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УȾɄ θβ1.777 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ ɞɟɬɚɥɢ ɬɢɩɚ 
«ɫɬɚɤɚɧ» ɢɡ ɩɥɨɫɤɨɣ ɡɚɝɨɬɨɜɤɢ  

ȼ.ȼ. Ɋɭɦɹɧɰɟɜ, ȿ.ȼ. ɐɜɟɬɤɨɜɚ 

ɑɟɪɟɩɨɜɟɰɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

rumyantsev@chsu.ru 

 

 

Ɋɭɦɹɧɰɟɜ ȼ.ȼ., ɐɜɟɬɤɨɜɚ ȿ.ȼ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ 
ɞɟɬɚɥɢ ɬɢɩɚ «ɫɬɚɤɚɧ» ɢɡ ɩɥɨɫɤɨɣ ɡɚɝɨɬɨɜɤɢ. ȼ ɫɬɚɬɶɟ ɨɛɨɫɧɨɜɚɧ ɜɵɛɨɪ  ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɬɪɟхɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɩɪɨɰɟɫɫɨɜ 

ɜɵɬɹɠɤɢ  ɞɟɬɚɥɢ ɬɢɩɚ «ɫɬɚɤɚɧ» ɢɡ ɩɥɨɫɤɨɣ ɡɚɝɨɬɨɜɤɢ. ɉɪɢɜɟɞɟɧɵ ɞɨɩɭɳɟɧɢɹ, ɩɪɢɧɹɬɵɟ 
ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ, ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɪɟɚɥɶɧɵх ɦɟхɚɧɢɱɟɫɤɢх 
ɫɜɨɣɫɬɜ ɚɥɸɦɢɧɢɹ ɢ ɫɜɢɧɰɚ. ɂɫɫɥɟɞɨɜɚɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɡɚɝɨɬɨɜɨɤ, 
хɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɫɬɚɤɚɧɚ, ɨɩɪɟɞɟɥɟɧɵ ɭɫɢɥɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ 
ɩɭɚɧɫɨɧ ɢ ɦɚɬɪɢɰɭ, ɢɫɫɥɟɞɨɜɚɧɵ ɤɨɦɩɨɧɟɧɬɵ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɡɚɝɨɬɨɜɤɢ, ɨɛɨɫɧɨɜɚɧ ɜɵɛɨɪ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɛɨɱɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ -   ɦɚɬɪɢɰɵ ɫ ɤɨɧɢɱɟɫɤɨɣ 
ɪɚɛɨɱɟɣ ɱɚɫɬɶɸ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɜɵɬɹɠɤɚ, ɮɨɪɦɨɢɡɦɟɧɟɧɢɟ, ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ.  

 

ȼɜɟɞɟɧɢɟ 

ȼɨɩɪɨɫɚɦ ɤɨɦɩɶюɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ 
ɞɚɜɥɟɧɢɟɦ (ɈɆȾ) ɭɞɟɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɜɧɢɦɚɧɢɟ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
Д1,βЖ. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ 
ɜɵɬɹɠɤɚ, ɩɨɡɜɨɥɹюɳɚɹ ɩɨɥɭɱɢɬɶ ɡɚ ɫɱɟɬ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɥɨɫɤɢɯ ɡɚɝɨɬɨɜɨɤ 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɵɯ ɞɟɬɚɥɟɣ 
ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ, ɨɬɥɢɱɚюɳɢɯɫɹ  ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɤɚɤ ɨɱɟɪɬɚɧɢɟɦ ɜ ɩɥɚɧɟ, ɬɚɤ ɢ ɮɨɪɦɨɣ 
ɛɨɤɨɜɵɯ ɫɬɟɧɨɤ ДγЖ.  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ 
ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɨɜɨɞɢɬɫɹ ɥɢɛɨ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ 
ɦɟɬɨɞɚɦɢ, ɥɢɛɨ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɨɞɧɚɤɨ 
ɡɚɞɚɱɚ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɫɬɚɜɢɬɫɹ ɜ 
ɞɜɭɯɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ Д4,ηЖ, ɧɟ ɭɱɢɬɵɜɚюɳɟɣ 
ɜɫɟ ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɦɟɬɚɥɥɚ ɢ 
ɟɝɨ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɫɬɚɬɶɢ - ɩɪɨɦɨɞɟɥɢɪɨɜɚɬɶ 
ɩɪɨɰɟɫɫɵ ɜɵɬɹɠɤɢ ɞɟɬɚɥɢ ɬɢɩɚ «ɫɬɚɤɚɧ» ɢɡ 
ɩɥɨɫɤɨɣ ɡɚɝɨɬɨɜɤɢ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɜ 
ɬɪɟɯɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ.  

