
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ  

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɢɧɫɬɢɬɭɬ 

Ʉɚɮɟɞɪɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ 
ɤɚɮɟɞɪɚ 

 
 
ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
_____  Ɉ.ȼ. ɇɟɩɨɦɧɹɳɢɣ 
 ɩɨɞɩɢɫɶ       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
« _____»   _______  2018 ɝ. 

 
 
 

 
 
 
 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 

Ⱦɟɬɟɤɬɢɪɨɜɚɧɢɟ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɞɚɧɧɵɦ 
ɬɟɦɚ 

09.04.01 «ɂɧɮɨɪɦɚɬɢɤɚ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ» 
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

09.04.01.01 «ȼɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ» 
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 

 
 
 
 
 
 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ:  ________     ɞɨɰɟɧɬ, ɤɚɧɞ.ɬɟɯɧ.ɧɚɭɤ     Ⱥ.ȼ. ɉɹɬɚɟɜɚ  
                      ɩɨɞɩɢɫɶ, ɞɚɬɚ       ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

ȼɵɩɭɫɤɧɢɤ:                  ________                 Ɉ.ȿ. Ȼɚɧɞɟɟɜ  
                 ɩɨɞɩɢɫɶ, ɞɚɬɚ                           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

Ɋɟɰɟɧɡɟɧɬ:      ________    ɞɨɰɟɧɬ, ɤɚɧɞ.ɬɟɯɧ.ɧɚɭɤ     ȼ.ȼ. ȼɞɨɜɟɧɤɨ  
                      ɩɨɞɩɢɫɶ, ɞɚɬɚ       ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ:             ________                    ȼ.ɂ. ɂɜɚɧɨɜ  
                        ɩɨɞɩɢɫɶ, ɞɚɬɚ                         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2018



2 

 

ɋɈȾȿɊɀȺɇɂȿ 
ȼȼȿȾȿɇɂȿ ............................................................................................................. 4 

1 Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ....... 7 

1.1 ɉɥɚɦɹ ɤɚɤ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ................................................................. 7 

1.1.1 ɐɜɟɬ ɩɥɚɦɟɧɢ ......................................................................................... 8 

1.1.2 Ⱦɜɢɠɟɧɢɟ ɩɥɚɦɟɧɢ .............................................................................. 11 

1.2 ɉɪɢɡɧɚɤɢ ɝɨɪɟɧɢɹ ....................................................................................... 13 

1.3 Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɨɜ .............................................................................. 16 

1.4 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨ ..................... 17 

1.5 Ⱥɥɝɨɪɢɬɦɵ ɪɚɧɧɟɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨ ............................ 18 

1.6 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ......................................................................................... 24 

2 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ............................................ 25 

2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨ .............................. 25 

2.2 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨ ........... 26 

2.3 ȼɢɞɵ ɮɢɥɶɬɪɚɰɢɣ ....................................................................................... 27 

2.4 Ʌɨɝɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ................................................................................ 28 

2.5 Ʉɥɚɫɫɢɮɢɤɚɬɨɪɵ. ɉɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ...................................................... 32 

2.6 Ⱥɥɝɨɪɢɬɦ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɞɚɧɧɵɦ ................................ 35 

2.6.1 Ɉɛɪɚɛɨɬɤɚ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ............................................... 36 

2.6.2 ɉɨɢɫɤ ɢ ɚɧɚɥɢɡ ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ..................................... 36 

2.6.3 ȼɟɪɢɮɢɤɚɰɢɹ ɨɛɥɚɫɬɟɣ ɩɥɚɦɟɧɢ ........................................................ 38 

2.6.4 Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ............................. 39 

2.7 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ......................................................................................... 40 

3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ .................................................................. 41 

3.1 Ɉɩɢɫɚɧɢɟ ɬɟɫɬɨɜɵɯ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ..................................... 41 

3.2 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɜɢɞɟɨɞɚɧɧɵɯ ............................................. 45 

3.3 ɉɪɢɦɟɪɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ...................................................................... 47 

3.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ......................................................................................... 50 

 



3 

 

ɁȺɄɅɘɑȿɇɂȿ .................................................................................................... 51 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ........................................... 52 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ - ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ ..... 56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

ȼȼȿȾȿɇɂȿ 
 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ. ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɨɠɚɪɨɜ ɢɥɢ ɧɨɜɵɯ 

ɨɱɚɝɨɜ ɩɥɚɦɟɧɢ ɱɚɫɬɨ ɨɫɬɚɟɬɫɹ ɧɟɡɚɦɟɱɟɧɧɵɦ ɜɩɥɨɬɶ ɞɨ ɦɨɦɟɧɬɚ, ɩɨɤɚ ɧɟ 

ɫɬɚɧɨɜɢɬɫɹ ɩɨɡɞɧɨ, ɥɢɛɨ ɜɟɫɶɦɚ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɭɫɬɪɚɧɢɬɶ ɢɫɬɨɱɧɢɤ 

ɜɨɡɝɨɪɚɧɢɹ. Ɍɪɚɞɢɰɢɨɧɧɵɟ ɫɩɨɫɨɛɵ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɧɟ ɜɫɟɝɞɚ ɩɨɡɜɨɥɹɸɬ 

ɨɛɟɫɩɟɱɢɬɶ ɫɜɨɟɜɪɟɦɟɧɧɭɸ ɪɟɚɤɰɢɸ ɧɚ ɨɩɚɫɧɨɫɬɶ, ɱɬɨ ɡɚɱɚɫɬɭɸ ɩɪɢɜɨɞɢɬ ɤ 

ɩɟɱɚɥɶɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ, ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ 

ɫɩɨɫɨɛɨɜ ɢɡɛɟɠɚɬɶ ɷɬɨɝɨ, ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɹɜɥɹɟɬɫɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɩɥɚɦɟɧɢ 

ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɚɦɟɪɵ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ ɩɪɢ ɧɚɛɥɸɞɟɧɢɢ ɡɚ ɫɥɨɠɧɵɦɢ 

ɬɟɯɧɨɝɟɧɧɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɬɚɤ ɢ ɜ ɫɢɫɬɟɦɚɯ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɡɚ 

ɬɟɪɪɢɬɨɪɢɹɦɢ ɥɟɫɧɵɯ ɦɚɫɫɢɜɨɜ, ɩɪɢɪɨɞɧɵɯ ɩɚɪɤɨɜ ɢ ɞɪ. ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ – ɨɞɧɚ ɢɡ 

ɫɚɦɵɯ ɞɟɣɫɬɜɟɧɧɵɯ ɢ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ 

ɜɨɡɦɨɠɧɵɟ ɩɨɬɟɪɢ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɬɶ ɭɳɟɪɛ ɨɬ ɜɨɡɝɨɪɚɧɢɹ. Ⱦɨ 

ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɧɚ ɩɪɚɤɬɢɤɟ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɦɟɧɹɥɢ ɬɟɯɧɨɥɨɝɢɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɯ ɢɥɢ ɢɧɮɪɚɤɪɚɫɧɵɯ 

ɦɭɥɶɬɢɫɩɟɤɬɪɚɥɶɧɵɯ ɩɪɢɧɰɢɩɚɯ ɨɛɧɚɪɭɠɟɧɢɹ. Ɉɞɧɚɤɨ ɬɚɤɢɟ ɬɟɯɧɨɥɨɝɢɢ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɧɟɧɚɞɟɠɧɵ ɢ ɜ ɩɨɥɨɜɢɧɟ ɫɥɭɱɚɟɜ ɞɚɸɬ ɥɨɠɧɵɟ ɫɪɚɛɚɬɵɜɚɧɢɹ. 

ɋ ɪɚɡɜɢɬɢɟɦ ɫɢɫɬɟɦ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɣ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ 

ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɢɞɟɨɞɚɧɧɵɯ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ, ɤɚɤ 

ɨɛɴɟɤɬɢɜɧɨɝɨ ɩɪɢɡɧɚɤɚ ɩɨɠɚɪɚ. ɂ ɯɨɬɹ ɷɬɨɬ ɫɩɨɫɨɛ ɬɚɤɠɟ ɡɚɱɚɫɬɭɸ ɩɪɢɜɨɞɢɬ ɤ 

ɥɨɠɧɵɦ ɫɪɚɛɚɬɵɜɚɧɢɹɦ, ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɜɫɟ ɠɟ ɫɬɚɧɨɜɢɬɫɹ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ. Ⱥ 

ɭɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɞɚɧɧɵɣ ɦɟɬɨɞ ɩɨɹɜɢɥɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ, ɟɫɬɶ ɜɫɟ 

ɨɫɧɨɜɚɧɢɹ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɟɝɨ ɦɨɠɧɨ ɞɨɪɚɛɨɬɚɬɶ ɢ ɭɥɭɱɲɢɬɶ ɜ ɞɚɥɶɧɟɣɲɟɦ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɬɚɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɛɚɡɢɪɭɟɬɫɹ ɥɢɛɨ ɧɚ 

ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɰɜɟɬɚ ɩɢɤɫɟɥɟɣ, ɥɢɛɨ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɝɪɚɧɟɣ, ɥɢɛɨ ɧɚ 

ɨɛɧɚɪɭɠɟɧɢɢ ɞɜɢɠɟɧɢɹ. ȼ 2004 ɝɨɞɭ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɬɪɚɧɫɬɜɚ RGB ɛɵɥ 
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ɭɫɬɚɧɨɜɥɟɧ ɪɹɞ ɩɪɚɜɢɥ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɢɤɫɟɥɟɣ ɩɥɚɦɟɧɢ. ȼ 2007 ɛɵɥɢ 

ɩɪɢɞɭɦɚɧɵ 6 ɮɨɪɦɭɥ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɪɚɧɝɨɜ ɰɜɟɬɚ ɩɥɚɦɟɧɢ ɞɥɹ RGB. ɉɨɫɥɟ 

ɷɬɨɝɨ ɩɨɱɬɢ ɜɫɟ ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɚɤ ɢɥɢ ɢɧɚɱɟ ɛɵɥɢ ɫɜɹɡɚɧɵ ɫ RGB 

ɩɪɨɫɬɪɚɧɫɬɜɨɦ, ɱɬɨ ɨɛɧɚɪɭɠɢɥɨ ɩɨɞ ɫɨɛɨɣ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ. Ƚɥɚɜɧɚɹ ɩɪɨɛɥɟɦɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɥɶɤɨ ɰɜɟɬɚ ɩɢɤɫɟɥɟɣ ɷɬɨ ɬɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɨɛɴɟɤɬɵ ɦɨɝɭɬ 

ɛɵɬɶ ɧɟɜɟɪɧɨ ɪɚɫɩɨɡɧɚɧɵ ɫɢɫɬɟɦɨɣ ɢɡ-ɡɚ ɩɨɯɨɠɢɯ ɧɚ ɩɥɚɦɹ ɰɜɟɬɨɜ.  

ɇɟɤɨɬɨɪɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɨɡɠɟ ɩɪɟɞɥɨɠɢɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɥɝɨɪɢɬɦ 

ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɟɣ ɩɥɚɦɟɧɢ, ɨɞɧɚɤɨ ɬɚɤɨɣ ɚɥɝɨɪɢɬɦ ɧɟɩɪɢɦɟɧɢɦ ɞɥɹ ɞɢɤɢɯ 

ɩɨɠɚɪɨɜ, ɩɨɫɤɨɥɶɤɭ ɞɜɢɠɟɧɢɟ ɩɥɚɦɟɧɢ ɱɚɫɬɨ ɧɟɪɟɝɭɥɹɪɧɨ ɢ ɬɚɤɢɟ ɝɪɚɧɢɰɵ 

ɞɨɜɨɥɶɧɨ ɬɪɭɞɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɞɧɨɡɧɚɱɧɨ.  

ȼ ɢɬɨɝɟ ɩɪɢɲɥɢ ɤ ɪɟɲɟɧɢɸ ɨɛɴɟɞɢɧɢɬɶ ɜ ɨɞɧɨɦ ɚɥɝɨɪɢɬɦɟ ɢ ɰɜɟɬɚ 

ɩɢɤɫɟɥɟɣ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɠɟɧɢɹ, ɱɬɨ ɞɚɥɨ ɜɟɫɶɦɚ ɧɟɩɥɨɯɢɟ ɪɟɡɭɥɶɬɚɬɵ. 

Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ, ɪɚɫɤɪɵɜɚɸɳɢɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ, ɫɬɚɥɢ ɪɚɛɨɬɵ ɚɜɬɨɪɨɜ 

ɢɡ ɪɚɡɥɢɱɧɵɯ ɭɧɢɜɟɪɫɢɬɟɬɨɜ, ɤɚɤ ɡɚɪɭɛɟɠɧɵɯ, ɬɚɤ ɢ ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ ɧɚɲɟɣ ɫɬɪɚɧɵ. ȼ ɫɜɨɢɯ ɪɚɛɨɬɚɯ ɨɧɢ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ 

ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ ɨɛɧɚɪɭɠɟɧɢɹ ɞɵɦɚ ɢ ɩɥɚɦɟɧɢ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ, ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɢ ɩɪɨɛɥɟɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ 

ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫ ɧɢɦɢ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɭɪɨɜɧɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɧɚ ɨɬɤɪɵɬɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɢ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɥɨɠɧɵɯ ɫɪɚɛɚɬɵɜɚɧɢɣ ɢɡ-

ɡɚ ɧɟɜɟɪɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɥɚɦɹɩɨɞɨɛɧɵɯ ɨɛɴɟɤɬɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɸɬ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɚɥɝɨɪɢɬɦɵ ɢ ɦɟɬɨɞɵ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɧɚ ɨɬɤɪɵɬɵɯ 

ɩɪɨɫɬɪɚɧɫɬɜɚɯ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞ ɫɟɝɦɟɧɬɚɰɢɢ ɩɥɚɦɹɩɨɞɨɛɧɵɯ ɨɛɴɟɤɬɨɜ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. 
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3. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɥɚɦɟɧɢ ɫɪɟɞɢ ɩɨɥɭɱɟɧɧɵɯ 

ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ. 

4. Ɋɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɭ, ɪɟɚɥɢɡɭɸɳɭɸ ɞɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ, ɞɥɹ 

ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɢɯ ɪɚɛɨɬɵ. 

5. ɋɪɚɜɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɩɨɫɬɨɪɨɧɧɢɯ ɨɛɴɟɤɬɨɜ ɰɜɟɬɚ 

ɩɥɚɦɟɧɢ ɢ ɪɚɡɥɢɱɧɵɯ ɲɭɦɨɜ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɜ ɪɚɛɨɬɟ ɡɚɞɚɱ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ ɬɟɨɪɢɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɬɟɨɪɢɢ 

ɢɧɮɨɪɦɚɰɢɢ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɵ ɬɟɨɪɢɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ ɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ. 
1. ɉɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɦɟɬɨɞ ɫɟɝɦɟɧɬɚɰɢɢ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ, 

ɢɫɩɨɥɶɡɭɸɳɢɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ 

ɰɜɟɬɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɦɟɧɢ, ɱɬɨ ɞɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɥɨɠɧɵɯ 

ɫɪɚɛɚɬɵɜɚɧɢɣ. 

2. Ⱦɟɬɚɥɶɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɦɟɧɢ ɢ ɝɨɪɟɧɢɹ ɨɛɴɟɤɬɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ 

ɧɨɜɵɣ ɦɟɬɨɞ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ ɞɥɹ ɛɨɥɟɟ 

ɬɨɱɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɝɧɹ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɦɟɬɨɞɵ ɢ 

ɚɥɝɨɪɢɬɦɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɢɫɬɟɦɚɯ 

ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɥɟɫɧɵɯ ɦɚɫɫɢɜɨɜ, ɤɚɤ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɧɚɡɟɦɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ ɢ ɛɟɫɩɢɥɨɬɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ 

ɚɩɩɚɪɚɬɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɚ ɢɦɟɧɧɨ, ɨɛɧɚɪɭɠɟɧɢɟ ɩɨɠɚɪɨɜ 

ɫɢɫɬɟɦɚɦɢ ɝɨɪɨɞɫɤɨɝɨ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɡɚ 

ɫɥɨɠɧɵɦɢ ɬɟɯɧɨɝɟɧɧɵɦɢ ɨɛɴɟɤɬɚɦɢ. 
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1 Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ 
ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ 

 
ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɦɟɧɢ ɢ 

ɨɫɨɛɟɧɧɨɫɬɢ ɟɝɨ ɨɛɧɚɪɭɠɟɧɢɹ. ɉɪɟɞɫɬɚɜɥɟɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ, ɚ ɬɚɤɠɟ 

ɧɟɤɨɬɨɪɵɟ ɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɥɝɨɪɢɬɦɨɜ. 

 
1.1 ɉɥɚɦɹ ɤɚɤ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 
ɉɥɚɦɹ – ɷɬɨ ɪɚɫɤɚɥɟɧɧɚɹ ɝɚɡɨɨɛɪɚɡɧɚɹ ɫɪɟɞɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɱɚɫɬɢɱɧɨ 

ɢɨɧɢɡɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ, ɝɞɟ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 

ɩɪɟɜɪɚɳɟɧɢɹ ɱɚɫɬɢɰ ɝɨɪɸɱɟɝɨ, ɨɤɢɫɥɢɬɟɥɹ ɢ ɩɪɢɦɟɫɧɵɯ ɱɚɫɬɢɰ 

ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ "ɫɜɟɱɟɧɢɟɦ" ɢ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ. Ɋɚɡɥɢɱɧɵɟ ɩɪɨɰɟɫɫɵ ɜ 

ɩɥɚɦɟɧɢ ɨɱɟɧɶ ɛɵɫɬɪɨɬɟɱɧɵ, ɩɨɷɬɨɦɭ ɡɚɱɚɫɬɭɸ ɢɯ ɧɟɜɨɡɦɨɠɧɨ ɪɚɡɝɥɹɞɟɬɶ 

ɧɟɜɨɨɪɭɠɟɧɧɵɦ ɝɥɚɡɨɦ. 

Ɍɨɝɞɚ ɤɚɤ ɩɥɚɦɹ ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɹɜɥɹɟɬɫɹ ɧɟɤɨɣ ɫɪɟɞɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ 

ɱɚɫɬɢɰ, ɨɝɨɧɶ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɢɧɨɟ ɡɧɚɱɟɧɢɟ, ɜɟɞɶ ɨɝɨɧɶ ɢɡɧɚɱɚɥɶɧɨ ɫɜɹɡɚɧ ɫ 

ɨɩɢɫɚɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ. Ɉɝɨɧɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ, 

ɤɨɬɨɪɵɣ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɢɡɥɭɱɟɧɢɟɦ ɜ 

ɜɢɞɢɦɨɦ ɞɢɚɩɚɡɨɧɟ. Ⱦɥɹ ɟɝɨ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵ: ɬɨɩɥɢɜɨ, ɨɤɢɫɥɢɬɟɥɶ 

ɢ ɬɟɦɩɟɪɚɬɭɪɚ. Ɍɨɩɥɢɜɨɦ ɦɨɠɟɬ ɩɨɫɥɭɠɢɬɶ ɥɸɛɨɣ ɯɨɪɨɲɨ ɜɨɫɩɥɚɦɟɧɹɸɳɢɣɫɹ 

ɢ ɝɨɪɸɱɢɣ ɦɚɬɟɪɢɚɥ (ɞɪɟɜɟɫɢɧɚ, ɪɚɡɥɢɱɧɵɟ ɝɚɡɵ ɢ ɬ.ɞ). ȼ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ 

ɜɵɫɬɭɩɚɟɬ ɨɛɵɱɧɨ ɤɢɫɥɨɪɨɞ, ɨɞɧɚɤɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɨɝɧɹ ɜɨɡɦɨɠɧɨ ɢ ɜ ɞɪɭɝɢɯ 

ɫɪɟɞɚɯ ɬɚɤɢɯ ɤɚɤ ɯɥɨɪ ɢɥɢ ɮɬɨɪ. ɂɧɬɟɪɟɫɧɵɦ ɮɚɤɬɨɦ ɹɜɥɹɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɱɬɨ ɜ 

ɚɬɦɨɫɮɟɪɟ, ɫɨɫɬɨɹɳɟɣ ɩɨ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɢɡ ɮɬɨɪɚ, ɜ ɪɨɥɢ ɬɨɩɥɢɜɚ ɦɨɠɟɬ 

ɜɵɫɬɭɩɚɬɶ ɨɛɵɱɧɚɹ ɜɨɞɚ. ɉɪɢɱɟɦ ɝɨɪɟɬɶ ɨɧɚ ɛɭɞɟɬ ɮɢɨɥɟɬɨɜɵɦ ɩɥɚɦɟɧɟɦ. 

ɉɨɫɥɟɞɧɢɣ ɤɨɦɩɨɧɟɧɬ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɨɝɧɹ - ɬɟɦɩɟɪɚɬɭɪɚ, ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ 

ɩɟɪɜɵɯ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɜɵɲɟ ɢɥɢ ɧɢɠɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɪɟɞɵ ɫɝɨɪɚɧɢɹ ɢɥɢ ɦɚɬɟɪɢɚɥɚ. 
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ȼɫɟ ɷɬɢ ɤɨɦɩɨɧɟɧɬɵ, ɱɬɨ ɨɩɪɟɞɟɥɹɸɬ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɨɝɧɹ, ɜɥɢɹɸɬ ɧɚ 

ɛɭɞɭɳɢɟ ɫɜɨɣɫɬɜɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɦɟɧɢ, ɱɬɨ ɩɨɹɜɥɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ 

ɝɨɪɟɧɢɹ. ɉɥɚɦɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ. Ɉɤɢɫɥɢɬɟɥɶɧɨɟ ɩɥɚɦɹ - 

ɧɚɯɨɞɢɬɫɹ ɜ ɫɚɦɨɣ ɜɟɪɯɧɟɣ ɢ ɫɚɦɨɣ ɝɨɪɹɱɟɣ ɟɝɨ ɱɚɫɬɢ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɨɤɢɫɥɟɧɢɟ ɜɟɳɟɫɬɜɚ ɢɡ-ɡɚ ɢɡɛɵɬɤɚ ɤɢɫɥɨɪɨɞɚ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɬɨɩɥɢɜɧɨɝɨ 

ɜɟɳɟɫɬɜɚ. ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɩɥɚɦɹ ɪɚɫɩɨɥɨɠɟɧɨ ɛɥɢɠɟ ɤ ɰɟɧɬɪɭ ɢɥɢ ɜ ɫɚɦɨɦ 

ɟɝɨ ɧɢɡɭ. Ɂɞɟɫɶ ɧɚɨɛɨɪɨɬ ɦɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɦɚɥɨ ɤɢɫɥɨɪɨɞɚ ɞɥɹ ɝɨɪɟɧɢɹ. 

