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ɇȺɉɊȺȼɅȿɇɂə�ɉɈȼɕɒȿɇɂə�ɗɎɎȿɄɌɂȼɇɈɋɌɂ 
ɌɊȺɇɋɉɈɊɌɇɕɏ�ɉɊɈɐȿɋɋɈȼ 
ɉɊɂɉɈɊɌɈȼɕɏ�ɀȿɅȿɁɇɈȾɈɊɈɀɇɕɏ�ɋɌȺɇɐɂɃ 
ɇȺ�ɉɊɂɇɐɂɉȺɏ�ȺɇȺɅɂɌɂɑȿɋɄɈȽɈ�ɆɈȾȿɅɂɊɈȼȺɇɂə  
 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ�ɚɧɚɥɢɬɢɱɟɫɤɢɣ�ɩɨɞɯɨɞ� ɤ�ɦɨɞɟɥɢɪɨɜɚɧɢɸ�ɪɚɛɨɬɵ�ɩɪɢɩɨɪɬɨɜɵɯ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ  ɫɬɚɧɰɢɣ� ɫ� ɰɟɥɶɸ� ɜɵɹɜɥɟɧɢɹ� ɨɛɳɟɫɢɫɬɟɦɧɵɯ� ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚɤɫɢɨɦɚɬɢɤɢ� ɬɪɚɧɫɩɨɪɬɧɵɯ� ɩɪɨɰɟɫɫɨɜ, ɜɵɛɨɪɭ� ɪɚɰɢɨɧɚɥɶɧɵɯ� ɩɚɪɚ-
ɦɟɬɪɨɜ�ɫɢɫɬɟɦɵ «ɫɬɚɧɰɢɹ – ɩɨɪɬ» ɢ�ɫɨɤɪɚɳɟɧɢɸ�ɩɪɨɫɬɨɹ�ɦɟɫɬɧɵɯ�ɜɚɝɨɧɨɜ. 

 
ȼ�ɫɬɪɭɤɬɭɪɟ�ɷɤɫɩɨɪɬɧɨɝɨ�ɝɪɭɡɨɩɨɬɨɤɚ�ɜ 2020 ɝ. ɧɚ�ɩɪɢɩɨɪɬɨɜɨɣ�ɋɟɜɟɪɨ-

Ʉɚɜɤɚɡɫɤɨɣ�ɠɟɥɟɡɧɨɣ� ɞɨɪɨɝɟ –  ɮɢɥɢɚɥ�ɈȺɈ «ɊɀȾ»  ɞɨɥɹ� ɧɟɮɬɟɝɪɭɡɨɜ� ɫɨ-
ɫɬɚɜɢɥɚ 32,8 %, ɭɝɥɹ – 22,3 %, ɱɟɪɧɵɯ�ɦɟɬɚɥɥɨɜ – 14,4 %, ɡɟɪɧɚ – 12,5 %, 
ɠɟɥɟɡɧɨɣ�ɪɭɞɵ – 6,5 %, ɭɞɨɛɪɟɧɢɣ – 4,5 %. ȼ�ɬɟɤɭɳɟɦ�ɝɨɞɭ�ɧɚ�ɞɜɭɯ�ɩɪɢɩɨɪ-
ɬɨɜɵɯ� ɫɬɚɧɰɢɹɯ�ɋɄɀȾ� ɛɵɥɚ� ɞɨɫɬɢɝɧɭɬɚ� ɪɟɤɨɪɞɧɚɹ� ɜɵɝɪɭɡɤɚ: 16 ɦɚɪɬɚ� ɧɚ 
ɫɬɚɧɰɢɢ�ȼɵɲɟɫɬɟɛɥɢɟɜɫɤɚɹ�ɛɵɥɨ�ɜɵɝɪɭɠɟɧɨ 1230 ɜɚɝ.,  ɚ 5  ɦɚɹ�ɜ�Ɍɭɚɩɫɟ –  
1109 ɜɚɝ. 

ɇɟɫɦɨɬɪɹ� ɧɚ� ɧɟɭɫɬɨɣɱɢɜɭɸ� ɪɵɧɨɱɧɭɸ� ɤɨɧɴɸɧɤɬɭɪɭ� ɩɨɝɪɭɡɤɚ� ɷɤɫɩɨɪɬ-
ɧɵɯ�ɝɪɭɡɨɜ�ɜ�ɚɞɪɟɫ�ɩɨɪɬɨɜ�Ⱥɡɨɜɨ�ɑɟɪɧɨɦɨɪɫɤɨɝɨ�ɛɚɫɫɟɣɧɚ�ɜɵɪɨɫɥɚ�ɧɚ 2,5 % 
ɜ�ɹɧɜɚɪɟ�í�ɫɟɧɬɹɛɪɟ 2020 ɝ.  ɢ�ɫɨɫɬɚɜɢɥɚ 56,4 ɦɥɧ�ɬ,  ɭɜɟɥɢɱɢɜɲɢɫɶ�ɩɨ�ɫɪɚɜ-
ɧɟɧɢɸ�ɫ�ɚɧɚɥɨɝɢɱɧɵɦ�ɩɟɪɢɨɞɨɦ�ɩɪɨɲɥɨɝɨ�ɝɨɞɚ�ɧɚ 2,5 %. Ɍɚɤ, ɜ�ɚɞɪɟɫ�ɩɪɢ-
ɩɨɪɬɨɜɨɣ� ɫɬɚɧɰɢɢ� ɇɨɜɨɪɨɫɫɢɣɫɤ� ɡɚ 9 ɦɟɫɹɰɟɜ� ɨɬɩɪɚɜɥɟɧɨ 23,7 ɦɥɧ� ɬ� ɷɤɫ-
ɩɨɪɬɧɵɯ� ɝɪɭɡɨɜ (í0,5%), Ɍɭɚɩɫɟ – 11,7 ɦɥɧ� ɬ (+4,8 %), ȼɵɲɟɫɬɟɛɥɢɟɜɫɤɚɹ 
�ɩɨɪɬ�Ɍɚɦɚɧɶ) – 9,7 ɦɥɧ�ɬ (+61,2 %), Ƚɪɭɲɟɜɚɹ – 4,1 ɦɥɧ�ɬ (í22,1 %).  

