
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ»  

ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

Ʉɚɮɟɞɪɚ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 

 
 
 

 
ɍɌȼȿɊɀȾȺɘ             
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɋɂɂ 
                    Ƚ. Ɇ. ɐɢɛɭɥɶɫɤɢɣ 
       ɩɨɞɩɢɫɶ                   

 «     »                         2017 ɝ. 
 
 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

09.03.02 ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ 
 

Ⱥɧɚɥɢɡ ɫɟɡɨɧɧɵɯ ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ ɩɨ ɞɚɧɧɵɦ ȾɁɁ 
 
 
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ                            Ɋ. ȼ. Ȼɪɟɠɧɟɜ 
                                              ɩɨɞɩɢɫɶ, ɞɚɬɚ  

 
ȼɵɩɭɫɤɧɢɤ                                            Ⱥ. Ƚ. ȼɵɪɜɢɧɫɤɢɣ 

                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ  

 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                                   Ɇ. Ⱥ. Ⱥɧɢɤɶɟɜɚ 

                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ  

 
 
  
 
 
 

 
Ʉɪɚɫɧɨɹɪɫɤ 2017 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɩɨ ɬɟɦɟ «Ⱥɧɚɥɢɡ 

ɫɟɡɨɧɧɵɯ ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ ɩɨ ɞɚɧɧɵɦ ȾɁɁ» 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                                   Ɇ. Ⱥ. Ⱥɧɢɤɶɟɜɚ 
                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ  



 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɂɧɫɬɢɬɭɬ ɤɨɫɦɢɱɟɫɤɢɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

Ʉɚɮɟɞɪɚ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ  

 

 
                                   

ɍɌȼȿɊɀȾȺɘ             
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɋɂɂ 
                    Ƚ. Ɇ. ɐɢɛɭɥɶɫɤɢɣ 
       ɩɨɞɩɢɫɶ                   
 «     »                         2017 ɝ. 

 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

 

  



 

ɋɬɭɞɟɧɬɭ ȼɵɪɜɢɧɫɤɨɦɭ Ⱥɧɞɪɟɸ Ƚɟɧɧɚɞɶɟɜɢɱɭ 
                                           

Ƚɪɭɩɩɚ Ʉɂ13-14Ȼ ɇɚɩɪɚɜɥɟɧɢɟ 09.03.02  
                                                        

    ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ  
                                                                       

 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: Ⱥɧɚɥɢɡ ɫɟɡɨɧɧɵɯ 

ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ ɩɨ ɞɚɧɧɵɦ ȾɁɁ 
 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 2567/ɫ ɨɬ 01.03.2017 ɝ. 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: Ɋ. ȼ. Ȼɪɟɠɧɟɜ, ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮɟɞɪɵ ɫɢɫɬɟɦ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɂɄɂɌ ɋɎɍ        

                            
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɋɩɭɬɧɢɤɨɜɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫɪɟɞɧɟɝɨ 

ɪɚɡɪɟɲɟɧɢɹ, ɜɟɤɬɨɪɧɵɣ ɫɥɨɣ ɨɩɨɪ ȼɅɗɉ, ɪɟɲɚɸɳɟɟ ɩɪɚɜɢɥɨ (ɢɧɞɟɤɫ NDWI)
         

 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: ȼɜɟɞɟɧɢɟ, ɨɛɡɨɪ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ 

ɬɟɯɧɨɥɨɝɢɣ ɜ ɨɛɥɚɫɬɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ, ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ 
ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ, ɡɚɤɥɸɱɟɧɢɟ, 
ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ.             

 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɉɪɟɡɟɧɬɚɰɢɹ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ Microsoft 

Office PowerPoint.             
 
 
 
 
 
 
 

      Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ             ____________     Ɋ. ȼ. Ȼɪɟɠɧɟɜ 
                                                                                    ɩɨɞɩɢɫɶ                     ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 
 
 

      Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ   ____________    Ⱥ. Ƚ. ȼɵɪɜɢɧɫɤɢɣ 
                                                                                     ɩɨɞɩɢɫɶ  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 

                                                                                  «     »                         2017 ɝ. 
 
  



 

Ƚɪɚɮɢɤ 

ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɨɦ 

ɧɚɩɪɚɜɥɟɧɢɹ 09.03.02 «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ», ɩɪɨɮɢɥɹ 

09.03.02.04 «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɜ ɦɟɞɢɚɢɧɞɭɫɬɪɢɢ» ɩɪɢɜɟɞɟɧ  

ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 — Ƚɪɚɮɢɤ ɜɵɩɨɥɧɟɧɢɹ ɷɬɚɩɨɜ ȼɄɊ  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɬɚɩɚ ɋɪɨɤ 

ɜɵɩɨɥɧɟɧɢɹ 

ɷɬɚɩɚ 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ 

ɷɬɚɩɚ 

ɉɪɢɦɟɱɚɧɢɟ 

ɪɭɤɨɜɨɞɢɬɟɥɹ (ɨɬɦɟɬɤɚ 

ɨ ɜɵɩɨɥɧɟɧɢɢ ɷɬɚɩɚ) 

Ɉɡɧɚɤɨɦɥɟɧɢɟ ɫ ɰɟɥɶɸ ɢ  

ɡɚɞɚɱɚɦɢ ɪɚɛɨɬɵ 
 

5.03 – 10.03 Ʉɪɚɬɤɢɣ ɨɛɡɨɪ ɩɨ ɬɟɦɟ 

ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɋɛɨɪ ɢ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ 

11.03 – 25.03 ɋɩɢɫɨɤ 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ 

ȼɵɩɨɥɧɟɧɨ 

Ɉɛɡɨɪ ɫɢɫɬɟɦ ɚɧɚɥɨɝɢɱɧɵɯ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ 

 26.03 – 2.04 Ɉɛɡɨɪ ɚɧɚɥɨɝɨɜ ȼɵɩɨɥɧɟɧɨ 

Ɋɟɲɟɧɢɟ ɩɟɪɜɨɣ ɡɚɞɚɱɢ ȼɄɊ 3.04 – 23.04 Ⱦɨɤɥɚɞ ɫ ɩɪɟɡɟɧɬɚɰɢɟɣ 

ɩɨ ɩɟɪɜɨɣ ɡɚɞɚɱɟ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

Ɋɟɲɟɧɢɟ ɜɬɨɪɨɣ ɡɚɞɚɱɢ 

ȼɄɊ 

24.04 – 09.05 Ⱦɨɤɥɚɞ ɫ ɩɪɟɡɟɧɬɚɰɢɟɣ 

ɩɨ ɜɬɨɪɨɣ ɡɚɞɚɱɟ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

Ɋɟɲɟɧɢɟ ɬɪɟɬɶɟɣ 

ɡɚɞɚɱɢ ȼɄɊ 

10.05 – 15.05 Ⱦɨɤɥɚɞ ɫ ɩɪɟɡɟɧɬɚɰɢɟɣ 

ɩɨ ɬɪɟɬɶɟɣ ɡɚɞɚɱɟ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

Ʉɨɦɩɨɧɨɜɤɚ ɨɬɱɟɬɚ ɢ  

ɩɪɟɡɟɧɬɚɰɢɢ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ ȼɄɊ 

26.05 – 6.06 Ɉɬɱɟɬ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ ȼɄɊ 

ȼɵɩɨɥɧɟɧɨ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 

ɡɚɳɢɬɚ ɪɟɡɭɥɶɬɚɬɨɜ 

ȼɄɊ 

7.06 Ⱦɨɤɥɚɞ ɢ ɩɪɟɡɟɧɬɚɰɢɹ 

ɩɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ 

ȼɵɩɨɥɧɟɧɨ 



 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɬɚɩɚ ɋɪɨɤ 

ɜɵɩɨɥɧɟɧɢɹ 

ɷɬɚɩɚ 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ 

ɷɬɚɩɚ 

ɉɪɢɦɟɱɚɧɢɟ 

ɪɭɤɨɜɨɞɢɬɟɥɹ (ɨɬɦɟɬɤɚ 

ɨ ɜɵɩɨɥɧɟɧɢɢ ɷɬɚɩɚ) 

ɇɨɪɦɨɤɨɧɬɪɨɥɶ (ɇ/Ʉ) 6.06 – 19.06 ɉɨɹɫɧɢɬɟɥɶɧɚɹ 

ɡɚɩɢɫɤɚ, ɩɪɟɡɟɧɬɚɰɢɹ ɤ 

ȼɄɊ 

 

Ɂɚɳɢɬɚ ȼɄɊ 22.06 Ⱦɨɤɥɚɞ ɢ ɩɪɟɡɟɧɬɚɰɢɹ 

ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

 

 

 

ɋɬɭɞɟɧɬ                                        __________      Ⱥ. Ƚ. ȼɵɪɜɢɧɫɤɢɣ  
                             ɩɨɞɩɢɫɶ   

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ     __________       Ɋ. ȼ. Ȼɪɟɠɧɟɜ 
ɋɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ        ɩɨɞɩɢɫɶ              
ɤɚɮɟɞɪɵ ɋɂɂ 
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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ⱥɧɚɥɢɡ ɫɟɡɨɧɧɵɯ 

ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ ɩɨ ɞɚɧɧɵɦ ȾɁɁ» ɫɨɞɟɪɠɢɬ 55 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 19 ɪɢɫɭɧɤɨɜ, 14 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ.  

ȾɂɋɌȺɇɐɂɈɇɇɈȿ ɁɈɇȾɂɊɈȼȺɇɂȿ ɁȿɆɅɂ, ɋɉȿɄɌɊȺɅɖɇɕȿ 

ɉɊɂɁɇȺɄɂ, ȾȿɌȿɄɌɂɊɈȼȺɇɂȿ ȼɈȾɇɈɃ ɉɈȼȿɊɏɇɈɋɌɂ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɛɟɪɟɝɨɜɨɣ ɥɢɧɢɢ ɜɨɞɧɵɯ 
ɨɛɴɟɤɬɨɜ ɜ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ ɩɪɢ ɩɨɦɨɳɢ ɞɚɧɧɵɯ ȾɁɁ ɞɥɹ ɩɪɨɝɧɨɡɚ ɜɨɡɦɨɠɧɵɯ 

ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ.  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɡɚɞɚɱɢ:  ‐ ɨɛɡɨɪ ɢ ɚɧɚɥɢɡ ɫɩɨɫɨɛɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɩɨ 

ɫɩɭɬɧɢɤɨɜɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ ɫɪɟɞɧɟɝɨ ɢ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ; ‐ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ;  ‐ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ;  ‐ ɚɧɚɥɢɡ ɪɢɫɤɚ ɩɨɞɬɨɩɥɟɧɢɹ ɨɩɨɪ ȼɅɗɉ ɩɪɢ ɩɨɦɨɳɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ 

ɚɥɝɨɪɢɬɦɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ȼɄɊ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ 

ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɫɩɭɬɧɢɤɨɜɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ 

ɪɢɫɤɚ ɩɨɞɬɨɩɥɟɧɢɹ ɨɩɨɪ ȼɅɗɉ ɧɚ ɜɵɞɟɥɟɧɧɨɦ ɭɱɚɫɬɤɟ ɪɟɤɢ ȿɧɢɫɟɣ.  
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ȼȼȿȾȿɇɂȿ 

 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɬɢɩɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɚ ɬɚɤɠɟ ɢɯ ɚɧɚɥɢɡ, 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 

ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ. Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɤɥɚɫɫɢɮɢɤɚɰɢɢ — ɜɵɞɟɥɟɧɢɟ 

ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɲɢ.  

ɋɩɭɬɧɢɤɨɜɵɣ ɦɨɧɢɬɨɪɢɧɝ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɯɨɞɢɬ 

ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɨɫɜɹɳɟɧɧɵɯ, ɧɚɩɪɢɦɟɪ, 
ɩɪɨɛɥɟɦɚɦ ɜɨɡɞɟɣɫɬɜɢɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɧɚ ɩɪɢɪɨɞɧɵɟ ɫɢɫɬɟɦɵ [1], 

ɬɚɤ ɢ ɜɨ ɦɧɨɠɟɫɬɜɟ ɫɢɫɬɟɦ, ɩɨɫɜɹɳɟɧɧɵɯ ɩɪɚɤɬɢɱɟɫɤɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ, ɬɚɤɢɯ 

ɤɚɤ ɫɩɭɬɧɢɤɨɜɵɣ ɦɨɧɢɬɨɪɢɧɝ ɬɪɚɧɫɝɪɚɧɢɱɧɵɯ ɜɨɞ, ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɵɯ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ (ȾɁɁ) ɞɥɹ ɨɛɳɟɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ 

ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ, ɤɨɫɦɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɢ ɬ.ɞ.  

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɵɯ ȾɁɁ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ 

ɩɨɞɬɨɩɥɟɧɢɹɦɢ ɨɩɨɪ ȼɅɗɉ ɜɫɥɟɞɫɬɜɢɟ ɫɟɡɨɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɩɥɨɳɚɞɢ ɜɨɞɧɵɯ 

ɨɛɴɟɤɬɨɜ ɧɚ ɩɪɢɦɟɪɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ.  

ɋɢɛɢɪɫɤɢɣ ɪɟɝɢɨɧ, ɱɚɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ, ɨɛɥɚɞɚɟɬ 

ɨɛɲɢɪɧɨɣ ɬɟɪɪɢɬɨɪɢɟɣ ɫ ɪɚɡɜɢɬɨɣ ɫɟɬɶɸ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ, 

ɧɚɩɪɢɦɟɪ, ɪɟɤɢ ȿɧɢɫɟɣ, ɑɭɥɵɦ, Ʉɚɧ, Ⱥɧɝɚɪɚ ɢ ɞɪɭɝɢɟ, ɩɨɞɜɟɪɠɟɧɵ ɫɟɡɨɧɧɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɭɪɨɜɧɹ ɜɨɞɵ ɢ ɩɥɨɳɚɞɢ ɪɭɫɥɚ. ɑɪɟɡɜɵɱɚɣɧɵɟ ɫɢɬɭɚɰɢɢ, 

ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɫɥɟɞɫɬɜɢɢ ɫɟɡɨɧɧɨɝɨ ɪɚɡɥɢɜɚ ɪɟɤ, ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɛɨɥɶɲɢɦɢ 

ɦɚɬɟɪɢɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɢɯ ɭɫɬɪɚɧɟɧɢɟ. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ 
ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ ɩɨɞɬɨɩɥɟɧɢɟ ɨɩɨɪ ȼɅɗɉ. ɗɬɨ 

ɹɜɥɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɩɪɢɱɢɧɨɣ ɨɫɥɚɛɥɟɧɢɹ ɝɪɭɧɬɚ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɚɞɟɧɢɸ 

ɨɩɨɪ, ɩɨɜɪɟɠɞɟɧɢɸ ɩɪɨɜɨɞɨɜ, ɩɚɞɟɧɢɸ ɩɪɨɜɨɞɨɜ ɧɚ ɡɟɦɥɸ. ɗɬɨ ɜɟɞɟɬ ɤ 

ɧɚɪɭɲɟɧɢɸ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɪɟɞɩɪɢɹɬɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɟɣ, ɚ ɬɚɤɠɟ ɤ ɨɩɚɫɧɨɫɬɢ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɥɸɞɟɣ ɢ 

ɠɢɜɨɬɧɵɯ. 

ɇɚɛɥɸɞɟɧɢɟ ɢ ɜɨɡɦɨɠɧɨɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ 

ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɦɩɚɧɢɣ ɢ ɫɥɭɠɛ Ɇɑɋ. ȼ ɭɫɥɨɜɢɹɯ 
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ɨɛɲɢɪɧɨɫɬɢ ɬɟɪɪɢɬɨɪɢɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, ɚ ɬɚɤɠɟ ɬɪɭɞɧɨɞɨɫɬɭɩɧɨɫɬɢ 

ɧɟɤɨɬɨɪɵɯ ɪɟɝɢɨɧɨɜ, ɬɚɤɢɯ ɤɚɤ ɫɩɥɨɲɧɵɟ ɦɚɫɫɢɜɵ ɥɟɫɚ ɢɥɢ ɬɭɧɞɪɨɜɵɟ ɡɨɧɵ, 

ɩɨɢɫɤ ɨɛɥɚɫɬɢ ɪɚɡɪɵɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɜɵɡɜɚɧɧɨɝɨ ɩɚɞɟɧɢɟɦ ɨɩɨɪɵ ȼɅɗɉ, 

ɫɬɚɧɨɜɢɬɫɹ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɬɪɟɛɭɸɳɟɣ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɱɟɥɨɜɟɱɟɫɤɢɯ ɢ 

ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. Ɇɟɪɵ ɩɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɬɚɤɢɯ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ 

ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦɢ ɞɥɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɫɟɥɟɧɢɹ ɢ 

ɩɪɟɞɩɪɢɹɬɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ.  

ɋɨɡɞɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ ɫɩɭɬɧɢɤɨɜɵɯ ɫɧɢɦɤɨɜ, ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɟɡɨɧɧɵɯ ɢɡɦɟɧɟɧɢɹɯ ɩɥɨɳɚɞɟɣ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɜ 

ɪɚɣɨɧɚɯ ɢɯ ɩɟɪɟɫɟɱɟɧɢɹ ɨɩɨɪɚɦɢ ȼɅɗɉ, ɩɨɡɜɨɥɢɬ ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɪɢɫɤ 

ɜɨɡɦɨɠɧɵɯ ɩɨɞɬɨɩɥɟɧɢɣ, ɱɬɨ ɦɨɠɟɬ ɩɨɦɨɱɶ ɫɥɭɠɛɚɦ Ɇɑɋ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɤɨɦɩɚɧɢɣ ɫ ɩɨɞɝɨɬɨɜɤɨɣ ɫɪɟɞɫɬɜ ɩɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɩɚɞɟɧɢɹ ɨɩɨɪ ɢɥɢ ɫ 

ɩɨɢɫɤɨɦ ɧɚɪɭɲɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɰɟɥɶ ɪɚɛɨɬɵ: ɚɧɚɥɢɡ 

ɢɡɦɟɧɟɧɢɹ ɛɟɪɟɝɨɜɨɣ ɥɢɧɢɢ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ ɩɪɢ ɩɨɦɨɳɢ 

ɞɚɧɧɵɯ ȾɁɁ ɞɥɹ ɩɪɨɝɧɨɡɚ ɜɨɡɦɨɠɧɵɯ ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ. 

Ⱥ ɬɚɤɠɟ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

 ɨɛɡɨɪ ɢ ɚɧɚɥɢɡ ɫɩɨɫɨɛɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɩɨ 

ɫɩɭɬɧɢɤɨɜɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ ɫɪɟɞɧɟɝɨ ɢ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ; 

 ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ 

ɨɛɴɟɤɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ; 

 ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ; 

 ɚɧɚɥɢɡ ɪɢɫɤɚ ɩɨɞɬɨɩɥɟɧɢɹ ɨɩɨɪ ȼɅɗɉ ɩɪɢ ɩɨɦɨɳɢ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 
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1 Ɉɛɡɨɪ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɬɟɯɧɨɥɨɝɢɣ ɜ ɨɛɥɚɫɬɢ 
ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ 

 

1.1 Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ  
 

ɉɨɥɨɜɨɞɶɟ, ɧɚ ɪɹɞɭ ɫ ɬɚɤɢɦ ɩɨɧɹɬɢɟɦ, ɤɚɤ ɩɚɜɨɞɤɢ — ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɟ, ɧɟ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɢ ɢɧɬɟɧɫɢɜɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɢ 

ɩɨɞɴёɦ ɟё ɭɪɨɜɧɹ ɜ ɪɟɤɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɢɥɶɧɵɯ ɞɨɠɞɟɣ ɢɥɢ ɛɵɫɬɪɨɝɨ ɬɚɹɧɢɹ ɫɧɟɝɚ 
ɢ ɥɟɞɧɢɤɨɜ ɩɪɢ ɨɬɬɟɩɟɥɢ, ɤɨɬɨɪɨɟ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɥɨɜɨɞɶɹ ɫɥɭɱɚɟɬɫɹ ɜ ɥɸɛɨɟ 

ɜɪɟɦɹ ɝɨɞɚ, ɚ ɬɚɤɠɟ ɡɚɝɪɨɦɨɠɞɟɧɢɟ ɪɭɫɥɚ ɪɟɤɢ ɥɶɞɨɦ, ɩɪɨɪɵɜɵ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ 

ɫɨɨɪɭɠɟɧɢɣ, ɨɩɨɥɡɧɢ ɢ ɨɛɜɚɥɵ ɜ ɞɨɥɢɧɚɯ ɜɨɞɨɫɬɨɤɨɜ — ɜɫɟ ɷɬɨ ɹɜɥɹɟɬɫɹ 

ɩɪɢɱɢɧɨɣ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɣ ɱɪɟɡɜɵɱɚɣɧɨɣ ɫɢɬɭɚɰɢɢ (ɑɋ), ɧɚɡɜɚɧɧɨɣ 

ɧɚɜɨɞɧɟɧɢɟɦ. 

