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Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ 
 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

 ɋȺɇɄɌ-ɉȿɌȿɊȻɍɊȽɋɄɂɃ ȽɈɋɍȾȺɊɋɌȼȿɇɇɕɃ ɅȿɋɈɌȿɏɇɂɑȿɋɄɂɃ 

ɍɇɂȼȿɊɋɂɌȿɌ ɢɦɟɧɢ ɋ.Ɇ.Ʉɢɪɨɜɚ 

 

Ʉɚɮɟɞɪɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɬɟɯɧɨɥɨɝɢɣ 

ɋ.ɉ. ɏɚɛɚɪɨɜ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 

Ɇ.Ʌ. ɒɢɥɤɢɧɚ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 

ȼ ɕ ɑ ɂ ɋ Ʌ ɂ Ɍ ȿ Ʌ ɖ ɇ ɕ ȿ  Ɇ Ⱥ ɒ ɂ ɇ ɕ ,  

ɋ ɂ ɋ Ɍ ȿ Ɇ ɕ  ɢ  ɋ ȿ Ɍ ɂ  

ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ 

ɞɥɹ ɛɚɤɚɥɚɜɪɨɜ ɧɚɩɪɚɜɥɟɧɢɹ 09.03.02  
"ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ" 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ 

2017  



Ɋɚɫɫɦɨɬɪɟɧɨ ɢ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɤ ɢɡɞɚɧɢɸ 

ɂɧɫɬɢɬɭɬɨɦ ɥɟɫɚ ɢ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɥɟɫɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

16 ɮɟɜɪɚɥɹ 2017 ɝ. 

Ɋ ɟ ɰ ɟ ɧ ɡ ɟ ɧ ɬ ɵ :  

ɤɚɮɟɞɪɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɝɨɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

(ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ɂ.ȼ. ɂɜɚɧɨɜɚ), 

ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ȼ.Ⱥ. Ȼɨɝɚɬɵɪɟɜ 

(ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɂɌɆɈ) 

ɍȾɄ 681.324(075) 

ɏɚɛɚɪɨɜ ɋ.ɉ.  
 ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɚɲɢɧɵ, ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ɋ.ɉ. ɏɚɛɚɪɨɜ, 
Ɇ.Ʌ. ɒɢɥɤɢɧɚ / ɩɨɞ ɪɟɞ. Ɂɚɹɰ Ⱥ.Ɇ. − ɋɉɛ.: ɋɉɛȽɅɌɍ, 2017. − 240 ɫ. 
 

 ISBN 978-5-9239-0888-6 

 ɉɪɟɞɫɬɚɜɥɟɧɨ ɤɚɮɟɞɪɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɬɟɯɧɨɥɨɝɢɣ. 

 ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɞɚɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɚɪɯɢɬɟɤɬɭɪɟ ɢ ɩɪɢɧɰɢɩɚɯ ɩɨɫɬɪɨɟ-
ɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɗȼɆ ɢ ɫɢɫɬɟɦ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɢ ɚɩɩɚɪɚɬɧɵɯ ɫɪɟɞɫɬɜ; 
ɭɱɢɬ ɨɰɟɧɢɜɚɬɶ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɗȼɆ ɢ ɜɵɛɢɪɚɬɶ ɢɯ ɤɨɧɮɢɝɭɪɚɰɢɸ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤɨɧɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɢɥɢ ɭɩɪɚɜɥɹɸɳɟɣ 
ɫɢɫɬɟɦɵ. ȼ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ ɭɞɟɥɹɟɬɫɹ ɜɧɢɦɚɧɢɟ ɜɨɩɪɨɫɚɦ ɢɥɥɸɫɬɪɚɰɢɢ ɩɪɢɧɰɢɩɨɜ ɨɪ-
ɝɚɧɢɡɚɰɢɢ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɗȼɆ ɧɚ ɩɪɢɦɟɪɟ ɩɟɪɫɨɧɚɥɶɧɵɯ ɗȼɆ, ɞɚɧɵ ɫɪɚɜɧɢɬɟɥɶ-
ɧɵɟ ɚɪɯɢɬɟɤɬɭɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ ɗȼɆ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ. 
 ɉɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɛɚɤɚɥɚɜɪɨɜ ɧɚɩɪɚɜɥɟɧɢɹ 09.03.02, ɨɛɭɱɚɸɳɢɯɫɹ ɩɨ ɫɩɟɰɢɚɥɶ-
ɧɨɫɬɢ «ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ», ɚ ɬɚɤɠɟ ɦɚɝɢɫɬɪɨɜ ɧɚɩɪɚɜɥɟɧɢɹ 
09.04.02 ɢ ɫɬɭɞɟɧɬɨɜ ɞɪɭɝɢɯ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɨɣ ɢ ɢɧ-
ɮɨɪɦɚɬɢɤɨɣ. 

 Ɍɚɛɥ. 16. ɂɥ. 187. Ȼɢɛɥɢɨɝɪ. 19 ɧɚɡɜ.  
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ȼɜɟɞɟɧɢɟ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡɭɱɟɧɢɹ ɞɚɧɧɨɝɨ ɤɭɪɫɚ ɫɬɭɞɟɧɬɵ ɩɨɥɭɱɚɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɚɪɯɢɬɟɤ-
ɬɭɪɟ ɢ ɩɪɢɧɰɢɩɚɯ ɩɨɫɬɪɨɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɗȼɆ ɢ ɫɢɫɬɟɦ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɢɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɢ ɚɩɩɚɪɚɬɧɵɯ ɫɪɟɞɫɬɜ; ɧɚɭɱɚɬɫɹ ɨɰɟɧɢɜɚɬɶ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɗȼɆ ɢ ɜɵɛɢɪɚɬɶ 
ɢɯ ɤɨɧɮɢɝɭɪɚɰɢɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤɨɧɤɪɟɬɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ, ɜɵɱɢɫɥɢ-
ɬɟɥɶɧɨɣ ɢɥɢ ɭɩɪɚɜɥɹɸɳɟɣ ɫɢɫɬɟɦɵ. 

ȼ ɤɭɪɫɟ ɭɞɟɥɹɟɬɫɹ ɜɧɢɦɚɧɢɟ ɜɨɩɪɨɫɚɦ ɢɥɥɸɫɬɪɚɰɢɢ ɩɪɢɧɰɢɩɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɮɭɧɤ-
ɰɢɨɧɢɪɨɜɚɧɢɹ ɗȼɆ ɧɚ ɩɪɢɦɟɪɟ ɩɟɪɫɨɧɚɥɶɧɵɯ ɗȼɆ, ɞɚɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɚɪɯɢɬɟɤɬɭɪɧɵɟ 
ɨɫɨɛɟɧɧɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ ɗȼɆ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɜɨɡɪɚɫɬɚɸɳɟɣ ɜɚɠɧɨɫɬɶɸ ɤɨɧɫɨɥɢɞɚɰɢɢ IT ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɛɢɡɧɟɫɚ, ɜ ɩɨɫɨɛɢɢ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɨɧɹɬɢɹ ɦɧɨɝɨɦɚɲɢɧɧɵɯ ɢ ɦɧɨɝɨɩɪɨɰɟɫ-
ɫɨɪɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ (ȼɋ), ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ (ȼɄ) ɢ ɩɚɪɚɥɥɟɥɶɧɵɯ 

ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɞɚёɬɫɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ, ɜ ɪɚɦɤɚɯ 
ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ȼɋ - ɦɚɬɪɢɱɧɵɟ, ɤɨɧɜɟɣɟɪɧɵɟ, ɩɨɬɨɤɨɜɵɟ ȼɋ, ɚ 
ɬɚɤɠɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɡɭɱɟɧɢɹ ɤɭɪɫɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ ɢ ɩɪɢɧɰɢɩɚɦɢ 
ɩɨɫɬɪɨɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɗȼɆ ɢ ɫɢɫɬɟɦ. ɍɫɜɨɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɞɨɥɠɟɧ ɩɨɫɥɭɠɢɬɶ ɨɫɧɨɜɨɣ 
ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɫɥɟɞɭɸɳɢɯ ɞɢɫɰɢɩɥɢɧ ɤɭɪɫɚ, ɨɩɪɟɞɟɥɹɹ ɤɥɸɱɟɜɵɟ ɦɨɦɟɧɬɵ, ɧɚ ɤɨɬɨɪɵɟ 
ɧɚɞɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɜ ɞɢɫɰɢɩɥɢɧɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɫɢɫɬɟɦɧɵɦ ɩɪɨ-
ɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ, ɨɪɝɚɧɢɡɚɰɢɣ ɢɧɬɟɪɮɟɣɫɨɜ ɗȼɆ, ɫɟɬɹɦɢ ɗȼɆ, ɡɚɳɢɬɨɣ ɢɧɮɨɪɦɚ-
ɰɢɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɫɢɫɬɟɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɜɹɡɢ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɢ ɫɬɪɟɦɢɬɟɥɶɧɵɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɫɪɟɞɫɬɜ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɢɡɭɱɟɧɧɵɟ ɩɪɢɧɰɢɩɵ ɩɨɦɨɝɭɬ ɫɬɭɞɟɧɬɚɦ ɫɚ-
ɦɨɫɬɨɹɬɟɥɶɧɨ ɨɫɜɚɢɜɚɬɶ ɜɫɟ ɧɨɜɵɟ ɫɪɟɞɫɬɜɚ, ɭɫɬɪɨɣɫɬɜɚ ɢ ɫɢɫɬɟɦɵ, ɩɨɹɜɥɹɸɳɢɟɫɹ ɧɚ 
ɪɵɧɤɟ. ɉɪɢ ɧɚɥɢɱɢɢ ɂɧɬɟɪɧɟɬɚ ɩɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɟɩɟɧɢ ɞɟɬɚɥɢ-
ɡɚɰɢɢ ɜɩɨɥɧɟ ɞɨɫɬɢɠɢɦɨ. ɂɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɡɚɤɨɧɨɜ ɪɚɡɜɢɬɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɜɵɱɢɫɥɢ-
ɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɦɧɨɝɢɟ ɟɟ ɤɥɸɱɟɜɵɟ ɩɚɪɚɦɟɬɪɵ ɢɡɦɟɧɹɸɬɫɹ ɜ ɪɚɡɵ ɡɚ ɩɨɥ-
ɬɨɪɚ-ɞɜɚ ɝɨɞɚ. Ɉɞɧɚɤɨ, ɨɬɫɥɟɠɢɜɚɹ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɗȼɆ, ɧɟɨɛɯɨ-
ɞɢɦɨ ɬɚɤɠɟ ɩɨɦɧɢɬɶ, ɱɬɨ ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɦɢ ɹɜɥɹɸɬɫɹ ɢ ɫɬɪɭɤɬɭɪɧɵɟ ɢɯ ɢɡɦɟɧɟɧɢɹ, ɢɡɦɟ-
ɧɟɧɢɹ ɜ ɩɪɢɧɰɢɩɚɯ ɨɪɝɚɧɢɡɚɰɢɢ. 

Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ ɈɈɈ "ɋȺɊɄ-ɂɋ" ɢ ɟɝɨ ɝɟɧɟɪɚɥɶɧɨɝɨ ɞɢɪɟɤɬɨɪɚ Ʉ.ɋ.ɏɚɛɚɪɨɜɚ ɡɚ 
ɮɢɧɢɧɫɨɜɭɸ ɩɨɞɞɟɪɠɤɭ ɢɡɞɚɧɢɹ ɞɚɧɧɨɝɨ ɩɨɫɨɛɢɹ. 

1 Ɉɫɧɨɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɢ ɫɬɪɭɤɬɭɪɚ ɧɚɫɬɨɥɶɧɨɝɨ ɉɄ 

1.1 Ʉɨɧɫɬɪɭɤɰɢɹ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɵ 

ɇɚɫɬɨɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɫ ɪɚɡ-
ɛɨɪɧɨɣ, ɬɨ ɟɫɬɶ ɨɬɤɪɵɬɨɣ, ɚɪɯɢɬɟɤɬɭɪɨɣ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɜɫɟ ɭɡɥɵ ɢ ɦɨɞɭɥɢ, ɨɛɪɚɡɭɸɳɢɟ 
ɤɨɦɩɶɸɬɟɪ, ɧɚɯɨɞɹɬɫɹ ɜɧɭɬɪɢ ɨɞɧɨɝɨ ɫɢɫɬɟɦɧɨɝɨ ɛɥɨɤɚ. ȼ ɟɝɨ ɫɨɫɬɚɜɟ ɨɛɵɱɧɨ ɩɪɢɫɭɬ-
ɫɬɜɭɸɬ ɬɚɤɢɟ ɤɨɦɩɨɧɟɧɬɵ, ɤɚɤ: 

 ɫɢɫɬɟɦɧɚɹ ɩɥɚɬɚ ɫ ɩɪɨɰɟɫɫɨɪɨɦ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɶɸ (ɪɢɫ. 1.1);  ɧɚɤɨɩɢɬɟɥɢ ɧɚ ɠɟɫɬɤɢɯ ɢ ɝɢɛɤɢɯ ɞɢɫɤɚɯ; 
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 ɭɫɬɪɨɣɫɬɜɚ ɱɬɟɧɢɹ/ɡɚɩɢɫɢ ɨɩɬɢɱɟɫɤɢɯ ɞɢɫɤɨɜ;  ɛɥɨɤ ɩɢɬɚɧɢɹ. 

ȼ ɧɚɢɛɨɥɟɟ ɩɪɨɞɜɢɧɭɬɵɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɉɄ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɦɨɝɭɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ 
ɝɪɚɮɢɱɟɫɤɢɟ ɭɫɤɨɪɢɬɟɥɢ, ɡɜɭɤɨɜɵɟ ɩɥɚɬɵ, ɫɟɬɟɜɵɟ ɚɞɚɩɬɟɪɵ ɢ ɞɪɭɝɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɧɨ ɨɫɧɨɜ-
ɧɵɦ ɚɩɩɚɪɚɬɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɥɸɛɨɝɨ ɧɚɫɬɨɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɢɥɢ ɧɨɭɬɛɭɤɚ ɹɜɥɹɟɬɫɹ ɫɢ-
ɫɬɟɦɧɚɹ ɩɥɚɬɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɢ ɩɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɦɨɧɬɢɪɭ-
ɸɬɫɹ ɜɧɭɬɪɢ ɲɚɫɫɢ, ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɮɨɪɦɢɪɭɹ ɫɢɫɬɟɦɧɵɣ ɛɥɨɤ ɤɨɦɩɶɸɬɟɪɚ. 

 

Ɋɢɫ. 1.1. ȼɧɟɲɧɢɣ ɜɢɞ ɫɢɫɬɟɦɧɨɣ ɩɥɚɬɵ ɧɚɫɬɨɥɶɧɨɝɨ ɉɄ. 

ɋɢɫɬɟɦɧɚɹ ɩɥɚɬɚ, ɤɨɬɨɪɭɸ ɬɚɤɠɟ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɨɣ (ɨɬ ɚɧɝɥ. 
motherboard) — ɷɬɨ ɫɥɨɠɧɚɹ ɦɧɨɝɨɫɥɨɣɧɚɹ ɩɟɱɚɬɧɚɹ ɩɥɚɬɚ, ɹɜɥɹɸɳɚɹɫɹ ɨɫɧɨɜɨɣ ɩɨɫɬɪɨɟ-
ɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ (ɤɨɦɩɶɸɬɟɪɚ). ɇɚ ɫɢɫɬɟɦɧɨɣ ɩɥɚɬɟ ɪɟɚɥɢɡɨɜɚɧɚ ɦɚɝɢɫɬɪɚɥɶ ɢ 
ɲɢɧɵ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ ɦɟɠɞɭ ɜɫɟɦɢ ɭɡɥɚɦɢ ɤɨɦɩɶɸɬɟɪɚ, ɢ ɧɚ ɧɟɣ ɢɦɟɸɬɫɹ:  

 ɪɚɡɴɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɩɪɨɰɟɫɫɨɪɚ (ɫɨɤɟɬ),   ɪɚɡɴɟɦɵ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɤɨɧɬɪɨɥɥɟɪɨɜ ɜɧɟɲɧɢɯ ɭɫɬɪɨɣɫɬɜ,   ɫɥɨɬɵ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɦɨɞɭɥɟɣ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ,  ɢɧɬɟɪɮɟɣɫɵ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɢ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

ɇɚɛɨɪ ɦɢɤɪɨɫɯɟɦ ɱɢɩɫɟɬ (ɚɧɝɥ. МСТpЬОЭ) ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɞɥɹ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɤɨɦ-
ɩɨɧɟɧɬ ɤɨɦɩɶɸɬɟɪɚ ɫ ɰɟɥɶɸ ɜɵɩɨɥɧɟɧɢɹ ɧɚɛɨɪɚ ɤɚɤɢɯ-ɥɢɛɨ ɮɭɧɤɰɢɣ. Ɍɚɤ, ɜ ɤɨɦɩɶɸɬɟɪɚɯ 
ɱɢɩɫɟɬ, ɪɚɡɦɟɳɚɟɦɵɣ ɧɚ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɟ, ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ ɫɜɹɡɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɫɨɜɦɟɫɬɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɩɨɞɫɢɫɬɟɦ ɩɚɦɹɬɢ, ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɪɨɰɟɫ-
ɫɨɪɚ (ɐɉ) ɢ ɭɫɬɪɨɣɫɬɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ. 

ɑɢɩɫɟɬɵ ɜɫɬɪɟɱɚɸɬɫɹ ɢ ɜ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɧɚɩɪɢɦɟɪ, ɜ ɫɨɬɨɜɵɯ ɬɟɥɟɮɨɧɚɯ ɢ ɫɟ-
ɬɟɜɵɯ ɦɟɞɢɚɩɥɟɟɪɚɯ. 
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Ɉɞɧɚɤɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɨɥɧɨɰɟɧɧɵɯ ɫɢɫɬɟɦ ɧɭɠɧɵ ɟɳɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 
ɢ ɦɢɤɪɨɫɯɟɦɵ, ɬɚɤɢɟ ɤɚɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ, ɬɚɤɬɨɜɵɣ ɝɟɧɟɪɚɬɨɪ, ɬɚɣɦɟɪ, BIOS 

(Basic Input-Output System - ɛɚɡɨɜɚɹ ɫɢɫɬɟɦɚ ɜɜɨɞɚ-ɜɵɜɨɞɚ) ɢ ɪɹɞ ɤɨɧɬɪɨɥɥɟɪɨɜ. Ɏɭɧɤɰɢɢ 
ɦɧɨɝɢɯ ɢɡ ɧɢɯ ɢɧɬɟɝɪɢɪɨɜɚɧɵ ɜ ɱɢɩɫɟɬɟ, ɧɨ ɪɹɞ ɤɨɦɩɨɧɟɧɬɨɜ ɨɫɬɚɸɬɫɹ ɫɧɚɪɭɠɢ ɧɚ ɩɥɚɬɟ. 

 Ɇɢɤɪɨɫɯɟɦɚ ɉɁɍ BIOS ɜɫɬɪɨɟɧɚ ɜ ɦɚɬɟɪɢɧɫɤɭɸ ɩɥɚɬɭ (ɪɢɫ. 1.2). BIOS – ɷɬɨ 
ɩɪɨɝɪɚɦɦɚ, ɩɪɨɲɢɬɚɹ ɜ ɩɨɫɬɨɹɧɧɨɦ ɡɚɩɨɦɢɧɚɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ, ɤɨɬɨɪɚɹ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬ ɩɪɨɜɟɪɤɭ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜ, ɜɫɬɪɨɟɧɧɵɯ ɜ ɦɚɬɟɪɢɧ-
ɫɤɭɸ ɩɥɚɬɭ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɱɚɥɶɧɭɸ ɡɚɝɪɭɡɤɭ ɤɨɦɩɶɸɬɟɪɚ ɢ ɩɨɫɥɟɞɭɸɳɢɣ 
ɡɚɩɭɫɤ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. Ȼɚɬɚɪɟɣɤɚ BIOS ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɦɚɬɟɪɢɧɫɤɨɣ 
ɩɥɚɬɟ, ɨɧɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɩɢɬɚɧɢɹ ɉɁɍ ɫ ɰɟɥɶɸ ɫɨɯɪɚɧɟɧɢɹ 
ɧɚɫɬɪɨɟɤ BIOS. Ɉɧɚ ɠɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɚɛɨɬɭ ɱɚɫɨɜ ɤɨɦɩɶɸɬɟɪɚ. 

 

Ɋɢɫ. 1.2. Ɇɢɤɪɨɫɯɟɦɚ ɉɁɍ BIOS ɢ ɛɚɬɚɪɟɣɤɚ ɧɚ ɫɢɫɬɟɦɧɨɣ ɩɥɚɬɟ. 

 Ɍɚɤɬɨɜɵɣ ɝɟɧɟɪɚɬɨɪ — ɮɨɪɦɢɪɭɟɬ ɨɫɧɨɜɧɵɟ ɬɚɤɬɨɜɵɟ ɱɚɫɬɨɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ 
ɤɨɧɬɪɨɥɥɟɪɚɦɢ ɲɢɧ ɢ ɩɪɨɰɟɫɫɨɪɨɦ (ɪɢɫ. 1.3). ɂɫɬɨɱɧɢɤ ɨɩɨɪɧɨɣ ɱɚɫɬɨɬɵ — 

ɤɜɚɪɰɟɜɵɣ ɪɟɡɨɧɚɬɨɪ (ɤɜɚɪɰ). ɋɨɜɪɟɦɟɧɧɵɟ ɩɥɚɬɵ ɩɨɡɜɨɥɹɸɬ ɢɡɦɟɧɹɬɶ ɨɫɧɨɜɧɵɟ 
ɱɚɫɬɨɬɵ, ɞɨɩɭɫɤɚɹ ɪɚɡɝɨɧ ɩɪɨɰɟɫɫɨɪɚ ɢ ɩɚɦɹɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɫɩɟɰɢɚɥɶ-
ɧɵɟ ɩɪɨɝɪɚɦɦɵ, ɩɪɹɦɨ ɢɡ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 

 

Ɋɢɫ. 1.3. Ʉɜɚɪɰɟɜɵɣ ɪɟɡɨɧɚɬɨɪ (ɫɥɟɜɚ) ɢ ɬɚɤɬɨɜɵɣ ɝɟɧɟɪɚɬɨɪ (ɫɩɪɚɜɚ). 
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 Ʉ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɵ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɟɦɩɟɪɚɬɭɪ-
ɧɵɟ ɞɚɬɱɢɤɢ, ɫɨɛɢɪɚɸɳɢɟ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫɨɪɚ, ɦɚɬɟɪɢɧɫɤɨɣ 
ɩɥɚɬɵ, ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɢ ɞɪ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɞɚɬɱɢɤɢ ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ, ɬɚɤ ɤɚɤ ɩɪɨɰɟɫɫɨɪ, ɜ ɹɞɪɟ ɤɨɬɨɪɨɝɨ 
ɪɚɛɨɬɚɸɬ ɞɟɫɹɬɤɢ ɦɢɥɥɢɨɧɨɜ ɬɪɚɧɡɢɫɬɨɪɨɜ, ɜɵɞɟɥɹɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ. Ⱥ ɜɨɬ ɩɥɨ-
ɳɚɞɶ ɟɝɨ ɤɪɢɫɬɚɥɥɚ ɨɱɟɧɶ ɦɚɥɚ, ɩɨɷɬɨɦɭ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɩɪɨɰɟɫɫɨɪɚ ɧɟ-
ɨɛɯɨɞɢɦ ɤɭɥɟɪ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɪɚɞɢɚɬɨɪɚ ɢ ɜɟɧɬɢɥɹɬɨɪɚ (ɪɢɫ. 1.4). Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ 
ɩɟɪɟɞɚɟɬɫɹ ɪɚɞɢɚɬɨɪɭ, ɩɥɨɳɚɞɶ ɤɨɬɨɪɨɝɨ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɩɥɨɳɚɞɢ ɤɪɢɫɬɚɥɥɚ ɩɪɨɰɟɫɫɨɪɚ, ɢ 
ɬɟɩɥɨ ɪɚɫɫɟɢɜɚɟɬɫɹ ɝɨɪɚɡɞɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɫ ɦɚɥɟɧɶɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɢɥɢ ɤɨɪɩɭɫɚ ɩɪɨɰɟɫɫɨɪɚ. 

