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ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬɧɨɟ ɨɛɨɫɧɨɜɚɧиɟ ɫɨɨɬɜɟɬɫɬɜиɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɭɩɚкɨɜɨɱɧɨɝɨ кɨɦɩɥɟкɬɚ (ɌɍɄ) ɧɨɪɦɚɬиɜɧɵɦ ɬɪɟɛɨɜɚɧиɹɦ ɛɟɡɨɩɚɫɧɨɫɬи ɜ ɭɫɥɨɜиɹɯ 
ɧɚɡɟɦɧɨɝɨ ɬɪɚɧɫɩɨɪɬиɪɨɜɚɧиɹ ɨɬɪɚɛɨɬɚɜɲиɯ ɬɟɩɥɨɜɵɞɟɥɹɸɳиɯ ɫɛɨɪɨк (ɈɌȼɋ). 
Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɟɪɟɜɨɡки ɈɌȼɋ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɨɯɪɚɧɟɧиɟɦ ɝɟɪɦɟɬиɱɧɨɫɬи 
ɌɍɄ ɩɪи ɚɜɚɪиɣɧɵɯ ɩɚɞɟɧиɹɯ ɫ ɜɵɫɨɬɵ 9 ɦ ɧɚ ɝɨɪиɡɨɧɬɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ и ɫ ɜɵɫɨɬɵ 1 ɦ 
ɧɚ ɲɬɵɪɶ кɪɭɝɥɨɝɨ ɫɟɱɟɧиɹ. ɍкɚɡɚɧɧɵɟ иɫɩɵɬɚɧиɹ ɛɵɥи иɦиɬиɪɨɜɚɧɵ ɱиɫɥɟɧɧɵɦи 
ɪɚɫɱɟɬɚɦи ɜ ɩɪɨɝɪɚɦɦɟ кɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥиɡɚ, кɨɬɨɪɵɟ ɩɨкɚɡɚɥи, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɚɹ 
кɨɧɫɬɪɭкɰиɹ ɌɍɄ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɨɪɦɚɬиɜɧɵɦ ɬɪɟɛɨɜɚɧиɹɦ. 
 

Ʉɥɸɱɟвɵɟ ɫɥɨвɚ: ɛɟɡɨɩɚɫɧɨɫɬɶ, ɬɪɚɧɫɩɨɪɬиɪɨɜкɚ, ɨɬɪɚɛɨɬɚɜɲиɟ ɬɟɩɥɨɜɵɞɟɥɹɸɳиɟ ɫɛɨɪки, 
ɪɚɞиɨɚкɬиɜɧɵɣ ɦɚɬɟɪиɚɥ, ɨɩɚɫɧɵɣ ɝɪɭɡ, ɬɪɚɧɫɩɨɪɬɧɵɣ ɭɩɚкɨɜɨɱɧɵɣ кɨɦɩɥɟкɬ, 
ɝɟɪɦɟɬиɱɧɨɫɬɶ, ɫиɫɬɟɦɚ ɝɟɪɦɟɬиɡɚɰии, кɨɧɬɟɣɧɟɪ, ɩɟɧɚɥ, ɩɪɨɝɪɚɦɦɚ кɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ 
ɚɧɚɥиɡɚ, ɩɪɨɱɧɨɫɬɶ. 

 

Пɨɫɬɭɩиɥɚ ɜ ɪɟɞɚкɰиɸ 29.03.2019 

Пɨɫɥɟ ɞɨɪɚɛɨɬки 16.04.2019 

Пɪиɧɹɬɚ к ɩɭɛɥикɚɰии 26.04.2019 

 

