
Національний технічний університет України 

«Київський політехнічний інститут» 

 

ʌʘʢʫʣʴʪʝʪ                            ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ                                           . 

 

ʂʘʬʝʜʨʘ                    ʢʽʙʝʨʥʝʪʠʢʠ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ                 . 
 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʧʝʨʰʠʡ (ʙʘʢʘʣʘʚʨʩʴʢʠʡ) 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 6.050202" ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ" 
 

ЗАТВЕРДЖУЮ 

ɺ.ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ 

__________        ʊ.ɺ.ɹʦʡʢʦ 
(ʧʽʜʧʠʩ)              

 ç06  è  ʣʶʪʦʛʦ  2015  ʨ  

ЗАВДАННЯ 

на дипломний проект студенту 

ʄʘʮʽʙʫʨʽ ʆʣʝʢʩʘʥʜʨʫ ʇʝʪʨʦʚʠʯʫ 

 

1. ʊʝʤʘ ʧʨʦʝʢʪʫ ʂʦʤʧôʶʪʝʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʛʘʟʦʬʘʟʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʨʦʧʽʣʝʥʫ 

 

ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ   ɹʫʛʘʻʚʘ ʃʶʜʤʠʣʘ ʄʠʢʦʣʘʾʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮ.  

 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç09 è ʢʚʽʪʥʷ 2015ʨ. ˉ 859-ʩ  

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʧʨʦʝʢʪʫ   11 ʯʝʨʚʥʷ 2015ʨ 

3. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʧʨʦʝʢʪʫ   ______________________________________  

 _____________________________________________________________  

 _____________________________________________________________  

 _____________________________________________________________  

4. ɿʤʽʩʪ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ   __________________________________  

 _____________________________________________________________  

 _____________________________________________________________  

 _____________________________________________________________  

 _____________________________________________________________  

 _____________________________________________________________  

 

5. ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʦʙʦʚôʷʟʢʦʚʠʭ ʢʨʝʩʣʝʥʴ, 

ʧʣʘʢʘʪʽʚ, ʧʨʝʟʝʥʪʘʮʽʡ ʪʦʱʦ) 

 ________________________________________________________________  

 _____________________________________________________________  

 _____________________________________________________________  



 _____________________________________________________________  

6. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʧʨʦʝʢʪʫ  

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ  

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

ʆʭʦʨʦʥʘ ʧʨʘʮʽ  ʇʦʣʫʢʘʨʦʚ ʖ. ʆ. ʜʦʮ. ʢʘʬ. ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ, ʧʨʦʤʠʩʣʦʚʦʾ ʪʘ ʮʠʚʽʣʴʥʦʾ 

ʙʝʟʧʝʢʠ  

  

ʆʨʛʘʥʽʟʘʮʽʡʥʦ-

ʝʢʦʥʦʤʽʯʥʘ ʯʘʩʪʠʥ 

ʇʽʜʣʽʩʥʘ ʆ.ɸ. ʜʦʮ. ʢʘʬʝʜʨʠ 

ʝʢʦʥʦʤʽʢʠ ʽ ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ  

  

ʈʦʟʨʘʭʫʥʦʢ 

ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʙʘʣʘʥʩʽʚ ʍʊʉ       

ɹʝʟʥʦʩʠʢ ʖ.ʆ. ʜʦʮ. ʢʘʬʝʜʨʠ 

ʢʽʙʝʨʥʝʪʠʢʠ ʍʊʇ  

  

ʈʦʟʨʦʙʣʝʥʥʷ 

ʦʙʯʠʩʣʶʚ. ʤʦʜʫʣʷ 

ʌʦʛʣʝʨ ʆ.ʄ. ʜʦʮ. ʢʘʬʝʜʨʠ 

ʢʽʙʝʨʥʝʪʠʢʠ ʍʊʇ.  

  

ʈʦʟʨʦʙʣʝʥʥʷ 

ʩʭʝʤʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʍʊʉ 

ɹʦʥʜʘʨʝʥʢʦ ʉ.ɻ. ʜʦʮ. ʢʘʬʝʜʨʠ 

ʢʽʙʝʨʥʝʪʠʢʠ ʍʊʇ.  

  

7. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ   5 ʣʶʪʦʛʦ 2015 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 

ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ (ʨʦʙʦʪʠ) 

ʉʪʨʦʢ 

ʚʠʢʦʥ.  

ʝʪʘʧʽʚ 

ʧʨʦʝʢʪʫ  

ʇʨʠʤʽʪ

ʢʘ 

1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʜʫʢʮʽʾ, ʩʠʨʦʚʠʥʠ, 

ʜʦʧʦʤʽʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʤʘʪʝʨʽʘʣʴʥʠʭ ʙʘʣʘʥʩʽʚ ʩʭʝʤʠ. 

  

2 ʈʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʦʛʦ ʘʧʘʨʘʪʘ. ɹʣʦʢ-ʩʭʝʤʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ (ʬʦʨʤʘʪ ɸ1). 

  

3 ʂʨʝʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ ʦʩʥʦʚʥʦʛʦ ʘʧʘʨʘʪʘ (ʬʦʨʤʘʪ 

ɸ1). 

  

4 ʈʦʟʨʦʙʢʘ ʨʽʰʝʥʴ ʟ ʢʦʥʪʨʦʣʶ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʪʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ (ʬʦʨʤʘʪ ɸ1). 

  

5 

ʈʦʟʨʦʙʢʘ ʨʽʰʝʥʴ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʝʢʦʥʦʤʽʢʠ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʦʤ 

  

6 ʆʬʦʨʤʣʝʥʥʷ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ, ʚʠʢʦʥʘʥʥʷ 

ʽʣʶʩʪʨʘʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʧʨʝʟʝʥʪʘʮʽʾ). 

  

ʉʪʫʜʝʥʪ  ____________ __ʆ.ʇ. ʄʘʮʽʙʫʨʘ__ 
  (ʧʽʜʧʠʩ)  

ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ  ____________    ʃ.ʄ. ɹʫʛʘʻʚʘ. 
  (ʧʽʜʧʠʩ)  



НАЦІОНАЛЬНИЙ ТЕХНІЧНИЙ УНІВЕРСИТЕТ УКРАЇНИ 

«КИЇВСЬКИЙ ПОЛІТЕХНІЧНИЙ ІНСТИТУТ» 
 

ʌʘʢʫʣʴʪʝʪ                            ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ                                           . 

ʂʘʬʝʜʨʘ                    ʢʽʙʝʨʥʝʪʠʢʠ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ                 . 
 

çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 

ɺ.ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ 

__________        ʊ.ɺ.ɹʦʡʢʦ 
(ʧʽʜʧʠʩ)              

ñ___ò   ʯʝʨʚʥʷ    2015 ʨ. 

Дипломний проект 

на здобуття ступеня бакалавра 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ  6.050202 "ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ  

                                                                           ʪʝʭʥʦʣʦʛʽʾ"             

ʥʘ ʪʝʤʫ: ʂʦʤʧôʶʪʝʨʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʛʘʟʦʬʘʟʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʨʦʧʽʣʝʥʫ __________________________________________________________  

ɺʠʢʦʥʘʚ ʩʪʫʜʝʥʪ  IV   ʢʫʨʩʫ, ʛʨʫʧʠ    ʍɸ-11 

                     ʄʘʮʽʙʫʨʘ ʆʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ                                  

ʂʝʨʽʚʥʠʢ        доц. ʢʘʬ. ʂʍʊʇ, ʢ.т.ʥ., ʜʦʮ. ɹʫʛʘʻʚʘ ʃ.ʄ. ______    ________  
(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ,  ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) (ʧʽʜʧʠʩ)  

ʂʦʥʩʫʣʴʪʘʥʪʠ:  
ʟ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʮ. ʢʘʬ. ʂʍʊʇ, ʢ.ʪ.ʥ., ʜʦʮ. ɹʝʟʥʦʩʠʢ ʖ.ʆ.                          ________ 

   (ʧʽʜʧʠʩ) 

ʟ ʤʘʪʝʤʘʪʠʯʥ. ʤʦʜʝʣʶʚʘʥʥʷ  ʜʦʮ. ʢʘʬ. ʂʍʊʇ, ʢ.ʬʽʟ-ʤʘʪ.ʥ., ʌʦʛʣʝʨ ʆ.ʄ.             ________  
                                                                                                                                                                                                                     ʧʽʜʧʠʩ   

ʟ ʘʚʪʦʤʘʪʠʟʦʚ. ʨʝʛʫʣʶʚʘʥʥʷ  ʜʦʮ. ʢʘʬ. ʂʍʊʇ, ʢ.ʪ.ʥ., ʜʦʮ. ɹʦʥʜʘʨʝʥʢʦ ʉ.ɻ.              ______ 
                                                                                                                                                                                                                         ʧʽʜʧʠʩ   

ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʜʦʮʝʥʪ ʢʘʬ. ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʧʨʦʤʠʩʣʦʚʦʾ 

                                          ʪʘ ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ, ʢ.ʪ.ʥ., ʜʦʮ ʇʦʣʫʢʘʨʦʚ ʖ.ʆ.              ______ 
                                                                                                                                                                                                                       ʧʽʜʧʠʩ   

ʟ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʯʘʩʪʠʥʠ  ʜʦʮ. ʢʘʬʝʜʨʠ ʝʢʦʥʦʤʽʢʠ ʽ  

                          ʧʽʜʧʨʠʻʤʥʠʮʪʚʘ, ʢ.ʭ.ʥ. ʜʦʮ. ʇʽʜʣʽʩʥʘ ʆ.ɸ.                                       ________ 

ʅʦʨʤʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ   ʜʦʮ. ʢʘʬ. ʂʍʊʇ, ʢ.ʪ.ʥ., ʜʦʮ.  ʐʘʭʥʦʚʩʴʢʠʡ ɸ.ʄ.           ________ 

ʈʝʮʝʥʟʝʥʪ _______________________________________________ 

                  _______________________________________________             _________ 
(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ)              (ʧʽʜʧʠʩ)  

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʴʦʤʫ ʜʠʧʣʦʤʥʦʤʫ ʧʨʦʝʢʪʽ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ 

ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

ʉʪʫʜʝʥʪ _____________ 
(ʧʽʜʧʠʩ) 

ʂʠʾʚ ï 2015 ʨʦʢʫ 

 

 



РЕФЕРАТ 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ__ ʩʪ., __ ʨʠʩ., __ ʪʘʙʣ., __ ʜʦʜʘʪʢʽʚ, __ ʜʞʝʨʝʣ. 

ʄʝʪʘ ʧʨʦʝʢʪʫ: ʨʦʟʨʘʭʫʚʘʪʠ ʽ ʩʧʨʦʝʢʪʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ ʧʨʦʧʽʣʝʥʫ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʥʘ ʭʨʦʤʦʨʛʘʥʽʯʥʦʤʫ ʢʘʪʘʣʽʟʘʪʦʨʽ. 

ɹʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʩʫʯʘʩʥʘ ʣʽʪʝʨʘʪʫʨʘ, ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ  

ʚʠʙʽʨ ʤʝʪʦʜʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ. 

ʋ ʧʦʷʩʥʶʚʘʣʴʥʽʡ ʟʘʧʠʩʮʽ ʥʘʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʪʘ ʾʾ ʦʧʠʩ, 

ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʩʠʨʦʚʠʥʠ ʽ ʚʠʤʦʛʠ ʜʦ ʥʠʭ, ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ, ʨʦʟʨʘʭʫʥʢʠ ʨʝʘʢʪʦʨʘ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ. ʅʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

ʧʦ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʽʧʨʦʧʽʣʝʥʫ. 

 

ʇʆʃɯʇʈʆʇɯʃɽʅ, ʇʈʆʇɯʃɽʅ, ɸɺʊʆʄɸʊʀɿɸʎɯʗ, ʉʀʅʊɽɿ, 

ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ, CHEMCAD, VISUAL BASIC, ʄɸʊɽʈɯɸʃʔʅʀʁ 

ɹɸʃɸʅʉ, ʈɽɸʂʎɯʗ ʇʆʃɯʄɽʈʀɿɸʎɯɰ, ɻɸɿʆʌɸɿʅʀʁ ʄɽʊʆɼ, ʈɽɸʂʊʆʈ. 

 

 

 

 

 

 

 

 

 

 



РЕФЕРАТ 

ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʟʘʧʠʩʢʘ __ ʩʪ., __ ʨʠʩ., __ ʪʘʙʣ., __ ʧʨʠʣʦʞʝʥʠʡ, __ 

ʠʩʪʦʯʥʠʢʦʚ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʨʘʩʩʯʠʪʘʪʴ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʧʨʦʧʠʣʝʥʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʥʘ 

ʭʨʦʤʦʨʛʘʥʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ. 

ɹʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʪʘʢʞʝ ʦʧʠʩʘʥʦ ʠ 

ʦʙʦʩʥʦʚʘʥʦ ʚʳʙʦʨ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. 

ɺ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʝ ʧʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʝʝ 

ʦʧʠʩʘʥʠʝ, ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʳʨʴʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ, ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʨʘʩʯʝʪʳ ʨʝʘʢʪʦʨʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʅʘʚʝʜʝʥ rʦʩʥʦʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʣʠʧʨʦʧʠʣʝʥʘ. 
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and mechanical calculations of the main unit, the amount of the basic equipment in 

the settlement and explanatory report. The measures to protect health and safety 
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ВСТУП 

ʇʨʦʤʠʩʣʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʦʣʝʬʽʥʽʚ ʽ ʾʭ ʢʦʤʧʦʟʠʮʽʡ, ʱʦ ʤʘʻ 

ʩʽʤʜʝʩʷʪʠ ʨʽʯʥʫ ʽʩʪʦʨʽʶ, ʜʝʤʦʥʩʪʨʫʻ ʚʝʣʴʤʠ ʚʠʩʦʢʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʦʣʽʧʨʦʧʽʣʝʥ ʟʘʡʤʘʻ ʜʨʫʛʝ ʤʽʩʮʝ ʫ ʩʚʽʪʽ ʩʝʨʝʜ 

ʧʦʣʽʤʝʨʽʚ ʟʘ ʦʙʩʷʛʦʤ ʩʧʦʞʠʚʘʥʥʷ, ʟ ʯʘʩʪʢʦʶ 26% ʧʦʩʪʫʧʘʶʯʠʩʴ ʪʽʣʴʢʠ 

ʧʦʣʽʝʪʠʣʝʥʫ. ʇʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚʧʝʨʰʝ ʨʦʟʧʦʯʘʚʩʷ ʚ 1957 

ʨʦʮʽ. 

 ʇʦʣʽʧʨʦʧʽʣʝʥ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʣʽʚʦʢ, ʪʘʨʠ, ʪʨʫʙ, ʧʨʦʬʽʣʽʚ, ʨʽʟʥʠʭ ʚʠʨʦʙʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʫʧʘʢʦʚʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʬʣʘʢʦʥʽʚ ʜʣʷ ʨʽʜʢʠʭ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ, ʽʛʨʘʰʦʢ. 

ʇʦʣʽʧʨʦʧʽʣʝʥ ʚʦʣʦʜʽʻ ʫʥʽʢʘʣʴʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʚʣʘʩʪʠʚʦʩʪʝʡ: 

ʜʦʩʪʘʪʥʴʦʶ ʪʚʝʨʜʽʩʪʶ ʽ ʛʥʫʯʢʽʩʪʶ, ʚʠʩʦʢʦʶ ʫʜʘʨʥʦʶ ʤʽʮʥʽʩʪʶ, ʩʪʽʡʢʽʩʪʶ ʜʦ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ (ʚʽʜ ʤʽʥʫʩ 45 Á ʉ ʜʦ ʤʽʥʫʩ 60 Á ʉ), 

ʝʣʘʩʪʠʯʥʽʩʪʶ. ʇʦʣʽʧʨʦʧʽʣʝʥʫ ʚʣʘʩʪʠʚʘ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʙʘʛʘʪʴʦʭ 

ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʨʦʧʫʩʢʘʥʥʷ 

ʧʘʨʽʚ ʚʦʣʦʛʠ. ʄʘʪʝʨʽʘʣ ʻ ʜʽʝʣʝʢʪʨʠʢʦʤ, ʜʦʙʨʝ ʬʘʨʙʫʻʪʴʩʷ. 

ʗʢ ʽ ʨʷʜ ʽʥʰʠʭ ʧʦʣʽʦʣʝʬʽʥʽʚ, ʧʦʣʽʧʨʦʧʽʣʝʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʣʽʤʝʨʽʚ 

ʟʘʛʘʣʴʥʦʪʝʭʥʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʉʧʦʞʠʚʘʯʘʤʠ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʝʨʝʚʘʞʥʦ, ʻ: 

ʙʫʜʽʥʜʫʩʪʨʽʷ, ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, ʤʝʙʣʝʚʘ ʪʘ ʜʝʨʝʚʦʦʙʨʦʙʥʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʟʚ'ʷʟʦʢ [1].  

ʉʚʽʪʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 79 ʤʣʥ. ʪʦʥʥ ʥʘ 

ʨʽʢ. 

ɿʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʧʨʦʜʘʞʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ, ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʚʠʧʫʩʢʫ ʥʘʡʙʽʣʴʰ ʨʝʥʪʘʙʝʣʴʥʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ, ʨʦʟʨʦʙʮʽ 

ʧʣʘʥʫ ʟʘʭʦʜʽʚ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʽʶʯʠʭ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʠʨʦʙʥʠʮʪʚ, ʟʛʽʜʥʦ ʟ 

ʷʢʠʤ ʙʫʜʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʨʦʙʦʪʠ ʟ ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʝʦʟʙʨʦʻʥʥʷ, ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ [1]. 

  



 
ˤ͙͟ ˢͪ͟Φ Ѕ ͒ͦͯͣ͟ ˽͙͒ͨͫ͜ ˨͊ͭ͊ 

ˢͪ͟ 

10 ʍɸ 1112 1490 001 ʇɿ 

1 Характеристика технологічної схеми процесу полімеризації 

1.1 Загальні відомості про полімеризацію 

ʇʦʣʽʤʝʨʠ - ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʟ'ʻʜʥʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʧʦʚʪʦʨʶʚʘʥʠʭ ʧʨʦʩʪʠʭ ʦʜʠʥʠʮʴ - ʤʦʥʦʤʝʨʽʚ. ʇʦʣʽʤʝʨʠ, ʦʪʨʠʤʘʥʽ ʟ ʦʣʝʬʽʥʽʚ, 

ʥʘʟʠʚʘʶʪʴ ʧʦʣʽʦʣʝʬʽʥʘʤʠ. ʇʦʣʽʤʝʨʠ ʤʘʶʪʴ ʪʘʢʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ, 

ʜʽʝʣʝʢʪʨʠʯʥʽ, ʛʽʛʽʻʥʽʯʥʽ ʡ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʫ ʪʘʢʠʭ ʩʧʦʣʫʯʝʥʥʷʭ, ʷʢʽ 

ʥʝʤʦʞʣʠʚʽ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʽ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠʯʦʤʫ ʩʠʥʪʝʟ ʧʦʣʽʤʝʨʽʚ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʙʘʞʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʎʝ 

ʚʠʟʥʘʯʘʻ ʚʠʜʘʪʥʝ ʤʽʩʮʝ ʧʦʣʽʤʝʨʽʚ ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʤʫ ʧʨʦʛʨʝʩʽ, ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɹʝʟ ʧʦʣʽʤʝʨʽʚ ʫʞʝ çʞʠʪʠ ʥʝ ʤʦʞʥʘè, ʪʦʤʫ ʧʠʪʘʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʝʢʦʣʦʛʽʯʥʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʭʽʤʽʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, 

ʩʪʚʦʨʝʥʥʽ ʝʥʝʨʛʦ- ʪʘ ʤʘʪʝʨʽʘʣʦʟʙʝʨʽʛʘʶʯʠʭ, ʟʘʤʢʥʫʪʠʭ, ʙʝʟʚʽʜʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʦʣʽʤʝʨʠ ʦʪʨʠʤʫʶʪʴ ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ - ʟ'ʻʜʥʘʥʥʷʤ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ 

(ʤʦʥʦʤʝʨʽʚ) ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʨʝʯʦʚʠʥ, ʱʦ ʤʘʶʪʴ ʩʢʣʘʜ, ʪʦʪʦʞʥʠʡ ʩʢʣʘʜʫ ʤʦʥʦʤʝʨʽʚ [1]. 

ʋ ʩʫʯʘʩʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚ ʷʢʦʩʪʽ ʛʦʣʦʚʥʠʭ 

ʚʠʭʽʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʫʛʣʝʚʦʜʥʽ - ʤʝʪʘʥ, ʝʪʠʣʝʥ, 

ʧʨʦʧʽʣʝʥ, ʙʫʪʘʜʽʻʥ, ʘʮʝʪʠʣʝʥ, ʙʝʥʟʦʣ, ʮʠʢʣʦʛʝʢʩʘʥ ʽ ʾʭʥʽ ʯʠʩʣʝʥʥʽ ʛʦʤʦʣʦʛʠ. 

 

1.1.1 Методи отримання полімерів 

ʂʘʨʙʦʣʘʥʮʶʛʦʚʽ ʧʣʘʩʪʤʘʩʠ ʜʦʙʫʚʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ 

ʥʝʥʘʩʠʯʝʥʠʭ ʩʧʦʣʫʢ. ɺʦʥʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʚʝʣʠʢʦʶ ʩʪʽʡʢʽʩʪʶ ʧʨʦʪʠ ʛʽʜʨʦʣʽʟʫ. 

ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʧʦʣʽʝʪʠʣʝʥ, ʧʦʣʽʧʨʦʧʽʣʝʥ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜ, 

ʧʨʦʜʫʢʪʠ ʩʫʤʽʩʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚʽʥʽʣʭʣʦʨʠʜʫ ʟ ʽʥʰʠʤʠ ʤʦʥʦʤʝʨʘʤʠ, 

ʧʦʣʽʩʪʠʨʦʣ, ʧʦʣʽʤʝʨʠ ʝʬʽʨʽʚ ʘʢʨʠʣʦʚʦʾ ʪʘ ʤʝʪʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪ, ʬʪʦʨʧʦʣʽʤʝʨʠ 

ʪʦʱʦ [1]. 

ʄʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʤʝʨʽʚ ʽʟ ʤʦʥʦʤʝʨʽʚ ʧʦʜʽʣʷʶʪʴ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ:  

1) ʙʣʦʯʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ, ʘʙʦ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʚ ʤʘʩʽ;  
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2) ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʚ ʨʦʟʯʠʥʽ;  

3) ʚ ʝʤʫʣʴʩʽʾ;  

4) ʫ ʩʫʩʧʝʥʟʽʾ (ʙʽʩʝʨʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ).  

ʈʝʘʢʮʽʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ï ʮʝ ʚʟʘʻʤʦʜʽʷ ʙʘʛʘʪʴʦʭ ʤʦʣʝʢʫʣ ʤʦʥʦʤʝʨʫ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʢʘ ʤʦʣʝʢʫʣʘ ʧʦʣʽʤʝʨʫ, ʷʢʘ ʤʘʻ ʪʦʡ ʩʘʤʠʡ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʩʢʣʘʜ, ʱʦ ʡ ʚʠʭʽʜʥʠʡ ʤʦʥʦʤʝʨ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ. 

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʫʤʽʩʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ï 

ʩʧʽʚʧʦʣʽʤʝʨʠʟʘʮʽʷ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʥʦʤʝʨʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʜʦʙʫʚʘʪʠ ʧʦʣʽʤʝʨʠ ʟ ʥʦʚʠʤʠ, ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʪʘʢʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ, ʷʢ ʧʨʠʱʝʧʣʝʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ 

(ʛʨʘʬʪʦʧʦʣʽʤʝʨʠʟʘʮʽʷ) ʪʘ ʙʣʦʢ-ʧʦʣʽʤʝʨʠʟʘʮʽʷ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʨʝʘʢʮʽʾ ʧʨʦʮʝʩ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʙʫʚʘʻ ʩʪʫʧʽʥʯʘʩʪʠʤ 

ʘʙʦ ʣʘʥʮʶʛʦʚʠʤ. ʇʨʠ ʩʪʫʧʽʥʯʘʩʪʽʡ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʨʝʘʢʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʘʜʽʡʥʦ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʦʣʝʢʫʣ, ʷʢʽ ʟʜʘʪʥʽ ʚʩʪʫʧʘʪʠ ʚ ʨʝʘʢʮʽʶ ʧʨʠʻʜʥʘʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʤʦʣʝʢʫʣ ʤʦʥʦʤʝʨʫ ʟ ʧʦʩʪʫʧʦʚʠʤ ʟʨʦʩʪʘʥʥʷʤ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ. ʃʘʥʮʶʛʦʚʠʡ ʧʨʦʮʝʩ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʨʝʘʢʮʽʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʽʚ ʣʘʥʮʶʛʦʚʠʭ ʨʝʘʢʮʽʡ, 

ʧʽʜ ʯʘʩ ʷʢʠʭ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ ʧʦʣʽʤʝʨʠ [2]. 

ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʨʦʟʨʠʚʦʤ ʦʜʥʠʭ ʚʘʣʝʥʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʽ 

ʚʠʥʠʢʥʝʥʥʷʤ ʽʥʰʠʭ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʽ ʧʨʠʨʦʜʠ ʤʦʥʦʤʝʨʽʚ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʝʪʝʨʦʣʽʪʠʯʥʝ ʨʦʟʨʠʚʘʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʽʦʥʽʚ ʘʙʦ ʛʦʤʦʣʽʪʠʯʥʝ 

ʨʦʟʱʝʧʣʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʚʠʥʠʢʘʶʪʴ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ. ʊʦʤʫ ʚʽʜʨʽʟʥʷʶʪʴ 

ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʽʦʥʥʫ ʽ ʨʘʜʠʢʘʣʴʥʫ. ʈʘʜʠʢʘʣʴʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʻ ʪʠʧʦʚʠʤ 

ʣʘʥʮʶʛʦʚʠʤ ʧʨʦʮʝʩʦʤ, ʚʦʥʘ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʨʝʯʦʚʠʥʘʤʠ (ʽʥʽʮʽʘʪʦʨʘʤʠ), ʱʦ 

ʣʝʛʢʦ ʨʦʟʧʘʜʘʶʪʴʩʷ ʥʘ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ, ʽ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ ʩʧʦʣʫʢʘʤʠ 

(ʽʥʛʽʙʽʪʦʨʘʤʠ), ʷʢʽ ʰʚʠʜʢʦ ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʨʘʜʠʢʘʣʘʤʠ [2]. 

ʇʨʠ ʽʦʥʥʽʡ ʧʦʣʽʤʝʨʠʟʘʮʽʾ (ʢʘʪʽʦʥʥʽʡ ʘʙʦ ʘʥʽʦʥʥʽʡ), ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʘʢʪʠʚʥʠʤʠ ʧʨʦʤʽʞʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʻ ʽʦʥʥʽ ʧʘʨʠ ʘʙʦ 
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ʧʦʣʷʨʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ. ɯʦʥʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʩʪʫʧʝʥʝʚʦ, ʪʘʢ 

ʽ ʟʘ ʣʘʥʮʶʛʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ [2]. 

ʅʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʽ ʩʝʨʝʜʥʶ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ 

ʫʪʚʦʨʝʥʦʛʦ ʧʦʣʽʤʝʨʫ ʚʧʣʠʚʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ, ʘʢʪʠʚʥʽʩʪʴ ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʘʙʦ ʽʥʽʮʽʘʪʦʨʘ ʪʘ ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ, ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ, ʭʘʨʘʢʪʝʨ 

ʩʝʨʝʜʦʚʠʱʘ ʪʦʱʦ. ɼʦʤʽʰʢʠ, ʷʢʽ ʻ ʫ ʚʠʭʽʜʥʠʭ ʤʦʥʦʤʝʨʘʭ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ 

ʭʘʨʘʢʪʝʨʫ ʤʦʞʫʪʴ ʧʨʠʩʢʦʨʶʚʘʪʠ, ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʘʙʦ ʟʦʚʩʽʤ ʧʨʠʧʠʥʷʪʠ 

ʧʦʣʽʤʝʨʠʟʘʮʽʶ, ʱʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʚ 

ʟʘʜʘʥʦʤʫ ʥʘʧʨʷʤʽ. 

 

1.1.2 Полімеризація в присутності металоорганічних зв'язків 

ɸʣʢʝʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʪʘʢʠʤʠ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʤʠ ʟ'ʻʜʥʘʥʥʷʤʠ, ʫ ʷʢʠʭ 

ʘʪʦʤ ʤʝʪʘʣʫ ʤʘʻ ʚʽʣʴʥʽ ʦʨʙʽʪʘʣʽʾ. 