  

Ɋɢɫ. 1.4. ȼɧɟɲɧɢɣ ɜɢɞ ɤɭɥɟɪɚ ɩɪɨɰɟɫɫɨɪɚ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɨɪɨɜ ɨɛɵɱɧɨ ɧɟ ɩɪɟɜɵɲɚɟɬ 70 - 80 °ɋ. 
Ʌɭɱɲɟ ɜɫɟɝɨ, ɟɫɥɢ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɦɨɠɟɬ ɭɞɟɪɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɨɰɟɫɫɨɪɚ ɧɚ 
ɭɪɨɜɧɟ 30 - 50°ɋ. Ⱥɤɬɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɟɫɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɭ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ 
ɫ ɩɪɨɰɟɫɫɨɪɚɦɢ б86, ɚ ɬɟɦ ɛɨɥɟɟ б86И64. Ʉɭɥɟɪɵ ɧɟ ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ ɜ ɦɚɥɨɦɨɳɧɵɯ 
ɭɫɬɪɨɣɫɬɜɚɯ ɧɚ ɛɚɡɟ ARM-ɩɪɨɰɟɫɫɨɪɨɜ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɥɚɧɲɟɬɚɦ ɢ ɫɦɚɪɬɮɨɧɚɦ ɞɨɫɬɚ-
ɬɨɱɧɨ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. 

Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɶɸɬɟɪɚ ɹɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɥɟɪ ɩɪɟɪɵɜɚɧɢɣ. 
ɇɚɩɪɢɦɟɪ, ɩɭɫɬɶ ɤɨɦɩɶɸɬɟɪ ɜɵɩɨɥɧɹɟɬ ɪɚɫɱɟɬɵ ɜ EбМОХ, ɚ ɩɨɥɶɡɨɜɚɬɟɥɶ ɜ ɷɬɨ ɜɪɟɦɹ ɩɟɪɟ-
ɦɟɫɬɢɥ ɦɵɲɶ. ɗɬɨ ɜɵɡɨɜɟɬ ɩɪɟɪɵɜɚɧɢɟ — ɩɪɨɰɟɫɫɨɪ ɧɚ ɜɪɟɦɹ ɩɪɟɪɜɟɬ ɪɚɫɱɟɬɵ ɢ ɡɚɩɭɫɬɢɬ 
ɨɛɪɚɛɨɬɱɢɤ ɩɪɟɪɵɜɚɧɢɹ. Ɉɛɪɚɛɨɬɱɢɤ ɩɪɟɪɵɜɚɧɢɹ — ɷɬɨ ɤɨɪɨɬɤɚɹ ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɫɱɢ-
ɬɚɟɬ ɤɨɨɪɞɢɧɚɬɵ ɢ ɩɟɪɟɦɟɫɬɢɬ ɭɤɚɡɚɬɟɥɶ ɦɵɲɢ ɧɚ ɷɤɪɚɧɟ ɜ ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ. ɉɨɫɥɟ ɷɬɨɝɨ 
ɩɪɨɰɟɫɫɨɪ ɜɧɨɜɶ ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ ɩɪɟɪɜɚɧɧɵɦ ɪɚɫɱɟɬɚɦ. ȼɫɟ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɧɚɫɬɨɥɶɤɨ 
ɛɵɫɬɪɨ, ɱɬɨ ɭ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫɨɡɞɚɟɬɫɹ ɢɥɥɸɡɢɹ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ. 

1.2 Ʌɨɝɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɧɚɫɬɨɥɶɧɨɝɨ ɉɄ 

Ʌɨɝɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɉɄ ɞɚɟɬ ɨɛɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɤɨɦɩɶɸ-
ɬɟɪɚ ɭɫɬɪɨɣɫɬɜɚɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɡɚɢɦɨɫɜɹɡɹɯ ɦɟɠɞɭ ɧɢɦɢ. 

ȼɫɟ ɭɫɬɪɨɣɫɬɜɚ, ɧɚɯɨɞɹɳɢɟɫɹ ɜɧɭɬɪɢ ɤɨɦɩɶɸɬɟɪɚ, ɩɨɞɤɥɸɱɟɧɵ ɤ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɟ 
ɢ ɩɨɫɬɨɹɧɧɨ ɨɛɦɟɧɢɜɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɢɧɮɨɪɦɚɰɢɟɣ. ɉɪɢ ɷɬɨɦ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɦɢɤɪɨ-
ɫɯɟɦɵ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɵ, ɷɬɚ ɢɧɮɨɪɦɚɰɢɹ ɨɫɨɛɵɦ ɨɛɪɚɡɨɦ ɩɪɟɨɛɪɚɡɭɟɬɫɹ. ɗɬɨ ɧɭɠɧɨ ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɪɚɡɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɦɨɝɥɢ «ɩɨɧɢɦɚɬɶ» ɞɪɭɝ ɞɪɭɝɚ. 

ɇɚɩɪɢɦɟɪ, ɢɧɮɨɪɦɚɰɢɹ, ɡɚɩɢɫɚɧɧɚɹ ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɞɢɫɤɟ ɜ ɜɢɞɟ ɤɚɤɨɝɨ-ɧɢɛɭɞɶ 
ɮɢɥɶɦɚ ɛɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɟ ɛɭɞɟɬ ɩɨɧɹɬɧɚ ɧɢ ɦɨɧɢɬɨɪɭ, ɧɢ  ɡɜɭɤɨɜɵɦ ɤɨɥɨɧɤɚɦ. Ʉɨɦɩɨ-
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ɧɟɧɬɵ ɫɢɫɬɟɦɧɨɣ ɩɥɚɬɵ ɩɪɟɨɛɪɚɡɭɟɬ ɢɧɮɨɪɦɚɰɢɸ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɧɚ ɦɨɧɢɬɨɪɟ ɨɬɨɛɪɚ-
ɠɚɟɬɫɹ ɜɩɨɥɧɟ ɧɨɪɦɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɫɥɵɲɟɧ ɜ ɤɨɥɨɧɤɚɯ ɡɜɭɤ. Ɉɫɧɨɜɧɭɸ ɪɨɥɶ ɜ ɷɬɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ ɢɝɪɚɟɬ ɩɪɨɰɟɫɫɨɪ. 

Ȼɵɫɬɪɨɞɟɣɫɬɜɢɟ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɦɩɶɸɬɟɪɚ (ɤɨɧɬɪɨɥɥɟɪɨɜ ɩɟɪɢɮɟɪɢɣɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɩɪɨɰɟɫɫɨɪɚ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ) ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɬɶɫɹ. Ⱦɥɹ ɬɨɝɨ, 
ɱɬɨɛɵ ɫɨɝɥɚɫɨɜɚɬɶ ɢɯ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ, ɧɚ ɫɢɫɬɟɦɧɨɣ ɩɥɚɬɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ 
ɦɢɤɪɨɫɯɟɦɵ (ɱɢɩɫɟɬɵ), ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ: ɤɨɧɬɪɨɥɥɟɪ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ —ɫɟɜɟɪ-
ɧɵɣ ɦɨɫɬ, ɢ ɤɨɧɬɪɨɥɥɟɪ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ — ɸɠɧɵɣ ɦɨɫɬ. Ʌɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɜɡɚɢ-
ɦɨɫɜɹɡɢ ɤɨɦɩɨɧɟɧɬɨɜ ɉɄ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1.5. 

 

Ɋɢɫ. 1.5. Ʌɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɧɨɣ ɩɥɚɬɵ ɧɚɫɬɨɥɶɧɨɝɨ ɉɄ 

1.2.1 ɋɟɜɟɪɧɵɣ ɦɨɫɬ 

ɋɟɜɟɪɧɵɣ ɦɨɫɬ (Northbridge) — ɷɬɨ ɫɢɫɬɟɦɧɵɣ ɤɨɧɬɪɨɥɥɟɪ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɞ-
ɧɢɦ ɢɡ ɷɥɟɦɟɧɬɨɜ ɱɢɩɫɟɬɚ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɵ, ɨɩɪɟɞɟɥɹɟɬ ɱɚɫɬɨɬɭ ɫɢɫɬɟɦɧɨɣ ɲɢɧɵ, ɬɢɩ 
ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɢ ɟɟ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɣ ɨɛɴɟɦ. ɋɟɜɟɪɧɵɣ ɦɨɫɬ ɤɨɧɬɪɨɥɢɪɭɟɬ ɪɚ-
ɛɨɬɭ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɫ ɜɵɫɨɤɨɣ ɬɟɩɥɨɨɬɞɚɱɟɣ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. 

ɋɟɜɟɪɧɵɣ ɦɨɫɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɦɟɠɞɭ ɩɪɨɰɟɫɫɨɪɨɦ ɢ ɨɩɟɪɚɬɢɜ-
ɧɨɣ ɩɚɦɹɬɶɸ. ȼ ɩɪɨɰɟɫɫɨɪɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɧɭɬɪɟɧɧɟɟ ɭɦɧɨɠɟɧɢɟ ɱɚɫɬɨɬɵ, ɩɨɷɬɨɦɭ ɱɚɫɬɨɬɚ 
ɩɪɨɰɟɫɫɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɱɚɫɬɨɬɚ ɫɢɫɬɟɦɧɨɣ ɲɢɧɵ. Ⱦɥɹ ɩɨɞɤɥɸ-
ɱɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ ɤ ɫɢɫɬɟɦɧɨɦɭ ɤɨɧɬɪɨɥɥɟɪɭ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤɚɹ 

FSB-ɲɢɧɚ, ɤɚɤ HвpОЫ-Transport. 

Ɉɛɵɱɧɨ ɤ ɫɢɫɬɟɦɧɨɦɭ ɤɨɧɬɪɨɥɥɟɪɭ ɩɨɞɤɥɸɱɚɟɬɫɹ ɨɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ. ɉɨɷɬɨɦɭ ɨɧ 
ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɤɨɧɬɪɨɥɥɟɪ ɩɚɦɹɬɢ, ɨɬ ɬɢɩɚ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɨɛɴёɦ ɨɩɟɪɚ-
ɬɢɜɧɨɣ ɩɚɦɹɬɢ, ɚ ɬɚɤɠɟ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɲɢɧɵ ɩɚɦɹɬɢ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɟɫɬɶ ɬɟɧɞɟɧɰɢɹ ɜɫɬɪɚɢɜɚɬɶ ɤɨɧɬɪɨɥɥɟɪ ɩɚɦɹɬɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨ-
ɰɟɫɫɨɪ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɨɰɟɫɫɨɪɵ AMD 
K8 ɢ IЧЭОХ CШЫО Т7 ɢɦɟɟɬ ɜɫɬɪɨɟɧɧɵɣ ɤɨɧɬɪɨɥɥɟɪ ɩɚɦɹɬɢ. 
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Ɇɨɧɢɬɨɪ – ɜɚɠɧɵɣ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɤɨɦɩɨɧɟɧɬ ɤɨɦɩɶɸɬɟɪɚ. ȿɝɨ ɤɚɱɟɫɬɜɨ ɜɥɢɹɟɬ 
ɧɚ ɡɪɟɧɢɟ, ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɨɦɮɨɪɬɟ ɪɚɛɨɬɵ ɡɚ ɉɄ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨ-
ɫɨɛɧɨɫɬɢ ɦɨɧɢɬɨɪɨɜ ɢ ɝɥɭɛɢɧɵ ɰɜɟɬɨɜ ɬɪɟɛɨɜɚɧɢɹ ɤ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɲɢɧɵ, ɫɜɹɡɵɜɚɸɳɟɣ 
ɜɢɞɟɨɩɥɚɬɭ ɫ ɩɪɨɰɟɫɫɨɪɨɦ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɶɸ, ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɸɬ. ȿɫɥɢ ɪɚɧɟɟ ɦɨ-
ɧɢɬɨɪɵ ɩɨɞɤɥɸɱɚɥɢ ɱɟɪɟɡ ɨɛɳɢɟ ɲɢɧɵ (ISA, VLB, PCI), ɬɨ ɫɟɣɱɚɫ ɢɫɩɨɥɶɡɭɸɬ ɲɢɧɵ, ɩɨɞ-
ɤɥɸɱɚɟɦɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɫɟɜɟɪɧɨɦɭ ɦɨɫɬɭ. 

 Ɋɚɧɟɟ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɜɢɞɟɨɩɥɚɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɲɢɧɭ AGP (AММОХОЫКЭОН GЫКpСТМ 
Port — ɭɫɤɨɪɟɧɧɵɣ ɝɪɚɮɢɱɟɫɤɢɣ ɩɨɪɬ), ɫɨɟɞɢɧɟɧɧɭɸ ɫ ɫɟɜɟɪɧɵɦ ɦɨɫɬɨɦ ɢ ɢɦɟɸɳɭɸ ɱɚ-
ɫɬɨɬɭ, ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɨɥɶɲɭɸ, ɱɟɦ ɲɢɧɚ PCI. ȼ ɤɚɱɟɫɬɜɟ ɲɢɧɵ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɝɪɚɮɢ-
ɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ ɦɚɬɟɪɢɧɫɤɢɯ ɩɥɚɬɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ PCI EбpЫОЬЬ. 

Ɉɫɨɛɟɧɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɜɟɪɧɨɝɨ ɦɨɫɬɚ ɜ ɬɨɦ, ɱɬɨ ɱɟɪɟɡ ɧɟɝɨ ɩɪɨɯɨɞɢɬ 
ɨɝɪɨɦɧɵɣ ɬɪɚɮɢɤ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɧɚɝɪɟɜɭ ɟɝɨ ɦɢɤɪɨ-
ɫɯɟɦɵ. ɉɨɷɬɨɦɭ ɧɚ ɧɟɤɨɬɨɪɵɯ ɫɢɫɬɟɦɧɵɯ ɩɥɚɬɚɯ ɷɬɢ ɦɢɤɪɨɫɯɟɦɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫ ɬɟɩ-
ɥɨɨɬɜɨɞɚɦɢ ɢɥɢ ɪɚɞɢɚɬɨɪɚɦɢ (ɪɢɫ. 1.6). 

 

Ɋɢɫ. 1.6. ɋɟɜɟɪɧɵɣ ɦɨɫɬ ɢ ɟɝɨ ɨɤɪɭɠɟɧɢɟ ɧɚ ɫɢɫɬɟɦɧɨɣ ɩɥɚɬɟ. 

ɉɨɤɚ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟ ɩɨɡɜɨɥɹɸɬ ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɜɨɡɪɨɫɲɟɟ, ɜɫɥɟɞ-
ɫɬɜɢɟ ɭɫɥɨɠɧɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɫɯɟɦɵ, ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɱɢɩɚ, ɫɨɜɪɟɦɟɧɧɵɟ ɦɨɳɧɵɟ ɦɢɤɪɨ-
ɫɯɟɦɵ ɫɟɜɟɪɧɨɝɨ ɦɨɫɬɚ, ɤɪɨɦɟ ɩɚɫɫɢɜɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɞɥɹ ɫɜɨɟɣ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ 
ɬɪɟɛɭɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ ɢɥɢ ɫɩɟɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟ-
ɧɢɹ. 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɧɚɱɢɧɚɹ ɨɬ IntОl NОСКlОm ɢ AMD SlОНРОСКmmОr ɨɬɫɭɬ-
ɫɬɜɭɟɬ ɫɟɜɟɪɧɵɣ ɦɨɫɬ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ (ɱɢɩɚ). ȿɝɨ ɮɭɧɤɰɢɹ ɩɟɪɟɧɟɫɟɧɚ ɜ 
ɰɟɧɬɪɚɥɶɧɵɣ ɩɪɨɰɟɫɫɨɪ, ɬɟɦ ɫɚɦɵɦ ɭɩɪɨɫɬɢɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɧɵɯ ɩɥɚɬ ɢ ɭɦɟɧɶ-
ɲɢɜ ɤɨɥɢɱɟɫɬɜɨ ɚɤɬɢɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

1.2.2 ɘɠɧɵɣ ɦɨɫɬ 

ɘɠɧɵɣ ɦɨɫɬ (Southbridge) — ɷɬɨ ɤɨɧɬɪɨɥɥɟɪ-ɤɨɧɰɟɧɬɪɚɬɨɪ ɜɜɨɞɚ-ɜɵɜɨɞɚ. Ɉɧ ɤɨɧ-
ɬɪɨɥɢɪɭɟɬ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɧɟ ɬɪɟɛɭɸɬ ɦɧɨɝɨ ɷɧɟɪɝɢɢ ɢ ɧɟ ɨɫɨɛɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵ. Ʉ 
ɱɢɫɥɭ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɨɬɧɨɫɹɬɫɹ ɡɜɭɤɨɜɵɟ ɢ ɫɟɬɟɜɵɟ ɤɚɪɬɵ, ɠɟɫɬɤɢɟ ɞɢɫɤɢ, ɤɥɚɜɢɚɬɭɪɚ, 
ɦɵɲɶ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ ɧɟ ɨɱɟɧɶ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ. 

ɘɠɧɵɣ ɦɨɫɬ ɪɟɬɪɚɧɫɥɢɪɭɟɬ ɞɚɧɧɵɟ ɢ ɡɚɩɪɨɫɵ ɨɬ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɧɟɦɭ ɭɫɬɪɨɣɫɬɜ 
ɜ ɫɟɜɟɪɧɵɣ ɦɨɫɬ, ɤɨɬɨɪɵɣ ɩɟɪɟɞɚɟɬ ɢɯ ɜ ɩɪɨɰɟɫɫɨɪ ɢɥɢ ɈɁɍ, ɢ ɩɪɢɧɢɦɚɟɬ ɨɬ ɫɟɜɟɪɧɨɝɨ 
ɦɨɫɬɚ ɤɨɦɚɧɞɵ ɩɪɨɰɟɫɫɨɪɚ ɢ ɞɚɧɧɵɟ ɢɡ ɈɁɍ, ɢ ɪɟɬɪɚɧɫɥɢɪɭɟɬ ɢɯ ɜ ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɧɟɦɭ 
ɭɫɬɪɨɣɫɬɜɚ. ȼ ɟɝɨ ɫɨɫɬɚɜ ɜɯɨɞɹɬ: 
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 ɤɨɧɬɪɨɥɥɟɪ ɲɢɧɵ ɫɜɹɡɢ ɫ ɫɟɜɟɪɧɵɦ ɦɨɫɬɨɦ (PCI, СЮЛХТЧФ, DMI, 
HвpОЫTЫКЧЬpШЫЭ ɢ ɬ.ɞ.);  ɤɨɧɬɪɨɥɥɟɪ ɲɢɧɵ ɫɜɹɡɢ ɫ ɩɥɚɬɚɦɢ ɪɚɫɲɢɪɟɧɢɹ (PCI, PCI-EбpЫОЬЬ ɢ ɬ.ɞ.);  ɤɨɧɬɪɨɥɥɟɪ ɥɢɧɢɣ ɫɜɹɡɢ ɫ ɩɟɪɢɮɟɪɢɣɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɞɪɭɝɢɦɢ ɤɨɦ-
ɩɶɸɬɟɪɚɦɢ (USB, FТЫОАТЫО, EЭСОЫЧОЭ ɢ ɬ.ɞ.);  ɤɨɧɬɪɨɥɥɟɪ ɲɢɧɵ ɫɜɹɡɢ ɫ ɠɟɫɬɤɢɦɢ ɞɢɫɤɚɦɢ (ATA, SATA, SCSI ɢ ɬ.ɞ.);  ɤɨɧɬɪɨɥɥɟɪ ɲɢɧɵ ɫɜɹɡɢ ɫ ɦɟɞɥɟɧɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ (ɲɢɧɵ ISA, LPC, SPI 
ɢ ɬ.ɞ.). 

Ⱦɨɜɨɥɶɧɨ ɞɨɥɝɨ ɞɥɹ ɫɜɹɡɢ ɫɟɜɟɪɧɨɝɨ ɦɨɫɬɚ ɫ ɸɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɲɢɧɚ PCI 
(Peripheral component interconnect) – ɲɢɧɚ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɩɥɚɬ ɪɚɫɲɢɪɟɧɢɹ ɤ ɦɚɬɟɪɢɧ-
ɫɤɨɣ ɩɥɚɬɟ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ 1992 ɝɨɞɭ ɤɨɦɩɚɧɢɟɣ IЧЭОХ. Ɉɞɧɚɤɨ ɩɨ ɦɟɪɟ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɥɚɬ ɪɚɫɲɢɪɟɧɢɹ ɟɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɬɚɥɨ ɧɟ ɯɜɚɬɚɬɶ. ȼɦɟɫɬɨ ɧɟɟ 
ɫɬɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɛɵɫɬɪɵɟ ɲɢɧɵ. ɇɚɩɪɢɦɟɪ, PCI-EбpЫОЬЬ ɢ ɪɹɞ ɞɪɭɝɢɯ. 

ɂɧɨɝɞɚ ɜ ɫɨɫɬɚɜ ɱɢɩɫɟɬɚ ɜɤɥɸɱɚɸɬ ɦɢɤɪɨɫɯɟɦɭ SЮpОЫ I/O, ɤɨɬɨɪɚɹ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 
ɸɠɧɨɦɭ ɦɨɫɬɭ ɩɨ ɲɢɧɟ LPC (LШа PТЧ CШЮЧЭ) ɢ ɨɬɜɟɱɚɟɬ ɡɚ ɧɢɡɤɨɫɤɨɪɨɫɬɧɵɟ ɩɨɪɬɵ: RS232, 
LPT, PS/2 (ɪɢɫ. 1.7). 

 

Ɋɢɫ. 1.7. Ɇɢɤɪɨɫɯɟɦɚ SЮpОЫ I/O, ɩɨɞɤɥɸɱɟɧɧɚɹ ɩɨ ɲɢɧɟ LPC. 

ɋ ɩɨɦɨɳɶɸ ɲɢɧɵ LPC ɩɨɞɤɥɸɱɚɟɬɫɹ ɡɚɝɪɭɡɨɱɧɨɟ ɉɁɍ ɢ ɤɨɧɬɪɨɥɥɟɪɵ «ɭɫɬɚɪɟɜ-
ɲɢɯ» ɢɧɬɟɪɮɟɣɫɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɬɚɤɢɯ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɢ ɩɚɪɚɥɥɟɥɶɧɵɣ ɢɧɬɟɪ-
ɮɟɣɫɵ, ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɦɵɲɢ ɢ ɤɥɚɜɢɚɬɭɪɵ (PS/2). Ɉɛɵɱɧɨ ɤɨɧɬɪɨɥɥɟɪ ɲɢɧɵ 
LPC ɪɚɫɩɨɥɨɠɟɧ ɜ ɸɠɧɨɦ ɦɨɫɬɟ ɧɚ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɟ. 

