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ɂ Ɂ ȼ ȿ ɋ Ɍ ɂ ə 

ɂɪɤɭɬɫɤɨɝɨ 

 ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

 ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɍȾɄ 631.46:528.92(571.51) 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɤɚɪɬɨɝɪɚɮɢɪɨɜɚɧɢɟ  
ɷɤɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɨɱɜ 
ɝ. ɋɚɹɧɨɝɨɪɫɤɚ  
ȿ. ȼ. ɇɚɩɪɚɫɧɢɤɨɜɚ, ȿ. Ⱥ. ɂɫɬɨɦɢɧɚ  
ɂɧɫɬɢɬɭɬ ɝɟɨɝɪɚɮɢɢ ɢɦ. ȼ. Ȼ. ɋɨɱɚɜɵ ɋɈ ɊȺɇ 

Ⱥɧɧɨɬɚɰɢɹ. ɂɡɥɨɠɟɧ ɷɤɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɢ ɨɩɵɬ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɜ 
ɢɡɭɱɟɧɢɢ ɩɨɱɜ ɭɪɛɚɧɢɡɢɪɨɜɚɧɧɵɯ ɬɟɪɪɢɬɨɪɢɣ ɜ ɭɫɥɨɜɢɹɯ Ʉɨɣɛɚɥɶɫɤɨɣ ɫɬɟɩɢ Ʉɪɚɫ-
ɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. ɂɧɮɨɪɦɚɬɢɜɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɨɪɨɞɫɤɢɯ 
ɩɨɱɜ ɩɪɢɧɹɬɵ ɫɬɟɩɟɧɶ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ ɢ ɳɟɥɨɱɧɨ-ɤɢɫɥɨɬɧɚɹ ɨɛ-
ɫɬɚɧɨɜɤɚ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɢɧɬɟɝɪɚɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ. Ɉɫɧɨɜɨɩɨɥɚɝɚɸɳɟɣ ɦɟɬɨɞɢɤɨɣ 
ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɦɚɫɫɨɜɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɚɧɚɥɢɡɨɜ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɛɨɥɶɲɭɸ ɬɟɪɪɢɬɨɪɢɸ, ɹɜɢɥɫɹ ɷɤɫɩɪɟɫɫ-ɦɟɬɨɞ Ɍ. ȼ. Ⱥɪɢɫɬɨɜɫɤɨɣ, 
Ɇ. ȼ. ɑɭɝɭɧɨɜɨɣ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɫɬɟɩɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɢɡɭɱɚɟɦɵɯ ɩɨɱɜ ɢɧɞɭɫɬɪɢɚɥɶ-
ɧɨɝɨ ɝ. ɋɚɹɧɨɝɨɪɫɤɚ ɤɨɥɟɛɥɟɬɫɹ ɨɬ ɧɢɡɤɨɣ ɞɨ ɨɱɟɧɶ ɜɵɫɨɤɨɣ. ɉɨɱɜɵ ɫ ɜɵɫɨɤɨɣ ɚɤ-
ɬɢɜɧɨɫɬɶɸ ɩɪɟɨɛɥɚɞɚɸɬ ɩɨ ɩɥɨɳɚɞɢ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɨɩɬɢɦɚɥɶɧɵɟ ɞɥɹ ɷɬɨɝɨ ɭɫɥɨɜɢɹ ɜ 
ɜɢɞɟ ɫɥɚɛɨɳɟɥɨɱɧɨɣ ɪɟɚɤɰɢɢ ɫɪɟɞɵ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɞɚɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨ-ɤɚɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɱɜ ɜ 
ɭɫɥɨɜɢɹɯ ɭɪɛɚɧɢɡɚɰɢɢ ɢ ɬɟɯɧɨɝɟɧɟɡɚ. ɇɚ ɛɚɡɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɨɱɟɱɧɵɦ ɢɡ-
ɦɟɪɟɧɢɹɦ ɜ ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɪɟɞɟ ɦɟɬɨɞɨɦ IDW Nearest Neighbors ɛɵɥɢ ɩɨ-
ɫɬɪɨɟɧɵ ɤɚɪɬɵ ɢɡɨɥɢɧɢɣ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ ɚɫɩɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɪɨɛɥɟɦɧɵɯ ɬɟɪɪɢɬɨɪɢɣ. ɍɱɢɬɵɜɚɹ ɫɩɟɰɢɮɢɤɭ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɝɨɪɨɞɚ, ɛɵɥɨ ɭɞɟ-
ɥɟɧɨ ɞɨɥɠɧɨɟ ɜɧɢɦɚɧɢɟ ɫɨɞɟɪɠɚɧɢɸ ɜ ɩɨɱɜɟ ɧɟɤɨɬɨɪɵɯ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ I ɢ II 

ɤɥɚɫɫɚ ɨɩɚɫɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɠɟɫɬɤɢɯ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɨɩɭɫɬɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ (ɈȾɄ) 
ɤɚɤ ɮɨɧɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɬɟɤɚɸɬ ɫɥɨɠɧɵɟ ɩɨɱɜɟɧɧɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. ȼɵ-
ɹɜɥɟɧ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜ ɬɹɠɟɥɵɦɢ ɦɟɬɚɥɥɚɦɢ. Ɂɚ-
ɝɪɹɡɧɟɧɢɟ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ ɝɨɪɨɞɚ ɞɚɧɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɨɱɟɧɶ 
ɦɨɡɚɢɱɧɨ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɟɝɨ ɝɟɬɟɪɨɝɟɧɧɨɫɬɶɸ ɢ ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɳɟɥɨɱɧɨ-

ɤɢɫɥɨɬɧɵɯ ɭɫɥɨɜɢɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝ. ɋɚɹɧɨɝɨɪɫɤ, ɩɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ, ɛɢɨɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ, 
ɳɟɥɨɱɧɨ-ɤɢɫɥɨɬɧɵɟ ɭɫɥɨɜɢɹ, ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɤɚɪɬɨɝɪɚɮɢɪɨɜɚɧɢɟ.  

ȼɜɟɞɟɧɢɟ 
ɇɚɛɥɸɞɟɧɢɟ ɡɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ ɥɸɛɨɝɨ ɝɨɪɨ-

ɞɚ, ɚ ɨɫɨɛɟɧɧɨ ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ, ɹɜɥɹɟɬɫɹ ɫɜɨɟɜɪɟɦɟɧɧɨɣ ɢ ɚɤɬɭɚɥɶɧɨɣ 
ɧɚɭɱɧɨɣ ɡɚɞɚɱɟɣ. ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɩɨɱɜɵ ɢ ɩɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ 

ɹɜɥɹɸɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɹɞɪɨɦ ɝɨɪɨɞɫɤɨɣ ɫɪɟɞɵ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɜɚɠɧɵɦ 
ɮɚɤɬɨɪɨɦ ɟɟ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɦɵ ɩɪɨɞɨɥɠɚɟɦ ɦɧɨɝɨɥɟɬɧɢɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ. ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɩɟɪɜɵɟ ɞɥɹ ɝ. ɋɚ-



ȿ. ȼ. ɇȺɉɊȺɋɇɂɄɈȼȺ, ȿ. Ⱥ. ɂɋɌɈɆɂɇȺ  
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ɹɧɨɝɨɪɫɤɚ ɜɵɩɨɥɧɟɧɨ ɞɟɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɱɜɟɧɧɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɫ ɢɯ ɤɚɪɬɨɝɪɚɮɢɱɟɫɤɢɦ ɨɬɨɛɪɚɠɟɧɢɟɦ. 