Ƚɪɭɡɨɨɛɨɪɨɬ� ɦɨɪɫɤɢɯ� ɩɨɪɬɨɜ� Ⱥɡɨɜɨ�ɑɟɪɧɨɦɨɪɫɤɨɝɨ� ɛɚɫɫɟɣɧɚ� ɫɨɫɬɚɜɢɥ 
185,4 ɦɥɧ�ɬ (í3,2 %), ɢɡ�ɧɢɯ�ɨɛɴɺɦ�ɩɟɪɟɜɚɥɤɢ�ɫɭɯɢɯ�ɝɪɭɡɨɜ�ɫɨɫɬɚɜɢɥ 79,6 ɦɥɧ�ɬ 
(+12,6 %), ɧɚɥɢɜɧɵɯ�ɝɪɭɡɨɜ – 105,8 ɦɥɧ�ɬ (-12,4%). Ƚɪɭɡɨɨɛɨɪɨɬ�ɩɨɪɬɨɜ�ɇɨɜɨ-
ɪɨɫɫɢɣɫɤ�ɫɨɫɬɚɜɢɥ 105,4 ɦɥɧ�ɬ (í9,7 %), Ɍɭɚɩɫɟ – 19,0 ɦɥɧ�ɬ (+10,3 %), Ɍɚɦɚɧɶ – 
15,2 ɦɥɧ�ɬ (+40,2 %), Ʉɚɜɤɚɡ – 16,2 ɦɥɧ�ɬ (+0,7 %), Ɋɨɫɬɨɜ�ɧɚ�Ⱦɨɧɭ – 12,9 ɦɥɧ�ɬ 
(+8,1 %) [1].  

ɉɨ�ɩɪɟɠɧɟɦɭ� ɚɤɬɭɚɥɶɧɚ� ɩɪɨɛɥɟɦɚ� ɩɨɢɫɤɚ� ɷɮɮɟɤɬɢɜɧɵɯ� ɮɨɪɦ� ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ� ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ� ɩɪɢɩɨɪɬɨɜɵɯ� ɫɬɚɧɰɢɣ� ɢ� ɦɨɪɫɤɢɯ� ɩɨɪɬɨɜ, ɩɨ-
ɜɵɲɟɧɢɟ�ɨɛɴɟɦɨɜ�ɩɟɪɟɜɚɥɤɢ� ɝɪɭɡɨɜ�ɧɚ�ɩɪɢɧɰɢɩɚɯ�ɪɚɰɢɨɧɚɥɶɧɨɣ�ɨɪɝɚɧɢɡɚ-
ɰɢɢ�ɫɬɚɧɰɢɨɧɧɵɯ�ɬɪɚɧɫɩɨɪɬɧɨ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ [2].  
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Ɉɬɟɱɟɫɬɜɟɧɧɚɹ�ɧɚɭɱɧɚɹ�ɲɤɨɥɚ�ɪɚɫɱɟɬɚ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ�ɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ�ɫɬɚɧɰɢɣ�ɢɦɟɟɬ�ɝɥɭɛɨɤɢɟ�ɢɫɬɨɪɢɱɟɫɤɢɟ�ɤɨɪɧɢ: ɨɫɧɨɜɵ�ɛɵɥɢ 
ɡɚɥɨɠɟɧɵ� ɧɚ� ɪɭɛɟɠɟ XIXíXX ɜɜ. ɬɪɭɞɚɦɢ� ɜɵɞɚɸɳɢɯɫɹ� ɭɱɟɧɵɯ�ɬɪɚɧɫɩɨɪɬ-
ɧɢɤɨɜ –  Ɏ.  Ⱥ.  Ƚɚɥɢɰɤɨɝɨ,  ɋ.  Ⱦ.  Ʉɚɪɟɣɲɢ,  Ⱥ.  ɇ.  Ɏɪɨɥɨɜɚ,  ȼ.  ɇ.  Ɉɛɪɚɡɰɨɜɚ,      
ȿ. Ⱥ. Ƚɢɛɲɦɚɧɚ�ɢ�ɞɪ.; ɪɚɡɜɢɬɵ�ɜ 50í60 ɝɨɞɚɯ�ɧɚɭɱɧɵɦɢ�ɪɚɛɨɬɚɦɢ�ɉ. ȼ. Ȼɚɪ-
ɬɟɧɟɜɚ, ȼ. Ⱦ. ɇɢɤɢɬɢɧɚ, Ɇ. ɋ. Ƚɥɢɤɦɚɧɚ�ɢ�ɞɪ.; ɩɪɨɞɨɥɠɟɧɵ�ɜ 70í80-ɯ�ɝɨɞɚɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ�ɇ. ɂ. Ɏɟɞɨɬɨɜɚ, ɇ. ɇ. ɒɚɛɚɥɢɧɚ, ȼ. Ɇ. Ⱥɤɭɥɢɧɢɱɟɜɚ, ɂ. Ƚ. Ɍɢ-
ɯɨɦɢɪɨɜɚ, ɉ. ɋ. Ƚɪɭɧɬɨɜɚ, ɂ. Ȼ. ɋɨɬɧɢɤɨɜɚ, ɉ. Ⱥ. Ʉɨɡɥɨɜɚ�ɢ�ɞɪ. ɋɭɳɟɫɬɜɟɧɧɵɣ 
ɜɤɥɚɞ�ɜ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɭɸ�ɧɚɭɤɭ�ɜɧɟɫɥɢ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɤɚɮɟɞɪɵ «ɋɬɚɧɰɢɢ, ɭɡɥɵ 
ɢ�ɝɪɭɡɨɜɚɹ�ɪɚɛɨɬɚ» ȻɟɥȽɍɌɚ (ȻɟɥɂɂɀɌ) ɩɨɞ�ɪɭɤɨɜɨɞɫɬɜɨɦ�ɩɪɨɮ.  ɇ.  ȼ.  ɉɪɚɜ-
ɞɢɧɚ, ɬɟɨɪɟɬɢɱɟɫɤɢɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɉɟɬɟɪɛɭɪɝɫɤɨɣ� ɲɤɨɥɵ� ɭɱɟɧɵɯ�ɫɬɚɧɰɢɨɧ-
ɧɢɤɨɜ�ɩɨɞ�ɪɭɤɨɜɨɞɫɬɜɨɦ�ɩɪɨɮ. ɘ. ɂ. ȿɮɢɦɟɧɤɨ [3í5].  

