05-0,5 ʤʢʤ) ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʽʣʴʪʨʫʶʯʽ 

ʤʘʪʝʨʽʘʣʠ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʣʠʩʪʽʚ ʘʙʦ ʦʙ'ʻʤʥʠʭ ʰʘʨʽʚ ʟ ʪʦʥʢʠʭ ʘʙʦ ʫʣʴʪʨʘʪʦʥʢʠʭ ʚʦʣʦʢʦʥ 

(0,1-1 ʤʢʤ ʜʽʘʤʝʪʨʦʤ) , ʋʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʬʽʣʴʪʨʘʭ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʙʨʦʫʥʽʚʩʴʢʠʡ ʜʠʬʫʟʽʾ ʽ ʝʬʝʢʪʫ ʪʦʨʢʘʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ 

ʥʠʭ ʩʪʘʥʦʚʠʪʴ 0,01-0,15 ʤ / ʩ; ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 1500 ʇʘ. 

 
1 - ʇ-ʦʙʨʘʟʥʘ ʧʣʘʥʢʘ; 2 - ʙʦʢʦʚʘ ʩʪʽʥʢʘ; 3 - ʨʦʟʜʽʣʴʥʠʢʠ; 

4 - ʬʽʣʴʪʨʫʶʯʠʡ ʤʘʪʝʨʽʘʣ 

ʈʠʩ. 1.47 ï  ɺʦʣʦʢʥʠʩʪʠʡ ʬʽʣʴʪʨ ʨʘʤʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ: 

 
1 - ʬʽʣʴʪʨʫʶʯʠʡ ʤʘʪʝʨʽʘʣ; 2 - ʈɸʄʂɸ-ʩʝʧʘʨʘʪʦʨ ʢʣʠʥʦʚʦ ʾʬʦʨʤʠ 

ʈʠʩ. 1.48 ï ʚʦʣʦʢʥʠʩʪʠʡ ʬʽʣʴʪʨʟ ʩʝʧʘʨʘʪʦʨʘʤʠ ʢʣʠʥʦʚʦ ʾʬʦʨʤʠ ʪʠʧʫ ɼ-ʂʃ  
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ʈʝʛʝʥʝʨʘʮʽʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʥʝʨʝʥʪʘʙʝʣʴʥʘ ʘʙʦ ʥʝʤʦʞʣʠʚʘ; ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʧʨʦʪʷʛʦʤ 0,5-3 ʨʦʢʽʚ ʟ 

ʧʦʜʘʣʴʰʦʶ ʟʘʤʽʥʦʶ ʬʽʣʴʪʨʘ ʥʘ ʥʦʚʠʡ. ɺʭʽʜʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

0,5 ʤʛ / ʤ3, ʽʥʘʢʰʝ ʬʽʣʴʪʨʠ ʜʦʚʝʜʝʪʴʩʷ ʟʘʥʘʜʪʦ ʯʘʩʪʦ ʟʘʤʽʥʶʚʘʪʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜ 0,5 ʜʦ 1 ʤʛ / ʤ3 ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʬʽʣʴʪʨʘ ʩʢʦʨʦʯʫʻʪʴʩʷ ʜʦ 3-6 ʤʽʩʷʮʽʚ. ʇʝʨʝʜ 

ʬʽʣʴʪʨʘʤʠ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʩʣʽʜ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʙʽʣʴʰ ʧʨʦʩʪʽ ʽ ʜʝʰʝʚʽ ʧʠʣʦʫʣʦʚʣʶʚʘʣʴʥʽ 

ʘʧʘʨʘʪʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ ʜʦ 0,5 ʤʛ / ʤ3 ʽ ʥʠʞʯʝ. 

ʗʢ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʧʦʣʽʤʝʨʥʽ 

ʬʽʣʴʪʨʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ʪʠʧʫ ʌʇ (ʬʽʣʴʪʨʠ ʇʝʪʨʷʥʦʚʘ). ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʰʘʨʠ ʩʠʥʪʝʪʠʯʥʠʭ 

ʚʦʣʦʢʦʥ ʜʽʘʤʝʪʨʦʤ 1-2 ʤʢʤ, ʥʘʥʝʩʝʥʽ ʥʘ ʤʘʨʣʝʚʠʡ ʩʫʙʩʪʨʘʪ (ʧʽʜʢʣʘʜʢʫ) ʘʙʦ çʦʩʥʦʚʫè ʟ 

ʩʢʨʽʧʣʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʙʽʣʴʰ ʪʦʚʩʪʠʭ ʚʦʣʦʢʦʥ. ʄʘʪʝʨʽʘʣʠ ʬʽʣʴʪʨʫʶʯʦʾ ʧʦʚʝʨʭʥʽ (ʌʇ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʬʽʣʴʪʨʫʶʪʴ. ʄʘʣʘ ʪʦʚʱʠʥʘ ʰʘʨʽʚ ʌʇ (0,2-1 

ʤʤ) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ ʜʦ 100-150 ʤ2 ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

1 ʤ3 ʘʧʘʨʘʪʫ. 

ʆʧʪʠʤʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʦʣʦʢʥʠʩʪʠʭ ʬʽʣʴʪʨʽʚ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ 

ʪʘʢʠʤ ʦʩʥʦʚʥʠʤ ʚʠʤʦʛʘʤ: 

- ʅʘʡʙʽʣʴʰʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʥʘʡʤʝʥʰʠʭ ʛʘʙʘʨʠʪʘʭ; 

- ʄʽʥʽʤʘʣʴʥʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ; 

- ʄʦʞʣʠʚʽʩʪʴ ʟʨʫʯʥʦʾ ʽ ʰʚʠʜʢʦʾ ʟʘʤʽʥʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʅʘʜʽʡʥʘ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʛʨʫʧʦʚʦʾ ʟʙʽʨʢʠ ʦʢʨʝʤʠʭ ʬʽʣʴʪʨʽʚ. 

ʎʠʤ ʚʠʤʦʛʘʤ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʰʠʨʝʥʽ ʚ ʜʘʥʠʡ ʯʘʩ ʬʽʣʴʪʨʠ ʨʘʤʢʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 1.47). ʌʽʣʴʪʨʫʶʯʠʡ ʤʘʪʝʨʽʘʣ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʯʢʠ ʫʢʣʘʜʘʻʪʴʩʷ ʤʽʞ ʇ-

ʧʦʜʽʙʥʠʤʠ ʨʘʤʢʘʤʠ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʧʘʢʝʪʫ ʚʽʜʢʨʠʪʠʤʠ ʽ ʟʘʢʨʠʪʠʤʠ ʩʪʦʨʦʥʘʤʠ 

ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʄʽʞ ʩʫʩʽʜʥʽʤʠ ʰʘʨʘʤʠ ʤʘʪʝʨʽʘʣʫ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʛʦʬʨʦʚʘʥʽ 

ʨʦʟʜʽʣʴʥʠʢʠ, ʱʦʙ ʥʝ ʜʦʧʫʩʪʠʪʠ ʧʨʠʤʠʢʘʥʥʷ ʾʭ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ʈʘʤʢʠ, ʨʦʟʜʽʣʴʥʠʢʠ, ʙʽʯʥʽ 

ʩʪʽʥʢʠ ʢʦʨʧʫʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟ ʨʽʟʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʬʘʥʝʨʠ, ʚʽʥʽʧʣʘʩʪʫ, ʘʣʶʤʽʥʽʶ, ʥʝʨʞʘʚʽʶʯʦʾ 

ʩʪʘʣʽ. ɿʘʙʨʫʜʥʝʥʽ ʛʘʟʠ ʥʘʜʭʦʜʷʪʴ ʚ ʦʜʥʫ ʟ ʚʽʜʢʨʠʪʠʭ ʩʪʦʨʽʥ ʬʽʣʴʪʨʘ, ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʤʘʪʝʨʽʘʣ 

ʽ ʚʠʭʦʜʷʪʴ ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ. ʅʘ ʦʜʥʽʡ ʪʦʨʮʝʚʽʡ ʩʪʦʨʦʥʽ ʢʦʨʧʫʩʫ ʟʤʽʮʥʶʻʪʴʩʷ 

ʫʱʽʣʴʥʶʶʯʠʡ ʬʣʘʥʝʮʴ, ʜʦ ʧʦʚʝʨʭʥʽ ʷʢʦʛʦ ʧʨʠʢʣʝʻʥʘ ʛʫʙʯʘʩʪʘ ʛʫʤʦʚʘ ʧʨʦʢʣʘʜʢʘ. 

ɺʽʜʦʤʽ ʬʽʣʴʪʨʠ ʤʘʨʢʠ ɼ-ʂʃ (ʨʠʩ. 1.48), ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʙʽʨ 

ʮ̔ʣʴʥʦʰʪʘʤʧʦʚʘʥʠʭ ʛʦʬʨʦʚʘʥʠʭ ʨʘʤʦʢ-ʨʦʟʜʽʣʴʥʠʢʽʚ ʟ ʚʽʥʽʧʣʘʩʪʫ, ʤʽʞ ʷʢʠʤʠ ʫʢʣʘʜʘʻʪʴʩʷ 

ʬʽʣʴʪʨʫʶʯʠʡ ʤʘʪʝʨʽʘʣ. ʈʘʤʢʠ ʤʘʶʪʴ ʬʦʨʤʫ ʢʣʠʥʽʚ ʽ ʚʩʪʘʥʦʚʣʝʥʽ ʟ ʯʝʨʛʫʚʘʥʥʷʤ ʚʽʜʢʨʠʪʠʭ ʽ 

ʟʘʢʨʠʪʠʭ ʩʪʦʨʽʥ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʧʦ ʛʘʙʘʨʠʪʫ 

ʬʽʣʴʪʨʽʚ ʟ ʧʨʷʤʠʤʠ ʨʘʤʢʘʤʠ-ʨʦʟʜʽʣʴʥʠʢʘʤʠ ʬʽʣʴʪʨʫʶʯʘ ʧʦʚʝʨʭʥʶ ʾʭ ʙʽʣʴʰʝ ʥʘ 25%. 

ɼʚʦʩʪʫʧʝʥʝʚʽ, ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʽ, ʬʽʣʴʪʨʠ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʠʣʫ ʤʝʥʰʝ 0,5 ʤʛ / ʤ3 

ʬʽʣʴʪʨʠ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʝʟ ʧʝʨʝʜʬʽʣʴʪʨʽʚ, ʧʨʦʪʝ ʜʦʮʽʣʴʥʽʰʝ 

ʧʝʨʝʜʙʘʯʠʪʠ ʚʩʝ ʞ ʧʦʧʝʨʝʜʥʶ ʱʘʙʝʣʴ - ʬʽʣʴʪʨʠ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ. 

ʋ ʬʽʣʴʪʨʘʭ ʤʘʣʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʨʠʩ. 1.49) ʾʾ ʨʦʟʤʽʱʫʶʪʴ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ ʟ ʬʽʣʴʪʨʦʤ 

ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʟ ʤʘʪʝʨʽʘʣʫ ʌʇ. ʌʽʣʴʪʨ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘʙʠʚʥʦʾ ʰʘʨ ʣʘʚʩʘʥʦʚʠʭ ʚʦʣʦʢʦʥ ʪʦʚʱʠʥʦʶ 100 ʤʤ. ʊʘʢʽ ʬʽʣʴʪʨʠ ʥʘʟʠʚʘʶʪʴʩʷ 

ʜʚʦʩʪʫʧʽʥʯʘʩʪʠʤʠ, ʘʙʦ ʢʦʤʙʽʥʦʚʘʥʠʤʠ. 

 
ʈʠʩ. 1.49 ɼʚʦʩʪʫʧʝʥʝʚʠʡ (ʢʦʤʙʽʥʦʚʘʥʠʡ) ʚʦʣʦʢʥʠʩʪʠʡ ʬʽʣʴʪʨ: 

1 - ʩʝʢʮʽʷ ʟ ʥʘʙʠʚʥʠʤ ʰʘʨʦʤ ʟ ʚʦʣʦʢʦʥ; 2 - ʩʝʢʮʽʷ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ 
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ɻʣʠʙʦʢʽ ʬʽʣʴʪʨʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʠʭ ʬʽʣʴʪʨʽʚ - 

ʧʦʨʽʚʥʷʥʦ ʢʦʨʦʪʢʠʤ ʪʝʨʤʽʥʦʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ - ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʙʘʛʘʪʦʰʘʨʦʚʽ ʛʣʠʙʦʢʽ ʬʽʣʴʪʨʠ, ʟʚʘʥʽ ʽʥʦʜʽ ʬʽʣʴʪʨʘʤʠ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʽ 

ʬʽʣʴʪʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʣʠʙʦʢʦʛʦ ʣʦʙʦʚʦʛʦ ʰʘʨʫ ʛʨʫʙʠʭ ʚʦʣʦʢʦʥ ʽ ʙʽʣʴʰ ʪʦʥʢʦʛʦ ʟʘʤʠʢʘʻ 

ʰʘʨʫ ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ, ʧʨʠʯʦʤʫ ʱʽʣʴʥʽʩʪʴ ʫʧʘʢʦʚʢʠ ʚʦʣʦʢʦʥ ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʛʣʠʙʠʥʽ. 

ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʧʦʚʽʪʨʷ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʛʘʟʫ ʚʽʜ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʯʘʩʪʠʥʦʢ.  

ɹʘʛʘʪʦʰʘʨʦʚʽ ʬʽʣʴʪʨʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʙʝʟʧʝʨʝʨʚʥʫ ʨʦʙʦʪʫ ʧʨʦʪʷʛʦʤ 10-20 ʨʦʢʽʚ. 

ɿʘʟʚʠʯʘʡ ʾʭ ʨʦʟʤʽʱʫʶʪʴ ʚ ʟʘʛʣʠʙʣʝʥʠʭ ʚ ʟʝʤʣʶ ʧʨʠʤʽʱʝʥʥʷʭ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʪʝʨʤʽʥʫ 

ʩʣʫʞʙʠ ʾʭ ʚʽʜʢʣʶʯʘʶʪʴ ʽ ʭʦʚʘʶʪʴ ʥʘ ʤʽʩʮʽ ʰʣʷʭʦʤ ʮʝʤʝʥʪʫʚʘʥʥʷ. 

ɿʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ 

ʋ ʟʝʨʥʠʩʪʠʭ ʬʽʣʴʪʨʘʭ ʧʠʣ ʚʣʦʚʣʶʻʪʴʩʷ ʚ ʰʘʨʽ ʜʠʩʧʝʨʩʥʦʛʦ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɰʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʜʰʝ, ʥʽʞ ʬʽʣʴʪʨʠ ʟ ʚʦʣʦʢʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʝʨʝʚʘʛʠ ʟʝʨʥʠʩʪʠʭ ʬʽʣʴʪʨʽʚ: 

- ɼʦʩʪʫʧʥʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʄʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʚ ʫʤʦʚʘʭ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- ɿʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʚʝʣʠʢʽ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʝʨʝʧʘʜʠ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʨʽʟʢʽ 

ʧʝʨʝʧʘʜʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʞʦʨʩʪʢʽ ʟʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ ʽ ʥʘʩʘʜʢʠ (ʥʘʩʠʧʥʽ) ʟʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ. 

ɾʦʨʩʪʢʽ ʟʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ. ʋ ʮʠʭ ʬʽʣʴʪʨʘʭ ʟʝʨʥʘ ʤʽʮʥʦ ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʢʘʥʥʷ, ʧʨʝʩʫʚʘʥʥʷ ʘʙʦ ʩʢʣʝʶʚʘʥʥʷ ʽ ʫʪʚʦʨʶʶʪʴ ʤʽʮʥʫ ʥʝʨʫʭʦʤʫ ʩʠʩʪʝʤʫ. ɼʦ 

ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʧʦʨʠʩʪʘ ʢʝʨʘʤʽʢʘ, ʧʦʨʠʩʪʽ ʤʝʪʘʣʠ, ʧʣʘʩʪʤʘʩʠ. ʊʘʢʽ ʬʽʣʴʪʨʠ ʩʪʽʡʢʽ ʜʦ ʚʠʩʦʢʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʨʦʟʽʾ ʽ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʪʠʩʣʠʭ 

ʛʘʟʽʚ. 

ʅʝʜʦʣʽʢʠ ʞʦʨʩʪʢʠʭ ʟʝʨʥʠʩʪʠʭ ʬʽʣʴʪʨʽʚ: ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʚʝʣʠʢʘ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʽ 

ʪʨʫʜʥʦʱʽ ʨʝʛʝʥʝʨʘʮʽʾ, ʷʢʫ ʧʨʦʚʦʜʷʪʴ ʯʦʪʠʨʤʘ ʩʧʦʩʦʙʘʤʠ: 

- ʇʨʦʜʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ; 

- ʇʨʦʧʫʩʢʘʥʥʷʤ ʨʽʜʢʠʭ ʨʦʟʯʠʥʽʚ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ; 

- ʇʨʦʧʫʩʢʘʥʥʷʤ ʛʘʨʷʯʦʾ ʧʘʨʠ; 

- ʇʨʦʩʪʫʢʫʚʘʥʥʷ ʘʙʦ ʚʽʙʨʘʮʽʻʶ ʪʨʫʙʥʦʾ ʨʝʰʽʪʢʠ ʟ ʝʣʝʤʝʥʪʘʤʠ. 

ʅʘʩʘʜʦʢ (ʥʘʩʠʧʥʽ) ʟʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ. ʋ ʪʘʢʠʭ ʬʽʣʴʪʨʘʭ ʚʣʦʚʣʶʶʪʴ ʝʣʝʤʝʥʪʠ (ʛʨʘʥʫʣʠ, 

ʰʤʘʪʢʠ ʽ ʪ. ɼ.) ʏʠ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʩʪʘʪʠʯʥʽ ʬʽʣʴʪʨʠ ʟ 

ʥʝʨʫʭʦʤʠʤ ʟʝʨʥʠʩʪʠʤ ʰʘʨʦʤ, ʜʠʥʘʤʽʯʥʽ ʬʽʣʴʪʨʠ ʟ ʨʫʭʦʤʠʤ ʟʝʨʥʠʩʪʠʤ ʰʘʨʦʤ (ʟ 

ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʩʠʧʫʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ), ʬʽʣʴʪʨʠ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ 

ʥʘʩʘʜʢʠ. 

ʗʢ ʥʘʩʘʜʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʣʴʢʫ, ʧʽʩʦʢ, ʰʣʘʢ, ʪʠʨʩʘ, ʧʦʜʨʽʙʥʝʥʽ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʢʦʢʩ, 

ʢʨʠʭʪʫ ʛʫʤʠ, ʧʣʘʩʪʤʘʩʠ, ʘ ʪʘʢʦʞ ʚʽʜʭʦʜʠ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. 

ɼʦʮʽʣʴʥʦ ʥʘʩʘʜʢʫ ʟʝʨʥʠʩʪʦʛʦ ʬʽʣʴʪʨʘ ʚʠʛʦʪʦʚʣʷʪʠ ʟ ʤʘʪʝʨʽʘʣʫ, ʧʠʣ ʷʢʦʛʦ ʚʣʦʚʣʶʻʪʴʩʷ 

(ʥʘʧʨʠʢʣʘʜ, ʟ ʘʟʙʝʩʪʫ), ʪ. ʢ. ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʨʘʟʦʤ ʟ ʫʣʦʚʣʝʥʥʦʡ ʧʠʣʦʤ ʤʦʞʥʘ 

ʧʦʚʝʨʪʘʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʇʨʠ ʥʘʢʦʧʠʯʝʥʥʽ ʚ ʟʝʨʥʠʩʪʠʭ ʬʽʣʴʪʨʘʭ ʯʘʩʪʠʥʦʢ ʧʠʣʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʠʣʝʦʯʽʩʪʢʽ 

ʟʨʦʩʪʘʻ, ʧʨʦʪʝ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʽ. ʇʨʠ ʟʘʥʘʜʪʦ ʚʠʩʦʢʠʭ ʚʪʨʘʪʘʭ ʪʠʩʢʫ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚ ʨʝʛʝʥʝʨʘʮʽʾ ʬʽʣʴʪʨʘ ʘʙʦ ʡʦʛʦ ʟʘʤʽʥʽ. 

ɿʘʟʚʠʯʘʡ ʬʽʣʴʪʨʠ ʤʘʶʪʴ ʥʘʩʘʜʢʫ ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ 0,2-2 ʤʤ. ɺʠʩʦʪʘ ʥʝʨʫʭʦʤʠʭ ʰʘʨʽʚ ʥʘ 

ʩʽʪʢʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 100-150 ʤʤ. ʇʦʚʽʪʨʷ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʟʚʝʨʭʫ ʚʥʠʟ. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ ʥʘ ʚʭʦʜʽ ʚ ʬʽʣʴʪʨ 1-20 ʤʛ / ʤ3 ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʩʪʘʥʦʚʠʪʴ 2,5-17 

ʤ3 / (ʤ2 Å ʭʚ); ʧʦʯʘʪʢʦʚʠʡ ʦʧʽʨ - ʚʽʜ 50 ʜʦ 200 ʇʘ. 

ʅʘʩʠʧʥʽ ʟʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ ʨʝʛʝʥʝʨʫʶʪʴ ʚʦʨʦʰʽʥʥʷ ʘʙʦ ʚʽʙʨʘʮʽʡʥʠʤ ʩʪʨʫʰʫʚʘʥʥʷʤ. 

ɿʝʨʥʠʩʪʠʡ ʬʽʣʴʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʢʘʤʝʨ, ʟ'ʻʜʥʘʥʠʭ 

ʧʘʨʘʣʝʣʴʥʦ. ʂʦʣʠ ʦʜʥʽ ʟ ʥʠʭ ʨʝʛʝʥʝʨʫʶʪʴʩʷ, ʽʥʰʽ ʧʨʘʮʶʶʪʴ. ʂʨʽʤ ʤʝʭʘʥʽʯʥʦʾ ʨʝʛʝʥʝʨʘʮʽʾ 

ʬʽʣʴʪʨʽʚ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʨʝʛʝʥʝʨʘʮʽʾ ʟʚʦʨʦʪʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʧʨʦʜʫʚʢʦʶ ʛʘʟʫ. 
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ʂʦʥʩʪʨʫʢʮʽʷ ʟʝʨʥʠʩʪʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʘ ʟ ʥʝʨʫʭʦʤʠʤ ʬʽʣʴʪʨʫʻ ʰʘʨʦʤ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 1.50. ʌʽʣʴʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʥʝʨʫʭʦʤʠʭ ʰʘʨʽʚ ʚʠʩʦʪʦʶ 100 ʤʤ ʢʦʞʝʥ. ʋ ʧʝʨʰʦʤʫ ʧʦ 

ʭʦʜʫ ʨʦʟʤʽʨ ɻʘʟʘ ʰʘʨʽ ʩʪʘʥʦʚʠʪʴ 5-10 ʟʝʨʝʥ, ʤʤ ʙʝʟ ʧʦ-ʜʨʫʛʦʤʫ 3-5 ʤʤ ʙʝʟ ʽ ʚ ʪʨʝʪʴʦʤʫ - 2,5-3 

ʤʤ. ɼʣʷ ʨʝʛʝʥʝʨʘʮʽʾ ʰʘʨʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʽʙʨʘʪʦʨ 4, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʩʝʢʮʽʷ ʟʜʽʡʩʥʶʻ 

ʢʦʣʠʚʘʣʴʥʽ ʨʫʭʠ. ʆʜʥʦʯʘʩʥʦ ʨʦʙʦʯʠʡ ʧʨʦʩʪʽʨ ʩʝʢʮʽʾ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʚʽʜ ʢʘʥʘʣʫ 2 ʦʯʠʱʝʥʦʛʦ 

ʛʘʟʫ ʽ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʘʪʨʫʙʢʦʤ 9 ʟ ʧʨʦʜʫʚʘʣʴʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ. ʇʽʜ ʜʽʻʶ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʪʠʩʢʫ ʨʫʭʘʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʚʽʪʨʷ ʟʘʭʦʧʣʶʻ ʟʘ ʩʦʙʦʶ ʧʠʣ ʟ ʥʘʩʠʧʥʦʛʦ ʰʘʨʫ ʚ 

ʙʫʥʢʝʨ 7. 

 
ʈʠʩ. 1.50. ɿʝʨʥʠʩʪʠʡ ʬʽʣʴʪʨ ʟ ʥʝʨʫʭʦʤʠʤ ʬʽʣʴʪʨʫʶʯʠʤ ʰʘʨʦʤ: 1 - ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 2 - 

ʚʠʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 3 - ʢʦʥʪʝʡʥʝʨ; 4 - ʚʽʙʨʘʪʦʨ; 5 - ʧʨʫʞʠʥʠ; 6 - ʬʽʣʴʪʨʫʶʯʽ ʰʘʨʠ; 7 - ʙʫʥʢʝʨ; 

8 ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʧʠʣʫ; 9 - ʧʨʦʜʫʚʥʠʡ ʧʘʪʨʫʙʦʢ 

 

 
ʈʠʩ. 1.51 ʌʽʣʴʪʨ ʟ ʨʫʭʦʤʠʤʠ ʰʘʨʘʤʠ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ: 1 - ʢʦʨʦʙ ʜʣʷ ʧʦʜʘʯʽ 

ʩʚʽʞʦʛʦ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ; 2 - ʞʠʚʠʣʴʥʠʢʠ; 3 - ʬʽʣʴʪʨʫʶʯʽ ʰʘʨʠ; 4 - ʟʘʪʚʦʨʠ; 5 - ʢʦʨʦʙ 

ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʟʘʧʠʣʝʥʦʛʦ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ʌʽʣʴʪʨ ʟ ʨʫʭʦʤʠʤʠ ʰʘʨʘʤʠ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.51. 

ɿʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʤʽʞ ʩʽʪʢʘʤʠ ʘʙʦ ʞʘʣʶʟʽʡʥʠʤʠ ˇʨʘʪʘʤʠ ʧʽʜ ʜʽʻʶ 

ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ. ʈʝʛʝʥʝʨʘʮʽʶ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʧʠʣʫ ʧʨʦʚʦʜʷʪʴ ʚ ʦʢʨʝʤʦʤʫ ʘʧʘʨʘʪʽ ʰʣʷʭʦʤ 

ʧʨʦʩʽʶʚʘʥʥʷ ʘʙʦ ʧʨʦʤʠʚʘʥʥʷ ʚ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ. ʗʢʱʦ ʬʽʣʴʪʨʫʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʽ ʧʠʣ, ʪʦ ʟʘʙʨʫʜʥʝʥʽ ʛʨʘʥʫʣʠ ʚʠʚʦʜʷʪʴ ʽʟ ʩʠʩʪʝʤʠ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. 
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ʋ ʥʘʩʠʧʥʦʤʫ ʬʽʣʴʪʨʽ ʟ ʚʽʙʨʦʩʠʪʦʤ (ʨʠʩ. 1.52) ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʘ ʨʝʛʝʥʝʨʘʮʽʷ 

ʧʨʦʩʫʚʘʥʥʷʤ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ. ʋ ʪʘʢʦʤʫ ʬʽʣʴʪʨʽ ʰʘʨ ʟʝʨʝʥ ʟ ʙʫʥʢʝʨʘ 6 ʧʦʚʽʣʴʥʦ ʨʫʭʘʻʪʴʩʷ 

ʚʥʠʟ, ʟʘʭʦʧʣʶʶʯʠ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʟ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ. ʅʘ ʚʽʙʨʦʩʠʪʽ 2 ʚʣʦʚʣʝʥʽ 

ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʚʽʜʩʽʚʘʶʪʴʩʷ ʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʙʫʥʢʝʨ 1. ʆʯʠʱʝʥʽ ʚʽʜ ʧʠʣʫ ʬʽʣʴʪʨʫʶʯʽ ʟʝʨʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʦʛʦ ʘʙʦ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʢʦʥʚʝʻʨʘ 8 ʧʦʜʘʶʪʴʩʷ ʚ ʙʫʥʢʝʨ 6. ʅʝʜʦʣʽʢ ʮʽʻʾ 

ʢʦʥʩʪʨʫʢʮʽʾ - ʛʨʦʤʽʟʜʢʽʩʪʴ ʩʠʩʪʝʤʠ ʮʠʨʢʫʣʷʮʽʾ ʬʽʣʴʪʨʫʶʯʠʭ ʟʝʨʝʥ. 

 

 
ʈʠʩ. 1.52 ï  ʅʘʩʠʧʥʠʡ ʟʝʨʥʠʩʪʠʡ ʬʽʣʴʪʨ ʟ ʚʽʙʨʦʩʠʪʦʤ: 1 - ʙʫʥʢʝʨ; 2 - ʚʽʙʨʦʩʠʪʦ; 3 - 

ʟʝʨʥʠʩʪʘ ʬʽʣʴʪʨʫʚʘʣʴʥʘ ʧʝʨʝʛʦʨʦʜʢʘ; 4 - ʛʘʟʦʭʽʜ ʟʘʧʠʣʝʥʦʛʦ ʽ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ; 

5, 7 - ʧʝʨʬʦʨʦʚʘʥʽ ʝʢʨʘʥʠ; 6 - ʙʫʥʢʝʨ ʜʣʷ ʩʚʽʞʠʭ ʟʝʨʝʥ;8 - ʢʦʥʚʝʻʨ; 9 - ʟʘʪʚʦʨ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʚʣʦʚʣʝʥʦʛʦ ʧʠʣʫ 

 

ʈʦʟʨʦʙʣʝʥʦ ʪʘʢʦʞ ʬʽʣʴʪʨʠ-ʮʠʢʣʦʥʠ. ʋ ʪʘʢʦʤʫ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʬʽʣʴʪʨʽ ʛʘʟ ʦʯʠʱʘʶʪʴ 

ʩʧʦʯʘʪʢʫ ʚʽʜ ʙʽʣʴʰʠʭ ʬʨʘʢʮʽʡ ʧʠʣʫ ʚ ʮʠʢʣʦʥʽ, ʘ ʧʦʪʽʤ - ʚʽʜ ʙʽʣʴʰ ʪʦʥʢʠʭ ʬʨʘʢʮʽʡ - ʚ 

ʟʝʨʥʠʩʪʦʤʫ ʬʽʣʴʪʨʽ ʟ ʚʦʨʫh ʫʚʘʯʝʤ ʰʘʨʫ. 

 

ʊʢʘʥʠʥʥ ̔ʬʽʣʴʪʨʠ  

ʊʢʘʥʠʥʥ ̔ ʬʽʣʴʪʨʠ ʤʽʩʪʷʪʴ ʛʥʫʯʢʫ ʬʽʣʴʪʨʫʶʯʫ ʧʝʨʝʛʦʨʦʜʢʫ, ʱʦ ʤʘʶʪʴ ʬʦʨʤʫ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʨʫʢʘʚʽʚ (ʨʠʩ. 1.53) ʩʧʦʨʷʜʞʝʥʽ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʚʣʦʚʣʝʥʦʛʦ ʧʠʣʫ ʪʘ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ʡʦʛʦ ʟ ʙʫʥʢʝʨʫ. ɿʘʧʠʣʝʥʠʡ ʛʘʟ ʧʽʜʚʦʜʠʪʴʩʷ ʚ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʢʦʞʥʦʾ ʩʝʢʮʽʾ ʽ 

ʥʘʜʭʦʜʠʪʴ ʚʩʝʨʝʜʠʥʫ ʨʫʢʘʚʽʚ. ʌʽʣʴʪʨʫʶʯʠʩʴ ʯʝʨʝʟ ʪʢʘʥʠʥʫ, ʛʘʟ ʥʘʜʭʦʜʠʪʴ ʜʦ ʩʝʢʮʽʾ, ʽ ʯʝʨʝʟ 

ʚʽʜʢʨʠʪʠʡ ʚʠʧʫʩʢʥʠʡ ʢʣʘʧʘʥ ʥʘʜʭʦʜʠʪʴ ʜʦ ʛʘʟʦʧʨʦʚʦʜʫ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ. ʊʚʝʨʜʽ ʯʘʩʪʠʥʠ ʧʠʣʫ 

ʦʩʽʜʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʫʢʘʚʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ ʦʧʦʨʫ ʬʽʣʴʪʨʫʶʯʦʾ 

ʪʢʘʥʠʥʠ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʛʘʟʫ. ʂʦʣʠ ʦʧʽʨ ʬʽʣʴʪʨʫ ʜʦʩʷʛʥʝ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʬʽʣʴʪʨ 

ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʨʝʞʠʤ ʨʝʛʝʥʝʨʘʮʽʾ, ʪʦʙʪʦ ʨʫʢʘʚ ʟʚʽʣʴʥʶʻʪʴʩʷ ʚʽʜ ʦʩʘʜʞʝʥʦʛʦ ʧʠʣʫ. 

ʏʘʩʪʦ ʨʝʛʝʥʝʨʘʮʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʚʦʨʦʪʥʦʶ ʧʨʦʜʫʚʢʦʶ ʦʯʠʱʝʥʠʤ ʛʘʟʦʤ, ʘʙʦ 

ʧʦʚʽʪʨʷʤ, ʷʢʽ ʯʝʨʝʟ ʚʽʜʢʨʠʪʠʡ ʧʨʦʜʫʚʥʠʡ ʢʣʘʧʘʥ ʥʘʧʨʘʚʣʷʶʪʴ ʚ ʩʝʨʝʜʠʥʫ ʩʝʢʮʽʾ ʧʨʠ 

ʟʘʢʨʠʪʦʤʫ ʚʠʧʫʩʢʥʦʤʫ ʢʣʘʧʘʥʽ.  

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʛʝʥʝʨʘʮʽʾ ʦʜʥʦʯʘʩʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʪʨʫʰʫʚʘʥʥʷ 

ʨʫʢʘʚʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʉʝʢʮʽʾ ʬʽʣʴʪʨʫ ʧʝʨʝʚʦʜʷʪʴ ʥʘ ʨʝʛʝʥʝʨʘʮʽʶ ʧʦ 

ʯʝʨʟʽ.  

ɺ ʪʢʘʥʠʥʥʠʭ ʬʽʣʴʪʨʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʘʪʝʨʽʘʣʠ ʜʚʦʭ ʪʠʧʽʚ: ʟʚʠʯʘʡʥʽ ʪʢʘʥʠʥʠ, ʷʢʽ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʥʘ ʪʢʘʮʴʢʠʭ ʩʪʘʥʢʘʭ, ʽ ʚʦʡʣʦʢʠ (ʬʝʪʨʠ), ʷʢʽ ʦʜʝʨʞʫʶʪʴ ʰʣʷʭʦʤ ʟʚʦʡʣʫʚʘʥʥʷ 

ʘʙʦ ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʧʣʫʪʫʚʘʥʥʷ ʚʦʣʦʢʦʥ ʛʦʣʢʦʧʨʦʙʠʚʥʠʤ ʤʝʪʦʜʦʤ.  

ʋ ʪʠʧʦʚʠʭ ʬʽʣʴʪʨʫʶʯʠʭ ʪʢʘʥʠʥʘʭ ʨʦʟʤʽʨ ʧʦʨ ʜʦʩʷʛʘʻ 100-200 ʤʢʤ.  
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ʇʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʚʦʭ ʧʝʨʽʦʜʘʭ. ʇʝʨʰʠʡ ï ʬʽʣʴʪʨʘʮʽʷ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ 

ʯʝʨʝʟ ʬʽʣʴʪʨʫʶʯʫ ʪʢʘʥʠʥʫ ʽ ʫʪʚʦʨʝʥʥʷ ʧʠʣʦʚʦʛʦ ʦʩʘʜʫ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ. ɯ ʜʨʫʛʠʡ ï ʬʽʣʴʪʨʘʮʽʷ 

ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ ʯʝʨʝʟ ʰʘʨ ʦʩʘʜʫ ʽ ʬʽʣʴʪʨʫʶʯʫ ʧʝʨʝʛʦʨʦʜʢʫ. 

ʇʨʠ ʥʝʚʝʣʠʢʠʭ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʫʪʚʦʨʝʥʥʷ ʰʘʨʫ ʧʠʣʫ ʥʘ ʬʽʣʴʪʨʫʶʯʽʡ 

ʧʝʨʝʛʦʨʦʜʮʽ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ, ʪʦʤʫ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʷʛʘʶʪʴʩʷ ʧʨʠ ʦʯʠʩʪʮʽ ʛʘʟʽʚ ʟ 

ʚʝʣʠʢʦʶ ʟʘʧʠʣʝʥʽʩʪʶ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʰʘʨʠ ʧʠʣʫ, ʷʢʽ ʧʨʠ ʨʝʛʝʥʝʨʘʮʽʾ ʥʝ 

ʨʦʟʧʦʨʦʰʫʶʪʴʩʷ ʚ ʛʘʟʽ, ʘ ʨʫʡʥʫʶʪʴʩʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʝʣʠʢʠʭ ʘʛʨʝʛʘʪʽʚ. 

ɺ ʪʢʘʥʠʥʥʠʭ ʬʽʣʴʪʨʘʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʜʦ 0,005-0,02 

ʤ/ʩ. ʇʨʠ ʙʽʣʴʰʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʜʤʽʨʥʝ ʫʱʽʣʴʥʝʥʥʷ ʧʠʣʦʚʦʛʦ ʰʘʨʫ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʽʟʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʬʽʣʴʪʨʽʚ ʽ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʯʠʩʪʢʠ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʚʝʣʠʢʽ ʬʽʣʴʪʨʫʶʯʽ ʧʦʚʝʨʭʥʽ ʪʘ ʟʘʧʦʙʽʛʘʪʠ ʥʘʜʪʦ ʛʣʠʙʦʢʽʡ ʾʭ 

ʨʝʛʝʥʝʨʘʮʽʾ.  

ʈʦʟʛʣʷʥʫʪʽ ʥʝʜʦʣʽʢʠ ʪʢʘʥʠʥʥʠʭ ʬʽʣʴʪʨʽʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʫʩʫʚʘʶʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ 

ʷʢʦʩʪʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʦʡʣʦʢʽʚ (ʬʝʪʨʽʚ). ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʣʦʚʣʶʚʘʥʥʷ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʰʘʨʫ ʧʠʣʫ ʧʦ 

ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫ. 

ʇʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʙôʻʤʽ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʦʯʠʩʪʮʽ ʚʦʡʣʦʯʥʠʭ ʬʽʣʴʪʨʽʚ ʚ 

ʥʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʧʠʣʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʣʦʚʣʶʚʘʥʥʷ ʩʫʙʤʽʢʨʦʥʥʠʭ ʯʘʩʪʠʥʦʢ. 

ʎʽ ʧʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʦʡʣʦʯʥʠʭ ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʪʢʘʥʠʥʥʠʭ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚ 2-5 ʨʘʟʽʚ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʛʘʟʫ ʜʦ 6 ʤ3/ʤ2Öʭʚʠʣʠʥʫ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʦʜʠʪʠ ʨʝʛʝʥʝʨʘʮʽʶ ʙʝʟ ʧʨʠʧʠʥʝʥʥʷ ʧʦʜʘʯʽ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ ʜʦ ʨʦʙʦʯʦʾ ʟʦʥʠ ʬʽʣʴʪʨʫ. 

ʌʽʣʴʪʨʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʪʢʘʥʠʥʥʠʭ ʬʽʣʴʪʨʽʚ 

ʊʢʘʥʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʫʶʯʠʭ ʧʝʨʝʛʦʨʦʜʦʢ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 

ʪʘʢʠʤ ʚʠʤʦʛʘʤ: 

1) ʚʠʩʦʢʘ ʧʠʣʝʚʤʽʩʪʢʽʩʪʴ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ ʽ ʟʜʘʪʥʽʩʪʴ ʫʪʨʠʤʫʚʘʪʠ ʧʽʩʣʷ ʨʝʛʝʥʝʨʘʮʽʾ ʪʘʢʫ 

ʢʽʣʴʢʽʩʪʴ ʧʠʣʫ, ʷʢʘ ʜʦʩʪʘʪʥʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʚʽʜ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ; 

2) ʟʙʝʨʝʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦ ʚʠʩʦʢʦʾ ʧʦʚʽʪʨʷʧʨʦʥʠʢʥʦʩʪʽ ʚ ʨʽʚʥʦʚʘʞʥʦ ʟʘʧʠʣʝʥʦʤʫ ʩʪʘʥʽ; 

3) ʚʠʩʦʢʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ ʧʨʠ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʟʛʠʥʘʭ, ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʨʦʟʤʽʨʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʘʛʨʝʩʠʚʥʽʡ ʜʽʾ ʭʽʤʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ 

ʤʽʩʪʷʪʴʩʷ ʚ ʩʫʭʠʭ ʪʘ ʥʘʩʠʯʝʥʠʭ ʚʦʣʦʛʦʶ ʛʘʟʘʭ; 

3) ʟʜʘʪʥʽʩʪʴ ʜʦ ʣʝʛʢʦʛʦ ʚʠʜʘʣʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʛʦ ʧʠʣʫ; 

4) ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ. 

ʊʘʢ, ʙʘʚʦʚʥʷʥʽ ʪʢʘʥʠʥʠ ʤʘʶʪʴ ʭʦʨʦʰʽ ʬʽʣʴʪʨʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʣʝ ʦʙʤʝʞʫʶʪʴʩʷ 

ʥʠʟʴʢʦʶ ʪʝʨʤʽʯʥʦʶ ʽ ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʛʦʨʶʯʽʩʪʶ ʪʘ ʚʠʩʦʢʦʶ ʚʦʣʦʛʦʻʤʥʽʩʪʶ. 

ɺʦʚʥʷʥʽ ʪʢʘʥʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʦʚʽʪʨʷʧʨʦʭʽʜʥʽʩʪʶ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʜʽʡʥʫ 

ʦʯʠʩʪʢʫ ʪʘ ʣʝʛʢʽʩʪʴ ʨʝʛʝʥʝʨʘʮʽʾ, ʤʘʶʪʴ ʭʦʨʦʰʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʠʩʣʠʭ ʛʘʟʽʚ, ʦʩʦʙʣʠʚʦ ʜʦ ʦʢʩʠʜʽʚ 

ʩʽʨʢʠ ʪʘ ʪʫʤʘʥʫ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ. ʊʝʨʤʽʥ ʩʣʫʞʙʠ ʚʦʚʥʷʥʠʭ ʪʢʘʥʠʥ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ 9-12 ʤʽʩʷʮʽʚ; ʚʘʨʪʽʩʪʴ ʾʭ ʟʥʘʯʥʦ ʚʠʱʝ ʥʽʞ ʙʘʚʦʚʥʷʥʠʭ ʽ ʩʠʥʪʝʪʠʯʥʠʭ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʢʘʥʠʥʠ ʽʟ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ. 

ʅʽʪʨʦʥʦʚʽ ʪʢʘʥʠʥʠ ʤʘʶʪʴ ʭʦʨʦʰʽ ʬʽʣʴʪʨʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʩʦʢʫ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ, 

ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 120·130̄ ʉ ʽ ʚʠʪʨʠʤʫʶʪʴ ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 180ʉ̄. 

ɺʥʘʩʣʽʜʦʢ ʭʽʤʽʯʥʦʾ ʽ ʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʥʠʟʴʢʦʛʦ ʚʦʣʦʛʦʧʦʛʣʠʥʘʥʥʷ ʚʦʥʠ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʢʦʣʴʦʨʦʚʽʡ ʤʝʪʘʣʫʨʛʽʾ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʨʷʯʠʭ ʛʘʟʽʚ. 

ʃʘʚʩʘʥʦʚʽ ʪʢʘʥʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʨʷʯʠʭ ʩʫʭʠʭ ʛʘʟʽʚ, ʟʦʢʨʝʤʘ ʚ 

ʮʝʤʝʥʪʥʽʡ, ʤʝʪʘʣʫʨʛʽʡʥʽʡ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʷʭ. ɸʣʝ ʫ ʚʦʣʦʛʠʭ ʛʘʨʷʯʠʭ ʛʘʟʘʭ, ʦʩʦʙʣʠʚʦ ʫ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʤʽʮʥʽʩʪʴ ʣʘʚʩʘʥʦʚʠʭ ʪʢʘʥʠʥ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ. 



62 

 

 

 

ʊʢʘʥʠʥʠ ʟ ʧʦʣʽʝʬʽʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʽʡʢʽ ʜʦ ʩʪʠʨʘʥʥʷ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʣʦʚʣʶʚʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʧʠʣʫ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʝʨʘʤʽʯʥʠʭ ʚʦʛʥʝʪʨʠʚʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʢʘʥʠʥʠ ʟ ʧʦʣʽʢʘʧʨʦʣʘʢʪʘʥʦʚʠʭ, ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʽ 

ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʥʠʭ ʚʦʣʦʢʦʥ. 

ʅʝʪʢʘʥʥʽ ʤʘʪʝʨʽʘʣʠ 

ɼʦ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʬʽʣʴʪʨʫʚʘʣʴʥʽ ʚʦʚʥʷʥʽ ʬʝʪʨʠ, ʷʢʽ ʦʜʝʨʞʫʶʪʴ ʟʙʠʚʘʥʥʷʤ 

ʧʨʠʨʦʜʥʦʾ ʚʦʚʥʠ, ʘ ʪʘʢʦʞ ʛʦʣʢʦʧʨʦʙʠʚʥʽ ʚʦʡʣʦʢʠ ʥʘ ʦʩʥʦʚʽ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ. 

 

 
ʈʠʩ. 1.53 ɻʘʟʦʚʠʡ ʬʽʣʴʪʨ ʟ ʧʣʦʩʢʦʶ ʬʽʣʴʪʨʫʶʯʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ 

1 ï ʻʤʥʽʩʪʴ, 2 ï ʬʽʣʴʪʨʫʶʯʘ ʧʝʨʝʛʦʨʦʜʢʘ; 3 ï ʧʝʨʬʦʨʦʚʘʥʘ ʨʝʰʽʪʢʘ; 

ɯ ï  ʟʘʧʠʣʝʥʠʡ ʛʘʟ, ɯɯ ï ʦʯʠʱʝʥʠʡ ʛʘʟ. 

 

ʌʝʪʨʠ ʽ ʚʦʡʣʦʢʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʱʽʣʴʥʽ ʰʘʨʠ ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʭ ʩʧʣʫʪʘʥʠʭ ʰʪʘʧʝʣʴʥʠʭ 

ʚʦʣʦʢʦʥ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʦʙôʻʤʽ ʽ ʪʦʤʫ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʙʘʛʘʪʦʨʘʟʦʚʠʭ 

ʟʛʠʥʽʚ. ʊʦʚʱʠʥʘ ʬʽʣʴʪʨʫ ʩʪʘʥʦʚʠʪʴ 1,6-3,2 ʤʤ, ʘ ʤʘʩʘ 1ʤ2 ʤʘʪʝʨʽʘʣʫ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

0,4 ʜʦ 0,6 ʢʛ. 

ʋʱʽʣʴʥʝʥʥʷ ʪʘ ʩʧʣʫʪʫʚʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʝʪʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘ ʛʦʣʢʦʧʨʦʙʠʚʥʠʭ ʤʘʰʠʥʘʭ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʟʤʽʨʽʚ 

ʚʦʣʦʢʥʘ ʧʽʩʣʷ ʧʨʠʙʠʚʢʠ ʥʘ ʩʽʪʢʦʚʠʡ ʪʢʘʥʠʡ ʢʘʨʢʘʩ ʽʟ ʪʠʭ ʞʝ ʚʦʣʦʢʦʥ ʧʽʜʜʘʶʪʴʩʷ ʭʽʤʽʯʥʽʡ ʪʘ 

ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ʌʝʪʨʠ, ʷʢʽ ʦʜʝʨʞʘʥʽ ʟ ʧʦʣʽʝʬʽʨʥʠʭ, ʥʽʪʨʦʥʦʚʠʭ ʪʘ ʽʥʰʠʭ ʚʦʣʦʢʦʥ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʽʟ ʪʝʨʤʦʩʪʽʡʢʠʭ ʪʠʧʫ: ʥʦʤʝʢʩʘ, ʪʝʬʣʦʥʘ, ʥʝʽʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʩʢʣʘ, ʘ ʪʘʢʦʞ ʢʦʤʙʽʥʘʮʽʾ 

ʮʠʭ ʚʦʣʦʢʦʥ. ʇʦʚʝʨʭʥʷ ʬʝʪʨʽʚ ʧʽʜʣʷʛʘʻ ʪʝʨʤʽʯʥʽʡ ʪʘ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ 

ʛʣʘʜʝʥʴʢʦʾ ʧʦʚʝʨʭʥʽ. 

ʎʽ ʬʽʣʴʪʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʫ ʬʽʣʴʪʨʘʭ ʫ ʟʚʦʨʦʪʥʴʦʶ ʩʪʨʫʤʝʥʝʚʦʶ 

ʧʨʦʜʫʚʢʦʶ ʘʙʦ ʧʨʠ ʽʤʧʫʣʴʩʥʦʤʫ ʤʝʪʦʜʽ ʨʝʛʝʥʝʨʘʮʽʾ. ʂʽʥʮʝʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʜʫʞʝ ʥʠʟʴʢʘ, 

ʥʘʚʽʪʴ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʧʦʯʘʪʢʦʚʽʡ ʟʘʧʠʣʝʥʦʩʪʽ ʛʘʟʽʚ (ʉô ¢ 100 ʤʛ/ʤ3) 

 

ɸʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʪʢʘʥʠʥʥʠʭ ʬʽʣʴʪʨʽʚ 

ʆʧʽʨ ʥʝʟʘʧʠʣʝʥʠʭ ʪʢʘʥʠʥ Dʈʪ ʧʨʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪʘʭ ʟʘ ʛʘʟʦʤ 0,3 · 2 

ʤ3/ʤ2Öʭʚ ʩʪʘʥʦʚʠʪʴ 5-40 ʇʘ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʪʢʘʥʠʥʠ ʧʨʠ ʨʦʙʦʪʽ 

ʬʽʣʴʪʨʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ ʚ ʜʝʷʢʠʭ ʤʝʞʘʭ ʚʽʜ ʟʘʣʠʰʢʦʚʦʛʦ ʦʧʦʨʫ ʨʽʚʥʦʤʽʨʥʦ ʟʘʧʠʣʝʥʦʾ 

ʪʢʘʥʠʥʠ Dʈʨ ʜʦ ʟʘʜʘʥʦʛʦ ʦʧʦʨʫ ʧʝʨʝʜ ʨʝʛʝʥʝʨʘʮʽʻʶ Dʈʪ.ʥ.  

ʋʤʦʚʥʦ ʨʦʟʧʦʜʽʣʷʶʯʠ ʥʘ ʪʢʘʥʠʥʽ ʧʠʣ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ï ʪʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʟʚʘʞʝʥʦʤʫ 

ʩʪʘʥʽ ʽ ʪʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʝʨʽʦʜ ʚʽʜʥʦʚʣʝʥʥʷ ʰʘʨʫ ʧʠʣʫ ʧʽʩʣʷ ʨʝʛʝʥʝʨʘʮʽʾ. ɿʘʛʘʣʴʥʠʡ ʦʧʽʨ 

ʩʠʩʪʝʤʠ ʪʢʘʥʠʥʘ-ʚʣʦʚʣʝʥʠʡ ʧʠʣ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʩʫʤʽ ʟʘʣʠʰʢʦʚʦʛʦ ʦʧʦʨʫ ʨʽʚʥʦʤʽʨʥʦ 

ʟʘʧʠʣʝʥʦʾ ʪʢʘʥʠʥʠ ʽ ʦʧʦʨʫ ʰʘʨʫ ʧʠʣʫ, ʷʢʠʡ ʥʘʢʦʧʠʯʝʥʠʡ ʧʽʩʣʷ ʨʝʛʝʥʝʨʘʮʽʾ: 

Dʈʪ.ʥ. = Dʈʨ + Dʈʥ.ʩ. 

ɿʘʟʚʠʯʘʡ Dʈʨ ʚʠʟʥʘʯʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 
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ɿʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ 

ʌʽʣʴʪʨʫʶʯʽ ʰʘʨʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʟʝʨʝʥ ʩʬʝʨʠʯʥʦʾ ʘʙʦ ʽʥʰʦʾ ʬʦʨʤʠ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʨʽʜʰʝ, ʥʽʞ ʚʦʣʦʢʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ. 

ʇʝʨʝʚʘʛʦʶ ʙʘʛʘʪʴʦʭ ʽʟ ʟʝʨʥʠʩʪʠʭ ʬʽʣʴʪʨʽʚ ʻ ʜʦʩʪʫʧʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʚ ʫʤʦʚʘʭ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʪʨʠʤʫʚʘʪʠ 

ʚʝʣʠʢʽ ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʝʨʝʧʘʜʠ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʨʽʟʢʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʪʠʧʠ ʟʝʨʥʠʩʪʠʭ ʬʽʣʴʪʨʽʚ: 

¶ ɿʝʨʥʠʩʪʽ ʥʘʩʘʜʢʦʚʽ (ʥʘʩʠʧʥʽ) ʬʽʣʴʪʨʠ, ʚ ʷʢʠʭ ʚʣʦʚʣʶʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʛʨʘʥʫʣʠ, 
ʰʤʘʪʢʠ, ʪʦʱʦ, ʥʝ ʧʦʚôʷʟʘʥʽ ʦʜʠʥ ʟ ʽʥʰʠʤ. ɼʦ ʮʠʭ ʬʽʣʴʪʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʩʪʘʪʠʯʥʽ (ʥʝʨʫʭʦʤʽ) 

ʰʘʨʦʚʽ ʬʽʣʴʪʨʠ; ʜʠʥʘʤʽʯʥʽ (ʨʫʭʦʤʽ) ʰʘʨʦʚʽ ʬʽʣʴʪʨʠ ʟ ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʩʠʧʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; ʧʩʝʚʜʦʟʨʽʜʞʝʥʽ ʰʘʨʠ; 

¶ ɾʦʨʩʪʢʽ ʧʦʨʠʩʪʽ ʬʽʣʴʪʨʠ, ʚ ʷʢʠʭ ʟʝʨʥʘ ʤʽʮʥʦ ʟʚôʷʟʘʥʽ ʦʜʥʝ ʟ ʦʜʥʠʤ ʚʥʘʩʣʽʜʦʢ 

ʩʧʽʢʘʥʥʷ, ʧʨʝʩʫʚʘʥʥʷ ʘʙʦ ʩʢʣʝʶʚʘʥʥʷ ʽ ʫʪʚʦʨʶʶʪʴ ʤʽʮʥʫ ʥʝʨʫʭʦʤʫ ʩʠʩʪʝʤʫ.  

ɼʦ ʮʠʭ ʬʽʣʴʪʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʧʦʨʠʩʪʘ ʢʝʨʘʤʽʢʘ, ʧʦʨʠʩʪʽ ʤʘʪʝʨʽʘʣʠ, ʧʦʨʠʩʪʽ ʧʣʘʩʪʤʘʩʠ. 

 

ɿʝʨʥʠʩʪʽ ʥʘʩʘʜʢʦʚʽ ʬʽʣʴʪʨʠ 

ɺ ʷʢʦʩʪʽ ʥʘʩʘʜʢʠ ʚ ʥʘʩʠʧʥʠʭ ʬʽʣʴʪʨʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʩʦʢ, ʛʘʣʴʢʫ, ʰʣʘʢ, ʧʦʜʨʽʙʥʝʥʽ 

ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʜʝʨʝʚôʷʥʫ ʪʠʨʩʫ, ʢʦʢʩ, ʰʤʘʪʦʯʢʠ ʛʫʤʠ, ʧʣʘʩʪʤʘʩʠ, ʛʨʘʬʽʪʫ ʪʘ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʥʘʩʘʜʦʢ ʟʫʤʦʚʣʶʻʪʴʩʷ ʪʝʨʤʽʯʥʦʶ ʽ ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, 

ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ ʪʘ ʜʦʩʪʫʧʥʽʩʪʶ. 

ɺ ʜʚʦʩʪʫʧʝʥʝʚʠʭ ʩʠʩʪʝʤʘʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʦʯʠʩʪʢʠ ʚʽʜ ʪʦʢʩʠʯʥʦʛʦ ʧʠʣʫ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʧʦʧʝʨʝʜʥʽʭ ʬʽʣʴʪʨʽʚ ʟʝʨʥʠʩʪʽ ʰʘʨʠ, ʚ ʷʢʦʩʪʽ ʢʽʥʮʝʚʠʭ ʬʽʣʴʪʨʽʚ ï 

ʬ̔ʣʴʪʨʫʚʘʣʴʥʽ ʧʦʨʠʩʪʽ ʧʝʨʝʛʦʨʦʜʢʠ . ɿʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ ʧʨʠ ʮʴʦʤʫ ʩʧʦʨʷʜʞʘʶʪʴʩʷ ʢʨʠʭʪʘʤʠ 

ʛʫʤʠ, ʚʽʥʽʣʧʣʘʩʪʫ, ʛʨʘʬʽʪʫ ʯʠ ʪʠʨʩʦʶ. ʇʨʠ ʥʘʢʦʧʠʯʝʥʥʽ ʚ ʧʦʨʘʭ ʦʩʘʜʫ ʚʣʦʚʣʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʧʽʜʚʠʱʫʻʪʴʩʷ. ɸʣʝ ʚ ʮʝʡ ʧʝʨʽʦʜ ʫʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʣʦʙʦʚʦʛʦ ʰʘʨʫ ʬʽʣʴʪʨʠ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ ʧʨʘʮʶʶʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʝʬʝʢʪ ʬʽʣʴʪʨʘʮʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʚʣʦʚʣʶʚʘʥʥʽ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʘʝʨʦʟʦʣʽʚ, 

ʯʘʩʪʠʥʢʠ ʷʢʠʭ ʽʥʪʝʥʩʠʚʥʦ ʢʦʘʛʫʣʶʶʪʴ ʚ ʰʘʨʽ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʧʦʨʫ ʜʦ ʟʘʜʘʥʦʾ ʤʝʞʽ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʠʭʣʝʥʥʷ ʰʘʨʫ ʩʢʨʝʙʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ.  

ʇʽʩʣʷ ʨʷʜʫ ʮʠʢʣʽʚ, ʢʦʣʠ ʮʷ ʧʨʦʮʝʜʫʨʘ ʥʝ ʜʘʻ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ Dʈʬ, ʧʨʦʚʦʜʷʪʴ 

ʟʘʤʽʥʫ ʘʙʦ ʧʨʦʤʠʚʢʫ ʥʘʩʘʜʢʠ.  

ʏʘʩʪʽʰʝ ʨʦʟʤʽʨ ʟʝʨʝʥ ʚ ʪʘʢʠʭ ʬʽʣʴʪʨʘʭ ʩʪʘʥʦʚʠʪʴ 0,2·2 ʤʤ; ʧʦʚʽʪʨʷ ʧʨʦʭʦʜʠʪʴ ʟʚʝʨʭʫ 

ʚʥʠʟ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʧʦʚʽʪʨʷʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʉ = 1 ï20 ʤʛ/ʤ3) 

ʧʨʠʡʤʘʶʪʴ ʚʽʜ 2,5 ʜʦ 17,0 ʤ3/ʤ2Öʭʚ; ʧʦʯʘʪʢʦʚʠʡ ʦʧʽʨ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 50 ʜʦ 200 ʇʘ; ʚʠʩʦʪʘ 

ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ 100·150 ʤʤ.  

ʅʘ ʨʠʩ. 1.54 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 4-ʭ ʢʘʤʝʨʥʦʛʦ ʛʨʘʚʽʡʥʦʛʦ ʬʽʣʴʪʨʫ ʃʫʨʛʽ. ʂʦʞʥʘ 

ʟ 4-ʭ ʢʘʤʝʨ ʤʦʞʝ ʚʽʜʢʣʶʯʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ. ʐʘʨ ʟʝʨʝʥ 

ʨʦʟʤʽʱʝʥʦ ʫ ʩʪʘʣʝʚʦʤʫ ʢʦʥʪʝʡʥʝʨʽ ʽʟ ʩʽʪʢʦʚʠʤ ʜʥʠʱʝʤ ʧʣʦʱʝʶ 1,2 ʤ2; ʢʦʥʪʝʡʥʝʨ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʯʦʪʠʨʴʦʭ ʧʨʫʞʠʥʘʭ 5 ʽ ʟôʻʜʥʘʥʦ ʟ ʚʽʙʨʘʪʦʨʦʤ 6 ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʦʢʫ, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʤʝʪʘʣʝʚʦʤʫ ʘʙʦ ʛʫʤʦʚʦʤʫ ʩʠʣʴʬʦʥʽ. ʋʱʽʣʴʥʝʥʥʷ ʢʦʥʪʝʡʥʝʨʘ ʚ ʢʦʨʧʫʩʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʘʩʪʠʯʥʦʾ ʪʢʘʥʠʥʠ, ʷʢʘ ʚʠʪʨʠʤʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 350ʉ̄. 
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ʈʠʩ. 1.54 ʏʦʪʠʨʴʦʭʢʘʤʝʨʥʠʡ ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʬʽʣʴʪʨ ʃʫʨʛʽ ʟ ʚʽʙʨʘʮʽʡʥʦʶ ʨʝʛʝʥʝʨʘʮʽʻʶ: 

(ʘ ï ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʬʽʣʴʪʨʫ, ʙ ï ʨʦʟʨʽʟ ʬʽʣʴʪʨʫ) 

1 ï ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 2 ï ʣʶʢ; 3 ï ʰʥʝʢ; 4 ï ʰʘʨ ʤʝʪʘʣʝʚʦʾ ʩʪʨʫʞʢʠ; 5 ï ʧʨʫʞʠʥʘ; 6 ï ʚʽʙʨʘʪʦʨ;  

7 ï ʰʘʨ ʛʨʘʚʽʶ;  8 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ; 9 ï ʟʘʩʣʽʥʢʘ ʜʣʷ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ; 

10 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʽʜʚʦʜʫ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ; 11 ï ʢʣʘʧʘʥ ʜʣʷ  ʧʨʦʜʫʚʥʦʛʦ ʛʘʟʫ 

 

ʌʽʣʴʪʨʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʰʘʨʽʚ: ʥʠʞʥʴʦʛʦ 4 ʽʟ ʩʪʘʣʴʥʦʾ ʪʦʢʘʨʥʦʾ 

ʩʪʨʫʞʢʠ ʟ ʤʘʣʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ ʽ ʰʘʨʫ 7 ʪʦʚʱʠʥʦʶ 150 ʤʤ ʽʟ ʛʨʘʚʽʶ (ʧʦʜʨʽʙʥʝʥʽ 

ʰʤʘʪʦʯʢʠ ʚʦʛʥʝʪʨʠʚʢʦʾ ʮʝʛʣʠ), ʧʨʠʨʦʜʥʦʛʦ ʛʽʧʩʫ ʘʙʦ ʛʘʣʴʢʠ ʨʦʟʤʽʨʦʤ ʚʽʜ 1 ʜʦ 6 ʤʤ. ʗʢʱʦ 

ʛʨʘʚʽʡ ʤʽʩʪʠʪʴ ʜʦ 95% SiO2, ʪʦ ʚʽʥ ʩʪʽʡʢʠʡ ʜʦ ʩʪʠʨʘʥʥʷ. 

ʈʝʛʝʥʝʨʘʮʽʷ ʟʘʙʠʪʦʛʦ ʧʠʣʦʤ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʟʘʢʨʠʪʪʷ ʟʘʩʣʽʥʢʠ 9 

ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ ʽ ʚʽʜʢʨʠʪʪʷ ʢʣʘʧʘʥʘ 11ʧʨʦʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ. ʇʠʣ ʧʨʠ ʚʽʙʨʘʮʽʾ ʢʦʥʪʝʡʥʝʨʘ 

ʧʦʧʘʜʘʻ ʜʦ ʙʫʥʢʝʨʘ 2 ʽ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʥʴʦʛʦ ʰʥʝʢʦʤ 3. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʛʘʟʦʤ ʩʪʘʥʦʚʠʪʴ 17·50 ʤ3/ʭʚ, ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʽʚ 

0,5·1,5ʢʇʘ. ʇʨʠ ʧʦʯʘʪʢʦʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ ʙʽʣʴʰʝ 12 ʛ/ʤ3 ʧʝʨʝʜ ʛʨʘʚʽʡʥʠʤʠ ʬʽʣʴʪʨʘʤʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʮʠʢʣʦʥʠ. ɿʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʧʠʣʫ ʚ ʦʯʠʱʝʥʦʤʫ ʛʘʟʽ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 10 ʜʦ 100 

ʤʛ/ʤ3, ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʚʽʜ 99% ʜʦ 99,8%. 

 

ʌʽʣʴʪʨʠ ʟ ʨʫʭʦʤʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʉʠʧʢ̔ ʟʝʨʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʧʝʨʽʦʜʠʯʥʦ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʨʝʛʝʥʝʨʘʮʽʶ. ɿʘʟʚʠʯʘʡ ʤʘʪʝʨʽʘʣ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʤʽʞ ʩʽʪʢʘʤʠ ʯʠ ʞʘʣʶʟʽʡʥʠʤʠ ʨʝʰʽʪʢʘʤʠ ʧʽʜ 

ʜʽʻʶ ʩʠʣ ʛʨʘʚʽʪʘʮʽʾ. ʈʝʛʝʥʝʨʘʮʽʷ ʚʠʚʘʥʪʘʞʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʢʨʝʤʦʤʫ ʘʧʘʨʘʪʽ 

ʰʣʷʭʦʤ ʧʨʦʩʽʶʚʘʥʥʷ ʘʙʦ ʧʨʦʤʠʚʢʠ ʫ ʚʠʩʭʽʜʥʦʤʫ ʧʦʪʦʮʽ ʟʝʨʝʥ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ. 

ʅʘ ʨʠʩ. 1.55 ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʘ ʜʦʩʣʽʜʥʘ ʫʩʪʘʥʦʚʢʘ ʟ ʜʝʢʽʣʴʢʦʤʘ ʧʦʩʣʽʜʦʚʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʟʝʨʥʠʩʪʠʤʠ ʰʘʨʘʤʠ. ʗʢʱʦ ʬʽʣʴʪʨʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʤʽʩʪʠʪʴ ʪʦʡ ʞʝ ʤʘʪʝʨʽʘʣ, 

ʱʦ ʽ ʚʣʦʚʣʝʥʠʡ ʧʠʣ, ʟʘʙʨʫʜʥʝʥʽ ʛʨʘʥʫʣʠ ʚʠʚʦʜʷʪʴ ʽʟ ʩʠʩʪʝʤʠ ʛʘʟʦʦʯʠʩʪʢʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. 
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ʈʠʩ. 1.55 ʌʽʣʴʪʨ ʽʟ ʨʫʭʦʤʠʤʠ ʰʘʨʘʤʠ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

1 ï ʢʦʨʦʙ ʜʣʷ ʧʦʜʘʯʽ ʩʚʽʞʦʛʦ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ; 2 ï ʞʠʚʠʣʴʥʠʢʠ; 3 ï ʟʘʪʚʦʨʠ; 4 ï ʬʽʣʴʪʨʫʶʯʽ ʰʘʨʠ;  

5 ï ʢʦʨʦʙ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʟʘʧʠʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 6 ï ʣʶʢʠ. 

 

ɿʝʨʥʠʩʪʽ ʞʦʨʩʪʢʽ ʬʽʣʴʪʨʠ 

ʂʝʨʘʤʽʯʥʽ (ʧʘʨʘʬʽʥʦʚʽ), ʤʝʪʘʣʝʚʦ-ʧʦʨʠʩʪʽ (ʤʝʪʘʣʦʢʝʨʘʤʽʢʘ), ʽ ʽʥʰʽ ʞʦʨʩʪʢʽ ʧʦʨʠʩʪʽ 

ʧʝʨʝʛʦʨʦʜʢʠ ʟʘʡʤʘʶʪʴ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʨʝʛʝʥʝʨʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʩʦʢʦʶ 

ʩʪʽʡʢʽʩʪʶ ʜʦ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʨʦʟʽʾ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɸʣʝ ʩʫʪʪʻʚʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʞʦʨʩʪʢʠʭ ʬʽʣʴʪʨʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʢʘʥʠʥʦʚʠʤʠ ʻ ʾʭ ʚʠʩʦʢʘ 

ʚʘʨʪʽʩʪʴ, ʚʝʣʠʢʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʽ ʩʢʣʘʜʥʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʨʝʛʝʥʝʨʘʮʽʾ, ʱʦ 

ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʻ ʪʝʨʤʽʥ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɾʦʨʩʪʢʽ ʧʦʨʠʩʪʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʛʝʥʝʨʦʚʘʥʽ ʪʘʢʠʤʠ ʤʝʪʦʜʘʤʠ:  

1) ʧʨʦʜʫʚʘʥʥʷʤ ʧʦʚʽʪʨʷ ʘʙʦ ʛʘʟʫ ʚ ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʨʦʙʦʯʦʤʫ ʧʦʪʦʢʫ; 

2) ʧʨʦʧʫʩʢʘʥʥʷʤ ʨʽʜʠʥʠ ʨʦʟʯʠʥʽʚ ʚ ʟʚʦʨʦʪʥʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 
ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʛʘʟʫ; 

3) ʧʨʦʧʫʩʢʘʥʥʷʤ ʛʘʨʷʯʦʾ ʧʘʨʠ (ʧʨʠ ʟʘʙʠʚʘʥʥʽ ʬʽʣʴʪʨʫ ʧʘʨʘʬʽʥʦʤ) ʘʙʦ ʩʪʨʫʤʝʥʽ 
ʛʘʨʷʯʠʭ ʛʘʟʽʚ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʩʤʦʣʠʩʪʠʭ ʜʦʤʽʰʦʢ; 

4) ʧʨʦʩʪʫʢʫʚʘʥʥʷʤ ʘʙʦ ʚʽʙʨʘʮʽʻʶ ʪʨʫʙʥʦʾ ʨʝʰʽʪʢʠ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ 
ʝʣʘʩʪʠʯʥʦʤʫ ʫʱʽʣʴʥʝʥʥʽ, ʘʙʦ ʩʘʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʧʝʨʝʛʦʨʦʜʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʫʤʦʚʠʭ ʧʘʪʨʫʙʢʽʚ.  

ʉʢʣʘʜʥʽʩʪʴ ʨʝʛʝʥʝʨʘʮʽʾ ʞʦʨʩʪʢʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʧʦʚôʷʟʘʥʘ ʟ ʛʣʠʙʦʢʠʤ ʧʨʦʥʠʢʥʝʥʥʷʤ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʦʨʠ ʧʨʠ ʧʦʚʥʦʤʫ ʚʠʜʘʣʝʥʥʽ ʰʘʨʫ ʧʠʣʫ ʟ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʮʴʦʤʫ 

ʟʘʣʠʰʢʦʚʠʡ ʦʧʽʨ ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʻ ʽ, ʧʝʨʽʦʜʠʯʥʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʤʦʥʪʫʚʘʪʠ ʮʽ 

ʝʣʝʤʝʥʪʠ ʜʣʷ ʙʽʣʴʰ ʛʣʠʙʦʢʦʾ ʧʨʦʤʠʚʢʠ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʯʠʥʘʭ, ʪʦʱʦ. 

 

ʂʝʨʘʤʽʯʥʽ ʬʽʣʴʪʨʠ 

ʂʝʨʘʤʽʯʥʽ ʧʘʪʨʦʥʠ, ʧʣʘʩʪʠʥʠ, ʜʠʩʢʠ ʦʜʝʨʞʫʶʪʴ ʰʣʷʭʦʤ ʩʧʽʢʘʥʥʷ ʚʽʜʽʙʨʘʥʠʭ ʟʝʨʝʥ 

ʰʘʤʦʪʫ, ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ, ʘʟʙʝʩʪʫ ʪʘ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ʜʦ ʩʢʣʷʥʦʛʦ ʩʪʘʥʫ. 

ʂʝʨʘʤʽʯʥʽ ʧʦʨʠʩʪʽ ʚʠʨʦʙʠ ï ʜʫʞʝ ʢʨʠʭʢʽ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ ʩʪʽʥʢʠ ʧʘʪʨʦʥʽʚ 

ʚʠʛʦʪʦʚʣʷʶʪʴ 6·10 ʤʤ ʽ ʙʽʣʴʰʝ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʾʭ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ. ɼʦʚʞʠʥʘ 

ʧʘʪʨʦʥʽʚ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 0,5 ʜʦ 1,2 ʤ, ʜʽʘʤʝʪʨ ʚʽʜ 50 ʜʦ 80 ʤʤ; ʟʘʛʘʣʴʥʘ ʧʦʨʠʩʪʽʩʪʴ ï ʚʽʜ 35 ʜʦ 

55, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢʘʥʥʷ ï ʚʽʜ 15 ʜʦ 25 ʄʇʘ, ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ï ʚʽʜ 4 ʜʦ 15 ʄʇʘ. 

ʆʙʧʘʣʶʚʘʥʥʷ ʢʝʨʘʤʽʢʠ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 900 ʜʦ 1300ʉ̄.  
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ʈʠʩ. 1.56 ɿʘʢʨʽʧʣʝʥʥʷ ʢʝʨʘʤʽʯʥʠʭ ʧʘʪʨʦʥʽʚ ʚ ʟʤʽʥʥʽʡ ʪʨʫʙʥʽʡ ʨʝʰʽʪʮʽ: 

ʘ ï ʧʘʪʨʦʥ ʟʘʢʨʽʧʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʠʞʥʝʚʠʭ ʰʧʠʣʴʦʢ; ʙ ï ʧʘʪʨʦʥ ʧʽʜʪʷʛʥʫʪʠʡ ʟʚʝʨʭʫ 

ʇʘʪʨʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʢʨʠʪʠʤʠ ʟ ʦʙʦʭ ʢʽʥʮʽʚ ʘʙʦ ʽʟ ʟʘʢʨʠʪʠʤ ʜʥʦʤ, ʟʚʝʨʭʫ 

ʧʝʨʝʜʙʘʯʝʥʽ ʙʫʨʪʠ ʜʣʷ ʢʨʽʧʣʝʥʥʷ. ɰʭ ʟʘʢʨʽʧʣʶʶʪʴ ʚ ʪʨʫʙʥʽʡ ʨʝʰʽʪʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʷʞʥʠʭ 

ʰʧʠʣʴʦʢ (ʨʠʩ. 1.56ʘ), ʧʽʜʪʷʛʫʶʪʴ ʟʚʝʨʭʫ ʫ ʚʠʧʘʜʢʫ ʟʘʢʨʠʪʠʭ ʧʘʪʨʦʥʽʚ (ʨʠʩ. 1.56ʙ). 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʢʝʨʘʤʽʢʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʠʣʫ, 

ʘ ʪʘʢʦʞ ʚʽʜ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ ʜʦʨʽʚʥʶʻ 0,01·0,5ʤ/ʩ. 

ʂʝʨʘʤʽʯʥʽ ʬʽʣʴʪʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʯʠʩʪʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʟʽʚ ʚʩʝʨʝʜʠʥʽ ʘʧʘʨʘʪʽʚ 

(ʛʘʟʽʚ ʢʨʝʢʽʥʛʫ, ʘʤʽʘʢʫ ʟ ʚʠʨʦʙʥʠʮʪʚ, ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʽʥʰʠʭ ʛʘʟʦʢʘʪʘʣʽʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ) ʚ 

ʩʠʩʪʝʤʘʭ ʛʘʟʦʧʦʩʪʘʯʘʥʥʷ (ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʠʭ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ ʛʘʟʽʚ) ʽ ʜʣʷ ʦʯʠʩʪʢʠ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʬʘʨʙʫʚʘʥʥʽ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʬʘʨʙʠ, ʜʣʷ 

ʟʥʝʧʠʣʝʥʥʷ ʩʪʠʩʥʝʥʠʭ ʛʘʟʽʚ (ʭʣʦʨʫ, ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ). 