ȼ ɸɠɧɵɣ ɦɨɫɬ ɬɚɤɠɟ ɜɯɨɞɢɬ ɤɨɧɬɪɨɥɥɟɪ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ АТ-FТ, ɚ ɧɚɥɢɱɢɟ ɤɨɧ-
ɬɪɨɥɥɟɪɚ BХЮОЭШШЭС ɩɨɡɜɨɥɹɟɬ ɤɨɦɩɶɸɬɟɪɭ ɪɚɛɨɬɚɬɶ ɫ ɛɟɫɩɪɨɜɨɞɧɨɣ ɤɥɚɜɢɚɬɭɪɨɣ, ɦɵɲɶɸ, ɫ 
ɫɨɬɨɜɵɦ ɬɟɥɟɮɨɧɨɦ ɢ ɞɪɭɝɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɞɞɟɪɠɢɜɚɸɬ ɷɬɨɬ ɫɬɚɧɞɚɪɬ. 

1.3 ɉɪɨɰɟɫɫɨɪ ɢ ɟɝɨ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɋɨɜɪɟɦɟɧɧɵɣ ɩɪɨɰɟɫɫɨɪ ɚɩɩɚɪɚɬɧɨ ɪɟɚɥɢɡɭɟɬɫɹ ɧɚ ɛɨɥɶɲɨɣ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɯɟɦɟ 
(Ȼɂɋ) [2], [11], [4]. Ɉɧɚ ɧɚ ɫɚɦɨɦ ɞɟɥɟ ɧɟ ɹɜɥɹɟɬɫɹ «ɛɨɥɶɲɨɣ» ɩɨ ɪɚɡɦɟɪɭ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ, ɧɚɨɛɨɪɨɬ, ɦɚɥɟɧɶɤɭɸ ɩɥɨɫɤɭɸ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɭɸ ɩɥɚɫɬɢɧɭ ɪɚɡɦɟɪɨɦ ɩɪɢɦɟɪɧɨ 

2020 ɦɦ, ɡɚɤɥɸɱɟɧɧɭɸ ɜ ɩɥɨɫɤɢɣ ɤɨɪɩɭɫ ɫ ɪɹɞɚɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɲɬɵɪɶɤɨɜ (ɤɨɧɬɚɤɬɨɜ) 
(ɪɢɫ. 1.8). 



11 

ɉɨɤɚɡɚɬɟɥɟɦ ɤɚɱɟɫɬɜɚ ɬɟɯɧɨɥɨɝɢɢ ɢ ɤɨɧɫɬɪɭɤɰɢɢ Ȼɂɋ ɹɜɥɹɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ɭɩɚɤɨɜɤɢ 
ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɪɢɫɬɚɥɥɟ – ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ ɟɝɨ ɩɥɨɳɚɞɢ. ɋɨɜɪɟ-
ɦɟɧɧɵɟ ɩɟɪɟɞɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɢɤɪɨɫɯɟɦ ɨɩɟɪɢɪɭɸɬ ɫ ɷɥɟɦɟɧɬɚɦɢ ɪɚɡɦɟɪɨɦ 
22—45 ɧɦ, ɩɟɪɟɯɨɞɹɬ ɧɚ ɷɥɟɦɟɧɬɵ 14 ɧɦ ɢ ɩɥɚɧɢɪɭɸɬ ɭɦɟɧɶɲɢɬɶ ɢɯ ɜ ɛɭɞɭɳɟɦ ɞɨ 5 ɧɦ. 
ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɡɦɟɫɬɢɬɶ ɜ ɨɞɧɨɣ Ȼɂɋ ɧɟɫɤɨɥɶɤɨ ɦɢɥɥɢɚɪɞɨɜ ɩɟɪɟɤɥɸɱɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

 

Ɋɢɫ. 1.8. ɉɪɨɰɟɫɫɨɪɵ ɫɟɦɟɣɫɬɜɚ IЧЭОХ. 

ɉɪɢ ɷɬɨɦ ɨɬɦɟɬɢɦ, ɱɬɨ ɧɚɧɨɦɟɬɪ (1 ɧɦ = 10-9 ɦ) — ɷɬɨ ɟɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ ɞɥɢɧɵ, 
ɪɚɜɧɚɹ ɨɞɧɨɣ ɦɢɥɥɢɚɪɞɧɨɣ ɱɚɫɬɢ ɦɟɬɪɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɢɧɚ ɜɨɥɧɵ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ, ɜɨɫ-
ɩɪɢɧɢɦɚɟɦɨɝɨ ɱɟɥɨɜɟɤɨɦ, ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 380—760 ɧɦ, ɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨɦɚɦɢ 
ɭɝɥɟɪɨɞɚ ɜ ɚɥɦɚɡɟ 0,154 ɧɦ. Ɋɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɢɤɪɨɫɯɟɦ ɡɚ ɩɨɫɥɟɞɧɢɟ 
ɝɨɞɵ ɢ ɢɯ ɩɟɪɫɩɟɤɬɢɜɚ ɧɚ ɛɥɢɠɚɣɲɟɟ ɛɭɞɭɳɟɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɭɤɥɨɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬ-
ɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɚ Ȼɂɋ (ɪɢɫ. 1.9). 

 

Ɋɢɫ. 1.9. Ɋɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɢɤɪɨɫɯɟɦ. 

Ɉɞɧɚɤɨ, ɬɪɚɞɢɰɢɨɧɧɵɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɦɢɤɪɨɫɯɟɦɵ ɞɨɫɬɢɝɧɭɬ ɥɢɦɢɬɚ ɜ ɧɚɱɚɥɟ 2020 

ɝɨɞɨɜ ɫ ɩɨɹɜɥɟɧɢɟɦ ɧɨɜɨɣ ɩɚɪɚɞɢɝɦɵ ɜ ɮɨɪɦɟ «ɷɬɚɠɟɪɨɱɧɵɯ» ɬɪɟɯɦɟɪɧɵɯ ɫɯɟɦ, ɫɨɡɞɚɧɧɵɯ 
ɢɡ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ, ɝɪɚɮɟɧɚ ɢ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ. ɋɟɣɱɚɫ ɮɢɪɦɚ IЧЭОХ ɜɵɩɭɫɤɚɟɬ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɫ ɬɪɚɧɡɢɫɬɨɪɚɦɢ ɪɚɡɦɟɪɨɦ ɨɤɨɥɨ 10 ɧɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɧɚ ɨɞɧɨɣ ɦɢɤɪɨɫɯɟɦɟ ɭɦɟɫɬɢɬɶ ɛɨɥɟɟ 10 ɦɢɥɥɢɚɪɞɨɜ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɫɬɟɩɟɧɶ ɢɧɬɟɝɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɜ ɨɫɧɨɜɧɨɦ 
ɨɩɪɟɞɟɥɹɸɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ. Ɉɞɧɚɤɨ, ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ ɹɜ-
ɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɭɡɥɨɜ ɥɸɛɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɢ ɜ ɷɬɨɦ ɩɥɚɧɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
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ɪɹɞɨɦ ɬɟɯɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɟɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ (ɪɢɫ. 1.10). 

 

Ɋɢɫ. 1.10. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɨɪɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɢɧɬɟɝɪɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɤɨɬɨ-
ɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɩɪɨɰɟɫɫɨɪɚ, ɟɝɨ ɪɚɡɪɹɞɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɪɯɢɬɟɤɬɭɪɵ. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɨɪɚ ɧɟɥɶɡɹ ɜɵɱɢɫɥɢɬɶ, ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɬɟɫɬɢɪɨ-
ɜɚɧɢɹ, ɩɨ ɫɤɨɪɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɰɟɫɫɨɪɨɦ ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɩɟɪɚɰɢɣ ɜ ɤɚɤɨɣ-ɥɢɛɨ ɩɪɨ-
ɝɪɚɦɦɧɨɣ ɫɪɟɞɟ. 

 Ɋɚɡɪɹɞɧɨɫɬɶ ɩɪɨɰɟɫɫɨɪɚ — ɨɞɧɚ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜɥɢɹɸɳɚɹ ɧɚ ɟɝɨ ɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɞɜɨɢɱɧɵɯ ɪɚɡɪɹɞɨɜ, ɤɨɬɨɪɵɟ 
ɩɪɨɰɟɫɫɨɪ ɨɛɪɚɛɚɬɵɜɚɟɬ ɢɥɢ ɩɟɪɟɞɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ. Ɉɛɵɱɧɨ ɪɚɡɪɹɞɧɨɫɬɶ 
ɩɪɨɰɟɫɫɨɪɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɮɨɪɦɚɬɟ Ц/Ч/Ф/, ɝɞɟ 

o m — ɪɚɡɪɹɞɧɨɫɬɶ ɜɧɭɬɪɟɧɧɢɯ ɪɟɝɢɫɬɪɨɜ, ɨɩɪɟɞɟɥɹɟɬ ɞɥɢɧɭ ɫɥɨɜ ɢɧɮɨɪɦɚɰɢɢ, 
ɤɨɬɨɪɵɟ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɩɪɨɰɟɫɫɨɪɨɦ ɡɚ ɨɞɢɧ ɲɚɝ. 

o n — ɪɚɡɪɹɞɧɨɫɬɶ ɲɢɧɵ ɞɚɧɧɵɯ, ɨɩɪɟɞɟɥɹɟɬ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ: 
ɱɟɦ ɛɨɥɶɲɟ ɫɢɝɧɚɥɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɫɬɭɩɚɟɬ ɧɚ ɲɢɧɭ, ɬɟɦ ɛɨɥɶɲɟ ɞɚɧɧɵɯ 
ɩɟɪɟɞɚɟɬɫɹ ɩɨ ɧɟɣ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɢ ɬɟɦ ɛɵɫɬɪɟɟ ɨɧɚ ɪɚ-
ɛɨɬɚɟɬ 

o k — ɪɚɡɪɹɞɧɨɫɬɶ ɲɢɧɵ ɚɞɪɟɫɚ, ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɦɟɪ ɚɞɪɟɫɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɩɪɨɰɟɫɫɨɪɚ. 

ɇɚɩɪɢɦɟɪ, ɪɚɡɪɹɞɧɨɫɬɶ ɨɞɧɨɝɨ ɢɡ ɩɟɪɜɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ Т8088 ɛɵɥɚ 16/8/20, ɚ 
PОЧЭТЮЦ PЫШ ɢɦɟɥ 32/64/36. Ⱥɪɯɢɬɟɤɬɭɪɚ ɫ 64-ɪɚɡɪɹɞɧɨɣ ɲɢɧɨɣ ɞɚɧɧɵɯ ɢ 32-ɪɚɡɪɹɞɧɵɦɢ 
ɪɟɝɢɫɬɪɚɦɢ ɦɨɠɟɬ ɩɨɤɚɡɚɬɶɫɹ ɫɬɪɚɧɧɨɣ, ɟɫɥɢ ɧɟ ɡɧɚɬɶ, ɱɬɨ ɜ PОЧЭТЮЦ PЫШ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɧ-
ɮɨɪɦɚɰɢɢ ɫɥɭɠɚɬ ɞɜɚ 32-ɪɚɡɪɹɞɧɵɯ ɤɨɧɜɟɣɟɪɚ. ɗɬɨ ɛɵɥɨ ɩɨɞɨɛɧɨ ɞɜɭɦ 32-ɪɚɡɪɹɞɧɵɦ ɩɪɨ-
ɰɟɫɫɨɪɚɦ, ɨɛɴɟɞɢɧɟɧɧɵɦ ɜ ɨɞɧɨɦ ɤɨɪɩɭɫɟ, ɚ 64-ɪɚɡɪɹɞɧɚɹ ɲɢɧɚ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɥɚ ɛɵɫɬɪɟɟ 
ɡɚɩɨɥɧɹɬɶ ɪɚɛɨɱɢɟ ɪɟɝɢɫɬɪɵ. 

 Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɩɪɨɰɟɫɫɨɪɚ, ɢ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɱɢɫɥɨɦ ɬɚɤɬɨɜ ɡɚ ɫɟɤɭɧɞɭ. Ɍɚɤɬ ɩɪɨɰɟɫɫɨɪɚ ɢɥɢ ɬɚɤɬ ɹɞɪɚ ɩɪɨɰɟɫɫɨɪɚ — 

ɩɪɨɦɟɠɭɬɨɤ ɦɟɠɞɭ ɞɜɭɦɹ ɢɦɩɭɥɶɫɚɦɢ ɬɚɤɬɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɫɢɧ-
ɯɪɨɧɢɡɢɪɭɟɬ ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ ɨɩɟɪɚɰɢɣ ɩɪɨɰɟɫɫɨɪɚ. ɇɚ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɰɟɫ-
ɫɨɪɨɦ ɥɸɛɨɣ ɛɚɡɨɜɨɣ ɨɩɟɪɚɰɢɢ ɨɬɜɨɞɢɬɫɹ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɚɤɬɨɜ. 
əɫɧɨ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ, ɬɟɦ ɛɨɥɶɲɟ ɨɩɟɪɚɰɢɣ ɜ ɫɟɤɭɧɞɭ ɜɵ-
ɩɨɥɧɹɟɬ ɩɪɨɰɟɫɫɨɪ. Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɢɡɦɟɪɹɟɬɫɹ ɜ ɦɟɝɚɝɟɪɰɚɯ (ɆȽɰ) ɢ ɝɢɝɚ-
ɝɟɪɰɚɯ (ȽȽɰ).  
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Ɍɚɛɥ. 1.1. Ɋɨɫɬ ɬɟɯɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɨɪɨɜ Intel ɪɚɡɥɢɱɧɵɯ ɫɟɪɢɣ. 

Ɂɚ ɩɨɫɥɟɞɧɢɟ 30 ɥɟɬ ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ ɩɪɨɰɟɫɫɨɪɚ ɭɜɟɥɢɱɢɥɚɫɶ ɩɨɱɬɢ ɜ 800 ɪɚɡ: ɨɬ 5 
ɆȽɰ ɭ ɩɪɨɰɟɫɫɨɪɚ 8086 ɜ 1978 ɝɨɞɭ ɞɨ 4,0 ȽȽɰ ɭ ɩɪɨɰɟɫɫɨɪɚ Intel Core i7-4790K ɜ 2014 ɝɨɞɭ 

(ɬɚɛɥ. 1.1).  

 Ⱥɪɯɢɬɟɤɬɭɪɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ - ɷɬɨ ɩɨɧɹɬɢɟ, ɤɨɬɨɪɨɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɨɞɧɨɡɧɚɱɧɨɝɨ ɬɨɥɤɨɜɚɧɢɹ ɧɟ ɢɦɟɟɬ. ɋ ɩɨɡɢɰɢɣ ɩɪɨɝɪɚɦɦɢɫɬɨɜ, ɩɨɞ ɚɪɯɢɬɟɤ-
ɬɭɪɨɣ ɩɪɨɰɟɫɫɨɪɚ ɩɨɧɢɦɚɟɬɫɹ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ ɢɫɩɨɥɧɹɬɶ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧ-
ɧɵɣ ɧɚɛɨɪ ɦɚɲɢɧɧɵɯ ɤɨɦɚɧɞ. Ȼɨɥɶɲɢɧɫɬɜɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɞɥɹ ɧɚɫɬɨɥɶ-
ɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ ɨɬɧɨɫɹɬɫɹ ɤ ɫɟɦɟɣɫɬɜɭ б86. ɂɯ ɟɳɟ ɧɚɡɵɜɚɸɬ IЧЭОХ-ɫɨɜɦɟ-
ɫɬɢɦɵɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɫɟ ɩɪɨɰɟɫɫɨɪɵ ɷɬɨɝɨ ɫɟɦɟɣɫɬɜɚ 
ɩɨɥɧɨɫɬɶɸ ɩɨɞɞɟɪɠɢɜɚɸɬ ɨɞɧɭ ɢ ɬɭ ɠɟ ɫɢɫɬɟɦɭ ɤɨɦɚɧɞ, ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧ-
ɧɭɸ ɞɥɹ ɷɬɨɣ ɚɪɯɢɬɟɤɬɭɪɵ. 

Ɉɞɧɚɤɨ ɪɚɡɪɚɛɨɬɱɢɤɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ «ɠɟɥɟɡɚ» ɜɤɥɚɞɵɜɚɸɬ ɜ ɷɬɨ ɩɨɧɹɬɢɟ ɧɟɫɤɨɥɶɤɨ 
ɢɧɨɣ ɫɦɵɫɥ, ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɷɬɨɝɨ ɬɟɪɦɢɧ "ɦɢɤɪɨɚɪɯɢɬɟɤɬɭɪɚ". ɋ ɢɯ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɚɪɯɢɬɟɤ-
ɬɭɪɚ ɩɪɨɰɟɫɫɨɪɚ ɨɬɪɚɠɚɟɬ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɜɧɭɬɪɟɧɧɟɣ ɨɪɝɚɧɢɡɚɰɢɢ ɤɨɧɤɪɟɬɧɵɯ ɫɟ-
ɦɟɣɫɬɜ ɩɪɨɰɟɫɫɨɪɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɨɜɨɪɹ ɨɛ ɚɪɯɢɬɟɤɬɭɪɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ, ɪɚɡɥɢɱɚɸɬ ɩɨɧɹɬɢɹ ɦɢɤ-
ɪɨɚɪɯɢɬɟɤɬɭɪɵ ɢ ɦɚɤɪɨɚɪɯɢɬɟɤɬɭɪɵ: 

o Ɇɢɤɪɨɚɪɯɢɬɟɤɬɭɪɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ - ɷɬɨ ɚɩɩɚɪɚɬɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɢ 
ɥɨɝɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ, ɪɟɝɢɫɬɪɵ, ɭɩɪɚɜɥɹɸɳɢɟ 
ɫɯɟɦɵ, ɚɪɢɮɦɟɬɢɤɨ-ɥɨɝɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɡɚɩɨɦɢɧɚɸɳɢɟ ɭɫɬɪɨɣ-
ɫɬɜɚ ɢ ɫɜɹɡɵɜɚɸɳɢɟ ɢɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɦɚɝɢɫɬɪɚɥɢ. 

o Ɇɚɤɪɨɚɪɯɢɬɟɤɬɭɪɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ - ɷɬɨ ɫɢɫɬɟɦɚ ɤɨɦɚɧɞ, ɬɢɩɵ ɨɛ-
ɪɚɛɚɬɵɜɚɟɦɵɯ ɞɚɧɧɵɯ, ɪɟɠɢɦɵ ɚɞɪɟɫɚɰɢɢ ɢ ɩɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɦɢɤɪɨ-
ɩɪɨɰɟɫɫɨɪɚ. 
  Ʉɨɥɢɱɟɫɬɜɨ ɹɞɟɪ. ɗɬɨɬ ɩɚɪɚɦɟɬɪ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɚɪɯɢɬɟɤɬɭɪɵ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ, ɧɨ ɜɜɢɞɭ ɟɝɨ ɜɚɠɧɨɫɬɢ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɦɢɤ-
ɪɨɩɪɨɰɟɫɫɨɪɨɜ ɟɝɨ ɫɬɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɟɳɟ ɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ. 

Ɍɢɩ Ƚɨɞ ɜɵɩɭɫɤɚ ɑɚɫɬɨɬɚ ɐɉ (ɆȽɰ) ɑɚɫɬɨɬɚ FSB 

(ɆȽɰ) Ʉɨɥ-ɜɨ ɹɞɟɪ Ɍɟɯɩɪɨɰɟɫɫ (ɧɦ) 

8086 1978 — 1990 5 — 10 — — 3000 

80286 1982 — 1992 6 — 12,5 — — 1500 

80386 1985 — 2007 16 — 40 — — 1500 — 800 

80486 1989 — 2007 16 — 150 16 — 50 — 1000 — 600 

Pentium 1993 — 1997 60 — 166 50 — 66 — 800 — 280 

Pentium II 1997 — 1999 233 — 450 66 — 100 — 350 — 250 

Pentium III 1999 — 2003 450 – 1000 100 — 133 — 250 — 130 

Pentium 4 2000 — 2005 1000 – 3800 400 — 1066 — 180 — 65 

Core 2 2006 — 2011 1060 — 3500 533 — 1600 2, 4 65 — 45 

Core i3 2010 — ... 1200 — 3400 2500 2 32 — 22 

Core i5 2009 — ... 1200 — 4020 2500 2, 4 45 — 22 

Core i7 2008 — ... 1070 — 4200 4800 — 6400 2, 4, 6, 8 45 — 22 



14 

ɉɨɫɥɟɞɧɢɟ ɜɟɪɫɢɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɢɦɟɸɬ ɞɜɚ, ɱɟɬɵɪɟ ɢ ɛɨɥɟɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɹɞɟɪ, ɚ ɫɨɜɪɟɦɟɧɧɵɟ Ɉɋ ɭɦɟɸɬ ɪɚɫɩɪɟɞɟɥɹɬɶ ɧɚɝɪɭɡɤɭ, ɩɪɨɢɡɜɨɞɢɦɭɸ ɩɪɨɝɪɚɦɦɚɦɢ, ɦɟɠɞɭ 
ɹɞɪɚɦɢ, ɬɟɦ ɫɚɦɵɦ ɭɜɟɥɢɱɢɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɭɦɟɧɶɲɚɹ ɨɬɤɥɢɤ ɤɨɦɩɶɸɬɟɪɚ, ɞɨɛɢ-
ɜɚɹɫɶ ɛɵɫɬɪɨɣ ɩɟɪɟɡɚɝɪɭɡɤɢ ɢ ɧɚɪɚɳɢɜɚɹ ɭɪɨɜɟɧɶ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɢ. 

ɂɞɟɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ ɜ ɤɨɦɩɶɸɬɟɪɟ ɧɟ ɹɜɥɹɟɬɫɹ ɧɨɜɨɣ, ɧɨ ɢɯ 
ɪɚɡɦɟɳɟɧɢɟ ɧɚ ɨɞɧɨɦ ɤɪɢɫɬɚɥɥɟ ɜ ɜɢɞɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɹɞɟɪ ɧɟ ɛɵɥɨ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ 
ɜɩɥɨɬɶ ɞɨ 2005 ɝɨɞɚ. 