ȼ� ɧɚɫɬɨɹɳɢɟ� ɜɪɟɦɹ� ɜ� ɫɜɹɡɢ� ɰɢɮɪɨɜɢɡɚɰɢɟɣ� ɢ� ɢɧɬɟɥɥɟɤɬɭɚɥɢɡɚɰɢɟɣ 
ɬɪɚɧɫɩɨɪɬɧɨ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɩɪɨɰɟɫɫɨɜ� ɱɟɬɜɟɪɬɨɣ� ɢɧɞɭɫɬɪɢɚɥɶɧɨɣ� ɪɟɜɨ-
ɥɸɰɢɢ�ɧɚɭɤɚ�ɢ�ɩɪɚɤɬɢɤɚ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ�ɫɬɚɧɰɢɣ�ɢ�ɭɡɥɨɜ 
ɩɟɪɟɠɢɜɚɟɬ� ɧɨɜɵɣ� ɷɬɚɩ� ɪɚɡɜɢɬɢɹ� ɧɚ� ɩɪɢɧɰɢɩɚɯ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɰɢɮɪɨɜɵɯ 
ɞɜɨɣɧɢɤɨɜ�ɬɪɚɧɫɩɨɪɬɧɵɯ�ɨɛɴɟɤɬɨɜ.  

Ɉɞɧɢɦ�ɢɡ�ɩɟɪɫɩɟɤɬɢɜɧɵɯ�ɩɨɞɯɨɞɨɜ�ɞɥɹ�ɞɚɧɧɨɝɨ� ɧɚɩɪɚɜɥɟɧɢɹ� ɹɜɥɹɸɬɫɹ 
ɚɧɚɥɢɬɢɱɟɫɤɢɟ� ɦɟɬɨɞɵ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɟ� ɧɚ� ɚɩɩɚɪɚɬɟ� ɤɨɦɩɶɸ-
ɬɟɪɧɨɣ�ɚɥɝɟɛɪɵ  ɢ�ɨɛɳɢɯ�ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɯ�ɫɬɚɧɰɢɨɧɧɵɯ�ɬɪɚɧɫɩɨɪɬɧɵɯ�ɩɪɨ-
ɰɟɫɫɨɜ, ɪɚɰɢɨɧɚɥɶɧɵɯ�ɫ�ɬɨɱɤɢ�ɡɪɟɧɢɹ�ɤɨɧɤɪɟɬɧɵɯ�ɭɫɥɨɜɢɣ�ɪɚɛɨɬɵ [6, 7].  

ȼ�ɩɨɫɬɚɧɨɜɤɟ� ɡɚɞɚɱɢ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɫɬɚɧɰɢɨɧɧɵɯ� ɩɪɨ-
ɰɟɫɫɨɜ�ɧɟɨɛɯɨɞɢɦɨ�ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ�ɫɭɦɦɚɪɧɨɟ�ɜɪɟɦɹ�ɩɪɨɫɬɨɹ�ɦɟɫɬɧɨɝɨ�ɜɚ-
ɝɨɧɚ�ɩɪɢ�ɪɚɰɢɨɧɚɥɶɧɨɣ�ɡɚɝɪɭɡɤɟ�ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɵɯ�ɷɥɟɦɟɧɬɨɜ�ɩɪɢɩɨɪɬɨɜɨɣ 
ɫɬɚɧɰɢɢ. Ⱦɥɹ�ɷɬɨɝɨ�ɮɨɪɦɢɪɭɟɬɫɹ�ɤɨɧɟɱɧɨɟ�ɦɧɨɠɟɫɬɜɨ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɛɥɨ-
ɤɨɜ�ɩɨ�ɜɚɪɢɚɧɬɚɦ�ɩɟɪɟɪɚɛɨɬɤɢ�ɡɚɞɚɧɧɨɝɨ�ɜɚɝɨɧɨɩɨɬɨɤɚ. 