ȼ ɪɚɛɨɬɟ ɪɟɲɚюɬɫɹ ɫɥɟɞɭюɳɢɟ ɡɚɞɚɱɢμ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɢ ɟɟ 

ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ 

ɫɥɭɱɚɟ ɜɵɬɹɠɤɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɫɬɚɤɚɧɚ ɢɡ 
ɩɥɨɫɤɨɣ ɚɥюɦɢɧɢɟɜɨɣ ɡɚɝɨɬɨɜɤɢ;  
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɢ ɟɟ 

ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ 

ɫɥɭɱɚɟ ɜɵɬɹɠɤɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɫɬɚɤɚɧɚ ɢɡ 
ɩɥɨɫɤɨɣ ɫɜɢɧɰɨɜɨɣ ɡɚɝɨɬɨɜɤɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ ɞɥɹ  
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɜɵɛɪɚɧ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ 

DEFORM-3D, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɣ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɈɆȾ 

(ɫɦ., ɧɚɩɪɢɦɟɪ, [6-8]) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ 

ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɨɡɜɨɥɹюɳɢɣ ɨɬɫɥɟɞɢɬɶ 
ɩɪɨɰɟɫɫ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɢɡɞɟɥɢɹ ɫ ɭɱɟɬɨɦ 
ɫɥɨɠɧɨɫɬɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɫɥɨɠɧɨɫɬɢ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɟɚɥɶɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɦɟɬɚɥɥɨɜ [9] ɨɬ ɢɫɤɨɦɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɢ ɨɰɟɧɢɬɶ ɤɨɧɟɱɧɵɣ 
ɪɟɡɭɥɶɬɚɬ.  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜɵɬɹɠɤɢ ɞɟɬɚɥɢ ɬɢɩɚ 
«ɫɬɚɤɚɧ» ɢɡ ɩɥɨɫɤɨɣ ɚɥɸɦɢɧɢɟɜɨɣ 
ɡɚɝɨɬɨɜɤɢ 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ  
ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚюɳɢɟ ɥɢɲɶ ɜ ɨɞɧɨɣ ɱɟɬɜɟɪɬɢ 
ɤɪɭɝɥɨɣ ɡɚɝɨɬɨɜɤɢ. Ȼɵɥɨ ɩɪɢɧɹɬɨ ɞɨɩɭɳɟɧɢɟ, 
ɱɬɨ ɜ ɞɪɭɝɢɯ ɬɪɟɯ ɱɟɬɜɟɪɬɹɯ ɩɪɨɰɟɫɫɵ 
ɩɪɨɬɟɤɚюɬ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. Ⱦɚɧɧɨɟ 
ɞɨɩɭɳɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɫɚɦ ɨɛɴɟɤɬ 
ɢɦɟɟɬ ɞɜɟ ɩɥɨɫɤɨɫɬɢ ɫɢɦɦɟɬɪɢɢ, ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɫɬɨɹɧɧɨ ɩɪɨɢɫɯɨɞɢɬ 
ɩɟɪɟɫɬɪɨɟɧɢɟ ɫɟɬɨɱɧɨɣ ɦɨɞɟɥɢ, ɚ ɩɪɢ ɪɚɛɨɬɟ ɫ 
ɰɟɥɨɣ ɤɪɭɝɥɨɣ ɡɚɝɨɬɨɜɤɨɣ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ 
ɤ ɨɲɢɛɤɚɦ ɢ ɫɛɨɹɦ ɜ ɩɪɨɝɪɚɦɦɟ, ɱɬɨ ɧɟɝɚɬɢɜɧɨ 
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ɩɨɜɥɢɹɟɬ ɧɚ ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɬɚɤɨɣ ɩɨɞɯɨɞ ɡɧɚɱɢɬɟɥɶɧɨ ɷɤɨɧɨɦɢɬ ɦɚɲɢɧɧɨɟ 
ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. Ɍɚɤɠɟ 

ɛɵɥɨ ɩɪɢɧɹɬɨ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɦɚɬɪɢɰɚ ɢ 
ɩɭɚɧɫɨɧ ɩɪɟɞɫɬɚɜɥɹюɬ ɫɨɛɨɣ ɚɛɫɨɥюɬɧɨ 
ɠɟɫɬɤɢɟ ɬɟɥɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ 
ɬɨɥɶɤɨ ɩɪɨɰɟɫɫ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɢ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɟ ɫɨɫɬɨɹɧɢɟ 
ɡɚɝɨɬɨɜɤɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɛɵɥɚ ɜɵɛɪɚɧɚ ɡɚɝɨɬɨɜɤɚ ɞɢɚɦɟɬɪɨɦ 80 ɦɦ ɢ 
ɬɨɥɳɢɧɨɣ β ɦɦ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɢ 
ɪɚɫɫɱɢɬɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɭɚɧɫɨɧɚ ɢ ɞɜɭɯ ɦɚɬɪɢɰμ ɫ ɡɚɤɪɭɝɥɟɧɧɨɣ 
ɪɚɛɨɱɟɣ ɤɪɨɦɤɨɣ ɢ ɫ ɤɨɧɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ 
ɱɚɫɬɶю, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Autodesk Inventor 

