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(ʧʨʦʪʦʢʦʣ ˉ3 ʚʽʜ 09.01.2025 ʨ.)  
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ʂʦʨʥʽʻʥʢʦ ʗ.ʄ. 

ʇʨʦʮʝʩʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʏʘʩʪʠʥʘ 2. ʇʨʘʢʪʠʢʫʤ [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]: ʥʘʚʯ. ʧʦʩʽʙ. ʜʣʷ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ ʟʘ ʦʩʚʽʪ. ʧʨʦʛʨʘʤʦʶ çʂʦʤʧ'ʶʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʦʾ ʽʥʞʝʥʝʨʽʾè ʩʧʝʮ. 

133 ɻʘʣʫʟʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ / ʂʦʨʥʽʻʥʢʦ ʗ.ʄ., ʉʪʝʧʘʥʶʢ ɸ.ʈ., ɻʫʣʽʻʥʢʦ ʉ.ɺ., 

ɻʘʡʜʘʡ ʉ.ʉ., ʉʝʤʽʥʩʴʢʠʡ ʆ.ʆ. ï ɽʣʝʢʪʨʦʥ. ʪʝʢʩʪ. ʜʘʥʽ (1 ʬʘʡʣ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, 2025. ï 520 ʩ.  

 

ʋ ʧʦʩʽʙʥʠʢʫ ʥʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʟ ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʤʘʩʦʦʙʤʽʥʥʠʭ 

ʧʨʦʮʝʩ̔ ʚ, ʷʢʽ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʫ ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʆʧʠʩʘʥʦ ʤʝʪʦʜʠʢʠ 

ʚʠʢʦʥʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʩʥʦʚʥʠʭ ʛʽʜʨʦʤʝʭʘʥʽʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʤʘʩʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ. ɼʘʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʧʨʠʩʚʷʯʝʥʠʡ ʧʠʪʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ 

ʚʠʙʦʨʫ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘʚʝʜʝʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ. ɺʩʽ ʥʝʦʙʭʽʜʥʽ ʜʦʚʽʜʢʦʚʽ ʜʘʥʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʝʢʩʪʽ 

ʧʦʩʽʙʥʠʢʘ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 133 ɻʘʣʫʟʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʪʘʢʦʞ ʙʫʜʝ ʢʦʨʠʩʥʠʤ ʜʣʷ ʙʘʢʘʣʘʚʨʽʚ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦʩʪʷʤʠ 101 ɽʢʦʣʦʛʽʷ,  161 ʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷ ʪʘ 174 ɸʚʪʦʤʘʪʠʟʘʮʽʷ, 

ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʘ. 

 

 ʋɼʂ 66.02(075.8) 
 

ʈʝʻʩʪʨ. ˉ ʅʇ 24/25-116. ʆʙʩʷʛ 23,64 ʘʚʪ. ʘʨʢ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʧʨʦʩʧʝʢʪ ɹʝʨʝʩʪʝʡʩʴʢʠʡ, 37, ʤ. ʂʠʾʚ, 03056 

https://kpi.ua 
ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʚʥʝʩʝʥʥʷ ʜʦ ɼʝʨʞʘʚʥʦʛʦ ʨʝʻʩʪʨʫ ʚʠʜʘʚʮʽʚ, ʚʠʛʦʪʦʚʣʶʚʘʯʽʚ  

ʽ ʨʦʟʧʦʚʩʶʜʞʫʚʘʯʽʚ ʚʠʜʘʚʥʠʯʦʾ ʧʨʦʜʫʢʮʽʾ ɼʂ ˉ 5354 ʚʽʜ 25.05.2017 ʨ. 

 

â ʂʦʨʥʽʻʥʢʦ ʗ.ʄ., ʉʪʝʧʘʥʶʢ ɸ.ʈ., ɻʫʣʽʻʥʢʦ ʉ.ɺ., ɻʘʡʜʘʡ ʉ.ʉ., ʉʝʤʽʥʩʴʢʠʡ ʆ.ʆ. 2025 

â ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, 2025  

https://osvita.kpi.ua/101-ier
https://osvita.kpi.ua/161
https://kpi.ua/
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ɿʄɯʉʊ 

ʏɸʉʊʀʅɸ 1. 

ʇʈʆʎɽʉʀ ʇɽʈɽʅɽʉɽʅʅʗ ʊɸ ʊɽʇʃʆʆɹʄɯʅʋ 

ʇɽʈɽɼʄʆɺɸ 

ɺʉʊʋʇ 

ʈʆɿɼɯʃ 1. ʆʉʅʆɺʀ ɻɯɼʈɸɺʃɯʂʀ 

1.1. ʈʽʜʠʥʠ ʪʘ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ 

1.2. ʆʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʛʽʜʨʦʩʪʘʪʠʢʠ 
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1.5. ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʧʨʠ ʨʫʩʽ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

1.6. ʈʦʟʨʘʭʫʥʦʢ ʜʽʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʫ 

1.7. ɻʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ 

1.8. ɺʠʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘʨʽʣʯʘʩʪʠʭ ʽ ʥʘʩʘʜʢʦʚʠʭ ʢʦʣʦʥ 

1.9. ʈʦʟʨʘʭʫʥʦʢ ʥʘʩʦʩʽʚ, ʚʝʥʪʠʣʷʪʦʨʽʚ, ʢʦʤʧʨʝʩʦʨʽʚ 

ʈʆɿɼɯʃ 2. ɹɸɿʆɺɯ ɿɸʉɸɼʀ ʊɽʇʃʆʇɽʈɽɼɸʏɯ 

2.1 ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ 

2.2 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʚʽʣʴʥʽʡ ʢʦʥʚʝʢʮʽʾ 

2.3 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʚʠʤʫʰʝʥʦʤʫ ʨʫʩʽ ʪʝʧʣʦʥʦʩʽʷ 

2.4 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʟʤʽʥʽ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʪʝʧʣʦʥʦʩʽʷ 

2.5 ʊʝʧʣʦʚʽʜʜʘʯʘ ʧʨʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ 

2.6 ʊʝʧʣʦʧʝʨʝʜʘʯʘ 

2.7 ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʨʝʙʨʝʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʈʆɿɼɯʃ 3. ʈʆɿʈɸʍʋʅʆʂ ʊɽʇʃʆʆɹʄɯʅʅʀʍ ɸʇɸʈɸʊɯɺ 

3.1 ʇʨʠʟʥʘʯʘʥʥʷ ʪʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ 

3.2 ʄʝʪʦʜʠʢʘ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ 

3.3 ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʠ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ 

3.4 ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ 

3.5 ɻʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ 
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3.6 ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ 

ʈʆɿɼɯʃ 4.  ʈʆɿʈɸʍʋʅʆʂ ɺʀʇɸʈʅʀʍ ɸʇɸʈɸʊɯɺ 

4.1 ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʧʘʨʥʠʭ ʘʧʘʨʘʪʽʚ 

4.2 ʄʝʪʦʜʠʢʘ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʧʘʨʥʠʭ ʘʧʘʨʘʪʽʚ 

4.3 ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʠ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʚʠʧʘʨʥʠʭ ʘʧʘʨʘʪʽʚ ʪʘ 

ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
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ʈʆɿɼɯʃ 6. ɻɯɼʈʆʄɽʍɸʅɯʏʅɯ ʊɸ ʄɽʍɸʅɯʏʅɯ ʇʈʆʎɽʉʀ 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ʊɸ ʉʂʆʈʆʏɽʅʔ 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 

ʌʨ  ï ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ; 

ɸ  ï ʩʠʣʘ ɸʨʭʽʤʝʜʘ, ʅ; 

ʘ  ï ʚʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʚʠʭʽʜʥʽʡ ʩʫʩʧʝʥʟʽʾ (ʜʣʷ ʛʽʜʨʦʮʠʢʣʦʥʽʚ), %; 

aʦ  ï ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ ʥʘ 1 ʢʛ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ, ʤ3; 

af  ï ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʟʘ ʚʦʣʦʛʦʶ, ʢʛʚʦʣ./(ʤ
2Ĭʛʦʜ); 

ɺ  ï ʰʠʨʠʥʘ, ʤ; 

b  ï ʚʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʚʽʪʣʝʥʦʤʫ ʧʨʦʜʫʢʪʽ (ʜʣʷ ʛʽʜʨʦʮʠʢʣʦʥʽʚ), %; 

b1  ï ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʩ/ʤ
2; 

b2  ï ʢʦʥʩʪʘʥʪʘ ʧʨʦʤʠʚʢʠ, ʩ/ʤ2; 

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

ʉʤ  ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʢɼʞ/(ʢʛĬÁʉ); 

ʉʚ  ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʚʦʜʠ, ʢɼʞ/(ʢʛĬÁʉ); 

ʩ  ï ʚʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʟʛʫʱʝʥʦʤʫ ʧʨʦʜʫʢʪʽ (ʜʣʷ ʛʽʜʨʦʮʠʢʣʦʥʽʚ), %; 

Dʮ  ï ʜʽʘʤʝʪʨ ʮʠʢʣʦʥʘ, ʤ; 

d, dʪ ï ʜʽʘʤʝʪʨ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʤ; 

dm  ï ʤʝʜʽʘʥʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʧʠʣʫ ʚ ʛʘʟʽ, ʟʘ ʷʢʦʛʦ ʤʘʩʘ ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʧʠʣʫ 

ʤʝʥʰʘ ʘʙʦ ʙʽʣʴʰʘ 50%, ʤʢʤ; 

d50  ï ʜ̔ ʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʣʦʚʣʶʶʪʴʩʷ ʥʘ 50%, ʤ; 

d50
ʪ  ï ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʣʦʚʣʶʶʪʴʩʷ ʥʘ 50% ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ, ʤ; 

d84.1  ï ʜʽʘʤʝʪʨ ʯʘʩʪʦʢ, ʧʨʠ ʷʢʦʤʫ ʤʘʩʘ ʚʩʽʭ ʯʘʩʪʠʥʦʢ, ʤʝʥʰʠʭ ʟʘ d84.1 ʩʪʘʥʦʚʠʪʴ 

84.1% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʤʢʤ; 

Fʚʭ  ï ʧʦʚʝʨʭʥʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʭʦʜʫ ʚ ʘʧʘʨʘʪ, ʤ
2; 

Fʟʘʛ  ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʤ
2; 

Fʦ  ï ʧʦʧʝʨʭʥʷ ʦʩʘʜʞʝʥʥʷ, ʤ
2; 

f  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ; 
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f  h ï ʧʦʚʝʨʭʥʷ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤ2; 

fɻʈʇ  ï ʧʦʚʝʨʭʥʷ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ɻʈʇ) ʘʧʘʨʘʪʘ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ 

ʰʘʨʦʤ, ʤ2; 

G  ï ʩʠʣʘ ʪʷʞʽʥʥʷ, ʅ; 

Gʩʝʢ  ï ʤʘʩʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʢʛ/ʩ; 

g  ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ (g=9.81), ʤ/ʩ2; 

H  ï ʚʠʩʦʪʘ, ʤ; 

ʅʟʘʛ.  ï ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ, ʤ; 

ʅʟʘʥ.  ï ʛʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʙʘʨʘʙʘʥʘ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʚ ʩʫʩʧʝʥʟʽʶ, ʤ; 

ʅʦʩʽʜʘʥʥʷ ï ʚʠʩʦʪʘ ʦʩʽʜʘʥʥʷ (ʦʩʘʜʞʝʥʥʷ), ʤ; 

hʦʩ  ï ʪʦʚʱʠʥʘ ʰʘʨʫ ʦʩʘʜʫ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʽ, ʤʤ; 

I0 ʪʘ I1 ï ʝʥʪʘʣʴʧʽʷ ʧʨʠ ʚʭʦʜʽ ʜʦ ʢʘʣʦʨʠʬʝʨʘ ʪʘ ʧʨʠ ʚʭʦʜʽ ʚ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʢɼʞ/ʢʛ; 

J  ï ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, ɺʪĿʤ3/ʢʛ; 

JN  ï ʽʥʜʝʢʩ ʧʦʪʫʞʥʦʩʪʽ, ɺʪ/ʢʛʧʨʦʜʫʢʪʫ; 

KW  ï ʯʠʩʣʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ; 

kH  ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʠʩʦʪʫ ʟʘʧʦʚʥʝʥʥʷ ʘʧʘʨʘʪʘ ʨʽʜʠʥʦʶ (ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ H/D>1; 

L  ï ʜʦʚʞʠʥʘ, ʤ; 

lgůʯ  ï ʚʽʜʭʠʣʝʥʥʷ ʫ ʬʫʥʢʮʽʾ ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ; 

lʩ  ï ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ, ʢʛʧ./ʢʛʚ.; 

m  ï ʤʘʩʘ, ʢʛ; 

N  ï ʧʦʪʫʞʥʽʩʪʴ, ɺʪ; 

nʢʨ  ï ʢʨʠʪʠʯʥʘ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ; 

nʩʝʢʮʽʡ ï ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ, ʦʜʠʥʠʮʴ; 

nʮ  ï ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʦʥʽʚ, ʦʜʠʥʠʮʴ; 

n  ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʦʙ/ʭʚ; 

ʈ ï ʨʦʙʦʯʠʡ ʪʠʩʢ, ʇʘ; 

ʈ0  ï ʪʠʩʢ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ, ὖ πȢρϽρπ ʇʘ; 

ʈ1  ï ʪʠʩʢ ʧʝʨʝʜ ʬʽʣʴʪʨʫʚʘʣʴʥʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ, ʇʘ; 
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ʈ2  ï ʪʠʩʢ ʧʽʩʣʷ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʇʘ; 

Q  ï ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ, ʢɺʪ; 

q  ï ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ, ʢɼʞ/ʢʛ; 

R  ï ʨʘʜʽʫʩ, ʤ; 

RɆ  ï ʧʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ, ʤ/ʢʛ; 

rm1  ï ʢʦʥʩʪʘʥʪʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʦʩʘʜʫ, ʤ/ʢʛ; 

rʦʩ  ï ʩʝʨʝʜʥʽʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ, ʤ/ʢʛ; 

r  h ï ʪʝʧʣʦʪʘ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʜʣʷ ʚʦʜʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʰʘʨʫ tʰ, ʢɼʞ/ʢʛ; 

S  ï ʩʠʣʘ ʪʝʨʪʷ, ʅ; 

ʊ0 ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 0ʦʉ,T0=273 ʂ; 

t ï ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʉ̄; 

tʛ  ï ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʉ̄; 

U1  ï ʤʘʩʦʚʠʡ ʚʽʜʩʦʪʦʢ ʚʦʣʦʛʠ ʜʦ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, %; 

U2  ï ʤʘʩʦʚʠʡ ʚʽʜʩʦʪʦʢ ʚʦʣʦʛʠ ʧʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, %; 

V  ï ʦʙôʻʤ, ʤ3; 

Vʛ  ï ʦʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦ ʛʘʟʫ, ʤ
3/ʩ; 

Vʦ  ï ʫʤʦʚʥʠʡ ʦʙôʻʤ ʬʽʣʴʪʨʘʪʫ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ, ʤʬ
3/ʤ2; 

Wʢʨ  ï ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʯʘʪʢʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʤ/ʩ; 

Wʚʠʥ  ï ʰʚʠʜʢʽʩʪʴ ʚʠʥʦʩʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʤʝʞʽ ʘʧʘʨʘʪʫ ʧʨʠ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʽ, ʤ/ʩ; 

xʚ.ʦ.  ï ʦʙôʻʤ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 1 ʤ3 ʬʽʣʴʪʨʘʪʫ, 

ʤʚ.ʦ.
3/ʤʬ

3; 

xʩ.ʦ.  ï ʤʘʩʘ ʪʚʝʨʜʦʛʦ ʦʩʘʜʫ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 1 ʤ3 ʬʽʣʴʪʨʘʪʫ, ʢʛ; 

x0  ï ʚʦʣʦʛʦʚʤʽʩʪ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʝʜ ʢʘʣʦʨʠʬʝʨʦʤ, ʢʛʚ./ʢʛʧ.; 

x2  ï ʚʦʣʦʛʦʚʤʽʩʪ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʚʠʭʦʜʽ ʽʟ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʛʨʘʥʫʣʷʪʦʨʘ, ʢʛʚ./ʢʛʧ.; 

æ  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ, %; 

æʬʽʣʴʪʨʘʮʽʾ ï ʟʘʧʘʩ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ, %; 

Dʅ  ï ʥʘʧʽʨ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʽʟʥʠʮʽ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ, ʄʇʘ; 

æʈ  ï ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ (ʧʝʨʝʧʘʜ ʪʠʩʢʫ), ʇʘ; 
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æʊ  ï ʢʦʨʠʩʥʘ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ, ʦʉ; 

Ů  ï ʧʦʨʦʟʥʽʩʪʴ, ʤ3/ʤ3; 

Ů0  ï ʧʦʨʦʟʥʽʩʪʴ ʧʦʯʘʪʢʦʚʦʛʦ (ʥʝʨʫʭʦʤʦʛʦ) ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʦʛʦ ʰʘʨʫ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤ3/ʤ3; 

z  ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ; 

ɖ  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ; 

ɖʮ  ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʛʘʟʫ ʚ ʮʠʢʣʦʥʘʭ, %; 

ɣ ï ʢʦʝʬʽʮʽʻʥʪ ʛʨʘʥʫʣʷʮʽʾ, %; 

ɤ  ï ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʤ/ʩ; 

ɤʛ  ï ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ, ʤ/ʩ; 

ɤʛ(ʜʽʡʩʥʘ) ï ʜʽʡʩʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ, ʤ/ʩ; 

ɤʦ  ï ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ, ʤ/ʩ; 

ɤʚ.ʦ.  ï ʰʚʠʜʢʽʩʪʴ ʚʽʣʴʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʽʩʥʝʥʦʛʦ ʨʫʭʫ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ, ʤ/ʩ; 

ɟʛ ï ʛʫʩʪʠʥʘ ʛʘʟʫ, ʢʛ/ʤ3; 

ɟʨ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ, ʢʛ/ʤ3; 

ɟʩʫʩʧ. ï ʛʫʩʪʠʥʘ ʩʫʩʧʝʥʟʽʾ, ʢʛ/ʤ3; 

ɟʪ ï ʛʫʩʪʠʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʘʙʦ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʛ/ʤ3; 

Õʛ  ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ, ʇʘĿʩ; 

Õʧʨ  ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ, ʇʘĿʩ; 

Õʨ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, ʇʘĿʩ; 

ɜʛ  ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ, ʇʘĿʩ; 

ɜʨ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, ʇʘĿʩ; 

ű  ï ʬʘʢʪʦʨ ʬʦʨʤʠ; 

űʟʘʥ.  ï ʢʫʪ ʩʝʢʪʦʨʫ ʟʘʥʫʨʝʥʥʷ ʙʘʨʘʙʘʥʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽ, ʛʨʘʜ; 

űʧʨ  ï ʢʫʪ ʩʝʢʪʦʨʫ ʧʨʦʤʠʚʢʠ ʦʩʘʜʫ ʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽ, ʛʨʘʜ; 

űʉ.ɿ.  ï ʢʫʪ ʩʝʢʪʦʨʫ ʩʫʰʽʥʥʷ, ʚʽʜʜʫʚʢʠ ʪʘ ʟʥʷʪʪʷ ʦʩʘʜʫ ʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽ, ʛʨʘʜ; 

ůʤ.ʬ.  ï ʤʽʞʬʘʟʥʠʡ ʥʘʪʷʛ; 

űʬ  ï ʢʫʪ ʩʝʢʪʦʨʫ ʬʽʣʴʪʨʘʮʽʾ ʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽ, ʛʨʘʜ; 

ůʯ  ï ʜʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʧʠʣʫ; 
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Ɇæʈ ï ʟʘʛʘʣʴʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ, ʇʘ; 

Űʦʩ  ï ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ, ʩ; 

Űʧʝʨ  ï ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ, ʩ; 

Űʧʨ  ï ʯʘʩ ʧʨʦʤʠʚʢʠ ʫʪʚʦʨʝʥʦʛʦ ʦʩʘʜʫ, ʩ; 

Űʬ  ï ʯʘʩ ʬʽʣʴʪʨʘʮʽʾ, ʩ. 

 

ʂʨʠʪʝʨʽʾ: 

ɻ̔  ï ʫʟʘʛʘʣʴʥʝʥʝ ʧʦʟʥʘʯʝʥʥʷ ʩʠʤʧʣʝʢʩʽʚ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ( ̔ï ʽʥʜʝʢʩ, 

ʱʦ ʧʦʟʥʘʯʘʻ ʚʽʜʧʦʚʽʜʥʠʡ ʩʠʤʧʣʝʢʩ); 

Ar  ï ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ; 

Arʚʮ  ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ (ʚʽʜʮʝʥʪʨʦʚʠʡ); 

Eu  ï ʢʨʠʪʝʨʽʡ ɽʡʣʝʨʘ; 

Fr ï ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ; 

Ga  ï ʢʨʠʪʝʨʽʡ ɻʘʣʽʣʝʷ; 

K N   ï ʢʨʠʪʝʨʽʡ ʧʦʪʫʞʥʦʩʪʽ; 

Pr  ï ʢʨʠʪʝʨʽʡ ʇʨʘʥʜʪʣʷ; 

Nu  ï ʢʨʠʪʝʨʽʡ ʅʫʩʝʣʴʪʘ; 

Re  ï ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ; 

We  ï ʢʨʠʪʝʨʽʡ ɺʝʙʝʨʘ. 

 

ʋʤʦʚʥʽ ʩʢʦʨʦʯʝʥʥʷ: 

ɻʈʇ ï ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 

ɼʉ  ï ʜʠʩʧʝʨʩʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ; 

ɼʌ  ï ʜʠʩʧʝʨʩʽʡʥʘ ʬʘʟʘ.  
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6.1. ʈʆɿɼɯʃɽʅʅʗ ʅɽʆɼʅʆʈɯɼʅʀʍ ɻɸɿʆɺʀʍ ʊɸ ʈɯɼʂʀʍ ʉʀʉʊɽʄ 

6.1.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ɺʩʽ ʥʝʦʜʥʦʨʽʜʥʽ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʶʪʴ ʜʠʩʧʝʨʩʽʷʤʠ. 

ɼʠʩʧʝʨʩʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ɼʉ) ʪʘ ʜʠʩʧʝʨʩʥʦʾ 

ʬʘʟʠ (ɼʌ). ɿʘʣʝʞʥʦ ʚʽʜ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʜʠʩʧʝʨʩʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

1. ʉʫʩʧʝʥʟʽʾ: ɼʉ ï ʨʽʜʠʥʘ, ɼʌ ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʩʫʩʧʝʥʟʽʾ ʧʦʜʽʣʷʶʪʴ ʥʘ: 

ʘ) ɻʨʫʙʽ ʩʫʩʧʝʥʟʽʾ ï d > 100 ʤʢʤ; 

ʙ) ʊʦʥʢʽ ʩʫʩʧʝʥʟʽʾ ï 0.5 ¢ d ¢ 100 ʤʢʤ; 

ʚ) ʄʫʪʽ ï 1 ¢ d ¢ 0.5 ʤʢʤ; 

ʛ) ʂʦʣʦʾʜʥʽ ʩʠʩʪʝʤʠ ï d ¢ 0.1 ʤʢʤ. 

2. ɽʤʫʣʴʩʽʾ: ɼʉ ï ʨʽʜʠʥʘ, ɼʌ ï ʨʽʜʠʥʘ d ¢ 0,5 ʤʢʤ. 

3. ʇʠʣʠ: ɼʉ ï ʛʘʟ, ɼʌ ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʽʟ ʨʦʟʤʽʨʦʤ d > 1 ʤʢʤ; 

4. ɼʠʤʠ: ɼʉ ï ʛʘʟ, ɼʌ ï ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʽʟ ʨʦʟʤʽʨʦʤ d < 1 ʤʢʤ. 