Ⱥɥɝɨɪɢɬɦ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ� ɫɥɟɞɭɸɳɣ: 1 – ɡɚɞɚɧɢɟ� ɫɯɟɦɵ� ɩɪɢɩɨɪɬɨɜɨɣ 
ɫɬɚɧɰɢɢ�ɜ�ɩɚɪɤɚɯ, ɨɫɹɯ�ɩɭɬɟɣ�ɢ�ɧɚɛɨɪɨɦ�ɬɟɯɧɢɤɨ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ 
�ɪɢɫɭɧɨɤ 1); 2 – ɮɨɪɦɢɪɨɜɚɧɢɟ� ɬɪɚɧɫɩɨɪɬɧɨ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ� ɫɯɟɦɵ (ɌɌɋ) 
ɫɬɚɧɰɢɢ�ɩɨ�ɚɜɬɨɪɫɤɨɣ�ɦɟɬɨɞɢɤɟ (ɪɢɫɭɧɨɤ 2) [8, 9]; 3 – ɮɨɪɦɢɪɨɜɚɧɢɟ�ɦɨɞɟɥɶ-
ɧɨɣ�ɫɯɟɦɵ�ɝɪɚɮɚ�ɫɬɚɧɰɢɢ (Ɇɋɋ) (ɪɢɫɭɧɨɤ 3); 4 – ɮɨɪɦɢɪɨɜɚɧɢɟ�ɨɞɧɨɦɟɪɧɵɯ 
ɦɚɫɫɢɜɨɜ�ɞɚɧɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɛɥɨɤɨɜ (ɬɚɛɥɢɰɚ 1); 5 – ɮɨɪ-
ɦɢɪɨɜɚɧɢɟ�ɜɟɪɨɹɬɧɨɫɬɧɨɣ�ɦɚɬɪɢɰɵ�ɫɜɹɡɟɣ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ�ɢ�ɦɨɞɭɥɟɣ 
ɩɭɬɟɜɨɝɨ�ɪɚɡɜɢɬɢɹ�ɫɬɚɧɰɢɢ (ɬɚɛɥɢɰɚ 2); 6 – ɮɨɪɦɢɪɨɜɚɧɢɟ�ɩɟɪɟɱɧɹ�ɜɚɪɢɚɧɬɨɜ 
ɫɬɚɧɰɢɨɧɧɵɯ� ɬɪɚɧɫɩɨɪɬɧɵɯ� ɩɪɨɰɟɫɫɨɜ (ɚɤɫɢɨɦɚɬ� ɫɬɚɧɰɢɨɧɧɵɯ� ɩɟɪɟɞɜɢɠɟ-
ɧɢɣ) ɞɥɹ�ɡɚɞɚɧɧɵɯ�ɜɚɪɢɚɧɬɨɜ�ɫɜɹɡɟɣ�ɦɨɞɭɥɟɣ�ɩɭɬɟɜɨɝɨ�ɪɚɡɜɢɬɢɹ (ɪɢɫɭɧɨɤ 4); 
7 – ɢɫɫɥɟɞɨɜɚɧɢɟ�ɩɚɪɚɦɟɬɪɨɜ�ɜɨɡɦɨɠɧɵɯ�ɜɚɪɢɚɧɬɨɜ�ɬɪɚɧɫɩɨɪɬɧɵɯ�ɩɪɨɰɟɫɫɨɜ 
ɫɪɟɞɫɬɜɚɦɢ�ɤɨɦɩɶɸɬɟɪɧɨɣ�ɚɥɝɟɛɪɵ�ɢ�ɩɪɨɝɪɚɦɦɧɨɣ�ɫɪɟɞɵ Maple;  8 – ɮɨɪɦɢ-
ɪɨɜɚɧɢɟ�ɷɮɮɟɤɬɢɜɧɨɣ�ɫɬɚɧɰɢɨɧɧɨɣ�ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ�ɜɨ�ɜɡɚɢɦɨɫɜɹɡɢ�ɫ�ɪɚɰɢɨ-
ɧɚɥɶɧɵɦɢ� ɬɪɚɧɫɩɨɪɬɧɵɦɢ� ɩɪɨɰɟɫɫɚɦɢ� ɞɥɹ� ɡɚɞɚɧɧɵɯ� ɭɫɥɨɜɢɣ� ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɫɢɫɬɟɦɵ «ɫɬɚɧɰɢɹ – ɩɨɪɬ». 
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Ɋɢɫɭɧɨɤ 3 – Ɇɨɞɟɥɶɧɚɹ�ɫɯɟɦɚ�ɩɪɢɩɨɪɬɨɜɨɣ�ɫɬɚɧɰɢɢ «Ɍ» 

Таблица 1 – ȼɟɞɨɦɨɫɬɶ�ɩɨɤɚɡɚɬɟɥɟɣ�ɛɥɨɤɨɜ MCC 

ɇɚɢɦɟɧɨɜɚɧɢɟ  
ɭɫɬɪɨɣɫɬɜɚ  
�ɛɥɨɤɚ) 