ɸʣʢʝʥʠ ʫʧʨʦʚʘʜʞʫʶʪʴʩʷ ʧʦ ʟʚ'ʷʟʢʫ ʉïɸ1 ʽ ʣʘʥʮʶʛ ʚʫʛʣʝʮʝʚʠʭ ʘʪʦʤʽʚ 

ʨʦʩʪʝ. ʇʨʠ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʣʶʤʽʥʽʡʦʨʛʘʥʽʯʥʽ ʟ'ʻʜʥʘʥʥʷ ʨʦʟʧʘʜʘʶʪʴʩʷ ʟ 

ʚʽʜʱʽʧʣʝʥʥʷʤ ʤʦʣʝʢʫʣʠ ʘʣʢʝʥʘ. ɸʣʶʤʽʥʽʡʦʨʛʘʥʽʯʥʽ ʟ'ʻʜʥʘʥʥʷ ʚ ʩʫʤʽʰʽ ʟ ʊʽʉ14 

ʫʪʚʦʨʷʪʴ ʙʽʣʴʰʝ ʘʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʱʦ ʟʜʘʪʥʘ ʣʝʛʢʦ 

ʧʦʣʽʤʝʨʠʟʫʚʘʪʠ ʘʣʢʝʥʠ ʜʦ ʧʦʣʽʘʣʢʝʥʽʚ ʟ ʚʠʩʦʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ. 

ɸʢʪʠʚʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʪʫʪ ʻ ʪʠʪʘʥʦʨʛʘʥʽʯʥʽ ʟ'ʻʜʥʘʥʥʷ. 

ʎʽ ʢʘʪʘʣʽʟʘʪʦʨʠ ʙʫʣʠ ʚʽʜʢʨʠʪʽ ʡ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʂ. 

ʎʠʛʣʝʨʦʤ ʽ ɼʞ. ʅʘʪʪʘ, ʪʦʤʫ ʯʘʩʪʦ ʛʦʚʦʨʷʪʴ ʧʨʦ ʢʘʪʘʣʽʟʘʪʦʨʠ ʎʠʛʣʝʨʘ-ʅʘʪʪʘ 

[2]. 

ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʝʪʠʣʝʥʘ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨʘʭ ʎʠʛʣʝʨʘ-ʅʘʪʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʣʝʛʢʦ ʧʨʠ ʧʦʤʽʨʥʦʤʫ ʪʠʩʢʫ ʡ ʜʘʻ ʧʦʣʽʝʪʠʣʝʥ ʟ ʚʝʣʠʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ 

(100000ï1000000) ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤ'ʷʢʰʝʥʥʷ 125ï130 Áʉ ʽ ʱʽʣʴʥʽʩʪʶ 0,95ï

0,97 ʛ/ʩʤ3. ʎʝʡ ʧʦʣʽʤʝʨ ʥʘʟʠʚʘʶʪʴ ʧʦʣʽʝʪʠʣʝʥʦʤ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ (ʘʙʦ ʚʠʩʦʢʦʾ 

ʱʽʣʴʥʦʩʪʽ). ʇʦ ʩʚʦʾʭ ʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʚʽʥ ʢʨʘʱʝ ʧʦʣʽʝʪʠʣʝʥʘ ʚʠʩʦʢʦʛʦ 

ʪʠʩʢʫ, ʘʣʝ ʰʚʠʜʰʝ ʩʪʘʨʽʻ. 
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ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʧʨʦʧʝʥʘ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨʽ ʎʠʛʣʝʨʘ-ʅʘʪʪʘ ʜʘʻ ʧʦʣʽʧʨʦʧʽʣʝʥ 

ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʦʟʤ'ʷʢʰʝʥʥʷ 160ï170 Áʉ. ʊʘʢʝ ʨʽʟʢʝ ʨʦʟʭʦʜʞʝʥʥʷ ʫ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʥʠʟʴʢʦʛʦ ʡ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘʩʪʠʛʘʥʥʷ ï35 Áʉ) ʧʦʷʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ, ʘʣʝ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʨʦʩʪʦʨʦʚʦʶ ʙʫʜʦʚʦʶ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʧʦʣʽʤʝʨʫ. 

ɼʞ. ʅʘʪʪʘ ʧʝʨʝʜʙʘʯʘʚ, ʱʦ ʧʦʣʽʤʝʨʠ ʟ ʨʝʛʫʣʷʨʥʦʶ ʙʫʜʦʚʦʶ 

ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ.    

ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʧʨʦʧʝʥʘ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ ʜʘʻ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʽʟ ʧʨʦʩʪʦʨʦʚʦ ʥʝʨʝʛʫʣʷʨʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʉʅ3-ʛʨʫʧʘʤʠ (ʘʪʘʢʪʠʯʥʠʡ 

ʧʦʣʽʤʝʨ). ʇʦʣʽʤʝʨʠʟʘʮʽʷ ʞ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨʽ ʎʠʛʣʝʨʘ-ʅʘʪʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʦ, ʉʅ3-ʛʨʫʧʠ ʨʦʟʪʘʰʦʚʘʥʽ ʨʝʛʫʣʷʨʥʦ, ʧʦ ʦʜʥʽʡ ʩʪʦʨʦʥʽ 

ʚʫʛʣʝʮʝʚʦʛʦ ʣʘʥʮʶʛʘ. 

 

1.1.3 Стереорегулярний поліпропілен 

ʉʝʨʝʜ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟ'ʷʚʠʣʠʩʷ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʛʽʜʥʝ ʤʽʩʮʝ 

ʟʘʡʤʘʻ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʧʦʣʽʧʨʦʧʽʣʝʥ. ɺʦʣʦʜʽʶʯʠ ʮʽʥʥʠʤ 

ʧʦʻʜʥʘʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ, ʱʦ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʚʽʜʥʦʩʥʦ ʥʠʟʢʦʶ ʚʘʨʪʽʩʪʶ, ʚʽʥ 

ʚʠʥʷʪʢʦʚʦ ʰʚʠʜʢʦ ʧʨʦʥʠʢʥʫʚ ʫ ʙʘʛʘʪʦ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʩʠʥʪʝʪʠʯʥʠʭ ʚʦʣʦʢʦʥ. ʐʚʠʜʢʦʤʫ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʛʦ ʧʣʘʩʪʠʢʘ ʥʝʘʙʠʷʢʦʶ ʤʽʨʦʶ ʩʧʨʠʷʣʦ ʽ ʪʝ, ʱʦ ʚʽʥ ʟ'ʷʚʠʚʩʷ 

ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʚ ʧʝʨʽʦʜ, ʢʦʣʠ ʚʞʝ ʚʚʘʞʘʣʦʩʷ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʠʤ, ʱʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʡ ʨʦʟʰʠʨʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʽʚ 

ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʥʝʤʦʞʣʠʚʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [2]. 

ʉʪʝʨʝʦʨʝʛʫʣʷʨʥʠʡ ʧʦʣʽʧʨʦʧʽʣʝʥ - ʧʝʨʰʠʡ ʚʠʨʦʙʣʝʥʠʡ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʤʘʩʰʪʘʙʽ ʧʦʣʽʤʝʨ, ʧʨʠ ʩʠʥʪʝʟʽ ʷʢʦʛʦ ʚʜʘʣʦʩʷ ʦʧʘʥʫʚʘʪʠ ʧʨʦʮʝʩʦʤ 

ʩʪʝʨʝʦʩʧʝʮʠʬʽʯʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. ʋ ʮʝʡ ʯʘʩ ʩʪʝʨʝʦʩʧʝʮʠʬʽʯʥʘ ʧʦʣʽʤʝʨʠʟʘʮʽʷ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʣʦʛʦ ʨʷʜʫ ʪʝʭʥʽʯʥʦ ʚʘʞʣʠʚʠʭ 

ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʚʝʣʠʢʘ ʧʦʪʨʝʙʘ ʚ ʷʢʠʭ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ, ʟʦʢʨʝʤʘ, 

ʚ ʪʝʢʩʪʠʣʴʥʽʡ ʽ ʛʫʤʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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1.1.4 Розвиток стереоспецифічної полімеризації 

ɹʫʚ ʦʩʚʦʻʥʠʡ ʫ ʪʝʦʨʝʪʠʯʥʦʤʫ ʡ ʧʨʘʢʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʠʥʪʝʟ 

ʧʦʣʽʤʝʨʽʚ ʤʝʪʦʜʘʤʠ ʨʘʜʠʢʘʣʴʥʦʾ, ʢʘʪʽʦʥʥʦʾ ʡ ʘʥʽʦʥʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. ɹʫʣʠ 

ʟʥʘʡʜʝʥʽ ʝʬʝʢʪʠʚʥʽ ʽʥʽʮʽʶʶʯʽ ʩʠʩʪʝʤʠ ʡ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʜʦʚʞʠʥʠ ʣʘʥʮʶʛʘ ʧʨʠ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʧʨʦʪʝ ʚʣʘʩʥʝ ʨʝʘʢʮʽʷ ʟʨʦʩʪʘʥʥʷ ʣʘʥʮʶʛʘ, 

ʪʦʙʪʦ ʧʨʠʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʤʦʥʦʤʝʨʥʠʭ ʣʘʥʦʢ ʜʦ ʟʨʦʩʪʘʶʯʦʛʦ ʣʘʥʮʶʛʘ 

ʧʦʣʽʤʝʨʫ, ʜʦʥʝʜʘʚʥʘ ʥʝ ʧʽʜʜʘʚʘʣʘʩʷ, ʧʦ ʩʫʪʽ, ʢʦʥʪʨʦʣʶ. ʎʝʡ ʧʨʦʮʝʩ ʚʠʟʥʘʯʘʚʩʷ 

ʩʪʘʪʠʩʪʠʯʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʟʫʩʪʨʽʯʽ ʨʝʘʛʫʶʯʠʭ ʤʦʣʝʢʫʣ, ʧʨʠʯʦʤʫ 

ʨʦʟʭʦʜʞʝʥʥʷ ʫ ʰʚʠʜʢʦʩʪʽ ʦʢʨʝʤʠʭ ʤʦʞʣʠʚʠʭ ʧʨʠʻʜʥʘʥʴ ʤʦʥʦʤʝʨʘ ʜʦ 

ʧʦʣʽʤʝʨʥʦʛʦ ʣʘʥʮʶʛʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʝʥʪʨʦʧʽʾ ʧʨʠ ʫʪʚʦʨʝʥʥʽ 

ʘʢʪʠʚʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʥʝ ʙʫʣʠ ʚ ʫʤʦʚʘʭ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤʠ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʽʤʝʨʫ ʦʙʫʤʦʚʣʶʚʘʣʘʩʷ, ʦʜʥʘʢ, ʥʝ ʪʽʣʴʢʠ ʩʧʦʩʦʙʦʤ ʧʨʠʻʜʥʘʥʥʷ 

ʤʦʥʦʤʝʨʘ, ʘʣʝ ʡ ʧʨʠʩʫʪʥʽʩʪʶ ʟʜʘʪʥʠʭ ʜʦ ʩʦʧʦʣʽʤʝʨʠʟʘʮʽʾ ʨʝʯʦʚʠʥ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʘʙʦ ʨʦʟʛʘʣʫʞʝʥʥʷ ʧʦʣʽʤʝʨʫ. ʇʨʝʜ'ʷʚʣʝʥʦ 

ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʡ ʯʠʩʪʦʪʠ ʨʝʯʦʚʠʥ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʧʨʠ 

ʩʪʝʨʝʦʩʧʝʮʠʬʽʯʥʽʡ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, - ʱʦ ʜʝʷʢʽ ʜʦʤʽʰʢʠ ʥʘʚʽʪʴ ʫ ʥʝʟʥʘʯʥʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ (ʧʦʨʷʜʢʫ ʜʝʢʽʣʴʢʦʭ ʯʘʩʪʠʥ ʥʘ 1 ʤʣʥ.) ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʚʠʜʢʽʩʪʴ ʽ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʨʝʘʢʮʽʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʡ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʡ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʣʽʤʝʨʫ. 

ʇʨʦʬʝʩʦʨ ʎʠʛʣʝʨ ʧʦʩʪʘʚʠʚ ʧʝʨʰʽ ʜʦʩʣʽʜʠ ʧʦ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʝʪʠʣʝʥʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʠʘʣʢʠʣʘʣʶʤʽʥʽʶ, ʷʢʽ ʫʚʽʥʯʘʣʠʩʷ ʚʽʜʢʨʠʪʪʷʤ ʢʘʪʘʣʽʪʠʯʥʠʭ 

ʩʠʩʪʝʤ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʣʽʝʪʠʣʝʥʫ ʧʨʠ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʽ ʨʘʟʦʤ ʟ ʪʠʤ ʧʨʘʢʪʠʯʥʦ ʧʨʠʜʘʪʥʠʤ ʢʘʪʘʣʽʟʘʪʦʨʦʤ ʚʠʷʚʠʣʘʩʷ ʩʫʤʽʰ 

ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʶ ʟ ʯʦʪʠʨʠʭʣʦʨʠʩʪʠʤ ʪʠʪʘʥʦʤ, ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʷʢʦʾ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʧʦʣʽʝʪʠʣʝʥ ʫʪʚʦʨʶʻʪʴʩʷ ʚʞʝ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʪʠʩʢʫ [9]. 

ʇʨʦʬʝʩʦʨ ʅʘʪʪʘ ʩʧʦʯʘʪʢʫ ʟʘʩʪʦʩʦʚʫʚʘʚ ʧʨʦʮʝʩ ʎʠʛʣʝʨʘ, ʘ ʧʽʟʥʽʰʝ ʩʪʘʚ 

ʚʚʦʜʠʪʠ ʚ ʩʠʩʪʝʤʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟʘʟʜʘʣʝʛʽʜʴ ʧʨʠʛʦʪʦʚʘʥʝ ʪʚʝʨʜʝ ʢʦʤʧʣʝʢʩʥʝ 

ʟ'ʻʜʥʘʥʥʷ, ʦʪʨʠʤʘʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ ʪʠʪʘʥʫ ʟ 

ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʻʤ. ɺʠʚʯʝʥʥʷ ʦʩʘʜʫ, ʱʦ ʫʪʚʦʨʠʪʴʩʷ ʧʨʠ ʮʴʦʤʫ, ʧʨʠʚʝʣʦ ʅʘʪʪʘ 
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ʜʦ ʚʽʜʢʨʠʪʪʷ ʢʦʤʧʣʝʢʩʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʥʠʞʯʠʭ ʭʣʦʨʠʜʽʚ ʪʠʪʘʥʫ ʡ 

ʦʨʛʘʥʽʯʥʠʭ ʧʦʭʽʜʥʠʭ ʘʣʶʤʽʥʽʶ. ʇʨʠ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ, ʙʫʪʠʣʝʥʫ, 

ʩʪʠʨʦʣʫ ʡ ʽʥʰʠʭ ʥʝʛʨʘʥʠʯʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʢʦʤʧʣʝʢʩʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʘʭ 

ʫʪʚʦʨʷʪʴʩʷ ʧʦʣʽʤʝʨʠ ʟ ʚʠʩʦʢʠʤ ʚʠʭʦʜʦʤ ʽ ʚʝʣʠʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʚʘʛʦʶ. ʎʽ 

ʧʦʣʽʤʝʨʠ ʜʦʢʦʨʽʥʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʩʠʥʪʝʟʦʚʘʥʠʭ ʫ 

ʛʦʤʦʛʝʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʟʜʘʪʥʽ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ, ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʚʠʱʽ ʽ 

ʯʽʪʢʽʰʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ, ʚʝʣʠʢʫ ʧʣʘʪʥʽʩʪʴ ʽ ʛʽʨʰʝ ʨʦʟʯʠʥʷʶʪʴʩʷ ʚ 

ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ). 

 

1.1.5 Застосування поліпропілену 

ʇʨʦʤʠʩʣʦʚʽʩʪʴ ʧʣʘʩʪʤʘʩ ʚʠʧʫʩʢʘʻ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʧʦʣʽʤʝʨʽʚ 

ʧʨʦʧʽʣʝʥʫ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʧʝʨʝʨʦʙʢʠ ʡ 

ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʨʦʙʫ [3]. 

ʇʦʣʽʧʨʦʧʽʣʝʥ ʻ ʦʜʥʠʤ ʟ ʪʠʭ ʧʦʣʽʤʝʨʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʽʥ ʥʝʩʝ ʧʦʜʚʽʡʥʫ ʩʣʫʞʙʫ, ʷʢ ʧʣʘʩʪʤʘʩʠ, ʽ ʷʢ ʚʦʣʦʢʥʘ. ʗʢ 

ʧʣʘʩʪʤʘʩʘ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʧʨʝʜʤʝʪʽʚ, ʷʢ ʻʤʥʦʩʪʽ 

ʜʣʷ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʤʠʪʠ ʚ ʧʦʩʫʜʦʤʠʡʥʽʡ ʤʘʰʠʥʽ. ʎʝ ʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ 

ʧʦʣʽʧʨʦʧʽʣʝʥ ʥʝ ʧʣʘʚʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 160oʉ. ʋ ʚʠʛʣʷʜʽ ʚʦʣʦʢʥʘ 

ʧʦʣʽʧʨʦʧʽʣʝʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʠʣʠʤʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʫ ʧʨʠʤʽʱʝʥʥʷʭ, ʪʘʢ ʽ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ. ʇʦʣʽʧʨʦʧʽʣʝʥ 

ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʚʽʜʢʨʠʪʦʤʫ ʧʦʚʽʪʨʽ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʣʝʛʢʦ 

ʬʘʨʙʫʚʘʪʠ, ʘʜʞʝ ʚʽʥ ʥʝ ʚʙʠʨʘʻ ʚʦʜʫ.  

ʋ ʮʝʡ ʯʘʩ ʚʩʝ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʡʜʝ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʨʦʙʽʚ ʜʣʷ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʮʽʣʝʡ (ʪʨʫʙʠ, ʧʣʽʚʢʘ, ʚʦʣʦʢʥʦ, ʽʟʦʣʷʮʽʷ 

ʡ ʪ.ʜ.). ɼʫʞʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʮʴʦʤʫ ʟʽʛʨʘʚ, ʧʨʦʛʨʝʩ ʚ ʦʙʣʘʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚʽʜ ʪʝʨʤʦʦʢʠʩʣʶʚʘʣʴʥʦʾ ʽ ʩʚʽʪʣʦʚʦʾ ʜʝʩʪʨʫʢʮʽʾ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʝʡ ʯʘʩ ʤʝʪʦʜʦʤ ʣʠʪʪʷ ʧʽʜ ʪʠʩʢʦʤ 

ʧʝʨʝʨʦʙʣʷʶʪʴ 60% ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʣʽʚʢʠ ʧʣʦʩʢʦ-ʱʽʣʠʥʥʠʤ 

ʤʝʪʦʜʦʤ ʚʠʪʨʘʯʘʶʪʴ 30%, ʘ ʥʘ ʝʢʩʪʨʫʟʽʶ ʪʨʫʙ ʽ ʣʠʩʪʽʚ - 10%. 
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ʋ ʮʝʡ ʯʘʩ ʩʝʨʝʜʥʴʦʩʚʽʪʦʚʠʡ ʨʽʚʝʥʴ ʜʫʰʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʩʪʘʥʦʚʠʪʴ 5 ʢʛ. ʈʘʟʦʤ ʟ ʪʠʤ, ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʽ ʢʨʘʾʥʠ ʩʚʽʪʫ - ʉʐɸ, ʗʧʦʥʽʷ, 

ʟʘʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʽ ʜʝʨʞʘʚʠ ʩʧʦʞʠʚʘʶʪʴ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ - ʚʽʜ 

15-20 ʢʛ/ʣʶʜʠʥʫ. ʋ ʢʨʘʾʥʘʭ ʉʅɼ ʨʽʚʝʥʴ ʜʫʰʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʩʢʣʘʜʝ (ʪʘʙʣʠʮʷ 1.1): 

 

ʊʘʙʣʠʮʷ 1.1 ï ʈʽʚʝʥʴ ʜʫʰʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ ʧʝʨʩʧʝʢʪʠʚʽ 

ʈʦʢʠ ʇʦʢʘʟʥʠʢʠ ʩʧʦʞʠʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʢʛ/ʣʶʜʠʥʫ ʚ 

ʨʽʢ 

2005 2 

2010 4 

2015 7 

2020 10 

 

ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʧʦʧʠʪʫ ʥʘ ʧʦʣʽʧʨʦʧʽʣʝʥ ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʽ 1.2.  

ʊʘʙʣʠʮʷ 1.2 ï ʇʦʧʠʪ ʥʘ ʧʦʣʽʧʨʦʧʽʣʝʥ ʫ ʧʝʨʩʧʝʢʪʠʚʽ 

ʈʦʢʠ ʇʦʧʠʪ ʥʘ ʧʦʣʽʧʨʦʧʽʣʝʥ, ʪʠʩ, ʪʦʥ/ʨʽʢ 

2005 560 

2010 1120 

2015 2000 

2020 2800 

 

ʋʢʨʘʾʥʘ ʚʽʜʩʪʘʻ ʚʽʜ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʧʦ ʯʘʩʪʠʥʽ ʰʠʨʦʪʠ ʡ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʡ ʫ ʧʦʙʫʪʽ 

(ʚʠʩʦʢʦʤʽʮʥʠʭ ʧʣʽʚʦʢ, ʛʘʟʦʚʠʭ ʪʨʫʙ ʽ ʚʠʩʦʢʦʤʽʮʥʦʾ ʪʘʨʠ, ʧʘʢʫʚʘʣʴʥʘ ʧʣʽʚʢʘ, 

ʩʘʥʪʝʭʥʽʯʥʽ ʚʠʨʦʙʠ, ʩʧʦʞʠʚʯʘ ʪʘʨʘ ʡ ʨʽʟʥʘ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ ʟ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʡ 

ʨʷʜ ʽʥʰʠʭ) ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʘʻ ʨʦʟʚʠʥʝʥʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʡ ʧʝʨʝʨʦʙʢʠ 

ʚʪʦʨʠʥʥʠʭ ʧʦʣʽʤʝʨʽʚ, ʪʦʤʫ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ ʽʟ ʧʣʘʩʪʤʘʩ ʦʩʥʦʚʥʠʤ 

ʩʧʦʩʦʙʦʤ ʱʝ ʜʦʚʛʽ ʨʦʢʠ ʟʘʣʠʰʠʪʴʩʷ ʥʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʮʠʭ ʧʣʘʩʪʤʘʩ [2]. 
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1.1.6 Каталізатори стереоспецифічної полімеризації 

ɺʽʜʢʨʠʪʪʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʰʣʷʭʽʚ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʤʝʨʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʝʛʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʘʥʮʶʛʘ, ʪʽʩʥʦ 

ʧʦʚ'ʷʟʘʥʝ ʟ ʨʦʟʨʦʙʢʦʶ ʤʝʪʦʜʽʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʝʪʠʣʝʥʫ ʧʨʠ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ. 

ʎʠʛʣʝʨʦʚʩʢʽ ʢʘʪʘʣʽʟʘʪʦʨʠ (ʯʦʪʠʨʴʦʭ-ʭʣʦʨʠʩʪʠʡ ʪʠʪʘʥ ʽ ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʡ), 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʧʦʯʘʪʢʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʥʽʡʥʦʛʦ ʧʦʣʽʝʪʠʣʝʥʫ, ʙʫʣʠ 

ʧʝʨʰʠʤʠ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʡ ʧʨʠ ʦʜʝʨʞʘʥʥʽ ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʠʭ ʧʦʣʽʦʣʝʬʽʥʽʚ. 

ʆʩʥʦʚʥʽ ʛʨʫʧʠ ʨʝʯʦʚʠʥ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ  ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ: 

ɿ'ʻʜʥʘʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ: ʊʽʉl4, ʊʽʉl3, ʊʽʉl2, ʊʽɺr3, Tiʉl3, TiCl2(OR)2, 

ZrCl4, ZrCl3, VCl4, VCl3, VOCl3, CrCl3, ʉʛ2ʉl2, ʄʦʉl5, Mʦʉl3, WCl6, 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ ʭʨʦʤʫ ʡ ʪ.ʜ. 

ʄʝʪʘʣʦʦʨʛʘʥʽʯʥʽ ʟ'ʻʜʥʘʥʥʷ: ɸl(ʉ2ʅ5)3, ɸl(ʉ3H7)3õɸl(ʉ16ʅ33)3, 

(C2H5)2AlCl, Zn(C2H5)2, NaBH4, LiAlH4, ʘʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ (ʥʘʧʨʠʢʣʘʜ, Mg3Ab) 

ʽ ʪ.ʧ. 

ɺʽʜʢʨʠʪʪʷ ʩʪʝʨʝʦʩʧʝʮʠʬʽʯʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʧʨʝʜʩʪʘʚʠʣʦ ʚʝʣʠʢʠʡ 

ʧʨʦʤʠʩʣʦʚʠʡ ʽʥʪʝʨʝʩ ʽ ʚʠʢʣʠʢʘʣʦ ʮʽʣʠʡ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʨʦʧʽʣʝʥʫ ʡ ʽʥʰʠʭ ʦʣʝʬʽʥʽʚ [3]. 

 

1.1.7 Промислове виробництво поліпропілену 

ʇʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚʧʝʨʰʝ ʦʨʛʘʥʽʟʫʚʘʣʘ ʽʪʘʣʽʡʩʴʢʘ 

ʬʽʨʤʘ ʄʦʥʪʝʢʘʪʽʥʽ ʥʘʧʨʠʢʽʥʮʽ 1957 ʨ. ʋ ʮʝʡ ʯʘʩ ʚʝʣʠʢʽ ʚʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ 

ʚʚʝʜʝʥʽ ʚ ʣʘʜ ʧʨʠʙʣʠʟʥʦ ʚ ʜʝʚ'ʷʪʠ ʢʨʘʾʥʘʭ [3]. 

ʇʦʜʽʙʥʽ ʧʨʦʮʝʩʠ ʟ ʚʝʣʠʢʠʤ ʫʩʧʽʭʦʤ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʧʦʣʽʝʪʠʣʝʥʫ. ʅʘʡʙʽʣʴʰʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʻ ʚʠʜʘʣʝʥʥʷ ʩʫʩʧʝʥʜʦʚʘʥʦʛʦ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʟ ʚ'ʷʟʢʠʭ ʨʦʟʯʠʥʽʚ ʧʦʣʽʤʝʨʫ ʡ ʨʦʟʯʠʥʥʠʢʘ ʟ ʧʦʣʽʤʝʨʫ ʧʽʩʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʯʠʥʫ. ɺʠʭʽʜ ʽʟʦʪʘʢʪʠʯʥʦʛʦ ʧʦʣʽʤʝʨʫ ʧʦ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʥʠʞʯʝ, 

ʥʽʞ ʧʨʠ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʪʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʪʨʠʭʣʦʨʠʩʪʠʡ ʪʠʪʘʥ 

ï ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʡ. 
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ɹʘʛʘʪʦ ʟʘʚʦʜʽʚ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʧʦʣʽʧʨʦʧʽʣʝʥ, ʚʝʣʠʢʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ 

ʧʦʜʘʣʴʰʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚ ʟʨʽʜʞʝʥʠʭ ʥʠʟʴʢʦ ʢʠʧʣʷʯʠʭ ʚʫʛʣʝʚʦʜʥʷʭ (ʥʘʧʨʠʢʣʘʜ, ʫ 

ʯʠʩʪʦʤʫ ʧʨʦʧʽʣʝʥʽ, ʧʨʦʧʘʥʽ ʘʙʦ ʙʫʪʘʥʽ). ʇʨʠ ʮʴʦʤʫ ʩʧʨʦʱʫʻʪʴʩʷ ʦʯʠʱʝʥʥʷ 

ʚʠʭʽʜʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, ʚʽʜʚʽʜ ʪʝʧʣʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʪʠ ʚʠʧʘʨʫ 

ʨʦʟʯʠʥʥʠʢʘ ʡ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʦʙ'ʻʤʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʧʦʣʽʤʝʨʠʟʘʮʽʾ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʠʨʢʫʣʶʶʯʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʧʨʦʚʦʜʷʪʴ 

ʧʦʣʽʤʝʨʠʟʘʮʽʶ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʨʦʧʽʣʝʥʫ ʧʽʜ ʜʽʻʶ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʪʨʠʭʣʦʨʠʩʪʠʡ 

ʪʠʪʘʥ - ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʡ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʯʘʩʪʢʠ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʧʦʣʽʤʝʨʫ, 

ʘʙʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʢʦʣʠ 

ʧʦʣʽʤʝʨ, ʱʦ ʫʪʚʦʨʠʚʩʷ, ʤʠʤʦʚʦʣʽ ʩʪʽʢʘʻ ʟ ʥʦʩʽʷ ʢʘʪʘʣʽʟʘʪʦʨʘ. 

ʇʦ ʚʠʨʦʙʥʠʮʪʚʫ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʥʘ ʨʠʥʢʫ ʉʅɼ ʜʽʶʪʴ ʪʨʠ ʧʽʜʧʨʠʻʤʩʪʚʘ: 

ʫ ʈʝʩʧʫʙʣʽʮʽ ʂʘʟʘʭʩʪʘʥ, ʚ ʋʢʨʘʾʥʽ ʡ ʊʫʨʢʤʝʥʽʩʪʘʥʽ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʩʫʤʘʨʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʦ ʚʠʨʦʙʥʠʮʪʚʫ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ ʢʨʘʾʥʘʭ ʉʅɼ ʩʪʘʥʦʚʠʪʴ 520 ʪʠʩ. 

