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ɗɄɋɉɊȿɋɋ-ɆȿɌɈȾ ɈɐȿɇɄɂ  
ɉɈɌȿɇɐɂȺɅɖɇɈȽɈ ɌȿɊɊɂɌɈɊɂȺɅɖɇɈȽɈ ɊɂɋɄȺ  
ɉɊɂ ȺȼȺɊɂəɏ ɇȺ ɌɊȺɇɋɉɈɊɌȿ 

ɐɟɥɶ. Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ 
ɪɢɫɤɚ ɩɪɢ ɚɜɚɪɢɹɯ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɫɩɟɰɢɮɢɤɭ ɷɦɢɫɫɢɢ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ 
ɜɟɳɟɫɬɜ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ ɜɨ ɜɪɟɦɹ ɢɯ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ. Ɇɟɬɨɞɢɤɚ. Ɉɫɧɨɜɭ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɦɟɬɨɞɚ ɫɨɫɬɚɜɥɹɟɬ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɚɬɦɨɫɮɟɪɟ. 
Ɉɫɧɨɜɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ. Ⱦɚɧɧɨɟ ɭɪɚɜ-
ɧɟɧɢɟ ɭɱɢɬɵɜɚɟɬ ɪɚɫɫɟɢɜɚɧɢɟ ɜ ɚɬɦɨɫɮɟɪɟ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɡɚ ɫɱɟɬ ɜɟɬɪɚ ɢ ɚɬɦɨɫɮɟɪɧɨɣ ɞɢɮɮɭɡɢɢ. Ⱦɥɹ 
ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɚɬɦɨɫɮɟɪɟ ɩɪɢɦɟɧɹɟɬɫɹ 
ɧɟɹɜɧɚɹ ɪɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ ɪɚɫɳɟɩɥɟɧɢɹ. ɇɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɧɨɣ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɨɰɟɧɤɢ 
ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɢ ɫɨɡɞɚɧ ɤɨɞ ɧɚ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɦ ɹɡɵɤɟ Ɏɨɪɬɪɚɧ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ 
ɦɟɬɨɞ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ ɨɰɟɧɤɢ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɭɱɢɬɵɜɚɟɬ: ɜɟɪɨɹɬɧɵɟ ɦɟɬɟɨɫɢɬɭɚɰɢɢ; 
ɪɟɠɢɦ ɷɦɢɫɫɢɢ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ; ɦɨɳɧɨɫɬɶ ɷɦɢɫɫɢɢ; ɞɜɢɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɷɦɢɫɫɢɢ. ɉɪɨɜɟɞɟɧ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɨɰɟɧɤɟ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɧɚɞ ɩɨɫɟɥɤɨɦ ɋɢɧɟɥɶɧɢɤɨɜɨ ɩɪɢ 
ɚɜɚɪɢɣɧɨɣ ɭɬɟɱɤɟ ɚɦɦɢɚɤɚ. Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨ ɪɚɫɫɱɢɬɚɬɶ ɜɨɡɦɨɠ-
ɧɵɣ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɪɢɫɤ ɭɬɟɱɤɢ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɚ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨ-
ɫɮɟɪɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɦɟɬɟɨɫɢɬɭɚɰɢɹɯ. Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɵ ɡɨɧɵ ɬɨɤɫɢɱɧɨɝɨ ɩɨɪɚɠɟɧɢɹ 
ɥɸɞɟɣ ɢ ɨɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɨɩɚɫɧɨɫɬɢ ɚɜɚɪɢɣ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. ɋ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɪɢɫɤɚ ɩɨɪɚɠɟɧɢɹ ɥɸɞɟɣ ɜ ɫɟɥɢɬɟɛɧɨɣ ɡɨɧɟ ɩɨɫɟɥɤɚ ɋɢɧɟɥɶɧɢɤɨɜɨ. 
ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ. ɍɱɟɧɵɦɢ ɫɨɡɞɚɧ ɦɟɬɨɞ ɨɰɟɧɤɢ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 
ɱɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ. ȼɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɞɥɹ 
ɫɟɥɢɬɟɛɧɨɣ ɡɨɧɵ ɩɨɫɟɥɤɚ ɋɢɧɟɥɶɧɢɤɨɜɨ. ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɩɨɬɟɧ-
ɰɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɞɥɹ ɨɛɴɟɤɬɨɜ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɧɨ ɢ ɞɥɹ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ. ɋ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɦɟɬɨɞɚ ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɞɥɹ ɩɨɫɟɥɤɚ ɋɢɧɟɥɶɧɢɤɨɜɨ ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɣɧɨɣ ɷɦɢɫɫɢɢ 
ɚɦɦɢɚɤɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɜɚɪɢɣɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɚɬɦɨɫɮɟɪɵ; ɜɵɛɪɨɫ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ; ɱɢɫɥɟɧɧɨɟ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢɟ; ɨɰɟɧɤɚ ɪɢɫɤɚ 
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ȼɜɟɞɟɧɢɟ 

Ɉɰɟɧɤɚ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɣ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ 
ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɝɪɭɡɨɜ ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɮɢ-
ɱɟɫɤɨɣ ɢ ɨɫɨɛɨ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ, ɜɨɡɧɢɤɚɸɳɟɣ  
ɜ ɨɛɥɚɫɬɢ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɜɹɡɚɧɧɵɯ  
ɫ ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ 
[1, 2]. ȼ ɪɚɦɤɚɯ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɫɥɟɞɭɟɬ ɜɵɞɟ-
ɥɢɬɶ ɨɞɧɭ, ɤɪɚɣɧɟ ɜɚɠɧɭɸ ɡɚɞɚɱɭ – ɨɰɟɧɤɭ ɬɟɪ-
ɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ 
ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ [9, 14, 17]. 
ɂɫɩɨɥɶɡɭɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɩɪɚɤɬɢɤɟ 
ɦɟɬɨɞɢɤɢ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ ɧɟ ɨɬɜɟɱɚɸɬ ɫɨ-
ɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɧɟ ɞɚɸɬ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɩɨɥɭɱɢɬɶ ɧɚɭɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɟ ɞɚɧɧɵɟ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɢ ɨɰɟɧɤɢ ɪɢɫɤɚ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢ-
ɬɭɚɰɢɹɯ (ɪɢɫ. 1) [5, 6, 9í12]. 