Ɉɛɨɡɧɚɱɟ-
ɧɢɟ�ɭɫɬɪɨɣ-

ɫɬɜɚ 

ɉɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛ-

ɧɨɫɬɶ,  ɜɚɝ�ɱ 

ȼɪɟɦɹ 
ɡɚɧɹ-
ɬɢɹ, ɱ 

ȼɟɪɨɹɬɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ�ɭɫɬɪɨɣɫɬ-

ɜɚ 

ȼɟɪɨɹɬ-
ɧɨɫɬɶ�ɡɚɧɹ-
ɬɨɫɬɢ�ɭɫɬ-
ɪɨɣɫɬɜɚ 

ȼɟɪɨɹɬ-
ɧɨɫɬɶ�ɫɜɨ-
ɛɨɞɧɨɫɬɢ  
ɭɫɬɪɨɣɫɬɜɚ 

ɉɨɞɯɨɞ�ɝɥɚɜ-
ɧɵɯ�ɩɭɬɟɣ, 

GL g 135 0,05 0,31 0,8 0,25 
ɉɚɪɤɢ, PP-1, 

PG-2 
p1 13 4,4 0,56 0,94 0,06 
p2 104 2,8 0,69 0,91 0,1 

Ɍɪɢ�ɫɨɪɬɢɪɨ-
ɜɨɱɧɵɯ�ɩɚɪɤɚ,  

PS-1, 2, 3 

s1 15 7,25 0,75 0,75 0,33 
s2 32 2,9 0,75 0,75 0,33 
s3 74 0,5 0,75 0,75 0,33 

Ɉɞɢɧ�ɩɚɪɤ, PR r 11 4,87 0,69 0,82 0,22 
ɍɫɬɪɨɣɫɬɜɨ, SU u 60 0,7 0,25 0,88 0,14 
Ƚɪɭɡɨɜɨɣ�ɮɪɨɧɬ,

GFɈ o 6 9,45 0,5 0,75 0,33 
Ɍɪɢ�ɝɪɭɡɨɜɵɯ 

ɮɪɨɧɬɚ, 
 GFN-1, 2, 3 

n1 5 11,83 0,5 0,75 0,33 
n2 6 8,45 0,5 0,75 0,33 
n3 9 5,5 0,5 0,75 0,33 

ɉɹɬɶ�ɝɪɭɡɨɜɵɯ 
ɮɪɨɧɬɨɜ�ɩɨɪɬɚ,  

GFP-1, …, 5 

f1 6-7 0,73 0,5 0,75 0,33 
f2 5-7 0,7 0,5 0,75 0,33 
f3 10-12 0,8 0,5 0,75 0,33 
f4 10-12 4 0,5 0,75 0,33 
f5 19 0,7 0,5 0,75 0,33 

ɉɪɨɱɢɟ�ɩɭɬɢ Si 150 0,06 0,56 1 0 



189 
 

а) 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
б) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫɭɧɨɤ 4 – (ɧɚɱɚɥɨ) – Ⱥɤɫɢɨɦɚɬɵ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɟɪɟɞɜɢɠɟɧɢɣ 
ɞɥɹ�ɡɚɞɚɧɧɵɯ�ɜɚɪɢɚɧɬɨɜ�ɫɜɹɡɟɣ�ɦɨɞɟɥɶɧɵɯ�ɫɯɟɦ�ɦɚɪɲɪɭɬɨɜ: 

а – GFɊ�ɩɪɢɱɚɥɵ�ɩɨɪɬɚ; б – GF0-ɝɪɭɡɨɜɨɣ�ɞɜɨɪ 
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в) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 4 – (ɨɤɨɧɱɚɧɢɟ) – Ⱥɤɫɢɨɦɚɬɵ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɟɪɟɞɜɢɠɟɧɢɣ 
ɞɥɹ�ɡɚɞɚɧɧɵɯ�ɜɚɪɢɚɧɬɨɜ�ɫɜɹɡɟɣ�ɦɨɞɟɥɶɧɵɯ�ɫɯɟɦ�ɦɚɪɲɪɭɬɨɜ: 

в – GFN1, 2 - ɩɪɟɞɩɪɢɹɬɢɹ 
ɇɚ�ɦɨɞɟɥɶɧɨɣ�ɫɯɟɦɟ� ɫɬɚɧɰɢɢ�ɩɨɤɚɡɚɧɵ: ɝɥɚɜɧɵɣ�ɯɨɞ (GL), ɞɜɚ�ɩɪɢɟɦɨ-

ɨɬɩɪɚɜɨɱɧɵɯ�ɩɚɪɤɚ (PP – ɩɚɫɫɚɠɢɪɫɤɢɣ, PG – ɝɪɭɡɨɜɨɣ), ɬɪɢ�ɫɨɪɬɢɪɨɜɨɱɧɵɯ 
ɩɚɪɤɚ (PS), ɨɞɢɧ�ɪɚɣɨɧɧɵɣ�ɩɚɪɤ�ɩɨɪɬɚ (PR), ɨɞɧɨ�ɦɚɥɨɟ�ɫɨɪɬɢɪɨɜɨɱɧɨɟ�ɭɫɬ-
ɪɨɣɫɬɜɨ (SU), ɨɞɢɧ� ɝɪɭɡɨɜɨɣ�ɮɪɨɧɬ�ɦɟɫɬ� ɨɛɳɟɝɨ�ɩɨɥɶɡɨɜɚɧɢɹ (GFɈ) ɫɬɚɧ-
ɰɢɢ, ɬɪɢ�ɝɪɭɡɨɜɵɯ�ɮɪɨɧɬɚ�ɦɟɫɬ�ɧɟɨɛɳɟɝɨ�ɩɨɥɶɡɨɜɚɧɢɹ (GFN) ɩɪɟɞɩɪɢɹɬɢɣ, 
ɩɹɬɶ�ɝɪɭɡɨɜɵɯ�ɮɪɨɧɬɨɜ�ɩɨɪɬɚ (GFP), ɄɊ – ɤɪɢɬɢɱɟɫɤɨɟ�ɨɞɧɨɭɪɨɜɧɟɜɨɟ�ɩɟɪɟ-
ɫɟɱɟɧɢɟ�ɦɚɪɲɪɭɬɨɜ.  