ʪʦʥʥ/ʨʽʢ. ʆʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ ʋʢʨʘʾʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 

1.3. 

ʊʘʙʣʠʮʷ 1.3 ï ʆʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ ʋʢʨʘʾʥʽ 

 ʆʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ 

ʋʢʨʘʾʥʽ, ʪʠʩ. ʪʦʥ/ʨʽʢ 

ʋʢʨʘʾʥʘ 2000 2005 2010 2015 2015 

ʇʦʪʫʞʥʦʩʪʽ 100 100 180 180 180 

ɺʠʨʦʙʥʠʮʪʚʦ 40 50 120 180 180 

ʃʠʩʠʯʘʥʩʴʢ,ɺɸʊ 

"ʃʠʩʠʯʘʥʩʢʥʝʬʪʝʦʨʛʩʠʥʪʝʟ" 

100 100 100 100 100 

40 50 80 100 100 

ʂʘʣʫʰ ï ï 80 80 80 

ï ï 40 80 80 
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ʋ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʧʨʦʧʽʣʝʥʫ : ʟʘʨʘʟ ʧʨʦʬʽʮʠʪ 

ʦʮʽʥʶʻʪʴʩʷ ʚ ʨʦʟʤʽʨʽ 7,4 ʤʣʥ. ʪʦʥ ʥʘ ʨʽʢ, ʚ 2015 ʨʦʮʽ ʧʨʠ ʦʯʽʢʫʚʘʥʦʤʫ ʦʙʩʷʟʽ 

ʩʚʽʪʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ 66 ʤʣʥ. ʪʦʥ, ʚʠʨʦʙʥʠʯʽ ʧʦʪʫʞʥʦʩʪʽ ʩʢʣʘʜʫʪʴ 79 ʤʣʥ. ʪʦʥ. 

1.2 Опис технологічної схеми процесу полімеризації пропілену 

ʋ ʘʚʪʦʢʣʘʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 5 ʧʦʩʪʘʯʝʥʠʡ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ ʩʦʨʦʯʢʦʶ, ʚ 

ʦʜʠʥ ʧʨʠʡʦʤ ʟʘʚʘʥʪʘʞʫʶʪʴ ʦʙʠʜʚʘ ʢʦʤʧʦʥʝʥʪʠ ʢʘʪʘʣʽʟʘʪʦʨ ʡ ʤʦʥʦʤʝʨ. 

ʇʦʣʽʤʝʨʠʟʘʮʽʶ ʚʝʜʫʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~80Á ʉ ʽ ʪʠʩʢʫ ʜʦ 30 ʘʪ. ʗʢ ʪʽʣʴʢʠ 

ʰʚʠʜʢʽʩʪʴ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʘʜʘʻ (ʚʥʘʩʣʽʜʦʢ ʢʦʥʚʝʨʩʽʾ ʤʦʥʦʤʝʨʘ) ʥʠʞʯʝ ʜʝʷʢʦʾ 

ʤʝʞʽ, ʯʘʩʪʠʥʘ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ (30-50% ʦʙʩʷʛʫ ʘʚʪʦʢʣʘʚʘ) ʧʝʨʝʚʦʜʷʪʴ ʫ 

ʜʦʧʦʣʽʤʝʨʠʟʘʪʦʨ 6. ɺ ʘʚʪʦʢʣʘʚ 5 ʟ ʘʧʘʨʘʪʘ  4 ʧʦʜʘʶʪʴ ʧʦʪʨʽʙʥʫ ʢʽʣʴʢʽʩʪʴ 

ʜʠʩʧʝʨʩʽʾ ʢʘʪʘʣʽʟʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʩʚʽʞʠʡ ʤʦʥʦʤʝʨ ʟ ʪʘʢʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʱʦʙ 

ʨʽʚʝʥʴ ʨʽʜʠʥʠ ʚ ʘʚʪʦʢʣʘʚʽ ʙʫʚ ʪʘʢʠʤ ʞʝ, ʷʢ ʩʧʦʯʘʪʢʫ (ʨʠʩ.1.1).  

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟʨʽʜʞʝʥʦʛʦ ʧʨʦʧʽʣʝʥʫ: 

1, 2, 3 - ʟʙʽʨʥʠʢʠ ʢʦʤʧʦʥʝʥʪʽʚ ʢʘʪʘʣʽʟʘʪʦʨʘ; 4 - ʜʦʟʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʢʘʪʘʣʽʟʘʪʦʨʘ; 5 - ʘʚʪʦʢʣʘʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ; 6 - ʜʦʧʦʣʽʤʝʨʠʟʘʪʦʨ; 7 - ʢʦʤʧʨʝʩʦʨ; 8 

- ʘʧʘʨʘʪ ʜʣʷ ʚʽʜʤʠʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ; 9, 11 - ʘʧʘʨʘʪʠ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ; 10 - 

ʻʤʥʽʩʪʴ ʜʣʷ ʩʫʩʧʝʥʜʫʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ ʧʨʦʤʠʚʥʦʤʫ ʨʦʟʯʠʥʽ; 12 - ʩʫʰʘʨʢʘ; 

13 - ʛʨʘʥʫʣʷʪʦʨ; 14 - ʢʦʣʦʥʘ ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʨʦʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ; 15, 16 - 

ʩʠʩʪʝʤʘ ʢʦʣʦʥ ʜʣʷ ʦʯʠʱʝʥʥʷ ʨʝʮʠʨʢʫʣʶʶʯʦʛʦ ʤʦʥʦʤʝʨʫ. 
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ʇʨʠ ʚʝʣʠʢʦʪʦʥʥʘʞʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʘʨʘʣʝʣʴʥʦ ʚʩʪʘʥʦʚʣʶʶʪʴ 6-10 

ʘʚʪʦʢʣʘʚʽʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʨʦʙʦʯʽ ʮʠʢʣʠ (ʟʘʚʘʥʪʘʞʝʥʥʷ ʡ ʨʦʟʚʘʥʪʘʞʝʥʥʷ) ʷʢʠʭ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʤʽʱʝʥʽ ʦʜʠʥ ʱʦʜʦ ʦʜʥʦʛʦ. ɺʩʽ ʦʧʝʨʘʮʽʾ ʥʘ ʜʘʥʽʡ ʩʪʘʜʽʾ 

ʧʨʦʮʝʩʫ ʚʠʢʦʥʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦ ʟʘʜʘʥʽʡ ʧʨʦʛʨʘʤʽ. ʅʘ ʥʘʩʪʫʧʥʽʡ ʩʪʘʜʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʤʠʚʘʥʥʷ ʡ ʬʽʣʴʪʨʘʮʽʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ. ʇʦʪʽʤ ʧʨʦʚʦʜʷʪʴ 

ʩʫʩʧʝʥʜʫʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ ʧʨʦʤʠʚʥʦʤʫ ʨʦʟʯʠʥʽ. ʇʽʩʣʷ ʩʫʰʽʥʥʷ 

ʧʦʨʦʰʢʦʚʠʡ ʧʦʣʽʧʨʦʧʽʣʝʥ ʧʽʜʜʘʶʪʴ ʛʨʘʥʫʣʷʮʽʾ ʥʘ ʜʚʦʭʯʝʨʚ'ʷʯʥʽʡ ʝʢʩʪʨʫʟʽʡʥʽʡ 

ʤʘʰʠʥʽ ʟ ʚʘʢʫʫʤ-ʚʽʜʩʦʩʦʤ [3]. 
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2  Комп’ютерний розрахунок матеріального балансу процесу 

полімеризації пропілену 

2.1 Структурний аналіз ХТС  

 ʉʧʝʨʰʫ ʩʢʣʘʜʝʤʦ ʪʘʙʣʠʮʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʪʦʢʽʚ ʪʘ ʘʧʘʨʘʪʽʚ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ (ʨʠʩ. 1.1) ʩʬʦʨʤʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ 

ʧʦʪʦʢʽʚ ʪʘ ʘʧʘʨʘʪʽʚ (ʨʠʩ. 2.1). ʅʫʤʝʨʘʮʽʷ ʘʧʘʨʘʪʽʚ ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ 

ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ ʥʘ ʨʠʩ. 2.1. 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʟʨʽʜʞʝʥʦʛʦ ʧʨʦʧʽʣʝʥʫ 

1 - ʜʦʟʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʢʘʪʘʣʽʟʘʪʦʨʘ; 2 - ʘʚʪʦʢʣʘʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ;  

3 - ʜʦʧʦʣʽʤʝʨʠʟʘʪʦʨ; 4 - ʢʦʤʧʨʝʩʦʨ; 5 - ʘʧʘʨʘʪ ʜʣʷ ʚʽʜʤʠʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ; 

6, 8 - ʘʧʘʨʘʪʠ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ; 7 - ʻʤʥʽʩʪʴ ʜʣʷ ʩʫʩʧʝʥʜʫʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ 

ʧʨʦʤʠʚʥʦʤʫ ʨʦʟʯʠʥʽ; 9 - ʩʫʰʘʨʢʘ; 10 - ʛʨʘʥʫʣʷʪʦʨ; 11 - ʢʦʣʦʥʘ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʧʨʦʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ; 12, 13 - ʩʠʩʪʝʤʘ ʢʦʣʦʥ ʜʣʷ ʦʯʠʱʝʥʥʷ ʨʝʮʠʨʢʫʣʶʶʯʦʛʦ 

ʤʦʥʦʤʝʨʫ. 
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ʊʘʙʣʠʮʷ 2.1 ï ʌʦʨʤʘʣʽʟʘʮʽʷ ʟʘʜʘʯʽ ʍʊʉ 

№ Назва 

Ім’я 

відповідних 

модулів в 

програмі-

симуляторі 

Вхідні 

потоки 

Вихідні 

потоки 

1 
ɼʦʟʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʢʘʪʘʣʽʟʘʪʦʨʘ 
1 0 1-2 

2 ɸʚʪʦʢʣʘʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 2 13-2,1-2 2-3 

3 ɼʦʧʦʣʽʤʝʨʠʟʘʪʦʨ 3 2-3,13-3 3-4,3-5 

4 ʂʦʤʧʨʝʩʦʨ 4 3-4 4-13,4-5 

5 
ɸʧʘʨʘʪ ʜʣʷ ʚʽʜʤʠʚʘʥʥʷ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ 
5 3-5,4-5 5-12,5-6 

6 ɸʧʘʨʘʪ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ 6 5-6 6-7,6-9,6-12 

7 

ɭʤʥʽʩʪʴ ʜʣʷ ʩʫʩʧʝʥʜʫʚʘʥʥʷ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʚ 

ʧʨʦʤʠʚʥʦʤʫ ʨʦʟʯʠʥʽ 

7 6-7,11-7 7-8 

8 ɸʧʘʨʘʪ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ 8 7-8 8-9,8-11 

9 ʉʫʰʘʨʢʘ 9 8-9,6-9 9-10 

10 ɻʨʘʥʫʣʷʪʦʨ 10 9-10 0 

11 
ʂʦʣʦʥʘ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʧʨʦʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ 
11 8-11 11-7 

12 

ʉʠʩʪʝʤʘ ʢʦʣʦʥ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʨʝʮʠʨʢʫʣʶʶʯʦʛʦ 

ʤʦʥʦʤʝʨʫ 

12 6-12,5-12 12-13 

1

13 

ʉʠʩʪʝʤʘ ʢʦʣʦʥ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʨʝʮʠʨʢʫʣʶʶʯʦʛʦ 

ʤʦʥʦʤʝʨʫ 

13 4-13,12-13 13-2,13-3 
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ɺʭʽʜʥʽ ʧʦʪʦʢʠ ʩʭʝʤʠ ʚʭʦʜʷʪʴ ʚ ʘʧʘʨʘʪ 1 ʪʘ 7. ɺʠʭʽʜʥʽ ʧʦʪʦʢʠ ʚʠʭʦʜʷʪʴ ʟ 

ʘʧʘʨʘʪʽʚ 10 ʪʘ 12. ʇʘʨʘʤʝʪʨʠʯʥʽʩʪʴ ʚʩʽʭ ʧʦʪʦʢʽʚ ʦʜʥʘʢʦʚʘ. 

 

2.2 Виконання структурного аналізу 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 2.1) 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.2: 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ 

 

ɺʠʢʦʥʘʻʤʦ ʧʦʩʣʽʜʦʚʥʦ ʚʩʽ ʝʪʘʧʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʮʽʻʾ ʩʭʝʤʠ. 

 

1. ʉʬʦʨʤʫʻʤʦ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ɸ. 

ʎʝʡ ʝʪʘʧ ʚʠʢʦʥʘʻʤʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ. 

 

A=[0 1 0 0 0 0 0 0 0 0 0 0 0;0 0 1 0 0 0 0 0 0 0 0 0 0;0 0 0 1 1 0 0 0 0 0 0 0 

0;0 0 0 0 1 0 0 0 0 0 0 0 1;0 0 0 0 0 1 0 0 0 0 0 1 0;0 0 0 0 0 0 1 0 1 0 0 1 0;0 0 0 0 0 

0 0 1 0 0 0 0 0;0 0 0 0 0 0 0 0 1 0 1 0 0;0 0 0 0 0 0 0 0 0 1 0 0 0;0 0 0 0 0 0 0 0 0 0 0 

0 0;0 0 0 0 0 0 1 0 0 0 0 0 0;0 0 0 0 0 0 0 0 0 0 0 0 1;0 1 1 0 0 0 0 0 0 0 0 0 0]; 
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A = 

     0     1     0     0     0     0     0     0     0     0     0     0     0 

     0     0     1     0     0     0     0     0     0     0     0     0     0 

     0     0     0     1     1     0     0     0     0     0     0     0     0 

     0     0     0     0     1     0     0     0     0     0     0     0     1 

     0     0     0     0     0     1     0     0     0     0     0     1     0 

     0     0     0     0     0     0     1     0     1     0     0     1     0 

     0     0     0     0     0     0     0     1     0     0     0     0     0 

     0     0     0     0     0     0     0     0     1     0     1     0     0 

     0     0     0     0     0     0     0     0     0     1     0     0     0 

     0     0     0     0     0     0     0     0     0     0     0     0     0 

     0     0     0     0     0     0     1     0     0     0     0     0     0 

     0     0     0     0     0     0     0     0     0     0     0     0     1 

     0     1     1     0     0     0     0     0     0     0     0     0     0      

ɿʘʩʪʦʩʫʻʤʦ ʘʣʛʦʨʠʪʤ ʧʦʢʨʠʪʪʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʩʭʝʤʠ. ɿʘ 

ʘʣʛʦʨʠʪʤʦʤ ʤʘʻʤʦ ʟʚʝʩʪʠ ʤʘʪʨʠʮʶ ʩʫʤʽʞʥʦʩʪʽ ɸ ʧʦʩʣʽʜʦʚʥʦ ʚ ʩʪʝʧʝʥʽ 2, 3, é, 

13 ʪʘ ʣʦʛʽʯʥʦ ʾʭ ʧʦʤʥʦʞʠʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʤʘʪʨʠʮʶ ʰʣʷʭʽʚ ʉ. ɺ 

Matlab ʮʷ ʜʽʷ ʚʠʛʣʷʜʘʻ ʪʘʢ [3]: 

C=[A|A^2|A^3|A^4|A^5|A^6|A^7|A^8|A^9|A^10|A^11|A^12|A^13] 

C= 

     0     1     1     1     1     1     1     1     1     1     1     1     1 

     0     1     1     1     1     1     1     1     1     1     1     1     1 

     0     1     1     1     1     1     1     1     1     1     1     1     1 

     0     1     1     1     1     1     1     1     1     1     1     1     1 

     0     1     1     1     1     1     1     1     1     1     1     1     1 

     0     1     1     1     1     1     1     1     1     1     1     1     1 

     0     0     0     0     0     0     1     1     1     1     1     0     0 

     0     0     0     0     0     0     1     1     1     1     1     0     0 

     0     0     0     0     0     0     0     0     0     1     0     0     0 

     0     0     0     0     0     0     0     0     0     0     0     0     0 

     0     0     0     0     0     0     1     1     1     1     1     0     0 

     0     1     1     1     1     1     1     1     1     1     1     1     1 

     0     1     1     1     1     1     1     1     1     1     1     1     1 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʨʠʮʽ D, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽ ʢʦʤʧʣʝʢʩʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʚ Matlab ʜʽʶ: 

>> D=C&C' 
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D = 

     0     0     0     0     0     0     0     0     0     0     0     0     0 

     0     1     1     1     1     1     0     0     0     0     0     1     1 

     0     1     1     1     1     1     0     0     0     0     0     1     1 

     0     1     1     1     1     1     0     0     0     0     0     1     1 

     0     1     1     1     1     1     0     0     0     0     0     1     1 

     0     1     1     1     1     1     0     0     0     0     0     1     1 

     0     0     0     0     0     0     1     1     0     0     1     0     0 

     0     0     0     0     0     0     1     1     0     0     1     0     0 

     0     0     0     0     0     0     0     0     0     0     0     0     0 

     0     0     0     0     0     0     0     0     0     0     0     0     0 

     0     0     0     0     0     0     1     1     0     0     1     0     0 

     0     1     1     1     1     1     0     0     0     0     0     1     1 

     0     1     1     1     1     1     0     0     0     0     0     1     1 

 

ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʤʘʪʨʠʮʽ D, ʚ ʩʭʝʤʽ ʙʫʜʝ 2 ʢʦʤʧʣʝʢʩʠ: 

K1=[2 3 4 5 6 12 13];    K2=[7 8 11]; 

2. ɼʘʣʽ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʟ 

ʢʦʤʧʣʝʢʩʽʚ ʡ ʧʦʦʜʠʥʦʢʠʭ ʚʝʨʰʠʥ: 

ППРС=(1, K1, K2, 9, 10) 

3. ʅʘ ʮʴʦʤʫ ʢʨʦʮʽ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʪʨʠʤʘʻʤʦ ʢʦʥʪʫʨʠ ʪʘ 

ʤʥʦʞʠʥʠ ʦʧʪʠʤʘʣʴʥʦ ʨʦʟʚʠʚʘʶʯʠʭ ʜʫʞʦʢ ʆʈʄɼ  [3]. 

ʉʧʝʨʰʫ ʧʦʙʫʜʫʻʤʦ ʧʨʘʜʝʨʝʚʦ ʢʦʤʧʣʝʢʩʫ ʂ1. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʩʧʠʩʦʢ ʩʫʤʽʞʥʦʩʪʽ ʷʢʠʡ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 2.2: 

 

ʊʘʙʣʠʮʷ 2.2 ï ʉʧʠʩʦʢ ʩʫʤʽʞʥʦʩʪʽ ʜʣʷ K1 

2 3 3 4 4 5 5 6 12 13 13 

3 4 5 5 13 12 6 12 13 2 3 
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ɼʝʨʝʚʦ ʜʣʷ ʂ1 ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.3 

ʈʠʩʫʥʦʢ 2.3 ï ʇʨʘʜʝʨʝʚʦ ʢʦʤʧʣʝʢʩʫ ʂ1 

 

ʂʦʥʪʫʨʠ ʢʦʤʧʣʝʢʩʫ K1, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʜʝʨʝʚʘ, ʥʘʩʪʫʧʥʽ: 

1) 2-3-4-5-6-12-13-2 

2) 2-3-4-5-12-13-2 

3) 2-3-5-12-13-2 

4) 2-3-5-6-12-13-2 

5) 2-3-4-13-2 

6) 3-4-5-6-12-13-3 

7) 3-4-5-12-13-3 

8) 3-4-13-3 

9) 3-5-12-13-3 

10) 3-5-6-12-13-3 
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ʉʢʣʘʜʝʤʦ ʤʘʪʨʠʮʶ ʢʦʥʪʫʨʽʚ ʜʣʷ ʂ1 ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ 2.3: 

ʊʘʙʣʠʮʷ 2.3 ï ʄʘʪʨʠʮʷ ʢʦʥʪʫʨʽʚ K1 

  ó2-3 ó3-4 ó3-5 ó4-5 ó4-13 ó5-12 ó5-6 ó6-12 ó12-13 ó13-2 ó13-3 

1 1 1 0 1 0 0 1 1 1 1 0 

2 1 1 0 1 0 1 0 0 1 1 0 

3 1 0 1 0 0 1 0 0 1 1 0 

4 1 0 1 0 0 0 1 1 1 1 0 

5 1 1 0 0 1 0 0 0 0 1 0 

6 0 1 0 1 0 0 1 1 1 0 1 

7 0 1 0 1 0 1 0 0 1 0 1 

8 0 1 0 0 1 0 0 0 0 0 1 

9 0 0 1 0 0 1 0 0 1 0 1 

10 0 0 1 0 0 0 1 1 1 0 1 

F 5 6 4 4 2 4 4 4 8 5 5 

 

ʉʪʝʧʽʥʴ ʚʭʦʜʞʝʥʥʷ ʜʫʞʦʢ ʥʘʡʙʽʣʴʰʘ ʫ ʜʫʛʠ (12-13) f=8 , ʪʦʤʫ ʨʦʟʽʨʚʝʤʦ 

ʩʧʝʨʰʫ ʮʶ ʜʫʛʫ. ʇʽʩʣʷ ʾʾ ʨʦʟʨʠʚʫ ʟʘʣʠʰʘʪʴʩʷ ʱʝ ʜʚʘ ʢʦʥʪʫʨʠ, ʜʝ ʤʘʢʩʠʤʘʣʴʥʘ 

ʩʪʝʧʽʥʴ ʚʭʦʜʞʝʥʥʷ 2 ʫ ʜʫʛ 3-4 ʪʘ 4-13 , ʘ ʧʘʨʘʤʝʪʨʠʯʥʽʩʪʴ ʾʭ ʦʜʥʘʢʦʚʘ, ʪʦʤʫ 

ʨʦʟʽʨʚʝʤʦ ʜʫʛʫ (4-13). ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʘ ʤʥʦʞʠʥʘ ʨʦʟʨʠʚʘʶʯʠʭ ʜʫʞʦʢ 

ʜʣʷ ʧʝʨʰʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘʢʘ: 

ʆʄʈɼK1 = { (12-13), (4-13) } 

ɼʣʷ  ʢʦʤʧʣʝʢʩʫ K2 = (7,8,11), ʦʩʢʽʣʴʢʠ ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʢʦʥʪʫʨʫ, 

ʤʘʪʨʠʮʶ ʢʦʥʪʫʨʽʚ ʤʦʞʥʘ ʥʝ ʙʫʜʫʚʘʪʠ ʡ ʆʄʈɼʂ3  ʤʽʩʪʠʪʴ ʣʠʰʝ 1 ʜʫʛʫ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʩʪʝʡ. ʆʩʢʽʣʴʢʠ ʜʫʛʠ (7-8) , (8-

11) ʽ (11-7)  ʤʘʶʪʴ ʨʽʚʥʽ ʧʘʨʘʤʝʪʨʠʯʥʦʩʪʽ, ʪʦ ʤʦʞʥʘ ʨʦʟʽʨʚʘʪʠ ʙʫʜʴ-ʷʢʫ, 

ʥʘʧʨʠʢʣʘʜ, (7-8).  ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʘ ʤʥʦʞʠʥʘ ʨʦʟʨʠʚʘʶʯʠʭ ʜʫʞʦʢ ʜʣʷ 

ʜʨʫʛʦʛʦ ʢʦʤʧʣʝʢʩʫ: 

ʆʄʈɼK2 = { (7-8) } 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʤʥʦʞʠʥ ʤʘʻʤʦ ʦʧʪʠʤʘʣʴʥʫ ʤʥʦʞʠʥʫ 

ʨʦʟʨʠʚʘʶʯʠʭ ʜʫʞʦʢ ʜʣʷ ʚʩʽʻʾ ʩʭʝʤʠ (ʨʠʩ. 2.4): 
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ʆʄʈɼ = { (7-8) ,(12-13), (4-13)} 

ʈʠʩʫʥʦʢ 2.4 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʽʟ ʚʢʘʟʘʥʠʤʠ ʨʦʟʽʨʚʘʥʠʤʠ 

ʜʫʞʢʘʤʠ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʽʨʚʘʚʰʠ ʦʪʨʠʤʘʥʽ ʜʫʛʠ, ʦʪʨʠʤʘʻʤʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʫ ʩʭʝʤʠ: 

ʆʇʈʉ= (1, 13, 2, 3, 4, 5, 6, 12, 8, 11, 7, 9, 10) 

 

2.3 Розрахунок матеріального балансу  

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ï ʙʘʣʘʥʩ, ʷʢʠʡ ʬʽʢʩʫʻ ʜʞʝʨʝʣʘ ʡ ʤʘʩʰʪʘʙʠ 

ʥʘʜʭʦʜʞʝʥʴ ʽ ʚʠʪʨʘʪ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʾʭ ʦʙʩʷʛʽʚ [4]. 

ʄʘʪʝʨʽʘʣʴʥʽ ʙʘʣʘʥʩʠ ï ʩʠʩʪʝʤʘ ʧʦʢʘʟʥʠʢʽʚ ʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʜʞʝʨʝʣʘ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʥʘʧʨʷʤʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʘʞʣʠʚʠʡ ʽʥʩʪʨʫʤʝʥʪ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʘʣʘʥʩʦʚʘʥʦʩʪʽ 

ʥʘʪʫʨʘʣʴʥʦ-ʨʝʯʦʚʠʭ ʧʨʦʧʦʨʮʽʡ ʫ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ. ʈʘʟʦʤ ʟ ʬʽʥʘʥʩʦʚʠʤʠ 

ʙʘʣʘʥʩʘʤʠ ʽ ʙʘʣʘʥʩʘʤʠ ʧʨʘʮʽ ʤʘʪʝʨʽʘʣʴʥʽ ʙʘʣʘʥʩʠ ʻ ʦʩʥʦʚʦʶ ʩʠʩʪʝʤʠ 

ʝʢʦʥʦʤʽʯʥʠʭ ʙʘʣʘʥʩʽʚ, ʜʘʶʪʴ ʟʤʦʛʫ ʥʘʡʪʦʯʥʽʰʝ ʚʠʟʥʘʯʠʪʠ 

ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʫ ʧʦʪʨʝʙʫ ʢʦʞʥʦʛʦ ʚʠʜʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʫʚ'ʷʟʘʪʠ 

ʮʶ ʧʦʪʨʝʙʫ ʟ ʤʦʞʣʠʚʦʩʪʷʤʠ ʾʾ ʧʦʢʨʠʪʪʷ [4]. 
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ʄʘʪʝʨʽʘʣʴʥʽ ʙʘʣʘʥʩʠ ʨʦʟʨʦʙʣʷʶʪʴ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʧʣʘʥʫʚʘʥʥʷ ʡ ʥʘ ʚʩʽʭ 

ʩʪʘʜʽʷʭ ʩʢʣʘʜʘʥʥʷ ʧʣʘʥʫ. ʋ ʧʨʘʢʪʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʴʥʽ ʙʘʣʘʥʩʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʟ ʧʦʯʘʪʢʫ 20 ʭ XX ʩʪ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʝʨʰʦʛʦ ʧ'ʷʪʠʨʽʯʥʦʛʦ ʧʣʘʥʫ 

ʨʦʟʚʠʪʢʫ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ ʥʘ 1926ï27 ï 1930ï31 ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʪʫʨʘʣʴʥʦ-ʨʝʯʦʚʠʭ ʧʨʦʧʦʨʮʽʡ ʙʫʣʘ ʩʢʣʘʜʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ. 

ʄʘʪʝʨʽʘʣʴʥʽ ʙʘʣʘʥʩʠ: ʧʘʣʠʚʥʠʡ, ʝʥʝʨʛʝʪʠʯʥʠʡ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʙʫʜʽʚʝʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʫʩʪʘʪʢʫʚʘʥʥʷ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʩʠʨʦʚʠʥʠ, ʭʣʽʙʦʬʫʨʘʞʥʠʡ 

ʪʦʱʦ. ʄʘʪʝʨʽʘʣʴʥʽ ʙʘʣʘʥʩʠ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʧʦʙʫʜʦʚʠ ʚʠʨʦʙʥʠʯʦʾ ʪʘ 

ʙʫʜʽʚʝʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʧʣʘʥʫ. ʋ 20-ʪʽ ʚ ʋʢʨʘʾʥʽ ʩʬʦʨʤʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʚʘʨʪʽʩʥʠʭ ʙʘʣʘʥʩʽʚ. ʉʫʯʘʩʥʽ ʤʘʪʝʨʽʘʣʴʥʽ ʙʘʣʘʥʩʠ ʢʣʘʩʠʬʽʢʫʶʪʴ 

ʟʘ ʧʝʚʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʛʦʣʦʚʥʘ ʟ ʷʢʠʭ ï ʧʦʜʽʣ ʩʫʢʫʧʥʦʛʦ ʩʫʩʧʽʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʟʘ ʥʘʪʫʨʘʣʴʥʦ-ʨʝʯʦʚʦʶ ʩʪʨʫʢʪʫʨʦ ʁ[4]. 