ɇɚɜɨɞɧɟɧɢɟ — ɷɬɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɡɚɬɨɩɥɟɧɢɟ ɦɟɫɬɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɞɴёɦɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɪɟɤɟ, ɨɡɟɪɟ, ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɢɥɢ ɦɨɪɟ. ɉɨɦɢɦɨ 

ɜɨɡɦɨɠɧɨɝɨ ɧɚɪɭɲɟɧɢɹ ɰɟɥɨɫɬɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɜ  ɡɨɧɟ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚɜɨɞɧɟɧɢɹ, ɞɚɧɧɚɹ ɑɋ ɧɚɧɨɫɢɬ ɛɨɥɶɲɨɣ ɦɚɬɟɪɢɚɥɶɧɵɣ ɭɳɟɪɛ 

ɷɤɨɧɨɦɢɤɟ, ɫɨɰɢɚɥɶɧɨɣ ɫɮɟɪɟ ɢ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɟ. ȼ ɫɥɟɞɫɬɜɢɢ ɷɬɨɝɨ ɧɚɛɥɸɞɟɧɢɟ 

ɡɚ ɢɡɦɟɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ ɭɪɨɜɧɹ ɢ ɩɥɨɳɚɞɢ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 

ɫɢɫɬɟɦɚɯ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ ɧɚɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ ɑɋ, ɬɚɤɢɦɢ 

ɤɚɤ ɡɚɝɪɹɡɧɟɧɢɹ, ɩɨɠɚɪɵ, ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɢ ɞɪɭɝɢɦɢ.  

 

Ɇɢɪɨɜɵɟ ɫɢɫɬɟɦɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ 

 

Ɉɛɡɨɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ ɦɢɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 1. 

ɉɟɪɜɚɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɝɪɭɩɩɨɣ ɫɬɪɚɧ ɜɨ ɝɥɚɜɟ ɫ ȼɟɥɢɤɨɛɪɢɬɚɧɢɟɣ (ɦɟɠɞɭɧɚɪɨɞɧɚɹ ɫɢɫɬɟɦɚ Disaster 

Monitoring Constellation, DMC), ɜɬɨɪɚɹ — ɧɚɰɢɨɧɚɥɶɧɚɹ, ɫɨɡɞɚɜɚɥɚɫɶ ɜ Ʉɢɬɚɟ 

(ɫɢɫɬɟɦɚ ɩɟɪɜɨɝɨ ɷɬɚɩɚ «2+1»). ȼ ɪɚɦɤɚɯ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ 
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ɑɋ DMC ɛɵɥɢ ɨɛɴɟɞɢɧɟɧɵ ɪɟɫɭɪɫɵ ɧɟɫɤɨɥɶɤɢɯ ɫɟɪɢɣɧɵɯ ɦɢɧɢ-ɫɩɭɬɧɢɤɨɜ, 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɛɪɢɬɚɧɫɤɨɣ ɤɨɦɩɚɧɢɟɣ SSTL ɩɨ ɤɨɧɬɪɚɤɬɚɦ ɫ Ⱥɥɠɢɪɨɦ, 

ȼɟɥɢɤɨɛɪɢɬɚɧɢɟɣ, ɇɢɝɟɪɢɟɣ, Ɍɭɪɰɢɟɣ ɢ Ʉɢɬɚɟɦ [2]. Ɇɢɧɢ-ɫɩɭɬɧɢɤɢ — ɷɬɨ ɤɥɚɫɫ 

ɦɚɥɵɯ ɫɩɭɬɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɩɨɥɧɭɸ ɦɚɫɫɭ (ɜɦɟɫɬɟ ɫ ɬɨɩɥɢɜɨɦ) ɨɬ 100 ɞɨ 

500 ɤɝ. Ɍɚɤɠɟ ɤ ɦɢɧɢ-ɫɩɭɬɧɢɤɚɦ ɢɧɨɝɞɚ ɨɬɧɨɫɹɬ «ɥёɝɤɢɟ ɫɩɭɬɧɢɤɢ» ɦɚɫɫɨɣ ɨɬ 

500 ɞɨ 1000 ɤɝ. Ɍɚɤɢɟ ɫɩɭɬɧɢɤɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɥɚɬɮɨɪɦɵ, ɤɨɦɩɨɧɟɧɬɵ, 

ɬɟɯɧɨɥɨɝɢɢ ɨɛɵɱɧɵɯ «ɛɨɥɶɲɢɯ» ɫɩɭɬɧɢɤɨɜ. ȼɫɟ ɦɢɧɢ-ɫɩɭɬɧɢɤɢ DMC ɦɚɫɫɨɣ 

120–160 ɤɝ ɨɫɧɚɳɟɧɵ ɦɧɨɝɨɤɚɦɟɪɧɵɦɢ ɥɢɧɡɨɜɵɦɢ ɦɭɥɶɬɢɫɩɟɤɬɪɚɥɶɧɵɦɢ 
ɨɩɬɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ ɫ ɲɢɪɨɤɨɣ ɩɨɥɨɫɨɣ ɡɚɯɜɚɬɚ.  

 

 

Ɋɢɫɭɧɨɤ 1 — Ʉɨɫɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɦɢɪɚ 

 

ȼ 2002–2009 ɝɝ. ɜ ɪɚɦɤɚɯ ɩɪɨɝɪɚɦɦɵ DMC, ɧɚ ɬɢɩɨɜɵɟ ɫɨɥɧɟɱɧɨ-

ɫɢɧɯɪɨɧɧɵɟ ɨɪɛɢɬɵ ɜɵɫɨɬɨɣ 686 ɤɦ ɛɵɥɢ ɜɵɜɟɞɟɧɵ 7 ɦɢɧɢ-ɫɩɭɬɧɢɤɨɜ ɞɜɭɯ 

ɩɨɤɨɥɟɧɢɣ: Alsat-1, Bilsat, Nigeriasat-1, UK-DMC, Beijing-1, UK-DMC-2 ɢ 

Deimos-1. ɇɟɫɦɨɬɪɹ ɧɚ ɨɮɢɰɢɚɥɶɧɨɟ ɧɚɢɦɟɧɨɜɚɧɢɟ ɫɢɫɬɟɦɵ, ɦɢɧɢ-ɫɩɭɬɧɢɤɢ 

DMC ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɫɴёɦɤɢ ɜ ɢɧɬɟɪɟɫɚɯ ɧɚɰɢɨɧɚɥɶɧɵɯ 

ɨɩɟɪɚɬɨɪɨɜ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜɫɟ ɫɬɪɚɧɵ — ɱɥɟɧɵ DMC ɟɠɟɫɭɬɨɱɧɨ ɩɪɟɞɨɫɬɚɜɥɹɸɬ 

5% ɪɟɫɭɪɫɨɜ ɫɩɭɬɧɢɤɨɜ ɞɥɹ ɫɴёɦɤɢ ɢ ɨɬɫɥɟɠɢɜɚɧɢɹ ɑɋ. Ʉɪɨɦɟ ɬɨɝɨ, ɱɚɫɬɶ 

ɫɜɨɛɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɨɦɦɟɪɱɟɫɤɢɯ ɰɟɥɹɯ, ɞɥɹ ɱɟɝɨ ɫɨɡɞɚɧ 
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ɤɨɧɫɨɪɰɢɭɦ DMCII. ɋɢɫɬɟɦɚ DMC c 2005 ɝ. ɜɯɨɞɢɬ ɜ ɏɚɪɬɢɸ «Ʉɨɫɦɨɫ ɢ 

Ƚɥɨɛɚɥɶɧɵɟ Ȼɟɞɫɬɜɢɹ» ɢ ɩɨɩɨɥɧɹɟɬɫɹ ɧɨɜɵɦɢ ɫɩɭɬɧɢɤɚɦɢ [2].  

ɋɢɫɬɟɦɚ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «2+1» ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɩɭɬɧɢɤɨɜ HJ-

1A/B ɢ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɨɝɨ ɫɩɭɬɧɢɤɚ HJ-1C. Ɇɢɧɢ-ɫɩɭɬɧɢɤɢ HJ-1A ɢ HJ-1B 

(Huan Jing — «ɏɭɚɧɶɰɡɢɧ», «Ɉɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ») ɦɚɫɫɨɣ ɩɨ 500 ɤɝ ɨɫɧɚɳɟɧɵ 

ɬɢɩɨɜɵɦɢ ɨɩɬɢɱɟɫɤɢɦɢ ɫɤɚɧɟɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɞɥɹ ɫɴёɦɤɢ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ 

ɪɚɡɪɟɲɟɧɢɟɦ 30 ɦ ɜ ɩɨɥɨɫɟ ɡɚɯɜɚɬɚ 700 ɤɦ ɜ ɱɟɬɵɪёɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɡɨɧɚɯ (3 

ɤɚɧɚɥɚ ɜɢɞɢɦɨɝɨ ɫɩɟɤɬɪɚ ɢ ɨɞɢɧ — ɛɥɢɠɧɟɝɨ ɂɄ). Ɍɚɤɠɟ ɧɚ ɫɩɭɬɧɢɤɟ HJ-1A 

ɜɩɟɪɜɵɟ ɜ ɤɢɬɚɣɫɤɨɣ ɩɪɚɤɬɢɤɟ ɭɫɬɚɧɨɜɥɟɧɚ ɝɢɩɟɪɫɩɟɤɬɪɚɥɶɧɚɹ ɨɩɬɢɱɟɫɤɚɹ 

ɤɚɦɟɪɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɜ 115 ɭɡɤɢɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɡɨɧɚɯ ɜɢɞɢɦɨɝɨ ɢ ɛɥɢɠɧɟɝɨ ɂɄ ɭɱɚɫɬɤɨɜ ɫɩɟɤɬɪɚ (ɲɢɪɢɧɚ 5 ɧɦ, ɞɢɚɩɚɡɨɧ 0,45–

0,95 ɦɤɦ) ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ 100 ɦ ɜ ɩɨɥɨɫɟ ɡɚɯɜɚɬɚ 50 ɤɦ. Ɇɢɧɢ-

ɫɩɭɬɧɢɤ HJ-1ȼ ɨɫɧɚɳɟɧ ɬɚɤɠɟ ɨɩɬɢɱɟɫɤɢɦ ɫɤɚɧɟɪɨɦ ɞɥɹ ɫɴёɦɤɢ ɜ ɱɟɬɵɪɟɯ 

ɭɱɚɫɬɤɚɯ ɂɄ ɫɩɟɤɬɪɚ (ɛɥɢɠɧɢɣ, ɤɨɪɨɬɤɨɜɨɥɧɨɜɵɣ, ɫɪɟɞɧɟɜɨɥɧɨɜɵɣ ɢ ɬɟɩɥɨɜɨɣ) 

ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ 150 ɦ ɢ 300 ɦ (ɬɟɩɥɨɜɨɣ ɤɚɧɚɥ) ɜ ɩɨɥɨɫɟ 

ɡɚɯɜɚɬɚ 720 ɤɦ. Ⱥɩɩɚɪɚɬɭɪɚ ɫɴёɦɤɢ ɜ ɂɄ ɞɢɚɩɚɡɨɧɟ ɩɨɡɜɨɥɹɟɬ ɜ ɞɧɟɜɧɨɟ ɢ ɧɨɱɧɨɟ 

ɜɪɟɦɹ ɨɩɪɟɞɟɥɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɱɚɝɨɜ ɩɨɠɚɪɨɜ, ɜɵɹɜɥɹɬɶ ɡɨɧɵ ɩɨɜɵɲɟɧɧɨɣ 

ɬɟɤɬɨɧɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɪɚɣɨɧɵ ɡɚɝɪɹɡɧɟɧɢɹ ɚɤɜɚɬɨɪɢɣ. Ɉɛɚ ɦɢɧɢ-ɫɩɭɬɧɢɤɚ 

ɪɚɡɦɟɳɟɧɵ ɧɚ ɪɚɛɨɱɟɣ ɫɨɥɧɟɱɧɨ-ɫɢɧɯɪɨɧɧɨɣ ɨɪɛɢɬɟ ɜɵɫɨɬɨɣ 650 ɤɦ ɢ ɢɦɟɸɬ 

ɫɪɨɤ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 3 ɝɨɞɚ [2].  

Ɋɚɡɪɚɛɨɬɤɚ ɤɨɫɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ, ɩɨɥɭɱɢɜɲɚɹ 

ɧɚɢɦɟɧɨɜɚɧɢɟ Small Satellite Constellation for Environment and Disaster Monitoring 

and Forecasting, SSCEDMF, ɧɚɱɚɥɚɫɶ ɜ 2000 ɝ. ɩɨ ɫɨɜɦɟɫɬɧɨɦɭ ɩɪɨɟɤɬɭ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɚɝɟɧɬɫɬɜɚ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɝɨɫɤɨɦɢɬɟɬɚ ɩɨ ɡɚɳɢɬɟ 

ɨɬ ɤɚɬɚɫɬɪɨɮ (ɚɧɚɥɨɝ Ɇɑɋ) Ʉɢɬɚɹ. ɋɢɫɬɟɦɚ ɩɨɥɭɱɢɥɚ ɬɚɤɠɟ ɧɟɨɮɢɰɢɚɥɶɧɨɟ 

ɨɛɨɡɧɚɱɟɧɢɟ «4+4», ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɨɧɚ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɢɡ 4 ɫɩɭɬɧɢɤɨɜ ɫ 

ɨɩɬɢɱɟɫɤɨɣ ɚɩɩɚɪɚɬɭɪɨɣ ɢ 4 ɫɩɭɬɧɢɤɨɜ ɫ ɪɚɞɚɪɚɦɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɫɴёɦɤɢ ɥɸɛɨɝɨ ɪɚɣɨɧɚ Ɂɟɦɥɢ ɤɚɠɞɵɟ 12 ɱɚɫɨɜ [3]. 
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Ɋɨɫɫɢɣɫɤɢɟ ɤɨɫɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ 

 

ȼ ɫɨɫɬɚɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ Ɂɟɦɥɢ ɜɯɨɞɹɬ 

ɨɪɛɢɬɚɥɶɧɵɣ ɢ ɧɚɡɟɦɧɵɣ ɫɟɝɦɟɧɬɵ, ɚ ɬɚɤɠɟ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɚɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ. 

ɇɚɡɟɦɧɵɣ ɫɟɝɦɟɧɬ ɫɨɫɬɨɢɬ ɢɡ ɫɟɬɟɣ ɫɬɚɧɰɢɣ ɧɚɛɥɸɞɟɧɢɹ, ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɛɚɡ 

ɞɚɧɧɵɯ, ɫɪɟɞɫɬɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ, ɨɩɢɪɚɸɳɢɯɫɹ ɧɚ 

ɪɟɡɭɥɶɬɚɬɵ ɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ȾɁɁ. Ⱦɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ Ɇɑɋ ɫ ɩɨɦɨɳɶɸ ɤɨɫɦɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ Ɂɟɦɥɢ ɫɨɡɞɚɧɚ 
ɜɟɞɨɦɫɬɜɟɧɧɚɹ «ɋɢɫɬɟɦɚ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ» (ɋɄɆ ɑɋ), 

ɨɛɴɟɞɢɧɹɸɳɚɹ ɷɥɟɦɟɧɬɵ ɧɚɡɟɦɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɤɨɦɦɭɧɢɤɚɰɢɢ. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɨɫɬɚɜ ɋɄɆ ɜɯɨɞɹɬ ɰɟɧɬɪɵ ɩɪɢёɦɚ ɢ ɨɛɪɚɛɨɬɤɢ ɤɨɫɦɢɱɟɫɤɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɜ Ɇɨɫɤɜɟ, ȼɨɥɨɝɞɟ, Ʉɪɚɫɧɨɹɪɫɤɟ ɢ ȼɥɚɞɢɜɨɫɬɨɤɟ. ȼ ɨɫɧɨɜɟ ɋɄɆ ɑɋ 

ɥɟɠɚɬ ɩɪɢɧɰɢɩɵ ɨɬɤɪɵɬɨɣ ɫɟɬɟɰɟɧɬɪɢɱɟɫɤɨɣ ɚɪɯɢɬɟɤɬɭɪɵ, ɤɨɬɨɪɚɹ ɨɫɧɨɜɚɧɚ ɧɚ 

ɫɟɬɟɜɵɯ ɜɵɱɢɫɥɟɧɢɹɯ, ɩɪɢ ɤɨɬɨɪɵɯ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ 

ɢ ɦɢɝɪɢɪɭɸɳɢɦɢ ɦɟɠɞɭ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ ɫɟɪɜɟɪɚɦɢ ɢ ɤɥɢɟɧɬɚɦɢ, 

ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɢ ɩɨɷɬɚɩɧɨɝɨ ɧɚɪɚɳɢɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ [2].  

ȼ ɢɧɬɟɪɟɫɚɯ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɪɟɫɭɪɫɵ ɫɩɭɬɧɢɤɨɜ 

ȾɁɁ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɨɩɟɪɚɬɨɪɨɜ RADARSAT-1 (Ʉɚɧɚɞɚ), ENVISAT (ESA), 

EROS A/B (ɂɡɪɚɢɥɶ), SPOT 4/5 (Ɏɪɚɧɰɢɹ), IRS-P5/P6 (ɂɧɞɢɹ), Terra/Aqua 

(ɋɒȺ), ɚ ɬɚɤɠɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɜɵɫɨɤɨɞɟɬɚɥɶɧɨɝɨ  ɫɩɭɬɧɢɤɚ «Ɋɟɫɭɪɫ-ȾɄ1». 

ȼɨɡɦɨɠɧɨɫɬɢ ɫɩɭɬɧɢɤɨɜɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ ɜ Ɋɨɫɫɢɢ ɪɚɫɲɢɪɢɥɢɫɶ ɩɨɫɥɟ 

ɧɚɱɚɥɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɨɜɨɝɨ ɦɟɬɟɨɫɩɭɬɧɢɤɚ «Ɇɟɬɟɨɪ-Ɇ № 1», ɨɫɧɚɳёɧɧɨɝɨ 
ɤɨɦɩɥɟɤɬɨɦ ɫɤɚɧɟɪɨɜ ɫɪɟɞɧɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. ȼ ɩɥɚɧɚɯ 

Ɋɨɫɤɨɫɦɨɫɚ — ɡɚɩɭɫɤɢ ɧɨɜɵɯ ɄȺ ɫ ɚɩɩɚɪɚɬɭɪɨɣ ɫɴёɦɤɢ Ɂɟɦɥɢ, ɧɚ ɩɪɢɦɟɪɟ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɦɢɧɢ-ɫɩɭɬɧɢɤɚ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ «Ʉɚɧɨɩɭɫ-ȼ», 

ɡɚɩɭɳɟɧɧɨɝɨ ɜ 2012 ɝɨɞɭ.  

ȼ ɪɚɦɤɚɯ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ ɟɞɢɧɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 

ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɢ ɥɢɤɜɢɞɚɰɢɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ (Ɋɋɑɋ) ɤɨɫɦɢɱɟɫɤɚɹ 

ɢɧɮɨɪɦɚɰɢɹ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɮɚɤɬɟ ɑɋ ɜ 

ɰɟɥɹɯ ɨɰɟɧɤɢ ɢ ɫɧɢɠɟɧɢɹ ɭɳɟɪɛɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɥɢɤɜɢɞɚɰɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɑɋ. 



11 
 

ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɩɥɚɧɚɦɢ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɨɬɟɱɟɫɬɜɟɧɧɨɣ 

ɫɢɫɬɟɦɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ Ɂɟɦɥɢ, ɜɤɥɸɱɚɹ ɨɪɛɢɬɚɥɶɧɵɣ ɢ ɧɚɡɟɦɧɵɣ 

ɫɟɝɦɟɧɬɵ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɋɄɆ ɑɋ, ɧɚɡɟɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɨɛɪɚɛɨɬɤɢ, 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. 

