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ɈɉɂɋȺɇɂȿ 

ɪɚɛɨɬɵ 

 «Кɨɦɩɥɟɤɫ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɩɨ ɪɚɫɱɟɬɧɨɦɭ 
ɨɛɨɫɧɨɜɚɧɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ (ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɞɢɧɚɦɢɤɢ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ) 
ɫɢɫɬɟɦ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ 
ɬɪɢɛɭɧ – ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» ɫɬɚɞɢɨɧɨɜ ɤ 
ɑɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ (ɜ ɋɚɦɚɪɟ, ɇɢɠɧɟɦ ɇɨɜɝɨɪɨɞɟ, 
ȼɨɥɝɨɝɪɚɞɟ, Ɋɨɫɬɨɜɟ-ɧɚ-Ⱦɨɧɭ, ȿɤɚɬɟɪɢɧɛɭɪɝɟ) ɩɪɢ ɨɫɧɨɜɧɵɯ ɢ ɨɫɨɛɵɯ 
ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ», 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɤɨɧɤɭɪɫ ɧɚ ɦɟɞɚɥɢ ɢ ɞɢɩɥɨɦɵ ɊȺȺɋɇ ɜ ɧɨɦɢɧɚɰɢɢ: 

Ɂɚ ɥɭɱɲɟɟ ɧɚɭɱɧɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɢɧɠɟɧɟɪɧɨɝɨ ɩɪɨɟɤɬɚ 

(ɡɚ ɥɭɱɲɭɸ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɭɸ ɢ/ɢɥɢ ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɭɸ 
ɪɚɡɪɚɛɨɬɤɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɩɨɥɭɱɟɧ ɡɧɚɱɢɬɟɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɢɥɢ 

ɫɨɰɢɚɥɶɧɵɣ ɷɮɮɟɤɬ, ɩɨɞɬɜɟɪɠɞɟɧɧɵɣ ɤɨɧɤɪɟɬɧɵɦɢ ɪɚɫɱɟɬɚɦɢ ɢ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ) 

 

Ɋɚɛɨɬɚ ɜɵɞɜɢɝɚɟɬɫɹ ɧɚ ɤɨɧɤɭɪɫ ɨɪɝɚɧɢɡɚɰɢɟɣ: 

ɁȺɈ «ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ ɋɬɚȾɢɈ» (ɇɂɐ ɋɬɚȾɢɈ) 
 

 

Ⱥɜɬɨɪɫɤɢɣ ɤɨɥɥɟɤɬɢɜ: 
№ 

ɩ/ɩ 

Ɏɚɦɢɥɢɢ, ɢɦɟɧɚ, ɨɬɱɟɫɬɜɚ ɱɥɟɧɨɜ ɚɜɬɨɪɫɤɨɝɨ ɤɨɥɥɟɤɬɢɜɚ, ɭɱɟɧɵɟ ɫɬɟɩɟɧɢ, ɭɱɟɧɵɟ 
ɡɜɚɧɢɹ, ɞɨɥɠɧɨɫɬɢ ɩɨ ɨɫɧɨɜɧɨɦɭ ɦɟɫɬɭ ɪɚɛɨɬɵ 

1 Ȼɟɥɨɫɬɨɰɤɢɣ Ⱥɥɟɤɫɚɧɞɪ Ɇɢɯɚɣɥɨɜɢɱ, ɱɥɟɧ-ɤɨɪɪɟɫɩɨɧɞɟɧɬ. ɊȺȺɋɇ, ɩɪɨɮɟɫɫɨɪ, 
ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɝɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ ɇɂɐ ɋɬɚȾɢɈ. 
Рɭɤɨɜɨɞɢɬɟɥɶ ɪɚɛɨɬɵ 

2 Ⱥɭɥ Ⱥɧɞɪɟɣ Ⱥɧɞɪɟɟɜɢɱ, ɜɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɪɚɫɱɟɬɱɢɤ ɨɬɞɟɥɚ ɪɚɫɱɟɬɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɇɂɐ ɋɬɚȾɢɈ 

3 Ⱦɦɢɬɪɢɟɜ Ⱦɦɢɬɪɢɣ ɋɟɪɝɟɟɜɢɱ, ɜɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɪɚɫɱɟɬɱɢɤ ɨɬɞɟɥɚ ɪɚɫɱɟɬɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɇɂɐ ɋɬɚȾɢɈ 

4 ɇɚɝɢɛɨɜɢɱ Ⱥɥɟɤɫɚɧɞɪ ɂɝɨɪɟɜɢɱ, ɜɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɪɚɫɱɟɬɱɢɤ ɨɬɞɟɥɚ ɪɚɫɱɟɬɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɇɂɐ ɋɬɚȾɢɈ 

5 Ɉɫɬɪɨɜɫɤɢɣ Ʉɨɧɫɬɚɧɬɢɧ ɂɝɨɪɟɜɢɱ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɜɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-

ɩɪɨɝɪɚɦɦɢɫɬ ɨɬɞɟɥɚ ɪɚɡɪɚɛɨɬɤɢ ɢ ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɩɪɨɝɪɚɦɦ ɇɂɐ ɋɬɚȾɢɈ 

6 ɉɚɜɥɨɜ Ⱥɧɞɪɟɣ ɋɟɪɝɟɟɜɢɱ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɜɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-

ɪɚɫɱɟɬɱɢɤ ɨɬɞɟɥɚ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɇɂɐ ɋɬɚȾɢɈ 
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Кɨɦɩɥɟɤɫ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɩɨ ɪɚɫɱɟɬɧɨɦɭ 
ɨɛɨɫɧɨɜɚɧɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ (ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɞɢɧɚɦɢɤɢ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ) 
ɫɢɫɬɟɦ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ 
ɬɪɢɛɭɧ – ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» ɫɬɚɞɢɨɧɨɜ ɤ 
ɑɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ (ɜ ɋɚɦɚɪɟ, ɇɢɠɧɟɦ ɇɨɜɝɨɪɨɞɟ, 
ȼɨɥɝɨɝɪɚɞɟ, Ɋɨɫɬɨɜɟ-ɧɚ-Ⱦɨɧɭ, ȿɤɚɬɟɪɢɧɛɭɪɝɟ) ɩɪɢ ɨɫɧɨɜɧɵɯ ɢ ɨɫɨɛɵɯ 
ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. 
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1. Ⱥɜɬɨɪɫɤɢɣ ɤɨɥɥɟɤɬɢɜ 

 

Ȼɟɥɨɫɬɨɰɤɢɣ Ⱥɥɟɤɫɚɧɞɪ Ɇɢɯɚɣɥɨɜɢɱ 
Ɉɫɧɨɜɚɬɟɥɶ (1991 ɬ.) ɢ ɝɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ ɇɂɐ ɋɬɚȾɢɈ, 
ɱɥɟɧ-ɤɨɪɪɟɫɩɨɧɞɟɧɬ ɊȺȺɋɇ, ɩɪɨɮɟɫɫɨɪ, ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, 

ɧɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɇɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɧɬɪɨɜ (ɇɈɐ) 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɇɂɍ ɆȽɋɍ, ɊɍȾɇ, ɊɍɌ (ɆɂɂɌ), 
Ɍɨɦɫɤɨɝɨ ȽȺɋɍ, ȾȼɎɍ. ɭɧɢɜɟɪɫɢɬɟɬɚ «Ⱦɭɛɧɚ» ɢ ɞɪ., 

Ɉɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ: ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɪɚɡɪɚɛɨɬɤɚ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɢɫɥɟɧɧɵɯ 
ɦɟɬɨɞɨɜ ɢ ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ, ɫɨɫɬɨɹɧɢɣ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɧɢɤɚɥɶɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɫɬɚɞɢɣ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɷɤɫɩɥɭɚɬɚɰɢɢ 
(ɦɨɧɢɬɨɪɢɧɝɚ) ɢ ɷɤɫɩɟɪɬɢɡɵ. 

Ɋɚɡɪɚɛɨɬɚɥ, ɜɟɪɢɮɢɰɢɪɨɜɚɥ ɢ ɜɧɟɞɪɢɥ ɜ ɩɪɚɤɬɢɤɭ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɪɢɝɢɧɚɥɶɧɵɟ ɦɨɞɟɥɢ, 
ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢ ɪɟɚɥɢɡɭɸɳɢɟ ɩɪɨɝɪɚɦɦɧɵɟ ɤɨɦɩɥɟɤɫɵ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ, ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ, ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɞɪ. ɫɢɫɬɟɦ 
ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɷɮɮɟɤɬɨɜ ɮɢɡɢɱɟɫɤɨɣ, ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ, ɫɬɪɭɤɬɭɪɧɨɣ ɢ 
ɝɟɧɟɬɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ. Ɋɚɡɪɚɛɨɬɱɢɤ ɮɢɪɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɋɌȺȾɂɈ 
(1975 ɝɨɞ) ɢ ȺɋɌɊȺ-ɇɈȼȺ (1976-77 ɝɨɞ) 

ɉɨɞ ɟɝɨ ɪɭɤɨɜɨɞɫɬɜɨɦ ɜɵɩɨɥɧɟɧɵ ɢ ɩɪɨɲɥɢ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɢɡɭ Ɋɨɫɫɢɢ ɪɚɫɱɟɬɧɵɟ 
ɨɛɨɫɧɨɜɚɧɢɹ ɦɧɨɝɢɯ ɭɧɢɤɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɝɪɚɠɞɚɧɫɤɨɝɨ (ɧɟɛɨɫɤɪɟɛɵ, ɫɬɚɞɢɨɧɵ ɢ ɞɜɨɪɰɵ 
ɫɩɨɪɬɚ) ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ (ɝɢɞɪɨ-, ɚɬɨɦɧɵɟ, ɬɟɩɥɨɜɵɟ ɢ ɜɟɬɪɨɜɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ) 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ȼ ɬɨɦ ɱɢɫɥɟ – ɫɬɚɞɢɨɧɵ ɤ ɑɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ (ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ, ɋɚɦɚɪɚ, ȼɨɥɝɨɝɪɚɞ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, ȿɤɚɬɟɪɢɧɛɭɪɝ). 
Ɉɩɭɛɥɢɤɨɜɚɧɨ ɛɨɥɟɟ 300 ɧɚɭɱɧɵɯ ɪɚɛɨɬ, ɜɤɥɸɱɚɹ ɧɨɪɦɚɬɢɜɧɵɟ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ.  

ɉɨɞɝɨɬɨɜɢɥ 5 ɤɚɧɞɢɞɚɬɨɜ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ. 
 

Ⱥɭɥ Ⱥɧɞɪɟɣ Ⱥɧɞɪɟɟɜɢɱ 
ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ ɪɚɫɱɟɬɱɢɤ ɨɬɞɟɥɚ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɟɞɭɳɢɣ 
ɩɪɨɝɪɚɦɦɢɫɬ ɨɬɞɟɥɚ ɪɚɡɪɚɛɨɬɨɤ ɢ ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɩɪɨɝɪɚɦɦ ɇɂɐ ɋɬɚȾɢɈ 

Ɉɤɨɧɱɢɥ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɆȽɋɍ) 
ɜ 2007 ɝɨɞɭ ɫ ɨɬɥɢɱɢɟɦ ɩɨ ɫɩɟɰɢɚɥɢɡɚɰɢɢ «Ɍɟɨɪɢɹ ɫɨɨɪɭɠɟɧɢɣ» (ɤɚɮɟɞɪɚ 
«ɋɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ») ɫɩɟɰɢɚɥɶɧɨɫɬɢ «ɉɪɨɦɵɲɥɟɧɧɨɟ ɢ ɝɪɚɠɞɚɧɫɤɨɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ». 
ȼ ɇɂɐ ɋɬɚȾɢɈ ɫ 2005 ɝɨɞɚ. Ɂɚ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɲɟɥ ɛɨɥɶɲɨɣ ɩɭɬɶ, 

ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɜɲɢɫɶ ɢɡ ɤɥɚɫɫɧɨɝɨ ɪɚɫɱɟɬɱɢɤɚ, ɡɧɚɬɨɤɚ ANSВS Mechanical ɢ ɨɞɧɨɝɨ 
ɢɡ ɨɫɧɨɜɧɵɯ ɟɝɨ ɜɟɪɢɮɢɤɚɬɨɪɨɜ ɜ ɫɢɫɬɟɦɟ ɊȺȺɋɇ, ɜ ɜɟɞɭɳɟɝɨ ɪɚɡɪɚɛɨɬɱɢɤɚ ɡɧɚɦɟɧɢɬɨɝɨ 
ɮɢɪɦɟɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ȺɋɌɊȺ-ɇɈȼȺ. ɉɨɫɥɭɠɧɨɣ ɫɩɢɫɨɤ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ: ɭɱɚɫɬɢɟ ɜ ɷɤɫɩɟɪɬɢɡɟ ɨɛɪɭɲɟɧɢɹ ɡɞɚɧɢɹ Ȼɚɫɦɚɧɧɨɝɨ ɪɵɧɤɚ, 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟɛɨɫɤɪɟɛɚ «Ⱦɢɪɢɠɚɛɥɶ» ɜ ɩɪɨɟɤɬɧɨɦ ɜɚɪɢɚɧɬɟ ɢ ɫ ɭɱɟɬɨɦ ɮɚɤɬɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɪɚɫɱɟɬɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɢɫɬɟɦɵ «ɫɜɚɣɧɨɟ ɨɫɧɨɜɚɧɢɟ – ɫɬɢɥɨɛɚɬ – 

ɬɪɢɛɭɧɵ – ɫɬɚɰɢɨɧɚɪɧɚɹ ɤɪɵɲɚ – ɪɚɡɞɜɢɠɧɚɹ ɤɪɵɲɚ» ɫɬɚɞɢɨɧɚ «Ɂɟɧɢɬ» ɢ ɞɪɭɝɢɯ 
ɫɬɚɞɢɨɧɨɜ (ɤ ɑɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ), ɪɹɞ ɞɪɭɝɢɯ ɭɧɢɤɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. 
ȼ ɪɚɫɱɟɬɚɯ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ: ɨɫɧɨɜɧɨɣ ɢɫɩɨɥɧɢɬɟɥɶ ɩɨ ɫɜɟɪɯМɥɨɠɧɵɦ 
ɫɭɩɟɪɪɚɡɜɟɬɜɥɟɧɧɵɦ ɫɢɫɬɟɦɚɦ ɛɚɪɚɛɚɧɨɜ-ɫɟɩɚɪɚɬɨɪɨɜ Ȼɢɥɢɛɢɧɫɤɨɣ Ⱥɗɋ, ɪɟɚɤɬɨɪɨɜ 
ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɬɪɭɞɧɨɜɵɝɨɜɚɪɢɜɚɟɦɵɯ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɫɦɟɫɟɣ ɢ ɩɪ. Ⱥɜɬɨɪ ɰɟɥɨɝɨ ɪɹɞɚ 
ɧɨɜɵɯ ɪɚɡɪɚɛɨɬɨɤ ɜ ȺɋɌɊȺ-ɇɈȼȺ: ȺɋɌɊȺ-ȾȿɌȺɅɖ (ɪɚɫɱɟɬ ɩɨ ɜɵɛɨɪɭ ɨɫɧɨɜɧɵɯ ɪɚɡɦɟɪɨɜ 
ɞɟɬɚɥɟɣ), ȺɋɌɊȺ-ɋȼȾ (ɬɪɭɛɨɩɪɨɜɨɞɵ ɜɵɫɨɤɨɝɨ ɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ), ɭɬɨɱɧɟɧɧɵɣ 
ɪɚɫɱɟɬ ɧɚɩɪɹɠɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɢ ɞɪ.  

ȼ 2008-2012 ɝɨɞɭ ɛɵɥ ɫɨɢɫɤɚɬɟɥɟɦ ɜ ɇɂɍ Ɇɗɂ ɧɚ ɤɚɮɟɞɪɟ «Ⱦɢɧɚɦɢɤɚ ɢ ɩɪɨɱɧɨɫɬɶ 
ɦɚɲɢɧ».  
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Ⱦɦɢɬɪɢɟɜ Ⱦɦɢɬɪɢɣ ɋɟɪɝɟɟɜɢɱ 
ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɪɚɫɱɟɬɱɢɤ ɨɬɞɟɥɚ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɇɂɐ 
ɋɬɚȾɢɈ 

Ɉɤɨɧɱɢɥ ɫ ɨɬɥɢɱɢɟɦ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ ɩɪɢɪɨɞɨɨɛɭɫɬɪɨɣɫɬɜɚ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 
«Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ» ɜ 2011 ɝɨɞɭ. Ⱥɫɩɢɪɚɧɬ ɬɨɝɨ ɠɟ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɫ 2012 ɝɨɞɚ (ɧɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – ɩɪɨɮɟɫɫɨɪ Ƚ.Ɇ. 
Ʉɚɝɚɧɨɜ, ɫ 2013 ɝɨɞɚ – Ⱥ.Ɇ. Ȼɟɥɨɫɬɨɰɤɢɣ). 

ȼ ɇɂɐ ɋɬɚȾɢɈ – ɫ 2011 ɝɨɞɚ. Ɂɚɧɢɦɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟɦ 
ɫɥɨɠɧɵɯ ɢ ɧɚɭɤɨɟɦɤɢɯ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɢ 
ɭɧɢɤɚɥɶɧɵɯ ɫɢɫɬɟɦ, ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɦɩɥɟɤɫɨɜ.  

ɉɪɢɧɢɦɚɥ ɭɱɚɫɬɢɟ ɜ ɪɚɫɱɟɬɧɨɦ ɨɛɨɫɧɨɜɚɧɢɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɢ ɜɨɡɜɟɞɟɧɧɵɯ 

ɫɬɚɞɢɨɧɨɜ ɤ ɑɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɋɚɦɚɪɚ, 
ȼɨɥɝɨɝɪɚɞ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, ȿɤɚɬɟɪɢɧɛɭɪɝ) ɜ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɨɦ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS Mechanical.  

Ɉɫɧɨɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɧɚɭɱɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ – ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨɨɪɭɠɟɧɢɣ ɫ ɦɚɫɫɢɜɨɦ ɨɫɧɨɜɚɧɢɹ ɢ ɠɢɞɤɨɫɬɢ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ 
(ɫɟɣɫɦɢɱɟɫɤɨɦ) ɜɨɡɞɟɣɫɬɜɢɢ. 

Опубликовал 9 научных статей по диссертационной тематике. А ктивный участник 
ряда научных конференций. 
 

ɇɚɝɢɛɨɜɢɱ Ⱥɥɟɤɫɚɧɞɪ ɂɝɨɪɟɜɢɱ 
ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɪɚɫɱɟɬɱɢɤ ɨɬɞɟɥɚ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɇɂɐ ɋɬɚȾɢɈ 

Ⱥɫɩɢɪɚɧɬ ɢ ɫɨɬɪɭɞɧɢɤ ɤɚɮɟɞɪɵ ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ Ɇɨɫɤɨɜɫɤɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɂɧɠɟɧɟɪ ɧɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɰɟɧɬɪɚ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ Ɇɨɫɤɨɜɫɤɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

Ɉɤɨɧɱɢɥ ɜ 2008ɝ. ɫ ɨɬɥɢɱɢɟɦ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ «ɉɪɢɤɥɚɞɧɚɹ 
ɦɚɬɟɦɚɬɢɤɚ». Ⱦɢɩɥɨɦɧɚɹ ɪɚɛɨɬɚ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɜ ɇɂɐ ɋɬɚȾɢɈ ɢ 

ɪɚɡɜɢɜɚɥɚ ɬɟɦɭ ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɢɦɟɪɟ 
ɫɢɫɬɟɦɵ «ɫɬɢɥɨɛɚɬ – ɜɵɫɨɬɧɨɟ ɡɞɚɧɢɟ 1 – ɜɵɫɨɬɧɨɟ ɡɞɚɧɢɟ 2» (ɜ ɉɄ ɋɌȺȾɂɈ). 

Ⱥɫɩɢɪɚɧɬ ɇɂɍ ɆȽɋɍ ɫ 2014 ɝɨɞɚ (ɧɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – Ⱥ.Ɇ. Ȼɟɥɨɫɬɨɰɤɢɣ). 
Ⱦɢɫɫɟɪɬɚɰɢɹ ɩɨɫɜɹɳɟɧɚ ɨɫɨɛɟɧɧɨɫɬɹɦ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɨɥɶɲɢɯ ɫɨɜɪɟɦɟɧɧɵɯ 
ɮɭɬɛɨɥɶɧɵɯ ɫɬɚɞɢɨɧɨɜ, ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢɦɟɧɟɧɢɸ ɫɭɩɟɪɷɥɟɦɟɧɬɧɨɝɨ ɩɨɞɯɨɞɚ ɢ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ. 

ȼ ɇɂɐ ɋɬɚȾɢɈ ɡɚɧɢɦɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟɦ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɨɠɧɵɯ, 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɢ ɭɧɢɤɚɥɶɧɵɯ ɫɢɫɬɟɦ, ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɦɩɥɟɤɫɨɜ.  

ɇɚɱɢɧɚɥ ɫ ɪɚɫɱɟɬɨɜ ɦɧɨɝɨɷɬɚɠɧɵɯ ɡɞɚɧɢɣ ɢ ɬɨɪɝɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɜ SCAD. Ɂɚɬɟɦ 
ɩɪɢɲɥɚ «ɫɬɚɞɢɨɧɧɚɹ» ɷɩɨɯɚ ɤ ɑɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ (ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ, ɋɚɦɚɪɚ, ȼɨɥɝɨɝɪɚɞ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, ȿɤɚɬɟɪɢɧɛɭɪɝ). 
Ɉɬɜɟɱɚɟɬ, ɜ ɬɨɦ ɱɢɫɥɟ, ɡɚ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɫɟɣ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɱɚɫɬɢ 
ɢ ɡɚ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ 
ɦɨɞɟɥɹɦ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ANSВS MОМСaЧiМal ɢ SCAD Office. 

ɋ 2016 ɝɨɞɚ ɩɨɞɤɥɸɱɢɥɫɹ ɤ ɪɚɡɪɚɛɨɬɤɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ Ʉɗ-ɦɨɞɟɥɟɣ ɨɫɧɨɜɧɵɯ 
ɫɨɨɪɭɠɟɧɢɣ Ɂɚɝɨɪɫɤɢɯ ȽȺɗɋ. 

ɋ 2017 ɝɨɞɚ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮɟɞɪɵ ɉɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɇɂɍ ɆȽɋɍ. 
Ɉɩɭɛɥɢɤɨɜɚɥ 12 ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ ɩɨ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɫɬɚɞɢɨɧɧɨɣ ɬɟɦɚɬɢɤɟ. ɍɱɚɫɬɧɢɤ 

ɪɹɞɚ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɣ. 
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Ɉɫɬɪɨɜɫɤɢɣ Кɨɧɫɬɚɧɬɢɧ ɂɝɨɪɟɜɢɱ. 
ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɩɪɨɝɪɚɦɦɢɫɬ ɨɬɞɟɥɚ ɪɚɡɪɚɛɨɬɤɢ ɢ ɫɨɩɪɨɜɨɠɞɟɧɢɹ 
ɩɪɨɝɪɚɦɦ ɇɂɐ ɋɬɚȾɢɈ, 

ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 

Ɉɤɨɧɱɢɥ Ɇɨɫɤɨɜɫɤɢɣ ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɂɧɫɬɢɬɭɬ ɩɨ 
ɫɩɟɰɢɚɥɶɧɨɫɬɢ «Ⱦɢɧɚɦɢɤɚ ɢ ɩɪɨɱɧɨɫɬɶ ɦɚɲɢɧ» ɜ 2011 ɝɨɞɭ. ɉɨɫɥɟ 
ɨɤɨɧɱɚɧɢɹ ɩɨɫɬɭɩɢɥ ɜ ɚɫɩɢɪɚɧɬɭɪɭ Ɇɗɂ ɧɚ ɤɚɮɟɞɪɟ ȾɉɆ ɢɦ. ȼ.ȼ. 
Ȼɨɥɨɬɢɧɚ. ȼ 2015 ɝɨɞɭ ɡɚɳɢɬɢɥ ɤɚɧɞɢɞɚɬɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɩɨ ɬɟɦɟ: 
«Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ 
ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɭɩɪɭɝɢɦ 

ɨɫɧɨɜɚɧɢɟɦ» ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ «ɋɬɪɨɢɬɟɥɶɧɚɹ ɦɟɯɚɧɢɤɚ» ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɦ ɫɨɜɟɬɟ ɩɪɢ 
Ɇɨɫɤɨɜɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɫɬɪɨɢɬɟɥɶɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ (ɆȽɋɍ). 