 

ʄʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʬʽʣʴʪʨʠ ï ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ ʩʬʝʨʦʧʦʜʽʙʥʦʾ 

ʬʦʨʤʠ ʟ ʛʣʘʜʝʥʴʢʦʶ ʧʦʚʝʨʭʥʝʶ ʘʙʦ ʧʦʨʦʰʢʠ ʟ ʥʝʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ; ʚ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʚʠʱʘ. ʇʦʨʦʰʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʽʟ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʦʾ 

ʩʪʘʣʽ (ʍ18ʅ9; ʍ17ʅ2; ʍ18ʅ12ʄ2ʊ), ʘ ʪʘʢʦʞ ʽʟ ʙʨʦʥʟʠ, ʤʽʜʽ, ʥʽʢʝʣʶ, ʪʠʪʘʥʦ-ʣʶʤʝʣʷ, 

ʥʠʭʨʦʤʘ, ʘʣʶʤʽʥʽʶ, ʚʦʣʴʬʨʘʤʫ ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʽʚ.  

ʄʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʬʽʣʴʪʨʫʶʯʽ ʤʘʪʝʨʽʘʣʠ ʦʜʝʨʞʫʶʪʴ ʤʝʪʦʜʦʤ ʧʨʝʩʫʚʘʥʥʷ ʘʙʦ ʧʨʦʢʘʪʢʠ ʟ 

ʥʘʩʪʫʧʥʠʤ ʩʧʽʢʘʥʥʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 800-1300̄ʉ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚʠʩʦʪʦʶ 80-100 ʤʤ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʦʢ ʚʽʜ 0,35 ʜʦ 2,5 ʤʤ. 

ʆʩʪʘʥʥʽ ʤʦʞʥʘ ʛʦʬʨʫʚʘʪʠ, ʟʛʠʥʘʪʠ ʚ ʪʨʫʙʠ, ʟ ʣʠʩʪʽʚ ʤʦʞʥʘ ʚʠʨʽʟʘʪʠ ʜʠʩʢʠ ʪʘ ʽʥʰʽ 

ʝʣʝʤʝʥʪʠ. ʄʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʝʣʝʤʝʥʪʠ (ʄʂɽ) ʙʽʣʴʰ ʤʽʮʥʽ ʽ ʧʣʘʩʪʠʯʥʽ ʥʽʞ ʢʝʨʘʤʽʯʥʽ ʬʽʣʴʪʨʠ ʽ 

ʢʨʘʱʝ ʚʠʪʨʠʤʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫʜʘʨʦʤ, ʘʣʝ ʚʘʨʪʽʩʪʴ ʤʘʡʞʝ ʚ 10 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʽʞ ʚ 

ʢʝʨʘʤʽʯʥʠʭ. 

ʌʽʣʴʪʨʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʄʂɽ ʪʘʢʦʞ ʢʨʘʱʝ ʥʽʞ ʫ ʢʝʨʘʤʽʯʥʠʭ, ʦʢʨʽʤ ʪʦʛʦ, ʾʭ ʤʦʞʥʘ 

ʟʚʘʨʶʚʘʪʠ, ʧʘʷʪʠ, ʩʢʣʝʶʚʘʪʠ ʪʘ ʧʽʜʜʘʚʘʪʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʥʘ ʩʪʘʥʢʘʭ. 

ɺʠʨʦʙʠ, ʷʢʽ ʦʜʝʨʞʘʥʽ ʧʨʝʩʫʚʘʥʥʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

ʦʯʠʩʪʢʠ ʛʘʟʽʚ, ʥʽʞ ʚʠʨʦʙʠ, ʷʢʽ ʦʜʝʨʞʘʥʽ ʩʧʽʢʘʥʥʷʤ, ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʧʦʨʦʟʥʦʩʪʽ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʛʘʟʫ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʤʝʞʘʭ 0,2·10 ʤ3/ʤ2Öʭʚ. ʧʨʠ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʤʫ ʦʧʦʨʽ 0,1 ï 6 ʢʇʘ. ʊʦʤʫ ʮʽ ʬʽʣʴʪʨʠ ʛʨʦʤʽʟʜʢʽ: ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 0,1 ʤ3/ʩ ʬʽʣʴʪʨ ʤʘʻ ʜʽʘʤʝʪʨ 1,2 ʤ ʽ ʚʠʩʦʪʫ 18 ʤ. 

ʈʝʛʝʥʝʨʘʮʽʷ ʬʽʣʴʪʨʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚʦʨʦʪʥʦʶ ʧʨʦʜʫʚʢʦʶ ʘʙʦ ʽʤʧʫʣʴʩʘʤʠ ʩʪʠʩʥʝʥʦʛʦ 

ʧʦʚʽʪʨʷ ʘʙʦ ʛʘʟʫ ʟ ʪʠʩʢʦʤ ʚʽʜ 0,6 ʜʦ 1 ʄʇʘ ʟ ʪʝʨʤʽʥʦʤ ʚʽʜ 0,1 ʜʦ 0,5 ʩ. 

ʆʧʪʠʤʘʣʴʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʫʤʦʚʠ ʨʝʛʝʥʝʨʘʮʽʾ ʰʣʷʭʦʤ ʟʚʦʨʦʪʥʦʾ ʧʨʦʜʫʚʢʠ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʜʫʚʥʦʛʦ ʧʦʚʽʪʨʷ ʜʦ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ 0,2·0,5. 
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ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʛʘʟʦʚʠʭ ʬʽʣʴʪʨʽʚ 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʘʡʙʽʣʴʰʠʤ ʧʨʠʧʫʩʪʠʤʠʤ ʜʣʷ ʬʽʣʴʪʨʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʧʝʨʝʧʘʜʦʤ 

ʪʠʩʢʫ ʚʠʟʥʘʯʘʶʪʴ ʟʘʛʘʣʴʥʫ ʬʽʣʴʪʨʫʶʯʫ ʧʦʚʝʨʭʥʶ ʟʘ ʚʠʨʘʟʦʤ: 

 F = Vʩʝʢrʬ/Dʈ, 
ʜʝ Vʩʝʢ ï ʚʠʪʨʘʪʠ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ, ʤ3/ʩ; 

rʬ ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʘ, ʅÖʩ/ ʤ3; 

Dʈ ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʇʘ. 

ʊʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʬʽʣʴʪʨʘ ʤʽʞ ʦʯʠʩʪʢʘʤʠ ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 tʬ = Vʬ/ Vʩʝʢ, 
ʜʝ Vʬ ï ʦʙ'ʻʤ ʛʘʟʫ, ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʷʢʦʛʦ ʯʝʨʝʟ ʬʽʣʴʪʨ ʦʧʽʨ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. 

 

ʈʦʟʨʘʭʫʥʦʢ ʛʘʟʦʚʠʭ ʨʫʢʘʚʥʠʭ ʬʽʣʴʪʨʽʚ 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʨʫʢʘʚʥʽ ʬʽʣʴʪʨʠ ʧʨʘʮʶʶʪʴ ʧʨʘʢʪʠʯʥʦ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ, 

ʟʥʘʯʝʥʥʷ Dʈʬ = 1-3ʢʇʘ. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʨʫʢʘʚʥʠʭ ʬʽʣʴʪʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ 

ʪʢʘʥʠʥʠ ʨʫʢʘʚʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʠʣʫ, ʱʦ ʚʣʦʚʣʶʻʪʴʩʷ. ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ñʉò ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 50 ʜʦ 200 ʤ3/ʤ2Öʭʚ. (1,3·5,5)Ö10-2 ʤ3/ʤ2Öʩ. 

ʗʢʱʦ V ʦʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ, ʪʦ ʥʝʦʙʭʽʜʥʘ ʧʦʚʝʨʭʥʷ ʬʽʣʴʪʨʘʮʽʾ F 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ:  

.
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1.4 ʆʩʘʜʞʝʥʥʷ ʚ ʧʦʣʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

 

1.4.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥ̫ 

ʆʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʛʘʟʽ, ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʤʘʻ 

ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʦʩʘʜʞʝʥʥʷ. 

ɼʽʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʟʘʨʷʜʞʝʥʫ ʯʘʩʪʠʥʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʝʣʠʯʠʥʦʶ ʾʾ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. ʇʨʠ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʽ ʯʘʩʪʠʥʦʢ ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʚʜʘʻʪʴʩʷ 

ʩʪʚʦʨʶʚʘʪʠ ʟʥʘʯʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ, ʽ ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ 

ʜʫʞʝ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʘʙʦ ʚʽʜʮʝʥʪʨʦʚʦʾ 

ʩʠʣʠ. ʇʝʨʝʚʘʛʠ ʮʴʦʛʦ ʩʧʦʩʦʙʫ: 

1. ʄʦʞʣʠʚʘ ʙʫʜʴ-ʷʢʘ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʘʞ ʜʦ 100%. ɿ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʩʪʫʧʽʥʴ 

ʦʯʠʱʝʥʥʷ ʥʝ ʙʫʚʘʻ ʚʠʱʝ 99%; 

2. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʝʣʝʢʪʨʦʬʽʣʴʪʨʫ ʩʪʘʥʦʚʠʪʴ æʈ = 100 ʇʘ; 

3. ɺʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 0,05 - 0,8 ʢɺʪ ʚ ʛʦʜʠʥʫ ʥʘ 1000ʤ3 ʛʘʟʫ; 

4. ɽʣʝʢʪʨʦʬʽʣʴʪʨ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʘʛʨʝʩʠʚʥʠʭ ʛʘʟʘʭ; 

ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ. ɻʘʟʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʤʽʩʪʠʪʴ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʧʦʧʝʨʝʜʥʴʦ 

ʽʦʥʽʟʫʶʪʴ. ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʥʘʙʫʚʘʶʪʴ ʧʨʠ ʮʴʦʤʫ ʧʝʚʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. 

ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʽʦʥʽʟʦʚʘʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʤʽʞ ʜʚʦʤʘ 

ʝʣʝʢʪʨʦʜʘʤʠ, ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʠʥʢʠ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʜʦ ʧʨʦʪʠʣʝʞʥʦ 

ʟʘʨʷʜʞʝʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʦʩʘʜʞʫʶʪʴʩʷ ʥʘ ʥʠʭ. 

ɯʦʥʽʟʘʮʽʷ ʛʘʟʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

- ʩʘʤʦʩʪʽʡʥʦ, ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽʡ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʝʣʝʢʪʨʦʜʘʭ; 

- ʥʝʩʘʤʦʩʪʽʡʥʦ ï ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʦʱʦ. 
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ɺ ʪʝʭʥʽʮʽ ʛʘʟʦʦʯʠʩʪʢʠ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʟʜʽʡʩʥʶʚʘʣʠ ʪʽʣʴʢʠ ʩʘʤʦʩʪʽʡʥʫ ʽʦʥʽʟʘʮʽʶ, 

ʘʣʝ ʚʠʨʦʙʥʠʮʪʚʦ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʰʪʫʯʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʰʠʨʶʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʩʘʤʦʩʪʽʡʥʦʾ ʽʦʥʽʟʘʮʽʾ ʜʣʷ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ.  

ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʟʚʘʞʝʥʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ: ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʪʨʫʙʯʘʪʠʭ (ʘʙʦ ʧʣʘʩʪʠʥʯʘʪʠʭ) ʧʦʟʠʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʷʢʽ ʟʘʟʝʤʣʷʶʪʴʩʷ (ʨʠʩ. 1.57). 

ɺʩʝʨʝʜʠʥʽ ʪʨʫʙʯʘʪʠʭ ʝʣʝʢʪʨʦʜʽʚ (ʨʠʩ. 1.57ʘ) ʘʙʦ ʤʽʞ ʧʣʘʩʪʠʥʯʘʪʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ 

(ʨʠʩ. 1.57ʙ) ʥʘʪʷʛʫʶʪʴ ʜʨʦʪʠ, ʷʢʽ ʻ ʢʘʪʦʜʘʤʠ. 

ʗʢʱʦ ʟ'ʻʜʥʘʪʠ ʝʣʝʢʪʨʦʜʠ ʟ ʜʞʝʨʝʣʦʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʝ ʩʪʚʦʨʶʻ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 

ʨʽʟʥʠʮʶ ʧʦʪʝʥʮʽʘʣʽʚ 400-600 ʢɺ/ʤ, ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ 0,05-0,5 ʤɸ/ʤ ʜʦʚʞʠʥʠ 

ʢʘʪʦʜʘ, ʪʦ ʟʘʧʠʣʝʥʠʡ ʛʘʟ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʤʽʞ ʮʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ, ʤʘʡʞʝ ʟʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ 

ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ. 

ɺ ʧʨʦʮʝʩʘʭ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢʽ ʷʚʠʱʘ. ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʨʽʟʥʠʮʽ 

ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʪʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ (ʫʱʽʣʴʥʝʥʥʷ ʩʠʣʦʚʠʭ ʣʽʥʽʡ 

ʙʽʣʷ ʝʣʝʢʪʨʦʜʘ ʟ ʤʝʥʰʦʶ ʧʦʚʝʨʭʥʝʶ ï ʢʘʪʦʜʘ) ʚ ʰʘʨʽ ʛʘʟʫ ʙʽʣʷ ʢʘʪʦʜʘ ʫʪʚʦʨʶʻʪʴʩʷ 

ʦʜʥʦʩʪʦʨʦʥʥʽʡ ʧʦʪʽʢ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʜʦ ʘʥʦʜʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʽʪʢʥʝʥʴ ʝʣʝʢʪʨʦʥʽʚ ʟ ʥʝʡʪʨʘʣʴʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟ ʽʦʥʽʟʫʻʪʴʩʷ. ɿʦʚʥʽʰʥʴʦʶ ʦʟʥʘʢʦʶ ʻ 

ʩʷʡʚʦ ʰʘʨʫ ʛʘʟʫ ʘʙʦ ʫʪʚʦʨʝʥʥʷ ñʢʦʨʦʥʠò ʙʽʣʷ ʢʘʪʦʜʘ. 

 
ʈʠʩ.1.57 ʌʦʨʤʠ ʝʣʝʢʪʨʦʜʽʚ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽ 

ʘ ʪʘ ʧʣʘʩʪʠʥʯʘʪʦʛʦ  ʙ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ 1 ï ʢʦʨʦʥʫʶʯʽ ʝʣʝʢʪʨʦʜʠ (ʢʘʪʦʜ);  

2 ï ʦʩʘʜʞʫʚʘʣʴʥʽ ʝʣʝʢʪʨʦʜʠ (ʘʥʦʜ). 

 

ʇʨʠ ʽʦʥʽʟʘʮʽʾ ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʧʦʟʠʪʠʚʥʽ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʽ ʽʦʥʠ, ʧʦʟʠʪʠʚʥʽ ʽʦʥʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʙʽʣʷ ñʢʦʨʦʥʫʶʯʦʛʦò ʝʣʝʢʪʨʦʜʫ, ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ï ʧʨʷʤʫʶʪʴ ʟ ʚʝʣʠʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʜʦ ʘʥʦʜʫ, ʷʢʽ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʟ ʪʚʝʨʜʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʘʨʷʜʞʘʶʪʴ ʾʭ. 

ʆʪʨʠʤʘʚʰʠ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʜʦ ʘʥʦʜʫ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ, 

ʥʝʚʝʣʠʢʘ, ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʽ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʘʟʚʠʯʘʡ ʰʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʩʘʥʪʠʤʝʪʨʽʚ ʚ ʩʝʢʫʥʜʫ. ʐʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʥʷ ʜʝʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ñʝʣʝʢʪʨʠʯʥʦʛʦ ʚʽʪʨʫò, ʷʢʠʡ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʜʘʯʽ ʽʤʧʫʣʴʩʫ ʨʫʭʦʤʠʭ ʽʦʥʽʚ 

ʛʘʟʘ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʤ ʚ ʛʘʟʽ ʪʚʝʨʜʠʤ ʯʘʩʪʠʥʢʘʤ. 

ʅʘʜʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʝ 

ʟʥʘʡʜʝʥʦ, ʪʦʤʫ ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʩʠʪʴ ʥʘʙʣʠʞʝʥʦ. 

ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʜʽʻ ʥʘ ʟʘʨʷʜʞʝʥʫ ʪʚʝʨʜʫ ʯʘʩʪʠʥʢʫ ʟ ʩʠʣʦʶ: 

 F = n e0Ex, 
ʜʝ Exï ʛʨʘʜʽʻʥʪ ʧʦʪʝʥʮʽʘʣʫ, ʢɺ/ʤ;  

ʭ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ñʢʦʨʦʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʫò, ʤ; 

n ï ʯʠʩʣʦ ʟʘʨʷʜʽʚ, ʷʢʽ ʦʜʝʨʞʘʣʘ ʯʘʩʪʠʥʢʘ; 

e0 ï ʚʝʣʠʯʠʥʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʟʘʨʷʜʫ. 

ɻʨʘʜʽʻʥʪ ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ ʽʟ ʚʠʨʘʟʫ: 



69 

 

 

 

 

2 2

0

2

2
1x ê

ir r
E E

x u x

å õå õ
= + -æ öæ ö
ç ÷ ç ÷

, 

ʜʝ i0 ï ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ ʢʦʨʦʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʤɸ/ʤ; 

u ï ʨʫʭʣʠʚʽʩʪʴ ʽʦʥʽʚ, ʤ/ʩ; 

r ï ʨʘʜʽʫʩ ʝʣʝʢʪʨʦʜʘ, ʩʤ. 

ʂʨʠʪʠʯʥʠʡ ʛʨʘʜʽʻʥʪ ʥʘʧʨʫʛʠ: 

 31 9,51 /2êE = + d, 

ʜʝ d ï ʚʽʜʥʦʰʝʥʥʷ ʛʫʩʪʠʥʠ ʧʦʚʽʪʨʷ ʧʨʠ ʜʘʥʠʭ ʫʤʦʚʘʭ ʜʦ ʡʦʛʦ ʱʽʣʴʥʦʩʪʽ ʧʨʠ 25 ʉ̄ ʽ ʪʠʩʢʫ 105 ʇʘ. 

 S = F . 

ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʦʜʝʨʞʠʤʦ: 

 0 03 xd dW ne Ep m = . 

ʜʝ S ï ʩʠʣʘ ʉʪʦʢʩʘ 03S d dW= p m ; 

F ï ʩʠʣʘ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ɿʚʽʜʢʠ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ: 

 0
0

3

xne E
W

d
=
p m

. 

ʐʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʢʠ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʨʽʚʥʷʥʥʷʤ: 

 0

dx
W

d
=
t

. 

ɿʚʽʜʢʠ ʯʘʩ ʦʩʽʜʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 0

0

R

r

dx

W
t =ñ , 

ʜʝ r ï ʨʘʜʽʫʩ ʢʦʨʦʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʫ; 

R ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʢʦʨʦʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʜʦ ʧʦʚʝʨʭʥʽ ʦʩʘʜʞʫʚʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʫ. 

ɸʧʘʨʘʪʠ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʤʠ. 

 

1.4.2 ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ 

 

ɽʣʝʢʪʨʦʬʽʣʴʪʨʠ ʧʦʜʽʣʷʶʪʴ ʥʘ 2 ʛʨʫʧʠ ï ʪʨʫʙʯʘʪʽ (ʨʠʩ. 1.58) ʽ ʧʣʘʩʪʠʥʯʘʪʽ (ʨʠʩ. 1.59). 

ɿʘʧʠʣʝʥʠʡ ʛʘʟ (ʨʠʩ. 1.58) ʥʘʜʭʦʜʠʪʴ ʚ ʛʘʟʦʭʽʜ, ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʪʨʫʙʯʘʪʠʭ ʝʣʝʢʪʨʦʜʘʭ 

1, ʱʦ ʟʘʟʝʤʣʝʥʽ. ɺʩʝʨʝʜʠʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʢʦʨʦʥʫʶʯʽ ʝʣʝʢʪʨʦʜʠ 2. ɿʘʧʠʣʝʥʠʡ ʛʘʟ ɯ ʥʘʜʭʦʜʠʪʴ 

ʯʝʨʝʟ ʛʘʟʦʭʽʜ. ʆʯʠʱʝʥʠʡ ʛʘʟ ɯɯ ʚʠʭʦʜʠʪʴ ʯʝʨʝʟ ʛʘʟʦʭʽʜ. ɺ ʮʴʦʤʫ ʬʽʣʴʪʨʽ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ 

ʚʽʨʥʦ ʟʤʦʥʪʫʚʘʪʠ ʝʣʝʢʪʨʦʜʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʩʪʨʦʛʦ ʧʦ ʮʝʥʪʨʫ ʪʨʫʙʠ. 

ʆʩʘʜʞʫʶʯʽ ʝʣʝʢʪʨʦʜʠ ʚʠʨʦʙʣʷʶʪʴʩʷ ʟ ʟʘʣʽʟʘ, ʩʚʠʥʮʶ, ʬʝʨʨʦʩʽʣʽʜʘ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʰʝʩʪʠʛʨʘʥʥʦʾ ʬʦʨʤʠ. ɺ ʮʠʭ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʭ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʘ, ʥʽʞ ʚ 

ʧʣʘʩʪʠʥʯʘʩʪʠʭ ʬʽʣʴʪʨʘʭ. 

ʅʝʜʦʣʽʢʠ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ: ʪʨʫʜʥʦʱʽ ʚʠʜʘʣʝʥʥʷ ʦʩʽʣʦʛʦ ʧʠʣʫ, ʩʢʣʘʜʥʽʩʪʴ ʤʦʥʪʘʞʫ, 

ʚʝʣʠʢʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʧʨʦʚʽʜʥʠʢʽʚ. 

ʇʣʘʩʪʠʥʯʘʩʪʽ ʝʣʝʢʪʨʦʬʽʣʴʪʨʠ (ʨʠʩ. 1.59) ʙʽʣʴʰ ʟʨʫʯʥʽ ʟ ʧʦʛʣʷʜʫ ʤʦʥʪʘʞʫ. ɺ ʮʠʭ 

ʬʽʣʴʪʨʘʭ ʦʩʘʜʞʫʶʯʽ ʝʣʝʢʪʨʦʜʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʤʝʪʘʣʝʚʽ ʣʠʩʪʠ ʘʙʦ ʥʘʪʷʛʥʫʪʽ ʥʘ ʨʘʤʠ ʤʝʪʘʣʝʚʽ 

ʩʽʪʢʠ 2, ʢʦʨʦʥʫʶʯʽ ʝʣʝʢʪʨʦʜʠ ʨʦʙʣʷʪʴ ʫ ʚʠʛʣʷʜʽ ʜʨʦʪʽʚ 1. ɼʣʷ ʦʯʠʱʝʥʥʷ ʛʘʨʷʯʠʭ ʛʘʟʽʚ 

ʦʩʘʜʞʫʶʯʽ ʝʣʝʢʪʨʦʜʠ ʨʦʙʣʷʪʴ ʫ ʚʠʛʣʷʜʽ ʭʚʠʣʷʩʪʠʭ ʘʨʢʫʰʽʚ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʢʦʨʦʙʣʝʥʥʷ. ʎʽ 

ʝʣʝʢʪʨʦʬʽʣʴʪʨʠ ʙʫʚʘʶʪʴ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ. 
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ʈʠʩ. 1.58 ʊʨʫʙʯʘʪʠʡ ʝʣʝʢʪʨʦʬʽʣʴʪʨ: 

1 ï ʦʩʘʜʞʫʚʘʣʴʥʠʡ (ʪʨʫʙʯʘʪʠʡ) ʝʣʝʢʪʨʦʜ; 2 ï ʢʦʨʦʥʫʶʯʠʡ ʝʣʝʢʪʨʦʜ; 3 ï ʨʘʤʘ;  

4 ï ʩʪʨʫʰʫʶʯʠʡ ʧʨʠʩʪʨʽʡ; 5 ï ʽʟʦʣʷʪʦʨʠ; ɯ ï ʟʘʧʠʣʝʥʠʡ ʛʘʟ; ɯɯ ï ʦʯʠʱʝʥʠʡ ʛʘʟ; ɯɯɯ ï ʧʠʣ 

 

 
ʈʠʩ. 1.59 ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʽʾ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘ: 

1 ï ʢʦʨʦʥʫʶʯʽ ʝʣʝʢʪʨʦʜʠ; 2 ï ʦʩʘʜʞʫʚʘʣʴʥ ̔(ʧʣʘʩʪʠʥʯʘʪ)̔ ʝʣʝʢʪʨʦʜʠ; 3 ï ʨʘʤʘ; 4 ï ʽʟʦʣʷʪʦʨʠ;  

ɯ ï ʟʘʧʠʣʝʥʠʡ ʛʘʟ; ɯɯ ï ʦʯʠʱʝʥʠʡ ʛʘʟ; ɯɯɯ ï ʧʠʣ 

 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʦʩʘʜʞʫʶʪʴʩʷ ʽʟ ʛʘʟʫ, ʨʦʟʨʽʟʥʷʶʪʴ ʩʫʭʽ ʽ 

ʤʦʢʨʽ ʝʣʝʢʪʨʦʬʽʣʴʪʨʠ. ʇʝʨʰʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʚʽʜ ʧʠʣʫ, ʘ ʜʨʫʛʽ ï ʚʽʜ ʜʨʽʙʥʠʭ 

ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʚ ʛʘʟʽ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʠʥʦʢ, ʷʢʽ 

ʦʩʘʜʞʫʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽ, ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʚʠʙʠʨʘʶʪʴ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʢʦʨʧʫʩʫ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘ. 

 

ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ. 

1. ɿʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ʚʠʟʥʘʯʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʘʧʘʨʘʪʽ, ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ, ʯʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ ʛʘʟʫ ʚ ʘʧʘʨʘʪʽ ʽ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ. 

2. ɿʘ ʚʠʪʨʘʪʘʤʠ ʛʘʟʫ ʽ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʪʠʥ ʘʧʘʨʘʪʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʢʦʨʦʥʫʶʯʠʤ ʪʘ ʦʩʘʜʞʫʚʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʘʤʠ.  

3. ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʢʦʨʦʥʫʶʯʠʭ ʝʣʝʢʪʨʦʜʽʚ L. 

4. ʇʦ ʜʦʚʞʠʥʽ ʝʣʝʢʪʨʦʜʽʚ L ʽ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʟʥʘʭʦʜʷʪʴ ʩʠʣʫ ʩʪʨʫʤʫ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽ: 

 ɯ = ̔ L. 

5.  ɿʥʘʭʦʜʷʪʴ ʢʨʠʪʠʯʥʠʡ ʛʨʘʜʽʻʥʪ ʥʘʧʨʫʛʠ ɽʢʨ: 
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ʇʦʪʫʞʥʽʩʪʴ ʚʠʧʨʷʤʣʷʶʯʦʛʦ ʘʛʨʝʛʘʪʫ ʜʣʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘ N (ʢɺʪ) 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

N = (0,707Ö10-6)VÖIm + 0,5/h , 
ʜʝ V ï ʨʦʙʦʯʘ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʝʣʝʢʪʨʦʜʘʭ, ʢɺ; 

m ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʢʨʠʚʦʾ ʚʠʧʨʷʤʣʝʥʦʛʦ ʩʪʨʫʤʫ, ʜʦʨʽʚʥʶʻ 1,5·2,2; 

h ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʘʛʨʝʛʘʪʘ, ʜʦʨʽʚʥʶʻ 0,7·0,8. 

 

1.5 ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʧʠʣʦʚʣʦʚʣʝʥʥʷ 

 

ʉʪʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝ ʤʦʞʣʠʚʦ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʧʘʨʘʪʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʫʣʦʚʣʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʠʣʦʧʦʜʽʙʥʠʭ ʬʨʘʢʮʽʡ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʟ ʛʘʟʽʚ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʟôʷʩʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʣʦʚʣʝʥʥʷ. ɼʣʷ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʘʨʪʦʩʪʽ ʫʣʦʚʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʨʦʟʤʽʨʫ ʜʣʷ 

ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʘʧʘʨʘʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʷʢʽʩʥʽ ʢʨʠʪʝʨʽʾ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.60 ʪʘ ʪʘʙʣ.1.17.  

 
ʈʠʩ.1.60 ɿʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ, ʱʦ ʚʣʦʚʣʶʶʪʴʩʷ ʚ  

ʧʠʣʦʚʣʦʚʣʶʚʘʯʘʭ, ʚʽʜ ʝʥʝʨʛʦʚʠʪʨʘʪ: 

1 - ʦʩʘʜʞʫʚʘʣʴʥʘ ʢʘʤʝʨʘ, 2 - ʽʥʝʨʮʽʡʥʽ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ,  3 - ʟʨʦʰʫʚʘʣʴʥʘ ʢʘʤʝʨʘ, 4 ï ʝʣʝʢʪʨʦʬʽʣʴʪʨ,  

5 - ʨʫʢʘʚʥʠʡ ʬʽʣʴʪʨ, 6 ï ʮʠʢʣʦʥ, 7 ï çʤʦʢʨʠʡè ʮʠʢʣʦʥ, 8 - ʧʦʨʦʞʥʽʡ ʬʦʨʩʫʥʢʦʚʠʡ ʩʢʨʫʙʝʨ,  

9 - ʛʘʟʦʧʨʦʤʠʚʘʯ ʫʜʘʨʥʦ-ʽʥʝʨʮʽʡʥʦʾ ʜʽʾ, 10 - ʜʠʩʢʦʚʠʡ ʩʢʨʫʙʝʨ, 11 - ʥʠʟʴʢʦʥʘʧʽʨʥʠʡ ʩʢʨʫʙʝʨ ɺʝʥʪʫʨʽ,  

12 - ʚʠʩʦʢʦʥʘʧʽʨʥʠʡ ʩʢʨʫʙʝʨ ɺʝʥʪʫʨʽ (ɸ- ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʧʨʠ ʽʥʝʨʮʽʡʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ.) 

 

ʋ ʧʨʦʤʠʩʣʦʚʽʡ ʧʨʘʢʪʠʮʽ ʨʦʟʤʽʨ ʯʘʩʪʦʢ dʯ>>l  ̔ (l  ̔ - ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

ʤʦʣʝʢʫʣ ʛʘʟʫ, ʤ). ʆʧʽʨ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʨʫʩʽ ʯʘʩʪʢʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʤ 

ʉʪʦʢʩʘ: 

c ÷
ã0

3F d= pÖ  W0, 

ʜʝ W0 - ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ, ʤ/ʩ. 

ɼʣʷ ʯʘʩʪʦʢ ʟ ʨʦʟʤʽʨʘʤʠ 0,2é20 ʤʢʤ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʠʣʠ Fʩ ʚʚʦʜʠʪʴʩʷ ʢʦʨʝʢʮʽʷ 

ʂʝʥʽʥʛʘ-ʄʽʣʣʽʢʝʥʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʽʜʚʠʱʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʯʘʩʪʠʥʦʢ ʚ ʧʦʨʽʚʥʷʥʥ ̔ʟ ʩʝʨʝʜʥʴʦʶ 

ʜʦʚʞʠʥʦʶ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʛʘʟʦʚʠʭ ʤʦʣʝʢʫʣ   lʽ : 

ã 0
÷

c

ê

0
3 d W

F
Ñ

pÖm
= .  

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʮʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ: 
1,1 ÷

2i
ê

÷

1 2 (1,257 0,4 )

d

l i
l

C l
d

-

+ += . 
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ʊʘʙʣʠʮʷ. 1.17 ʇʦʨʽʚʥʷʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʧʠʣʫ ʟʛʽʜʥʦ ʨʠʩ. 1.60 

ˉ 

ʧʦʟʠʮʽʾ 

ʊʠʧ ʘʧʘʨʘʪʫ  ʉʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ 

dʩʨ, ʤʢʤ 

ɽʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ 

ʦʯʠʩʪʢʫ, ʢɺʪ/6000 ʤ3/ʛʦʜ 

1. ʇʠʣʦʦʩʘʜʞʫʚʘʣʴʥʽ ʢʘʤʝʨʠ 80 0,6 

 2.  ɯʥʝʨʮʽʡʥʽ ʚʣʦʚʣʶʚʘʯʽ 40 

3. ɿʨʦʰʫʚʘʣʴʥʘ ʢʘʤʝʨʘ 10 1,8 

4.  ɽʣʝʢʪʨʦʬʽʣʴʪʨ 0,3 2,5 ÷ 2,8 

5.  ʈʫʢʘʚʥʠʡ ʬʽʣʴʪʨ 0,5 

6. ʎʠʢʣʦʥ 30 4,8 ÷ 5,21 

7. ʄʦʢʨʠʡ ʮʠʢʣʦʥ 10 

8. ʇʦʨʦʞʥʠʩʪʠʡ ʬʦʨʩʫʥʦʯʥʠʡ ʩʢʨʫʙʝʨ 8 4,8 ÷ 5,21 

9. ɸʧʘʨʘʪʠ ʫʜʘʨʥʦ-ʽʥʝʨʮʽʡʥʦʛʦ ʪʠʧʫ 5 8,0 

10. ɼʠʩʢʦʚʠʡ ʩʢʨʫʙʝʨ 1,0 10 

11. ʅʠʟʴʢʦʥʘʧʽʨʥʠʡ ʩʢʨʫʙʝʨ ɺʝʥʪʫʨʽ 0,5 13,4 

12. ɺʠʩʦʢʦʥʘʧʽʨʥʠʡ ʩʢʨʫʙʝʨ ɺʝʥʪʫʨʽ 0,5 56,0 

 

ʋ ʪʘʙʣ.1.18 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʉʢ ʜʣʷ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʯʘʩʪʦʢ. 

 
ʊʘʙʣʠʮʷ 1.18 ʇʦʧʨʘʚʢʘ ʜʣʷ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ ʯʘʩʪʦʢ. 

dʯ,  ʤʢʤ 0,003 0,01 0,03 0.1 0,3 1,0 3,0 10,0 

ʉʢ 90,0 4,5 7,9 2,9 1,57 1,16 1,03 1,0 

 

ʅʘ ʨʠʩ. 1.61 ʥʘʚʝʜʝʥʘ ʢʦʨʝʣʷʮʽʷ ʚʘʨʪʦʩʪʽ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʣʦʚʣʝʥʥʷ 

ʧʠʣʫ, ʱʦ ʤʽʩʪʷʪʴ 30% ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 10 ʤʢʤ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʚʠʪʨʘʪʠ ʷʢ ʥʘ ʦʩʥʦʚʥʝ, ʪʘʢ ʽ ʥʘ ʜʦʧʦʤʽʞʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʦʪʦʯʥʽ ʚʠʪʨʘʪʠ, ʘ 

ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʤʦʥʪ ʽ ʘʤʦʨʪʠʟʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ʆʮʽʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʚʠʭʦʜʷʯʠ ʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 29,4 ʤ3/ʩ (1000 ʤ3/ʛʦʜ) ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʽʡ ʨʦʙʦʪʽ ʧʨʦʪʷʛʦʤ 8000 ʛʦʜ 

ʫ ʨʽʢ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ ʧʨʠʡʤʘʣʘʩʷ ʨʽʚʥʦʶ 20ęʉ, ʘ ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ - 11,5 ʛ/ʤ3. 

ɺʽʜʥʦʩʥʘ ʚʘʨʪʽʩʪʴ ʦʯʠʩʪʢʠ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1.19. 

 
ʊʘʙʣʠʮʷ 1.19 ɺʽʜʥʦʩʥʘ ʚʘʨʪʽʩʪʴ ʛʘʟʦʦʯʠʩʪʢʠ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 1000 ʤ3/ʛʦʜ. 

 ̄ ʊʠʧ ʘʧʘʨʘʪʫ ʚʽʜʥʦʩʥʘ 

ʚʘʨʪʽʩʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʣʦʚʣʶʚʘʥʥʷ,% 

1. ʆʯʠʩʪʢʘ ʚ ʙʘʪʘʨʝʡʥʦʤʫ ʮʠʢʣʦʥʽ 1 95% 

2. ɯʥʝʨʮʽʡʥʽ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ 0,55 70% 

3. ʎʠʢʣʦʥʠ ʩʝʨʝʜʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 0,7 70% 

4. ʄʦʢʨʽ ʮʠʢʣʦʥʠ 1,5 90% 

5. ʉʢʨʫʙʝʨʠ ʟ ʨʫʭʦʤʠʤ ʰʘʨʦʤ ʥʘʩʘʜʢʠ 2 95% 

6. ʅʠʟʴʢʦʥʘʧʽʨʥʽ ʩʢʨʫʙʝʨʠ ɺʝʥʪʫʨʽ 3,2 99% 

7. ɺʠʩʦʢʦʥʘʧʽʨʥʽ ʩʢʨʫʙʝʨʠ ɺʝʥʪʫʨʽ 6,0 99,5% 

8. ʈʫʢʘʚʥʽ ʬʽʣʴʪʨʠ ʽʟ ʟʚʦʨʦʪʥʴʦʶ ʧʨʦʜʫʚʢʦʶ 5,0 99,5% 
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ʈʠʩ. 1.61 ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʚʘʨʪʦʩʪʽ ʟʥʝʧʠʣʝʥʥʷ ʛʘʟʽʚ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ: 

1-ʽʥʝʨʮʽʡʥʽ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ; 2-ʮʠʢʣʦʥʠ ʩʝʨʝʜʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ; 3-ʧʨʷʤʦʪʦʯʥʽ ʮʠʢʣʦʥʠ; 4-ʮʠʢʣʦʥʠ ʚʠʩʦʢʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ; 5-ʙʘʪʘʨʝʡʥʽ ʮʠʢʣʦʥʠ; 6-ʝʣʝʢʪʨʦʬʽʣʴʪʨʠ; 7-ʨʫʢʘʚʥʽ ʬʽʣʴʪʨʠ; 8-ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʽ ʨʫʢʘʚʥʽ ʬʽʣʴʪʨʠ, 

ʱʦ ʨʝʛʝʥʝʨʫʶʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ; 9-ʬʽʣʴʪʨʠ ʟ ʟʚʦʨʦʪʥʴʦʶ ʩʪʨʫʤʝʥʝʚʦʶ ʧʨʦʜʫʚʢʦʶ; 10-

ʝʞʝʢʪʦʨʥʽ ʩʢʨʫʙʝʨʠ; 11-ʤʦʢʨʽ ʮʠʢʣʦʥʠ; 12-ʨʦʪʦʢʣʦʥʠ; 13-ʧʦʨʦʞʥʠʩʪʽ ʩʢʨʫʙʝʨʠ;  

14-ʩʢʨʫʙʝʨʠ ʟ ʨʫʭʦʤʦʶ ʢʫʣʴʦʚʦʶ ʥʘʩʘʜʢʦʶ; 15-ʩʢʨʫʙʝʨʠ ʟ ʫʜʘʨʥʦ-ʚʽʜʙʠʚʥʠʤʠ ʪʘʨʽʣʢʘʤʠ;  

16-ʜʝʟʽʥʪʝʛʨʘʪʦʨʠ; 17-ʤʦʢʨʽ ʝʣʝʢʪʨʦʬʽʣʴʪʨʠ; 18-ʥʠʟʴʢʦʥʘʧʽʨʥʽ ʩʢʨʫʙʝʨʠ ɺʝʥʪʫʨʽ; 19-ʩʝʨʜʥʴʦʥʘʧʽʨʥʽ ʱʽʣʠʥʥʽ 

ʩʢʨʫʙʝʨʠ ɺʝʥʪʫʨʽ; 20-ʩʝʨʝʜʥʴʦʥʘʧʽʨʥʽ ʩʢʨʫʙʝʨʠ ɺʝʥʪʫʨʽ 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʑʦ ʪʘʢʝ ʜʠʩʧʝʨʩʽʷ? ʗʢ ʧʦʜʽʣʷʶʪʴ ʜʠʩʧʝʨʩʽʾ ʟʘ ʘʛʨʝʛʘʪʥʠʤ ʩʪʘʥʦʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ? 

2. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ ʚʧʦʣʽ ʩʠʣ 

ʪʷʞʽʥʥʷ? 

3. ʗʢʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʦʜʝʨʞʘʪʠ ʢʨʠʪʝʨʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʦʧʠʩʫʻ ʦʩʘʜʞʝʥʥʷ 

ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʚ ʧʦʣʽ ʩʠʣ ʪʷʞʽʥʥʷ? 

4. ʗʢʘ ʫʤʦʚʘ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ? 

5. ɺʽʜ ʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʠʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ? 

6. ɺʢʘʞʽʪʴ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʥʝʜʦʣʽʢʠ ʙʘʟʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʛʘʟʦʚʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ. 

7. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʦʣʽ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ? 

8. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʫ ʩʫʪʥʽʩʪʴ ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ. 

9. ʅʘʚʝʜʽʪʴ ʙʘʟʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʢʣʦʥʽʚ. 

10. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʙʘʪʘʨʝʡʥʠʭ ʮʠʢʣʦʥʽʚ? 

11. ʅʘʚʝʜʽʪʴ ʧʦʨʷʜʦʢ ʧʨʦʝʢʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʦʥʽʚ. 

12. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʨʦʙʦʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʘ ʢʦʥʽʯʥʠʭ ʮʠʢʣʦʥʽʚ? 

13. ʇʦʷʩʥʽʪʴ ʨʦʙʦʪʫ ʘʧʘʨʘʪʘ ʽʟ ʟʫʩʪʨʽʯʥʠʤʠ ʟʘʢʨʫʯʝʥʠʤʠ ʧʦʪʦʢʘʤʠ. 

14. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʤʦʢʨʦʾ ʛʘʟʦʦʯʠʩʪʢʠ? 

15. ʅʘʚʝʜʽʪʴ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʘʧʘʨʘʪʽʚ ʜʣʷ ʤʦʢʨʦʾ ʛʘʟʦʦʯʠʩʪʢʠ. 

16. ʇʦʷʩʥʽʪʴ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʘʧʘʨʘʪʘ ʟ ʢʦʣʠʚʥʦʶ ʥʘʩʘʜʢʦʶ. 

17. ʗʢʘ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʣʷ ʘʧʘʨʘʪʽʚ ʤʦʢʨʦʾ ʛʘʟʦʦʯʠʩʪʢʠ ʪʠʧʫ "ʉʀʆʊ"? 

18. ʋ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʢʨʫʙʝʨ ɺʝʥʪʫʨʽ? 

19. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʫ ʩʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʛʘʟʽʚ ʯʝʨʝʟ ʧʦʨʠʩʪʫ ʧʝʨʝʛʦʨʦʜʢʫ. 

20. ʅʘʚʝʜʽʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʝʨʝʛʦʨʦʜʢʠ. 

21. ʉʬʦʨʤʫʣʶʡʪʝ ʚʠʤʦʛʠ ʜʦ ʧʦʨʠʩʪʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʪʘ ʥʘʚʝʜʽʪʴ ʧʨʠʢʣʘʜʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜ 

ʪʢʘʥʠʥʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʜʦ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

22. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʦʟʜʽʣʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ? 

23. ʅʘʚʝʜʽʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ. 

24. ʗʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʘ ʽʦʥʽʟʘʮʽʷ ʛʘʟʫ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʭ? 

25. ʗʢ ʟʤʽʥʶʶʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʦʯʠʩʪʢʫ ʛʘʟʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʣʦʚʣʶʶʪʴʩʷ? 
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ɻʣʘʚʘ 2 ʈʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʨʽʜʢʠʭ ʩʫʤʽʰʝʡ 
 

2.1 ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

 

ʇʦʨʷʜ ʟ ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʛʘʟʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʽʩʥʫʶʪʴ ʥʝʦʜʥʦʨʽʜʥʽ 

ʨʽʜʢʽ ʩʠʩʪʝʤʠ. 

ɺ ʮʠʭ ʩʠʩʪʝʤʘʭ ʜʠʩʧʝʨʩʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ï ʨʽʜʠʥʘ, ʘ ʜʠʩʧʝʨʩʥʘ ʬʘʟʘ ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ. 

ɺ ʨʦʟʜʽʣʽ 1.1 ʥʘʚʦʜʠʣʘʩʴ ʜʝʪʘʣʴʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ. 

ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʨʦʟʜʽʣʝʥʥʷ ʪʘʢʠʭ ʩʠʩʪʝʤ: 

1.  ʆʩʘʜʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ; 

2.  ʌʽʣʴʪʨʘʮʽʷ ʯʝʨʝʟ ʧʦʨʠʩʪʫ ʧʝʨʝʛʦʨʦʜʢʫ. 

3.  ʆʩʘʜʞʝʥʥʷ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ; 

 

2.2 ʆʩʘʜʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ. ɺʽʜʩʪʦʶʚʘʥʥʷ 

 

ʇʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ (ʚʽʜʩʪʦʶʚʘʥʥʷ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ 

ʧʨʦʮʝʩʫ ʚ ʛʘʟʦʚʠʭ ʚʽʜʩʪʽʡʥʠʢʘʭ. ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʦʩʘʜʞʫʶʪʴʩʷ ʥʘ ʜʥʦ ʚʽʜʩʪʽʡʥʠʢʘ, 

ʫʪʚʦʨʶʶʯʠ ʰʘʨ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ - ʦʩʘʜ. 

ʅʘʜ ʦʩʘʜʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ, ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʽ ʟʚʘʞʝʥʽ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ, ʘ 

ʚʠʱʝ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʰʘʨ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ, (ʨʠʩ. 2.1).  

 

 
 

ʈʠʩ. 2.1 ʈʽʜʠʥʥʠʡ ʚʽʜʩʪʽʡʥʠʢ: 

1 ï ʦʩʘʜ; 2 ï ʧʝʨʝʭʽʜʥʘ ʦʙʣʘʩʪʴ; 3 ï ʦʩʚʽʪʣʝʥʘ ʨʽʜʠʥʘ 

 

ʇʨʦʮʝʩ ʟʣʠʚʫ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ ʥʘʟʠʚʘʻʪʴʩʷ ʜʝʢʘʥʪʘʮʽʻʶ ʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ 

ʙʝʟʧʝʨʝʨʚʥʦ ʘʙʦ ʧʝʨʽʦʜʠʯʥʦ. ʉʪʨʫʢʪʫʨʘ ʦʩʘʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. ɻʨʫʙʽ 

ʩʫʩʧʝʥʟʽʾ ʫʪʚʦʨʶʶʪʴ ʱʽʣʴʥʠʡ ʦʩʘʜ ʽ ʪʦʤʫ ʜʦʙʨʝ ʨʦʟʤʝʞʦʚʫʶʪʴʩʷ ʤʽʞ ʦʩʘʜʦʤ ʽ ʯʠʩʪʦʶ 

ʨʽʜʠʥʦʶ (ʚʦʜʘ ʽ ʧʽʩʦʢ). ɺ ʪʦʥʢʠʭ ʩʫʩʧʝʥʟʽʷʭ ʥʝʤʘʻ ʛʨʘʥʠʮʽ ʤʽʞ ʦʩʘʜʦʤ ʽ ʨʽʜʠʥʦʶ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ ʜʦ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʫʩʧʝʥʟʽʾ. 

ʇʨʠ ʚʽʜʩʪʦʶʚʘʥʥʽ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʪʠʧʠ ʦʩʘʜʞʝʥʥʷ: ʚʽʣʴʥʝ ʽ ʩʪʩ̔ʥʝʥʝ. 

1. ʇʨʠ ʚʽʣʴʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʦʩʽʜʘʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʽʥʰʠʭ. 

2. ʉʪʽʩʥʝʥʝ ʦʩʘʜʞʝʥʥʷ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʨʦʟʜʽʣʝʥʥʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʫʩʧʝʥʟʽʾ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʯʘʩʪʠʥʢʠ ʩʪʠʢʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʾʭ ʦʩʘʜʞʝʥʥʷ. ʐʚʠʜʢʽʩʪʴ 

ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʩʪʽʩʥʝʥʦʤʫ ʦʩʘʜʞʝʥʥʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʐʚʠʜʢʽʩʪʴ ʩʪʽʩʥʝʥʦʛʦ ʦʩʘʜʞʝʥʥʷ wʩʪ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʚʝʜʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ æ ʫ ʩʫʩʧʝʥʟʽʾ ʽ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

 2 3

ñò 0w w -4,5 20,25 (1 ) ,
è ø
é ù
é ùê ú

= D+ D + -D 

ʜʝ w0 ï ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʚʽʣʴʥʦʤʫ ʦʩʘʜʞʝʥʥʽ; 

D ï ʧʨʠʚʝʜʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ: cõ / òD= r r;  ʜʝ ʭ ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʪʚʝʨʜʦʾ ʬʘʟʠ; ɟʩ, ɟʪ ï ʚʽʜʧʦʚʽʜʥʦ ʛʫʩʪʠʥʘ 

ʩʫʩʧʝʥʟʽʾ ʽ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʥʽʡ. 

 

2.2.1 ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʽʜʠʥʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 
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ʇʦʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʫ ʚʽʜʩʪʽʡʥʠʢ, ʯʝʨʝʟ ʄʩ ʢʛ, ʘ ʚʤʽʩʪ ʪʚʝʨʜʦʾ 

ʨʝʯʦʚʠʥʠ ʚ ʥʽʡ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʭʩ (ʤʘʩʦʚʽ ʚʽʜʩʦʪʢʠ). ʄʘʩʫ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ ʧʦʟʥʘʯʠʤʦ 

ʯʝʨʝʟ ʄʨ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚ ʥʽʡ ʪʚʝʨʜʦʾ ʬʘʟʠ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʭʪ. ʄʘʩʫ ʦʩʘʜʫ ʽ ʚʤʽʩʪ ʪʚʝʨʜʦʾ 

ʬʘʟʠ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ʄ0  ̔ʭ0, (ʨʠʩ. 2.2).  

 

 
 

ʈʠʩ. 2.2 ʉʭʝʤʘ ʤʘʪʝʨʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ ʨʽʜʠʥʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ: 

ʟʘ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ: 

 ʄʩ=ʄʨ+ʄ0  (2.1) 
ʟʘ ʪʚʝʨʜʦʶ ʬʘʟʦʶ: 

 ʄʩʭʩ=ʄʨʭʨ+ʄ0ʭ0 .  

ʇʨʠʡʤʘʻʤʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʚʽʪʣʝʥʽʡ ʨʽʜʠʥʽ ʭʨ=0. ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2.1) 

ʤʘʻ ʚʠʛʣʷʜ: 

 ʄʩʭʩ=ʄ0ʭ0, 

ʟʚʽʜʢʠ  

 
0

c
c0

x

x
MM =   (2.2) 

ʊʦʙʪʦ ʚʩʽ ʪʚʝʨʜʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʙʫʣʠ ʚ ʩʫʩʧʝʥʟʽʾ ʜʦ ʚʽʜʩʪʦʶʚʘʥʥʷ, ʧʝʨʝʡʰʣʠ ʚ ʦʩʘʜ. ɿ 

ʨʽʚʥʷʥʥʷ (2.1) ʚʠʟʥʘʯʘʻʤʦ ʢʽʣʴʢʽʩʪʴ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ: 

  ;0cʨ MMM -=  (2.3) 

ɺʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ ʨʽʚʥʷʥʥʷ (2.2), ʦʜʝʨʞʠʤʦ: 

 ( )
0

c
c

0

c
ccʨ

x

x
1M

x

x
MMM -=-=    

 

2.2.1.1 ʈʦʟʨʘʭʫʥʦʢ ʨʽʜʠʥʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʩʪʽʡʥʠʢʘ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʦʚʝʨʭʥʶ ʦʩʘʜʫ, ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ 

ʘʧʘʨʘʪʘ, (ʨʠʩ. 2.3). ɼʣʷ ʮʴʦʛʦ ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʜʣʷ ʛʘʟʦʚʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ 

 0 0 .V F w=  

ʗʢʱʦ ʚʠʩʦʪʘ ʰʘʨʫ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ h, ʘ ʧʦʚʝʨʭʥʷ ʚʽʜʩʪʽʡʥʠʢʘ F, ʪʦ ʦʙôʻʤ ʨʽʜʠʥʠ, ʱʦ 

ʟʣʠʚʘʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ : 

 0 ,F h V=  

ʟʚʽʜʩʠ ʦʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 0 ,P

F h
V =

t
 

ʷʢʱʦ Ű ï ʯʘʩ ʦʩʘʜʞʝʥʥʷ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚʠʨʘʟʠʪʴʩʷ: 

 0 .
h

W =
t

 

  

ʄʨ, ʭʨ 

  
   

ʄ 0  ,  x 0   

ʄ ʩ  ,  x ʩ   
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ʈʠʩ. 2.3. ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʨʽʜʠʥʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

 

ʊʦʙʪʦ ʧʦʚʝʨʭʥʷ ʦʩʘʜʞʝʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ:  

 0

0

.
pV

F
w
=  (2.4) 

ʆʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ ʚʠʨʘʟʠʤʦ ʯʝʨʝʟ ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʨʽʜʠʥʠ: 

 .
ð

ð

p

M
V =

r
 (2.5) 

ʇʽʜʩʪʘʚʠʤʦ ʚʠʨʘʟ (2.5) ʜʦ ʨʽʚʥʷʥʥʷ (2.4) ʽ ʦʜʝʨʞʠʤʦ: 

 0

0

.
ð

p

M
F

w
=
r

  (2.6) 

ʇʽʜʩʪʘʚʠʤʦ ʫ ʚʠʨʘʟ (2.6) ʚʠʨʘʟ ʟ ʨʽʚʥʷʥʥʷ (2.3): 

 c c

0

ð 0 0

M x
F 1,33 1

w x

å õ
-æ ö

r ç ÷
= ,   

ʢʦʝʬʽʮʽʻʥʪ 1,33 ï ʜʦʩʣʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʫʤʦʚʠ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ.  

 

2.2.1.2 ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʜʠʥʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ. 

ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʨʦʟʨʽʟʥʷʶʪʴ: ʚʽʜʩʪʽʡʥʠʢʠ ʧʝʨʽʦʜʠʯʥʦʾ, ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʦʾ ʽ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ.  

 

ɺʽʜʩʪʽʡʥʠʢʠ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. 

 

ʉʫʩʧʝʥʟʽʷ ʟʘʣʠʚʘʻʪʴʩʷ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʩʧʦʢʦʾ (ʨʠʩ. 2.4). ʆʩʘʜ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ ʟ 

ʥʠʞʥʴʦʛʦ ʢʦʥʫʩʘ. ʈʽʜʠʥʘ ʟʣʠʚʘʻʪʴʩʷ ʯʝʨʝʟ ʩʠʬʦʥʥʫ ʪʨʫʙʢʫ ʘʙʦ ʯʝʨʝʟ ʢʨʘʥʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʚʽʜʩʪʽʡʥʠʢʘ. 

 
ʈʠʩ. 2.4 ʉʭʝʤʘ ʚʽʜʩʪʽʡʥʠʢʘ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʧʦʧʣʘʚʦʢ; 3 ï ʛʥʫʯʢʠʡ ʰʣʘʥʛ 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʩʫʩʧʝʥʟʽʶ ʯʘʩʪʦ ʧʽʜʽʛʨʽʚʘʶʪʴ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʚ'ʷʟʢʽʩʪʴ ʩʫʩʧʝʥʟʽʾ, ʘ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʅʘʛʨʽʚʘʶʯʠ ʝʣʝʤʝʥʪʠ 

ʜʦʮʽʣʴʥʦ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʚʽʜʩʪʽʡʥʠʢʘ. ɿʤʽʡʦʚʠʢ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʨʚ̔ʥʦʤʽʨʥʦ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ. ʗʢʱʦ ʥʘʛʨʽʚʘʶʯʠʡ ʝʣʝʤʝʥʪ ʨʦʟʪʘʰʫʚʘʪʠ ʟʥʠʟʫ, ʪʦ ʦʩʘʜʞʫʚʘʥʥʷ 

ʙʫʜʝ ʡʪʠ ʧʦʚʽʣʴʥʦ, ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʨʫʤʝʥʽ ʨʽʜʠʥʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʦʩʘʜʞʝʥʥʶ. ʊʘʢʽ ʚʽʜʩʪʽʡʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʽʨʠʜʠʥʦʚʠʭ 

ʦʩʥʦʚ ʤʝʪʦʜʦʤ ʚʽʜʩʪʦʶʚʘʥʥʷ, ʧʨʠ ʦʯʠʱʝʥʥʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʧʨʠ ʚʽʜʩʪʦʶʚʘʥʥʽ ʧʠʪʥʦʾ ʚʦʜʠ.  

 

ɺʽʜʩʪʽʡʥʠʢ ʟ ʧʦʭʠʣʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ  

h ʨʽʜʠʥʘ 

ʦʩʘʜ 
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ɺʠʭʽʜʥʘ ʩʫʩʧʝʥʟʽʷ (ʨʠʩ. 2.5) ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨ 1 ʚ ʢʦʨʧʫʩ 2 ʘʧʘʨʘʪʘ, ʚʩʝʨʝʜʠʥʽ 

ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʭʠʣʽ ʧʝʨʝʛʦʨʦʜʢʠ 3, ʱʦ ʥʘʧʨʘʚʣʷʶʪʴ ʧʦʪʽʢ ʧʦʧʝʨʝʯʥʦ ʚʚʝʨʭ ʽ ʚʥʠʟ. 

ʅʘʷʚʥʽʩʪʴ ʧʝʨʝʛʦʨʦʜʦʢ ʟʙʽʣʴʰʫʻ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʨʽʜʠʥʠ ʽ ʧʦʚʝʨʭʥʶ ʦʩʘʜʞʝʥʥʷ ʚ ʘʧʘʨʘʪʽ. 

ʆʩʘʜ ʟʙʠʨʘʻʪʴʩʷ ʚ ʢʦʥʽʯʥʠʭ ʜʥʠʱʘʭ 4, ʟʚʽʜʢʠ ʧʝʨʽʦʜʠʯʥʦ ʚʠʜʘʣʷʻʪʴʩʷ, ʘ ʦʩʚʽʪʣʝʥʘ ʨʽʜʠʥʘ 

ʙʝʟʧʝʨʝʨʚʥʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʚʽʜʩʪʽʡʥʠʢʘ ʯʝʨʝʟ ʰʪʫʮʝʨ 5.  

 
 

ʈʠʩ. 2.5 ʂʦʥʩʪʨʫʢʮʽʷ ʚʽʜʩʪʽʡʥʠʢʘ ʟ ʧʦʭʠʣʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʥʘʧʽʚʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ: 

1 ï ʚʭʽʜʥʠʡ ʰʪʫʮʝʨ; 2 ï ʢʦʨʧʫʩ; 3 ï ʧʦʭʠʣʽ ʧʝʨʝʛʦʨʦʜʢʠ; 4 ï ʢʦʥʽʯʥʝ ʜʥʠʱʝ; 5 ï ʚʠʭʽʜʥʠʡ ʰʪʫʮʝʨ 

 

ɺʽʜʩʪʽʡʥʠʢ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʛʨʝʙʽʥʯʘʩʪʦʶ ʤʽʰʘʣʢʦʶ. 

ɺ ʚʽʜʩʪʽʡʥʠʢʘʭ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʧʦʜʘʯʘ ʩʫʩʧʝʥʟʽʾ, ʟʣʠʚ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ ʡ ʚʠʜʘʣʝʥʥʷ 

ʦʩʘʜʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʙʝʟʫʧʠʥʥʦ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʮʽ ʘʧʘʨʘʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʦʜʥʦ-, ʜʚʦ- ʽ 

ʙʘʛʘʪʦʷʨʫʩʥʠʤʠ. 

ɺʝʣʠʢʝ ʧʦʰʠʨʝʥʥʷ ʚ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʜʝʨʞʘʣʠ ʦʜʥʦʷʨʫʩʥʽ ʛʨʝʙʢʦʚʽ 

ʚʽʜʩʪʽʡʥʠʢʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, (ʨʠʩ. 2.6). ʎʽ ʘʧʘʨʘʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʚʠʩʦʢʽ 

ʮʠʣʽʥʜʨʠʯʥʽ ʨʝʟʝʨʚʫʘʨʠ ʽʟ ʟʣʝʛʢʘ ʢʦʥʽʯʥʠʤ ʜʥʠʱʝʤ. ɹʽʣʷ ʚʝʨʭʥʴʦʛʦ ʢʨʘʶ ʨʝʟʝʨʚʫʘʨʘ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʢʽʣʴʮʝʚʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʞʦʣʦʙ ʜʣʷ ʚʽʜʚʦʜʫ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ.  

 
ʈʠʩ. 2.6. ʉʭʝʤʘ ʦʜʥʦʷʨʫʩʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʛʨʝʙʽʥʯʘʩʪʦ  ʁʤʽʰʘʣʢʦʶ 

 

ɺʩʝʨʝʜʠʥʽ ʨʝʟʝʨʚʫʘʨʘ ʻ ʛʨʝʙʢʦʚʽ ʤʽʰʘʣʢʠ, ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ ʽʟ ʯʘʩʪʦʪʦʶ 2,5-200 ʦʙ/ʭʚ. 

ʉʫʩʧʝʥʟʽʷ ʙʝʟʫʧʠʥʥʦ ʧʦʜʘʻʪʴʩʷ ʟʚʝʨʭʫ ʯʝʨʝʟ ʪʨʫʙʫ, ʦʩʚʽʪʣʝʥʘ ʨʽʜʠʥʘ ʩʪʽʢʘʻ ʯʝʨʝʟ ʚʝʨʭʥʽʡ 

ʞʦʣʦʙ, ʘ ʟʛʫʱʝʥʘ ʩʫʩʧʝʥʟʽʷ ʦʩʽʜʘʻ ʥʘ ʜʥʠʱʽ ʡ ʧʦʚʽʣʴʥʦ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʛʨʝʙʢʘʤʠ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʘʪʨʫʙʢʘ, ʯʝʨʝʟ ʷʢʠʡ ʚʽʜʢʘʯʫʻʪʴʩʷ ʜʽʘʬʨʘʛʤʦʚʠʤ ʥʘʩʦʩʦʤ. ʗʢ ʚʠʜʥʦ ʟ (ʨʠʩ. 2.6), 

ʫ ʚʽʜʩʪʽʡʥʠʢʫ ʧʦ ʚʠʩʦʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʪʨʠ ʨʽʟʢʦ ʨʽʟʥʽ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʟʦʥʠ: ʟʦʥʘ ʚʠʩʦʪʦʶ h1 

ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʣʴʥʝ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ; ʟʦʥʘ ʚʠʩʦʪʦʶ h2 ʟʛʫʱʝʥʥʷ 

ʩʫʩʧʝʥʟʽʾ (ʰʣʘʤ); ʟʦʥʘ ʚʠʩʦʪʦʶ h3 ʨʦʟʪʘʰʫʚʘʥʥʷ ʣʦʧʘʪʝʡ ʤʽʰʘʣʢʠ. ɺʽʜʩʪʽʡʥʠʢʠ ʮʴʦʛʦ ʪʠʧʫ 

ʚʠʢʦʥʫʶʪʴ ʜʽʘʤʝʪʨʦʤ ʜʦ  

100 ʤ; ʾʭʥʷ ʛʦʜʠʥʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻ 125 ʪ ʦʩʘʜʫ. ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʦʜʥʦʷʨʫʩʥʠʭ 

ʛʨʝʙʽʥʯʘʩʪʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ ï ʛʨʦʤʽʟʜʢʽʩʪʴ. 

ʆʢʨʽʤ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʜʽʾ, ʛʨʝʙʢʦʚʽ ʚʽʜʩʪʽʡʥʠʢʠ ʤʘʶʪʴ ʪʘʢʽ ʧʝʨʝʚʘʛʠ:  

1) ʨʽʚʥʦʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ ʦʩʘʜʫ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʨʝʛʫʣʶʚʘʥʥʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʚʽʜʢʘʯʫʚʘʥʦʛʦ ʥʘʩʦʩʘ, 2) ʢʨʘʱʝ ʟʥʝʚʦʜʥʶʚʘʥʥʷ ʦʩʘʜʫ ʧʨʠ ʣʝʛʢʦʤʫ ʟʙʦʚʪʫʚʘʥʥʽ ʟʛʫʱʝʥʦʾ 

ʩʫʩʧʝʥʟʽʾ ʤʽʰʘʣʢʦʶ, 3) ʤʝʭʘʥʽʟʘʮʽʷ ʧʨʦʮʝʩʫ (ʦʜʠʥ ʨʦʙʽʪʥʠʢ ʤʦʞʝ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʜʦ 40 

ʘʧʘʨʘʪʽʚ). 
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ɹʘʛʘʪʦʷʨʫʩʥʽ ʚʽʜʩʪʽʡʥʠʢʠ 

ɿʥʘʯʥʦ ʙʽʣʴʰʦʶ ʢʦʤʧʘʢʪʥʽʩʪʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʚʦʭôʷʨʫʩʥʽ ʽ ʙʘʛʘʪʦʷʨʫʩʥʽ  ʚʽʜʩʪʽʡʥʠʢʠ, 

ʷʢʽ ʤʘʶʪʴ ʜʝʢʽʣʴʢʘ ʚʽʜʜʽʣʝʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʜʥʝ ʥʘʜ ʽʥʰʠʤ. ʋ ʮʠʭ ʘʧʘʨʘʪʘʭ ʚʝʨʭʥʽ ʡ ʥʠʞʥʽ 

ʚʽʜʜʽʣʝʥʥʷ ʟ'ʻʜʥʘʥʽ ʪʨʫʙʦʶ, ʷʢʘ ʦʧʫʱʝʥʘ ʥʠʞʯʝ ʨʽʚʥʷ ʟʛʫʱʝʥʦʾ ʩʫʩʧʝʥʟʽʾ ʚ ʥʠʞʥʴʦʤʫ 

ʚʽʜʜʽʣʝʥʥʽ ʘʧʘʨʘʪʘ, ʘ ʟʛʫʱʝʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜʢʘʯʫʻʪʴʩʷ ʪʽʣʴʢʠ ʟ ʥʠʞʥʴʦʛʦ ʚʽʜʜʽʣʝʥʥʷ. ʆʩʚʽʪʣʝʥʘ 

ʨʽʜʠʥʘ ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʞʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʘʧʘʨʘʪʘ. ʋ ʪʘʢʦʤʫ ʚʽʜʩʪʽʡʥʠʢʫ 

ʪʠʩʢ ʩʪʦʚʧʘ ʙʽʣʴʰ ʚʘʞʢʦʾ ʩʫʩʧʝʥʟʽʾ ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ ʙʽʣʴʰʝ ʚʠʩʦʢʠʤ ʩʪʦʚʧʦʤ ʩʫʩʧʝʥʟʽʾ, ʱʦ 

ʟʛʫʱʘʻʪʴʩʷ, ʽ ʨʦʟʧʦʜʽʣ ʞʠʚʣʝʥʥʷ. ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ. ɿʤʽʥʦʶ ʚʠʩʦʪʠ ʦʩʪʘʥʥʴʦʛʦ ʤʦʞʥʘ 

ʨʝʛʫʣʶʚʘʪʠ ʚʠʩʦʪʫ ʩʪʦʚʧʘ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʟʛʫʱʘʻʪʴʩʷ, ʽ ʨʦʟʧʦʜʽʣ ʞʠʚʣʝʥʥʷ. 

ʇʨʠ ʚʽʜʩʪʦʶʚʘʥʥʽ ʩʫʩʧʝʥʟʽʾ ʚ ʘʧʘʨʘʪʘʭ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʮʽʥʥʦʾ 

ʨʽʜʠʥʠ ʚʽʜʚʦʜʠʪʴʩʷ ʨʘʟʦʤ ʟ ʦʩʘʜʦʤ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʤʘʡʞʝ ʚʩʽʻʾ ʨʽʜʠʥʠ ʽʟ 

ʩʫʩʧʝʥʟʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʤʽʞʥʝ ʧʨʦʤʠʚʘʥʥʷ ʦʩʘʜʫ. ʋ ʙʘʛʘʪʦʷʨʫʩʥʠʡ ʚʽʜʩʪʽʡʥʠʢ ʽʟ 

ʧʨʦʤʽʞʥʠʤ ʧʨʦʤʠʚʘʥʥʷʤ ʦʩʘʜʫ, (ʨʠʩ. 2.7), ʩʫʩʧʝʥʟʽʷ ʙʝʟʧʝʨʝʨʚʥʦ ʧʦʜʘʻʪʴʩʷ ʜʦ ʚʝʨʭʥʴʦʛʦ 

ʷʨʫʩʫ. 

ʉʚʽʞʘ ʧʨʦʤʠʚʥʘ ʨʽʜʠʥʘ ʟ ʙʘʯʢʽʚ ʥʘʜʭʦʜʠʪʴ ʜʦ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʧʝʨʝʜʦʩʪʘʥʥʴʦʛʦ ʷʨʫʩʫ. 

ʆʩʚʽʪʣʝʥʘ ʨʽʜʠʥʘ ʟ ʚʝʨʭʥʴʦʛʦ ʷʨʫʩʫ ʙʝʟʧʝʨʝʨʚʥʦ ʚʠʜʘʣʷʻʪʴʩʷ ʧʦ ʞʦʣʦʙʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʚʛʦʨʽ ʚʽʜʩʪʽʡʥʠʢʘ. ɿʛʫʱʝʥʠʡ ʦʩʘʜ ʟʙʠʨʘʻʪʴʩʷ ʚ ʧʘʩʪʮʽ 2, ʱʦ ʧʝʨʝʙʫʚʘʻ ʙʽʣʷ ʜʥʠʱʘ ʷʨʫʩʫ. 

ʉʶʜʠ ʞ ʧʦʜʘʻʪʴʩʷ ʧʨʦʤʠʚʥʘ ʨʽʜʠʥʘ ʟ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʠʞʯʝ ʷʨʫʩʫ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʠʡ ʙʘʯʦʢ 4 

ʽ ʪʨʫʙʦʧʨʦʚʽʜ 6. ʇʨʦʤʠʚʥʦʶ ʚʦʜʦʶ ʦʩʘʜ ʚʠʤʠʚʘʻʪʴʩʷ ʡ ʥʘʜʭʦʜʠʪʴ ʥʘ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʠʞʯʝ 

ʷʨʫʩ, ʜʝ ʟʥʦʚʫ ʚʽʜʩʪʦʶʻʪʴʩʷ, ʧʨʦʤʠʚʘʻʪʴʩʷ ʽ ʪ.ʜ. ʇʨʦʤʠʪʠʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʦʩʘʜ ʚʠʪʽʢʘʻ ʯʝʨʝʟ 

ʧʘʪʨʫʙʦʢ 7, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʥʠʱʽ ʥʠʞʥʴʦʛʦ ʷʨʫʩʫ ʘʧʘʨʘʪʘ, ʘ ʧʨʦʤʠʚʥʘ ʨʽʜʠʥʘ ʟ 

ʚʝʨʭʥʴʦʛʦ ʷʨʫʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʡ ʪʘ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʮʽʣʝʡ. 

 

 
ʈʠʩ. 2.7. ʉʭʝʤʘ ʙʘʛʘʪʦʷʨʫʩʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʧʨʦʤʽʞʥʠʤ ʧʨʦʤʠʚʘʥʥʷʤ ʦʩʘʜʫ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʚʣʦʚʣʶʚʘʯ; 3, 4 ï ʙʘʯʢʠ ʜʣʷ ʧʨʦʤʠʚʘʥʥʷ ʨʽʜʠʥʠ; 5 ï ʙʘʯʦʢ ʜʣʷ ʩʚʽʞʦʾ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ;  

6- ʪʨʫʙʦʧʨʦʚʦʜʠ; 7 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ 
ʇʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʫ ʨʽʜʠʥʥʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ. 

1.  ɿʘʜʘʶʪʴʩʷ ʩʪʫʧʝʥʝʤ ʦʯʠʱʝʥʥʷ. 

2. ɿʥʘʶʯʠ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʯʘʩʪʠʥʦʢ ʟʥʘʭʦʜʷʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʱʦ  

     ʧʽʜʣʷʛʘʶʪʴ ʦʩʘʜʞʝʥʥʶ. 

3. ɼʣʷ ʮʴʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʨʦʟʨʘʭʦʚʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ w0. 

4. ɺʠʭʦʜʷʯʠ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʨʘʭʦʚʫʶʪʴ ʧʦʚʝʨʭʥʶ ʦʩʘʜʞʝʥʥʷ ʽ 

ʨʦʟʤʽʨʠ ʚʽʜʩʪʽʡʥʠʢʘ. 

 

2.3. ʌʽʣʴʪʨʘʮʽʷ ʩʫʩʧʝʥʟʽʡ 

 

2.3.1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

 

ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʥʘʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 2.8). ɺ ʟʘʛʘʣʴʥʦʤʫ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ 

ʬʽʣʴʪʨ ʷʚʣʷʻ ʩʦʙʦʶ ʻʤʥʽʩʪʴ, ʢʦʨʧʫʩ 1 ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʫʶʯʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ 

4.  

ʉʫʩʧʝʥʝʟʽʷ 
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ʈʠʩ. 2.8 ʉʭʝʤʘ ʬʽʣʴʪʨʘ ʧʨʠ ʨʦʟʜʽʣʝʥʥʽ ʩʫʩʧʝʥʟʽʾ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʩʫʩʧʝʥʟʽʷ; 3 ï ʦʩʘʜ; 4 ï ʬʽʣʴʪʨʫʶʯʘ ʧʝʨʝʛʦʨʦʜʢʘ; 5 ï ʬʽʣʴʪʨʘʪ 

 

ʉʫʩʧʝʥʟʽʷ 2 ʥʘʜʭʦʜʠʪʴ ʫ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʻʤʥʦʩʪʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ 

ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʢʦʥʪʘʢʪʫʚʘʣʘ ʟ ʬʽʣʴʪʨʫʶʯʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ.  

ʅʘ ʬʽʣʴʪʨʫʶʯʽʡ ʧʝʨʝʛʦʨʦʜʮʽ ʪʘ ʧʽʩʣʷ ʥʝʾ ʩʪʚʦʨʶʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʨʽʟʥʠʮʶ ʪʠʩʢʽʚ  

Dʈ = ʈ1 ï ʈ2. ʇʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʪʠʩʢʫ ʨʽʜʠʥʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʨʠ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, 

ʫʪʚʦʨʶʶʯʠ ʬʽʣʴʪʨʘʪ 5. ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʟʘʪʨʠʤʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ 

4, ʫʪʚʦʨʶʶʯʠ ʦʩʘʜ 3.  

ʆʪʞʝ, ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʡ ʰʣʷʭʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʾʭ 

ʯʝʨʝʟ ʧʦʨʠʩʪʫ ʧʝʨʝʛʦʨʦʜʢʫ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʪʘ ʚʦʣʦʢʥʠʩʪʠʭ ʩʫʩʧʝʥʟʽʡ. 

ʇʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʘʙʦ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ. 

ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ:  

1. ʌʽʣʴʪʨʘʮʽʷ ʯʝʨʝʟ ʧʝʨʝʛʦʨʦʜʢʫ, ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ ʥʘ ʧʝʨʝʛʦʨʦʜʮʽ. 

2. ʌʽʣʴʪʨʘʮʽʷ ʯʝʨʝʟ ʰʘʨ ʦʩʘʜʫ ʽ ʯʝʨʝʟ ʧʝʨʝʛʦʨʦʜʢʫ. 

ʊʦʚʱʠʥʘ ʰʘʨʫ ʦʩʘʜʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʷʢʽʩʪʴ 

ʬʽʣʴʪʨʘʪʫ. ʇʨʠ ʬʽʣʴʪʨʘʮʽʾ ʚʠʩʦʪʘ ʦʩʘʜʫ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ, ʘʣʝ ʟʤʝʥʰʫʻ ʡʦʛʦ 

ʰʚʠʜʢʽʩʪʴ. 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ï ʢʽʣʴʢʽʩʪʴ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ (ʬʽʣʴʪʨʘʪʫ), ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

1 ʤ2 ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, 
ʩʤ

ʤ
2

3

Ö
: 

t
=

Fd

dV
Wf , 

ʜʝ F ï ʧʦʚʝʨʭʥʷ ʬʽʣʴʪʨʘʮʽʾ; dV ï ʦʙ'ʻʤ ʬʽʣʴʪʨʘʪʫ; dt - ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ.  

 

ʌʘʢʪʦʨʠ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ. 

1. ʊʦʚʱʠʥʘ ʰʘʨʫ ʦʩʘʜʫ. ʏʠʤ ʙʽʣʴʰʝ ʚʠʩʦʪʘ ʦʩʘʜʫ, ʪʠʤ ʤʝʥʰʘ ʰʚʠʜʢʽʩʪʴ, ʘʣʝ ʩʪʫʧʽʥʴ 

ʦʯʠʱʝʥʥʷ ʚʠʱʝ. 

