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ɍɄɊɊȼɋ20: ȺȼɌɈɆȺɌɂɁɂɊɈȼȺɇɇɕɃ ɊȺɋɑЁɌ ȾɈɊɈɀɇɕɏ 

ȼɈȾɈɉɊɈɉɍɋɄɇɕɏ ɌɊɍȻ 

 

Ɇɭɫɢɟɧɤɨ ɂ. ȼ., Ƚɭɧɶɤɨ ɂ. ɋ. 

ɏɚɪɶɤɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɚɜɬɨɦɨɛɢɥɶɧɨ-ɞɨɪɨɠɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 
Аɧɧɨɬаɰиɹ. Ɋɚɫɫɦɨɬɪɟɧɚ ɩɪɨɛɥɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɪɚɫɱёɬɚ ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤ-
ɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦɚɯ. Ȼɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦ ɩɨ 

ɪɚɫɱёɬɭ ɞɨɪɨɠɧɵɯ ɬɪɭɛ, ɪɚɫɫɦɨɬɪɟɧɵ ɢɯ ɜɨɡɦɨɠɧɨɫɬɢ. Ⱦɥɹ ɪɚɫɱёɬɚ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ ɩɪɟɞ-

ɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɭ ɆȺȾɂ/ɋɨɸɡɞɨɪɩɪɨɟɤɬ ɫ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɵɦɢ ɤɚɪɬɚɦɢ ɞɥɹ 
ɍɤɪɚɢɧɵ. ɉɪɢɜɨɞɢɬɫɹ ɚɤɬɭɚɥɶɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ ɫ ɚɧɚ-

ɥɢɡɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɟɟ  ɫɨɫɬɚɜɥɹɸɳɢɯ. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɪɚɫɱёɬɚ ɞɨ-

ɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ. ɍɩɨɪ ɫɞɟɥɚɧ ɧɚ ɪɚɫɱёɬ ɥɢɜɧɟɜɨɝɨ ɢ ɬɚɥɨɝɨ ɫɬɨɤɚ. ɉɨɞɛɨɪ ɞɢɚ-

ɦɟɬɪɚ ɬɪɭɛɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɨ ɬɚɛɥɢɱɧɵɦ ɞɚɧɧɵɦ. 

ɋɨɡɞɚɧ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɫɱёɬɚ ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ. Ɉɧ 

ɞɟɥɢɬ ɪɚɛɨɬɭ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ ɧɚ ɬɪɢ ɷɬɚɩɚ: ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɳɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɮɨɪɦɢ-

ɪɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱёɬɚ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 
ɪɚɫɱёɬɚ ɬɚɥɨɝɨ ɫɬɨɤɚ, ɪɚɫɱёɬ ɢ ɚɧɚɥɢɡ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ, ɪɚɫɱёɬ ɢ ɚɧɚɥɢɡ ɬɚɥɨɝɨ ɫɬɨɤɚ, ɩɨɞ-

ɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɢɚɦɟɬɪɚ ɞɨɪɨɠɧɨɣ ɜɨɞɨɩɪɨɩɭɫɤɧɨɣ ɬɪɭɛɵ.  
Клɸɱевые ɫлɨва: ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɪɚɫɱёɬ, ɞɨɪɨɠɧɚɹ ɜɨɞɨɩɪɨɩɭɫɤɧɚɹ ɬɪɭɛɚ, ɥɢɜɧɟɜɨɣ 

ɫɬɨɤ, ɬɚɥɵɣ ɫɬɨɤ, ɚɥɝɨɪɢɬɦ. 

 

ȼɜɟɞɟɧɢɟ 
Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɝ-

ɪɚɟɬ ɨɱɟɧɶ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɩɪɨ-

ɢɡɜɨɞɫɬɜɟ ɜɫɟɯ ɜɢɞɨɜ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚ-
ɰɢɢ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɪɚɫɱёɬɵ ɤɨɫɧɭ-

ɥɢɫɶ ɢ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɵɯ 

ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ.  

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤ-

ɧɵɯ ɬɪɭɛ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ 

[1]: 

– ɪɚɫɱёɬ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɥɢɜɧɟɜɨ-

ɝɨ ɢ ɬɚɥɨɝɨ ɫɬɨɤɨɜ; 

– ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɨɬɜɟɪɫɬɢɣ ɬɪɭɛ ɫ 
ɨɩɪɟɞɟɥɟɧɢɟɦ ɜɟɥɢɱɢɧɵ ɩɨɞɩɨɪɚ ɩɟɪɟɞ ɬɪɭ-

ɛɨɣ ɢ ɫɤɨɪɨɫɬɢ ɜɨɞɵ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ ɬɪɭɛɵ; 

– ɨɩɪɟɞɟɥɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɜɵɫɨɬɵ 

ɧɚɫɵɩɢ ɧɚɞ ɬɪɭɛɨɣ; 

– ɨɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧɵ ɬɪɭɛɵ ɢ ɟё ɤɨɧɫɬɪɭ-

ɢɪɨɜɚɧɢɟ; 
– ɪɚɫɱёɬ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɭɤɪɟɩɥɟɧɢɹ ɨɬ-

ɜɨɞɹɳɟɝɨ ɪɭɫɥɚ ɢ ɨɬɤɨɫɨɜ ɧɚɫɵɩɢ; 

– ɨɩɪɟɞɟɥɟɧɢɟ ɨɛɴёɦɨɜ ɢ ɫɬɨɢɦɨɫɬɢ ɪɚ-
ɛɨɬ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɧɵɟ ɦɟɬɨɞɢɤɢ 

ɪɟɲɟɧɢɹ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɡɚɞɚɱ. ɇɚɩɪɢ-

ɦɟɪ, ɞɥɹ ɪɚɫɱёɬɨɜ ɜ ɍɤɪɚɢɧɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɞɟɣɫɬɜɭɸɳɢɟ ɭɤɪɚɢɧɫɤɢɟ ɧɨɪɦɚ-
ɬɢɜɵ. ȼɫё ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɪɚɫɱёɬɟ ɞɨɪɨɠɧɵɯ ɜɨ-

ɞɨɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ. 