 

Ɋɨɫɫɢɣɫɤɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ 

 

Ƚɟɨɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-

ɭɩɪɚɜɥɹɸɳɟɣ ɫɢɫɬɟɦɵ (Ƚɂɋ), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɥɨɜɚɪɟɦ ɬɟɪɦɢɧɨɜ Ɇɑɋ 

Ɋɨɫɫɢɢ, — ɷɬɨ ɫɪɟɞɫɬɜɨ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɢ ɡɧɚɧɢɣ 

ɤɨɦɩɥɟɤɫɚ ɧɚɭɤ ɨ Ɂɟɦɥɟ: ɫɥɨɠɧɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ 

ɦɨɳɧɭɸ ɨɩɟɪɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ, ɢɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɫɢɫɬɟɦɵ ɜɜɟɞɟɧɢɹ ɛɚɡ 

ɞɚɧɧɵɯ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɤɚɪɬɨɝɪɚɮɢɪɨɜɚɧɢɟ 

ɩɪɢɪɨɞɧɵɯ ɢ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ. Ƚɂɋ ɩɨɡɜɨɥɹɟɬ ɨɬɪɚɛɚɬɵɜɚɬɶ 

ɦɚɫɫɢɜɵ ɩɨɤɨɦɩɨɧɟɧɬɧɨɣ ɝɟɬɟɪɨɝɟɧɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ, ɩɨɞɞɟɪɠɢɜɚɬɶ ɛɚɡɵ ɞɚɧɧɵɯ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ 

ɨɛɴɟɤɬɨɜ, ɜɨɫɩɪɢɧɢɦɚɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 

ɝɟɨɷɤɨɥɨɝɢɱɟɫɤɢɯ ɫɢɬɭɚɰɢɣ, ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɢɚɥɨɝɨɜɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ 

ɩɨɥɶɡɨɜɚɬɟɥɹ, ɛɵɫɬɪɭɸ ɧɚɫɬɪɨɣɤɭ ɫɢɫɬɟɦɵ ɧɚ ɪɟɲɟɧɢɟ ɪɚɡɧɨɝɨ ɪɨɞɚ ɡɚɞɚɱ 

(ɨɰɟɧɤɚ ɫɨɫɬɨɹɧɢɹ ɪɟɫɭɪɫɚ, ɷɤɨɥɨɝɢɱɟɫɤɨɟ ɤɚɪɬɨɝɪɚɮɢɪɨɜɚɧɢɟ, ɩɪɢɧɹɬɢɟ 

ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɪɟɲɟɧɢɣ).  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɞɟɬ ɚɤɬɢɜɧɨɟ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɦɟɠɞɭ Ɇɑɋ Ɋɨɫɫɢɢ ɢ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɤɨɦɩɚɧɢɹɦɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ, ɫ ɰɟɥɶɸ ɜɧɟɞɪɟɧɢɹ 

ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɫɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɜ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɡɚɞɚɱ, 

ɪɟɲɚɟɦɵɯ ɪɚɛɨɬɧɢɤɚɦɢ ɫɥɭɠɛɵ Ɇɑɋ. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɤɨɦɩɚɧɢɢ «ɋɨɜɡɨɧɞ», ɜ 

ɪɚɛɨɬɵ ɫɥɭɠɛ Ɇɑɋ ɭɠɟ ɜɧɟɞɪɟɧɵ ɞɜɟ ɤɪɭɩɧɵɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ Ƚɂɋ 

ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ — Ƚɂɋ «Ʉɨɫɦɨɩɥɚɧ» ɢ Ƚɂɋ 

«Ʉɚɫɤɚɞ».  

Ƚɂɋ «Ʉɨɫɦɨɩɥɚɧ» — ɫɢɫɬɟɦɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɝɪɭɩɩɨɣ ɤɨɦɩɚɧɢɣ 

«ɋɄȺɇɗɄɋ», ɪɟɲɚɸɳɚɹ ɡɚɞɚɱɭ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɑɋ, 
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ɷɤɫɬɪɟɧɧɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ, ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɛɨɬ ɩɨ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɸ, ɨɰɟɧɤɢ 

ɧɚɧɟɫɟɧɧɨɝɨ ɭɳɟɪɛɚ ɢ ɬ.ɞ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɚɤɠɟ ɩɪɟɞɴɹɜɥɹɥɢɫɶ ɫɥɟɞɭɸɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ:  

 ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɡɚɝɪɭɡɤɢ ɞɚɧɧɵɯ; 

 ɦɟɬɨɞɨɥɨɝɢɹ ɢ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ ɞɥɹ ɞɟɲɢɮɪɢɪɨɜɚɧɢɹ ɨɛɫɬɚɧɨɜɤɢ ɜ 

ɡɨɧɟ ɑɋ ɩɨ ɤɨɫɦɢɱɟɫɤɢɦ ɫɧɢɦɤɚɦ; 

 ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɬɱɟɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ («ɫɢɬɭɚɰɢɨɧɧɵɯ ɤɚɪɬ»); 

 ɛɚɡɨɜɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɨɩɨɪɭ ɜ ɜɢɞɟ ɜɵɫɨɤɨɞɟɬɚɥɶɧɨɝɨ ɢ 

ɚɤɬɭɚɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢɡ ɤɨɫɦɨɫɧɢɦɤɨɜ, ɤɚɪɬɨɝɪɚɮɢɱɟɫɤɢɯ ɢ 
ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ; 

 ɢɧɬɟɝɪɚɰɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɞɚɧɧɵɯ (ɤɚɞɚɫɬɪ, 

ɜɧɭɬɪɢɜɟɞɨɦɫɬɜɟɧɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ). 

ȼ ɯɨɞɟ ɪɚɡɪɚɛɨɬɤɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɫɥɟɞɭɸɳɢɟ 

ɪɟɡɭɥɶɬɚɬɵ: 

 ɭɜɟɥɢɱɟɧɢɟ ɨɩɟɪɚɬɢɜɧɨɫɬɢ ɢ ɩɨɥɧɨɬɵ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɨɬɱɟɬɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɫɨ ɫɬɨɪɨɧɵ ɫɩɟɰɢɚɥɢɫɬɨɜ 

ɍɩɪɚɜɥɟɧɢɹ ɩɨ ɤɨɫɦɢɱɟɫɤɨɦɭ ɦɨɧɢɬɨɪɢɧɝɭ ɨ ɧɚɥɢɱɢɢ ɬɪɟɛɭɟɦɵɯ 

ɤɨɫɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ; 

 ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ ɫɢɫɬɟɦɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ Ɇɑɋ; 

 ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɨɞɭɤɬɨɜ ɤɨɫɦɨɫɴɟɦɤɢ ɡɚ ɫɱɟɬ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɨɛɪɚɛɨɬɤɢ ɢ ɧɚɥɢɱɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɪɚɛɨɬɵ ɫ 

ɞɚɧɧɵɦɢ; 

 ɫɨɡɞɚɧɢɟ ɤɚɬɚɥɨɝɚ ɫɢɬɭɚɰɢɨɧɧɵɯ ɤɚɪɬ ɢ ɦɟɬɨɞɢɤɢ ɚɧɚɥɢɡɚ 

ɨɛɫɬɚɧɨɜɤɢ ɜ ɡɨɧɟ ɑɋ; 

 ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɬɱɟɬɧɵɯ ɞɨɤɭɦɟɧɬɨɜ 

ɩɨ ɞɚɧɧɵɦ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ; 

 ɫɨɡɞɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ 3D-ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɥɹ ɨɰɟɧɤɢ ɫɢɬɭɚɰɢɢ ɜ ɡɨɧɟ 

ɑɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɬɨɱɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɟɥɶɟɮɟ 

ɦɟɫɬɧɨɫɬɢ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɤɨɫɦɢɱɟɫɤɨɣ ɫɴɟɦɤɢ. 
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Ƚɂɋ «Ʉɨɫɦɨɩɥɚɧ» ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ: 

1. ɉɨɞɫɢɫɬɟɦɚ ɩɨɞɝɨɬɨɜɤɢ ɞɚɧɧɵɯ ɨɬɜɟɱɚɟɬ ɡɚ ɨɛɪɚɛɨɬɤɭ ɫɵɪɨɝɨ ɩɨɬɨɤɚ 

ɢɧɮɨɪɦɚɰɢɢ, ɜɤɥɸɱɚɹ ɢɡɜɥɟɱɟɧɢɟ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɮɨɪɦɚɬɟ ɦɟɬɚɞɚɧɧɵɯ ɢ 

ɩɨɞɝɨɬɨɜɤɭ ɞɚɧɧɵɯ ɞɥɹ ɩɭɛɥɢɤɚɰɢɢ ɜ ɩɨɥɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɪɚɡɪɟɲɟɧɢɢ; ɜ 

ɩɨɞɫɢɫɬɟɦɭ ɩɨɫɬɭɩɚɸɬ ɞɚɧɧɵɟ ɢɡ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ — ɫ ɪɨɫɫɢɣɫɤɢɯ 

ɫɩɭɬɧɢɤɨɜ ɩɨ ɥɢɧɢɢ Ɋɨɫɤɨɫɦɨɫɚ, ɫ ɩɪɢɟɦɧɵɯ ɫɬɚɧɰɢɢ ɋɄɆ Ɇɑɋ, ɞɚɧɧɵɟ ɫ 

ɡɚɪɭɛɟɠɧɵɯ ɫɩɭɬɧɢɤɨɜ ɨɬ ɤɨɦɦɟɪɱɟɫɤɢɯ ɩɨɫɬɚɜɳɢɤɨɜ. 

2. ȼɟɛ-ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɧɚ ɛɚɡɟ ɩɥɚɬɮɨɪɦɵ GeoMixer, ɤɨɬɨɪɚɹ 
ɜɤɥɸɱɚɟɬ ɤɚɤ ɨɛɳɢɣ ɮɭɧɤɰɢɨɧɚɥ ɩɨ ɤɚɬɚɥɨɝɢɡɚɰɢɢ, ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɪɚɛɨɬɟ ɫ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɞɚɧɧɵɦɢ, ɬɚɤ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɢɥɨɠɟɧɢɹ, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɡɚɞɚɱɢ ɚɧɚɥɢɡɚ ɨɛɫɬɚɧɨɜɤɢ ɜ ɡɨɧɟ ɑɋ.  

3. ȼɧɟɲɧɢɯ ɩɨɞɤɥɸɱɚɟɦɵɯ ɝɟɨɫɟɪɜɢɫɨɜ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɟɰɢɮɢɤɢ ɫɬɨɹɳɟɣ ɡɚɞɚɱɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɩɬɢɱɟɫɤɢɟ ɢ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɵɟ ɫɧɢɦɤɢ, ɪɚɡɥɢɱɧɨɝɨ 

ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. Ɉɛɪɚɛɨɬɤɚ ɫɧɢɦɤɨɜ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɩɨɫɪɟɞɫɬɜɨɦ ɜɢɡɭɚɥɶɧɨ -

ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɷɤɫɩɟɪɬɧɨɝɨ ɞɟɲɢɮɪɢɪɨɜɚɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ: 

 ɨɪɬɨɮɨɬɨɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɞɚɧɧɵɟ ɫɩɭɬɧɢɤɨɜɨɣ ɫɴɟɦɤɢ ɧɚ 

ɬɟɪɪɢɬɨɪɢɸ ɢɧɬɟɪɟɫɚ; 

 ɜɟɤɬɨɪɧɵɣ ɫɥɨɣ ɪɟɡɭɥɶɬɚɬɨɜ ɞɟɲɢɮɪɢɪɨɜɚɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɪɟɲɟɧɢɹ 

ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɡɚɞɚɱ Ɇɑɋ, ɧɚɩɪɢɦɟɪ, ɨɩɟɪɚɬɢɜɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɩɪɢɪɨɞɧɵɯ 
ɩɨɠɚɪɨɜ, ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɤɨɧɬɪɨɥɹ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɵɯ ɫɟɥɶɯɨɡ ɩɚɥɨɜ, ɭɱɟɬɚ 

ɩɥɨɳɚɞɟɣ ɬɟɪɪɢɬɨɪɢɣ, ɩɨɫɬɪɚɞɚɜɲɢɯ ɨɬ ɩɨɠɚɪɨɜ, ɦɨɧɢɬɨɪɢɧɝɚ ɯɨɞɚ ɩɨɥɨɜɨɞɶɹ 

ɢ ɩɚɜɨɞɤɨɜ ɢ ɬ.ɞ. 

Ƚɂɋ «Ʉɚɫɤɚɞ» — ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ, ɪɚɡɪɚɛɨɬɤɚ ɤɨɬɨɪɨɣ 

ɧɚɱɚɥɚɫɶ ɜ 1993 ɝɨɞɭ ɢɧɠɟɧɟɪɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɤɨɦɩɚɧɢɟɣ «ɂɇɄɈɆ». 

ɋɢɫɬɟɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɭɩɪɚɜɥɟɧɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚ ɛɚɡɟ 
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ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ. ɇɚ ɛɚɡɟ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ «Ʉɚɫɤɚɞ» ɪɚɡɪɚɛɨɬɚɧɵ ɫɢɫɬɟɦɵ ɩɨ ɭɱɟɬɭ ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɛɴɟɤɬɨɜ 

ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ, ɫɢɫɬɟɦɵ ɩɨ ɜɟɞɟɧɢɸ ɨɩɟɪɚɬɢɜɧɨɣ ɨɛɫɬɚɧɨɜɤɢ. ȼ ɩɪɨɝɪɚɦɦɧɨɣ 

ɫɪɟɞɟ ɞɢɚɥɨɝ ɨɩɟɪɚɬɨɪɚ ɢ ɗȼɆ ɨɪɝɚɧɢɡɨɜɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɦɟɧɸ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɢɧɬɟɪɮɟɣɫɚ ɩɪɢɥɨɠɟɧɢɣ (API) ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ Windows. ɗɬɢɦ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɢ ɧɚ ɨɫɜɨɟɧɢɟ ɪɚɛɨɬɵ ɨɩɟɪɚɬɨɪɚ ɫ ɫɢɫɬɟɦɨɣ, 

ɩɨɫɤɨɥɶɤɭ ɷɥɟɦɟɧɬɵ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ (ɦɟɧɸ, ɨɤɧɚ, ɮɨɪɦɵ, ɫɬɚɬɭɫɧɚɹ 
ɫɬɪɨɤɚ, ɥɢɧɟɣɤɢ ɩɪɨɤɪɭɬɤɢ ɢ ɞɪ.) ɹɜɥɹɸɬɫɹ ɨɛɳɟɩɪɢɧɹɬɵɦɢ ɢ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɫɟɦɢ Windows-ɩɪɢɥɨɠɟɧɢɹɦɢ. 

Ƚɂɋ «Ʉɚɫɤɚɞ» ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ: 

 ɨɬɨɛɪɚɠɟɧɢɟ ɤɚɪɬɨɮɨɧɚ ɫ ɨɛɫɬɚɧɨɜɤɨɣ ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ ɦɚɫɲɬɚɛɟ, 

ɥɸɛɨɝɨ ɨɛɴɟɦɚ, ɫɨɫɬɚɜɚ ɨɛɴɟɤɬɨɜ ɢ ɫɥɨɟɜ;  

 ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ, ɢɡɦɟɪɟɧɢɟ ɩɥɨɳɚɞɢ, ɪɚɫɫɬɨɹɧɢɹ, ɭɝɥɨɜ; 

 ɧɚɧɟɫɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɜ ɢɧɬɟɪɚɤɬɢɜɧɨɦ ɪɟɠɢɦɟ ɢɥɢ ɧɚ ɨɫɧɨɜɟ 

ɨɛɪɚɛɨɬɤɢ ɜɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ GPS; 

 ɫɨɡɞɚɧɢɟ, ɞɨɩɨɥɧɟɧɢɟ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɛɢɛɥɢɨɬɟɤɢ ɭɫɥɨɜɧɵɯ 

ɨɛɨɡɧɚɱɟɧɢɣ; 

 ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɩɟɪɚɬɢɜɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɧɚ ɛɭɦɚɠɧɵɯ ɤɚɪɬɚɯ ɫ 

ɩɪɢɜɹɡɤɨɣ ɤ ɪɚɫɩɨɥɨɠɟɧɢɸ ɥɢɫɬɚ ɢɥɢ ɫɤɥɟɣɤɢ ɧɚ ɩɥɨɬɬɟɪɟ; 

 ɩɪɨɢɡɜɟɞɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɜɵɜɨɞɚ ɧɚ ɩɟɱɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ 

ɷɥɟɤɬɪɨɧɧɨɣ ɤɚɪɬɵ ɢ ɨɛɫɬɚɧɨɜɤɢ; 

 ɩɨɥɭɱɟɧɢɟ ɬɟɤɫɬɨɜɨɣ ɢ ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɟ; 

 ɩɨɞɤɥɸɱɟɧɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɚɞɚɱ ɩɨ ɪɚɛɨɬɟ 
ɫ ɤɚɪɬɨɣ ɢ ɨɛɫɬɚɧɨɜɤɨɣ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ Ƚɂɋ «Ʉɚɫɤɚɞ» ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɫɹ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɢ 

ɩɪɨɝɧɨɡɚ ɨɛɫɬɚɧɨɜɤɢ ɩɨ ɩɪɢɪɨɞɧɵɦ ɩɨɠɚɪɚɦ, ɪɚɞɢɚɰɢɨɧɧɨɣ ɢ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɣ 

ɨɛɫɬɚɧɨɜɤɢ, ɫɟɣɫɦɨɞɚɧɧɵɯ ɢ ɞɪɭɝɨɟ. 
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1.2 Ɉɛɡɨɪ ɫɩɨɫɨɛɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ 

 

Ɂɚ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ 

ɤɚɪɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ [8]: ɦɟɬɨɞɵ ɬɟɦɚɬɢɱɟɫɤɨɣ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɦɟɬɨɞ ɥɢɧɟɣɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ, ɦɟɬɨɞ ɨɞɧɨɤɚɧɚɥɶɧɨɝɨ ɩɨɪɨɝɨɜɨɝɨ 

ɚɧɚɥɢɡɚ, ɦɟɬɨɞ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɞɟɤɫɨɜ. Ʉɚɠɞɵɣ ɢɡ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɨɬɥɢɱɚɟɬɫɹ 

ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɨɞɝɨɬɨɜɤɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɢɡɭɱɟɧɢɸ ɬɟɪɪɢɬɨɪɢɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɫɥɨɠɧɨɫɬɢ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ. ɉɨɦɢɦɨ ɦɟɬɨɞɚ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɬɚɤɠɟ ɢɦɟɟɬ ɩɨɧɢɦɚɧɢɟ ɩɪɢɧɰɢɩɚ 

ɦɧɨɝɨɡɨɧɚɥɶɧɨɫɬɢ ɫɴɟɦɤɢ ɢ ɩɪɢɡɧɚɤɨɜ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ ɫɧɢɦɤɚɯ. 

 

ɋɩɟɤɬɪɚɥɶɧɵɟ ɩɪɢɡɧɚɤɢ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

 

Ƚɥɚɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɢɧɮɨɪɦɚɰɢɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɫɦɢɱɟɫɤɨɝɨ 

ɦɨɧɢɬɨɪɢɧɝɚ, ɤɚɤ ɩɪɚɜɢɥɨ ɹɜɥɹɸɬɫɹ ɫɧɢɦɤɢ ɜɢɞɢɦɨɝɨ ɢ ɛɥɢɠɧɟɝɨ 

ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɫɩɟɤɬɪɚ (ɪɢɫɭɧɨɤ 2). Ɍɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɢɧɮɨɪɦɚɰɢɸ ɞɚɸɬ ɫɧɢɦɤɢ ɫɪɟɞɧɟɝɨ ɢ ɞɚɥɶɧɟɝɨ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ.  