ɉɥɚɦɹ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, 

ɬɚɤɢɯ ɤɚɤ ɰɜɟɬ, ɞɜɢɠɟɧɢɟ, ɮɨɪɦɚ, ɩɨɜɟɞɟɧɢɟ ɢ ɬ.ɞ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɫɧɨɜɧɨɣ 

ɭɩɨɪ ɞɟɥɚɥɫɹ ɧɚ ɬɚɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɤ ɰɜɟɬ ɢ ɞɜɢɠɟɧɢɟ. 

 
1.1.1 ɐɜɟɬ ɩɥɚɦɟɧɢ 
 
ɐɜɟɬ ɩɥɚɦɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ. ȼɨ-ɩɟɪɜɵɯ, ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ 

ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɝɨɪɹɳɟɝɨ ɨɛɴɟɤɬɚ, ɩɪɢ ɝɨɪɟɧɢɢ ɤɨɬɨɪɨɝɨ ɦɨɝɭɬ ɦɟɧɹɬɶɫɹ 

ɨɬɬɟɧɤɢ ɩɥɚɦɟɧɢ. ȼɨ-ɜɬɨɪɵɯ, ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɧɚɫɵɳɟɧɧɨɫɬɶ 

ɜɨɡɞɭɯɚ ɪɚɡɥɢɱɧɵɦɢ ɝɚɡɚɦɢ, ɧɚɩɪɢɦɟɪ ɤɢɫɥɨɪɨɞɨɦ. Ɍɚɤɠɟ ɧɚ ɰɜɟɬ ɩɥɚɦɟɧɢ 

ɦɨɠɟɬ ɜɥɢɹɬɶ ɬɟɦɩɟɪɚɬɭɪɚ. 

 

 
Ɋɢɫɭɧɨɤ 1 – ɉɥɚɦɹ ɫɜɟɱɢ 

 

Ɉɛɵɱɧɨɟ ɩɥɚɦɹ, ɤɨɬɨɪɨɟ ɦɵ ɦɨɠɟɦ ɧɚɛɥɸɞɚɬɶ ɩɪɢ ɝɨɪɟɧɢɢ ɫɜɟɱɢ ɢɥɢ 

ɫɩɢɱɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɬɨɤ ɪɚɫɤɚɥɟɧɧɵɯ ɝɚɡɨɜ, ɜɵɬɹɧɭɬɵɣ ɜɟɪɬɢɤɚɥɶɧɨ 

ɜɜɟɪɯ ɡɚ ɫɱɟɬ ɚɪɯɢɦɟɞɨɜɨɣ ɫɢɥɵ, ɬ.ɟ. ɝɨɪɹɱɢɟ ɝɚɡɵ ɫɬɪɟɦɹɬɫɹ ɩɨɞɧɢɦɚɬɶɫɹ 
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ɜɜɟɪɯ. ɇɚ ɪɢɫɭɧɤɟ 1 ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɰɜɟɬ ɩɥɚɦɟɧɢ ɢɦɟɟɬ ɪɚɡɥɢɱɧɵɣ ɫɩɟɤɬɪ 

ɜ ɪɚɡɧɵɯ ɱɚɫɬɹɯ. Ⱦɥɹ ɫɚɦɨɣ ɧɢɠɧɟɣ ɱɚɫɬɢ ɯɚɪɚɤɬɟɪɧɨ ɧɟɛɨɥɶɲɨɟ ɫɢɧɟɟ 

ɫɜɟɱɟɧɢɟ, ɢɡ-ɡɚ ɬɨɝɨ ɱɬɨ ɬɚɦ ɧɚɯɨɞɢɬɫɹ ɦɧɨɝɨ ɬɨɩɥɢɜɚ, ɧɨ ɦɚɥɨ ɤɢɫɥɨɪɨɞɚ. 

ɉɨɷɬɨɦɭ ɬɚɦ ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɨɥɧɨɟ ɫɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ (CO), ɤɨɬɨɪɵɣ, ɨɤɢɫɥɹɹɫɶ ɧɚ ɫɚɦɨɦ ɤɪɚɟ ɤɨɧɭɫɚ ɩɥɚɦɟɧɢ, ɩɪɢɞɚɟɬ ɟɦɭ 

ɫɢɧɢɣ ɰɜɟɬ. ȼ ɫɪɟɞɧɸɸ ɱɚɫɬɶ ɡɚ ɫɱɟɬ ɞɢɮɮɭɡɢɢ ɩɪɨɧɢɤɚɟɬ ɛɨɥɶɲɟ ɤɢɫɥɨɪɨɞɚ, 

ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɞɚɥɶɧɟɣɲɟɟ ɨɤɢɫɥɟɧɢɟ ɬɨɩɥɢɜɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɷɬɨɣ ɱɚɫɬɢ 

ɜɵɲɟ, ɱɟɦ ɜ ɧɢɠɧɟɣ. Ɍɚɤɠɟ ɜ ɨɛɟɢɯ ɷɬɢɯ ɱɚɫɬɹɯ ɫɨɞɟɪɠɚɬɫɹ ɧɟɫɝɨɪɟɜɲɢɟ 

ɤɚɩɟɥɶɤɢ ɬɨɩɥɢɜɚ ɢ ɱɚɫɬɢɰɵ ɭɝɥɹ, ɤɨɬɨɪɵɟ ɢɡ-ɡɚ ɫɢɥɶɧɨɝɨ ɧɚɝɪɟɜɚɧɢɹ ɫɨɡɞɚɸɬ 

ɷɮɮɟɤɬ ɫɜɟɱɟɧɢɹ. Ɍɪɟɬɶɹ ɡɨɧɚ, ɜ ɫɚɦɨɦ ɜɟɪɯɭ, ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, 

ɨɞɧɚɤɨ ɩɨɱɬɢ ɧɟ ɫɜɟɬɢɬɫɹ. Ɍɚɦ ɩɪɨɢɫɯɨɞɢɬ ɞɨɝɨɪɚɧɢɟ ɧɟɫɝɨɪɟɜɲɢɯ ɱɚɫɬɢɰ 

ɬɨɩɥɢɜɚ, ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɷɬɨɣ ɱɚɫɬɢ ɟɳɟ ɛɨɥɶɲɟ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, 

ɰɜɟɬ ɩɥɚɦɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɥɭɱɟɧɢɟɦ ɷɥɟɤɬɪɨɧɧɵɯ ɩɟɪɟɯɨɞɨɜ ɪɚɡɥɢɱɧɵɯ 

ɜɨɡɛɭɠɞɟɧɧɵɯ ɡɚɪɹɠɟɧɧɵɯ ɢ ɧɟɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɤɚɤ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɝɨɪɸɱɟɝɨ ɢ ɤɢɫɥɨɪɨɞɨɦ 

ɜɨɡɞɭɯɚ, ɬɚɤ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ. ɉɪɢ ɝɨɪɟɧɢɢ 

ɭɝɥɟɪɨɞɧɨɝɨ ɝɨɪɸɱɟɝɨ ɜ ɜɨɡɞɭɯɟ, ɫɢɧɹɹ ɱɚɫɬɶ ɰɜɟɬɚ ɩɥɚɦɟɧɢ ɨɛɭɫɥɨɜɥɟɧɚ 

ɢɡɥɭɱɟɧɢɟɦ ɱɚɫɬɢɰ CN, ɤɪɚɫɧɨ-ɨɪɚɧɠɟɜɚɹ — ɢɡɥɭɱɟɧɢɟɦ ɱɚɫɬɢɰ ɋ2. ɂɡɥɭɱɟɧɢɟ 

ɩɪɨɱɢɯ ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɱɚɫɬɢɰ (CHx, H2O, HO, CO2, CO) 

ɥɟɠɢɬ ɜ ɧɟɜɢɞɢɦɨɣ ɞɥɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɝɥɚɡɚ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ ɢ ɢɧɮɪɚɤɪɚɫɧɨɣ 

ɱɚɫɬɢ ɫɩɟɤɬɪɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɨɤɪɚɫɤɭ ɩɥɚɦɟɧɢ ɫɢɥɶɧɨ ɜɥɢɹɟɬ ɩɪɢɫɭɬɫɬɜɢɟ 

ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɬɪɢɹ. ȼ ɜɢɞɢɦɨɣ ɱɚɫɬɢ 

ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢɟ ɧɚɬɪɢɹ ɤɪɚɣɧɟ ɢɧɬɟɧɫɢɜɧɨ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨ ɡɚ ɨɪɚɧɠɟɜɨ-

ɠɟɥɬɵɣ ɰɜɟɬ ɩɥɚɦɟɧɢ, ɩɪɢ ɷɬɨɦ ɢɡɥɭɱɟɧɢɟ ɱɭɬɶ ɦɟɧɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɤɚɥɢɹ 

ɨɤɚɡɵɜɚɟɬɫɹ ɧɚ ɟɝɨ ɮɨɧɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɡɥɢɱɢɦɵɦ [1]. 

ɐɜɟɬɚ ɩɥɚɦɟɧɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜɵɝɥɹɞɹɬ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ:  

− Ȼɟɥɵɣ (ɚɥɸɦɢɧɢɣ, ɬɢɬɚɧ), 

− ɀёɥɬɵɣ (ɫɨɥɢ ɧɚɬɪɢɹ), 
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− Ɉɪɚɧɠɟɜɵɣ (ɤɚɥɶɰɢɣ, ɞɪɟɜɟɫɢɧɚ), 

− Ʉɪɚɫɧɵɣ (ɥɢɬɢɣ, ɫɬɪɨɧɰɢɣ), 

− Ƚɨɥɭɛɨɣ (ɭɝɥɟɪɨɞ, ɫɜɢɧɟɰ, ɩɪɢɪɨɞɧɵɣ ɝɚɡ), 

− ɋɢɧɢɣ (ɫɟɥɟɧ), 

− Ɏɢɨɥɟɬɨɜɨ-ɪɨɡɨɜɵɣ (ɤɚɥɢɣ), 

− Ɂɟɥёɧɵɣ (ɦɟɞɶ, ɦɨɥɢɛɞɟɧ, ɮɨɫɮɨɪ, ɛɚɪɢɣ, ɫɭɪɶɦɚ), 

− ɋɢɧɟ-ɡɟɥёɧɵɣ (ɛɨɪ). 

ɐɜɟɬ ɬɚɤɠɟ ɱɚɫɬɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚ ɫɚɦɨɦ ɞɟɥɟ ɭ ɤɚɠɞɨɝɨ ɰɜɟɬɚ 

ɟɫɬɶ ɫɜɨɹ ɨɩɪɟɞɟɥɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. Ʌɸɛɨɣ ɩɪɟɞɦɟɬ ɜ ɨɤɪɭɠɚɸɳɟɦ ɧɚɫ ɦɢɪɟ 

ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ, ɜɵɲɟ ɚɛɫɨɥɸɬɧɨɝɨ ɧɭɥɹ, ɚ ɡɧɚɱɢɬ, ɢɫɩɭɫɤɚɟɬ ɬɟɩɥɨɜɨɟ 

ɢɡɥɭɱɟɧɢɟ. Ⱦɚɠɟ ɥɟɞ, ɭ ɤɨɬɨɪɨɝɨ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɹɜɥɹɟɬɫɹ 

ɢɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ [2]. ɋɭɳɟɫɬɜɭɟɬ ɬɚɤɨɟ ɩɨɧɹɬɢɟ ɤɚɤ ɰɜɟɬɨɜɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ – ɷɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɧɨ 

ɢɫɩɭɫɤɚɟɬ ɢɡɥɭɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɰɜɟɬɚ. ɉɪɨɳɟ ɝɨɜɨɪɹ, ɬɟɦɩɟɪɚɬɭɪɚ 5000Ʉ – 

ɷɬɨ ɰɜɟɬ, ɤɨɬɨɪɵɣ ɩɪɢɨɛɪɟɬɚɟɬ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɟ ɬɟɥɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɟɝɨ ɞɨ 

5000Ʉ. ɐɜɟɬɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɪɚɧɠɟɜɨɝɨ ɰɜɟɬɚ – 2000Ʉ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 

ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɟ ɬɟɥɨ ɧɟɨɛɯɨɞɢɦɨ ɧɚɝɪɟɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 2000Ʉ, ɱɬɨɛɵ ɨɧɨ 

ɩɪɢɨɛɪɟɥɨ ɨɪɚɧɠɟɜɵɣ ɰɜɟɬ ɫɜɟɱɟɧɢɹ (ɪɢɫɭɧɨɤ 2). 
 

 
Ɋɢɫɭɧɨɤ 2 – ɐɜɟɬ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɧɢɹ 

 

ɉɨɯɨɠɟɟ ɹɜɥɟɧɢɟ ɦɵ ɦɨɠɟɦ ɧɚɛɥɸɞɚɬɶ ɢ ɫ ɰɜɟɬɨɦ ɩɥɚɦɟɧɢ ɡɚ ɬɟɦ ɥɢɲɶ 

ɢɫɤɥɸɱɟɧɢɟɦ, ɱɬɨ ɢɫɬɨɱɧɢɤɨɦ ɫɜɟɬɚ ɹɜɥɹɸɬɫɹ ɧɚɝɪɟɬɵɟ ɱɚɫɬɢɰɵ, 



11 

 

ɜɵɞɟɥɹɸɳɢɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɨɪɟɧɢɹ ɨɛɴɟɤɬɨɜ, ɚ ɬɚɤɠɟ ɰɜɟɬ ɢɧɨɝɞɚ ɦɨɠɟɬ 

ɢɡɦɟɧɹɬɶɫɹ ɢɡ-ɡɚ ɩɪɢɦɟɫɟɣ ɨɩɪɟɞɟɥɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. 

ɉɨɞɨɛɧɵɟ ɦɟɬɚɦɨɪɮɨɡɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɰɜɟɬɚ ɩɥɚɦɟɧɢ ɧɟ ɦɨɝɥɢ ɨɫɬɚɬɶɫɹ 

ɧɟɡɚɦɟɱɟɧɧɵɦɢ ɢ ɧɚɲɥɢ ɫɟɛɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɩɪɚɤɬɢɤɟ ɜ ɤɚɱɟɫɬɜɟ 

ɢɧɞɢɤɚɬɨɪɧɨɝɨ ɚɧɚɥɨɝɚ ɥɚɤɦɭɫɨɜɨɣ ɛɭɦɚɠɤɢ ɩɪɢ ɩɨɢɫɤɟ ɤɢɫɥɨɬ, ɬɨɥɶɤɨ ɞɥɹ 

ɩɨɢɫɤɚ ɩɪɢɦɟɫɟɣ. Ɍɚɤ ɛɵɥ ɫɨɡɞɚɧ ɦɟɬɨɞ ɩɢɪɨɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 

ɩɨ ɢɡɦɟɧɟɧɢɸ ɨɤɪɚɫɚ ɩɥɚɦɟɧɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɤɨɦɨɟ ɜɟɳɟɫɬɜɨ ɫɠɢɝɚɸɬ ɜ ɩɥɚɦɟɧɢ 

ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ ɢ ɧɚɛɥɸɞɚɸɬ ɡɚ ɟɝɨ ɢɡɦɟɧɟɧɢɟɦ. ɏɨɪɨɲɨ ɜɢɞɢɦɵɣ ɷɮɮɟɤɬ 

ɨɛɵɱɧɨ ɧɚɛɥɸɞɚɸɬ ɫ ɥɟɬɭɱɢɦɢ ɫɨɥɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɯɥɨɪɢɞɵ, ɧɢɬɪɚɬɵ, 

ɤɚɪɛɨɧɚɬɵ. ɐɜɟɬ ɩɥɚɦɟɧɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɦɟɫɟɣ ɦɟɬɚɥɥɚ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɜ 

ɬɚɛɥɢɰɟ 1. 
Ɍɚɛɥɢɰɚ 1 - Ɂɚɜɢɫɢɦɨɫɬɶ ɰɜɟɬɚ ɩɥɚɦɟɧɢ ɨɬ ɧɚɥɢɱɢɹ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥɥɨɜ 

Ɇɟɬɚɥɥ Ɉɤɢɫɥɢɬɟɥɶɧɨɟ ɩɥɚɦɹ ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɩɥɚɦɹ 

ɏɪɨɦ ɂɡɭɦɪɭɞɧɨ-ɡɟɥёɧɵɣ ɀёɥɬɨ-ɡɟɥёɧɵɣ 

Ʉɨɛɚɥɶɬ ɂɧɬɟɧɫɢɜɧɵɣ ɫɢɧɢɣ Ɍёɦɧɨ-ɫɢɧɢɣ 

Ɇɚɪɝɚɧɟɰ Ɏɢɨɥɟɬɨɜɨ-ɚɦɟɬɢɫɬɨɜɵɣ - 

ɀɟɥɟɡɨ ɀёɥɬɨ-ɛɭɪɵɣ Ɂɟɥёɧɵɣ 

ɇɢɤɟɥɶ Ʉɪɚɫɧɨ-ɛɭɪɵɣ Ɏɢɨɥɟɬɨɜɨ-ɫɟɪɵɣ 

Ɇɟɞɶ ɋɢɧɢɣ Ʉɪɚɫɧɨ-ɛɭɪɵɣ 

 

1.1.2 Ⱦɜɢɠɟɧɢɟ ɩɥɚɦɟɧɢ 
 

ȼɬɨɪɨɣ, ɧɟ ɦɟɧɟɟ ɜɚɠɧɨɣ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɥɚɦɟɧɢ 

ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɹɜɥɹɟɬɫɹ ɟɝɨ ɞɢɧɚɦɢɤɚ, ɞɜɢɠɟɧɢɟ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, 

ɝɨɪɟɧɢɟ ɨɝɧɹ ɷɬɨ ɜɟɫɶɦɚ ɞɢɧɚɦɢɱɧɵɣ ɩɪɨɰɟɫɫ. əɡɵɤɢ ɩɥɚɦɟɧɢ ɪɟɝɭɥɹɪɧɨ 

ɦɟɧɹɸɬ ɫɜɨɸ ɮɨɪɦɭ ɢ ɧɚɩɪɚɜɥɟɧɢɟ, ɩɨɷɬɨɦɭ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ ɥɟɝɤɨ ɦɨɠɧɨ 

ɨɛɧɚɪɭɠɢɬɶ. 

ȿɳɟ Ʌɟɨɧɚɪɞɨ ɞɚ ȼɢɧɱɢ ɜ ɫɜɨɟ ɜɪɟɦɹ ɭɞɟɥɢɥ ɫɜɨɟ ɜɧɢɦɚɧɢɸ ɩɪɨɰɟɫɫɭ 

ɝɨɪɟɧɢɹ ɢ ɩɥɚɦɟɧɢ ɜ ɰɟɥɨɦ. ȼ ɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɢ "Ɉ ɝɨɪɟɧɢɢ ɢ ɩɥɚɦɟɧɢ" ɛɵɥɨ 
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ɡɚɬɪɨɧɭɬɵ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɥɚɦɟɧɢ. Ɍɚɤ ɡɜɭɱɚɬ ɟɝɨ ɬɪɢ ɩɭɧɤɬɚ ɩɨ 

ɷɬɨɦɭ ɩɨɜɨɞɭ:  

1) "Ɍɚɦ, ɝɞɟ ɪɨɠɞɚɟɬɫɹ ɩɥɚɦɹ, ɬɚɦ ɪɨɠɞɚɟɬɫɹ ɜɟɬɟɪ, ɟɝɨ ɨɤɪɭɠɚɸɳɢɣ; 

ɬɟɱɟɧɢɟ ɬɚɤɨɝɨ ɜɟɬɪɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɢɬɚɧɢɸ ɢ ɩɪɢɪɚɳɟɧɢɸ ɷɬɨɝɨ ɩɥɚɦɟɧɢ."  

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɩɥɚɦɹ ɩɨɪɨɠɞɚɟɬ ɜɟɬɟɪ. ɉɨɞɨɛɧɨɟ ɦɨɠɧɨ ɛɵɥɨ 

ɡɚɦɟɬɢɬɶ ɫɢɞɹ ɭ ɤɨɫɬɪɚ, ɤɨɝɞɚ ɨɳɭɳɚɟɬɫɹ ɥɟɝɤɨɟ ɞɜɢɠɟɧɢɟ ɬɟɩɥɨɝɨ ɜɨɡɞɭɯɚ. 

2) "Ⱦɜɢɠɟɧɢɟ ɬɚɤɨɝɨ ɜɟɬɪɚ ɛɭɞɟɬ ɬɟɦ ɛɨɥɟɟ ɫɬɪɟɦɢɬɟɥɶɧɵɦ, ɱɟɦ ɛɨɥɶɲɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɥɚɦɟɧɢ ɨɧ ɞɨɥɠɟɧ ɩɢɬɚɬɶ." 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɟɦ ɫɢɥɶɧɟɟ ɢ ɛɨɥɶɲɟ ɩɥɚɦɹ, ɬɟɦ ɛɨɥɶɲɟ ɜɟɬɪɚ ɫɨɡɞɚɟɬɫɹ, 

ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɦ ɛɵɫɬɪɟɟ ɨɧɨ ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ. 

3) "Ɍɨ ɩɥɚɦɹ ɛɭɞɟɬ ɛɨɥɟɟ ɝɨɪɹɱɢɦ, ɤɨɬɨɪɨɟ ɛɨɥɟɟ ɫɜɟɬɥɨ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ 

ɢ ɨɛɪɚɬɧɨɟ: ɛɨɥɟɟ ɫɜɟɬɥɨ ɬɨ ɩɥɚɦɹ, ɤɨɬɨɪɨɟ ɝɨɪɹɱɟɣ. ɂ ɬɨ ɩɥɚɦɹ ɛɭɞɟɬ ɛɨɥɟɟ 

ɫɜɟɬɥɵɦ, ɤɨɬɨɪɨɟ ɪɨɠɞɚɟɬɫɹ ɜ ɛɨɥɟɟ ɛɵɫɬɪɨ ɞɜɢɠɭɳɟɦɫɹ ɜɨɡɞɭɯɟ; ɢ ɬɨ, ɤɨɬɨɪɨɟ 

ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɛɵɫɬɪɵɦ ɞɜɢɠɟɧɢɟɦ, ɛɭɞɟɬ ɛɨɥɟɟ ɫɜɟɬɥɵɦ." 

ɑɟɦ ɫɜɟɬɥɟɟ ɰɜɟɬ ɩɥɚɦɟɧɢ, ɬɟɦ ɛɵɫɬɪɟɟ ɨɧɨ ɞɜɢɠɟɬɫɹ ɢ ɬɟɦ ɨɧɨ ɝɨɪɹɱɟɟ. 

