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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ ɩɪɢ ɰɢɮɪɨɜɢɡɚɰɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ» 

ɫɨɞɟɪɠɢɬ 67 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 61 ɢɥɥɸɫɬɪɚɰɢɸ, 7 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɉɊɈȽɊȺɆɆɇȺə ɂɇɌȿȽɊȺɐɂə, ɆȿɌɈȾ ɈȻɊȺɌɇɈȽɈ ɊȺɁɆȿɓȿɇɂə, 

C#. 

Ɉɛɴɟɤɬɨɦ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɧɚɹ ɢɧɬɟɝɪɚɰɢɹ ɦɟɬɨɞɚ 

ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɫ ɩɪɨɝɪɚɦɦɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɮɢɪɦɵ Cadence. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɩɨɜɵɲɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɡɚ ɫɱɟɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɪɚɡɦɟɳɟɧɢɹ. 

Ɂɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɪɟɲɚɥɢɫɶ ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ 

ɪɚɛɨɬɵ: 

1) Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɩɪɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ; 

2) Ⱥɧɚɥɢɡ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɨɜɪɟɦɟɧɧɵɯ ɋȺɉɊ 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɫɢɧɬɟɡɚ ɤɨɧɫɬɪɭɤɰɢɣ; 

3) ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɪɚɡɦɟɳɟɧɢɹ ɩɪɢ ɰɢɮɪɨɜɢɡɚɰɢɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ; 

4) ɂɧɬɟɝɪɚɰɢɹ ɦɟɬɨɞɚ ɪɚɡɦɟɳɟɧɢɹ ɫ ɩɪɨɞɭɤɬɚɦɢ ɮɢɪɦɵ Cadence. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ, 

ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɮɢɪɦɵ Cadence, ɩɨɥɭɱɟɧɚ 

ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɫ ɰɟɥɶɸ 

ɪɚɫɫɬɚɧɨɜɤɢ ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ. 
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ȼȼȿȾȿɇɂȿ 

 

Ɍɟɯɧɨɥɨɝɢɢ ɰɢɮɪɨɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɫɪɟɞɫɬɜ ɢ ɤɨɦɩɥɟɤɫɨɜ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɜɯɨɞɹɬ ɜ 

ɫɨɫɬɚɜ ɬɟɯɧɨɥɨɝɢɣ ɂɧɞɭɫɬɪɢɢ 4.0. Ɋɚɡɪɚɛɨɬɤɚ ɫɥɨɠɧɵɯ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ 

ɢɡɞɟɥɢɣ ɧɚ ɫɨɜɪɟɦɟɧɧɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɵɯ 

ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɪɟɲɚɬɶ ɩɪɨɟɤɬɧɵɟ ɡɚɞɚɱɢ ɜ ɪɚɦɤɚɯ ɫɤɜɨɡɧɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɚ ɜɫɟɯ ɭɪɨɜɧɹɯ ɢ ɷɬɚɩɚɯ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ. ɉɪɢ ɷɬɨɦ 

ɰɢɮɪɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ, 

ɩɪɟɞɥɚɝɚɟɦɵɯ ɜɟɞɭɳɢɦɢ ɦɢɪɨɜɵɦɢ ɢ ɪɨɫɫɢɣɫɤɢɦɢ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ ɋȺɉɊ, 

ɡɚɱɚɫɬɭɸ ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɪɨɟɤɬɢɪɨɜɳɢɤɭ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɧɚ 

ɞɨɥɠɧɨɦ ɭɪɨɜɧɟ ɢɡ-ɡɚ ɧɢɡɤɨɝɨ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɪɟɲɟɧɢɣ. Ɉɫɨɛɟɧɧɨ ɷɬɨ 

ɤɚɫɚɟɬɫɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɯɟɦɵ ɧɚ 

ɡɚɞɚɧɧɨɦ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɟɱɚɬɧɨɝɨ ɦɨɧɬɚɠɚ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɋȺɉɊ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɪɚɡɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɧɟ ɪɟɲɚɸɬ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɡɚɞɚɱɭ ɪɚɡɦɟɳɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɡɚɞɚɧɧɨɦ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ 

ɩɨɥɟ ɜ ɜɢɞɟ ɤɨɧɬɭɪɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ. Ɉɬɱɚɫɬɢ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ ɫɥɨɠɧɵɯ ɩɟɱɚɬɧɵɯ ɭɡɥɨɜ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɷɥɟɦɟɧɬɨɜ ɢ 

ɫɜɹɡɟɣ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ, ɜɨɡɧɢɤɚɟɬ ɫɥɢɲɤɨɦ 

ɦɧɨɝɨ ɭɫɥɨɜɢɣ, ɧɟ ɩɨɞɞɚɸɳɢɯɫɹ ɮɨɪɦɚɥɢɡɚɰɢɢ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɚɡɦɟɳɟɧɢɟ 

ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɚɤɬɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ ɧɚ 

ɩɪɟɞɩɪɢɹɬɢɹɯ ɪɟɝɢɨɧɚ, ɡɚɧɢɦɚɸɳɢɯɫɹ ɩɪɨɟɤɬɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɶɸ. ɉɪɨɟɤɬɢɪɨɜɳɢɤɢ ɡɚɧɢɦɚɸɬɫɹ ɪɚɡɦɟɳɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ 

ɜɪɭɱɧɭɸ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɭɸ ɫɥɨɠɧɨɫɬɶ ɢ ɬɪɭɞɨɟɦɤɨɫɬɶ ɷɬɨɣ ɡɚɞɚɱɢ. 

ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɵɯ ɪɟɲɟɧɢɣ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ ɪɚɡɦɟɳɟɧɢɟ 

ɷɥɟɦɟɧɬɨɜ ɩɟɱɚɬɧɨɝɨ ɦɨɧɬɚɠɚ ɤɚɤ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ, ɬɚɤ ɢ ɜ ɢɧɬɟɪɚɤɬɢɜɧɨɦ 

ɪɟɠɢɦɚɯ, ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɵɦ ɲɚɝɨɦ ɜ ɪɚɡɜɢɬɢɢ ɰɢɮɪɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ. 
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1 ɐɢɮɪɨɜɢɡɚɰɢя ɩɪɨɟɤɬɧɵɯ ɪɚɛɨɬ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɫɢɧɬɟɡɚ 

ɤɨɧɫɬɪɭɤɰɢɢ 

1.1 ɐɢɮɪɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɚɤ ɨɫɧɨɜɚ ɬɟɯɧɨɥɨɝɢɣ 

ɂɧɞɭɫɬɪɢɢ 4.0 

1.1.1 Ɉɛɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɢɧɞɭɫɬɪɢɢ ɱɟɬɜɟɪɬɨɝɨ 

ɩɨɤɨɥɟɧɢɹ 

 

ɑɟɬɜёɪɬɚɹ ɩɪɨɦɵɲɥɟɧɧɚɹ ɪɟɜɨɥɸɰɢɹ - ɩɟɪɟɯɨɞ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ 

ɰɢɮɪɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɭɩɪɚɜɥɹɟɦɨɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɜɧɟɲɧɟɣ 

ɫɪɟɞɨɣ, ɜɵɯɨɞɹɳɟɟ ɡɚ ɝɪɚɧɢɰɵ ɨɞɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ, ɫ ɩɟɪɫɩɟɤɬɢɜɨɣ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɨɛɳɭɸ ɩɪɨɦɵɲɥɟɧɧɭɸ ɫɟɬɶ ɜɟɳɟɣ ɢ ɭɫɥɭɝ. 

ɂɧɞɭɫɬɪɢɹ ɱɟɬɜɟɪɬɨɝɨ ɩɨɤɨɥɟɧɢɹ ɩɨɥɭɱɢɥɚ ɫɜɨɟ ɧɚɡɜɚɧɢɟ ɨɬ 

ɢɧɢɰɢɚɬɢɜɵ, ɜɨɡɝɥɚɜɥɹɟɦɨɣ ɛɢɡɧɟɫɦɟɧɚɦɢ, ɩɨɥɢɬɢɤɚɦɢ ɢ ɭɱɟɧɵɦɢ, ɤɨɬɨɪɵɟ 

ɨɩɪɟɞɟɥɢɥɢ ɟɟ ɜ 2011 ɝɨɞɭ ɤɚɤ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɵɲɟɧɢɹ 

ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɟɪɦɚɧɫɤɨɣ ɨɛɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɱɟɪɟɡ 

ɩɨɜɵɲɟɧɧɭɸ ɢɧɬɟɝɪɚɰɢɸ «ɤɢɛɟɪɮɢɡɢɱɟɫɤɢɯ ɫɢɫɬɟɦ» ɜ ɡɚɜɨɞɫɤɢɟ ɩɪɨɰɟɫɫɵ.  

ɉɨɞɨɛɧɵɟ ɢɡɦɟɧɟɧɢɹ ɡɚɬɪɚɝɢɜɚɸɬ ɬɚɤɢɟ ɝɪɚɧɢ ɠɢɡɧɢ ɱɟɥɨɜɟɤɚ ɤɚɤ: ɪɵɧɨɤ 

ɬɪɭɞɚ, ɠɢɡɧɟɧɧɚɹ ɫɪɟɞɚ, ɩɨɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɤɥɚɞ, 

ɱɟɥɨɜɟɱɟɫɤɭɸ ɢɞɟɧɬɢɱɧɨɫɬɶ.[2] 

 ɑɟɬɜёɪɬɚɹ ɩɪɨɦɵɲɥɟɧɧɚɹ ɪɟɜɨɥɸɰɢɹ ɨɛɵɱɧɨ ɨɩɢɫɵɜɚɟɬɫɹ ɩɭɬɟɦ 

ɭɤɚɡɚɧɢɹ ɤɥɸɱɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɜɵɯɨɞ ɢɡ ɇɂɈɄɊ ɤɨɬɨɪɵɯ ɩɥɚɧɢɪɭɟɬɫɹ ɜ 

ɛɥɢɠɚɣɲɟɟ ɜɪɟɦɹ. Ʉ ɞɚɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɩɪɢɱɢɫɥɹɸɬ ɫɥɟɞɭɸɳɢɟ 

ɫɨɛɢɪɚɬɟɥɶɧɵɟ ɩɨɧɹɬɢɹ ɝɪɹɞɭɳɢɯ ɬɟɯɧɨɥɨɝɢɣ: 

 Ȼɨɥɶɲɢɟ ɞɚɧɧɵɟ; 

 ɂɧɬɟɪɧɟɬ ɜɟɳɢ; 

 3D-ɩɟɱɚɬɶ; 

 ɉɟɱɚɬɧɚɹ ɷɥɟɤɬɪɨɧɢɤɚ; 

 Ʉɜɚɧɬɨɜɵɟ ɜɵɱɢɫɥɟɧɢɹ; 
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 Ȼɥɨɤɱɟɣɧ; 

 ȼɢɪɬɭɚɥɶɧɚɹ ɢ ɞɨɩɨɥɧɟɧɧɚɹ ɪɟɚɥɶɧɨɫɬɶ. 

Ȼɨɥɶɲɢɦɢ ɞɚɧɧɵɦɢ ɫɱɢɬɚɸɬɫɹ ɨɛɨɡɧɚɱɟɧɢɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɢ 

ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ ɨɝɪɨɦɧɵɯ ɨɛɴёɦɨɜ, ɷɮɮɟɤɬɢɜɧɨ 

ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɫɩɟɰɢɚɥɶɧɵɦɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ. ȼ ɲɢɪɨɤɨɦ 

ɫɦɵɫɥɟ ɨ «ɛɨɥɶɲɢɯ ɞɚɧɧɵɯ» ɝɨɜɨɪɹɬ, ɤɚɤ ɨ ɷɬɚɩɟ, ɫɜɹɡɚɧɧɨɦ ɫ ɩɨɹɜɥɟɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɫɩɨɫɨɛɧɨɣ ɧɚ ɚɧɚɥɢɡ ɞɚɧɧɵɯ, ɫɨɩɨɫɬɚɜɢɦɵɯ ɫ 

ɦɢɪɨɜɵɦ ɨɛɴɟɦɨɦ ɢ ɜɵɬɟɤɚɸɳɢɯ ɢɡ ɷɬɨɝɨ ɬɪɚɧɫɮɨɪɦɚɰɢɨɧɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ. 

Ʉɨɧɰɟɩɰɢɹ ɢɧɬɟɪɧɟɬ ɜɟɳɟɣ, ɤɚɤ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɦɟɠɞɭ 

ɮɢɡɢɱɟɫɤɢɦɢ ɩɪɟɞɦɟɬɚɦɢ, ɨɫɧɚɳёɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɫɩɨɫɨɛɧɚɹ ɩɟɪɟɫɬɪɨɢɬɶ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɢ ɨɛɳɟɫɬɜɟɧɧɵɟ 

ɩɪɨɰɟɫɫɵ, ɢɫɤɥɸɱɚɸɳɟɟ ɢɡ ɱɚɫɬɢ ɞɟɣɫɬɜɢɣ ɢ ɨɩɟɪɚɰɢɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ. 

Ʉɨɧɰɟɩɰɢɹ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɟɳɟ ɜ 1999 ɝɨɞɭ ɤɚɤ ɨɫɦɵɫɥɟɧɢɟ ɩɟɪɫɩɟɤɬɢɜ 

ɲɢɪɨɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɫɪɟɞɫɬɜ ɪɚɞɢɨɱɚɫɬɨɬɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɥɹ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɢɡɢɱɟɫɤɢɯ ɩɪɟɞɦɟɬɨɜ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɜɧɟɲɧɢɦ 

ɨɤɪɭɠɟɧɢɟɦ. ɇɚɩɨɥɧɟɧɢɟ ɤɨɧɰɟɩɰɢɢ ɦɧɨɝɨɨɛɪɚɡɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɢ ɜɧɟɞɪɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɞɥɹ ɟё ɪɟɚɥɢɡɚɰɢɢ ɧɚɱɢɧɚɹ ɫ 

2010-ɯ ɝɨɞɨɜ ɫɱɢɬɚɟɬɫɹ ɭɫɬɨɣɱɢɜɨɣ ɬɟɧɞɟɧɰɢɟɣ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɬɟɯɧɨɥɨɝɢɹɯ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɟɬɟɣ ɢ ɜɵɩɨɥɧɟɧɢɹ ɨɛɥɚɱɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɪɚɡɜɢɬɢɸ 

ɬɟɯɧɨɥɨɝɢɣ ɦɟɠɦɚɲɢɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɧɚɱɚɥɭ ɚɤɬɢɜɧɨɝɨ ɩɟɪɟɯɨɞɚ ɧɚ 

ɚɞɪɟɫɚ ɢɧɬɟɪɧɟɬ ɩɪɨɬɨɤɨɥɚ ɲɟɫɬɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɨɫɜɨɟɧɢɸ ɩɪɨɝɪɚɦɦɧɨ-

ɨɩɪɟɞɟɥɹɟɦɵɯ ɫɟɬɟɣ. 

3D - ɩɟɱɚɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɩɨɫɥɨɣɧɨɟ ɫɨɡɞɚɧɢɟ ɞɟɬɚɥɢ, ɢɫɩɨɥɶɡɭɸɳɟɟ 

ɰɢɮɪɨɜɭɸ ɦɨɞɟɥɶ ɩɪɨɬɨɬɢɩɚ. ɂɡɝɨɬɚɜɥɢɜɚɟɦɵɦ ɨɛɴɟɤɬɨɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ 

ɥɸɛɚɹ ɜɟɳɶ, ɨɬ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɬɟɡɨɜ ɢ ɞɨ ɫɬɪɨɢɬɟɥɶɧɵɯ ɛɥɨɤɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɟɱɚɬɶ ɧɟɫɤɨɥɶɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɨɞɧɨɜɪɟɦɟɧɧɨ. 

Ɍɟɯɧɨɥɨɝɢɹ ɢɦɟɟɬ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ, ɫɜɹɡɚɧɧɵɣ ɫ ɨɬɫɭɬɫɬɜɢɟɦ 
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ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɨɥɧɨɰɟɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɢɡɞɟɥɢɹ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɬɪɟɛɭɟɬɫɹ ɬɨɥɶɤɨ ɰɢɮɪɨɜɚɹ ɦɨɞɟɥɶ ɢɡɞɟɥɢɹ.  

Ɉɛɥɚɫɬɶ ɷɥɟɤɬɪɨɧɢɤɢ, ɪɚɡɪɚɛɚɬɵɜɚɸɳɚɹ ɪɟɚɥɢɡɚɰɢɸ ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦ 

ɫ ɩɨɦɨɳɶɸ ɩɟɱɚɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɡɵɜɚɟɬɫɹ ɩɟɱɚɬɧɨɣ ɷɥɟɤɬɪɨɧɢɤɨɣ. 

ɉɟɱɚɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚɧɨɫɢɬ ɬɨɤɨɩɪɨɜɨɞɹɳɢɟ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ 

ɱɟɪɧɢɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɫɤɨɣ ɩɨɞɥɨɠɤɢ, ɮɨɪɦɢɪɭɸɳɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɨɣ ɚɤɬɢɜɧɵɟ, ɩɚɫɫɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɦɟɠɷɥɟɦɟɧɬɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ. 

ɉɨɹɜɥɟɧɢɟ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɜɹɡɚɧɨ ɫ ɞɨɫɬɭɩɧɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ ɢ ɧɚɧɨɱɚɫɬɢɰ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ 

ɩɪɢ ɨɩɪɟɞɟɥёɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɩɨɫɨɛɧɵ ɡɚɦɟɧɢɬɶ ɤɪɟɦɧɢɣ ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɢ 

ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ. ɂɯ ɦɨɠɧɨ ɞɨɛɚɜɥɹɬɶ ɜ ɠɢɞɤɨɫɬɢ, ɜɵɩɨɥɧɹɸɳɢɟ 

ɮɭɧɤɰɢɢ ɤɪɚɫɨɤ ɢɥɢ ɱɟɪɧɢɥ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɧɚɧɨɫɹɬɫɹ ɧɚ ɩɨɞɥɨɠɤɭ ɢ ɫɨɡɞɚɸɬ 

ɭɫɬɪɨɣɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɬɨɧɤɨɩɥёɧɨɱɧɵɟ ɬɪɚɧɡɢɫɬɨɪɵ ɢɥɢ ɪɟɡɢɫɬɨɪɵ. 

Ⱦɥɹ ɨɛɵɱɧɨɣ ɩɟɱɚɬɢ ɤɪɚɫɤɢ ɧɚɧɨɫɹɬɫɹ ɧɚ ɛɭɦɚɝɭ, ɧɨ ɜ ɫɥɭɱɚɟ ɩɟɱɚɬɧɨɣ 

ɷɥɟɤɬɪɨɧɢɤɢ ɨɧɚ ɹɜɥɹɟɬɫɹ ɧɟɩɪɢɝɨɞɧɨɣ, ɫɜɹɡɚɧɨ ɷɬɨ ɫ ɲɟɪɨɯɨɜɚɬɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɛɵɫɬɪɵɦ ɩɨɝɥɨɳɟɧɢɟɦ ɟɸ ɜɨɞɵ. Ⱦɥɹ ɩɟɱɚɬɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ 

ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɩɥɚɫɬɢɤ, ɤɟɪɚɦɢɤɚ ɢɥɢ ɤɪɟɦɧɢɣ.  

Ⱦɥɹ ɫɚɦɨɣ ɩɟɱɚɬɢ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɢɩɨɜɨɟ ɩɟɱɚɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 

ɞɥɹ ɬɪɚɮɚɪɟɬɧɨɣ ɩɟɱɚɬɢ, ɮɥɟɤɫɨɝɪɚɮɢɢ, ɪɨɬɨɝɪɚɜɸɪɧɨɣ ɢ ɨɮɫɟɬɧɨɣ ɩɟɱɚɬɢ, ɚ 

ɬɚɤɠɟ ɫɬɪɭɣɧɵɟ ɩɪɢɧɬɟɪɵ. ɋɩɟɰɢɚɥɶɧɵɟ ɱɟɪɧɢɥɚ ɧɚɧɨɫɹɬɫɹ ɫɥɨɹɦɢ ɞɪɭɝ ɧɚ 

ɞɪɭɝɚ, ɢ ɫɢɥɶɧɨ ɡɚɜɢɫɹɬ ɨɬ ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɩɪɢɧɬɟɪɚ. Ɇɟɬɨɞɵ 

ɩɟɱɚɬɢ ɹɜɥɹɸɬɫɹ ɜɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ.[6] ȼɵɛɨɪ 

ɬɪɟɛɭɟɦɨɝɨ ɩɟɱɚɬɧɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɩɟɱɚɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɚ ɬɚɤɠɟ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɫɨɨɛɪɚɠɟɧɢɹɦɢ ɜ ɬɟɪɦɢɧɚɯ ɩɟɱɚɬɧɨɣ 

ɩɪɨɞɭɤɰɢɢ. 