 

 

Ɋɢɫɭɧɨɤ 2 — ɒɤɚɥɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ 

 

ɉɪɢɧɰɢɩ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɫɴɟɦɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɞɢɚɩɚɡɨɧɚɯ, ɡɚɩɢɫɶ ɤɨɬɨɪɵɯ ɜɟɞɟɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɤɚɧɚɥɨɜ, ɧɚɡɵɜɚɟɬɫɹ 
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ɦɧɨɝɨɡɨɧɚɥɶɧɨɣ ɫɴɟɦɤɨɣ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɟɣ ɥɭɱɲɟ ɪɚɫɩɨɡɧɚɸɬɫɹ ɧɚ 

ɦɧɨɝɨɡɨɧɚɥɶɧɵɯ ɫɧɢɦɤɚɯ, ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɥɢɱɢɣ ɜ ɫɜɨɢɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɫɜɨɣɫɬɜɚɯ. 

ɋɩɟɤɬɪɚɥɶɧɵɟ ɩɪɢɡɧɚɤɢ ɨɛɴɟɤɬɚ — ɷɬɨ ɫɜɨɣɫɬɜɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 

ɩɨɝɥɨɳɟɧɢɟ, ɩɪɨɩɭɫɤɚɧɢɟ ɢ ɨɬɪɚɠɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɨɩɬɢɱɟɫɤɨɝɨ 

ɞɢɚɩɚɡɨɧɚ ɜ ɞɚɧɧɨɦ ɨɛɴɟɤɬɟ.  

ɋɩɟɤɬɪɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɥɚɞɚɸɬ ɨɝɪɨɦɧɵɦ ɦɧɨɝɨɨɛɪɚɡɢɟɦ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɨɛɴɟɤɬɵ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 

ɬɢɩɚ, ɧɚɩɪɢɦɟɪ, ɝɨɪɧɵɟ ɩɨɪɨɞɵ, ɜɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɫɧɟɝ, ɨɛɥɚɤɚ ɢ ɬ.ɞ., 
ɨɛɥɚɞɚɸɬ ɬɢɩɢɱɧɵɦɢ ɞɥɹ ɷɬɨɝɨ ɤɥɚɫɫɚ ɨɛɴɟɤɬɨɜ ɨɫɨɛɟɧɧɨɫɬɹɦɢ.  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɵ ɹɜɥɹɟɬɫɹ 

ɫɥɨɠɧɵɦ ɩɪɨɰɟɫɫɨɦ. Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɷɬɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɱɢɬɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɩɨɧɹɬɧɵɦɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɞɧɵɯ 

ɨɛɴɟɤɬɨɜ. Ɉɬɪɚɠɟɧɢɟ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɨɬ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɬɪɟɦɹ ɬɢɩɚɦɢ [4]: 

1. ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ (Surface reflectance); 

2. ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɬ ɞɧɚ (Bottom reflectance); 

3. ɨɛɴɟɦɧɚɹ ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ (Volume reflectance). 

ɉɨɦɢɦɨ ɷɬɨɝɨ, ɜɥɢɹɧɢɟ ɬɚɤɠɟ ɨɤɚɡɵɜɚɸɬ ɨɬɪɚɠɟɧɢɟ ɧɟɛɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ 

ɜɨɞɵ ɢ ɪɚɫɫɟɹɧɢɟ ɫɜɟɬɚ ɜ ɚɬɦɨɫɮɟɪɟ [5]. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɨɥɧɟɱɧɵɟ ɥɭɱɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɵ. 

ɑɚɫɬɶ ɫɜɟɬɚ ɨɬ ɫɨɥɧɰɚ ɢ ɧɟɛɚ (ɜɤɥɸɱɚɹ ɨɛɥɚɤɚ) ɨɬɪɚɠɚɟɬɫɹ ɡɞɟɫɶ (ɪɢɫɭɧɨɤ 3). ɗɬɚ 

ɨɬɪɚɠɟɧɧɚɹ ɷɧɟɪɝɢɹ ɧɚɡɵɜɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɨɬɪɚɠɟɧɢɟɦ. ɑɚɫɬɶ ɫɜɟɬɚ 
ɩɨɩɚɞɚɟɬ ɜ ɜɨɞɭ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɦɚɬɟɪɢɟɣ ɜɨɞɵ ɢ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜɜɟɪɯ. ɗɬɨ 

ɧɚɡɵɜɚɟɬɫɹ ɨɛɴɟɦɧɵɦ ɨɬɪɚɠɟɧɢɹ. Ʉɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɨɬɪɚɠɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɤɪɢɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɬɚɤ ɤɚɤ ɬɨɥɶɤɨ ɨɧ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ, 

ɨɬɧɨɫɹɳɭɸɫɹ ɤ ɤɚɱɟɫɬɜɭ ɜɨɞɵ. ɉɪɨɡɪɚɱɧɵɟ ɜɨɞɨɟɦɵ ɢɦɟɸɬ ɨɱɟɧɶ ɦɚɥɵɣ 

ɩɨɤɚɡɚɬɟɥɶ ɨɛɴɟɦɧɨɝɨ ɨɬɪɚɠɟɧɢɹ (6–8 ɩɪɨɰɟɧɬɨɜ), ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɭɬɧɚɹ ɜɨɞɚ 

ɫɩɨɫɨɛɧɚ ɨɬɪɚɠɚɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɢɡɥɭɱɟɧɢɹ.  
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Ɋɢɫɭɧɨɤ 3 — ɋɯɟɦɚ ɨɬɪɚɠɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ. A — 

ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɨɬɪɚɠɟɧɢɟ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, B — ɪɚɫɫɟɹɧɢɟ ɫɜɟɬɚ ɜ 

ɚɬɦɨɫɮɟɪɟ, C — ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɨɬɪɚɠɟɧɢɟ ɧɟɛɚ, D — ɨɛɴɟɦɧɨɟ ɨɬɪɚɠɟɧɢɟ, E — 

ɨɬɪɚɠɟɧɢɟ ɨɬ ɞɧɚ. 
 

ɉɪɢ ɧɚɥɢɱɢɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɢɬɨɩɥɚɧɤɬɨɧɚ, ɧɚɛɥɸɞɚɟɬɫɹ 

ɩɨɧɢɠɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɣ ɹɪɤɨɫɬɢ ɜ ɫɢɧɟɣ (~0,4 ɦɤɦ) ɢ ɤɪɚɫɧɨɣ (0,64–0,69 ɦɤɦ) 

ɱɚɫɬɹɯ ɞɢɚɩɚɡɨɧɚ, ɬ.ɟ. ɜ ɩɨɥɨɫɚɯ ɩɨɝɥɨɳɟɧɢɹ ɯɥɨɪɨɮɢɥɥɚ. ȼ ɦɟɥɤɨɣ ɩɪɨɡɪɚɱɧɨɣ 

ɜɨɞɟ ɱɚɫɬɶ ɫɜɟɬɚ ɦɨɠɟɬ ɩɪɨɯɨɞɢɬɶ ɫɤɜɨɡɶ ɜɨɞɭ ɢ ɞɨɫɬɢɝɚɬɶ ɞɧɚ, ɝɞɟ ɨɧɚ ɦɨɠɟɬ 

ɨɬɪɚɠɚɬɶɫɹ ɧɚɡɚɞ. Ʌɭɱɢ, ɩɪɨɯɨɞɹɳɢɟ ɞɨ ɞɧɚ ɢ ɨɬɪɚɠɚɸɳɢɟɫɹ ɨɛɪɚɬɧɨ, ɹɜɥɹɸɬɫɹ 

ɧɟɠɟɥɚɬɟɥɶɧɵɦɢ ɲɭɦɚɦɢ ɜ ɫɢɫɬɟɦɟ, ɤɪɨɦɟ ɫɥɭɱɚɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɧɚ ɜɨɞɨɟɦɚ.  

Ɉɬɪɚɠɟɧɢɟ ɤɚɠɞɨɝɨ ɬɢɩɚ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ ɢɡɥɭɱɟɧɢɹ. ɇɚɩɪɢɦɟɪ, 

ɤɨɪɨɬɤɢɟ ɞɥɢɧɵ ɜɨɥɧ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɢɧɟɦɭ ɰɜɟɬɭ, ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ 

ɨɬɪɚɠɚɸɬɫɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɢɡɥɭɱɟɧɢɟ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɡɟɥɟɧɨɦɭ ɰɜɟɬɭ, ɛɨɥɶɲɟ ɜɫɟɝɨ ɩɪɨɧɢɤɚɟɬ ɜ ɬɨɥɳɭ ɜɨɞɵ. ɉɪɢ 

ɢɡɭɱɟɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɛɥɢɠɧɢɣ ɢ ɫɪɟɞɧɢɣ 
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ɢɧɮɪɚɤɪɚɫɧɵɣ ɫɩɟɤɬɪɵ, ɬ.ɤ. ɨɧɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɩɨɝɥɨɳɚɸɬɫɹ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɟɧɤɨɣ ɜɨɞɵ [6].  

 

Ⱦɟɬɟɤɬɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɨɜ ɫ ɩɨɦɨɳɶɸ ɬɟɦɚɬɢɱɟɫɤɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫ 
ɨɛɭɱɟɧɢɟɦ 

 

Ⱦɥɹ ɨɛɴɟɤɬɢɜɧɨɝɨ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɦɧɨɝɨɡɨɧɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ 

ɩɪɢɦɟɧɹɟɬɫɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɢɤɫɟɥɟɣ ɢɡɨɛɪɚɠɟɧɢɹ ɦɟɬɨɞɚɦɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ 
ɪɚɦɤɚɯ ɬɟɨɪɢɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼɨ ɜɫɟɯ ɩɚɤɟɬɚɯ ɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 

ɡɨɧɞɢɪɨɜɚɧɢɹ ɢɦɟɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɛɨɪ ɬɚɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɬɨɥɶɤɨ ɞɟɬɚɥɹɦɢ ɪɟɚɥɢɡɚɰɢɢ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ — ɷɬɨ ɩɪɨɰɟɫɫ ɩɪɢɩɢɫɵɜɚɧɢɹ ɤɚɠɞɨɦɭ ɩɢɤɫɟɥɸ 

ɢɡɨɛɪɚɠɟɧɢɹ ɢɧɞɟɤɫɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɧɟɤɨɬɨɪɨɣ ɤɚɬɟɝɨɪɢɢ (ɤɥɚɫɫɭ) ɨɛɴɟɤɬɨɜ 

ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ, ɥɟɫɚ, ɫ/ɯ ɤɭɥɶɬɭɪɵ, ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ 

ɡɚɫɬɪɨɣɤɢ ɢ ɬ.ɩ.).  

ȼ ɨɛɳɟɦ ɜɢɞɟ ɛɨɥɶɲɢɧɫɬɜɨ ɚɥɝɨɪɢɬɦɨɜ ɬɟɦɚɬɢɱɟɫɤɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɤɚɠɞɵɣ ɩɢɤɫɟɥɶ ɤɚɤ n-ɦɟɪɧɵɣ ɜɟɤɬɨɪɧɵɣ ɨɛɪɚɡ ⃗ݔ = ሺݔଵ, … ,  ,𝑛ሻݔ

ɫɨɫɬɨɹɳɢɣ ɢɡ ɡɧɚɱɟɧɢɣ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɹ ɜ ɤɚɠɞɨɦ ɤɚɧɚɥɟ ɢɡɨɛɪɚɠɟɧɢɹ [7].  

ɋɨɜɨɤɭɩɧɨɫɬɢ ɜɫɟɯ ɜɟɤɬɨɪɨɜ-ɨɛɪɚɡɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɸɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɩɪɢɡɧɚɤɨɜ.  

Ɂɚɞɚɱɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɛɢɟɧɢɢ ɩɪɢɡɧɚɤɨɜɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɚ ɨɛɥɚɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɡɥɢɱɧɵɦ ɬɟɦɚɬɢɱɟɫɤɢɦ 

ɤɚɬɟɝɨɪɢɹɦ (ɤɥɚɫɫɚɦ) ɨɛɴɟɤɬɨɜ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɨ ɟɫɬɶ ɩɨ ɤɚɠɞɨɦɭ 

ɢɡɦɟɪɟɧɢɸ ɤɥɚɫɫɚɦ ɛɭɞɭɬ ɫɨɩɨɫɬɚɜɥɟɧɵ ɨɩɪɟɞɟɥɟɧɧɵɟ ɢɧɬɟɪɜɚɥɵ ɡɧɚɱɟɧɢɣ, 

ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɞɥɹ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɧɨɬɵ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɬɟɨɪɢɢ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ ɜɵɞɟɥɹɸɬ ɞɜɚ ɩɨɞɯɨɞɚ ɤ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ: ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫ ɨɛɭɱɟɧɢɟɦ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɛɟɡ ɨɛɭɱɟɧɢɹ. ȼ 

ɦɟɬɨɞɨɥɨɝɢɢ ɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɷɬɢ ɦɟɬɨɞɵ ɧɚɡɵɜɚɸɬ, 
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ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɧɬɪɨɥɢɪɭɟɦɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ (supervised classification) ɢ 

ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ (unsupervised classification). 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɫ ɨɛɭɱɟɧɢɟɦ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɧɮɨɪɦɚɰɢɢ 

ɫɥɢɲɤɨɦ ɦɧɨɝɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɫɤɨɥɶɤɨ ɜɫɟɝɨ ɤɥɚɫɫɨɜ ɦɨɠɧɨ 

ɜɵɞɟɥɢɬɶ ɧɚ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɨɛɴɟɦɟ ɞɚɧɧɵɯ. ɉɨɷɬɨɦɭ ɩɪɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɜɵɛɢɪɚɸɬɫɹ ɬɨɥɶɤɨ ɬɟ ɤɥɚɫɫɵ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɭɬ ɤ ɪɟɲɟɧɢɸ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɡɚɞɚɱɢ. ɗɬɨ ɞɟɥɚɟɬɫɹ ɩɭɬɟɦ ɭɤɚɡɚɧɢɹ ɢɯ ɬɢɩɢɱɧɵɯ ɩɪɢɡɧɚɤɨɜ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɰɟɞɭɪɵ ɨɛɭɱɟɧɢɹ. Ɋɚɫɩɨɡɧɚɜɚɧɢɟ ɛɟɡ ɨɛɭɱɟɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɧɨ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɤɥɚɫɫɨɜ ɢ ɬɢɩɢɱɧɵɟ ɞɥɹ 

ɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɨɜ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɫɩɟɰɢɚɥɢɫɬɵ, ɪɚɛɨɬɚɸɳɢɟ ɫ ɞɚɧɧɵɦɢ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ ɜ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɤɥɚɞɧɵɯ ɨɛɥɚɫɬɹɯ, ɢɦɟɸɬ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɫɪɟɞɫɬɜɚɯ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɧɨɝɨɫɥɨɣɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɱɚɫɬɨ  

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ ɦɟɬɨɞɨɜ ɨɤɚɡɵɜɚɟɬɫɹ ɦɚɥɨ ɷɮɮɟɤɬɢɜɧɵɦ. ɉɨɥɭɱɟɧɢɟ ɬɨɱɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɬɪɟɛɭɟɬ ɝɪɚɦɨɬɧɨ ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ 

ɤɨɧɤɪɟɬɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɬɳɚɬɟɥɶɧɨɣ 

ɩɨɞɝɨɬɨɜɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

 

Ⱦɟɬɟɤɬɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɨɜ ɦɟɬɨɞɨɦ ɥɢɧɟɣɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ 

 

ɇɚ ɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ, ɩɪɢɦɟɧɹɟɬɫɹ 

ɦɟɬɨɞ ɥɢɧɟɣɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɡɚɞɚɱɚ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ — 

ɪɚɡɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɧɟɤɨɬɨɪɨɝɨ ɦɧɨɠɟɫɬɜɚ ɧɚ ɞɜɚ ɤɥɚɫɫɚ.  

Ⱦɚɧɧɚɹ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɫɬɪɨɟɧɢɸ ɥɢɧɟɣɧɨɝɨ ɪɟɲɚɸɳɟɝɨ ɩɪɚɜɢɥɚ, ɬɨ 

ɟɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɬɚɤɨɝɨ ɜɟɤɬɨɪɚ ɜɟɫɨɜ ݓ = ሺݓ଴ , … , ଴ݓ 𝑛ሻ, ɝɞɟݓ  — ɩɨɪɨɝɨɜɨɟ 

ɡɧɚɱɟɧɢɟ, ɱɬɨ ɩɪɢ ɡɧɚɱɟɧɢɢ ɮɭɧɤɰɢɢ ݕ = ݂ሺݑሻ > Ͳ, ݑ =  ɨɬɧɨɫɢɬɫɹ ݔ ɜɟɤɬɨɪ ,ݔݓ

ɤ ɩɟɪɜɨɦɭ ɤɥɚɫɫɭ, ɚ ɩɪɢ ݕ = ݂ሺݑሻ ≤ Ͳ — ɤɨ ɜɬɨɪɨɦɭ. 
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ɉɪɨɫɬɟɣɲɢɦ ɫɩɨɫɨɛɨɦ ɩɨɫɬɪɨɟɧɢɹ ɪɟɲɚɸɳɟɝɨ ɩɪɚɜɢɥɚ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 

ɪɚɡɞɟɥɟɧɢɹ ɰɟɧɬɪɨɜ ɦɚɫɫ. ȼ ɷɬɨɦ ɦɟɬɨɞɟ ɧɚɱɚɥɶɧɵɣ ɜɟɤɬɨɪ ɜɟɫɨɜ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

ݓ  = ∑ ௫೔ೖ೔=1 −∑ ௬ೕ೗ೕ=1௞+௟ ,                                                                                     (1) 

 

ɝɞɟ ɜɟɤɬɨɪɵ ݔ௜  — ɜɟɤɬɨɪɵ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ, ɚ ɜɟɤɬɨɪɵ ݕ௝ — ɜɬɨɪɨɝɨ [9]. 

Ʌɢɧɟɣɧɵɟ ɪɟɲɚɸɳɢɟ ɩɪɚɜɢɥɚ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɞɟɥɟɧɢɹ 

ɰɟɧɬɪɨɜ ɦɚɫɫ, ɦɨɝɭɬ ɛɵɬɶ ɧɟɬɨɱɧɵɦɢ ɧɚ ɩɪɢɦɟɪɚɯ ɢɡ ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ ɞɚɠɟ 

ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɡɜɟɫɬɧɨ ɢɯ ɥɢɧɟɣɧɨɟ ɪɚɡɞɟɥɟɧɢɟ. Ɉɞɧɚɤɨ ɦɟɬɨɞ ɰɟɧɬɪɨɜ 

ɦɚɫɫ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɟɫɨɜɨɝɨ ɜɟɤɬɨɪɚ.  
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɥɢɧɟɣɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɭɱɟɬɟ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨɞɵ ɜ ɪɚɡɥɢɱɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɫɩɭɬɧɢɤɨɜɵɯ ɫɧɢɦɤɨɜ. Ⱦɚɧɧɵɣ 

ɦɟɬɨɞ ɬɪɟɛɭɟɬ ɨɛɴɟɦɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɟɬɨɱɧɵɦ ɩɪɢ 

ɩɨɫɬɪɨɟɧɢɢ ɥɢɧɟɣɧɨɝɨ ɪɟɲɚɸɳɟɝɨ ɩɪɚɜɢɥɚ, ɱɬɨ ɩɨɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɚɧɚɥɢɡɚ ɢ ɧɚɫɬɪɨɣɤɢ.  

 

Ⱦɟɬɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɨɦ ɨɞɧɨɤɚɧɚɥɶɧɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɚɧɚɥɢɡɚ  

 

ɋɟɝɦɟɧɬɚɰɢɹ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɪɚɡɞɟɥɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɨɛɥɚɫɬɢ (ɥɢɛɨ 

ɤɨɧɬɭɪɵ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɛɴɟɤɬɚɦ. ɇɚɢɛɨɥɟɟ ɥɨɝɢɱɧɵɣ ɫɩɨɫɨɛ ɨɛɴɟɞɢɧɟɧɢɹ 

ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ ɜ ɨɞɢɧ ɫɟɝɦɟɧɬ — ɨɩɪɟɞɟɥɟɧɢɟ ɨɛɳɢɯ ɫɜɨɣɫɬɜ. ɂɥɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɤɨɧɬɭɪɨɜ ɫ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɥɢɱɢɣ ɦɟɠɞɭ ɨɛɥɚɫɬɹɦɢ 

(ɤɪɚɹɦɢ ɨɛɥɚɫɬɢ). 