ɉɪɢ ɝɨɪɟɧɢɢ ɨɝɨɧɶ ɱɚɫɬɢɱɧɨ ɭɧɢɱɬɨɠɚɟɬ ɜɨɡɞɭɯ ɜɨɤɪɭɝ ɧɟɝɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɱɟɝɨ ɜɨɡɧɢɤɚɸɬ ɩɭɫɬɨɬɵ, ɤɨɬɨɪɵɟ ɡɚɩɨɥɧɹɟɬ ɜɨɡɞɭɯ ɫɧɚɪɭɠɢ. Ɂɚ ɫɱɟɬ ɷɬɨɝɨ ɢ 

ɜɟɬɪɚ ɩɨɪɨɠɞɚɟɦɨɝɨ ɝɨɪɟɧɢɟɦ ɩɥɚɦɟɧɢ ɞɜɢɠɟɧɢɟ ɩɥɚɦɟɧɢ ɹɜɥɹɟɬɫɹ ɤɪɭɝɨɜɵɦ, 

ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɩɢɬɚɸɳɟɟ ɟɝɨ ɜɟɳɟɫɬɜɨ ɨɞɧɨɪɨɞɧɨɟ. ȼɟɬɟɪ ɩɨɪɨɠɞɚɟɦɵɣ 

ɩɥɚɦɟɧɟɦ ɢ ɜɟɬɟɪ ɜɧɟɲɧɢɣ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɬɚɤɠɟ 

ɫɩɨɫɨɛɫɬɜɭɸɬ ɤɪɭɝɨɜɨɦɭ ɞɜɢɠɟɧɢɸ ɩɥɚɦɟɧɢ, ɹɡɵɤɢ ɤɨɬɨɪɨɝɨ ɫɬɪɟɦɹɬɫɹ ɜɜɟɪɯ. 

ɇɚ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɢ ɩɥɚɦɹ ɢ ɞɵɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɞɢɧɚɦɢɱɟɫɤɨɣ 

2D ɬɟɤɫɬɭɪɵ [3]. ɉɨɞɨɛɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɬɟɤɫɬɭɪɵ ɦɨɝɭɬ ɢɦɟɬɶ 

ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɢ ɪɟɝɭɥɹɪɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ [4]. Ʉ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɬɟɤɫɬɭɪ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ [5]: 

− ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɮɨɪɦ; 

− ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɢ ɜɪɟɦɟɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ; 

− ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ; 

− ɦɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɨɩɪɟɞɟɥɟɧɧɵɯ ɫɬɪɭɤɬɭɪ. 
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ȼɟɪɨɹɬɧɨɫɬɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɬɟɤɫɬɭɪ ɹɜɥɹɸɬɫɹ ɪɚɡɦɟɪ, 

ɨɪɢɟɧɬɚɰɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɮɨɪɦɵ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɨɛɴɟɤɬɚ 

ɧɚ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɢ. 

Ɇɟɬɨɞɵ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɬɟɤɫɬɭɪ ɡɚɜɢɫɹɬ ɨɬ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ ɢ 

ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ ɤɚɬɟɝɨɪɢɢ: 

1. Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɧɚɯɨɠɞɟɧɢɢ ɞɜɢɠɟɧɢɹ. ɗɬɨ ɧɚɢɛɨɥɟɟ 

ɩɨɩɭɥɹɪɧɚɹ ɤɚɬɟɝɨɪɢɹ ɦɟɬɨɞɨɜ, ɬɚɤ ɤɚɤ ɞɜɢɠɟɧɢɟ – ɟɫɬɟɫɬɜɟɧɧɨɟ ɫɜɨɣɫɬɜɨ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɬɟɤɫɬɭɪ [6, 7, 8]. 

2. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɢ ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ. Ⱦɚɧɧɚɹ ɝɪɭɩɩɚ ɦɟɬɨɞɨɜ ɨɩɢɫɵɜɚɟɬ ɞɢɧɚɦɢɱɟɫɤɢɟ ɬɟɤɫɬɭɪɵ ɜ 

ɪɚɡɥɢɱɧɵɯ ɦɚɫɲɬɚɛɚɯ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɜɪɟɦɟɧɢ, ɤ ɧɟɣ ɨɬɧɨɫɹɬɫɹ, ɧɚɩɪɢɦɟɪ, 

ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ [9, 10, 11]. 

3. Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɨɫɬɪɨɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɬɚɤɢɯ 

ɤɚɤ ɝɟɧɟɪɚɬɢɜɧɵɟ (ɩɨɪɨɠɞɚɸɳɢɟ) ɦɨɞɟɥɢ (ɧɚɩɪɢɦɟɪ, ɥɢɧɟɣɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɫɢɫɬɟɦɵ). Ƚɟɧɟɪɚɬɢɜɧɵɟ ɦɨɞɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɢɧɬɟɡɚ [12], 

ɫɟɝɦɟɧɬɚɰɢɢ [13] ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ [14]. 

4. Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɜɪɟɦɟɧɧɵɯ ɫɜɨɣɫɬɜɚɯ. ɗɬɚ ɝɪɭɩɩɚ ɦɟɬɨɞɨɜ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɫɜɨɣɫɬɜɚɯ 

ɞɜɢɠɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ [15]. ɇɚ ɨɫɧɨɜɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɜɟɪɯɧɨɫɬɢ 

ɜɨɡɦɨɠɧɨ ɜɵɹɜɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɜɧɟɲɧɢɣ ɜɢɞ 

ɢɫɫɥɟɞɭɟɦɨɣ ɬɟɤɫɬɭɪɵ. 

 

1.2 ɉɪɢɡɧɚɤɢ ɝɨɪɟɧɢɹ 
 

Ƚɨɪɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɢɫɯɨɞɧɵɟ ɜɟɳɟɫɬɜɚ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ 

ɜɫɥɟɞɫɬɜɢɟ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɫ ɢɧɬɟɧɫɢɜɧɵɦ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ. 

ɏɢɦɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ, ɡɚɩɚɫɟɧɧɚɹ ɜ ɤɨɦɩɨɧɟɧɬɚɯ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ, ɩɪɢ ɷɬɨɦ 

ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɤɨɬɨɪɨɟ ɢ ɧɚɡɵɜɚɸɬ ɩɥɚɦɟɧɟɦ. 
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Ɉɫɨɛɟɧɧɨɫɬɢ ɝɨɪɟɧɢɹ, ɨɬɥɢɱɚɸɳɢɟ ɟɝɨ ɨɬ ɞɪɭɝɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɫ ɭɱɚɫɬɢɟɦ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ, — ɷɬɨ 

ɛɨɥɶɲɨɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɢ ɢ ɛɨɥɶɲɚɹ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ, ɩɪɢɜɨɞɹɳɚɹ ɤ 

ɫɢɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ [16]. 

Ɋɚɡɧɵɟ ɩɨ ɫɨɫɬɚɜɭ ɜɟɳɟɫɬɜɚ ɢ ɬɜɟɪɞɵɟ ɦɚɬɟɪɢɚɥɵ ɝɨɪɹɬ ɬɚɤɠɟ ɩɨ-

ɪɚɡɧɨɦɭ. ɉɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ (ɞɪɟɜɟɫɧɵɣ ɭɝɨɥɶ, ɫɚɠɚ), ɢɡ ɯɢɦɢɱɟɫɤɢ ɱɢɫɬɨɝɨ 

ɭɝɥɟɪɨɞɚ, ɧɚɤɚɥɹɸɬɫɹ ɢɥɢ ɬɥɟɸɬ ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɢɫɤɪ, ɩɥɚɦɟɧɢ ɢ ɞɵɦɚ. Ɍɚɤ 

ɩɪɨɢɫɯɨɞɢɬ, ɩɨɬɨɦɭ ɱɬɨ ɞɥɹ ɧɢɯ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɪɚɡɥɨɠɟɧɢɢ ɩɟɪɟɞ, 

ɜɫɬɭɩɥɟɧɢɟɦ ɜ ɪɟɚɤɰɢɸ ɫ ɤɢɫɥɨɪɨɞɨɦ ɜ ɜɨɡɞɭɯɟ. Ƚɨɪɟɧɢɟ ɫɥɨɠɧɵɯ ɬɜёɪɞɵɯ 

ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜɪɨɞɟ ɞɪɟɜɟɫɢɧɵ, ɯɥɨɩɤɚ, ɤɚɭɱɭɤɚ, ɪɟɡɢɧɵ ɢɥɢ ɩɥɚɫɬɦɚɫɫɵ 

ɩɪɨɯɨɞɢɬ ɜ ɞɜɚ ɲɚɝɚ:  

1) ɪɚɡɥɨɠɟɧɢɟ, ɧɟ ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɩɥɚɦɟɧɟɦ ɢ ɢɡɥɭɱɟɧɢɟɦ ɫɜɟɬɚ;  

2) ɝɨɪɟɧɢɟ, ɫ ɩɪɢɫɭɬɫɬɜɢɟɦ ɩɥɚɦɟɧɢ ɢɥɢ ɬɥɟɧɢɹ.  

Ɍɨ ɟɫɬɶ, ɫɥɨɠɧɵɟ ɜɟɳɟɫɬɜɚ ɝɨɪɹɬ ɧɟ ɫɚɦɢ, ɚ ɝɨɪɹɬ ɩɪɨɞɭɤɬɵ ɢɯ 

ɪɚɡɥɨɠɟɧɢɹ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɝɨɪɟɧɢɹ ɩɥɚɦɹ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɧɵɟ ɰɜɟɬ, 

ɩɨɜɟɞɟɧɢɟ, ɫɤɨɪɨɫɬɶ, ɮɨɪɦɭ ɢ ɬ.ɞ. Ƚɨɪɟɧɢɟ ɤɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 

ɩɪɢɡɧɚɤɚɦ: 

1) ɉɨ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ: 

ɚ)      Ɇɟɞɥɟɧɧɨɟ ɝɨɪɟɧɢɟ (ɞɟɮɥɚɝɪɚɰɢɹ) - ɞɨɡɜɭɤɨɜɚɹ ɫɤɨɪɨɫɬɶ, ɧɚɝɪɟɜ 

ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ: 

−     Ʌɚɦɢɧɚɪɧɨɟ - ɧɟɛɨɥɶɲɚɹ ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ ɫɦɟɫɢ, ɫɬɪɨɝɨ 

ɨɩɪɟɞɟɥɟɧɧɚɹ, ɩɨɞɞɟɪɠɢɜɚɟɦɚɹ ɫɤɨɪɨɫɬɶ; 

−     Ɍɭɪɛɭɥɟɧɬɧɨɟ - ɧɟɩɪɟɞɫɤɚɡɭɟɦɨɟ, ɫɬɨɯɚɫɬɢɱɟɫɤɨɟ ɝɨɪɟɧɢɟ ɫ 

ɜɵɫɨɤɨɣ ɦɨɳɧɨɫɬɶɸ; 

ɛ)      Ⱦɟɬɨɧɚɰɢɨɧɧɨɟ ɝɨɪɟɧɢɟ (ɞɟɬɨɧɚɰɢɹ) - ɫɜɟɪɯɡɜɭɤɨɜɚɹ ɫɤɨɪɨɫɬɶ, 

ɪɟɚɤɰɢɹ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɧɚɝɪɟɜɚ ɪɟɚɝɟɧɬɨɜ ɭɞɚɪɧɨɣ ɜɨɥɧɨɣ 

(ɜɫɟɝɞɚ ɬɭɪɛɭɥɟɧɬɧɨɟ); 
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2) Ƚɚɡɨɮɚɡɧɨɟ (ɝɨɦɨɝɟɧɧɨɟ) ɝɨɪɟɧɢɟ – ɟɫɥɢ ɢɫɯɨɞɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 

ɫɦɟɫɢ ɹɜɥɹɸɬɫɹ ɝɚɡɚɦɢ; 

ɚ) ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ – ɨɤɢɫɥɢɬɟɥɶ ɢ ɝɨɪɸɱɟɟ ɡɚɪɚɧɟɟ ɩɟɪɟɦɟɲɚɧɵ ɧɚ 

ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ; 

ɛ) Ⱦɢɮɮɭɡɢɨɧɧɨɟ – ɨɤɢɫɥɢɬɟɥɶ ɢ ɝɨɪɸɱɟɟ ɨɬɞɟɥɟɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɜ 

ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ, ɢ ɩɨɫɬɭɩɚɸɬ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɞɢɮɮɭɡɢɢ; 

3) Ƚɟɬɟɪɨɝɟɧɧɨɟ ɝɨɪɟɧɢɟ – ɝɨɪɸɱɟɟ ɢ ɨɤɢɫɥɢɬɟɥɶ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɡɧɵɯ 

ɮɚɡɚɯ; 

4) Ɍɥɟɧɢɟ – ɨɫɨɛɵɣ ɜɢɞ ɦɟɞɥɟɧɧɨɝɨ ɝɨɪɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ 

ɡɚ ɫɱёɬ ɬɟɩɥɚ, ɜɵɞɟɥɹɸɳɟɝɨɫɹ ɜ ɪɟɚɤɰɢɢ ɤɢɫɥɨɪɨɞɚ ɢ ɝɨɪɹɱɟɝɨ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɢ 

ɚɤɤɭɦɭɥɢɪɭɟɦɨɝɨ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ; 

5) Ȼɟɫɩɥɚɦɟɧɧɨɟ ɝɨɪɟɧɢɟ – ɩɥɚɦɹ ɧɟ ɜɢɞɢɦɨ ɧɟɜɨɨɪɭɠɟɧɧɵɦ ɝɥɚɡɨɦ; 

6) ɏɨɥɨɞɧɨɩɥɚɦɟɧɧɨɟ ɝɨɪɟɧɢɟ - ɪɟɠɢɦ ɝɨɪɟɧɢɹ, ɤɨɝɞɚ ɯɢɦɢɱɟɫɤɨɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɜɟɱɟɧɢɟɦ, ɧɨ ɪɟɚɤɰɢɹ ɨɫɬɚɟɬɫɹ 

ɧɟɡɚɜɟɪɲɟɧɧɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɦɟɫɶ ɪɚɡɨɝɪɟɜɚɟɬɫɹ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɩɪɢ 

ɩɨɥɧɨɦ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɫɝɨɪɚɧɢɢ, ɤɨɝɞɚ ɜɫɹ ɯɢɦɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɝɨɪɸɱɟɣ ɫɦɟɫɢ 

ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɪɚɡɨɝɪɟɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ. 

ɉɪɢ ɝɨɪɟɧɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɨɛɪɚɡɭɸɬɫɹ ɧɚɝɪɟɬɵɟ ɞɨ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɥɟɬɭɱɢɟ ɩɪɨɞɭɤɬɵ ɝɨɪɟɧɢɹ: CO2, H2O, CO ɢ ɞɪɭɝɢɟ. ɉɪɢ ɝɨɪɟɧɢɢ 

ɧɟɤɨɬɨɪɵɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɧɚɩɪɢɦɟɪ, ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ, ɦɨɝɭɬ 

ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɧɚɪɹɞɭ ɫ ɥɟɬɭɱɢɦɢ ɢ ɧɟɥɟɬɭɱɢɟ ɩɪɨɞɭɤɬɵ ɝɨɪɟɧɢɹ. ɇɚ ɩɨɠɚɪɚɯ 

ɱɚɳɟ ɜɫɟɝɨ ɝɨɪɹɬ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ (ɞɪɟɜɟɫɢɧɚ, ɬɤɚɧɢ, ɛɟɧɡɢɧ, ɤɟɪɨɫɢɧ, 

ɪɟɡɢɧɚ ɢ ɞɪ.), ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɭɝɥɟɪɨɞ, ɜɨɞɨɪɨɞ, ɤɢɫɥɨɪɨɞ, ɫɟɪɚ ɢ ɚɡɨɬ. 

Ɋɟɠɟ ɧɚ ɩɨɠɚɪɚɯ ɝɨɪɹɬ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɮɨɫɮɨɪ, ɧɚɬɪɢɣ, 

ɤɚɥɢɣ, ɤɚɥɶɰɢɣ, ɚɥɸɦɢɧɢɣ, ɬɢɬɚɧ, ɦɚɝɧɢɣ ɢ ɞɪ. ɉɪɨɞɭɤɬɚɦɢ ɢɯ ɫɝɨɪɚɧɢɹ 

ɹɜɥɹɸɬɫɹ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ [17]. 

ɋɝɨɪɚɟɦɵɟ ɠɢɞɤɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɛɨɥɟɟ ɨɩɚɫɧɵ ɧɟɠɟɥɢ ɬɜɟɪɞɵɟ 

ɦɚɬɟɪɢɚɥɵ, ɬɚɤ ɤɚɤ ɜɨɫɩɥɚɦɟɧɹɸɬɫɹ ɧɚɦɧɨɝɨ ɥɟɝɱɟ ɢ ɛɵɫɬɪɟɟ, ɝɨɪɹɬ 
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ɢɧɬɟɧɫɢɜɧɟɟ ɢ ɨɛɪɚɡɭɸɬ ɜɡɪɵɜɱɚɬɵɟ ɩɚɪɨɜɵɟ ɫɦɟɫɢ. ɉɪɢɱɟɦ ɝɨɪɹɬ ɧɟ ɫɚɦɢ 

ɠɢɞɤɨɫɬɢ, ɝɨɪɹɬ ɩɚɪɵ, ɱɬɨ ɧɚɯɨɞɹɬɫɹ ɧɚɞ ɢɯ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

Ʉ ɞɪɭɝɢɦ ɜɚɠɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɫɝɨɪɚɟɦɵɯ ɠɢɞɤɨɫɬɟɣ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 

ɜɵɫɨɤɭɸ ɩɥɨɬɧɨɫɬɶ ɩɚɪɨɜ (ɬɹɠɟɥɟɟ ɜɨɡɞɭɯɚ); ɦɚɥɭɸ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɟɣ 

(ɥɟɝɱɟ ɜɨɞɵ) ɢ ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ ɢɡ ɧɢɯ ɜ ɜɨɞɟ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ 

ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɬɭɲɟɧɢɹ ɜɨɞɭ; ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɞɜɢɠɟɧɢɢ ɧɚɤɚɩɥɢɜɚɬɶ 

ɫɬɚɬɢɱɟɫɤɨɟ ɷɥɟɤɬɪɢɱɟɫɬɜɨ; ɛɨɥɶɲɭɸ ɬɟɩɥɨɬɭ ɢ ɫɤɨɪɨɫɬɶ ɫɝɨɪɚɧɢɹ. 

ȿɳɟ ɛɨɥɶɲɭɸ ɨɩɚɫɧɨɫɬɶ ɧɟɫɭɬ ɜ ɫɟɛɟ ɝɨɪɸɱɢɟ ɝɚɡɵ. ɉɨɦɢɦɨ ɬɨɝɨ, ɱɬɨ 

ɨɧɢ ɝɨɪɹɬ, ɩɨɱɬɢ ɜɫɟ ɨɧɢ ɹɜɥɹɸɬɫɹ ɜɡɪɵɜɨɨɩɚɫɧɵɦɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ (ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɡɞɭɯɚ). Ɍɚɤɠɟ ɨɩɚɫɧɵɦ ɫɜɨɣɫɬɜɨɦ ɝɨɪɸɱɢɯ ɝɚɡɨɜ 

ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɚɹ ɪɚɡɪɭɲɢɬɟɥɶɧɚɹ ɫɢɥɚ ɜɡɪɵɜɚ ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɬɪɭɛɚɦ. 

 

1.3 Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɨɜ 
 

ɑɟɥɨɜɟɱɟɫɤɢɣ ɝɥɚɡ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɛɥɨɤɨɜ, ɫɩɨɫɨɛɧɵɯ ɪɚɫɩɨɡɧɚɜɚɬɶ 

ɫɜɨɣɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɹ. ɑɟɥɨɜɟɤ ɛɵɫɬɪɨ ɜɵɯɜɚɬɵɜɚɟɬ ɢɡ ɨɤɪɭɠɚɸɳɟɣ 

ɪɟɚɥɶɧɨɫɬɢ ɧɚɛɨɪɵ ɨɛɴɟɤɬɨɜ ɢ ɤɥɚɫɫɢɮɢɰɢɪɭɟɬ ɢɯ. Ʉɪɢɬɟɪɢɢ, ɤɨɬɨɪɵɦɢ ɨɧ ɩɪɢ 

ɷɬɨɦ ɪɭɤɨɜɨɞɫɬɜɭɟɬɫɹ ɧɟ ɬɚɤ ɦɧɨɝɨ [18]:  

• Ȼɵɫɬɪɨ ɭɝɚɞɵɜɚɸɬɫɹ ɩɪɟɞɦɟɬɵ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ,  

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɧɟɟɫɬɟɫɬɜɟɧɧɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɩɪɚɜɢɥɶɧɵɦɢ ɮɨɪɦɚɦɢ: 

ɩɪɹɦɵɟ ɢɥɢ ɩɥɚɜɧɵɟ ɥɢɧɢɢ, ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɥɚɜɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɰɜɟɬɚ ɢɥɢ 

ɛɨɥɟɟ ɫɥɨɠɧɚɹ ɮɚɤɬɭɪɚ, ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɤɨɬɨɪɨɣ ɜɫɟ ɟɳɟ ɝɨɪɚɡɞɨ ɧɢɠɟ, ɱɟɦ 

ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɟɫɬɟɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. 

• ɉɪɢ ɛɨɥɟɟ ɭɝɥɭɛɥɟɧɧɨɦ ɚɧɚɥɢɡɟ ɫɰɟɧɵ ɜɵɞɟɥɹɸɬɫɹ ɩɨɜɬɨɪɹɸɳɢɟɫɹ 

ɩɨ ɫɜɨɣɫɬɜɚɦ ɨɛɥɚɫɬɢ ɢ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɟɫɬɶ ɤɚɤɢɟ-ɬɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɵ: 

ɩɨɥɹɧɤɚ ɜ ɪɚɜɧɨɦɟɪɧɨ-ɫɦɟɲɚɧɧɨɦ ɥɟɫɧɨɦ ɦɚɫɫɢɜɟ, ɛɨɥɟɟ ɬɟɦɧɨ-ɡɟɥɟɧɚɹ ɥɢɫɬɜɚ 

ɧɚ ɮɨɧɟ ɫɜɟɬɥɨ-ɡɟɥɟɧɨɣ, ɦɟɥɤɢɟ ɥɢɫɬɶɹ ɧɚ ɮɨɧɟ ɤɪɭɩɧɵɯ ɥɢɫɬɶɟɜ, ɛɵɫɬɪɨ 

ɤɨɥɵɲɭɳɢɟɫɹ ɜɟɬɤɢ ɧɚ ɮɨɧɟ ɦɟɞɥɟɧɧɨ ɤɨɥɟɛɥɸɳɢɯɫɹ ɫɬɜɨɥɨɜ ɢ ɬ.ɩ. 
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ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɛɚɡɨɜɵɟ ɚɥɝɨɪɢɬɦɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɨɛɪɚɡɨɜ, ɢɫɩɨɥɶɡɭɸɬ ɩɨɯɨɠɢɣ ɧɚɛɨɪ ɛɥɨɤɨɜ, ɚ ɢɦɟɧɧɨ: 

− ɜɵɞɟɥɟɧɢɟ ɤɨɧɬɭɪɨɜ; 

− ɩɨɢɫɤ ɡɚɞɚɧɧɵɯ ɰɜɟɬɨɜ, ɬɟɤɫɬɭɪ; 

− ɥɢɧɟɣɧɵɟ ɮɢɥɶɬɪɵ, ɪɟɚɝɢɪɭɸɳɢɟ ɧɚ ɤɚɤɢɟ-ɬɨ ɤɨɧɤɪɟɬɧɵɟ ɷɥɟɦɟɧɬɵ 

ɢɡɨɛɪɚɠɟɧɢɣ; 

− ɜɵɞɟɥɟɧɢɟ ɨɛɥɚɫɬɟɣ ɫ ɜɵɫɨɤɨɣ/ɧɢɡɤɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 

ɧɚɫɵɳɟɧɧɨɫɬɶɸ, ɱɟɬɤɨɫɬɶɸ ɞɟɬɚɥɟɣ ɢ ɬ.ɩ. 