Ɇɧɨɝɨɹɞɟɪɧɵɦ ɧɚɡɵɜɚɸɬ ɰɟɧɬɪɚɥɶɧɵɣ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɞɜɚ ɢ 
ɛɨɥɟɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɹɞɪɚ ɧɚ ɨɞɧɨɦ ɩɪɨɰɟɫɫɨɪɧɨɦ ɤɪɢɫɬɚɥɥɟ ɢɥɢ ɜ ɨɞɧɨɦ ɤɨɪɩɭɫɟ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ ɩɨɫɬɨɹɧɧɨ 
ɪɨɫɥɢ ɢ ɩɪɨɞɨɥɠɚɸɬ ɪɚɫɬɢ. Ⱦɨɥɝɨɟ ɜɪɟɦɹ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɚɞɢɰɢɨɧɧɵɯ 
ɨɞɧɨɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɢɫɯɨɞɢɥɨ ɡɚ ɫɱɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ 
ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɡɢɫɬɨɪɨɜ ɧɚ ɨɞɧɨɦ ɤɪɢ-
ɫɬɚɥɥɟ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ ɭɩɢɪɚɟɬɫɹ ɜ ɪɹɞ ɮɭɧɞɚɦɟɧɬɚɥɶ-
ɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɛɚɪɶɟɪɨɜ, ɩɨɫɤɨɥɶɤɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɨɱɬɢ ɜɩɥɨɬɧɭɸ ɩɪɢɛɥɢ-
ɡɢɥɫɹ ɤ ɪɚɡɦɟɪɚɦ ɚɬɨɦɚ: 

 ȼɨ-ɩɟɪɜɵɯ, ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɤɪɢɫɬɚɥɥɚ ɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɚɤɬɨɜɨɣ ɱɚ-
ɫɬɨɬɵ ɜɨɡɪɚɫɬɚɟɬ ɬɨɤ ɭɬɟɱɤɢ ɬɪɚɧɡɢɫɬɨɪɨɜ. ɗɬɨ ɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɢɸ ɩɨɬɪɟɛ-
ɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɸ ɜɵɛɪɨɫɚ ɬɟɩɥɚ. ɉɪɢ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɟ ɛɨɥɟɟ 
3,8 ȽȽɰ ɱɢɩɵ ɩɨɩɪɨɫɬɭ ɩɟɪɟɝɪɟɜɚɸɬɫɹ.  ȼɨ-ɜɬɨɪɵɯ, ɩɪɟɢɦɭɳɟɫɬɜɚ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ ɱɚɫɬɢɱɧɨ ɫɜɨ-
ɞɹɬɫɹ ɧɚ ɧɟɬ ɢɡ-ɡɚ ɡɚɞɟɪɠɟɤ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɤ ɩɚɦɹɬɢ, ɬɚɤ ɤɚɤ ɜɪɟɦɹ ɞɨɫɬɭɩɚ ɤ 
ɩɚɦɹɬɢ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɨɡɪɚɫɬɚɸɳɢɦ ɬɚɤɬɨɜɵɦ ɱɚɫɬɨɬɚɦ.  ȼ-ɬɪɟɬɶɢɯ, ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɩɪɢɥɨɠɟɧɢɣ ɬɪɚɞɢɰɢɨɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɚɪ-
ɯɢɬɟɤɬɭɪɵ ɫɬɚɧɨɜɹɬɫɹ ɧɟɷɮɮɟɤɬɢɜɧɵɦɢ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ ɢɡ-

ɡɚ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ «ɮɨɧ-ɇɟɣɦɚɧɨɜɫɤɨɝɨ ɭɡɤɨɝɨ ɦɟɫɬɚ» – ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɬɨɤɚ ɜɵɱɢɫɥɟɧɢɣ. ɉɪɢ ɷɬɨɦ 
ɜɨɡɪɚɫɬɚɸɬ ɪɟɡɢɫɬɢɜɧɨ-ɟɦɤɨɫɬɧɵɟ ɡɚɞɟɪɠɤɢ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɭɡɤɢɦ ɦɟɫɬɨɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɯ ɫɢɫɬɟɦ ɬɚɤɠɟ ɧɟ ɩɨɥɭɱɢɥɨ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɢɹ, ɬɚɤ ɤɚɤ ɬɪɟɛɭɟɬ ɫɥɨɠɧɵɯ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɯ ɦɚɬɟɪɢɧɫɤɢɯ ɩɥɚɬ. 
ɉɨɷɬɨɦɭ ɛɵɥɨ ɪɟɲɟɧɨ ɞɨɛɢɜɚɬɶɫɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɢɤɪɨɩɪɨ-
ɰɟɫɫɨɪɨɜ ɞɪɭɝɢɦɢ ɫɪɟɞɫɬɜɚɦɢ. ɋɚɦɵɦ ɷɮɮɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɛɵɥɚ ɩɪɢɡɧɚɧɚ ɤɨɧɰɟɩ-
ɰɢɹ ɦɧɨɝɨɩɨɬɨɱɧɨɫɬɢ, ɡɚɪɨɞɢɜɲɚɹɫɹ ɜ ɦɢɪɟ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɨɜ, – ɷɬɨ ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɩɚ-
ɪɚɥɥɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɧɟɫɤɨɥɶɤɢɯ ɩɨɬɨɤɨɜ ɤɨɦɚɧɞ. 

1.3.1 Ɍɟɯɧɨɥɨɝɢɹ ɫɜɟɪɯɩɨɬɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

Ʉɨɦɩɚɧɢɟɣ IЧЭОХ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɬɟɯɧɨɥɨɝɢɹ ɫɜɟɪɯɩɨɬɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 
(Hyper-TСЫОКНТЧР TОМСЧШХШРв, HTT). Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɰɟɫɫɨɪɭ ɜɵɩɨɥɧɹɬɶ ɜ ɨɞɧɨɹɞɟɪɧɨɦ 
ɩɪɨɰɟɫɫɨɪɟ ɩɚɪɚɥɥɟɥɶɧɨ ɞɨ ɱɟɬɵɪɟɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɨɬɨɤɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ Ɉɋ ɜ ɦɧɨɝɨɡɚɞɚɱɧɨɦ ɪɟɠɢɦɟ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɟɧɢɟ ɪɟɫɭɪ-
ɫɨɟɦɤɢɯ ɩɪɢɥɨɠɟɧɢɣ. ɇɚɩɪɢɦɟɪ, ɫɜɹɡɚɧɧɵɯ ɫ ɚɭɞɢɨ- ɢ ɜɢɞɟɨɪɟɞɚɤɬɢɪɨɜɚɧɢɟɦ, 3D-ɦɨɞɟɥɢ-
ɪɨɜɚɧɢɟɦ ɢ ɬ.ɞ. 

ɉɪɨɰɟɫɫɨɪ PОЧЭТЮЦ 4 ɫ ɜɤɥɸɱɟɧɧɵɦ HвpОЫ-ЭСЫОКНТЧР ɢɦɟɟɬ ɜɫɟɝɨ ɨɞɧɨ ɮɢɡɢɱɟɫɤɨɟ 
ɹɞɪɨ, ɧɨ ɨɧɨ ɪɚɡɞɟɥɟɧɨ ɧɚ ɞɜɚ ɥɨɝɢɱɟɫɤɢɯ, ɩɨɷɬɨɦɭ ɨɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɨɩɪɟɞɟɥɹɟɬ ɟɝɨ, 
ɤɚɤ ɞɜɚ ɪɚɡɧɵɯ ɩɪɨɰɟɫɫɨɪɚ, ɜɦɟɫɬɨ ɨɞɧɨɝɨ. 
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Hyper-ЭСЫОКНТЧР ɮɚɤɬɢɱɟɫɤɢ ɫɬɚɥɚ ɬɪɚɦɩɥɢɧɨɦ ɤ ɫɨɡɞɚɧɢɸ ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɞɜɭɦɹ ɮɢ-
ɡɢɱɟɫɤɢɦɢ ɹɞɪɚɦɢ ɧɚ ɨɞɧɨɦ ɤɪɢɫɬɚɥɥɟ. ȼ ɞɜɭɯɹɞɟɪɧɨɦ ɱɢɩɟ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɬ ɞɜɚ ɹɞɪɚ 
(ɞɜɚ ɩɪɨɰɟɫɫɨɪɚ!), ɤɨɬɨɪɵɟ ɩɪɢ ɦɟɧɶɲɟɣ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɶɲɭɸ ɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɩɨɫɤɨɥɶɤɭ ɜ ɧɢɯ ɩɚɪɚɥɥɟɥɶɧɨ, ɬɨ ɟɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɜɵɩɨɥɧɹɸɬɫɹ ɞɜɚ ɧɟ-
ɡɚɜɢɫɢɦɵɯ ɩɨɬɨɤɚ ɢɧɫɬɪɭɤɰɢɣ. 

1.3.2 Ɉɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ ɫɨɡɞɚɧɢɹ ɦɧɨɝɨɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ 

 Ʉɚɠɞɨɟ ɹɞɪɨ ɩɪɨɰɟɫɫɨɪɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟɡɚɜɢɫɢɦɵɦ, ɬɨ ɟɫɬɶ ɨɛɥɚɞɚɬɶ ɧɟɡɚɜɢ-
ɫɢɦɵɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ ɢ ɭɩɪɚɜɥɟɧɢɟɦ ɦɨɳɧɨɫɬɶɸ.  Ɋɵɧɨɤ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧ ɩɪɨɝɪɚɦɦɚɦɢ, ɤɨ-
ɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɷɮɮɟɤɬɢɜɧɨ ɪɚɡɛɢɜɚɬɶ ɚɥɝɨɪɢɬɦ ɜɟɬɜɥɟɧɢɹ ɤɨɦɚɧɞ ɧɚ ɱɟɬɧɨɟ 
(ɞɥɹ ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɱɟɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɹɞɟɪ) ɢɥɢ ɧɚ ɧɟɱɟɬɧɨɟ (ɞɥɹ ɩɪɨɰɟɫ-
ɫɨɪɨɜ ɫ ɧɟɱɟɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɹɞɟɪ) ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɨɤɨɜ. 

1.3.3 ɉɪɟɢɦɭɳɟɫɬɜɚ ɦɧɨɝɨɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ 

 ȼɨɡɦɨɠɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɹɬɶ ɪɚɛɨɬɭ ɩɪɨɝɪɚɦɦ, ɧɚɩɪɢɦɟɪ, ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɩɪɢ-
ɥɨɠɟɧɢɣ ɢ ɮɨɧɨɜɵɯ ɡɚɞɚɱ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ, ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɹɞɪɚɦ.  ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ.  ɉɪɨɰɟɫɫɵ, ɬɪɟɛɭɸɳɢɟ ɢɧɬɟɧɫɢɜɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɩɪɨɬɟɤɚɸɬ ɧɚɦɧɨɝɨ ɛɵɫɬ-
ɪɟɟ.  Ȼɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɩɪɢɥɨɠɟɧɢɣ (ɜɢɞɟɨɪɟ-
ɞɚɤɬɨɪɨɜ), ɨɫɨɛɨ ɬɪɟɛɨɜɚɬɟɥɶɧɵɯ ɤ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɪɟɫɭɪɫɚɦ.  Ɋɚɛɨɬɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɤɨɦɩɶɸɬɟɪɚ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɤɨɦɮɨɪɬɧɨɣ. 

1.3.4 ɇɟɞɨɫɬɚɬɤɢ ɦɧɨɝɨɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ 

 ȼɨɡɪɨɫɲɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɧɨɝɨɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ, ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɨɞɧɨɹɞɟɪɧɵɦɢ, ɡɚɫɬɚɜɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɱɢɩɨɜ ɭɜɟɥɢɱɢɜɚɬɶ ɢɯ 
ɫɬɨɢɦɨɫɬɶ, ɚ ɷɬɨ ɨɬɱɚɫɬɢ ɫɞɟɪɠɢɜɚɟɬ ɫɩɪɨɫ.  Ɍɚɤ ɤɚɤ ɫ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɶɸ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɛɨɬɚɸɬ ɫɪɚɡɭ ɞɜɚ ɢ ɛɨɥɟɟ 
ɹɞɪɚ, ɧɟɨɛɯɨɞɢɦɨ «ɧɚɭɱɢɬɶ» ɢɯ ɪɚɛɨɬɚɬɶ ɛɟɡ ɤɨɧɮɥɢɤɬɨɜ.  ȼɨɡɪɨɫɲɟɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɦɨɳɧɵɯ ɫɯɟɦ ɩɢɬɚɧɢɹ.  Ɍɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɦɨɳɧɚɹ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ.  Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɩɨɞ ɦɧɨɝɨɹɞɟɪ-
ɧɨɫɬɶ, ɧɢɱɬɨɠɧɨ ɦɚɥɨ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɨɝɪɚɦɦ ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɪɚɛɨɬɭ ɜ ɤɥɚɫ-
ɫɢɱɟɫɤɨɦ ɨɞɧɨɹɞɟɪɧɨɦ ɪɟɠɢɦɟ, ɩɨɷɬɨɦɭ ɨɧɢ ɩɪɨɫɬɨ ɧɟ ɦɨɝɭɬ ɡɚɞɟɣɫɬɜɨɜɚɬɶ 
ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɦɨɳɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɹɞɟɪ.  Ɉɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɟ ɦɧɨɝɨɹɞɟɪɧɵɟ ɩɪɨɰɟɫɫɨɪɵ 
(ɧɚɩɪɢɦɟɪ, АТЧНШаЬ БP SP2 ɢ ɜɵɲɟ) ɢɫɩɨɥɶɡɭɸɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɹɞɟɪ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦɧɵɯ ɧɭɠɞ. 

ɋɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɧɨɝɨɹɞɟɪɧɵɟ ɩɪɨɰɟɫɫɨɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɤɪɚɣɧɟ ɧɟɷɮɮɟɤɬɢɜɧɨ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɩɪɚɤɬɢɤɟ Ч-ɹɞɟɪɧɵɟ ɩɪɨɰɟɫɫɨɪɵ ɧɟ ɩɪɨɢɡɜɨɞɹɬ ɜɵ-
ɱɢɫɥɟɧɢɹ ɜ Ч ɪɚɡ ɛɵɫɬɪɟɟ ɨɞɧɨɹɞɟɪɧɵɯ: ɯɨɬɹ ɩɪɢɪɨɫɬ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɨɤɚɡɵɜɚɟɬɫɹ ɡɧɚɱɢ-
ɬɟɥɶɧɵɦ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɧ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɪɢɥɨɠɟɧɢɹ. ɍ ɩɪɨɝɪɚɦɦ, ɤɨɬɨɪɵɟ ɧɟ 
ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɪɚɛɨɬɭ ɫ ɦɧɨɝɨɹɞɟɪɧɵɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɜɫɟɝɨ ɧɚ 5%. Ⱥ ɜɨɬ ɩɪɨɝɪɚɦɦɵ, ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɟ ɩɨɞ ɦɧɨɝɨɹɞɟɪɧɵɟ ɩɪɨɰɟɫɫɨɪɵ, ɪɚɛɨ-
ɬɚɸɬ ɛɵɫɬɪɟɟ ɭɠɟ ɧɚ 50%. 

1.4 Ɇɧɨɝɨɭɪɨɜɧɟɜɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɩɚɦɹɬɢ ɤɨɦɩɶɸɬɟɪɚ 

ɂɟɪɚɪɯɢɱɟɫɤɢɣ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ ɯɚɪɚɤɬɟɪɟɧ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɫɬɪɭɤɬɭɪɵ ɤɨɦɩɶɸ-
ɬɟɪɚ ɜ ɰɟɥɨɦ, ɧɨ ɢ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɟɝɨ ɩɨɞɫɢɫɬɟɦ. ɉɨ ɷɬɨɦɭ ɠɟ ɩɪɢɧɰɢɩɭ ɫɬɪɨɢɬɫɹ ɢ ɫɢɫɬɟɦɚ 
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ɩɚɦɹɬɢ ɤɨɦɩɶɸɬɟɪɚ, ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɬɨɪɨɣ — ɛɨɥɶɲɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɟɦɤɨɫɬɶ 
ɢ ɜɵɫɨɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. 

Ɉɞɧɚɤɨ ɨɞɧɨɭɪɨɜɧɟɜɨɟ ɩɨɫɬɪɨɟɧɢɟ ɩɚɦɹɬɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɞɨɜɥɟɬɜɨ-
ɪɹɬɶ ɷɬɢɦ ɞɜɭɦ ɩɪɨɬɢɜɨɪɟɱɢɜɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɩɚɦɹɬɶ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦ-
ɩɶɸɬɟɪɨɜ ɫɬɪɨɢɬɫɹ ɩɨ ɦɧɨɝɨɭɪɨɜɧɟɜɨɦɭ, ɩɢɪɚɦɢɞɚɥɶɧɨɦɭ ɩɪɢɧɰɢɩɭ (ɪɢɫ. 1.11). 

 

Ɋɢɫ. 1.11. ɂɟɪɚɪɯɢɹ ɦɧɨɝɨɭɪɨɜɧɟɜɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɚɦɹɬɢ. 

 ȼɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɷɬɨɣ ɩɢɪɚɦɢɞɵ ɩɪɢɧɚɞɥɟɠɢɬ ɪɟɝɢɫɬɪɨɜɨɣ ɩɚɦɹɬɢ, ɤɨɬɨɪɭɸ ɟɳɟ 
ɧɚɡɵɜɚɸɬ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɩɚɦɹɬɶɸ (Ɇɉɉ). ȼ ɫɨɫɬɚɜɟ ɥɸɛɨɝɨ ɩɪɨɰɟɫɫɨɪɚ ɢɦɟ-
ɟɬɫɹ ɫɜɟɪɯɨɩɟɪɚɬɢɜɧɨɟ ɡɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɧɟɛɨɥɶɲɨɣ ɟɦɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɨɛ-
ɪɚɡɨɜɚɧɨ ɧɟɫɤɨɥɶɤɢɦɢ ɞɟɫɹɬɤɚɦɢ ɢɥɢ ɫɨɬɧɹɦɢ ɪɟɝɢɫɬɪɨɜ ɫ ɨɱɟɧɶ ɛɵɫɬɪɵɦ ɜɪɟɦɟɧɟɦ 
ɞɨɫɬɭɩɚ, ɫɨɫɬɚɜɥɹɸɳɢɦ ɜɫɟɝɨ ɨɞɢɧ ɬɚɤɬ ɪɚɛɨɬɵ ɩɪɨɰɟɫɫɨɪɚ (ɧɚɧɨɫɟɤɭɧɞɵ). Ɂɞɟɫɶ 
ɨɛɵɱɧɨ ɯɪɚɧɹɬɫɹ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ ɩɪɨɰɟɫɫɨɪ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɫɩɨɥɶɡɭɟɬ ɜ ɩɪɨ-
ɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ. 

 ɋɥɟɞɭɸɳɢɣ ɭɪɨɜɟɧɶ ɨɛɪɚɡɭɟɬ ɤɷɲ-ɩɚɦɹɬɶ, ɢɥɢ ɩɚɦɹɬɶ ɛɥɨɤɧɨɬɧɨɝɨ ɬɢɩɚ, ɩɪɟɞɫɬɚɜ-
ɥɹɸɳɚɹ ɫɨɛɨɣ ɛɭɮɟɪɧɨɟ ɡɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɯɪɚɧɟɧɢɹ ɚɤɬɢɜɧɵɯ ɫɬɪɚɧɢɰ 
ɫɭɦɦɚɪɧɵɦ ɨɛɴɟɦɨɦ ɨɬ ɞɟɫɹɬɤɨɜ Ʉɛɚɣɬɨɜ ɞɨ ɞɟɫɹɬɤɨɜ Ɇɛɚɣɬ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 
ɩɪɨɰɟɫɫɨɪɨɜ. Ʉɷɲ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ ɪɚɡɞɟɥёɧ ɧɚ ɧɟɫɤɨɥɶɤɨ ɭɪɨɜɧɟɣ ɢ ɜ ɭɧɢ-
ɜɟɪɫɚɥɶɧɨɦ ɩɪɨɰɟɫɫɨɪɟ ɱɢɫɥɨ ɬɚɤɢɯ ɭɪɨɜɧɟɣ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɬɪёɯ: 

o ɋɚɦɵɦ ɛɵɫɬɪɵɦ ɹɜɥɹɟɬɫɹ ɤɷɲ ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ — L1 (ХОЯОХ 1 МКМСО). ɉɨ ɫɭɬɢ, 
ɨɧ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɩɪɨɰɟɫɫɨɪɚ, ɩɨɫɤɨɥɶɤɭ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɨɞ-
ɧɨɦ ɫ ɧɢɦ ɤɪɢɫɬɚɥɥɟ ɢ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ. ȼ ɫɨɜɪɟɦɟɧ-
ɧɵɯ ɩɪɨɰɟɫɫɨɪɚɯ ɨɛɵɱɧɨ L1 ɪɚɡɞɟɥɟɧ ɧɚ ɞɜɚ ɤɷɲɚ — ɤɷɲ ɤɨɦɚɧɞ ɢ ɤɷɲ ɞɚɧ-
ɧɵɯ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɨɰɟɫɫɨɪɨɜ ɛɟɡ L1 ɧɟ ɦɨɝɭɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ. L1 ɪɚɛɨ-
ɬɚɟɬ ɧɚ ɱɚɫɬɨɬɟ ɩɪɨɰɟɫɫɨɪɚ, ɢ ɨɛɪɚɳɚɬɶɫɹ ɤ ɧɟɦɭ ɦɨɠɧɨ ɤɚɠɞɵɣ ɬɚɤɬ. Ⱦɨɩɭɫ-
ɤɚɸɬ ɜɵɩɨɥɧɟɧɢɟ ɧɟɫɤɨɥɶɤɨ ɨɩɟɪɚɰɢɣ ɱɬɟɧɢɹ/ɡɚɩɢɫɢ ɨɞɧɨɜɪɟɦɟɧɧɨ. 

o ȼɬɨɪɵɦ ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɹɜɥɹɟɬɫɹ ɤɷɲ ɜɬɨɪɨɝɨ ɭɪɨɜɧɹ — L2, ɤɨɬɨɪɵɣ 
ɨɛɵɱɧɨ, ɤɚɤ ɢ L1, ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɨɞɧɨɦ ɤɪɢɫɬɚɥɥɟ ɫ ɩɪɨɰɟɫɫɨɪɨɦ. ȼ ɪɚɧɧɢɯ 
ɜɟɪɫɢɹɯ ɩɪɨɰɟɫɫɨɪɨɜ L2 ɪɟɚɥɢɡɨɜɚɧ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɝɨ ɧɚɛɨɪɚ ɦɢɤɪɨɫɯɟɦ ɩɚ-
ɦɹɬɢ ɧɚ ɦɚɬɟɪɢɧɫɤɨɣ ɩɥɚɬɟ. Ɉɛɴёɦ L2 ɨɬ 128 ɤɛɚɣɬ ɞɨ 1-12 Ɇɛɚɣɬ. ȼ ɫɨɜɪɟ-
ɦɟɧɧɵɯ ɦɧɨɝɨɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɚɯ L2, ɧɚɯɨɞɹɫɶ ɧɚ ɬɨɦ ɠɟ ɤɪɢɫɬɚɥɥɟ, ɹɜɥɹ-
ɟɬɫɹ ɩɚɦɹɬɶɸ ɪɚɡɞɟɥɶɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ — ɩɪɢ ɨɛɳɟɦ ɨɛɴёɦɟ ɤɷɲɚ ɜ N Ɇɛɚɣɬ 
ɧɚ ɤɚɠɞɨɟ ɹɞɪɨ ɩɪɢɯɨɞɢɬɫɹ ɩɨ (N/ЧИМШЫО) Ɇɛɚɣɬɚ. 

o Ʉɷɲ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɹ ɧɚɢɦɟɧɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ, ɧɨ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ 
ɛɨɥɶɲɢɦ — ɛɨɥɟɟ 24 Ɇɛɚɣɬ. L3 ɦɟɞɥɟɧɧɟɟ ɩɪɟɞɵɞɭɳɢɯ ɤɷɲɟɣ, ɧɨ ɜɫё ɪɚɜɧɨ 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɨɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ. ȼ ɦɧɨɝɨɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɚɯ 
ɧɚɯɨɞɢɬɫɹ ɜ ɨɛɳɟɦ ɩɨɥɶɡɨɜɚɧɢɢ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɞɚɧɧɵɯ 
ɪɚɡɥɢɱɧɵɯ L2 (ɪɢɫ. 1.12). 
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Ɋɢɫ. 1.12. Ɉɪɝɚɧɢɡɚɰɢɹ ɤɷɲ-ɩɚɦɹɬɢ ɜ 4-ɯ ɹɞɟɪɧɨɦ ɩɪɨɰɟɫɫɨɪɟ AMD. 