 
Ɋɢɫ.1. ɗɦɢɫɫɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ  

ɩɪɢ ɚɜɚɪɢɢ ɧɚ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ 

Fig. 1. Emission of pollutants in the accident  
on the railroad 

ȼɚɠɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ, 
ɨɫɨɛɟɧɧɨ ɫɟɣɱɚɫ, ɩɪɢɜɥɟɤɚɟɬ ɤ ɫɟɛɟ ɜɧɢɦɚɧɢɟ  
ɜ ɫɜɹɡɢ ɫ ɩɨɜɵɲɟɧɧɨɣ ɭɝɪɨɡɨɣ ɬɟɪɪɨɪɢɫɬɢɱɟ-
ɫɤɢɯ ɚɬɚɤ ɢ ɞɢɜɟɪɫɢɣ ɧɚ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ, ɤɨɝɞɚ 
ɷɦɢɫɫɢɹ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɛɿɥɶɲɟ, ɱɟɦ ɩɪɢ ɚɜɚɪɢɹɯ. Ɍɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɫɨɡɞɚɧɢɟ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟ-
ɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɪɢɫɤɚ, ɩɪɢ ɱɪɟɡɜɵ-
ɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ ɧɚ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ, ɹɜɥɹɟɬ-
ɫɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɡɚɞɚɱɟɣ. 

ɐɟɥɶ 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɦɟɬɨɞɚ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɣ ɨɰɟɧɤɢ ɩɨɬɟɧɰɢɚɥɶɧɨ-
ɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɩɪɢ ɚɜɚɪɢɣɧɨɣ ɷɦɢ-

ɫɫɢɢ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ ɧɚ ɨɛɴɟɤɬɚɯ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ. ȼ ɍɤɪɚɢɧɟ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɞɥɹ ɨɰɟɧɤɢ ɪɢɫɤɚ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢ-
ɬɭɚɰɢɹɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɨɪɦɚɬɢɜɧɚɹ ɦɟɬɨɞɢɤɚ 
[9], ɤɨɬɨɪɚɹ ɧɨɫɢɬ ɞɟɤɥɚɪɚɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ  
ɢ ɧɟ ɫɨɞɟɪɠɢɬ ɤɨɧɤɪɟɬɧɵɯ ɪɚɫɱɟɬɧɵɯ ɡɚɜɢɫɢ-
ɦɨɫɬɟɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɜɟɥɢɱɢ-
ɧɭ ɪɢɫɤɚ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ. 
Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜɟɥɢɱɢɧɚ ɪɢɫɤɚ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢ-
ɱɢɧɵ ɩɨɪɚɠɚɸɳɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜɨɡɧɢ-
ɤɚɸɬ ɩɪɢ ɬɨɣ ɢɥɢ ɢɧɨɣ ɱɪɟɡɜɵɱɚɣɧɨɣ ɫɢɬɭɚɰɢɢ. 
ɉɪɢ ɚɜɚɪɢɣɧɨɣ ɷɦɢɫɫɢɢ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ 
ɜɟɳɟɫɬɜ ɜɨɡɧɢɤɚɟɬ ɩɨɪɚɠɚɸɳɢɣ ɮɚɤɬɨɪ – ɤɨɧ-
ɰɟɧɬɪɚɰɢɹ. ȼ ɫɥɭɱɚɟ ɫɢɬɭɚɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɷɦɢɫ-
ɫɢɟɣ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ, ɞɥɹ ɨɰɟɧɤɢ 
ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɣ ɧɚ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ 
ɨɛɴɟɤɬɚɯ ɢ ɬɪɚɧɫɩɨɪɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɨɪɦɚɬɢɜ-
ɧɚɹ ɦɟɬɨɞɢɤɚ [10], ɤɨɬɨɪɚɹ ɨɫɧɨɜɚɧɚ ɧɚ ɪɹɞɟ 
ɷɦɩɢɪɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ 
ɧɟ ɭɱɢɬɵɜɚɟɬ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ, ɚɬɦɨɫɮɟɪɧɭɸ 
ɞɢɮɮɭɡɢɸ, ɪɟɠɢɦ ɷɦɢɫɫɢɢ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɨɝɨ 
ɜɟɳɟɫɬɜɚ ɧɚ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧɵ ɡɚ-
ɝɪɹɡɧɟɧɢɹ, ɚ ɡɧɚɱɢɬ, ɧɚ ɜɟɥɢɱɢɧɭ ɪɢɫɤɚ. ɗɬɚ 
ɦɟɬɨɞɢɤɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɭ ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ, ɬɨ ɟɫɬɶ ɨɰɟɧɢɬɶ ɪɢɫɤ. Ʉɪɨɦɟ ɷɬɨɣ 
ɦɟɬɨɞɢɤɢ, ɩɪɢɦɟɧɹɸɬɫɹ ɬɚɤɠɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɦɨɞɟɥɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɦɨɞɟɥɶ Ƚɚɭɫɫɚ ɞɥɹ ɨɰɟɧɤɢ 
ɚɜɚɪɢɣɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɢ ɨɰɟɧɤɢ 
ɪɢɫɤɚ ɩɨɪɚɠɟɧɢɹ ɥɸɞɟɣ [6, 14] . Ʉɚɤ ɢɡɜɟɫɬɧɨ, 
ɦɨɞɟɥɢ ɞɚɧɧɨɣ ɝɪɭɩɩɵ ɩɨɡɜɨɥɹɸɬ ɛɵɫɬɪɨ ɪɚɫ-
ɫɱɢɬɚɬɶ ɡɨɧɭ ɡɚɝɪɹɡɧɟɧɢɹ, ɧɨ ɬɨɥɶɤɨ ɞɥɹ ɦɨ-
ɞɟɥɶɧɵɯ ɫɢɬɭɚɰɢɣ ɬɢɩɚ ɬɨɱɟɱɧɵɣ ɩɨɫɬɨɹɧɧɨ 
ɞɟɣɫɬɜɭɸɳɢɣ ɢɫɬɨɱɧɢɤ ɢɥɢ ɬɨɱɟɱɧɵɣ ɦɝɧɨ-
ɜɟɧɧɵɣ ɜɵɛɪɨɫ. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢɫɩɨɥɶɡɭɸɬɫɹ 
CFD ɦɨɞɟɥɢ [2, 3, 15, 16], ɧɨ ɨɧɢ «ɫɥɨɠɧɵ» ɞɥɹ 
ɪɹɞɨɜɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɱɟ-
ɜɢɞɟɧ ɞɟɮɢɰɢɬ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɚ 
ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɟɪɚ-
ɬɢɜɧɨ ɩɨɥɭɱɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɝɧɨɡɧɵɟ ɞɚɧ-
ɧɵɟ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɫ-
ɫɟɢɜɚɧɢɟ ɜ ɚɬɦɨɫɮɟɪɟ ɬɨɤɫɢɱɧɨɝɨ ɜɟɳɟɫɬɜɚ, 
ɩɨɩɚɜɲɟɝɨ ɜ ɧɟɟ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɨɣ ɫɢɬɭɚɰɢɢ. 
ɂɡɜɟɫɬɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɵɛɪɨɫɚ ɡɚɝɪɹɡɧɹɸɳɟ-
ɝɨ ɜɟɳɟɫɬɜɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɦɢɫɫɢɢ 
ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɩɨ ɜɪɟɦɟɧɢ, ɚ ɬɚɤɠɟ ɜɨɡ-
ɦɨɠɧɵɟ ɦɟɬɟɨɫɢɬɭɚɰɢɢ. ɇɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ 
ɪɢɫɤ ɬɨɤɫɢɱɧɨɝɨ ɩɨɪɚɠɟɧɢɹ ɥɸɞɟɣ ɧɚ ɨɬɤɪɵɬɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɨɡɥɟ ɦɟɫɬɚ ɚɜɚɪɢɢ. 
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Ɇɟɬɨɞɢɤɚ 