5. ʊʫʤʘʥʠ: ɼʉ ï ʛʘʟ, ɼʌ ï ʨʽʜʠʥʘ ʟ ʯʘʩʪʠʥʢʘʤʠ ʽʟ ʨʦʟʤʽʨʦʤ d < 1 ʤʢʤ. 

6. ʇʽʥʘ: ɼʉ ï ʨʽʜʠʥʘ; ɼʌ ï ʛʘʟ. 

ʄʝʪʦʶ ʨʦʟʜʽʣʝʥʥʷ ʻ: 

ï ʫʣʦʚʣʝʥʥʷ ʮʽʥʥʠʭ ʧʨʦʜʫʢʪʽʚ; 

ï ʚʠʜʘʣʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ, ̫ ʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʦʨʦʟʽʾ ʘʧʘʨʘʪʽʚ; 

ï 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 ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ: 
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1. ʄʝʭʘʥʽʯʥʽ; 

2. ɽʣʝʢʪʨʠʯʥʽ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ ʟʘ ʩʧʦʩʦʙʘʤʠ:  

1. ʄʝʭʘʥʽʯʥʽ: 

 ï ʉʫʭʽ; 

 ï  ɻʨʘʚʽʪʘʮʽʡʥʽ; 

 ï  ɯʥʝʨʮʽʡʥʽ; 

 ï  ɺʽʜʮʝʥʪʨʦʚʽ. 

2. ʌʽʣʴʪʨʫʶʯʽ: 

 ï  ɺʦʣʦʢʥʠʩʪʽ ʬʽʣʴʪʨʠ; 

 ï  ʊʢʘʥʠʥʥʽ ʬʽʣʴʪʨʠ; 

 ï  ɿʝʨʥʠʩʪʽ ʬʽʣʴʪʨʠ. 

3.  ʄʦʢʨʽ: 

 ï  ʂʨʘʧʝʣʴʥʽ; 

 ï  ʇʣʽʚʢʦʚʽ; 

 ï  ɹʘʨʙʦʪʘʞʥʽ. 

4.  ɽʣʝʢʪʨʠʯʥʽ: 

 ï  ʆʜʥʦʟʦʥʥʽ: ʩʫʭʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ, ʩʫʭʽ ʚʝʨʪʠʢʘʣʴʥʽ, ʤʦʢʨʽ. 

 ï  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 ʦʯʠʱʝʥʥʷ ʧʠʣʫ 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: 
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ʜʝ  dʯ ï ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʯʘʩʪʦʢ ʤʝʥʰʝ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ, %; 

lgsʯ 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). 

ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʬʦʨʤʫʣʠ ʚʠʨʘʟʫ:  
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ʆʢʨʽʤ ʩʪʦʢʩʽʚʩʴʢʦʛʦ ʜʽʘʤʝʪʨʘ ʨʦʟʨʽʟʥʷʶʪʴ 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

ʯa ʯ ʯ ʢ(ɟ ) ,d d C=  

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

3. ɸʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʠʣʫ: 

 ï ʥʝʟʣʠʧʘʶʯʽ; 

 ï ʩʣʘʙʦʟʣʠʧʘʶʯʽ; 

 ï ʩʝʨʝʜʥʴʦʟʣʠʧʘʶʯʽ; 

 ï ʩʠʣʴʥʦʟʣʠʧʘʶʯʽ. 

4. ɸʙʨʘʟʠʚʥʽʩʪʴ ʧʠʣʫ. 

5. ɿʤʦʯʫʚʘʥʽʩʪʴ: 

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

 ï ʛʽʜʨʦʬʦʙʥʽ (ʧʦʛʘʥʦ ʟʤʦʯʫʚʘʥʽ ʚʦʜʦʶ: ʛʨʘʬʽʪ, ʚʫʛʽʣʣʷ, ʩʽʨʢʘ). 
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6. ɻʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ʪʘ ʨʦʟʯʠʥʥʽʩʪʴ ʯʘʩʪʠʥʦʢ. 

7. ʇʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ (ʇɽʆ): 

ï ʅʠʟʴʢʦʦʤʥʽ ï ʇɽʆ=104 ʆʤĬʤ ï ʤʠʪʪʻʚʦ ʨʦʟʨʷʜʞʘʶʪʴʩʷ, ʩʧʨʠʯʠʥʷʶʪʴ 

ʚʪʦʨʠʥʥʠʡ ʚʠʥʦʩ; 

ï ʉʝʨʝʜʥʴʦʦʤʥʽ ï 104¢ʇɽʆ¢1010 ʆʤĬʤ ï ʜʦʙʨʝ ʚʣʦʚʣʶʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʭ; 

ï ɺʠʩʦʢʦʦʤʥʽ ʇɽʆ>1010·1013 ʆʤĬʤ ï ʚʘʞʢʦ ʚʣʦʚʣʶʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʭ. 

8. ɿʜʘʪʥʽʩʪʴ ʯʘʩʪʠʥʦʢ ʜʦ ʩʘʤʦʟʘʡʤʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ 

ʩʫʤʽʰʝʡ ʟ ʧʦʚʽʪʨʷʤ: 

ï  ʗʢʱʦ 1 ʛ ʧʠʣʫ ʤʘʻ ʧʦʚʝʨʭʥʶ 1 ʤ2, ʪʦ ʧʠʣ ʟʜʘʪʝʥ ʜʦ ʩʘʤʦʟʘʡʤʘʥʥʷ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʚʠʭ ʩʫʤʽʰʝʡ ʟ ʧʦʚʽʪʨʷʤ. 

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

ʤʘʢʩʠʤʘʣʴʥʘ ï 700·800 ʛ/ʤ3.  

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

ʡʦʛʦ ʩʠʣʘ. 

ʇʨʠ ʚʤʽʩʪʽ ʢʠʩʥʶ ʤʝʥʰʝ 16% ʧʠʣʦʚʠʜʥʘ ʩʫʤʽʰ ʥʝ ʚʠʙʫʭʘʻ. 

6.1.2. ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʑʦ ʪʘʢʝ ʜʠʩʧʝʨʩʽʷ? 

2. ɯʟ ʯʦʛʦ ʩʢʣʘʜʘʶʪʴʩʷ ʜʠʩʧʝʨʩʽʾ? 

3. ʗʢ ʧʦʜʽʣʷʶʪʴ ʜʠʩʧʝʨʩʽʾ ʟʘ ʘʛʨʝʛʘʪʥʠʤ ʩʪʘʥʦʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ? 

4. ʅʘ ʷʢʽ ʚʠʜʠ ʧʦʜʽʣʷʶʪʴ ʩʫʩʧʝʥʟʽʾ? 

5. ʗʢʦʶ ʻ ʦʩʥʦʚʥʘ ʤʝʪʘ ʨʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ? 

6. ʗʢ ʢʣʘʩʠʬʽʢʫʶʪʴ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ? 

7. ʅʘʚʝʩʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽʚ ʟʘ ʩʧʦʩʦʙʘʤʠ. 

8. ʅʘʚʝʩʪʠ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʠʣʫ. 

9. ɿʘ ʷʢʠʭ ʫʤʦʚ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʥʘʙʫʚʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʘʤʦʟʘʡʤʘʥʥʷ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʩʫʤʽʰʝʡ ʟ ʧʦʚʽʪʨʷʤ?  
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6.2. ʈʆɿʈɸʍʋʅʆʂ ʇʀʃʆʆʉɸɼɾʋɺɸʃʔʅʆɰ ʂɸʄɽʈʀ (ɻɸɿʆɺʆɻʆ 

ɺɯɼʉʊɯʁʅʀʂɸ) 

6.2.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ ʚ ʧʦʣʽ ʩʠʣ 

ʪʷʞʽʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʷʢʱʦ ʪʚʝʨʜʫ ʩʬʝʨʠʯʥʫ ʯʘʩʪʠʥʢʫ ʨʦʟʤʽʩʪʠʪʠ ʚ 

ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʦ ʾʾ ʨʫʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʪʘʢʠʭ ʩʠʣ, ʨʠʩʫʥʦʢ 6.1: 

ï ʩʠʣʠ ʪʷʞʽʥʥʷ G, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʽ ʥʘʧʨʘʚʣʝʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ; 

ï ʩʠʣʠ ɸʨʭʽʤʝʜʘ ɸ, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʮʝʥʪʨʘ ʤʘʩ ʽ ʥʘʧʨʘʚʣʝʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʛʦʨʫ; 

ï ʩʠʣʠ ʪʝʨʪʷ S, ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʢʠ ʽ ʥʘʧʨʘʚʣʝʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʚʝʨʭ, ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʣʝʞʥʫ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʦʩʽʜʘʥʥʷ. 

A

 s

G

 n

R

X

Y

 

ʈʠʩʫʥʦʢ 6.1. ʉʭʝʤʘ ʜʽʾ ʩʠʣ ʥʘ ʪʚʝʨʜʫ ʯʘʩʪʠʥʢʫ ʧʨʠ ʦʩʽʜʘʥʥʽ  

ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ 

ʇʨʦʝʢʮʽʷ ʮʠʭ ʩʠʣ ʥʘ ʚʽʩʴ Y: 

G-A-S=R 

ʗʢʱʦ R>0, ʪʦ ʯʘʩʪʠʥʢʘ ʨʫʭʘʻʪʴʩʷ ʨʽʚʥʦʧʨʠʩʢʦʨʝʥʦ; 

ʗʢʱʦ R=0, ʪʦ ʯʘʩʪʠʥʢʘ ʨʫʭʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ (ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ); 

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

ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɻʘʟʦʚʠʡ ʚʽʜʩʪʽʡʥʠʢ ʷʚʣʷʻ ʩʦʙʦʶ ʧʘʨʘʣʝʣʝʧʽʧʝʜ, ʨʠʩʫʥʦʢ 6.2. ɿʘʧʠʣʝʥʠʡ ʛʘʟ 

ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʜʥʶ ʚʝʨʪʠʢʘʣʴʥʫ ʛʨʘʥʴ, ʱʦ ʤʘʻ ʧʣʦʱʫ Fʚʭ = HB. 
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ʈʦʟʛʣʷʥʝʤʦ ʪʚʝʨʜʫ ʯʘʩʪʠʥʢʫ ʧʠʣʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ 1 ʽ ʤʘʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʰʚʠʜʢʦʩʪʽ ï ɤʛ ʪʘ ʚʝʨʪʠʢʘʣʴʥʫ ɤʦ ï ʰʚʠʜʢʽʩʪʴ 

ʦʩʘʜʞʝʥʥʷ. 

 

ʈʠʩʫʥʦʢ 6.2. ʉʭʝʤʘ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

ʆʩʥʦʚʥʘ ʫʤʦʚʘ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʟʘ ʬʽʟʠʯʥʦʶ 

ʤʦʜʝʣʣʶ: ʯʘʩ ʦʩʘʜʞʝʥʥʷ (tʦʩ) ʧʦʚʠʥʝʥ ʜʦʨʽʚʥʶʚʘʪʠ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ (tʧʝʨ): 

†̏ Ȣ̒ †̐̆Ȣ̑                                                        φȢρ 

ɺʽʜʧʦʚʽʜʥʦ ʮʽ ʚʝʣʠʯʠʥʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ, ʷʢ: 

†̏ Ȣ̒

Ὄ

̏‫
Ƞ  φȢς                       †̐̆Ȣ̑

ὒ

̄‫
  φȢσ 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʧʦ ʛʘʟʫ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ 

ʚʝʨʪʠʢʘʣʴʥʫ ʛʨʘʥʴ Fʚʭ= HĀB ʥʘ ʦʯʠʱʝʥʥʷ: 

V=ɤʛ Fʚʭ 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚʠʨʘʟʽʚ (6.2) ʪʘ (6.3) ʚ ʫʤʦʚʫ (6.1) ï tʦʩ=tʧʝʨ ʦʪʨʠʤʘʻʤʦ: 

Ὄ

̏‫

ὒ

̄‫
ȟ ̨̈̃̅̋̉ȡ    ̄‫

ὒ̏‫

Ὄ
                               φȢτ 

ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ (6.4) ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ: 
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ὠ Ὂ̃ ̖̄‫ Ὄὄ
ὒ̏‫

Ὄ
ὄὒ̏‫  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ, ʨʠʩʫʥʦʢ 6.2, BL=Fʦ ï ʧʣʦʱʘ 

ʦʩʘʜʞʝʥʥʷ. ʊʦʜʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

V=ɤʦ Fʦ 

ʆʪʞʝ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʦʩʘʜʞʝʥʥʷ, 

ʧʦʤʥʦʞʝʥʦʾ ʥʘ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʢʘʤʝʨʠ (ʅ). 

6.2.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ ʧʠʣʦʦʩʘʜʞʫʚʘʣʴʥʦ ʾʢʘʤʝʨʠ (ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ). 

ɿʘʧʠʣʝʥʠʡ ʛʘʟ ʥʘʜʭʦʜʠʪʴ ʜʦ ʢʘʤʝʨʠ, ʱʦ ʤʘʻ ʙʝʟʣʽʯ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʣʠʮʴ, 

ʨʠʩʫʥʦʢ 6.3, ʧʨʦʭʦʜʷʯʠ ʚʟʜʦʚʞ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʣʠʮʴ 1 ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

 

ɯ ï ʚʭʽʜ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ; ɯɯ ï ʚʠʭʽʜ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ;  

1 ï ʧʦʣʠʮʽ; 2 ï ʚʽʜʙʽʡʥʠʢ 

ʈʠʩʫʥʦʢ 6.3. ʉʭʝʤʘ ʧʠʣʦʦʩʘʜʞʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ 

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. 
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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 (ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ï ʜʦ 

70%). ɸʧʘʨʘʪ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ.  

6.2.3. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʠʣʦʦʩʘʜʞʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ (ʛʘʟʦʚʦʛʦ 

ʚʽʜʩʪʽʡʥʠʢʘ) 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ: 

ï ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ ʚ ʢʘʤʝʨʽ, ↔ʉ tʛ; 

ï ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʽʜʚʝʜʝʥʥʷ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ, ʤ3/ʩ ὠ̄ᴂ; 

ï ʆʨʽʻʥʪʦʚʥʘ ʰʠʨʠʥʘ ʢʘʤʝʨʠ, ʤ ɺ; 

ï ʆʨʽʻʥʪʦʚʥʘ ʜʦʚʞʠʥʘ ʢʘʤʝʨʠ, ʤ L; 

ï ɼʽʘʤʝʪʨ ʥʘʡʤʝʥʰʠʭ ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʤ Ὠ̓; 

ï ɻʫʩʪʠʥʘ ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʢʛ/ʤ3 ”̓; 

ï ʌʘʢʪʦʨ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʒȢ 

ɿʘʚʜʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʚ  

ʧʫʥʢʪʽ ɼ.6.1.1 ʜʦʜʘʪʢʫ 6.1. 

ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.2 ʪʘ 6.3. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʟʘ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʫ tʛ, ʤ
3/ʩ: 

ὠ̄ ὠ̄ȟ
ὸ̄ Ὕ

Ὕ
Ȣ 

ʜʝ ʊ0=273 ʂ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʂʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ: 

!Ò
ÇὨ̓ ”̓ ”̄

’̄ ”̄
 

ʜʝ ’̄ ï ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʛʘʟʫ, ʤ2/ʩ: 

’̄
‘̄

”̄
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ʜʝ  ‘̄ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʛʘʟʫ (ʧʦʚʽʪʨʷ) ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ tʛ 

(ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʪʘʙʣʠʮʝʶ ɼ.6.2.1 ʫ ʜʦʜʘʪʢʫ 6.2), ʇʘĿʩ; 

 ”̄ ï ʛʫʩʪʠʥʘ ʛʘʟʫ (ʧʦʚʽʪʨʷ) ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ tʛ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʪʘʙʣʠʮʝʶ ɼ.6.2.1 ʫ ʜʦʜʘʪʢʫ 6.2), ʢʛ/ʤ3. 

ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʨʝʞʠʤ ʨʫʭʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʢʘʤʝʨʽ 

ʚʽʜʩʪʽʡʥʠʢʘ: 

ï ʒ!Ò σσ ï ʣʘʤʽʥʘʨʥʠʡ; 

ï σσ •!Ò ψσπππ ï ʧʝʨʝʭʽʜʥʠʡ; 

ï ψσπππ•!Ò ï ʪʫʨʙʫʣʝʥʪʥʠʡ. 

ʂʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ: 

2Å ὃʒ!Òȟ 

ʜʝ ɸ ʪʘ n ï ʢʦʥʩʪʘʥʪʠ, ʦʜʝʨʞʘʥʽ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ:  

- ʜʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ: ɸ=1/18; n=1; 

- ʜʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʫ: ɸ=1.74; n=0.5; 

- ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ: ɸ=0.152; n=0.715. 

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ: 

ï ʜʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʤ/ʩ: 

̏‫
ÇὨ̓ ”̓ ”̄

ρψ‘̄
•Ƞ 

ï ʜʣʷ ʧʝʨʝʭʽʜʥʦʛʦ ʪʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʽʚ ʨʫʭʫ, ʤ/ʩ: 

̏‫
2Å’̄

Ὠ
 

ʐʚʠʜʢʽʩʪʴ ʚʽʣʴʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʽʩʥʝʥʦʛʦ ʨʫʭʫ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʫ ʢʘʤʝʨʽ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ, ʤ/ʩ: 

Ȣ̏Ȣ̃‫
ρ

ς
̏‫  

ʐʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʢʘʤʝʨʽ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʟʘʟʚʠʯʘʡ 

ʧʨʠʡʤʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ̄‫ 0.2õ1.0 ʤ/ʩ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʚʠʢʦʥʫʚʘʣʘʩʷ ʫʤʦʚʘ ʦʩʥʦʚʥʘ ʫʤʦʚʘ ʦʩʘʜʞʝʥʥʷ: 

†̏ Ȣ̒ †̐̆Ȣ̑ 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ Űʦʩ.=ʅ/ɤʚ.ʦ. ï ʯʘʩ ʦʩʽʜʘʥʥʷ ʥʘʡʤʝʥʰʠʭ ʟʘ ʨʦʟʤʽʨʦʤ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʘ Űʧʝʨ.=L/ɤʛ ï ʯʘʩ ʾʭ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʛʘʟʦʚʦʤʫ, ʪʦʜʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʩʥʦʚʥʦʾ ʫʤʦʚʠ ʦʩʘʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝʪʴʩʷ ʧʨʠ ʚʠʩʦʪʽ  

ʦʩʽʜʘʥʥʷ, ʤ: 

Ὄ̏ ̨̠̒̅́̎̎

ὒȢ̏Ȣ̃‫
̄‫

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʦʩʘʜʞʝʥʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʩʽʪʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʠʩʦʪʠ, ʪʦʜʽ ʥʝʦʙʭʽʜʥʘ ʧʦʚʝʨʭʥʷ ʦʩʘʜʞʝʥʥʷ, ʤ2:  

Ὂ̏
ὠ̄

Ȣ̏Ȣ̃‫
 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʦʩʘʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ (ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʧʦʣʠʮʴ), ʦʜʠʥʠʮʴ: 

ὲ̒ ̨̗̆̋̊

Ὂ̏

ὄὒ
 

ɼʽʡʩʥʘ ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʦʢʨʫʛʣʝʥʥʷʤ ʫ ʙʽʣʴʰʫ ʩʪʦʨʦʥʫ ʜʦ 

ʮʽʣʦʛʦ ʟʥʘʯʝʥʥʷ. 

ɼʽʡʩʥʘ ʧʦʚʝʨʭʥʷ ʢʘʥʘʣʫ ʧʨʦʭʦʜʫ ʛʘʟʫ ʚ ʛʘʟʦʚʦʤʫ ʚʽʜʩʪʽʡʥʠʢʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʨʦʟʙʠʪʪʷ ʥʘ ʩʝʢʮʽʾ, ʤ2: 

Ὂ̖̃ Ὄ̏ ̨̠̒̅́̎̎ὲ̒ ̨̗̆̋̊ὄ 

ʊʦʜʽ ʜʽʡʩʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʢʘʤʝʨʽ ʚʽʜʩʪʽʡʥʠʢʘ, ʤ/ʩ: 

̄‫ ̨̅̊̒̎́

ὠ̄

Ὂ̖̃̏̅̔
 

ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʦʾ ʫʤʦʚʠ ʦʩʘʜʞʝʥʥʷ ʚ ʢʘʤʝʨʽ 

ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ †̏ Ȣ̒ †̐̆Ȣ̑ ʧʨʠ ʧʨʠʡʥʷʪʦʤʫ ʾʾ ʨʦʟʙʠʪʪʽ ʥʘ ὲ̒ ̨̗̆̋̊. 

ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʩ: 

†̐̆Ȣ̑

ὒ

̄‫ ̨̅̊̒̎́
 

ʏʘʩ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʩ: 

†̏ Ȣ̒

Ὄ̏ ̨̠̒̅́̎̎

Ȣ̏Ȣ̃‫
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ɺʠʟʥʘʯʘʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʚʱʠʥʠ 

ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʧʦʣʠʮʴ s (ʧʨʠʡʥʷʪʠ s=6 ʤʤ), ʤ: 

Ὄ̈ ́Ȣ̄ Ὄ̏ ̨̠̒̅́̎̎ὲ̒ ̨̗̆̋ί̊ὲ̒ ̨̗̆̋ρ̊ 

ɼʽʡʩʥʘ ʧʦʚʝʨʭʥʷ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʙʠʪʪʷ 

ʢʘʤʝʨʠ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʥʘ ʩʝʢʮʽʾ, ʤ2: 

Ὂ̏ ̨̠̒́̅̇̆̎̎̅̊̒̎ ὄ́ὒὲ̒ ̨̗̆̋̊ 

ɼʽʡʩʥʘ ʧʦʚʝʨʭʥʷ ʦʩʘʜʞʝʥʥʷ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ ʟʘ ʥʝʦʙʭʽʜʥʫ 

Ὂ̏ ̨̠̒́̅̇̆̎̎̅̊̒̎ Ὂ̠́̏̒́̅̇̆̎̎. 

ɼʽʡʩʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʙʠʪʪʷ ʢʘʤʝʨʠ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʥʘ ʩʝʢʮʽʾ, ʤ2: 

ὠ̨̨̃̅̒̓̊̎̉̋́Ὂ̏ ̨̠̒́̅̇̆̎̎̅̊̒̎́Ȣ̏Ȣ̃‫ 

6.2.4. ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʚ Mathcad 
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6.2.5. ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʜʽʣʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʛʘʟʦʚʠʭ 

ʩʠʩʪʝʤ ʚʧʦʣʽ ʩʠʣ ʪʷʞʽʥʥʷ? 

2. ʅʘʚʝʩʪʠ ʩʭʝʤʫ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ ʪʘ ʧʦʷʩʥʠʪʠ ʧʨʠʥʮʠʧ ʡʦʛʦ 

ʨʦʙʦʪʠ. 

3. ʗʢʘ ʫʤʦʚʘ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ? 

4. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʫ ʢʘʤʝʨʽ ʛʘʟʦʚʦʛʦ 

ʚʽʜʩʪʽʡʥʠʢʘ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʯʘʩ ʦʩʽʜʘʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʙʫʜʝ ʙʽʣʴʰʠʤ 

ʟʘ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ. 

5. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʫ ʢʘʤʝʨʽ ʛʘʟʦʚʦʛʦ 

ʚʽʜʩʪʽʡʥʠʢʘ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʯʘʩ ʦʩʽʜʘʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʙʫʜʝ ʤʝʥʰʠʤ 

ʟʘ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ. 

6. ɺʽʜ ʷʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʠʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ? 

7. ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʦʩʥʦʚʥʦʾ ʫʤʦʚʠ 

ʦʩʘʜʞʝʥʥʷ ʢʦʣʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʙʽʣʴʰʠʡ ʟʘ ʯʘʩ ʾʭ ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʢʘʤʝʨʽ ʛʘʟʦʚʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ? 