 

Ⱥɧɚɥɢɡ ɩɪɨɝɪɚɦɦ ɩɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦɭ 

ɪɚɫɱёɬɭ ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ  

ɬɪɭɛ 

Ȼɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɩɪɨ-

ɝɪɚɦɦɵ ɩɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦɭ ɪɚɫɱёɬɭ 

ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ: «CREDO 

ȽɊɂɋ 2.1» (ɋɉ «Ʉɪɟɞɨ-Ⱦɢɚɥɨɝ» ɝ. Ɇɢɧɫɤ 

[2]), IndorCulvert (ɈɈɈ «ɂɧɞɨɪɋɨɮɬ» 

ɝ. Ɍɨɦɫɤ [3]), «ɌɨɩɨɦɚɬɢɤRobur – ɂɫɤɭɫɫɬ-
ɜɟɧɧɵɟ ɫɨɨɪɭɠɟɧɢɹ» (ɈɈɈ ɇɉɎ «Ɍɨɩɨɦɚ-
ɬɢɤ» ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ [4]) (ɪɢɫ. 1).  

ɋɪɟɞɢ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɬɨɥɶɤɨ ɨɞɧɚ 
ɩɪɨɝɪɚɦɦɚ ɩɨɞɞɟɪɠɢɜɚɟɬ ɭɤɪɚɢɧɫɤɢɟ ɧɨɪɦɚ-
ɬɢɜɵ – ɷɬɨ ɩɪɨɝɪɚɦɦɚ ɤɨɦɩɚɧɢɢ Ʉɪɟɞɨ-

Ⱦɢɚɥɨɝ [2]. 

 

 
 

Ɋɢɫ. 1. Ⱥɧɚɥɢɡ ɩɪɨɝɪɚɦɦ ɩɨ ɚɜɬɨɦɚɬɢɡɢɪɨ-

ɜɚɧɧɨɦɭ ɪɚɫɱёɬɭ ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤ-

ɧɵɯ ɬɪɭɛ 
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ɉɪɨɝɪɚɦɦɚ ȽɊɂɋ ɜɤɥɸɱɚɟɬ ɞɜɟ ɚɜɬɨɧɨɦ-

ɧɵɟ ɩɪɨɝɪɚɦɦɵ: ȽɊɂɋ_ɋ ɢ ȽɊɂɋ_Ɍ.  Ɉɧɢ  

ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱёɬ ɞɨɠɞɟɜɵɯ ɫɬɨ-

ɤɨɜ ɢ ɬɚɥɵɯ ɜɨɞ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɬɶ ɩɪɨ-

ɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɬɪɭɛ ɢ ɦɚɥɵɯ ɦɨɫɬɨɜ. 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɨɝɪɚɦɦɵ ȽɊɂɋ_ɋ 

ɫɥɭɠɚɬ ɦɚɬɟɪɢɚɥɵ ɩɨɥɟɜɵɯ ɢɡɵɫɤɚɧɢɣ. Ɋɟ-
ɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱёɬɚ ɹɜɥɹɸɬɫɹ ɨɬɱёɬɵ ɜ ɮɨɪ-

ɦɚɬɟ RTF. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɜ ɩɪɨɝɪɚɦɦɟ 
ȽɊɂɋ_ɋ ɦɨɝɭɬ ɛɵɬɶ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

ɞɥɹ ɪɚɫɱёɬɚ ɜ ɩɪɨɝɪɚɦɦɟ ɪɚɫɱёɬɚ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɦɚɥɵɯ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɨɨɪɭɠɟ-
ɧɢɣ ȽɊɂɋ_Ɍ [2]. 

ȼ ɩɪɨɝɪɚɦɦɟ CREDO ȽɊɂɋ 2.1 ɜ ɤɚɱɟɫɬɜɟ 
ɭɤɪɚɢɧɫɤɢɯ ɧɨɪɦɚɬɢɜɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɭɞɵ 

ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ 
ɍɤɪȽɆɂ [5]. ȼ ɩɪɨɝɪɚɦɦɟ ɟɫɬɶ ɬɚɤɠɟ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɪɚɫɱёɬɚ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ ɩɨ ɮɨɪ-

ɦɭɥɟ ɆȺȾɂ/ɋɨɸɡɞɨɪɩɪɨɟɤɬ. 
ȼ ɰɟɥɨɦ, ɧɚɩɪɚɜɥɟɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ-

ɧɨɝɨ ɪɚɫɱёɬɚ ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ 

ɬɪɭɛ ɞɥɹ ɍɤɪɚɢɧɵ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ. 

