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ɋȿɄɐɂə 19. ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɈɐȿɋɋɈȼ ɉɊɂ ɌɊȺɇɋɉɈɊɌɂɊɈȼɄȿ 
ɇȿɎɌɂ ɂ ȽȺɁȺ. 

ɊȺɋɑȿɌ ɌɊɍȻɈɉɊɈȼɈȾȺ ɋ ɊɍɑȿɃɄɈȼɈɃ ɄɈɊɊɈɁɂȿɃ ȾɅə ȼɈȾɈȼɈȾȺ ȼɕɋɈɄɈȽɈ 
ȾȺȼɅȿɇɂə ȼ ɉɊɈȽɊȺɆɆɇɈɃ ɋɊȿȾȿ ANSYS 

ɇ.ȼ. ɇɢɦɚɟɜɚ 

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

 
Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɛɵɥ ɜɵɛɪɚɧ ɬɪɭɛɨɩɪɨɜɨɞ ɜɨɞɨɜɨɞɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɢ ɩɪɨɜɟɞɟɧɟɧɢɢ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɜ β00ζ ɝɨɞɭ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɨɛɥɚɫɬɢ ɫ ɹɜɧɨ ɜɵɪɚɠɟɧɧɨɣ ɤɚɧɚɜɨɱɧɨɣ 
(ɪɭɱɟɣɤɨɜɨɣ) ɤɨɪɪɨɡɢɟɣ ɩɨ ɧɢɠɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɬɪɭɛɵ. Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɵɛɪɚɧɧɵɯ ɞɥɹ ɪɚɫɱɟɬɚ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥ. 1 ɢ ɬɚɛɥ. β. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢ ɪɚɫɱɟɬɚ ɦɨɞɟɥɢ ɬɪɭɛɵ ɜɨɞɨɜɨɞɚ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɤɨɪɪɨɡɢɟɣ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥ. γ. 

Ɍɚɛɥɢɰɚ 1 
Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 

 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɚ ȼɨɞɨɜɨɞ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ȼɪɟɡɤɚ ɤɭɫɬɚ 18-ɤɭɫɬ 18 
ȼɥɚɞɟɥɟɰ ɈȺɈ «Ɍɨɦɫɤɧɟɮɬɶ» ȼɇɄ 
Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ ɐɗɊɅȺɌ-β, ɉɟɪɜɨɦɚɣɫɤɨɟ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɟ 

 
Ɍɚɛɥɢɰɚ 2 

ɉɪɨɟɤɬɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɭɛɨɩɪɨɜɨɞɚ 
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ȼɨɞɨɜɨɞ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ȼɪɟɡɤɚ 
ɤɭɫɬɚ 18-ɤɭɫɬ 18 

II 800 1991 21,0 20 168 12,0 
ɥɟɧɬɚ 
ɉȼɏ 

 
 

Ɍɚɛɥɢɰɚ 3 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢ ɪɚɫɱɟɬɚ ɦɨɞɟɥɢ ɬɪɭɛɵ ɜɨɞɨɜɨɞɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɤɨɪɪɨɡɢɟɣ 

 
Ɋɚɛɨɱɟɟ 
ɞɚɜɥɟɧɢɟ, 
(Ɇɩɚ) 

Ⱦɢɚɦɟɬɪ ɬɪɭɛɵ, 
(ɦɦ) 

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ 
ɬɪɭɛɵ, (ɦɦ)  

Ɇɚɪɤɚ ɫɬɚɥɢ 
ɬɪɭɛɵ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɝɥɭɛɢɧɚ 
ɪɭɱɟɣɤɨɜɨɣ 
ɤɨɪɪɨɡɢɢ, (ɦɦ) 

ɒɢɪɢɧɚ 
ɤɨɪɪɨɡɢɨɧɧɨɝɨ 
ɩɨɜɪɟɠɞɟɧɢɹ 
ɬɪɭɛɵ, (ɦɦ) 

21,0 168 12,0 20 4,8 40 
 

ɉɪɢ ɪɟɲɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɟɬɨɞ  Preconditioned 
Conjugate Gradient. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɚɸɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɛɪɚɡɰɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1, β – 
ɞɥɹ ɞɟɮɟɤɬɚ ɫ ɝɥɭɛɢɧɨɣ ζ,8 ɦɦ ɢ ɲɢɪɢɧɨɣ θ0 ɦɦ ɢ ɪɢɫ. γ, ζ – ɞɥɹ ɞɟɮɟɤɬɚ ɫ ɝɥɭɛɢɧɨɣ ζ,8 ɦɦ ɢ ɲɢɪɢɧɨɣ βη ɦɦ. 

  
 

 
 

 

 

Ɋɢɫ.1 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɛɪɚɡɰɟ 
ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɫ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɲɢɪɢɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ 
ɨɛɥɚɫɬɢ (60 ɦɦ). 

 

Ɋɢɫ.2  Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɨɛɪɚɡɰɟ 
ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɜ 
ɪɚɣɨɧɟ ɞɟɮɟɤɬɚ (ɪɭɱɟɣɤɨɜɨɣ ɤɨɪɪɨɡɢɢ) ɫ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɲɢɪɢɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɨɛɥɚɫɬɢ 
(60 ɦɦ). 
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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. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

 
1. ȻɭɪɤɨɜɚΝ ɋέɉέΝ ɈɫɧɨɜɵΝ ɤɨɦɩɶɸɬɟɪɧɵɯΝ ɬɟɯɧɨɥɨɝɢɣΝ ɪɟɲɟɧɢɹΝ ɡɚɞɚɱΝ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹΝ ɢΝ ɷɤɫɩɥɭɚɬɚɰɢɢΝΝΝΝΝΝΝΝΝ

ɝɚɡɨɧɟɮɬɟɩɪɨɜɨɞɨɜΝɢΝɝɚɡɨɧɟɮɬɟɯɪɚɧɢɥɢɳέΝ– ɌɨɦɫɤμΝɂɡɞɚɬɟɥɶɫɬɜɨΝɌɉɍ,Ν2ίίιέΝ– 53Νɫέ 
2. ȽɈɋɌΝ ɊΝ 533κ3-2ίίλέΝ ɌɪɭɛɵΝ ɫɬɚɥɶɧɵɟΝ ɛɟɫɲɨɜɧɵɟΝ ɝɨɪɹɱɟɞɟɮɨɪɦɢɪɨɜɚɧɧɵɟέΝ ɌɟɯɧɢɱɟɫɤɢɟΝ ɭɫɥɨɜɢɹέΝ (Hot-

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) 