ɋ 2008 ɝɨɞɚ ɪɚɛɨɬɚɟɬ ɜ ɁȺɈ ɇɂɐ ɋɬɚȾɢɈ ɜ ɞɨɥɠɧɨɫɬɢ ɢɧɠɟɧɟɪ-ɩɪɨɝɪɚɦɦɢɫɬ. 
Ɂɚɧɢɦɚɟɬɫɹ ɪɚɫɱɟɬɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ 
ɫɢɫɬɟɦ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ANSYS, ȺɋɌɊȺ-ɇɈȼȺ. Ⱥɤɬɢɜɧɨ ɜɨɜɥɟɱɟɧ ɜ ɩɪɨɰɟɫɫ 
ɪɚɡɪɚɛɨɬɤɢ ɢ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ȺɋɌɊȺ-ɇɈȼȺ (ɤɨɦɦɟɪɱɟɫɤɢɣ 
ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɇɂɐ ɋɬɚȾɢɈ). ɋɪɟɞɢ ɩɪɨɟɤɬɨɜ, ɜ ɤɨɬɨɪɵɯ 
ɩɪɢɧɢɦɚɥ ɭɱɚɫɬɢɟ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ: ɜɟɪɢɮɢɤɚɰɢɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ȺɋɌɊȺ-Ⱥɗɋ’2009 
ɜ ɇɌɐ əɊȻ, ɩɪɨɱɧɨɫɬɧɵɟ ɪɚɫɱɟɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 
ȼɨɥɝɨɝɪɚɞ, ȿɤɚɬɟɪɢɧɛɭɪɝ), ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɢ ɜɨɡɜɟɞɟɧɧɵɯ ɤ ɱɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ 
ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ, ɨɛɴɟɤɬɨɜ Ɂɢɦɧɟɣ ɨɥɢɦɩɢɚɞɵ 2014 ɝɨɞɚ ɜ ɋɨɱɢ. 

ɂɦɟɟɬ ɲɢɪɨɤɢɣ ɤɪɭɝ ɧɚɭɱɧɵɯ ɢɧɬɟɪɟɫɨɜ, ɚɤɬɢɜɧɵɣ ɭɱɚɫɬɧɢɤ ɪɟɝɭɥɹɪɧɵɯ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɣ, ɬɚɤɢɯ ɤɚɤ BEM&FEM ɢ Ɇɟɠɞɭɧɚɪɨɞɧɵɣ ɫɢɦɩɨɡɢɭɦ 
«Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ». 

 

ɉɚɜɥɨɜ Ⱥɧɞɪɟɣ ɋɟɪɝɟɟɜɢɱ 
ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ-ɪɚɫɱɟɬɱɢɤ ɨɬɞɟɥɚ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɇɂɐ ɋɬɚȾɢɈ 

ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 

ȼ 2007 ɝɨɞɭ ɨɤɨɧɱɢɥ ɆȽɋɍ ɫ ɨɬɥɢɱɢɟɦ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 

«Ɍɟɨɪɢɹ ɫɨɨɪɭɠɟɧɢɣ» (ɤɚɮɟɞɪɚ «ɋɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ»). ȼ 2011 
ɝɨɞɭ ɡɚɳɢɬɢɥ ɜ ɞɢɫɫɨɜɟɬɟ ɆȽɋɍ ɤɚɧɞɢɞɚɬɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɧɚ 

ɬɟɦɭ: «ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟɥɢɧɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɡɪɭɲɟɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɣ ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ» ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 
05.13.18 «Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢ 

ɤɨɦɩɥɟɤɫɵ ɩɪɨɝɪɚɦɦ». ɋ 2014 ɝɨɞɚ – ɞɨɤɬɨɪɚɧɬ ɇɂɍ ɆȽɋɍ (ɇɈɐ 

ɄɆ), ɪɚɡɜɢɜɚɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɫɜɨɟɣ ɬɟɦɟ. 
Ɉɞɢɧ ɢɡ ɜɟɞɭɳɢɯ ɜ Ɋɨɫɫɢɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɦɟɬɨɞɢɤ ɜ 

ɧɚɭɤɨɟɦɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɢɥɶɧɨ ɧɟɥɢɧɟɣɧɵɯ ɢ/ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɡɚɞɚɱ ɞɥɹ ɭɧɢɤɚɥɶɧɵɯ 
ɨɛɴɟɤɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ: ɩɨɥɧɵɣ ɰɢɤɥ «ɚɜɚɪɢɣɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ – 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ – ɥɨɤɚɥɶɧɨɟ ɪɚɡɪɭɲɟɧɢɟ – ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ ɨɛɪɭɲɟɧɢɟ» ɭɧɢɤɚɥɶɧɵɯ 
ɡɞɚɧɢɣ, ɧɟɥɢɧɟɣɧɵɟ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɨɜ, ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɟ ɡɚɞɚɱɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ 
ɡɚɤɪɢɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ, ɫɟɣɫɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ. 

ȼɢɪɬɭɨɡɧɨ ɜɥɚɞɟɟɬ ɩɪɨɝɪɚɦɦɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ANSВS MОМСКЧТМКХ, LS-DYNA, 

ɅɂɊȺ-ɋȺɉɊ ɢ SCAD. 

ɉɨɫɥɭɠɧɨɣ ɫɩɢɫɨɤ ɨɛɴɟɤɬɨɜ ɜɤɥɸɱɚɟɬ: ɪɟɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɚɧɚɥɢɡ ɨɛɪɭɲɟɧɢɹ ɋɈɄ 
«Ɍɪɚɧɫɜɚɚɥɶ-ɩɚɪɤ» («ɞɨɜɟɞɟɧɢɟ ɞɨ ɡɟɦɥɢ»), ɛɨɥɶɲɟɩɪɨɥɟɬɧɨɟ ɡɞɚɧɢɟ ɧɚ ȼȾɇɏ (ɪɚɫɱɟɬɵ ɧɚ 

ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ ɨɛɪɭɲɟɧɢɟ), ɩɨɥɧɵɣ ɰɢɤɥ ɪɚɫɱɟɬɨɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɩɨɤɪɵɬɢɣ ɢ ɮɚɫɚɞɨɜ ɫɬɚɞɢɨɧɨɜ ɤ ɑɆ-2018 ɩɨ ɮɭɬɛɨɥɭ (ȼɨɥɝɨɝɪɚɞ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, 
Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, ȿɤɚɬɟɪɢɧɛɭɪɝ), ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ «Ƚɨɪɨɞ Ƚɨɪɤɢ Ɇɨɥɥ» ɜ 

Ʉɪɚɫɧɨɣ ɉɨɥɹɧɟ (ɤ ɨɥɢɦɩɢɚɞɟ 2014 ɝɨɞɚ ɢ ɦɨɧɢɬɨɪɢɧɝ). 
ȼ 2014-2015 ɝɨɞɭ ɛɵɥ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɢɫɩɨɥɧɢɬɟɥɟɦ ɩɨ ɇɂɊ, ɜɵɢɝɪɚɧɧɨɣ 

ɧɚ ɤɨɧɤɭɪɫɧɨɣ ɨɫɧɨɜɟ ɜ ɊȺȺɋɇ. Ɉɩɭɛɥɢɤɨɜɚɥ ɛɨɥɟɟ 20 ɧɚɭɱɧɵɯ ɪɚɛɨɬ.  
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2. ɂɫɬɨɪɢɹ (ɞɨ 2013 ɝɨɞɚ) – ɨɛɴɟɤɬɵ ɢ ɡɚɞɚɱɢ 
ɋɨɜɪɟɦɟɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 

ɧɟɦɵɫɥɢɦɨ ɛɟɡ ɪɚɫɱɟɬɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɢ ɝɥɭɛɨɤɢɯ ɜɫɟɫɬɨɪɨɧɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɜɟɞɟɧɢɹ 
ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɡɧɨɝɨ ɪɨɞɚ ɜɨɡɞɟɣɫɬɜɢɣ.  

Ɉɞɧɢɦɢ ɢɡ ɧɚɢɛɨɥɟɟ ɝɪɚɧɞɢɨɡɧɵɯ ɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɹɜɥɹɸɬɫɹ 
ɭɧɢɤɚɥɶɧɵɟ ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ: ɫɬɚɞɢɨɧɵ, ɞɜɨɪɰɵ ɫɩɨɪɬɚ ɢ ɚɤɜɚɩɚɪɤɢ 
ɬɨɪɝɨɜɨ-ɪɚɡɜɥɟɤɚɬɟɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɩɟɲɟɯɨɞɧɵɟ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ 
ɦɨɫɬɵ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ. 

ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɰɟɧɬɪɨɦ ɋɬɚȾɢɈ ɡɚ ɩɨɫɥɟɞɧɢɟ 15 ɥɟɬ, ɜ ɪɚɦɤɚɯ 
ɫɬɪɨɢɬɟɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɷɤɫɩɟɪɬɢɡ, ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɩɪɢɱɢɧ ɥɨɤɚɥɶɧɵɯ 
ɪɚɡɪɭɲɟɧɢɣ ɢ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɝɨ ɨɛɪɭɲɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ ɪɹɞɚ ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɯ 
ɡɞɚɧɢɣ. ɫɪɟɞɢ ɧɢɯ ɫɩɨɪɬɢɜɧɨ-ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ «Ɍɪɚɧɫɜɚɚɥɶ ɩɚɪɤ» [1], Ȼɚɫɦɚɧɧɵɣ 
ɪɵɧɨɤ [4], ɤɪɵɬɵɣ ɤɨɧɶɤɨɛɟɠɧɵɣ ɰɟɧɬɪ «Ʉɪɵɥɚɬɫɤɨɟ») ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɰɟɯ [3]. 

ɉɨ ɜɵɜɨɞɚɦ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɷɤɫɩɟɪɬɢɡ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ, ɪɟɚɥɢɡɨɜɚɧɵ ɢ/ɢɥɢ 
ɧɨɪɦɚɬɢɜɧɨ ɡɚɤɪɟɩɥɟɧɵ ɞɥɹ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ: 

– ɪɚɡɪɚɛɨɬɤɚ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɋɌɍ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɭɧɢɤɚɥɶɧɵɯ 
ɨɛɴɟɤɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ; 

– «ɧɟɡɚɜɢɫɢɦɵɟ» ɪɚɫɱёɬɵ ɩɨ ɞɜɭɦ (ɚ ɟɫɥɢ ɧɟɨɛɯɨɞɢɦɨ, ɬɨ ɢ ɛɨɥɟɟ) ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ 
ɪɚɫɱɟɬɧɵɦ ɦɨɞɟɥɹɦ ɢ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɤɨɦɩɥɟɤɫɚɦ ɫ ɫɨɞɟɪɠɚɬɟɥɶɧɵɦ 
ɫɨɩɨɫɬɚɜɥɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɨɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɹɦ ɩɚɪɚɦɟɬɪɚɦ; 

– ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɨɛɹɡɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ 
ɫɬɚɞɢɣ ɜɨɡɜɟɞɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

– ɜɟɪɢɮɢɤɚɰɢɹ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɩɨ ɩɪɚɜɢɥɚɦ ɭɬɜɟɪɠɞёɧɧɵɦ ɊȺȺɋɇ; 
– ɨɪɝɚɧɢɡɚɰɢɹ ɜ 2006 ɝɨɞɭ ɢ ɩɥɨɞɨɬɜɨɪɧɚɹ ɪɚɛɨɬɚ ɧɚɭɱɧɨɝɨ ɫɨɜɟɬɚ ɊȺȺɋɇ 

«ɉɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɚɪɯɢɬɟɤɬɭɪɟ», ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɫɢɦɩɨɡɢɭɦɚ 
«Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ», 

ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɟɠɟɝɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɂɚɞɚɱɢ ɢ ɦɟɬɨɞɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» («Ɂɨɥɨɬɨɜɫɤɢɟ ɱɬɟɧɢɹ»). 

 

 
 

Ɋɢɫ.2.1.ɋɩɨɪɬɢɜɧɨ-ɨɡɞɨɪɨɜɢɬɟɥɶɧɵɣ 
ɤɨɦɩɥɟɤɫ «Ɍɪɚɧɫɜɚɚɥɶ ɩɚɪɤ» 

Ɋɢɫ.2.2.Ȼɚɫɦɚɧɧɵɣ ɪɵɧɨɤ 

 
 

Ɋɢɫ.2.3. Ʉɪɵɬɵɣ ɤɨɧɶɤɨɛɟɠɧɵɣ ɰɟɧɬɪ 
«Ʉɪɵɥɚɬɫɤɨɟ» 

Ɋɢɫ.2.4.ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɰɟɯ 
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ȼ ɞɚɥɶɧɟɣɲɟɦ, ɨɩɢɪɚɹɫɶ ɧɚ ɛɨɝɚɬɵɣ ɷɤɫɩɟɪɬɧɵɣ ɨɩɵɬ, ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ 
ɰɟɧɬɪɨɦ ɋɬɚȾɢɈ ɭɫɩɟɲɧɨ ɜɵɩɨɥɧɟɧ ɡɧɚɱɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɭɡɥɨɜ ɢɯ ɤɨɧɫɬɪɭɤɰɢɣ: 
 

 

 

• 2005ɝ. ɗɤɫɩɟɪɬɧɵɟ ɪɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɥɟɞɨɜɨɝɨ ɞɜɨɪɰɚ ɫɩɨɪɬɚ 
ɧɚ ɏɨɞɵɧɫɤɨɦ ɩɨɥɟ («Ɇɟɝɚɫɩɨɪɬ») ɝ.Ɇɨɫɤɜɚ [2]; 

 

 
• 2009-2010ɝɝ. ɍɬɨɱɧɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɧɟɫɭɳɢɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ Ȼɨɥɶɲɨɣ ɥɟɞɨɜɨɣ ɚɪɟɧɵ ɞɥɹ 
ɯɨɤɤɟɹ ɫ ɲɚɣɛɨɣ ɍɬɨɱɧɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɧɟɫɭɳɢɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ Ȼɨɥɶɲɨɣ ɥɟɞɨɜɨɣ ɚɪɟɧɵ ɞɥɹ 
ɯɨɤɤɟɹ ɫ ɲɚɣɛɨɣ ɝ.ɋɨɱɢ [5]; 

 
 

• 2010ɝ. Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɧɟɫɭɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ 
ɨɫɧɨɜɧɨɝɨ ɡɞɚɧɢɹ ɚɷɪɨɜɨɤɡɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
„ȼɧɭɤɨɜɨ-1“ (ɛɥɨɤɚ 6), ɜɤɥɸɱɚɹ ɬɪɟɯɦɟɪɧɵɣ 
ɮɢɡɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɣ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ 
ɚɧɚɥɢɡ ɭɡɥɨɜ ɫɨɩɪɹɠɟɧɢɹ ɮɟɪɦ, ɝ.Ɇɨɫɤɜɚ [7]; 

 
 

• 2010-2012ɝɝ. Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɭɳɢɯ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɮɭɬɛɨɥɶɧɨɝɨ ɫɬɚɞɢɨɧɚ «Ɂɟɧɢɬ» 
(ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, Ʉɪɟɫɬɨɜɫɤɢɣ ɨɫɬɪɨɜ, 
ɫɬɚɞɢɹ «ɉ») ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ, ɩɪɨɯɨɠɞɟɧɢɟ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ 
Ɋɨɫɫɢɢ [8]. 

 

 

 

• ȼ 2011ɝ. ɪɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɟɯɦɟɪɧɨɝɨ 
ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɭɡɥɨɜ ɫɨɩɪɹɠɟɧɢɹ 
ɮɟɪɦ ɩɨɤɪɵɬɢɹ ɫɬɚɞɢɨɧɚ „ɋɩɚɪɬɚɤ“ ɜ ɝ. Ɇɨɫɤɜɚ 

[6]. 
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3. ɋɬɚɞɢɨɧɵ ɤ ɱɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ (ɨɛɴɟɤɬɵ, 
ɜɨɲɟɞɲɢɟ ɜ ɡɚɹɜɤɭ) 

ȼ 2018 ɝɨɞɭ Ɋɨɫɫɢɹ ɝɨɬɨɜɢɬɫɹ ɩɪɢɧɹɬɶ ɭ ɫɟɛɹ ɑɟɦɩɢɨɧɚɬ Ɇɢɪɚ ɩɨ ɮɭɬɛɨɥɭ, ɤɨɬɨɪɵɣ 
ɩɪɨɣɞɟɬ ɜ ɩɟɪɢɨɞ ɫ 14 ɢɸɧɹ ɩɨ 15 ɢɸɥɹ. ɉɨɞɝɨɬɨɜɤɚ ɤ ɷɬɨɦɭ ɦɟɪɨɩɪɢɹɬɢɸ ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɡɚɬɪɚɬ ɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɵɯ ɜɟɫɶɦɚ ɜɦɟɫɬɢɬɟɥɶɧɵɯ 
ɫɬɚɞɢɨɧɨɜ, ɨɬɜɟɱɚɸɳɢɟ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɤɪɢɬɟɪɢɹɦ FIFA. 

 

Ʉ ɩɪɨɜɟɞɟɧɢɸ ɱɟɦɩɢɨɧɚɬɚ ɩɨɫɬɪɨɟɧɵ ɢ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɵ 12 ɮɭɬɛɨɥɶɧɵɯ ɫɬɚɞɢɨɧɨɜ: 
 

– ɋɬɚɞɢɨɧ «Ʌɭɠɧɢɤɢ», ɝ.Ɇɨɫɤɜɚ. Ɋɟɤɨɧɫɬɪɭɢɪɨɜɚɧ ɜ 2017ɝ; 
– ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ Аɪɟɧɚ («Ɂɟɧɢɬ»), ɝ.ɋ-ɉɟɬɟɪɛɭɪɝ. ɋɬɪ-ɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2017ɝ; 
– «Ɉɬɤɪɵɬɢɟ Аɪɟɧɚ» («ɋɩɚɪɬɚɤ»), ɝ.Ɇɨɫɤɜɚ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2014ɝ; 
– «Ʉɚɡɚɧɶ Ⱥɪɟɧɚ», ɝ.Ʉɚɡɚɧɶ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2013ɝ; 
– «ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ Аɪɟɧɚ». ɝ.ɇ.ɇɨɜɝɨɪɨɞ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2017ɝ; 
– «Вɨɥɝɨɝɪɚɞ Аɪɟɧɚ». ɝ.Вɨɥɝɨɝɪɚɞ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2017ɝ; 
– «Ɋɨɫɬɨɜ Аɪɟɧɚ» ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2017ɝ; 
– «ȿɤɚɬɟɪɢɧɛɭɪɝ Аɪɟɧɚ». ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2017ɝ; 
– «ɋɚɦɚɪɚ Аɪɟɧɚ». ɝ.ɋɚɦɚɪɚ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2018ɝ; 
– «Ɇɨɪɞɨɜɢɹ Ⱥɪɟɧɚ». ɝ.ɋɚɪɚɧɫɤ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2017ɝ; 
– «Ⱥɪɟɧɚ Ȼɚɥɬɢɤɚ». ɝ.Ʉɚɥɢɧɢɧɝɪɚɞ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɡɚɜɟɪɲɟɧɨ ɜ 2017ɝ; 
– «Ɏɢɲɬ», ɝ.ɋɨɱɢ. ɉɨɫɬɪɨɟɧ ɜ 2013ɝ ɤ XXII ɡɢɦɧɢɦ Ɉɥɢɦɩɢɣɫɤɢɦ ɢɝɪɚɦ. 
 

ɀɢɪɧɵɦ ɤɭɪɫɢɜɨɦ ɜ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɨɦ ɫɩɢɫɤɟ ɜɵɞɟɥɟɧɵ ɫɬɚɞɢɨɧɵ, ɜ ɪɚɫɱɟɬɧɨɦ 
ɨɛɨɫɧɨɜɚɧɢɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɤɨɬɨɪɵɯ ɜ ɪɚɡɧɨɟ ɜɪɟɦɹ ɩɪɢɧɢɦɚɥɢ 
ɭɱɚɫɬɢɟ ɫɩɟɰɢɚɥɢɫɬɵ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ ɋɬɚȾɢɈ. 

 

В ɩɟɪɢɨɞ ɫ ɚɩɪɟɥя 2013 ɩɨ яɧɜɚɪɶ 2018 ɝɨɞɚ (ɩɨɫɥɟɞɧɢɟ 5 ɥɟɬ, ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɹɦ 
ɤɨɧɤɭɪɫɚ ɊȺȺɋɇ) ɤɨɥɥɟɤɬɢɜɨɦ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ ɋɬɚȾɢɈ ɩɨɞ 
ɪɭɤɨɜɨɞɫɬɜɨɦ Ȼɟɥɨɫɬɨɰɤɨɝɨ Ⱥɥɟɤɫɚɧɞɪɚ Ɇɢɯɚɣɥɨɜɢɱɚ, ɜɵɩɨɥɧɟɧ ɤɨɦɩɥɟɤɫ ɪɚɛɨɬ ɩɨ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɦɭ ɫɨɩɪɨɜɨɠɞɟɧɢɸ ɩɪɨɟɤɬɨɜ – ɪɚɫɱɟɬɧɨɦɭ ɨɛɨɫɧɨɜɚɧɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ (ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ), ɞɢɧɚɦɢɤɢ, ɩɪɨɱɧɨɫɬɢ ɢ 
ɭɫɬɨɣɱɢɜɨɫɬɢ) ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɛɨɥɶɲɟɪɚɡɦɟɪɧɵɯ ɫɢɫɬɟɦ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɬɪɢɛɭɧ – ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» ɫɬɚɞɢɨɧɨɜ ɤ 
ɑɟɦɩɢɨɧɚɬɭ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 ɝɨɞɚ (ɜ ɋɚɦɚɪɟ, ɇɢɠɧɟɦ ɇɨɜɝɨɪɨɞɟ, Вɨɥɝɨɝɪɚɞɟ, 
Ɋɨɫɬɨɜɟ-ɧɚ-Ⱦɨɧɭ, ȿɤɚɬɟɪɢɧɛɭɪɝɟ) ɩɪɢ ɨɫɧɨɜɧɵɯ ɢ ɨɫɨɛɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ.  

ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɇɂɊ ɩɪɢɜɟɞɟɧɵ ɜ ɞɚɧɧɨɦ 
ɨɩɢɫɚɧɢɢ ɪɚɛɨɬɵ. Ɉɩɢɫɚɧɢɟ ɩɪɨɟɤɬɨɜ ɭɩɨɦɹɧɭɬɵɯ ɫɬɚɞɢɨɧɨɜ (ɝɪɭɧɬɨɜɨɟ ɢɥɢ ɫɜɚɣɧɨ-

ɝɪɭɧɬɨɜɨɟ ɨɫɧɨɜɚɧɢɟ, ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɱɚɲɢ ɬɪɢɛɭɧ, ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ, 
ɧɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɬ.ɩ.) ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɨɬɱɟɬɚɯ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɭɤɚɡɚɧɧɵɯ ɫɬɚɞɢɨɧɨɜ 
(ɮɪɚɝɦɟɧɬɵ ɨɬɱɟɬɨɜ ɩɪɢɥɨɠɟɧɵ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɜ ɩɨɥɧɨɦ 
ɨɛɴɟɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ ɧɨɫɢɬɟɥɟ). 

