
ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ 

 

 

 

 

 

 

 

 

 

ʇʈʆɭʂʊʋɺɸʅʅʗ ʄɽʊɸʃʆʂʆʅʉʊʈʋʂʎɯʁ 

ɹʋɼɯɺɽʃʔʅʀʍ ʄɸʐʀʅ 

 

ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʪʘ ʟʘʚʜʘʥʥʷ 

ʜʦ ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ 

ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ) ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 133 çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè, 

131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè ʪʘ 015 çʇʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘè 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʂʠʾʚ 2024 



 2 

ʋɼʂ 621.878/.879.001.63 

ʇ79 

 

ʋʢʣʘʜʘʯʽ: ɺ. ʆ. ɺʦʣʷʥʶʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɭ. ɺ. ɻʦʨʙʘʪʶʢ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

   

ʈʝʮʝʥʟʝʥʪ ʆ.ʆ. ʊʝʨʝʥʪʴʻʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

 

ɿʘʪʚʝʨʜʞʝʥʦ ʥʘ ʟʘʩʽʜʘʥʥʽ ʢʘʬʝʜʨʠ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ, 

ʧʨʦʪʦʢʦʣ ˉ 8 ʚʽʜ 21 ʙʝʨʝʟʥʷ 2024 ʨʦʢʫ 

 

ɺ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. 

 

 

 

 

ʇʨʦ̒ʢʪʫʚʘʥʥʷ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ: ʤʝʪʦʜʠʯʥʽ  

ʇ79 ʚʢʘʟʽʚʢʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ / ʫʢʣʘʜ.: ɺ.ʆ.ɺʦʣʷʥʶʢ,  

ɭ.ɺ. ɻʦʨʙʘʪʶʢ. ï ʂʠʾʚ : ʂʅʋɹɸ, 2024. ï 96 ʩ. 

 

 

ʅʘʚʝʜʝʥʦ ʪʝʤʠ ʽ ʚʘʨʽʘʥʪʠ ʟʘʚʜʘʥʴ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʰʠʥ, ʚʠʢʣʘʜʝʥʽ ʚʠʤʦʛʠ ʽ ʧʦʷʩʥʝʥʥʷ ʜʦ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʢʫʨʩʦʚʦʾ 

ʨʦʙʦʪʠ, ʤʽʩʪʷʪʴ ʧʨʠʢʣʘʜʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʘ ʪʘʢʦʞ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ. 

 

 

ʇʨʠʟʥʘʯʝʥʦ ʜʣʷ ʟʜʦʙʫʚʘʯʽʚ ʧʝʨʰʦʛʦ (ʙʘʢʘʣʘʚʨʩʴʢʦʛʦ) ʨʽʚʥʷ 

ʚʠʱʦʾ ʦʩʚʽʪʠ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 133 çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè, 131 

çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè ʪʘ 015 çʇʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘè. 

 

 

 

É ʂʅʋɹɸ, 2024 

 



 3 

ɿʄɯʉʊ 

 

ɿɸɻɸʃʔʅɯ ʇʆʃʆɾɽʅʅʗ ................................................................................. 4 

1. ʈʦʟʨʘʭʫʥʦʢ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʪʨʽʣʠ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʫ .................................... 5 

1.1. ʂʨʝʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ ʩʪʨʽʣʠ ʢʨʘʥʘ ....................................................... 5 

1.2. ʆʙʯʠʩʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ................................................................................. 5  

1.3. ɺʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰʠʭ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ ʩʪʨʽʣʠ .................................... 13 

1.4. ʆʙʯʠʩʣʝʥʥʷ ʥʘʡʙʽʣʴʰʠʭ ʟʫʩʠʣʴ ʚ ʩʪʝʨʞʥʷʭ ................................................ 21 

2. ɼʦʙʽʨ ʧʣʦʱ ʧʝʨʝʨʽʟʽʚ ʩʪʝʨʞʥʽʚ ʽ ʧʝʨʝʚʽʨʢʘ ʥʘʧʨʫʞʝʥʴ ................................. 25 

3. ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʩʪʨʽʣʠ ʽ ʨʦʟʨʘʭʫʥʦʢ ʾʾ ʚʫʟʣʽʚ ................................................. 28 

4. ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʚʫʟʣʘ ʩʪʨʽʣʠ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ........... 35 

ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ ........................................................................ 52 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ.................................................................................... 54 

ɼʦʜʘʪʢʠ ................................................................................................................... 56 

1. ɿʨʘʟʦʢ ʪʠʪʫʣʴʥʦʛʦ ʘʨʢʫʰʘ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ ...................................... 56 

2. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʻʢʪʫʚʘʥʥʷ ʩʪʨʽʣʠ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ........ 57 

3. ɼʉʊʋ 2651:2005. ʉʪʘʣʴ ʚʫʛʣʝʮʝʚʘ ʟʚʠʯʘʡʥʦʾ ʷʢʦʩʪʽ. ʄʘʨʢʠ ....................... 64 

4. ɼʉʊʋ 8540:2015. ʇʨʦʢʘʪ ʩʪʘʣʝʚʠʡ ʛʘʨʷʯʝʢʘʪʘʥʠʡ. ʉʦʨʪʘʤʝʥʪ ................... 65 

5. ɼʉʊʋ 7809:2015. ʇʨʦʢʘʪ ʩʦʨʪʦʚʠʡ, ʢʘʣʽʙʨʦʚʘʥʠʡ. ɿʘʛʘʣʴʥʽ ʪʝʭʥʽʯʥʽ 

ʫʤʦʚʠ....................................................................................................................... 67 

6. ɼʉʊʋ 3496-96. ʐʚʝʣʝʨʠ ʩʪʘʣʝʚʽ ʛʘʨʷʯʝʢʘʪʘʥʽ. ʉʦʨʪʘʤʝʥʪ .......................... 70 

7. ɼʉʊʋ 8768:2018. ɼʚʦʪʘʚʨʠ ʩʪʘʣʝʚʽ ʛʘʨʷʯʝʢʘʪʘʥʽ. ʉʦʨʪʘʤʝʥʪ ...................... 73 

8. ɼʉʊʋ 8769:2018. ʂʫʪʠʢʠ ʩʪʘʣʝʚʽ ʛʘʨʷʯʝʢʘʪʘʥʽ ʥʝʨʽʚʥʦʧʦʣʠʯʥʽ. 

ʉʦʨʪʘʤʝʥʪ ............................................................................................................... 76 

9. ɼʉʊʋ 2251:2018. ʂʫʪʠʢʠ ʩʪʘʣʝʚʽ ʛʘʨʷʯʝʢʘʪʘʥʽ ʨʽʚʥʦʧʦʣʠʯʥʽ. ʉʦʨʪʘʤʝʥʪ . 80 

10. ʉʦʨʪʘʤʝʥʪ OTUA. ʊʨʫʙʘ ʢʨʫʛʣʘ .................................................................... 84 

11. ʉʦʨʪʘʤʝʥʪ OTUA. ʊʨʫʙʘ ʢʚʘʜʨʘʪʥʘ .............................................................. 90 

12. ISO 9292-1:2013(E) ɿʚʘʨʥʽ ʰʚʠ ʢʫʪʦʚʽ ʪʘ ʪʘʚʨʦʚʽ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ............ 93 

 



 4 

ɿɸɻɸʃʔʅɯ ʇʆʃʆɾɽʅʅʗ 

 

ɺʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ ʤʘʻ ʤʝʪʫ ʟʘʢʨʽʧʠʪʠ ʟʥʘʥʥʷ, ʟʜʦʙʫʪʽ 

ʩʪʫʜʝʥʪʘʤʠ ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʢʫʨʩʫ ʜʠʩʮʠʧʣʽʥʠ 

ñʇʨʦ̒ʢʪʫʚʘʥʥʷ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥò ʽ ʥʘʙʫʪʠ ʧʨʘʢʪʠʯʥʽ 

ʥʘʚʠʯʢʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴʥʠʭ ʽ 

ʜʦʨʦʞʥʽʭ ʤʘh ʠʥ. 

ɿʘʚʜʘʥʥʷ ʩʪʫʜʝʥʪʘʤ ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ ʚʠʜʘʻʪʴʩʷ ʚʠʢʣʘʜʘʯʝʤ, ʘ 

ʩʪʫʜʝʥʪ ʟʘʦʯʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ ʚʠʙʠʨʘʻ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʰʠʬʨʫ (ʥʦʤʝʨʘ 

ʟʘʣ̔ʢʦʚʦʾ ʢʥʠʞʢʠ), ʧʨʠ ʮʴʦʤʫ ʦʩʪʘʥʥʷ ʮʠʬʨʘ ʚʠʟʥʘʯʘʻ ʥʦʤʝʨ ʪʝʤʠ, ʘ 

ʧʝʨʝʜʦʩʪʘʥʥʷ ï ʥʦʤʝʨ ʚʘʨʽʘʥʪʘ ʟʘʚʜʘʥʥʷ. 

ɿʤʽʩʪ ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ ï ʨʦʟʨʘʭʫʥʦʢ ʽ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʩʪʨʽʣʠ ʪʘ ʚʫʟʣʘ 

ʙʘh ʪʦʚʦʛʦ ʢʨʘʥʘ. ʈʦʙʦʪʘ ʦʬʦʨʤʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ 

ʦʙʩ̫ʛʦʤ 35...40 ʩʪʦʨʽʥʦʢ ʽ ʤʘʻ ʙʫʪʠ ʥʘʧʠʩʘʥʘ ʨʦʟʙʽʨʣʠʚʦ ʯʦʨʥʠʣʦʤ ʥʘ 

ʦʜʥʦʤʫ ʙʦʮʽ ʘʨʢʫʰʘ ʬʦʨʤʘʪʫ ɸ4 (210³297 ʤʤ). ɺʩʽ ʨʦʟʨʘʭʫʥʢʠ ʩʣʽʜ 

ʽʣʶʩʪʨʫʚʘʪʠ ʝʩʢʽʟʘʤʠ ʽ ʩʭʝʤʘʤʠ, ʚʠʢʦʥʘʥʠʤʠ ʚ ʤʘʩʰʪʘʙʽ. ʇʦʷʩʥʝʥʥʷ ʜʦ 

ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʶʪʴ ʙʫʪʠ ʜʦʩʠʪʴ ʜʦʢʣʘʜʥʠʤʠ ʽ ʟʨʦʟʫʤʽʣʠʤʠ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʫʣ ʽ ʪʘʙʣʠʮʴ, ʚʽʜʩʫʪʥʽʭ ʫ ʜʘʥʠʭ ʚʢʘʟʽʚʢʘʭ, 

ʪʨʝʙʘ ʧʦʩʠʣʘʪʠʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ. ɺʩʽ ʚʝʣʠʯʠʥʠ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʬʦʨʤʫʣ, ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʰʠʬʨʫʚʘʥʥʷ. 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʠʪʫʣʴʥʠʡ ʘʨʢʫʰ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʬʦʨʤʠ (ʜʦʜ. 1). ɺʩʽ ʾʾ ʘʨʢʫʰʽ ʥʫʤʝʨʫʶʪʴ ʽ ʘʢʫʨʘʪʥʦ ʙʨʦʰʫʨʫʁ ʪʴ. 

ʉʢʣʘʜ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ: 

1) ʟʤʽʩʪ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ ʟ ʧʨʠʚʝʜʝʥʥʷʤ ʥʘʟʚ ʨʦʟʜʽʣʽʚ 

(ʧʽʜʨʦʟʜʣ̔ʽʚ) ʪʘ ʥʦʤʝʨʽʚ ʩʪʦʨʽʥʦʢ ʾʭ ʧʦʯʘʪʢʫ; 

2) ʚʠʭʽʜʥʽ ʜʘʥʽ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʪʝʤʠ ʪʘ ʚʘʨʽʘʥʪʘ; 

3) ʨʦʟʨʘʭʫʥʦʢ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʪʨʽʣʫ ʢʨʘʥʘ, ʚʠʟʥʘʯʝʥʥʷ 

ʟʫʩʠʣʴ ʚ ʾʾ ʩʪʝʨʞʥʷʭ, ʧʽʜʙʽʨ ʧʝʨʝʨʽʟʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʫʟʣʘ 

ʩʪʨʽʣʠ ʢʨʘʥʘ; 

4) ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ. 

ʆʬʦʨʤʣʝʥʫ ʢʫʨʩʦʚʫ ʨʦʙʦʪʫ ʟʘʭʠʱʘʶʪʴ ʧʝʨʝʜ ʢʦʤʽʩʽʻʶ ʪʘ ʦʮʽʥʶʁ ʪʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨ̔h ʝʥʴ, 

ʟʤʽʩʪʦʚʥʦʩʪʽ ʧʦʷʩʥʝʥʴ ʜʦ ʥʠʭ, ʷʢʦʩʪʽ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ ʽ ʾʾ ʟʘʭʠʩʪʫ. 



 5 

1. ʈʆɿʈɸʍʋʅʆʂ ɯ ʂʆʅʉʊʈʋʖɺɸʅʅʗ ʉʊʈɯʃʀ ɹɸʐʊʆɺʆɻʆ ʂʈɸʅɸ 

 

ʂʫʨʩʦʚʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʪʘʢʦʤʫ ʧʦʨʷʜʢʫ: 

1. ɿʜʽʡʩʥʝʥʥʷ ʢʨʝʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʩʪʨʽʣʠ ʢʨʘʥʘ. 

2. ʆʙʯʠʩʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰʠʭ ʟʫʩʠʣʴ ʚ ʝʣʝʤʝʥʪʘʭ ʩʪʨʽʣʠ, ʱʦ 

ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʟʘʜʘʥʦʛʦ ʚʫʟʣʘ. 

4. ʇʽʜʙʽʨ ʧʣʦʱ ʧʝʨʝʨʽʟʽʚ ʚʠʟʥʘʯʝʥʠʭ ʩʪʝʨʞʥʽʚ ʽ ʧʝʨʝʚʽʨʢʘ ʥʘʧʨʫʞʝʥʴ. 

5. ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʦʢ ʟʘʜʘʥʦʛʦ ʚʫʟʣʘ ʩʪʨʽʣʠ. 

ɺʫʟʦʣ ʩʪʨʽʣʠ, ʱʦ ʧʽʜʣʷʛʘʻ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʢ̒ʪʫʚʘʥʥʶ, ʧʦʟʥʘʯʝʥʠʡ ʥʘ 

ʙʦʢʦʚʽʡ ʧʨʦʝʢʮʽʾ ʩʪʨʽʣʠ ʢʨʫʞʝʯʢʦʤ (ʜʠʚ. ʜʦʜ. 2). ɼʘʥʠʡ ʚʫʟʦʣ ʻ ʚ 

ʨʦʟʛʣʷʜʫʚʘʥʽʡ ʩʪʨʽʣʽ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ. 

 

1.1. ʂʨʝʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʩʪʨʽʣʠ ʢʨʘʥʘ 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʩʪʨʽʣʠ ʢʨʘʥʘ ʪʘ ʾʾ ʧʽʜʚʽʩʢʠ ʢʨʝʩʣʷʪʴ ʥʘ ʦʢʨʝʤʦʤʫ 

ʘʨʢʫʰʽ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ ʨʘʟʦʤ ʟ ʥʦʤʝʨʘʤʠ ʪʝʤʠ ʽ ʚʘʨʽʘʥʪʘ ʚ 

ʤʘʩhʪʘʙʽ 1:100, 1:200, 1:250 ʘʙʦ 1:400. ɺʠʢʦʥʘʥʝ ʢʨʝʩʣʝʥʥʷ ʧʦʣʝʛʰʫʻ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʢʘʟʘʥʽ ʚ ʟʘʚʜʘʥʥʽ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʫʩʠʣʣʷ ʚ 

ʩʪʝʨʞʥʷʭ ʩʪʨʽʣʠ (ʨʦʟʤʽʨʠ ʩʪʨʽʣʠ, ʚʠʣʽʪ ʛʘʢʘ, ʢʫʪ ʥʘʭʠʣʫ ʚʝʨʭʥʴʦʾ ʛʽʣʢʠ 

ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʘʪʫ, ʪʦʱʦ). 

 

1.2. ʆʙʯʠʩʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ 

 

ʆʙʯʠʩʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢ ʤʽʮʥʽʩʥʽ ʨʦʟʨʘʭʫʥʢʠ ʩʪʨʽʣʠ, ʚʠʢʦʥʫʶʪʴ 

ʩʪʦʩʦʚʥʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʛʨʘʥʠʯʥʠʤʠ ʩʪʘʥʘʤʠ. ɿʛʽʜʥʦ ʟ ʮʠʤ 

ʤʝʪʦʜʦʤ, ʜʦ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʥʢʫ ʥʦʤʽʥʘʣʴʥʫ ʚʣʘʩʥʫ ʚʘʛʫ ʩʪʨʽʣʠ ʩG , 

ʧʝʨʝʩʫʚʥʦʛʦ ʚʽʟʢʘ ʚʽʟG  ʽ ʛʘʢʦʚʦʾ ʦʙʦʡʤʠ ʛ.oG  ʩʣʽʜ ʧʦʤʥʦʞʠʪʠ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 1,1=Gn , ʘ ʚʘʛʫ ʚʘʥʪʘʞʫ Q  ï ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 25,1=Qn . 

ʅʘ ʩʪʨʽʣʫ ʢʨʘʥʘ ʜʽʶʪʴ ʟʦʚʥʽʰʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʩʧʨʠʡʤʘʶʪʴʩʷ 

ʨʟ̔ʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʽʣʠ ʧʦ-ʨʽʟʥʦʤʫ. 

ʇʦʟʜʦʚʞʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ N  ʜʽʻ ʪʽʣʴʢʠ ʥʘ ʧʦʷʩʠ, ʽ ʩʧʨʠʡʤʘ̒ ʪʴʩʷ 

ʪʽʣʴʢʠ ʪʠʤʠ ʧʦʷʩʘʤʠ, ʥʘ ʷʢʽ ʚʦʥʦ ʜʽʻ (ʨʠʩ. 1.2, 1.3). ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʜʽʾ ʩʠʣʠ 

N, ʷʢʘ ʩʪʠʩʢʘʻ ʩʪʝʨʞʥʽ (ʨʠʩ. 1.1), ʢʦʞʝʥ ʧʦʷʩ ʩʧʨʠʡʤʘʻ: 
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4

N
N =¡ . (1.1) 

ʈʠʩ. 1.1. ʉʭʝʤʘ ʩʠʣ ʽ ʟʫʩʠʣʴ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʩʪʨʽʣʫ ʯʦʪʠʨʠʛʨʘʥʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʷʩʘʤʠ 

 

ʇʨʠ ʜʽʾ ʮʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʢʦʞʥʦʤʫ ʧʦʷʩʽ ʚʠʥʠʢʘʻ ʟʫʩʠʣʣʷ 

NS ¡=1 , ʷʢʝ ʩʪʠʩʢʘʻ ʧʦʷʩ. 

ɺʝʨʪʠʢʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ Q  ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ T  ʫʪʚʦʨʶʶʪʴ 

ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ: 

,

;

ʛ

ʚ

LTM

LQM

Ö=

Ö=
 (1.2) 

ʜʝ L  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʪʦʯʢʠ ʢʨʽʧʣʝʥʥʷ ʧʦʷʩʘ ʩʪʨʽʣʠ ʜʦ ʣʽʥʽʡ ʜʽʾ ʟʫʩʠʣʴ. 

ʉʠʣʘ Q  ʩʧʨʠʡʤʘʻʪʴʩʷ ʜʚʦʤʘ ʬʝʨʤʘʤʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦɦ ʠʥʽ. ʉʠʣʘ Q¡, ʷʢʘ ʜʽʻ ʥʘ ʢʦʞʝʥ ʧʦʷʩ, ʜʦʨʽʚʥʶʻ: 

H

M
Q

2

ʚ

=¡ , (1.3) 

ʜʝ H  ï ʚʠʩʦʪʘ ʩʪʨʽʣʠ. 

ʉʠʣʠ Q¡ ʩʪʠʩʢʘʶʪʴ ʥʠʞʥʽ ʧʦʷʩʠ ʩʪʨʽʣʠ 1-2 ʪʘ 7-8, ʨʦʟʪʷʛʫʶʪʴ ʚʝʨʭʥʽ 

4 

1

 

4 

y 

S 

b 

b 

6

4 

x

1 

 

1 

3 

5 

7 

2 

6 

8 

N' ï 

ï 

ï 

ï S1 

S1 

S1 

S1 

S2 

+ 

+ 

+ 

+ S2 

S2 

S2 ï 

ï 

ï 

ï 

S3 

S3 

S3 

S3 

Q 

H 

B 

L 

T 

N' 

N' 

N' 

N 

T' Q' 

Q' 

Q' 

Q' 

T' 

T' 

T' 
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ʧʦʷʩʠ 3-4 ʪʘ 5-6 ʽ ʫʪʚʦʨʶʶʪʴ ʚ ʥʠʭ ʟʫʩʠʣʣʷ 2S  (ʨʠʩ. 1.1). ʉʠʣʘ T  

ʩʧʨʠʡʤʘʻʪʴʩʷ ʬʝʨʤʘʤʠ (ʘʙʦ ʬʝʨʤʦʶ), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ. ʉʠʣʘ T¡, ʷʢʘ ʜʽʻ ʥʘ ʢʦʞʝʥ ʧʦʷʩ, ʜʦʨʽʚʥʶʻ: 

B

M
T

2

ʛ

=¡ , (1.4) 

ʜʝ B ï ʰʠʨʠʥʘ ʩʪʨʽʣʠ. 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʩʠʣ ʽ ʟʫʩʠʣʴ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʩʪʨʽʣʫ ʪʨʠʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ 

ʥʝʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʷʩʘʤʠ 

 

ʉʠʣʠ T¡ ʩʪʠʩʢʘʶʪʴ ʧʦʷʩʠ 1-2  ʪʘ  3-4, ʨʦʟʪʷʛʫʶʪʴ ʚʝʨʭʥʽ ʧʦʷʩʠ  5-6  ʪʘ  

7-8 ʽ ʫʪʚʦʨʶʶʪʴ ʚ ʥʠʭ ʟʫʩʠʣʣʷ 3S . ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʮʝ ʚʠʜʥʦ ʟ ʨʠʩ. 1.1, 

ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʤ ʩʪʠʩʢʫʚʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ ʻ ʧʦʷʩ 1-2, ʘ 

ʨʦʟʪʷʛʫʚʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ ï ʧʦʷʩ 5-6. 

1.2.1. ʇʦʟʜʦʚʞʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʦ ʮʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʮʽʣʢʦʤ ʘʙʦ 

ʧʝʨʝʚʘʞʥʦʶ ʯʘʩʪʠʥʦʶ ʥʘʣʝʞʘʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʫʤʦʚʣʝʥʽ ʥʘʪʷʛʦʤ ʢʘʥʘʪʘ. 

ʇʦʟʜʦʚʞʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʫʤʦʚʣʶʶʪʴ ʜʦʜʘʪʢʦʚʽ ʟʫʩʠʣʣʷ ʚ ʧʦʷʩʘʭ ʩʪʨʽʣʠ, 

ʘʣʝ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʫʩʠʣʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʨʝʰʽʪʢʠ. 

ɿʫʩʠʣʣʷ 1N  ʫ ʥʠʞʥʽʡ (ʚʝʜʝʥʽʡ) ʚʽʪʮʽ ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʘʪʘ ʽ 2N  ʚ 

ʚʝʨʭʥʽʡ (ʚʝʜʫʯʽʡ) ʚʽʪʮʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʩʪʨʽʣʫ ʯʝʨʝʟ ʦʙʚʽʜʥʽ ʙʣʦʢʠ ʦʛʦʣʦʚʢʘ 

5 

1 

3 

Ŭ 

H G' 

Q 

N' Q' 

N 

2 

Ů 

N' Q' T' 

N' Q' T' 

6 

L 
T=T' 

B 

+ 
ï 

ï ï ï 

ï ï ï S3 

S1 

S1 

S1 

S2 

S2 

S2 

S3 G' 

4 
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(ʨʠʩ. 1.3). ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʫʩʠʣʣʷ 1N  ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʛ.ʦ
1

ʧ

Q G
N

i

+
=

h
, (1.5) 

ʜʝ i  ï ʢʨʘʪʥʽʩʪʴ ʚʘʥʪʘʞʥʦʛʦ ʧʦʣʽʩʧʘʩʪʘ; ʧh  ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ 

(ʂʂɼ) ʚʘʥʪʘʞʥʦʛʦ ʧʦʣʩ̔ʧʘʩʪʘ. 

 

ʈʠʩ. 1.3. ʉʭʝʤʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʦʷʩʠ ʩʪʨʽʣʠ ʚʽʜ ʟʫʩʠʣʴ ʫ 

ʚʘʥʪʘʞʥʦʤʫ ʢʘʥʘʪʽ ʜʣʷ ʢʨʘʥʘ ʟ ʧʝʨʝʩʫʚʥʠʤ ʚʽʟʢʦʤ: ʘ ï ʩʪʨʽʣʘ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʧʦʷʩʘʤʠ; ʙ ï ʩʪʨʽʣʘ ʟ ʥʝʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʷʩʘʤʠ 

 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʧʦʣʽʩʧʘʩʪʘ ʚʠʟʥʘʯʘ̒ ʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʚʘʥʪʘʞʥʠʡ ʢʘʥʘʪ 

nʦ2
 

nʦ1
 

Nʚ2
 

Nʧ2
 

N2
 

Gʛ.ʦ
 

Q 

Gʚ̔ ʟ
 

N1
 

N2
 

N2
 

ʧ
 Sʥ 

ʧ
 Sʚ 

ʧ
 Sʚ' 

ʘ 

Nʚ2
 

Nʧ2
 

N2
 ɓ 

Ŭʧ 

nʦ2
 

nʦ1
 

Sʧ
 

Gʛ.ʦ
 

Q 

Gʚ̔ ʟ
 

ʚʘʥʪʘʞʥʠʡ ʢʘʥʘʪ 

ʙ 

N1
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i

ih++h+h
=h

...2

ʧ , (1.6) 

ʜʝ h ï ʂʂɼ ʦʜʥʦʛʦ ʙʣʦʢʘ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 0,98. 

ɿʫʩʠʣʣʷ 2N  ʫ ʚʝʨʭʥʽʡ (ʚʝʜʫʯʽʡ) ʛʽʣʮʽ ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʘʪʫ 

ʚʠʟʥʘʯʘʻʪʩɹʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʢʅ: 

ʦ
1

2
n

N
N

h
= , (1.7) 

ʜʝ 
ʦn  ï ʢʽʣʴʢʽʩʪʴ ʦʙʚʽʜʥʠʭ ʙʣʦʢʽʚ ʥʘ ʦʛʦʣʦʚʢʫ ʩʪʨʽʣʠ. 

ɺʝʜʝʥʘ ʛʽʣʢʘ ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʘʪʘ ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ ʥʠʞʥʴʦʾ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ ʩʪʨʽʣʠ (ʪʝʤʠ 0...2 ʽ 4...5) ʘʙʦ ʧʨʦʭʦʜʠʪʴ ʧʦʙʣʠʟʫ 

ʦʜʠʥʦʯʥʦʛʦ ʥʠʞʥʴʦʛʦ ʧʦʷʩʘ (ʪʝʤʘ 3). ɺʝʜʫʯʘ ʛʽʣʢʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʘ 

ʧʦʭʠʣʦ ʽ ʩʧʨʷʤʦʚʘʥʘ ʜʦ ʚʝʨʭʥʴʦʾ ʪʦʯʢʠ ʛʦʣʦʚʢʠ ʙʘʰʪʠ (ʪʝʤʠ 1, 2, 4, ʽ 5). ʋ 

ʮʠʭ ʚʠʧʘʜʢʘʭ ʟʫʩʠʣʣʷ 2N , ʱʦ ʜʽʻ ʚ ʚʝʜʫʯʽʡ ʚʪ̔ʮʽ, ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʧʦʟʜʦʚʞʥʶ 
ʧ
2N  ʽ ʚʝʨʪʠʢʘʣʴʥʫ 

ʚ
2N  ʩʢʣʘʜʦʚʽ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʘʤʠ: 

ʧ
2

ʧ
2

cos

cos

a

b
=NN , (1.8) 

( )

ʧ

ʧ
2

ʚ
2

cos

sin

a

a-b
=NN , (1.9) 

ʜʝ b, ʧa  ï ʢʫʪʠ, ʫʪʚʦʨʝʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʟ ʥʘʧʨʷʤʦʤ ʟʫʩʠʣʣʷ 

ʧ
2N  ʽ ʟ ʙʦʢʦʚʦʶ ʧʨʦʝʢʮʽʻʶ ʧʦʷʩʽʚ, ʱʦ ʩʧʨʠʡʤʘʶʪʴ ʮʝ ʟʫʩʠʣʣʷ (ʜʠʚ. 

ʨʠʩ. 1.3). ɺ ʪʝʤʘʭ 1, 2, 4 ʽ 5 ʪʘʢʠʤʠ ʧʦʷʩʘʤʠ ʻ ʥʠʞʥʽ ʧʦʷʩʠ ʩʪʨʽʣʠ. 

ʗʢʱʦ ʚʝʜʫʯʘ ʛʽʣʢʘ ʚʝʨʭʥʴʦʛʦ ʢʘʥʘʪʘ ʥʘ ʩʭʝʤʽ ʢʨʘʥʘ ʥʝ ʟʦʙʨʘʞʝʥʘ, ʩʣʽʜ 

ʚʚʘʞʘʪʠ, ʱʦ ʮʷ ʛʽʣʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʥʠʞʥʴʦʾ ʬʝʨʤʠ ʩʪʨʽʣʠ ʧʦʨʫʯ ʟ 

ʚʝʜʝʥʦʶ ʚʽʪʢʦʶ (ʪʝʤʠ 0 ʽ 3). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 2
ʧ
2 NN =  ʽ 0ʚ

2 =N . 

1.2.2. ɺʝʨʪʠʢʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʩʪʨʽʣʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ʜʽʶʪʴ 

ʪʘʢʽ ʚʝʨʪʠʢʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʣʘʩʥʘ ʚʘʛʘ ʩʪʨʽʣʠ, ʷʢʘ ʫʤʦʚʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʣ̔ʝʥʝ ʧʦ ʜʦʚʞʠʥʽ ʩʪʨʽʣʠ ʩL  ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩq : 

ʩ

ʩ
ʩ

L

G
q = , (1.10) 

ʜʝ ʩG  ï ʧʦʚʥʘ ʩʠʣʘ ʚʘʛʠ ʩʪʨʽʣʠ, ʢʅ. 
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ɺʝʨʪʠʢʘʣʴʥʽ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʩʪʨʽʣʫ 

ʯʝʨʝʟ ʚʘʥʪʘʞʥʠʡ ʚʽʟʦʢ: ʩʠʣʘ ʚʘʛʠ ʚʘʥʪʘʞʫ Q, ʩʠʣʘ ʚʘʛʠ ʚʽʟʢʘ ʚʽʟG  ʽ ʩʠʣʘ 

ʚʘʛʠ ʛʘʢʦʚʦʾ ʦʙʦʡʤʠ ʛ.ʦG . ʉʫʤʫ ʮʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫʤʦʚʥʦ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 

ʦʜʥʫ ʚʝʨʪʠʢʘʣʴʥʫ ʩʠʣʫ, ʧʨʠʢʣʘʜʝʥʫ ʧʦʩʝʨʝʜʠʥʽ ʚʽʟʢʘ. 

ɺʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ 
ʚ
2N  ʟʫʩʠʣʣʷ 2N  ʫ ʚʝʜʫʯʽʡ ʛʽʣʮʽ ʚʘʥʪʘʞʥʦʛʦ 

ʢʘʥʘʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1.9). ʉʠʣʘ 
ʚ
2N  ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʢʣʘʜʝʥʦʶ 

ʚ ʢʨʘʡʥʽʡ ʪʦʯʮʽ ʦʛʦʣʦʚʢʘ ʩʪʨʽʣʠ. ɺ ʪʝʤʘʭ 1  ̔3 ï 0ʚ
2 =N . 

ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʩʪʨʽʣ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʪʘ ʥʝʧʘʨʘʣʝʣʴʥʠʤʠ ʥʠʞʥʽʤʠ ʽ ʚʝʨʭʥʽʤʠ 

ʧʦʷʩʘʤʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.4. 

 

 

 

ʈʠʩ. 1.4. ʉʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʪʨʣ̔ʠ 

 

1.2.3. ɹʦʢʦʚʽ (ʛʦʨʠʟʦʥʪʘʣʴʥʽ) ʥʘʚʘʥʪʘʞʝʥʥʷ. ɹʦʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ ʩʪʨʽʣʠ, ʚʠʥʠʢʘʶʪʴ 

ʚʥʘʩʣʽʜʦʢ ʚʽʪʨʦʚʦʛʦ ʪʠʩʢʫ ʡ ʽʥʝʨʮʽʾ ʩʪʨʽʣʠ ʟ ʚʘʥʪʘʞʝʤ ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʘʙʦ 

ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ ʧʦʚʦʨʦʪʽ ʢʨʘʥʘ. 

ɺʽʪʨʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʙʯʠʩʣʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʥʦʨʤʘʪʠʚʥʦʛʦ ʪʠʩʢʫ 

Q+Gʚ̔ ʟ+Gʛ.ʦ. 

Nʚ2
 

Lc 

qc 

qc 

Q+Gʚ̔ ʟ+Gʛ.ʦ. Lc 

Lx 
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ʚ̔ʪʨʫ, ʚp , ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ɼʉʊʋ ISO 4302:2017 [7]. 

ʇʨʠ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʚp  

ʜʦʨ̔ʚʥʶʻ 
2ʅ/ʤ250 . ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʚʽʪʨʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʇʦʚʥʽ ʚʽʪʨʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʨʽʣʫ ʩW  ʽ 

ʥʘ ʚʘʥʪʘʞ ʚW  ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ, ʢʅ: 

ʩ,ʚ ʚ ʥʩ(ʚ)W p A= Ö , (1.11) 

ʜʝ ʥʩ(ʚ)A  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʥʘʚʽʪʨʷʥʘ ʧʣʦʱʘ ʩʪʨʽʣʠ ʘʙʦ ʚʘʥʪʘʞʫ, ʤ2. 

ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʧʦʚʥʦʛʦ ʚʽʪʨʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʨʽʣʫ: 

ʩʢʥ kAA Ö= , (1.12) 

ʜʝ ʢA  ï ʧʣʦʱʘ ʢʦʥʪʫʨʫ ʙʦʢʦʚʦʾ ʧʨʦʝʢʮʽʾ ʩʪʨʽʣʠ, ʤ2; ʩk  ï ʢʦʝʬʽʮʽʻʥʪ 

ʩʫʮʽʣʴʥʦʩʪʽ (ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ), 7,0...5,0ʩ=k . 

ʈʦʟʨʘʭʫʥʢʦʚʫ ʥʘʚʽʪʨʷʥʫ ʧʣʦʱʫ ʚʘʥʪʘʞʫ ʚʠʙʠʨʘʶʪʴ ʟ ʪʘʙʣ. 1.1 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʢʨʘʥʘ. 

ʊʘʙʣʠʮʷ 1.1 

ʅʘʚʽʪʨʷʥʘ ʧʣʦʱʘ ʥʚA  ʚʘʥʪʘʞʫ ʚʘʛʦʶ Q  

Q, ʢʅ 10 20 32 50 100 200 320 630 1000 

ʥʚA , ʤ2 2,8 4 5,6 7,1 10 16 20 28 36 

 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʚW  ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʟʦʩʝʨʝʜʞʝʥʘ ʩʠʣʘ, ʧʨʠʢʣʘʜʝʥʘ ʚ 

ʮʝʥʪʨʽ ʚʘʛʠ ʚʘʥʪʘʞʫ. ɺʽʪʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʨʽʣʫ ʢʨʘʥʘ ʚʚʘʞʘʻʪʴʩʷ 

ʨ̔ʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʦ ʜʦʚʞʠʥʽ ʩʪʨʽʣʠ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʢʅ/ʤ: 

ʩ

ʩ

L

W
w= , (1.13) 

ʜʝ ʩW  ï ʧʦʚʥʝ ʚʽʪʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʨʽʣʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 1.11. 

ɯʥʝʨʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʪʘ 

ʛʘʣʴʤʫʚʘʥʥʷ ʩʪʨʽʣʠ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ʧʨʠ ʾʾ ʧʦʚʦʨʦʪʽ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ 

ʧʨʠʧʫʱʝʥʥʽ ʩʪʘʣʦʛʦ ʚ ʯʘʩʽ ʧʨʠʩʢʦʨʝʥʥʷ. ʉʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʘʥʪʘʞ 

QT , ʚʘʥʪʘʞʥʠʡ ʚʽʟʦʢ ʚʽʟT  ʽ ʛʘʢʦʚʫ ʦʙʦʡʤʫ ʛ.ʦT , ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʟʦʩʝʨʝʜʞʝʥʽ ʡ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ, ʢʅ: 
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t

v

g

G
T Ö= , (1.14) 

ʜʝ G  ï ʚʘʛʘ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ),,( ʚʽʟʛ.ʦ.GGQ ; g  ï ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ 
2ʤ/ʩ8,9=g ; v  ï ʥʘʡʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ (ʥʘʧʨʠʢʽʥʮʽ 

ʨʦʟʛʦʥʫ ʘʙʦ ʥʘ ʧʦʯʘʪʢʫ ʛʘʣʴʤʫʚʘʥʥʷ) ʜʣʷ ʮʝʥʪʨʘ ʚʘʛʠ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ 

ʝʣʝʤʝʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʤ/ʩ: 

30

ʧRn
v
p
= , (1.15) 

ʜʝ R ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʨʘʥʘ ʜʦ ʮʝʥʪʨʘ ʚʘʛʠ ʝʣʝʤʝʥʪʘ, ʤ; ʧn  ï 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʧʦʚʦʨʦʪʥʦʾ ʯʘʩʪʠʥʠ ʢʨʘʥʘ, ʭʚ-1.; t  ï ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʛʦʥʫ 

ʘʙʦ ʛʘʣʴʤʫʚʘʥʥʷ, ʩ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʠʣ ʽʥʝʨʮʽʾ ʩʣʽʜ ʩʧʦʯʘʪʢʫ ʚʩʪʘʥʦʚʠʪʠ 

ʚʽʜʩʪʘʥʴ R ʧʨʠ ʥʘʡʙʽʣʴʰ ʥʝʚʠʛʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚʘʥʪʘʞʫ. ɼʣʷ ʩʪʨʽʣʠ 

ʚʜ̔ʩʪʘʥʴ R ʚʠʟʥʘʯʘʻʪʴʩʷ, ʤ: 

,aLR c+=  

ʜʝ a  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʢʨʽʧʣʝʥʥʷ ʩʪʨʽʣʠ ʥʘ ʙʘʰʪʽ ʜʦ ʦʩʽ ʧʦʚʝʨʪʘʥʥʷ ʢʨʘʥʘ, 

ʤ; 

ʜʣʷ ʚʘʥʪʘʞʫ, ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʽ ʛʘʢʦʚʦʾ ʦʙʦʡʤʠ, ʤ:  

,baLR c -+=  

ʜʝ b ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʛʦʣʦʚʢʘ ʩʪʨʽʣʠ ʜʦ ʦʩʽ ʛʘʢʦʚʦʾ ʦʙʦʡʤʠ ʧʨʠ ʾʾ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʣʴʦʪʽ. 

ɯʥʝʨʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʩʪʨʽʣʠ ʢʨʘʥʘ ʬʘʢʪʠʯʥʦ ʻ ʨʦʟʧʦʜʽʣʝʥʠʤ ʟʽ 

ʟʤʽʥʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʱʦ ʧʨʦʧʦʨʮʽʡʥʝ ʚʽʜʩʪʘʥʽ ʚʽʜ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʦʚʦʨʦʪʥʦʾ ʯʘʩʪʠʥʠ ʢʨʘʥʘ. ʇʨʦʪʝ, ʟʚʘʞʘʶʯʠ ʥʘ 

ʧʦʨ̔ʚʥʷʥʦ ʤʘʣʝ ʮʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʡʦʛʦ 

ʟʚʠʯʘʡʥʦ ʪʘʢʦʞ ʫʤʦʚʥʦ ʚʚʘʞʘʶʪʴ ʟʦʩʝʨʝʜʞʝʥʦʶ ʩʠʣʦʶ ʩT , ʧʨʠʢʣʘʜʝʥʦʶ 

ʜʦ ʦʛʦʣʦʚʢʘ ʩʪʨʽʣʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʨʦʟʨʘʭʫʥʦʢ ʚʚʦʜʷʪʴ ʧʦʣʦʚʠʥʫ ʤʘʩʠ ʩʪʨʽʣʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ, ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʠ ʩT  ʥʘʙʠʨʘʻ ʚʠʛʣʷʜʫ, ʢʅ: 

t

v

g

G
T Ö=

2

ʩ
ʩ , (1.16) 

ʜʝ v  ï ʥʘʡʙʽʣʴʰʘ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʦʛʦʣʦʚʢʘ ʩʪʨʽʣʠ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʪʨʽʣʠ ʧʨʠ ʜʽʾ ʙʦʢʦʚʠʭ (ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ) 

ʥʘʚʘʥʪʘʞʝʥʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.5. ʈʦʟʨʘʭʫʥʦʢ ʩʪʨʽʣʠ ʚʠʢʦʥʫʶʪʴ ʩʪʦʩʦʚʥʦ 
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ʜʦ ʧʨʠʩʢʦʨʝʥʦʛʦ ʘʙʦ ʩʧʦʚʽʣʴʥʝʥʦʛʦ ʧʦʚʦʨʦʪʫ ʢʨʘʥʘ ʽʟ ʟʘʬʽʢʩʦʚʘʥʠʤ ʫ 

ʢʨʘʡʥʴʦʤʫ ʜʦ ʦʛʦʣʦʚʢʘ ʩʪʨʽʣʠ ʧʦʣʦʞʝʥʥʽ ʚʘʥʪʘʞʫ. 

 

1.3. ɺʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰʠʭ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ ʩʪʨʽʣʠ 

1.3.1. ʈʦʟʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʢʣʘʜʦʚʽ 

ɿʫʩʠʣʣʷ ʫ ʩʪʝʨʞʥʷʭ ʩʪʨʽʣʠ ʚʠʟʥʘʯʘʶʪʴ ʩʧʦʩʦʙʦʤ ʨʦʟʢʣʘʜʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʬʝʨʤʠ ʥʘ ʧʣʦʩʢʽ ʬʝʨʤʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʢʦʞʥʝ ʟ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʻ ʥʘ ʩʪʨʽʣʫ, ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ, 

ʱʦ ʣʝʞʘʪʴ ʫ ʧʣʦʱʠʥʘʭ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ.  ɺʝʨʪʠʢʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ 

ʯʦʪʠʨʠʛʨʘʥʥʠʭ ʩʪʨʽʣʘʭ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ 

ʬʝʨʤʘʤʠ, ʪʦʙʪʦ qqQQ 5,0,5,0 =¡=¡  ʪʦʱʦ (ʨʠʩ. 1.6). ʋ ʪʨʴʦʭʛʨʘʥʥʠʭ 

ʩʪʨʽʣʘʭ ʨʦʟʧʦʜʽʣʷʁ ʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʬʝʨʤʘʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʫʪʘ ʥʘʭʠʣʫ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ ,
2

e
 ʪʦʙʪʦ 

2
cos2

,

2
cos2

,

2
cos2

ʚʽʟ
ʚʽʟ e
=¡

e
=¡

e
=¡

G
G

q
q

Q
Q   ʪʦɦ ʦ. 

 

 

ʈʠʩ. 1.5. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʪʨʽʣʠ ʧʨʠ ʜʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

 

 

ʈʠʩ. 1.6. ʉʭʝʤʠ ʨʦʟʢʣʘʜʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫʟʜʦʚʞ 
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ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ ʩʪʨʽʣʠ: ʘ ï ʯʦʪʠʨʠʛʨʘʥʥʦʾ; ʙ ï ʪʨʠʛʨʘʥʥʦʾ. 

 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʯʦʪʠʨʠʛʨʘʥʥʠʭ ʩʪʨʽʣʘʭ 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʬʝʨʤʘʤʠ ʪʘʢ: ww 5,0=¡ , 

ʚʚ 5,0 WW =¡ ; ʚʚ 5,0 TT =¡  ʽ ʪ.ʜ. ʋ ʪʨʠʛʨʘʥʥʠʭ ʩʪʨʣ̔ʘʭ ʫʩʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫʤʦʚʥʦ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦ ʻʜʠʥʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ. 

ɺʠʥʠʢʘʶʯʠʡ ʧʨʠ ʮʴʦʤʫ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʥʝ ʚʨʘʭʦʚʫʁ ʪʴ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʩʢʣʘʜʦʚʽ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʟʦʩʝʨʝʜʞʝʥʽ ʩʠʣʠ. 