ɉɪɨɛɥɟɦɚ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɚ ɜ ɭɫɥɨɜɢɹɯ ɪɚɧɢɦɨɣ ɩɪɢɪɨɞɵ ɋɢɛɢɪɢ, 
ɝɞɟ ɫɚɦɨɨɱɢɳɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɱɜ ɫɧɢɠɟɧɚ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ 
ɩɪɨɞɨɥɠɟɧɢɟɦ ɢɧɢɰɢɢɪɨɜɚɧɧɨɝɨ ɰɢɤɥɚ ɫɬɚɬɟɣ Д8–10Ж, ɩɨɫɜɹɳɟɧɧɵɯ ɜɥɢɹ-
ɧɢɸ ɩɪɨɰɟɫɫɨɜ ɭɪɛɚɧɢɡɚɰɢɢ ɢ ɬɟɯɧɨɝɟɧɟɡɚ ɧɚ ɧɟɡɚɦɟɧɢɦɵɣ ɢ ɧɟɨɬɴɟɦɥɟɦɵɣ 
ɤɨɦɩɨɧɟɧɬ ɛɢɨɫɮɟɪɵ – ɩɨɱɜɭ.  

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɪɚɛɨɬɵ – ɢɡɭɱɟɧɢɟ 
ɢ ɤɚɪɬɨɝɪɚɮɢɪɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɨɝɨ ɷɤɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɩɨɱɜ ɝ. ɋɚɹɧɨɝɨɪɫɤɚ ɜ ɭɫɥɨɜɢɹɯ Ʉɨɣɛɚɥɶɫɤɨɣ ɫɬɟɩɢ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. 

ɉɨɞɯɨɞɵ, ɦɟɬɨɞɵ ɢ ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ  
ɉɨɫɤɨɥɶɤɭ ɥɸɛɨɣ ɩɨɞɯɨɞ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɬɪɚɬɟɝɢɸ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɰɟ-

ɥɟɫɨɨɛɪɚɡɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɧɟɤɨɬɨɪɵɟ ɢɫɯɨɞɧɵɟ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɟ ɩɪɟɞɩɨ-
ɫɵɥɤɢ. ɍɱɢɬɵɜɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɨɬɱɚɫɬɢ ɮɟɧɨɦɟɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɱɜɵ, 
ɦɵ ɜɵɛɪɚɥɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɢ ɛɢɨɯɢɦɢɱɟɫɤɢɣ ɩɨɞɯɨɞɵ. 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɯ ɤɨɧɰɟɩɰɢɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ 
Д11Ж ɹɜɥɹɟɬɫɹ ɤɨɧɰɟɩɰɢɹ ɨ ɞɜɭɟɞɢɧɨɣ ɩɪɢɪɨɞɟ ɩɨɱɜɵ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɩɨɱ-
ɜɟɧɧɨɟ ɬɟɥɨ ɫɨɫɬɨɢɬ ɢɡ «ɩɨɱɜɵ-ɩɚɦɹɬɢ» – ɤɨɦɩɥɟɤɫɚ ɭɫɬɨɣɱɢɜɵɯ ɫɜɨɣɫɬɜ ɢ 
ɩɪɢɡɧɚɤɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɯɨɞɟ ɜɫɟɣ ɢɫɬɨɪɢɢ, ɢ «ɩɨɱɜɵ-ɦɨɦɟɧɬɚ» – ɫɨɜɨ-
ɤɭɩɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɢɡɦɟɧɱɢɜɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɦɨɛɢɥɶɧɵɯ ɩɪɢɡɧɚɤɨɜ ɫɜɨɣɫɬɜ 
ɩɨɱɜɵ ɜ ɦɨɦɟɧɬ ɧɚɛɥɸɞɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɫ ɭɱɟɬɨɦ ɩɪɢɧɰɢɩɨɜ ɛɢɨɞɢɚɝɧɨ-
ɫɬɢɤɢ ɜ ɫɜɟɬɟ ɭɱɟɧɢɹ ɨ ɮɭɧɤɰɢɹɯ ɩɨɱɜ ɜ ɛɢɨɫɮɟɪɟ ɢ ɷɤɨɫɢɫɬɟɦɚɯ Д5Ж ɢɧɮɨɪ-
ɦɚɬɢɜɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɨɪɨɞɫɤɢɯ ɩɨɱɜ ɧɚɦɢ ɩɪɢ-
ɧɹɬɵ ɫɬɟɩɟɧɶ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ (ȻȺɉ) ɢ ɳɟɥɨɱɧɨ-ɤɢɫɥɨɬɧɚɹ 
ɨɛɫɬɚɧɨɜɤɚ (ɪɇ), ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɢɧɬɟɝɪɚɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ. ɋɥɟɞɭɟɬ ɩɨɞ-
ɱɟɪɤɧɭɬɶ, ɱɬɨ ȻȺɉ ɧɟ ɬɨɥɶɤɨ ɢɧɬɟɝɪɚɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, ɧɨ ɢ ɢɧɞɢɤɚɬɨɪ ɫɨ-
ɜɪɟɦɟɧɧɨɝɨ ɪɟɠɢɦɚ ɢ ɠɢɡɧɢ ɩɨɱɜɵ, ɩɨɫɤɨɥɶɤɭ ɭɪɨɜɟɧɶ ɮɟɪɦɟɧɬɨɜ, ɫ ɤɨɬɨ-
ɪɵɦɢ ɫɨɩɪɹɠɟɧɵ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɢɡɦɟɧɹɟɬɫɹ ɚɞɟɤɜɚɬɧɨ ɢɡɦɟɧɟ-
ɧɢɹɦ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɮɢɡɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣ-
ɫɬɜɚ ɡɚɥɨɠɟɧɵ ɜ ɟɟ «ɩɚɦɹɬɢ». Ȼɨɥɟɟ ɬɨɝɨ, ɷɬɢ ɩɨɤɚɡɚɬɟɥɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɫɢ-
ɫɬɟɦɭ ɧɟ ɬɨɥɶɤɨ ɫ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɫɬɨɪɨɧɵ, ɧɨ ɢ ɫ ɤɚɱɟɫɬɜɟɧɧɨɣ, ɬɚɤ ɤɚɤ 
ɪɟɱɶ ɢɞɟɬ ɨ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɫɥɨɠɧɵɯ ɩɨɱɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɧɚɦɢ ɨɫɭɳɟɫɬɜɥɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɨɩɟɪɚɬɢɜɧɨɣ ɨɰɟɧɤɢ 
ɩɨɱɜɟɧɧɨ-ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɫɢɬɭɚɰɢɣ, ɜɤɥɸɱɚɸɳɟɣ ɡɚɞɚɱɭ ɧɚɯɨɠɞɟɧɢɹ ɢɧɬɟ-
ɝɪɚɥɶɧɵɯ ɜɵɫɨɤɨɢɧɞɢɤɚɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. Ɍɚɤɨɜɵɦɢ ɨɤɚɡɚɥɚɫɶ ɫɢɫɬɟɦɚ 
ɜɡɚɢɦɨɫɜɹɡɟɣ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ ɢ ɢɯ ɳɟɥɨɱɧɨ-ɤɢɫɥɨɬɧɵɯ 
ɭɫɥɨɜɢɣ. ɂɞɟɹ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɢ ɢɡɭɱɟɧɢɢ ɝɨɪɨɞɨɜ ȼɨ-
ɫɬɨɱɧɨɣ ɋɢɛɢɪɢ ɢ ɩɨɥɭɱɢɥɚ ɨɫɜɟɳɟɧɢɟ ɜ ɩɟɱɚɬɢ ɪɚɧɟɟ Д8; 10Ж. 