ɉɪɢɦɟɪ ɯɚɪɚɤɬɟɪɧɵɯ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɯ ɦɨɞɟɥɟɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɬɪɢɛɭɧ – 

ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» ɨɞɧɨɝɨ ɢɡ ɫɬɚɞɢɨɧɨɜ (ɚ ɬɚɤɠɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɟё 
ɩɨɞɫɢɫɬɟɦ) ɩɪɢɜɟɞɟɧ ɧɚ ɢɥɥɸɫɬɪɚɰɢɹɯ ɧɢɠɟ.  
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№ 
Ʉɗ-ɦɨɞɟɥɢ  

ɫɢɫɬɟɦɵ/ɩɨɞɫɢɫɬɟɦɵ 
ɂɡɨɛɪɚɠɟɧɢɟ 

Ʉ
ɨɥ

ɢɱ
ɟɫ

ɬɜ
ɨ 

ɭɡ
ɥɨ

ɜ 

Ʉ
ɨɥ

ɢɱ
ɟɫ

ɬɜ
ɨ 

ɷɥ
ɟɦ

ɟɧ
ɬɨ

ɜ  

ɉɪɨɝɪɚɦɦɧɵɣ 
ɤɨɦɩɥɟɤɫ/ 
Ɍɢɩɵ Ʉɗ 

1 

“ɫɜɚɣɧɨ-ɝɪɭɧɬɨɜɨɟ 
ɨɫɧɨɜɚɧɢɟ – 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ 

ɫɬɚɞɢɨɧɚ” 

 

2
9
6
 9

6
0
 

3
5
5
 5

5
5
 

 

ANSYS 

Mechanical 

 

SHELL181 

BEAM188 

MPC184 

SURF154 

COMBIN14 

2 

“ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ 

ɩɨɤɪɵɬɢɹ (ɧɚɜɟɫɚ) ɢ 
ɮɚɫɚɞɨɜ” 

 

8
 9

5
6
 

1
6
 0

8
8
 

 

ANSYS 

Mechanical 

 

SHELL181 

BEAM188 

LINK180 

MPC184 

SURF154 

3 

“ɫɜɚɣɧɨ-ɝɪɭɧɬɨɜɨɟ 
ɨɫɧɨɜɚɧɢɟ – 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ 

ɫɬɚɞɢɨɧɚ – 

ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ 

ɩɨɤɪɵɬɢɹ (ɧɚɜɟɫɚ) ɢ 
ɮɚɫɚɞɨɜ ” 

 

3
0
1
 6

3
0
 

3
6
7
 6

2
3
 

 

ANSYS 

Mechanical 

 

SHELL181 

BEAM188 

LINK180 

MPC184 

SURF154 

COMBIN14 

4 

ɧɟɫɭɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɟɜɟɪɧɨɣ ɫɛɨɪɧɨ-

ɪɚɡɛɨɪɧɨɣ ɬɪɢɛɭɧɵ 

 

4
3
 5

6
6
 

1
1
7
 9

6
4
 

 

SCAD Office 

 

5 

42 

44 

51 

100 

5 

ɧɟɫɭɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɸɠɧɨɣ ɫɛɨɪɧɨ-

ɪɚɡɛɨɪɧɨɣ ɬɪɢɛɭɧɵ 

 

4
1
 4

6
8
 

1
1
4
 1

0
9
 

 

SCAD Office 

 

5 

42 

44 

51 

100 

Ɋɢɫ.3.1. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɪɚɫɱɟɬɧɵɟ Ʉɗ-ɦɨɞɟɥɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɚ ɜ 
ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ. ɉɄ ANSYS Mechanical ɢ ɉɄ SCAD Office 
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ɉɟɪɟɱɟɧɶ ɇɂɊ (ɩɨ ɤɨɧɤɭɪɫɧɨɣ ɡɚɹɜɤɟ, ɜ 2013-2018 ɝɝ.), ɜɵɩɨɥɧɟɧɧɵɯ ɚɜɬɨɪɫɤɢɦ 
ɤɨɥɥɟɤɬɢɜɨɦ, ɫ ɭɤɚɡɚɧɢɟɦ ɧɚɢɦɟɧɨɜɚɧɢɣ ɪɚɛɨɬ ɢ ɫɪɨɤɨɜ ɢɯ ɜɵɩɨɥɧɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɢɠɟ. 

Ɍɚɛɥɢɰɚ 3.1. 

№ ɇɚɡɜɚɧɢɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ 
Ⱦɚɬɵ 

ɜɵɩɨɥɧɟɧɢɹ 

1 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ” ɞɥɹ Ɉɛɴɟɤɬɚ – “ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 
45000 ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. ɋɚɦɚɪɚ. 

29.04.2013-

20.10.2013 

2 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ” ɞɥɹ Ɉɛɴɟɤɬɚ – “ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45 
000 ɡɪɢɬɟɥɟɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ  ɢɝɪ ɑɟɦɩɢɨɧɚɬɚ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 
ɝɨɞɚ, ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ” 

29.04.2013-

20.10.2013 

3 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ” ɞɥɹ Ɉɛɴɟɤɬɚ 
– “ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45000 ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. ȼɨɥɝɨɝɪɚɞ, 
ɩɪɨɫɩɟɤɬ ɢɦ. ȼ. ɂ. Ʌɟɧɢɧɚ, ɞ.76 

29.04.2013-

20.10.2013 

4 

Ɋɟɡɭɥɶɬɚɬɵ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɢ ɩɨ ɨɛɴɟɤɬɭ: "ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45 000 
ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, ɜ ɥɟɜɨɛɟɪɟɠɧɨɣ ɡɨɧɟ" 

29.04.2014-

20.09.2014 

5 

ɇɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ (ɫɬɚɞɢɹ ɊȾ) 
Ɉɛɴɟɤɬɚ – «ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45000 ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬɶ, ɝ. 
ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, ɜ ɤɜɚɪɬɚɥɟ ɭɥ. Ȼɟɬɚɧɤɭɪɚ, ɧɚɛɟɪɟɠɧɚɹ ɪ. ȼɨɥɝɢ,  ɭɥ. 
Ⱦɨɥɠɚɧɫɤɚɹ. ɭɥ. ɋɚɦɚɪɤɚɧɞɫɤɚɹ» 

29.09.2014-

15.02.2015 

6 

ɇɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ (ɫɬɚɞɢɹ ɊȾ) 
Ɉɛɴɟɤɬɚ – «ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45000 ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. 
ȼɨɥɝɨɝɪɚɞ, ɩɪɨɫɩɟɤɬ ɢɦ. ȼ.ɂ. Ʌɟɧɢɧɚ, ɞ.76 

29.09.2014-

15.02.2015 

7 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ” ɞɥɹ Ɉɛɴɟɤɬɚ 
– «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɫ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɜ 
ȿɤɚɬɟɪɢɧɛɭɪɝɟ» 

25.02.2015-

15.06.2015 

8 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɡɵɛɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɜɪɟɦɟɧɧɵɯ ɬɪɢɛɭɧ 
ɞɥɹ Ɉɛɴɟɤɬɚ — „Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɢ ɪɟɫɬɚɜɪɚɰɢɹ ɨɛɴɟɤɬɚ ɤɭɥɶɬɭɪɧɨɝɨ 
ɧɚɫɥɟɞɢɹ „ɋɬɚɞɢɨɧ „ɐɟɧɬɪɚɥɶɧɵɣ“. Ʉɨɦɩɥɟɤɫ“ ɜɦɟɫɬɢɦɨɫɬɶɸ 35000 
ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɋɟɩɢɧɚ, ɞ. 5“ 

30.04.2015-

15.06.2015 

9 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɩɨ ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ ɩɪɨɟɤɬɧɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ Ɉɛɴɟɤɬɚ – «ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45 000 
ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, ɜ ɤɜɚɪɬɚɥɟ ɭɥ. Ȼɟɬɚɧɤɭɪɚ, 
ɧɚɛɟɪɟɠɧɚɹ ɪ. ȼɨɥɝɢ, ɭɥ. Ⱦɨɥɠɚɧɫɤɚɹ, ɭɥ. ɋɚɦɚɪɤɚɧɞɫɤɚɹ 

29.07.2015-

29.08.2015 

10 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ» ɞɥɹ Ɉɛɴɟɤɬɚ — «ɋɬɚɞɢɨɧ ɫ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɜ ɝ. 
ȼɨɥɝɨɝɪɚɞɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɝɪ ɑɟɦɩɢɨɧɚɬɚ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 
ɝɨɞɚ» 

29.07.2015-

29.08.2015 

http://www.stadyo.ru/
http://www.stadyo.ru/
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№ ɇɚɡɜɚɧɢɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ 
Ⱦɚɬɵ 

ɜɵɩɨɥɧɟɧɢɹ 

11 

Ɋɚɫɱɟɬɧɚɹ ɨɰɟɧɤɚ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɪɚɩɟɰɢɟɜɢɞɧɵɯ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɥɨɧɧ ɫ ɭɱɟɬɨɦ ɜɵɩɨɥɧɟɧɧɵɯ ɋɆɊ ɧɚ ɨɛɴɟɤɬɟ 
«ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45 000 ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. ȼɨɥɝɨɝɪɚɞ, 
ɩɪɨɫɩɟɤɬ ɢɦ. ȼ.ɂ. Ʌɟɧɢɧɚ, ɞ.76 

15.07.2016-

15.09.2016 

12 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɩɨ 
ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ Ɉɛɴɟɤɬɚ – 

„ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45000 ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. ɇɢɠɧɢɣ 
ɇɨɜɝɨɪɨɞ, ɜ ɤɜɚɪɬɚɥɟ ɭɥ. Ȼɟɬɚɧɤɭɪɚ, ɧɚɛɟɪɟɠɧɚɹ ɪ. ȼɨɥɝɢ, ɭɥ. 
Ⱦɨɥɠɚɧɫɤɚɹ, ɭɥ. ɋɚɦɚɪɤɚɧɞɫɤɚɹ“ 

15.09.2016-

15.11.2016 

13 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ ɨɛɴɟɤɬɚ «Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɢ ɪɟɫɬɚɜɪɚɰɢɹ 
ɨɛɴɟɤɬɚ ɤɭɥɶɬɭɪɧɨɝɨ ɧɚɫɥɟɞɢɹ «ɋɬɚɞɢɨɧ ɐɟɧɬɪɚɥɶɧɵɣ. Ʉɨɦɩɥɟɤɫ» 
ɜɦɟɫɬɢɦɨɫɬɶɸ 35 000 ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɋɟɩɢɧɚ, 
ɞ.5 

07.02.2017-

25.04.2017 

14 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ» ɞɥɹ Ɉɛɴɟɤɬɚ — «ɋɬɚɞɢɨɧ ɫ ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɜ ɝ. 
ȼɨɥɝɨɝɪɚɞɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɝɪ ɑɟɦɩɢɨɧɚɬɚ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 2018 
ɝɨɞɚ» 

15.09.2017-

25.12.2017 

15 

Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫ ɭɱɟɬɨɦ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ 
ɮɚɫɚɞɚ ɩɪɢ ɧɨɪɦɚɬɢɜɧɨ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ Ɉɛɴɟɤɬɚ – „ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɫɬɚɞɢɨɧɚ ɧɚ 45000 
ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ, ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, ɜ ɤɜɚɪɬɚɥɟ ɭɥ. Ȼɟɬɚɧɤɭɪɚ, 
ɧɚɛɟɪɟɠɧɚɹ ɪ. ȼɨɥɝɢ, ɭɥ. Ⱦɨɥɠɚɧɫɤɚɹ, ɭɥ. ɋɚɦɚɪɤɚɧɞɫɤɚɹ“ 

15.11.2017-

25.01.2018 

 

Ɋɚɛɨɬɵ №1-3 ɢ 5-15 ɜɵɩɨɥɧɟɧɵ ɩɨ ɡɚɤɚɡɭ ɈɈɈ «ɉɪɨɟɤɬɧɵɣ ɢɧɫɬɢɬɭɬ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ 
ɫɨɨɪɭɠɟɧɢɣ «Ⱥɪɟɧɚ» («ɈɈɈ ɉɂ «Ⱥɪɟɧɚ») 

 

Ɋɚɛɨɬɚ №4 (Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, «Ʌɟɜɛɟɪɞɨɧ») ɜɵɩɨɥɧɟɧɚ ɩɨ ɡɚɤɚɡɭ Ɏɟɞɟɪɚɥɶɧɨɝɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ «ɋɩɨɪɬ-ɂɧɠɢɧɢɪɢɧɝ» (ɎȽɍɉ «ɋɩɨɪɬ-ɂɧ») 
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ɋɬɚɞɢɨɧ ɜ ɝ. ɋɚɦɚɪɚ «ɋɚɦɚɪɚ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.2. Ⱥɪɯɢɬɟɤɬɭɪɧɵɣ ɩɪɨɟɤɬ ɫɬɚɞɢɨɧɚ ɜ ɝ.ɋɚɦɚɪɚ 

 

 
Ɋɢɫ.3.3. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ ɝ.ɋɚɦɚɪɚ 

(ɉɄ ANSYS Mechanical) 
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ɋɬɚɞɢɨɧ ɜ ɝ. ɋɚɦɚɪɚ «ɋɚɦɚɪɚ Ⱥɪɟɧɚ» 

 

 

 

 

 
Ɋɢɫ.3.4. Ⱥɪɯɢɬɟɤɬɭɪɧɵɣ ɩɪɨɟɤɬ ɫɬɚɞɢɨɧɚ ɜ ɝ.ɋɚɦɚɪɚ 

 

 

 

 

 
Ɋɢɫ.3.5. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ ɝ.ɋɚɦɚɪɚ 

(ɉɄ ANSYS Mechanical) 

 

 

 

 

 
Ɋɢɫ.3.6. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ.ɋɚɦɚɪɚ (ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɧɨɹɛɪɶ 2017ɝ.). 
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ɋɬɚɞɢɨɧ ɜ ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ «ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.7. Ⱥɪɯɢɬɟɤɬɭɪɧɵɣ ɩɪɨɟɤɬ ɫɬɚɞɢɨɧɚ ɜ ɝ.ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ 

 

 

 
Ɋɢɫ.3.8. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ ɝ. ɇɢɠɧɢɣ 

ɇɨɜɝɨɪɨɞ (ɉɄ ANSYS Mechanical) 

 

 

 
Ɋɢɫ.3.9. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɞɟɤɚɛɪɶ 2017ɝ.). 
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ɋɬɚɞɢɨɧ ɜ ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ «ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.10. Ⱥɪɯɢɬɟɤɬɭɪɧɵɣ ɩɪɨɟɤɬ ɫɬɚɞɢɨɧɚ ɜ ɝ.ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ 

 

 
Ɋɢɫ.3.11. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ 

ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (ɉɄ ANSYS Mechanical) 

 

 
Ɋɢɫ.3.12. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɞɟɤɚɛɪɶ 2017ɝ.). 
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ɋɬɚɞɢɨɧ ɜ ɝ. ȼɨɥɝɨɝɪɚɞ «ȼɨɥɝɨɝɪɚɞ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.13. Ⱥɪɯɢɬɟɤɬɭɪɧɵɣ ɩɪɨɟɤɬ ɫɬɚɞɢɨɧɚ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ 

 

 
Ɋɢɫ.3.14. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ 

ɝ. ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical) 

 

 
Ɋɢɫ.3.15. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȼɨɥɝɨɝɪɚɞ (ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɧɨɹɛɪɶ 2017ɝ.). 
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ɋɬɚɞɢɨɧ ɜ ɝ. ȼɨɥɝɨɝɪɚɞ «ȼɨɥɝɨɝɪɚɞ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.16. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȼɨɥɝɨɝɪɚɞ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

(ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɥɟɬɨ 2017ɝ.) 
 

 
Ɋɢɫ.3.17. Ɏɪɚɝɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ 

ɝ. ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical) 
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ɋɬɚɞɢɨɧ ɜ ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ «Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.18. ɉɟɪɜɨɧɚɱɚɥɶɧɵɣ ɚɪɯɢɬɟɤɬɭɪɧɵɣ ɩɪɨɟɤɬ ɫɬɚɞɢɨɧɚ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ 

 

 
Ɋɢɫ.3.19. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ 

ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ (ɉɄ ANSYS Mechanical) 
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ɋɬɚɞɢɨɧ ɜ ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ «Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ Ⱥɪɟɧɚ» 

 

  
Ɋɢɫ.3.20. Ɋɟɚɥɢɡɨɜɚɧɧɵɣ ɚɪɯɢɬɟɤɬɭɪɧɵɣ ɩɪɨɟɤɬ ɫɬɚɞɢɨɧɚ ɜ ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ 

 

 

 
 

Ɋɢɫ.3.21. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ (ɞɟɤɚɛɪɶ 2017ɝ.). 
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ɋɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ «ȿɤɚɬɟɪɢɧɛɭɪɝ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.22. Ⱥɪɯɢɬɟɤɬɭɪɧɵɣ ɩɪɨɟɤɬ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ 

 

 
Ɋɢɫ.3.23. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ 

ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ (ɉɄ ANSYS Mechanical) 

 

 
Ɋɢɫ.3.24. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ (ɞɟɤɚɛɪɶ 2017ɝ). 
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ɋɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ «ȿɤɚɬɟɪɢɧɛɭɪɝ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.25. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

(ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɨɤɬɹɛɪɶ 2017ɝ.) 
 

 
Ɋɢɫ.3.26. Ɏɪɚɝɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɪɟɯɦɟɪɧɚɹ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɚɹ Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ 

ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ (ɉɄ ANSYS Mechanical) 
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ɋɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ «ȿɤɚɬɟɪɢɧɛɭɪɝ Ⱥɪɟɧɚ» 

 

 
Ɋɢɫ.3.27. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 

ɨɤɬɹɛɪɶ 2017ɝ.). ȼɢɞ ɫ ɜɪɟɦɟɧɧɨɣ ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɨɣ ɬɪɢɛɭɧɵ. 
 

 
Ɋɢɫ.3.28. ɋɩɟɰɢɚɥɢɫɬɵ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ ɋɬɚȾɢɈ. 

Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

(ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɨɤɬɹɛɪɶ 2017ɝ.).  
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Ɋɢɫ.3.29. ɋɩɟɰɢɚɥɢɫɬɵ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ ɋɬɚȾɢɈ. 

Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

(ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ ɨɤɬɹɛɪɶ 2017ɝ.) 

  
Ɋɢɫ.3.30. Ɏɨɬɨɝɪɚɮɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 

ɨɤɬɹɛɪɶ 2017ɝ.)  
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ɋɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ «ȿɤɚɬɟɪɢɧɛɭɪɝ Ⱥɪɟɧɚ» 

 

 
 

 
 

 
 

Ɋɢɫ.3.31. Ɏɨɬɨɝɪɚɮɢɢ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ ɜɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 
ɨɤɬɹɛɪɶ 2017ɝ.).  
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Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ 

 

1 994 450 ɭɡɥɨɜ 

2 399 271 ɷɥɟɦɟɧɬɨɜ 

ɝ. ɋɚɦɚɪɚ («ɋɚɦɚɪɚ Ⱥɪɟɧɚ») 

 

540 761 ɭɡɥɨɜ 

583 783 ɷɥɟɦɟɧɬɨɜ 

ɝ. ȼɨɥɝɨɝɪɚɞ («ȼɨɥɝɨɝɪɚɞ Ⱥɪɟɧɚ») 

 

680 127 ɭɡɥɨɜ 

811 522 ɷɥɟɦɟɧɬɨɜ 

ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ («ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ Ⱥɪɟɧɚ») 

 

480 109 ɭɡɥɨɜ 

704 013 ɷɥɟɦɟɧɬɨɜ 

ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ («Ɋɨɫɬɨɜ Ⱥɪɟɧɚ») 

 

312 636 ɭɡɥɨɜ 

350 382 ɷɥɟɦɟɧɬɨɜ 

ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ («ȿɤɚɬɟɪɢɧɛɭɪɝ Ⱥɪɟɧɚ») 
Ɋɢɫ.3.32. Ɉɛɳɢɟ ɜɢɞɵ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɬɪɟɯɦɟɪɧɵɯ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɵɯ Ʉɗ-ɦɨɞɟɥɟɣ 

ɮɭɬɛɨɥɶɧɵɯ ɫɬɚɞɢɨɧɨɜ (ɉɄ ANSYS Mechanical), c ɭɤɚɡɚɧɢɟɦ ɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɚɡɦɟɪɧɨɫɬɟɣ 
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4. Ɉɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ ɢ ɞɨɫɬɢɠɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɦ ɨɛɨɫɧɨɜɚɧɢɢ 
ɫɬɚɞɢɨɧɨɜ  

ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɚɛɨɬ ɚɜɬɨɪɫɤɢɣ ɤɨɥɥɟɤɬɢɜ ɜɵɹɜɢɥ ɪɹɞ 

ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɫɱɟɬɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ (ɇȾɋ), ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɩɪɢ ɨɫɧɨɜɧɵɯ 
ɢ ɨɫɨɛɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɫɥɨɠɧɵɯ 
ɩɨɫɬɚɧɨɜɤɚɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ 
ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ. 

 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ ɢɡ ɧɢɯ: 

• ɜɩɟɪɜɵɟ ɞɨɫɬɢɝɧɭɬɵɣ ɭɪɨɜɟɧɶ ɚɞɟɤɜɚɬɧɨɫɬɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɨɥɶɲɚɹ 
ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ (ɞɨ 12 000 000 ɧɟɢɡɜɟɫɬɧɵɯ) ɢ ɦɧɨɝɨɜɚɪɢɚɧɬɧɨɫɬɶ (ɫɨɱɟɬɚɧɢɹ 
ɨɫɧɨɜɧɵɯ ɢ ɨɫɨɛɵɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ) ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɯ ɦɨɞɟɥɟɣ ɢ ɡɚɞɚɱ; 

• ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɚɪɚɦɟɬɪɨɜ ɇȾɋ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɡɧɚɱɢɦɨɣ 
ɱɚɫɬɢ ɫɩɟɤɬɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ) ɩɨɥɧɨɣ ɦɨɞɟɥɢ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɚ 
ɢ ɦɨɞɟɥɟɣ ɩɨɞɫɢɫɬɟɦ «ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ» ɢ «ɨɫɧɨɜɚɧɢɟ – 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɢɛɭɧ», ɩɨɡɜɨɥɹɸɳɢɣ ɨɛɨɫɧɨɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨɞɫɢɫɬɟɦ ɜ ɪɚɦɤɚɯ ɫɟɩɚɪɚɬɧɵɯ ɦɨɞɟɥɟɣ ɪɚɡɥɢɱɧɵɦɢ ɤɨɥɥɟɤɬɢɜɚɦɢ ɤɨɧɫɬɪɭɤɬɨɪɨɜ-

ɪɚɫɱɟɬɱɢɤɨɜ; 

• ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɝɪɭɧɬɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ ɢ ɫɜɚɣɧɨɝɨ ɩɨɥɹ, ɫɨɞɟɪɠɚɳɟɝɨ 
ɞɨ ɨɞɢɧɧɚɞɰɚɬɢ ɬɵɫɹɱ ɫɜɚɣ; 

• ɦɧɨɝɨɢɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɞɨɩɨɥɧɟɧɢɹ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɱɟɫɤɢɯ ɢ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ, ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɤɪɢɬɟɪɢɹɦ ɡɵɛɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ 
«ɝɪɟɛɟɧɤɢ» ɬɪɢɛɭɧ; 

• ɭɬɨɱɧɟɧɧɵɣ ɬɪɟɯɦɟɪɧɵɣ ɮɢɡɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɣ Ʉɗ-ɚɧɚɥɢɡ ɇȾɋ ɢ ɩɪɨɱɧɨɫɬɢ 
ɧɚɢɛɨɥɟɟ ɧɚɩɪɹɠɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɭɡɥɨɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɫ ɭɱɟɬɨɦ ɪɟɚɥɶɧɨɣ 
ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ; 

• ɪɚɫɱɟɬ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɣ ɢ ɮɚɫɚɞɚ ɫ ɭɱɟɬɨɦ 
ɮɢɡɢɱɟɫɤɨɣ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɟɣ ɢ ɧɚɱɚɥɶɧɵɯ ɧɟɫɨɜɟɪɲɟɧɫɬɜ; 

• ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɵɯ ɜɚɧɬɨɜɵɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ, ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ 
ɨɛɪɭɲɟɧɢɟ; 

• ɞɢɧɚɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɬɪɢɛɭɧ – ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» ɧɚ ɫɟɣɫɦɢɱɟɫɤɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɭɪɨɜɧɹ ɉɁ (ɩɨ ɥɢɧɟɣɧɨ-ɫɩɟɤɬɪɚɥɶɧɨɣ ɦɟɬɨɞɢɤɟ ɧɚ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɟ ɫɩɟɤɬɪɵ 
ɭɫɤɨɪɟɧɢɣ) ɢ ɆɊɁ (ɩɪɹɦɵɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɧɚ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɟ 
ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ); 

• ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɞɨɩɨɥɧɟɧɢɹ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɫɛɨɪɧɨ-

ɪɚɡɛɨɪɧɵɯ (ɜɪɟɦɟɧɧɵɯ) ɬɪɢɛɭɧ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɧɟɫɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɤɨɦɮɨɪɬɧɨɫɬɢ (ɡɵɛɤɨɫɬɢ) ɬɪɢɛɭɧ; 

• ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɪɚɫɱɟɬɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɫɨɝɥɚɫɧɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɜ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ/ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ. Ⱦɥɹ ɦɨɞɟɥɟɣ ɩɨɞɫɢɫɬɟɦ «ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ» 
– ANSYS, MIDAS Civil, Robot Structural, SOFiSTiK; ɞɥɹ ɦɨɞɟɥɟɣ ɩɨɞɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ» – ANSYS, SCAD, Ʌɢɪɚ, SOFiSTiK; 

• ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɩɪɨɯɨɠɞɟɧɢɹ ɜ ɎȺɍ «Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɚ Ɋɨɫɫɢɢ» 
ɜ ɱɚɫɬɢ ɪɚɫɱɟɬɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɨɟɤɬɨɜ ɭɩɨɦɹɧɭɬɵɯ ɫɬɚɞɢɨɧɨɜ. 
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4.1. ɉɨɞɪɨɛɧɨɫɬɶ - ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ КЭ-ɦɨɞɟɥɟɣ. 