8. ʅʘʚʝʩʪʠ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ʧʠʣʦʦʩʘʜʞʫʚʘʣʴʥʦʾ ʢʘʤʝʨʠ ʪʘ ʧʦʷʩʥʠʪʠ 

ʧʨʠʥʮʠʧ ʾʾ ʨʦʙʦʪʠ. 

9. ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ 

ʫ ʢʘʤʝʨʽ ʛʘʟʦʚʦʛʦ ʽʚʜʩʪʽʡʥʠʢʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʾʾ ʦʩʘʜʞʝʥʥʷ? 
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6.3. ʈʆɿʈɸʍʋʅʆʂ ʎʀʂʃʆʅɸ 

6.3.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʆʩʘʜʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤ, ʩʫʩʧʝʥʟʽʡ ʪʘ ʝʤʫʣʴʩʽʡ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ ʜʦ ʯʘʩʪʠʥʦʢ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʜʠʩʧʝʨʩʥʫ ʬʘʟʫ, ʥʝʦʙʭʽʜʥʦ ʧʨʠʢʣʘʩʪʠ 

ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʧʦʣʝ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. 

ʇʦʣʝ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʚ ʪʝʭʥʽʮʽ ʩʪʚʦʨʶʻʪʴʩʷ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: 

ï ʧʦʪʽʢ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʢʘʥʘʣʫ ʚ 

ʥʝʨʫʭʦʤʦʤʫ ʘʧʘʨʘʪʽ ï ʮʠʢʣʦʥʥʠʡ ʧʨʦʮʝʩ; 

ï ʧʦʪʽʢ ʥʝʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʥʘʜʭʦʜʠʪʴ ʜʦ ʘʧʘʨʘʪʫ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ ʨʘʟʦʤ ʟ ʦʙʝʨʪʦʚʠʤ ʘʧʘʨʘʪʦʤ ï ʧʨʦʮʝʩ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʠʢʣʦʥʥʠʡ ʧʨʦʮʝʩ, ʨʠʩʫʥʦʢ 6.4 ʪʘ 6.5. 

 
1 ï ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 2 ï ʮʠʣʽʥʜʨʠʯʥʘ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʫ;  

3 ï ʢʦʥʽʯʥʘ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʫ; 4 ï ʚʠʭʣʦʧʥʘ ʪʨʫʙʘ 

ʈʠʩʫʥʦʢ 6.4. ʉʭʝʤʘ ʮʠʢʣʦʥʘ ʽʟ ʧʦʪʦʢʘʤʠ ʥʝʦʜʥʦʨʽʜʥʦʾ ʟʘʧʠʣʝʥʦʾ ʛʘʟʦʚʦʾ 

ʬʘʟʠ ʚʩʝʨʝʜʠʥʽ 
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ʎʠʢʣʦʥ ï ʘʧʘʨʘʪ, ʜʣʷ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚʽʜ ʟʚʘʞʝʥʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʦʣʽ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʨʠʩʫʥʦʢ 6.4. ʇʨʠʥʮʠʧ ʦʯʠʱʝʥʥʷ ï ʽʥʝʨʮʽʡʥʠʡ (ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ). 

ʎʠʢʣʦʥʥʽ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ ʩʢʣʘʜʘʶʪʴ ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʫ ʛʨʫʧʫ ʩʝʨʝʜ ʫʩʽʭ 

ʚʠʜʽʚ ʧʠʣʦʚʣʦʚʣʶʶʯʦʾ ʘʧʘʨʘʪʫʨʠ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʚ ʩʠʩʪʝʤʘʭ ʘʩʧʽʨʘʮʽʾ ʪʘ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʫ. 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʮʠʢʣʦʥʽʚ, ʨʠʩʫʥʦʢ 6.4, ʻ ʢʦʨʧʫʩ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ 

ʽʟ ʮʠʣʽʥʜʨʠʯʥʦʾ 2 ʪʘ ʢʦʥʽʯʥʦʾ 3 ʯʘʩʪʠʥʠ, ʪʨʫʙʠ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ 4 

ʪʘ ʙʫʥʢʝʨʘ ʜʣʷ ʟʙʦʨʫ ʧʠʣʫ, ʷʢʠʡ ʢʨʽʧʠʪʴʩʷ ʜʦ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ. ɻʘʟ 

ʥʘʜʭʦʜʠʪʴ ʫ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ ʢʦʨʧʫʩʫ 2 ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ, ʚʩʪʘʥʦʚʣʝʥʠʡ 

ʪʘʥʛʝʥʮʽʡʥʦ. ɿʘʧʠʣʝʥʠʡ ʧʦʪʽʢ ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʪʨʘʝʢʪʦʨʽʾ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʷʢʘ ʜʽʻ ʧʦ ʨʘʜʽʫʩʫ ʪʘ ʩʧʨʠʯʠʥʶʻ ʦʩʘʜʞʝʥʥʷ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ 2 ʪʘ ʾ ʭ ʨʫʭ ʧʦ ʩʧʽʨʘʣʽ ʚ ʢʦʥʽʯʥʫ 

ʯʘʩʪʠʥʫ ʮʠʢʣʦʥʘ 2, ʘ ʧʦʪʽʤ ʜʦ ʙʫʥʢʝʨʘ. ʆʯʠʱʝʥʠʡ ʛʘʟ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ  

ʧʘʪʨʫʙʦʢ 4. 

ʉʭʝʤʫ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 6.5. 

 

ʈʠʩʫʥʦʢ 6.5. ʉʭʝʤʘ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʧʦʣʽ  

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 

ʅʝʦʜʥʦʨʽʜʥʠʡ ʛʘʟʦʚʠʡ ʧʦʪʽʢ ʨʫʭʘʻʪʴʩʷ ʟʘ ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʪʨʘʻʢʪʦʨʽʻʶ ʚ 

ʢʘʥʘʣʽ. ɺʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʪʚʝʨʜʫ ʯʘʩʪʠʥʢʫ ʚ ʪʦʯʮʽ b, ʩʧʨʠʯʠʥʶʻ 
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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: 

oʚ
Ű

dr
W

d
=  

ʏʘʩ ʦʩʘʜʞʝʥʥʷ: 

2

1

ʦʚ

ʦʚ

Ű

r

r

dr
S

W
= =ñ  

ʈʫʰʽʡʥʦʶ ʩʠʣʦʶ ʧʨʦʮʝʩʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ, ʻ 

ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ ʉ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

2

ʛmw
C

r
=                                              (6.5) 

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 ʪɟ .m C l=                                   (6.6) 

ɺʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ (6.5) ʜʦ ʚʠʨʘʟʫ (6.6), ʦʜʝʨʞʠʤʦ: 

3 2

1 ʪ ʛɟ
.

C l W
C

r
=  

ʉʠʣʘ ʪʷʞʽʥʥʷ ʚʠʟʥʘʯʠʪʴʩʷ ʷʢ: 

3
3

ʪ ʪ 1 ʪ

ˊ
ɟ ɟ ɟ .

6

d
G V g g C l g= = =  

ɺʽʜʥʦʰʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʜʦ ʩʠʣʠ ʪʷʞʽʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʬʘʢʪʦʨʦʤ 

ʨʦʟʜʽʣʝʥʥʷ: 

3 2 2

1 ʪ ʛ ʛ
p 3

1 ʪ

ɟ
ʌ .

ɟ

ʉ Cl W W

G rC l g rg
= = =  

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

ʩʠʣʠ ʪʷʞʽʥʥʷ, ʘʙʦ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʧʝʨʝʚʠʱʫʻ 

ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ. 
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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 3ʛ

1 ʪ ʛ 2 1 ʪ

W
(ɟ ɟ ) ɛ ɟ

Ű

dw dw
ʉl ʉl ʉl

r dl d
- - =                    (6.7) 

ɿ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʦʜʝʨʞʠʤʦ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ: 

( )2 3

ʪ ʛʛ

ʚʮ
2

ʛ

ɟ ɟ
Ar

ɜ ɟ

W l

r

-
=  

ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʽʟ ʟʚʠʯʘʡʥʦʛʦ ʢʨʠʪʝʨʽʶ 

Ar, ʧʦʤʥʦʞʠʚʰʠ ʡʦʛʦ ʥʘ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ:  

( ) ( )
2

3 2 3 2
ʪ ʛ ʪ ʛʛ ʛ

ʚʮ 2

ʛ ʛ

ɟ ɟ ɟ ɟ
Ar

ɜ ɟ ɜ ɟ

gl W l W

rg r

- -
= =  

ʊʦʙʪʦ ʟ ʨʽʚʥʷʥʥʷ (6.7) ʧʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʜʝʨʞʫʻʤʦ 

ʟʘʣʝʞʥʽʩʪʴ: 

ʨRe (ʌ Ar) .nA=  

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʪʝʯʽʾ: 

 

ʨ ʨ

1/1,4

ʨ

ʨ

0,5

ʨ ʨ

1
1)ʌ ɸr 36( ), ʪʦʜʽRe ʌ ɸr

18

ʌ ɸr
2)36 ʌ ɸr 84000( ), ʪʦʜʽRe

13.9

3)ʌ ɸr 84000( ), ʪʦʜʽRe 1,71(ʌ ɸr)

ʣʘʤʽʥʘʨʥʠʡ

ʧʝʨʝʭʽʜʥʠʡʥʠʡ

ʪʫʨʙʫʣʝʥʪʥʠʡ

û
< = î

î
îå õ

¢ ¢ = üæ ö
ç ÷ î

î> =
î
ý

 

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

ʨ

1
Re ʌ ɸr,

18
=  

ʪʦʙʪʦ: 
32

ʪ ʛoʚ ʛ

2

ʛ

(ɟ ɟ )1

ɜ 18 ɜ ɟ

dW d W

r

-
=  

ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʚ ʚʽʜʮʝʥʪʨʦʚʦʤʫ ʧʦʣʽ ʚʠʨʘʟʠʪʴʩʷ: 

2 2

ʛ ʪ ʛ
oʚ

(ɟ ɟ )
.

18ɛ

W d
W

r

-
=  
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ɿʘʧʠʩʘʚʰʠ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʦʣʽ 

ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʽ ʩʠʣ ʪʷʞʽʥʥʷ ʦʜʝʨʞʠʤʦ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ: 

22 2
ʪ ʛoʚ ʛ ʛ

ʨ2

oc ʪ ʛ

(ɟ ɟ )18ɛ
ʌ ,

18ɛ (ɟ ɟ )

dW W W

W r gd gr

-
= = =

-
 

ʪʦʙʪʦ: 

oʚ oc ʨʌ .W W=  

6.3.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʮʠʢʣʦʥʽʚ 

ʎʠʢʣʦʥ ï ʘʧʘʨʘʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʛʘʟʽʚ ʘʙʦ ʨʽʜʠʥ ʚʽʜ ʟʘʚʠʩʣʠʭ ʯʘʩʪʠʥʦʢ. ʇʨʠʥʮʠʧ ʦʯʠʱʝʥʥʷ ï ʽʥʝʨʮʽʡʥʠʡ  

(ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ). 

ʎʠʢʣʦʥʥʽ ʧʠʣʦʚʣʦʚʣʶʚʘʯʽ ʩʢʣʘʜʘʶʪʴ ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʫ ʛʨʫʧʫ ʩʝʨʝʜ ʫʩʽʭ 

ʚʠʜʽʚ ʧʠʣʦʚʣʦʚʣʶʶʯʦʾ ʘʧʘʨʘʪʫʨʠ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʚ ʩʠʩʪʝʤʘʭ ʘʩʧʽʨʘʮʽʾ ʪʘ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʫ. 

ɸʩʧʽʨʘʮʽʷ ï ʚʽʜʩʤʦʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚʽʜ ʤʽʩʮʷ ʫʪʚʦʨʝʥʥʷ ʧʠʣʫ (ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʫ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʥʷʭ) ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʡʦʛʦ ʧʦʰʠʨʝʥʥʶ ʧʦ 

ʧʨʠʤʽʱʝʥʥʶ. 

ʇʥʝʚʤʦʪʨʘʥʩʧʦʨʪ ï ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ (ʩʧʦʨʫʜʠ), ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʢʦʤʧʣʝʢʩʫ ʦʙʣʘʜʥʘʥʥʷ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʦʜʨʽʙʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ ʷʢ ʫʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ, ʪʘʢ ʽ 

ʤʽʞ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʻ ʮʠʢʣʦʥʠ, ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʠʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ ʱʦ ʚʭʽʜʥʠʡ 

ʧʘʪʨʫʙʦʢ, ʯʝʨʝʟ ʷʢʠʡ ʚʚʦʜʠʪʴʩʷ ʟʘʧʠʣʝʥʠʡ ʛʘʟ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʽʜ ʢʫʪʦʤ 10õ24̄  ʽ 

ʤʘʻ ʧʨʷʤʦʢʫʪʥʠʡ ʧʝʨʝʨʽʟ. ʂʦʥʩʪʨʫʢʪʠʚʥʫ ʩʭʝʤʫ ʮʠʢʣʦʥʫ ʥʘʚʝʜʝʥʦ ʥʘ  

ʨʠʩʫʥʢʫ 6.6. 

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. 
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ʈʠʩʫʥʦʢ 6.6. ʉʭʝʤʘ ʮʠʢʣʦʥʘ ʮʠʣʽʥʜʨʦ-ʢʦʥʽʯʥʦʛʦ ʮʠʢʣʦʥʫ:  

ʘ) ʪʝʭʥʽʯʥʘ ʽʜʝʷ; ʙ) ʨʫʭ ʜʠʩʧʝʨʩʽʾ ʪʘ ʨʦʟʜʽʣʝʥʥʷ ʛʘʟʫ ʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚʽʜ ʧʠʣʫ ʚ ʮʠʢʣʦʥʘʭ ʩʪʘʥʦʚʠʪʴ 70õ85% ʜʣʷ 

ʯʘʩʪʠʥʦʢ ʜʽʘʤʝʪʨʦʤ 5 ʤʢʤ, ʜʽʘʤʝʪʨʦʤ 20 ʤʢʤ ï 95õ97%. 

ʎʠʢʣʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ̔ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʢʦʨʧʫʩʫ 1 ʟ ʢʦʥʽʯʥʠʤ 

ʜʥʦʤ 2. ɻʘʟ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ, ʚʚʦʜʷʪʴ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 3 ʧʦ ʜʦʪʠʯʥʽʡ 

ʜʦ ʮʠʣʽʥʜʨʘ (ʪʘʥʛʝʥʮʽʘʣʴʥʦ) ʽʟ ʰʚʠʜʢʽʩʪʶ 15õ25 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 ʧʝʨʠʬʝʨʽʶ ʽ 

ʦʩʽʜʘʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʘ ʮʠʢʣʦʥʘ. ʇʽʜ ʜʽʻʶ ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʠʣʠ 

ʚʦʥʠ ʨʫʭʘʶʪʴʩʷ ʚʥʠʟ ʜʦ ʢʦʥʽʯʥʦʛʦ ʜʥʠʱʘ ʽ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ ʥʘʜʭʦʜʷʪʴ ʜʦ ʙʫʥʢʝʨʘ. 

ʆʯʠʱʝʥʠʡ ʧʦʪʽʢ ʚʠʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʚʠʚʽʜʥʫ ʪʨʫʙʫ 4. 

ʇʝʨʝʚʘʛʘʤʠ ʮʠʢʣʦʥʽʚ ʻ: ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ (ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʪʘʣʝʡ, ʱʦ 

ʦʙʝʨʪʘʶʪʴʩʷ) ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʢʦʤʧʘʢʪʥʽʩʪʴ ʽ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ. 

ʅʝʜʦʣʽʢʘʤʠ ʮʠʢʣʦʥʽʚ ʻ: ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ 

ʤʝʥʰʝ 5 ʤʢʤ ʪʘ ʥʝʟʘʜʦʚʽʣʴʥʝ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʫ ʚʦʣʦʛʠʭ ʛʘʟʘʭ ʪʘ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ ʚ ʮʠʢʣʦʥʽ ʙʽʣʴʰʝ ʥʽʞ 20%. 



36 

 

ʉʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʫ ʟʨʦʩʪʘʻ ʟ ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ 

ʌʨ=Wʚʭ
2/(rg). ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʫʩʘ ʢʨʠʚʠʟʥʠ 

ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ ʫ 

ʚʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʫ. ʆʜʥʘʢ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ, ʱʦ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʧʨʦʮʝʩ 

ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʟʚôʷʟʢʫ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʧʦʪʦʢʫ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ 

ʽʟ ʟʘʧʠʣʝʥʠʤ. 

ɸʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʮʠʢʣʦʥʘ ʚʠʟʥʘʯʘʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
2

ʚʭ
ʮ ʛȹ ɕ ɟ ,

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.. 

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, ʨʠʩʫʥʦʢ 6.7. 

ʋ ʩʧʽʣʴʥʦʤʫ ʢʦʨʧʫʩʽ 1, ʨʠʩʫʥʦʢ 6.7, ʨʦʟʪʘʰʦʚʘʥʽ ʮʠʢʣʦʥʥʽ ʝʣʝʤʝʥʪʠ 3, ʷʢʽ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʽʧʣʝʥʽ ʚ ʪʨʫʙʥʠʭ ʨʝʰʽʪʢʘʭ 4. ɿʘʧʠʣʝʥʠʡ ʛʘʟ ʯʝʨʝʟ ʚʭʽʜʥʠʡ 

ʰʪʫʮʝʨ ʥʘʜʭʦʜʠʪʴ ʜʦ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʾ ʨʝʰʽʪʢʠ 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. 
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1 ï ʢʦʨʧʫʩ; 2 ï ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʘ ʢʘʤʝʨʘ; 3 ï ʢʦʨʧʫʩʠ ʮʠʢʣʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

4 ï ʪʨʫʙʥʽ ʨʝʰʽʪʢʠ; 5 ï ʙʫʥʢʝʨ ʜʣʷ ʧʠʣʫ; 6 ï ʣʦʧʘʪʝʚʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʟʘʚʠʭʨʝʥʥʷ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚʩʝʨʝʜʠʥʽ ʝʣʝʤʝʥʪʽʚ 

ʈʠʩʫʥʦʢ 6.7. ɹʘʪʘʨʝʡʥʠʡ ʮʠʢʣʦʥ (ʘ) ʪʘ ʡʦʛʦ ʝʣʝʤʝʥʪʠ (ʙ) 

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 65õ85, 85õ90, 90õ95%. ɹʽʣʴʰʘ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʚ 

ʮʠʢʣʦʥʘʭ ʟ ʙʽʣʴʰʠʤ ʛʽʜʨʘʚʣʽʯʥʠʤ ʦʧʦʨʦʤ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚ ʮʠʢʣʦʥʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

ʧ ʢ
ʮ

ʧ

ɖ 100%,
C C

C

-
=  

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

ɿʘ ʩʧʦʩʦʙʦʤ ʧʽʜʚʦʜʫ ʽ ʚʽʜʚʦʜʫ ʛʘʟʫ ʮʠʢʣʦʥʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʧʨʦʪʠʪʝʯʽʡʥʽ ʪʘ ʧʨʷʤʦʪʦʯʥʽ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʫʪʴ ʙʫʪʠ: ʟʽ ʩʧʽʨʘʣʴʥʠʤ, 

ʨʠʩʫʥʦʢ 6.8 ʘ, ʪʘʥʛʝʥʮʽʡʥʠʤ, ʨʠʩʫʥʦʢ 6.8 ʙ, ʛʚʠʥʪʦʧʦʜʽʙʥʠʤ, ʨʠʩʫʥʦʢ 6.8 ʚ, 

ʨʦʟʝʪʦʯʥʠʤ, ʨʠʩʫʥʦʢ 6.8 ʛ, ʜ, ʚʚʝʜʝʥʥʷʤ ʛʘʟʫ. 
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1 ï ʚʚʝʜʝʥʥʷ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʫ, 2 ï ʚʠʚʽʜ ʦʯʠʱʝʥʦʛʦ ʛʘʟʫ; 

3 ï ʮʠʣʽʥʜʨʠʯʥʘ ʢʘʤʝʨʘ; 4 ï ʢʦʥʽʯʥʘ ʢʘʤʝʨʘ; 5 ï ʧʠʣʝʟʙʽʨʥʠʢ 

ʈʠʩʫʥʦʢ 6.8. ʆʩʥʦʚʥʽ ʪʠʧʠ ʢʦʥʩʪʨʫʢʮʽʡ ʮʠʢʣʦʥʽʚ: ʘ) ʩʧʽʨʘʣʴʥʠʡ;  

ʙ) ʪʘʥʛʝʥʮʽʡʥʠʡ; ʚ) ʛʚʠʥʪʦʧʦʜʽʙʥʠʡ; ʛ, ʜ) ʨʦʟʝʪʦʯʥʠʡ 

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 

ʧʨʦʪʠʪʝʯʽʡʥʠʭ, ʦʜʥʘʢ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ (ʚʣʦʚʣʶʚʘʥʥʷ) ʟʥʘʯʥʦ ʥʠʞʯʘ. 

ʋ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʚʣʦʚʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʙʽʣʴʰʝ 50ʤʢʤ ʥʘ 

ʧʝʨʰʽʡ ʩʪʫʧʝʥʽ ʦʯʠʱʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʷʤʦʪʦʯʥʽ ʮʠʢʣʦʥʠ, ʷʢʽ ʙʽʣʴʰ 

ʢʦʤʧʘʢʪʥʽ, ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʤʝʪʘʣʦʻʤʥʽʩʪʴ, ʚʝʣʠʢʫ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦ ʛʘʟʫ.  

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʠ ʮʠʣʽʥʜʨʠʯʥʽ, 

ʨʠʩʫʥʦʢ 6.9, ʪʘ ʢʦʥʽʯʥʽ ʮʠʢʣʦʥʠ, ʨʠʩʫʥʦʢ 6.10. ɼʦ ʮʠʣʽʥʜʨʠʯʥʠʭ ʮʠʢʣʦʥʽʚ 

ʚʽʜʥʦʩʷʪʴʩʷ ʘʧʘʨʘʪʠ ʪʠʧʫ ʎʅ-11, ʨʠʩʫʥʦʢ 6.9 ʘ, ʎʅ-15, ʨʠʩʫʥʦʢ 6.9 ʙ, ʎʅ-15ʋ, 

ʨʠʩʫʥʦʢ 6.9 ʚ, ʎʅ-24, ʨʠʩʫʥʦʢ 6.9 ʛ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʠʭ ʘʧʘʨʘʪʽʚ ʻ 

ʚʠʜʦʚʞʝʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʯʘʩʪʠʥʘ ʢʦʨʧʫʩʫ, ʢʨʠʰʢʘ ʪʘ ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜ ʢʫʪʦʤ 11ʦ, 15ʦ ʽ 24ʦ. ʎʠʢʣʦʥʠ ʎʅ-15ʋ ʤʘʶʪʴ ʤʝʥʰʫ 

ʚʠʩʦʪʫ ʪʘ ʙʽʣʴʰ ʥʠʟʴʢʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʘʧʘʨʘʪʘʤʠ ʪʠʧʫ ʎʅ. 
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ʈʠʩʫʥʦʢ 6.9. ʂʦʥʩʪʨʫʢʮʽʾ ʮʠʣʽʥʜʨʠʯʥʠʭ ʮʠʢʣʦʥʽʚ 

ɼʦ ʢʦʥʽʯʥʠʭ ʮʠʢʣʦʥʽʚ ʚʽʜʥʦʩʷʪʴ ʘʧʘʨʘʪʠ ʪʠʧʽʚ ʉɼʂ-ʎʅ-33, ʉʂ-ʎʅ-34 ʽ 

ʉʂ-ʎʅ-34ʄ, ʨʠʩʫʥʦʢ 6.10. 