Ɉɫɧɨɜɨɩɨɥɚɝɚɸɳɟɣ ɦɟɬɨɞɢɤɨɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɦɚɫɫɨɜɵɯ ɥɚɛɨɪɚɬɨɪ-
ɧɵɯ ɚɧɚɥɢɡɨɜ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɛɨɥɶɲɭɸ 
ɬɟɪɪɢɬɨɪɢɸ, ɹɜɢɥɫɹ ɷɤɫɩɪɟɫɫ-ɦɟɬɨɞ Ɍ. ȼ. Ⱥɪɢɫɬɨɜɫɤɨɣ, Ɇ. ȼ. ɑɭɝɭɧɨɜɨɣ Д1Ж. 
ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɢɤɢ ɫɨɫɬɨɢɬ ɜ ɪɟɝɢɫɬɪɚɰɢɢ ɫɤɨɪɨɫɬɢ (ɜ ɱɚɫɚɯ) ɪɚɡɥɨɠɟɧɢɹ 
ɚɡɨɬɫɨɞɟɪɠɚɳɟɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɤɚɪɛɚɦɢɞɚ). Ⱦɚɧɧɵɣ ɦɟɬɨɞ 
ɫɱɢɬɚɟɬɫɹ ɜɟɫɶɦɚ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɢ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɜɵɹɜɢɬɶ ɪɚɡɥɢɱɢɹ 
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ɦɟɠɞɭ ɤɨɧɬɪɚɫɬɧɵɦɢ ɜ ɬɟɯ ɢɥɢ ɢɧɵɯ ɨɬɧɨɲɟɧɢɹɯ ɨɛɴɟɤɬɚɦɢ, ɧɨ ɢ ɞɢɮɮɟ-
ɪɟɧɰɢɪɨɜɚɬɶ ɩɨɱɜɵ ɩɨ ɢɯ ɛɢɨɩɨɬɟɧɰɢɚɥɭ. ɗɬɨɬ ɫɩɨɫɨɛ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟ-
ɩɟɧɢ ɨɛɥɟɝɱɚɟɬ ɡɚɞɚɱɭ ɨɰɟɧɤɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ ɜ 
ɫɢɥɭ ɫɜɨɟɣ ɨɩɟɪɚɬɢɜɧɨɫɬɢ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɩɨɤɚ-
ɡɵɜɚɟɬ ɨɫɨɛɟɧɧɨɫɬɢ ɨɞɧɨɝɨ ɢɡ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɜɟɧɶɟɜ ɜ ɛɢɨɝɟɨɯɢɦɢɱɟ-
ɫɤɨɦ ɰɢɤɥɟ ɚɡɨɬɚ. 

Ɉɬɛɨɪ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɚ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɜɟɝɟɬɚ-
ɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɧɚ ɨɩɨɪɧɵɯ ɩɥɨɳɚɞɤɚɯ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɨ ɜɫɟɯ ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɯ ɡɨɧɚɯ ɝɨɪɨɞɚ, ɨɬɪɚɠɚɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ 
ɝɨɪɨɞɫɤɨɣ ɫɪɟɞɵ ɢ ɢɦɟɸɳɢɯ ɨɬɥɢɱɢɟ ɩɨ ɫɬɟɩɟɧɢ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɨɡɞɟɣ-
ɫɬɜɢɹ. ɂɡ 10–15 ɨɬɞɟɥɶɧɵɯ ɩɪɨɛ ɝɨɬɨɜɢɥɫɹ ɫɦɟɲɚɧɧɵɣ ɨɛɪɚɡɟɰ (ɞɥɹ ɫɧɹɬɢɹ 
ɝɟɬɟɪɨɝɟɧɧɨɫɬɢ ɫɪɟɞɵ) ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɱɟɫɤɢɦ ɭɤɚɡɚɧɢɹɦ Д7Ж.  

ɓɟɥɨɱɧɨ-ɤɢɫɥɨɬɧɵɟ ɭɫɥɨɜɢɹ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɨɩɪɟɞɟɥɟɧɚ ɧɚ ɩɪɢɛɨɪɟ Op-

tima 2000DV (ɨɩɬɢɱɟɫɤɢɣ ɷɦɢɫɫɢɨɧɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ ɫ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɡ-
ɦɨɣ ɢ ɤɨɦɩɶɸɬɟɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ, ɮɢɪɦɚ Perkin Elmer LLC, ɋɒȺ) ɜ ɚɤ-
ɤɪɟɞɢɬɨɜɚɧɧɨɦ ɯɢɦɢɤɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɰɟɧɬɪɟ ɂɧɫɬɢɬɭɬɚ ɝɟɨɝɪɚɮɢɢ ɢɦ. 
ȼ. Ȼ. ɋɨɱɚɜɵ ɋɈ ɊȺɇ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɩɨ ɬɨɱɟɱɧɵɦ ɢɡɦɟɪɟɧɢɹɦ ɜ ɝɟɨɢɧ-
ɮɨɪɦɚɰɢɨɧɧɨɣ ɫɪɟɞɟ ɦɟɬɨɞɨɦ IDW Nearest Neighbors ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɤɚɪɬɵ 
ɢɡɨɥɢɧɢɣ Д2Ж. 

Ɇɟɬɨɞɵ ɫɨɡɞɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɡɚɥɨɠɟɧɵ ɜɨ ɦɧɨɝɢɯ Ƚɂɋ-ɩɪɨɝɪɚɦɦɚɯ 
ɢ ɫɨɞɟɪɠɚɬ ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɛɨɪ ɚɥɝɨɪɢɬɦɨɜ ɢɧɬɟɪɩɨɥɹɰɢɢ (ɦɟɬɨɞ ɛɥɢɠɚɣɲɟ-
ɝɨ ɫɨɫɟɞɚ, ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɪɚɞɢɭɫɚ, ɫɩɥɚɣɧ ɢ ɬ. ɞ.). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɛɪɚɧ 
ɦɟɬɨɞ Ʉ-ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ, ɬɚɤ ɤɚɤ ɨɧ ɧɟ ɬɪɟɛɭɟɬ ɪɟɝɭɥɹɪɧɨɣ ɫɟɬɢ ɬɨɱɟɱ-
ɧɵɯ ɞɚɧɧɵɯ. ɉɪɢ ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɹɱɟɣɤɢ ɤɚɪɬɵ ɭɱɢɬɵ-
ɜɚɥɢɫɶ 12 ɛɥɢɠɚɣɲɢɯ ɨɛɴɟɤɬɨɜ – ɬɨɱɟɤ ɫ ɢɡɜɟɫɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨɤɚɡɚɬɟ-
ɥɟɣ. əɱɟɣɤɟ ɩɪɢɫɜɚɢɜɚɥɨɫɶ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɜɟɫ ɤɚɠɞɨɝɨ ɢɡ 
12 ɨɛɴɟɤɬɨɜ ɭɦɟɧɶɲɚɥɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɹɱɟɣɤɢ. ȼ ɢɬɨɝɟ ɩɨ-
ɥɭɱɟɧɵ ɢɡɨɥɢɧɟɣɧɵɟ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɇ ɢ ȻȺɉ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɢɡɭɱɚɟɦɵɟ ɩɨɱɜɵ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɨɯɜɚɱɟɧ ɩɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ ɦɨɥɨ-
ɞɨɝɨ ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ ɝɨɪɨɞɚ ɋɚɹɧɨɝɨɪɫɤɚ ɜ ɭɫɥɨɜɢɹɯ ɘɠɧɨ-Ɇɢɧɭɫɢɧɫɤɨɣ 
ɤɨɬɥɨɜɢɧɵ (Ɋɟɫɩɭɛɥɢɤɚ ɏɚɤɚɫɢɹ). Ʉɨɬɥɨɜɢɧɚ ɨɬɧɨɫɢɬɫɹ ɤ ɱɢɫɥɭ ɧɚɢɛɨɥɟɟ 
ɨɫɜɨɟɧɧɵɯ ɪɚɣɨɧɨɜ ɸɝɚ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɤɚɤ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ, ɬɚɤ ɢ ɜ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɦ ɨɬɧɨɲɟɧɢɢ. Ɂɞɟɫɶ ɫɨɡɞɚɧ ɋɚɹɧɨ-ɒɭɲɟɧɫɤɢɣ ɩɪɨ-
ɦɵɲɥɟɧɧɵɣ ɤɨɦɩɥɟɤɫ, ɜ Ʉɨɣɛɚɥɶɫɤɨɣ ɫɬɟɩɢ ɩɨɫɬɪɨɟɧ ɋɚɹɧɨɝɨɪɫɤɢɣ ɚɥɸ-
ɦɢɧɢɟɜɵɣ ɡɚɜɨɞ (ɋȺɁ), ɪɚɛɨɬɚɸɳɢɣ ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ ɫ 1999 ɝ. ɉɟɪɜɵɣ 
ɚɥɸɦɢɧɢɣ ɛɵɥ ɩɨɥɭɱɟɧ ɜ 1980-ɯ ɝɝ.  