Ɋɚɫɫɦɨɬɪɢɦ�ɝɪɭɡɨɜɭɸ�ɪɚɛɨɬɭ�ɫɬɚɧɰɢɢ «Ɍ», ɧɚ�ɤɨɬɨɪɭɸ�ɟɠɟɫɭɬɨɱɧɨ�ɩɪɢ-
ɛɵɜɚɸɬ 1–2 ɝɪɭɡɨɜɵɯ� ɩɨɟɡɞɚ. ȼɚɝɨɧɵ�ɩɨɞɚɸɬɫɹ� ɧɚ� ɝɪɭɡɨɜɵɟ�ɩɭɧɤɬɵ� ɫɬɚɧ-
ɰɢɢ, ɩɪɟɞɩɪɢɹɬɢɣ�ɢ�ɩɨɪɬɚ�ɜ�ɤɨɥɢɱɟɫɬɜɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ�ɜɦɟɫɬɢɦɨɫɬɢ�ɩɭ-
ɬɟɣ. Ɂɚ�ɭɫɬɚɧɨɜɥɟɧɧɵɣ�ɩɟɪɢɨɞ (ɫɭɬɤɢ) ɧɟɨɛɯɨɞɢɦɨ�ɨɛɟɫɩɟɱɢɬɶ�ɩɟɪɟɪɚɛɨɬɤɭ 
ɜɫɟɯ�ɩɪɢɛɵɜɲɢɯ�ɦɟɫɬɧɵɯ�ɜɚɝɨɧɨɜ�ɩɪɢ�ɦɢɧɢɦɭɦɟ�ɨɛɳɟɝɨ�ɜɪɟɦɟɧɢ�ɩɪɨɫɬɨɹ.  

Ɋɚɫɫɦɨɬɪɢɦ�ɚɤɫɢɨɦɚɬɵ�ɫɬɚɧɰɢɨɧɧɵɯ�ɩɟɪɟɞɜɢɠɟɧɢɣ (ɫɦ. ɪɢɫɭɧɨɤ 4, аíв).  
ɇɚɩɪɢɦɟɪ: маршрут �ɫɦ. ɪɢɫɭɧɨɤ 4, а) = {главный путь, соединитель-

ный ход, парк грузовой, соединительный ход, сортировочное устройство, 
соединительный ход, сортировочный парк 1-й, соединительный ход, парк 
грузовой, соединительный ход, парк районный порта, соединительный ход, 
грузовой фронт порта}.  

ɇɚ�ɝɪɭɡɨɜɨɦ�ɮɪɨɧɬɟ�ɩɨɪɬɚ�ɜɚɝɨɧɵ�ɧɚɯɨɞɹɬɫɹ�ɜ�ɬɟɱɟɧɢɟ� ɜɪɟɦɟɧɢ�ɜɵɩɨɥ-
ɧɟɧɢɹ� ɝɪɭɡɨɜɵɯ�ɨɩɟɪɚɰɢɣ (ɛɟɡ� ɭɱɟɬɚ�ɧɟɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ�ɩɪɨɫɬɨɟɜ), ɡɚɬɟɦ 
ɦɚɪɲɪɭɬ�ɩɨɜɬɨɪɹɟɬɫɹ�ɜ�ɨɛɪɚɬɧɨɣ�ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.  
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Таблица 2 – ȼɟɞɨɦɨɫɬɶ� ɜɟɪɨɹɬɧɨɫɬɟɣ� ɫɜɹɡɟɣ� ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ� ɨɩɟɪɚɰɢɣ� ɢ� ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɵɯ�ɦɨɞɭɥɟɣ� ɩɪɢɩɨɪɬɨɜɨɣ 
ɫɬɚɧɰɢɢ 
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ȼɫɥɟɞɫɬɜɢɟ� ɨɛɴɟɦɧɵɯ� ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ� ɩɪɨɰɟɞɭɪ� ɩɪɢ� ɦɧɨɝɨɜɚɪɢɚɧɬɧɨ-
ɫɬɢ�ɪɚɡɥɨɠɟɧɢɹ�ɩɨɞɜɢɠɧɨɝɨ�ɫɨɫɬɚɜɚ�ɩɨ�ɝɪɭɡɨɜɵɦ�ɩɭɧɤɬɚɦ�ɢ�ɭɫɥɨɜɢɣ�ɩɨɞɚɱ-
ɭɛɨɪɨɤ� ɪɚɡɪɚɛɨɬɚɧɚ� ɚɜɬɨɪɫɤɚɹ� ɩɪɨɝɪɚɦɦɚ� ɪɚɫɱɟɬɚ� ɜɪɟɦɟɧ� ɜ� ɫɪɟɞɟ Maple, 
ɮɪɚɝɦɟɧɬ�ɤɨɬɨɪɨɣ�ɩɪɟɞɫɬɚɜɥɟɧ�ɧɢɠɟ: 
> N:=1000: for a1 from 8 to 10 do 
for a2 from a1 to 10 do 
for b1 from 8 to 10 do 
for b2 from b1 to 10 do 
t:=0: s1:=0:s11:=0:s12:=0:s13:=0: s2:=0:s21:=0:s22:=0:s23:=0: 
for i from 1 to N do 
M1:=RandomTools[Generate](integer(range=1..10), method=uniform): 
 M2:=RandomTools[Generate](integer(range=1..10), method=uniform):    
if M1()<=a1 then t1a:=tgl+ts1+tpg: 
              t1b:=ts13+tpr:  t1c:=ts13+tpr+3*ts15+tgfp1: 
           s11:=s11+1:  T1:=t1a+t1b+t1c: 
elif M1()<=a2 then t2a:=tgl+ts1+tpg: 
                t2b:=ts3+tsu+2*ts5+2*tps1+ts4: 
                t2c:=ts13+tpr+2*ts15+tgfp1: s12:=s12+1:  T1:=t2a+2*t2b+t2c: 
   else t3a:=tgl+ts1+tpg: 
              t3b:=ts3+tsu+2*ts5+2*tps1+ts4: 
              t3c:=ts13+tpr+2*ts15+tgfp1:  s13:=s13+1:  T1:=t3a+t3b+t3c: 
        fi:  s1:=s1+1: 
if M2()<=b1 then t1a:=tgl+ts1+tpg: 
              t1b:=ts13+tpr:  t1c:=ts13+tpr+3*ts15+tgfp1: 
           s21:=s21+1:  T2:=t1a+t1b+t1c: 
elif M2()<=b2 then t2a:=tgl+ts1+tpg: 
                t2b:=ts3+tsu+2*ts5+2*tps1+ts4: 
                t2c:=ts13+tpr+2*ts15+tgfp1: s22:=s22+1:  T2:=t2a+2*t2b+t2c: 
 else         t3a:=tgl+ts1+tpg: 
              t3b:=ts3+tsu+2*ts5+2*tps1+ts4: 
              t3c:=ts13+tpr+2*ts15+tgfp1:  s23:=s23+1:  T2:=t3a+t3b+t3c: 
 fi:    t:=t+T1+T2:   s2:=s2+1: s:=s1+s2: 
tmtb:=t/N: #print(M1(),a1,a2,T1): #print(M2(),b1,b2,T2): od: 
#print(tmtb): 
print(tmtb,evalf(s11/s1),evalf(s12/s1),evalf(s13/s1),evalf(s21/s2),evalf(s22/s2),evalf(s23/s2
)): od: od: od: od:   

ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɪɚɛɨɬɵ�ɩɪɨɝɪɚɦɦɵ�ɩɨɥɭɱɟɧɨ�ɨɤɨɥɨ�ɛɨɥɟɟ�ɲɟɫɬɢɞɟɫɹɬɢ�ɡɧɚ-
ɱɟɧɢɣ�ɜɪɟɦɟɧ�ɫɬɚɧɰɢɨɧɧɵɯ�ɬɪɚɧɫɩɨɪɬɧɵɯ�ɩɪɨɰɟɫɫɨɜ�ɬɨɥɶɤɨ�ɩɨ�ɩɟɪɜɨɦɭ�ɜɚ-
ɪɢɚɧɬɭ (ɫɦ. ɪɢɫɭɧɨɤ 4, а) ɩɟɪɟɪɚɛɨɬɤɢ� ɜɚɝɨɧɨɩɨɬɨɤɚ. Ɇɢɧɢɦɚɥɶɧɨɟ� ɜɪɟɦɹ 
ɩɪɨɫɬɨɹ�ɦɟɫɬɧɨɝɨ�ɜɚɝɨɧɚ�ɫɨɫɬɚɜɢɥɨ 27,4 ɱ. ɉɪɨɝɪɚɦɦɚ�ɩɨɡɜɨɥɹɟɬ�ɭɱɢɬɵɜɚɬɶ 
ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ�ɮɚɤɬɨɪɵ, ɭɜɟɥɢɱɢɜɚɸɳɢɟ� ɢ� ɫɧɢɠɚɸɳɢɟ� ɨɛɳɟɟ� ɜɪɟɦɹ�ɩɪɨ-
ɫɬɨɹ�ɦɟɫɬɧɨɝɨ�ɜɚɝɨɧɚ. 

Ⱦɥɹ� ɨɰɟɧɤɢ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɬɪɚɧɫɩɨɪɬɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɩɪɢɩɨɪɬɨɜɨɣ� ɠɟ-
ɥɟɡɧɨɞɨɪɨɠɧɨɣ� ɫɬɚɧɰɢɢ� ɩɨɦɢɦɨ� ɨɛɳɟɩɪɢɧɹɬɵɯ� ɩɨɤɚɡɚɬɟɥɟɣ (ɝɪɭɡɨɨɛɨɪɨɬ, 
ɧɨɪɦɚ� ɪɚɛɨɱɟɝɨ� ɩɚɪɤɚ, ɩɪɨɫɬɨɣ� ɦɟɫɬɧɨɝɨ� ɜɚɝɨɧɚ, ɫɪɟɞɧɹɹ� ɫɬɚɬɢɱɟɫɤɚɹ� ɧɚ-
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ɝɪɭɡɤɚ� ɜɚɝɨɧɚ� ɢ� ɞɪ.) ɩɪɟɞɥɚɝɚɟɬɫɹ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ� ɞɢɧɚ-
ɦɢɱɟɫɤɢɟ�ɩɨɤɚɡɚɬɟɥɢ [3]:  