 

ʈʠʩʫʥʦʢ 6.10. ʂʦʥʩʪʨʫʢʮʽʾ ʢʦʥʽʯʥʠʭ ʮʠʢʣʦʥʽʚ 

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 ʚʣʦʚʣʶʚʘʥʥʷ ʧʠʣʫ ʽʟ ʚʠʩʦʢʠʤʠ ʘʙʨʘʟʠʚʥʠʤʠ 

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

ʙʽʣʴʰʽ, ʥʽʞ ʚ ʽʥʰʠʭ ʢʦʥʽʯʥʠʭ ʮʠʢʣʦʥʘʭ. 
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ʎʠʣʽʥʜʨʠʯʥʽ ʮʠʢʣʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ, ʘ ʢʦʥʽʯʥʽ ï ʜʦ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʧʘʨʘʪʽʚ. ɼʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʠʭ ʮʠʢʣʦʥʽʚ, ʟʘʟʚʠʯʘʡ, ʥʝ 

ʧʝʨʝʚʠʱʫʻ 2000 ʤʤ, ʘ ʜʽʘʤʝʪʨ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʽʯʥʠʭ ï 3000 ʤʤ. 

6.3.3. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʦʥʘ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ: 

ʊʠʧ ʮʠʢʣʦʥʘ; 

ʆʙôʻʤʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ, ʱʦ ʦʯʠʱʫʻʪʴʩʷ, ʤ3/ʛʦʜ: V0; 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ, 0ʉ: tʛ; 

ʄʝʜʽʘʥʥʠʡ ʧʝʨʝʨʽʟ, ʟʘ ʷʢʦʛʦ ʤʘʩʘ ʚʩʽʭ ʯʘʩʪʠʥʦʢ ʧʠʣʫ  

ʤʝʥʰʘ ʘʙʦ ʙʽʣʴʰʘ 50%, ʤʢʤ: dm; 

ɻʫʩʪʠʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʢʛ/ʤ3: ɟʪ; 

ʇʦʯʘʪʢʦʚʘ ʟʘʧʠʣʝʥʽʩʪʴ ʛʘʟʫ, ʛ/ʤ3: ʉʧ.; 

ɿʘʜʘʥʘ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʱʝʥʥʷ, %: ɖʟʘʜʘʥʘ. 

ɿʘʚʜʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ 

ʧʫʥʢʪʽ ɼ.6.1.2 ʜʦʜʘʪʢʫ 6.1. 

ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.11. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʮʠʣʽʥʜʨʦ-

ʢʦʥʽʯʥʦʛʦ ʮʠʢʣʦʥʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.12. 

ʆʙôʻʤʥʽ ʩʝʢʫʥʜʥʽ ʚʠʪʨʘʪʠ ʛʘʟʫ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ ʟʘ ʨʦʙʦʯʠʭ ʫʤʦʚ ʧʨʠ 

ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʛʘʟʫ tʛ, ʤ
3/ʩ: 

ὠ̄
ὠ

σφππ

ὸ̄ ςχσ

ςχσ
 

ɼʣʷ ʟʘʜʘʥʦʛʦ ʪʠʧʫ ʮʠʢʣʦʥʘ ʦʙʠʨʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʟʘ 

ʪʘʙʣʠʮʝʶ ɼ 6.2.2, ʤ/ʩ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʮʠʢʣʦʥʘ, ʧʨʠ ʷʢʽʡ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ, ʤ2: 

Ὂ̈́Ȣ̄
ὠ̄

ύ̏ ̐Ȣ̓
 

ɿʘʜʘʚʰʠʩʴ ʢʽʣʴʢʽʩʪʶ ʮʠʢʣʦʥʽʚ nʮ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʘʤʝʪʨ ʮʠʢʣʦʥʘ: 
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Ὂ̈́Ȣ̄
“Ὀ̗

τ
ὲ̗ 

ʟʚʽʜʢʠ: 

Ὀ̗
Ὂ̈́Ȣ̄
πȢχψυὲ̗

 

ʇʨʠʡʤʘʻʪʴʩʷ ʥʘʡʙʣʠʞʯʠʡ ʥʦʤʝʥʢʣʘʪʫʨʥʠʡ ʜʽʘʤʝʪʨ ʮʠʢʣʦʥʘ (200, 300, 400, 

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

 
ʈʠʩʫʥʦʢ 6.11. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʮʠʢʣʦʥʘ 

 

ʈʠʩʫʥʦʢ 6.12. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʮʠʣʽʥʜʨʦ-ʢʦʥʽʯʥʦʛʦ ʮʠʢʣʦʥʫ 
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ɺʠʟʥʘʯʘʻʪʴʩʷ ʜʽʡʩʥʘ ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ, ʤ/ʩ: 

ύ̄
ὠ̄

“Ὀ̗
τ ὲ̗

 

ɼʽʡʩʥʘ ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ ʥʝ ʧʦʚʠʥʥʘ ʚʽʜʭʠʣʷʪʠʩʴ ʙʽʣʴʰ ʥʽʞ 

ʥʘ Ў̏ ̐Ȣ̓ 15% ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʪʦʙʪʦ: 

Ў
ȿύ̄ ύ̏ ̐Ȣ̓ȿ

ύ̏ ̐Ȣ̓
ρππϷ 

ʋʤʦʚʘ: Ў Ў̏ ̐Ȣ̓ . 

ɺʠʟʥʘʯʘʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʮʠʢʣʦʥʘ: 

‚ ὑὑ‚̗̒̐ ὑȟ 

ʜʝ ‚̗̒̐ï ʢʦʝʬʽʮʽʻʥʪ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʦʜʠʥʦʯʥʦʛʦ ʮʠʢʣʦʥʘ ʜʽʘʤʝʪʨʦʤ  

500 ʤʤ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʘʙʣʠʮʽ ɼ.6.2.3; 

 ʂ1 ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʘʤʝʪʨʘ ʮʠʢʣʦʥʘ,  

ʪʘʙʣʠʮʷ ɼ.6.2.4; 

 ʂ2 ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʘʧʠʣʝʥʽʩʪʴ ʛʘʟʫ, ʪʘʙʣʠʮʷ ɼ.6.2.5;  

 ʂ3 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʪʠʩʢʫ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʢʦʤʧʦʥʫʚʘʥʥʷʤ ʮʠʢʣʦʥʽʚ ʚ ʛʨʫʧʫ, ʪʘʙʣʠʮʷ ɼ.6.2.6 (ʜʣʷ ʦʜʠʥʦʯʥʠʭ ʮʠʢʣʦʥʽʚ  

ʂ3 = 0). 

ɻʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʮʠʢʣʦʥʘ, ʇʘ: 

Ўὖ̗ ‚
ύ̄ ”̄

ς
ȟ 

ʜʝ  ‚ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʻʶ ʮʠʢʣʦʥʘ; 

”̄ ï ʛʫʩʪʠʥʘ ʛʘʟʫ ʟʘ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ tʛ, ʪʘʙʣʠʮʷ ɼ.6.2.1. 

ʇʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʩʧʦʞʠʚʘʻ ʙʘʪʘʨʝʷ ʮʠʢʣʦʥʽʚ, ɺʪ: 

ὔ ὠ̄Ўὖ̗ 

ɼʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʧʠʣʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʥʘʩʪʫʧʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

ʎ̘ ρπ ̘
Ὠ

Ὠ Ȣ

Ὠ Ȣ

Ὠ
ȟ 
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ʜʝ  lgůʯ ï ʚʽʜʭʠʣʝʥʥʷ ʫ ʬʫʥʢʮʽʾ ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ. ɼʣʷ ʫʤʦʚ ʜʘʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ lgůʯ= lgůɖ+0.2; 

dm ï ʤʝʜʽʘʥʥʠʡ ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ ʧʠʣʫ ʚ ʛʘʟʽ, ʟʘ ʷʢʦʛʦ ʤʘʩʘ ʚʩʽʭ ʯʘʩʪʠʥʦʢ 

ʧʠʣʫ ʤʝʥʰʘ ʘʙʦ ʙʽʣʴʰʘ 50%, ʤʢʤ; 

d15.9 ï ʜʽʘʤʝʪʨ ʯʘʩʪʦʢ, ʧʨʠ ʷʢʦʤʫ ʤʘʩʘ ʚʩʽʭ ʯʘʩʪʠʥʦʢ, ʤʝʥʰʠʭ ʟʘ d15.9 

ʩʪʘʥʦʚʠʪʴ 15.9% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʤʢʤ; 

 d84.1 ï ʜʽʘʤʝʪʨ ʯʘʩʪʦʢ, ʧʨʠ ʷʢʦʤʫ ʤʘʩʘ ʚʩʽʭ ʯʘʩʪʠʥʦʢ, ʤʝʥʰʠʭ ʟʘ d84.1 

ʩʪʘʥʦʚʠʪʴ 84.1% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʤʢʤ. 

ɼʣʷ ʜʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʥʷʪʦ, ʱʦ ʜʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʧʠʣʫ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ, ʷʢ: 

ʎ̘ ʎ πȢς ρπ πȢς 

ɼʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʣʦʚʣʶʶʪʴʩʷ ʥʘ 50%: 

Ὠ Ὠ˟
Ὀ̗ʍ̓˟А̄ύ˟

Ὀ̗˟ ʍ̓А̄˟ύ̄
 ȟ 

ʜʝ  Ὠ˟  ï ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʣʦʚʣʶʶʪʴʩʷ ʥʘ 50% ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ, 

(ʪʘʙʣʠʮʷ ɼ.6.2.2); 

 А̄ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ ʟʘ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ tʛ, (ʪʘʙʣʠʮʷ ɼ.6.2.1); 

 ɯʥʜʝʢʩ çʪè ʦʟʥʘʯʘʻ ʩʪʘʥʜʘʨʪʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʮʠʢʣʦʥʽʚ:  

 ύ˟ ï ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʛʘʟʫ ʫ ʮʠʢʣʦʥʽ, ʤ/ʩ (ʪʘʙʣʠʮʷ ɼ.6.2.2); 

 Ὀ̗˟ πȢφ ʤ ï ʜʽʘʤʝʪʨ ʮʠʢʣʦʥʘ; 

 ʍ̓˟ ρωσπ ʢʛ/ʤ3 ï ʛʫʩʪʠʥʘ ʯʘʩʪʠʥʦʢ; 

 А̄˟ ςȢςςρπ ʇʘĀʩ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʛʘʟʫ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʧʠʣʫ ʚ ʛʘʟʽ: 

ὼ
ÌÇ
Ὠ
Ὠ

ÌÇʎ ÌÇʎ̘
Ȣ ȟ 

ʜʝ ÌÇʎ̘ ï ʚʽʜʭʠʣʝʥʥʷ ʫ ʬʫʥʢʮʽʾ ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ. ɼʣʷ ʫʤʦʚ ʜʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ lgůʯ= lgůɖ+0.2. 
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ʇʦʚʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʯʠʱʝʥʥʷ ʛʘʟʫ: 

ʂ̑ υπρ ˡὼ ȟ 

ʜʝ ʌ(ʭ) ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ (ʪʘʙʣʠʮʷ ɼ.6.2.7). 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʫʤʦʚʘ: 

ʂ̑ ʂ̈ ́̅́̎́. 

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 ʥʘʚʝʜʝʥʦ ʫ  

ʪʘʙʣʠʮʽ ɼ 6.2.8. 

ɼʣʷ ʧʠʣʫ, ʱʦ ʟʣʠʧʘʻʪʴʩʷ, ʩʝʨʝʜʥʷ ʧʨʠʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʚ 

ʛʘʟʘʭ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ 4 ʨʘʟʠ ʤʝʥʰʝ. 

ʆʙôʻʤʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʧʠʣʫ ʚ ʛʘʟʽ ʥʘ ʚʠʭʦʜʽ ʟ ʮʠʢʣʦʥʘ ʟʥʘʡʜʝʤʦ ʟ ʨʽʚʥʷʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʱʝʥʥʷ ʛʘʟʫ, ʛ/ʤ3: 

ʂ̑
ὅ̐ ὅ̋

ὅ̐
ρππ 

ʪʦʙʪʦ: 

ὅ̋ ὅ̐ ὅ̐
ʂ̑

ρππ
 

ɺʝʣʠʯʠʥʘ ʟʤʝʥʰʝʥʥʷ ʟʘʧʠʣʝʥʦʩʪʽ ʛʘʟʫ ʚ ʮʠʢʣʦʥʽ, ʛ/ʤ3; 

Ўὅ ὅ̐ ὅ̋ 

ʇʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʘʪʘʨʝʾ ʮʠʢʣʦʥʽʚ, ɺʪĿʤ3/ʛ: 

ὐ̗ ὔȾЎὅ 

ɿʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʫ ʯʘʩʪʢʘʭ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ Dʮ 

ʟʥʘʭʦʜʠʤʦ ʨʦʟʤʽʨʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʢʣʦʥʘ ʟʘʜʘʥʦʛʦ ʪʠʧʫ ʟʘ  

ʪʘʙʣʠʮʷʤʠ ɼ.6.2.9 ʽ ɼ.6.2.10 ʪʘ ʨʦʙʣʷʪʴʩʷ ʚʠʩʥʦʚʢʠ. 

ʄʦʥʪʘʞʥʫ ʩʭʝʤʫ ʛʨʫʧʠ ʮʠʢʣʦʥʽʚ ʪʠʧʫ ʎʅ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.13. 
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ʈʠʩʫʥʦʢ 6.13. ʄʦʥʪʘʞʥʘ ʩʭʝʤʘ ʙʘʪʘʨʝʾ ʮʠʣʽʜʨʦ-ʢʦʥʽʯʥʠʭ ʮʠʢʣʦʥʽʚ: 

ʘ) ʽʟ 4-ʭ ʮʠʢʣʦʥʽʚ; ʙ) ʽʟ 6-ʪʠ ʮʠʢʣʦʥʽʚ 

6.3.4. ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʮʠʢʣʦʥʘ ʚ Mathcad 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʫ Mathcad: 
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6.3.5. ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ 

ʚ ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ? 

2. ʗʢʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʪʝʭʥʽʮʽ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʣʝ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ? 

3. ʇʦʷʩʥʽʪʴ ʱʦ ʪʘʢʝ ʮʠʢʣʦʥ ʪʘ ʷʢʠʡ ʚ ʥʴʦʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ 

ʦʯʠʱʝʥʥʷ. 

4. ʇʦʷʩʥʽʪʴ ʢʦʥʩʪʨʫʢʮʽʶ ʮʠʢʣʦʥʘ ʪʘ ʡʦʛʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ. 

5. ʇʦʷʩʥʽʪʴ ʨʫʰʽʡʥʫ ʩʠʣʫ ʮʠʢʣʦʥʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ 

ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

6. ʇʦʷʩʥʽʪʴ ʬʽʟʠʯʥʫ ʩʫʪʥʽʩʪʴ ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ. 

7. ʅʘʚʝʜʽʪʴ ʩʠʩʪʝʤʠ, ʫ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʮʠʢʣʦʥʠ ʪʘ ʧʦʷʩʥʽʪʴ ʾʭ. 

8. ʅʘʚʝʜʽʪʴ ʙʘʟʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʢʣʦʥʽʚ. 

9. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʙʘʪʘʨʝʡʥʠʭ ʮʠʢʣʦʥʽʚ? 

10. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʨʦʙʦʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʘ ʢʦʥʽʯʥʠʭ 

ʮʠʢʣʦʥʽʚ? 

11. ʇʦʷʩʥʽʪʴ ʩʫʪʴ ʩʪʫʧʝʥʶ ʦʯʠʱʝʥʥʷ ʛʘʟʫ ʪʘ ʷʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ 

ʟʙʽʣʴʰʠʪʠ ʡʦʛʦ ʟʥʘʯʝʥʥʷ. 
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6.4. ʈʆɿʈɸʍʋʅʆʂ ɻɯɼʈʆʎʀʂʃʆʅʋ 

6.4.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

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. 

ʎʠʣʽʥʜʨʦʢʦʥʽʯʥʠʡ ʛʽʜʨʦʮʠʢʣʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: 

ʮʠʣʽʥʜʨʠʯʥʦʾ 1 ʟ ʢʨʠʰʢʦʶ 2 ʽ ʢʦʥʽʯʥʦʾ 3, ʨʠʩʫʥʦʢ 6.14. 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. 

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 ʤʝʥʰʽ ʪʘ ʣʝʛʢʽ ʧʨʷʤʫʶʪʴ ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʫ ʽ ʯʝʨʝʟ ʟʣʠʚʥʫ 

ʪʨʫʙʫ 3 ʚʠʚʦʜʷʪʴʩʷ ʟ ʛʽʜʨʦʮʠʢʣʦʥʫ, ʨʠʩʫʥʦʢ 6.14 ʙ. 

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 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. 
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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. 

ʈʠʩʫʥʦʢ 6.14. ʉʭʝʤʘ ʨʦʟʜʽʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ 

ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʦʤʫ ʛʽʜʨʦʮʠʢʣʦʥʽ: ʘ) ʩʭʝʤʘ ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʦʛʦ ʛʽʜʨʦʮʠʢʣʦʥʘ;  

ʙ) ʩʭʝʤʘ ʨʦʟʜʽʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʮʠʣʽʥʜʨʦʢʦʥʽʯʥʦʤʫ ʛʽʜʨʦʮʠʢʣʦʥʽ 

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 ʽʟ ʦʩʚʽʪʣʝʥʦʶ ʨʽʜʠʥʦʶ, ʨʠʩʫʥʦʢ 6.14 ʙ. 

ʋ ʧʝʨʠʬʝʨʽʡʥʽʡ ʟʦʥʽ ɯ ʧʦʪʽʢ ʨʽʜʢʦʾ ʬʘʟʠ, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʨʫʭʘʻʪʴʩʷ ʚʥʠʟ ʢʦʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʛʽʜʨʦʮʠʢʣʦʥʫ, ʨʠʩʫʥʦʢ 6.15. 

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. 
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ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ, ʯʝʨʝʟ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʰʪʫʮʝʨ ʫ ʛʽʜʨʦʮʠʢʣʦʥʽ 

ʧʽʜʩʤʦʢʪʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, ʱʦ ʨʘʟʦʤ ʽʟ ʛʘʟʦʤ, ʷʢʠʡ ʚʠʜʽʣʠʚʩʷ ʟ 

ʨʽʜʠʥʠ, ʫʪʚʦʨʶʻ ʨʦʟʨʽʜʞʝʥʥʷ ɯɯɯ (ʧʦʚʽʪʨʷʥʠʡ ʩʪʦʚʧ), ʨʠʩʫʥʦʢ 6.15. 

 

ɯ ï ʟʦʚʥʽʰʥʷ ʟʦʥʘ; ɯɯ ï ʚʥʫʪʨʽʰʥʷ ʟʦʥʘ; ɯɯɯ ï ʟʦʥʘ ʨʦʟʨʽʜʞʝʥʥʷ 

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 

ʈʠʩʫʥʦʢ 6.15. ʉʭʝʤʘ ʨʫʭʫ ʧʦʪʦʢʽʚ ʚ ʢʦʨʧʫʩʽ ʛʽʜʨʦʮʠʢʣʦʥʫ 

ɺʠʩʭʽʜʥʠʡ ʧʦʪʽʢ, ʫ ʷʢʦʤʫ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʣʝʛʢʽ ʘʙʦ ʜʨʽʙʥʽ ʯʘʩʪʠʥʢʠ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʙʤʝʞʝʥʠʡ ʽʟ 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 ʚʠʭʨʦʫʪʚʦʨʝʥʥʷ. 

ʌʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʮʠʢʣʦʥʽʚ. 

ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʥʦʨʤʘʣʴʥʘ 

ʨʦʙʦʪʘ ʛʽʜʨʦʮʠʢʣʦʥʘ ʧʦʨʫʰʫʻʪʴʩʷ ʯʝʨʝʟ ʟʘʙʠʚʘʥʥʷ ʰʪʫʮʝʨʽʚ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ 
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ʰʣʘʤʫ. ʇʨʠ ʮʴʦʤʫ ʟʥʠʞʫʻʪʴʩʷ ʩʪʫʧʽʥʴ ʨʦʟʜʽʣʝʥʥʷ, ʪʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʽʜʨʦʮʠʢʣʦʥʽʚ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʩʫʩʧʝʥʟʽʡ ʻ 

ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ. 

ʉʪʫʧʽʥʴ ʦʩʘʜʞʝʥʥʷ ï ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʘʜʽ ʽ 

ʚʠʭʽʜʥʽʡ ʩʫʩʧʝʥʟʽʾ ʜʦ 1 ʤ3 ʨʽʜʢʦʾ ʬʘʟʠ. 

ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʪʚʝʨʜʘ ʬʘʟʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʣʽʜʠʩʧʝʨʩʥʫ ʩʫʤʽʰ, ʪʦʤʫ ʚ 

ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʛʨʘʥʠʯʥʦʤʫ ʜʽʘʤʝʪʨʽ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ. 

ɿʽ 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 ʫ 

ʩʪʫʧʝʥʽ 0,5. ʎʝ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʛʽʜʨʦʮʠʢʣʦʥʫ V, ʨʦʟʛʣʷʜʘʶʯʠ ʨʫʭ ʩʫʩʧʝʥʟʽʾ ʯʝʨʝʟ ʥʴʦʛʦ, ʷʢ ʨʫʭ ʨʽʜʠʥʠ ʽʟ 

ʟʘʪʦʧʣʝʥʦʛʦ ʦʪʚʦʨʫ. 

ɻʽʜʨʦʮʠʢʣʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʥʝʩʪʽʡʢʠʭ ʝʤʫʣʴʩʽʡ, ʫ 

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 ʯʫʞʦʨʽʜʥʠʭ 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 

ʤʫʣʴʪʠ-ʛʽʜʨʦʮʠʢʣʦʥʠ. 

ʋ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʣʦʢʥʠʩʪʠʭ 

ʩʫʩʧʝʥʟʽʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʫʣʴʪʠʛʽʜʨʦʮʠʢʣʦʥ ʽʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʛʽʜʨʦʮʠʢʣʦʥʽʚ, ʚʚʘʞʘʶʪʴ, ʱʦ ʯʘʩʪʠʥʢʠ d > da ʚʽʜʚʦʜʷʪʴʩʷ ʟ ʦʩʘʜʦʤ, ʘ ʯʘʩʪʠʥʢʠ ʟ 

ʨʦʟʤʽʨʦʤ d < da ï ʟ ʬʫʛʘʪʦʤ. 
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ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʢʽʣʴʢʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʘʜʽ ʪʘ ʬʫʛʘʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʨʠʚʠʤʠ ʨʦʟʜʽʣʝʥʥʷ. ʇʨʠ ʮʠʭ ʫʤʦʚʘʭ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ 

ʨʫʭʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. 

6.4.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʧʘʨʘʪʽʚ ʛʽʜʨʦʮʠʢʣʦʥʥʦʛʦ ʪʠʧʫ 

ɿ ʚʝʣʠʢʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʢʦʥʩʪʨʫʢʮʽʡ ʛʽʜʨʦʮʠʢʣʦʥʽʚ ʜʦʮʽʣʴʥʦ ʚʠʜʽʣʠʪʠ 

ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

1. ʎʠʣʽʥʜʨʦʢʦʥʽʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ, 

ʟʛʫʱʝʥʥʷ, ʟʙʘʛʘʯʝʥʥʷ, ʢʣʘʩʠʬʽʢʘʮʽʾ, ʨʠʩʫʥʦʢ 6.16. 