 

ɋɨɜɪɟɦɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ  

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ ɨɬ  

ɥɢɜɧɟɜɨɝɨ ɢ ɬɚɥɨɝɨ ɫɬɨɤɚ 

ȼɵɞɟɥɹɸɬ ɞɜɚ ɨɬɞɟɥɶɧɵɯ ɪɚɫɱёɬɚ ɪɚɫɯɨɞɚ 
ɜɨɞɵ: ɪɚɫɱёɬ ɥɢɜɧɟɜɨɝɨ ɢ ɪɚɫɱɟɬ ɬɚɥɨɝɨ ɫɬɨɤɚ. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɍɤɪɚɢɧɟ, ɤɚɤ ɢ ɜ ɞɪɭ-

ɝɢɯ ɫɬɪɚɧɚɯ ɛɵɜɲɟɝɨ ɋɋɋɊ, ɚɤɬɭɚɥɶɧɨɣ ɹɜ-

ɥɹɟɬɫɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ ɩɨ 

ɮɨɪɦɭɥɟ ɆȺȾɂ/ɋɨɸɡɞɨɪɩɪɨɟɤɬ. ȼ ɩɪɨɝɪɚɦ-

ɦɟ CREDO ȽɊɂɋ 2.1 ɤɚɪɬɨɝɪɚɮɢɱɟɫɤɢɣ ɦɚ-
ɬɟɪɢɚɥ ɩɪɟɞɫɬɚɜɥɟɧ ɞɥɹ ɬɟɪɪɢɬɨɪɢɢ ɋɋɋɊ. 

Ȼɨɥɟɟ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɵɟ ɤɚɪɬɵ ɞɥɹ ɍɤɪɚɢɧɵ 

ɩɪɢɜɟɞɟɧɵ ɜ «ɋɩɪɚɜɨɱɧɢɤɟ ɞɨɪɨɠɧɢɤɚ» [6]. 

ɉɨɫɥɟɞɧɢɣ ɢɫɬɨɱɧɢɤ ɢ ɛɵɥ ɜɡɹɬ ɡɚ ɨɫɧɨɜɭ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɪɚɫɱёɬɚ ɞɨɪɨɠɧɵɯ ɜɨ-

ɞɨɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɦɚɤ-

ɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɨɬ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ 
(Qɡ), ɦ3/ɫ [6]  

 

16,7Q ɚ k FɁ ɱ t  ,                  (1) 

 

ɝɞɟ ɱɚ  – ɫɪɟɞɧɹɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɥɢɜɧɹ, ɩɪɨ-

ɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 1 ɱɚɫ, ɦɦ/ɦɢɧ, ɤɨɬɨɪɚɹ ɡɚ-
ɜɢɫɢɬ ɨɬ ɪɚɣɨɧɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ 

ɩɚɜɨɞɤɚ ɂɉ, %; tk  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɯɨɞɚ 
ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɜɧɹ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ-

ɫɬɶɸ 1 ɱɚɫ, ɤ ɪɚɫɱёɬɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ; F –

 ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɚ, ɤɦ2; α – ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɚɫɯɨɞɨɜ ɫɬɨɤɚ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ 
ɝɪɭɧɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɨɫɛɨɪɚ; φ –

 ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɞɭɤɰɢɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɟ-
ɩɨɥɧɨɬɭ ɫɬɨɤɚ. 

ɋɨɝɥɚɫɧɨ [7] ɷɬɚ ɮɨɪɦɭɥɚ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ 
ɆȺȾɂ-77 ɢ ɪɚɡɪɚɛɨɬɚɧɚ Ⱥɧɞɪɟɟɜɵɦ Ⱥ. ȼ. ɢ 

ɒɚɯɢɞɨɜɵɦ Ⱥ. Ɏ. ɞɥɹ ɜɨɞɨɫɛɨɪɧɵɯ ɛɚɫɫɟɣ-

ɧɨɜ ɞɨ 100 ɤɦ2 [7]. ȼ ɮɨɪɦɭɥɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɞɚɧɧɵɟ ɋɨɸɡɞɨɪɩɪɨɟɤɬɚ ɩɨ ɪɚɣɨɧɢɪɨɜɚɧɢɸ 

ɋɋɋɊ ɢ ɞɚɧɧɵɟ ɋɇ 435-72 [8]. 

ɋɪɟɞɧɹɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɥɢɜɧɹ, ɩɪɨɞɨɥɠɢ-

ɬɟɥɶɧɨɫɬɶɸ 1 ɱɚɫ ɱɚ , ɡɚɜɢɫɢɬ ɨɬ ɥɢɜɧɟɜɨɝɨ 

ɪɚɣɨɧɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ. Ʌɢɜɧɟɜɨɣ 

ɪɚɣɨɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɚɪɬɟ [6], ɚ ɜɟɪɨɹɬ-
ɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɫɨɨɪɭɠɟ-
ɧɢɹ ɢ ɤɚɬɟɝɨɪɢɢ ɞɨɪɨɝɢ [9]. Ɍɚɛɥɢɰɚ ɞɥɹ  

ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɜɧɹ, ɩɪɨɞɨɥ-

ɠɢɬɟɥɶɧɨɫɬɶɸ 1 ɱɚɫ, ɢɦɟɟɬ ɞɢɫɤɪɟɬɧɵɣ ɯɚ-
ɪɚɤɬɟɪ (ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɢɧɬɟɪɩɨɥɹɰɢɢ), 

ɩɨɷɬɨɦɭ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɨɝɨ 

ɩɨɤɚɡɚɬɟɥɹ ɧɟ ɜɵɡɵɜɚɟɬ ɫɥɨɠɧɨɫɬɟɣ. 

