
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

Ăʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ  

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆò 

ɯʥʞʝʥʝʨʥʦ-ʭʽʤʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʪʘ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

 
  ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

____________ʆ.ɺ.ɻʦʥʜʣʷʭ 

ç_____è ___________2021 ʨ. 

ɼʠʧʣʦʤʥʠʡ ʧʨʦʝʢʪ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 133 ï ʛʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ  

ʥʘ ʪʝʤʫ: ɽʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩʪʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʚôʷʢʘ 

     

ʉʪʫʜʝʥʪ ʛʨʫʧʠ  ɯV ʢ. ʃʇ-71                       ʉʢʫʣʢʽʥ ʅʽʢʽʪʘ ʆʣʝʢʩʘʥʜʨʦʚʠʯ          ________ 

                                 (ʰʠʬʨ ʛʨʫʧʠ)                         (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ)             (ʧʽʜʧʠʩ)  

ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ:   

ʢʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʏʝʤʝʨʠʩ ɸʥʜʨʽʡ ʆʣʝʛʦʚʠʯ                                  ________ 

                                               (ʚʯʝʥʘ ʩʪʫʧʽʥʴ, ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ)                       (ʧʽʜʧʠʩ) 

ʂʦʥʩʫʣʴʪʘʥʪʠ ʟ ʧʠʪʘʥʴ 

 

ʄʆɼɽʈʅɯɿɸʎɯʗ________________________________________            ɺ.ʖ. ʑʝʨʙʠʥʘ 

ʊɽʍ.ʄɸʐ.______________________________________________               ʉ.ʆ. ɹʦʨʱʠʢ  

ʈɽʎɽʅɿɽʅʊ______________________________________________________________ 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʴʦʤʫ ʜʠʧʣʦʤʥʦʤʫ ʧʨʦʝ-

ʢʪʽ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚ-

ʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠ-

ʣʘʥʴ. 

ʉʪʫʜʝʥʪ ʉʢʫʣʢʽʥ ʅ.ʆ. 

 

 

 

ʂʠʾʚ  2021 ʨʽʢ 



ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ɯʥʞʝʥʝʨʥʦ-ʭʽʤʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʽ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʧʝʨʰʠʡ (ʙʘʢʘʣʘʚʨʩʴʢʠʡ) 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ  ï 133  ɻʘʣʫʟʝʚʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

_____________ ʆ.ɺ.ɻʦʥʜʣʷʭ 

ç___è _____________2021 ʨ. 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʜʠʧʣʦʤʥʠʡ ʧʨʦʝʢʪ ʩʪʫʜʝʥʪʫ 

ʉʢʫʣʢʽʥʫ ʅʽʢʽʪʽ ʆʣʝʢʩʘʥʜʨʦʚʠʯʫ 

1. ʊʝʤʘ ʧʨʦʝʢʪʫ çɽʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩʪʽʚ ʟ ʜʦʩ-

ʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʚôʷʢʘè, ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʏʝʤʝʨʠʩ ɸʥʜʨʽʡ 

ʆʣʝʛʦʚʠʯ, ʢ.ʪ.ʥ, ʜʦʮʝʥʪ, ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç_26.04_è 

2021 ʨ. ˉ 1071-ʩ 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʧʨʦʝʢʪʫ     07.06.2021ʨ. 

3. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʧʨʦʝʢʪʫ: ɼʽʘʤʝʪʨ ʯʝʨʚôʷʢʘ: 125 ʤʤ, ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ 

ʯʝʨʚôʷʢʘ ʜʦ ʜʽʘʤʝʪʨʘ: 25ʤʤ. 

4. ɿʤʽʩʪ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ: ɺʩʪʫʧ, ʇʨʠʟʥʘʯʝʥʥʷ ʡ ʛʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʨʦʙʫ, 
ʱʦ ʧʨʦʝʢʪʫʻʪʴʩʷ, ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʩʘ ʏʇ ï 125, ʆʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʧʨʠʥʮʠʧ ʜʽʾ ʝʢʩʪʨʫʜʝʨʘ 125ʭ25, ʃʽʪʝʨʘʪʫʨʥʦ-ʧʘʪʝʥʪʥʠʡ ʦʛʣʷʜ ʩʪʘʥʫ ʧʠʪʘʥʥʷ, ʘʥʘʣʽʟ 

ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʆʭʦʨʦʥʘ ʧʨʘʮʽ, ʆʯʽʢʫʚʘʥʽ ʤʝʭʘʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ɺʠʩʥʦʚʢʠ, ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʯʝʨʚôʷʯʥʦʛʦ ʝʢʩʪʨʫ-

ʜʝʨʘ, ʈʦʟʨʘʭʫʥʦʢ ʛʝʦʤʝʪʨʽʾ ʯʝʨʚôʷʢʘ, ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ 

ʛʦʣʦʚʢʠ, ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʝʨʚôʷʯʥʦʾ ʤʘʰʠʥʠ, ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʝʧʘʜʫ ʪʠ-

ʩʢʫ ʚ ʝʢʩʪʨʫʟʽʡʥʽʡ ʛʦʣʦʚʮʽ, ʈʦʟʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ ʝʢʩʪʨʫʜʝʨʘ, ʊʝʧʣʦʚʠʡ 

ʨʦʟʨʘʭʫʥʦʢ, ʈʦʟʨʘʭʫʥʦʢ ʢʦʨʧʫʩʫ, ʈʦʟʨʘʭʫʥʦʢ ʯʝʨʚôʷʢʘ ʥʘ ʩʪʠʩʢ, ʈʦʟʨʘʭʫʥʦʢ ʚ ʩʝʨʝ-

ʜʦʚʠʱʽ Abaqus, ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ, ʆʧʠʩ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʜʝʪʘʣʽ, ɺʠʙʽʨ 

ʟʘʛʦʪʦʚʢʠ ʽ ʾʾ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ, ɺʠʙʽʨ ʪʠ-

ʧʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʪʠʧʦʚʠʭ ʩʭʝʤ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ, ʈʦʟʨʦʙʢʘ ʤʘʨ-

ʰʨʫʪʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ɺʠʙʽʨ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʝʚʥʦʾ 

ʦʧʝʨʘʮʽʾ, ɺʠʙʽʨ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʦʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʠʥʮʠʧʫ ʜʽʾ, ʈʦʟʨʘʭʫʥʦʢ ʩʠʣ 

ʟʘʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʽ, ɺʠʩʥʦʚʢʠ, ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ, ɼʦʜʘʪʢʠ. 

5. ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʃʽʥʽʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩ-

ʪʽʚï ʬʦʨʤʘʪ ɸ1, ɽʢʩʪʨʫʜʝʨ 125ʭ25 ï ʬʦʨʤʘʪ ɸ1, ʏʝʨʚôʷʢ ʝʢʩʪʨʫʜʝʨʘ ï ʬʦʨʤʘʪ ɸ1, 



ɻʦʣʦʚʢʘ ʝʢʩʪʨʫʜʝʨʘ ï ʬʦʨʤʘʪ ɸ1, ʇʣʘʢʘʪ 3D- ʤʦʜʝʣʽ ʛʦʣʦʚʢʠ ʝʢʩʪʨʫʜʝʨʘ ï ʬʦʨʤʘʪ 

ɸ1, ʇʣʘʢʘʪ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ Abaqusï ʬʦʨʤʘʪ ɸ1. 

6. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʧʨʦʝʢʪʫ* 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ  

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

ʄʆɼɽʈʅɯɿɸʎɯʗ ʑʝʨʙʠʥʘ ɺ.ʖ.   

ʊɽʍ.  ʄɸʐʀʅʆɹʋɼ. ɹʦʨʱʠʢ ʉ.ʆ.   

    

ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥ ̫ 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 

 

ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ 

ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ  

ʝʪʘʧʽʚ ʧʨʦʝʢʪʫ 
ʇʨʠʤʽʪʢʘ 

1. ʃʽʪʝʨʘʪʫʨʥʦ ï ʧʘʪʝʥʪʥʠʡ ʦʛʣʷʜ 17.05.2021  

2. ɺʠʢʦʥʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 18.05.2021  

3. ɺʠʢʦʥʘʥʥʷ ʢʨʝʩʣʝʥʴ ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ 18.05.2021  

4. ɺʠʢʦʥʘʥʥʷ ʢʨʝʩʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ 19.05.2021  

5. ɺʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ 20.05.2021  

6. ɺʠʢʦʥʘʥʥʷ ʪʝʧʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 21.05.2021  

7. ɺʠʢʦʥʘʥʥʷ ʢʨʝʩʣʝʥʥʷ ʚʫʟʣʘ 22.05.2021  

8. ɺʠʢʦʥʘʥʥʷ ʧʣʘʢʘʪʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 22.05.2021  

9. ɺʠʢʦʥʘʥʥʷ ʨʦʟʜʽʣʫ ʊʄ 25.05.2021  

10. ɺʠʢʦʥʘʥʥʷ ʨʦʟʜʽʣʫ ʆʇ 27.05.2021  

11. ɿʘʛʘʣʴʥʽ ʚʠʩʥʦʚʢʠ ʧʦ ɼʇ 30.05.2021  

 

 

ʉʪʫʜʝʥʪ   ʅ.ʆ. ʉʢʫʣʢʽʥ 

 

ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ   ɸ.ʆ. ʏʝʤʝʨʠʩ 

 

                                                      
  



 
 

     

¼À71.177246.000- 70À ̧     

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

ʈʘʟʨʘʙ ȘȱȺȲȱɌȴ   

¶ÛâãáäÕÖá ÕÜð ÓÙáßÒÞÙçãÓÑ àßÜ©àáß-
à©ÜÖÞßÓÙæ ÜÙâã©Ó Ø ÕßâÜ©Õ×ÖÞÞðÝ àáß-

çÖâä ØÞßéäÓÑÞÞð èÖáÓôðÛÑ 

ʃʠʪʝʨʘ ʃʠʩʪ ʃʠʩʪʦʚ 

ʇʨʦʚ ȞȬȳȬȷȯȸ    y  4 103 

    
ȑȖǾĘɌȳ+ĘǾȪȵȷɆĘȘɌȱȵȷȸɃȱȵȪȵ) 

ǾȜț 
ʅ. ʂʦʥʪʨ.    

ʋʪʚ ȊȵȴȫȲɆȼ   

 

 

 

ɿʤʽʩʪ ʪʝʢʩʪʦʚʦʾ ʯʘʩʪʠʥʠ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ 
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ʈʝʬʝʨʘʪ 

 

ʆʙôʻʢʪ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ:  

- ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʝʢʩʪ-

ʨʫʜʝʨʘ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ɼʦʩʣʽʜʞʝʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘʧʦʚʥʶʚʘʯʽʚ ʪʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʘ 

ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʘʛʨʝʛʘʪʫ 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 3 ʨʦ-

ʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʣʽʪʝʨʘʪʫʨʠ ʟ 21 ʜʞʝʨʝʣ ̔  4-ʭ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ  ʦʙʩʷʛ ʟʘʧʠ-

ʩʢʠ ʩʪʘʥʦʚʠʪʴ 107 ʩʪʨ. ɻʨʘʬʽʯʥʘ ʯʘʩʪʠʥʘ ʚʤʽʱʫʻ 7 ʢʨʝʩʣʝʥʥʷ ʬʦʨʤʘʪʫ ɸ1. 

ʇʨʦʝʢʪ ʤʽʩʪʠʪʴ ʦʧʠʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʚ ʷʢʦʤʫ ʥʘʷʚʥʠʡ ʝʢʩʪʨʫ-

ʜʝʨ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩʪʽʚ, ʨʦʟʛʣʷʥʫʪʦ ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʪʘ ʤʽʩʮʝ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ. 

ʋ ʨʦʙʦʪʽ ʥʘʜʘʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʦʟʛʣʷʥʫʪʽ ʢʦʥʩʪʨʫʢʮʽʷ ʽ ʧʨʠʥ-

ʮʠʧ ʜʽʾ ʘʧʘʨʘʪʫ, ʚʠʢʦʥʘʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ, ʪʝʧʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʥʘ 

ʤʽʮʥʽʩʪʴ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ.  

ʋ ʧʨʦʝʢʪʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʣʽʪʝʨʘʪʫʨʥʦ-ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ ʥʘ ʪʝʤʫ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʟʥʦʩʫ ʯʝʨʚôʷʢʘ ʝʢʩʪʨʫʜʝʨʘ. 

 ʊʘʢʦʞ ʜʠʧʣʦʤʥʠʡ ʧʨʦʝʢʪ ʙʘʢʘʣʘʚʨʘ ʨʦʟʛʣʷʜʘʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝ-

ʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚʠʤʦʛʘʤ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʽ ʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʫʩʪʘʥʦʚʮʽ ʽ ʝʢʩʧʣʫ-

ʘʪʘʮʽʾ ʧʨʠʩʪʨʦʶ ʧʝʨʝʜ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʙʣʦʢʫ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɽʂʉʊʈʋɼɽʈ, ʄɯʎʅɯʉʊʔ, ʇʆʃɯʇʈʆʇɯʃɽʅ, ɿʅʆʉ, 

ʏɽʈɺôʗʂ. 

  



 

Abstract 

 

The object of development and design:  

- Modeling of the process of abrasive wear of the extruder's working bodies. 

The goal of the research: 

- Investigation of the abrasive impact of the fillers and plasticizers on the 

working body of the machine 

Explanatory note diploma project consists of the introduction, 3 sections, con-

clusions, a literature of 21 sources and 4 additions. The total volume of the note is 

107 pages. The graphic part contains 7 A1 format chairs. 

The project includes a description of the technological process, in which the 

extruder for production of polypropylene sheets, its purpose and place in the tech-

nological scheme is considered. 

The work provides technical specifications, looked at the design and principle 

of operation of the device, performed parametric, thermal calculations and calcula-

tions on the strength, which confirm the validity and reliability of the machine con-

structions.  

The project was made literature and patent search on the topic of researching 

the wear of the extruder's screw. 

 Also undergraduate diploma project examines the suitability of the developed 

unit to the standards of safety and gives recommendations for the installation and 

operation of the device before making a block of gear wheels. 

 

Key words: EXTRUDER, Durability, Polypropylene, Wear, Screw.  
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ 

 

ʄ ï ʤʦʤʝʥʪ, ʅĿʤ; 

W ï ʤʦʤʝʥʪ ʦʧʦʨʫ, ʤ3; 

f ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʤ2; 

ɜ ï ʢʽʥʝʤʘʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚôʷʟʢʦʩʪʽ, ʤ2/ʩ; 

” ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ3;  

ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/(ʤ Ŀ K); 

Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, ɺʪ/(ʤ2
 Ŀ K); 

t ï ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ; 

ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

D, d ï ʜʽʘʤʝʪʨ, ʤ; 

L, l ï ʜʦʚʞʠʥʘ, ʤ; 

F ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʤ2; 

ὔό ï ʢʨʠʪʝʨʽʡ ʅʫʩʩʝʣʴʪʘ;  

ὖὶ ï ʢʨʠʪʝʨʽʡ ʇʨʘʥʜʪʣʷ; 

Gr ï ʢʨʠʪʝʨʽʡ ɻʨʘʩʛʦʬʘ; 

ὙὩ ï ʢʨʠʪʝʨʽʡ ʈʝʡʥʦʣʴʜʩʘ; 

ŭ ï ʪʦʚʱʠʥʘ, ʤ; 

ά ï ʤʘʩʘ, ʢʛ; 

ɓ ï ʪʝʨʤʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, 1/ʂ. 

 



 

 

 

 

 

 

 

 

 

 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ 

ʜʦ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ 

ʥʘ ʪʝʤʫ: çɽʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ 

ʣʠʩʪʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʚôʷʢʘè 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ɺʩʪʫʧ 

 

ʄʝʪʦʶ ʚʠʢʦʥʘʥʥʷ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʻ ʝʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽ-

ʧʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩʪʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʚôʷʢʘ.  

ɽʢʩʪʨʫʜʝʨ ï ʮʝ ʤʘʰʠʥʘ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʧʣʘʚʫ ʩ ʛʨʘʥʫ-

ʣʴʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʦʜʘʣʴʰʦʤʫ ʬʦʨʤʫʚʘʥʥʷ ʟ ʥʴʦʛʦ ʨʽʟʥʠʭ ʚʠʨʦʙʽʚ.  

ʉʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʜʝʪʘʣʝʡ: 

- ʢʦʨʧʫʩ;  

- ʨʦʙʦʯʽʡ ʦʨʛʘʥ(ʰʥʝʢ, ʧʦʨʰʝʥʴ ʘʙʦ ʜʠʩʢ);  

- ʙʫʥʢʝʨ; 

- ʧʨʠʚʦʜ;  

- ʛʦʣʦʚʢʠ;  

- ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ; 

- ʨʝʛʫʣʶʶʯʽ ʧʨʠʩʪʨʦʾ.  

ɺʠʨʦʙʠ ʟ ʣʠʩʪʦʚʦʛʦ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ, ʘ ʩʘʤʝ: ʢʘ-

ʥʮʝʣʷʨʩʴʢʝ ʧʨʠʣʘʜʜʷ, ʭʘʨʯʦʚʘ ʫʧʘʢʦʚʢʘ, ʧʘʢʝʪʠ, ʤʠʩʢʠ, ʧʦʩʫʜ ʜʣʷ ʦʜʥʦʨʘʟʦ-

ʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʝʣʝʢʪʨʠʯʥʽ ʜʨʦʪʠ, ʚʦʜʦʧʨʦʚʽʜʥʽ ʪʨʫʙʠ, ʩʤʽʪʪʻʚʽ ʙʘʢʠ. 

ɿʘ ʩʚʦʾʤ ʩʢʣʘʜʦʤ ʤʘʪʝʨʽʘʣ ʧʦʣʽʧʨʦʧʽʣʝʥ ʜʦʧʫʩʢʘʻʪʴʩʷ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʭʘʨʯʦ-

ʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʦʣʽʧʨʦʧʽʣʝʥ ʙʽʣʴʰ ʭʽʤʽʯʥʦ ʩʪʽʡʢʠʡ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ ʫ ʧʦʨʽʚ-

ʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʦʣʽʩʪʠʨʦʣʦʤ ʽ ʇɺʍ. 

ʃʠʩʪʦʚʠʡ ʧʣʘʩʪʠʢ ʟ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʫʜʘʨʥʦʶ ʤʽʮʥʽʩʪʶ 

ʧʨʠ ʫʜʘʨʽ ʟ ʥʘʜʨʽʟʦʤ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʘʻ ʛʘʨʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠ-

ʨʘʥʥʷ.   
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

1  ʇʨʠʟʥʘʯʝʥʥʷ ʡ ʛʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʨʦʙʫ, ʱʦ ʧʨʦʝʢʪʫʻʪʴʩʷ 

1.1 ʇʨʠʟʥʘʯʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ ʽ ʡʦʛʦ ʪʠʧʠ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ ʥʘ ʙʘʟʽ ʥʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʝʢʩʪʨʫʟʽʡʥʦʛʦ ʡ ʚʘʣʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦ ʦʜʠʥʠʮʴ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʧʨʠʩʪʨʦʾʚ, ʘʣʝ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʨʘʟʽ ʾʭ ʢʦʤʧʣʝʢʪʫʶʪʴ ʦʙʣʘʜʥʘʥʥʷʤ, 

ʷʢʝ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʚʠʟʥʘʯʘʻ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: ʝʢʩʪʨʫʜʝʨʘʤʠ, ʟʤʽʰʫʚʘ-

ʯʘʤʠ (ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʪʦʨʥʠʤʠ), ʚʘʣʴʮʷʤʠ, ʢʘʣʘʥʜʨʘʤʠ ʪʘ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ 

ʪʝʨʤʦʦʙʨʦʙʢʠ.  

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʝ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʝ ʝʢʩʪʨʫʟʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʢʣʘ-

ʩʠʬʽʢʫʚʘʪʠ ʟʘ ʨʽʟʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʪʠʧʦʤ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ, ʾʭ ʢʽʣʴʢʽʩʪʶ ʪʘ 

ʛʝʦʤʝʪʨʽʻʶ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʝʢʩʪʨʫʜʝʨʽʚ, ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ, 

ʪʝʨʤʦʜʠʥʘʤʽʢʦʶ ʧʨʦʮʝʩʫ ʧʝʨʝʨʦʙʣʝʥʥʷ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʜʦ ʜʽʘʤʝ-

ʪʨʘ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʜʽʣ ʝʢʩʪʨʫʜʝʨʽʚ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʟʥʘʢʘʤʠ (ʈʠʩ.1.1). ʉʝ-

ʨʝʜ ʢʦʥʩʪʨʫʢʮʽʡ ʝʢʩʪʨʫʜʝʨʽʚ ʜʦʤʽʥʫʶʪʴ ʤʘʰʠʥʠ ʟ ʦʙʝʨʪʦʚʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨ-

ʛʘʥʘʤʠ ʘʙʦ ʾʭʥʽʤʠ ʦʢʨʝʤʠʤʠ ʜʽʣʷʥʢʘʤʠ ʫ ʚʠʛʣʷʜʽ ʯʝʨʚôʷʢʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ ʡ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʟʘ ʫʤʦʚʠ ʟʘ-

ʜʦʚʽʣʴʥʦʛʦ ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʝʬʝʢʪʫ (ʧʨʠ ʮʴʦʤʫ ʽʩʥʫʻ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʯʘ-

ʩʪʢʠ ʜʚʦʯʝʨʚôʷʯʥʠʭ ʝʢʩʪʨʫʜʝʨʽʚ). 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 

ʈʠʩ. 1.1. ʉʭʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʢʩʪʨʫʜʝʨʽʚ ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʟʥʘʢʘʤʠ 

1.2 ɺʠʙʽʨ ʪʠʧʫ ʧʨʝʩʘ ʽ ʡʦʛʦ ʤʽʩʮʝ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ 

 ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʧʣʘʩʪʤʘʩ ʤʝʪʦʜʦʤ ʝʢʩʪ-

ʨʫʟʽʾ ʚ ʷʢʦʩʪʽ ʯʝʨʚôʷʯʥʠʭ ʧʨʝʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʢʩʪʨʫʜʝʨʠ ʟ ʦʜʥʠʤ ʽ ʜʚʦʤʘ 

ʯʝʨʚôʷʢʘʤʠ, ʷʢʽ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴʩʷ ʯʝʨʚôʷʯʥʠʤʠ ʧʨʝʩʘʤʠ. ʊʘʢʦʞ ʢʨʽʤ ʯʝʨʚ'ʷʯ-

ʥʠʭ ʝʢʩʪʨʫʜʝʨʽʚ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʽʚ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʽ ʜʠʩʢʦʚʽ 

ʝʢʩʪʨʫʜʝʨʠ. ɼʠʩʢʦʚʽ ʝʢʩʪʨʫʜʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʪ-

ʨʽʙʥʘ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʘʣʝ ʥʝ ʚʠʤʘʛʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʧʽʜ ʚʠʩʦʢʠʤ 

ʪʠʩʢʦʤ. ʏʝʨʚôʷʯʥʦ-ʜʠʩʢʦʚʽ ʝʢʩʪʨʫʜʝʨʠ, ʷʢʽ ʝʬʝʢʪʠʚʥʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʷʢʽʩ-

ʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽ ʧʣʘʚʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʘʶʪʴ ʚʽʜʥʦ-

ʩʥʦ ʥʠʟʴʢʫ ʚ'ʷʟʢʽʩʪʴ ʽ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʝʣʘʩʪʠʯʥʽʩʪʴ.  

ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʚʽʜʦʤʽ ʧʦʣʽʤʝʨʠ ʽ ʾʭ ʩʢʣʘʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʨʦʙʣʝʥʽ ʰʣʷ-

ʭʦʤ ʝʢʩʪʨʫʟʽʾ ʚ ʯʝʨʚ'ʷʯʥʦʤʫ ʧʨʝʩʽ. ɿʘʛʘʣʦʤ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʡʦʛʦ ʦʩʥʦʚʥʘ 
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ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʛʦʤʦʛʝʥʥʝ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʫ ʽ ʟʘʙʝʟʧʝ-

ʯʠʪʠ ʡʦʛʦ ʧʦʜʘʯʽ ʧʽʜ ʪʠʩʢʦʤ ʜʦ ʬʦʨʤ ʛʦʣʽʚʮʽ. ɼʦ ʥʘʰʦʛʦ ʟʘʚʜʘʥʥʷ ʦʙʠʨʘʻʤʦ 

ʧʨʝʩ ʟ ʜʽʘʤʝʪʨʦʤ ʰʥʝʢʘ 125 ʤʤ ʽ ʚʽʜʥʦʰʝʥʥʷʤ ʨʦʙʦʯʦʾ ʜʦʚʞʠʥʠ ʜʦ ʜʽʘʤʝʪʨʫ 

25. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

2 ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʩʘ ʏʇ-125 

 ɼʘʥʘ ʪʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʦʩʥʦʚʥʫ ʪʝʭʥʦ-

ʣʦʛʽʯʥʫ ʪʘ ʦʩʦʙʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʧʘʨʘʪ. ɿʘʚʜʷʢʠ ʦʪʨʠʤʘʥʠʤ ʧʦʢʘʟʥʠʢʘʤ 

ʙʫʜʝ ʨʦʙʠʪʠʩʷ ʧʦʜʘʣʴʰʝ ʧʦʨʽʚʥʷʥʥʷ ʜʘʥʦʛʦ ʟʨʘʟʢʘ ʟ ʧʦʜʽʙʥʠʤʠ ʡʦʤʫ ʽ ʜʣʷ ʥʘ-

ʩʪʫʧʥʦʛʦ ʚʠʙʦʨʫ ʚʘʨʽʘʥʪʫ ʪʘ ʡʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʏʇ-125 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.1. 

ʊʘʙʣʠʮʷ 2.1 

ʊʝʭʥʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʩʘ ʏʇ-125 

ɼʽʘʤʝʪʨ ʯʝʨʚôʷʢʘ 125 ʤʤ 

ɺʽʜʥʦʰʝʥʥʷ ʨʦʙʦʯʦʾ ʜʦʚʞʠʥʠ 

ʯʝʨôʷʢʘ ʜʦ ʡʦʛʦ ʜʽʘʤʝʪʨʫ 

25 

ʏʠʩʣʦ ʦʙʝʨʪʽʚ ʯʝʨôʷʢʘ 120 ʭʚ-1 

ʇʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ 75 ʢɺʪ 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

3 ʆʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʠʥʮʠʧ ʜʽʾ ʝʢʩʪʨʫʜʝʨʘ 125ʭ25 

 

 ʇʨʝʩʠ ʧʨʘʮʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚôʷʢʘ (ʰʥʝʢʫ) ʫ ʦʩʥʦʚ-

ʥʦʤʫ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʽ ï ʪʦʚʩʪʦʩʪʽʥʥʦʤʫ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʦʨʧʫʩʽ. ʋʩʽ ʯʝʨʚôʷʢʠ, 

ʜʽʘʤʝʪʨ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʚʽʜ 20 ʜʦ 500 ʤʤ ʽ ʙʽʣʴʰʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʝʦʤʝʪ-

ʨʽʻʶ (ʧʨʦʬʽʣʝʤ) ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʢʘʥʘʣʫ, ʜʦʚʞʠʥʦʶ ʥʘʨʽʟʢʠ, ʢʨʦʢʦʤ, ʩʪʫ-

ʧʝʥʝʤ ʩʪʠʩʢʫ ʽ ʯʠʩʣʦʤ ʟʘʭʦʜʽʚ ʥʘʨʽʟʢʠ.  

ʇʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚôʷʢʘ ʤʘʪʝʨʽʘʣ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʧʦ ʛʚʠʥʪʦʚʦʤʫ ʢʘ-

ʥʘʣʫ, ʫʪʚʦʨʝʥʦʤʫ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʮʠʣʽʥʜʨʘ ʽ ʥʘʨʽʟʢʦʶ ʯʝʨʚôʷʢʘ.  

ʏʝʨʚ'ʷʯʥʠʡ ʧʨʝʩ ʏʇ-125ʭ25 (ʨʠʩ. 3.1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʮʠʣʽ-

ʥʜʨʫ ʟ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʚʦʨʦʥʢʦʶ ʽ ʨʦʟʤʽʱʝʥʠʭ ʚ ʥʠʭ ʯʝʨʚôʷʢʘ 6, ʱʦ ʧʨʠʚʦ-

ʜʠʪʴ ʫ ʨʫʭ ʢʣʠʥʦʧʘʩʦʚʫ ʧʝʨʝʜʘʯʫ ʚʽʜ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 17. 

ɺʩʽ ʚʫʟʣʠ ʟʙʽʨʢʠ ʧʨʝʩʘ ʟʤʦʥʪʦʚʘʥʽ ʥʘ ʟʚʘʨʝʥʽʡ ʨʘʤʽ 5, ʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʮʠʣʽʥʜʨ 

ʟʘʢʨʠʪʦ ʩʧʝʮʽʘʣʴʥʠʤ ʢʦʨʧʫʩʦʤ 1. 

ʊʝʧʣʦʚʠʡ ʨʝʞʠʤ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʛʨʽʚʘʯʽʚ 2, ʚʝʥʪʠʣʷʪʦʨʽʚ ʽ 

ʩʠʩʪʝʤʠ ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʮʠʣʽʥʜʨʘ.  
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1 ï ʢʦʞʫʭ; 2 ï ʥʘʛʨʽʚʘʯʽ; 3 ï ʧʝʨʝʛʦʨʦʜʢʘ; 4 ï ʙʫʥʢʝʨ; 5 ï ʩʪʘʥʠʥʘ; 6 ï ʯʝʨôʷʢ; 

7 ï ʢʨʠʰʢʘ; 8 ï ʰʧʽʣʴʢʘ; 9 - ʫʧʦʨ; 10 ï ʢʽʣʴʮʝ; 11 ï ʤʫʬʪʘ; 12 ï ʧʝʨʝʭʽʜʥʠʢ; 17 

ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ. 

ʈʠʩ. 3.1 ʏʝʨʚôʷʯʥʠʡ ʧʨʝʩ ʏʇ-125ʭ25. 

ɿʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ ʮʠʣʽʥʜʨʘ ʨʦʟʜʽʣʝʥʘ ʥʘ 5 ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʦʥ ʽ ʫ ʢʦʞ-

ʥʽʡ ʚʩʪʘʥʦʚʣʝʥʽ ʝʣʝʢʪʨʠʯʥʽ ʽʥʜʫʢʮʽʡʥʽ ʥʘʛʨʽʚʘʯʽ 2, ʘ ʪʘʢʦʞ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ, ʩʠʛʥʘʣ ʟ ʷʢʦʛʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʪʥʠʡ ʧʨʠʩʪʨʽʡ ʪʝʨʤʦʨʝʛʫ-

ʣʷʮʽʾ. ʎʠʣʽʥʜʨ ʧʨʝʩʘ ʻ ʪʦʚʩʪʦʩʪʽʥʥʘ ʪʨʫʙʘ ʟ ʜʚʦʤʘ ʬʣʘʥʮʷʤʠ ʪʘ ʪʚʝʨʜʦʩʧʣʘʚ-

ʥʦʶ ʥʘʧʣʘʚʢʦʶ ʚʩʝʨʝʜʠʥʽ.  

 ɼʣʷ ʫʥʠʢʘʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʧʨʠ ʨʦʙʦʪʽ ʯʝʨʚôʷʢʘ ʧʨʠ ʧʘʜʽʥʥʽ ʪʠʩʢʫ 

ʤʘʩʣʘ ʚ ʩʠʩʪʝʤʽ ʟʤʘʱʫʚʘʥʥʷ ʤʝʥʰʝ 0,05 ʄʇʘ, ʚʩʪʘʥʦʚʣʝʥʦ ʨʝʣʝ ʪʠʩʢʫ, ʷʢʝ ʧʦ-

ʜʘʻ ʩʠʛʥʘʣ ʜʣʷ ʚʽʜʢʣʶʯʝʥʥʷ ʜʚʠʛʫʥʘ. ʅʘ ʪʠʭʦʭʽʜʥʦʤʫ ʚʘʣʫ ʨʝʜʫʢʪʦʨʘ ʚʤʦʥʪʦ-

ʚʘʥʦ ʫʧʦʨʥʠʡ ʧʽʜʰʠʧʥʠʢ, ʷʢʠʡ ʩʧʨʠʡʤʘʻ ʦʩʴʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʩʘʤʦʛʦ 

ʯʝʨʚôʷʢʘ. 
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ɽʢʩʪʨʫʜʝʨ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. 

ʇʝʨʝʨʦʙʣʶʚʘʥʠʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦʩʫʚʘʻʪʴʩʷ ʯʝʨʚ'ʷʢʦʤ 

ʚʟʜʦʚʞ ʧʦʨʦʞʥʠʥʠ ʢʦʨʧʫʩʘ ʜʦ ʫʱʽʣʴʥʶʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʧʦʩʪʫʧʦʚʦ ʥʘʛʨʽ-

ʚʘʻʪʴʩʷ ʪʘ ʫʱʽʣʴʥʶʻʪʴʩʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʫʱʽʣʴʥʶʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ ʥʝ ʜʘʻ ʤʦ-

ʞʣʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʨʫʭʘʪʠʩʷ ʜʘʣʽ ʚʟʜʦʚʞ ʯʝʨʚ'ʷʢʘ ʧʦ ʧʦʨʦʞʥʠʥʽ ʢʦʨʧʫʩʘ, ʪʦ 

ʤʘʪʝʨʽʘʣ ʧʽʜ ʥʘʜʣʠʰʢʦʚʠʤ ʪʠʩʢʦʤ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʟ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʘ ʢʨʽʟʴ ʚʭʽ-

ʜʥʠʡ ʢʘʥʘʣ ʜʦ ʤʘʩʦʧʨʦʚʦʜʫ, ʷʢʠʤ ʧʨʷʤʫʻ ʜʦ ʚʠʭʽʜʥʦʛʦ ʢʘʥʘʣʫ, ʢʨʽʟʴ ʷʢʠʡ ʧʦ-

ʪʨʘʧʣʷʻ ʜʦ ʯʘʩʪʠʥʠ ʧʦʨʦʞʥʠʥʠ ʢʦʨʧʫʩʘ. ʅʘ ʜʽʣʷʥʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʝʛʘʟʘʮʽʡ-

ʥʦʛʦ ʦʪʚʦʨʫ ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ ʪʠʩʢʫ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘ-

ʪʝʨʽʘʣʫ ʛʘʟʦʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʠʜʽʣʠʣʠʩʷ ʟ ʤʘʪʝʨʽʘʣʫ, ʚʠʜʘʣʷʶʪʴʩʷ ʢʨʽʟʴ 

ʮʝʡ ʦʪʚʽʨ. 
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4 ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʩʪʘʥʫ ʧʠʪʘʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʚʠʙʽʨ ʥʘʧʨʷʤʢʫ ʜʦʩ-

ʣʽʜʞʝʥʥʷ 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʝʤʘʻ ʪʘʢʦʾ ʛʘʣʫʟʽ, ʚ ʷʢʽʡ ʙʠ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚʠʨʦʙʠ ʽʟ 

ʧʣʘʩʪʤʘʩ. ʇʘʢʫʚʘʣʴʥʘ ʽʥʜʫʩʪʨʽʷ ʥʝ ʻ ʚʠʥʷʪʢʦʤ: ʦʙʩʷʛ ʨʽʟʥʠʭ ʚʠʜʽʚ ʫʧʘʢʦʚʢʠ 

(ʧʘʢʝʪʠ, ʧʣʷʰʢʠ, ʢʦʨʦʙʢʠ, ʷʱʠʢʠ, ʙʦʯʢʠ ʽ ʽʥ.) ʟ ʧʦʣʽʤʝʨʽʚ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʦʾ 

ʧʨʦʜʫʢʮʽʾ - ʷʢ ʭʘʨʯʦʚʦʾ, ʪʘʢ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠ-

ʥʢʫ ʩʪʘʥʦʚʠʪʴ 20-35% ʚ ʟʘʛʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʚʩʽʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʘʢʫʚʘʣʴ-

ʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘ ʧʨʦʛʥʦʟʘʤʠ ʝʢʩʧʝʨʪʽʚ ʝʢʩʧʘʥʩʽʷ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ 

ʧʘʢʫʚʘʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ ʚ ʥʘʡʙʣʠʞʯʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʙʫʜʝ ʧʨʦʜʦʚʞʫʚʘʪʠʩʷ.  

ʆʩʥʦʚʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʽʟʥʠʭ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʽʚ ʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽ-

ʥʽʾ, ʥʘ ʙʘʟʽ ʦʜʥʦ- ʽ ʜʚʫʭʯʝʨʚʷʯʥʠʭ ʝʢʩʪʨʫʜʝʨʽʚ. ʇʨʠ ʚʝʣʠʢʽʡ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʪʠʧʦʨʦʟʤʽʨʽʚ ʝʢʩʪʨʫʜʝʨʽʚ ʾʭ ʦʙ'ʻʜʥʫʻ ʬʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʨʝʘʣʽʟʦ-

ʚʘʥʦʛʦ ʚ ʥʠʭ ʧʨʦʮʝʩʫ - ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ, ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʯʝʨʚ'ʷʢʘ (ʰʥʝʢ), ʟʘ 

ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʟ ʚʩʪʫʧʥʠʢʦʤ ʚ ʛʚʠʥʪʦʚʠʡ ʢʘʥʘʣ 

ʧʦʣʽʤʝʨʦʤ ʧʝʨʝʭʦʜʠʪʴ ʚ ʪʝʧʣʦʚʫ, ʟʤʽʥʶʶʯʠ ʡʦʛʦ ʘʛʨʝʛʘʪʥʠʡ (ʚʽʜ ʪʚʝʨʜʦʛʦ ʜʦ 

ʨʽʜʢʦʛʦ) ʽ ʬʽʟʠʯʥʝ (ʚʽʜ ʚ'ʷʟʢʦʧʨʫʞʥʦʛʦ ʜʦ ʚʷʟʢʦʪʝʢʫʯʝʛʦ) ʩʪʘʥ. ɼʣʷ ʧʦʣʽʧ-

ʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʧʦʣʽʤʝʨʽʚ ʽ ʩʧʦʞʠʚʯʠʭ ʚʣʘ-

ʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ ʟ ʥʠʭ ʚ ʧʦʣʽʤʝʨ ʫʚʦʜʷʪʴ ʜʦʙʘʚʢʠ ʽ ʥʘʧʦʚʥʶʚʘʯʽ: ʩʚʽʪʣʦ-ʽ 

ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʪʦʨʠ, ʤʘʩʪʠʣʘ, ʙʘʨʚʥʠʢʠ, ʘʨʤʫʶʯʽ ʚʦʣʦʢʥʘ, ʜʠʩʧʝʨʩʥʽ ʤʘʪʝʨʽ-

ʘʣʠ ʪʘ ʽʥ. ʎʽ ʨʝʯʦʚʠʥʠ ʽʩʪʦʪʥʦ ʟʤʽʥʶʶʪʴ ʤʝʭʘʥʽʯʥʽ, ʪʝʧʣʦʬʽʟʠʯʥʽ ʪʘ ʨʝʦʣʦʛʽʯ-

ʥʽʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʧʦ-

ʣʽʤʝʨʦʤ. 

ʇʨʠ ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʪʨʽʙʥʽ ʙʽʣʴʰ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʝʢʩʪ-

ʨʫʟʽʾ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʤʝʭʘʥʽʯʥʽ ʪʘ ʢʦʨʦʟʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʨʦʙʦʯʽ ʦʨʛʘʥʠ 

ʝʢʩʪʨʫʜʝʨʘ, ʘ ʦʩʢʽʣʴʢʠ ʚʦʣʦʢʥʠʩʪʽ ʪʘ ʜʠʩʧʝʨʩʥʽ ʥʘʧʦʚʥʶʚʘʯʽ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ 

ʤʘʶʪʴ ʘʙʨʘʟʠʚʥʠʤ ʜʽʻʶ, ʟʨʦʩʪʘʻ ʨʠʟʠʢ ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʥʦʩʫ ʜʦʨʦʛʠʭ ʚʫʟʣʽʚ 

ʫʩʪʘʪʢʫʚʘʥʥʷ: ʯʝʨʚ'ʷʢʽʚ, ʮʠʣʽʥʜʨʽʚ ʽ ʬʦʨʤʫʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ 
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ʆʪʞʝ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʢʣʠʢʘʻ ʽʥʪʝʥʩʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʤʝʪʘʣʫ 

ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʧʣʘʩʪʤʘʩ, ʻ ʬʘʢʪʦʨ ʥʘʧʦʚʥʶʚʘʯʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʙʨʘʟʠʚ-

ʥʽʩʪʴ ʧʝʨʝʨʦʙʣʶʚʘʥʦʾ ʢʦʤʧʦʟʠʮʽʾ. 

ɺʽʜʦʤʘ ʽʜʝʘʣʽʟʦʚʘʥʘ ʤʦʜʝʣʴ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ [1, 2] ʚ ʚʠʛʣʷʜʽ 

ʮʠʣʽʥʜʨʘ, ʚ ʷʢʽʡ ʚʠʜʽʣʝʥʽ ʜʚʘ ʪʠʧʠ ʧʦʜʨʷʧʠʥ: 

 ï ʚʠʨʽʟʘʥʥʷ ʧʦʜʨʷʧʠʥ ʟʘ ʨʘʭʫʥʦʢ ʤʽʢʨʦʨʽʟʘʥʥʷ;  

ï ʚʠʜʘʚʣʶʚʘʥʥʷ ʧʦʜʨʷʧʠʥ ʟʘ ʨʘʭʫʥʦʢ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝ-

ʨʽʘʣʫ ʙʝʟ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʯʘʩʠʥʦʢ.  

ʆʙôʻʤʥʠʡ ʟʥʦʩ ʧʨʠ ʜʘʥʽʡ ʤʦʜʝʣʽ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ: 

ὠ Ὧ
̓̑

˚
, (7.1) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʟʥʦʩʫ;  

ʈ ï ʥʘʚʘʥʪʘʞʝʥʥʷ;  

Lʪp ï ʰʣʷʭ ʪʝʨʪʷ;  

ʅ ï ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʫ.  

ɼʘʥʘ ʤʦʜʝʣʴ ʻ ʩʧʨʦʱʝʥʦʶ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʨʘʭʦʚʫʻ ʨʷʜ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʚʝʣʠʯʠʥʠ ʦʙôʻʤ-

ʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ (7.1) ʚ 10 ʨʘʟʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʚʠʢʦ-

ʨʠʩʪʦʚʫʶʪʴ ʜʚʽ ʦʩʥʦʚʥʽ ʩʭʝʤʠ ï ʟʘʢʨʽʧʣʝʥʠʡ ʽ ʥʝʟʘʢʨʽʧʣʝʥʠʡ ʘʙʨʘʟʠʚ. ɼʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʢʩʪʨʫʜʝʨʽʚ ʽ ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪʽʚ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʧʽʜʭʦʜʠʪʴ 

ʩʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʥʝʟʘʢʨʽʧʣʝʥʠʤ ʘʙʨʘʟʠʚʦʤ. ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽ-

ʣʴʢʽʩʪʴ ʦʨʠʛʽʥʘʣʴʥʠʭ ʤʝʪʦʜʠʢ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ [3, 4-7], 

ʘʣʝ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦ ʮʠʭ ʧʽʨ ʥʝ ʽʩʥʫʻ.  
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ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʥʘʩʪʫʧʥʽ: 

 ï ʥʘʜʽʡʥʽʩʪʴ (ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ); 

 ï ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʶʚʘʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʤʽʞ ʩʦʙʦʶ;  

ï ʜʦʩʪʦʚʽʨʥʽʩʪʴ.  

ʉʪʚʦʨʝʥʥʷ ʤʝʪʦʜʽʚ, ʷʢʽ ʙ ʟʘʜʦʚʦʣʴʥʷʣʠ ʮʽ ʚʠʤʦʛʠ, ʚʠʤʘʛʘʻ ʚʩʝʙʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ.  

 

ʆʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʨʘʜʽʘʣʴʥʦʛʦ ʟʘʟʦʨʫ (ʚ ʟʚ'ʷʟʢʫ ʟ ʟʥʦʩʦʤ) ʚʠʤʘʛʘʻ: 

- ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚ'ʷʢʘ ʚ 1,5 ʨʘʟʠ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʘ-

ʜʽʥʥʷ ʪʠʩʢʫ ʝʢʩʪʨʫʟʽʾ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʚʝʣʠʯʠʥʠ ʟʘʟʦʨʫ 1% ʜʽʘʤʝʪʨʘ ʯʝʨʚ'ʷʢʘ; 

- ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ 50%; 

- ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʣʴʰ ʥʽʞ ʚ 2-3 ʨʘʟʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʨʪʷ ʽ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʨʠ ʝʢʩʪ-

ʨʫʟʽʾ ʥʘʧʦʚʥʝʥʠʭ ʧʦʣʽʤʝʨʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʚʠʩʦʢʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʻ ʚʘʞʣʠ-

ʚʠʤʠ ʫʤʦʚʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʝʨʝʨʦʙʢʠ ʪʘ ʡʦʛʦ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 

ʇʨʦʮʝʩʘʤʠ ʪʝʨʪʷ ʽ ʟʥʦʰʫʚʘʥʥʷ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʠʭ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ. ɼʦ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʟʘʩʦʙʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥʠ ʚʽʜʥʦʩʷʪʴʩʷ:  

- ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʧʘʨʠ ʪʝʨʪʷ;  

- ʨʘʮʽʦʥʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨʫʭʦʤʠʭ ʟôʻʜʥʘʥʴ;  

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ;  

- ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʘʨʽ ʪʝʨʪʷ ʪʦʱʦ.  
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ɼʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʘʨ ʪʝʨʪʷ ʚʽʜʥʦ-

ʩʷʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʰʠʨʝʥʥʶ ʜʽʘʧʘʟʦʥʫ 

ʥʦʨʤʘʣʴʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʽ ʟʥʠʞʝʥʥʶ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ, ʭʽʤʽʯʥʦʛʦ ʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʝ-

ʚʦʛʦ ʰʘʨʫ, ʩʪʚʦʨʝʥʥʶ ʩʧʨʠʷʪʣʠʚʠʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʧʽʜʚʠʱʝʥʥʶ ʘʥ-

ʪʠʬʨʠʢʮʽʡʥʠʭ ʽ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʦʱʦ.  

ɼʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʠʭ ʥʘʚʘʥʪʘ-

ʞʝʥʴ, ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʤʽʱʝʥʴ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ, ʜʠʥʘʤʽʢʘ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʤʘʩʪʠʣʴʥʽ ʨʽʜʠʥʠ ʪʦʱʦ, ʢʦʪʨʽ ʟʚôʷʟʘʥʽ ʟ ʧʨʦʮʝʩʘʤʠ, ʜʣʷ ʷʢʠʭ ʩʪʚʦʨʝʥʦ ʜʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ.  

ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ [8] ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʦʙʣʘʜ-

ʥʘʥʥʷ, ʱʦ ʧʝʨʝʨʦʙʣʷʻ ʧʣʘʩʪʤʘʩʠ, ʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦ-

ʩʪʽʡʢʦʩʪʽ ʧʘʨ ʪʝʨʪʷ (ʪʘʙʣ. 4.1.). ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʙʽʣʴʰʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʝʢʦʥʦ-

ʤʽʯʥʽʩʪʶ ʜʘʥʠʭ ʟʘʩʦʙʽʚ. ʄʘʪʝʨʽʘʣʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʝʢʩʪʨʫ-

ʜʝʨʽʚ ʽ ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪʽʚ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʝʣʠʢʠʡ ʦʧʽʨ ʘʙʨʘʟʠʚʥʦʤʫ ʟʥʦʰʫ-

ʚʘʥʥʶ, ʚʠʩʦʢʫ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ, ʦʧʽʨ ʟʘʾʜʘʥʥʶ ʽ ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦ-

ʩʪʽ.  

ɼʦ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʨʦ-

ʙʦʯʠʭ ʦʨʛʘʥʽʚ ʝʢʩʪʨʫʜʝʨʽʚ ʽ ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪʽʚ, ʩʪʘʚʣʷʪʴʩʷ ʧʝʚʥʽ ʚʠʤʦʛʠ ʧʦ 

ʪʦʚʱʠʥʽ ʟʤʽʮʥʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʩʘʤʝ [9]: ʟʤʽ-

ʮʥʝʥʘ ʧʦʚʝʨʭʥʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʪʦʚʱʠʥʫ ʥʝ ʤʝʥʰʫ ʟʘʧʘʩʫ ʥʘ ʟʥʦʩ (ʜʣʷ 

ʯʝʨʚôʷʢʽʚ 0,5 ʤʤ ʽ ʙʽʣʴʰʝ, ʜʣʷ ʮʠʣʽʥʜʨʽʚ 1,0ï2,0 ʤʤ) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘ-

ʥʦʛʦ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ 10ï15 ʪʠʩ. ʛʦʜ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʞʠʤʫ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ (ʪʝʤʧʝʨʘʪʫʨʘ 20ï300 ̄ʉ, ʪʠʩʢ ʜʦ 100 ʄʇʘ, ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ 0,3ï

1,0 ʤ/ʩ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʥʘʧʦʚʥʶʚʘʯʘ ʜʦ 20 ɻʇʘ).  
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ʊʘʙʣʠʮʷ 4.1 

 

ɿʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘ-

ʥʽʚ ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪʽʚ ʽ ʝʢʩʪʨʫʜʝʨʽʚ ʷʚʣʷʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʚʽʜ-

ʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʜʦ ʜʽʘʤʝʪʨʫ, ʩʢʣʘʜʥʽʩʪʴ ʛʝʦʤʝʪʨʽʾ, ʪʦʯʥʽʩʪʴ ʩʧʨʷʞʝʥʴ, ʜʦ-

ʧʫʩʢʠ ʥʘ ʨʦʟʤʽʨʽ ʪʦʱʦ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ ʪʝʭʥʦʣʦʛʽʾ ʟʤʽ-

ʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʧʘʨ ʪʝʨʪʷ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʤʝʪʦʜʽʚ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʦʟʚʦʣʷ-

ʶʪʴ ʟʤʽʥʶʚʘʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʨʫʢʪʫʨʫ, ʭʽʤʽʯʥʽ ʽ ʬʘʟʦʚʠʡ 

ʩʢʣʘʜʠ, ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʜʝʪʘʣʝʡ [8].  
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ɻʘʨʪʫʚʘʥʥʷ ʜʦʚʛʦʤʽʨʥʠʭ ʜʝʪʘʣʝʡ ʚʫʟʣʘ ʧʣʘʩʪʠʢʘʮʽʾ (ʰʥʝʢʽʚ, ʮʠʣʽʥʜʨʽʚ) 

ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟ ʪʘʢʠʭ ʧʨʠʯʠʥ: 

 ï ʪʝʭʥʦʣʦʛʽʷ ʥʝ ʛʘʨʘʥʪʫʻ ʚʠʩʦʢʦʾ ʽ ʨʽʚʥʦʤʽʨʥʦʾ ʪʚʝʨʜʦʩʪʽ ʧʦ ʚʩʽʡ ʜʦʚ-

ʞʠʥʽ ʜʝʪʘʣʝʡ; 

 ï ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʜʦʚʛʦʤʽʨʥʠʭ ʜʝʪʘʣʝʡ 

ʟ ʚʠʢʨʠʚʣʝʥʥʷʤ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ, ʱʦ ʥʝʜʦʧʫʩʪʠʤʦ ʧʨʠ ʞʦʨʩʪʢʠʭ ʜʦʧʫʩʢʘʭ ʥʘ 

ʟʘʟʦʨ ʤʽʞ ʰʥʝʢʦʤ ʽ ʮʠʣʽʥʜʨʦʤ; 

 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʫʛʣʝʮʝʤ ʧʨʠ ʥʘʛʨʽʚʽ, ʱʦ ʚʝʜʝ ʜʦ 

ʟʥʠʞʝʥʥʷ ʾʾ ʪʚʝʨʜʦʩʪʽ ʽ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ ʜʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ 

ʷʢʽʩʪʴ ʜʦʚʛʦʤʽʨʥʠʭ ʜʝʪʘʣʝʡ ʽ ʩʪʨʦʢ ʩʣʫʞʙʠ ʧʘʨʠ ñʰʥʝʢ-ʮʠʣʽʥʜʨò ʝʢʩʪʨʫʜʝʨʽʚ 

ʽ ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪʽʚ ʤʘʣʠʡ (ʜʦ 10 ʤʽʩʷʮʽʚ). ɻʘʨʪʫʚʘʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨ-

ʥʦʛʦ ʧʨʦʤʝʥʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʜʝʬʦʨʤʘʮʽʾ ʜʦʚʛʦʤʽʨʥʠʭ ʜʝʪʘʣʝʡ ʽ ʧʽʜʚʠ-

ʱʠʪʠ ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʤʽʣʢʦʜʠʩʧʝʨʩʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʧʨʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ. ɸʣʝ ʮʝʡ ʤʝʪʦʜ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʠʡ, ʜʦʨʦʛʠʡ ʽ ʟʘ-

ʙʝʟʧʝʯʫʻ ʤʘʣʫ ʪʦʚʱʠʥʫ (ʜʦ 0,1 ʤʤ) ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ [10].  

ʍʽʤʽʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʻ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦ-

ʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʭʽʤʽʯ-

ʥʦʛʦ ʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʽ, ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʪʚʝʨʜʦʩʪʽ, ʩʪʚʦʨʝʥʥʷ ʟʘʣʠʰ-

ʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʫ. ʇʨʠ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʧʦʚʝʨʭʥʷ ʤʝʪʘʣʫ ʥʘ-

ʩʠʯʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʜʠʬʫʟʽʾ ʭʽʤʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʫʛʣʝʮʝʤ, ʘʟʦʪʦʤ, ʙʦʨʦʤ, 

ʢʠʩʥʝʤ ʪʦʱʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʪʚʝʨʜʠʭ ʭʽʤʽʯʥʠʭ ʟôʻʜʥʘʥʴ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʤʝʪʘ-

ʣʦʤ (ʢʘʨʙʽʜʽʚ, ʥʽʪʨʠʜʽʚ, ʙʦʨʠʜʽʚ, ʦʢʩʠʜʽʚ) ʪʘ ʟʦʥʦʶ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʮʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ ʤʝʪʘʣʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʫʻʤʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʛʨʘʜʽʻʥʪʥʝ ʧʦʢʨʠʪʪʷ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ ʽ ʟʥʘʯʥʦʾ ʪʦʚʱʠʥʠ.  

ʎʝʤʝʥʪʘʮʽʷ ï ʧʨʦʮʝʩ ʥʘʩʠʯʝʥʥʷ ʤʘʣʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʚʫʛʣʝʮʝʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 900ï1000 ̄ʉ ʟ ʧʦʜʘʣʴʰʠʤ ʛʘʨʪʫʚʘʥʥʷʤ . ʎʝʤʝʥʪʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ 



 
 

 

     

¼À71.177246.000- 70À ̧
ʃʠʩʪ 

     
17 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʽ HV ʜʦ 8 000 ʄʇʘ ʽ ʛʣʠʙʠʥʫ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʜʦ 2 ʤʢʤ. 

ɺʦʥʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʜʦʧʦʤʽʞʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʝʢʩʪʨʫʜʝʨʽʚ. ɼʣʷ ʟʤʽʮʥʝʥʥʷ ʰʥʝʢʽʚ ʽ ʮʠʣʽʥʜʨʽʚ ʝʢʩʪʨʫʜʝʨʽʚ ʮʝʤʝʥ-

ʪʘʮʽʷ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʟʚôʷʟʢʫ ʟ ʥʝʚʠʩʦʢʦʶ ʽ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ 

ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʠʤʠ ʦʙʨʦʙʢʘʤʠ ʪʚʝʨʜʽʩʪʶ ʧʦʚʝʨʭʥʽ ʽ ʟʥʘʯʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ 

ʜʦʚʛʦʤʽʨʥʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʛʘʨʪʫʚʘʥʥʽ.  

ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʢʦʥʪʘʢʪʫ-

ʶʪʴ ʟ ʧʦʣʽʤʝʨʘʤʠ ʧʨʠ ʾʭ ʧʝʨʝʨʦʙʮʽ ʤʘʻ ʘʟʦʪʫʚʘʥʥʷ. ʅʘʩʠʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʘʟʦ-

ʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500ï600 ̄ ʉ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʥʽʪʨʠʜʽʚ ʨʽʟʥʠʭ ʬʘʟ 

(Fe2N, Fe3N, Fe4N) ʟ ʨʽʟʥʦʶ ʪʚʝʨʜʽʩʪʶ, ʙʫʜʦʚʦʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʽ ʢʦ-

ʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ. ʊʚʝʨʜʽʩʪʴ ʥʽʪʨʠʜʽʚ ʜʦʩʷʛʘʻ HV 12 000 ʄʇʘ, ʛʣʠʙʠʥʘ ʘʟʦ-

ʪʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦ 0,5 ʤʤ. ʅʽʪʨʠʜʥʽ ʩʧʦʣʫʢʠ ʤʝʪʘʣʽʚ ʤʘʶʪʴ ʘʥʪʠʬʨʠʢʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ . ʊʨʘʜʠʮʽʡʥʝ ʧʽʯʥʝ ʘʟʦʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʤʽʘʢʫ 

ʤʘʻ ʚʝʣʠʢʫ ʪʨʠʚʘʣʽʩʪʴ (ʜʦ 72 ʛʦʜ.) ʽ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʧʦʚʝ-

ʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʜʦʚʛʦʤʽʨʥʠʭ ʜʝʪʘʣʝʡ, ʚʠʢʣʠʢʘʶʯʠ ʜʝʬʦʨʤʘʮʽʾ ʾʭ ʦʩʽ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʘʟʦʪʫʚʘʥʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʤʽʘʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʩʠʯʝʥʥʷ ʤʝ-

ʪʘʣʫ ʚʦʜʥʝʤ, ʱʦ ʚʠʢʣʠʢʘʻ ʦʢʨʠʭʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʽ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʤʽʮʥʦ-

ʩʪʽ ʤʝʪʘʣʫ. ɼʣʷ ʘʟʦʪʫʚʘʥʥʷ ʟʘ ʜʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ 

ʩʪʘʣʽ ï ʥʽʪʨʦʣʦʾ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʽʯʥʦʤʫ ʘʟʦʪʫʚʘʥʥʶ ʻ ʘʟʦʪʫʚʘʥʥʷ ʚ ʪʣʽʶ-

ʯʦʤʫ ʨʦʟʨʷʜʽ (ʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ) ʚ ʙʝʟʚʦʜʥʝʚʠʭ ʥʘʩʠʯʫʶʯʠʭ ʩʝʨʝʜʦʚʠʱʘʭ (ʩʫ-

ʤʽʰʽ ʘʟʦʪʫ ʟ ʘʨʛʦʥʦʤ ʚ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʮʠʭ ʝʣʝʤʝʥʪʽʚ). ɼʘʥʘ ʪʝʭʥʦʣʦ-

ʛʽʷ ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʚ 5ï10 ʨʘʟʽʚ ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʚʠʪʨʘʪ ʝʣʝʢʪʨʦʝ-

ʥʝʨʛʽʾ ʚ 10 ʨʘʟʽʚ ʽ ʛʘʟʽʚ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ.  

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʦʙʨʝ ʢʝʨʫʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭ ʪʝʭʥʦʣʦ-

ʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ (ʪʝʤʧʝʨʘʪʫʨʠ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ, ʪʠʩʢʫ ʚ ʚʘʢʫʫʤʥʽʡ ʢʘ-

ʤʝʨʽ, ʩʢʣʘʜʫ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʯʘʩʫ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ), ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʪʚʝʨʜʽʩʪʶ, ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ, ʪʦʚʱʠʥʦʶ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʽ 
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ʟʘʣʠʰʢʦʚʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʩʪʠʩʢʫ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦ-

ʣʷʻ ʟʤʽʮʥʶʚʘʪʠ ʚʩʽ ʤʘʨʢʠ ʩʪʘʣʝʡ, ʯʘʚʫʥʽʚ, ʪʠʪʘʥʫ ʽ ʡʦʛʦ ʩʧʣʘʚʽʚ, ʚʠʢʣʶʯʘʻ ʚʦ-

ʜʥʝʚʝ ʦʢʨʠʭʯʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʽ ʻ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʶ.  

ɼʦʩʣʽʜʞʝʥʥʷ [9] ʧʦʢʘʟʘʣʠ, ʱʦ ʩʪʘʣʽ 40ʍʅ2ʄɸ, 38ʍɻʉɸ, 40ʍ, 40ʍ13, 

25ʍɻʊ ʧʽʩʣʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʤʘʣʠ ʚ 1,5ï2 ʨʘʟʠ ʚʠʱʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚ ʩʝ-

ʨʝʜʦʚʠʱʽ ʨʦʟʧʣʘʚʫ ʧʦʣʽʤʝʨʫ ʟ ʥʘʧʦʚʥʶʚʘʯʘʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʟʦʪʦʚʘʥʠʤʠ 

ʪʨʘʜʠʮʽʡʥʠʤ ʧʽʯʥʠʤ ʘʟʦʪʫʚʘʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʜʝʬʦʨʤʘʮʽʾ ʜʦʚʛʦʤʽʨʥʠʭ ʜʝʪʘ-

ʣʝʡ (ʪʠʧʫ ʯʝʨʚôʷʢ ʝʢʩʪʨʫʜʝʨʘ) ʤʽʥʽʤʘʣʴʥʽ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʣʽ ʜʦʧʫʩʢʫ ʪʝʭʥʽʯ-

ʥʠʭ ʚʠʤʦʛ ʢʨʝʩʣʝʥʴ.  

ɸʟʦʪʦʚʘʥʽ ʰʘʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʥʽʪʨʠʜʥʦʾ ʟʦʥʠ ʟ ʩʪʘʙʽʣʴʥʦʶ ʩʪʨʫʢʪʫ-

ʨʦʶ ʪʘ ʪʚʝʨʜʽʩʪʶ ʽ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ (ʟʦʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʘʟʦʪʫʚʘʥʥʷ) ʟʽ ʟʤʽʥ-

ʥʦʶ ʪʚʝʨʜʽʩʪʶ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʟʦʪʫ ʧʦ ʛʣʠʙʠʥʽ, ʷʢʘ ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ ʧʦʚʝʨ-

ʭʥʽ ʜʦ ʦʩʥʦʚʠ ʟʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʘʟʦʪʫʚʘʥʥʷ.  

ʉʪʨʫʢʪʫʨʘ ʘʟʦʪʦʚʘʥʠʭ ʰʘʨʽʚ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘ-

ʣʝʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʣʝʡ (38ʍʄʖɸ, 45 ʽ ʩʪʘʣʽ 20) ʻ ʩʪʘʙʽʣʴ-

ʥʦʶ ʽ ʥʝ ʚʢʣʶʯʘʻ ʤʝʪʘʩʪʘʙʽʣʴʥʠʭ ʬʘʟ. ʊʦʤʫ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʽʜʧʦʨʷʜʢʦʚʫ-

ʻʪʴʩʷ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʚʝʨʜʦʩʪʽ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʚ ʷʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ-

ʩʪʦʩʦʚʫʶʪʴ ʦʢʠʩʥʫ ʢʝʨʘʤʽʢʫ, ʱʦ ʚʢʣʶʯʘʻ ʦʢʩʠʜʠ ʘʣʶʤʽʥʽʶ, ʮʠʨʢʦʥʽʶ, ʥʽʪʨʠʜ 

ʢʨʝʤʥʽʶ ʽ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ, 

ʜʦʙʨʦʶ ʟʥʦʩʦ- ʽ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ. ʄʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʪʘʢʠʭ ʢʝʨʘʤʽʢ ʙʣʠʟʴʢʠʡ ʜʦ 

ʩʪʘʣʽ, ʪʦʤʫ ʤʦʞʥʘ ʥʘʥʦʩʠʪʠ ʥʘ ʥʠʭ ʧʦʢʨʠʪʪʷ ʚʝʣʠʢʦʾ ʪʦʚʱʠʥʠ. 
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5 ʆʭʦʨʦʥʘ ʧʨʘʮʽ 

ɿʛʽʜʥʦ ʟ ʫʢʨʘʾʥʩʴʢʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʚ ʮʽʣʷʭ ʟʘʭʠʩʪʫ ʥʦʚʠʭ ʤʘʰʠʥ, ʧʨʠ-

ʣʘʜʽʚ, ʤʝʭʘʥʽʟʤʽʚ, ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʥʝʰʢʽʜʣʠʚʽ ʽ ʙʝʟʧʝʯʥʽ 

ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʾʭ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʪʦʙʪʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʩʝʨʪʠʬʽʢʘʪʫ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʛʽʜʥʦ ʟʽ ʚʩʪʘʥʦʚʣʝʥʠʤ ʟʨʘʟʢʦʤ.  

ʊʝʤʘ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ: ɽʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦ-

ʚʠʭ ʣʠʩʪʽʚ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʚôʷʢʘ.  

ɽʢʩʪʨʫʜʝʨ ʥʘ ʙʘʟʽ ʯʝʨʚôʷʯʥʦʛʦ ʧʨʝʩʘ 125ʭ25 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦ-

ʪʦʚʣʝʥʥʷ ʣʠʩʪʽʚ ʟ ʧʦʣʽʤʝʨʥʠʭ ʛʨʘʥʫʣ.  

ʅʘʣʘʰʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʶ ʟʜʽʡʩʥʶ-

ʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʣʽʥʽʾ. ʂʦʥʩʦʣʴ ʢʦʨʠʩʪʫʚʘʯʘ ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʠ-

ʤʽʱʝʥʥʽ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ S = 1500 ʤ2 ʽ ʦʙʩʷʛʦʤ V = 4500 ʤ3. ʉʪʚʦʨʝʥʥʷ ʟʜʦ-

ʨʦʚʠʭ ʽ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʧʨʘʮʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʠʤʘʛʘʻ ʟʘʚʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʰʢʽ-

ʜʣʠʚʠʭ ʽ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ ʟ ʤʝʪʦʶ ʧʨʠʡʥʷʪʪʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʥʘ ʝʪʘʧʽ ʧʣʘʥʫʚʘʥʥʷ. 

ʐʢʽʜʣʠʚʠʤʠ ʽ ʥʝʙʝʟʧʝʯʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʣʽʥʽʾ ʻ: 

- ʚʠʨʦʙʥʠʯʠʡ ʰʫʤ ʽ ʚʽʙʨʘʮʽʾ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʥʦʨʤʠ; 

- ʥʝʙʝʟʧʝʢʘ ʚʨʘʞʝʥʥʷ ʣʶʜʠʥʠ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ; 

- ʧʦʚʽʪʨʷ ʨʦʙʦʯʦʾ ʟʦʥʠ;  

- ʧʨʦʤʠʩʣʦʚʝ ʦʩʚʽʪʣʝʥʥʷ; 

- ʧʦʞʝʞʦʥʝʙʝʟʧʝʢʘ. 

5.1 ɺʠʨʦʙʥʠʯʠʡ ʰʫʤ ʽ ʚʽʙʨʘʮʽʾ 

ʆʩʥʦʚʥʽ ʜʞʝʨʝʣʘ ʰʫʤʫ ʧʨʠ ʨʦʙʦʪʽ ʣʽʥʽʾ ʻ:  

- ʚʝʥʪʠʣʷʪʦʨʠ;  
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- ʨʝʜʫʢʪʦʨʠ;  

- ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ;  

- ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʽ ʟʘʤʽʨʽʚ ʟʥʘʯʝʥʥʷ ʰʫʤʫ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʜʦʚʽʥʶʪʴ  

100 ʜɹɸ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʡʥʷʪʘ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʚʠʨʦʙʥʠ-

ʯʦʛʦ ʰʫʤʫ, ʘ ʩʘʤʝ:  

- ʟʤʘʱʫʚʘʥʥʷ ʚʩʽʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʪʨʫʪʴʩʷ, ʥʘʷʚʥʽʩʪʴ ʧʨʦʢʣʘʜʦʯʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ (ȹL = 8 ʜɹɸ);  

- ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʢʦʞʫʭʽʚ (ȹL = 20 ʜɹɸ).  

ɼʞʝʨʝʣʘʤʠ ʚʽʙʨʘʮʽʾ ʻ: ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʪʘ ʯʘʩʪʠʥʠ ʣʽʥʽʾ ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ.  

ɺʽʙʨʘʮʽʷ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʟ ʥʝʪʦʯʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʪʠʥ ʱʦ ʦʙʝʨʪʘ-

ʶʪʴʩʷ ʪʘ ʥʝʱʽʣʴʥʦ ʧʨʠʻʜʥʘʥʠʭ ʯʘʩʪʠʥ ʢʦʨʧʫʩʽʚ ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʜʦ ʬʫʥʜʘʤʝ-

ʥʪʫ.  

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʘ ʚʽʙʨʘʮʽʷ, ʷʢʘ ʧʝʨʝʭʦʜʠʪʴ 

ʯʝʨʝʟ ʦʧʽʨʥʽ ʧʦʚʝʨʭʥʽ ʥʘ ʦʧʝʨʘʪʦʨʘ. ʆʩʢʽʣʴʢʠ, ʨʦʙʽʪʥʠʢ ʟʥʘʭʦʜʠʪʴʩʷ ʜʘʣʝʢʦ ʚʽʜ 

ʦʩʥʦʚʠ ʤʘʰʠʥʠ, ʚʽʥ ʫ ʥʝʟʥʘʯʥʽʡ ʤʽʨʽ ʧʽʜʜʘʻʪʴʩʷ ʚʽʙʨʘʮʽʾ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 

ʩʧʽʣʴʥʘ ʚʽʙʨʘʮʽʷ  ʥʝ ʜʽʻ ʥʘ ʦʨʛʘʥʽʟʤ ʦʧʝʨʘʪʦʨʘ. ʈʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʚʽʙʨʘʮʽʾ ʚ 

ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 90 ʜɹ ʧʨʠ ʯʘʩʪʦʪʽ 4 ɻʮ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ɼʉʅ 3.3.6.037ï99. 