ʄʘʪʝʨʽʘʣʴʥʽ ʙʘʣʘʥʩʠ ʢʦʥʢʨʝʪʠʟʫʶʪʴ ʦʩʥʦʚʥʫ ʪʘʙʣʠʮʶ ʙʘʣʘʥʩʫ 

ʩʫʩʧʽʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʜʦʚʦʜʷʪʴ ʧʣʘʥʫʚʘʥʥʷ ʥʘʡʟʘʛʘʣʴʥʽʰʠʭ ʧʨʦʧʦʨʮʽʡ 

ʚʽʜʪʚʦʨʝʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʙʘʣʘʥʩʽ ʩʫʩʧʽʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʜʦ 

ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʧʦʨʮʽʡ ʱʦʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʧʦʞʠʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʧʨʦʜʫʢʮʽʾ 

[4]. 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʽʚʥʷʥʥʷʤ, ʣʽʚʫ ʯʘʩʪʠʥʫ 

ʷʢʦʛʦ ʩʢʣʘʜʘʻ ʤʘʩʘ ʚʩʽʭ ʚʠʜʽʚ ʩʠʨʦʚʠʥʠ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʦʩʪʫʧʘʶʪʴ ʥʘ 

ʧʝʨʝʨʦʙʢʫ Gä , ʘ ʧʨʘʚʫ ð ʤʘʩʘ ʦʪʨʠʤʫʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ G¡ä  ʧʣʶʩ 

ʚʠʨʦʙʥʠʯʽ ʚʪʨʘʪʠ ʚʪʨG  : 

ʚʪʨG G G¡= +ä ä  (2.1) 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʄʊɹ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ChemCad ʪʘ MathCAD. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʫ ChemCad ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʩʪʘʥʜʘʨʪʥʽ ʧʨʠʡʦʤʠ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤʠ ʩʪʠʤʫʣʷʪʦʨʘʤʠ.  

ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ChemCad ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʢʨʦʢʠ: 

¶  ʉʪʘʨʪ ʥʦʚʦʾ ʨʦʙʦʪʠ 
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¶ ɺʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʦʜʠʥʠʮʴ 

¶ ʉʪʚʦʨʝʥʥʷ ʩʭʝʤʠ ʧʦʪʦʢʽʚ 

¶ ɺʽʜʙʽʨ ʙʣʦʢʽʚ 

¶ ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

¶ ɺʠʟʥʘʯʝʥʥʷ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ  

¶ ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ  ʫʩʪʘʪʢʫʚʘʥʥʷ 

¶ ɿʘʧʫʩʢ ʤʦʜʝʣʶʚʘʥʥʷ 

¶ ʆʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

¶ ɺʠʚʽʜ  ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʜʨʫʢ 

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʪʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʨʦʮʝʩ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʨʦʧʽʣʝʥʫ ʪʘ ʚʟʷʚʰʠ ʟʘ ʦʩʥʦʚʫ ʤʦʜʝʣʴ ʫʩʪʘʥʦʚʢʠ ʟʨʽʜʞʝʥʦʛʦ ʧʨʦʧʽʣʝʥʫ (ʨʠʩ. 

1) ʧʨʝʜʩʪʘʚʠʤʦ ʚ CHEMCAD 5.2 ʩʭʝʤʫ ʛʘʟʦʬʘʟʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ 

(ʨʠʩ.2.5 ).  

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʛʘʟʦ-ʬʘʟʥʦʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ ʚ CHEMCAD 

5.2 

ʋ ʪʘʙʣʠʮʽ 2.4 ʧʦʢʘʟʘʥʽ ʙʣʦʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʽ. 
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ʊʘʙʣʠʮʷ 2.4 ï ɹʣʦʢʠ ʩʭʝʤʠ 

ʅʘʟʚʘ ʙʣʦʢʫ ɸʧʘʨʘʪ 
ɺʠʛʣʷʜ 

ʤʦʜʝʣʽ 
ɺʭʜ̔ʥʽ ʧʦʪʦʢʠ ɺʠʭʽʜʥʽ ʧʦʪʦʢʠ 

Stoichiometr

ic reactor (1) 
ʈʝʘʢʪʦʨ 

 N2, H2, TiCl4, C3H6, 

C3H8, ʊɽɸ, ʨʝʮʠʢʣ 

(ʩʫʤʽʰ C3H6,  C3H8, 

N2 ʪʘ H2, ʱʦ 

ʧʨʦʨʝʘʛʫʚʘʣʠ) 

ʇʦʣʽʧʨʦʧʽʣʝʥ, N2, 

H2, TiCl4, C3H6, 

C3H8, ʊɽɸ 

Mixer (2) ɿʤʽʰʫʚʘʯ 

 N2, H2, TiCl4, C3H6,  

C3H8, ʊɽɸ, 

ʨʝʮʠʢʣ (ʩʫʤʽʰ 

C3H6,  C3H8, N2 ʪʘ 

H2,) 

N2, H2, TiCl4, C3H6,  

C3H8, ʊɽɸ 

Separator (7) ʈʦʟʜʽʣʶʚʯ 

 

ʇʦʣʽʧʨʦʧʽʣʝʥ, N2, 

H2, TiCl4, C3H6,  

C3H8, ʊɽɸ 

ʇʦʣʽʧʨʦʧʽʣʝʥ, N2, 

H2, TiCl4, C3H6,  

C3H8, ʊɽɸ 

Striper1 (3) ʈʦʟʜʽʣʶʚʘʯ 

      

 

ʇʦʣʽʧʨʦʧʽʣʝʥ, N2, 

H2, TiCl4, C3H6,  

C3H8 

ʇʦʣʽʧʨʦʧʽʣʝʥ, N2, 

H2, TiCl4, C3H6,  

C3H8, ʊɽɸ 

Striper2 (4) ʈʦʟʜʽʣʶʚʘʯ       

 

ʇʦʣʽʧʨʦʧʽʣʝʥ, N2, 

H2, TiCl4, C3H6,  

C3H8, ʊɽɸ 

ʇʦʣʽʧʨʦʧʽʣʝʥ, N2, 

H2, TiCl4, C3H6,  

C3H8, ʊɽɸ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.4 

Compressor 

(5) 

ʂʦʤʧʨʝʩʦʨ  

 

N2, H2,  C3H6,  C3H8 

ʇʦʣʽʧʨʦʧʽʣʝʥ, 

N2, H2, TiCl4, 

C3H6,  C3H8, 

ʊɽɸ 

Heat 

Exchanger (6) 

ʊʝʧʣʦ- 

ʦʙʤʽʥʥʠʢ 

 

N2, H2,  C3H6,  C3H8, 

H2O 

N2, H2,  C3H6,  

C3H8, H2O 

 

ʆʧʠʩ ʙʣʦʢʽʚ ʙʽʙʣʽʦʪʝʢʠ ʤʦʜʝʣʝʡ: 

¶ Stoichiometric reactor ïï ʎʷ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʣʠ ʢʽʥʝʪʠʢʘ 

ʨʝʘʢʮʽʾ ʥʝʚʽʜʦʤʘ, ʘʣʝ ʚʽʜʦʤʽ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʩʪʘʜʽʡ ʧʨʦʮʝʩʫ ʽ ʚʽʜʦʤʘ 

ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʩʪʘʜʽʾ.  

¶ Mixer  ï ʟʤʽʰʫʚʘʯ. ɿʤʽʰʫʻ ʢʽʣʴʢʘ ʧʦʪʦʢʽʚ ʚ ʦʜʠʥ. 

¶ Separator, Striper1 , Striper2  ï Flash ï ʨʦʟʜʽʣʶʚʘʯ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʘʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʽʥʰʠʭ 

ʦʜʥʦʩʪʫʧʽʥʯʘʪʠʭ ʨʦʟʜʽʣʶʚʘʯʽʚ. 

¶ Compressor ï ʢʦʤʧʨʝʩʦʨ. ɼʦʟʚʦʣʷʻ ʟʤʽʥʠʪʠ ʪʠʩʢ ʧʦʪʦʢʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʽʪʨʦʧʥʠʭ ʚʽʜʮʝʥʪʨʦʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ, 

ʦʙôʻʤʥʠʭ ʢʦʤʧʨʝʩʦʨʽʚ, ʘʜʽʘʙʘʪʠʯʥʠʭ ʢʦʤʧʨʝʩʦʨʽʚ. 

¶ Heat Exchanger ï ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʪʝʧʣʦʦʙʤʽʥʫ ʤʽʞ ʛʘʨʷʯʠʤʠ ʪʘ ʭʦʣʦʜʥʠʤʠ ʧʦʪʦʢʘʤʠ. 

ɺʭʽʜʥʽ ʧʦʪʦʢʠ ʤʦʜʝʣʽ ʪʘ ʾʭ ʪʠʧ: 

¶ N2FEED  ï ʚʭʽʜʥʠʡ ʧʦʪʽʢ (ʤʘʪʝʨʽʘʣʴʥʠʡ) ï N2 ï ʧʦʜʘʯʘ ʥʽʪʨʦʛʝʥʫ. 

¶ H2FEED  ï ʚʭʽʜʥʠʡ ʧʦʪʽʢ (ʤʘʪʝʨʽʘʣʴʥʠʡ) ï ʅ2 ï ʧʦʜʘʯʘ ʚʦʜʥʶ. 

¶ CAT  ï ʚʭʽʜʥʠʡ ʧʦʪʽʢ (ʤʘʪʝʨʽʘʣʴʥʠʡ) ï TiCl4, C3H6, C3H8 ï ʧʦʜʘʯʘ 

ʩʫʤʽʰʽ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ ʪʠʪʘʥʫ, ʧʨʦʧʘʥʫ ʪʘ ʧʨʦʧʽʣʝʥʫ. 
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¶ COCAT ï ʚʭʽʜʥʠʡ ʧʦʪʽʢ (ʤʘʪʝʨʽʘʣʴʥʠʡ) ï C6H15Al  ï ʧʦʜʘʯʘ 

ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʶ. 

¶ C3FEED - ʚʭʽʜʥʠʡ ʧʦʪʽʢ (ʤʘʪʝʨʽʘʣʴʥʠʡ) ï C3H6, C3H8 ï ʧʦʜʘʯʘ 

ʩʫʤʽʰʽ ʧʨʦʧʽʣʝʥʫ ʪʘ ʧʨʦʧʘʥʫ. 

¶ H2O-IN  ï ʚʭʽʜʥʠʡ ʧʦʪʽʢ (ʤʘʪʝʨʽʘʣʴʥʠʡ) ï ʅ2ʆ ï ʧʦʜʘʯʘ ʚʦʜʠ. 

¶  STRIP-N2 ï ʚʭʽʜʥʠʡ ʧʦʪʽʢ (ʤʘʪʝʨʽʘʣʴʥʠʡ) - N2 ï ʧʦʜʘʯʘ ʥʽʪʨʦʛʝʥʫ. 

ʊʘʙʣʠʮʷ 2.5 ï ʉʧʝʮʠʬʽʢʘʮʽʷ ʘʧʘʨʘʪʽʚ 

ɸʧʘʨʘʪ 

ʋʤʦʚʠ ʨʦʙʦʪʠ 

ɿʥʘʯʝʥʥʷ 

ʬʘʟʘ ʊʠʧ ʪʝʤʧʝʨʘʪʫʨʘ, 

Áʉ 

ʪʠʩʢ, 

ʂʇʘ 

Stoichiometric 

reactor 
69 200 ʧʘʨ-ʨʽʜʠʥʘ 

ʦʙôʻʤ 

ʨʝʘʢʪʦʨʫ, 

ʬʘʟʠ 

Separator  0 0 ʧʘʨ-ʨʽʜʠʥʘ ï 

Striper1  65 500 ʧʘʨ-ʨʽʜʠʥʘ ï 

Striper2  60 100 ʧʘʨ-ʨʽʜʠʥʘ ï 

Compressor  ï 250 ï ʘʜʽʘʙʘʪʠʯʥʠʡ 

Heat 

Exchanger  
50 0 ʧʘʨ-ʨʽʜʠʥʘ ï 

 

2.3.1 Специфікація потоків 

ɺ ʩʭʝʤʽ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ ʥʘ ʢʘʪʘʣʽʟʘʪʦʨʘʭ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʥʘʩʪʫʧʥʽ 

ʢʦʤʧʦʥʝʥʪʠ: 

¶ TiCl4 ï ʯʦʪʠʨʠʭʣʦʨʠʩʪʠʡ ʪʠʪʘʥ; 

¶ TEA ï ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʡ (C6H15Al); 

¶ C3H6 ï ʧʨʦʧʽʣʝʥ; 

¶ C3H8 ï ʧʨʦʧʘʥ; 

¶ PP ï ʧʦʣʽʧʨʦʧʽʣʝʥ; 

¶ H2 ï ʚʦʜʝʥʴ; 

¶ N2 ï ʥʽʪʨʦʛʝʥ; 

¶ H2O ï ʚʦʜʘ. 
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ɿʚʝʜʝʥʘ ʩʧʝʮʠʬʽʢʘʮʽʷ ʫʩʽʭ ʚʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʽ 3: 

ʊʘʙʣʠʮʷ 2.6 ï ʉʧʝʮʠʬʽʢʘʮʽʷ ʧʦʪʦʢʽʚ 

ʇʦʪʽʢ 

ʉʧʝʮʠʬʽʢʘʮʽʷ 

ɿʥʘʯʝʥʥʷ ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʢʦʤʧʦʥʝʥʪʫ 

ʪʝʤʧʝ-

ʨʘʪʫʨʘ, 

Áʉ 

ʪʠʩʢ, 

ʂʇʘ 

ʤʘʩʦʚʽ 

ʚʠʪʨʘʪʠ, 

ʤ3/ʛʦʜ 

TiCl

4 
TEA 

C3H

6 

C3H

8 
PP H2 N2 H2O 

N2FEED  30 
300

0 
100       1  

H2FEED 30 
300

0 
4      1   

CAT  30 
300

0 
300 

0,

0

1 

 
0,98

8 

0,00

2 
    

COCAT 30 
300

0 
10  1       

C3FEED 30 
300

0 
45000   

0,98

8 

0,00

2 
    

H2O-IN 35 
300

0 
847500         

STRIP-N2  30 300 500         

ɺ ʜʘʥʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʎʠʛʣʝʨʦʚʩʢʽ ʢʘʪʘʣʽʟʘʪʦʨʠ - 

ʯʦʪʠʨʠʭʣʦʨʠʩʪʠʡ ʪʠʪʘʥ ʠ ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʡ (ʢʘʪʘʣʽʟʘʪʦʨ - TiCl4, 

ʩʧʽʚʢʘʪʘʣʽʟʘʪʦʨ - Al(C2H5)3). ʆʙʨʠʚ ʣʘʥʮʶʛʘ ʧʨʦʪʽʢʘʻ ʧʽʜ ʜʽʻʶ ʚʦʜʥʶ ʷʢ 

ʨʝʛʫʣʷʪʦʨʘ ʟʨʦʩʪʘʥʥʷ ʣʘʥʮʶʛʘ. 

 

2.3.2 Опис процесу  

ɼʣʷ ʟʤʽʰʫʚʘʥʥʷ ʤʽʰʘʣʢʦʶ Mixer ʧʦʜʘʶʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 30 Áʉ ʪʘ 

ʧʽʜ ʪʠʩʢʦʤ 3000 ʂʇʘ ʩʣʽʜʫʶʯʽ ʧʦʪʦʢʠ, ʟ ʥʘʩʪʫʧʥʠʤʠ ʤʘʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ: 

N2FEED (ʥʽʪʨʦʛʝʥ) ï 100 ʤ3/ʛʦʜ, H2FEED (ʚʦʜʝʥʴ) ï 4 ʤ3/ʛʦʜ, CAT 

(ʯʦʪʠʨʴʦʭʭʣʦʨʠʩʪʠʡ ʪʠʪʘʥ, ʧʨʦʧʘʥ ʪʘ ʧʨʦʧʽʣʝʥ) ï 300 ʤ3/ʛʦʜ, COCAT 

(ʪʨʠʝʪʠʣʘʣʶʤʽʥʽʡ) ï 10 ʤ3/ʛʦʜ, C3FEED (ʧʨʦʧʘʥ ʪʘ ʧʨʦʧʽʣʝʥ) ï 45000 ʤ3/ʛʦʜ, ʘ 
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ʪʘʢʦʞ ʨʝʮʠʢʣ ʧʦʪʦʢʫ CYCGAGBï ʩʫʤʽʰ ʧʨʦʧʘʥʫ, ʧʨʦʧʽʣʝʥʫ, ʥʽʪʨʦʛʝʥʫ ʪʘ 

ʚʦʜʥʶ, ʱʦ ʧʦʚʥʽʩʪʶ ʥʝ ʧʨʦʨʝʘʛʫʚʘʣʠ. 

 ʇʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʤʘʻʤʦ ʧʦʪʽʢ RFEED1, ʱʦ ʧʦʩʪʫʧʘʻ ʜʦ ʨʝʘʢʪʦʨʫ, ʚ 

ʷʢʦʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 69  Áʉ ʪʘ ʪʠʩʢʫ 200 ʂʇʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʣʽʤʝʨʠʟʘʮʽʷ ʧʨʦʧʽʣʝʥʫ. ʉʫʤʽʰ ʟ ʫʪʚʦʨʝʥʠʤ ʧʦʣʽʧʨʦʧʽʣʝʥʦʤ ʧʦʩʪʫʧʘʻ ʜʦ 

ʩʝʧʘʨʘʪʦʨʘ Separator, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʨʶʚʘʥʥʷ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʥʽʪʨʦʛʝʥʫ, 

ʚʦʜʥʶ, ʧʨʦʧʘʥʫ ʪʘ ʧʨʦʧʽʣʝʥʫ, ʷʢʽ ʧʦʪʦʢʦʤ VAP-A ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʦʤʧʨʝʩʦʨ 

Compressor, ʚ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʪʠʩʢʫ ʚ  250 ʂʇʘ ʜʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 

Heat Exchanger, ʜʝ ʧʦʪʽʢ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʦʜʘʯʽ ʚʦʜʠ H2O-IN ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 35 Áʉ ʪʘ ʤʘʩʦʚʦʶ ʚʠʪʨʘʪʦʶ ʚ 847500 ʤ3ʛʦʜ ʪʘ ʧʦʩʪʫʧʘʻ 

ʨʝʮʠʢʣʦʤ ʜʦ ʟʤʽʰʫʚʘʯʘ Mixer  ʧʦʪʦʢʦʤ CYCGAGB. ɺʦʜʘ ʧʦʪʦʢʦʤ H2O-OUT 

ʚʠʭʦʜʠʪʴ ʟ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ. 

 ɯʥʰʘ ʯʘʩʪʠʥʘ ʩʫʤʽʰʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʧʦʣʽʧʨʦʧʽʣʝʥ POWDER1 ʧʽʩʣʷ 

ʚʠʧʘʨʥʠʢʘ Separator ʧʦʩʪʫʧʘʻ ʥʘ ʧʦʚʪʦʨʥʝ ʨʦʟʜʽʣʝʥʥʷ ʫ ʩʝʧʘʨʘʪʦʨ Striper1, ʜʝ 

ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 65 Áʉ ʪʘ ʪʠʩʢʦʤ 500 ʂʇʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʪʦʨʥʝ ʚʠʧʘʨʶʚʘʥʥʷ 

ʥʽʪʨʦʛʝʥʫ, ʚʦʜʥʶ, ʧʨʦʧʘʥʫ ʪʘ ʧʨʦʧʽʣʝʥʫ, ʱʦ ʧʦʪʦʢʦʤ GAS1 ʚʠʭʦʜʠʪʴ ʟ 

ʘʧʘʨʘʪʫ. ɯʥʰʘ ʯʘʩʪʢʘ ʩʫʤʽʰʽ ʧʦʪʦʢʦʤ POWDER2 ʧʦʩʪʫʧʘʻ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʧʘʨʥʠʢʘ Striper2, ʚ ʷʢʠʡ ʪʘʢʦʞ ʧʦʜʘʻʪʴʩʷ ʥʽʪʨʦʛʝʥ ʟ ʤʘʩʦʚʦʶ ʚʠʪʨʘʪʦʶ ʚ 500 

ʤ3/ʛʦʜ, ʪʝʤʧʝʨʘʪʫʨʦʶ 30 Áʉ ʪʘ ʪʠʩʢʦʤ 300 ʂʇʘ. ʋ ʩʝʧʘʨʘʪʦʨʽ ʚʩʪʘʥʦʚʣʝʥʘ 

ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ 60 Áʉ ʪʘ ʪʠʩʢ 100 ʂʇʘ.  

ɺʠʭʽʜʥʠʡ ʧʦʪʽʢ GAS2 ʷʚʣʷʻ ʩʦʙʦʶ ʯʝʨʛʦʚʫ ʧʦʨʮʽʶ  ʥʽʪʨʦʛʝʥʫ, ʚʦʜʥʶ, 

ʧʨʦʧʘʥʫ ʪʘ ʧʨʦʧʽʣʝʥʫ, ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʦʯʠʱʝʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ.  

ʇʦʪʽʢ PP-PROD ʷʚʣʷʻ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ, ʪʦʙʪʦ 

ʦʪʨʠʤʘʥʠʡ ʧʦʣʽʧʨʦʧʽʣʝʥ. 

ɺʭʽʜʥʽ ʧʦʪʦʢʠ ʩʭʝʤʠ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ (ʨʝʟʫʣʴʪʘʪʠ ʟ Chemcad) 

ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 2.6. 
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Stream No.                     10            12            13            14  

Stream Name                H2O - IN        N2FEED        H2FEED           CAT  

Temp  C                   30.0000*      30.0000*      30.0000*      30.0000*  

Pres  kPa               3000.0000*    3000.0000*    3000.0000*    3000.0000*  

Enth  MJ/h           - 1.3438E+007     - 0.087373       0.31554       - 821.61  

Vapor mole fraction       0.00000        1.0000        1.0000       0.00000  

Total kmol/h           47044.1307        3.5696        1.9843        6.7518  

Total kg/h            847500.0000      100.0000        4.0000      300.0000  

Total std L m3/h         847.6366        0.1238        0.0572        0.5868  

Total std V m3/h       1054430.57         80.01         44.48        151.33  

Flowrates in kg/h  

Propane                    0.0000        0.0000        0.0000      296.4000  

Propylene                  0.0000        0.0000        0.0000        0.6000  

Hydrogen                   0.0000        0.0000        4.0000        0.0000  

Nitrogen                   0.0000      100.0000        0.0000        0.0000  

Water                 847500.0000        0.0000        0.0000        0.0000  

TriethylAluminum           0.0000        0.0000        0.0000        0.00 00  

Titanium TetraCl           0.0000        0.0000        0.0000        3.0000  

PP                         0.0000        0.0000        0.0000        0.0000  

 

Stream No.                     15            16            18  

Stream Name                 COCAT        C3FEED      STRIP - N2 

Temp  C                   30.0000*      30.0000*      30.0000*  

Pres  kPa               3000.0000*    3000.0000*    3000.0000*  

Enth  MJ/h                - 17.332        4631.1      - 0.43686  

Vapor mole fraction       0.00000       0 .00000        1.0000  

Total kmol/h               0.0876     1061.9018       17.8482  

Total kg/h                10.0000    44690.0004      500.0000  

Total std L m3/h           0.0119       85.6317        0.6188  

Total std V m3/h             1.96      23801.09        400.04  

Flowrates in kg/h  

Propane                    0.0000       90.0000        0.0000  

Propylene                  0.0000    44600.0013        0.0000  

Hydrogen                   0.0000        0.0000        0.0000  

Nitrogen                   0.0000        0.0000      500.0000  

Water                      0.0000        0.0000        0.0000  

TriethylAluminum          10.0000        0.0000        0.0000  

Titanium TetraCl           0.0000        0.0000        0.0000  

PP                         0.0000        0.0000         0.0000  

ʈʠʩʫʥʦʢ 2.6. ɺʭʽʜʥʽ ʧʦʪʦʢʠ ʩʭʝʤʠ (ʨʝʟʫʣʴʪʘʪ Chemcad) 
 

ʇʨʦʜʫʢʪʠ, ʦʪʨʠʤʘʥʽ  ʧʨʠ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ (ʨʠʩʫʥʦʢ 2.8.). 

 

Stream No.                      6             8             9            17  

       Name                  GAS1       PP - PROD       H2O - OUT          GAS2  

Molar flow kmol/h          772.80     44366.5643    47044.1307        500.02   

Mass flow  kg/h            0.0000    45604.0032   847500.0000        0.0000  

Temp C                     0.0000       60.0021       33.5031        0.0000  

Pres kPa                    0.0000      100.0000     3000.0000        0.0000  

Vapor mole fraction        0.0000        0.0000        0.0000        0.0000  

Enth MJ/h                 0.00000  - 3.1293E+007  - 1.3426E+007       0.00000  

Tc C                       0.0000      2504.3226      374.2000        0.0000  

Pc kPa                     0.0000      698.3823    22118.2302        0.0000  

Std. sp gr.  wtr = 1        0.000         4.540         1.001         0.000  

Std. sp gr.  air = 1        0.000         0.035         0. 622         0.000  

Degree API                 0.0000     - 100.3306        9.8949        0.0000  

Average mol wt             0.0000        1.0279       18.0150        0.0000  

Actual dens kg/m3          0.0000     3984.3845      994.2521        0.0000  

Actual  vol m3/h            0.0000       11.4457      852.3995        0.0000  

Std liq  m3/h              0.0000       10.0547      847.6366        0.0000  

Std vap 0 C m3/h           0.0000   994416.5204  1054430.5655        0.0000  

ʈʠʩʫʥʦʢ 2.7. ʇʨʦʜʫʢʪʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʧʦʣʽʤʝʨʠʟʘʮʽʾ (Chemcad) 
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2.3.2 Матеріальні баланси 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʝʘʢʪʦʨʘ ʧʦʢʘʟʘʥʠʡ ʚ ʪʘʙʣʠʮʽ 2.7. 

ʊʘʙʣʠʮʷ 2.7 ï ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʝʘʢʪʦʨʘ 

ʂʦʤʧʦʥʝʥʪʠ ɺʭʽʜ (ʤ3/ʛʦʜ) ɺʠʭʽʜ (ʤ3/ʛʦʜ) 

TiCl4 3,000045 0,0008944411 

TEA 10,00032 0,0006315148 

C3H6 44600,6 0,002424511 

C3H8 427,0737 813,4749 

H2 4,000026 0,000525778 

N2 100 0,0001509042 

PP 2333,21 46664,41 

ʉʫʤʘ 47477,88 47477,89 

 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʟʤʽʰʫʚʘʯʘ ʧʦʢʘʟʘʥʠʡ ʚ ʪʘʙʣʠʮʽ 2.8 

ʊʘʙʣʠʮʷ 2.8 ï ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʟʤʽʰʫʚʘʯʘ 

ʂʦʤʧʦʥʝʥʪʠ ɺʭʽʜ (ʤ3/ʛʦʜ) ɺʠʭʽʜ (ʤ3/ʛʦʜ) 

TiCl4 3,000045 3,000045 

TEA 10,0003157574 10,00032 

C3H6 44600,6 44600,6 

C3H8 427,0737 427,0737 

H2 4,000026 4,000026 

N2 100,00000754 100 

PP 2333,21 2333,21 

ʉʫʤʘ 47477,88 47477,88 

 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʩʝʧʘʨʘʪʦʨʘ ʧʦʢʘʟʘʥʠʡ ʚ ʪʘʙʣʠʮʽ 2.9. 
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ʊʘʙʣʠʮʷ 2.9  ï ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʩʝʧʘʨʘʪʦʨʘ 

ʂʦʤʧʦʥʝʥʪʠ ɺʭʽʜ (ʤ3/ʛʦʜ) ɺʠʭʽʜ (ʤ3/ʛʦʜ) 

VAP-A POWDER1 

TiCl4 0,0008944411 0,00004472206 0,0008497189 

TEA 0,0006315148 0,0003157574 0,005999391 

C3H6 0,002424511 0,00012112256 0,002303286 

C3H8 813,4749 40,67374 772,8011 

H2 0,000525778 0,000026 0,0004994891 

N2 0,0001509042 0,00000754 0,000143359 

PP 46664,41 2333,21 44331,19 

ʉʫʤʘ 47477,89 47477,89 

 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʦʟʜʽʣʶʚʘʯʘ 1 ʧʦʢʘʟʘʥʠʡ ʚ ʪʘʙʣʠʮʽ 2.10. 

ʊʘʙʣʠʮʷ 2.10 ï ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʦʟʜʽʣʶʚʘʯʘ 1 

ʂʦʤʧʦʥʝʥʪʠ ɺʭʽʜ (ʤ3/ʛʦʜ) ɺʠʭʽʜ (ʤ3/ʛʦʜ) 

GAS1 POWDER2 

TiCl4 0,0008497189 0 0,0008497189 

TEA 0,005999391 0 0,005999391 

C3H6 0,002303286 0 0,002303286 

C3H8 772,8011 772,8011 0 

H2 0,0004994891 0 0,0004994891 

N2 0,000143359 0 0,000143359 

PP 44331,19 0 44331,19 

ʉʫʤʘ 47477,89 47477,89 

 

ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʦʟʜʽʣʶʚʘʯʘ 2 ʧʦʢʘʟʘʥʠʡ ʚ ʪʘʙʣʠʮʽ 2.11. 
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ʊʘʙʣʠʮʷ 2.11 ï ʄʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʦʟʜʽʣʶʚʘʯʘ 2 

ʂʦʤʧʦʥʝʥʪʠ ɺʭʽʜ (ʤ3/ʛʦʜ) ɺʭʽʜ (ʤ3/ʛʦʜ) 

STRIP-N2 

ɺʠʭʽʜ (ʤ3/ʛʦʜ) 

POWDER2 CYCGAGB 0 

TiCl4 0,0008497189 0 0 0,0008497189 

TEA 0,005999391 0 0 0,005999391 

C3H6 0,002303286 0 0 0,002303286 

C3H8 0 0 0 0 

H2 0,0004994891 0 0 0,0004994891 

N2 0,000143359 500 500 0 

PP 44331,19 0 0 44331,19 

ʉʫʤʘ 44831,1998 44831,1998 

 

ɿʘʛʘʣʴʥʽ ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 2.12. 