 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɫ ɤɨɬɨɪɨɣ ɩɪɢɯɨɞɢɬɶɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɬɚɤɢɯ ɝɪɚɧɞɢɨɡɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɤɚɤ ɮɭɬɛɨɥɶɧɵɟ ɫɬɚɞɢɨɧɵ, ɹɜɥɹɟɬɫɹ 

«ɷɤɫɬɪɟɦɚɥɶɧɚɹ» ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɡɚɞɚɱ, ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ. 
Ɉɱɟɜɢɞɧɚɹ ɫɥɨɠɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɚɧɚɥɢɡɟ ɢ ɨɛɪɚɛɨɬɤɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦɚ ɩɪɨɟɤɬɧɨɣ ɢ 
ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɩɨɫɬɪɨɟɧɢɹ ɜ ɬɨɱɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɢɦɢ ɩɨɞɪɨɛɧɨɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ, ɚ ɡɚɬɟɦ ɢ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɬɪɢɛɭɧ – ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ 
ɮɚɫɚɞɨɜ», ɜɤɥɸɱɚɸɳɟɣ ɜ ɫɟɛɹ ɜɧɭɲɢɬɟɥɶɧɨɟ (ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ) ɤɨɥɢɱɟɫɬɜɨ ɬɢɩɨɜ 
ɫɟɱɟɧɢɣ, ɠɟɫɬɤɨɫɬɟɣ, ɦɚɬɟɪɢɚɥɨɜ ɤɨɧɫɬɪɭɤɰɢɣ. ȼɨɡɧɢɤɚɟɬ ɢ ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɬɢɩɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (Ʉɗ) ɢ ɲɚɝɚ ɪɚɡɛɢɟɧɢɹ ɦɨɞɟɥɢ ɧɚ Ʉɗ, ɫɨ ɫɝɭɳɟɧɢɟɦ ɫɟɬɤɢ ɜ ɡɨɧɚɯ, 
ɬɪɟɛɭɸɳɢɯ ɨɫɨɛɨɝɨ ɜɧɢɦɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɹ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɪɚɡɦɟɪɧɨɫɬɶ, ɚɞɟɤɜɚɬɧɭɸ 
ɢɦɟɸɳɟɦɭɫɹ ɜ ɪɚɫɩɨɪɹɠɟɧɢɢ «ɠɟɥɟɡɭ» ɢ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ. ɉɟɪɜɚɹ ɡɚɞɚɱɚ 

ɪɟɲɚɟɬɫɹ ɡɚɱɚɫɬɭɸ ɡɚ ɫɱɟɬ ɨɩɵɬɚ ɢ ɤɜɚɥɢɮɢɤɚɰɢɢ ɪɚɫɱɟɬɱɢɤɨɜ, ɜɬɨɪɚɹ ɠɟ ɬɪɟɛɭɟɬ 
ɩɪɢɦɟɧɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɟɲɚɬɟɥɟɣ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ «ɬɹɠɟɥɨɝɨ» ɫɨɮɬɚ ɢ/ɢɥɢ ɨɛɨɫɧɨɜɚɧɢɹ 
ɪɚɡɞɟɥɟɧɢɹ ɩɨɥɧɨɣ ɦɨɞɟɥɢ ɧɚ ɩɨɞɫɢɫɬɟɦɵ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɜ ɪɚɦɤɚɯ ɫɟɩɚɪɚɬɧɵɯ ɦɨɞɟɥɟɣ 
ɥɢɛɨ ɩɪɢɦɟɧɟɧɢɟ ɫɭɩɟɪɷɥɟɦɟɧɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ɉɛɨɫɧɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɯɨɞɚ ɤ 
ɫɟɩɚɪɚɬɧɵɦ ɦɨɞɟɥɹɦ ɩɨɞɫɢɫɬɟɦ ɜɵɞɟɥɟɧɨ ɜ ɨɬɞɟɥɶɧɭɸ ɨɫɨɛɟɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɞɪɨɛɧɨ 
ɨɩɢɫɚɧɚ ɧɢɠɟ (ɜ ɩ.4.2). 

ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ Ʉɗ-ɦɨɞɟɥɢ ɫɬɚɞɢɨɧɚ ɜ ɝ. ɋɚɦɚɪɚ [9] 1 994 450 ɭɡɥɨɜ ɢ 
2 399 271 ɷɥɟɦɟɧɬɨɜ, ɬ.ɟ. ɩɨɪяɞɤɚ 11 966 700 ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɩɪɢ ɫɪɟɞɧɟɦ ɪɚɡɦɟɪɟ 
ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɨɤɨɥɨ 0,5ɦ. Ɂɚɞɚɱɢ ɬɚɤɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɛɵɥɢ ɭɫɩɟɲɧɨ ɪɟɲɟɧɵ ɩɪɢ 
ɪɚɫɱɟɬɧɨɦ ɨɛɨɫɧɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ), ɩɪɨɱɧɨɫɬɢ ɢ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɩɪɢ ɨɫɧɨɜɧɵɯ ɢ ɨɫɨɛɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ 
ɢ ɜɨɡɞɟɣɫɬɜɢɣ  
 

 

 

 

 

 

 

 
Ɋɢɫ.4.1.1. Ɏɪɚɝɦɟɧɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɛɨɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɨɣ Ʉɗ-ɦɨɞɟɥɢ ɱɚɲɢ ɫɬɚɞɢɨɧɚ ɜ 

ɝ. ɋɚɦɚɪɚ. ɐɜɟɬɨɦ ɩɨɤɚɡɚɧɵ ɷɥɟɦɟɧɬɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɟɱɟɧɢɹɦɢ (ɉɄ ANSYS Mechanical). 
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4.2. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɇȾɋ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɧɨɣ ɦɨɞɟɥɢ 
ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɚ ɢ ɦɨɞɟɥɟɣ ɩɨɞɫɢɫɬɟɦ «ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ» ɢ 
«ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɢɛɭɧ». 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ, ɩɪɨɱɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɞɢɧɚɦɢɤɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 
ɧɟɫɭɳɢɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɮɭɬɛɨɥɶɧɨɝɨ ɫɬɚɞɢɨɧɚ ɜ ɪɚɦɤɚɯ 
ɫɟɩɚɪɚɬɧɵɯ ɦɨɞɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɪɚɡɦɟɪɧɨɫɬɶ ɡɚɞɚɱɢ, ɚ 
ɬɚɤɠɟ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɵ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɚɤɨɝɨ ɪɨɞɚ 
ɭɧɢɤɚɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 

Ɍɚɤ ɤɚɤ ɪɚɡɪɚɛɨɬɤɭ ɢ ɪɚɫɱɟɬɧɭɸ ɨɩɬɢɦɢɡɚɰɢɸ ɫɜɹɡɚɧɧɵɯ ɨɫɧɨɜɧɵɯ ɩɨɞɫɢɫɬɟɦ, ɬɚɤɢɯ 
ɤɚɤ ɨɫɧɨɜɚɧɢɟ, ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ ɫɬɚɞɢɨɧɚ, ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɨɤɪɵɬɢɹ, ɮɚɫɚɞɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɬ.ɞ.  ɜɟɞɭɬ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ  ɞɪɭɝɚ  ɪɚɡɥɢɱɧɵɟ  
ɩɪɨɟɤɬɧɵɟ  ɨɪɝɚɧɢɡɚɰɢɢ,  ɡɚɱɚɫɬɭɸ ɩɨɫɬɪɨɢɬɶ ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ ɩɨɥɧɨɣ ɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ 
– ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ ɫɬɚɞɢɨɧɚ – ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɵɲɢ» ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. ɉɪɟɩɹɬɫɬɜɢɹɦɢ ɤ ɷɬɨɦɭ ɫɥɭɠɚɬ ɪɚɡɥɢɱɧɵɟ ɮɚɤɬɨɪɵ, ɨɬ ɛɨɥɶɲɨɣ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɬɚɤɢɯ ɦɨɞɟɥɟɣ ɞɨ ɧɟɫɨɜɦɟɫɬɢɦɨɫɬɢ ɮɨɪɦɚɬɨɜ ɮɚɣɥɨɜ 
ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ɢ ɤɨɦɦɟɪɱɟɫɤɢɯ ɬɚɣɧ. 

№ 

ɩ/ɩ 

Ʉɗ-ɦɨɞɟɥɢ 

ɫɢɫɬɟɦɵ/ 
ɩɨɞɫɢɫɬɟɦɵ 

ɂɡɨɛɪɚɠɟɧɢɟ 

Ʉ
ɨɥ

ɢɱ
ɟɫ

ɬɜ
ɨ 

ɭɡ
ɥɨ

ɜ 
Ʉ

ɨɥ
ɢɱ

ɟɫ
ɬɜ

ɨ 
ɷɥ

ɟɦ
ɟɧ

ɬɨ
ɜ 

Ɍɢɩɵ Ʉɗ 

1 

«ɨɫɧɨɜɚɧɢɟ – 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ 

ɫɬɚɞɢɨɧɚ ɢ ɡɨɧ ɮɨɣɟ» 

 

6
2
4
 9

5
9
 

7
8
7
 5

8
2
 SHELL181 

BEAM188 

MPC184 

SURF154 

COMBIN14 

2 
«ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɵɲɢ» 

 

5
6
 2

7
4
 

2
9
 5

1
6
 

BEAM188 

MPC184 

SURF154 

3 

«ɨɫɧɨɜɚɧɢɟ – 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ 

ɫɬɚɞɢɨɧɚ – 

ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɤɪɵɲɢ» 

 

6
8
0
 1

2
7
 

8
1
1
 5

2
2
 

SHELL181 

BEAM188 

MPC184 

SURF154 

COMBIN14 

 

Ɋɢɫ.4.2.1. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɪɚɫɱɟɬɧɵɟ Ʉɗ-ɦɨɞɟɥɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɚ ɜ ɝ. ɇɢɠɧɢɣ 
ɇɨɜɝɨɪɨɞ (ɉɄ ANSYS Mechanical).  
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ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɞɜɚ ɚɩɪɨɛɢɪɨɜɚɧɧɵɯ ɩɨɞɯɨɞɚ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɚ ɜ ɪɚɦɤɚɯ ɩɨɞɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ ɛɵɥɢ 
ɩɪɢɦɟɧɟɧɵ ɧɚɲɢɦ ɤɨɥɥɟɤɬɢɜɨɦ ɫɩɟɰɢɚɥɢɫɬɨɜ. 

4.2.1 ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɩɨɥɧɨɣ 
ɦɨɞɟɥɢ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɚ ɢ ɦɨɞɟɥɟɣ ɩɨɞɫɢɫɬɟɦ. 

ɋɨɩɨɫɬɚɜɢɜ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɢ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ ɩɨɥɧɨɣ ɦɨɞɟɥɢ ɫɨɨɪɭɠɟɧɢɹ ɢ 
ɩɨɞɦɨɞɟɥɢ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɧɚɫɤɨɥɶɤɨ ɜɟɥɢɤɨ ɜɥɢɹɧɢɟ ɩɨɞɚɬɥɢɜɨɫɬɢ 
ɨɩɨɪɧɨɣ ɩɨɞɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ» ɧɚ ɫɬɚɬɢɱɟɫɤɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɞɢɧɚɦɢɤɭ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɭɩɨɦɹɧɭɬɨɣ ɩɨɞɫɢɫɬɟɦɵ «ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ 
ɩɨɤɪɵɬɢɹ».  

ɉɪɢ ɫɥɚɛɨɦ ɜɥɢɹɧɢɢ, ɬ.ɟ. ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɨɜɦɟɫɬɧɵɯ ɮɨɪɦ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ 
ɪɚɫɯɨɠɞɟɧɢɢ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɞɥɹ ɪɨɞɫɬɜɟɧɧɵɯ ɮɨɪɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ ɜ ɪɚɦɤɚɯ ɫɟɩɚɪɚɬɧɵɯ ɦɨɞɟɥɟɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɚɡɚɥɨɫɶ ɜɨɡɦɨɠɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟ ɇȾɋ, ɩɪɨɱɧɨɫɬɢ, ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ 
ɞɢɧɚɦɢɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɬɚɞɢɨɧɨɜ. ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɜɚɪɢɚɧɬ ɬɚɤɨɝɨ 
ɨɛɨɫɧɨɜɚɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɫɬɚɞɢɨɧɚ ɜ ɝɨɪɨɞɟ ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ [10, 19]. 

Ʉɗ-ɦɨɞɟɥɶ ɩɨɤɪɵɬɢɹ (ɦɨɞɟɥɶ 2) Ɉɛɳɚɹ Ʉɗ-ɦɨɞɟɥɶ (ɦɨɞɟɥɶ 3) 

№
 ɮ

ɨɪ
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ɫɬ

ɨɬ
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 Ƚ
ɰ 
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№

 ɮ
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ɰ 
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Ɋɢɫ.4.2.2. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ Ʉɗ-ɦɨɞɟɥɢ 

ɩɨɞɫɢɫɬɟɦɵ «ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» (ɦɨɞɟɥɶ 2) ɢ Ʉɗ-ɦɨɞɟɥɢ 

ɩɨɥɧɨɣ ɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɢɛɭɧ - ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» ( ɦɨɞɟɥɶ 3). (ɉɄ ANSYS Mechanical). 

1

MN

MX

XY

Z

                                                                                
0

.002222
.004443

.006665
.008887

.011108
.01333

.015552
.017773

.019995

AUG  3 2014

18:24:11

NODAL SOLUTION

STEP=1

SUB =10

FREQ=.949954

USUM     (AVG)

RSYS=0

DMX =.019995

SMX =.019995

1

MN

MX

XY

Z

                                                                                
0

.001758
.003516

.005274
.007032

.00879
.010548

.012306
.014064

.015822

STEP=1

SUB =4

FREQ=.925656

USUM     (AVG)

RSYS=0

DMX =.015822

SMX =.015822

1

MN

MX

XY

Z

                                                                                
0

.002205
.004409

.006614
.008818

.011023
.013227

.015432
.017636

.019841

AUG  3 2014

18:27:09

NODAL SOLUTION

STEP=1

SUB =15

FREQ=1.00414

USUM     (AVG)

RSYS=0

DMX =.019841

SMX =.019841

1

MN

MX

X

Y

Z

                                                                                
0

.002168
.004336

.006504
.008673

.010841
.013009

.015177
.017345

.019513

STEP=1

SUB =14

FREQ=1.00265

USUM     (AVG)

RSYS=0

DMX =.019513

SMX =.019513

1

MN

MX

XY

Z

                                                                                
0

.00181
.00362

.005431
.007241

.009051
.010861

.012671
.014481

.016292

AUG  3 2014

18:30:24

NODAL SOLUTION

STEP=1

SUB =21

FREQ=1.10964

USUM     (AVG)

RSYS=0

DMX =.016292

SMX =.016292

1

MN

MX

X

Y

Z

                                                                                
0

.001443
.002887

.00433
.005773

.007217
.00866

.010104
.011547

.01299

STEP=1

SUB =19

FREQ=1.03741

USUM     (AVG)

RSYS=0

DMX =.01299

SMX =.01299
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Ʉɗ-ɦɨɞɟɥɶ ɱɚɲɢ (ɦɨɞɟɥɶ 1) Ɉɛɳɚɹ Ʉɗ-ɦɨɞɟɥɶ (ɦɨɞɟɥɶ 3) 
№

 ɮ
ɨɪ

ɦɵ
 

ɑɚ
ɫɬ

ɨɬ
ɚ,

 Ƚ
ɰ 

Ɏɨɪɦɚ ɤɨɥɟɛɚɧɢɹ 

№
 ɮ

ɨɪ
ɦɵ

 

ɑɚ
ɫɬ

ɨɬ
ɚ,

 Ƚ
ɰ 

Ɏɨɪɦɚ ɤɨɥɟɛɚɧɢɹ 

1 

0
.8

5
3
0
 

 

1 

0
.8

6
0
7
 

2 

0
.9

8
6
6
 

 

3 
0
.9

8
9
8
 

3 

1
.0

8
5
3
 

 

6 

1
.0

8
2
3
 

Ɋɢɫ.4.2.3. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ Ʉɗ-ɦɨɞɟɥɢ ɩɨɞɫɢɫɬɟɦɵ 
«ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɢɛɭɧ» (ɦɨɞɟɥɶ 1) ɢ Ʉɗ-ɦɨɞɟɥɢ ɩɨɥɧɨɣ 

ɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɢɛɭɧ - ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» (ɦɨɞɟɥɶ 3). (ɉɄ ANSYS Mechanical). 

 

 

4.2.2 ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɞɚɠɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ 
ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɩɨɥɧɨɣ ɦɨɞɟɥɢ ɤɨɧɫɬɪɭɤɰɢɣ 
ɫɬɚɞɢɨɧɚ ɢ ɦɨɞɟɥɟɣ ɩɨɞɫɢɫɬɟɦ ɧɟ ɞɚɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɝɨ ɨɬɜɟɬɚ  (ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɟɤɨɦɩɨɡɢɰɢɢ), ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ (Ɇɋɗ) ɢɥɢ ɦɟɬɨɞ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ 
ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ. 
  

1

MN

MX

X

YZ

                                                                                
0

.003644
.007288

.010932
.014576

.018219
.021863

.025507
.029151

.032795

STEP=1

SUB =2

FREQ=.860719

USUM     (AVG)

RSYS=0

DMX =.032795

SMX =.032795

1

MN

MX

X

Y

Z

                                                                                
0

.007585
.015169

.022754
.030339

.037923
.045508

.053093
.060677

.068262

STEP=1

SUB =13

FREQ=.989813

USUM     (AVG)

RSYS=0

DMX =.068262

SMX =.068262

1

MN

MX

X

Y

Z

                                                                                
0

.006543
.013085

.019628
.02617

.032713
.039255

.045798
.05234

.058883

STEP=1

SUB =20

FREQ=1.08229

USUM     (AVG)

RSYS=0

DMX =.058883

SMX =.058883
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Ʉɥɸɱɟɜɨɣ ɩɪɨɰɟɞɭɪɨɣ ɦɟɬɨɞɚ ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɫɬɚɬɢɱɟɫɤɚɹ ɤɨɧɞɟɧɫɚɰɢɹ – 

ɢɫɤɥɸɱɟɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɩɨɞɤɨɧɫɬɪɭɤɰɢɢ }{
i

u  – ɩɪɢɜɨɞɹɳɚɹ ɢɫɯɨɞɧɭɸ 
ɛɥɨɱɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ  







=














b

i

b

i

bbbi

ibii

F

F

u

u

KK

KK
 

ɤ ɪɟɞɭɰɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ ɝɪɚɧɢɱɧɵɯ ɧɟɢɡɜɟɫɬɧɵɯ }{
b

u : 

}{}]{[ FuK
b
= , 

ɝɞɟ                   ][]][[][][ 1

ibiibibb
KKKKK −−= ;   }{]][[}{}{ 1

iiibib
FKKFF −−= . 

ɋɭɩɟɪɷɥɟɦɟɧɬɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɬɚɤɠɟ ɧɚ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɧɟɹɜɧɨɣ ɫɯɟɦɵ ɩɪɹɦɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɢ 
ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɩɪɢ ɪɚɫɱɟɬɟ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ.  

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɩɨɞɯɨɞ ɫɨɫɬɨɢɬ ɜ ɩɨɫɬɪɨɟɧɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɫɭɩɟɪɷɥɟɦɟɧɬɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɢ 
ɢɞɟɨɥɨɝɢɱɟɫɤɢ ɛɥɢɡɤɢɯ ɦɟɬɨɞɭ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ. 

Ɇɟɬɨɞɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɨ ɫɩɨɫɨɛɭ 
ɜɵɛɨɪɚ ɛɚɡɢɫɧɵɯ ɜɟɤɬɨɪɨɜ ɦɟɬɨɞɚ Ɋɟɥɟɹ-Ɋɢɬɰɚ ɞɥɹ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ ɢ ɩɨ ɫɩɨɫɨɛɭ ɢɯ 
ɫɬɵɤɨɜɤɢ. 

ɑɚɳɟ ɜɫɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɚ ɞɥɹ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɟɟ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ: ɞɥɹ ɡɚɤɪɟɩɥɟɧɧɨɣ ɝɪɚɧɢɰɵ, ɞɥɹ ɫɜɨɛɨɞɧɨɣ ɝɪɚɧɢɰɵ, 
ɞɥɹ ɱɚɫɬɢɱɧɨ ɡɚɤɪɟɩɥɟɧɧɨɣ ɝɪɚɧɢɰɵ ɩɨɞɤɨɧɫɬɪɭɤɰɢɢ. 

ɂɡ ɬɪɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɟɬɨɞɚ ɧɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɫ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɢ ɪɟɚɥɢɡɚɰɢɨɧɧɨɣ ɬɨɱɟɤ ɡɪɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɣ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɮɨɪɦɵ 
ɤɨɥɟɛɚɧɢɣ ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɵ ɦɟɬɨɞɚ ɩɟɪɟɦɟɳɟɧɢɣ. ɉɪɢ ɷɬɨɦ, ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɫɬɵɤɨɜɤɢ 
ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ ɢ ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɭɱɟɬɚ ɢɯ ɠɟɫɬɤɢɯ ɫɦɟɳɟɧɢɣ ɢ ɩɟɪɟɦɟɳɟɧɢɣ ɝɪɚɧɢɱɧɵɯ 
ɬɨɱɟɤ ɛɚɡɢɫ ɢɡ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɨɩɨɥɧɢɬɶ  ɧɚɛɨɪɨɦ  ɫɬɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 
ɮɨɪɦɵ ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ (ɋɗ), ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ ɭɩɪɭɝɢɯ 
ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ ɩɨɞɤɨɧɫɬɪɭɤɰɢɢ, ɜɵɡɜɚɧɧɵɯ ɟɞɢɧɢɱɧɵɦ ɫɦɟɳɟɧɢɟɦ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɢɤɬɢɜɧɨɣ ɫɜɹɡɢ ɞɥɹ ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɵ ɦɟɬɨɞɚ ɩɟɪɟɦɟɳɟɧɢɣ. 

ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɟɧ ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ «ɬɹɠɟɥɵɯ» ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɤɨɦɩɥɟɤɫɚɯ (ANSВS, ABAQUS, ɋɌȺȾɂɈ, …) ɩɨɞɯɨɞ Ʉɪɟɣɝɚ-Ȼɟɦɩ-ɬɨɧɚ, ɫɜɨɞɹɳɢɣɫɹ ɤ 
ɩɨɫɬɪɨɟɧɢɸ ɪɟɞɭɰɢɪɨɜɚɧɧɵɯ ɦɚɬɪɢɰ ɠɟɫɬɤɨɫɬɢ ɢ ɦɚɫɫ:  
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iC
Φ  – ɩɟɪɟɦɟɳɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋɗ ɞɥɹ ɡɚɞɚɧɧɵɯ ɟɞɢɧɢɱɧɵɯ 

ɩɟɪɟɦɟɳɟɧɢɣ ɝɪɚɧɢɱɧɵɯ (ɫɬɵɤɨɜɨɱɧɵɯ) ɭɡɥɨɜ; iN
Φ  – ɩɟɪɟɦɟɳɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɩɟɧɟɣ 

ɫɜɨɛɨɞɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɞɟɪɠɢɜɚɟɦɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɮɨɪɦɚɦ ɤɨɥɟɛɚɧɢɣ ɩɪɢ 
ɨɝɪɚɧɢɱɟɧɢɢ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ (ɡɚɞɟɥɤɟ) ɝɪɚɧɢɱɧɵɯ ɭɡɥɨɜ; ]€[

NN
K  ɢ ]€[

NN
M  – ɞɢɚɝɨɧɚɥɶɧɵɟ 

ɦɨɞɚɥɶɧɵɟ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ ɢ ɦɚɫɫ; ][]€[ KK
CC

= ;  ][]€[ MM
CC

= ;  T

CNNC
MM ]€[]€[ =  – ɡɚɩɨɥɧɟɧɧɵɟ 

ɦɚɬɪɢɰɵ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɨɬɞɟɥɶɧɵɯ ɩɨɞɫɢɫɬɟɦ ɧɚ ɫɬɚɬɢɱɟɫɤɨɟ ɢ 

ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɫɬɚɬɨɱɧɨ ɜɤɥɸɱɢɬɶ ɜ ɪɚɫɱɟɬ 
ɪɟɞɭɰɢɪɨɜɚɧɧɵɟ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ ɢ ɦɚɫɫ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɞɥɹ ɷɬɢɯ ɩɨɞɫɢɫɬɟɦ. ɗɬɢ 
ɪɟɞɭɰɢɪɨɜɚɧɧɵɟ ɦɚɬɪɢɰɵ ɝɟɧɟɪɢɪɭɸɬɫɹ ɩɪɨɝɪɚɦɦɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ɜ ɭɧɢɜɟɪɫɚɥɶɧɨɦ 
ɮɨɪɦɚɬɟ, ɩɨɷɬɨɦɭ ɨɬɫɭɬɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɧɟɫɨɜɦɟɫɬɢɦɨɫɬɢ ɮɨɪɦɚɬɨɜ. Ɍɚɤ ɠɟ, ɩɟɪɟɞɚɜɚɹ 
ɞɚɧɧɵɟ ɨ ɫɜɨɟɣ ɩɨɞɫɢɫɬɟɦɟ ɜ ɜɢɞɟ ɬɚɤɢɯ ɦɚɬɪɢɰ, ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɧɟ ɪɚɡɝɥɚɲɚɟɬ 
ɧɢɤɚɤɨɣ ɥɢɲɧɟɣ ɢɧɮɨɪɦɚɰɢɢ, ɫɨɯɪɚɧɹɹ ɢ ɤɨɦɦɟɪɱɟɫɤɭɸ ɬɚɣɧɭ. 
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4.3. Ɇɨɞɟɥɢɪɨɜɚɧɢɟɦ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɝɪɭɧɬɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ ɢ ɫɜɚɣɧɨɝɨ ɩɨɥɹ. 
 

ɇɚ ɨɞɧɨɦ ɢɡ ɩɟɪɜɵɯ ɷɬɚɩɨɜ ɩɪɢɯɨɞɢɬɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɟɳё ɨɞɧɨɣ ɜɚɠɧɨɣ 
ɨɫɨɛɟɧɧɨɫɬɶɸ – ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɝɪɭɧɬɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ ɢ ɫɜɚɣɧɨɝɨ ɩɨɥɹ, 
ɫɨɞɟɪɠɚɳɟɝɨ ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɫɜɚɣ; ɋɜɚɢ ɩɪɢɦɟɧɟɧɵ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɮɭɧɞɚɦɟɧɬɨɜ 
ɫɬɚɞɢɨɧɨɜ ɜ ɇɢɠɧɟɦ ɇɨɜɝɨɪɨɞɟ (9945ɲɬ) [10, 19], Ɋɨɫɬɨɜɟ-ɧɚ-Ⱦɨɧɭ (11091ɲɬ) [12], 

ȿɤɚɬɟɪɢɧɛɭɪɝ (318ɲɬ) Д15, 20], ɚ ɬɚɤɠɟ ɜ ɮɭɧɞɚɦɟɧɬɚɯ ɩɟɲɟɯɨɞɧɨɣ ɷɫɬɚɤɚɞɵ ɫɬɚɞɢɨɧɚ ɜ 
ȼɨɥɝɨɝɪɚɞɟ [11, 21]. ɉɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɬɵɫɹɱ ɫɜɚɣ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ 
ɦɚɤɪɨɫɨɜ – ɧɚɩɢɫɚɧɧɵɯ ɧɚ ɜɫɬɪɨɟɧɧɨɦ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɫɤɪɢɩɬɨɜ ɢɥɢ ɩɨɞɩɪɨɝɪɚɦɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ, ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɨ ɢ ɜ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ 
ɡɚɞɚɜɚɬɶ ɠɟɫɬɤɨɫɬɢ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɬɚɤɨɝɨ ɦɚɫɫɢɜɚ ɫɜɚɣ. 

Ɂɧɚɱɟɧɢɹ ɠёɫɬɤɨɫɬɟɣ ɫɜɚɣ ɜ ɩɪɨɞɨɥɶɧɨɦ (ɜɟɪɬɢɤɚɥɶɧɨɦ) ɢ ɩɨɩɟɪɟɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɧɢɦɚɥɢɫɶ ɩɨ ɞɚɧɧɵɦ ɇɂɂɈɋɉ, ɩɨɫɥɟ ɧɟɫɤɨɥɶɤɢɯ ɢɬɟɪɚɰɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ: ɡɚɞɚɧɢɹ ɠɟɫɬɤɨɫɬɢ ɫɜɚɣ ɧɚ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ – ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɢɥɢɣ ɜ 
ɫɜɚɹɯ – ɩɟɪɟɞɚɱɚ ɢɯ ɜ ɇɂɂɈɋɉ, ɩɟɪɟɫɱɟɬ ɠɟɫɬɤɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ – ɩɪɢɥɨɠɟɧɢɟ ɢɯ ɤ 
ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ. 

Ⱦɥɹ ɡɚɞɚɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɫɜɚɣ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɭɡɥɚɦ 
ɮɭɧɞɚɦɟɧɬɚ ɩɪɢɫɨɟɞɢɧɹɥɢɫɶ «ɩɪɭɠɢɧɤɢ», ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɬɢɩɚ COMBIN14 (ɉɄ ANSYS) 

(ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɟɣ X, Y ɢ Z) ɫ ɡɚɞɚɧɧɵɦɢ ɠɟɫɬɤɨɫɬɹɦɢ.  
ȼ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɛɨɬɚɯ ɛɵɥɢ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɫɜɚɣɧɵɟ ɩɨɥɹ, ɫɨɞɟɪɠɚɳɢɟ ɩɨɪɹɞɤɚ 

10000 ɫɜɚɣ, ɞɥɹ ɱɟɝɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɥɢɫɶ ɦɚɤɪɨɫɵ, ɧɚɩɢɫɚɧɧɵɟ ɧɚ ɹɡɵɤɟ APDL – 

ɜɫɬɪɨɟɧɧɨɦ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ANSYS Mechanical. 

 

 
Ɋɢɫ.4.3.1. Ɉɛɳɢɣ ɜɢɞ ɫɜɚɣɧɨɝɨ ɩɨɥɹ ɫɬɚɞɢɨɧɚ (11 091 ɫɜɚɣ). ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ. 

Ɏɪɚɝɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɨɣ Ʉɗ-ɦɨɞɟɥɢ ɜ ɉɄ ANSYS Mechanical. 
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Ɋɢɫ.4.3.2. Ɉɛɳɢɣ ɜɢɞ ɫɜɚɣɧɨɝɨ ɩɨɥɹ ɫɬɚɞɢɨɧɚ (9 945 ɫɜɚɣ). ɋɬɚɞɢɨɧ ɜ ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ. 

Ɏɪɚɝɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɨɣ Ʉɗ-ɦɨɞɟɥɢ ɜ ɉɄ ANSYS Mechanical. 

 

 
Ɋɢɫ.4.3.3. Ɏɪɚɝɦɟɧɬ ɩɥɢɬɧɨɝɨ ɪɨɫɬɜɟɪɤɚ ɫɨ ɫɜɚɹɦɢ. Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ ɝ. ɇɢɠɧɢɣ 

ɇɨɜɝɨɪɨɞ. (ɉɄ ANSYS Mechanical).  
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Ɋɢɫ.4.3.4. Ɉɛɳɢɣ ɜɢɞ ɫɜɚɣɧɨɝɨ ɩɨɥɹ ɫɬɚɞɢɨɧɚ (318 ɫɜɚɣ) ɢ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɫɬɟɥɢ (ɤɇ/ɦ3
),  ɫɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. 

Ɏɪɚɝɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɨɣ Ʉɗ-ɦɨɞɟɥɢ ɜ ɉɄ ANSYS Mechanical. 

 

 
Ɋɢɫ.4.3.5. Ʉɗ-ɦɨɞɟɥɶ ɫɬɚɞɢɨɧɚ ɜ ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ. ɇɚ ɩɟɪɟɞɧɟɦ ɩɥɚɧɵ ɜɢɞɟɧ ɮɪɚɝɦɟɧɬ 

ɫɜɚɣɧɨɝɨ ɩɨɥɹ. (ɉɄ ANSYS Mechanical). 
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4.4 Ɇɧɨɝɨɢɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɞɨɩɨɥɧɟɧɢɹ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɱɟɫɤɢɯ 
ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ, ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɤɪɢɬɟɪɢɹɦ ɡɵɛɤɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɢ «ɝɪɟɛɟɧɤɢ» ɬɪɢɛɭɧ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɫɨɝɥɚɫɨɜɚɧɧɵɦɢ ɞɜɢɠɟɧɢɹɦɢ ɛɨɥɶɲɨɝɨ 
ɱɢɫɥɚ ɥɸɞɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɬɪɢɛɭɧɚɯ ɫɩɨɪɬɢɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɜɵɡɵɜɚɸɬ ɤɨɥɟɛɚɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɝɭɬ ɫɧɢɠɚɬɶ ɤɨɦɮɨɪɬɧɨɫɬɶ ɩɪɟɛɵɜɚɧɢɹ ɥɸɞɟɣ ɜ 
ɬɚɤɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 

Ɋɚɫɱɟɬ ɧɚ ɞɢɧɚɦɢɱɟɫɤɭɸ ɤɨɦɮɨɪɬɧɨɫɬɶ (ɢɥɢ ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɧɚ «ɡɵɛɤɨɫɬɶ») 
ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧ ɫ ɦɧɨɝɨɢɬɟɪɚɰɢɨɧɧɵɦ ɩɪɨɰɟɫɫɨɦ ɞɨɩɨɥɧɟɧɢɹ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ 
ɩɨɥɨɠɟɧɢɹ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɱɟɫɤɢɯ ɢ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɤɪɢɬɟɪɢɹɦ ɞɢɧɚɦɢɱɟɫɤɨɣ ɤɨɦɮɨɪɬɧɨɫɬɢ (ɢɧɵɦɢ 
ɫɥɨɜɚɦɢ ɡɵɛɤɨɫɬɢ) ɤɨɧɫɬɪɭɤɰɢɢ «ɝɪɟɛɟɧɤɢ» ɬɪɢɛɭɧ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɣ ɬɪɢɛɭɧ ɫɩɨɪɬɢɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɤɥɸɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɪɟɡɨɧɚɧɫɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ, ɨɬ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɥɸɞɟɣ. 
Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɞɟɥɶɧɵɟ ɩɪɨɝɢɛɵ ɤɨɧɫɬɪɭɤɰɢɣ ɬɪɢɛɭɧ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɢɫɯɨɞɹ ɢɡ 
ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ («ɡɵɛɤɨɫɬɢ») ɩɨ ɩ.10.10 ɋɇɢɉ 2.01.07-85*. 

Ʉɪɨɦɟ ɬɨɝɨ, ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɨɧɫɬɪɭɤɰɢɣ ɬɪɢɛɭɧ ɞɨɥɠɧɵ ɛɵɬɶ ɜ 
ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɛɨɥɶɲɟ 5 Ƚɰ, ɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ – ɛɨɥɶɲɟ 3 Ƚɰ 
(ɞɚɧɧɵɟ ɤɪɢɬɟɪɢɢ ɦɨɝɭɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɬɶɫɹ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɋɌɍ). ɉɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɦɚɫɫɚ ɬɪɢɛɭɧ, ɛɟɡ ɭɱɟɬɚ ɩɨɥɟɡɧɨɣ 
ɧɚɝɪɭɡɤɢ. Ɇɚɫɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɡɞɚɧɢɸ (ɩɟɪɟɤɪɵɬɢɹ, ɩɨɤɪɵɬɢɹ, ɤɨɥɨɧɧɵ ɢ ɬ.ɞ.) ɬɚɤɠɟ ɧɟ 
ɭɱɢɬɵɜɚɸɬɫɹ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɨɜ ɧɚ «ɡɵɛɤɨɫɬɶ» ɬɪɢɛɭɧ ɫɬɚɞɢɨɧɨɜ ɜ ɇɢɠɧɢɦ ɇɨɜɝɨɪɨɞɟ [10, 19] 

ɢ ȼɨɥɝɨɝɪɚɞɟ [11, 21] ɛɵɥɚ ɜɵɹɜɥɟɧɚ ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɠɟɫɬɤɨɫɬɶ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ. 
Ʉɪɢɬɟɪɢɢ ɩɨ ɧɢɡɲɢɦ ɫɨɛɫɬɜɟɧɧɵɦ ɱɚɫɬɨɬɚɦ ɬɪɢɛɭɧ ɧɟ ɛɵɥɢ ɭɞɨɜɥɟɬɜɨɪɟɧɵ, ɱɬɨ ɩɨɬɪɟɛɨɜɚɥɨ 
ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɜ ɩɪɨɟɤɬ. 

1-ɹ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ  
ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 

1-ɹ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ  
ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 

  �ଵ = 3,2214 Ƚɰ �ଶ6 = 5,2836 Ƚɰ 

Ɋɢɫ.4.4.1. ɇɢɡɲɢɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɢ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɹ  ɬɪɢɛɭɧ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȼɨɥɝɨɝɪɚɞ. 

  �ଵ = 3,0111 Ƚɰ �ଶ6 = 5,4856 Ƚɰ 

Ɋɢɫ.4.4.2. ɇɢɡɲɢɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɢ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɹ ɬɪɢɛɭɧ ɫɬɚɞɢɨɧɚ ɜ ɝ. ɇ. ɇɨɜɝɨɪɨɞ. 
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Ɉɛɳɚɹ ɠɟɫɬɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɩɨɜɵɲɚɥɚɫɶ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɞɢɚɮɪɚɝɦ 
ɠɟɫɬɤɨɫɬɢ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɤɨɥɨɧɧɚɦɢ, ɱɬɨ ɩɨɬɪɟɛɨɜɚɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɨɝɥɚɫɨɜɚɧɢɣ ɫ 
ɚɪɯɢɬɟɤɬɨɪɚɦɢ, ɦɧɨɝɨɢɬɟɪɚɰɢɨɧɧɵɯ ɪɚɫɱɟɬɨɜ ɢ ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɩɨɥɨɠɟɧɢɹ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ 
«ɡɵɛɤɨɫɬɢ» ɛɵɥɢ ɭɞɨɜɥɟɬɜɨɪɟɧɵ. 

 

Ⱦɢɚɮɪɚɝɦɵ ɠɟɫɬɤɨɫɬɢ  
ɜ ɫɟɤɬɨɪɟ ɦɟɠɞɭ ɨɫɹɦɢ 124-424 

Ⱦɢɚɮɪɚɝɦɵ ɠɟɫɬɤɨɫɬɢ  
ɜ ɫɟɤɬɨɪɟ ɦɟɠɞɭ ɨɫɹɦɢ 268-228 

 

 

 

 
ɋɢɧɢɦ ɰɜɟɬɨɦ ɩɨɤɚɡɚɧɵ ɞɢɚɮɪɚɝɦɵ ɩɟɪɜɨɝɨ ɷɬɚɠɚ,  

ɝɨɥɭɛɵɦ – ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɷɬɚɠɟɣ. 
Ɋɢɫ.4.4.3. Ɉɛɳɢɣ ɜɢɞ ɜɫɬɪɚɢɜɚɟɦɵɯ ɞɢɚɮɪɚɝɦ ɠɟɫɬɤɨɫɬɢ ɧɚ ɫɬɚɞɢɨɧɟ ɜ ɝ. ȼɨɥɝɨɝɪɚɞ. 

Ɏɪɚɝɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɨɣ Ʉɗ-ɦɨɞɟɥɢ ɜ ɉɄ ANSYS Mechanical. 

 

Ⱦɢɚɮɪɚɝɦɵ ɠɟɫɬɤɨɫɬɢ  
ɜ ɫɟɤɬɨɪɟ ɦɟɠɞɭ ɨɫɹɦɢ 124-424 

Ⱦɢɚɮɪɚɝɦɵ ɠɟɫɬɤɨɫɬɢ  
ɜ ɫɟɤɬɨɪɟ ɦɟɠɞɭ ɨɫɹɦɢ 268-228 

 

 

 

 
ɋɢɧɢɦ ɰɜɟɬɨɦ ɩɨɤɚɡɚɧɵ ɞɢɚɮɪɚɝɦɵ ɩɟɪɜɨɝɨ ɷɬɚɠɚ, 

ɤɪɚɫɧɵɦ – ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɷɬɚɠɟɣ. 
Ɋɢɫ.4.4.4. Ɉɛɳɢɣ ɜɢɞ ɜɫɬɪɚɢɜɚɟɦɵɯ ɞɢɚɮɪɚɝɦ ɠɟɫɬɤɨɫɬɢ ɧɚ ɫɬɚɞɢɨɧɟ ɜ ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ. 

Ɏɪɚɝɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɨɣ Ʉɗ-ɦɨɞɟɥɢ ɜ ɉɄ ANSYS Mechanical. 
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4.5 Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɟɯɦɟɪɧɨɝɨ ɇȾɋ ɢ ɩɪɨɱɧɨɫɬɢ  ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɭɡɥɨɜ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɫ ɭɱɟɬɨɦ ɷɮɮɟɤɬɨɜ ɮɢɡɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ. 

 

Ⱦɥɹ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɭɡɥɨɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɣ 
ɫɬɚɞɢɨɧɨɜ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɢ ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSВS ɩɨɞɪɨɛɧɵɟ 
Ʉɗ-ɦɨɞɟɥɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɨɛɴɟɦɧɵɯ (ɫɦ. ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɚɪɚɝɪɚɮ ɧɚɫɬɨɹɳɟɣ ɝɥɚɜɵ) ɢ/ɢɥɢ 
ɨɛɨɥɨɱɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɰɟɧɬɪɚɥɶɧɵɯ ɡɨɧɚɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɭɡɥɨɜ Ʉɗ-ɫɟɬɤɚ ɫɝɭɳɚɥɚɫɶ. ȼ 
ɡɨɧɚɯ ɫɬɵɤɨɜɤɢ ɨɛɴɟɦɧɵɯ/ɨɛɨɥɨɱɟɱɧɵɯ ɢ ɛɚɥɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɡɚɞɚɜɚɥɢɫɶ ɫɩɟɰɢɚɥɶɧɵɟ 
ɭɫɥɨɜɢɹ, ɞɥɹ ɫɨɡɞɚɧɢɹ ɠɟɫɬɤɢɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɭɡɥɚɦɢ. Ɂɨɧɵ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɩɪɢɧɢɦɚɥɢɫɶ ɛɟɡ ɭɱɟɬɚ ɤɨɧɬɚɤɬɚ ɢ ɫɞɜɢɝɚ, ɛɨɥɬɵ ɹɜɧɨ ɧɟ ɦɨɞɟɥɢɪɨɜɚɥɢɫɶ.  

ɉɨɞɪɨɛɧɵɟ ɦɨɞɟɥɢ ɭɡɥɨɜ ɜɫɬɪɚɢɜɚɥɚɫɶ ɜ ɨɛɳɢɟ ɦɨɞɟɥɢ ɩɨɤɪɵɬɢɹ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ 
ɦɨɞɟɥɢ ɜɟɪɢɮɢɰɢɪɨɜɚɥɚɫɶ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɞɨ ɢ ɩɨɫɥɟ 
ɜɤɥɸɱɟɧɢɹ ɭɡɥɚ ɜ ɨɛɳɭɸ ɦɨɞɟɥɶ ɨɬ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ. 

 

 
Ɋɢɫ.4.5.1. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ Ʉɗ-ɦɨɞɟɥɶ ɩɨɤɪɵɬɢɹ ɧɟɫɭɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɬɪɟɯɦɟɪɧɵɦ ɭɡɥɨɦ. 

(ɉɄ ANSYS Mechanical). 

 

Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ ɜ ɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɣ ɨɛɫɬɚɧɨɜɤɟ. ȼ ɫɥɭɱɚɟ 
ɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɬɢɦɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɜɨɞɢɥɚɫɶ ɜɬɨɪɚɹ ɢɬɟɪɚɰɢɹ ɪɚɫɱɟɬɚ ɫ ɭɱɟɬɨɦ 
ɮɢɡɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ. 

Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɫ ɭɱɟɬɨɦ ɮɢɡɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ (ɜɨɡɦɨɠɧɨɝɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɢɛɨɥɟɟ ɧɚɩɪɹɠɟɧɧɵɯ ɡɨɧ) ɡɚɜɨɞɢɥɢɫɶ ɞɢɚɝɪɚɦɦɵ ɉɪɚɧɞɬɥɹ ɫ 375=

T
σ

Ɇɉɚ ɢ 390=
T

σ Ɇɉɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɡɥɚ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɦɨɞɟɥɢ («ɨɩɰɢɢ») KINH – 

MЮХЭТХТЧОКr KТЧОЦКЭТМ HКrНОЧТЧР. Ɇɭɥɶɬɢɥɢɧɟɣɧɨɟ ɤɢɧɟɦɚɬɢɱɟɫɤɨɟ ɭɩɪɨɱɧɟɧɢɟ (MЮХЭТХТЧОКr 
KТЧОЦКЭТМ HКrНОЧТЧР, KINH ɢ MKIN) ɢɫɩɨɥɶɡɭɟɬ ɦɨɞɟɥɶ Ȼɟɫɫɟɥɢɧɝɚ (BОЬЬОХТЧР), ɬɚɤɠɟ 
ɧɚɡɵɜɚɟɦɭɸ ɩɨɞɭɪɨɜɧɟɜɨɣ ɢɥɢ ɧɚɤɥɚɞɵɜɚɸɳɟɣɫɹ, ɜ ɤɨɬɨɪɨɣ ɭɱɢɬɵɜɚɟɬɫɹ ɷɮɮɟɤɬ 
Ȼɚɭɲɢɧɝɟɪɚ. 
 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɭɱɟɬɨɦ ɮɢɡɢɱɟɫɤɨɣ 
ɧɟɥɢɧɟɣɧɨɫɬɢ ɛɵɥɚ ɨɛɨɫɧɨɜɚɧɚ ɩɪɨɱɧɨɫɬɶ ɭɡɥɨɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ ɢ 
ɮɚɫɚɞɨɜ ɮɭɬɛɨɥɶɧɵɯ ɫɬɚɞɢɨɧɨɜ. 
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Ɋɢɫ.4.5.2. ȼɢɞ ɨɛɨɥɨɱɟɱɧɨɣ Ʉɗ-ɦɨɞɟɥɢ ɭɡɥɚ ɜ ɫɨɫɬɚɜɟ ɨɛɳɟɣ ɦɨɞɟɥɢ 

ɍɡɥɨɜ – 189 569, ɨɛɨɥɨɱɟɱɧɵɯ Ʉɗ – 637 199. (ɉɄ ANSYS Mechanical) 

 
 

 
Ɋɢɫ.4.5.3. ɋɬɵɤɨɜɤɚ ɨɛɨɥɨɱɟɱɧɨɣ Ʉɗ-ɦɨɞɟɥɢ ɭɡɥɚ ɫɨ ɫɬɟɪɠɧɟɜɨɣ Ʉɗ-ɦɨɞɟɥɶɸ (3D-

ɜɢɡɭɚɥɢɡɚɰɢɹ). ɀёɫɬɤɢɟ ɜɫɬɚɜɤɢ ɩɨɤɚɡɚɧɵ ɹɪɤɨ-ɪɨɡɨɜɵɦ. (ɉɄ ANSYS Mechanical) 
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Ɋɢɫ.4.5.4. ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɩɨ Ɇɢɡɟɫɭ) ɜ ɭɡɥɟ (ɧɚ ɫɪɟɞɢɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ), ɤɉɚ. 

(ɉɄ ANSYS Mechanical) 

 

 

 

 

 

 

 

 

 

 

 

 

 
Ɋɢɫ.4.5.5. ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɩɨ Ɇɢɡɟɫɭ) ɜ ɭɡɥɟ (3D-ɜɢɡɭɚɥɢɡɚɰɢɹ), ɤɉɚ. 

422
max

=σ Ɇɉɚ. (ɉɄ ANSYS Mechanical) 
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4.6 Ɋɚɫɱɟɬ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɣ ɫ ɭɱɟɬɨɦ 
ɮɢɡɢɱɟɫɤɨɣ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɟɣ ɢ ɧɚɱɚɥɶɧɵɯ ɧɟɫɨɜɟɪɲɟɧɫɬɜ. 

 

Ɋɚɫɱɟɬɵ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɮɢɡɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɚɯ 

ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɣ ɫɬɚɞɢɨɧɨɜ. ȼ ɤɚɠɞɨɦ ɫɥɭɱɚɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ 
ɧɟɫɤɨɥɶɤɨ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ (ɢɡ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɨɪɹɞɤɚ ɫɨɬɧɢ 
ɫɨɱɟɬɚɧɢɣ), ɞɥɹ ɤɨɬɨɪɵɯ ɢ ɩɪɨɜɨɞɢɥɫɹ ɪɚɫɱɟɬ. Ⱦɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɡɚɞɚɜɚɥɢɫɶ ɧɚ 
ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɨɜ ɬɟɤɭɱɟɫɬɢ ɢ ɜɪɟɦɟɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɮɨɪɦɵ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɥɟɦɟɧɬɨɜ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɣ ɩɪɢ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɡɚɩɚɫɚ ɛɨɥɶɲɟ 1. 

ȼɵɩɨɥɧɟɧɧɵɦɢ ɪɚɫɱɟɬɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ 
ɩɪɢɧɹɬɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɚ (ɝɟɨɦɟɬɪɢɹ, ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ, ɜɟɥɢɱɢɧɵ ɢ 
ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ) ɫɨɫɬɨɹɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɣ 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɨɪɦɚɬɢɜɧɵɦ ɤɪɢɬɟɪɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ. 

 

ɇɢɠɟ ɤɪɚɬɤɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɚɤɨɝɨ ɪɚɫɱɟɬɚ ɧɚ ɩɪɢɦɟɪɟ ɩɨɤɪɵɬɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ.ɇɢɠɧɢɣ 
ɇɨɜɝɨɪɨɞ [10, 19]. 

ɋɨɫɬɚɜ ɪɚɫɱɟɬɧɵɯ ɤɨɦɛɢɧɚɰɢɣ ɡɚɝɪɭɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ ɧɢɠɟ: 
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3 1.0 1.0 1.0 1.0 1.0    

4 1.0 1.0 1.0 1.0  1.0   

5 1.0 1.0 1.0 1.0   1.0  

6 1.0 1.0 1.0 1.0    1.0 

 

ɉɟɪɜɵɟ ɞɟɫɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨ ɥɢɧɟɣɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɨɛɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ ɧɢɠɟ. 

Ɇɢɧɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɭɱɟɧ ɞɥɹ ɬɪɟɬɶɟɣ ɤɨɦɛɢɧɚɰɢɢ ɧɚɝɪɭɡɨɤ ɢ ɫɨɫɬɚɜɢɥ 1.047 ɢɥɢ 
104.7% ɨɬ ɩɨɥɧɨɣ ɧɚɝɪɭɡɤɢ.  
 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɩɟɪɜɵɦ ɞɟɫɹɬɢ ɮɨɪɦɚɦ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɇɨɦɟɪ ɮɨɪɦɵ 
№ Кɨɦɛɢɧɚɰɢɢ ɡɚɝɪɭɠɟɧɢɣ 

3 4 5 6 

1 1.0470 1.1378 1.0916 1.1034 

2 1.0470 1.1378 1.0924 1.1035 

3 1.0477 1.1494 1.1001 1.1303 

4 1.0477 1.1494 1.1010 1.1538 

5 1.0525 1.1630 1.1055 1.1599 

6 1.0525 1.1630 1.1062 1.1601 

7 1.0532 1.1753 1.1220 1.1611 

8 1.0532 1.1753 1.1230 1.1630 

9 1.0659 1.1778 1.1350 1.1656 

10 1.0659 1.1778 1.1375 1.1669 

 

Ɉɫɧɨɜɧɚɹ ɩɟɪɜɚɹ ɮɨɪɦɚ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɫɦɟɳɟɧɢɹ ɹɱɟɣɤɢ «ɤɨɥɨɧɧɚ—ɮɟɪɦɚ ɧɚɞ 
ɮɨɣɟ — ɛɚɥɤɚ ɧɚɞ ɬɪɢɛɭɧɚɦɢ» ɟɞɢɧɵɦ ɛɥɨɤɨɦ ɧɚ ɦɢɧɢɦɚɥɶɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ 1.047 ɢɥɢ 
104.7% ɨɬ ɩɨɥɧɨɣ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɢ. 
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Ɋɢɫ.4.6.1. 1-ɹ ɮɨɪɦɚ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ (Ʉɨɦɛɢɧɚɰɢɹ ɧɚɝɪɭɡɨɤ 3, Ʉ=1.0469). 

ɋɬɚɞɢɨɧ ɜ ɝ.ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (ɉɄ ANSYS Mechanical). 

 

 
Ɋɢɫ.4.6.2. 5-ɹ ɮɨɪɦɚ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ (Ʉɨɦɛɢɧɚɰɢɹ 3, Ʉ=1.0525). 

ɋɬɚɞɢɨɧ ɜ ɝ.ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (ɉɄ ANSYS Mechanical). 
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ɉɪɢ ɪɚɫɱɟɬɟ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ ɜ ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɫ ɭɱɟɬɨɦ ɮɢɡɢɱɟɫɤɨɣ ɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ ɩɨɬɟɪɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɮɟɪɦ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɡɧɚɱɟɧɢɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨ ɧɚɝɪɭɡɤɟ 1.04 ɞɥɹ ɩɨɥɧɵɯ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ. 
ɇɟɫɨɜɟɪɲɟɧɫɬɜɚ ɭɱɢɬɵɜɚɥɢɫɶ ɜ ɜɢɞɟ ɨɬɤɥɨɧɟɧɢɹ ɷɥɟɦɟɧɬɚ ɩɨ ɫɢɧɭɫɨɢɞɟ ɧɚ ɜɟɥɢɱɢɧɭ: 

L / 750 r / 20∆ = + , ɝɞɟ L — ɩɪɨɥɟɬ ɷɥɟɦɟɧɬɚ, r — ɪɚɞɢɭɫ ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɹ. 

 
Ɋɢɫ.4.6.3. Ƚɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɚɹ ɡɚɞɚɱɚ. Ɏɨɪɦɚ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ,  

ɫɭɦɦɚɪɧɵɣ ɩɨɜɨɪɨɬ ɜ ɪɚɞɢɚɧɚɯ (Ʉɨɦɛɢɧɚɰɢɹ ɧɚɝɪɭɡɨɤ 3, Ʉ=1.067). 
ɋɬɚɞɢɨɧ ɜ ɝ.ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (ɉɄ ANSYS Mechanical). 

 
Ɋɢɫ.4.6.4. ɉɪɨɞɨɥɶɧɚɹ ɫɢɥɚ ɜ ɜɟɪɯɧɟɦ ɩɨɹɫɟ ɮɟɪɦɵ ɩɪɢ ɩɨɬɟɪɟ ɭɫɬɨɣɱɢɜɨɫɬɢ   

(Ʉɨɦɛɢɧɚɰɢɹ ɧɚɝɪɭɡɨɤ 3, ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 1.04), ɤɇ. 
ɋɬɚɞɢɨɧ ɜ ɝ.ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ (ɉɄ ANSYS Mechanical). 
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4.7 Ƚɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɵɯ 

ɜɚɧɬɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ, ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 
ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ ɨɛɪɭɲɟɧɢɟ. 

 

Ⱦɥɹ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɣ ɢ ɮɚɫɚɞɨɜ ɫɬɚɞɢɨɧɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɫɧɨɜɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɇȾɋ ɢ ɞɢɧɚɦɢɤɢ, ɩɪɨɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ ɨɰɟɧɢɜɚɥɚɫɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɧɟɥɢɧɟɣɧɵɯ 
(ɫ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ) ɫɬɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɞɥɹ ɪɹɞɚ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ, 

ɭɫɬɨɣɱɢɜɨɫɬɶ – ɧɚ ɨɫɧɨɜɚɧɢɢ ɧɟɥɢɧɟɣɧɵɯ ɪɚɫɱɟɬɨɜ ɫ ɭɱɟɬɨɦ ɛɨɥɶɲɢɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢ 
ɞɟɮɨɪɦɚɰɢɣ, ɚ ɬɚɤɠɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɢ ɪɚɫɱɟɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ ɨɛɪɭɲɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɜɨɡɦɨɠɧɵɟ ɫɰɟɧɚɪɢɢ ɥɨɤɚɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɭɤɚɡɚɧɧɵɟ ɜ ɋɌɍ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɨɤɪɵɬɢɹ 
ɫɬɚɞɢɨɧɚ ɜ ȼɨɥɝɨɝɪɚɞɟ [11, 21]: 

1. ɨɬɤɚɡ ɨɞɧɨɝɨ ɢɡ ɤɚɧɚɬɨɜ ɜ ɩɚɤɟɬɟ ɞɥя ɧɢɠɧɟɝɨ ɧɟɫɭɳɟɝɨ ɤɨɥɶɰɚ (ННК); 
2. ɨɬɤɚɡ ɨɞɧɨɝɨ ɢɡ ɩɨяɫɨɜ ɪɚɞɢɚɥɶɧɵɯ ɜɚɧɬɨɜɵɯ ɮɟɪɦ; 
3. ɨɬɤɚɡ ɨɞɧɨɝɨ ɢɡ ɤɚɧɚɬɨɜ ɲɩɪɟɧɝɟɥя ɫɬɪɨɩɢɥɶɧɵɯ ɛɚɥɨɤ ɧɚɞ ɮɨɣɟ ɫɬɚɞɢɨɧɚ; 
4. ɨɬɤɚɡ ɨɞɧɨɝɨ ɢɡ ɧɟɫɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɮɚɫɚɞɚ, ɤɪɨɦɟ ɨɩɨɪɧɵɯ. 
ȼ ɩɪɨɰɟɫɫɟ ɜɵɤɥɸɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɫɰɟɧɚɪɢɹɦ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ 

ɜɨɡɪɚɫɬɚɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ, ɫɤɨɪɨɫɬɟɣ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɫɯɟɦɟ. ȼ 
ɞɚɥɶɧɟɣɲɟɦ ɡɚ ɫɱɟɬ ɞɨɫɬɚɬɨɱɧɨɣ ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɢɫɯɨɞɢɬ ɫɬɚɛɢɥɢɡɚɰɢɹ ɫ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɭɫɢɥɢɣ ɢ ɩɚɞɟɧɢɟɦ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɮɢɡɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɯ ɩɨɫɬɚɧɨɜɤɚɯ 
ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɦɟɬɨɞɨɦ ɇɶɸɦɚɪɤɚ ɩɨ 
ɷɬɚɩɚɦ: 

– ɨɬ 0 ɞɨ 7 ɫɟɤɭɧɞ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɫɯɟɦɵ ɩɨ ɤɨɦɛɢɧɚɰɢɢ 
ɧɚɝɪɭɡɨɤ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɫɧɟɝɨɦ (ɫɧɟɝ ɩɨ ɜɚɪ. 1) ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ ɫ ɩɨɜɵɲɟɧɧɵɦ 
ɞɟɦɩɮɢɪɨɜɚɧɢɟɦ; 

– ɨɬ 7 ɞɨ 10 ɫɟɤɭɧɞ ɩɪɨɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɩɨɤɪɵɬɢɹ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɟɦɩɮɢɪɨɜɚɧɢɢ ɞɥɹ 
ɚɧɚɥɢɡɚ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɩɨɫɥɟ ɡɚɝɪɭɠɟɧɢɹ ɧɨɪɦɚɬɢɜɧɨɣ ɧɚɝɪɭɡɤɨɣ; 

– ɨɬ 10 ɞɨ 11 ɫɟɤɭɧɞ ɫɯɟɦɚ ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɞɟɦɩɮɢɪɨɜɚɧɢɟ ɫɧɢɠɚɟɬɫɹ 
ɞɨ 2%; 

– ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 11 ɫɟɤɭɧɞ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɞɚɥɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɪɚɫɱɟɬɨɦ ɫɯɟɦɵ ɜ ɬɟɱɟɧɢɟ 40 ɫɟɤɭɧɞ. 

ɍɞɚɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɫɱɟɬɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɭɬɟɦ ɫɧɢɠɟɧɢɹ ɢɯ ɠɟɫɬɤɨɫɬɢ ɜ 10 000 

ɪɚɡ. Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɥɫɹ ɧɚ ɧɨɪɦɚɬɢɜɧɵɟ ɞɥɢɬɟɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɦɛɢɧɚɰɢɢ 2 (ɫɨɱɟɬɚɧɢɟ 
ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɫɧɟɝɨɦ). Ⱦɟɦɩɮɢɪɨɜɚɧɢɟ ɞɥɹ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢɧɢɦɚɥɨɫɶ ɧɚ ɭɪɨɜɧɟ 
2% ɨɬ ɤɪɢɬɢɱɟɫɤɨɝɨ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ 
ɩɪɢɧɹɬɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɚ (ɝɟɨɦɟɬɪɢɹ, ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ, ɜɟɥɢɱɢɧɵ ɢ 
ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ) ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɭɫɬɨɣɱɢɜɵ ɤ 
ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɦɭ ɨɛɪɭɲɟɧɢɸ. 

 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɯɟɦɵ ɫɰɟɧɚɪɢɟɜ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɢ ɝɪɚɮɢɱɟɫɤɢɟ 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ 2-ɝɨ ɫɰɟɧɚɪɢɹ ɥɨɤɚɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɩɨɤɪɵɬɢɹ ɫɬɚɞɢɨɧɚ ɜ 
ȼɨɥɝɨɝɪɚɞɟ. 

 

– Ʌɨɤɚɥɢɡɚɰɢɹ ɭɞɚɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ; 

– ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɢɠɧɟɦ ɢ ɜɟɪɯɧɟɦ ɩɨɹɫɚɯ ɜɚɧɬɨɜɨɣ ɮɟɪɦɵ ɫ 
ɜɵɤɥɸɱɚɟɦɵɦ ɷɥɟɦɟɧɬɨɦ, ɤɉɚ; 

– ɝɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɹ ɭɡɥɨɜ Ʉɗ-ɫɟɬɤɢ ɜ ɡɨɧɚɯ “ɜɵɲɟɞɲɢɯ ɢɡ ɫɬɪɨɹ” ɷɥɟɦɟɧɬɨɜ 

– ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ (ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɩɟɪɟɦɟɳɟɧɢɣ ɤɨɧɫɬɪɭɤɰɢɢ); 
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Ɋɢɫ.4.7.1. ɋɰɟɧɚɪɢɣ 3. Ɂɨɧɚ ɢɧɢɰɢɢɪɭɸɳɟɝɨ ɥɨɤɚɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ 

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 

 

 
Ɋɢɫ.4.7.2. ɋɰɟɧɚɪɢɣ 4. Ʌɨɤɚɥɢɡɚɰɢɹ ɡɨɧɵ ɢɧɢɰɢɢɪɭɸɳɟɝɨ ɥɨɤɚɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ 

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 
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Ɋɢɫ.4.7.3. ɋɰɟɧɚɪɢɣ 2. Ʌɨɤɚɥɢɡɚɰɢɹ ɭɞɚɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ 

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 

 
Ɋɢɫ.4.7.4. ɋɰɟɧɚɪɢɣ 2. ɉɟɪɟɦɟɳɟɧɢɹ ɩɨ Г ɞɥɹ ɫɬɚɞɢɢ ɤɜɚɡɢɫɬɚɬɢɤɢ, ɦ  (T = 11 ɫɟɤ) 

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 
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Ɋɢɫ.4.7.5. ɋɰɟɧɚɪɢɣ 2. ȼɟɪɬɢɤɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɧɰɚ Ƚ-ɤɨɧɫɨɥɢ 

 ɜ ɡɨɧɟ ɭɞɚɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ, ɦ 

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 

 

 
Ɋɢɫ.4.7.6. ɋɰɟɧɚɪɢɣ 2. Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɧɚ ɤɨɧɰɟ ɤɨɧɫɨɥɢ ɜ Ƚ-ɷɥɟɦɟɧɬɟ, ɤȾɠ 

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 
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Ɋɢɫ.4.7.7. ɋɰɟɧɚɪɢɣ 2. ɂɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɢɠɧɟɦ ɩɨɹɫɟ ɜɚɧɬɨɜɨɣ ɮɟɪɦɵ, 

 ɫɨɫɟɞɧɟɣ ɤ ɜɵɤɥɸɱɚɟɦɨɦɭ ɷɥɟɦɟɧɬɭ, ɤɉɚ 

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 

 
 

Ɋɢɫ.4.7.8. ɋɰɟɧɚɪɢɣ 2. ɂɡɦɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɢɠɧɟɦ ɢ ɜɟɪɯɧɟɦ ɩɨɹɫɚɯ 

ɜɚɧɬɨɜɨɝɨ ɤɨɥɶɰɚ, ɤɉɚ. ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 
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Ɋɢɫ.4.7.9. ɋɰɟɧɚɪɢɣ 2. ɇɚɩɪɹɠɟɧɢɹ ɜ ɜɚɧɬɚɯ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 11,102, ɤɉɚ  

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 

 

 
 

Ɋɢɫ.4.7.10. ɋɰɟɧɚɪɢɣ 2. ȼɟɪɬɢɤɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ UГ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 11,505 ɫɟɤ, ɦ 

ɋɬɚɞɢɨɧ ɜ ɝ.ȼɨɥɝɨɝɪɚɞ (ɉɄ ANSYS Mechanical). 
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4.8. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɬɪɢɛɭɧ – ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» ɧɚ ɫɟɣɫɦɢɱɟɫɤɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɬɪɢɛɭɧ – ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ» ɧɚ ɫɟɣɫɦɢɱɟɫɤɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɭɪɨɜɧɹ 7 ɛɚɥɥɨɜ, ɡɚɞɚɧɧɨɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɚɤɫɟɥɟɪɝɨɪɚɦɦɨɣ, ɩɪɨɜɨɞɢɥcɹ ɞɥɹ 
ɫɬɚɞɢɨɧɚ ɜ ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ [12].  

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢɧɹɬ ɪɚɜɧɵɦ ɧɚɱɚɥɶɧɨɦɭ.  
Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɥɫɹ ɛɟɡ ɭɱɟɬɚ ɮɢɡɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ 

ɩɪɹɦɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɇɶɸɦɚɪɤɚ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ ɜɨ ɜɪɟɦɟɧɢ. ɒɚɝ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
0.01 ɫ. Ⱦɟɦɩɮɢɪɨɜɚɧɢɟ ɩɪɢɧɹɬɨ 5% ɨɬ ɤɪɢɬɢɱɟɫɤɨɝɨ. 

ɗɤɜɢɜɚɥɟɧɬɧɨɟ ɪɟɥɟɟɜɫɤɨɟ ɞɟɦɩɮɢɪɨɜɚɧɢɟ ɜɵɪɚɠɚɥɨɫɶ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬɵ 

1 2

1 2

4 3.14 damp f f
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f f

× × × ×
α = =

+
 

( )1 2

damp
0.00047

3.14 f f
β = =

× +
,  

ɝɞɟ НКЦЩ – ɜɟɥɢɱɢɧɚ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 0.05 (5%), П1 ɢ П2 – ɧɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɱɚɫɬɨɬɚ 
ɞɟɦɩɮɢɪɭɟɦɨɝɨ ɞɢɚɩɚɡɨɧɚ (0.8 Ƚɰ ɢ 33 Ƚɰ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

Ɍɚɛɥɢɰɚ 4.8.1  

Ʉɨɦɛɢɧɚɰɢɢ ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ ɫɟɣɫɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɨ ɚɤɫɟɥɟɪɨɝɪɚɦɦɟ 

№ Ɂɚɝɪɭɠɟɧɢɟ 
Ʉɨɦɛɢɧɚɰɢɢ 

1 2 4 6 

1 ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ 0.9 0.9 0.9 0.9 

2 ɉɨɫɬɨɹɧɧɚɹ 0.9 0.9 0.9 0.9 

3 Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 0.8 0.8 0.8 0.8 

4 ɋɧɟɝɨɜɚɹ 1 
 

0.5 
  

5 ɋɧɟɝɨɜɚɹ 2 
    

6 ɋɧɟɝɨɜɚɹ 3 
  

0.5 
 

7 ɋɧɟɝɨɜɚɹ 4 
    

8 ɋɧɟɝɨɜɚɹ 5 
   

0.5 

9 ɋɧɟɝɨɜɚɹ 6 
    

10 ɋɧɟɝɨɜɚɹ 7 
    

11 Ƚɨɥɨɥɟɞɧɚɹ 
 

0.5 0.5 0.5 

22 ɋɟɣɫɦɢɱɟɫɤɨɟ 1.0 1.0 1.0 1.0 

 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɦɚɫɫ ɞɥɹ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ: 
– ɩɨɫɬɨɹɧɧɵɟ ɧɚɝɪɭɡɤɢ – 0.9; 

– ɜɪɟɦɟɧɧɵɟ ɞɥɢɬɟɥɶɧɵɟ – 0.8; 

– ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ – 0.5. 