 

5.2 ɽʣʝʢʪʨʦʙʝʟʧʝʢʘ 

ʃʽʥʽʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩʪʽʚ, ʱʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ, ʧʨʠ 

ʨʦʙʦʪʽ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʩʫʭʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʟ ʥʦʨʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ 

ʚʦʣʦʛʽʩʪʶ ʧʦʚʽʪʨʷ.  

ʅʘ ʧʫʣʴʪʽ ʢʝʨʫʚʘʥʥʷ ʤʘʰʠʥʽʩʪʘ ʥʘʧʨʫʛʘ U = 220/380 ɺ, ʯʘʩʪʦʪʘ f = 50 ɻʮ. 

ʊʠʧ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ï ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʽʟ ʛʣʫʭʦ ʟʘʟʝʤʣʝʥʦʶ ʥʝʡʪʨʘʣʶ.  
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ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʚʠʢʦʥʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʟʘʭʦʜʠ: 

-  ʧʨʦʚʝʜʝʥʥʷ ʢʘʙʝʣʽʚ ʫ ʟʘʭʠʩʥʠʭ ʪʨʫʙʢʘʭ ʪʘ ʢʦʞʫʭʘʭ;  

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʽʟʦʣʶʶʯʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ;  

- ʨʦʟʤʽʱʝʥʥʷ ʧʝʨʝʤʠʢʘʯʽʚ ʚʢʣʶʯʝʥʥʷ ʚ ʦʢʨʝʤʠʭ ʰʘʬʘʭ;  

- ʘʚʪʦʤʘʪʠʯʥʝ ʙʣʦʢʫʚʘʥʥʷ ʧʝʨʝʤʠʢʘʯʽʚ ʚʢʣʶʯʝʥʥʷ ʚ ʘʚʘʨʽʡʥʦʤʫ ʨʝ-

ʞʠʤʽ;  

- ʧʨʠ ʨʦʙʦʪʽ ʟ ʝʣʝʢʪʨʦʽʥʩʪʨʫʤʝʥʪʦʤ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʽʥʜʠʚʽʜʫ-

ʘʣʴʥʽ ʟʘʭʠʩʥʽ ʟʘʩʦʙʠ, ʚʽʜ ʫʨʘʞʝʥʥʷ ʩʪʨʫʤʦʤ.  

 

5.3 ʇʦʚʽʪʨʷ ʨʦʙʦʯʦʾ ʟʦʥʠ 

ʋ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʧʨʘʮʶʻ ʦʧʝʨʘʪʦʨ ʣʽʥʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʧ-

ʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩʪʽʚ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʟʛʽʜʥʦ ɻʆʉʊ 12.1.005-88, ʨʦʙʦʪʘ ʦʧʝ-

ʨʘʪʦʨʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ 1ʙ - ʣʝʛʢʘ ʬʽʟʠʯʥʘ ʨʦʙʦʪʘ. ʂʘʪʝʛʦʨʽʷ 1ʙ ʚʢʣʶ-

ʯʘʻ ʚ ʩʝʙʝ ʨʦʙʦʪʫ, ʚʠʢʦʥʫʚʘʥʫ ʚ ʧʦʣʦʞʝʥʥʽ ʩʠʜʷʯʠ ʽ ʩʪʦʷʯʠ ʘʙʦ ʧʦʚ'ʷʟʘʥʫ ʟ ʭʦ-

ʜʴʙʦʶ, ʽ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʤʝʥʰʦʶ ʬʽʟʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʟʽ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝ-

ʨʛʽʾ 121 .. 150 ʢʢʘʣ / ʛ (140 ... 174 ɺʪ).  

ɿʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦ-

ʯʽʡ ʟʦʥʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʠʤʽʱʝʥʥʷ 
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ʊʘʙʣʠʮʷ 5.1 

ʇ
ʝ
ʨ
ʽ
ʦ
ʜ
 
ʨ
ʦ
ʢ
ʫ

 
ʂʘʪʝʛʦʨʽʷ ʨʦʙʦʪʠ ï 1ʙ 

ʊʝʤʧʝʨʘʪʫʨʘ,ᴈ 
ɺʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 

ʧʦʚʽʪʨʷ, % 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽ-

ʪʨʷ, ʤ/ʩ 

ʆʧʪʠʤʘ-

ʣʴʥʘ 

ʌʘʢʪʠ-

ʯʥʘ 

ʆʧʪʠʤʘ-

ʣʴʥʘ 

ʌʘʢʪʠ-

ʯʥʘ 

ʆʧʪʠʤʘ-

ʣʴʥʘ 

ʌʘʢʪʠ-

ʯʥʘ 

ʊʝʧʣʠʡ 22-24 22-25 40-60 50-60 0,1 0,2 

ʍʦʣʦʜ-

ʥʠʡ 
21-23 19-21 40-60 50-60 0,1 0,1 

 

ʌʘʢʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʠ. ʇʨʠʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʝ ʩʠʩʪʝʤʘʤʠ ʦʧʘʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽ-

ʦʥʫʚʘʥʥʷ, ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʦʜʘʯʽ ʽ ʚʝʥʪʠʣʷʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʤʽʩʪ ʰʢʽʜʣʠʚʠʭ ʨʝ-

ʯʦʚʠʥ ʚ ʟʦʥʽ ʧʨʠʤʽʱʝʥʥʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʚ ʤʽʩʮʷʭ ʤʦʞʣʠʚʦʛʦ 

ʚʠʜʽʣʝʥʥʷ ʧʘʨʽʚ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʣʦʢʘʣʴʥʽ ʚʠʪʷ-

ʞʢʠ. ʋʤʦʚʠ ʚ ʧʨʠʤʽʱʝʥʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʯʥʫ ʨʦʙʦʪʫ ʧʨʘʮʽʚʥʠʢʘʤ. 

 

5.4 ʇʨʦʤʠʩʣʦʚʝ ʦʩʚʽʪʣʝʥʥʷ 

ɺ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʘ ʣʽʥʽʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ 

ʣʠʩʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ. ʇʨʠʤʽʱʝʥʥʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: 

-ʜʦʚʞʠʥʘ 50 ʤ;  

-ʚʠʩʦʪʘ 3 ʤ; 

-ʰʠʨʠʥʦʶ 30 ʤ.  

ɺ ʜʘʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ, ʧʨʠ ʷʢʽʡ ʤʽʥʽʤʘʣʴ-

ʥʠʡ ʨʦʟʤʽʨ ʟʦʨʦʚʦʛʦ ʦʙôʻʢʪʘ ʩʪʘʥʦʚʠʪʴ 0,2 ʤʤ. ɿʦʨʦʚʘ ʨʦʙʦʪʘ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʴ 

ʧʨʦʪʷʛʦʤ ʧʦʣʦʚʠʥʠ ʨʦʙʦʯʦʛʦ ʜʥʷ. ʇʨʠʤʽʱʝʥʥʷ ʤʘʻ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ ʦʩʚʽʪ-



 
 

 

     

¼À71.177246.000- 70À ̧
ʃʠʩʪ 

     
23 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ʣʝʥʥʷ, ʚ ʷʢʽʡ ʚʩʪʘʥʦʚʣʝʥʦ 40 ʜʚʦʣʘʤʧʦʚʠʭ ʩʚʽʪʠʣʴʥʠʢʽʚ ʪʠʧʫ ʐʆɼ. ʉʚʽʪʠʣʴ-

ʥʠʢʠ  ʨʦʟʤʽʱʝʥʽ ʫ ʜʚʘ ʨʷʜʠ ʽ ʚ ʢʦʞʥʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ ʣʘʤʧʠ ʪʠʧʫ LED ʧʦʪʫʞ-

ʥʽʩʪʶ 55 ɺʪ. ʉʪʝʣʷ ʧʨʠʤʽʱʝʥʥʷ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ ɟʩʣ = 70%, ʩʪʽʥʠ ʤʘʶʪʴ ʩʚʽʪʣʦ-

ʩʽʨʠʡ ʢʦʣʽʨ ɟʩʥ = 50%, ʧʽʜʣʦʛʘ ʟ ʟʘʣʽʟʦʙʝʪʦʥʫ ɟʧ=10%. ɺʠʩʦʪʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ 

hʨ ʩʪʘʥʦʚʠʪʴ 0,8 ʤ.  

ɿʛʽʜʥʦ ɼɹʅ ɺ.2.5-28:2018 ʚʠʟʥʘʯʠʤʦ ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ 

ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ɼʣʷ ʮʴʦʛʦ:  

-ʥʘ ʧʽʜʩʪʘʚʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ʦʙóʻʢʪʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʟʥʘʯʘʻʤʦ 

ʨʦʟʨʷʜ ʟʦʨʦʚʠʭ ʨʦʙʽʪ (ɯɯ) ʪʘ ʧʽʜʨʦʟʨʷʜ ʟʦʨʦʚʠʭ ʨʦʙʽʪ ʥʘ ʧʽʜʩʪʘʚʽ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʬʦʥʫ ʪʘ ʢʦʥʪʨʘʩʪʫ ʦʙóʻʢʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟ ʬʦʥʦʤ (ʚ);  

-ʜʣʷ ʜʘʥʦʾ ʢʘʪʝʛʦʨʽʾ ʟʦʨʦʚʠʭ ʨʦʙʽʪ ʦʙʠʨʘʻʤʦ ʢʦʤʙʽʥʦʚʘʥʫ ʩʠʩʪʝʤʫ ʰʪʫʯ-

ʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʪʠʧʫ ʣʘʤʧ, ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʽ ʢʘʪʝʛʦʨʽʾ ʟʦʨʦʚʠʭ ʨʦʙʽʪ ʚʠ-

ʟʥʘʯʘʻʤʦ ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ɽʥ =200, ʣʢ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ ʽ ʨʦʟʤʽʨʽʚ ʧʨʠʤʽʱʝʥʥʷ 

ʬʘʢʪʠʯʥʫ ʦʩʚʽʪʣʝʥʽʩʪʴ ʫ ʧʨʠʤʽʱʝʥʥʽ ʚʠʟʥʘʯʘʻʤʦ. ɼʣʷ ʮʴʦʛʦ:  

-ʚʠʭʦʜʷʯʠ ʟ ʪʠʧʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʣʘʤʧ ʚʠʟʥʘʯʠʤʦ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʷʢʠʡ 

ʚʠʧʨʦʤʽʥʶʻ ʢʦʞʥʘ ʟ ʥʠʭ, Fʣ= 5200, ʣʤ;  

-ʨʦʟʨʘʭʦʚʫʻʤʦ ʽʥʜʝʢʩ ʧʨʠʤʽʱʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

É
Ͻ

Ͻ

Ͻ

ȢϽ
ψȢυ, 

ʜʝ a ʽ b ʜʦʚʞʠʥʘ ʽ ʰʠʨʠʥʘ ʧʨʠʤʽʱʝʥʥʷ, hc ï ʚʠʩʦʪʘ ʧʽʜʚʽʩʫ ʩʚʽʪʠʣʴʥʠʢʘ 

ʥʘʜ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ (hc=3-0,8= 2,2 ʤ).  

-ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ɖ=0.59 ʚʠʟʥʘʯʠʣʠ ʟʘ ʨʦʟ-

ʨʘʭʦʚʘʥʠʤ ʽʥʜʝʢʩʦʤ ʧʨʠʤʽʱʝʥʥʷ (ʽ) ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʙʠʪʪʷ ʩʪʝʣʽ, ʩʪʽʥ ʽ ʧʽʜ-

ʣʦʛʠ (ɟʩʣ, ɟʩʥ, ɟʧ );  
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ɺʠʟʥʘʯʘʻʤʦ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʚ ʧʨʠʤʽʱʝʥʥʽ Eʬ.  

˒̕
&̌Ͻ.ϽÎϽʂ

3ϽËϽÚ

υςππϽσπϽςϽπȢυω

ρυππϽρȢυϽρȢρ
χτ 

ʜʝ Fʣ ï ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʣʘʤʧʠ, ʣʤ, N ï ʢʽʣʴʢʽʩʪʴ ʩʚʽʪʠʣʴʥʠʢʽʚ, ʦʜ., n ï 

ʢʽʣʴʢʽʩʪʴ ʣʘʤʧ ʚ ʩʚʽʪʠʣʴʥʠʢʫ, ʦʜ., ɖ ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦ-

ʪʦʢʫ, S ï ʧʣʦʱʘ ʧʨʠʤʽʱʝʥʥʷ, ʤ2 , kʟ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ (kʟ =1,5), z ï ʢʦʝʬʽʮʽ-

ʻʥʪ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ (z =1,1).  

ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜ ʥʦʨʤʘʪʠʚ-

ʥʦʛʦ, ʜʦʧʫʩʢʘʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʥʘ Ñ10%, ʦʩʢʽʣʴʢʠ ʟʤʝʥʰʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʥʝ-

ʧʨʠʧʫʩʪʠʤʦ ʟ ʛʽʛʽʻʥʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʘ ʟʙʽʣʴʰʝʥʥʷ - ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʦ. 

Ў
˒̎ ˒̕

˒̎
ϽρππϷ

ȿ ȿ
ϽρππϷφσϷ, 

ʆʪʞʝ ʰʪʫʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ɼɹʅ ɺ.2.5-28:2018. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʩʚʽʪʠʣʴʥʠʢʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʜʦʩʷ-

ʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. ɼʣʷ 

ʮʴʦʛʦ, ʟʘ ʬʦʨʤʫʣʦʶ ʚʠʟʥʘʯʠʤʦ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʩʚʽʪʠʣʴʥʠʢʽʚ:  

.
3ϽËϽÚϽ%̎

&̌ϽÎϽʂ
 
ρυππϽρȟυϽρȟρϽςππ

υςππϽςϽπȟυω
ψπ ̙  ̓

˒̑
&̌Ͻ.̑ ϽÎϽʂ

3ϽËϽÚ

υςππϽψπϽςϽπȢυω

ρυππϽρȢυϽρȢρ
ρωψ 

Ў
˒̎ ˒̑

˒̎
ϽρππϷ

ȿςππρωψȿ

ςππ
ϽρππϷρϷ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʦʤʽʨʥʝ ʦʩʚʽʪʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʨʦʟʪʘʰʫ-

ʚʘʪʠ ʜʘʥʽ ʣʘʤʧʠ ʚ ʜʚʘ ʨʷʜʠ ʧʦ 40 ʰʪʫʢ.  
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ʈʠʩ.5.1. - ʇʣʘʥ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʚʽʪʠʣʴʥʠʢʽʚ ʫ ʟʘʜʘʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ 

 

5.5 ʇʦʞʝʞʥʘ ʙʝʟʧʝʢʘ 

ʋ ʮʝʭʫ, ʜʝ ʧʨʘʮʶʻ ʣʽʥʽʷ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩʪʽʚ, ʧʦʞʝ-

ʞʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʻ: ʟʤʘʱʝʥʘ ʪʢʘʥʠʥʘ, ʤʘʰʠʥʥʝ ʤʘʩʣʦ, ʧʨʦʚʦʜʢʘ, ʝʣʝʢʪʨʦʦʙ-

ʣʘʜʥʘʥʥʷ.  

ʂʨʽʤ ʪʦʛʦ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʣʠʩʪʽʚ ʻ ʧʦʣʽʧʨʦʧʽʣʝʥ, ʧʨʠ ʧʝʨʝ-

ʚʠʱʝʥʥʽ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʨʦʛʽʚ ʜʝʷʢʽ ʟ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʫʪʴ ʩʧʘ-

ʣʘʭʥʫʪʠ:  

- ʚʠʱʝ 120 Á ʉ - ʬʦʨʤʘʣʴʜʝʛʽʜ, ʘʮʝʪʘʣʴʜʝʛʽʜ, ʘʮʝʪʦʥ, ʤʝʪʠʣʦʚʠʡ ʩʧʠʨʪ, 

ʢʝʪʦʥʠ, ʦʢʩʠʜ ʽ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ;  

- ʚʠʱʝ 150 Á ʉ - ʢʠʩʣʦʪʠ, ʩʢʣʘʜʥʽ ʝʬʽʨʠ, ʘʣʴʜʝʛʽʜʠ, ʧʝʨʦʢʩʠʜʠ.  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ: ʧʨʦʩʪʽʨ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʣʽʥʽʷ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘ-

ʪʝʛʦʨʽʾ ɺ, ʢʣʘʩ ʟʘʭʠʩʪʫ ʇ-ȽȽʘ ʟʛʽʜʥʦ ɼʉʊʋ ɹ ɺ.1.1- 36:2016. 

ʄʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʧʦʞʝʞʽ:  

- ʩʪʨʫʤ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʚʝʣʠʢʽ ʧʝʨʝʭʽʜʥʽ ʦʧʦʨʠ;  
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- ʚʽʜʤʦʚʘ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ;  

- ʽʩʢʨʠ ʤʽʞ ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ ʛʘʟʦʟʚʘʨʶʚʘʣʴʥʠʤʠ ʜʝʪʘʣʷʤʠ.  

ʇʨʦʪʠʧʦʞʝʞʥʽ ʟʘʭʦʜʠ ʚʢʣʶʯʘʶʪʴ ʚʠʙʽʨ ʥʝʛʦʨʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʨʛʘʥʽ-

ʟʘʮʽʡʥʽ ʟʘʭʦʜʠ.  

ʗʢ ʟʘʩʦʙʠ ʧʦʞʝʞʦʛʘʩʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʨʦʰʢʦʚʽ ʚʦʛʥʝʛʘʩʥʠʢʠ 

ɺʇ-100 (8 ʰʪ.). ɼʣʷ ʛʘʩʽʥʥʷ ʚʢʣʶʯʝʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʤʠ ʧʨʠʡʤʘʻʤʦ ʧʦ-

ʨʦʰʢʦʚʽ ʚʦʛʥʝʛʘʩʥʠʢʠ ɺʇ-6 (12 ʰʪ.).  

ʅʘʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʯʽʪʢʦ ʧʦʟʥʘʯʝʥʘ ʥʘ ʚʝʨʭʥʽʡ ʩʬʝʨʠʯ-

ʥʽʡ ʯʘʩʪʠʥʽ ʢʦʞʥʦʛʦ ʮʠʣʽʥʜʨʘ: - ʪʦʨʛʦʚʘ ʤʘʨʢʘ ʚʠʨʦʙʥʠʢʘ; 

- ʥʦʤʝʨ ʮʠʣʽʥʜʨʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʠʩʪʝʤʠ ʥʫʤʝʨʘʮʽʾ ʚʠʨʦʙʥʠʢʘ;  

- ʜʘʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ ʥʘʩʪʫʧʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ (ʪʝʭʥʽʯʥʦʛʦ ʦʛʣʷʜʫ);  

- ʨʦʙʦʯʠʡ ʪʠʩʢ;  

- ʻʤʥʽʩʪʴ ʮʠʣʽʥʜʨʘ;  

- ʙʘʣʦʥʥʘ ʤʘʩʘ.  

ʇʽʜ ʯʘʩ ʧʦʞʝʞʽ ʩʧʨʘʮʶʻ ʧʦʞʝʞʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ - ʪʝʧʣʦʚʽ ʧʨʠʩʪʨʦʾ ʦʧʦʚʽ-

ʱʝʥʥʷ. ɯʥʬʦʨʤʘʮʽʷ ʚʽʜ ʜʝʪʝʢʪʦʨʽʚ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʨʠʡʤʘʣʴʥʫ ʩʪʘʥʮʽʶ. ʋ ʨʘʟʽ 

ʧʦʞʝʞʽ ʣʶʜʠ ʧʦʚʠʥʥʽ ʧʦʢʠʥʫʪʠ ʢʽʤʥʘʪʫ. ɿʛʽʜʥʦ ɼʉʊʋ 8828:2019, ʚ ʢʽʤʥʘʪʽ ʻ 

ʜʚʘ ʝʚʘʢʫʘʮʽʡʥʠʭ ʚʠʭʦʜʠ. 
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6 ʆʯʽʢʫʚʘʥʽ ʤʝʭʘʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʫ ʯʝʨʚôʷʢʘ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʢʦʰʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʚʠʨʦʙʽʚ ʚʥʘʩʣʽʜʦʢ: 

- ʧʽʜʙʦʨʫ ʙʽʣʴ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ; 

- ʩʧʨʠʷʻ ʧʦʢʨʘʱʝʥʥʶ ʚʠʙʦʨʫ ʍʊʆ ʜʣʷ ʜʝʪʘʣʝʡ ʘʛʨʝʛʘʪʫ; 

- ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʙʦʨʫ ʥʘʧʦʚʥʶʚʘʯʽʚ ʜʣʷ ʩʠʨʦʚʠʥʠ; 

- ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ; 

- ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʘʪ ʥʘ ʜʦʜʘʪʢʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʢʦʥʩʪʨʫʢ-

ʮʽʡ. 
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ɺʠʩʥʦʚʢʠ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʻ ʨʠ-

ʟʠʢ ʧʝʨʝʜʯʘʩʥʦʛʦ ʟʥʦʩʫ ʜʦʨʦʛʠʭ ʚʫʟʣʽʚ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʜʦ-

ʙʘʚʦʢ ʽ ʥʘʧʦʚʥʶʚʘʯʽʚ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦ-

ʩʪʝʡ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʧʦʣʽʤʝʨʽʚ ʽ ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ ʟ ʧʦʣʽʤʝʨʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʞʝʨʝʣ ʪʘ ʣʽʪʝʨʘʪʫʨʠ, ʥʘʚʝʜʝʥʽ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ  ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʜʝʪʘʣʝʡ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʷʢʠʤ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʪʘʚ ʤʝʪʦʜ ʟʤʽʮʥʝʥʥʷ ʜʝ-

ʪʘʣʝʡ ʘʟʦʪʫʚʘʥʥʷʤ. 

ʊʘʢʦʞ ʚ ʧʦʷʩʥʶʚʘʣʴʥʽʡ ʟʘʧʠʩʮʽ ʧʨʠʩʫʪʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʝʭʥʽʢʫ ʙʝʟʧʝʢʠ 

ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ. 
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1 ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʯʝʨʚôʷʯʥʦʛʦ ʝʢʩʪʨʫʜʝʨʘ 

 

1.1 ʈʦʟʨʘʭʫʥʦʢ ʛʝʦʤʝʪʨʽʾ ʯʝʨʚôʷʢʘ 

ʄʝʪʘ: ʨʦʟʨʘʭʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʯʝʨʚôʷʢʘ[1] 

ɺʠʭʽʜʥʽ ʜʘʥʽ:  

ɼʽʘʤʝʪʨ ʯʝʨʚ'ʷʢʘ D=125 ʤʤ ; 

ʂʨʦʢ ʛʚʠʥʪʦʚʦʾ ʣʽʥʽʾ ʯʝʨʚ'ʷʢʘ: 

t=(0,8·1,2)ĬD=1,0Ĭ125=125 ʤʤ ; 

ʐʠʨʠʥʘ ʛʨʝʙʝʥʷ ʚʠʪʢʘ: 

ʝ = (0,08·0,1)ĬD = 0,096Ĭ125 = 12 ʤʤ ; 

ɻʣʠʙʠʥʘ ʛʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʫ ʚ ʟʦʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ (ʧʽʜ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ 

ʚʦʨʦʥʢʦʶ): 

h1= (0,08·0,12)ĬD = 0,12Ĭ125 = 15 ʤʤ ; 

ɻʣʠʙʠʥʘ ʛʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʫ ʚ ʟʦʥʽ ʜʦʟʫʚʘʥʥʷ (ʥʘ ʢʽʥʮʽ ʯʝʨʚ'ʷʢʘ): 

ʜʝ ̔  ï  ʩʪʫʧʽʥʴ ʩʪʠʩʢʫ, ʱʦ ʩʢʣʘʜʘʻ º2,31. 

ʈʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ d ʤʽʞ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʢʦʨʧʫʩʘ ʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʠʪʢʘ ʯʝʨʚ'ʷʢʘ: 

d=0,003ĬD=0,003Ĭ125=0,375 ʤʤ ; 

ɼʽʘʤʝʪʨ ʩʪʝʨʞʥʷ ʚ ʟʦʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ: 

d1=Dï2Ĭh1=125ï2Ĭ15=95 ʤʤ ; 

ɼʽʘʤʝʪʨ ʩʪʝʨʞʥʷ ʚ ʟʦʥʽ ʜʦʟʫʚʘʥʥʷ:     

d2=Dï2Ĭh2=125ï2Ĭ6=113 ʤʤ ; 

ɼʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ ʯʝʨʚ'ʷʢʘ: 

lʨʦʙ=25ĬD =25Ĭ125 =3125 ʤʤ ; 

ɼʦʚʞʠʥʘ  ʰʣʽʮʴʦʚʦʾ ʯʘʩʪʠʥʠ: 

ὰ̙̌ ρȟςυρȟυ Ὀ ρȟς ρςυρυπ ̍  ̍

ʤʤhD
i

h
DDh 6)15125(

31,2
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1251255,0)(
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5,0 2
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2 =ù
ú

ø
é
ê

è
-

Ö
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ù
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ɼʦʚʞʠʥʘ ʮʠʣʽʥʜʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʯʝʨʚ'ʷʢʘ: 

lʮʠʣ=(1·3)ĬD°5 = 1Ĭ125-5 =120 ʤʤ ; 

ɼʦʚʞʠʥʘ ʚʽʜʙʽʡʥʦʾ ʯʘʩʪʠʥʠ:  

lʚʽʜʙ= (0,1·0,5)ĬD = 0,5Ĭ125 =62,5 ʤʤ ; 

ɼʦʚʞʠʥʘ ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ: 

ὰ̖̃ ὰ̙̌ ὰ̗̉̌ ὰ̨̃̅̂ρυπςυπφςȟυ τφςȟυ ̍  ̍

ɼʦʚʞʠʥʘ ʟʦʥʠ ʜʦʟʫʚʘʥʥʷ:  

lʜʦʟ=(8·12)ĬD=8Ĭ125 = 1000 ʤʤ ; 

ɼʦʚʞʠʥʘ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʦʥʠ:  

lʟʘʚ=(12·15)ĬD=12Ĭ125 = 1500 ʤʤ ; 

ɼʦʚʞʠʥʘ ʟʦʥʠ ʩʪʠʩʢʫ: 

lʩʪ= lʨʦʙ ï lʜʦʟ ï lʟʘʚ=3125-1000-1500=625 ʤʤ ; 

ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʯʝʨʚ'ʷʢʘ: 

L=lʨʦʙ +lʰʣ +lʮʠʣ +lʚʽʜʙ=3125+150+120+62,5=3457,5 ʤʤ. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

1.2  ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʛʦʣʦʚʢʠ 

 

˗̈ ́̄

ρ

ρ
˗

ρ
˗

ρ
˗

ρ
˗

ρ
˗

 

 

ʈʠʩʫʥʦʢ 6.1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʬʦʨʤʫʶʯʦʾ ʛʦʣʦʚʢʠ. 

 

1. 377 ʢʨʫʛʣʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʪʚʦʨʽʚ: 

L= 40 ʤʤ; d= 3 ʤʤ. 

        

+
ʌÄ

ρςψ,
Ͻὲ

σȟρτϽσ

ρςψϽτπ
Ͻσχχφȟςυ  ̍ Ȣ̍ 

  

2. ʂʨʫʛʣʠʡ ʢʦʥʽʯʥʠʡ ʟ ʚʝʣʠʢʠʤ ʜʽʘʤʝʪʨʦʤ ʥʘ ʚʭʦʜʽ: 

L= 95 ʤʤ; D= 125 ʤʤ; d= 20 ʤʤ.  
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 

˗
σ“ὈὨ

ρςψὒὈ ὈὨ Ὠ

σȟρτϽρςυϽςπ

ρςψϽωυρςυρςυϽςπςπ
ςρχȟψ ̍ Ȣ̍ 

 

3. ʂʨʫʛʣʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ:  

L= 28 ʤʤ; d= 20 ʤʤ. 

 

+
ʌÄ

ρςψ,

σȟρτϽςπ

ρςψϽςψ
ρτπȟρχ  ̍ Ȣ̍ 

 

4. ʑʽʣʠʥʥʠʡ ʢʣʠʥʦʧʦʜʽʙʥʠʡ: 

L= 65 ʤʤ; h1= 20 ʤʤ; h2= 10 ʤʤ; b= 1250 ʤʤ.  

 

˗
ὦὬὬ

φὒὬ Ὤ

ρςυπϽςπϽρπ

φϽφυϽςπρπ
 τςχσȟυ ̍  ̍

 

5. ʇʣʦʩʢʠʡ ʱʽʣʠʥʥʠʡ:  

L= 410 ʤʤ; b=1250 ʤʤ; h= 10 ʤʤ. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 

ὑ
ὦὬ

ρςϽὒ

ρςυπϽρπ

ρςϽτρπ
 ςυτȟπχ ̍ Ȣ̍ 

 

6. ʈʦʟʨʘʭʦʚʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʛʦʣʦʚʢʠ: 

˗̈ ́̄

ρ

ρ
˗

ρ
˗

ρ
˗

ρ
˗

ρ
˗

ρ

ρ
φȟςυ

ρ
ςρχȟψ

ρ
ρτπȟρχ

ρ
τςχσȟυ

ρ
ςυτȟπχ

υȟφψ ̍  ̍

 

1.2.1 ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʝʨʚôʷʯʥʦʾ ʤʘʰʠʥʠ 

1. ʂʫʪ ʥʘʭʠʣʫ ʣʽʥʽʾ ʥʘʨʽʟʢʠ: 

• ὥὶὧὸὫ
ὸ

“Ὀ
ὥὶὧὸὫ

ρςυ

σȟρτϽρςυ
πȟσπψ ̑́Ƞ̅ 

ʜʝ t - ʢʨʦʢ ʥʘʨʽʟʢʠ ʚʠʪʢʽʚ (t=Ὀ . 

 

2. ʂʦʝʬʽʮʽʻʥʪ ʧʨʷʤʦʛʦ ʧʦʪʦʢʫ: 

‌
“ὈὬ ὸ Ὡὧέί•

ς

σȟρτϽρςυϽχȢυςρϽρςυρπϽὧέίπȟσπψ

ς

ρυτςππ ̍ Ƞ̍ 

ʜʝ ʝ -  h ʠʨʠʥʘ ʚʠʪʢʘ: 

ʝ = (0,08 õ 0,12)ĿὈ = 0,08 Ā 125 = 10ʤʤ; 

h2 - ʛʣʠʙʠʥʘ ʥʘʨʽʟʢʠ ʚ ʟʦʥʽ ʜʦʟʫʚʘʥʥʷ: 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

Ὤ πȟυϽὈ Ὀ
τϽὬ

Ὥ
Ὀ Ὤ  

πȟυϽρςυ ρςυ
τϽρςȟυ

ς
ρςυρςȟυ υȟωπτ ̍ Ƞ̍ 

h1 - ʛʣʠʙʠʥʘ ʥʘʨʽʟʢʠ ʚ ʟʦʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ: 

h1 = (0,1 õ 0,14)ĿD = 0,1Ŀ125 = 12,5 ʤʤ. 

 

3. ʂʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʦʛʦ ʧʦʪʦʢʫ: 

‍
Ὤ ὸ ὩÓÉÎς•

ςτὰ̅

χȢυςρϽρςυρπϽÓÉÎςϽπȟσπψ

ςτϽρυφσ
πȟσφυ ̍ Ȣ̍ 

 

4. ʂʦʝʬʽʮʽʻʥʪ ʧʦʪʦʢʫ ʚʠʪʦʢʫ: 

‎
“Ὀ‏ϽÔÇʒϽÓÉÎ•

ρπὩϽὰ̅

σȟρτϽρςυϽπȢςυ ϽÔÇπȟσπψϽÓÉÎπȟσπψ

ρπϽρπϽρυφσ

πȟπςτ ̍ Ƞ̍ 

ʜʝ  ὰ̅ - ʜʦʚʞʠʥʘ ʟʦʥʠ ʜʦʟʫʚʘʥʥʷ: 

lʜ = (0,4 õ 0,6)Ŀ Ὀẗ(ὰʨ /Ὀ)  = 0,5Ŀ125Ŀ25 = 1563 ʤʤ; 

ʜʝ ŭ - ʟʘʟʦʨ ʤʽʞ ʛʨʝʙʥʝʤ ʯʝʨʚôʷʢʘ ʽ ʢʦʨʧʫʩʦʤ: 

ŭ = (0,002é0,003)ĿD=0,002Ŀ125=0,25 ʤʤ. 

 

5. ʆʙôʻʤʥʘ ʩʝʢʫʥʜʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: 

ὗ
‌ὑὲ

ὑ ‍ ‎

ρυτςππϽυȟφψϽρ

υȟφψπȟχυυπȟπςτ 
ρσυφπς ̍ Ⱦ̍ὧȢ 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

6. ɺʘʛʦʚʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

˜ σφππϽὗϽ”Ͻρπ σφππϽρσυφπςϽωσπϽρπ τυτ ̋ Ⱦ̄̄ ̏Ȣ̅ 

 

1.2.2 ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ ʝʢʩʪʨʫʟʽʡʥʽʡ ʛʦʣʦʚʮʽ 

ɼʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʧʦʩʪʽʡʥʦʾ ʛʝʦʤʝʪʨʽʾ ʚʠʟʥʘʯʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ɔ, 

ʧʽʩʣʷ ʷʢʦʾ ʟ ʛʨʘʬʽʢʘ, ʬʦʨʤʫʣʠ ʘʙʦ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʶʪʴ ʚ'ʷʟʢʽʩʪʴ Õ. 

Ўὖ
ὗϽ‘

ὑ
 

ʄʘʪʝʨʽʘʣ: ʧʦʣʽʧʨʦʧʽʣʝʥ; t = 210o. 

ÌÇ‘ πȟχτςὰὫɾ τȟτψσ 

 

1. 377 ʢʨʫʛʣʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʦʪʚʦʨʽʚ: 

d= 3 ʤʤ; K1 = 5,68 ʤʤ
3. 

‎
σςὗ

“Ὠ
Ͻ
ρ

σχχ

σςϽρσυφπς

σȟρτϽσ
Ͻ
ρ

σχχ
ρσυȟχφ ὧ  

ÌÇ‎ ςȟρσ ̒ , ÌÇ‘ πȟχτςϽςȟρστȟτψσφȟπφ ̃ Ͻ́̒Ƞ 

‘ Ὡ ςȟχρȟ τςπȟυ ̃ Ͻ́̒Ƞ 

Ў̋
ὗϽ‘

ὑ
Ͻρπ

ρσυφπςϽτςπȟυ

υȟφψ
Ͻρπ ρπȟπφ ̇˜ ́

 

2. ʂʨʫʛʣʠʡ ʢʦʥʽʯʥʠʡ ʟ ʚʝʣʠʢʠʤ ʜʽʘʤʝʪʨʦʤ ʥʘ ʚʭʦʜʽ: 

L= 95 ʤʤ; D= 125 ʤʤ; d= 20 ʤʤ; K2 = 217,8ʤʤ3. 

‎
ςυφὗ

“Ὀ Ὠ

ςυφϽρσυφπς

σȟρτϽρςυςπ
σȟφς ̒  



 
 

 

     

¼À71.177246.000- 70ÁÁ 
ʃʠʩʪ 

     
10 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ÌÇ‎ πȟυφ ̒ , ÌÇ‘ πȟχτςϽπȟυφτȟτψστȟω ̃ Ͻ́̒Ƞ 

‘ Ὡ ςȟχρȟ ρσςȟσ ̃ Ͻ́̒Ƞ 

Ў̋
ὗϽ‘

ὑ
Ͻρπ

ρσυφπςϽρσςȟσ

ςρχȟψ
Ͻρπ πȟπψς ̇˜ ́

 

3. ʂʨʫʛʣʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ:  

L= 28 ʤʤ; d= 20 ʤʤ; K3 = 140,17 ʤʤ3 

‎
σςὗ

“Ὠ

σςϽρσυφπς

σȟρτϽςπ
ρχςȟχ ̒  

ÌÇ‎ ςȟςτ ̒ , ÌÇ‘ πȟχτςϽςȟςττȟτψσφȟρυ ̃ Ͻ́̒Ƞ 

‘ Ὡ ςȟχρȟ τφπ ̃ Ͻ́̒Ƞ 

Ў̋
ὗϽ‘

ὑ
Ͻρπ

ρσυφπςϽτφπ

ρτπȟρχ
Ͻρπ πȟτυ ̇˜ ́

 

4. ʑʽʣʠʥʥʠʡ ʢʣʠʥʦʧʦʜʽʙʥʠʡ: 

L= 65 ʤʤ; h1= 20 ʤʤ; h2= 10 ʤʤ; b= 1250 ʤʤ; K4 = 4273,5 ʤʤ3  

‎
ρρȟρφὗ

ὦὬ Ὤ

ρρȟρφϽρσυφπς

ρςυπϽςπρπ
ρȟσυ ̒  

ÌÇ‎ πȟρσ ̒ , ÌÇ‘ πȟχτςϽπȟρστȟτψστȟυψ ̃ Ͻ́̒Ƞ 

‘ Ὡ ςȟχρȟ ωφ ̃ Ͻ́̒Ƞ 

Ў̋
ὗϽ‘

ὑ
Ͻρπ

ρσυφπςϽωφ 

τςχσȟυ
Ͻρπ πȟππσ ̇˜ ́

 

5. ʇʣʦʩʢʠʡ ʱʽʣʠʥʥʠʡ:  
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

L= 410 ʤʤ; b=1250 ʤʤ; h= 10 ʤʤ; K5 = 254,07 ʤʤ3 

‎
υȟυψὗ

ὦὬ

υȟυψϽρσυφπς

ρςυπϽρπ
φȟπυ ̒  

ÌÇ‎ πȟχψ ̒ , ÌÇ‘ πȟχτςϽπȟχψτȟτψσυȟπφ ̃ Ͻ́̒Ƞ 

‘ Ὡ ςȟχρȟ ρυυȟρψ ̃ Ͻ́̒Ƞ 

Ў̋
ὗϽ‘

ὑ
Ͻρπ

ρσυφπςϽρυυȟρψ

ςυτȟπχ
Ͻρπ πȟπψσ ̇˜ ́

ɿʘʛʘʣʴʥʠʡ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʚ ʛʦʣʦʚʮʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ў̋ ВЎ̨̋ ρπȟπφπȟπψςπȟτυπȟππσπȟπωσρπȟφ ̇˜ ́
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

1.3  ʈʦʟʨʘʭʫʥʦʢ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʫ 

 

 ʄʝʪʘ: ʚʠʟʥʘʯʠʪʠ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʨʦʙʢʫ ʧʦʣʽ-

ʩʪʝʨʦʣʫ. 

 ɺʠʭʽʜʥʽ ʜʘʥʽ: 

ʂʨʦʢ ʛʚʠʥʪʦʚʦʾ ʥʘʨʽʟʢʠ ʯʝʨʚôʷʢʘ                   t = 125 ʤʤ 

ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʯʝʨʚôʷʢʘ                      D = 125 ʤʤ 

ʇʝʨʝʧʘʜ ʪʠʩʢʫ ʚ ʛʦʣʦʚʮʽ      ȹP = 10,6 ʇʘ 

ɼʽʘʤʝʪʨ ʯʝʨʚôʷʢʘ ʚ ʟʦʥʽ ʜʦʟʫʚʘʥʥʷ                           Ὠ ρρσ ̍  ̍

ɼʽʘʤʝʪʨ ʯʝʨʚôʷʢʘ ʚ ʟʦʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ    Ὠ ωυ ̍  ̍

ɻʣʠʙʠʥʘ ʥʘʨʽʟʢʠ ʥʘ ʧʦʯʘʪʢʫ ʟʦʥʠ ʜʦʟʫʚʘʥʥʷ    Ὤ φ ̍  ̍

ɻʣʠʙʠʥʘ ʥʘʨʽʟʢʠ ʚ ʟʦʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ    Ὤ ρυ ̍  ̍

ɼʦʚʞʠʥʘ ʟʦʥʠ ʜʦʟʫʚʘʥʥʷ      L = 1000 ʤʤ 

ʐʠʨʠʥʘ ʛʨʝʙʥʷ ʚʠʪʢʘ ʯʝʨʚôʷʢʘ     ʝ = 12 ʤʤ  

ʈʘʜʽʘʣʴʥʠʡ ʟʘʟʦʨ        ‏

πȟσχυ ̍  ̍

ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʯʝʨʚ'ʷʯʥʦʶ ʤʘʰʠʥʦʶ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʧʣʘ-

ʩʪʠʯʥʠʭ ʤʘʩ, ʡʜʝ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʛʚʠʥʪʦʚʦʤʫ ʢʘʥʘʣʽ ʯʝʨʚ'ʷʢʘ ʽ 

ʥʘ ʟʩʫʚ ʤʘʪʝʨʽʘʣʫ ʚ ʟʘʟʦʨʽ ʤʽʞ ʛʨʝʙʝʥʝʤ ʽ ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʽʥʢʦʶ ʛʽʣʴʟʠ.[2] 

ʇʦʪʫʞʥʽʩʪʴ ʯʝʨʚ'ʷʯʥʦʾ ʤʘʰʠʥʠ: 

,21

h

NN
N

+
=  

ʜʝ N1 ï ʧʦʪʫʞʥʽʩʪʴ ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʨʠʤʫʩʦʚʝ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʩʠ 

ʧʦ ʛʚʠʥʪʦʚʦʤʫ ʢʘʥʘʣʫ ʯʝʨʚ'ʷʢʘ: 

ὔ ωȢψϽρπ
“ ὸ Ὡὒὐ‘̆ ̕

ὸ
ὲ ὃɝὖὲ 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

N2 ï ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʟʨʽʟ ʤʘʪʝʨʽʘʣʫ ʫ ʟʘʟʦʨʽ ʤʽʞ ʚʝʨʰʠ-

ʥʦʶ ʚʠʪʢʘ ʽ ʩʪʽʥʢʦʶ ʮʠʣʽʥʜʨʘ: 

ὔ ωȢψϽρπ
“ὈὩὒ‘̆ ̕

ὸ‏
ὲ 

ɖ ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʽ ʥʝʚʨʘʭʦʚʘʥʠʭ ʚʪʨʘʪ; ɖ= 0,5 ; 

ʜʝ J ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

ὐ
“Ὀ τὸ

“

Ὀ Ὠ Ὀ Ὠ

σὨ Ὠ

ςȢσ“Ὀ ÌÎ
Ὤ
Ὤ

ὸ “ Ὀ Ὤ Ὤ
 

ὐ
Ȣ Ͻ Ͻ

Ȣ Ͻ

ȢϽȢ Ͻ

Ȣ Ͻ
Ͻ

ὰÇ ςȢσσυϽρπ.  

 

ʐʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʚ ʛʚʠʥʪʦʚʦʤʫ ʢʘʥʘʣʽ ʯʝʨʚ'ʷʢʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ ʬʦ-

ʨʤʫʣʽ: 

 

‎
ȟ ȟ

ȟ ȟ
63,96cʝʢ-1 

ʜʝ hʩʨ ï  ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ʛʚʠʥʪʦʚʦʛʦ ʢʘʥʘʣʫ ʯʝʨʚ'ʷʢʘ: 

Ὤ
Ὤ Ὤ

ς

ρυφ

ς
ρπȟυ ̍  ̍

 

ɽʬʝʢʪʠʚʥʘ ʚ'ʷʟʢʽʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʧʣʘʚʫ 140ʦʉ ʽ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ  

63,96 ʩʝʢ-1;  

ɛɻʬ = 1,05Ĭ103 ʇʘĬʩ;  

ὔ ωȟψϽρπ
“ ὸ Ὡὒὐ‘̆ ̕

ὸ
ὲ ᶿ ɝὖὲ  

ωȟψϽρπ
ȟ Ͻ Ͻȟ Ͻ Ͻȟ Ͻ

Ͻς ρȟςπψϽρπϽρπȟφϽ

ς 16,47 ʢɺʪ. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ʜʝ, Ŭ- ʢʦʝʬʽʮʽʻʥʪ ʧʨʷʤʦʛʦ ʧʦʪʦʢʫ: 

‌
“ὈὬ ὸ Ὡὧέί•

ς

σȟρτϽρςυϽφϽρςυρςϽὧέίπȟσπψ

ς
ρȟςπψϽρπ ̍ Ȣ̍ 

 

ʐʚʠʜʢʽʩʪʴ ʟʩʫʚʫ ʚ ʟʘʟʦʨʽ ʤʽʞ ʛʨʝʙʥʝʤ ʯʝʨʚ'ʷʢʘ ʽ ʩʪʽʥʢʦʶ ʮʠʣʽʥʜʨʘ ʤʦ-

ʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ ʬʦʨʤʫʣʽ: 

‎̂
“Ὀὲ

Ѝ“Ὀ‏ ὸ

σȟρτϽρςυϽς

πȟσχυσȟρτϽρςυρςυ
ρȟωωϽρπ ̒  

 

ɽʬʝʢʪʠʚʥʘ ʚ'ʷʟʢʽʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʟʧʣʘʚʫ 210Üʉ ʽ ʰʚʠʜʢʦʩʪʽ ʟʩʫʚʫ  

1990 ʩï1;  

ɛɻʬ=1,05Ĭ102 ʇʘĬʩ;  

ὔ ωȢψϽρπ
“ὈὩὒ–

ὸ‏
ὲ  

ωȟψϽρπϽ
σȟρτϽρςυϽρςϽρπππϽρȟςϽρπ

πȟσχυϽρςυ
Ͻς τφφ ˏ  ̓

 ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʙʫʜʝ ʜʦʨʽʚʥʶʻ: 

ὔ ὔ ὔ ρφȟτχπȟτφφρφȟωτ̋ˏ̓ 

ɿ ʦʛʣʷʜʫ ʥʘ ʂʂɼ ʤʘʰʠʥʠ, ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʞʠʚʘʥʘ ʥʝʶ ʙʫʜʝ ʩʢʣʘʜʘʪʠ: 

ὔ
ὔ

–

ρφȟωτ

πȟφ
ςψȟσ σπ ̋ˏȢ̓ 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

1.4  ʊʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ 

 

 ʄʝʪʘ: ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʝʩʪʠ ʝʣʝʢʪʨʦʥʘʛʨʽ-

ʚʘʯʘʤʠ. 

ʇʝʨʝʨʦʙʢʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʥʘ ʯʝʨʚ'ʷʯʥʠʭ ʤʘʰʠʥʘʭ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʢʣʘ-

ʜʥʠʤʠ ʪʝʧʣʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʇʨʦʪʝ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʜʽʡʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧ-

ʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʯʝʨʚ'ʷʯʥʠʭ ʤʘʰʠʥʘʭ ʽ ʫʩʪʘʥʦʚʢʘʭ ʥʝ ʤʦʞʥʘ ʩʢʣʘʩʪʠ ʟʘʢʽʥ-

ʯʝʥʦʾ ʽ ʜʦʢʣʘʜʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʽ ʨʝʞʠʤʽʚ, ʪʦʤʫ 

ʨʦʟʛʣʷʥʝʤʦ ʪʽʣʴʢʠ ʜʝʷʢʽ ʧʠʪʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʯʝʨʚ'ʷʯʥʠʭ ʤʘʰʠʥʘʭ.   

ɺʠʭʽʜʥʽ ʜʘʥʽ: 

ʇʦʪʫʞʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ                N=30 ʢɺʪ 

ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʽʘʣʫ                                    ὸ̘̐̏20 ęʉ 

ʂʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʽʘʣʫ                   ὸ̋ 140 ęʉ    

ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʯʝʨʚ'ʷʯʥʦʾ ʤʘʰʠʥʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ: 

( )1 ,N N M M k ʧʦʯ ʧʦʪQ Q G C t t Q+ = Ö Ö - + 

ʜʝ QN - ʝʥʝʨʛʽʷ ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʚʞʠʚʘʥʥʽ ʧʦʪʫʞʥʦʩʪʽ, 

,21 hhÖÖ=NQN  

ɖ1=0.6 - ʂʂɼ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ, 

ɖ2=0.9 - ʂʂɼ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, 

ὗ σπϽπȟφϽπȟψ ρτȟτ ̋ˏ̓ 

ʜʝ QN1 - ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʢʦʨʧʫʩʘ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘ-

ʯʘʤʠ,  

ʇ=454 ʢʛ/ʛʦʜ= 454/3600=0,126 ʢʛ/ʩ - ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʯʝʨʚ'ʷʯʥʦʾ ʤʘʰʠʥʠ 

ʧʦ ʧʝʨʝʨʦʙʮʽ ʧʦʣʽʧʨʦʧʽʣʝʥʫ, 

˞̍=2,489 ʢɼʞ/(ʢʛ ʉ)̄ - ʪʝʧʣʦʻʤʥʽʩʪʴ ʇʇ,  

tʢ=210ę ʉ - ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ ʢʦʪʨʦʾ ʧʦʪʨʽʙʥʦ ʥʘʛʨʽʪʠ ʤʘʪʝʨʽʘʣ, 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ὸ̐̏=̘20ę ʉ - ʪʝʤʧʝʨʘʪʫʨʘ ʟ ʷʢʠʡ ʤʘʪʝʨʽʘʣ ʥʘʜʭʦʜʠʪʴ ʫ ʤʘʰʠʥʫ, 

ὗ̃ ̓̑ - ʚʪʨʘʪʠ ʪʝʧʣʘ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

,ʚʪʨ K ʚʠʧʨQ Q Q= +  

ʜʝ Q - ʫʪʨʘʪʠ ʪʝʧʣʘ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʢʦʥʚʝʢʮʽʻʶ, 

( ),K ʢʦʞ ʧʦʚQ F t taK= Ö Ö - 

ὗ̃ ̉̐̑ - ʚʪʨʘʪʠ ʪʝʧʣʘ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, 

4 4

1 25.67 ,
100 100

ʚʠʧʨ

T T
Q E F

å õå õ å õ
= Ö Ö Ö -æ öæ ö æ öæ öç ÷ ç ÷ç ÷

 

ʜʝ tʢʦʞ=45ę ʉ - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʢʦʞʫʭʘ ʤʘʰʠʥʠ, 

ὸ̐̏=̃20ę ʉ - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, 

ʊ1=318ʂ - ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʢʦʞʫʭʘ, 

ʊ2=293ʂ - ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ, 

F - ʪʝʧʣʦʦʙʤʽʥʥʘ ʧʦʚʝʨʭʥʷ ʤʘʰʠʥʠ, 

F = hĿ ὰ  = 0,35 Ͻ 2,375 = 0,83 ̍  

ɽ=0.72 - ʩʪʫʧʽʥʴ ʯʦʨʥʦʪʠ, ʜʣʷ ʩʪʘʣʽ, 

Ka  - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʩʪʽʥʢʠ ʢʦʨʧʫʩʘ ʯʝʨʚ'ʷʯʥʦʾ ʤʘʰʠʥʠ ʚ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʢʦʥʚʝʢʮʽʻʶ, 

,K Nu
h

l
a = Ö  

ʜʝ Nu - ʢʨʠʪʝʨʽʡ ʅʫʩʩʝʣʴʪʘ, 

Ὤ  0,35 ʤ ï ʚʠʩʦʪʘ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ, 

ὰ 2,375 ʤ ï ʜʦʚʞʠʥʘ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ 

‗̍ ςȟφωϽρπ 
ˏ̓

̍Ͻ̠
̨̨̗̤̋̏̆̎̓̕ ̨̨̓̆̐̌̏̐̑̏̃̅̎̏̒̓ 

ʂʨʠʪʝʨʽʡ ʅʫʩʩʝʣʴʪʘ ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ: 

( ),PrGrCNu
n

ÖÖ=  

ʜʝ Gr - ʢʨʠʪʝʨʽʡ ɻʨʘʩʛʦʬʘ, 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

,
2

3

J

b thg
Gr

DÖÖÖ
=  

ɓ - ʢʦʝʬʽʮʽʻʥʪ ʦʙ'ʻʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ,  

,
273

1

ʩʨt+
=b  

Pr=0.7 - ʢʨʠʪʝʨʽʡ ʇʨʘʥʜʪʣʷ, 

ɜ=ρψȟωυϽρπʤ/ʩ2 - ʢʦʝʬʽʮʽʻʥʪ ʢʽʥʝʤʘʪʠʯʥʦʾ ʛʨʫʟʴʢʦʩʪʽ, 

ɺʠʟʥʘʯʠʤʦ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ: 

45 20
32.5 ,

2 2

ʢʦʞ ʧʦʚ
ʩp

t t
t ʉ

+ +
= = = ¯ 

,1027.3
5.32273

1 3-Ö=
+

=b  

Ὃὶ
‍Ͻὄ ϽὫϽЎὝ

’̍

ρ

ςχσσςȟυ
Ͻ
πȟσυϽωȟψ

ρψȟωυ Ͻρπ
Ͻτυςπ ωυȢχφϽρπ 

 

ὋὶϽὖὶ ωυȢχφϽρπϽπȟχ φχȟπσϽρπ 

 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʉ=0.54 ʽ n=1/4 ʫ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝ-

ʨʽʶ ʅʫʩʩʝʣʴʪʘ, ʦʜʝʨʞʠʤʦ: 

ʂʨʠʪʝʨʽʡ ʅʫʩʩʝʣʴʪʘ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὔό ὅϽὋὶϽ0Ò πȟυτϽφχȟπσϽρπ τψȢψφ 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʩʪʽʥʢʠ ʢʦʨʧʫʩʫ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ, ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

‌
ὔόϽ‗

ὄ

τψȟψφϽςȟφωϽρπ

πȟσυ
πȟσψ 

ˏ̓

̍ Ͻ̠
 

 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʢʦʥʚʝʢʮʽʻʶ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὗ ‌ ϽὊϽὝ̋̏̇ Ὕ̐ πȟσψϽπȟψσϽτυςπ χȟψω ˏ  ̓



 
 

 

     

¼À71.177246.000- 70ÁÁ 
ʃʠʩʪ 

     
18 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ: 

ὗ̃ ̓̑ υȟφχϽ‐ϽὊϽ
Ὕ

ρππ

Ὕ

ρππ
υȟφχϽπȟχςϽπȟψσϽ 

Ͻ
σπυȟυ

ρππ

ςωσ

ρππ
σχȟψυ ˏ  ̓

ɺʪʨʘʪʠ ʪʝʧʣʘ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

Qʚʪʨ = Qʂ+ Qʚʠʧʨ = 7,89 + 37,85 = 45,74 ɺʪ 

ʂʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʝ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʢʦʨʧʫʩʫ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʘʤʠ: 

QQ1 = ʇ Ͻ CM Ͻ (TK   Tʇ) + Qʚʪʨ  QN =  (0,126 Ͻ 2,489 Ͻ (210  20)) + 

+ 45,74 ɀ 14,4 = 56,25 ʢɺʪ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʛʨʽʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʦʤ-

ʧʝʥʩʘʮʽʾ ʚʪʨʘʪʠ ʪʝʧʣʘ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʧʨʝʩʽ ʚʩʪʘʥʦʚʣʝʥʦ 4 ʽʥʜʫʢ-

ʮʽʡʥʠʭ ʥʘʛʨʽʚʥʠʢʽʚ ʢʽʣʴʮʝʚʦʛʦ ʪʠʧʫ  ʧʦʪʫʞʥʽʩʪʶ 15 ʢɺʪ. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

1.5  ʈʦʟʨʘʭʫʥʦʢ ʢʦʨʧʫʩʫ 

 

 ʄʝʪʘ: ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ʢʦʨʧʫʩʘ, ʷʢʘ ʟʘʜʦʚʦ-

ʣʴʥʷʻ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ. 

 ɺʠʭʽʜʥʽ ʜʘʥʽ:   

- ɺʥʫʪʨʽʰʥʽʡ ʪʠʩʢ ʧʨʝʩʘ ʈ, 20 ʄʇʘ            

- ɼʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ ʉʪʘʣʽ 38ʍ2ʄʖɸ [ ]s , 665 ʄʧʘ               

- ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʢʦʨʧʫʩʫ D, 0,12575 ʤ  

- ʊʝʭʥʦʣʦʛʽʯʥʘ ʧʨʠʙʘʚʢʘ 
3

C , 0,0003  ʤ  

- ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ J, 0,0001 ʤ/ʨʽʢ  

- ʊʝʨʤʽʥ ʚʠʢʦʨʠʩʪʘʥʥʷ t, 13,5 ʨʦʢʽʚ  

ʂʦʨʧʫʩ ʤʘʰʠʥʠ ʯʝʨʚôʷʯʥʦʾ ï ʮʠʣʽʥʜʨ, ʷʢʠʡ ʥʘʚʘʥʪʘʞʝʥʠʡ ʚʥʫʪʨʽʰʥʽʤ 

ʪʠʩʢʦʤ P .[1] 

 ʈʦʟʨʘʭʫʥʢʦʚʘ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ: 

Ὓ
Ͻ Ͻȟ

Ͻ Ͻ Ͻ
πȟππςς ʤ, 

0,001 0,00135 0,00005 0,0003 0,0027
1 2 3

S S C C C ʤr= + + + = + + + = 

Ὓ Ὓ ὅ ὅ ὅ πȟππςςπȟππρσυπȟππππυπȟπππσ

πȟππσωʤ. 

  ʇʨʠʡʤʘʻʤʦ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ S=0,01ʤ. 

ʜʝ ʉ1- ʧʨʠʙʘʚʢʘ ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ ʢʦʨʦʟʽʾ; ʉ2-ʧʨʠʙʘʚʢʘ ʥʘ ʢʦʤʧʝʥʩʘʮʽʶ ʤʽ-

ʥʫʩʦʚʦʛʦ  ʜʦʧʫʩʢʘ ʜʦ ʪʦʚʱʠʥʠ ʣʠʩʪʘ:  

0,0001 13,5 0,00135
1

C ʤJt= = Ö = , 

0,05 0,05 0,001 0,00005
2

C S= = Ö = . 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 ɼʦʧʫʩʪʠʤʠʡ ʚʥʫʪʨʽʰʥʽʡ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ , ʄʇʘ: 

ὖ
Ͻ Ͻ Ͻȟ Ͻȟ ȟ

ȟ ȟ ȟ
ςςȟςυϽρπʇʘ=22,25ʄʇʘ 

ʜʝ:  

• ὥὶὧὸὫ
ὸ

“Ὀ
ὥὶὧὸὫ

ρςυ

σȟρτϽρςυ
πȟσπψ ̑́Ƞ̅ 

 . 

       ʋʤʦʚʘ ʤʽʮʥʦʩʪʽ ʢʦʨʧʫʩʘ ʚʠʢʦʥʫʻʪʴʩʷ:  

[]P P< ,ςπ˙˜ ς́ςȟςυ˙̐́. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

1.6  ʈʦʟʨʘʭʫʥʦʢ ʯʝʨʚ`ʷʢʘ ʥʘ ʩʪʠʩʢ 

 

ʄʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʯʝʨʚËʷʢʘ.  

ʅʘ ʯʝʨʚôʷʢ ʜʽʶʪʴ ʪʘʢʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ:  

- ʦʩʴʦʚʝ ʟʫʩʠʣʣʷ ʈʦʩ.;  

- ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ q;  

- ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʄʦʙ.  

ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʚôʷʢʘ ʪʘ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫ-

ʥʢʫ 2.1.  

ʈʦʟʨʘʭʦʚʫʻʤʦ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ:  

 

˙̋ ̑

σπϽὔ

“Ͻὲ

σπϽσπϽρπ

σȟρτϽρςπ
τȟχψ ̋ Ͻ̊̍  

 

ʜʝ N ïʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʯʝʨʚôʷʢʦʤ, ɺʪ;  

 n  - ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʯʝʨʚôʷʢʘ, ʦʙ/ʭʚ.  

ʆʩʴʦʚʝ ʟʫʩʠʣʣʷ: 

 

ὖ̏̒
ςϽὓ̋ ̑

Ὀ
ϽÔÇ•

ςϽτȟφφϽρπ

πȟρςυ
ϽὸÇπȟσπψ ςσȟχς ̋  ̊

 

ʜʝ D=0,125 - ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʯʝʨʚôʷʢʘ,ʤ;   

 • =arctg
Ͻ

= 0,308 ʨʘʜ - ʢʫʪ ʧʽʜʡʦʤʫ ʥʘʨʽʟʢʠ.  
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ʈʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ: 

 

ή
ȟ Ͻ ȟ Ͻ

ȟ
ωςφ ʅϽʤ 

 

lʨ- ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ, ʤ.   

 

Ὃ
“ϽὈ

τ
Ͻ”Ͻὰ

σȟρτϽπȟρςυϽχχρπϽσȟρςυ

τ
ḙςωυ ̋  ̄

 

˙
ρ

ς
ϽήϽὰ

ρ

ς
ϽςωυϽσȟρςυ τȟυς ̋ Ͻ̊̍  

 

Wx- ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ: 

 

ὡ
“ϽὨ Ͻρ ‌

σς

σȟρτϽπȟπωυϽρ πȢρρ

σς
ψτȟρρϽρπ  ̍  
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʰʥʝʢʘ ʪʘ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ 

ʉʪʠʩʢʥʝ ʥʘʧʨʫʞʝʥʥʷ:   

 

„̒ ̓

˝̏ ̒

Ὂ

ὓ

ὡ

ςσȢχςϽρπ

φȟωωϽρπ

ρχȟυσϽρπ

ψτȟρρϽρπ
ςρρȢψ˙̐ ́ 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ʜʝ F- ʧʣʦʱʘ ʥʝʙʝʟʧʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʧʽʜ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʚʦʨʦʥʢʦʶ ʚ 

ʤʽʩʮʽ  

ʧʦʯʘʪʢʫ ʥʘʨʽʟʢʠ, ʜʝ ʥʘʡʙʽʣʴʰʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʥʘʡʤʝʥʰʘ ʧʣʦʱʠʥʘ, ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʚʠʪʢʽʚ): 

Ὂ
“ϽὨ

τ
ρ ‌

σȟρτϽπȟπωυ

τ
ρ πȢρρ φȟωωϽρπ ̍  

 

‌
Ὠ

Ὠ

πȟπρ

πȟπωυ
πȟρρ 

 

d0 -ʜʽʘʤʝʪʨ ʦʩʝʨʜʷ ʚ ʟʦʥʽ ʟʘʚʘʥʪʘʞʝʥʥʷ;   

ɼʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ: 

 

†
ὓ̋ ̑

ὡ

τȟχψϽρπ

πȟπππρφψ 
ςχȟψ ̇˜ ́

 

ʜʝ Wʨ- ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ: 

 

ὡ
“ϽὨ ρ ‌

ρφ

σȟρτϽπȟπωυρ πȢρρ

ρφ
πȟπππρφψ ̍  

 

ɽʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʪʨʝʪʴʦʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ: 

 

„̒ ̓ „̒ ̓ τϽ† ςρρȟψϽρπ  τϽςχȟψϽρπ ςρψȟωχ ̇˜ ́
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 

ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ  ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ: 

 

ὲ
„

„̤ ̋̃
ὲ 

 

ʄʘʪʝʨʽʘʣ ʯʝʨʚôʷʢʘ ʩʪʘʣʴ 38ʍ2ʄʖɸ ʜʣʷ ʷʢʦʾ ůt=665 ʄʇʘ 

ɿʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʘʩʫ ʟʘʟʚʠʯʘʡ 1,6...2: 

 

ὲ
φφυ

ςρψȟωχ
σȢπσ 

 

ʋʤʦʚʘ ʤʽʮʥʦʩʪʽ ʯʝʨʚôʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

2 ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ Abaqus 

 

ʄʝʪʘ: ɺʠʢʦʥʘʪʠ ʯʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ ʨʦ-

ʙʦʯʦʛʦ ʦʨʛʘʥʫ ʝʢʩʪʨʫʜʝʨʘ (ʯʝʨʚôʷʢʘ), ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʚʚʝʜʝʥʥʷ ʚ ʧʦʣʽʧ-

ʨʦʧʽʣʝʥ ʥʫʢʣʝʽʨʫʶʯʠʭ ʜʦʙʘʚʦʢ. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ [20] ʟʤʦʜʝʣʴʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ  ʩʠʩʪʝʤʽ Abaqus. 

ɺʠʭ̔ʜʥʽ ʜʘʥʽ:   

- ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʙôʻʤ ʩʠʨʦʚʠʥʠ V1, 1 ʤ
3 ;               

- ʚʤʽʩʪ ʥʫʢʣʝʽʨʫʶʯʠʭ ʜʦʙʘʚʦʢ ɤ, 0,3%; 

- ʨʘʜʽʫʩ ʘʙʨʘʟʠʚʥʦʾ ʯʘʩʪʠʥʢʠ r1, 5Ā10
-5 ʤ; 

- ʛʫʩʪʠʥʘ ʈʈ ɟ1, 930 ʢʛ/ʤ
3; 

- ʤʘʩʘ ʘʙʨʘʟʠʚʥʦʾ ʯʘʩʪʠʥʢʠ m, 1,8 ʤʛ. 

 

2.1  ʉʪʚʦʨʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ 

 

ʇʽʩʣʷ ʟʘʧʫʩʢʫ Abaqus ʩʪʚʦʨʶʻʤʦ ʥʦʚʠʡ ʧʨʦʝʢʪ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʦ-

ʛʨʘʤʦʶ (ʨʠʩ. 2.1).  

 

ʈʠʩʫʥʦʢ 2.1 ï ʚʽʢʥʦ ʚʠʙʦʨʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʨʦʝʢʪʫ 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʦʙʠʨʘʻʤʦ With Standard / Explicit Model, ʧʽʩʣʷ ʯʦʛʦ 

Abaqus ʩʪʚʦʨʠʪʴ ʥʦʚʠʡ ʧʨʦʝʢʪ ʪʘ ʧʝʨʝʥʘʧʨʘʚʠʪʴ ʫ ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ(ʨʠʩ. 

2.2). 

 

ʈʠʩʫʥʦʢ 2.2 ï ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ Abaqus. 

 

ɺ ʤʦʜʫʣ ̔Parts  ʩʪʚʦʨʶʻʤʦ ʚʽʜʧʦʚʽʜʥʽ ʜʝʪʘʣʽ, ʟʘʜʘʻʤʦ ʽʤôʷ, ʧʘʨʘ-

ʤʝʪʨʠ ʩʪʚʦʨʝʥʥʷ (ʨʠʩ. 2.3). 

 

ʈʠʩʫʥʦʢ 2.3 ï ʥʘʣʘʰʪʫʚʘʥʥʷ ʜʝʪʘʣʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ. 

 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

- ʢʚʘʨʮʦʚʦʾ ʯʘʩʪʠʥʢʠ; 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

- ʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ ʟʽ ʩʪʘʣʽ 38ʍʄʖɸ, ʱʦ ʤʦʜʝʣʶʻ ʯʘʩʪʠʥʫ ʧʦʚʝ-

ʨʭʥʽ ʯʝʨʚôʷʢʘ. 

ʂʚʘʨʮʦʚʫ ʯʘʩʪʠʥʢʫ ʧʝʨʝʩʪʘʚʣʷʻʤʦ ʷʢ ʘʥʘʣʽʪʠʯʥʦ ʞʦʨʩʪʢʝ ʪʽʣʦ (ʨʠʩ. 

2.4), ʘ ʤʝʪʘʣʝʚʫ ʧʣʘʩʪʠʥʫ ï ʪʽʣʦʤ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ. 

 

ʈʠʩʫʥʦʢ 2.4 ï 3D ï ʤʦʜʝʣʴ ʢʚʘʨʮʦʚʦʾ ʯʘʩʪʠʥʢʠ. 

 

ʈʠʩʫʥʦʢ 2.5 - 3D ï ʤʦʜʝʣʴ ʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʚʘʨʮʦʚʫ ʯʘʩʪʠʥʢʫ, ʱʦ ʜʨʷʧʘʻ 

ʧʦʚʝʨʭʥʶ ʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ, ʷʢ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.6. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 

ʈʠʩʫʥʦʢ 2.6 ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʚ ʩʠʩʪʝʤʽ Abaqus. 

 

ʆʩʢʽʣʴʢʠ ʢʚʘʨʮʦʚʘ ʯʘʩʪʠʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʞʦʨʩ-

ʪʢʦʛʦ ʪʽʣʘ, ʪʦ ʾʾ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʨʘʭʫʥʦʢ, ʘ ʤʝʭʘʥʽ-

ʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.1. 

ʊʘʙʣʠʮʷ 2.1 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʽ 38ʍʄʖɸ 

ɺʣʘʩʪʠʚʽʩʪʴ ɿʥʘʯʝʥʥʷ ʆʜʠʥʠʮʽ ʚʠʤʽʨʫ 

ʄʘʩʦʚʘ ʛʫʩʪʠʥʘ 7850 ʢʛ/ʤ3 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ 205000 ʅ/ʤʤ2 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,32 - 

 

ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʟʘʢʨʽʧʣʝʥʥʷ, ʧʝʨʝʤʽʱʝʥʥʷ 

ʜʝʪʘʣʝʡ ʤʦʜʝʣʽ ʪʘ ʾʭ ʚʟʘʻʤʦʜʽʶ. 