ȼ ɧɟɤɨɬɨɪɵɯ ɨɛɥɚɫɬɹɯ, ɬɚɤɢɯ ɤɚɤ ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɜɟɬɨɞɢɨɞɨɜ, ɩɟɱɚɬɧɚɹ 

ɷɥɟɤɬɪɨɧɢɤɚ ɧɟ ɜɥɢɹɟɬ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɡɞɟɥɢɣ, ɧɨ ɛɨɥɶɲɢɧɫɬɜɨ 

ɭɫɬɪɨɣɫɬɜ, ɫɨɡɞɚɧɧɵɯ ɫɪɟɞɫɬɜɚɦɢ ɩɟɱɚɬɧɨɣ ɷɥɟɤɬɪɨɧɢɤɢ, ɭɫɬɭɩɚɸɬ ɩɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɛɵɱɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɩɪɢɛɨɪɚɦ, ɨɞɧɚɤɨ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ 
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ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦɢ. Ⱦɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦ 

ɩɪɟɢɦɭɳɟɫɬɜɨɦ, ɤɨɝɞɚ ɫɪɚɜɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɞɥɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɪɨɝɧɨɡɢɪɭɟɬɫɹ, ɱɬɨ ɢɡɞɟɥɢɹ ɧɟ ɬɪɟɛɭɸɳɢɟ ɜɵɫɨɤɭɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦ ɩɨɥɭɱɚɬ ɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɡ-

ɡɚ ɨɱɟɧɶ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ. Ʉ ɬɚɤɢɦ ɢɡɞɟɥɢɹɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɝɢɛɤɢɟ ɞɢɫɩɥɟɢ, 

ɪɚɞɢɨɱɚɫɬɨɬɧɭɸ ɢɞɟɧɬɢɮɢɤɚɰɢɹ, ɞɟɤɨɪɚɬɢɜɧɵɟ ɢ ɚɧɢɦɢɪɨɜɚɧɧɵɟ ɩɥɚɤɚɬɵ, 

ɚɤɬɢɜɧɵɟ ɩɨɤɪɵɬɢɹ.  

ɉɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɟɱɚɬɧɵɯ ɷɥɟɤɬɪɨɧɢɤɢ ɫɜɹɡɚɧɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɪɟɚɥɢɡɚɰɢɢ ɧɨɜɵɯ ɢɥɢ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ: 

ɫɨɡɞɚɧɢɟ ɦɧɨɝɨɫɥɨɣɧɵɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɛɨɥɟɟ ɩɪɨɫɬɵɦ ɢ 

ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ, ɩɟɱɚɬɶ ɧɚ ɝɢɛɤɢɯ ɩɨɞɥɨɠɤɚɯ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɢɡɨɝɧɭɬɨɝɨ ɢɡɞɟɥɢɹ. 

Ɂɚ ɫɱɟɬ ɹɜɥɟɧɢɹ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ ɫɭɩɟɪɩɨɡɢɰɢɢ ɜ ɤɜɚɧɬɨɜɵɯ 

ɜɵɱɢɫɥɟɧɢɹɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɫɨɛɵɟ ɟɞɢɧɢɰɵ ɢɧɮɨɪɦɚɰɢɢ – ɤɭɛɢɬɵ, ɢɦɟɸɳɢɟ 

ɫɪɚɡɭ ɞɜɚ ɫɨɫɬɨɹɧɢɹ 0 ɢ 1, ɜ ɨɬɥɢɱɢɟ ɨɬ ɛɚɣɬɚ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɹɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɵɦ ɩɪɨɢɡɜɨɞɢɬɶ ɨɛɪɚɛɨɬɤɭ ɜɫɟɯ ɫɨɫɬɨɹɧɢɣ ɫɪɚɡɭ, ɩɨɥɭɱɚɹ ɛɨɥɶɲɨɟ 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɧɚɞ ɩɪɢɜɵɱɧɵɦ ɤɨɦɩɶɸɬɟɪɨɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ 

ɧɟɫɤɨɥɶɤɨ ɩɪɨɬɨɬɢɩɨɜ, ɢɫɩɨɥɧɹɸɳɢɟ ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɧɟɛɨɥɶɲɨɣ 

ɫɥɨɠɧɨɫɬɢ. 

Ȼɥɨɤɱɟɣɧɨɦ ɧɚɡɵɜɚɟɬɫɹ ɧɟɩɪɟɪɵɜɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɥɨɤɨɜ 

ɢɧɮɨɪɦɚɰɢɢ, ɜɵɫɬɪɨɟɧɧɚɹ ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɪɚɜɢɥɚɦ. ɋɜɹɡɶ ɦɟɠɞɭ ɛɥɨɤɚɦɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɯɟɲ-ɫɭɦɦɚɦɢ, ɤɚɠɞɵɣ ɛɥɨɤ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜɨɟɣ 

ɯɟɲ-ɫɭɦɦɟ ɢ ɫɭɦɦɟ ɩɪɟɞɵɞɭɳɟɝɨ ɛɥɨɤɚ. ɑɬɨɛɵ ɢɡɦɟɧɢɬɶ ɢɧɮɨɪɦɚɰɢɸ, 

ɯɪɚɧɹɳɭɸɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɪɟɞɚɤɬɢɪɨɜɚɬɶ ɢ ɜɫɟ ɩɨɫɥɟɞɭɸɳɢɟ 

ɛɥɨɤɢ. ɐɟɩɨɱɤɢ ɞɚɧɧɵɯ ɜ ɜɢɞɟ ɛɥɨɤɨɜ ɨɛɵɱɧɨ ɯɪɚɧɹɬɫɹ ɧɚ ɦɧɨɠɟɫɬɜɟ 

ɧɟɡɚɜɢɫɢɦɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɤɨɦɩɶɸɬɟɪɨɜ. ɂɡ-ɡɚ ɷɬɨɝɨ ɢɡɦɟɧɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ 

ɫɬɚɧɨɜɢɬɫɹ ɫɢɥɶɧɨ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ. 

Ⱦɚɧɧɵɣ ɬɟɪɦɢɧ ɩɨɹɜɢɥɫɹ ɤɚɤ ɧɚɡɜɚɧɢɟ ɩɨɥɧɨɫɬɶɸ ɪɟɩɥɢɰɢɪɨɜɚɧɧɨɣ 

ɪɚɫɩɪɟɞɟɥёɧɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ, ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɜ ɫɢɫɬɟɦɟ «Ȼɢɬɤɨɣɧ», ɢɡ-ɡɚ ɱɟɝɨ 

ɛɥɨɤɱɟɣɧ ɱɚɫɬɨ ɨɬɧɨɫɹɬ ɤ ɬɪɚɧɡɚɤɰɢɹɦ ɜ ɪɚɡɥɢɱɧɵɯ ɤɪɢɩɬɨɜɚɥɸɬɚɯ, ɨɞɧɚɤɨ 
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ɬɟɯɧɨɥɨɝɢɹ ɰɟɩɨɱɟɤ ɛɥɨɤɨɜ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɧɚ ɥɸɛɵɟ 

ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɛɥɨɤɢ.[5] Ȼɢɬɤɨɣɧ ɫɬɚɥ ɩɟɪɜɵɦ 

ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɛɥɨɤɱɟɣɧ ɜ ɨɤɬɹɛɪɟ 2008 ɝɨɞɚ. 

ɋɟɣɱɚɫ ɠɟ ɛɥɨɤɱɟɣɧ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɚɤɢɯ ɨɛɥɚɫɬɹɯ, ɤɚɤ 

ɮɢɧɚɧɫɨɜɵɟ ɨɩɟɪɚɰɢɢ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢɥɢ ɫɨɡɞɚɧɢɟ 

ɬɟɯɧɨɥɨɝɢɣ ɤɢɛɟɪɛɟɡɨɩɚɫɧɨɫɬɢ. Ȼɥɨɤɱɟɣɧ-ɬɟɯɧɨɥɨɝɢɹɦɢ ɢɧɬɟɪɟɫɭɸɬɫɹ 

ɛɚɧɤɨɜɫɤɢɟ ɭɱɪɟɠɞɟɧɢɹ ɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɨɪɝɚɧɢɡɚɰɢɢ. 

ȼɢɪɬɭɚɥɶɧɚɹ ɢ ɞɨɩɨɥɧɟɧɧɚɹ ɪɟɚɥɶɧɨɫɬɶ – ɬɟɯɧɨɥɨɝɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ 

ɫɢɦɭɥɢɪɨɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɫɪɟɞɭ ɢɥɢ ɞɨɩɨɥɧɹɬɶ ɟɫɬɟɫɬɜɟɧɧɭɸ ɱɟɪɟɡ 

ɫɩɟɰɢɚɥɶɧɵɟ ɰɢɮɪɨɜɵɟ ɫɪɟɞɫɬɜɚ.[4] ɋɚɦɵɣ ɜɨɫɬɪɟɛɨɜɚɧɧɵɣ ɧɚ ɫɟɝɨɞɧɹ 

ɜɚɪɢɚɧɬ ɩɪɢɦɟɧɟɧɢɹ VR (virtual reality) ɢ AR (augmented reality) ɬɟɯɧɨɥɨɝɢɣ ɜ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ – ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɢ ɞɟɦɨɧɫɬɪɚɰɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɦɨɞɟɥɟɣ. Ⱦɥɹ ɤɨɦɩɚɧɢɣ ɫɨ ɦɧɨɠɟɫɬɜɨɦ ɨɮɢɫɨɜ ɢ ɩɥɨɳɚɞɨɤ ɩɨ ɜɫɟɦɭ ɦɢɪɭ ɷɬɨ 

ɟɳɟ ɢ ɜɨɩɪɨɫ ɭɧɢɮɢɤɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɩɟɪɚɰɢɣ. Ɇɚɫɫɨɜɨɟ ɜɧɟɞɪɟɧɢɟ 

ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɯɧɨɥɨɝɢɣ ɜɢɪɬɭɚɥɶɧɨɣ ɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɝɭɬ ɫɟɛɟ ɩɨɡɜɨɥɢɬɶ ɥɢɲɶ ɛɨɥɶɲɢɟ ɤɨɦɩɚɧɢɢ. ɋɜɹɡɚɧɧɨ ɷɬɨ 

ɫ ɩɨɬɪɟɛɧɨɫɬɶɸ ɜ ɫɟɪɶɟɡɧɵɯ ɢɧɜɟɫɬɢɰɢɹɯ. 

ɉɪɨɮɢɥɶɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚ ɪɵɧɤɟ ɮɚɤɬɢɱɟɫɤɢ 

ɧɟɬ. ɑɚɳɟ ɜɫɟɝɨ ɤɨɦɩɚɧɢɹɦ ɩɪɢɯɨɞɢɬɫɹ ɡɚɧɢɦɚɬɶɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ 

ɩɪɢɥɨɠɟɧɢɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɢ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɟɝɨ ɬɨɥɶɤɨ ɜɧɭɬɪɢ ɫɟɛɹ, ɧɟ 

ɩɪɨɞɜɢɝɚɹ ɢɯ ɧɚ ɪɚɡɧɵɯ ɰɢɮɪɨɜɵɯ ɩɥɨɳɚɞɤɚɯ. Ɍɚɤ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ 

ɧɚɫɬɪɨɟɧɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɟ ɡɚɞɚɱɢ ɫɥɨɠɧɨ 

ɢɡɦɟɧɹɬɶ, ɢɧɬɟɝɪɢɪɨɜɚɬɶ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɞɪɭɝɨɝɨ ɫɰɟɧɚɪɢɹ. 

ɉɪɢ ɫɨɝɥɚɫɨɜɚɧɢɢ ɢ ɞɟɦɨɧɫɬɪɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ɢɡɞɟɥɢɣ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɤɨɦɩɚɧɢɹɦ ɫɬɚɧɨɜɢɬɫɹ ɭɞɨɛɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ VR ɢ AR 

ɬɟɯɧɨɥɨɝɢɹɦɢ, ɧɟɠɟɥɢ ɩɪɢɜɵɱɧɵɦ ɫɩɨɫɨɛɨɦ. ɋɜɹɡɚɧɧɨ ɷɬɨ ɫ ɬɟɦ, ɱɬɨ 

ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɵɩɭɫɤ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɪɚɳɚɟɬɫɹ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɱɟɪɬɟɠɟɣ ɜ ɜɢɞɟ 3D ɤɨɧɬɟɧɬɚ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɭɬɜɟɪɠɞɚɬɶ. Ƚɨɪɚɡɞɨ 

ɩɪɨɳɟ ɫɫɵɥɚɬɶɫɹ ɧɚ 3D ɦɨɞɟɥɶ, ɞɥɹ ɤɨɬɨɪɨɣ ɞɟɥɚɸɬɫɹ ɜɫɟ ɱɟɪɬɟɠɢ ɢ ɪɚɫɱɟɬɵ. 

ȿɫɥɢ ɨɧɚ ɜɟɪɧɚ, ɬɨ ɢ ɜɫɟ ɞɨɤɭɦɟɧɬɵ ɩɨ ɧɟɣ ɜɟɪɧɵ. ɇɨ ɞɟɦɨɧɫɬɪɚɰɢɹ ɧɚ 
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ɨɛɵɱɧɵɯ ɦɨɧɢɬɨɪɚɯ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɧɮɨɪɦɚɬɢɜɧɚ. ȼɞɨɛɚɜɨɤ ɜɢɪɬɭɚɥɶɧɚɹ 

ɪɟɚɥɶɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɩɨɞɝɪɭɡɢɬɶ ɜ ɦɨɞɟɥɶ ɧɟɫɤɨɥɶɤɨ ɭɱɚɫɬɧɢɤɨɜ. 

ɉɨɞɨɛɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɪɚɛɨɬɚɟɬ ɛɟɡɭɩɪɟɱɧɨ. ɇɟɞɨɫɬɚɬɤɢ ɟɟ ɜ ɬɨɦ, ɱɬɨ ɧɟɬ 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɟɟ ɛɵɫɬɪɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɫɨɜɪɟɦɟɧɧɵɟ ɋȺɉɊ ɧɟ ɩɪɨɢɡɜɨɞɹɬ 

ɜɵɫɨɤɨɬɨɱɧɵɟ ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɥɢ ɛɵ ɞɨɫɬɚɬɨɱɧɨ ɧɚɝɥɹɞɧɨ ɟɟ 

ɨɰɟɧɢɬɶ. ɂɡ-ɡɚ ɷɬɨɝɨ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɩɪɢɯɨɞɢɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɬɶ 

ɜɪɭɱɧɭɸ. 

ɉɨɬɟɧɰɢɚɥ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɜɢɪɬɭɚɥɶɧɨɣ ɢ ɞɨɩɨɥɧɟɧɧɨɣ 

ɪɟɚɥɶɧɨɫɬɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɝɪɨɦɟɧ, ɨɞɧɚɤɨ ɬɟɤɭɳɟɟ 

ɫɨɫɬɨɹɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ VR ɢ AR, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɜ ɨɫɧɨɜɧɨɦ 

ɩɨɬɪɟɛɧɨɫɬɢ ɢɧɞɭɫɬɪɢɢ ɪɚɡɜɥɟɱɟɧɢɣ, ɧɚɤɥɚɞɵɜɚɟɬ ɧɚ ɜɧɟɞɪɟɧɢɟ ɢɯ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɨ ɪɹɞ ɨɝɪɚɧɢɱɟɧɢɣ. 

ɂɦɟɸɳɢɟɫɹ ɧɚ ɪɵɧɤɟ ɭɫɬɪɨɣɫɬɜɚ ɩɨɤɚ ɨɛɥɚɞɚɸɬ ɧɢɡɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ ɢ 

ɧɢɡɤɨɣ ɚɜɬɨɧɨɦɧɨɫɬɶɸ ɜ ɪɚɛɨɬɟ. Ɉɬɫɭɬɫɬɜɭɸɬ ɦɟɯɚɧɢɡɦɵ ɢɧɬɟɝɪɚɰɢɢ ɫ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ ɤɨɦɩɚɧɢɣ. ɇɟɬ ɨɬɪɚɛɨɬɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɤɨɧɜɟɪɬɚɰɢɢ 

ɤɨɧɬɟɧɬɚ ɢɡ ɢɧɠɟɧɟɪɧɨɝɨ ɮɨɪɦɚɬɚ ɜ VR ɢ AR. 

ȼɫɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɫɤɨɪɨɦ ɛɭɞɭɳɟɦ ɫɬɚɧɭɬ ɱɚɫɬɶɸ ɠɢɡɧɢ 

ɱɟɥɨɜɟɤɚ, ɤɚɤ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɬɚɤ ɢ ɩɪɢ ɩɨɜɫɟɞɧɟɜɧɵɯ ɞɟɥɚɯ, ɩɨɷɬɨɦɭ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɝɨɬɨɜɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɨɧɫɬɪɭɤɬɢɜ ɞɥɹ ɭɫɩɟɲɧɨɝɨ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫ ɧɢɦɢ. 
 

1.1.2 ɐɢɮɪɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ – ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛɪɚɡɚ ɨɛɴɟɤɬɚ, 

ɤɨɬɨɪɵɣ ɟɳɟ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɜ ɬɪɟɛɭɟɦɨɣ ɮɨɪɦɟ. ɂɧɠɟɧɟɪ ɮɨɪɦɢɪɭɟɬ ɞɚɧɧɵɣ 

ɨɛɪɚɡ ɢɥɢ ɨɧ ɫɨɡɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɟɤɨɬɨɪɵɯ ɮɨɪɦɚɥɢɡɨɜɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. 

ȼ ɫɥɭɱɚɟ ɜɵɪɚɠɟɧɧɨɣ ɩɨɬɪɟɛɧɨɫɬɢ ɨɛɳɟɫɬɜɚ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ 

ɨɛɴɟɤɬɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɭɞɟɬ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɪɚɡɪɚɛɨɬɤɭ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ, ɨɬɪɚɠɚɸɳɟɝɨ ɷɬɢ ɩɨɬɪɟɛɧɨɫɬɢ, ɢ 

ɪɟɚɥɢɡɚɰɢɸ ɢɯ ɜ ɜɢɞɟ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ.[1] 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɵɦ ɫɥɭɱɚɟɦ ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ 
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ɡɚɞɚɧɢɹ ɜ ɜɢɞɟ ɨɩɪɟɞɟɥɟɧɧɨɣ ɝɪɭɩɩɵ ɞɨɤɭɦɟɧɬɨɜ ɢ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɜɢɱɧɵɦ 

ɨɩɢɫɚɧɢɟɦ ɨɛɴɟɤɬɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɣ ɤɨɦɩɥɟɤɬ 

ɞɨɤɭɦɟɧɬɚɰɢɢ, ɫɨɞɟɪɠɚɳɢɣ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɛɴɟɤɬɚ ɜ ɡɚɞɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ. Ɍɚɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ ɧɚɡɵɜɚɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɵɦ ɨɩɢɫɚɧɢɟɦ ɨɛɴɟɤɬɚ. 

ȼɨ ɜɪɟɦɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɹɜɥɹɟɬɫɹ ɪɹɞ ɨɩɢɫɚɧɢɣ, ɤɨɬɨɪɵɟ ɩɨɞɜɨɞɹɬ 

ɢɬɨɝɢ ɪɟɲɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɡɚɞɚɱ ɢ ɩɪɢɧɹɬɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɟɲɟɧɢɣ. 

Ɍɚɤɢɟ ɨɩɢɫɚɧɢɹ ɧɚɡɵɜɚɸɬ ɩɪɨɟɤɬɧɵɦɢ ɪɟɲɟɧɢɹɦɢ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ 

ɞɟɣɫɬɜɢɣ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ ɧɚ ɨɫɧɨɜɟ ɮɨɪɦɚɥɶɧɵɯ ɢ ɮɨɪɦɚɥɢɡɨɜɚɧɧɵɯ 

ɚɥɝɨɪɢɬɦɨɜ ɧɚɡɵɜɚɸɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ. ɋɢɫɬɟɦɵ, 

ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɢɧɬɟɪɮɟɣɫɚɦɢ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɪɚɛɨɬɵ 

ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ ɧɚɡɵɜɚɸɬ ɋȺɉɊ (ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ). 

ɐɢɮɪɨɜɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ – ɨɞɧɨ ɢɡ ɚɤɬɭɚɥɶɧɟɣɲɢɯ ɧɚɩɪɚɜɥɟɧɢɣ 

ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɟɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɡɪɚɛɨɬɤɭ ɜ 

ɦɢɧɢɦɚɥɶɧɵɟ ɫɪɨɤɢ ɢ ɫɨɡɞɚɜɚɬɶ ɩɪɨɞɭɤɰɢɸ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. ɋɜɹɡɚɧɧɨ ɷɬɨ ɫ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɧɬɟɝɪɚɰɢɢ ɨɞɧɨɣ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ȼɟɫɶ ɪɚɡɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɨɞɭɤɬ ɩɟɪɫɨɧɚɥ ɢɦɟɟɬ ɤ ɧɟɦɭ 

ɞɨɫɬɭɩ. Ɉɫɧɨɜɨɣ ɰɢɮɪɨɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɥɨɠɧɵɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɨɛɥɚɞɚɸɳɢɯ ɞɨɫɬɚɬɨɱɧɵɦ ɭɪɨɜɧɟɦ ɚɞɟɤɜɚɬɧɨɫɬɢ 

ɪɟɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɰɢɮɪɨɜɵɯ 

ɞɜɨɣɧɢɤɨɜ ɩɪɨɞɭɤɰɢɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

 ɐɢɮɪɨɜɚɹ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɩɪɢɦɢɬɢɜɨɜ, ɤɚɠɞɵɣ ɢɡ 

ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɩɥɨɬɧɨɫɬɶ, 

ɩɪɨɜɨɞɢɦɨɫɬɶ). Ɍɚɤɢɟ ɦɨɞɟɥɢ ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

ɫɢɫɬɟɦɵ ɛɟɡ ɪɟɚɥɶɧɵɯ ɨɩɵɬɨɜ, ɡɚɦɟɧɹɹ ɢɯ ɧɚ ɜɵɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɦɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, ɬɚɤ ɠɟ ɭɦɟɧɶɲɚɹ ɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɬɚ, ɢ 

ɡɚɜɢɫɹɳɢɟ ɬɨɥɶɤɨ ɨɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ ɪɚɫɱɟɬɚ. 
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1.2 Ɂɚɞɚɱɢ ɫɢɧɬɟɡɚ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɪɚɦɤɚɯ ɷɬɚɩɚ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ 

 

Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɚɡɵɜɚɟɬɫɹ ɪɚɡɞɟɥ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɡɚɧɢɦɚɸɳɢɣɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 

ɞɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ 

ɧɚɱɢɧɚɟɬɫɹ ɩɨ ɡɚɜɟɪɲɟɧɢɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ, ɩɨɥɭɱɟɧɧɵɯ 

ɧɚ ɷɬɚɩɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.  

Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɪɭɩɩɨɣ ɡɚɞɚɱ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɢɥɢ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ ɜ 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɭɡɥɨɜ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɹɡɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɭɡɥɨɜɨɝɨ ɦɟɬɨɞɚ, ɩɪɟɞɩɨɥɚɝɚɸɳɟɝɨ ɜɵɞɟɥɟɧɢɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɭɡɥɨɜ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɫɥɨɠɧɨɫɬɢ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 

ɨɬɧɨɲɟɧɢɢ ɫɨɩɨɞɱɢɧɟɧɧɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɤɨɧɫɬɪɭɤɰɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɪɚɡɧɨɭɪɨɜɧɟɜɭɸ ɫɬɪɭɤɬɭɪɭ, ɜ ɤɨɬɨɪɨɣ ɭɡɥɵ ɧɢɡɲɢɯ ɭɪɨɜɧɟɣ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ 

ɭɡɥɵ ɜɵɫɲɟɝɨ ɭɪɨɜɧɹ. Ȼɥɚɝɨɞɚɪɹ ɪɚɡɜɢɬɢɸ ɦɟɬɨɞɨɜ ɦɢɤɪɨɦɢɧɢɚɬɸɪɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦ 

ɦɨɞɭɥɶɧɵɣ ɩɪɢɧɰɢɩ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. 

ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɧɚɡɜɚɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɨɜ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

ɗɥɟɦɟɧɬ – ɤɨɧɫɬɪɭɤɬɢɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɢɡ ɫɟɛɹ ɨɬɞɟɥɶɧɨɟ ɢɡɞɟɥɢɟ, 

ɬɚɤɨɟ ɤɚɤ: ɬɪɚɧɡɢɫɬɨɪ, ɞɢɨɞ, ɪɟɡɢɫɬɨɪ, ɢɧɬɟɝɪɚɥɶɧɚɹ ɦɢɤɪɨɫɯɟɦɚ, ɝɢɛɪɢɞɧɚɹ 

ɢɧɬɟɝɪɚɥɶɧɚɹ ɫɯɟɦɚ. 

əɱɟɣɤɚ ɢɥɢ ɬɢɩɨɜɨɣ ɷɥɟɦɟɧɬ ɡɚɦɟɧɵ –  ɝɪɭɩɩɢɪɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɜ ɟɞɢɧɨɦ 

ɢɫɩɨɥɧɟɧɢɢ ɧɚ ɨɫɧɨɜɟ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ, ɜ ɜɢɞɟ ɦɢɤɪɨɷɥɟɤɬɪɨɧɧɨɝɨ ɭɡɥɚ. ȼ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɹɱɟɣɤɚ ɪɟɚɥɢɡɭɟɬ ɫɥɨɠɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɡɚɤɨɧɱɟɧɧɭɸ 

ɫɯɟɦɭ ɢ ɹɜɥɹɟɬɫɹ ɨɬɞɟɥɶɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɦɨɞɭɥɟɦ. ɗɥɟɦɟɧɬɵ ɜ ɹɱɟɣɤɟ 

ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɟɱɚɬɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. 

ɋɥɟɞɭɸɳɢɟ ɢɟɪɚɪɯɢɱɟɫɤɢɟ ɭɪɨɜɧɢ ɡɚɧɢɦɚɸɬ ɤɨɧɫɬɪɭɤɬɢɜɵ, 
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ɧɚɡɵɜɚɟɦɵɟ ɭɫɬɪɨɣɫɬɜɚɦɢ (ɩɚɧɟɥɹɦɢ, ɫɭɛɛɥɨɤɚɦɢ), ɛɥɨɤɚɦɢ (ɫɬɨɣɤɚɦɢ). 

Ʉɚɠɞɵɣ ɢɡ ɤɨɧɫɬɪɭɤɬɢɜɨɜ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɪɨɜɧɹ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 

ɤɨɧɫɬɪɭɤɬɢɜɨɜ ɩɪɟɞɵɞɭɳɟɝɨ ɭɪɨɜɧɹ, ɪɚɡɦɟɳɚɟɦɵɯ ɜ ɧɟɤɨɬɨɪɨɣ ɧɟɫɭɳɟɣ 

ɤɨɧɫɬɪɭɤɰɢɢ (ɤɚɪɤɚɫɟ) ɢ ɫɨɟɞɢɧɹɟɦɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɩɪɨɜɨɞɧɵɦ ɦɨɧɬɚɠɨɦ, 

ɝɢɛɤɢɦɢ ɲɥɟɣɮɚɦɢ ɢɥɢ ɦɧɨɝɨɫɥɨɣɧɵɦɢ ɩɟɱɚɬɧɵɦɢ ɨɛɴɟɞɢɧɢɬɟɥɶɧɵɦɢ 

ɩɥɚɬɚɦɢ. 

ȼ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɵɞɟɥɹɸɬ ɬɪɢ ɝɪɭɩɩɵ ɡɚɞɚɱ: 

1) ɫɢɧɬɟɡ ɤɨɧɫɬɪɭɤɰɢɣ; 

2) ɤɨɧɬɪɨɥɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɲɟɧɢɣ; 

3) ɨɮɨɪɦɥɟɧɢɟ ɞɨɤɭɦɟɧɬɚɰɢɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ, 

ɜɤɥɸɱɚɹ ɜɵɩɭɫɤ ɧɨɫɢɬɟɥɟɣ ɢɧɮɨɪɦɚɰɢɢ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɫɢɧɬɟɡɚ ɤɨɧɫɬɪɭɤɰɢɣ ɗɍ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨ-ɦɨɧɬɚɠɧɵɟ ɡɚɞɚɱɢ: 

1) ɤɨɦɩɨɧɨɜɤɚ ɤɨɧɫɬɪɭɤɬɢɜɨɜ i-ɝɨ ɭɪɨɜɧɹ ɜ ɤɨɧɫɬɪɭɤɬɢɜ (i – 1)-ɝɨ 

ɭɪɨɜɧɹ (ɤɨɦɩɨɧɨɜɤɚ ɩɪɨɫɬɟɣɲɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ 

ɜ ɤɨɪɩɭɫɚ ɦɢɤɪɨɫɯɟɦ, ɤɨɦɩɨɧɨɜɤɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦ (ɂɆɋ) ɢ ɞɪɭɝɢɯ 

ɷɥɟɤɬɪɨɪɚɞɢɨɷɥɟɦɟɧɬɚɯ ɜ ɹɱɟɣɤɢ, ɹɱɟɟɤ ɜ ɛɥɨɤɢ ɢ ɭɫɬɪɨɣɫɬɜɚ); 

2) ɪɚɡɦɟɳɟɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɨɜ i-ɝɨ ɜ ɤɨɧɫɬɪɭɤɬɢɜɚɯ (i – 1)-ɝɨ ɭɪɨɜɧɹ 

(ɪɚɡɦɟɳɟɧɢɟ ɰɢɮɪɨɜɵɯ ɢ ɚɧɚɥɨɝɨɜɵɯ ɛɟɫɤɨɪɩɭɫɧɵɯ ɂɆɋ ɩɨ ɩɨɞɥɨɠɤɟ 

ɝɢɛɪɢɞɧɨɣ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɯɟɦɵ(Ƚɂɋ), ɪɚɡɦɟɳɟɧɢɟ ɷɥɟɤɬɪɨɪɚɞɢɨɷɥɟɦɟɧɬɨɜ ɧɚ 

ɩɟɱɚɬɧɨɣ ɩɥɚɬɟ, ɪɚɡɦɟɳɟɧɢɟ ɹɱɟɟɤ ɜ ɛɥɨɤɟ ɢ ɬ. ɞ.); 

3) ɬɪɚɫɫɢɪɨɜɤɚ ɦɨɧɬɚɠɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ ɤɨɧɫɬɪɭɤɬɢɜɚɦɢ ɧɚ 

ɜɫɟɯ ɭɪɨɜɧɹɯ (ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɚɦɢ ɂɆɋ, ɩɟɱɚɬɧɵɣ ɦɨɧɬɚɠ, 

ɦɟɠɩɥɚɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ). 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɫɢɧɬɟɡɚ ɤɨɧɫɬɪɭɤɰɢɣ: ɤɨɦɩɨɧɨɜɤɢ, ɪɚɡɦɟɳɟɧɢɹ ɢ 

ɬɪɚɫɫɢɪɨɜɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɨɜ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɜ ɫɨɫɬɚɜɟ 

ɋȺɉɊ. ɋɪɟɞɢ ɚɥɝɨɪɢɬɦɨɜ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɵɞɟɥɹɸɬ ɞɜɚ 

ɨɫɧɨɜɧɵɯ ɤɥɚɫɫɚ: ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ ɢɬɟɪɚɰɢɨɧɧɵɟ. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɮɨɪɦɢɪɭɸɬ ɩɪɨɟɤɬɧɨɟ ɪɟɲɟɧɢɟ ɡɚ ɪɹɞ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɲɚɝɨɜ:  
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ɜɵɛɢɪɚɟɬɫɹ ɨɞɢɧ ɷɥɟɦɟɧɬ ɫɯɟɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɪɨɜɧɹ; 

ɤ ɜɵɛɪɚɧɧɨɦɭ ɷɥɟɦɟɧɬɭ ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɪɚɜɢɥɚɦ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ 

ɜɬɨɪɨɣ; 

ɤ ɩɨɥɭɱɟɧɧɨɦɭ ɤɨɦɩɥɟɤɫɭ ɷɥɟɦɟɧɬɨɜ ɞɨɛɚɜɥɹɟɬɫɹ ɬɪɟɬɢɣ ɢ ɬ.ɞ. 

Ⱥɥɝɨɪɢɬɦɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɩɨɞɨɛɧɭɸ ɦɟɬɨɞɨɥɨɝɢɸ, ɧɚɡɵɜɚɸɬɫɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ. Ⱥɥɝɨɪɢɬɦɵ, ɜ ɤɨɬɨɪɵɯ ɮɨɪɦɢɪɭɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ 

ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɲɚɝɚ, ɧɚɡɵɜɚɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ. 

ɂɬɟɪɚɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɬɪɟɛɭɸɬ ɡɚɞɚɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɡɚɬɟɦ 

ɭɥɭɱɲɚɟɬɫɹ. ɇɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɟɬɫɹ ɢɧɠɟɧɟɪɨɦ-ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɦ 

(ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɋȺɉɊ) ɢɥɢ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ.  

Ⱥɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ (ɗɍ) ɧɚ 

ɨɫɧɨɜɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɪɚɡɧɵɟ ɬɨɱɤɢ 

ɡɪɟɧɢɹ. ɇɚ ɜɯɨɞɟ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɗɍ ɢɦɟɟɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ 

ɫɯɟɦɚ, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɛɚɡɨɜɵɯ ɷɥɟɦɟɧɬɚɯ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɭɪɨɜɧɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ), ɨ ɫɜɹɡɹɯ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɢ ɜɧɟɲɧɢɯ ɫɜɹɡɹɯ 

ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɗɍ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɚɞɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, 

ɧɚɩɪɢɦɟɪ, ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɩɟɱɚɬɧɨɝɨ ɭɡɥɚ – ɪɚɡɦɟɪ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ, 

ɪɚɡɪɟɲɟɧɧɵɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɞɚɧɧɨɣ ɪɚɡɪɚɛɨɬɤɟ ɫɟɪɢɢ ɦɢɤɪɨɫɯɟɦ, ɲɚɝ 

ɫɟɬɤɢ ɬɪɚɫɫɢɪɨɜɤɢ ɢ ɬ.ɩ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɨɥɠɟɧ ɩɨɥɭɱɢɬɶɫɹ 

ɪɢɫɭɧɨɤ ɬɪɚɫɫɢɪɨɜɤɢ.  

Ɉɛɳɟɣ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɟɣ φ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɟɱɚɬɧɨɣ 

ɩɥɚɬɵ (ɉɉ) ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɱɢɫɥɨ ɩɪɨɜɟɞɟɧɧɵɯ ɫɜɹɡɟɣ. ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ φ 

ɡɚɜɢɫɢɬ ɨɬ ɫɥɭɱɚɣɧɵɯ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ζ (ɧɚɩɪɢɦɟɪ, ɱɢɫɥɚ ɛɚɡɨɜɵɯ 

ɷɥɟɦɟɧɬɨɜ, ɱɢɫɥɚ ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɯ ɜɵɜɨɞɨɜ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦ ɢ ɬ.ɞ.), ɬɚɤ ɢ ɨɬ 

ɩɟɪɟɦɟɧɧɵɯ, ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɯ ɞɥɹ ɤɥɚɫɫɚ ɪɚɡɪɚɛɨɬɨɤ β (ɪɚɡɦɟɪɵ ɉɉ, 

ɫɟɪɢɢ ɦɢɤɪɨɫɯɟɦ, ɪɚɡɪɟɲɟɧɧɵɯ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɢ ɬ.ɩ.). ɏɨɬɹ ɨɩɬɢɦɚɥɶɧɵɣ 

ɪɚɡɦɟɪ ɉɉ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɤɚɤ ɮɭɧɤɰɢɹ 

ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɷɬɨɬ ɜɨɩɪɨɫ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɟ ɧɚɲɟɥ, ɬɚɤ ɤɚɤ 
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ɢɡɝɨɬɨɜɥɟɧɢɟ ɢ ɩɪɢɦɟɧɟɧɢɹ ɩɥɚɬ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɜ ɨɞɧɨɣ ɪɚɡɪɚɛɨɬɤɟ 

ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ⱦɟɣɫɬɜɢɹ ɧɚɞ ɜɯɨɞɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ (ζ, β) ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɉɛɨɡɧɚɱɢɜ ɫɨɜɨɤɭɩɧɨɫɬɶ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɋȺɉɊ ɚɥɝɨɪɢɬɦɨɜ ɤɨɦɩɨɧɨɜɤɢ Ʉ, ɫɨɜɨɤɭɩɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ 

ɪɚɡɦɟɳɟɧɢɹ Ɋ ɢ ɫɨɜɨɤɭɩɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ ɬɪɚɫɫɢɪɨɜɤɢ Ɍ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 

ɫɯɟɦɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɨɫɧɨɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ (ɪɢɫɭɧɨɤ 1). 

 

 
 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɨɫɧɨɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 

 

ȼɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɫɨɜɦɟɫɬɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɤɨɦɩɨɧɨɜɤɢ ɢ ɪɚɡɦɟɳɟɧɢɹ, ɪɚɡɦɟɳɟɧɢɹ ɢ ɬɪɚɫɫɢɪɨɜɤɢ, ɤɨɦɩɨɧɨɜɤɢ ɢ 

ɬɪɚɫɫɢɪɨɜɤɢ (ɩɪɢ ɷɬɨɦ ɬɪɚɫɫɢɪɨɜɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɭɫɥɨɜɧɨɦ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ).  

Ɉɛɳɚɹ ɡɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ɢɦɟɹ ɡɚɞɚɧɧɵɟ ɭɫɥɨɜɢɹ β ɢ ɫɥɭɱɚɣɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ζ, ɧɚɣɬɢ ɬɚɤɭɸ 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ ɢ ɤɪɢɬɟɪɢɟɜ {Ʉ, Ɋ, Ɍ} ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɥɚ ɛɵ 

ɩɨɥɭɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɧɟɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ Ɏ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɢɦɟɟɬɫɹ ɡɚɞɚɱɚ ɨ ɜɵɛɨɪɟ ɢ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɟɲɟɧɢɹ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɨɬɞɟɥɶɧɨ ɧɟ ɜɫɟɝɞɚ 

ɞɚɟɬ ɜ ɫɭɦɦɟ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ, ɨɫɨɛɟɧɧɨ, ɟɫɥɢ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɷɬɚɩɚɯ 

ɫɥɚɛɨ ɭɱɢɬɵɜɚɟɬɫɹ ɤɨɧɟɱɧɵɣ ɤɪɢɬɟɪɢɣ. ɍɤɚɡɚɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɹɜɥɹɟɬɫɹ 

ɩɪɢɱɢɧɨɣ ɩɨɢɫɤɚ ɫɜɹɡɟɣ ɦɟɠɞɭ ɨɫɧɨɜɧɵɦɢ ɷɬɚɩɚɦɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.  

Ɋɟɚɥɢɡɨɜɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ Ʉ, Ɋ, Ɍ ɜ ɫɨɫɬɚɜɟ ɋȺɉɊ ɞɨɥɠɧɵ 

ɫɵɦɢɬɢɪɨɜɚɬɶ ɞɟɣɫɬɜɢɹ ɤɨɧɫɬɪɭɤɬɨɪɚ, ɤɨɬɨɪɵɣ ɪɟɲɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɫɟ ɬɪɢ 

ɡɚɞɚɱɢ ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ. ɗɬɨ ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɹ ɨɛɲɢɪɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɋȺɉɊ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɜɚɪɶɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɦɢ ɚɥɝɨɪɢɬɦɚɦɢ. 

Ʉ(ζ, β) Ɋ(ζ, β,) 
)Ʉ(ζ,β)) 

(ζ, 
β) Ɍ(ζ, β, Ʉ(ζ,β),P(ζ, β)) 

 
Ʉ(ζ, β) 

(ζ,β) 
β) Ʉ(ζ, β) 

φ 
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ɉɨɥɧɚɹ ɚɥɝɨɪɢɬɦɢɡɚɰɢɹ ɞɟɣɫɬɜɢɣ ɤɨɧɫɬɪɭɤɬɨɪɚ ɡɚɬɪɭɞɧɢɬɟɥɶɧɚ, ɩɨɷɬɨɦɭ 

ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɩɨɷɬɚɩɧɨ, ɱɟɪɟɡ ɜɵɫɬɪɚɢɜɚɧɢɟ ɩɪɟɟɦɫɬɜɟɧɧɵɯ ɤɪɢɬɟɪɢɟɜ ɜɫɟɯ 

ɷɬɚɩɨɜ, ɩɨɷɬɨɦɭ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɋȺɉɊ ɫɬɚɜɹɬɫɹ ɭɩɪɨɳɟɧɧɵɟ ɡɚɞɚɱɢ, ɬ.ɟ. ɧɚ 

ɤɚɠɞɨɦ ɲɚɝɟ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢɛɥɢɠɚɬɶɫɹ ɤ ɨɩɬɢɦɚɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ Ɏ.  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɚɦɨ ɜɵɞɟɥɟɧɢɟ ɬɪɟɯ ɷɬɚɩɨɜ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ 

ɩɪɨɟɤɬɢɨɜɚɧɢɹ – ɤɨɦɩɨɧɨɜɤɢ, ɪɚɡɦɟɳɟɧɢɹ ɢ ɬɪɚɫɫɢɪɨɜɤɢ, ɧɚɩɪɚɜɥɟɧɨ ɧɚ 

ɫɧɢɠɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɨɛɳɟɣ ɡɚɞɚɱɢ. Ⱦɟɤɨɦɩɨɡɢɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨ ɫɧɚɱɚɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɦɩɨɧɨɜɤɚ ɩɭɬɟɦ ɨɩɬɢɦɚɥɶɧɨɣ 

ɝɪɭɩɩɢɪɨɜɤɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ, ɡɚɬɟɦ ɪɚɡɦɟɳɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ 

ɜɵɞɟɥɟɧɧɵɯ ɭɡɥɨɜ ɜ ɢɯ ɦɨɧɬɚɠɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɭɱɟɬɨɦ ɤɪɢɬɟɪɢɟɜ, 

ɨɬɪɚɠɚɸɳɢɯ ɨɩɬɢɦɚɥɶɧɨɫɬɶ ɩɨɫɥɟɞɭɸɳɟɝɨ ɷɬɚɩɚ – ɬɪɚɫɫɢɪɨɜɤɢ ɫɨɟɞɢɧɟɧɢɣ.  
 