ɉɥɚɬɮɨɪɦɨɣ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɨɰɟɧɤɟ ɩɨ-
ɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɜ ɫɥɭɱɚɟ 
ɚɜɚɪɢɣ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫ-
ɧɵɯ ɝɪɭɡɨɜ ɹɜɥɹɟɬɫɹ ɨɫɪɟɞɧɟɧɧɨɟ ɩɨ ɜɵɫɨɬɟ 
ɩɟɪɟɧɨɫɚ H ɭɪɚɜɧɟɧɢɟ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɩɪɢɦɟɫɢ 
Ƚ. ɂ. Ɇɚɪɱɭɤɚ [4, 7] 

x y
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� � � �� � � �� �0 0Q t x x t y y t� �G � �G � , (1) 

ɝɞɟ ɋ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ; u, v – 
ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ ɜɟɬɪɨɜɨɝɨ ɩɨɬɨɤɚ; 

� �,x yP  P P  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɬɦɨɫɮɟɪɧɨɣ ɬɭɪ-

ɛɭɥɟɧɬɧɨɣ ɞɢɮɮɭɡɢɢ; t – ɜɪɟɦɹ; Q  – ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɷɦɢɫɫɢɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ; � � � �0 0,x t y t�  – 
ɤɨɨɪɞɢɧɚɬɵ ɢɫɬɨɱɧɢɤɚ ɷɦɢɫɫɢɢ, ɡɚɜɢɫɹɳɢɟ ɨɬ 
ɜɪɟɦɟɧɢ; � �� � � �� �0 0,x x t y y tG � G �  – ɞɟɥɶɬɚ 
ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ. 

Ɂɚɞɚɜɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɪɟɦɟɧɢ ɤɨɨɪɞɢɧɚɬ 
ɢɫɬɨɱɧɢɤɚ ɷɦɢɫɫɢɢ � � � �0 0,x t y t� , ɦɵ ɦɨɠɟɦ ɦɨ-
ɞɟɥɢɪɨɜɚɬɶ ɞɜɢɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɷɦɢɫɫɢɢ (ɪɚɡ-
ɝɟɪɦɟɬɢɡɢɪɨɜɚɧɧɚɹ ɰɢɫɬɟɪɧɚ). ɉɨɫɬɚɧɨɜɤɚ 
ɤɪɚɟɜɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɪɚɫ-
ɫɦɨɬɪɟɧɚ ɜ ɪɚɛɨɬɚɯ [2, 7, 13]. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɟɧɚ ɧɨɜɚɹ ɦɟɬɨ-
ɞɨɥɨɝɢɹ ɨɰɟɧɤɢ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɜ ɫɥɭ-
ɱɚɟ ɚɜɚɪɢɣɧɨɣ ɷɦɢɫɫɢɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɚ 
ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ. ɉɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ 
ɢɧɢɰɢɢɪɭɸɳɟɝɨ ɫɨɛɵɬɢɹ (ɚɜɚɪɢɣɧɵɣ ɜɵɛɪɨɫ) 
P=1. 

Ⱥɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɬɟɪɪɢɬɨ-
ɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɪɹɞ ɷɬɚɩɨɜ. ɇɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɮɨɪɦɢɪɭɟɬɫɹ 
ɛɥɨɤ ɞɚɧɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɧɢɰɢɢɪɭɸɳɟɝɨ 
ɫɨɛɵɬɢɹ (ɦɟɫɬɨ ɷɦɢɫɫɢɢ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɦɢɫ-
ɫɢɢ, ɪɟɠɢɦ ɷɦɢɫɫɢɢ). ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɮɨɪɦɢ-
ɪɭɟɬɫɹ ɛɥɨɤ ɞɚɧɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɨɹɬɧɵɯ 
ɦɟɬɟɨɫɢɬɭɚɰɢɣ PWi, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɝɨ ɪɟɝɢɨɧɚ. ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɪɚɫɫɱɢ-
ɬɵɜɚɟɬɫɹ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɪɟɝɢɨɧɟ ɞɥɹ 
ɜɟɪɨɹɬɧɵɯ ɦɟɬɟɨɫɢɬɭɚɰɢɣ (ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ 
ɭɪɚɜɧɟɧɢɹ (1)). ɇɚ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹ-
ɸɬɫɹ ɩɨɞɡɨɧɵ, ɝɞɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɟɜɵɲɚɟɬ 
ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ (ɉȾɄ, ɫɦɟɪɬɟɥɶɧɭɸ ɤɨɧ-
ɰɟɧɬɪɚɰɢɸ ɢ ɬ.ɩ.) ɩɪɢ ɬɨɣ ɢɥɢ ɢɧɨɣ ɦɟɬɟɨɫɢ-