2. ʉʪʨʫʢʪʫʨʘ ʦʩʘʜʫ. ʏʠʤ ʙʽʣʴʰʝ ʨʦʟʤʽʨʠ ʢʘʥʘʣʽʚ ʚ ʦʩʘʜʽ, ʪʠʤ ʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ. 

3. ʊʠʩʢ. ɯʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟʨʦʩʪʘʻ, ʘʣʝ ʮʝ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʦʩʘʜ ʢʨʠʩʪʘʣʽʯʥʠʡ, ʱʦ ʥʝ ʩʪʠʩʢʫʻʪʴʩʷ. ʗʢʱʦ ʦʩʘʜ ʻ ʘʤʦʨʬʥʠʤ, ʪʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ 

ʢʘʥʘʣʠ ʧʦʨ ʚ ʦʩʘʜʽ ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ. 

4. ʊʝʤʧʝʨʘʪʫʨʘ. ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚ'ʷʟʢʽʩʪʴ ʩʫʩʧʝʥʟʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʰʚʠʜʢʽʩʪʴ 

ʬʽʣʴʪʨʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʆʪʞʝ, ʬʽʣʴʪʨʘʮʽʶ ʜʦʮʽʣʴʥʦ ʚʝʩʪʠ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʘ 

ʦʙʤʝʞʫʻʪʴʩʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ. 

ɺ ʷʢʦʩʪʽ ʬʽʣʴʪʨʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʩʦʢ, ʤʝʪʘʣʝʚʽ ʩʽʪʢʠ, ʧʦʨʠʩʪʫ 

ʢʝʨʘʤʽʢʫ, ʪʢʘʥʠʥʠ (ʩʫʢʥʦ, ʚʦʚʥʘ ʪʦʱʦ). ɺʠʙʽʨ ʪʠʧʫ ʧʝʨʝʛʦʨʦʜʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʠʭ 

ʈ 1 

ʈ 2 
5 

4 

3 

2 

1 
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ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ. 

 

2.3.2. ʂʽʥʝʪʠʢʘ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ  

ʇʨʠ ʬʽʣʴʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨ ï ʧʦʨʠʩʪʫ ʧʝʨʝʛʦʨʦʜʢʫ. ʂʦʞʥʠʡ 

ʬʽʣʴʪʨ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʯʘʩʪʠʥʢʠ ʷʢʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʟôʻʜʥʘʥʽ ʘʙʦ 

ʨʦʟôʻʜʥʘʥʽ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʮʴʦʛʦ ʧʫʩʪʦʪʠ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ (ʧʦʨʠ) ʫʪʚʦʨʶʶʪʴ ʢʘʥʘʣʠ 

ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ, ʧʦ ʷʢʠʤ ʨʫʭʘʻʪʴʩʷ ʧʦʪʽʢ ʬʽʣʴʪʨʫʶʯʦʾ ʨʽʜʠʥʠ, (ʨʠʩ. 2.9). 

 
ʈʠʩ. 2.9. ʉʭʝʤʘ ʨʫʭʫ ʨʽʜʠʥʠ ʫ ʦʩʘʜʽ 

 

ɺʠʚʝʜʝʤʦ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ, ʱʦ ʥʝ ʩʪʠʩʢʫʻʪʴʩʷ, ʜʣʷ ʚʠʧʘʜʢʫ 

ʦʜʥʦʤʽʨʥʦʛʦ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʜʽʣʠʤʦ ʚ ʧʦʪʦʮʽ ʨʽʜʠʥʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʘʥʘʣʫ, ʝʣʝʤʝʥʪʘʨʥʠʡ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜ dx, dy, dz (ʨʠʩ. 2.10ʘ). 

ʅʘ ʮʝʡ ʝʣʝʤʝʥʪ ʜʽʻ ʩʠʣʘ ʪʷʞʽʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ, ʷʢ  

G =dVĀrÖg= rĀgĀdxĀdyĀdz. 

 

 
ʘ ʙ 

ʈʠʩ. 2.10. ɼʦ ʚʠʚʝʜʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ, ʱʦ ʥʝ ʩʪʠʩʢʫʻʪʴʩʷ 

 

ʉʠʣʘ ʪʠʩʢʫ. ɿʥʘʡʜʝʤʦ ʩʠʣʫ ʪʠʩʢʫ, ʱʦ ʜʽʻ ʥʘ ʝʣʝʤʝʥʪ. ʉʠʣʘ ʪʠʩʢʫ ï ʮʝ ʜʦʙʫʪʦʢ 

ʧʠʪʦʤʦʛʦ ʪʠʩʢʫ ʨ ʥʘ ʧʣʦʱʫ dF. ʅʝʭʘʡ ʧʠʪʦʤʠʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʜʦʨʽʚʥʶʻ ʪʠʩʢʫ ʩʪʦʚʧʘ 

ʨʽʜʠʥʠ p (ʪʠʩʢ ʥʘ ʚʝʨʭʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ). 

 ʊʦʜʽ ʥʘ ʚʝʨʭʥʶ ʛʨʘʥʴ ʜʽʻ ʩʠʣʘ: 

 ʈʚ = pdF = pdydz. 

ʊʠʩʢ ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʽ  ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʜʦʨʽʚʥʶʻ:     

 dx
x

p
p
µ

µ
+ , 

ʽ ʩʠʣʘ ʪʠʩʢʫ ʥʘ ʥʠʞʥʽʡ ʛʨʘʥʽ ʜʦʨʽʚʥʶʻ: 

 dydzdx
x

p
p Pʥ ö

÷

õ
æ
ç

å

µ

µ
+-= . 

ʈʝʟʫʣʴʪʫʶʯʘ ʮʠʭ ʩʠʣ, ʷʢ ʧʨʦʝʢʮʽʷ ʥʘ ʚʽʩʴ ʭ, ʙʫʜʝ: 

 ʈ = dxdydz
x

p
dydzdx

x

p
ppdydz

µ

µ
-=ö

÷

õ
æ
ç

å

µ

µ
+- .  (2.7) 

ʉʠʣʫ ʪʝʨʪʷ ʚʠʟʥʘʯʠʤʦ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʧʫʱʝʥʥʷ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʦʛʦ ʨʫʭʫ ʧʦʪʦʢʫ. ɺ 

  

x   

dx   

dy   y   

a   c   

s   

b   d   

s+ds   

Wʭ 
  

X   

Y   

P + dx 
x 

P 

µ 

µ   

P   

0   dy Y 

  

dx   

Z   

dz 

  

X   

  

Z 

Y 

X 



81 

 

 

 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʝʢʮʽʷ ʰʚʠʜʢʦʩʪʽ Wx ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ Y.  

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʣʦʢʘʣʴʥʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʯʘʩʪʠʥʢʠ ʚ ʧʦʪʦʮʽ Wx,  

(ʨʠʩ. 2.10ʙ), ʟʤʽʥʶʶʪʴʩʷ ʪʽʣʴʢʠ ʫ ʥʘʧʨʷʤʢʫ Y, ʘ ʪʝʨʪʷ ʚʠʥʠʢʘʻ ʪʽʣʴʢʠ ʧʦ ʙʦʢʦʚʠʭ ʛʨʘʥʷʭ ab ʽ 

cd. ɹʽʣʷ ʛʨʘʥʽ ab ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥʠ ʤʝʥʰʘ, ʥʽʞ ʰʚʠʜʢʽʩʪʴ ʚʠʜʽʣʝʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʪʦʤʫ 

ʩʠʣʘ ʪʝʨʪʷ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠ ʨʫʭʫ. ʗʢʱʦ ʩʠʣʫ ʪʝʨʪʷ, ʚʽʜʥʝʩʝʥʫ ʜʦ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ, 

ʧʦʟʥʘʯʠʪʠ ʷʢ S, ʪʦ ʩʠʣʘ ʪʝʨʪʷ, ʷʢʘ ʜʽʻ ʥʘ ʛʨʘʥʴ ab, ʜʦʨʽʚʥʶʻ  

 SdxdzSdFSab == . 

ɹʽʣʷ ʩʪʽʥʢʠ cd ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰʘ, ʥʽʞ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʝʣʝʤʝʥʪʘ, ʽ ʩʠʣʘ 

ʪʝʨʪʷ, ʥʘʧʨʷʤ ʜʽʾ ʷʢʦʾ ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʦʤ ʨʫʭʫ ʝʣʝʤʝʥʪʘ, ʚʠʨʘʟʠʤʦ ʷʢ: 

 dxdzdy
y

S
SdSSScd öö

÷

õ
ææ
ç

å

µ

µ
+=+=  

ʈʝʟʫʣʴʪʫʶʯʘ ʜʽʾ ʩʠʣʠ ʪʝʨʪʷ (ʩʫʤʘ ʧʨʦʝʢʮʽʡ ʥʘ ʚʽʩʴ Y) ʽ ʻ ʩʠʣʘ ʪʝʨʪʷ, ʱʦ ʜʽʻ ʥʘ ʝʣʝʤʝʥʪ 

ʧʦʪʦʢʫ ʨʽʜʠʥʠ: 

 dxdydz
y

S
dxdz)dy

y

S
S(SdxdzSSS cdab

µ

µ
=

µ

µ
++-=+-= . 

ɿʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ-ʇʝʪʨʦʚʘ ʩʠʣʘ ʪʝʨʪʷ  

 
dy

dw
S xm=   (2.8) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.8) ʨʝʟʫʣʴʪʫʶʯʫ ʩʠʣʫ ʪʝʨʪʷ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ: 

 
2

2

x

x

w

y w
S dxdydz dxdydz

y y

m

m

å õµ
µæ ö

µ µç ÷= =
µ µ

.  (2.9) 

ɿʛʽʜʥʦ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʤʝʭʘʥʽʢʠ ʨʽʚʥʦʜʽʡʥʫ ʚʠʨʘʟʠʤʦ: 

 
t

r=Ör=Ö=
d

dw
dxdydzadVadmR x ,  (2.10) 

ʜʝ dm ï ʤʘʩʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ, ʘ ï ʧʨʠʩʢʦʨʝʥʥʷ. 

 

ʊʦʜʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʨʽʚʥʷʥʥʷ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙ'ʻʤ, ʟʘʧʠʰʝʤʦ: 

 G + P + S = R,  (2.11) 

ʘʙʦ ʚʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʫ ʧʽʜʩʪʘʥʦʚʢʫ ʚ ʨʽʚʥʷʥʥʷ (2.11) ʚʠʨʘʟʽʚ (2.7), (2.9), (2.10) ʦʜʝʨʞʠʤʦ: 

 
t

r=
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µ
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µ
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dxdydzdxdydz
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w
dxdydz

x

P
gdxdydz x

2

x

2

 (2.12) 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (2.12) ʚʠʚʝʜʝʥʦ ʜʣʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ ʚ'ʷʟʢʦʾ 

ʨʽʜʠʥʠ, ʱʦ ʥʝ ʩʪʠʩʢʫʻʪʴʩʷ.  

ɼʣʷ ʚʠʧʘʜʢʫ ʪʨʴʦʭʚʠʤʽʨʥʦʛʦ ʥʝʫʩʪʘʣʝʥʦʛʦ ʨʫʭʫ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ, ʱʦ ʥʝ ʩʪʠʩʢʫʻʪʴʩʷ (r = 

const), ʦʜʝʨʞʠʤʦ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʨʽʚʥʷʥʥʷ, ʘʣʝ ʩʪʨʫʢʪʫʨʘ ʾʭ ʟʙʝʨʽʛʘʻʪʴʩʷ: 

 

 

î
î
î

ý

î
î
î

ü

û

Ðm+
µ

µ
-r=

t
r

Ðm+
µ

µ
-r=

t
r

Ðm+
µ

µ
-r=

t
r

.w
z

P
g

d

Dw

;w
y

P
g

d

Dw

;w
x

P
g

d

Dw

z

2

z
z

y

2

y

y

x

2

x
x

 (2.13) 

 

ʈʽʚʥʷʥʥʷ (2.13) ʨʫʭʫ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ, ʱʦ ʥʝ ʩʪʠʩʢʫʻʪʴʩʷ, ʥʘʟʠʚʘʶʪʴ ʨʽʚʥʷʥʥʷʤ ʅʘʚ'ʻ-

ʉʪʦʢʩʘ. 
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ʇʦʭʽʜʥʽ 
ttt d
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d
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Dw zyx  ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ (2.13) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʚʥʽ 

(ʩʫʙʩʪʘʥʮʽʡʥʽ) ʧʦʭʽʜʥʽ ʰʚʠʜʢʦʩʪʽ ʟʘ ʯʘʩʦʤ: 
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 (2.14) 

 

ʉʫʙʩʪʘʥʮʽʡʥʘ ʧʦʭʽʜʥʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʥʷʪʪʷʤ ʧʨʦ ʤʘʪʝʨʽʶ, ʘʙʦ ʩʫʙʩʪʘʥʮʽʶ. 

ʇʝʨʰʽ ʯʣʝʥʠ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ (2.14) ʚʠʟʥʘʯʘʶʪʴ ʣʦʢʘʣʴʥʽ ʟʤʽʥʠ ʩʢʣʘʜʦʚʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʚ ʯʘʩʽ. ʊʨʠ ʥʘʩʪʫʧʥʽ ʜʦʜʘʥʢʠ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʚʨʘʭʦʚʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʘ 

ʨʽʜʠʥʠ ʟ ʦʜʥʽʻʾ ʪʦʯʢʠ ʚ ʧʨʦʩʪʦʨʽ ʜʦ ʜʨʫʛʦʾ. ɺʝʣʠʯʠʥʠ gx, gy, gz ï ʩʢʣʘʜʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʟʘ ʥʘʧʨʷʤʢʦʤ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʚôʷʟʦʢ ʮʠʭ ʨʽʚʥʷʥʴ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ. ɼʣʷ ʽʥʞʝʥʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʨʦʟʚôʷʟʫʻʤʦ ʮʝ ʨʽʚʥʷʥʥʷ ʤʝʪʦʜʦʤ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʝʡ. ɿ ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʘ 

ʨʽʚʥʷʥʥʷ (2.10) ʦʜʝʨʞʠʤʦ ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ: 

 
Fr

1

lg

w2

= ,  

ʟ ʜʨʫʛʦʛʦ ʜʦʜʘʥʢʘ (2.10) ʦʜʝʨʞʠʤʦ ʢʨʠʪʝʨʽʡ ɽʡʣʝʨʘ  
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Eu
P

w

D
=
r

, 

 ʟ ʪʨʝʪʴʦʛʦ ʜʦʜʘʥʢʘ (2.10) ʦʜʝʨʞʠʤʦ ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ:  

 
2 2

1
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c c c

c c c
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l w l wl

m m t mt
Ö = = =
r r r

, 

ʪʦʙʪʦ ʧʨʠ l­dʝʢ 

 åêRe .
wd r
=
m

 

ʜʝ dʝʢ ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʢʘʥʘʣʽʚ ʚ ʰʘʨʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʠ ʬʽʣʴʪʨʘʮʽʾ ʨʽʜʠʥʠ ʩʠʣʘ ʪʷʞʽʥʥʷ ʜʫʞʝ ʤʘʣʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʣʦʶ ʪʠʩʢʫ ʽ ʩʠʣʦʶ 

ʪʝʨʪʷ. ʊʦʤʫ ʩʠʣʦʶ ʪʷʞʽʥʥʷ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ ʥʝ ʚʭʦʜʠʪʴ ʜʦ 

ʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʨʫʭ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. ɺ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʚʚʝʜʝʥʦ 

ʜʦʜʘʪʢʦʚʦ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʤʧʣʝʢʩ 
åê

l

d

å õ
æ ö
ç ÷

, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʩʠʩʪʝʤʠ. 

ʆʩʪʘʪʦʯʥʝ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʦʪʦʢʫ ʬʽʣʴʪʨʫʶʯʦʾ ʨʽʜʠʥʠ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

 

n

ʝʢ

m

d

l
ʉ ö

ö
÷

õ
æ
æ
ç

å
= ReEu   (2.15) 

ʈʫʭ ʨʽʜʠʥʠ ʯʝʨʝʟ ʧʦʨʠ ʬʽʣʴʪʨʫ ʻ ʣʘʤʽʥʘʨʥʠʤ (Re¢ 35). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʥʷʪʦ ʉ=110, n=1,  

m=-1, ʪʦʜʽ ʨʽʚʥʷʥʥʷ (2.15) ʥʘʙʫʚʘʻ ʚʠʜʫ: 

 Eu = 110/ReÖ(l/dʝʢ) (2.16) 

ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 åê

4 f
d

Ï
= ,  (2.17) 
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ʜʝ f ï ʧʦʧʝʨʝʯʥʠʡ ʟʤʦʯʝʥʠʡ ʧʝʨʝʨʽʟ ʢʘʥʘʣʫ; 

ʇ ï ʧʦʚʥʠʡ ʟʤʦʯʝʥʠʡ ʧʝʨʠʤʝʪʨ ʢʘʥʘʣʫ.  

ʈʽʚʥʷʥʥʷ (2.17) ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ, ʷʢ: 

 
s

= ʧ
ʝʢ

4V
d ,  (2.18)  

ʜʝ Vʧ ï ʧʠʪʦʤʠʡ ʦʙôʻʤ ʧʦʨʦʞʥʝʯ ʚ ʰʘʨʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ [ʤ3/ʤ3]; 

s ï ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʟʝʨʝʥ ʚ ʰʘʨʽ [ʤ2/ʤ3]. 
ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟʝʨʥʘ ʤʘʶʪʴ ʬʦʨʤʫ ʢʫʣʽ. ʊʦʜʽ ʟʤʦʯʝʥʘ ʧʦʚʝʨʭʥʷ ʟʝʨʝʥ ʚ ʢʘʥʘʣʽ 

ʜʦʨʽʚʥʶʻ: 

 2

3d ns=p , (2.19) 

ʜʝ n ï ʯʠʩʣʦ ʟʝʨʝʥ, dʟ  - ʜʽʘʤʝʪʨ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʙ'ʻʤʦʤ V, ʱʦ ʤʽʩʪʠʪʴ n ʟʝʨʝʥ. ʆʙ'ʻʤ ʟʝʨʝʥ ʚ 

ʰʘʨʽ V0 ʜʦʨʽʚʥʶʻ: 

 
3

0
6

çd
V n

p
= . (2.20) 

ʊʦʜʽ ʦʙ'ʻʤ ʧʦʨʦʞʥʝʯ 0ʧ VVV -= . ʇʨʠʡʤʘʻʤʦ ʦʙ'ʻʤ ʰʘʨʫ V=1 ʤ3, ʪʦʜʽ ʦʙ'ʻʤ ʧʦʨʦʞʥʝʯ 

ʚʠʟʥʘʯʠʪʴʩʷ ʷʢ: 

 
3

ç
ï 01 1 .

6

d
V V

p
= - = -  (2.21) 

ʇʦʚʝʨʭʥʶ ʟʝʨʝʥ, ʨʽʚʥʷʥʥʷ (2.19), ʧʦʤʥʦʞʠʤʦ ʽ ʨʦʟʜʽʣʠʤʦ ʥʘ ʚʝʣʠʯʠʥʫ 6d, ʪʦʜʽ: 
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2 6 6

6 6

ç ç
ç

ç ç

d d n
d n

d d

p
s=p = . (2.22) 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (2.21) ʽ (2.22) ʚ ʨʽʚʥʷʥʥʷ (2.18) ʦʜʝʨʞʠʤʦ: 

 

3 3

åê 3 3
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ç ç
ç

ï
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ç

d d
n d n

V
d

d n d n
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å õ å õp p
- -æ ö æ ö
ç ÷ ç ÷= = =
p ps

.  (2.23) 

ɺʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʧʦʨʠʩʪʦʩʪʽ ʰʘʨʫ (Ů). ʇʦʨʠʩʪʽʩʪʴ ʰʘʨʫ ï ʚʽʜʥʦʰʝʥʥʷ ʦʙ'ʻʤʫ ʧʦʨʦʞʥʝʯ 

ʚ ʰʘʨʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ Vʧ ʦʙ'ʻʤʫ ʚʩʴʦʛʦ ʤʘʪʝʨʽʘʣʫ: 

 
V

VV

V

V 0ʧ -
==e . (2.24)  

ʇʨʠ V = 1: 

 
0V1-=e . 

ʇʽʜʩʪʘʚʠʤʦ ʟʘʤʽʩʪʴ V0 ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʨʽʚʥʷʥʥʷ (2.20): 

 
3

1
6

çd np
e= -  ʘʙʦ 

3

1- .
6

çd np
e=  (2.25) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (2.24) ʪʘ (2.25) ʨʽʚʥʷʥʥʷ (2.23) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʠʨʘʟ:  

 
ç

eê
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1

d

d

e

=
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,  

ʇʦʟʥʘʯʠʤʦ 2/3=ʌ ï ʬʘʢʪʦʨ ʬʦʨʤʠ. ʊʦʜʽ ʜʣʷ ʯʘʩʪʠʥʦʢ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ: 

 ç
eê

1

Ôd
d

e
=
-e

  (2.26) 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (2.16) ʫ ʚʠʛʣʷʜʽ: 

 
2

110

åê åê

P l

w wd d

D m
=

r r
. (2.27) 

ɿʘʤʽʥʠʤʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚ ʢʘʥʘʣʘʭ ʥʘ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ Wf, ʚʽʜʥʝʩʝʥʦʾ ʜʦ ʚʩʽʻʾ 
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ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘ. ʄʽʞ ʮʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʽʩʥʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 .fW W= e  (2.28)  

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʨʽʚʥʷʥʥʷ (2.27) ʚʠʨʘʟʽʚ (2.26) ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

Wf: 

 
2 2 2 3

2110 110(1 )

ç ç
f

Pd Pd Ô
W

l l

D e D e
= =

m m -e
. 

 ɯʟ ʚʠʢʣʘʜʝʥʦʛʦ ʚʠʱʝ ʚʠʧʣʠʚʘʻ: ʧʨʠ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʢʚʘʜʨʘʪʫ ʜʽʘʤʝʪʨʘ ʟʝʨʝʥ, ʟ ʷʢʠʭ ʫʪʚʦʨʝʥʦ ʬʽʣʴʪʨʫʶʯʠʡ ʰʘʨ, ʽ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʚ'ʷʟʢʦʩʪʽ ʨʽʜʠʥʠ. 

ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 fw
Fd

dV =
t

. (2.29)  

ɸʙʦ ʚʠʭʦʜʷʯʠ ʟ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʢʽʥʝʪʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ: ʰʚʠʜʢʽʩʪʴ 

ʧʨʦʮʝʩʫ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʨʫʰʽʡʥʽʡ ʩʠʣʽ ʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʦʧʦʨʫ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ. 

 
2 3 2

3

2

oc 110 (1 )

PÔ ddV P

Fd R l

D eD
= =
t m -e

. (2.30) 

ɿʘʛʘʣʴʥʠʡ ʦʧʽʨ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 
2

oc 2 2 3

110 (1 )

ç

R l
d Ô

m -e
=

e
, (2.31) 

ʜʝ l ï ʚʠʩʦʪʘ ʰʘʨʫ ʦʩʘʜʫ ʥʘ ʬʽʣʴʪʨʽ. 

ʇʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 
2

2 2 3

ç

110 (1 )
r

d Ô

m -e
=

e
, (2.32) 

ʊʦʙʪʦ ʧʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʚ'ʷʟʢʦʩʪʽ ʨʽʜʠʥʠ ʪʘ ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʢʚʘʜʨʘʪʫ ʜʽʘʤʝʪʨʘ ʟʝʨʥʘ.  

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚʠʨʘʟʽʚ (2.31) ʽ (2.32) ʜʦ ʨʽʚʥʷʥʥʷ (2.30), ʦʜʝʨʞʠʤʦ: 

 
rl

P

Fd

dV

Ö

D
=
t

. (2.33) 

 

2.3.3. ɺʠʚʽʜ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ 

 

ʉʭʝʤʘ ʬʽʣʴʪʨʘ, ʚ ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ ʧʽʜ ʜʽʻʶ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʦʩʘʜʫ ʥʘʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 2.11). 

 
ʈʠʩ. 2.11 ʉʭʝʤʘ ʬʽʣʴʪʨʘ: 

1 ï ʻʤʥʽʩʪʴ; 2 ï ʬʽʣʴʪʨʫʶʯʘ ʪʢʘʥʠʥʘ; 3 ï ʜʨʝʥʘʞʥʘ ʩʽʪʢʘ; 4 ï ʦʧʦʨʥʘ ʨʝʰʽʪʢʘ; 

ɯ ï ʩʫʩʧʝʥʟʽʷ; ɯɯ ï ʦʩʘʜ; ɯɯɯ ï ʬʽʣʴʪʨʘʪ; l ï ʚʠʩʦʪʘ ʰʘʨʫ ʦʩʘʜʫ 

 

ɺ ʻʤʥʦʩʪʽ 1 ʨʦʟʤʽʱʝʥʘ ʦʧʦʨʥʘ ʨʝʰʽʪʢʘ 4, ʥʘ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʘ ʬʽʣʴʪʨʫʶʯʘ ʧʝʨʝʛʦʨʦʜʢʘ, 

ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʨʝʥʘʞʥʦʾ ʩʽʪʢʠ 3 ʽ ʬʽʣʴʪʨʫʶʯʦʾ ʪʢʘʥʠʥʠ 2. ʅʝʦʙʭʽʜʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ 
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ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʙʦ ʧʦʜʘʯʝʶ ʩʫʩʧʝʥʟʽʾ ʚ ʦʙ'ʻʤ ʥʘʜ ʬʽʣʴʪʨʫʶʯʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ, ʘʙʦ 

ʩʪʚʦʨʝʥʥʷʤ ʚʘʢʫʫʤʫ ʧʽʜ ʬʽʣʴʪʨʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʬʽʣʴʪʨʫʶʯʽʡ ʧʝʨʝʛʦʨʦʜʮʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʦʩʘʜ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʘʮʽʾ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʙʠʚʘʥʥʷ ʧʦʨ ʬʽʣʴʪʨʫʶʯʦʾ 

ʧʝʨʝʛʦʨʦʜʢʠ ʽ ʦʧʽʨ ʾʾ ʻ ʧʦʩʪʽʡʥʠʤ. ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʚʠʪʨʘʪʽ ʨʽʜʢʦʾ ʬʘʟʠ ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ 

ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʰʘʨ ʦʩʘʜʫ: 

 
rl

P

Fd

dV 1D=
t

    ʘʙʦ   1Prl
Fd

dV
D=

t
.  (2.34)  

ʜʝ F ï ʧʦʚʝʨʭʥʷ ʬʽʣʴʪʨʘʮʽʾ; 

l1 - ʪʦʚʱʠʥʘ ʰʘʨʫ ʦʩʘʜʫ; 

r ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ; 

æP1 = P1 ï P2 ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʚ ʰʘʨʽ ʦʩʘʜʫ.  

 ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʧʝʨʝʛʦʨʦʜʢʫ: 

 
R

P

Fd

dV 2D=
t

       ʘʙʦ        2PR
Fd

dV
D=

t
, (2.35) 

ʜʝ R ï ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, 

æP2 = P2 ï P3 ï ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʨʽʜʠʥʠ ʯʝʨʝʟ ʧʝʨʝʛʦʨʦʜʢʫ. 

ɼʦʜʘʤʦ ʧʨʘʚʽ ʽ ʣʽʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ (2.34) ʽ (2.35): 

 
rlR

P

rlR

PP

Fd

dV 21

+

D
=

+

D+D
=
t

,  (2.36) 

ʜʝ æʈS = æʈ1 + æʈ2 = (P1 ï P2) + (P2 ï P3) = P1 ï P3 ï ʟʘʛʘʣʴʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʥʘ ʬʽʣʴʪʨʽ. 

ʆʙ'ʻʤ ʦʩʘʜʫ ʥʘ ʬʽʣʴʪʨʽ ʜʦʨʽʚʥʶʻ Fl  (ʜʦʙʫʪʦʢ ʧʣʦʱʽ ʥʘ ʚʠʩʦʪʫ). ʗʢʱʦ ʧʨʠ ʦʜʝʨʞʘʥʥʽ 

1 ʤ3 ʬʽʣʴʪʨʘʪʫ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʝʨʝʛʦʨʦʜʮʽ ʭ ʤ3 ʦʩʘʜʫ, ʪʦ ʟʘʛʘʣʴʥʠʡ ʦʙ'ʻʤ ʦʩʘʜʫ ʥʘ ʬʽʣʴʪʨ 

ʜʦʨʽʚʥʶʻ Vx; ʪʦʙʪʦ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʨʽʚʥʷʥʥʷ: 

 VxlF = .  (2.37) 

ɿʚʽʜʩʠ ʚʠʩʦʪʘ ʰʘʨʫ ʦʩʘʜʫ: 

 

F

Vx
l=   (2.38)  

ɺʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ ʨʽʚʥʷʥʥʷ (2.38) ʜʦ (2.36), ʦʜʝʨʞʠʤʦ: 

 

R
F

Vxr

P

Fd

dV

+

D
=
t

.  (2.39) 

ʎʝ ʨʽʚʥʷʥʥʷ ʽ ʻ ʦʩʥʦʚʥʠʤ ʨʽʚʥʷʥʥʷʤ ʬʽʣʴʪʨʘʮʽʾ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʬʽʣʴʪʨʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʘʙʦ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʰʚʠʜʢʦʩʪʽ. 

 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ȹʈ=const. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʚʠʧʘʜʢʫ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (2.39) ʫ ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʚʠʛʣʷʜʽ ʽ 

ʧʨʦʽʥʪʝʛʨʫʻʤʦ: 

 
V

0 0 0

xr
VdV RdV PFdr

F

V t

+ = Dñ ñ ñ .  (2.40) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʠʤʦ: 

 tD=+ PFRV
2F

xrV 2

.  (2.41) 

ʈʦʟʚ'ʷʟʫʶʯʠ ʨʽʚʥʷʥʥʷ (2.41) ʚʽʜʥʦʩʥʦ t, ʚʠʟʥʘʯʠʤʦ ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʪʠʩʢʫ: 

 
F

V

P

R

F

V

P2

xr
2

D
+ö

÷

õ
æ
ç

å

D
=t ,  (2.42) 

ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʦʥʩʪʘʥʪʠ ʬʽʣʴʪʨʘʮʽʾ. 
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ʈʦʟʜʽʣʠʤʦ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (2.42) ʥʘ V: 

 
PF

R
V

PF2

xr

V 2 D
+

D
=
t

,   (2.43) 

ɺ ʨʽʚʥʷʥʥʽ (2.43) ʧʝʨʝʤʽʥʥʦʶ ʻ V ï ʦʙ'ʻʤ ʬʽʣʴʪʨʘʪʫ. 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ, ʷʢ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ: 

 

V
kVk 21

t
=+ .  

ʎʽ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʬʽʣʴʪʨʘʮʽʾ. ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʩʣʽʜʥʠʤ 

ʰʣʷʭʦʤ.  

ɺʽʟʴʤʝʤʦ ʩʫʩʧʝʥʟʽʶ ʽ ʙʫʜʝʤʦ ʾʾ ʬʽʣʴʪʨʫʚʘʪʠ ʚ ʜʦʩʣʽʜʥʽʡ ʫʩʪʘʥʦʚʮʽ ʧʨʠ Dʈ=const. ʇʽʜ ʯʘʩ 

ʜʦʩʣʽʜʫ ʙʫʜʝʤʦ ʚʠʤʽʨʶʚʘʪʠ ʯʘʩ Ű ʽ ʦʙ'ʻʤ ʬʽʣʴʪʨʘʪʫ V. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ ʥʘʥʦʩʠʤʦ ʥʘ ʛʨʘʬʽʢ 

ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ Ű /V ʽ  V, (ʨʠʩ. 2.12). 

 
ʊʦʯʢʠ ʘʧʨʦʢʩʠʤʫʻʤʦ ʧʨʷʤʦʶ, ʜʝ tg ʢʫʪʘ ʥʘʭʠʣʫ ʮʽʻʾ ʧʨʷʤʦʾ, ʂ1 = tgŬ, ʘ  

ʂ2 ï ʮʝ ʚʽʜʨʽʟʦʢ ʆɸ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ. ɺʠʟʥʘʯʠʚʰʠ ʂ1 ʽ ʂ2, ʤʦʞʝʤʦ ʟʥʘʡʪʠ ʧʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ r 

ʪʘ ʦʧʽʨ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ R. 

 
21

PF2

xr
K

D
= ,         ʟʚʽʜʢʠ          ;

x

PF2K
r

2

1 D=   (2.45) 

ʪʘ 

 ,
PF

R
K 2

D
=            ʟʚʽʜʢʠ           2 .R K PF= D   (2.46) 

 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʚʠʧʘʜʢʫ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʰʚʠʜʢʦʩʪʽ. 

ʇʦʩʪʽʡʥʫ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʤʦʞʣʠʚʦ ʚʠʨʘʟʠʪʠ, ʷʢ: 

 const
Fd

dV
Wf =

t
= ., ʪʦʙʪʦ 

t
=

F

V
Wf . 

ʊʦʜʽ ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʟʘʧʠʰʝʪʴʩʷ ʷʢ: 

 

R
F

Vxr

P

F

V

+

D
=
t

.  (2.47) 

 

ɿʚʽʜʢʠ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʟʘʧʠʰʝʪʴʩʷ ʷʢ:  

 PFRVFxrV 22 Dt=+ .   

ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ ʟʘ ʚʠʨʘʟʦʤ: 
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V
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V
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D
=t .  (2.48) 
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ʂ2 

ʈʠʩ. 2.12 ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ  

ʬʽʣʴʪʨʘʮʽʾ 
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ʌʽʣʴʪʨʘʮʽʷ ʧʨʠ ʧʨʦʤʠʚʘʥʥʽ ʦʩʘʜʫ. 

ʇʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ ʟʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ ʤʦʞʣʠʚʝ ʧʨʦʤʠʚʘʥʥʷ ʦʩʘʜʫ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟ 

ʥʴʦʛʦ ʟʘʣʠʰʢʫ ʬʽʣʴʪʨʘʪʫ. ʇʨʠ ʧʨʦʤʠʚʘʥʥʽ ʪʦʚʱʠʥʘ ʰʘʨʫ ʦʩʘʜʫ ʥʝ ʟʤʽʥʶʻʪʴʩʷ l1 = const. 

ʐʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʪʘʢʦʞ ʻ ʧʦʩʪʽʡʥʦʶ: 

 
t

==
t F

V
const

Fd

dV ʧʨʧʨ
. (2.49) 

ʆʪʞʝ, ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʧʨʦʤʠʚʘʥʥʽ ʦʩʘʜʫ ʤʘʻ ʚʠʛʣʷʜ: 

 
ï ð

ï ð çàã

V P P

F R lr R

D D
= =

t +
.  (2.50) 

ʜʝ Rʟʘʛ ï ʮʝ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʦʩʘʜʫ ʽ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ.  

ɿʘʟʚʠʯʘʡ ʰʚʠʜʢʽʩʪʴ ʧʨʦʤʠʚʘʥʥʷ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʨʽʚʥʦʶ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ. 

ʂʦʥʩʪʘʥʪʠ, ʟʥʘʡʜʝʥʽ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ, ʧʨʠʜʘʪʥʽ ʽ ʜʣʷ ʚʠʧʘʜʢʫ ʧʨʦʤʠʚʘʥʥʷ, ʪʽʣʴʢʠ ʟʘʤʽʩʪʴ 

ʚ'ʷʟʢʦʩʪʽ ʩʫʩʧʝʥʟʽʾ ʬʽʣʴʪʨʘʪʫ ʩʣʽʜ ʧʽʜʩʪʘʚʠʪʠ ʚ'ʷʟʢʽʩʪʴ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ. ʊʦʜʽ ʯʘʩ ʧʨʦʤʠʚʘʥʥʷ 

ʜʦʨʽʚʥʶʻ: 

 
ï ð çàã ï ð

ï ð

ô
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V R

F P
t

å õm
= æ öæ öD mç ÷

 (2.51) 

ʋ ʜʫʞʢʘʭ ʨʽʚʥʷʥʥʷ 2.51 ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʽʜʥʦʰʝʥʥʷ ʚ'ʷʟʢʦʩʪʽ 

ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ ʜʦ ʚ'ʷʟʢʦʩʪʽ ʬʽʣʴʪʨʘʪʫ. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ: 

¶ ʨʦʟʨʘʭʦʚʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʚ ʦʩʪʘʥʥʽʡ ʤʦʤʝʥʪ; 

¶ ʚʠʟʥʘʯʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʧʨʦʤʠʚʘʥʥʽ ʦʩʘʜʫ; 

¶ ʟʘʜʘʚʰʠʩʴ  ʯʘʩʦʤ ʧʨʦʤʠʚʘʥʥʷ Űʧʨ, ʚʠʟʥʘʯʘʶʪʴ ʚʠʪʨʘʪʠ ʧʨʦʤʠʚʥʦʾ ʚʦʜʠ. 

 

2.3.4. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʬʽʣʴʪʨʽʚ 
 

ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʬʽʣʴʪʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʬʽʣʴʪʨʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʽ ʬʽʣʴʪʨʠ ʧʝʨʽʦʜʠʯʥʦʾ 

ʜʽʾ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʩʪʚʦʨʝʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ: 

¶ ʬʽʣʴʪʨʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʽʜ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʪʠʩʢʦʤ; 

¶ ʬʽʣʴʪʨʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʽʜ ʨʦʟʨʽʜʞʝʥʥʷʤ ï ʚʘʢʫʫʤ-ʬʽʣʴʪʨʠ; 

¶ ʬʽʣʴʪʨʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʽʜ ʥʘʜʣʠʰʢʦʚʠʤ ʪʠʩʢʦʤ ï ʬʽʣʴʪʨ-ʧʨʝʩʠ. 

 

ʌʽʣʴʪʨʠ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. 

ʇʽʩʢʦʚʽ ʬʽʣʴʪʨʠ. 

ʎʝ ʥʘʡʧʨʦʩʪʽʰʠʡ ʪʠʧ ʬʽʣʴʪʨʽʚ, ʱʦ ʩʣʫʞʘʪʴ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ (ʨʠʩ. 2.13). ʌʽʣʴʪʨ ʷʚʣʷʻ 

ʩʦʙʦʶ ʧʦʩʫʜʠʥʫ ʚʽʜʢʨʠʪʦʛʦ ʘʙʦ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ, ʱʦ ʟʘʧʦʚʥʶʻʪʴʩʷ  ʧʽʩʢʦʤ, ʤʘʨʤʫʨʦʤ, ʢʦʢʩʦʤ 

ʘʙʦ ʰʤʘʪʢʘʤʠ ʢʚʘʨʮʫ. ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʫʩʧʝʥʟʽʾ. ɿʚʝʨʭʫ 

ʥʘʣʠʚʘʻʪʴʩʷ ʩʫʩʧʝʥʟʽʷ 1, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ ʯʝʨʝʟ ʰʘʨ ʧʽʩʢʫ 2 ʽ ʟʥʠʟʫ ʚʠʜʘʣʷʻʪʴʩʷ. 

ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʥʘʧʽʨ ʫ ʬʽʣʴʪʨʽ  ʩʪʚʦʨʶʻʪʴʩʷ ʩʪʦʚʧʦʤ ʨʽʜʠʥʠ ʚʠʩʦʪʦʶ H. ʌʽʣʴʪʨ ʧʝʨʽʦʜʠʯʥʦ 

ʦʯʠʱʘʻʪʴʩʷ. ʆʯʠʱʝʥʥʷ ʧʨʦʭʦʜʠʪʴ ʟʘ ʨʘʭʫʥʦʢ ʧʦʪʦʢʫ ʚʦʜʠ ʘʙʦ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʟʘ 

ʥʘʧʨʷʤʢʦʤ ʧʨʦʪʠʣʝʞʥʠʤ ʥʘʧʨʷʤʢʫ ʬʽʣʴʪʨʘʮʽʾ.  

 
ʈʠʩ. 2.13. ʇʽʩʢʦʚʽ ʬʽʣʴʪʨʠ 

1 ï ʩʫʩʧʝʥʟʽʷ; 2 ï ʰʘʨ ʧʽʩʢʫ; 3 ï ʦʧʦʨʥʘ ʨʝʰʽʪʢʘ; 4 ï ʬʽʣʴʪʨʘʪ 
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ʅʫʪʯ - ʬʽʣʴʪʨ, ʱʦ ʧʨʘʮʶʻ ʧʽʜ ʪʠʩʢʦʤ. 

 
ʈʠʩ. 2.14. ʂʦʥʩʪʨʫʢʮʽʷ ʥʫʪʯ-ʬʽʣʴʪʨʘ 

1 ï ʢʦʨʧʫʩ; 2 ï ʨʫʙʘʰʢʘ; 3 ï ʢʨʠʰʢʘ; 4 ï ʜʥʠʱʝ; 5 ï ʬʽʣʴʪʨʫʚʘʣʴʥʘ ʧʝʨʝʛʦʨʦʜʢʘ; 6 ï ʦʧʦʨʥʘ ʧʝʨʝʛʦʨʦʜʢʘ; 7 ï 

ʟʘʭʠʩʥʘ ʩʽʪʢʘ; 8 ï ʢʽʣʴʮʝʚʘ ʧʝʨʝʛʦʨʦʜʢʘ; 9,10 ï ʰʪʫʮʝʨʠ ʜʣʷ ʧʦʜʘʯʽ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ;  

11 ï ʚʠʚʽʜ ʬʽʣʴʪʨʘʪʫ 

 

ʅʫʪʯ-ʬʽʣʴʪʨ, (ʨʠʩ. 2.14), ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʘ 1 ʟ ʨʫʙʘʰʢʦʶ 2, ʢʨʠʰʢʦʶ 3, ʱʦ 

ʟʥʽʤʘʻʪʴʩʷ ʽ ʜʥʠʱʘ 4, ʱʦ ʧʝʨʝʤʽʱʘʻʪʴʩʷ, ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ 5, ʦʧʦʨʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ 

6, ʥʘʜ ʷʢʦʶ ʟʥʘʭʦʜʠʪʴʩʷ ʢʽʣʴʮʝʚʘ ʧʝʨʝʛʦʨʦʜʢʘ 8 ʚʠʩʦʪʦʶ 150 ʤʤ. ɼʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ ʽ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʩʣʫʞʘʪʴ ʰʪʫʮʝʨʘ 9 ʽ 10, ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʬʽʣʴʪʨʘʪʫ - ʰʪʫʮʝʨ 11, 

ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ 12, ʟʘʭʠʩʥʘ ʩʽʪʢʘ 7. ʎʠʢʣ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻʪʴʩʷ: ʥʘʧʦʚʥʝʥʥʷ ʬʽʣʴʪʨʫ 

ʩʫʩʧʝʥʟʽʻʶ, ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʧʽʜ ʪʠʩʢʦʤ ʩʪʠʩʥʫʪʦʛʦ ʛʘʟʫ, ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ ʟ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ ʽ ʨʝʛʝʥʝʨʘʮʽʷ ʦʩʪʘʥʥʴʦʾ. 

ʄʽʰʢʦʚʠʡ ʬʽʣʴʪʨ 

 
ʈʠʩ. 13.15.  ʅʘʧʽʚʞʦʨʩʪʢʠʡ ʢʘʨʢʘʩ ʜʣʷ ʤʽʰʢʦʚʦʛʦ ʬʽʣʴʪʨʘ 

1 ï ʧʣʘʥʢʠ; 2 - ʪʨʫʙʘ ʜʣʷ ʚʽʜʚʦʜʫ ʬʽʣʴʪʨʘʪʫ; 3 - ʰʘʨʥʽʨʥʠʡ ʧʨʠʩʪʨʽʡ; 4 ï ʣʘʥʮʶʛʠ 

ʄʽʰʢʦʚʠʡ ʬʽʣʴʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʜʢʨʠʪʦʛʦ ʘʙʦ ʱʽʣʴʥʦ ʟʘʢʨʠʪʦʛʦ ʢʦʨʧʫʩʘ ʟ 

ʨʦʟʤʽʱʝʥʠʤʠ ʚ ʥʴʦʤʫ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʎʽ ʝʣʝʤʝʥʪʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʪʚʝʨʜʠʭ 

ʧʨʷʤʦʢʫʪʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʥʘʧʽʚʪʚʝʨʜʠʭ ʢʘʨʢʘʩʽʚ, ʥʘ ʷʢʽ ʥʘʪʷʛʥʫʪʽ ʤʽʰʢʠ ʟ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ 

ʪʢʘʥʠʥʠ. ʉʫʩʧʝʥʟʽʷ ʥʘʜʭʦʜʠʪʴ ʫ ʢʦʨʧʫʩ ʬʽʣʴʪʨʘ, ʦʩʘʜ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʝʨʭʥʽʡ ʧʦʚʝʨʭʥʽ 

ʤʽʰʢʽʚ, ʘ ʬʽʣʴʪʨʘʪ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʧʨʦʩʪʦʨʫ ʚʩʝʨʝʜʠʥʽ ʤʽʰʢʽʚ. ʌʽʣʴʪʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʦʩʚʽʪʣʝʥʥʷ ʨʽʜʠʥ, ʱʦ ʤʽʩʪʠʪʴ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʽ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʮʫʢʨʦʚʽʡ ʽ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʻ ʥʘʧʽʚʪʚʝʨʜʠʡ ʢʘʨʢʘʩ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʷʤʦʢʫʪʥʦʛʦ ʛʦʬʨʦʚʘʥʦʛʦ ʣʠʩʪʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʟ ʪʨʴʦʭ ʩʪʦʨʽʥ ʚ ʨʘʤʽ ʽ 

ʧʨʠʻʜʥʘʥʦʛʦ ʯʝʪʚʝʨʪʦʶ ʩʪʦʨʦʥʦʶ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʪʨʫʙʢʠ ʜʣʷ ʚʽʜʚʦʜʫ ʬʽʣʴʪʨʘʪʫ. 

ʅʘʧʽʚʪʚʝʨʜʠʡ ʢʘʨʢʘʩ ʚʚʦʜʠʪʴʩʷ ʚ ʦʜʠʥ ʟ ʢʫʪʽʚ ʤʽʰʢʘ. 

 

ʃʠʩʪʦʚʽ ʬʽʣʴʪʨʠ 

ʂʦʥʩʪʨʫʢʮʽʷ ʣʠʩʪʦʚʦʛʦ ʬʽʣʴʪʨʘ ʥʘʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 2.16) ʌʽʣʴʪʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ, 
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ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʽ ʧʫʩʪʦʪʽʣʽ ʨʘʤʠ, ʚ ʷʢʽ ʚʩʪʘʚʣʝʥʽ ʚʝʣʠʢʽ ʤʝʪʘʣʝʚʽ ʩʽʪʢʠ, ʦʙʝʨʥʝʥʽ 

ʬʽʣʴʪʨʫʶʯʦʶ ʪʢʘʥʠʥʦʶ (ʨʠʩ. 2.16ʙ). ʂʦʞʥʘ ʨʘʤʘ ʤʘʻ ʰʪʫʮʝʨ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ. 

ʅʘʙʽʨ ʪʘʢʠʭ ʨʘʤ, ʰʪʫʮʝʨʠ ʷʢʠʭ ʧʨʠʻʜʥʘʥʽ ʜʦ ʩʧʽʣʴʥʦʛʦ ʢʦʣʝʢʪʦʨʘ, ʨʦʟʤʽʱʝʥʽ ʚ ʟʘʢʨʠʪʽʡ 

ʮʠʣʽʥʜʨʠʯʥʽʡ ʻʤʥʦʩʪʽ (ʨʠʩ. 2.16ʘ). ʉʫʩʧʝʥʟʽʷ ʧʽʜ ʪʠʩʢʦʤ ʧʦʜʘʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʫ ʻʤʥʦʩʪʽ, 

ʬʽʣʴʪʨʘʪ ʧʽʜ ʜʽʻʶ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʧʨʦʭʦʜʠʪʴ ʚ ʩʝʨʝʜʠʥʫ ʧʫʩʪʦʪʽʣʦʾ ʨʘʤʠ ʽ ʚʽʜʚʦʜʠʪʴʩʷ ʧʦ 

ʢʦʣʝʢʪʦʨʫ. ʋʪʚʦʨʝʥʠʡ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ ʦʩʘʜ ʚʽʜʜʽʣʷʻʪʴʩʷ ʩʪʨʫʤʝʥʝʤ 

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʘʙʦ ʚʦʜʠ ʽ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʥʠʞʥʽʡ ʰʪʫʮʝʨ ʻʤʥʦʩʪʽ. ʈʦʙʦʯʘ ʧʦʚʝʨʭʥʽ 

ʬʽʣʴʪʨʘ ʜʦʩʷʛʘʻ 150 ʤ2. 

 
ʈʠʩ. 2.16. ʃʠʩʪʦʚʠʡ ʬʽʣʴʪʨ 

ʘ ʙʫʜʦʚʘ ʬʽʣʴʪʨʘ: 1 ï ʨʝʟʝʨʚʫʘʨ; 2 ï ʜʥʠʱʝ; 3 ï ʢʨʠʰʢʘ; 4 ï ʬʽʣʴʪʨʫʶʯʠʡ ʝʣʝʤʝʥʪ; 5 ï ʦʧʦʨʥʘ ʨʝʰʽʪʢʘ;  

6 ï ʢʦʣʝʢʪʦʨ; 7 - ʰʪʫʮʝʨ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ; 8 ï ʰʪʫʮʝʨ ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ;  

9 ï ʰʪʫʮʝʨ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʦʩʘʜʫ; 

ʙ ï ʨʦʙʦʯʠʡ ʝʣʝʤʝʥʪ ʬʽʣʴʪʨʘ:1 ï ʨʘʤʘ; 2 ï ʩʽʪʢʘ; 3 ï ʬʽʣʴʪʨʫʶʯʘ ʪʢʘʥʠʥʘ; 4 ï ʦʩʘʜ 

 

ʌʽʣʴʪʨ ï ʧʨʝʩ 

ʌʽʣʴʪʨ-ʧʨʝʩ (ʨʠʩ. 2.17) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʠʟʢʠ ʧʦʯʝʨʛʦʚʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʣʠʪ ʪʘ ʨʘʤ 

ʧʨʷʤʦʢʫʪʥʦʾ ʘʙʦ ʢʨʫʛʣʦʾ ʬʦʨʤʠ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʙʦʢʦʚʠʤʠ ʣʘʥʢʘʤʠ ʥʘ ʜʚʘ ʧʘʨʘʣʝʣʴʥʠʭ ʙʨʫʩʘ 

ʩʪʘʥʠʥʠ. ʄʽʞ ʧʣʠʪʘʤʠ ʪʘ ʨʘʤʘʤʠ ʧʨʦʢʣʘʜʘʶʪʴʩʷ ʪʢʘʥʠʥʽ ʧʝʨʝʛʦʨʦʜʢʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʘʢʝʪ 

ʩʪʷʛʫʻʪʴʩʷ ʛʽʜʨʘʚʣʽʯʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʤʽʞ ʦʜʥʽʻʶ ʥʝʨʫʭʦʤʦʶ ʪʘ ʽʥʰʦʶ ʨʫʭʦʤʦʶ ʧʣʠʪʘʤʠ, ʱʦ 

ʨʫʭʘʻʪʴʩʷ ʧʦ ʨʘʤʢʘʭ. ʂʨʘʾ ʧʣʠʪ (ʨʠʩ. 2.17ʙ) ʤʘʶʪʴ ʛʣʘʜʝʥʴʢʫ ʧʦʚʝʨʭʥʶ, ʘ ʩʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ï 

ʨʠʬʣʝʥʫ. ʇʨʠ ʮʴʦʤʫ ʞʦʣʦʙʠ ʟôʻʜʥʫʶʪʴʩʷ ʚ ʥʠʞʥʽʡ ʧʣʠʪʽ ʟ ʢʘʥʘʣʦʤ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ 

ʬʽʣʴʪʨʘʪʫ. ɿ ʚʝʨʭʫ ʧʣʠʪʠ ʤʘʶʪʴ ʮʝʥʪʨʘʣʴʥʠʡ ʦʪʚʽʨ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ ʽ ʜʚʘ ʢʨʘʡʥʽʭ ʦʪʚʦʨʠ 

ʜʣʷ ʧʦʜʘʯʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ. ʈʘʤʠ ʪʘʢʦʞ ʤʘʶʪʴ ʧʦ ʦʪʚʦʨʫ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʤʽʞ ʢʦʞʥʠʤʠ 

ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʢʘʤʝʨʘʤʠ ʜʣʷ ʦʩʘʜʫ. ʇʨʠ ʟʘʪʷʛʫʚʘʥʥʽ ʚʩʴʦʛʦ ʧʘʢʝʪʫ ʦʪʚʦʨʠ ʚ ʧʣʠʪʘʭ ʽ ʨʘʤʘʭ 

ʩʧʽʚʧʘʜʘʶʪʴ, ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʩʢʨʽʟʥʽ ʢʘʥʘʣʠ ʜʣʷ ʩʫʩʧʝʥʟʽʾ ʪʘ ʧʨʦʤʠʚʥʦʾ 

ʨʽʜʠʥʠ, ʘ ʢʨʘʾ ʪʢʘʥʠʥʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʫʱʽʣʴʥʶʶʯʠʭ ʧʨʦʢʣʘʜʦʢ. ʂʘʥʘʣʠ 

ʟôʻʜʥʫʶʪʴʩʷ ʪʽʣʴʢʠ ʟ ʢʘʤʝʨʘʤʠ ʤʽʞ ʧʣʠʪʘʤʠ ʽ ʟʘʢʽʥʯʫʶʪʴʩʷ ʙʽʣʷ ʢʽʥʮʝʚʦʾ ʧʣʠʪʠ. 

ʉʫʩʧʝʥʟʽʷ, ʷʢʘ ʧʽʜ ʪʠʩʢʦʤ ʧʦʜʘʻʪʴʩʷ ʥʘʩʦʩʦʤ, ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʘʤʝʨʠ ʬʽʣʴʨ-ʧʨʝʩʘ, ʟʚʽʜʢʠ 

ʬʽʣʴʪʨʘʪ, ʧʨʦʡʰʦʚʰʠ ʦʙʠʜʚʽ ʬʽʣʴʪʨʫʶʯʽ ʪʢʘʥʠʥʽ ʧʝʨʝʛʦʨʦʜʢʠ., ʩʪʽʢʘʻ ʧʦ ʞʦʣʦʙʘʤ ʧʦ 

ʚʽʜʚʽʜʥʠʤ ʢʘʥʘʣʘʤ (ʨʠʩ. 2.17ʙ), ʘ ʦʩʘʜ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʢʘʤʝʨ. ʇʽʩʣʷ ʾʭ ʟʘʧʦʚʥʝʥʥʷ 

ʧʦʜʘʯʘ ʩʫʩʧʝʥʟʽʾ ʧʨʠʧʠʥʷʻʪʴʩʷ ʽ ʧʦ ʢʘʥʘʣʘʤ, ʷʢʽ ʤʘʶʪʴ ʣʠʰʝ ʧʦʣʦʚʠʥʠ ʧʣʠʪ (ʨʠʩ. 2.17ʚ) ʧʽʜ 

ʪʠʩʢʦʤ ʧʦʜʘʻʪʴʩʷ ʧʨʦʤʠʚʥʘ ʨʽʜʠʥʘ. ɺ ʮʝʡ ʯʘʩ ʧʦʣʦʚʠʥʘ ʟʣʠʚʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ 
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ʢʨʘʥʘʤʠ, ʪʦʤʫ ʧʨʦʚʠʥʘ ʨʽʜʠʥʘ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʙʠʜʚʽ ʬʽʣʴʪʨʫʚʘʣʴʥʽ 

ʧʝʨʝʛʦʨʦʜʢʠ ʪʘ ʰʘʨ ʦʩʘʜʫ ʤʽʞ ʥʠʤʠ. ʇʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ ʦʩʘʜ ʯʘʩʪʦ ʧʨʦʜʫʚʘʶʪʴ ʧʦʚʽʪʨʷʤ 

(ʽʥʢʦʣʠ ʧʝʨʝʛʨʽʪʦʶ ʧʘʨʦʶ) ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʬʽʣʴʪʨʘʪʫ. ʇʦʪʽʤ ʚʽʜʩʫʚʘʶʪʴ ʨʫʭʦʤʫ 

ʧʣʠʪʫ, ʨʦʟôʻʜʥʫʶʪʴ ʧʣʠʪʠ ʽ ʨʘʤʠ, ʚʠʜʘʣʷʶʪʴ ʦʩʘʜ ʽ ʟʥʦʚʫ ʩʪʷʛʫʶʪʴ ʧʘʢʝʪ. ʇʣʠʪʠ ʪʘ ʨʘʤʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʯʘʚʫʥʘ, ʩʪʘʣʽ ʽ ʢʝʨʘʤʽʢʠ. ɺ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʧʦʨʷʜʞʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʢʘʥʘʣʘʤʠ ʜʣʷ ʪʝʧʣʦʥʦʩʽʷ ʯʠ ʦʭʦʣʦʜʞʫʚʘʯʘ. ɿʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʬʽʣʴʪʨʘʮʽʾ ʫ ʬʽʣʴʪʨ-ʧʨʝʩʽʚ 

ʜʦʩʷʛʘʻ 140 ʤ2, ʨʦʙʦʯʠʡ ʪʠʩʢ ï 1,5 ʄʇʘ. 

 
ʈʠʩ. 13.17. ʈʘʤʥʠʡ ʬʽʣʴʪʨ-ʧʨʝʩ: 

ʘ ï ʟʘʛʘʣʴʥʠʡ ʚʠʜ: 1 ï ʧʣʠʪʠ; 2 ï ʨʘʤʠ; 3 ï ʦʧʦʨʥʠʡ ʙʨʫʩ; 4 ï ʨʫʭʦʤʘ ʧʣʠʪʘ, 5 ï ʥʝʨʫʭʦʤʘ ʧʣʠʪʘ;  

6 ï ʛʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ; 7- ʧʦʜʘʯʘ ʩʫʩʧʝʥʟʽʾ; 8 ï ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ; 9 ï ʚʠʜʘʣʝʥʥʷ ʬʽʣʴʪʨʘʪʘ;  

ʙ ï ʧʣʠʪʘ; ʚ ï ʨʘʤʘ: 1 ï ʛʣʘʜʝʥʴʢʘ ʧʦʚʝʨʭʥʷ ʧʣʠʪʠ; 2 ï ʞʦʣʦʙʦʢ; 3 ï ʬʽʣʴʪʨʫʶʯʘ ʧʝʨʝʛʦʨʦʜʢʘ; 4 ï ʢʘʥʘʣ ʜʣʷ 

ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ ʪʘ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ; 5 ï ʧʨʦʭʦʜʠ ʜʣʷ ʩʫʩʧʝʥʟʽʾ; 6 ï ʧʨʦʭʦʜʠ ʜʣʷ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ; ʛ, ʜ ï 

ʩʪʘʜʽʾ ʬʽʣʴʪʨʘʮʽʾ ʽ ʧʨʦʤʠʚʢʠ: 1 ï ʩʝʨʝʜʥʽʡ ʢʘʥʘʣ ʜʣʷ ʩʫʩʧʝʥʟʽʾ; 2 ï ʢʘʥʘʣ; 3 ï ʤʽʞʧʣʠʪʦʯʥʠʡ ʧʨʦʩʪʽʨ; 4 ï ʧʣʠʪʠ; 5 

ï ʨʘʤʠ; 6 ï ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ ʪʘ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ; 7 ï ʢʨʘʥ; 8 ï ʙʦʢʦʚʠʡ ʧʨʦʪʽʢ ʜʣʷ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ; 9 ï 

ʢʘʥʘʣ 

 ʇʘʪʨʦʥʥʠʡ ʬʽʣʴʪʨ 

 

 ʇʘʪʨʦʥʥʠʡ ʬʽʣʴʪʨ (ʨʠʩ. 2.18) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʟʘʢʨʠʪʠʭ ʟʥʠʭʫ ʪʨʫʙ ʟ 

ʧʦʚʟʜʦʚʞʥʽʤʠ ʨʝʙʨʘʤʠ ʽ ʦʪʚʦʨʘʤʠ ʚ ʩʪʽʥʢʘʭ. ʅʘʮʽ ʪʨʫʙʠ ʥʘʥʠʟʘʥʽ ʢʽʣʴʮʷ ʟ ʢʝʨʘʤʽʢʠ, 

ʩʧʨʝʩʦʚʘʥʦʛʦ ʜʦʣʦʤʽʪʫ, ʩʢʣʘ (ʨʠʩ. 2.18ʘ). ʇʫʯʦʢ ʪʘʢʠʭ ʧʘʪʨʦʥʽʚ (ʨʠʩ. 2.18ʙ) ʧʦʤʽʱʘʻʪʴʩʷ ʚ 

ʟʘʢʨʠʪʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʨʧʫʩ ʟ ʚʽʜʢʠʜʥʦʶ ʢʨʠʰʢʦʶ, ʜʝ ʚʦʥʠ ʱʽʣʴʥʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ 

ʛʥʽʟʜʘ ʪʦʚʩʪʦʾ ʨʝʰʽʪʢʠ. ɿ ʚʥʫʪʨʽʰʥʽʤʠ ʧʘʨʘʣʝʣʴʥʠʤʠ ʢʘʥʘʣʘʤʠ. ʎʽ ʢʘʥʘʣʠ ʟôʻʜʥʫʶʪʴʩʷ ʟ 

ʧʦʨʦʞʥʠʥʘʤʠ ʧʘʪʨʦʥʽʚ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʚʝʜʝʥʥʷ ʬʽʣʴʪʨʘʪʫ. ʉʫʩʧʝʥʟʽʷ ʧʽʜ ʪʠʩʢʦʤ ʧʦʜʘʻʪʴʩʷ 

ʚ ʧʨʦʩʪʽʨ ʤʽʞ ʧʘʪʨʦʥʘʤʠ ʧʽʜ ʪʠʩʢʦʤ 0,8 ʄʇʘ. ɿʘ ʨʦʙʦʯʠʤ ʮʠʢʣʦʤ ʪʘ ʩʧʦʩʦʙʦʤ ʚʠʜʘʣʝʥʥʷ 

ʦʩʘʜʫ ʧʘʪʨʦʥʥʽ ʬʽʣʴʪʨʠ ʘʥʘʣʦʛʽʯʥʽ ʣʠʩʪʦʚʠʤ. ʇʦʚʝʨʭʥʷ ʬʽʣʴʪʨʘʮʽʾ ʜʦʩʷʛʘʻ 50 ʤ2, ʧʦʨʠʩʪʽʩʪʴ 

ʧʘʪʨʦʥʽʚ ï 40%, ʡʦʛʦ ʜʦʚʞʠʥʘ ʜʦ 2 ʤ, ʪʦʚʱʠʥʘ ʦʩʘʜʫ 15-20 ʤʤ. 
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ʈʠʩ. 2.18. ʇʘʪʨʦʥʥʠʡ ʬʽʣʴʪʨ: 

ʘ ï ʩʭʝʤʘ ʬʽʣʴʪʨʘ: 1 ï ʢʦʨʧʫʩ; 2 ï ʢʨʠʰʢʘ; 3 ï ʜʥʠʱʝ; 4 ï ʰʘʨʥʽʨ; 6 ï ʢʘʥʘʣ ʚ ʧʣʠʪʽ; 7 ï ʢʘʥʘʣ ʚ ʧʘʪʨʦʥʽ; 8 ï

 ʧʘʪʨʦʥʠ; 9- ʢʦʣʝʢʪʦʨ; 10 ï ʧʝʨʬʦʨʦʚʘʥʘ ʧʝʨʝʛʦʨʦʜʢʘ; 11 ï ʪʨʫʙʘ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ; 12 ï ʢʘʥʘʣ ʚ ʧʣʠʪʽ; 13 ï 

ʰʪʫʮʝʨ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʬʽʣʴʪʨʫʻʪʴʩʷ; 

ʙ ï ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʪʨʦʥ: 1 ï ʧʦʨʠʩʪʝ ʢʽʣʴʮʝ; 2 ï ʪʨʫʙʘ; 3 ï ʨʘʜʽʘʣʴʥʽ ʦʪʚʦʨʠ; 4 ï ʦʩʘʜ; 5 ï ʨʝʙʨʦ;  

6 ï ʚʝʨʪʠʢʘʣʴʥʠʡ ʢʘʥʘʣ 

 

ʌʽʣʴʪʨʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ.  

ʉʪʨʽʯʢʦʚʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ 

ʌʽʣʴʪʨ ʷʚʣʷʻ ʩʦʙʦʶ ʘʧʘʨʘʪ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, ʱʦ ʧʨʘʮʶʻ ʧʽʜ ʚʘʢʫʫʤʦʤ, ʚ ʷʢʦʤʫ 

ʥʘʧʨʷʤʦʢ ʜʽʾ ʩʠʣʠ ʪʷʞʽʥʥʷ ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʬʽʣʴʪʨʘʪʫ. ʉʭʝʤʘ ʬʽʣʴʪʨʘ ʥʘʚʝʜʝʥʘ ʥʘ 

(ʨʠʩ. 2.19). 

 
ʈʠʩ. 2.19 ʉʪʨʽʯʢʦʚʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ 

1 ï ʚʘʢʫʫʤ ʢʘʤʝʨʘ; 2 ï ʧʝʨʬʦʨʦʚʘʥʘ ʩʪʨʽʯʢʘ; 3 ï ʥʘʪʷʞʥʠʡ ʙʘʨʘʙʘʥ; 4 ï ʣʦʪʦʢ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ;  

5 ï ʬʽʣʴʪʨʫʶʯʘ ʪʢʘʥʠʥʘ; 6 ï ʥʘʪʷʞʥʽ ʨʦʣʠʢʠ; 7 ï ʚʘʣʠʢ ʜʣʷ ʧʝʨʝʛʠʥʫ ʩʪʨʽʯʦʢ; 8 ï ʧʨʠʚʽʜʥʠʡ 

ʙʘʨʘʙʘʥ;  

9 ï ʬʦʨʩʫʥʢʠ ʜʣʷ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ 

 

ʇʝʨʬʦʨʦʚʘʥʘ ʛʫʤʦʚʘ ʩʪʨʽʯʢʘ 2 ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʟʘʤʢʥʝʥʦʤʫ ʢʦʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʚʽʜʥʦʛʦ 8 ʽ ʥʘʪʷʞʥʦʛʦ 3 ʙʘʨʘʙʘʥʽʚ. ʌʽʣʴʪʨʫʶʯʘ ʪʢʘʥʠʥʘ 5 ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʛʫʤʦʚʦʾ 

ʩʪʨʽʯʢʠ ʧʨʠ ʥʘʪʷʛʫʚʘʥʥʽ ʨʦʣʠʢʘʤʠ 6. ɿ ʣʦʪʢʘ 4 ʥʘ ʬʽʣʴʪʨʫʶʯʫ ʪʢʘʥʠʥʫ ʧʦʜʘʻʪʴʩʷ ʩʫʩʧʝʥʟʽʷ. 

ʌʽʣʴʪʨʘʪ ʚʽʜʩʤʦʢʪʫʻʪʴʩʷ ʜʦ ʚʘʢʫʫʤ-ʢʘʤʝʨ 1, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ ʩʪʨʽʯʢʦʶ, ʽ ʚʽʜʚʦʜʠʪʴʩʷ ʟ 

ʘʧʘʨʘʪʫ. 

ʋʪʚʦʨʝʥʠʡ ʥʘ ʪʢʘʥʠʥʽ ʦʩʘʜ ʧʨʦʤʠʚʘʻʪʴʩʷ ʨʽʜʠʥʦʶ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ 9. 

ʇʨʦʤʠʚʥʘ ʨʽʜʠʥʘ ʚʽʜʩʤʦʢʪʫʻʪʴʩʷ ʜʦ ʽʥʰʠʭ ʚʘʢʫʫʤ-ʢʘʤʝʨ ʽ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʚʽʜʚʦʜʠʪʴʩʷ ʟ 

ʘʧʘʨʘʪʫ. 

ʆʩʘʜ ʟʘʚʜʷʢʠ ʚʘʢʫʫʤʫ ʧʽʜʩʫʰʫʻʪʴʩʷ ʽ ʧʨʠ ʟʛʠʥʽ ʩʪʨʽʯʢʠ ʯʝʨʝʟ ʚʘʣʠʢ 7 ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ 

ʪʢʘʥʠʥʠ ʽ ʩʢʠʜʘʻʪʴʩʷ ʚ ʙʫʥʢʝʨ. ʅʘ ʟʚʦʨʦʪʥʴʦʤʫ ʰʣʷʭʫ ʤʽʞ ʨʦʣʠʢʘʤʠ 6 ʬʽʣʴʪʨʫʶʯʘ ʪʢʘʥʠʥʘ 

ʟʘʟʚʠʯʘʡ ʨʝʛʝʥʝʨʫʻʪʴʩʷ: ʦʯʠʱʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʝʚʠʭ ʱʽʪʦʢ ʽ ʧʨʦʤʠʚʘʻʪʴʩʷ ʨʽʜʠʥʦʶ. 

ɼʦ ʧʝʨʝʚʘʛ ʩʪʨʽʯʢʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʦʢʨʽʤ ʚʠʱʝʚʢʘʟʘʥʠʭ ʩʧʽʚʧʘʜʽʥʥʷ ʥʘʧʨʷʤʢʫ ʬʽʣʴʪʨʘʮʽʾ 

ʪʘ ʦʩʘʜʞʝʥʥʷ, ʚʽʜʥʦʩʠʪʴʩʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ (ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʦʾ ʨʦʟʧʦʜʽʣʴʥʦʾ 

ʛʦʣʦʚʢʠ, ʷʢ ʫ ʙʘʨʘʙʘʥʥʦʤʫ ʬʽʣʴʪʨʽ), ʭʦʨʦʰʽ ʫʤʦʚʠ ʧʨʦʤʠʚʢʠ ʪʘ ʟʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʫ. ɿʘʚʜʷʢʠ 

ʧʨʦʩʪʦʪʽ ʚʽʜʚʝʜʝʥʥʷ ʦʩʘʜʫ ʪʘ ʨʝʛʝʥʝʨʘʮʽʾ ʪʢʘʥʠʥʠ ʤʦʞʣʠʚʘ ʦʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʘʞʢʦ 

ʬʽʣʴʪʨʫʶʪʴʩʷ.  

ʅʝʜʦʣʽʢʘʤʠ ʻ ʥʝʚʝʣʠʢʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʽ ʰʚʠʜʢʠʡ ʟʥʦʩ ʬʽʣʴʪʨʫʶʯʦʾ ʩʪʨʽʯʢʠ, 

ʛʨʦʤʽʟʜʢʽʩʪʴ ʘʧʘʨʘʪʫ, ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʛʝʨʤʝʪʠʟʘʮʽʾ. 

 

ɹʘʨʘʙʘʥʥʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ 

ʆʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, (ʨʠʩ. 2.20), ʻ ʟʚʘʨʝʥʠʡ ʘʙʦ ʚʠʣʠʪʠʡ 

ʟ ʤʝʪʘʣʫ ʙʘʨʘʙʘʥ 1, ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʘʧʬ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʥʘʜ ʚʘʥʥʦʶ 4 ʟ 

ʩʫʩʧʝʥʟʽʻʶ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʯʘʩʪʠʥʘ ʙʘʨʘʙʘʥʘ ʙʫʣʘ ʟʘʥʫʨʝʥʘ ʫ ʚʘʥʥʫ. 
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ʈʠʩ. 2.20. ʉʭʝʤʘ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ 

1 ï ʧʝʨʬʦʨʦʚʘʥʠʡ ʙʘʨʘʙʘʥ; 2 ï ʥʽʞ; 3 ï ʬʽʣʴʪʨʫʶʯʘ ʪʢʘʥʠʥʘ; 4 ï ʚʘʥʥʘ; 5 ï 

ʢʦʣʠʚʘʶʯʘ ʤʽʰʘʣʢʘ;  

6 ïʢʘʤʝʨʠ; 7 ï ʪʨʫʙʠ; 8 ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʦʜʘʯʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ 

 
ɹʘʨʘʙʘʥ ʥʘʙʫʚʘʻ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʚʽʜ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ʇʦʚʝʨʭʥʷ ʙʘʨʘʙʘʥʘ ʧʝʨʬʦʨʦʚʘʥʘ ʽ 

ʧʦʢʨʠʪʘ ʬʽʣʴʪʨʫʶʯʦʶ ʪʢʘʥʠʥʦʶ 3, ʷʢʘ ʩʧʝʮʽʘʣʴʥʦ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʙʘʨʘʙʘʥʽ. ʇʽʜ 

ʬʽʣʴʪʨʫʶʯʦʶ ʧʦʚʝʨʭʥʝʶ ʩʪʚʦʨʶʻʪʴʩʷ ʚʘʢʫʫʤ, ʬʽʣʴʪʨʘʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨʫʶʯʫ 

ʪʢʘʥʠʥʫ, ʘ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʘʜ, ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʨʽʟʘʻʪʴʩʷ ʥʦʞʝʤ 2. 

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʧʘʜʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʘʥʥʽ ʚʩʪʘʥʦʚʣʝʥʘ ʨʫʭʦʤʘ (ʢʦʣʠʚʘʣʴʥʘ) 

ʤʽʰʘʣʢʘ 5. ɺʩʝʨʝʜʠʥʽ ʙʘʨʘʙʘʥʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʫʪʚʦʨʝʥʽ ʦʢʨʝʤʽ ʢʘʤʝʨʠ 6, ʟôʻʜʥʘʥʽ ʪʨʫʙʘʤʠ 7 ʟ 

ʢʘʥʘʣʘʤʠ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʦʜʥʫ ʟ ʮʘʧʬ. ʂʘʥʘʣʠ ʟôʻʜʥʘʥʽ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ ʧʝʨʝʤʠʢʘʶʯʠʤ 

ʧʨʠʩʪʨʦʻʤ ï ʨʦʟʧʦʜʽʣʴʥʦʶ ʛʦʣʦʚʢʦʶ. ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʴʥʦʾ ʛʦʣʦʚʢʠ ʥʘʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 2.21). 

 
ʈʠʩ. 2.21. ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʴʥʦʾ ʛʦʣʦʚʢʠ: 

1 ï ʨʫʭʦʤʠʡ ʜʠʩʢ; 2 ï ʥʝʨʫʭʦʤʠʡ ʜʠʩʢ; ɸ ï ʟʦʥʘ ʬʽʣʴʪʨʘʮʽʾ; ɹ ï ʟʦʥʘ 

ʧʨʦʩʫʰʢʠ ʦʩʘʜʫ; ɺ ï ʟʦʥʘ ʧʨʦʤʠʚʢʠ ʪʘ ʧʨʦʩʫʰʢʠ ʦʩʘʜʫ; ɻ ï ʟʦʥʘ ʚʽʜʜʫʚʢʠ 

ʦʩʘʜʫ; ɼ ï ʟʦʥʘ ʦʯʠʩʪʢʠ ʪʢʘʥʠʥʠ; 

ɯ, ɯɯ ïʧʦʚʽʪʨʷ; ɯɯɯ ïʧʨʦʤʠʚʥʘ ʨʽʜʠʥʘ; VI ï ʬʽʣʴʪʨʘʪ 
 

ɺ ʛʦʣʦʚʮʽ ʻ ʧʨʠʢʨʽʧʣʝʥʠʡ ʜʦ ʙʘʨʘʙʘʥʫ ʨʫʭʦʤʠʡ ʜʠʩʢ 1 ʽ ʥʝʨʫʭʦʤʠʡ ʜʠʩʢ 2. ʆʪʚʦʨʠ ʚ 

ʨʫʭʦʤʦʤʫ ʜʠʩʢʫ ʟôʻʜʥʫʶʪʴʩʷ ʟ ʢʘʤʝʨʘʤʠ ʙʘʨʘʙʘʥʘ, ʘ ʦʪʚʦʨʠ ʚ ʥʝʨʫʭʦʤʦʤʫ ʜʠʩʢʫ ï ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, ʧʦ ʷʢʠʤ ʚʽʜʚʦʜʠʪʴʩʷ ʬʽʣʴʪʨʘʪ ʽ ʧʨʦʤʠʚʥʘ ʨʽʜʠʥʘ ʽ 

ʧʽʜʚʦʜʠʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʜʣʷ ʚʽʜʜʫʚʢʠ ʦʩʘʜʫ ʽ ʦʯʠʩʪʢʠ ʬʽʣʴʪʨʫʶʯʦʾ ʪʢʘʥʠʥʠ. 