Ƚɨɪɨɞ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɥɟɜɨɦ ɛɟɪɟɝɭ ɪ. ȿɧɢɫɟɹ ɭ ɩɨɞɧɨɠɢɹ ɋɚɹɧɫɤɢɯ ɝɨɪ 
(ɜ 80 ɤɦ ɤ ɸɝɭ ɨɬ ɝ. Ⱥɛɚɤɚɧɚ) ɜ ɫɬɟɩɧɨɣ ɡɨɧɟ. ɋɚɹɧɨɝɨɪɫɤ ɨɫɧɨɜɚɧ ɜ 1975 ɝ., 
ɫɬɪɨɢɥɫɹ ɫɨɝɥɚɫɧɨ Ƚɟɧɩɥɚɧɭ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɟɦɭ ɜ ɧɟɦ ɞɟɫɹɬɶ ɠɢɥɵɯ 
ɦɢɤɪɨɪɚɣɨɧɨɜ. Ɉɛɳɚɹ ɩɥɨɳɚɞɶ ɝɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ 19 ɤɦ2. Ʉɥɢɦɚɬ ɭɦɟɪɟɧɧɨ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ. Ƚɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ – 250–300 ɦɦ, ɛɨɥɶɲɚɹ ɱɚɫɬɶ 
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ɨɫɚɞɤɨɜ ɜɵɩɚɞɚɟɬ ɜ ɨɫɧɨɜɧɨɦ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ. ɉɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɶ ɜɟɝɟɬɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ – 160 ɞɧɟɣ. 

ɉɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ ɪɚɣɨɧɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɫɪɟɞɧɟ- ɢ ɥɟɝɤɨ-
ɫɭɝɥɢɧɢɫɬɵɦɢ, ɪɟɠɟ ɫɭɩɟɫɱɚɧɵɦɢ ɦɚɥɨɝɭɦɭɫɧɵɦɢ ɱɟɪɧɨɡɟɦɚɦɢ ɫ ɧɟɛɨɥɶ-
ɲɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɨɮɢɥɹ. ɉɪɟɨɛɥɚɞɚɸɬ ɨɛɵɤɧɨɜɟɧɧɵɟ ɢ ɸɠɧɵɟ ɱɟɪɧɨɡɟ-
ɦɵ. ȼ ɛɨɥɟɟ ɡɚɫɭɲɥɢɜɨɣ ɱɚɫɬɢ ɧɚ ɞɪɟɜɧɟɚɥɥɸɜɢɚɥɶɧɵɯ ɪɚɜɧɢɧɚɯ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɵ ɬɟɦɧɨ-ɤɚɲɬɚɧɨɜɵɟ ɩɨɱɜɵ (ɫ ɪɚɡɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɝɭɦɭɫɚ) ɜ ɤɨɦ-
ɩɥɟɤɫɟ ɫ ɫɨɥɨɧɱɚɤɚɦɢ, ɫɨɥɨɧɰɚɦɢ ɢ ɫɨɥɨɧɰɟɜɚɬɵɦɢ ɩɨɱɜɚɦɢ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ 
ɝɨɪɨɞɚ ɟɫɬɟɫɬɜɟɧɧɵɣ ɩɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ ɛɨɥɶɲɟɣ ɱɚɫɬɶɸ ɨɬɫɭɬɫɬɜɭɟɬ. ɉɨɱ-
ɜɵ ɫɟɥɢɬɟɛɧɵɯ ɡɨɧ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɯɚɪɚɤɬɟɪɭ ɮɨɪɦɢɪɨɜɚɧɢɹ, ɦɨɳɧɨɫɬɢ, 
ɫɜɨɣɫɬɜɚɦ ɩɨɱɜɨɨɛɪɚɡɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɨɪɝɚɧɨɝɟɧɧɨɝɨ ɫɥɨɹ, ɩɨ ɤɨɥɢɱɟ-
ɫɬɜɭ ɢ ɫɨɫɬɚɜɭ ɜɤɥɸɱɟɧɢɣ (ɫɬɪɨɢɬɟɥɶɧɵɣ ɢ ɛɵɬɨɜɨɣ ɦɭɫɨɪ, ɩɪɨɦɵɲɥɟɧɧɵɟ 
ɨɬɯɨɞɵ) ɢ ɬ. ɞ. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɝɨɪɨɞɫɤɢɯ ɩɨɱɜ ɯɚɪɚɤɬɟɪɧɨ ɨɬɫɭɬɫɬɜɢɟ ɝɟ-
ɧɟɬɢɱɟɫɤɢɯ ɝɨɪɢɡɨɧɬɨɜ ɢ ɧɚɥɢɱɢɟ ɪɚɡɥɢɱɧɵɯ ɩɨ ɨɤɪɚɫɤɟ ɢ ɦɨɳɧɨɫɬɢ ɫɥɨɟɜ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɉɨɱɜɵ ɝ. ɋɚɹɧɨɝɨɪɫɤɚ ɜ ɷɬɨɦ ɩɥɚɧɟ ɧɟ ɹɜ-
ɥɹɸɬɫɹ ɢɫɤɥɸɱɟɧɢɟɦ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ, ɫɨɝɥɚɫɧɨ ɫɨɜɪɟɦɟɧɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 
ɢ ɞɢɚɝɧɨɫɬɢɤɟ, ɜ ɫɜɨɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɭɪɛɚɧɨɡɟɦɚɦɢ, ɪɟɩɥɚɧɬɨɡɟɦɚɦɢ ɢ ɤɭɥɶ-
ɬɭɪɨɡɟɦɚɦɢ Д12Ж.  

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɋɚɹɧɨɝɨɪɫɤ ɨɬɧɨɫɢɬɫɹ ɤ ɩɪɨɦɵɲɥɟɧɧɵɦ ɝɨ-
ɪɨɞɚɦ. Ɂɞɟɫɶ ɪɚɡɜɢɬɚ ɷɧɟɪɝɟɬɢɤɚ ɢ ɦɟɬɚɥɥɭɪɝɢɹ. ɉɨ ɞɚɧɧɵɦ ɇ. Ⱦ. Ⱦɚɜɵɞɨɜɨɣ 
Д4Ж, ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɜɵɛɪɨɫɨɜ ɋȺɁɚ, ɡɚɝɪɹɡɧɹɸɳɢɦɢ ɩɨɱɜɟɧ-
ɧɵɟ ɪɚɫɬɜɨɪɵ, ɹɜɥɹɸɬɫɹ ɮɬɨɪ ɢ ɧɚɬɪɢɣ. ɍɪɨɜɟɧɶ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɨɪɚɫɬɜɨɪɢ-
ɦɨɝɨ ɮɬɨɪɚ ɜ ɩɨɱɜɚɯ ɡɨɧɵ ɜɨɡɞɟɣɫɬɜɢɹ ɩɵɥɟɝɚɡɨɜɵɯ ɷɦɢɫɫɢɣ ɋȺɁɚ ɧɚɯɨɞɢɬ-
ɫɹ ɜ ɩɪɟɞɟɥɚɯ 1–4 ɉȾɄ. 

ɍɱɢɬɵɜɚɹ ɫɩɟɰɢɮɢɤɭ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɝɨɪɨɞɚ, ɛɵɥɨ ɭɞɟɥɟɧɨ ɞɨɥɠɧɨɟ 
ɜɧɢɦɚɧɢɟ ɫɨɞɟɪɠɚɧɢɸ ɜ ɩɨɱɜɟ ɧɟɤɨɬɨɪɵɯ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ I ɢ II ɤɥɚɫɫɚ 
ɨɩɚɫɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɠɟɫɬɤɢɯ ɈȾɄ Д3Ж ɤɚɤ ɮɨɧɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɬɟɤɚɸɬ ɫɥɨɠ-
ɧɵɟ ɩɨɱɜɟɧɧɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ. 