ȼ ɤɨɦɛɢɧɚɰɢɢ ɧɟ ɜɤɥɸɱɚɸɬɫɹ ɜɟɬɪɨɜɵɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɝɪɭɠɟɧɢɹ. 
 

ɇɚɝɪɭɠɟɧɢɟ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɩɟɪɜɵɯ 7 
ɫɟɤɭɧɞ ɫɱɟɬɚ, ɧɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɩɨɞɤɥɸɱɚɥɚɫɶ 3-ɯ ɤɨɦɩɨɧɟɧɬɧɚɹ ɚɤɫɟɥɟɪɨɝɪɚɦɦɚ. 
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Ɋɢɫ.4.8.1. ɋɨɫɬɚɜɥɹɸɳɚɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ ɩɨ ɏ  

(ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ – ɜɪɟɦɹ, ɫ, ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɭɫɤɨɪɟɧɢɟ, ɫɦ/ɫ2
) 

ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ 

 

 
Ɋɢɫ.4.8.2. ɋɨɫɬɚɜɥɹɸɳɚɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ ɩɨ ɍ  

(ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ – ɜɪɟɦɹ, ɫ, ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɭɫɤɨɪɟɧɢɟ, ɫɦ/ɫ2
)  

ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ 

 

 
Ɋɢɫ.4.8.3. ɋɨɫɬɚɜɥɹɸɳɚɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ ɩɨ Г  

(ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ – ɜɪɟɦɹ, ɫ, ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɭɫɤɨɪɟɧɢɟ, ɫɦ/ɫ2
) .  

ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ 
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ɋ ɭɱɟɬɨɦ ɪɚɫɱɟɬɨɜ ɧɚ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɜɨɩɪɨɫɨɜ ɚɧɚɥɢɡɚ ɢ ɩɪɨɜɟɪɤɢ 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɜɤɥɚɞɚ ɨɬ ɫɟɣɫɦɢɱɟɫɤɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ. 

Ⱦɥɹ ɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɜ ɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɜɜɨɞɢɬɫɹ ɩɨɧɢɠɚɸɳɢɣ 
ɦɧɨɠɢɬɟɥɶ Ʉ1 = 0.25 ɫ ɰɟɥɶɸ ɭɱɟɬɚ ɧɟɥɢɧɟɣɧɨɣ ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ. ɋ ɭɱɟɬɨɦ 
ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɩɪɨɰɟɞɭɪɭ ɜɵɱɢɬɚɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɡ 
ɞɢɧɚɦɢɱɟɫɤɨɣ. 

Ɂɚ ɫɬɚɬɢɱɟɫɤɢɟ ɭɫɢɥɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɭɫɢɥɢɹ ɧɚ ɦɨɦɟɧɬ ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɞɭɪɵ 
ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɝɨ ɡɚɝɪɭɠɟɧɢɣ ɤɨɧɫɬɪɭɤɰɢɢ (ɭɫɥɨɜɧɨ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜ ɦɨɞɟɥɢ 7 ɫɟɤɭɧɞ). 
ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɞɥɹ ɡɨɧɵ ɧɚɢɛɨɥɶɲɟɝɨ ɜɤɥɚɞɚ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ ɜ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɭɫɢɥɢɹ 
(ɭɫɥɨɜɧɨ ɨɬ 7 ɞɨ 15 ɫɟɤɭɧɞ) ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɱɥɟɧɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɤɨɬɨɪɚɹ 
ɩɟɪɟɦɧɨɠɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ Ʉ1 = 0.25. Ɏɢɧɚɥɶɧɨɟ ɭɫɢɥɢɟ ɩɨɥɭɱɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 
ɮɨɪɦɭɥɟ: 

 

( )( )sta sei sta nF F K1 F F= + × − × γ   

ȼɵɩɨɥɧɟɧɧɵɦɢ ɪɚɫɱɟɬɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ 
ɩɪɢɧɹɬɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɚ (ɝɟɨɦɟɬɪɢɹ, ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ, ɜɟɥɢɱɢɧɵ ɢ 
ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ): ɫɨɫɬɨɹɧɢɟ ɧɟɫɭɳɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɩɨɤɪɵɬɢɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɨɪɦɚɬɢɜɧɵɦ ɤɪɢɬɟɪɢɹɦ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ, 
ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ) ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɨɫɨɛɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ; 

 
Ɋɢɫ.4.8.4. Ɉɛɳɢɣ ɜɢɞ Ʉɗ-ɦɨɞɟɥɢ ɫɬɚɞɢɨɧɚ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ ɫ ɡɚɳɟɦɥɟɧɧɵɦ ɮɭɧɞɚɦɟɧɬɨɦ. 

ɍɛɪɚɧ ɪɹɞ ɀȻ-ɛɥɨɤɨɜ, ɤɨɬɨɪɵɟ ɧɟ ɫɜɹɡɚɧɵ ɫ ɩɨɤɪɵɬɢɟɦ ɞɥɹ ɫɤɨɪɨɫɬɢ ɫɱɟɬɚ. 

(ɉɄ ANSYS Mechanical). 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɪɟɞɟɥɟɧɵ ɦɚɤɫɢɦɚɥɶɧɵɟ 
ɚɦɩɥɢɬɭɞɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɭɡɥɨɜ ɩɨɤɪɵɬɢɹ ɫ ɭɱɟɬɨɦ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ɉɫɧɨɜɧɵɟ 
ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ ɧɢɠɟ (ɚɦɩɥɢɬɭɞɚ, ɭɡɟɥ ɢ ɜɪɟɦɹ ɫɨɛɵɬɢɹ). 

 

Ɍɚɛɥɢɰɚ 4.8.2 

Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨ ɋȼ-ɩɨɤɪɵɬɢɸ 

Ʉɨɦɛɢɧɚɰɢɹ ɉɚɪɚɦɟɬɪ 
ɋȼ-ɩɨɤɪɵɬɢɟ 

UXMIN UXMAX UYMIN UYMAX UZMIN UZMAX 

1 

ɍɡɟɥ 393726 392096 395050 395150 392861 394542 

ɉɟɪɟɦɟɳɟɧɢɟ, 
ɦ 

-0.065 0.099 -0.102 0.064 -0.338 0.113 

ȼɪɟɦɹ, ɫ 11.96 9.72 9.88 10.12 9.32 9.72 

2 

ɍɡɟɥ 394195 395055 392045 393996 392861 394535 

ɉɟɪɟɦɟɳɟɧɢɟ, 
ɦ 

-0.128 0.120 -0.120 0.117 -0.426 0.132 

ȼɪɟɦɹ, ɫ 11.72 10.92 9.48 11.4 11.24 9.48 

4 

ɍɡɟɥ 393726 395055 392045 393996 392861 394772 

ɉɟɪɟɦɟɳɟɧɢɟ, 
ɦ 

-0.107 0.117 -0.163 0.109 -0.565 0.174 

ȼɪɟɦɹ, ɫ 9.88 10.92 9.56 11.4 11.32 9.56 

6 

ɍɡɟɥ 393726 395049 392045 394124 392861 394772 

ɉɟɪɟɦɟɳɟɧɢɟ, 
ɦ 

-0.120 0.128 -0.163 0.155 -0.570 0.177 

ȼɪɟɦɹ, ɫ 9.88 10.92 9.56 11.96 12.44 9.56 

 

Ɍɚɛɥɢɰɚ 4.8.3 

Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨ ɘɁ-ɩɨɤɪɵɬɢɸ 

Ʉɨɦɛɢɧɚɰɢɹ ɉɚɪɚɦɟɬɪ 
ɘɁ-ɩɨɤɪɵɬɢɟ 

UXMIN UXMAX UYMIN UYMAX UZMIN UZMAX 

1 

ɍɡɟɥ 388761 388761 387168 387168 388296 390207 

ɉɟɪɟɦɟɳɟɧɢɟ, 
ɦ 

-0.292 0.282 -0.106 0.108 -0.450 0.113 

ȼɪɟɦɹ, ɫ 11.56 11.4 13.16 13 12.52 12.36 

2 

ɍɡɟɥ 388761 388761 388959 388326 388296 390211 

ɉɟɪɟɦɟɳɟɧɢɟ, 
ɦ 

-0.284 0.317 -0.149 0.156 -0.510 0.083 

ȼɪɟɦɹ, ɫ 10.52 10.68 9.64 10.12 10.76 9.64 

4 

ɍɡɟɥ 388761 388761 388296 388957 388296 390211 

ɉɟɪɟɦɟɳɟɧɢɟ, 
ɦ 

-0.30 0.32 -0.13 0.13 -0.52 0.08 

ȼɪɟɦɹ, ɫ 10.52 10.68 11.64 9.48 10.76 9.64 

6 

ɍɡɟɥ 388761 388761 388296 389643 388296 390211 

ɉɟɪɟɦɟɳɟɧɢɟ, 
ɦ 

-0.292 0.322 -0.125 0.121 -0.507 0.080 

ȼɪɟɦɹ, ɫ 10.52 10.68 11.64 11.08 10.76 9.64 
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Ɋɢɫ.4.8.5. ɋȼ-ɩɨɤɪɵɬɢɟ. Ʉɨɦɛɢɧɚɰɢɹ 1. 

ɉɟɪɟɦɟɳɟɧɢɟ ɭɡɥɚ (ɭɝɨɥ 1) ɤɨɧɫɨɥɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ Б, В, Г (ɦ, ɫɟɤ.) 
ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ. (ɉɄ ANSYS Mechanical). 

 
Ɋɢɫ.4.8.6. ɋȼ-ɩɨɤɪɵɬɢɟ. Ʉɨɦɛɢɧɚɰɢɹ 1. 

ɉɟɪɟɦɟɳɟɧɢɟ ɭɡɥɚ (ɭɝɨɥ 3) ɤɨɧɫɨɥɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ Б, В, Г (ɦ, ɫɟɤ.) 
ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ. (ɉɄ ANSYS Mechanical). 
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ɋ ɭɱɟɬɨɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɫɬɚɜɥɟɧɵ ɬɚɛɥɢɰɵ ɭɫɤɨɪɟɧɢɣ ɜ ɨɩɨɪɧɵɯ ɭɡɥɚɯ 
ɫɬɚɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɬɪɢɛɭɧɵ 

 
Ɋɢɫ.4.8.7. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɩɨɪɧɵɯ ɭɡɥɨɜ ɩɨɤɪɵɬɢɹ 

ɧɚ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɪɯɧɢɯ ɬɪɢɛɭɧ 

ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ. 
Ɍɚɛɥɢɰɚ 4.8.4  

Ʉɨɦɛɢɧɚɰɢɹ 1. ɋȼ-ɩɨɤɪɵɬɢɟ. Ⱥɦɩɥɢɬɭɞɧɵɟ ɡɧɚɱɟɧɢɹ ɭɫɤɨɪɟɧɢɣ (ɮɪɚɝɦɟɧɬ ɬɚɛɥɢɰɵ) 
ɍɡɟɥ Ȼɥɨɤ Ʉɨɦɩɨɧɟɧɬɚ Ɇɢɧ., ɦ/ɫ2 Ɇɚɤɫ., ɦ/ɫ2 

1 ɋȼ ACCX -4.994 6.482 

2 ɋȼ ACCX -2.999 4.429 

3 ɋȼ ACCX -2.374 3.382 

4 ɋȼ ACCX -7.294 6.693 

5 ɋȼ ACCX -6.882 6.014 

6 ɋȼ ACCX -7.506 5.803 

7 ɋȼ ACCX -9.165 6.629 

8 ɋȼ ACCX -5.559 5.867 

9 ɋȼ ACCX -3.47 3.825 

10 ɋȼ ACCX -4.477 5.026 

11 ɋȼ ACCX -4.696 5.805 

12 ɋȼ ACCX -3.639 3.353 

13 ɋȼ ACCX -3.703 3.167 

14 ɋȼ ACCX -8.07 9.823 

15 ɋȼ ACCX -8.357 10.11 

16 ɋȼ ACCX -3.828 4.796 

17 ɋȼ ACCX -3.685 4.882 

18 ɋȼ ACCX -10.43 9.836 

19 ɋȼ ACCX -10.39 9.825 

20 ɋȼ ACCX -10.58 10.74 
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Ɋɢɫ.4.8.8. Ƚɪɚɮɢɤ ɭɫɤɨɪɟɧɢɣ ɜ ɨɩɨɪɧɨɣ ɝɪɭɩɩɟ ɭɡɥɨɜ 11-20 ɩɨ ɋȼ-ɩɨɤɪɵɬɢɸ,  

ɤɨɦɛɢɧɚɰɢɹ 1, ɤɪɢɬɟɪɢɣ: ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨ ɦɨɞɭɥɸ ɚɦɩɥɢɬɭɞɚ ɩɨ ɏ, ɦ/ɫ2 

ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ. (ɉɄ ANSYS Mechanical). 

 

 
Ɋɢɫ.4.8.9. Ƚɪɚɮɢɤ ɭɫɤɨɪɟɧɢɣ ɜ ɨɩɨɪɧɨɣ ɝɪɭɩɩɟ ɭɡɥɨɜ 11-20 ɩɨ ɋȼ-ɩɨɤɪɵɬɢɸ,  

ɤɨɦɛɢɧɚɰɢɹ 2, ɤɪɢɬɟɪɢɣ: ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨ ɦɨɞɭɥɸ ɚɦɩɥɢɬɭɞɚ ɩɨ ɍ, ɦ/ɫ2 

ɋɬɚɞɢɨɧ ɜ ɝ.Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ. (ɉɄ ANSYS Mechanical). 
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4.9. Ɉɩɬɢɦɢɡɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɞɨɩɨɥɧɟɧɢɹ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɤɨɧɫɬɪɭɤɰɢɣ 
ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɵɯ (ɜɪɟɦɟɧɧɵɯ) ɬɪɢɛɭɧ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ ɢ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɫɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɤɨɦɮɨɪɬɧɨɫɬɢ 
(ɡɵɛɤɨɫɬɢ) ɬɪɢɛɭɧ. 

Ɋɚɫɱɟɬɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɜɪɟɦɟɧɧɵɯ ɬɪɢɛɭɧ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɭɪɨɜɧɟ ɜɟɪɯɧɟɝɨ ɩɟɪɟɤɪɵɬɢɹ, ɩɪɢ ɫɟɣɫɦɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫ ɭɱɟɬɨɦ 
ɩɨɞɚɬɥɢɜɨɫɬɢ ɧɢɠɟɥɟɠɚɳɢɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ; 

ȼ ɫɨɫɬɚɜɟ ɤɨɧɫɬɪɭɤɰɢɣ ɧɟɤɨɬɨɪɵɯ ɫɬɚɞɢɨɧɨɜ ɜɨɡɜɨɞɢɦɵɯ ɢ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɵɯ ɤ 
ɩɪɨɜɟɞɟɧɢɸ ɱɟɦɩɢɨɧɚɬɚ ɦɢɪɚ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɡɪɢɬɟɥɶɫɤɢɯ ɦɟɫɬ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 
ɭɫɬɪɨɣɫɬɜɨ ɜɪɟɦɟɧɧɵɯ ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɵɯ ɬɪɢɛɭɧ. ȼ ɱɚɫɬɧɨɫɬɢ ɬɚɤɢɟ ɬɪɢɛɭɧɵ ɭɫɬɚɧɨɜɥɟɧɵ 
ɧɚ ɫɬɚɞɢɨɧɟ ɜ ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ [15, 20]. ȼ ȿɤɚɬɟɪɢɧɛɭɪɝɟ ɬɪɢɛɭɧɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɫ ɞɜɭɯ 
ɫɬɨɪɨɧ, ɫɟɜɟɪɧɨɣ ɢ ɸɠɧɨɣ (ɫɟɤɬɨɪɚ ɡɚ ɜɨɪɨɬɚɦɢ) ɡɚ ɩɪɟɞɟɥɚɦɢ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɱɚɲɢ 
ɫɬɚɞɢɨɧɚ ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɞɚɦɟɧɬɚɯ. Ɍɪɢɛɭɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɫɥɨɠɧɭɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɬɟɪɠɧɟɜɭɸ ɫɢɫɬɟɦɭ, ɜɵɫɨɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɫɬɢɝɚɟɬ ɦ.
 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɜɪɟɦɟɧɧɵɯ ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɵɯ ɬɪɢɛɭɧ ɜ ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ 
ɢɦɟɥɨ ɦɧɨɝɨɢɬɟɪɚɰɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ. Ⱦɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ 
ɩɨɬɪɟɛɨɜɚɥɢɫɶ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɜɚɪɢɚɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɜɪɟɦɟɧɧɵɯ ɬɪɢɛɭɧ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ 
ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɭɞɨɜɥɟɬɜɨɪɟɧɵ ɤɚɤ ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɣ ɬɚɤ ɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ «ɡɵɛɤɨɫɬɢ». 

 

 
Ɋɢɫ.4.9.1. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ Ʉɗ-ɦɨɞɟɥɶ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɟɜɟɪɧɨɣ ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɨɣ 

ɬɪɢɛɭɧɵ ɜ ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ. ɉɄ SCAD Office. 

  

http://www.stadyo.ru/
http://www.stadyo.ru/


ɁȺɈ ɇɂɐ ɋɬɚȾɢɈ (www.stadyo.rustadyo@stadyo.ru), 2018 58 

 

 
Ɋɢɫ.4.9.2. ɋɟɜɟɪɧɚɹ ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɚɹ ɬɪɢɛɭɧɚ ɜ ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ. 

ȼɟɪɬɢɤɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ, ɦɦ. (ɉɄ SCAD Office). 

  
ȼɢɞ ɫɛɨɤɭ ȼɢɞ ɫɜɟɪɯɭ 

 
ȼɢɞ ɫɩɟɪɟɞɢ 

Ɋɢɫ.4.9.3. 1-ɹ ɫɨɛɫɬɜɟɧɧɚɹ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ ɫɟɜɟɪɧɨɣ ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɨɣ ɬɪɢɛɭɧɵ, 
ɜɤɥɸɱɚɸɳɚɹ ɤɨɥɟɛɚɧɢɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, �ଷ = 4,826 Гɰ. (ɉɄ SCAD Office). 
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4.10. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɪɚɫɱɟɬɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ 
ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɜ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ/ 
ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ. 

 

Ⱥɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 
ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɚ ɦɟɪ ɩɨ ɩɨɜɵɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɪɚɫɱɟɬɧɵɯ ɨɛɨɫɧɨɜɚɧɢɣ 
ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ɗɬɢ ɦɟɪɵ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɤɚɫɚɸɬɫɹ 
ɨɛɴɟɤɬɨɜ, ɧɟ ɢɦɟɸɳɢɯ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɪɚɧɟɟ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɢ ɩɨɫɬɪɨɟɧɧɵɯ 
ɚɧɚɥɨɝɨɜ, ɬɚɤɢɯ ɤɚɤ ɜɵɫɨɬɧɵɟ ɡɞɚɧɢɹ, ɭɧɢɤɚɥɶɧɵɟ ɬɨɪɝɨɜɵɟ, ɫɩɨɪɬɢɜɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɫ 
ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ, ɡɞɚɧɢɹ ɫɥɨɠɧɨɣ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɮɨɪɦɵ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɪɚɫɱɟɬɧɵɯ ɨɛɨɫɧɨɜɚɧɢɣ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ ɫɨɜɪɟɦɟɧɧɵɯ 
ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɪɨɫɱɟɬɨɜ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɩɪɢɜɨɞɹɳɢɯ ɤ 
ɚɜɚɪɢɣɧɵɦ ɫɢɬɭɚɰɢɹɦ ɜ ɯɨɞɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɫɦ. ɫɬɚɬɶɸ ɨ ɧɚɲɟɦ ɨɩɵɬɟ 
ɷɤɫɩɟɪɬɢɡ), ɪɚɡɪɚɛɨɬɚɧɵ ɬɪɟɛɨɜɚɧɢɹ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɩɪɨɟɤɬɧɵɦ ɨɪɝɚɧɢɡɚɰɢɹɦ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɫɱɟɬɵ ɧɟ ɦɟɧɟɟ ɱɟɦ ɩɨ ɞɜɭɦ ɦɨɞɟɥɹɦ, ɧɟɡɚɜɢɫɢɦɨ 
ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɜ ɞɜɭɯ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ ɉɄ, ɩɪɨɜɨɞɢɬɶ ɫɨɩɨɫɬɚɜɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

Ⱥɜɬɨɪɫɤɢɦ ɤɨɥɥɟɤɬɢɜɨɦ ɜɵɪɚɛɨɬɚɧ «ɫɬɚɧɞɚɪɬ» ɢ ɩɪɨɜɟɞɟɧɨ, ɫɨɝɥɚɫɧɨ ɟɦɭ, 
ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ. ɗɬɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɪɚɫɱɟɬɵ 

ɜɵɩɨɥɧɟɧɵ ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ (ɚ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ – 

ɢ ɞɟɣɫɬɜɭɸɳɢɯ ȽɈɋɌɨɜ) ɜ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ/ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɤɨɦɩɥɟɤɫɚɯ. Ⱦɥɹ ɦɨɞɟɥɟɣ ɩɨɞɫɢɫɬɟɦ «ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ» – ANSYS 

Mechanical, MIDAS Civil, Robot Structural, SOFiSTiK; ɞɥɹ ɦɨɞɟɥɟɣ ɩɨɞɫɢɫɬɟɦɵ «ɨɫɧɨɜɚɧɢɟ – 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɱɚɲɢ» – ANSYS Mechanica, SCAD, Ʌɢɪɚ, SOFiSTiK; 

ɋɨɩɨɫɬɚɜɥɹɥɢɫɶ ɨɫɧɨɜɧɵɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɫɬɪɭɤɰɢɣ, ɬɚɤɢɟ ɤɚɤ ɦɚɫɫɚ 
ɫɨɨɪɭɠɟɧɢɹ, ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɢ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ, ɩɟɪɟɦɟɳɟɧɢɹ ɫɨɨɪɭɠɟɧɢɹ ɰɟɥɢɤɨɦ ɢ 
ɨɬɞɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɭɫɢɥɢɹ ɜ ɨɫɧɨɜɧɵɯ ɬɢɩɚɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɩɪɢɟɦɥɟɦɨɝɨ ɪɚɡɥɢɱɢɹ ɡɧɚɱɟɧɢɣ, ɜ ɬɟɫɧɨɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɨɥɥɟɝɚɦɢ, ɜɵɩɨɥɧɹɸɳɢɦɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɪɚɫɱɟɬ, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ, 

ɤɚɥɢɛɪɨɜɤɢ ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɢ ɭɫɬɪɚɧɟɧɵ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɠɟɫɬɤɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ, ɧɚɝɪɭɡɤɚɯ ɢ ɬ.ɞ. ɉɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɪɚɫɱɟɬɨɜ, 
ɭɞɚɥɨɫɶ ɫɜɟɫɬɢ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɡɧɚɱɟɧɢɹɯ ɫɪɚɜɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɞɨ 5-10%. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɬɚɛɥɢɱɧɵɟ ɢ ɝɪɚɮɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɫɨɩɨɫɬɚɜɢɬɟɥɶɧɵɯ ɨɬɱɟɬɨɜ ɩɨ 
ɪɚɫɱɟɬɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɜ ɝɨɪɨɞɚɯ ȼɨɥɝɨɝɪɚɞ [11, 21] ɢ 
ȿɤɚɬɟɪɢɧɛɭɪɝ [15, 20]. 

