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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

 
 

 
 
ɂɡ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɪɭɛɟ ɨɩɹɬɶ ɠɟ ɜɨɡɧɢɤɚɸɬ ɜ ɨɛɥɚɫɬɢ ɪɭɱɟɣɤɨɜɨɣ 

ɤɨɪɪɨɡɢɢ ɫ ɧɚɢɦɟɧɶɲɟɣ ɨɫɬɚɬɨɱɧɨɣ ɜɟɥɢɱɢɧɨɣ ɫɬɟɧɤɢ ɬɪɭɛɵ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɦɟɬɚɥɥɚ ɫɨɫɬɚɜɥɹɟɬ γ7θ Ɇɩɚ (ɞɥɹ ɲɢɪɢɧɵ ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ θ0 ɦɦ). 

ɉɪɢ ɲɢɪɢɧɟ ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ ɪɚɜɧɨɣ βη ɦɦ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɦɟɬɚɥɥɚ ɫɨɫɬɚɜɥɹɟɬ 
ηβ8Ɇɉɚ. 

ɂɡ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɲɢɪɢɧɵ ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ, 
ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɝɥɭɛɢɧɟ ɢ ɞɪɭɝɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɜɨɡɧɢɤɚɸɬ ɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɞɟɮɟɤɬɧɨɣ 
ɨɛɥɚɫɬɢ ɫ ɧɚɢɛɨɥɶɲɢɦ ɭɬɨɱɧɟɧɢɟɦ. 

Ⱦɥɹ ɜɨɞɨɜɨɞɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɪɚɫɱɟɬɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɦɟɬɚɥɥɚ (γ7θ Ɇɉɚ ɢ ηβ8 Ɇɉɚ) 
ɜɵɲɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɞɥɹ ɫɬɚɥɢ β0, ɚ ɜ ɩɨɫɥɟɞɧɟɦ ɪɚɫɱɟɬɟ ɧɚɩɪɹɠɟɧɢɟ ɦɟɬɚɥɥɚ ɜɵɲɟ ɜɪɟɦɟɧɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɚɥɢ β0. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɧɚ ɜɨɞɨɜɨɞɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɪɚɛɨɱɢɦ 
ɞɚɜɥɟɧɢɟɦ β1Ɇɉɚ ɢ ɪɚɡɦɟɪɚɯ ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ ɲɢɪɢɧɨɣ βηɦɦ ɢ ɝɥɭɛɢɧɨɣ ζ,8 ɦɦ ɜɨɡɦɨɠɧɨ ɪɚɡɪɭɲɟɧɢɟ 
ɫɬɟɧɤɢ ɬɪɭɛɵ, ɬɪɭɛɚ ɧɟ ɜɵɞɟɪɠɢɬ ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ. 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ANSYS ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɧɚɝɥɹɞɧɵɟ ɤɚɪɬɢɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɡɧɢɤɲɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɞɟɬɚɥɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɧɟɟ ɤɚɤɢɯ ɥɢɛɨ ɫɢɥ. ȼ ɷɬɨɦ ɦɵ ɭɛɟɞɢɥɢɫɶ ɧɚ ɩɪɢɦɟɪɟ ɪɚɫɱɟɬɚ ɪɟɚɥɶɧɵɯ 
ɫɬɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɟɣ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢ 
ɩɪɟɞɩɨɥɚɝɚɬɶ ɜɨɡɦɨɠɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɭɱɚɫɬɤɚ ɬɪɭɛɵ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ. 