 

ʈʠʩʫʥʦʢ 6.16. ʎʠʣʽʥʜʨʦʢʦʥʽʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ: ʘ) ʥʠʟʴʢʦʥʘʧʽʨʥʠʡ 

ʚʽʜʢʨʠʪʠʡ ʧʨʦʪʠʪʝʯʽʡʥʠʡ; ʙ) ʙʝʟ ʢʘʤʝʨʠ ʟʣʠʚʫ; ʚ) ʟʽ ʟʤʽʥʥʦʶ ʚʩʪʘʚʢʦʶ 

ʞʠʚʣʝʥʥʷ; ʛ) ʟʽ ʟʣʠʚʥʦʶ ʢʘʤʝʨʦʶ 

2. ʂʦʥʽʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ (ʚʽʜʢʨʠʪʽ ʪʘ ʟʘʢʨʠʪʽ) ʧʨʠʟʥʘʯʝʥʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ 

ʨʦʟʜʽʣʝʥʥʷ ʛʨʫʙʠʭ ʩʫʩʧʝʥʟʽʡ, ʨʠʩʫʥʦʢ 6.17. 

3. ʎʠʣʽʥʜʨʠʯʥʽ (ʧʨʷʤʦʪʦʯʥʽ ʽ ʧʨʦʪʠʪʝʯʽʡʥʽ) ʛʽʜʨʦʮʠʢʣʦʥʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʘʩʪʽʰʝ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʚʦʭʬʨʘʢʮʽʡʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʟʛʫʱʝʥʥʷ ʩʫʩʧʝʥʟʽʾ, ʨʠʩʫʥʦʢ 6.18. 

4. ʊʫʨʙʦʮʠʢʣʦʥʠ ï ʘʧʘʨʘʪʠ ʛʽʜʨʦʮʠʢʣʦʥʥʦʛʦ ʪʠʧʫ ʟ ñʨʦʟʛʽʥʥʠʤʠò 

ʦʙʝʨʪʦʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʪʫʨʙʽʥʘʤʠ), ʷʢʽ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ 
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ʪʦʥʢʠʭ ʨʦʟʙʘʚʣʝʥʠʭ ʩʫʩʧʝʥʟʽʡ ʽʟ ʟʤʽʥʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʘ ʜʠʩʧʝʨʩʥʠʤ ʩʢʣʘʜʦʤ 

ʧʨʠ ʙʝʟʥʘʧʽʨʥʦʤʫ ʨʝʞʠʤʽ ʞʠʚʣʝʥʥʷ, ʨʠʩʫʥʦʢ 6.19. 

 

ʈʠʩʫʥʦʢ 6.17. ʂʦʥʽʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ: ʘ) ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʽʟ ʩʽʪʢʦʚʠʤ 

ʢʦʥʽʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʥʘ ʚʠʭʦʜʽ ʦʩʚʽʪʣʝʥʦʛʦ ʧʦʪʦʢʫ ʽ ʙʫʥʢʝʨʦʤ (ʥʘʢʦʧʠʯʫʚʘʯʝʤ 

ʟʛʫʱʝʥʦʛʦ ʧʨʦʜʫʢʪʫ); ʙ) ʜʚʦʭʢʦʥʫʩʥʠʡ ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʯʦʪʠʨʴʦʭʧʨʦʜʫʢʪʦʚʠʡ 

 

1 ï ʢʦʥʽʯʥʠʡ ʚʠʪʠʩʢʫʚʘʯ 

ʈʠʩʫʥʦʢ 6.18. ʎʠʣʽʥʜʨʠʯʥʽ ʛʽʜʨʦʮʠʢʣʦʥʠ: ʘ) ʮʠʣʽʥʜʨʠʯʥʠʡ 

ʧʨʷʤʦʪʝʯʽʡʥʠʡ ʪʨʴʦʭ ʧʨʦʜʫʢʪʦʚʠʡ; ʙ) ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʨʦʪʠʪʝʯʽʡʥʠʡ ʜʚʦʭ 

ʧʨʦʜʫʢʪʦʚʠʡ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʦʩʚʽʪʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ; 
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ʈʠʩʫʥʦʢ 6.19. ʊʫʨʙʦʛʽʜʨʦʮʠʢʣʦʥʠ: ʘ) ʧʨʷʤʦʪʝʯʽʡʥʠʡ ʜʚʦʧʨʦʜʫʢʪʦʚʠʡ ʟ 

ʨʘʜʽʘʣʴʥʠʤ ʧʽʜʚʝʜʝʥʥʷʤ ʩʫʤʽʰʽ, ʱʦ ʨʦʟʜʽʣʷʻʪʴʩʷ; ʙ) ʧʨʷʤʦʪʝʯʽʡʥʠʡ 

ʪʨʴʦʭʧʨʦʜʫʢʪʦʚʠʡ ʜʚʦʩʪʫʧʽʥʯʘʪʠʡ ʟʽ ʰʥʝʢʦʚʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʧʨʦʤʽʞʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʽ ʧʣʦʩʢʠʤʠ ʨʦʟʤʽʥʥʠʤʠ ʣʦʧʘʪʷʤʠ. 

 

ʈʠʩʫʥʦʢ 6.20. ʂʦʥʩʪʨʫʢʮʽʷ ʛʽʜʨʦʮʠʢʣʦʥʫ ʟʽ ʰʥʝʢʦʚʠʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ 

ʦʩʘʜʫ: ʘ) ʫ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ, ʙ) ʫ ʨʝʞʠʤʽ ʧʨʦʤʠʚʢʠ. 
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6.4.3. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʦʮʠʢʣʦʥʘ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ: 

ɺʠʪʨʘʪʠ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʧʦʩʪʫʧʘʻ ʥʘ ʦʯʠʱʝʥʥʷ, ʤ3/ʛʦʜ   Vʟʘʜ.; 

ɼʽʘʤʝʪʨ ʮʠʢʣʦʥʘ, ʤ        D; 

ʅʘʧʽʨ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʽʟʥʠʮʽ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ, ʄʇʘ  Dʅ; 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ, ↔ʉ       t; 

ɻʫʩʪʠʥʘ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʢʛ/ʤ3       ɟʪ; 

ɺʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʚʠʭʽʜʥʽʡ ʩʫʩʧʝʥʟʽʾ, %    ʘ; 

ɺʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚ ʦʩʚʽʪʣʝʥʦʤʫ ʧʨʦʜʫʢʪʽ, %    b; 

ɺʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʟʛʫʱʝʥʦʤʫ ʧʨʦʜʫʢʪʽ, %    ʩ. 

ɿʘʚʜʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ 

ʧʫʥʢʪʽ ɼ.6.1.3 ʜʦʜʘʪʢʫ 6.1. 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ (ʛʫʩʪʠʥʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ 

ʚôʷʟʢʦʩʪʽ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʪʘʙʣʠʮʝʶ ɼ.6.2.11. 

ɼʣʷ ʧʨʦʤʽʞʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʥʘʤʽʯʥʫ ʚôʷʟʢʽʩʪʴ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʛʽʜʨʦʮʠʢʣʦʥʘ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.14. 

ʅʘ ʧʨʘʢʪʠʮʽ ʧʨʠʡʥʷʪʽ  ʥʘʩʪʫʧʥʽ ʚʽʜʥʦʩʥʽ ʨʦʟʤʽʨʠ ʝʣʝʤʝʥʪʽʚ ʛʽʜʨʦʮʠʢʣʦʥʽʚ: 

ï H/D=5; 

ï d/D=0,28; 

ï d1/D=0,34; 

ï h/D=0,4; 

ï D Ò 750 ʤʤ. 

ɯʟ ʟʘʜʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʘʤʝʪʨ ʚʭʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ d,ʤ, ʘ 

ʪʘʢʦʞ ʜʽʘʤʝʪʨ ʚʽʜʚʽʜʥʦʾ ʪʨʫʙʠ d1, ʤ. 

ʇʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʭʽʜʥʦʾ ʪʨʫʙʠ, ʤ2: 

2

1
ʚʭ

4

d
F

p
=  

ʂʦʝʬʽʮʽʻʥʪ ʚʠʪʨʘʪ: 
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2

1

2 2

1

d

D d
m=

-
. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʛʽʜʨʦʮʠʢʣʦʥʘ, ʤ3/ʩ: 

2

ʚʭɛ 2 10V F H -= D Ö . 

ʊʦʜʽ ʰʚʠʜʢʽʩʪʴ ʩʫʩʧʝʥʟʽʾ ʫ ʚʭʽʜʥʦʤʫ ʧʘʪʨʫʙʢʫ, ʤ/ʩ: 

ʚʭ

ʚʭ

.
V

w
F
=  

ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʛʽʜʨʦʮʠʢʣʦʥʽʚ, ʦʜʠʥʠʮʴ: 

m=Vʟʘʜ./V. 

ʄʘʢʩʠʤʘʣʴʥʽ ʨʦʟʤʽʨʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʜʣʷ ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ, ʤ: 

0 p p 2
a 2

ʪ ʨ ʪ ʨ 1

18 18
ln

( ) ( )

W R
d

r R

m m

r r w r r
= =

- -
, 

ʜʝ R2 ʪʘ R1 ï ʨʘʜʽʫʩ ʢʦʨʧʫʩʘ ʛʽʜʨʦʮʠʢʣʦʥʘ ʪʘ ʨʘʜʽʫʩ ʚʽʜʚʽʜʥʦʛʦ ʧʘʪʨʫʙʢʘ 

ʚʽʜʧʦʚʽʜʥʦ; 

 Õʨ ï ʜʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʜʠʩʧʝʨʩ 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʛʽʜʨʦʮʠʢʣʦʥʘ: 

100
,

100

c a b b

c b a a
h

- -è ø
= -é ù- -ê ú

 

ʜʝ a, b, c ï ʚʤʽʩʪ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʚʠʭʽʜʥʽʡ ʩʫʩʧʝʥʟʽʾ, ʦʩʚʽʪʣʝʥʦʤʫ ʪʘ ʟʛʫʱʝʥʦʤʫ 

ʧʨʦʜʫʢʪʘʭ ʨʦʟʜʽʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

 

ɼʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʷʢ ʚʧʣʠʚʘ ̒ʥʘʧ̔ʨ Dʅ, ʷʢʱʦ ʡʦʛʦ: 

ʘ) ʟʤʝʥʰʠʪʠ ʜʦ Dʅ =0,1 ʄʇʘ; 

ʙ) ʟʙʽʣʴʰʠʪʠ ʜʦ Dʅ =0,3 ʄʇʘ. 
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6.4.4. ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʦʮʠʢʣʦʥʘ ʚ Mathcad 
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6.4.5. ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ɼʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩ ̫ʛʽʜʨʦʮʠʢʣʦʥʠ? 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʛʽʜʨʦʮʠʢʣʦʥʘ? 

3. ʅʘʚʝʜʽʪʴ ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʛʽʜʨʦʮʠʢʣʦʥʫ, ʧʦʷʩʥʽʪʴ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ. 

4. ʇʦʷʩʥʽʪʴ ʧʨʠʯʠʥʠ ʫʪʚʦʨʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʩʪʦʚʙʘ ʫ ʛʽʜʨʦʮʠʢʣʦʥʘʭ. 

5. ʅʘʚʝʜʽʪʴ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʛʽʜʨʦʮʠʢʣʦʥʽʚ. 

6. ʅʘʚʝʜʽʪʴ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʮʠʢʣʦʥʽʚ. 

7. ʉʬʦʨʤʫʣʶʡʪʝ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʛʽʜʨʦʮʠʢʣʦʥʘ. 

8. ʑʦ ʚʧʣʠʚʘʻ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʛʽʜʨʦʮʠʢʣʦʥʽʚ ʤʽʞ ʧʝʨʽʦʜʘʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ (ʥʘ ʟʥʦʰʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ). 

9. ʗʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʛʽʜʨʦʮʠʢʣʦʥʘ ʪʘ ʱʦ ʚʽʥ 

ʭʘʨʘʢʪʝʨʠʟʫʻ? 

10. ʗʢ ʚʧʣʠʚʘʻ ʥʘʧʽʨ ʥʘ ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʫ ʛʽʜʨʦʮʠʢʣʦʥʽ ʪʘ ʥʘ ʡʦʛʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ? 
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6.5. ʈʆɿʈɸʍʋʅʆʂ ʉʊʈɯʏʂʆɺʆɻʆ ɺɸʂʋʋʄ-ʌɯʃʔʊʈɸ 

6.5.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.21. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʬʽʣʴʪʨ ʷʚʣʷʻ ʩʦʙʦʶ ʻʤʥʽʩʪʴ, ʢʦʨʧʫʩ 1 ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʜʚʽ 

ʯʘʩʪʠʥʠ ʬʽʣʴʪʨʫʶʯʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ 4. 

 

1 ï ʢʦʨʧʫʩ; 2 ï ʩʫʩʧʝʥʟʽʷ; 3 ï ʦʩʘʜ;  

4 ï ʬʽʣʴʪʨʫʶʯʘ ʧʝʨʝʛʦʨʦʜʢʘ; 5 ï ʬʽʣʴʪʨʘʪ 

ʈʠʩʫʥʦʢ 6.21. ʉʭʝʤʘ ʬʽʣʴʪʨʘ ʧʨʠ ʨʦʟʜʽʣʝʥʥʽ ʩʫʩʧʝʥʟʽʾ: 

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=ʈ1ïʈ2. ʇʽʜ ʜʽʻʶ ʨʽʟʥʠʮʽ ʪʠʩʢʫ ʨʽʜʠʥʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʦʨʠ 

ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ, ʫʪʚʦʨʶʶʯʠ ʬʽʣʴʪʨʘʪ 5. ʊʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʟʘʪʨʠʤʫʶʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʶʯʦʾ ʧʝʨʝʛʦʨʦʜʢʠ 4, ʫʪʚʦʨʶʶʯʠ ʦʩʘʜ 3. 

ʇʨʦʮʝʩ 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. 



68 

 

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. 

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. 

6.5.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʨʽʯʢʦʚʠʭ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽʚ 

ʉʪʨʽʯʢʦʚʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ, ʨʠʩʫʥʦʢ 6.22, ʷʚʣʷʻ ʩʦʙʦʶ ʘʧʘʨʘʪ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʜʽʾ, ʱʦ ʧʨʘʮʶʻ ʧʽʜ ʚʘʢʫʫʤʦʤ, ʫ ʷʢʦʤʫ ʥʘʧʨʷʤʦʢ ʜʽʾ ʩʠʣʠ ʪʷʞʽʥʥʷ ʩʧʽʚʧʘʜʘʻ ʟ 

ʥʘʧʨʷʤʢʦʤ ʨʫʭʫ ʬʽʣʴʪʨʘʪʫ. 

ʉʭʝʤʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʥʘʚʝʜʝʥʦ ʥʘ  

ʨʠʩʫʥʢʫ 6.23. 

ʇʝʨʬʦʨʦʚʘʥʘ ʛʫʤʦʚʘ ʩʪʨʽʯʢʘ 2 ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʟʘʤʢʥʝʥʦʤʫ ʢʦʣʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʽʜʥʦʛʦ 8 ʽ ʥʘʪʷʞʥʦʛʦ 3 ʙʘʨʘʙʘʥʽʚ. ʌʽʣʴʪʨʫʶʯʘ ʪʢʘʥʠʥʘ 5 
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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. 

 

ʈʠʩʫʥʦʢ. 6.22. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ  

ʚʘʢʫʫʤʥʦʛʦ ʬʽʣʴʪʨʘ ʩʝʨʽʾ DI 

 

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 

ʈʠʩʫʥʦʢ 6.23. ʉʪʨʽʯʢʦʚʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ 

ʋʪʚʦʨʝʥʠʡ ʥʘ ʪʢʘʥʠʥʽ ʦʩʘʜ ʧʨʦʤʠʚʘʻʪʴʩʷ ʨʽʜʠʥʦʶ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ 

ʬʦʨʩʫʥʢʠ 9. ʇʨʦʤʠʚʥʘ ʨʽʜʠʥʘ ʚʽʜʩʤʦʢʪʫʻʪʴʩʷ ʜʦ ʽʥʰʠʭ ʚʘʢʫʫʤ-ʢʘʤʝʨ ʽ, ʚ 

ʧʦʜʘʣʴʰʦʤʫ, ʚʽʜʚʦʜʠʪʴʩʷ ʟ ʘʧʘʨʘʪʫ. 
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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. 

6.5.3. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʽʯʢʦʚʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ: 

ʄʘʩʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʩʫʩʧʝʥʟʽʻʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ  

ʥʘ ʬʽʣʴʪʨʘʮʽʶ, ʪʩʫʩʧ./ʛʦʜ        G; 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ, ʢʛɺ/ʢʛɸɺ    ὅ; 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʚʦʣʦʛʦʤʫ ʦʩʘʜʽ, ʢʛɺ/ʢʛʚ.ʦ.  ὅ; 

ɻʫʩʪʠʥʘ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ, ʢʛɸ/ʤɸ
3     ʍʨ; 

ɻʫʩʪʠʥʘ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ, ʢʛɺ/ʤɺ
3     ʍ̓; 

ʂʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ, ʇʘĿʩ ʈ̑; 

ʂʦʥʩʪʘʥʪʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʪʢʘʥʠʥʠ, 1/ʤ  Ὑ; 

ʂʦʥʩʪʘʥʪʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʦʩʘʜʫ, ʤ/ʢʛ     rm1; 

ʈʽʟʥʠʮʷ ʪʠʩʢʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ  

ʪʘ ʧʨʦʤʠʚʮʽ ʦʩʘʜʫ, ʢʇʘ        Ўὖ; 

ʊʦʚʱʠʥʘ ʰʘʨʫ ʦʩʘʜʫ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʽ, ʤʤ  hʦʩ. 

ɿʘʚʜʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ 

ʧʫʥʢʪʽ ɼ.6.1.4 ʜʦʜʘʪʢʫ 6.1. 
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ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʩʪʨʽʯʢʦʚʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ (ʉɺʌ) ʥʘʚʝʜʝʥʦ ʥʘ  

ʨʠʩʫʥʢʫ 6.23. 

ɻʫʩʪʠʥʘ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʘʮʽʶ ʫ ʚʘʥʥʫ ʙʘʨʘʙʘʥʥʦʛʦ 

ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʢʛɸɺ/ʤɸɺ
3: 

”̒ ̔̒̐Ȣ

”̓”̑

”̓ ὅ ”̑ ”̓
 

ɻʫʩʪʠʥʘ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ, ʢʛ/ʤ3: 

”̏ ̒

”̓”̑

”̓ ὅ ”̑ ”̓
 

ʄʘʩʘ ʪʚʝʨʜʦʛʦ ʦʩʘʜʫ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 1 ʤ3  

ʬʽʣʴʪʨʘʪʫ, ʢʛ: 

ὼ̒Ȣ̏Ȣ
”̑

ρ
ὅ

ρ
ὅ

 

ʉʝʨʝʜʥʽʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ, ʤ/ʢʛ: 

ὶ̏̒ ὶ Ўὖ πȢρπρωχ 

ʜʝ S ï ʩʪʫʧʽʥʴ ʩʪʠʩʢʘʥʥʷ ʦʩʘʜʫ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ S=0.887). 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʩ/ʤ2: 

ὦ
ʈʨὼ̒Ȣ̏Ȣὶ̏̒

ςЎὖ
 

ʋʤʦʚʥʠʡ ʦʙôʻʤ ʬʽʣʴʪʨʘʪʫ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ, ʤʬ
3/ʤ2: 

ὠ
Ὑ

ὶ̏ὼ̒̒Ȣ̏Ȣ
 

ʆʙôʻʤ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 1 ʤ3  

ʬʽʣʴʪʨʘʪʫ, ʤʚ.ʦ.
3/ʤʬ

3: 

ὼ̃Ȣ̏Ȣ

ρ ὅ ρ
”̑
”̓

ὅ
ὅ ρ

 

ʆʙôʻʤ ʬʽʣʴʪʨʘʪʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 1 ʤ2 ʬʽʣʴʪʨʘ, ʤʬ
3/ʤ2: 

ὠ Ὤ̏ Ⱦ̒ὼ̃Ȣ̏Ȣ 

ʏʘʩ ʬʽʣʴʪʨʘʮʽʾ, ʩ: 
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†̕
ὦὬ̏ Ὤ̒̏ ̒ ςὼ̃Ȣ̏Ȣὠ̏

ὼ̃Ȣ̏Ȣ
 

ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʬʽʣʴʪʨʘʮʽʾ, ʤ: 

ὒ̕ ύ†̕ 

ʜʝ w ï ʭʽʜ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʩʪʨʽʯʢʠ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʤ/ʭʚ (ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 

w=1õ15 ʤ/ʭʚ). 

ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʦʢʨʫʛʣʝʥʥʷʤ ʜʦ ʜʝʮʠʤʝʪʨʽʚ. 

ʇʦʚʝʨʭʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʤ2: 

Ὂ̕ ύ†̕ὦ 

ʜʝ b ï ʰʠʨʠʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʩʪʨʽʯʢʠ, ʤ (ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ b=1õ3 ʤ). 

ʂʦʥʩʪʘʥʪʘ ʧʨʦʤʠʚʢʠ, ʩ/ʤ2: 

ὦ ὥ”̏ ʈ̒̐ ὼ̑̒Ȣ̏Ȣὶ̏Ⱦ̒Ўὖ 

ʜʝ  aʦ ï ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ ʥʘ 1 ʢʛ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ (ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ aʦ=0.5Ĭ10
-3 ʤ3); 

 ʈ̐  ̑ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʠʡʥʷʪʠ, ʱʦ ʈ̐ =̑1.005Ĭ10-3 ʇʘĿʩ). 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ ʧʨʦʤʠʚʢʠ, ʩ: 

†̐̑ ὦὬ̏ Ὤ̒̏ ̒ ςὼ̃Ȣ̏Ȣὠ̏ Ⱦὼ̃Ȣ̏Ȣ 

ʏʘʩ ʧʨʦʤʠʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʜʽʡʩʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʟʨʦʰʫʻʪʴʩʷ 

ʧʨʦʤʠʚʥʦʶ ʨʽʜʠʥʦʶ ʟ ʬʦʨʩʫʥʦʢ ʜʦ ʪʝʦʨʝʪʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟʦʥʠ ʧʨʦʤʠʚʢʠ, ʩ: 

†̐̑ ̐†‮ ȟ̑ 

ʜʝ ʽʥʭʨʝʚʦʧ ʷʥʥʝʰʴʣʽʙʟ ʴʪʩʽʥʜʽʭʙʦʝʥ ʻʫʚʦʭʘʨʚ ʦʱ ,ʫʩʘʧʘʟ ʪʥʻʽʮʽʬʝʦʢ ï ‮ 

ʧʨʦʤʠʚʢʠ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʪʝʦʨʝʪʠʯʥʦʶ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ .(50.1=‮ 

ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʧʨʦʤʠʚʢʠ, ʤ: 

ὒ̐ ̑ ύ†̐  ̑

ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʧʨʦʤʠʚʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʦʢʨʫʛʣʝʥʥʷʤ ʜʦ ʜʝʮʠʤʝʪʨʽʚ. 

