
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ  

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

________________ʌɸʂʋʃʔʊɽʊ  ɹɯʆʄɽɼʀʏʅʆɰ ɯʅɾɽʅɽʈɯɰ __________________  
(ʧʦʚʥʘ ʥʘʟʚʘ ʽʥʩʪʠʪʫʪʫ/ʬʘʢʫʣʴʪʝʪʫ) 

________________ʢʘʬʝʜʨʘ   ɹɯʆʄɽɼʀʏʅʆɰ ʂɯɹɽʈʅɽʊʀʂʀ _________________  
(ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ) 

 

çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ɹʄʂ 

__________  __ɭʚʛʝʥ ʅɸʉʊɽʅʂʆ_ 
(ʧʽʜʧʠʩ)            (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ñ___ò__ʯʝʨʚʥʷ___2020 ʨ. 

 

ɼʠʧʣʦʤʥʘ ʨʦʙʦʪʘ 

ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʙʘʢʘʣʘʚʨʘ 

ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ 
ʧʨʦʛʨʘʤʦʶ ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʽʦʣʦʛʽʾ ʪʘ ʤʝʜʠʮʠʥʽ 
ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 122  ʂʦʤʧ'ʶʪʝʨʥʽ ʥʘʫʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ (ʢʦʜ ʽ ʥʘʟʚʘ) 

ʥʘ ʪʝʤʫ: ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʋɿ ʟʦʙʨʘʞʝʥʴ ʚ ʟʘʜʘʯʽ  

ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʷ-ʥʦʨʤʘ ʧʨʠ ʜʠʬʫʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʧʝʯʽʥʢʠ 

 

ɺʠʢʦʥʘʚ (-ʣʘ): ʩʪʫʜʝʥʪ (-ʢʘ) IV  ʢʫʨʩʫ, ʛʨʫʧʠ _ɹʉ-61__ 
(ʰʠʬʨ ʛʨʫʧʠ) 

ɻʆʅʏɸʈʋʂ ʄɸʂʉʀʄ ʆʃɽʂʉɸʅɼʈʆɺʀʏ   
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ)  (ʧʽʜʧʠʩ) 

ʂʝʨʽʚʥʠʢ ʜʦʮʝʥʪ ʢʘʬ. ɹʄʂ,   

ʇʘʚʣʦʚ ɺʦʣʦʜʠʤʠʨ ɸʥʘʪʦʣʽʡʦʚʠʯ   

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

ʂʦʥʩʫʣʴʪʘʥʪ ʟ 
ʦʭʦʨʦʥʠ ʧʨʘʮʽ 

ʜʦʮ. ʢʘʬ. ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʧʨʦʤʠʩʣʦʚʦʾ ʪʘ ʮʠʚʽʣʴʥʦʾ 
ʙʝʟʧʝʢʠ , ʢ.ʪ.ʥ., ʜʦʮ. ɼʝʤʯʫʢ ɻʣʽʙ ɺ̔ ʢʪʦʨʦʚʠʯ 

  

ʂʦʥʩʫʣʴʪʘʥʪ ʟ 
ʝʢʦʥʦʤʽʢʠ 

ʟʘʚ ʢʘʬ. ʢʘʬ. ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʥʦʤʽʢʠ,  
ʢ.ʝ.ʥ., ʜʦʮ. ʐʝʚʯʫʢ ʆʣʝʥʘ ɸʥʘʪʦʣʽʾʚʥʘ 

  

                                                (ʥʘʟʚʘ ʨʦʟʜʽʣʫ) ( ʧʦʩʘʜʘ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ)  (ʧʽʜʧʠʩ) 

ʈʝʮʝʥʟʝʥʪ ʚ.ʦ. ʟʘʚ. ʢʘʬ. ɹʄɯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ   

ʃʝʙʝʜʝʚ ʆʣʝʢʩʽʡ ɺʦʣʦʜʠʤʠʨʦʚʠʯ   

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

 
ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʜʠʧʣʦʤʥʽʡ ʨʦʙʦʪʽ 
ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 
ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 
 
ʉʪʫʜʝʥʪ_____________ 

(ʧʽʜʧʠʩ) 

ʂʠʾʚ ï 2020 ʨʦʢʫ



ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʢ̔ʦʨʩʴʢʦʛʦè 

 

ɯʥʩʪʠʪʫʪ (ʬʘʢʫʣʴʪʝʪ) ɹɯʆʄɽɼʀʏʅʆɰ ɯʅɾɽʅɽʈɯɰ 
(ʧʦʚʥʘ ʥʘʟʚʘ) 

ʂʘʬʝʜʨʘ ɹɯʆʄɽɼʀʏʅʆɰ ʂɯɹɽʈʅɽʊʀʂʀ 
(ʧʦʚʥʘ ʥʘʟʚʘ) 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʧʝʨʰʠʡ (ʙʘʢʘʣʘʚʨʩʴʢʠʡ)  

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 122 ʂʦʤʧ'ʶʪʝʨʥʽ ʥʘʫʢʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʆʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʘ ʧʨʦʛʨʘʤʘ ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʙʽʦʣʦʛʽʾ ʪʘ ʤʝʜʠʮʠʥʽ 
(ʢʦʜ ʽ ʥʘʟʚʘ) 

 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ɹʄʂ 

__________  _ɭʚʛʝʥ ʅɸʉʊɽʅʂʆ_ 
(ʧʽʜʧʠʩ)                           (ʚʣʘʩʥʝ ʽʤôʷ, ʧʨʽʟʚʠʱʝ) 

ç_22_è__ʪʨʘʚʥʷ_2020 ʨ. 

 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʜʠʧʣʦʤʥʫ ʨʦʙʦʪʫ ʩʪʫʜʝʥʪʫ 

 

ɻʆʅʏɸʈʋʂ ʄɸʂʉʀʄ ʆʃɽʂʉɸʅɼʈʆɺʀʏ 
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) 

1. ʊʝʤʘ ʨʦʙʦʪʠ ʆʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʋɿ  

ʟʦʙʨʘʞʝʥʴ ʚ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʘʪʦʣʦʛʽʷ-ʥʦʨʤʘ ʧʨʠ ʜʠʬʫʟʥʠʭ  

ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʧʝʯʽʥʢʠ 

ʢʝʨʽʚʥʠʢ ʨʦʙʦʪʠ ʇʘʚʣʦʚ ɺʦʣʦʜʠʤʠʨ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʜʦʮ. ʢʘʬ. ɹʄʂ 

 

 (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç 25 è  ʪʨʘʚʥʷ  2020 ʨ. ˉ 1191 -ʩ 

 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ 

ʨʦʙʦʪʠ 

6-8  ʯʝʨʚʥʷ 2020 ʨʦʢʫ 

3. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʙʦʪʠ ʜʘʪʘʩʝʪ ʟʦʙʨʘʞʝʥʴ ʋɿɼ ʟ ʚʠʜʽʣʝʥʠʤʠ  

ʦʙʣʘʩʪʷʤʠ ʽʥʪʝʨʝʩʫ 

 

4. ɿʤʽʩʪ ʨʦʙʦʪʠ ɺʩʪʫʧ, ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʘʥʘʣʽʪʠʯʥʠʡ 

ʦʛʣʷʜ, ʧʨʘʢʪʠʯʥʘ ʯʘʩʪʠʥʘ, ʦʭʦʨʦʥʘ ʧʨʘʮʽ, ʝʢʦʥʦʤʽʯʥʠʡ ʨʦʟʜʽʣ, ʟʘʛʘʣʴʥʽ  

ʚʠʩʥʦʚʢʠ, ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

 

5. ʇʝʨʝʣʽʢ ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʧʣʘʢʘʪʽʚ, ʧʨʝʟʝʥʪʘʮʽʡ 

ʪʦʱʦ) 

20 ʨʠʩʫʥʢʽʚ, 18 ʪʘʙʣʠʮʴ 

 



6. ʂʦʥʩʫʣʴʪʘʥʪʠ  ʨʦʟʜʽʣʽʚ  ʨʦʙʦʪʠ 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ  

ʚʠʜʘʚ 

ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

ɼʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʄʘʪʚʽʡʯʫʢ ʆ.ɺ., ʘʩ., ʂɹʄɹ 06.04.2020 12.05.2020 

ʆʭʦʨʦʥʠ ʧʨʘʮʽ ɼʝʤʯʫʢ ɻ.ɺ., ʜʦʮ., ʢ.ʪ.ʥ. 13.04.2020 22.05.2020 

ɽʢʦʥʦʤʽʢʠ ʐʝʚʯʫʢ ʆ.ɸ., ʜʦʮ., ʢ.ʝ.ʥ. 13.04.2020 22.05.2020 

7. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ  18-22 ʪʨʘʚʥʷ 2020 ʨ. 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 
ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ 

ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ  

ʝʪʘʧʽʚ ʨʦʙʦʪʠ 
ʇʨʠʤʽʪʢʘ 

1 ʆʪʨʠʤʘʪʠ ʟʘʚʜʘʥʥʷ ʥʘ ɼʈ 18-22 ʪʨʘʚʥʷ 2020ʨ..  

2 ʈʦʟʜʽʣ ɼʈ ʟ çʆʭʦʨʦʥʠ ʧʨʘʮʽ, ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʪʘ 
ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷè 

22 ʪʨʘʚʥʷ 2020  

3 ʈʦʟʜʽʣ ɼʈ ʟ çʈʦʟʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫè 22 ʪʨʘʚʥʷ 2020  

4 ʈʦʟʜʽʣ ɼʈ ɺʉʊʋʇ, ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ. 22 ʪʨʘʚʥʷ 2020  

5 ʈʦʟʜʽʣ ɼʈ ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ (ʊʝʦʨʝʪʠʯʥʘ). 25 ʪʨʘʚʥʷ 2020  

6 ʈʦʟʜʽʣ ɼʈ ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ (ɸʥʘʣʽʪʠʯʥʘ).. 30 ʪʨʘʚʥʷ 2020  

7 ʈʦʟʜʽʣ ɼʈ ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ (ʇʨʘʢʪʠʯʥʘ). 

ɺʀʉʅʆɺʂʀ. ɼʆɼɸʊʂʀ 
ɼʦ 01 ʯʝʨʚʥʷ 2020 ʨ. 

 

8 ʇʽʜʛʦʪʦʚʢʘ ʩʫʧʨʦʚʽʜʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, 

ʇʨʝʟʝʥʪʘʮʽʷ. 
ɼʦ 06 ʯʝʨʚʥʷ 2020 ʨ. 

 

9 ʇʦʜʘʥʥʷ ʨʦʙʦʪʠ ʢʝʨʽʚʥʠʢʫ ɼʈ ɼʦ 01 ʯʝʨʚʥʷ 2020ʨ.   

10 ʇʨʦʭʦʜʞʝʥʥʷ ʥʦʨʤʦʢʦʥʪʨʦʣʶ ʧʦ ʦʬʦʨʤʣʝʥʥʶ 

ɼʈ 
1-6 ʯʝʨʚʥʷ 2020ʨ 

 

11 ʇʝʨʝʚʽʨʢʘ ʨʦʙʦʪʠ ʥʘ ʧʣʘʛʽʘʪ (UNICHEK)  5-8 ʯʝʨʚʥʷ 2020ʨ  

12 ʇʦʜʘʥʥʷ ɼʈ ʨʝʮʝʥʟʝʥʪʫ. ʆʪʨʠʤʘʥʥʷ ʨʝʮʝʥʟʽʾ. 8-10 ʯʝʨʚʥʷ 2020ʨ  

13 ʇʦʜʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ ɼʈ ʪʘ ʘʥʦʪʘʮʽʾ 

ʜʦ ʥʝʾ ʥʘ ʩʘʡʪ ʢʘʬʝʜʨʠ. 
6-8 ʯʝʨʚʥʷ 2020ʨ 

 

14 ʇʦʜʘʥʥʷ ʧʘʢʝʪʫ ʜʦʢʫʤʝʥʪʽʚ ʧʦ ɼʈ ʜʦ ʟʘʭʠʩʪʫ ʚ 

ɽʂ 
8-10 ʯʝʨʚʥʷ 2020ʨ. 

 

15 ɿʘʭʠʩʪ ɼʈ ʚ ɽʂ 15-20 ʯʝʨʚʥʷ 2020ʨ  

 

 

ʉʪʫʜʝʥʪ    ʄʘʢʩʠʤ ɻʆʅʏɸʈʋʂ 

  (ʧʽʜʧʠʩ)  
(ʚʣʘʩʥʝ ʽʤôʷ, ʧʨʽʟʚʠʱʝ) 

ʂʝʨʽʚʥʠʢ ʨʦʙʦʪʠ    ɺʦʣʦʜʠʤʠʨ ʇɸɺʃʆɺ 

  (ʧʽʜʧʠʩ)  
(ʚʣʘʩʥʝ ʽʤôʷ, ʧʨʽʟʚʠʱʝ) 

 
 

 



ɸʅʆʊɸʎɯʗ 

 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ: ʧʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʽʟ 32 

ʜʞʝʨʝʣ ʪʘ ʦʜʥʦʛʦ ʜʦʜʘʪʢʫ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ: 69 

ʩʪʦʨʽʥʦʢ, ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ (ʙʝʟ ʜʦʜʘʪʢʽʚ) ï 67, ʽʣʶʩʪʨʘʮʽʡ ï 20, ʪʘʙʣʠʮʴ ï 

18.  

ʄʝʪʦʶ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʦʨʤʘ-

ʧʘʪʦʣʦʛʽʷ ʧʝʯʽʥʢʠ ʧʦ ʋɿ ʟʦʙʨʘʞʝʥʥʷʤ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʚʫ Python ʽ ʪʘʢʦʞ 

ʙʽʙʣʦʪʝʢʠ ʜʣʷ ʜʦʩʣʜʞʝʥʥʷ ʜʘʥʠʭ ï Scikit, OpenCV. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʫʣʴ, ʷʢʠʡ ʤʦʞʝ ʧʨʦʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʽ ʚʠʚʝʩʪʠ 

ʦʙʨʘʟʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʮʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ɼʠʧʣʦʤʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʟʘʤʦʚʣʝʥʥʷ ʬʽʨʤʠ çGeeksForLess Inc.è, 

ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʨʦʙʦʪʫ (ʘʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ ç10è ʯʝʨʚʥʷ 2020ʨ.) 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʝʯʽʥʢʘ, ʜʠʬʫʟʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʨʽʟʥʠʮʝʚʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ, Python, GLCM,  RFE, RFC. 
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ABSTRACT 

 

Structure and scope of work: the explanatory note consists of an 

introduction, five chapters, conclusions, a list of references from 32 sources and 

one appendic. The total volume of the thesis is: 69 pages, the main text (without 

appendices) - 67, illustrations - 20, tables ï 18. 

ʄʝʪʦʶ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʦʨʤʘ-

ʧʘʪʦʣʦʛʽʷ ʧʝʯʽʥʢʠ ʧʦ ʋɿ ʟʦʙʨʘʞʝʥʥʷʤ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

The aim of the thesis is to create a system for classification norm-pathology 

of liver using ultrasound images with improved indicators of classification 

quality. Python programming language and data science libraries like Scikit and 

OpenCV were used to perform the work. As a result, a programming module has 

been developed which can predict image and show objective representation of 

results on image. 

The thesis was commissioned by çGeeksForLess Inc.è, the results are 

implemented (act of implementation of "10" June 2020). 

Keywords: liver, diffuse disease, difference transformation, co-occurrence 

matrix, Python, GLCM, RFE, RFC. 
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ɺʉʊʋʇ 

 

ɿʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ ʜʣʷ ʞʠʪʪʷ 

ʟʘʭʚʦʨʶʚʘʥʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ʉʝʨʝʜ ʭʚʦʨʦʙ ʦʨʛʘʥʽʚ ʪʨʘʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰʫ 

ʩʤʝʨʪʥʽʩʪʴ ʤʘʶʪʴ ʬʽʙʨʦʟ ʽ ʮʠʨʦʟ ʧʝʯʽʥʢʠ ʪʘ ʘʣʢʦʛʦʣʴʥʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ, ʱʦ 

ʩʪʘʥʦʚʣʷʪʴ 59,9% ʩʝʨʝʜ ʫʩʴʦʛʦ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ[1]. ʗʢʱʦ ʭʚʦʨʦʙʫ ʥʝ ʙʫʜʝ 

ʚʠʷʚʣʝʥʠʡ ʚʯʘʩʥʦ ʽ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʥʝ ʥʘʜʘʥʦ ʧʝʨʰʫ ʜʦʧʦʤʦʛʫ, ʮʝ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʘʛʘʪʦ ʩʝʨʡʦʟʥʠʭ ʽʥʬʝʢʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ, ʚ ʥʘʡʛʽʨʰʦʤʫ 

ʚʠʧʘʜʢʫ - ʩʤʝʨʪʴ. ɹʽʦʧʩʽʷ ʧʝʯʽʥʢʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ 

ʧʝʯʽʥʢʠ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʣʽʢʘʨʷʤ ʦʙʩʪʝʞʠʪʠ ʧʝʯʽʥʢʫ ʽ ʤʘʻ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʇʦʨʷʜ ʟ ʮʠʤʠ ʙʽʦʧʩʽʷ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʩʝʨʝʜ ʷʢʠʭ 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʥʝʧʨʠʜʘʪʥʽʩʪʴ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʢʫʚʘʥʥʷ, 

ʩʪʨʘʭ ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʦʶ ʪʘ ʥʠʟʴʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʛʦʜʠ ʥʘ ʧʨʦʮʝʜʫʨʫ, 

ʜʠʩʢʦʤʬʦʨʪ ʪʘ ʫʩʢʣʘʜʥʝʥʥʷ, ʧʨʦʪʠʧʦʢʘʟʘʥʥʷ, ʙʽʣʴ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʧʨʦʮʝʜʫʨʠ, ʰʘʥʩ ʽʥʬʽʢʫʚʘʥʥʷ ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ ʘʙʦ ʽʥʰʽ 

ʪʨʘʚʤʠ, ʷʢʽ ʟʘʚʘʞʘʶʪʴ ʧʦʜʘʣʴʰʦʤʫ ʣʽʢʫʚʘʥʥʶ[2]. 

ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʥʝʥʘʚʤʠʩʥʫ ʰʢʦʜʫ ʧʘʮʽʻʥʪʘʤ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʥʝʽʥʚʘʟʠʚʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʪʘʢʽ ʷʢ ʬʽʙʨʦʝʣʘʩʪʦʤʝʪʨʽʷ(ʦʜʠʥ ʟ ʤʝʪʦʜʽʚ 

ʋɿɼ), ʢʦʤʧ'ʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʂʊ) ʘʙʦ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ 

(ʄʈʊ). ʇʦʨʽʚʥʷʥʦ ʟ ʙʽʦʧʩʽʻʶ ʜʘʥʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ, ʪʘʢʽ ʷʢ 

ʚʽʜʩʫʪʥʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ, ʫʪʦʯʥʝʥʥʷ ʝʪʽʦʣʦʛʽʾ 

ʭʚʦʨʦʙʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʝʙʽʛʫ ʟʘʭʚʦʨʶʚʘʥʥʷ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʘʧʽʾ. 

ɼʘʥʠʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʝʯʽʥʢʠ ʪʘ ʢʣʽʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʥ ʤʦʞʝ ʥʘʜʘʪʠ ʚʽʟʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʣʽʢʘʨʽʚ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʩʪʘʥ ʭʚʦʨʦʛʦ. ʇʨʦʪʝ, ʥʘ ʧʦʩʪʘʥʦʚʢʫ ʜʽʘʛʥʦʟʫ ʟʥʘʯʥʦ 

ʚʧʣʠʚʘʻ ʷʢʽʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʪʘʢ ʩʘʤʦ ʷʢ ʟʥʘʥʥʷ ʽ ʜʦʩʚʽʜ 

ʣʽʢʘʨʽʚ. ɼʣʷ ʥʝʜʦʩʚʽʜʯʝʥʠʭ ʋɿɼ-ʩʧʝʮʽʘʣʽʩʪʽʚ ʥʝ ʟʘʚʞʜʠ ʣʝʛʢʦ ʪʦʯʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʜʽʘʛʥʦʟ[3, 4].  
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ʊʦʤʫ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʠʩʚʷʪʠʪʠ ʜʠʧʣʦʤʫ ʨʦʙʦʪʫ ʜʣʷ 

ʜʦʧʦʤʦʛʠ ʣʽʢʘʨʷʤ ʚ ʧʦʩʪʘʥʦʚʮʽ ʜʽʘʛʥʦʟʫ ʽ ʚʽʜʥʘʡʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʥʦʚʽ ʦʟʥʘʢʠ, 

ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʋɿ-ʟʦʙʨʘʞʝʥʴ ʧʨʠ ʧʘʪʦʣʦʛʽʷʭ ʧʝʯʽʥʢʠ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

 

1.1 ʌʽʙʨʦʟ ʧʝʯʽʥʢʠ 

 

ʌʽʙʨʦʟ - ʮʝ ʫʪʚʦʨʝʥʥʷ ʘʥʦʤʘʣʴʥʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʫʙʮʝʚʦʾ ʪʢʘʥʠʥʠ 

ʚ ʧʝʯʽʥʮʽ. ɺʽʥ ʚʠʥʠʢʘʻ ʧʨʠ ʩʧʨʦʙʘʭ ʧʝʯʽʥʢʠ ʚʽʜʥʦʚʣʶʚʘʪʠ ʽ ʟʘʤʽʥʶʚʘʪʠ 

ʧʦʰʢʦʜʞʝʥʽ ʢʣʽʪʠʥʠ(ʨʠʩ. 1.1). 

ʉʘʤ ʬʽʙʨʦʟ ʥʝ ʚʠʢʣʠʢʘʻ ʥʽʷʢʠʭ ʩʠʤʧʪʦʤʽʚ, ʘʣʝ ʩʠʣʴʥʽ ʨʫʙʮʽ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʮʠʨʦʟʫ. ʃʽʢʘʨʽ ʯʘʩʪʦ ʤʦʞʫʪʴ ʜʽʘʛʥʦʩʪʫʚʘʪʠ ʭʚʦʨʦʙʫ ʽ ʦʮʽʥʠʪʠ 

ʩʪʘʜʽʶ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʽʚ ʢʨʦʚʽ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʘʣʝ ʽʥʦʜʽ 

ʥʝʦʙʭʽʜʥʘ ʙʽʦʧʩʽʷ ʧʝʯʽʥʢʠ. ʌʽʙʨʦʟ ʽ ʮʠʨʦʟ ʥʝ ʻ ʩʧʝʮʠʬʽʯʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ. 

ʅʘʪʦʤʽʩʪʴ ʚʦʥʠ ʻ ʥʘʩʣʽʜʢʦʤ ʽʥʰʠʭ ʧʨʠʯʠʥ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ[5]. 

1.1.1 ʇʨʠʯʠʥʠ 

ʈʽʟʥʽ ʨʦʟʣʘʜʠ ʪʘ ʧʨʝʧʘʨʘʪʠ ʤʦʞʫʪʴ ʙʘʛʘʪʦʨʘʟʦʚʦ ʘʙʦ ʧʦʩʪʽʡʥʦ 

ʧʦʰʢʦʜʞʫʚʘʪʠ ʧʝʯʽʥʢʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʧʨʠʯʠʥʷʪʠ ʬʽʙʨʦʟ. 

ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʬʽʙʨʦʟʫ ʻ: 

ǒ ʟʣʦʚʞʠʚʘʥʥʷ ʘʣʢʦʛʦʣʝʤ; 

ǒ ʚʽʨʫʩʥʠʡ ʛʝʧʘʪʠʪ ʉ; 

ǒ ʥʝʘʣʢʦʛʦʣʴʥʘ ʞʠʨʦʚʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ.  

ʅʝʘʣʢʦʛʦʣʴʥʘ ʞʠʨʦʚʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ ʟʘʟʚʠʯʘʡ ʚʠʥʠʢʘʻ ʫ ʣʶʜʝʡ, ʷʢʽ 

ʤʘʶʪʴ ʟʘʡʚʫ ʤʘʩʫ ʪʽʣʘ , ʜʽʘʙʝʪ ʘʙʦ ʧʨʝʜʽʘʙʝʪ ʪʘ / ʘʙʦ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʞʠʨʽʚ 

(ʣʽʧʽʜʽʚ) ʪʘ ʭʦʣʝʩʪʝʨʠʥʫ ʚ ʢʨʦʚʽ. ʊʘʢʝ ʧʦʻʜʥʘʥʥʷ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʞʠʨʦʚʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʧʝʯʽʥʢʠ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʤʝʪʘʙʦʣʽʯʥʠʤ ʩʠʥʜʨʦʤʦʤ. ɯʥʦʜʽ 

ʧʨʠʯʠʥʘ ʬʽʙʨʦʟʫ ʥʝ ʚʽʜʦʤʘ. 

1.1.2 ʉʠʤʧʪʦʤʠ 

ʌʽʙʨʦʟ ʩʘʤ ʧʦ ʩʦʙʽ ʥʝ ʚʠʢʣʠʢʘʻ ʩʠʤʧʪʦʤʽʚ. ʉʠʤʧʪʦʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʘʩʣʽʜʢʦʤ ʨʦʟʣʘʜʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʬʽʙʨʦʟ. ʊʘʢʦʞ ʷʢʱʦ ʬʽʙʨʦʟ ʧʨʦʛʨʝʩʫʻ, ʪʦ 

ʤʦʞʝ ʨʦʟʚʠʥʫʪʠʩʷ ʮʠʨʦʟ . ʎʠʨʦʟ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʫʩʢʣʘʜʥʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, 

ʧʦʨʪʘʣʴʥʘ ʛʽʧʝʨʪʝʥʟʽʷ ), ʚʽʜ ʷʢʠʭ ʚʠʥʠʢʘʶʪʴ ʩʠʤʧʪʦʤʠ[6]. 
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ʈʠʩʫʥʦʢ 1.1 ʉʪʫʧʝʥʽ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ. 

 

1.1.3 ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʆʩʥʦʚʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ ʧʝʯʽʥʢʠ: 

ǒ ʦʮʽʥʢʘ ʣʽʢʘʨʷ; 

ǒ ʘʥʘʣʽʟ ʢʨʦʚʽ; 

ǒ ʚʽʟʫʘʣʴʥʽ ʪʝʩʪʠ; 

ǒ ʙʽʦʧʩʽʷ ʧʝʯʽʥʢʠ. 

ʋ ʣʽʢʘʨʽʚ ʚʠʥʠʢʘʶʪʴ ʧʽʜʦʟʨʠ ʥʘ ʬʽʙʨʦʟ, ʢʦʣʠ ʫ ʧʘʮʽʻʥʪʽʚ ʧʨʠʩʫʪʥʽ 

ʨʦʟʣʘʜʠ ʘʙʦ ʚʦʥʠ ʧʨʠʡʤʘʶʪʴ ʧʨʝʧʘʨʘʪ, ʷʢʠʡ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʬʽʙʨʦʟ, ʘʙʦ 

ʢʦʣʠ ʟʘʛʘʣʴʥʽ ʘʥʘʣʽʟʠ ʢʨʦʚʽ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʝʯʽʥʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʧʝʯʽʥʢʘ ʧʦʰʢʦʜʞʝʥʘ ʘʙʦ ʧʨʘʮʶʻ ʥʝʧʨʘʚʠʣʴʥʦ. ʇʽʩʣʷ ʪʦʛʦ ʧʨʦʚʦʜʷʪʴʩʷ 

ʘʥʘʣʽʟʠ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʽʘʛʥʦʟʫ, ʘ ʷʢʱʦ ʬʽʙʨʦʟ ʧʨʠʩʫʪʥʽʡ, ʪʦ 

ʧʨʦʚʦʜʷʪʴʩʷ ʘʥʘʣʽʟʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʩʪʫʧʽʥʴ. ʎʽ ʪʝʩʪʠ ʤʦʞʫʪʴ 

ʚʢʣʶʯʘʪʠ ʪʝʩʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʘʥʘʣʽʟʠ ʢʨʦʚʽ, ʙʽʦʧʩʽʶ ʧʝʯʽʥʢʠ, ʘ ʽʥʦʜʽ ʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʝʩʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʧʝʯʽʥʢʘ ʚʢʨʠʪʘ 

ʨʫʙʮʷʤʠ. 
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ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʝʩʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʞʫʪʴ ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ 

ʞʦʨʩʪʢʘ ʧʝʯʽʥʢʘ. ʏʠʤ ʞʦʨʩʪʢʽʰʘ ʧʝʯʽʥʢʦʚʘ ʪʢʘʥʠʥʘ, ʪʠʤ ʚʠʱʘ ʩʪʘʜʽʷ 

ʬʽʙʨʦʟʫ. ʎʽ ʪʝʩʪʠ (ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʝʣʘʩʪʦʛʨʘʬʽʷ, ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ 

ʝʣʘʩʪʦʛʨʘʬʽʷ ʪʘ ʽʤʧʫʣʴʩʥʘ ʪʦʤʦʛʨʘʬʽʷ ʟ ʘʢʫʩʪʠʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʚʫʢʦʚʽ ʭʚʠʣʽ, ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʜʦ ʞʠʚʦʪʘ ʧʘʮʽʻʥʪʘ, ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʞʦʨʩʪʢʘ ʪʢʘʥʠʥʘ ʧʝʯʽʥʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʽʦʧʩʽʾ 

ʧʝʯʽʥʢʠ, ʮʽ ʪʝʩʪʠ ʥʝ ʻ ʽʥʚʘʟʠʚʥʠʤʠ, ʽ ʪʦʤʫ ʚʦʥʠ ʤʘʶʪʴ ʧʝʚʥʫ ʧʝʨʝʚʘʛʫ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʫ ʝʣʘʩʪʦʛʨʘʬʽʶ ʪʘ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʫ ʝʣʘʩʪʦʛʨʘʬʽʶ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʣʶʜʷʤ ʟ ʚʽʨʫʩʥʠʤ ʛʝʧʘʪʠʪʦʤ ʉ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʬʽʙʨʦʟʫ. 

ʂʨʽʤ ʪʦʛʦ, ʮʽ ʪʝʩʪʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʣʶʜʝʡ ʟ ʞʠʨʦʚʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ 

ʧʝʯʽʥʢʠ.  

1.1.4 ʃʽʢʫʚʘʥʥʷ 

ʃʽʢʘʨʽ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʥʘ ʣʽʢʫʚʘʥʥʽ ʧʨʠʯʠʥʠ, ʱʦ ʯʘʩʪʦ ʟʫʧʠʥʷʻ ʘʙʦ 

ʩʧʦʚʽʣʴʥʶʻ ʧʦʜʘʣʴʰʝ ʨʫʙʮʶʚʘʥʥʷ ʧʝʯʽʥʢʠ ʽ ʽʥʦʜʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʣʽʧʰʝʥʥʷ. ʊʘʢʝ ʣʽʢʫʚʘʥʥʷ ʤʦʞʝ ʚʢʣʶʯʘʪʠ: 

ǒ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʚʽʨʫʩʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʜʣʷ ʫʩʫʥʝʥʥʷ ʚʽʨʫʩʫ, ʷʢʱʦ 

ʧʘʮʽʻʥʪʠ ʤʘʶʪʴ ʭʨʦʥʽʯʥʠʡ ʚʽʨʫʩʥʠʡ ʛʝʧʘʪʠʪ; 

ǒ ʧʨʠʧʠʥʝʥʥʷ ʚʞʠʚʘʥʥʷ ʘʣʢʦʛʦʣʶ, ʷʢʱʦ ʫ ʣʶʜʝʡ ʻ ʘʣʢʦʛʦʣʴʥʽ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ; 

ǒ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʢʽʚ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʷʢʱʦ ʫ ʣʶʜʝʡ ʻ 

ʥʘʜʣʠʰʦʢ ʟʘʣʽʟʘ ʚ ʦʨʛʘʥʽʟʤʽ (ʛʝʤʦʭʨʦʤʘʪʦʟ) ʘʙʦ ʭʚʦʨʦʙʘ ɺʽʣʴʩʦʥʘ 

(ʥʘʜʤʽʨʥʘ ʢʽʣʴʢʽʩʪʴ ʱʦ ʤʽʜʴ ʚ ʦʨʛʘʥʽʟʤʽ); 

ǒ ʧʨʠʧʠʥʝʥʥʷ ʚʞʠʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʬʽʙʨʦʟ; 

ǒ ʩʭʫʜʥʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʨʽʚʥʷ ʮʫʢʨʫ ʚ ʢʨʦʚʽ ʪʘ ʣʽʧʽʜʽʚ ʫ ʣʶʜʝʡ ʟ 

ʥʝʘʣʢʦʛʦʣʴʥʦʶ ʞʠʨʦʚʦʶ ʭʚʦʨʦʙʦʶ ʧʝʯʽʥʢʠ. 

ʅʝ ʽʩʥʫʻ ʧʨʝʧʘʨʘʪʫ, ʷʢʠʡ ʝʬʝʢʪʠʚʥʦ ʪʘ ʙʝʟʧʝʯʥʦ ʟʫʧʠʥʷʻ ʫʪʚʦʨʝʥʥʷ 

ʨʫʙʮʝʚʦʾ ʪʢʘʥʠʥʠ. ʆʜʥʘʢ ʚʠʚʯʘʶʪʴʩʷ ʧʨʝʧʘʨʘʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ 

ʩʪʫʧʽʥʴ ʬʽʙʨʦʟʫ. ʉʠʣʽʤʘʨʠʥ, ʧʦʪʫʞʥʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪ, ʧʨʠʩʫʪʥʽʡ ʫ 

ʣʽʢʘʨʩʴʢʽʡ ʨʦʩʣʠʥʽ ʧʽʜ ʥʘʟʚʦʶ ʨʦʟʪʦʨʦʧʰʘ , ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 
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ʣʽʢʫʚʘʥʥʷ ʬʽʙʨʦʟʫ. ʊʘʢʦʞ ʢʘʚʘ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʟʘʭʠʩʪʠʪʠ ʧʝʯʽʥʢʫ ʚʽʜ 

ʬʽʙʨʦʟʫ. 

 

1.2 ʎʠʨʦʟ ʧʝʯʽʥʢʠ 

 

ʎʠʨʦʟ - ʮʝ ʭʨʦʥʽʯʥʝ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ, ʷʢʝ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʥʦʨʤʘʣʴʥʦʾ ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ ʥʘʟʘʚʞʜʠ ʟʘʤʽʥʝʥʦ ʥʝ 

ʬʫʥʢʮʽʦʥʫʶʯʦʶ ʨʫʙʮʝʚʦʶ ʪʢʘʥʠʥʦʶ. ʈʫʙʮʝʚʘ ʪʢʘʥʠʥʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠ 

ʫʨʘʞʝʥʥʽ ʧʝʯʽʥʢʠ ʧʦʚʪʦʨʥʦ ʘʙʦ ʧʦʩʪʽʡʥʦ[7]. 

ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ʧʝʯʽʥʢʠ ʧʦʨʫʰʝʥʘ, ʧʝʯʽʥʢʘ ʤʝʥʰʝ ʟʜʘʪʥʘ ʜʦ: 

ǒ ʨʦʟʱʝʧʣʝʥʥʷ ʽ ʚʠʚʦʜʫ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʪʦʢʩʠʥʽʚ ʪʘ ʚʽʜʭʦʜʽʚ, 

ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʦʨʛʘʥʽʟʤ; 

ǒ ʧʨʦʜʫʢʫʚʘʥʥʷ ʞʦʚʯʽ; 

ǒ ʧʨʦʜʫʢʫʚʘʥʥʷ ʙʽʣʢʽʚ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʟʛʦʨʪʘʥʥʶ ʢʨʦʚʽ; 

1.2.1 ʇʨʠʯʠʥʠ 

ɹʫʜʴ-ʷʢʝ ʧʦʨʫʰʝʥʥʷ, ʥʘʨʢʦʪʠʢʠ ʘʙʦ ʪʦʢʩʠʥ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʬʽʙʨʦʟ, 

ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʮʠʨʦʟ. ɼʝʷʢʽ ʩʧʝʮʠʬʽʯʥʽ ʧʨʠʯʠʥʠ ʚʢʣʶʯʘʶʪʴ ʧʝʚʥʽ 

ʩʧʘʜʢʦʚʽ ʧʦʨʫʰʝʥʥʷ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ, ʪʘʢʽ ʷʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʘʣʽʟʦʤ 

(ʛʝʤʦʭʨʦʤʘʪʦʟ) ʽ ʧʦʨʫʰʝʥʥʷ, ʷʢʽ ʧʦʰʢʦʜʞʫʶʪʴ ʞʦʚʯʥʽ ʧʨʦʪʦʢʠ(ʧʝʨʚʠʥʥʠʡ 

ʙʽʣʽʘʨʥʠʡ ʭʦʣʘʥʛʽʪ ʪʘ ʧʝʨʚʠʥʥʠʡ ʩʢʣʝʨʦʟʫʶʯʠʡ ʭʦʣʘʥʛʽʪ) . 

1.2.2 ʉʠʤʧʪʦʤʠ 

ʋ ʙʘʛʘʪʴʦʭ ʣʶʜʝʡ, ʱʦ ʩʪʨʘʞʜʘʶʪʴ ʮʠʨʦʟʦʤ, ʥʝʤʘʻ ʥʽʷʢʠʭ ʩʠʤʧʪʦʤʽʚ 

ʽ, ʟʜʘʻʪʴʩʷ, ʜʦʙʨʝ ʨʦʢʘʤʠ. ʇʨʠʙʣʠʟʥʦ ʪʨʝʪʠʥʘ ʥʽʢʦʣʠ ʥʝ ʨʦʟʚʠʚʘʻ ʩʠʤʧʪʦʤʽʚ. 

ɯʥʰʽ ʚʽʜʯʫʚʘʶʪʴ ʚʪʦʤʫ ʪʘ ʟʘʛʘʣʦʤ ʧʦʛʘʥʦ ʧʦʯʫʚʘʶʪʴʩʷ, ʚʪʨʘʯʘʶʪʴ 

ʘʧʝʪʠʪ ʪʘ ʭʫʜʥʫʪʴ: 

ǒ ʾʭ ʢʽʥʯʠʢʠ ʧʘʣʴʮʽʚ ʤʦʞʫʪʴ ʟʙʽʣʴʰʫʚʘʪʠʩʷ; 

ǒ ʤʦʞʝ ʨʦʟʚʠʥʫʪʠʩʷ ʞʦʚʪʷʥʠʮʷ , ʟʘʚʜʷʢʠ ʯʦʤʫ ʰʢʽʨʘ ʪʘ ʙʽʣʽ ʦʯʽ 

ʚʠʛʣʷʜʘʶʪʴ ʞʦʚʪʠʤʠ, ʘ ʩʝʯʘ ʚʠʛʣʷʜʘʻ ʪʝʤʥʦʶ, ʷʢ ʢʦʣʘ. 

ǒ ʤ'ʷʟʠ ʚʽʜʧʘʜʘʶʪʴ (ʘʪʨʦʬʫʶʪʴʩʷ); 

ǒ ʜʦʣʦʥʽ ʩʪʘʶʪʴ ʯʝʨʚʦʥʠʤʠ. 
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1.2.3 ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ɼʽʘʛʥʦʟ ʮʠʨʦʟ ʟʘʟʚʠʯʘʡ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʩʠʤʧʪʦʤʽʚ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʬʽʟʠʢʘʣʴʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʚ ʘʥʘʤʥʝʟʽ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʮʠʨʦʟʫ, 

ʪʘʢʠʭ ʷʢ ʭʨʦʥʽʯʥʝ ʟʣʦʚʞʠʚʘʥʥʷ ʘʣʢʦʛʦʣʝʤ. ʏʘʩʪʦ ʧʽʜ ʯʘʩ ʬʽʟʠʢʘʣʴʥʦʛʦ 

ʦʙʩʪʝʞʝʥʥʷ ʣʽʢʘʨ ʧʦʤʽʯʘʻ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʻ ʥʘʩʣʽʜʢʦʤ ʮʠʨʦʟʫ, ʪʘʢʽ 

ʷʢ ʟʙʽʣʴʰʝʥʘ ʩʝʣʝʟʽʥʢʘ, ʥʘʙʨʷʢʣʠʡ ʞʠʚʽʪ (ʱʦ ʚʢʘʟʫʻ ʥʘ ʘʩʮʠʪ ), ʞʦʚʪʷʥʠʮʶ 

ʘʙʦ ʚʠʩʠʧ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʨʦʚʦʪʝʯʫ ʚ ʰʢʽʨʽ. ɿʘʟʚʠʯʘʡ ʣʽʢʘʨʽ ʨʦʙʣʷʪʴ ʪʝʩʪʠ 

ʜʣʷ ʧʦʰʫʢʫ ʽʥʰʠʭ ʧʦʨʫʰʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʧʦʜʽʙʥʽ ʩʠʤʧʪʦʤʠ. 