ɬɭɚɰɢɢ. ɇɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ, ɩɹɬɨɦ ɷɬɚɩɟ, ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɩɨɥɹ ɪɢɫɤɚ ɞɥɹ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɟɝɢɨɧɚ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɨɥɹ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ 
ɪɢɫɤɚ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɤɚɠɞɨɦɭ ɩɨɝɨɞɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ P(Wi) ɨɬɜɟɱɚɟɬ ɤɨɧɤɪɟɬɧɚɹ ɡɨɧɚ ɡɚ-
ɝɪɹɡɧɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɪɚɡɦɟɪɚɦɢ  
ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ. ȼɟɪɨɹɬ-
ɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɝɨɞɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ 
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ɝɞɟ ɉN  – ɱɢɫɥɨ ɞɧɟɣ (ɱɚɫɨɜ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɟɬɟɨɫɢɬɭɚɰɢɢ; T  – ɩɟɪɢɨɞ ɧɚ-
ɛɥɸɞɟɧɢɣ (ɩɪɨɝɧɨɡ ɦɟɬɟɨɫɢɬɭɚɰɢɢ). 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɟɬɟɨɫɢ-
ɬɭɚɰɢɟɣ ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ ɤɨɧɤɪɟɬɧɨɟ ɡɧɚɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɬɪɚ. Ⱦɚɧɧɚɹ ɢɧɮɨɪ-
ɦɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɢɫɯɨɞɹ ɢɡ ɢɦɟɸ-
ɳɟɣɫɹ ɛɚɡɵ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɩɨɝɨɞɧɵɦɢ ɭɫɥɨ-
ɜɢɹɦɢ ɜ ɤɨɧɤɪɟɬɧɨɦ ɪɟɝɢɨɧɟ ɢɥɢ ɧɚ ɨɫɧɨɜɟ 
ɩɪɨɝɧɨɡɨɜ ɦɟɬɟɨɫɬɚɧɰɢɣ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶ-
ɧɨɝɨ ɪɢɫɤɚ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ 
ɞɥɹ ɤɚɠɞɨɣ ɬɨɱɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɟɝɢɨɧɚ, 
ɩɪɢɥɟɝɚɸɳɟɝɨ ɤ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ, ɨɤɚɡɚɬɶɫɹ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɲɥɟɣɮɚ (ɨɛɥɚɤɚ) ɨɩɚɫɧɨɝɨ ɜɟɳɟ-
ɫɬɜɚ. 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɪɚɫɫɭɠɞɟɧɢɣ, ɦɨɠɟɦ ɭɬ-
ɜɟɪɠɞɚɬɶ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ ɤɚɤɨɝɨ-
ɥɢɛɨ ɪɟɰɟɩɬɨɪɚ ɩɨɞ ɞɟɣɫɬɜɢɟ ɲɥɟɣɮɚ ɨɩɚɫɧɨɝɨ 
ɜɟɳɟɫɬɜɚ ɨɩɪɟɞɟɥɢɬɶɫɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɡɚ-
ɜɢɫɢɦɨɫɬɢ: 
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ɝɞɟ ( )P W ¦  – ɫɭɦɦɚɪɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɜɫɟɯ ɩɨ-

ɝɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɨɬɜɟɱɚɸɳɢɯ ɞɚɧɧɨɦɭ ɧɚ-
ɩɪɚɜɥɟɧɢɸ ɜɟɬɪɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɟɰɟɩɬɨɪ ɩɨɩɚɥ 
ɜ ɡɨɧɭ ɜɥɢɹɧɢɹ ɢɫɬɨɱɧɢɤɚ ɷɦɢɫɫɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɚɫɱɟɬɚ ɜɟɪɨɹɬɧɨɫɬɢ 
ɨɤɚɡɚɬɶɫɹ ɜ ɡɨɧɟ ɩɨɪɚɠɟɧɢɹ (ɬɨ ɟɫɬɶ ɞɥɹ ɨɰɟɧɤɢ 
ɜɟɥɢɱɢɧɵ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ) ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɪɟɰɟɩɬɨɪɚ 
ɩɨ ɮɨɪɦɭɥɟ (3). ɇɟɨɛɯɨɞɢɦɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ 
ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɧɚɞɨ ɡɧɚɬɶ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɬɨɱɤɟ ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ ɤɨɧɤɪɟɬɧɨɝɨ ɪɟɰɟɩɬɨɪɚ ɢ ɧɚ ɫɤɨɥɶɤɨ 
ɷɬɚ ɜɟɥɢɱɢɧɚ ɩɪɟɜɨɫɯɨɞɢɬ ɧɟɤɨɬɨɪɵɣ ɩɨɪɨɝɨ-
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ɜɵɣ ɭɪɨɜɟɧɶ (ɧɚɩɪɢɦɟɪ, ɉȾɄ ɢɥɢ ɤɚɤɭɸ – ɥɢɛɨ 
ɞɪɭɝɭɸ ɜɟɥɢɱɢɧɭ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɵ ɩɪɢɯɨ-
ɞɢɦ ɤ ɩɟɪɜɨɨɱɟɪɟɞɧɨɣ ɡɚɞɚɱɟ – ɨɩɪɟɞɟɥɟɧɢɟ 
ɩɨɥɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɞɥɹ ɤɨɧ-
ɤɪɟɬɧɨɝɨ ɪɟɝɢɨɧɚ (ɬɟɪɪɢɬɨɪɢɢ) ɢ ɤɨɧɤɪɟɬɧɨɣ 
ɦɟɬɟɨɫɢɬɭɚɰɢɢ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɩɪɨɝɧɨɡɚ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ: 

1. ɦɨɳɧɨɫɬɶ ɷɦɢɫɫɢɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ, 
ɪɟɠɢɦ ɷɦɢɫɫɢɢ, ɫɤɨɪɨɫɬɶ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢ-
ɠɟɧɢɹ ɪɚɡɝɟɪɦɟɬɢɡɢɪɨɜɚɧɧɨɣ ɰɢɫɬɟɪɧɵ; 

2. ɦɟɫɬɨ ɧɚɱɚɥɚ ɷɦɢɫɫɢɢ; 
3. ɦɟɬɟɨɫɢɬɭɚɰɢɸ; 
4. ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɟ ɩɨɥɟ ɨɩɚɫɧɨɝɨ ɜɟɳɟ-

ɫɬɜɚ, ɤɨɬɨɪɨɟ ɮɨɪɦɢɪɭɟɬɫɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɦɟ-
ɬɟɨɫɢɬɭɚɰɢɢ. 

ɇɚ ɛɚɡɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɪɚɡɪɚɛɨɬɚɧ 
ɤɨɞ� «RISK – QUICK»,�ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɟɬ 
ɪɚɫɱɟɬ ɜɨɡɦɨɠɧɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɧɚ 
ɛɚɡɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɨɞɯɨɞɚ. ɉɪɨɝɪɚɦɦɧɚɹ 
ɪɟɚɥɢɡɚɰɢɹ ɤɨɞɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɧɚ ɹɡɵɤɟ 
FORTRAN. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɤɨɞ ɫɨɫɬɨɢɬ ɢɡ ɧɟ-
ɫɤɨɥɶɤɢɯ ɩɨɞɩɪɨɝɪɚɦɦ ɬɢɩɚ SUBROUTINE, 
ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɟɲɟɧɢɟ ɨɩ-
ɪɟɞɟɥɟɧɧɨɣ ɡɚɞɚɱɢ: ɪɚɫɱɟɬ ɞɢɧɚɦɢɤɢ ɮɨɪɦɢɪɨ-
ɜɚɧɢɹ ɡɨɧɵ ɡɚɝɪɹɡɧɟɧɢɹ, ɪɚɫɱɟɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ 
ɢ ɬ.ɩ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ ɩɨ ɨɰɟɧɤɟ 
ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɜɧɨɫɢɬɶ ɤɚɤɢɟ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɹ ɜ ɪɚɡɪɚɛɨɬɚɧɧɵɣ 
ɤɨɞ, ɢɡɦɟɧɟɧɢɹ ɜɧɨɫɹɬɫɹ ɬɨɥɶɤɨ ɜ ɮɚɣɥ ɢɫɯɨɞ-
ɧɵɯ ɞɚɧɧɵɯ. 