Ɉɛɟɫɩɟɱɟɧиɟ ɛɟɡɨɩɚɫɧɨɫɬи ɩɪи ɧɚɡɟɦɧɨɦ ɬɪɚɧɫɩɨɪɬиɪɨɜɚɧии ɈɌȼɋ ɫ ɚɬɨɦɧɵɯ 
ɫɬɚɧɰиɣ ɧɚ ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɟ ɩɪɟɞɩɪиɹɬиɟ ɹɜɥɹɟɬɫɹ ɚкɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ɇɨɪɦɚɬиɜɧɵɟ ɬɪɟɛɨɜɚɧиɹ к ɩɟɪɟɜɨɡкɟ ɪɚɞиɨɚкɬиɜɧɵɯ ɦɚɬɟɪиɚɥɨɜ (ɊɆ) ɩɨ 
ɬɟɪɪиɬɨɪии ɊФ ɫɮɨɪɦɭɥиɪɨɜɚɧɵ ɜ ɞɨкɭɦɟɧɬɟ ɇП-053-16 Д1Ж, ɫɨɝɥɚɫɧɨ кɨɬɨɪɨɦɭ 
ɬɪɚɧɫɩɨɪɬиɪɨɜкɚ ɊɆ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɭɩɚкɨɜɨɱɧɵɯ кɨɦɩɥɟкɬɚɯ 
– ɌɍɄ, ɨɛɟɫɩɟɱиɜɚɸɳиɯ ɝɟɪɦɟɬиɱɧɨɫɬɶ ɩɟɪɟɜɨɡиɦɨɝɨ ɨɩɚɫɧɨɝɨ ɝɪɭɡɚ ɜ ɧɨɪɦɚɥɶɧɵɯ и 
ɚɜɚɪиɣɧɵɯ ɭɫɥɨɜиɹɯ ɩɟɪɟɜɨɡки. ɋɩɨɫɨɛɧɨɫɬɶ кɨɧɫɬɪɭкɰии ɌɍɄ ɜɵɞɟɪɠɚɬɶ 
ɬɪɚɧɫɩɨɪɬɧɵɟ ɚɜɚɪии ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɥɟɞɭɸɳиɦи ɪɟɝɥɚɦɟɧɬиɪɨɜɚɧɧɵɦи 
Д1Ж иɫɩɵɬɚɧиɹɦи: 

– ɩɚɞɟɧиɟ ɭɩɚкɨɜки ɧɚ ɩɥɨɫкɭɸ ɝɨɪиɡɨɧɬɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɜɵɫɨɬɵ 9 ɦ; 
– ɩɚɞɟɧиɟ ɭɩɚкɨɜки ɫ ɜɵɫɨɬɵ 1 ɦ ɧɚ ɲɬɵɪɶ кɪɭɝɥɨɝɨ ɫɟɱɟɧиɹ ɞиɚɦɟɬɪɨɦ 15 ɫɦ и 

ɜɵɫɨɬɨɣ 20 ɫɦ, иɡɝɨɬɨɜɥɟɧɧɵɣ иɡ ɦɹɝкɨɣ ɫɬɚɥи (ɫɬɚɥɶ 20 Д2Ж). 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɪɚɡɥиɱɧɵɯ ɚɬɨɦɧɵɯ ɷɥɟкɬɪɨɫɬɚɧɰиɹɯ (Ⱥɗɋ) иɫɩɨɥɶɡɭɟɬɫɹ 

ɫɜɨɣ ɜиɞ ɬɨɩɥиɜɚ. Ɍɚк, ɧɚ Ȼɟɥɨɹɪɫкɨɣ Ⱥɗɋ иɫɩɨɥɶɡɭɟɬɫɹ ɬɨɩɥиɜɨ ɞɥɹ ɪɟɚкɬɨɪɨɜ ȺɆȻ 
(ɭɪɚɧ-ɝɪɚɮиɬɨɜɵɣ кɚɧɚɥɶɧɵɣ ɷɧɟɪɝɟɬиɱɟɫкиɣ ɪɟɚкɬɨɪ – ɚɬɨɦ ɦиɪɧɵɣ ɛɨɥɶɲɨɣ), ɚ ɧɚ 
Ȼиɥиɛиɧɫкɨɣ Ⱥɗɋ – ɬɨɩɥиɜɨ ɪɟɚкɬɨɪɚ ɗȽП-6 (ɜɨɞɧɨ-ɝɪɚɮиɬɨɜɵɣ ɝɟɬɟɪɨɝɟɧɧɵɣ ɪɟɚкɬɨɪ 
кɚɧɚɥɶɧɨɝɨ ɬиɩɚ). Ⱦɥɹ кɚɠɞɨɝɨ ɜиɞɚ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɬɨɩɥиɜɚ ɬɪɟɛɭɟɬɫɹ ɫɜɨɹ 
кɨɧɫɬɪɭкɰиɹ ɭɩɚкɨɜки. Ⱦɥɹ ȺɆȻ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɌɍɄ-84/1, кɨɧɫɬɪɭкɰиɹ кɨɬɨɪɨɝɨ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧиɹɦ Д1Ж. Ⱦɥɹ ɬɨɩɥиɜɚ ɪɟɚкɬɨɪɚ ɗȽП-6 ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧи ɧɟ 