ɺʽʟʫʘʣʽʟʘʮʽʡʥʽ ʪʝʩʪʠ ʤʦʞʫʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʧʝʨʝʙʽʛ ʮʠʨʦʟʫ, ʘʣʝ ʯʘʩʪʦ 

ʥʝ ʚʠʷʚʣʷʶʪʴ ʨʘʥʥʽʡ ʮʠʨʦʟ. ʋʣʴʪʨʘʩʦʥʦʛʨʘʬʽʷ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ 

(ʂʊ) ʤʦʞʫʪʴ ʧʦʢʘʟʘʪʠ, ʯʠ ʩʢʦʨʦʪʠʣʘʩʷ ʧʝʯʽʥʢʘ ʯʠ ʾʾ ʩʪʨʫʢʪʫʨʘ ʥʝʥʦʨʤʘʣʴʥʘ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʮʠʨʦʟ. ʋʣʴʪʨʘʩʦʥʦʛʨʘʬʽʷ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʦʨʪʘʣʴʥʫ 

ʛʽʧʝʨʪʝʥʟʽʶ ʪʘ ʘʩʮʠʪ. 

1.2.4 ʃʽʢʫʚʘʥʥʷ 

ʃʽʢʽʚ ʚʽʜ ʮʠʨʦʟʫ ʥʝʤʘʻ. ʇʝʯʽʥʢʘ ʧʦʰʢʦʜʞʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦ ʽ ʙʽʣʴʰʝ ʥʽʢʦʣʠ 

ʥʝ ʙʫʜʝ ʥʦʨʤʘʣʴʥʦʶ. 

ʃʽʢʫʚʘʥʥʷ ʚʢʣʶʯʘʻ: 

ǒ ʫʩʫʥʝʥʥʷ ʯʠ ʣʽʢʫʚʘʥʥʷ ʧʨʠʯʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʟʣʦʚʞʠʚʘʥʥʷ ʘʣʢʦʛʦʣʝʤ, 

ʚʞʠʚʘʥʥʷ ʥʘʨʢʦʪʠʢʽʚ, ʫʨʘʞʝʥʥʷ ʪʦʢʩʠʥʦʤ, ʛʝʤʦʭʨʦʤʘʪʦʟ ʘʙʦ 

ʭʨʦʥʽʯʥʠʡ ʛʝʧʘʪʠʪ; 

ǒ ʣʽʢʫʚʘʥʥʷ ʫʩʢʣʘʜʥʝʥʴ ʫ ʤʽʨʫ ʾʭ ʨʦʟʚʠʪʢʫ; 

ǒ ʪʨʘʥʩʧʣʘʥʪʘʮʽʷ ʧʝʯʽʥʢʠ. 

ɺ ʥʘʡʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʻ ʚʠʷʚʣʝʥʥʷ ʮʠʨʦʟʫ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʽ 

ʣʽʢʫʚʘʥʥʷ ʘʙʦ ʫʩʫʥʝʥʥʷ ʧʨʠʯʠʥʠ. ʋʩʫʥʝʥʥʷ ʧʨʠʯʠʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʧʦʙʽʛʘʻ 

ʧʦʜʘʣʴʰʽʡ ʰʢʦʜʽ, ʘ ʽʥʦʜʽ ʽ ʧʦʢʨʘʱʫʻ ʩʪʘʥ ʣʶʜʠʥʠ[8]. 

 

1.3 ɸʣʢʦʛʦʣʴʥʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ 

 

ɸʣʢʦʛʦʣʴʥʝ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ - ʮʝ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ, ʩʧʨʠʯʠʥʝʥʝ 

ʚʞʠʚʘʥʥʷʤ ʟʘʥʘʜʪʦ ʙʘʛʘʪʦ ʘʣʢʦʛʦʣʶ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. 
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 ɹʽʣʴʰʽʩʪʴ ʘʣʢʦʛʦʣʶ ʧʽʩʣʷ ʚʩʤʦʢʪʫʚʘʥʥʷ ʚ ʪʨʘʚʥʠʡ ʪʨʘʢʪ 

ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ (ʤʝʪʘʙʦʣʽʟʫʻʪʴʩʷ) ʚ ʧʝʯʽʥʮʽ. ʇʦ ʤʽʨʽ ʧʝʨʝʨʦʙʢʠ ʘʣʢʦʛʦʣʶ 

ʫʪʚʦʨʶʶʪʴʩʷ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʦʰʢʦʜʠʪʠ ʧʝʯʽʥʢʫ. ʏʠʤ ʙʽʣʴʰʝ 

ʘʣʢʦʛʦʣʶ ʚʠʧʠʚʘʻ ʣʶʜʠʥʘ, ʪʠʤ ʙʽʣʴʰʘ ʰʢʦʜʘ ʧʝʯʽʥʮʽ. ʂʦʣʠ ʘʣʢʦʛʦʣʴ 

ʧʦʰʢʦʜʞʫʻ ʧʝʯʽʥʢʫ, ʚʦʥʘ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʜʝʷʢʠʡ ʯʘʩ, 

ʦʩʢʽʣʴʢʠ ʤʦʞʣʠʚʝ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʩʣʷ ʣʝʛʢʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ. ʊʘʢʦʞ ʧʝʯʽʥʢʘ 

ʤʦʞʝ ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʥʘʚʽʪʴ ʧʨʠ ʧʦʰʢʦʜʞʝʥʥʽ ʙʣʠʟʴʢʦ 80% ʾʾ 

ʦʙôʻʤʫ. ʆʜʥʘʢ ʷʢʱʦ ʣʶʜʠʥʘ ʧʨʦʜʦʚʞʫʶʻ ʚʞʠʚʘʪʠ ʘʣʢʦʛʦʣʴ, ʫʨʘʞʝʥʥʷ 

ʧʝʯʽʥʢʠ ʧʨʦʛʨʝʩʫʻ ʽ ʟ ʯʘʩʦʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʤʝʨʪʽ. ʗʢʱʦ ʧʨʠʧʠʥʠʪʠ 

ʚʞʠʚʘʥʥʷ ʘʣʢʦʛʦʣʶ, ʧʝʚʥʘ ʰʢʦʜʘ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʘ. ʊʘʢʽ ʣʶʜʠ, 

ʟʘʟʚʠʯʘʡ, ʞʠʚʫʪʴ ʜʦʚʰʝ[9]. 

1.3.1 ʇʨʠʯʠʥʠ 

ɸʣʢʦʛʦʣʴʥʝ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ ʯʘʩʪʽʰʝ ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʣʶʜʝʡ ʷʢʽ: 

ǒ ʚʠʧʠʚʘʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʘʣʢʦʛʦʣʶ; 

ǒ ʚʞʠʚʘʶʪʴ ʘʣʢʦʛʦʣʴ ʧʨʦʪʷʛʦʤ ʚʝʣʠʢʦʛʦ ʚʽʜʨʽʟʢʫ ʯʘʩʫ(ʟʘʟʚʠʯʘʡ, ʙʽʣʴʰʝ 

8 ʨʦʢʽʚ); 

ǒ ʤʘʶʪʴ ʛʝʥʠ, ʱʦ ʨʦʙʣʷʪʴ ʾʭ ʩʧʨʠʡʥʷʪʣʠʚʠʤʠ ʜʦ ʘʣʢʦʛʦʣʴʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʧʝʯʽʥʢʠ; 

ǒ ʩʪʨʘʞʜʘʶʪʴ ʦʞʠʨʽʥʥʷʤ. 

ʗʢ ʧʨʘʚʠʣʦ, ʯʠʤ ʙʽʣʴʰʝ ʽ ʜʦʚʰʝ ʣʶʜʠʥʘ ʚʞʠʚʘʻ ʘʣʢʦʛʦʣʴ, ʪʠʤ ʙʽʣʴʰʠʡ 

ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʘʣʢʦʛʦʣʴʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʧʝʯʽʥʢʠ. ʆʜʥʘʢ ʟʘʭʚʦʨʶʚʘʥʥʷ 

ʧʝʯʽʥʢʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʝ ʫ ʢʦʞʥʦʾ ʣʶʜʠʥʠ, ʷʢʘ ʙʘʛʘʪʦ ʧôʻ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʶʪʴ ʚʧʣʠʚ ʽʥʰʽ ʬʘʢʪʦʨʠ. 

1.3.2 ʉʠʤʧʪʦʤʠ 

ʋ ʭʨʦʥʽʯʥʠʭ ʘʣʢʦʛʦʣʽʢʽʚ, ʷʢʽ ʧ'ʶʪʴ ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, 

ʧʝʨʰʽ ʩʠʤʧʪʦʤʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʦʪʷʛʦʤ 30-40 ʨʦʢʽʚ ʽ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ 

ʨʦʟʚʠʪʢʫ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ 10 ʨʦʢʽʚ ʧʽʩʣʷ ʧʦʷʚʠ 

ʩʠʤʧʪʦʤʽʚ. 

ʋ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʘʣʢʦʛʦʣʴʥʦʾ ʭʚʦʨʦʙʠ ʧʝʯʽʥʢʠ ʜʦ ʘʣʢʦʛʦʣʴʥʦʛʦ 

ʛʝʧʘʪʠʪʫ ʩʠʤʧʪʦʤʠ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ ʣʝʛʢʠʭ ʜʦ ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ 
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ʞʠʪʪʷ. ʋ ʣʶʜʝʡ ʤʦʞʝ ʙʫʪʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʞʦʚʪʷʥʠʮʷ ʽ ʟʙʽʣʴʰʝʥʘ ʧʝʯʽʥʢʘ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʚʽʜʯʫʚʘʪʠ ʚʪʦʤʫ. 

ʅʘʜʤʽʨʥʝ ʚʞʠʚʘʥʥʷ ʘʣʢʦʛʦʣʶ ʤʦʞʝ ʟʤʫʩʠʪʠ ʩʤʫʛʠ ʚʦʣʦʢʥʠʩʪʦʾ 

ʪʢʘʥʠʥʠ ʥʘ ʜʦʣʦʥʷʭ ʟʘʪʷʛʥʫʪʠʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʘʣʴʮʽ ʟʛʦʨʪʘʶʪʴʩʷ 

(ʢʦʥʪʨʘʢʪʫʨʘ ɼʶʧʶʾʪʨʝʥʘ ʨʠʩ. 1.2), ʘ ʪʘʢʦʞ ʚʠʥʠʢʘʻ ʧʦʯʝʨʚʦʥʽʥʥʷ 

ʜʦʣʦʥʴ(ʜʦʣʦʥʥʦʶ ʝʨʠʪʝʤʘ). ʋ ʰʢʽʨʽ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʪʽʣʘ ʤʦʞʫʪʴ 

ʟôʷʚʣʷʪʠʩʷ ʜʨʽʙʥʽ ʧʘʚʫʢʦʧʦʜʽʙʥʽ ʩʫʜʠʥʠ (ʧʘʚʫʢʦʚʽ ʘʥʛʽʦʤʠ). ʉʣʠʥʥʽ ʟʘʣʦʟʠ ʚ 

ʱʦʢʘʭ ʤʦʞʫʪʴ ʟʙʽʣʴʰʫʚʘʪʠʩʷ, ʘ ʤôʷʟʠ ʘʪʨʦʬʫʚʘʪʠʩʷ. ʇʦʰʢʦʜʞʫʶʪʴʩʷ 

ʧʝʨʠʬʝʨʠʯʥʽ ʥʝʨʚʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʚʪʨʘʪʫ ʚʽʜʯʫʪʪʷ ʜʦʪʠʢʽʚ ʪʘ ʩʠʣʠ. ɺ 

ʦʩʥʦʚʥʦʤʫ ʩʪʦʧʠ ʽ ʣʦʜʦʥʽ ʩʪʨʘʞʜʘʶʪʴ ʩʠʣʴʥʽʰʝ, ʥʽʞ ʛʦʤʽʣʢʠ ʽ ʨʫʢʠ. 

 

 

ʈʠʩʫʥʦʢ 1.2 ʂʦʥʪʨʘʢʪʫʨʘ ɼʶʧʶʾʪʨʝʥʘ ʙʝʟʽʤʝʥʥʦʛʦ ʧʘʣʴʮʷ[10] 

 

1.3.3 ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʃʽʢʘʨʽ ʧʽʜʦʟʨʶʶʪʴ ʘʣʢʦʛʦʣʴʥʝ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ ʫ ʣʶʜʝʡ, ʷʢʽ 

ʤʘʶʪʴ ʩʠʤʧʪʦʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ ʪʘ ʚʞʠʚʘʶʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʘʣʢʦʛʦʣʶ. 

ʃʽʢʘʨʽ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʣʶʜʠʥʽ ʘʥʢʝʪʫ, ʷʢʘ ʜʦʧʦʤʦʞʝ ʚʠʟʥʘʯʠʪʠ, ʯʠ 

ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʟ ʚʞʠʚʘʥʥʷʤ ʘʣʢʦʛʦʣʶ. ʃʽʢʘʨʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʜʽʟʥʘʪʠʩʷ ʫ 

ʯʣʝʥʽʚ ʩʽʤôʾ, ʩʢʽʣʴʢʠ ʣʶʜʠʥʘ ʧôʻ. 

ʅʝ ʽʩʥʫʻ ʦʩʪʘʪʦʯʥʦʛʦ ʪʝʩʪʫ ʥʘ ʘʣʢʦʛʦʣʴʥʝ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ. ɸʣʝ 

ʷʢʱʦ ʫ ʣʽʢʘʨʽʚ ʻ ʧʽʜʦʟʨʠ ʱʦʜʦ ʜʽʘʛʥʦʟʫ, ʚʦʥʠ ʧʨʦʚʦʜʷʪʴ ʘʥʘʣʽʟ ʢʨʦʚʽ ʜʣʷ 
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ʦʮʽʥʢʠ ʧʝʯʽʥʢʠ. ʊʘʢʦʞ ʨʦʙʠʪʴʩʷ ʧʦʚʥʠʡ ʘʥʘʣʽʟ ʢʨʦʚʽ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʥʠʟʴʢʦʛʦ 

ʨʽʚʥʷ ʪʨʦʤʙʦʮʠʪʽʚ ʪʘ ʘʥʝʤʽʾ. 

ʊʝʩʪʠ ʥʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʧʝʯʽʥʢʠ ʟʘʟʚʠʯʘʡ ʥʝ ʧʨʦʚʦʜʷʪʴ. ʗʢʱʦ ʋɿɼ ʘʙʦ 

ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ ʨʦʙʠʪʴʩʷ ʟ ʽʥʰʠʭ ʧʨʠʯʠʥ, ʣʽʢʘʨʽ ʤʦʞʫʪʴ ʧʦʙʘʯʠʪʠ 

ʦʟʥʘʢʠ ʞʠʨʦʚʦʾ ʭʚʦʨʦʙʠ ʧʝʯʽʥʢʠ ʘʙʦ ʧʦʨʪʘʣʴʥʦʾ ʛʽʧʝʨʪʝʥʟʽʾ, ʟʙʽʣʴʰʝʥʦʾ 

ʩʝʣʝʟʽʥʢʠ ʘʙʦ ʩʢʫʧʯʝʥʥʷ ʨʽʜʠʥʠ ʚ ʞʠʚʦʪʽ . 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʝʯʽʥʢʠ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʝʣʘʩʪʨʦʛʨʘʬʽʷ. ɺʠʩʦʢʘ ʞʦʨʩʪʢʽʩʪʴ ʧʝʯʽʥʢʠ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʬʽʙʨʦʟ. ɼʣʷ ʮʴʦʛʦ ʪʝʩʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʣʴʪʨʘʩʦʥʦʛʨʘʬʽʷ, ʢʦʣʠ ʪʠʩʢ ʘʙʦ 

ʚʽʙʨʘʮʽʷ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦ ʧʝʯʽʥʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʟʘʟʚʠʯʘʡ , ʨʦʙʠʪʴ ʙʽʦʧʩʽʶ ʟʘʡʚʦʶ ʧʨʦʮʝʜʫʨʦʶ. 

1.3.4 ʃʽʢʫʚʘʥʥʷ 

ʃʽʢʘʨʽ ʣʽʢʫʶʪʴ ʧʨʦʙʣʝʤʠ, ʚʠʢʣʠʢʘʥʽ ʘʣʢʦʛʦʣʴʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ 

ʧʝʯʽʥʢʠ, ʪʘ ʩʠʤʧʪʦʤʠ ʚʽʜʤʽʥʠ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʘʮʽʻʥʪ 

ʧʨʠʧʠʥʷʻ ʧʠʪʠ. 

ʇʦʞʠʚʥʘ ʜʽʻʪʘ ʽ ʚʽʪʘʤʽʥʥʽ ʜʦʙʘʚʢʠ (ʦʩʦʙʣʠʚʦ ʚʽʪʘʤʽʥʠ ʛʨʫʧʠ ɺ) ʤʘʶʪʴ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʜʥʽʚ ʫʪʨʠʤʘʥʥʷ ʚʽʜ ʘʣʢʦʛʦʣʶ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚʠʧʨʘʚʠʪʠ ʜʝʬʽʮʠʪ ʭʘʨʯʫʚʘʥʥʷ, ʷʢʠʡ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʪʘʢʽ ʫʩʢʣʘʜʥʝʥʥʷ, ʷʢ ʩʣʘʙʢʽʩʪʴ, ʪʨʝʤʦʨ, ʚʪʨʘʪʘ ʚʽʜʯʫʪʪʷ ʜʦʪʠʢʽʚ ʪʘ 

ʟʥʝʩʠʣʝʥʥʷ, ʘʥʝʤʽʷ ʪʘ ʝʥʮʝʬʘʣʦʧʘʪʽʷ ɺʝʨʥʽʢʝ. ɼʦʙʘʚʢʠ ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʧʦʢʨʘʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʟʜʦʨʦʚôʷ. ʏʘʩʪʦ ʣʶʜʝʡ ʽʟ ʩʠʣʴʥʠʤ ʟʘʧʘʣʝʥʥʷʤ 

ʛʦʩʧʽʪʘʣʽʟʫʶʪʴ ʽ ʚ ʦʩʦʙʣʠʚʦ ʚʘʞʢʠʭ ʚʠʧʘʜʢʘʭ, ʾʭ ʧʦʪʨʽʙʥʦ ʛʦʜʫʚʘʪʠ ʯʝʨʝʟ 

ʪʨʫʙʢʫ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʻ ʭʘʨʯʫʚʘʥʥʷ[11]. 

 

1.4 ʄʝʪʦʜʠ ʚʽʟʫʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

 

 ɺ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʧʦʧʫʣʷʨʥʽ ʥʝʽʥʚʘʟʠʚʥʽ ʤʝʪʦʜʠ 

ʚʽʟʫʘʣʴʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʽ ʪʘ 

ʋʢʨʘʾʥʽ. 
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1.4.1 ʋʣʴʪʨʘʩʦʥʦʛʨʘʬʽʷ 

 ʋʣʴʪʨʘʩʦʥʦʛʨʘʬʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʚʫʢʦʚʽ ʭʚʠʣʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʧʝʯʽʥʢʠ, ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ ʪʘ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ(ʨʠʩ. 1.3). 