 

ʊʘʙʣʠʮʷ 2.12 ï ʄʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ 

ʇʦʪʽʢ ʤʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ 

ʚʭʦʜʽ, 

ʤ3/ʛʦʜ 

N2FEED  100 

H2FEED  4 

CAT  300 

COCAT  10 

C3FEED  45000 

H2O-IN  847500 

STRIP-N2  500 

ʉʫʤʘ 893414 

 

 

ʂʽʥʮʝʚʘ  ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʫ  ʧʦʢʘʟʘʥʘ ʚ ʪʘʙʣʠʮʽ 2.13. 
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ʊʘʙʣʠʮʷ 2.13 ï ʂʽʥʮʝʚʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʫ. 

ʇʦʪʽʢ ʧʨʦʜʫʢʪ ʥʘ 

ʚʠʭʦʜʽ, 

ʤ3/ʛʦʜ 

H2O-OUT 847500 

GAS1 772.8011 

GAS2 500 

PP-PROD 44331.19 

ʉʫʤʘ 893104 

 

ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ChemCad v. 5.2.0 ʨʦʟʨʘʭʦʚʘʥʠʡ ʚʽʨʥʦ. 
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3 Автоматизований розрахунок реактора полімеризації пропілену  

3.1 Технічне завдання на розробку обчислювального модуля 

ʈʦʟʨʦʙʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʤʦʜʫʣʴ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʰʣʷʭʦʤ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʨʦʧʽʣʝʥʫ ʚ ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʨʝʘʢʪʦʨʽ ʽʜʝʘʣʴʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʥʝʧʝʨʝʨʚʥʦʾ 

ʜʽʾ.  

 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʻ: 

ʊʠʧ ʘʧʘʨʘʪʫ 

Cʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʚ 

ʨʝʘʢʪʦʨʽ 

ɸʚʪʦʢʣʘʚ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

18,43 ʭʚ. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʩʫʤʽʰʽ ʥʘ ʚʠʭʦʜʽ  0,053 ʤʘʩʦʚʘ ʜʦʣʷ 

ʇʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʥʦʤʝʨʘ 0,15 ʤʘʩʦʚʘ ʜʦʣʷ 

ʂʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 0,491*108 1/ʭʚ 

ɽʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ 5,045*104 ɼʞ/ʤʦʣʴ 

ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʰʠʭʪʠ 303 ʂ 

ʄʦʣʴʥʘ ʪʝʧʣʦʪʘ ʨʝʘʢʮʽʾ 

ʋʜʽʣʴʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʰʠʭʪʠ 

ʆʙôʻʤʥʽ ʚʠʪʨʘʪʠ ʤʦʥʦʤʝʨʘ 

ʂʦʝʬ. ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜ ʩʫʤʽʰʽ ʜʦ ʭʣʘʜʦʛʝʥʪʫ 

ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʩʦʣʫ ʚ ʨʫʙʘʰʮʽ 

17,4*103 ʂʘʣ/ʤʦʣʴ 

349,332 ʢʘʣ/(ʣ*ʂ) 

128,205 ʣ/ʭʚ 

462,584 ʢʘʣ/(ʭʚ*ʤ2*ʂ) 

290 ʂ 

 

ʈʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʚ ʩʝʨʝʜʦʚʠʱʽ Visual Basic 2013. 
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3.2 Математичне забезпечення обчислювального модуля 

ɼʦʩʣʽʜ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʤʘʛʘʻ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. ɼʣʷ ʣʽʥʽʡʥʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʩʪʝʤ ʪʘʢʽ 

ʨʽʰʝʥʥʷ ʣʝʛʢʦ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʷʢ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʬʦʨʤʽ, ʪʘʢ ʽ ʚ ʯʠʩʝʣʴʥʽʡ. 

ʅʝʣʽʥʽʡʥʽ ʩʠʩʪʝʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʚʽʜʩʫʪʥʷ ʟʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ 

ʚʠʨʽʰʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʎʝ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʙʣʠʞʝʥʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ [6]. 

ɼʦʩʣʽʜʠʤʦ ʥʝʣʽʥʽʡʥʫ ʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʭʽʤʽʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʝʧʝʨʝʨʚʥʦʾ 

ʜʽʾ ʟ ʟʤʽʰʫʚʘʥʥʷʤ (ʈɯʇ) ʜʣʷ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ.  

ʆʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʽ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʨʝʘʢʪʦʨʘ 

ʽʜʝʘʣʴʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [7]: 
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),()()(
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                                       (3.1) 

ʜʝ c(t) - ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʥʦʤʝʨʘ ʚ 1-ʤʫ ʨʝʘʢʪʦʨʽ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t, ʤʦʣʴ/ʤ3;  

ʩ0 ï ʧʦʯʘʪʢʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʥʦʤʝʨʘ ʚ 1-ʤʫ ʨʝʘʢʪʦʨʽ, ʤʦʣʴ/ʤ3;  

ɗ ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʚ ʨʝʘʢʪʦʨʽ, ʭʚ;  

r(c,T) ï ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ; 1/ʭʚ 

T0,T(t) ï ʧʦʯʘʪʢʦʚʘ ʠ ʪʝʧʝʨʽʰʥʷ ʚʽʜʧʦʚʽʜʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʰʠʭʪʠ ʚ 1-ʤʫ 

ʨʝʘʢʪʦʨʽ, ʂ;  

J ï ʪʝʨʤʦʩʪʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ;  

Q(T) ï ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʧʽʜ ʜʽʻʶ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ ʨʝʘʢʮʽʾ ʙʝʨʝ ʫʯʘʩʪʴ ʪʽʣʴʢʠ 

ʤʦʥʦʤʝʨ ʽ  ʨʝʘʢʮʽʷ ʥʝ ʥʦʩʠʪʴ ʟʚʦʨʦʪʥʽʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʟʛʽʜʥʦ ʟʘʢʦʥʫ ɸʨʨʝʥʽʫʩʘ 

ʚʠʨʘʟ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʤʘʪʠʤʝ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

                                 cekTcr TR

E

ÖÖ= Ö
-

0),(                                               (3.2) 

ʜʝ k0 ï ʧʦʩʪʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, 1/ʭʚ;  
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E ï ʫʜʽʣʴʥʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʨʝʘʢʮʽʾ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ɼʞ/ʤʦʣʴ;  

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, ɼʞ/(ʤʦʣʴ ʂ);  

ʊʝʨʤʦʩʪʘʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

                                            
PC

H
J

D-
=       (3.3) 

ʜʝ -ȹH ï ʤʦʣʴʥʘ ʪʝʧʣʦʪʘ ʨʝʘʢʮʽʾ, ʢʘʣ/ʤʦʣʴ; 

CP ï ʫʜʽʣʴʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʰʠʭʪʠ ʢʘʣ/(ʣ ʂ); 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʞʦʨʩʪʢʠʭ ʨʽʚʥʷʥʴ, ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʘ MathCAD, ʚ ʩʢʣʘʜ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʙʣʠʟʴʢʦ ʜʚʘʜʮʷʪʠ 

ʨʽʟʥʠʭ ʬʫʥʢʮʽʡ ʨʽʰʝʥʥʷ ɼʈ. 

ʄʠ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʬʫʥʢʮʽʻʶ Radau (ʈʫʥʛʝ-ʂʫʪʪʘ) . ɺʦʥʘ ʤʘʻ ʪʘʢʠʡ ʞʝ 

ʩʠʥʪʘʢʩʠʩ, ʷʢ ʽ ʬʫʥʢʮʽʾ rkfixed, Rkadapt, Bulstoer. 

Radau(x, t0, tk, N, D). ʈʦʟʙʝʨʝʤʦ ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʘʨʛʫʤʝʥʪʘ 

ʜʝʪʘʣʴʥʽʰʝ. 

x ï ʚʝʢʪʦʨ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ 

ʩʠʩʪʝʤʫ. 

t0 ï ʧʦʯʘʪʦʢ ʚʽʜʨʽʟʢʘ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʥʘ ʷʢʦʤʫ ʰʫʢʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ. 

tk ï ʢʽʥʝʮʴ ʚʽʜʨʽʟʢʘ ʽʥʪʝʛʨʫʚʘʥʥʷ 

N ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥ, ʥʘ ʷʢʽ ʨʦʟʙʠʚʘʻʪʴʩʷ ʚʽʜʨʽʟʦʢ [t0, tk] ʧʨʠ ʚʠʨʽʰʝʥʽ 

ʩʠʩʪʝʤʠ. 

D(t, x) ï ʚʝʢʪʦʨʥʘ ʬʫʥʢʮʽʷ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʤʘʶʪʴ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ 

ʩʠʩʪʝʤʠ ʚ ʬʦʨʤʽ ʂʦʰʽ. 

 

ɺ ʜʦʜʘʪʢʫ ɸ ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ, ʚʠʢʦʥʘʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ MathCad 14. 
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3.3  Структура і технічні характеристики обчислювального 

модуля 

 

ɸʣʛʦʨʠʪʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʜʦʜʘʪʢʫ ɹ. ʇʨʦʛʨʘʤʘ  ʨʦʟʨʦʙʣʝʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

Visual Basic 2013, ʢʦʜ ʥʘʚʝʜʝʥʠʡ ʚ ʜʦʜʘʪʢʫ ɺ. 

ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʧʨʦʛʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.1 

ʊʘʙʣʠʮʷ 3.1 ï ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʧʨʦʛʨʘʤʠ 

ɽʣʝʤʝʥʪ ʅʘʟʚʘ ʇʨʠʟʥʘʯʝʥʥʷ 

ʌʦʨʤʘ 

(Form) 
golovna.vb ɻʦʣʦʚʥʘ ʬʦʨʤʘ  

ʌʦʨʤʘ 

(Form) 
rez.vb ɺʚʝʜʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ʌʦʨʤʘ 

(Form) 
grc.vb 

ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ʌʦʨʤʘ 

(Form) 
data.vb 

ʏʠʩʣʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ 

ʌʦʨʤʘ 

(Form) 
spravka.vb 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʦʶ 

ʌʦʨʤʘ 

(Form) 
rozrobnuk.vb 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʨʦʙʥʠʢʘ 

ʧʨʦʛʨʘʤʠ 

ʊʝʢʩʪʦʚʽ 

ʧʦʣʷ 

(TextBox) 

Text1ïText16 

 
ɺʚʝʜʝʥʥʷ ʪʘ ʚʠʚʝʜʝʥʥʷ ʜʘʥʠʭ 

ʈʠʩʫʥʦʢ 

Chart 
Chart1 

ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʦʟʨʘʭʫʥʢʫ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ 

 

 



 
ˤ͙͟ ˢͪ͟Φ Ѕ ͒ͦͯͣ͟ ˽͙͒ͨͫ͜ ˨͊ͭ͊ 

ˢͪ͟ 

45 ʍɸ 1112 1490 001 ʇɿ 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 3.1 

ɽʣʝʤʝʥʪ ʅʘʟʚʘ ʇʨʠʟʥʘʯʝʥʥʷ 

ʂʥʦʧʢʘ 

Command 

Button 

rez.Button1 ʈʦʟʨʘʭʫʥʦʢ 

ʂʥʦʧʢʘ 

Command 

Button 

rez.Button2 ɿʘʢʨʠʪʪʷ ʬʦʨʤʠ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ 

ʂʥʦʧʢʘ 

Command 

Button 

Rozrobnuk.Button1 ɿʘʢʨʠʪʪʷ ʬʦʨʤʠ ʧʨʦ ʨʦʟʨʦʙʥʠʢʘ 

ʂʥʦʧʢʘ 

Command 

Button 

Spravka.Button1 ɿʘʢʨʠʪʪʷ ʩʧʨʘʚʢʠ 

ʂʥʦʧʢʘ 

Command 

Button 

data.Button1 ɿʘʢʨʠʪʪʷ ʬʦʨʤʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʂʥʦʧʢʘ 

Command 

Button 

grc.Button1 ɿʘʢʨʠʪʪʷ ʬʦʨʤʠ ʟ ʛʨʘʬʽʢʦʤ 

ɿʘʛʦʣʦʚʢʠ 

Label 
Label1-Label42 ʊʝʢʩʪʦʚʝ ʦʬʦʨʤʣʝʥʥʷ 

ʄʝʥʶ 

MenuStrip 
MenuStrip2 ʄʝʥʶ ʧʨʦʛʨʘʤʠ 

ʈʠʩʫʥʦʢ 

PictureBox 
Image1 ɺʩʪʘʚʢʘ ʨʠʩʫʥʢʘ 

 

ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ  ʬʦʨʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.1. 
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Data.vb

Rez.vb

Golovna.vb

Grc.vb

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʬʦʨʤʘʤʠ ʧʨʦʛʨʘʤʠ 

 

3.4  Інструкція користувача програми 

ʇʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʚʽʨʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʘʚʪʦʢʣʘʚʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʽʜʝʘʣʴʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ, ʱʦ ʧʨʘʮʶʻ ʚ 

ʽʟʦʪʝʨʤʽʯʥʦʤʫ ʥʝʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʣʽʜ ʚʚʝʩʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʫ ʄʝʥʶ ʧʨʦʛʨʘʤʠ (ʨʠʩ.3.2 ʪʘ 

ʨʠʩ.3.3). 

 

ʈʠʩʫʥʦʢ 3.2 ï ɺʠʛʣʷʜ ʤʝʥʶ ʧʨʦʛʨʘʤʠ 

ɺʽʢʥʦ ʚʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.3 
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 ʈʠʩʫʥʦʢ 3.3 ï ɺʽʢʥʦ ʚʚʝʜʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.5. 

 

ʈʠʩʫʥʦʢ 3.4 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 
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ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʦʢʨʝʤʫ 

ʬʦʨʤʫ. ʑʦʙ ʾʾ ʟʘʧʫʩʪʠʪʠ ʩʣʽʜ ʚ ʤʝʥʶ ʦʙʨʘʪʠ ʧʫʥʢʪ çɻʨʘʬʽʢè (ʨʠʩ. 3.6). 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ɼʣʷ ʚʠʭʦʜʫ ʟ ʧʨʦʛʨʘʤʠ ʩʣʽʜ ʚ ʤʝʥʶ ʦʙʨʘʪʠ ʧʫʥʢʪ çɺʠʭʽʜè. 

ʆʪʞʝ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʧʝʨʝʚʽʨʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʨʝʘʢʪʦʨʘ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʟʤʽʥʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʟ ʯʘʩʦʤ. ʇʨʠʙʣʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʝʘʢʪʦʨʽ 

ʽ ʥʘ ʚʠʭʦʜʽ ʽʟ ʥʴʦʛʦ ʧʦʚʠʥʥʽ ʩʪʘʥʦʚʠʪʠ 0.053 % [1] . ʗʢ ʚʠʜʥʦ ʽʟ ʛʨʘʬʽʢʘ, 

ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʦ ʚʽʨʥʦ. 
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4 Автоматизація технологічної схеми  процесу полімеризації 

пропілену 

4.1 Аналіз параметрів технологічної схеми  

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ð ʚʠʱʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʥʦʾ 

ʪʝʭʥʽʢʠ, ʢʦʣʠ ʨʝʛʫʣʶʚʘʥʥʷ ʡ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ, ʘ ʣʠʰʝ ʧʽʜ ʾʾ ʢʦʥʪʨʦʣʝʤ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ 

ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠʚʽʚ ʜʦ ʧʦʷʚʠ ʷʢʽʩʥʦ ʥʦʚʦʾ ʩʠʩʪʝʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʤʘʰʠʥ  ʟ ʢʝʨʫʶʯʠʤʠ ʟʘʩʦʙʘʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʝʣʝʢʪʨʦʥʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ 

ʢʦʥʪʨʦʣʝʨʽʚ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ  ʚʠʤʽʨʶʚʘʥʥʷ  ̔  ʢʦʥʪʨʦʣʶ, ʽʥʬʦʨʤʘʮʽʡʥʦ 

ʦʙ'ʻʜʥʘʥʠʭ ʧʨʦʤʠʩʣʦʚʠʤʠ ʤʝʨʝʞʘʤʠ.  ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʤʘʰʠʥ-ʘʚʪʦʤʘʪʽʚ, ʱʦ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʨʽʟʥʦʨʽʜʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʡ ʦʙôʻʜʥʘʥʠʭ 

ʟʘʩʦʙʘʤʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʯʘʩʪʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ 

ʮʴʦʤʫ ʚʽʜʽʛʨʘʻ ʢʦʤʧʣʝʢʩʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʢʦʣʠ ʙʝʟ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ, ʘʣʝ ʧʽʜ ʾʾ ʢʦʥʪʨʦʣʝʤ ʤʘʰʠʥʘʤʠ-

ʘʚʪʦʤʘʪʘʤʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʚʩʽ ʧʨʦʮʝʩʠ ʚʠʨʦʙʥʠʮʪʚʘ ð ʚʽʜ ʥʘʜʭʦʜʞʝʥʥʷ 

ʩʠʨʦʚʠʥʠ ʜʦ ʚʠʭʦʜʫ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ [9]. 

ɿʘʚʜʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʧʦʣʷʛʘʻ ʚ 

ʦʪʨʠʤʘʥʥʽ ʟʘʜʘʥʦʛʦ ʚʠʭʦʜʫ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʧʽʩʣʷ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ. 

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʚʠʭʦʜʫ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʪʘ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʟʘ ʪʝʭʥʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʥʝʦʙʭʽʜʥʦ 

ʨʝʛʫʣʶʚʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʨʝʘʢʪʦʨʘʭ, ʩʫʰʘʨʮʽ ʪʘ ʨʝʢʪʠʬʽʢʘʮʽʡʥʽʡ ʢʦʣʦʥʽ; ʚʠʪʨʘʪʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ; ʨʽʚʝʥʴ ʚ ʟʙʽʨʥʠʢʘʭ ʪʘ ʚ ʨʝʘʢʪʦʨʘʭ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʚʠʭʦʜʘʭ ʟ 

ʨʝʘʢʪʦʨʽʚ; ʪʠʩʢ ʚ ʢʦʤʧʨʝʩʦʨʽ ʪʘ ʢʦʣʦʥʽ [10]. 

http://uk.wikipedia.org/wiki/%D0%A3%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D1%96%D0%BD%D0%BD%D1%8F
http://uk.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D0%BE%D0%B1%D0%BD%D0%B8%D1%87%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81
http://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
http://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D0%B8%D1%81%D0%BB%D0%BE%D0%B2%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%27%D1%8E%D1%82%D0%B5%D1%80
http://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B9_%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D0%B5%D1%80
http://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B9_%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D0%B5%D1%80
http://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BC%D1%96%D1%80%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
http://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8C
http://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D0%B8%D1%81%D0%BB%D0%BE%D0%B2%D0%B0_%D0%BC%D0%B5%D1%80%D0%B5%D0%B6%D0%B0
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ʂʨʽʤ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʻ ʧʘʨʘʤʝʪʨʠ, ʧʨʦ ʟʥʘʯʝʥʥʷ ʷʢʠʭ 

ʥʝʦʙʭʽʜʥʦ ʩʠʛʥʘʣʽʟʫʚʘʪʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʨʝʞʠʤʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʩʧʨʠʯʠʥʠʪʠ ʘʚʘʨʽʡʥʫ ʩʠʪʫʘʮʽʶ. ʆʜʥʠʤʠ ʟ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʦʜʫʢʪʫ ʥʘ ʚʠʭʦʜʘʭ ʟ ʨʝʘʢʪʦʨʽʚ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ʾʭ ɻɼʂ ʤʦʞʝ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʷʢʽʩʪʴ ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʘʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʪʨʽʙʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʫ ʨʘʟʽ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʚʠʜʘʚʘʪʠ 

ʟʚʫʢʦʚʠʡ ʘʙʦ/ʽ ʩʚʽʪʣʦʚʠʡ ʩʠʛʥʘʣ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʠʡ 

ʨʽʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʦʙʨʘʥʦ ʧʘʨʘʤʝʪʨʠ ʦʙôʻʢʪʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʶ [11]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʶ, ʩʠʛʥʘʣʽʟʘʮʽʾ 

ʙʫʣʠ ʚʠʙʨʘʥʽ ʤʽʩʮʷ ʜʣʷ ʟʘʤʽʨʫ ʧʘʨʘʤʝʪʨʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙôʻʢʪʽ ʪʘ 

ʥʦʤʽʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʤʝʞʽ ʾʭ ʟʤʽʥʠ. ɺʩʽ ʜʘʥʽ ʟʘʥʝʩʝʤʦ ʜʦ ʪʘʙʣʠʮʽ 

4.1. 

ʊʘʙʣʠʮʷ 4.1 ï ʇʘʨʘʤʝʪʨʠ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ 

 ̄

ʄʽʩʮʝ ʟʘʤʽʨʫ 

ʧʘʨʘʤʝʪʨʫ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʦʙóʻʢʪʽ 

(ʥʘʡʤʝʥʫʚʘʥʥʷ 

ʩʪʘʜʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʭʝʤʠ ʧʨʦʮʝʩʫ) 

ʇʘʨʘʤʝʪʨ, ʱʦ 

ʚʠʤʽʨʶʻʪʴʩʷ 

ʘʙʦ 

ʨʝʛʫʣʶʻʪʴʩʷ 

(ʥʘʡʤʝʥʫʚʘʥʥʷ) 

ʅʦʨʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʝʞʠʤʫ ʪʘ 

ʜʦʧʫʩʪʠʤʽ 

ʚʽʜʭʠʣʝʥʥʷ 

ɺʠʤʦʛʠ ʜʦ 

ʩʭʝʤʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

(ʚʠʤʽʨʶʚʘʥʥʷ, 

ʨʝʛʫʣʶʚʘʥʥʷ, 

ʩʠʛʥʘʣʽʟʘʮʽʷ, 

ʪʦʱʦ) 

1 2 3 4 5 

1 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ 

ʟʤʽʰʫʚʘʯ  

ʚʠʪʨʘʪʘ 

 
300 Ñ 3  ʤ

3/ʛʦʜ ʨʝʛʫʣʶʚʘʥʥʷ 

2 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʤʦʥʦʤʝʨʘ  ʚ 

ʟʤʽʰʫʚʘʯ  

ʚʠʪʨʘʪʘ 
100 Ñ 1,5  

ʤ3/ʛʦʜ 
ʨʝʛʫʣʶʚʘʥʥʷ 

3 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʤʦʥʦʤʝʨʘ ʚ 

ʟʤʽʰʫʚʘʯ 

 

ʚʠʪʨʘʪʘ 
45000 Ñ 450   

ʤ3/ʛʦʜ 
ʨʝʛʫʣʶʚʘʥʥʷ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 4.1 

1 2 3 4 5 

4 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʩʫʤʽʰʽ ʛʘʟʫ ʽ ʨʽʜʠʥʠ 

ʚ ʧʝʨʰʠʡ 

ʧʦʣʽʤʝʨʠʟʘʪʦʨ 

ʚʠʪʨʘʪʘ 
47477,89 Ñ 

474,7   ʤ
3/ʛʦʜ 

ʢʦʥʪʨʦʣʴ 

5 ʇʦʣʽʤʝʨʠʟʘʪʦʨ  
ʨʽʚʝʥʴ, 

ʪʝʤʧʝʨʘʪʫʨʘ 
80 ʉ05,1°  ʢʦʥʪʨʦʣʴ 

6 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʩʫʤʽʰʽ ʛʘʟʫ ʽ ʨʽʜʠʥʠ 

ʚ ʜʨʫʛʠʡ 

ʧʦʣʽʤʝʨʠʟʘʪʦʨ 

ʚʠʪʨʘʪʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉ3ʅ6 

47477,89 Ñ 

474,7   ʤ
3/ʛʦʜ 

ʩʠʛʥʘʣʽʟʘʮʽʷ, 

ʨʝʛʫʣʶʚʘʥʥʷ 

7 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʩʫʤʽʰʽ ʛʘʟʫ ʽ ʨʽʜʠʥʠ 

ʚ ʜʨʫʛʠʡ 

ʧʦʣʽʤʝʨʠʟʘʪʦʨ 

ʚʠʪʨʘʪʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉ3ʅ6 

47477,89 Ñ 

474,7   ʤ
3/ʛʦʜ 

ʩʠʛʥʘʣʽʟʘʮʽʷ, 

ʨʝʛʫʣʶʚʘʥʥ ̫

8 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʩʫʤʽʰʽ ʛʘʟʫ ʽ ʨʽʜʠʥʠ 

ʚ ʪʨʝʪʽʡ 

ʧʦʣʽʤʝʨʠʟʘʪʦʨ 

ʚʠʪʨʘʪʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ  

ʉ3ʅ6 

47477,89 Ñ 

474,7   ʤ
3/ʛʦʜ 

ʩʠʛʥʘʣʽʟʘʮʽʷ, 

ʨʝʛʫʣʶʚʘʥʥʷ 

9 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʩʫʤʽʰʽ ʥʘ ʘʧʘʨʘʪ 

ʜʣʷ ʚʽʜʤʠʚʘʥʥʷ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʚʠʪʨʘʪʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉ3ʅ6 

47477,89 Ñ 

474,7   ʤ
3/ʛʦʜ 

ʩʠʛʥʘʣʽʟʘʮʽʷ, 

ʨʝʛʫʣʶʚʘʥʥʷ 

10 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʚʦʜʠ ʥʘ ʘʧʘʨʘʪ ʜʣʷ 

ʚʽʜʤʠʚʘʥʥʷ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʚʠʪʨʘʪʘ  
1000 Ñ 10 

ʤ3/ʛʦʜ 
ʨʝʛʫʣʶʚʘʥʥʷ 

11 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʥʝʧʨʦʨʝʘʛʦʚʘʥʦʾ 

ʩʫʤʽʰʽ ʚ ʢʦʤʧʨʝʩʦʨ 

ʚʠʪʨʘʪʘ 
2333,21 Ñ 23,29 

ʤ3/ʛʦʜ 
ʨʝʛʫʣʶʚʘʥʥʷ 

12 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʥʝʧʨʦʨʝʘʛʦʚʘʥʦʾ 

ʩʫʤʽʰʽ ʚ ʢʦʣʦʥʫ ʜʣʷ 

ʦʯʠʱʝʥʥʷ 

ʧʨʦʤʠʚʥʦʛʦ ʨʦʟʯʠʥʫ 

ʚʠʪʨʘʪʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ 

2333,21 Ñ 23,29 

ʤ3/ʛʦʜ, 

80 ʉ05,1°  

ʨʝʛʫʣʶʚʘʥʥʷ, 

ʢʦʥʪʨʦʣʴ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 4.1 

1 2 3 4 5 

13 

ʊʨʫʙʦʧʨʦʚʽʜ ʚʠʭʦʜʫ 

ʧʨʦʧʘʥʫ, ʧʨʦʧʽʣʝʥʫ, 

ʥʽʪʨʦʛʝʥ,ʚʦʜʥʶ 

ʚʠʪʨʘʪʘ 
772,80 Ñ 12,12 

ʤ3/ʛʦʜ 
ʨʝʛʫʣʶʚʘʥʥʷ 

14 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʥʘ ʧʝʨʰʠʡ ʽ ʜʨʫʛʠʡ 

ʧʦʣʽʤʝʨʠʟʘʪʦʨʠ 

ʦʯʠʱʝʥʦʛʦ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉ3ʅ6, ʚʠʪʨʘʪʘ 

2333,21 Ñ 

23,29 ʤ3/ʛʦʜ 

ʢʦʥʪʨʦʣʴ, 

ʩʠʛʥʘʣʽʟʘʮʽʷ 

15 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʥʘ ʘʧʘʨʘʪ ʜʣʷ 

ʬʽʣʴʪʨʘʮʽʾ 

ʚʠʪʨʘʪʘ 
45124,45 Ñ 452 

ʤ3/ʛʦʜ 
ʨʝʛʫʣʶʚʘʥʥʷ 

16 

ʊʨʫʙʦʧʨʦʚʽʜ ʥʘ 

ʪʨʝʪʽʡ 

ʧʦʣʽʤʝʨʠʟʘʪʦʨ 

ʚʠʪʨʘʪʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉ3ʅ6 

44331,19 Ñ 444 

ʤ3/ʛʦʜ 

ʩʠʛʥʘʣʽʟʘʮʽʷ, 

ʨʝʛʫʣʶʚʘʥʥʷ 

 

17 ʇʦʣʽʤʝʨʠʟʘʪʦʨ  
ʨʽʚʝʥʴ, 

ʪʝʤʧʝʨʘʪʫʨʘ 
80 ʉ05,1°  ʢʦʥʪʨʦʣʴ 

18 

ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʽʯʽ 

ʩʫʤʽʰʽ ʥʘ ʘʧʘʨʘʪ 

ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ 

ʚʠʪʨʘʪʘ, 

ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉ3ʅ6 

44331,19 Ñ 444 

ʤ3/ʛʦʜ 

ʨʝʛʫʣʶʚʘʥʥʷ, 

ʩʠʛʥʘʣʽʟʘʮʽʷ 

19 ʂʦʤʧʨʝʩʦʨ ʪʠʩʢ 
303 ʢʇʘ Ñ 3 

ʢʇʘ 
ʨʝʛʫʣʶʚʘʥʥʷ 

20 ʉʫʰʘʨʢʫ ʪʝʤʧʝʨʘʪʫʨʘ 80 ʉ05,1°  ʢʦʥʪʨʦʣʴ 

21 
ʊʨʫʙʦʧʨʦʚʽʜ ʧʦʜʘʯʽ 

ʥʘ ʛʨʘʥʫʣʷʪʦʨ 
ʚʠʪʨʘʪʘ 

44331,19 Ñ 444 

ʤ3/ʛʦʜ 
ʨʝʛʫʣʶʚʘʥʥʷ 
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ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 4.1, ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 16 

ʨʝʛʫʣʶʶʯʠʭ ʢʦʥʪʫʨʽʚ, 6 ʩʠʛʥʘʣʽʟʫʶʯʠʭ ʢʦʥʪʫʨʽʚ ʪʘ 5 ʢʦʥʪʫʨʽʚ ʢʦʥʪʨʦʣʶ.  