Ɋɟɡɭɥɶɬɚɬɵ 

Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ 
ɧɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɲɟɧɢɟ ɤɨɧɤɪɟɬɧɨɣ ɩɪɢ-
ɤɥɚɞɧɨɣ ɡɚɞɚɱɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɝɢɨɧ ɜɨɡɥɟ 
ɫɬɚɧɰɢɢ «ɋɢɧɟɥɶɧɢɤɨɜɨ» (ɪɢɫ. 2). Ɋɚɡɦɟɪɵ ɪɟ-
ɝɢɨɧɚ 10u 10 ɤɦ. ɉɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɱɪɟɡ-
ɜɵɱɚɣɧɨɣ ɫɢɬɭɚɰɢɢ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɭɬɟɱɤɚ 
ɚɦɦɢɚɤɚ – ɤɪɚɬɤɨɫɪɨɱɧɵɣ ɜɵɛɪɨɫ ɯɢɦɢɱɟɫɤɢ 
ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɚɦɦɢɚɤ), ɜ ɬɟɱɟɧɢɢ 1ɦɢɧ. 
Ɇɟɫɬɨ ɷɦɢɫɫɢɢ ɭɫɥɨɜɧɨ ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 4.  
ɜ ɜɢɞɟ «ɤɪɭɠɤɚ». Ɇɚɫɫɚ ɜɵɛɪɨɲɟɧɧɨɝɨ ɜɟɳɟɫɬ-
ɜɚ 1ɬ. ɉɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɨɫɬɚɜ ɫɧɚɱɚɥɚ ɞɜɢɝɚɟɬɫɹ 
ɫɨ ɫɤɨɪɨɫɬɶɸ 4 ɤɦ/ɱɚɫ ɜ ɬɟɱɟɧɢɟ  
4 ɦɢɧ, ɚ ɡɚɬɟɦ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. 

 
Ɋɢɫ. 2. Ɋɚɫɱɟɬɧɚɹ ɨɛɥɚɫɬɶ  

(ɫɬ. «ɋɢɧɟɥɶɧɢɤɨɜɨ»):  
«ɤɪɭɠɨɤ» – ɦɟɫɬɨ ɚɜɚɪɢɣɧɨɣ ɷɦɢɫɫɢɢ 

Fig. 2. Estimated area  
(St. «Sinelnikovo») «circle» –  

a place of emergency issue 

ɉɪɢ ɨɰɟɧɤɟ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶ-
ɧɨɝɨ ɪɢɫɤɚ ɩɪɢɧɢɦɚɥɨɫɶ, ɱɬɨ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɪɚɜɧɨɣ ɢɥɢ ɛɨɥɶɲɟɣ ɜɟɥɢɱɢɧɵ 0,2 ɦɝ/ɦ3 ɪɟɰɟɩ-
ɬɨɪ ɩɨɩɚɞɚɟɬ ɜ ɡɨɧɭ ɪɢɫɤɚ. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɧɚ ɫɬɚɧɰɢɢ ɜ ɩɟɪɢɨɞ  
ɫ ɧɨɱɢ 24.00 (12 ɞɟɤɚɛɪɹ) ɩɨ 18.00 (13 ɞɟɤɚɛɪɹ) 
ɩɨ ɞɚɧɧɵɦ ɦɟɬɟɨɩɪɨɝɧɨɡɚ, ɜ ɬɟɱɟɧɢɟ 42 ɱɚɫɨɜ 
ɜɨɡɦɨɠɧɵ ɬɚɤɢɟ ɦɟɬɟɨɫɢɬɭɚɰɢɢ: ɫɟɜɟɪɨ–
ɜɨɫɬɨɱɧɵɣ ɜɟɬɟɪ ɫɨ ɫɤɨɪɨɫɬɶɸ: 

1. ɜ ɩɟɪɢɨɞ ɫ 24.00 ɩɨ 6.00, (ɧɨɱɶ–ɭɬɪɨ) 
ɨɠɢɞɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ 1 ɦ/ɫ; 

2. ɜ ɩɟɪɢɨɞ ɫ 6.00 ɩɨ 12.00, (ɭɬɪɨ–ɞɟɧɶ) 
ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ 2 ɦ/ɫ; 

3. ɜ ɩɟɪɢɨɞ ɫ 12.00 (12 ɞɟɤɚɛɪɹ) ɩɨ 18.00 
(ɞɟɧɶ 13 ɞɟɤɚɛɪɹ) ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ 3 ɦ/ɫ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɩɪɨɬɹɠɟɧɢɢ 42 ɱɚɫɨɜ ɜɟ-
ɪɨɹɬɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɤɚɠɞɨɣ ɦɟɬɟɨɫɢɬɭɚɰɢɢ 
ɫɨɫɬɚɜɥɹɟɬ: 

 � �1
6 100 14.3 %
42

P W  u  ; 

 � �1
6 100 14.3 %
42

P W  u  ; 

 � �2
30 100 71.4 %
42

P W  u  . 

Ɍɪɟɛɭɟɬɫɹ ɨɰɟɧɢɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɬɟɪɪɢɬɨ-
ɪɢɚɥɶɧɵɣ ɪɢɫɤ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɬɭɚɰɢɢ 

33



ISSN 2307–3489 (Print), ȱSSN 2307–6666 (Online) 

ɇɚɭɤɚ ɬɚ ɩɪɨɝɪɟɫ ɬɪɚɧɫɩɨɪɬɭ. ȼɿɫɧɢɤ Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ  
ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ, 2016, ʋ 1 (61) 

 

ȿɄɈɅɈȽȱə ɇȺ ɌɊȺɇɋɉɈɊɌȱ 

doi 10.15802/stp2016/60945 © ɇ. ɇ. Ȼɟɥɹɟɜ, Ʌ. ə. Ɇɭɧɬɹɧ, 2016 

ɚɜɚɪɢɣɧɨɣ ɭɬɟɱɤɢ ɨɩɚɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɚ ɠɟɥɟɡ-
ɧɨɞɨɪɨɠɧɨɣ ɫɬɚɧɰɢɢ «ɋɢɧɟɥɶɧɢɤɨɜɨ». 