Professional 2010 ɪɚɡɪɚɛɨɬɚɧɵ ɢɯ ɬɪɟɯɦɟɪɧɵɟ 
ɦɨɞɟɥɢ (ɪɢɫ.1,β). ɇɚɥɢɱɢɟ ɦɚɬɪɢɰ ɞɜɭɯ ɬɢɩɨɜ 
ɩɨɡɜɨɥɢɥɨ ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɟɧɢɟ ɭɫɢɥɢɣ, 
ɞɟɣɫɬɜɭюɳɢɯ ɧɚ ɧɢɯ ɜ ɩɪɨɰɟɫɫɟ ɜɵɬɹɠɤɢ 
ɡɚɝɨɬɨɜɤɢ, ɢ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ 
ɜɚɪɢɚɧɬ ɢɯ ɤɨɧɫɬɪɭɤɰɢɢ, ɤɨɬɨɪɵɣ ɢ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɩɪɨɰɟɫɫɚ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ 
ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ Aluminium 1100 – 

ɚɦɟɪɢɤɚɧɫɤɢɣ ɚɧɚɥɨɝ ɚɥюɦɢɧɢɹ Ⱥ0. ɇɚ ɨɫɧɨɜɟ 
ɭɤɚɡɚɧɧɵɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜɵɬɹɠɤɢμ ɞɢɚɦɟɬɪ 
ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ, ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɬɹɠɤɢ, 
ɭɫɢɥɢɟ ɢ ɪɚɛɨɬɚ ɞɟɮɨɪɦɚɰɢɢ Д10Ж. Ɉɛɨɫɧɨɜɚɧɨ 
ɭɫɥɨɜɢɟ ɩɪɢɦɟɧɟɧɢɹ ɜɵɬɹɠɤɢ ɡɚ ɨɞɧɨ 
ɞɜɢɠɟɧɢɟ ɩɭɚɧɫɨɧɚ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɢɠɢɦɚ.  

 

 
 

Ɋɢɫɭɧɨɤ 1 – 3D-ɦɨɞɟɥɶ ɦɚɬɪɢɰɵ ɫ  
ɡɚɤɪɭɝɥɟɧɧɨɣ ɪɚɛɨɱɟɣ ɤɪɨɦɤɨɣ 

 

ȼ DEFORM-3D ɛɵɥɚ ɫɝɟɧɟɪɢɪɨɜɚɧɚ 
ɤɚɱɟɫɬɜɟɧɧɚɹ ɫɟɬɤɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ 840βη 
ɷɥɟɦɟɧɬɨɜ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ 0,γ4 ɦɦ 
(ɪɢɫ.γ).   Ɂɚɞɚɱɚ     ɪɟɲɚɥɚɫɶ    ɩɪɢ    ɩɨɫɬɨɹɧɧɨɣ 

ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɭɚɧɫɨɧɚ β ɦɦ/ɫ, ɤɨɬɨɪɚɹ 
ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɧɚ  
ɥɚɛɨɪɚɬɨɪɧɨɦ ɩɪɟɫɫɟ. 

 
 

Ɋɢɫɭɧɨɤ β – 3D-ɦɨɞɟɥɶ ɦɚɬɪɢɰɵ ɫ ɤɨɧɢɱɟɫɤɨɣ 
ɪɚɛɨɱɟɣ ɱɚɫɬɶю 

 

 

 

Ɋɢɫɭɧɨɤ γ – Ʉɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ 
ɡɚɝɨɬɨɜɤɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɩɪɢɧɢɦɚɥɫɹ 
ɪɚɜɧɵɦ 0,1β Д4Ж. Ȼɵɥ ɜɵɛɪɚɧ ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ 
ɲɚɝɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ 
ɩɟɪɟɦɟɳɟɧɢɟɦ ɢɧɫɬɪɭɦɟɧɬɚ ɧɚ ɩɨɫɬɨɹɧɧɭю 
ɜɟɥɢɱɢɧɭ 0,β ɦɦ. Ʉɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɦɚɬɪɢɰɵ ɫ ɡɚɤɪɭɝɥɟɧɧɨɣ 
ɪɚɛɨɱɟɣ ɤɪɨɦɤɨɣ ɫɨɫɬɚɜɢɥɨ 1γ0, ɞɥɹ ɦɚɬɪɢɰɵ ɫ 
ɤɨɧɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɶю – 165. ɇɚ ɪɢɫ. 4 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɬɞɟɥɶɧɵɟ ɲɚɝɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
ɇɚ ɧɟɦ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ  ɜ ɩɪɨɰɟɫɫɟ 
ɜɵɬɹɠɤɢ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, 
ɚ ɫɚɦɚ ɞɟɬɚɥɶ – ɫɬɚɤɚɧ -  ɢɦɟɟɬ ɫɬɟɧɤɢ, 
ɪɚɜɧɨɦɟɪɧɵɟ ɩɨ ɬɨɥɳɢɧɟ Д10Ж. 