 

 

ʈʠʩ. 1.7. ʅʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ ʩʪʝʨʞʥʽ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ (ʘ) ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ (ʙ) 

ʬʝʨʤʘʭ 

 

1.3.2. ɿʥʘʭʦʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʩʪʝʨʞʥʽʚ. ɿ ʤʽʨʢʫʚʘʥʴ 

ʫʥʽʬʽʢʘʮʽʾ ʫ ʨʝʰʽʪʯʘʩʪʠʭ ʩʪʨʣ̔ʘʭ ʢʨʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʥʘʢʦʚʽ ʧʨʦʢʘʪʥʽ 

ʧʨʦʬʽʣʽ ʜʣʷ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʨʽʣʠ: ʦʜʠʥ ʚʠʜ ʧʨʦʬʽʣʽʚ ï ʜʣʷ ʚʩʽʭ 

ʨʦʟʢʦʩʽʚ, ʜʨʫʛʠʡ ï ʜʣʷ ʩʪʦʷʢʽʚ, ʪʨʝʪʽʡ ï ʜʣʷ ʩʪʝʨʞʥʽʚ ʚʝʨʭʥʽʭ ʧʦʷʩʽʚ, 

ʯʝʪʚʝʨʪʠʡ ï ʜʣʷ ʩʪʝʨʞʥʽʚ ʥʠʞʥʽʭ ʧʦʷʩʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʚʩʽ ʩʪʝʨʞʥʽ 

ʩʪʨʽʣʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʘʙʦ ʪʨʠ ʛʨʫʧʠ (ʫ ʚʠʧʘʜʢʫ ʢʦʣʠ ʧʨʦʬʽʣʽ ʜʣʷ 

ʨʦʟʢʦʩʽʚ ʽ ʩʪʦʢ̫ʽʚ ʧʨʠʡʤʘʶʪʴʩʷ ʦʜʠʥʘʢʦʚʽ). ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʩʪʝʨʞʥʽ 

ʩʪʨʽʣʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʛʨʫʧʠ, ʷʢʱʦ ʩʪʝʨʞʥʽ ʜʣʷ ʚʝʨʭʥʽʭ ʪʘ ʥʠʞʥʽʭ ʧʦʷʩʽʚ 

ʦʜʥʦʛʦ ʧʨʦʬʽʣʶ ʽ ʧʣʦɦ ʘ ʾʭ ʧʝʨʝʨʽʟʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʟʥʘʯʥʦ. ɼʣʷ ʢʦʞʥʦʾ 

ʛʨʫʧʠ ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰʝ ʨʦʟʪʷʛʫʚʘʣʴʥʝ ʨʦʟS  ʘʙʦ ʥʘʡʙʽʣʴʰʝ 

ʩʪʠʩʢʫʚʘʣʴʥʝ ʩʪS  ʟʫʩʠʣʣʷ. 

ʑʦʙ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʴ, ʥʘ ʨʠʩ. 1.7 ʚʢʘʟʘʥʽ ʥʘʡʙʽʣʴʰ 

ʘ ʙ 
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ʥʘʚʘʥʪʘʞʝʥʽ ʩʪʝʨʞʥʽ ʙʦʢʦʚʠʭ (ʨʠʩ. 1.7, ʘ) ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ (ʨʠʩ. 1.7, ʙ) 

ʬʝʨʤ. ʉʘʤʝ ʜʣʷ ʮʠʭ ʩʪʝʨʞʥʽʚ ʽ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʟʫʩʠʣʣʷ, ʟʘ ʷʢʠʤʠ 

ʧʽʟʥʽʰʝ ʧʽʜʙʠʨʘʪʠʤʫʪʴʩʷ ʧʣʦʱʽ ʧʝʨʝʨʽʟʽʚ ʚʩʽʭ ʩʪʝʨʞʥʽʚ ʩʪʨʽʣʠ. 

1.3.3. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡ ʚʧʣʠʚʫ. ʋ ʩʢʣʘʜʽ ʷʢ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʪʘʢ ʽ 

ʛʦʨʠʟʦʥʪʘʣʥɹʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʨʫʭʦʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ 

ʚʟʜʦʚʞ ʩʪʨʽʣʠ ʨʘʟʦʤ ʟ ʚʘʥʪʘʞʥʠʤ ʚʽʟʢʦʤ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʫʩʠʣʣʷ ʚ ʩʪʝʨʞʥʷʭ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʥʘʡʙʽʣʴʰ ʥʝʚʠʛʽʜʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʚʽʟʢʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʮʠʭ ʟʫʩʠʣʴ ʙʫʜʫʶʪʴ ʾʭ ʣʽʥʽʾ ʚʧʣʠʚʫ ʚʽʜ ʜʽʾ ʦʜʠʥʠʯʥʦʾ ʩʠʣʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ 

ʧʣʦʱʠʥʽ ʙʦʢʦʚʦʾ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʛʨʘʥʽ ʩʪʨʽʣʠ. ʃʽʥʽʾ ʚʧʣʠʚʫ ʙʫʜʫʶʪʴ ʟʘ 

ʟʘʛʘʣʴʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʚʠʢʣʘʜʝʥʦʶ ʚ [1, 2, 6]. ɼʣʷ ʩʪʝʨʞʥʷ ʧʦʷʩʘ, ʱʦ 

ʥʘʣʝʞʠʪʴ ʦʜʥʦʯʘʩʥʦ ʜʦ ʙʦʢʦʚʦʾ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤ, ʪʨʝʙʘ ʚʽʜʧʦʚʽʜʥʦ 

ʙʫʜʫʚʘʪʠ ʜʚʽ ʣʽʥʽʾ ʚʧʣʠʚʫ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʩʪʝʨʞʥʽʚ ʚʝʨʭʥʴʦʛʦ ʽ ʥʠʞʥʴʦʛʦ 

ʧʦʷʩʽʚ ʚ ʪʝʤʘʭ 1-5, ʩʪʝʨʞʥʽʚ ʥʠʞʥʴʦʛʦ ʧʦʷʩʘ ʚ ʪʝʤʘʭ 0 ʽ 2 ʽ ʩʪʝʨʞʥʽʚ 

ʚʝʨʭʥʴʦʛʦ ʧʦʷʩʘ ʚ ʪʝʤʽ 3. 

ʃʽʥʽʻʶ ʚʧʣʠʚʫ (ʃ.ɺ) ʰʫʢʘʥʦʛʦ ʟʫʩʠʣʣʷ ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʬʽʢ ʟʤʽʥʠ 

ʮʦɹʛʦ ʟʫʩʠʣʣʷ ʟʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʦʜʠʥʠʯʥʦʾ ʩʠʣʠ 1=P  ʟʘʜʘʥʦʛʦ 

ʥʘʧʨʷʤʫ, ʷʢʘ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʩʧʦʩʦʙʠ ʧʦʙʫʜʦʚʠ ʣʽʥʽʾ 

ʚʧʣʠʚʫ: 

- ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ, ʷʢʘ ʧʦʚôʷʟʫʻ ʟʫʩʠʣʣʷ, ʱʦ ʥʘʩ ʮʽʢʘʚʠʪʴ, ʟʽ ʟʤʽʥʥʦʶ 

ʢʦʦʨʜʠʥʘʪʦʶ x  ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ 1=P , ʽ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʘ 

ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ; 

- ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʧʦʚôʷʟʫʻ ʟʫʩʠʣʣʷ, ʷʢʝ ʥʘʩ ʮʽʢʘʚʠʪʴ, ʟ ʽʥʰʠʤʠ 

ʟʫʩʠʣʣʷʤʠ (ʟʚʠʯʘʡʥʦ ʟ ʦʧʦʨʥʠʤʠ ʨʝʘʢʮʽʷʤʠ), ʣʽʥʽʾ ʚʧʣʠʚʫ ʷʢʠʭ ʚʽʜʦʤʽ, ʽ 

ʧʝʨʝʭʽʜ ʰʣʷʭʦʤ ʩʢʣʘʜʘʥʥʷ ʛʨʘʬʽʢʽʚ ʽ ʾʭ ʤʥʦʞʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʝ ʯʠʩʣʦ ʜʦ 

ʣ̔ʥʽʾ ʚʧʣʠʚʫ ʰʫʢʘʥʦʛʦ ʟʫʩʠʣʣʷ. 

ʇʨʠ ʮʴʦʤʫ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʧʦʚôʷʟʫʶʪʴ ʟʫʩʠʣʣʷ ʚ ʩʪʝʨʞʥʷʭ ʟ 

ʢʦʦʨʜʠʥʘʪʦʶ x  ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʩʠʣʠ 1=P  ʘʙʦ ʟ ʦʧʦʨʥʠʤʠ ʨʝʘʢʮʽʷʤʠ, 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʬʝʨʤ ʥʘ ʥʝʨʫʭʦʤʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ï ʟʚʠʯʘʡʥʦ ʤʝʪʦʜʦʤ ʥʘʩʢʨʽʟʥʦʛʦ ʨʦʟʨʽʟʫ, ʨʽʜʰʝ ʤʝʪʦʜʦʤ 

ʚʠʨʽʟʫʚʘʥʥʷ ʚʫʟʣʽʚ. 

ɿʛʽʜʥʦ ʟ ʧʨʠʡʥʷʪʠʤʠ ʨʘʥʽʰʝ ʫʤʦʚʘʤʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ ʩʪʝʨʞʥʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʢʦʥʩʦʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʪʨʽʣʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʝʨʰʠʡ ʩʧʦʩʽʙ. 

ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ ʚʧʣʠʚʫ ʜʣʷ ʩʪʝʨʞʥʽʚ ʩʪʨʽʣʠ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ 

ʧʦʷʩʘʤʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 1.8. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡ ʚʧʣʠʚʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʪʘʢʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 
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ʈʠʩ. 1.8. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡ ʚʧʣʠʚʫ ʚ ʝʣʝʤʝʥʪʘʭ ʚʝʨʪʠʢʘʣʴʥʦʾ ʬʝʨʤʠ ʩʪʨʽʣʠ ʟ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʷʩʘʤʠ 

 

ɺʠʢʨʝʩʣʶʪ̒ʴʩʷ ʫ ʤʘʩʰʪʘʙʽ ʩʭʝʤʘ ʩʪʨʽʣʠ, ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤʠ 

ʩʠʣʘʤʠ iQ  ʪʘ q, ʷʢʽ ʜʽʶʪʴ ʥʘ ʩʪʨʽʣʫ (ʨʠʩ. 1.8, ʘ). ʏʝʨʝʟ ʩʪʝʨʞʥʽ, ʟʫʩʠʣʣʷ ʚ 

ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ, ʚʠʢʦʥʫʻʤʦ ʨʦʟʨʽʟ, ʱʦ ʨʦʟʩʽʢʘʻ ʬʝʨʤʫ ʥʘ ʜʚʽ 

9 

y 

x 

a 

S7-9 
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P=1 

Ŭ 

+ 

h 

qc 
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ʯʘʩʪʠʥʠ, ʟʘʤʽʥʶʻʤʦ ʩʪʝʨʞʥʽ, ʷʢʽ ʨʦʟʨʽʟʘʣʠ ʟʫʩʠʣʣʷʤʠ iS  ʽ ʨʦʟʛʣʷʜʘʻʤʦ 

ʨʽʚʥʦʚʘʛʫ ʧʨʘʚʦʾ ʚʽʜʩʽʯʝʥʦʾ ʯʘʩʪʠʥʠ (ʨʠʩ. 1.8, ʙ). 

ɺʠʟʥʘʯʘʻʤʦ ʤʦʤʝʥʪʥʽ ʪʦʯʢʠ (ʪʦʯʢʠ ʈʽʪʪʝʨʘ), ʚ ʷʢʠʭ ʧʝʨʝʪʠʥʘʶʪʴʩʷ 

ʚʽʩʽ ʜʚʦʭ ʽʥʰʠʭ ʩʪʝʨʞʥʽʚ ʚʽʜʥʦʩʥʦ ʩʪʝʨʞʥʷ, ʚ ʷʢʦʤʫ ʚʠʟʥʘʯʘʻʪʩɹʷ ʟʫʩʠʣʣʷ. 

ʋ ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 1.8, ʙ) ʜʣʷ ʩʪʝʨʞʥʷ 7-9 ʮʝ ʙʫʜʝ ʪʦʯʢʘ 

18, ʜʣʷ ʩʪʝʨʞʥʷ 16-18 ï ʪʦʯʢʘ 7. ʇʦʟʥʘʯʘʻʤʦ ʚʽʜʩʪʘʥʴ ʚʽʜ ʤʦʤʝʥʪʥʦʾ ʪʦʯʢʠ 

ʜʦ ʣʽʥʽʾ ʜʽʾ ʩʠʣʠ 1=P  ʦʨʜʠʥʘʪʦʶ ix , ʩʢʣʘʜʘʻʤʦ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʪʦʩʦʚʥʦ 

ʤʦʤʝʥʪʥʠʭ ʪʦʯʦʢ. ʇʦʪʨʽʙʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʾ ʚʧʣʠʚʫ, 

ʢʦʣʠ ʩʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

ä =018M ; 01197 =+Ö- =- xPhS ; 

h

x

h

xP
S 111

97 == =
- . 

ä =07M ; 0211816 =+Ö =- xPhS ; 

h

x

h

xP
S 221

1816 -=-= =
- . 

ʆʩʢʽʣʴʢʠ ʮʷ ʬʝʨʤʘ ʤʘʻ ʧʘʨʘʣʝʣʴʥʽ ʧʦʷʩʠ, ʤʦʤʝʥʪʥʽ ʪʦʯʢʠ ʜʣʷ 

ʨʦʟʢʦʩʫ 7-18 ʪʘ ʩʪʦʷʢʘ ʥʝ ʽʩʥʫʶʪʴ (ʚʽʜʜʘʣʷʶʪʴʩʷ ʜʦ ʥʝʩʢʽʥʯʝʥʦʩʪʽ). ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʚ ʨʦʟʢʦʩʽ ʪʘ 

ʩʪʦʷʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʥʝ ʷʢ ʨʽʚʥʷʥʥʷ ʤʦʤʝʥʪʽʚ, ʘ ʷʢ ʨʽʚʥʷʥʥʷ ʧʨʦʝʢʮʽʾ ʥʘ ʚʽʩʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ ʦʩʝʡ ʧʦʷʩʽʚ: 

ä =0iy ; 0sin 1187 =-a =- PS ; 

a
=
a

= =
-

sin

1

sin

1
187

P
S . 

ɺʠʢʦʨʠʩʪʦʚʫʻʤʦ ʮʽ ʨʽʚʥʷʥʥʷ ʽ ʙʫʜʫʻʤʦ ʣʽʥʽʾ ʚʧʣʠʚʫ: 

ʃ.ɺ. 97-S  
ʧʨʠ 01=x           0

0
97 ==-

h
S ; 

ʧʨʠ 11 lx =          
h

l
S 1

97 =- . 

ʃ.ɺ. 1816-S  
ʧʨʠ 02=x         0

0
1816 ==-

h
S ; 

ʧʨʠ 22 lx =        
h

l
S 2

1816 -=- . 
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ʃ.ɺ. 
a

=-
sin

1
187S . 

 

 

ʂʦʣʠ ʩʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ ʨʽʚʥʦʚʘʛʠ 

0187181697 === --- SSS . ɺʽʜ ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ ʚʽʜʢʣʘʜʘʻʤʦ ʫ ʤʘʩʰʪʘʙʽ 

ʦʪʨʠʤʘʥʥʽ ʟʥʘʯʝʥʥʷ ʽ ʟôʻʜʥʫʻʤʦ ʾʭ ʧʨʷʤʦʶ (ʨʠʩ. 1.8, ʚ, ʛ). ɰʭ ʣʽʚʽ ʛʽʣʢʠ 

ʟʙ̔ʛʘʶʪʴʩʷ ʟ ʥʫʣʴʦʚʠʤʠ ʣʽʥʽʷʤʠ. ɼʣʷ ʣʽʥʽʾ ʚʧʣʠʚʫ 187-S  ʚ ʤʝʞʘʭ 

ʨʦʟʩʽʯʝʥʦʛʦ ʩʪʝʨʞʥʷ ʧʦʷʩʘ 8-10 ʚʠʢʦʥʫʻʪʴʩʷ ʟʨʽʟʢʘ (ʨʠʩ. 1.8, ʜ). 

ʊʘʢ ʷʢ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʫʩʠʣʣʷ ʚ ʩʪʦʷʢʫ 9-20 ʚ ʨʦʟʨʽʟ ɯɯïɯɯ ʧʦʧʘʜʘʻ 

ʯʦʪʠʨʠ ʩʪʝʨʞʥʽ ʤʝʪʦʜ ʥʘʩʢʨʽʟʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ, ʪʦʤʫ ʟʘʩʪʦʩʦʚʫʻʤʦ ʤʝʪʦʜ ʚʠʨʽʟʫʚʘʥʥʷ ʚʫʟʣʽʚ. 

ʈʫʭʦʤʫ ʩʠʣʫ 1=P  ʧʝʨʝʤʽʱʘʻʤʦ ʚ ʚʫʟʦʣ 20 (ʨʠʩ. 1.8, ʞ). 

 

ʈʠʩ. 1.8, ʞ. ɺʠʨʽʟʘʥʠʡ ʚʫʟʦʣ ʜʣʷ ʩʪʦʷʢʘ ʬʝʨʤʠ ʟ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʷʩʘʤʠ 

 

ʉʢʣʘʜʘʻʤʦ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʚʫʟʣʘ 20: 

ä -=-==+= =--= .1;0;0 12092091 PSSPY  

ʉʠʣʘ 1=P , ʱʦ ʧʝʨʝʙʫʚʘʻ ʥʘ ʜʽʣʷʥʮʽ ʤʽʞ ʚʫʟʣʘʤʠ 18 ʽ 20 ʘʙʦ 20 ʽ 22, 

ʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʮʠʤʠ ʚʫʟʣʘʤʠ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʚʽʜʩʪʘʥʷʤ  ʜʦ ʥʠʭ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʧʦʚʽʜʥʽ ʣʽʥʽʾ ʚʧʣʠʚʫ ʤʘʶʪʴ ʚʠʛʣʷʜ ʧʨʷʤʦʣʽʥʽʡʥʠʭ 

ʚʽʜʨʽʟʢʽʚ ʟ ʦʨʜʠʥʘʪʦʶ 1 ʚ ʪʦʯʮʽ 20 ʜʦ 0 ʚ ʪʦʯʢʘʭ 18 ʽ 22 (ʨʠʩ. 1.8, ʝ). 

ʋ ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʦʷʢʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝʟʥʘʯʥ,̔ ʧʨʦʬʽʣʽ ʧʝʨʝʨʽʟʠ ʜʣʷ ʥʠʭ ʧʨʠʡʤʘʶʪʴʩʷ ʽʜʝʥʪʠʯʥʠʤʠ ʷʢ ʜʣʷ 

ʨʦʟʢʦʩʽʚ. 

ʋ ʬʝʨʤʘʭ ʟ ʥʝʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʷʩʘʤʠ ʽʩʪʦʪʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʣʽʥʽʡ 

ʚʧʣʠʚʫ ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩ. 1.8 ʙʫʜʫʪʴ ʤʘʪʠ ʣʠʰʝ ʣʽʥʽʾ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʚ 

ʨʦʟʢʦʩʘʭ ʪʘ ʩʪʦʷʢʘʭ (ʨʠʩ. 1.9), ʪʦʤʫ, ʱʦ ʤʦʤʝʥʪʥʽ ʪʦʯʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ 

ʤʝʞʘʤʠ ʬʝʨʤʠ. 

20 
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y 

P=1 



 19 

 

ʈʠʩ. 1.9. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡ ʚʧʣʠʚʫ ʚ ʝʣʝʤʝʥʪʘʭ ʚʝʨʪʠʢʘʣʴʥʦʾ ʬʝʨʤʠ ʩʪʨʣ̔ʠ ʟ 

ʥʝʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʷʩʘʤʠ 
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ʈʦʟʩʯ̔ʝʤʦ ʬʝʨʤʫ ʨʦʟʨʽʟʦʤ ɯ-ɯ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʪʝʨʞʥʽ 5-7, 5-8,  

6-8 ʽ ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʦʚʘʛʫ ʧʨʘʚʦʾ ʚʽʜʩʽʯʝʥʦʾ ʯʘʩʪʠʥʠ. 

ɼʣʷ ʨʦʟʢʦʩʫ 5-8 ʤʦʤʝʥʪʥʦʶ ʪʦʯʢʦʶ ʙʫʜʝ ʪʦʯʢʘ K, ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ 

ʣʽʥʽʡ ʜʽʾ ʟʫʩʠʣʴ 86-S  ʽ 75-S , ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʬʝʨʤʠ. 

ʊʦʜʽ ʟ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ä =0KM  ʦʪʨʠʤʘʻʤʦ: 

ʘ) ʩʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ 

ä =0KM ; 5 8 1 1 0S R P x- =Ö - Ö =; 

1 1 1
5 8

P x x
S

R R

=
-

Ö
= = , 

ʜʝ R ï ʥʘʡʢʦʨʦʪʰʘ ʚʽʜʩʪʘʥʴ (ʧʝʨʧʝʥʜʠʢʫʣʷʨ) ʚʽʜ ʪʦʯʢʠ K  ʜʦ ʣʽʥʽʾ ʜʽʾ 

ʟʫʩʠʣʣʷ 85-S , ʤ; 

ʙ) ʩʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ 

ä =0KM ; 085 =Ö- - RS ; 

085 =-S . 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʧʨʘʚʘ ʛʽʣʢʘ ʣʽʥʽʾ ʚʧʣʠʚʫ ï ʧʦʭʠʣʘ 

ʧʨʷʤʘ, ʷʢʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʘ ʜʚʦʤʘ ʪʦʯʢʘʤʠ: 

ʧʨʠ 1 0x =    0
0

85 ==-
R

S ; 

ʧʨʠ 1x R=    185 ==-
R

R
S . 

ɺʽʜ ʪʦʯʢʠ K  ʥʘ ʚʽʜʩʪʘʥʽ R ʚʽʜʢʣʘʜʘʻʤʦ ʫ ʤʘʩʰʪʘʙʽ ʦʨʜʠʥʘʪʫ, ʷʢʘ 

ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʃʽʚʘ ʛʽʣʢʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʫʣʴʦʚʦʶ ʣʽʥʽʻʶ. ɺ ʤʝʞʘʭ 

ʨʦʟʩʽʯʝʥʠʭ ʩʪʝʨʞʥʽʚ 6-8 ʪʘ 5-7 ʚʠʢʦʥʫʻʪʴʩʷ ʟʨʽʟʢʘ 6-8 (ʨʠʩ. 1.9, ʚ). 