ɇɚ ɩɨɫɥɟɞɭɸɳɢɯ ɪɢɫɭɧɤɚɯ ɩɨɤɚɡɚɧɵ ɤɚɪɬɵ 
ɜɨɡɦɨɠɧɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɞɥɹ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɬɭɚɰɢɢ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɨ ɜɟɥɢɱɢɧɟ ɬɟɪɪɢɬɨ-
ɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɨɦɟɧɬɨɜ ɜɪɟ-
ɦɟɧɢ, ɬɚɤ ɤɚɤ ɢɫɯɨɞɧɚɹ ɡɚɞɚɱɚ – ɧɟɫɬɚɰɢɨɧɚɪ-
ɧɚɹ ɩɨ ɫɜɨɟɣ ɩɨɫɬɚɧɨɜɤɟ: ɷɦɢɫɫɢɹ ɢɞɟɬ ɬɨɥɶɤɨ  
1 ɦɢɧ, ɚ ɞɚɥɟɟ ɜ ɚɬɦɨɫɮɟɪɟ ɦɢɝɪɢɪɭɟɬ ɫɮɨɪɦɢ-
ɪɨɜɚɜɲɚɹɫɹ ɡɨɧɚ ɡɚɝɪɹɡɧɟɧɢɹ. 

 
Ɋɢɫ. 3. Ɇɚɬɪɢɰɚ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ  

ɪɢɫɤɚ (t= 1ɦɢɧ) 

Fig. 3. Matrix of territorial  
risk (t = 1 min) 

 
Ɋɢɫ. 4. Ɇɚɬɪɢɰɚ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ  

ɪɢɫɤɚ (t = 8ɦɢɧ) 

Fig. 4. Matrix of territorial  
risk (t = 8 min) 

 
Ɋɢɫ. 5. Ɇɚɬɪɢɰɚ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ  

(t = 15 ɦɢɧ) 

Fig. 5. Matrix of territorial risk  
(t = 15 min) 

 
Ɋɢɫ. 6. Ɇɚɬɪɢɰɚ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ  

(ɜɪɟɦɹ t = 22 ɦɢɧ) 

Fig. 6. Matrix of territorial risk  
(t = 22 min) 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 3–6, ɡɨɧɚ ɜɨɡɦɨɠɧɨɝɨ ɬɟɪ-
ɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɩɨɫɬɨɹɧɧɨ ɢɡɦɟɧɹɟɬɫɹ  
ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ – ɨɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɪɚɡ-
ɦɟɪɚɯ. Ɍɚɤ ɞɥɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ t = 1 ɦɢɧ ɩɥɨ-
ɳɚɞɶ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ 
ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 5 % ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɟ-
ɝɢɨɧɚ, ɬɨ ɤ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ t = 22 ɦɢɧ, ɩɥɨ-
ɳɚɞɶ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ 
ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɚ ɩɨɥɨɜɢɧɟ ɩɥɨɳɚɞɢ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɝɨ ɪɟɝɢɨɧɚ ɢ ɩɨɥɧɨɫɬɶɸ ɩɨɤɪɵɜɚɟɬ ɩɨ-
ɫɟɥɨɤ «ɋɢɧɟɥɶɧɢɤɨɜɨ». ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɝ-
ɪɨɦɧɭɸ ɨɩɚɫɧɨɫɬɶ ɚɜɚɪɢɣ ɧɚ ɨɛɴɟɤɬɚɯ ɠɟɥɟɡ-
ɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. Ʉɪɨɦɟ ɷɬɨɝɨ ɜɢɞɧɨ, 
ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɢɡɦɟɧɹɟɬɫɹ 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɨɱɟɤ ɪɟɝɢɨɧɚ ɫɨ ɜɪɟɦɟɧɟɦ. Ɍɚɤ 
ɞɥɹ ɬɨɱɟɤ ɪɟɝɢɨɧɚ, ɝɞɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɜɟɥɢɱɢɧɚ 
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ɪɢɫɤɚ ɫɨɫɬɚɜɥɹɥɚ ɩɨɪɹɞɤɚ 70 % (ɦɨɦɟɧɬ ɜɪɟɦɟ-
ɧɢ 8ɦɢɧ ɩɨɫɥɟ ɚɜɚɪɢɢ), ɬɨ ɞɥɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ 
t = 22 ɦɢɧ ɜ ɷɬɢɯ ɬɨɱɤɚɯ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶ-
ɧɨɝɨ ɪɢɫɤɚ ɭɠɟ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 84 %, ɬ.ɟ. 
ɪɢɫɤ ɜɵɪɨɫ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɣ 
ɬɚɤɨɝɨ ɬɢɩɚ ɪɚɡɦɟɳɟɧɢɟ ɠɢɥɨɣ ɡɚɫɬɪɨɣɤɢ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ, ɞɚɠɟ ɞɨɫɬɚɬɨɱɧɨ 
ɛɨɥɶɲɨɦ ɨɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɦɚɝɢɫɬɪɚɥɢ, ɟɳɟ 
ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɥɹ ɥɸɞɟɣ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɦɚɬɪɢɰɵ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ 
ɪɢɫɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ 
ɪɢɫɭɧɤɚɯ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɪɚɡ-
ɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɬɟɪɪɢ-
ɬɨɪɢɚɥɶɧɵɣ ɪɢɫɤ ɞɥɹ ɫɢɬɭɚɰɢɢ, ɤɨɬɨɪɚɹ ɯɚɪɚɤ-
ɬɟɪɧɚ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɷɦɢɫɫɢɹɯ ɧɚ ɨɛɴɟɤɬɚɯ ɠɟ-
ɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ – ɩɨɥɭɧɟɩɪɟɪɵɜ-
ɧɵɣ ɜɵɛɪɨɫ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ. 
ɇɟɨɛɯɨɞɢɦɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɜ ɍɤɪɚɢɧɟ ɧɟɬ 
ɚɧɚɥɨɝɢɱɧɨɝɨ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɬɚɤɨɝɨ 
ɤɥɚɫɫɚ. 

ȼ ɡɚɤɥɸɱɟɧɢɟ ɨɬɦɟɬɢɦ, ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɨɤɨɥɨ 10 ɫ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɜɪɟ-
ɦɟɧɢ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ  
ɡɧɚɱɢɦɨɫɬɶ 

ɋɨɡɞɚɧɚ ɱɢɫɥɟɧɧɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ 
ɨɩɟɪɚɬɢɜɧɨ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɭ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɢɫɤɚ ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɣɧɨɣ 
ɷɦɢɫɫɢɢ ɯɢɦɢɱɟɫɤɢ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ ɧɚ ɨɛɴɟɤ-
ɬɚɯ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɨɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬ-
ɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɚɧɞɚɪɬɧɨɣ ɢɫɯɨɞɧɨɣ ɢɧ-
ɮɨɪɦɚɰɢɢ, ɛɵɫɬɪɨɬɚ ɜ ɩɨɥɭɱɟɧɢɢ ɪɚɫɱɟɬɧɵɯ 
ɞɚɧɧɵɯ ɢ ɭɞɨɛɫɬɜɨ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɥɭɱɚɟɦɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ. 