 Ɉɫɧɨɜɧɚɹ ɩɚɦɹɬɶ (Ɉɉ) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɛɦɟɧɚ ɢɧɮɨɪ-
ɦɚɰɢɟɣ ɫ ɩɪɨɱɢɦɢ ɛɥɨɤɚɦɢ ɦɚɲɢɧɵ. ȼ ɟɟ ɫɨɫɬɚɜ ɜɯɨɞɢɬ ɞɜɚ ɜɢɞɚ ɡɚɩɨɦɢɧɚɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ: 

o ROM (Read Only Memory) – ɩɨɫɬɨɹɧɧɨɟ ɡɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ (ɉɁɍ). 
ɋɥɭɠɢɬ ɞɥɹ ɯɪɚɧɟɧɢɹ ɧɟɢɡɦɟɧɹɟɦɨɣ (ɩɨɫɬɨɹɧɧɨɣ) ɩɪɨɝɪɚɦɦɧɨɣ ɢ ɫɩɪɚɜɨɱ-
ɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨ ɬɨɥɶɤɨ ɫɱɢɬɵɜɚɬɶ ɯɪɚɧɹɳɭɸɫɹ ɜ ɧɟɦ 
ɢɧɮɨɪɦɚɰɢɸ. ɂɡɦɟɧɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɜ ɉɁɍ ɧɟɥɶɡɹ ɢ ɨɧɚ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ ɨɬ-
ɫɭɬɫɬɜɢɢ ɩɢɬɚɧɢɹ. 

o RAM (Read Access Memory) – ɨɩɟɪɚɬɢɜɧɨɟ ɡɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ (ɈɁɍ). 
ɉɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɣ ɡɚɩɢɫɢ, ɯɪɚɧɟɧɢɹ ɢ ɫɱɢɬɵɜɚɧɢɹ ɩɪɨɝɪɚɦɦ ɢ 
ɞɚɧɧɵɯ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ 
ɩɪɨɰɟɫɫɟ, ɜɵɩɨɥɧɹɟɦɨɦ ɤɨɦɩɶɸɬɟɪɨɦ ɜ ɬɟɤɭɳɢɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ. ɇɟɞɨɫɬɚ-
ɬɨɤ - ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɫɨɯɪɚɧɹɬɶ ɢɧɮɨɪɦɚɰɢɸ ɩɨɫɥɟ ɜɵɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ 
(ɷɧɟɪɝɨɡɚɜɢɫɢɦɨɫɬɶ). 

 ɇɚ ɛɨɥɟɟ ɧɢɡɤɢɯ ɭɪɨɜɧɹɯ ɢɟɪɚɪɯɢɢ ɧɚɯɨɞɹɬɫɹ ɜɧɟɲɧɢɟ ɡɚɩɨɦɢɧɚɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ 
ɧɚ ɦɚɝɧɢɬɧɵɯ ɧɨɫɢɬɟɥɹɯ: ɧɚ ɠɟɫɬɤɢɯ ɢ ɝɢɛɤɢɯ ɦɚɝɧɢɬɧɵɯ ɞɢɫɤɚɯ, ɦɚɝɧɢɬɧɵɯ ɥɟɧɬɚɯ, 
ɦɚɝɧɢɬɨɨɩɬɢɱɟɫɤɢɯ ɞɢɫɤɚɯ ɢ ɞɪ. ɂɯ ɨɬɥɢɱɚɟɬ ɧɢɡɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ ɨɱɟɧɶ ɛɨɥɶ-
ɲɚɹ ɟɦɤɨɫɬɶ. 

Ɉɪɝɚɧɢɡɚɰɢɹ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨɝɨ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɩɨɬɨɤɚɦɢ ɦɟɠɞɭ Ɂɍ 
ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɩɪɢ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɢɦɢ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɢɟɪɚɪɯɢɸ ɩɚɦɹɬɢ ɤɚɤ ɚɛɫɬɪɚɤɬɧɭɸ ɟɞɢɧɭɸ ɤɚɠɭɳɭɸɫɹ (ɜɢɪɬɭɚɥɶɧɭɸ) ɩɚɦɹɬɶ. ɋɨɝɥɚɫɨ-
ɜɚɧɧɚɹ ɪɚɛɨɬɚ ɜɫɟɯ ɭɪɨɜɧɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɨɝɪɚɦɦ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢ-
ɫɬɟɦɵ. 

1.5 Ɉɫɧɨɜɧɵɟ ɫɬɚɧɞɚɪɬɵ ɦɚɬɟɪɢɧɫɤɢɯ ɩɥɚɬ 

Ɏɨɪɦ-ɮɚɤɬɨɪ — ɷɬɨ ɫɬɚɧɞɚɪɬ, ɡɚɞɚɸɳɢɣ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɢɡɞɟ-
ɥɢɹ, ɚ ɬɚɤɠɟ ɨɩɢɫɵɜɚɸɳɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɟɝɨ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, 
ɧɚɩɪɢɦɟɪ ɮɨɪɦɭ, ɬɢɩɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɪɚɡɦɟɳɚɟɦɵɯ ɜ/ɧɚ ɭɫɬɪɨɣɫɬɜɟ, ɢɯ ɩɨɥɨ-
ɠɟɧɢɟ ɢ ɨɪɢɟɧɬɚɰɢɸ. 

Ɏɨɪɦ-ɮɚɤɬɨɪ, ɤɚɤ ɢ ɥɸɛɵɟ ɞɪɭɝɢɟ ɫɬɚɧɞɚɪɬɵ, ɧɨɫɢɬ ɪɟɤɨɦɟɧɞɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. 
ɋɩɟɰɢɮɢɤɚɰɢɹ ɮɨɪɦ-ɮɚɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬ ɨɛɹɡɚɬɟɥɶɧɵɟ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. 
Ɉɞɧɚɤɨ ɩɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɪɟɞɩɨɱɢɬɚɸɬ ɫɨɛɥɸɞɚɬɶ ɫɩɟɰɢɮɢɤɚ-
ɰɢɸ, ɩɨɫɤɨɥɶɤɭ ɰɟɧɨɣ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɭɳɟɫɬɜɭɸɳɢɦ ɫɬɚɧɞɚɪɬɚɦ ɹɜɥɹɟɬɫɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ 
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2.3 Ɇɧɨɝɨɲɢɧɧɵɟ ɚɪɯɢɬɟɤɬɭɪɵ ɤɨɦɩɶɸɬɟɪɨɜ 

ɉɨɞɤɥɸɱɟɧɢɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɭɫɬɪɨɣɫɬɜ ɤ ɦɚɝɢɫɬɪɚɥɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɡɚɞɚɱɭ 
ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɡɚ ɩɪɢɟɦɥɟɦɭɸ ɫɬɨɢɦɨɫɬɶ, ɬɚɤ ɤɚɤ ɫ ɪɨɫɬɨɦ ɦɨɳɧɨɫɬɢ ɢ 
ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɨɜ ɪɚɫɬёɬ ɭɪɨɜɟɧɶ ɩɨɦɟɯ ɢ ɪɚɫɫɢɧɯɪɨɧɢɡɚɰɢɹ ɫɢɝɧɚɥɨɜ. 

ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɦɧɨɝɨɲɢɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɉɄ, ɜɵɩɨɥ-
ɧɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɦɨɫɬɨɜɨɣ ɢɥɢ ɯɚɛɨɜɨɣ ɚɪɯɢɬɟɤɬɭɪɵ [13], [14], [18]. ȼ ɦɨɫɬɨɜɵɯ ɢ ɯɚɛɨɜɵɯ 
ɚɪɯɢɬɟɤɬɭɪɚɯ ɉɄ ɝɥɚɜɧɚɹ ɫɢɫɬɟɦɧɚɹ ɲɢɧɚ (FSB) ɧɚɝɪɭɠɟɧɚ ɥɢɲɶ ɧɚ ɨɞɧɨ ɭɫɬɪɨɣɫɬɜɨ — 

ɫɟɜɟɪɧɵɣ ɦɨɫɬ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɚ ɛɚɡɟ 
ɪɚɡɥɢɱɧɵɯ ɜɟɪɫɢɣ ɱɢɩɫɟɬɨɜ. 

2.3.1 Ɇɨɫɬɨɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɉɄ 

ɋɬɪɭɤɬɭɪɚ ɤɨɦɩɶɸɬɟɪɚ ɫ ɦɨɫɬɨɜɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2.7. Ɍɚɤɚɹ ɬɪёɯ-
ɫɤɨɪɨɫɬɧɚɹ ɢ ɬɪёɯɭɪɨɜɧɟɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɭɫɬɪɨɣɫɬɜɚɦ ɪɚɛɨɬɚɬɶ ɫ ɨɩɬɢɦɚɥɶɧɨɣ ɫɤɨ-
ɪɨɫɬɶɸ. Ƚɥɚɜɧɚɹ ɫɢɫɬɟɦɧɚɹ ɲɢɧɚ ɩɨɞɤɥɸɱɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɩɪɨɰɟɫɫɨɪɭ. ȼɫɟ ɩɪɨ-
ɦɚɯɢ ɨɛɪɚɳɟɧɢɹ ɜ ɤɷɲ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɨɛɪɚɳɟɧɢɹ ɤ ɨɫɧɨɜɧɨɣ ɩɚɦɹɬɢ ɢ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ 
ɝɥɚɜɧɭɸ ɲɢɧɭ, ɚɧɚɥɨɝɢɱɧɨ ɬɪɚɧɡɚɤɰɢɹɦ ɜɜɨɞɚ/ɜɵɜɨɞɚ. FSB ɩɨɫɬɨɹɧɧɨ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɪɨ-
ɰɟɫɫɨɪɨɦ. 

 

Ɋɢɫ. 2.7. ɋɯɟɦɚ ɉɄ ɫ ɦɨɫɬɨɜɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ. 

Ʉ ɞɪɭɝɨɣ ɫɬɨɪɨɧɟ FSB ɩɨɞɤɥɸɱɟɧɚ ɦɢɤɪɨɫɯɟɦɚ (ɫɢɫɬɟɦɧɵɣ ɤɨɧɬɪɨɥɥɟɪ), ɤɨɬɨɪɚɹ 
ɭɩɪɚɜɥɹɟɬ ɤɷɲɟɦ, ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɶɸ ɢ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɦɨɫɬɚ ɤ ɲɢɧɟ PCI 

(Peripheral Component Interconnect). ɒɢɧɚ PCI, ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧ-
ɧɵɯ, ɬɚɤ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚɧɢɦɚɟɬ ɫɪɟɞɧɟɟ (ɷɤɜɚɬɨɪɢɚɥɶɧɨɟ) ɩɨɥɨɠɟɧɢɟ ɜ ɤɨɦɩɶɸɬɟɪɟ. 

ɋɟɜɟɪɧɵɣ ɦɨɫɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɧɬɟɪɮɟɣɫ ɦɟɠɞɭ ɲɢɧɨɣ PCI ɢ ɨɬɞɟɥɶɧɵɦɢ ɭɫɬɪɨɣ-
ɫɬɜɚɦɢ. ɉɢɤɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨ ɲɢɧɟ PCI ɫɨɫɬɚɜɥɹɟɬ, ɤɚɤ ɩɪɚɜɢɥɨ, 133 
Ɇɛɚɣɬ/ɫ (33 ɆȽɰ). ɗɬɨɣ ɲɢɧɨɣ ɦɨɠɟɬ ɭɩɪɚɜɥɹɬɶ ɥɸɛɨɟ ɢɡ ɭɫɬɪɨɣɫɬɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨ 
ɲɢɧɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɰɟɫɫɨɪ ɢ ɭɫɬɪɨɣɫɬɜɚ ɜɜɨɞɚ/ɜɵɜɨɞɚ. ɒɢɧɚ PCI ɩɨɞɞɟɪɠɢɜɚɟɬ ɨɬ 3-ɯ ɞɨ 
6-ɢ ɫɥɨɬɨɜ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɭɫɬɪɨɣɫɬɜ PCI, ɩɥɚɬɚ 
ɉɄ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɧɟɫɤɨɥɶɤɨ ɲɢɧ PCI, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɭɩɪɚɜɥɹɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ 
ɦɨɫɬɚɦɢ PCI–PCI. 
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ɇɚɢɦɟɧɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɤɥɸɱɚɸɬɫɹ ɢ ɭɩɪɚɜɥɹɸɬɫɹ ɸɠɧɵɦ 
ɦɨɫɬɨɦ. ɇɚɩɪɢɦɟɪ, ɨɧɢ ɦɨɝɥɢ ɩɨɞɤɥɸɱɚɬɶɫɹ ɩɨ ɲɢɧɟ ISA, EISA ɢɥɢ MCA. ɘɠɧɵɣ ɦɨɫɬ 
ɩɨɞɞɟɪɠɢɜɚɟɬ ɢɧɬɟɪɮɟɣɫ ɨɛɦɟɧɚ PCI–ISA, ɨɛɟɫɩɟɱɢɜɚɹ ɩɢɤɨɜɭɸ ɫɤɨɪɨɫɬɶ ɲɢɧɵ ISA ɜ 
5 Ɇɛɚɣɬ/ɫ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɟɳɟ ɜ ɤɨɧɰɟ ɏɏ ɜɟɤɚ ɛɵɥɨ ɨɛɴɹɜɥɟɧɨ, ɱɬɨ ɲɢɧɚ ISA ɛɨɥɶɲɟ ɧɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ, ɢ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɧɟё ɜɵɩɭɫɤɚɬɶɫɹ ɧɟ ɛɭɞɭɬ. 

2.3.2 Ⱥɪɯɢɬɟɤɬɭɪɚ ɉɄ ɫ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ 

Ⱦɪɭɝɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ, ɭɫɬɪɚɧɹɸɳɢɦ ɪɚɡɪɵɜ ɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɨɪɚ ɢ ɫɢ-
ɫɬɟɦɧɨɣ ɲɢɧɵ, ɹɜɥɹɟɬɫɹ ɡɚɦɟɧɚ ɲɢɧɵ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɪɟɞɨɣ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɰɟɫɫɨ-
ɪɚɦ ɢ ɭɫɬɪɨɣɫɬɜɚɦ ɪɚɛɨɬɚɬɶ ɧɟɡɚɜɢɫɢɦɨ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɦɧɨ-
ɝɨɩɪɨɰɟɫɫɨɪɧɵɯ ɫɢɫɬɟɦ. 

ɋɢɫɬɟɦɧɚɹ ɲɢɧɚ ɞɨɩɭɫɤɚɟɬ ɩɨɞɤɥɸɱɟɧɢɟ, ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ, ɬɚɤ ɢ 
ɤɨɧɬɪɨɥɟɪɨɜ ɩɚɦɹɬɢ ɢ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜ. ɇɨ ɜɫɟ ɨɧɢ ɨɛɳɚɸɬɫɹ ɱɟɪɟɡ ɟɞɢɧɫɬɜɟɧɧɭɸ ɲɢɧɭ, 
ɢ ɟё ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɟɦɵɯ 
ɨɩɟɪɚɰɢɣ ɧɚ ɲɢɧɟ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɫɟɝɨ ɩɨɬɟɧɰɢɚɥɚ ɫɢɫɬɟɦ ɧɚ ɛɚɡɟ ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɜɵɫɨɤɨɣ 
ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɨɣ ɧɚɞɨ ɩɨɜɵɲɚɬɶ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɢɫɬɟɦɧɨɣ ɲɢɧɵ, ɧɨ ɷɬɨ ɫɬɚɧɨ-
ɜɢɬɫɹ ɜɫɟ ɛɨɥɟɟ ɫɥɨɠɧɵɦ ɢ ɞɨɪɨɝɢɦ. 

ɂɡɛɟɠɚɬɶ ɷɬɢɯ ɫɥɨɠɧɨɫɬɟɣ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɯɨɞ ɧɚ ɤɨɦɦɭɬɚɰɢɨɧɧɵɟ ɚɪɯɢɬɟɤɬɭɪɵ, ɤɨ-
ɬɨɪɵɟ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 

 ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɩɟɪɚɰɢɣ, ɬɨ ɟɫɬɶ ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɧɟɡɚɜɢɫɢɦɨɣ ɪɚɛɨɬɵ ɩɨɞɫɢɫɬɟɦ (ɩɪɨɰɟɫɫɨɪɨɜ, ɭɫɬɪɨɣɫɬɜ ɜɜɨɞɚ/ɜɵɜɨɞɚ);  ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɨɠɢɞɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɭɧɤɬɚ ɧɚɡɧɚɱɟ-
ɧɢɹ ɩɟɪɜɵɦ ɫɥɨɜɨɦ ɞɚɧɧɵɯ ɢ/ɢɥɢ ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ ɬɪɚɧɡɚɤɰɢɢ (ɩɟɪɟɞɚɱɢ);  ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɬɨ ɟɫɬɶ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ ɩɟɪɟɞɚɜɚ-
ɟɦɵɯ ɡɚ ɫɟɤɭɧɞɭ. 

Ʉɨɦɦɭɬɚɰɢɨɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɦɢɧɢɦɚɥɶɧɵɟ ɡɚɞɟɪɠɤɢ. ɋɢɫɬɟɦɵ 
ɧɚ ɟё ɨɫɧɨɜɟ ɫɩɨɫɨɛɧɵ ɧɚɱɚɬɶ ɜɵɛɨɪɤɭ ɤɨɦɚɧɞ ɢɥɢ ɞɚɧɧɵɯ ɢɡ ɩɚɦɹɬɢ ɱɟɪɟɡ ɨɞɢɧ ɬɚɤɬ ɩɨɫɥɟ 
ɩɨɥɭɱɟɧɢɹ ɡɚɩɪɨɫɚ ɨɬ ɩɪɨɰɟɫɫɨɪɚ. Ɏɢɪɦɨɣ NОЭpШаОЫ ɫɨɡɞɚɧɚ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɚɹ ɫɢɫɬɟɦɚ 
FКЬЭЬОЫТОЬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɧɚ ɛɚɡɟ ɤɨɦɦɭɬɚɬɨɪɚ FastBridge 

(ɪɢɫ. 2.8), ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɯ ɢɧɬɟɪɮɟɣɫɚ: 

 ɞɜɚ 64–ɯ ɪɚɡɪɹɞɧɵɯ ɢɧɬɟɪɮɟɣɫɚ, ɤɨɬɨɪɵɟ ɧɚɩɪɹɦɭɸ ɫɨɟɞɢɧɹɸɬ ɤɚɠɞɵɣ ɢɡ 
ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɤɨɦɦɭɬɚɬɨɪɨɦ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɰɟɫɫɨɪɚ ɨɧɢ ɦɨɝɭɬ ɪɚɛɨ-
ɬɚɬɶ ɫ ɱɚɫɬɨɬɨɣ ɞɨ 67 ɆȽɰ;  128 ɪɚɡɪɹɞɧɵɣ ɢɧɬɟɪɮɟɣɫ, ɫɜɹɡɵɜɚɸɳɢɣ ɤɨɦɦɭɬɚɬɨɪ FКЬЭBЫТНРО ɫ ɩɚɦɹɬɶɸ ɢ 
ɪɚɛɨɬɚɸɳɢɣ ɧɚ ɱɚɫɬɨɬɟ ɜɞɜɨɟ ɦɟɧɶɲɟɣ ɱɚɫɬɨɬɵ ɢɧɬɟɪɮɟɣɫɚ ɫ ɩɪɨɰɟɫɫɨɪɨɦ 
(ɨɛɵɱɧɨ 33 ɆȽɰ);  ɢɧɬɟɪɮɟɣɫ, ɫɨɟɞɢɧɹɸɳɢɣ ɤɨɦɦɭɬɚɬɨɪ FКЬЭBЫТНРО ɧɚɩɪɹɦɭɸ ɫ ɲɢɧɨɣ PCI ɢ 
ɪɚɛɨɬɚɸɳɢɣ ɧɚ ɱɚɫɬɨɬɟ, ɜɞɜɨɟ ɦɟɧɶɲɟɣ ɱɚɫɬɨɬɵ ɢɧɬɟɪɮɟɣɫɚ ɫ ɩɪɨɰɟɫɫɨɪɨɦ. 

ȼɫɟ ɷɬɢ ɢɧɬɟɪɮɟɣɫɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɪɚɛɨɬɚɹ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɫɢɫɬɟɦɧɵɯ ɨɩɟɪɚɰɢɣ ɤɨɦɦɭɬɚɬɨɪɨɦ FКЬЭBЫТНРО. 
Ɉɞɧɚɤɨ ɧɟɡɚɜɢɫɢɦɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɧɟ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɫɟ ɩɪɟɢɦɭɳɟɫɬɜɚ 
ɩɚɪɚɥɥɟɥɢɡɦɚ. ɉɨɷɬɨɦɭ ɜ ɤɨɦɦɭɬɚɬɨɪ ɜɤɥɸɱɟɧɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɟ ɛɭɮɟɪɵ ɭɩɪɟɠɞɚɸɳɟɝɨ 
ɱɬɟɧɢɹ/ɡɚɩɢɫɢ, ɤɨɬɨɪɵɟ ɢɡɨɥɢɪɭɸɬ ɩɨɞɫɢɫɬɟɦɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɩɨɡɜɨɥɹɹ ɦɚɤɫɢɦɚɥɶɧɨ 
ɛɵɫɬɪɨ ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ ɜ ɤɨɦɦɭɬɚɬɨɪ FКЬЭBЫТНРО ɢ ɢɡ ɧɟɝɨ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɛɵɫɬɪɨɞɟɣ-
ɫɬɜɢɹ ɢɫɬɨɱɧɢɤɚ ɞɚɧɧɵɯ (ɩɪɢ ɱɬɟɧɢɢ) ɢɥɢ ɢɯ ɩɨɥɭɱɚɬɟɥɹ (ɩɪɢ ɡɚɩɢɫɢ). ɋɢɫɬɟɦɭ ɦɨɠɧɨ 
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ɧɚɪɚɳɢɜɚɬɶ, ɞɨɛɚɜɥɹɹ ɤɨɦɦɭɬɚɬɨɪɵ FКЬЭBЫТНРО. Ɍɨ ɟɫɬɶ ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɥɟɝɤɨ ɦɚɫɲɬɚɛɢɪɭ-
ɟɬɫɹ. 

 

Ɋɢɫ. 2.8. ɋɬɪɭɤɬɭɪɚ ɤɨɦɦɭɬɚɬɨɪɚ FКЬЭBЫТНРО ɧɚ 2 ɩɪɨɰɟɫɫɨɪɚ. 