1.3 Ɇɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɩɪɢ ɟɟ 

ɰɢɮɪɨɜɢɡɚɰɢɢ 

1.3.1 Ʉɪɢɬɟɪɢɢ ɪɚɡɦɟɳɟɧɢɹ 

 

Ɋɚɡɦɟɳɟɧɢɟ – ɩɪɨɟɤɬɧɚɹ ɩɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɦɧɨɠɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.[3] ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɩɟɱɚɬɧɨɝɨ ɭɡɥɚ ɫɜɹɡɚɧɨ ɫ ɪɚɡɦɟɳɟɧɢɟɦ ɧɟ ɬɨɥɶɤɨ ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ, ɧɨ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɩɨ ɫɥɨɹɦ 

ɩɥɚɬɵ, ɱɬɨɛɵ ɛɭɞɭɳɢɟ ɩɟɱɚɬɧɵɟ ɩɪɨɜɨɞɧɢɤɢ ɛɵɥɢ ɧɚɢɛɨɥɟɟ ɤɨɪɨɬɤɢɦɢ ɢ 

ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɛɵɥɨ ɦɢɧɢɦɚɥɶɧɵɦ. Ⱦɥɹ ɷɬɨɝɨ ɤɨɦɩɨɧɟɧɬɵ 

ɫ ɨɛɳɢɦɢ ɫɜɹɡɹɦɢ ɪɚɫɩɨɥɚɝɚɸɬ ɪɹɞɨɦ ɫ ɭɱɟɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɨɛɳɢɯ ɫɜɹɡɟɣ. ȼ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɦɟɳɟɧɢɟ ɤɪɭɩɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ: 

ɦɢɤɪɨɫɯɟɦɵ, ɪɚɡɴɟɦɵ. ɉɨɫɥɟ ɷɬɨɝɨ ɪɚɡɦɟɳɚɸɬɫɹ ɦɟɥɤɢɟ ɷɥɟɦɟɧɬɵ: 

ɤɨɧɞɟɧɫɚɬɨɪɵ, ɪɟɡɢɫɬɨɪɵ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɬɳɚɬɟɥɶɧɨ ɢɡɭɱɚɬɶ ɫɜɹɡɢ ɢ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɞɟɥɚɬɶ ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɡɦɟɳɟɧɢɟ, ɬɚɤ ɤɚɤ ɨɬ ɪɚɡɦɟɳɟɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ ɡɚɜɢɫɹɬ ɪɟɡɭɥɶɬɚɬɵ ɬɪɚɫɫɢɪɨɜɤɢ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɗɍ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ 

ɫɥɟɞɭɸɳɢɟ ɤɪɢɬɟɪɢɢ ɪɚɡɦɟɳɟɧɢɹ: 

 ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɫɨɟɞɢɧɟɧɢɣ; 
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 ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ, ɫɨɟɞɢɧɟɧɧɵɦɢ ɧɚɢɛɨɥɶɲɢɦ 

ɱɢɫɥɨɦ ɫɜɹɡɟɣ; 

 ɱɢɫɥɨ ɩɟɪɟɫɟɱɟɧɢɣ ɩɪɨɜɨɞɧɢɤɨɜ ɧɚ Ʉɉ; 

 ɞɥɢɧɚ ɧɚɢɛɨɥɟɟ ɞɥɢɧɧɵɯ ɫɜɹɡɟɣ; 

 ɱɢɫɥɨ ɰɟɩɟɣ ɫ ɜɨɡɦɨɠɧɨ ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ; 

 ɱɢɫɥɨ ɩɟɪɟɝɢɛɨɜ ɩɪɨɜɨɞɧɢɤɨɜ; 

 ɱɢɫɥɨ ɦɟɠɫɥɨɣɧɵɯ ɩɟɪɟɯɨɞɨɜ; 

 ɩɚɪɚɦɟɬɪɵ ɩɚɪɚɡɢɬɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɢ ɩɪɨɜɨɞɧɢɤɚɦɢ; 

 ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ Ʉɉ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɫɧɨɜɧɵɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɤɪɢɬɟɪɢɟɦ 

ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɢɡɚɰɢɹ 

ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɫɨɟɞɢɧɟɧɢɣ (ɋȾɋ), ɤɨɬɨɪɚɹ ɤɨɫɜɟɧɧɨ ɭɱɢɬɵɜɚɟɬ ɞɪɭɝɢɟ ɢɡ 

ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɤɪɢɬɟɪɢɟɜ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɪɹɞɨɦ ɮɚɤɬɨɪɨɜ:  

 ɭɦɟɧɶɲɟɧɢɟ ɞɥɢɧ ɫɨɟɞɢɧɟɧɢɣ ɭɥɭɱɲɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɫɯɟɦɵ; 

 ɤɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ, ɱɟɦ ɦɟɧɶɲɟ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɧɚ 

ɫɨɟɞɢɧɟɧɢɣ, ɬɟɦ ɜ ɫɪɟɞɧɟɦ ɩɪɨɳɟ ɢɯ ɪɟɚɥɢɡɚɰɢɹ ɩɪɢ ɬɪɚɫɫɢɪɨɜɤɟ; 

 ɭɦɟɧɶɲɟɧɢɟ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɫɨɟɞɢɧɟɧɢɣ ɫɧɢɠɚɟɬ ɬɪɭɞɨёɦɤɨɫɬɶ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɨɧɬɚɠɧɵɯ ɫɯɟɦ, ɨɫɨɛɟɧɧɨ ɩɪɨɜɨɞɧɨɝɨ ɦɨɧɬɚɠɚ. 

Ɉɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɤɚɱɟɫɬɜɚ ɪɚɡɦɟɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ 

ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɫɨɟɞɢɧɟɧɢɣ.  

ɉɭɫɬɶ ɞɚɧɵ ɷɥɟɦɟɧɬɵ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɯɟɦɵ e1,e2, …, en ɢ ɞɥɹ ɤɚɠɞɨɣ 

ɩɚɪɵ ɷɥɟɦɟɧɬɨɜ ɡɚɞɚɧɵ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ rij(i, j=1,2, …, n), 

ɨɩɪɟɞɟɥɹɸɳɢɟ «ɫɬɟɩɟɧɶ ɫɜɹɡɢ» ɷɥɟɦɟɧɬɨɜ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɯɟɦɚ ɡɚɞɚɧɚ ɦɚɬɪɢɰɟɣ ɫɨɟɞɢɧɟɧɢɣ R=||rij||n×n. 

ɉɭɫɬɶ ɬɚɤɠɟ ɢɦɟɟɬɫɹ ɧɟɤɨɬɨɪɵɣ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɧɚɛɨɪ ɩɨɡɢɰɢɣ ɞɥɹ 

ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ l1,l2, …,lm (m≥n). Ȼɭɞɟɦ ɩɨɥɚɝɚɬɶ, ɱɬɨ m=n. ȿɫɥɢ m>n, 

ɬɨ ɦɨɠɧɨ ɜɜɟɫɬɢ m-n ɮɢɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɧɟ ɫɜɹɡɚɧɧɵɯ ɫ ɨɫɬɚɥɶɧɵɦɢ. 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɫɬɨɹɧɢɟ dij ɦɟɠɞɭ ɩɚɪɚɦɢ ɩɨɡɢɰɢɣ. ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɧɚ 
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ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɮɢɤɫɢɪɨɜɚɧɵ ɩɨɡɢɰɢɢ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ, ɬɨ 

ɦɨɠɧɨ ɡɚɞɚɬɶ ɦɚɬɪɢɰɭ ɫɨɟɞɢɧɟɧɢɣ D=||dij||n×n , ɜ ɤɨɬɨɪɨɣ ɷɥɟɦɟɧɬ dij ɪɚɜɟɧ 

ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɩɨɡɢɰɢɣ li ɢ lj. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɦɚɬɪɢɰɚ D –

ɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɫ ɧɭɥɟɜɨɣ ɞɢɚɝɨɧɚɥɶɸ (dii=0, i=1,2, …, n). 

ɉɪɨɢɡɜɨɥɶɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɡɢɰɢɹɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɧɟɤɨɬɨɪɭɸ ɩɟɪɟɫɬɚɧɨɜɤɭ p=p(1), …, p(i), …, p(n), ɝɞɟ p(i) ɡɚɞɚɟɬ ɧɨɦɟɪ ɩɨɡɢɰɢɢ, 

ɩɪɢɫɜɨɟɧɧɵɣ i-ɦɭ ɷɥɟɦɟɧɬɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟɝɨ ɢɦɟɟɬɫɹ n! ɪɚɡɥɢɱɧɵɯ 

ɜɚɪɢɚɧɬɨɜ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɦɢɧɢɦɢɡɚɰɢɢ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ (ɆɋȼȾ) 

ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ.  ɋɨɟɞɢɧɟɧɢɹ ɛɭɞɟɦ ɫɱɢɬɚɬɶ 

ɭɫɥɨɜɧɨ ɢɫɯɨɞɹɳɢɦɢ ɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɰɟɧɬɪɨɜ ɷɥɟɦɟɧɬɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɩɪɟɞɩɨɥɚɝɚɟɦ ɫɨɜɩɚɞɟɧɢɟ ɰɟɧɬɪɨɜ ɷɥɟɦɟɧɬɨɜ ɢ ɩɨɡɢɰɢɣ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ 

ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɡɚɤɪɟɩɥɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɡɢɰɢɹɯ ɢ ɫɨɟɞɢɧɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɫ ɜɧɟɲɧɢɦɢ ɜɵɜɨɞɚɦɢ. ɋɨɩɨɫɬɚɜɥɹɹ ɜɧɟɲɧɢɦ ɜɵɜɨɞɚɦ ɷɥɟɦɟɧɬ e0 

ɢ ɮɢɤɫɢɪɭɹ ɪɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ, ɩɨɥɭɱɢɦ ɭɩɪɨɳɟɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɢɧɚ ɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ 

ei ɢ ej ɨɰɟɧɢɜɚɟɬɫɹ ɜɟɥɢɱɢɧɨɣ rijdp(i)p(j). Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ Ls ɦɧɨɠɟɫɬɜɨ ɜɫɟɯ 

ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɤɥɸɱɚɹ ɷɥɟɦɟɧɬ e0; ɬɨɝɞɚ ɫɭɦɦɚɪɧɚɹ ɜɡɜɟɲɟɧɧɚɹ 

ɞɥɢɧɚ ɫɨɟɞɢɧɟɧɢɣ ɷɥɟɦɟɧɬɚ ei ɫ ɷɥɟɦɟɧɬɚɦɢ ɢɡ Ls ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  

 𝑎௜𝑝ሺ௜ሻ = ∑ 𝑟௜௝݀𝑝ሺ௜ሻ𝑠𝑆𝜖𝐿 , (1.1) 

 

ɝɞɟ dp(i)s–ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɥɟɦɟɧɬɨɦ ei, ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɩɨɡɢɰɢɢ p(i), ɢ 

ɷɥɟɦɟɧɬɨɦ es. 

ɍɱɢɬɵɜɚɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɚ ɬɚɤɠɟ ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɦɚɬɪɢɰ R ɢ D, 

ɡɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɭɦɦɚɪɧɨɣ ɜɡɜɟɲɟɧɧɨɣ ɞɥɢɧɵ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ 

ɩɪɨɢɡɜɨɥɶɧɨɦ ɪɚɡɦɟɳɟɧɢɢ: 
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𝐹ሺ𝑝ሻ = ∑ 𝑟௜௝𝑛
௜,௝=଴ ݀𝑝ሺ௜ሻ𝑝ሺ௝ሻ + 𝑎௜𝑝ሺ௜ሻ, (1.2) 

 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɩɨ ɤɪɢɬɟɪɢɸ ɆɋȼȾ ɫɨɟɞɢɧɟɧɢɣ ɫɨɫɬɨɢɬ ɜ 

ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ (1.2) ɧɚ ɦɧɨɠɟɫɬɜɟ ɩɟɪɟɫɬɚɧɨɜɨɤ p. Ⱦɚɧɧɚɹ ɡɚɞɚɱɚ 

ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬɨɦ ɨɛɳɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɜɩɟɪɜɵɟ ɪɚɫɫɦɨɬɪɟɧɧɨɣ 

Ʉɭɩɦɚɧɫɨɦ ɢ Ȼɟɤɦɚɧɨɦ ɢ ɩɨɥɭɱɢɜɲɢɣ ɧɚɡɜɚɧɢɟ ɡɚɞɚɱɢ ɤɜɚɞɪɚɬɢɱɧɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ. 
 

1.3.2 Ɇɟɬɨɞɵ ɪɚɡɦɟɳɟɧɢɹ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫ ɭɱɟɬɨɦ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ ɞɨɥɠɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɬɚɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɮɨɪɦɢɪɭɸɬɫɹ ɥɭɱɲɢɟ 

ɭɫɥɨɜɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɬɪɚɫɫɢɪɨɜɤɢ ɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼɫɟ ɢɡɜɟɫɬɧɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɥɝɨɪɢɬɦɵ ɪɚɡɦɟɳɟɧɢɹ ɹɜɥɹɸɬɫɹ 

ɩɪɢɛɥɢɠɟɧɧɵɦɢ. ɋɜɹɡɚɧɧɨ ɷɬɨ ɫ ɬɟɦ, ɱɬɨ ɨɤɨɧɱɚɬɟɥɶɧɚɹ ɞɥɢɧɚ ɫɨɟɞɢɧɟɧɢɣ 

ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɬɨɥɶɤɨ ɩɪɢ ɪɟɲɟɧɢɢ ɞɚɥɶɧɟɣɲɟɣ ɡɚɞɚɱɢ ɬɪɚɫɫɢɪɨɜɤɢ. 

Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ ɱɟɪɟɡ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɡɢɰɢɹɦɢ ɭɫɬɚɧɨɜɤɢ ɷɥɟɦɟɧɬɨɜ. 

Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɬɨɱɤɢ, ɹɜɥɹɸɳɟɣɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ 

ɰɟɧɬɪɨɦ ɤɨɪɩɭɫɚ ɷɥɟɦɟɧɬɚ. Ȼɥɚɝɨɞɚɪɹ ɬɚɤɨɦɭ ɩɨɞɯɨɞɭ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɩɪɨɳɚɟɬɫɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ, ɩɪɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɫɭɳɟɫɬɜɢɬɶ ɩɟɪɟɯɨɞ ɨɬ ɬɨɱɟɤ ɤ ɷɥɟɦɟɧɬɚɦ – ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɬɪɭɞɧɨɫɬɟɣ ɧɟɬ.  

ȼɵɞɟɥɹɸɬ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɚɥɝɨɪɢɬɦɨɜ ɪɚɡɦɟɳɟɧɢɹ  

1) Ⱥɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɹɜɥɹɸɳɢɟɫɹ 

ɦɨɞɟɥɹɦɢ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ; 

2) Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ; 

3) ɂɬɟɪɚɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɭɥɭɱɲɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ 

ɪɚɡɦɟɳɟɧɢɹ; 

4) ɇɟɩɪɟɪɵɜɧɨ-ɞɢɫɤɪɟɬɧɵɟ ɦɟɬɨɞɵ ɪɚɡɦɟɳɟɧɢɹ. 
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Ʉ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ ɞɥɹ 

ɡɚɞɚɱɢ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɤ ɤɨɬɨɪɨɣ ɩɪɢ ɨɩɪɟɞɟɥёɧɧɵɯ ɭɩɪɨɳɟɧɢɹɯ 

ɫɜɨɞɢɬɫɹ ɡɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ: ɧɚɛɨɪ ɩɨɡɢɰɢɣ ɫɱɢɬɚɟɬɫɹ ɮɢɤɫɢɪɨɜɚɧɧɵɦ, 

ɷɥɟɦɟɧɬɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɬɨɱɤɢ, ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɡɜɟɲɟɧɧɵɦ ɝɪɚɮɨɦ. Ⱦɪɭɝɨɣ ɤɥɚɫɫ ɦɨɞɟɥɟɣ ɫɜɹɡɚɧ ɫ 

ɨɩɬɢɦɢɡɚɰɢɟɣ ɪɚɡɦɟɳɟɧɢɹ, ɤɨɝɞɚ ɧɚɛɨɪ ɩɨɡɢɰɢɣ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɪɚɧɟɟ ɧɟ 

ɮɢɤɫɢɪɨɜɚɧ. 

ȼɬɨɪɚɹ ɢ ɬɪɟɬɶɹ ɝɪɭɩɩɵ ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ ɩɪɢɛɥɢɠёɧɧɵɟ ɚɥɝɨɪɢɬɦɵ, 

ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ 

ɧɚɛɨɪɟ ɩɨɡɢɰɢɣ.  

ɏɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ 

ɫɨɡɞɚɸɬ ɪɚɡɦɟɳɟɧɢɟ. Ɍɨɝɞɚ ɤɚɤ ɢɬɟɪɚɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɩɪɟɞɩɨɥɚɝɚɸɬ 

ɡɚɞɚɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɢɫɩɨɥɶɡɭɸɬ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɢɥɢ ɩɚɪɚɥɥɟɥɶɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɭɫɬɚɧɨɜɤɢ 

ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɡɢɰɢɢ ɩɪɢ ɥɨɤɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɢ-ɤɪɢɬɟɪɢɹ 

ɪɚɡɦɟɳɟɧɢɹ. 

ȼ ɢɬɟɪɚɰɢɨɧɧɵɯ ɚɥɝɨɪɢɬɦɚɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɪɚɡɦɟɳɟɧɢɟ ɷɥɟɦɟɧɬɨɜ 

ɢɥɢ ɢɯ ɝɪɭɩɩ ɫ ɰɟɥɶɸ ɦɢɧɢɦɢɡɚɰɢɢ ɜɵɛɪɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ. ɗɬɢ ɚɥɝɨɪɢɬɦɵ 

ɬɪɟɛɭɸɬ ɫɭɳɟɫɬɜɟɧɧɵɯ ɡɚɬɪɚɬ ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ ɤɨɧɟɱɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ. 

Ɉɫɧɨɜɧɨɣ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨ-ɞɢɫɤɪɟɬɧɵɯ ɦɟɬɨɞɨɜ 

ɪɚɡɦɟɳɟɧɢɹ ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɪɭɤɰɢɢ, ɜ ɤɨɬɨɪɵɯ ɩɨɡɢɰɢɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ 

ɷɥɟɦɟɧɬɨɜ ɡɚɪɚɧɟɟ ɧɟ ɮɢɤɫɢɪɨɜɚɧɵ. ɂɫɯɨɞɧɨɣ ɛɚɡɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɬɢɯ 

ɚɥɝɨɪɢɬɦɨɜ ɹɜɥɹɸɬɫɹ ɧɟɩɪɟɪɵɜɧɵɟ ɦɨɞɟɥɢ. 

ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɦɚɪɲɪɭɬɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜ 

ɪɚɦɤɚɯ ɰɢɮɪɨɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɢɫɬɚɜɥɹɸɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ 

ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɢɦɢɬɢɪɭɸɬ ɞɟɣɫɬɜɢɹ ɢɧɠɟɧɟɪɚ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ ɩɪɢ ɪɟɲɟɧɢɢ 

ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ. 

ɂɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɣ, 

ɩɚɪɚɦɟɬɪɵ ɤɨɧɫɬɪɭɤɰɢɢ ɷɥɟɦɟɧɬɨɜ ɢ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ. ɉɭɫɬɶ Е={е1, е2, 
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..., еɩ} – ɦɧɨɠɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ, ɩɨɞɥɟɠɚɳɢɯ ɪɚɡɦɟɳɟɧɢɸ, a L={l1 l2, ..., 1ɩ} – 

ɦɧɨɠɟɫɬɜɨ ɩɨɡɢɰɢɣ ɞɥɹ ɢɯ ɭɫɬɚɧɨɜɤɢ. ȼɜɨɞɢɬɫɹ n-ɲɚɝɨɜɵɣ ɩɪɨɰɟɫɫ ɩɪɢɧɹɬɢɹ 

ɪɟɲɟɧɢɣ, ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɨɞɢɧ ɢɡ ɧɟɪɚɡɦɟɳɟɧɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɢ ɩɨɦɟɳɚɟɬɫɹ ɜ ɨɞɧɭ 'ɢɡ ɧɟɡɚɧɹɬɵɯ ɩɨɡɢɰɢɣ. ɋɬɪɭɤɬɭɪɚ ɥɸɛɨɝɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɚɡɦɟɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɚɜɢɥɚɦɢ ɜɵɛɨɪɚ 

ɨɱɟɪɟɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɩɨɡɢɰɢɢ ɞɥɹ ɟɝɨ ɭɫɬɚɧɨɜɤɢ. 

ɉɭɫɬɶ Ek – ɷɥɟɦɟɧɬɵ, ɪɚɡɦɟɳɟɧɧɵɟ ɞɨ k-ɝɨ ɲɚɝɚ, a Lk – ɩɨɡɢɰɢɢ, ɡɚɧɹɬɵɟ 

ɷɬɢɦɢ ɷɥɟɦɟɧɬɚɦɢ; E’ɤ ɢ L’k – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɟɪɚɡɦɟɳɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɢ 

ɧɟɡɚɧɹɬɵɟ ɩɨɡɢɰɢɢ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɡɦɟɳɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɞɜɟ 

ɫɢɬɭɚɰɢɢ: ɧɟɬ ɪɚɡɦɟɳɟɧɧɵɯ ɪɚɧɟɟ ɷɥɟɦɟɧɬɨɜ, ɜɧɟɲɧɢɟ ɜɵɜɨɞɵ ɭɡɥɚ 

(ɤɨɧɬɚɤɬɵ, ɪɚɡɴɟɦɵ ɢ ɬ. ɩ.) ɧɟ ɡɚɤɪɟɩɥɟɧɵ (ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɚɥɝɨɪɢɬɦɟ ɞɨɥɠɟɧ 

ɛɵɬɶ ɨɫɨɛɨ ɨɩɪɟɞɟɥɟɧ ɫɩɨɫɨɛ ɭɫɬɚɧɨɜɤɢ ɩɟɪɜɨɝɨ ɷɥɟɦɟɧɬɚ); ɢɦɟɟɬɫɹ ɝɪɭɩɩɚ 

ɡɚɪɚɧɟɟ ɪɚɡɦɟɳɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɡɚɤɪɟɩɥɟɧɧɵɯ ɜɧɟɲɧɢɯ ɜɵɜɨɞɨɜ. 