8  ɅɍɒɂɇȺ и ɞɪ. 
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ɫɭɳɟɫɬɜɨɜɚɥɨ ɭɩɚкɨɜки ɞɥɹ ɬɪɚɧɫɩɨɪɬиɪɨɜки. ɈɌȼɋ ɞɚɧɧɨɝɨ ɪɟɚкɬɨɪɚ ɩɨɦɟɳɟɧɵ ɧɚ 
ɞɥиɬɟɥɶɧɨɟ ɯɪɚɧɟɧиɟ ɜ ɛɚɫɫɟɣɧɵ ɜɵɞɟɪɠки. Ⱦɥɹ ɞɨɫɬɚɜки ɈɌȼɋ ɪɟɚкɬɨɪɚ ɗȽП-6 ɧɚ 
ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɟ ɩɪɟɞɩɪиɹɬиɟ ɩɥɚɧиɪɭɟɬɫɹ ɪɚɡɪɚɛɨɬɚɬɶ ɬɪɚɧɫɩɨɪɬɧɭɸ ɭɩɚкɨɜкɭ, 
кɨɬɨɪɚɹ и ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. 

ɋ ɭɱɟɬɨɦ ɪɚɡɦɟɪɨɜ ɈɌȼɋ (ɞɥиɧɚ ≈ 8 ɦ) ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɌɍɄ, кɨɬɨɪɵɣ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɥиɧɧɨɦɟɪɧɭɸ кɨɧɫɬɪɭкɰиɸ ɫ ɝɚɛɚɪиɬɧɵɦи ɪɚɡɦɟɪɚɦи – 

ɞиɚɦɟɬɪɨɦ ɨɬ 1160 ɦɦ (ɩɨ ɮɥɚɧɰɭ) ɞɨ 812 ɦɦ (ɜ ɭɡкɨɣ ɱɚɫɬи) и ɞɥиɧɨɣ 8726 ɦɦ (ɪиɫ. 1). 
ɋиɫɬɟɦɚ ɝɟɪɦɟɬиɡɚɰии (ɋȽ) ɌɍɄ иɦɟɟɬ ɞɜɟ ɫɬɭɩɟɧи: ɩɟɧɚɥ и кɨɧɬɟɣɧɟɪ, кɚɠɞɵɣ 

иɡ кɨɬɨɪɵɯ ɫɨɫɬɨиɬ иɡ кɪɵɲки и кɨɪɩɭɫɚ, ɫɨɟɞиɧɹɸɳиɯɫɹ ɲɩиɥɶкɚɦи. Ʉɨɪɡиɧɚ ɫ 
ɲɟɫɬɶɸ ɈɌȼɋ ɪɚɡɦɟɳɚɟɬɫɹ ɜ ɩɟɧɚɥɟ, кɨɬɨɪɵɣ ɭɫɬɚɧɚɜɥиɜɚɟɬɫɹ ɜ кɨɧɬɟɣɧɟɪ. Ʉɨɧɬɟɣɧɟɪ 
ɹɜɥɹɟɬɫɹ ɫɜɚɪɧɨɣ кɨɧɫɬɪɭкɰиɟɣ. 

 

 
Ɋиɫɭɧɨк 1 – ɋɯɟɦɚ кɨɧɫɬɪɭкɰии ɌɍɄ [TPS constructional scheme] 

 

Фиɡикɨ-ɦɟɯɚɧиɱɟɫкиɟ ɯɚɪɚкɬɟɪиɫɬики ɦɚɬɟɪиɚɥɨɜ ɷɥɟɦɟɧɬɨɜ ɌɍɄ Д3-4] 

ɩɪиɜɟɞɟɧɵ ɜ ɬɚɛɥиɰɟ 1. 
 

Ɍɚɛɥиɰɚ 1 – Фиɡикɨ-ɦɟɯɚɧиɱɟɫкиɟ ɯɚɪɚкɬɟɪиɫɬики ɦɚɬɟɪиɚɥɨɜ [Physical and mechanical characteristics of 

materials] 

ɗɥɟɦɟɧɬ ɌɍɄ Ʉɨɪɩɭɫ кɨɧɬɟɣɧɟɪɚ 
Ʉɪɵɲкɚ кɨɧɬɟɣɧɟɪɚ, 

ɩɟɧɚɥ 
ɒɩиɥɶки 

Ɇɚɬɟɪиɚɥ ɋɬɚɥɶ 09Ƚ2ɋȺ-Ⱥ ɋɬɚɥɶ 12ɏ18ɇ10Ɍ 
ɋɬɚɥɶ 

38ɏɇ3ɆФȺ 

Пɥɨɬɧɨɫɬɶ ρ, ɝ/ɦɦ3 0,0078 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬи E, ɆПɚ 2 · 105 

Ʉɨɷɮɮиɰиɟɧɬ Пɭɚɫɫɨɧɚ µ 0,3 

Пɪɟɞɟɥ ɬɟкɭɱɟɫɬи ıɬ, ɆПɚ 245 196 882 

Пɪɟɞɟɥ ɩɪɨɱɧɨɫɬи ıɜ, ɆПɚ 430 510 980 

Ɉɬɧɨɫиɬɟɥɶɧɨɟ ɭɞɥиɧɟɧиɟ δ, % 19 35 11 

 