ʊʦʙʪʦ ʚ ʟʦʥʘʭ ɸ, ɹ ʽ ɺ ïʩʪʚʦʨʶʻʪʴʩʷ ʨʦʟʨʽʜʞʝʥʥʷ, ʘ ʚ ʟʦʥʘʭ ɻ ʽ ɼ ï ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ. 

ʂʦʞʥʠʡ ʦʪʚʽʨ ʨʫʭʦʤʦʛʦ ʜʠʩʢʘ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʫʶʪʴʩʷ ʟ ʦʪʚʦʨʘʤʠ 

ʥʝʨʫʭʦʤʦʛʦ ʜʠʩʢʘ, ʘ ʚ ʢʦʞʥʽʡ ʢʘʤʝʨʽ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʙʘʨʘʙʘʥʘ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚʩʽ ʩʪʘʜʽʾ ʧʨʦʮʝʩʫ.  

ʎʝ ʻ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʬʽʣʴʪʨʘ. ʈʘʟʦʤ ʟ ʪʠʤ, ʮʝ ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʤʦʞʣʠʚʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʾ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʭʦʨʦʰʽ ʫʤʦʚʠ ʧʨʦʤʠʚʢʠ 

ʦʩʘʜʫ. 



93 

 

 

 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʬʽʣʴʪʨʘ ʚʽʜʥʦʩʠʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʘ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ʬʽʣʴʪʨʘʮʽʾ, 

ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʘ ʚʘʨʪʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʛʝʨʤʝʪʠʟʘʮʽʾ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʫ 

ʨʦʙʦʯʽʡ ʚʘʥʥʽ ʯʝʨʝʟ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ 

ʬʽʣʴʪʨʘʪʫ. 

 

ɼʠʩʢʦʚʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ 

ɼʠʩʢʦʚʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ ʥʘʚʝʜʝʥʦ ʥʘ (ʨʠʩ. 2.22). 

 
ʈʠʩ. 2.22. ɼʠʩʢʦʚʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ: 

1 ï ʧʫʩʪʦʪʽʣʠʡ ʚʘʣ; 2 ï ʜʠʩʢʠ; 3 ï ʨʦʙʦʯʘ ʻʤʥʽʩʪʴ; 4 ï ʨʦʟʧʦʜʽʣʴʥʘ ʛʦʣʦʚʢʘ 
ɼʠʩʢʦʚʠʡ ʬʽʣʴʪʨ ʚʽʜ ʙʘʨʘʙʘʥʥʦʛʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʡʦʛʦ ʬʽʣʴʪʨʫʶʯʘ ʧʦʚʝʨʭʥʷ 

ʚʠʢʦʥʘʥʘ ʟ ʧʫʩʪʦʪʽʣʠʭ ʜʠʩʢʽʚ 2, ʥʘʩʘʜʞʝʥʠʭ ʥʘ ʧʫʩʪʦʪʽʣʠʡ ʚʘʣ 1. ɼʠʩʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʦʢʨʝʤʠʭ ʩʝʢʪʦʨʽʚ 2, ʨʠʩ. 2.23, ʫʢʨʽʧʣʝʥʠʭ ʥʘ ʚʘʣʫ ʥʘʢʣʘʜʢʘʤʠ 3 ʽ ʩʪʷʞʥʠʤʠ ʰʧʠʣʴʢʘʤʠ 4. 

 
ʈʠʩ. 2.23. ʉʝʢʮʽʷ ʜʠʩʢʦʚʦʛʦ ʬʽʣʴʪʨʘ: 

1 ï ʧʫʩʪʦʪʽʣʠʡ ʚʘʣ; 2 ï ʩʝʢʪʦʨ; 3 ï ʥʘʢʣʘʜʢʘ; 4 ï ʩʪʷʞʥʘ ʰʧʠʣʴʢʘ; 5 ï 

ʧʘʪʨʫʙʦʢ 

 
ʂʦʞʥʠʡ ʩʝʢʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʨʦʙ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤʠ ʩʪʽʥʢʘʤʠ. ʋ ʚʫʟʴʢʽʡ ʯʘʩʪʠʥʽ 

ʩʝʢʪʦʨʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʘʪʨʫʙʦʢ 5, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʚʘʣʫ. ɺʥʫʪʨʽʰʥʷ ʻʤʥʽʩʪʴ 

ʢʦʞʥʦʛʦ ʩʝʢʪʦʨʘ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ ʟôʻʜʥʘʥʘ ʟ ʢʘʥʘʣʦʤ ʚ ʮʘʧʬʽ ʚʘʣʫ. ʇʝʨʝʜ ʩʢʣʘʜʘʥʥʷʤ ʜʠʩʢʫ 

ʚʩʽ ʩʝʢʪʦʨʠ ʦʙʪʷʛʫʶʪʴʩʷ ʬʽʣʴʪʨʫʶʯʦʶ ʪʢʘʥʠʥʦʶ 1. ʅʘ ʦʜʥʽʡ ʟ ʮʘʧʬ, ʘ ʫ ʬʽʣʴʪʨʘʭ ʚʝʣʠʢʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʦʙʦʭ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʨʦʟʧʦʜʽʣʴʥʽ ʛʦʣʦʚʢʠ ʘʥʘʣʦʛʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʱʦ ʡ ʫ 

ʙʘʨʘʙʘʥʥʠʭ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽʚ. ɺ ʧʨʦʮʝʩʽ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʙʦʢʦʚʽʡ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʽʚ ʚʽʜʢʣʘʜʘʻʪʴʩʷ 

ʦʩʘʜ, ʷʢʠʡ ʧʽʩʣʷ ʧʨʦʩʫʰʢʠ ʟʥʽʤʘʻʪʴʩʷ ʥʦʞʘʤʠ. 

ɼʠʩʢʦʚʽ ʬʽʣʴʪʨʠ ʙʽʣʴʰ ʢʦʤʧʘʢʪʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʨʘʙʘʥʥʠʤʠ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘʤʠ, ʘʣʝ ʚ 

ʥʠʭ ʫʩʢʣʘʜʥʝʥʘ ʧʨʦʤʠʚʢʘ ʦʩʘʜʫ, ʪʦʤʫ ʱʦ ʟʚʦʣʦʞʝʥʠʡ ʦʩʘʜ ʣʝʛʢʦ ʩʧʦʚʟʘʻ ʟ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʠʩʢʽʚ.  

 

ʂʘʨʫʩʝʣʴʥʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ 

ʊʘʢʠʡ ʬʽʣʴʪʨ ʤʘʻ ʧʝʨʝʚʘʛʠ ʥʫʪʯ-ʬʽʣʴʪʨʽʚ ʽ ʻ ʬʽʣʴʪʨʦʤ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ 

(ʨʠʩ. 2.24). 
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ʈʠʩ. 2.24. ʉʭʝʤʘ ʨʦʙʦʪʠ ʢʘʨʫʩʝʣʴʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʫ 

ʌʽʣʴʪʨ ʚʢʣʶʯʘʻ ʥʠʟʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʫʪʯ-ʬʽʣʴʪʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦ ʢʦʣʫ ʽ ʟôʻʜʥʘʥʠʭ 

ʛʥʫʯʢʠʤʠ ʰʣʘʥʛʘʤʠ ʟ ʨʦʟʧʦʜʽʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʘʥʘʣʦʛʽʯʥʦ ʟʘʩʪʦʩʦʚʘʥʠʤ ʚ ʙʘʨʘʙʘʥʥʠʭ ʪʘ 

ʜʠʩʢʦʚʠʭ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘʭ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʨʘʤʠ, ʥʘ ʷʢʽʡ ʟʤʦʥʪʦʚʘʥʽ ʥʫʪʯ-ʬʽʣʴʪʨʠ, ʢʦʞʥʠʡ ʟ 

ʥʠʭ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʭʦʜʠʪʴ ʩʪʘʜʽʾ ʟʘʧʦʚʥʝʥʥʷ ʩʫʩʧʝʥʟʽʾ, ʬʽʣʴʪʨʘʮʽʾ, ʧʨʦʤʠʚʢʠ ʪʘ ʚʠʜʘʣʝʥʥʷ 

ʦʩʘʜʫ, ʧʨʦʤʠʚʢʠ ʪʘ ʩʫʰʢʠ ʬʽʣʴʪʨʫʶʯʦʾ ʪʢʘʥʠʥʠ. 

ʇʝʨʝʚʘʛʘʤʠ ʬʽʣʴʪʨʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʪʝʣʴʥʦʾ ʧʨʦʤʠʚʢʠ ʦʩʘʜʫ, ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʬʽʣʴʪʨʫʶʯʦʾ ʪʢʘʥʠʥʠ (ʚʽʜʩʫʪʥʽʩʪʴ ʥʦʞʘ, ʥʘʪʷʛʫ), ʩʧʽʚʧʘʜʥ̔ʥʷ ʥʘʧʨʷʤʢʫ ʬʽʣʴʪʨʘʮʽʾ ʪʘ 

ʦʩʘʜʞʝʥʥʷ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʽʜʥʦʩʷʪʴ ʛʨʦʤʽʟʜʢʽʩʪʴ, ʚʝʣʠʢʘ ʤʝʪʘʣʦʻʤʥʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʛʝʨʤʝʪʠʟʘʮʽʾ. 

 

2.3.5. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʙʝʟʧʝʨʝʨʚʥʦ ʜʽʶʯʠʭ ʨʽʜʠʥʥʠʭ ʬʽʣʴʪʨʽʚ 

 

ʈʦʟʨʘʭʫʥʦʢ ʙʝʟʧʝʨʝʨʚʥʦ ʜʽʶʯʠʭ ʬʽʣʴʪʨʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦ ʟʘʜʘʥʽʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʨʽʟʥʠʭ ʟʦʥ ʧʨʦʮʝʩʫ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʬʽʣʴʪʨʫʶʯʦʾ 

ʧʦʚʝʨʭʥʽ, ʘ ʫ ʚʠʧʘʜʢʫ ʫʩʪʘʥʦʚʢʠ ʜʝʢʽʣʴʢʦʭ ʬʽʣʴʪʨʽʚ ï ʽ ʾʭ ʯʠʩʣʘ. 

ɿʘʛʘʣʴʥʫ ʩʭʝʤʫ ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʩʪʨʽʯʢʦʚʦʛʦ ʬʽʣʴʪʨʫ, (ʨʠʩ. 2.19). 

ʇʨʠʧʫʩʪʠʤʦ, L ï ʟʘʛʘʣʴʥʘ ʨʦʙʦʯʘ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʫʶʯʦʾ ʩʪʨʽʯʢʠ, ʤ. Lʬ, Lʧʨ, Lʜ ï ʜʦʚʞʠʥʘ 

ʜʽʣʷʥʦʢ ʩʪʨʽʯʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ, ʧʨʦʤʠʚʢʠ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ, ʤ. Fʬ, Fʧʨ, Fʜ ï 

ʧʦʚʝʨʭʥʷ ʩʪʨʽʯʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʧʨʦʤʠʚʢʠ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʤ2, W ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʬʽʣʴʪʨʫʶʯʦʾ ʧʦʚʝʨʭʥʽ, ʤ/ʩ; b ï ʰʠʨʠʥʘ ʩʪʨʽʯʢʠ, ʤ.  

ɿʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ʚʠʟʥʘʯʘʻʤʦ ʪʦʚʱʠʥʫ ʦʩʘʜʫ l. 

ʂʽʣʴʢʽʩʪʴ ʦʩʘʜʫ, ʷʢʠʡ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʽ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʚʠʨʘʟʠʤʦ ʜʦʙʫʪʢʦʤ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʩʪʨʽʯʢʠ ʥʘ ʧʣʦʱʫ ʰʘʨʫ ʦʩʘʜʫ, ʨʦʟʪʘʰʦʚʘʥʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʢʫ ʨʫʭʫ: 

 WlbVx= , ʟʚʽʜʢʠ 
lb

Vx
W =   (2.52) 

ʏʘʩ ʬʽʣʴʪʨʘʮʽʾ ʚʠʟʥʘʯʠʤʦ ʟ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʪʠʩʢʫ: 
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ɼʦʚʞʠʥʫ ʜʽʣʷʥʢʠ ʬʽʣʴʪʨʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 ʬʬ WL t= ,  (2.53) 

ʘ ʧʦʚʝʨʭʥʶ ʬʽʣʴʪʨʘʮʽʾ  

 bWF ʬʬ t= . (2.54) 
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ʇʦʚʝʨʭʥʷ ʜʽʣʷʥʢʠ ʧʨʦʤʠʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʟʘ ʚʠʨʘʟʦʤ: 

 ,P/KRVF ʚʟʘʛʧʨʧʨ D=  (2.55) 

ʜʝ Vʧʨ ï ʚʠʪʨʘʪʠ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ, ʤ
3/ʩ, 

ʂʚ ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʬ

ʧʨ

ʚK
m

m
= ,  

mʧʨ, mʬ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ ʽ 

ʬʽʣʴʪʨʘʪʫ.  
ɼʦʚʞʠʥʫ ʜʽʣʷʥʢʠ ʧʨʦʤʠʚʢʠ ʚʠʟʥʘʯʠʤʦ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 ï ð ô ï ð ô( / )L L F F= ,  (2.56) 

ɿʥʘʶʯʠ ʟ ʜʦʩʣʽʜʫ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ tʜ, ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ 

ʜʦʚʞʠʥʫ ʜʽʣʷʥʢʠ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ Lʜ ʽ ʟʘʛʘʣʴʥʫ ʜʦʚʞʠʥʫ ʩʪʨʽʯʢʠ: 

 ʜWL t=         ʜʧʨʬ LLLL ++=   (2.57) 

ɿ ʚʠʨʘʟʫ (2.58): 

 W60/nDʧ =p , (2.58) 

ʨʦʟʨʘʭʫʻʤʦ ʜʽʘʤʝʪʨ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʫ ʧʦ ʟʘʜʘʥʦʤʫ ʯʠʩʣʫ ʡʦʛʦ ʦʙʝʨʪʽʚ ʘʙʦ ʯʠʩʣʦ 

ʦʙʝʨʪʽʚ ʧʦ ʟʘʜʘʥʦʤʫ ʜʽʘʤʝʪʨʫ ʧʨʠʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ ï Dʙ: 

 
ʙD

W60
n
p
= , (2.59) 

ʈʦʟʨʘʭʫʥʦʢ ʙʘʨʘʙʘʥʥʦʛʦ ʬʽʣʴʪʨʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʪʽʡ ʞʝ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʽ ʩʪʨʽʯʢʦʚʦʛʦ, 

ʧʨʠ ʮʴʦʤʫ ʟʘʤʽʩʪʴ ʨʦʙʦʯʦʾ ʜʦʚʞʠʥʠ ʩʪʨʽʯʢʠ ʚʠʟʥʘʯʘʶʪʴ ʜʦʚʞʠʥʫ ʢʦʣʘ ʙʘʨʘʙʘʥʫ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʨʦʟʨʘʭʦʚʫʶʪʴ ʜʽʘʤʝʪʨ ʙʘʨʘʙʘʥʫ 

 Dʙ = L/p.  (2.60) 

ʽ ʯʠʩʣʦ ʡʦʛʦ ʦʙʝʨʪʽʚ  

 n = 60W/pDʙ. (2.61) 

ʂʫʪ ʟʦʥ ʬʽʣʴʪʨʘʮʽʾ, ʧʨʦʤʠʚʢʠ ʽ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ (aʬ,aʧʨ,aʜ) ʟʥʘʭʦʜʷʪʴ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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  (2.62) 

 

2.4. ʈʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʨʽʜʢʠʭ ʩʠʩʪʝʤ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 

 

2.4.1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

 

ɻʽʜʨʦʮʠʢʣʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʮʝʣʶʣʦʟʥʦ-

ʧʘʧʝʨʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ, ʘʧʘʪʠʪʥʠʭ ʬʘʙʨʠʢʘʭ, ʜʝ ʚʦʥʠ ʟʘʤʽʥʠʣʠ ʩʧʽʨʘʣʴʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ, ʥʘ 

ʚʫʛʣʝʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʬʘʙʨʠʢʘʭ ʧʦʢʨʘʱʠʪʠ ʚʫʛʣʝʟʙʘʛʘʯʝʥʥʷ ʚʫʛʽʣʴʥʦʾ ʪʘ ʘʥʪʨʘʮʠʪʦʚʦʾ ʜʨʽʙʥʦʾ 

ʬʨʘʢʮʽʾ. 

ɺ ʪʝʭʥʦʣʦʛʽʾ ʢʘʨʙʘʤʽʜʥʦʾ ʜʝʧʘʨʘʬʽʥʘʮʽʾ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

120-150 ʤ3/ʛʦʜ ʟʘʤʽʩʪʴ ʦʩʘʜʞʫʚʘʣʴʥʠʭ ʮʝʥʪʨʠʬʫʛ ʤʘʨʢʠ ʆɻʐ-12 ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ 2,5 ʨʘʟʠ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚ 5 ʨʘʟʽʚ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʘʧʽʨʥʠʭ ʛʽʜʨʦʮʠʢʣʦʥʽʚ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ, 

ʭʘʨʯʦʚʦʾ, ʢʨʦʭʤʘʣʴʥʦ-ʣʽʩʦʚʦʾ ʪʘ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʢʦʨʦʪʠʪʠ ʚʠʨʦʙʥʠʯʽ ʧʣʦʱʽ 

ʢʦʤʧʣʝʢʩʽʚ ʧʝʨʝʨʦʙʢʠ ʙʘʛʘʪʦʬʘʟʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʟʘ ʢʦʨʜʦʥʦʤ ʜʣʷ ʧʦʪʨʝʙ ʚʫʛʽʣʴʥʦʾ ʪʘ ʛʽʨʥʦʟʙʘʛʘʯʫʚʘʣʴʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʛʽʜʨʦʮʠʢʣʦʥʠ ʩʝʨʽʡʥʦ ʚʠʧʫʩʢʘʶʪʴ ʙʽʣʷ 10 ʬʽʨʤ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ: 

ñKrebsò, ñEagle Iron Worksò, ñDorr Oliverò, ñC.E. Bauerò (ʉʐɸ), ñLiquid-Solid Separationò, 

ñRichard Mozley Limitedò (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ), ñFurukawa Mining Company Ltdò (ʗʧʦʥʽʷ), ñFives 

ï Coil Babcockò (ʌʨʘʥʮʽʷ), ñAmberger Kaolin Werks Gmbhò, ñKND Humbolt Wedagò 

(ʅʽʤʝʯʯʠʥʘ). 

ʊʠʧʦʨʦʟʤʽʨʥʠʡ ʨʷʜ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʤʝʪʨʘ ʛʽʜʨʦʮʠʢʣʦʥʘ Dʮ(ʤʤ) ʻ: 

25; 50; 75; 100; 125; 150; 200; 225; 300; 350; 375; 400; 450; 500; 600; 650; 700; 750; 800; 900; 

1000; 1200; 1250. 

 

ʇʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʦʛʦ ʛʽʜʨʦʮʠʢʣʦʥʘ 

ʎʠʣʽʥʜʨʦʢʦʥʽʯʥʠʡ ʛʽʜʨʦʮʠʢʣʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: ʮʠʣʽʥʜʨʠʯʥʦʾ 1 ʟ 

ʢʨʠʰʢʦʶ 2 ʽ ʢʦʥʽʯʥʦʾ 3, (ʨʠʩ. 2.25). ɺ ʮʠʣʽʥʜʨʠʯʥʽʡ ʯʘʩʪʠʥʽ ʻ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ 4, ʧʦ ʷʢʦʤʫ 

ʩʫʩʧʝʥʟʽʷ ʥʘʜʭʦʜʠʪʴ ʪʘʥʛʝʥʮʽʡʥʦ ʚ ʛʽʜʨʦʮʠʢʣʦʥ. ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ ʻ ʧʘʪʨʫʙʦʢ 

5. ʏʝʨʝʟ ʰʪʫʮʝʨ 6 ʚʽʜʚʦʜʠʪʴʩʷ ʟʛʫʱʝʥʠʡ ʧʨʦʜʫʢʪ. 

 

 

 

 

 

ʈʠʩ. 2.25. ʉʭʝʤʘ ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʦʛʦ 

ʛʽʜʨʦʮʠʢʣʦʥʘ 

1 ï ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʨʧʫʩ; 2 ï ʢʨʠʰʢʘ; 3 ï ʢʦʥʽʯʥʘ 

ʯʘʩʪʠʥʘ ʘʧʘʨʘʪʫ; 4 ï ʞʠʚʠʣʴʥʠʡ (ʚʭʽʜʥʠʡ) ʧʘʪʨʫʙʦʢ;  

5 ï ʪʨʫʙʘ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ; 6 ï 

ʥʘʩʘʜʢʘ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʟʛʫʱʝʥʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʈʠʩ. 2.26. ʉʭʝʤʘ ʨʦʟʜʽʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʦʤʫ 

ʮʠʣʽʥʜʨʽ 

(ʧʦʟʥʘʯʝʥʥʷ ʜʠʚ. ʥʘ ʨʠʩ. 2.25) 

 

 

ɺʠʭʽʜʥʘ ʩʫʩʧʝʥʟʽʷ ʧʦʜʘʻʪʴʩʷ ʜʦ ʘʧʘʨʘʪʫ ʧʽʜ ʥʘʜʣʠʰʢʦʚʠʤ ʪʠʩʢʦʤ, ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ 

ʞʠʚʠʣʴʥʠʤ ʥʘʩʦʩʦʤ. ʇʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʧʦʣʦʞʝʥʥʽ ʘʧʘʨʘʪʘ ʚ ʧʨʦʩʪʦʨʽ ʙʽʣʴʰ ʚʝʣʠʢʽ ʯʘʩʪʠʥʢʠ 

ʧʨʷʤʫʶʪʴ ʜʦ ʚʝʨʰʠʥʠ ʢʦʨʧʫʩʘ ʽ ʨʦʟʚʘʥʪʘʞʫʶʪʴʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨ 6, ʘ ʙʽʣʴʰ ʤʝʥʰʽ ʪʘ ʣʝʛʢʽ 

ʧʨʷʤʫʶʪʴ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʫ ʽ ʯʝʨʝʟ ʟʣʠʚʥʫ ʪʨʫʙʫ 3 ʚʠʚʦʜʷʪʴʩʷ ʟ ʛʽʜʨʦʮʠʢʣʦʥʫ (ʨʠʩ. 

2.27). 

ʄʝʪʦʜ ʨʦʟʜʽʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʪʚʝʨʜʦʾ ʬʘʟʠ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʨʦʟʤʽʨʽʚ ʽ ʛʫʩʪʠʥʠ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʨʫʩʽ ʮʠʭ ʯʘʩʪʠʥʦʢ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʽʥʝʨʮʽʾ, ʩʠʣʠ 

ʦʧʦʨʫ ʽ ʚʧʣʠʚʫ ʤʦʞʣʠʚʠʭ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ (ʩʪʽʩʥʝʥʠʭ ʨʫʭ ʯʘʩʪʠʥʦʢ, ʦʩʦʙʣʠʚʦ ʚ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʛʽʜʨʦʮʠʢʣʦʥʫ, ʪʫʨʙʫʣʽʟʘʮʽʷ ʧʦʪʦʢʫ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʽʟʥʠʭ ʟʦʥʘʭ ʘʧʘʨʘʪʫ ʧʨʠ ʟʤʽʥʽ 

ʨʝʞʠʤʽʚ ʡʦʛʦ ʨʦʙʦʪʠ).  

ʇʨʠ ʨʦʙʦʪʽ ʛʽʜʨʦʮʠʢʣʦʥʫ ʚ ʥʴʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ ʢʣʘʩ ʯʘʩʪʠʥʦʢ ʟʘʜʘʥʦʾ ʧʨʦʤʽʞʥʦʾ 

ʢʨʫʧʥʦʩʪʽ (ʯʠ ʛʫʩʪʠʥʠ) ʯʘʩʪʠʥʢʠ ʮʽʻʾ ʚʫʟʴʢʦʾ ʬʨʘʢʮʽʾ ʙʝʟʧʝʨʝʨʚʥʦ ʮʠʨʢʫʣʶʶʪʴ ʚ ʟʦʥʽ ʤʽʞ 
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ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʤʠ ʦʪʚʦʨʘʤʠ ʽ ʥʝ ʚʠʭʦʜʷʪʴ ʟ ʘʧʘʨʘʪʫ. ʈʦʟʤʽʨ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠʡʥʷʪʦ 

ʥʘʟʠʚʘʪʠ ʛʨʘʥʠʯʥʦʶ ʢʨʫʧʥʽʩʪʶ ʨʦʟʜʽʣʝʥʥʷ. 

ʅʘʢʦʧʠʯʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʙʽʣʷ ʚʝʨʰʠʥʠ ʢʦʥʫʩʘ ʧʝʨʝʰʢʦʜʞʘʻ ʧʝʨʝʤʽʱʝʥʥʶ 

ʙʽʣʴʰʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʥʘʩʘʜʢʠ, ʱʦ ʩʧʨʠʯʠʥʶʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ 

ʨʦʟʜʽʣʝʥʥʷ. 

ʏʘʩʪʠʥʢʠ, ʷʢʽ ʥʝ ʟʜʘʪʥʽ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʽʥʝʨʮʽʾ ʧʦʜʦʣʘʪʠ ʩʠʣʠ ʦʧʦʨʫ 

ʨʘʜʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʝʩʫʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʜʦ ʦʩʽ ʛʽʜʨʦʮʠʢʣʦʥʫ ʽ 

ʟʘʭʦʧʣʶʶʪʴʩʷ ʚʠʩʭʽʜʥʠʤ ʩʪʨʫʤʝʥʝʤ ʪʘ ʚʠʥʦʩʷʪʴʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨ 5 ʨʘʟʦʤ ʟ ʦʩʚʽʪʣʝʥʦʶ 

ʨʽʜʠʥʦʶ, ʨʠʩ. 2.27. 

 
ʈʠʩ. 2.27. ʉʭʝʤʘ ʨʫʭʫ ʧʦʪʦʢʽʚ ʚ ʢʦʨʧʫʩʽ ʛʽʜʨʦʮʠʢʣʦʥʫ: 

ɯ ï ʟʦʚʥʽʰʥʷ ʟʦʥʘ; ɯɯ ï ʚʥʫʪʨʽʰʥʷ ʟʦʥʘ; ɯɯɯ ï ʟʦʥʘ ʨʦʟʨʽʜʞʝʥʥʷ (ʧʦʚʽʪʨʷʥʠʡ ʩʪʦʚʧ) 

 

ɺ ʧʝʨʠʬʝʨʽʡʥʽʡ ʟʦʥʽ ɯ ʧʦʪʽʢ ʨʽʜʢʦʾ ʬʘʟʠ, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ, 

ʨʫʭʘʻʪʴʩʷ ʚʥʠʟ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʛʽʜʨʦʮʠʢʣʦʥʫ. ʅʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʜʠʥʠ ʧʨʠ ʮʴʦʤʫ 

ʚʠʭʦʜʠʪʴ ʯʝʨʝʟ ʰʪʫʮʝʨ 6, ʦʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʟʤʽʥʶʻ ʥʘʧʨʷʤ ʨʫʭʫ ʽ, ʫʪʚʦʨʶʶʯʠ ʚʠʩʭʽʜʥʠʡ 

ʧʦʪʽʢ (ʟʦʥʘ ɯɯ), ʧʽʜʥʽʤʘʻʪʴʩʷ ʚʛʦʨʫ ʽ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʛʽʜʨʦʮʠʢʣʦʥʫ ʯʝʨʝʟ ʚʠʚʽʜʥʠʡ ʧʘʪʨʫʙʦʢ 5. 

ʇʨʠ ʨʫʩʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʪʦʢʫ ʜʦ ʚʝʨʰʠʥʠ ʢʦʨʧʫʩʘ ʟ ʥʴʦʛʦ ʚʠʜʘʣʷʻʪʴʩʷ ʯʘʩʪʠʥʘ ʨʽʜʠʥʠ, 

ʷʢʘ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʣʠʚʘʻʪʴʩʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʠʩʭʽʜʥʦʛʦ 

ʧʦʪʦʢʫ.  

ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʯʝʨʝʟ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʰʪʫʮʝʨ ʚ ʛʽʜʨʦʮʠʢʣʦʥʽ ʧʽʜʩʤʦʢʪʫʻʪʴʩʷ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʨʘʟʦʤ ʟ ʛʘʟʦʤ, ʷʢʠʡ ʚʠʜʽʣʠʚʩʷ ʟ ʨʽʜʠʥʠ, ʫʪʚʦʨʶʻ ʨʦʟʨʽʜʞʝʥʥʷ ɯɯɯ 

(ʧʦʚʽʪʨʷʥʠʡ ʩʪʦʚʧ). 

ɺʠʩʭʽʜʥʠʡ ʧʦʪʽʢ, ʚ ʷʢʦʤʫ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʣʝʛʢʽ ʘʙʦ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʦʙʤʝʞʝʥʠʡ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʮʽʻʶ ʟʦʥʦʶ ʨʦʟʧʦʜʽʣʝʥʥʷ. 

ʇʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʪʦʚʧʘ ʻ ʨʦʟʨʠʚ ʩʫʮʽʣʴʥʦʛʦ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʯʝʨʝʟ 

ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʪʘʥʛʝʥʮʽʡʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʦʙʣʠʟʫ ʚʽʩʽ ʛʽʜʨʦʮʠʢʣʦʥʫ ʽ ʚʠʜʽʣʝʥʥʷ ʜʫʞʝ 

ʜʨʽʙʥʠʭ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʟ ʧʦʪʦʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʠʣʴʥʦʛʦ ʚʠʭʦʨʦʫʪʚʦʨʝʥʥʷ. 
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2.4.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʧʘʨʘʪʽʚ ʛʽʜʨʦʮʠʢʣʦʥʥʦʛʦ ʪʠʧʫ 

 

ɿ ʚʝʣʠʢʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʢʦʥʩʪʨʫʢʮʽʡ ʛʽʜʨʦʮʠʢʣʦʥʽʚ ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ 

ʛʨʫʧʠ: 

1. ʂʦʥʽʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ (ʚʽʜʢʨʠʪʽ ʪʘ ʟʘʢʨʠʪʽ) ʧʨʠʟʥʘʯʝʥʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ 

ʨʦʟʜʽʣʝʥʥʷ ʛʨʫʙʠʭ ʩʫʩʧʝʥʟʽʡ, ʨʠʩ. 2.28ʘ) 

2. ʎʠʣʽʥʜʨʦʢʦʥʽʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ, ʟʛʫʱʝʥʥʷ, 

ʟʙʘʛʘʯʝʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʾ, ʨʠʩ. 2.28. ʙ)-ʛ) 

3. ʎʠʣʽʥʜʨʠʯʥʽ (ʧʨʷʤʦʪʦʯʥʽ ʽ ʧʨʦʪʠʪʝʯʽʡʥʽ) ʛʽʜʨʦʮʠʢʣʦʥʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʯʘʩʪʽʰʝ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʚʦʭʬʨʘʢʮʽʡʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʟʛʫʱʝʥʥʷ 

ʩʫʩʧʝʥʟʽʾ, ʨʠʩ. 2.29ʘ,ʙ) 

4. ʊʫʨʙʦʮʠʢʣʦʥʠ ï ʘʧʘʨʘʪʠ ʛʽʜʨʦʮʠʢʣʦʥʥʦʛʦ ʪʠʧʫ ʟ ñʨʦʟʛʽʥʥʠʤʠò ʦʙʝʨʪʦʚʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ (ʪʫʨʙʽʥʘʤʠ), ʷʢʽ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʪʦʥʢʠʭ ʨʦʟʙʘʚʣʝʥʠʭ 

ʩʫʩʧʝʥʟʽʡ ʽʟ ʟʤʽʥʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʘ ʜʠʩʧʝʨʩʥʠʤ ʩʢʣʘʜʦʤ ʧʨʠ ʙʝʟʥʘʧʽʨʥʦʤʫ ʨʝʞʠʤʽ 

ʞʠʚʣʝʥʥʷ, ʨʠʩ. 2.33. ʘ), ʙ) 

 
ʈʠʩ. 2.28. ʎʠʣʽʥʜʨʦʢʦʥʽʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ: 

ʘ ï ʥʠʟʴʢʦʥʘʧʽʨʥʠʡ ʚʽʜʢʨʠʪʠʡ ʧʨʦʪʠʪʝʯʽʡʥʠʡ; ʙ ï ʙʝʟ ʢʘʤʝʨʠ ʟʣʠʚʫ; ʚ ï ʽʟ ʟʤʽʥʥʦʶ ʚʩʪʘʚʢʦʶ 

ʞʠʚʣʝʥʥʷ; ʛ ï ʢʦʤʧʘʫʥʜ-ʛʽʜʨʦʮʠʢʣʦʥ ʽʟ ʟʣʠʚʥʦʶ ʢʘʤʝʨʦʶ. 
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ʈʠʩ. 2.29. ʎʠʣʽʥʜʨʠʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ: 

ʘ ï ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʨʷʤʦʪʦʯʥʠʡ ʪʨʴʦʭ ʧʨʦʜʫʢʪʦʚʠʡ; ʙ ï ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʨʦʪʠʚʦʪʦʯʥʠʡ ʜʚʦʭ 

ʧʨʦʜʫʢʪʦʚʠʡ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʦʩʚʽʪʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ; 1 ï ʢʦʥʽʯʥʠʡ ʚʠʪʠʩʢʫʚʘʯ. 

 

 
ʈʠʩ. 2.30. ʊʫʨʙʦʛʽʜʨʦʮʠʢʣʦʥʠ: 

ʘ ï ʧʨʷʤʦʪʦʯʥʠʡ ʜʚʦʭ ʧʨʦʜʫʢʪʦʚʠʡ ʟ 

ʨʘʜʽʘʣʴʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʩʫʤʽʰʽ, ʱʦ 

ʨʦʟʜʽʣʷʻʪʴʩʷ; 

ʙ ï ʧʨʷʤʦʪʦʯʥʠʡ ʪʨʴʦʭ ʧʨʦʜʫʢʪʦʚʠʡ 

ʜʚʦʭʩʪʫʧʽʥʯʘʪʠʡ ʟʽ ʰʥʝʢʦʚʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ 

ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʧʣʦʩʢʠʤʠ ʨʦʟʤʽʥʥʠʤʠ 

ʣʦʧʘʪʷʤʠ. 

 

ʈʠʩ. 2.31. ʊʨʠʧʨʦʜʫʢʪʦʚʽ ʧʨʦʪʠʚʦʪʦʯʥʽ 

ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ: 

ʘ ï ʽʟ ʟʦʥʥʠʤ ʚʽʜʚʝʜʝʥʥʷʤ ʦʩʚʽʪʣʝʥʠʭ 

ʧʨʦʜʫʢʪʽʚ;  

ʙ ï ʟ ʢʘʤʝʨʦʶ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʦʩʚʽʪʣʝʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʽ ʨʝʛʫʣʶʚʘʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ ʟʣʠʚʘ 

 

 
ʈʠʩ. 2.32. ʉʧʦʩʦʙʠ ʚʠʚʝʜʝʥʥʷ ʦʩʚʽʪʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʘ ï ʟ ʢʘʤʝʨʦʶ ʟʣʠʚʘ; ʙ ʯʝʨʝʟ ʟʣʠʚʥʫ ʪʨʫʙʢʫ 
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ʈʠʩ. 2.33. ɻʽʜʨʦʮʠʢʣʦʥʠ: 

ʘ ï ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʠʡ ʧʨʷʤʦʪʦʯʥʠʡ ʽʟ ʩʧʽʨʘʣʴʥʦʶ ʥʘʧʨʘʚʣʷʶʯʦʶ ʧʦʪʦʢʫ; ʙ ï ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʠʡ 

ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʽʟ ʩʘʤʦʦʯʠʱʘʶʱʠʤʩʷ ʬʽʣʴʪʨʫʶʯʠʤ ʧʘʪʨʦʥʦʤ ʥʘ ʚʝʨʭʥʴʦʤʫ ʟʣʠʚʽ; ʚ ïʢʦʥʽʯʥʠʡ 

ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʽʟ ʩʽʪʢʦʚʠʤ ʢʦʥʽʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʥʘ ʚʠʭʦʜʽ ʦʩʚʽʪʣʝʥʦʛʦ ʧʦʪʦʢʫ ʽ ʙʫʥʢʝʨʦʤ ï 

ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʟʛʫʱʝʥʦʛʦ ʧʨʦʜʫʢʪʫ; ʛ ï ʜʚʦʭʢʦʥʫʩʥʠʡ ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʯʦʪʠʨʴʦʭʧʨʦʜʫʢʪʦʚʠʡ 

 

2.4.3. ʌʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʮʠʢʣʦʥʽʚ 

 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʚʠʪʨʘʪʠ ʩʫʩʧʝʥʟʽʾ, ʦʩʘʜʫ ʪʘ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ (ʬʫʛʘʪʫ) Vc, Vo Vʬ, ʘ 

ʘʙʩʦʣʶʪʥʽ ʦʙôʻʤʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʮʠʭ ʧʦʪʦʢʘʭ ï ʚʽʜʧʦʚʽʜʥʦ ʘʩʪ, ʘʦʪ ʽ ʘʬʪ, ʪʦʜʽ 

ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʟʘ ʪʚʝʨʜʦʶ ʬʘʟʦʶ ʟʘʧʠʰʝʪʴʩʷ: 

 Vc ʘʩʪ = Vʦ ʘʦʪ + Vʬ ʘʬʪ, 
ʟʚʽʜʢʠ  

 ʘʦʪ = ʘʩʪ(Vc/ Vʦ) ï ʘʬʪ (Vʬ/ Vʦ). 

ɼʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ ʽ ʧʨʘʢʪʠʯʥʽ 

ʦʜʥʘʢʦʚʽ: (ʘʦʪ)max = (ʘʬ) max = 0,4·0,5. 

ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʮʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʦʨʤʘʣʴʥʘ ʨʦʙʦʪʘ ʛʽʜʨʦʮʠʢʣʦʥʘ 

ʧʦʨʫʰʫʻʪʴʩʷ ʯʝʨʝʟ ʟʘʙʠʚʘʥʥʷ ʰʪʫʮʝʨʽʚ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʰʣʘʤʫ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʧʨʠʨʦʜʥʦ, ʩʢʦʨʽʰʝ ʜʦʩʷʛʘʶʪʴʩʷ ʧʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʘʩʪ, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʨʦʟʜʽʣʝʥʥʷ, ʪʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʮʠʢʣʦʥʽʚ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʩʫʩʧʝʥʟʽʡ ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ. 
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ʉʪʫʧʽʥʴ ʦʩʘʜʞʝʥʥʷ ï ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʘʜʽ ʽ ʚʠʭʽʜʥʽʡ 

ʩʫʩʧʝʥʟʽʾ ʜʦ 1 ʤ3 ʨʽʜʢʦʾ ʬʘʟʠ. 
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ʜʝ Gʌʊ ï ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʬʫʛʘʪʽ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ 1 ʤ3 ʨʽʜʠʥʠ. 

ɺ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʘ ʬʘʟʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʣʽʜʠʩʧʝʨʩʥʫ ʩʫʤʽʰ, ʪʦʤʫ ʚ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʛʨʘʥʠʯʥʦʤʫ ʜʽʘʤʝʪʨʽ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ da. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʚʝʣʠʯʠʥʘ ù
ú

ø
é
ê

è
=h

maxʩʪ

ʩʪ

)a(

a
f , ʜʝ (ʘʩʪ)max ï ʤʘʢʩʠʤʘʣʴʥʘ ʦʙôʻʤʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʚʠʭʽʜʥʽʡ ʩʫʩʧʝʥʟʽʾ, ʪʦʙʪʦ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʧʨʠ ʷʢʽʡ ʟʘʣʠʰʘʻʪʴʩʷ ʱʝ 

ʨʫʭʦʤʦʶ; ʟʘʟʚʠʯʘʡ (ʘʩʪ)max º 40%. ɿʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ 
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maxʩʪ

ʩʪ

)a(

a
 

ʚʽʜʧʦʚʽʜʘʻ h = 0,9; 0,8; 0,6. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙôʻʤʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʫ ʚʠʭʽʜʥʽʡ ʩʫʩʧʝʥʟʽʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʜʨʦʮʠʢʣʦʥʘ ʟʥʠʞʫʻʪʴʩʷ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʽʜʨʦʮʠʢʣʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʪʠʩʢʽʚ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ. ʗʢ 

ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʽ ʜʘʥʽ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʚ ʩʪʫʧʝʥʽ 0,5. ʎʝ ʻ 

ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʛʽʜʨʦʮʠʢʣʦʥʫ V, ʨʦʟʛʣʷʜʘʶʯʠ ʨʫʭ ʩʫʩʧʝʥʟʽʾ ʯʝʨʝʟ 

ʥʴʦʛʦ, ʷʢ ʨʫʭ ʨʽʜʠʥʠ ʽʟ ʟʘʪʦʧʣʝʥʦʛʦ ʦʪʚʦʨʫ. 

 2

ʚ 10H2FV -ÖDm= , 

ʜʝ Fʚ ï ʧʣʦʱʘ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ, ʤ2; Dʅ ï ʥʘʧʽʨ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʽʟʥʠʮʽ ʪʠʩʢʫ ʚ ʇʘ, ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ,  

m - ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ: 
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ʜʝ Dk ï ʜʽʘʤʝʪʨ ʢʦʨʧʫʩʘ ʛʽʜʨʦʮʠʢʣʦʥʘ, ʤ, D0 ï ʜʽʘʤʝʪʨ ʧʘʪʨʫʙʢʘ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ, ʤ. 

ɻʽʜʨʦʮʠʢʣʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʥʝʩʪʽʡʢʠʭ ʝʤʫʣʴʩʽʡ, ʚ ʷʢʠʭ ʦʜʥʘ ʟ 

ʨʽʜʢʠʭ ʬʘʟ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʠʩʧʝʨʩʥʦʤʫ ʚʠʜʽ (ʢʨʘʧʣʽ). ʇʨʦʮʝʩ ʜʫʞʝ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʢʨʘʧʣʽ ʚʩʝʨʝʜʠʥʽ ʮʠʢʣʦʥʫ ʟʤʽʥʶʶʪʴ ʬʦʨʤʫ ʽ ʨʦʟʤʽʨʠ, ʘ ʪʘʢʦʞ ʢʦʘʣʽʮʽʶʶʪʴ.  

ɺ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʜʝʨʞʘʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʮʠʢʣʦʥʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʧʘʧʝʨʦʚʦʾ ʤʘʩʠ ʚʽʜ ʽʥʰʦʨʽʜʥʠʭ ʚʢʣʶʯʝʥʴ ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʜʦ ʥʘʧʽʨʥʠʭ ʷʱʠʢʽʚ 

ʧʘʧʝʨʦʨʦʙʥʠʭ ʤʘʰʠʥ, ʦʯʠʩʪʢʠ ʮʝʣʶʣʦʟʥʦʾ ʤʘʩʠ ʚʽʜ ʩʫʯʢʽʚ, ʥʝʧʨʦʚʘʨʫ ʽ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ. 

ɿʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʝʨʽʾ ʥʝʚʝʣʠʢʠʭ ʛʽʜʨʦʮʠʢʣʦʥʽʚ, ʜʽʘʤʝʪʨʦʤ 40-100 ʤʤ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʧʘʨʘʣʝʣʴʥʦ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʦʥʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʘʛʨʝʛʘʪʠ ï ʤʫʣʴʪʽ-

ʛʽʜʨʦʮʠʢʣʦʥʠ. 

ɺ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʣʦʢʥʠʩʪʠʭ ʩʫʩʧʝʥʟʽʡ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʫʣʴʪʠʛʽʜʨʦʮʠʢʣʦʥ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʛʽʜʨʦʮʠʢʣʦʥʽʚ, 

ʚʚʘʞʘʶʪʴ, ʱʦ ʯʘʩʪʠʥʢʠ d > da ʚʽʜʚʦʜʷʪʴʩʷ ʟ ʦʩʘʜʦʤ, ʘ ʯʘʩʪʠʥʢʠ ʟ ʨʦʟʤʽʨʦʤ d < da ï ʟ 

ʬʫʛʘʪʦʤ. 

ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʘʜʽ ʪʘ ʬʫʛʘʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʢʨʠʚʠʤʠ ʨʦʟʜʽʣʝʥʥʷ. ʇʨʠ ʮʠʭ ʫʤʦʚʘʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʨʫʭʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʨʦʟʤʽʨʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. ʊʘʢ, ʜʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ: 
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ò ð ò ð 1

18 18
ln

( ) ( )

W R
d

r R

m m
= =
r -r w r -r w

. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʣʦʚʣʶʶʪʴʩʷ ʚ ʛʽʜʨʦʮʠʢʣʦʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʤʧʽʨʠʯʥʫ ʬʦʨʤʫʣʫ: 

 
2

min

ò ð

0,75
( )

ïD
d

Vh

pm
=

f r -r
. 
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ʜʝ Dʧ ï ʜʽʘʤʝʪʨ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʫ, ʤ; h ï ʚʠʩʦʪʘ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ ʛʽʜʨʦʮʠʢʣʦʥʫ, ʤ;  

V ï ʦʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʤ3/ʩ; j - ʢʦʝʬʽʮʽʻʥʪ ï ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ, 

ʨʽʚʥʦʤʫ ʨʘʜʽʫʩʫ ʦʪʚʦʨʫ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ, ʜʦ ʰʚʠʜʢʦʩʪʽ ʚ ʤʽʩʮʽ ʚʚʝʜʝʥʥʷ ʩʫʩʧʝʥʟʽʾ. 

ʂʦʝʬʽʮʽʻʥʪ j ʧʦʚôʷʟʘʥʠʡ ʟ ʜʽʘʤʝʪʨʦʤ ʧʘʪʨʫʙʢʘ D0 ʽ ʜʽʘʤʝʪʨʦʤ ʮʠʢʣʦʥʘ Dʢ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

const
D

D

ʢ

0 =j . 

ʉʫʤʘʨʥʘ ʩʪʫʧʽʥʴ ʦʩʘʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʩʪʫʧʝʥʷʤ ʦʩʘʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʬʨʘʢʮʽʡ j̔. 

ʄʘʶʯʠ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʤʘʩʦʚʠʭ ʢʽʣʴʢʦʩʪʝʡ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ mi ʫ ʚʠʭʽʜʥʽʡ ʩʫʩʧʝʥʟʽʾ ʟʘ 

ʜʽʘʤʝʪʨʘʤʠ di ʦʜʝʨʞʠʤʦ: 

 ï î â

1

n

i i

i

m
=

¡f = fä . 

ɼʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ y̔ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ Vo/Vc ʽ d/da. 

 

2.5. ʈʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʨʽʜʢʠʭ ʩʠʩʪʝʤ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 
2.5.1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

ʎʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʫʤʽʰʝʡ ʚ ʧʦʣʽ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. ɺ ʮʝʥʪʨʠʬʫʛʘʭ, ʟʟʽʠʯʘʡ, ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʡ ʪʘ ʝʤʫʣʴʩʽʡ.  

ʎʝʥʪʨʠʬʫʛʘ ï ʮʝ ʙʘʨʘʙʘʥ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʚʘʣʫ. 

ʈʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʚʽʜʩʪʦʶʚʘʥʥʷ ʘʙʦ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʬʽʣɹʪʨʘʮʽʾ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝʥʪʨʠʬʫʛʠ ʧʨʘʮʶʶʪʴ ʷʢ ʮʠʢʣʦʥʠ, ʘ ʚ ʜʨʫʛʦʤʫ ï ʷʢ ʬʽʣʴʪʨʠ. 

 
ʈʠʩ. 2.34. ʉʭʝʤʘ ʨʦʙʦʪʠ ʚʽʜʩʪʽʡʥʦʾ ʮʝʥʪʨʠʬʫʛʠ 

ʋ ʚʽʜʩʪʽʡʥʠʭ ʮʝʥʪʨʠʬʫʛʘʭ ʙʘʨʘʙʘʥ ï ʩʫʮʽʣʴʥʠʡ (ʨʠʩ. 2.34). 

ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʨʫʭʘʶʪʴʩʷ ʜʦ ʩʪʽʥʦʢ ʙʘʨʘʙʘʥʘ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʡ 

ʦʩʘʜʞʫʶʪʴʩʷ ʥʘ ʥʠʭ ʰʘʨʘʤʠ. ʉʧʦʯʘʪʢʫ ʦʩʽʜʘʶʪʴ ʙʽʣʴʰʽ ʟʘ ʤʘʩʦʶ ʪʘ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʠʥʢʠ, ʘ 

ʧʦʪʽʤ ʰʘʨ ʙʽʣʴʰ ʜʨʽʙʥʽʰʠʭ ʯʘʩʪʠʥʦʢ. ʈʽʜʢʘ ʬʘʟʘ (ʬʫʛʘʪ) ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ 

ʧʝʨʝʣʠʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʝʨʭʥʽʡ ʢʨʘʡ ʙʘʨʘʙʘʥʘ ʽ ʚʠʜʘʣʷʻʪʴʩʷ, ʘ ʦʩʘʜ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʩʪʽʥʢʘʭ. 

ʈʦʙʦʪʘ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʙʦʪʠ ʚʽʜʩʪʽʡʥʠʢʘ ʪʠʤ, ʱʦ ʫ ʚʽʜʩʪʽʡʥʠʢʘ ʤʘʻ 

ʤʽʩʮʝ ʪʽʣʴʢʠ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ, ʘ ʚ ʮʝʥʪʨʠʬʫʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʚʘ 

ʧʨʦʮʝʩʠ: ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʦʩʘʜʫ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ. 

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʮʝʥʪʨʠʬʫʛʘʭ ʥʝʧʦʩʪʽʡʥʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʠʩʢʦʨʝʥʥʷʤ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ a=ɤ2r, ʜʝ ɤ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʘ r ï ʨʘʜʽʫʩ, ʥʘ ʷʢʦʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʪʚʝʨʜʘ ʯʘʩʪʠʥʢʘ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. 

ʗʢʱʦ ʮʝʥʪʨʠʬʫʛʠ ʧʨʘʮʶʶʪʴ ʷʢ ʬʽʣʴʪʨʠ (ʨʠʩ. 2.35), ʪʦ ʙʘʨʘʙʘʥ ʮʝʥʪʨʠʬʫʛʠ 

ʧʝʨʬʦʨʦʚʘʥʠʡ. ʉʪʽʥʢʠ ʙʘʨʘʙʘʥʘ ʧʦʢʨʠʚʘʶʪʴʩʷ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʬʽʣʴʪʨʫʶʯʦʶ 

ʪʢʘʥʠʥʦʶ. ʊʚʝʨʜʽ ʯʘʩʪʢʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʽʡ ʧʝʨʝʛʦʨʦʜʮʽ, ʘ ʨʽʜʢʘ ʬʘʟʘ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʩʘʜ ʽ, ʯʝʨʝʟ ʧʦʨʠ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʚʠʭʦʜʠʪʴ ʥʘʟʦʚʥʽ. 

ʌʫʛʘʪ 

ʦʩʘʜ 

ʉʫʩʧʝʥʟʽ ̫
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ʈʠʩ. 2.35. ʉʭʝʤʘ ʨʦʙʦʪʠ ʬʽʣʴʪʨʫʶʯʦʾ ʮʝʥʪʨʠʬʫʛʠ 

 

ʋ ʬʽʣʴʪʨʽ ʧʨʦʭʦʜʠʪʴ ʪʽʣʴʢʠ ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʘ ʚ ʮʝʥʪʨʠʬʫʟʽ ʧʽʩʣʷ 

ʦʩʘʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʦ ʱʝ ʜʚʘ ʽʥʰʠʭ ʧʨʦʮʝʩʠ: ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ; ʫʱʽʣʴʥʝʥʥʷ 

ʦʩʘʜʫ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʪʘ ʚʠʜʘʣʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ ʟ ʧʦʨ ʦʩʘʜʫ. 

ʆʪʞʝ, ʫ ʬʽʣʴʪʨʫʶʯʠʭ ʮʝʥʪʨʠʬʫʛʘʭ ʚʦʣʦʛʽʩʪʴ ʦʩʘʜʫ ʙʫʜʝ ʤʝʥʰʝ, ʥʽʞ ʫ ʬʽʣʴʪʨʘʭ. 

ɿʘʣʠʰʢʦʚʘ ʚʦʣʦʛʽʩʪʴ ʦʩʘʜʫ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʧʦʤ ʮʝʥʪʨʠʬʫʛʠ. ʋ ʚʽʜʩʪʽʡʥʠʭ 

ʮʝʥʪʨʠʬʫʛʘʭ ʚʦʣʦʛʽʩʪʴ ʦʩʘʜʫ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʬʽʣʴʪʨʫʶʯʠʭ ʽ ʤʦʞʝ ʜʦʭʦʜʠʪʠ ʜʦ 70%. ɺʦʣʦʛʽʩʪʴ 

ʦʩʘʜʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʦʩʘʜʫ. ʊʘʢ ʚ ʢʨʫʧʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʢʽʥʮʝʚʘ 

ʚʦʣʦʛʽʩʪʴ ʦʩʘʜʫ ʩʪʘʥʦʚʠʪʴ 1-3%, ʘ ʫ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ï 40%. 

ɺʦʣʦʛʽʩʪʴ ʦʩʘʜʫ ʚ ʮʝʥʪʨʠʬʫʛʘʭ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʝʥʪʨʠʬʫʛʠ, ʱʦ 

ʚʠʧʣʠʚʘʻ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʧʨʦʮʝʩʫ. 

 

2.5.2. ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʮʝʥʪʨʠʬʫʛʠ 
 

ʈʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʟʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʠʤ ʤʘʪʝʨʽʘʣʦʤ: 

G1Ā(1 ï U1)= G2Ā(1 ï U2),  
ʜʝ U1 ʽ U2 ï ʤʘʩʦʚʽ ʯʘʩʪʢʠ ʚʦʣʦʛʠ ʜʦ ʽ ʧʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ; 

(1 ï U1) ʽ (1 ï U2) ï ʤʘʩʦʚʽ ʯʘʩʪʢʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ ʪʘ ʦʩʘʜʽ; 

G1- ʤʘʩʘ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ, G2 ï ʤʘʩʘ ʦʩʘʜʫ ʧʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ.  
ɿʚʽʜʩʠ ʤʘʩʘ ʦʩʘʜʫ: 

G2 = G1Ā(1 ï U1)/(1 ï U2).  

ʏʠʤ ʤʝʥʰʝ U2, ʪʠʤ ʤʝʥʰʝ G2. ʊʦʙʪʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ʦʩʘʜʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʝʥʪʨʠʬʫʛʠ ʟʘ ʦʩʘʜʦʤ ʙʽʣʴʰ ʥʽʞ ʫ 2 ʨʘʟʠ. 

 

2.5.3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʮʝʥʪʨʠʬʫʛ 

ɯ ʎʝʥʪʨʠʬʫʛʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʮʝʥʪʨʠʬʫʛʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ: 

¶ ʚʽʜʩʪʽʡʥʽ ʮʝʥʪʨʠʬʫʛʠ. 

¶ ʬʽʣʴʪʨʫʶʯʽ ʮʝʥʪʨʠʬʫʛʠ, 

II ɿʘ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ: 

¶ ʮʝʥʪʨʠʬʫʛʠ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ, 

¶ ʮʝʥʪʨʠʬʫʛʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, 

¶ ʮʝʥʪʨʠʬʫʛʠ ʥʘʧʽʚʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. 

III ɿʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʙʘʨʘʙʘʥʫ: 

¶ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʮʝʥʪʨʠʬʫʛʠ , 

¶ ʚʝʨʪʠʢʘʣʴʥʽ ʮʝʥʪʨʠʬʫʛʠ . 

IV ʎʝʥʪʨʠʬʫʛʠ ʪʘʢʦʞ ʨʦʟʜʽʣʷʶʪʴ ʟʘ ʯʠʩʣʦʤ ʦʙʝʨʪʽʚ ʙʘʨʘʙʘʥʫ: 

¶ ʥʦʨʤʘʣʴʥʽ ʮʝʥʪʨʠʬʫʛʠ (ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ ʌʨ<3500), 

¶ ʩʫʧʝʨʮʝʥʪʨʠʬʫʛʠ (ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ ʌʨ>3500). 

V ɿʘ ʩʧʦʩʦʙʦʤ ʨʦʟʚʘʥʪʘʞʝʥʥʷ: 

¶ ʮʝʥʪʨʠʬʫʛʠ ʟ ʚʝʨʭʥʽʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ 

¶ ʮʝʥʪʨʠʬʫʛʠ ʟ ʥʠʞʥʽʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʧʨʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʽ. 

  

ʌʫʛʘʪ   

ʦʩʘʜ   

ʩʫʩʧʝʥʟʽʷ   
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ɺʝʣʠʯʠʥʘ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ, ʱʦ ʜʽʻ ʥʘ ʪʽʣʦ ʟ ʤʘʩʦʶ m  ʧʨʠ ʨʘʜʽʫʩʽ ʦʙʝʨʪʘʥʥʷ r , 

ʜʦʨʽʚʥʶʻ: 

,
2mw

C
r

=  
(2.63) 

ʜʝ w ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ.  
ɺʠʨʘʟʠʤʦ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʯʝʨʝʟ ʯʠʩʣʦ ʦʙʝʨʪʽʚ n ʦʙ/ʭʚ. ʪʘ ʨʘʜʽʫʩ 

ʦʙʝʨʪʘʥʥʷ r: 

,
60 30

2 rn rn
w  p p
= =  

(2.64) 

ʇʽʜʩʪʘʚʠʤʦ ʚ ʨʽʚʥʷʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ (2.63) ʫ ʚʠʨʘʟ (2.64): 
2 2 2 2 2 2

2
.

30 30 900

G rn G r n rn G
C

gr gr g

p p på õ
= = =æ ö

ç ÷
 

(2.65) 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ˊ2 å g , ʪʦʜʽ ʚʝʣʠʯʠʥʘ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʷʢ: 
2

.
900

Grn
Cº  

(2.66) 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʚʠʨʘʟʫ (2.66), ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʱʦ ʜʽʻ 

ʥʘ ʪʚʝʨʜʫ ʯʘʩʪʠʥʢʫ, ʨʘʜʽʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʾʾ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʪʘ ʤʘʻ ʢʚʘʜʨʘʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʙʘʨʘʙʘʥʫ. 

 ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʟʜʽʣʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʝʥʪʨʠʬʫʛ ʻ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ. 

ʌʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʜʦ ʩʠʣʠ ʪʷʞʽʥʥʷ: 
2 2

Ôp .
900 900

C Grn rn

G G
= = =  

(2.67) 

ʎʝʡ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʨʠʪʝʨʽʡ ʧʦʢʘʟʫʻ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʙʽʣʴʰʝ ʩʠʣʠ 

ʪʷʞʽʥʥʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʜʽʫʩʦʤ ʙʘʨʘʙʘʥʫ ʪʘ ʢʚʘʜʨʘʪʦʤ ʯʠʩʣʘ ʦʙʝʨʪʽʚ. 

ʇʦʚʝʨʭʥʷ ʨʽʜʠʥʠ ʚ ʙʘʨʘʙʘʥʽ ʮʝʥʪʨʠʬʫʛʠ. 

 
ʈʠʩ. 2.36. ʇʦʚʝʨʭʥʷ ʨʽʜʠʥʠ ʚ ʙʘʨʘʙʘʥʽ ʮʝʥʪʨʠʬʫʛʠ 

 

ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʥʝʦʜʥʦʨʽʜʥʦʾ ʨʽʜʢʦʾ ʩʫʤʽʰʽ ʜʦ ʙʘʨʘʙʘʥʫ ʮʝʥʪʨʠʬʫʛʠ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʩʠʣ 

ʪʝʨʪʷ ʨʽʜʠʥʘ ʥʘʙʫʚʘʻ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʨʘʟʦʤ ʟ ʙʘʨʘʙʘʥʦʤ ʽ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ 

ʥʘʙʫʚʘʻ ʬʦʨʤʫ ʧʘʨʘʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ (ʨʠʩ. 2.36). ʅʘʥʝʩʝʤʦ ʢʦʥʪʫʨ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʽ 

ʚʠʙʝʨʝʤʦ ʜʦʚʽʣʴʥʫ ʤʘʪʝʨʽʘʣʴʥʫ ʪʦʯʢʫ ɸ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ. ʅʘ ʮʶ ʪʦʯʢʫ ʜʽʶʪʴ: ʚʽʜʮʝʥʪʨʦʚʘ 

ʉ, ʽ ʩʠʣʘ ʪʷʞʽʥʥʷ G. ʇʦʚʝʨʭʥʷ ʨʽʜʠʥʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʨʽʚʥʦʜʽʶʯʘ ʩʠʣ R  ʟʘʚʞʜʠ ʩʧʨʷʤʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ. 

ʇʨʦʜʦʚʞʠʤʦ ʣʽʥʽʶ ʨʽʚʥʦʜʽʶʯʦʾ ʩʠʣʠ ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʚʽʩʩʶ ʍ ʚ ʪʦʯʮʽ ʆ. ʇʨʦʜʦʚʞʠʤʦ ʣʽʥʽʶ ʜʽʾ 

ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʚʽʩʩʶ ʍ ʚ ʪʦʯʮʽ ɽ. ʆʪʨʠʤʘʻʤʦ ʪʨʠʢʫʪʥʠʢ æʆɽɸ. ɺʽʜʨʽʟʦʢ ɸɽ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʦʙʦʶ ʮʶ ʢʨʠʚʫ, ʱʦ ʦʙʤʝʞʫʻ ʚʽʣʴʥʫ ʧʦʚʝʨʭʥʶ ʨʽʜʠʥʠ. ɺʽʜʨʽʟʦʢ ʆɽ ï ʮʝ 

ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ. ʎʝ ʣʝʛʢʦ ʜʦʚʝʩʪʠ. ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ 
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ʧʦʜʽʙʥʠʭ ʪʨʠʢʫʪʥʠʢʠ: 

æRAG~æAOE  

ɿʘʧʠʰʝʤʦ ʟʚʽʜʩʠ ʨʽʚʥʽʩʪʴ ʚʽʜʥʦʰʝʥʴ ʢʘʪʝʪʽʚ ʆɽ/ɸʆ=G/C, ʟʚʽʜʩʠ: 

OE=AʆĀG/C.  

ɺʽʜʨʽʟʦʢ ɸʆ ï ʮʝ ʧʦʪʦʯʥʠʡ ʨʘʜʽʫʩ ʪʦʯʢʠ ɸʆ ï r. ɺʠʢʦʥʘʻʤʦ ʧʽʜʩʪʘʥʦʚʢʫ ʚʠʨʘʟʫ (2.66), 

ʦʜʝʨʞʠʤʦ: 

2 2

900 900
.

G
OE

Grn n

Ö
= =  

(2.68) 

ɺʽʜʨʽʟʦʢ ʆɽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʮʶ ʢʨʠʚʫ, ʻ ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʧʘʨʘʙʦʣʫ. ʈʽʚʥʷʥʥʷ ʧʘʨʘʙʦʣʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʧʠʰʝʪʴʩʷ: 
2 2 .y px=  (2.69) 

ʆɽ - ʧʦʩʪʽʡʥʘ ʚʝʣʠʯʠʥʘ. ʇʽʜʩʪʘʚʠʤʦ ʟʘʤʽʩʪʴ ʨ ʚʠʨʘʟ ʜʣʷ ʆɽ (2.68): 

2 900
2 .

2
y x

n

å õ
= æ ö
ç ÷

 
 

ɿʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ ʛʣʠʙʠʥʫ ʚʦʨʦʥʢʠ x: 
2 2

.
1800

y n
x=  

 

ɿʥʘʡʜʝʤʦ ʛʨʘʥʠʯʥʫ ʤʘʢʩʠʤʘʣʴʥʫ ʛʣʠʙʠʥʫ ʚʦʨʦʥʢʠ. ʇʨʠʡʤʘʻʤʦ  y = R ï ʨʘʜʽʫʩ 

ʙʘʨʘʙʘʥʫ, ʪʦʜʽ: 
2 2

.
1800

n R
x=  

 

ʎʷ ʚʝʣʠʯʠʥʘ x ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʝʣʠʯʠʥʫ ʚʦʨʦʥʢʠ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʚʘʜʨʘʪʘ ʯʠʩʣʘ ʦʙʝʨʪʽʚ, 

ʪʦʙʪʦ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʯʠʩʣʽ ʦʙʝʨʪʽʚ ʨʽʜʠʥʘ ʧʦʯʥʝ ʚʠʣʠʚʘʪʠʩʷ ʟ ʙʘʨʘʙʘʥʘ ʽ ʨʦʟʜʽʣʝʥʥʷ 

ʚʽʜʙʫʚʘʪʠʩʷ ʥʝ ʙʫʜʝ. ʊʦʤʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʮʴʦʤʫ ʙʘʨʘʙʘʥʠ ʮʝʥʪʨʠʬʫʛ ʩʧʦʨʷʜʞʝʥʽ 

ʟʘʢʨʘʾʥʘʤʠ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʟʘʢʨʘʾʥ ʨʽʜʠʥʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʮʝʥʪʨʠʬʫʟʽ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʘ 

ʨʽʚʥʦʤʽʨʥʦʾ ʪʦʚʱʠʥʠ (ʨʠʩ. 2.37). 

 
ʈʠʩ. 2.37. ʉʭʝʤʘ ʮʝʥʪʨʠʬʫʛʠ 

 

2.5.4. ʎʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ  

 

ɺ ʮʝʥʪʨʠʬʫʟʽ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ 

ʢʨʠʪʝʨʽʾʚ ʈʝʡʥʦʣʴʜʩʘ ʡ ɸʨʭʽʤʝʜʘ: 

( )âRe ,Ar ,f= j   

ʪʽʣʴʢʠ ʟʘʤʽʩʪʴ ʟʚʠʯʘʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ɸʨʭʽʤʝʜʘ ʧʽʜʩʪʘʚʣʷʻʤʦ ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ. ʗʢʠʡ ʤʦʞʝ ʚʠʨʘʞʘʪʠʩʷ ʷʢ: 
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Arʚ = ArÖʌʨ.  

ɸʣʝ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ r, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ r1 ʜʦ R 

(ʨʠʩ. 2.37). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʧʽʜʩʪʘʚʠʤʦ ʫ ʬʘʢʪʦʨ 

ʨʦʟʜʽʣʝʥʥʷ ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʙʘʨʘʙʘʥʘ: 

1
ñð

2
,r R

r
+

=  
 

ʜʝ R ï ʨʘʜʽʫʩ ʙʘʨʘʙʘʥʘ.  

ʇʦʟʥʘʯʠʤʦ ʚʠʩʦʪʫ ʙʘʨʘʙʘʥʘ ï H.  

ʊʦʜʽ ʦʙôʻʤ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ ʚʠʨʘʟʠʪʴʩʷ: 

Vʙ = ˊR2H.  

ɼʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙôʻʤ ʩʫʩʧʝʥʟʽʡ, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʙʘʨʘʙʘʥ , ʥʝ 

ʧʝʨʝʚʠʱʫʻ 50% ʡʦʛʦ ʦʙôʻʤʫ, ʪʦʙʪʦ: 
2

ç ö
0,5 0,5 .V V R H= = p  (2.70) 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʦʙôʻʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʦʙôʻʤʫ ʮʠʣʽʥʜʨʫ ʟ ʨʘʜʽʫʩʘʤʠ R ʽ r1 ʽ 

ʚʠʩʦʪʦʶ ʅ (ʨʠʩ. 2.37): 

( )2 2

ç
.V R r H=p -  (13.71) 

ʇʨʠʨʽʚʥʷʻʤʦ ʧʨʘʚʽ ʯʘʩʪʠʥʠ (13.70) ʽ (13.71): 

( )2 2 2

1
0,5 ,R H R r Hp =p -   

ʟʚʽʜʩʠ 

1 0,71 .r R=  (2.72) 

ʆʪʞʝ, ʩʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʰʘʨʫ ʨʽʜʠʥʠ ʚ ʙʘʨʘʙʘʥʽ ʜʦʨʽʚʥʶʻ: 

cð

0,71
0,85 .

2

R R
r R

+
= =  

(2.73) 

ʎʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʘʜʽʫʩʘ ʧʽʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ.  

 

ʏʘʩ ʦʩʘʜʞʝʥʥʷ ʚ ʮʝʥʪʨʠʬʫʟʽ.  

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ - ʚʝʣʠʯʠʥʘ ʟʤʽʥʥʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʜʽʫʩʘ ʦʙʝʨʪʘʥʥʷ 

ʯʘʩʪʠʥʦʢ. ʆʪʞʝ, ʚ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʬʦʨʤʽ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ 0

dr
W

d
=
t
, ʟʚʽʜʢʠ ʯʘʩ ʦʩʘʜʞʝʥʥʷ: 

0

1
0

.
R

r

dr

w
t =ñ

 (2.74) 

ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʽʥʪʝʛʨʘʣʫ ʻ ʛʨʘʬʽʯʥʠʡ. ɿʘʜʘʤʦʩʷ ʜʝʢʽʣʴʢʦʤʘ 

ʟʥʘʯʝʥʥʷʤʠ ʨʘʜʽʫʩʘ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ r1 ʜʦ R. 

ɼʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʚʠʟʥʘʯʠʤʦ ʚʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ W0, 

ʧʦʙʫʜʫʻʤʦ ʢʨʠʚʫ 1/W0=f(r). 
ʊʦʜʽ ʯʘʩ ʦʩʘʜʞʝʥʥʷ Ű ï ʮʝ ʧʣʦʱʘ ʧʽʜ ʢʨʠʚʦʶ ʚ ʤʝʞʘʭ ʚʽʜ r1 ʜʦ R (ʨʠʩ. 2.38). 

 
ʈʠʩ. 2.38. ɻʨʘʬʽʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ 

Ű0 = FĀa,  

 

F 

1/W

0 

r  r  r1 R  

1/W01 
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ʜʝ ʘ ï ʤʘʩʰʪʘʙ ʜʽʘʛʨʘʤʠ. 

ʗʢʱʦ ʨʝʞʠʤ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʣʘʤʽʥʘʨʥʠʡ, ʪʦ ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʤʦ ʧʨʷʤʠʤ 

ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (2.74). 

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʫʩʽ ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʷʢʫ ʚʠʚʝʣʠ ʜʣʷ 

ʮʠʢʣʦʥʘ: 

( )
2 2

0 ò ð

1
.

18

d w
w

r
= r -r

m
 

(2.75) 

ɺʠʨʘʟʠʤʦ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʽ ʨʘʜʽʫʩ:  

W = wr, ʪʦʜʽ ʨʽʚʥʷʥʥʷ (2.75) ʟʘʧʠʰʝʪʴʩʷ: 

( )
2

2

0 ò ð

1
,

18

d
w r= r -r w

m
 

 

ʜʝ d ï ʜʽʘʤʝʪʨ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ;rʪ, rʨ ï ʛʫʩʪʠʥʘ ʪʚʝʨʜʦʾ ʬʘʟʠ ʽ ʨʽʜʠʥʠ; w ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚ ʜʘʥʽʡ ʪʦʯʮʽ; r ï 

ʨʘʜʽʫʩ ʦʙʝʨʪʘʥʥʷ ʚ ʜʘʥʽʡ ʪʦʯʮʽ; m - ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʽʜʠʥʠ. 

ʇʽʜʩʪʘʚʠʤʦ ʨʽʚʥʷʥʥʷ (2.75) ʚ ʨʽʚʥʷʥʥʷ (2.73) ʽ ʚʠʥʝʩʝʤʦ ʧʦʩʪʽʡʥʽ ʟʘ ʟʥʘʢ ʽʥʪʝʛʨʘʣʘ: 

( )0 2 2
1ò ð

18
.

R

r

dr

rd

m
t = ñ

r -r w
 

 

ɿʚʽʜʩʠ ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʜʦʨʽʚʥʶʻ: 

( )0 2 2
1ò ð

18
ln .

R

rd

m
t

w r -r
=  

 

 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʝʥʪʨʠʬʫʛ. 

ʉʝʢʫʥʜʥʘ ʚʠʪʨʘʪʘ ʩʫʩʧʝʥʟʽʾ Vʩʝʢ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʩʫʩʧʝʥʟʽʾ:  

Vʩʝʢ = fĀWʩʫʩʧ  

 

ʉʫʩʧʝʥʟʽʷ ʨʫʭʘʻʪʴʩʷ ʟʥʠʟʫ ʚʛʦʨʫ. ʆʪʞʝ, ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʽʣʴʮʷ ʜʦʨʽʚʥʶʻ 

(ʨʠʩ. 2.37): 

( )2 2

1 .f R r=p -   

ɿʚʽʜʩʠ: 

( )2 2

ñåê 1 ñóñï.V R r w=p -   

ɿʥʘʭʦʜʠʤʦ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʫʩʧʝʥʟʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ: 

( )2 2

1

ñåê
ñóñï

.
V

w
R r

=
p -

  

ʉʫʩʧʝʥʟʽʷ ʨʫʭʘʻʪʴʩʷ ʚʛʦʨʫ ʽ ʧʨʦʭʦʜʠʪʴ ʰʣʷʭ ʅ, ʰʣʷʭ ʜʦʨʽʚʥʶʻ ʚʠʩʦʪʽ ʙʘʨʘʙʘʥʫ. ʆʪʞʝ, 

ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʙʘʨʘʙʘʥʽ ʩʫʩʧʝʥʟʽʾ ʜʦʨʽʚʥʶʻ: 

( )2 2

1

ñóñï ceê

.
H R rH

T
W V

p -
= =  

 

ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ, ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʚʠʨʘʟʠʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ: 

á

ñåê

0,5
.

V
T

V
=  

 

ʆʩʥʦʚʥʘ ʫʤʦʚʘ ʦʩʘʜʞʝʥʥʷ ï ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʜʦʨʽʚʥʶʻ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ: 

,î ñÒ=t   ʘʙʦ   
áàð

î ñ

ñåê

0,5
.

V

V
=t  

 

ɿʚʽʜʩʠ ʜʣʷ ʮʝʥʪʨʠʬʫʛ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʦʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ: 
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á
ceê

î c

0,5
.

V
V =

t
 

 

ɼʣʷ ʮʝʥʪʨʠʬʫʛʠ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʦʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ: 

á
ñåê

ö

0,5
,

V
V =

t
 

 

ʜʝ Űʮ ï ʯʘʩ ʮʠʢʣʫ: 

ö oc ï ã ç ð ,t =t +t +t +t +t  

ʜʝ Űʧ ï ʯʘʩ ʧʫʩʢʫ ʮʝʥʪʨʠʬʫʛʠ; 

Űʛ ï ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ʮʝʥʪʨʠʬʫʛʠ; 

Űʟ ï ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʮʝʥʪʨʠʬʫʛʠ; 

Űʨ ï ʯʘʩ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʮʝʥʪʨʠʬʫʛʠ.  

ɺʝʣʠʯʠʥʘ ʜʦʧʦʤʽʞʥʠʭ ʚʝʣʠʯʠʥ ʙʝʨʝʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ. 

ʊʘʢʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʨʦʩʪʠʭ ʮʝʥʪʨʠʬʫʛ. ɼʣʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʮʝʥʪʨʠʬʫʛ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ  ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. 

 

2.5.5. ʎʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ 

 

ʈʦʟʨʘʭʫʥʦʢ ʯʘʩʫ ʬʽʣʴʪʨʘʮʽʾ ʽ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʬʽʣʴʪʨʘʮʽʾ. 