ȼ ɰɟɥɨɦ ɥɸɛɨɟ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɪɚɡɨɜ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɬɪɢ ɲɚɝɚ: 

• ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ, ɮɢɥɶɬɪɚɰɢɹ ɢ ɩɨɞɝɨɬɨɜɤɚ ɢɡɨɛɪɚɠɟɧɢɹ; 

• ɥɨɝɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɧɮɨɪɦɚɰɢɢ; 

• ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ 

ɨɛɵɱɧɨ ɫɬɪɟɦɹɬɫɹ ɧɚɣɬɢ ɜ ɨɛɴɟɤɬɟ ɧɟɫɤɨɥɶɤɨ ɯɚɪɚɤɬɟɪɧɵɯ ɞɟɬɚɥɟɣ, ɤɨɬɨɪɵɟ 

ɦɨɠɧɨ ɤɚɤ-ɬɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢ ɨɩɢɫɚɬɶ, ɢ ɡɚ ɤɨɬɨɪɵɟ ɦɨɠɧɨ «ɡɚɰɟɩɢɬɶɫɹ» ɩɪɢ 

ɩɨɢɫɤɟ ɨɛɴɟɤɬɨɜ ɬɚɤɨɝɨ ɪɨɞɚ. ɂ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɴɟɤɬɨɜ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɜ ɰɟɥɨɦ ɢɫɩɨɥɶɡɭɟɬ ɩɨɯɨɠɢɟ ɫɩɨɫɨɛɵ. 

 

1.4 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨ 
 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɨɜ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɞɵɦɚ ɢ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ: 

• Ⱥɧɚɥɢɡ ɢ ɨɛɪɚɛɨɬɤɚ ɩɢɤɫɟɥɟɣ; 

• ȼɵɞɟɥɟɧɢɟ ɨɛɥɚɫɬɟɣ/ɫɟɝɦɟɧɬɨɜ; 

• Ⱥɧɚɥɢɡ ɨɛɳɟɝɨ ɩɥɚɧɚ; 

• Ɉɛɭɱɟɧɢɟ ɯɚɪɚɤɬɟɪɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɩɥɚɦɟɧɢ; 

• ȼɵɹɜɥɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɋɪɟɞɢ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɚɧɚɥɢɡ ɢ ɨɛɪɚɛɨɬɤɭ ɩɢɤɫɟɥɟɣ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɢɟ ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ 
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ɨɫɨɛɟɧɧɨɫɬɟɣ. ɂɦɟɧɧɨ ɷɬɢ ɦɟɬɨɞɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ, ɜ ɫɥɭɱɚɟ ɟɫɥɢ 

ɬɪɟɛɭɟɬɫɹ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. 

ɍɫɥɨɜɧɨ, ɨɫɨɛɟɧɧɨɫɬɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡɞɟɥɨɜ:  

1. Ⱦɢɫɬɚɧɰɢɹ; 

• ɛɥɢɠɧɢɣ ɨɝɨɧɶ, 

• ɞɚɥɶɧɢɣ ɨɝɨɧɶ. 

2. Ɍɟɪɪɢɬɨɪɢɹ 

• ɨɝɨɧɶ ɧɚ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ (ɩɨɠɚɪ, ɩɨɞɠɨɝɢ), 

• ɨɝɨɧɶ ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ ɥɟɫɧɵɯ ɦɚɫɫɢɜɨɜ (ɥɟɫɧɨɣ ɩɨɠɚɪ)  

3. ȼɪɟɦɹ ɫɭɬɨɤ 

• ɨɝɨɧɶ ɜ ɬɟɦɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ (ɧɨɱɧɨɟ ɩɥɚɦɹ),  

• ɨɝɨɧɶ ɜ ɫɜɟɬɥɨɟ ɜɪɟɦɹ ɫɭɬɨɤ (ɞɧɟɜɧɨɟ ɩɥɚɦɹ) 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɬɢɯ ɮɚɤɬɨɪɨɜ, ɢɧɨɝɞɚ ɦɟɧɹɸɬɫɹ ɢ ɯɚɪɚɤɬɟɪɧɵɟ ɱɟɪɬɵ 

ɩɥɚɦɟɧɢ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɨɝɨɧɶ ɜ ɬɟɦɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ ɨɬɥɢɱɚɸɬ ɛɨɥɟɟ 

ɹɪɤɨɜɵɪɚɠɟɧɧɵɟ ɰɜɟɬɨɜɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɞɵɦɚ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ. Ⱦɥɹ ɞɚɥɶɧɟɝɨ ɨɝɧɹ 

ɫɥɨɠɧɟɟ ɨɩɪɟɞɟɥɢɬɶ ɯɚɪɚɤɬɟɪɧɭɸ ɝɟɨɦɟɬɪɢɸ ɢɡ-ɡɚ ɪɚɫɫɬɨɹɧɢɹ ɢ ɬ.ɞ. 

Ɂɧɚɧɢɟ ɩɨɞɨɛɧɵɯ ɧɸɚɧɫɨɜ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 

ɜɢɞɟɨɞɚɧɧɵɟ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɩɥɚɦɟɧɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɚ, ɪɚɫɫɬɨɹɧɢɹ, 

ɜɪɟɦɟɧɢ ɫɭɬɨɤ ɢ ɩɪɢɱɢɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ. 

 

1.5 Ⱥɥɝɨɪɢɬɦɵ ɪɚɧɧɟɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨ 
 

Ɍɚɤ ɤɚɤ ɩɥɚɦɹ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɜɢɡɭɚɥɶɧɵɦ ɮɟɧɨɦɟɧɨɦ, ɬɨ ɩɪɢ 

ɩɨɫɬɪɨɟɧɢɢ ɚɥɝɨɪɢɬɦɚ, ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ 

ɫɜɨɣɫɬɜɚ ɩɥɚɦɟɧɢ, ɤɚɤ ɮɢɡɢɱɟɫɤɨɝɨ ɹɜɥɟɧɢɹ [19]. Ʉɚɠɞɵɣ ɚɥɝɨɪɢɬɦ 

ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɫɬɪɨɢɬɫɹ, ɜ ɩɟɪɜɭɸ 
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ɨɱɟɪɟɞɶ, ɧɚ ɤɨɦɛɢɧɚɰɢɢ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ, 

ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɱɧɨɫɬɶɸ ɜɵɹɜɢɬɶ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɢɡɧɚɤ ɩɥɚɦɟɧɢ. 

ȼ ɪɚɛɨɬɟ [20] «ɂɟɪɚɪɯɢɱɟɫɤɨɟ ɨɛɧɚɪɭɠɟɧɢɟ ɥɟɫɧɵɯ ɩɨɠɚɪɨɜ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɨɬ ɩɢɤɫɟɥɶɧɨɝɨ ɭɪɨɜɧɹ ɞɨ ɫɟɦɚɧɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ» 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɨɜɚɹ ɦɟɬɨɞɢɤɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɹɦ.  

ɗɬɚ ɦɟɬɨɞɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ 

ɢɡɨɛɪɚɠɟɧɢɹ ɩɥɚɦɟɧɢ, ɧɚɱɢɧɚɹ ɫ ɧɢɡɤɨɭɪɨɜɧɟɜɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 

ɩɢɤɫɟɥɟɣ ɢ ɡɚɤɚɧɱɢɜɚɹ ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɦ ɫɟɦɚɧɬɢɱɟɫɤɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ 

ɜɢɞɟɨɪɹɞɚ. Ʉɚɠɞɵɣ ɩɢɤɫɟɥ ɨɞɧɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɣ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɵɦ ɰɜɟɬɨɜɵɦ ɩɪɚɜɢɥɚɦ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɞɜɢɠɟɧɢɹ 

ɩɨɦɟɱɚɟɬɫɹ ɤɚɤ «ɩɢɤɫɟɥ ɰɜɟɬɚ ɩɥɚɦɟɧɢ». ɉɨɫɥɟ ɱɟɝɨ ɝɪɭɛɨ ɮɨɪɦɢɪɭɟɬɫɹ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɣ ɪɟɝɢɨɧ ɢɡ ɩɨɯɨɠɢɯ ɧɚ ɩɥɚɦɹ ɩɢɤɫɟɥɟɣ, ɢ ɢɡɨɛɪɚɠɟɧɢɟ 

ɞɟɥɢɬɫɹ ɧɚ ɨɬɞɟɥɶɧɵɟ ɛɥɨɤɢ. Ⱦɟɥɟɧɢɟ ɧɚ ɛɥɨɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɫɩɟɰɢɚɥɶɧɨ ɨɛɭɱɟɧɧɵɯ ɫɥɨɜɚɪɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɩɪɟɞɟɥɹɬɶ ɢ ɪɚɫɩɨɡɧɚɜɚɬɶ 

ɩɨɦɟɱɟɧɧɵɟ ɩɢɤɫɟɥɢ, ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ, 

ɝɞɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɧɚɥɢɱɢɟ ɩɥɚɦɟɧɢ, ɢ ɢɫɤɥɸɱɟɧɢɹ ɨɛɥɚɫɬɟɣ, ɝɞɟ ɩɥɚɦɟɧɢ ɧɟɬ 

ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3 (ɚ-ɜ). 

 

   

ɚ) ɢɫɯɨɞɧɨɟ ɜɢɞɟɨ ɛ) ɜɵɞɟɥɟɧɢɟ ɩɢɤɫɟɥɟɣ ɰɜɟɬɚ 
ɩɥɚɦɟɧɢ 

ɜ) ɨɛɪɚɛɨɬɤɚ ɞɜɢɠɟɧɢɹ 
ɩɢɤɫɟɥɟɣ 

 
Ɋɢɫɭɧɨɤ 3 – Ɉɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ ɨɬ ɩɢɤɫɟɥɶɧɨɝɨ ɞɨ ɫɟɦɚɧɬɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɫ ɪɚɡɛɢɟɧɢɟɦ 

ɧɚ ɛɥɨɤɢ 
 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɹɟɬ 

F-rate, ɤɨɬɨɪɵɣ ɨɛɨɡɧɚɱɚɟɬ ɨɩɬɢɦɚɥɶɧɭɸ ɱɚɫɬɨɬɭ ɤɚɞɪɨɜ. Ⱦɚɥɟɟ ɨɫɨɛɟɧɧɨɫɬɢ 
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ɦɟɪɰɚɧɢɹ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɜɪɟɦɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ 

ɜɢɞɟɨɤɥɢɩɨɜ ɪɚɡɦɟɪɨɦ F-rate, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɟɦɚɧɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɩɥɚɦɟɧɢ ɩɨɠɚɪɚ, ɪɚɫɩɨɡɧɚɧɧɨɝɨ ɜ ɜɢɞɟɨ, ɤɨɬɨɪɚɹ ɨɫɧɨɜɚɧɚ ɧɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɡɧɚɱɟɧɢɣ. 

ȼ ɰɜɟɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ RGB ɰɜɟɬɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɦɟɧɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɦ ɬɪɟɦ ɩɪɚɜɢɥɚɦ ɨɰɟɧɤɢ ɩɢɤɫɟɥɟɣ: 

ɉɪɚɜɢɥɨ 1: R> G⩾B 

ɉɪɚɜɢɥɨ 2: R> RT 

ɉɪɚɜɢɥɨ 3: S⩾ (255-R) × ST / RT 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ RT ɨɛɨɡɧɚɱɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɤɚɧɚɥɚ R, S 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɧɚɱɟɧɢɟ ɧɚɫɵɳɟɧɧɨɫɬɢ ɩɢɤɫɟɥɹ, ɚ ST ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɧɚɫɵɳɟɧɧɨɫɬɢ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ R ɹɜɥɹɟɬɫɹ RT ɞɥɹ ɬɨɝɨ ɠɟ ɩɢɤɫɟɥɹ. ɉɪɚɜɢɥɚ 1 ɢ 

2 ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɤɚɧɚɥɚ R ɛɨɥɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 

ɨɛɴɟɤɬɚɦɢ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɧɟɤɨɬɨɪɵɟ ɨɛɴɟɤɬɵ ɬɨɝɨ ɠɟ ɰɜɟɬɚ ɬɚɤɠɟ 

ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɷɬɢɦ ɞɜɭɦ ɩɪɚɜɢɥɚɦ, ɨɞɧɚɤɨ ɬɚɤ ɩɪɨɢɫɯɨɞɢɬ ɢɡɧɚɱɚɥɶɧɨɟ 

ɨɬɞɟɥɟɧɢɟ ɩɥɚɦɟɧɢ ɨɬ ɨɫɬɚɥɶɧɨɝɨ ɮɨɧɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɚɧɧɵɣ 

ɦɟɬɨɞ ɷɮɮɟɤɬɢɜɧɨ ɫɟɝɦɟɧɬɢɪɭɟɬ ɪɟɝɢɨɧɵ ɩɥɚɦɟɧɢ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɥɟɫɧɵɯ ɩɨɠɚɪɨɜ. 

Ⱦɪɭɝɨɣ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ 

ɨɫɧɨɜɚɧ ɧɚ ɢɞɟɟ ɨɛɪɚɛɨɬɤɢ ɩɟɪɟɞɧɟɝɨ ɩɥɚɧɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɬɟɯɧɢɤɟ 

ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɬɨɤɚ [21]. ɇɚɤɨɩɥɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ 

ɨɛɪɚɛɨɬɤɢ ɩɟɪɟɞɧɟɝɨ ɩɥɚɧɚ  ɢɡɨɛɪɚɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɢɡɜɥɟɤɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɤɚɞɪɨɜɨɝɨ ɦɟɬɨɞɚ: 

𝐹𝐷ሺݔ, ,ݕ 𝑘ሻ =  {ͳ 𝑖݂|𝐼ሺݔ, ,ݕ 𝑘ሻ − 𝐼ሺݔ, ,ݕ 𝑘 − ͳሻ| > 𝐿Ͳ   𝑜ݐℎ݁ݓݎ𝑖݁ݏ                (1) 

ɝɞɟ (x,y) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɨɨɪɞɢɧɚɬɵ ɩɢɤɫɟɥɟɣ ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɫ ɨɞɧɨɣ 

ɞɥɢɧɨɣ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨ ɨɫɢ x ɢ ɫ ɞɪɭɝɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨ ɨɫɢ y. I (x,y,k) 

ɨɛɨɡɧɚɱɚɟɬ ɡɧɚɱɟɧɢɹ ɩɢɤɫɟɥɟɣ (x,y) ɬɟɤɭɳɟɝɨ ɤɚɞɪɚ. I(x,y,k-1) ɨɛɨɡɧɚɱɚɟɬ 
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ɡɧɚɱɟɧɢɹ ɩɢɤɫɟɥɟɣ (x,y) ɩɪɟɞɵɞɭɳɟɝɨ ɤɚɞɪɚ. L – ɷɬɨ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ. Ɍɨɱɤɢ 

ɫɨ ɡɧɚɱɟɧɢɹɦɢ 1 ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɪɟɡɭɥɶɬɚɬɟ ɢɡɨɛɪɚɠɟɧɢɹ FD(x,y,k) 

ɮɨɪɦɢɪɭɸɬ ɢɡɨɛɪɚɠɟɧɢɟ ɩɟɪɟɞɧɟɝɨ ɩɥɚɧɚ. 

Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɩɚɪɚɦɟɬɪɚ, ɱɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ ɨɬɥɢɱɚɬɶ 

ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɵ ɩɥɚɦɟɧɢ ɨɬ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ ɞɵɦɚ. Ɉɛɥɚɫɬɢ ɩɥɚɦɟɧɢ 

ɪɚɫɩɨɡɧɚɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɧɚ 

ɚɤɤɭɦɭɥɹɰɢɢ ɩɟɪɟɞɧɟɝɨ ɩɥɚɧɚ ɢɡɨɛɪɚɠɟɧɢɣ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɨɛɥɚɫɬɢ ɞɵɦɚ 

ɜɵɱɢɫɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɬɨɤɚ ɢ ɦɨɞɟɥɢ ɮɭɧɤɰɢɢ ɞɜɢɠɟɧɢɹ. Ʉɚɤ 

ɦɵ ɡɧɚɟɦ, ɝɨɪɟɧɢɟ ɩɥɚɦɟɧɢ ɹɜɥɹɟɬɫɹ ɬɭɪɛɭɥɟɧɬɧɵɦ ɞɜɢɠɟɧɢɟɦ ɫ ɧɟɤɨɬɨɪɵɦ 

ɢɫɬɨɱɧɢɤɨɦ. ȿɫɥɢ ɧɟ ɛɭɞɟɬ ɧɢɤɚɤɨɝɨ ɜɥɢɹɧɢɹ ɜɟɬɪɚ ɢɥɢ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ, ɬɨ 

ɨɛɥɚɫɬɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɥɚɦɟɧɢ ɢ ɩɪɟɪɵɜɢɫɬɵɟ ɨɛɥɚɫɬɢ ɩɥɚɦɟɧɢ ɛɭɞɭɬ 

ɩɨɜɬɨɪɹɬɶɫɹ ɱɟɪɟɡ ɪɟɝɭɥɹɪɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɟɧɢɟ ɩɢɤɫɟɥɟɣ ɪɟɝɢɨɧɨɜ ɩɥɚɦɟɧɢ ɧɚ ɩɟɪɟɞɧɟɦ ɩɥɚɧɟ 

ɢɡɨɛɪɚɠɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɛɨɥɶɲɟ (ɪɢɫɭɧɨɤ 4). 

  
ɚ) ɛ) 

Ɋɢɫɭɧɨɤ 4 – Ɋɟɡɭɥɶɬɚɬ ɚɤɤɭɦɭɥɹɰɢɢ ɩɥɚɦɟɧɢ ɢɡɨɛɪɚɠɟɧɢɹ ɩɟɪɟɞɧɟɝɨ ɩɥɚɧɚ 

 
Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɨɝɧɹ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ ɜ ɫɥɟɞɭɸɳɢɯ ɬɪɟɯ ɫɥɭɱɚɹɯ: ɨɝɨɧɶ ɫ ɩɥɚɦɟɧɟɦ ɛɟɡ ɞɵɦɚ, ɨɝɨɧɶ ɫ ɞɵɦɨɦ 

ɛɟɡ ɩɥɚɦɟɧɢ ɢ ɨɝɨɧɶ, ɤɚɤ ɫ ɩɥɚɦɟɧɟɦ, ɬɚɤ ɢ ɫ ɞɵɦɨɦ. 

Ɉɛɧɚɪɭɠɟɧɢɟ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɪɟɝɪɟɫɫɢɢ ɢ ɜɪɟɦɟɧɧɨɝɨ ɫɝɥɚɠɢɜɚɧɢɹ [22]. 

Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɞɟɠɧɵɣ ɜɢɡɭɚɥɶɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɞɥɹ 

ɛɵɫɬɪɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨɠɚɪɚ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɨɝɢɫɬɢɱɟɫɤɨɣ ɪɟɝɪɟɫɫɢɢ ɢ ɜɪɟɦɟɧɧɨɝɨ ɫɝɥɚɠɢɜɚɧɢɹ. Ɉɛɥɚɫɬɶ-
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ɤɚɧɞɢɞɚɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɬɧɨɲɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɚ ɰɜɟɬɚ ɢ 

ɞɜɢɠɟɧɢɟɦ ɤɢɹ ɨɝɧɹ ɩɥɚɦɟɧɢ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɭɬɟɦ ɜɵɱɢɬɚɧɢɹ ɮɨɧɚ. Ɂɚɬɟɦ 

ɨɛɥɚɫɬɶ-ɤɚɧɞɢɞɚɬ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɩɨɞɥɢɧɧɨɫɬɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɨɣ 

ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɠɚɪɚ, ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɨɝɢɫɬɢɱɟɫɤɨɣ 

ɪɟɝɪɟɫɫɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɡɦɟɪɟ, ɞɜɢɠɟɧɢɢ ɢ ɰɜɟɬɟ. 

ȼɪɟɦɟɧɧɨɟ ɫɝɥɚɠɢɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɥɨɠɧɵɯ ɬɪɟɜɨɝ ɩɪɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɫɧɢɠɟɧɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

Ɉɝɨɧɶ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɰɜɟɬɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɦɟɧɢ. ɐɜɟɬ ɜ ɰɟɧɬɪɟ ɩɥɚɦɟɧɢ ɨɝɧɹ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɰɜɟɬɚ ɩɨ ɤɪɚɹɦ. 