Ⱦɥɹ ɨɛɨɫɧɨɜɚɧиɹ ɛɟɡɨɩɚɫɧɨɣ ɬɪɚɧɫɩɨɪɬиɪɨɜки ɈɌȼɋ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɌɍɄ ɩɪи 
ɧɨɪɦɚɥɶɧɵɯ и ɚɜɚɪиɣɧɵɯ ɭɫɥɨɜиɹɯ ɩɟɪɟɜɨɡки ɜ ɩɪɨɝɪɚɦɦɟ кɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ 
ɚɧɚɥиɡɚ Д5Ж ɛɵɥи ɜɵɩɨɥɧɟɧɵ ɡɚɞɚɱи: 

  ɦɨɞɚɥɶɧɵɣ ɚɧɚɥиɡ кɨɧɫɬɪɭкɰии ɌɍɄ; 
  ɨɰɟɧки ɧɚɩɪɹɠёɧɧɨ-ɞɟɮɨɪɦиɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧиɹ (ɇȾɋ) ɌɍɄ ɜ ɭɫɥɨɜиɹɯ 

ɚɜɚɪиɣɧɨɝɨ ɩɚɞɟɧиɹ ɭɩɚкɨɜки ɧɚ ɝɨɪиɡɨɧɬɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɜɵɫɨɬɵ 9 ɦ кɪɵɲкɨɣ, 
ɛɨкɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ и ɭɝɥɨɦ кɪɵɲки; 

  ɨɰɟɧки ɇȾɋ ɌɍɄ ɜ ɭɫɥɨɜиɹɯ ɚɜɚɪиɣɧɨɝɨ ɩɚɞɟɧиɹ ɭɩɚкɨɜки ɧɚ ɲɬɵɪɶ кɪɭɝɥɨɝɨ 
ɫɟɱɟɧиɹ кɪɵɲкɨɣ, ɛɨкɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ и ɭɝɥɨɦ кɪɵɲки. 

Ʉɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ (ɄɗɆ) ɌɍɄ ɩɪиɜɟɞɟɧɚ ɧɚ ɪиɫɭɧкɟ 2. 



ɈȻɈɋɇɈȼȺɇɂȿ ɋɈɈɌȼȿɌɋɌȼɂə ɌɊȺɇɋПɈɊɌɇɈȽɈ ɍПȺɄɈȼɈɑɇɈȽɈ ɄɈɆПɅȿɄɌȺ   9 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈПȺɋɇɈɋɌɖ, № 2(31) 2019 

 
Ɋиɫɭɧɨк 2 – ɄɗɆ ɌɍɄ [Finite-element model of TPS] 

 

Ⱦɥɹ ɨɰɟɧки ɫɨɫɬɨɹɧиɹ ɌɍɄ ɩɪи ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜиɹɯ ɬɪɚɧɫɩɨɪɬиɪɨɜки ɛɵɥ 
ɜɵɩɨɥɧɟɧ ɦɨɞɚɥɶɧɵɣ ɚɧɚɥиɡ Д5Ж. Пɟɪɟɜɨɡкɚ ɌɍɄ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ 
ɝɨɪиɡɨɧɬɚɥɶɧɨɦ ɩɨɥɨɠɟɧии. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɭɫɥɨɜиɹ ɡɚкɪɟɩɥɟɧиɹ ɌɍɄ ɜ 
ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ (Ɍɋ) ɞɨɫɬɨɜɟɪɧɨ ɧɟ иɡɜɟɫɬɧɵ. Пɨɷɬɨɦɭ ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɞɜɚ 
ɫɥɭɱɚɹ ɡɚкɪɟɩɥɟɧиɹ ɌɍɄ: 

– ɨɩиɪɚɧиɟ ɭɩɚкɨɜки ɩɨ ɞɜɭɦ кɪɚɹɦ – ɜ ɨɛɥɚɫɬи ɛɨкɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɮɥɚɧɰɚ и 
ɝɥɭɯɨɝɨ ɬɨɪɰɚ; 