ȼ ɨɫɧɨɜɭ ɛɨɥɶɲɢɧɫɬɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɪɚɡɦɟɳɟɧɢɹ 

ɩɨɥɨɠɟɧ ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɨɩɬɢɦɢɡɚɰɢɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ, ɫɜɨɞɹɳɢɣɫɹ 

ɤ ɜɵɛɨɪɭ ɧɚ ɞɚɧɧɨɦ ɲɚɝɟ ɥɨɤɚɥɶɧɨ ɨɩɬɢɦɚɥɶɧɨɣ ɩɨɡɢɰɢɢ ɞɥɹ ɨɞɧɨɝɨ ɢɡ ɷɥɟ-

ɦɟɧɬɨɜ ɩɪɢ ɧɟɢɡɦɟɧɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɪɚɧɟɟ ɪɚɡɦɟɳɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ɉɨɫɤɨɥɶɤɭ ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɭɦɚ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɢɥɭ 

ɨɬɦɟɱɟɧɧɵɯ ɪɚɧɟɟ ɩɪɢɱɢɧ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧ, ɨɧ ɢ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɩɪɢ 

ɨɩɢɫɚɧɢɢ ɚɥɝɨɪɢɬɦɨɜ ɞɚɧɧɨɣ ɝɪɭɩɩɵ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɷɬɢɯ 

ɚɥɝɨɪɢɬɦɚɯ ɬɚɤɬɢɤɢ ɪɚɡɦɟɳɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɫ ɧɟɤɨɬɨɪɵɦɢ ɦɨɞɢɮɢɤɚɰɢɹɦɢ 

ɩɪɢɦɟɧɟɧɵ ɢ ɞɥɹ ɞɪɭɝɢɯ ɤɪɢɬɟɪɢɟɜ.   ȼ   ɚɥɝɨɪɢɬɦɚɯ ɪɚɡɦɟɳɟɧɢɹ ɩɨ ɫɜɹɡɧɨɫɬɢ 

ɷɥɟɦɟɧɬ ɢ ɩɨɡɢɰɢɹ   ɜɵɛɢɪɚɸɬɫɹ   ɧɟɡɚɜɢɫɢɦɨ. 

Выɛɨɪ эɥеɦеɧɬɚ. Ʌɸɛɨɟ ɩɪɚɜɢɥɨ ɜɵɛɨɪɚ ɷɥɟɦɟɧɬɚ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ 

ɨɫɧɨɜɚɧɨ ɧɚ ɜɵɱɢɫɥɟɧɢɢ «ɦɟɪɵ ɫɜɹɡɧɨɫɬɢ» ɟɳɟ ɧɟɪɚɡɦɟɳɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ 

ɭɠɟ ɪɚɡɦɟɳɟɧɧɵɦɢ. ȿɫɬɟɫɬɜɟɧɧɨɣ ɦɟɪɨɣ ɫɜɹɡɧɨɫɬɢ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ еi ɢ ej 

ɹɜɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ ɧɢɦɢ, ɡɚɞɚɧɧɨɟ ɜ ɦɚɬɪɢɰɟ ɫɨɟɞɢɧɟɧɢɣ  𝑅 = ‖𝑟ĳ‖𝑛×𝑛.  

Ɍɚɤ, ɜ ɚɥɝɨɪɢɬɦɟ «ɩɨɩɚɪɧɵɯ ɫɜɹɡɟɣ» Ʉɭɪɬɡɛɟɪɝɚ ɞɥɹ ɤɚɠɞɨɝɨ 

ɧɟɪɚɡɦɟɳɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ei ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
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ܿ௜ = max𝑒ೕ∈𝐸ೖ 𝑟௜௝ , (1.3) 

ɝɞɟ rij ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

𝑟௜௝ = ∑ 𝑝𝑠 + 𝜆𝑝𝑠 𝑠𝑠∈𝐽೔ೕݓ , (1.4) 

ɝɞɟ Jij – ɦɧɨɠɟɫɬɜɨ ɰɟɩɟɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɷɥɟɦɟɧɬɵ; 

 ei ɢ ej ps – ɪɚɡɦɟɪ ɰɟɩɢ;  

ws – ɜɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ; 

λ. – ɰɟɥɨɱɢɫɥɟɧɧɵɣ ɩɚɪɚɦɟɬɪ. 

ɉɚɪɚɦɟɬɪ λ ɩɨɡɜɨɥɹɟɬ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɜɤɥɚɞ ɰɟɩɟɣ ɪɚɡɥɢɱɧɨɝɨ 

ɪɚɡɦɟɪɚ. ɑɟɦ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɟ λ, ɬɟɦ ɛɨɥɶɲɟ ɜɥɢɹɧɢɟ ɰɟɩɟɣ ɫ ɦɚɥɵɦ 

ɡɧɚɱɟɧɢɟɦ ps. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ λ=0 ɡɧɚɱɟɧɢɟ rij (1.4) ɪɚɜɧɨ ɫɭɦɦɚɪɧɨɦɭ ɜɟɫɭ 

ɰɟɩɟɣ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ei ɢ ej. ɉɨɫɤɨɥɶɤɭ ɜɫɟɝɞɚ Р2≥2, ɬɨ λ ≥-1. 

Ɉɱɟɪɟɞɧɵɦ ɪɚɡɦɟɳɚɟɦɵɦ ɷɥɟɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɷɥɟɦɟɧɬ, ɢɦɟɸɳɢɣ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ (1.3), ɬ. ɟ. ɜɵɛɨɪ ɷɥɟɦɟɧɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 

ɧɚɢɛɨɥɶɲɟɦɭ ɱɢɫɥɭ ɫɜɹɡɟɣ ɫ ɭɠɟ ɪɚɡɦɟɳɟɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 

Ⱦɪɭɝɨɟ ɩɪɚɜɢɥɨ ɜɵɛɨɪɚ ɨɫɧɨɜɚɧɨ ɧɚ ɪɚɫɱɟɬɟ ɞɥɹ ɤɚɠɞɨɝɨ 

ɧɟɪɚɡɦɟɳɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ki Ee ' ɫɭɦɦɚɪɧɨɣ ɫɜɹɡɧɨɫɬɢ ɫ ɭɠɟ ɪɚɡɦɟɳɟɧɧɵɦɢ 

ɷɥɟɦɟɧɬɵ. ȿɫɥɢ ɡɚɞɚёɬɫɹ ɦɚɬɪɢɰɚ ɫɨɟɞɢɧɟɧɢɣ R, ɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ  ܿ௜ = ∑ 𝑟௜௝𝑒ೕ∈𝐸ೖ , (1.5) 

ɟɫɥɢ ɞɥɹ ɫɯɟɦɵ ɡɚɞɚɧ ɫɩɢɫɨɤ ɰɟɩɟɣ (ɤɨɦɩɥɟɤɫɨɜ), ɬɨ ɚɧɚɥɨɝɢɱɧɚɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɦɟɟɬ ɜɢɞ  

ܿ௜ = 𝐽௜ ቌ ⋃ 𝐽௝𝑒ೕ∈𝐸ೖ ቍ, 
 

(1.6) 

ɝɞɟ Ji – ɦɧɨɠɟɫɬɜɨ ɰɟɩɟɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɷɥɟɦɟɧɬɨɦ ei; 

ɫi –ɤɨɧɴɸɧɤɰɢɹ ɦɧɨɠɟɫɬɜɚ ɰɟɩɟɣ ɷɥɟɦɟɧɬɚ ei ɢ ɦɧɨɠɟɫɬɜɚ ɰɟɩɟɣ Ek. 
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 ȼɵɛɨɪ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (1.5) ɢ (1.6). 

Ɇɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɪɭɝɨɟ ɩɪɚɜɢɥɨ ɜɵɛɨɪɚ ɷɥɟɦɟɧɬɚ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ 

ɨɰɟɧɤɟ ɱɢɫɥɚ ɫɜɹɡɟɣ ɧɟ ɪɚɡɦɟɳёɧɧɨɝɨ ɷɥɟɦɟɧɬɚ eiE’k  ɤɚɤ ɫ ɪɚɡɦɟɳɟɧɧɵɦɢ, 

ɬɚɤ ɢ ɫ ɧɟɪɚɡɦɟɳɟɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ: ܿ௜ = ∑ 𝑟௜௝𝑒ೕ∈𝐸ೖ − ∑ 𝑟௜௝𝑒ೕ∈𝐸ೖ′ , (1.7) 

ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɛɢɪɚɟɬɫɹ ɷɥɟɦɟɧɬ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ci (1.7). 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɞɚɧɧɵɣ ɜɵɛɨɪ ɚɧɚɥɨɝɢɱɟɧ ɩɪɢɧɰɢɩɭ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɴɸɧɤɰɢɢ 

- ɦɢɧɢɦɚɥɶɧɨɣ ɞɢɡɴɸɧɤɰɢɢ, ɩɪɢɦɟɧɹɟɦɨɦɭ ɜ ɚɥɝɨɪɢɬɦɚɯ ɤɨɦɩɨɧɨɜɤɢ. 

Ʉ ɷɬɨɦɭ ɠɟ ɬɢɩɭ ɨɬɧɨɫɢɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɜɹɡɧɨɫɬɢ: ܿ௜ = ∑ 𝑟௜௝𝑒ೕ∈𝐸ೖ ∑ 𝑟௜௝𝑒ೕ∈𝐸ೖ⁄ , (1.8) 

ɧɚ ɨɱɟɪɟɞɧɨɦ ɲɚɝɟ ɚɥɝɨɪɢɬɦɚ ɪɚɡɦɟɳɚɟɬɫɹ ɷɥɟɦɟɧɬ, ɢɦɟɸɳɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɜɹɡɧɨɫɬɢ. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɷɥɟɦɟɧɬɨɜ ɱɢɫɥɨ ɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ 

ɨɬɞɟɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɷɥɟɦɟɧɬɨɜ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɨ (ɨɧɨ 

ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɚ ɩɨɫɥɟɞɭɸɳɟɣ ɬɪɚɫɫɢɪɨɜɤɢ ɫɨɟɞɢɧɟɧɢɣ), ɜ ɧɟɤɨɬɨɪɵɯ 

ɚɥɝɨɪɢɬɦɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɨɰɟɧɤɢ ɞɥɹ ɩɨɞɫɱɟɬɚ ɦɟɪɵ 

ɫɜɹɡɧɨɫɬɢ.  

ȼɵɛɪɚɧɧɵɣ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬ ei0. ɞɨɥɠɟɧ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɜ ɨɞɧɭ 

ɢɡ ɧɟɡɚɧɹɬɵɯ ɩɨɡɢɰɢɣ ɢɡ ɦɧɨɠɟɫɬɜɚ L’k – ɗɬɚ ɩɨɡɢɰɢɹ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 

ɦɢɧɢɦɢɡɚɰɢɢ ɤɪɢɬɟɪɢɹ ɪɚɡɦɟɳɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɆɋȾ ɫɨɟɞɢɧɟɧɢɣ. 

ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɡɦɟɳɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ 

ɨɰɟɧɟɧɚ ɥɢɲɶ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɱɚɫɬɢɱɧɵɯ ɦɨɧɬɚɠɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɚɧɧɨɝɨ 

ɷɥɟɦɟɧɬɚ ei0. ɫ ɭɠɟ ɪɚɡɦɟɳɟɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ Еk. 

ȼ ɩɪɢɧɰɢɩɟ ɜɨɡɦɨɠɟɧ ɩɨɞɯɨɞ, ɤɨɝɞɚ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɷɥɟɦɟɧɬɚ ɜ ɩɨɡɢɰɢɸ 

ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɬɪɚɫɫɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ⱦɥɢɧɚ ɷɬɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɞɥɹ ɜɵɛɨɪɚ ɩɨɡɢɰɢɢ. Ɉɞɧɚɤɨ ɛɨɥɶɲɢɟ ɡɚɬɪɚɬɵ 

ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ ɞɟɥɚɸɬ ɷɬɨɬ ɩɨɞɯɨɞ ɧɟɪɟɚɥɶɧɵɦ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɩɪɢ 
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ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɭɡɥɨɜ ɫ ɩɟɱɚɬɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɢ ɨɝɪɚɧɢɱɟɧɧɨ 

ɩɪɢɦɟɧɢɦɵɦ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɦɨɧɬɚɠɧɵɯ ɫɯɟɦ ɩɪɨɜɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɍɱɢɬɵɜɚɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɢɫɩɨɥɶɡɭɸɬ ɩɪɢɛɥɢɠɟɧɧɵɟ ɨɰɟɧɤɢ ɞɥɢɧ 

ɦɨɧɬɚɠɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɚɹ ɢɡ ɧɢɯ ɢ ɧɚɢɦɟɧɟɟ ɬɨɱɧɚɹ ɫɜɨɞɢɬɫɹ 

ɤ ɪɚɫɱɟɬɭ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɩɨɡɢɰɢɹɦɢ.  
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2 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɪɟɲɟɧɢя ɞɥя ɜɵɩɨɥɧɟɧɢя ɡɚɞɚɱɢ 
ɪɚɡɦɟɳɟɧɢя 

2.1 ɂɧɬɟɝɪɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɪɟɲɟɧɢɹ ɫ ɩɪɨɞɭɤɬɚɦɢ ɥɢɧɟɣɤɢ 

Cadence 

2.1.1 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɜ ɋȺɉɊ OrCAD 

 

Cadence Design Systems – ɤɨɦɩɚɧɢɹ, ɹɜɥɹɸɳɚɹɫɹ ɤɪɭɩɧɟɣɲɢɦ 

ɩɨɫɬɚɜɳɢɤɨɦ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ, 

ɨɫɧɨɜɚɧɧɚɹ ɜ 1988 ɝɨɞɭ, ɡɚɧɢɦɚɸɳɚɹɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ 

ɩɪɟɞɨɫɬɚɜɥɟɧɢɟɦ ɢɧɠɟɧɟɪɧɵɯ ɭɫɥɭɝ. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɢ ɦɢɤɪɨɫɯɟɦ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ 

ɤɨɦɩɚɧɢɢ. 

ɉɪɨɞɭɤɬɵ Cadence   ɬɢɩɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɢ: 

 Virtuoso Platform – ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ; ɜ ɧɟɝɨ ɜɯɨɞɢɬ ɫɬɪɭɤɬɭɪɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ, ɩɨɜɟɞɟɧɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɫɢɦɭɥɹɰɢɹ ɫɯɟɦɵ, ɩɨɥɧɵɣ ɦɚɤɟɬ, ɮɢɡɢɱɟɫɤɚɹ ɜɟɪɢɮɢɤɚɰɢɹ. 

ɂɫɩɨɥɶɡɭɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɧɚɥɨɝɨɜɵɯ ɫɯɟɦ; 

 Genus Platform – ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɰɢɮɪɨɜɵɯ 

ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ. ɋɸɞɚ ɜɯɨɞɢɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɬɟɫɬɢɪɨɜɚɧɢɟ ɢ ɫɢɧɬɟɡ; 

 Xcelium Platform – ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɫɢɦɭɥɹɰɢɢ. ɋɸɞɚ ɜɯɨɞɢɬ 

ɮɨɪɦɚɥɶɧɚɹ ɜɟɪɢɮɢɤɚɰɢɹ, ɩɪɨɜɟɪɤɚ ɮɨɪɦɚɥɶɧɨɣ ɷɤɜɢɜɚɥɟɧɰɢɢ ɢ ɷɦɭɥɹɰɢɹ; 

 Allegro Platform – ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɫɨɜɦɟɫɬɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ ɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ; 

 OrCAD/PSpice – ɂɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɧɟɛɨɥɶɲɢɯ ɤɨɦɩɚɧɢɣ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɪɚɡɪɚɛɨɬɱɢɤɨɜ. 

OrCAD – ɩɚɤɟɬ ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ, ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɜɟɪɫɢɣ ɩɟɱɚɬɧɵɯ ɩɥɚɬ, ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦ 

ɢ ɢɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

https://ru.wikipedia.org/wiki/OrCAD
https://ru.wikipedia.org/wiki/PSpice
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ɷɥɟɤɬɪɨɧɢɤɢ. 

ȼ ɫɨɫɬɚɜɟ ɩɚɤɟɬɚ ɫɥɟɞɭɸɳɢɟ ɦɨɞɭɥɢ: 

 Capture – ɪɟɞɚɤɬɨɪ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ, 

 Capture CIS Option – ɦɟɧɟɞɠɟɪ ɛɢɛɥɢɨɬɟɤ Active Parts, 

 PSpice Analog Digital – ɩɚɤɟɬ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 

 PSpice Ⱥdvanced Ⱥnalysis – ɩɚɤɟɬ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, 

 PSpice SLPS option – ɢɧɬɟɪɮɟɣɫ ɫɜɹɡɢ ɫ ɩɚɤɟɬɨɦ Matlab, 

 PCB Designer – ɪɟɞɚɤɬɨɪ ɬɨɩɨɥɨɝɢɣ ɩɟɱɚɬɧɵɯ ɩɥɚɬ, 

 SPECCTRA for OrCAD – ɩɪɨɝɪɚɦɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɢ 

ɢɧɬɟɪɚɤɬɢɜɧɨɣ ɬɪɚɫɫɢɪɨɜɤɢ, 

 Signal Explorer – ɦɨɞɭɥɶ ɚɧɚɥɢɡɚ ɰɟɥɨɫɬɧɨɫɬɢ ɫɢɝɧɚɥɨɜ ɢ 

ɩɟɪɟɤɪɟɫɬɧɵɯ ɢɫɤɚɠɟɧɢɣ. 

PSpice ɹɜɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɨɣ ɫɢɦɭɥɹɰɢɢ ɚɧɚɥɨɝɨɜɨɣ ɢ ɰɢɮɪɨɜɨɣ ɥɨɝɢɤɢ, 

ɨɩɢɫɚɧɧɨɣ ɧɚ ɹɡɵɤɟ SPICE, ɤɨɬɨɪɚɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɟɪɫɨɧɚɥɶɧɵɯ 

ɤɨɦɩɶɸɬɟɪɨɜ. Ɋɚɡɪɚɛɨɬɚɧɚ ɤɨɦɩɚɧɢɟɣ MicroSim ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɨɜ. Ʉɨɦɩɚɧɢɹ-

ɪɚɡɪɚɛɨɬɱɢɤ ɛɵɥɚ ɩɪɢɨɛɪɟɬɟɧɚ ɮɢɪɦɨɣ OrCAD, ɚ ɡɚɬɟɦ Cadence Design 

Systems. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɝɪɚɦɦɚ ɬɚɤɠɟ ɦɨɠɟɬ ɫɢɦɭɥɢɪɨɜɚɬɶ ɢ 

ɫɦɟɲɚɧɧɵɟ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɵɟ ɫɯɟɦɵ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ PSpice ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɦɧɨɠɟɫɬɜɭ ɬɪɟɛɨɜɚɧɢɣ 

ɢɧɞɭɫɬɪɢɢ ɢ ɢɧɬɟɝɪɢɪɨɜɚɧ ɜ ɦɚɪɲɪɭɬɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɬ OrCAD ɢ Cadence 

Allegro. 

Ɋɚɫɫɦɨɬɪɢɦ ɷɬɚɩɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɯɟɦɵ ɧɚ ɩɪɢɦɟɪɟ 

ɡɚɞɚɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɫɯɟɦɵ ɜ ɋȺɉɊ OrCAD. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɫ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɩɪɨɟɤɬɚ (ɪɢɫɭɧɨɤ 2). 

ɋɨɡɞɚёɬɫɹ ɧɨɜɵɣ ɩɪɨɟɤɬ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ File/New/Project, ɩɨɫɥɟ ɱɟɝɨ ɜ 

ɨɬɤɪɵɜɲɢɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɜ ɫɬɪɨɤɟ Name ɭɤɚɡɵɜɚɟɬɫɹ ɢɦɹ ɩɪɨɟɤɬɚ (ɛɟɡ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɦɜɨɥɨɜ ɤɢɪɢɥɥɢɰɵ ɢ ɩɪɨɛɟɥɨɜ), ɚ ɜ ɫɬɪɨɤɟ Location – ɢɦɹ 
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ɩɨɞɤɚɬɚɥɨɝɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɟɤɬɚ. 

 
 

Ɋɢɫɭɧɨɤ 2 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɩɪɨɟɤɬɚ 

 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɫɯɟɦɵ ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɛɥɢɨɬɟɤ ɷɥɟɦɟɧɬɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɨɧɚ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ. ɋȺɉɊ 

ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɢɛɥɢɨɬɟɤ, ɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɢɯ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ.  

ɑɬɨɛɵ ɫɨɡɞɚɬɶ ɧɨɜɭɸ ɛɢɛɥɢɨɬɟɤɭ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɤɨɦɚɧɞɨɣ File/New/Library. ȼ ɦɟɧɟɞɠɟɪ ɩɪɨɟɤɬɨɜ ɛɭɞɟɬ ɞɨɛɚɜɥɟɧɚ ɧɨɜɚɹ 

ɛɢɛɥɢɨɬɟɤɚ (ɪɢɫɭɧɨɤ 3). Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɫɨɡɞɚɧɧɭɸ ɛɢɛɥɢɨɬɟɤɭ ɢ 

ɜɵɛɪɚɬɶ ɨɩɰɢɸ «SaveAs…».  
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Ɋɢɫɭɧɨɤ 3 – Ȼɢɛɥɢɨɬɟɤɚ ɜ ɦɟɧɟɞɠɟɪɟ ɩɪɨɟɤɬɨɜ 

 

ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɩɪɨɝɪɚɦɦɚ ɡɚɩɪɨɫɢɬ ɢɦɹ ɧɨɜɨɣ ɛɢɛɥɢɨɬɟɤɢ 

ɢ ɦɟɫɬɨ ɟɟ ɪɚɫɩɨɥɨɠɟɧɢɹ (ɪɢɫɭɧɨɤ 4). Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɷɥɟɦɟɧɬɚ 

ɛɢɛɥɢɨɬɟɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɫɨɡɞɚɧɧɭɸ ɛɢɛɥɢɨɬɟɤɭ ɜɵɩɨɥɧɢɬɶ ɤɨɦɚɧɞɭ 

New/Part. 