ʃʽʥʽʾ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʫ ʚʝʨʭʥʴʦʤʫ 75-S  ʪʘ ʥʠʞʥʴʦʤʫ 86-S  ʧʦʷʩʘʭ 

(ʨʠʩ. 1.9, ʛ, ʜ) ʙʫʜʫʶʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʣʽʥʽʷʤ ʚʧʣʠʚʫ ʧʦʷʩʽʚ ʬʝʨʤʠ ʟ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʷʩʘʤʠ (ʜʠʚ. ʨʠʩ. 1.8, ʚ, ʛ). ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʣʝʯʝ ʟʫʩʠʣʣʷ  ʫ ʚʝʨʭʥʴʦʤʫ ʧʦʷʩʽ 75-S  ʚʠʟʥʘʯʘʻʪʴʩʷ  

(ʨʠʩ. 1.9, ʙ) ʧʧʧ tgahhr aÖaÖ-=aÖ= cos)(cos1 . 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʾ ʚʧʣʠʚʫ ʚ ʩʪʦʷʢʫ ʨʦʟʩʽʯʝʤʦ ʬʝʨʤʫ ʨʦʟʨʽʟʦʤ ɯɯ-ɯɯ, 

ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʪʝʨʞʥʽ 5-7, 7-8, 8-10 ʽ ʨʦʟʛʣʷʜʘʻʤʦ ʨʽʚʥʦʚʘʛʫ ʧʨʘʚʦʾ 

ʚʽʜʩʽʯʝʥʦʾ ʯʘʩʪʠʥʠ (ʨʠʩ. 1.9, ʝ). 

ʘ) ʉʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ 
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ä =0KM ; 7 8 1 2 0S l P x- =- Ö - Ö =; 

1 2 2
7 8

P x x
S

l l

=
-

Ö
=- =-. 

ʙ) ʉʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ 

ä =0KM ; 087 =Ö- - lS ; 

087 =-S . 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʧʨʘʚʘ ʛʽʣʢʘ ʣʽʥʽʾ ʚʧʣʠʚʫ ʧʦʭʠʣʘ 

ʧʨʷʤʘ, ʷʢʫ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʟʘ ʜʚʦʤʘ ʪʦʯʢʘʤʠ: 

ʧʨʠ 2 0x =    0
0

87 =-=-
l

S ; 

ʧʨʠ 2x l=    187 ==-
l

l
S . 

ʃʽʚʘ ʛʽʣʢʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʫʣʴʦʚʦʶ ʣʽʥʽʻʶ. ɺ ʤʝʞʘʭ ʨʦʟʩʽʯʝʥʦʛʦ 

ʩʪʝʨʞʥʷ 8-10 ʚʠʢʦʥʫʻʪʴʩʷ ʟʨʽʟʢʘ (ʨʠʩ. 1.9, ʞ). 

 

1.4. ʆʙʯʠʩʣʝʥʥʷ ʥʘʡʙʽʣʴʰʠʭ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ 

ɼʣʷ ʩʪʝʨʞʥʽʚ ʧʦʷʩʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʦʜʥʦʯʘʩʥʦ ʜʦ ʙʦʢʦʚʦʾ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤ, ʪʨʝʙʘ ʚʽʜʧʦʚʽʜʥʦ ʙʫʜʫʚʘʪʠ ʜʚʽ ʣʽʥʽʾ ʚʧʣʠʚʫ. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʩʪʝʨʞʥʽʚ ʧʦʷʩʽʚ. 

ʅʘʡʙʽʣʴʰ ʥʝʚʠʛʽʜʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʩʪʦʩʦʚʥʦ ʜʦ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ, ʢʦʣʠ ʮʝʥʪʨ ʚʘʛʠ ʚʽʟʢʘ 

ʨʦʟʤʽʱʫ̒ ʪʴʩʷ ʥʘʧʨʦʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʦʨʜʠʥʘʪʠ ʣʽʥʽʾ ʚʧʣʠʚʫ ʟʫʩʠʣʣʷ ʫ 

ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʩʪʝʨʞʥʽ. ʇʨʠ ʮʴʦʤʫ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚ ʨʘʟʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʙʘʰʪʠ ʢʨʘʥʘ ʮʝʥʪʨ ʚʘʛʠ ʚʽʟʢʘ ʥʝ ʜʦʭʦʜʠʪʴ ʜʦ 

ʢʨʘʶ ʩʪʨʽʣʠ ʥʘ ʚʢʘʟʘʥʫ ʚ ʟʘʚʜʘʥʥʷʭ ʚʽʜʩʪʘʥʴ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 

ʧʦʣʦʚʠʥʽ ʜʦʚʞʠʥʠ ʚʽʟʢʘ. 

ʉʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʘʥʪʘʞ, ʚʽʟʦʢ ʽ ʛʘʢʦʚʫ ʦʙʦʡʤʫ, ʧʨʦʧʦʨʮʽʡʥʽ 

ʚʽʜʩʪʘʥʽ R ʚʽʜ ʮʝʥʪʨʘ ʚʘʛʠ ʚʽʟʢʘ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʦʚʦʨʦʪʥʦʾ ʯʘʩʪʠʥʠ 

ʢʨʘʥʘ. ʊʦʤʫ ʧʨʠ ʜʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘʡʙʽʣʴʰ ʥʝʚʠʛʽʜʥʝ 

ʧʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʚʠʥʠʢʘʻ ʪʦʜʽ, ʢʦʣʠ ʾʾ ʮʝʥʪʨ ʚʘʛʠ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʦʙʫʪʢʫ yR ʦʨʜʠʥʘʪʠ ʣʽʥʽʾ ʚʧʣʠʚʫ y  ʥʘ ʚʽʜʩʪʘʥʴ R. ɼʣʷ 

ʜʘʥʦʾ ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ ʤʘʢʩʠʤʫʤ ʜʦʙʫʪʢʫ yR ʥʘʡʯʘʩʪʽʰʝ ʙʫʚʘʻ ʧʨʠ 

maxyy=  ʘʙʦ ʧʨʠ maxRR= . 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʥʝʦʙʭʽʜʥʠʭ ʣʽʥʽʡ ʚʧʣʠʚʫ ʟʫʩʠʣʣʷ ʫ ʩʪʝʨʞʥʷʭ ʩʪʨʽʣʠ 
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ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʠʭ ʘʙʦ ʚʽʜ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʥʘʡʜʝʥʽ ʟʘ ʬʦʨʤʫʣʦʶ: 

ä ñ
=

+=
n

i

L

xxii dxyqyPS
1 0

ʩ

, (1.17) 

ʜʝ iP  ï ʟʦʩʝʨʝʜʞʝʥʽ ʩʠʣʠ, ʱʦ ʣʝʞʘʪʴ ʫ ʧʣʦʱʠʥʽ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʛʨʘʥʽ ʩʪʨʣ̔ʠ; 

iy  ï ʦʨʜʠʥʘʪʠ ʣʽʥʽʾ ʚʧʣʠʚʫ, ʚʽʜʧʦʚʽʜʥʽ ʪʦʯʢʘʤ ʧʨʠʢʣʘʜʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʠʣ; 

xq , xy  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʦʨʜʠʥʘʪʠ ʣʽʥʽʾ 

ʚʧʣʠʚʫ ʫ ʬʫʥʢʮʽʾ ʚʽʜʩʪʘʥʽ x  ʚʽʜ ʢʨʘʶ ʩʪʨʽʣʠ ʜʦ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ʋ ʨʘʟʽ ʩʪʘʣʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ qqx= : 

ʣ.ʚ.
00

ʩ

w== ññ qdxyqdxyq
L

x

L

xx , (1.18) 

ʜʝ ʣ.ʚ.w  ï ʧʣʦʱʘ ʤʽʞ ʣʽʥʽʻʶ ʚʧʣʠʚʫ ʡ ʙʘʟʦʚʦʶ ʥʫʣʴʦʚʦʶ ʣʽʥʽʻʶ (ʧʨʠ 

ʟʥʘʢʦʟʤʽʥʥʠʭ ʣʽʥʽʷʭ ʚʧʣʠʚʫ ï ʨʽʟʥʠʮʷ ʤʽʞ ʧʣʦʱʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦ 

ʨʽʟʥʽ ʙʦʢʠ ʚʽʜ ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ). 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʦʩʪʽ (1.18) ʬʦʨʤʫʣʘ (1.17) ʥʘʙʠʨʘʻ ʚʠʛʣʷʜʫ: 

ʣ.ʚ.
1

ʧ w+=ä
=

qyPS
n

i
ii . (1.19) 

ɼʣʷ ʣʽʥʽʡ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ ʧʣʦʱʘ ʣ.ʚ.w  ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ 

ʧʣʦʱʠʥʠ (ʤ2). 

1.4.1. ɿʫʩʠʣʣʷ ʚ ʧʦʷʩʘʭ ʩʪʨʽʣʠ. ʇʦʚʥʝ ʟʫʩʠʣʣʷ ʫ ʩʪʝʨʞʥʽ ʧʦʷʩʘ ʧS  

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʫʩʠʣʴ 
ʚ
ʧS , 

ʛ
ʧS  ʽ 

ʧ
ʧS , ʩʧʨʠʯʠʥʝʥʠʭ ʚʽʜʧʦʚʽʜʥʦ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʪʘ ʧʦʟʜʦʚʞʥʤ̔ʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ: 

ʧ
ʧ

ʛ
ʧ

ʚ
ʧʧ SSSS ++= . (1.20) 

ɿʫʩʠʣʣʷ 
ʚ
ʧS  ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (1.19) ʟ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ 

ʚʧʣʠʚʫ ʮʴʦʛʦ ʟʫʩʠʣʣʷ ʚʽʜ ʜʽʾ ʦʜʠʥʠʯʥʦʾ ʩʠʣʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʚ ʧʣʦʱʠʥʽ 

ʙʦʢʦʚʦʾ ʬʝʨʤʠ. ɿʦʩʝʨʝʜʞʝʥʽ ʩʠʣʠ ʜʦʨʽʚʥʶʶʪʴ ʩʢʣʘʜʦʚʠʤ ʩʠʣ Q , ʚʽʟG , 

ʛ.ʦG  ʽ 
ʚ
ʛN , ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ q  ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʩʢʣʘʜʦʚʠʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩq , ʱʦ ʣʝʞʘʪʴ ʫ ʧʣʦʱʠʥʘʭ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ ʩʪʨʽʣʠ ʟʛʽʜʥʦ ʟʽ 

ʩʭʝʤʘʤʠ ʥʘ ʨʠʩ. 1.3. ʎʝʥʪʨ ʚʘʛʠ ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘʧʨʦʪʠ 
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ʤʘʢʩʠʤʘʣʴʥʦʾ ʦʨʜʠʥʘʪʠ ʣʽʥʽʾ ʚʧʣʠʚʫ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʩʪʝʨʞʥʷ. ɿʫʩʠʣʣʷ ʤʘʻ 

ʟʥʘʢ ñ+ò, ʷʢʱʦ ʧʽʜ ʜʽʻʶ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʠʣ ʩʪʝʨʞʝʥʴ ʨʦʟʪʷʛʫʻʪʴʩʷ, ʽ ʟʥʘʢ    

ñïò, ʷʢʱʦ ʚʽʥ ʩʪʠʩʢʫʻʪʴʩʷ. 

ɿʫʩʠʣʣʷ 
ʛ
ʧS  ʜʣʷ ʧʦʷʩʫ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ, 

ʚʠʟʥʘʯʘʶʪʴ ʘʥʘʣʦʛʽʯʥʦ ʟʫʩʠʣʣʶ 
ʚ
ʧS . ʈʦʟʨʘʭʫʥʦʢ ʚʝʜʝʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

(1.19) ʟ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʾ ʚʧʣʠʚʫ ʟʫʩʠʣʣʷ ʫ ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʩʪʝʨʞʥʽ ʚʽʜ ʜʽʾ 

ʦʜʠʥʠʯʥʦʾ ʩʠʣʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʫ ʧʣʦʱʠʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʛʨʘʥʽ ʩʪʨʽʣʠ. 

ʇʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʠʤ ʩʘʤʠʤ, ʷʢʝ ʙʫʣʦ ʧʨʠʡʥʷʪʝ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 
ʚ
ʧS . ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ 

ʪʨʠʛʨʘʥʥʦʾ ʩʪʨʽʣʠ ʜʦ ʩʢʣʘʜʫ ʟʦʩʝʨʝʜʞʝʥʠʭ ʩʠʣ iP  ʚʭʦʜʷʪʴ ʩʠʣʠ ʚW , Qʊ , 

ʚʽʟT , ʛ.oT , ʩT , ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ wq= . ʋ 

ʯʦʪʠʨʠʛʨʘʥʥʽʡ ʩʪʨʽʣʽ ʚʩʽ ʟʘʟʥʘʯʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʣʽʜ ʧʦʜʽʣʠʪʠ ʥʘʚʧʽʣ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʟʫʩʠʣʴ ʚ ʦʜʠʥʠʯʥʠʭ ʧʦʷʩʘʭ ʪʨʠʛʨʘʥʥʠʭ ʩʪʨʽʣ 

ʚʚʘʞʘʁ ʪʴ, ʱʦ 0ʛ
ʧ=S . 

ɿʫʩʠʣʣʷ 
ʧ
ʧS  ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʟʫʩʠʣʣʷʤ ʫ ʛʽʣʢʘʭ ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʘʪʘ ʫ 

ʪʘʢʠʡ ʩʧʦʩʽʙ. 

ʗʢʱʦ ʚʘʥʪʘʞʥʠʡ ʢʘʥʘʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʚʘ ʦʙʚʽʜʥʠʭ ʙʣʦʢʠ, 

ʨʦʟʪʘh ʦʚʘʥʠʭ ʥʘ ʦʛʦʣʦʚʢʫ ʩʪʨʽʣʠ ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʚʝʨʪʠʢʘʣʽ (ʨʠʩ. 1.1, ʪʝʤʘ 4), 

ʩʫʤʘʨʥʝ ʟʫʩʠʣʣʷ ʜʦʨʽʚʥʶʻ ʚ ʥʠʞʥʽʭ ʧʦʷʩʘʭ 1N , ʫ ʚʝʨʭʥʽʭ ï 
ʧ
2N . ɿʘʣʝʞʥʦ 

ʚʽʜ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʽʣʠ ʢʦʞʥʝ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʟʫʩʠʣʴ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʦʜʥʠʤ ʧʦʷʩʦʤ, ʘʙʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʦʜʥʘʢʦʚʦ ʤʽʞ ʜʚʦʤʘ 

ʚʝʨʭʥʽʤʠ ʯʠ ʥʠʞʥʽʤʠ ʧʦʷʩʘʤʠ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘ ʦʛʦʣʦʚʢʫ ʩʪʨʽʣʠ ʜʣʷ 

ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʘʪʘ ʽʩʥʫʻ ʣʠʰʝ ʦʜʠʥ ʦʙʚʽʜʥʠʡ ʙʣʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʧʦʩʝʨʝʜʠʥʽ ʤʽʞ ʥʠʞʥʽʤʠ ʧʦʷʩʘʤʠ (ʪʝʤʠ 1-3 ʽ 5). ʇʨʠ ʮʴʦʤʫ ʟʫʩʠʣʣʷ 
ʧ
ʧS  ʫ 

ʚʝʨʭʥʽʭ ʧʦʷʩʘʭ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʘ ʩʫʤʘʨʥʝ ʧʦʚʟʜʦʚʞʥʻ ʟʫʩʠʣʣʷ ʫ ʥʠʞʥʽʭ 

ʧʦʷʩʘʭ: 

b+= cos21
ʧ
ʧ NNS . (1.21) 

ɿʫʩʠʣʣʷ ʚ ʧʦʷʩʘʭ ʚʽʜ ʧʦʟʜʦʚʞʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘʚʞʜʠ ʤʘʶʪʴ ʟʥʘʢ ñ-ò. 

ʉʫʤʘʨʥʝ ʟʫʩʠʣʣʷ ʧS  ʫ ʩʪʝʨʞʥʽ ʧʦʷʩʫ, ʩʧʽʣʴʥʦʾ ʜʣʷ ʙʦʢʦʚʦʾ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤ, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (1.20) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʢʽʚ 

ʦʢʨʝʤʠʭ ʜʦʜʘʪʢʽʚ. 
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ʅʘʧʨʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʠʤ, ʪʦʤʫ ʚ 

ʨʦʟʨʘʭʫʥʢʘʭ ʟʘ ʬʦʨʤʫʣʦʶ (1.21) ʜʨʫʛʠʡ ʜʦʜʘʪʦʢ ʙʝʨʝʪʴʩʷ ʟ ʪʠʤ ʟʥʘʢʦʤ, ʟʘ 

ʷʢʦʛʦ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ʧS  ʙʫʜʝ ʙʽʣʴʰʠʤ. 

ʆʜʠʥʦʯʥʽ ʧʦʷʩʠ ʪʨʠʛʨʘʥʥʠʭ ʩʪʨʽʣ ʦʜʥʦʯʘʩʥʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʜʚʦʭ 

ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʦʢʦʚʠʭ ʬʝʨʤ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʦʜʝʨʞʘʥʝ 

ʦʧʠʩʘʥʠʤ ʩʧʦʩʦʙʦʤ ʟʫʩʠʣʣʷ 
ʚ
ʧS  ʜʣʷ ʮʠʭ ʧʦʷʩʽʚ ʩʣʽʜ ʧʦʜʚʦʾʪʠ. ʆʪʞʝ, 

ʩʫʤʘʨʥʝ ʟʫʩʠʣʣʷ ʚ ʦʜʠʥʦʯʥʠʭ ʧʦʷʩʘʭ ʪʨʠʛʨʘʥʥʠʭ ʩʪʨʽʣ: 

ʧ
ʧ

ʚ
ʧʧ 2 SSS += . (1.22) 

ʗʢ ʽ ʫ ʬʦʨʤʫʣʽ (1.20) ʜʽʷ ʩʢʣʘʜʘʥʥʷ ʪʫʪ ʙʫʜʝ ʘʣʛʝʙʨʘʾʯʥʘ, ʪʦʙʪʦ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʢʽʚ ʜʦʜʘʪʢʽʚ. 

1.4.2. ɿʫʩʠʣʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʨʝʰʽʪʢʠ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ ʩʪʨʽʣʠ. ʈʦʟʢʦʩʠ ʽ 

ʩʪʦʷʢʠ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ ʩʪʨʽʣʠ ʩʧʨʠʡʤʘʶʪʴ ʪʽʣʴʢʠ ʚʝʨʪʠʢʘʣʴʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʦʤʫ ʟʫʩʠʣʣʷ ʚ ʥʠʭ (ʨS  ʘʙʦ ʩS ) ʚʠʟʥʘʯʘʶʪʴ ʘʥʘʣʦʛʽʯʥʦ 

ʟʫʩʠʣʣʶ 
ʚ
ʧS  ʚ ʧʦʷʩʘʭ. 

ʇʨʠ ʨʦʟʢʽʩʥʽʡ ʨʝʰʽʪʮʽ ʙʦʢʦʚʠʭ ʬʝʨʤ (ʪʝʤʠ 1, 4, 5) ʟʫʩʠʣʣʷ ʫ ʨʦʟʢʦʩʘʭ 

ʥʘ ʢʦʥʩʦʣʴʥʽʡ ʜʽʣʷʥʮʽ ʩʪʨʽʣʠ ʟʘʚʞʜʠ ʨʦʟʪʷʛʫʚʘʣʴʥʽ, ʘ ʟʫʩʠʣʣʷ ʫ ʩʪʦʢ̫ʘʭ 

ʟʘʚʞʜʠ ʩʪʠʩʢʫʚʘʣʴʥʽ. ʗʢʱʦ ʨʝʰʽʪʢʘ ʪʨʠʢʫʪʥʘ (ʪʝʤʠ 0, 2 ʽ 3), ʟʫʩʠʣʣʷ ʫ 

ʨʦʟʢʦʩʘʭ ʥʘʚʧʝʨʝʤʽʥʥʦ ʤʘʶʪʴ ʟʥʘʢ ñ+ò ʽ ñ-ò, ʘ ʟʫʩʠʣʣʷ ʫ ʩʪʦʷʢʘʭ ʘʙʦ 

ʨʦʟʪʷʛʫʚʘʣʴʥʽ, ʘʙʦ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

1.4.3. ɿʫʩʠʣʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʨʝʰʽʪʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʛʨʘʥʝʡ ʩʪʨʽʣʠ. 

ʈʦʟʢʦʩʠ ʽ ʩʪʦʷʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʛʨʘʥʝʡ ʩʧʨʠʡʤʘʶʪʴ ʣʠʰʝ ʛʦʨʠʟʦʥʪʘʣʴʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ ʩʪʨʽʣʠ. 

ʊʦʤʫ ʟʫʩʠʣʣʷ ʚ ʥʠʭ ʚʠʟʥʘʯʘʶʪʴ ʘʥʘʣʦʛʽʯʥʦ ʟʫʩʠʣʣʶ 
ʛ
ʧS  ʫ ʧʦʷʩʘʭ. ɺʽʜʤʽʥʘ 

ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʚʘʥʪʘʞʥʠʡ ʚʽʟʦʢ ʩʣʽʜ ʚʩʪʘʥʦʚʠʪʠ ʫ ʥʘʡʙʽʣʴʰ 

ʥʝʚʠʛʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʦʶ ʣʽʥʽʾ ʚʧʣʠʚʫ 

ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʠ ʨʫʩʽ ʚ ʧʣʦʱʠʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʛʨʘʥʽ ʩʠʣʠ 

1=P . 

ʗʢ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʥʘʡʙʽʣʴʰ ʥʝʚʠʛʽʜʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʚʽʟʢʘ ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʪʘʢʝ, ʟʘ ʷʢʦʛʦ ʡʦʛʦ ʮʝʥʪʨ ʚʘʛʠ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʦʙʫʪʢʫ yR ʦʨʜʠʥʘʪʠ ʣʽʥʽʾ ʚʧʣʠʚʫ y  ʥʘ ʚʽʜʩʪʘʥʴ R, ʱʦ 

ʚʽʜʜʘʣʷʻ ʮʝʡ ʮʝʥʪʨ ʚʘʛʠ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʧʦʚʦʨʦʪʥʦʾ ʯʘʩʪʠʥʠ ʢʨʘʥʘ. 

ʇʽʩʣʷ ʟôʷʩʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʚʠʛʽʜʥʦʛʦ ʜʣʷ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʩʪʝʨʞʥʷ 

ʧʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʟʘ ʬʦʨʤʫʣʘʤʠ (1.14, 1.15) ʟʥʘʭʦʜʷʪʴ ʚʽʜʩʫʪʥʽ 
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ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ QT , ʚʽʟT  ʽ ʛ.oT , ʘ ʧʦʪʽʤ ʟʘ ʬʦʨʤʫʣʦʶ (1.19) ʟ 

ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʾ ʣʽʥʽʾ ʚʧʣʠʚʫ ʚʠʟʥʘʯʘʶʪʴ ʟʫʩʠʣʣʷ ʫ ʮʴʦʤʫ ʩʪʝʨʞʥʽ. 