ʊʨʘʥʩʘʙʜʦʤʽʥʘʣʴʥʘ ʫʣʴʪʨʘʩʦʥʦʛʨʘʬʽʷ ʢʨʘʱʝ ʟʘ ʚʩʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʨʫʰʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʣʠʰʝ ʧʝʚʥʠʭ ʯʘʩʪʠʥ ʧʝʯʽʥʢʠ, ʪʘʢʽ ʷʢ 

ʧʫʭʣʠʥʠ, ʥʽʞ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ, ʷʢʽ ʚʨʘʞʘʶʪʴ ʨʽʚʥʦʤʽʨʥʦ ʚʩʶ 

ʧʝʯʽʥʢʫ, ʪʘʢʽ ʷʢ ʮʠʨʦʟ (ʩʠʣʴʥʝ ʨʫʙʮʶʚʘʥʥʷ ʧʝʯʽʥʢʠ) ʘʙʦ ʞʠʨʦʚʘ ʭʚʦʨʦʙʘ 

ʧʝʯʽʥʢʠ (ʥʘʜʣʠʰʦʢ ʞʠʨʫ ʚ ʧʝʯʽʥʮʽ). ʎʝ ʥʘʡʜʝʰʝʚʰʠʡ ʽ ʥʘʡʙʝʟʧʝʯʥʽʰʠʡ 

ʧʽʜʭʽʜ ʜʣʷ ʚʽʟʫʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  ʧʝʯʽʥʢʠ[12]. 

 

 

ʈʠʩʫʥʦʢ 1.3 ʇʨʠʢʣʘʜ ʟʦʙʨʘʞʝʥʥʷ ʫʣʴʪʨʘʩʦʥʦʛʨʘʬʽʾ. 

 

1.4.2 ʂʦʤʧ'ʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ 

 ʂʦʤʧ'ʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʂʊ) ʜʘʻ ʚʽʜʤʽʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ. ʎʝ 

ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʦ ʧʽʜ ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʧʫʭʣʠʥ. ʂʊ ʪʘʢʦʞ ʤʦʞʝ ʚʠʷʚʠʪʠ 

ʟʽʙʨʘʥʥʷ ʛʥʦʶ (ʘʙʩʮʝʩʠ) ʪʘ ʜʝʷʢʽ ʧʦʨʫʰʝʥʥʷ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʩʶ ʧʝʯʽʥʢʫ 

ʨʽʚʥʦʤʽʨʥʦ, ʥʘʧʨʠʢʣʘʜ ʞʠʨʥʫ ʧʝʯʽʥʢʫ[13]. 

1.4.3 ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ 

 ʄʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʽʷ (ʄʈʊ) ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʝʚʥʽ 

ʧʦʨʫʰʝʥʥʷ ʚ ʨʦʙʦʪʽ ʧʝʯʽʥʢʠ, ʪʘʢʽ ʷʢ ʛʝʧʘʪʠʪ, ʛʝʤʦʭʨʦʤʘʪʦʟ ʪʘ ʞʠʨʦʚʽ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ , ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʩʽ ʜʽʣʷʥʢʠ ʧʝʯʽʥʢʠ ʨʽʚʥʦʤʽʨʥʦ. 
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ʄʈʊ ʧʦʢʘʟʫʻ ʢʨʦʚʦʪʽʢ, ʥʘʜʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʨʫʰʝʥʥʷ ʢʨʦʚʦʥʦʩʥʠʭ 

ʩʫʜʠʥ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʨʦʟʜʽʣʫ 1 

 

ʈʦʟʛʣʷʥʫʪʽ ʭʚʦʨʦʙʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʟʥʘʯʥʫ ʥʝʙʝʟʧʝʢʫ ʞʠʪʪʷʤ ʣʶʜʝʡ. 

ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʣʽʢʫʚʘʥʥʷ ʻ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʧʨʠʯʠʥʠ 

ʚʠʥʠʢʥʝʥʥʷ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ. ɺʣʘʩʥʝ ʪʦʤʫ ʚʠʩʦʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʤʘʶʪʴ 

ʙʝʟʧʝʯʥʽ ʽ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʽ ʤʝʪʦʜʠ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʽ ʷʢ ʋɿɼ , 

ʂʊ ʪʘ ʄʈʊ[14]. 
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ʈʆɿɼɯʃ 2 

ɸʅɸʃɯʊʀʏʅɸ ʏɸʉʊʀʅɸ 

 

2.1 Python3 

 

 ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ 

ʙʝʟʧʨʝʮʝʥʜʝʥʪʥʠʤ ʣʽʜʝʨʦʤ ʙʫʣʘ ʤʦʚʘ Python. ɺ ʧʝʨʰʫ ʯʝʨʛʫ Python 

ʧʨʠʚʘʙʣʶʻ ʰʚʠʜʢʽʩʪʶ ʨʦʟʨʦʙʢʠ. ɹʝʟʣʽʯ ʘʣʛʦʨʠʪʤʽʚ ʟ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʙʽʙʣʽʦʪʝʢʘʭ ʟ ʚʽʜʢʨʠʪʠʤ ʜʦʩʪʫʧʦʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʥʠʢʘʤ-

ʧʦʯʘʪʢʽʚʮʷʤ ʰʚʠʜʢʦ ʨʝʘʣʽʟʫʚʘʪʠ ʩʚʦʶ ʽʜʝʶ. 

 ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ Python,  ʟ 

ʤʦʜʫʣʷ IPython(ʷʢʠʡ ʪʘʢʦʞ ʥʘʜʘʻ ʨʷʜ ʢʦʨʠʩʥʠʭ ʩʠʥʪʘʢʩʠʯʥʠʭ ʜʦʧʦʚʥʝʥʴ ʜʦ 

ʤʦʚʠ). Jupyter Notebook  ʥʘʜʘʻ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʙʨʘʫʟʝʨʘ, 

ʷʢʠʡ ʟʨʫʯʥʠʡ ʜʣʷ, ʩʧʽʚʧʨʘʮʽ, ʦʙʤʽʥʫ ʪʘ ʥʘʚʽʪʴ ʧʫʙʣʽʢʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. Jupyter Notebook ʥʘʩʧʨʘʚʜʽ ʻ ʦʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ 

ʰʠʨʰʦʾ ʩʪʨʫʢʪʫʨʠ ʥʦʫʪʙʫʢʽʚ Jupyter, ʷʢʘ ʦʭʦʧʣʶʻ ʥʦʫʪʙʫʢʠ ʜʣʷ Julia, R ʪʘ 

ʽʥʰʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ[15]. 

 

2.2 OpenCV 

 

ʂʦʤʧ'ʶʪʝʨʥʠʡ ʟʽʨ - ʮʝ ʩʬʝʨʘ ʷʢʘ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʧʦʪʫʞʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ, ʯʘʩʪʢʦʚʦ ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʠʧʫʩʢʫ ʜʦʩʪʫʧʥʠʭ ʽ ʷʢʽʩʥʠʭ ʢʘʤʝʨ, 

ʯʘʩʪʢʦʚʦ ʯʝʨʝʟ ʜʦʩʪʫʧʥʽʩʪʴ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʘ ʯʘʩʪʢʦʚʦ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʘʣʛʦʨʠʪʤʠ ʟʦʨʫ ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ. ʉʘʤ 

OpenCV ʟʽʛʨʘʚ ʧʝʚʥʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʜʘʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʪʠʩʷʯʘʤ ʣʶʜʝʡ ʨʦʙʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʽʡ ʩʬʝʨʽ.  

ʆʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʤʘʰʠʥʥʠʡ ʟʽʨ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, OpenCV ʜʦʧʦʤʘʛʘʻ 

ʩʪʫʜʝʥʪʘʤ ʪʘ ʧʨʦʬʝʩʽʦʥʘʣʘʤ ʝʬʝʢʪʠʚʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʨʦʝʢʪʠ ʪʘ 

ʚʠʢʦʥʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʜʘʶʯʠ ʾʤ ʢʦʤʧ'ʶʪʝʨʥʝ ʟʽʨ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 
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ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ ʜʦʩʪʫʧʥʽ ʣʠʰʝ ʜʣʷ ʢʽʣʴʢʦʭ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʣʘʙʦʨʘʪʦʨʽʡ. 

 ɺ ʙʽʙʣʽʦʪʝʮʽ OpenCV ʨʝʘʣʽʟʦʚʘʥʦ ʽ ʦʧʪʠʤʽʟʦʚʘʥʦ ʧʦʥʘʜ 2000 

ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʷʢ ʢʣʘʩʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʪʘʢ ʽ 

ʩʫʯʘʩʥʽ. ʎʽ ʘʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʦʙʣʠʯ, ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʙôʻʢʪʽʚ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʽʡ ʣʶʜʠʥʠ ʥʘ ʚʽʜʝʦ, 

ʚʽʜʩʪʝʞʝʥʥʷ ʨʫʭʽʚ ʢʘʤʝʨʠ, ʚʽʜʩʪʝʞʝʥʥʷ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ, ʩʪʚʦʨʝʥʥʷ 3D-

ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ, ʦʙôʻʜʥʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʮʽʣʦʾ ʩʮʝʥʠ(ʧʘʥʦʨʘʤʥʽ ʟʥʽʤʢʠ), ʚʠʷʚʣʝʥʥʷ ʽʜʝʥʪʠʯʥʠʭ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʙʘʟʽ ʜʘʥʠʭ, ʚʠʜʘʣʝʥʥʷ ʝʬʝʢʪʫ ʯʝʨʚʦʥʠʭ ʦʯʝʡ ʽʟ ʬʦʪʦ, 

ʟʨʦʙʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʘʣʘʭʫ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʨʫʭʫ ʦʯʝʡ, ʪʦʱʦ[16]. 

 

2.3 SciPy 

 

 SciPy - ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʟʨʫʯʥʠʭ ʬʫʥʢʮʽʡ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʨʦʟʰʠʨʝʥʥʽ Numpy Python. ʎʝ ʜʦʜʘʻ ʟʥʘʯʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʩʝʘʥʩʫ Python, ʥʘʜʘʶʯʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʢʦʤʘʥʜʠ ʚʠʩʦʢʦʛʦ 

ʨʽʚʥʷ ʪʘ ʢʣʘʩʠ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ. ɯʟ SciPy 

ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʩʝʘʥʩ Python ʩʪʘʻ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ, ʱʦ ʢʦʥʢʫʨʫʻ ʟ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢ 

MATLAB, IDL, Octave, R-Lab ʪʘ SciLab. 

ɼʦʜʘʪʢʦʚʘ ʧʝʨʝʚʘʛʘ ʚʠʢʦʨʠʩʪʘʥʥʷ SciPy ʥʘ Python ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʮʝ ʨʦʙʠʪʴ ʜʦʩʪʫʧʥʦʶ ʧʦʪʫʞʥʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʨʦʟʨʦʙʮʽ ʩʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ. ʅʘʫʢʦʚʽ ʧʨʦʛʨʘʤʠ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SciPy ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ 

ʫ ʯʠʩʣʝʥʥʠʭ ʥʽʰʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʦʟʨʦʙʥʠʢʘʤʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. SciPy 

ʥʘʜʘʻ ʜʦʩʪʫʧ ʜʦ ʙʘʛʘʪʴʦʭ ʢʦʨʠʩʥʠʭ ʽ ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʘʭ ʨʦʟʨʦʙʢʠ, 

ʧʦʯʠʥʘʶʯʠ  ʚʽʜ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦ ʚʝʙ-ʜʦʜʘʪʢʽʚ,  ʙʘʟ ʜʘʥʠʭ ʪʘ 

ʢʣʘʩʽʚ. ɺ ʧʨʠʜʘʯʫ ʜʦ ʪʘʢʠʭ ʚʠʜʽʚ ʨʦʟʨʦʙʢʠ ʽʩʥʫʻ  ʜʦʩʪʫʧ ʜʦ ʤʘʪʝʤʘʪʠʯʥʠʭ 
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ʙʽʙʣʽʦʪʝʢ ʚ SciPy, ʱʦ ʨʦʙʠʪʴ ʜʘʥʠʡ ʤʦʜʫʣʴ ʥʝʟʘʤʽʥʥʠʤ ʚ 

ʜʞʝʥʪʝʣʴʤʝʥʩʴʢʦʤʫ ʥʘʙʦʨʽ ʜʦʩʣʽʜʥʠʢʘ[17].  

 

2.4 ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 

 

ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ (ɻɸ) - ʮʝ ʝʚʨʠʩʪʠʯʥʽ ʘʜʘʧʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ 

ʧʦʰʫʢʫ. ɹʽʣʴʰʫ ʯʘʩʪʠʥʫ ʝʚʦʣʶʮʽʡʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʩʢʣʘʜʘʶʪʴʩʷ ʩʘʤʝ 

ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ. ɻɸ ʟʘʩʥʦʚʘʥʽ ʥʘ ʽʜʝʷʭ ʛʝʥʝʪʠʢʠ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ. 

ʎʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ, ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʽʩʪʦʨʠʯʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʩʧʨʷʤʫʚʘʥʥʷ ʧʦʰʫʢʫ ʚ ʦʙʣʘʩʪʴ ʢʨʘʱʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʧʨʦʩʪʦʨʽ ʨʽʰʝʥʥʷ. ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʨʦʙʣʝʤ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʦʰʫʢʫ[18]. 

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʽʤʽʪʫʶʪʴ ʧʨʦʮʝʩ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ, ʪʦʙʪʦ ʪʽ 

ʚʠʜʠ, ʷʢʽ ʤʦʞʫʪʴ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʤʽʥ ʩʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʜʘʪʥʽ ʜʦ 

ʚʠʞʠʚʘʥʥʷ,  ʨʦʟʤʥʦʞʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ʇʨʦʩʪʠʤʠ ʩʣʦʚʘʤʠ, ʚʦʥʠ ʽʤʽʪʫʶʪʴ çʚʠʞʠʚʘʥʥʷ ʥʘʡʧʨʠʜʘʪʥʽʰʦʛʦè ʩʝʨʝʜ 

ʽʥʜʠʚʽʜʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʧʦʢʦʣʽʥʥʽ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ. ʂʦʞʥʝ ʧʦʢʦʣʽʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʧʫʣʷʮʽʾ ʽʥʜʠʚʽʜʽʚ, ʽ ʢʦʞʝʥ 

ʽʥʜʠʚʽʜ ʷʚʣʷʻ ʩʦʙʦʶ ʪʦʯʢʫ ʚ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ ʪʘ ʤʦʞʣʠʚʝ ʨʽʰʝʥʥʷ. ʂʦʞʥʘ 

ʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʨʷʜʢʘ ʩʠʤʚʦʣʽʚ / ʮʽʣʠʭ ʯʠʩʝʣ/ ʜʽʡʩʥʠʭ ʯʠʩʝʣ / 

ʙʽʪʽʚ[19]. 

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʦʛʽʾ ʟ ʛʝʥʝʪʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʪʘ ʧʦʚʝʜʽʥʢʦʶ ʭʨʦʤʦʩʦʤʠ ʧʦʧʫʣʷʮʽʾ. ɼʘʣʽ ʡʜʝ ʦʩʥʦʚʘ ɻɸ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ 

ʘʥʘʣʦʛʽʾ: 

1. ɯʥʜʠʚʽʜʫʘʣʴʥʝ ʥʘʩʝʣʝʥʥʷ ʟʤʘʛʘʻʪʴʩʷ ʟʘ ʨʝʩʫʨʩʠ ʪʘ ʧʘʨʠ. 

2. ʊʽ ʦʩʦʙʠ, ʷʢʽ ʻ ʫʩʧʽʰʥʠʤʠ (ʧʨʠʜʘʪʥʠʤʠ) - ʩʧʘʨʶʶʪʴʩʷ, ʱʦʙ 

ʩʪʚʦʨʠʪʠ ʙʽʣʴʰʝ ʧʦʪʦʤʩʪʚʘ, ʥʽʞ ʽʥʰʽ. 
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3. ɻʝʥʠ çʧʨʠʜʘʪʥʠʭè ʙʘʪʴʢʽʚ ʧʦʰʠʨʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʧʦʢʦʣʽʥʥʷ, ʪʦʙʪʦ ʽʥʦʜʽ ʙʘʪʴʢʠ ʩʪʚʦʨʶʶʪʴ ʧʦʪʦʤʩʪʚʦ, ʷʢʝ ʢʨʘʱʝ, 

ʥʽʞ ʙʫʜʴ-ʷʢʠʡ ʟ ʙʘʪʴʢʽʚ. 

4. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʝ ʥʘʩʪʫʧʥʝ ʧʦʢʦʣʽʥʥʷ ʩʪʘʻ ʙʽʣʴʰ 

ʧʨʠʩʪʦʩʦʚʘʥʠʤ ʜʦ ʩʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 

2.5 GLCM 

 

 GLCM(Grey Level Co-Occurrence matrix) - ʦʜʠʥ ʽʟ ʧʝʨʰʠʭ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ  ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʢʩʪʫʨʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʨʦʩʪʦʨʦʚʝ 

ʚʽʜʥʦʰʝʥʥʷ ʧʽʢʩʝʣʽʚ, ʱʦ ʦʙʯʠʩʣʶʻ ʤʘʪʨʠʮʶ ʩʧʽʣʴʥʦʛʦ ʚʭʦʜʞʝʥʥʷ ʚʽʜʪʽʥʢʽʚ 

ʩʽʨʦʛʦ. ʎʷ ʤʘʪʨʠʮʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʢʩʪʫʨʫ ʟʦʙʨʘʞʝʥʥʷ, ʦʙʯʠʩʣʶʶʯʠ, ʷʢ 

ʯʘʩʪʦ ʥʘ ʟʦʙʨʘʞʝʥʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʘʨʠ ʧʽʢʩʝʣʽʚ ʽʟ ʧʝʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʘ ʫ 

ʚʠʟʥʘʯʝʥʦʤʫ ʧʨʦʩʪʦʨʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʤʘʪʨʠʮʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʦʙʯʠʩʣʝʥʥʷ[20]. 

ʆʢʨʽʤ ʢʦʣʴʦʨʫ ʪʘ ʬʦʨʤʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʢʩʪʫʨʠ ʻ ʪʘʢʦʞ ʚʘʞʣʠʚʠʤ 

ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʩʧʨʠʡʤʘʻʪʴʩʷ ʚʽʟʫʘʣʴʥʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʘʥʘʣʽʟ ʪʝʢʩʪʫʨʠ ʩʪʘʚ ʛʦʣʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ. ʄʝʪʦʜ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ (GLCM) - ʮʝ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʢʩʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

GLCM ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʥʦʾ ʧʘʨʠ ʧʽʢʩʝʣʽʚ, ʚʽʜʩʪʘʥʽ ʪʘ ʢʫʪʘ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʽ ʨʘʭʫʶʪʴ ʚʽʜʥʦʩʥʽ ʯʘʩʪʦʪʠ ʧʘʨʠ ʢʦʞʥʦʛʦ ʦʧʦʨʥʦʛʦ 

ʧʽʢʩʝʣʷ ʪʘ ʡʦʛʦ ʩʫʩʽʜʥʴʦʛʦ ʧʽʢʩʝʣʷ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ d (d = 1, 2, 3 é) ʪʘ ʧʨʠ 

ʧʝʚʥʦʤʫ ʢʫʪʽ ⱥ (ⱥ = 0Á, 45Á, 90Á ʘʙʦ 135Á). ʆʪʨʠʤʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʤʘʪʨʠʮʷ 

ʜʽʣʠʪʴʩʷ ʥʘ ʩʫʤʫ ʚʩʽʭ ʯʘʩʪʦʪ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʥʦʨʤʘʣʽʟʦʚʘʥʫ ʤʘʪʨʠʮʶ[21]. ʅʘ 

ʨʠʩ. 2.1 ʧʦʢʘʟʘʥʦ, ʷʢ GLCM ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʤʘʪʨʠʮʽ ʚʽʜʪʽʥʢʽʚ ʩʽʨʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ 4ʭ5 ʽ ⱥ = 0Á 
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ʈʠʩʫʥʦʢ 2.1 ʆʙʯʠʩʣʝʥʥʷ GLCM ʟ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ 4ʭ5[22] 

 

2.6 Random Forest Classifier 

 

ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ(ʟ ʘʥʛʣ. Random Forest) - ʮʝ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ 

ʥʘʚʯʘʥʥʷ. ʁʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʘʢ ʽ ʜʣʷ 

ʨʝʛʨʝʩʽʾ. ʎʝ ʪʘʢʦʞ ʥʘʡʙʽʣʴʰ ʛʥʫʯʢʠʡ ʽ ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤ. ʃʽʩ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʨʝʚ. ʂʘʞʫʪʴ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ ʫ ʥʴʦʛʦ ʜʝʨʝʚ, ʪʠʤ ʤʽʮʥʽʰʠʡ 

ʣʽʩ. ɺʠʧʘʜʢʦʚʽ ʣʽʩʠ ʩʪʚʦʨʶʶʪʴ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʥʘ ʚʠʧʘʜʢʦʚʦ ʚʽʜʽʙʨʘʥʠʭ 

ʟʨʘʟʢʘʭ ʜʘʥʠʭ, ʦʪʨʠʤʫʶʪʴ ʧʝʨʝʜʙʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʜʝʨʝʚʘ ʪʘ ʦʙʠʨʘʶʪʴ 

ʥʘʡʢʨʘʱʝ ʨʽʰʝʥʥʷ ʰʣʷʭʦʤ ʛʦʣʦʩʫʚʘʥʥʷ. ɺʽʥ ʪʘʢʦʞ ʥʘʜʘʻ ʯʫʜʦʚʠʡ ʧʦʢʘʟʥʠʢ 

ʟʥʘʯʫʱʦʩʪʽ ʦʟʥʘʢʠ[23]. 