– ɨɩиɪɚɧиɟ ɭɩɚкɨɜки ɩɨ ɞɜɭɦ кɪɚɹɦ и ɜ ɫɪɟɞɧɟɣ ɱɚɫɬи – ɩɨ кɪɚɸ ɭɬɨɥɳɟɧɧɨɣ 
ɨɛɨɥɨɱки кɨɪɩɭɫɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɩɨɥɭɱɟɧɵ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ кɨɥɟɛɚɧиɣ кɨɧɫɬɪɭкɰии: ɜ 
ɩɟɪɜɨɦ ɫɥɭɱɚɟ – f2=45 Ƚɰ, ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ f3 =145 Ƚɰ. ȼɟɥиɱиɧɚ f2 ɛɥиɡкɚ к ɜɟɪɯɧɟɣ 
ɝɪɚɧиɰɟ ɞиɚɩɚɡɨɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɱɚɫɬɨɬ fɬ ≤ 40 Ƚɰ Д6Ж, ɱɬɨ ɦɨɠɟɬ ɫкɚɡɚɬɶɫɹ ɧɚ 
ɭɜɟɥиɱɟɧии ɞиɧɚɦиɱɧɨɫɬи ɌɍɄ ɩɪи ɬɪɚɧɫɩɨɪɬиɪɨɜɚɧии. ȼɟɥиɱиɧɚ f3 ɞɨɫɬɚɬɨɱɧɨ 
ɭɞɚɥɟɧɚ ɨɬ ɞиɚɩɚɡɨɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɱɚɫɬɨɬ, ɩɨɷɬɨɦɭ ɩɪи ɩɟɪɟɜɨɡкɟ ɪɟкɨɦɟɧɞɭɟɬɫɹ 
иɫɩɨɥɶɡɨɜɚɬɶ ɨɩиɪɚɧиɟ ɭɩɚкɨɜки ɩɨ ɬɪɟɦ ɨɛɥɚɫɬɹɦ – ɞɜɭɦ кɪɚɹɦ и ɜ ɫɪɟɞɧɟɣ ɱɚɫɬи. 

Пɪи ɪɚɫɱɟɬɚɯ ɧɚ ɚɜɚɪиɣɧɵɟ ɩɚɞɟɧиɹ ɭɩɚкɨɜки ɫ ɜɵɫɨɬɵ 9 ɦ ɧɚɝɪɭɠɟɧиɟ ɌɍɄ 
ɦɨɞɟɥиɪɨɜɚɥɨɫɶ ɡɚɞɚɧиɟɦ ɜɫɟɦ ɭɡɥɚɦ кɨɧɫɬɪɭкɰии ɧɚɱɚɥɶɧɨɣ ɫкɨɪɨɫɬи 13,3 ɦ/ɫ, ɚ 
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ɩɚɞɟɧиɟ ɫ ɜɵɫɨɬɵ 1 ɦ – ɡɚɞɚɧиɟɦ ɫкɨɪɨɫɬи 4,43 ɦ/ɫ. ɍкɚɡɚɧɧɵɟ ɫкɨɪɨɫɬи ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɦɨɦɟɧɬɭ ɫɬɨɥкɧɨɜɟɧиɹ ɭɩɚкɨɜки ɫ ɩɪɟɝɪɚɞɨɣ. 

Ɉɰɟɧкɚ ɫɨɫɬɨɹɧиɹ ɋȽ (ɰɟɥɨɫɬɧɨɫɬи ɝɟɪɦɟɬиɡиɪɭɸɳɟɝɨ кɨɧɬɭɪɚ) ɩɪɨɜɨɞиɥɚɫɶ ɩɨ 
ɫɥɟɞɭɸɳиɦ кɪиɬɟɪиɹɦ Д7-9]: 

– ɩɨ ɨɫɬɚɬɨɱɧɵɦ ɞɟɮɨɪɦɚɰиɹɦ: 
 

  max
,  (1) 

 

– ɩɨ ɪɚɫɬɹɝиɜɚɸɳиɦ ɧɚɩɪɹɠɟɧиɹɦ ɜ ɦɟɫɬɚɯ ɪɚɫɩɨɥɨɠɟɧиɹ ɫɜɚɪɧɵɯ ɫɨɟɞиɧɟɧиɣ: 
 

 ..

max

1 ɫвв   (2) 

 

ɝɞɟ    İmax – ɦɚкɫиɦɚɥɶɧɚɹ ɨɫɬɚɬɨɱɧɚɹ ɞɟɮɨɪɦɚɰиɹ, %; 
į – ɨɬɧɨɫиɬɟɥɶɧɨɟ ɭɞɥиɧɟɧиɟ ɦɚɬɟɪиɚɥɚ, %; 

max

1  – ɦɚкɫиɦɚɥɶɧɨɟ ɪɚɫɬɹɝиɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧиɟ, ɆПɚ; 
ıв.ɫв. – ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬи ɫɜɚɪɧɨɝɨ ɲɜɚ, ɪɚɫɫɱиɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д10, 11Ж: 
 