ɋɥɨɠɧɟɟ ɨɛɫɬɨɢɬ ɞɟɥɨ ɫ ɧɚɯɨɠɞɟɧɢɟɦ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɯɨɞɚ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɜ-

ɧɹ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 1 ɱɚɫ, ɤ ɪɚɫɱёɬɧɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ tk , ɤɨɬɨɪɨɝɨ ɟɳё ɧɟ ɛɵɥɨ ɜ 

ɂɧɫɬɪɭɤɰɢɢ ɩɨ ɪɚɫɱёɬɭ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ ɜɨ-

ɞɵ ɫ ɦɚɥɵɯ ɛɚɫɫɟɣɧɨɜ  (ȼɋɇ 63-76) [10]. ȼ 

ɩɨɡɞɧɢɯ ɢɫɬɨɱɧɢɤɚɯ ɟɫɬɶ ɞɜɚ ɩɨɞɯɨɞɚ: ɨɩɪɟ-
ɞɟɥɟɧɢɟ ɩɨ ɮɨɪɦɭɥɚɦ ɋɨɤɨɥɨɜɫɤɨɝɨ Ⱦ. Ʌ. 

ɢɥɢ ɩɨ ɫɩɪɚɜɨɱɧɨɣ ɬɚɛɥɢɰɟ [7]. Ɉɛɚ ɩɨɞɯɨɞɚ 
ɩɨɡɢɰɢɨɧɢɪɭɸɬɫɹ ɤɚɤ ɢɞɟɧɬɢɱɧɵɟ, ɧɨ ɪɚɫɱё-
ɬɵ ɨɩɪɨɜɟɪɝɚɸɬ ɷɬɭ «ɢɞɟɧɬɢɱɧɨɫɬɶ». ɉɪɢ 

ɷɬɨɦ ɨɧɚ «ɤɨɱɭɟɬ» ɢɡ ɨɞɧɨɝɨ ɭɱɟɛɧɢɤɚ ɜ ɞɪɭ-

ɝɨɣ ɞɟɫɹɬɤɢ ɥɟɬ [11].  

Ɍɚɤɚɹ ɠɟ ɫɢɬɭɚɰɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɫɨ ɦɧɨ-

ɝɢɦɢ ɪɚɫɱёɬɧɵɦɢ ɧɨɦɨɝɪɚɦɦɚɦɢ, ɤɨɝɞɚ  
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɨ ɩɪɟɞɥɚɝɚɟɦɵɦ ɮɨɪ-

ɦɭɥɚɦ ɧɟ ɫɯɨɞɹɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɚɟ-
ɦɵɦɢ ɩɨ ɧɨɦɨɝɪɚɦɦɚɦ (ɧɚɩɪɢɦɟɪ, ɷɬɨ ɹɜɥɟ-
ɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɩɪɢ ɪɚɫɱёɬɚɯ ɧɟɠёɫɬɤɢɯ 

ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ). ɋɟɦɢɥɟɬɧɢɣ ɨɩɵɬ ɚɜɬɨɦɚ-
ɬɢɡɚɰɢɢ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱёɬɨɜ ɩɪɢ ɨɛɫɭɠɞɟ-
ɧɢɢ ɷɬɨɝɨ ɜɨɩɪɨɫɚ ɫɨ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɩɨɤɚɡɵ-

ɜɚɟɬ, ɱɬɨ ɩɪɟɞɩɨɱɬɟɧɢɟ ɫɥɟɞɭɟɬ ɨɬɞɚɜɚɬɶ 
ɧɨɦɨɝɪɚɦɦɚɦ ɢ ɬɚɛɥɢɱɧɵɦ ɞɚɧɧɵɦ, ɧɟɠɟɥɢ 

ɢɯ ɮɨɪɦɭɥɶɧɵɦ ɚɧɚɥɨɝɚɦ, ɯɨɬɹ ɷɬɨ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɭɫɥɨɠɧɹɟɬ ɩɪɨɰɟɫɫ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɥɹ ɪɚɫɱёɬɚ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɯɨɞɚ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɥɢɜɧɹ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 1 ɱɚɫ, ɤ ɪɚɫɱёɬ-
ɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ tk  ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɛɥɢɱɧɵɟ ɞɚɧɧɵɟ ɫ ɥɢɧɟɣɧɨɣ 

ɢɧɬɟɪɩɨɥɹɰɢɟɣ. ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ tk  ɜ ɷɬɨɣ ɬɚɛɥɢ-

ɰɟ ɫɥɭɠɚɬ ɞɥɢɧɚ ɢ ɭɤɥɨɧ ɥɨɝɚ, ɤɨɬɨɪɵɟ ɢɡɦɟ-
ɪɹɸɬɫɹ ɩɨ ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɣ ɤɚɪɬɟ ɢɥɢ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɫɬɜ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨ 
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ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɦɟɫɬɧɨɫɬɢ. 

ɂ ɧɚɨɛɨɪɨɬ, ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɞɭɤ-

ɰɢɢ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɧɟɩɨɥɧɨɬɭ ɫɬɨɤɚ ɩɨ ɞɚɧ-

ɧɵɦ ɋɨɸɡɞɨɪɩɪɨɟɤɬɚ ɞɥɹ ɩɥɨɳɚɞɟɣ ɞɨ  

100 ɤɦ2 , ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɩɨ ɮɨɪɦɭɥɟ 
(2), ɩɪɢɱёɦ, ɪɟɡɭɥɶɬɚɬɵ ɛɭɞɭɬ ɫɯɨɞɢɬɫɹ ɫ 
ɬɚɛɥɢɱɧɵɦɢ ɞɚɧɧɵɦɢ [7, 10]: 

 

 
1

410F
  .                      (2) 

 

ɉɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɚ F ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɣ ɤɚɪɬɟ ɥɢɛɨ ɫ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɟɦ ɫɪɟɞɫɬɜ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɦɟɫɬ-
ɧɨɫɬɢ. 

ɇɚɯɨɠɞɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɯɨɞɨɜ ɫɬɨ-

ɤɚ α ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɝɪɭɧɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɜɨɞɨɫɛɨɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɚɛɥɢɱɧɵɦ ɞɚɧ-

ɧɵɦ [7, 10] ɢ ɧɟ ɜɵɡɵɜɚɟɬ ɡɚɬɪɭɞɧɟɧɢɣ ɩɪɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɨɬ ɫɧɟɝɨɬɚɹ-

ɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ [6], ɦ3/ɫ: 
 

0 ɪɚɫɱ δ δ1 2
( 1)

k h F
QɌ nF




  ,               (3) 

 

ɝɞɟ k0 – ɤɨɷɮɮɢɰɢɟɧɬ ɞɪɭɠɧɨɫɬɢ ɩɨɥɨɜɨɞɶɹ; 

n – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ; F – ɩɥɨɳɚɞɶ ɜɨɞɨ-

ɫɛɨɪɚ, ɤɦ2; ɚɫɱɪh  – ɪɚɫɱёɬɧɵɣ ɫɥɨɣ ɫɭɦɦɚɪɧɨ-

ɝɨ ɫɬɨɤɚ; δ1 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ 

ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɯɨɞɨɜ ɩɪɢ ɧɚɥɢɱɢɢ ɧɚ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɨɡёɪ; δ2 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚ-
ɸɳɢɣ ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɯɨɞɨɜ ɡɚ ɫɱёɬ ɥɟɫɨɜ ɢ 

ɛɨɥɨɬ. 
ȼ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɪɚɫɱёɬɚ ɫɥɨɠɧɨɫɬɢ ɚɜ-

ɬɨɦɚɬɢɡɚɰɢɢ ɜɨɡɧɢɤɚɸɬ ɬɨɥɶɤɨ ɩɪɢ ɧɚɯɨɠɞɟ-
ɧɢɢ ɦɨɞɭɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɢ ɝɚɦɦɚ-
ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɡɚɤɨɧɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ȼɵ-

ɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɩɨ ɞɢɝɢɬɚɥɢɡɚɰɢɢ ɮɭɧɤ-

ɰɢɣ ɝɚɦɦɚ-ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ. 

 
Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɪɚɫɱёɬɚ ɞɨɪɨɠɧɵɯ  

ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɪɚɫɱёɬɚ ɞɨɪɨɠɧɵɯ ɜɨɞɨ-

ɩɪɨɩɭɫɤɧɵɯ ɬɪɭɛ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɹɡɵɤɟ 
C# ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 

WindowForm.NET. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ 
ɷɬɚɩɨɜ ɚɥɝɨɪɢɬɦɢɡɚɰɢɢ, ɤɨɞɢɪɨɜɚɧɢɹ ɢ ɫɨ-

ɡɞɚɧɢɹ ɢɧɬɟɪɮɟɣɫɚ. 
Ⱥɥɝɨɪɢɬɦ ɪɚɫɱёɬɚ ɪɚɫɯɨɞɚ ɥɢɜɧɟɜɨɝɨ ɫɬɨ-

ɤɚ ɫɨɫɬɨɢɬ ɢɡ 3 ɷɬɚɩɨɜ: 

– ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɳɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ; 

– ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 

ɪɚɫɱёɬɚ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ; 
– ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ. 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɛɳɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

ɫɨɫɬɨɢɬ ɢɡ 2 ɷɬɚɩɨɜ: 

– ɧɚɡɧɚɱɟɧɢɟ ɩɥɨɳɚɞɢ ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫ-
ɫɟɣɧɚ; 

– ɧɚɡɧɚɱɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɫɨ-

ɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 6.2 ȾȻɇ ȼ.2.3-22 [9]. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫ-
ɱёɬɚ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ ɫɨɫɬɨɢɬ ɢɡ 4 ɷɬɚɩɨɜ: 

– ɧɚɡɧɚɱɟɧɢɟ ɥɢɜɧɟɜɨɝɨ ɪɚɣɨɧɚ ɫ ɩɨɦɨ-

ɳɶɸ ɫɩɪɚɜɨɱɧɨɝɨ ɨɤɧɚ; 
– ɧɚɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɥɨɝɚ; 
– ɧɚɡɧɚɱɟɧɢɟ ɭɤɥɨɧɚ ɥɨɝɚ; 
– ɧɚɡɧɚɱɟɧɢɟ ɜɢɞɚ ɝɪɭɧɬɚ. 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ ɫɨɫɬɨ-

ɢɬ ɢɡ 5 ɷɬɚɩɨɜ: 

– ɪɚɫɱёɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɜɧɹ, ɩɪɨɞɨɥɠɢ-

ɬɟɥɶɧɨɫɬɶɸ 1 ɱɚɫ; 
– ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɚ kt; 

– ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɯɨɞɚ ɫɬɨɤɚ, ɤɨ-

ɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɳɚɞɢ ɜɨɞɨɫɛɨɪɚ ɢ ɜɢɞɚ 
ɝɪɭɧɬɚ; 

– ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɞɭɤɰɢɢ; 

– ɪɚɫɱёɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɨɬ ɥɢɜɧɟ-
ɜɨɝɨ ɫɬɨɤɚ. 