ɺʠʧʘʜʢʦʚʽ ʣʽʩʠ ʤʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ, ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʙʽʨ ʦʟʥʘʢ. ɺʽʥ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʣʦʷʣʴʥʠʭ ʧʦʟʠʯʘʣʴʥʠʢʽʚ, 

ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ. 

ʊʝʭʥʽʯʥʦ ʚ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ʣʝʞʠʪʴ ʤʝʪʦʜ ʘʥʩʘʤʙʣʶ (ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʧʽʜʭʦʜʽ çʨʦʟʜʽʣʷʡ ʽ ʧʝʨʝʤʘʛʘʡè) ʜʝʨʝʚ ʨʽʰʝʥʴ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ, 

ʱʦ ʨʦʟʜʽʣʝʥʠʡ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ʎʝʡ ʥʘʙʽʨ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʜʝʨʝʚ ʨʽʰʝʥʴ 

ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʷʢ ʣʽʩ. ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʬʦʨʤʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʠʢʘʪʦʨʘ ʚʠʙʦʨʫ ʘʪʨʠʙʫʪʽʚ, ʪʘʢʦʛʦ ʷʢ ʢʦʝʬʽʮʽʻʥʪ 
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ʧʦʩʠʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʪʘ ʽʥʜʝʢʩ Gini ʜʣʷ ʢʦʞʥʦʛʦ 

ʘʪʨʠʙʫʪʘ. ʂʦʞʥʝ ʜʝʨʝʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʟʘʣʝʞʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʠʙʽʨʢʠ. ʋ 

ʧʨʦʙʣʝʤʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʞʥʝ ʜʝʨʝʚʦ ʛʦʣʦʩʫʻ, ʘ ʢʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʠʙʠʨʘʻʪʴʩʷ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʡ ʢʣʘʩ. ʋ ʨʘʟʽ ʨʝʛʨʝʩʽʾ ʩʝʨʝʜʥʽʡ ʧʦʢʘʟʥʠʢ ʚʩʽʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʜʝʨʝʚ ʚʚʘʞʘʻʪʴʩʷ ʢʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. ɺʽʥ 

ʧʨʦʩʪʽʰʠʡ ʽ ʧʦʪʫʞʥʽʰʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ[24]. 

ɸʣʛʦʨʠʪʤ ʧʨʘʮʶʻ ʚ ʯʦʪʠʨʠ ʢʨʦʢʠ: 

1. ɺʽʜʙʽʨ ʚʠʧʘʜʢʦʚʠʭ ʟʨʘʟʢʽʚ ʟ ʜʘʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ. 

2. ʇʦʙʫʜʦʚʘ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʪʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʟ ʢʦʞʥʦʛʦ ʜʝʨʝʚʘ ʨʽʰʝʥʴ. 

3. ɻʦʣʦʩʫʚʘʥʥʷ ʟʘ ʢʦʞʝʥ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

4. ɺʠʙʽʨ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʛʦʣʦʩʽʚ ʷʢ 

ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ. 

 

ʇʝʨʝʚʘʛʠ ʘʣʛʦʨʠʪʤʫ: 

- ɺʠʧʘʜʢʦʚʽ ʣʽʩʠ ʚʚʘʞʘʶʪʴʩʷ ʚʠʩʦʢʦʪʦʯʥʠʤ ʪʘ ʥʘʜʽʡʥʠʤ ʤʝʪʦʜʦʤ ʯʝʨʝʟ 

ʢʽʣʴʢʽʩʪʴ ʜʝʨʝʚ ʨʽʰʝʥʴ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ. 

- ɸʣʛʦʨʠʪʤ ʥʝ ʩʪʨʘʞʜʘʻ ʚʽʜ ʧʨʦʙʣʝʤʠ ʟ ʧʝʨʝʥʘʚʯʘʥʥʷʤ. ʆʩʥʦʚʥʘ 

ʧʨʠʯʠʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʧʨʠʡʤʘʻ ʜʦ ʫʚʘʛʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʚʩʽʭ ʧʨʦʛʥʦʟʽʚ. 

- ɸʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʚ ʟʘʜʘʯʘʭ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʘʢ ʽ ʚ 

ʨʝʛʨʝʩʽʾ. 

- ɺʠʧʘʜʢʦʚʽ ʣʽʩʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠ ʚʽʜʩʫʪʥʽ ʟʥʘʯʝʥʥʷ. ɯʩʥʫʻ ʜʚʘ 

ʩʧʦʩʦʙʠ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʝʥʴ ʤʝʜʽʘʥʠ ʜʣʷ 

ʟʘʤʽʥʠ ʙʝʟʧʝʨʝʨʚʥʠʭ ʟʤʽʥʥʠʭ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜʩʫʪʥʽʭ ʟʥʘʯʝʥʴ. 
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- ʄʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ ʦʟʥʘʢʠ, ʷʢʘ ʜʦʧʦʤʘʛʘʻ 

ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʢʦʨʠʩʥʽ ʦʟʥʘʢʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

  

ʅʝʜʦʣʽʢʠ ʘʣʛʦʨʠʪʤʫ: 

- ɺʠʧʘʜʢʦʚʽ ʣʽʩʠ ʧʦʚʽʣʴʥʦ ʛʝʥʝʨʫʶʪʴ ʧʨʦʛʥʦʟʠ, ʦʩʢʽʣʴʢʠ ʚ ʥʴʦʤʫ ʻ 

ʢʽʣʴʢʘ ʜʝʨʝʚ ʨʽʰʝʥʴ. ʑʦʨʘʟʫ, ʢʦʣʠ ʚʽʥ ʨʦʙʠʪʴ ʧʝʨʝʜʙʘʯʝʥʥʷ, ʚʩʽ 

ʜʝʨʝʚʘ ʚ ʣʽʩʽ ʧʦʚʠʥʥʽ ʨʦʙʠʪʠ ʧʨʦʛʥʦʟ ʥʘ ʪʦʡ ʩʘʤʠʡ ʟʘʜʘʥʠʡ ʚʭʽʜ ʽ ʧʦʪʽʤ 

ʧʨʦʚʦʜʠʪʠ ʛʦʣʦʩʫʚʘʥʥʷ ʟʘ ʥʴʦʛʦ. ɺʝʩʴ ʮʝʡ ʧʨʦʮʝʩ ʜʦʩʠʪʴ 

ʪʨʫʜʦʤʽʩʪʢʠʡ. 

- ʄʦʜʝʣʴ ʚʘʞʢʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʧʦʨʽʚʥʷʥʦ ʟ ʜʝʨʝʚʦʤ ʨʽʰʝʥʴ, ʜʝ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʰʣʷʭʫ ʜʝʨʝʚʘ. 

 

ɺʠʧʘʜʢʦʚʽ ʣʽʩʠ ʪʘʢʦʞ ʧʨʦʧʦʥʫʶʪʴ ʯʫʜʦʚʠʡ ʧʦʢʘʟʥʠʢ ʚʽʜʙʦʨʫ ʦʟʥʘʢ. 

Scikit-learn ʟʘʙʝʟʧʝʯʫʻ ʜʦʜʘʪʢʦʚʫ ʟʤʽʥʥʫ ʟ ʤʦʜʝʣʣʶ, ʷʢʘ ʧʦʢʘʟʫʻ ʚʽʜʥʦʩʥʫ 

ʚʘʞʣʠʚʽʩʪʴ ʘʙʦ ʚʥʝʩʦʢ ʢʦʞʥʦʾ ʦʟʥʘʢʠ ʚ ʧʝʨʝʜʙʘʯʝʥʥʽ. ɺʽʥ ʘʚʪʦʤʘʪʠʯʥʦ 

ʧʽʜʨʘʭʦʚʫʻ ʙʘʣ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʦʞʥʦʾ ʦʟʥʘʢʠ ʥʘ ʝʪʘʧʽ ʪʨʝʥʫʚʘʥʴ. ʇʦʪʽʤ ʚʽʥ 

ʟʤʝʥʰʫʻ ʨʝʣʝʚʘʥʪʥʽʩʪʴ ʚʥʠʟ, ʪʘʢ ʱʦ ʩʫʤʘ ʚʩʽʭ ʙʘʣʽʚ ʜʦʨʽʚʥʶʻ 1. 

ʎʝʡ ʧʦʢʘʟʥʠʢ ʜʦʧʦʤʘʛʘʻ ʚʠʙʨʘʪʠ ʥʘʡʚʘʞʣʠʚʽʰʽ ʦʟʥʘʢʠ ʪʘ ʚʽʜʢʠʥʫʪʠ 

ʥʘʡʤʝʥʰ ʚʘʞʣʠʚʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ. 

ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʥʘʯʝʥʥʷ Gini ʘʙʦ MDI(Mean Decrease 

in Impurity) ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʢʦʞʥʦʾ ʦʟʥʘʢʠ. ɺʘʞʣʠʚʽʩʪʴ Gini 

ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ ʟʘʛʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʜʦʤʽʰʦʢ ʚʫʟʣʽʚ. ɺʦʥʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, 

ʥʘ ʩʢʽʣʴʢʠ ʧʨʠʩʪʦʩʫʚʘʣʘʩʷ ʤʦʜʝʣʴ ʘʙʦ ʷʢ ʟʤʝʥʰʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʧʨʠ ʚʠʜʘʣʝʥʽ 

ʟʤʽʥʥʦʾ. ʏʠʤ ʙʽʣʴʰʝ ʟʤʝʥʰʝʥʥʷ, ʪʠʤ ʙʽʣʴʰʫ ʟʥʘʯʠʤʽʩʪʴ ʤʘʻ ʟʤʽʥʥʘ. ʊʫʪ 

ʩʝʨʝʜʥʻ ʟʤʝʥʰʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʚʠʙʦʨʫ ʟʤʽʥʥʦʾ. ɯʥʜʝʢʩ Gini 

ʤʦʞʝ ʦʧʠʩʘʪʠ ʟʘʛʘʣʴʥʫ ʧʦʷʩʥʶʚʘʣʴʥʫ ʟʥʘʯʠʤʽʩʪʴ ʟʤʽʥʥʠʭ[25]. 
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2.6 Recursive Feature Elimination 

 

 ʈʝʢʫʨʩʠʚʥʠʡ ʚʽʜʙʽʨ ʦʟʥʘʢ(Recursive Feature Elimination - RFE) - ʤʝʪʦʜ 

ʚʽʜʙʦʨʫ ʚ ʟʚʦʨʦʪʥʴʦʤʫ ʧʦʨʷʜʢʫ. ɼʣʷ ʧʦʯʘʪʢʫ ʙʫʜʫʻʪʴʩʷ ʤʦʜʝʣʴ ʥʘ ʤʥʦʞʠʥʽ 

ʚʩʽʭ ʦʟʥʘʢ. ɼʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʮʽʥʢʘ ʟʥʘʯʫʱʦʩʪʽ ʦʟʥʘʢʠ. ʊʽ ʦʟʥʘʢʠ, ʱʦ ʤʘʶʪʴ 

ʥʘʡʥʠʞʯʠʡ ʧʦʢʘʟʥʠʢ ʟʥʘʯʫʱʦʩʪʽ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʤʥʦʞʠʥʠ ʦʟʥʘʢ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʧʨʦʮʝʩ ʟʥʦʚʫ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʅʘ ʧʨʘʢʪʠʮʽ, ʧʦʪʨʽʙʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʽʜʤʥʦʞʠʥ ʟ ʦʟʥʘʢʘʤʠ ʜʣʷ ʦʮʽʥʢʠ ʪʘ ʨʦʟʤʽʨ ʧʽʜʤʥʦʞʠʥʠ. ʈʦʟʤʽʨ 

ʧʽʜʤʥʦʞʠʥʠ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʛʥʦʟʽʚ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ 

ʟʥʘʯʫʱʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʘʣʴʥʘ ʧʽʜʤʥʦʞʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʪʨʝʥʫʚʘʥʥʷ ʬʽʥʘʣʴʥʦʾ ʤʦʜʝʣʽ[26]. 

 ʇʨʦʮʝʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʨʦʟʤʽʨʫ ʧʽʜʤʥʦʞʠʥʠ ʦʟʥʘʢ ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʛʽʧʝʨʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ, ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ 

ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʚʘʛʠ ʚ ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ. 

ʇʨʦʮʝʩ ʧʝʨʝʢʦʤʧʦʥʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʬʫʥʢʮʽʶ ʚʽʜʙʦʨʫ ʦʟʥʘʢ, ʘ ʟʦʚʥʽʰʥʽ 

ʧʦʚʪʦʨʥʽ ʚʠʙʽʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʤʽʨʫ 

ʧʽʜʤʥʦʞʠʥʠ. 

 ʅʝ ʚʩʽ ʤʦʜʝʣʽ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʘʟʦʤ ʽʟ ʤʝʪʦʜʦʤ RFE, ʪʘʢʦʞ 

ʜʝʷʢʽ ʤʦʜʝʣʽ ʦʪʨʠʤʫʶʪʴ ʙʽʣʴʰʝ ʚʠʛʦʜ ʚʽʜ RFE, ʥʽʞ ʽʥʰʽ. ʊʘʢ ʷʢ RFE ʚ 

ʧʦʯʘʪʢʦʚʽʡ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʚʥʠʡ ʥʘʙʽʨ ʧʨʦʛʥʦʟʽʚ, ʜʝʷʢʽ ʤʦʜʝʣʽ 

ʥʝʤʦʞʣʠʚʦ ʧʦʻʜʥʘʪʠ ʟ ʮʠʤ ʤʝʪʦʜʦʤ, ʪʦʤʫ ʱʦ ʾʭ ʥʝ ʤʦʞʣʠʚʦ ʧʦʙʫʜʫʚʘʪʠ, 

ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʧʨʝʜʠʢʪʦʨʽʚ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʚʠʙʽʨʢʠ. ʉʝʨʝʜ ʮʠʭ ʤʦʜʝʣʝʡ: 

ʣʽʥʽʡʥʠʡ ʜʠʩʢʨʠʤʽʥʘʥʪʥʠʡ ʘʥʘʣʽʟ, ʣʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʷ ʪʘ ʤʥʦʞʠʥʥʘ ʣʽʥʽʡʥʘ 

ʨʝʛʨʝʩʽʷ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʦʜʥʫ ʟ ʮʠʭ ʤʝʪʦʜʠʢ ʨʘʟʦʤ ʽʟ RFE, ʪʦʜʽ 

ʩʣʽʜ ʩʧʦʯʘʪʢʫ ʚʽʜʩʽʷʪʠ ʧʨʝʜʠʢʪʦʨʠ. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʤʦʜʝʣʽ ʦʪʨʠʤʫʶʪʴ 

ʙʽʣʴʰʝ ʚʠʛʦʜʠ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ RFE, ʥʽʞ ʽʥʰʽ. ɺʠʧʘʜʢʦʚʠʡ ʣʽʩ ʻ ʦʜʥʽʻʶ ʟ 

ʪʘʢʠʭ ʤʦʜʝʣʝʡ. ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʜʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ RFE 

ʨʘʟʦʤ ʟ RFC. 

 ɿʚʦʨʦʪʥʽʡ ʚʽʜʙʽʨ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʟ ʚʠʧʘʜʢʦʚʠʤ ʣʽʩʦʤ ʟ ʜʚʦʭ 

ʧʨʠʯʠʥ[27]. ʇʦ-ʧʝʨʰʝ, ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʥʝ ʚʠʢʣʶʯʘʪʠ ʟʤʽʥʥʽ 
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ʟ ʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʇʨʠʯʠʥʘ ʧʦʚôʷʟʘʥʘ ʟ ʭʘʨʘʢʪʝʨʦʤ ʘʥʩʘʤʙʣʽʚ 

ʤʦʜʝʣʝʡ. ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʥʩʘʤʙʣʽʚ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʨ̔ ʟʥʦʤʘʥʽʪʥʽʩʪʶ ʩʢʣʘʜʦʚʠʭ ʤʦʜʝʣʝʡ; ʫʩʝʨʝʜʥʝʥʥʷ ʤʦʜʝʣʝʡ, ʷʢʽ ʬʘʢʪʠʯʥʦ 

ʦʜʥʘʢʦʚʽ, ʥʝ ʟʤʝʥʰʫʻ ʚʘʨʽʘʮʽʾ ʧʨʦʛʥʦʟʽʚ ʤʦʜʝʣʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚʠʧʘʜʢʦʚʠʡ 

ʣʽʩ ʧʨʠʤʫʰʫʻ ʜʝʨʝʚʘ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʥʝ ʜʫʞʝ ʦʧʪʠʤʘʣʴʥʽ ʨʦʟʜʽʣʝʥʥʷ 

ʧʨʝʜʠʢʪʦʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʧʘʜʢʦʚʫ ʚʠʙʽʨʢʫ ʧʨʝʜʠʢʪʦʨʽʚ. ʆʙʤʝʞʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʨʝʜʠʢʪʦʨʽʚ, ʷʢʠʡ, ʤʦʞʣʠʚʦ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʨʦʟʜʽʣʝʥʽ, 

ʟʙʽʣʴʰʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʥʝʚʽʜʧʦʚʽʜʥʠʡ ʧʨʝʜʠʢʪʦʨ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʫ ʨʦʟʱʝʧʣʝʥʥʽ. ʍʦʯʘ ʪʘʢʠʡ ʧʨʝʜʠʢʪʦʨ ʤʦʞʝ ʥʝ ʤʘʪʠ ʦʩʦʙʣʠʚʦʛʦ ʧʨʷʤʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ, ʨʽʚʥʷʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʴʦʛʦ ʧʨʝʜʠʢʪʦʨʘ. ɸʥʩʘʤʙʣʽ ʜʝʨʝʚ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʙʫʜʴ-ʷʢʠʡ ʤʦʞʣʠʚʠʡ ʧʨʝʜʠʢʪʦʨ ʭʦʯʘ ʙ ʨʘʟ ʫ ʘʥʩʘʤʙʣʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ 

ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʜʘʣʝʥʥʷ ʜʝʷʢʠʭ ʟʤʽʥʥʠʭ 

ʧʦʩʪʬʘʢʪʫʤ, ʷʢʽ ʥʝ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʤʦʜʝʣʽ. ʂʦʣʠ ʚ ʜʘʥʽ 

ʚʢʣʶʯʝʥʦ ʙʘʛʘʪʦ ʥʝʘʢʪʫʘʣʴʥʠʭ ʧʨʦʛʥʦʟʽʚ ʽ ʧʨʦʮʝʩ RFE ʧʦʻʜʥʫʻʪʴʩʷ ʟ 

ʚʠʧʘʜʢʦʚʠʤ ʣʽʩʦʤ, ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʤʽʨʽʚ ʧʽʜʤʥʦʞʠʥʠ ʤʦʞʝ 

ʜʝʤʦʥʩʪʨʫʚʘʪʠ ʜʫʞʝ ʩʭʦʞʽ ʧʨʦʛʥʦʟʠ. 