Ⱦɥɹ ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ 
ɦɚɬɪɢɰɵ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ 
ɭɫɢɥɢɹ, ɞɟɣɫɬɜɭюɳɟɝɨ ɧɚ ɩɭɚɧɫɨɧ ɢ ɦɚɬɪɢɰɭ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ. 
Эɬɢ ɝɪɚɮɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. η,θ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɪɢɰɵ ɫ ɡɚɤɪɭɝɥɟɧɧɨɣ 
ɪɚɛɨɱɟɣ ɤɪɨɦɤɨɣ ɭɫɢɥɢɟ, ɞɟɣɫɬɜɭюɳɟɟ ɧɚ 
ɩɭɚɧɫɨɧ, ɧɚ ηγ ɲɚɝɟ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ γη70 ɇ,  ɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɦɚɬɪɢɰɵ ɫ ɤɨɧɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɶю ɨɧɨ 
ɫɨɫɬɚɜɥɹɟɬ  γ0θ0 ɇ ɧɚ 8β ɲɚɝɟ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɪɢɰɵ ɫ ɡɚɤɪɭɝɥɟɧɧɨɣ 
ɪɚɛɨɱɟɣ ɤɪɨɦɤɨɣ ɭɫɢɥɢɟ, ɞɟɣɫɬɜɭюɳɟɟ ɧɚ 
ɦɚɬɪɢɰɭ, ɧɚ ηγ ɲɚɝɟ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɜ 
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44γ0 ɇ, ɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɪɢɰɵ   ɫ  
ɤɨɧɢɱɟɫɤɨɣ  ɪɚɛɨɱɟɣ ɱɚɫɬɶю ɨɧɨ ɫɨɫɬɚɜɥɹɟɬ 
4080 ɇ ɧɚ 8β ɲɚɝɟ. 

Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɨɜ ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ, 
ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɭɫɢɥɢɣ 
ɧɚɛɥюɞɚюɬɫɹ, ɤɨɝɞɚ ɦɚɬɟɪɢɚɥ ɧɚɱɢɧɚɟɬ 
ɡɚɬɹɝɢɜɚɬɶɫɹ ɜ ɪɚɛɨɱɭю ɱɚɫɬɶ ɦɚɬɪɢɰɵ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɪɢɰɵ ɫ ɡɚɤɪɭɝɥɟɧɧɨɣ 
ɪɚɛɨɱɟɣ ɤɪɨɦɤɨɣ ɭɫɢɥɢɹ ɛɨɥɶɲɟ, ɱɟɦ ɜɨ 
ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɩɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ 
ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɛɵɥɚ ɩɪɢɧɹɬɚ ɦɚɬɪɢɰɚ ɫ ɤɨɧɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ 
ɱɚɫɬɶю. 

 

 

   
ɚ) 
 

 
ɛ) 
 

   
ɜ)        
                                             

 
ɝ) 
 

Ɋɢɫɭɧɨɤ 4 – ɉɪɨɰɟɫɫ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɢɡɞɟɥɢɹμ 
ɚ) ɲɚɝ θ0; ɛ) ɲɚɝ 8β; ɜ) ɲɚɝ 11θ; ɝ) ɲɚɝ 1θη 

(ɝɨɬɨɜɨɟ ɢɡɞɟɥɢɟ). 
ɇɚ ɪɢɫ. 7 ɩɨɤɚɡɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɜ ɦɨɦɟɧɬ ɞɟɣɫɬɜɢɹ 
ɧɚ ɢɧɫɬɪɭɦɟɧɬ ɦɚɤɫɢɦɚɥɶɧɵɯ ɭɫɢɥɢɣ. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 8β ɲɚɝɟ 
ɫɨɫɬɚɜɥɹɟɬ      111 Ɇɉɚ, ɚ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɞɟɮɨɪɦɚɰɢɹ – 0,γγλ ɦɦ. ɇɚɢɛɨɥɶɲɟɟ 
ɧɚɩɪɹɠɟɧɢɟ ɧɚɛɥюɞɚɟɬɫɹ ɜ ɦɟɫɬɟ ɩɟɪɟɯɨɞɚ 
ɫɬɟɧɤɢ ɜ ɞɧɨ ɫɬɚɤɚɧɚ. Эɬɨ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɨɟ 
ɫɟɱɟɧɢɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɬɪɵɜɚ ɞɧɚ, ɨɞɧɚɤɨ 
ɩɨɥɭɱɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚюɬ ɩɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ ɚɥюɦɢɧɢɹ ДλЖ. 