ɋɨɜɪɟɦɟɧɧɵɣ ɪɚɫɬɢɬɟɥɶɧɵɣ ɩɨɤɪɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɜɢɞɨɢɡɦɟɧɟɧ ɞɟɹɬɟɥɶ-
ɧɨɫɬɶɸ ɱɟɥɨɜɟɤɚ, ɧɨ ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɢɥ ɱɟɪɬɵ ɤɨɪɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. ɉɨ ɤɥɚɫɫɢ-
ɮɢɤɚɰɢɢ ȿ. Ɇ. Ʌɚɜɪɟɧɤɨ Д6Ж ɫɬɟɩɢ ɘɠɧɨ-Ɇɢɧɭɫɢɧɫɤɨɣ ɤɨɬɥɨɜɢɧɵ ɨɬɧɨɫɹɬɫɹ ɤ 
ɧɚɫɬɨɹɳɢɦ ɡɦɟɟɜɤɨɜɨ-ɬɵɪɫɨɜɵɦ ɢ ɜɨɫɬɪɟɰɨɜɨ-ɬɵɪɫɨɜɵɦ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɜ ɝ. ɋɚɹɧɨɝɨɪɫɤɟ ɞɨɦɢɧɢɪɭɸɬ ɪɚɡɧɨɬɪɚɜɧɨ-ɡɥɚɤɨɜɵɟ ɪɚɫɬɢɬɟɥɶɧɵɟ ɚɫɫɨɰɢ-
ɚɰɢɢ. ɋɨɞɨɦɢɧɢɪɭɸɳɢɟ – ɡɥɚɤɨɜɨ-ɛɨɛɨɜɵɟ ɫ ɤɨɜɵɥɟɦ ɢ ɩɨɥɵɧɶɸ.  

Ɉɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɂɡɭɱɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɝɨɪɨɞɨɜ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɝɟɨ-

ɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɬɦɨɫɮɟɪɵ ɢ ɩɨɱɜ. Ɍɟɯɧɨɝɟɧɟɡ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ 
ɜ ɩɨɧɹɬɢɟ ɚɧɬɪɨɩɨɝɟɧɧɨɟ ɝɟɨɯɢɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɩɪɨ-
ɰɟɫɫɨɦ ɭɪɛɚɧɢɡɚɰɢɢ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɬɟɪɪɢɬɨɪɢɸ. ȼ ɷɬɨɣ ɫɜɹɡɢ, ɩɪɟɠ-
ɞɟ ɱɟɦ ɩɟɪɟɣɬɢ ɤ ɨɛɫɭɠɞɟɧɢɸ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɢɜɟɞɟɦ ɤɪɚɬɤɭɸ ɝɟɨ-
ɯɢɦɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɩɨɱɜ ɤɚɤ ɮɨɧɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɬɟɤɚɸɬ ɢɡɭɱɚɟ-
ɦɵɟ ɩɪɨɰɟɫɫɵ. 

ɗɥɟɦɟɧɬɵ, ɜɵɛɪɚɧɧɵɟ ɞɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɱɜ, ɹɜɥɹɸɬɫɹ ɩɪɢɨɪɢɬɟɬ-
ɧɵɦɢ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɨ ɢ ɞɥɹ ɩɨɬɨɤɨɜ, 
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ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɯɨɞɟ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɛɵɬɨɜɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɝɨɪɨɞɫɤɨɝɨ ɧɚɫɟ-
ɥɟɧɢɹ, ɛɨɥɟɟ ɬɨɝɨ, ɨɧɢ ɜɯɨɞɹɬ ɜ ɩɟɪɟɱɟɧɶ ɋɚɧɉɢɇ ɤɚɱɟɫɬɜɚ ɩɨɱɜɵ ɜ ɨɬɧɨɲɟ-
ɧɢɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. ɂɦɢ ɹɜɢɥɢɫɶ ɫɥɟɞɭɸɳɢɟ: ГЧ, Cr, Cu, Ni, Pb, Cd. Ɂɧɚ-
ɱɟɧɢɹ ɈȾɄ ɜɡɹɬɵ ɢɡ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ Ƚɇ 2.1.7. 2511-09.  

Ɉɛɳɢɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɩɨɤɚɡɵɜɚɟɬ, 
ɱɬɨ ɜɫɟ ɷɥɟɦɟɧɬɵ (ɡɚ ɤɪɚɣɧɟ ɪɟɞɤɢɦ ɢɫɤɥɸɱɟɧɢɟɦ) ɩɪɟɜɵɲɚɸɬ ɈȾɄ ɜ ɧɟ-
ɫɤɨɥɶɤɨ ɪɚɡ. Ɍɚɤ, ɤɨɧɰɟɧɬɪɚɰɢɹ ГЧ ɜ ɪɚɡɧɵɯ ɩɪɨɛɚɯ ɩɪɟɜɵɲɚɟɬ ɈȾɄ ɨɬ 1,3 
ɞɨ 20 ɪɚɡ. ɋɨɞɟɪɠɚɧɢɟ Cr ɩɪɟɜɨɫɯɨɞɢɬ ɞɨɩɭɫɬɢɦɵɟ ɧɨɪɦɵ ɨɬ 1,3 ɞɨ 4,5 (ɪɟ-
ɠɟ ɪɚɜɧɨ ɢɥɢ ɦɟɧɶɲɟ ɈȾɄ). ɋɨɞɟɪɠɚɧɢɟ Cu ɜɨ ɜɫɟɯ ɦɢɤɪɨɪɚɣɨɧɚɯ ɝɨɪɨɞɚ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ (ɩɪɟɜɵɲɚɟɬ ɈȾɄ ɜ 1,3–1,4 ɪɚɡɚ), ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɩɨɱɜɚɯ ɧɢɠɟ 
ɟɝɨ ɧɨɪɦɚɬɢɜɨɜ. Ɏɢɤɫɢɪɭɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɈȾɄ ɫɨɞɟɪɠɚɧɢɟ 
Ni (ɨɬ 2,9 ɞɨ 5,6 ɪɚɡɚ). ɉɪɢ ɷɬɨɦ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɦɢɤɪɨ-
ɪɚɣɨɧɨɜ ɝɨɪɨɞɚ ɢɦɟɸɬ ɫɯɨɞɫɬɜɨ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɩɨɱ-
ɜɚɯ. ɋɨɞɟɪɠɚɧɢɟ Pb ɜɨ ɜɫɟɯ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɚɯ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɜɵɫɨɤɢɦ. 
ȿɝɨ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɜɵɲɚɟɬ ɧɨɪɦɚɬɢɜɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɨɬ 1,8 ɞɨ 
5,9 ɈȾɄ. Ȼɨɥɟɟ ɧɚɩɪɹɠɟɧɧɚɹ ɤɚɪɬɢɧɚ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ Cd. 

Ⱦɚɧɧɵɣ ɷɥɟɦɟɧɬ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɧɨɪɦɚɬɢɜɵ ɢ 
ɤɨɥɟɛɥɟɬɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɨɤɚɡɚɬɟɥɟɣ (ɨɬ 20 ɞɨ 100 ɈȾɄ). Ɍɚɤɨɣ 
ɭɪɨɜɟɧɶ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɚ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɨɩɚɫɧɨɦɭ.  

ɋɬɪɭɤɬɭɪɚ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜ ɋɚɹɧɨɝɨɪɫɤɚ ɬɹɠɟɥɵɦɢ ɦɟɬɚɥɥɚɦɢ ɜɟɫɶɦɚ 
ɯɚɨɬɢɱɧɚ. Ɉɞɧɚɤɨ ɨɞɢɧ ɢɡ ɦɢɤɪɨɪɚɣɨɧɨɜ (ȿɧɢɫɟɣɫɤɢɣ), ɪɚɫɩɨɥɨɠɟɧɧɵɣ 
ɜɞɨɥɶ ɛɟɪɟɝɚ ȿɧɢɫɟɹ, ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɪɚɣɨɧ ɫɨ ɫɪɚɜɧɢɬɟɥɶɧɨ 
ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɡɚɝɪɹɡɧɟɧɢɹ. ɋɯɨɞɫɬɜɨ ɫ ɞɚɧɧɵɦ ɪɚɣɨɧɨɦ ɩɨ ɭɪɨɜɧɸ ɡɚ-
ɝɪɹɡɧɟɧɢɹ ɢɦɟɟɬ ɦɢɤɪɨɪɚɣɨɧ ɜ ɫɚɦɨɦ ɰɟɧɬɪɟ ɝɨɪɨɞɚ (ɐɟɧɬɪɚɥɶɧɵɣ). Ⱦɚɧɧɵɣ 
ɮɚɤɬ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɜ ɤɪɚɬɤɨɣ ɝɟɨɯɢɦɢɱɟɫɤɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɝɨɪɨɞɚ. Ʉɪɨɦɟ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɩɪɟɞɫɬɚɜɢɥɚɫɶ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɤɚɡɚ-
ɬɟɥɶ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜ ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ ɝɨɪɨɞɚ. ɏɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɥɢ-
ɱɢɧɚ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ, ɩɪɟɜɵɲɚɸɳɚɹ 100 ɦɝ/ɤɝ, ɭɠɟ ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ ɩɨɱ-
ɜɭ ɡɚɝɪɹɡɧɟɧɧɨɣ. ȼ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɱɜɚɯ ɭɪɨɜɟɧɶ ɧɚɤɨɩɥɟɧɢɹ ɞɚɧɧɵɯ ɩɪɨ-
ɞɭɤɬɨɜ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 143 ɞɨ 428 ɦɝ/ɤɝ. ȼ ɭɫɥɨɜɧɨ ɤɨɧɬɪɨɥɶɧɨɣ ɩɨɱɜɟ (ɫɨ-
ɩɪɟɞɟɥɶɧɚɹ ɬɟɪɪɢɬɨɪɢɹ ɝɨɪɨɞɚ) ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɡɧɚɱɟɧɢɹ ɨɬ 132 ɞɨ 158.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɟɩɟɧɢ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɡɜɨɥɢɥɨ ɜɵɞɟɥɢɬɶ 
ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɩɨɱɜ: ɩɟɪɜɚɹ ɝɪɭɩɩɚ – ɨɬ 3,5 ɞɨ 4,5 ɱ (ɞɚɥɟɟ ɟɞɢɧɢɰ) ɫ 
ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ; ɜɬɨɪɚɹ – ɨɬ 5,0 ɞɨ 6,0 ɟɞ. – ɫ ɜɵɫɨɤɨɣ ɢ ɬɪɟɬɶɹ 

ɝɪɭɩɩɚ ɩɨɱɜ ɫɨ ɫɪɟɞɧɟɣ ɚɤɬɢɜɧɨɫɬɶɸ (ɨɬ 6,5 ɟɞ. ɢ ɛɨɥɟɟ). ɑɬɨ ɤɚɫɚɟɬɫɹ ɩɪɨ-
ɦɵɲɥɟɧɧɨɣ ɡɨɧɵ ɋȺɁɚ, ɬɨ ɨɧɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɛɨɥɟɟ 15 ɤɦ ɨɬ ɝɨ-
ɪɨɞɚ, ɢ ɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɩɪɟɞɦɟɬɨɦ ɨɬɞɟɥɶɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ.  
ȼ ɢɬɨɝɟ ȻȺɉ ɜ ɭɫɥɨɜɢɹɯ ɝɨɪɨɞɫɤɢɯ ɝɟɨɫɢɫɬɟɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɚɤɬɢɜɧɵɦ ɢ 
ɫɪɟɞɧɟɚɤɬɢɜɧɵɦ. Ɍɚɤɨɣ ɭɪɨɜɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɳɟɥɨɱɧɨ-

ɤɢɫɥɨɬɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɫɪɟɞɵ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫ ɨɩɬɢɦɭɦɨɦ ɞɥɹ ɩɪɨɬɟɤɚ-
ɧɢɹ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɩɪɟɜɪɚɳɟɧɢɟɦ ɨɪɝɚɧɨɝɟɧɧɨɝɨ 
ɷɥɟɦɟɧɬɚ ɚɡɨɬɚ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɟɫɥɢ ɩɪɨɰɟɫɫ ɭɪɛɚɧɢɡɚɰɢɢ 
ɭɫɢɥɢɬ ɞɚɧɧɭɸ ɮɭɧɤɰɢɸ, ɬɨ ɩɨɱɜɚ ɦɨɠɟɬ ɬɟɪɹɬɶ ɚɡɨɬ ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɚɡɨɬɨ-
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ɫɨɞɟɪɠɚɳɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɛɭɞɟɬ ɪɚɫɰɟɧɢɜɚɬɶɫɹ ɤɚɤ 
ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɪɟɝɪɟɫɫ.  

ȼɟɥɢɱɢɧɚ ɪɇ ɩɨɱɜ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɱɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɟɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɭɪɛɚ-
ɧɢɡɚɰɢɢ ɢ ɬɟɯɧɨɝɟɧɟɡɚ ɨɧɚ ɩɪɟɬɟɪɩɟɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɬɪɚɧɫɮɨɪɦɚɰɢɸ.  
ȼ ɭɫɥɨɜɢɹɯ ɋɢɛɢɪɢ, ɝɞɟ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ «ɤɢɫɥɨɬɧɵɟ ɞɨɠɞɢ», ɤɚɤ ɩɪɚɜɢɥɨ, 
ɪɇ ɩɨɱɜ ɫɦɟɳɚɟɬɫɹ ɜ ɳɟɥɨɱɧɭɸ ɫɬɨɪɨɧɭ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɢ ɪɇ ɝɨ-
ɪɨɞɫɤɢɯ ɩɨɱɜ ɤɨɥɟɛɥɸɬɫɹ ɜ ɫɪɚɜɧɢɬɟɥɶɧɨ ɭɡɤɢɯ ɩɪɟɞɟɥɚɯ – ɨɬ 6,9 ɞɨ 7,7 ɟɞ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɫɨɡɞɚɧɵ ɢɡɨɥɢɧɟɣɧɵɟ ɤɚɪɬɵ (ɪɢɫ.). ɇɚ ɨɞ-
ɧɨɣ ɢɡ ɧɢɯ (ɫɦ. ɪɢɫ., ɚ) ɜɢɞɧɨ, ɱɬɨ ɨɱɟɧɶ ɧɢɡɤɢɯ ɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ 
ɪɇ ɩɨɱɜ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɫɥɚɛɨɤɢɫɥɵɟ ɢ ɫɢɥɶɧɨɳɟɥɨɱ-
ɧɵɟ ɩɨɱɜɵ ɧɚ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɬɫɭɬɫɬɜɭɸɬ. 