 ɼʨʫʛʘ ʧʨʠʯʠʥʘ ʪʦʛʦ, ʱʦ ʚʠʧʘʜʢʦʚʠʡ ʣʽʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ RFE, 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʮʷ ʤʦʜʝʣʴ ʤʘʻ ʜʦʙʨʝ ʚʽʜʦʤʠʡ ʚʥʫʪʨʽʰʥʽʡ ʤʝʪʦʜ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʠʤʦʩʪʽ ʬʫʥʢʮʽʾ ʽ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ ʧʝʨʰʦʶ 

ʤʦʜʝʣʣʶ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʦ RFE, ʜʝ ʚʝʩʴ ʥʘʙʽʨ ʧʨʦʛʥʦʟʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʝʡʪʠʥʛʽʚ ʬʫʥʢʮʽʡ[28]. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2. 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ ʟʘʜʘʯ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʘʣʛʦʨʠʪʤʽʚ, ʙʽʙʣʽʦʪʝʢ, ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ. ɻʦʣʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʷʢʠʡ ʧʽʜʭʽʜ ʧʽʜʽʙʨʘʪʠ. ɺʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʷʢʘ ʙʽʙʣʽʦʪʝʢʘ, 

ʤʦʚʘ ʘʙʦ ʤʦʜʫʣʴ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. ʑʦʙ ʥʝ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʪʠ ʩʝʙʝ ʚʠʚʯʝʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʙʽʙʣʽʦʪʝʢ ʘʙʦ ʥʦʚʠʭ ʤʦʚ 
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ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʘʨʪʦ ʩʧʦʯʘʪʢʫ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʘʥʘʣʦʛʽʚ, 

ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʱʦ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʧʦʜʽʙʥʦʾ ʟʘʜʘʯʽ. 
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ʈʆɿɼɯʃ 3  

ʇʈɸʂʊʀʏʅɸ ʏɸʉʊʀʅɸ 

 

3.1 ʇʨʦʝʢʪʫʚʘʥʥʷ ʭʦʜʫ ʨʦʟʨʦʙʢʠ 

 

ʇʝʨʝʜ ʪʠʤ ʷʢ ʧʨʠʩʪʫʧʠʪʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚʘʞʣʠʚʦ 

ʩʧʨʦʝʢʪʫʚʘʪʠ ʡʦʛʦ. ɼʣʷ ʮʽʻʾ ʟʘʜʘʯʽ ʯʫʜʦʚʦ ʧʽʜʭʦʜʠʪʴ ʧʨʦʛʨʘʤʘ ñAllFusion 

Process Modelerò. 

ɼʣʷ ʧʦʯʘʪʢʫ ʚʘʨʪʦ ʩʪʚʦʨʠʪʠ ʢʦʥʪʝʢʩʪʥʫ ʜʽʘʛʨʘʤʫ (ʨʠʩ 3.1) ʩʘʤʦʛʦ 

ʜʦʜʘʪʢʫ, ʚʠʟʥʘʯʠʪʠ ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʷʢʽ 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʧʽʜ ʯʘʩ ʽʤʧʣʝʤʝʥʪʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʜʦʜʘʪʢʫ. 

 

ʈʠʩʫʥʦʢ 3.1 ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ 

3.1.1 ɼʝʢʦʤʧʦʟʠʮʽʷ ʧʝʨʰʦʛʦ ʨʽʚʥʷ  

 ɼʣʷ ʜʝʢʦʤʧʦʟʠʮʽʾ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʦʣʦʛʽʶ 

IDEF0(ʨʠʩ. 3.2). ɺʠʜʽʣʠʤʦ ʥʘʩʪʫʧʥʽ ʧʽʜʟʘʜʘʯʽ: 

- ʧʽʜʛʦʪʦʚʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ;  

- ʟʙʽʨ ʦʟʥʘʢ ʽʟ ʟʦʙʨʘʞʝʥʴ; 

- ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʠʤʠʭ ʯʘʩʪʦʪ; 

- ʢʣʘʩʠʬʽʢʘʮʽʷ; 
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- ʨʦʟʨʦʙʢʘ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ; 

 

 

ʈʠʩʫʥʦʢ 3.2 IDEF0 ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʝʨʰʦʛʦ ʨʽʚʥʷ 

 

ʇʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦʚʝʩʪʠ ʜʝʢʦʤʧʦʟʠʮʽʶ ʜʨʫʛʦʛʦ ʨʽʚʥʷ (ʨʠʩ 3.3-3.4) 

ʜʣʷ ʟʘʜʘʯʽ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʽ ʟʙʦʨʫ ʦʟʥʘʢ : 

 

 

ʈʠʩʫʥʦʢ 3.3 IDEF0 ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʟʘʜʘʯʽ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ 
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ʈʠʩʫʥʦʢ 3.4 IDEF0 ʜʝʢʦʤʧʦʟʠʮʽʷ ʧʽʜʟʘʜʘʯʽ ʟʙʦʨʫ ʦʟʥʘʢ 

 

3.2 ʇʽʜʛʦʪʦʚʢʘ ʟʦʙʨʘʞʝʥʴ 

 

 ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʙʫʣʦ ʥʘʜʘʥʦ ʜʘʪʘʩʝʪ ʽʟ ʟʦʙʨʘʞʝʥʴ ʩʦʥʦʛʨʘʬʽʾ 

(ʨʠʩ. 3.5). ɼʘʥʽ ʨʦʟʜʽʣʝʥʦ ʥʘ ʢʣʘʩʠ: ʥʦʨʤʘ-ʧʘʪʦʣʦʛʽʷ; ʧʽʜʢʣʘʩʠ ʧʦ ʜʘʪʯʠʢʘʤ 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʦʥʚʝʢʩʥʠʡ-ʣʽʥʽʡʥʠʡ. ʊʘʢ ʷʢ ʥʘ 

ʨʽʟʥʠʭ ʜʘʪʯʠʢʘʭ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ ʽ ʚʠʙʽʨʢʘ ʟʦʙʨʘʞʝʥʴ 

ʧʨʠ ʣʽʥʽʡʥʦʤʫ ʜʘʪʯʠʢʫ ʙʫʣʘ ʷʢʽʩʥʽʰʘ ʽ ʙʽʣʴʰʘ ʚʠʙʽʨ ʟʫʧʠʥʠʚʩʷ ʩʘʤʝ ʥʘ 

ʥʴʦʤʫ. 

 

ʈʠʩʫʥʦʢ 3.5 ʇʨʠʢʣʘʜ ʟʦʙʨʘʞʝʥʥʷ ʟ ʜʘʪʘʩʝʪʫ 
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 ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʥʘʧʠʩʘʪʠ 

ʩʢʨʠʧʪ ʥʘ ʤʦʚʽ Python ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ OpenCV, ʷʢʠʡ ʩʘʤʦʩʪʽʡʥʦ 

ʜʽʩʪʘʥʝ ʧʦʪʨʽʙʥʫ ʽʥʬʦʨʤʘʮʽʶ. ɺ ʙʽʙʣʽʦʪʝʮʽ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʈʘʤʝʨʘ-ɼʫʛʣʘʩʘ-ʇʝʢʝʨʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʫʨʽʚ ʦʙʣʘʩʪʝʡ ʽʥʪʝʨʝʩʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʜʘʪʘʩʝʪ ʟ ʦʙʣʘʩʪʝʡ ʽʥʪʝʨʝʩʫ ʥʦʨʤʠ ʽ ʧʘʪʦʣʦʛʽʾ. 

 

3.3 ʈʽʟʥʠʮʝʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ 

 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ ʱʦ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʣʽʢʘʨʽ ʥʘʣʘʰʪʦʚʫʶʪʴ ʘʧʘʨʘʪ 

ʋɿɼ ʧʽʜ ʩʝʙʝ ʽ ʤʽʥʷʶʪʴ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʧʨʦʚʝʩʪʠ ʨʽʟʥʠʮʝʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ (ʨʠʩ 3.6).  

 

ʈʠʩʫʥʦʢ 3.6 ʇʨʠʥʮʠʧ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

 

3.4 ɺʽʜʙʽʨ ʦʟʥʘʢ 

 

ɺʽʜʙʽʨ ʦʟʥʘʢ - ʮʝ ʩʬʝʨʘ ʘʣʛʦʨʠʪʤʽʚ ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʜʘʥʠʭ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɼʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ ʽʟ N 

ʦʟʥʘʢʘʤʠ ʪʘ M ʚʠʤʽʨʘʤʠ (ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘʪʨʠʙʫʪʘʤʠ) ʚʠʙʽʨ ʦʟʥʘʢ 

ʤʘʻ ʥʘ ʤʝʪʽ ʟʤʝʥʰʠʪʠ M ʜʦ Mǋ ʧʨʠ ʪʦʤʫ, ʱʦ Mǋ Ò M. ʎʝ ʚʘʞʣʠʚʠʡ ʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ. ʑʝ ʦʜʠʥ ʝʬʝʢʪʠʚʥʠʡ 

ʧʽʜʭʽʜ - ʚʠʜʽʣʝʥʥʷ ʦʟʥʘʢ. ʆʜʥʝ ʟ ʢʣʶʯʦʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʜʚʦʭ ʧʽʜʭʦʜʽʚ 

ʧʦʣʷʛʘʻ ʫ ʾʭ ʨʝʟʫʣʴʪʘʪʘʭ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʫ ʥʘʩ ʻ ʯʦʪʠʨʠ ʦʟʥʘʢʠ F1, F2, F3, 
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F4 , ʷʢʱʦ ʦʙʠʜʚʘ ʧʽʜʭʦʜʠ ʜʘʶʪʴ ʜʚʽ ʦʟʥʘʢʠ, ʪʦ 2 ʚʽʜʽʙʨʘʥʽ ʬʫʥʢʮʽʾ ʻ 

ʧʽʜʤʥʦʞʠʥʦʶ ʟ 4-ʭ ʦʨʠʛʽʥʘʣʴʥʠʭ ʦʟʥʘʢ (ʥʘ ʧʨʠʢʣʘʜ, F1, F3), ʘʣʝ 2 ʚʠʜʽʣʝʥʽ 

ʦʟʥʘʢʠ - ʮʝ ʢʦʤʙʽʥʘʮʽʷ 4-ʭ ʦʨʠʛʽʥʘʣʴʥʠʭ ʦʟʥʘʢ (ʥʘʧʨʠʢʣʘʜ, F1ǋ = × ai*Fi ʪʘ 

F2ǋ = × bi*Fi, ʜʝ ai, bi - ʜʝʷʢʽ ʢʦʥʩʪʘʥʪʠ). ɺʽʜʙʽʨ ʦʟʥʘʢ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʦʜʘʪʢʘʭ, ʜʝ ʧʦʪʨʽʙʥʦ ʟʙʝʨʝʛʪʠ ʦʨʠʛʽʥʘʣʴʥʽ ʦʟʥʘʢʠ. 

ɼʝʷʢʽ ʧʨʠʢʣʘʜʠ - ʢʘʪʝʛʦʨʠʟʘʮʽʷ ʜʦʢʫʤʝʥʪʽʚ, ʤʝʜʠʯʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʪʘ ʧʨʦʛʥʦʟ. 

ɺ ʨʦʙʦʪʽ ʟʘʛʦʩʪʨʝʥʦ ʫʚʘʛʫ ʩʘʤʝ ʥʘ ʚʽʜʙʦʨʽ ʦʟʥʘʢ. ʇʝʨʝʚʘʛʦʶ ʚʽʜʙʦʨʫ ʦʟʥʘʢ ʻ 

ʙʘʛʘʪʦʨʘʟʦʚʽʩʪʴ: ʮʝ ʜʦʧʦʤʘʛʘʻ ʧʦʢʨʘʱʠʪʠ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʟʨʦʟʫʤʽʣʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʚʯʘʥʥʷ, ʢʦʤʧʘʢʪʥʽʩʪʴ 

ʤʦʜʝʣʽ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʟʙʽʨ ʜʘʥʠʭ. 

 ɼʣʷ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫʨʠ ʽʩʥʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʈʦʙʝʨʪʦʤ ʍʘʨʘʣʽʢʦʤ. ɺʽʜʙʽʨ ʦʟʥʘʢ ʍʘʨʘʣʽʢʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʚʘ ʝʪʘʧʠ. ɺ ʧʝʨʰʦʤʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ 

ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ - GLCM, ʚ ʜʨʫʛʦʤ - ʦʟʥʘʢʠ ʥʘ ʦʩʥʦʚʽ GLCM. 

 ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʧʨʦʚʝʜʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘ ʦʟʥʘʢʘʤʠ ʍʘʨʘʣ̔ʢʘ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʚʽʜʙʨʘʥʠʭ ʦʟʥʘʢ(ʟʥʘʯʝʥʴ) 

ʤʘʪʨʠʮʽ GLCM.  

3.4.1 ʆʟʥʘʢʠ ʍʘʨʘʣ̔ʢʘ 

 ɿ GLCM ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ 13 ʦʟʥʘʢ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʣʠʰʝ 4 ʟ ʥʠʭ: 

- ɽʥʝʨʛʽʷ - ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʘʙʦ ʜʨʫʛʠʡ ʢʫʪʦʚʠʡ 

ʤʦʤʝʥʪ(Angular Second Moment - ASM). ʂʦʣʠ ʥʘ ʟʦʙʨʘʞʝʥʽ ʧʽʢʩʝʣʽ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʽʚʝʥʴ, ʪʦʜʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʙʫʜʝ ʚʠʱʠʤ. 

- ʂʦʥʪʨʘʩʪ - ʤʽʨʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʽʟʥʠʮʽ ʤʽʞ ʧʽʢʩʝʷʤʠ. 

- ɻʦʤʦʛʝʥʥʽʩʪʴ - ʦʧʠʩʫʻ ʣʦʢʘʣʴʥʫ ʩʭʦʞʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. 

- ʂʦʨʝʣʷʮʽʷ - ʦʧʠʩʫʻ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʽʚʥʽʚ ʩʽʨʦʛʦ ʚ GLCM. ʇʦʢʘʟʫʻ 

ʥʘ ʩʢʽʣʴʢʠ ʮʝʥʪʨʘʣʴʥʠʡ ʧʽʢʩʝʣʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʥʰʠʭ. 



 

38 

3.4.2 ɺʽʜʙʽʨ ʟʥʘʯʠʤʠʭ ʟʥʘʯʝʥʴ GLCM  

ɼʣʷ ʚʽʜʙʦʨʫ ʦʟʥʘʢ ʟ GLCM ʙʫʣʦ ʦʙʯʠʩʣʝʥʦ ʩʝʨʝʜʥʽ ʤʘʪʨʠʮʽ ʜʣʷ ʥʦʨʤʠ 

ʽ ʧʘʪʦʣʦʛʽʾ ʪʘ ʨʽʟʥʠʮʶ ʤʽʞ ʥʠʤʠ (ʨʠʩ. 3.7-3.9). ʇʦ ʦʩʷʤ ʆʍ ʪʘ ʆʋ ʣʝʞʘʪʴ 

ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʛʨʘʜʘʮʽʡ ʩʽʨʦʛʦ ʧʽʩʣʷ ʨʽʟʥʠʮʝʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʇʦ ʦʩʽ OZ 

- ʥʦʨʤʦʚʘʥʝ, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʧʦʷʚʠ ʧʘʨʠ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ. 

 

 

ʈʠʩʫʥʦʢ 3.7. ʉʝʨʝʜʥʷ GLCM ʧʦ ʧʘʪʦʣʦʛʽʾ. 
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ʈʠʩʫʥʦʢ 3.8. ʉʝʨʝʜʥʷ GLCM ʧʦ ʥʦʨʤʽ. 

ʃʦʛʽʯʥʦ ʧʨʠʧʫʱʝʥʥʷʤ ʻ ʪʝ ʱʦ, ʪʽ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʝʚʦʾ ʤʘʪʨʠʮʽ ʷʢʽ 

ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ/ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʷʢ ʨʘʟ ʽ ʤʦʞʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʥʦʨʤʫ/ʧʘʪʦʣʦʛʽʶ. ʆʪʞʝ, ʟ ʨʽʟʥʠʮʝʚʦʾ ʤʘʪʨʠʮʽ ʙʫʣʦ ʦʙʨʘʥʦ ʦʟʥʘʢʠ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 
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ʈʠʩʫʥʦʢ 3.9. ʈʽʟʥʠʮʝʚʘ GLCM, ʥʦʨʤʘ - ʧʘʪʦʣʦʛʽʷ. 

- ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʙʽʣʴʰʝ 0 ʽ ʙʽʣʴʰʝ 10% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ. 

- ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʤʝʥʰʝ 0 ʽ ʤʝʥʰʝ 10% ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʠʪʴ 433 ʧʦʯʘʪʢʦʚʠʭ ʯʘʩʪʦʪ ʽʟ 4974 ʟʘʛʘʣʴʥʠʭ. ɺ 

ʪʘʢʽʡ ʢʽʣʴʢʦʩʪʽ ʦʟʥʘʢ ʤʦʞʫʪʴ ʪʨʘʧʣʷʪʠʩʷ ʪʘʢʽ, ʱʦ ʥʝ ʥʝʩʫʪʴ ʚ ʩʦʙʽ ʞʦʜʥʦʾ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. ʆʪʞʝ, ʧʨʦʚʝʜʝʤʦ ʙʽʣʴʰ ʛʣʠʙʦʢʠʡ ʚʽʜʙʽʨ ʩʝʨʝʜ ʥʠʭ. 

3.4.2.1 ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 

 ɼʣʷ ʚʽʜʙʦʨʫ ʦʟʥʘʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʣʦ 

ʨʦʟʨʘʭʦʚʘʥʦ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʘʥʘ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤʠ ʯʘʩʪʦʪʘʤʠ ʪʘ ʟʤʽʥʥʦʶ 

ʢʣʘʩʫ. 

 ɺ ʷʢʦʩʪʽ ʛʝʥʽʚ ʚ ɻɸ ʚʠʩʪʫʧʘʶʪʴ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʯʘʩʪʦʪʘʤʠ ʽ ʢʣʘʩʦʤ. 

ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʛʝʥʽʚ - 6. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʧʦʧʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ 

ʢʨʠʪʝʨʽʡ ʜʣʷ ʚʠʙʦʨʫ ʘʥʩʘʤʙʣʷ ʦʟʥʘʢ (ʬʦʨʤʫʣʘ 3.1): 

 

ὧὶὭὸὩὶὭέὲ 

ρ
ὔ
В ὼώ

ρ  
ρ
˞
ВВὼώ

 

 

  

(3.1) 

ɼʝ: xy ï ʤʥʦʞʠʥʘ ʢʦʨʝʣʷʮʽʡ ʦʟʥʘʢʠ ʍ ʟ ʢʣʘʩʦʤ ʋ, ʍ ï ʯʘʩʪʦʪʘ ʧʘʨʠ 

ʧʽʢʩʝʣʽʚ, Y ï ʢʣʘʩ ʥʦʨʤʘ/ʧʘʪʦʣʦʛʽʷ. 

ʂʨʠʪʝʨʽʡ ʧʦʪʨʝʙʫʻ ʤʘʢʩʠʤʽʟʘʮʽʾ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʟʤʽʥʥʦʶ ʢʣʘʩʫ ʟ 

ʯʘʩʪʦʪʘʤʠ ʤʘʪʨʠʮʽ(ʯʠʩʝʣʴʥʠʢ) ʽ ʤʘʢʩʠʤʽʟʘʮʽʾ ʾʭʥʴʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʩʦʙʦʶ(ʟʥʘʤʝʥʥʠʢ). 

3.4.2.2 RFE 

 ʈʝʢʫʨʩʠʚʥʠʡ ʚʽʜʙʽʨ ʦʟʥʘʢ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʽʜʤʥʦʞʠʥʽ ʧʦʯʘʪʢʦʚʠʭ 

ʯʘʩʪʦʪ ʟ GLCM. 