ʇʦʚʝʨʭʥʷ ʜʽʣʷʥʢʠ ʧʨʦʤʠʚʢʠ, ʤ2: 

Ὂ̐̑ ύ†̐ ὦ̑ 
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ʏʘʩ ʩʫʰʽʥʥʷ, ʟʨʽʟʘʥʥʷ ʦʩʘʜʫ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʤʝʨʪʚʽʡ ʟʦʥʽ ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʪʠ ʨʽʚʥʠʤ ʯʘʩʫ ʧʨʦʤʠʚʢʠ †˞Ȣ̝Ȣ †̐ ,̑ ʪʦʜʽ ʜʦʚʞʠʥʘ ʮʽʻʾ ʜʽʣʷʥʢʠ 

ʩʪʘʥʦʚʠʪʠʤʝ ὒ˞Ȣ̝Ȣ ὒ̐ ,̑ ʘ ʧʦʚʝʨʭʥʷ ï Ὂ˞Ȣ̝Ȣ Ὂ̐ .̑ 

ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ, ʩ: 

†̅̏Ȣ̐ †̕ †̐ Ȣ̑ †˞Ȣ̝ȢρȢυ 

ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ, ʤ: 

ὒ̅ ̏Ȣ̐ †̅̏Ȣ̐ύ 

ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʩʪʨʽʯʢʠ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʤ: 

ὒ̒ ̨̘̓̑̋ὒ̉̕ ὒ̐ Ȣ̑ ὒ̅ ̏Ȣ̐ ὒ˞Ȣ̝Ȣ 

ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʩʪʨʽʯʢʦʚʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʤ: 

ὒ̕ ̨̝̌̓̑ὒ́̕ ὒ̐ Ȣ̑ 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʧʨʠʚʦʜʥʦʛʦ ʙʘʨʘʙʘʥʘ, ɻʮ: 

ὲ
ύ

“Ὀ
 

ʜʝ D=0.5b ï ʜʽʘʤʝʪʨ ʧʨʠʚʦʜʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʤ. 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩ, ɺʪ: 

ὔ ὠὒ̕ ̨̝̌̓̑́ὦϽЎὖȢ 
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6.5.4. ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʨʽʯʢʦʚʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʚ Mathcad 
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6.5.5. ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʑʦ ʪʘʢʝ ʬʽʣʴʪʨʘʮʽʷ ʩʫʩʧʝʥʟʽʡ ʽ ʜʣʷ ʯʦʛʦ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ? 

2. ʗʢʽ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʡ? 

3. ʗʢ ʦʧʠʩʫʻʪʴʩʷ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʬʽʣʴʪʨʘʮʽʾ ʨʽʜʢʦʾ ʬʘʟʠ? 

4. ʗʢʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʚʭʦʜʷʪʴ ʫ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʡ? 
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5. ʗʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʽʯʢʦʚʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ? 

6. ʑʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʙʽʨ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʪʨʽʯʢʦʚʠʭ 

ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽʚ? 

7. ʗʢʽ ʧʝʨʝʚʘʛʠ ʤʘʻ ʩʪʨʽʯʢʦʚʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʪʠʧʘʤʠ ʬʽʣʴʪʨʽʚ? 

8. ʗʢʽ ʧʘʨʘʤʝʪʨʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ 

ʬʽʣʴʪʨʘʮʽʾ? 

9. ʗʢ ʚʧʣʠʚʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʩʪʨʽʯʢʠ ʪʘ ʪʠʩʢ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ? 

10. ʗʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʩʪʨʽʯʢʠ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʬʽʣʴʪʨʘʮʽʾ? 

11. ʗʢʽ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʨʽʯʢʦʚʦʛʦ 

ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʽ ʷʢʽ ʰʣʷʭʠ ʾʭ ʚʠʨʽʰʝʥʥʷ? 
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6.6. ʈʆɿʈɸʍʋʅʆʂ ɹɸʈɸɹɸʅʅʆɻʆ ɺɸʂʋʋʄ-ʌɯʃʔʊʈɸ 

6.6.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ 

ʆʩʥʦʚʥʦʶ ʯʘʩʪʠʥʦʶ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʨʠʩʫʥʦʢ 6.24, ʻ 

ʟʚʘʨʝʥʠʡ ʘʙʦ ʚʠʣʠʪʠʡ ʟ̔ ʤʝʪʘʣʫ ʙʘʨʘʙʘʥ 1, ʨʠʩʫʥʦʢ 6.25, ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʘʧʬ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʥʘʜ ʚʘʥʥʦʶ ʟ̔ ʩʫʩʧʝʥʟʽʻʶ 4 ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʯʘʩʪʠʥʘ ʙʘʨʘʙʘʥʘ ʙʫʣʘ ʟʘʥʫʨʝʥʘ ʫ ʚʘʥʥʫ. 

 

1 ï ʧʝʨʬʦʨʦʚʘʥʠʡ ʙʘʨʘʙʘʥ; 2 ï ʥʽʞ; 3 ï ʬʽʣʴʪʨʫʶʯʘ ʪʢʘʥʠʥʘ;  

4 ï ʚʘʥʥʘ; 5 ï ʢʦʣʠʚʘʶʯʘ ʤʽʰʘʣʢʘ; 6 ï ʢʘʤʝʨʠ; 7 ï ʪʨʫʙʠ;  

8 ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʦʜʘʯʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ 

ʈʠʩʫʥʦʢ 6.24. ɹʘʨʘʙʘʥʥʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ ʟʽ ʩʢʨʝʙʢʦʚʠʤ ʟʥʷʪʪʷʤ ʦʩʘʜʫ: ʘ) 

ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ; ʙ) ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

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 
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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 ʨʠʩʫʥʢʫ 6.25. 

 

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 

ʈʠʩʫʥʦʢ 6.25. ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʴʥʦʾ ʛʦʣʦʚʢʠ 

ʋ 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, ʫ ʟʦʥʘʭ ɸ, ɹ ʽ ɺ ʩʪʚʦʨʶʻʪʴʩʷ 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. 
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ʎʝ ʻ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʛʦ ʬʽʣʴʪʨʘ. ʈʘʟʦʤ ʟ ʪʠʤ, ʮʝ ʧʨʦʩʪʦʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʤʦʞʣʠʚʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʾ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʦʾ 

ʬʘʟʠ, ʭʦʨʦʰʽ ʫʤʦʚʠ ʧʨʦʤʠʚʢʠ ʦʩʘʜʫ. 

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. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʙʘʨʘʙʘʥʥʠʭ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽʚ ʥʘʚʝʜʝʥʦ ʫ  

ʪʘʙʣʠʮʽ ɼ.6.2.12. 

6.6.2. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ: 

ʄʘʩʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʩʫʩʧʝʥʟʽʻʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ  

ʥʘ ʬʽʣʴʪʨʘʮʽʶ, ʪʩʫʩʧ./ʛʦʜ        G; 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ, ʢʛɺ/ʢʛɸɺ    ὅ; 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʚʦʣʦʛʦʤʫ ʦʩʘʜʽ, ʢʛɺ/ʢʛʚ.ʦ.  ὅ; 

ɻʫʩʪʠʥʘ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ, ʢʛɸ/ʤɸ
3     ʍʨ; 

ɻʫʩʪʠʥʘ ʪʚʝʨʜʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ, ʢʛɺ/ʤɺ
3     ʍ̓; 

ʂʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʨʽʜʢʦʾ ʬʘʟʠ ʫ ʩʫʩʧʝʥʟʽʾ, ʇʘĿʩ ʈ̑; 

ʂʦʥʩʪʘʥʪʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʬʽʣʴʪʨʫʚʘʣʴʥʦʾ ʪʢʘʥʠʥʠ, 1/ʤ  Ὑ; 

ʂʦʥʩʪʘʥʪʘ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʦʩʘʜʫ, ʤ/ʢʛ     rm1; 

ʈʽʟʥʠʮʷ ʪʠʩʢ̔ʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ  

ʪʘ ʧʨʦʤʠʚʮʽ ʦʩʘʜʫ, ʢʇʘ        Ўὖ; 

ʊʦʚʱʠʥʘ ʰʘʨʫ ʦʩʘʜʫ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʽ ʤʤ  Ὤ̏ Ȣ̒ 

ɿʘʚʜʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ 

ʧʫʥʢʪʽ ɼ.6.1.5 ʜʦʜʘʪʢʫ 6.1. 

ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ (ɹɺʌ) ʥʘʚʝʜʝʥʦ ʥʘ  

ʨʠʩʫʥʢʫ 6.26. 
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ʉʝʨʝʜʥʽʡ ʧʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ: 

ὶ̏̒ ὶ Ўὖ πȢρπρωχ 

ʜʝ S ï ʩʪʫʧʽʥʴ ʩʪʠʩʢʘʥʥʷ ʦʩʘʜʫ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ S=0.887). 

 

1 ï ʚʘʥʥʘ; 2 ï ʟʤʽʰʫʚʘʯ; 3 ï ʙʘʨʘʙʘʥ;  4 ï ʰʘʙʝʨ; 5ïʧʝʨʝʣʠʚ 

•̕  ï ʢʫʪ ʩʝʢʪʦʨʘ ʬʽʣʴʪʨʘʮʽʾ; •̐  ̑ï ʢʫʪ ʩʝʢʪʦʨʘ ʧʨʦʤʠʚʢʠ ʦʩʘʜʫ;  

•̒ ï ʢʫʪ ʩʝʢʪʦʨʘ ʩʫʰʽʥʥʷ ʦʩʘʜʫ; •ᴂ ï ʢʫʪ ʩʝʢʪʦʨʘ ʚʽʜʜʫʚʢʠ ʪʘ ʟʨʽʟʘʥʥʷ ʦʩʘʜʫ; 

•ᴂ ï ʢʫʪ çʤʝʨʪʚʠʭè ʟʦʥ 

ʈʠʩʫʥʦʢ 6.26. ʉʭʝʤʘ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ: 

ɻʫʩʪʠʥʘ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʘʮʽʶ ʫ ʚʘʥʥʫ ʙʘʨʘʙʘʥʥʦʛʦ 

ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʢʛɸɺ/ʤɸɺ
3: 

”̒ ̔̒̐Ȣ

ρ

ὅ
”̓

ρ ὅ
”̑

 

ɻʫʩʪʠʥʘ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ 

ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʚʽʣʴʪʨʘ ʧʨʠ ʬʽʣʴʪʨʘʮʽʾ, ʢʛʚ.ʦ./ʤ ʚ.ʦ.
3: 

” Ȣ

ρ

ὅ
”̓

ρ ὅ
”̑

 

ʂʽʣʴʢʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʽ ʟ 1 ʤ3  

ʬʽʣʴʪʨʘʪʫ, ʢʛɺ/ʤʬ
3: 
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ὼ̒Ȣ̏Ȣ
”̑

ρ
ὅ

ρ
ὅ

 

ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʷʥʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʩ/ʤ2: 

ὦ
ʈʨὼ̒Ȣ̏Ȣὶ̏̒

ςЎὖ
 

ʋʤʦʚʥʠʡ ʦʙôʻʤ ʬʽʣʴʪʨʘʪʫ ʥʘ ʦʜʠʥʠʮʶ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ, ʤʬ
3/ʤ2: 

ὠ
Ὑ

ὶ̏ὼ̒̒Ȣ̏Ȣ
 

ʆʙôʻʤ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ, ʱʦ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 1 ʤ3  

ʬʽʣʴʪʨʘʪʫ, ʤʚ.ʦ.
3/ʤʬ

3: 

ὼ̃Ȣ̏Ȣ

ρ ὅ ρ
”̑
”̓

ὅ
ὅ ρ

 

ʆʙôʻʤ ʬʽʣʴʪʨʘʪʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 1 ʤ2 ʬʽʣʴʪʨʘ, ʤʬ
3/ʤ2: 

ὠ Ὤ̏ Ⱦ̒ὼ̃Ȣ̏Ȣ 

ʏʘʩ ʬʽʣʴʪʨʘʮʽʾ, ʩ: 

†̕
ὦὬ̏ Ὤ̒̏ ̒ ςὼ̃Ȣ̏Ȣὠ̏

ὼ̃Ȣ̏Ȣ
 

ʂʦʥʩʪʘʥʪʘ ʧʨʦʤʠʚʢʠ, ʩ/ʤ2: 

ὦ ὥ”̏ ʈ̒̐ ὼ̑̒Ȣ̏Ȣὶ̏Ⱦ̒Ўὖ 

ʜʝ  aʦ ï ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ ʥʘ 1 ʢʛ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ (ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ aʦ=0.5Ĭ10
-3 ʤ3); 

 ʈ̐  ̑ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʠʡʥʷʪʠ, ʱʦ ʈ̐ =̑1.005Ĭ10-3 ʇʘĿʩ). 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ ʧʨʦʤʠʚʢʠ, ʩ: 

†̐̑ ὦὬ̏ Ὤ̒̏ ̒ ςὼ̃Ȣ̏Ȣὠ̏ Ⱦὼ̃Ȣ̏Ȣ 

ʏʘʩ ʧʨʦʤʠʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʜʽʡʩʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʟʨʦʰʫʻʪʴʩʷ 

ʧʨʦʤʠʚʥʦʶ ʨʽʜʠʥʦʶ ʟ ʬʦʨʩʫʥʦʢ ʜʦ ʪʝʦʨʝʪʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟʦʥʠ ʧʨʦʤʠʚʢʠ, ʩ: 

†̐̑ ̐†‮ ȟ̑ 
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ʜʝ ʽʥʭʨʝʚʦʧ ʷʥʥʝʰʴʣʽʙʟ ʴʪʩʽʥʜʽʭʙʦʝʥ ʻʫʚʦʭʘʨʚ ʦʱ ,ʫʩʘʧʘʟ ʪʥʻʽʮʽʬʝʦʢ ï ‮ 

ʧʨʦʤʠʚʢʠ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʪʝʦʨʝʪʠʯʥʦʶ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ .(50.1=‮ 

ʏʘʩ ʩʫʰʽʥʥʷ, ʟʥʷʪʪʷ ʦʩʘʜʫ ʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʚ ʤʝʨʪʚʠʭ ʟʦʥʘʭ, ʩ: 

†˞Ȣ̝Ȣ̇Ȣ
†̕ †̐̑ᾀ

ᾀ ᾀ˞Ȣ̝Ȣ̇Ȣ
 

ʜʝ  ᾀ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ (ʫ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ ᾀ=20 ʩʝʢʮʽʡ); 

ᾀ˞Ȣ̝Ȣ̇Ȣ ï ʢʽʣʴʢʽʩʪʴ ʩʝʢʮʽʡ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʩʫʰʽʥʥʷ, ʟʥʷʪʪʷ ʦʩʘʜʫ ʪʘ ʤʝʨʪʚʽ 

ʟʦʥʠ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ ᾀ˞Ȣ̝Ȣ̇Ȣ=4 ʩʝʢʮʽʾ). 

ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʩ: 

† †̕ †̐̑ †˞Ȣ̝Ȣ̇Ȣ 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ɻʮ (ʦʙ/ʩ): 

ὲ ρȾ† 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʛʨʘʜ/ʩ: 

‫ σφπὲ 

ʂʫʪ ʩʝʢʪʦʨʫ ʬʽʣʴʪʨʘʮʽʾ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ (ʧʨʠʡʤʘʻʪʴʩʷ ʮʽʣʝ 

ʟʥʘʯʝʥʥʷ), ʛʨʘʜ: 

•̕ ̕†‫ 

ʂʫʪ ʩʝʢʪʦʨʫ ʧʨʦʤʠʚʢʠ ʦʩʘʜʫ ʚ ʙʘʨʘʙʘʥʥʦʤʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽ (ʧʨʠʡʤʘʻʪʴʩʷ 

ʮʽʣʝ ʟʥʘʯʝʥʥʷ), ʛʨʘʜ: 

•̐ ̑ ̐†‫  ̑

ʂʫʪ ʩʝʢʪʦʨʘ ʩʫʰʽʥʥʷ, ʚʽʜʜʫʚʢʠ ʪʘ ʟʥʷʪʪʷ ʦʩʘʜʫ ʚ ʙʘʨʘʙʘʥʥʦʤʫ ʚʘʢʫʫʤ-

ʬʽʣʴʪʨʽ, ʧʨʠʡʥʷʚʰʠ, ʱʦ ʢʫʪ ʤʝʨʪʚʦʾ ʟʦʥʠ ʩʪʘʥʦʚʠʪʴ •̍=3Á, ʛʨʘʜ: 

•˞Ȣ̝Ȣ †˞Ȣ̝Ȣ̇Ȣ‫ •̍  

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʩʫʤʘ ʢʫʪʽʚ ʩʝʢʪʦʨʽʚ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-

ʚʽʣʴʪʨʘ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ •̕ •̐ ̑ •˞Ȣ̝Ȣ •̍ σφπЈ. 

ʏʘʩ ʩʫʰʽʥʥʷ, ʚʽʜʜʫʚʢʠ ʪʘ ʟʥʷʪʪʷ ʦʩʘʜʫ ʚ ʙʘʨʘʙʘʥʥʦʤʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽ, ʩ: 

†˞Ȣ̝Ȣ •̕ •̐ ̑ •˞Ȣ̝Ȣ •̍  

ʂʫʪ ʩʝʢʪʦʨʘ ʟʘʥʫʨʝʥʦʛʦ ʙʘʨʘʙʘʥʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʛʨʘʜ: 
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•̈ ́Ȣ̎ •̕ •̍  

ʅʝʦʙʭʽʜʥʘ ʦʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʫ ʟʘ 

ʬʽʣʴʪʨʘʪʦʤ (ʟ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʧʦʪʦʢʽʚ), ʤʬ
3: 

ὠ̕ Ὃ ρ
ὅ

ὅ
Ⱦ”̑ 

ʅʝʦʙʭʽʜʥʘ ʟʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʬʽʣʴʪʨʘʮʽʾ, ʤ2: 

Ὂ̕ †ὠ̕ὼ̃Ȣ̏ȢȾὬ̏  ̒

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʪʘʙʣʠʮʝʶ ɼ.6.1.12 (ʜʦʜʘʪʦʢ 6.2) ʦʙʠʨʘʻʪʴʩʷ 

ʪʠʧ ʢʦʥʩʪʨʫʢʮʽ ʾʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ ʬʽʣʴʪʨʘ ʪʘ ʧʨʠʡʤʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʬʽʣʴʪʨʘʮʽʾ Fʪʘʙʣ, ʜʽʘʤʝʪʨ Dʙ ʪʘ ʜʦʚʞʠʥʘ Lʙ ʙʘʨʘʙʘʥʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ. 

ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʙʘʨʘʙʘʥʥʠʭ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽʚ ʦʙʨʘʥʦʛʦ ʪʠʧʫ 

(ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʦʢʨʫʛʣʝʥʥʷʤ ʜʦ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ), ʦʜʠʥʠʮʴ: 

ὲ̕ ̨̨̝̌̓̑̃ Ὂ̕ȾὊ̓ ́̂̌ 

ɿʘʧʘʩ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ, %: 

Ў̕ ̨̨̝̗̩̌̓̑́

ὲ̕ ̨̨̝̌̓̑̃Ὂ̓ ́̂̌Ὂ̕

Ὂ̕
ρππϷ 

ʋ ʚʠʧʘʜʢʫ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʟʘʧʘʩʫ ʧʦʚʝʨʭʥʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʦʙʠʨʘʪʠ ʽʥʰʠʡ 

ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʧʨʦʚʝʩʪʠ ʧʦʚʪʦʨʥʠʡ ʧʝʨʝʨʘʭʫʥʦʢ 

ʾʭ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘ ʟʘʧʘʩʫ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ. 

ʇʽʩʣʷ ʧʝʨʝʨʘʭʫʥʢʽʚ ʦʩʪʘʪʦʯʥʦ ʧʨʠʡʤʘʻʪʴʩʷ ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʨʘʙʘʥʥʦʛʦ 

ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʽʟ ʜʽʘʤʝʪʨʦʤ Dʙ ʪʘ ʜʦʚʞʠʥʦʶ Lʙ ʙʘʨʘʙʘʥʫ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ. 

ɻʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʙʘʨʘʙʘʥʘ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʚ ʩʫʩʧʝʥʟʽʶ, ʤ: 

Ὄ̈ ́̎

Ὀ̂

ς
ρ ÃÏÓ 

•̈ ́Ȣ̎

ς
 

ʄʘʩʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʜʥʦʛʦ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʟʘ ʩʫʩʧʝʥʟʽʻ ,ʁ 

ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʽʣʴʪʨʘʮʽʶ, ʢʛɸɺ/ʩ: 

Ὃ
ὠ̕

ὲ̕ ̨̨̝̌̓̑̃

ὼ̒Ȣ̏Ȣ
ὅ

 

ʆʙôʻʤ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʫ ʚʘʥʥʫ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ- 

ʬʽʣʴʪʨʘ, ʤɸɺ
3/ʩ: 
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ὠ̒̔̒̐Ȣ ὋȾ”̒ ̔̒̐Ȣ 

ʂʦʨʠʩʥʠʡ ʦʙôʻʤ ʚʘʥʥʠ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ, ʤ3: 

ὠ̃́̎̎ ὠ̉̒̔̒̐Ȣ† 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʦʮʝʩ, ɺʪ: 

ὔ ὠὲ̕ ̨̨̝̌̓̑̃Ὂ̓ ́̂Ў̌ὖȢ 

6.6.3. ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʚ Mathcad 
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6.6.4. ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʑʦ ʪʘʢʝ ʬʽʣʴʪʨʘʮʽʷ ʩʫʩʧʝʥʟʽʡ ʽ ʜʣʷ ʯʦʛʦ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ? 

2. ʗʢʽ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʡ? 

3. ʗʢ ʦʧʠʩʫʻʪʴʩʷ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʬʽʣʴʪʨʘʮʽʾ ʨʽʜʢʦʾ ʬʘʟʠ? 

4. ʗʢʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʚʭʦʜʷʪʴ ʫ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʡ? 

5. ʗʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʨʘʙʘʥʥʦʛʦ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ? 

6. ʑʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʙʽʨ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʙʘʨʘʙʘʥʥʠʭ 

ʚʘʢʫʫʤ-ʬʽʣʴʪʨʽʚ? 

7. ʗʢʽ ʧʝʨʝʚʘʛʠ ʤʘʻ ʙʘʨʘʙʘʥʥʠʡ ʚʘʢʫʫʤ-ʬʽʣʴʪʨ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʪʠʧʘʤʠ ʬʽʣʴʪʨʽʚ? 

8. ʗʢʽ ʧʘʨʘʤʝʪʨʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ 

ʬʽʣʴʪʨʘʮʽʾ? 

9. ʗʢ ʚʧʣʠʚʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʬʽʣʴʪʨʘ ʪʘ ʪʠʩʢ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ? 

10. ʗʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʩʪʨʽʯʢʠ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʬʽʣʴʪʨʘʮʽʾ? 

11. ʗʢʽ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʨʽʯʢʦʚʦʛʦ 

ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘ ʽ ʷʢʽ ʰʣʷʭʠ ʾʭ ʚʠʨʽʰʝʥʥʷ?  
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6.7. ʈʆɿʈɸʍʋʅʆʂ ʎɽʅʊʈʀʌʋɻʀ ɺɯɼʉʊɯʁʅʆɻʆ ʊʀʇʋ 

6.7.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʎʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʫʤʽʰʝʡ ʚ 

ʧʦʣʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ. ɺ ʮʝʥʪʨʠʬʫʛʘʭ, ʟʘʟʚʠʯʘʡ, 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. 

ʋ ʚʽʜʩʪʽʡʥʠʭ ʮʝʥʪʨʠʬʫʛʘʭ ʙʘʨʘʙʘʥ ʩʫʮʽʣʴʥʠʡ, ʨʠʩʫʥʦʢ 6.27. 

 

ʈʠʩʫʥʦʢ 6.27. ʉʭʝʤʘ ʨʦʙʦʪʠ ʚʽʜʩʪʽʡʥʦʾ ʮʝʥʪʨʠʬʫʛʠ 

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. 
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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. 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʟʜʽʣʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʝʥʪʨʠʬʫʛ ʻ ʬʘʢʪʦʨ 

ʨʦʟʜʽʣʝʥʥʷ. ʌʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʜʦ ʩʠʣʠ 

ʪʷʞʽʥʥʷ: 

2 2
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900 900
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ʎʝʡ ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʨʠʪʝʨʽʡ ʧʦʢʘʟʫʻ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʚʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ 

ʙʽʣʴʰʝ ʩʠʣʠ ʪʷʞʽʥʥʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʜʽʫʩʦʤ ʙʘʨʘʙʘʥʫ ʪʘ ʢʚʘʜʨʘʪʦʤ ʯʠʩʣʘ 

ʦʙʝʨʪʽʚ. 