 

4.2 Вибір приладів та засобів автоматизації  

ʇʨʠ ʚʠʙʦʨʽ ʧʨʠʣʘʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʴ 

ʥʘʩʪʫʧʥʠʭ ʧʨʘʚʠʣ: 

¶ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʦʜʥʘʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʜʥʦʪʠʧʥʽ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ; 

¶ ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʧʨʠʣʘʜʽʚ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʚʠʤʦʛʘʤ; 

¶ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʜʽʘʧʘʟʦʥʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴʩʷ. 

ʊʦʤʫ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʙʫʣʠ 

ʚʠʙʨʘʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟʘ ʢʘʪʘʣʦʛʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ 

[1 - 8]. ʉʧʝʮʠʬʽʢʘʮʽʷ ʜʦ ʦʙʨʘʥʠʭ ʟʘʩʦʙʽʚ ʥʘʚʝʜʝʥʘ ʚ ʜʦʜʘʪʢʫ. 

ʂʦʥʪʨʦʣʴ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ɺ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʢʦʥʪʫʨʽʚ 1, 2, 3, 5, 

12, 17, 20 ʙʫʣʦ ʦʙʨʘʥʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʦʧʦʨʫ ʤʘʨʢʠ ʊʍɸ(ʂ) 

ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ -40 ʜʦ 500ʦʉ [12], ʱʦ ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʨʽʜʢʠʭ, ʛʘʟʦʧʦʜʽʙʥʠʭ ʪʘ ʩʠʧʫʯʠʭ ʨʝʯʦʚʠʥʘʭ, 

ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʧʦʨʫ ʚ ʫʥʽʬʽʢʦʚʘʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 4 ï 20 ʤɸ. 

ʆʪʨʠʤʘʥʠʡ ʩʠʛʥʘʣ ʟ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʇɯɼ - ʨʝʛʫʣʷʪʦʨ 

ʆɺɽʅ ʊʈʄ10 [13], ʷʢʠʡ ʚʠʜʘʻ ʨʝʛʫʣʶʶʯʠʡ ʚʧʣʠʚ ʥʘ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ 

ʤʘʨʢʠ ʄɽʆ-100/10-0,25 ʋ84 ʋ2 [14]. 

ʂʦʥʪʨʦʣʴ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪ. 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʚ ʢʦʥʪʫʨʘʭ 1, 2, 3, 4, 6, 7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 18, 21 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚʫʞʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ï 

ʜʽʘʬʨʘʛʤʘ, ʚʠʛʦʪʦʚʣʝʥʘ ʟʽ ʩʪʘʣʽ ʤʘʨʢʠ 12ʍ18ʅ10ʊ [15]. 
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ʉʠʛʥʘʣ ʟ ʚʠʪʨʘʪʦʤʽʨʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʜʠʬʤʘʥʦʤʝʪʨ ʤʝʤʙʨʘʥʥʠʡ ʙʝʟ 

ʰʢʘʣʴʥʠʡ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʚʝʣʠʯʠʥʫ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʚ ʫʥʽʬʽʢʦʚʘʥʠʡ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʻ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʥʘ ʥʘʩʪʫʧʥʠʡ ʧʨʠʣʘʜ - ʧʦʢʘʟʫʶʯʠʡ 

ʪʘ ʨʝʻʩʪʨʫʶʯʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ ʧʨʠʣʘʜ ʩʣʽʜʢʫʶʯʦʛʦ ʫʨʽʚʥʦʚʘʞʝʥʥʷ ʤʘʨʢʠ ʈʇ 

160 ï 30. ɺ ʷʢʦʩʪʽ ʧʨʠʣʘʜʫ ʢʦʥʪʨʦʣʶ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʠʡ ʇɯɼ ï ʨʝʛʫʣʷʪʦʨ ʤʘʨʢʠ ʆɺɽʅ ʊʈʄ10, ʩʠʛʥʘʣ ʟ ʷʢʦʛʦ ʧʦʜʘʻʪʴʩʷ 

ʥʘ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʄɽʆ-100/10-0,25 ʋ84 ʋ2 [16]. 

ʂʦʥʪʨʦʣʴ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʨʽʚʥʷ. 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʩʠʛʥʘʣʽʟʘʮʽʾ ʨʽʚʥʷ ʚ ʻʤʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʪʫʨ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ 8, ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʦ ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʛʫʣʷʪʦʨ ï ʩʠʛʥʘʣʽʟʘʪʦʨ 

ʨʽʚʥʷ ʨʽʜʠʥʠ ɽʈʉʋï3 ʤʘʨʢʠ ʉɸʋïʄ6 [17]. ɼʘʥʠʡ ʧʨʠʣʘʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʢʠ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʨʽʚʥʷ ʨʽʜʠʥʠ. ʇʨʠ ʟʘʚʠʩʦʢʦʤʫ ʯʠ 

ʟʘʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʨʽʜʠʥʠ ʚ ʻʤʥʦʩʪʽ ʧʨʠʣʘʜ ʧʦʜʘʻ ʩʠʛʥʘʣ ʥʘ ʩʠʛʥʘʣʴʥʫ ʣʘʤʧʫ 

ʪʠʧʫ ʃʉ-151 [18], ʘ ʪʘʢʦʞ ʥʘ ʩʘʤʦʤʫ ʧʨʠʣʘʜʽ ʚʩʪʘʥʦʚʣʝʥʽ ʩʚʽʪʣʦʚʽ ʽʥʜʠʢʘʪʦʨʠ, 

ʱʦ ʩʠʛʥʘʣʽʟʫʶʪʴ ʧʨʦ ʨʽʚʝʥʴ ʨʽʜʠʥʠ ʚ ʻʤʥʦʩʪʽ. 

ʉʠʛʥʘʣʽʟʘʮʽʷ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ɼʣʷ ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʨʦ ʧʝʨʝʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʤʽʰʽ ʧʽʩʣʷ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʙʫʚ ʦʙʨʘʥʠʡ ʢʦʥʮʝʥʪʨʘʪʦʤʽʨ LCI-SL50KPK [19]. 

ɼʘʪʯʠʢ ʯʝʨʝʟ ʢʦʞʥʽ 2 ʩʝʢʫʥʜʠ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ ʥʘ ʢʘʥʘʣ (ʢʦʞʝʥ ʜʘʪʯʠʢ 

ʤʘʻ ʦʢʨʝʤʠʡ ʢʘʥʘʣ ʚʠʤʽʨʶʚʘʥʥʷ) ʽ ʚ ʨʘʟʽ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʚʠʱʫʻ 

ʜʦʧʫʩʪʠʤʝ ʧʨʠʣʘʜ ʚʠʜʘʻ ʩʚʽʪʣʦʚʠʡ ʪʘ ʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣʠ. 

 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʚ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʤʫ ʨʝʞʠʤʽ. 
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  5 Економіко - організаційні розрахунки процесу полімеризації 

пропілену 

  5.1 Розрахунок капітальних вкладень і амартизаційних відрахувань 

в основні фонди.  

 

ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪ ʥʘ ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 5.1. 

ʊʘʙʣʠʮʷ 5.1 ï ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ 

ʅʘʟʚʘ ʉʫʤʘ, ʪʠʩ. ʛʨʥ. 
ʅʦʨʤʘ ʘʤʦʨʪʠʟʘʮʽʾ, 

% 

ʉʫʤʤʘ 

ʘʤʦʨʪʠʟʘʮʽʾ, 

ʪʠʩ. ʛʨʥ. 

ɹʫʜʽʚʣʷ ˉ1 4860, 800 

 

5 

 

 

243, 04 

ˉ2 2194, 662 109, 73 

ˉ3 3360, 671 168, 034 

Ɇ 10416, 133 520, 807 

ʉʧʦʨʫʜʘ ˉ1 2194, 662 109, 733 

ˉ2 3360, 671 168, 034 

Ɇ 5555, 333 277, 767 

ɺʩʴʦʛʦ: 15971, 466 1597, 145 

 

ʋ ʪʘʙʣʠʮʽ 5.2 ʧʦʢʘʟʘʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ. 

ʊʘʙʣʠʮʷ 5.2 ï ʈʦʟʨʘʭʫʥʦʢ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘ ʦʙʣʘʜʥʘʥʥʷ 

ʅʘʟʚʘ 

ʦʙʣʘʜʥʘʥʥʷ 

ʂ-ʩʪʴ 

ʦʜʠʥʠʮʴ

, ʰʪ 

ɺʘʨʪʽʩʪʴ, ʪʠʩ. ʛʨʥ. 
ɸʤʦʨʪʠʟʘʮʽʡʥʽ 

ʚʽʜʨʘʭʫʚʘʥʥʷ 

ʆʜʠʥʠʮʽ ɿʘʛʘʣʴʥʘ 
ʅʦʨʤʘ, 

% 

ʉʫʤʘ, 

ʪ.ʛʨʥ. 

1 2 3 4 5 6 

1. ʈʝʘʢʪʦʨ 1 37760, 058 37760, 058 10 3776, 006 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.2 

1 2 3 4 5 6 

2. ɭʤʥʽʩʪʴ ʜʣʷ 

ʢʘʪʘʣʽʟʘʪʦʨʘ 
2 4109, 744 8219, 488 

10 

821, 949 

3. ɭʤʥʽʩʪʴ ʜʣʷ 

ʚʠʛʨʫʟʢʠ 
2 2488, 442 4976, 884 497, 688 

4. ɭʤʥʽʩʪʴ 

ʧʨʦʜʫʚʦʯʥʘ 
1 3776, 058 3776, 058 377, 606 

5. ɭʤʥʽʩʪʴ 

ʚʠʨʽʚʥʶʶʯʘ 
2 3958, 195 7916, 390 791, 639 

6. ʂʦʤʧʨʝʩʦʨ 1 10608, 613 10608, 613 1060, 861 

7. ʊʝʧʣʦʦʙʤʽʥʠʢ 1 17821, 976 17821, 976 1782, 198 

8. ʈʦʪʘʮʽʡʥʠʡ 

ʞʠʚʠʣʴʥʠʢ ʜʣʷ 

ʢʘʪʘʣʽʟʘʪʦʨʘ 

1 2526, 457 2526, 457 252, 646 

9. ʈʦʪʘʮʽʡʥʠʡ 

ʞʠʚʠʣʴʥʠʢ ʜʣʷ 

ʧʨʦʜʫʢʪʫ 

1 3984, 695 3984, 695 398, 460 

10. ɹʘʣʦʥ ʟ 

ʦʢʠʩʦʤ ʚʫʛʣʝʮʶ 
8 288, 977 2311, 816 231, 182 

ʈʘʟʦʤ:   99902, 435  9990, 244 

11. ʅʝʚʨʘʭʦʚʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ  
  88926, 95 10 8892, 695 

ɺʩɹʦʛʦ:   188829, 38  
18882, 

938 

 

ɿʚʝʜʝʥʠʡ ʢʦʰʪʦʨʠʩ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 5.3. 
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ʊʘʙʣʠʮʷ 5.3 ï ɿʚʝʜʝʥʠʡ ʢʦʰʪʦʨʠʩ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ ʽ ʩʪʨʫʢʪʫʨʘ ʆɺʌ 

ɽʣʝʤʝʥʪʠ ʆɺʌ 
ʂʘʧʽʪʘʣʴʥʽ ʟʘʪʨʘʪʠ, 

ʪʠʩ.ʛʨʥ. 

ɺʽʜʩʦʪʦʢ ʜʦ ʧʽʜʩʫʤʢʫ, 

% 

1. ɹʫʜʽʚʣʽ ʽ ʩʧʦʨʫʜʠ 15971, 466 7, 8% 

2.ʆʙʣʘʜʥʘʥʥʷ 188829, 38 92, 2% 

ɿʘʛʘʣʦʤ: 204800, 846  

 

ɺʘʨʪʽʩʪʴ ʆɺʌ=188829, 38+15971, 466=204800, 846. ʛʨʥ. 

ɺʘʨʪʽʩʪʴ ʥʦʨʤʦʚʘʥʠʭ ʦʙʦʨʦʪʥʠʭ ʢʦʰʪʽʚ (ʅʆʂ): 

ʅʆʂ=12%*ʆɺʌ=204800, 84Ā0, 12=24576, 10 ʪ. ʛʨʥ. 

ɿʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ: 

ʂ=ʅʆʂ+ʆɺʌ=204800, 846+24576, 10=229376, 95 ʪ.ʛʨʥ 

ʇʠʪʦʤʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ: 

ʂʧʠʪ= ʂ/ɺʛʦʜ=229376, 95/60000=3822, 95 ʛʨʥ 

 

5.2 Розрахунок чисельності і фонду заробітної плати працюючих 

ɺʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʙʝʟʧʝʨʝʨʚʥʝ, ʛʨʘʬʽʢ ʨʦʙʦʪʠ ʮʽʣʦʜʦʙʦʚʠʡ, 

ʯʦʪʠʨʴʦʭʙʨʠʛʘʜʥʠʡ, ʪʨʠʟʤʽʥʥʠʡ. ɹʘʣʘʥʩ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʽ 6.4. 

ʊʘʙʣʠʮʷ 6.4 ï ɹʘʣʘʥʩ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʦʜʥʦʛʦ ʩʝʨʝʜʥʴʦʦʙʣʽʢʦʚʦʛʦ 

ʧʨʘʮʶʶʯʦʛʦ 

ʇʦʢʘʟʥʠʢʠ ɻʦʜʠʥʠ 

1. ʂʘʣʝʥʜʘʨʥʠʡ ʬʦʥʜ ʯʘʩʫ 2920 

2. ɺʠʭʽʜʥʽ ʽ ʩʚʷʪʢʦʚʽ ʜʥʽ 728 

3. ʊʨʠʚʘʣʽʩʪʴ ʚʽʜʧʫʩʪʢʠ 192 

4. ɺʠʢʦʥʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʦʙʦʚôʷʟʢʽʚ 16 

5. ɯʥʰʽ ʥʝ ʚʠʭʦʜʠ 64 

6. ɽʬʝʢʪʠʚʥʠʡ ʬʦʥʜ ʨʦʙʦʯʦʛʦ ʯʘʩʫ 

ʊʝʬ 
1920 
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ʈʷʚ=ʈʟʤʽʥĀʉ,ʣʶʜ., 

ʜʝ ʉ ï ʯʠʩʣʦ ʟʤʽʥ 

 

ʈʩʧʠʩ=ʈʷʚĀ(ʊʢʘʣ/ʊʝʬ), 

ʈʟʤʽʥ=n/ʅʦʙ, ʯʝʣ 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʘʧʘʨʘʪʽʚ, ʅʦʙ ï ʥʦʨʤʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

 

ʏʠʩʝʣʴʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʽʪʥʠʢʽʚ ʟʘ ʧʨʦʝʢʪʦʤ ʪʘ 

ʜʦʧʦʤʽʞʥʠʭ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 5.5 ʪʘ ʪʘʙʣʠʮʽ 5.6 ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʙʣʠʮʷ 5.5 ï ʏʠʩʝʣʴʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʨʦʙʽʪʥʠʢʽʚ ʟʘ ʧʨʦʝʢʪʦʤ 

ʅʘʟʚʘ ʧʨʦʬʝʩʽʾ 

ʈ
ʦ
ʟ
ʨ
ʷ
ʜ

 

ʅʦʨʤʘ 

ʦʙʩʣʫʛʦʚ

ʫʚʘʥʥʷ 

ʘʧʘʨʘʪʽʚ 

ʂ-ʩʪʴ 

ʘʧʘʨʘ

ʪʽʚ 

ʏʠʩʝʣʴʥʽʩʪʴ, ʯʦʣ 

ɿ
ʤ
ʽ
ʥ
ʥ
ʘ

 

ʗ
ʚ
ʦ
ʯ
ʥ
ʘ

 ɿʘ 

ʩʧʠʩʢ

ʦʤ 

1 2 3 4 5 6 7 

ɺɯɼɼɯʃɽʅʅʗ ʆʏʀʉʊʂʀ ʉʀʈʆɺʀʅʀ ɯ ʇʆʃɯʄɽʈʀɿɸʎɯɰ ʇʈʆʇɯʃɽʅʋ 

1.ɸʧʘʨʘʪʥʠʢ ʦʯʠʱʝʥʥʷ 

ʛʘʟʫ 
5 1 2 2 4 6 

2.ʄʘʰʠʥʽʩʪ 

ʢʦʤʧʨʝʩʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

1-ʛʦ ʢʘʩʢʘʜʫ 

6 1 2 2 6 8 

3.ʄʘʰʠʥʽʩʪ 

ʢʦʤʧʨʝʩʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

2-ʛʦ ʢʘʩʢʘʜʫ 

6 1 2 2 6 9 

4.ɸʧʘʨʘʪʥʠʢ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ 
6  2 3 9 13 

ɿʘʛʘʣʦʤ:    9 25 36 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.5 

1 2 3 4 5 6 7 

ɺɯɼɼɯʃɽʅʅʗ ʇʈʀɻʆʊʋɺɸʅʅʗ ʍʈʆʄʆʈɻɸʅɯʏʅʀʍ ʂʆʄʇʆʅɽʅʊɯɺ, 

ʆʊʈʀʄɸʅʅʗ ɯ ʊɽʉʊʋɺɸʅʅʗ ʂɸʊɸʃɯɿɸʊʆʈɸ 

1.ɸʧʘʨʘʪʥʠʢ ʩʠʥʪʝʟʫ 6  2 1 5 6 

2.ɸʧʘʨʘʪʥʠʢ ʚʠʨʦʙʥʠʮʪʚʘ 

ʭʽʤʽʯʥʠʭ ʨʝʘʢʪʠʚʽʚ 
6   2 7 10 

3. ɸʧʘʨʘʪʥʠʢ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʝʘʢʪʠʚʽʚ 
4   1 3 5 

ɿʘʛʘʣʦʤ:    4 15 21 

ɺʩʴʦʛʦ:    13 40 57 
 

 

ʊʘʙʣʠʮʷ 5.6 ï ʏʠʩʝʣʴʥʽʩʪʴ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʽʪʥʠʢʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʦʜʥʫ 

ʟʤʽʥʫ 

ʅʘʟʚʘ ʧʨʦʬʝʩʽʾ ʈʦʟʨʷʜ 
ʅʦʨʤʘ 

ʧʦ ʰʪʘʪʫ 

ʏʠʩʝʣʴʥʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʤʽʥʥʘ 
ɿʘ 

ʩʧʠʩʢʦʤ 

1 2 3 4 5 

1.ʉʣʶʩʘʨ-ʨʝʤʦʥʪʥʠʢ  6 7 7 7 

2. ʉʣʶʩʘʨ-ʨʝʤʦʥʪʥʠʢ 

(ʯʝʨʛʦʚʠʡ ʧʝʨʩʦʥʘʣ) 
5 4 1 4 

3.ɽʣʝʢʪʨʦʟʚʘʨʶʚʘʣʴʥʠʢ 

ʨʫʯʥʦʾ ʟʚʘʨʢʠ 
6 1 1 1 

4.ʇʨʠʙʠʨʘʣʴʥʠʮʷ 

ʚʠʨʦʙʥʠʯʠʭ ʽ ʩʣʫʞʙʦʚʠʭ 

ʧʨʠʤʽʱʝʥʴ 

1 3 3 3 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.6 

1 2 3 4 5 

5. ʂʦʤʽʨʥʠʢ 3 1 1 1 

ɿʘʛʘʣʦʤ:   13 16 

 

ɺ ʪʘʙʣʠʮʽ 5.7 ʧʦʢʘʟʘʥʘ ʪʘʨʠʬʥʘ ʩʪʘʚʢʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ. 

ʊʘʙʣʠʮʷ 5.7 ï ʊʘʨʠʬʥʽ ʩʪʘʚʢʠ ʨʦʙʽʪʥʠʢʽʚ, ʛʨʥ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʢʘʪʝʛʦʨʽʾ ʨʦʙʦʯʠʭ 
ʈʦʟʨʷʜ 1 3 4 5 6 

ʆʩʥʦʚʥ ̔ ʛʦʜʠʥʥʽ - - 42 50 60 

ɼʦʧʦʤʽʞʥʽ ʛʦʜʠʥʥʽ 24 35 - 50 60 

 

1. ʋ ʟʚ'ʷʟʢʫ ʟʽ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʦʧʣʘʪʘ ʧʨʘʮʽ 

ʦʩʥʦʚʥʠʭ ʨʦʙʽʪʥʠʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʘʨʠʬʥʦʶ ʩʽʪʢʦʶ ʚʽʜʨʷʜʥʠʢʽʚ; 

2. ʋʤʦʚʠ ʧʨʘʮʽ ʰʢʽʜʣʠʚʽ, ʧʨʝʤʽʷ ʨʦʙʦʯʠʤ 30%, ʜʦʧʣʘʪʘ 20% ʚʽʜ ʌʆʇ; 

3. ɼʦʜʘʪʢʦʚʠʡ ʬʦʥʜ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ 10% ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʌʆʇ; 

4. ʅʘʜʙʘʚʢʘ ʜʦ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ ʟʘ ʰʢʽʜʣʠʚʽʩʪʴ 10% ʚʽʜ ʚʩʪʘʥʦʚʣʝʥʦʾ 

ʩʪʘʚʢʠ. 

 

ɿʨʽʢ = (ɿʦʩʥ + ɿʜʦʧ) Ā ʂʪʝʨ 

ʜʝ ʂʪʝʨ - ʚʝʣʠʯʠʥʘ ʧʦʷʩʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ, ʜʣʷ ʂʠʻʚʘ ʂʪʝʨ = 1 

 

ʅʘʜʙʘʚʢʘ ʟʘ ʰʢʽʜʣʠʚʽʩʪʴ 10% ʜʦ ʦʢʣʘʜʫ:  

ɿʨʽʢ = 11428, 89 + 1142, 889 = 12571, 779 ʪ. ʛʨʥ. 

 

ʋ ʪʘʙʣʠʮʽ 5.8 ʧʦʢʘʟʘʥʽ ʦʢʣʘʜʠ ʩʣʫʞʙʦʚʮʽʚ. 

 



 
ˤ͙͟ ˢͪ͟Φ Ѕ ͒ͦͯͣ͟ ˽͙͒ͨͫ͜ ˨͊ͭ͊ 

ˢͪ͟ 

61 ʍɸ 1112 1490 001 ʇɿ 

ʊʘʙʣʠʮʷ 5.8 ï ʇʦʩʘʜʦʚʽ ʦʢʣʘʜʠ ʩʣʫʞʙʦʚʮʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʩʘʜʠ ʂʘʪʝʛʦʨʽʷ 
ʂ-ʩʪʴ ʟʘ 

ʰʪʘʪʦʤ 

ʇʦʩʘʜʦʚʠʡ 

ʦʢʣʘʜ, ʛʨʥ. 

(+10% 

ʥʘʜʙʘʚʢʘ ʟʘ 

ʰʢʽʜʣʠʚʽʩʪ

)ɹ 

ʈʽʯʥʠʡ 

ʌʆʇ,  

ʪ. ʛʨʥ. 

1. ʅʘʯʘʣʴʥʠʢ ʮʝʭʫ 50 1 35310 423, 7 

2. ɿʘʩʪʫʧʥʠʢ ʥʘʯʘʣʴʥʠʢʘ 

ʮʝʭʫ 
50 1 29777 357, 3 

3. ʄʝʭʘʥʽʢ ʮʝʭʫ 60 1 27181 326, 2 

4. ʅʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʝʥʥʷ 

ʦʯʠʱʝʥʥʷ ʩʠʨʦʚʠʥʠ, 

ʢʦʤʧʨʠʤʫʚʘʥʥʷ ʽ 

ʨʝʢʫʧʝʨʘʮʽʾ ʧʨʦʧʽʣʝʥʫ 

50 1 22000 264, 0 

5. ʅʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ 
50 1 22000 264, 0 

6. ʅʘʯʘʣʴʥʠʢ ʟʤʽʥʠ 50 4 93555 1122, 7 

7. ʅʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʝʥʥʷ 

ʦʪʨʠʤʘʥʥʷ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʢʘʪʘʣʽʟʘʪʦʨʘ 

50 1 22000 264, 0 

8. ʄʘʡʩʪʝʨ ʧʦ ʨʝʤʦʥʪʫ 

ʦʙʣʘʜʥʘʥʥʷ 
50 4 67320 807, 84 

ɿʘʛʘʣʦʤ:  14  3829, 7 
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ʈʽʯʥʠʡ ʌʆʇ ʨʦʙʽʪʥʠʢʽʚ ʽ ʩʣʫʞʙʦʚʮʽʚ:  

12571, 779 + 3829, 7 = 16401, 519 ʪ. ʛʨʥ. 

ʇʠʪʦʤʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ:  

ɿʧʠʪ = ɿʨʽʢ / ɺ = 16401519 ʛʨʥ. / 60000 ʪ = 273, 359 ʛʨʥ / ʪ.  

ʜʝ ɺ- ʨʽʯʥʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʧʨʦʝʢʪʦʤ ʚ ʥʘʪʫʨʘʣʴʥʦʤʫ ʚʠʨʘʞʝʥʥʽ. 

ɺ ʪʘʙʣʠʮʽ 5.9 ʧʦʢʘʟʘʥʽ ʟʘʪʨʘʪʠ ʥʘ ʫʪʨʠʤʫʚʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʊʘʙʣʠʮʷ 5.9 - ʂʦʰʪʦʨʠʩ ʚʠʪʨʘʪ ʥʘ ʫʪʨʠʤʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʦʙʣʘʜʥʘʥʥʷ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʚʠʪʨʘʪ ʉʫʤʘ, ʛʨʥ. ʄʝʪʦʜʠʢʘ 

1. ɸʤʦʨʪʠʟʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ 18882938 ʊʘʙʣʠʮ ̫5.7 

2. ʋʪʨʠʤʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʦʙʣʘʜʥʘʥʥʷ: 
  

2.1 ɿʇ ʜʦʧʦʤʽʞʥʠʭ ʨʦʙʽʪʥʠʢʽʚ 2254362 ʊʘʙʣʠʮʷ 5.12 

2.2 ɺʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ɭʉɺ 586134, 12 26% ʚʽʜ ʧʫʥʢʪʫ 2.1 

2.3 ɼʦʧʦʤʽʞʥʽ ʤʘʪʝʨʽʘʣʠ 472073, 45 

2, 5% ʚʽʜ ʚʘʨʪʦʩʪʽ 

ʦʙʣʘʜʥʘʥʥʷ 

(ʧʫʥʢʪ 1) 

3. ʇʦʪʦʯʥʠʡ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ ʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 
472073, 45 

2, 5% ʚʽʜ ʚʘʨʪʦʩʪʽ 

ʦʙʣʘʜʥʘʥʥʷ 

4. ʂʘʧʽʪʘʣʴʥʠʡ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʴ ʽ ʊɿ 944146, 9 
5%  ʚʽʜ ʚʘʨʪʦʩʪʽ 

ʦʙʣʘʜʥʘʥʥʷ 

ɿʘʛʘʣʦʤ: 23611727, 92  

5. ɯʥʰʽ ʚʠʪʨʘʪʠ ʥʘ ʫʪʨʠʤʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʫʩʪʘʪʢʫʚʘʥʥʷ 
472234, 56 2% ʧʦ ʧʫʥʢʪʘʤ 1-4 

ɺʩɹʦʛʦ: 24083962, 5  
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ʂʦʰʪʦʨʠʩ ʮʝʭʦʚʠʭ ʚʠʪʨʘʪ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 5.10. 