 ɺʣʘʩʥʝ ʧʨʦʮʝʩ RFE ʻ ʜʦʩʠʪʴ ʜʦʨʦʛʠʤ ʚ ʧʣʘʥʽ ʚʠʤʦʛ ʜʦ ʨʝʩʫʨʩʽʚ ʽ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʜʫʞʝ ʜʦʚʛʦ. ʑʦʙ ʟʤʝʥʰʠʪʠ ʯʘʩ, ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʟʤʝʥʰʠʪʠ 

ʤʥʦʞʠʥʫ ʧʦʯʘʪʢʦʚʠʭ ʯʘʩʪʦʪ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʪʠʭ, ʷʢʽ ʤʘʶʪʴ ʤʽʞ ʩʦʙʦʶ 
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ʥʘʡʙʽʣʴʰʫ ʢʦʨʝʣʷʮʽʶ. ʊʘʢʠʡ ʚʠʙʽʨ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʪʦʤʫ, ʱʦ ʦʟʥʘʢʠ ʷʢʽ 

ʩʠʣʴʥʦ ʢʦʨʝʣʶʶʪʴ ʤʽʞ ʩʦʙʦʶ ʥʝʩʫʪʴ ʦʜʥʫ ʽ ʪʫ ʞ ʩʘʤʫ ʽʥʬʦʨʤʘʮʽʶ. 

 ɿ ʧʦʯʘʪʢʦʚʦʾ ʤʥʦʞʠʥʠ ʦʟʥʘʢ ʙʫʣʦ ʫʩʫʥʫʪʦ ʪʽ, ʤʽʞ ʷʢʠʤʠ ʢʦʨʝʣʷʮʽʷ ʧʦ 

ʤʦʜʫʣʶ ʙʽʣʴʰʝ 0.8. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ 75 ʦʟʥʘʢ ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʧʨʦʚʝʜʝʥʦ ʨʝʢʫʨʩʠʚʥʠʡ ʚʽʜʙʽʨ. 

ɺ ʷʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ ʙʫʣʦ ʦʙʨʘʥʦ RFC ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ, ʥʘ 

ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʚʠʜʘʣʷʪʠ ʣʠʰʝ ʦʜʥʫ ʦʟʥʘʢʫ ʽ ʪʦʯʥʽʩʪʴ ʷʢ ʦʮʽʥʦʯʥʘ ʤʝʪʨʠʢʘ, 

ʷʢʫ ʧʦʪʨʽʙʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ. 

 ɿ ʛʨʘʬʽʢʘ (ʨʠʩ. 3.10) ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʪʦʯʥʦʩʪʽ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʦʟʥʘʢ ʚʽʜ 60 ʜʦ 70. 

 

 

ʈʠʩʫʥʦʢ 3.10 ɿʘʣʝʞʥʽʩʪʴ ʪʦʯʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʽʜʽʙʨʘʥʠʭ ʦʟʥʘʢ. 
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ʈʠʩʫʥʦʢ 3.11 ɿʥʘʯʠʤʽʩʪʴ ʦʟʥʘʢ. 

 

ʊʘʢ ʷʢ ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʜʦʩʠʪʴ ʚʝʣʠʢʘ, ʚʘʨʪʦ ʩʧʨʦʙʫʚʘʪʠ (ʨʠʩ. 3.11) 

ʥʘʪʨʝʥʫʚʘʪʠ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤʠʭ ʟ ʥʠʭ ʽ ʧʦʨʽʚʥʷʪʠ ʟ 
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ʨʝʟʫʣʴʪʘʪʦʤ ʥʘ ʦʩʥʦʚʽ ʘʥʩʘʤʙʣʷ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘ ʜʫʤʢʫ RFECV. ʇʨʠʡʥʷʪʦ 

ʨʽʰʝʥʥʷ ʚʽʜʽʙʨʘʪʠ ʥʘʡʢʨʘʱʽ 50% ʟʽ ʚʩʽʭ.  

 

3.5 ʂʣʘʩʠʬʽʢʘʮʽʷ 

 

ʉʧʦʩʽʙ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʢʩʪʫʨʥʠʭ ʦʟʥʘʢ 

ʍʘʨʘʣʽʢʘ ʚʽʜʦʤʠʡ ʽ ʜʽʻʚʠʡ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʱʦʙ 

ʧʦʨʽʚʥʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ GLCM. 

ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʤʥʦʞʠʥ ʦʟʥʘʢ, ʧʨʦʚʝʜʝʥʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʽ ñʪʶʥʠʥʛò ʛʽʧʝʨ-ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ. 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ (ʪʘʙʣ. 3.1), ʟʥʘʯʝʥʥʷ ʟ GLCM ʜʽʡʥʦ ʥʝʩʫʪʴ ʚ ʩʦʙʽ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʘʟʦʤ ʽʟ ʢʨʠʪʝʨʽʻʤ ʚʠʙʦʨʫ ʘʥʩʘʤʙʣʷ 

ʧʦʢʘʟʘʚ ʩʝʙʝ ʢʨʘʱʝ ʟʘ ʨʝʢʫʨʩʠʚʥʠʡ ʚʽʜʙʽʨ ʽ, ʥʘʚʽʪʴ, ʟʤʽʛ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ 

ʨʝʟʫʣʴʪʘʪʽʚ  ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʪʝʢʩʪʫʨʥʠʤʠ ʦʟʥʘʢʘʤʠ. 

 

 ʊʘʙʣʠʮʷ 3.1. 

ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʆʟʥʘʢʠ ʄʝʪʦʜ ʚʽʜʙʦʨʫ ʊʨʝʥʫʚʘʣʴʥʘ ʚʠʙʽʨʢʘ ʊʝʩʪʦʚʘ ʚʠʙʽʨʢʘ 

ʍʘʨʘʣʽʢʘ - 100% 76% 

 

 

 

ɿʥʘʯʝʥʥʷ GLCM 

ɻʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 94% 73% 

ʈʝʢʫʨʩʠʚʥʠʡ 

ʚʽʜʙʽʨ(ʚʩʽ ʦʟʥʘʢʠ) 

97% 67% 

ʈʝʢʫʨʩʠʚʥʠʡ 

ʚʽʜʙʽʨ(ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʠʤʽ) 

97% 69% 
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3.6 ʆʙʨʘʟʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʑʦʙ ʣʽʢʘʨ ʤʽʛ ʥʘʦʯʥʦ ʦʮʽʥʠʪʠ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʦʜʝʣʽ, 

ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʫʣʴ ʜʣʷ ʦʙʨʘʟʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ. 

ʅʘ ʦʩʥʦʚʽ ʚʽʜʽʙʨʘʥʠʭ ʯʘʩʪʦʪ ʟʫʩʪʨʽʯʽ ʧʘʨ ʧʽʢʩʝʣʽʚ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʮʠʭ ʧʽʢʩʝʣʽʚ ʽ ʟʘʣʠʰʝʥʦ ʥʘ ʟʦʙʨʘʞʝʥʽ. ʊʽ, ʱʦ ʥʝ ʧʦʪʨʘʧʠʣʠ ʚ 

ʤʥʦʞʠʥʫ - ʟʘʤʘʣʴʦʚʫʶʪʴʩʷ ʚ ʯʦʨʥʠʡ ʢʦʣʽʨ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ ʟ ʤʘʡʞʝ ʦʜʥʘʢʦʚʠʤʠ 

ʨʦʟʤʽʨʘʤʠ (ʨʠʩ. 3.12-3.14). 

 

ʈʠʩʫʥʦʢ 3.12. ʆʙʨʘʟʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘ ʦʟʥʘʢʘʤʠ(6ʰʪ) ʟ ɻɸ. 

 

 

ʈʠʩʫʥʦʢ 3.13. ʆʙʨʘʟʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘ ʥʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤʠ 

ʦʟʥʘʢʘʤʠ(30ʰʪ) ʟ RFE. 
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ʈʠʩʫʥʦʢ 3.14. ʆʙʨʘʟʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘ ʚʩʽʤʘ ʦʟʥʘʢʘʤʠ(60ʰʪ) ʟ RFE. 

 

ʈʝʟʫʣʴʪʘʪ ʚʠʷʚʠʚʩʷ ʢʨʘʱʠʤ ʥʽʞ ʦʯʽʢʫʚʘʚʩʷ. ɯʩʥʫʻ ʚʽʟʫʘʣʴʥʘ ʨʽʟʥʠʮʷ 

ʤʽʞ ʦʙʨʘʟʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʥʦʨʤʠ ʽ ʧʘʪʦʣʦʛʽʾ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʣʽʢʘʨʶ ʢʨʘʱʝ 

ʟʨʦʟʫʤʽʪʠ ʨʦʙʦʪʫ ʘʣʛʦʨʠʪʤʫ ʽ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʯʠ ʩʧʠʨʘʪʠʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʘʣʛʦʨʠʪʤʫ ʯʠ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʭʦʞʝ, ʱʦ ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʠʚ ʦʟʥʘʢʠ, ʷʢʽ ʙʽʣʴʰʝ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʘʪʦʣʦʛʽʾ. ʎʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʧʦʨʽʚʥʷʚʰʠ ʢʽʣʴʢʽʩʪʴ ʯʦʨʥʠʭ 

ʜʽʣʷʥʦʢ ʥʘ ʟʦʙʨʘʞʝʥʽ ʥʦʨʤʠ ʽ ʧʘʪʦʣʦʛʽʾ. ɺ ʩʚʦʶ ʯʝʨʛʫ RFE ʚʽʜʽʙʨʘʚ ʦʟʥʘʢʠ, 

ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

 ɺ ʭʦʜʽ ʧʨʘʢʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʟʘʜʘʯʽ: 

- ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʪʘʩʝʪʫ; 

- ʚʠʜʽʣʝʥʥʷ ʪʝʢʩʪʫʨʥʠʭ ʦʟʥʘʢ; 

- ʚʠʜʽʣʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʦʟʥʘʢ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ; 

- ʢʣʘʩʠʬʽʢʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʚʠʜʽʣʝʥʠʭ ʦʟʥʘʢ; 

- ʨʦʟʨʦʙʢʘ ʤʦʜʫʣʶ ʜʣʷ ʦʙʨʘʟʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ʈʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʚʩʷ ʧʦʟʠʪʠʚʥʠʤ. ɿʘʣʝʞʥʽʩʪʴ ʟʥʘʡʜʝʥʦ ʽ 

ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʴʥʦ ʦʮʽʥʠʪʠ ʧʽʜʩʪʘʚʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

ʘʣʛʦʨʠʪʤʦʤ. ʊʘʢ ʷʢ ʨʝʟʫʣʴʪʘʪ ʚʠʷʚʠʚʩʷ ʧʦʟʠʪʠʚʥʠʤ,  ʚʘʨʪʦ ʨʦʟʚʠʚʘʪʠ ʽʜʝʶ 

ʜʘʣʽ. ʇʨʠʙʣʠʟʥʽ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ: 

- ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʫ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ, ʥʘ ʧʨʠʢʣʘʜ 

70ʭ70 ʧʽʢʩʝʣʽʚ; 

- ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʝʥʥʷ GLCM(ʜʦʚʞʠʥʘ, ʢʫʪ); 

- ʧʨʦʚʝʩʪʠ ʪʝʢʩʪʫʨʥʠʡ ʘʥʘʣʽʟ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʷʢʽ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʜʝʤʦʥʩʪʨʫʶʪʴʩʷ ʣʽʢʘʨʶ ʷʢ ʨʝʟʫʣʴʪʘʪ .  
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ʈʆɿɼɯʃ 4 

ʆʍʆʈʆʅɸ ʇʈɸʎɯ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʨʦʙʦʯʝ ʤʽʩʮʝ 

ʣʽʢʘʨʷ ʋɿɼ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ ʇʇ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʩʪʘʥʦʚʢʠ 

ʜʽʘʛʥʦʟʫ ʭʚʦʨʦʛʦ ʜʠʬʫʟʥʠʤ ʟʘʭʚʦʨʶʚʘʥʥʷʤ ʧʝʯʽʥʢʠ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʣʘʙʦʨʘʪʦʨʽʾ. ʈʦʟʛʣʷʥʫʪʽ ʥʦʨʤʠ ʜʣʷ 

ʧʨʠʤʽʱʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʦʭʦʨʦʥʦʶ ʧʨʘʮʽ, ʯʝʨʝʟ ʧʦʨʫʰʝʥʥʷ ʷʢʠʭ ʤʦʞʫʪʴ 

ʩʪʘʪʠʩʷ ʥʝʱʘʩʥʽ ʚʠʧʘʜʢʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʛʨʦʟ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ[29, 31, 

32]. 

 

4.1.ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʤʽʱʝʥʥʷ 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʣʘʥ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʦʙ'ʻʢʪʫ (ʪʘʙʣ. 

4.1-4.2). 

ʇʘʨʘʤʝʪʨʠ ʧʨʠʤʽʱʝʥʥʷ 

ʊʘʙʣʠʮʷ.4.1  

ˉ ʧ/ʧ ʅʘʟʚʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

1 ɻʘʙʘʨʠʪʠ 4250ʭ4600ʭ2500 ʤʤ 

2 ɺʽʢʥʦ 1500ʭ500ʭ1000 ʤʤ, ʩʢʣʦ ʽ ʜʝʨʝʚʦ 

3 ɼʚʝʨʽ 1090ʭ2100 ʤʤ, ʜʝʨʝʚʦ ʽ ʧʣʘʩʪʠʢ 

4 ʂʽʣʴʢʽʩʪʴ ʧʨʘʮʶʶʯʠʭ, n 
2 (ʣʽʢʘʨ-ʩʧʝʮʽʘʣʽʩʪ ʋɿɼ, ʧʘʮʽʻʥʪ 

ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʠʢʠ) 

5 ʇʣʦʱʘ, S 19.55 ʤ2 

6 ʆʙôʻʤ, V 48.875 ʤ3 

 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʤʽʱʝʥʥʷ: Ὓ  Ὓ̐̏̃̎́ ɀ Ὓ̏ ̤̂ ̨̋̓̃  

4600*4250 ï (600*530*3 + 1200*600 + 800*400*2 + 1950*560 + 500*1100 
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+ 1700*150 + 800*500 + 420*150) = 19550000 ï 5417000 = 14133000 (ʤʤ2) 

= 14.133 (ʤ2) 

ʊʘʙʣʠʮʷ 4.2  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙôʻʢʪʽʚ ʧʨʠʤʽʱʝʥʥʷ 

ˉ ʧ/ʧ ʅʘʟʚʘ ʂʽʣʴ-ʢʽʩʪʴ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʅʦʤʝʨ  

ʥʘ ʨʠʩ. 

1 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʩʢʘʥʝʨ 

Toshiba SSA-370A ( 

PowerVision 6000) 

1 

ǒ ʈʦʟʤʽʨʠ: 500ʭ1100x1420 ʤʤ 

ǒ ʅʘʧʨʫʛʘ: 110 ɺ 

ǒ ʄʘʪʝʨʽʘʣ: ʤʝʪʘʣ ʽ ʧʣʘʩʪʠʢ 

ǒ ɺʘʛʘ: 180 ʢʛ 

1 

2 

ʇʝʨʩʦʥʘʣʴʥʠʡ 

ʢʦʤʧôʶʪʝʨ   Lenovo 

IdeaCentre 300 

1 

ǒ ʈʦʟʤʽʨ ʙʣʦʢʫ: 410ʭ355ʭ160 ʤʤ 

ǒ ʅʘʧʨʫʛʘ: 220 ɺ 

ǒ ʄʘʪʝʨʽʘʣ: ʤʝʪʘʣ ʽ ʧʣʘʩʪʠʢ 

ǒ ʈʦʟʤʽʨ ʜʠʩʧʣʝʶ: 18,5ò 

2 

3 
ʂʦʥʜʠʮʽʦʥʝʨ 

 HYUNDAI ARN07HSSUA 
1 

ǒ ʈʦʟʤʽʨʠ 800ʭ500ʭ300 ʤʤ 

ǒ ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ: 6,5 ɸ 

ǒ ʊʝʧʣʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: 2.3-3.5 ʢɺʪ 

ǒ ʍʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ: 2.2-3.5 ʢɺʪ 

ǒ ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ 0.65 ʢɺʪ 

ǒ ʈʽʚʝʥʴ ʰʫʤʫ (ʚʥʫʪʨ. ʙʣʦʢ): 26 ʜɹ 

ǒ ʈʽʚʝʥʴ ʰʫʤʫ (ʟʦʚʥ. ʙʣʦʢ): 55 ʜɹ 

ǒ ʄʽʥ. ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʪʠ: ρυ˛  ˞

3 

4 
ʂʫʰʝʪʢʘ ʤʝʜʠʯʥʘ ʙʝʟ ʧʽʜʛʦʣʦʚʥʠʢʘ, 

Mitra-Mebel 
1 

ǒ ʈʦʟʤʽʨʠ 1950ʭ560ʭ450 ʤʤ 

ǒ ʄʘʪʝʨʽʘʣ: ʤʝʪʘʣʝʚʠʡ ʢʘʨʢʘʩ, ʬʘʥʝʨʘ, 

ʰʪʫʯʥʘ ʰʢʽʨʘ 

4 

5 ʉʚʽʪʠʣʴʥʠʢ 1 
ǒ ʈʦʟʤʽʨʠ 1313ʭ255 ʤʤ 

ǒ ɼʚʦʣʘʤʧʦʚʠʡ 
5 

6 ʉʪʽʣʝʮʴ ʤʝʜʠʯʥʠʡ, ʉʪ-1 3 

ǒ ʈʦʟʤʽʨʠ 600ʭ530ʭ500 ʤʤ 

ǒ ʄʘʪʝʨʽʘʣ: ʤʝʪʘʣʝʚʠʡ ʢʘʨʢʘʩ, ʧʣʘʩʪʠʢ, 

ʰʪʫʯʥʘ ʰʢʽʨʘ  

6 

7 ʐʠʨʤʘ ʤʝʜʠʯʥʘ, ʐ-4ʉ ʇʨʘʡʤʝʜ 1 
ǒ ʈʦʟʤʽʨʠ 1700ʭ150ʭ1900 ʤʤ 

ǒ ʄʘʪʝʨʽʘʣ: ʪʢʘʥʠʥʘ ʽ ʤʝʪʘʣ 
7 

8 ʉʪʽʣ ʨʦʙʦʯʠʡ, ʉ-107 1 
ǒ ʈʦʟʤʽʨʠ 1200ʭ600ʭ750 ʤʤ 

ǒ ʄʘʪʝʨʽʘʣ: ʜʝʨʝʚôʷʥʠʡ 
8 

9 ʐʘʬʘ ʤʝʜʠʯʥʘ, ʇʈɸʂʊɯʂ MD 2 1780 2 
ǒ ʈʦʟʤʽʨʠ 800ʭ400ʭ1850 ʤʤ 

ǒ ʄʘʪʝʨʽʘʣ: ʤʝʪʘʣ 
9 

10 ɺʦʛʥʝʛʘʩʥʠʢ ʆʇʋ-10(ʟ) 1 
ǒ ʈʦʟʤʽʨʠ 420ʭ150ʭ150 ʤʤ 

ǒ ʊʠʧ: ʧʦʨʦʰʢʦʚʠʡ 10ʣ. ,  
10 

11 
ʇʦʞʝʞʥʠʡ ʩʧʦʚʽʱʫʚʘʯ ʪʝʧʣʦʚʠʡ ɼʊʃ, 

ʀʊʄ, ʀʇ-105-1/2 
1 ǒ ʈʦʟʤʽʨʠ 100ʭ100ʭ50 ʤʤ 11  

 

ὠ  ὠ̐̏̃̎́ ɀ ὠ̏ ̤̂ ̨̋̓̃  4250*4600*2500 ï (530*600*500*3 + 

600*1200*750 + 400*800*1850 + 1950*560*450 + 1100*500*1400 + 

150*1700*1900 + 800*300*500 + 420*150*150) = 48875000000 - 

4992450000 = 43882550000 (ʤʤ3) =   43.882 (ʤ3) 

https://comfy.ua/ua/sistemnyj-blok-qbox-i3277.html
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ʈʠʩʫʥʦʢ 4.1. ʉʭʝʤʘ ʢʘʙʽʥʝʪʫ. 

 

ʇʦʨʽʚʥʷʻʤʦ ʨʝʘʣʴʥʽ ʜʘʥʽ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ (ʪʘʙʣ. 4.3). 