ʎʽ ʮʝʥʪʨʠʬʫʛʠ ʤʘʶʪʴ ʧʝʨʬʦʨʦʚʘʥʠʡ ʙʘʨʘʙʘʥ. ɺʩʝʨʝʜʠʥʫ ʙʘʨʘʙʘʥʘ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʬʽʣʴʪʨʫʚʘʣʴʥʫ ʪʢʘʥʠʥʫ ʽ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ: 

ʪʚʝʨʜʘ ʬʘʟʘ ʦʩʽʜʘʻ ʥʘ ʬʽʣʴʪʨʫʶʯʽʡ ʪʢʘʥʠʥʽ, ʘ ʬʫʛʘʪ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʧʝʨʬʦʨʦʚʘʥʠʡ ʙʘʨʘʙʘʥ. 

ʏʘʩ ʧʨʦʮʝʩʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʽʣʴʢʠ ʜʣʷ ʧʝʨʰʦʛʦ ʧʝʨʽʦʜʫ - ʧʝʨʽʦʜʫ ʬʽʣʴʪʨʘʮʽʾ ʟʘ 

ʦʩʥʦʚʥʠʤ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ: 

,
dV P

VxrFd
R

F

D
=
t

+

 
 

ʟʚʽʜʢʠ ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ ʚʠʟʥʘʯʠʪʴʩʷ: 
2

.
2

xr V R V

P F P F

å õ
t= +æ ö

DÖ Dç ÷
 

 

ʂʦʥʩʪʘʥʪʠ ʬʽʣʴʪʨʘʮʽʾ, ʷʢ ʙʫʣʦ ʚʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. ɺ ʮʝ 

ʨʽʚʥʷʥʥʷ ʩʣʽʜ ʧʽʜʩʪʘʚʣʷʪʠ ʟʥʘʯʝʥʥʷ ʨʫʰʽʡʥʦʾ ʩʠʣʠ æʈ, ʚʠʨʘʞʝʥʝ ʯʝʨʝʟ ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʬʽʣʴʪʨʫʶʯʫ ʮʝʥʪʨʠʬʫʛʫ, ʱʦ ʤʘʻ ʙʘʨʘʙʘʥ ʚʠʩʦʪʦʶ H ʽ ʩʪʽʥʢʫ ʨʘʜʽʫʩʦʤ R 

(ʨʠʩ.  2.39). ɺʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʩʫʩʧʝʥʟʽʾ ʧʦʟʥʘʯʠʤʦ r1. ɺʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʝʣʝʤʝʥʪ 

ʤʘʩʠ ʩʫʩʧʝʥʟʽʾ, ʜʦʨʽʚʥʶʻ: 
2

,
dmw

dC
r

=  
(2.76) 

ʜʝ 

dm = dVÖr = 2prHÖdrr. (2.77) 

ʇʦʟʥʘʯʠʤʦ ʧʦʚʝʨʭʥʶ ʬʽʣʴʪʨʘʮʽʾ: 

F = 2prH. (2.78) 

 



109 

 

 

 

 
ʈʠʩ. 2.39 ʉʭʝʤʘ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟ (2.78) ʚ ʨʽʚʥʷʥʥʷ (2.77), ʦʜʝʨʞʠʤʦ: 

dm = FdrÖr.  

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʮʴʦʛʦ ʚʠʨʘʟʫ ʚ ʨʽʚʥʷʥʥʷ (2.76) ʦʜʝʨʞʠʤʦ: 
2 2

2 .
Fdr r

dC F rdr
r

Örw
= = rw  

 

ʈʫʰʽʡʥʫ ʩʠʣʫ ʧʨʦʮʝʩʫ ʫ ʬʽʣʴʪʨʫʶʯʽʡ ʮʝʥʪʨʠʬʫʟʽ dP, ʱʦ ʜʽʻ ʥʘ ʝʣʝʤʝʥʪ dr, ʟʘʧʠʰʝʤʦ 

ʷʢ: 
2

2 .
dC F rdr

dP rdr
F F

rw
= = =rw 

(2.79) 

ʊʦʜʽ ʧʦʚʥʘ ʚʝʣʠʯʠʥʘ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʚʠʟʥʘʯʠʪʴʩʷ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.79): 

2

0

2
2 2

1

1

;

( ).
2

P R

r

dP rdr

P R r

= rw

rw
= -

ñ ñ
 

 

ɿʘʤʽʩʪʴ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ ʚ ʨʽʚʥʷʥʥʽ (2.78) ʧʽʜʩʪʘʚʣʷʻʤʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʬʽʣʴʪʨʘʮʽʾ ʮʝʥʪʨʠʬʫʛʠ: 

( )
( )1

1

2
.

2

H R r
F H R r

pÖ +
= =pÖ + 

 

 

2.5.6. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʩʪʽʡʥʠʭ ʮʝʥʪʨʠʬʫʛ 

 

2.5.6.1. ɹʘʟʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʩʪʽʡʥʠʭ ʮʝʥʪʨʠʬʫʛ  

 

ʅʘ ʨʠʩ. 2.40ʘ ʥʘʚʝʜʝʥʘ ʚʽʜʩʪʽʡʥʘ ʮʝʥʪʨʠʬʫʛʘ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʟ ʨʫʯʥʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ 

ʦʩʘʜʫ ʽ ʞʦʨʩʪʢʦʶ ʦʧʦʨʦʶ ʚʘʣʘ. ʆʩʥʦʚʥʠʤ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʮʝʥʪʨʠʬʫʛʠ ʻ ʙʘʨʘʙʘʥ, ʷʢʠʡ 

ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʚʘʣʫ.  

ʉʫʩʧʝʥʟʽʷ, ʱʦ ʨʦʟʜʽʣʷʻʪʴʩʷ, ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʟʚʝʨʭʫ ʚ ʦʙʝʨʪʦʚʠʡ ʙʘʨʘʙʘʥ, ʷʢʠʡ ʤʘʻ 

ʚʝʨʪʠʢʘʣʴʥʽ ʨʝʙʨʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʢʦʚʟʫʚʘʥʥʶ ʨʽʜʠʥʠ ʚʽʜʥʦʩʥʦ ʩʪʽʥʦʢ. ʎʽ ʨʝʙʨʘ ʤʘʶʪʴ 

ʦʪʚʦʨʠ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʚʠʨʽʚʥʶʚʘʪʠ ʨʽʚʥʽ ʨʽʜʠʥʠ ʚ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʘʭ ʙʘʨʘʙʘʥʫ. ɺʥʘʩʣʽʜʦʢ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʪʚʝʨʜʘ ʬʘʟʘ (ʦʩʘʜ) ʦʩʘʜʞʫʻʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʫ, ʘ ʨʽʜʠʥʘ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʢʽʣʴʮʝʚʠʤ ʰʘʨʦʤ ʧʦʚʝʨʭ ʦʩʘʜʫ. ʅʘ ʧʦʚʥʦʤʫ ʭʦʜʽ ʮʝʥʪʨʠʬʫʛʠ ʬʫʛʘʪ 

ʚʠʜʽʣʷʻʪʴʩʷ ʧʦ ʚʽʜʚʽʜʥʽʡ ʪʨʫʙʮʽ, ʢʽʥʝʮʴ ʷʢʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʨʚʘʣʫ ʧʦʩʪʫʧʦʚʦ ʚʚʦʜʠʪʴʩʷ ʚ 

ʰʘʨ ʨʽʜʠʥʠ, ʜʦʧʦʢʠ ʜʦʩʷʛʥʫʪʦ ʙʫʜʝ ʧʦʚʝʨʭʥʽ ʦʩʘʜʫ. 
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ʈʠʩ.2.40. ɺʽʜʩʪʽʡʥʽ ʮʝʥʪʨʠʬʫʛʠ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ 

ʘ ʮʝʥʪʨʠʬʫʛʘ ʟ ʨʫʯʥʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ; ʙ, ʚ ʮʝʥʪʨʠʬʫʛʠ ʟ ʤʝʭʘʥʽʟʦʚʘʥʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʚ ʧʝʨʰʦʤʫ ʽ ʟʘʛʘʣʴʥʦʤʫ ʨʝʞʠʤʘʭ ʞʠʚʣʝʥʥʷ; 1 ï ʙʘʨʘʙʘʥ; 2 ï ʨʝʙʨʘ ʟ ʦʪʚʦʨʘʤʠ; 3 ï ʪʨʫʙʘ ʜʣʷ 

ʚʠʚʝʜʝʥʥʷ ʬʫʛʘʪʫ; 4 ï ʢʦʥʫʩ; 5 ï ʪʨʫʙʘ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ; 6 ï ʥʽʞ; 7 ï ʮʠʣʽʥʜʨ ʟ ʧʦʨʰʥʝʤ 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʮʝʥʪʨʠʬʫʛʘ ʟʫʧʠʥʷʻʪʴʩʷ, ʧʽʜʥʽʤʘʻʪʴʩʷ ʢʦʥʫʩ, ʷʢʠʡ ʟʘʢʨʠʚʘʻ ʦʪʚʦʨʠ ʚ ʜʥʠʱʽ 

ʙʘʨʘʙʘʥʘ, ʯʝʨʝʟ ʷʢʽ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ ʦʩʘʜ ʚʨʫʯʥʫ. ʊʦʙʪʦ, ʮʝʥʪʨʠʬʫʛʘ ʧʨʘʮʶʻ ʮʠʢʣʽʯʥʦ ʽ ʾʾ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʙʦʯʠʤ ʦʙôʻʤʦʤ ʙʘʨʘʙʘʥʫ (ʙʽʣʷ 50% ʡʦʛʦ ʦʙôʻʤʫ) ʪʘ 

ʪʨʠʚʘʣʽʩʪʶ ʮʠʢʣʫ. ʆʩʪʘʥʥʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʩʧʝʥʟʽʾ (rʪ, rʨ, m, ʘ0) ʽ 

ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ. 

ɾʦʨʩʪʢʘ ʦʧʦʨʘ ʚʘʣʘ ʮʝʥʪʨʠʬʫʛʠ ʯʘʩʪʦ ʻ ʜʞʝʨʝʣʦʤ ʚʝʣʠʢʠʭ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʧʽʜʰʠʧʥʠʢʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʜʠʩʙʘʣʘʥʩʫ, ʟʫʤʦʚʣʝʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʩʫʩʧʝʥʟʽʾ 

(ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʩʦʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʩʫʩʧʝʥʟʽʾ) ʚ ʙʘʨʘʙʘʥʽ. 

ʎʝ ʷʚʠʱʝ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʫʩʫʥʫʪʦ ʚ ʪʨʴʦʭʢʦʣʦʥʥʽʡ ʮʝʥʪʨʠʬʫʟʽ, ʩʪʘʥʠʥʘ ʷʢʦʾ ʧʽʜʚʠʱʝʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ ʪʷʛ ʥʘ ʢʦʣʦʥʘʭ ʟ ʩʬʝʨʠʯʥʠʤʠ ʰʘʨʥʽʨʘʤʠ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʘʣ 

ʮʝʥʪʨʠʬʫʛʠ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ, ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʜʠʩʙʘʣʘʥʩʫ. 

ɼʣʷ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʜʦ ʜʥʠʱʘ ʙʘʨʘʙʘʥʘ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʨʦʟʧʦʜʽʣʴʥʠʡ ʢʦʥʫʩ. 

ɼʣʷ ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʡ ʟ ʦʙôʻʤʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘ0 = 5-30% ʽ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ 

5-40 ʤʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʮʝʥʪʨʠʬʫʛʠ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʟ ʤʝʭʘʥʽʟʦʚʘʥʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ 

(ʨʠʩ. 2.40ʙ, ʚ). ʎʝʥʪʨʠʬʫʛʘ ʜʦʧʫʩʢʘʻ ʜʚʘ ʨʝʞʠʤʠ ʞʠʚʣʝʥʥʷ. ʇʦ ʧʝʨʰʦʤʫ (ʨʠʩ. 2.40ʙ) 

ʩʫʩʧʝʥʟʽʷ ʧʽʜʚʦʜʠʪʴʩʷ ʚ ʙʘʨʘʙʘʥ, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʜʦ ʡʦʛʦ ʟʘʧʦʚʥʝʥʥʷ, ʘ ʧʦ ʟʘʢʽʥʯʝʥʥʶ 
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ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʬʫʛʘʪ ʚʽʜʚʦʜʠʪʴʩʷ ʧʦ ʚʽʜʚʽʜʥʽʡ ʪʨʫʙʮʽ, ʢʽʥʝʮʴ ʷʢʦʾ ʧʦʩʪʫʧʦʚʦ ʥʘʙʣʠʞʫʻʪʴʩʷ 

ʜʦ ʧʦʚʝʨʭʥʽ ʦʩʘʜʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʪʨʫʙʢʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ, ʘ ʦʩʘʜ ʟʨʽʟʘʻʪʴʩʷ 

ʥʦʞʝʤ, ʧʦʩʪʫʧʦʚʦ ʟʘʛʣʠʙʣʶʶʯʠʩʴ ʫ ʡʦʛʦ ʰʘʨ. ʇʦʪʽʤ ʥʽʞ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ, 

ʘ ʨʦʙʦʯʠʡ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʦ ʜʨʫʛʦʤʫ ʨʝʞʠʤʫ (ʨʠʩ. 2.40ʚ) ʩʫʩʧʝʥʟʽʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ 

ʯʘʩʫ ʥʘʜʭʦʜʠʪʴ ʙʝʟʧʝʨʝʨʚʥʦ, ʘ ʬʫʛʘʪ ʧʝʨʝʣʠʚʘʻʪʴʩʷ ʯʝʨʝʟ ʢʨʘʡ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʰʘʨʫ ʧʝʚʥʦʾ 

ʪʦʚʱʠʥʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʦʜʘʯʘ ʩʫʩʧʝʥʟʽʾ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʟʘʣʠʰʦʢ ʬʫʛʘʪʫ ʚʽʜʚʦʜʠʪʴʩʷ ʧʦ 

ʚʠʚʽʜʥʽʡ ʨʫʙʮʽ, ʘ ʦʩʘʜ ʟʨʽʟʘʻʪʴʩʷ ʥʦʞʝʤ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ. ɿʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʥʦʞʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʡʦʛʦ ʧʨʠʻʜʥʘʥʥʷʤ ʜʦ ʰʪʦʢʘ ʟ ʧʦʨʰʥʝʤ, ʷʢʠʡ 

ʨʫʭʘʻʪʴʩʷ ʚʚʝʨʭ ʘʙʦ ʚʥʠʟ ʟ ʧʝʚʥʦʶ ʰʚʠʜʢʽʩʪʶ ʯʝʨʝʟ ʟʘʜʘʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʧʽʜ ʪʠʩʢʦʤ ʧʦʪʦʢʫ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ. 

 

ɺʽʜʩʪʽʡʥʘ ʮʝʥʪʨʠʬʫʛʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʽʟ ʰʥʝʢʦʚʠʤ ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ. 

ʎʝʥʪʨʠʬʫʛʘ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.41. ʇʨʠʥʮʠʧ ʜʽʾ 

ʮʝʥʪʨʠʬʫʛʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʩʫʩʧʝʥʟʽʷ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʞʠʚʠʣʴʥʫ ʪʨʫʙʫ ʚ ʙʘʨʘʙʘʥ 

ʰʥʝʢʘ, ʘ ʟ ʥʴʦʛʦ ï ʚ ʟʦʚʥʽʰʥʽʡ ʙʘʨʘʙʘʥ, ʥʘ ʩʪʽʥʢʘʭ ʷʢʦʛʦ ʦʩʘʜʞʫʶʪʴʩʷ ʯʘʩʪʠʥʢʠ ʪʚʝʨʜʦʾ ʬʘʟʠ. 

ʋʪʚʦʨʝʥʠʡ ʚ ʙʘʨʘʙʘʥʽ ʦʩʘʜ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʰʥʝʢʦʤ ʜʦ ʚʽʢʦʥ ʚʠʚʘʥʪʘʞʝʥʥʷ ʚ ʚʫʟʴʢʽʡ ʯʘʩʪʠʥʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʽʯʥʦʛʦ ʙʘʨʘʙʘʥʫ. ʈʽʜʢʘ ʬʘʟʘ (ʬʫʛʘʪ) ʧʨʦʭʦʜʠʪʴ ʜʦ ʚʽʢʦʥ ʚʠʤʠʚʘʥʥʷ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʘʚʽʡ ʪʦʨʮʝʚʽʡ ʩʪʽʥʮʽ. ʆʩʘʜ ʽ ʬʫʛʘʪ ʚʽʜʚʦʜʷʪʴʩʷ ʟ ʢʦʞʫʭʘ ʯʝʨʝʟ ʦʢʨʝʤʽ 

ʰʪʫʮʝʨʠ.  

 
 

ʈʠʩ. 2.41. ʐʥʝʢʦʚʘ ʚʽʜʩʪʽʡʥʘ ʮʝʥʪʨʠʬʫʛʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ: 

ʘ ʚʽʢʥʦ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʦʩʘʜʫ; ʙ ʦʪʚʦʨʠ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ; ʚ ʚʽʢʥʦ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʬʫʛʘʪʫ; 

1 ï ʧʫʩʪʦʪʽʣʘ ʮʘʧʬʘ; 2 ï ʢʦʞʫʭ; 3 ï ʙʘʨʘʙʘʥ; 4 ï ʙʘʨʘʙʘʥ ʰʥʝʢʘ; 5 ʪʨʫʙʘ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ;  

6 ï ʪʨʫʙʘ ʜʣʷ ʧʦʜʘʯʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ 

 

ɼʽʘʤʝʪʨ ʟʤʠʚʥʦʛʦ ʧʦʨʦʛʘ ʤʦʞʣʠʚʦ ʨʝʛʫʣʶʚʘʪʠ ʟʤʽʥʥʠʤʠ ʯʠ ʧʦʚʦʨʦʪʥʠʤʠ ʰʘʡʙʘʤʠ.  

ʐʥʝʢʦʚʽ ʚʽʜʩʪʽʡʥʠʢʠ ʮʝʥʪʨʠʬʫʛʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ʩʫʩʧʝʥʟʽʡ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ 

ʨʽʜʢʦʾ ʬʘʟʠ. 

ʅʝʜʦʣʽʢʠ ʮʠʭ ʮʝʥʪʨʠʬʫʛ: ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʘʜʫ ʽ 

ʚʪʨʘʪ ʚ ʨʝʜʫʢʪʦʨʽ, ʟʥʘʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʬʫʛʘʪʫ ʜʨʽʙʥʦ ʜʠʩʧʝʨʩʥʦʶ ʪʚʝʨʜʦʶ ʬʘʟʦʶ. 

 

ɺʽʜʩʪʽʡʥʽ ʮʝʥʪʨʠʬʫʛʠ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʝʤʫʣʴʩʽʡ ï ʩʝʧʘʨʘʪʦʨʠ. 

ʉʭʝʤʘ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʝʤʫʣʴʩʽʡ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.42. ɽʤʫʣʴʩʽʷ ʧʦ ʮʝʥʪʨʘʣʴʥʽʡ ʪʨʫʙʽ 

ʥʘʜʭʦʜʠʪʴ ʚ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʙʘʨʘʙʘʥʘ (ʨʦʪʦʨʘ 1), ʩʧʦʨʷʜʞʝʥʦʛʦ ʨʷʜʦʤ ʢʦʥʽʯʥʠʭ ʪʘʨʽʣʦʢ 2, 

ʢʦʪʨʽ ʨʦʟʜʽʣʷʶʪʴ ʩʫʤʽʰ ʥʘ ʜʝʢʽʣʴʢʘ ʰʘʨʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʤʝʥʰʝʥʥʷ ʰʣʷʭʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ 

ʯʘʩʪʠʥʢʘ ʧʨʠ ʦʩʘʜʞʝʥʥʽ. 



112 

 

 

 

 
ʈʠʩ. 2.42. ʉʭʝʤʘ ʙʘʨʘʙʘʥʘ ʩʝʧʘʨʘʪʦʨʘ: 

1 ï ʢʦʨʧʫʩ (ʨʦʪʦʨ); 2 ï ʪʘʨʽʣʢʠ 

ɹʽʣʴʰ ʚʘʞʢʘ ʨʽʜʠʥʘ, ʱʦ ʤʘʻ ʙʽʣʴʰʫ ʛʫʩʪʠʥʫ, ʚʽʜʢʠʜʘʻʪʴʩʷ ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ ʥʘ 

ʧʝʨʠʬʝʨʽʶ ʨʦʪʦʨʘ, ʙʽʣʴʰ ʣʝʛʢʘ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʜʦ ʡʦʛʦ ʮʝʥʪʨʫ. ʐʣʷʭ ʨʫʭʫ ʨʽʜʠʥ ʧʦʢʘʟʘʥʠʡ 

ʩʪʨʽʣʢʘʤʠ. ʈʦʟʜʽʣʝʥʽ ʨʽʜʠʥʠ ʥʝ ʩʪʠʢʘʶʪʴʩʷ ʦʜʥʘ ʟ ʦʜʥʦʶ, ʽ ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʟʥʦʚʫ ʙʫʪʠ 

ʟʤʽʰʘʥʠʤʠ. 

ɺ ʥʘʚʝʜʝʥʦʤʫ ʩʝʧʘʨʘʪʦʨʽ ʟʘʩʪʦʩʦʚʘʥʽ ʪʘʨʽʣʢʠ ʟ ʦʪʚʦʨʘʤʠ. ɺ ʩʝʧʘʨʘʪʦʨʽ, ʱʦ ʤʘʻ ʪʘʨʽʣʢʠ 

ʙʝʟ ʦʪʚʦʨʽʚ, ʽʟ ʩʫʩʧʝʥʟʽʾ ʚʠʜʽʣʷʶʪʴ ʪʚʝʨʜʫ ʜʠʩʧʝʨʩʥʫ ʬʘʟʫ, ʷʢʘ ʦʩʽʜʘʻ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʩʪʽʥʮʽ 

ʢʦʨʧʫʩʘ ʙʘʨʘʙʘʥʘ. ʆʩʚʽʪʣʝʥʘ ʨʽʜʠʥʘ ʨʫʭʘʻʪʴʩʷ ʜʦ ʮʝʥʪʨʫ ʙʘʨʘʙʘʥʘ, ʧʽʜʥʽʤʘʻʪʴʩʷ ʚʚʝʨʭ ʽ 

ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʥʴʦʛʦ. ʆʩʘʜ, ʫʪʚʦʨʝʥʠʡ ʥʘ ʩʪʽʥʮʽ ʙʘʨʘʙʘʥʘ, ʟʘʟʚʠʯʘʡ ʚʠʚʘʥʪʘʞʫʶʪʴ ʚʨʫʯʥʫ. 

 

ʅʘʜʮʝʥʪʨʠʬʫʛʠ. 

ɺ ʥʘʜʮʝʥʪʨʠʬʫʛʘʭ ʢʽʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ ʜʦʭʦʜʠʪʴ ʜʦ 45000 ʦʙ/ʭʚ., ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ 

ʜʦʩʷʛʘʻ 13000-20000. 

ʉʭʝʤʘ ʪʨʫʙʯʘʪʦʾ ʥʘʜʮʝʥʪʨʠʬʫʛʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.43. 

 
ʈʠʩ. 2.43. ʊʨʫʙʯʘʪʘ ʮʝʥʪʨʠʬʫʛʘ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ ʨʽʜʠʥ: 

1 ï ʪʨʫʙʯʘʪʠʡ ʙʘʨʘʙʘʥ (ʨʦʪʦʨ); 2 ï ʢʦʞʫʭ; 3 ï ʨʘʜʽʘʣʴʥʽ ʣʦʧʘʪʽ; 4 ï ʧʽʜʧôʷʪʥʠʢ; 5 ï ʰʢʽʚ; 

6 ï ʦʧʦʨʘ; 7 ï ʰʧʠʥʜʝʣʴ; 8 ï ʦʪʚʦʨʠ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʦʩʚʽʪʣʝʥʦʾ ʨʽʜʠʥʠ. 
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ɺ ʢʦʨʧʫʩʽ 2 ʦʙʝʨʪʘʻʪʴʩʷ ʪʨʫʙʯʘʪʠʡ ʙʘʨʘʙʘʥ (ʨʦʪʦʨ) 1 ʽʟ ʩʫʮʽʣʴʥʠʤʠ ʩʪʽʥʢʘʤʠ, ʚʩʝʨʝʜʠʥʽ 

ʷʢʦʛʦ ʻ ʨʘʜʽʘʣʴʥʽ ʣʦʧʘʪʽ 3, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʚʽʜʩʪʘʚʘʥʥʶ ʨʽʜʠʥʠ ʚʽʜ ʩʪʽʥʦʢ ʧʨʠ ʡʦʛʦ 

ʦʙʝʨʪʘʥʥʽ. ɹʘʨʘʙʘʥ ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʡ ʟ ʢʦʥʽʯʥʠʤ ʰʧʠʥʜʝʣʝʤ 7, ʧʽʜʚʽʰʝʥʠʤ ʥʘ ʦʧʦʨʽ 6, ʽ 

ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʦʙʝʨʪʘʥʥʷ ʚʽʜ ʰʢʽʚʘ 5. ɺ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʮʝʥʪʨʠʬʫʛʠ ʚʩʪʘʥʦʚʣʝʥʦ ʧʽʜʧôʷʪʥʠʢ 

4, ʯʝʨʝʟ ʷʢʠʡ ʚ ʙʘʨʘʙʘʥ ʧʨʦʭʦʜʠʪʴ ʪʨʫʙʘ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ. ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʩʫʩʧʝʥʟʽʾ 

ʦʩʽʜʘʶʪʴ ʥʘ ʩʪʽʥʢʘʭ ʙʘʨʘʙʘʥʫ, ʘ ʦʩʚʽʪʣʝʥʘ ʨʽʜʠʥʘ (ʬʫʛʘʪ) ʚʽʜʚʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ 

ʩʠʣʠ ʟ ʥʴʦʛʦ ʯʝʨʝʟ ʦʪʚʦʨʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʢʦʞʫʭʘ. ʆʩʘʜ ʚʠʜʘʣʷʻʪʴʩʷ ʚʨʫʯʥʫ 

ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʮʝʥʪʨʠʬʫʛʠ ʽ ʨʦʟʙʠʨʘʥʥʷ ʨʦʪʦʨʘ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʥʝʚʝʣʠʢʠʡ ʦʙôʻʤ ʙʘʨʘʙʘʥʘ ʪʘʢʽ ʮʝʥʪʨʠʬʫʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʽʣʴʢʠ ʜʣʷ 

ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʡ ʟ ʥʝʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ (ʜʦ 1%). 

ɼʣʷ ʨʦʟʜʽʣʝʥʥʷ ʝʤʫʣʴʩʽʡ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʨʫʙʯʘʪʽ ʥʘʜʮʝʥʪʨʠʬʫʛʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʨʦʟʜʽʣʴʥʦ ʚʽʜʚʦʜʠʪʠ ʨʦʟʰʘʨʦʚʘʥʽ (ʨʦʟʜʽʣʝʥʽ) ʨʽʜʠʥʠ.  

2.5.6.2. ɹʘʟʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʬʽʣʴʪʨʫʶʯʠʭ ʮʝʥʪʨʠʬʫʛ 
 

ʊʨʴʦʭʢʦʣʦʥʥʘ ʮʝʥʪʨʠʬʫʛʘ 

ʊʨʴʦʭʢʦʣʦʥʥʘ ʮʝʥʪʨʠʬʫʛʘ (ʨʠʩ. 2.44) ʟ ʚʝʨʭʥʽʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ (ʪʠʧʫ ʊɺ ʯʠ ʆʊɺ) 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʝʨʬʦʨʦʚʘʥʠʤ ʯʠ ʩʫʮʽʣʴʥʠʤ ʙʘʨʘʙʘʥʦʤ ʜʽʘʤʝʪʨʦʤ 600, 800 ʽ 1000 ʤʤ. 

ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ ʌʨ = 800-965. 

ʎʽ ʮʝʥʪʨʠʬʫʛʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʟ ʨʽʜʠʥʠ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʽ ʨʦʟʜʽʣʝʥʥʷ 

ʩʝʨʝʜʥʽʭ ʽ ʛʨʫʙʠʭ ʩʫʩʧʝʥʟʽʡ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʚʘʞʢʫ ʨʫʯʥʫ ʧʨʘʮʶ, ʧʦʚôʷʟʘʥʫ ʽʟ ʚʠʚʘʥʪʘʞʝʥʥʷʤ 

ʦʩʘʜʫ, ʚʘʞʢʦʜʦʩʪʫʧʥʽʩʪʴ ʜʦ ʧʽʜʰʠʧʥʠʢʽʚ ʽ ʛʘʣʴʤʘ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʽʜ ʙʘʨʘʙʘʥʦʤ. ʎʽ ʥʝʜʦʣʽʢʠ 

ʚ ʷʢʽʡʩʴ ʤʽʨʽ ʫʩʫʥʫʪʽ ʚ ʪʨʴʦʭʢʦʣʦʥʥʽʡ ʮʝʥʪʨʠʬʫʟʽ ʟ ʥʠʞʥʽʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ. ɹʘʨʘʙʘʥ 

ʮʠʭ ʮʝʥʪʨʠʬʫʛ ʚʠʢʦʥʘʥʠʡ ʽʟ ʩʫʮʽʣʴʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʷʢʽ ʚʠʢʣʶʯʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʨʫʭʫ ʨʽʜʢʦʾ ʬʘʟʠ ʚʽʜʥʦʩʥʦ ʩʪʽʥʦʢ ʙʘʨʘʙʘʥʫ ʽ ʩʧʦʨʷʜʞʝʥʠʡ ʨʦʟʧʦʜʽʣʴʥʠʤ ʢʦʥʫʩʦʤ, 

ʧʨʠʟʥʘʯʝʥʠʤ ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʾʾ ʜʦ ʜʥʠʱʘ ʙʘʨʘʙʘʥʫ. 

ɹʽʣʴʰ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʭ ʤʘʰʠʥ ʩʧʦʨʷʜʞʝʥʽ ʩʢʨʝʙʢʘʤʠ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʦʩʘʜʫ. 

ʄʝʭʘʥʽʟʤ ʢʝʨʫʚʘʥʥʷ ʩʢʨʝʙʢʘʤʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʉʢʨʝʙʢʠ 

ʩʢʝʨʦʚʫʶʪʴʩʷ ʧʥʝʚʤʘʪʠʯʥʠʤ ʘʙʦ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʩʪʨʦʻʤ ʟʜʽʡʩʥʶʶʯʠ ʡʦʛʦ ʨʘʜʽʘʣʴʥʦ-

ʧʦʚʦʨʦʪʥʫ ʧʦʜʘʯʫ. ʆʩʘʜ ʟʨʽʟʘʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʜʦ 50·100 

ʦʙ/ʭʚ, ʧʦʜʘʻʪʴʩʷ ʜʦʥʠʟʫ ʽ ʚʽʜʮʝʥʪʨʦʚʦʶ ʩʠʣʦʶ ʚʠʢʠʜʘʻʪʴʩʷ ʟ ʙʘʨʘʙʘʥʘ ʯʝʨʝʟ ʚʽʢʥʘ ʚ ʙʘʨʘʙʘʥʽ 

ʽ ʟʙʠʨʘʻʪʴʩʷ ʥʘ ʜʥʽ ʩʪʘʥʠʥʠ, ʧʦʢʨʠʪʦʤʫ ʥʝʨʫʭʦʤʠʤ ʢʦʞʫʭʦʤ, ʟʚʽʜʢʠ ʚʠʜʘʣʷʻʪʴʩʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʆʩʘʜ, ʱʦ ʫʪʚʦʨʠʚʩʷ ʥʘ ʩʪʽʥʢʘʭ ʨʦʪʦʨʘ ʚʠʜʘʣʷʻʪʴʩʷ (ʣʦʧʘʪʢʦʶ) ʧʽʩʣʷ 

ʚʽʜʢʨʠʪʪʷ ʢʨʠʰʢʠ ʢʦʞʫʭʽʚ. ʎʽ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʚʝʣʠʢʦʶ ʚʠʩʦʪʦʶ ʽ ʩʪʽʡʢʽʩʪʶ. 
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ʈʠʩ. 2.44. ʊʨʴʦʭʢʦʣʦʥʥʘ ʮʝʥʪʨʠʬʫʛʘ. 

 

ʎʝʥʪʨʠʬʫʛʘ ʟ ʧʫʣʴʩʫʶʯʠʤ ʧʦʨʰʥʝʤ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʦʩʘʜʫ.  

ʎʽ ʘʧʘʨʘʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʬʽʣʴʪʨʫʶʯʠʭ ʮʝʥʪʨʠʬʫʛ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ 

ʙʘʨʘʙʘʥʦʤ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.45. 

ʉʫʩʧʝʥʟʽʷ ʥʘʜʭʦʜʠʪʴ ʚ ʢʦʥʽʯʥʫ ʣʽʡʢʫ 8, ʷʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʪʦʶ ʯʘʩʪʦʪʦʶ, ʱʦ ʽ 

ʧʝʨʬʦʨʦʚʘʥʠʡ ʙʘʨʘʙʘʥ 2. ʉʫʩʧʝʥʟʽʷ ʥʘʙʫʚʘʻ ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ ʽ ʚʽʜʢʠʜʘʻʪʴʩʷ ʯʝʨʝʟ ʦʪʚʦʨʠ ʫ 

ʣʽʡʮʽ ʥʘ ʬʽʣʴʪʨʫʶʯʫ ʧʝʨʝʛʦʨʦʜʢʫ ʚ ʟʦʥʽ ʧʝʨʝʜ ʧʦʨʰʥʝʤ 5. ʇʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʨʽʜʢʘ 

ʬʘʟʘ (ʬʫʛʘʪ) ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʬʽʣʴʪʨʫʶʯʫ ʧʝʨʝʛʦʨʦʜʢʫ ʽ ʧʝʨʬʦʨʦʚʘʥʠʡ ʙʘʨʘʙʘʥ ʜʦ ʢʦʨʧʫʩʫ 1 

ʽ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʥʴʦʛʦ ʯʝʨʝʟ ʰʪʫʮʝʨ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʥʠʞʥʽʡ ʡʦʛʦ ʯʘʩʪʠʥʽ. ʊʚʝʨʜʘ ʬʘʟʘ 

ʫʪʚʦʨʶʻ ʦʩʘʜ ʥʘ ʬʽʣʴʪʨʫʶʯʽʡ ʧʝʨʝʛʦʨʦʜʮʽ, ʷʢʠʡ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʜʦ ʢʨʘʶ ʙʘʨʘʙʘʥʘ 

ʧʽʜ ʯʘʩ ʨʫʭʫ ʧʦʨʰʥʷ ʚʧʨʘʚʦ ʧʨʠʙʣʠʟʥʦ ʥʘ 0,1 ʜʦʚʞʠʥʠ ʙʘʨʘʙʘʥʘ. 

 

1
5

4
0 
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ʈʠʩ. 2.45. ʌʽʣʴʪʨʫʶʯʘ ʮʝʥʪʨʠʬʫʛʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʧʫʣʴʩʫʶʯʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʧʝʨʬʦʨʦʚʘʥʠʡ ʙʘʨʘʙʘʥ; 3 ï ʧʫʩʪʦʧʦʨʦʞʥʽʡ ʚʘʣ; 4 ï ʚʘʣ-ʰʪʦʢ; 5 ï ʧʦʨʰʝʥʴ-ʰʪʦʚʭʘʯ; 

6 ï ʧʨʠʩʪʨʽʡ, ʱʦ ʥʘʜʘʻ ʦʙʝʨʪʦʚʠʡ ʽ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ; 7 ï ʞʦʣʦʙ; 8 ï ʢʦʥʽʯʥʘ ʣʽʡʢʘ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʢʦʞʥʠʡ ʭʽʜ ʧʦʨʰʥʷ ʟ ʙʘʨʘʙʘʥʘ ʜʦ ʢʦʞʫʭʘ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʯʘʩʪʠʥʘ 

ʦʩʘʜʫ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʮʝʥʪʨʠʬʫʛʠ ʧʦ ʞʦʣʦʙʫ. ʇʦʨʰʝʥʴ ʟʘʢʨʽʧʣʝʥʦ ʥʘ ʚʘʣʫ-

ʰʪʦʮʽ 4, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʫʩʪʦʪʽʣʦʛʦ ʚʘʣʫ 3, ʽ ʟôʻʜʥʘʥʠʡ ʟ ʧʨʠʩʪʨʦʻʤ 6, ʷʢʠʡ 

ʥʘʜʘʻ ʡʦʤʫ ʦʙʝʨʪʘʣʴʥʠʡ ʪʘ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ. ʙʘʨʘʙʘʥ ʦʙʝʨʪʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʫʩʪʦʪʽʣʦʛʦ ʚʘʣʘ 3. ʏʘʩʪʦʪʘ ʦʙʝʨʪʽʚ ʧʦʨʰʥʷ ʪʘ ʙʘʨʘʙʘʥ ʦʜʥʘʢʦʚʘ. 

ʎʷ ʮʝʥʪʨʠʬʫʛʘ ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʘ ʥʽʞ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. ɸʣʝ ʤʘʻ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ 

ʝʥʝʨʛʽʾ, ʧʦʚôʷʟʘʥʽ ʟ ʨʦʙʦʪʦʶ ʧʦʨʰʥʷ. ʆʢʨʽʤ ʪʦʛʦ, ʚ ʧʝʨʽʦʜ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʦʩʘʜʫ ʷʢʽʩʪʴ 

ʬʽʣʴʪʨʘʮʽʾ ʟʥʠʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʬʽʣʴʪʨʫʶʯʽʡ ʧʝʨʝʛʦʨʦʜʮʽ (ʙʝʟ 

ʰʘʨʫ ʦʩʘʜʫ). 

 

2.5.7. ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʚ ʮʝʥʪʨʠʬʫʛʘʭ 

 

ʇʫʩʢʦʚʠʡ ʧʝʨʽʦʜ. ɺ ʧʝʨʽʦʜ ʧʫʩʢʫ ʮʝʥʪʨʠʬʫʛʠ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ 

ʤʘʩʠ ʙʘʨʘʙʘʥʘ N1, ʽʥʝʨʮʽʾ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ N2, ʱʦ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ, ʥʘ ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ N3 ʽ 

ʥʘ ʪʝʨʪʷ ʙʘʨʘʙʘʥʘ ʟ ʧʦʚʽʪʨʷʤ N4: 

Nʧ = N1 + N2 + N3 + N4.  

ɺ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʪʘ ʪʝʨʪʷ 

ʙʘʨʘʙʘʥʫ ʟ ʧʦʚʽʪʨʷʤ: 

Nʨ = N3 + N4.  

ɺʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ ʙʘʨʘʙʘʥʘ. ɺʠʜʽʣʠʤʦ ʽʟ ʩʪʽʥʢʠ ʙʘʨʘʙʘʥʘ 

ʝʣʝʤʝʥʪ ʤʘʩʠ dm ʥʘ ʚʽʜʩʪʘʥʽ ʨʘʜʽʫʩʘ r. ʇʨʠ ʣʽʥʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ w, ʨʦʙʦʪʘ dT, ʱʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʜʘʥʥʷ ʮʴʦʤʫ ʝʣʝʤʝʥʪʫ ʤʘʩʠ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦʨʽʚʥʶʻ: 
2

'
2

dmw
dT =  ʘʙʦ 

2

0

' .
2

r dmw
T =ñ  

(2.80) 

ɺʠʨʘʟʠʤʦ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ w ʯʝʨʝʟ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ɤ ʽ ʨʘʜʽʫʩ r: 
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,W r=wÖ (2.81) 

ʽ ʧʽʜʩʪʘʚʠʤʦ ʚ (2.80): 
2

2

0

' .
2

r

T dmr
w
= ñ  

 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʙʘʨʘʙʘʥʘ: 

2

á

0

.

r

dmr I=ñ  
(2.82) 

ʊʦʜʽ ʚʠʨʘʟ (2.81) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 
2

á ' .
2

T I
w
=  

(2.83) 

ɺʨʘʭʫʚʘʚʰʠ, ʱʦ ʚʩʷ ʤʘʩʘ ʙʘʨʘʙʘʥʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʦʙʦʣʦʥʮʽ ʨʘʜʽʫʩʦʤ R, ʪʦʜʽ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʜʣʷ ʚʩʴʦʛʦ ʙʘʨʘʙʘʥʘ ʜʦʨʽʚʥʶʻ: 
2

á á ,I M R=  (2.84) 

ʇʽʜʩʪʘʚʠʚʰʠ (2.84) ʜʦ (2.83), ʦʜʝʨʞʠʤʦ: 
2

2

á
2

T M R
w

¡=  
(2.85) 

ʘʙʦ ʚʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʫ ʟʘʤʽʥʫ ʥʘ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ, ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ: 
2

á '
2

w M
T =  

(2.86) 

ʇʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ ʙʘʨʘʙʘʥʫ, ʜʦʨʽʚʥʶʻ: 

1

ï

,
T

N
¡

=
t

 
 

ʜʝ tʧ ï ʯʘʩ ʧʫʩʢʫ, ʪʦʙʪʦ ʯʘʩ ʚʠʚʝʜʝʥʥʷ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ ʥʘ ʟʘʜʘʥʝ ʯʠʩʣʦ ʦʙʝʨʪʽʚ. 

 

ɺʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ ʨʽʜʠʥʠ. 

ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʨʽʜʠʥʘ ʚ ʙʘʨʘʙʘʥʽ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʘ ʟ ʨʘʜʽʫʩʘʤʠ r1 ʽ 

R (ʨʠʩ. 2.46). 

ɺʠʜʽʣʠʤʦ ʽʟ ʮʽʻʾ ʤʘʩʠ ʩʫʩʧʝʥʟʽʾ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʙôʻʤ ʥʘ ʚʽʜʩʪʘʥʽ r ʚʽʜ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ 

ʪʦʚʱʠʥʦʶ dr ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ ʙʘʨʘʙʘʥʫ ʅ. 

ʄʘʩʘ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

c2 .dm dV rHdr= Ör= pÖ Ör (2.87) 

 
ʈʠʩ. 2.46. ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ 
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ʊʦʜʽ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʩʽʻʾ ʩʫʩʧʝʥʟʽʾ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʚʩʝʨʝʜʠʥʽ ʙʘʨʘʙʘʥʫ, ʚʠʟʥʘʯʠʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ: 

2 3 4 4

p 1

1 1

2
2 ( )

4

R R

r r

I dm r H r dr H R r= Ö = p r = p r -ñ ñ  
 

(2.88) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ r1 = 0,71R, ʚʠʨʘʟ (2.88) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

4

p

1
0,75 .

2
I H R= p r  

 

ʊʦʜʽ ʨʦʙʦʪʘ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ ʨʽʜʠʥʠ, ʜʦʨʽʚʥʶʻ: 
2 2

4

ð" 0,75 .
2 2 2

T I H R
w w
= = p rÖ

Ö
 

(2.89) 

ʗʢʱʦ ˊHR2 = Vʙ ï ʮʝ ʧʦʚʥʠʡ ʦʙôʻʤ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ. ɿʘʧʠʰʝʤʦ ʚʠʨʘʟ (2.89), 

ʚʠʢʦʥʘʚʰʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʩʽʭ ʯʠʩʣʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʫ ʚʠʛʣʷʜʽ: 
2

á c" 0,019 .T W V= r (2.90) 

ɺʽʜʧʦʚʽʜʥʦ, ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

2 ï''/ .N T= t  

 

ɺʠʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʪʝʨʪʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʟʘ  ʬʦʨʤʫʣʦʶ, ʢɺʪ: 

â
3

 
,

1000
i

f W
N m g= ä  

 

ʜʝ f ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ (0,07 - 0,10); 

Smi ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʚʩʽʭ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ ʮʝʥʪʨʠʬʫʛʠ ʚ ʢʛ; 

Wʚ ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ʮʝʥʪʨʠʬʫʛʠ, ʤ/ʩ: 

â
â ,

2

d
W = w 

 

ʜʝ dʚï ʜʽʘʤʝʪʨ ʚʘʣʘ ʮʝʥʪʨʠʬʫʛʠ. 

 

ɺʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʪʝʨʪʷ ʙʘʨʘʙʘʥʘ ʟ ʧʦʚʽʪʨʷʤ. 

Nʯ = 10-8R5n3 ,  
ʜʝ R ï ʨʘʜʽʫʩ ʙʘʨʘʙʘʥʘ, ʤ; 

n ï ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʙʘʨʘʙʘʥʘ, ʦʙ/ʭʚ. 

ʇʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʘ ʚʠʨʘʟʦʤ: 

n
äâ .

0,9 0,8

N
N =

·
 

 

ʆʢʨʽʤ ʮʴʦʛʦ, ʚ ʮʝʥʪʨʠʬʫʛʘʭ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʧʦʪʫʞʥʽʩʪʴ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʦʩʘʜʫ ʰʥʝʢʦʤ. ʈʦʟʨʘʭʫʥʦʢ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʮʠʭ ʮʝʥʪʨʠʬʫʛ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʩʧʝʮʽʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

 

2.5.8. ɺʠʙʽʨ ʮʝʥʪʨʠʬʫʛ 

1.  ʎʝʥʪʨʠʬʫʛʠ ʚʠʙʠʨʘʶʪʴʩʷ ʟʘ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʚ ʩʫʩʧʝʥʟʽʾ: 

- ʧʨʠ ʨʦʟʤʽʨʽ ʯʘʩʪʠʥʦʢ ʙʽʣʴʰ 100 ʤʢʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʽʣʴʪʨʫʶʯʽ ʮʝʥʪʨʠʬʫʛʠ; 

- ʧʨʠ ʨʦʟʤʽʨʽ ʯʘʩʪʠʥʦʢ ʚʽʜ 100 ʜʦ 10 ʤʢʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʽʜʩʪʽʡʥʽ ʮʝʥʪʨʠʬʫʛʠ; 

- ʧʨʠ ʨʦʟʤʽʨʽ ʯʘʩʪʠʥʦʢ ʚʽʜ 10 ʜʦ 1 ʤʢʤ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʜʮʝʥʪʨʠʬʫʛʠ. 

 2. ʎʝʥʪʨʠʬʫʛʠ ʚʠʙʠʨʘʶʪʴʩʷ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʫʩʧʝʥʟʽʾ. 

ʇʨʠ ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʩʫʩʧʝʥʟʽʷʭ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʰʥʝʢʦʚʽ ʮʝʥʪʨʠʬʫʛʠ. 

ʗʢʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʤʝʥʰʝ 1%, ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʨʫʙʯʘʪʽ ʥʘʜʮʝʥʪʨʠʬʫʛʠ. 

3. ɺʠʙʽʨ ʮʝʥʪʨʠʬʫʛʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʘʜʫ. 

ɿ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʨʫʡʥʫʚʘʥʥʶ ʦʩʘʜʫ ʧʨʠ ʚʽʜʜʽʣʝʥʥʽ ʩʫʣʴʬʘʪʫ ʘʤʦʥʽʶ, ʚʦʣʦʢʦʥ 

ʧʘʧʝʨʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʮʝʥʪʨʠʬʫʛʠ ʟ ʧʫʣʴʩʫʶʯʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ. ʎʝʥʪʨʠʬʫʛʠ ʽʟ 

ʟʨʽʟʘʥʥʷʤ ʦʩʘʜʫ ʥʦʞʝʤ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʦʜʨʽʙʥʝʥʥʷ ʦʩʘʜʫ.  



118 

 

 

 

ɼʣʷ ʦʯʠʱʝʥʥʷ ʣʘʢʽʚ, ʬʘʨʙ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʜʮʝʥʪʨʠʬʫʛʫ. 

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʢʨʦʭʤʘʣʶ, ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʫʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʥʝʢʦʚʽ ʮʝʥʪʨʠʬʫʛʠ. 

ɼʫʞʝ ʚʘʞʣʠʚʦ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʪʠ ʤʘʪʝʨʽʘʣ ʮʝʥʪʨʠʬʫʛʠ. ʊʘʢ, ʥʝʣʝʛʦʚʘʥʽ ʯʦʨʥʽ ʤʝʪʘʣʠ 

ʧʨʠ ʢʦʨʦʟʽʾ ʤʦʞʫʪʴ ʦʩʘʜ, ʪʦʤʫ ʾʭ ʥʝ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʅʘʚʝʜʽʪʴ ʩʧʦʩʦʙʠ ʨʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʨʽʜʢʠʭ ʩʠʩʪʝʤ. 

2. ʉʢʣʘʜʽʪʴ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʨʽʜʠʥʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ. 

3. ʅʘʚʝʜʽʪʴ ʨʦʟʨʘʭʫʥʦʢ ʨʽʜʠʥʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ. 

4. ʅʘʚʝʜʽʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʚʠʭ ʚʽʜʩʪʽʡʥʠʢʽʚ. 

5. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ? 

6. ɺʠʚʝʜʽʪʴ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʢʘʥʘʣʘʭ ʦʩʘʜʫ. 

7. ɺʠʚʝʜʽʪʴ ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ. 

8. ɺ ʯʦʤʫ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ ʪʘ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ? 

9. ʅʘʚʝʩʪʠ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʬʽʣʴʪʨʽʚ. 

10. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʛʽʜʨʦʮʠʢʣʦʥʘ? 

11. ʅʘʚʝʜʽʪʴ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʮʠʢʣʦʥʽʚ. 

12. ʉʬʦʨʤʫʣʶʡʪʝ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʛʽʜʨʦʮʠʢʣʦʥʘ. 

13. ʇʦʷʩʥʽʪʴ ʩʫʪʥʽʩʪʴ ʨʦʙʦʪʠ ʮʝʥʪʨʠʬʫʛ ʚʽʜʩʪʽʡʥʦʛʦ ʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʽʚ. 

14. ʅʘʚʝʜʽʪʴ ʦʩʥʦʚʥʽ ʦʟʥʘʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʮʝʥʪʨʠʬʫʛ. 

15. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ. 

16. ɺʠʚʝʜʽʪʴ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʨʘʙʘʥʽ ʮʝʥʪʨʠʬʫʛʠ. 

17. ʗʢ ʚʠʟʥʘʯʠʪʠ ʯʘʩ ʣʘʤʽʥʘʨʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʚ ʮʝʥʪʨʠʬʫʟʽ? 

18. ɺʠʟʥʘʯʪʝ ʨʫʰʽʡʥʫ ʩʠʣʫ ʚ ʮʝʥʪʨʠʬʫʛʘʭ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ. 

19. ʅʘʚʝʜʽʪʴ ʙʘʟʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʮʝʥʪʨʠʬʫʛ ʚʽʜʩʪʽʡʥʦʛʦ ʪʘ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʽʚ. 

20. ʅʘʚʝʜʽʪʴ ʟʘʣʝʞʥʦʩʪʽ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʮʝʥʪʨʠʬʫʛʠ ʚ ʧʫʩʢʦʚʠʡ ʽ 

ʨʦʙʦʯʠʡ ʧʝʨʽʦʜʠ. 

21. ɿʘ ʷʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʪʠʧʫ ʮʝʥʪʨʠʬʫʛʠ? 
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ɻʣʘʚʘ 3. ʇʝʨʝʤʽʰʫʚʘʥʥʷ  

 
3.1. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʩʫʩʧʝʥʟʽʡ, ʝʤʫʣʴʩʽʡ ʽ ʨʦʟʯʠʥʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʤʘʩʦ- ʽ ʪʝʧʣʦʦʙʤʽʥʫ, 

ʟʘʚʜʷʢʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʦʥʦʚʣʝʥʥʶ ʧʦʚʝʨʭʥʽ ʚʟʘʻʤʦʜʽʾ ʨʝʯʦʚʠʥ. ʆʩʥʦʚʥʽ ʧʨʦʮʝʩʠ ʭʽʤʽʯʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʥʘʚʝʜʝʥʽ ʥʘ ʩʭʝʤʽ (ʨʠʩ. 3.1). 

 

 
ʈʠʩ. 3.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 

ʩʝʨʝʜʦʚʠʱʘ 

 

ʈʦʟʨʽʟʥʷʶʪʴ ʪʘʢ̔ ʩʧʦʩʦʙʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ: 

- ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

- ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʪʚʝʨʜʦʤʫ, ʩʠʧʫʯʦʤʫ ʽ ʧʘʩʪʦʧʦʜʽʙʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

 

3.2. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʱʦ ʟʤʽʰʫʻʪʴʩʷ ʟ ʨʽʜʠʥʦʶ ï ʛʘʟ, ʨʽʜʠʥʘ ʘʙʦ ʪʚʝʨʜʝ ʪʽʣʦ, ʨʦʟʨʽʟʥʷʶʪʴ 

ʜʚʘ ʚʠʜʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: ʤʝʭʘʥʽʯʥʝ ʽ ʧʥʝʚʤʘʪʠʯʥʝ. 

 

3.2.1. ʄʝʭʘʥʽʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʄʝʭʘʥʽʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʰʘʣʦʢ. ʄʽʰʘʣʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʘʨ ʣʦʧʘʪʝʡ ʨʽʟʥʦʾ ʬʦʨʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ʤʽʰʘʣʦʢ, ʻ: ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ. ɺ ʜʘʥʠʡ ʯʘʩ ʮʶ ʷʢʽʩʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʨʘʞʘʶʪʴ ʧʦ-ʨʽʟʥʦʤʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʧʣʦʚʠʭ, ʜʠʬʫʟʽʡʥʠʭ ʽ ʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷʤ  ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʇɽʈɽʄɯʐʋɺɸʅʅʗ ɺ ʆʉʅʆɺʅʀʍ ʇʈʆʎɽʉɸʍ ʍɯʄɯʏʅʆɰ ʊɽʍʅʆʃʆɻɯɰ 

ɻʽʜʨʦʤʝʭʘʥʽʯʥʽ ʊʝʧʣʦʚʽ ʄʘʩʦʦʙʤʽʥʥʽ ʍʽʤʽʯʥʽ 

ɻʦʤʦʛʝʥʽʟʘʮʽʷ 

ʉʫʩʧʝʥʜʫʚʘʥʥʷ 

ɽʤʫʣʴʛʫʚʘʥʥʷ 

ɼʠʩʧʝʨʛʫʚʘʥʥʷ 

ʅʘʛʨʽʚ 

ʆʭʦʣʦʜʞʝʥʥʷ 

ɺʠʧʘʨʶʚʘʥʥʷ 

ʈʦʟʯʠʥʝʥʥʷ 

ɸʜʩʦʨʙʮʽʷ 

ɽʢʩʪʨʘʢʮʽʷ 

ɸʙʩʦʨʙʮʽʷ 

ʈʝʢʪʠʬʽʢʘʮʽʷ 

ɽʣʝʢʪʨʦʣʽʟ 

ɻʦʤʦʛʝʥʥʽ 

ʨʝʘʢʮʽʾ 

ɻʝʪʝʨʦʛʝʥʥʽ 

ʨʝʘʢʮʽʾ 

ʆʜʝʨʞʘʥʥʷ ʪʘ 

ʧʝʨʝʨʦʙʢʘ 

ʧʦʣʽʤʝʨʽʚ 

   ʇʈʆʎɽʉʀ 
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ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʽ ʙʝʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷ (ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʤʘʩʦʧʝʨʝʜʘʯʽ ʽ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʨʝʘʢʮʽʾ ʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ). 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʘʙʦ ʝʤʫʣʴʩʽʾ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʬʘʟ ʚ  ʩʫʩʧʝʥʟʽʾ ʘʙʦ 

ʝʤʫʣʴʩʽʾ. ʅʝʭʘʡ ʚ ʘʧʘʨʘʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʨʽʜʠʥʘ ʽ ʜʨʽʙʥʽ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ Vʨ ʽ 

Vʪ ʦʙôʻʤʠ ʚʽʜʧʦʚʽʜʥʦ ʨʽʜʠʥʠ ʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʘʧʘʨʘʪʽ, ɟʨ ʽ ɟʪ ï ʚʽʜʧʦʚʽʜʥʦ ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ ʽ 

ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ. 

ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʦʩʷʛʥʫʪʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʧʦ 

ʚʩʴʦʤʫ ʦʙôʻʤʫ ʨʽʜʠʥʠ, ʪʦ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʙʫʜʴ-ʷʢʽʡ ʧʨʦʙʽ ʦʪʨʠʤʘʥʦʾ 

ʩʫʤʽʰʽ, ʚʟʷʪʦʾ ʟ ʨʽʟʥʠʭ ʟʦʥ ʘʧʘʨʘʪʘ, ʩʢʣʘʜʝ (ʫ ʤʘʩʦʚʠʭ %): 

c

ð ð

ò ò

ò ò

100
.
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ʇʨʠ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʚʤʽʩʪ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʨʦʙʘʭ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʚʽʜ xc (ʨʠʩ. 3.2). ɺʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʮʽ æx = x - xc, ʮʝ ʥʘʡʙʽʣʴʰ ʤʦʞʣʠʚʝ ʾʾ ʟʥʘʯʝʥʥʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʬʘʟ ʚ ʪʠʭ ʟʦʥʘʭ, ʟʚʽʜʢʠ ʚʟʷʪʦ ʧʨʦʙʫ. ʇʨʠ ʧʦʚʥʦʤʫ 

ʟʤʽʰʘʥʥʽ ʾʭ ʨʽʟʥʠʮʽ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʧʨʠ ʥʝʧʦʚʥʦʤʫ ʟʤʽʰʘʥʥʽ ʚʦʥʠ ʚʽʜʤʽʥʥʽ ʚʽʜ ʥʫʣʷ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʜʦʜʘʪʥʠʤʠ, ʪʘʢ ʽ ʚʽʜôʻʤʥʠʤʠ. 

 
ʈʠʩ. 3.2. ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 

 
ʈʠʩ. 3.3. ɿʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʧʦʜʽʣ ʬʘʟ ʫ ʚʩʴʦʤʫ ʦʙôʻʤʽ ʘʧʘʨʘʪʘ 

ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

1 1
c c
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ʜʝ æxǋ - ʜʦʜʘʪʥʽ ʨʽʟʥʠʮʽ x-xc , 100 ï xc ï ʥʘʡʙʽʣʴʰʝ  ʤʦʞʣʠʚʝ ʜʦʜʘʪʥʻ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ æxǋ ,m ï ʯʠʩʣʦ ʧʨʦʙ, ʚ 

ʷʢʠʭ ʨʽʟʥʠʮʷ x-xc ʜʦʜʘʪʥʷ, æxǋǋ - ʚʽʜôʻʤʥʽ ʨʽʟʥʠʮʽ x-xc, xʩ ï ʥʘʡʙʽʣʴʰʝ (ʧʦ ʘʙʩʦʣʶʪʥʽʡ ʚʝʣʠʯʠʥʽ) ʤʦʞʣʠʚʝ 

ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ æxǋǋ,  n ï ʯʠʩʣʦ ʧʨʦʙ, ʚ ʷʢʠʭ ʨʽʟʥʠʮʷ x-xc ʚʽʜôʻʤʥʘ. 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ. ʂʦʣʠ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʚʥʝ 

ʟʤʽʰʫʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʬʘʟ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʤʫʣʴʩʽʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʯʘʩʪʠʥʦʢ 

ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ, ʱʦ ʫʪʚʦʨʷʪʴʩʷ.  

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʟʘʟʚʠʯʘʡ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

1) ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʤʽʰʘʣʢʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʯʘʩʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ; 

2) ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʽʚ 

ʤʽʰʘʣʢʠ; 

3) ʧʦʪʫʞʥʽʩʪʴ N, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ V ʘʙʦ ʤʘʩʠ ʄ 

ʨʽʜʠʥʠ. 

ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ 

(ʨʽʚʥʦʤʽʨʥʦʩʪʽ) ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɯ=f(N/V) (ʨʠʩ. 3.3). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʧʦʜʽʙʥʦʩʪʽ ʜʦʟʚʦʣʠʣʦ ʧʝʨʝʡʪʠ ʚʽʜ ʝʤʧʽʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʤʝʭʘʥʽʯʥʠʭ ʤʽʰʘʣʦʢ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʽ ʬʦʨʤʫʣ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʽʡʩʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʤʽʰʘʣʦʢ. 

 

3.2.2. ɻʽʜʨʦʜʠʥʘʤʽʯʥʘ ʧʦʜʽʙʥʽʩʪʴ ʚ ʧʨʦʮʝʩʘʭ ʧʝʨʝʤʽʰʫʚʘʥʥ ̫

ɿ ʧʦʛʣʷʜʫ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʪʽʣ ʥʘ 

ʧʦʪʦʢʠ ʨʽʜʠʥʠ. ʇʨʠ ʧʦʚʽʣʴʥʦʤʫ ʨʫʩʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʫ ʚôʷʟʢʽʡ ʨʽʜʠʥʽ 

ʥʝʦʙʭʽʜʥʦ ʧʦʜʦʣʘʪʠ ʪʽʣʴʢʠ ʩʠʣʠ ʪʝʨʪʷ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʥʘʙʫʚʘʶʪʴ ʩʫʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʩʠʣʠ 

ʽʥʝʨʮʽʾ. ʇʨʠʛʨʘʥʠʯʥʠʡ ʰʘʨ ʚʽʜʨʠʚʘʻʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʘ ʥʠʤ ʫʪʚʦʨʷʪʴʩʷ 

ʚʠʭʦʨʠ. 

ʅʘʡʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʽʣʷ ʢʨʘʾʚ ʣʦʧʘʪʝʡ, ʧʨʠʯʦʤʫ ʟʛʽʜʥʦ  ʨʽʚʥʷʥʥʷ 

ɹʝʨʥʫʣʣʽ ʫ ʦʙʣʘʩʪʽ ʚʠʭʦʨʦʫʪʚʦʨʝʥʥʷ ʪʠʩʢ ʙʫʜʝ ʤʝʥʰʠʤ, ʥʽʞ ʚ ʨʽʜʠʥʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʦʧʝʨʝʜʫ ʣʦʧʘʪʽ. ʈʽʟʥʠʮʷ ʪʠʩʢʽʚ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʶ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ 

ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

ɺ ʫʟʘʛʘʣʴʥʝʥʽʡ ʬʦʨʤʽ ʮʷ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʟʘʣʝʞʥʽʩʪʶ ʢʨʠʪʝʨʽʷ ɽʡʣʝʨʘ 

ʚʽʜ ʢʨʠʪʝʨʽʾʚ ʈʝʡʥʦʣʴʜʩʘ ʪʘ ʌʨʫʜʘ: 

 ( )FrRe;fEu=  (3.1) 
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2
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D
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r
 - ʢʨʠʪʝʨʽʡ ɽʡʣʝʨʘ;

2

Fr
w

gl
=  - ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ. 

ʃʦʧʘʪʽ ʤʽʰʘʣʢʠ ʜʦʩʠʪʴ ʛʣʠʙʦʢʦ ʟʘʥʫʨʝʥʽ ʚ ʨʽʜʠʥʫ, ʪʦʤʫ ʚʧʣʠʚ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʧʦʚ'ʷʟʘʥʦʾ 

ʟ ʭʚʠʣʝʫʪʚʦʨʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ. ʊʦʤʫ ʟ ʨʽʚʥʷʥʥʷ (3.1) ʤʦʞʥʘ 

ʚʠʢʣʶʯʠʪʠ ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ. ʆʢʨʽʤ ʮʴʦʛʦ, ʢʨʠʪʝʨʽʾ ɽʡʣʝʨʘ ʪʘ ʈʝʡʥʦʣʴʜʩʘ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʜʣʷ ʫʤʦʚ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʈʝʡʥʦʣʴʜʩʘ ʪʘ ɽʡʣʝʨʘ ʜʣʷ ʤʽʰʘʣʦʢ 
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ʈʠʩ. 3.3 ʉʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ 

ʗʢʱʦ ʤʽʰʘʣʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʣʦʧʘʪʽ, ʥʘʩʘʜʞʝʥʽ ʥʘ ʚʘʣ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʪʦ ʣʽʥʽʡʥʫ 

ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ, ʱʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ, ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʧʨʦʧʦʨʮʽʡʥʦʶ 

ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʤʽʰʘʣʢʠ: 

 W = k1pdn, (3.2) 
ʜʝ k1 ï ʢʦʥʩʪʘʥʪʘ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ; d ï ʜʽʘʤʝʪʨ ʤʽʰʘʣʢʠ, ʤ; n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʽʚ ʤʽʰʘʣʢʠ, ʩ-1. 

 

ʊʦʜʽ ʯʠʩʣʦ Re ʚʠʨʘʟʠʪʴʩʷ ʷʢ: 

 1Re
k dndw d p rÖ Ör

= =
m m

 (3.3) 

ʇʦʩʪʽʡʥʽ ʙʝʟʨʦʟʤʽʨʥʽ ʩʧʽʚʤʥʦʞʥʠʢʠ k1 ʽ p ʟ ʚʠʨʘʟʫ (3.3) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʶʯʝʥʽ. ʊʦʜʽ 

ʦʜʝʨʞʠʤʦ ʤʦʜʠʬʽʢʦʚʘʥʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʚʠʧʘʜʢʫ ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ 

ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: 
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 (3.4) 

ɿʘʟʚʠʯʘʡ ʢʨʠʪʝʨʽʡ ɽʡʣʝʨʘ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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 (3.5) 

ɺʝʣʠʯʠʥʫ Dʈ ʤʦʞʣʠʚʦ ʟʘʤʽʥʠʪʠ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʪʘʢʠʭ ʧʨʠʧʫʱʝʥʥʷʭ: 

ʗʢʱʦ ʨʽʜʠʥʘ ʮʠʨʢʫʣʶʻ ʧʽʜ ʜʽʻʶ ʤʽʰʘʣʢʠ ʧʦ ʟʘʜʘʥʦʤʫ ʢʦʥʪʫʨʫ, ʪʦ ʧʦʪʫʞʥʽʩʪʴ ʤʽʰʘʣʢʠ 

ʚʠʟʥʘʯʠʪʴʩʷ, ʷʢ ʧʦʪʫʞʥʽʩʪʴ ʥʘʩʦʩʫ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ:  

 N = Vʩʝʢ Dʈ, (3.6) 

ʜʝ Vʩʝʢ ï ʦʙôʻʤ ʨʽʜʠʥʠ, ʷʢʠʡ ʧʝʨʝʤʽʱʘʻʪʴʩʷ, ʤ3/ʩ; Dʈ ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ, ʇʘ, 

ʟʚʽʜʩʠ  

 Dʈ = N/ Vʩʝʢ (3.7) 

Vʩʝʢ ʤʦʞʥʘ ʟʥʘʡʪʠ, ʷʢ ʜʦʙʫʪʦʢ ʦʙôʻʤʫ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ ʥʘ ʢʨʘʪʥʽʩʪʴ ʮʠʨʢʫʣʷʮʽʾ: 

 Vʩʝʢ = VʨÖm= fHm,  (3.8) 

ʜʝ f ï ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʘʧʘʨʘʪʘ, ʤ2, f = pd2/4;ʅ ï ʨʦʙʦʯʘ ʚʠʩʦʪʘ ʘʧʘʨʘʪʘ, ʤ; m ï ʢʨʘʪʥʽʩʪʴ ʮʠʨʢʫʣʷʮʽʾ, ʩ-1; 

ɺʠʨʘʟʠʚʰʠ ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʘʧʘʨʘʪʫ ʯʝʨʝʟ ʜʽʘʤʝʪʨ ʤʽʰʘʣʢʠ, ʦʜʝʨʞʠʤʦ:  

f = k2d
2;                    (3.9)    ʅ= k3d,         (3.10) 

ʜʝ k2 ʽ k3 ï ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʢʨʘʪʥʽʩʪʴ ʮʠʨʢʫʣʷʮʽʾ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʧʨʦʧʦʨʮʽʡʥʦʶ ʯʠʩʣʫ ʦʙʝʨʪʽʚ 

ʤʽʰʘʣʢʠ: 

 m = k4n,  (3.11) 

a ʚʝʣʠʯʠʥʘ W2 ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʽʚʥʷʥʥʷ (14.2) ʚʠʨʘʟʠʪʴʩʷ ʷʢ: 

 W2 = k1
2p2d2n2 = k5d

2n2  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʷʥʴ (3.7) ï (3.11) ʢʨʠʪʝʨʽʡ ɽʡʣʝʨʘ ʥʘʙʫʚʘʻ ʚʠʜʫ: 

 
3 5

2 3 4 5

Eu
N

k k k k n d
=

r
 (3.12) 

ɺʠʢʣʶʯʠʚʰʠ ʟ ʨʽʚʥʷʥʥʷ (3.12) ʧʦʩʪʽʡʥʽ ʤʥʦʞʥʠʢʠ k2, k3, k4, k5, ʦʜʝʨʞʠʤʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ɽʡʣʝʨʘ ʜʣʷ ʚʠʧʘʜʢʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: 

 ì 3 5
Eu

N

n d
=
r

 (3.13) 

ɺʽʜʧʦʚʽʜʥʦ ʚʠʢʣʘʜʝʥʦʤʫ, ʨʽʚʥʷʥʥʷ ʧʦʜʽʙʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʫʭ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ 

ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 ( )M MEu Ref= , (3.14) 
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ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʅʘ ʨʠʩ. 3.4 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ( )M MEu Ref= , ʧʦʙʫʜʦʚʘʥʠʡ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʥʠʢʽʚ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʽʜʠʥʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʤʽʰʘʣʢʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʰʘʣʦʢ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.1 ʽ ʥʘ 

ʨʠʩ. 3.5. 

 
ʈʠʩ. 3.4 ɿʘʣʝʞʥʽʩʪʴ Euʤ ʚʽʜ Re ʤ ʜʣʷ ʤʽʰʘʣʦʢ ʨʽʟʥʠʭ ʪʠʧʽʚ 

 

ɻʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ( )M MEu Ref= , ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.4, ʜʦʟʚʦʣʷʻ ʟʛʽʜʥʦ ʧʨʠʡʥʷʪʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʽʜʽʙʨʘʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʪʠʧ ʤʽʰʘʣʢʠ, ʾʾ 

ʨʦʟʤʽʨʠ ʽ ʯʠʩʣʦ ʦʙʝʨʪʽʚ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ. 

 
ʊʘʙʣʠʮʷ 3.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʰʘʣʦʢ ʽ ʘʧʘʨʘʪʽʚ, ʜʣʷ ʷʢʠʭ ʥʘ ʨʠʩ. 14.3 ʥʘʚʝʜʝʥʽ  

                                     ʟʘʣʝʞʥʦʩʪʽ ( )M MEu Ref=  

 ̄ ʊʠʧ ʤʽʰʘʣʢʠ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʰʘʣʢʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʻʤʥʦʩʪʽ 
D/d H/D b/d S/d 

1 2 3 4 5 6 7 

1.  ɼʚʦʭʣʦʧʘʪʝʚʘ 3 1 0,25 - ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

2.  ɼʚʦʭʣʦʧʘʪʝʚʘ 3 1 0,167 - ɿ ʯʦʪʠʨʤʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʰʠʨʠʥʦʶ 0,1D 

3.  ɼʚʦʭʣʦʧʘʪʝʚʘ 2 1 0,885 - ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

4.  ɼʚʦʭʣʦʧʘʪʝʚʘ 2 1 0,885 - ɯʟ ʟʤʽʡʦʚʠʢʦʤ dʟʤ=1,9d, dʪʨ=1,9d, 

t=0,12d 

5.  ʐʝʩʪʠʣʦʧʘʪʝʚʘ 1,11 1 0,066 1 ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

6.  ɻʚʠʥʪʦʚʘ 3 1 - 1 ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

7.  ɻʚʠʥʪʦʚʘ 3 1 - 2 ɿ ʯʦʪʠʨʤʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʰʠʨʠʥʦʶ 0,1D 

8.  ɻʚʠʥʪʦʚʘ 3 1 - 2 ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

9.  ɻʚʠʥʪʦʚʘ 3 1 - - ɿ ʯʦʪʠʨʤʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʰʠʨʠʥʦʶ 0,1D 

E
u M

 =
 N
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r
n

3
Öd

5
) 

Re=nd2r/m 
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10.  ɺʽʜʢʨʠʪʘ ʪʫʨʙʽʥʥʘ 

ʤʽʰʘʣʢʘ ʟ 

ʧʣʘʩʢʠʤʠ 

ʣʦʧʘʪʷʤʠ 

3 1 0,2 

l/d=0,25 

- ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

11.  ɺʽʜʢʨʠʪʘ ʪʫʨʙʽʥʥʘ 

ʟ ʰʽʩʪʴʦʤʘ 

ʧʣʘʩʢʠʤʠ 

ʣʦʧʘʪʷʤʠ 

3 1 0,2 

l/d=0,25 

- ɿ ʯʦʪʠʨʤʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʰʠʨʠʥʦʶ 0,1D 

12.  ɺʽʜʢʨʠʪʘ ʪʫʨʙʽʥʥʘ 

ʟ ʚʽʩʴʤʦʤʘ 

ʧʣʘʩʢʠʤʠ 

ʣʦʧʘʪʷʤʠ 

3 1 0,125 - ɿ ʯʦʪʠʨʤʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʰʠʨʠʥʦʶ 0,1D 

13.  ɿʘʢʨʠʪʘ ʪʫʨʙʽʥʥʘ ʟ 

ʰʽʩʪʴʦʤʘ ʣʦʧʘʪʷʤʠ 

3 1 - - ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

14.  ɿʘʢʨʠʪʘ ʪʫʨʙʽʥʥʘ ʟ 

ʰʽʩʪʴʦʤʘ ʣʦʧʘʪʷʤʠ 

ʽ ʥʘʧʨʘʚʣʷʶʯʠʤ 

ʘʧʘʨʘʪʦʤ ʟ 12 

ʣʦʧʘʪʷʤʠ 

3 1 - - ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

15.  ʗʢʽʨʥʘ 1,11 1 0,066 - ɹʝʟ ʧʝʨʝʛʦʨʦʜʦʢ 

16.  ɼʠʩʢʦʚʘ ʟ 6-ʤʘ 

ʣʦʧʘʪʷʤʠ 

2,5 1 0,1 - ɿ ʯʦʪʠʨʤʘ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

ʰʠʨʠʥʦʶ 0,1D 
d ï ʜʽʘʤʝʪʨ ʤʽʰʘʣʦʢ, D ï ʜʽʘʤʝʪʨ ʘʧʘʨʘʪʘ, ʅ ï ʚʠʩʦʪʘ ʰʘʨʫ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ, b ï ʰʠʨʠʥʘ ʣʦʧʘʪʽ ʤʽʰʘʣʢʠ, 

S ï ʰʘʛ ʛʚʠʥʪʘ, l ï ʜʦʚʞʠʥʘ ʣʦʧʘʪʽ. 

 
ʈʠʩ.3.5. ɸʧʘʨʘʪ ʟ ʤʽʰʘʣʢʘʤʠ, ʜʣʷ ʷʢʠʭ ʥʘ ʨʠʩ. 14.4 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ( )M MEu Ref=  

ɿʥʘʶʯʠ ʨʦʙʦʯʠʡ ʦʙôʻʤ ʘʧʘʨʘʪʫ Vʨ ʽ ʧʨʠʡʥʷʪʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ j, ʅÖʤ/(ʤ3Öʩ) 

ʚʠʟʥʘʯʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʽʰʘʣʢʦʶ: 

N = jVʨ 
ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴ ʪʠʧ ʤʽʰʘʣʢʠ, ʾʾ ʨʦʟʤʽʨʠ ʪʘ ʯʠʩʣʦ ʦʙʝʨʪʽʚ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʽʩʪʴ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʣʷ ʚʩʽʭ ʟʦʥ ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ, ʱʦ ʚʠʢʣʶʯʘʻ ʫʪʚʦʨʝʥʥʷ ʚ 
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ʘʧʘʨʘʪʽ ʟʘʩʪʽʡʥʠʭ ʟʦʥ. ʊʦʤʫ ʚʠʙʽʨ ʪʠʧʫ ʽ ʧʘʨʘʤʝʪʨʽʚ ʤʽʰʘʣʢʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʝʪʝʣʴʥʦʤʫ 

ʘʥʘʣʽʟʽ ʜʦʩʣʽʜʽʚ ʨʦʙʦʪʠ ʤʽʰʘʣʢʠ ʚ ʫʤʦʚʘʭ, ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʜʘʥʠʤ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʩʥʫʶʯʠʭ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʨʦʟʤʽʨʽʚ ʤʽʰʘʣʢʠ ʽ ʘʧʘʨʘʪʫ. 