ɉɨɷɬɨɦɭ ɩɢɤɫɟɥɢ ɰɜɟɬɚ ɨɝɧɹ ɞɨɫɬɚɬɨɱɧɨ ɥɟɝɤɨ ɨɛɧɚɪɭɠɢɬɶ, ɨɩɢɪɚɹɫɶ ɧɚ 

ɫɩɟɰɢɮɢɱɧɵɟ ɪɚɧɝɢ ɰɜɟɬɨɜɨɝɨ ɫɩɟɤɬɪɚ. Ɍɚɤ ɤɚɤ ɰɜɟɬ ɨɝɧɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɢɥɶɧɨ 

ɧɚɫɵɳɟɧ ɜ ɤɪɚɫɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɤɪɚɫɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ ɨɝɧɹ 

ɛɨɥɶɲɟ, ɱɟɦ ɞɪɭɝɢɟ ɜ ɰɜɟɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ RGB. Ⱥ ɬɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ɰɜɟɬɚ 

RGB ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɢɡɦɟɧɟɧɢɹɦ ɨɫɜɟɳɟɧɢɹ, ɬɨ ɰɜɟɬ ɤɪɚɫɤɢ RGB 

ɩɪɟɨɛɪɚɡɭɸɬ ɜ ɰɜɟɬɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɨɬɞɟɥɢɬɶ ɹɪɤɨɫɬɶ ɨɬ 

ɰɜɟɬɧɨɫɬɢ. ɐɜɟɬɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ YCbCr ɨɩɢɫɵɜɚɟɬ ɰɜɟɬ ɤɚɤ ɹɪɤɢɟ (Y) ɢ 

ɰɜɟɬɧɵɟ (Cb,Cr) ɤɨɦɩɨɧɟɧɬɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ-ɡɚ ɫɯɨɞɫɬɜɚ ɜ ɰɜɟɬɟ, ɩɥɚɦɹ 

ɨɝɧɹ ɢ ɨɝɧɟɩɨɞɨɛɧɵɟ ɨɛɴɟɤɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɫɯɨɠɢɟ ɱɟɪɬɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɧɨ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɪɟɞɧɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨ ɨɫɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɰɜɟɬɧɨɫɬɢ. Ɏɨɧɨɜɵɟ ɩɢɤɫɟɥɢ ɩɨɤɚɡɵɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɮɨɪɦɵ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɨɟ 

ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɰɜɟɬɧɨɫɬɢ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ (ɪɢɫɭɧɨɤ 5). 

 

Ɋɢɫɭɧɨɤ 5 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɰɜɟɬɧɨɫɬɢ 
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ɗɤɫɩɟɪɢɦɟɧɬɵ, ɩɪɨɜɟɞɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɛɚɡ ɞɚɧɧɵɯ ɞɥɹ 

ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ ɫɯɟɦɚ ɭɫɩɟɲɧɨ 

ɨɬɥɢɱɚɟɬ ɩɥɚɦɹ ɨɝɧɹ ɨɬ ɨɛɵɱɧɨɝɨ ɮɨɧɚ, ɬɚɤɠɟ ɤɚɤ ɢ ɞɜɢɠɟɧɢɟ ɨɝɧɟɩɨɞɨɛɧɵɯ 

ɨɛɴɟɤɬɨɜ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɜɧɭɬɪɢ ɢ ɜɧɟ ɩɨɦɟɳɟɧɢɣ.  

ɋɪɚɜɧɟɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɠɚɪɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɛɵɥɨ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɵɦ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɞɪɭɝɢɦɢ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɦɟɬɨɞɚɦɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɝɪɚɧɢɰ ɨɛɥɚɫɬɟɣ ɞɵɦɚ ɢ ɩɥɚɦɟɧɢ 

ɜɨ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɬɨɯɚɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ. ȼ ɪɚɛɨɬɟ [23] ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɥɚɫɬɟɣ 

ɩɪɢɦɟɧɹɸɬɫɹ ɫɤɪɵɬɵɟ ɦɚɪɤɨɜɫɤɢɟ ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɨɛɭɱɚɸɬɫɹ ɩɨ ɬɟɫɬɨɜɨɦɭ 

ɧɚɛɨɪɭ ɢɡɨɛɪɚɠɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɞɵɦ ɢ ɩɥɚɦɹ. ɉɪɢ ɷɬɨɦ ɨɛɭɱɟɧɢɟ ɩɪɨɜɨɞɹɬ 

ɬɚɤɠɟ ɩɨ ɢɡɨɛɪɚɠɟɧɢɹɦ, ɧɟ ɫɨɞɟɪɠɚɳɢɦ ɞɵɦ ɢ ɩɥɚɦɹ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ 

ɧɟɜɨɡɦɨɠɧɨ ɛɭɞɟɬ ɨɬɥɢɱɢɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɥɚɦɟɧɢ ɢ ɞɵɦɚ ɨɬ 

ɢɡɨɛɪɚɠɟɧɢɣ ɨɛɴɟɤɬɨɜ, ɢɦɟɸɳɢɯ ɩɨɞɨɛɧɵɣ ɰɜɟɬ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ 

ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɦɟɧɢ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɱɟɫɬɜɚ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɬ ɨɛɭɱɚɸɳɟɝɨ ɧɚɛɨɪɚ, ɱɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ 

ɤɚɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɣ. 

Ⱦɥɹ ɨɛɥɚɫɬɟɣ ɞɵɦɚ ɢ ɩɥɚɦɟɧɢ ɧɚ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɢ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ 

ɦɟɪɰɚɧɢɹ [24], ɤɨɬɨɪɨɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɧɟɧɢɢ ɝɪɚɧɢɰ ɨɬ ɤɚɞɪɚ ɤ ɤɚɞɪɭ 

ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ. ȼ ɪɚɛɨɬɟ [25] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɦɟɪɰɚɧɢɹ 

ɞɥɹ ɞɵɦɚ ɫɨɫɬɚɜɥɹɟɬ 1–3 Ƚɰ, ɞɥɹ ɩɥɚɦɟɧɢ ɱɚɫɬɨɬɚ ɦɟɪɰɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 10 Ƚɰ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɨɰɟɧɤɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɨɛɥɚɫɬɟɣ-

ɤɚɧɞɢɞɚɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɱɚɫɬɨɬɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ 

[26] ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɫɢɫɬɟɦɚ ɮɢɥɶɬɪɚɰɢɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ 

ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɮɢɥɶɬɪɚ ɢ ɧɢɡɤɨɱɚɫɬɨɬɧɨɝɨ ɮɢɥɶɬɪɚ. 
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1.6 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 
 

ɉɥɚɦɹ – ɷɬɨ ɪɚɫɤɚɥɟɧɧɚɹ ɝɚɡɨɨɛɪɚɡɧɚɹ ɫɪɟɞɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɱɚɫɬɢɱɧɨ 

ɢɨɧɢɡɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ, ɝɞɟ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 

ɩɪɟɜɪɚɳɟɧɢɹ ɱɚɫɬɢɰ ɝɨɪɸɱɟɝɨ, ɨɤɢɫɥɢɬɟɥɹ ɢ ɩɪɢɦɟɫɧɵɯ ɱɚɫɬɢɰ 

ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ "ɫɜɟɱɟɧɢɟɦ" ɢ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ. ȼɫɟ ɷɬɨ, ɞɟɥɚɟɬ ɩɥɚɦɹ 

ɨɛɥɚɞɚɬɟɥɟɦ ɦɧɨɠɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɟɝɨ 

ɰɜɟɬ, ɮɨɪɦɭ, ɹɪɤɨɫɬɶ, ɞɢɧɚɦɢɤɭ ɢ ɬ.ɞ. 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɨɛɥɚɫɬɟɣ ɩɥɚɦɟɧɢ ɧɚ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ ɦɨɝɭɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ: ɜɵɞɟɥɟɧɢɟ ɞɜɢɠɟɧɢɹ, ɰɜɟɬɨɜɚɹ ɬɟɤɫɬɭɪɚ ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɚɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɥɢɱɧɵɯ ɰɜɟɬɨɜɵɯ ɩɪɨɫɬɪɚɧɫɬɜ, ɪɚɡɥɢɱɧɵɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ. 

Ɉɫɧɨɜɧɵɦ ɢɫɩɨɥɶɡɭɟɦɵɦ ɰɜɟɬɨɜɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɹɜɥɹɟɬɫɹ RGB, ɨɞɧɚɤɨ 

ɩɨɪɨɣ ɩɪɢɦɟɧɹɸɬ ɢ ɞɪɭɝɢɟ, ɧɚɩɪɢɦɟɪ YCbCr ɢ HSV. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɹɜɥɹɸɬɫɹ ɦɚɥɨɟ ɜɧɢɦɚɧɢɟ ɤ ɨɲɢɛɤɚɦ ɩɟɪɜɨɝɨ ɢ 

ɜɬɨɪɨɝɨ ɪɨɞɚ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɭ ɥɨɠɧɵɯ ɫɪɚɛɚɬɵɜɚɧɢɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɥɚɦɹ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ 

ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɬɚɤɢɯ ɤɚɤ ɰɜɟɬ, ɞɜɢɠɟɧɢɟ, ɮɨɪɦɚ, 

ɩɨɜɟɞɟɧɢɟ ɢ ɬ.ɞ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɚ ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɤɨɬɨɪɵɟ 

ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ ɹɜɥɹɸɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɥɚɦɟɧɢ ɢ ɟɝɨ ɰɜɟɬɨɜɚɹ ɫɬɪɭɤɬɭɪɚ.   
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2 Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ 
 

ȼɬɨɪɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɨɩɢɫɚɧɢɸ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɚ 

ɫɟɝɦɟɧɬɚɰɢɢ ɪɟɝɢɨɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ, ɩɨɯɨɠɢɯ ɧɚ ɩɥɚɦɹ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɤɥɚɫɬɟɪɢɡɚɰɢɟɣ ɬɚɤɢɯ ɪɟɝɢɨɧɨɜ. 

 
2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨ 
  

Ɂɚɞɚɱɟɣ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ ɧɟɤɨɣ ɮɭɧɤɰɢɢ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɟɣ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ ɫ ɧɚɢɦɟɧɶɲɢɦ ɱɢɫɥɨɦ 

ɨɲɢɛɨɤ. ɉɪɢ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɨɛɪɚɡɨɜ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶɫɹ ɞɜɚ ɪɚɡɥɢɱɧɵɯ 

ɜɚɪɢɚɧɬɚ: ɥɢɛɨ ɧɚɥɢɱɢɟ ɩɥɚɦɟɧɢ, ɥɢɛɨ ɟɝɨ ɨɬɫɭɬɫɬɜɢɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɨɛɥɚɫɬɟɣ ɫ ɧɚɥɢɱɢɟɦ ɩɥɚɦɟɧɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɢɟ ɩɪɢɡɧɚɤɢ, ɤɚɤ 

ɡɧɚɱɟɧɢɟ ɰɜɟɬɨɜɨɝɨ ɩɨɪɨɝɚ, ɪɚɡɦɟɪɵ ɛɥɨɤɚ, ɧɚɥɢɱɢɟ ɞɜɢɠɟɧɢɹ ɢ ɩɪɨɱɢɟ 

ɯɚɪɚɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɥɚɦɟɧɢ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɡɚɞɚɱɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ 

ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɸ ɫɜɨɞɢɬɫɹ ɤ ɜɵɞɟɥɟɧɢɸ ɨɛɴɟɤɬɨɜ ɩɨɯɨɠɢɯ ɧɚ 

ɩɥɚɦɹ ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɭɸ ɤɥɚɫɫɢɮɢɤɚɰɢɸ (ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ). Ɍɚɤɠɟ, ɞɥɹ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ, ɤ ɜɵɞɟɥɟɧɧɵɦ ɨɛɥɚɫɬɹɦ-ɤɚɧɞɢɞɚɬɚɦ ɡɚɱɚɫɬɭɸ 

ɩɪɢɦɟɧɹɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɟɪɢɮɢɤɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, ɧɚɩɪɢɦɟɪ, 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɷɬɚɩɵ: 

1. ɉɨɢɫɤ ɧɚɥɢɱɢɹ ɨɛɴɟɤɬɨɜ ɩɨɯɨɠɢɯ ɧɚ ɩɥɚɦɹ ɧɚ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɥɭɛɢɧɚ ɫɰɟɧɵ, ɱɬɨɛɵ 

ɦɨɠɧɨ ɛɵɥɨ ɨɩɪɟɞɟɥɢɬɶ ɛɥɢɠɧɢɣ ɢ ɞɚɥɶɧɢɣ ɩɥɚɧ. ɉɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ 

ɜɵɞɟɥɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɛɥɨɤɨɜ (ɩɨɢɫɤ ɞɜɢɠɟɧɢɹ). Ʉ ɜɵɞɟɥɟɧɧɵɦ ɛɥɨɤɚɦ 

ɩɪɢɦɟɧɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɰɜɟɬɨɜɨɣ ɬɟɤɫɬɭɪɵ, ɞɥɹ ɩɨɢɫɤɚ ɨɛɴɟɤɬɨɜ ɰɜɟɬɨɦ 

ɩɨɯɨɠɢɯ ɧɚ ɩɥɚɦɹ. 
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2. ȼɟɪɢɮɢɤɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ ɩɪɢ ɩɨɦɨɳɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫ ɰɟɥɶɸ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɧɚɥɢɱɢɹ ɩɥɚɦɟɧɢ ɢ ɨɬɫɟɱɟɧɢɹ 

ɨɝɧɟɩɨɞɨɛɧɵɯ ɨɛɴɟɤɬɨɜ. 

3. ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, 

ɫɨɞɟɪɠɚɳɢɯ ɪɚɡɧɵɟ ɫɢɬɭɚɰɢɢ ɢ ɜɢɞɵ ɩɥɚɦɟɧɢ. 

4. ɉɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

2.2 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨ 

 
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɥɭɱɲɟ ɩɨɧɢɦɚɬɶ ɪɚɛɨɬɭ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ 

ɩɨɫɬɪɨɢɦ ɟɝɨ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ (ɪɢɫɭɧɨɤ 6). Ɉɧɚ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɫɥɟɞɭɸɳɢɦɢ ɲɚɝɚɦɢ: 

1. ȼɵɞɟɥɟɧɢɟ ɨɛɥɚɫɬɟɣ ɫ ɩɨɜɵɲɟɧɧɨɣ ɞɢɧɚɦɢɤɨɣ, ɬ.ɟ. ɨɛɥɚɫɬɢ, ɝɞɟ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɜɢɠɟɧɢɟ. 

2. ɋɪɚɜɧɟɧɢɟ ɰɜɟɬɨɜ ɩɢɤɫɟɥɟɣ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ ɫ ɩɢɤɫɟɥɹɦɢ ɰɜɟɬɚ 

ɩɥɚɦɟɧɢ. 

3. ȼɟɪɢɮɢɤɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɧɚ ɧɚɥɢɱɢɟ ɩɥɚɦɟɧɢ. 

 
Ɋɢɫɭɧɨɤ 6 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ 
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2.3   ȼɢɞɵ ɮɢɥɶɬɪɚɰɢɣ 
 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɨɛɥɚɫɬɟɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɛɟɡ ɤɚɤɨɝɨ-ɥɢɛɨ ɚɧɚɥɢɡɚ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞɵ ɮɢɥɶɬɪɚɰɢɢ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɩɨɞɨɛɧɵɯ ɦɟɬɨɞɨɜ 

ɩɪɢɦɟɧɹɸɬ ɧɟɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨ ɜɫɟɦ ɬɨɱɤɚɦ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ [27]. 

ɋɚɦɵɣ ɩɪɨɫɬɨɣ ɫɩɨɫɨɛ - ɷɬɨ ɛɢɧɚɪɢɡɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ ɩɨɪɨɝɭ. 

ɉɨɪɨɝɨɦ ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɫɬɭɩɚɟɬ ɧɟɤɨɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɰɜɟɬɚ, ɧɚɢɛɨɥɟɟ 

ɨɛɳɟɟ ɞɥɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɩɢɤɫɟɥɟɣ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɧɚ ɛɟɥɨɦ ɥɢɫɬɟ ɛɭɦɚɝɢ 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɨɛɴɟɤɬɵ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɡɧɚɱɟɧɢɹ 

ɩɨɪɨɝɚ (ɪɢɫɭɧɨɤ 7). 

 

 
Ɋɢɫɭɧɨɤ 7 – Ɏɢɥɶɬɪɚɰɢɹ ɩɨ ɩɨɪɨɝɭ 

 
Ɉɛɵɱɧɨ ɩɪɢ ɛɢɧɚɪɢɡɚɰɢɢ ɫɭɳɟɫɬɜɭɟɬ ɧɟɤɢɣ ɚɥɝɨɪɢɬɦ, ɚɞɚɩɬɢɜɧɨ 

ɜɵɛɢɪɚɸɳɢɣ ɩɨɪɨɝ. Ɍɚɤɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɦɚɬɨɠɢɞɚɧɢɟ, ɦɨɞɵ, 

ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɫɬɨɝɪɚɦɦ (ɧɚɢɛɨɥɶɲɢɣ ɩɢɤ). 

ɂɫɩɨɥɶɡɨɜɚɬɶ ɦɨɠɧɨ ɢ ɤɥɚɫɫɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɮɢɥɶɬɪɚɰɢɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ 

ɪɚɞɢɨɥɨɤɚɰɢɢ ɢ ɨɛɪɚɛɨɬɤɟ ɫɢɝɧɚɥɨɜ. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ. Ɉɞɧɚɤɨ ɞɥɹ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɞɜɭɦɟɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɯɨɬɹ ɢ ɜɨɡɦɨɠɧɨ ɬɟɨɪɟɬɢɱɟɫɤɢ, ɧɚ ɩɪɚɤɬɢɤɟ ɪɟɞɤɨ 

ɩɪɢɦɟɧɹɟɬɫɹ. ɉɨɬɨɦɭ ɤɚɤ ɝɨɪɚɡɞɨ ɛɵɫɬɪɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɟɪɬɤɭ ɮɭɧɤɰɢɣ ɞɥɹ 

ɢɧɬɟɪɟɫɭɸɳɟɣ ɨɛɥɚɫɬɢ ɫ ɝɨɬɨɜɵɦ ɮɢɥɶɬɪɨɦ ɜɵɫɨɤɢɯ ɢɥɢ ɧɢɡɤɢɯ ɱɚɫɬɨɬ. ɋɪɟɞɢ 

ɦɢɧɭɫɨɜ - ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɧɟɥɶɡɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɩɟɤɬɪ ɢɡɨɛɪɚɠɟɧɢɹ. 

ɋɜɟɪɬɤɚ ɩɪɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɢɣ ɜɢɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɣ ɤ 

ɞɜɭɦ ɮɭɧɤɰɢɹɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɩɨɥɭɱɚɟɬɫɹ ɬɪɟɬɶɹ (ɪɢɫɭɧɨɤ 8). 
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Ɋɢɫɭɧɨɤ 8 – ɋɜɟɪɬɤɚ ɞɜɭɯ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ, ɩɨɪɨɠɞɚɸɳɢɯ ɬɪɟɭɝɨɥɶɧɵɣ 
 

ɋɥɟɞɭɸɳɢɣ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɣ ɦɟɬɨɞ - ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. 

ȼɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɬ ɫɩɟɰɢɚɥɶɧɵɟ "ɦɚɥɵɟ ɜɨɥɧɵ" (ɜɟɣɜɥɟɬɵ), 

ɨɝɪɚɧɢɱɟɧɧɵɟ ɜɨ ɜɪɟɦɟɧɢ (ɜ ɫɥɭɱɚɟ ɢɡɨɛɪɚɠɟɧɢɣ - ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ). ɗɬɨ 

ɩɨɡɜɨɥɹɟɬ ɜ ɜɟɣɜɥɟɬ-ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɫɪɚɡɭ ɢɦɟɬɶ ɢ ɱɚɫɬɨɬɧɭɸ, ɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. ȼɟɣɜɥɟɬ-ɚɧɚɥɢɡ ɩɪɟɞɧɚɡɧɚɱɟɧ, ɩɪɟɠɞɟ ɜɫɟɝɨ, 

ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɧɟɫɤɨɥɶɤɢɯ ɦɚɫɲɬɚɛɚɯ, ɤɨɬɨɪɵɣ 

ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɚɧɚɥɢɡɚ. 

ɋ ɩɨɦɨɳɶɸ ɜɟɣɜɥɟɬɨɜ ɮɭɧɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɤɚɤ ɤɨɦɩɨɡɢɰɢɹ ɝɪɭɛɨɣ 

ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɢ ɭɬɨɱɧɹɸɳɢɯ ɤɨɦɩɨɧɟɧɬ (ɞɟɬɚɥɟɣ), 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɨɬɫɭɬɫɬɜɭɸɳɢɟ ɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɷɥɟɦɟɧɬɵ ɝɪɚɮɢɤɚ ɮɭɧɤɰɢɢ. 

ȼɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɮɭɧɤɰɢɢ (ɢɡɨɛɪɚɠɟɧɢɟ, ɤɪɢɜɚɹ, ɩɨɜɟɪɯɧɨɫɬɶ) ɜɟɣɜɥɟɬ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɮɭɧɤɰɢɸ ɤɚɤ ɢɟɪɚɪɯɢɸ ɭɪɨɜɧɟɣ ɨɬɨɛɪɚɠɟɧɢɹ ɫ ɪɚɡɥɢɱɧɨɣ 

ɬɨɱɧɨɫɬɶɸ ɞɟɬɚɥɢɡɚɰɢɢ. ȼ ɩɪɨɰɟɞɭɪɚɯ ɩɪɟɞɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɜɟɣɜɥɟɬ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɭɪɨɜɧɹ ɲɭɦɨɜ, ɚɧɚɥɢɡɚ ɬɟɤɫɬɭɪ, 

ɜɵɞɟɥɟɧɢɹ ɤɨɧɬɭɪɨɜ ɨɛɴɟɤɬɨɜ ɢ ɫɠɚɬɢɹ ɢɡɨɛɪɚɠɟɧɢɣ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɚɛɨɪ ɤɥɚɫɫɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɜɟɣɜɥɟɬ-

ɚɧɚɥɢɡɟ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɜɟɣɜɥɟɬ ɏɚɚɪɚ, ɜɟɣɜɥɟɬ Ɇɨɪɥɟ, ɜɟɣɜɥɟɬ ɦɟɤɫɢɤɚɧɫɤɚɹ 

ɲɥɹɩɚ, ɜɟɣɜɥɟɬ Ⱦɨɛɟɲɢ ɢ.ɬ.ɞ (ɪɢɫɭɧɨɤ 9, ɚ-ɝ). 
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ɝ) 

Ɋɢɫɭɧɨɤ 9 – ɚ) ɜɟɣɜɥɟɬ ɏɚɚɪɚ ɛ) ɜɟɣɜɥɟɬ Ɇɨɪɥɟ ɜ) ɦɟɤɫɢɤɚɧɫɤɚɹ ɲɥɹɩɚ ɝ) ɜɟɣɜɥɟɬ Ⱦɨɛɟɲɢ 
 
ɋɬɨɢɬ ɭɩɨɦɹɧɭɬɶ, ɱɬɨ ɩɪɢ ɮɢɥɶɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɧɟɥɶɡɹ ɨɛɨɣɬɢɫɶ ɛɟɡ 

ɬɚɤɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɤɚɤ ɤɨɪɪɟɥɹɰɢɹ (ɨɩɬɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ 

ɬɟɯɧɢɤɚɯ ɨɬɫɥɟɠɢɜɚɧɢɹ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɬɨɱɧɵɯ ɩɥɨɫɤɢɯ ɢ 

ɨɛɴɟɦɧɵɯ ɢɡɦɟɪɟɧɢɣ ɢɡɦɟɧɟɧɢɣ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ). ɂɫɩɨɥɶɡɭɟɬɫɹ ɞɚɧɧɵɣ ɦɟɬɨɞ 

ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɞɜɢɝɨɜ, ɬɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɢɟ ɤɨɪɪɟɥɹɰɢɢ ɨɛɨɡɧɚɱɚɟɬ 

ɧɚɥɢɱɢɟ ɞɜɢɠɟɧɢɹ ɧɚ ɜɢɞɟɨɩɨɬɨɤɟ. 