2.3.3 ɏɚɛɨɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɉɄ 

ɋ ɞɚɥɶɧɟɣɲɟɦ ɩɨɜɵɲɟɧɢɟɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɩɪɨɰɟɫɫɨɪɨɜ ɢ ɩɟɪɢɮɟɪɢɣɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɞɥɟɧɧɚɹ ɲɢɧɚ PCI ɫɬɚɥɚ ɭɡɤɢɦ ɦɟɫɬɨɦ ɜ ɭɜɟɥɢɱɟɧɢɢ ɨɛɳɟɣ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɧɚɞёɠɧɨɫɬɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ, ɪɟɚɥɢɡɭɸɳɢɯ ɦɨɫɬɨɜɭɸ ɫɬɪɭɤɬɭɪɭ. 

ȼ ɷɬɢɯ ɫɢɫɬɟɦɚɯ ɲɢɧɚ PCI ɨɛɟɫɩɟɱɢɜɚɥɚ ɩɨɬɨɤ ɞɚɧɧɵɯ ɧɟ ɬɨɥɶɤɨ ɦɟɠɞɭ PCI ɭɫɬɪɨɣ-
ɫɬɜɚɦɢ, ɩɚɦɹɬɶɸ ɢ ɩɪɨɰɟɫɫɨɪɨɦ, ɧɨ ɢ ɦɟɠɞɭ ɸɠɧɵɦ ɢ ɫɟɜɟɪɧɵɦ ɦɨɫɬɚɦɢ. ɋɬɚɜɢɬɶ 64–ɪɚɡ-
ɪɹɞɧɭɸ ɲɢɧɭ PCI ɞɨɪɨɝɨ, ɚ ɩɨɞɧɢɦɚɬɶ ɟɟ ɱɚɫɬɨɬɭ ɧɟɜɵɝɨɞɧɨ, ɬɚɤ ɤɚɤ ɜɫɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚ 
ɲɢɧɟ ɞɨɥɠɧɵ ɪɚɛɨɬɚɬɶ ɧɚ ɷɬɨɣ ɱɚɫɬɨɬɟ, ɢɧɚɱɟ ɟё ɫɤɨɪɨɫɬɶ ɭɩɚɞɟɬ ɞɨ 33 ɆȽɰ. 

ɑɬɨɛɵ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɭ ɉɄ ɢ ɭɫɤɨɪɢɬɶ ɨɛɦɟɧ ɦɟɠɞɭ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɮɢɪ-
ɦɨɣ IЧЭОХ, ɧɚɱɢɧɚɹ ɫ ɱɢɩɫɟɬɚ Т810, ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɭɫɤɨɪɟɧɧɨɝɨ ɨɛɦɟɧɚ 
(Accelerated Hub Architecture, ȺɇȺ). ȼ ɷɬɨɣ ɚɪɯɢɬɟɤɬɭɪɟ ɫɟɜɟɪɧɵɣ ɦɨɫɬ ɡɚɦɟɧёɧ ɧɚ ɯɚɛ ɤɨɧ-
ɬɪɨɥɥɟɪɚ ɝɪɚɮɢɤɢ ɢ ɩɚɦɹɬɢ (Graphics and Memory Controller Hub, GMCH), ɚ ɸɠɧɵɣ — ɧɚ 
ɯɚɛ ɤɨɧɬɪɨɥɥɟɪɚ ɜɜɨɞɚ/ɜɵɜɨɞɚ (Integrated Input/Output Controller Hub, ICH). ɋɬɪɭɤɬɭɪɧɚɹ 
ɫɯɟɦɚ ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ 2.9. 

ɒɢɧɚ PCI ɩɨɥɧɨɫɬɶɸ ɨɬɨɲɥɚ ɤ ICH, ɚ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɯɚɛɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɨ ɫɩɟɰɢɚɥɶɧɨ ɜɵɩɨɥɧɟɧɧɨɣ ɲɢɧɟ ɫɨ ɫɤɨɪɨɫɬɶɸ 266 ɆȻɚɣɬ/ɫ. Ɏɢɪɦɚ IЧЭОХ ɧɚɡɵɜɚɟɬ ɷɬɭ 
ɲɢɧɭ IЧЭОХ Hub Interface, ɨɧɚ ɢɦɟɟɬ ɪɚɡɪɹɞɧɨɫɬɶ 8 ɛɢɬ ɢ ɱɚɫɬɨɬɭ 66 ɆȽɰ. 

Ɍɪɟɬɢɣ ɯɚɛ (FirmWare Hub, FWH) ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɪɟɞɫɬɜɚ ɡɚɲɢɬɵ ɢ ɭɩɪɚɜɥɟɧɢɹ ɤɨɦ-
ɩɶɸɬɟɪɚ (BIOS), ɚ ɲɢɧɚ LPC (Low Pin Count) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜ, ɧɟ 
ɬɪɟɛɭɸɳɢɯ ɛɨɥɶɲɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɡɚɝɪɭɡɨɱɧɨɟ ɉɁɍ, ɚ ɬɚɤɠɟ 
ɤɨɧɬɪɨɥɥɟɪɵ «ɭɫɬɚɪɟɜɲɢɯ» ɧɢɡɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 

Ⱥɪɯɢɬɟɤɬɭɪɚ ȺɇȺ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɨɫɭ ɩɪɨɩɭɫɤɚɧɢɹ ɜ ɞɜɚ ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɲɢɧɚ PCI. 
ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɢɬɶ ɩɨɬɨɤ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɤɨɧɬɪɨɥɥɟɪɚ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɤ ɤɨɧ-
ɬɪɨɥɥɟɪɭ ɩɚɦɹɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɟɟ ɢɫɩɨɥɧɹɬɶ ɧɟɫɤɨɥɶɤɨ ɮɭɧɤɰɢɣ ɨɞɧɨɜɪɟɦɟɧɧɨ, 
ɜ ɱɚɫɬɧɨɫɬɢ ɛɨɥɟɟ ɪɟɚɥɢɫɬɢɱɧɨ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɚɭɞɢɨ- ɢ ɜɢɞɟɨɢɧɮɨɪɦɚɰɢɸ. 
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Ɋɢɫ. 2.9. ɏɚɛɨɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɉɄ ɧɚ ɛɚɡɟ ɱɢɩɫɟɬɚ Т815ȿ. 

ȼɧɟɞɪɟɧɢɟ «ɯɚɛɨɜɨɣ ɚɪɯɢɬɟɤɬɭɪɵ» ɩɨɥɭɱɢɥɚ ɫɜɨɟ ɪɚɡɜɢɬɢɟ ɜ 1999 ɝɨɞɭ ɧɚ ɛɚɡɟ ɱɢɩ-
ɫɟɬɨɜ IЧЭОХ ɩɨɞ 800-ɦɢ ɧɨɦɟɪɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɞɞɟɪɠɢɜɚɥɢ ɩɪɨɰɟɫɫɨɪɵ IЧЭОХ PОЧЭТЮЦ 4 ɢ 
CОХОЫШЧ. ɗɬɭ ɠɟ ɚɪɯɢɬɟɤɬɭɪɭ ɞɥɹ ɩɪɨɰɟɫɫɨɪɨɜ ɫɟɦɟɣɫɬɜɚ CШЫО 2 ɩɨɞɞɟɪɠɢɜɚɥ ɢ ɱɢɩɫɟɬ IЧЭОХ 
Б38, ɜɵɩɭɳɟɧɧɵɣ ɜ ɨɤɬɹɛɪɟ 2007 ɝɨɞɚ. ȿɫɥɢ ɞɨ ɷɬɨɝɨ ɧɨɦɟɪ ɦɨɞɟɥɢ ɡɚɞɚɜɚɥɫɹ ɱɢɫɥɨɜɵɦ 
ɢɧɞɟɤɫɨɦ (Т810-i845, i915-Т925), ɬɨ ɬɟɩɟɪɶ ɱɢɩɫɟɬɵ ɨɬɥɢɱɚɸɬ ɩɨ ɩɪɟɮɢɤɫɭ Б ɡɚ ɤɨɬɨɪɵɦ 
ɢɞɟɬ ɧɨɦɟɪ ɫɟɪɢɢ ɷɬɨɝɨ ɩɪɨɞɭɤɬɚ. 

Ɋɚɡɜɢɬɢɟ «ɯɚɛɨɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ» ɩɨɥɭɱɢɥɚ ɫ ɜɧɟɞɪɟɧɢɟɦ ɱɢɩɫɟɬɨɜ IЧЭОХ 4 SОЫТОЬ 
EбpЫОЬЬ, ɤɨɬɨɪɵɟ ɩɨɹɜɢɥɢɫɶ ɜɟɫɧɨɣ 2008 ɝɨɞɚ, ɩɨɞɞɟɪɠɢɜɚɥɢ ɩɪɨɰɟɫɫɨɪɵ CШЫО 2 DЮШ, CШЫО 
2 Quad, Pentium Dual-CШЫО, CОХОЫШЧ ɢ ɨɛɥɚɞɚɥɢ ɫɥɟɞɭɸɳɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ: 

 ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɞɟɪɠɤɢ FSB ɫ ɱɚɫɬɨɬɨɣ 1600 ɆȽɰ ɜ ɱɢɩɫɟɬɟ ɏ48;  ɱɢɩɫɟɬ P45 ɩɨɞɞɟɪɠɢɜɚɟɬ ɲɢɧɭ PCI EбpЫОЬЬ ɫɩɟɰɢɮɢɤɚɰɢɢ 2.0;  ɱɢɩɫɟɬ G45 ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɟɟ ɦɨɳɧɵɦ ɹɞɪɨɦ IЧЭОХ GMA Б4500HD;  ɜɫɟ ɧɨɜɵɟ ɫɟɜɟɪɧɵɟ ɦɨɫɬɵ ɤɨɦɩɥɟɤɬɭɸɬɫɹ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɸɠɧɵɦ ɦɨɫɬɨɦ 
ICH10(R);  ɞɨɩɭɫɤɚɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯɤɚɧɚɥɶɧɨɣ ɩɚɦɹɬɢ DDR3 ɫ ɱɚɫɬɨɬɨɣ 1066 ɆȽɰ, 
ɩɨɞɞɟɪɠɢɜɚɸɬ ɢɧɬɟɪɮɟɣɫ ОSATA. 

ɗɬɚ ɫɟɪɢɹ ɱɢɩɫɟɬɨɜ ɛɵɥɚ ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɧɚ ɦɨɳɧɵɟ ɦɭɥɶɬɢɦɟɞɢɣɧɵɟ ɫɢɫɬɟɦɵ ɜ ɞɨ-
ɦɚɲɧɢɯ ɉɄ. ɇɨ ɜɨ ɜɪɟɦɟɧɚ, ɤɨɝɞɚ ɱɚɫɬɨɬɚ ɩɪɨɰɟɫɫɨɪɚ ɩɪɟɜɵɫɢɥɚ 3 ȽȽɰ, ɚ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɲɢɧ ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ 10 ȽȽɰ, ɩɚɪɚɥɥɟɥɶɧɵɟ ɫɢɫɬɟɦɧɵɟ ɢ ɩɟɪɢɮɟ-
ɪɢɣɧɵɟ ɲɢɧɵ ɞɨɫɬɢɝɥɢ ɩɨɬɨɥɤɚ ɫɜɨɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ. ȼ ɧɢɯ ɫɬɚɥɨ ɬɪɭɞɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ 
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ɢɞɟɧɬɢɱɧɨɫɬɶ ɥɢɧɢɣ ɪɚɡɧɵɯ ɪɚɡɪɹɞɨɜ ɩɨ ɞɥɢɧɟ ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɫɢɧɯɪɨ-
ɧɢɡɚɰɢɢ ɫɢɝɧɚɥɨɜ ɧɚ ɥɢɧɢɹɯ ɪɚɡɧɵɯ ɪɚɡɪɹɞɨɜ. ɉɨɷɬɨɦɭ ɮɢɪɦɵ ɨɬɤɚɡɵɜɚɸɬɫɹ ɨɬ ɩɚɪɚɥɥɟɥɶ-
ɧɵɯ ɲɢɧ PCI, FSB, AGP ɢ ɡɚɦɟɧɹɸɬ ɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɲɢɧɚɦɢ PCI Express, Hyper 

TЫКЧЬpШЫЭ, SATA, USB ɢ ɞɪ. 

2.4 ɋɬɪɚɬɟɝɢɹ «ɬɢɤ-ɬɚɤ» ɮɢɪɦɵ Intel 

ɉɪɟɠɞɟ ɱɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɵɟ ɚɪɯɢɬɟɤɬɭɪɵ ɉɄ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
ɬɨɬ ɮɚɤɬ, ɱɬɨ ɨɧɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɢɯ ɫɨɫɬɚɜɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ 
ɱɢɩɨɜ, ɜ ɪɚɡɪɚɛɨɬɤɟ ɤɨɬɨɪɵɯ ɨɞɧɢɦ ɢɡ ɩɪɢɡɧɚɧɧɵɯ ɥɢɞɟɪɨɜ, ɧɚɪɹɞɭ ɫ AMD ɢ VIA 
TОМСЧШХШРТОЬ (Ɍɚɣɜɚɧɶ), ɹɜɥɹɟɬɫɹ IЧЭОХ CШЫpШЫКЭТШЧ. 

ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɪɹɞɚ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɧɚ ɚɪɯɢɬɟɤɬɭɪɭ ɉɄ ɧɟɤɨɬɨɪɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɥɚ 
ɫɬɪɚɬɟɝɢɹ ɪɚɡɪɚɛɨɬɤɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɮɢɪɦɨɣ IЧЭОХ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɚɧɨɧɫɢɪɨɜɚɧɚ ɧɚ ɤɨɧ-
ɮɟɪɟɧɰɢɢ IЧЭОХ DОЯОХШpОЫ FШЫЮЦ ɜ ɫɟɧɬɹɛɪɟ 2006 ɢ ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ «ɬɢɤ-ɬɚɤ» (ɚɧɝɥ. tick-

tock). Ɉɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɷɤɫɬɟɧɫɢɜɧɭɸ ɫɬɪɚɬɟɝɢɸ ɪɚɡɪɚɛɨɬɤɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɤɚɠɞɵɣ ɰɢɤɥ ɪɚɡɪɚɛɨɬɤɢ ɞɟɥɢɬɫɹ ɧɚ ɞɜɟ ɫɬɚɞɢɢ — «ɬɢɤ» ɢ «ɬɚɤ» (ɪɢɫ. 2.10). 

 ɋɬɚɞɢɹ «ɬɢɤ» ɨɡɧɚɱɚɟɬ ɦɢɧɢɚɬɸɪɢɡɚɰɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɢɤɪɨɚɪɯɢɬɟɤɬɭɪɵ.  ɋɬɚɞɢɹ «ɬɚɤ» ɨɡɧɚɱɚɟɬ ɜɵɩɭɫɤ ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɧɨɜɨɣ ɦɢɤɪɨɚɪɯɢɬɟɤɬɭɪɨɣ, ɧɨ 
ɧɚ ɛɚɡɟ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

 

Ɋɢɫ. 2.10. Cɬɪɚɬɟɝɢɹ ɪɚɡɪɚɛɨɬɤɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɮɢɪɦɨɣ IЧЭОХ. 

ɉɨ ɩɥɚɧɚɦ ɮɢɪɦɵ IЧЭОХ, ɤɚɠɞɚɹ ɱɚɫɬɶ ɰɢɤɥɚ ɞɨɥɠɧɚ ɡɚɧɢɦɚɬɶ ɩɪɢɦɟɪɧɨ ɝɨɞ. ɉɟɪɜɵɦ 
ɩɨɤɨɥɟɧɢɟɦ ɩɪɨɰɟɫɫɨɪɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɨɝɥɚɫɧɨ ɞɚɧɧɨɣ ɫɬɪɚɬɟɝɢɢ, ɛɵɥɢ 64-ɛɢɬɧɵɟ ɩɪɨ-
ɰɟɫɫɨɪɵ IЧЭОХ® CШЫО™, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɦɢɤɪɨɚɪɯɢɬɟɤɬɭɪɟ: 

 Nehalem — 1-ɟ ɩɨɤɨɥɟɧɢɟ, 45 ɧɦ, 2009 ɝɨɞ,  Westmere — 1-ɟ ɩɨɤɨɥɟɧɢɟ, 32 ɧɦ, 2010 ɝɨɞ. 

ɋɥɟɞɭɸɳɢɟ ɩɨɤɨɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɥɢ ɦɢɤɪɨɚɪɯɢɬɟɤɬɭɪɵ: 

 Sandy Bridge — 2-ɟ ɩɨɤɨɥɟɧɢɟ, 32 ɧɦ, 2011 ɝɨɞ,  Ivy Bridge — 3-ɟ ɩɨɤɨɥɟɧɢɟ, 22 ɧɦ, 2012 ɝɨɞ,  Haswell — 4-ɟ ɩɨɤɨɥɟɧɢɟ, 22 ɧɦ, 2013 ɝɨɞ,  Broadwell — 5-ɟ ɩɨɤɨɥɟɧɢɟ, 14 ɧɦ, 2014 ɝɨɞ. 

ȼɵɯɨɞ ɩɟɪɜɵɯ ɧɚɫɬɨɥɶɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ IЧЭОХ SФвХКФО ɧɚɦɟɱɟɧ ɧɚ ɜɬɨɪɨɣ ɤɜɚɪɬɚɥ 
2015 ɝɨɞɚ, ɚ 10-ɧɚɧɨɦɟɬɪɨɜɵɟ ɩɪɨɰɟɫɫɨɪɵ IЧЭОХ CКЧЧШЧХКФО ɜɵɯɨɞɹɬ ɜ 2016 ɝɨɞɭ. 
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ɦɨɛɢɥɶɧɨɫɬɢ ɢ ɪɨɭɦɢɧɝɚ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɜ ɩɨɦɟɳɟɧɢɢ ɩɨ ɩɪɨɬɨɤɨɥɭ АТFТ, ɚ 
ɜɵɣɞɹ ɢɡ ɩɨɦɟɳɟɧɢɹ, ɩɪɨɞɨɥɠɚɬɶ ɪɚɛɨɬɚɬɶ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɟɪɟɣɞɹ ɧɚ ɩɪɨɬɨɤɨɥ АТMКб. 

5.8 ɂɧɬɟɪɮɟɣɫ PCMCIA 

PCMCIA (Personal Computer Memory Card International Association — ɚɫɫɨɰɢɚɰɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɥɚɬ ɩɚɦɹɬɢ ɞɥɹ ɩɟɪɫɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ) — ɜɧɟɲɧɹɹ ɲɢɧɚ ɤɨɦɩɶɸɬɟ-
ɪɨɜ ɤɥɚɫɫɚ ɧɨɭɬɛɭɤ. Ⱦɪɭɝɨɟ ɧɚɡɜɚɧɢɟ ɦɨɞɭɥɹ PCMCIA — PC Card.  

ɒɢɧɚ ɢɦɟɟɬ ɪɚɡɪɹɞɧɨɫɬɶ 16/26 (ɞɚɧɧɵɟ/ɚɞɪɟɫ, ɚɞɪɟɫɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ — 64 Ɇɛɚɣɬ), 
ɩɨɞɞɟɪɠɢɜɚɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɟ, ɜɨɡɦɨɠɧɨ ɩɨɞɤɥɸɱɟɧɢɟ ɢ ɨɬɤɥɸɱɟɧɢɟ 
ɭɫɬɪɨɣɫɬɜ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɤɨɦɩɶɸɬɟɪɚ.  

Ʉɨɧɫɬɪɭɤɬɢɜ — ɦɢɧɢɚɬɸɪɧɵɣ 68-ɤɨɧɬɚɤɬɧɵɣ ɪɚɡɴɟɦ. Ʉɨɧɬɚɤɬɵ ɩɢɬɚɧɢɹ ɫɞɟɥɚɧɵ 
ɛɨɥɟɟ ɞɥɢɧɧɵɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɫɬɚɜɥɹɬɶ ɢ ɜɵɧɢɦɚɬɶ ɤɚɪɬɭ ɩɪɢ ɜɤɥɸɱɟɧɧɨɦ ɩɢɬɚɧɢɢ ɤɨɦ-
ɩɶɸɬɟɪɚ. 

6 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɢ ɤɨɦɩɥɟɤɫɚɯ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ ɬɪɟɛɭɸɬ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ 
ɢɧɮɨɪɦɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɨɞɧɨɣ ɗȼɆ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɧɨɝɨ 
ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢɥɢ ɦɚɥɨɝɨ ɨɛɴɟɦɚ ɈɁɍ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɟɫɥɢ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɗȼɆ, ɬɨ ɩɪɢ ɜɵɯɨɞɟ ɟɟ ɢɡ ɫɬɪɨɹ ɧɚɪɭɲɢɬɫɹ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɚ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɢ ɚɜɚɪɢɣɧɚɹ ɫɢɬɭɚɰɢɹ. 

ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɞɨɥɠɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯ-
ɧɢɤɢ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɟɡɟɪɜɧɵɯ ɗȼɆ ɢɥɢ ɩɪɨɰɟɫɫɨɪɨɜ. ɋɬɪɟɦɥɟɧɢɟ ɤ ɩɨ-
ɜɵɲɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ, ɧɚɞɟɠɧɨɫɬɢ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚ-
ɧɢɹ ɜɵɡɜɚɥɢ ɩɨɹɜɥɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ (ȼɋ). 

ȼɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɧɚɡɵɜɚɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ, 
ɜɤɥɸɱɚɸɳɢɯ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɗȼɆ ɢɥɢ ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɨɛɦɟɧɨɦ ɢɧɮɨɪɦɚ-
ɰɢɟɣ ɦɟɠɞɭ ɧɢɦɢ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ. 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɫɬɪɨɢɬɶɫɹ ɤɚɤ ɧɚ ɨɫɧɨɜɟ ɰɟɥɵɯ ɤɨɦɩɶɸɬɟɪɨɜ, ɬɚɤ ɢ 
ɧɚ ɨɫɧɨɜɟ ɨɬɞɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ȼɋ — ɦɧɨɝɨɦɚɲɢɧɧɚɹ, ɜɨ ɜɬɨɪɨɦ — 

ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɚɹ [5], [7], [16]. ɉɨɷɬɨɦɭ, ɢɫɯɨɞɹ ɢɡ ɩɪɢɧɰɢɩɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɢɯ ɫɬɪɭɤɬɭɪ, 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɞɜɚ ɛɨɥɶɲɢɯ ɤɥɚɫɫɚ: ɦɧɨɝɨɦɚɲɢɧɧɵɟ ȼɋ ɢ ɦɧɨ-
ɝɨɩɪɨɰɟɫɫɨɪɧɵɟ ȼɋ (ɪɢɫ. 6.1). 

 

Ɋɢɫ. 6.1. Ⱦɜɚ ɤɥɚɫɫɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ. 
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6.1 Ɇɧɨɝɨɦɚɲɢɧɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ 

Ɇɧɨɝɨɦɚɲɢɧɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ (ɆɆȼɋ) – ɷɬɨ ɫɢɫɬɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ 
ɜ ɫɟɛɹ ɞɜɟ ɢɥɢ ɛɨɥɟɟ ɗȼɆ, ɤɨɬɨɪɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ. Ɇɚ-
ɲɢɧɵ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɪɹɞɨɦ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɚ ɦɨɝɭɬ ɛɵɬɶ ɭɞɚɥɟɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ ɧɟɤɨ-
ɬɨɪɨɟ, ɢɧɨɝɞɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ (ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɟɬɢ). 