ɿʘ ʧʦʧʝʨʝʜʥʴʦ ʚʠʙʨʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʰʘʣʦʢ ʟʥʘʭʦʜʠʤʦ ʯʠʩʣʦ  

Euʤ = N/(rn3d5). ɿʥʘʶʯʠ Euʤ ʜʣʷ ʚʠʙʨʘʥʦʛʦ ʪʠʧʫ ʤʽʰʘʣʦʢ ʟʥʘʭʦʜʷʪʴ Reʤ ʟʘ ʛʨʘʬʽʢʦʤ 

(ʨʠʩ. 3.4). ɿʘ ʟʥʘʯʝʥʥʷʤ Reʤ ʚʠʟʥʘʯʘʶʪʴ ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʤʽʰʘʣʢʠ: 

 ì

2

Re
n

d

m
=

r
 (3.15) 

ʗʢʱʦ ʟʥʘʡʜʝʥʝ ʟ ʚʠʨʘʟʫ (3.15) ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʤʽʰʘʣʢʠ ʙʫʜʝ ʤʝʥʰʝ (ʙʽʣʴʰʝ), ʯʠʤ 

ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʡʥʷʪʝ, ʪʦ ʦʩʪʘʥʥʻ ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʶʪʴ ʘʙʦ ʟʤʝʥʰʫʶʪʴ. ʈʦʟʨʘʭʫʥʦʢ 

ʧʨʦʚʦʜʷʪʴ ʜʦ ʩʧʽʚʧʘʜʘʥʥʷ (°5%) ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʡʥʷʪʦʛʦ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤ ʟʘ 

ʚʠʨʘʟʦʤ (3.15). 

ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʘ ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʤʽʰʘʣʢʠ ʻ ʜʦʮʽʣʴʥʠʤ ʟʙʽʣʴʰʠʪʠ 

(ʟʤʝʥʰʠʪʠ), ʪʦ ʜʣʷ ʮʴʦʛʦ ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʶʪʴ ʘʙʦ ʟʤʝʥʰʫʶʪʴ ʧʦʧʝʨʝʜʥʴʦ ʧʨʠʡʥʷʪʠʡ 

ʜʽʘʤʝʪʨ ʤʽʰʘʣʢʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʪʠʭ ʩʘʤʠʭ ʜʽʘʤʝʪʨʘʭ ʽ ʯʠʩʣʘʭ ʦʙʝʨʪʽʚ ʤʽʰʘʣʦʢ ʥʘʡʤʝʥʰʫ 

ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʻ ʧʨʦʧʝʣʝʨʥʘ ʤʽʰʘʣʢʘ. ʇʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʤʽʰʘʣʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ, ʢɺʪ:  

äâ
1000

N
N =

h
, 

ʜʝ ɖ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʜʚʠʛʫʥʘ. 

ɺʽʜʧʦʚʽʜʥʦ ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʽʰʘʣʢʦʶ ʟʘ ʯʘʩ t, 

ʚʠʟʥʘʯʘʻʪʴʩʷ: 

äâE N= t 

ɿ ʥʘʚʝʜʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʽʰʘʣʢʦʶ, 

ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʤʽʰʘʣʢʠ ʽ ʾʾ ʜʽʘʤʝʪʨʘ, ʘ ʪʘʢʦʞ ʟ ʟʙʽʣʴʰʝʥʥʷʤ ʛʫʩʪʠʥʠ ʽ 

ʚ'ʷʟʢʦʩʪʽ ʨʽʜʠʥʠ, ʱʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ. ʅʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʽʰʘʣʢʦʶ, ʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʤʘʻ ʬʦʨʤʘ ʘʧʘʨʘʪʫ, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʘ ʤʽʰʘʣʢʘ, ʽ ʨʦʟʤʽʱʝʥʥʷ ʤʽʰʘʣʢʠ ʚ ʘʧʘʨʘʪʽ. 

ɼʣʷ ʘʧʘʨʘʪʽʚ, ʬʦʨʤʘ ʷʢʠʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʾ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʤʽʰʘʣʦʢ 

ʝʢʩʮʝʥʪʨʠʯʥʦ ʧʦʭʠʣʦ ʜʦ ʦʩʽ ʘʧʘʨʘʪʫ, ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ  ʟʨʦʩʪʘʻ. ɼʦ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ, ʧʨʠʚʦʜʠʪʴ ʽ ʨʦʟʤʽʱʝʥʥʷ ʚ ʘʧʘʨʘʪʘʭ ʟ ʤʽʰʘʣʢʘʤʠ 

ʧʝʨʝʛʦʨʦʜʦʢ, ʥʘʛʨʽʚʘʣʴʥʠʭ ʟʤʽʡʦʚʠʢʽʚ ʪʘ ʽʥʰʝ. 

 

3.2.3. ɺʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜ 

ɺ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʣʦʧʘʪʝʡ ʤʽʰʘʣʢʠ ʟ 

ʨʽʜʠʥʦʶ, ʪʦʙʪʦ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣʠ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ.  ʆʧʽʨ, ʟ ʷʢʠʤ ʩʝʨʝʜʦʚʠʱʝ ʜʽʻ ʥʘ ʪʽʣʦ, 

ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʥʴʦʤʫ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʚʠʨʘʟʦʤ:  

 
2

S F
2

wr
=x ,  (3.16)  

ʜʝ ɝ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ; F ï ʧʦʚʝʨʭʥʷ ʪʽʣʘ, ʨʦʟʪʘʰʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʪʽʣʘ, ʤ2, w ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʽʣʘ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʤ/ʩ. 
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ʈʠʩ. 3.6. ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜ 

 

ɺʠʜʽʣʠʤʦ ʝʣʝʤʝʥʪʘʨʥʫ ʧʣʦʱʘʜʢʫ ʥʘ ʣʦʧʘʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʪʫʞʥʦʩʪʽ dNp, ʷʢʘ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʝʶ ʥʘ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʫ ʨʽʜʠʥʠ, ʨʠʩ. 3.6: 

 pdN dSw= , (3.17)  

ʪʦʙʪʦ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʣʦʧʘʪʽ, ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʜʽʶʯʦʾ 

ʩʠʣʠ ʥʘ ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʣʦʧʘʪʠ. ɼʣʷ ʜʚʦʭ ʣʦʧʘʪʝʡ ʚʽʜʧʦʚʽʜʥʦ: 
2

2
2

p

w
dN dF w

r
= x Ö   ʘʙʦ         

3

2
2

p

w
dN hdx= xÖ r,  (3.18)  

ʚʠʨʘʟʠʚʰʠ dF = hdx; a 2 ,w nx= pÖ̔  ʚʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ ʫ ʚʠʨʘʟ (3.18), ʦʜʝʨʞʠʤʦ: 

 

 
3 3 3(2 )pdN n hx dx=x Öp Ör (3.19)  

ʇʨʦʽʥʪʝʛʨʫʻʤʦ ʮʝʡ ʚʠʨʘʟ: 

3 3 3

0 0

(2 )

N r

dN n h x dx=x p rñ ñ, 

ʪʦʜʽ ʦʜʝʨʞʠʤʦ: 

( )
4

3 32 ,   
4

 p

r
N n h= p rx  

ʇʽʜʩʪʘʚʠʤʦ ʟʘʤʽʩʪʴ ʨʘʜʽʫʩʘ r = d/2 , ʧʨʠʡʥʷʚʰʠ h = a*d, ʘ - ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʣʦʧʘʪʽ 

ʜʦ ʾʾ ʜʽʘʤʝʪʨʘ. ɿʚʝʜʝʤʦ ʚʩʽ ʧʦʩʪʽʡʥʽ ʤʥʦʞʥʠʢʠ ʚ ʦʜʠʥ ʤʥʦʞʥʠʢ ʽ ʦʪʨʠʤʘʻʤʦ:           

 
3 5

p MN n d=x r , (3.20) 

ʟʚʽʜʩʠ:                                                    
p

ì
3 5

N

n d

x

r

=                                                       (3.21) 

ʎʝʡ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʻ ʩʦʙʦʶ ʢʨʠʪʝʨʽʡ Euʤ. 

ʊʦʙʪʦ ʧʦʪʫʞʥʽʩʪʴ ʚ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʠʟʥʘʯʠʪʴʩʷ ʷʢ: 

 
3 5

p ìEuN n d= r  (3.22) 

ʋʟʘʛʘʣʴʥʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ( )M MEu Ref=  ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 M

A
Eu

Rem

M

= , (3.23) 

A ʽ m ï ʢʦʥʩʪʘʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʆʪʞʝ, ʚʠʟʥʘʯʝʥʥʷ Np ʟʚʦʜʠʪʴʩʷ 

d 
 

x 

n 

r 

 

 

d

x h 
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ʜʦ ʦʙʯʠʩʣʝʥʥʷ Reʤ, ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ A ʽ m ʚʽʜ Reʤ, ʪʦʤʫ ʱʦ ʨʦʟʨʽʟʥʷʶʪʴ ʜʝʢʽʣʴʢʘ 

ʦʙʣʘʩʪʝʡ, ʷʢʽ ʧʦʤʽʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʚʠʪʨʘʪʘʤʠ ʨʦʙʦʯʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ: 

ʣʘʤʽʥʘʨʥʘ ʦʙʣʘʩʪʴ ʧʨʠ Reʤ < 30 ʽ ʪʫʨʙʫʣʝʥʪʥʘ ʦʙʣʘʩʪʴ ʧʨʠ Reʤ >100. ʆʢʨʽʤ ʪʦʛʦ, ʧʨʠ ʜʫʞʝ 

ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ  Reʤ (ʙʽʣʴʰʝ 1*10
5) ʽʩʥʫʻ ʘʚʪʦʤʦʜʝʣʴʥʘ ʦʙʣʘʩʪʴ, ʢʦʣʠ EuM ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

Reʤ , ʪʦʙʪʦ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʩʠʣʠ ʪʝʨʪʷ ʚʠʷʚʣʷʶʪʴʩʷ ʜʫʞʝ ʤʘʣʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʣʘʤʠ ʽʥʝʨʮʽʾ. 

 

14.2.4. ɺʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʫʩʢʦʚʠʡ ʧʝʨʽʦʜ 

 

 ɺ ʧʫʩʢʦʚʠʡ ʧʝʨʽʦʜ ʨʦʙʦʪʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ ʨʽʜʠʥʠ ʽ ʥʘ 

ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʨʽʜʠʥʠ: 

 n i pN N N= +  (3.24) 

ʇʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ, ʙʫʣʘ ʚʞʝ ʚʠʟʥʘʯʝʥʘ ʚʠʱʝ ʽ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʨʽʚʥʷʥʥʷʤ (3.6). 

ɺʠʟʥʘʯʠʤʦ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ. ʈʦʟʛʣʷʥʝʤʦ 

ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʡ ʝʣʝʤʝʥʪ ʣʦʧʘʪʽ dF=h*dx, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʽʜʩʪʘʥʽ x ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ, 

ʨʠʩ. 3.6. ʎʝʡ ʝʣʝʤʝʥʪ ʣʦʧʘʪʽ ʧʨʠ ʾʾ ʨʫʩʽ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ, ʚʠʚʝʜʝ ʟʽ ʩʪʘʥʫ ʩʧʦʢʦʶ ʥʝʩʢʽʥʯʝʥʥʦ 

ʤʘʣʠʡ ʦʙ'ʻʤ ʨʽʜʠʥʠ dV.  

 dV dFw= ,  (3.25) 

ʜʝ  w = 2 x́n ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʝʣʝʤʝʥʪʫ ʣʦʧʘʪʽ. 

ʄʘʩʘ ʨʽʜʠʥʠ dm,  ʷʢʘ ʟʘʭʦʧʣʶʻʪʴʩʷ ʝʣʝʤʝʥʪʦʤ ʣʦʧʘʪʽ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʚʠʨʘʟʦʤ: 

dm dFw= r 

ʇʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʪʝ, ʱʦʙ ʚʠʚʝʩʪʠ ʟʽ ʩʪʘʥʫ ʩʧʦʢʦʶ ʟʘʭʦʧʣʝʥʫ ʝʣʝʤʝʥʪʦʤ 

ʣʦʧʘʪʽ ʤʘʩʫ ʨʽʜʠʥʠ, ʜʦʨʽʚʥʶʻ:                                                                      
2

2
2

i

dmw
dN = Ö, 

ʜʝ Eu ï ʯʘʩ, ʟʘ ʷʢʠʡ ʨʽʜʠʥʘ ʤʦʞʝ ʦʙʝʨʪʘʪʠʩʷ ʨʘʟʦʤ ʟ ʣʦʧʘʪʷʤʠ. 

ʇʽʜʩʪʘʚʠʤʦ ʚ ʮʝ ʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʥʷ ʤʘʩʠ ʽ ʰʚʠʜʢʦʩʪʽ  

( )
3

3 3 32
2

2
i

dFw
dN dF n x

rÖ
= = r p , 

ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ dF = hÖdx, ʪʦ 

( )
3 3 32idN n hx dx= p r  

ɯʥʪʝʛʨʫʻʤʦ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʚ ʤʝʞʘʭ ʚʽʜ ʭ =0 ʜʦ ʭ =r, ʘ ʣʽʚʫ ʚʽʜ 0 ʜʦ Ni 

( ) ( )
4

3 33 3 3

0

2 2
4

r r
N n h x dx n h

i
= p r = p rñ  

ʇʽʜʩʪʘʚʣʷʻʤʦ r = d/2, ʧʽʩʣʷ ʯʦʛʦ ʦʜʝʨʞʠʤʦ: 
4 3 ,iN kd n h= r 

ʜʝ k = 3,87 , ,
h

a
d
=  

ʦʪʞʝ:                                  
5 3 5 3

ï ,i p UMN N N kd n E d n= + = r+ r                  

ʘʙʦ  

( )5 3

ï MN k E d n= + r 

 

ɺʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʰʘʣʦʢ, ʛʝʦʤʝʪʨʠʯʥʦ ʥʝ ʧʦʜʽʙʥʠʭ ʜʦ ʤʽʰʘʣʦʢ, ʜʣʷ ʷʢʠʭ ʚʽʜʦʤʽ 

ʟʥʘʯʝʥʥʷ A ʽ m ʚʘʨʪʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʚʠʩʦʪʠ ʰʘʨʫ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ ʽ ʚʠʩʦʪʠ ʣʦʧʘʪʝʡ. ɺ 

ʮʴʦʤʫ ʞ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʫ ʧʦʪʫʞʥʦʩʪʽ, ʨʦʟʨʘʭʦʚʘʥʫ ʟʘ ʬʦʨʤʫʣʦʶ (3.24) ʜʦʤʥʦʞʘʶʪʴ ʥʘ 

ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ f, ʷʢʠʡ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʤʽʰʘʣʢʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ:  
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ɺʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʩʪʫʧʝʥʷ ʞʦʨʩʪʢʦʩʪʽ ʩʪʽʥʦʢ ʘʧʘʨʘʪʫ (10 ï 20% 

ʙʽʣʴʰʝ). ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʨʠʩʪʨʦʾ ʚ ʘʧʘʨʘʪʽ (ʥʘʷʚʥʽʩʪʴ ʟʤʽʡʦʚʠʢʽʚ, ʧʝʨʝʛʦʨʦʜʦʢ ʥʘ ʩʪʽʥʢʘʭ ʪʘ 

ʛʽʣʴʟ ʜʣʷ ʪʝʨʤʦʤʝʪʨʽʚ), ʟʫʤʦʚʣʶʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʦʩʦʙʣʠʚʦ ʟʤʽʡʦʚʠʢʽʚ ʫ 2 ʨʘʟʠ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʤʽʰʘʣʦʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʧʫʩʢʦʚʠʡ ʧʝʨʽʦʜ ʢʦʨʦʪʢʦʯʘʩʥʽ 

ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʫʪʴ ʚ 2,5 ï 4,5 ʨʘʟʠ ʧʝʨʝʚʠʱʫʚʘʪʠ ʨʦʙʦʯʽ. 

ʊʦʤʫ ʧʨʠʚʽʜ, ʦʢʨʽʤ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʧʦʨʷʜʞʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ 

ʜʦʧʫʩʢʘʶʪʴ ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʘ 200-300%.  

 

3.2.5. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʤʽʰʘʣʦʢ 

 

ʄʝʭʘʥʽʯʥʽ ʤʽʰʘʣʢʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʣʦʧʘʪʝʡ ʥʘ: 

¶ ʤʽʰʘʣʢʠ ʟ ʧʣʘʩʢʠʤʠ ʣʦʧʘʪʷʤʠ, 

¶ ʧʨʦʧʝʣʝʨʥʽ ʤʽʰʘʣʢʠ ʟ ʛʚʠʥʪʦʚʠʤʠ ʣʦʧʘʪʷʤʠ, 

¶ ʪʫʨʙʽʥʥʽ ʤʽʰʘʣʢʠ, 

¶ ʩʧʝʮʽʘʣʴʥʽ ʤʽʰʘʣʢʠ, 

 

ʇʨʦʧʝʣʝʨʥʽ ʤʽʰʘʣʢʠ 

ʃʦʧʘʪʽ ʧʨʦʧʝʣʝʨʥʦʾ ʤʽʰʘʣʢʠ ʚʠʛʥʫʪʽ ʟʘ ʧʨʦʬʽʣʝʤ ʩʫʜʦʚʦʛʦ ʛʚʠʥʪʘ, ʪʦʙʪʦ ʧʦʩʪʫʧʦʚʦ 

ʟʤʽʥʶʶʪʴ ʥʘʭʠʣ ʤʘʡʞʝ ʚʽʜ 0Á ʚ ʦʩʽ 90Á ʥʘ ʢʽʥʮʽ ʣʦʧʘʪʽ. ʃʦʧʘʪʽ, ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ ʚ ʨʽʜʠʥʽ, 

ʜʽʶʪʴ ʷʢ ʛʚʠʥʪ, ʘ ʨʽʜʠʥʘ, ʱʦ ʦʪʦʯʫʻ ʧʨʦʧʝʣʝʨ, 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʩʽ ʤʽʰʘʣʢʠ. ʎʝʡ ʨʫʭ 

ʩʧʽʚʧʘʜʘʻ ʟ ʢʦʣʦʚʠʤ ʨʫʭʦʤ ʨʽʜʠʥʠ ʡ ʫʪʚʦʨʶʻ ʛʚʠʥʪʦʚʠʡ 

ʨʫʭ. ʇʨʦʧʝʣʝʨ ʤʘʻ, ʟʘʟʚʠʯʘʡ, ʪʨʠ ʣʦʧʘʪʽ, ʧʨʠʯʦʤʫ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʚʘʣʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ ʰʘʨʫ 

ʨʽʜʠʥʠ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ  ʧʨʦʧʝʣʝʨʽʚ.  

ɼʽʘʤʝʪʨ ʣʦʧʘʪʽ ʧʨʦʧʝʣʝʨʘ ʜʦʨʽʚʥʶʻ 0,25 - 0,3 

ʜʽʘʤʝʪʨʘ ʘʧʘʨʘʪʘ. ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʧʨʦʧʝʣʝʨʘ 

ʩʢʣʘʜʘʻ 160 - 1000 ʦʙ/ʭʚ. 

ʇʨʦʧʝʣʝʨʥʽ ʤʽʰʘʣʢʠ ʩʪʚʦʨʶʶʪʴ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʽ 

ʦʩʴʦʚʽ ʧʦʪʦʢʠ, ʥʽʞ ʣʦʧʘʪʝʚʽ, ʽ, ʦʪʞʝ, ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦ 

ʧʝʨʝʤʽʰʫʶʪʴ ʨʽʜʠʥʫ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʧʝʣʝʨʥʠʭ ʤʽʰʘʣʦʢ ʧʦʣʽʧʰʫʻʪʴʩʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚ 

ʘʧʘʨʘʪʽ ʚʽʜʙʠʚʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʘʙʦ ʜʠʬʫʟʦʨʘ ï ʢʦʨʦʪʢʦʾ  

ʮʠʣʽʥʜʨʠʯʥʦʾ (ʯʠ ʢʦʥʽʯʥʦʾ) ʬʦʨʤʠ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ ʤʽʩʪʠʪʴʩʷ ʧʨʦʧʝʣʝʨ. ɼʠʬʫʟʦʨ ʩʣʫʞʠʪʴ 

ʥʘʧʨʘʚʣʷʶʯʦʶ ʪʨʫʙʦʶ ʜʣʷ ʮʠʨʢʫʣʷʮʽʾ ʨʽʜʠʥʠ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʘʧʘʨʘʪʘʭ ʟ ʚʝʣʠʢʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʚʠʩʦʪʠ ʜʦ ʜʽʘʤʝʪʨʘ, ʘ ʪʘʢʦʞ ʚ ʘʧʘʨʘʪʘʭ ʟʽ 

ʟʤʽʡʦʚʠʢʘʤʠ ʡ ʽʥʰʠʤʠ ʚʥʫʪʨʽʰʥʽʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʘʧʘʨʘʪʘʭ ʚʝʣʠʢʦʾ ʻʤʥʦʩʪʽ ʟʨʦʩʪʘʻ ʧʨʠ ʝʢʩʮʝʥʪʨʠʯʥʦʤʫ 

ʨʦʟʤʽʱʝʥʥʽ ʧʨʦʧʝʣʝʨʽʚ ʘʙʦ ʨʦʟʪʘʰʫʚʘʥʥʽ ʚʘʣʘ ʧʨʦʧʝʣʝʨʥʦʾ ʤʽʰʘʣʢʠ ʧʽʜ ʢʫʪʦʤ 10 - 20Á ʜʦ 

ʚʝʨʪʠʢʘʣʽ. 

ʇʝʨʝʚʘʛʠ: ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʧʦʤʽʨʥʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ, ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. 

ʅʝʜʦʣʽʢʠ: ʤʘʣʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ, ʦʙʤʝʞʝʥʠʡ ʦʙôʻʤ ʨʽʜʠʥʠ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ. ɻʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʝʤʫʣʴʩʽʡ (ʩʫʩʧʝʥʟʽʡ) ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʚôʷʟʢʽʩʪʶ. 

ʈʘʤʥʽ ʤʽʰʘʣʢʠ, (ʨʠʩ. 3.8 ʘ). 

ɼʣʷ ʢʨʘʱʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʩʴʦʛʦ ʦʙôʻʤʫ ʨʽʜʠʥʠ ʚ ʻʤʥʦʩʪʽ ʥʘ ʚʘʣʫ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʜʝʢʽʣʴʢʘ ʧʘʨ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʣʦʧʘʪʝʡ, ʪʦʙʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʘʤʥʽ ʤʽʰʘʣʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʽ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʘ ʽʥʦʜʽ ʽ ʧʦʭʠʣʠʭ ʧʣʦʩʢʠʭ ʣʦʧʘʪʝʡ. ʈʘʤʥʽ ʤʽʰʘʣʢʠ 

ʈʠʩ. 3.7. ɻʚʠʥʪ ʤʽʰʘʣʢʠ 
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ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʮʥʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʛʫʩʪʠʭ ʽ ʚôʷʟʢʠʭ ʨʽʜʠʥ.  

ʇʝʨʝʚʘʛʠ: ʧʨʦʩʪʦʪʘ ʧʨʠʩʪʨʦʶ ʽ ʜʝʰʝʚʠʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥʠ ʟ ʧʦʤʽʨʥʦʶ ʚ'ʷʟʢʽʩʪʶ. 

ʅʝʜʦʣʽʢʠ: ʤʘʣʦ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʛʫʩʪʠʭ ʽ ʚôʷʟʢʠʭ ʨʽʜʠʥ, ʥʝʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ, ʷʢʽ ʣʝʛʢʦ ʨʦʟʰʘʨʦʚʫʶʪʴʩʷ. 

 
ʈʠʩ. 3. 8. ʂʦʥʩʪʨʫʢʮʽʾ ʤʽʰʘʣʦʢ.  

ʘ  -  ʨʘʤʥʘ , ʙ -  ̫ ʢʽʨʥʘ, ʚ  -   ʣʦʧʘʪʝʚʘ, ʛ  - ʣʠʩʪʦʚʘ, ʜ -  ʪʫʨʙʽʥʥʘ ʚʽʜʢʨʠʪʘ,  

ʝ  - ʪʫʨʙʽʥʥʘ ʚʽʜʢʨʠʪʘ. 

 

ʗʢʽʨʥʘ ʤʽʰʘʣʢʘ, ʨʠʩ. 3.8 ʙ. 

ɼʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚôʷʟʢʠʭ ʨʽʜʠʥ ʽ ʧʘʩʪʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢʽʨʥʽ 

ʤʽʰʘʣʢʠ ʟ ʣʦʧʘʪʷʤʠ, ʚʠʛʥʫʪʠʤʠ ʟʘ ʬʦʨʤʦʶ ʩʪʽʥʦʢ ʽ ʜʥʠʱʘ ʧʦʩʫʜʠʥʠ. ʗʢʽʨʥʽ ʤʽʰʘʣʢʠ 

ʦʯʠʱʘʶʪʴ ʩʪʽʥʢʠ ʘʧʘʨʘʪʽʚ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʘʣʠʧʘʻ ʥʘ ʥʠʭ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʦʣʽʧʰʫʻʪʴʩʷ 

ʪʝʧʣʦʦʙʤʽʥ, ʽ ʟʘʧʦʙʽʛʘʶʪʴʩʷ ʤʽʩʮʝʚʽ ʧʝʨʝʛʨʽʚʠ ʨʝʯʦʚʠʥ, ʱʦ ʧʝʨʝʤʽʰʫʶʪʴʩʷ. 

ʃʦʧʘʪʝʚʽ ʤʽʰʘʣʢʠ, ʨʠʩ. 3.8 ʚ. 

ʅʘʡʧʨʦʩʪʽʰʽ ʣʦʧʘʪʝʚʽ ʤʽʰʘʣʢʠ ʤʘʶʪʴ ʜʚʽ ʧʣʦʩʢʽ ʣʦʧʘʪʽ, ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ, ʪʦʙʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ. ʏʠʩʣʦ ʦʙʝʨʪʽʚ ʚʘʣʫ 12 - 80 ʦʙ/ʭʚ. 

ɼʽʘʤʝʪʨ ʣʦʧʘʪʝʡ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 0,7 ʜʽʘʤʝʪʨʘ ʻʤʥʦʩʪʽ. ʇʨʠ ʤʘʣʠʭ ʯʠʩʣʘʭ ʦʙʝʨʪʽʚ 

ʤʽʰʘʣʢʠ ʨʽʜʠʥʘ ʨʦʙʠʪʴ ʢʦʣʦʚʠʡ ʨʫʭ, ʪʦʙʪʦ ʦʙʝʨʪʘʻʪʴʩʷ ʧʦ ʢʦʣʫ, ʱʦ ʣʝʞʠʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ, ʚ ʷʢʽʡ ʨʫʭʘʶʪʴʩʷ  ʣʦʧʘʪʽ. ʇʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʽʡ ʟʩʫʚ ʨʽʟʥʠʭ ʰʘʨʽʚ ʨʽʜʠʥʠ ʡ 

ʟʨʦʩʪʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɯʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʷʚʠ ʚʪʦʨʠʥʥʠʭ ʧʦʪʦʢʽʚ ʽ ʚʠʭʦʨʦʚʦʛʦ ʨʫʭʫ ʨʽʜʠʥʠ. ɺʪʦʨʠʥʥʽ ʧʦʪʦʢʠ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʜʽʻʶ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ ʮʝʥʪʨʽ ʧʦʩʫʜʠʥʠ ʚʠʥʠʢʘʻ ʟʥʠʞʝʥʠʡ ʪʠʩʢ, ʧʨʠʯʦʤʫ ʚ 

ʦʙʣʘʩʪʽ ʟʥʠʞʝʥʦʛʦ ʪʠʩʢʫ ʚʩʤʦʢʪʫʻʪʴʩʷ  ʨʽʜʠʥʘ ʟ ʰʘʨʽʚ, ʱʦ ʣʝʞʘʪʴ ʚʠʱʝ ʽ ʥʠʞʯʝ ʣʦʧʘʪʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʚ ʧʦʩʫʜʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʮʠʨʢʫʣʷʮʽʷ ʨʽʜʠʥʠ. ɺʪʦʨʠʥʥʽ ʧʦʪʦʢʠ ʬʦʨʤʫʶʪʴʩʷ ʨʘʟʦʤ ʟ 

ʦʩʥʦʚʥʠʤ ʢʦʣʦʚʠʤ ʨʫʭʦʤ ʨʽʜʠʥʠ, ʩʪʚʦʨʶʶʪʴ ʩʢʣʘʜʥʠʡ ʨʫʭ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʰʘʨʽʚ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʦʙʝʨʪʽʚ, ʦʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʽʰʘʣʢʦʶ. 

ʇʨʠ ʢʦʣʦʚʦʤʫ ʨʫʩʽ ʨʽʜʠʥʠ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʫʪʚʦʨʠʪʴʩʷ 

ʚʦʨʦʥʢʘ, ʛʣʠʙʠʥʘ ʷʢʦʾ ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʯʠʩʣʘ ʦʙʝʨʪʽʚ. ʋʪʚʦʨʝʥʥʷ ʚʦʨʦʥʢʠ ʚʝʜʝ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʤʥʦʩʪʽ ʤʽʰʘʣʢʠ. ɼʣʷ ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʝ ʯʠʩʣʦ ʦʙʝʨʪʽʚ, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʡʚʦʾ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ. 

ɺʠʭʨʦʚʠʡ ʨʫʭ ʨʽʜʠʥʠ ʣʝʛʢʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʧʦʩʫʜʠʥʘʭ ʟ ʚʽʜʙʠʚʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʘʣʝ ʧʨʠ 

a   

(ʙ) ʚ 

ʛ ʜ ʝ 

  



130 

 

 

 

ʮʴʦʤʫ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ. ɼʣʷ ʢʨʘʱʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʩʴʦʛʦ ʦʙ'ʻʤʫ 

ʨʽʜʠʥʠ ʚ ʤʽʰʘʣʮʽ ʥʘ ʚʘʣʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ  ʜʝʢʽʣʴʢʘ ʧʘʨ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʣʦʧʘʪʝʡ, ʪʦʙʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʙʘʛʘʪʦʣʦʧʘʪʝʚʽ, ʘ ʪʘʢʦʞ ʨʘʤʥʽ ʤʽʰʘʣʢʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʽ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʘ ʽʥʦʜʽ ʽ ʧʦʭʠʣʠʭ ʧʣʦʩʢʠʭ ʣʦʧʘʪʝʡ. 

ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʧʘʪʝʚʠʭ ʤʽʰʘʣʦʢ: ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ ʥʝʚʝʣʠʢʠʭ ʚôʷʟʢʦʩʪʝʡ, 

ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ, ʟ ʚʽʜʥʦʩʥʦ ʤʘʣʦʶ ʛʫʩʪʠʥʦʶ, ʩʫʩʧʝʥʜʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʟ 

ʤʘʣʦʶ ʛʫʩʪʠʥʦʶ, ʛʨʫʙʝ ʟʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ ʱʦ ʤʘʶʪʴ ʥʠʟʴʢʫ ʚôʷʟʢʽʩʪʴ. 

ʊʫʨʙʽʥʥʽ ʚʽʜʢʨʠʪʽ ʤʽʰʘʣʢʠ, ʨʠʩ. 3.8 ʜ,ʝ. 

ʊʫʨʙʽʥʥʽ ʤʽʰʘʣʢʠ ʧʨʘʮʶʶʪʴ ʧʨʠ 100 - 350 ʦʙ/ʭʚ. ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʚʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥʠ. ɺʽʜʢʨʠʪʽ ʪʫʨʙʽʥʥʽ ʤʽʰʘʣʢʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʫʜʦʩʢʦʥʘʣʝʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʦʩʪʠʭ ʣʦʧʘʪʝʚʠʭ ʤʽʰʘʣʦʢ. ʆʙʝʨʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʣʦʧʘʪʝʡ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʽʜ 

ʢʫʪʦʤ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʩʪʚʦʨʶʻ ʧʦʨʷʜ ʟ ʨʘʜʽʘʣʴʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ ʦʩʴʦʚʽ ʩʪʨʫʤʝʥʽ 

ʨʽʜʠʥʠ, ʱʦ ʩʧʨʠʷʻ ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʾʾ ʫ ʚʝʣʠʢʠʭ ʦʙôʻʤʘʭ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚ ʧʦʩʫʜʠʥʽ ʚʽʜʙʠʚʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ. 

ɺʠʙʽʨ ʪʠʧʫ ʤʽʰʘʣʦʢ 

ɺʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ ʤʽʰʘʣʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʽʣʴʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʧʝʨʝʤʽʰʫʶʪʴ, ʽ ʢʦʥʢʨʝʪʥʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ. ʆʨʽʻʥʪʦʚʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʤʦʚ 

ʜʦʮʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʧʽʚ ʤʽʰʘʣʦʢ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣ. 3.2. 

 
ʊʘʙʣʠʮʷ3.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʠʧʽʚ ʤʽʰʘʣʦʢ 

ʊʠʧ 

ʤʽʰʘʣʦʢ 

ʆʙôʻʤ 

ʨʽʜʠʥʠ, ʷʢʘ 

ʧʝʨʝʤʽʰʫ-

ʻʪʴʩʷ ʦʜʥʽʻʶ 

ʤʽʰʘʣʢʦʶ,ʤ3 

ɺʤʽʩʪ 

ʪʚʝʨʜʦʾ 

ʬʘʟʠ ʧʨʠ 

ʩʫʩʧʝʥʟʫ-

ʚʘʥʥʽ,% 

ɼʠʥʘʤʽʯʥʘ 

ʚôʷʟʢʽʩʪʴ 

ʧʝʨʝʤʽʰʫʚʘʥʦʾ 

ʨʽʜʠʥʠ, ʇʘʩÖ103 

ʂʦʣʦʚʘ 

ʰʚʠʜʢʽʩʪʴ 

ʤʽʰʘʣʢʠ, ʤ/ʩ 

ʏʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ 

ʤʽʰʘʣʢʠ, ʦʙ/ʩ 

ʃʦʧʘʪʝʚʽ ɼʦ 1.5 ɼʦ 5 ɼʦ 0.01 1,7 ï 5,0 0,3 ï 1,35 

ʇʨʦʧʝʣ-

ʣʝʨʥʽ 
>0,4  >10 >0.06 4.5-17.0 8,5-20,0 

ʊʫʨʙʽʥʥʽ, 

ʚʽʜʢʨʠʪʽ 
>10 >60 >1,00 1,8-1,.0 0,7-10,0 

ʊʫʨʙʽʥʥʽ, 

ʟʘʢʨʠʪʽ 
>20 >60 >5,00 2,1-8,0 1,7-6,0 

Cʧʝʮʽʘʣʴ-

ʥ ̔
>20 

ɼʦ 7,5 

>5,00 
>5,00 6,0-3,.0 1,7-25,0 

 

ɺʠʙʽʨ ʪʠʧʫ ʧʝʨʝʤʽʰʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʚôʷʟʢʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ, ʦʙôʻʤ ʨʽʜʠʥʠ, ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʣʦʧʘʩʪʝʡ, ʘ ʪʘʢʦʞ  - ʚʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ ʧʨʠ 

ʩʫʩʧʝʥʟʫʚʘʥʥʽ ʨʦʟʯʠʥʽʚ, ʪʘʙʣ. 3.2: ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚʠʙʽʨ ʪʠʧʫ ʤʽʰʘʣʢʠ ʚʽʜ ʚôʷʟʢʦʩʪʽ ʥʘʚʝʜʝʥʦ 

ʥʘ ʩʭʝʤʽ 3.9. 
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ʗʢʽʨʥʘ ʇʨʦʧʝ-

ʣʝʨʥʘ 

ʊʫʨʙʽʥʥ

ʘ 

ʃʦʧʘʪʝʚ

ʘ 

ʈʘʤʥʘ ʐʥʝʢʦʚʽ 

ʟʤʽʰʫʚʘʯʽ 

ʉʪʨʽʯ-

ʢʦʚʘ 

ɽʢʩʪʨʫ-

ʜʝʨʠ 

ʉʪʘʪʠʯʥʽ 

ʟʤʽʰʫʚʘʯʽ 

 
ʈʠʩ. 3.9 ɺʠʙʽʨ ʪʠʧʫ ʧʝʨʝʤʽʰʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚôʷʟʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ 

 

3.3. ʇʥʝʚʤʘʪʠʯʥʝ  ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

 

ʇʥʝʚʤʘʪʠʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʙʘʨʙʦʪʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʫʙʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʜʥʽ ʘʧʘʨʘʪʫ ʟ ʦʪʚʦʨʘʤʠ (ʪʘʢ ʟʚʘʥʠʭ ʙʘʨʙʦʪʝʨʽʚ)  ʯʝʨʝʟ 

ʚʩʶ ʤʘʩʫ ʨʽʜʠʥʠ, ʱʦ ʦʙʨʦʙʣʶʻʪʴʩʷ,  ʧʨʦʧʫʩʢʘʶʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ 

ʟʤʽʰʫʻʪʴʩʷ,  ʚ ʨʫʭ, ʨʠʩ. 3.10. 

 

 
        ʘ      ʙ    ʚ  ʛ  ʜ 

ʈʠʩ. 3.10. ʉʭʝʤʠ ʧʥʝʚʤʘʪʠʯʥʠʭ (ʙʘʨʙʦʪʘʞʥʠʭ) ʧʝʨʝʤʽʰʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ: 

ʘ ʘʧʘʨʘʪ ʽʟ ʩʽʪʢʦʚʠʤ ʨʦʟʧʦʜʽʣʴʥʠʢʦʤ; ʙ ʘʧʘʨʘʪ ʽʟ ʩʧʽʨʘʣʴʥʠʤ ʪʨʫʙʯʘʪʠʤ ʙʘʨʙʦʪʝʨʦʤ; ʚ ʧʦʻʜʥʘʥʥʷ 

ʪʨʫʙʯʘʪʦʛʦ ʙʘʨʙʦʪʝʨʘ ʟ ʣʦʧʘʪʝʚʦʶ ʤʽʰʘʣʢʦʶ; ʛ ʘʧʘʨʘʪ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʮʠʨʢʫʣʷʮʽʡʥʦʶ ʪʨʫʙʦʶ; ʜ ʘʧʘʨʘʪ ʽʟ 

ʟʦʚʥʽʰʥʴʦʶ ʮʠʨʢʫʣʷʮʽʡʥʦʶ ʪʨʫʙʦʶ; 

1 ï ʘʧʘʨʘʪ; 2 ï ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʢ; 3,4 ï ʚʭʽʜ ʪʘ ʚʠʭʽʜ ʛʘʟʫ. 

 

ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʥʝʚʤʘʪʠʯʥʦʛʦ (ʙʘʨʙʦʪʘʞʥʦʛʦ) ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʜʠʩʧʝʨʛʦʚʘʥʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʧʝʨʝʪʠʥʫ ʘʧʘʨʘʪʘ. ʇʨʠ ʥʝʚʝʣʠʢʠʭ 

ʜʽʘʤʝʪʨʘʭ ʮʷ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʝʨʬʦʨʦʚʘʥʦʾ ʨʝʰʽʪʢʠ ʟ 

ʥʝʚʝʣʠʢʠʤʠ ʦʪʚʦʨʘʤʠ, ʘ ʧʦʨʠʩʪʦʾ ʨʝʰʽʪʢʠ (ʨʠʩ. 3.10ʘ). 

ɺ ʘʧʘʨʘʪʘʭ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʨʫʙʯʘʪʽ ʙʘʨʙʦʪʝʨʠ  

(ʨʠʩ. 3.10 ʙ) ʪʦʙʪʦ ʟ ʪʨʫʙʦʶ, ʚʠʛʥʫʪʦʶ ʫ ʬʦʨʤʽ ʩʧʽʨʘʣʽ ʟ ʧʨʦʩʚʝʨʜʣʝʥʠʤʠ ʦʪʚʦʨʘʤʠ.  

ɺ ʘʧʘʨʘʪʘʭ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʽ ʧʨʠ ʚʠʩʦʢʽʡ ʚôʷʟʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ ʧʦʻʜʥʘʥʥʽ 

ʙʘʨʙʦʪʝʨʘ ʽ ʣʦʧʘʪʝʚʦʾ ʤʽʰʘʣʢʠ (ʨʠʩ. 3.10ʚ) ʤʽʰʘʣʢʘ ʤʘʻ ʣʦʧʘʪʽ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤʠ ʩʪʽʥʢʘʤʠ. 
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ɸʧʘʨʘʪʠ ʩʝʨʝʜʥʽʭ ʽ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʯʘʩʪʽʰʝ ʩʧʦʨʷʜʞʫʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽʤʠ (ʨʠʩ. 3.10ʛ), ʘʙʦ 

ʟʦʚʥʽʰʥʽʤʠ ʮʠʨʢʫʣʷʮʽʡʥʠʤʠ ʧʝʨʝʤʽʰʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʮʠʨʢʫʣʷʮʽʷ 

ʨʽʜʠʥʠ ʚ ʪʨʫʙʘʭ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʚ ʧʽʜʡʦʤʥʠʭ ʪʨʫʙʘʭ ʛʘʟʦʨʽʜʠʥʥʦʾ ʩʫʤʽʰʽ, ʱʦ 

ʤʘʻ ʤʝʥʰʫ ʛʫʩʪʠʥʫ, ʥʽʞ ʨʽʜʠʥʘ.  

ʇʝʨʝʚʘʛʦʶ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʫʭʦʤʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʨʦʩʪʦʪʘ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʣʝʛʢʽʩʪʴ ʧʽʜʪʨʠʤʘʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʩʫʩʧʝʥʟʽʾ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ. 

ʅʝʜʦʣʽʢʘʤʠ ʤʝʪʦʜʫ ʙʘʨʙʦʪʫʚʘʥʥʷ ʻ: ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʪʠʩʥʝʥʦʛʦ 

ʛʘʟʫ ʜʣʷ ʤʘʣʦʚôʷʟʢʠʭ ʨʽʜʠʥ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʨʠ ʽʥʰʠʭ 

ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ ʧʦʚʽʪʨʷ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦ 

ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʰʘʨʫ ʨʽʜʠʥʠ. 

ʊʠʩʢ ʛʘʟʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʘʨʙʦʪʫʚʘʥʥʷ, ʧʦʚʠʥʥʠʡ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʪʠʩʢʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ ʽ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʦʧʦʨʫ ʩʪʦʚʧʘ ʨʽʜʠʥʠ, ʱʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʪʠʩʢ ʽ ʚʠʪʨʘʪʫ  ʧʦʚʽʪʨʷ 

ʘʙʦ ʛʘʟʫ. 

  ʊʠʩʢ ʧʦʚʽʪʨʷ ʘʙʦ ʛʘʟʫ ʚ ʇʘ ʚʠʟʥʘʯʘʶʪʴ ʟʘ  ʬʦʨʤʫʣʦʶ: 
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ʜʝ H ï ʚʠʩʦʪʘ ʩʪʦʚʧʘ ʨʽʜʠʥʠ, ʱʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ, ʤ; ɟʧ ̔ ɟʨ ïʛʫʩʪʠʥʘ ʚʽʜʧʦʚʽʜʥʦ ʧʦʚʽʪʨʷ (ʛʘʟʫ) ʽ ʨʽʜʠʥʠ ʢʛ/ʤ3; w ï 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ (ʟʘʟʚʠʯʘʡ ʧʨʠʡʤʘʶʪʴ w = 20 - 40 ʤ/ʩ; Ɇɝ ï ʩʫʤʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʽʜʨʘʚʣʽʯʥʠʭ ʽ 

ʤʽʩʮʝʚʠʭ ʦʧʦʨʽʚ; ʈ0 ï ʪʠʩʢ ʥʘʜ ʨʽʜʠʥʦʶ ʚ ʘʧʘʨʘʪʽ ʚ ʇʘ. 

ʆʨʽʻʥʪʦʚʥʦ ʪʠʩʢ ʤʦʞʥʘ ʧʽʜʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

( )ð 01,2P H g P= r +  

ɺʠʪʨʘʪʠ ʧʦʚʽʪʨʷ ʘʙʦ ʛʘʟʫ ʚ ʤ3/ʛʦʜʠʥʫ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ (ʚ ʧʝʨʝʨʘʭʫʚʘʥʥʽ ʥʘ 

ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ) ʟʥʘʭʦʜʷʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ  

ï êV F P= Ö, 

ʜʝ ʢ = 2,4 ï 6,0 ï ʜʦʩʣʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

(ʧʨʠ ʩʣʘʙʢʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʢ = 2,4 ï 3,5, ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ï ʢ=3,5ï4,5, ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ï ʢ 

= 4,5 ï 6,0); F ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ ʧʝʨʝʜ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, ʤ2; ʈ - ʪʠʩʢ ʧʦʚʽʪʨʷ 

ʫ ʇʘ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʘʨʙʦʪʝʨʽʚ ʭʚʠʣʠʥʥʘ ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʥʘ 1 ʤ2 ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, 

ʱʦ ʟʤʽʰʫʻʪʴʩʷ  ʚ ʘʧʘʨʘʪʽ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʨʽʚʥʦʶ: ʧʨʠ ʩʣʘʙʢʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 0,4 ʤ3, ʧʨʠ 

ʩʝʨʝʜʥʴʦʤʫ - 0,8 ʤ3, ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ - 1,0 ʤ3. 

ʇʥʝʚʤʘʪʠʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʝ ʚʠʤʘʛʘʻ ʩʢʣʘʜʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ. ʇʥʝʚʤʘʪʠʯʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʘʨʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʧʦʨʽʚʥʷʥʦ ʧʦʚʽʣʴʥʝ ʯʠ ʛʨʫʙʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ ʚ'ʷʟʢʽʩʪʶ ʜʦ 2Ö10-3 ʇʘÖʩ. 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʛʦʩʪʨʦʶ ʧʘʨʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʤʽʰʫʚʘʪʠ 

ʡ ʦʙʽʛʨʽʚʘʪʠ ʨʽʜʠʥʫ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʽʜʥʦʩʥʦ 

ʙʽʣʴʰʦʶ ʚʠʪʨʘʪʦʶ ʝʥʝʨʛʽʾ, ʘ ʪʘʢ ʩʘʤʦ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʢʠʩʣʶʚʘʥʥʷ ʽ ʚʠʥʝʩʝʥʥʷ ʧʨʦʜʫʢʪʫ. ʎʽ 

ʥʝʜʦʣʽʢʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʦʙʤʝʞʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʭʽʤʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 



133 

 

 

 

3.4. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʧʦʪʦʮʽ ʥʝʨʫʭʦʤʠʤʠ ʪʫʨʙʫʣʽʟʘʪʦʨʘʤʠ 

 
ʈʠʩ. 3.11. ʉʭʝʤʠ ʧʨʠʩʪʨʦʾʚ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʚ ʧʦʪʦʮʽ 

ʘ ï ʚʩʪʘʚʢʘ ʟ ʥʘʧʽʚʧʝʨʝʛʦʨʦʜʢʘʤʠ; ʙ ï ʜʽʘʬʨʘʛʤʦʚʘ ʚʩʪʘʚʢʘ; ʚ ï ʛʚʠʥʪʦʚʘ ʚʩʪʘʚʢʘ; ʛ ï ʩʪʨʫʤʝʥʝʚʠʡ ʟʤʽʰʫʚʘʯ. 1,2 

ï ʚʭʽʜ ʢʦʤʧʦʥʝʥʪʽʚ; 3 ï ʚʠʭʽʜ ʩʫʤʽʰʽ. 

 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʤʦʞʣʠʚʦ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʰʪʫʯʥʦʶ ʪʫʨʙʫʣʽʟʘʮʽʻʶ ʧʦʪʦʢʫ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʨʽʜʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʫʤʽʰʝʡ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʨʽʟʥʽ ʥʝʨʫʭʦʤʽ ʜʝʪʘʣʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʘʛʘʪʦʢʨʘʪʥʽ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʽ 

ʥʘʧʨʷʤʢʫ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʧʝʨʝʯʥʽ 

ʥʘʧʽʚʧʝʨʝʛʦʨʦʜʢʠ, (ʨʠʩ. 3.11 ʘ) ʪʘ ʜʽʘʬʨʘʛʤʫ ʽʟ ʟʤʽʱʝʥʠʤʠ ʦʪʚʦʨʘʤʠ (ʨʠʩ. 3.11 ʙ). 

ɺ ʮʴʦʤʫ ʧʨʠʩʪʨʦʾ ʧʦʪʽʢ ʙʘʛʘʪʦʢʨʘʪʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʪʘ ʟʚʫʞʫʻʪʴʩʷ ʽ ʟʤʽʥʶʻ ʥʘʧʨʷʤʦʢ 

ʨʫʭʫ. ʈʦʟʤʽʱʝʥʥʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ ʛʚʠʥʪʦʚʠʭ ʚʩʪʘʚʦʢ, ʯʘʩʪʦ ʽʟ ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ ʭʦʜʫ (ʚʣʽʚʦ ʽ 

ʚʧʨʘʚʦ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʨʽʟʥʦʥʘʧʨʘʚʣʝʥʦʛʦ ʮʠʨʢʫʣʶʚʘʥʥʷ ʧʦʪʦʢʫ (ʨʠʩ. 3.11 ʚ). 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʪʨʫʙʠ ɺʝʥʪʫʨ̔ (ʽʥʞʝʢʮʽʡʥʽ ʟʤʽʰʫʚʘʯʽ) ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʛʚʠʥʪʦʚʠʤʠ 

ʥʘ ʰʣʷʭʫ ʧʦʜʘʣʴʰʦʛʦ ʨʫʭʫ ʩʫʤʽʰʽ (ʨʠʩ. 3.11 ʛ) 

ʅʘʚʝʜʝʥʠʡ ʤʝʪʦʜ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʚʟʘʻʤʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ ʽ 

ʥʝʚʠʩʦʢʦʾ ʚôʷʟʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʨʽʜʢʦʾ ʩʫʤʽʰʽ ï ʧʨʠ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʾʭ ʨʫʭʫ ʽ ʜʦʩʪʘʪʥʴʦʾ 

ʜʦʚʞʠʥʠ ʪʫʨʙʦʧʨʦʚʦʜʫ. 

ɸʣʝ ʮʝʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʧʨʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʤʽʰʫʚʘʥʥʷ. ɺ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʪʫʨʙʫʣʽʟʘʪʦʨʠ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʤʽʩʮʝʚʦʛʦ ʦʧʦʨʫ. 

 

3.5 ʎʠʨʢʫʣʷʮʽʡʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʎʠʨʢʫʣʷʮʽʡʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʘʛʘʪʦʢʨʘʪʥʠʤ ʧʝʨʝʢʘʯʫʚʘʥʥʷʤ ʨʽʜʠʥʠ 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʘʧʘʨʘʪ ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ ï ʘʧʘʨʘʪ. ʊʠʧʦʚʽ ʩʭʝʤʠ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʽ ʥʘ (ʨʠʩ. 3.12). 

 
ʈʠʩ. 3.12. ʉʭʝʤʠ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʟʤʽʰʫʚʘʯʽʚ 

ʘ ï ʟʤʽʰʫʚʘʯ ʟ ʮʠʨʢʫʣʷʮʽʡʥʠʤ ʥʘʩʦʩʦʤ; ʙ ï ʟʤʽʰʫʚʘʯ ʟ ʮʠʨʢʫʣʷʮʽʝʠʤ ʥʘʩʦʩʦʤ ʪʘ ʝʞʝʢʪʦʨʦʤ; 

1 ï ʻʤʥʽʩʪʴ; 2 ï ʨʦʟʙʨʠʟʢʫʚʘʚ; 3 ï ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ; 4 ï ʝʞʝʢʪʦʨ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʠʡʥʷʪʦʶ ʢʨʘʪʥʽʩʪʶ ʮʠʨʢʫʣʷʮʽʾ (ʚʽʜʥʦʰʝʥʥʷ ʩʝʢʫʥʜʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ ʜʦ ʦʙôʻʤʫ ʨʽʜʠʥʠ ʚ ʘʧʘʨʘʪʽ) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʪʘ ʯʠ ʽʥʰʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʢʨʘʪʥʽʩʪʴ ʮʠʨʢʫʣʷʮʽʾ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʚʠʟʥʘʯʘʶʪʴ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. ʎʠʨʢʫʣʷʮʽʡʥʽ ʥʘʩʦʩʠ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʽʥʝʥʽ ʧʦʚʽʪʨʷʥʠʤʠ ʘʙʦ ʧʘʨʦʚʠʤʠ ʽʥʞʝʢʪʦʨʘʤʠ. 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ? 

2. ʅʘʚʝʜʽʪʴ ʪʠʧʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

3. ʗʢ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ? ʏʠ ʧʦʚôʷʟʘʥʽ ʮʽ 
ʧʘʨʘʤʝʪʨʠ ʤʽʞ ʩʦʙʦʶ? 

4. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʈʝʡʥʦʣʴʜʩʘ ʪʘ ɽʡʣʝʨʘ ʜʣʷ ʨʽʜʠʥʥʠʭ 

ʤʽʰʘʣʦʢ? 

5. ʗʢ ʨʦʟʨʘʭʫʚʘʪʠ ʚʠʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʦʙʦʯʠʡ ʽ ʧʫʩʢʦʚʠʡ 
ʧʝʨʽʦʜʠ? 

6. ɿʨʦʙʽʪʴ ʦʛʣʷʜ ʙʘʟʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʽʰʘʣʦʢ ʜʣʷ ʨʽʜʢʠʭ ʩʠʩʪʝʤ. 

7. ʗʢ ʧʨʦʚʦʜʠʪʠ ʚʠʙʽʨ ʤʽʰʘʣʦʢ ʜʣʷ ʨʽʜʢʠʭ ʩʠʩʪʝʤ? 

8. ʈʦʟʢʨʠʡʪʝ ʬʽʟʠʯʥʫ ʩʫʪʥʽʩʪʴ ʪʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 

9. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʛʘʟʫ ʜʣʷ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 
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ɻʣʘʚʘ 4. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʫ ʩʠʧʢʦʤʫ ʪʘ ʧʘʩʪʦʧʦʜʽʙʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ 

ɸʧʘʨʘʪʠ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ. ʂʣʘʩʠʬʽʢʘʮʽʶ 

ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʾʭ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.1. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʮʽ ʘʧʘʨʘʪʠ ʟʘ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʠʭʦʭʽʜʥʽ ʪʘ 

ʰʚʠʜʢʦʭʽʜʥʽ. ɼʦ ʧʝʨʰʠʭ ʥʘʣʝʞʘʪʴ ʘʧʘʨʘʪʠ, ʜʣʷ ʷʢʠʭ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ: 
2

Fr 30
Rg

å õw
= <æ ö
ç ÷

 

ʜʝ w - ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʤ/ʩ; R ï ʨʘʜʽʫʩ ʦʙʝʨʪʘʥʥʷ, ʤ; g ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ, ʤ/ʩ2. 

 

 
ʈʠʩ. 4.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʤʽʰʫʚʘʯʽʚ ʜʣʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

ɼʣʷ ʙʘʨʘʙʘʥʥʠʭ ʟʤʽʰʫʚʘʯʽʚ w ʽ R ʙʝʨʫʪʴ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʘ; ʜʣʷ 

ʰʥʝʢʦʚʠʭ ʟʤʽʰʫʚʘʯʽʚ R ï ʨʘʜʽʫʩ ʰʥʝʢʘ, ʘ w - ʚʽʜʧʦʚʽʜʥʘ ʮʴʦʤʫ ʨʘʜʽʫʩʫ ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ. 

ʅʘ ʨʠʩ. 4.2 ʥʘʚʝʜʝʥʦ ʩʭʝʤʠ ʟʤʽʰʫʚʘʯʽʚ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ. ʇʨʦʛʨʝʩʠʚʥʽʰʠʤʠ ʻ ʟʤʽʰʫʚʘʯʽ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, ʚ ʷʢʠʭ ʤʘʪʝʨʽʘʣ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʡ ʦʜʥʦʯʘʩʥʦ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ. 

ʃʦʧʘʪʝʚʠʡ ʟʤʽʰʫʚʘʯ 1 ʤʘʻ ʜʚʽ z ïʧʦʜʽʙʥʽ ʣʦʧʘʪʽ ʘ) ʽ ʙ), ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ ʚ ʧʨʦʪʠʣʝʞʥʠʭ 

ʥʘʧʨʷʤʢʘʭ. ʄʘʪʝʨʽʘʣ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʟʤʽʰʫʚʘʯ, ʧʽʜʜʘʻʪʴʩʷ ʝʥʝʨʛʽʡʥʽʡ ʜʽʾ ʣʦʧʘʪʝʡ.  

ʐʥʝʢʦʚʽ ʟʤʽʰʫʚʘʯʽ 2 ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʟ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ 

ʤʘʪʝʨʽʘʣʫ. 

ɿʥʘʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʦʣʦʜʫ ʥʘʙʫʣʠ ʰʥʝʢʦʚʽ ʟʤʽʰʫʚʘʯʽ, ʱʦ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ, - ʧʝʨʝʛʨʽʙʘʯʽ 3. ɺʦʥʠ ʤʘʶʪʴ ʨʷʜ ʚʝʨʪʠʢʘʣʴʥʠʭ ʰʥʝʢʽʚ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ 

ʨʫʭʦʤʽʡ ʨʘʤʽ, ʷʢʘ ʨʫʭʘʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʰʥʝʢʘʤʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʧʝʨʝʤʽʱʫʶʯʠʩʴ ʫ 

ʧʝʨʝʤʽʰʫʚʘʥʽʡ ʤʘʩʽ. 

ʋ ʟʤʽʰʫʚʘʯʘʭ ʫʜʘʨʥʦʛʦ ʪʠʧʫ 4 ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʫʜʘʨʘʤʠ ʙʠʷʢʽʚ 

ʦʙ ʟʤʽʰʫʚʘʥʽ ʯʘʩʪʠʥʢʠ; ʙʠʷʢʠ ʥʘʩʘʜʞʝʥʽ ʥʘ ʜʠʩʢʠ, ʱʦ ʰʚʠʜʢʦ ʦʙʝʨʪʘʶʪʴʩʷ ʚ ʧʨʦʪʠʣʝʞʥʠʭ 

ʥʘʧʨʷʤʢʘʭ. 

ʋ ʙʘʨʘʙʘʥʥʠʭ ʟʤʽʰʫʚʘʯʘʭ 5 ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʩʠʧʘʥʥʷʤ. 

ʊʠʧʠ ʟʤʽʰʫʚʘʯʽʚ ʜʣʷ 

ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʇʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ɹʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ 

ʊʠʭʦʭʽʜʥʽ ʐʚʠʜʢʦʭʽʜʥʽ 

ʃʦʧʘ- 

ʪʝʚʽ 
ɹʘʨʘ- 

ʙʘʥʥʽ 

ɺʽʜʮʝʥ

- 

ʪʨʦʚʽ 

ʋʜʘʨʥʽ 

ʐʥʝʢʦʚʽ 

ʇʝʨʝʛʨʽʙʘʯʽ ʂʦʥʚʝʻʨʠ 
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ʈʠʩ. 4.2. ʉʭʝʤʠ ʟʤʽʰʫʚʘʯʽʚ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ ʜʣʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ: 

1) ï ʣʦʧʘʪʝʚʠʡ; 2) ï ʰʥʝʢʦʚʠʡ ʢʦʥʚʝʻʨ; 3) ï ʰʥʝʢʦʚʠʡ ʧʝʨʝʛʨʽʙʘʯ; 4) ïʫʜʘʨʥʦʛʦ ʪʠʧʫ; 5) ï ʙʘʨʘʙʘʥʥʠʡ. 

 

4.1. ʐʥʝʢʦʚʽ ʟʤʽʰʫʚʘʯʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ 

ɼʣʷ ʟʤʽʰʫʚʘʥʥʷ ʽ ʟʚʦʣʦʞʝʥʥʷ ʩʫʭʠʭ ʧʣʘʩʪʠʯʥʠʭ ʽ ʦʙʪʷʞʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʮʝʛʣʠ, ʰʘʤʦʪʥʠʭ, ʚʦʛʥʝʪʨʠʚʢʠʭ ʽ ʽʥʰʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʢʣʷʥʦʾ ʰʠʭʪʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʜʥʦʚʘʣʴʥʽ ʽ ʜʚʫʭʚʘʣʴʥʽ ʰʥʝʢʦʚʽ ʟʤʽʰʫʚʘʯʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ. 

 

4.1.1. ʆʜʥʦʚʘʣʴʥʽ ʟʤʽʰʫʚʘʯʽ 
ɿʤʽʰʫʚʘʥʥʷ ʰʘʤʦʪʫ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ ʟ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʶ ʛʣʠʥʦʶ ʽ ʢʘʦʣʽʥʦʤ ʯʠ 

ʟʜʨʽʙʥʝʥʦʾ ʮʝʛʝʣʴʥʦʾ ʛʣʠʥʠ ʟ ʧʽʩʢʦʤ ʽ ʥʘʩʪʫʧʥʝ ʟʚʦʣʦʞʝʥʥʷ ʩʫʤʽʰʽ ʚʠʨʦʙʣʷʶʪʴʩʷ  ʚ 

ʦʜʥʦʚʘʣʴʥʠʭ ʰʥʝʢʦʚʠʭ ʟʤʽʰʫʚʘʯʘʭ. 

 
ʈʠʩ. 4.3. ʆʜʥʦʚʘʣʴʥʠʡ ʛʚʠʥʪʦʚʠʡ ʟʤʽʰʫʚʘʯ 

1 ï ʞʦʣʦʙ; 2 ï ʚʘʣ; 3 ï ʚʘʣ ʟ ʧʦʭʠʣʠʤʠ ʣʦʧʘʪʷʤʠ; 4 ï ʚʘʣ ʟ ʩʧʽʨʘʣʴʥʦʶ ʩʪʨʽʯʢʦʶ; 5,6,7 ï ʟʫʙʯʘʪʘ ʧʝʨʝʜʘʯʘ. 

 

ɯʥʦʜʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʭʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭʥʻ ʟʚʦʣʦʞʝʥʥʷ ʨʦʙʣʷʪʴ ʧʦʩʣʽʜʦʚʥʦ ʚ ʜʚʦʭ 

ʟʤʽʰʫʚʘʯʘʭ: ʧʝʨʰʫ ʦʧʝʨʘʮʽʶ ð ʚ ʦʜʥʦʚʘʣʴʥʦʤʫ, ʘ ʜʨʫʛʫ ð ʫ ʜʚʫʭʚʘʣʴʥʦʤʫ. 

ʆʜʥʦʚʘʣʴʥʠʡ ʛʚʠʥʪʦʚʠʡ ʟʤʽʰʫʚʘʯ (ʨʠʩ. 4.3), ʷʚʣʷʻ ʩʦʙʦʶ ʞʦʣʦʙ 1, ʫ ʷʢʦʤʫ ʦʙʝʨʪʘʻʪʴʩʷ 

ʚʘʣ 2 ʟ ʧʦʭʠʣʠʤʠ ʣʦʧʘʪʷʤʠ 3 ʯʠ ʩʧʽʨʘʣʴʥʦʶ ʩʪʨʽʯʢʦʶ 4. 

ʃʦʧʘʪʝʚʠʡ ʚʘʣ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʯʝʨʝʟ ʟʫʙʯʘʩʪʫ ʧʝʨʝʜʘʯʫ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʪʨʘʥʩʤʽʩʽʾ ʯʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʽ ʧʨʦʤʽʞʥʫ ʧʝʨʝʜʘʯʫ 5 (ʣʘʥʮʶʛʦʚʫ, ʨʝʤʽʥʥʫ ʯʠ ʨʝʜʫʢʪʦʨʥʫ). ʂʦʣʠ ʟʤʽʰʫʚʘʯ 
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ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʛʦʣʦʚʥʦʾ ʪʨʘʥʩʤʽʩʽʾ, ʮʠʣʽʥʜʨʠʯʥʘ ʟʫʙʯʘʩʪʘ ʧʝʨʝʜʘʯʘ 6 ʽ 

7 ʟʘʤʽʥʷʻʪʴʩʷ ʢʦʥʽʯʥʦʶ. 

ʆʜʥʦʚʘʣʴʥʽ ʟʤʽʰʫʚʘʯʽ ʙʫʜʫʶʪʴʩʷ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʽ ʤʽʩʪʷʪʴʩʷ ʟʚʠʯʘʡʥʦ ʧʽʜ ʙʫʥʢʝʨʘʤʠ ʯʠ 

ʜʦʟʘʪʦʨʘʤʠ. ʄʘʪʝʨʽʘʣʠ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʜʦʟʘʪʦʨʘʤʠ (ʞʠʚʠʣʴʥʠʢʘʤʠ), ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ 

ʢʨʠʰʮʽ ʟʤʽʰʫʚʘʯʘ, ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʚ ʥʴʦʤʫ ʡ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʜʦ 

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʢʽʥʮʷ, ʜʝ ʚʠʚʘʥʪʘʞʫʶʪʴʩʷ ʯʝʨʝʟ ʥʠʞʥʽʡ ʣʶʢ. 

ʋ ʮʝʛʝʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚ ʦʜʥʦʚʘʣʴʥʠʭ ʟʤʽʰʫʚʘʯʘʭ ʽʥʦʜʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʘʩʪʢʦʚʝ 

ʧʦʜʨʽʙʥʝʥʥʷ ʛʣʠʥʠ, ʜʣʷ ʯʦʛʦ ʨʦʟʨʦʙʣʝʥʽ ʙʽʣʴʰ ʧʦʪʫʞʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʭ ʤʘʰʠʥ. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʣʦʧʘʪʝʡ ʽ ʾʭʥʴʦʾ ʟʘʤʽʥʠ ʧʨʠ ʟʥʦʩʽ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʨʽʧʣʝʥʥʷ ʣʦʧʘʪʝʡ 1 (ʨʠʩ. 4.4.) ʚ ʦʪʚʦʨʘʭ ʚʘʣʘ 2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʠʥʘ 5 ʟ 

ʥʘʨʽʟʘʥʠʤ ʥʘ ʢʽʥʮʽ ʨʽʟʴʙʦʶ, ʱʦ ʟʘʪʷʛʫʻʪʴʩʷ ʛʘʡʢʦʶ 4. 

 
ʈʠʩ. 4.4. ʂʣʠʥʦʚʝ ʟʘʢʨʽʧʣʝʥʥʷ ʣʦʧʘʪʝʡ 

1 ï ʣʦʧʘʪʴ; 2 ï ʚʘʣ; 3 ï ʚʽʩʴ ʣʦʧʘʪʽ; 4 ï ʛʘʡʢʘ; 5 ï ʢʣʠʥ. 

. 

ʑʦʙ ʫʥʠʢʥʫʪʠ ʰʚʠʜʢʦʛʦ ʟʥʦʩʫ ʣʦʧʘʪʝʡ, ʾʭ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟʽ ʟʤʽʥʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ 5 ʟ 

ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ ʯʠ ʟʥʦʩʦʩʪʽʡʢʦʛʦ ʯʘʚʫʥʘ. 

 

4.1.2. ɼʚʦʚʘʣʢʦʚʽ ʟʤʽʰʫʚʘʯʽ 

 

ɼʚʦʚʘʣʢʦʚʠʡ ʟʤʽʰʫʚʘʯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʠʪʘ 1 (ʨʠʩ. 4.5.) ʽ ʜʚʦʭ ʦʙʝʨʪʦʚʠʭ ʫ ʥʴʦʤʫ 

ʰʥʝʢʦʚʠʭ (ʣʦʧʘʪʝʚʠʭ) ʚʘʣʽʚ 2. ʆʜʠʥ ʟ ʥʠʭ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʦʙʝʨʪʘʥʥʷ ʚʽʜ ʪʨʘʥʩʤʽʩʽʾ ʯʝʨʝʟ ʰʢʽʚ 

3, ʧʘʩʦʚʽ ʧʝʨʝʜʘʯʽ ʽ ʮʠʣʽʥʜʨʠʯʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ 4 ʽ 5, ʘ ʽʥʰʠʡ ð ʚʽʜ ʚʝʜʫʯʦʛʦ ʚʘʣʘ ʯʝʨʝʟ 

ʮʠʣʽʥʜʨʠʯʥʽ ʟʫʙʮʶʚʘʪʽ ʢʦʣʝʩʘ 6 ʽ 7 ʟ ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʟʫʙʮʽʚ (ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʰʥʝʢʦʚʠʭ 

ʚʘʣʽʚ 2 ʨʽʚʥʽ). 

ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʙʫʜʽʚʝʣʴʥʦʾ ʮʝʛʣʠ ʤʘʩʘ ʧʽʩʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʟʤʽʰʫʚʘʯʽ ʧʽʜʜʘʻʪʴʩʷ 

ʜʦʜʘʪʢʦʚʽʡ ʧʝʨʝʨʦʙʮʽ ʥʘ ʙʽʛʫʥʘʭ ʯʠ ʥʘ ʚʘʣʴʮʷʭ ʪʦʥʢʦʛʦ ʧʦʤʝʣʫ; ʪʦʤʫ ʚ ʟʤʽʰʫʚʘʯʘʭ 

ʜʦʧʫʩʢʘʻʪʴʩʷ ʤʝʥʰ ʨʝʪʝʣʴʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʨʠ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʤʘʩʠ ʜʦ 

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʣʶʢʘ 8. 

ɼʣʷ ʟʚʦʣʦʞʝʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʾ ʤʘʩʠ ʥʘʜ ʟʤʽʰʫʚʘʯʝʤ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʦʜʦʧʨʦʚʽʜʥʫ 

ʪʨʫʙʫ ʟ ʜʨʽʙʥʠʤʠ ʦʪʚʦʨʘʤʠ, ʯʝʨʝʟ ʷʢʽ ʚʦʜʘ ʪʦʥʢʠʤʠ ʩʪʨʫʤʢʘʤʠ ʧʦʜʘʻʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣ, ʱʦ 

ʧʝʨʝʤʽʰʫʻʪʴʩʷ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʰʥʝʢʦʚʠʭ ʟʤʽʰʫʚʘʯʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʚʦʨʦʪʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ, ʘ ʦʪʞʝ, ʽ ʷʢʦʩʪʽ ʟʤʽʰʫʚʘʥʥʷ. 

ɼʣʷ ʙʽʣʴʰ ʨʝʪʝʣʴʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ 

ʤʘʩʠ ʯʝʨʝʟ ʟʤʽʰʫʚʘʯ, ʥʝ ʟʥʠʞʫʶʯʠ ʯʠʩʣʘ ʦʙʦʨʦʪʽʚ ʣʦʧʘʪʝʚʠʭ ʚʘʣʽʚ. ɺ ʦʜʥʦʚʘʣʢʦʚʦʤʫ ʯʠ 

ʜʚʦʚʘʣʢʦʚʦʤʫ ʟʤʽʰʫʚʘʯʽ ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʽʥʦʶ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʣʦʧʘʪʝʡ ʩʪʦʩʦʚʥʦ ʚʘʣʘ, ʥʘ 

ʷʢʦʤʫ ʚʦʥʠ ʟʘʢʨʽʧʣʶʶʪʴʩʷ. 

ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʦʩʦʙʣʠʚʦ ʨʝʪʝʣʴʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʘʩʠ, ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʧʨʦʪʠʪʝʯʽʡʥʽ ʟʤʽʰʫʚʘʯʽ (ʨʠʩ. 4.6). ʃʦʧʘʪʽ ʥʘ ʚʘʣʘʭ ʮʠʭ ʟʤʽʰʫʚʘʯʽʚ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʚʘʣ ʧʦʜʘʚʘʚ ʤʘʩʫ ʜʦ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʣʶʢʘ 2 ʟʤʽʰʫʚʘʯʫ, ʘ ʽʥʰʠʡ ʚʘʣ 3 ð ʫ ʟʚʦʨʦʪʥʶ 

ʩʪʦʨʦʥʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ɺʥʘʩʣʽʜʦʢ 
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ʪʦʛʦ, ʱʦ ʯʠʩʣʦ ʦʙʦʨʦʪʽʚ ʚʘʣʘ 1 ʙʽʣʴʰʝ, ʥʽʞ ʚʘʣʘ 3, ʤʘʩʘ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʜʦ 

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʣʶʢʘ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠʪʝʯʽʡʥʠʭ ʰʥʝʢʦʚʠʭ ʟʤʽʰʫʚʘʯʽʚ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʘ ʽ ʻ 

ʧʨʦʧʦʨʮʽʡʥʦʶ ʨʽʟʥʠʮʽ ʰʚʠʜʢʦʩʪʝʡ ʚʘʣʽʚ 1 ʽ 3, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʘʤʝʪʨʘʤʠ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 4 

ʽ 5. 

ɾʠʚʣʝʥʥʷ ʧʨʦʪʠʪʝʯʽʡʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ʽ ʡʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʣʷʶʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ 

ʧʨʷʤʦʪʦʯʥʦʛʦ. 

ʋ ʜʚʦʚʘʣʢʦʚʠʭ ʧʨʦʪʠʪʝʯʽʡʥʠʭ ʟʤʽʰʫʚʘʯʘʭ ʪʨʠʚʘʣʽʩʪʴ ʽ ʷʢʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʟʤʽʥʦʶ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʟʫʙʯʘʩʪʦʾ ʧʝʨʝʜʘʯʽ ʚʽʜ ʚʝʜʫʯʦʛʦ ʜʦ 

ʧʨʠʚʽʜʥʦʛʦ ʚʘʣʘ. ʆʧʪʠʤʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ ʽ ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʽʚ ʽ ʧʨʘʢʪʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʢʦʞʥʦʾ ʤʘʩʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ. 

 

 
ʈʠʩ. 4.6. ɼʚʦʚʘʣʢʦʚʠʡ ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʰʥʝʢʦʚʠʡ ʟʤʽʰʫʚʘʯ 

 

ʆʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʰʥʝʢʦʚʠʭ ʟʤʽʰʫʚʘʯʽʚ ʽʟ ʧʣʦʩʢʠʤʠ ʣʦʧʘʪʷʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʽ ʷʢʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

2 260 ( ) sin
4

V D d z n
p

= - j b a ,  (4.1) 

ʜʝ: D ð ʜʽʘʤʝʪʨ ʢʦʣʘ, ʷʢʝ ʦʧʠʩʫʻʪʴʩʷ ʣʦʧʘʪʷʤʠ,  ʤ; d - ʜʽʘʤʝʪʨ ʚʘʣʘ ʟʤʽʰʫʚʘʯʘ ʚ ʤ; j ð ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʧʦʚʥʝʥʥʷ ʟʤʽʰʫʚʘʯʘ, ʟʘʟʚʠʯʘʡ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ j = 0,55 ï 0,60; z ð ʯʠʩʣʦ ʣʦʧʘʪʝʡ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ 

ʦʜʥʦʤʫ ʢʨʦʢʫ ʛʚʠʥʪʘ (ʜʣʷ ʜʚʦʭʚʘʣʴʥʦʛʦ ʧʨʷʤʦʪʦʯʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ʚʨʘʭʦʚʫʶʪʴ ʯʠʩʣʦ ʣʦʧʘʪʝʡ ʥʘ ʦʙʦʭ ʚʘʣʘʭ); b 

ð ʰʠʨʠʥʘ ʣʦʧʘʪʝʡ ʫ ʤ; n ð ʯʠʩʣʦ ʦʙʝʨʪʽʚ ʟʤʽʰʫʚʘʯʘ ʚ ʭʚʠʣʠʥʫ; b-ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩʪʢʦʚʝ 

ʧʦʚʝʨʥʝʥʥʷ ʤʘʩʠ ʧʨʠ ʾʾ ʧʝʨʝʤʽʰʫʚʘʥʥʽ, ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 0,85-0,90; að ʢʫʪ ʧʦʚʦʨʦʪʫ ʣʦʧʘʪʝʡ ʚʽʜʥʦʩʥʦ ʦʩʽ 

ʰʥʝʢʘ. 