ʆʩʢʽʣʴʢʠ ʥʘʧʨʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʠʤ, 

ʟʫʩʠʣʣʷ ʫ ʨʦʟʢʦʩʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʛʨʘʥʝʡ ʟʘʚʞʜʠ ʚʚʘʞʘʶʪʴʩʷ 

ʩʪʠʩʢʫʚʘʣʥɹʠʤʠ. ɿʫʩʠʣʣʷ ʫ ʩʪʦʷʢʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʬʝʨʤ ʟʥʘʯʥʦ ʤʝʥʰʽ 

ʯʠʤ ʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʪʦʤʫ ʧʨʠ ʧʽʜʙʦʨʽ ʧʣʦʱ ʧʝʨʝʨʽʟʽʚ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ, ʘ 

ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. 

 

2. ɼʆɹɯʈ ʇʃʆʑ ʇɽʈɽʈɯɿɯɺ ʉʊɽʈɾʅɯɺ ɯ ʇɽʈɽɺɯʈʂɸ ʅɸʇʈʋɾɽʅʔ 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʘʥʦʚʠʭ ʩʪʨʽʣ ʟʚʠʯʘʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʢʘʪʥʽ 

ʩʪʘʣʽ (ʤʘʨʢʠ ʉʪ 3 ʘʙʦ 20). ʇʝʨʝʨʽʟ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʚʠʙʠʨʘʻʪʴʩʷ ʟʘ ʦʜʥʠʤ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʜʘʣʽ ʚʠʧʘʜʢʽʚ. 

1. ʅʘʡʙʽʣʴʰʝ ʩʪʠʩʢʫʚʘʣʴʥʝ ʟʫʩʠʣʣʷ ʩʪS  ʚ ʝʣʝʤʝʥʪʘʭ ʜʘʥʦʾ ʛʨʫʧʠ 

ʧʝʨʝʚʠʱʫʻ ʟʘ ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʘʡʙʽʣʴʰʝ ʨʦʟʪʷʛʫʚʘʣʴʥʝ ʟʫʩʠʣʣʷ ʘʙʦ 

ʥʝʥʘʙʘʛʘʪʦ (ʜʦ 25 %) ʥʠʞʯʝ ʚʽʜ ʥʴʦʛʦ. ʉʶʜʠ ʞ ʚʽʜʥʦʩʠʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʝʣʝʤʝʥʪʠ ʜʘʥʦʾ ʛʨʫʧʠ ʧʨʘʮʶʶʪʴ ʣʠʰʝ ʥʘ ʩʪʠʩʢʫʚʘʥʥʷ. 

ʇʣʦʱʫ ʧʝʨʝʨʽʟʫ ʝʣʝʤʝʥʪʘ A, ʤ2, ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

Rm

S
A
j
² ʩʪ, (2.1) 

ʜʝ j ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʥʫʯʢʦʩʪʽ 

ʩʪʝʨʞʥʷ ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ ʜʣʷ ʧʦʷʩʽʚ 8,0...7,0=j , ʘ ʜʣʷ ʨʦʟʢʦʩʽʚ 

ʽ ʩʪʦʷʢʽʚ 6,0...5,0=j ; m ï ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ, ʱʦ ʜʦʨʽʚʥʶʻ 0,75 ʜʣʷ 

ʦʜʠʥʠʯʥʠʭ ʢʫʪʥʠʢʽʚ ʽ 1,0 ʜʣʷ ʧʦʜʚʽʡʥʠʭ ʢʫʪʥʠʢʽʚ, ʜʚʦʪʘʚʨʽʚ ʽ ʪʨʫʙ; R ï 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʣʷ ʟʛʘʜʘʥʠʭ ʩʪʘʣʝʡ ʜʦʨʽʚʥʶʻ 210 ʄʇʘ 

(21 ʢʅ/ʩʤ2). 

ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʦʛʦ ʟʘ ʬʦʨʤʫʣʦʶ (2.1) ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ A 

ʚʠʙʠʨʘʻʤʦ ʟ ʪʘʙʣʠʮʽ ʩʦʨʪʘʤʝʥʪʫ ʧʨʦʢʘʪʥʦʾ ʩʪʘʣʽ ʦʜʠʥʠʯʥʠʡ ʢʫʪʥʠʢ, 

ʜʚʦʪʘʚʨ, ʰʚʝʣʝʨ, ʩʤʫʛʫ ʘʙʦ ʪʨʫʙʫ (ʜʦʜʘʪʢʠ 6-11). ʊʠʧʠ ʧʝʨʝʨʽʟʽʚ ʝʣʝʤʝʥʪʽʚ 

ʩʪʨʽʣʠ ʚʢʘʟʘʥʽ ʫ ʟʘʚʜʘʥʥʽ. 

ɼʣʷ ʚʠʙʨʘʥʠʭ ʧʝʨʝʨʽʟʽʚ ʝʣʝʤʝʥʪʽʚ ʨʦʙʣʷʪʴ ʧʝʨʝʚʽʨʢʫ ʥʘʧʨʫʞʝʥʴ 

s ʢʅ/ʩʤ2, ʟʘ ʬʦʨʤʫʣʦʶ: 

mR
A

S
¢

j
=s ʩʪ

, (2.2) 

ʚ ʷʢʽʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ j ʙʝʨʫʪʴ ʟ ʪʘʙʣ. 2.1 ʟʘʣʝʞʥʦ ʚʽʜ 
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ʛʥʫʯʢʦʩʪʽ ʩʪʝʨʞʥʷ l. 

ɻʥʫʯʢʽʩʪʴ ʩʪʝʨʞʥʷ: 

minr

lm
=l , (2.3) 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʝʜʝʥʥʷ ʜʦʚʞʠʥʠ; l  ï ʛʝʦʤʝʪʨʠʯʥʘ ʜʦʚʞʠʥʘ ʩʪʝʨʞʥʷ, 

ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʚʫʟʣʽʚ, ʩʤ; minr  ï ʤʽʥʽʤʘʣʴʥʠʡ 

ʨʘʜʽʫʩ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ, ʟʚôʷʟʘʥʠʡ ʟ ʤʽʥʽʤʘʣʥɹʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ minI  ʽ 

ʧʣʦʱʝʶ ʧʝʨʝʨʽʟʫ A ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

A

I
r min
min = . (2.4) 

 

ʊʘʙʣʠʮʷ 2.1 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ j ʮʝʥʪʨʘʣʴʥʦ-ʩʪʠʩʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ 

ʜʣʷ ʩʪʘʣʝʡ ʤʘʨʦʢ ʉʪ 3 ʽ 20 

ɻʥʫʯʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ 
ɿʥʘʯʝʥʥʷ j 

ɻʥʫʯʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ 
ɿʥʘʯʝʥʥʷ j 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

1,00 

0,99 

0,97 

0,95 

0,92 

0,89 

0,86 

0,81 

0,75 

0,69 

100 

110 

120 

130 

140 

150 

160 

180 

200 

220 

0,60 

0,52 

0,45 

0,40 

0,36 

0,32 

0,29 

0,23 

0,19 

0,16 

 

ʄʦʞʝ ʪʘʢʦʞ ʧʨʠʡʤʘʪʠʩʷ ʟʘ ʪʘʙʣʠʯʥʠʤʠ ʜʘʥʠʤʠ (ʪʘʙʣ. 2.1). 

ʂʦʝʬʽʮʽʻʥʪ ʟʚʝʜʝʥʥʷ ʜʦʚʞʠʥʠ ʧʨʠʡʤʘʻʪʴʩʷ: 

ʘ) ʜʣʷ ʧʦ̫ ʩʽʚ ʩʪʨʽʣʠ 1=m ; 

ʙ) ʜʣʷ ʩʪʦʷʢʽʚ ʨʝʰʽʪʢʠ 8,0=m . 

ɼʣʷ ʨʦʟʢʦʩʽʚ ʢʦʝʬʽʮʽʻʥʪ m ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʜʘʥʠʤʠ ʪʘʙʣ. 2.2 ʟʘʣʝʞʥʦ 

ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʨʦʟʢʦʩʫ ʨl  ʜʦ ʡʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʘʜʽʫʩʘ ʽʥʝʨʮʽʾ 

minr  ʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ 1k  ʧʦʛʦʥʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʧʦʷʩʘ 

ʧ

minʧ
ʧ

l

I
i =  ʪʘ 
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ʨʦʟʢʦʩʫ 

ʨ

minʨ

ʨ
l

I
i = : 

ʧminʨ

ʨminʧ

ʨ

ʧ
1

lI

lI

i

i
k == , (2.5) 

ʜʝ 
minʧI , 

minʨI  ï ʤʽʥʽʤʘʣʴʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʽʚ ʚʽʜʧʦʚʽʜʥʦ ʧʦʷʩʘ ʽ 

ʨʦʟʢʦʩʫ; ʧl  ï ʛʝʦʤʝʪʨʠʯʥʘ ʜʦʚʞʠʥʘ ʦʜʥʦʛʦ ʩʪʝʨʞʥʷ ʧʦ̫ ʩʘ. 

 

ʊʘʙʣʠʮʷ 2.2 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ m ʜʣʷ ʨʦʟʢʦʩʽʚ 

ʂʦʝʬʽʮʽ̒ ʥʪ 

ʨʧ1 / iik =  

ɿʥʘʯʝʥʥʷ m ʜʣʷ ʨʦʟʢʦʩʽʚ minʨ/ rl  

80 100 120 140 160 180 200 

21¢k  0,98 0,89 0,83 0,77 0,74 0,72 0,70 

21²k  0,92 0,84 0,78 0,74 0,70 0,70 0,70 

 

ʄʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʩʪʝʨʞʥʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʦʜʥʦʛʦ ʢʫʪʥʠʢʘ ʘʙʦ ʜʚʦʪʘʚʨʘ, ʚʠʟʥʘʯʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʪʘʙʣʠʮʴ 

ʩʦʨʪʘʤʝʥʪʫ ʟʘ ʚʽʩʷʤʠ 0Y  ʘʙʦ V. ɼʣʷ ʧʝʨʝʨʽʟʽʚ ʪʨʫʙʯʘʩʪʠʭ ʩʪʝʨʞʥʽʚ ʤʦʞʥʘ 

ʥʘʙʣʠʞʝʥʦ ʧʨʠʡʤʘʪʠ: 

( ) ( )d-ºd-== ʟʟmin 354,0
4

2
DDrr , (2.6) 

ʜʝ ʟD , d ï ʚʽʜʧʦʚʽʜʥʦ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʽ ʪʦʚʱʠʥʘ ʪʨʫʙʠ. 

ɼʣʷ ʩʢʣʘʜʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʦʷʩʽʚ ʨʘʜʽʫʩʠ ʽʥʝʨʮʽʾ ʦʙʯʠʩʣʶʶʪʴ ʟʘ 

ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ (2.4), ʚ ʷʢʽʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ minI  ʟʥʘʭʦʜʷʪʴ 

ʟʘ ʚʽʜʦʤʠʤʠ ʧʨʘʚʠʣʘʤʠ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ (ʧʨʠʥʮʠʧ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ 

ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʧʝʨʝʨʽʟʫ ʽ ʬʦʨʤʫʣʘ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʝʨʝʥʝʩʝʥʥʷ ʦʩʝʡ). 

2. ʗʢʱʦ ʥʘʡʙʽʣʴʰʝ ʨʦʟʪʷʛʫʚʘʣʴʥʝ ʟʫʩʠʣʣʷ ʨʦʟS  ʟʘ ʘʙʩʦʣʶʪʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʧʝʨʝʚʠʱʫʻ ʩʪʠʩʢʫʚʘʣʴʥʝ, ʪʘʢʦʞ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʚʽʨʢʫ ʤʮ̔ʥʦʩʪʽ, 

ʢʅ/ʩʤ2, ʟʘ ʬʦʨʤʫʣʦʶ: 

mR
A

S
¢=s

ʨʦʟ

. (2.7) 



 28 

3. ʗʢʱʦ ʩʪʠʩʢʫʚʘʣʴʥʽ ʟʫʩʠʣʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʜʘʥʦʾ ʛʨʫʧʠ ʟʘ 

ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟʥʘʯʥʦ ʤʝʥʰʽ ʚʽʜ ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʪʷʛʫʚʘʣʴʥʦʛʦ 

ʟʫʩʠʣʣʷ ʨʦʟS  (ʚ 1,5 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ), ʪʦʜʽ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ, ʩʤ2, ʚʠʙʠʨʘʶʪʴ 

ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ: 

mR

S
A

ʨʦʟ
² , (2.8) 

 

ʙʝʟ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʚʽʨʢʠ ʥʘʧʨʫʞʝʥʴ. 

ɻʥʫʯʢʽʩʪʴ ʩʪʠʩʥʫʪʠʭ ʧʦʷʩʽʚ, ʘ ʪʘʢʦʞ ʦʧʦʨʥʠʭ ʩʪʦʷʢʽʚ ʽ ʨʦʟʢʦʩʽʚ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 120, ʛʥʫʯʢʽʩʪʴ ʽʥʰʠʭ ʩʪʠʩʥʫʪʠʭ ʝʣʝʤʝʥʪʽʚ ï 150. 

ɿʛʜ̔ʥʦ ʟ ʮʽʻʶ ʚʠʤʦʛʦʶ, ʥʝ ʩʣʽʜ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʩʪʠʩʥʫʪʠʭ ʨʦʟʢʦʩʽʚ ʽ 

ʩʪʦʷʢʽʚ ʢʫʪʥʠʢʠ ʟ ʰʠʨʠʥʦʶ ʧʦʣʠʮʽ, ʤʝʥʰʦʶ ʚʽʜ 1/35, ʽ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ, 

ʤʝʥh ʠʤ ʚʽʜ 1/50 ʜʦʚʞʠʥʠ ʨʦʟʢʦʩʫ ʘʙʦ ʩʪʦʷʢʘ. 

 

3. ʂʆʅʉʊʈʋʖɺɸʅʅʗ ʉʊʈɯʃʀ ɯ ʈʆɿʈɸʍʋʅʆʂ ɰɰ ɺʋɿʃɯɺ 

 

ʉʪʨʽʣʘ ʢʨʘʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʩʪʦʨʦʚʫ ʬʝʨʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʽʣʴʢʦʭ ʧʣʦʩʢʠʭ. ʊʦʤʫ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʚʫʟʣʽʚ ʩʪʨʽʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚ̔ʜʦʤʽ ʧʨʠʥʮʠʧʠ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʫʟʣʽʚ ʧʣʦʩʢʠʭ ʬʝʨʤ (ʨʠʩ. 3.1, 3.2). 

 

ʈʠʩ. 3.1. ɺʫʟʣʠ ʧʣʦʩʢʠʭ ʬʝʨʤ ʟ ʢʫʪʥʠʢʽʚ 

 

ɺʫʟʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʛʨʘʥʝʡ ʩʪʨʽʣʠ ʢʦʥʩʪʨʫʶʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʙʝʟ 

ʬʘʩʦʥʦʢ, ʰʣʷʭʦʤ ʧʨʠʚʘʨʶʚʘʥʥʷ ʩʪʝʨʞʥʽʚ ʽ ʨʝʰʽʪʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ 

ʩʪʝʨʞʥʽʚ ʧʦʷʩʽʚ (ʨʠʩ. 3.1, ʘ-ʚ, 3.2, ʘ-ʚ). ɺʫʟʣʠ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ ʪʘʢʦʞ 

ʘ ʙ ʚ 

ʛ ʜ ʝ 
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ʤʦʞʫʪʴ ʥʝ ʤʘʪʠ ʬʘʩʦʥʦʢ, ʘʣʝ ʚ ʩʪʨʽʣʘʭ ʚʘʞʢʠʭ ʢʨʘʥʽʚ ʟʚʠʯʘʡʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʘʩʦʥʢʠ ʟ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ ʟʘʚʪʦʚʰʢʠ 8...10 ʤʤ 

(ʨʠʩ. 3.1, ʛ-ʝ, 3.2, ʛ-ʝ). ʇʦʪʨʽʙʥʫ ʪʦʚʱʠʥʫ ʬʘʩʦʥʦʢ ʚʠʟʥʘʯʘʶʪʴ ʚʠʭʦʜʷʯʠ ʽʟ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʧʦʣʠʮʴ ʢʫʪʥʠʢʽʚ, ʷʢʽ ʧʨʠʚʘʨʶʶʪʴʩʷ ʜʦ ʮʽʻʾ 

ʬʘʩʦʥʢʠ. 

 

 

ʈʠʩ. 3.2. ɺʫʟʣʠ ʧʣʦʩʢʠʭ ʬʝʨʤ ʟ ʪʨʫʙ 

 

ʅʝʦʙʭʽʜʥʦ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʝ ʮʝʥʪʨʫʚʘʥʥʷ ʩʪʝʨʞʥʽʚ, 

ʪʦʙʪʦ ʪʘʢʝ ʾʭ ʨʦʟʤʽʱʝʥʥʷ, ʢʦʣʠ ʦʩʽ ʚʩʽʭ ʩʪʝʨʞʥʽʚ, ʱʦ ʩʭʦʜʷʪʴʩʷ ʫ ʚʫʟʣʽ, 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ ʦʜʥʽʡ ʪʦʯʮʽ (ʨʠʩ. 3.1, ʘ-ʚ, 3.2, ʘ-ʚ). ʋ ʩʪʨʽʣʘʭ, ʱʦ 

ʩʢʣʘʜʘʶʪʩɹʷ ʟ ʢʫʪʥʠʢʽʚ, ʪʘʢʝ ʮʝʥʪʨʫʚʘʥʥʷ ʧʦʣʝʛʰʫʻʪʴʩʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʬʘʩʦʥʦʢ. ʗʢɦ ʦ ʪʦʯʥʝ ʮʝʥʪʨʫʚʘʥʥʷ ʩʪʝʨʞʥʽʚ ʥʝʤʦʞʣʠʚʝ, ʪʨʝʙʘ ʧʨʠʥʘʡʤʥʽ 

ʤʘʢʩʠʤʘʣʥɹʦ ʟʤʝʥʰʠʪʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ, ʱʦ ʚʠʤʽʨʶʻʪʴʩʷ ʷʢ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʦʩʝʡ ʝʣʝʤʝʥʪʽʚ ʨʝʰʽʪʢʠ ʜʦ ʦʩʽ ʧʦʷʩʘ (ʨʠʩ. 3.1, ʙ). ɺʽʩʩʶ 

ʩʪʝʨʞʥʷ ʚʚʘʞʘʻʪʴʩʷ ʣʽʥʽʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʮʝʥʪʨʠ ʚʘʛʠ ʡʦʛʦ ʧʝʨʝʨʽʟʽʚ. 

ʊʨʫʙʯʘʩʪʽ ʩʪʝʨʞʥʽ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ ʧʨʠʚʘʨʶʚʘʪʠʩʷ ʜʦ ʬʘʩʦʥʦʢ ʘʙʦ ʜʦ 

ʩʪʨʠʞʥʽʚ ʧʦʷʩʽʚ ʧʽʩʣʷ ʬʘʩʦʥʥʦʾ ʦʙʨʽʟʢʠ ʟ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʰʘʙʣʦʥʽʚ 

(ʨʠʩ. 3.2, ʘ, ʛ), ʧʽʩʣʷ ʦʙʪʠʩʢʫ ʢʽʥʮʽʚ ʪʨʫʙ (ʨʠʩ. 3.2, ʙ, ʚ) ʘʙʦ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ 

ʘ ʙ 

ʚ ʛ 

ʜ ʝ 
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ʦʙʨʦʙʢʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʚʘʨʶʚʘʥʥʷ ʪʦʨʮʽʚ (ʨʠʩ. 3.2, ʜ, ʝ). 

ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʪʨʽʣʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʦʢʨʝʤʠʭ 

ʩʝʢʮʽʡ ʟʘʚʜʦʚʞʢʠ 5...6 ʤ ʽ ʧʦʪʽʤ ʤʦʥʪʫʶʪʴ ʥʘ ʙʫʜʽʚʝʣʥɹʠʭ ʤʘʡʜʘʥʯʠʢʘʭ. 

ɿôʻʜʥʫʶʪʴ ʩʝʢʮʽʾ ʟʚʠʯʘʡʥʦ ʟ ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʘʨʝʥʠʭ ʜʦ ʢʽʥʮʽʚ ʧʦʷʩʽʚ 

ʬʣʘʥʮʽʚ (ʨʠʩ. 3.3). 

 

ʈʠʩ. 3.3. ʂʦʥʩʪʨʫʢʮʽʾ ʩʪʠʢʽʚ ʤʽʞ ʩʝʢʮʽʷʤʠ ʩʪʨʽʣʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʢʫʪʥʠʢʽʚ (ʘ), ʘʙʦ ʪʨʫʙ (ʙ) 

 

ʍʚʦʩʪʦʚʘ ʯʘʩʪʠʥʘ ʩʪʨʽʣʠ, ʱʦ ʰʘʨʥʽʨʥʦ ʧʨʠʢʨʽʧʣʷʻʪʴʩʷ ʜʦ ʙʘʰʪʠ, 

ʢʦʥʩʪʨʫʶʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʠʭ ʬʘʩʦʥʦʢ, ʥʘʢʣʘʜʦʢ, ʚʫʰʦʢ ʽ ʚʪʫʣʦʢ 

(ʨʠʩ. 3.4). ʊʘʢʽ ʩʘʤʽ ʝʣʝʤʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʦʛʦʣʦʚʢʘ 

ʩʪʨ̔ʣʠ (ʨʠʩ. 3.5). 