 

 

ANSYS Mechanical SCAD Office 

 
 

Ɋɢɫ.4.10.1. Ɋɚɫɱɟɬɧɵɟ Ʉɗ-ɦɨɞɟɥɢ ɱɚɲɢ ɢ ɮɭɧɞɚɦɟɧɬɚ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȼɨɥɝɨɝɪɚɞ. 
ɉɄ ANSYS Mechanical ɢ ɉɄ SCAD Office 
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ANSYS Mechanical SCAD 

 
   

Uz max – 82,3 ɦɦ Uz max –  80,5 ɦɦ 

Ɋɢɫ.4.10.2. ȼɟɪɬɢɤɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ, ɨɫɧɨɜɧɨɟ ɫɨɱɟɬɚɧɢɟ ɧɚɝɪɭɡɨɤ. 

Ʉɗ-ɦɨɞɟɥɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɱɚɲɢ ɢ ɮɭɧɞɚɦɟɧɬɨɜ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȼɨɥɝɨɝɪɚɞ. 
ɉɄ ANSYS Mechanical ɢ ɉɄ SCAD Office 

 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨɝɨɧɧɵɯ ɦɨɦɟɧɬɨɜ ɜ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɟ (ɧɚ ɨɬɦ. -0.000) 

 

Ɍɚɛɥɢɰɚ 4.10.1. 

 ANSYS SCAD ANSYS SCAD 

ɋɟɤɬɨɪ 
(ɞɢɚɩɚɡɨɧ ɨɫɟɣ) 

�௫, ɬ×ɦ/ɦ �௫, ɬ×ɦ/ɦ �௬, ɬ×ɦ/ɦ �௬, ɬ×ɦ/ɦ 

min max min max min max min max 

152-184 -287.5 334.8 -316,6 320,7 -295.6 263.5 -349,0 364,6 

252-284 -419.9 245.9 -423,5 242,6 -386.7 298.9 -358,2 279,9 

204-252 -176.5 167.8 -151,9 180,7 -251.2 318.2 -139,7 217,0 

304-352 -211.5 112.9 -153,4 168,7 -240.6 293.0 -240,1 201,8 

352-384 -239.7 203.7 -243,0 206,0 -276.6 201.5 -230,2 196,2 

452-484 -236.4 214.9 -235,8 195,4 -330.2 275.7 -195,0 260,6 

404-452 -284.3 319.4 -286,4 301,3 -224.3 283.4 -287,6 301,4 

 

 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨɝɨɧɧɵɯ ɦɨɦɟɧɬɨɜ ɜ ɩɥɢɬɟ 1-ɝɨ ɷɬɚɠɚ (ɧɚ ɨɬɦ. 8.250) 
 

Ɍɚɛɥɢɰɚ 4.10.2. 

 ANSYS SCAD ANSYS SCAD 

ɋɟɤɬɨɪ 
(ɞɢɚɩɚɡɨɧ ɨɫɟɣ) 

�௫, ɬ×ɦ/ɦ �௫, ɬ×ɦ/ɦ �௬, ɬ×ɦ/ɦ �௬, ɬ×ɦ/ɦ 

min max min max min max min max 

104-152 -18.9 17.0 -21,4 16,3 -18.7 13.1 -23,2 13,0 

152-184 -24.9 20.3 -24,3 15,1 -16.3 12.6 -22,7 15,7 

252-284 -23.3 14.7 -29,8 14,3 -19.8 14.3 -23,6 18,5 

204-252 -18.1 15.1 -23,3 14,3 -19.4 14.4 -24,8 16,7 

304-352 -20.8 14.7 -28,7 14,0 -20.2 18.2 -25,3 14,2 

352-384 -20.8 13.4 -27,9 15,7 -18.6 13.5 -25,5 13,3 

452-484 -18.8 11.4 -27,8 15,6 -19.3 14.7 -25,9 14,5 

404-452 -20.8 14.0 -29,4 16,4 -19.5 16.7 -24,5 16,8 
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ANSYS Mechanical SOFiSTiK 

 

 

Ɋɢɫ.4.10.3. Ɋɚɫɱɟɬɧɵɟ Ʉɗ-ɦɨɞɟɥɢ ɱɚɲɢ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. 
ɉɄ ANSYS Mechanical ɢ ɉɄ SOFiSTiK. 

 

ANSYS Mechanical SOFiSTiK 

 

 

f10=2.818Ƚɰ f10=2.542Ƚɰ 

Ɋɢɫ.4.10.4. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɱɚɲɢ ɫɬɚɞɢɨɧɚ. 
ɋɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. ɉɄ ANSYS Mechanical ɢ ɉɄ SOFiSTiK. 

 

ANSYS Mechanical SOFiSTiK 

 

 

7,12ɦɦ 7,02ɦɦ 

Ɋɢɫ.4.10.5. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ ɧɚɝɪɭɡɨɤ. Ɏɭɧɞɚɦɟɧɬɧɚɹ ɩɥɢɬɚ. 

ɋɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. ɉɄ ANSYS Mechanical ɢ ɉɄ SOFiSTiK. 
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ANSYS Mechanical MIDAS Civil 

 

 

Ɋɢɫ.4.10.6. Ɋɚɫɱɟɬɧɵɟ Ʉɗ-ɦɨɞɟɥɢ ɩɨɤɪɵɬɢɹ ɫɬɚɞɢɨɧɚ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. ɉɄ ANSYS Mechanical ɢ 
ɉɄ MIDAS Civil. 

 

ANSYS Mechanical MIDAS Civil 

 

 

f1=0.453 Ƚɰ f1=0.451 Ƚɰ 

Ɋɢɫ.4.10.7. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɩɨɤɪɵɬɢɹ. 
ɋɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. ɉɄ ANSYS Mechanical ɢ ɉɄ MIDAS Civil. 

 

ANSYS Mechanical MIDAS Civil 

 

 

0.91 ɦ 0.89 ɦ 

Ɋɢɫ.4.10.8. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨɤɪɵɬɢɹ, ɦ. 

ɋɬɚɞɢɨɧ ɜ ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. ɉɄ ANSYS Mechanical ɢ ɉɄ MIDAS Civil. 

  

1

X Y
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MAY  5 2015

22:42:18

ELEMENTS

TYPE NUM

1

MN

MX

XY

Z

                                                                                
0

.003391
.006781

.010172
.013562

.016953
.020343

.023734
.027125

.030515

MAY  4 2015

14:22:46

NODAL SOLUTION

STEP=1

SUB =1

FREQ=.453188

USUM
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DMX =.030515

SMX =.030515

1

MN

MX

X

Y

Z

                                                                                
-.90995

-.804193
-.698436

-.592679
-.486922

-.381165
-.275408

-.169651
-.063894

.041863

MAY  5 2015

17:06:34

NODAL SOLUTION

STEP=1

SUB =10

TIME=1

UZ

RSYS=0

DMX =.911708

SMN =-.90995

SMX =.041863
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4.11. ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɩɪɨɯɨɠɞɟɧɢɹ ɜ ɎȺɍ «Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɚ 
Ɋɨɫɫɢɢ» ɜ ɱɚɫɬɢ ɪɚɫɱɟɬɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɨɟɤɬɨɜ ɭɩɨɦɹɧɭɬɵɯ ɫɬɚɞɢɨɧɨɜ. 

 

ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɩɪɨɟɤɬɚ ɭɧɢɤɚɥɶɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ ɎȺɍ 
«Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɚ Ɋɨɫɫɢɢ» (ɜ ɱɚɫɬɢ ɪɚɫɱɟɬɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ) 
ɜɤɥɸɱɚɟɬ ɪɹɞ ɧɚɭɤɨ- ɢ ɬɪɭɞɨɟɦɤɢɯ ɪɚɛɨɬ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɭɫɩɟɲɧɨ ɜɵɩɨɥɧɟɧɵ ɚɜɬɨɪɫɤɢɦ 
ɤɨɥɥɟɤɬɢɜɨɦ: 

1) Ȼɨɥɶɲɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ, ɜ ɬɨɦ ɱɢɫɥɟ, ɫɨ ɫɦɟɠɧɢɤɚɦɢ-ɚɥɶɬɟɪɧɚɬɢɜɳɢɤɚɦɢ, 
ɩɨ ɞɨɫɬɢɠɟɧɢɸ ɩɪɢɟɦɥɟɦɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɨɫɧɨɜɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ (ɫɦ. ɜɵɲɟ)  

2) Ɋɚɡɜɟɪɧɭɬɵɟ ɨɬɜɟɬɵ ɧɚ ɡɚɦɟɱɚɧɢɹ ɢ ɩɪɟɞɥɨɠɟɧɢɹ ɲɬɚɬɧɵɯ ɢ ɩɪɢɝɥɚɲɟɧɧɵɯ 
ɷɤɫɩɟɪɬɨɜ, ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɬɪɟɛɭɸɳɢɟ ɫɟɪɶɟɡɧɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ; 

3) ɍɛɟɠɞɟɧɢɟ ɷɤɫɩɟɪɬɨɜ ɜ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟ 
ɫɬɨɥɶɤɨ ɧɚɭɱɧɨɣ ɚɪɝɭɦɟɧɬɚɰɢɢ, ɫɤɨɥɶɤɨ ɝɥɭɛɨɤɨɝɨ ɡɧɚɧɢɹ ɪɨɫɫɢɣɫɤɢɯ ɢ ɦɢɪɨɜɵɯ 
ɧɨɪɦɚɬɢɜɧɵɯ ɨɫɧɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɨɜ ɭɧɢɤɚɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 

4) ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɩɩ.2.3 ɜ ɫɠɚɬɵɟ ɫɪɨɤɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ 
ɫɪɨɤɨɦ ɞɟɣɫɬɜɢɹ ɞɨɝɨɜɨɪɚ ɧɚ ɷɤɫɩɟɪɬɢɡɭ ɩɪɨɟɤɬɚ, ɩɪɢ ɢɯ ɧɟɨɛɯɨɞɢɦɨ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ. 

ɉɨ ɜɫɟɦ ɢɫɯɨɞɧɵɦ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɦ ɜɚɪɢɚɧɬɚɦ ɩɪɨɟɤɬɨɜ ɫɬɚɞɢɨɧɨɜ ɤ ɑɆ 2018 

(ɋɚɦɚɪɚ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, ȼɨɥɝɨɝɪɚɞ, Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, ȿɤɚɬɟɪɢɧɛɭɪɝ) ɜ ɢɬɨɝɟ 
ɦɧɨɝɨɢɬɟɪɚɰɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ «ɪɚɫɱɟɬɱɢɤ-ɷɤɫɩɟɪɬ» ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɨɥɨɠɢɬɟɥɶɧɵɟ 
ɡɚɤɥɸɱɟɧɢɹ ɎȺɍ «Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɚ Ɋɨɫɫɢɢ».  
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5. Ɂɚɤɥɸɱɟɧɢɟ 
 

1. ɂɡɥɨɠɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɦ ɨɩɢɫɚɧɢɢ ɢ ɪɹɞ ɞɪɭɝɢɯ ɧɚɭɤɨɟɦɤɢɯ ɩɪɨɛɥɟɦ ɭɫɩɟɲɧɨ 
ɪɟɲɟɧɵ ɚɜɬɨɪɫɤɢɦ ɤɨɥɥɟɤɬɢɜɨɦ ɇɂɐ ɋɬɚȾɢɈ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ 5-ɢ ɥɟɬ ɩɪɢ ɪɚɫɱɟɬɧɨɦ 
ɨɛɨɫɧɨɜɚɧɢɹ ɇȾɋ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɜ 
ɋɚɦɚɪɟ, ȼɨɥɝɨɝɪɚɞɟ, ɇɢɠɧɟɦ ɇɨɜɝɨɪɨɞɟ, Ɋɨɫɬɨɜɟ-ɧɚ-Ⱦɨɧɭ ɢ ȿɤɚɬɟɪɢɧɛɭɪɝɟ ɩɪɢ ɨɫɧɨɜɧɵɯ ɢ 
ɨɫɨɛɵɯ ɫɨɱɟɬɚɧɢɹɯ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. Ɋɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɩɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɫɥɨɠɧɵɯ ɩɨɫɬɚɧɨɜɤɚɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɞɟɤɜɚɬɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 
ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɦɟɯɚɧɢɤɢ ɜ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ (ɜ ɫɢɫɬɟɦɟ ɊȺȺɋɇ) 
ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ. 

 

2. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɧɚ ɧɨɜɨɦ 
ɭɪɨɜɧɟ ɪɟɲɟɧɚ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɚɹ ɢ ɧɚɭɤɨɟɦɤɚɹ ɩɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ 
(ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ) ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɧɢɤɚɥɶɧɵɯ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
(ɬɪɟɯɦɟɪɧɵɯ ɫɢɫɬɟɦ «ɨɫɧɨɜɚɧɢɟ – ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɬɪɢɛɭɧ – 

ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ ɢ ɮɚɫɚɞɨɜ»), ɢɦɟɸɳɢɯ ɫɨɜɪɟɦɟɧɧɵɟ ɚɪɯɢɬɟɤɬɭɪɧɵɟ ɮɨɪɦɵ ɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɱɟɦɩɢɨɧɚɬɚ ɦɢɪɚ ɩɨ ɮɭɬɛɨɥɭ 
2018 ɝɨɞɚ (ɪɟɠɢɦ FIFA) ɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɫɥɟ ɧɟɝɨ (ɪɟɠɢɦ «ɇɚɫɥɟɞɢɟ»).  

 

3. ɍɩɨɦɹɧɭɬɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ, 

ɧɚ ɛɚɡɟ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɪɨɟɤɬɧɵɯ, ɚɞɚɩɬɢɜɧɵɟ ɩɪɨɝɧɨɡɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 
(ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɟ) ɦɨɞɟɥɢ ɞɨɥɠɧɵ ɫɨɫɬɚɜɢɬɶ ɨɫɧɨɜɭ ɪɟɚɥɢɡɭɟɦɵɯ ɫɢɫɬɟɦ ɦɨɧɢɬɨɪɢɧɝɚ 
ɫɨɫɬɨɹɧɢɹ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɞɢɨɧɨɜ ɞɥɹ ɜɫɟɯ ɫɬɚɞɢɣ «ɠɢɡɧɟɧɧɨɝɨ» ɰɢɤɥɚ. 

 

4. Ɉɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ, ɦɟɬɨɞɢɤɢ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɥɟɝɥɢ ɜ ɨɫɧɨɜɭ ɤɭɪɫɚ ɥɟɤɰɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɞɥɹ ɫɬɭɞɟɧɬɨɜ, 
ɦɚɝɢɫɬɪɚɧɬɨɜ ɢ ɚɫɩɢɪɚɧɬɨɜ ɪɹɞɚ ɜɟɞɭɳɢɯ ɪɨɫɫɢɣɫɤɢɯ ɭɧɢɜɟɪɫɢɬɟɬɨɜ (ɇɂɍ ɆȽɋɍ, ɉɟɪɦɫɤɢɣ 
ɇɂɉɍ, Ɍɨɦɫɤɢɣ ȽȺɋɍ, ɊɍɌ-ɆɂɂɌ, ȾȼɎɍ ɢ ɞɪ.), ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɜ ɪɹɞɟ ɤɚɧɞɢɞɚɬɫɤɢɯ ɢ 
ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɫɟɪɬɚɰɢɣ, ɚɩɪɨɛɢɪɨɜɚɧɵ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ ɢ ɫɢɦɩɨɡɢɭɦɚɯ, 
ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɹɞɟ ɫɬɚɬɟɣ ɢ ɦɨɧɨɝɪɚɮɢɣ. 
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6. Ȼɥɚɝɨɞɚɪɧɨɫɬɢ 
 

Ⱥɜɬɨɪɫɤɢɣ ɤɨɥɥɟɤɬɢɜ ɜɵɪɚɠɚɟɬ ɢɫɤɪɟɧɧɸɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ:  
 

1) ɋɨɬɪɭɞɧɢɤɚɦ ɇɂɐ ɋɬɚȾɢɈ, ɜɵɧɭɠɞɟɧɧɨ ɧɟ ɜɤɥɸɱɟɧɧɵɦ ɜ ɚɜɬɨɪɫɤɢɣ ɤɨɥɥɟɤɬɢɜ (ɢɡ-

ɡɚ ɨɝɪɚɧɢɱɟɧɢɹ ɟɝɨ ɱɢɫɥɟɧɧɨɫɬɢ ɩɨ ɭɫɥɨɜɢɹɦ ɤɨɧɤɭɪɫɚ), ɧɨ ɜɧɟɫɲɢɦ ɫɜɨɣ ɡɧɚɱɢɦɵɣ ɜɤɥɚɞ ɜ 
ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ «ɫɬɚɞɢɨɧɧɭɸ» ɬɟɦɚɬɢɤɭ (ɋ.ȼ. ɓɟɪɛɢɧɚ, ɘ.ɇ. Ⱦɹɞɱɟɧɤɨ, Ⱥ.Ʌ. ɉɨɬɚɩɟɧɤɨ ɢ 
ɞɪ.).  
 

2) Ɂɚɤɚɡɱɢɤɚɦ, ɝɟɧɟɪɚɥɶɧɵɦ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚɦ ɫɬɚɞɢɨɧɨɜ:  
 

– ɈɈɈ «ɉɪɨɟɤɬɧɵɣ ɢɧɫɬɢɬɭɬ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɫɨɨɪɭɠɟɧɢɣ «Ⱥɪɟɧɚ» (ɈɈɈ «ɉɂ 
«Ⱥɪɟɧɚ») – ɝɟɧ. ɞɢɪɟɤɬɨɪ ȿ.ȿ. Ȼɟɤɦɭɯɚɦɟɞɨɜ, ɝɥ. ɚɪɯɢɬɟɤɬɨɪ, ɚɤɚɞɟɦɢɤ ɊȺȺɋɇ Ⱦ.ȼ. Ȼɭɲ, ɝɥ. 
ɢɧɠɟɧɟɪ Ⱥ.Ⱦ. Ɇɭɯɢɧ, ɝɥ. ɤɨɧɫɬɪɭɤɬɨɪ Ɇ.ə. Ʌɢɜɲɢɧ ɢ ɞɪ.;  

– Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ɋɩɨɪɬ-ɂɧɠɢɧɢɪɢɧɝ» (ɎȽɍɉ 
«ɋɩɨɪɬ-ɂɧ»);  
 

3) Ʉɨɥɥɟɝɚɦ-ɤɨɧɫɬɪɭɤɬɨɪɚɦ, ɜɵɩɨɥɧɹɜɲɢɦ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɪɚɫɱɟɬɵ ɢ/ɢɥɢ 
ɨɩɬɢɦɢɡɚɰɢɸ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨ ɧɚɲɢɦ ɪɟɤɨɦɟɧɞɚɰɢɹɦ:  

– ɈɈɈ «ɉɪɨɟɤɬɧɚɹ ɝɪɭɩɩɚ «Ɇɚɤɫɢɦɭɦ», ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ (ɝɟɧ. ɞɢɪɟɤɬɨɪ Ⱥ.ɘ. 
Ʉɭɥɟɲɨɜ);  

– ɈɈɈ «ɋɬɚɥɶɩɪɨɟɤɬ», ɝ. Ɇɨɫɤɜɚ (ɝɟɧ. ɞɢɪɟɤɬɨɪ ɋ.ɘ Ʌɭɛɟɧɟɰ, ɝɥ. ɢɧɠɟɧɟɪ Ɇ.ȼ. 
Ɍɚɦɛɨɜɰɟɜ ɢ ɞɪ.);  

– ɈɈɈ «ɂɧɮɨɪɫɩɪɨɟɤɬ», ɝ. Ɇɨɫɤɜɚ (ɝɟɧ. ɞɢɪɟɤɬɨɪ Ⱥ.ɂ. ɒɚɯɜɨɪɨɫɬɨɜ, ɡɚɦ. ɝɟɧ. 
ɞɢɪɟɤɬɨɪɚ ɂɜɚɳɟɧɤɨ Ⱥ.ɇ. ɢ ɞɪ.);  

– ɈɈɈ «ɋɢɧɚɪɚȾɟɜɟɥɨɩɦɟɧɬɉɪɨɟɤɬ», ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ;  
– ɈɈɈ "ɉɪɨɟɤɬɧɨɟ Ȼɸɪɨ "Ɍɟɯɧɨ-ɉɚɪɤ", ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ (ɝɟɧ. ɞɢɪɟɤɬɨɪ Ⱦ.Ɇ. 

Ⱥɤɫɟɥɶɪɨɞ);  
– ɈɈɈ «ȻɇɄ+», ɝ. ȼɨɥɝɨɝɪɚɞ (ɝɥ. ɢɧɠɟɧɟɪ ɂ.Ɇ. Ⱦɨɥɝɢɥɟɜɢɱ).  

 

4) «ɋɩɟɰɢɚɥɢɫɬɚɦ ɎȺɍ «Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɚ Ɋɨɫɫɢɢ» ɡɚ ɨɛɨɫɧɨɜɚɧɧɭɸ ɞɨɬɨɲɧɨɫɬɶ, ɧɟ 
ɩɟɪɟɯɨɞɹɳɭɸ ɜ ɦɟɥɨɱɧɭɸ ɩɪɢɞɢɪɱɢɜɨɫɬɶ, ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɧɚɲɢɯ ɪɚɫɱɟɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɚɪɝɭɦɟɧɬɚɰɢɢ ɜ ɩɨɥɟɡɧɵɯ ɞɢɫɤɭɫɫɢɹɯ (Ȼ.ȼ. ɂɥɶɢɱɟɜ, ȿ.ȼ. Ʌɟɨɧɬɶɟɜ, ɋ.ɘ. Ʉɢɦ, Ɉ.ɋ. ɓɟɞɪɢɧ)  
 

5) ɂ, ɧɚɤɨɧɟɰ (ХКЬЭ ЛЮЭ ЧШЭ ХОКЬЭ), ɚɤɚɞɟɦɢɤɭ ɊȺȺɋɇ ȼ.ɂ. Ɍɪɚɜɭɲɭ (ɩɪɢɝɥɚɲɟɧɧɨɦɭ 
ɷɤɫɩɟɪɬɭ ɎȺɍ «Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɚ Ɋɨɫɫɢɢ») – ɡɚ ɜɧɢɦɚɧɢɟ, ɞɨɛɪɨɠɟɥɚɬɟɥɶɧɭɸ ɤɪɢɬɢɤɭ ɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɪɟɞɥɨɠɟɧɢɹ, ɜɫɟɝɞɚ ɩɪɢɜɨɞɢɜɲɢɟ ɤ ɩɨɢɫɤɭ ɢ ɧɚɯɨɠɞɟɧɢɸ ɥɭɱɲɢɯ 
ɪɟɲɟɧɢɣ ɤɨɥɥɟɤɬɢɜɚɦɢ ɤɨɧɫɬɪɭɤɬɨɪɨɜ ɢ ɪɚɫɱɟɬɱɢɤɨɜ.  
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7. ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
 

1. ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɨɬɱɟɬ «ɗɤɫɩɟɪɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɋɈɄ ɫ ɚɤɜɚɩɚɪɤɨɦ 
„Ɍɪɚɧɫɜɚɚɥɶ-ɩɚɪɤ“ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɩɪɢɱɢɧ ɟɝɨ ɨɛɪɭɲɟɧɢɹ (6 ɷɬɚɩɨɜ)». – Ɇ.: 
ɇɂɐ ɋɬɚȾɢɈ, 2005. 

2. ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɨɬɱɟɬ «ɗɤɫɩɟɪɬɧɵɟ ɪɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɥɟɞɨɜɨɝɨ ɞɜɨɪɰɚ ɫɩɨɪɬɚ ɧɚ ɏɨɞɵɧɫɤɨɦ 
ɩɨɥɟ (Ɇɨɫɤɜɚ, ɏɨɪɨɲɟɜɫɤɨɟ ɲɨɫɫɟ, ɜɥ. 38) ». – Ɇ.: ɇɂɐ ɋɬɚȾɢɈ, 2005. 

3. ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɨɬɱɟɬ «ɗɤɫɩɟɪɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-
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