ȼ ɦɧɨɝɨɦɚɲɢɧɧɵɯ ȼɋ ɤɚɠɞɵɣ ɤɨɦɩɶɸɬɟɪ ɢɦɟɟɬ ɩɪɨɰɟɫɫɨɪ, ɈɁɍ, ɧɚɛɨɪ ɩɟɪɢɮɟɪɢɣ-
ɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɪɚɛɨɬɚɟɬ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɫɜɨɟɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (Ɉɋ). Ⱥ ɩɨɫɤɨɥɶɤɭ 
ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɦɟɠɞɭ ɦɚɲɢɧɚɦɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ Ɉɋ, ɜɡɚɢɦɨɞɟɣɫɬɜɭ-
ɸɳɢɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɬɨ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɞɭɪ ɨɛɦɟɧɚ ɧɟɫɤɨɥɶɤɨ ɭɯɭɞ-
ɲɚɸɬɫɹ, ɜɜɢɞɭ ɡɚɬɪɚɬ ɜɪɟɦɟɧɢ ɧɚ ɫɨɝɥɚɫɨɜɚɧɢɟ ɪɚɛɨɬɵ ɫɚɦɢɯ Ɉɋ. 

ɂɫɯɨɞɹ ɢɡ ɫɩɨɫɨɛɚ ɨɪɝɚɧɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɤɨɦɩɶɸ-
ɬɟɪɚɦɢ ɫɢɫɬɟɦɵ, ɜɫɟ ɆɆȼɋ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɯ ɬɢɩɚ: ɫɥɚɛɨɫɜɹɡɚɧɧɵɟ, ɩɪɹ-
ɦɨɫɜɹɡɚɧɧɵɟ ɢ ɫɚɬɟɥɥɢɬɧɵɟ. 

ȼ ɫɥɚɛɨɫɜɹɡɚɧɧɵɯ ɆɆȼɋ ɨɬɞɟɥɶɧɵɟ ɗȼɆ ɫɜɹɡɚɧɵ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɬɨɥɶɤɨ ɱɟɪɟɡ 
ɜɧɟɲɧɢɟ ɡɚɩɨɦɢɧɚɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ (ȼɁɍ) ɢ ɢɯ ɫɜɹɡɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɢɧɮɨɪɦɚ-
ɰɢɨɧɧɨɦ ɭɪɨɜɧɟ. Ɍɚɤɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɫɜɹɡɟɣ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɤɨɦɩɥɟɤɫɚ ɩɭɬɟɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɗȼɆ. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ 
ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬɵ ɆɆȼɋ: 

 Ɋɟɡɟɪɜɧɚɹ ɗȼɆ ɧɚɯɨɞɢɬɫɹ ɜ ɜɵɤɥɸɱɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɧɟɧɚɝɪɭɠɟɧɧɵɣ ɪɟ-
ɡɟɪɜ) ɢ ɜɤɥɸɱɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɨɬɤɚɡɟ ɨɫɧɨɜɧɨɣ ɗȼɆ.  Ɋɟɡɟɪɜɧɚɹ ɗȼɆ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɥɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɢ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ 
ɦɨɠɟɬ ɡɚɦɟɧɢɬɶ ɨɫɧɨɜɧɭɸ ɗȼɆ (ɧɚɝɪɭɠɟɧɧɵɣ ɪɟɡɟɪɜ), ɩɪɢɱɟɦ ɥɢɛɨ ɧɟ ɪɟ-
ɲɚɟɬ ɧɢɤɚɤɢɯ ɡɚɞɚɱ, ɥɢɛɨ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɫɚɦɨɤɨɧɬɪɨɥɹ, ɪɟɲɚɹ ɤɨɧɬɪɨɥɶ-
ɧɵɟ ɡɚɞɚɱɢ.  Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɢɬɶ ɩɟɪɟɪɵɜ ɜ ɜɵɞɚɱɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɛɟ 
ɗȼɆ, ɢ ɨɫɧɨɜɧɚɹ ɢ ɪɟɡɟɪɜɧɚɹ, ɪɟɲɚɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɞɧɢ ɢ ɬɟ ɠɟ ɡɚɞɚɱɢ, ɧɨ 
ɪɟɡɭɥɶɬɚɬɵ ɜɵɞɚɟɬ ɬɨɥɶɤɨ ɨɫɧɨɜɧɚɹ ɗȼɆ, ɚ ɩɪɢ ɜɵɯɨɞɟ ɟɟ ɢɡ ɫɬɪɨɹ ɪɟɡɭɥɶ-
ɬɚɬɵ ɧɚɱɢɧɚɟɬ ɜɵɞɚɜɚɬɶ ɪɟɡɟɪɜɧɚɹ ɗȼɆ. 

ɉɪɹɦɨɫɜɹɡɚɧɧɵɟ ɆɆȼɋ ɨɛɥɚɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɨɣ ɝɢɛɤɨɫɬɶɸ ɢ ɞɨɩɭɫɤɚɸɬ 
ɬɪɢ ɜɢɞɚ ɫɜɹɡɢ ɦɟɠɞɭ ɗȼɆ (ɪɢɫ. 6.2): 

 ɋɜɹɡɶ ɱɟɪɟɡ ɨɛɳɟɟ ɈɁɍ (ɈɈɁɍ) ɡɧɚɱɢɬɟɥɶɧɨ ɫɢɥɶɧɟɟ, ɱɟɦ ɫɜɹɡɶ ɱɟɪɟɡ ȼɁɍ, ɜɜɢɞɭ 
ɬɨɝɨ, ɱɬɨ ɩɪɨɰɟɫɫɨɪɵ ɢɦɟɸɬ ɩɪɹɦɨɣ ɞɨɫɬɭɩ ɤ ɈɁɍ. Ɍɚɤɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɨɛɦɟɧɚ ɩɨɡ-
ɜɨɥɹɟɬ ɤɚɠɞɨɣ ɢɡ ɗȼɆ ɨɛɪɚɳɚɬɶɫɹ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɤ ɥɸɛɨɦɭ ɭɱɚɫɬɤɭ 
ɈɈɁɍ, ɧɟ ɪɚɛɨɬɚɸɳɟɦɭ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫ ɞɪɭɝɨɣ ɗȼɆ. Ⱦɨɫɬɨɢɧɫɬɜɨ ɞɚɧɧɨɝɨ ɫɩɨ-
ɫɨɛɚ: 

o ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɨɛɦɟɧɚ, 
o ɝɢɛɤɨɫɬɶ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ, 
o ɫɨɯɪɚɧɧɨɫɬɶ ɚɜɬɨɧɨɦɧɨɫɬɢ ɤɚɠɞɨɣ ɢɡ ɗȼɆ. 

 ɉɪɢ ɫɨɟɞɢɧɟɧɢɢ ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɩɨɦɨɳɶɸ ɫɪɟɞɫɬɜ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɩɟɪɟɞɚɱɚ ɫɢɝɧɚɥɨɜ ɜɧɟɲɧɢɯ ɩɪɟɪɵɜɚɧɢɣ ɢ ɭɩɪɚɜɥɹɸɳɟɣ ɢɧɮɨɪɦɚɰɢɢ ɫ ɰɟ-
ɥɶɸ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɟɞɢɧɨɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɚɹ ɫɜɹɡɶ 
ɦɟɠɞɭ ɩɪɨɰɟɫɫɨɪɚɦɢ – ɤɚɧɚɥ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ – ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɬɨɥɶɤɨ ɢɧɮɨɪɦɚ-
ɰɢɨɧɧɨɣ, ɧɨ ɢ ɤɨɦɚɧɞɧɨɣ, ɱɬɨ ɭɥɭɱɲɚɟɬ ɞɢɧɚɦɢɤɭ ɩɟɪɟɯɨɞɚ ɨɬ ɨɫɧɨɜɧɨɣ ɗȼɆ ɤ ɪɟ-
ɡɟɪɜɧɨɣ ɢ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɹɬɶ ɛɨɥɟɟ ɩɨɥɧɵɣ ɜɡɚɢɦɧɵɣ ɤɨɧɬɪɨɥɶ ɗȼɆ. 
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 ɋɜɹɡɶ ɱɟɪɟɡ ɚɞɚɩɬɟɪ ɤɚɧɚɥ–ɤɚɧɚɥ (ȺɄɄ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɵɣ ɨɛɦɟɧ 
ɢɧɮɨɪɦɚɰɢɟɣ ɦɟɠɞɭ ɗȼɆ. ɉɪɢ ɷɬɨɦ ɨɛɦɟɧ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɛɨɥɶɲɢɦɢ ɦɚɫɫɢ-
ɜɚɦɢ ɢɧɮɨɪɦɚɰɢɢ. ȼ ɨɬɧɨɲɟɧɢɢ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɫɜɹɡɶ ɱɟɪɟɡ ȺɄɄ 
ɦɚɥɨ ɭɫɬɭɩɚɟɬ ɫɜɹɡɢ ɱɟɪɟɡ ɨɛɳɟɟ ɈɁɍ, ɚ ɜ ɨɬɧɨɲɟɧɢɢ ɨɛɴɟɦɚ ɩɟɪɟɞɚɜɚɟɦɨɣ ɢɧɮɨɪ-
ɦɚɰɢɢ – ɫɜɹɡɢ ɱɟɪɟɡ ɨɛɳɟɟ ȼɁɍ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɹɦɨɫɜɹɡɚɧɧɵɟ ɆɆȼɋ ɩɨɡɜɨɥɹɸɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜɫɟ ɫɩɨ-
ɫɨɛɵ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬɵ ɆɆȼɋ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɫɥɚɛɨɫɜɹɡɚɧɧɵɯ ɆɆȼɋ, ɧɨ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ. 

 

Ɋɢɫ. 6.2. ȼɨɡɦɨɠɧɵɟ ɫɜɹɡɢ ɗȼɆ ɜ ɫɨɫɬɚɜɟ ɆɆȼɋ. 

Ⱦɥɹ ɫɚɬɟɥɥɢɬɧɵɯ ɆɆȼɋ ɯɚɪɚɤɬɟɪɧɵɦ ɹɜɥɹɟɬɫɹ ɧɟ ɫɩɨɫɨɛ ɫɜɹɡɢ, ɚ ɩɪɢɧɰɢɩ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ ɗȼɆ. ɋɬɪɭɤɬɭɪɚ ɫɜɹɡɟɣ ɜ ɫɚɬɟɥɥɢɬɧɵɯ ɆɆȼɋ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɜɵɲɟ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɢɯ ɆɆȼɋ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɧɢɯ, 

 ɜɨ-ɩɟɪɜɵɯ, ɗȼɆ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɫɜɨɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, 
 ɜɨ-ɜɬɨɪɵɯ, ɢɦɟɟɬ ɦɟɫɬɨ ɨɩɪɟɞɟɥɟɧɧɚɹ ɫɨɩɨɞɱɢɧɟɧɧɨɫɬɶ ɦɚɲɢɧ ɢ ɪɚɡɥɢɱɢɟ ɮɭɧɤɰɢɣ, 

ɜɵɩɨɥɧɹɟɦɵɯ ɤɚɠɞɨɣ ɗȼɆ. 

Ɉɫɧɨɜɧɚɹ ɗȼɆ, ɱɚɳɟ ɛɨɥɟɟ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɚɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɫɧɨɜɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɚɬɟɥɥɢɬɧɚɹ ɗȼɆ, ɨɛɵɱɧɨ ɦɟɧɶɲɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɢ, ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɪɝɚɧɢɡɚɰɢɸ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ ɨɫɧɨɜɧɨɣ ɗȼɆ ɫ ɩɟɪɢɮɟɪɢɣɧɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ, ȼɁɍ, ɭɞɚɥɟɧɧɵɦɢ ɚɛɨɧɟɧɬɚɦɢ ɢ ɬ.ɞ. 

ɇɟɤɨɬɨɪɵɟ ɆɆȼɋ ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ ɧɟ ɨɞɧɭ, ɚ ɧɟɫɤɨɥɶɤɨ ɫɚɬɟɥɥɢɬɧɵɯ ɗȼɆ, ɩɪɢ ɷɬɨɦ 
ɤɚɠɞɚɹ ɢɡ ɧɢɯ ɨɪɢɟɧɬɢɪɭɟɬɫɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɮɭɧɤɰɢɣ. ɋɚɬɟɥɥɢɬɧɵɟ ɆɆȼɋ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɧɟ ɨɤɚɡɵɜɚɹ ɩɪɢ ɷɬɨɦ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ 
ɩɨɤɚɡɚɬɟɥɢ ɧɚɞɟɠɧɨɫɬɢ ɜɫɟɝɨ ɤɨɦɩɥɟɤɫɚ. 

6.2 Ɇɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ 

Ɇɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɤɨɦɩɥɟɤɫɵ (ɆɉȼɄ) – ɷɬɨ ɜɵɱɢɫɥɢɬɟɥɶ-
ɧɵɟ ɫɢɫɬɟɦɵ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ, ɨɛɳɢɦɢ ɜɧɭɬɪɟɧɧɟɣ ɩɚɦɹɬɶɸ ɢ ɩɟɪɢɮɟɪɢɣɧɵɦɢ 

ɭɫɬɪɨɣɫɬɜɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɟɞɢɧɨɣ Ɉɋ, ɤɨɬɨɪɚɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɛɳɟɟ 
ɭɩɪɚɜɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɦɢ ɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɤɨɦɩɥɟɤɫɚ. 
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ɉɪɢ ɷɬɨɦ ɤɚɠɞɵɣ ɢɡ ɩɪɨɰɟɫɫɨɪɨɜ ɦɨɠɟɬ ɢɦɟɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ, ɞɨɫɬɭɩɧɵɟ ɬɨɥɶɤɨ 
ɟɦɭ ɈɁɍ ɢ ɩɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɆɉȼɄ ɜ ɚɩɩɚɪɚɬɧɨɦ ɩɥɚɧɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɫɥɨɠɧɵɟ, ɱɟɦ 
ɆɆȼɋ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɚɹ ɮɭɧɤɰɢɹ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɨɡɥɚɝɚ-
ɟɬɫɹ ɧɚ Ɉɋ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɨɫɥɨɠɧɹɟɬ ɟɟ ɩɨɫɬɪɨɟɧɢɟ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɜɫɟ ɬɪɭɞɧɨɫɬɢ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɚɩɩɚɪɚɬɧɨɣ ɢ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɟɣ, ɆɉȼɄ ɩɨɥɭɱɚɸɬ ɜɫɟ ɛɨɥɶɲɟɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɟ, ɬɚɤ ɤɚɤ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɞɨɫɬɨɢɧɫɬɜ, ɨɫɧɨɜɧɵɟ ɢɡ ɤɨɬɨɪɵɯ: 

 ɜɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɢ ɝɨɬɨɜɧɨɫɬɶ ɡɚ ɫɱɟɬ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɤɨɧɮɢ-
ɝɭɪɚɰɢɢ; 

 ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɡɚ ɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɝɢɛɤɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶ-
ɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɢ ɛɨɥɟɟ ɩɨɥɧɨɣ ɡɚɝɪɭɡɤɢ ɜɫɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 ɜɵɫɨɤɚɹ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɚ. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɫɨɡɞɚɧɢɹ ɆɉȼɄ – ɷɬɨ ɪɚɫɱɥɟɧɟɧɢɟ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ ɧɚ ɧɟɫɤɨɥɶɤɨ 
ɩɨɞɡɚɞɚɱ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɪɟɲɚɟɬɫɹ ɧɚ ɫɜɨɟɦ ɩɪɨɰɟɫɫɨɪɟ. Ɂɚ ɫɱɟɬ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɆɉȼɄ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ 
ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɆɉȼɄ: ɤɨɧɜɟɣɟɪɧɵɟ, ɦɚɬɪɢɱɧɵɟ, ɩɪɨɝɪɚɦɦɧɨ-ɤɨɦɦɭɬɢɪɭɟɦɵɟ 

(ɪɢɫ. 6.3). 

 

Ɋɢɫ. 6.3. ȼɚɪɢɚɧɬɵ ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɆɉȼɄ. 

6.3 Ʉɨɧɜɟɣɟɪɧɵɟ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɤɨɦɩɥɟɤɫɵ 

ȼ ɤɨɧɜɟɣɟɪɧɵɯ ɆɉȼɄ ɭɫɤɨɪɟɧɢɟ ɜɵɱɢɫɥɟɧɢɣ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɪɚɡɞɟɥɟɧɢɹ ɜɫɟɣ 
ɩɪɨɝɪɚɦɦɵ ɧɚ ɨɬɞɟɥɶɧɵɟ ɭɱɚɫɬɤɢ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɨɬ ɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɤ ɞɪɭ-
ɝɨɦɭ, ɚɧɚɥɨɝɢɱɧɨ ɬɨɦɭ, ɤɚɤ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɹ ɧɚ ɤɨɧɜɟɣɟɪɟ ɨɧɨ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɨɞ-
ɧɨɝɨ ɪɚɛɨɱɟɝɨ ɤ ɞɪɭɝɨɦɭ. Ɂɚ ɫɱɟɬ ɫɩɟɰɢɚɥɢɡɚɰɢɢ ɤɚɠɞɨɝɨ ɪɚɛɨɱɟɝɨ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɩɟɪɚ-
ɰɢɢ, ɨɛɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɹ ɧɚ ɤɨɧɜɟɣɟɪɟ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚ-
ɟɬɫɹ. Ɍɨ ɠɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɜ ɤɨɧɜɟɣɟɪɧɵɯ ɆɉȼɄ ɡɚ ɫɱɟɬ ɫɩɟɰɢɚɥɢɡɚɰɢɢ ɤɚɠɞɨɝɨ ɩɪɨɰɟɫɫɨɪɚ 
ɧɚ ɜɵɩɨɥɧɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɟɣɫɬɜɢɣ. 

Ɋɚɫɫɦɨɬɪɢɦ ɷɬɨɬ ɩɪɨɰɟɫɫ ɧɚ ɩɪɨɫɬɨɦ ɩɪɢɦɟɪɟ ɫɥɨɠɟɧɢɹ ɞɜɭɯ ɱɢɫɟɥ. ɉɭɫɬɶ, ɞɥɹ ɩɪɢ-
ɦɟɪɚ, ɷɬɨ ɛɭɞɭɬ ɱɢɫɥɚ 21.7 ɢ 3.65. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɨɛɵɱɧɚɹ ɨɞɧɨɩɪɨɰɟɫɫɨɪɧɚɹ ɗȼɆ ɜɵɩɨɥɧɹɟɬ ɫɥɨɠɟɧɢɟ ɡɚ ɨɞɧɭ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɢɥɢ ɡɚ ɨɞɢɧ ɬɚɤɬ. Ɉɞɧɚɤɨ, ɫɭɦɦɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɞɥɹ ɗȼɆ ɞɨɜɨɥɶɧɨ 
ɫɥɨɠɧɨɣ ɪɚɛɨɬɨɣ ɢ ɜ ɧɟɣ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɬɪɢ ɷɬɚɩɚ: 

 ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɨɪɹɞɤɨɜ, ɬ.ɟ. ɫɞɜɢɝ ɜɬɨɪɨɝɨ ɱɢɫɥɚ ɬɚɤ, ɱɬɨɛɵ ɡɚɩɹɬɵɟ ɨɤɚɡɚ-
ɥɢɫɶ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ (К);  ɫɥɨɠɟɧɢɟ ɞɪɨɛɧɵɯ ɱɚɫɬɟɣ, ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɟɞɢɧɢɰɵ ɩɟɪɟ-
ɧɨɫɚ (ɛ);  ɫɥɨɠɟɧɢɟ ɰɟɥɵɯ ɱɚɫɬɟɣ ɫ ɩɪɢɛɚɜɥɟɧɢɟɦ ɟɞɢɧɢɰɵ ɩɟɪɟɧɨɫɚ, ɟɫɥɢ ɨɧɚ ɨɛɪɚɡɨ-
ɜɚɥɚɫɶ (ɜ). 
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ȿɫɥɢ ɬɟɩɟɪɶ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɷɬɚɩɨɜ ɜɵɞɟɥɢɬɶ ɨɬɞɟɥɶɧɵɣ ɩɪɨɰɟɫɫɨɪ, ɬɨ ɩɪɨɰɟɫɫ 
ɫɭɦɦɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ, ɚɧɚɥɨɝɢɱɧɨɦ ɬɨɦɭ, ɱɬɨ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 
6.4. 

 

Ɋɢɫ. 6.4. ɉɪɢɦɟɪ ɫɭɦɦɢɪɨɜɚɧɢɹ ɧɚ ɤɨɧɜɟɣɟɪɧɨɦ ɆɉȼɄ. 

Ɍɚɤ ɤɚɤ ɜɟɫɶ ɩɪɨɰɟɫɫ ɫɭɦɦɢɪɨɜɚɧɢɹ ɡɚɧɢɦɚɟɬ ɨɞɢɧ ɬɚɤɬ, ɬɨ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɤɚɠ-
ɞɵɣ ɢɡ ɷɬɚɩɨɜ ɡɚɧɢɦɚɟɬ 1/3 ɬɚɤɬɚ. ɉɪɢ ɫɥɨɠɟɧɢɢ ɜɫɟɝɨ ɨɞɧɨɣ ɩɚɪɵ ɱɢɫɟɥ ɧɢɤɚɤɨɝɨ ɜɵɢɝ-
ɪɵɲɚ ɜɨ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɫɥɨɠɟɧɢɹ ɧɚ ɬɪɟɯ ɩɪɨɰɟɫɫɨɪɚɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɞɧɨɩɪɨɰɟɫ-
ɫɨɪɧɨɣ ɗȼɆ ɧɟ ɛɭɞɟɬ, ɬɚɤ ɤɚɤ 

1/3 + 1/3 + 1/3 = 1 ɬɚɤɬ. 

ɉɪɟɞɩɨɥɨɠɢɦ ɬɟɩɟɪɶ, ɱɬɨ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɫɥɨɠɢɬɶ ɷɥɟɦɟɧɬɵ ɞɜɭɯ ɦɚɫɫɢɜɨɜ Ⱥ ɢ ȼ, 
ɪɚɡɦɟɪɧɨɫɬɶ ɤɨɬɨɪɵɯ ɪɚɜɧɚ 8, ɬɨ ɟɫɬɶ ɧɚɞɨ ɩɨɥɭɱɢɬɶ ɫɭɦɦɵ 

Ⱥ(1)+ȼ(1), Ⱥ(2)+ȼ(2), ... , Ⱥ(8)+ȼ(8) 

ɇɚ ɨɛɵɱɧɨɣ ɨɞɧɨɩɪɨɰɟɫɫɨɪɧɨɣ ɗȼɆ ɤɚɠɞɨɟ ɫɥɨɠɟɧɢɟ ɜɵɩɨɥɧɹɥɨɫɶ ɛɵ ɡɚ ɨɞɢɧ ɬɚɤɬ. 
Ⱥ ɤɨɥɶ ɬɚɤ, ɬɨ ɢ ɜɫɟ ɫɭɦɦɵ ɛɵɥɢ ɛɵ ɩɨɥɭɱɟɧɵ ɜɫɟɝɨ ɡɚ ɜɨɫɟɦɶ ɬɚɤɬɨɜ. 