í�ɫɤɨɪɨɫɬɶ�ɬɪɚɧɫɩɨɪɬɧɵɯ�ɩɪɨɰɟɫɫɨɜ 
ܹˏ ˔˔

˔˓ = ଵ
ˏ˔˔

σ ቀʟːe– ൫ே˒˓୲˒˓�ା�ேˑ˕௧ˑ˕൯ቁˏ˔˔
ୀଵ ,  

í� ɪɚɡɦɟɪ� ɬɪɚɧɫɩɨɪɬɧɨɝɨ� ɞɟɣɫɬɜɢɹ� ɩɨ� ɩɪɨɬɹɠɟɧɧɨɫɬɢ� ɫɬɚɧɰɢɨɧɧɨɣ� ɢɧ-
ɮɪɚɫɬɪɭɤɬɭɪɵ 

(ܮ)ܴ =  ே˅˃ˆ
ଶସ

, ˅˃ˆǦˍˏ
˚˃˔

,  
í�ɩɥɨɬɧɨɫɬɶ�ɜɚɝɨɧɨɩɨɬɨɤɚ  

(ܮ)ܲ =  ே˅˃ˆ


, ˅˃ˆ
ˍˏ

; 

í�ɝɪɭɡɨɜɨɟ�ɞɚɜɥɟɧɢɟ�ɧɚ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɭɸ�ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ  

ܲ(ܳ) =  
ܳ˒˓ ܳˑ˕

ܮ ǡ ˕Ȁˍˏ 
í� ɤɨɷɮɮɢɰɢɟɧɬ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɩɪɨɩɭɫɤɧɨɣ� ɫɩɨɫɨɛɧɨɫɬɢ� ɩɨ� ɜɪɟɦɟɧɢ 
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      ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɩɪɨɞɨɥɠɚɸɬɫɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɜ�ɨɛɥɚɫɬɢ�ɜɵɛɨɪɚ�ɨɛɨɫ-
ɧɨɜɚɧɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɬɪɚɧɫɩɨɪɬɧɵɯ�ɩɪɨɰɟɫɫɨɜ�ɩɪɢɩɨɪɬɨɜɵɯ�ɫɬɚɧɰɢɣ, ɧɚɪɚ-
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DIRECTIONS OF INCREASING THE EFFICIENCY OF TRANSPORTATION 
PROCESSES OF PORT RAILWAY STATIONS ON THE ANALYTICAL MODEL-
ING PRINCIPLES   

 
It is known that port railway stations are complex transport and technological systems 

consisting of a complex of interconnected subsystems. The selection, modeling and subs-
tantiation of rational parameters of their transport processes is of paramount importance in 
modern conditions of digitalization of railway transport. The article discusses an analytical 
approach to modeling the operation of port railway stations in order to identify system-
wide patterns of operation, axiomatics of transport processes, the choice of rational para-
meters of the "station-port" system and reduce the downtime of local cars. 
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ɆȺɌȿɆȺɌɂɑȿɋɄɂɃ�ȺɅȽɈɊɂɌɆ�ɋɈɁȾȺɇɂə 
ɐɂɎɊɈȼɈɃ�ɌɈɉɈɅɈȽɂɑȿɋɄɈɃ�ɆɈȾȿɅɂ�ɋɌȺɇɐɂɂ 
ȼ�ɉɊɈȽɊȺɆɆȿ�ɂɋɍɀɌ 

Ɋɚɫɫɦɨɬɪɟɧ� ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ� ɚɥɝɨɪɢɬɦ� ɫɨɡɞɚɧɢɹ� ɰɢɮɪɨɜɨɣ� ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ� ɦɨ-
ɞɟɥɢ�ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ�ɫɬɚɧɰɢɢ�ɜ�ɪɚɛɨɱɟɦ�ɨɤɧɟ�ɩɪɨɝɪɚɦɦɵ «ɂɋɍɀɌ». Ɇɚɬɟɦɚɬɢɱɟ-
ɫɤɢɣ� ɚɥɝɨɪɢɬɦ� ɩɨɫɬɪɨɟɧ� ɧɚ� ɨɫɧɨɜɟ� ɬɟɨɪɢɢ�ɦɧɨɠɟɫɬɜ, ɚ� ɬɚɤɠɟ� ɩɪɟɞɫɬɚɜɥɟɧ� ɩɪɢɦɟɪ 
ɨɬɨɛɪɚɠɟɧɢɹ� ɩɨɞɦɧɨɠɟɫɬɜ� ɫ� ɩɨɦɨɳɶɸ� ɤɪɭɝɨɜ� ɗɣɥɟɪɚ. Ɋɚɡɪɚɛɨɬɚɧɵ� ɷɬɚɩɵ� ɨɰɢɮ-
ɪɨɜɤɢ�ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ�ɦɨɞɟɥɟɣ�ɫɬɚɧɰɢɣ�ɢ�ɜɵɹɜɥɟɧɨ�ɨɫɧɨɜɧɨɟ�ɩɪɚɜɢɥɨ�ɨɛɴɟɞɢɧɟɧɢɹ 
ɷɥɟɦɟɧɬɨɜ. ɉɨɥɭɱɟɧɨ�ɢɦɢɬɚɰɢɨɧɧɨɟ�ɨɬɨɛɪɚɠɟɧɢɟ�ɫɯɟɦɵ�ɫɬɚɧɰɢɢ�ɢ�ɨɩɢɫɚɧɢɟ�ɬɟɯɧɨ-
ɥɨɝɢɢ�ɪɚɛɨɬɵ�ɫ�ɩɨɦɨɳɶɸ�ɛɥɨɤ�ɫɯɟɦɵ. 