 

 

ɚ      ɛ 

Ɋɢɫ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɪɇ (ɚ) ɢ ɭɪɨɜɧɟɣ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɩɨɱɜ, ɟɞ., (ɛ) ɝ. ɋɚɹɧɨɝɨɪɫɤɚ 
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Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɥɨɳɚɞɶ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ ɫ ɧɟɣɬɪɚɥɶɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɪɇ ɧɟɜɵɫɨɤɚɹ ɢ ɫɨɫɬɚɜɥɹɟɬ 3,8 % (ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɩɨ ɬɟɤɫɬɭ ɩɪɨ-
ɰɟɧɬ ɨɬ ɩɥɨɳɚɞɢ ɢɫɫɥɟɞɭɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɤɚɪɬɟ). 
ȼ ɚɛɫɨɥɸɬɧɨɦ ɡɧɚɱɟɧɢɢ ɷɬɨ ɧɟɛɨɥɶɲɚɹ ɬɟɪɪɢɬɨɪɢɹ – ɜɫɟɝɨ 0,72 ɤɦ2. ȿɳɟ 
ɦɟɧɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɝɨɪɨɞɟ ɩɨɥɭɱɢɥɢ ɩɨɱɜɵ ɳɟɥɨɱɧɵɟ (7,5–7,7ɟɞ. 
ɪɇ), ɤɨɬɨɪɵɟ, ɤɚɤ ɜɢɞɧɨ ɧɚ ɤɚɪɬɟ, ɩɪɨɹɜɢɥɢɫɶ ɥɨɤɚɥɶɧɨ. Ɉɧɢ ɡɚɧɢɦɚɸɬ 

3,5 % ɨɬ ɢɫɫɥɟɞɭɟɦɨɣ ɩɥɨɳɚɞɢ ɝɨɪɨɞɚ, ɢɥɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɨɬɧɨɲɟɧɢɢ – 

0,66 ɤɦ2. Ɇɚɫɫɢɜɵ ɫɨ ɫɥɚɛɨɳɟɥɨɱɧɵɦɢ ɩɨɱɜɚɦɢ (7,2–7,5 ɟɞ.) ɩɪɟɨɛɥɚɞɚɸɬ ɢ 
ɡɚɧɢɦɚɸɬ 92,6 % ɨɬ ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɝɨɪɨɞɚ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 17,62 ɤɦ2. Ɉɧɢ 
ɩɪɢɭɪɨɱɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɤ ɫɟɥɢɬɟɛɧɨɣ ɡɨɧɟ. ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɟ-
ɪɟɜɟɫ ɫɥɚɛɨɳɟɥɨɱɧɵɯ ɩɨɱɜ, ɨɛɳɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɳɟ-
ɥɨɱɧɨ-ɤɢɫɥɨɬɧɵɯ ɭɫɥɨɜɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɪɚɡɧɨɪɨɞɧɚɹ. ɇɚ ɤɚɪɬɟ ɯɨɪɨɲɨ 
ɜɵɪɚɠɟɧɵ ɚɪɟɚɥɵ ɩɨɱɜ ɫ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɪɇ, ɤɨɬɨɪɵɟ ɦɨɡɚɢɱɧɨ 
ɜɫɬɪɨɢɥɢɫɶ ɜ ɨɛɳɭɸ ɫɢɫɬɟɦɭ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɹ ȻȺɉ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɤɚɪɬɟ (ɫɦ. ɪɢɫ., ɛ). 
ɏɚɪɚɤɬɟɪ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ ɭɪɨɜɧɹ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ, ɤɚɤ ɢ ɜ 
ɫɥɭɱɚɟ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɪɇ, ɞɨɫɬɚɬɨɱɧɨ ɦɨɡɚɢɱɧɵɣ. ɉɟɪɜɚɹ ɝɪɭɩɩɚ ɩɨɱɜ ɫ 
ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɡɚɧɢɦɚɟɬ ɨɬ ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɝɨɪɨɞɚ ɜɫɟɝɨ 4,6 %, 

ɢɥɢ 0,87 ɤɦ2. ȼɬɨɪɚɹ ɝɪɭɩɩɚ – ɫ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ – ɡɚɧɢɦɚɟɬ ɜ ɨɛɳɟɣ 
ɫɥɨɠɧɨɫɬɢ 17,26 ɤɦ2, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 90,8 %. ɇɟɛɨɥɶɲɚɹ ɞɨɥɹ (4,6 %) 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɬɪɟɬɶɸ ɝɪɭɩɩɭ ɫɨ ɫɪɟɞɧɟɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ, ɬɚɤ ɠɟ ɤɚɤ ɢ 
ɫ ɨɱɟɧɶ ɜɵɫɨɤɨɣ, ɥɨɤɚɥɶɧɨ ɨɬɦɟɱɚɟɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɢ ɡɚɧɢɦɚɟɬ 
0,87 ɤɦ2. ɇɚɛɥɸɞɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɚɪɟɚɥɨɜ ɫ ɧɢɡɤɨɣ ɚɤɬɢɜɧɨ-
ɫɬɶɸ ɩɨɱɜ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɳɟɥɨɱɧɨ-ɤɢɫɥɨɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ.  

ɋɥɟɞɭɟɬ ɨɫɨɛɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɢ ɜɵɫɨɤɚɹ, ɢ ɧɢɡɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɩɨɱɜ 
ɧɟ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɫ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɡɢɰɢɣ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɦɨɦɟɧɬɨɦ, ɩɨ-
ɫɤɨɥɶɤɭ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɟɧɞɟɧɰɢɢ ɤ ɧɚɪɭɲɟɧɢɸ ɦɟɯɚɧɢɡɦɨɜ ɪɟɝɭɥɹɰɢɢ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɦɟɬɚɛɨɥɢɡɦɨɦ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. Ⱦɚɧɧɨɦɭ ɹɜɥɟɧɢɸ ɦɨɝɭɬ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɳɟɥɨɱɧɨ-ɤɢɫɥɨɬɧɵɟ ɭɫɥɨɜɢɹ, ɧɨ ɢ ɬɟɪɦɢɱɟɫɤɢɣ 
ɪɟɠɢɦ ɩɨɱɜ ɜ ɭɫɥɨɜɢɹɯ Ʉɨɣɛɚɥɶɫɤɨɣ ɫɬɟɩɢ ɘɠɧɨ-Ɇɢɧɭɫɢɧɫɤɨɣ ɤɨɬɥɨɜɢɧɵ.  

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ȻȺɉ ɢ ɪɇ ɩɨɱɜ ɝ. ɋɚɹɧɨɝɨɪɫɤɚ ɛɵɥ 
ɩɪɨɜɟɞɟɧ ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɦɟɠɞɭ ɷɬɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɤɨɪɪɟɥɹɰɢɢ ɉɢɪɫɨɧɚ (R) ɨɤɚɡɚɥɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɟɫɭɳɟɫɬɜɟɧɧɵɦ. Ɉɞɧɚɤɨ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɝɢɞɪɨɥɢɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɨɫɥɟ-
ɠɢɜɚɟɬɫɹ. ɉɨɱɜɵ ɫ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɩɪɟɨɛɥɚɞɚɸɬ ɩɨ ɩɥɨɳɚɞɢ ɬɚɤ ɠɟ, ɤɚɤ 
ɢ ɨɩɬɢɦɚɥɶɧɵɟ ɞɥɹ ɷɬɨɝɨ ɭɫɥɨɜɢɹ ɜ ɜɢɞɟ ɫɥɚɛɨɳɟɥɨɱɧɨɣ ɪɟɚɤɰɢɢ ɫɪɟɞɵ.  

Ɂɚɤɥɸɱɟɧɢɟ 
Ɍɟɯɧɨɝɟɧɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɭɫɢɥɢɜɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ 

ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɛɢɨɫɮɟɪɵ ɜ ɞɚɧɧɨɣ ɫɢɬɭɚɰɢɢ ɧɟɢɡɛɟɠɧɚ. ȼ ɷɬɨɣ 

ɫɜɹɡɢ ɨɩɪɚɜɞɚɧɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɱɜɟɧ-
ɧɵɯ ɪɟɠɢɦɨɜ ɝɟɨɫɢɫɬɟɦ ɜ ɭɫɥɨɜɢɹɯ ɋɢɛɢɪɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, 
ɨɬɧɨɫɹɳɢɯɫɹ ɤ I ɢ II ɤɥɚɫɫɭ ɨɩɚɫɧɨɫɬɢ, ɤɚɤ ɮɨɧɚ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɜɵɹɜɢɥɨ ɩɪɟɜɵɲɟɧɢɟ ɧɨɪɦɚɬɢɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɡɚɝɪɹɡɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɥɟɦɟɧɬɚɦɢ I ɤɥɚɫɫɚ ɨɩɚɫɧɨɫɬɢ: ГЧ, Pb, Cd. 
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Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ (ɪɇ, ɛɢɨɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ), ɩɪɨɜɟɞɟɧɧɨɝɨ ɜ ɪɚɦ-
ɤɚɯ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɪɪɢɬɨɪɢɢ, ɩɨɡɜɨɥɢɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 
ɟɝɨ ɫɨɫɬɨɹɧɢɟ ɢ ɜɵɩɨɥɧɢɬɶ ɤɚɪɬɨɝɪɚɮɢɱɟɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɟ. Ɉɩɵɬ ɬɚɤɨɣ ɪɟ-
ɚɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ ɚɫɩɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɛɥɟɦɧɵɯ 
ɬɟɪɪɢɬɨɪɢɣ.  