ʂʚʘʨʮʦʚʫ ʯʘʩʪʠʥʢʫ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʶʻʤʦ ʧʦ ʚʩʽʤ ʥʘʧʨʷʤʢʘʤ, ʷʢ ʟʦʙʨʘ-

ʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.7, ʘ ʩʪʘʣʝʚʫ ʧʣʘʩʪʠʥʫ ï ʦʙʤʝʞʫʻʤʦ ʚ ʥʘʧʨʷʤʢʫ ʚʽʩʽ z, ʧʨʠ 

ʮʴʦʤʫ ʟʘʜʘʻʤʦ ʾʡ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʩʽ ʭ ʪʘ ʫ (ʨʠʩ. 2.8), ʟ ʨʽʟʥʦʶ ʘʤʧ-

ʣʽʪʫʜʦʶ ʨʫʭʫ (ʨʠʩ. 2.9). ɺʟʘʻʤʦʜʽʶ ʤʽʞ ʢʚʘʨʮʦʚʦʶ ʯʘʩʪʠʥʢʦʶ ʪʘ ʩʪʘʣʝʚʦʶ 

ʧʣʘʩʪʠʥʦʶ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.10, 2.11. 
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ʈʠʩʫʥʦʢ 2.7 ï ʟʘʢʨʽʧʣʝʥʥʷ ʢʚʘʨʮʦʚʦʾ ʯʘʩʪʠʥʢʠ. 

 

 

ʘ) 

       

                     ʙ)                                                             ʚ) 

ʈʠʩʫʥʦʢ 2.8 ï ʟʘʢʨʽʧʣʝʥʥʷ ʤʝʪʘʣʝʚʦʾ ʧʣʘʩʪʠʥʠ: ʘ) ï ʚ ʥʘʧʨʷʤʢʫ ʚʽʩʽ z; ʙ) 

ï ʚʠʤʫʰʝʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʩʽ ʭ; ʚ) ï ʚʠʤʫʰʝʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʥʘ-

ʧʨʷʤʢʫ ʚʽʩʽ ʫ. 
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ʈʠʩʫʥʦʢ 2.9 ï ʘʤʧʣʽʪʫʜʘ ʨʫʭʫ ʧʣʘʩʪʠʥʠ, ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʩʽ ʭ. 

 

 

ʈʠʩʫʥʦʢ 2.10 ï ʚʟʘʻʤʦʜʽʷ ʧʦʚʝʨʭʥʽ ʢʚʘʨʮʦʚʦʾ ʯʘʩʪʠʥʢʠ ʪʘ ʩʪʘʣʝʚʦʾ ʧʣʘʩ-

ʪʠʥʠ. 
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                        ʘ)                                                      ʙ) 

ʈʠʩʫʥʦʢ 2.11 ï ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ: ʘ) ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ; ʙ) ï ʥʦʨ-

ʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ. 

 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʩʪʘʣʽ 38ʍʄʖɸ ʪʘ ʾʾ ʘʟʦʪʦʚʘʥʠʭ ʚʠʜʽʚ, ʘ 

ʩʘʤʝ: - ʧʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ; 

- ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ.  

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʦʩʣʽʜʞʫʚʘʥʘ ʧʦʚʝʨʭʥʷ ʧʦ-

ʯʠʥʘʻ ʨʫʭ ʚ ʥʘʧʨʷʤʢʫ ʚʽʩʽ ʭ, ʚ ʮʝʡ ʯʘʩ ʘʙʨʘʟʠʚʥʘ ʯʘʩʪʠʥʢʘ ʚʩʪʫʧʘʻ ʚ ʢʦʥʪʘʢʪ ʟ 

ʧʣʘʩʪʠʥʦʶ ʪʘ ʟʘʛʣʠʙʣʶʻʪʴʩʷ ʥʘ ʧʝʚʥʫ ʛʣʠʙʠʥʫ, ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʾ ʯʘʩʪʠ-

ʥʢʘ ʬʽʢʩʫʻʪʴʩʷ. ʈʦʟʨʘʭʫʥʦʢ ʟʘʢʽʥʯʫʻʪʴʩʷ ʢʦʣʠ ʤʝʪʘʣʝʚʘ ʧʣʘʩʪʠʥʘ ʧʦʚʥʽʩʪʶ 

ʧʨʦʡʜʝ ʧʽʜ ʘʙʨʘʟʠʚʥʦʶ ʯʘʩʪʠʥʢʦʶ. 

ɻʣʠʙʠʥʘ, ʥʘ ʷʢʫ ʟʘʛʣʠʙʣʶʻʪʴʩʷ ʯʘʩʪʠʥʢʘ, ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ  ʾʾ ʧʦʩʣʽʜʦʚ-

ʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ, ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʥʝ 

ʧʦʯʥʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʤʝʞʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʦʜʨʷʧʠʥ ʥʘ ʤʝʪʘ-

ʣʝʚʽʡ ʧʦʚʝʨʭʥʽ ʟʽ ʩʪʘʣʽ 38ʍʄʖɸ ʪʘ ʾʾ ʘʟʦʪʦʚʘʥʠʭ ʚʠʜʽʚ ʘʙʨʘʟʠʚʥʘ ʯʘʩʪʠʥʢʘ 

ʤʘʻ ʟʘʛʣʠʙʠʪʠʩɹ ʥʘ 1,1Ā10-4 ʤ, 1,25Ā10-4 ʤ, 1,5Ā10-4 ʤ ʚʽʜʧʦʚʽʜʥʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.12. 
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ʘ) 

 

 

ʙ) 

 

 

ʚ) 

ʈʠʩʫʥʦʢ 2.12 ï ʨʝʟʫʣɹ ʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʴ ʧʦ ʄʽʟʝʩʫ ʧʨʠ ʫʪʚʦ-

ʨʝʥʽ ʟʦʥ ʧʣʘʩʪʠʯʥʦʩʪʽ:  

ʘ) ʩʪʘʣʽ 38ʍʄʖɸ; ʙ) ʩʪʘʣʽ 38ʍʄʖɸ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ; ʘ) ʩʪʘʣʽ 

38ʍʄʖɸ ʧʽʩʣʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʾ ʟʘʜʘʯʽ, ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʜʝʪʘʣʽ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʝʘʢʮʽʾ ʷʢʽ ʚʠʥʠ-

ʢʘʶʪʴ ʧʨʠ ʢʦʥʪʘʢʪʽ ʢʚʘʨʮʦʚʦʾ ʯʘʩʪʠʥʢʠ ʟ  ʜʦʩʣʽʜʞʫʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ. ɼʣʷ 

ʮʴʦʛʦ ʚ ʩʠʩʪʝʤʽ Abaqus, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʟʤ̔ʥʠ  

ʢʦʥʪʘʢʪʥʦʾ ʨʝʘʢʮʽʾ ʫ ʯʘʩʽ (ʨʠʩ. 2.13). 

 

 

ʘ) 

 

ʙ) 
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ʚ) 

ʈʠʩʫʥʦʢ 2.13 ï ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʠʣʠ ʨʝʘʢʮʽʾ ʚʽʜ ʯʘʩʫ: ʘ) ʩʪʘʣʽ 

38ʍʄʖɸ; ʙ) ʩʪʘʣʽ 38ʍʄʖɸ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ; ʘ) ʩʪʘʣʽ 38ʍʄʖɸ ʧʽ-

ʩʣʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ. 

 

ʅʘʧʨʫʞʝʥʥʷ ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʩʫ ʚʽʜ ʦʜʥʽʻʾ ʯʘʩʪʠ-

ʥʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

„  , 

ʜʝ F ï ʩʝʨʝʜʥʷ ʩʠʣʘ ʨʝʘʢʮʽʾ ʧʦʚʝʨʭʥʽ, ʅ; 

Ὓ  “Ͻὶ σȟρτϽυϽρπ ρȟυχϽρπ ̍ ï ʧʣʦʱʘ ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ, ʤ. 

  

ɿʚʽʜʩʠ:  

„
Ὂ

Ὓ

τȟχϽρπ

ρȟυχϽρπ
ςωȟωτ ̃ Ƞ́ 

„
Ὂ

Ὓ

υȟςϽρπ

ρȟυχϽρπ
σσȟρς ̃ Ƞ́ 

„
Ὂ

Ὓ

φȟρϽρπ

ρȟυχϽρπ
σψȟψυ ̃ Ȣ́ 

 

 

ɿʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʝʨʝʨʦʙʣʶʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ 

ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ὲ
‫Ͻά

ά
ȟ 

ʜʝ n ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ, ʰʪ ; 

ɤ ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʫʢʣʝʽʨʫʶʯʦʾ ʜʦʙʘʚʢʠ, %; 

mPP ï ʤʘʩʘ ʧʝʨʝʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʛ; 

m ï ʤʘʩʘ ʦʜʥʽʻʾ ʯʘʩʪʠʥʢʠ, 18Ā10-6 ʢʛ[20]. 

 

ʄʘʩʘ ʧʝʨʝʨʦʙʣʶʚʘʥʦʛʦ ʧʦʣʽʧʨʦʧʽʣʝʥʫ: 

ά̋ ˝ ὠϽ” ρϽωσπωσπ ̋ ȟ̄ 

ʜʝ V1 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʙôʻʤ ʩʠʨʦʚʠʥʠ, ʤ
3; 

ɟ1 ï ʛʫʩʪʠʥʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʢʛ/ʤ3. 

 

ʆʪʞʝ ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʝʨʝʨʦʙʣʶʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ: 

ὲ
‫Ͻά

ά

πȟσϽωσπ

ρψϽρπ
ρυȟυϽρπ ̙ Ȣ̓ 

 

ʂʽʣʴʢʽʩʪʴ ʯʘʩʪʦʯʦʢ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ: 

ὲ̋ Ѝὲ ρυȟυϽρπ φςȟρφϽρπ ̙ Ȣ̓ 

 

ʅʘʧʨʫʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʯʘʩʪʠʥʦʢ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ 

ʫ ʢʦʥʪʘʢʪ: 

„̈ ́̄ ὲ̋Ͻ„Ƞ 

„̈ ́̄ ὲ̋Ͻ„ φςȟρφϽρπϽςωȟωτϽρπ ρȟψφ ̇˜Ƞ́ 

„̈ ́̄ ὲ̋Ͻ„ φςȟρφϽρπϽσσȟρςϽρπ ςȟπφ ̇˜Ƞ́ 

„̈ ́̄ ὲ̋Ͻ„ φςȟρφϽρπϽσψȟψυϽρπ ςȟσψ ̇˜Ȣ́ 

 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʥʘ-

ʧʨʫʞʝʥʴ ʧʦʨʽʚʥʷʻʤʦ ʟ ʛʨʘʬʽʢʦʤ ʟʘʣʝʞʥʦʩʪʽ ʟʥʦʩʫ ʚʽʜ ʧʠʪʦʤʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʧʽʩʣʷ 20 ʛʦʜʠʥ ʨʦʙʦʪʠ [21], ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.14 
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ʈʠʩʫʥʦʢ 2.14 ïʟʘʣʝʞʥʦʩʪʽ ʟʥʦʩʫ ʚʽʜ ʧʠʪʦʤʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʜʣʷ ʩʪʘʣʝʡ 

ʨʽʟʥʠʭ ʤʘʨʦʢ. 

 

ɿʥʘʯʝʥʥʷ ʟʥʦʩʫ ʜʣʷ ʩʪ. 38ʍʄʖɸ ʚʠʟʥʘʯʠʤʦ ʛʨʘʬʽʯʥʦ ŭ1 å 1,1 ʤʢʤ ʟʘ 20 

ʛʦʜʠʥ ʨʦʙʦʪʠ [21], ʜʣʷ ʩʪ. 38ʍʄʖɸ ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʪʘ ʧʽʩʣʷ ʽʦʥʥʦʛʦ ʘʟʦʪʫ-

ʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ ʤʝʪʦʜʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʜʦʨʽʚʥʶʶʪʴ ŭ2 å 0,74 ʤʢʤ, ŭ3 å 0,62 

ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ. ɿʥʘʯʝʥʥʷ ʟʘʟʦʨʫ ʤʽʞ ʛʨʝʙʥʝʤ ʚʠʪʢʘ ʪʘ ʛʽʣʴʟʦʶ ʮʠʣʽʥʜʨʘ ʥʝ 

ʧʦʚʠʥʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʝ ŭ. ɼʣʷ ʯʝʨʚôʷʯʥʦʾ ʤʘʰʠʥʠ ʟ ʜʽʘʤʝʪʨʦʤ 

ʰʥʝʢʘ 125 ʤʤ ʮʝ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ:  

ŭʜʦʧ=0,008D = 0,008Ā125= 1 ʤʤ. 

 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ ʩʣʫʞʙʠ ʯʝʨʚôʷʢʘ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘ-

ʯʝʥʥʷ ʟʘʟʦʨʫ: 

˟
‏̅ ̏̐

‏
Ͻ†ȟ 

ʜʝ Ű ï ʯʘʩ ʨʦʙʦʪʠ ʧʽʜ ʜʽʻʶ ʘʙʨʘʟʠʚʥʦʛʦ ʚʧʠʣʚʫ. 

 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʯʘʩ ʨʦʙʦʪʠ ʝʢʩʪʨʫʜʝʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪ. 38ʍʄʖɸ 

ʪʘ ʾʾ ʘʟʦʪʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ: 

˟
‏̅ ̏̐

‏
Ͻ†

ρ

ρȟρϽρπ
Ͻςπ ρψρψρ ̄̏Ƞ̅ 
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˟
‏̅ ̏̐

‏
Ͻ†

ρ

πȟχσϽρπ
Ͻςπ ςχπςχ ̄̏Ƞ̅ 

˟
‏̅ ̏̐

‏
Ͻ†

ρ

πȟφςϽρπ
Ͻςπ σςςυψ ̄̏Ȣ̅ 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ɺʠʩʥʦʚʢʠ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ: 

 1. ʇʘʨʘʤʝʪʨʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʯʝʨʚôʷʯʥʦʛʦ ʝʢʩʪʨʫʜʝʨʘ;  

2. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʝʢʩʪʨʫʜʝʨʘ ʏʇ-125;  

3. ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʰʥʝʢʘ;  

4. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʝʨʚôʷʢʘ ʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʘʙʨʘʟʠʚ-

ʥʦʛʦ ʟʥʦʩʫ ʚ ʩʝʨʝʜʦʚʠʱʽ Abaqus;  

5. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ Abaqus ʧʨʦʚʝ-

ʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʯʝʨʚôʷʢʘ ʟʽ ʩʪ. 38ʍʄʖɸ ʪʘ ʾʾ ʘʟʦʪʦʚʘʥʠʭ 

ʚʠʜʽʚ, ʘ ʩʘʤʝ: ʧʽʩʣʷ ʧʽʯʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ ʪʘ ʽʦʥʥʦʛʦ ʘʟʦʪʫʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʦʥʥʝ ʘʟʦʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʩʪʨʦʢ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʚ 1,77 ʨʘʟʠ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʫ ʪʘ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ. 
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ʈʘʟʨʘʙ ȘȱȺȲȱɌȴ   

¶ÛâãáäÕÖá ÕÜð ÓÙáßÒÞÙçãÓÑ àßÜ©àáß-
à©ÜÖÞßÓÙæ ÜÙâã©Ó Ø ÕßâÜ©Õ×ÖÞÞðÝ àáß-

çÖâä ØÞßéäÓÑÞÞð èÖáÓôðÛÑ 

ʃʠʪʝʨʘ ʃʠʩʪ ʃʠʩʪʦʚ 

ʇʨʦʚ ȞȬȳȬȷȯȸ    y  2 19 

    
ȑȖǾĘɌȳ+ĘǾȪȵȷɆĘȘɌȱȵȷȸɃȱȵȪȵ) 

ǾȜț 
ʅ. ʂʦʥʪʨ.    

ʋʪʚ ȊȵȴȫȲɆȼ   
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1 ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʽ 

1.1 ʆʧʠʩ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʜʝʪʘʣʽ 

ʈʦʟʛʣʷʜʘʶʯʠ ʢʦʥʬʽʛʫʨʘʮʽʶ ʽ ʛʘʙʘʨʠʪʠ ʜʝʪʘʣʽ, ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ, ʱʦ 

ʙʣʦʢ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ ʻ ʜʝʪʘʣʣʶ ʩʝʨʝʜʥʴʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʘʣʝ ʚʽʜʩʫʪʥʽʩʪʴ 

ʩʢʣʘʜʘʣʴʥʦʛʦ ʢʨʝʩʣʝʥʥʷ ʚʫʟʣʘ ʽ ʜʘʥʠʭ ʧʨʦ ʩʣʫʞʙʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʨʦʙʫ 

ʫʩʢʣʘʜʥʶʻ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʟʥʘʯʝʥʥʷ ʜʝʪʘʣʽ.  

ɹʣʦʢ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ï ʦʙʝʨʪʦʚʘ ʜʝʪʘʣʴ ʤʘʰʠʥʠ, ʱʦ 

ʧʝʨʝʜʘʻ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʤʦʞʝ ʙʫʪʠ ʯʘʩʪʠʥʦʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ (ʧʣʘʥʝʪʘʨ-

ʥʦʛʦ) ʨʝʜʫʢʪʦʨʘ. ɹʣʦʢ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʩʪʘʣʽ 40, ʷʢʘ ʚʠʢʦʨʠʩ-

ʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ.  

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʘʣʽ "ʙʣʦʢ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ" ʜʦʟʚʦ-

ʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

ï ʂʦʥʩʪʨʫʢʮʽʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʞʦʨʩʪʢʽʩʪʶ ʽ ʜʦʧʫʩʢʘʻ ʚʠʩʦʢʽ ʨʝ-

ʞʠʤʠ ʨʽʟʘʥʥʷ ʽ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʚʠʱʝʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ; 

ï ʂʦʥʩʪʨʫʢʮʽʷ ʜʝʪʘʣʽ "ʙʣʦʢ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ" ʟʘʙʝʟʧʝʯʫʻ ʚʽʣʴʥʠʡ ʜʦʩʪʫʧ 

ʨʽʞʫʯʦʛʦ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. 

 ï ɺʩʽ ʦʙʨʦʙʣʶʚʘʥʽ ʧʦʚʝʨʭʥʽ ʽ ʦʪʚʦʨʠ, ʘʙʦ ʧʘʨʘʣʝʣʴʥʽ, ʘʙʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ; 

ï ɹʽʣʴʰʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʽ ʦʪʚʦʨʽʚ ʤʦʞʥʘ ʦʙʨʦʙʠʪʠ ʩʪʘʥʜʘʨʪʥʠʤ ʽʥʩʪʨʫʤʝ-

ʥʪʦʤ. 

ɺ ʮʽʣʦʤʫ ʢʦʥʩʪʨʫʢʮʽʷ ʜʝʪʘʣʽ "ʙʣʦʢ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ" ʪʝʭʥʦʣʦʛʽʯʥʘ. 

  



 
 

 

 

¼    

¼À71.177246.000- 70Ã¶ 
ʃʠʩʪ 

     
4 
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1.2 ɺʠʙʽʨ ʟʘʛʦʪʦʚʢʠ ʽ ʾʾ ʪʝʭʥʽʢʦïʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦ-

ʚʣʝʥʥʷ ʜʝʪʘʣʽ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʢʨʝʩʣʝʥʥʷ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʘʣʽ 

ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʪʘʤʧʦʚʘʥʫ ʟʘʛʦ-

ʪʦʚʢʫ. ʗʢʽʩʪʴ ʽ ʚʘʨʪʽʩʪʴ ʰʪʘʤʧʦʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʦ-

ʩʦʙʫ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ.  

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʟʘʛʦʪʦʚʢʠ, ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ ʊ4 ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɻʆʉʊ 7505ï89, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʰʪʘʤʧʦʚʢʠ ʥʘ ʢʨʠʚʦʰʠʧʥʦïh ʘʪʫʥ-

ʥʦʤʫ ʛʘʨʷʯʦïh ʪʘʤʧʫʚʘʣʴʥʦʤʫ ʧʨʝʩʽ ʟ ʚʠʰʪʦʚʭʫʚʘʯʝʤ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʘʞʣʠʚʠʡ ʧʨʘʚʠʣʴʥʠʡ 

ʚʠʙʽʨ ʧʣʦʱʠʥʠ ʨʦʟôʻʤʥʫ ʰʪʘʤʧʦʚʘʥʦʾ ʬʦʨʤʠ. ʐʪʘʤʧʦʚʘʥʘ ʬʦʨʤʘ ʧʦʚʠʥʥʘ 

ʤʘʪʠ, ʟʘ ʤʦʞʣʠʚʽʩʪʶ, ʦʜʠʥ ʧʣʦʩʢʠʡ ʨʦʟʥʽʤ. ɼʣʷ ʟʘʛʦʪʦʚʢʠ ʜʝʪʘʣʽ, ʱʦ ʨʦʟʛʣʷ-

ʜʘʻʪʴʩʷ, ʪʘʢʦʶ ʻʜʠʥʦʶ ʧʣʦʱʠʥʦʶ ʨʦʟʥʽʤʫ ʤʦʞʝ ʙʫʪʠ ʧʣʦʱʠʥʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ 

ʚʝʨʭʥʶ ʧʣʦʱʠʥʫ ʜʝʪʘʣʽ. 

 

ʈʠʩ.1 ï ɿʘʛʦʪʦʚʢʘ ʜʝʪʘʣʽ 

 



 
 

 

 

¼    

¼À71.177246.000- 70Ã¶ 
ʃʠʩʪ 

     
5 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 

1.3  ɺʠʙʽʨ ʪʠʧʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʪʠʧʦʚʠʭ ʩʭʝʤ ʦʙ-
ʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ 

 

ɹʣʦʢ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʪʠʧʫ "ʜʠʩʢʠ". ɼʦ ʮʴʦʛʦ ʢʣʘʩʫ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʝʪʘʣʽ, ʱʦ ʤʘʶʪʴ ʬʦʨʤʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʠʩʦʪʠ 

ʽ ʥʘʡʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʘ h < 0,5D, ʘ ʪʘʢʦʞ ʰʝʩʪʝʨʥʽ ʪʠʧʫ ʜʠʩʢʽʚ. ʍʘʨʘʢʪʝʨʥʽ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʜʝʪʘʣʝʡ ʜʘʥʦʛʦ ʢʣʘʩʫ ï ʢʨʠʰʢʠ, ʤʘʭʦʚʠʢʠ, ʢʦʣʽʩʘ, ʪʦʨʤʦʟʥʽ ʙʘ-

ʨʘʙʘʥʠ, ʬʣʘʥʮʽ, ʧʦʣʦʚʠʥʢʠ ʤʫʬʪ, ʟʽʨʦʯʢʠ, ʢʽʣʴʮʷ ʧʽʜʰʠʧʥʠʢʽʚ ʽ ʪ.ʜ. 

ɹʘʟʫʚʘʥʥʷ. ʏʦʨʥʦʚʠʤʠ ʙʘʟʘʤʠ ʷʚʣʷʶʪʴʩʷ ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʜʝʪʘʣʽ ʽ 

ʦʜʠʥ ʪʦʨʝʮʴ. ɼʣʷ ʫʩʽʻʾ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʙʘʟʘʤʠ ʷʚʣʷʶʪʴʩʷ ʦʙʨʦʙʣʝʥʽ ʥʘ ʧʝ-

ʨʰʽʡ ʦʧʝʨʘʮʽʾ ʪʦʨʝʮʴ ʽ ʮʠʣʽʥʜʨʠʯʥʘ ʚʥʫʪʨʽʰʥʷ ʘʙʦ ʟʦʚʥʽʰʥʷ ʧʦʚʝʨʭʥʷ. 