139 

 

 

 

 
ʈʠʩ. 4.6. ʐʥʝʢʦʚʠʡ ʟʤʽʰʫʚʘʯ ʟ ʧʘʨʦʚʠʤ ʦʙʽʛʨʽʚʘʥʥʷʤ 

1 ï ʞʦʣʦʙ, 2 ï ʬʫʪʝʨʦʚʢʘ, 3,4 ï ʨʝʜʫʢʪʦʨ ʟ ʧʨʠʚʦʜʦʤ 

 

4.2. ɿʤʽʰʫʚʘʯʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ 

4.2.1. ɿʤʽʰʫʚʘʯ ʟ ʢʦʣʽʥʯʘʪʠʤʠ (z-ʧʦʜʽʙʥʠʤʠ) ʣʦʧʘʪʷʤʠ 
ɿʤʽʰʫʚʘʯ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ (ʨʠʩ. 15.7) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʞʦʣʦʙʫ 1, ʱʦ ʤʘʻ ʬʦʨʤʫ ʜʚʦʭ 

ʟʽʤʢʥʫʪʠʭ ʥʝʧʦʚʥʠʭ ʮʠʣʽʥʜʨʽʚ, ʽ ʟ ʜʚʦʭ ʢʦʣʽʥʯʘʪʠʭ ʚʘʣʽʚ 2 ʩʧʝʮʽʘʣʴʥʽ ʬʦʨʤʠ, ʟʚ'ʷʟʘʥʠʭ 

ʟʫʙʯʘʩʪʦʶ ʧʝʨʝʜʘʯʝʶ 3 ʽ ʦʙʝʨʪʘʶʪʴʩʷ ʫ ʞʦʣʦʙʽ ʥʘʟʫʩʪʨʽʯ ʦʜʠʥ ʦʜʥʦʤʫ. ɾʦʣʦʙ ʦʙʰʠʪʠʡ 

ʙʨʦʥʝʶ ʟʽ ʩʪʘʣʝʚʠʭ ʘʨʢʫʰʽʚ. ʇʨʠʚʽʜ ʟʤʽʰʫʚʘʯʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 4 ʽ ʨʝʜʫʢʪʦʨʠ 5. 

 
ʈʠʩ. 4.7. ɿʤʽʰʫʚʘʯ ʟ Z-ʦʙʨʘʟʥʠʤʠ ʣʦʧʘʪʷʤʠ 

1 ï ʢʘʤʝʨʘ, 2 ï ʣʦʧʘʪʽ, 3 ï ʟʫʙʯʘʪʘ ʧʝʨʝʜʘʯʘ, 4 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ, 5 ï ʨʝʜʫʢʪʦʨ. 

 

ɼʠʩʢʦʚʦʶ ʤʫʬʪʦʶ ʚʽʥ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʦʜʥʠʤ ʟʽ ʟʤʽʰʫʚʘʣʴʥʠʭ ʚʘʣʽʚ. ʋ ʪʦʨʮʝʚʽʡ ʯʘʩʪʠʥʽ 

ʟʤʽʰʫʚʘʯʘ, ʧʨʦʪʠʣʝʞʥʦʾ ʧʨʠʚʦʜʫ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʯʝʨʚ'ʷʯʥʠʡ ʧʨʠʩʪʨʽʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʜʚʦʭ ʩʝʢʪʦʨʽʚ ʥʘʚʢʦʣʦ ʟʤʽʰʫʚʘʣʴʥʠʭ ʚʘʣʽʚ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʞʦʣʦʙ ʤʽʰʘʣʢʠ. ʅʘ 

ʨʠʩ. 4.7 ʧʦʢʘʟʘʥʠʡ ʟʤʽʰʫʚʘʯ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ, ʘ ʚʥʠʟʫ ï ʧʽʜ ʯʘʩ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʤʽʰʘʥʦʾ 

ʤʘʩʠ. ʆʢʨʝʤʽ ʯʘʩʪʠʥʠ ʘʛʨʝʛʘʪʫ ʟʤʦʥʪʦʚʘʥʽ ʥʘ ʬʫʥʜʘʤʝʥʪʥʽʡ ʨʘʤʽ ʟʽ ʰʚʝʣʝʨʥʦʾ ʩʪʘʣʽ. 

ʄʘʰʠʥʠ ʮʴʦʛʦ ʪʠʧʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʜʣʷ ʩʫʭʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢ ʽ ʜʣʷ ʟʚʦʣʦʞʝʥʥʷ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʞʦʣʦʙ ʟʤʽʰʫʚʘʯʘ ʚʥʠʟʫ 

ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʽ ʟ ʥʴʦʛʦ ʚʠʩʠʧʘʻʪʴʩʷ ʤʘʩʘ. 

ʇʨʦʬʽʣʴ ʞʦʣʦʙʘ ʽ ʬʦʨʤʘ ʟʤʽʰʫʚʘʣʴʥʠʭ ʢʦʣʽʥʯʘʪʠʭ ʚʘʣʽʚ ʧʽʜʽʙʨʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʚʝʩʴ ʤʘʪʝʨʽʘʣ ʽʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʦʜʠʪʴ ʜʦʩʠʪʴ ʦʜʥʦʨʽʜʥʘ ʤʘʩʘ. 

ʅʝʜʦʣʽʢʠ ʦʧʠʩʘʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ð ʧʝʨʽʦʜʠʯʥʠʡ ʮʠʢʣ ʨʦʙʦʪʠ ʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʮʠʤ ʥʝʚʝʣʠʢʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʠ ʚʠʩʦʢʽʡ ʤʝʪʘʣʦʻʤʥʦʩʪʽ ʽ ʟʥʘʯʥʽʡ ʚʠʪʨʘʪʽ ʨʦʙʦʯʦʾ ʩʠʣʠ ʜʣʷ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʟʚʦʣʦʞʝʥʥʽ ʪʦʥʢʦʢʝʨʘʤʽʯʥʠʭ ʤʘʩ ʫʪʚʦʨʷʪʴʩʷ ʛʨʫʜʢʠ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʘʩʘ ʚʠʭʦʜʠʪʴ ʥʝ ʮʽʣʢʦʤ ʦʜʥʦʨʽʜʥʦʾ. 

ʊʨʠʚʘʣʽʩʪʴ ʟʤʽʰʘʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʚʠʯʘʡʥʦ ʚ ʤʝʞʘʭ 20 ð 30 ʭʚ., ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʝʦʙʭʽʜʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ ʤʘʩʠ, ʘ ʯʘʩ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

ʟʤʽʰʫʚʘʯʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʝʥʝʤ ʤʝʭʘʥʽʟʘʮʽʾ ʡ ʽʥʰʠʭ ʤʽʩʮʝʚʠʭ ʫʤʦʚ. 
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ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʤʽʰʫʚʘʯʽʚ ʟ ʢʦʣʽʥʯʘʪʠʤʠ ʚʘʣʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭʥʴʦʾ ʻʤʥʦʩʪʽ ʽ 

ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ (ʟʘʚʘʥʪʘʞʝʥʥʷ, ʟʤʽʰʫʚʘʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ). 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʌʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

2. ʅʘʚʝʩʪʠ ʙʘʟʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʟʤʽʰʫʚʘʯʽʚ. 
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ɻʃɸɺɸ 5. ʇʉɽɺɼʆɿʈɯɼɾɽʅʅʗ 
 

5.1. ɻʽʜʨʦʜʽʥʘʤʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ  

        ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

 

ʉʧʝʮʠʬʽʯʥʘ ʚʟʘʻʤʦʜʽʷ ʛʘʟʫ ʘʙʦ ʨʽʜʠʥʠ ʽʟ ʟʝʨʥʠʩʪʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʩʧʝʨʩʽʷ, ʱʦ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʩʝʚʜʦʨʽʜʠʥʦʶ, ʘ ʩʘʤ ʧʨʦʮʝʩ 

ï ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷʤ.  

 

5.2. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʪʚʝʨʜʦʾ ʯʘʩʪʢʠ ʽ ʨʫʭʦʤʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

                    (ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ) 

 

 

1) ɺʝʢʪʦʨ ʨʫʭʫ ʟʨʽʜʞʫʶʯʦʛʦ 

ʘʛʝʥʪʘ ʧʨʦʪʠʣʝʞʥʠʡ ʟʘ ʥʘʧʨʷʤʢʦʤ ʚʝʢʪʦʨʫ 

ʩʠʣʠ ʪʷʞʽʥʥʷ. 

2) ʉʠʣʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʣʝʞʥʫ ʥʘʧʨʷʤʢʫ 

ʜʽʾ ʚʝʢʪʦʨʘ ʩʠʣʠ ʪʷʞʽʥʥʷ G ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ S = 

f (Wʛ) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ: 

1) G ï A ï S1 =R; R > 0; Wʛ < Wʢʨ 

2) G ï A ï S2 =R; G ï A = S2; R = 0; Wʛ = 

Wʢʨ 

3) G ï A ï S3 =R; R < 0; Wʛ > Wʢʨ 

    G ï A < S3  

 

ʈʠʩ. 5.1. ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʫ ʪʘ ʪʚʝʨʜʦʾ ʯʘʩʪʢʠ 

 

5.3. ɻʽʜʨʦʜʠʥʘʤʽʢʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ  

 
                   ʘ  ʙ    ʚ  ʛ 

 
      ʜ            ̒     ʞ          ʟ 

ʈʠʩ. 5.2. ʍʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʛʘʟʫ ʟ ʰʘʨʦʤ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʐʘʨ ʯʘʩʪʦʢ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʢʨʽʟʴ ʥʴʦʛʦ ʧʦʪʦʢʫ ʛʘʟʫ (ʘʙʦ ʨʽʜʠʥʠ) 

ʤʦʞʝ ʟʘʣʠʰʠʪʠʩʷ ʥʝʨʫʭʦʤʠʤ (ʱʽʣʴʥʠʤ); ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʥʘ ʯʘʩʪʠʥʢʘ ʩʪʠʢʘʻʪʴʩʷ ʟ 

ʽʥʰʦʶ ʪʘ ʦʙôʻʤ ʰʘʨʫ ʻ ʧʦʩʪʽʡʥʠʤ ʥʘʚʽʪʴ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ 

Wʛ (ʨʠʩ. 5.2 ʘ). ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ W ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʯʘʩʪʢʠ ʧʦʯʠʥʘʶʪʴ ʚʽʙʨʫʚʘʪʠ 
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(ʨʠʩ. 5.2. ʙ), ʧʦʪʽʤ ʚʽʙʨʘʮʽʷ ʧʦʩʠʣʶʻʪʴʩʷ ʽ ʜʝʢʦʪʨʽ ʯʘʩʪʢʠ ʟ ʛʣʠʙʠʥʠ ʰʘʨʫ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʜʦ 

ʡʦʛʦ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 5.2 ʚ). ʇʨʠ ʮʴʦʤʫ ʚʠʩʦʪʘ ʰʘʨʫ ʅ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (ʨʠʩ. 5.4, ʜʽʣʷʥʢʘ ʘ 

ï bô). ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʰʘʨʫ Dʨ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦ 

ʩʪʫʧʝʥʝʚʦʤʫ ʟʘʢʦʥʫ, ʧʨʠʯʦʤʫ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʽ n ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʈʝʡʥʦʣʴʜʩʘ Re (ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ Re ʚʝʣʠʯʠʥʘ n ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1,0 ʜʦ 2,0). 

 
ʈʠʩ. 5.3. ɿʤʽʥʘ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʰʘʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ  

                    ʛʘʟʫ (ʢʨʠʚʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ). 

 
ʈʠʩ. 5.4. ɿʤʽʥʘ ʚʠʩʦʪʠ ʅ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ. 

 

ʇʨʠ ʧʝʚʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ, ʱʦ ʻ ʤʝʥʰʦʶ Wʢʨ ʰʘʨ ʥʝʙʘʛʘʪʦ ʨʦʟʙʫʭʘʻ, ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʩʫʚʘʥʥʷ ʯʘʩʪʦʢ ʟ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʰʘʨʫ ʜʦ ʧʦʚʝʨʭʥʽ ʚ ʥʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ 

ʢʘʥʘʣʠ (ʨʠʩ. 5.2ʛ). ɯʟ ʥʘʩʪʫʧʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ ʜʦ ʪʘʢ ʟʚʘʥʦʾ ʢʨʠʪʠʯʥʦʾ 

(Wʢʨ) ʰʘʨ ʱʝ ʙʽʣʴʰʝ ʟʨʦʩʪʘʻ ʚ ʦʙôʻʤʽ (ʨʠʩ. 5.2ʜ) ʪʘ ʟʥʘʯʝʥʥʷ Dʨ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 5.3, 

ʜʽʣʷʥʢʘ b ï bô). ʊʝʧʝʨ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ W ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʰʘʨʫ 

ʜʨʽʙʥʠʤʠ ʛʘʟʦʚʠʤʠ ʧʨʦʰʘʨʢʘʤʠ (ʨʠʩ. 5.2̒ ), ʚʩʽ ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʧʨʠʭʦʜʷʪʴ ʫ ʨʫʭ ï ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ (ʨʠʩ. 5.4, ʪʦʯʢʘ b). ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ (ʨʠʩ. 

5.3 ʜʽʣʷʥʢʘ b-c), ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ Dʨ ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʠʤ ʪʘ ʨʽʚʥʠʤ ʚʘʟʽ ʰʘʨʫ, ʱʦ 

ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ, ʘ ʧʦʨʦʟʥʽʩʪʴ (ʯʘʩʪʢʘ ʚʽʣʴʥʦʛʦ ʦʙôʻʤʫ) ʪʘ ʚʠʩʦʪʘ ʰʘʨʫ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʝʨʝʙʫʜʦʚʦʶ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ï ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʪʚʝʨʜʠʤʠ 

ʯʘʩʪʢʘʤʠ, ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʘ ʜʦʜʘʪʢʦʚʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ. 

ʋ ʰʘʨʽ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ, ʘ ʪʘʢʦʞ ʯʘʩʪʦʢ, ʩʭʠʣʴʥʠʭ ʜʦ ʟʣʠʧʘʥʥʷ, ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ 

ʟʣʠʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʫʭʫ ʚʚʝʨʭ ʪʘ ʫʪʚʦʨʶʶʪʴ ʢʘʥʘʣʠ, ʯʝʨʝʟ ʷʢʽ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʛʘʟʫ 

ʧʨʦʭʦʜʠʪʴ, ʥʝ ʢʦʥʪʘʢʪʫʶʯʠ ʟ ʤʘʪʝʨʽʘʣʦʤ. ʗʢʱʦ ʰʘʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʦʢ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ, ʪʦ 

ʩʧʦʯʘʪʢʫ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʡ ʩʪʘʥ ʧʝʨʝʭʦʜʷʪʴ ʩʘʤʽ ʜʨʽʙʥʽ ʯʘʩʪʢʠ, ʷʢʽ, ʧʽʜʥʽʤʘʶʯʠʩʴ ʜʦʛʦʨʠ, 

ʪʘʢʦʞ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʘʥʘʣʽʚ.  

ʇʨʠ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʛʘʟʫ (ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʫ ʰʘʨʘʭ ʚʝʣʠʢʦʾ ʚʠʩʦʪʠ) 

ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ ʟʣʠʚʘʶʪʴʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʽ ʟʘʧʦʚʥʶʶʪʴ ʚʝʩʴ ʧʝʨʝʪʠʥ ʘʧʘʨʘʪʫ, ʨʦʟʨʠʚʘʶʯʠ 

ʰʘʨ ʪʘ ʫʪʚʦʨʶʶʯʠ ñʧʦʨʰʥʽò (ʨʠʩ. 5.2 ʞ). ʎʽ ʩʢʫʧʯʝʥʥʷ ʯʘʩʪʦʢ ʧʽʜʢʠʜʘʶʪʴʩʷ ʚʛʦʨʫ ʽ ʟʥʦʚʫ 

ʧʘʜʘʶʪʴ ʚʥʠʟ, ʧʨʠʯʦʤʫ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʰʘʨʫ ʢʦʣʠʚʘʻʪʴʩʷ. ɸʤʧʣʽʪʫʜʘ ʧʫʣʴʩʘʮʽʡ ʟʨʦʩʪʘʻ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ ʰʘʨʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ. ɿʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦʩʠʧʘʻʪʴʩʷ ʢʨʽʟʴ 

ʛʘʟʦʚʽ ʧʨʦʰʘʨʢʠ, ʱʦ ʧʽʜʥʽʤʘʶʪʴʩʷ, ʥʝʚʝʣʠʢʠʤʠ ʘʛʣʦʤʝʨʘʪʘʤʠ ʘʙʦ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

ɼʣʷ ʩʫʰʽʥʥʷ ʪʘʢʠʡ ʨʝʞʠʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʙʘʞʘʥʦ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʢʦʥʪʘʢʪ ʤʽʞ 

ʬʘʟʘʤʠ ʧʦʛʽʨʰʫʻʪʴʩʷ.  

ʂʦʣʠ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʛʘʟʫ ʙʫʜʝ ʚʠʱʝ ʰʚʠʜʢʦʩʪʽ ʚʠʥʦʩʫ ʯʘʩʪʦʢ, Wʚʠʥ, ʫʪʚʦʨʶʻʪʴʩʷ 

ʛʘʟʦʚʠʡ ʩʪʨʫʤʽʥʴ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʰʘʨ ʪʘ ʚʟʜʦʚʞ ʚʽʩʽ, ʪʦ ʧʦʙʣʠʟʫ ʩʪʽʥʢʠ ʘʧʘʨʘʪʫ (ʨʠʩ. 

5.2.ʟ), ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʢʠ ʧʦʯʠʥʘʶʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ  ʚ ʥʘʧʨʷʤʢʫ ʨʫʭʫ 
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ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ï ʥʘʩʪʫʧʘʻ ʨʝʞʠʤ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʫ. ɺʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʰʘʨʫ 

ʟʥʘʯʝʥʥʷ Dʨ ʟʤʝʥʰʫʻʪʴʩʷ.  

ʇʝʨʝʭʽʜ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʡ ʪʘ ʭʘʨʘʢʪʝʨ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʘʧʘʨʘʪʫ. ʅʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ 

ʫʪʚʦʨʝʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʩʬʝʨʠʯʥʽʡ ʬʦʨʤʽ ʯʘʩʪʦʢ ʪʘ ʾʭ 

ʦʜʥʦʨʽʜʥʦʤʫ ʬʨʘʢʮʽʡʥʦʤʫ ʩʢʣʘʜʽ, ʧʨʠʯʦʤʫ ʩʪʽʡʢʝ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʥʝʨʫʭʦʤʠʤ ʥʘ 0,15. ɼʣʷ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʦʢ, ʌʝʜʦʨʦʚ ʨʝʢʦʤʝʥʜʫʻ ʧʨʠʡʤʘʪʠ ʧʦʨʦʟʥʽʩʪʴ e = 0,4; ʪʦʜʽ ʧʦʯʘʪʦʢ ʩʪʽʡʢʦʾ 

ʨʦʙʦʪʠ ʚʽʜʧʦʚʽʜʘʻ e = 0,55. ʉʪʽʡʢʝ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʱʽʣʴʥʽʡ ʬʘʟʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦ e = 

0,75. ʆʩʦʙʣʠʚʽʩʪʶ ʱʽʣʴʥʦʾ ʬʘʟʠ ʻ ʥʝʨʫʭʦʤʽʩʪʴ ʰʘʨʫ ʚ ʮʽʣʦʤʫ ʚʽʜʥʦʩʥʦ ʩʪʽʥʦʢ ʘʧʘʨʘʪʫ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʛʘʟʫ (eº0,9) ʜʦʩʷʛʘʻʪʴʩʷ ʩʪʘʥ ʰʘʨʫ, ʱʦ ʥʘʟʠʚʘʶʪʴ ʨʦʟʨʽʜʞʝʥʦʶ 

ʬʘʟʦʶ. 

ɺʝʣʠʢʽ ʯʘʩʪʠʥʢʠ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʰʘʨʫ ʟ ʙʘʨʙʦʪʘʞʝʤ ʚʝʣʠʢʠʭ 

ʙʫʣʴʙʘʰʦʢ. ɼʦʜʘʚʘʥʥʷ ʜʦ ʪʘʢʦʛʦ ʰʘʨʫ ʧʦʨʮʽʾ ʯʘʩʪʠʥʦʢ ʟ ʤʝʥʰʠʤʠ ʨʦʟʤʽʨʘʤʠ ʟʙʽʣʴʰʫʻ 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʛʘʟʦʚʽ ʙʫʣʴʙʘʰʢʠ ʩʪʘʶʪʴ ʤʝʥʰʠʤʠ. 

ʊʚʝʨʜʽ ʯʘʩʪʢʠ, ʱʦ ʩʭʠʣʴʥʽ ʜʦ ʟʣʝʞʫʚʘʥʥʷ ʘʙʦ ʘʛʨʝʛʫʚʘʥʥʷ, ʫʪʚʦʨʶʶʪʴ ʫ ʦʙʣʘʩʪʽ ʽʟ 

ʥʘʩʢʨʽʟʥʠʤʠ ʢʘʥʘʣʘʤʠ, ʱʦ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʛʘʟʫ, ʙʣʠʟʴʢʠʭ ʜʦ ʧʦʯʘʪʢʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. ɻʘʟ 

ʧʨʦʭʦʜʠʪʴ ʧʦ ʮʠʤ ʢʘʥʘʣʘʤ, ʟʘʣʠʰʘʶʯʠ ʧʨʘʢʪʠʯʥʦ ʥʝʨʫʭʦʤʦʶ ʦʩʥʦʚʥʫ ʤʘʩʫ ʯʘʩʪʠʥʦʢ 

ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʉʚʦʻʨʽʜʥʠʡ ʭʘʨʘʢʪʝʨ ʤʘʻ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʫ ʢʦʥʽʯʥʠʭ ʪʘ ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʠʭ ʘʧʘʨʘʪʘʭ, 

ʱʦ ʤʘʶʪʴ ʥʝʟʥʘʯʥʽ ʨʦʟʤʽʨʠ ʥʠʞʥʴʦʾ ʦʩʥʦʚʠ ʪʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ (40-60̄ ) ʢʫʪʠ ʧʨʠ ʚʝʨʰʠʥʽ 

ʢʦʥʫʩʫ (ʨʠʩ. 5.5). ɿʨʽʜʞʫʶʯʠʡ ʘʛʝʥʪ, ʧʨʦʭʦʜʷʯʠ ʧʝʨʝʚʘʞʥʦ ʧʦ ʦʩʽ ʘʧʘʨʘʪʫ, ʟʘʭʦʧʣʶʻ ʪʚʝʨʜʽ 

ʯʘʩʪʢʠ ʽ ʬʦʥʪʘʥʦʤ ʚʠʢʠʜʘʻ ʾʭ ʜʦ ʧʝʨʠʬʝʨʽʾ, ʧʽʩʣʷ ʯʦʛʦ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ ʚʦʥʠ ʨʫʭʘʶʪʴʩʷ 

ʚʥʠʟ ʚʟʜʦʚʞ ʙʦʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʢʦʥʫʩʫ. 

ʈʽʟʥʦʚʠʜʦʤ ʘʧʘʨʘʪʽʚ ʬʦʥʪʘʥʫʶʯʦʛʦ ʰʘʨʫ ʻ ʘʧʘʨʘʪ ʟʤʽʥʥʦʛʦ ʧʝʨʝʪʠʥʫ, ʱʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ, ʽʟ ʪʘʥʛʝʥʮʽʡʥʠʤ ʚʚʝʜʝʥʥʷʤ ʛʘʟʫ ʫ ʰʘʨ (ʨʠʩ. 5.5). ʋ ʪʘʢʠʭ ʘʧʘʨʘʪʘʭ ʜʦʙʨʝ 

ʧʩʝʚʜʦʟʨʽʜʞʫʶʪʴʩʷ ʚʠʩʦʢʦʚʦʣʦʛʽ ʪʘ ʚʦʣʦʢʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ.  
 

 

 

 
  

ʘ) ʙ)  
ʈʠʩ. 5.5. ʌʦʥʪʘʥʫʶʯʠʡ ʰʘʨ ʫ ʢʦʥʽʯʥʦʤʫ 

(ʘ) ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʤʫ (ʙ) ʘʧʘʨʘʪʘʭ 

ʈʠʩ. 5.6. ɸʧʘʨʘʪ ʬʦʥʪʘʥʫʶʯʦʛʦ ʰʘʨʫ ʽʟ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʤ ʚʚʦʜʦʤ ʛʘʟʫ: 

1 ï ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʘ ʢʘʤʝʨʘ; 2 ï ʙʝʟʧʨʦʚʘʣʴʥʘ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʘ ʨʝʰʽʪʢʘ; 

 3 ï ʨʦʙʦʯʘ ʯʘʩʪʠʥʘ ʘʧʘʨʘʪʫ; 4 ï ʩʝʧʘʨʘʪʦʨʥʠʡ ʧʨʦʩʪʽʨ. 
ʇʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʣʠʚʦ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʦʛʦ 

ʚʧʣʠʚʫ (ʤʽʰʘʣʢʘ, ʚʽʙʨʘʪʦʨ). ʊʚʝʨʜʽ ʯʘʩʪʢʠ ʧʨʠ ʮʴʦʤʫ ʤʦʞʫʪʴ ʽʥʪʝʥʩʠʚʥʦ ʨʫʭʘʪʠʩʴ ʫ ʰʘʨʽ, 

ʷʢʠʡ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠ ʩʚʽʡ ʦʙôʻʤ, ʥʘʙʫʚʘʪʠ ʧʣʠʥʥʽʩʪʴ ʪʘ ʽʥʰʝ. ʂʽʣʴʢʽʩʪʴ ʛʘʟʫ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʪʝʧʣʦʚʠʤ 

ʙʘʣʘʥʩʦʤ ʘʧʘʨʘʪʘ. 

ʏʠʩʣʝʥʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʟʨʽʜʞʫʶʯʦʛʦ 

ʛʘʟʫ ʚʠʱʝ ʜʝʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʦʜʥʦʨʽʜʥʽʩʪʴ ʧʩʝʚʜʦʟʨʽʜʞʫʶʯʦʛʦ ʰʘʨʫ, ʱʦ ʤʘʻ 

ʧʦʩʪʽʡʥʠʡ ʧʦ ʚʠʩʦʪʽ ʧʝʨʝʪʠʥ, ʟʤʝʥʰʫʻʪʴʩʷ, ʦʙôʻʤ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʟʨʦʩʪʘʻ ʧʦ ʤʽʨʽ ʾʭ 

ʧʽʜʡʦʤʫ. ʇʩʝʜʦʟʨʽʜʞʝʥʽ ʰʘʨʠ ʥʝʚʝʣʠʢʦʾ ʚʠʩʦʪʠ ʟʘʟʚʠʯʘʡ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʽ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʩʪʫ ʛʘʟʦʚʠʭ ʙʫʣʴʙʘʰʦʢ.  

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʝʭʥʽʮʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʦʙʫʤʦʚʠʣʦ ʨʷʜ ʚʘʞʣʠʚʠʭ ʧʝʨʝʚʘʛ: 

- ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʜʦʩʷʛʪʠ ʚʠʩʦʢʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʤʽʞʬʘʟʦʚʦʛʦ ʪʝʧʣʦ-ʤʘʩʦʦʙʤʽʥʫ ʘʙʦ ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʽʥʪʝʥʩʠʚʥʠʡ 

ʧʽʜʚʽʜ ʘʙʦ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽʟ ʰʘʨʫ; 
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- ʟʝʨʥʠʩʪʠʡ ʤʘʪʝʨʽʘʣ ʚ ʰʘʨʽ ʤʘʻ ʚʝʣʠʢʫ ʧʦʚʝʨʭʥʶ ʢʦʥʪʘʢʪʫ ʬʘʟ. ɿʦʢʨʝʤʘ 1 ʤ3 ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ  Å100ʤʢʤ ʤʘʻ ʟʘʛʘʣʴʥʫ ʧʣʦʱʫ, ʱʦ ʧʝʨʝʚʠʱʫʻ 30 ʪʠʩ. ʤ2, ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʣʦʱʫ 

ʧʽʨʘʤʽʜʠ ʍʝʦʧʩʘ; 

- ʧʦʨʽʚʥʷʥʘ ʧʨʦʩʪʦʪʘ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ; 

- ʥʘʷʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʤʘʣʠʭ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʙôʻʤʽ ʰʘʨʫ ʚʥʘʩʣʽʜʦʢ 

ʥ̔ʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʨʽʜʞʫʶʯʠʤ ʘʛʝʥʪʦʤ, ʪʦʙʪʦ ʜʦʩʷʛʘʻʪʴʩʷ 

ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ; 

- ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʟ ʨʦʟʤʽʱʝʥʠʤʠ ʚ 
ʥʴʦʤʫ ʧʦʚʝʨʭʥʷʤʠ; 

- ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʡ ʰʘʨ ʤʘʻ ʚʠʩʦʢʫ ʪʝʧʣʦʚʫ ʽʥʝʨʮʽʶ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

ʇʦʨʷʜ ʟ ʚʝʣʠʢʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʫ ʚʣʘʩʪʠʚʽ ʡ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ: 

- ʩʪʚʦʨʝʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʧʦʚôʷʟʘʥʦ ʽʟ ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ; 

- ʻ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʜʠʩʧʝʨʩʥʽ ʤʘʪʝʨʽʘʣʠ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʝʭʥʽʮʽ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʝ ʩʪʠʨʘʥʥʷ ʦʜʥʠʭ ʘʙʦ ʘʛʣʦʤʝʨʘʮʽʶ ʽʥʰʠʭ. ʋ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʩʪʠʨʘʶʪʴʩʷ ʽ ʚʠʥʦʩʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʠʣʫ ʟ ʘʧʘʨʘʪʫ. ʋ ʜʨʫʛʦʤʫ 

ʚʠʧʘʜʢʫ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʘʛʣʦʤʝʨʘʪʽʚ ʥʝ ʜʦʟʚʦʣʠʪʴ ʟʜʽʡʩʥʠʪʠ ʚʣʘʩʥʝ ʧʨʦʮʝʩ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. ʏʘʩʪʠʥʢʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʚʝʜʝʥʠʤʠ ʫ ʩʪʘʥ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʣʠʰʝ ʫ ʬʦʥʪʘʥʫʶʯʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ; 

- ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ ʦʙʤʝʞʝʥʘ ʟʥʘʯʝʥʥʷʤ ʰʚʠʜʢʽʩʪʶ ʚʠʥʦʩʫ 
ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ; 

- ʦʙʤʝʞʝʥʽ ʨʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʶ,  

dmax = 6-7 ʤʤ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʫʩʪʠʥʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ, ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʚôʷʟʢʦʩʪʽ ʪʘ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ; 

- ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʯʠʩʪʦ ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʚ ʘʧʘʨʘʪʽ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʠʡ 
ʨʝʞʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ; 

- ʚʽʜʩʫʪʥʽʩʪʴ  ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ, ʜʝ ʾʭ 
ʥʘʷʚʥʽʩʪʴ ʻ ʥʝʦʙʭʽʜʥʦʶ; 

- ʛʽʜʨʦʜʠʥʘʤʽʢʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʘ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ˇʨʫʥʪʦʚʥʽ 
ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʧʝʨʝʭʦʜʫ ʥʘ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ ʫʩʪʘʥʦʚʢʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ ʾʭ 

ʧʝʨʝʙʽʛʫ. 

ʇʨʦʮʝʩʠ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ: 

1) ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ: ʢʘʪʘʣʽʪʠʯʥʠʡ ʢʨʝʢʽʥʛ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʯʠʩʣʝʥʥʽ ʛʝʪʝʨʦʛʝʥʥʽ 

ʢʘʪʘʣʽʪʠʯʥʽ ʨʝʘʢʮʽʾ, ʛʘʟʠʬʽʢʘʮʽʷ ʧʘʣʠʚ, ʚʠʧʘʣ ʩʫʣʴʬʽʜʥʠʭ ʨʫʜ ʽ ʽʥʰʽ; 

2) ʬʽʟʠʯʥʽ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ: ʩʫʰʽʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ, ʧʘʩʪʦʧʦʜʽʙʥʠʭ ʽ ʨʽʜʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʨʫʜʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ, ʩʫʙʣʽʤʘʮʽʡʥʝ ʦʯʠʱʝʥʥʷ ʨʝʯʦʚʠʥ, ʨʦʟʯʠʥʝʥʥʷ ʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʩʦʣʝʡ, ʘʙʩʦʨʙʮʽʡʥʝ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ, ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ, ʥʘʛʨʽʚ ʡ 

ʦʭʦʣʦʜʞʝʥʥʷ ʛʘʟʽʚ; 

3) ʤʝʭʘʥʽʯʥʽ ʧʨʦʮʝʩʠ: ʟʙʘʛʘʯʝʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʷ, ʛʨʘʥʫʣʶʚʘʥʥʷ, ʟʤʽʰʘʥʥʷ ʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

5.4. ʂʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʘʧʘʨʘʪʽʚ ʽʟ  

                        ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ 

 

 ʋʩʧʽʰʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʽʚ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ (ɻʈʇ). ʆʩʦʙʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʻ ʪʠʧ 

ʢʦʥʩʪʨʫʢʮʽʾ ɻʈʇ. 

 ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ɻʈʇ ʻ: 

 - ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʘ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʧʨʠʩʪʨʦʶ 

(ʢʦʥʩʪʨʫʢʮʽʷ ɻʈʇ ʧʦʚʠʥʥʘ ʧʝʨʝʜʙʘʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʧʣʦʱʽ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ʚ 

ʣʦʢʘʣʴʥʠʭ ʟʦʥʘʭ); 
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 - ʙʝʟʧʨʦʚʘʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ; 

 - ʥʘʧʨʘʚʣʝʥʠʡ ʨʫʭ ʯʘʩʪʠʥʦʢ ʫ ʰʘʨʽ; 

 - ʤʽʥʽʤʘʣʴʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ; 

 - ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ. 

 ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤʠ ʻ ʧʝʨʬʦʨʦʚʘʥʽ ʨʝʰʽʪʢʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʜʥʦʛʦ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʣʠʩʪʽʚ ʟ ʦʪʚʦʨʘʤʠ. ʅʘʡʧʨʦʩʪʽʰʦʶ ʻ ʦʜʥʦʰʘʨʦʚʘ ʧʝʨʬʦʨʦʚʘʥʘ ʨʝʰʽʪʢʘ (ʨʠʩ. 5.7), 

ʱʦ ʤʦʞʝ ʤʘʪʠ ʦʪʚʦʨʠ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʬʦʨʤʠ ï ʢʨʫʛʣʽ, ʦʚʘʣʴʥʽ, ʢʚʘʜʨʘʪʥʽ, ʪʨʠʢʫʪʥʽ, ʱʽʣʠʥʥʽ, 

ʟʚʫʞʝʥʽ ʘʙʦ ʨʦʟʰʠʨʝʥʽ ʚ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʛʘʟʫ. ʈʦʟʤʽʱʝʥʥʷ ʦʪʚʦʨʽʚ ʧʦ ʧʣʦʱʽ ʨʝʰʽʪʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʚʝʨʰʠʥʘʤʠ ʪʨʠʢʫʪʥʠʢʘ. ʆʩʽ ʦʪʚʦʨʽʚ ʤʦʞʫʪʴ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʚʝʨʪʠʢʘʣʴʥʦ 

ʘʙʦ ʧʽʜ ʜʝʷʢʠʤ ʢʫʪʦʤ ʜʦ ʧʣʦʱʠʥʠ ʨʝʰʽʪʢʠ.  

 ʉʧʽʣʴʥʠʤ ʪʘ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʧʨʦʩʪʠʭ ʧʝʨʬʦʨʦʚʘʥʠʭ ʨʝʰʽʪʦʢ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʫʪʚʦʨʝʥʥʷ ʟʘʩʪʽʡʥʠʭ ʟʦʥ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʽʞ ʦʪʚʦʨʘʤʠ. ʆʢʨʽʤ ʪʦʛʦ, ʻ ʚʝʣʠʢʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʦʚʘʣʫ ʯʘʩʪʠʥʦʢ ʯʝʨʝʟ ʦʪʚʦʨʠ ʧʝʨʬʦʨʦʚʘʥʦʾ ʨʝʰʽʪʢʠ ʪʘ ʟʘʙʠʚʘʥʥʷ ʦʪʚʦʨʽʚ ʧʨʠ ʤʘʣʠʭ 

ʰʚʠʜʢʦʩʪʷʭ ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʘ. 

 
ʈʠʩ. 5.7. ʂʦʥʩʪʨʫʢʮʽʾ ʧʝʨʬʦʨʦʚʘʥʠʭ ʨʝʰʽʪʦʢ 

 

 ɺʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ʟʘʧʦʙʽʛʘʥʥʷ 

ʧʨʦʚʘʣʶʚʘʥʥʷ ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʨʝʰʽʪʦʢ (ʜʚʦ- ʪʘ 

ʪʨʠʰʘʨʦʚʠʭ) (ʨʠʩ. 5.8). ʇʨʠ ʮʴʦʤʫ ʰʘʨʠ ʨʝʰʽʪʦʢ ʨʦʟʪʘʰʦʚʫʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʫʪʘ 

ʧʨʠʨʦʜʥʦʛʦ ʥʘʭʠʣʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘʢ, ʱʦʙ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʧʨʦʩʠʧʘʚʩʷ ʢʨʽʟʴ ʦʪʚʦʨʠ 

ʧʝʨʰʦʛʦ ʰʘʨʫ ʨʝʰʽʪʦʢ, ʥʝ ʧʦʪʨʘʧʣʷʚ ʜʦ ʦʪʚʦʨʽʚ ʜʨʫʛʦʛʦ ʰʘʨʫ. ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʧʨʦʚʘʣʶʚʘʥʥʷ ʦʩʥʦʚʥʫ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʫ ʨʝʰʽʪʢʫ ʧʦʢʨʠʚʘʶʪʴ ʩʽʪʢʦʶ ʟ ʜʨʽʙʥʠʤʠ ʦʪʚʦʨʘʤʠ 

(ʨʠʩ.5.8ʘ). ɸʣʝ ʮʝ ʨʽʰʝʥʥʷ ʥʝ ʜʫʞʝ ʚʜʘʣʝ, ʪʦʤʫ ʱʦ ʩʽʪʢʘ, ʷʢʘ ʧʦʚʝʨʥʝʥʘ ʜʦ ʰʘʨʫ, ʧʽʜʜʘʻʪʴʩʷ 

ʝʨʦʟʽʡʥʽʡ ʜʽʾ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʾʾ ʟʥʦʩʫ, ʽ ʰʚʠʜʢʦ ʟʘʙʠʚʘʻʪʴʩʷ. 

 ʈʝʰʽʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʟ ʜʝʷʢʠʤ ʩʪʫʧʝʥʝʤ ʨʫʭʦʤʦʩʪʽ (ʨʠʩ. 5.8ʚ, ʛ). ɺ 

ʥʝʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʦʪʚʦʨʠ ʚ ʥʠʭ ʟʘʢʨʠʪʽ ʯʠ ʜʦʩʪʘʪʥʴʦ ʤʘʣʽ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʚʘʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ. ʇʨʠ ʧʦʜʘʯʽ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ ʪʘʢʽ ʨʝʰʽʪʢʠ ʨʦʟʪʷʛʫʶʪʴʩʷ ʽ 

ʚʠʛʠʥʘʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʽ ʦʪʚʦʨʠ ʚʽʜʢʨʠʚʘʶʪʴʩʷ. ʊʘʢʽ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʘʙʽʨʥʠʤʠ ʟ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʘʙʦ ʩʫʮʽʣʴʥʠʤʠ, ʘʙʦ ʟ ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʛʫʤʠ ʘʙʦ ʝʣʘʩʪʠʯʥʦʾ ʩʽʪʢʠ. ʉʧʦʩʽʙ ʙʘʛʘʪʦʰʘʨʦʚʦʩʪʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʽ ʚ 

ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. ʊʘʢ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʛʨʽʚʫ ʽ ʝʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʨʦʟʧʦʜʽʣʴʥʦʾ ʧʣʘʩʪʠʥʠ 

ʾʾ ʧʦʢʨʠʚʘʶʪʴ ʽʟ ʩʪʦʨʦʥʠ ʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʞʘʨʦʩʪʽʡʢʠʤ ʘʙʦ ʟʥʦʩʦʩʪʽʡʢʠʤ ʤʘʪʝʨʽʘʣʦʤ 

(ʨʠʩ.5.8ʜ). ɯʥʦʜʽ ʟ ʪʘʢʦʶ ʞ ʤʝʪʦʶ ʧʨʦʩʪʦ ʟʘʩʠʧʘʶʪʴ ʰʘʨ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʰʤʘʪʢʽʚ 

ʪʝʨʤʦʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ, (ʨʠʩ.5.8ʞ). ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʘʩʪʠʥʠ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ 

(ʢʫʣʽ, ʢʽʣʴʮʷ, ʮʠʣʽʥʜʨʠ, ʧʨʦʧʝʣʝʨʠ) ʪʘ ʪʽʣʘ ʽʥʰʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʚ ʦʜʥʠʭ ʚʠʧʘʜʢʘʭ 

ʮʽ ʯʘʩʪʠʥʢʠ ʚʠʙʠʨʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʨʠ ʧʦʜʘʯʽ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ ʚʦʥʠ ʯʘʩʪʢʦʚʦ ʘʙʦ 

ʧʦʚʥʽʩʪʶ ʟʨʽʜʞʫʚʘʣʠʩʴ, ʘ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʟʚʝʨʭʫ ʟʘʩʠʧʢʠ ʨʦʟʪʘʰʦʚʫʶʪʴ ʦʙʤʝʞʫʚʘʣʴʥʫ 

ʨʝʰʽʪʢʫ. ʋ ʚʠʧʘʜʢʫ ʚʧʦʨʷʜʢʦʚʘʥʦʾ ʥʘʩʘʜʢʠ ʰʘʨ ʾʾ ʨʝʰʽʪʢʠ ʤʦʞʝ ʙʫʪʠ ʧʦʩʪʽʡʥʦ ʾʘʙʦ ʟʤʽʥʥʦʾ 

ʚʠʩʦʪʠ. 
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ʈʠʩ. 5.8. ɹʘʛʘʪʦʰʘʨʦʚʽ ʧʝʨʬʦʨʦʚʘʥʽ ʨʝʰʽʪʢʠ 
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ʈʠʩ. 5.8. ɹʘʛʘʪʦʰʘʨʦʚʽ ʧʝʨʬʦʨʦʚʘʥʽ ʨʝʰʽʪʢʠ 

 

 ʗʢʱʦ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʟʘʨʷʜʽʚ ʩʪʘʪʠʯʥʦʾ ʝʣʝʢʪʨʠʢʠ, ʪʦ 

ʨʝʰʽʪʢʫ ʟʘʭʠʱʘʶʪʴ ʰʘʨʦʤ ʜʽʝʣʝʢʪʨʠʢʘ ʘʙʦ ʚ ʤʽʩʮʷʭ ʚʚʝʜʝʥʥʷ ʛʘʟʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʽʦʥʽʟʘʪʦʨʠ 

ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɯʥʢʦʣʠ ʚ ʦʪʚʦʨʘʭ ʨʝʰʽʪʢʠ ʚʩʪʘʥʦʚʣʶʶʪʴ ʛʝʥʝʨʘʪʦʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʢʦʣʠʚʘʥʴ, ʱʦ ʩʧʨʠʷʻ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ, ʘʙʦ ʟʘʧʘʣʴʥʠʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʩʧʘʣʶʚʘʥʥʷ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʜʯʘʩʥʦʤʫ ʟʤʽʰʘʥʥʶ ʨʝʘʛʝʥʪʽʚ ʦʨʛʘʥʽʟʫʶʪʴ 

ʨʦʟʜʽʣʴʥʫ ʧʦʜʘʯʫ ʾʭ ʟʘ  ʜʦʧʦʤʦʛʦʶ ʧʦʜʚʽʡʥʠʭ ʨʝʰʽʪʦʢ. 

 
ʈʠʩ.5.9. ʉʧʝʮʽʘʣʴʥʽ ʧʝʨʬʦʨʦʚʘʥʽ ʨʝʰʽʪʢʠ 

 

 ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʛʨʽʚʫ (ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʶ) ʨʝʰʽʪʦʢ ʾʭ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʪʝʧʣʦʦʙʤʽʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʚʤʦʥʪʦʚʫʶʪʴʩʷ ʚ ʨʝʰʽʪʢʫ. 

 ʃʽʢʚʽʜʫʚʘʪʠ ʟʘʩʪʽʡʥʽ ʟʦʥʠ ʤʦʞʥʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ.  

 1) ʆʜʠʥ ʟ ʥʠʭ ï ʮʝ ʟʚʝʜʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʘʙʦ ʧʦʚʥʝ ʫʩʫʥʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʜʽʣʷʥʦʢ 

ʚ ʧʣʦʱʠʥʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʾ ʨʝʰʽʪʢʠ (ʨʠʩ. 5.9 ʘ-ʚ). ʅʘʡʧʨʦʩʪʽʰʠʡ ʩʧʦʩʽʙ ï ʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʦʪʚʦʨʽʚ ʟ ʦʜʥʽʻʾ ʘʙʦ ʟ ʦʙʦʭ ʩʪʦʨʽʥ (ʨʠʩ. 5.9 ʘ,ʙ). 

 2) ɼʨʫʛʠʡ ʩʧʦʩʽʙ ï ʦʨʛʘʥʽʟʘʮʽʷ ʧʘʨʘʣʝʣʴʥʦʛʦ ʥʘʜʫʚʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʜʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʟ ʧʣʦʩʢʠʭ ʜʽʣʷʥʦʢ ʨʝʰʽʪʢʠ, ʽ ʥʘʧʨʘʚʣʝʥʠʡ ʨʫʭ ʫʩʴʦʛʦ ʰʘʨʫ (ʨʠʩ. 5.9 ʛ,ʜ). ʎʝ 
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ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʦʩʽʯʝʥʥʷʤ ʫ ʨʝʰʽʪʮʽ ʬʽʛʫʨʥʠʭ ʦʪʚʦʨʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʚʠʪʽʢ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʩʪʨʫʤʝʥʽʚ. ʅʘʧʨʷʤ ʚʠʪʦʢʽʚ ʩʪʨʫʤʝʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʩʪʽʡʥʠʤʠ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʧʣʦʱʽ 

ʨʝʰʽʪʢʠ ʘʙʦ ʟʤʽʥʥʠʤʠ. ɯʩʥʫʶʪʴ ʨʝʰʽʪʢʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʘʙʦ ʦʙʝʨʪʦʚʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʰʘʨʫ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʚ ʮʝʥʪʨʽ ʨʝʰʽʪʢʠ ʯʘʩʪʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚʠʪʠʩʢʫʚʘʯ  

ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ñʤʝʨʪʚʠʭ ʟʦʥò ʘʙʦ ʚʠʢʦʥʫʶʪʴ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʫ ʨʝʰʽʪʢʫ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʮʷ ʯʠ 

ʽʥʰʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ. 

 3) ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʬʦʨʦʚʘʥʠʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʩʣʽʜ 

ʚʚʘʞʘʪʠ ʨʝʰʽʪʢʠ, ʚʠʢʦʥʘʥʽ ʟ ʜʝʢʽʣʴʢʦʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʤʽʞ ʩʦʙʦʶ ʱʽʣʠʥʫ. ɺʦʥʠ 

ʜʽʩʪʘʣʠ ʥʘʟʚʫ ʢʦʣʦʩʥʠʢʦʚʠʭ. ʂʦʣʦʩʥʠʢʦʚʽ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʽʟ ʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʛʦ 

ʧʨʦʬʽʣʶ, ʨʠʩ. 5.10, ï ʥʘʭʠʣʝʥʠʭ ʧʣʘʩʪʠʥ, ʢʫʪʽʚ, ʙʘʣʦʢ, ʪʨʫʙ, ʥʘʧʽʚʪʨʫʙ, ʰʚʝʣʝʨʽʚ ʊ-, ɻ-, S- 

ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʽ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʩʧʦʣʫʯʝʥʴ. ʗʢ ʽ ʧʝʨʬʦʨʦʚʘʥʽ ʨʝʰʽʪʢʠ, ʢʦʣʦʩʥʠʢʦʚʽ ɻʈʇ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʦ- ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ. 

 
 

 

ʈʠʩ. 5.10. ʂʦʣʦʩʥʠʢʦʚʽ ʨʝʰʽʪʢʠ 

 

 ʑʽʣʠʥʠ ʫ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʣʦʩʥʠʢʦʚʠʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʨʽʻʥʪʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʘʙʦ ʧʽʜ ʢʫʪʦʤ ʦʜʥʘ ʜʦ ʦʜʥʦʾ, ʥʘʡʯʘʩʪʽʰʝ ʫ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʏʘʩʪʦ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʢʠ ʚʠʢʦʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʧʽʨʘʣʽ 

ɸʨʭʽʤʝʜʘ, ʨʠʩ. 5.10 ʙ), ʚʠʛʥʫʪʦʾ ʽʟ ʤʝʪʘʣʝʚʦʾ ʩʪʨʽʯʢʠ, ʪʨʫʙ ʽ ʪ. ʽʥ. ʈʦʟʧʽʟʥʘʶʪʴ ʧʨʦʚʘʣʴʥʽ ʪʘ 

ʙʝʟʧʨʦʚʘʣʴʥʽ ʨʦʟʧʦʜʽʣʴʥʠʢʠ ʟ ʧʦʩʪʽʡʥʠʤʠ ʪʘ ʨʝʛʫʣʴʦʚʘʥʠʤʠ ʟʘʟʦʨʘʤʠ (ʨʠʩ. 5.10 ʛ). ʈʦʟʤʽʨ 

ʢʦʣʦʩʥʠʢʽʚ ʙʣʠʟʴʢʠʡ ʜʦ ʨʦʟʤʽʨʫ ʘʧʘʨʘʪʘ, ʘʣʝ ʽʥʢʦʣʠ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʚʠʢʦʥʫʶʪʴʩʷ 

ʟʙʽʨʥʠʤʠ ʟ ʜʝʢʽʣʴʢʦʭ ʤʝʥʰʠʭ ʟʘ ʛʘʙʘʨʠʪʘʤʠ ʙʣʦʢʽʚ. ʎʝ ʧʦʣʝʛʰʫʻ ʤʦʥʪʘʞʥʽ ʪʘ ʨʝʤʦʥʪʥʽ 

ʨʦʙʦʪʠ. ʂʦʣʦʩʥʠʢʦʚʽ ɻʈʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʟʘʩʪʽʡʥʠʭ ʟʦʥ: ʘʙʦ ʟʘ ʨʘʭʫʥʦʢ ʾʭ 

ʬʦʨʤʠ, ʘʙʦ ʧʽʜ ʜʽʻʶ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʩʪʨʫʤʝʥʽʚ, ʱʦ ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʟʜʫʚʘʶʪʴ ʤʘʪʝʨʽʘʣ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʜʽʣʷʥʦʢ. 

 ʑʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʦʚʘʣʫ ʯʘʩʪʠʥʦʢ ʻ ʟʘʭʠʩʪ ʦʪʚʦʨʽʚ ʨʝʰʽʪʢʠ. ʆʜʠʥ ʟ 

ʥʠʭ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʚ ʦʪʚʦʨʘʭ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ʢʣʘʧʘʥʘ, ʜʨʫʛʠʡ 

ï ʫʩʪʘʥʦʚʢʘ ʚ ʦʪʚʦʨʘʭ ʥʘ ʨʽʚʥʽ ʟ ʧʣʦʱʠʥʦʶ ʨʝʰʽʪʢʠ ʩʽʪʯʘʩʪʠʭ ʪʘ ʧʦʨʠʩʪʠʭ ʝʣʝʤʝʥʪʽʚ. ɸʣʝ 

ʦʩʪʘʥʥʽ ʤʘʶʪʴ ʦʯʝʚʠʜʥʽ ʥʝʜʦʣʽʢʠ ï ʰʚʠʜʢʝ ʟʘʙʠʚʘʥʥʷ ʦʪʚʦʨʽʚ ʪʘ ʟʥʦʩ ʩʽʪʦʢ ʽ ʪ.ʽʥ. 

ʘ) ʙ) ʚ) 

ʛ) 

ʜ) ʻ) 

ʞ) 
ʟ) 
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 ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʢʦʥʩʪʨʫʢʮʽʡ ʚʩʪʘʚʦʢ ʫ ʦʪʚʦʨʘʭ ʧʨʠʚʝʣʦ ʜʦ ʩʪʚʦʨʝʥʥʷ ʮʽʣʦʛʦ 

ʢʣʘʩʫ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ï ʢʦʚʧʘʯʢʦʚʠʭ ʨʝʰʽʪʦʢ,  

ʨʠʩ 2.11. 

 

 
ʈʠʩ. 2.11. ʂʦʚʧʘʯʢʦʚʽ ʨʝʰʽʪʢʠ 

 

 ʂʦʥʩʪʨʫʢʮʽʾ ʮʠʭ ʨʝʰʽʪʦʢ ʜʦʩʠʪʴ ʧʦʚʥʦ ʥʘʚʦʜʷʪʴʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ. ʋ ʢʦʚʧʘʯʢʦʚʠʭ 

ʨʝʰʽʪʢʘʭ ʾʭ ʨʦʟʨʽʟʥʷʶʪʴ ʟ ʨʫʭʦʤʠʤʠ, ʨʠʩ. 2.11 ,̒ʣ) ʽ ʥʝʨʫʭʦʤʠʤʠ, ʨʠʩ. 2.11 ʘ-ʽ, ʢ) ʢʦʚʧʘʯʢʘʤʠ. 

ʌʦʨʤʘ ʾʭ ʤʦʞʝ ʙʫʪʠ ʮʠʣʽʥʜʨʠʯʥʦʶ, ʢʦʥʽʯʥʦʶ, ʩʧʽʨʘʣʴʥʦʶ, ʧʽʨʘʤʽʜʦʧʦʜʽʙʥʦʶ ʪʘ ʽʥ. 

ʂʦʚʧʘʯʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʦʧʦʨʥʠʤʠ ʚʠʩʪʫʧʘʤʠ ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʬʦʨʤʠ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʇʨʠ ʮʴʦʤʫ ʮʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʦʧʦʨʥʠʤʠ, ʪʘʢ ʽ ʦʜʥʦʯʘʩʥʦ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʢʘʥʘʣʽʚ ʚʚʝʜʝʥʥʷ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ. ʋ ʪʽʣʽ ʢʦʚʧʘʯʢʘ ʟʨʦʙʣʝʥʽ ʦʪʚʦʨʠ ʨʽʟʥʦʾ 

ʬʦʨʤʠ, ʷʢʽ ʦʨʽʻʥʪʦʚʘʥʽ ʧʽʜ ʢʫʪʦʤ ʜʦ ʧʣʦʱʠʥʠ ʨʝʰʽʪʢʠ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʧʦʧʘʜʘʥʥʶ ʤʘʪʝʨʽʘʣʫ ʚ 

ʦʪʚʦʨʠ ʢʦʚʧʘʯʢʘ. ʆʪʚʦʨʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʦʜʠʥ ʨʷʜ, ʫ ʜʝʢʽʣʴʢʘ ʨʷʜʽʚ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʘ) ʚ) 

ʛ) ʜ) ʻ) 

ʙ) 

ʟ) ʽ) ʡ) 

ʢ) ʣ) ʤ) 
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ʦʩʽ ʢʦʚʧʘʯʢʘ ʘʙʦ ʧʽʜ ʢʫʪʦʤ ʜʦ ʥʝʾ ï ʪʘʥʛʝʥʮʽʡʥʦ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʭʦʜʠʪʴ 

ʟʘʢʨʫʯʝʥʥʷ ʰʘʨʫ ʥʘʚʢʦʣʦ ʢʦʚʧʘʯʢʘ, ʱʦ ʩʧʨʠʷʻ ʡʦʛʦ ʪʫʨʙʫʣʽʟʘʮʽʾ ʪʘ ʧʝʨʝʤʽʱʝʥʥʶ. ʃʦʢʘʣʴʥʘ 

ʪʫʨʙʫʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʜʦʩʷʛʥʫʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷʤ  ʢʦʚʧʘʯʢʽʚ ʟ ʥʦʨʤʘʣʴʥʦʶ 

ʦʨʽʻʥʪʘʮʽʻʶ ʦʪʚʦʨʽʚ. ɸʣʝ ʜʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʪʘʰʫʚʘʪʠ ʢʦʚʧʘʯʢʠ ʦʜʥʽ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʪʨʫʤʝʥʽ, ʷʢʽ ʚʠʪʽʢʘʶʪʴ ʟ ʛʨʫʧʠ ʩʫʩʽʜʥʽʭ ʢʦʚʧʘʯʢʽʚ, ʙʫʣʠ ʥʘʧʨʘʚʣʝʥʽ ʧʦ 

ʜʦʪʠʯʥʽʡ ʜʦ ʩʪʚʦʨʶʚʘʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʚʠʭʦʨʫ. ʗʢ ʽ ʧʝʨʬʦʨʦʚʘʥʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʽ ʧʨʠʩʪʨʦʾ, 

ʢʦʚʧʘʯʢʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʽ ʧʦʩʪʫʧʘʣʴʥʠʡ, ʽ ʦʙʝʨʪʦʚʠʡ ʨʫʭ ʰʘʨʫ ʧʦ ʚʩʽʡ ʧʣʦʱʠʥʽ 

ʨʝʰʽʪʢʠ. 

 

2.5 ʆʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ. ɼʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʰʘʨʫ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʩʪʘʥʽ 

ʥʝʦʙʭʽʜʥʠʡ ʙʝʟʧʝʨʝʨʚʥʠʡ ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ ʤʽʞ ʥʠʤʠ ʪʘ ʛʘʟʦʤ. ɽʥʝʨʛʽʷ, ʱʦ ʚʽʜʜʘʻʪʴʩʷ ʛʘʟʦʤ, 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʯʘʩʪʦʢ ʤʽʞ ʩʦʙʦʶ ʪʘ ʛʘʟʫ ʟ ʾʭ ʧʦʚʝʨʭʥʝʶ, ʩʠʣ ʪʝʨʪʷ 

ʯʘʩʪʦʢ ʪʘ ʛʘʟʫ ʽʟ ʩʪʽʥʢʘʤʠ ʘʧʘʨʘʪʫ, ʘ ʪʘʢʦʞ ʥʘ ʟʤʽʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʟʫ ʪʘ ʨʦʟʰʠʨʝʥʥʷ 

ʰʘʨʫ. ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʛʘʟʫ ʟ ʧʦʚʝʨʭʥʝʶ 

ʯʘʩʪʦʢ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʨʽʚʥʦʩʪʽ ʩʠʣʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʪʘ ʩʠʣʠ, ʱʦ ʧʨʦʪʠʜʽʻ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʶ ʯʘʩʪʦʢ ʛʘʟʦʚʠʤ ʧʦʪʦʢʦʤ ʫ ʧʦʣʽ ʩʠʣ ʪʷʞʽʥʥʷ, ʦʜʝʨʞʘʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 ø

ø0

òM

ò

g
p dM

S
D =ñ  (2.1) 

ʊʫʪ Dʨh ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ; g ïʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; 

Sh  ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʰʘʨʫ; ʄʪ ï ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. 

 ò ò ñ ø( )(1 )dM S dz= r -r -e (2.2) 

ʜʝ rʪ ʽ rʩ ï ʛʫʩʪʠʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʩʝʨʝʜʦʚʠʱʘ, ʚʽʜʧʦʚʽʜʥʦ; z ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪʠ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ.  

ʇʽʜʩʪʘʚʠʚ ʟʥʘʯʝʥʥʷ ʄʪ ʜʦ ʨʽʚʥʷʥʥʷ (2.1), ʦʜʝʨʞʠʤʦ:  

 ø ò ñ

0

( ) (1 )

H

p g dzD = r -r -eñ  (2.3) 

ɺʚʘʞʘʶʯʠ ʧʦʨʦʟʥʽʩʪʴ e ʥʝʟʤʽʥʥʦʶ ʧʦ ʚʠʩʦʪʽ ʅ ʰʘʨʫ ʫ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ ʘʙʦ ʧʨʠʡʤʘʶʯʠ ʾʾ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʻʤʦ: 

 ø ò( ) (1 )ñp g HD = r -r -e (2.4) 

ɿ ʨʽʚʥʷʥʥʷ (2.3) ʚʠʧʣʠʚʘʻ, ʱʦ Dʨh ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ. ʊʦʜʽ ʚʠʨʘʟ (2.3) 

ʩʧʨʘʚʝʜʣʠʚʠʡ ʽ ʜʣʷ ʰʘʨʫ ʚ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ: 

 ø ò ñ 0 0( ) (1 )p g HD = r -r -e (2.5) 

ɼʝ e0 ï ʧʦʨʦʟʥʽʩʪʴ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ (ʷʢ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʜʣʷ ʯʘʩʪʦʢ ʦʢʨʫʛʣʦʾ ʬʦʨʤʠ 

ʧʨʠʡʤʘʻʪʴʩʷ ʫ ʩʝʨʝʜʥʴʦʤʫ 0,4) ʅ0 ï ʚʠʩʦʪʘ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ. 

ɼʣʷ ʘʧʘʨʘʪʽʚ ʽʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʘʙʦ ʪʨʦʭʠ ʧʦʭʠʣʠʤʠ ʩʪʽʥʢʘʤʠ ʬʦʨʤʫʣʠ (2.4) ʪʘ (2.5) 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʇʽʢ ʪʠʩʢʫ, ʦʜʝʨʞʘʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʧʝʩʚʜʦʟʨʽʜʞʝʥʠʡ ʩʪʘʥ ʫ 

ʘʧʘʨʘʪʘʭ ʽʟ ʰʘʨʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʥʝʟʥʘʯʥʠʡ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʪʘ 

ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʪʘ ʱʽʣʴʥʦʩʪʽ ʾʭ ʧʘʢʫʥʢʫ. 
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ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʽʩʥʫʻ ʢʽʣʴʢʘ ʤʝʪʦʜʽʚ: 

1. ʄʝʪʦʜ ʙʘʣʘʥʩʫ ʩʠʣ. 

ʂʣʘʩʠʯʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʩʠʣʠ, ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʦʜʥʽʻʾ ʩʬʝʨʠʯʥʦʾ ʯʘʩʪʠʥʢʠ (ʨʠʩ. 5.12) 

S = G ï A, 

ʜʝ S ï ʩʠʣʠ ʪʝʨʪʷ, ʟʫʤʦʚʣʝʥʽ ʨʫʭʦʤ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʫ, G, ɸ ï ʚʽʜʧʦʚʽʜʥʦ ʩʠʣʠ ʪʷʞʽʥʥʷ ʡ 

ʩʠʣʘ ɸʨʭʽʤʝʜʘ. 

ɺʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʫ ʧʽʜʩʪʘʥʦʚʢʫ, ʦʜʝʨʞʠʤʦ: 

 ( )
22 3

êð

ñ ò c
4 2 6

Wd d
g

p p
x r = r -r Ö (5.6) 

ʜʝ 

2

4

dp
 - ʧʣʦʱʘ ʧʝʨʝʪʠʥʫ ʯʘʩʪʠʥʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʚʝʢʪʦʨʫ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ, 

8

p
x =y - ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ. 

ɿʨʦʙʠʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʜʝʨʞʠʤʦ: 

 2 ì c
ã ñ

c

( )

6

d
W g

r -rp
y r =y

r
 (5.7) 

ɿʚʽʜʢʠ Wʢʨ 

 
( )ì c

êð

c6

dg
W

p r -r
=

yÖr
 (5.8) 

 

2. ʄʝʪʦʜ ʧʨʦʬʝʩʦʨʘ ʃʷʱʝʥʢʦ. 

ʎʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ ʢʨʠʪʝʨʽʷ ʈʝʡʥʦʣʴʜʩʘ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʨʠʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ.                                                

 
êð

êðRe
W d
=
n

, (5.9) 

ʟʚʽʜʢʠ ʢʚʘʜʨʘʪ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ: 

 

2 2

êð2

êp 2

Re
W

d

n
=

 (5.10) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʝ ʟʥʘʯʝʥʥʷ ʢʚʘʜʨʘʪʘ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʨʽʚʥʷʥʥʷ (5.8), 

ʦʜʝʨʞʠʤʦ: 

 
( )ì c2

êð

c6

d
W g

r -rp
=y

r

 (5.11) 

ɺʠʢʦʥʘʚʰʠ ʟʘʤʽʥʫ ʫ ʨʽʚʥʷʥʥʽ (5.11) W2
ʢʨ ʥʘ (5.7), ʦʜʝʨʞʠʤʦ: 

 
( )2 2

êð ì c

2

c

Re

6

d
g

d

n r -rp
=y

r
  

(5.12) 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʨʽʚʥʷʥʥʷ (5.12) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ:  

 
3

2 ì c
êð 2

c

( )
Re

6

gd r -rp
=
n yr

,

 (5.13) 

ʘʙʦ,                                         2

êðRe Ar
6

p
y = . 

 

ʄʘʶʯʠ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ɣ Re2
kp = f(Ar), ʟʘ ʟʥʘʯʝʥʥʷʤ Ar ʟʥʘʭʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ɣRe2kp , ʘ 
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ʧʦʪʽʤ ʽ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ  

(ʨʠʩ. 5. 12). 

 
ʈʠʩ. 5.12 ɿʘʣʝʞʥʽʩʪʴ yRe2

ʢʨ=f(Ar ) 

 

ʙ) ʜʣʷ ʯʘʩʪʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʧʨʦʬʝʩʦʨ ʃʷʱʝʥʢʦ ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʘʩʪʫʧʥʠʡ ʤʝʪʦʜ  

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. ʈʦʟʜʽʣʠʤʦ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ 

(5.13) ʥʘ Re3. 
2

3 3

Re Ar 1
,

Re 6 Re 6 Ly

y p p
= =  

 
3Re

àáî Ly
Ar

=   (5.14) 

ɺʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʫ ʧʽʜʩʪʘʥʦʚʢʫ, 

( ) ( )

33 3 2

cêð c êð

3

ì c ì c

Ly
WW d

gd g

rnr
= =
n r -r n r -r

 

ɿʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ ʰʚʠʜʢʽʩʪʴ: 

( )
ì c

êð

c

y
3

L g
W

n r -r
=

r

                                      (5.15)  

ɺʠʭʦʜʷʯʠ ʟ ʚʽʜʦʤʦʾ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ, ʦʙʯʠʩʣʝʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦ ʢʨʠʪʝʨʽʶ ɸʨʭʽʤʝʜʘ ʧʦ 

ʛʨʘʬʽʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ Ly = f(Ar), ʨʠʩ. 5.13, ʟʥʘʭʦʜʠʤʦ ʢʨʠʪʝʨʽʡ ʃʷʱʝʥʢʦ, ʘ ʧʦʪʽʤ ʢʨʠʪʠʯʥʫ 

ʰʚʠʜʢʽʩʪʴ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

ʇʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʫ ʰʚʠʜʢʦʩʪʽ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ: 

- ʨʦʟʨʘʭʦʚʫʻʤʦ ʯʠʩʣʦ ɸʨʭʽʤʝʜʘ; 

- ʚʠʟʥʘʯʘʻʤʦ e (e0, eʨ, eʚʠʥ); 

- ʚʠʟʥʘʯʘʻʤʦ ʢʨʠʪʝʨʽʡ ʃʷʱʝʥʢʘ Ly (Lyʢʨ, Lyʨ, Lyʚʠʥ). 

Ar  

ɊRe2kp 
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ʈʠʩ. 5.13. ɿʘʣʝʞʥʽʩʪʴ Ly=f(Ar ,e): 

1 - e=0,4; 2 - e=1; 3 ï ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ Ly; 4 ï ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ  ʰʚʠʜʢʦʩʪʝʡ. 

 ʆʙʣʘʩʪʴ 5 ï ʦʨʽʻʥʪʦʚʥʘ ʦʙʣʘʩʪʴ ʨʦʙʦʪʠ ʩʫʰʘʨʦʢ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ. 

3. ʄʝʪʦʜ ʧʨʦʬ. ʆ.ʄ.ʊʦʜʝʩʘ. 

 

ʋ ʚʠʧʘʜʢʫ ʤʦʥʦʜʠʩʧʝʨʩʥʦʛʦ ʰʘʨʫ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʦʬʝʩʦʨ ʆ.ʄ.ʊʦʜʝʩ ʧʨʦʧʦʥʫʚʘʚ 

ʧʝʨʝʪʚʦʨʠʪʠ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʰʘʨʫ: 

 ( )( ) ( )( )ø ì c 0 0 ì c p p1 1P h g h gD = r -r -e = r -r -e. 

 ʽ ʧʽʜʩʪʘʥʦʚʢʠ ʜʦ ʥʝʾ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʜʣʷ 

ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ: 

 
êð

0

3 3

0 0

Re
1 1,75

150

Ar

Ar
=

-e
+

e e

. (5.16)  

ʋ ʚʠʧʘʜʢʫ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠʡʤʘʶʪʴ Ů = 0,4 , ʪʦʜʽ ʬʦʨʤʫʣʘ (16.16) 

ʥʘʙʫʚʘʻ ʚʠʜʫ: 

 êð

Ar
Re =

1400 +5,22 Ar
.  (5.17) 

ɼʣʷ ʯʘʩʪʠʥʦʢ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʷ ɸʨʭʽʤʝʜʘ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʩʪʘʚʣʷʪʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ:  

 
1

å
i

i

d
x

d

=

ä

,  

ʜʝ ʭi ï ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʽ-ʾ ʬʨʘʢʮʽʾ; 

di ï ʩʝʨʝʜʥʴʦʛʝʦʤʝʪʨʠʯʥʠʡ ʜʽʘʤʝʪʨ ʽïʾ  ʬʨʘʢʮʽʾ. 

ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʟʥʘʭʦʜʷʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʗʢʱʦ ʥʝ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʩʠʪʦʚʠʡ ʘʥʘʣʽʟ, ʪʦ ʦʙʯʠʩʣʶʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʯʘʩʪʢʠ, ʘ ʧʦʪʽʤ ʟʥʘʭʦʜʷʪʴ 
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ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ: 

 
å øÔd d=  (5.18) 

 3

ø 1,24d V= , 

 
2

3

Ô 0,207
S

V
=  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʥʘʧʽʚʝʤʧʽʨʠʯʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʠʩʫ ʫʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʽʩʥʫʚʘʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ: 

 
4.75

4.75

Ar
Re

18 0,61 Ar

e
=
+ e

.  (5.19) 

ɺʠʨʘʟ (5.19) ʧʨʠ e=1,0 ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 âèí

Ar
Re

18 0,61 Ar
=
+

. (5.20) 

ɼʦ ʩʫʪʪʻʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʽʘʧʘʟʦʥʫ ʽʩʥʫʚʘʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʤʦʞʝ ʩʣʫʞʠʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

 âèí
ì àêñ

êð

W
Ê

W
=  

 
 

ʈʠʩ. 5.14. ɿʘʣʝʞʥʽʩʪʴ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʣʽʜʠʩʧʝʨʩʥʦʩʪʽ ʚʽʜ ʢʨʠʪʝʨʽʷ ʃʷʱʝʥʢʘ Dʤʘʢʩ=f(Ly) 

 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʟʘʣʝʞʥʦʩʪʽ ʂʤʘʢʩ ʚʽʜ ʢʨʠʪʝʨʽʶ ɸʨʭʽʤʝʜʘ Ar ʤʦʞʥʘ 

ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʨʽʚʥʷʥʥʷʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʦʯʘʪʢʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʪʘ ʚʠʥʦʩʫ.  

 ɺʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ (5.17) ʪʘ (5.20) ʪʘ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ Reʚʠʥ/ Reʢʨ= Wʚʠʥ/Wʢʨ, 

ʦʜʝʨʞʫʻʤʦ: 

 ì àêñ

1400 5,22 Ar

18 0,61 Ar
K

+
=

+
. (5.21) 

ʇʨʠ ʮʴʦʤʫ ʚ ʦʙʣʘʩʪʽ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ (ʜʣʷ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ) ʚʝʣʠʯʠʥʘ Ar ʤʘʣʘ ʽ    

 ʂʤʘʢʩ ­ 1400/18 = 77,7.  (5.22) 

ɺ ʦʙʣʘʩʪʽ ʨʦʟʚʠʥʝʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ (ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ Ar) 

 ʂʤʘʢʩ ­ 5,22/0,61 = 8,56.  (5.23) 

ʎʝʡ ʘʥʘʣʽʟ ʚʽʜʥʦʩʠʪʴʩʷ ʪʽʣʴʢʠ ʜʦ ʤʦʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʘʙʦ ʩʫʤʽʰʝʡ ʚʫʟʴʢʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ. ʋ ʚʠʧʘʜʢʫ ʰʠʨʦʢʠʭ ʬʨʘʢʮʽʡ ʜʨʽʙʥʽ ʯʘʩʪʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʨʫʧʥʽ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ Wʢʨ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʥʘʡʙʽʣʴʰ ʚʝʣʠʢʠʭ ʯʘʩʪʦʢ. 

ʊʦʤʫ ʬʦʨʤʫʣʠ, ʟʘ ʷʢʠʤʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʚʠʥʦʩʫ ʪʘ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ, ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 
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ʥʘʡʙʽʣʴʰʦʾ ʪʘ ʥʘʡʤʝʥʰʦʾ ʯʘʩʪʦʢ ʫ ʩʫʤʽʰʽ 

(dʤʘʢʩ/ dʤʽʥ)ʧʨ, ʚʠʱʝ ʷʢʦʛʦ ʜʨʽʙʥʽ ʯʘʩʪʢʠ ʙʫʜʫʪʴ ʚʠʥʝʩʝʥʽ ʽʟ ʰʘʨʫ ʨʘʥʽʰʝ, ʥʽʞ ʢʨʫʧʥʽ ʧʝʨʝʡʜʫʪʴ 

ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʡ ʩʪʘʥ, ï ʪʘʢ ʟʚʘʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʣʽʜʠʩʧʝʨʩʥʦʩʪʽ Dʤʘʢʩ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʂʤʘʢʩ ʪʘ Dʤʘʢʩ ʪʨʝʙʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʨʠʪʝʨʽʷʤʠ ɸʨʭʠʤʝʜʘ Ar ʽ ʃʷʱʝʥʢʦ Ly, 

(ʨʠʩ. 5.13). 

ɿʘ (ʨʠʩ. 5.14) ʧʨʠ ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ Ar ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ Lyʚʠʪ ʪʘ Lyʢʨ, ʘ ʧʦ ʥʠʤ ï 

ʜʽʘʧʘʟʦʥ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʩʪʘʥʫ ʜʣʷ ʯʘʩʪʦʢ ʜʘʥʦʛʦ ʨʦʟʤʽʨʫ: 

 3
ì àêñ âèò êð= Ly / LyK .  (5.24) 

ʈʠʩ. 5.14 ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Dʤʘʢʩ=f(Ly). ʆʩʢʽʣʴʢʠ ʢʨʠʚʽ 1 ʽ 2 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʩʪʦʩʦʚʥʦ ʜʦ ʧʦʣʽʜʠʩʧʝʨʩʥʦʾ ʩʠʩʪʝʤʠ ʫ ʷʢʦʩʪʽ ʟʘʣʝʞʥʦʩʪʝʡ Arʢʨ=f(Ly) ʪʘ 

Arʚʠʪ=f(Ly), ʪʦ ʚʝʣʠʯʠʥʘ Dʤʘʢʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʦʤʫ ʟʥʘʯʝʥʥʶ Ly: 

 3
ì àêñ ì àêñ ì ³í ï ð êð âèò( / ) Ar / ArD d d= =   

ɿʥʘʯʝʥʥʷ Dʤʘʢʩ, ʦʜʝʨʞʘʥʽ ʧʨʠ ʨʽʟʥʠʭ Ly, ʧʨʠʚʝʜʝʥʽ ʥʘ (ʨʠʩ. 5.14), ʚʦʥʠ ʤʦʥʦʪʦʥʥʦ 

ʟʨʦʩʪʘʶʪʴ ʚʽʜ 8,56 ʜʣʷ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ (ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ) ʜʦ 77,3 ʜʣʷ ʢʨʫʧʥʠʭ ʯʘʩʪʦʢ 

(ʨʦʟʚʠʥʝʥʠʡ ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ). 