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɨɥɢɧɟɣɧɵɟ ɤɚɪɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟɨɞɧɨɪɨɞ-
ɧɵɯ ɡɧɚɱɟɧɢɣ ɪɇ ɢ ɭɪɨɜɧɟɣ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨɱɜ ɝɨɪɨɞɚ. Ɇɟɬɨɞ 
ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɤɚɪɬɨɝɪɚɮɢɪɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢ ɞɨɩɨɥɧɢɥ, ɚ ɝɥɚɜ-
ɧɨɟ – ɭɬɨɱɧɢɥ ɢɡɭɱɚɟɦɵɟ ɤɚɱɟɫɬɜɟɧɧɵɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɨɱɜ ɭɪɛɚɧɢɡɢɪɨɜɚɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ. Ɉɧ ɩɨɡɜɨɥɢɥ ɪɚɫɫɦɨɬɪɟɬɶ ɯɚɪɚɤɬɟɪ ɢɯ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɩɥɨɳɚɞɶ ɩɨɱɜ 
ɝɨɪɨɞɚ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ȻȺɉ ɢ ЩH. Ⱦɚɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɫɱɢɬɚ-
ɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɢɧɮɨɪɦɚɬɢɜɧɵɦɢ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɧɨ ɢ ɩɪɨɝɧɨɫɬɢɱɟ-
ɫɤɢɦɢ, ɬɚɤ ɤɚɤ ɩɪɟɞɫɬɚɜɥɹɸɬ ɬɪɟɧɞɵ ɩɪɨɰɟɫɫɨɜ. ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɞɚɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɹɜɢɬɶ ɫɩɟɤɬɪ ɫɬɟɩɟɧɢ ɛɢɨɯɢɦɢɱɟɫɤɨɣ ɚɤ-
ɬɢɜɧɨɫɬɢ ɢɡɭɱɚɟɦɵɯ ɩɨɱɜ, ɤɨɬɨɪɵɣ ɤɨɥɟɛɥɟɬɫɹ ɨɬ ɧɢɡɤɨɝɨ ɞɨ ɨɱɟɧɶ ɜɵɫɨɤɨ-
ɝɨ, ɱɬɨ ɫɜɹɡɚɧɨ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɪɚɡɥɢɱɧɵɯ ɩɪɢɪɨɞɧɵɯ ɢ ɚɧ-
ɬɪɨɩɨɝɟɧɧɵɯ ɮɚɤɬɨɪɨɜ.  

ɂɬɚɤ, ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɡɧɚɧɢɹ, ɜɵɹɜɥɟɧɵ ɬɟɧɞɟɧɰɢɢ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɩɨɱɜɟɧɧɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɭɪɛɚɧɢ-
ɡɚɰɢɢ ɢ ɬɟɯɧɨɝɟɧɟɡɚ, ɱɬɨ ɫɱɢɬɚɟɬɫɹ ɜɚɠɧɵɦ ɜɨɩɪɨɫɨɦ ɩɪɢ ɢɡɭɱɟɧɢɢ ɬɟɪɪɢ-
ɬɨɪɢɣ ɋɢɛɢɪɢ. Ʉɪɨɦɟ ɧɚɭɱɧɨɣ ɧɨɜɢɡɧɵ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɦɟɸɬ ɢ ɩɪɚɤɬɢɱɟ-
ɫɤɭɸ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɭɸ ɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. 
Ɉɧɢ ɛɭɞɭɬ ɩɨɥɟɡɧɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɛɭɫɬɪɨɣɫɬɜɚ ɝɨɪɨɞɚ (ɜ ɬɨɦ ɱɢɫɥɟ ɨɡɟɥɟ-
ɧɟɧɢɹ) ɢɥɢ ɟɝɨ ɨɬɞɟɥɶɧɵɯ ɪɚɣɨɧɨɜ ɜ ɰɟɥɹɯ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɫɪɟɞɵ ɨɛɢ-
ɬɚɧɢɹ ɱɟɥɨɜɟɤɚ. ɋɤɚɡɚɧɧɨɟ ɜɵɲɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɧɨɜɨɣ ɤɨɧɰɟɩɰɢɟɣ ɷɤɨɥɨɝɢ-
ɱɟɫɤɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɨɡɞɨɪɨɜɥɟɧɢɹ ɭɪɛɚɧɢɡɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ ɜ ɪɚɦɤɚɯ 
ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɡɜɢɬɢɹ Д13Ж. 
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IЧЯОЬЭТРКЭТoЧ КЧН MКppТЧР oП ЭСО EМoХoРo-BТoМСОЦТМКХ 
PЫopОЫЭТОЬ oП SoТХЬ ТЧ ЭСО CТЭв oП SКвКЧoРoЫЬФ  
E. V. Naprasnikova, E. A. Istomina  

V. B. SШМСКЯК IЧsЭТЭЮЭО ШП GОШРrКЩСв SB RAS 

AЛЬЭЫКМЭ. This paper outlines the ecologo-biochemical principle and experience of its 

implementation in the study of soils of urbanized territories in conditions of the 

Koibalskaya steppe of Krasnoyarsk krai. The degree of biochemical activity of soils and 

ЭСО КХФКХТЧО/КМТН ЬТЭЮКЭТШЧ ЭСКЭ refer to the integral indictors are used as the information 

МЫТЭОЫТК ПШЫ ЭСО ЩЫОЬОЧЭ ЬЭКЭО ШП ЮЫЛКЧ ЬШТХЬ. T. V. AЫТЬЭШЯЬФКвК’Ь ‒ M. V. CСЮРЮЧШЯК’Ь 
proximate method was the basic technique of carrying out routine laboratory analyses of 

soil biochemical activity characterizing a large territory. It was found that the degree of 

activity of the soils studied in the industrial city of Sayanogorsk varies from low to very 

high. Soils with high activity are dominant in the area, as also do the optimal soils for this 

МШЧНТЭТШЧ ТЧ ЭСО ПШЫЦ ШП ɚ аОКФХв КХФКХТЧО ЫОКМЭТШЧ ШП ЦОНТЮЦ. IЧ ШЭСОЫ аШЫНЬ, 
experimental results were used to make a quantitative-qualitative assessment of the 

functioning of soils in conditions of urbanization and technogenesis. On the basis of data 

obtained and point-to-point measurements in the geoinformation environment, the IDW 

Nearest Neighbors method was employed in constructing the isolines maps, which is the 

geographical aspect of research into problem territories. In view of the specific character 

of the urban industry, proper attention was paid to the content levels of some heavy metals 

of hazard class I and II in the soil having regard to stringent tentative allowable 

МШЧМОЧЭЫКЭТШЧЬ (TAC) КЬ ЭСО ЛКМФРЫШЮЧН аСОЫО МШЦЩХОб ЬШТХ-biochemical processes are 

taking place. The study revealed a relatively high level of soil pollution by heavy metals. 

Pollution of the urban soil cover by these chemical elements shows a highly random 

pattern, in agreement with its heterogeneity and variation in alkalinО/КМТН МШЧНТЭТШЧЬ. 

KОваoЫНЬ: SКвКЧШРШЫЬФ, ЬШТХ МШЯОЫ, ЛТШМСОЦТМКХ КМЭТЯТЭв, КМТН-alkaline conditions, heavy 

metals, mapping.  
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