 вɫвв k  .. , (3)  

 

ɝɞɟ    k – кɨɷɮɮиɰиɟɧɬ ɨɫɥɚɛɥɟɧиɹ ɦɚɬɟɪиɚɥɚ ɫɜɚɪɧɨɝɨ ɲɜɚ, k = 0,9; 

ıв  – ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬи ɦɚɬɟɪиɚɥɚ, ıв = 430 ɆПɚ. 
Ɍɨ ɟɫɬɶ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬи ɫɜɚɪɧɨɝɨ ɲɜɚ ɪɚɜɟɧ ıв.ɫв = 387 ɆПɚ. 
Ⱦɥɹ ɫɜɚɪɧɵɯ ɲɜɨɜ ɧɚиɛɨɥɟɟ ɨɩɚɫɧɵɦ ɫɥɭɱɚɟɦ ɚɜɚɪиɣɧɨɝɨ ɩɚɞɟɧиɹ ɹɜɥɹɟɬɫɹ 

ɩɚɞɟɧиɟ ɛɨкɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫ ɜɵɫɨɬɵ 9 ɦ. ȼ ɧɚиɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɦ ɫɜɚɪɧɨɦ ɲɜɟ 

(ɬ. Ⱥ ɧɚ ɪиɫ. 3ɚ) ɪɚɫɬɹɝиɜɚɸɳиɟ ɧɚɩɪɹɠɟɧиɹ ɧɟ ɩɪɟɜɨɫɯɨɞɹɬ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬи ɫɜɚɪɧɨɝɨ 
ɲɜɚ (ı1 = 374,8 ɆПɚ < ıв.ɫв = 387 ɆПɚ). Ɍɨ ɟɫɬɶ ɨɬɫɭɬɫɬɜɭɟɬ ɭɝɪɨɡɚ ɪɚɡɪɵɜɚ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞиɧɟɧиɹ. 

Ɉɫɬɚɬɨɱɧɵɟ ɞɟɮɨɪɦɚɰии кɨɧɬɟɣɧɟɪɚ и ɩɟɧɚɥɚ ɦɟɧɶɲɟ ɨɬɧɨɫиɬɟɥɶɧɨɝɨ ɭɞɥиɧɟɧиɹ 
(ɞɥɹ кɪɵɲки кɨɧɬɟɣɧɟɪɚ – İmax = 19 % ≤ į = 35 %, ɞɥɹ кɨɪɩɭɫɚ кɨɧɬɟɣɧɟɪɚ – İmax = 9,8 % 

≤ į = 19 %, ɞɥɹ ɩɟɧɚɥɚ – İmax = 12 % < į = 35 %), ɚ ɞɥɹ ɨɞɧɨɣ ɲɩиɥɶки ɞɟɮɨɪɦɚɰии 
ɩɪɟɜɨɫɯɨɞɹɬ ɩɚɪɚɦɟɬɪ δ = 11 % (ɫɦ. ɪиɫɭɧɨк 3). ȼɨɡɦɨɠɧɨɟ ɪɚɡɪɭɲɟɧиɟ ɲɩиɥɶки ɧɟ 
ɩɨɜɥиɹɟɬ ɧɚ ɪɚɡɝɟɪɦɟɬиɡɚɰиɸ кɨɧɬɟɣɧɟɪɚ. Ʉɨɷɮɮиɰиɟɧɬ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬи ɩɨ 
ɞɟɮɨɪɦɚɰиɹɦ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 1,1. 