ȼɵɜɨɞɵ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɨɜɚɹ ɱɢɫɥɟɧɧɚɹ ɦɨ-
ɞɟɥɶ ɞɥɹ ɪɚɫɱɟɬɚ ɜɨɡɦɨɠɧɨɝɨ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɪɢɫɤɚ ɩɪɢ ɚɜɚɪɢɹɯ ɧɚ ɨɛɴɟɤɬɚɯ ɠɟɥɟɡɧɨɞɨɪɨɠ-
ɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ɇɚɭɱɧɨɣ ɩɥɚɬɮɨɪɦɨɣ ɪɟɲɟ-
ɧɢɹ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɱɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ 
2-D ɦɨɞɟɥɢ ɩɟɪɟɧɨɫɚ ɩɪɢɦɟɫɢ ɜ ɚɬɦɨɫɮɟɪɟ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɦɟɬɟɨɫɢɬɭɚɰɢɣ. Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢ-
ɬɢɟ ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɢ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɜ ɧɚ-
ɩɪɚɜɥɟɧɢɢ ɫɨɡɞɚɧɢɹ 3-D ɦɨɞɟɥɢ ɚɜɚɪɢɣɧɨɝɨ 
ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢ-
ɬɭɚɰɢɹɯ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɨɩɚɫɧɵɯ ɝɪɭɡɨɜ. 
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Ɇɟɬɚ. Ⱦɚɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɫɩɪɹɦɨɜɚɧɟ ɧɚ ɪɨɡɪɨɛɤɭ ɦɟɬɨɞɭ ɨɰɿɧɤɢ ɩɨɬɟɧɰɿɣɧɨɝɨ ɬɟɪɢɬɨɪɿɚɥɶɧɨɝɨ ɪɢɡɢɤɭ 
ɩɪɢ ɚɜɚɪɿɹɯ ɧɚ ɡɚɥɿɡɧɢɱɧɨɦɭ ɬɪɚɧɫɩɨɪɬɿ, ɳɨ ɜɪɚɯɨɜɭɜɚɜ ɛɢ ɫɩɟɰɢɮɿɤɭ ɟɦɿɫɿʀ ɯɿɦɿɱɧɨ ɧɟɛɟɡɩɟɱɧɢɯ ɪɟɱɨɜɢɧ 
ɩɪɢ ɧɚɞɡɜɢɱɚɣɧɢɯ ɫɢɬɭɚɰɿɹɯ ɩɿɞ ɱɚɫ ʀɯ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ. Ɇɟɬɨɞɢɤɚ. Ɉɫɧɨɜɭ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɫɬɚɧɨ-
ɜɢɬɶ ɱɢɫɟɥɶɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɩɟɪɟɧɨɫɭ ɯɿɦɿɱɧɨ ɧɟɛɟɡɩɟɱɧɨʀ ɪɟɱɨɜɢɧɢ ɜ ɚɬɦɨɫɮɟɪɿ. Ɉɫɧɨɜɨɸ ɱɢɫɟɥɶ-
ɧɨʀ ɦɨɞɟɥɿ ɽ ɪɿɜɧɹɧɧɹ ɦɚɫɨɩɟɪɟɧɨɫɭ ɯɿɦɿɱɧɨ ɧɟɛɟɡɩɟɱɧɢɯ ɪɟɱɨɜɢɧ. Ⱦɚɧɟ ɪɿɜɧɹɧɧɹ ɜɪɚɯɨɜɭɽ ɪɨɡɫɿɸɜɚɧɧɹ  
ɜ ɚɬɦɨɫɮɟɪɿ ɧɟɛɟɡɩɟɱɧɨʀ ɪɟɱɨɜɢɧɢ ɡɚ ɪɚɯɭɧɨɤ ɜɿɬɪɭ ɬɚ ɚɬɦɨɫɮɟɪɧɨʀ ɞɢɮɭɡɿʀ. Ⱦɥɹ ɱɢɫɟɥɶɧɨɝɨ ɿɧɬɟɝɪɭɜɚɧɧɹ 
ɪɿɜɧɹɧɧɹ ɩɟɪɟɧɨɫɭ ɯɿɦɿɱɧɨ ɧɟɛɟɡɩɟɱɧɨʀ ɪɟɱɨɜɢɧɢ ɜ ɚɬɦɨɫɮɟɪɿ ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ ɧɟɹɜɧɚ ɪɿɡɧɢɰɟɜɚ ɫɯɟɦɚ 
ɪɨɡɳɟɩɥɟɧɧɹ. ɇɚ ɨɫɧɨɜɿ ɩɨɛɭɞɨɜɚɧɨʀ ɱɢɫɟɥɶɧɨʀ ɦɨɞɟɥɿ ɪɨɡɪɨɛɥɟɧɨ ɦɟɬɨɞ ɨɰɿɧɤɢ ɩɨɬɟɧɰɿɣɧɨɝɨ 
ɬɟɪɢɬɨɪɿɚɥɶɧɨɝɨ ɪɢɡɢɤɭ ɬɚ ɫɬɜɨɪɟɧɢɣ ɤɨɞ ɚɥɝɨɪɢɬɦɿɱɧɨɸ ɦɨɜɨɸ Ɏɨɪɬɪɚɧ. Ɋɨɡɪɨɛɥɟɧɢɣ ɦɟɬɨɞ ɩɪɨɫɬɨɪɨɜɨ-
ɱɚɫɨɜɨʀ ɨɰɿɧɤɢ ɬɟɪɢɬɨɪɿɚɥɶɧɨɝɨ ɪɢɡɢɤɭ ɜɪɚɯɨɜɭɽ: ɣɦɨɜɿɪɧɿ ɦɟɬɟɨɪɨɥɨɝɿɱɧɿ ɫɢɬɭɚɰɿʀ; ɪɟɠɢɦ ɟɦɿɫɿʀ ɯɿɦɿɱɧɨ 
ɧɟɛɟɡɩɟɱɧɨʀ ɪɟɱɨɜɢɧɢ; ɩɨɬɭɠɧɿɫɬɶ ɟɦɿɫɿʀ; ɪɭɯ ɞɠɟɪɟɥɚ ɟɦɿɫɿʀ. ɉɪɨɜɟɞɟɧɨ ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ ɟɤɫɩɟɪɢɦɟɧɬ ɩɨ 
ɨɰɿɧɰɿ ɪɿɜɧɹ ɡɚɛɪɭɞɧɟɧɧɹ ɚɬɦɨɫɮɟɪɢ ɧɚɞ ɫɟɥɢɳɟɦ ɋɢɧɟɥɶɧɢɤɨɜɟ ɩɪɢ ɚɜɚɪɿɣɧɨɦɭ ɜɢɬɨɤɭ ɚɦɿɚɤɭ. Ɋɟɡɭɥɶɬɚɬɢ. 
Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɦɟɬɨɞ ɞɨɡɜɨɥɹɽ ɨɩɟɪɚɬɢɜɧɨ ɪɨɡɪɚɯɭɜɚɬɢ ɦɨɠɥɢɜɢɣ ɩɨɬɟɧɰɿɣɧɢɣ ɪɢɡɢɤ ɜɢɬɨɤɿɜ ɯɿɦɿɱɧɨ 
ɧɟɛɟɡɩɟɱɧɢɯ ɪɟɱɨɜɢɧ ɧɚ ɨɫɧɨɜɿ ɪɨɡɪɚɯɭɧɤɭ ɪɿɜɧɹ ɡɚɛɪɭɞɧɟɧɧɹ ɚɬɦɨɫɮɟɪɢ ɩɪɢ ɪɿɡɧɢɯ ɦɟɬɟɨɫɢɬɭɚɰɿɹɯ. Ɇɟɬɨɞ 
ɞɨɡɜɨɥɹɽ ɜɢɡɧɚɱɢɬɢ ɪɨɡɦɿɪɢ ɡɨɧɢ ɬɨɤɫɢɱɧɨɝɨ ɭɪɚɠɟɧɧɹ ɥɸɞɟɣ ɬɚ ɨɰɿɧɢɬɢ ɪɿɜɟɧɶ ɧɟɛɟɡɩɟɤɢ ɚɜɚɪɿɣ ɧɚ 
ɡɚɥɿɡɧɢɱɧɨɦɭ ɬɪɚɧɫɩɨɪɬɿ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɪɨɡɪɨɛɥɟɧɨʀ ɱɢɫɟɥɶɧɨʀ ɦɨɞɟɥɿ ɜɢɤɨɧɚɧɚ ɨɰɿɧɤɚ ɪɢɡɢɤɭ ɭɪɚɠɟɧɧɹ 
ɥɸɞɟɣ ɭ ɫɟɥɿɬɟɛɧɿɣ ɡɨɧɿ ɫɟɥɢɳɚ ɋɢɧɟɥɶɧɢɤɨɜɟ. ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ. ȼɱɟɧɢɦɢ ɫɬɜɨɪɟɧɨ ɦɟɬɨɞ ɨɰɿɧɤɢ 
ɩɨɬɟɧɰɿɣɧɨɝɨ ɬɟɪɢɬɨɪɿɚɥɶɧɨɝɨ ɪɢɡɢɤɭ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɱɢɫɟɥɶɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ ɩɪɨɰɟɫɭ ɡɚɛɪɭɞɧɟɧɧɹ 
ɚɬɦɨɫɮɟɪɢ. ȼɢɤɨɧɚɧɨ ɪɨɡɪɚɯɭɧɨɤ ɩɨɬɟɧɰɿɣɧɨɝɨ ɪɢɡɢɤɭ ɞɥɹ ɫɟɥɿɬɟɛɧɨʀ ɡɨɧɢ ɫɟɥɢɳɚ ɋɢɧɟɥɶɧɢɤɨɜɟ. 
ɉɪɚɤɬɢɱɧɚ ɡɧɚɱɢɦɿɫɬɶ. Ɋɨɡɪɨɛɥɟɧɢɣ ɦɟɬɨɞ ɨɰɿɧɤɢ ɩɨɬɟɧɰɿɣɧɨɝɨ ɪɢɡɢɤɭ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɢɣ ɧɟ ɬɿɥɶɤɢ 
ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ ɞɚɧɨɝɨ ɤɥɚɫɭ ɞɥɹ ɨɛ'ɽɤɬɿɜ ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ, ɚɥɟ ɣ ɞɥɹ ɿɧɲɢɯ ɯɿɦɿɱɧɨ 
ɧɟɛɟɡɩɟɱɧɢɯ ɨɛ'ɽɤɬɿɜ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɪɨɡɪɨɛɥɟɧɨɝɨ ɦɟɬɨɞɭ ɜɢɤɨɧɚɧɚ ɨɰɿɧɤɚ ɩɨɬɟɧɰɿɣɧɨɝɨ ɪɢɡɢɤɭ ɞɥɹ ɫɟɥɢɳɚ 
ɋɢɧɟɥɶɧɢɤɨɜɟ ɭ ɪɚɡɿ ɚɜɚɪɿɣɧɨʀ ɟɦɿɫɿʀ ɚɦɿɚɤɭ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɜɚɪɿɣɧɟ ɡɚɛɪɭɞɧɟɧɧɹ ɚɬɦɨɫɮɟɪɢ; ɜɢɤɢɞɢ ɯɿɦɿɱɧɨ ɧɟɛɟɡɩɟɱɧɢɯ ɪɟɱɨɜɢɧ; ɱɢɫɟɥɶɧɟ ɦɨɞɟ-
ɥɸɜɚɧɧɹ; ɨɰɿɧɤɚ ɪɢɡɢɤɭ 
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EXPRESS METHOD OF ESTIMATION OF THE POTENTIAL 
TERRITORIAL RISK IN CASE OF ACCIDENTS ON TRANSPORT 