 

    
ɚ)   
                                                           

 
ɛ) 
 

Ɋɢɫɭɧɨɤ η – Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɹ, 
ɞɟɣɫɬɜɭюɳɟɝɨ ɧɚ ɩɭɚɧɫɨɧμ 

 ɚ) ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɪɢɰɵ ɫ ɡɚɤɪɭɝɥɟɧɧɨɣ 
ɪɚɛɨɱɟɣ ɤɪɨɦɤɨɣ; ɛ) ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɦɚɬɪɢɰɵ ɫ ɤɨɧɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɶю. 
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ɚ)        

 
ɛ) 

Ɋɢɫɭɧɨɤ θ – Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɹ, 
ɞɟɣɫɬɜɭюɳɟɝɨ ɧɚ ɦɚɬɪɢɰɭμ 

ɚ)  ɫ ɡɚɤɪɭɝɥɟɧɧɨɣ ɪɚɛɨɱɟɣ ɤɪɨɦɤɨɣ;  
ɛ)  ɫ ɤɨɧɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɶю. 

    
ɚ)    
                                                  

    
ɛ) 
 

Ɋɢɫɭɧɨɤ 7 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɚ) ɢ 
ɞɟɮɨɪɦɚɰɢɣ ɛ) ɜ ɦɨɦɟɧɬ ɞɟɣɫɬɜɢɹ ɧɚ 
ɢɧɫɬɪɭɦɟɧɬ ɦɚɤɫɢɦɚɥɶɧɵɯ ɭɫɢɥɢɣ. 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ 
ɫɬɟɧɤɢ ɫɬɚɤɚɧɚ ɩɪɢ ɜɵɬɹɠɤɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɡɚɝɨɬɨɜɤɢ ɛɵɥɨ ɜɡɹɬɨ γ4 ɬɨɱɤɢ ɢ ɨɬɫɥɟɠɟɧɨ ɢɯ 
ɫɦɟɳɟɧɢɟ ɜ ɝɨɬɨɜɨɦ ɢɡɞɟɥɢɢ. ɇɚ ɪɢɫ. 8 
ɢɡɨɛɪɚɠɟɧɨ ɪɚɡɦɟɳɟɧɢɟ ɷɬɢɯ ɬɨɱɟɤ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ, ɚ ɧɚ ɪɢɫɭɧɤɟ λ - 
ɤɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ  ɜ 
ɪɚɡɥɢɱɧɵɯ  ɱɚɫɬɹɯ  ɫɬɚɤɚɧɚ  ɩɪɢ  ɜɵɬɹɠɤɟ.   
ɉɪɢ   ɷɬɨɦ   ɩɨ  ɨɫɢ   ɚɛɫɰɢɫɫ   ɨɬɥɨɠɟɧɵ  ɬɨɱɤɢ 

 

 

 

Ɋɢɫɭɧɨɤ 8 – Ɋɚɡɦɟɳɟɧɢɟ ɨɬɫɥɟɠɢɜɚɟɦɵɯ ɬɨɱɟɤ 
ɜ ɝɨɬɨɜɨɦ ɢɡɞɟɥɢɢ 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ λ – Ʉɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ 

ɜ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɹɯ ɫɬɚɤɚɧɚ ɩɪɢ ɜɵɬɹɠɤɟ 

 

ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɹ ɜ ɪɚɡɜɟɪɧɭɬɨɦ 
ɜɢɞɟ, ɚ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɫɨɨɬɜɟɬɫɬɜɭюɳɢɟ 
ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɨɥɳɢɧɵ ɦɚɬɟɪɢɚɥɚ ɜ 
ɩɪɨɰɟɧɬɚɯ. Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ.8,  ɧɚɢɛɨɥɶɲɟɟ  
ɭɬɨɧɟɧɢɟ  11,ηΣ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɟɫɬɟ ɩɟɪɟɯɨɞɚ 
ɫɬɟɧɤɢ ɫɬɚɤɚɧɚ ɜ ɟɝɨ ɞɧɨ, ɚ ɩɨ ɦɟɪɟ 
ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɜɟɪɯɧɟɣ ɤɪɨɦɤɟ ɬɨɥɳɢɧɚ  
ɦɚɬɟɪɢɚɥɚ ɧɟɩɪɟɪɵɜɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɞɨɫɬɢɝɚɹ 

 λ,ηΣ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɨɫɬɢɝɚɟɦɵɦ ɧɚ 
ɩɪɚɤɬɢɤɟ ɡɧɚɱɟɧɢɹɦ Д10Ж. Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɬɨɥɳɢɧɵ ɤɪɚɹ, ɫɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɫɨɫɬɚɜɢɥɨ  β,1λ ɦɦ, ɱɬɨ ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɤɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɢ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɚɞɟɤɜɚɬɧɨɫɬɢ ɫɨɡɞɚɧɧɨɣ 
ɤɨɦɩɶюɬɟɪɧɨɣ ɦɨɞɟɥɢ. 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜɵɬɹɠɤɢ ɞɟɬɚɥɢ ɬɢɩɚ 
«ɫɬɚɤɚɧ» ɢɡ ɩɥɨɫɤɨɣ ɫɜɢɧɰɨɜɨɣ 
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ɡɚɝɨɬɨɜɤɢ 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɦɨɞɟɥɢ 
ɩɭɚɧɫɨɧɚ ɢ ɦɚɬɪɢɰɵ ɫ ɤɨɧɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ 
ɱɚɫɬɶю ɛɵɥɢ ɜɡɹɬɵ ɬɚɤɢɦɢ ɠɟ, ɤɚɤ ɢ ɩɪɢ 
ɜɵɬɹɠɤɟ ɚɥюɦɢɧɢɟɜɨɝɨ ɫɬɚɤɚɧɚ. Ɇɨɞɟɥɶ ɜɧɨɜɶ 
ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ ɱɟɬɜɟɪɬɶ ɡɚɝɨɬɨɜɤɢ 

ɞɢɚɦɟɬɪɨɦ 80 ɦɦ ɢ ɬɨɥɳɢɧɨɣ β ɦɦ, ɜ  ɤɚɱɟɫɬɜɟ 
ɦɚɬɟɪɢɚɥɚ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɫɜɢɧɟɰ. 

 ɇɚ ɨɫɧɨɜɟ ɭɤɚɡɚɧɧɵɯ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɜɵɬɹɠɤɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟμ ɞɢɚɦɟɬɪ 
ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ, ɭɫɢɥɢɟ ɢ ɪɚɛɨɬɚ ɞɟɮɨɪɦɚɰɢɢ, 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɬɹɠɤɢ. Уɫɢɥɢɟ ɢ ɪɚɛɨɬɚ 
ɞɟɮɨɪɦɚɰɢɢ ɨɤɚɡɚɥɢɫɶ ɧɚ ɩɨɪɹɞɨɤ ɧɢɠɟ, ɱɟɦ ɜ 
ɫɥɭɱɚɟ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɚɥюɦɢɧɢɟɜɨɣ 
ɡɚɝɨɬɨɜɤɢ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɥɢɱɢɟɦ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ [9]. 

ȼɧɨɜɶ ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɜɵɬɹɠɤɚ ɡɚ ɨɞɧɨ 
ɞɜɢɠɟɧɢɟ ɩɭɚɧɫɨɧɚ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɢɠɢɦɚ.  

ȼ DEFORM-3D ɫɝɟɧɟɪɢɪɨɜɚɧɚ  
ɩɪɨɢɡɜɨɥɶɧɚɹ ɫɟɬɤɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ 841ββ 
ɷɥɟɦɟɧɬɨɜ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ 0,γ4 ɦɦ. 
Ɋɟɲɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɭɚɧɫɨɧɚ β ɦɦ/ɫ. Ȼɵɥ 

ɜɵɛɪɚɧ ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ ɲɚɝɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ 
ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɢɧɫɬɪɭɦɟɧɬɚ ɧɚ 
ɩɨɫɬɨɹɧɧɭю ɜɟɥɢɱɢɧɭ 0,β ɦɦ, ɤɨɥɢɱɟɫɬɜɨ 
ɲɚɝɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɢɥɨ 17η. 

ɇɚ ɪɢɫ. 10 ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɥɭɱɟɧɧɨɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɨɬɨɜɨɟ ɢɡɞɟɥɢɟ.  
Ɉɧɨ ɚɧɚɥɨɝɢɱɧɨ ɫɬɚɤɚɧɭ, ɜɵɬɹɝɢɜɚɟɦɨɦɭ ɢɡ 
ɚɥюɦɢɧɢɹ (ɫɦ. ɪɢɫ. 4), ɜ ɩɪɨɰɟɫɫɟ ɜɵɬɹɠɤɢ 
ɡɚɝɨɬɨɜɤɢ  ɢɡ  ɫɜɢɧɰɚ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ  ɧɟ  

 

 
 

Ɋɢɫɭɧɨɤ 10 – Ɋɟɡɭɥɶɬɚɬ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ 
ɢɡɞɟɥɢɹ ɢɡ ɫɜɢɧɰɚ 

 

ɩɪɨɢɫɯɨɞɢɬ, ɫɬɚɤɚɧ ɢɦɟɟɬ ɫɬɟɧɤɢ, ɪɚɜɧɨɦɟɪɧɵɟ 
ɩɨ ɬɨɥɳɢɧɟ. 

Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɹ, 
ɞɟɣɫɬɜɭюɳɟɝɨ ɧɚ ɩɭɚɧɫɨɧ ɢ ɦɚɬɪɢɰɭ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ, 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ.11.  Ɇɚɤɫɢɦɚɥɶɧɵɟ  ɡɧɚɱɟɧɢɹ  
 

    
ɚ)    
                                                         

 
ɛ) 
 

Ɋɢɫɭɧɨɤ 11 – Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɹμ 
  ɚ) ɞɟɣɫɬɜɭюɳɟɝɨ ɧɚ ɩɭɚɧɫɨɧ; ɛ) ɞɟɣɫɬɜɭюɳɟɝɨ 

ɧɚ ɦɚɬɪɢɰɭ 

 

ɭɫɢɥɢɣ ɧɚɛɥюɞɚюɬɫɹ ɧɚ 8β ɲɚɝɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɫɨɫɬɚɜɥɹюɬ η14 ɇ ɞɥɹ 
ɩɭɚɧɫɨɧɚ ɢ θβ0 ɇ ɞɥɹ ɦɚɬɪɢɰɵ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ 
ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɡɚɝɨɬɨɜɤɟ  ɜ ɦɨɦɟɧɬ ɞɟɣɫɬɜɢɹ 
ɧɚ ɢɧɫɬɪɭɦɟɧɬ ɦɚɤɫɢɦɚɥɶɧɵɯ ɭɫɢɥɢɣ ɩɨɤɚɡɚɧɨ 
ɧɚ ɪɢɫ.1β. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɫɨɫɬɚɜɥɹɟɬ   ββ,1 Ɇɉɚ, ɨɧɨ ɧɚɛɥюɞɚɟɬɫɹ ɜ ɦɟɫɬɟ 
ɩɟɪɟɯɨɞɚ ɫɬɟɧɤɢ ɜ ɞɧɨ ɫɬɚɤɚɧɚ. Уɤɚɡɚɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ  ɧɟ  ɩɪɟɜɵɲɚɟɬ  ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ 

 

 
 

Ɋɢɫɭɧɨɤ 1β – ɇɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɡɚɝɨɬɨɜɤɢ ɧɚ 8β ɲɚɝɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ  
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ɫɜɢɧɰɚ, ɭɫɥɨɜɢɟ ɰɟɥɨɫɬɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ 
ɩɪɨɰɟɫɫɟ ɜɵɬɹɠɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɜ ɦɨɦɟɧɬ 
ɞɟɣɫɬɜɢɹ ɧɚ ɢɧɫɬɪɭɦɟɧɬ  ɦɚɤɫɢɦɚɥɶɧɵɯ  
ɭɫɢɥɢɣ (ɪɢɫ.1γ) ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɭю ɞɟɮɨɪɦɚɰɢю ɡɚɝɨɬɨɜɤɢ, ɪɚɜɧɭю 
0,γγ8 ɦɦ. 
 

 

Ɋɢɫɭɧɨɤ 1γ – Ⱦɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɡɚɝɨɬɨɜɤɢ ɧɚ 8β ɲɚɝɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

 

Ⱥɧɚɥɨɝɢɱɧɨ ɫɥɭɱɚю ɫ ɚɥюɦɢɧɢɟɜɨɣ 
ɡɚɝɨɬɨɜɤɨɣ, ɢɫɫɥɟɞɨɜɚɧ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ 
ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɫɬɚɤɚɧɚ ɩɪɢ ɜɵɬɹɠɤɟ. 
Сɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɥɳɢɧɵ ɤɪɚɹ  
ɫɨɫɬɚɜɢɥɨ  β,β ɦɦ, ɱɬɨ ɧɟ ɩɪɟɜɵɲɚɟɬ 
ɞɨɩɭɫɤɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ 
ɚɞɟɤɜɚɬɧɨɫɬɢ ɫɨɡɞɚɧɧɨɣ ɤɨɦɩɶюɬɟɪɧɨɣ ɦɨɞɟɥɢ. 