Ɍɚɤ ɠɟ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS ɦɨɠɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ – 
ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ, ɪɚɡɦɟɪ ɞɟɮɟɤɬɨɜ, ɬɪɭɛɵ ɫ ɪɚɡɧɵɦɢ ɞɢɚɦɟɬɪɚɦɢ ɢ ɬ.ɞ., ɩɨɫɥɟ ɪɚɫɱɟɬɨɜ ɫɪɚɜɧɢɬɶ, ɤɚɤ 
ɢɡɦɟɧɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɬɟɯ ɢɥɢ ɢɧɵɯ ɫɥɭɱɚɹɯ, ɢ ɫɬɪɨɢɬɶ ɪɚɡɥɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ. 
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1. ȻɭɪɤɨɜɚΝ ɋέɉέΝ ɈɫɧɨɜɵΝ ɤɨɦɩɶɸɬɟɪɧɵɯΝ ɬɟɯɧɨɥɨɝɢɣΝ ɪɟɲɟɧɢɹΝ ɡɚɞɚɱΝ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹΝ ɢΝ ɷɤɫɩɥɭɚɬɚɰɢɢΝΝΝΝΝΝΝΝΝ
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deformed seamless steel pipes. Specifications). 

3. ANSYSΝ 14έ5Ν ɊɚɫɱɟɬɧɵɟΝ ɜɨɡɦɨɠɧɨɫɬɢΝ ήήΝ ɂɧɬɟɪɧɟɬΝ ɢɡɞɚɧɢɟ Cadfem-cis.ru, 2014. URL: http://www.cadfem-

cis.ru/fileadmin/data/file/content_prod/ansys/Cadfem_ANSYS%2014.5.pdf (ɞɚɬɚΝɨɛɪɚɳɟɧɢɹΝίλέί1έ2ί14) 
 
ɂɋɋɅȿȾɈȼȺɇɂȿ ɇȺɉɊəɀȿɇɇɈ-ȾȿɎɈɊɆɂɊɈȼȺɇɇɈȽɈ ɋɈɋɌɈəɇɂə ɋȼȺɊɇɈȽɈ ɒȼȺ 

ɇȺ ɍɑȺɋɌɄȿ ɆȺȽɂɋɌɊȺɇɇɈȽɈ ȽȺɁȺɉɊɈȼɈȾȺ ȼ ɍɋɅɈȼɂəɏ ɈɋȺȾɄȺ 
ɋɅȺȻɈɋȼəɁȺɇɇɕɏ ȽɊɍɇɌɈȼ 

Ⱦɨ Ɍɯɢ Ɍɯɭ ɏɢɟɧ, Ʉ.Ƚ. Ʉɚɥɦɵɤɨɜɚ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɩɪɨɮɟɫɫɨɪΝɉέȼέΝȻɭɪɤɨɜ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

Ɉɛɴɟɤɬɢɜɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɝɚɡɨɩɪɨɜɨɞɧɨɣ ɫɟɬɢ Ɋɨɫɫɢɢ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɟ ɩɪɢɪɨɞɧɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɟ 
ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɨɤɚɡɵɜɚɸɳɢɟ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɝɚɡɨɩɪɨɜɨɞɨɜ, ɱɬɨ 
ɭɜɟɥɢɱɢɜɚɟɬ ɪɢɫɤ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɚɡɨɩɪɨɜɨɞɨɜ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɨɤ, ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɩɪɨɟɤɬɨɦ, ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɪɚɡɥɢɱɧɵɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 
ɫɭɳɟɫɬɜɟɧɧɵɟ, ɨɬɤɥɨɧɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ) ɨɬ ɩɪɨɟɤɬɧɨɝɨ. Ʉ ɫɭɳɟɫɬɜɟɧɧɨɦɭ 
ɢɡɦɟɧɟɧɢɸ ɇȾɋ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɢɡɦɟɧɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɝɚɡɨɩɪɨɜɨɞɚ ДβЖ. ɗɬɨɦɭ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɫɚɞɤɚ ɝɪɭɧɬɚ, ɤɨɬɨɪɚɹ ɜɨɡɧɢɤɚɟɬ ɡɚ ɫɱɟɬ ɡɚɩɨɥɧɟɧɢɹ ɩɭɫɬɨɬ, ɨɫɬɚɜɲɢɯɫɹ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ 

Ɋɢɫ.3 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɛɪɚɡɰɟ ɩɨɞ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɫ 

ɦɢɧɢɦɚɥɶɧɨɣ ɲɢɪɢɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɨɛɥɚɫɬɢ 
(25 ɦɦ). 