Purpose. The present research is aimed to the development of a method to assess the potential territorial risk in 
accidents on the railways, which takes into account the specificity of the chemically hazardous substances emission 
in emergency situations during their transportation. Methodology. The basis of the proposed method is numerical 
modeling of the transfer process is chemically dangerous substances in the atmosphere. The basis of the numerical 
model is the equation of convective-diffusion transfer of chemically hazardous substances. This equation takes into 
account the dispersion in atmosphere of dangerous substances due to wind and atmospheric diffusion. For the nu-
merical integration of the equations of transfer of chemically hazardous substances in the atmosphere is applied an 
implicit finite-difference scheme of splitting. Based on the constructed numerical model was developed method for 
the assessment of potential territorial risk and generated code in algorithmic language Fortran. The developed 
method of spatio-temporal risk assessment takes into account: the territorial probable weather situations; emission 
mode of chemically hazardous substances; emission power; the movement of the source of emission.  
A computational experiment to assess the level of air pollution above the village Sinelnikovo during the emergency 
leak of ammonia was conducted. Findings. The proposed method allows calculating quickly the potential risk of the 
leakage of chemically hazardous substances on the basis of the calculation of the level of pollution in different me-
teosituation. The method allows determining the size of the zone of toxic casualties and assessing the level of risk of 
accidents in railway transport. Using the developed numerical model evaluated the assessment of risk of casualties 
in the residential area of the village Sinelnikovo. Originality. The scientists established the method for the assess-
ment of potential territorial risk, based on the numerical modeling of air pollution. The calculation of potential risk 
to residential areas of the village Sinelnikovo was executed. Practical value. The developed method of assessing 
risk potential can be used not only for solving problems of this class to objects of railway transport but also for other 
chemically dangerous objects. By using the developed method was evaluated potential risk to the village Sinelnik-
ovo in the event of accidental emission of ammonia. 

Keywords: accidental pollution of the atmosphere; the emission of chemically hazardous substances; numerical 
simulation; risk assessment 
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