ɋɚɦɨɟ ɩɪɨɫɬɨɟ ɫɜɨɣɫɬɜɨ, ɩɨ ɤɨɬɨɪɨɦɭ ɦɨɝɭɬ ɞɟɥɢɬɶɫɹ ɩɢɤɫɟɥɢ ɜ ɧɟɤɨɬɨɪɨɣ 
ɨɛɥɚɫɬɢ — ɷɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɬɟɫɬɜɟɧɧɵɣ ɫɩɨɫɨɛ 

ɫɟɝɦɟɧɬɢɪɨɜɚɬɶ ɬɚɤɢɟ ɨɛɥɚɫɬɢ ɱɟɪɟɡ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ. ɉɨɪɨɝ ɝɟɧɟɪɢɪɭɟɬ 

ɞɜɨɢɱɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɪɢɫɜɚɢɜɚɹ ɜɫɟɦ ɩɢɤɫɟɥɹɦ ɧɢɠɟ ɧɟɤɨɬɨɪɨɝɨ ɩɨɪɨɝɚ 
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ɡɧɚɱɟɧɢɟ, ɪɚɜɧɨɟ ɧɭɥɸ, ɚ ɩɢɤɫɟɥɹɦ ɜɵɲɟ ɷɬɨɝɨ ɩɨɪɨɝɚ ɟɞɢɧɢɰɭ (ɪɚɡɞɟɥɟɧɢɟ 

ɩɢɤɫɟɥɟɣ ɧɚ ɝɪɚɧɢɰɟ ɩɨɪɨɝɚ ɧɟ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟɬ 

ɩɪɨɬɢɜɨɪɟɱɢɹ) [10].  

Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɩɨɪɨɝɨɜɨɝɨ ɚɧɚɥɢɡɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɠɞɭ 

ɩɢɤɫɟɥɹɦɢ ɢ ɤɚɧɚɥɚɦɢ ɢɡɨɛɪɚɠɟɧɢɹ. ɇɟɬ ɧɢɤɚɤɨɣ ɝɚɪɚɧɬɢɢ, ɱɬɨ ɩɢɤɫɟɥɢ, 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɩɪɨɰɟɫɫɨɦ ɩɨɪɨɝɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɹɜɥɹɸɬɫɹ ɫɦɟɠɧɵɦɢ. 

Ɍɚɤɨɣ ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɥɟɝɤɨ ɜɤɥɸɱɢɬɶ ɩɨɫɬɨɪɨɧɧɢɟ ɩɢɤɫɟɥɢ, ɤɨɬɨɪɵɟ ɧɟ 
ɹɜɥɹɸɬɫɹ ɱɚɫɬɶɸ ɞɟɬɟɤɬɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ, ɚ ɬɚɤɠɟ ɩɪɨɩɭɫɬɢɬɶ ɧɟɤɨɬɨɪɵɟ ɩɢɤɫɟɥɢ 

ɜɧɭɬɪɢ ɨɩɪɟɞɟɥɹɟɦɨɣ ɨɛɥɚɫɬɢ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɲɭɦɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɷɬɢ 

ɷɮɮɟɤɬɵ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɛɨɥɶɲɟɣ ɦɟɪɟ, ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɨɜɵɲɚɟɬɫɹ 

ɜɟɪɨɹɬɧɨɫɬɶ ɧɟɩɪɚɜɢɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɚɠɟ ɜɧɭɬɪɢ 

ɨɩɪɟɞɟɥɹɟɦɨɣ ɨɛɥɚɫɬɢ. ɉɪɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɩɨɪɨɝɚ ɡɚɱɚɫɬɭɸ ɥɢɛɨ ɬɟɪɹɟɬɫɹ 

ɦɧɨɝɨ ɩɢɤɫɟɥɟɣ ɞɟɬɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɥɢɛɨ ɜ ɧɟɝɨ ɜɤɥɸɱɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 

ɩɨɫɬɨɪɨɧɧɢɯ ɩɢɤɫɟɥɟɣ. 

Ⱦɪɭɝɨɣ ɩɪɨɛɥɟɦɨɣ ɹɜɥɹɸɬɫɹ ɭɱɚɫɬɤɢ ɫɜɟɬɚ ɢ ɬɟɧɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ. ɇɟɤɨɬɨɪɵɟ ɱɚɫɬɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɨɛɥɚɫɬɢ ɛɭɞɭɬ ɹɪɱɟ ɢɥɢ ɬɟɦɧɟɟ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɜɟɳɟɧɧɨɫɬɢ ɭɱɚɫɬɤɚ. Ɋɟɲɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɟɬ 

ɹɜɥɹɬɶɫɹ ɧɚɥɢɱɢɟ ɦɚɫɫɢɜɚ ɥɨɤɚɥɶɧɵɯ ɩɨɪɨɝɨɜɵɯ ɡɧɚɱɟɧɢɣ, ɜɡɚɦɟɧ ɨɞɧɨɝɨ 

ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɪɨɝɚ, ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɢɡɨɛɪɚɠɟɧɢɹ.  

Ɇɟɬɨɞ ɨɞɧɨɤɚɧɚɥɶɧɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɚɧɚɥɢɡɚ ɢɦɟɟɬ ɫɜɨɢ ɩɥɸɫɵ ɩɪɢ ɟɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ ɞɟɲɢɮɪɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ƚɟɧɟɪɚɰɢɹ 
ɞɜɨɢɱɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɜɨɞɵ ɫ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɫɧɢɦɤɚ, ɬɪɟɛɭɹ ɞɥɹ ɷɬɨɝɨ ɦɢɧɢɦɭɦ ɜɵɱɢɫɥɟɧɢɣ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɞɚɧɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɟɷɮɮɟɤɬɢɜɧɵɦ ɢɡ-ɡɚ 

ɨɬɫɭɬɫɬɜɢɹ ɭɱɟɬɚ ɫɜɹɡɟɣ ɦɟɠɞɭ ɩɢɤɫɟɥɹɦɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢɧɰɢɩɚ 

ɦɧɨɝɨɡɨɧɚɥɶɧɨɣ ɫɴɟɦɤɢ.  

 

 

 



22 
 

Ⱦɟɬɟɤɬɢɪɨɜɚɧɢɟ ɜɨɞɵ ɦɟɬɨɞɨɦ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɞɟɤɫɨɜ 

 

Ɂɚ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɦɧɨɝɨɤɚɧɚɥɶɧɵɟ 

ɫɩɟɤɬɪɚɥɶɧɵɟ ɢɧɞɟɤɫɵ, ɜ ɫɢɥɭ ɩɪɨɫɬɨɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɜɵɱɢɫɥɟɧɢɣ, ɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɜɨɟɣ ɪɚɛɨɬɵ. ɋɩɟɤɬɪɚɥɶɧɵɣ ɢɧɞɟɤɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɱɢɫɥɨ, 

ɩɨɥɭɱɟɧɧɨɟ ɩɭɬɟɦ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ (ɧɚɩɪɢɦɟɪ, ɨɬɧɨɲɟɧɢɟ, ɫɭɦɦɚ, 

ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɪɚɡɧɨɫɬɶ) ɧɚɞ ɡɧɚɱɟɧɢɹɦɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ 

ɫɩɟɤɬɪɚɥɶɧɵɯ ɞɢɚɩɚɡɨɧɨɜ. Ɇɟɬɨɞ ɢɦɟɟɬ ɫɯɨɠɟɫɬɶ ɫ ɨɞɧɨɤɚɧɚɥɶɧɵɦ ɩɨɪɨɝɨɜɵɦ 
ɚɧɚɥɢɡɨɦ, ɨɞɧɚɤɨ ɜɦɟɫɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɫɟɥɹ ɜ ɨɞɧɨɦ ɤɚɧɚɥɟ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɛɟɪɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɢɧɞɟɤɫɚ, ɭɱɢɬɵɜɚɸɳɟɟ 

ɫɜɹɡɢ ɦɟɠɞɭ ɞɜɭɦɹ ɢɥɢ ɛɨɥɟɟ ɞɢɚɩɚɡɨɧɚɦɢ ɫɧɢɦɤɚ.  ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɞɟɤɫɨɜ ɨɛɭɫɥɨɜɥɟɧɚ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɬɪɚɠɟɧɢɹ ɢ 

ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɧɚ ɫɧɢɦɤɟ, 

ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɬɨɪɵɯ ɜɵɜɟɞɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢ.  

Ⱦɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɩɨɥɭɱɢɥɢ NDWI — Normalized Difference Water Index (ɜɨɞɧɵɣ ɢɧɞɟɤɫ 

ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ), NDSI — Normalized Difference Snow Index (ɫɧɟɠɧɵɣ 

ɢɧɞɟɤɫ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ), ɚ ɬɚɤɠɟ NDVI — Normalized Difference 

Vegetation Index (ɜɟɝɟɬɚɰɢɨɧɧɵɣ ɢɧɞɟɤɫ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ).  

ȼɩɟɪɜɵɟ ɨ ɜɨɞɧɵɯ ɢɧɞɟɤɫɚɯ ɭɫɥɵɲɚɥɢ ɜ 1996 ɝɨɞɭ, ɤɨɝɞɚ Stuart K. 

Mcfeeters ɩɪɟɞɫɬɚɜɢɥ NDWI — Normalized Difference Water Index (ɜɨɞɧɵɣ 

ɢɧɞɟɤɫ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɫ 
ɩɨɦɨɳɶɸ ɡɟɥɟɧɨɝɨ (band 2) ɢ ɛɥɢɠɧɟɝɨ ɢɧɮɪɚɤɪɚɫɧɨɝɨ (band 4) ɤɚɧɚɥɚ Landsat 

TM.  S.K. Mcfeeters (1996) ɩɪɟɞɥɨɠɢɥ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ, ɪɚɜɧɨɟ ɧɭɥɸ, ɞɥɹ 

ɢɡɜɥɟɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɫ ɤɨɫɦɢɱɟɫɤɢɯ ɫɧɢɦɤɨɜ ɨ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞɚɯ, 

ɢɫɩɨɥɶɡɭɹ ɢɫɯɨɞɧɵɟ ɰɢɮɪɨɜɵɟ ɞɚɧɧɵɟ Landsat. ȼɫɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, 

ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ NDWI, ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ 

ɨɬɪɢɰɚɬɟɥɶɧɵɟ — ɜ ɤɚɱɟɫɬɜɟ ɧɟɜɨɞɧɨɣ [11]: 
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𝑁𝐷ܹ𝐼 = 𝑏𝑔𝑟೐೐𝑛−𝑏𝑁𝐼ೃ𝑏𝑔𝑟೐೐𝑛+𝑏𝑁𝐼ೃ ,                                                                                         (2) 

 

ɝɞɟ 𝑔ܾ𝑟௘௘𝑛  ɢ ܾ𝑁𝐼ோ  — ɡɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɫɟɥɚ ɜ ɡɟɥɟɧɨɦ ɢ ɛɥɢɠɧɟɦ 

ɢɧɮɪɚɤɪɚɫɧɨɦ (0,845–0,885 ɦɤɦ) ɤɚɧɚɥɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
NDWI ɹɜɥɹɟɬɫɹ ɨɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɜɨɞɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɨɛɥɚɫɬɹɦɢ ɩɪɢɦɟɧɟɧɢɹ, ɜɤɥɸɱɚɹ ɨɬɨɛɪɚɠɟɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ, ɡɟɦɥɟɩɨɥɶɡɨɜɚɧɢɟ ɢ ɢɡɦɟɧɟɧɢɟ ɩɨɤɪɨɜɚ, ɚɧɚɥɢɡ ɩɟɫɤɚ ɢ 

ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ⱦɪɭɝɨɣ ɧɟ ɪɟɞɤɨ ɩɪɢɦɟɧɹɸɳɢɣɫɹ ɢɧɞɟɤɫ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ 

ɨɛɴɟɤɬɨɜ — NDVI (Normalized Difference Vegetation Index) — ɜɟɝɟɬɚɰɢɨɧɧɵɣ 

ɢɧɞɟɤɫ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ — ɷɬɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɣ ɢɧɞɟɤɫ, 

ɩɨɤɚɡɵɜɚɸɳɢɣ ɧɚɥɢɱɢɟ ɢ ɫɨɫɬɨɹɧɢɟ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ (ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɛɢɨɦɚɫɫɭ). 
Ɉɞɢɧ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɧɞɟɤɫɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɨɰɟɧɤɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ. ȼɵɱɢɫɥɹɟɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

 𝑁𝐷ܸ𝐼 =  𝑏𝑁𝐼ೃ−𝑏𝑟೐೏𝑏𝑁𝐼ೃ+𝑏𝑟೐೏,                                                                                             (3) 

 

ɝɞɟ ܾ𝑁𝐼ோ  ɢ 𝑟ܾ௘ௗ  — ɡɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɩɢɤɫɟɥɹ ɜ ɛɥɢɠɧɟɦ 

ɢɧɮɪɚɤɪɚɫɧɨɦ (0,845–0,885 ɦɤɦ) ɢ ɤɪɚɫɧɨɦ ɤɚɧɚɥɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ȼɥɚɝɨɞɚɪɹ ɨɫɨɛɟɧɧɨɫɬɹɦ ɫɩɟɤɬɪɚɥɶɧɵɯ ɞɢɚɩɚɡɨɧɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɜ 

NDVI, ɡɧɚɱɟɧɢɹ ɢɧɞɟɤɫɚ ɢɦɟɸɬ ɭɫɬɨɣɱɢɜɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɴɟɤɬɨɜ, ɧɟ ɫɜɹɡɚɧɧɵɯ 
ɫ ɪɚɫɬɢɬɟɥɶɧɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɞɥɹ ɢɯ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ. Ɂɧɚɱɟɧɢɹ NDVI ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɞɥɹ ɜɨɞɵ, ɫɧɟɝɚ ɢ ɥɶɞɚ, ɦɟɧɟɟ −0,2 ɞɥɹ ɜɨɞɵ ɢ ɦɚɥɵɟ ɡɧɚɱɟɧɢɹ ɧɢɠɟ ɧɭɥɹ ɞɥɹ 

ɫɧɟɝɚ ɢ ɥɶɞɚ. 

NDSI (Normalized difference snow index) — ɫɧɟɠɧɵɣ ɢɧɞɟɤɫ 

ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ — ɩɨɤɚɡɚɬɟɥɶ ɩɨɤɪɵɬɢɹ ɬɟɪɪɢɬɨɪɢɢ ɫɧɟɝɨɦ, 
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ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɫɧɟɝɚ ɧɚ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɞɚɧɧɵɦ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ. ɉɨɡɜɨɥɹɟɬ ɪɚɡɥɢɱɚɬɶ ɧɚ ɤɨɫɦɢɱɟɫɤɢɯ 

ɫɧɢɦɤɚɯ ɡɚɫɧɟɠɟɧɧɵɟ ɬɟɪɪɢɬɨɪɢɢ ɨɬ ɨɛɥɚɤɨɜ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɢɧɞɟɤɫɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɡɧɚɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɹɪɤɨɫɬɢ ɜ ɡɟɥɟɧɨɦ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɪɟɞɧɟɦ ɢɧɮɪɚɤɪɚɫɧɨɦ 

(1,6 ɦɤɦ) ɞɢɚɩɚɡɨɧɚɯ ɫɩɟɤɬɪɚ. NDSI ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [12]: 

 𝑁𝐷𝑆𝐼 = 𝑏𝑔𝑟೐೐𝑛−𝑏ೄ𝑊𝐼ೃ𝑏𝑔𝑟೐೐𝑛+𝑏ೄ𝑊𝐼ೃ,                                                                                            (4) 

 

ɝɞɟ ܾ 𝑔𝑟௘௘𝑛  — ɨɬɪɚɠɟɧɢɟ ɜ ɡɟɥёɧɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ, ܾ ௌௐ𝐼ோ  — ɨɬɪɚɠɟɧɢɟ ɜ ɫɪɟɞɧɟɣ 

ɢɧɮɪɚɤɪɚɫɧɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ (1,6 ɦɤɦ).  

ɉɨɦɢɦɨ ɫɪɟɞɧɟɝɨ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 1,6 ɦɤɦ 

(SWIR), ɩɨ ɦɟɪɟ ɪɚɡɜɢɬɢɹ ɞɚɬɱɢɤɨɜ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɩɨɥɭɱɚɟɦɵɯ ɨɬ 
ɫɩɭɬɧɢɤɨɜ ɢɡɨɛɪɚɠɟɧɢɣ, ɪɚɡɥɢɱɧɵɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɜ ɫɜɨɢɯ ɪɚɛɨɬɚɯ ɬɚɤɠɟ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɢɚɩɚɡɨɧɵ ɫɪɟɞɧɟɝɨ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɞɥɢɧɚɦɢ ɜɨɥɧ 

3–50 ɦɤɦ (MIR) [13]. 

Ɂɧɚɱɟɧɢɟ ɢɧɞɟɤɫɚ ɞɥɹ ɭɱɚɫɬɤɨɜ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɡɚɧɹɬɵɯ ɫɧɟɝɨɦ, 

ɪɚɜɧɹɟɬɫɹ 0,4 ɢ ɛɨɥɟɟ. ȼɨɞɧɵɟ ɨɛɴɟɤɬɵ ɬɚɤɠɟ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɟ NDSI, 

ɪɚɜɧɨɟ 0,4, ɨɞɧɚɤɨ ɨɧɢ ɢɦɟɸɬ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɦɟɧɟɟ 11% ɜ ɡɟɥɟɧɨɦ 

ɞɢɚɩɚɡɨɧɟ ɢ ɦɟɧɟɟ 10% ɜ ɫɪɟɞɧɟɦ ɢɧɮɪɚɤɪɚɫɧɨɦ (SWIR). 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɧɨɝɨɤɚɧɚɥɶɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɞɟɤɫɨɜ ɧɚ ɩɪɚɤɬɢɤɟ 

ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɜɨɞɧɵɯ, ɢɡ-ɡɚ ɫɜɨɟɣ ɩɪɨɫɬɨɬɵ ɢ ɧɚɢɦɟɧɶɲɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ. 

ȼ ɨɬɥɢɱɢɢ ɨɬ ɨɞɧɨɤɚɧɚɥɶɧɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɮɨɪɦɭɥɵ ɜɵɱɢɫɥɟɧɢɹ 

ɢɧɞɟɤɫɨɜ ɜɵɜɟɞɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɭɬɟɦ ɢ ɭɱɢɬɵɜɚɸɬ ɨɫɨɛɟɧɧɨɫɬɢ ɨɬɪɚɠɟɧɢɹ ɢ 

ɩɨɝɥɨɳɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɤɨɧɤɪɟɬɧɨɝɨ ɢɧɞɟɤɫɚ ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɫɥɟɞɭɟɦɨɣ 

ɬɟɪɪɢɬɨɪɢɢ, ɩɨɷɬɨɦɭ ɜɵɛɨɪ ɢɫɩɨɥɶɡɭɟɦɨɣ ɮɨɪɦɭɥɵ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɚɧɚɥɢɡɚ 

ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ. 
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1.3 ȼɵɜɨɞ ɩɨ ɝɥɚɜɟ 1 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɨɛɡɨɪ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ 

ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ «Ʉɨɫɦɨɩɥɚɧ» ɢ «Ʉɚɫɤɚɞ». ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɂɋ 

ɦɨɧɢɬɨɪɢɧɝɚ ɑɋ ɫɨɞɟɪɠɚɬ ɦɨɞɭɥɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɫ ɰɟɥɶɸ 

ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɯɨɞɨɦ ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɟɣ ɜɨɞɨɟɦɨɜ ɜɨ ɜɪɟɦɹ ɩɚɜɨɞɤɨɜ. 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɢɬ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɛɟɪɟɝɨɜɨɣ 

ɥɢɧɢɢ ɡɚ ɧɟɫɤɨɥɶɤɨ ɫɟɡɨɧɨɜ ɜ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɜɨɡɦɨɠɧɵɣ ɪɢɫɤ 
ɩɨɞɬɨɩɥɟɧɢɹ ɨɩɨɪ ȼɅɗɉ, ɩɪɨɥɟɝɚɸɳɢɯ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɪɚɣɨɧɟ.  

Ȼɵɥɢ ɩɪɢɜɟɞɟɧɵ ɫɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɞɵ ɧɚ ɫɩɭɬɧɢɤɨɜɵɯ 

ɫɧɢɦɤɚɯ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ: ɦɟɬɨɞɵ 

ɬɟɦɚɬɢɱɟɫɤɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɦɟɬɨɞ ɥɢɧɟɣɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ, ɦɟɬɨɞ 

ɨɞɧɨɤɚɧɚɥɶɧɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɦɟɬɨɞ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɞɟɤɫɨɜ. Ⱦɥɹ 

ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɦɨɞɭɥɹ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɢɧɞɟɤɫɨɜ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢ ɛɵɫɬɪɵɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ, ɧɨ 

ɜ ɬɨɠɟ ɜɪɟɦɹ, ɢɦɟɸɳɢɣ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɞɟɲɢɮɪɢɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ȼɵɥɢ 

ɩɪɢɜɟɞɟɧɵ ɬɪɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɧɞɟɤɫɚ: NDWI, NDVI ɢ NDSI. Ɍɢɩ 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɢɧɞɟɤɫɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɧɚ ɷɬɚɩɟ ɪɟɚɥɢɡɚɰɢɢ 

ɚɥɝɨɪɢɬɦɚ, ɫɪɚɜɧɢɜ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɬɟɪɪɢɬɨɪɢɢ.  
  



26 
 

2 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ 
ȼɅɗɉ 

 

2.1 Ɉɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɚɥɝɨɪɢɬɦɚ 

 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɚɥɝɨɪɢɬɦ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɫɩɭɬɧɢɤɨɜɨɦɭ ɫɧɢɦɤɭ. Ⱦɥɹ ɞɚɧɧɨɣ ɰɟɥɢ 

ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɞɟɤɫɨɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ ɨɬɪɚɠɟɧɢɹ ɢ ɩɨɝɥɨɳɟɧɢɹ ɫɜɟɬɚ ɪɚɡɥɢɱɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ.  

 

Ɉɩɢɫɚɧɢɟ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ 

  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɨɫɬɚɜɢɬɶ ɞɜɚ 

ɫɩɟɤɬɪɚɥɶɧɵɯ ɞɢɚɩɚɡɨɧɚ ɫɩɭɬɧɢɤɨɜɨɝɨ ɫɧɢɦɤɚ, ɡɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɢɤɫɟɥɟɣ ɤɨɬɨɪɵɯ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɢɧɞɟɤɫɚ. Ɍɢɩ ɤɚɧɚɥɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɦɟɧɹɟɦɵɦ ɫɩɟɤɬɪɚɥɶɧɵɦ ɢɧɞɟɤɫɨɦ. ɉɨɦɢɦɨ ɡɧɚɱɟɧɢɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɫɟɥɟɣ, ɮɚɣɥɵ ɬɚɤɠɟ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ ɦɟɬɚɞɚɧɧɵɟ ɨ 

ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɩɪɢɜɹɡɤɟ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɫɥɭɠɢɬ ɮɨɪɦɚɬ ɪɚɫɬɪɨɜɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɧɚɡɜɚɧɧɵɣ GeoTIFF — ɨɬɤɪɵɬɵɣ ɮɨɪɦɚɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɪɚɫɬɪɨɜɵɯ ɞɚɧɧɵɯ ɜ ɮɨɪɦɚɬɟ TIFF, ɜ ɤɨɬɨɪɭɸ, ɩɨɦɢɦɨ ɨɫɧɨɜɧɵɯ ɞɚɧɧɵɯ ɨɛ 

ɢɡɨɛɪɚɠɟɧɢɢ, ɬɚɤɠɟ ɞɨɛɚɜɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɝɟɨ-ɬɟɝɨɜ, ɤɨɬɨɪɵɟ 

ɨɩɪɟɞɟɥɹɸɬ ɜɢɞ ɤɚɪɬɨɝɪɚɮɢɱɟɫɤɨɣ ɩɪɨɟɤɰɢɢ, ɫɢɫɬɟɦɭ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ 

ɤɨɨɪɞɢɧɚɬ, ɦɨɞɟɥɶ ɝɟɨɢɞɚ, ɞɚɬɭɦ ɢ ɥɸɛɭɸ ɞɪɭɝɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɧɟɨɛɯɨɞɢɦɭɸ 
ɞɥɹ ɬɨɱɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɨɪɢɟɧɬɢɪɨɜɚɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɫɧɢɦɤɚ.   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɸɬɫɹ ɞɜɚ ɮɚɣɥɚ ɮɨɪɦɚɬɚ 

GeoTiff, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɩɪɟɞɟɥɟɧɧɵɟ ɤɚɧɚɥɵ ɫɩɭɬɧɢɤɨɜɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɪɚɫɬɪɨɜɵɣ ɮɚɣɥ, ɜ ɤɨɬɨɪɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɨɛɥɚɫɬɹɯ ɧɚɯɨɠɞɟɧɢɹ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 
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ɫɧɢɦɤɟ, ɚ ɬɚɤɠɟ ɜɟɤɬɨɪɧɵɣ ɮɚɣɥ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ 

ɜɟɤɬɨɪɢɡɚɰɢɢ ɪɚɫɬɪɚ ɢ ɫɨɞɟɪɠɚɳɢɣ ɜɟɤɬɨɪɧɵɣ ɫɥɨɣ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  

ȼɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɸɬɫɹ ɪɚɫɬɪɨɜɵɣ ɮɚɣɥ ɮɨɪɦɚɬɚ 

GeoTIFF, ɚ ɬɚɤɠɟ ɜɟɤɬɨɪɧɵɣ ɮɚɣɥ shape-ɮɨɪɦɚɬɚ.  

 

Ɇɨɞɭɥɶ ɪɚɛɨɬɵ ɫ ɜɯɨɞɧɵɦɢ ɢ ɜɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

 

Ⱦɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɣ ɫ ɩɢɤɫɟɥɹɦɢ ɫɩɭɬɧɢɤɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɝɨɬɨɜɢɬɶ ɢɯ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɗɬɨɣ ɰɟɥɢ ɫɥɭɠɢɬ ɩɨɞɦɨɞɭɥɶ 

ɪɚɛɨɬɵ ɫ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɚɥɝɨɪɢɬɦɚ. Ⱦɚɧɧɵɣ ɭɱɚɫɬɨɤ ɚɥɝɨɪɢɬɦɚ ɩɨɡɜɨɥɹɟɬ 

ɨɬɤɪɵɬɶ ɮɚɣɥɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɤɚɧɚɥɚɦɢ ɫɧɢɦɤɚ ɮɨɪɦɚɬɚ GeoTIFF, ɬɚɤɠɟ 

ɡɚɝɪɭɠɚɹ ɜ ɩɚɦɹɬɶ ɢɫɩɨɥɧɹɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɨɟɤɰɢɢ, 

ɦɟɬɚɞɚɧɧɵɟ, ɤɨɨɪɞɢɧɚɬɧɭɸ ɫɢɫɬɟɦɭ, ɝɟɨɝɪɚɮɢɱɟɫɤɭɸ ɩɪɢɜɹɡɤɭ, ɪɚɡɦɟɪ ɪɚɫɬɪɚ ɢ 

ɧɟɤɨɬɨɪɭɸ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. ɉɨɫɥɟ ɩɪɨɰɟɫɫɚ ɨɬɤɪɵɬɢɹ ɮɚɣɥɨɜ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɞɚɧɧɵɟ ɨ ɩɢɤɫɟɥɹɯ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɤɚɠɞɨɦ ɢɡ ɤɚɧɚɥɨɜ 

ɜ ɦɚɫɫɢɜ ɞɚɧɧɵɯ.  

ɉɨ ɨɤɨɧɱɚɧɢɸ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɩɨɞɦɨɞɭɥɹ, ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɮɨɪɦɭ, ɩɪɢɝɨɞɧɭɸ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ ɜ ɜɢɞɟ ɩɪɨɰɟɫɫɚ 

ɞɟɲɢɮɪɢɪɨɜɚɧɢɹ ɩɢɤɫɟɥɟɣ ɜɨɞɵ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 

ɉɨɞɦɨɞɭɥɶ ɪɚɛɨɬɵ ɫ ɜɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨɡɜɨɥɹɟɬ ɡɚɩɢɫɚɬɶ ɪɟɡɭɥɶɬɚɬɵ 

ɨɛɪɚɛɨɬɤɢ ɫɩɭɬɧɢɤɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɨɬɞɟɥɶɧɵɟ ɮɚɣɥɵ. ȼ ɩɪɨɰɟɫɫɟ ɫɜɨɟɣ 

ɪɚɛɨɬɵ ɦɨɞɭɥɶ ɫɨɡɞɚɟɬ ɪɚɫɬɪɨɜɵɣ ɮɚɣɥ ɮɨɪɦɚɬɚ GeoTIFF, ɩɨ ɪɚɡɦɟɪɚɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɫɯɨɞɧɵɦ, ɜ ɤɨɬɨɪɵɣ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜɵɞɟɥɟɧɧɵɟ ɧɚ 

ɫɩɭɬɧɢɤɨɜɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɩɢɤɫɟɥɢ, ɚ ɬɚɤɠɟ ɝɟɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, 

ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɨɞɦɨɞɭɥɟ ɪɚɛɨɬɵ ɫ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ. Ⱦɚɥɟɟ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɪ 

ɩɪɨɯɨɞɢɬ ɨɩɟɪɚɰɢɸ ɜɟɤɬɨɪɢɡɚɰɢɢ. 

ɉɨ ɨɤɨɧɱɚɧɢɸ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɩɨɞɦɨɞɭɥɹ, ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɧɟɧɢɹ 

ɚɥɝɨɪɢɬɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɢɤɫɟɥɟɣ ɜɨɞɵ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɮɨɪɦɚɬɚɯ GeoTIFF ɢ shape.  
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Ɇɨɞɭɥɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɢɤɫɟɥɟɣ ɜɨɞɵ 

 

ɉɨɞɦɨɞɭɥɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɢɤɫɟɥɟɣ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɥɝɨɪɢɬɦ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɧɨɝɨɤɚɧɚɥɶɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɞɟɤɫɨɜ. Ⱦɚɧɧɵɣ 

ɦɟɬɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɪɨɝɨɜɭɸ ɮɭɧɤɰɢɸ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɩɪɢɡɧɚɤɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɭɥɟ ɡɧɚɱɟɧɢɹ. 

Ʉɚɠɞɵɣ ɢɡ ɢɧɞɟɤɫɨɜ, ɬɚɤɠɟ, ɤɚɤ ɢ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ, ɜɵɜɟɞɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɦ 

ɩɭɬɟɦ ɧɚ ɨɫɧɨɜɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ 

ɡɚɬɪɚɬɚɦɢ. Ⱦɥɹ ɩɪɟɫɥɟɞɭɟɦɨɣ ɡɚɞɚɱɢ — ɞɟɲɢɮɪɢɪɨɜɚɧɢɹ ɩɢɤɫɟɥɟɣ ɜɨɞɵ, 

ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɚɤɢɟ ɢɧɞɟɤɫɵ ɤɚɤ:  

1. NDWI — Normalized Difference Water Index (ɜɨɞɧɵɣ ɢɧɞɟɤɫ 

ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ), ɜɵɱɢɫɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (2). 

2. NDVI — Normalized Difference Vegetation Index (ɜɟɝɟɬɚɰɢɨɧɧɵɣ ɢɧɞɟɤɫ 

ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ), ɜɵɱɢɫɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (3). 

3. NDSI — Normalized Difference Snow Index (ɫɧɟɠɧɵɣ ɢɧɞɟɤɫ 

ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ), ɜɵɱɢɫɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ (4). 

ɂɧɞɟɤɫɵ ɦɨɝɭɬ ɩɨɤɚɡɵɜɚɬɶ ɪɚɡɥɢɱɧɭɸ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɢ ɢɯ ɩɪɢɦɟɧɟɧɢɢ ɜ ɪɚɡɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɣ 

ɨɛɥɚɱɧɨɫɬɢ ɢ ɬ. ɞ. ȼɵɛɨɪ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɢɧɞɟɤɫɚ ɫɥɟɞɭɟɬ ɞɟɥɚɬɶ ɩɪɢ ɩɪɨɜɟɪɤɟ ɢ 

ɫɪɚɜɧɟɧɢɢ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɪɟɝɢɨɧɭ, ɜ ɤɨɬɨɪɨɦ ɩɥɚɧɢɪɭɟɬɫɹ ɞɚɥɶɧɟɣɲɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɚɥɝɨɪɢɬɦɚ.   
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2.2 Ɋɟɚɥɢɡɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 

 

Ȼɢɛɥɢɨɬɟɤɢ GDAL/OGR ɩɨ ɪɚɛɨɬɟ ɫ ɪɚɫɬɪɨɜɵɦɢ ɢ ɜɟɤɬɨɪɧɵɦɢ 
ɞɚɧɧɵɦɢ 

 

ɉɪɢ ɪɚɛɨɬɟ ɫ ɪɚɫɬɪɨɜɵɦɢ ɢ ɜɟɤɬɨɪɧɵɦɢ ɮɨɪɦɚɬɚɦɢ ɞɚɧɧɵɯ ɜɨɡɧɢɤɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɝɪɚɦɦɧɵɯ ɛɢɛɥɢɨɬɟɤ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫ 

ɰɟɥɶɸ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɣ ɧɚɞ ɢɡɨɛɪɚɠɟɧɢɹɦɢ. ɉɨɦɢɦɨ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ, 
ɩɪɢ ɪɚɛɨɬɟ ɫɨ ɫɩɭɬɧɢɤɨɜɵɦɢ ɫɧɢɦɤɚɦɢ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɧɚɥɢɱɢɟ 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɪɚɛɨɬɵ ɫ ɝɟɨ-ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɞɚɧɧɵɦɢ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ 

ɛɢɛɥɢɨɬɟɤ ɹɜɥɹɟɬɫɹ GDAL/OGR. 

GDAL (Geospatial Data Abstraction Library) — ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɱɬɟɧɢɹ ɢ 

ɡɚɩɢɫɢ ɪɚɫɬɪɨɜɵɯ ɢ ɜɟɤɬɨɪɧɵɯ ɝɟɨ-ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɮɨɪɦɚɬɨɜ ɞɚɧɧɵɯ, 

ɜɵɩɭɫɤɚɟɦɚɹ ɩɨɞ Open Source ɥɢɰɟɧɡɢɟɣ X/MIT ɨɪɝɚɧɢɡɚɰɢɟɣ Open Source 

Geospatial Foundation (OSGeo). Ȼɢɛɥɢɨɬɟɤɚ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɵɡɵɜɚɸɳɢɦ 

ɩɪɢɥɨɠɟɧɢɹɦ ɟɞɢɧɭɸ ɚɛɫɬɪɚɤɬɧɭɸ ɦɨɞɟɥɶ ɞɚɧɧɵɯ ɞɥɹ ɜɫɟɯ ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ 

ɮɨɪɦɚɬɨɜ. ɉɪɢ ɫɛɨɪɤɟ ɦɨɠɧɨ ɬɚɤɠɟ ɜɤɥɸɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɬɢɥɢɬɵ. ɋ 

ɩɨɦɨɳɶɸ ɷɬɢɯ ɭɬɢɥɢɬ ɦɨɠɧɨ ɜɵɩɨɥɧɹɬɶ ɤɨɧɜɟɪɬɚɰɢɸ ɢ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ 

ɢɫɩɨɥɶɡɭɹ ɢɧɬɟɪɮɟɣɫ ɤɨɦɚɧɞɧɨɣ ɫɬɪɨɤɢ. 

ɋɨɩɭɬɫɬɜɭɸɳɚɹ ɛɢɛɥɢɨɬɟɤɚ OGR, ɹɜɥɹɸɳɚɹɫɹ ɱɚɫɬɶɸ ɞɟɪɟɜɚ ɢɫɯɨɞɧɵɯ 

ɤɨɞɨɜ GDAL, ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɩɨɯɨɠɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɜɟɤɬɨɪɧɵɯ ɞɚɧɧɵɯ.  

Ȼɢɛɥɢɨɬɟɤɚ GDAL ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɚɤɢɟ ɪɚɫɬɪɨɜɵɟ ɮɨɪɦɚɬɵ, ɤɚɤ GeoTIFF, 
Erdas Imagine, JPEG2000 ɢ ɞɪɭɝɢɟ, ɜɫɟɝɨ 142 ɞɪɚɣɜɟɪɚ. ɉɨɞɞɟɪɠɢɜɚɟɦɵɟ 

ɜɟɤɬɨɪɧɵɟ ɮɨɪɦɚɬɵ (84 ɞɪɚɣɜɟɪɚ): ESRI Shapefile, ESRI ArcSDE, ESRI FileGDB, 

GML, KML ɢ ɞɪɭɝɢɟ. 

Ⱥɥɝɨɪɢɬɦ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python, ɤɨɬɨɪɵɣ 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɚɛɨɬɭ GDAL/OGR. 

GDAL Python API ɫɨɫɬɨɢɬ ɢɡ ɩɹɬɢ ɨɫɧɨɜɧɵɯ ɦɨɞɭɥɟɣ: 

gdal — Python ɢɧɬɟɪɮɟɣɫ ɤ ɛɢɛɥɢɨɬɟɤɟ GDAL 

ogr — Python ɢɧɬɟɪɮɟɣɫ ɤ ɛɢɛɥɢɨɬɟɤɟ OGR 
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osr — ɪɚɛɨɬɚ ɫ ɫɢɫɬɟɦɚɦɢ ɤɨɨɪɞɢɧɚɬ 

gdal_array — ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ 

gdalconst — ɤɨɧɫɬɚɧɬɵ 

Ȼɢɛɥɢɨɬɟɤɚ GDAL ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɬɚɤɢɟ ɮɭɧɤɰɢɢ, ɤɚɤ ɩɨɥɭɱɟɧɢɟ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɤɨɥɢɱɟɫɬɜɟ ɤɚɧɚɥɨɜ ɪɚɫɬɪɚ, ɢɡɜɥɟɱɟɧɢɟ ɞɚɧɧɵɯ ɢ ɦɟɬɚɞɚɧɧɵɯ, 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɥɧɨɝɨ ɪɚɫɬɪɚ ɢɥɢ ɟɝɨ ɤɚɧɚɥɨɜ ɜ ɜɢɞɟ ɦɚɫɫɢɜɚ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɚ 

ɛɥɨɤɚɦɢ. ɉɨɦɢɦɨ ɷɬɨɝɨ, GDAL ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɮɚɣɥ ɜɵɛɪɚɧɧɨɝɨ 

ɪɚɫɬɪɨɜɨɝɨ ɮɨɪɦɚɬɚ ɫ ɭɤɚɡɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɫ ɩɨɞɞɟɪɠɤɨɣ ɩɨɤɚɧɚɥɶɧɨɣ 
ɡɚɩɢɫɢ ɢ ɡɚɩɢɫɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɪɨɟɤɰɢɢ, ɚ ɬɚɤɠɟ ɜɟɤɬɨɪɢɡɨɜɚɬɶ ɪɚɫɬɪɨɜɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ.  