6.7.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʩʪʽʡʥʠʭ ʮʝʥʪʨʠʬʫʛ 

ʅʘ ʨʠʩʫʥʢʫ 6.28 ʘ 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. 

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. 
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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 

ʈʠʩʫʥʦʢ 6.28. 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 

ɾʦʨʩʪʢʘ ʦʧʦʨʘ ʚʘʣʘ ʮʝʥʪʨʠʬʫʛʠ ʯʘʩʪʦ ʻ ʜʞʝʨʝʣʦʤ ʚʝʣʠʢʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʽʜʰʠʧʥʠʢʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʜʠʩʙʘʣʘʥʩʫ, ʟʫʤʦʚʣʝʥʦʛʦ 
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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 ʨʠʩʫʥʦʢ 6.28 ʙ, ʚ. ʎʝʥʪʨʠʬʫʛʘ ʜʦʧʫʩʢʘʻ ʜʚʘ 

ʨʝʞʠʤʠ ʞʠʚʣʝʥʥʷ. ʇʦ ʧʝʨʰʦʤʫ, ʨʠʩʫʥʦʢ 6.28 ʙ, ʩʫʩʧʝʥʟʽʷ ʧʽʜʚʦʜʠʪʴʩʷ ʚ ʙʘʨʘʙʘʥ, 

ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʜʦ ʡʦʛʦ ʟʘʧʦʚʥʝʥʥʷ, ʘ ʧʦ ʟʘʢʽʥʯʝʥʥʶ 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, ʨʠʩʫʥʦʢ 6.28 ʚ, 

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 ʨʠʩʫʥʢʫ 6.29. 

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 
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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. ɼʽʘʤʝʪʨ ʟʤʠʚʥʦʛʦ ʧʦʨʦʛʘ ʤʦʞʣʠʚʦ ʨʝʛʫʣʶʚʘʪʠ ʟʤʽʥʥʠʤʠ ʯʠ 

ʧʦʚʦʨʦʪʥʠʤʠ ʰʘʡʙʘʤʠ. 

 

ʘ ï ʚʽʢʥʦ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʦʩʘʜʫ; ʙ ï ʦʪʚʦʨʠ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ;  

ʚ ï ʚʽʢʥʦ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʬʫʛʘʪʫ; 1 ï ʧʫʩʪʦʪʽʣʘ ʮʘʧʬʘ; 2 ï ʢʦʞʫʭ; 3 ï ʙʘʨʘʙʘʥ;  

4 ï ʙʘʨʘʙʘʥ ʰʥʝʢʘ; 5 ï ʪʨʫʙʘ ʜʣʷ ʧʦʜʘʯʽ ʩʫʩʧʝʥʟʽʾ;  

6 ï ʪʨʫʙʘ ʜʣʷ ʧʦʜʘʯʽ ʧʨʦʤʠʚʥʦʾ ʨʽʜʠʥʠ 

ʈʠʩʫʥʦʢ 6.29. ʐʥʝʢʦʚʘ ʚʽʜʩʪʽʡʥʘ ʮʝʥʪʨʠʬʫʛʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ 

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 ʨʠʩʫʥʢʫ 6.30. 
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1 ï ʢʦʨʧʫʩ (ʨʦʪʦʨ); 2 ï ʪʘʨʽʣʢʠ 

ʈʠʩʫʥʦʢ 6.30. ʉʭʝʤʘ ʙʘʨʘʙʘʥʘ ʩʝʧʘʨʘʪʦʨʘ 

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. 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. 

ʋ 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. 

ʋ ʥʘʜʮʝʥʪʨʠʬʫʛʘʭ ʢʽʣʴʢʽʩʪʴ ʦʙʝʨʪʽʚ ʜʦʭʦʜʠʪʴ ʜʦ 45000 ʦʙ/ʭʚ., ʬʘʢʪʦʨ 

ʨʦʟʜʽʣʝʥʥʷ ʜʦʩʷʛʘʻ 13000õ20000. 
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ʉʭʝʤʘ ʪʨʫʙʯʘʪʦʾ ʥʘʜʮʝʥʪʨʠʬʫʛʠ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.31. 

 

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. 

ʈʠʩʫʥʦʢ 6.31. ʊʨʫʙʯʘʪʘ ʮʝʥʪʨʠʬʫʛʘ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ ʨʽʜʠʥ 

ʋ 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.  

ʋ 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 
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ʯʘʩʪʠʥʠ ʨʦʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʴʥʦ ʚʽʜʚʦʜʠʪʠ ʨʦʟʰʘʨʦʚʘʥʽ (ʨʦʟʜʽʣʝʥʽ) 

ʨʽʜʠʥʠ. 

ɻʘʟʦʚʽ ʮʝʥʪʨʠʬʫʛʠ. 

ɻʘʟʦʚʘ ʮʝʥʪʨʠʬʫʛʘ, ʨʠʩʫʥʦʢ 6.32, ï ʮʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʚʠʢʦʥʫʻ ʽʟʦʪʦʧʥʝ 

ʨʦʟʜʽʣʝʥʥʷ ʛʘʟʽʚ. ʎʝʥʪʨʠʬʫʛʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʠ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ, ʱʦ 

ʧʨʠʩʢʦʨʶʻ ʤʦʣʝʢʫʣʠ ʛʘʟʫ ʪʘʢ, ʱʦ ʯʘʩʪʠʥʢʠ ʨʽʟʥʦʾ ʤʘʩʠ ʬʽʟʠʯʥʦ ʨʦʟʜʽʣʷʶʪʴʩʷ ʚ 

ʛʨʘʜʽʻʥʪʽ ʚʟʜʦʚʞ ʨʘʜʽʫʩʘ ʢʦʥʪʝʡʥʝʨʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. ɻʘʟʦʚʽ ʮʝʥʪʨʠʬʫʛʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʫʨʘʥʫ-235 ʚʽʜ ʫʨʘʥʫ-238. 

 

ʈʠʩʫʥʦʢ.6.32. ɻʘʟʦʚʘ ʮʝʥʪʨʠʬʫʛʘ ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ ʫʨʘʥʫ 

ɻʘʟʦʚʘ ʮʝʥʪʨʠʬʫʛʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʟʘʤʽʥʠ ʛʘʟʦʚʦʾ ʜʠʬʫʟʽʾ 

(ʛʘʟʦʜʠʬʫʟʽʾ) ï ʦʜʥʦʛʦ ʟʽ ʩʧʦʩʦʙʽʚ ʜʦʙʫʚʘʥʥʷ ʫʨʘʥʫ-235. 

https://en.wikipedia.org/wiki/Isotope_separation
https://en.wikipedia.org/wiki/Isotope_separation
https://en.wikipedia.org/wiki/Centrifugal_force
https://en.wikipedia.org/wiki/Centrifugal_force
https://en.wikipedia.org/wiki/Uranium-235
https://en.wikipedia.org/wiki/Uranium-238
https://en.wikipedia.org/wiki/Gaseous_diffusion
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ɺʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʨʦʟʜʽʣʝʥʥʷ ʮʠʭ ʽʟʦʪʦʧʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʴʦʭ ʦʢʨʝʤʠʭ ʮʝʥʪʨʠʬʫʛ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦ, ʨʠʩʫʥʦʢ 6.33, ʷʢʽ 

ʜʦʩʷʛʘʶʪʴ ʧʦʩʣʽʜʦʚʥʦ ʚʠʱʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. ʎʝʡ ʧʨʦʮʝʩ ʜʘʻ ʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʫʨʘʥʫ-235, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʥʦ ʤʝʥʰʝ ʝʥʝʨʛʽʾ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʧʨʦʮʝʩʦʤ ʛʘʟʦʜʠʬʫʟʽʾ. 

 

ʈʠʩʫʥʦʢ 6.33. ʂʘʩʢʘʜ ʛʘʟʦʚʠʭ ʮʝʥʪʨʠʬʫʛ 

6.7.3. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ: 

ɻʫʩʪʠʥʘ ʤʘʪʦʯʥʦʾ ʨʽʜʠʥʠ, ʢʛ/ʤ3      ɟʨ; 

ɻʫʩʪʠʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʢʛ/ʤ3      ɟʪ;
 

ɼʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʘʪʦʯʥʦʾ ʨʽʜʠʥʠ, ʇʘĿʩ    ɛʨ; 

ʄʘʩʦʚʽ ʚʠʪʨʘʪʠ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʢʛ/ʛʦʜ.   G1.; 

ʄʘʩʦʚʠʡ ʚʽʜʩʦʪʦʢ ʚʦʣʦʛʠ ʜʦ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, %   U1; 

ʄʘʩʦʚʠʡ ʚʽʜʩʦʪʦʢ ʚʦʣʦʛʠ ʧʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, %   U2 

ʈʦʟʤʽʨ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʤʢʤ      d; 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʙʘʨʘʙʘʥʘ, ʤ      Dʚʥ; 

ɼʦʚʞʠʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʙʘʨʘʙʘʥʘ, ʤ    Lʚʥ; 

ʄʘʩʘ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʢʛ     Gʙ; 

ʅʝʦʙʭʽʜʥʠʡ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ      ʌʨ; 
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ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʚʘʣʘ ʨʦʪʦʨʘ ʫ ʧʽʜʰʠʧʥʠʢʘʭ    f; 

ʇʠʪʦʤʠʡ ʦʧʽʨ ʦʩʘʜʫ, ʤ/ʢʛ       RɆ; 

ʌʘʢʪʦʨ ʬʦʨʤʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ      ű. 

ɿʘʚʜʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ 

ʧʫʥʢʪʽ ɼ.6.1.6 ʜʦʜʘʪʢʫ 6.1. ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.34. 

 

ʈʠʩʫʥʦʢ 6.34. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʧʦ ʪʚʝʨʜʽʡ ʬʘʟʽ: 

Ὃ
ρππὟ

ρππ
Ὃ
ρππὟ

ρππ
 

ʜʝ ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ G1=Gʟʘʜ., ʢʛ. 

ɿ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʘʩʘ ʦʩʘʜʫ ʧʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, ʢʛ/ʛʦʜ: 

Ὃ
Ὃ ρππὟ

ρππὟ
 

ʇʦʚʥʠʡ ʦʙôʻʤ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ, ʤ3: 

ὠ̂ “Ὑ̃ ̎ὒ̃ Ȣ̎ 

ʜʝ Ὑ̃  ̎ï ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʙʘʨʘʙʘʥʘ; Lʚʥ=0.5 Dʚʥ ï ʜʦʚʞʠʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ 

ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ, ʤ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʙôʻʤ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʪʦʨʽ ʧʨʠ 50% ʟʘʚʘʥʪʘʞʝʥʥʽ, ʤ3: 
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ὠ̒ πȟυὠ̂ “Ὑ̃ ̎ ὶ ὒ̃ Ȣ̎ 

ʪʦʜʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʪʦʨʽ ʧʨʠ 50%-ʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ, ʤ: 

ὶ
“Ὑ̃ ̎ὒ̃ ̎ πȢυὠ̂

“ὒ̃ ̎
 

ʉʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʰʘʨʫ ʩʫʩʧʝʥʟʽʾ ʚ ʨʦʪʦʨʽ, ʤ: 

ὶ̒̆̑
Ὑ̃ ̎ ὶ

ς

Ὑ̃ ̎ πȢχρὙ̃ ̎

ς
πȢψυὙ̃  ̎

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ, ʦʙ./ʭʚ.: 

ὲ
ˡ̑ωππ

ὶ̒̆̑
 

ʂʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʤ/ʩ: 

ύ ς“ὶ̒̆̑
ὲ

φπ
 

ɺʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ: 

ὅ
άύ

ὶ̒̆̑
 

ʜʝ m=( d́3/6) ɟʪ ï ʤʘʩʘ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʦʩʘʜʫ, ʢʛ. 

ʂʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ: 

!Ò
ÇὨ ʍ̓ ʍ̑

ʉ̑ ʍ̑
 

ʜʝ ʉ̑= ɛʨ/ɟʨ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʘʪʦʯʥʦʾ ʨʽʜʠʥʠ, ʤ2/ʩ. 

ʂʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ: 

3 2
ʪ ʨ

ʚ 2

ʨ ʨ ʩʝʨ

ɟ ɟ
Ar Ar ʌʨ .

ɟ

d w

rn

å õ-
= Ö =æ öæ ö

ç ÷

 

ʂʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ: 

ʇʨʠ ʚAr 36<  ï ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʨʫʭʫ: 
Ar ʌʨ

Re
18

Ö
= . 

ʇʨʠ ʚ36 Ar 84000¢ ¢  ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ: 

1

1,4Ar ʌʨ
Re

13,9

Öå õ
=æ ö
ç ÷

. 
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ʚʇʨʠ 84000 Arʌʨ: Re 1.71 Arʌʨ< = . 

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʚ ʮʝʥʪʨʠʬʫʟʽ, ʤ/ʩ: 

ύ̏
2Åʉ̑

Ὠ
Ȣ 

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʬʘʢʪʦʨʘ  

ʬʦʨʤʠ ű, ʤ/ʩ: 

ύ̏ ̃ ʒύ̏  

ʊʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ, ʩ: 

†̏̒

Ὑ̃ ̎ ὶ

ύ̏ ̃
Ȣ 

ɿʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ʪʨʠʚʘʣʽʩʪʴ ʢʦʞʥʦʾ ʟ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ 

ʧʨʠʡʤʘʻʪʴʩʷ: 

ï ʯʘʩ ʧʫʩʢʫ ï †ʧ =1.0 ʭʚ.; 

ï ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ï †ʟ = 50 ʩ; 

ï ʯʘʩ ʛʘʣʴʤʫʚʘʥʥʷ ï †ʛ =1 ʭʚ.; 

ï ʯʘʩ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ï †ʨ = 0.5 ʭʚ. 

ʊʦʜʽ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʽʪ, ʩ: 

†̅̏̐ †̐ †̈ †̄ †̑ 

ɿʘʛʘʣʴʥʠʡ ʯʘʩ ʮʠʢʣʫ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, ʩ: 

†̗ †̏̒ †̅̏ ̐

ʆʙôʻʤ ʩʫʩʧʝʥʟʽʾ ʚ ʙʘʨʘʙʘʥʽ, ʤ3: 

ὠ̒ “Ὑ̃ ̎ ὶ ὒ̃ Ȣ̎ 

ʆʙôʻʤʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʜʥʽʻʾ ʮʝʥʪʨʠʬʫʛʠ, ʤ3/ʩ: 

ὠ̒̆̋
ὠ̒

†̗
 

ʄʘʩʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʜʥʽʻʾ ʮʝʥʪʨʠʬʫʛʠ, ʢʛ/ʩ: 

Ὃ̒ ̆̋ ὠ̒̆ʍ̋̒ 

ʜʝ ɟʩ ï ʛʫʩʪʠʥʘ ʩʫʩʧʝʥʟʽʾ, ʢʛ/ʤ
3: 

ʍ̒ ʍ̓
ρππὟ

ρππ
ʍ̑
Ὗ

ρππ
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ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʮʝʥʪʨʠʬʫʛʠ, ʤ2: 

Ὂ ς“ὒ̃ Ȣ̎ὶ̒̆̑ 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʫʩʧʝʥʟʽʾ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʤ/ʩ: 

ύ
ὠ̒̆̋
Ὂ

 

ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʚ ʙʘʨʘʙʘʥʽ ʮʝʥʪʨʠʬʫʛʠ, ʩ: 

†̐̆̑ ὒ̃ Ȣ̎Ⱦύ  

ʅʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʮʝʥʪʨʠʬʫʛ, ʦʜʠʥʠʮʴ: 

ὲ̗ Ὃ̈ ́Ȣ̅ȾὋ̒ ̆̋ 

ʂʽʥʮʝʚʘ ʢʽʣʴʢʽʩʪʴ ʮʝʥʪʨʠʬʫʛ ʧʨʠʡʤʘʻʪʴʩʷ ʟ ʦʢʨʫʛʣʝʥʥʷʤ ʜʦ ʦʜʠʥʠʮʴ ʫ 

ʙʽʣʴʰʫ ʩʪʦʨʦʥʫ. 

ʂʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʤ/ʩ: 

‫ ς“Ὑ̃ ὲ̎Ⱦφπ 

ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ ʤʘʩʠ ʙʘʨʘʙʘʥʘ, ɺʪ: 

ὔ
Ὃ̂‫

ς†̐
 

ʜʝ Gʙ ï ʤʘʩʘ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʙʘʨʘʙʘʥʘ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʮʝʥʪʨʠʬʫʛʠ, ʢʛ: 

Ὃ̂ ʍ̎Ȣ̒Ȣ
ʌ

τ
Ὀ̃ ̎ ςὛ ὒ̃ ̎ ςὛ ὠ̂  

ʜʝ  ʍ̎Ȣ̒Ȣ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʢʦʥʘʥʦ ʙʘʨʘʙʘʥ ʮʝʥʪʨʠʬʫʛʠ (ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʨʞʘʚʽʶʯʫ ʩʪʘʣʴ ʽʟ ʍ̎Ȣ̒Ȣ χωππ ʢʛ/ʤ3); 

S ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʙʘʨʘʙʘʥʘ ʮʝʥʨʠʬʫʛʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚ ʤʽʮʥʦʩʪʽ 

ʪʘ ʩʪʽʡʢʦʩʪʽ ʪʘ ʟʘʣʝʞʠʪʴ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʦ ʙʘʨʘʙʘʥ ʪʘ ʜʽʘʤʝʪʨʫ (ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ S=20 ʤʤ). 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ ʤʘʩʠ  

ʤʘʪʝʨʽʘʣʫ, ɺʪ: 

ὔ
ὠ̂ʍ̒‫

τ†̐
 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʝʨʪʷ ʚʘʣʘ ʫ ʧʽʜʰʠʧʥʠʢʘʭ, ɺʪ: 

ὔ ὪὫὋ̈ ́Ȣ̄ȟ̃‫ 
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ʜʝ  Ὢ πȢπχπȟρ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʚʘʣʘ ʨʦʪʦʨʘ ʫ ʧʽʜʰʠʧʥʠʢʘʭ; 

ὋʟʘʛȢ χππ ʢʛ ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʚʩʽʭ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ ʮʝʥʪʨʠʬʫʛʠ ʨʘʟʦʤ ʽʟ 

ʟʘʚʘʥʪʘʞʝʥʠʤ ʫ ʥʝʾ ʤʘʪʝʨʽʘʣʦʤ; 

‫ʚȟ “ὨʚὲȾφπ ï ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʮʘʧʬʠ ʚʘʣʘ, ʤ/ʩ; 

Ὠʚ πȢπφ ʤ ï ʜʽʘʤʝʪʨ ʚʘʣʘ. 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʪʝʨʪʷ ʙʘʨʘʙʘʥʘ ʟ ʧʦʚʽʪʨʷʤ, ɺʪ: 

ὔ ρπὙ̃ ̎ὲ 

ʇʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚ ʧʫʩʢʦʚʠʡ ʧʝʨʽʦʜ, ɺʪ: 

ὔ̐ ὔ ὔ ὔ ὔ  

ʇʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʮʝʥʪʨʠʬʫʛʠ, ɺʪ: 

ὔ̅Ȣ̗Ȣ ὔ̐ȾπȢω 

ɿʘʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʜʠʥʠʮʶ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ɺʪ/ʢʛ: 

ὐ ὔ̅Ȣ̗ȢȾὋ 

6.7.4. ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ ʚ Mathcad 
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6.7.5. ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʜʽʣʝʥʥʷ ʫ ʧʦʣʽ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 

ʪʘ ʷʢ ʚʦʥʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʮʝʥʪʨʠʬʫʢʛʘʭ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ? 

2. ʋ ʷʢʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʯʘʩʪʽʰʝ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ? 

3. ʗʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ? 

4. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ? 

5. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʘʪʴ ʪʘ ʷʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʨʠ ʨʦʙʦʪʽ 

ʮʝʥʪʨʠʬʫʛʠ ʫ ʧʫʩʢʦʚʠʡ ʪʘ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜʠ? 

6. ʗʢʽ ʧʝʨʝʚʘʛʠ ʤʘʶʪʴ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʪʠʧʘʤʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʬʘʟ? 

7. ʗʢ ʚʧʣʠʚʘʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ 

ʫ ʮʝʥʪʨʠʬʫʟʽ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ? 

8. ʑʦ ʪʘʢʝ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ ʽ ʷʢ ʡʦʛʦ ʚʠʟʥʘʯʠʪʠ ʜʣʷ ʮʝʥʪʨʠʬʫʛ 

ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ? 
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9. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʘʪʴ ʪʘ ʷʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʨʠ ʨʦʙʦʪʽ 

ʮʝʥʪʨʠʬʫʛʠ ʫ ʧʫʩʢʦʚʠʡ ʪʘ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜ? 

10. ʗʢʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʫ ʮʝʥʪʨʠʬʫʟʘʭ ʚʽʜʩʪʽʡʥʦʛʦ 

ʪʠʧʫ? 

11. ʗʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ? 

12. ʗʢʽ ʪʠʧʦʚʽ ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʝʥʪʨʠʬʫʛ 

ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ ʽ ʷʢ ʾʭ ʫʩʫʚʘʪʠ? 

13. ʑʦ ʚʧʣʠʚʘ ̒ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʮʝʥʪʨʠʬʫʛ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ? 

14. ʗʢʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʝʥʪʨʠʬʫʛ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʡ? 

  



114 

 

6.8. ʈʆɿʈɸʍʋʅʆʂ ʎɽʅʊʈʀʌʋɻʀ ʌɯʃʔʊʈʋʖʏʆɻʆ ʊʀʇʋ 

6.8.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

ʗʢʱʦ ʮʝʥʪʨʠʬʫʛʠ ʧʨʘʮʶʶʪʴ ʷʢ ʬʽʣʴʪʨʠ, ʨʠʩʫʥʦʢ 6.35, 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. 

 

ʈʠʩʫʥʦʢ 6.35. 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 1õ3%, ʘ ʫ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ ï 40%.ɺʦʣʦʛʽʩʪʴ ʦʩʘʜʫ ʚ ʮʝʥʪʨʠʬʫʛʘʭ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʝʥʪʨʠʬʫʛʠ, ʱʦ ʚʠʧʣʠʚʘʻ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʫ ʧʨʦʮʝʩʫ. 
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ɯʩʥʫʻ ʙʘʛʘʪʦ ʪʠʧʽʚ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʪʢʘʥʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʨʽʜʠʥ ʫ ʬʽʣʴʪʨʫʶʯʠʭ ʮʝʥʪʨʠʬʫʛʘʭ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʪʠʧʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʪʢʘʥʠʥ ʜʣʷ ʮʝʥʪʨʠʬʫʛ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ ʥʘʚʝʜʝʥʦ ʚ  

ʪʘʙʣʠʮ ̔6.1. 