 
 

Ɋɢɫɭɧɨɤ 4 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

 

ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ New Part Properties ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ 

ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ: 

 Name – ɢɦɹ ɫɢɦɜɨɥɚ (ɫɨɝɥɚɫɧɨ ɦɨɞɟɥɢ); 

 Part Preference Prefix – ɩɪɟɮɢɤɫ ɩɨɡɢɰɢɨɧɧɨɝɨ ɨɛɨɡɧɚɱɟɧɢɹ; 

 PCB Footprint –ɧɚɡɜɚɧɢɟ ɮɚɣɥɚ ɤɨɪɩɭɫɚ ɷɥɟɦɟɧɬɚ; 

 Partsper Package –ɤɨɥɢɱɟɫɬɜɨ ɜɫɟɯ ɫɟɤɰɢɣ ɜ ɤɨɪɩɭɫɟ ɤɨɦɩɨɧɟɧɬɚ; 
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 Homogeneous ɢ Heterogeneous – ɜɵɛɨɪ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɚ, 

ɢɦɟɸɳɟɝɨ ɨɞɢɧɚɤɨɜɵɟ ɫɟɤɰɢɢ ɢɥɢ ɫɟɤɰɢɢ ɪɚɡɧɨɝɨ ɬɢɩɚ; 

 Alphabetic ɢɥɢ Numeric – ɜɵɛɨɪ ɦɟɠɞɭ ɛɭɤɜɟɧɧɨɣ ɢɥɢ ɰɢɮɢɪɧɨɣ 

ɧɭɦɟɪɚɰɢɟɣ ɫɟɤɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ; 

 Pin Number Visible – ɨɬɨɛɪɚɠɟɧɢɟ ɧɨɦɟɪɨɜ ɜɵɜɨɞɨɜ ɷɥɟɦɟɧɬɚ. 

ɉɨɫɥɟ ɡɚɩɨɥɧɟɧɢɹ ɨɤɨɧ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɨɩɟɪɚɰɢɢ ɨɬɤɪɨɟɬɫɹ ɪɚɛɨɱɟɟ 

ɩɨɥɟ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɚ, ɧɚ ɤɨɬɨɪɨɦ ɲɬɪɢɯɩɭɧɤɬɢɪɧɵɦ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɦ 

ɨɝɪɚɧɢɱɟɧɵ ɝɚɛɚɪɢɬɵ ɫɢɦɜɨɥɚ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ ɲɚɝ ɫɟɬɤɢ, ɞɥɹ 

ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɡɜɚɬɶ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɩɭɬɟɦ ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɚɧɞ 

Options/DesignTemplate/PageSize (ɪɢɫɭɧɨɤ 5). 

 
 

Ɋɢɫɭɧɨɤ 5 – ɍɫɬɚɧɨɜɤɚ ɲɚɝɚ ɫɟɬɤɢ 

 

ɉɪɢ ɩɨɦɨɳɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɧɚ ɛɨɤɨɜɨɣ ɩɚɧɟɥɢ ɫɨɡɞɚɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ 

ɷɥɟɦɟɧɬɚ (ɪɢɫɭɧɨɤ 6). 
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Ɋɢɫɭɧɨɤ 6 – ɋɨɡɞɚɧɢɟ ɷɥɟɦɟɧɬɚ ɛɢɛɥɢɨɬɟɤɢ 

 

Ɋɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɩɪɢ ɢɯ ɫɨɡɞɚɧɢɢ ɭɤɚɡɵɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɟɞɢɧɨɣ ɫɢɫɬɟɦɨɣ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ⱦɥɹ ɞɨɛɚɜɥɟɧɢɹ ɜɯɨɞɨɜ ɢ 

ɜɵɯɨɞɨɜ ɷɥɟɦɟɧɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ Place Pin (ɪɢɫɭɧɨɤ 7). 

 
 

Ɋɢɫɭɧɨɤ 7 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɞɨɛɚɜɥɟɧɢɹ ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ 

 

ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ PlacePin ɬɪɟɛɭɟɬɫɹ ɜɜɟɫɬɢ ɫɥɟɞɭɸɳɢɟ 

ɞɚɧɧɵɟ: 

 Name – ɧɚɡɜɚɧɢɟ ɜɵɜɨɞɚ; 

 Number – ɧɨɦɟɪ ɜɵɜɨɞɚ; 

 Shape – ɮɨɪɦɚ ɜɵɜɨɞɚ; 

 Type – ɬɢɩ ɜɵɜɨɞɚ; 

 Scalar ɢɥɢ Bus – ɜɵɛɨɪ ɦɟɠɞɭ ɨɞɢɧɨɱɧɵɦ ɜɵɜɨɞɨɦ ɢ ɲɢɧɨɣ; 

 Pin Visible – ɨɬɨɛɪɚɠɟɧɢɟ ɜɵɜɨɞɚ; 

 User Properties – ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɞɥɹ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɜɨɞɚ ɤɨɦɩɨɧɟɧɬɚ. 
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Ɉɤɨɧɱɚɧɢɟ ɞɚɧɧɨɝɨ ɷɬɚɩɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɥɟɞɧɢɦ ɜ ɫɨɡɞɚɧɢɢ 

ɷɥɟɦɟɧɬɚ (ɪɢɫɭɧɨɤ 8). 

 
 

Ɋɢɫɭɧɨɤ 8 – ɋɢɦɜɨɥ ɷɥɟɦɟɧɬɚ ɞɢɨɞɚ 

 

Ʉɨɝɞɚ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɛɢɛɥɢɨɬɟɤɢ ɩɨɞɝɨɬɨɜɥɟɧɵ, ɦɨɠɧɨ ɩɟɪɟɯɨɞɢɬɶ ɤ 

ɫɨɡɞɚɧɢɸ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ.  

Ⱦɥɹ ɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ ɲɚɝ ɫɟɬɤɢ orCAD Capture, ɚɧɚɥɨɝɢɱɧɨ 

ɬɨɦɭ, ɤɚɤ ɬɪɟɛɨɜɚɥɨɫɶ ɟɟ ɢɡɦɟɧɢɬɶ ɜɨ ɜɪɟɦɹ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɚ ɛɢɛɥɢɨɬɟɤɢ. ɋ 

ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ Place/Part ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɛɢɛɥɢɨɬɟɤɢ, ɤɨɬɨɪɵɟ 

ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ. 

Ɍɟɩɟɪɶ, ɱɬɨɛɵ ɞɨɛɚɜɢɬɶ ɷɥɟɦɟɧɬ ɧɚ ɫɯɟɦɭ ɬɪɟɛɭɟɬɫɹ ɜɵɛɪɚɬɶ ɧɭɠɧɭɸ 

ɛɢɛɥɢɨɬɟɤɭ ɢɡ ɫɩɢɫɤɚ ɩɨɞɤɥɸɱɟɧɧɵɯ ɛɢɛɥɢɨɬɟɤ, ɢ ɭɤɚɡɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ 

ɤɨɦɩɨɧɟɧɬ (ɪɢɫɭɧɨɤ 9).  
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Ɋɢɫɭɧɨɤ 9 – ȼɵɛɨɪ ɫɢɦɜɨɥɚ ɢɡ ɛɢɛɥɢɨɬɟɤɢ 

 

ɉɨɫɥɟ ɪɚɡɦɟɳɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɨɟɞɢɧɢɬɶ ɢɯ ɦɟɠɞɭ 

ɫɨɛɨɣ, ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɜɫɟɯ ɩɪɨɰɟɞɭɪ ɛɭɞɟɬ ɩɨɥɭɱɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 

(ɪɢɫɭɧɨɤ 10). 

 
 

Ɋɢɫɭɧɨɤ 10 – Ɋɟɡɭɥɶɬɚɬ ɩɨɫɬɪɨɟɧɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɫɯɟɦɵ 
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Ɏɨɪɦɢɪɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ɜɵɩɨɥɧɟɧɨ ɧɚ ɩɪɢɦɟɪɟ ɮɨɪɦɚɬɚ calay 9064, ɧɚ ɛɚɡɟ ɤɨɬɨɪɨɝɨ ɜɨɡɦɨɠɧɨ 

ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɥɢ ɧɚɱɚɬɶ 

ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ (ɪɢɫɭɧɨɤ  11). 

 
 

Ɋɢɫɭɧɨɤ 11 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ Create Netlist 

 

2.1.2 ɂɧɬɟɝɪɚɰɢɹ ɫ ɝɪɚɮɢɱɟɫɤɢɦ ɪɟɞɚɤɬɨɪɨɦ Capture 

 

ɂɧɬɟɝɪɚɰɢɹ ɫ ɋȺɉɊ OrCAD ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɱɬɟɧɢɟ 

ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɝɨ ɮɚɣɥɚ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɬɟɤɫɬɨɜɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɟɞɢɧɟɧɢɹɯ, ɫɜɹɡɵɜɚɸɳɢɯ 

ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɪɢɫɭɧɨɤ 12). 
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Ɋɢɫɭɧɨɤ 12 –ȼɢɞ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɝɨ ɮɚɣɥɚ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ 

 

Ʉɚɠɞɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɚɡɜɚɧɢɹ ɭɡɥɚ, ɡɚɧɢɦɚɸɳɟɟ 6 

ɫɢɦɜɨɥɨɜ, ɞɚɥɟɟ ɱɟɪɟɡ ɡɚɩɹɬɭɸ ɩɟɪɟɱɢɫɥɹɸɬɫɹ ɜɫɟ ɷɥɟɦɟɧɬɵ, ɫɨɟɞɢɧɟɧɧɵɟ ɜ 

ɷɬɨɦ ɭɡɥɟ, ɫ ɭɱɟɬɨɦ ɧɨɦɟɪɚ ɜɵɜɨɞɚ ɤɨɦɩɨɧɟɧɬɚ ɷɥɟɤɬɪɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 

ɭɤɚɡɚɧɧɨɝɨ ɜ ɤɪɭɝɥɵɯ ɫɤɨɛɤɚɯ. Ɉɩɢɫɚɧɢɟ ɭɡɥɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɯɟɦɵ ɜ ɮɚɣɥɟ 

ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɫɢɦɜɨɥɨɦ «;».  

Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ, ɤɚɤ ɷɤɡɟɦɩɥɹɪ ɤɥɚɫɫɚ, ɫɨɞɟɪɠɚɳɢɣ 

ɜ ɫɟɛɟ ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ: 

1) ɇɚɡɜɚɧɢɟ ɷɥɟɦɟɧɬɚ; 

2) Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɚ(X); 

3) ȼɟɪɬɢɤɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɚ(Y); 

4) Ɇɚɫɫɢɜ ɫɨɟɞɢɧɟɧɢɣ ɫ ɨɫɬɚɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ; 

5) Ɇɚɫɫɢɜ ɪɚɫɫɬɨɹɧɢɣ ɫ ɨɫɬɚɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ; 

6) ɋɭɦɦɚ ɦɚɫɫɢɜɚ ɫɨɟɞɢɧɟɧɢɣ; 

7) ɋɭɦɦɚ ɦɚɫɫɢɜɚ ɪɚɫɫɬɨɹɧɢɣ. 

Ɂɚɞɚɱɟɣ ɩɪɨɝɪɚɦɦɧɨɝɨ ɛɥɨɤɚ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɡ ɫɩɢɫɤɚ 

ɫɨɟɞɢɧɟɧɢɣ ɦɚɫɫɢɜ ɨɛɴɟɤɬɨɜ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɛɥɨɤɟ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ. 
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Ɋɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɵɯ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: ɩɪɨɝɪɚɦɦɚ ɧɚɱɢɧɚɟɬ ɩɨɫɬɪɨɱɧɨɟ ɫɱɢɬɵɜɚɧɢɟ ɜ ɛɭɮɟɪ ɞɚɧɧɵɯ ɞɨ ɬɨɝɨ 

ɦɨɦɟɧɬɚ, ɩɨɤɚ ɩɨɫɥɟɞɧɢɦ ɫɢɦɜɨɥɨɦ ɫɬɪɨɤɢ ɧɟ ɨɤɚɠɟɬɫɹ «;», ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, 

ɱɬɨ ɫɬɪɨɤɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɚɡɜɚɧɢɹ ɭɡɥɚ, ɩɨɷɬɨɦɭ ɩɟɪɜɵɟ 6 ɫɢɦɜɨɥɨɜ 

ɩɪɨɩɭɫɤɚɸɬɫɹ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɝɪɚɦɦɚ ɩɨɫɢɦɜɨɥɶɧɨ ɡɚɩɢɫɵɜɚɟɬ ɜ ɛɭɮɟɪ 

ɧɚɡɜɚɧɢɟ ɷɥɟɦɟɧɬɚ. Ʉɚɤ ɬɨɥɶɤɨ ɢɦɹ ɡɚɩɢɫɚɧɨ ɩɨɥɧɨɫɬɶɸ, ɦɚɫɫɢɜ ɩɪɨɜɟɪɹɟɬɫɹ 

ɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɢɞɟɧɬɢɱɧɨɝɨ ɨɛɴɟɤɬɚ, ɟɫɥɢ ɨɧ ɧɟ ɧɚɣɞɟɧ, ɬɨ ɫɨɡɞɚɟɬɫɹ ɧɨɜɵɣ 

ɷɤɡɟɦɩɥɹɪ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɪɨɝɪɚɦɦɚ ɟɝɨ ɢɝɧɨɪɢɪɭɟɬ (ɪɢɫɭɧɨɤ 13).  

 
 

Ɋɢɫɭɧɨɤ 13 – Ȼɥɨɤ-ɫɯɟɦɚ ɱɬɟɧɢɹ ɮɚɣɥɚ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ (1 ɱɚɫɬɶ) 
 

ɉɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɫɫɢɜɚ ɨɛɴɟɤɬɨɜ, ɜ ɤɨɬɨɪɵɯ ɡɚɩɢɫɚɧɵ ɧɚɡɜɚɧɢɹ 

ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɦɚɬɪɢɰɭ ɫɨɟɞɢɧɟɧɢɣ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ.  
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ɉɪɨɝɪɚɦɦɚ ɧɚɱɢɧɚɟɬ ɩɨɜɬɨɪɧɨɟ ɱɬɟɧɢɟ ɢɡ ɮɚɣɥɚ (ɪɢɫɭɧɨɤ 14). 

ɇɚɱɢɧɚɟɬɫɹ ɩɨɫɬɪɨɱɧɨɟ ɫɱɢɬɵɜɚɧɢɟ ɜ ɛɭɮɟɪ ɞɚɧɧɵɯ ɞɨ ɬɨɝɨ ɦɨɦɟɧɬɚ, ɩɨɤɚ 

ɩɨɫɥɟɞɧɢɦ ɫɢɦɜɨɥɨɦ ɫɬɪɨɤɢ ɧɟ ɨɤɚɠɟɬɫɹ «;».  ɉɪɨɝɪɚɦɦɚ ɩɨɨɱɟɪɟɞɧɨ 

ɩɵɬɚɟɬɫɹ ɧɚɣɬɢ ɢɡ ɫɬɪɨɤɢ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɦɚɫɫɢɜɚ, ɜ ɭɫɩɟɲɧɨɦ ɫɥɭɱɚɟ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɜɬɨɪɧɵɣ ɩɨɢɫɤ ɩɨ ɷɥɟɦɟɧɬɚɦ, ɜ ɫɥɭɱɚɟ ɭɫɩɟɯɚ ɡɚɩɢɫɶ ɫɜɹɡɢ 

ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɦɚɫɫɢɜ ɜ ɜɢɞɟ ɢɧɤɪɟɦɟɧɬɚ. 

 
 

Ɋɢɫɭɧɨɤ 14 – Ȼɥɨɤ-ɫɯɟɦɚ ɱɬɟɧɢɹ ɮɚɣɥɚ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ (2 ɱɚɫɬɶ) 
 

ȼ ɤɨɧɰɟ ɩɨɜɬɨɪɧɨɝɨ ɱɬɟɧɢɹ ɜ ɩɚɦɹɬɢ ɫɢɫɬɟɦɵ ɯɪɚɧɢɬɫɹ ɦɚɫɫɢɜ 

ɨɛɴɟɤɬɨɜ ɷɥɟɦɟɧɬɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɫɜɨɟ ɢɦɹ ɢ ɦɚɫɫɢɜ ɫɨɟɞɢɧɟɧɢɣ 
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ɫ ɞɪɭɝɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɛɭɞɭɬ 

ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɧɚ ɛɚɡɟ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ 

ɫɯɟɦɵ, ɫɨɡɞɚɧɧɨɣ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɪɟɞɚɤɬɨɪɟ Capture ɋȺɉɊ OrCAD. 

 

2.2 Ɍɟɯɧɨɥɨɝɢɢ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 

2.2.1 Ɇɟɬɨɞ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ 

 

ȼ ɦɟɬɨɞɟ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 

ɨɰɟɧɤɚ ɤɚɠɞɨɝɨ ɢɡ ɪɚɡɦɟɳɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ݁ଵ, ݁ଶ, … , ݁𝑛 ɢ ɤɚɠɞɨɣ ɫɜɨɛɨɞɧɨɣ 

ɩɨɡɢɰɢɢ ݈ଵ, ݈ଶ, … , ݈𝑛 ɩɨɫɥɟ ɱɟɝɨ ɜɫɟ ɷɥɟɦɟɧɬɵ ɪɚɡɦɟɳɚɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ. 

ɉɭɫɬɶ ɞɚɧɚ ɦɚɬɪɢɰɚ ɫɨɟɞɢɧɟɧɢɣ 𝑅 = ‖𝑟ĳ‖𝑛×𝑛ɢ ɦɚɬɪɢɰɚ ɪɚɫɫɬɨɹɧɢɣ 

ɦɟɠɞɭ ɩɨɡɢɰɢɹɦɢ 𝐷 = ‖݀ĳ‖𝑛×𝑛. 

ɗɬɚɩɵ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ: 

1)Ⱦɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ei ɩɨ ɦɚɬɪɢɰɟ R ɧɚɣɞɟɦ ɫɭɦɦɚɪɧɨɟ ɱɢɫɥɨ 

ɫɨɟɞɢɧɟɧɢɣ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɨɫɬɚɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ: 

𝑟௜ = ∑ 𝑟௜௝𝑛
௝=ଵ  , ݅ = ͳ,ʹ, … , 𝑛, (2.1) 

 

2)Ⱦɥɹ ɤɚɠɞɨɣ ɩɨɡɢɰɢɢ li ɩɨ ɦɚɬɪɢɰɟ D ɧɚɣɞɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ  

݀௜ = ∑ ݀௜௝𝑛
௝=ଵ  , ݅ = ͳ,ʹ, … , 𝑛, (2.2) 

 

ɨɩɪɟɞɟɥɹɸɳɭɸ ɫɭɦɦɚɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɷɬɨɣ ɩɨɡɢɰɢɢ ɞɨ ɨɫɬɚɥɶɧɵɯ ɩɨɡɢɰɢɣ. 

ɉɨɡɢɰɢɢ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ ɢɦɟɸɬ ɦɟɧɶɲɭɸ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ di, ɱɟɦ ɩɨɡɢɰɢɢ ɧɚ ɩɟɪɢɮɟɪɢɢ. ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɰɟɧɬɪɚɥɶɧɵɟ 

ɩɨɡɢɰɢɢ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɫɢɥɶɧɨ ɫɜɹɡɧɵɯ ɷɥɟɦɟɧɬɨɜ, 

ɬ.ɟ. ɷɥɟɦɟɧɬɨɜ, ɢɦɟɸɳɢɯ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ri (2.1). Ɋɚɫɫɦɚɬɪɢɜɚɹ ɫ ɷɬɨɣ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɜɵɪɚɠɟɧɢɟ (1.1) ɢ ɭɱɢɬɵɜɚɹ ɭɫɥɨɜɢɹ ɦɢɧɢɦɚɥɶɧɨɫɬɢ ɫɤɚɥɹɪɧɨɝɨ 

ɩɪɨɢɡɜɟɞɟɧɢɹ r∙d ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɟɟ: 

3)ɍɩɨɪɹɞɨɱɢɬɶ ɷɥɟɦɟɧɬɵ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
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𝑟௜(𝑟௜భ ൑ 𝑟௜మ ൑ ⋯ ൑ 𝑟௜𝑛) 

4)ɍɩɨɪɹɞɨɱɢɬɶ ɩɨɡɢɰɢɢ ɩɨ ɭɛɵɜɚɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ݀௜௝(݀௜భ ൒ ݀௜మ ൒ ⋯ ൒ ݀௜𝑛) 

5)Ɉɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɳɟɧɢɟ 𝑝ሺ݅௞ሻ = ݆௞, ݇ = ͳ,ʹ, … , 𝑛. 
ɇɚ ɮɨɧɟ ɞɪɭɝɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɚɡɦɟɳɟɧɢɹ ɞɚɧɧɵɣ ɨɬɥɢɱɚɟɬɫɹ 

ɱɪɟɡɜɵɱɚɣɧɨɣ ɩɪɨɫɬɨɬɨɣ. ɂɡ-ɡɚ ɷɬɨɝɨ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ 

ɦɟɬɨɞɚ ɩɪɢ ɪɭɱɧɨɣ ɦɟɬɨɞɢɤɟ ɪɚɡɪɚɛɨɬɤɢ ɫɯɟɦ ɧɚɱɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ 

ɪɚɡɦɟɳɟɧɢɹ. Ɉɩɵɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɧ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɞɚɟɬ ɪɟɲɟɧɢɟ, ɧɟɫɤɨɥɶɤɨ ɭɫɬɭɩɚɸɳɟɟ ɩɨ ɤɚɱɟɫɬɜɭ ɪɚɡɦɟɳɟɧɢɸ, 

ɜɵɩɨɥɧɟɧɧɨɦɭ ɨɩɵɬɧɵɦ ɤɨɧɫɬɪɭɤɬɨɪɨɦ, ɬɨɝɞɚ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ 

ɚɥɝɨɪɢɬɦɵ ɞɚɸɬ ɫɨɤɪɚɳɟɧɢɟ ɞɥɢɧɵ ɫɨɟɞɢɧɟɧɢɣ ɧɚ 10-15%. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɪɟɲɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɨɛɴɟɤɬɵ, ɛɨɥɟɟ ɭɞɚɱɧɨ ɩɨɞɨɣɞɟɬ ɥɸɛɨɣ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɩɪɢɦɟɧɟɧ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹC#.əɡɵɤ 

ɪɚɡɪɚɛɨɬɚɧ ɤɨɦɩɚɧɢɟɣ Ɇɚɣɤɪɨɫɨɮɬ ɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ 

ɫɨɜɪɟɦɟɧɧɵɯ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ɉɧ ɜɨɫɬɪɟɛɨɜɚɧ ɧɚ ɪɵɧɤɟ ɪɚɡɪɚɛɨɬɤɢ 

ɜ ɪɚɡɥɢɱɧɵɯ ɫɬɪɚɧɚɯ, C# ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɪɚɛɨɬɟ ɫ ɩɪɨɝɪɚɦɦɚɦɢ ɞɥɹ ɉɄ, 

ɫɨɡɞɚɧɢɢ ɫɥɨɠɧɵɯ ɜɟɛ-ɫɟɪɜɢɫɨɜ ɢɥɢ ɦɨɛɢɥɶɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. Ɋɚɡɪɚɛɨɬɱɢɤ 

ɭɞɟɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɩɨɞɞɟɪɠɤɟ ɹɡɵɤɚ ɡɚɢɧɬɟɪɟɫɨɜɚɧɵ ɜ 

ɩɨɩɭɥɹɪɢɡɚɰɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɩɪɢɥɚɝɚɸɬ ɛɨɥɶɲɨɟ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ, ɚ ɩɨɬɨɦɭ 

ɪɟɝɭɥɹɪɧɨ ɩɨɹɜɥɹɸɬɫɹ ɨɛɧɨɜɥɟɧɢɹ ɢ ɞɨɩɨɥɧɟɧɢɹ, ɢɫɩɪɚɜɥɹɸɬɫɹ ɜɵɹɜɥɟɧɧɵɟ 

ɛɚɝɢ ɜ ɤɨɦɩɢɥɹɬɨɪɟ, ɪɚɫɲɢɪɹɸɬɫɹ ɛɢɛɥɢɨɬɟɤɢ.  