ʊʘʙʣʠʮʷ 5.10 ï ʂʦʰʪʦʨʠʩ ʮʝʭʦʚʠʭ ʚʠʪʨʘʪ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʚʠʪʨʘʪ ʉʫʤʘ, ʛʨʥ. ʄʝʪʦʜʠʢʘ 

1 2 3 

1. ʋʪʨʠʤʘʥʥʷ ʮʝʭʦʚʦʛʦ ʧʝʨʩʦʥʘʣʫ 3829700 ʊʘʙʣʠʮʷ 5.13 

2. ɺʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ɭʉɺ 995722 26% ʚʽʜ ʧʫʥʢʪʫ 1 

3. ɸʤʦʨʪʠʟʘʮʽʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ 3194294 ʊʘʙʣʠʮʷ 5.6 

4. ʋʪʨʠʤʘʥʥʷ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ 479143, 98 
3% ʚʽʜ ʚʘʨʪʦʩʪʽ ʙʫʜ. 

(ʪʘʙ. 5.6) 

5. ʆʭʦʨʦʥʘ ʧʨʘʮʽ 574455 15% ʚʽʜ ʧʫʥʢʪʫ 1 

6. ʇʦʪʦʯʥʠʡ ʨʝʤʦʥʪ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ 
159714, 66 

1% ʚʽʜ ʚʘʨʪʦʩʪʽ ʙʫʜ. 

(ʪʘʙ. 5.6) 

ɿʘʛʘʣʦʤ: 9233029, 64  

7. ɯʥʰʽ ʚʠʪʨʘʪʠ 923302, 964 10% ʚʽʜ ʩʫʤʠ ʧ. 1-6 

ɺʩʴʦʛʦ: 10156332, 6  

 

ʎʝʭʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʢʘʣʴʢʫʣʷʮʽʡʥʫ ʦʜʠʥʠʮʶ:  

10156332, 6/60000 = 169, 27ʛʨʥ / ʪ 

ʊʘʙʣʠʮʷ 5.11 ï ʇʦʨʽʚʥʷʣʴʥʘ ʢʘʣʴʢʫʣʷʮʽʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʥʘ 1 ʪʦʥʥʫ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʚʠʪʨʘʪ 

ʆ
ʜ
ʠ
ʥ
ʠ
ʮ
ʽ
 

ʚ
ʠ
ʤ
ʽ
ʨ
ʶ
ʚ
ʘ
ʥ
ʥ
ʷ

 
ʎ
ʽ
ʥ
ʘ
 
ʟ
ʘ
 

ʦ
ʜ
ʠ
ʥ
ʠ
ʮ
ʶ

, 
ʛ
ʨ
ʥ

. 
 ɸʥʘʣʦʛʦʚʝ 

ʚʠʨʦʙʥʠʮʪʚʦ 
ʇʨʦʝʢʪ 
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ʜ
ʭ
ʠ
ʣ
ʝ
ʥ
ʥ
ʷ
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1 2 3 4 5 6 7 8 

1. ʉʠʨʦʚʠʥʘ ʽ ʤʘʪʝʨʽʘʣʠ        

ʉʠʨʦʚʠʥʘ ʽ ʤʘʪʝʨʽʘʣʠ:         
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.11 

1 2 3 4 5 6 7 8 

ʌʨʘʢʮʽʷ ʽʟʦʧʝʥʪʘʥʦʚʘ 

ʤʘʨʢʠ ɸ 
ʢʛ 18, 19 2, 474 45, 01 2, 474 45, 01 0 

ʇʨʦʧʽʣʝʥ ʢʛ 20, 50 693, 4 14215, 4 693,4 
14215, 

40 
0 

ɿʘʛʘʣʦʤ:    14260, 4  
14260, 

41 
0 

ʅʘʧʽʚʬʽʙʨʠʢʘʪʠ:        

ʇʨʦʧʽʣʝʥ ʢʛ 18, 99 347,14 6590, 92 347,2 6590,9 0 

ʂʘʪʘʣʽʟʘʪʦʨ S-9 ʢʛ 
1409, 

4 
0, 157 220, 86 0, 157 

220, 

86 
0 

ɺʦʜʝʥʴ ʪʝʭʥʽʯʥʠʡ ï

ʕ200 
ʢʛ 6, 50 0, 216 1, 40 0, 216 1, 40 0 

ɺʦʜʝʥʴ ʪʝʭʥʽʯʥʠʡ ʦʯ. 

ʧʨʦʧʽʣʝʥʫ 
ʢʛ 6, 50 0, 684 4, 45 0, 684 4, 45 0 

ɿʘʛʘʣʦʤ:    6817, 63  6817,6 0 

ɿʚʦʨʦʪʥʽ ʚʽʜʭʦʜʠ:        

ɺʽʜʭʦʜ ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ɸ6 (ʧʦʨʦʰʦʢ ʩʫʤʽʰ) 
ʢʛ 15, 88 1, 376 21, 84 1, 376 21, 84 0 

ɿʚʦʨʦʪʥʽ ʚʽʜʭʦʜʠ / 

ʧʦʧʫʪʢʘ 
   21, 84  21, 84 0 

ɺʩʴʦʛʦ:    21056, 2  
21056, 

2 
0 

2. ɽʥʝʨʛʦʚʠʪʨʘʪʠ        

ʇʘʨ ʛʢʣ 795, 6 0, 082 65, 59 0, 082 65, 59 0 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ ʪʢʚ 1124,9 0, 179 200, 97 0, 179 200,97 0 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.11 

1 2 3 4 5 6 7 8 

ʆʙʦʨʦʪʥʘ ʚʦʜʘ ʪʤ3 1018, 7 0, 111 112, 79 0, 111 112, 79 0 

ʇʦʚʽʪʨʷ ʪʤ3 985, 9 0, 011 10, 54 0, 011 10, 54 0 

ɸʟʦʪ ʪʤ3 1378, 9 0, 272 374, 57 0, 272 374, 57 0 

ʂʦʥʜʝʥʩʘʪ ʪ 29, 25 0, 085 2, 49 0, 085 2, 49 0 

ɿʘʛʘʣʦʤ:    766, 95  766, 95 0 

3. ɿʘʨʧʣʘʪʘ ʟ 

ʚʽʜʨʘʭʫʚʘʥʥʷʤʠ 
       

ɿʘʨʧʣʘʪʘ ʦʩʥʦʚʥʠʭ 

ʨʦʙʦʯʠʭ 
ʛʨʥ.   83, 14  273, 36 0 

ɺʽʜʨʘʭʫʚʘʥʥʷ ʥʘ ʆʉɹ ʛʨʥ.   21, 23  71, 07 0 

ɿʘʛʘʣʦʤ:    104, 37  344, 43 

24

0, 

06 

4. ɺʠʪʨʘʪʠ ʥʘ 

ʫʪʨʠʤʘʥʥʷ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʦʙʣʘʜʥʘʥʥʷ 

   696, 17  401, 4 

-

29

4, 

77 

5. ʎʝʭʦʚʽ ʚʠʪʨʘʪʠ ʛʨʥ.   408, 10  169, 27 

-

23

8, 

82 

ʎʝʭʦʚʘ ʚʘʨʪʽʩʪʴ ʛʨʥ.   
23031, 

79 
 

22738, 

25 
 

6. ɿʘʛʘʣʴʥʦʟʘʚʦʜʩʴʢʽ 

ʚʠʪʨʘʪʠ 
   

1975, 

59 
 

1682, 

05 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.11 

1 2 3 4 5 6 7 8 

7. ɿʘʚʦʜʩʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʨʥ.   25007, 38  24420, 3 0 

8. ʇʦʟʘʚʠʨʦʙʥʠʯʽ 

ʚʠʪʨʘʪʠ 
ʛʨʥ.   750, 22  732, 61 0 

ʇʦʚʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʨʥ.   25757, 6  25122, 91  

 

5.3 Розрахунок економічної ефективності виробництва 

1) ɿʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ: 

ȹʉ = (ʉ1-ʉ2) / ʉ1 Ā 100% 

ȹʉ = ((25757, 6 - 25122, 91) / 25757, 6) Ā 100% = 2, 46% 

2) ʈʽʯʥʘ ʝʢʦʥʦʤʽʷ ʚʽʜ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ: 

ɽʨʽʢ = (ʉ1-ʉ2) Ā ɺ, ʨʫʙ. 

ɽʨʽʢ =(25757, 6 - 25122, 91) Ā 60000 = 38081400 ʨʫʙ. 

ʜʝ ʉ1 - ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʟʘ ʘʥʘʣʦʛʦʤ; ʉ2 - ʩʦʙʽʚʘʨʪʽʩʪʴ 

ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ ʧʦ ʧʨʦʝʢʪʫ; ʋ -ʨʽʯʥʠʡ ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʧʨʦʝʢʪʦʤ. 

3) ɿʨʦʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ: 

ʇʊ = (ʇʊ2-ʇʊ1) / ʇʊ1 Ā 100%, 

ʇʊ = ((769, 23 - 689, 66) / 689, 66) Ā 100% = 11, 5% 

ʜʝ ʇʊ1, ʇʊ2 - ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʧʦ ʘʥʘʣʦʛʫ ʽ ʧʨʦʝʢʪʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʋ ʪʘʙʣʠʮʽ 5.12 ʧʦʨʽʚʥʶʶʪʴʩʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ. 

ʊʘʙʣʠʮʷ 5.12 ï ʇʦʨʽʚʥʷʣʴʥʽ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʇʦʢʘʟʥʠʢʠ 
ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʶʚʘʥʴ 
ɸʥʘʣʦʛ ʇʨʦʝʢʪ 

1 2 3 4 

1. ʈʽʯʥʠʡ ʚʠʧʫʩʢ 

ʧʦʣʽʧʨʦʧʽʣʝʥʫ 
ʪʠʩ. ʪ 60 60 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 5.12 

1 2 3 4 

2. ʂʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ: 

- ʆɺʌ 

- ʅʆʂ 

ʛʨʥ. 
204800846 

24576100 

204800846 

24576100 

3. ʉʢʣʘʜ ʟʘ ʩʧʠʩʢʦʤ: 

- ʧʨʘʮʶʶʯʠʭ, 

- ʨʦʙʦʯʠʭ 

ʯʦʣ. 

 

89 

78 

 

87 

73 

4. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ: 

- ʧʨʘʮʶʶʯʠʭ, 

- ʨʦʙʦʯʠʭ 

ʪ/ʯʦʣ. 

 

674, 16 

769, 23 

 

689, 66 

821, 92 

5. ʉʝʨʝʜʥʴʦʤʽʩʷʯʥʘ ʟʘʨʦʙʽʪʥʘ 

ʧʣʘʪʘ: 

- ʧʨʘʮʶʶʯʠʭ, 

- ʨʦʙʦʯʠʭ 

ʛʨʥ./ʤʽʩ. 

 

 

3901, 32 

2884, 47 

 

 

4134, 2 

3776, 57 

6. ʉʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ 

ʧʨʦʜʫʢʮʽʾ 
ʛʨʥ. 25757, 6 25122, 91 

7. ʈʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʪʠʩ. ʛʨʥ. - 38081400 

 

ɺʠʩʥʦʚʢʠ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʯʘʩʪʠʥʠ. 

ʋ ʧʨʦʝʢʪʦʚʘʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʨʦʚʝʜʝʥʠʤʠ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ ʟʘʭʦʜʘʤʠ ʦʯʽʢʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʝʬʝʢʪ [20]: 

- ɿʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ 2, 46%; 

- ɿʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʥʘ 11, 5%; 

- ʈʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʢʣʘʜʝ 

38081400 ʛʨʥ.; 

- ɿʙʽʣʴʰʝʥʥʷ ʟʘʨʦʙʽʪʥʦɹʾ ʧʣʘʪʠ; 

ʅʘ ʧʽʜʩʪʘʚʽ ʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʝʢʦʥʦʤʽʯʥʫ ʚʠʛʦʜʫ ʽ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʝʢʪʫ. 
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6 Охорона праці 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ - ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʧʨʦʧʽʣʝʥʫ 

ʧʦʣʽʤʝʨʠʟʘʮʽʻʶ ʧʨʦʧʽʣʝʥʫ, ʤʽʩʪʠʪʴ ʚ ʦʙʽʛʫ ʰʢʽʜʣʠʚʽ, ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ 

ʨʝʯʦʚʠʥʠ. ʊʘʢʦʞ ʚ ʜʘʥʦʤʫ ʦʙôʻʢʪʽ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ, ʷʢʽ ʟʘʩʦʙʠ ʪʘ ʟʘʭʦʜʠ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʥʘ ʦʙôʻʢʪʽ ʟʜʦʨʦʚʠʭ ʽ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʧʨʘʮʽ ʽ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ [21]. 

 

6.1 Повітря робочої зони 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɻʆʉʊ 12.1.005-88 "ɿʘʛʘʣʴʥʽ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ 

ʚʠʤʦʛʠ ʜʦ ʧʦʚʽʪʨʷ ʨʦʙʦʯʦʾ ʟʦʥʠ" ʚʠʟʥʘʯʘʻʤʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʢʣʽʤʘʪʫ. 

ʆʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʨʘʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʘʪʝʛʦʨʽʾ ʪʷʞʢʦʩʪʽ 

ʚʠʢʦʥʫʚʘʥʦʾ ʨʦʙʦʪʠ (ʪʘʙʣ. 6.1) ʽ ʚʽʜ ʧʝʨʽʦʜʫ ʨʦʢʫ (ʪʘʙʣ. 6.2). 

ʂʘʪʝʛʦʨʽʷ ʨʦʙʽʪ 
ɽʥʝʨʛʦʟʘʪʨʘʪʠ, 

ʢʢʘʣ/ʛʦʜ (ɺʪ) 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʙʽʪ 

ʉʝʨʝʜʥʴʦʾ ʚʘʞʢʦʩʪʽ 2 ʘ 
51-200 (175-

235) 

ʇʦʚ'ʷʟʘʥʘ ʟ ʧʦʩʪʽʡʥʦʶ ʭʦʜʴʙʦʶ, 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʜʨʽʙʥʠʭ ʚʠʨʦʙʽʚ ʘʙʦ ʧʨʝʜʤʝʪʽʚ 

ʚ ʧʦʣʦʞʝʥʥʽ ʩʪʦʷʯʠ ʘʙʦ ʩʠʜʷʯʠ 

 

ʊʘʙʣʠʮʷ 6.2 ï ʉʘʥʽʪʘʨʥʽ ʥʦʨʤʠ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʮʝʭʫ 

ʇʝʨʽʦʜ 

ʨʦʢʫ 
ʂʘʪʝʛʦʨʽʷ ʨʦʙʽʪ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

ʦʉ 

ɺʽʜʥʦʩʥʘ 

ʚʦʣʦʛʽʩʪʴ, 

% 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ, 

ʤ/ʩ 

ʍʦʣʦʜʥʠʡ ʉʝʨʝʜʥʴʦʾ ʚʘʞʢʦʩʪʽ 2 ʘ 17-23 75 ʥʝ ʙʽʣʴʰʝ 0, 3 

ʊʝʧʣʠʡ ʉʝʨʝʜʥʴʦʾ ʚʘʞʢʦʩʪʽ 2 ʘ 18-27 65 0, 2-0, 5 
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ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʦʪʨʫʻʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʛʽʛʽʻʥʽʯʥʠʭ ʫʤʦʚ ʧʨʘʮʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʥʘ ʽ ʰʪʫʯʥʘ ʚʝʥʪʠʣʷʮʽʷ. 

ʇʨʠʨʦʜʥʘ ʚʝʥʪʠʣʷʮʽʷ ʫ ʚʩʽʭ ʧʨʠʤʽʱʝʥʥʷʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦ ʚʙʫʜʦʚʘʥʠʭ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʢʘʥʘʣʽʚ ʥʘ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʜʘʭʫ. ɼʣʷ 

ʧʦʩʠʣʝʥʥʷ ʪʷʛʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʝʬʣʝʢʪʦʨʠ ʪʠʧʫ ʎɸɻɯ. 

ʆʩʥʦʚʥʦ  ʁ ʨʝʯʦʚʠʥʦʶ, ʟʘʩʪʦʩʦʚʫʚʘʥʦ  ʁ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʻ ʧʨʦʧʽʣʝʥ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʘʧʘʨʘʪʫʨʠ, ʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚʠʪʦʢʠ ʛʘʟʫ ʯʝʨʝʟ ʥʝʟʥʘʯʥʽ ʥʝʱʽʣʴʥʦʩʪʽ, ʽ ʚ ʨʘʟʽ ʚʝʣʠʢʠʭ ʩʢʫʧʯʝʥʴ ʛʘʟʫ 

ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʩʫʤʽʰʝʡ. ʎʝ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ ʟʘʛʘʣʴʥʦʦʙʤʽʥʥʦʾ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ. ʋ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʜʝ ʚʠʜʽʣʷʶʪʴʩʷ ʰʢʽʜʣʠʚʽ ʘʙʦ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ ʛʘʟʠ, ʧʘʨʠ ʽ ʧʠʣ 

ʥʝʦʙʭʽʜʥʠʡ ʧʦʚʽʪʨʦʦʙʤʽʥ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [21]: 

L=Lʨʟ+(M- Lʨʟ(qʨʟ-qʧ))/(qʫʭ-qʧ)=185067, 32 ʤ3/ʛʦʜ 

ɼʝ Lʨʟ - ʚʠʪʨʘʪʘ ʧʦʚʽʪʨʷ, ʱʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʨʦʙʦʯʦʾ ʟʦʥʠ ʧʨʠʤʽʱʝʥʥʷ 

ʤʽʩʮʝʚʠʤʠ ʚʽʜʩʤʦʢʪʫʚʘʯʘʤʠ ʽ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʪʨʝʙʠ, ʨʽʚʥʠʡ 81, 24 ʤ3 / ʛʦʜ; 

ʄ - ʚʠʪʨʘʪʘ ʢʦʞʥʦʛʦ ʟ ʰʢʽʜʣʠʚʠʭ ʘʙʦ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʚ ʧʦʚʽʪʨʷ ʧʨʠʤʽʱʝʥʥʷ, ʨʽʚʥʠʡ 1058400 ʤʛ / ʛʦʜ; Qʟ - ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʰʢʽʜʣʠʚʦʾ ʘʙʦ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʧʦʚʽʪʨʽ, ʤʛ / ʤ3; qʨʟ- ʚʠʭʦʜʷʯʠʡ 

ʟ ʨʦʙʦʯʦʾ ʟʦʥʠ, ʨʽʚʥʠʡ 8,17 ʤʛ / ʤ3; qʫʭ ï ʧʨʠʭʦʜʷʯʠʡ ʚ ʧʨʠʤʽʱʝʥʥʷ, ʨʽʚʥʠʡ 

8,17 ʤʛ / ʤ3; qʧ - ʧʦʜʘʻʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʩʪʘʥʦʚʠʪʴ 30% qʫʭ ʽ ʜʦʨʽʚʥʶʻ 2, 

451 ʤʛ / ʤ3. 

ʂʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʜʦʨʽʚʥʶʻ 8. 

ɺʠʙʠʨʘʻʤʦ ʚʝʥʪʠʣʷʪʦʨ ʤʘʨʢʠ ɺʎ 14-46-5ʂ-02 ʟ ʚʠʙʫʭʦʟʘʭʠʱʝʥʠʤ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʪʠʧʫ ɺɸ 02-4-8. 

 

6.2 Виробниче освітлення 

ʅʦʨʤʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʰʪʫʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʚʠʙʠʨʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʦʟʨʷʜʫ ʟʦʨʦʚʦʾ ʨʦʙʦʪʠ, ʚʠʟʥʘʯʝʥʠʤ ʟʘ ʚʝʣʠʯʠʥʦʶ ʦʙ'ʻʢʪʘ ʨʦʟʨʽʟʥʝʥʥʷ. 

ʇʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʾ ʧʣʦʱʽ ʚʽʢʦʥ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʽ 
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ʥʝʦʙʭʽʜʥʦʛʦ ʯʠʩʣʘ ʣʘʤʧ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ 

ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʧʨʠ ʰʪʫʯʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ. 

ʅʝʦʙʭʽʜʥʘ ʧʣʦʱʘ ʩʚʽʪʣʦʚʠʭ ʧʨʦʨʽʟʽʚ ʧʨʠ ʙʽʯʥʦʤʫ ʦʩʚʽʪʣʝʥʥʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [21]: 

S0 = (Sʧʝ Ā ʂ1 Ā ɖ Ā ʂ2) / (100 Ā Ű Ā r), 

S0 = 220 ʤ2. 

ʜʝ S0- ʧʣʦʱʘ ʚʽʢʦʥ, ʤ2; ʝ = 1, 5% - ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʂʇʆ; ʂ1 = 2 - 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ; ɖ = 17 - ʩʚʽʪʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʢʥʘ; ʂ2 = 1, 7 - 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʘʪʽʥʝʥʥʷ ʚʽʢʦʥ ʩʫʩʽʜʥʽʤʠ ʙʫʜʠʥʢʘʤʠ; Sʧ = 454 ʤ2 - 

ʧʣʦʱʘ ʧʨʠʤʽʱʝʥʥʷ; Ű = 0, 9 - ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʧʨʦʧʫʩʢʘʥʥʷ; r = 2 - 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʘ ʚʽʜ ʩʪʝʣʽ ʪʘ ʩʪʽʥ.  

ʈʦʟʨʘʭʦʚʫʻʤʦ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʣʘʤʧ ʚ ʟʦʥʽ ʨʝʘʢʪʦʨʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʜʣʷ ʰʪʫʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʟʘ 

ʬʦʨʤʫʣʦʶ [21]: 

 

N = (E Ā Sʧ Ā k Ā Z) / (F Ā ɖ) = (200 Ā 454 Ā 1, 2 Ā 1, 3) / (2280 Ā 0, 5) 

ʜʝ ɽ = 200 ʣʢ - ʥʦʨʤʦʚʘʥʘ ʦʩʚʽʪʣʝʥʽʩʪʴ; Sʧ = 454 ʤ2 - ʧʣʦʘɦ ʧʨʠʤʽʱʝʥʥʷ; 

k = 1, 2 - ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʥʠʞʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʣʘʤʧ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ; ɖ = 0, 5 - ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʩʪʽʥ. 

N = 31ʰʪ 

 

ʊʘʙʣʠʮʷ 6.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʦʨʦʚʦʾ ʨʦʙʦʪʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʟʦʨʦʚʦʾ ʨʦʙʦʪʠ 

ʈʦʟʨʷʜ 

ʟʦʨʦʚʦʾ 

ʨʦʙʦʪʠ 

ʈʦʟʤʽʨ 

ʦʙôʻʢʪʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ, 

ʤʤ 

ʆʩʚ̔ʪʣʝʥʽʩʪʴ ʧʨʠ 

ʟʘʛʘʣʴʥʦʤʫ 

ʦʩʚʽʪʣʝʥʽ, ʣʢ 

ʂʇʆ ʧʨʠ 

ʙʦʢʦʚʦʤʫ 

ʦʩʚʽʪʣʝʥʽ, 

% 

ɻʨʫʙʘ 4 ʙʽʣʴʰʝ 5 200 1, 5 
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ɺʠʙʠʨʘʻʤʦ 30 ʣʘʤʧ ʨʦʟʞʘʨʶʚʘʥʥʷ ʪʠʧʫ ɻ 125-135-150 ʟʽ ʩʚʽʪʣʦʚʠʤ 

ʧʦʪʦʢʦʤ ʨʽʚʥʠʤ 2280 ʣʢ. 

ɸʚʘʨʽʡʥʝ ʦʩʚʽʪʣʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 

ʙʝʟʧʝʯʥʦʾ ʝʚʘʢʫʘʮʽʾ ʣʶʜʝʡ ʽ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʙʽʪ, ʢʦʣʠ ʚʽʜʢʣʶʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʚʠʙʫʭ, ʦʪʨʫʻʥʥʷ, ʧʦʨʫʰʝʥʥʷ ʨʝʞʠʤʫ ʚʝʜʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʧʨʦʮʝʩʫ [22]. 

ɽʚʘʢʫʘʮʽʡʥʝ ʦʩʚʽʪʣʝʥʥʷ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʩʚʽʪʣʝʥʽʩʪʴ ʥʘ ʧʽʜʣʦʟʽ ʘʙʦ 

ʥʘ ʟʝʤʣʽ ʦʩʥʦʚʥʠʭ ʧʨʦʭʦʜʽʚ ʽ ʥʘ ʩʭʦʜʘʭ: ʥʘ ʚʽʜʢʨʠʪʠʭ ʟʦʚʥʽʰʥʽʭ ʤʘʡʜʘʥʯʠʢʘʭ - 

0,2 ʣʢ. ʆʩʚʽʪʣʝʥʥʷ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʦ ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʫ 

ʚʠʨʦʙʥʠʯʠʭ ʽ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘʡʤʝʥʰʫ ʦʩʚʽʪʣʝʥʽʩʪʴ ʫ ʨʦʟʤʽʨʽ 5%, 

ʥʦʨʤʦʚʘʥʦʾ ʜʣʷ ʨʦʙʦʯʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʘʣʝ ʥʝ ʤʝʥʰʝ 2 ʣʢ ʚ ʩʝʨʝʜʠʥʽ ʙʫʜʽʚʝʣʴ ʽ 

ʥʝ ʤʝʥʰʝ 1 ʣʢ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʉʚʽʪʠʣʴʥʠʢʠ ʘʚʘʨʽʡʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʻʜʥʘʥʽ ʜʦ ʤʝʨʝʞʽ, ʥʝ ʟʘʣʝʞʥʦʾ ʚʽʜ ʤʝʨʝʞʽ ʨʦʙʦʯʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

[23]. 
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6.3 Захист від виробничого шуму й вібрацій 

ɼʞʝʨʝʣʘʤʠ ʰʫʤʫ ʽ ʚʽʙʨʘʮʽʾ ʻ ʧʦʚʽʪʨʦʜʫʚʢʠ, ʚʝʥʪʠʣʷʪʦʨʠ, ʢʦʤʧʨʝʩʦʨʠ, ʘ 

ʪʘʢʦʞ ʟʥʦʩ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ʚʠʟʥʘʯʘʻʤʦ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʰʫʤʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʽ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ, ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʘʭʠʩʪʫ ʰʫʤʫ, ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʟʚʫʢʫ ʫ ʚʽʜʜʽʣʝʥʥʽ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ 85 ʜɹ [24]. 

ʐʫʤ ʽ ʚʽʙʨʘʮʽʷ ʰʢʽʜʣʠʚʦ ʜʽʶʪʴ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ, ʟʥʠʞʫʶʪʴ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʨʦʙʽʪʥʠʢʽʚ, ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʧʨʘʮʽʚʥʠʢʘʤʠ 

ʧʨʦʬʟʘʭʚʦʨʶʚʘʥʥʷ - ʛʣʫʭʦʪʠ. ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʰʫʤʫ ʽ ʚʽʙʨʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, 

ʥʘʩʘʤʧʝʨʝʜ, ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ: ʨʝʪʝʣʴʥʝ ʩʪʘʪʠʯʥʝ ʽ ʜʠʥʘʤʽʯʥʝ ʙʘʣʘʥʩʫʚʘʥʥʷ, ʽ 

ʮʝʥʪʨʦʚʢʘ ʦʙʝʨʪʦʚʠʭ ʽ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʦʙʣʘʜʥʘʥʥʷ [27]. ɼʦʧʫʩʪʠʤʽ ʨʽʚʥʽ 

ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʫ ʦʢʪʘʚʥʠʭ ʩʤʫʛʘʭ ʯʘʩʪʦʪ, ʝʢʚʽʚʘʣʝʥʪʥʽ ʨʽʚʥʽ ʟʚʫʢʫ ʥʘ ʨʦʙʦʯʠʭ 

ʤʽʩʮʷʭ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 6.5. 

ʊʘʙʣʠʮʷ 6.5 ï ɼʦʧʫʩʪʠʤʽ ʨʽʚʥʽ ʚʽʙʨʘʮʽʾ ʥʘ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ 

ɺʠʜ 

ʪʨʫʜʦʚʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, 

ʨʦʙʦʯʝ ʤʽʩʮʝ 

ʈʽʚʥʽ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʚ ʜɹ ʚ ʦʢʪʘʚʥʠʭ ʩʤʫʛʘʭ ʟ 

cʝʨʝʜʥʴʦʛʝʦʤʝʪʨʠʯʥʠʤʠ ʯʘʩʪʦʪʘʤʠ, ɻʮ 

ʈʽʚʥʽ 

ʰʫʤʫ 

ʝʢʚʽʚʘʣʝʥ

ʪʥʽ ʨʽʚʥʽ 

ʰʫʤʫ, 

ɼɹɸ, 

ʜɹɸʝʢʚ. 
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ɺ ʷʢʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʰʫʤʫ ʟʛʽʜʥʦ ʟ [6] 

ʧʝʨʝʜʙʘʯʝʥʦ ʤôʷʢʽ ʧʨʦʪʠʰʫʤʦʚʽ ʚʢʣʘʜʢʠ. ɼʣʷ ʟʘʭʠʩʪʫ ʨʫʢ ʚʽʜ ʜʽʾ ʚʽʙʨʘʮʽʡ 
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ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʫʢʘʚʠʮʽ ʟ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʽʙʨʦʟʘʭʠʩʥʠʤʠ ʚʩʪʘʚʢʘʤʠ. ɼʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʚʽʙʨʘʮʽʡ ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʥʦʛʠ ʧʝʨʝʜʙʘʯʝʥʦ ʚʟʫʪʪʷ ʪʦʚʩʪʦʶ 

ʨʝʟʠʥʦʚʦʶ ʧʽʜʦʰʚʦʶ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʠʤʽʨʶʚʘʯ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʾ ʤʘʨʢʠ ɺʐɺ-003 [25]. 