ʈʦʟʨʘʭʫʥʦʢ ʚʫʟʣʽʚ ʟʚʦʜʠʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʤʽʮʥʽʩʪʴ 

ʟʚʘʨʥʠʭ ʰʚʽʚ, ʱʦ ʧʨʠʢʨʽʧʣʷʶʪʴ ʝʣʝʤʝʥʪʠ ʨʝʰʽʪʢʠ ʜʦ ʬʘʩʦʥʢʠ ʘʙʦ ʜʦ 

ʘ 

ʙ 
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ʧʦʷʩʘ. ʗʢʱʦ ʚʩʽ ʩʪʝʨʞʥʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʢʫʪʥʠʢʽʚ, ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʰʚʽʚ, 

ʩʤ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʠʢʨʽʧʣʝʥʥʷ ʨʦʟʢʦʩʫ ʘʙʦ ʩʪʦ̫ ʢʘ: 

ʟʚ
ʢʰ

ʨ
ʰ

Rk

S
l
b
²  (3.1) 

ʜʝ ʨS  ï ʟʫʩʠʣʣʷ ʫ ʧʨʠʚʘʨʝʥʦʤʫ ʩʪʝʨʞʥʽ; b ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʰʚʘ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʟʚʘʨʶʚʘʥʥʷ (7,0=b  ʧʨʠ ʨʫʯʥʦʤʫ ʽ 1=b  ʧʨʠ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ); ʰk  ï ʢʘʪʝʪ ʰʚʘ, ʷʢʠʡ ʟʚʠʯʘʡʥʦ ʜʦʨʽʚʥʶʻ 

ʪʦʚʱʠʥʽ ʧʦʣʠʮʽ ʢʫʪʥʠʢʘ; 
ʟʚ
ʢR  ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʟʨʽʟʫ ʢʫʪʦʚʦʛʦ ʰʚʘ ʧʨʠ 

ʝʣʝʢʪʨʦʟʚʘʨʚʁʘʥʥʽ: ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʩʪʘʣʝʡ ʤʘʨʦʢ ʉʪ 3 ʽ 20 

ʟʚ
ʢR =15 ʢʅ/ʩʤ2 (150 ʄʇʘ). 

ʂʫʪʥʠʢʠ ʨʝʰʽʪʢʠ ʧʨʠʚʘʨʶʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʜʚʦʤʘ ʬʣʘʥʛʦʚʠʤʠ 

ʰʚʘʤʠ, ʤʽʥʽʤʘʣʴʥʽ ʜʦʚʞʠʥʠ ʷʢʠʭ 
1h

l  ʽ 
2h

l  (ʨʠʩ. 3.6): 

b

zb
ll 0
ʰ1h

-
= ;  

b

z
ll 0
ʰ2h
= , (3.2) 

ʜʝ b ï ʰʠʨʠʥʘ ʢʫʪʥʠʢʘ; 0z  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʛʨʘʥʽ ʧʦʣʠʮʽ ʜʦ 

ʮʝʥʪʨʘ ʚʘʛʠ ʧʝʨʝʨʽʟʫ ʢʫʪʥʠʢʘ. 

ʌʘʢʪʠʯʥʘ ʜʦʚʞʠʥʘ ʰʚʽʚ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʘʥʽ 

ʟʘ ʬʦʨʤʫʣʘʤʠ (3.2), ʥʝ ʤʝʥʰ ʷʢ ʥʘ 1 ʩʤ. 

ʗʢʱʦ ʨʝʰʽʪʢʘ ʩʪʨʽʣʠ ʪʨʫʙʯʘʩʪʘ, ʨʦʟʨʘʭʫʥʦʢ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʥʝʦʙʭʽʜʥʦʛʦ ʢʘʪʝʪʘ ʰʚʘ, ʩʤ: 

ʟʚ
ʢʰ

ʨ
ʰ

Rl

S
k

b
= . (3.3) 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰk  ʩʪʘʥʦʚʠʪʴ 0,3 ʩʤ. 

ɼʦʚʞʠʥʫ ʟʘʤʢʥʫʪʦʛʦ ʰʚʘ ʰl , ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʬʦʨʤʫʣʠ (3.3), 

ʟʥʘʭʦʜʷʪʴ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: 

ʘ) ʫ ʨʘʟʽ ʪʨʫʙʯʘʩʪʠʭ ʧʦʷʩʽʚ, ʜʦ ʷʢʠʭ ʪʨʫʙʯʘʩʪʽ ʨʦʟʢʦʩʠ ʘʙʦ ʩʪʦʷʢʠ 

ʧʨʠʚʘʨʶʶʪʴʩʷ ʙʝʟ ʦʙʪʠʩʢʫ (ʨʠʩ. 3.7, ʘ) 

22
ʰ 3 babal +++= , (3.4) 

ʜʝ 

a
=

sin2

2d
a ;    

( )

( )212

2
122

/2

/3

3 dd

ddd
b

-

-
Ö= , (3.5) 
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ʜʝ 1d , 2d  ï ʚʽʜʧʦʚʽʜʥʦ ʙʽʣʴʰʠʡ ʽ ʤʝʥʰʠʡ ʟʦʚʥʽʰʥʽ ʜʽʘʤʝʪʨʠ ʪʨʫʙ; a ï ʢʫʪ 

ʤʽʞ ʦʩʷʤʠ ʪʨʫʙ; 

 

ʈʠʩ. 3.4. ʂʦʥʩʪʨʫʢʮʽʾ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ ʩʪʨʽʣʠ 

 

ʙ) ʫ ʨʘʟʽ ʦʙʪʠʩʢʫ ʢʽʥʮʽʚ ʪʨʫʙʯʘʩʪʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʰʽʪʢʠ ʚ ʦʩʴʦʚʽʡ 

ʧʣʦʱʠʥʽ ʧʦ̫ ʩʘ (ʨʠʩ. 3.7, ʙ): 

ʙ ʘ 

ʚ ʛ 
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a

p
=

sin

2
ʰ

d
l ; (3.6) 

ʚ) ʫ ʨʘʟʽ ʦʙʪʠʩʢʫ ʢʽʥʮʽʚ ʪʨʫʙʯʘʩʪʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʰʽʪʢʠ ʫ ʧʣʦɦ ʠʥʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʜʦ ʧʣʦʱʠʥʠ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʩʪʝʨʞʥʽʚ (ʨʠʩ. 3.7, ʚ): 

2
1

3
2

2ʰ 3,1
d

d
dl +p= . (3.7) 

 

ʈʠʩ. 3.5. ʂʦʥʩʪʨʫʢʮʽʾ ʦʛʦʣʦʚʢʘ ʩʪʨʽʣʠ 

 

ʈʠʩ. 3.6. ʉʭʝʤʘ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥʠ ʰʚʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʠʢʨʽʧʣʝʥʥʷ 

ʢʫʪʥʠʢʽʚ ʨʝʰʽʪʢʠ ʜʦ ʧʦʷʩʘ 

Sʨ 

b 

z0 

l 2h 

l 1h 

ʘ ʙ ʚ 
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ʂʦʥʩʪʨʫʢʮʽʶ ʚʫʟʣʘ ʢʨʝʩʣʷʪʴ ʥʘ ʦʢʨʝʤʦʤʫ ʣʠʩʪʽ ʫ ʪʨʴʦʭ ʧʨʦʝʢʮʽʷʭ ʫ 

ʤʘʩʰʪʘʙʽ 1:2, 1:2,5 ʘʙʦ 1:4. ʆʙʦʚôʷʟʢʦʚʦ ʚʢʘʟʫʶʪʴ ʧʝʨʝʨʽʟʠ ʩʪʝʨʞʥʽʚ, ʱʦ 

ʩʭʦʜʷʪʴʩʷ ʫ ʚʫʟʣʽ, ʚʠʜ ʟʚʘʨʶʚʘʥʥʷ, ʪʠʧ ʽ ʪʦʚʱʠʥʫ (ʢʘʪʝʪ) ʟʚʘʨʥʠʭ ʰʚʽʚ. 

ʅʝʚʠʜʠʤʽ ʩʪʝʨʞʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʧʣʦʱʠʥʠ ʢʨʝʩʣʝʥʥʷ, ʥʝ ʧʦʢʘʟʫʶʪʴ. 

 

ʈʠʩ. 3.7. ʉʭʝʤʠ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ ʤʽʞ ʪʨʫʙʯʘʩʪʠʤʠ ʨʦʟʢʦʩʘʤʠ ʽ ʧʦʷʩʘʤʠ 

ʘ ʙ 

ʚ 

d1 

d1 d1 

d2 

d2 

d2 

Ŭ 
Ŭ 

Ŭ 
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4. ʇʈʀʂʃɸɼ ʈʆɿʈɸʍʋʅʂʋ ɯ ʇʈʆɭʂʊʋɺɸʅʅʗ ɺʋɿʃɸ ʉʊʈɯʃʀ 

ɹɸʐʊʆɺʆɻʆ ʂʈɸʅɸ 

 

4.1. ɿ ʧʘʨʘʣʝʣʴʥʠʤʠ ʥʠʞʥʽʤ ʪʘ ʚʝʨʭʥʽʤ ʧʦʷʩʘʤʠ 

ɺʠʭʽʜʥʽ ʜʘʥʽ: 

ʊʝʤʘ 2, ʚʘʨʽʘʥʪ 2ʘ: 

ɹʘʰʪʦʚʠʡ ʢʨʘʥ ʪʠʧʫ ʂɹ-573, ʢʅ40=Q , ʤ35=cL , ʢʅ5,7ʚʽʟ=G , 

ʢʅ2,4ʛ.ʦ.=G , ʦʙ/ʭʚ8,0ʧ=n , 2=i , ʩ4=t , ʢʅ3,49ʩ=G . 

 

 

 

ʈʠʩ. 4.1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʙʦʢʦʚʦʾ ʧʨʦʝʢʮʽʾ ʩʪʨʽʣʠ ʢʨʘʥʘ ʂɹ-573 

 

4.1.1. ʆʙʯʠʩʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ 

ɿʥʘʡʜʝʤʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʣʷ ʯʦʛʦ ʥʦʤʽʥʘʣʴʥʫ ʚʣʘʩʥʫ 

ʚʘʛʫ ʩʪʨʽʣʠ ʩG , ʧʝʨʝʩʫʚʥʦʛʦ ʚʽʟʢʘ ʚʽʟG  ʽ ʛʘʢʦʚʦʾ ʦʙʦʡʤʠ ʛ.ʦG  ʧʦʤʥʦʞʠʤʦ 

ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 1,1=Gn , ʘ ʚʘʛʫ ʚʘʥʪʘʞʫ Q  ï ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 25,1=Qn : 

ʢʅ 23,541,13,49ʩ =Ö=G , 

ʢʅ 25,81,15,7ʚ =Ö=G , 

ʢʅ 62,41,12,4ʛ.ʦ. =Ö=G , 

ʢʅ 0,5025,140 =Ö=Q . 

4.1.2. ʇʦʟʜʦʚʞʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɿʫʩʠʣʣʷ 1N  ʫ ʥʠʞʥʽʡ (ʚʝʜʝʥʽʡ) ʛʽʣʴʮʽ ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʪʫ ʚʠʟʥʘʯʘ̒ ʤʦ 

ʟʘ ʬʦʨʤʫʣʦʶ (8.49) ʧʽʜʨʫʯʥʠʢʘ [1]: 

h

+
=

i

GQ
N ʛ.ʦ.

1 , 

ʜʝ 2=i  ï ʢʨʘʪʥʽʩʪʴ ʧʦʣʽʩʧʘʩʪʘ; 

21250 13750 

1250 

1250 1250 

5000 

2500 2500 

10000 10000 10000 1
6

0
0 

B Ŭ 
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97,0
2

98,098,0 22

ʧ =
+

=
h+h

=h
i

 ï ʂʂɼ ʧʦʣʽʩʧʘʩʪʘ. 

ʊʦʜʽ: 

ʢʅ15,28
97,02

62,450
1 =

Ö

+
=N . 

ɿʫʩʠʣʣʷ 2N  ʫ ʚʝʨʭʥʽʡ (ʚʝʜʫʯʽʡ) ʛʽʣʮʽ ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʪʫ ʚʠʟʥʘʯʘ̒ ʤʦ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

ʢʅ72,28
98,0

15,28

ʦ

1
2 ==
h
=

n

N
N , 

ʜʝ 1ʦ=n  (ʜʣʷ ʢʨʘʥʘ ʂɹ-573) ʢʽʣʴʢʽʩʪʴ ʦʙʚʽʜʥʠʭ ʙʣʦʢʽʚ (ʜʠʚ. ʨʠʩ. 4.2). 

ʈʦʟʢʣʘʜʘʻʤʦ ʟʫʩʠʣʣʷ 2N  ʥʘ ʧʦʟʜʦʚʞʥʶ 
ʧ
2N  ʽ ʚʝʨʪʠʢʘʣʴʥʫ 

ʚ
2N  

ʩʢʣʘʜʦʚʽ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʘʤʠ: 

ʧ
2

ʧ
2

cos

cos

a

b
=NN ;     

( )

ʧ

ʧ
2

ʚ
2

cos

sin

a

a-b
=NN , 

ʜʝ 0ʧ=a , 1cos ʧ=a . 

ɿʥʘʡʜʝʤʦ ʢʫʪ b ʥʘʭʠʣʫ ʚʘʥʪʘʞʥʦʛʦ ʢʘʥʘʪʘ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʧʣʦʱʠʥʠ (ʨʠʩ. 4.2): 

268,0
36250

9700

125035000

9700
tg ==

+
=b ; 

ʦ15=b ; 965,0cos =b ; 

259,0sin =b . 

ʊʦʜʽ: 

ʢʅ71,27965,072,28ʧ
2 =Ö=N ; 

ʢʅ44,7259,072,28ʚ
2 =Ö=N . 

 

 

ʈʠʩ. 4.2. ʉʭʝʤʘ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʟʜʦʚʞʥʽʭ ʟʫʩʠʣʴ ʫ ʚʘʥʪʘʞʥʦʤʫ ʢʘʥʘʪʽ 

1250 

Nʚ2
 

Nʧ2
 

N2
 

ɓ 600 

35000 

36250 

9
7

0
0 

Q+Gʚ.ʚ.+Gʛ.ʦ. 

N1
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4.1.3. ɺʝʨʪʠʢʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʅʘ ʩʪʨʽʣʫ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ ʜʽʶʪʴ ʪʘʢʽ ʚʝʨʪʠʢʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

ʚʣʘʩʥʘ ʩʠʣʘ ʚʘʛʠ ʩʪʨʽʣʠ, ʷʢʘ ʫʤʦʚʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ: 

ʢʅ/ʤ55,1
35

23,54

ʩ

ʩ
ʩ ===

L

G
q ; 

ʚʝʨʪʠʢʘʣʴʥʽ ʟʦʩʝʨʝʜʞʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʩʪʨʽʣʫ 

ʯʝʨʝʟ ʚʘʥʪʘʞʥʠʡ ʚʽʟʦʢ: 

- ʩʠʣʘ ʚʘʛʠ ʚʘʥʪʘʞʫ ʢʅ50=Q , 

- ʩʠʣʘ ʚʘʛʠ ʚʽʟʢʘ ʢʅ25,8ʚʽʟ=G , 

- ʩʠʣʘ ʚʘʛʠ ʛʘʢʦʚʦʾ ʦʙʦʡʤʠ ʢʅ62,4ʛ.ʦ.=G , 

- ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʢʅ44,7ʚ
2=N , ʷʢʘ ʚʚʘʞʘʻʪʴʩʷ 

ʧʨʠʢʣʘʜʝʥʦʶ ʚ ʢʨʘʡʥʽʡ ʪʦʯʮʽ ʦʛʦʣʦʚʢʘ ʩʪʨʽʣʠ. 

ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʩʪʨʽʣʠ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.3. 

 

 

ʈʠʩ. 4.3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʪʨʽʣʠ ʧʨʠ ʜʽʾ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

 

4.1.4. ɹʦʢʦʚʽ (ʛʦʨʠʟʦʥʪʘʣʴʥʽ) ʥʘʚʘʥʪʘʞʝʥʥʷ 

ɹʦʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ 

ʩʠʤʝʪʨʽʾ ʩʪʨʽʣʠ, ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʽʪʨʦʚʦʛʦ ʪʠʩʢʫ ʽ ʽʥʝʨʮʽʾ ʩʪʨʽʣʠ ʟ 

ʚʘʥʪʘʞʝʤ ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʘʙʦ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʠ ʧʦʚʦʨʦʪʽ ʩʪʨʣ̔ʠ ʢʨʘʥʘ. 

ʇʦʚʥʽ ʚʽʪʨʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʨʽʣʫ ʩW  ʚʠʟʥʘʯʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʩ ʚ ʥʩW p A= Ö , 

Q+Gʚ.ʚ+Gʛ.ʦ.=62,87ʢʅ 

x2 

 

Nʚ2=7,44ʢʅ 

Lc=35000 

qc=1,55ʢʅ/ʤ 

600 

N2
ʚ=7,44ʢʅ 
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ʜʝ 
2

ʚ ʢʅ/ʤ25,0=p  ï ʥʦʨʤʘʪʠʚʥʠʡ ʪʠʩʢ ʚʽʪʨʫ; ʥʩA  ï ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʥʘʚʽʪʨʷʥʘ ʧʣʦʱʘ, ʥʩ ʢ ʩA A k= Ö, ʢA  ï ʧʣʦʱʘ ʢʦʥʪʫʨʫ ʙʦʢʦʚʦʾ ʧʨʦʝʢʮʽʾ 

ʩʪʨʽʣʠ, ʤ2: 

2
ʢ ʤ546,1)25,15,32(6,125,15,026,15,32 =Ö+=ÖÖÖ+Ö=A  (ʨʠʩ. 4.1); 

7,05,0ʩ ·=k  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ, ʧʨʠʡʤʘʻʤʦ 6,0ʩ=k . 

2
ʥʩ 54 0,6 32,4ʤA = Ö = . 

ʊʦʜʽ: 

ʢʅ1,84,3225,0ʩ =Ö=W . 

ɺʽʪʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʨʽʣʫ ʢʨʘʥʘ ʚʚʘʞʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ: 

ʢʅ/ʤ23,0
35

1,8

ʩ

ʩ ===
L

W
w . 

ʇʦʚʥʝ ʚʽʪʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʘʥʪʘʞ ʚʚʘʞʘʶʪʴʩʷ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʽ 

ʧʨʠʢʣʘʜʝʥʠʤʠ ʚ ʮʝʥʪʨʽ ʚʘʛʠ ʚʘʥʪʘʞʫ: 

ʚ ʚ ʥʚW p A= Ö , 

ʜʝ ʥA  ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʥʘʚʽʪʨʷʥʘ ʧʣʦʱʘ ʚʘʥʪʘʞʫ ʚʘʛʦʶ ʢʅ50=Q , 

ʟʥʘʡʜʝʤʦ ʧʦ ʪʘʙʣ. 1.1 (ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟ ʽʥʪʝʨʧʦʣʷʮʽʻʶ): 

2
ʥʚ 7,1ʤA = . 

ʊʦʜʽ: 

ʢʅ78,11,725,0ʚ =Ö=W . 

ɯʥʝʨʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʘʥʪʘʞ ʚʘʥT , ʛʘʢʦʚʫ ʦʙʦʡʤʫ 

ʛ.ʦ.T  ʽ ʚʽʟʦʢ ʚʽʟT  ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʟʦʩʝʨʝʜʞʝʥʽ ʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦ,ʁ ʢʅ: 

t

v

g

G
T Ö= , 

ʜʝ G  ï ʚʘʛʘ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʝʣʝʤʝʥʪʘ; 
2ʤ/ʩ8,9=g  ï ʧʨʠʩʢʦʨʝʥʥʷ 

ʚ̔ʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; ʩ4=t  ï ʯʘʩ ʨʦʟʛʦʥʫ ʘʙʦ ʛʘʣʴʤʫʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰʘ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ v  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ, ʤ/ʩ: 

30

Rn
v
p
= , 

ʜʝ R ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʨʘʥʘ ʜʦ ʮʝʥʪʨʘ ʚʘʛʠ ʝʣʝʤʝʥʪʘ, ʷʢʘ 
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ʜʦʨ̔ʚʥʶʻ ʜʣʷ ʚʘʥʪʘʞʫ, ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʽ ʛʘʢʦʚʦʾ ʦʙʦʡʤʠ (ʨʠʩ. 4.2): 

ʤ65,3535650600125035000 ==-+=-+= bʘLR ʩ ; ʜʣʷ ʩʪʨʽʣʠ: 

ʤ 25,3636250125035000 ==+=+= aLR cc ; 
10,8ʭʚn -=  ï ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ ʢʨʘʥʘ. 

ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʜʣʷ ʚʘʥʪʘʞʫ, ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʽ ʛʘʢʦʚʦʾ ʦʙʦʡʤʠ: 

ʤ/ʩ 0,3
30

0,835,6514,3
=

ÖÖ
=v ; 

ʜʣʷ ʩʪʨʽʣʠ: 

ʤ/ʩ 05,3
30

8,025,3614,3
=

ÖÖ
=cv . 

ʊʦʜʽ: 

ʩʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʽʟʦʢ 

ʢʅ 63,0
48,9

0,325,8
ʚʽʟ =

Ö

Ö
=T ; 

ʩʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʘʥʪʘʞ 

ʢʅ83,3
48,9

0,350
ʚʘʥ =

Ö

Ö
=T ; 

ʩʠʣʠ ʽʥʝʨʮʽʾ, ʱʦ ʜʽʶʪʴ ʥʘ ʛʘʢʦʚʫ ʦʙʦʡʤʫ 

ʢʅ35,0
48,9

0,362,4
ʛ.ʦ. =

Ö

Ö
=T ; 

ʽʥʝʨʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʨʽʣʫ ʚʚʘʞʘʶʪʴ ʟʦʩʝʨʝʜʞʝʥʦʶ ʩʠʣʦʶ ʩT , 

ʧʨʠʢʣʘʜʝʥʦʶ ʜʦ ʦʛʦʣʦʚʢʘ ʩʪʨʽʣʠ 

ʢʅ11,2
48,92

05,323,54

2

ʩ
ʩ =

ÖÖ

Ö
=Ö=

t

v

g

G
T c . 

 

ʈʠʩ. 4.4. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʪʨʽʣʠ ʧʨʠ ʜʽʾ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

Tʚ.ʚ.+TQ+Tʛ.ʦ.=4,81ʢʅ 

Tc= 
=2,11ʢʅ Lc=35000 

34400 1250 

wʚ=0,23ʢʅ/ʤ 

600 

Wʚ=1,78ʢʅ 

ɺ
ʽ
ʩ
ʴ
 
ʧ
ʦ
ʚ
ʦ
ʨ
ʦ
ʪ
ʫ

 

ʩ
ʪ
ʨ
ʽ
ʣ
ʠ
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ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʪʨʽʣʠ ʧʨʠ ʜʽʾ ʙʦʢʦʚʠʭ (ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ) 

ʥʘʚʘʥʪʘʞʝʥʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.4. 

 

4.1.5. ɺʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰʠʭ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ ʩʪʨʽʣʠ 

ʈʦʟʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʩʢʣʘʜʦʚʽ. ʂʦʞʥʘ ʟ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʪʨʽʣʫ, ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʣʝʞʘʪʴ 

ʚ ʧʣʦʱʠʥʘʭ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ (ʨʠʩ. 4.5): 

2
cos2
e

=¡ i
i

G
G . 

ɺʠʟʥʘʯʠʤʦ ʢʫʪ e: 

 

469,0
1600

750

2
tg ==
e

;   
a13,25

2
=
e

;   

905,0
2

cos =
e

. 