Ȼɢɛɥɢɨɬɟɤɚ OGR ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɪɚɛɨɬɟ ɫɨ ɫɥɨɹɦɢ 

ɜɟɤɬɨɪɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨ ɢɧɞɟɤɫɭ ɢɥɢ ɢɦɟɧɢ, ɩɨɡɜɨɥɹɟɬ ɭɡɧɚɬɶ ɤɨɥɢɱɟɫɬɜɨ 

ɨɛɴɟɤɬɨɜ ɜ ɫɥɨɟ, ɢɧɮɨɪɦɚɰɢɸ ɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɪɨɟɤɰɢɢ ɢ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, 

ɨɯɜɚɬ ɫɥɨɹ, ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɟɣ. Ɍɚɤɠɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɪɚɛɨɬɚ ɫ ɩɨɥɹɦɢ ɢ 

ɝɟɨɦɟɬɪɢɟɣ ɨɛɴɟɤɬɨɜ, ɫɨɡɞɚɧɢɟ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɫɥɨɟɜ ɜɟɤɬɨɪɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɛɢɛɥɢɨɬɟɤɨɣ GDAL, OGR ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɢ 

ɫɨɯɪɚɧɟɧɢɹ ɜɟɤɬɨɪɧɵɯ ɮɚɣɥɨɜ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦɚɬɨɜ. 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ 

ɛɢɛɥɢɨɬɟɤɢ GDAL: 

1. gdal.Open() — ɨɬɤɪɵɬɢɟ ɪɚɫɬɪɨɜɨɝɨ ɮɚɣɥɚ; 

2. GetProjection() ɢ GetGeoTransform()  — ɩɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɩɪɨɟɤɰɢɢ ɢ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɟ; 
3. GetRasterBand() ɢ ReadAsArray() — ɩɨɥɭɱɟɧɢɟ ɤɚɧɚɥɚ ɪɚɫɬɪɚ ɢ ɡɚɩɢɫɶ 

ɟɝɨ ɜ ɦɚɫɫɢɜ; 

4. RasterXSize ɢ RasterYSize — ɩɨɥɭɱɟɧɢɟ ɪɚɡɦɟɪɨɜ ɪɚɫɬɪɚ ɩɨ ɨɫɹɦ X ɢ Y; 

5. GetDriverByName() ɢ Create() — ɫɨɡɞɚɧɢɟ ɪɚɫɬɪɨɜɨɝɨ ɮɚɣɥɚ; 

6. SetProjection(), SetGeoTransform(), GetRasterBand().WriteArray() — 

ɡɚɩɢɫɶ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɪɨɟɤɰɢɢ ɢ ɞɪ., ɚ ɬɚɤɠɟ ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ ɜ ɫɨɡɞɚɧɧɵɣ 

ɪɚɫɬɪɨɜɵɣ ɮɚɣɥ; 

7. Polygonize() — ɜɟɤɬɨɪɢɡɚɰɢɹ ɪɚɫɬɪɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 
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ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɮɭɧɤɰɢɢ ɛɢɛɥɢɨɬɟɤɢ OGR: 

1. GetDriverByName(), CreateDataSource() — ɫɨɡɞɚɧɢɟ ɜɟɤɬɨɪɧɨɝɨ ɮɚɣɥɚ; 

2. CreateLayer() — ɫɨɡɞɚɧɢɟ ɫɥɨɹ ɜ ɞɚɧɧɨɦ ɮɚɣɥɟ. 

 

ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɚ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ 

 

ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɮɪɚɝɦɟɧɬɟ 

ɫɩɭɬɧɢɤɨɜɨɝɨ ɫɧɢɦɤɚ ɪɟɤ ȿɧɢɫɟɣ ɢ Ⱥɧɝɚɪɚ ɧɚ ɸɝɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ.  ɂɫɯɨɞɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɝɪɚɞɚɰɢɹɯ ɫɟɪɨɝɨ ɫ ɢɡɜɥɟɱɟɧɢɟɦ ɤɪɚɫɧɨɝɨ ɤɚɧɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 4. ɂɡɨɛɪɚɠɟɧɢɟ ɜ ɝɪɚɞɚɰɢɹɯ ɫɟɪɨɝɨ, ɢɫɩɨɥɶɡɭɸɳɟɟ ɛɥɢɠɧɢɣ 

ɢɧɮɪɚɤɪɚɫɧɵɣ ɫɩɟɤɬɪ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.  

 

 

Ɋɢɫɭɧɨɤ 4 — ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɤɪɚɫɧɵɣ ɤɚɧɚɥ 
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Ɋɢɫɭɧɨɤ 5 — ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɛɥɢɠɧɢɣ ɢɧɮɪɚɤɪɚɫɧɵɣ ɤɚɧɚɥ 

 

Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɞɧɨɝɨ ɢɧɞɟɤɫɚ 

ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ ɫ ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ, ɪɚɜɧɵɦ 0, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 6.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɟɝɟɬɚɰɢɨɧɧɨɝɨ ɢɧɞɟɤɫɚ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ ɫ 

ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ, ɪɚɜɧɵɦ 0,1, ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 7. 

Ɋɟɡɭɥɶɬɚɬ ɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɧɟɠɧɨɝɨ ɢɧɞɟɤɫɚ 
ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɡɧɨɫɬɢ ɫ ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ, ɪɚɜɧɵɦ 0,2, ɩɪɢɜɟɞɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 8. 
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Ɋɢɫɭɧɨɤ 6 — Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ NDWI 

 

 

Ɋɢɫɭɧɨɤ 7 — Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ NDVI 
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Ɋɢɫɭɧɨɤ 8 — Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ NDSI 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɡɚɱɚɫɬɭɸ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɬɚɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɤɚɤ ɩɥɨɳɚɞɶ ɜɵɞɟɥɟɧɧɵɯ ɩɨɥɢɝɨɧɨɜ, ɤɨɥɢɱɟɫɬɜɨ ɢɡɜɥɟɱɟɧɧɵɯ 

ɩɢɤɫɟɥɟɣ ɢ ɞɪɭɝɢɟ. ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɝɨ ɢɥɢ 

ɢɧɨɝɨ ɢɧɞɟɤɫɚ ɧɚ ɞɚɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɫɱɟɬ ɨɲɢɛɤɢ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɩɨɫɬɪɨɟɧɢɟ ɦɚɬɪɢɰɵ ɨɲɢɛɨɤ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɩɨɞɫɱɟɬɟ 

ɤɨɥɢɱɟɫɬɜɚ ɜɵɞɟɥɟɧɧɵɯ ɩɢɤɫɟɥɟɣ.  
Ɇɚɬɪɢɰɚ ɨɲɢɛɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɧɫɬɪɭɦɟɧɬ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɤɪɨɫɫ-

ɬɚɛɭɥɹɰɢɸ (ɫɪɟɞɫɬɜɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɨɜɦɟɫɬɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɜɭɯ 

ɩɟɪɟɦɟɧɧɵɯ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦɢ) ɞɥɹ ɩɨɤɚɡɚ 

ɬɨɝɨ, ɤɚɤ ɫɨɨɬɧɨɫɹɬɫɹ ɡɧɚɱɟɧɢɹ ɫɨɜɩɚɞɚɸɳɢɯ ɤɥɚɫɫɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɪɚɡɥɢɱɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɨɜ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ, ɧɚɩɪɢɦɟɪ, ɩɪɨɜɟɪɹɟɦɵɣ 

ɪɚɫɬɪ (ɬɟɦɚɬɢɱɟɫɤɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ) ɢ ɨɩɨɪɧɵɣ ɛɨɥɟɟ ɬɨɱɧɵɣ ɢɫɬɨɱɧɢɤ ɞɚɧɧɵɯ 

(ɪɚɫɬɪ ɢɥɢ ɧɚɛɨɪ ɩɨɥɟɜɵɯ ɞɚɧɧɵɯ ɜ ɜɢɞɟ ɬɨɱɟɤ). ɉɪɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɨɛɵɱɧɨ ɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɨɜɟɪɹɟɦɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɬɟɧɰɢɚɥɶɧɨ ɹɜɥɹɟɬɫɹ 
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ɧɟɬɨɱɧɵɦ, ɚ ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɬɪ ɯɨɪɨɲɨ ɨɬɪɚɠɚɟɬ ɪɟɚɥɶɧɭɸ ɫɢɬɭɚɰɢɸ. ȼ 

ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɬɪ ɬɚɤɠɟ ɧɟɫɨɜɟɪɲɟɧɟɧ, ɧɟɥɶɡɹ 

ɝɨɜɨɪɢɬɶ ɨɛ «ɨɲɢɛɤɟ», ɚ ɫɥɟɞɭɟɬ ɝɨɜɨɪɢɬɶ ɨ «ɪɚɡɧɢɰɟ» ɦɟɠɞɭ ɞɜɭɦɹ ɧɚɛɨɪɚɦɢ 

ɞɚɧɧɵɯ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɪɢɰɵ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɫɟ ɹɱɟɣɤɢ ɪɚɫɬɪɚ 

(ɩɢɤɫɟɥɢ) ɢɥɢ ɜɵɛɨɪɤɚ ɹɱɟɟɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɥɭɱɚɣɧɨ, ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɨ 

ɫɥɭɱɚɣɧɨ ɢɥɢ ɫɨɝɥɚɫɧɨ ɤɚɤɨɦɭ-ɥɢɛɨ ɞɪɭɝɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ. 

ɉɨ ɨɞɧɨɣ ɢɡ ɨɫɟɣ ɦɚɬɪɢɰɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ɧɚɡɜɚɧɢɹ ɤɥɚɫɫɨɜ ɥɟɝɟɧɞɵ 

ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɪɨɜɟɪɹɟɦɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ, ɩɨ ɜɬɨɪɨɣ — ɤɥɚɫɫɵ ɥɟɝɟɧɞɵ 
ɞɚɧɧɵɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɩɪɨɜɟɪɤɢ (ɪɢɫɭɧɨɤ 9). 

 

 

Ɋɢɫɭɧɨɤ 9 — Ɇɚɬɪɢɰɚ ɨɲɢɛɨɤ 

 

Ƚɥɚɜɧɚɹ ɞɢɚɝɨɧɚɥɶ ɦɚɬɪɢɰɵ ɩɨɤɚɡɵɜɚɟɬ ɫɥɭɱɚɢ, ɝɞɟ ɪɚɫɱɟɬɧɵɟ ɤɥɚɫɫɵ ɢ 

ɪɟɚɥɶɧɵɟ ɞɚɧɧɵɟ ɫɨɜɩɚɞɚɸɬ (ɩɪɚɜɢɥɶɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ). ɋɭɦɦɚ ɡɧɚɱɟɧɢɣ 

ɞɢɚɝɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɤɚɡɵɜɚɟɬ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɚɜɢɥɶɧɨ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɢɤɫɟɥɟɣ, ɚ ɨɬɧɨɲɟɧɢɟ ɷɬɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤ ɨɛɳɟɦɭ 

ɤɨɥɢɱɟɫɬɜɭ ɩɢɤɫɟɥɟɣ ɜ ɦɚɬɪɢɰɟ N ɧɚɡɵɜɚɟɬɫɹ ɨɛɳɟɣ ɬɨɱɧɨɫɬɶɸ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

ɢ ɨɛɵɱɧɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ: 

ݕܿܽݎݑܿܿܽ 𝑙ܽݎ݁ݒ݋  = 𝑛ಲಲ+𝑛ಳಳ +𝑛಴಴ +𝑛ವವ+𝑛ಶಶ𝑁 ,                                                       (5) 
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ɝɞɟ nAA, nBB, nCC, nDD, nEE, N — ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɹɱɟɟɤ ɦɚɬɪɢɰɵ ɨɲɢɛɨɤ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɤɥɚɫɫɚ, ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɡɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɪɚɜɢɥɶɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɢɤɫɟɥɟɣ ɷɬɨɝɨ ɤɥɚɫɫɚ ɧɚ 

ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ ɜ ɷɬɨɦ ɤɥɚɫɫɟ ɫɨɝɥɚɫɧɨ ɩɪɨɜɟɪɨɱɧɵɦ ɞɚɧɧɵɦ. ɗɬɨɬ 

ɩɨɤɚɡɚɬɟɥɶ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ «ɬɨɱɧɨɫɬɶɸ ɩɪɨɢɡɜɨɞɢɬɟɥɹ» (producer's accuracy), 

ɬɚɤ ɤɚɤ ɨɧ ɩɨɤɚɡɵɜɚɟɬ, ɧɚɫɤɨɥɶɤɨ ɯɨɪɨɲɨ ɪɟɡɭɥɶɬɚɬ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɥɹ ɷɬɨɝɨ 

ɤɥɚɫɫɚ ɫɨɜɩɚɞɚɟɬ ɫ ɩɪɨɜɟɪɨɱɧɵɦɢ ɞɚɧɧɵɦɢ. Ⱦɥɹ ɤɥɚɫɫɚ A: 

𝐴ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ܿݑ݀݋ݎ݌  = 𝑛ಲಲ𝑛−ಲ.                                                                          (6) 

 

ɉɨɯɨɠɢɣ ɩɨɤɚɡɚɬɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɤɥɚɫɫɚ, ɟɫɥɢ 

ɪɚɡɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɪɚɜɢɥɶɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɢɤɫɟɥɟɣ ɤɥɚɫɫɚ ɧɚ ɨɛɳɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɢɤɫɟɥɟɣ ɜ ɷɬɨɦ ɤɥɚɫɫɟ ɫɨɝɥɚɫɧɨ ɩɪɨɜɟɪɹɟɦɵɦ ɞɚɧɧɵɦ. ɗɬɨɬ 

ɩɨɤɚɡɚɬɟɥɶ ɧɚɡɵɜɚɸɬ «ɬɨɱɧɨɫɬɶɸ ɩɨɥɶɡɨɜɚɬɟɥɹ» (user's accuracy), ɬɚɤ ɤɚɤ ɨɧ 

ɩɨɤɚɡɵɜɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɚɫɤɨɥɶɤɨ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɤɥɚɫɫ 

ɫɨɜɩɚɞɚɟɬ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. Ⱦɥɹ ɤɥɚɫɫɚ A: 

ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ݏݑ  = 𝑛ಲಲ𝑛ಲ−.                                                                                               (7) 

 

ȼɧɟ-ɞɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɩɨɤɚɡɵɜɚɟɬ ɫɥɭɱɚɢ ɧɟɫɨɜɩɚɞɟɧɢɹ ɦɟɠɞɭ 

ɪɚɫɱɟɬɧɵɦɢ ɢ ɪɟɚɥɶɧɵɦɢ ɤɥɚɫɫɚɦɢ (ɨɲɢɛɤɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ). 

ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɪɢɰɵ ɨɲɢɛɨɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɟɝɦɟɧɬɭ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 10, ɜɵɛɨɪɤɚ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɤɥɚɫɫɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ Quantum GIS.  
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Ɋɢɫɭɧɨɤ 10 — ɋɟɝɦɟɧɬ ɢɡɨɛɪɚɠɟɧɢɹ 

 

Ɇɚɬɪɢɰɚ ɨɲɢɛɨɤ ɞɥɹ ɢɧɞɟɤɫɚ NDWI ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11. ɉɨɥɹ 

«Ⱦɚ» ɢ «ɇɟɬ» ɨɬɪɚɠɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɩɨɩɚɜɲɢɯ ɜ ɤɥɚɫɫ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɢɤɫɟɥɟɣ. 

 

NDWI 

Ɋɟɚɥɶɧɵɣ ɤɥɚɫɫ 

 ȾȺ ɇȿɌ ∑ 

ȾȺ 14110 14 14124 

ɇȿɌ 483 93513 93996 

∑ 14593 93527 108120 

Ɋɢɫɭɧɨɤ 11 — Ɇɚɬɪɢɰɚ ɨɲɢɛɨɤ ɞɥɹ ɢɧɞɟɤɫɚ NDWI 

 

Ɋɚɫɱɟɬ ɨɛɳɟɣ ɬɨɱɧɨɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (5), ɞɥɹ 

ɢɧɞɟɤɫɚ NDWI ɨɧɚ ɪɚɜɧɚ: 
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𝑁𝐷ௐ𝐼ݕܿܽݎݑܿܿܽ 𝑙ܽݎ݁ݒ݋ = ͳͶͳͳͲ + ͻ͵ͷͳ͵ͳͲͺͳʹͲ = Ͳ,ͻͻ. 
 

Ɍɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɞɥɹ ɤɥɚɫɫɚ ɜɨɞɧɨɣ ɢ ɧɟɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ 

ɢɧɞɟɤɫɚ NDWI ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (6) ɢ ɪɚɜɧɚ: 

ʓАݕܿܽݎݑܿܿܽ ݏ′ݎ݁ܿݑ݀݋ݎ݌  = ͳͶͳͳͲͳͶͷͻ͵ = Ͳ,ͻ͸, ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ܿݑ݀݋ݎ݌НʔТ = ͻ͵ͷͳ͵ͻ͵ͷʹ͹ = Ͳ,ͻͻ. 
 

Ɍɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɞɥɹ ɤɥɚɫɫɚ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ — 96%, ɞɥɹ 

ɧɟɜɨɞɧɨɣ — 99%. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫ ɬɨɱɧɨɫɬɶɸ 96% ɩɢɤɫɟɥɢ ɪɟɚɥɶɧɨɝɨ ɤɥɚɫɫɚ, 

ɩɪɢɧɚɞɥɟɠɚɜɲɢɟ ɜɨɞɟ, ɛɵɥɢ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɢɧɞɟɤɫɨɦ ɤɚɤ ɜɨɞɧɵɟ, ɚ ɫ 

ɬɨɱɧɨɫɬɶɸ 99% ɧɟɜɨɞɧɵɟ ɩɢɤɫɟɥɢ ɛɵɥɢ ɨɬɧɟɫɟɧɵ ɚɥɝɨɪɢɬɦɨɦ ɤ ɤɥɚɫɫɭ ɧɟɜɨɞɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɍɨɱɧɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7) ɢ ɞɥɹ ɢɧɞɟɤɫɚ 

NDWI ɨɧɚ ɪɚɜɧɚ: 

𝑁𝐷ௐ𝐼ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ݏݑ  = ͳͶͳͳͲͳͶͳʹͶ = Ͳ,ͻͻ. 
 

Ɍɨɱɧɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɥɹ ɤɥɚɫɫɚ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ — 99%. ȼɵɫɨɤɚɹ 

ɬɨɱɧɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɦɚɥɨ ɨɲɢɛɨɤ ɤɨɦɢɫɫɢɢ 

(error of commission), ɬ.ɟ. ɦɚɥɨ ɩɢɤɫɟɥɟɣ, ɧɟ ɹɜɥɹɸɳɢɯɫɹ ɜɨɞɨɣ, ɛɵɥɢ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɤɚɤ ɜɨɞɧɵɟ. 

Ɇɚɬɪɢɰɚ ɨɲɢɛɨɤ ɞɥɹ ɢɧɞɟɤɫɚ NDVI ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 12. 
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NDVI 

Ɋɟɚɥɶɧɵɣ ɤɥɚɫɫ 

 ȾȺ ɇȿɌ ∑ 

ȾȺ 14505 217 14722 

ɇȿɌ 713 92685 93398 

∑ 15218 92902 108120 

Ɋɢɫɭɧɨɤ 12 — Ɇɚɬɪɢɰɚ ɨɲɢɛɨɤ ɞɥɹ ɢɧɞɟɤɫɚ NDVI 

 

Ɉɛɳɚɹ ɬɨɱɧɨɫɬɶ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɬɨɱɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɢ ɬɨɱɧɨɫɬɶ 

ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɥɹ ɢɧɞɟɤɫɚ NDVI ɪɚɜɧɵ:  

𝑁𝐷௏𝐼ݕܿܽݎݑܿܿܽ 𝑙ܽݎ݁ݒ݋  = ͳͶͷͲͷ + ͻʹ͸ͺͷͳͲͺͳʹͲ = Ͳ,ͻͻ, ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ܿݑ݀݋ݎ݌ʓА = ͳͶͷͲͷͳͷʹͳͺ = Ͳ,ͻͷ, 
НʔТݕܿܽݎݑܿܿܽ ݏ′ݎ݁ܿݑ݀݋ݎ݌ = ͻʹ͸ͺͷͻʹͻͲʹ = Ͳ,ͻͻ, ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ݏݑ𝑁𝐷௏𝐼 = ͳͶͷͲͷͳͶ͹ʹʹ = Ͳ,ͻͺ. 

 

Ɇɚɬɪɢɰɚ ɨɲɢɛɨɤ ɞɥɹ ɢɧɞɟɤɫɚ NDSI ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13. 