Ɇɚɣɤɪɨɫɨɮɬ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɩɨɞɪɨɛɧɭɸ ɢ ɪɚɡɜɟɪɧɭɬɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ ɧɚ 

ɫɜɨɢɯ ɨɮɢɰɢɚɥɶɧɵɯ ɪɟɫɭɪɫɚɯ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɭɱɟɛɧɢɤɨɜ, ɤɭɪɫɨɜ ɞɥɹ 

ɧɨɜɢɱɤɨɜ ɢ ɞɪɭɝɢɯ ɨɛɭɱɚɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɟɪɟɱɟɧɶ ɜɨɡɦɨɠɧɨɫɬɟɣ ɪɚɡɪɚɛɨɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɣ 

ɛɥɚɝɨɞɚɪɹ ɲɢɪɨɱɚɣɲɟɦɭ ɧɚɛɨɪɭ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɫɪɟɞɫɬɜ.  

ȼ ɹɡɵɤɟ ɩɪɢɧɹɬɚ ɨɛɳɚɹ ɫɢɫɬɟɦɚ ɪɚɛɨɬɵ ɫ ɬɢɩɚɦɢ, ɧɚɱɢɧɚɹ ɨɬ 

ɩɪɢɦɢɬɢɜɨɜ ɢ ɡɚɤɚɧɱɢɜɚɹ ɫɥɨɠɧɵɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ, ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɦɢ 
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ɧɚɛɨɪɚɦɢ. ɉɪɢɦɟɧɹɟɬɫɹ ɟɞɢɧɵɣ ɧɚɛɨɪ ɨɩɟɪɚɰɢɣ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢ ɯɪɚɧɟɧɢɹ 

ɡɧɚɱɟɧɢɣ ɬɢɩɢɡɚɰɢɢ. Ɍɚɤɠɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɫɵɥɨɱɧɵɟ ɬɢɩɵ 

ɩɨɥɶɡɨɜɚɬɟɥɹ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɞɢɧɚɦɢɱɟɫɤɢ ɜɵɞɟɥɢɬɶ ɩɚɦɹɬɶ ɩɨɞ ɨɛɴɟɤɬ ɢɥɢ 

ɯɪɚɧɢɬɶ ɭɩɪɨɳɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɫɟɬɢ. 

əɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɡɚɩɪɟɳɚɟɬ ɨɛɪɚɳɟɧɢɟ ɤ ɩɟɪɟɦɟɧɧɵɦ, ɤɨɬɨɪɵɟ 

ɧɟ ɛɵɥɢ ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɧɵ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 

ɛɟɫɤɨɧɬɪɨɥɶɧɨɝɨ ɩɪɢɜɟɞɟɧɢɹ ɬɢɩɨɜ ɢɥɢ ɜɵɯɨɞɚ ɡɚ ɩɪɟɞɟɥɵ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ. 

ɏɪɚɧɟɧɢɟ ɷɤɡɟɦɩɥɹɪɨɜ ɤɥɚɫɫɚ ɨɫɧɨɜɚɧɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɥɥɟɤɰɢɢ 

List, ɷɬɨ ɫɜɹɡɚɧɧɨ ɫ ɭɞɨɛɫɬɜɨɦ ɢ ɩɪɨɫɬɨɬɨɣ ɨɩɟɪɚɰɢɣ ɫ ɦɚɫɫɢɜɨɦ. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɤɨɥɥɟɤɰɢɢ ɷɤɡɟɦɩɥɹɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɦɚɬɪɢɰɭ 

ɪɚɫɫɬɨɹɧɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɤɚɠɞɨɦɭ ɷɥɟɦɟɧɬɭ ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɤɚɠɞɨɦɭ ɞɜɟ 

ɩɟɪɟɦɟɧɧɵɟ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɬɨɛɪɚɠɚɸɬ ɜɟɪɬɢɤɚɥɶɧɨɟ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɦɚɫɫɢɜɚ ɪɚɫɫɬɨɹɧɢɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟɦ ɞɨ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ ݀௜௝ = ௝݀௜ = ௜ݔ)| − (௝ݔ + ௜ݕ) −  ௝)|, (2.3)ݕ

ɝɞɟ xi, yi- ɤɨɨɪɞɢɧɚɬɵ i-ɬɨɝɨ ɷɥɟɦɟɧɬɚ; 

xj, yj, -ɤɨɨɪɞɢɧɚɬɵ j-ɬɨɝɨ ɷɥɟɦɟɧɬɚ.  

Ɂɚɩɢɫɶ ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɢɧɞɟɤɫɵ ɤɨɥɥɟɤɰɢɢ ɨɛɴɟɤɬɨɜ 

ɫɨɜɩɚɞɚɸɬ ɫ ɢɧɞɟɤɫɚɦɢ ɦɚɫɫɢɜɚ. Ⱦɨɫɬɭɩɧɨ ɞɜɚ ɡɚɤɨɧɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ: ɥɢɧɟɣɧɚɹ ɢ ɦɚɬɪɢɱɧɚɹ. ɉɨɫɥɟ ɜɵɛɨɪɚ ɨɞɧɨɝɨ ɢɡ ɧɢɯ 

ɤɚɠɞɨɦɭ ɷɥɟɦɟɧɬɭ ɜɵɞɚɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɩɨ ɞɚɧɧɨɦɭ ɡɚɤɨɧɭ ɜ ɬɨɦ ɩɨɪɹɞɤɟ, ɜ 

ɤɨɬɨɪɨɦ ɨɧɢ ɛɵɥɢ ɡɚɩɢɫɚɧɵ ɜ ɤɨɥɥɟɤɰɢɸ. 

ɉɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɝɪɚɦɦɚ ɫɨɪɬɢɪɭɟɬ 

ɨɛɴɟɤɬɵ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ ɫɭɦɦ ɦɚɫɫɢɜɚ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɩɨɫɥɟ 

ɡɚɦɟɧɹɟɬ ɤɨɨɪɞɢɧɚɬɵ ɨɛɴɟɤɬɨɜ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɫɭɦɦ ɦɚɫɫɢɜɚ ɪɚɫɫɬɨɹɧɢɣ.  

ɉɨ ɨɤɨɧɱɚɧɢɸ ɫɨɪɬɢɪɨɜɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɞɫɱɟɬ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ 

ɫɨɟɞɢɧɟɧɢɣ (ɋȾɋ). 

Ⱦɚɥɟɟ ɩɪɨɝɪɚɦɦɚ ɩɪɨɜɟɪɹɟɬ, ɢɦɟɸɬɫɹ ɥɢ ɨɞɢɧɚɤɨɜɵɟ ɡɧɚɱɟɧɢɹ ɫɭɦɦ, ɜ 

ɭɫɩɟɲɧɨɦ ɫɥɭɱɚɟ ɩɟɪɟɫɬɚɜɥɹɟɬ ɦɟɫɬɚɦɢ ɨɛɴɟɤɬɵ ɢ ɩɟɪɟɫɱɢɬɵɜɚɟɬ ɋȾɋ, ɩɨɫɥɟ 
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ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫɨɯɪɚɧɢɬɫɹ ɤɨɦɛɢɧɚɰɢɹ ɨɛɴɟɤɬɨɜ, ɢɦɟɸɳɚɹ 

ɦɢɧɢɦɚɥɶɧɭɸ ɋȾɋ, ɧɟɩɪɨɬɢɜɨɪɟɱɚɳɚɹ ɭɫɥɨɜɢɸ ɜɨɡɪɚɫɬɚɧɢɹ ɫɭɦɦ ɦɚɫɫɢɜɚ 

ɫɨɟɞɢɧɟɧɢɣ ɢ ɭɛɵɜɚɧɢɹ ɫɭɦɦ ɦɚɫɫɢɜɚ ɪɚɫɫɬɨɹɧɢɣ. 
 

2.2.2 ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 15 ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɫɧɨɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ, ɜɵɛɨɪ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɚɣɥɚ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɧɚɠɚɬɢɢ ɤɧɨɩɤɢ 

«ɨɬɤɪɵɬɶ». ɉɨ ɡɚɜɟɪɲɟɧɢɸ ɨɬɤɪɵɬɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɢ ɜɵɜɨɞɢɬɫɹ ɦɚɬɪɢɰɚ 

ɫɨɟɞɢɧɟɧɢɣ ɷɥɟɦɟɧɬɨɜ, ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɫɨɟɞɢɧɟɧɢɣ ɞɨ ɨɩɬɢɦɢɡɚɰɢɢ, 

ɢɡɦɟɪɹɟɦɚɹ ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ. 

 
 

Ɋɢɫɭɧɨɤ 15 – Ɉɫɧɨɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ 

 

Ɏɨɪɦɢɪɭɟɬɫɹ ɨɤɧɨ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ, ɜ ɤɨɬɨɪɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɨɦɦɭɬɚɰɢɨɧɧɨɟ ɩɨɥɟ ɜ ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɨɡɢɰɢɣ ɫ ɭɤɚɡɚɧɢɟɦ 

ɩɨɡɢɰɢɨɧɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ, ɪɚɡɦɟɳɟɧɧɵɯ ɜ ɧɢɯ ɷɥɟɦɟɧɬɨɜ (ɪɢɫɭɧɨɤ 16). ȼɢɞ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɬɭɪɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ, ɤɨɬɨɪɨɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɪɩɭɫɨɦ ɤɨɧɫɬɪɭɤɰɢɢ, ɦɟɬɨɞɢɱɟɫɤɢ ɨɝɪɚɧɢɱɟɧɢɹ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɨɬɫɭɬɫɬɜɭɸɬ.  



41 
 

 
 

Ɋɢɫɭɧɨɤ 16 – Ɉɤɧɨ ɦɚɬɪɢɰɵ ɩɨɡɢɰɢɣ  
 

ɉɨɫɥɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɛɭɞɭɬ ɜɵɜɟɞɟɧɵ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɡɚɜɟɪɲɟɧɢɢ ɪɚɫɱɟɬɚ ɢ ɨɬɨɛɪɚɠɟɧɵ ɦɚɬɪɢɰɚ ɫɨɟɞɢɧɟɧɢɣ ɢ 

ɩɟɪɟɫɱɢɬɚɧɧɚɹ ɦɚɬɪɢɰɚ ɪɚɫɫɬɨɹɧɢɣ, ɡɧɚɱɟɧɢɟ ɋȾɋ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ. 

Ɇɚɬɪɢɰɵ ɦɨɠɧɨ ɫɤɨɩɢɪɨɜɚɬɶ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɮɨɪɦɚɬɟ 

*.xls. ȼ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɚɬɪɢɰ, ɢɯ 

ɩɪɨɪɢɫɨɜɤɭ ɦɨɠɧɨ ɨɬɤɥɸɱɢɬɶ, ɧɚɠɚɜ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɨɩɰɢɸ 

«Ɉɬɨɛɪɚɠɟɧɢɟ ɦɚɬɪɢɰ». 
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3 ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢя ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɩɟɱɚɬɧɵɯ ɭɡɥɨɜ 

3.1 Ɋɚɡɪɚɛɨɬɤɚ ɩɟɱɚɬɧɵɯ ɭɡɥɨɜ ɜ ɋȺɉɊ OrCAD 

 

ɋɨɡɞɚɧɢɟ ɛɢɛɥɢɨɬɟɤɢ ɤɨɪɩɭɫɨɜ ɷɥɟɦɟɧɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɝɪɚɮɢɱɟɫɤɨɦ 

ɪɟɞɚɤɬɨɪɟ ɩɟɱɚɬɧɵɯ ɩɥɚɬ orCAD PCB Editor. ɉɨɫɥɟ ɨɬɤɪɵɬɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɛɪɚɬɶ ɨɩɰɢɢ File/New. 

ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɬɪɟɛɭɟɬɫɹ ɜɜɟɫɬɢ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ 

(ɪɢɫɭɧɨɤ 17): 

 Drawing Name –ɂɦɹ ɤɨɪɩɭɫɚ ɷɥɟɦɟɧɬɚ, ɡɚɩɢɫɚɧɧɨɟ ɜ PCB 

Footprint; 

 Drawing Type – Ɍɢɩ ɫɨɡɞɚɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ (ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɪɩɭɫɚ 

ɷɥɟɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ Package symbol (wizard)). 

 
 

Ɋɢɫɭɧɨɤ 17 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɚ ɜ ɝɪɚɮɢɱɟɫɤɨɦ 

ɪɟɞɚɤɬɨɪɟ ɩɟɱɚɬɧɵɯ ɩɥɚɬ 

 

ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɬɢɩ ɤɨɪɩɭɫɚ 

ɫɨɡɞɚɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ (ɪɢɫɭɧɨɤ 18): 

 DIP – ɤɨɪɩɭɫ ɫ ɞɜɭɦɹ ɪɹɞɚɦɢ ɜɵɜɨɞɨɜ ɩɨ ɞɥɢɧɧɵɦ ɫɬɨɪɨɧɚɦ 

ɦɢɤɪɨɫɯɟɦɵ; 

 SIOC – ɦɚɥɟɧɶɤɚɹ ɦɢɤɪɨɫɯɟɦɚ ɫ ɜɵɜɨɞɚɦɢ ɩɨ ɞɥɢɧɧɵɦ ɫɬɨɪɨɧɚɦ; 

 PLCC/QFP – ɱɟɬɵɪɟɯɭɝɨɥɶɧɵɣ ɩɥɨɫɤɢɣ ɤɨɪɩɭɫ; 

 PGA/BGA – ɦɚɬɪɢɰɚ ɢɡ ɲɬɵɪɶɤɨɜɵɯ ɜɵɜɨɞɨɜ; 
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 TH DISCRETE – ɤɨɦɩɨɧɟɧɬɵ ɜɵɜɨɞɧɨɝɨ ɦɨɧɬɚɠɚ; 

 SMD – ɤɨɪɩɭɫɚ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɦɨɧɬɚɠɚ; 

 SIP – ɩɥɨɫɤɢɣ ɤɨɪɩɭɫ ɫ ɜɵɜɨɞɚɦɢ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ; 

 ZIP – ɩɥɨɫɤɢɣ ɤɨɪɩɭɫ ɫ ɜɵɜɨɞɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ 

ɡɢɝɡɚɝɨɨɛɪɚɡɧɨ. 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɤɨɧɞɟɧɫɚɬɨɪ ɬɢɩɚ SMD 

–  ɤɨɪɩɭɫ ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɦɨɧɬɚɠɚ. 

 
 

Ɋɢɫɭɧɨɤ 18 – ȼɵɛɨɪ ɬɢɩɚ ɤɨɪɩɭɫɚ ɷɥɟɦɟɧɬɚ 

 

Ⱦɚɥɟɟ ɜ ɨɬɤɪɵɜɲɟɦɫɹ ɨɤɧɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ, ɜ 

ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɫɨɡɞɚɧ ɤɨɪɩɭɫ, ɢ ɢɯ ɬɨɱɧɨɫɬɶ, ɩɪɟɮɢɤɫ ɩɨɡɢɰɢɨɧɧɨɝɨ 

ɨɛɨɡɧɚɱɟɧɢɹ (ɪɢɫɭɧɨɤ 19). 

 
 

Ɋɢɫɭɧɨɤ 19 – ȼɵɛɨɪ ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢɹ 
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ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɬɪɟɛɭɟɦɵɟ ɪɚɡɦɟɪɵ 

ɫɨɡɞɚɜɚɟɦɨɝɨ ɤɨɪɩɭɫɚ ɢ ɬɢɩ ɜɵɜɨɞɨɜ (ɪɢɫɭɧɨɤ 20). ɉɟɪɟɱɟɧɶ ɬɪɟɛɭɟɦɵɯ 

ɪɚɡɦɟɪɨɜ ɛɭɞɟɬ ɦɟɧɹɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɬɢɩɚ ɤɨɪɩɭɫɚ. 

Ɋɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɭɤɚɡɵɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɨɣ 

ɫɩɟɰɢɮɢɤɚɰɢɟɣ ɷɥɟɦɟɧɬɚ. 

 
 

Ɋɢɫɭɧɨɤ 20 – ȼɧɟɫɟɧɢɟ ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɚ 

 

Ɉɫɬɚɟɬɫɹ ɜɵɛɪɚɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɨɬɜɟɪɫɬɢɟ ɢɥɢ ɩɨɫɚɞɨɱɧɨɟ ɦɟɫɬɨ ɞɥɹ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (ɪɢɫɭɧɨɤ 21). 

 
 

Ɋɢɫɭɧɨɤ 21 – ȼɵɛɨɪ ɬɢɩɚ ɜɵɜɨɞɨɜ 
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ɉɨ ɨɤɨɧɱɚɧɢɸ ɜɫɟɯ ɷɬɚɩɨɜ ɮɨɪɦɢɪɭɟɬɫɹ ɤɨɪɩɭɫ ɷɥɟɦɟɧɬɚ ɜɵɛɪɚɧɧɨɝɨ 

ɤɨɦɩɨɧɟɧɬɚ (ɪɢɫɭɧɨɤ 22). 

 
 

Ɋɢɫɭɧɨɤ 22 – Ɋɟɡɭɥɶɬɚɬ ɫɨɡɞɚɧɢɹ ɤɨɪɩɭɫɚ ɤɨɧɞɟɧɫɚɬɨɪɚ 

 

ɉɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɢɛɥɢɨɬɟɤɢ ɤɨɪɩɭɫɨɜ ɷɥɟɦɟɧɬɨɜ ɦɨɠɧɨ ɧɚɱɢɧɚɬɶ 

ɭɩɚɤɨɜɤɭ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ. ɉɟɪɟɞɚɱɚ ɢɡɦɟɧɟɧɢɣ ɦɟɠɞɭ ɫɯɟɦɨɣ ɢ ɩɥɚɬɨɣ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɞɢɚɥɨɝɨɜɨɝɨ ɨɤɧɚ Create Netlist (ɪɢɫɭɧɨɤ 23). 

 
 

Ɋɢɫɭɧɨɤ 23 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ Create Netlist 
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Ⱦɥɹ ɭɩɚɤɨɜɤɢ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɣɬɢ ɧɚ ɞɟɪɟɜɨ ɩɪɨɟɤɬɨɜ 

ɢ ɳɟɥɤɧɭɬɶ ɥɟɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɮɚɣɥ ɮɨɪɦɚɬɚ *dsn. ȼɵɩɨɥɧɢɬɶ ɤɨɦɚɧɞɵ 

Tools/CreateNetlist /PCB Editor. 

ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ Create Netlist ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 

ɨɩɰɢɸ ɜ ɝɪɚɮɟ ɫɨɡɞɚɧɢɹ ɩɥɚɬɵ Createor Update PCB Editor Board ɢ ɜ ɝɪɚɮɟ 

Allow Etch Removal During ECO. 

ȼ ɫɥɭɱɚɟ ɭɫɩɟɯɚ, ɟɫɥɢ ɩɪɢ ɫɨɡɞɚɧɢɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɫɯɟɦɵ ɧɟ ɜɨɡɧɢɤɥɨ ɧɢɤɚɤɢɯ ɩɪɨɛɥɟɦ, ɢ ɨɧɚ ɛɵɥɚ ɫɨɡɞɚɧɚ ɩɪɚɜɢɥɶɧɨ, ɨɬɤɪɨɟɬɫɹ 

ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɫɨ ɫɩɢɫɤɨɦ ɩɪɨɝɪɚɦɦ, ɜ ɤɨɬɨɪɵɯ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɨɬɤɪɵɬɶ 

ɭɩɚɤɨɜɚɧɧɭɸ ɩɟɱɚɬɧɭɸ ɩɥɚɬɭ (ɪɢɫɭɧɨɤ 24). 