 

ʊʘʙʣʠʮʷ 4.3  

ʇʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʠʭ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 ̄ ʇʘʨʘʤʝʪʨ ʧʨʠʤʽʱʝʥʥʷ ʈʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 
ʅʦʨʤʘʪʠʚʥʽ 

ʟʥʘʯʝʥʥʷ 

1 ʇʣʦʱʘ ʥʘ  1 ʨʦʙʽʪʥʠʢʘ 14.133 ʤ2 6 ʤ2 

2. ʆʙôʻʤ ʥʘ  1 ʨʦʙʽʪʥʠʢʘ 43.882 ʤ3 20 ʤ3 

3. ʄʽʥʽʤʘʣʴʥʘ ʰʠʨʠʥʘ ʧʨʦʭʦʜʫ 1.5 ʤ 1,5 ʤ 

 

ʇʦʨʽʚʥʷʚʰʠ ʬʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʘʙʽʥʝʪʫ ʟ  ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʟʘʟʥʘʯʝʥʽ ʚ ʅɸʇɹ ɹ.03.002-2007, ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠʤʽʱʝʥʥʷ ʤʘʻ ʜʦʩʪʘʪʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ 

ʜʚʦʭ ʣʶʜʝʡ (ʣʽʢʘʨ ʪʘ ʧʘʮʽʻʥʪ). 
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4.2. ʆʮʽʥʢʘ ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʙʝʟʧʝʢ ʽ ʰʢʽʜʣʠʚʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʬʘʢʪʦʨʽʚ 

 

ʋ ʢʘʙʽʥʝʪʽ ʻ ʨʷʜ ʰʢʽʜʣʠʚʠʭ ʪʘ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʚʧʣʠʚ ʷʢʠʭ ʥʘ 

ʣʶʜʠʥʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʽʟʥʠʭ ʥʝʙʝʟʧʝʢ, ʧʦʚôʷʟʘʥʠʭ ʟ ʾʾ ʟʜʦʨʦʚôʷʤ 

(ʪʘʙʣ. 4.4).  

 

ʊʘʙʣʠʮʷ 4.4  

ʐʢʽʜʣʠʚʽ ʚʠʨʦʙʥʠʯʽ ʬʘʢʪʦʨʠ 

ˉ ʧ/ʧ 1 2 

ʌʘʢʪʦʨ 
ɹʦ̔ʣʦʛʽʯʥʘ 

ʥʝʙʝʟʧʝʢʘ 

ɽʣʝʢʪʨʠʯʥʘ 

ʥʝʙʝʟʧʝʢʘ 

 

ɯʥʰʽ ʬʘʢʪʦʨʠ ʥʝʙʝʟʧʝʢʠ ʟ ʪʘʢʠʭ ʢʘʪʝʛʦʨʽʡ ʷʢ ʭʽʤʽʯʥʽ, ʙʽʦʣʦʛʽʯʥʽ ʪʘ 

ʧʩʠʭʦʣʦʛʽʯʥʽ ʥʝ ʻ ʜʦʩʪʘʪʥʴʦ ʚʘʛʦʤʠʤʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ. ɿʘʛʘʣʦʤ, 

ʚ ʧʨʠʤʽʱʝʥʥʽ ʧʨʠʩʫʪʥʽ ʥʝʙʝʟʧʝʯʥʽ ʬʘʢʪʦʨʠ, ʪʘ ʟʘ ʫʤʦʚ ʜʦʪʨʠʤʘʥʥʷ 

ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ, ʚʦʥʠ ʥʝ ʻ ʢʨʠʪʠʯʥʠʤʠ.  

 

4.3 ɹʽʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ 

 

ɼʣʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʢʘʥʝʨʘ (ʩʦʥʦʛʨʘʬʘ) ʥʘ 

ʧʦʚʝʨʭʥʶ ʪʽʣʘ ʣʶʜʠʥʠ, ʷʢʫ ʤʘʶʪʴ ʥʘʤʽʨ ʜʦʩʣʽʜʠʪʠ ʧʦʪʨʽʙʥʦ ʥʘʥʝʩʪʠ ʰʘʨ 

ʤʝʜʠʯʥʦʛʦ ʛʝʣʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʎʝʡ ʋɿɼ-ʛʝʣʴ ʚ ʽʜʝʘʣʽ ʥʝ 

ʧʦʚʠʥʝʥ ʚʠʢʣʠʢʘʪʠ ʧʦʜʨʘʟʥʝʥʴ ʰʢʽʨʠ ʧʘʮʽʻʥʪʘ, ʤʘʪʠ ʟʘʧʘʭ, ʤʘʻ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʚʽʣʴʥʝ ʩʢʦʣʴʟʽʥʥʷ ʤʝʜʠʯʥʦʛʦ 

ʧʨʠʣʘʜʫ ʧʦ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʽ ʤʘʪʠ ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  
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ʊʘʙʣʠʮʷ 4.5  

ʅʝʙʝʟʧʝʯʥʽ ʪʘ ʰʢʽʜʣʠʚʽ ʚʠʨʦʙʥʠʯʽ ʨʝʯʦʚʠʥʠ 

ˉ ɼʞʝʨʝʣʦ ʅʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʴ ʫʤʦʚ ʢʦʨʠʩʪʫʚʘʥʥʷ  

1 ɻʝʣʴ ʜʣʷ 

ʋɿɼ 

ʂʨʠʪʠʯʥʝ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʢʠ, ʧʦʜʨʘʟʥʝʥʥʷ 

ʰʢʽʨʠ, ʧʦʰʠʨʝʥʥʷ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʦʾ ʽʥʬʝʢʮʽʾ. 

 

ɺʩʽ ʚʠʤʦʛʠ ʜʝʨʞʘʚʥʦʾ ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʽʡ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ 

ʟʘʟʥʘʯʝʥʽ ʚ ɼʉʅʇ: çɼʝʟʽʥʬʝʢʮʽʷ, ʧʝʨʝʜʩʪʝʨʠʣʽʟʘʮʽʡʥʝ ʦʯʠʱʝʥʥʷ ʪʘ 

ʩʪʝʨʠʣʽʟʘʮʽʷ ʤʝʜʠʯʥʠʭ ʚʠʨʦʙʽʚ ʚ ʟʘʢʣʘʜʘʭ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷè ʟʘ ʥʘʢʘʟʦʤ 

ʄʆʅ ʋʢʨʘʾʥʠ ʚʽʜ 11.08.2014  ˉ 552. 

ɺ ʢʘʙʽʥʝʪʽ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ: 

 

ʊʘʙʣʠʮʷ 4.6  

ɿʘʭʦʜʠ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʢ, ʧʦʚôʷʟʘʥʠʭ ʟ ʋɿɼ-ʛʝʣʝʤ 

ˉ 

ɻʨʫʧʘ 

ʥʦʤʝʥʢʣʘʪʫʨʥʠ

ʭ ʟʘʭʦʜʽʚ 

ɺʠʜ ʟʘʭʦʜʫ 

ʂʨʠʪʝʨʽʡ ʚʠʙʦʨʫ 

1 ʊʝʭʥʽʯʥʽ 

   ʆʯʠʱʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʣʷʰʦʢ ʟ 

ʥʝʩʪʝʨʠʣʴʥʠʤ ʛʝʣʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʜʝʨʞʘʚʥʦʶ ʩʘʥʽʪʘʨʥʦ-

ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ ʋʢʨʘʾʥʠ 

ʜʝʟʽʥʬʝʢʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʷʢ çʉʪʝʨʠʩʠʣè, ʟʘʤʽʥʘ 

ʧʣʷhʦʢ ʟ ʦʜʥʦʨʘʟʦʚʠʤ ʩʪʝʨʠʣʴʥʠʤ ʛʝʣʝʤ. 

ɼʝʟʽʥʬʝʢʮʽʷ 

2 ʆʨʛʘʥʽʟʘʮʽʡʥʽ 

   ʇʨʦʚʝʜʝʥʥʷ ʽʥʩʪʨʫʢʪʘʞʽʚ ʽʟ ʪʝʭʥʽʢʠ 

ʙʽʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʧʨʦʚʝʜʝʥʥʷ ʚʦʣʦʛʠʭ 

ʧʨʠʙʠʨʘʥʴ ʟʘ ʛʦʜʠʥʫ ʜʦ ʧʨʠʭʦʜʫ ʧʨʘʮʽʚʥʠʢʽʚ. 

ʅʘʚʯʘʥʥʷ ʟ ʧʠʪʘʥʴ 

ʙʽʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

3 ɿɯɿ ʈʫʢʘʚʠʮʽ, ʤʝʜʠʯʥʽ ʭʘʣʘʪʠ ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʟʘʭʠʩʪ 

4 ʈʝʞʠʤʥʽ 
   ʇʣʘʥʫʚʘʥʥʷ ʨʝʛʫʣʷʨʥʠʭ ʧʨʠʙʠʨʘʥʴ 

ʤʝʜʠʯʥʦʛʦ ʢʘʙʽʥʝʪʫ ʋɿɯ-ʩʧʝʮʽʘʣʽʩʪʘ. 

ɹʽʦʙʝʟʧʝʢʘ 

 

5 
ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ 

   ʇʨʠʙʠʨʘʥʥʷ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʦʯʠʱʝʥʥʷ 

ʘʧʘʨʘʪʽʚ, ʢʦʥʪʨʦʣʴ ʚʠʢʦʨʠʩʪʘʥʠʭ ʧʣʷʰʦʢ ʜʣʷ 

ʋɿɼ-ʛʝʣʶ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʩʝʘʥʩʫ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʊʝʭʥʽʢʘ ʙʝʟʧʝʢʠ ʧʨʠ 

ʨʦʙʦʪʽ ʟ ʘʧʘʨʘʪʦʤ ʋɿɼ 

 

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʧʨʘʚʠʣ ʛʽʛʽʻʥʠ ʪʘ ʪʝʭʥʽʢʠ 

ʙʝʟʧʝʢʠ ʥʘʥʝʩʝʥʥʷ ʋɿɼ-ʛʝʣʶ, ʥʝʙʝʟʧʝʢʠ ʚʽʥ ʥʝ ʩʪʘʥʦʚʠʪʴ.  
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4.5 ɽʣʝʢʪʨʦʙʝʟʧʝʢʘ 

 

ʇʨʠʤʽʱʝʥʥʷ ʦʩʥʘʱʝʥʦ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʨʠʣʘʜʘʤʠ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʨʝʞʘ ʦʜʥʦʬʘʟʥʦʛʦ ʩʪʨʫʤʫ 220ɺ. 

ɼʘʥʠʡ ʢʘʙʽʥʝʪ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʧʨʽʤʝʱʝʥʴ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʥʝʙʝʟʧʝʢʠ ʧʦʚôʷʟʘʥʠʤ ʟ  ʫʨʘʞʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. ɺʩʝ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʝ ʦʩʥʘʱʝʥʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʽ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.9. 

 

ʊʘʙʣʠʮʷ 4.9 

ɼʞʝʨʝʣʘ ʫʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ 

ˉ 
ɼʞʝʨʝʣʦ 

ʫʨʘʞʝʥʥʷ ʩʪʨʫʤʦʤ 
ʅʘʩʣʽʜʦʢ 

1 
ɺʽʜʩʫʪʥʽʩʪʴ 

ʽʟʦʣʷʮʽʾ 

ʋʨʘʞʝʥʥʷ ʧʨʘʮʽʚʥʠʢʘ ʩʪʨʫʤʦʤ, 

ʷʢ ʚʥʘʩʣʽʜʦʢ ʧʦʰʢʦʜʞʝʥʥʷ ʰʢʽʨʥʦʛʦ 

ʧʦʢʨʠʚʫ. 

ʆʧʽʢʠ, ʤʝʭʘʥʽʯʥʽ ʫʰʢʦʜʞʝʥʥʷ 

ʧʨʘʮʽʚʥʠʢʘ ʦʪʨʠʤʘʥʥʷ ʽʥʰʠʭ 

ʝʣʝʢʪʨʦʪʨʘʚʤ, ʱʦ ʤʦʞʫʪʴ ʩʪʘʪʠ 

ʣʝʪʘʣʴʥʠʤʠ ʜʣʷ ʧʨʘʮʽʚʥʠʢʘ 

2 

ʊʝʭʥʽʢʘ, ʱo 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ 

ʥʘʧʨʫʛʦ ʁ

 

ʈʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ (ʪʘʙʣ. 

4.10). 

 

ʊʘʙʣʠʮʷ 4.10 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ 

ˉ ʇʦʢʘʟʥʠʢ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈʦʙʦʯʽ ʫʤʦʚʠ  

1 
ʋʣʴʪʨʘʟʚʫ-

ʢʦʚʠʡ ʩʢʘʥʝʨ 

ɾʠʚʣʝʥʥʷ: 220 ɺ, 

ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ 2-10 

ʄɻʮ; 

ʄʝʨʝʞʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ  

ʟ ʥʘʧʨʫʛʦʶ 220Ñ20 ɺ  

ʟ ʯʘʩʪʦʪʦʶ ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ 

50Ñ0,5 ɻʮ 

2 
ʈʦʙʦʯʠʡ 

ʢʦʤʧôʶʪʝʨ 
ɾʠʚʣʝʥʥʷ: 220 ɺ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ Ñ10 

%, 50 ɻʮ; 

ʄʝʨʝʞʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ  

ʟ ʥʘʧʨʫʛʦʶ 220Ñ20 ɺ  

ʟ ʯʘʩʪʦʪʦʶ ʞʠʚʠʣʴʥʦʾ ʤʝʨʝʞʽ 

50Ñ0,5 ɻʮ 

3 ʂʦʥʜʠʮʽʦʥʝʨ 

4 ʇʨʦʚʝʜʝʥʥʷ 
ʇʨʦʢʣʘʜʝʥʦ ʫ ʢʦʨʦʙʘʭ 

ʚʟʜʦʚʞ ʩʪʽʥ 

ɼʣʷ ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʩʪʘʥʥʷ ʥʝʙʝʟʧʝʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.11 
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ʊʘʙʣʠʮʷ 4.11 

ɿʘʩʦʙʠ ʟʘʭʠʩʪʫ ʚʽʜ ʝʣʝʢʪʨʦʪʨʘʚʤ 

ˉ 
ɻʨʫʧʘ 

ʥʦʤʝʥʢʣʘʪʫʨʥʠʭ 

ʟʘʭʦʜʽʚ 

ʈʝʘʣʽʟʘʮʽʷ 

ʂʨʠʪʝʨʽʡ ʚʠʙʦʨʫ 

1 
ʊʝʭʥ. 

 

ʋ ʪʝʭʥʽʯʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ 
ʇʨʠʭʦʚʘʥʘ ʪʘ ʽʟʦʣʴʦʚʘʥʘ ʧʨʦʚʦʜʢʘ  ɿʘʭʠʩʪ ʚʽʜ ʫʨʘʞʝʥʴ 

ʩʪʨʫʤʦʤ 

ʋ ʧʨʠʤʽʱʝʥʥʽ 
ɿʘʭʠʩʥʽ ʟʘʟʝʤʣʝʥʥʷ, ʟʘʭʠʩʥʝ 

ʨʦʟʜʽʣʝʥʥʷ ʝʣʝʢʪʨʦʤʝʨʝʞ 

ɿʘʭʠʩʪ ʚʽʜ ʫʨʘʞʝʥʴ 

ʩʪʨʫʤʦʤ. 

2 ʆʨʛʘʥʽʟʘʮʽʡʥʽ ɯʥʩʪʨʫʢʪʘʞ ʟ ʧʨʘʚʠʣ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ  

ʅʘʚʯʘʥʥʷ ʟ ʧʠʪʘʥʴ 

ʙʝʟʧʝʢʠ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙʣʘʜʥʘʥʥʷ. 

3 ɿɯɿ ʄʝʜʠʯʥʽ ʨʫʢʘʚʠʯʢʠ ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʟʘʭʠʩʪ. 

4 ʈʝʞʠʤʥʽ 

ɼʦʧʫʩʢ ʜʦ ʧʨʠʣʘʜʽʚ ʋɿɼ ʣʠʰʝ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʣʽʢʘʨʷ-ʩʧʝʮʽʘʣʽʩʪʘ, 

ʰʪʘʪʥʦʛʦ ʽʥʞʝʥʝʨʘ ʪʘ ʨʝʤʦʥʪʥʠʭ 

ʙʨʠʛʘʜ. 

ɿʤʝʥʰʝʥʥʷ ʰʘʥʩʫ 

ʥʝɦʘʩʥʦʛʦ ʚʠʧʘʜʢʫ. 

5 ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʈʝʛʫʣʷʨʥʘ ʧʝʨʝʚʽʨʢʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʧʦʰʢʦʜʞʝʥʴ ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʛʦʤʤʝʪʨʘ 

ʥʝ ʤʝʥʰʝ ʦʜʥʦʛʦ ʨʘʟʫ ʥʘ ʨʽʢ 

ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ɯʩʥʫʻ ʝʣʝʢʪʨʦʥʝʙʝʟʧʝʢʘ, ʱʦ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠ ʩʝʙʝ ʷʢ ʟʘʤʠʢʘʥʥʷ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʪʘ ʪʨʘʚʤʫʚʘʪʠ ʧʨʘʮʽʚʥʠʢʘ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

ɺ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʚʽʜʧʦʚʽʜʥʽ ʟʘʭʦʜʠ ʪʘ ʥʦʨʤʠ ʱʦʜʦ 

ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʚ ʤʝʜʠʯʥʦʤʫ ʢʘʙʽʥʝʪʽ ʜʣʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʦʪʝʥʮʽʡʥʠʭ ʥʝʙʝʟʧʝʢ ʪʘ 

ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ʇʨʠʤʽʱʝʥʥʷ  ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʪʚʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʣʦʱʽ ʪʘ ʦʙôʻʤʫ. ɿʘ 

ʫʤʦʚ ʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʥʘʯʝʥʥʷ ʧʦ 

ʝʣʝʢʪʨʦʥʝʙʝʟʧʝʮʽ, ʤʽʢʨʦʢʣʽʤʘʪʫ, ʭʽʤʽʯʥʽʡ ʥʝʙʝʟʧʝʮʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʜʦʧʫʩʪʠʤʠʭ  ʟʥʘʯʝʥʥʷʭ. 
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ʈʆɿʈɸʍʋʅʆʂ ɽʂʆʅʆʄɯʏʅʆɻʆ ɽʌɽʂʊʋ 

 

5.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʨʦʝʢʪʫʚʘʥʥʷ 

 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʘʪʦʣʦʛʽʷ ï ʥʦʨʤʘ ʧʨʠ ʜʠʬʫʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʧʝʯʽʥʢʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʧʦʩʪʘʥʦʚʢʠ ʜʽʘʛʥʦʟʫ ʣʽʢʘʨʝʤ ʋɿɼ[30]. 

 

5.2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

 

ɺʠʭʦʜʷʯʠ ʟ ʢʦʥʢʨʝʪʥʠʭ ʮʽʣʝʡ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ:  

F1 ï ʇʨʝʧʨʦʮʝʩʠʥʛ ʟʦʙʨʘʞʝʥʥʷ : ʘ)ʤʝʪʦʜʠ ʙʽʙʣʽʦʪʝʢʠ OpenCV-Python; ʙ) 

ʽʤʧʦʨʪ ʟʦʙʨʘʞʝʥʥʷ ʚ Pillow ʪʘ ʚʣʘʩʥʠʡ ʤʝʪʦʜ ʧʝʨʝʚʦʜʫ 

F2 ï ʆʙʨʦʙʢʘ ʛʦʪʦʚʠʭ ʜʘʥʠʭ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ - 

ʘ)ʨʦʟʨʦʙʢʘ ʚʣʘʩʥʠʭ ʬʫʥʢʮʽʡ ʟ ʧʽʜʪʨʠʤʢʦʶ numpy pandas; ʙ) ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʦʪʦʚʦʾ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ Scikit-learn. 

F3 - ʢʣʘʩʠʬʽʢʘʮʽʷ - ʘ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʄɻʋɸ; ʙ) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

F4 ï ʚʠʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ - ʨʦʟʛʦʨʥʫʪʠʡ ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʥʷ ʟ ʦʧʠʩʦʤ ʚʩʽʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʟ ʜʦʧʦʤʦʛʦʶ ʘ) ʚʝʙ-ʬʨʝʡʤʚʦʨʢʫ Flask; ʙ) 

ʙʽʙʣʽʦʪʝʢʠ Qt. 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ ʙʫʜʫʻʤʦ ʤʦʨʬʦʣʦʛʽʯʥʫ ʢʘʨʪʫ (ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 5.1. ʄʦʨʬʦʣʦʛʽʯʥʘ ʢʘʨʪʘ. 




