ʊʘʙʣʠʮʷ 6.1. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʪʢʘʥʠʥ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʌʽʣʴʪʨʫʚʘʣʴʥʽ ʪʢʘʥʠʥʠ ʥʘ ʦʩʥʦʚʽ: 

ʥʝʡʣʦʥʫ ʧʦʣʽʝʩʪʝʨʫ ʧʦʣʽʧʨʦʧʽʣʝʥʫ 
ʚʫʛʣʝʮʝʚʠʭ 

ʚʦʣʦʢʦʥ 

ʬʪʦʨʧʦʣʽʤʝʨʫ ʩʢʣʘ 

ʊʦʚʱʠʥʘ, ʤʢʤ 50-500 25-200 15-150 20-100 20-200 0.5-2 

ʐʠʨʠʥʘ, ʤʤ 100-500 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʦʉ 

120 150 90 150-200 260 500 

ʄʽʮʥʽʩʪʴ ʥʘ 

ʨʦʟʨʠʚ, ʅ/ʩʤ 

60-200 100-300 70-250 100-400 60-200 500-1000 

ʇʨʠʥʠʢʥʽʩʪʴ, 

ʣ/ʤ2/ʭʚ 

10-50 10-30 10-25 5-20 10-20 10-30 

ʈʦʟʤʽʨ ʧʦʨ, ʤʢʤ 5-50 1-50 1-100 1-50 0.2-40 1-50 

ʍʽʤʽʯʥʘ 

ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʙʽʣʴʰʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʪʘ ʢʠʩʣʦʪ ʢʠʩʣʦʪ ʪʘ ʣʫʛʽʚ 

ʄʦʞʝ ʙʫʪʠ 

ʨʦʟʯʠʥʝʥʘ ʚ 

ʩʠʣʴʥʠʭ 

ʣʫʛʘʭ 

ʩʠʣʴʥʠʭ 

ʣʫʛʘʭ 

ʩʠʣʴʥʠʭ ʣʫʛʘʭ ʩʠʣʴʥʠʭ 

ʣʫʛʘʭ 

ʘʣʢʘʣʽʷʭ ʨʦʟʯʠʥʥʠʢʘʭ 

ʢʠʩʣʦʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, 

ʪʘʢʠʭ ʷʢ HF ʽ 

H2SO4. 

ɺʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʪʢʘʥʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʜʠʥʠ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʬʽʣʴʪʨʫʚʘʪʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʫʤʦʚ ʬʽʣʴʪʨʘʮʽʾ, ʪʘʢʠʭ ʷʢ ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʘ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʴ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʠʧ̔ʚ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʪʢʘʥʠʥ ʜʣʷ ʮʝʥʪʨʠʬʫʛ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʘʙʣʠʮ ̔6.1: 

ï ʪʢʘʥʠʥʠ ʥʘ ʦʩʥʦʚʽ ʥʝʡʣʦʥʫ ï ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʨʦʥʠʢʥʽʩʪʴ ʪʘ ʚʠʪʨʠʚʘʣʽʩʪʴ, ʽ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʠʩʦʢʦʚ'ʷʟʢʠʭ ʨʽʜʠʥ; 

ï ʪʢʘʥʠʥʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʝʩʪʝʨʫ ï ʮʽ ʪʢʘʥʠʥʠ ʜʫʞʝ ʤʽʮʥʽ ʪʘ ʩʪʽʡʢʽ ʜʦ ʨʦʟʨʠʚʫ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʨʽʜʠʥ ʟ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ; 

ï ʪʢʘʥʠʥʠ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ï ʤʘʶʪʴ ʚʠʩʦʢʫ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʨʽʜʠʥ; 



116 

 

ï ʪʢʘʥʠʥʠ ʟ ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ï ʤʘʶʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʚʠʜʘʣʝʥʥʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʟ ʨʽʜʠʥ; 

ï ʪʢʘʥʠʥʠ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʦʧʦʣʽʤʝʨʫ ï ʤʘʶʪʴ ʚʠʩʦʢʫ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʘʛʨʝʩʠʚʥʠʭ ʨʽʜʠʥ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ; 

ï ʪʢʘʥʠʥʠ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘ ï ʮʽ ʪʢʘʥʠʥʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʨʽʜʠʥ ʟ ʚʠʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

6.8.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʬʽʣʴʪʨʫʶʯʠʭ ʮʝʥʪʨʠʬʫʛ 

ʊʨʴʦʭʢʦʣʦʥʥʘ ʮʝʥʪʨʠʬʫʛʘ. 

ʊʨʴʦʭʢʦʣʦʥʥʘ ʮʝʥʪʨʠʬʫʛʘ, ʨʠʩʫʥʦʢ 6.36, ʟ ʚʝʨʭʥʽʤ ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ 

(ʪʠʧʫ ʊɺ ʯʠ ʆʊɺ) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʝʨʬʦʨʦʚʘʥʠʤ ʯʠ ʩʫʮʽʣʴʥʠʤ ʙʘʨʘʙʘʥʦʤ 

ʜʽʘʤʝʪʨʦʤ 600, 800 ʽ 1000 ʤʤ. 

 
ʈʠʩʫʥʦʢ 6.36. ʊʨʴʦʭʢʦʣʦʥʥʘ ʮʝʥʪʨʠʬʫʛʘ. 

ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ ʌʨ = 800õ965. 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 
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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. 

ʎʝʥʪʨʠʬʫʛʘ ʟ ʧʫʣʴʩʫʶʯʠʤ ʧʦʨʰʥʝʤ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ ʦʩʘʜʫ.  

ʎʽ ʘʧʘʨʘʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʬʽʣʴʪʨʫʶʯʠʭ ʮʝʥʪʨʠʬʫʛ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʙʘʨʘʙʘʥʦʤ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 6.37. 

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. 

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-
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ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ. ʙʘʨʘʙʘʥ ʦʙʝʨʪʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʩʪʦʪʽʣʦʛʦ ʚʘʣʘ 3. 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʽʚ ʧʦʨʰʥʷ ʪʘ ʙʘʨʘʙʘʥ ʦʜʥʘʢʦʚʘ. 

 
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 

ʈʠʩʫʥʦʢ 6.37. ʌʽʣʴʪʨʫʶʯʘ ʮʝʥʪʨʠʬʫʛʘ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʟ ʧʫʣʴʩʫʶʯʠʤ 

ʚʠʚʘʥʪʘʞʝʥʥʷʤ ʦʩʘʜʫ 

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). 

6.8.3. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʟʨʘʭʫʥʢʫ: 

ɻʫʩʪʠʥʘ ʤʘʪʦʯʥʦʾ ʨʽʜʠʥʠ, ʢʛ/ʤ3      ɟʨ; 

ɻʫʩʪʠʥʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʢʛ/ʤ3      ɟʪ;
 

ɼʠʥʘʤʽʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʘʪʦʯʥʦʾ ʨʽʜʠʥʠ, ʇʘĿʩ    ɛʨ; 
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ʄʘʩʘ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʢʛ      G1; 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ ʜʦ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, %    U1; 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ ʧʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, %   U2 

ʈʦʟʤʽʨ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʤʢʤ      d; 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʙʘʨʘʙʘʥʘ, ʤ      Dʚʥ; 

ʄʘʩʘ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʢʛ     Gʙ; 

ʅʝʦʙʭʽʜʥʠʡ ʬʘʢʪʦʨ ʨʦʟʜʽʣʝʥʥʷ      ʌʨ. 

ɿʘʚʜʘʥʥʷ ʪʘ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʝʜʝʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʦ ʫ 

ʧʫʥʢʪʽ ɼ.6.1.7 ʜʦʜʘʪʢʫ 6.1. ʈʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 6.38. 

 

ʈʠʩʫʥʦʢ 6.38. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʧʦ ʪʚʝʨʜʽʡ ʬʘʟʽ: 

Ὃ ρππ
Ὗ

ρππ
Ὃ ρππ

Ὗ

ρππ
 

ɿ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʤʘʩʘ ʦʩʘʜʫ ʧʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, ʢʛ: 

Ὃ
Ὃ ρππὟ

ρππὟ
 

ʇʦʚʥʠʡ ʦʙôʻʤ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ, ʤ3: 

ὠ̂ “Ὑ̃ ̎ὒ̃ Ȣ̎ 
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ʜʝ  Ὑ̃  ̎ï ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʙʘʨʘʙʘʥʘ; 

Lʚʥ=0.5 Dʚʥ ï ʜʦʚʞʠʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ, ʤ. 

ɺʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʪʦʨʽ ʧʨʠ 50%-ʤʫ ʟʘʚʘʥʪʘʞʝʥʥʽ, ʤ: 

ὶ
“Ὑ̃ ̎ὒ̃ ̎ πȢυὠ̂

“ὒ̃ ̎
 

ʆʙôʻʤ ʩʫʩʧʝʥʟʽʾ ʚ ʙʘʨʘʙʘʥʽ, ʤ3: 

ὠ̒ “Ὑ̃ ̎ ὶ ὒ̃ Ȣ̎ 

ʉʝʨʝʜʥʽʡ ʨʘʜʽʫʩ ʰʘʨʫ ʩʫʩʧʝʥʟʽʾ ʚ ʨʦʪʦʨʽ, ʤ: 

ὶ̒̆̑
Ὑ̃ ̎ ὶ

ς
 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ, ʦʙ./ʭʚ.: 

ὲ
ˡ̑ωππ

ὶ̒̆̑
 

ʂʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ, ʤ/ʩ: 

ύ ς“ὶ̒̆̑
ὲ

φπ
 

ɺʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ: 

ὅ
Íύ

ὶ̒̆̑
 

ʜʝ m=( d́3/6)ɟʪ ï ʤʘʩʘ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʦʩʘʜʫ. 

ʂʨʠʪʝʨʽʡ ɸʨʭʽʤʝʜʘ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʽʜʮʝʥʪʨʦʚʫ ʩʠʣʫ: 

3 2
ʪ ʨ

ʚ 2

ʨ ʨ ʩʝʨ

ɟ ɟ
Ar Ar ʌʨ ,

ɟ

d w

rn

å õ-
= Ö =æ öæ ö

ç ÷

 

ʜʝ ʨ
ʨ

ɛ

ɟ
n=  ï ʢʽʥʝʤʘʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʤʘʪʦʯʥʦʾ ʨʽʜʠʥʠ, ʤ2/ʩ. 

ʂʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ: 

ʇʨʠ ʚAr 36<  ï ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʨʫʭʫ: ʚAr
Re

18
= . 
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ʇʨʠ ʚ36 Ar 84000¢ ¢  ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ ʨʫʭʫ: 

1

1,4
ʚAr

Re
13,9

å õ
=æ ö
ç ÷

. 

ʚʇʨʠ 84000 Ar< : 
ʚRe 1,71 Ar= . 

ʐʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʚ ʮʝʥʪʨʠʬʫʟʽ, ʤ/ʩ: 

ʨ

ʦʚ

Re
W

d

n
=  

ʇʝʨʝʧʘʜ ʪʠʩʢʫ (ʨʫʰʽʡʥʘ ʩʠʣʘ), ʇʘ: 

Ўὖ
”̑‫

ς
Ὑ̃ ̎ ὶ  

ʜʝ :ï ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʤ/ʩ ‫ 

‫
ς“ὲὙ̃ ̎

φπ
 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʘʮʽʾ ʮʝʥʪʨʠʬʫʛʠ, ʤ2: 

Ὂ ς“ὒ̃ Ȣ̎

Ὑ̃ ̎ ὶ

ς
 

ʆʙôʻʤ ʬʽʣʴʪʨʘʪʫ, ʤ3: 

ὠ̕ Ὃ
Ὗ

ρππʍ̑
 

ʆʙôʻʤ ʦʩʘʜʫ, ʤ3: 

ὠ̏̒ ὋȾʍ̓ 

ʆʙôʻʤ ʦʩʘʜʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 1 ʤ3 ʬʽʣʴʪʨʘʪʫ: 

ὼ ὠ̏Ⱦ̒ὠ̕ 

ɺʠʩʦʪʘ ʰʘʨʫ ʦʩʘʜʫ, ʤ: 

ὰ
ὠ̕ὼ

Ὂ
 

ʏʘʩ ʬʽʣʴʪʨʘʮʽʾ, ʩ: 

†̕
ὼὙ̏ ̒́̅̔

ςЎὖ

ὠ̕

Ὂ

Ὑ̕ Ȣ̓Ȣ

Ўὖ

ὠ̕

Ὂ
 

ɿʘ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ ʧʝʨʽʦʜ ʧʫʩʢʫ ï †ʧ =1.5 ʭʚ.; ʧʝʨʽʦʜ ʛʘʣʴʤʫʚʘʥʥʷ ï  

†ʛ =1 ʭʚ.; ʧʝʨʽʦʜ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ï †ʨ = 0.5 ʭʚ. 

ʊʦʜʽ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʮʠʢʣʫ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, ʩ: 

† †̕ †̐ †̄ †̑ 
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ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʧʦʜʦʣʘʥʥʷ ʽʥʝʨʮʽʾ ʤʘʩʠ ʙʘʨʘʙʘʥʘ, ɺʪ: 

ὔ
Ὃ̂‫

ς†̐
 

ʜʝ Gʙ ï ʤʘʩʘ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʙʘʨʘʙʘʥʘ ʬʽʣʴʪʨʘʮʽʡʥʦʾ ʮʝʥʪʨʠʬʫʛʠ, ʢʛ: 

Ὃ̂ ʍ̎Ȣ̒Ȣʒ̂
ʌ

τ
Ὀ̃ ̎ ςὛ ὒ̃ ̎ ςὛ ὠ̂  

ʜʝ ʍ̎Ȣ̒Ȣ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʢʦʥʘʥʦ ʙʘʨʘʙʘʥ ʮʝʥʪʨʠʬʫʛʠ (ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʨʞʘʚʽʶʯʫ ʩʪʘʣʴ ʽʟ ʍ̎Ȣ̒Ȣ χωππ ʢʛ/ʤ3); 

ʒ̂  ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʬʦʨʘʮʽʾ ʙʘʨʘʙʘʥʘ ʮʝʥʪʨʠʬʫʛʠ; 

S ï ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʙʘʨʘʙʘʥʘ ʮʝʥʨʠʬʫʛʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚ ʤʽʮʥʦʩʪʽ ʪʘ 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʟʘʣʝʞʠʪʴ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʦ ʙʘʨʘʙʘʥ, ʧʘʨʘʤʝʪʨʽʚ ʡʦʛʦ 

ʧʝʨʬʦʨʘʮʽʾ ʪʘ ʜʽʘʤʝʪʨʫ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʡʥʷʪʠ, ʱʦ S=20 ʤʤ). 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ, ɺʪ: 

ὔ
ὠ̂ʍ̒‫

τ†̐
 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʪʝʨʪʷ ʚʘʣʘ ʫ ʧʽʜʰʠʧʥʠʢʘʭ, ɺʪ: 

ὔ ὪÇὋȟ̃‫ 

ʜʝ  Ὢ πȢπχπȟρ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʚʘʣʘ ʨʦʪʦʨʘ ʫ ʧʽʜʰʠʧʥʠʢʘʭ; 

ὋʟʘʛȢ χππ ʢʛ ï ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʚʩʽʭ ʦʙʝʨʪʦʚʠʭ ʯʘʩʪʠʥ ʮʝʥʪʨʠʬʫʛʠ ʨʘʟʦʤ ʽʟ 

ʟʘʚʘʥʪʘʞʝʥʠʤ ʫ ʥʝʾ ʤʘʪʝʨʽʘʣʦʤ; 

‫ʚȟ “ὨʚὲȾφπ ï ʢʦʣʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʮʘʧʬʠ ʚʘʣʘ, ʤ/ʩ; 

Ὠʚ πȢπφ ʤ ï ʜʽʘʤʝʪʨ ʚʘʣʘ. 

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʪʝʨʪʷ ʙʘʨʘʙʘʥʘ ʟ ʧʦʚʽʪʨʷʤ, ɺʪ: 

ὔ ρπὙ̃ ̎ὲ 

ʇʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʚ ʧʫʩʢʦʚʠʡ ʧʝʨʽʦʜ, ɺʪ: 

ὔ̐ ὔ ὔ ὔ ὔ  

ʇʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʮʝʥʪʨʠʬʫʛʠ, ɺʪ: 

ὔ̅Ȣ̗Ȣ ὔ̐ȾπȢω 

ɿʘʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ (ʢʛ) ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ɺʪ/ʢʛ: 

ὐ ὔ̅Ȣ̗ȢȾὋ 
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6.8.4. ʇʨʠʢʣʘʜ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ ʚ 

Mathcad 
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6.8.5. ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 

1. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ? 

2. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʬʽʣʴʪʨʘʮʽʾ ʫ ʧʦʣʽ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 

ʪʘ ʷʢ ʚʦʥʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʮʝʥʪʨʠʬʫʢʛʘʭ ʚʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ? 

3. ʋ ʷʢʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʡʯʘʩʪʽʰʝ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʮʝʥʪʨʠʬʫʛʠ ʚʽʜʩʪʽʡʥʦʛʦ ʪʠʧʫ? 

4. ʋ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʥʽʩʪʴ ʨʦʙʦʪʠ ʮʝʥʪʨʠʬʫʛ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ? 

5. ʗʢʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʶʪʴ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ? 

6. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʠʪʴ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ? 

7. ɺʽʜ ʯʦʛʦ ʟʘʣʝʞʘʪʴ ʪʘ ʷʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʨʠ ʨʦʙʦʪʽ 

ʮʝʥʪʨʠʬʫʛʠ ʫ ʧʫʩʢʦʚʠʡ ʪʘ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜʠ? 

8. ʗʢʽ ʧʝʨʝʚʘʛʠ ʤʘʶʪʴ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʪʠʧʘʤʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʠʭ ʬʘʟ? 

9. ʗʢ ʚʧʣʠʚʘʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʫ 

ʮʝʥʪʨʠʬʫʟʽ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ? 

10. ʗʢʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʬʘʢʪʦʨʘ ʨʦʟʜʽʣʝʥʥʷ ʽ ʷʢ ʡʦʛʦ ʚʠʟʥʘʯʠʪʠ ʜʣʷ 

ʮʝʥʪʨʠʬʫʛ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ? 

11. ʗʢʽ ʬʘʢʪʦʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʨʦʟʜʽʣʝʥʥʷ ʫ ʮʝʥʪʨʠʬʫʟʘʭ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ? 

12. ʗʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʯʠʱʝʥʥʷ ʮʝʥʪʨʠʬʫʛʠ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ ʧʨʠ 

ʧʝʨʽʦʜʠʯʥʽʡ ʪʘ ʙʝʟʧʝʨʝʨʚʥʽʡ ʬʽʣʴʪʨʘʮʽʾ? 

13. ʗʢʽ ʪʠʧʦʚʽ ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʝʥʪʨʠʬʫʛ 

ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ ʪʘ ʷʢ ʾʭ ʫʩʫʚʘʪʠ? 

14. ʑʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʮʝʥʪʨʠʬʫʛ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ? 

15. ʗʢʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʝʥʪʨʠʬʫʛ ʬʽʣʴʪʨʫʶʯʦʛʦ ʪʠʧʫ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʜʽʣʝʥʥʷ ʩʫʩʧʝʥʟʽʡ?  



129 

 

6.9. ʈʆɿʈɸʍʋʅʆʂ ʈɯɼʀʅʅʆɰ ʄɯʐɸʃʂʀ 

6.9.1. ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 

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. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʱʦ ʟʤʽʰʫʻʪʴʩʷ ʟ ʨʽʜʠʥʦʶ ï ʛʘʟ, ʨʽʜʠʥʘ ʘʙʦ ʪʚʝʨʜʝ ʪʽʣʦ, 

ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʚʠʜʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ: ʤʝʭʘʥʽʯʥʝ ʽ 

ʧʥʝʚʤʘʪʠʯʥʝ. 

ʄʝʭʘʥʽʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʰʘʣʦʢ,  

ʨʠʩʫʥʦʢ 6.39. ʄʽʰʘʣʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʽʻʾ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʧʘʨ ʣʦʧʘʪʝʡ ʨʽʟʥʦʾ 

ʬʦʨʤʠ. 

 
1 ï ʢʦʨʧʫʩ; 2 ï ʢʨʠʰʢʘ; 3 ï ʨʫʙʘʰʢʘ; 4 ï ʤʽʰʘʣʢʘ; 5 ï ʧʨʠʚʽʜ ʤʽʰʘʣʢʠ 

ʈʠʩʫʥʦʢ 6.39. ɸʧʘʨʘʪ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʜʠʥ 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʙʦʪʫ ʤʽʰʘʣʦʢ, ʻ: ʚʠʪʨʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢʦʩʪʽ ʧʨʦʮʝʩʫ. ʋ 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 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 ʫ 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 %): 
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ʇʨʠ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʚʤʽʩʪ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʨʦʙʘʭ ʙʫʜʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ xc, ʨʠʩʫʥʦʢ 6.40. ɺʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʮʽ æx = x - xc, ʮʝ ʥʘʡʙʽʣʴʰ 

ʤʦʞʣʠʚʝ ʾʾ ʟʥʘʯʝʥʥʷ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʬʘʟ ʫ 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. 

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. 



131 

 

 

ʈʠʩʫʥʦʢ 6.40. ʉʭʝʤʘ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 

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), ʨʠʩʫʥʦʢ 6.41. 

 

ʈʠʩʫʥʦʢ 6.41. ɿʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

 ɯ 

N/V 

1,0 
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ʇʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʽʰʘʣʢʦʶ, ʟʨʦʩʪʘʻ ʟ ̔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 

ʤʘ̒ 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. 

ʋ ʧʫʩʢʦʚʠʡ ʧʝʨʽʦʜ ʨʦʙʦʪʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ ʨʽʜʠʥʠ ʽ 

ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʨʽʜʠʥʠ. 

ʋ ʨʦʙʦʯʠʡ ʧʝʨʽʦʜ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʪʝʨʪʷ ʣʦʧʘʪʝʡ 

ʤʽʰʘʣʢʠ ʟ ʨʽʜʠʥʦʶ, ʪʦʙʪʦ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣʠ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʟʘʣʝʞʠʪʴ ʪʘʢʦʞ ʚʽʜ ʩʪʫʧʝʥʷ ʞʦʨʩʪʢʦʩʪʽ ʩʪʽʥʦʢ ʘʧʘʨʘʪʫ  

(10õ20% 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 2.5õ4.5 ʨʘʟʠ ʧʝʨʝʚʠʱʫʚʘʪʠ ʨʦʙʦʯʽ. 

ʊʦʤʫ ʧʨʠʚʽʜ, ʦʢʨʽʤ ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʧʦʨʷʜʞʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʜʦʧʫʩʢʘʶʪʴ ʢʦʨʦʪʢʦʯʘʩʥʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʥʘ 200õ300%. 

6.9.2. ʆʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʤʽʰʘʣʦʢ 

ʄʝʭʘʥʽʯʥʽ ʤʽʰʘʣʢʠ ʨʦʟʜʽʣʷʶʪʴʩʷ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʣʦʧʘʪʝʡ ʥʘ: 

¶ ʤʽʰʘʣʢʠ ʟ ʧʣʘʩʢʠʤʠ ʣʦʧʘʪʷʤʠ; 

¶ ʧʨʦʧʝʣʝʨʥʽ ʤʽʰʘʣʢʠ ʟ ʛʚʠʥʪʦʚʠʤʠ ʣʦʧʘʪʷʤʠ; 

¶ ʪʫʨʙʽʥʥʽ ʤʽʰʘʣʢʠ; 

¶ ʩʧʝʮʽʘʣʴʥʽ ʤʽʰʘʣʢʠ. 
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ʃʦʧʘʪʽ ʧʨʦʧʝʣʝʨʥʦʾ ʤʽʰʘʣʢʠ ʚʠʛʥʫʪʽ ʟʘ ʧʨʦʬʽʣʝʤ ʩʫʜʦʚʦʛʦ ʛʚʠʥʪʘ, 

ʨʠʩʫʥʦʢ 6.42 ʘ, 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. 

 

ʈʠʩʫʥʦʢ 6.42. ʂʦʥʩʪʨʫʢʮʽʾ ʤʽʰʘʣʦʢ 

ɼʽʘʤʝʪʨ ʣʦʧʘʪʽ ʧʨʦʧʝʣʝʨʘ ʜʦʨʽʚʥʶʻ 0.25õ0.3 ʜʽʘʤʝʪʨʘ ʘʧʘʨʘʪʘ. ʐʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʧʨʦʧʝʣʝʨʘ ʩʢʣʘʜʘʻ 160õ1000 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 
































































































































































































































































































































































































































































































































































































































































































































































