 

NDSI 

Ɋɟɚɥɶɧɵɣ ɤɥɚɫɫ 

 ȾȺ ɇȿɌ ∑ 

ȾȺ 14490 417 14961 

ɇȿɌ 396 92763 93159 

∑ 14886 93108 108120 

Ɋɢɫɭɧɨɤ 13 — Ɇɚɬɪɢɰɚ ɨɲɢɛɨɤ ɞɥɹ ɢɧɞɟɤɫɚ NDSI 

 



40 
 

Ɉɛɳɚɹ ɬɨɱɧɨɫɬɶ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɬɨɱɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɢ ɬɨɱɧɨɫɬɶ 

ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɥɹ ɢɧɞɟɤɫɚ NDSI ɪɚɜɧɵ:  

𝑁𝐷ௌ𝐼ݕܿܽݎݑܿܿܽ 𝑙ܽݎ݁ݒ݋  = ͳͶͶͻͲ + ͻʹ͹͸͵ͳͲͺͳʹͲ = Ͳ,ͻͻ, ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ܿݑ݀݋ݎ݌ʓА = ͳͶͶͻͲͳͶͺͺ͸ = Ͳ,ͻ͹, ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ܿݑ݀݋ݎ݌НʔТ = ͻʹ͹͸͵ͻ͵ͳͲͺ = Ͳ,ͻͻ, ݕܿܽݎݑܿܿܽ ݏ′ݎ݁ݏݑ𝑁𝐷௏𝐼 = ͳͶͷͻͲͳͶͻ͸ͳ = Ͳ,ͻ͹. 
 

Ɉɛɨɛɳɚɸɳɚɹ ɬɚɛɥɢɰɚ ɞɥɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɮɪɚɝɦɟɧɬɚ ɫɧɢɦɤɚ 
ɩɪɢ ɩɨɦɨɳɢ ɢɧɞɟɤɫɨɜ NDWI, NDVI ɢ NDSI ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14. 

 

ɂɧɞɟɤɫ Ɉɛɳɚɹ ɬɨɱɧɨɫɬɶ 
Ɍɨɱɧɨɫɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɞɥɹ 
ɤɥɚɫɫɚ ɜɨɞɵ 

Ɍɨɱɧɨɫɬɶ 
ɩɪɨɢɡɜɨɞɢɬɟɥɹ 
ɞɥɹ ɧɟɜɨɞɧɨɝɨ 

ɤɥɚɫɫɚ 

Ɍɨɱɧɨɫɬɶ 
ɩɨɥɶɡɨɜɚɬɟɥɹ 

NDWI 99% 96% 99% 99% 

NDVI 99% 95% 99% 98% 

NDSI 99% 97% 99% 97% 

Ɋɢɫɭɧɨɤ 14 — ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 14, ɜɫɟ 3 ɢɧɞɟɤɫɚ 

ɩɨɤɚɡɵɜɚɸɬ ɜɵɫɨɤɭɸ ɨɛɳɭɸ ɬɨɱɧɨɫɬɶ ɧɚ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ, ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɤɚɠɞɵɣ ɢɡ ɞɚɧɧɵɯ ɢɧɞɟɤɫɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, 
ɩɨɥɭɱɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. ɂɧɞɟɤɫ NDWI ɢɦɟɟɬ 

ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɚɧɧɵɣ ɢɧɞɟɤɫ 

ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨɲɢɛɨɤ ɜ ɧɟɩɪɚɜɢɥɶɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɟɜɨɞɧɵɯ 

ɩɢɤɫɟɥɟɣ. ɇɚɢɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɞɥɹ ɤɥɚɫɫɚ ɜɨɞɵ ɨɛɥɚɞɚɟɬ 

ɢɧɞɟɤɫ NDSI, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɧɵɯ 
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ɩɢɤɫɟɥɟɣ, ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɯ ɤɚɤ ɜɨɞɧɵɟ, ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɞɚɧɧɵɦ ɢɧɞɟɤɫɨɦ. 

Ɍɚɤɠɟ ɤɚɠɞɵɣ ɢɧɞɟɤɫ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɬɨɱɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ 

ɞɥɹ ɧɟɜɨɞɧɨɝɨ ɤɥɚɫɫɚ, ɱɬɨ ɫɜɹɡɚɧɧɨ ɫ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɶɸ ɬɟɪɪɢɬɨɪɢɢ, ɧɟ ɡɚɧɹɬɨɣ 

ɜɨɞɨɣ.  

Ⱥɧɚɥɢɡɢɪɭɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɬɨɱɧɨɫɬɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɞɟɤɫɚ NDWI, 

ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ ɜɫɟɦ ɱɟɬɵɪɟɦ 

ɩɚɪɚɦɟɬɪɚɦ, ɚ ɬɚɤɠɟ ɢɦɟɟɬ ɧɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨɲɢɛɨɤ ɤɨɦɢɫɫɢɢ.  
 

2.3 ɉɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɜɨɡɦɨɠɧɵɯ 

ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɫɟɡɨɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɩɥɨɳɚɞɢ ɜɨɞɵ ɧɚ ɩɪɨɯɨɞɹɳɢɟ 

ɜɛɥɢɡɢ ɨɩɨɪɵ ȼɅɗɉ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɜɟɤɬɨɪɧɵɯ ɫɥɨɟɜ, ɫɨɞɟɪɠɚɳɢɯ ɞɚɧɧɵɟ 

ɨɛ ɷɬɢɯ ɨɩɨɪɚɯ. ɇɚ ɪɢɫɭɧɤɟ 15 ɩɪɟɞɫɬɚɜɥɟɧ ɮɪɚɝɦɟɧɬ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ, 

ɩɟɪɟɫɟɤɚɸɳɢɯ ɢɫɫɥɟɞɭɟɦɵɣ ɭɱɚɫɬɨɤ ɪɟɤɢ ȿɧɢɫɟɣ.  

 

 

Ɋɢɫɭɧɨɤ 15 — ȼɟɤɬɨɪɧɵɣ ɫɥɨɣ ȼɅɗɉ ɢ ɢɯ ɨɩɨɪ 
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ȼ ɰɟɥɹɯ ɚɧɚɥɢɡɚ ɪɢɫɤɨɜ ɩɨɞɬɨɩɥɟɧɢɹ, ɜɨɤɪɭɝ ɤɚɠɞɨɣ ɨɩɨɪɵ ɛɵɥɚ ɜɵɞɟɥɟɧɚ 

ɛɭɮɟɪɧɚɹ ɡɨɧɚ, ɪɚɞɢɭɫ ɤɨɬɨɪɨɣ ɛɵɥ ɩɪɢɧɹɬ ɪɚɜɧɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɯɪɚɧɧɨɣ 

ɡɨɧɟ ȼɅɗɉ. ɋɨɝɥɚɫɧɨ ȽɈɋɌ 12.1.051-90 «ɋɋȻɌ. ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ. 

Ɋɚɫɫɬɨɹɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɨɯɪɚɧɧɨɣ ɡɨɧɟ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɧɚɩɪɹɠɟɧɢɟɦ 

ɫɜɵɲɟ 1000 ȼ» ɨɯɪɚɧɧɚɹ ɡɨɧɚ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɩɪɨɯɨɞɹɳɢɯ 

ɱɟɪɟɡ ɜɨɞɨɟɦɵ (ɪɟɤɢ, ɤɚɧɚɥɵ, ɨɡɟɪɚ ɢ ɬ.ɞ.) ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 100 ɦ (± 30 ɦ, 

ɭɱɢɬɵɜɚɹ ɚɩɩɚɪɚɬɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɩɭɬɧɢɤɚ Landsat-8).  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɫɩɭɬɧɢɤɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɩɪɟɞɦɟɬ ɧɚɥɢɱɢɹ 

ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ. Ɉɛɪɚɛɚɬɵɜɚɹ ɫɧɢɦɤɢ ɡɚ ɪɚɡɧɵɟ ɜɪɟɦɟɧɧɵɟ ɩɟɪɢɨɞɵ, ɦɨɠɧɨ 

ɩɨɥɭɱɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɢɡɦɟɧɟɧɢɢ ɩɥɨɳɚɞɢ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɜɨɞɧɨɝɨ 

ɨɛɴɟɤɬɚ ɜɨ ɜɪɟɦɹ ɪɚɡɥɢɱɧɵɯ ɮɚɡ ɜɨɞɧɨɝɨ ɪɟɠɢɦɚ ɜ ɬɟɱɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɜɟɪɨɱɧɵɯ ɞɚɧɧɵɯ ɛɵɥɢ ɜɡɹɬɵ ɮɪɚɝɦɟɧɬɵ ɫɧɢɦɤɨɜ ɪɟɤɢ 

ȿɧɢɫɟɣ ɡɚ ɩɟɪɢɨɞ ɤɨɧɰɚ ɥɟɬɚ 2015 ɝɨɞɚ, ɚ ɬɚɤɠɟ ɤɨɧɰɚ ɦɚɹ — ɫɟɪɟɞɢɧɵ ɢɸɧɹ 

2013–2016 ɝɨɞɨɜ. ɉɪɢɦɟɪ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 16. 

 

 

Ɋɢɫɭɧɨɤ 16 — ȼɟɤɬɨɪɧɵɣ ɫɥɨɣ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚ ɤɨɧɟɰ ɦɚɹ 2016 (ɫɥɟɜɚ) ɢ 

ɧɚɱɚɥɨ ɫɟɧɬɹɛɪɹ 2015 (ɫɩɪɚɜɚ) 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ ɜɨɞɵ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɢɧɫɬɪɭɦɟɧɬ 

ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ Quantum GIS ɦɨɞɭɥɹ fTools «Ɋɚɡɧɨɫɬɶ». Ⱦɚɧɧɵɣ 

ɢɧɫɬɪɭɦɟɧɬ ɫɨɜɦɟɳɚɟɬ ɫɥɨɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɜ ɜɵɯɨɞɧɨɦ ɫɥɨɟ ɫɨɞɟɪɠɚɬɫɹ 
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ɬɨɥɶɤɨ ɬɟ ɭɱɚɫɬɤɢ, ɤɨɬɨɪɵɟ ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ ɫɨ ɫɥɨɟɦ ɨɬɫɟɱɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɭɤɚɡɚɜ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɫɥɨɣ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚ ɤɨɧɟɰ ɦɚɹ 2016, ɚ ɜ 

ɤɚɱɟɫɬɜɟ ɨɬɫɟɤɚɸɳɟɝɨ ɫɥɨɣ ɧɚɱɚɥɚ ɫɟɧɬɹɛɪɹ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ ɪɟɤɢ ɡɚ ɞɚɧɧɵɣ ɩɟɪɢɨɞ (ɪɢɫɭɧɨɤ 17). ɉɨɥɭɱɟɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɢɡɦɟɧɟɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɜɟɫɟɧɧɟɝɨ 

ɩɨɥɨɜɨɞɶɹ ɪɟɤɢ ȿɧɢɫɟɣ. 

 

 

Ɋɢɫɭɧɨɤ 17 — Ɋɚɡɧɨɫɬɶ ɫɥɨɟɜ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɞɢɧɚɦɢɤɟ ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ 
ɜɨɞɨɟɦɚ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɛɵɥ ɩɪɢɦɟɧɟɧ ɧɚ ɫɧɢɦɤɚɯ ɩɟɪɢɨɞɚ ɩɨɥɨɜɨɞɶɹ 

ɡɚ ɪɚɡɧɵɟ ɝɨɞɵ ɫɴɟɦɤɢ.  

ɇɚ ɪɢɫɭɧɤɟ 18 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɟɝɨ ɪɚɛɨɬɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ 

ɫɨɛɨɣ ɫɧɢɦɤɢ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɟɪɢɨɞɵ ɩɨɥɨɜɨɞɶɹ ɫ 2013 ɩɨ 2016 ɝɨɞ. 

ɋɨɜɦɟɳɚɹ ɞɚɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɩɟɪɢɨɞ 

ɧɨɪɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɪɢɫɭɧɤɟ 16, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɳɚɞɢ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ. 

Ɉɞɧɚɤɨ ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɭɪɨɜɧɹ 
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ɜɨɞɵ ɜ ɪɚɣɨɧɟ ɩɪɨɥɟɝɚɧɢɹ ɨɩɨɪ ȼɅɗɉ, ɞɚɠɟ ɜ ɝɨɞɵ ɧɚɢɛɨɥɶɲɟɝɨ ɢɡɦɟɧɟɧɢɹ 

ɩɥɨɳɚɞɢ ɜɨɞɨɟɦɚ, ɧɚɩɪɢɦɟɪ, ɜ 2014 ɢ 2016 ɝɨɞɚɯ.   

  

Ɋɢɫɭɧɨɤ 18 — ɋɧɢɦɨɤ ɜɨɞɨɟɦɚ ɜ ɩɟɪɢɨɞɵ ɩɨɥɨɜɨɞɶɹ (ɫɥɟɜɚ ɧɚɩɪɚɜɨ): 2013, 
2014, 2015, 2016 ɝɨɞɚ 

 

Ɉɛɴɟɞɢɧɢɜ ɩɨɥɭɱɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɫ ɞɚɧɧɵɦɢ ɨ ɩɪɨɥɟɝɚɸɳɢɯ ɜ ɞɚɧɧɨɦ 

ɭɱɚɫɬɤɟ ɪɟɤɢ ɨɩɨɪɚɯ ȼɅɗɉ, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɛɨɥɶɲɭɸ ɭɞɚɥɟɧɧɨɫɬɶ ɨɩɨɪ ɨɬ 

ɜɨɞɨɟɦɚ ɞɚɠɟ ɜ ɩɟɪɢɨɞɵ ɩɨɥɨɜɨɞɶɹ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɢɫɹ ɧɚɢɛɨɥɶɲɟɦ 

ɭɜɟɥɢɱɟɧɢɟɦ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɪɟɤɟ. Ⱦɚɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɤɚɤ ɦɢɧɢɦɭɦ, ɜ ɞɜɚ ɪɚɡɚ 

ɛɨɥɶɲɟ ɩɪɟɞɭɫɬɚɧɨɜɥɟɧɧɵɯ ɪɚɧɟɟ ɪɚɡɦɟɪɨɜ ɛɭɮɟɪɧɵɯ ɡɨɧ ɨɩɨɪ (ɪɢɫɭɧɨɤ 19). 
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Ɋɢɫɭɧɨɤ 19 — ɍɞɚɥɟɧɧɨɫɬɶ ɨɩɨɪ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɭɞɜɨɟɧɧɵɦ ɪɚɡɦɟɪɨɦ ɛɭɮɟɪɧɨɣ 

ɡɨɧɵ 

 

ȼɫɥɟɞɫɬɜɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɭɜɟɥɢɱɟɧɢɹ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɩɟɪɢɨɞɵ ɩɨɥɨɜɨɞɶɹ ɡɚ 

ɪɚɡɧɵɟ ɝɨɞɵ, ɚ ɬɚɤɠɟ ɛɨɥɶɲɨɣ ɭɞɚɥɟɧɧɨɫɬɢ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɨɯɪɚɧɧɨɣ 
ɡɨɧɵ ɨɩɨɪ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɩɨɪɵ ȼɅɗɉ, ɩɪɨɥɟɝɚɸɳɢɟ ɜ ɞɚɧɧɨɦ 

ɭɱɚɫɬɤɟ ɪɟɤɢ ȿɧɢɫɟɣ, ɢɦɟɸɬ ɧɢɡɤɢɣ ɪɢɫɤ ɩɨɞɬɨɩɥɟɧɢɹ.  

 

2.4 ȼɵɜɨɞ ɩɨ ɝɥɚɜɟ 2 

 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɵ ɧɚ ɫɩɭɬɧɢɤɨɜɨɦ ɢɡɨɛɪɚɠɟɧɢɢ. Ȼɵɥɢ ɩɟɪɟɱɢɫɥɟɧɵ ɜɯɨɞɧɵɟ 
ɢ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɩɨɞɦɨɞɭɥɟɣ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɚ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ, ɩɨɫɪɟɞɫɬɜɨɦ 

ɩɨɫɬɪɨɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɦɚɬɪɢɰɵ ɨɲɢɛɨɤ ɛɵɥ ɜɵɛɪɚɧ ɢɫɩɨɥɶɡɭɟɦɵɣ ɫɩɟɤɬɪɚɥɶɧɵɣ 

ɢɧɞɟɤɫ. ɇɚ ɢɫɫɥɟɞɭɟɦɨɦ ɭɱɚɫɬɤɟ ɪɟɤɢ ȿɧɢɫɟɣ ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɟɡɨɧɧɵɯ 

ɢɡɦɟɧɟɧɢɣ ɩɥɨɳɚɞɢ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɨɜɨɞɶɹ, ɚ ɬɚɤɠɟ ɫɞɟɥɚɧ 

ɜɵɜɨɞ ɨ ɪɢɫɤɟ ɩɨɞɬɨɩɥɟɧɢɹ ɨɩɨɪ ȼɅɗɉ, ɩɪɨɥɟɝɚɸɳɢɯ ɱɟɪɟɡ ɞɚɧɧɵɣ ɭɱɚɫɬɨɤ 

ɜɨɞɨɟɦɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ɋɩɭɬɧɢɤɨɜɵɣ ɦɨɧɢɬɨɪɢɧɝ, ɫɟɝɦɟɧɬɚɰɢɹ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɫɧɢɦɤɨɜ, 

ɢɡɜɥɟɱɟɧɢɟ ɞɚɧɧɵɯ ɢɡ ɫɩɭɬɧɢɤɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ ɜ ɰɟɥɨɦ, ɧɚɯɨɞɹɬ ɛɨɥɶɲɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ. ȼ ȼɄɊ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɩɪɢɦɟɧɟɧɢɟ 

ɞɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚ ɩɪɢɦɟɪɟ ɚɧɚɥɢɡɚ ɫɟɡɨɧɧɵɯ ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ.  

ȼ ɪɚɛɨɬɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ Ɋɨɫɫɢɣɫɤɢɟ ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ, ɮɭɧɤɰɢɢ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ 

ɫɯɨɠɢ ɫ ɢɫɫɥɟɞɭɟɦɨɣ ɩɪɨɛɥɟɦɨɣ, ɨɞɧɚɤɨ ɧɟ ɪɟɲɚɸɳɢɟ ɟɟ. Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɨɛɡɨɪ 

ɢ ɤɪɚɬɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɨɡɦɨɠɧɵɯ ɦɟɬɨɞɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɵ ɧɚ ɫɩɭɬɧɢɤɨɜɨɦ 

ɢɡɨɛɪɚɠɟɧɢɢ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɬɨɪɨɝɨ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɢɧɞɟɤɫɨɜ.  

ɇɚ ɨɫɧɨɜɟ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ ɪɟɚɥɢɡɨɜɚɧ ɚɥɝɨɪɢɬɦ, 

ɩɨɡɜɨɥɹɸɳɢɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨ ɩɨɥɭɱɢɬɶ ɜɟɤɬɨɪɧɵɣ ɮɚɣɥ ɞɟɲɢɮɪɢɪɨɜɚɧɧɨɣ 
ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɫɧɢɦɤɟ. Ɍɢɩ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɢɧɞɟɤɫɚ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɩɪɢ 

ɩɨɦɨɳɢ ɪɚɫɱɟɬɚ ɨɲɢɛɤɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɪɢɰɵ ɨɲɢɛɨɤ, ɩɨɫɥɟ 

ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɚ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ.  

 ɉɪɢ ɩɨɦɨɳɢ ɜɟɤɬɨɪɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ 

ɚɥɝɨɪɢɬɦɚ, ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɩɨɞɬɨɩɥɟɧɢɣ ɨɩɨɪ ȼɅɗɉ 

ɜɵɞɟɥɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɪɟɤɢ ȿɧɢɫɟɣ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ.  

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɜ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧ ɤɚɤ ɦɨɞɭɥɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ, ɩɪɟɞɨɫɬɚɜɥɹɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɫɩɭɬɧɢɤɨɜɨɦ ɢɡɨɛɪɚɠɟɧɢɢ.  
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Ɋɢɫɭɧɨɤ Ⱥ.10 — ɉɥɚɤɚɬ ɩɪɟɡɟɧɬɚɰɢɢ 10 
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Ɋɢɫɭɧɨɤ Ⱥ.11 — ɉɥɚɤɚɬ ɩɪɟɡɟɧɬɚɰɢɢ 11 

 

 

Ɋɢɫɭɧɨɤ Ⱥ.12 — ɉɥɚɤɚɬ ɩɪɟɡɟɧɬɚɰɢɢ 12 
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Ɋɢɫɭɧɨɤ Ⱥ.13 — ɉɥɚɤɚɬ ɩɪɟɡɟɧɬɚɰɢɢ 13 

 