 

Ɋɢɫ.4 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɛɪɚɡɰɟ 
ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɜ 
ɪɚɣɨɧɟ ɞɟɮɟɤɬɚ (ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ) ɫ 

ɦɢɧɢɦɚɥɶɧɨɣ ɲɢɪɢɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ 
ɨɛɥɚɫɬɢ (25 ɦɦ) 
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ɋȿɄɐɂə 19. ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋɈȼ ɉɊɂ ɌɊȺɇɋɉɈɊɌɂɊɈȼɄȿ 
ɇȿɎɌɂ ɂ ȽȺɁȺ. 

 
Ɋɢɫ. 1 ɉɟɪɟɦɟɳɟɧɢɟ ɬɢɩɚ ɨɫɚɞɤɚ: ɚ - ɨɛɳɢɣ ɜɢɞ; ɛ – ɫɯɟɦɚ 

 
Ɋɢɫ. 2 Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɚɡɨɩɪɨɜɨɞɚ 

ɜɨɡɜɟɞɟɧɢɹ ɧɚɫɵɩɢμ ɭɩɥɨɬɧɟɧɢɟ ɡɚ ɫɱɟɬ ɨɬɬɨɤɚ ɢɡɥɢɲɧɟɣ ɜɥɚɝɢν ɭɩɥɨɬɧɟɧɢɟ - ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɟɫɚ ɫɚɦɨɝɨ ɝɪɭɧɬɚ ɢ 
ɜɢɛɪɚɰɢɢ ɝɚɡɨɩɪɨɜɨɞɚ Д1Ж. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɩɨɜɟɞɟɧɢɹ ɝɚɡɨɩɪɨɜɨɞɚ ɜ ɭɫɥɨɜɢɹɯ ɨɫɚɞɤɢ ɫɥɚɛɨɫɜɹɡɚɧɧɵɯ 
ɝɪɭɧɬɨɜ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɝɨ ɧɚɩɪɹɠɟɧɧɨ – ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.  

Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɝɚɡɨɩɪɨɜɨɞ ɭɥɨɠɟɧ ɜ ɫɥɚɛɨɦ ɜɨɞɨɧɚɫɵɳɟɧɧɨɦ ɝɪɭɧɬɟ. ȼ ɜɨɞɨɧɚɫɵɳɟɧɧɨɦ ɝɪɭɧɬɟ ɨɫɚɞɤɚ 
ɜɵɹɜɥɹɟɬɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ ɩɨɞ ɬɪɭɛɨɣ. ɇɚ ɨɫɧɨɜɟ ɦɟɯɚɧɢɤɢ ɝɪɭɧɬɨɜ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɩɨɥɧɨɫɬɶɸ ɜɨɞɨɧɚɫɵɳɟɧɧɵɣ ɝɪɭɧɬ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɞɜɭɯɮɚɡɧɭɸ ɫɢɫɬɟɦɭ, ɭɩɥɨɬɧɹɟɦɨɫɬɶ ɤɨɬɨɪɨɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɮɢɥɶɬɪɨɜɵɜɚɧɢɟɦ ɜɨɞɵ ɢɡ ɩɨɪ ɫɤɟɥɟɬɚ ɝɪɭɧɬɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɭɩɥɨɬɧɹɸɳɟɣ ɧɚɝɪɭɡɤɢ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ɉɭɫɬɶ ɩɪɟɞɟɥɶɧɚɹ ɨɫɚɞɤɚ ɝɚɡɨɩɪɨɜɨɞɚ SЧЩ, ɧɚɡɵɜɚɸɳɚɹɫɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ. SЧЩ ɩɨ ɞɥɢɧɟ 

ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɨɤɚɡɚɧɚ ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɧɚ ɪɢɫ. 1. ȿɫɥɢ ɛɵ ɫɥɚɛɵɣ ɝɪɭɧɬ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɥɫɹ ɩɨ ɜɫɟɣ 
ɞɥɢɧɟ ɝɚɡɨɩɪɨɜɨɞɚ, ɬɨ ɢ ɨɫɚɞɤɚ ɛɵɥɚ ɛɵ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɨɞɢɧɚɤɨɜɚ. Ɉɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɨ 
ɱɟɪɟɞɨɜɚɧɢɟ ɫɥɚɛɵɯ ɝɪɭɧɬɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɛɥɢɡɤɨ ɛɨɥɶɲɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ȼ ɫɟɪɟɞɢɧɟ ɭɱɚɫɬɤɚ ɫɥɚɛɨɝɨ 
ɝɪɭɧɬɚ ɨɫɚɞɤɚ ɦɨɝɥɚ ɛɵ ɞɨɫɬɢɱɶ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ SЧЩ. Ƚɚɡɨɩɪɨɜɨɞ ɧɚ ɭɱɚɫɬɤɟ Х ɢɡɝɢɛɚɟɬɫɹ. ɉɨɫɤɨɥɶɤɭ 
ɭɞɥɢɧɟɧɢɟ ɬɪɭɛ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɪɚɫɬɹɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ Х ɢ ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɧɟɦɭ ɭɱɚɫɬɤɚɯ Х1 ɢ Хβ, 
ɬɨ ɜ ɬɪɭɛɚɯ ɜɨɡɧɢɤɚɟɬ ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɩɪɨɞɨɥɶɧɚɹ ɫɢɥɚ Ɋ, ɢ ɭɱɚɫɬɨɤ Х ɧɚɱɢɧɚɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɠɟɫɬɤɚɹ ɧɢɬɶ. 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɨɫɚɞɤɚ S ɨɤɚɡɵɜɚɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɦɟɧɶɲɟ SЧЩ. ȼ ɬɪɭɛɚɯ ɩɨɹɜɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɨɬ 
ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɵ, ɢɡɝɢɛɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɚɜɥɟɧɢɹ ɜɵɲɟɥɟɠɚɳɟɝɨ ɝɪɭɧɬɚ, ɜɟɫɚ ɫɚɦɨɣ ɬɪɭɛɵ ɫ ɢɡɨɥɹɰɢɟɣ ɢ 
ɩɟɪɟɤɚɱɢɜɚɟɦɨɝɨ ɩɪɨɞɭɤɬɚ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɟɪɟɩɚɞɚ ɫɬɟɧɨɤ ɬɪɭɛɵ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜ ɫɬɟɧɤɟ ɬɪɭɛɵ ɧɚɩɪɹɠɟɧɢɣ, ɩɪɟɜɵɲɚɸɳɢɯ ɞɨɩɭɫɬɢɦɵɟ, ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɞɢɚɩɚɡɨɧɚ 
ɢɡɦɟɧɟɧɢɣ ɱɢɫɥɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɞɟɮɨɪɦɚɰɢɸ, ɩɪɨɜɨɞɢɬɫɹ ɪɚɫɱɟɬ 
ɧɚɩɪɹɠɟɧɢɣ (ɧɚ ɩɪɨɱɧɨɫɬɶ), ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɧɚɥɢɱɢɢ  ɨɫɚɞɤɢ ɝɚɡɨɩɪɨɜɨɞɚ, ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ 
ANSYS. 

ɂɫɫɥɟɞɭɟɬɫɹ ɫɯɟɦɚ ɨɩɭɫɤɚɧɢɹ ɭɱɚɫɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢμ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ - 
ηγ0 ɦɦ, ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɬɪɭɛɵ – 11 ɦɦ, ɞɥɢɧɚ - 1β ɦ, ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ - λ,0 Ɇɉɚ. Ƚɚɡɨɩɪɨɜɨɞ ɢɡɝɨɬɨɜɥɟɧ ɢɡ 
ɫɬɚɥɢ 17Ƚ1ɋ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢμ ɩɪɟɞɟɥ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ıɜ – 490 
Ɇɉɚ, ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɞɥɹ ɨɫɬɚɬɨɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ıɬ – γη0 Ɇɉɚ. ɇɚ ɝɚɡɨɩɪɨɜɨɞ, ɤɪɨɦɟ ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ, 
ɞɟɣɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɧɚɝɪɭɡɤɢμ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ ɨɬ ɜɟɫɚ ɫɚɦɨɣ ɬɪɭɛɵ ɫ ɢɡɨɥɹɰɢɟɣ, ɩɟɪɟɤɚɱɢɜɚɟɦɨɝɨ 
ɝɚɡɚ ɢ ɞɚɜɥɟɧɢɹ ɜɵɲɟɥɟɠɚɳɟɝɨ ɝɪɭɧɬɚ – qɨɛɳ, ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫɧɢɡɭ ɧɚ ɝɚɡɨɩɪɨɜɨɞ – qɝ. 

ɇɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɝɚɡɨɩɪɨɜɨɞ, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫɨɝɥɚɫɧɨ ɋɇɢɉ β.05.06-8η* «Ɇɚɝɢɫɬɪɚɥɶɧɵɟ 
ɬɪɭɛɨɩɪɨɜɨɞɵ». 

ɉɪɢɧɢɦɚɸɬɫɹ ɞɨɩɭɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɦɭ ɢɡ ɪɚɡɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɬɪɭɛɵ ɢ ɤɨɧɬɚɤɬɢɪɭɸɳɟɝɨ ɫ ɧɟɣ ɝɪɭɧɬɚμ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɝɚɡɨɩɪɨɜɨɞɚ ɨɬɫɭɬɫɬɜɭɸɬ 
ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ ɨɫɢ ɏ, ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɩɪɢɧɹɬɨ β0% ɨɬ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚɝɪɭɡɤɢ ɫɜɟɪɯɭ, ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɟɪɟɩɚɞ ɫɬɟɧɨɤ ɬɪɭɛɵ. 

ɋ ɭɱɟɬɨɦ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɣ ɢ ɫɯɟɦɨɣ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ  ɪɢɫ.1, ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 
2. 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

 
Ɋɢɫ. 5 Ⱦɟɮɨɪɦɚɰɢɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ 

ɝɚɡɨɩɪɨɜɨɞɟ ɩɪɢ ɨɫɚɞɤɟ ɝɪɭɧɬɚ 

 
 
 

 
Ɋɢɫ. 6 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ (S)  ɩɨ 

ɞɥɢɧɟ (Х) ɭɱɚɫɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ 

ɇɚ ɪɢɫɭɧɤɚɯ γ ɢ η ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɭɱɚɫɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 
ANSYS, ɚ ɧɚ ɪɢɫɭɧɤɚɯ ζ ɢ θ ɩɨɤɚɡɚɧɚ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɞɚɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ. 
 

                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵμ 
-ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɨɫɚɞɤɟ ɝɚɡɨɩɪɨɜɨɞɚ, ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɜɟɥɢɱɢɧ, 

ɛɥɢɡɤɢɯ ɤ ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ ɫɬɚɥɢ, ɱɬɨ ɫɧɢɠɚɟɬ ɭɪɨɜɟɧɶ ɧɚɞɟɠɧɨɫɬɢ ɝɚɡɨɩɪɨɜɨɞɚν 
-ɜɟɥɢɱɢɧɚ ɧɚɩɪɹɠɟɧɢɣ ɩɟɪɟɦɟɧɧɚ ɩɨ ɞɥɢɧɟ ɝɚɡɨɩɪɨɜɨɞɚ. ɍɱɚɫɬɤɢ ɝɚɡɨɩɪɨɜɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɡɨɧɟ 

ɩɟɪɟɯɨɞɚ ɫɥɚɛɵɯ ɝɪɭɧɬɨ, ɨɛɥɚɞɚɸɳɢɯ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɧɚɩɪɹɠɟɧɢɹν 

-ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɟ ɞɚɸɬ ɩɨɥɧɭɸ ɤɚɪɬɢɧɭ ɞɥɹ ɩɪɢɧɹɬɢɹ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ 
ɞɟɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ ɝɚɡɨɩɪɨɜɨɞɚ ɫ ɭɱɟɬɨɦ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɪɭɧɬɚ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