Ⱦɥɹ ɷɥɟɦɟɧɬɨɜ кɨɧɫɬɪɭкɰии ɌɍɄ ɧɚиɛɨɥɟɟ ɨɩɚɫɧɵɦ ɫɥɭɱɚɟɦ ɹɜɥɹɟɬɫɹ ɩɚɞɟɧиɟ 
ɭɝɥɨɦ кɪɵɲки ɫ ɜɵɫɨɬɵ 9 ɦ. ɇɚиɛɨɥɶɲиɟ ɞɟɮɨɪɦɚɰии кɨɧɬɟɣɧɟɪɚ ɩɪɟɜɵɲɚɸɬ 
ɨɬɧɨɫиɬɟɥɶɧɨɟ ɭɞɥиɧɟɧиɟ, ɧɨ ɷɬɨ ɧɟ ɩɪиɜɟɞɟɬ к ɪɚɡɝɟɪɦɟɬиɡɚɰии, ɩɨɫкɨɥɶкɭ ɨɛɥɚɫɬɶ 
ɦɚкɫиɦɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰиɣ ɥɨкɚɥиɡɭɟɬɫɹ ɧɚ кɪɚɸ ɜ ɨɛɥɚɫɬи ɫɠɚɬиɹ (ɫɦ. ɪиɫ. 4). ȼ 
ɝɟɪɦɟɬиɡиɪɭɸɳɟɦ кɨɧɬɭɪɟ ɞɟɮɨɪɦɚɰии ɫɨɫɬɚɜɥɹɸɬ ɧɟ ɛɨɥɟɟ 17,5 %, ɱɬɨ ɦɟɧɶɲɟ 
ɩɚɪɚɦɟɬɪɚ δ = 19 % ɞɥɹ ɦɚɬɟɪиɚɥɚ кɪɵɲки кɨɧɬɟɣɧɟɪɚ. Ⱦɟɮɨɪɦɚɰии ɩɟɧɚɥɚ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɨɜɚɧиɹɦ ɩɪɨɱɧɨɫɬи (İmax = 15,8 % ≤ į = 35 %), ɚ ɜ ɨɞɧɨɣ ɲɩиɥɶкɟ 
ɞɟɮɨɪɦɚɰии ɩɪɟɜɵɲɚɸɬ δ. Ɍɨ ɟɫɬɶ, ɜɨɡɦɨɠɧɨ, ɪɚɡɪɭɲɟɧиɟ ɨɞɧɨɣ ɲɩиɥɶки кɨɧɬɟɣɧɟɪɚ. 
Пɪи ɷɬɨɦ ɧɚɪɭɲɟɧиɟ ɝɟɪɦɟɬиɱɧɨɫɬи ɭɩɚкɨɜки ɧɟ ɩɪɨиɡɨɣɞɟɬ, ɩɨɫкɨɥɶкɭ ɩɥɨɬɧɨɫɬɶ 
ɫɬɵкɚ ɫɨɯɪɚɧɹɟɬɫɹ. Пɪɨɱɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɭɩɚкɨɜки ɨɛɟɫɩɟɱиɜɚɟɬɫɹ ɫ ɦиɧиɦɚɥɶɧɵɦ 
кɨɷɮɮиɰиɟɧɬɨɦ ɡɚɩɚɫɚ ɩɨ ɞɟɮɨɪɦɚɰиɹɦ 1,1. 

ȼ ɧɚиɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɦ ɫɜɚɪɧɨɦ ɲɜɟ (ɬ. Ⱥ ɧɚ ɪиɫ. 4ɚ) ɪɚɫɬɹɝиɜɚɸɳиɟ 
ɧɚɩɪɹɠɟɧиɹ ɞɨɫɬиɝɚɸɬ 348,86 ɆПɚ, ɱɬɨ ɦɟɧɶɲɟ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬи ıв.ɫв = 387 ɆПɚ. 
Пɪɨɱɧɨɫɬɶ ɫɜɚɪɧɵɯ ɫɨɟɞиɧɟɧиɣ ɨɛɟɫɩɟɱиɜɚɟɬɫɹ ɫ кɨɷɮɮиɰиɟɧɬɨɦ ɡɚɩɚɫɚ ɧɟ ɦɟɧɟɟ 1,1. 
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ɚ) кɨɧɬɟɣɧɟɪ Дcontainer] 

 

 

 
ɛ) ɩɟɧɚɥ [case] 

 

 

 

 
ɜ) ɲɩиɥɶки Дstud-bolts] 

 
Ɋиɫɭɧɨк 3 – Пɥɚɫɬиɱɟɫкиɟ ɞɟɮɨɪɦɚɰии ɩɪи ɩɚɞɟɧии ɌɍɄ ɛɨкɨɦ ɫ ɜɵɫɨɬɵ 9 ɦ ДPlastic deformations when 

TPS falls sideways from height of 9 m] 
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ɚ) кɨɧɬɟɣɧɟɪ [container] 

 

 

 
ɛ) ɩɟɧɚɥ [case] 

 

 

 
ɜ) ɲɩиɥɶки Дstud-bolts] 

 

Ɋиɫɭɧɨк 4 – Пɥɚɫɬиɱɟɫкиɟ ɞɟɮɨɪɦɚɰии ɩɪи ɩɚɞɟɧии ɭɝɥɨɦ кɪɵɲки ɫ ɜɵɫɨɬɵ 9 ɦ ДPlastic deformations 

when the cover corner falls from height of 9 m]  

 

ȼ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ ɩɚɞɟɧиɹ ɩɪɨɱɧɨɫɬɶ кɨɧɫɬɪɭкɰии ɭɩɚкɨɜки ɨɛɟɫɩɟɱиɜɚɟɬɫɹ ɫɨ 
ɫɥɟɞɭɸɳиɦи кɨɷɮɮиɰиɟɧɬɚɦи ɡɚɩɚɫɚ: 