 

6.4 Електробезпека 

ɽʣʝʢʪʨʠʯʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʞʠʚʠʪʴʩʷ ʚʽʜ ʪʨʠʬʘʟʥʦʾ 

ʯʦʪʠʨʴʦʭʧʨʦʚʽʜʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʦʪʠ 

ʥʘʧʨʫʛʦʶ 380/220 ɺ ʟ ʛʣʫʭʦʟʘʟʝʤʣʝʥʦʶ ʥʝʡʪʨʘʣʣʶ. ɼʣʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʽʟ 

ʯʘʩʪʦʪʦʶ 50 ɻʮ ʛʨʘʥʠʯʥʦ ʧʨʠʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʜʦʪʠʢʫ ʡ ʩʪʨʫʤʫ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʽʣʦ ʣʶʜʠʥʠ, ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ ɯʣ = 6 ʤɸ, Uʜʦʪ = 36 ɺ; 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɯʣ=0,3 ʤɸ, Uʜʦʪ = 

2ɺ. 

ɿʛʽʜʥʦ ʟ [22] ʧʦʨʽʚʥʶʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʽʟ ʛʨʘʥʠʯʥʦ 

ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ ʩʪʨʫʤʫ: 

îë

ô

ë
RR

U
²

+

Ö
=

310
, ʤɸ; 

ʜʝ Rʣ = 2é4 ʢʆʤ, ʦʧ̔ʨ ʪ̔ʣʘ ʣʶʜʠʥʠ;  

    R0 = 4 ʆʤ, ʦʧʽʨ ʥʝʡʪʨʘʣʽ ʟʘʟʝʤʣʝʥʥʷ; 

    Uʬ =220 ɺ, ʬʘʟʦʚʘ ʥʘʧʨʫʛʘ, ɺ. 

ɯʣ= 050
44000

10220 3

,=
+

Ö
ɸ 

ʅʘʧʨʫʛʘ ʜʦʪʠʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Uʜ= ɯʣ Ā RʣĀ103 = 0,05Ā4000=220 ɺ. 

 

ɺ ʪʘʙʣʠʮʽ 6.6 ʥʘʚʝʜʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʧʨʠʤʽʱʝʥʴ ʧʦ ʩʪʫʧʝʥʶ ʥʝʙʝʟʧʝʢʠ 

ʚʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ 
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ʊʘʙʣʠʮʷ 6.6 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʠʤʽʱʝʥʴ ʧʦ ʩʪʫʧʝʥʶ ʥʝʙʝʟʧʝʢʠ ʚʨʘʞʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ 

ɼʽʣʷʥʢʘ ʂʘʪʝʛʦʨʽʷ ʧʨʠʤʽʱʝʥʥʷ ʧʦ 

ʝʣʝʢʪʨʦʥʝʙʝʟʧʝʮʽ. 

ɺʠʨʦʙʥʠʯʠʡ ʮʝʭ ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʝ ʧʨʠʤʽʱʝʥʥʷ 

ʇʦʙʫʪʦʚʽ ʧʨʠʤʽʱʝʥʥʷ ʇʨʠʤʽʱʝʥʥʷ ʙʝʟ ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ 

 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʥʝʙʝʟʧʝʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʽʚ ʩʪʘʪʠʯʥʦʾ ʝʣʝʢʪʨʠʢʠ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʤʘʰʠʥʘʭ ʽ ʘʧʘʨʘʪʘʭ ʧʝʨʝʜʙʘʯʝʥʽ ʪʘʢʽ ʟʘʭʦʜʠ [23]: 

- ɺʽʜʚʝʜʝʥʥʷ ʟʘʨʷʜʽʚ ʩʪʘʪʠʯʥʦʾ ʝʣʝʢʪʨʠʢʠ ʰʣʷʭʦʤ ʟʘʟʝʤʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʘʧʘʨʘʪʽʚ, ʷʢʠʤʠ ʨʫʭʘʻʪʴʩʷ ʛʨʘʥʫʣʴʦʚʘʥʠʡ ʧʦʣʽʧʨʦʧʽʣʝʥ; 

- ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʤʽʥʥʠʭ ʧʝʨʝʜʘʯ ʟ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ ʛʫʤʠ; 

-ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʽʩʢʨʦʚʦʛʦ ʨʦʟʨʷʜʫ ʟʘʙʦʨʦʥʷʻʪʴʩʷ 

ʧʨʦʚʦʜʠʪʠ ʦʯʠʱʝʥʥʷ, ʧʨʠʙʠʨʘʥʥʷ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ, ʚ ʷʢʠʭ ʤʦʞʣʠʚʘ 

ʧʨʠʩʫʪʥʽʩʪʴ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʦʛʦ ʧʠʣʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ. 

ʆʯʠʩʪʢʫ ʪʘ ʧʨʠʙʠʨʘʥʥʷ ʨʦʙʠʪʠ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʠʣʦʩʦʩʘ 

ʘʙʦ ʚʨʫʯʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʱʽʪʢʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʽʝʣʝʢʪʨʠʯʥʽ ʨʫʢʘʚʠʯʢʠ, ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʽʟʦʣʶʶʯʠʤʠ ʨʫʢʦʷʪʢʘʤʠ, ʧʦʢʘʞʯʠʢʠ 

ʥʘʧʨʫʛʠ, ʜʽʝʣʝʢʪʨʠʯʥʽ ʢʘʣʦʰʽ, ʽʟʦʣʶʶʯʽ ʧʽʜʩʪʘʚʢʠ, ʛʫʤʦʚʽ ʢʠʣʠʤʢʠ, ʪʠʤʯʘʩʦʚʽ 

ʦʛʦʨʦʜʞʝʥʥʷ, ʟʘʭʠʩʥʽ ʦʢʫʣʷʨʠ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʨʷʤʠʭ ʫʜʘʨʽʚ ʙʣʠʩʢʘʚʢʠ 

ʩʧʦʨʫʜʠ ʟʘʭʠʱʝʥʽ ʩʪʨʠʞʥʝʚʠʤʠ ʙʣʠʩʢʘʚʢʦʚʽʜʚʦʜʘʤʠ. ɽʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʟʘʚʦʜʽ, ʤʘʻ ʧʠʣʦ- ʪʘ ʚʦʣʦʛʦʥʝʧʨʦʥʠʢʥʝ 

ʚʠʢʦʥʘʥʥʷ. 
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 6.5 Техніка безпека технологічного процесу полімеризації 

пропілену 

ʎʷ ʽʥʩʪʨʫʢʮʽʷ ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʚʩʽʤʘ ʦʩʦʙʘʤʠ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʟ ʧʨʦʧʽʣʝʥʦʤ. ʈʦʙʦʪʠ ʟ ʧʨʦʧʽʣʝʥʦʤ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʦʙʽʪ ʧʽʜʚʠʱʝʥʦʾ 

ʥʝʙʝʟʧʝʢʠ. ɼʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʧʨʦʧʽʣʝʥʦʤ ʜʦʧʫʩʢʘʶʪʴʩʷ ʦʩʦʙʠ, ʷʢʽ ʜʦʩʷʛʣʠ 

18-ʨʦʢʽʚ; ʧʨʦʡʰʣʠ ʤʝʜʠʯʥʠʡ ʦʛʣʷʜ ʚʽʜʧʦʚʽʜʥʦ ʪʘ ʥʝ ʤʘʶʪʴ ʤʝʜʠʯʥʠʭ 

ʧʨʦʪʠʧʦʢʘʟʘʥʴ; ʧʨʦʡʰʣʠ ʥʘʚʯʘʥʥʷ, ʽʥʩʪʨʫʢʪʘʞ ʟ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʧʨʘʮʽ; ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʨʦʟʧʠʩʢʠ ʧʨʦ ʥʝʙʝʟʧʝʢʫ ʧʨʦʧʽʣʝʥʫ. ʆʩʦʙʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ 

ʧʨʦʧʽʣʝʥʦʤ, ʟʦʙʦʚ'ʷʟʘʥʽ ʚʤʽʪʠ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʟʘʩʦʙʘʤʠ ʢʦʣʝʢʪʠʚʥʦʛʦ ʪʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. ʇʨʠ ʨʦʙʦʪʽ ʟ ʧʨʦʧʽʣʝʥʦʤ ʤʦʞʣʠʚʝ ʧʦʜʨʘʟʥʝʥʥʷ 

ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ ʦʯʝʡ ʪʘ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʛʦʣʦʚʥʠʡ ʙʽʣʴ, ʜʟʚʽʥ ʫ ʚʫʭʘʭ, 

ʥʝʚʨʠʪʠ, ʨʦʟʣʘʜʠ ʟʦʨʫ.  

ɿʘʧʘʭ ʧʨʦʧʽʣʝʥʫ ʚʽʜʯʫʪʥʠʡ ʧʨʠ 0,0173-0,024 ʤʛ/ʣ. ʂʦʥʮʝʥʪʨʘʮʽʷ 15 % 

ʩʧʨʠʯʠʥʷʻ ʥʝʧʨʠʪʦʤʥʽʩʪʴ ʯʝʨʝʟ 30ʭʚ., 24 % ð ʯʝʨʝʟ 3ʭʚ., 35-40 % ð ʯʝʨʝʟ 20 

ʩ. 

ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ (ɻɼʂ) ʩʪʘʥʦʚʠʪʴ 30 ʤʛ/ʤį. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ: 

ï ʚʢʣʶʯʠʪʠ ʟʘʛʘʣʴʥʦʦʙʤʽʥʥʫ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʫ ʚʝʥʪʠʣʷʮʽʶ. 

ʇʝʨʝʚʽʨʠʪʠ: ʥʘʷʚʥʽʩʪʴ ʽ ʩʧʨʘʚʥʽʩʪʴ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʘ ʢʦʣʝʢʪʠʚʥʦʛʦ 

ʟʘʭʠʩʪʫ; ʩʧʨʘʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʥʝʩʧʨʘʚʥʦʩʪʝʡ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʘʩʦʙʽʚ ʢʦʣʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʩʧʦʚʽʩʪʠʪʠ ʢʝʨʽʚʥʠʢʘ; 

ï ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʨʦʧʽʣʝʥʫ ʧʦʚʠʥʥʦ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟʘʩʦʙʦʤ. ʷʢʠʡ 

ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʡʦʛʦ ʫ ʚʠʨʦʙʥʠʯʝ ʪʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ; 

ï ʧʨʦʧʽʣʝʥ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʽʛʘʪʠ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ. 

ʇʨʠʤʽʱʝʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʙʣʘʜʥʘʥʝ ʚʝʥʪʠʣʷʮʽʻʶ; 

ï ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʨʦʙʽʪ ʥʝʦʙʭʽʜʥʦ: ʧʨʠʙʨʘʪʠ ʨʦʙʦʯʝ ʤʽʩʮʝ. 

 

 

http://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D0%B0%D1%85
http://uk.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BF%D1%80%D0%B8%D1%82%D0%BE%D0%BC%D0%BD%D1%96%D1%81%D1%82%D1%8C
http://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%87%D0%BD%D0%BE_%D0%B4%D0%BE%D0%BF%D1%83%D1%81%D1%82%D0%B8%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BD%D1%86%D0%B5%D0%BD%D1%82%D1%80%D0%B0%D1%86%D1%96%D1%8F
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6.6 Пожежна безпека 

ʄʦʞʣʠʚʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʦʞʝʞʽ ʚ ʙʫʜʠʥʢʘʭ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʤʽʱʝʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ ʽ 

ʨʦʟʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚ ʙʫʜʽʚʣʽ. 

ʊʘʙʣʠʮʷ 6.7 - ʉʪʫʧʽʥʴ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ ʙʫʜʠʥʢʫ ʽ ʤʝʞʽ ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʂʘʪʝʛʦʨʽʷ ʙʫʜʽʚʣʽ 

ɼʦʧʫʩʪʠʤʘ 

ʢʣ̔ʴʢʽʩʪʴ 

ʧʦʚʝʨʭʽʚ 

ʉʪʝʧʽʥʴ 

ʚʦʛʥʝʩʪʽʡʢʦʩʪʽ 

ʙʫʜʽʚʣʽ 

ʇʣʦʱʘ ʧʦʚʝʨʭʘ ʚ ʤʝʞʘʭ 

ʧʦʞʝʞʥʦʛʦ ʚʽʜʩʽʢʫ 

ʙʫʜʽʚʝʣʴ, ʤ2 

ɸï ʙʫʜʽʚʣʽ ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʾ, 

ʛʘʟʦʚʦʾ, ʭʽʤʽʯʥʦʾ  ̔

ʥʘʬʪʦʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

2 II  ʅʝ ʦʙʤʝʞʫʻʪʴʩʷ 

 

ʇʨʠʤʽʱʝʥʥʷ ʢʘʪʝʛʦʨʽʾ ɸ ʩʣʽʜ ʨʦʟʤʽʱʫʚʘʪʠ ʙʽʣʷ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ, ʘ ʚ 

ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʣʷʭ - ʥʘ ʚʝʨʭʥʽʭ ʧʦʚʝʨʭʘʭ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʤʦʞʣʠʚʦʛʦ 

ʟʙʠʪʢʫ ʚʽʜ ʚʠʙʫʭʫ ʛʘʟʦʧʦʚʽʪʨʷʥʠʭ ʩʫʤʽʰʝʡ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʫ ʟʦʚʥʽʰʥʽʡ 

ʯʘʩʪʠʥʽ ʙʫʜʽʚʣʽ ʩʧʝʮʽʘʣʴʥʽ ʣʝʛʢʦʩʢʠʜʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ (ʩʢʣʽʥʥʷ ʚʽʢʦʥ ʽ ʣʽʭʪʘʨʽ).  

ʋ ʙʫʜʽʚʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʝʚʘʢʫʘʮʽʡʥʠʭ 

ʚʠʭʦʜʽʚ, ʚʽʜʩʪʘʥʥʶ ʚʽʜ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʜʦ ʝʚʘʢʫʘʮʽʡʥʦʛʦ ʚʠʭʦʜʫ ʟ ʧʨʠʤʽʱʝʥʥʷ 

25 ʤ, ʧʨʠ ʱʽʣʴʥʦʩʪʽ ʣʶʜʩʴʢʦʛʦ ʧʦʪʦʢʫ ʚʽʜ 1 ʜʦ 3 ʯʦʣ/ʤ2; ʰʠʨʠʥʘ ʰʣʷʭʽʚ 

ʝʚʘʢʫʘʮʽʾ 2 ʤ; ʰʠʨʠʥʘ ʜʚʝʨʝʡ ʥʝ ʤʝʥʰʝ 0, 8 ʤ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʜʽʾ ʧʦʞʝʞʽ ʚ ʟʦʚʥʽʰʥʽʭ ʫʩʪʘʥʦʚʢʘʭ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʦʚʽʱʫʚʘʯʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʊʈɺ-1 [26]. 

  



 

ɿʤʥ. ɸʨʢ. ˉ ʜʦʢʫʤ. ʇʽʜʧʠʩ ɼʘʪʘ 

ɸʨʢ. 

77 
ʍɸ 1112 1490 001 ʇɿ 

6.7 Висновки 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʨʦʙʥʠʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʘʙʦ ʥʝʙʝʟʧʝʯʥʠʭ 

ʩʠʪʫʘʮʽʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ. 

ɿʛʽʜʥʦ ʟ ʥʦʨʤʘʪʠʚʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ [28] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʩʪʫʧʽʥʴ 

ʚʘʞʢʦʩʪʽ ʨʦʙʽʪ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʮʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʚʠʟʥʘʯʝʥʦ ʩʘʥʽʪʘʨʥʽ 

ʥʦʨʤʠ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʪʘ ʧʝʨʝʜʙʘʯʝʥʽ ʟʘʭʦʜʠ ʜʣʷ ʾʭ ʥʦʨʤʘʣʽʟʘʮʽʾ, ʘ 

ʩʘʤʝ: ʤʝʭʘʥʽʟʘʮʽʷ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʷʞʢʠʭ ʽ ʧʨʘʮʝʤʽʩʪʢʠʭ ʨʦʙʽʪ; ʜʠʩʪʘʥʮʽʡʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʡ ʘʧʘʨʘʪʘʤʠ; ʨʘʮʽʦʥʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ, 

ʘʛʨʝʛʘʪʽʚ ʪʘ ʽʥʰʝ. 

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʷʢʽ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʘʮʽʚʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ ʜʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ 

ʚ ʮʝʭʫ (ʤʝʪʘʥʦʣ, ʯʘʜʥʠʡ ʛʘʟ), ʘ ʩʘʤʝ ʧʨʦʪʠʛʘʟʠ, ʟʘʭʠʩʥʽ ʢʦʩʪʶʤʠ, ʨʝʩʧʽʨʘʪʦʨʥʽ 

ʤʘʩʢʠ. 

ɹʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʠʩʪʝʤʫ ʰʪʫʯʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʩʚʽʪʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʠʤʽʱʝʥʥʷ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ 

ʦʧʝʨʘʪʦʨʽʚ ï ʪʝʭʥʦʣʦʛʽʚ.  

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʚʽʜ ʚʠʨʦʙʥʠʯʦʛʦ ʰʫʤʫ.  

ɿʛʽʜʥʦ ʟ [29] ʙʫʣʦ ʦʙʨʘʥʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʪʘ 

ʧʦʨʽʚʥʷʥʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤ, ʨʦʟʨʘʭʦʚʘʥʦ ʥʘʧʨʫʛʫ ʜʦʪʠʢʫ, ʱʦ 

ʩʪʘʥʦʚʠʪʴ 220 ɺ. ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʭʦʜʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ: ʟʘʥʫʣʝʥʥʷ, ʟʘʭʠʩʥʝ 

ʚʽʜʢʣʶʯʝʥʥʷ, ʤʘʣʘ ʥʘʧʨʫʛʘ, ʽʟʦʣʷʮʽʷ ʩʪʨʫʤʦʚʝʜʫʯʠʭ ʯʘʩʪʠʥ, ʝʣʝʢʪʨʠʯʥʠʡ 

ʧʦʜʽʣ ʤʝʨʝʞ, ʟʥʘʢʠ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʦʜʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʧʨʘʮʽʚʥʠʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʧʨʘʚʠʣʘ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʽʧʨʦʧʽʣʝʥʫ, ʧʦʢʘʟʥʠʢʠ ʧʦʞʝʞʦ- ʽ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʦʩʪʽ 

ʨʝʯʦʚʠʥ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʘʭʦʜʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʥʠʢʥʝʥʥʶ ʧʦʞʝʞ ʘʙʦ 

ʚʠʙʫʭʽʚ ʫ ʮʝʭʫ. 
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ВИСНОВКИ 

ɺ ʜʘʥʦʤʫ ʜʠʧʣʦʤʥʦʤʫ ʧʨʦʝʢʪʽ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʧʨʦʮʝʩ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʨʦʧʽʣʝʥʫ. 

ɿʘʜʘʯʽ, ʷʢʽ ʙʫʣʠ ʚʠʨʽʰʝʥʽ: 

1. ɼʦʩʣʽʜʞʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʧʨʦʧʽʣʝʥʫ. 

2. ʈʦʟʨʘʭʦʚʘʥʦ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʩʭʝʤʠ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʧʨʦʧʽʣʝʥʫ. ʄʘʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʭʦʜʽ ʩʪʘʥʦʚʣʷʪʴ 893414 ʤ3/ʛʦʜ, ʘ ʚʠʭʽʜʥʠʡ 

ʧʨʦʜʫʢʪ ʩʢʣʘʜʘʻ 893104 ʤ3/ʛʦʜ. ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʪʝʨʽʘʣʴʥʠʡ ʙʘʣʘʥʩ ʨʦʟʨʘʭʦʚʘʥʦ ʚʽʨʥʦ. 

3. ɿʛʽʜʥʦ ʟ ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʤ̫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ 

ʤʦʜʫʣʴ ʜʣʷ ʧʝʨʝʚʽʨʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʢʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ 

ʧʨʦʛʨʘʤʠ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ 0.053 ʤʘʩʦʚʽ 

ʜʦʣʽ. 

4. ʈʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʧʨʦʧʽʣʝʥʫ, 

ʪʘ ʙʫʣʠ ʧʽʜʽʙʨʘʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʚ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʤʫ ʨʝʞʠʤʽ.  

5. ʈʦʟʨʘʭʦʚʘʥʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ï 25757,6 ʛʨʥ., 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ï 689,66 ʪ/ʯʦʣ, ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ 

ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ï 38081400 ʛʨʥ., ʪʘ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʫ ʟʘʨʦʙʽʪʥʫ 

ʧʣʘʪʥʶ ï 4134,2 ʛʨʥ/ʤʽʩ, ʟʘ ʷʢʠʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʻ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʪʘ ʜʦʮʽʣʴʥʠʤ. 

6. ɹʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʘʙʦ ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ, ʪʘ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ  ʩʧʦʩʦʙʠ ʜʣʷ ʾʭ ʫʩʫʥʝʥʥʷ ʪʘ 

ʟʘʧʦʙʽʛʘʥʥʷ.  
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ДОДАТКИ 

Додаток А 
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Додаток Б 

ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʨʘʤʠ 

 

˽ͦ;͊ͭͦ͟

ˤ͍͔͔͒ͤͤΎ 
͙͒͊ͤͻ

J = dH / Cp

L=(h*S*qx*Cp)/

(tau*q*Cp*(h*S

+qx*Cpx))

n=( b- a)/ ha

i = 0

x( i ) = x0 + 
ha * i

f ( a, b)
p( a, b)

˾ͦͪ͊͘ͻͯͤͦ͟
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜͝

i<n

i=i+1

ˤ͙͍͔͔͒ͤͤΎ
͙͒͊ͤͻ

˴͔ͤ͜ͼΈ

1

2

3

4

5

6

7

8

9

10

11
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Додаток В 

Програмний код обчислювального модуля 

Public Class rez 

    Public x1, x2, tau, J, L, c0, k0, En, R, T0, dH, Cp, q, h, S, qx, Cpx, T0x As 

Single 

    Private Sub Button1_Click(sender As Object, e As EventArgs) Handles 

Button1.Click 

        Dim x() As Single 

        Dim a As Single 

        Dim b As Single 

        Dim y() As Single 

        Dim z() As Single 

        Dim g() As Single 

        Dim n, i As Integer 

        Dim x0 As Single 

        Dim k, k1, k2, k3, k4 As Single 

        Dim m, m1, m2, m3, m4 As Single 

        Dim ha As Single, xit, zit, tit As String 

        tau = Val(TextBox1.Text) 

        c0 = Val(TextBox2.Text) 

        k0 = Val(TextBox3.Text) 

        En = Val(TextBox4.Text) 

        R = 8.315 

        T0 = Val(TextBox5.Text) 

        dH = Val(TextBox6.Text) 

        Cp = Val(TextBox7.Text) 

        q = Val(TextBox8.Text) 

        h = Val(TextBox9.Text) 

        S = Val(TextBox10.Text) 

        qx = Val(TextBox11.Text) 
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        Cpx = Val(TextBox12.Text) 

        T0x = Val(TextBox13.Text) 

        J = dH / Cp 

        L = (h * S * qx * Cpx) / (tau * q * Cp * (h * S + qx * Cpx)) 

        a = 0 

        b = 120 

        ha = 5 

        n = (b - a) / ha 

        ReDim x(n) 

        ReDim y(n) 

        ReDim z(n), g(n) 

        x(0) = 0 

        z(0) = 0.06 

        g(0) = 304 

        xit = "" 

        zit = "" 

        tit = "" 

        For i = 0 To n 

            x(i) = x0 + ha * i 

            tit = tit & vbNewLine & x(i) 

        Next i 

           For i = 0 To n - 1 

            k1 = ha * f(z(i), g(i)) 

            m1 = ha * p(z(i), g(i)) 

            k2 = ha * f(z(i) + k1 / 2, g(i) + m1 / 2) 

            m2 = ha * p(z(i) + k1 / 2, g(i) + m1 / 2) 

            k3 = ha * f(z(i) + k2 / 2, g(i) + m2 / 2) 

            m3 = ha * p(z(i) + k2 / 2, g(i) + m2 / 2) 

            k4 = ha * f(z(i) + k3, g(i) + m3) 

            m4 = ha * p(z(i) + k3, g(i) + m3) 
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            k = (k1 + 2 * k2 + 2 * k3 + k4) / 6 

            m = (m1 + 2 * m2 + 2 * m3 + m4) / 6 

            z(i + 1) = z(i) + k 

            g(i + 1) = g(i) + m 

                        grc.Chart1.Series("Series1").Points.AddXY(x(i), z(i)) 

            xit = xit & vbNewLine & g(i) 

            zit = zit & vbNewLine & z(i) 

        Next i 

        TextBox1.ScrollBars = ScrollBars.Vertical 

        TextBox2.ScrollBars = ScrollBars.Vertical 

        TextBox3.ScrollBars = ScrollBars.Vertical 

        data.TextBox1.Text = zit 

        data.TextBox2.Text = xit 

        data.TextBox3.Text = tit 

    End Sub 

 

    Private Function f(a, b) As Single 

        f = (c0 - a) / tau - k0 * 2.7182818 ^ (-En / (R * b)) * a 

    End Function 

 

    Private Function p(a, b) As Single 

        p = (T0 - b) / tau + J * (k0 * 2.7182818 ^ (-En / (R * b)) * a) * a - L / tau * (b 

- T0x) 

    End Function 

 

    Private Sub Button2_Click(sender As Object, e As EventArgs) Handles 

Button2.Click 

        Close() 

    End Sub 

End Class 
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Public Class data 

 

    Private Sub Button1_Click(sender As Object, e As EventArgs) Handles 

Button1.Click 

        Close() 

    End Sub 

 

End Class 

 

Public Class golovna 

 

    Private Sub ɺʚʝʜʝʥʥʷɼʘʥʠʭToolStripMenuItem_Click(sender As Object, e As 

EventArgs) Handles ɺʚʝʜʝʥʥʷɼʘʥʠʭToolStripMenuItem.Click 

        rez.Show() 

    End Sub 

 

    Private Sub ɺʠʭʽʜToolStripMenuItem_Click(sender As Object, e As EventArgs) 

Handles ɺʠʭʽʜToolStripMenuItem.Click 

        End 

    End Sub 

 

    Private Sub ʈʝʟʫʣʴʪʘʪToolStripMenuItem_Click(sender As Object, e As 

EventArgs) Handles ʈʝʟʫʣʴʪʘʪToolStripMenuItem.Click 

        data.Show() 

    End Sub 

 

    Private Sub ɻʨʘʬʽʢɿʤʽʥʥʠʂʦʥʮʝʥʪʨʘʮʽʾToolStripMenuItem_Click(sender As 

Object, e As EventArgs) Handles 

ɻʨʘʬʽʢɿʤʽʥʥʠʂʦʥʮʝʥʪʨʘʮʽʾToolStripMenuItem.Click 

        grc.Show() 

    End Sub 

 

    Private Sub ʉʧʨʘʚʢʘToolStripMenuItem_Click(sender As Object, e As 

EventArgs) Handles ʉʧʨʘʚʢʘToolStripMenuItem.Click 

        spravka.Show() 

    End Sub 

 

    Private Sub ʈʦʟʨʦʙʥʠʢToolStripMenuItem_Click(sender As Object, e As 

EventArgs) Handles ʈʦʟʨʦʙʥʠʢToolStripMenuItem.Click 

        rozrobnuk.Show() 

    End Sub 

End Class 
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Public Class grc 

 

    Private Sub Button1_Click(sender As Object, e As EventArgs) Handles 

Button1.Click 

        Close() 

    End Sub 

 

End Class 

 



 

ɿʤʥ. ɸʨʢ. ˉ ʜʦʢʫʤ. ʇʽʜʧʠʩ ɼʘʪʘ 

ɸʨʢ. 

91 
ʍɸ 1112 1490 001 ʇɿ 

 



 

ɿʤʥ. ɸʨʢ. ˉ ʜʦʢʫʤ. ʇʽʜʧʠʩ ɼʘʪʘ 

ɸʨʢ. 

92 
ʍɸ 1112 1490 001 ʇɿ 

 



 

ɿʤʥ. ɸʨʢ. ˉ ʜʦʢʫʤ. ʇʽʜʧʠʩ ɼʘʪʘ 

ɸʨʢ. 

93 
ʍɸ 1112 1490 001 ʇɿ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ɿʤʥ. ɸʨʢ. ˉ ʜʦʢʫʤ. ʇʽʜʧʠʩ ɼʘʪʘ 

ɸʨʢ. 

94 
ʍɸ 1112 1490 001 ʇɿ 

 