Ɉɬɞɟɥɶɧɵɦ ɤɥɚɫɫɨɦ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɮɢɥɶɬɪɚɰɢɸ ɤɨɧɬɭɪɨɜ ɢ ɝɪɚɧɢɰ. 

Ɍɚɤɨɣ ɤɥɚɫɫ ɛɭɞɟɬ ɩɨɥɟɡɟɧ, ɟɫɥɢ ɬɪɟɛɭɟɬɫɹ ɪɚɛɨɬɚ ɫ ɨɛɴɟɤɬɚɦɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, 

ɚ ɧɟ ɜɫɟɦ ɢɡɨɛɪɚɠɟɧɢɟɦ ɜ ɰɟɥɨɦ. ɋɪɟɞɢ ɩɨɞɨɛɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɯɨɪɨɲɨ 

ɢɡɜɟɫɬɧɵ ɨɩɟɪɚɬɨɪɵ Ʉɷɧɧɢ, ɋɨɛɟɥɹ, Ʌɚɩɥɚɫɚ, ɉɪɸɢɬɬɚ ɢ Ɋɨɛɟɪɬɫɚ. Ⱥɥɝɨɪɢɬɦ 

Ʉɷɧɧɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ, ɜɜɢɞɭ ɛɨɥɶɲɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɣ ɚɥɝɨɪɢɬɦ 

ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ ɢ ɝɥɚɫɢɬ, ɱɬɨ ɩɢɤɫɟɥɹɦɢ ɝɪɚɧɢɰ ɫɱɢɬɚɸɬɫɹ ɬɟ, ɜ ɤɨɬɨɪɵɯ 

ɞɨɫɬɢɝɚɟɬɫɹ ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɝɪɚɞɢɟɧɬɚ (ɪɢɫɭɧɨɤ 10). 
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Ɋɢɫɭɧɨɤ 10 – ȼɵɞɟɥɟɧɢɟ ɝɪɚɧɢɰ ɚɥɝɨɪɢɬɦɨɦ Ʉɷɧɧɢ 

 

2.4  Ʌɨɝɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ 
 
ɉɪɢ ɩɨɦɨɳɢ ɮɢɥɶɬɪɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ ɢ ɩɨɥɭɱɟɧɢɟ ɧɟɤɨɟɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ. Ɉɞɧɚɤɨ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɢ ɞɚɧɧɵɟ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. Ⱦɥɹ ɷɬɨɝɨ ɤɚɤ ɢ 

ɫɭɳɟɫɬɜɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɲɚɝ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɜɨɣɫɬɜɚ 

ɨɛɴɟɤɬɨɜ ɢɡɨɛɪɚɠɟɧɢɹ.  

Ɍɨɝɞɚ ɤɚɤ ɮɢɥɶɬɪɚɰɢɹ ɹɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɨɣ ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ ɢ ɦɟɬɨɞɵ ɟɣ 

ɩɪɢɫɭɳɢɟ ɢɡɜɟɫɬɧɵ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɨ, ɬɨ ɫɟɝɦɟɧɬɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɹɜɥɹɟɬɫɹ 

ɨɛɪɚɛɨɬɤɨɣ ɫɪɟɞɧɟɝɨ ɭɪɨɜɧɹ. ɂɦɟɧɧɨ ɷɬɨɬ ɭɪɨɜɟɧɶ ɹɜɥɹɟɬɫɹ ɩɪɢɫɬɚɥɶɧɵɦ 

ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɧɚɭɱɧɵɯ ɪɚɛɨɬɚɯ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɟɤɬɨɪ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɫɟ ɱɚɳɟ ɭɯɨɞɢɬ ɤ ɬɚɤ 

ɧɚɡɵɜɚɟɦɨɦɭ ɫɨɩɨɫɬɚɜɥɟɧɢɸ (matching). ȿɫɥɢ ɝɨɜɨɪɢɬɶ ɤɨɧɤɪɟɬɧɟɟ, ɷɬɨ 

ɜɵɞɟɥɟɧɢɟ ɧɟɤɢɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɢɡɧɚɤɨɜ ɜɧɭɬɪɢ ɜɵɞɟɥɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, 

ɜɵɞɟɥɟɧɢɟ ɩɪɨɫɬɵɯ ɹɪɤɨɫɬɧɨ-ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɬɢɩɚ "ɬɨɱɤɚ", "ɤɪɚɣ", 

"ɩɹɬɧɨ", "ɩɪɹɦɚɹ ɥɢɧɢɹ", "ɭɝɨɥ" ɢ ɬ.ɞ. ɉɨɞɨɛɧɵɟ "ɩɟɪɜɢɱɧɵɟ" ɨɫɨɛɟɧɧɨɫɬɢ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɵɟ ɯɚɪɚɤɬɟɪɧɵɦɢ ɱɟɪɬɚɦɢ (ɏɑ), ɢɝɪɚɸɬ ɛɚɡɨɜɭɸ 

ɪɨɥɶ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɹɪɤɨɫɬɧɨ-ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɨɛɴɟɤɬɨɜ ɢ ɪɚɡɪɚɛɨɬɤɟ 

ɚɥɝɨɪɢɬɦɨɜ ɢɯ ɜɵɞɟɥɟɧɢɹ. 

Ɉɛɴɟɤɬɵ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɝɭɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ: 

− ɉɨɥɨɠɟɧɢɟ: ɤɨɧɰɵ ɨɬɪɟɡɤɚ, ɰɟɧɬɪ ɨɬɪɟɡɤɚ, ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɨɛɥɚɫɬɢ, 

ɜɟɪɲɢɧɵ ɦɧɨɝɨɭɝɨɥɶɧɢɤɨɜ; 
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− Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɚɬɪɢɛɭɬɵ: ɨɪɢɟɧɬɚɰɢɹ, ɞɥɢɧɚ, ɤɪɢɜɢɡɧɚ, ɩɥɨɳɚɞɶ, 

ɩɟɪɢɦɟɬɪ, ɲɢɪɢɧɚ ɥɢɧɢɢ, ɦɢɧɢɦɚɥɶɧɵɣ ɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɨɛɥɚɫɬɢ, ɨɫɢ 

ɫɢɦɦɟɬɪɢɢ, ɱɢɫɥɨ ɢ ɩɨɥɨɠɟɧɢɟ ɨɫɨɛɵɯ ɬɨɱɟɤ, ɩɨɤɚɡɚɬɟɥɶ ɤɨɦɩɚɤɬɧɨɫɬɢ, ɢ ɞɪ; 

− Ɋɚɞɢɨɦɟɬɪɢɱɟɫɤɢɟ ɚɬɪɢɛɭɬɵ: ɤɨɧɬɪɚɫɬ, ɫɬɚɬɢɫɬɢɤɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɹɪɤɨɫɬɢ, ɡɧɚɤ ɢ ɜɟɥɢɱɢɧɚ ɤɪɚɹ, ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ; 

− Ɍɟɤɫɬɭɪɧɵɟ ɚɬɪɢɛɭɬɵ: ɦɚɬɪɢɰɚ ɫɦɟɠɧɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɶ 

ɨɞɧɨɪɨɞɧɨɫɬɢ, ɷɧɟɪɝɢɹ, ɷɧɬɪɨɩɢɹ, ɫɬɚɬɢɫɬɢɤɚ ɝɪɚɞɢɟɧɬɨɜ ɬɟɤɫɬɭɪɵ, ɪɟɡɭɥɶɬɚɬɵ 

ɩɪɢɦɟɧɟɧɢɹ ɬɟɤɫɬɭɪɧɵɯ ɮɢɥɶɬɪɨɜ, ɦɨɦɟɧɬɵ; 

− Ɍɨɩɨɥɨɝɢɱɟɫɤɢɟ ɚɬɪɢɛɭɬɵ: ɫɜɹɡɧɨɫɬɶ, ɫɨɫɟɞɫɬɜɨ, ɨɛɳɢɟ ɬɨɱɤɢ, 

ɩɟɪɟɫɟɱɟɧɢɟ, ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ, ɩɟɪɟɤɪɵɬɢɟ, ɜɤɥɸɱɟɧɢɟ; 

− ɐɜɟɬɨɜɵɟ/ɦɧɨɝɨɡɨɧɚɥɶɧɵɟ ɚɬɪɢɛɭɬɵ: ɜɟɤɬɨɪ ɚɬɪɢɛɭɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ 

ɤɚɧɚɥɚ; 

− Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɚɬɪɢɛɭɬɵ: ɚɬɪɢɛɭɬɵ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɜɢɠɭɳɢɯɫɹ 

ɨɛɴɟɤɬɨɜ; 

− ȼɪɟɦɟɧɧɵɟ ɚɬɪɢɛɭɬɵ: ɮɭɧɤɰɢɢ ɢɡɦɟɧɟɧɢɹ ɚɬɪɢɛɭɬɨɜ ɫɨ ɜɪɟɦɟɧɟɦ. 

ɇɚɢɛɨɥɟɟ ɹɪɤɢɟ ɦɟɬɨɞɵ ɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɷɬɨ ɦɟɬɨɞɵ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɪɮɨɥɨɝɢɢ. ɉɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɨɫɬɟɣɲɢɟ ɨɩɟɪɚɰɢɢ ɧɚɞ 

ɦɧɨɠɟɫɬɜɚɦɢ. Ɇɧɨɠɟɫɬɜɚɦɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɹɜɥɹɸɬɫɹ ɨɛɴɟɤɬɵ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ. ɉɨɞɨɛɧɵɟ ɦɟɬɨɞɵ ɩɨɡɜɨɥɹɸɬ ɨɫɭɳɟɫɬɜɢɬɶ ɫɟɝɦɟɧɬɚɰɢɸ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɭɛɪɚɬɶ ɥɢɲɧɢɟ ɲɭɦɵ ɛɢɧɚɪɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ [28]. 

Ɋɚɫɫɦɨɬɪɟɬɶ ɪɚɛɨɬɭ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɧɚ ɨɫɧɨɜɟ ɛɢɧɚɪɧɵɯ 

ɲɚɛɥɨɧɨɜ. Ɍɚɤ ɧɚɩɪɢɦɟɪ, ɧɚ ɪɢɫɭɧɤɟ 11 ɩɨɤɚɡɚɧ ɫɩɨɫɨɛ ɭɫɬɪɚɧɟɧɢɹ ɲɭɦɨɜ ɧɚ 

ɨɫɧɨɜɟ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɷɪɨɡɢɢ ɧɚ ɛɢɧɚɪɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ. 
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ɚ) ɛ) ɜ) 

Ɋɢɫɭɧɨɤ 11 – ɍɫɬɪɚɧɟɧɢɟ ɲɭɦɨɜ: ɚ) ɛɢɧɚɪɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛ) ɫɬɪɭɤɬɭɪɧɵɣ ɷɥɟɦɟɧɬ ɜ) 
ɷɪɨɡɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɦ ɷɥɟɦɟɧɬɨɦ 

 
 ɉɪɢ ɷɪɨɡɢɢ ɫɬɪɭɤɬɭɪɧɵɣ ɷɥɟɦɟɧɬ ɩɪɨɯɨɞɢɬ ɩɨ ɤɚɠɞɨɦɭ ɩɢɤɫɟɥɸ 

ɛɢɧɚɪɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. ɉɪɢ ɫɨɜɩɚɞɟɧɢɢ ɟɞɢɧɢɱɧɨɝɨ ɩɢɤɫɟɥɚ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɷɥɟɦɟɧɬɚ ɫ ɟɞɢɧɢɱɧɵɦ ɩɢɤɫɟɥɟɦ ɛɢɧɚɪɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ 

ɥɨɝɢɱɟɫɤɨɟ ɫɥɨɠɟɧɢɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɢɤɫɟɥɚ ɷɥɟɦɟɧɬɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 

ɩɢɤɫɟɥɨɦ ɜɵɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. ɂɬɨɝɨɦ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɫɬɚɧɟɬ ɫɬɢɪɚɧɢɟ ɜɫɟɯ 

ɨɛɴɟɤɬɨɜ ɦɟɧɶɲɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɱɬɨ ɭɞɚɥɹɟɬ ɦɚɥɵɟ ɨɛɴɟɤɬɵ ɢ 

ɪɚɡɥɢɱɧɵɟ ɲɭɦɵ. 

 

2.5  Ʉɥɚɫɫɢɮɢɤɚɬɨɪɵ. ɉɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ 
 

ɉɨɫɥɟɞɧɢɦ ɢ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɯ ɩɭɧɤɬɨɜ ɹɜɥɹɟɬɫɹ ɦɚɲɢɧɧɨɟ 

ɨɛɭɱɟɧɢɟ ɢ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɡɚɞɚɱ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɧɚɣɬɢ ɚɛɫɬɪɚɤɬɧɵɣ ɨɛɴɟɤɬ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, 

ɧɭɠɧɨ ɬɚɤɠɟ ɩɨɧɹɬɶ ɹɜɥɹɟɬɫɹ ɥɢ ɷɬɨɬ ɨɛɴɟɤɬ ɬɟɦ, ɱɬɨ ɦɵ ɢɡɧɚɱɚɥɶɧɨ ɢɫɤɚɥɢ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ — ɨɞɢɧ ɢɡ ɪɚɡɞɟɥɨɜ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɩɨɫɜɹɳɟɧɧɵɣ 

ɪɟɲɟɧɢɸ ɫɥɟɞɭɸɳɟɣ ɡɚɞɚɱɟ. ɂɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɨɛɴɟɤɬɨɜ (ɫɢɬɭɚɰɢɣ), 

ɪɚɡɞɟɥёɧɧɵɯ ɧɟɤɨɬɨɪɵɦ ɨɛɪɚɡɨɦ ɧɚ ɤɥɚɫɫɵ. Ɂɚɞɚɧɨ ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ 

ɨɛɴɟɤɬɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɡɜɟɫɬɧɨ, ɤ ɤɚɤɢɦ ɤɥɚɫɫɚɦ ɨɧɢ ɨɬɧɨɫɹɬɫɹ. ɗɬɨ 

ɦɧɨɠɟɫɬɜɨ ɧɚɡɵɜɚɟɬɫɹ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɨɣ. Ʉɥɚɫɫɨɜɚɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ 

ɨɫɬɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɧɟ ɢɡɜɟɫɬɧɚ. Ɍɪɟɛɭɟɬɫɹ ɩɨɫɬɪɨɢɬɶ ɚɥɝɨɪɢɬɦ, ɫɩɨɫɨɛɧɵɣ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɢɡɜɨɥɶɧɵɣ ɨɛɴɟɤɬ ɢɡ ɢɫɯɨɞɧɨɝɨ ɦɧɨɠɟɫɬɜɚ. 
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Ȼɨɥɶɲɢɧɫɬɜɨ ɡɚɞɚɱ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɬɨɦɭ, ɱɬɨ ɩɪɢ ɧɚɥɢɱɢɢ 

ɧɟɤɨɣ ɬɟɫɬɨɜɨɣ ɜɵɛɨɪɤɢ (ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɥɢ ɧɚɥɢɱɢɟɦ ɧɟɤɨɟɝɨ ɨɛɴɟɤɬɚ), ɢ 

ɧɚɥɢɱɢɢ ɧɟɤɨɟɝɨ ɜɵɞɟɥɟɧɧɨɝɨ ɧɚɛɨɪɚ ɩɪɢɡɧɚɤɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɧɚ ɩɪɟɞɵɞɭɳɟɦ 

ɷɬɚɩɟ ɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɧɭɠɧɨ ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɨ ɩɪɢɫɭɬɫɬɜɢɟ ɨɛɴɟɤɬɚ 

ɩɨɢɫɤɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɭ ɨɛɭɱɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɩɨɫɬɪɨɢɬɶ 

ɧɟɤɭɸ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɫ ɭɜɟɪɟɧɧɨɫɬɶɸ ɩɨɡɜɨɥɢɬ ɨɬɧɟɫɬɢ ɨɛɴɟɤɬ ɤ ɬɨɣ ɢɥɢ ɢɧɨɣ 

ɤɚɬɟɝɨɪɢɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɢɮɢɤɚɬɨɪɨɜ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɪɚɡɧɵɯ ɡɚɞɚɱ. ɋɪɟɞɢ ɧɢɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɤɥɚɫɬɟɪɢɡɚɰɢɸ k-

ɫɪɟɞɧɢɯ, AdaBoost ɢ ɦɟɬɨɞ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ. 

ɇɚɩɪɢɦɟɪ ɤɥɚɫɫɢɮɢɤɚɬɨɪ AdaBoost ɢɫɩɨɥɶɡɭɟɬ ɬɨɱɤɢ ɧɚ ɩɥɨɫɤɨɫɬɢ ɞɥɹ 

ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. ɋɭɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɜ ɬɨɦ, ɱɬɨ ɟɫɥɢ ɭ ɧɚɫ ɟɫɬɶ ɧɚɛɨɪ ɧɟɤɢɯ 

ɨɛɴɟɤɬɨɜ (ɬɨɱɤɢ ɧɚ ɩɥɨɫɤɨɫɬɢ), ɬ.ɟ. ɟɫɬɶ ɡɧɚɱɟɧɢɹ ɢ ɤɥɚɫɫ, ɤ ɤɨɬɨɪɨɦɭ ɨɧɢ 

ɩɪɢɧɚɞɥɟɠɚɬ (ɧɚɩɪɢɦɟɪ, -1 – ɤɪɚɫɧɚɹ ɬɨɱɤɚ, +1 – ɫɢɧɹɹ ɬɨɱɤɚ), ɤɪɨɦɟ ɬɨɝɨ 

ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɩɪɨɫɬɵɯ ɤɥɚɫɫɢɮɢɤɚɬɨɪɨɜ (ɧɚɛɨɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢɥɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɪɹɦɵɯ, ɤɨɬɨɪɵɟ ɪɚɡɞɟɥɹɸɬ ɩɥɨɫɤɨɫɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ ɫ 

ɧɚɢɦɟɧɶɲɟɣ ɨɲɢɛɤɨɣ), ɬɨ ɦɵ ɦɨɠɟɦ ɫɨɫɬɚɜɢɬɶ ɨɞɢɧ ɥɭɱɲɢɣ ɤɥɚɫɫɢɮɢɤɚɬɨɪ 

(ɪɢɫɭɧɨɤ 12). 

 
  

ɚ) ɛ) ɜ) 
Ɋɢɫɭɧɨɤ 12 – Ɋɚɛɨɬɚ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ AdaBoost: ɚ) ɜɵɞɟɥɟɧɢɟ 1 ɩɪɢɡɧɚɤɚ ɛ) 

ɨɝɪɚɧɢɱɟɧɢɟ ɨɛɥɚɫɬɢ ɜ) ɜɵɞɟɥɟɧɢɟ ɨɛɥɚɫɬɢ ɩɪɢ 7 ɩɪɢɡɧɚɤɚɯ 
 
Ⱦɪɭɝɨɣ ɛɨɥɟɟ ɦɨɳɧɵɣ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɦɟɬɨɞ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ (SVM) 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɥɝɨɪɢɬɦ ɨɛɭɱɟɧɢɹ ɫ ɭɱɢɬɟɥɟɦ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɡɚɞɚɱ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. Ɉɧ ɛɨɥɟɟ ɫɥɨɠɟɧ ɜ ɨɛɭɱɟɧɢɢ, ɬɟɦ ɧɟ 
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ɦɟɧɟɟ ɢɞɟɚɥɶɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɡɚɞɚɱ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɧɚ 

ɨɫɧɨɜɟ ɞɜɭɯ ɤɥɚɫɫɨɜ ɨɛɴɟɤɬɨɜ. Ɍɚɤ ɤɚɤ ɞɥɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɜɚɠɧɵ ɬɨɥɶɤɨ ɞɜɚ 

ɩɚɪɚɦɟɬɪɚ: ɨɛɧɚɪɭɠɟɧɨ ɩɥɚɦɹ ɢɥɢ ɧɟɬ, ɬɚɤɨɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɫɥɭɠɢɬ ɤɚɤ ɪɚɡ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ 

ɞɚɧɧɵɯ ɞɜɭɯ ɤɥɚɫɫɨɜ. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ — ɩɟɪɟɜɨɞ ɢɫɯɨɞɧɵɯ ɜɟɤɬɨɪɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɢ ɩɨɢɫɤ ɪɚɡɞɟɥɹɸɳɟɣ ɝɢɩɟɪɩɥɨɫɤɨɫɬɢ ɫ 

ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɚɡɨɪɨɦ ɜ ɷɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱦɜɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɝɢɩɟɪɩɥɨɫɤɨɫɬɢ 

ɫɬɪɨɹɬɫɹ ɩɨ ɨɛɟɢɦ ɫɬɨɪɨɧɚɦ ɝɢɩɟɪɩɥɨɫɤɨɫɬɢ, ɪɚɡɞɟɥɹɸɳɟɣ ɤɥɚɫɫɵ. 

Ɋɚɡɞɟɥɹɸɳɟɣ ɝɢɩɟɪɩɥɨɫɤɨɫɬɶɸ ɛɭɞɟɬ ɝɢɩɟɪɩɥɨɫɤɨɫɬɶ, ɦɚɤɫɢɦɢɡɢɪɭɸɳɚɹ 

ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɝɢɩɟɪɩɥɨɫɤɨɫɬɟɣ. Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɚɟɬ ɜ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɪɚɡɧɢɰɚ ɢɥɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɬɢɦɢ 

ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɝɢɩɟɪɩɥɨɫɤɨɫɬɹɦɢ, ɬɟɦ ɦɟɧɶɲɟ ɛɭɞɟɬ ɫɪɟɞɧɹɹ ɨɲɢɛɤɚ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ (ɪɢɫɭɧɨɤ 13). 