ɺʠʟʥʘʯʠʤʦ ʩʢʣʘʜʦʚʽ ʥʘʚʘʥʪʘʞʝʥʴ: 

ʢʅ/ʤ86,0
905,02

55,1

2
cos2

ʩ
ʩ =

Ö
==¡
e

q
q ; 

ʢʅ62,27
905,02

50
=

Ö
=¡Q ; 

ʢʅ56,4
905,02

25,8
ʚʽʟ =

Ö
=¡G ; 

ʢʅ55,2
905,02

62,4
ʛ.ʦ. =

Ö
=¡G ; 

ʢʅ11,4
905,02

44,7ʚ
2 =

Ö
=
¡

N . 

 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʪʨʠʛʨʘʥʥʠʭ ʩʪʨʽʣʘʭ ʫʤʦʚʥʦ 

ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦ ʻʜʠʥʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ. ɺʠʥʠʢʘʶʯʠʡ ʧʨʠ ʮʴʦʤʫ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

 

ʈʠʩ. 4.5. ʉʭʝʤʘ ʨʦʟʢʣʘʜʘʥʥʷ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

G'  ̔G'  ̔

G  ̔

1500 

1
6
0

0 

Ů 
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ʈʠʩ. 4.6. ʃʽʥʽʾ ʚʧʣʠʚʫ ʽ ʟʫʩʠʣʴ ʙʦʢʦʚʦʾ ʬʝʨʤʠ ʩʪʨʽʣʠ 

 

4.1.6. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ 

ʋ ʩʢʣʘʜʽ ʷʢ ʚʝʨʪʠʢʘʣʴʥʠʭ, ʪʘʢ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʻ ʨʫʭʦʤʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚʟʜʦʚʞ ʩʪʨʽʣʠ ʨʘʟʦʤ ʟ ʚʘʥʪʘʞʥʠʤ 

ʚʽʟʢʦʤ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʫʩʠʣʣʷ ʚ ʩʪʝʨʞʥʷʭ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʥʘʡʙʽʣɹh  

ʥʝʚʠʛʽʜʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʚʽʟʢʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʮʠʭ ʟʫʩʠʣʴ ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʧʦʙʫʜʫʻʤʦ ʾʭ ʣʽʥʽʾ ʚʧʣʠʚʫ ʚʽʜ ʜʽʾ ʦʜʠʥʠʯʥʦʾ ʩʠʣʠ, ʱʦ ʨʫʭʘʻʪʴʩʷ 

ʚʟʜʦʚʞ ʩʪʨʣ̔ʠ (ʨʠʩ. 4.6, 4.7). 

I-ɯ SB-1 

SB-3 

S2-3 
P=1 

x 

Nʚ2
 

q'c=1,02ʢʅ/ʤ 

13750 21250 

Q+Gʚ.ʚ.+Gʛ.ʦ. 

600 1250 2500 

I 

I Iɯ 

Iɯ 
12500 Ŭ 

2 3 4 

1 |B 

ʣ.ʚ. SB-1 

+ 

y3=7,44 

y2=7,81 

- 

+ 

ʣ.ʚ. S2-3 

ʣ.ʚ. SB-3 

y=8,59 
y1=8,22 

II -ɯI SB-1 

P=1 

x 
S1-3 

S3-4 

- ʣ.ʚ. S1-3 
1,27 

1,27 

x1 

x2 
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ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ ʩʪʝʨʞʥʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʢʦʥʩʦʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʪʨʽʣʠ, ʪʦ ʙʫʜʫʚʘʪʠ ʣʽʥʽʾ ʚʧʣʠʚʫ ʦʧʦʨʥʠʭ ʨʝʘʢʮʽʡ ʥʝ 

ʧʦʪʨʽʙʥʦ. 

ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʽ ʩʪʝʨʞʥʽ, ʷʢʽ 

ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʟʘʜʘʥʦʛʦ ʚʫʟʣʘ ɺ (ʨʠʩ.4.6). ʇʨʦʚʦʜʠʤʦ ʧʝʨʝʨʽʟ ɯ-ɯ ʩʢʨʽʟʴ 

ʩʪʝʨʞʥʽ ɺ-1, ɺ-3 ʽ 2-3 ʪʘ ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʦʚʘʛʫ ʧʨʘʚʦʾ ʚʽʜʩʽʯʝʥʦʾ ʯʘʩʪʠʥʠ 

ʬʝʨʤʠ. 

ʃʽʥʽʷ ʚʧʣʠʚʫ 1BS  (ʤʦʤʝʥʪʥʘ ʪʦʯʢʘ 3) 

ʩʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ: 

ä =03M ;       01 =Ö- hSB ;         01=BS . 

ʩʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ: 

ä =03M ;    011 =+Ö- PxhSB ; 

6,1

11
1

x

h

x
PSB == ; 10 5 2,5 12,5.x¢ ¢ Ö ¢ 

ʇʨʠ 01=x :        ;0
6,1

0
1 ==BS  

ʧʨʠ 5,121=x :     .81,7
6,1

5,12
1 ==BS  

ʃʽʥʽʷ ʚʧʣʠʚʫ 23S  (ʤʦʤʝʥʪʥʘ ʪʦʯʢʘ ɺ) 

ʩʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ: 

ä =0BM ;        023 =ÖhS ;         023=S . 

ʩʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ: 

ä =0BM ; 0223 =+Ö PxhS ; ʤ75,1325,15,120 2 ¢+¢¢x ;
6,1

2
23

x
S -= ; 

ʧʨʠ ʤ02=x :         0
6,1

0
23 =-=S ; 

ʧʨʠ ʤ75,132=x :  59,8
6,1

75,13
23 -=-=S . 

ʃʽʥʽʷ ʚʧʣʠʚʫ 3BS  (ʤʦʤʝʥʪʥʘ ʪʦʯʢʘ ʚʽʜʩʫʪʥʷ) 

ʩʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ: 

0=äY ;        0sin3 =aÖ pBS ;       03=BS . 
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ʩʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʧʝʨʝʨʽʟʫ: 

0=äY ; 0sin3 =-aÖ PS pB ; 

p
BS

a
=

sin

1
3 ; 28,1

25,1

6,1
tg ==ap ; 

a52arctg =ap ; 788,0sin =ap ; 27,1
788,0

1
3 ==BS . 

ʃʽʥʽʷ ʚʧʣʠʚʫ 13S  (ʤʦʤʝʥʪʥʘ ʪʦʯʢʘ ʚʽʜʩʫʪʥʷ) 

ʩʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʧʝʨʝʨʽʟʫ: 

0=äY ;      0sin13 =aÖ- pS ;       013=S . 

ʩʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʧʝʨʝʨʽʟʫ: 

0=äY ; 0sin13 =-aÖ- PS p ; 788,0sin =ap ; 27,1
788,0

1
13 -=-=S . 

ʃʽʥʽʾ ʚʧʣʠʚʫ ʦʧʦʨʥʠʭ ʨʝʘʢʮʽʡ ʽ ʟʫʩʠʣʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

ʬʝʨʤʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 4.7. 

ɼʣʷ ʪʨʴʦʭʛʨʘʥʥʦʾ ʩʪʨʽʣʠ, ʷʢ ʫ ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʜʦʩʪʘʪʥʴʦ 

ʚʠʟʥʘʯʠʪʠ ʚʥʫʪʨʽʰʥʻ ʟʫʩʠʣʣʷ ʩʪʝʨʞʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ, ʱʦ ʧʨʘʮʶʻ 

ʥʘ ʩʪʠʩʢʘʥʥʷ (
ʛ
23S ), ʷʢʱʦ ʟʘʜʘʥʘ ʩʪʨʽʣʘ ʯʦʪʠʨʴʦʭʛʨʘʥʥʘ ʥʝʦʙʭʽʜʥʦ 

ʜʦʜʘʪʢʦʚʦ ʚʠʟʥʘʯʠʪʠ ʚʥʫʪʨʽʰʥʻ ʟʫʩʠʣʣʷ ʩʪʝʨʞʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ, 

ʱʦ ʧʨʘʮʶʻ ʥʘ ʨʦʟʪʷʛʫʚʘʥʥʷ. 

ʇʦʙʫʜʫʻʤʦ ʣʽʥʽʶ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʩʪʝʨʞʥʷ 
ʛ
23S , ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ (ʨʠʩ. 4.7). 

ʃʽʥʽʷ ʚʧʣʠʚʫ 
ʛ
23S  (ʤʦʤʝʥʪʥʘ ʪʦʯʢʘ 1) 

ʩʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ: 

ä =01M ;        05,123 =ÖS ;        023=S . 

ʩʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʚʽʜ ʧʝʨʝʨʽʟʫ: 

ä =01M ; 05,1 323 =+Ö PxS ; ʤ5,120 3¢¢x ; 
5,1

3
23

x
S -= ; 

ʧʨʠ 03=x :           023=S ; 

ʧʨʠ ʤ5,123=x :   33,8
5,1

5,12
23 -=-=S . 

ʃʽʥʽʷ ʚʧʣʠʚʫ 23S  ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.7. 
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ʈʠʩ. 4.7. ʃʽʥʽʾ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʬʝʨʤʠ 

 

ɼʣʷ ʨʦʟʢʦʩʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤʠ ʚʠʟʥʘʯʠʤʦ ʧʝʨʝʨʽʟ ɯɯ-ɯɯ, ʜʣʷ 

ʷʢʦʛʦ ʧʣʝʯʝ ʩʠʣʠ ʥʘʡʙʽʣʴʰʝ. 

ʃʽʥʽʷ ʚʧʣʠʚʫ 58S  (ʤʦʤʝʥʪʥʘ ʪʦʯʢʘ ʚʽʜʩʫʪʥʷ)  

ʩʠʣʘ 1=P  ʣʽʚʦʨʫʯ ʧʝʨʝʨʽʟʫ: 

0=äY ;        0sin58 =bÖ pS ;         058=S . 

ʩʠʣʘ 1=P  ʧʨʘʚʦʨʫʯ ʧʝʨʝʨʽʟʫ: 

1 
I 

6 

Tʚ.ʚ.+TQ+Tʛ.ʦ Tc 

wʚ=0,23ʢʅ/ʤ 

600 Wʚ 

12500 

13750 21250 

1
5

0
0 

5 

7 8 2 3 

B 

I 

II  

II  

SB-1 

S1-2 

S2-3 
P=1 

I-I  

x 

- ʣ.ʚ. S2-3 

y3=7,93  

S5-8 

S7-8 

S5-6 

ɓp 

P=1 

II -II  

+ 

ʣ.ʚ. S5-8 

1,30 

0 

0 

y2= 

=8,33 

x3 
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0=äY ; 0sin58 =-bÖ PS p ; 

p

S
b

=
sin

1
58 ; 20,1

25,1

5,1
tg ==bp ; 

;2150arctg ¡=b a
p 768,0sin =ap ; 30,1

768,0

1
3 ==BS . 

ʃʽʥʽʷ ʚʧʣʠʚʫ 58S  ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.7. 

ɺʠʟʥʘʯʠʤʦ ʧʦ ʣʽʥʽʷʤ ʚʧʣʠʚʫ ʤʘʢʩʠʤʘʣʴʥʽ ʟʫʩʠʣʣʷ ʚ ʨʦʟʛʣʷʥʫʪʠʭ 

ʩʪʝʨʞʥʷʭ. 

ɿʫʩʠʣʣʷ ʚ ʧʦʷʩʘʭ ʩʪʨʽʣʠ. 

ʇʦʚʥʝ ʟʫʩʠʣʣʷ 23S  ʫ ʩʪʝʨʞʥʽ ʧʦʷʩʘ, ʩʧʽʣʴʥʦʛʦ ʜʣʷ ʙʦʢʦʚʦʾ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʟʫʩʠʣʴ ʟʫʤʦʚʣʝʥʠʭ ʚʽʜʧʦʚʽʜʥʦ 

ʚʝʨʪʠʢʘʣʴʥʠʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʽ ʧʦʟʜʦʚʞʥʽʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ: 

ʧ
23

ʛ
23

ʚ
2323 SSSS ++= . 

ɺʝʨʪʠʢʘʣʴʥʝ ʟʫʩʠʣʣʷ 
ʚ
23S  ʚʠʟʥʘʯʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʾ ʚʧʣʠʚʫ 

ʚ
23S  

(ʨʠʩ. 4.6) ʟʘ ʬʦʨʤʫʣʦʶ (1.19): 

ʚ ʚ
23 ʚʽʟ ʛ.ʦ. 1 2 ʣ.ʚ.( )

8,59
(27,62 4,56 2,55) 8,22 4,11 8,59 0,86 13,75

2

S Q G G y N y q¡ ¡ ¡ ¡= + + Ö + Ö + Öw =

=- + + Ö + Ö - Ö Ö =
 

371,57ʢʅ=-  (ʩʪʠʩʢʘʥʥʷ). 

ɻʦʨʠʟʦʥʪʘʣʴʥʝ ʟʫʩʠʣʣʷ 
ʛ
23S  ʚʠʟʥʘʯʠʤʦ ʟ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʾ ʚʧʣʠʚʫ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʛʨʘʥʽ (ʨʠʩ. 4.7). ʇʦʣʦʞʝʥʥʷ ʚʘʥʪʘʞʥʦʛʦ ʚʽʟʢʘ ʪʘʢʝ ʩʘʤʝ, ʷʢ ʽ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 
ʚ
23S : 

=ÖÖÖ-Ö-Ö++-=

=wÖ+Ö+Ö+++=

5,1233,85,023,033,811,293,7)35,063,083,3(

)( ʣ.ʚ.ʚ2ʩ3ʚ.ʛ.ʦʚʽʟʚʘʥ
ʛ
23 wyʊyWʊʊʊS

 

67,69ʢʅ=-  (ʩʪʠʩʢʘʥʥʷ). 

ʇʦʚʟʜʦʚʞʥʻ ʟʫʩʠʣʣʷ 
ʧ
23S  ʚʠʟʥʘʯʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) ( )=Ö+-=bÖ+-= 965,072,2815,28
2

1
cos

2

1
21

ʧ
23 NNS  

ʢʅ93,27-=  (ʩʪʠʩʢʘʥʥʷ). 

ʆʩʪʘʪʦʯʥʦ: 

23 371,57 67,69 27,93 467,19ʢʅS =- - - =- . 
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ɿʫʩʠʣʣʷ ʚ ʦʜʠʥʠʯʥʦʤʫ ʧʦʷʩʽ 1ɺS  ʩʪʨʽʣʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧ
1

ʚ
11 2 BBɺ SSS += . 

ɿʫʩʠʣʣʷ 
ʚ
1BS  ʚʠʟʥʘʯʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʾ ʚʧʣʠʚʫ 1ɺS  ʚ ʙʦʢʦʚʽʡ 

ʛʨʘʥʽ (ʨʠʩ. 4.6): 

ʚ ʚ
1 ʚʽʟ ʛ.ʦ. 3 2 2 ʣ.ʚ.( )

7,81
(27,62 4,56 2,55) 7,44 4,11 7,81 0,86 12,5

2

BS Q G G y N y q¡ ¡ ¡ ¡= + + Ö + Ö + Öw =

= + + Ö - Ö + Ö Ö =
 

303,0ʢʅ=  (ʨʦʟʪʷʛʘʥʥʷ). 

0ʧ
1=ɺS , ʪʘʢ ʷʢ ʦʙʚʽʜʥʠʡ ʙʣʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʥʠʞʥʴʦʤʫ ʧʦʷʩʽ. 

ʆʩʪʘʪʦʯʥʦ: 

1 2 303,0 0 606,0ʢʅɺS = Ö + =  (ʨʦʟʪʷʛʘʥʥʷ). 

ɿʫʩʠʣʣʷ ʚ ʝʣʝʤʝʥʪʘʭ ʨʝʰʽʪʢʠ ʙʦʢʦʚʠʭ ʛʨʘʥʝʡ ʩʪʨʽʣʠ. 

ɿʫʩʠʣʣʷ ʚ ʨʦʟʢʦʩʽ 3ɺS  ʚʠʟʥʘʯʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʾ ʚʧʣʠʚʫ 3ɺS  

(ʨʠʩ. 4.6): 

ʚ
3 ʚʽʟ ʛ.ʦ. 3 2 2 ʣ.ʚ.( )

(27,62 4,56 2,55) 1,27-4,11 1,27 0,86 0,5 1,27 13,75

ɺS Q G G y N y q¡ ¡ ¡ ¡= + + Ö + Ö + Öw =

+ + Ö Ö + Ö Ö Ö =
 

46,40ʢʅ=  (ʨʦʟʪʷʛʘʥʥʷ). 

ɿʫʩʠʣʣʷ ʚ ʨʦʟʢʦʩʽ 13S  ʚʠʟʥʘʯʠʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʾ ʚʧʣʠʚʫ 13S  

(ʨʠʩ. 4.6): 

ʚ
13 ʚʽʟ ʛ.ʦ. 3 2 2 ʣ.ʚ.( )

(27,62 4,56 2,55) 1,27 4,11 1,27 0,86 0,5 1,27 12,5

S Q G G y N y q¡ ¡ ¡ ¡= + + Ö + Ö + Öw =

=- + + Ö + Ö - Ö Ö Ö =
 

45,71ʢʅ=-  (ʩʪʠʩʢʘʥʥʷ). 

 

4.1.7. ʇʽʜʙʽʨ ʧʣʦʱ ʧʝʨʝʨʽʟʽʚ ʩʪʝʨʞʥʽʚ ʽ ʧʝʨʝʚʽʨʢʘ ʥʘʧʨʫʞʝʥʴ 

ɺʝʨʭʥʽʡ ʧʦʷʩ. ʇʣʦʱʫ ʧʝʨʝʨʽʟʫ ʚʠʟʥʘʯʘʻʤʦ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ: 

mR

S

mR

S
A B

B
1ʨʦʟ

1 =² , 

ʜʝ 1=m  ï ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ ʜʣʷ ʪʨʫʙ; 
2ʢʅ/ʩʤ21ʄʇʘ210 ==R  ï 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʩʪʘʣʽ 20. 
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2
1

606,0
28,857ʩʤ

1 21
BA = =

Ö
. 

ɺʠʙʠʨʘʻʤʦ ʟ ʪʘʙʣʠʮʽ ʩʦʨʪʘʤʝʥʪʫ 

ʧʨʦʢʘʪʥʠʭ ʩʪʘʣʝʡ (ʜʦʜʘʪʦʢ 10) ñʊʨʫʙʘ ʢʨʫʛʣʘò 

(ʂʘʪʘʣʦʛ OTUA) ʟʘ ʥʘʡʙʣʠʞʯʦʶ ʙʽʣʴʰʦʶ 

ʧʣʦʱʝʶ ʧʝʨʝʨʽʟʫ ʪʨʫʙʫ (ʨʠʩ. 4.8): ʟʦʚʥʽʰʥʽʡ 

ʜʽʘʤʝʪʨ ʤʤ7,193ʟ=D , ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ 

5ʤʤS= , ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ 
229,6ʩʤA= , 

ʨʘʜʽʫʩ ʽʥʝʨʮʽʾ 6,67ʩʤy zi i= = . 

ʅʠʞʥʽʡ ʧʦʷʩ. ʅʘʡʙʽʣʴʰʝ ʩʪʠʩʢʘʣʴʥʝ ʟʫʩʠʣʣʷ ʩʪS  ʚ ʝʣʝʤʝʥʪʘʭ ʜʘʥʦʾ 

ʛʨʫʧʠ ʜʦʨʽʚʥʶʻ: 

ʩʪ 23467,19ʢʅS S= =- . 

ʅʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ: 

[ ]
Rm

S
A

ÖÖj
² ʩʪ

23 , 

ʜʝ j ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ (ʧʦʧʝʨʝʜʥʴʦ ʙʝʨʝʪʴʩʷ ʜʣʷ ʧʦ̫ ʩʽʚ 

8,07,0 · ); 0,1=m  ï ʢʦʝʬʽʮʽʻʥʪ ʫʤʦʚ ʨʦʙʦʪʠ (ʜʣʷ ʪʨʫʙ); 
2ʢʅ/ʩʤ21=R . 

2
23

467,19
31,78ʩʤ

0,7 1 21
A ² =

Ö Ö
. 

ɺʠʙʠʨʘʻʤʦ ʽʟ ʪʘʙʣʠʮʴ ʩʦʨʪʘʤʝʥʪʫ 

(ʜʦʜʘʪʦʢ 11) (ʟʘ ʥʘʡʙʣʠʞʯʦʶ ʙʣ̔ʴʰʦʶ 

ʧʣʦʱʝʶ ʧʝʨʝʨʽʟʫ) ʪʨʫʙʫ ʢʚʘʜʨʘʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ 110³9 ʤʤ (ʨʠʩ. 4.9), ʜʣʷ ʷʢʦʾ: 

2ʩʤ97,34=A ,  
4ʩʤ63,583== zy Iɯ . 

ɼʣʷ ʚʠʙʨʘʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʚʦʜʠʤʦ 

ʧʝʨʝʚʽʨʢʫ ʥʘʧʨʫʞʝʥʴ s ʟʘ ʬʦʨʤʫʣʦʶ: 

Rm
A

S
Ö¢

Öj
¢s ʩʪ

. 

ɻʥʫʯʢʽʩʪʴ ʩʪʝʨʞʥʷ: 

minr

lÖm
=l , 

 
ʈʠʩ. 4.8. ʇʦʧʝʨʝʯʥʠʡ 

ʧʝʨʝʨʽʟ ʪʨʫʙʠ 

 
ʈʠʩ. 4.9. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

ʥʠʞʥʴʦʛʦ ʧʦʷʩʫ 

b 

b 

S y 

z 
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ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʝʜʝʥʥʷ ʜʦʚʞʠʥʠ (ʜʣʷ ʧʦʷʩʽʚ ʩʪʨʽʣʠ 1=m ); l  ï 

ʛʝʦʤʝʪʨʠʯʥʘ ʜʦʚʞʠʥʘ ʩʪʝʨʞʥʷ (ʤ25,1=l ), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʮʝʥʪʨʘʤʠ ʚʫʟʣʽʚ; minr  ï ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ: 

A

I
r min
min = , zrr =min , zII =min . 

ʩʤ09,4
97,34

63,583
min ==r . 

ɻʥʫʯʢʽʩʪʴ ʧʦʷʩʘ: 

56,30
09,4

1251
=

Ö
=l . 

ʇʦ ʪʘʙʣʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ j ʟʥʘʡʜʝʤʦ 

ʽʥʪʝʨʧʦʣʷʮʽʶ: 

95,0)3056,30(
10

92,095,0
95,0 =-Ö

-
-=j . 

ʅʘʧʨʫʞʝʥʥʷ: 

2 2467,19
14,06ʢʅ/ʩʤ 1 21ʢʅ/ʩʤ

0,95 34,97
mRs= = < = Ö

Ö
. 