Ⱥɥɝɨɪɢɬɦ ɪɚɫɱёɬɚ ɪɚɫɯɨɞɚ ɬɚɥɨɝɨ ɫɬɨɤɚ 
ɫɨɫɬɨɢɬ ɢɡ 3 ɷɬɚɩɨɜ: 

– ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɳɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ; 

– ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 

ɪɚɫɱёɬɚ ɬɚɥɨɝɨ ɫɬɨɤɚ; 
– ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ. 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɛɳɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

ɫɨɫɬɨɢɬ ɢɡ 2 ɷɬɚɩɨɜ: 

– ɧɚɡɧɚɱɟɧɢɟ ɩɥɨɳɚɞɢ ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫ-
ɫɟɣɧɚ; 

– ɧɚɡɧɚɱɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɟɜɵɲɟɧɢɹ ɫɨ-

ɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 6.2 ȾȻɇ ȼ.2.3-22 [9]. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫ-
ɱёɬɚ ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ ɫɨɫɬɨɢɬ ɢɡ 7 ɷɬɚɩɨɜ: 

– ɧɚɡɧɚɱɟɧɢɟ ɞɨɪɨɠɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɡɨ-

ɧɵ ɫ ɩɨɦɨɳɶɸ ɫɩɪɚɜɨɱɧɨɝɨ ɨɤɧɚ; 
– ɧɚɡɧɚɱɟɧɢɟ ɫɥɨɹ ɫɬɨɤɚ ɫ ɩɨɦɨɳɶɸ ɫɩɪɚ-

ɜɨɱɧɨɝɨ ɨɤɧɚ; 
– ɧɚɡɧɚɱɟɧɢɟ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ, 

ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɪɟɥɶɟɮɚ ɢ ɩɨɱɜɵ; 

– ɧɚɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ 

ɫɥɨɹ ɫɬɨɤɚ ɫ ɩɨɦɨɳɶɸ ɫɩɪɚɜɨɱɧɨɝɨ ɨɤɧɚ; 
– ɧɚɡɧɚɱɟɧɢɟ ɨɡёɪɧɨɫɬɢ; 

– ɧɚɡɧɚɱɟɧɢɟ ɩɥɨɳɚɞɢ ɥɟɫɨɜ; 

– ɧɚɡɧɚɱɟɧɢɟ ɩɥɨɳɚɞɢ ɛɨɥɨɬ. 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ ɫɨɫɬɨ-

ɢɬ ɢɡ 6 ɷɬɚɩɨɜ: 

– ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɪɭɠɧɨɫɬɢ ɩɨɥɨ-

ɜɨɞɶɹ; 
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– ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɹ ɫɬɟɩɟɧɢ n; 

– ɪɚɫɱёɬ ɦɨɞɭɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ; 
– ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɨɝɨ ɫɥɨɹ ɫɬɨɤɚ; 
– ɪɚɫɱёɬ ɤɨɷɮɮɢɰɢɟɧɬɚ δ2; 

– ɪɚɫɱёɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɨɬ ɫɧɟɝɨ-

ɬɚɹɧɢɹ. 

Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɪɚɛɨɬɵ ɜ ɩɪɨ-

ɝɪɚɦɦɟ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ ɪɚɫɯɨɞɨɜ 

ɥɢɜɧɟɜɨɝɨ ɢ ɬɚɥɨɝɨ ɫɬɨɤɚ, ɜɵɛɨɪ ɛɨɥɶɲɟɝɨ 

ɡɧɚɱɟɧɢɹ ɢ ɩɨɞɛɨɪ ɩɨ ɬɚɛɥɢɱɧɵɦ ɞɚɧɧɵɦ 

ɞɢɚɦɟɬɪɚ ɞɨɪɨɠɧɨɣ ɜɨɞɨɩɪɨɩɭɫɤɧɨɣ ɬɪɭɛɵ. 

ɋɨɡɞɚɧɢɟ ɥɢɫɬɢɧɝɨɜ ɩɪɨɝɪɚɦɦɵ ɩɪɨɢɡɜɨ-

ɞɢɥɨɫɶ ɜ ɫɪɟɞɟ Microsoft Visual Studio. ɉɪɢ-

ɦɟɪ ɱɚɫɬɢ ɦɟɬɨɞɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɩɟɪɟɯɨɞɚ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɜɧɹ, 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 1 ɱ, ɤ ɪɚɫɱёɬɧɨɣ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɢ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 2. 

 

 
 

Ɋɢɫ. 2. ɑɚɫɬɶ ɦɟɬɨɞɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɩɟɪɟɯɨɞɚ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɥɢɜɧɹ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 1 ɱɚɫ, ɤ ɪɚɫ-
ɱёɬɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

 

ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ ɪɚɫɱёɬɚ ɜɨɞɨɩɪɨ-

ɩɭɫɤɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɍɄɊɊȼɋ 19 ɫɨɫɬɨɢɬ ɢɡ 
ɬɪёɯ ɛɥɨɤɨɜ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ: ɨɛɳɢɟ ɢɫɯɨɞ-

ɧɵɟ ɞɚɧɧɵɟ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱёɬɚ 
ɥɢɜɧɟɜɨɝɨ ɫɬɨɤɚ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫ-
ɱёɬɚ ɬɚɥɨɝɨ ɫɬɨɤɚ (ɪɢɫ. 3) ɢ ɞɜɭɯ ɛɥɨɤɨɜ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɥɢɜɧɟɜɨɝɨ ɢ ɬɚɥɨɝɨ ɪɚɫɱёɬɚ  
(ɪɢɫ. 4). 