ȼɵɜɨɞɵ  
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ 

ɤɨɦɩɶюɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɜɵɬɹɠɤɢ ɞɟɬɚɥɢ ɬɢɩɚ «ɫɬɚɤɚɧ» ɢɡ ɩɥɨɫɤɢɯ 
ɚɥюɦɢɧɢɟɜɵɯ ɢ ɫɜɢɧɰɨɜɵɯ ɡɚɝɨɬɨɜɨɤ. Ⱦɥɹ 
ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɪɚɫɫɱɢɬɚɧɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɩɟɪɚɰɢɣ,  
ɨɩɪɟɞɟɥɟɧɵ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɪɚɛɨɱɟɝɨ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɟɝɨ ɬɪɟɯɦɟɪɧɵɟ 
ɦɨɞɟɥɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɜɵɬɹɠɤɢ ɞɟɬɚɥɢ ɬɢɩɚ «ɫɬɚɤɚɧ» ɫ ɩɨɦɨɳɶю 
ɩɚɤɟɬɚ DEFORM-3D ɛɵɥ ɨɛɨɫɧɨɜɚɧ ɜɵɛɨɪ 
ɦɚɬɪɢɰɵ ɫ ɤɨɧɢɱɟɫɤɨɣ ɪɚɛɨɱɟɣ ɱɚɫɬɶю, 
ɢɫɫɥɟɞɨɜɚɧ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ 
ɫɬɟɧɤɢ ɫɬɚɤɚɧɚ, ɨɩɪɟɞɟɥɟɧɵ ɭɫɢɥɢɹ, 
ɞɟɣɫɬɜɭюɳɢɟ ɧɚ ɩɭɚɧɫɨɧ ɢ ɦɚɬɪɢɰɭ, ɚ ɬɚɤɠɟ 
ɢɫɫɥɟɞɨɜɚɧɵ ɤɨɦɩɨɧɟɧɬɵ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɝɨɬɨɜɤɢ.  
Ɋɚɛɨɬɚ ɢɦɟɟɬ ɧɟ ɬɨɥɶɤɨ ɧɚɭɱɧɨɟ, ɧɨ ɢ 

ɩɪɢɤɥɚɞɧɨɟ ɡɧɚɱɟɧɢɟ – ɜɵɹɜɥɟɧɧɵɟ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ,  ɪɟɡɭɥɶɬɚɬɵ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 

ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɜɵɬɹɠɤɢ ɩɥɨɫɤɢɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɰɜɟɬɧɵɯ 

ɦɟɬɚɥɥɨɜ ɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɲɬɚɦɩɨɜɨɣ 

ɨɫɧɚɫɬɤɢ, ɪɟɚɥɢɡɭюɳɟɣ ɷɬɢ ɩɪɨɰɟɫɫɵ. 
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Ɋɭɦɹɧɰɟɜ ȼ.ȼ., ɐɜɟɬɤɨɜɚ ȿ.ȼ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ 
ɞɟɬɚɥɢ ɬɢɩɚ «ɫɬɚɤɚɧ» ɢɡ ɩɥɨɫɤɨɣ ɡɚɝɨɬɨɜɤɢ. ȼ ɫɬɚɬɶɟ ɨɛɨɫɧɨɜɚɧ ɜɵɛɨɪ  ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɬɪɟхɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɩɪɨɰɟɫɫɨɜ 

ɜɵɬɹɠɤɢ  ɞɟɬɚɥɢ ɬɢɩɚ «ɫɬɚɤɚɧ» ɢɡ ɩɥɨɫɤɨɣ ɡɚɝɨɬɨɜɤɢ. ɉɪɢɜɟɞɟɧɵ ɞɨɩɭɳɟɧɢɹ, ɩɪɢɧɹɬɵɟ 
ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ, ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɪɟɚɥɶɧɵх ɦɟхɚɧɢɱɟɫɤɢх 
ɫɜɨɣɫɬɜ ɚɥɸɦɢɧɢɹ ɢ ɫɜɢɧɰɚ. ɂɫɫɥɟɞɨɜɚɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɡɚɝɨɬɨɜɨɤ,  
хɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɫɬɚɤɚɧɚ, ɨɩɪɟɞɟɥɟɧɵ ɭɫɢɥɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ 
ɩɭɚɧɫɨɧ ɢ ɦɚɬɪɢɰɭ, ɢɫɫɥɟɞɨɜɚɧɵ ɤɨɦɩɨɧɟɧɬɵ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɡɚɝɨɬɨɜɤɢ, ɨɛɨɫɧɨɜɚɧ ɜɵɛɨɪ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɛɨɱɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ -   ɦɚɬɪɢɰɵ ɫ ɤɨɧɢɱɟɫɤɨɣ 
ɪɚɛɨɱɟɣ ɱɚɫɬɶɸ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Кɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɜɵɬɹɠɤɚ, ɮɨɪɦɨɢɡɦɟɧɟɧɢɟ, ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ.  

Rumyantsev V.V., Tsvetkova E.V. Computer simulation of process of an extract of a detail of 

the "body" type from flat workpiece. The choice of a program complex for computer simulation 

in three-dimensional statement of processes of an extract of a detail of the "body" type from flat 

workpiece is reasonable in  the article. The assumptions adopted in the simulation are presented, 

the simulating technique is described with allowance for the real mechanical properties of 

aluminum and lead. Mechanism of forming of workpieces,  the behavior of change of thickness of 

a edge of a body are investigated, the forces acting on a cupping punch and a matrix are defined, 

components of the stress-strain state of workpiece are investigated, the choice of a construction of 

the operating  tool - a matrix with a conical working section -  is reasonable. 

Keywords: Computer simulation, extract, forming, stress-strain state. 
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