ɼʣʷ ʦʙʨʦʙʢʠ ʜʘʥʦʛʦ ʢʣʘʩʫ ʜʝʪʘʣʝʡ ʥʝʦʙʭʽʜʥʦ ʧʨʠʪʨʠʤʫʚʘʪʠʩʴ ʥʘʩʪʫʧʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ï ʯʦʨʥʦʚʘ ʽ ʯʠʩʪʦʚʘ ʦʙʨʦʙʢʘ ʪʦʨʮʷ ʽ ʦʪʚʦʨʫ, ʘ ʪʘʢʦʞ ʯʦʨʥʦʚʘ ʦʙʨʦʙʢʘ 

ʚʽʣʴʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ; 

ï ʯʦʨʥʦʚʘ ʽ ʯʠʩʪʦʚʘ ʪʦʢʘʨʥʘ ʦʙʨʦʙʢʘ ʜʨʫʛʦʛʦ ʪʦʨʮʷ, ʘ ʪʘʢʦʞ ʯʦʨʥʦʚʘ 

ʽ ʯʠʩʪʦʚʘ ʦʙʨʦʙʢʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʙʘʟʫʚʘʥʥʽ ʜʝʪʘʣʽ ʧʦ ʦʙʨʦʙʣʝʥʠʤ 

ʥʘʯʠʩʪʦ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʽ ʪʦʨʮʶ; 

ï ʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʽ ʨʦʟʪʠʩʢʥʠʤʠ ʢʫʣʘʯʢʘʤʠ ʘʙʦ ʥʘ ʨʦʟʪʠʩʢʥʽʡ ʦʧʨʘ-

ʚʮʽ; 

ï ʩʚʝʨʜʣʝʥʥʷ ʽ ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʦʪʚʦʨʽʚ ʽ ʥʘʨʽʟʘʥʥʷ ʚ ʥʠʭ 

ʨʽʟʴʙʠ, ʬʨʝʟʝʨʫʚʘʥʥʷ ʥʝʚʝʣʠʢʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʨʦʪʷʛʘʥʥʷ ʰʧʦʥʢʦʚʠʭ ʢʘʥʘʚʦʢ; 

ï ʯʦʨʥʦʚʝ ʽ ʯʠʩʪʦʚʝ ʥʘʨʽʟʘʥʥʷ ʟʫʙʮʽʚ ʰʝʩʪʝʨʥʽ ʧʨʠ ʙʘʟʫʚʘʥʥʽ ʥʘ 

ʦʪʚʦʨʽ ʽ ʪʦʨʮʽ; 

ï ʥʝʚʝʣʠʢʽ ʦʧʝʨʘʮʽʾ ï ʟʘʦʢʨʫʛʣʝʥʥʷ ʽ ʟʨʽʟʘʥʥʷ ʟʫʙʮʽʚ, ʩʚʝʨʜʣʽʥʥʷ 

ʦʪʚʦʨʽʚ ʜʣʷ ʟʤʘʱʝʥʥʷ ʯʝʨʝʟ ʚʧʘʜʠʥʫ ʟʫʙʘ, ʧʨʠʪʫʧʣʝʥʥʷ ʛʦʩʪʨʠʭ ʢʨʦʤʦʢ; 

ï ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ (ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ); 
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ï ʦʙʨʦʙʣʝʥʥʷ ʪʦʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʰʣʽʬʫʚʘʥʥʷʤ ʽ ʰʦʚʽʥʛʫʚʘʥʥʷʤ ï 

ʰʣʽʬʫʚʘʥʥʷ ʦʪʚʦʨʽʚ ʽ ʪʦʨʮʽʚ ʧʨʠ ʙʘʟʫʚʘʥʥʽ ʧʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʮʠʣʽʥʜʨʠʯ-

ʥʽʡ ʧʦʚʝʨʭʥʽ ʘʙʦ ʧʦ ʙʦʢʦʚʠʤ ʧʦʚʝʨʭʥʷʤ ʟʫʙʮʽʚ. 



 

1.4  ʈʦʟʨʦʙʢʘ ʤʘʨʰʨʫʪʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ
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2 ɺʠʙʽʨ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʝʚʥʦʾ ʦʧʝʨʘʮʽʾ 

2.1 ɺʠʙʽʨ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʦʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʨʠʥʮʠʧʫ ʜʽʾ 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʙʣʦʢʫ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʦʧʝ-

ʨʘʮʽʡ. ɼʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʦʻ ʧʨʠʩʪʦʩʫʚʘʥʥʷ. ʈʦʟ-

ʛʣʷʥʝʤʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʬʨʝʟʝʨʥʠʭ ʩʪʘʥʢʽʚ, ʧʝʨʝʜʙʘʯʘʶʯʠ ʚʝʨʪʠʢʘʣʴʥʦ-

ʬʨʝʟʝʨʥʫ ʦʧʝʨʘʮʽʶ.  

ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʫʥʽʚʝʨʩʘʣʴʥʦ-ʙʝʟʥʘʣʘʜʦʯʥʝ ʟ ʛʽʜʨʦʧʨʠʚʦ-

ʜʦʤ, ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ ʙʘʟʫʚʘʥʥʷ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʽʚʦʢ ʧʫʩʪʦʪʽʣʠʭ ʮʠʣʽʥʜʨʽʚ, 

ʚʘʣʽʚ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʤʫ ʩʪʘʥʢʫ 6ʈ13.  

ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʤʘʻ ʢʦʨʧʫʩ, ʜʦ ʷʢʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʦʣʪʽʚ ʪʫʛʦ ʟʘʢʨʽʧ-

ʣʝʥʘ ʧʨʠʟʤʘ. ʇʦ ʙʦʢʘʤ ʧʨʠʟʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʨʠʭʚʘʪʠ, ʜʦ ʷʢʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʦʣʪʽʚ ʧʨʠʢʨʽʧʣʝʥʽ ʧʨʠʞʠʤʠ. ʅʘ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ ʟʘʢʨʽʧʣʷʶʪʴʩʷ ʥʘʧʨʘ-

ʚʣʷʶʯʽ ʰʧʦʥʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʦʣʽ ʩʪʘʥʢʘ. 

ɿʘʢʨʽʧʣʝʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʥʘ ʩʪʦʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʦʣʪʽʚ.  

ʇʨʠʩʪʦʩʫʚʘʥʥʷ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɿʘʛʦʪʦʚʢʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ 

ʧʨʠʟʤʫ ʽ ʟʘʢʨʽʧʣʷʶʪʴ ʧʨʠʭʚʘʪʘʤʠ . ʇʨʠ ʧʦʜʘʯʽ ʤʘʩʣʘ ʧʽʜ ʪʠʩʢʦʤ ʚ ʧʦʨʦʞʥʠʥʫ 

ʛʽʜʨʦʮʠʣʽʥʜʨʘ, ʧʦʨʰʝʥʴ ʨʘʟʦʤ ʽʟ ʰʪʦʢʦʤ ʨʫʭʘʻʪʴʩʷ ʚʧʨʘʚʦ, ʪʠʩʥʫʪʴ ʥʘ ʧʨʘʚʠʡ 

ʧʨʠʭʚʘʪ, ʷʢʠʡ ʧʨʠʞʠʤʘʻ ʟ ʥʝʚʝʣʠʢʠʤ ʟʫʩʠʣʣʷʤ ʟʘʛʦʪʦʚʢʫ ʜʦ ʧʨʠʟʤʠ . ɿʫʩʠʣʣʷ 

ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʧʨʘʚʠʡ ʧʨʠʭʚʘʪ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʰʪʦʢ-ʧʦʨʰʥʷ ʛʽʜʨʦʮʠʣʽʥʜʨʘ 

ʯʝʨʝʟ ʧʨʦʚʫʰʠʥʫ ʽ ʚʽʩʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ. 

ɼʣʷ ʨʦʟʞʠʤʫ ʪʠʩʢ ʤʘʩʣʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʰʪʦʚʭʘʯ ʚʽʜʭʦʜʠʪʴ ʥʘʟʘʜ, ʪʷʛʥʝ ʟʘ ʩʦ-

ʙʦʶ ʧʨʠʭʚʘʪ ʽ ʚʽʜʧʫʩʢʘʻ ʟʘʛʦʪʦʚʢʫ. 

 

2.2 ʈʦʟʨʘʭʫʥʦʢ ʩʠʣ ʟʘʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʽ 

ɺʠʭʽʜʥʽ ʜʘʥʽ: 

ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ - ʩʪʘʣʴ 40;  

ʦʙʣʘʜʥʘʥʥʷ ï ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʠʡ ʚʝʨʩʪʘʪ 16ʂ20;  

ʽʥʩʪʨʫʤʝʥʪ - ʪʦʢʘʨʥʠʡ ʨʽʟʝʮʴ ʟ ʧʣʘʩʪʠʥʦʶ ʽʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʊ15ʂ6; 

ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ: t = 1.84 ʤʤ;  
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ʧʦʜʘʯʘ: S=1.2 ʤʤ/ʦʙ, ʧʨʠʟʥʘʯʘʻʤʦ ʟʘ ʜʦʚʽʜʥʠʢʦʚʠʤ ʜʘʥʠʤʠ. 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

ὺ  
 

 Ͻ   Ͻ ̔  
 Ͻ ὑ, 

ʜʝ: D ï ʜʽʘʤʝʪʨ ʬʨʝʟʠ;  

ʊ ï ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ (60 ʭʚ);  

t ï ʛʣʠʙʠʥʘ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʤʤ;  

Sz ï ʧʦʜʘʯʘ, ʤʤ/ʦʙ;  

Cv =340; m=0,2 ; x= 0,15; y= 0,45 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ 

ʦʙʨʦʙʢʠ; 

Kɜ ï ʟʘʛʘʣʴʥʠʡ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʫʪʦʯʥʶʶʯʠʡ ʬʘʢʪʠʯʥʽ ʫʤʦʚʠ 

ʨʽʟʘʥʥʷ, ʟʘ ʜʦʚʽʜʥʠʢʦʤ Kɜ =1,08. 

ʆʩʪʘʪʦʯʥʦ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ: 

ὠ  
στπ

φπȟ Ͻ ρȟψτȟ   Ͻ ρȟςȟ 
 Ͻ ρȟπψ  ρτψ ̍Ⱦ̖ Ȣ̃ 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʽʥʜʝʣʷ: 

ὲ
ρπππϽὠ

“ϽὈ

ρπππϽρτψ

σȟρτϽψωȟωφ
υςτ ̏ Ⱦ̖̂ Ȣ̃ 

ʅʘʡʙʣʠʞʯʘ ʩʪʘʥʜʘʨʪʥʘ ʯʘʩʪʦʪʘ nʬ=500 ʦʙ/ʭʚ , ʪʦʤʫ ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ:  

ὠ̕  
“ϽὈϽὲ̕

ρπππ 

σȟρτϽψωȟωφϽυππ

ρπππ 
 ρτψ ̍Ⱦ̖ Ȣ̃ 

 ɿʥʘʭʦʜʠʤʦ ʛʦʣʦʚʥʫ ʩʢʣʘʜʦʚʫ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὖ ρπϽὅϽὸϽὛ Ͻὠ̕ Ͻὑ , 

ʜʝ Cp=204 , ʭ=1, y=0,75, n=0 ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʤʦʚ ʨʦʙʦʪʠ; 

Kp ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʫʤʦʚʠ ʨʽʟʘʥʥʷ: 

ὑ ὑ̍ Ͻὑ Ͻὑ Ͻὑ Ͻὑ , 

ʜʝ Kʤʨ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽ-

ʘʣʫ: 

ὑ̍ ̑
̃

ȟ

ȟ
πȟφ; 
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Kűʨ, Kɔʨ, Kɚʨ, Krʨ ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘ-

ʨʘʤʝʪʨʽʚ ʨʽʞʫʯʦʾ ʯʘʩʪʠʥʠ ʽʥʩʪʨʫʤʝʥʪʫ, Kűʨ = 1; Kɔʨ = 1; Kɚʨ = 1; Krʨ = 1,04. 

ɿʚʽʜʩʠ: 

ὑ πȟφϽρϽρϽρϽρȟπτȢ 

ὖ ρπϽὅϽὸϽὛ Ͻὠ̕ Ͻὑ ρπϽςπτϽρȟψτϽρȟςȟ ϽρτρϽπȟφς

ςφφψ ̊.  

ɿʥʘʭʦʜʠʤʦ ʦʢʨʫʞʥʫ ʩʠʣʫ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ: 

ὖ
Ͻ
Ͻὑ

ȟ Ͻ
Ͻπȟωσ υς Ὄ. 

ɺʝʣʠʯʠʥʠ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʘʡʜʝʤ ʯʝʨʝʟ ʦʢʨʫʞʥʫ ʩʠʣʫ.  

ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʩʠʣʘ (ʧʦʜʘʯʽ):  

ὖὬ = 0,4 Ā ὖᾀ = 0,4 Ā 52 = 20,8 ʅ. 

ɺʝʨʪʠʢʘʣʴʥʘ ʩʠʣʘ:  

ὖὺ = 0,9 Ā ὖᾀ = 0,9 Ā 52 = 46,8 ʅ. 

ʈʘʜʽʘʣʴʥʘʷ ʩʠʣʘ: 

ὖώ = 0,4 Ā ὖᾀ = 0,4 Ā 52 = 20,8 ʅ. 

ʆʩʴʦʚʘ ʩʠʣʘ: 

ὖὼ = 0,55 Ā ὖᾀ = 0,55 Ā 52 = 28,6 ʅ. 

 

ʉʢʣʘʜʝʤʦ ʩʭʝʤʫ ʟʘʪʠʩʢʥʦʛʦ ʤʝʭʘʥʽʟʤʫ: 

 



 
 

 

     

¼À71.177246.000- 70Ã¶ 
ʃʠʩʪ 

     
13 

ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

 

ʅʝʦʙʭʽʜʥʫ ʩʠʣʫ ʟʘʢʨʽʧʣʝʥʥʷ ὗ ʟʘʛʦʪʽʚʢʠ ʦʙʨʘʭʦʚʫʻʤʦ ʧʦ ʬʦʨʤʫʣʽ: 

ὗ ὗ ὗ  

 ʜʝ ὗὖᾀ ï ʥʝʦʙʭʽʜʥʘ ʩʠʣʘ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʩʠʣʠ ʨʽ-

ʟʘʥʥʷ ὖᾀ , ʫʪʚʦʨʶʶʯʘ ʤʦʤʝʥʪ ʨʽʟʘʥʥʷ;  

ὗὖὼ ï ʥʝʦʙʭʽʜʥʘ ʩʠʣʘ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʩʠʣʠ ʨʽ-

ʟʘʥʥʷ ὖὼ, ʟʤʽʱʫʶʯʠ ʟʘʛʦʪʦʚʢʫ ʚ ʥʘʧʨʷʤʢʫ ʧʦʜʘʯʽ.  

ʉʠʣʫ ὗὖᾀ ʠ ὗὖὼ ʟʥʘʭʦʜʠʤʦ ʽʟ ʫʤʦʚʠ ʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟʘʛʦʪʦʚʢʠ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʤʦʤʝʥʪʽʚ ʩʠʣ ὖᾀ , ὖὼ, Ὂ ʠ Ὂ1.  

π; 

ὖ  ςὊ  Ὂ   π. 

ʆʩʢʽʣʴʢʠ  

Ὂ     ὸὫ•; 

Ὂ  ὙὸὫ• ; 

Ὑ   ; 

ὸὫ• = Ὢ; 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ὸὫ•1 = Ὢ1, 

 ʪʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʘʩʫ:  

ὗ   
 

  
. 

 ɸʥʘʣʦʛʽʯʥʦ ʦʪʨʠʤʘʻʤʦ:  

ὗ  
  
 . 

ʇʦʚʥʘ ʩʠʣʘ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʽʚʢʠ:  

ὗ  ὗ ὗ   
 

    
 . 

ɿ ʪʘʙ. 3 [10 ʩʪʨ. 384] ʧʨʠʡʤʘʻʤʦ Ὢ = Ὢ1 = 0,16 ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʪʷ ʚ ʤʽʩ-

ʮʷʭ ʢʦʥʪʘʢʪʫ ʟʘʛʦʪʽʚʢʠ ʟ ʦʧʦʨʘʤʠ ʽ ʟʘʪʠʩʢʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚʽʜʧʦʚʽʜʥʦ.  

ɺ ʩʚʦʶ ʯʝʨʛʫ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, ʫʪʦʯʥʶʶʯʠʡ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʣʦʚʠʭ 

ʚʧʣʠʚʽʚ ʥʘ ʟʘʛʦʪʦʚʢʫ, ʟʥʘʭʦʜʠʤʦ ʧʦ ʬʦʨʤʫʣʽ: 

ὑ  ὑὑὑὑὑὑὑȟ 

ʜʝ ὑ0 = 1,5 ïʛʘʨʘʥʪʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ;  

ὑ1 = 1 ï ʢʦʝʬʽʮʽʻʥʪ, ʫʪʦʯʥʶʶʯʠʡ ʚʠʜ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʘʟʠ;  

ὑ2 = 1,3 ï ʢʦʝʬʽʮʽʻʥʪ, ʫʪʦʯʥʶʶʯʠʡ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʟʘʪʫʧʣʝʥʥʷ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ;  

ὑ3 = 1,2 ï ʢʦʝʬʽʮʽʻʥʪ, ʫʪʦʯʥʶʶʯʠʡ ʧʝʨʝʣʠʚʥʽʩʪʴ ʨʽʟʘʥʥʷ;  

ὑ4 = 1 ï ʢʦʝʬʽʮʽʻʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʯʠ ʧʦʩʪʽʡʥʽʩʪʴ ʩʠʣʠ ʨʦʟʚʠʥʝʥʦʾ ʟʘʪʠ-

ʩʢʥʠʤ ʤʝʭʘʥʽʟʤʦʤ.  

ὑ5 = 1 ï ʢʦʝʬʽʮʽʻʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʯʠʡ ʝʨʛʦʥʦʤʽʢʫ ʟʘʪʠʩʢʥʦʛʦ ʤʝʭʘʥʽ-

ʟʤʫ.  

ὑ6 = 1 ï ʢʦʝʬʽʮʽʻʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʯʠʡ ʫʩʪʘʥʦʚʢʫ ʟʘʛʦʪʽʚʢʠ.  

ὑ  ὑὑὑὑὑὑὑ ρϽρȟσϽρȟςϽρϽρϽρ ςȟστ 

ʊʘʢ ʷʢ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ὑʟ < 2,5 , ʪʦ ʧʨʠʡʤʘʻʤʦ ὑʟ = 2,5.  

ὗ   
 

  

ȟϽ

ȟ ȟ
τπφȟςυ ̊, 

ὗ  
  

ȟϽ ȟ

ȟ ȟ
ςςσȟττ ̊, 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ὗ  ὗ ὗ τπφȟςυ ςςσȟττ τφσȟφτ.̊  

ɯʟ ʫʤʦʚʠ ʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʧʨʠʭʚʘʪʽʚ: 

 
  . 

ʉʠʣʘ ὖ ʩʠʣʦʚʦʛʦ ʮʠʣʽʥʜʨʘ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʽʚʢʠ, ʜʦʨʽʚ-

ʥʶʻ: 

ὖ  πȟςυ“Ὀ ”hȟ 

ʪʦʜʽ ʜʽʘʤʝʪʨ ʧʦʨʰʥʷ ʮʠʣʽʥʜʨʘ Ὀ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ ʧʦ ʬʦʨʤʫʣʽ:  

Ὀ  
h
 , 

ʜʝ ” ïʨʦʙʦʯʠʡ ʪʠʩʢ ʤʘʩʣʘ, ʧʨʠʡʤʘʻʤʦ 1 ʄʇʘ; h = 0,9 ï ʂʇɼ.  

ɿʥʘʭʦʜʠʤʦ ʜʽʘʤʝʪʨ ʧʦʨʰʥʷ ʛʽʜʨʦʮʠʣʽʥʜʨʘ: 

 Ὀ  
h

 
Ͻ ȟ Ͻ ȟ

ȟ ϽȟϽ
ρψȟυ ̍ .̍ 

ɺ ʷʢʦʩʪʽ ʧʨʠʚʦʜʘ ʬʨʝʟʝʨʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʚʠʙʠʨʘʻʤʦ ʛʽʜʨʦʮʠʣʽʥʜʨ 

ʧʦ ɻʆʉʊ 19899-74 ʟ ʜʽʘʤʝʪʨʦʤ ʧʦʨʰʥʷ 30 ʤʤ.  

ʆʩʢʽʣʴʢʠ ʜʽʡʩʥʘ ʩʠʣʘ ʟʘʪʠʩʢʫ ὖ = 0,25“Ὀ2”h = 636,85 ʅ ʧʝʨʝʚʠʱʫʻ ʥʝ-

ʦʙʭʽʜʥʫ ʩʠʣʫ ʟʘʢʨʽʧʣʝʥʥʷ ὗ = 463,64 ʅ ʟʘʛʦʪʽʚʢʠ, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʦ ʚʽ-

ʨʥʦ. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 

 

ɺʠʩʥʦʚʢʠ 

ɺ ʜʠʧʣʦʤʥʦʤʫ ʧʨʦʝʢʪʽ ʙʫʣʦ ʦʧʠʩʘʥʦ ʝʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʠʩʪʽʚ 

ʟ ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʨʦʟʨʘʭʦʚʘʥʦ ʛʦʣʦʚʢʫ, ʦʙʨʘʥʦ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙˇʨʫ-

ʥʪʦʚʘʥʦ ʦʙʨʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ, ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫ-

ʥʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʘʧʘʨʘʪʽʚ, ʧʨʦʚʝʜʝʥʦ ʨʦʟ-

ʨʦʙʢʫ 3ʜ ʤʦʜʝʣʽ ʝʢʩʪʨʫʟʽʡʥʦʾ ʛʦʣʦʚʢʠ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ 

ʟʥʦʩʫ ʯʝʨʚôʷʢʘ ʝʢʩʪʨʫʜʝʨʘ.  

ɻʨʘʬʽʯʥʘ ʯʘʩʪʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 4 ʢʨʝʩʣʝʥʴ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʬʦʨʤʘʪ ɸ1 

ʪʘ 2 ʧʣʘʢʘʪʽʚ ʬʦʨʤʘʪʫ ɸ1. 

 ɺʠʢʦʥʘʥʦ ʢʨʝʩʣʝʥʥʷ ʣʽʥʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʣʠʩʪʽʚ, 

ʝʢʩʪʨʫʜʝʨʘ, ʯʝʨʚôʷʢʘ ʪʘ ʛʦʣʦʚʢʠ. ɸ ʪʘʢʦʞ ʧʣʘʢʘʪ 3ʜ ʛʦʣʦʚʢʠ ʝʢʩʪʨʫʜʝʨʘ 

125ʭ25. ɼʦ ʩʢʣʘʜʘʣʴʥʠʭ ʢʨʝʩʣʝʥʴ ʩʢʣʘʜʝʥʦ ʩʧʝʮʠʬʽʢʘʮʽʾ.  

ʇʽʜʚʦʜʷʯʠ ʧʽʜʩʫʤʦʢ, ʤʦʞʥʘ ʟʽ ʚʧʝʚʥʝʥʽʩʪʶ ʩʢʘʟʘʪʠ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʘ-

ʰʠʥʘ ʻ ʧʦʚʥʽʩʪʶ ʧʨʘʮʝʟʜʘʪʥʦʶ, ʘ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʘʙʨʘʟʠʚʥʠʡ ʟʥʦʩ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʄʂɽ ʜʦʮʽʣʴʥʠʡ ʪʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʟʘʤʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ. 
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ʀʟʤ. ʃʠʩʪ ˉ ʜʦʢʫʤ ʇʦʜʧʠʩʴ ɼʘʪʘ 
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