ȼ ɩɨɦɨɳɶ ɩɪɨɟɤɬɢɪɨɜɳɢɤɭ ɜ ɩɪɨɝɪɚɦɦɟ 
ɩɨɞɝɪɭɠɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɫɩɪɚɜɨɱɧɵɣ ɦɚ-
ɬɟɪɢɚɥ (ɪɢɫ. 5) ɢ ɤɨɦɛɨɛɨɤɫɵ (ɪɢɫ. 6) ɫ ɞɢɫ-
ɤɪɟɬɧɵɦɢ ɡɚɞɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ 
ɨɛɥɟɝɱɚɸɬ ɜɵɛɨɪ ɩɨɥɶɡɨɜɚɬɟɥɹ. 

 

 

 
 

Ɋɢɫ. 3. Ȼɥɨɤɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧ-

ɧɵɯ 

 

 

 
 

Ɋɢɫ. 4. Ȼɥɨɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɨɜ 
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Ɋɢɫ. 5. ɋɩɪɚɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɪɨɝɪɚɦɦɵ 
 

 
 

Ɋɢɫ. 6. Ʉɨɦɛɨɛɨɤɫɵ ɩɪɨɝɪɚɦɦɵ 

 

ȼɵɜɨɞɵ 

Ȼɵɥɚ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ-

ɧɨɝɨ ɪɚɫɱёɬɚ ɞɨɪɨɠɧɵɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ 

ɬɪɭɛ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɤɬɭɚɥɶɧɵɯ ɞɥɹ 

ɍɤɪɚɢɧɵ ɦɟɬɨɞɢɤ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ 

ɛɵɥɨ ɢɦɩɥɟɦɟɧɬɢɪɨɜɚɧɨ ɱɟɪɟɡ ɤɨɧɤɪɟɬɧɵɣ 

ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɍɄɊɊȼɋ 19, ɜ ɤɨɬɨɪɨɦ 

ɫɨɛɥɸɞɟɧɚ ɨɫɧɨɜɚ ɞɚɧɧɨɝɨ ɪɚɫɱёɬɚ. ɉɟɪɜɚɹ 
ɜɟɪɫɢɹ ɷɬɨɣ ɩɪɨɝɪɚɦɦɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɬɭɩɚɟɬ 
ɭɠɟ ɢɦɟɸɳɢɦɫɹ ɩɪɨɝɪɚɦɦɧɵɦ ɩɪɨɞɭɤɬɚɦ, 

ɨɞɧɚɤɨ ɟɫɬɶ ɛɨɥɶɲɨɟ ɩɨɥɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɪɚɡɜɢɬɢɹ. ɍɠɟ ɫɟɣɱɚɫ ɞɚɧɧɚɹ ɜɟɪɫɢɹ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɭɱɟɛɧɵɯ ɰɟɥɹɯ. 
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ɍɄɊɊȼɋ20: ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɣ ɪɨɡɪɚɯɭɧɨɤ ɞɨ-

ɪɨɠɧɿɯ ɜɨɞɨɩɪɨɩɭɫɤɧɢɯ ɬɪɭɛ 

Ⱥɧɨɬɚɰɿɹ. Ɋɨɡɝɥɹɧɭɬɨ ɩɪɨɛɥɟɦɭ ɚɜɬɨɦɚɬɢɡɨɜɚ-

ɧɨɝɨ ɪɨɡɪɚɯɭɜɚɧɧɹ ɞɨɪɨɠɧɿɯ ɜɨɞɨɩɪɨɩɭɫɤɧɢɯ ɫɩɨ-

ɪɭɞ ɭ ɫɭɱɚɫɧɢɯ ɩɪɨɝɪɚɦɚɯ. Ȼɭɥɨ ɡɞɿɣɫɧɟɧɨ ɚɧɚɥɿɡ 
ɫɭɱɚɫɧɢɯ ɩɪɨɝɪɚɦ ɡ ɪɨɡɪɚɯɭɜɚɧɧɹ ɞɨɪɨɠɧɿɯ ɬɪɭɛ, 

ɪɨɡɝɥɹɧɭɬɿ ʀɯɧɿ ɦɨɠɥɢɜɨɫɬɿ. Ⱦɥɹ ɪɨɡɪɚɯɭɜɚɧɧɹ 
ɡɥɢɜɨɜɨɝɨ ɫɬɨɤɭ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 

ɮɨɪɦɭɥɭ ɆȺȾɂ / ɋɨɸɡɞɨɪɩɪɨɟɤɬ ɡ ɞɟɬɚɥɿɡɨɜɚɧɢ-

ɦɢ ɤɚɪɬɚɦɢ ɞɥɹ ɍɤɪɚʀɧɢ. ɇɚɜɨɞɢɬɶɫɹ ɚɤɬɭɚɥɶɧɚ 

ɦɟɬɨɞɢɤɚ ɪɨɡɪɚɯɭɜɚɧɧɹ ɞɨɪɨɠɧɿɯ ɜɨɞɨɩɪɨɩɭɫɤɧɢɯ 
ɬɪɭɛ ɡ ɚɧɚɥɿɡɨɦ ɦɨɠɥɢɜɨɫɬɿ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ʀʀ 
ɫɤɥɚɞɨɜɢɯ. Ɋɨɡɪɨɛɥɟɧɨ ɚɥɝɨɪɢɬɦ ɪɨɡɪɚɯɭɜɚɧɧɹ 
ɞɨɪɨɠɧɿɯ ɜɨɞɨɩɪɨɩɭɫɤɧɢɯ ɬɪɭɛ. ɍɜɚɝɚ ɚɤɰɟɧɬɭ-
єɬɶɫɹ ɧɚ ɪɨɡɪɚɯɭɜɚɧɧɹ ɡɥɢɜɨɜɨɝɨ ɿ ɬɚɥɨɝɨ ɫɬɨɤɿɜ. 
ɉɿɞɛɢɪɚɧɧɹ ɞɿɚɦɟɬɪɚ ɬɪɭɛɢ ɡɞɿɣɫɧɸєɬɶɫɹ ɧɚ ɩɿɞ-