ʅʘ ʧʨʘʢʪʠʮʽ ʟʚʠʯʘʡʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʝ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʰʚʠʜʢʦʩʪʝʡ. ʅʘ (ʨʠʩ. 5.13). ʣʽʥʽʷ 3 

ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷʤ Ly, ʧʨʠ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʡʢʨʘʱʝ ʟʤʽʰʫʚʘʥʥʷ ʯʘʩʪʦʢ ʧʨʠ 

Ar=4,8Ö104·7,5Ö105. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʧʦʨʦʟʥʽʩʪʴ ʰʘʨʫ ʧʨʠ ʮʴʦʤʫ e=0,57·0,51, ʘ ʯʠʩʣʦ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ KW=W/Wʢʨ ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 2·3,4. 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 Reʦʧʪ = mArn.  

ʇʦʩʪʽʡʥʽ m ʽ n ʧʨʠʡʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʦʮʝʩʫ.  

 

5.6. ʂʣʘʩʠʬʽʢʘʮʽʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ ʽ ʘʧʘʨʘʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʨʦʮʝʩʽʚ ʩʫʰʽʥʥʷ 

 

ʆʨʽʻʥʪʦʚʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙʣʘʩʪʝʡ ʨʦʙʦʪʠ ʩʫʰʘʨʦʢ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʧʦ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʫ ʥʘʚʝʜʝʥʘ ʥʘ (ʨʠʩ. 5.15), ʥʘ ʷʢʦʤʫ ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ ʛʘʟʫ w ʚʽʜ ʜʽʘʤʝʪʨʘ ʯʘʩʪʦʢ d ʧʨʠ ʨʽʟʥʽʡ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ: ʚʽʜ e=0,4, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʥʝʨʫʭʦʤʦʤʫ ʚʽʣʴʥʦ ʥʘʩʠʧʘʥʦʤʫ ʰʘʨʫ, ʜʦ e=1,0, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʨʫʭʫ ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ 

ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ ʫ ʥʝʦʙʤʝʞʝʥʦʤʫ ʦʙôʻʤʽ (ʧʨʠ ʛʫʩʪʠʥʽ ʤʘʪʝʨʽʘʣʫ rʤ=900 ʢʛ/ʤ
3 ʽ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʦʪʦʢʫ ʛʘʟʫ t=100̄ʉ). ʄʽʞ ʢʨʠʚʠʤʠ 1 ʽ 5 ʫʢʣʘʜʝʥʘ ʦʙʣʘʩʪʴ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ. 
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ʈʠʩ. 5.15. ʆʙʣʘʩʪʽ ʨʦʙʦʪʠ ʩʫʰʘʨʦʢ ʽʟ ʧʨʦʜʫʚʘʥʥʷʤ ʛʘʟʫ ʯʝʨʝʟ ʰʘʨ 

1 ï ʟʘʣʝʞʥʽʩʪʴ Wʢʨ ʚʽʜ d ʧʨʠ e=0,4; 2 ï ʦʙʣʘʩʪʴ ʨʦʙʦʪʠ ʩʫʰʘʨʦʢ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ; 3 ïʦʙʣʘʩʪʴ 

ʨʦʙʦʪʠ ʘʧʘʨʘʪʽʚ ʬʦʥʪʘʥʫʶʯʦʛʦ ʰʘʨʫ; 4 ï ʦʙʣʘʩʪʴ ʨʦʙʦʪʠ ʘʝʨʦʬʦʥʪʘʥʥʠʭ ʩʫʰʘʨʦʢ;  

5 ï ʟʘʣʝʞʥʽʩʪʴ Wʚʠʥ =f (d) ʧʨʠ e=1. 

 

ʋ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʦʨʦʟʥʦʩʪʽ (e=0,55·0,75) ʧʨʘʮʶʶʪʴ ʧʨʦʤʠʩʣʦʚʽ ʩʫʰʘʨʢʠ 

ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ. ʎʷ ʦʙʣʘʩʪʴ (2) ʦʭʦʧʣʶʻ ʯʘʩʪʢʠ ʜʽʘʤʝʪʨʦʤ ʚʽʜ  

30-40 ʤʢʤ ʜʦ 6-7 ʤʤ; ʜʣʷ ʘʧʘʨʘʪʽʚ ʬʦʥʪʘʥʫʶʯʦʛʦ ʰʘʨʫ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʘ (3) ʜʦ 25-

30 ʤʤ. 

ʇʨʠ ʧʦʨʦʟʥʦʩʪʽ ʰʘʨʫ e=0,75·0,9 ʧʨʘʮʶʶʪʴ ʘʝʨʦʬʦʥʪʘʥʥʽ ʩʫʰʘʨʢʠ (4). ɺ ʩʫʰʘʨʢʘʭ 

ʮʴʦʛʦ ʪʠʧʫ ʫʜʘʻʪʴʩʷ ʦʙʨʦʙʣʷʪʠ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʯʘʩʪʢʠ ʜʽʘʤʝʪʨʦʤ ʚʽʜ ʜʝʢʽʣʴʢʦʭ 

ʤʽʢʨʦʥʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʽʣʽʤʝʪʨʽʚ. ʇʨʠ ʧʦʨʦʟʥʦʩʪʽ, ʙʣʠʟʴʢʦʾ ʜʦ ʦʜʠʥʠʮʽ, ʘʣʝ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ, 

ʱʦ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʠʱʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʚʠʥʦʩʫ ʯʘʩʪʦʢ, ʧʨʘʮʶʶʪʴ ʪʨʫʙʠ-ʩʫʰʘʨʢʠ.  

ɿʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʘʧʘʨʘʪʠ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ 

ʰʘʨʫ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʧʦ ʚʠʩʦʪʽ ʧʝʨʝʨʽʟʫ, ʟʥʘʡʰʣʠ ʚʠʩʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

 

ʅʝʜʦʣʽʢʠ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ: 

- ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʱʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʝʨʭʥʽʡ ʤʝʞʽ 
ʽʩʥʫʚʘʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ; 

- ʪʨʫʜʥʦʱʽ ʦʙʨʦʙʢʠ ʧʦʣʽʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ; 

- ʥʝʜʦʩʪʘʪʥʴʦ ʽʥʪʝʥʩʠʚʥʠʡ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʨʝʞʠʤ ʫ ʧʨʠʨʝʰʽʪʦʯʥʽʡ ʟʦʥʽ. 

- ɺʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ ʦʙʤʝʞʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʮʠʭ ʘʧʘʨʘʪʽʚ, 

ʪʦʤʫ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʧʘʨʘʪʠ ʽʟ ʢʘʤʝʨʘʤʠ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ ʧʦ ʚʠʩʦʪʽ. 

- ʇʝʨʝʚʘʛʠ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ: 

- ʟʘʢʦʥʦʤʽʨʥʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʟʥʠʟʫ ʜʦʚʝʨʭʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʦʙʨʦʙʣʷʪʠ 
ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʚ ʨʝʞʠʤʘʭ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ; 

- ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʘʧʘʨʘʪʫ ʜʦʟʚʦʣʷʶʪʴ ʚʠʩʫʰʫʚʘʪʠ ʨʝʯʦʚʠʥʠ, 
ʪʨʠʚʘʣʠʡ ʢʦʥʪʘʢʪ ʷʢʠʭ ʽʟ ʨʝʰʽʪʢʦʶ ʥʝʧʨʠʧʫʩʪʠʤʠʡ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʘʛʣʦʤʝʨʫʶʪʴʩʷ ʪʘ 

ʟʣʠʧʘʶʪʴʩʷ. 

- ɼʦ ʘʧʘʨʘʪʽʚ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʪʨʝʙʘ ʚʽʜʥʝʩʪʠ:  
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- ʘʧʘʨʘʪʠ, ʱʦ ʤʘʶʪʴ ʢʫʪ ʥʘʭʠʣʫ ʤʽʞ ʩʪʽʥʢʘʤʠ ʜʦ 20 ̄(ʨʫʭ ʯʘʩʪʦʢ ʫ ʪʘʢʠʭ ʘʧʘʨʘʪʘʭ 

ʥʦʩʠʪʴ ʭʘʦʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ); 

- ʘʧʘʨʘʪʠ ʬʦʥʪʘʥʫʶʯʦʛʦ ʰʘʨʫ ʽʟ ʚʠʩʭʽʜʥʠʤ ʨʫʭʦʤ ʧʦ ʦʩʽ ʪʘ ʥʠʟʭʽʜʥʠʤ ʚʟʜʦʚʞ ʩʪʽʥʦʢ, 

ʢʫʪ ʨʦʟʢʨʠʪʪʷ ʢʦʥʫʩʫ ï ʚʽʜ 20 ʜʦ 180;̄ 

- ʘʧʘʨʘʪʠ ʬʦʥʪʘʥʫʶʯʦʛʦ ʰʘʨʫ ʽʟ ʚʠʩʭʽʜʥʠʤ ʨʫʭʦʤ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʩʪʽʥʢʠ ʪʘ 

ʥʠʟʭʽʜʥʠʤ ʚʟʜʦʚʞ ʽʥʰʦʾ; 

- ʘʧʘʨʘʪʠ ʽʟ ʚʠʩʭʽʜʥʠʤ ʨʫʭʦʤ ʪʚʝʨʜʦʾ ʪʘ ʛʘʟʦʧʦʜʽʙʥʦʾ ʬʘʟ ï ʧʥʝʚʤʦʩʫʰʘʨʢʠ. 

 

ɸʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʘʧʘʨʘʪʽʚ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ. 

ʅʝʭʘʡ ʚʠʪʨʘʪʘ ʛʘʟʫ ʟʘʜʘʥʘ ʘʙʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ (V - ʤ3/ʛʦʜ). 

1. ʈʦʟʨʘʭʦʚʫʻʤʦ ʦʙôʻʤʥʽ ʩʝʢʫʥʜʥʽ ʚʠʪʨʘʪʠ ʛʘʟʫ  

   ñåê
3600

V
V =  

2. ʈʦʟʨʘʭʦʚʫʻʤʦ ʨʦʙʦʯʫ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʘʧʘʨʘʪʽ:  

   
p1 p2 p3

p
3

W W W
W

+ +
=  

3. ʈʦʟʨʘʭʦʚʫʻʤʦ ʧʣʦʱʫ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ  

  ñåê

p

V
F

W
=  

4. ɿ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʦʜʝʨʞʠʤʦ ʟʘʛʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ - Sf. ʗʢʱʦ ʤʘʩʫ ʰʘʨʫ ʟʘʧʠʩʘʪʠ ʷʢ: 

  
3

ø m m
6 6

d d
M n f

p
= r = rä , 

ʜʝ d ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨʽ; 

n ï ʯʠʩʣʦ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ; 

rh ï ʛʫʩʪʠʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ; 

Sf = pd2Ön ï ʟʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ; 

 ʟʘʜʘʻʤʦ d ʽ ʟʥʘʭʦʜʠʤʦ M .h 

 ʘ) ʛʽʜʨʘʚʣʽʯʥʠʡ ʧʝʨʝʧʘʜ ʥʘ ʰʘʨʽ ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ: 

  ø
ø

Ì g
P

F

Ö
D = , 

ʜʝ g ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ; 

F ï ʧʣʦʱʘ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

 ʘʙʦ  

  ø 0 0 ò(1 )P h gD = -e r, 

 ʜʝ h0 ʽ e0 ï ʚʠʩʦʪʘ ʪʘ ʧʦʨʦʟʥʽʩʪʴ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ. 

 ʇʨʠʨʽʚʥʷʚʰʠ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʮʠʭ ʨʽʚʥʷʥʴ, ʦʜʝʨʞʠʤʦ: 

  ø
0 0 ø

p

(1 )
M g

h g
F

-e r = , 

 ʟʚʽʜʩʠ ʚʠʩʦʪʘ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ:  

  ø
0

0 ø(1 )

M
h

F
=

-e r
 

 5. ɺʠʟʥʘʯʘʻʤʦ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʘʧʘʨʘʪʘ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ: 

  Dʈʟʘʛ = Dʈh  + Dʈʛʨ + Dʈʪ, 
ʜʝ Dʈh  ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʘʧʘʨʘʪʽ 

Dʈh  = h0 (p - e0)rhg 

 Dʈʛʨ ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 

t

2

ãð Ã

ãð ãð
2

W
P

r
D =x , 
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ʜʝ xʛʨ ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ; 

Wʛʨ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʦʪʚʦʨʘʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ,  

  
j

=
ʨ

ʛʨ

W
W , 

ʜʝ j - ʢʦʝʬʽʮʽʻʥʪ ʞʠʚʦʛʦ ʧʝʨʝʪʠʥʫ ɻʈʇ (j = 5 · 10%); 

Ãt
r ï ʛʫʩʪʠʥʘ ʛʘʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʫ ʚ ʦʪʚʦʨʘʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ; 

Dʈʪ ï ʟʘʛʘʣʴʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʰʪʫʮʝʨʽʚ ʚ ʘʧʘʨʘʪʽ. 

  t1 t 2

2 2

âõ Ã âèõ Ã

ò 1 2
2 2

W W
P

r r
D =x +x , 

ʜʝ x1, x2 ï ʣʦʢʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʫ ʚʭʽʜʥʦʛʦ ʽ ʚʠʭʽʜʥʦʛʦ ʰʪʫʮʝʨʘ ʚ ʘʧʘʨʘʪʽ. 

Wʚʭ, Wʚʠʭ ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʚʭʽʜʥʦʤʫ ʪʘ ʚʠʭʽʜʥʦʤʫ ʰʪʫʮʝʨʘʭ ʘʧʘʨʘʪʘ. 

rɻt1, rɻt2 ï ʛʫʩʪʠʥʘ ʛʘʟʫ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫ ʚʭʽʜʥʦʤʫ ʽ ʚʠʭʽʜʥʦʤʫ ʰʪʫʮʝʨʘʭ. 

 

ʂʦʥʩʪʨʫʢʮʽʷ ʦʜʥʦʢʘʤʝʨʥʦʛʦ ʘʧʘʨʘʪʘ ʟ ʧʩʝʚʜʦ ʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ  

ʆʩʥʦʚʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʜʥʦʢʘʤʝʨʥʠʭ ʘʧʘʨʘʪʽʚ ʟ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ (ʨʠʩ. 5.16) ʻ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʘʧʘʨʘʪʘ ʚ ʟʦʥʽ 

ʧʩʝʚʜʦʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʜʣʷ ʧʨʷʤʦʢʫʪʥʠʭ ʘʧʘʨʘʪʽʚ ï ʧʣʦʱʘ S=a·b).ʚʠʩʦʪʘ ʰʘʨʫ ʚ 

ʥʝʨʫʭʦʤʫ ʩʪʘʥʽ H0, ʚʠʩʦʪʘʥʘʜʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ Hʩ. 

 

 
ʈʠʩ. 5.16. ʆʜʥʦʢʘʤʝʨʥʠʡ ʘʧʘʨʘʪ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ 

1 ï ʢʘʣʦʨʠʬʝʨ; 2 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 3 ï ʩʫʰʘʨʢʘ; 4 ï ʮʠʢʣʦʥ 1-ʛʦ ʩʪʫʧʝʥʷ; 5 ï ʮʠʢʣʦʥ 2-ʛʦ 

ʩʪʫʧʝʥʷ; 

 

ɼʣʷ ʘʧʘʨʘʪʽʚ ʟʽ ʟʤʽʥʥʠʤ ʧʦ ʚʠʩʦʪʽ ʨʦʟʤʽʨʦʤ ï ʢʦʥʽʯʥʠʭ ʽ ʮʠʣʽʥʜʨʦ-ʢʦʥʽʯʥʠʭ, ʦʢʨʽʤ ʪʦʛʦ 

ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨ ʘʧʘʨʘʪʘ ʥʘ ʨʽʚʥʽ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ Dʨʝ,h ʜʽʘʤʝʪʨʠ ʘʧʘʨʘʪʘ 

ʨʽʚʥʽ ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ï Dʧʦʚ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʚ 

ʩʝʧʘʨʘʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ Dʩʝʧ, ʘ ʪʘʢʦʞ ʢʫʪʠ ʨʦʟʰʠʨʝʥʥʷ ʚ ʟʦʥʽ ʰʘʨʫ Ŭʰ, ʥʘʜ ʰʘʨʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ Ŭʥʰ. 

ʅʘ (ʨʠʩ. 5.17) ʥʘʚʝʜʝʥʘ ʧʥʝʚʤʘʪʠʯʥʘ ʩʫʰʘʨʢʘ. ɼʨʽʙʥʽ ʚʦʣʦʛʽ ʯʘʩʪʠʥʢʠ ʟʘʭʦʧʣʶʶʪʴʩʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 20-30 ʤ/ʩ ʽ ʚʠʥʦʩʷʪʴʩʷ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʨʫʙʠ ʘʧʘʨʘʪʘ. ɿʘ ʯʘʩ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʫ 

ʯʘʩʪʠʥʢʠ ʚʩʪʠʛʘʶʪʴ ʚʠʩʦʭʥʫʪʠ ʽ ʚʣʦʚʣʶʶʪʴʩʷ ʚ ʮʠʢʣʦʥʽ. 

ɺ ʘʝʨʦʬʦʥʪʘʥʥʽʡ ʩʫʰʘʨʮʽ ʚʦʣʦʛʠʡ ʤʘʪʝʨʽʘʣ ʥʘʜʭʦʜʠʪʴ ʜʦ ʥʠʞʥʴʦʛʦ ʘʧʘʨʘʪʘ ʢʦʥʽʯʥʦʾ 

ʬʦʨʤʠ, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʘ ʮʠʨʢʫʣʷʮʽʷ. ʇʽʩʣʷ ʯʘʩʪʢʦʚʦʛʦ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ 

ʤʘʩʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʚʦʥʠ ʚʠʥʦʩʷʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʘʧʘʨʘʪʘ. ʇʨʦʮʝʩ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʽ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ ʤʘʪʝʨʽʘʣ ʥʘ ʨʦʟʜʽʣʝʥʥʷ ʜʦ 

ʚʣʦʚʣʶʚʘʯʘ. 
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ʈʠʩ. 5.17. ʉʫʰʘʨʢʠ ʧʨʷʤʦʪʦʯʥʦʾ ʜʽʾ ʜʣʷ ʩʫʰʽʥʥʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʘ ï ʧʥʝʚʤʦʩʫʰʘʨʢʘ; ʙ ï ʘʝʨʦʬʦʥʪʘʥʥʘ ʩʫʰʘʨʢʘ: 

1 ï ʪʝʧʣʦ ʛʝʥʝʨʘʪʦʨ; 2 ï ʪʨʫʙʘ-ʩʫʰʘʨʢʘ; 3 ï ʞʠʚʠʣʴʥʠʢ; 4- ʮʠʢʣʦʥ; 5 ï ʚʝʥʪʠʣʷʪʦʨ; 6 - ʧʦʚʽʪʨʦʜʫʚʢʘ; 7 ï 

ʞʠʚʠʣʴʥʠʢ; 8 ï ʘʝʨʦʬʦʥʪʘʥʥʘ ʩʫʰʘʨʢʘ. 

 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 
 

1. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

2. ʂʨʠʚʘ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

3. ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

4. ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

5. ʆʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

6. ʅʘʚʝʜʽʪʴ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʽʚ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ. 

7. ʅʘʚʝʜʽʪʴ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʘʧʘʨʘʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʨʦʟʥʦʩʪʽ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ. 
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ʄɽʍɸʅɯʏʅɯ ʇʈʆʎɽʉʀ ʊɸ ʆɹʃɸɼʅɸʅʅʗ 

 
ɻʃɸɺɸ 6. ʇʆɼʈɯɹʅɽʅʅʗ ʊɺɽʈɼʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

6.1. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ 
 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʫʯʘʩʪʶ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʫʪʚʦʨʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʦʤʫ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ ʚ 

ʙʘʛʘʪʴʦʭ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ ʧʽʜʣʷʛʘʶʪʴ ʤʝʭʘʥʽʯʥʦʤʫ ʧʦʜʨʽʙʥʝʥʥʶ. 

ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ. 

ɿʜʨʽʙʥʝʥʥʷ - ʮʝ ʧʨʦʮʝʩ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʰʤʘʪʢʽʚ ʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ ʨʫʡʥʫʚʘʥʥʷ ʾʭ ʟʘ 

ʨʘʭʫʥʦʢ ʜʦʢʣʘʜʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ. 

ʋʤʦʚʥʦ ʟʜʨʽʙʥʝʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʨʦʟʤʝʣʶʚʘʥʥʷ. ʇʦʜʨʽʙʥʝʥʥʷ - ʧʨʦʮʝʩ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʢʠʭ ʰʤʘʪʢʽʚ ʤʘʪʝʨʽʘʣʫ (ʚʽʜ ~ 1 ʤ ʜʦ 2 ʤʤ). ʈʦʟʤʝʣʶʚʘʥʥʷ - ʧʦʜʨʽʙʥʝʥʥʷ 

ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ ʚʽʜ ʨʦʟʤʽʨʽʚ ʤʝʥʰʝ 2 ʤʤ. 

ʂʣʘʩʠ ʧʦʜʨʽʙʥʝʥʥʷ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ ʰʤʘʪʢʽʚ ʚʠʭʽʜʥʦʛʦ ʪʘ ʧʦʜʨʽʙʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʘ ʨʦʟʨʽʟʥʷʶʪʴ ʥʘ 

ʢʣʘʩʠ ʟʜʨʽʙʥʝʥʥʷ (ʪʘʙʣ. 6.1). 

 
ʊʘʙʣʠʮʷ 6.1. ʂʣʘʩʠ ʟʜʨʽʙʥʝʥʥʷ 

ʂʣʘʩ 

ʟʜʨʽʙʥʝʥʥʷ 

ʈʦʟʤʽʨ ʰʤʘʪʢʽʚ 

ʧʦʯʘʪʢʦʚʦʛʦ 

ʤʘʪʝʨ., Dʧ, ʤʤ 

ʈʦʟʤʽʨ 

ʰʤʘʪʢʽʚ 

ʧʦʜʨʽʙʥʝʥʦʛʦ 

ʤʘʪʝʨ., dʢ, ʤʤ 

ʂʣʘʩ 

ʟʜʨʽʙʥʝʥʥʷ 

ʈʦʟʤʽʨ 

ʰʤʘʪʢʽʚ 

ʧʦʯʘʪʢʦʚʦʛʦ 

ʤʘʪʝʨ., Dʧ, ʤʤ 

ʈʦʟʤʽʨ ʰʤʘʪʢʽʚ 

ʧʦʜʨʽʙʥʝʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ,dʢ, ʤʤ 

ʇʦʜʨʽʙʥʝʥʥʷ   ʈʦʟʤʝʣʶʚʘʥʥʷ   

- ʚʝʣʠʢʝ; 1000 200 ʛʨʫʙʝ 2-5 0,1-0,04 

- ʩʝʨʝʜʥʻ; 250 20 ʩʝʨʝʜʥʻ 0,1-0,04 0,015-0,005 

- ʜʨʽʙʥʝ; 20 2-5 ʪʦʥʢʝ 0,015-0,005 0,001 

   ʢʦʣʦʾʜʥʝ <0,001 <0,0001 

 

ʉʧʦʩʦʙʠ ʧʦʜʨʽʙʥʝʥʥʷ. ʇʨʠ ʧʦʜʨʽʙʥʝʥʥʽ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʩʥʫʻ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ 

ʩʧʦʩʦʙʠ: 

 
 

ʈʠʩ. 6.1. ʉʧʦʩʦʙʠ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

1 ï ʨʦʟʜʘʚʣʝʥʥʷ, 2 ï ʩʪʠʨʘʥʥʷ, 3 ï ʫʜʘʨ, 4 ï ʨʦʟʢʦʣʶʚʘʥʥʷ 

 

ʉʪʠʨʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʜʘʚʣʝʥʥʷʤ ʯʠ ʫʜʘʨʦʤ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʨʽʙʥʠʭ, ʪʦʥʢʠʭ ʯʘʩʪʦʢ (ʟʚʠʯʘʡʥʦ ʜʣʷ ʤ'ʷʢʠʭ, ʚôʷʟʢʠʭ ʤʘʪʝʨʽʘʣʽʚ). ʈʦʟʢʦʣʶʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʢʨʝʡʜʘ), ʱʦʙ ʫʥʠʢʥʫʪʠ ʫʪʚʦʨʝʥʥʷ 

ʜʨʽʙôʷʟʢʫ. ɼʣʷ ʪʚʝʨʜʠʭ ʽ ʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫʜʘʨ ʯʠ ʨʦʟʢʦʣʶʚʘʥʥʷ. ʋ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʱʝ ʨʦʟʣʘʤʫʚʘʥʥʷ ʽ ʨʦʟʧʠʣʝʥʥʷ. 

ʉʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ. ʉʪʫʧʝʥʝʤ ʧʦʜʨʽʙʥʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʨʦʟʤʽʨʽʚ ʰʤʘʪʢʽʚ ʜʦ Dʧ ʽ ʧʽʩʣʷ ʧʦʜʨʽʙʥʝʥʥʷ dʢ. 

ï

ê

.
D

i
d
=  

 

1) 2) 3) 4) 

F1 

F2 

F1 

F2 

T 

T2 

m1w1 
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ʆʪʨʠʤʘʥʥʽ ʰʤʘʪʢʠ ʤʘʶʪʴ ʨʽʟʥʫ ʬʦʨʤʫ ʽ ʪʦʤʫ ʧʨʘʢʪʠʯʥʦ Dʧ ʽ dʢ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʨʦʟʤʽʨʦʤ 

ʦʪʚʦʨʽʚ ʩʠʪ, ʯʝʨʝʟ ʷʢʽ ʧʨʦʩʽʚʘʶʪʴ ʧʦʯʘʪʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʽ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ 

ʧʨʦʩʽʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʝ ʧʨʦʚʦʜʠʪʴʩʷ, ʧʨʠʙʣʠʟʥʦ, ʩʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

0,85B
i

e
º  

 

ʜʝ ɺ ʪʘ ʝ ï ʰʠʨʠʥʘ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʽ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʦʪʚʦʨʫ ʜʨʦʙʘʨʢʠ ʚʽʜʧʦʚʽʜʥʦ.  

ɹʽʣʴʰ ʪʦʯʥʦ ʩʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ i ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʧʦ ʩʝʨʝʜʥʴʦʤʫ ʨʦʟʤʽʨʫ 

ʰʤʘʪʢʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʪʦʚʦʛʦ ʘʥʘʣʽʟʫ. 

ï ê; ,
3 3

A B C a b c
D d

+ + + +
= =  

 

ʜʝ ɸ, ɺ, ʉ ʽ ʘ, b, c ï ʩʝʨʝʜʥʽ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʰʤʘʪʢʽʚ ʜʦ ʽ ʧʽʩʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

 

6.2. ɻʽʧʦʪʝʟʠ ʧʦʜʨʽʙʥʝʥʥʷ  
 

ɺʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʜʫʞʝ ʩʢʣʘʜʥʝ, ʪʦʤʫ ʱʦ ʥʘ ʧʨʦʮʝʩ ʚʧʣʠʚʘʶʪʴ 

ʜʫʞʝ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʝ ʤʦʞʣʠʚʦ ʢʽʣʴʢʽʩʥʦ ʦʙʨʘʭʫʚʘʪʠ. ʊʦʤʫ ʦʮʽʥʢʘ ʚʠʪʨʘʯʝʥʦʾ ʨʦʙʦʪʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʛʽʧʦʪʝʟʘʤʠ ʧʦʜʨʽʙʥʝʥʥʷ. 

ʎʽ ʛʽʧʦʪʝʟʠ ʚʘʞʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ 

ʧʨʦʮʝʩ, ʦʜʥʘʢ ʟʘʚʜʷʢʠ ʾʤ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʪʨʘʪʝʛʽʶ 

ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʤʘʰʠʥ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ. 

ɻʽʧʦʪʝʟʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ. ɻʽʧʦʪʝʟʘ ʈʽʪʪʽʥʛʝʨʘ (1867 ʨ.) 

ʈʦʙʦʪʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʥʦʚʦʫʪʚʦʨʝʥʽʡ ʧʦʚʝʨʭʥʽ 

ʰʤʘʪʢʽʚ ʤʘʪʝʨʽʘʣʫ. 

 

ʎʷ ʛʽʧʦʪʝʟʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʜʚʦʭ 

ʧʨʠʧʫʱʝʥʥʷʭ: 

ʘ) ʤʘʪʝʨʽʘʣ, ʱʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ, ʤʘʻ 

ʬʦʨʤʫ ʢʫʙʘ; 

ʙ)ʧʨʠ ʧʦʜʨʽʙʥʝʥʥʽ ʤʘʪʝʨʽʘʣ 

ʨʫʡʥʫʻʪʴʩʷ ʧʦ ʧʣʦʱʠʥʘʭ, ʧʘʨʘʣʝʣʴʥʠʭ 

ʛʨʘʥʷʤ ʢʫʙʘ. 

ʅʝʭʘʡ ʢʫʙ ʟ ʨʝʙʨʦʤ D ʙʫʜʝ ʧʦʜʨʽʙʥʝʥʦ 

ʜʦ ʢʫʙʘ ʟ ʨʦʟʤʽʨʦʤ ʨʝʙʨʘ d (ʨʠʩ. 6.2). 

ʇʨʠʡʤʘʻʤʦ ʩʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ i = 2, ʪʦʜʽ 

ʨʦʟʤʽʨ ʨʝʙʨʘ ʥʦʚʦʫʪʚʦʨʝʥʦʛʦ ʢʫʙʘ 

ʚʠʟʥʘʯʠʪʴʩʷ, ʷʢ 
2

D D
d

i
= = . ʏʠʩʣʦ ʧʣʦʱʠʥ ʧʦʜʨʽʙʥʝʥʥʷ ʜʦʨʽʚʥʶʻ N = 3 ʘʙʦ [3Ā(2-1)], ʘ ʯʠʩʣʦ 

ʢʫʙʽʚ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ, n = 8 = 23 = i3. 

ʇʨʠ ʩʪʫʧʝʥʽ ʧʦʜʨʽʙʥʝʥʥʷ ñiò ʨʦʟʤʽʨ ʨʝʙʨʘ ʥʦʚʦʫʪʚʦʨʝʥʦʛʦ ʢʫʙʘ ʙʫʜʝ 
D

i
, ʯʠʩʣʦ ʧʣʦʱʠʥ 

ʨʦʟʧʘʜʫ ( )3 1N i= Ö -; ʯʠʩʣʦ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʢʫʙʽʚ n = i3.  

ʇʦʟʥʘʯʠʤʦ ʧʠʪʦʤʫ ʨʦʙʦʪʫ ʧʦʜʨʽʙʥʝʥʥʷ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʦʜʠʥʠʯʥʦʾ 

ʧʣʦʱʠʥʽ ʨʦʟʧʘʜʫ ï ʂ. ʊʦʜʽ ʨʦʙʦʪʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʠ ʩʪʫʧʝʥʽ ʧʦʜʨʽʙʥʝʥʥʷ 

ñiò, ʜʦʨʽʚʥʶʻ:  

.T K F= ÖD (6.1) 
ʜʝ DF ï ʥʦʚʦʫʪʚʦʨʝʥʘ ʧʦʚʝʨʭʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

ê ï ,F f FD = -  (6.2) 

ʜʝ fʢ ï ʢʽʥʮʝʚʘ ʧʦʚʝʨʭʥʷ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʢʫʙʽʚ ʧʽʩʣʷ ʧʦʜʨʽʙʥʝʥʥʷ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ: 
2

ê 6 ,f nd=   

 
ʈʠʩ. 6.2. ʉʭʝʤʘ ʜʦ ʛʽʧʦʪʝʟʠ ʧʦʜʨʽʙʥʝʥʥʷ 
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Fʧ ï ʧʦʯʘʪʢʦʚʘ ʧʦʚʝʨʭʥʷ ʢʫʙʘ ʜʦ ʧʦʜʨʽʙʥʝʥʥʷ, ʷʢʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 
2

ï 6 ,F D=   

ɺʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ, Fʧ ʪʘ fʢ, ʜʦ ʚʠʨʘʟʫ (6.2), ʦʜʝʨʞʠʤʦ: 
2

2 2 3 2 2(6 ) 6 6 6 6 ( 1).
D

F n d D i D D i
i

è øå õ
D = - = - = -é ùæ ö

ç ÷é ùê ú

 
 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʜʦ ʦʜʝʨʞʘʥʦʛʦ ʚʠʨʘʟʫ ʜʦ ʬʦʨʤʫʣʠ (6.1), ʦʜʝʨʞʠʤʦ: 

( )26 1 .T K D i= Ö -  

ʇʨʠ ʩʪʫʧʝʥʽ ʧʦʜʨʽʙʥʝʥʥʷ i1 ʨʦʙʦʪʘ ʧʦʜʨʽʙʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʙʫʜʝ ( )2

1 16 1T K D i= Ö -, ʘ 

ʧʨʠ ʩʪʫʧʝʥʽ ʧʦʜʨʽʙʥʝʥʥʷ ï i2 ï ( )2

2 26 1T K D i= Ö -. ʊʦʜʽ, ʚʽʜʥʦʰʝʥʥʷ ʨʦʙʽʪ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ñ̔ò ʜʦʨʽʚʥʶʻ: 

1 1

2 2

1
,

1

T i

T i

-
=
-

 
 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ i>>1, ʤʘʻʤʦ: 

1 1

2 2

.
T i

T i
=  

 

 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʦʙʦʪʘ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʩʪʫʧʝʥʶ ʧʦʜʨʽʙʥʝʥʥʷ, 

ʪʦʙʪʦ ʯʠʤ ʤʝʥʰʝ ʨʦʟʤʽʨ ʢʽʥʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʠʤ ʙʽʣʴʰʝ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ. 

ʅʝʜʦʣʽʢʠ ʛʽʧʦʪʝʟʠ ʈʽʪʪʽʥʛʝʨʘ ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʤʽʥʘ ʦʙôʻʤʫ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʚʝʣʠʢʦʤʫ ʧʦʜʨʽʙʥʝʥʥʽ, ʪʦʤʫ ʻ ʧʨʠʜʘʪʥʦʶ ʪʽʣʴʢʠ ʧʨʠ ʚʠʩʦʢʠʭ 

ʩʪʫʧʝʥʷʭ ʧʦʜʨʽʙʥʝʥʥʷ (ʜʨʽʙʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʤʝʣʶʚʘʥʥʷ), ʢʦʣʠ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʦʚʝʨʭʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʦʪʝ, ʟ ʘʥʘʣʽʟʫ ʛʽʧʦʪʝʟʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʨʷʜ ʧʨʘʢʪʠʯʥʠʭ 

ʚʠʩʥʦʚʢʽʚ:  

1) ʦʩʢʽʣʴʢʠ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʧʨʦʧʦʨʮʽʡʥʘ ʩʪʫʧʝʥʶ ʧʦʜʨʽʙʥʝʥʥʷ, ʪʦ ʧʦʜʨʽʙʥʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʝʩʪʠ ʪʽʣʴʢʠ ʜʦ ʟʘʜʘʥʦʛʦ ʢʽʥʮʝʚʦʛʦ ʨʦʟʤʽʨʫ ʰʤʘʪʢʘ ʤʘʪʝʨʽʘʣʫ d, ʱʦ ʬʦʨʤʫʣʶʻʪʴʩʷ 

ʷʢ ʟʦʣʦʪʝ ʧʨʘʚʠʣʦ ʧʦʜʨʽʙʥʝʥʥʷ: ñʅʝ ʧʦʜʨʽʙʥʶʚʘʪʠ ʥʽʯʦʛʦ ʟʘʡʚʦʛʦò.  

2) ʧʨʠ ʚʠʩʦʢʠʭ ʩʪʫʧʝʥʷʭ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʦʮʝʩ ʪʨʝʙʘ ʧʨʦʚʦʜʠʪʠ ʚ ʜʝʢʽʣʴʢʘ ʩʪʘʜʽʡ. 

ɻʽʧʦʪʝʟʘ ʦʙ'ʻʤʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ. ʎʷ ʛʽʧʦʪʝʟʘ ʙʫʣʘ ʚʧʝʨʰʝ ʚʠʩʫʥʫʪʘ ʚ 1874 ʨ.  

ɺ.ʃ. ʂʽʨʧʽʯʦʚʠʤ - ʧʝʨʰʠʤ ʨʝʢʪʦʨʦʤ ʂʇɯ, ʘ ʫ 1885 ʨ. ʌ. ʂʽʢʢʦʤ. 

ʈʦʙʦʪʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʟʤʽʥʽ ʦʙôʻʤʫ ʯʠ ʤʘʩʽ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ: 

1 .T k V= ÖD  

ʋ ʮʽʡ ʛʽʧʦʪʝʟʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʢʦʥ ɻʫʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ, 

ʧʦʚôʷʟʘʥʦʾ ʟʽ ʟʤʽʥʦʶ ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ: 
2

1 ,
2

k V
T

E

D
=  

 

ʜʝ s ï  ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ; 

DV ï ʟʤʽʥʘ ʦʙôʻʤʫ ʰʤʘʪʢʽʚ ʤʘʪʝʨʽʘʣʫ; 

ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ. 

ʗʢʱʦ ʜʚʘ ʰʤʘʪʢʠ ʧʽʩʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʶʪʴ ʦʙôʻʤʠ DV1 ʽ DV2, ʪʦ ʟʛʽʜʥʦ ʛʽʧʦʪʝʟʠ 

ʧʦʜʨʽʙʥʝʥʥʷ ʨʦʙʦʪʘ ʥʘ ʾʭ ʫʪʚʦʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʷʢ: 
2 2

1 1 1 1
1 ;

2 2

k V k G
T

E E

D D
= =  

2 2

2 2 2 2
2 ,

2 2

k V k G
T

E E

D D
= =  
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ʜʝ r ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ. 

ɺʽʜʥʦʰʝʥʥʷ ʨʦʙʽʪ ʜʣʷ ʨʽʟʥʠʭ ʦʙôʻʤʽʚ ʚʠʟʥʘʯʠʪʴʩʷ, ʷʢ: 

1 1 1

2 2 2

.
T V G

T V G

D D
= =
D D

 
 

ʅʝʜʦʣʽʢʠ ʛʽʧʦʪʝʟʠ. ɺ ʮʽʡ ʛʽʧʦʪʝʟʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʢʦʥ ɻʫʢʘ ʟʘ ʤʝʞʘʤʠ ʧʨʫʞʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ 

ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʊʦʤʫ ʙʽʣʴʰ ʧʦʚʥʦ ʦʮʽʥʶʻ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʚʝʣʠʢʝ ʽ ʩʝʨʝʜʥʻ 

ʧʦʜʨʽʙʥʝʥʥʷ. 

ʅʘʜʘʣʽ ʟôʷʚʠʣʠʩʷ ʽʥʰʽ ʛʽʧʦʪʝʟʠ, ʷʢʽ ʧʦ-ʨʽʟʥʦʤʫ ʦʮʽʥʶʶʪʴ ʚʠʪʨʘʪʫ ʝʥʝʨʛʽʾ ʥʘ 

ʧʦʜʨʽʙʥʝʥʥʷ. ɸʣʝ ʫʟʘʛʘʣʴʥʝʥʦʶ ʻ ʛʽʧʦʪʝʟʘ ʘʢʘʜʝʤʽʢʘ ʇ.ɸ. ʈʝʙʽʥʜʝʨʘ. 

ʇʨʦʪʝ, ʮʶ ʛʽʧʦʪʝʟʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʽ ʚ ʤʘʰʠʥʘʭ ʜʣʷ 

ʚʝʣʠʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ, ʢʦʣʠ ʚʦʥʘ ʜʘʻ ʨʝʟʫʣʴʪʘʪʠ, ʙʣʠʟʴʢʽ ʜʦ ʧʨʘʢʪʠʯʥʠʭ. ʇʦ ʃʝʚʝʥʩʦʥʫ ʧʨʠ 

ʮʴʦʤʫ ʧʨʠʡʤʘʻʪʴʩʷ: 
3 3.V D dD = -   

ɻʽʧʦʪʝʟʘ ʘʢʘʜʝʤʽʢʘ ʇ.ɸ. ʈʝʙʽʥʜʝʨʘ. ʆʙôʻʜʥʘʥʘ ʛʽʧʦʪʝʟʘ ʧʦʜʨʽʙʥʝʥʥʷ.  

ʇʦʚʥʘ ʨʦʙʦʪʘ ʧʦʜʨʽʙʥʝʥʥʷ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʨʦʙʽʪ ʜʝʬʦʨʤʘʮʽʡ ʟʤʽʥʠ ʦʙôʻʤʫ ʽ ʫʪʚʦʨʝʥʥʷ 

ʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʤʘʪʝʨʽʘʣʫ. 

1 2T K F K V= +  (6.4) 

ʇʨʠ ʚʝʣʠʢʦʤʫ ʧʦʜʨʽʙʥʝʥʥʽ, ʢʦʣʠ æF ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʝ, ʧʝʨʰʠʤ ʯʣʝʥʦʤ ʨʽʚʥʷʥʥʷ (6.4) 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. ʇʨʠ ʜʨʽʙʥʦʤʫ ʧʦʜʨʽʙʥʝʥʥʽ ʨʦʙʦʪʘ ʱʦʜʦ ʟʤʽʥʠ ʦʙôʻʤʫ ʻ ʥʝʚʝʣʠʢʘ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʙʦʪʦʶ, ʧʦʚôʷʟʘʥʦʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʪʦʜʽ ʤʦʞʥʘ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʜʨʫʛʠʡ ʯʣʝʥ ʨʽʚʥʷʥʥʷ (6.4). 

ʆʢʨʽʤ ʨʦʟʛʣʷʥʫʪʠʭ ʛʽʧʦʪʝʟ, ʽʩʥʫʻ ʽ ʮʽʣʠʡ ʨʷʜ ʽʥʰʠʭ, ʟʦʢʨʝʤʘ: ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ, ʚʽʣʴʥʦʛʦ 

ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʪ.ʧ. ʅʘʞʘʣʴ, ʞʦʜʥʘ ʟ ʛʽʧʦʪʝʟ ʥʝ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ 

ʝʥʝʨʛʽʾ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ. ʊʦʤʫ ʯʘʩʪʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʪʨʘʪ ʥʘ ʧʦʜʨʽʙʥʝʥʥʷ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʧʨʘʢʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʡ ʝʤʧʽʨʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. 

ɺʠʩʥʦʚʢʠ ʟ ʛʽʧʦʪʝʟ ʧʦʜʨʽʙʥʝʥʥʷ. ʈʦʙʦʪʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʘ ʟʤʽʥʽ 

ʧʦʚʝʨʭʥʽ ʯʠ ʦʙôʻʤʫ ʧʦʜʨʽʙʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ ñʥʝ ʧʦʜʨʽʙʥʶʚʘʪʠ 

ʥʽʯʦʛʦ ʟʘʡʚʦʛʦò. ʊʦʤʫ ʤʘʪʝʨʽʘʣ, ʱʦ ʧʽʩʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʜʨʦʙʘʨʮʽ, ʜʦʮʽʣʴʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

(ʰʣʷʭʦʤ ʧʨʦʩʽʶʚʘʥʥʷ) ʽ ʰʤʘʪʢʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʤʝʥʰʝ ʟʘʜʘʥʦʛʦ ʜʦʮʽʣʴʥʦ ʚʠʣʫʯʠʪʠ ʟ 

ʜʨʦʙʘʨʢʠ. ɺʽʜʧʦʚʽʜʥʦ ʰʤʘʪʢʠ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ ʧʦʚʝʨʪʘʶʪʴ ʜʦ ʜʨʦʙʘʨʢʠ ʥʘ ʧʦʚʪʦʨʥʝ 

ʧʦʜʨʽʙʥʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʜʨʽʙʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʧʨʦʩʽʚʁʘʥʥʷʤ. ʎʝ 

ʚʠʟʥʘʯʘʻ ʩʭʝʤʠ ʮʠʢʣʽʚ ʧʦʜʨʽʙʥʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʢʨʠʪʠʤʠ ʽ ʟʘʤʢʥʫʪʠʤʠ, 

ʦʜʥʦʩʪʘʜʽʡʥʠʤʠ ʽ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʛʽʧʦʪʝʟ ʧʦʜʨʽʙʥʝʥʥʷ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ, ʧʨʠ ʚʠʙʦʨʽ ʯʠ 

ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʤʘʰʠʥ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ: 

1) ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʰʤʘʪʢʽʚ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʩʣʷ ʧʦʜʨʽʙʥʝʥʥʷ; 

2) ʥʝʛʘʡʥʝ ʚʠʜʘʣʝʥʥʷ ʰʤʘʪʢʽʚ, ʷʢʽ ʜʦʩʷʛʣʠ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ, ʟ ʤʘʰʠʥʠ; 

3) ʤʘʣʝ ʧʠʣʦʫʪʚʦʨʝʥʥʷ; 

4) ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ; 

5) ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ; 

6) ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʜʨʽʙʥʶʻʪʴʩʷ; 

7) ʧʨʦʩʪʦʪʘ ʟʘʤʽʥʠ ʟʥʦʰʝʥʠʭ ʯʘʩʪʠʥ  ʫ ʚʫʟʣʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥ. 

ʊʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʧʦʜʨʽʙʥʝʥʥʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʚʯʝʥʥʷʤ ʤʝʭʘʥʽʟʤʫ ʨʫʡʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ, ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ, 

ʚʠʚʯʝʥʥʷʤ ʙʫʜʦʚʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʠʭ ʪʽʣ, ʷʢʽ ʟ ʮʠʭ ʬʘʢʪʦʨʽʚ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʜʨʽʙʥʝʥʥʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʥʦʚʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʨʫʡʥʫʚʘʥʥʷ (ʥʘʩʠʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʚʦʜʦʶ ʧʽʜ ʪʠʩʢʦʤ ʟ ʥʘʩʪʫʧʥʠʤ ʨʽʟʢʠʤ ʟʤʝʥʰʝʥʥʷʤ ʡʦʛʦ; ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟʘ 

ʨʘʭʫʥʦʢ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜ ʚʘʢʫʫʤʦʤ; ʜʦʜʘʚʘʥʥʷ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡ ʽ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʟʦʥʘʥʩʫ ʟ ʚʣʘʩʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʴ ʯʘʩʪʦʢ ʤʘʪʝʨʽʘʣʫ; ʧʦʜʨʽʙʥʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʾʭ ʨʽʜʢʠʤ ʘʟʦʪʦʤ (-195,8̄  ʉ), ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʠʭ 
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ʨʝʯʦʚʠʥ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽ ʪ.ʜ.  ʆʩʪʘʥʥʽʡ ʤʝʪʦʜ ʙʫʚ ʚʽʜʢʨʠʪʠʡ 

ʘʢʘʜʝʤʽʢʦʤ ʈʝʙʽʥʜʝʨʦʤ ʇ.ɸ. ʫ 1928 ʨ. ʽ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʥʘʰ ʯʘʩ. 

ʇʦʜʨʽʙʥʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʰʠʥ.  

ʄʘʰʠʥʘ ï ʮʝ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʝʥʝʨʛʽʶ ʥʘ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʘʰʠʥ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ. ʋʩʽ ʤʘʰʠʥʠ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʧʦʜʽʣʷʶʪʴʩʷ: 

 ɯ. ɿʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ:  

- ʤʘʰʠʥʠ ʧʝʨʚʠʥʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ; 

- ʤʘʰʠʥʠ ʚʪʦʨʠʥʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ. 

 ɯɯ. ɿʘ ʨʦʟʤʽʨʦʤ ʰʤʘʪʢʽʚ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ: 

- ʜʨʦʙʘʨʢʠ (dʢiʥ > 2 ʤʤ); 

- ʤʣʠʥʠ (dʢiʥ < 2 ʤʤ). 

 ɯɯɯ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ: 

- ʤʘʰʠʥʠ ʚʝʣʠʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ: ʱʦʢʦʚʽ ʜʨʦʙʘʨʢʠ, ʢʦʥʫʩʥʽ ʜʨʦʙʘʨʢʠ; 

- ʤʘʰʠʥʠ ʩʝʨʝʜʥʴʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ: ʚʘʣʢʦʚʽ ʜʨʦʙʘʨʢʠ; 

- ʤʘʰʠʥʠ ʜʨʽʙʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ: ʙʽʛʫʥʠ, ʤʦʣʦʪʢʦʚʽ ʜʨʦʙʘʨʢʠ, ʜʝʟʽʥʪʝʛʨʘʪʦʨʠ ʽ 

ʜʠʩʤʝʤʙʨʘʪʦʨʠ; 

- ʤʘʰʠʥʠ ʨʦʟʤʝʣʶʚʘʥʥʷ: ʢʫʣʴʦʚʽ ʽ ʩʪʨʠʞʥʝʚʽ, ʢʽʣʴʮʝʚʽ, ʧʥʝʚʤʘʪʠʯʥʽ ʤʣʠʥʠ; 

- ʤʘʰʠʥʠ ʥʘʜʪʦʥʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ: ʚʽʙʨʦʤʣʠʥʠ, ʢʦʣʦʾʜʥʽ, ʩʪʨʫʤʠʥʥʽ ʤʣʠʥʠ. 

 

6.3. ʄʘʰʠʥʠ ʚʝʣʠʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ 
 

ɼʦ ʮʠʭ ʤʘʰʠʥ ʚʽʜʥʦʩʷʪʴʩʷ ʱʦʢʦʚʽ ʽ ʢʦʥʫʩʥʽ (ʛʽʨʘʮʽʡʥʽ) ʜʨʦʙʘʨʢʠ. 
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6.3.1. ʑʦʢʦʚʽ ʜʨʦʙʘʨʢʠ 
ʑʦʢʦʚʽ ʜʨʦʙʘʨʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʝʣʠʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ ʰʤʘʪʢʽʚ ʨʦʟʤʽʨʦʤ ʜʦ 1000 

ʤʤ. ʆʩʥʦʚʥʝ ʜʽʶʯʝ ʟʫʩʠʣʣʷ ï ʨʦʟʜʘʚʣʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʜʨʽʙʥʝʥʥʷ ʛʨʘʥʽʪʫ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʱʝʙʝʥʶ, ʧʨʠ ʧʦʜʨʽʙʥʝʥʥʽ ʢʘʨʙʽʜʫ ʢʘʣʴʮʽʶ ʪʦʱʦ. ɺ ʮʠʭ ʜʨʦʙʘʨʢʘʭ ʤʘʪʝʨʽʘʣ 

ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʦʟʜʘʚʣʝʥʥʷ ʤʽʞ ʜʚʦʤʘ ʧʣʠʪʘʤʠ (ʱʦʢʘʤʠ) ï ʨʫʭʦʤʦʶ ʽ 

ʥʝʨʫʭʦʤʦʶ. ɻʦʪʦʚʠʡ ʧʨʦʜʫʢʪ ʚʽʣʴʥʦ ʚʠʧʘʜʘʻ ʯʝʨʝʟ ʥʠʞʥʶ ʚʠʧʫʩʢʥʫ ʱʽʣʠʥʫ ʧʨʠ ʚʽʜʭʦʜʽ 

ʨʫʭʣʠʚʦʾ ʱʦʢʠ. 

ʑʦʢʦʚʽ ʜʨʦʙʘʨʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʢʽʥʝʤʘʪʠʯʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 6.3). 

                                                        
                        ʘ                                                     ʙ 
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ʈʠʩ. 6.3. ʂʽʥʝʤʘʪʠʯʥʽ ʩʭʝʤʠ ʱʦʢʦʚʠʭ ʜʨʦʙʘʨʦʢ: 

ʘ ï ʟ ʧʨʦʩʪʠʤ ʢʦʣʠʚʘʥʥʷʤ ʱʦʢʠ; ʙ - ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʱʦʢʠ; ʚ - ʟ ʥʠʞʥʽʤ  ʧʽʜʚʽʩʦʤ ʱʦʢʠ; 

ʛ - ʟ ʧʦʩʣʽʜʦʚʥʦ-ʧʘʨʘʣʝʣʴʥʠʤ ʨʫʭʦʤ ʱʦʢʠ. 1 ï ʥʝʨʫʭʦʤʘ ʱʦʢʘ, 2 ï ʨʫʭʦʤʘ ʱʦʢʘ, 3 ïʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʘʣ. 

1. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʦʤʦʾ ʱʦʢʠ ʜʨʦʙʘʨʢʠ ʨʦʟʨʽʟʥʷʶʪʴ:  

ʘ) ʟ ʧʨʦʩʪʠʤ ʢʦʣʠʚʘʥʥʷʤ ʨʫʭʦʤʦʾ ʱʦʢʠ (ʨʠʩ. 6.3ʘ); 

ʙ) ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʱʦʢʠ (ʨʠʩ. 6.3ʙ). 

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙʝʨʪʘʥʥʷ ʚʽʜ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʚʘʞʝʣʽʚ 

ʧʝʨʝʜʘʻʪʴʩʷ ʨʫʭʦʤʽʡ ʱʦʮʽ 2. ʄʘʪʝʨʽʘʣ ʥʘʜʭʦʜʠʪʴ ʟʚʝʨʭʫ ʽ ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ 

ʨʫʭʦʤʦʾ ʱʦʢʠ ʜʦ ʥʝʨʫʭʦʤʦʾ 1. ɺʩʽ ʪʦʯʢʠ ʨʫʭʦʤʦʾ ʱʦʢʠ, ʱʦ ʢʦʣʠʚʘʶʪʴʩʷ ʥʘʚʢʦʣʦ ʦʩʽ ʧʽʜʚʽʩʫ, 

ʦʧʠʩʫʶʪʴ ʜʫʛʠ. ɺ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʨʫʭʦʤʘ ʱʦʢʘ ʢʦʣʠʚʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʦʩʽ, ʱʦ ʩʘʤʘ 

ʦʙʝʨʪʘʻʪʴʩʷ, ʽ ʚʩʽ ʪʦʯʢʠ ʾʾ ʦʧʠʩʫʶʪʴ ʝʣʽʧʩ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʨʦʙʘʨʦʢ ʽʟ ʧʨʦʩʪʠʤ ʢʦʣʠʚʘʥʥʷʤ 

ʪʫʪ ʤʘʻ ʤʽʩʮʝ ʥʝ ʪʽʣʴʢʠ ʨʦʟʜʘʚʣʝʥʥʷ, ʘʣʝ ʡ ʩʪʠʨʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

2. ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʧʽʜʚʽʩʫ ʨʫʭʦʤʦʾ ʱʦʢʠ ʨʦʟʨʽʟʥʷʶʪʴ ʜʨʦʙʘʨʢʠ: 

ʚ) ʟ ʚʝʨʭʥʽʤ ʧʽʜʚʽʩʦʤ ʱʦʢʠ (ʨʠʩ. 6.3ʘ); 

ʛ) ʟ ʥʠʞʥʽʤ ʧʽʜʚʽʩʦʤ ʱʦʢʠ (ʨʠʩ. 6.3ʚ); 

ʜ) ʟ ʧʦʩʣʽʜʦʚʥʦ-ʧʘʨʘʣʝʣʴʥʠʤ ʨʫʭʦʤ ʱʦʢʠ (ʨʠʩ. 6.3ʛ). 

ʋ ʚʠʧʘʜʢʫ ʜʨʦʙʘʨʢʠ ʟ ʚʝʨʭʥʽʤ ʧʽʜʚʽʩʦʤ ʱʦʢʠ (ʨʠʩ. 6.3ʘ) ʥʘʡʙʽʣʴʰʠʡ ʨʦʟʤʘʭ ʱʦʢʠ ʚ 

ʥʠʞʥʽʡ ʾʾ ʯʘʩʪʠʥʽ, ʰʠʨʠʥʘ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʦʪʚʦʨʫ ʧʨʠ ʮʴʦʤʫ ʥʝʧʦʩʪʽʡʥʘ, ʥʝʧʦʩʪʽʡʥʠʡ ʽ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʧʦʜʨʽʙʥʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ e ¢ dk ¢ e+S, ʜʝ S ï ʭʽʜ ʱʦʢʠ. ɸʣʝ ʮʽ 

ʜʨʦʙʘʨʢʠ ʥʝ ʟʘʙʠʚʘʶʪʴʩʷ, ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʱʦʢʘ ʧʨʘʮʶʻ ʚ ʤʝʥʰ 

ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʪʦʤʫ ʱʦ ʥʘʡʙʽʣʴʰ ʚʝʣʠʢʽ ʰʤʘʪʢʠ ʧʦʜʨʽʙʥʶʶʪʴʩʷ ʙʽʣʷ ʚʽʩʽ ʧʽʜʚʽʩʫ (ʨʠʩ. 

6.3ʘ). 

ʋ ʚʠʧʘʜʢʫ ʜʨʦʙʘʨʢʠ ʟ ʥʠʞʥʽʤ ʧʽʜʚʽʩʦʤ ʱʦʢʠ (ʨʠʩ. 6.3) ʧʨʠ ʨʦʟʤʘʭʫ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʱʦʢʫ ʙʽʣʴʰʝ, ʜʨʦʙʘʨʢʘ ʣʝʛʰʝ ʟʘʙʠʚʘʻʪʴʩʷ, ʧʨʦʪʝ ʧʦʜʨʽʙʥʝʥʠʡ ʧʨʦʜʫʢʪ ʻ 

ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʠʡ dk ¢ ʝ. 

3. ɿʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʨʫʰʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ:  
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ʘ) ʽʟ ʰʘʨʥʽʨʥʦ - ʧʽʜʡʦʤʥʠʤ ʤʝʭʘʥʽʟʤʦʤ (ʨʠʩ. 6.3ʘ); 

ʙ) ʟ ʢʫʣʘʯʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ (ʨʠʩ.  6.3ʙ). 

ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʤʝʭʘʥʽʟʤ ʜʨʦʙʘʨʢʠ ʰʚʠʜʰʝ ʟʥʦʰʫʻʪʴʩʷ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʱʦʢʦʚʦʾ ʜʨʦʙʘʨʢʠ. ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʨʦʙʦʪʠ ʱʦʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʟ ʚʝʨʭʥʽʤ 

ʧʽʜʚʽʩʦʤ, ʧʨʦʩʪʠʤ ʢʦʣʠʚʘʥʥʷʤ ʨʫʭʦʤʦʾ ʱʦʢʠ ʽ ʧʨʠʚʦʜʦʤ ʰʘʨʥʽʨʥʦ-ʧʽʜʡʦʤʥʦʛʦ ʪʠʧʫ (ʨʠʩ. 

6.4). 

ɺʩʽ ʯʘʩʪʠʥʠ ʜʨʦʙʘʨʢʠ 

ʢʨʽʧʣʷʪʴʩʷ ʥʘ ʩʪʘʥʠʥʽ 1, ʱʦ 

ʨʦʙʠʪʴʩʷ ʟ ʯʘʚʫʥʘ ʘʙʦ ʚʽʜʣʠʚʘʻʪʴʩʷ 

ʟʽ ʩʪʘʣʽ (ʫ ʚʠʧʘʜʢʫ ʜʨʦʙʣʝʥʥʷ 

ʚʝʣʠʢʠʭ ʽ ʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ). ʋ 

ʚʝʣʠʢʠʭ ʜʨʦʙʘʨʢʘʭ ʩʪʘʥʠʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʯʘʩʪʠʥ, ʱʦ 

ʩʪʷʛʫʶʪʴʩʷ ʙʦʣʪʘʤʠ. ʇʝʨʝʜ 

ʟʙʦʨʢʦʶ ʙʦʣʪʠ ʥʘʛʨʽʚʘʶʪʴʩʷ ʜʦ 

400Áʉ, ʽ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚʦʥʠ 

ʱʽʣʴʥʦ ʩʪʷʛʫʶʪʴ ʩʪʘʥʠʥʫ. ʇʝʨʝʜʥʷ 

ʩʪʽʥʢʘ ʩʪʘʥʠʥʠ ʦʜʥʦʯʘʩʥʦ ʻ 

ʥʝʨʫʭʦʤʦʶ ʱʦʢʦʶ 1. ʈʫʭʦʤʘ ʱʦʢʘ 

4 ʰʘʨʥʽʨʥʦ ʧʽʜʚʽʰʝʥʘ ʥʘ ʚʽʩʽ 

ʧʽʜʚʽʩʫ 3, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ 

ʧʽʜʰʠʧʥʠʢʠ ʚ ʩʪʘʥʠʥʽ. ʑʦʢʠ 

ʚʠʨʦʙʣʷʪʁʴʩʷ ʟ ʩʪʘʣʽ ʘʙʦ ʯʘʚʫʥʫ. 

ɼʣʷ ʟʘʭʠʩʪʫ ʧʦʚʝʨʭʥʽ ʱʽʢ, ʘ ʪʘʢʦʞ 

ʙʽʯʥʠʭ ʩʪʽʥʦʢ ʨʦʙʦʯʦʛʦ ʧʨʦʩʪʦʨʫ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʬʫʪʝʨʦʚʦʯʥʽ 

(ʙʨʦʥʴʦʚʽ) ʧʣʠʪʠ 2, ʱʦ 

ʩʧʨʠʡʤʘʶʪʴ ʚʝʣʠʢʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʦ 10000 ʅ) ʽ ʚʠʢʦʥʘʥʽ ʽʟ ʟʥʦʩʦʩʪʽʡʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʚʽʜʙʽʣʝʥʠʡ ʯʘʚʫʥ ʘʙʦ ʤʘʨʛʘʥʮʝʚʠʩʪʘ ʩʪʘʣʴ). ɹʨʦʥʴʦʚʽ ʧʣʠʪʠ ʨʦʙʦʯʠʭ ʱʽʢ ʨʦʙʣʷʪʴʩʷ 

ʨʝʙʨʠʩʪʠʤʠ, ʱʦ ʧʦʣʝʛʰʫʻ ʧʦʜʨʽʙʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʊʝʨʤʽʥ ʨʦʙʦʪʠ ʙʨʦʥʴʦʚʠʭ ʧʣʠʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʜʨʽʙʥʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢ, ʧʨʠ 

ʧʦʜʨʽʙʥʝʥʥʽ ʛʨʘʥʽʪʫ ʙʨʦʥʴʦʚʘʥʘ ʧʣʠʪʘ ʟ ʤʘʨʛʘʥʮʝʚʠʩʪʦʾ ʩʪʘʣi ʩʣʫʞʠʪʴ 7 ʜʥʽʚ, ʘ ʧʨʠ ʜʨʦʙʣʝʥʥʽ 

ʙʽʣʴʰ ʤ'ʷʢʦʛʦ ʚʘʧʥʷʢʫ ï 2 ʨʦʢʠ. ɼʣʷ ʩʧʨʠʡʥʷʪʪʷ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʽʞ ʙʨʦʥʴʦʚʦʶ 

ʧʣʠʪʦʶ ʽ ʱʦʢʦʶ ʩʪʘʚʠʪʴʩʷ ʧʨʦʢʣʘʜʢʘ ʟ ʤ'ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʮʠʥʢ, ʩʚʠʥʝʮʴ ʽʥʦʜʽ ʮʝʤʝʥʪ). 

ʈʫʭʦʤʘ ʱʦʢʘ ʢʦʣʠʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʘ 6. ɽʢʩʮʝʥʪʨʠʢ ʥʘ ʙʦʣʪʘʭ 

ʟôʻʜʥʫʻʪʴʩʷ ʟʽ ʩʪʘʣʝʚʠʤ ʰʘʪʫʥʦʤ 7. ʅʠʞʥʽʡ ʢʽʥʝʮʴ ʰʘʪʫʥʘ ʤʘʻ ʛʥʽʟʜʘ ʟ ʚʢʣʘʜʠʰʘʤʠ, 

ʚʢʣʘʜʠʰʽ ʩʪʘʣʝʚʽ ʟ ʮʝʤʝʥʪʦʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʝʨʪʷ. ɽʢʩʮʝʥʪʨʠʢ 6 ʥʘʜʘʻ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʫʭʫ 

ʰʘʪʫʥʫ 7, ʱʦ ʰʘʨʥʽʨʥʦ ʟʚôʷʟʘʥʠʡ ʯʝʨʝʟ ʨʦʟʧʽʨʥʽ ʧʣʠʪʠ 10 ʟ ʨʫʭʦʤʦʶ ʱʦʢʦʶ 4 ʽ 

ʨʝʛʫʣʶʚʘʣʴʥʠʤʠ ʢʣʠʥʘʤʠ 8. ʈʦʟʧʽʨʥʽ ʧʣʠʪʠ ʩʣʫʞʘʪʴ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚʽʜ ʧʦʣʦʤʦʢ, 

ʱʦ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʧʦʷʚʽ ʰʤʘʪʢʽʚ ʤʝʪʘʣʫ ʤʽʞ ʱʦʢʘʤʠ, ʽ ʧʝʨʝʜʘʶʪʴ ʟʫʩʠʣʣʷ ʜʣʷ 

ʧʦʜʨʽʙʥʝʥʥʷ. ʎʽ ʧʣʠʪʠ ʤʘʶʪʴ ʦʩʣʘʙʣʝʥʫ ʤʽʮʥʽʩʪʴ (ʯʘʩʪʽʰʝ ʟʘʜʥʷ ʧʣʠʪʘ). ʇʨʠ ʧʦʧʘʜʘʥʥʽ 

ʚʠʧʘʜʢʦʚʠʭ ʥʘʜʤʽʮʥʠʭ ʧʨʝʜʤʝʪʽʚ ʫ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʜʨʦʙʘʨʢʠ, ʧʣʠʪʘ ʨʫʡʥʫʻʪʴʩʷ ʽ ʤʦʞʝ ʙʫʪʠ 

ʟʘʤʽʥʝʥʘ. ʇʣʠʪʠ ʨʦʙʣʷʪʴʩʷ ʟ ʦʩʣʘʙʣʝʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʘʙʦ ʟ ʜʚʦʭ ʯʘʩʪʠʥ, ʟôʻʜʥʘʥʠʭ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʙʦʣʪʘʤʠ. ɿʘ ʦʜʠʥ ʦʙʝʨʪ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʚʘʣʘ ʨʫʭʦʤʘ ʱʦʢʘ ʧʽʜʽʡʜʝ ʥʘ ʟʘʜʘʥʫ 

ʚʽʜʩʪʘʥʴ ʜʦ ʥʝʨʫʭʦʤʦʾ (ʨʦʙʦʯʠʡ ʭʽʜ ʱʦʢʠ) ʽ ʧʦʚʝʨʥʝʪʴʩʷ ʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ (ʭʦʣʦʩʪʠʡ 

ʭʽʜ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ). ʊʦʙʪʦ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʚʘʣʘ ʱʦʢʘ ʨʦʙʠʪʴ 

ʦʜʥʝ ʧʦʜʚʽʡʥʝ ʢʦʣʠʚʘʥʥʷ. ɼʣʷ ʜʨʦʙʘʨʢʠ ʟ ʢʫʣʘʯʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʘ 1 ʦʙʝʨʪ ʚʘʣʘ ʱʦʢʘ 

ʨʦʙʠʪʴ 2 ʧʦʜʚʽʡʥʽ ʢʦʣʠʚʘʥʥʷ. ʐʠʨʠʥʘ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʦʪʚʦʨʫ (ʰʧʘʣʴʪʘ) ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʨʦʟʧʽʨʥʠʭ ʧʣʠʪ ʘʙʦ ʨʝʛʫʣʶʚʘʣʴʥʠʤʠ ʢʣʠʥʘʤʠ 9, 

ʱʦ ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʾʭ ʧʦʣʦʞʝʥʥʽ ʙʦʣʪʘʤʠ. ʇʦʚʝʨʥʝʥʥʷ ʱʦʢʠ ʚ ʧʦʯʘʪʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ ʚʠʢʦʥʫʻ ʪʷʛʘ 11 ʽ ʧʨʫʞʠʥʘ 12, ʱʦ ʩʪʠʩʢʫʻʪʴʩʷ ʧʨʠ ʨʦʙʦʯʦʤʫ ʭʦʜʽ. ɼʣʷ 

ʧʦʤ'ʷʢʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʘʣ ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʚʘ ʤʘʭʦʚʠʢʠ 5, ʱʦ 

 
ʈʠʩ. 6.4. ʉʭʝʤʘ ʨʦʙʦʪʠ ʱʦʢʦʚʦʾ ʜʨʦʙʘʨʢʠ ʟ ʚʝʨʭʥʽʤ ʧʽʜʚʽʩʦʤ ʪʘ 

ʧʨʦʩʪʠʤ ʢʦʣʠʚʘʥʥʷʤ ʨʫʭʦʤʦʾ ʱʦʢʠ ʽ ʧʨʠʚʦʜʦʤ ʰʘʨʥʽʨʥʦ ï 

ʧʽʜʡʦʤʥʦʛʦ ʪʠʧʫ: 

1 ï ʩʪʘʥʠʥʘ; 2 ï ʙʨʦʥʴʦʚʘʥʘ ʧʣʠʪʘ, 3 ï ʰʘʨʥʽʨ ʧʽʜʚʽʩʫ ʨʫʭʦʤʦʾ 

ʱʦʢʠ; 4 ï ʨʫʭʦʤʘ ʱʦʢʘ; 5 ï ʤʘʭʦʚʠʢ; 6 ï ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʘʣ;  

7 ï ʰʘʪʫʥ; 8, 9 ï ʨʝʛʫʣʶʚʘʣʴʥʽ ʢʣʠʥʠ; 10 ï ʨʦʟʧʽʨʥʘ ʧʣʠʪʘ;  

11 ï ʪʷʛʘ; 12 ï ʧʨʫʞʠʥʘ; 13 ï ʨʝʛʫʣʶʶʯʠʡ ʛʚʠʥʪ. 
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ʥʘʢʦʧʠʯʫʶʪʴ ʝʥʝʨʛʽʶ ʧʨʠ ʭʦʣʦʩʪʦʤʫ ʭʦʜʽ. ʆʜʠʥ ʟ ʥʠʭ ʩʣʫʞʠʪʴ ʰʢʽʚʦʤ ʢʣʠʥʦʧʘʩʦʚʦʾ 

ʧʝʨʝʜʘʯʽ. ʈʦʟʤʽʨ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʦʪʚʦʨʫ ʜʨʦʙʘʨʦʢ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 150 ʭ 100 ʤʤ ʜʦ 

2100 ʭ 1500 ʤʤ ʧʨʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ 1 ʜʦ 700 ʪ/ʛʦʜ., ʰʠʨʠʥʘ ʰʧʘʣʴʪʘ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ï 

25 - 300 ʤʤ. 

ɼʨʦʙʘʨʢʠ ʟʽ ʩʢʣʘʜʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʨʫʭʦʤʦʾ ʱʦʢʠ ʥʝ ʤʘʶʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʘʣʝ, 

ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʜʘʯʽ ʤʦʤʝʥʪʫ ʟʫʩʠʣʴ ʜʨʦʙʣʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʘʣ, ʥʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʝʣʠʢʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ. ʇʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʜʨʦʙʘʨʦʢ ʙʣʠʟʴʢʦ 700 ʢɺʪ. 

ʄʘʩʘ ʜʨʦʙʘʨʢʠ ʜʦʩʷʛʘʻ 250 ʪ.  

ɺʨʘʭʦʚʫʶʯʠ ʮʠʢʣʽʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʜʨʦʙʘʨʦʢ, ʚʠʥʠʢʘʶʪʴ ʟʥʘʯʥʽ ʚʽʙʨʘʮʽʾ, ʪʦʤʫ 

ʜʨʦʙʘʨʢʠ ʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʮʽʣʴʥʦ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʜʘʤʝʥʪʘʭ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʦʙʘʨʦʢ.  

ɼʽʶʯʽ ʟʫʩʠʣʣʷ ʚ ʨʦʟʧʽʨʥʽʡ ʧʣʠʪʽ. ɿʫʩʠʣʣʷ, ʱʦ 

ʜʽʶʪʴ ʫʟʜʦʚʞ ʨʦʟʧʽʨʥʦʾ ʧʣʠʪʠ, ʢʦʣʠ ʧʣʠʪʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʨʘʡʥʴʦʤʫ ʚʝʨʭʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ, ï 

ʤʘʢʩʠʤʘʣʴʥʽ. ʅʝʭʘʡ ʊ ï ʩʠʣʘ, ʱʦ ʜʽʻ ʧʦ ʰʘʪʫʥʫ; ɓ 

ï ʢʫʪ ʤʽʞ ʰʘʪʫʥʦʤ ʽ ʨʦʟʧʽʨʥʦʶ ʧʣʠʪʦʶ; L ï 

ʜʦʚʞʠʥʘ ʨʦʟʧʽʨʥʦʾ ʧʣʠʪʠ; ʈ ï ʟʫʩʠʣʣʷ ʚ ʨʦʟʧʽʨʥʠʭ 

ʧʣʠʪʘʭ (ʨʠʩ. 6.5).  

ɺʥʘʩʣʽʜʦʢ ʩʠʤʝʪʨʽʾ ʤʝʭʘʥʽʟʤʫ æabc - 

ʨʽʚʥʦʙʝʜʨʝʥʠʡ. ʅʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʤʠ ʩʠʥʫʩʽʚ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 
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ʊʦʙʪʦ, ʜʽʶʯʝ ʟʫʩʠʣʣʷ ʚ ʨʦʟʧʽʨʥʽʡ ʧʣʠʪʽ ʈ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʫʪʘ ɓ. ʏʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 6.2. 

ʆʪʞʝ, ʫ ʱʦʢʦʚʽʡ ʜʨʦʙʘʨʮʽ ʟ ʚʝʨʭʥʽʤ ʧʽʜʚʽʩʦʤ ʨʫʭʦʤʦʾ ʱʦʢʠ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʙʫʜʴ-ʷʢʽ 

ʟʫʩʠʣʣʷ. ʊʦʤʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʫʡʥʫʚʘʥʥʶ ʨʦʟʧʽʨʥʠʭ ʧʣʠʪ ʢʫʪ ɓ ʧʦʚʠʥʝʥ ʙʫʪʠ ʛʦʩʪʨʠʤ 

(~ 78 ï 80̄ ). ʈʦʟʧʽʨʥʽ ʧʣʠʪʠ ʥʝ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʧʦ ʦʜʥʽʡ ʣʽʥʽʾ. 

 

 

ɿ ʪʨʠʢʫʪʥʠʢʘ ʘʦʩ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 
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ʪʦʜʽ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʬʦʨʤʫʣʫ (6.5) ʦʜʝʨʞʠʤʦ: 
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ʊʦʙʪʦ ʜʽʶʯʝ ʟʫʩʠʣʣʷ ʚ ʨʦʟʧʽʨʥʽʡ ʧʣʠʪʽ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʾʾ ʜʦʚʞʠʥʽ. 

ɿʫʩʠʣʣʷ ʧʦʜʨʽʙʥʝʥʥʷ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ Q ʩʠʣʫ, ʧʨʠʢʣʘʜʝʥʫ ʚ ʪʦʯʮʽ ʜʦʪʠʢʫ 

ʧʦʜʨʽʙʥʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʨʫʭʦʤʦʶ ʱʦʢʦʶ (ʨʠʩ. 6.6). 

 

2r 

b 
P 

180 
0 
-2 b 

a 

b L L 

p p 

0 

b 

ʊ 

ʩ 

 
 

ʈʠʩ. 6.5. ʈʦʟʨʘʭʫʥʦʢ ʜʽʶʯʦʛʦ ʟʫʩʠʣʣʷ ʚ 

ʨʦʟʧʽʨʥʽʡ ʧʣʠʪʽ ʱʦʢʦʚʦʾ ʜʨʦʙʘʨʢʠ 

ʊʘʙʣ.6.2. ʇʘʨʘʤʝʪʨʠ  ʟʫʩʠʣʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʨʦʟʧʽʨʥʽʡ ʧʣʠʪʽ 

ɓ, ʛʨʘʜ ʊ, ʅ ʈ, ʅ 

60 100 100 

88 100 1435 

90 100 ¤ 