 
 

Ɋɢɫɭɧɨɤ 24 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɫ ɜɵɛɨɪɨɦ ɩɪɨɝɪɚɦɦ 

 

ȼ ɨɬɤɪɵɜɲɟɣɫɹ ɩɪɨɝɪɚɦɦɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɨɛɪɚɡɢɬɶ ɫɟɬɤɭ ɢ ɜɵɛɪɚɬɶ 

ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɞɚɥɟɟ ɛɭɞɟɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɩɟɱɚɬɧɚɹ ɩɥɚɬɚ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɤɨɦɚɧɞɵ Setup/DesignParameters/Design. ȼ 

ɤɚɱɟɫɬɜɟ ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɢɥɥɢɦɟɬɪɵ. ɉɨɫɥɟ ɜɵɩɨɥɧɹɸɬɫɹ 

ɤɨɦɚɧɞɵ Setup/Grids, ɱɬɨɛɵ ɧɚɫɬɪɨɢɬɶ ɫɟɬɤɭ. ɒɚɝ ɫɟɬɤɢ ɛɵɥ ɜɵɛɪɚɧ ɧɚ 1, 25 

ɦɢɥɥɢɦɟɬɪɨɜ. Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɫɟɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɝɪɚɮɟ Grids On, 

ɱɬɨɛɵ ɨɬɨɛɪɚɡɢɬɶ ɫɟɬɤɭ (ɪɢɫɭɧɨɤ 25). 
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Ɋɢɫɭɧɨɤ 25 – ȼɵɛɨɪ ɲɚɝɚ ɫɟɬɤɢ 

 

Ɋɚɡɦɟɪɵ ɩɥɚɬɵ ɩɨɞɛɢɪɚɸɬɫɹ ɜɪɭɱɧɭɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɦɟɪɚɦɢ 

ɷɥɟɦɟɧɬɨɜ, ɮɨɪɦɢɪɭɸɳɢɯ ɞɚɧɧɭɸ ɩɥɚɬɭ, ɚ ɬɚɤɠɟ ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɷɥɟɦɟɧɬɵ 

ɞɨɥɠɧɵ ɡɚɧɢɦɚɬɶ ɨɬ 80% ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɬɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɛɪɚɬɶ ɨɩɰɢɸ Design Parameter Editor, ɢ ɡɚɞɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɡɦɟɪɵ ɜ 

ɝɪɚɮɟ Shape Rectangle ɢ ɪɚɡɦɟɫɬɢɬɶ ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɜ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ 

(ɪɢɫɭɧɨɤ 26). 

 
 

Ɋɢɫɭɧɨɤ 26 – Ɋɚɡɦɟɳɟɧɢɟ ɩɥɚɬɵ 

 

ȼɵɩɨɥɧɢɜ ɤɨɦɚɧɞɵ Place/MechanicalSymbol ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɡɦɟɳɟɧɢɟ 
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ɦɨɧɬɚɠɧɵɯ ɨɬɜɟɪɫɬɢɣ ɧɚ ɩɥɚɬɟ. ɉɨɫɥɟ ɜɵɛɨɪɚ ɧɭɠɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɞɥɹ 

ɪɚɡɦɟɳɟɧɢɹ ɟɝɨ ɧɚ ɩɥɚɬɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɧɚ ɤɨɩɤɭ Hide (ɪɢɫɭɧɨɤ 27). 

 
 

Ɋɢɫɭɧɨɤ 27 – Ɋɟɡɭɥɶɬɚɬ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɩɥɚɬɟ ɦɨɧɬɚɠɧɵɯ ɨɬɜɟɪɫɬɢɣ 

 

Ⱦɥɹ ɪɚɡɦɟɳɟɧɢɹ ɫɨɡɞɚɧɧɵɯ ɪɚɧɟɟ ɷɥɟɦɟɧɬɨɜ ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ 

ɤɨɦɚɧɞɵ Place/ComponentsManually. ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ 

ɜɵɛɢɪɚɟɬɫɹ ɬɪɟɛɭɟɦɵɣ ɷɥɟɦɟɧɬ ɢ ɪɚɡɦɟɳɚɟɬɫɹ ɧɚ ɩɥɚɬɟ ɜ ɧɭɠɧɨɦ ɦɟɫɬɟ 

(ɪɢɫɭɧɨɤ 28). 

 
 

Ɋɢɫɭɧɨɤ 28 – Ɋɟɡɭɥɶɬɚɬ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɥɚɬɟ 
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Ⱦɥɹ ɬɪɚɫɫɢɪɨɜɤɢ ɩɥɚɬɵ ɜ orCAD PCB Editor ɜɵɩɨɥɧɹɸɬɫɹ ɤɨɦɚɧɞɵ 

Setup/Constraints. ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɲɢɪɢɧɭ 

ɰɟɩɟɣ (ɪɢɫɭɧɨɤ 29). Ⱦɥɹ ɫɢɥɨɜɵɯ– 0,75 ɦɢɥɥɢɦɟɬɪɨɜ; ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɰɟɩɟɣ – 

0,5 ɦɢɥɥɢɦɟɬɪɨɜ. 

 
 

Ɋɢɫɭɧɨɤ 29 – ȼɵɛɨɪ ɪɚɡɦɟɪɚ ɰɟɩɢ 

 

ȼɵɩɨɥɧɢɦ ɤɨɦɚɧɞɵ Route/PCB Router/Route Automatic. ȼ ɩɨɹɜɢɜɲɟɦɫɹ 

ɨɤɧɟ ɡɚɞɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ, ɤɪɚɬɧɵɟ ɪɚɡɦɟɪɭ ɫɟɬɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 

30. 
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Ɋɢɫɭɧɨɤ 30 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ Route Automatic 

 

Ⱦɥɹ ɧɚɱɚɥɚ ɬɪɚɫɫɢɪɨɜɤɢ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɨɩɰɢɸ 

Route (ɪɢɫɭɧɨɤ 31).  

 
 

Ɋɢɫɭɧɨɤ 31 – Ɋɟɡɭɥɶɬɚɬ ɚɜɬɨɬɪɚɫɫɢɪɨɜɤɢ ɧɚ ɩɥɚɬɟ 
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Ⱦɥɹ ɩɪɨɫɦɨɬɪɚ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɬɚɛɥɢɱɧɨɦ ɜɢɞɟ ɜɵɛɢɪɚɟɬɫɹ ɤɨɦɚɧɞɚ Result 

(ɪɢɫɭɧɨɤ 32). 

 
 

Ɋɢɫɭɧɨɤ 32 – Ɋɟɡɭɥɶɬɚɬ ɚɜɬɨɬɪɚɫɫɢɪɨɜɤɢ ɜ ɬɚɛɥɢɱɧɨɦ ɜɢɞɟ 

 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɸɬɫɹ ɤɨɦɚɧɞɵ Setup/User Preferences/Path/Library. ȼ 

ɞɚɧɧɨɦ ɨɤɧɟ ɭɤɚɡɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ parampath, psmpath ɢ steppathɢ 

ɭɤɚɡɵɜɚɟɬɫɹ ɩɭɬɶ ɞɨ ɞɢɪɟɤɬɨɪɢɢ ɫ 3D - ɦɨɞɟɥɹɦɢ ɪɚɫɲɢɪɟɧɢɹ *.STEP. 

Ⱦɥɹ ɫɨɜɦɟɳɟɧɢɹ ɤɨɪɩɭɫɨɜ ɷɥɟɦɟɧɬɨɜ ɢ 3D-ɦɨɞɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɩɨɥɧɢɬɶ ɤɨɦɚɧɞɵ Setup/STEP Mapping. ȼ ɨɬɤɪɵɜɲɟɦɫɹ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ 

ɜɵɛɟɪɟɦ ɤɨɪɩɭɫ ɷɥɟɦɟɧɬɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɮɚɣɥ (ɪɢɫɭɧɨɤ 33). 
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Ɋɢɫɭɧɨɤ 33 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ STEP Mapping 

 

ɉɨ ɡɚɜɟɪɲɟɧɢɸ ɫɨɜɦɟɳɟɧɢɹ ɤɨɪɩɭɫɨɜ ɫ ɦɨɞɟɥɹɦɢ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɩɨɥɧɢɬɶ ɤɨɦɚɧɞɵ – Display/3D View ɢ ɫɤɨɧɜɟɪɬɢɪɨɜɚɬɶ 3D ɦɨɞɟɥɶ ɩɟɱɚɬɧɨɣ 

ɩɥɚɬɵ (ɪɢɫɭɧɨɤ 34). 

 
 

Ɋɢɫɭɧɨɤ 34 – ɋɤɨɧɜɟɪɬɢɪɨɜɚɧɧɚɹ 3D ɦɨɞɟɥɶ 
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Ɋɚɡɪɚɛɨɬɚɧɧɚɹ 3D ɦɨɞɟɥɶ ɩɟɱɚɬɧɨɝɨ ɭɡɥɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɰɢɮɪɨɜɨɝɨ 

ɩɪɨɬɨɬɢɩɚ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɝɨ ɢɡɞɟɥɢɹ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɰɢɮɪɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɟɱɚɬɧɨɝɨ ɭɡɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨɥɭɱɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ: ɚɧɚɥɢɡ ɬɟɩɥɨɜɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚɧɚɥɢɡ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
 

3.2 ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 

ɩɟɱɚɬɧɵɯ ɭɡɥɨɜ 

 

ɉɟɪɟɞɚɱɚ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɡɦɟɳɟɧɢɹ ɫɯɟɦɵ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɜ 

ɪɟɞɚɤɬɨɪ ɩɟɱɚɬɧɵɯ ɩɥɚɬ PCB Editor ɫɢɫɬɟɦɵ OrCAD ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɥɟ 

ɭɩɚɤɨɜɤɢ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨ-

ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɞɥɹ ɪɹɞɚ ɡɚɞɚɧɧɵɯ 

ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɫɯɟɦ. ɉɟɪɜɚɹ ɤɨɦɦɭɬɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɢɦɟɟɬ 143 ɫɜɹɡɢ ɢ 34 

ɷɥɟɦɟɧɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɢɫɭɧɤɟ 35. 

 
 

Ɋɢɫɭɧɨɤ 35 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ 

 

Ɏɚɣɥ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ ɮɨɪɦɚɬɚ calay 9064 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 36. 
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Ɋɢɫɭɧɨɤ 36 – Ʉɨɧɮɢɝɭɪɚɰɢɨɧɧɵɣ ɮɚɣɥ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ 

 

ȼɢɞ ɦɚɬɪɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ ɜ ɨɤɧɟ ɩɪɨɝɪɚɦɦɵ 

ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 37. 

 
 

Ɋɢɫɭɧɨɤ 37 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ɞɨ ɨɩɬɢɦɢɡɚɰɢɢ 

 

ɉɟɪɜɢɱɧɚɹ ɪɚɫɫɬɚɧɨɜɤɚ ɜɵɛɪɚɧɧɨɣ ɮɨɪɦɵ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 38. 
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Ɋɢɫɭɧɨɤ 38 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ 

 

ɉɪɟɨɛɪɚɡɨɜɚɧɧɵɟ ɦɚɬɪɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 39. 

 
 

Ɋɢɫɭɧɨɤ 39 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ 

 

Ɋɚɫɫɬɚɧɨɜɤɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɩɨ ɦɟɬɨɞɭ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɧɚɝɥɹɞɧɨ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 40. 
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Ɋɢɫɭɧɨɤ 40 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ 

 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɜɢɞɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ ɜ PCB editor ɛɵɥɚ 

ɩɨɫɬɪɨɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɯɟɦɚ (ɪɢɫɭɧɨɤ 41). 

 

 

Ɋɢɫɭɧɨɤ 41 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɞɨ ɢ ɩɨɫɥɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

 

Ʉɨɧɮɢɝɭɪɚɰɢɹ ɢ ɞɥɢɧɚ ɩɪɨɜɨɞɧɢɤɨɜ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɚ ɩɨɫɥɟ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɬɪɚɫɫɢɪɨɜɤɢ, ɜɵɩɨɥɧɟɧɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɜɬɨɬɪɚɫɫɢɪɨɜɳɢɤɚ ɜ 

ɫɨɫɬɚɜɟ ɞɚɧɧɨɝɨ ɪɟɞɚɤɬɨɪɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬ (ɪɢɫɭɧɨɤ 42). 
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Ɋɢɫɭɧɨɤ 42 – Ɍɪɚɫɫɢɪɨɜɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɋȾɋ 

ɭɦɟɧɶɲɢɥɨɫɶ ɧɚ 7% (ɪɢɫɭɧɨɤ 43). 

 
 

Ɋɢɫɭɧɨɤ 43 – Ɍɪɚɫɫɢɪɨɜɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

 

ȼɬɨɪɚɹ ɤɨɦɦɭɬɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɢɦɟɟɬ 83 ɫɜɹɡɢ ɢ 23 ɷɥɟɦɟɧɬɚ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɢɫɭɧɤɟ 44. 
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Ɋɢɫɭɧɨɤ 44 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ 

 

Ɏɚɣɥ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ ɮɨɪɦɚɬɚ calay 9064 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 45. 

 
 

Ɋɢɫɭɧɨɤ 45 – Ʉɨɧɮɢɝɭɪɚɰɢɨɧɧɵɣ ɮɚɣɥ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ 

 

ȼɢɞ ɦɚɬɪɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ ɜ ɨɤɧɟ ɩɪɨɝɪɚɦɦɵ 

ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 46. 
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Ɋɢɫɭɧɨɤ 46 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ɞɨ ɨɩɬɢɦɢɡɚɰɢɢ 

 

ɉɟɪɜɢɱɧɚɹ ɪɚɫɫɬɚɧɨɜɤɚ ɜɵɛɪɚɧɧɨɣ ɮɨɪɦɵ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 47. 

 
 

Ɋɢɫɭɧɨɤ 47 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ 

 

ɉɪɟɨɛɪɚɡɨɜɚɧɧɵɟ ɦɚɬɪɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 48. 

 
 

Ɋɢɫɭɧɨɤ 48 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ 
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Ɋɚɫɫɬɚɧɨɜɤɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɩɨ ɦɟɬɨɞɭ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɧɚɝɥɹɞɧɨ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 49. 

 
 

Ɋɢɫɭɧɨɤ 49 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ 

 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɜɢɞɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ ɜ PCB editor ɛɵɥɚ 

ɩɨɫɬɪɨɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɯɟɦɚ (ɪɢɫɭɧɨɤ 50). 

 

 

Ɋɢɫɭɧɨɤ 50 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɞɨ ɢ ɩɨɫɥɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

 

Ʉɨɧɮɢɝɭɪɚɰɢɹ ɢ ɞɥɢɧɚ ɩɪɨɜɨɞɧɢɤɨɜ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɚ ɩɨɫɥɟ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɬɪɚɫɫɢɪɨɜɤɢ, ɜɵɩɨɥɧɟɧɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɜɬɨɬɪɚɫɫɢɪɨɜɳɢɤɚ ɜ 
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ɫɨɫɬɚɜɟ ɞɚɧɧɨɝɨ ɪɟɞɚɤɬɨɪɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬ (ɪɢɫɭɧɨɤ 51). 

 
 

Ɋɢɫɭɧɨɤ 51 – Ɍɪɚɫɫɢɪɨɜɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɋȾɋ 

ɭɦɟɧɶɲɢɥɨɫɶ ɧɚ 6% (ɪɢɫɭɧɨɤ 52). 

 
 

Ɋɢɫɭɧɨɤ 52 – Ɍɪɚɫɫɢɪɨɜɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

 

Ɍɪɟɬɶɹ ɤɨɦɦɭɬɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɢɦɟɟɬ 176 ɫɜɹɡɢ ɢ 26 ɷɥɟɦɟɧɬɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɢɫɭɧɤɟ 53. 
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Ɋɢɫɭɧɨɤ 53 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ 

 

Ɏɚɣɥ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ ɮɨɪɦɚɬɚ calay 9064 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 54. 

 
 

Ɋɢɫɭɧɨɤ 54 – Ʉɨɧɮɢɝɭɪɚɰɢɨɧɧɵɣ ɮɚɣɥ ɫɩɢɫɤɚ ɫɨɟɞɢɧɟɧɢɣ 

 

ȼɢɞ ɦɚɬɪɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ ɜ ɨɤɧɟ ɩɪɨɝɪɚɦɦɵ 

ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 55. 
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Ɋɢɫɭɧɨɤ 55 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ɞɨ ɨɩɬɢɦɢɡɚɰɢɢ 

 

ɉɟɪɜɢɱɧɚɹ ɪɚɫɫɬɚɧɨɜɤɚ ɜɵɛɪɚɧɧɨɣ ɮɨɪɦɵ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 56. 

 
 

Ɋɢɫɭɧɨɤ 56 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ 

 

ɉɪɟɨɛɪɚɡɨɜɚɧɧɵɟ ɦɚɬɪɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 57. 

 
 

Ɋɢɫɭɧɨɤ 57 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ 
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Ɋɚɫɫɬɚɧɨɜɤɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɩɨ ɦɟɬɨɞɭ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɧɚɝɥɹɞɧɨ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 58. 

 
 

Ɋɢɫɭɧɨɤ 58 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ 

 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɜɢɞɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ ɜ PCB editor ɛɵɥɚ 

ɩɨɫɬɪɨɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɯɟɦɚ (ɪɢɫɭɧɨɤ 59). 

 
 

Ɋɢɫɭɧɨɤ 59 – Ɋɚɫɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɞɨ ɢ ɩɨɫɥɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

 

Ʉɨɧɮɢɝɭɪɚɰɢɹ ɢ ɞɥɢɧɚ ɩɪɨɜɨɞɧɢɤɨɜ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɚ ɩɨɫɥɟ ɪɟɲɟɧɢɹ 
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ɡɚɞɚɱɢ ɬɪɚɫɫɢɪɨɜɤɢ, ɜɵɩɨɥɧɟɧɧɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɜɬɨɬɪɚɫɫɢɪɨɜɳɢɤɚ ɜ 

ɫɨɫɬɚɜɟ ɞɚɧɧɨɝɨ ɪɟɞɚɤɬɨɪɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬ (ɪɢɫɭɧɨɤ 60). 

 
 

Ɋɢɫɭɧɨɤ 60 – Ɍɪɚɫɫɢɪɨɜɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɋȾɋ 

ɭɦɟɧɶɲɢɥɨɫɶ ɧɚ 5% (ɪɢɫɭɧɨɤ 61). 

 
 

Ɋɢɫɭɧɨɤ 61 – Ɍɪɚɫɫɢɪɨɜɤɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɢɧɬɟɝɪɚɰɢɹ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ 

ɫ OrCAD PCB editor ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɜɵɢɝɪɵɲ ɜ ɋȾɋ ɧɚ 5-10% ɩɪɢ 
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ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɟɱɚɬɧɵɯ ɭɡɥɨɜ. ɇɚ ɛɚɡɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɜɨɡɦɨɠɧɚ 

ɪɟɚɥɢɡɚɰɢɹ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɪɚɡɦɟɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚɦ 

ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɤɨɦɩɥɟɤɫɨɜ ɜɵɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɦɟɬɨɞ ɢ ɬɟɦ 

ɫɚɦɵɦ ɨɛɟɫɩɟɱɢɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɚɡɦɟɳɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ 

ɫɯɟɦɵ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɨɠɢɬɶ ɧɚɱɚɥɨ 

ɮɨɪɦɢɪɨɜɚɧɢɸ ɛɢɛɥɢɨɬɟɤɢ ɦɟɬɨɞɨɜ ɪɚɡɦɟɳɟɧɢɹ, ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɫ 

ɪɟɞɚɤɬɨɪɨɦ PCB editor. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɢ 

ɚɥɝɨɪɢɬɦɨɜ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ, ɪɚɫɫɦɨɬɪɟɧɵ ɢɯ ɤɪɢɬɟɪɢɢ.  

ɉɪɨɣɞɟɧɵ ɷɬɚɩɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ 

ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ OrCAD ɨɬ ɩɨɫɬɪɨɟɧɢɹ 

ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɢ ɞɨ ɩɨɥɭɱɟɧɢɹ ɰɢɮɪɨɜɨɝɨ ɩɪɨɬɨɬɢɩɚ ɩɟɱɚɬɧɨɝɨ ɭɡɥɚ.  

ɉɪɨɝɪɚɦɦɧɨ ɪɟɚɥɢɡɨɜɚɧ ɦɟɬɨɞ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C#.  

Ɋɟɚɥɢɡɨɜɚɧɚ ɢɧɬɟɝɪɚɰɢɹ ɦɟɬɨɞɚ ɨɛɪɚɬɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɫ ɫɢɫɬɟɦɨɣ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ OrCAD ɱɟɪɟɡ ɨɛɪɚɛɨɬɤɭ ɮɚɣɥɚ ɫɩɢɫɤɚ 

ɫɨɟɞɢɧɟɧɢɣ, ɝɟɧɟɪɢɪɭɟɦɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɦɨɞɭɥɟɦ Capture CIS, ɫɨɫɬɨɹɳɢɦ ɜ 

ɩɚɤɟɬɟ ɩɪɨɝɪɚɦɦ OrCAD. ɉɪɨɝɪɚɦɦɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɨɡɜɨɥɹɟɬ 

ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɦɚɬɪɢɰɭ ɫɨɟɞɢɧɟɧɢɣ, ɦɚɬɪɢɰɭ ɫɨɫɬɨɹɧɢɣ ɢ ɜɢɞ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɬɪɚɫɫɢɪɨɜɤɢ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɫ 

ɪɚɡɦɟɳɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ ɞɨ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɩɨɫɥɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɪɚɡɦɟɳɟɧɢɹ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɜɢɞɟ 

ɩɟɱɚɬɧɨɝɨ ɭɡɥɚ ɫ ɡɚɞɚɧɧɵɦɢ ɤɨɦɦɭɬɚɰɢɨɧɧɵɦɢ ɫɯɟɦɚɦɢ ɋȾɋ ɭɥɭɱɲɚɟɬɫɹ ɧɚ 

5-10%.  
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