ʋʤʦʚʘ ʧʝʨʝʚʽʨʢʠ ʚʠʢʦʥʫʻʪʴʩʷ. 

ʗʢʱʦ ʥʠʞʥʽʡ ʧʦʷʩ ʙʫʜʝ ʚʠʢʦʥʘʥʠʡ ʟ ʦʜʠʥʠʯʥʦʛʦ ʨʽʚʥʦʧʦʣʠʯʥʦʛʦ 

ʢʫʪʠʢʘ (ʜʠʚ. ʨʠʩ. 4.10) ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʙʠʨʘʻʤʦ ʽʟ ʪʘʙʣʠʮʴ ʩʦʨʪʘʤʝʥʪʫ 

[8] ñʂʫʪʠʢ ʨʽʚʥʦʧʦʣʠʯʥʠʡò ʧʦ ɼʉʊʋ 2251:2018 ʟʘ ʥʘʡʙʣʠʞʯʦʶ ʙʽʣʴʰʦʶ 

ʧʣʦʱʝʶ ʧʝʨʝʨʽʟʫ ʨʽʚʥʦʙʯ̔ʥʠʡ ʢʫʪʠʢ 140ʭ140ʭ13 ʜʣʷ ʷʢʦʛʦ 35,07ɸ=  ʩʤ2; 

0min 266,05ʫI I= =  ʩʤ4; min 2,76i =  ʩʤ. (ʜʦʜʘʪʦʢ 9). 

ɼʣʷ ʚʠʙʨʘʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʚʦʜʠʤʦ 

ʧʝʨʝʚʽʨʢʫ ʥʘʧʨʫʞʝʥʴ s ʟʘ ʬʦʨʤʫʣʦʶ: 

Rm
A

S
Ö¢

Öj
¢s ʩʪ

. 

ɻʥʫʯʢʽʩʪʴ ʩʪʝʨʞʥʷ: 

minr

lÖm
=l , 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʝʜʝʥʥʷ ʜʦʚʞʠʥʠ (ʜʣʷ 

ʧʦʷʩʽʚ ʩʪʨʽʣʠ 1=m ); l  ï ʛʝʦʤʝʪʨʠʯʥʘ 

 
ʈʠʩ. 4.10. ʇʝʨʝʨʽʟ ʨʽʚʥʦʙʽʯʥʦʛʦ 

ʢʫʪʠʢʘ 

b 

b 

r1 
y 

t 

r2 

y0 

z 

y0 
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ʜʦʚʞʠʥʘ ʩʪʝʨʞʥʷ (1,25ʤ 125 ʩʤl = = ), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʮʝʥʪʨʘʤʠ ʚʫʟʣʽʚ; minr  ï ʤʽʥʽʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ: vir =min , ʩʤ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʥʫʯʢʽʩʪʴ ʧʦʷʩʫ: 

1 125
45,29

2,76

Ö
l= = . 

ɿʘ ʪʘʙʣʠʮʝ  ʁ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ (ʪʘʙʣ. 2.1) ʚʠʟʥʘʯʠʤʦ 

ʟʥʘʯʝʥʥʷ j̔ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʪʝʨʧʦʣʷʮʽ:ʾ 

0,92 0,89
0,92 (45,29 40) 0,904

10

-
j= - Ö - =. 

ʅʘʧʨʫʞʝʥʥʷ: 

2 2467,19
14,76ʢʅ/ʩʤ 0,75 21 15,75ʢʅ/ʩʤ

0,904 35,07
mRs= = ¢ = Ö =

Ö
. 

ʋʤʦʚʘ ʧʝʨʝʚʽʨʢʠ ʚʠʢʦʥʫʻʪʴʩʷ. 

ʈʦʟʢʦʩʠ ʙʦʢʦʚʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʬʝʨʤ. 

ʈʦʟʢʦʩ ʧʽʜʙʠʨʘʻʤʦ ʟʘ ʥʘʡʙʽʣʴʰʠʤ ʩʪʠʩʢʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ. ʅʘʡʙʣ̔ʴʰʝ 

ʩʪʠʩʢʘʣʴʥʝ ʟʫʩʠʣʣʷ ʻ ʫ ʙʦʢʦʚʽʡ ʛʨʘʥʽ 13 45,71ʢʅS =- . 

ʅʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ: 

Rm

S
A

ÖÖj
² 13

. 

ʇʨʠʡʤʘʻʤʦ: 5,0=j ; 0,1=m  (ʜʣʷ ʪʨʫʙ), 
2ʢʅ/ʩʤ21=R . 

ʊʦʜʽ: 

245,71
4,35ʩʤ

0,5 21 1
A² =

Ö Ö
. 

ɯʟ ʩʦʨʪʘʤʝʥʪʫ (ʢʘʪʘʣʦʛ OTUA) ʧʨʠʡʤʘʻʤʦ ʪʨʫʙʫ: ʟ 40,0ʤʤD = , 

4ʤʤS= , 
24,50ʩʤA= , 

47,4ʩʤy zI I= = , 1,28ʩʤi= . (ʜʦʜʘʪʦʢ 10). 

ʋʩʽ ʨʦʟʢʦʩʠ ʽ ʩʪʽʡʢʠ ʙʦʢʦʚʦʾ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʬʝʨʤ ʚʠʛʦʪʦʚʣʷʻʤʦ 

ʦʜʥʘʢʦʚʠʤʠ. 

ʇʝʨʝʚʽʨʠʤʦ ʥʘʧʨʫʞʝʥʥʷ: 

Rm
A

S
Ö¢

Öj
=s ʩʪ

. 

ɿʥʘʡʜʝʤʦ ʧʦʛʦʥʥʽ ʞʦʨʩʪʢʦʩʪʽ ʧʦʷʩʫ ʧi  ʽ ʨʦʟʢʦʩʘ ʨi , ,min yʧʧ II =  
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:min ypp II =  

67,4
125

63,583

ʧ

minʧ
ʧ ===

l

I
i ; 

ʨmin
ʨ

ʨ

7,4
0,036

203

I
i

l
= = = , 

ʜʝ ʜʦʚʞʠʥʘ ʨʦʟʢʦʩʘ ʩʤ 203ʤ03,26,125,1 22
ʨ ==+=l . 

ʂʦʝʬʽʮʽʻʥʪ 1k : 

ʧ
1

ʨ

4,67
129,7 2

0,036

i
k

i
= = = >. 

ɺʽʜʥʦʰʝʥʥʷ: 

ʨ

min

203
158,59

1,28

l

r
= = . 

ɿʥʘʯʝʥʥʷ m ʜʣʷ ʨʦʟʢʦʩʘ ʟʥʘʡʜʝʤʦ ʟʘ ʪʘʙʣ. 2.2: 

0,7m= , ʪʘʢ ʷʢ 16059,158 < , 21²k . 

ɻʥʫʯʢʽʩʪʴ ʨʦʟʢʦʩʘ: 

min

0,7 203
111,02

1,28

l

r

m Ö
l= = = . 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ j (ʪʘʙʣ. 2.1) ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʽʥʪʝʨʧʦʣʷʮʽ:ʾ 

0,52-0,45
0,52 (111,02 110) 0,513

10
j= - Ö - =. 

ʅʘʧʨʫʞʝʥʥʷ: 

2 245,71
19,8ʢʅ/ʩʤ 1 21ʢʅ/ʩʤ

0,513 4,5
m Rs= = < Ö = Ö

Ö
. 

ʋʤʦʚʘ ʧʝʨʝʚʽʨʢʠ ʚʠʢʦʥʫʻʪʴʩʷ. 

 

4.1.8. ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʦʢ ʟʘʜʘʥʦʛʦ ʚʫʟʣʘ ʩʪʨʽʣʠ 

ʈʦʟʨʘʭʫʥʦʢ ʚʫʟʣʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʟʚʘʨʥʠʭ 

ʰʚʽʚ, ʱʦ ʢʨʽʧʣʷʪʴ ʝʣʝʤʝʥʪʠ ʨʝʰʽʪʢʠ ʜʦ ʚʝʨʭʥʴʦʛʦ ʧʦʷʩʘ. 

ɺʠʟʥʘʯʠʤʦ ʥʝʦʙʭʽʜʥʠʡ ʢʘʪʝʪ ʰʚʘ ʟʘ ʬʦʨʤʫʣʦʶ (8.77) ʧʽʜʨʫʯʥʠʢʘ [1]: 
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ʟʚ
ʢʰ

ʰ
Rl

S
k

p

ÖÖb
= ,  

ʜʝ pS  ï ʟʫʩʠʣʣʷ ʚ ʧʨʠʚʘʨʝʥʦʤʫ 

ʩʪʝʨʞʥʽ; b ï ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʰʚʘ, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ 

ʟʚʘʨʶʚʘʥʥʷ (7,0=b  ʧʨʠ ʨʫʯʥʦʤʫ ʽ 

0,1  ʧʨʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ); 

ʟʚ
ʢR  ï ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʦʧʽʨ ʢʫʪʦʚʦʛʦ 

ʰʚʘ (ʧʨʠʡʤʘ̒ ʤʦ 
2ʟʚ

ʢ ʢʅ/ʩʤ15=R ); 

ʰl  ï ʜʦʚʞʠʥʘ ʰʚʘ, ʷʢʘ ʧʨʠ ʦʙʪʠʩʢʫ 

ʢʽʥʮʽʚ ʪʨʫʙʯʘʩʪʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʰʽʪʢʠ 

ʚ ʦʩʴʦʚʽʡ ʧʣʦʱʠʥʽ ʧʦʷʩʘ (ʨʠʩ. 4.11) 

ʚʠʟʥʘʯʘ̒ ʪʴʩʷ ʬʦʨʤʫʣʦʶ (8.80) 

ʧʽʜʨʫʯʥʠʢʘ [1]: 

a

p
=

sin

2
ʰ

d
l . 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʤ4,422=d , 
a52=a , 788,0sin =a . ʊʦʜʽ:  

ʰ

3.14 45,71
182ʤʤ 18,2ʩʤ

0,788
l

Ö
= = = . 

ʉʪʝʨʞʝʥʴ ɺ3: 

3 46,40ʢʅp BS S= = ; 7,0=b . 

ʂʘʪʝʪ ʰʚʘ: 

ʰ

46,40
0,24ʩʤ

0,7 18,2 15
k = =

Ö Ö
.  

ʇʨʠʡʤʘʻʤʦ ʰ 0,3ʩʤk = . 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʩʪʦʷʢʠ ʟʘ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʚʠʛʦʪʦʚʣʷʁ ʪʴʩʷ 

ʦʜʥʘʢʦʚʠʤʠ ʷʢ ʨʦʟʢʦʩʠ, ʜʣʷ ʩʪʦʷʢʽʚ ʪʘʢʦʞ ʧʨʠʡʤʘʻʤʦ ʢʘʪʝʪ ʰʚʘ 

ʰ 0,3ʩʤk = . 

 

ʈʠʩ. 4.11. ɿôʻʜʥʘʥʥʷ ʪʨʫʙʯʘʩʪʠʭ 

ʝʣʝʤʝʥʪʽʚ 

d2 

Ŭ 

d1 

ʙ 
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ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ ʜʦ ʨʦʟʜʽʣʫ 

1. ʏʠʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʽ ʧʣʦʩʢʽ ʩʠʩʪʝʤʠ ʚʽʜ ʩʪʘʪʠʯʥʦ 

ʥʝʚʠʟʥʘʯʥʠʭ? 

2. ɺʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʽ ʩʪʘʪʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ ʩʠʣ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʥʝʚʽʜʦʤʠʭ ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ 

ʧʝʨʝʤʽʱʝʥʴ. 

4. ʋʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ ʩʠʣ. 

5. ʋʪʚʦʨʝʥʥʷ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ ʧʝʨʝʤʽʱʝʥʴ. 

6. ʉʠʩʪʝʤʘ ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʦʾ 

ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ ʩʠʣ. 

7. ʉʠʩʪʝʤʘ ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʦʾ 

ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ ʧʝʨʝʤʽʱʝʥʴ. 

8. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʦʾ ʩʠʩʪʝʤʠ 

ʤʝʪʦʜʦʤ ʧʝʨʝʤʽʱʝʥʴ. 

9. ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʫ ʩʠʣ ʽ ʤʝʪʦʜʫ ʧʝʨʝʤʽʱʝʥʴ. 

10.  ʆʙʣʘʩʪʴ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʘ ʩʠʣ ʪʘ ʤʝʪʦʜʘ 

ʧʝʨʝʤʽʱʝʥʴ. 

11. ʉʫʪʴ ʤʽʰʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ ʩʠʩʪʝʤ. 

12. ɺʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʩʪʘʪʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʦʾ 

ʩʠʩʪʝʤʠ ʤʝʪʦʜʦʤ ʩʠʣ ʜʣʷ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ. 

13. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʦʩʥʦʚʥʠʭ ʥʝʚʽʜʦʤʠʭ ʤʝʪʦʜʦʤ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ 

ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ. 

14. ɺʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʦʾ ʩʠʩʪʝʤʠ 

ʤ̔ʰʘʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ. 

15. ʋʪʚʦʨʠʪʠ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʦʜʦʤ ʩʠʣ ʜʣʷ 

ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ. 

16. ʋʪʚʦʨʠʪʠ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʦʜʦʤ ʧʝʨʝʤʽʱʝʥʴ ʜʣʷ 

ʥʘʚʝʜʝʥʦʛʦ ʧʨʠʢʣʘʜʫ. 

17. ʋʪʚʦʨʠʪʠ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʰʘʥʠʤ ʤʝʪʦʜʦʤ. 

18. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʘʚʠʣʘ ɺʝʨʝʱʘʛʽʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ 

ʤʝʪʦʜʦʤ ʩʠʣ. 

19. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʉʽʤʧʩʦʥʘ-ʂʦʨʥʦʫʭʦʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʤʽʱʝʥʴ ʤʝʪʦʜʦʤ ʩʠʣ. 

20. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʤʝʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥ. 

21. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʧʦʣʫʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʤʝʪʘʣʝʚʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

22. ʄʝʪʦʜ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʞʝʥʴ. 
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23. ʄʝʪʦʜ ʛʨʘʥʠʯʥʠʭ ʩʪʘʥʽʚ. 

24. ɺʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʚ ʝʣʝʤʝʥʪʘʭ ʬʝʨʤ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ ʧʨʠ ʜʽʾ 

ʥʝʨʫʭʦʤʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʥʘʩʢʨʽʟʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

25. ɺʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʚ ʝʣʝʤʝʥʪʘʭ ʬʝʨʤ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ ʧʨʠ ʜʽʾ 
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26. ʈʦʟʨʘʭʫʥʦʢ ʬʝʨʤ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ ʧʨʠ ʨʫʭʦʤʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

27. ʉʫʪʴ ʣʽʥʽʡ ʚʧʣʠʚʫ. ʃʽʥʽʾ ʚʧʣʠʚʫ ʫ ʞʦʨʩʪʢʠʭ ʙʘʣʢʘʭ. 

28. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ ʧʣʦʩʢʦʾ ʬʝʨʤʠ, ʷʢʽ 

ʨʦʟʪʘh ʦʚʘʥʽ ʤʽʞ ʦʧʦʨʘʤʠ. 

29. ʇʦʙʫʜʦʚʘ ʣʽʥʽʡ ʚʧʣʠʚʫ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ ʧʣʦʩʢʦʾ ʬʝʨʤʠ, ʷʢʽ 

ʨʦʟʪʘh ʦʚʘʥʽ ʥʘ ʢʦʥʩʦʣʴʥʽʡ ʜʽʣʷʥʮʽ ʙʘʣʢʠ. 

30. ɺʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡ 

ʚʧʣʠʚʫ ʧʨʠ ʩʢʣʘʜʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

31. ʂʦʥʩʪʨʫʢʮʽʾ ʢʨʘʥʦʚʠʭ ʩʪʨʽʣ. 

32. ʅʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʪʨʽʣʫ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 

(ʧʝʨʝʣʽʯʠʪʠ). 

33. ʅʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʪʨʽʣʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

34. ɺʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʫ ʩʪʝʨʞʥʷʭ ʢʨʘʥʦʚʠʭ ʩʪʨʽʣ ʤʝʪʦʜʦʤ ʨʦʟʢʣʘʜʫ ʥʘ 

ʧʣʦʩʢʽ ʬʝʨʤʠ. 

35. ʂʦʥʩʪʨʫʢʮʽʾ ʽ ʨʦʟʨʘʭʫʥʦʢ ʚʫʟʣʽʚ ʢʨʘʥʦʚʠʭ ʩʪʨʽʣ. 

36. ʂʦʥʩʪʨʫʢʮʽʾ ʦʛʦʣʦʚʢʽʚ ʩʪʨʽʣ ʢʨʘʥʽʚ. 

37. ʂʦʥʩʪʨʫʢʮʽʾ ʝʣʝʤʝʥʪʽʚ ʟôʻʜʥʘʥʥʷ ʩʝʢʮʽʡ ʩʪʨʽʣʠ ʢʨʘʥʘ. 

38. ɻʥʫʯʢʽʩʪʴ ʩʪʦʷʢʽʚ. 

39. ʈʦʟʨʘʭʫʥʦʢ ʮʝʥʪʨʘʣʴʥʦ ʨʦʟʪʷʛʥʫʪʠʭ ʪʘ ʮʝʥʪʨʘʣʴʥʦ ʩʪʠʩʥʫʪʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʪʨʽʣʠ. 

40. ʈʦʟʨʘʭʫʥʦʢ ʧʦʟʘʮʝʥʪʨʦʚʦ ʩʪʠʩʥʫʪʠʭ ʽ ʩʪʠʩʥʫʪʦ ʟʽʛʥʫʪʠʭ ʩʪʦʢ̫ʽʚ. 

41. ʈʦʟʨʘʭʫʥʦʢ ʧʦʷʩʥʠʭ ʰʚʽʚ ʬʝʨʤʠ. 
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ɿʨʘʟʦʢ ʪʠʪʫʣʴʥʦʛʦ ʘʨʢʫʰʘ 

ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ 
 

ʂʀɰɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ɹʋɼɯɺʅʀʎʊɺɸ ɯ 

ɸʈʍɯʊɽʂʊʋʈʀ 
 

 

ʂʘʬʝʜʨʘ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ 
 

 

 

 

 

 
 

ʂʋʈʉʆɺɸ ʈʆɹʆʊɸ 

ʟ ʇʨʦʢ̒ʪʫʚʘʥʥʷ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʰʠʥ 
(ʥʘʟʚʘ ʜʠʩʮʠʧʣʽʥʠ) 

 

ʥʘ ʪʝʤʫ: ʇʨʦʢ̒ʪʫʚʘʥʥʷ ʩʪʨʽʣʠ ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ 

 

 

 

 

 

 

 
ʉʪʫʜʝʥʪʘ (ʢʠ) _____ ʢʫʨʩʫ ______ ʛʨʫʧʠ 

ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

133 çɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷè______ 

 

 __________________________________ 
(ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

ʂʝʨʽʚʥʠʢ ___________________________ 

___________________________________ 
(ʧʦʩʘʜʘ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ)    

 

ʅʘʮʽʦʥʘʣʴʥʘ ʰʢʘʣʘ ________________     

ʂʽʣʴʢʽʩʪʴ ʙʘʣʽʚ: __________ʆʮʽʥʢʘ:  ECTS _____  

 

                                                                 ʏʣʝʥʠ ʢʦʤʽʩʽʾ          ________________  ___________________________ 

                                                                                                                                             (ʧʽʜʧʠʩ)                        (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

                                                                                                      ________________  ___________________________ 

                                                                                                                                              (ʧʽʜʧʠʩ)                        (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

                                                                                                                                ________________  ___________________________ 

                                                                                                                                              (ʧʽʜʧʠʩ)                         (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ 
 

ʤ. ʂʠʾʚ - 20__ ʨʽʢ 
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ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʢ̒ʪʫʚʘʥʥʷ ʩʪʨʽʣʠ 

ʙʘʰʪʦʚʦʛʦ ʢʨʘʥʘ (ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʢʅ ,Q , ʜʦʚʞʠʥʘ ʩʪʨʽʣʠ ʤ ,L ) 

ʅʦʤʝʨ ʪʝʤʠ 
ʅʦʤʝʨ ʚʘʨʽʘʥʪʘ (ʧʝʨʝʜʦʩʪʘʥʥʷ ʮʠʬʨʘ ʰʠʬʨʫ) 

1 2 3 4 5 6 7 8 9 0 

ʆ
ʩ
ʪ
ʘ
ʥ
ʥ
ʷ
 
ʮ
ʠ
ʬ
ʨ
ʘ
 
ʰ
ʠ
ʬ
ʨ
ʫ

 

0 Q=100 Q=90 Q=80 Q=70 Q=60 Q=50 Q=40 Q=60 Q=50 Q=40 

(ʂɹ-674) L=29,1 L=29,1 L=29,1 L=29,1 L=36,6 L=36,6 L=36,6 L=44,1 L=44,1 L=44,1 

1 Q=60 Q=55 Q=50 Q=80 Q=70 Q=60 Q=50 Q=50 Q=40 Q=35 

(ʂɹʂ-100.1) L=18,8 L=18,8 L=18,8 L=13,8 L=13,8 L=13,8 L=13,8 L=23,8 L=23,8 L=23,8 

2 Q=40 Q=60 Q=50 Q=50 Q=40 Q=60 Q=65 Q=70 Q=60 Q=50 

(ʂɹ-573) L=45,0 L=45,0 L=45,0 L=40,0 L=40,0 L=40,0 L=40,0 L=30,0 L=30,0 L=30,0 

3 Q=45 Q=40 Q=50 Q=30 Q=40 Q=50 Q=30 Q=60 Q=55 Q=50 

(ɹʂʉʄ-5-5) L=21,6 L=21,6 L=21,6 L=26,8 L=26,8 L=26,8 L=26,8 L=16,4 L=16,4 L=16,4 

4 Q=100 Q=85 Q=75 Q=65 Q=50 Q=60 Q=55 Q=40 Q=45 Q=35 

(ʂɹ-503) L=35,0 L=35,0 L=35,0 L=40,0 L=40,0 L=40,0 L=40,0 L=45,0 L=45,0 L=45,0 

5 Q=200 Q=180 Q=160 Q=200 Q=180 Q=150 Q=130 Q=120 Q=110 Q=100 

(ʄʉʂ-250) L=20,0 L=20,0 L=20,0 L=16,0 L=16,0 L=16,0 L=24,0 L=24,0 L=24,0 L=24,0 

 

 

5
7
 



 2 

5
8
 



 3 

5
9 

 



 4 

6
0
 

 



 5 

6
1
 

 



 6 

6
2
 

  

 

 



 7 
  

6
3 
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