ɫɬɚɜɿ ɦɚɤɫɢɦɚɥɶɧɨʀ ɜɢɬɪɚɬɢ ɡɚ ɬɚɛɥɢɱɧɢɦɢ ɞɚ-

ɧɢɦɢ. ɋɬɜɨɪɟɧɨ ɿɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɢ ɚɜɬɨɦɚɬɢ-

ɡɚɰɿʀ ɪɨɡɪɚɯɭɜɚɧɧɹ  ɞɨɪɨɠɧɿɯ ɜɨɞɨɩɪɨɩɭɫɤɧɢɯ 
ɬɪɭɛ. ȼɿɧ ɩɨɞɿɥɹє ɪɨɛɨɬɭ ɩɪɨɟɤɬɭɜɚɥɶɧɢɤɚ ɧɚ ɬɪɢ 

ɟɬɚɩɢ: ɮɨɪɦɭɜɚɧɧɹ ɡɚɝɚɥɶɧɢɯ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ, ɮɨ-

ɪɦɭɜɚɧɧɹ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ ɞɥɹ ɪɨɡɪɚɯɭɜɚɧɧɹ ɡɥɢɜɨɜɨ-

ɝɨ ɫɬɨɤɭ, ɮɨɪɦɭɜɚɧɧɹ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ ɞɥɹ ɪɨɡɪɚɯɭ-
ɜɚɧɧɹ ɬɚɥɨɝɨ ɫɬɨɤɭ, ɪɨɡɪɚɯɭɜɚɧɧɹ ɣ ɚɧɚɥɿɡ 
ɡɥɢɜɨɜɨɝɨ ɫɬɨɤɭ, ɪɨɡɪɚɯɭɜɚɧɧɹ ɣ ɚɧɚɥɿɡ ɬɚɥɨɝɨ 

ɫɬɨɤɭ, ɩɿɞɛɢɪɚɧɧɹ ɧɟɨɛɯɿɞɧɨɝɨ ɞɿɚɦɟɬɪɚ ɞɨɪɨɠ-

ɧɶɨʀ ɜɨɞɨɩɪɨɩɭɫɤɧɨʀ ɬɪɭɛɢ. 

Клɸɱɨві ɫлɨва: ɚɜɬɨɦɚɬɢɡɨɜɚɧɟ ɪɨɡɪɚɯɭɜɚɧɧɹ, 
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ɬɚɥɢɣ ɫɬɿɤ, ɚɥɝɨɪɢɬɦ. 
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UKRRVS20: road culverts CAD 

Abstract. Problem. Among the road culverts CADs, 

only the CREDO GRIS allows calculating according 

to Ukrainian standards. The works of the Ukrainian 

Hydrometeorological Institute UHMI are used in 

CREDO GRIS as Ukrainian standards. The program 

also has the ability to calculate rainfall runoff ac-

cording to the formula MADI/Soyuzdorproekt. The 

conclusion about the relevance of the road culverts 

CAD problem has been made. Goal. It is proposed to 

use the MADI/Soyuzdorproekt formula with detailed 

maps for Ukraine to calculate the rainfall runoff. 

Methodology. The current methodology for calculat-

ing road culverts with an analysis of the possibility of 

automation for the components of this technique has 

been given. Some formulas of this technique do not 

show the required results given in the reference ta-

bles. Results. The problem of modern programs for 

road culverts CAD has been considered. The analy-

sis of modern programs for road culverts calculation 

has been carried out, capabilities of this programs 

have been considered. The following tasks in the 

design of road culverts have been identified: calcula-

tion of maximum water consumption from rain and 

melt water flow; hydraulic calculation of pipe holes; 

determination of minimum height of embankment 

above the pipe; determination of the length of the 

pipe and its design; calculation and design of rein-

forcement of discharge channel and slopes of the 

embankment; determination of volume and cost of 

work. Practical value. The algorithm for calculating 

road culverts has been developed. The emphasis is 

on the calculation of storm and melt runoff. The se-

lection of the pipe diameter is based on the maximum 

flow rate according to the tabular data. Originality. 

The interface has been created for the automation 

program for calculating road culverts. The interface 

divides the work of the designer into three stages: the 

formation of a common source data, the formation of 

the source data for calculating the rainfall runoff, 

the formation of the initial data for calculating the 

meltwater runoff, the calculation and analysis of the 

stormwater runoff, the calculation and analysis of 

the meltwater runoff, the selection of the required 

diameter of the road culvert. The interface provides 

all necessary reference materials: cartographic and 

tabular. The interface makes maximum use of com-

boboxes with discrete setpoints that facilitate the 

user's choice. 

Keywords: CAD, road culvert, maximum water con-

sumption from rain, melt runoff, algorithm. 
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