 
1. ȽɢɦɚɥɟɬɞɢɧɨɜΝ ȽέɆέ,Ν ɋɚɬɬɚɪɨɜɚΝ ȾέɆέΝ ɋɩɨɫɨɛɵΝ ɨɱɢɫɬɤɢΝ ɢΝ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹΝ ɧɚɤɨɩɥɟɧɢɹΝ ɞɨɧɧɵɯΝ ɨɬɥɨɠɟɧɢɣΝ ɜΝ

ɪɟɡɟɪɜɭɚɪɚɯΝήήΝɇɟɮɬɟɝɚɡɨɜɨɟΝɞɟɥɨ,Ν2ίί6έ 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɋɈɋɌɈəɇɂə ȾɇɂɓȺ ɊȿɁȿɊȼɍȺɊɈȼ ȼȿɊɌɂɄȺɅɖɇɕɏ ɋɌȺɅɖɇɕɏ 

Ʌɚɦ Ȼɢɤ ɏɨɧɝ, Ⱥ.A. Ⱥɥɺɲɤɢɧɚ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɩɪɨɮɟɫɫɨɪΝɉέȼέΝȻɭɪɤɨɜΝ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ɋɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɦ ɬɟɯɧɢɱɟɫɤɨɟ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɟ 
ɫɬɚɥɶɧɵɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ (Ɋȼɋ), ɨɫɧɨɜɨɣ ɨɰɟɧɤɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɬɢɡɵ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɟ ɨɛɫɥɟɞɨɜɚɧɢɟ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ Ɋȼɋ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɞɧɢɳɚ ɢ ɫɬɟɧɤɢ. Ɉɬ ɩɨɥɧɨɬɵ ɢ ɤɚɱɟɫɬɜɚ ɢɧɮɨɪɦɚɰɢɢ, ɩɨɥɭɱɚɟɦɨɣ ɩɪɢ ɨɛɫɥɟɞɨɜɚɧɢɢ, ɡɚɜɢɫɢɬ, ɫ ɨɞɧɨɣ 
ɫɬɨɪɨɧɵ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɋȼɋ, ɚ ɫ ɞɪɭɝɨɣ, ɫɬɨɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɟɦɥɟɦɨɝɨ ɭɪɨɜɧɹ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɦɨɦ ɪɟɦɨɧɬɧɵɯ ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɩɪɟɞɩɢɫɵɜɚɟɦɵɯ ɤ 
ɩɪɨɜɟɞɟɧɢɸ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ. 

ɇɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ, ɨɤɚɡɵɜɚɸɲɢɟ ɫɢɥɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɞɧɢɳɟ ɢ ɩɟɪɜɵɣ ɩɨɹɫ ɫɬɟɧɤɢ Ɋȼɋμ ɤɨɪɪɨɡɢɟɣ ɜɧɭɬɪɟɧɧɟɣ ɢ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢν ɤɚɱɟɫɬɜɨɦ ɢɡɝɨɬɨɜɥɟɧɢɹ Ɋȼɋν 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɡɚɳɢɬɵ (ɗɏɁ)ν ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ.  

ɉɨ ɞɟɣɫɬɜɭɸɳɢɦ ɩɪɚɜɢɥɚɦ ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɦɟɬɚɥɥɚ ɞɧɢɳɚ ɢ ɫɬɟɧɤɢ Ɋȼɋ ɪɟɤɨɦɟɧɞɨɜɚɧɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɥɟɞɭɸɳɢɯ ɦɟɬɨɞɨɜμ 

- ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɞɢɚɝɧɨɫɬɢɤɟ – ɚɤɭɫɬɨ-ɷɦɢɫɫɢɨɧɧɨɟ ɨɛɫɥɟɞɨɜɚɧɢɟ (Ⱥɗ), ɜɢɡɭɚɥɶɧɵɣ 

Ɋɢɫ. 3 ɇɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ 
ɝɚɡɨɩɪɨɜɨɞɟ ɩɪɢ ɨɫɚɞɤɟ ɝɪɭɧɬɚ 

Ɋɢɫ. 4 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ (ı)  ɩɨ 
ɞɥɢɧɟ (Х) ɭɱɚɫɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ 