  
ɚ) ɛ) 

Ɋɢɫɭɧɨɤ 13 – Ɋɚɛɨɬɚ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ SVM: ɚ) ɪɚɡɞɟɥɟɧɢɟ ɤɥɚɫɫɨɜ ɛ) ɜɵɛɨɪ 
ɨɩɬɢɦɚɥɶɧɨɣ ɪɚɡɞɟɥɹɸɳɟɣ ɩɪɹɦɨɣ 

 
Ⱦɥɹ ɬɨɱɧɨɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɥɭɱɲɢɦ ɜɚɪɢɚɧɬɨɦ ɛɭɞɟɬ ɩɪɹɦɚɹ, 

ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɨɬɨɪɨɣ ɞɨ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ ɦɚɤɫɢɦɚɥɶɧɨ (ɤɪɚɫɧɚɹ ɥɢɧɢɹ). Ɍɚɤɚɹ 

ɩɪɹɦɚɹ, ɚ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ — ɝɢɩɟɪɩɥɨɫɤɨɫɬɶ, ɧɚɡɵɜɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɣ 

ɪɚɡɞɟɥɹɸɳɟɣ ɝɢɩɟɪɩɥɨɫɤɨɫɬɶɸ. 

ȼɟɤɬɨɪɚ, ɥɟɠɚɳɢɟ ɛɥɢɠɟ ɜɫɟɯ ɤ ɪɚɡɞɟɥɹɸɳɟɣ ɝɢɩɟɪɩɥɨɫɤɨɫɬɢ, 

ɧɚɡɵɜɚɸɬɫɹ ɨɩɨɪɧɵɦɢ ɜɟɤɬɨɪɚɦɢ (ɤɪɚɫɧɵɟ ɬɨɱɤɢ). 
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2.6      Ⱥɥɝɨɪɢɬɦ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɞɚɧɧɵɦ 
 
ȼ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɤɚɦɟɪ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ, ɤɚɤ ɧɚ 

ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ, ɬɚɤ ɢ ɬɟɪɪɢɬɨɪɢɹɯ ɥɟɫɧɵɯ ɦɚɫɫɢɜɨɜ, ɩɪɨɞɨɥɠɚɟɬ ɪɚɫɬɢ 

ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ ɩɨ ɜɢɞɟɨɞɚɧɧɵɦ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɩɥɚɦɟɧɢ - ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɩɪɨɛɥɟɦ, ɬɚɤ ɤɚɤ 

ɩɨɡɜɨɥɹɟɬ ɫɜɨɟɜɪɟɦɟɧɧɨ  ɨɛɧɚɪɭɠɢɬɶ ɢ ɭɫɬɪɚɧɢɬɶ ɨɱɚɝ ɜɨɡɝɨɪɚɧɢɹ, ɢ ɢɡɛɟɠɚɬɶ 

ɜɨɡɦɨɠɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɪɟɞɥɚɝɚɟɬ ɚɥɝɨɪɢɬɦ ɨɛɧɚɪɭɠɟɧɢɹ 

ɩɥɚɦɟɧɢ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɵɞɟɥɟɧɢɢ ɞɜɢɠɟɧɢɹ, ɭɱɟɬɟ ɰɜɟɬɨɜɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɩɥɚɦɟɧɢ ɢ ɚɧɚɥɢɡɟ ɟɝɨ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ɉɛɧɚɪɭɠɟɧɢɟ ɞɵɦɚ ɢ ɩɥɚɦɟɧɢ ɩɨ ɞɚɧɧɵɦ ɤɚɦɟɪ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ 

ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɭɳɟɪɛ ɨɬ ɜɨɡɝɨɪɚɧɢɹ: ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɢ ɱɟɥɨɜɟɱɟɫɤɢɟ 

ɩɨɬɟɪɢ. Ⱦɚɬɱɢɤɢ ɨɝɧɹ ɢ ɞɵɦɚ, ɢɦɟɸɳɢɟ ɜ ɫɜɨɟɣ ɨɫɧɨɜɟ ɚɧɚɥɢɡ ɯɢɦɢɱɟɫɤɨɝɨ 

ɫɨɫɬɚɜɚ ɜɨɡɞɭɯɚ, ɫ ɭɫɩɟɯɨɦ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ ɡɚɤɪɵɬɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ (ɨɮɢɫɧɵɟ 

ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɬɟɪɪɢɬɨɪɢɢ, ɤɜɚɪɬɢɪɵ ɢ ɬ.ɞ.). ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɬɚɤɢɯ ɫɢɫɬɟɦ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɠɚɪɚ ɪɟɡɤɨ ɩɚɞɚɟɬ ɧɚ ɨɬɤɪɵɬɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ, 

ɬɚɤɢɯ ɤɚɤ ɬɟɪɪɢɬɨɪɢɢ ɚɷɪɨɞɪɨɦɨɜ, ɩɨɦɟɳɟɧɢɹ ɤɪɭɩɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɰɟɯɨɜ, 

ɩɪɢɞɨɦɨɜɵɟ ɬɟɪɪɢɬɨɪɢɢ, ɝɨɪɨɞɫɤɢɟ ɭɥɢɰɵ, ɩɚɪɤɢ ɢ ɥɟɫɧɵɟ ɦɚɫɫɢɜɵ. ɗɬɨ 

ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ (ɞɵɦ) ɢ ɬɟɦɩɟɪɚɬɭɪɚ 

(ɨɝɨɧɶ) ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɚɬɦɨɫɮɟɪɧɵɯ ɮɚɤɬɨɪɨɜ, ɧɟ ɦɨɠɟɬ ɛɵɬɶ 

ɚɞɟɤɜɚɬɧɨ ɢɡɦɟɪɟɧɚ ɬɚɤɢɦɢ ɞɚɬɱɢɤɚɦɢ. Ɍɚɤ, ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɟɬɪɚ, ɞɨɠɞɹ, ɫɧɟɝɚ 

ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɜɨɡɞɭɯɟ.  

ɉɨɠɚɪɵ ɢɦɟɸɬ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ ɪɚɡɜɢɬɢɹ 

ɩɨɠɚɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɞɵɦɚ, ɨɞɧɚɤɨ ɷɬɨ ɧɟ ɜɫɟɝɞɚ ɬɚɤ. 

ɇɚɩɪɢɦɟɪ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɥɚ ɜ ɧɨɱɧɵɯ ɭɫɥɨɜɢɹɯ ɫɴɟɦɤɢ, ɞɵɦ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɢɞɟɧ ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. ɉɨɷɬɨɦɭ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɪɹɞɭ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɧɧɟɝɨ 

ɜɵɹɜɥɟɧɢɹ ɩɨɠɚɪɚ, ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɪɟɚɝɢɪɨɜɚɧɢɹ ɧɚ ɜɨɡɝɨɪɚɧɢɟ, ɬɚɤ ɤɚɤ ɜ 

ɫɥɭɱɚɟ ɚɧɚɥɢɡɚ ɜɢɞɟɨɪɹɞɚ ɧɚ ɩɪɟɞɦɟɬ ɜɨɡɝɨɪɚɧɢɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɨɝɧɹ 

ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɧɚɱɚɥɶɧɨɣ ɮɚɡɟ ɩɨɠɚɪɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɧɚɪɭɠɟɧɢɟ ɩɥɚɦɟɧɢ ɩɨ 
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ɜɢɞɟɨɞɚɧɧɵɦ ɞɚɟɬ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɨɱɚɝɚ ɜɨɡɝɨɪɚɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɦɨɞɭɥɹ ɩɨɢɫɤɚ ɩɥɚɦɟɧɢ ɧɚ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɹɯ ɜ ɫɢɫɬɟɦɚɯ 

ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɩɨɡɜɨɥɢɬ ɪɚɫɲɢɪɢɬɶ ɫɮɟɪɵ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɢ ɩɨɜɵɫɢɬɶ 

ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɴɟɤɬɨɜ. 

Ɍɚɤ ɤɚɤ ɩɥɚɦɹ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɜɢɡɭɚɥɶɧɵɦ ɮɟɧɨɦɟɧɨɦ, ɬɨ ɩɪɢ 

ɩɨɫɬɪɨɟɧɢɢ ɚɥɝɨɪɢɬɦɚ, ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ 

ɫɜɨɣɫɬɜɚ ɩɥɚɦɟɧɢ, ɤɚɤ ɮɢɡɢɱɟɫɤɨɝɨ ɹɜɥɟɧɢɹ. Ʉɚɠɞɵɣ ɚɥɝɨɪɢɬɦ ɨɛɧɚɪɭɠɟɧɢɹ 

ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɫɬɪɨɢɬɫɹ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɚ 

ɤɨɦɛɢɧɚɰɢɢ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ, ɤɚɠɞɵɣ ɢɡ 

ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɱɧɨɫɬɶɸ ɜɵɹɜɢɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɢɡɧɚɤ 

ɩɥɚɦɟɧɢ. 

ɋɪɟɞɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 

ɦɟɬɨɞɵ ɧɚ ɨɫɧɨɜɟ ɜɵɞɟɥɟɧɢɹ ɞɜɢɠɟɧɢɹ, ɦɟɬɨɞɵ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ ɩɢɤɫɟɥɟɣ, 

ɯɪɨɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɩɨɞɯɨɞɵ ɧɚ ɨɫɧɨɜɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɞɪɭɝɢɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɢɟ ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɜɪɟɦɟɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. 

 

2.6.1      Ɉɛɪɚɛɨɬɤɚ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
 
ɉɟɪɜɵɦ ɞɟɥɨɦ, ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɵɱɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɧɟ ɪɚɛɨɬɚɸɬ ɧɚɩɪɹɦɭɸ ɫ ɧɟɩɪɟɪɵɜɧɵɦ 

ɩɨɬɨɤɨɦ ɜɢɞɟɨɞɚɧɧɵɯ, ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ, ɫɧɚɱɚɥɚ ɜɯɨɞɧɚɹ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɦɧɨɠɟɫɬɜɨ ɨɬɞɟɥɶɧɵɯ ɤɚɞɪɨɜ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ. 

 

2.6.2      ɉɨɢɫɤ ɢ ɚɧɚɥɢɡ ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 
 

ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɩɟɪɜɨɝɨ ɲɚɝɚ ɧɚ ɩɨɥɭɱɟɧɧɵɯ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɹɯ 

ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɢɫɤ ɞɜɢɠɟɧɢɹ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɮɨɧɨɜɵɯ ɨɛɥɚɫɬɟɣ ɨɬ ɨɛɥɚɫɬɟɣ-
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ɤɚɧɞɢɞɚɬɨɜ ɩɥɚɦɟɧɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ ɩɨɥɭɱɟɧɢɹ ɦɨɞɟɥɢ ɮɨɧɚ 

Background Subtractor ɛɢɛɥɢɨɬɟɤɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ OpenCV [29].  

Ⱦɚɧɧɚɹ ɮɭɧɤɰɢɹ ɩɨɥɭɱɟɧɢɹ ɦɨɞɟɥɢ ɮɨɧɚ ɨɫɧɨɜɚɧɚ ɧɚ ɚɥɝɨɪɢɬɦɟ ɫɦɟɫɢ 

ɝɚɭɫɫɨɜɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ. Ɇɨɞɟɥɶ ɝɚɭɫɫɨɜɵɯ ɫɦɟɫɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɜɡɜɟɲɟɧɧɭɸ ɫɭɦɦɭ M ɤɨɦɩɨɧɟɧɬ ɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɜɵɪɚɠɟɧɢɟɦ:    
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ɝɞɟ x – D-ɦɟɪɧɵɣ ɜɟɤɬɨɪ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ; bi(x) – ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɦɨɞɟɥɢ; pi, i =1,...M — ɜɟɫɚ ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɞɟɥɢ. 

ɉɚɪɚɦɟɬɪ   ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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Ʉɚɠɞɵɣ ɤɨɦɩɨɧɟɧɬ ɹɜɥɹɟɬɫɹ D-ɦɟɪɧɨɣ ɝɚɭɫɫɨɜɨɣ ɮɭɧɤɰɢɟɣ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɞɜɢɠɟɧɢɹ, ɩɨ ɨcɹɦ x ɢ y ɧɚɯɨɞɹɬɫɹ ɫɚɦɵɟ 

ɤɪɚɣɧɢɟ ɨɛɧɚɪɭɠɟɧɧɵɟ ɩɢɤɫɟɥɵ ɢ ɩɨ ɢɯ ɤɨɨɪɞɢɧɚɬɚɦ ɫɬɪɨɢɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɢɤ, 

ɜɵɞɟɥɹɸɳɢɣ ɨɛɥɚɫɬɶ ɩɥɚɦɟɧɢ. 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɢɫɤ ɩɢɤɫɟɥɟɣ ɰɜɟɬɚ ɩɥɚɦɟɧɢ ɧɚ 

ɜɵɞɟɥɟɧɧɵɯ ɨɛɥɚɫɬɹɯ, ɞɥɹ ɱɟɝɨ ɧɚ ɧɢɯ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɰɜɟɬɨɜɚɹ ɦɚɫɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɣ ɦɚɫɤɢ ɩɨɫɥɭɠɢɥɚ ɤɨɦɛɢɧɚɰɢɹ ɰɜɟɬɨɜɵɯ 

ɩɪɨɫɬɪɚɧɫɬɜ RGB ɢ HSV ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɚɜɢɥɚɦ: 

R> G ⩾ B,            (4) 

R > RT,            (5) 

S ⩾ (255-R) × ST / RT.          (6) 

 ȼ ɜɵɪɚɠɟɧɢɹɯ (5)-(6) ɩɚɪɚɦɟɬɪ RT ɨɛɨɡɧɚɱɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ ɤɚɧɚɥɚ 

R, S ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɧɚɱɟɧɢɟ ɧɚɫɵɳɟɧɧɨɫɬɢ ɩɢɤɫɟɥɚ, ɚ ST ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɧɚɫɵɳɟɧɧɨɫɬɢ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ R ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɧɢɸ ɩɚɪɚɦɟɬɪɚ RT ɞɥɹ ɬɨɝɨ 
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ɠɟ ɩɢɤɫɟɥɚ. ɉɪɚɜɢɥɚ (4) ɢ (5) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɤɚɧɚɥɚ R ɛɨɥɶɲɟ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɨɛɴɟɤɬɚɦɢ. 

Ⱥɧɚɥɢɡ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɥɚɦɟɧɢ ɪɟɝɢɨɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ 

ɜɵɩɨɥɧɹɟɬɫɹ ɩɭɬɟɦ ɩɪɨɜɟɪɤɢ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɛɥɨɤɚ. 

ȼɵɩɨɥɧɹɟɬɫɹ ɭɱɟɬ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ ɛɥɨɤɚ ɢɡ ɬɟɤɭɳɟɝɨ ɢ ɩɪɟɞɵɞɭɳɟɝɨ 

ɤɚɞɪɨɜ: 

sd=s1/s2,               (7) 

ɝɞɟ s1 – ɪɚɡɦɟɪ ɛɥɨɤɚ-ɤɚɧɞɢɞɚɬɚ ɩɪɟɞɵɞɭɳɟɝɨ ɤɚɞɪɚ, s2 – ɪɚɡɦɟɪ ɛɥɨɤɚ 

ɬɟɤɭɳɟɝɨ ɤɚɞɪɚ (ɪɢɫɭɧɨɤ 14). 

 

 

 

ɚ) ɛ) 

Ɋɢɫɭɧɨɤ 14 ‒  ɂɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɚ ɛɥɨɤɚ: ɚ ‒ ɩɪɟɞɵɞɭɳɢɣ ɤɚɞɪ; ɛ ‒ ɬɟɤɭɳɢɣ ɤɚɞɪ. 

 

2.6.3      ȼɟɪɢɮɢɤɚɰɢɹ ɨɛɥɚɫɬɟɣ ɩɥɚɦɟɧɢ 
 
Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ 

ɨɝɧɹ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɝɟɨɦɟɬɪɢɢ ɩɥɚɦɟɧɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɩɪɨɰɟɫɫɨɦ 

ɨɛɪɚɡɨɜɚɧɢɹ ɢɨɧɨɜ ɩɪɢ ɝɨɪɟɧɢɢ, ɭɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

circularity = s× (4π×s/P2),                   (9) 

squareness = s/(x×y),                 (10) 

aspectRatio = s× (min(x, y)/max(x, y)),              (11) 
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roughness = s*(P1/P),                  (12) 

ɝɞɟ, s – ɩɥɨɳɚɞɶ ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɚ, P – ɩɟɪɢɦɟɬɪ ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɚ, x ɢ y – 

ɲɢɪɢɧɚ ɢ ɜɵɫɨɬɚ ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɚ, P1 – ɩɟɪɢɦɟɬɪ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɟɪɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɢɫɯɨɞɧɨɝɨ ɜɢɞɟɨ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɤɚɞɪɨɜ ɧɚ ɤɨɬɨɪɵɯ ɫɪɚɛɨɬɚɥɨ ɜɵɞɟɥɟɧɢɟ ɛɥɨɤɚ-

ɤɚɧɞɢɞɚɬɚ:  

fr= FPS/MAXS*С,                              (13) 

 
ɝɞɟ MAXS – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɛɥɨɤɚ ɫɪɟɞɢ ɜɫɟɯ ɤɚɞɪɨɜ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, C – ɤɨɥɢɱɟɫɬɜɨ ɢɡɦɟɧɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɦɟɪɚ 

ɛɥɨɤɚ, FPS – ɤɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɋɪɚɜɧɟɧɢɟ ɱɚɫɬɨɬɵ 

ɤɚɞɪɨɜ ɢ ɱɚɫɬɨɬɵ ɢɡɦɟɧɟɧɢɹ ɛɥɨɤɚ ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɚ, ɩɨɡɜɨɥɹɟɬ ɩɨɞɬɜɟɪɞɢɬɶ 

ɧɚɥɢɱɢɟ ɞɜɢɠɟɧɢɹ ɧɚ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɤɚɠɞɨɟ ɬɚɤɨɟ 

ɢɡɦɟɧɟɧɢɟ ɨɡɧɚɱɚɟɬ ɫɦɟɳɟɧɢɟ ɩɥɚɦɟɧɢ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɪɟɝɢɨɧɵ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ, 

ɚɥɝɨɪɢɬɦ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬ ɨɛɭɱɟɧɢɟ. ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɨɝɨ ɨɛɭɱɟɧɢɹ 

ɜɪɭɱɧɭɸ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɨɛɥɚɫɬɟɣ-ɤɚɧɞɢɞɚɬɨɜ ɩɥɚɦɟɧɢ ɧɚ 

ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɟ. Ɍɚɤ ɦɨɠɧɨ ɞɚɬɶ ɩɨɧɹɬɶ ɩɪɨɝɪɚɦɦɟ ɱɬɨ ɫɪɟɞɢ 

ɨɛɧɚɪɭɠɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɹɜɥɹɟɬɫɹ ɩɥɚɦɟɧɟɦ, ɚ ɱɬɨ ɧɟɬ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ (SVM). Ɍɚɤ ɤɚɤ ɞɥɹ ɧɚɫ 

ɜɚɠɧɵ ɬɨɥɶɤɨ ɞɜɚ ɩɚɪɚɦɟɬɪɚ: ɨɛɧɚɪɭɠɟɧɨ ɩɥɚɦɹ ɢɥɢ ɧɟɬ, ɬɚɤɨɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ 

ɞɨɫɬɢɱɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɫɥɭɠɢɬ ɤɚɤ ɪɚɡ ɞɥɹ 

ɪɚɡɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɞɜɭɯ ɤɥɚɫɫɨɜ. ɉɨɫɥɟ ɨɛɭɱɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɞɚɧɧɨɝɨ 

ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɪɟɝɢɨɧɵ-ɤɚɧɞɢɞɚɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤ ɨɞɧɨɦɭ ɢɡ ɞɜɭɯ ɤɥɚɫɫɨɜ 

"ɧɚɥɢɱɢɟ ɩɥɚɦɟɧɢ" ɢɥɢ "ɨɬɫɭɬɫɬɜɢɟ ɩɥɚɦɟɧɢ". 

 
2.6.4      Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ 

 
ɇɚ ɪɢɫɭɧɤɟ 15 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ 

ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. 
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Ɋɢɫɭɧɨɤ 15 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɞɚɧɧɵɦ 

 

2.4      ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɵɞɟɥɟɧɢɢ ɞɜɢɠɟɧɢɹ, ɭɱɟɬɟ ɰɜɟɬɨɜɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɥɚɦɟɧɢ ɢ 

ɚɧɚɥɢɡɟ ɟɝɨ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ⱦɥɹ ɩɨɢɫɤɚ ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɥɚɦɟɧɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɛɢɛɥɢɨɬɟɤɚ OpenCV ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɞɜɢɠɟɧɢɹ, ɰɜɟɬɨɜɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ RGB ɢ 

HSV ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɰɜɟɬɚ ɩɥɚɦɟɧɢ. 

Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɪɟɝɢɨɧɨɜ ɤɚɧɞɢɞɚɬɨɜ ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɥɚɦɟɧɢ. ȼ ɤɚɱɟɫɬɜɟ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɧ 

ɦɟɬɨɞ ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ (SVM). 

 

 

 

 



41 

 

3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɚ ɬɚɤɠɟ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ. 

 

3.1      Ɉɩɢɫɚɧɢɟ ɬɟɫɬɨɜɵɯ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɬɟɫɬɨɜɵɟ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ Ȼɢɥɶɤɟɧɬɫɤɨɝɨ 

ɭɧɢɜɟɪɫɢɬɟɬɚ [30], ɛɚɡɵ ɞɚɧɧɵɯ Dyntex [31], ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɟ ɜɢɞɟɨɪɨɥɢɤɢ ɫ 

ɩɨɩɭɥɹɪɧɨɝɨ ɜɢɞɟɨɯɨɫɬɢɧɝɚ YouTube [32]. 

ȼɢɞɟɨɞɚɧɧɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɩɪɢɦɟɪɵ ɫ ɧɚɥɢɱɢɟɦ ɩɥɚɦɟɧɢ ɩɨɠɚɪɚ ɧɚ 

ɨɬɤɪɵɬɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɥɟɫɧɵɯ ɦɚɫɫɢɜɨɜ, ɩɥɚɦɹ ɤɨɫɬɪɚ, ɝɨɪɟɧɢɟ ɪɚɡɥɢɱɧɵɯ 

ɨɛɴɟɤɬɨɜ. Ɍɚɤɠɟ ɢɦɟɸɬɫɹ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɩɥɚɦɟɧɢ, ɧɨ 

ɫ ɧɚɥɢɱɢɟɦ ɞɪɭɝɢɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɬɨɱɧɨɫɬɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚ. 

Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɬɨɢɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɵɛɨɪɤɢ ɜɢɞɟɨɞɚɧɧɵɯ ɫ ɧɚɥɢɱɢɟɦ ɩɥɚɦɟɧɢ ɨɝɧɹ ɜ ɧɨɱɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ. ɇɨɱɶɸ 

ɩɥɚɦɹ ɨɝɧɹ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɢɧɵɟ ɯɚɪɚɤɬɟɪɧɵɟ ɱɟɪɬɵ ɧɟɠɟɥɢ ɜ ɫɜɟɬɥɨɟ ɜɪɟɦɹ 

ɫɭɬɨɤ, ɩɨɷɬɨɦɭ ɬɚɤɚɹ ɜɵɛɨɪɤɚ ɩɨɜɵɲɚɟɬ ɫɬɟɩɟɧɶ ɞɨɜɟɪɢɹ ɤ ɷɤɫɩɟɪɢɦɟɧɬɭ.  

Ɉɛɳɚɹ ɜɵɛɨɪɤɚ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɣ ɜɤɥɸɱɚɟɬ 9229 ɩɪɢɦɟɪɨɜ ɩɥɚɦɟɧɢ ɢ 

7119 ɩɪɢɦɟɪɨɜ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɩɥɚɦɟɧɢ, ɨɛɳɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɜɢɞɟɨɪɨɥɢɤɨɜ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 19 ɦɢɧɭɬ. Ɉɛɭɱɚɸɳɚɹ ɜɵɛɨɪɤɚ ɫɨɫɬɚɜɢɥɚ 80 %, 

ɬɟɫɬɨɜɚɹ ɜɵɛɨɪɤɚ – 20 % ɨɬ ɨɛɳɟɣ ɜɵɛɨɪɤɢ. 

Ʉɚɞɪɵ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜɢɞɟɨɪɨɥɢɤɨɜ ɢ ɢɯ ɫɜɨɣɫɬɜɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 

2. 
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Ɍɚɛɥɢɰɚ 2 - Ʉɚɞɪɵ ɬɟɫɬɨɜɵɯ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ 

Ɉɩɢɫɚɧɢɟ ɬɟɫɬɨɜɨɣ 
ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  Ɉɛɪɚɡɟɰ ɤɚɞɪɚ 

Ɉɩɢɫɚɧɢɟ ɬɟɫɬɨɜɨɣ 
ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  Ɉɛɪɚɡɟɰ ɤɚɞɪɚ 

ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɩɥɚɦɟɧɟɦ 

Bilkent\ fBackYardFile.avi, 
ɤɚɞɪ 334 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240  

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 1,251  
 

Bilkent\ barbeq.avi, ɤɚɞɪ 186 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 516  

Bilkent\ forest4.avi, ɤɚɞɪ 113 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
400ɯ256 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 251  

Bilkent\ forest5.avi, ɤɚɞɪ 45 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
400ɯ256 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 246  

Bilkent\ ForestFire1.avi, ɤɚɞɪ 
54 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
400ɯ256 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 247   
 

Bilkent\ fire1.avi, ɤɚɞɪ 146 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 542  

Bilkent\ forest2.avi, ɤɚɞɪ 154 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
400ɯ256 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 273   

Bilkent\ controlled1.avi, ɤɚɞɪ 
67 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
400ɯ256 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 275 
 

Dyntex\ 66ammj00.avi, ɤɚɞɪ 
158 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
720ɯ576 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 227 
 

Dyntex\ 64cac10.avi, ɤɚɞɪ 104 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
720ɯ576 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 203  

ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɟɡ ɩɥɚɦɟɧɢ 

Bilkent\ sEmptyR1.avi, ɤɚɞɪ 
134 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
400ɯ256 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 458 
 

Dyntex\ 648ab10, ɤɚɞɪ 1 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
384×288 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 716   
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2 

Bilkent\ sEmptyR2.avi, ɤɚɞɪ 
5 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
400ɯ256 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 437 
 

Bilkent\ sParkingLot.avi, ɤɚɞɪ 
563 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
400ɯ256 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 1,136  

Dyntex\ 649h320.avi, ɤɚɞɪ 
120 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
720ɯ576 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 206 
 

Dyntex\ 6489610.avi, ɤɚɞɪ 47 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
720ɯ576 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 201  

Bilkent\ sBehindtheFence.avi, 
ɤɚɞɪ 254 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 675  

Bilkent\ sBtFence2.avi, ɤɚɞɪ 
226 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 1403  

Bilkent\ sWasteBasket.avi, 
ɤɚɞɪ 137 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 963  

Bilkent\ sMoky.avi, ɤɚɞɪ 473 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 625 
 

Bilkent\ sWindow.avi, ɤɚɞɪ 
211 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 247  

Bilkent\ Car_Counting.avi, ɤɚɞɪ 
46 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 384  

ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɩɥɚɦɟɧɟɦ ɜ ɬɟɦɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ 

YouTube\ 15.mp4, ɤɚɞɪ 48 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
640ɯ360 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 243  

YouTube\ 19.mp4, ɤɚɞɪ 546 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
320ɯ240 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 1035 
 

 

 

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 

YouTube\ 16.mp4, ɤɚɞɪ 386 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
492ɯ360 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 412  

YouTube\ 20.mp4, ɤɚɞɪ 356 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
480ɯ720 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 1678  

YouTube\ 17.mp4, ɤɚɞɪ 125 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
640ɯ360 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 636  

YouTube\ 21.mp4, ɤɚɞɪ 275 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
580ɯ360 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 763  

YouTube\ 18.mp4, ɤɚɞɪ 45 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
640ɯ360 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 207  

YouTube\ 22.mp4, ɤɚɞɪ 57 

Ɋɚɡɪɟɲɟɧɢɟ, ɩɢɤɫɟɥɵ: 
720ɯ480 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ: 224 
 

 

Ɍɚɤɠɟ ɛɵɥɨ ɪɟɲɟɧɨ ɞɨɛɚɜɢɬɶ ɜɢɞɟɨɞɚɧɧɵɟ ɫ ɤɚɦɟɪ ɧɚɛɥɸɞɟɧɢɹ ɜ ɧɨɱɧɨɟ 

ɜɪɟɦɹ ɫɭɬɨɤ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɩɥɚɦɟɧɢ. Ʉɚɞɪɵ ɷɬɢɯ ɜɢɞɟɨɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 16. 

     
ɚ ɛ ɜ ɝ ɞ 

Ɋɢɫɭɧɨɤ 16 - Ⱦɚɧɧɵɟ ɫ ɤɚɦɟɪ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɧɨɱɶɸ: ɚ-ɞ – ɛɟɡ ɩɥɚɦɟɧɢ ɢ ɞɵɦɚ. 
 
ɐɟɥɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɢɟ ɜɨɡɝɨɪɚɧɢɹ, 

ɜɨɡɝɨɪɚɧɢɟ ɫɱɢɬɚɥɨɫɶ ɨɛɧɚɪɭɠɟɧɧɵɦ, ɟɫɥɢ ɢɫɤɨɦɵɣ ɨɛɴɟɤɬ «ɩɥɚɦɹ» ɧɚɣɞɟɧ ɧɚ 

ɜɢɞɟɨ. Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɠɚɪɚ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɤɚɡɚɬɟɥɢ TR – true reɫognition, FRR – false rate rejection ɢ FAR – 

false alert rejection. ɉɨɤɚɡɚɬɟɥɶ TR (ɬɨɱɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 

ɨɬɧɨɲɟɧɢɟ ɤɚɞɪɨɜ, ɜ ɤɨɬɨɪɵɯ ɩɥɚɦɹ ɢɥɢ ɞɵɦ ɜɟɪɧɨ ɨɛɧɚɪɭɠɟɧɵ ɤ ɤɚɞɪɚɦ, ɜ 

ɤɨɬɨɪɵɯ ɨɧɢ ɩɪɨɩɭɳɟɧɵ. Ɉɲɢɛɤɚ FRR ɩɨɤɚɡɵɜɚɟɬ ɥɨɠɧɨɨɬɪɢɰɚɬɟɥɶɧɨɟ 

ɫɪɚɛɚɬɵɜɚɧɢɟ, FAR – ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɨɟ. 
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3.2      Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɜɢɞɟɨɞɚɧɧɵɯ 
 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ, 

ɢɫɩɨɥɶɡɭɸɳɚɹ ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɧɚ 

ɜɢɞɟɨɞɚɧɧɵɯ. ɉɪɨɝɪɚɦɦɚ ɛɵɥɚ ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ ɧɚ ɫɨɛɪɚɧɧɨɣ ɛɚɡɟ ɞɚɧɧɵɯ ɫ 

ɞɚɥɶɧɟɣɲɢɦ ɩɨɥɭɱɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ. ɗɬɚɩɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɦɨɠɧɨ ɭɜɢɞɟɬɶ 

ɧɚ ɪɢɫɭɧɤɚɯ 17-19.  

    
ɚ ɛ ɜ ɝ 

Ɋɢɫɭɧɨɤ 17 - ɗɬɚɩɵ ɪɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɞɥɹ 
ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ http://signal.ee.bilkent.edu.tr/ VisiFire/Demo/FireClips/Bilkent/barbeq 
(ɤɚɞɪ 267): ɚ – ɨɛɪɚɛɨɬɤɚ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɜɢɞɟɨ; ɛ – ɦɚɫɤɚ ɰɜɟɬɚ ɩɥɚɦɟɧɢ; ɜ – ɩɨɢɫɤ ɞɜɢɠɟɧɢɹ 

ɰɜɟɬɚ ɩɥɚɦɟɧɢ; ɝ – ɜɵɞɟɥɟɧɧɨɟ ɩɥɚɦɹ. 

    
ɚ ɛ ɜ ɝ 

Ɋɢɫɭɧɨɤ 18 - ɗɬɚɩɵ ɪɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɞɥɹ 
ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ http://signal.ee.bilkent.edu.tr/ 

VisiFire/Demo/FireClips/Bilkent/fBackYardFile (ɤɚɞɪ 65): ɚ – ɨɛɪɚɛɨɬɤɚ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɜɢɞɟɨ; 
ɛ – ɦɚɫɤɚ ɰɜɟɬɚ ɩɥɚɦɟɧɢ; ɜ – ɩɨɢɫɤ ɞɜɢɠɟɧɢɹ ɰɜɟɬɚ ɩɥɚɦɟɧɢ; ɝ – ɜɵɞɟɥɟɧɧɨɟ ɩɥɚɦɹ. 

    
ɚ ɛ ɜ ɝ 

Ɋɢɫɭɧɨɤ 19 - ɗɬɚɩɵ ɪɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɞɥɹ 
ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ http://signal.ee.bilkent.edu.tr/ 

VisiFire/Demo/FireClips/Bilkent/ForestFire1 (ɤɚɞɪ 316): ɚ – ɨɛɪɚɛɨɬɤɚ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɜɢɞɟɨ; ɛ 
– ɦɚɫɤɚ ɰɜɟɬɚ ɩɥɚɦɟɧɢ; ɜ – ɩɨɢɫɤ ɞɜɢɠɟɧɢɹ ɰɜɟɬɚ ɩɥɚɦɟɧɢ; ɝ – ɜɵɞɟɥɟɧɧɨɟ ɩɥɚɦɹ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɩɥɚɦɟɧɟɦ, ɬɚɛɥɢɰɟ 4 ɞɥɹ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɛɟɡ ɩɥɚɦɟɧɢ, ɢ ɜ ɬɚɛɥɢɰɟ 5 ɞɥɹ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜ ɭɫɥɨɜɢɹɯ ɧɨɱɧɨɣ ɫɴɟɦɤɢ. 

Ɍɚɛɥɢɰɚ 3 - Ɋɟɡɭɥɶɬɚɬɵ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ (ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɩɥɚɦɟɧɟɦ) 

ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ Ɉɛɳɟɟ 
ɤɨɥɢɱɟɫɬɜɨ 

ɤɚɞɪɨɜ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɤɚɞɪɨɜ ɫ ɜɟɪɧɨ 
ɨɛɧɚɪɭɠɟɧɧɵɦ 

ɩɥɚɦɟɧɟɦ 

TR, % FRR, % FAR, % 

Bilkent\fBackYardFile.avi 1251 1127 90,09 9,91 0,39 
Bilkent\barbeq.avi  516 507 98,26 1,74 0,23 
Bilkent\forest4.avi  251 235 93,63 6,37 0,41 
Bilkent\forest5.avi  246 234 95,12 4,88 3.65 
Bilkent\ForestFire1.avi  247 240 97,17 2,83 3.23 
Bilkent\fire1.avi 542 529 97,60 2,40 2,21 
Bilkent\forest2.avi 273 264 96,70 3,30 1,46 
Bilkent\controlled1.avi 275 246 89,45 10,55 4,45 
Dyntex\6ammj00.avi 227 217 95,59 4,41 0,28 
Dyntex\64cac10.avi 203 185 91,13 8,87 0,24 
ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ - - 94,47 5,53 1,65 

 

Ɍɚɛɥɢɰɚ 4 - Ɋɟɡɭɥɶɬɚɬɵ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ (ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɟɡ ɩɥɚɦɟɧɢ) 

ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɤɚɞɪɨɜ 

Ʉɨɥɢɱɟɫɬɜɨ ɤɚɞɪɨɜ ɫ 
ɥɨɠɧɵɦ ɨɛɧɚɪɭɠɟɧɢɟɦ 

ɩɥɚɦɟɧɢ 

FAR, % 

Bilkent\sEmptyR1.avi 458 3 0,65 
Bilkent\sEmptyR2.avi  437 12 2,74 
Bilkent\sParkingLot.avi  1136 5 0,44 
Dyntex\648ab10.avi 384 6 1,56 
Dyntex\6489610.avi 201 1 0,49 
Dyntex\649h320.avi 206 2 0,97 
Bilkent\sBehindtheFence.avi 675 0 0 
Bilkent\sWasteBasket.avi 963 0 0 
Bilkent\sWindow.avi 247 4 1,61 
Bilkent\sBtFence2.avi 1403 8 0,57 
Bilkent\sMoky.avi 625 15 2,4 
Bilkent\Car_Counting.avi 384 11 2,86 
ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ - - 1,19 
 

 

 

 

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/forest5.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/forest5.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/forest5.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/forest5.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/controlled3.avi
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Ɍɚɛɥɢɰɚ 5 - Ɋɟɡɭɥɶɬɚɬɵ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɜ ɧɨɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɫ ɩɥɚɦɟɧɟɦ 

TR, % 
FRR, 

% 
FAR, 

% 
ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɟɡ 

ɩɥɚɦɟɧɢ 
FAR, 

% 
www.youtube.com/watch?v
= tK7B5gIlmL4  

82,71 17,29 2,05 www.youtube.com/watch?v=kNO
GqQ_szq4 

5,71 

www.youtube.com/watch?v
= wFzFih7lCk8 

63,69 36,31 5,58 www.youtube.com/watch?v=VCrj
1nAkJeo 

6,06 

www.youtube.com/watch?v
= rETOYCzD_i8 

96,13 3,87 0,47 www.youtube.com/watch?v=CQ_
ek2lvxuw 

8,94 

www.youtube.com/watch?v
= _W5GxLO1U4U 

83,86 16,14 0,56 www.youtube.com/watch?v=iEo4
rTGTo8o 

3,91 

www.youtube.com/watch?v
= Pxu0gbMNDWQ 

92,31 7,69 1,43 www.youtube.com/watch?v=hk_g
YUNEI0A 

4,23 

www.youtube.com/watch?v
= OZhP5UqguxQ 

94,19 5,81 1,52 www.youtube.com/watch?v=ekjt4
LH89nk 

1,08 

ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 85,48 13,14 1,93 ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 4,98 
 

Ʉɚɤ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɢɡ ɬɚɛɥɢɰ, ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɩɥɚɦɟɧɢ 

ɧɨɱɶɸ ɩɪɨɢɫɯɨɞɢɬ ɱɭɬɶ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨ, ɱɟɦ ɜ ɫɜɟɬɥɨɟ ɜɪɟɦɹ ɫɭɬɨɤ. ɗɬɨ 

ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ, ɤɚɤ ɫ ɧɟɤɨɬɨɪɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɧɨɱɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ, 

ɬɚɤ ɢ ɫ ɩɥɨɯɢɦ ɤɚɱɟɫɬɜɨɦ ɧɟɤɨɬɨɪɵɯ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ. 

 
3.3      ɉɪɢɦɟɪɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 
 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ, ɧɚ ɪɢɫɭɧɤɚɯ 20-23 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɞɪɵ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɧɚ ɪɚɡɧɵɯ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ. 

  
ɚ ɛ 



48 

 

  
ɜ ɝ 

Ɋɢɫɭɧɨɤ 20 ‒ ɒɚɝɢ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ. ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
Bilkent\barbeq.avi. ɚ ‒ ɢɫɯɨɞɧɵɣ ɤɚɞɪ; ɛ ‒ ɦɚɫɤɚ ɩɥɚɦɟɧɢ; ɜ – ɚɧɚɥɢɡ ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɚ; ɝ –

 ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 
 

  
ɚ ɛ 

  
ɜ ɝ 

Ɋɢɫɭɧɨɤ 21 ‒ ɒɚɝɢ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ. ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
Bilkent\ForestFire1.avi. ɚ ‒ ɢɫɯɨɞɧɵɣ ɤɚɞɪ; ɛ ‒ ɦɚɫɤɚ ɩɥɚɦɟɧɢ; ɜ – ɚɧɚɥɢɡ ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɚ; 

ɝ – ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 
 

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
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ɚ ɛ 

  
ɜ ɝ 

Ɋɢɫɭɧɨɤ 22 ‒ ɒɚɝɢ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ. ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
Bilkent\fire1.avi. ɚ ‒ ɢɫɯɨɞɧɵɣ ɤɚɞɪ; ɛ ‒ ɦɚɫɤɚ ɩɥɚɦɟɧɢ; ɜ – ɚɧɚɥɢɡ ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɚ; ɝ –

 ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 
 

  
ɚ ɛ 

  
ɜ ɝ 

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi
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Ɋɢɫɭɧɨɤ 23 ‒ ɒɚɝɢ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ. ȼɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
Bilkent\controlled1.avi. ɚ ‒ ɢɫɯɨɞɧɵɣ ɤɚɞɪ; ɛ ‒ ɦɚɫɤɚ ɩɥɚɦɟɧɢ; ɜ – ɚɧɚɥɢɡ ɨɛɥɚɫɬɢ-ɤɚɧɞɢɞɚɬɚ; 

ɝ – ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 
 

3.4      ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 
 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ, ɫɨɞɟɪɠɚɳɢɯ ɩɥɚɦɹ, ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɬɨɱɧɨɫɬɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɫɨɫɬɚɜɢɥɨ 85,91 %, ɱɬɨ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɢɦ ɪɟɡɭɥɶɬɚɬɨɦ, ɬɚɤ ɤɚɤ 

ɩɥɚɦɹ ɩɪɨɩɭɳɟɧɨ ɜɫɟɝɨ ɜ 1323 ɤɚɞɪɚɯ ɢɡ 9229. Ʌɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɵɟ 

ɫɪɚɛɚɬɵɜɚɧɢɹ, ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ ɛɟɡ ɩɥɚɦɟɧɢ, ɩɨɥɭɱɟɧɵ ɜ 67 ɤɚɞɪɚɯ ɢɡ 7119, ɱɬɨ 

ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ 1,19 %. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɞɬɜɟɪɠɞɚɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ 

ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://signal.ee.bilkent.edu.tr/VisiFire/Demo/FireClips/ForestFire1.avi


51 

 

ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɜɵɞɟɥɟɧɢɹ ɨɛɥɚɫɬɟɣ ɩɥɚɦɟɧɢ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. ȼ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ ɥɟɠɢɬ ɚɧɚɥɢɡ ɞɜɢɠɟɧɢɹ, 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɰɜɟɬɚ ɩɥɚɦɟɧɢ.  

ɂɫɫɥɟɞɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ 

ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɨɧɹɬɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ 

ɪɚɡɧɵɟ ɫɩɨɫɨɛɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ, 

ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ, ɚ ɬɚɤɠɟ ɩɪɢɜɧɨɫɢɬ 

ɨɩɪɟɞɟɥɟɧɧɭɸ ɧɨɜɢɡɧɭ ɜ ɞɚɧɧɭɸ ɬɟɦɚɬɢɤɭ. Ɂɚɞɚɱɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ 

ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ, ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ 

ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ ɩɨ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɹɦ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɜɨɡɦɨɠɧɵɯ 

ɱɟɥɨɜɟɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ. ɋɪɟɞɢ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ 

ɩɨ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɩɨɞɯɨɞɵ ɧɚ ɨɫɧɨɜɟ 

ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɞɪɭɝɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɦɟɬɨɞɵ ɧɚ ɨɫɧɨɜɟ 

ɜɵɞɟɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɢ ɯɪɨɦɚɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɉɪɢ ɛɨɥɟɟ ɝɥɭɛɨɤɨɦ 

ɚɧɚɥɢɡɟ ɫɬɚɧɨɜɢɬɫɹ ɩɨɧɹɬɧɨ, ɱɬɨ ɪɚɡɜɢɬɢɟ ɚɥɝɨɪɢɬɦɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɧɟ ɫɬɨɢɬ 

ɧɚ ɦɟɫɬɟ, ɢ ɤɚɠɞɵɣ ɝɨɞ ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɦɟɬɨɞɢɤɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɭɥɭɱɲɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɨɛɧɚɪɭɠɟɧɢɹ ɩɥɚɦɟɧɢ. 

Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɢ ɜɵɞɟɥɟɧɢɹ ɩɥɚɦɟɧɢ ɧɚ ɜɢɞɟɨɢɡɨɛɪɚɠɟɧɢɹɯ 

ɫ ɭɱɟɬɨɦ ɟɝɨ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɯɚɪɚɤɬɟɪɧɵɯ ɱɟɪɬ ɩɨɜɟɞɟɧɢɹ. Ⱥɥɝɨɪɢɬɦ 

ɢɫɩɨɥɶɡɭɟɬ ɛɢɛɥɢɨɬɟɤɭ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ OpenCV ɞɥɹ ɜɵɞɟɥɟɧɢɹ 

ɞɜɢɠɟɧɢɹ ɢ ɰɜɟɬɨɜɵɟ ɦɚɫɤɢ RGB ɢ HSV ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɰɜɟɬɚ ɩɥɚɦɟɧɢ. 

Ⱥɧɚɥɢɡɢɪɭɸɬɫɹ ɯɚɪɚɤɬɟɪɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɬɟɤɫɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɩɥɚɦɟɧɢ. 

Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɦɟɬɨɞ ɨɩɨɪɧɵɯ 

ɜɟɤɬɨɪɨɜ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɨɞɬɜɟɪɠɞɟɧɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɧɚ ɬɟɫɬɨɜɵɯ ɜɢɞɟɨɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ 

ɢɡ ɪɚɡɥɢɱɧɵɯ ɛɚɡ ɞɚɧɧɵɯ ɢ ɜɢɞɟɨɯɨɫɬɢɧɝɨɜ. 
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