– ɩɪи ɩɚɞɟɧии кɪɵɲкɨɣ ɫ ɜɵɫɨɬɵ 9 ɦ кɨɷɮɮиɰиɟɧɬ ɡɚɩɚɫɚ ɞɥɹ ɌɍɄ – nmin = 3,4, 

ɞɥɹ ɫɜɚɪɧɵɯ ɫɨɟɞиɧɟɧиɣ – nmin = 3,2; 
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– ɩɪи ɩɚɞɟɧии кɪɵɲкɨɣ ɧɚ ɲɬɵɪɶ кɨɷɮɮиɰиɟɧɬ ɡɚɩɚɫɚ ɞɥɹ ɌɍɄ – n > 50, ɞɥɹ 
ɫɜɚɪɧɵɯ ɫɨɟɞиɧɟɧиɣ – nmin = 16,5; 

– ɩɪи ɩɚɞɟɧии ɛɨкɨɦ ɧɚ ɲɬɵɪɶ кɨɷɮɮиɰиɟɧɬ ɡɚɩɚɫɚ ɞɥɹ ɌɍɄ – nmin = 15,8, ɞɥɹ 
ɫɜɚɪɧɵɯ ɫɨɟɞиɧɟɧиɣ – nmin = 3,4; 

– ɩɪи ɩɚɞɟɧии ɭɝɥɨɦ кɪɵɲки кɨɷɮɮиɰиɟɧɬ ɡɚɩɚɫɚ ɞɥɹ ɌɍɄ и ɫɜɚɪɧɵɯ ɫɨɟɞиɧɟɧиɣ 
– nmin = 1,3. 

Ɍɚкиɦ ɨɛɪɚɡɨɦ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɧɵɯ ɜɵɱиɫɥɟɧиɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɫɥɟɞɭɸɳиɟ ɜɵɜɨɞɵ. Ʉɪɟɩɥɟɧиɟ ɌɍɄ ɜ Ɍɋ ɪɟкɨɦɟɧɞɭɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɬɪɟɯ ɦɟɫɬɚɯ: 
ɩɨ ɮɥɚɧɰɭ, ɛɨкɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬи ɝɥɭɯɨɝɨ ɬɨɪɰɚ и ɩɨ кɪɚɸ ɭɬɨɥɳɟɧɧɨɣ ɨɛɨɥɨɱки. Пɪи 
ɬɚкɨɦ кɪɟɩɥɟɧии ɨɬɫɭɬɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧикɧɨɜɟɧиɹ ɪɟɡɨɧɚɧɫɚ, ɩɨɫкɨɥɶкɭ 
ɫɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ кɨɥɟɛɚɧиɣ кɨɧɫɬɪɭкɰии ɩɪɟɜɵɲɚɟɬ ɞиɚɩɚɡɨɧ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɱɚɫɬɨɬ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɜ ɭɫɥɨɜиɹɯ ɚɜɚɪиɣɧɵɯ ɩɚɞɟɧиɣ ɭɩɚкɨɜки ɫ 
ɜɵɫɨɬɵ 9 ɦ ɧɚ ɝɨɪиɡɨɧɬɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ и ɩɪи ɩɚɞɟɧии ɧɚ ɲɬɵɪɶ ɫ ɜɵɫɨɬɵ 1 ɦ 
ɝɟɪɦɟɬиɱɧɨɫɬɶ ɌɍɄ (ɩɟɧɚɥɚ и кɨɧɬɟɣɧɟɪɚ) ɫɨɯɪɚɧɹɟɬɫɹ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɝɚɪɚɧɬиɪɭɟɬɫɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɬɪɚɧɫɩɨɪɬиɪɨɜки ɈɌȼɋ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, кɨɧɫɬɪɭкɰиɹ ɌɍɄ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɨɪɦɚɬиɜɧɵɦ ɬɪɟɛɨɜɚɧиɹɦ 
ɩɪɨɱɧɨɫɬи и ɛɟɡɨɩɚɫɧɨɫɬи. 
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Abstract – The aim of the article is the computational validation of compatibility of the developed 

transport packing set (TPS) to normative safety requirements in the conditions of land 

transportation of used fuel assemblies (UFA). The safety of UFA transportation should be 

confirmed by TPS tightness preservation at emergency falling from height of 9 m on a horizontal 

surface and from height of 1 m on the pin with circular section. The mentioned tests are simulated 

by numerical calculations in the finite-element analysis program which shows that suggested TPS 

construction meets normative requirements. 
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