ɉɪɢ ɫɭɦɦɢɪɨɜɚɧɢɢ ɧɚ ɤɨɧɜɟɣɟɪɟ (ɪɢɫ. 1.4) ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɧɚɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɣ 
ɩɪɨɰɟɫɫ: 

 ɑɟɪɟɡ 1/3 ɬɚɤɬɚ ɩɨɫɥɟ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɧɚ ɜɵɯɨɞɟ ɉɪ1 ɩɨɹɜɥɹɸɬɫɹ ɜɵɪɨɜɧɟɧɧɵɟ 
ɱɢɫɥɚ Ⱥ(1) ɢ ȼ(1), ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞ ɉɪ2 ɞɥɹ ɫɥɨɠɟɧɢɹ ɞɪɨɛɧɵɯ 
ɱɚɫɬɟɣ, ɚ ɩɪɨɰɟɫɫɨɪ ɉɪ1 ɨɫɜɨɛɨɠɞɚɟɬɫɹ ɢ ɜ ɧɟɝɨ ɩɨɫɬɭɩɚɟɬ ɜɬɨɪɚɹ ɩɚɪɚ ɱɢɫɟɥ 
Ⱥ(2) ɢ ȼ(2).  ȿɳɟ ɱɟɪɟɡ 1/3 ɬɚɤɬɚ ɩɚɪɚ ɱɢɫɟɥ Ⱥ(1) ɢ ȼ(1) ɨɤɚɠɟɬɫɹ ɧɚ ɜɯɨɞɟ ɉɪ3, ɨɫɜɨɛɨɞɢɜ 
ɩɪɨɰɟɫɫɨɪ ɉɪ2 ɞɥɹ Ⱥ(2) ɢ ȼ(2), ɚ ɧɚ ɜɯɨɞ ɩɪɨɰɟɫɫɨɪ ɉɪ1 ɩɨɫɬɭɩɚɟɬ ɫɥɟɞɭɸɳɚɹ 
ɩɚɪɚ ɱɢɫɟɥ Ⱥ(3) ɢ ȼ(3).  ȿɳɟ ɱɟɪɟɡ 1/3 ɬɚɤɬɚ, ɬɨ ɟɫɬɶ ɱɟɪɟɡ ɨɞɢɧ ɬɚɤɬ ɩɨɫɥɟ ɧɚɱɚɥɚ ɫɭɦɦɢɪɨɜɚɧɢɹ ɷɥɟ-
ɦɟɧɬɨɜ ɦɚɫɫɢɜɚ ɧɚ ɜɵɯɨɞɟ ɉɪ3 ɩɨɹɜɢɬɫɹ ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɟɧɢɹ ɩɟɪɜɵɯ ɷɥɟɦɟɧ-
ɬɨɜ ɦɚɫɫɢɜɨɜ.  Ⱦɚɥɟɟ ɫɭɦɦɵ ɜɫɟɯ ɩɨɫɥɟɞɭɸɳɢɯ ɫɟɦɢ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɨɜ ɛɭɞɭɬ ɩɨɹɜɥɹɬɶɫɹ 
ɱɟɪɟɡ ɤɚɠɞɵɟ 1/3 ɬɚɤɬɚ. 
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Ɍɨɝɞɚ ɨɛɳɟɟ ɜɪɟɦɹ ɫɭɦɦɢɪɨɜɚɧɢɹ ɜɫɟɯ ɜɨɫɶɦɢ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɚ ɫɨɫɬɚɜɢɬ 

1 + 7 * 1/3 = 10/3 = 3.333 ɬɚɤɬɚ 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ ɛɵ 8 ɬɚɤɬɨɜ, ɜɵ-
ɢɝɪɵɲ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ ɤɨɧɜɟɣɟɪɧɨɣ ɨɛɪɚɛɨɬɤɟ ɧɚ ɬɪɟɯ ɩɪɨɰɟɫɫɨɪɚɯ ɛɭɞɟɬ ɛɨɥɟɟ, ɱɟɦ ɜ ɞɜɚ 
ɪɚɡɚ, ɧɨ ɦɟɧɟɟ, ɱɟɦ ɜ ɬɪɢ ɪɚɡɚ: 

2 < 8 / 3.333 = 2.4 < 3 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɞɥɢɧɚ ɤɨɧɜɟɣɟɪɚ ɪ, ɤɚɠɞɵɣ ɷɬɚɩ ɬɪɟɛɭɟɬ 1/p ɬɚɤɬɚ ɢ ɨɛɪɚɛɚɬɵ-
ɜɚɟɬɫɹ ɦɚɫɫɢɜ ɞɥɢɧɵ Ɇ, ɬɨ ɫɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɛɭɞɟɬ ɪɚɜɧɨ 

1 + (M - 1) / p 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɦɚɫɫɢɜɨɜ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɤɨɧɜɟɣɟɪɧɵɯ ɆɉȼɄ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɱɬɢ ɜ ɪ ɪɚɡ, ɝɞɟ ɪ - ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɰɟɫɫɨɪɨɜ ɜ ɤɨɧɜɟɣɟɪɟ. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ 
ɫɯɟɦɚ ɤɨɧɜɟɣɟɪɧɵɯ ɆɉȼɄ ɢɦɟɟɬ ɜɢɞ, ɩɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. 6.5 

 

Ɋɢɫ. 6.5. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɧɜɟɣɟɪɧɵɯ ɆɉȼɄ. 

6.4 Ɇɚɬɪɢɱɧɵɟ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ 

ȿɳɟ ɨɞɧɢɦ ɢɡ ɤɥɚɫɫɨɜ ɆɉȼɄ ɹɜɥɹɸɬɫɹ ɦɚɬɪɢɱɧɵɟ ɆɉȼɄ, ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɢɡ N 
ɢɞɟɧɬɢɱɧɵɯ ɩɪɨɰɟɫɫɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɨɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɭɩɪɚɜɥɟɧɢɹ. Ɉɫɨɛɟɧɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɍɍ ɧɚ ɤɚɠɞɨɦ ɬɚɤɬɟ ɪɚɛɨɬɵ ɩɪɟɞɩɢɫɵɜɚɟɬ 
ɢɫɩɨɥɧɟɧɢɟ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɤɨɦɚɧɞɵ ɧɚ ɜɫɟɯ N ɩɪɨɰɟɫɫɨɪɚɯ, ɧɨ ɧɚɞ ɪɚɡɥɢɱɧɵɦɢ ɞɚɧɧɵɦɢ. 
ɂɥɥɸɫɬɪɚɰɢɹ ɪɚɛɨɬɵ ɦɚɬɪɢɱɧɨɝɨ ɆɉȼɄ ɞɥɹ ɩɪɢɦɟɪɚ ɫɭɦɦɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɞɜɭɯ ɦɚɫ-
ɫɢɜɨɜ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 6.6. 

Ɉɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ ɹɜɥɹɟɬɫɹ ɤɚɤ ɩɪɚɜɢɥɨ ɪɚɡɞɟɥɟɧɧɨɣ ɦɟɠɞɭ ɩɪɨɰɟɫɫɨɪɚɦɢ. Ʉɚɠ-
ɞɵɣ ɩɪɨɰɟɫɫɨɪ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɛɵɫɬɪɨ ɨɛɪɚɬɢɬɶɫɹ ɤ ɫɜɨɟɦɭ ɭɱɚɫɬɤɭ ɩɚɦɹɬɢ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɨɛɪɚɳɟɧɢɟ ɤ ɨɛɥɚɫɬɢ ɩɚɦɹɬɢ ɫɨɫɟɞɚ ɧɟɫɤɨɥɶɤɨ ɫɥɨɠɧɟɟ. Ɇɟɠɞɭ ɫɨɛɨɣ ɩɪɨɰɟɫɫɨɪɵ ɫɨ-
ɟɞɢɧɹɸɬɫɹ ɤɚɧɚɥɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ ɫɨɫɟɞɧɢɦ ɩɪɨɰɟɫɫɨɪɚɦ ɢ ɩɨ-
ɥɭɱɚɬɶ ɢɯ ɨɬ ɫɨɫɟɞɟɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɬɨ ɟɫɬɶ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɨɛɪɚɳɟɧɢɹ ɤ ɩɚɦɹɬɢ. 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɦɚɬɪɢɱɧɵɯ ɆɉȼɄ ɢɦɟɟɬ ɜɢɞ, ɩɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. 6.7. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɬɚɤɚɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɚɜɥɟɧɧɚɹ ɢɡ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɪɨɜ, ɦɨɠɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɨɥɶɤɨ ɧɚ ɬɟɯ ɡɚɞɚɱɚɯ, ɩɪɢ ɪɟ-
ɲɟɧɢɢ ɤɨɬɨɪɵɯ ɜɫɟ ɩɪɨɰɟɫɫɨɪɵ ɦɨɝɭɬ ɞɟɥɚɬɶ ɨɞɧɭ ɢ ɬɭ ɠɟ ɪɚɛɨɬɭ. 
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Ɋɢɫ. 6.6. ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɦɚɬɪɢɱɧɵɯ ɆɉȼɄ. 

 

Ɋɢɫ. 6.7. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɦɚɬɪɢɱɧɵɯ ɆɉȼɄ. 

Ȼɨɥɟɟ ɝɢɛɤɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨɡɦɨɠɧɚ ɧɚ 
ɩɪɨɝɪɚɦɦɧɨ-ɤɨɦɦɭɬɢɪɨɜɚɧɧɵɯ ɆɉȼɄ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɤɚɠ-
ɞɨɣ ɡɚɞɚɱɢ ɪɟɲɚɟɬ ɤɚɤɢɟ ɢ ɫɤɨɥɶɤɨ ɩɪɨɰɟɫɫɨɪɨɜ ɧɚɞɨ ɜɵɞɟɥɢɬɶ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ, ɢ 
ɩɨ ɤɚɤɨɣ ɩɪɨɝɪɚɦɦɟ ɤɚɠɞɵɣ ɩɪɨɰɟɫɫɨɪ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɥɹ ɤɚɠɞɨɣ ɡɚɞɚɱɢ ɨɛɪɚɡɭɟɬɫɹ ɫɜɨɣ ɧɚɛɨɪ ɩɪɨɰɟɫɫɨɪɨɜ, ɩɪɢɱɟɦ ɤɚɠɞɵɣ 
ɢɡ ɧɢɯ ɛɭɞɟɬ ɧɚɫɬɪɨɟɧ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɝɨ ɤɚɤɨɝɨ-ɬɨ ɭɱɚɫɬɤɚ ɡɚɞɚɱɢ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, 
ɱɬɨ ɤɚɠɞɚɹ ɩɪɨɝɪɚɦɦɚ ɨɛɪɚɡɭɟɬ ɫɜɨɸ ɫɬɪɭɤɬɭɪɭ ɆɉȼɄ. Ɍɚɤ ɜɨɡɧɢɤɥɨ ɩɨɧɹɬɢɟ ɜɢɪɬɭɚɥɶ-
ɧɨɝɨ, ɬɨ ɟɫɬɶ ɭɫɥɨɜɧɨɝɨ, ɤɨɦɩɶɸɬɟɪɚ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɨɣ ɡɚɞɚɱɢ. 

6.5 Ɇɭɥɶɬɢɩɪɨɰɟɫɫɨɪɵ ɢ ɦɭɥɶɬɢɤɨɦɩɶɸɬɟɪɵ 

ȼ ɥɸɛɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɟ ɩɪɨɰɟɫɫɨɪɵ, ɜɵɩɨɥɧɹɸɳɢɟ ɪɚɡɧɵɟ 
ɱɚɫɬɢ ɟɞɢɧɨɝɨ ɡɚɞɚɧɢɹ, ɞɨɥɠɧɵ ɤɚɤ-ɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɱɬɨɛɵ ɨɛɦɟɧɢ-
ɜɚɬɶɫɹ ɢɧɮɨɪɦɚɰɢɟɣ. Ʉɚɤ ɢɦɟɧɧɨ ɞɨɥɠɟɧ ɩɪɨɢɫɯɨɞɢɬɶ ɨɛɦɟɧ? Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ 
ɢ ɪɟɚɥɢɡɨɜɚɧɨ ɞɜɟ ɫɬɪɚɬɟɝɢɢ: ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɵ ɢ ɦɭɥɶɬɢɤɨɦɩɶɸɬɟɪɵ. Ʉɥɸɱɟɜɨɟ ɪɚɡ-
ɥɢɱɢɟ ɦɟɠɞɭ ɧɢɦɢ ɫɨɫɬɨɢɬ ɜ ɧɚɥɢɱɢɢ ɢɥɢ ɨɬɫɭɬɫɬɜɢɢ ɨɛɳɟɣ ɩɚɦɹɬɢ. ɗɬɨ ɪɚɡɥɢɱɢɟ ɫɤɚɡɵ-
ɜɚɟɬɫɹ ɤɚɤ ɧɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɭɫɬɪɨɣɫɬɜɟ ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɬɚɤɢɯ ɫɢɫɬɟɦ, ɬɚɤ ɢ ɧɚ ɢɯ ɫɬɨ-
ɢɦɨɫɬɢ ɢ ɪɚɡɦɟɪɚɯ. 

6.5.1 Ɇɭɥɶɬɢɩɪɨɰɟɫɫɨɪɵ 

ɉɚɪɚɥɥɟɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ, ɜ ɤɨɬɨɪɨɦ ɜɫɟ ɩɪɨɰɟɫɫɨɪɵ ɦɨɝɭɬ ɫɨɜɦɟɫɬɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɨɛɳɭɸ ɮɢɡɢɱɟɫɤɭɸ ɩɚɦɹɬɶ, ɧɚɡɵɜɚɟɬɫɹ ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɨɦ, ɢɥɢ ɫɢɫɬɟɦɨɣ ɫ ɨɛɳɟɣ ɩɚɦɹ-
ɬɶɸ (ɪɢɫ. 6.8, ɚ). ȼɫɟ ɩɪɨɰɟɫɫɵ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɟ ɫɨɜɦɟɫɬɧɨ, ɦɨɝɭɬ ɢɦɟɬɶ 
ɟɞɢɧɨɟ ɜɢɪɬɭɚɥɶɧɨɟ ɚɞɪɟɫɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɨɬɨɛɪɚɠɟɧɧɨɟ ɧɚ ɨɛɳɭɸ ɩɚɦɹɬɶ. Ʌɸɛɨɣ ɩɪɨ-
ɰɟɫɫ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞ LOAD ɢ STORE ɦɨɠɟɬ ɫɱɢɬɚɬɶ ɫɥɨɜɨ ɢɡ ɩɚɦɹɬɢ ɢɥɢ ɡɚɩɢɫɚɬɶ ɫɥɨɜɨ 



157 

ȼ ɤɚɱɟɫɬɜɟ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɥɭɠɢɬ FLOP/s (ɚɧɝɥ. FLoating point 

OPerations per second) — ɤɨɥɢɱɟɫɬɜɨ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ ɡɚ ɫɟɤɭɧɞɭ. 

ɇɚɱɢɧɚɹ ɫ 2010 ɝɨɞɚ ɞɨɥɝɨɟ ɜɪɟɦɹ ɪɟɣɬɢɧɝ ɜɨɡɝɥɚɜɥɹɥɚ ɫɢɫɬɟɦɚ TТКЧСО-2, ɪɚɡɪɚɛɨ-
ɬɚɧɧɚɹ ɜ Ʉɢɬɚɣɫɤɨɦ ɇɚɰɢɨɧɚɥɶɧɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɨɛɨɪɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɋ ɤɢɬɚɣɫɤɨɝɨ 
ɹɡɵɤɚ «Ɍɹɧɶɯɷ» ɩɟɪɟɜɨɞɢɬɫɹ ɤɚɤ «Ɇɥɟɱɧɵɣ ɉɭɬɶ». Tianhe-2 ɫɨɞɟɪɠɢɬ ɲɟɫɬɧɚɞɰɚɬɶ ɬɵɫɹɱ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ, ɜ ɤɚɠɞɨɦ ɢɡ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɨ ɩɨ ɞɜɚ ɩɪɨɰɟɫɫɨɪɚ IЧЭОХ БОШЧ E5-

2692 ɢ ɩɨ ɬɪɢ ɜɟɤɬɨɪɧɵɯ ɫɨɩɪɨɰɟɫɫɨɪɚ IЧЭОХ БОШЧ PСТ 31S1P. ɇɚ ɤɚɠɞɵɣ ɩɪɨɰɟɫɫɨɪ ɜɵɞɟɥɹ-
ɟɬɫɹ ɩɨ 32 ȽȻ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɫɬɚɧɞɚɪɬɚ DDR3 ɫ ɤɨɪɪɟɤɰɢɟɣ ɨɲɢɛɨɤ, ɚ ɧɚ ɤɚɠɞɵɣ ɫɨ-
ɩɪɨɰɟɫɫɨɪ — ɩɨ 8 ȽȻ ɩɚɦɹɬɢ ɫɬɚɧɞɚɪɬɚ GDDR5. ɋɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɜɫɟɯ ɦɨɞɭɥɟɣ ɩɚɦɹɬɢ 
ɫɨɫɬɚɜɥɹɟɬ ɬɵɫɹɱɭ ɬɟɪɚɛɚɣɬ. 

ɋɚɦɨɣ ɦɨɳɧɨɣ ɜ ȿɜɪɨɩɟ ɫɬɚɥɚ ɫɢɫɬɟɦɚ Cray XC30 (ɪɢɫ. 8.8). ɇɚɡɜɚɧɧɚɹ PТг DКТЧЭ, ɜ 
ɱɟɫɬɶ ɨɞɧɨɝɨ ɢɡ ɩɢɤɨɜ ɒɜɟɣɰɚɪɫɤɢɯ Ⱥɥɶɩ, ɨɧɚ ɭɫɬɚɧɨɜɥɟɧɚ ɜ ɒɜɟɣɰɚɪɫɤɨɦ ɧɚɰɢɨɧɚɥɶɧɨɦ 
ɰɟɧɬɪɟ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. ɗɬɚ ɫɢɫɬɟɦɚ ɡɚɧɢɦɚɟɬ 6 ɦɟɫɬɨ ɜ TOP500, ɞɨɫɬɢɝ-
ɧɭɜ ɨɬɦɟɬɤɢ ɜ 6.2 ɩɟɬɚɮɥɨɩɫ ɧɚ ɬɟɫɬɟ LINPACK. 

Ɋɨɫɫɢɹ ɧɚ ɧɨɹɛɪɶ 2014 ɝɨɞɚ ɡɚɧɢɦɚɥɚ 8 ɦɟɫɬɨ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜɵ-
ɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ (ɪɢɫ. 8.9). ȼɫɟɝɨ 9 ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ Ɋɨɫɫɢɢ ɩɪɢɫɭɬ-
ɫɬɜɭɟɬ ɜ ɫɩɢɫɤɟ TOP500, ɚ ɫɚɦɵɣ ɦɨɳɧɵɣ ɢɡ ɧɢɯ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶ-
ɫɤɨɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɰɟɧɬɪɟ ɆȽɍ T-Platforms A-Class, ɡɚɧɢɦɚɟɬ 22 ɦɟɫɬɨ ɜ ɪɟɣɬɢɧɝɟ. 

ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɠɟ ɪɟɞɚɤɰɢɢ ɪɟɣɬɢɧɝɚ ɜ ɩɟɪɜɭɸ ɞɟɫɹɬɤɭ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɫɭɩɟɪɤɨɦɩɶ-
ɸɬɟɪɨɜ ɜɨɲɥɚ ɪɨɫɫɢɣɫɤɚɹ ɝɪɭɩɩɚ ɤɨɦɩɚɧɢɣ ɊɋɄ. Ɉɧɚ ɡɚɧɢɦɚɟɬ 9-ɟ ɦɟɫɬɨ ɜ ɦɢɪɟ ɫɪɟɞɢ ɜɟ-
ɞɭɳɢɯ ɩɨɫɬɚɜɳɢɤɨɜ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɨɜ. 

 

Ɋɢɫ. 8.8. ɋɭɩɟɪɤɨɦɩɶɸɬɟɪɵ Cray XC30, Tianhe-2, T-Platform A-Class. 

 

Ɋɢɫ. 8.9. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɨɜ ɩɨ ɫɬɪɚɧɚɦ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦ (ɧɨɹɛɪɶ 2014ɝ). 
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8.4.3 ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɤɨɦɩɚɧɢɢ Ɍ-ɩɥɚɬɮɨɪɦɵ 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɜɟ ɫɢɫɬɟɦɵ, ɜɯɨɞɹɳɢɟ ɜ TOP500, ɪɚɡɪɚɛɨɬɚɧɵ ɜ ɤɨɦɩɚɧɢɢ Ɍ-

ɩɥɚɬɮɨɪɦɵ. ȿɫɥɢ ɨɛɪɚɬɢɬɶɫɹ ɤ ɪɟɣɬɢɧɝɭ TШp50 ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɨɜ ɪɚɛɨɬɚɸɳɢɯ ɜ ɋɇȽ, ɬɨ 
ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ: HОаХОЭЭ-Packard - 19, IBM - 14 ɢ Ɍ-ɉɥɚɬ-
ɮɨɪɦɵ - 8 ɫɢɫɬɟɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɬɤɭɞɚ ɹɫɧɨ, ɱɬɨ ɤɨɦɩɚɧɢɹ Ɍ-ɩɥɚɬɮɨɪɦɵ — ɷɬɨ ɜɟɞɭɳɢɣ 
ɪɨɫɫɢɣɫɤɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ, ɫɚɦɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɢɡ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ T-Platforms A-Class (ɪɢɫ. 8.10). 

T-Platforms A-Class — ɷɬɨ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɧɨɟ ɫɟɦɟɣɫɬɜɨ ɞɥɹ ɜɟɞɭɳɢɯ ɧɚɭɱɧɨ-ɢɫ-
ɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɰɟɧɬɪɨɜ ɢ ɥɚɛɨɪɚɬɨɪɢɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɩɨɱɢɬɚɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɟɪɯɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɵɟ ɝɟɬɟɪɨɝɟɧɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɚɫɲɬɚɛɢɪɭɟɦɨ-
ɫɬɶɸ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɶɸ. 

ȼ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɦ 52-ɸɧɢɬɨɜɨɦ ɲɚɫɫɢ A-CХКЬЬ ɪɚɡɦɟɳɚɟɬɫɹ 256 ɜɵɱɢɫɥɢɬɟɥɶ-
ɧɵɯ ɭɡɥɨɜ ɫ ɩɢɤɨɜɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 535,6 ɬɟɪɚɮɥɨɩɫ ɢ ɜɫɬɪɨɟɧɚ ɜɫɹ ɫɟɬɟɜɚɹ ɢɧɮɪɚ-
ɫɬɪɭɤɬɭɪɚ. Ʉɚɠɞɵɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɭɡɟɥ ɫɨɞɟɪɠɢɬ ɩɪɨɰɟɫɫɨɪ IЧЭОХ® БОШЧ® ɢ ɭɫɤɨɪɢɬɟɥɶ 
NVIDIA TОЬХК™. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɚ ɦɚɫɲɬɚɛɢɪɭɟɬɫɹ ɞɨ 102,8 ɩɟɬɚɮɥɨɩɫ ɡɚ ɫɱёɬ 
ɨɛɴɟɞɢɧɟɧɢɹ 192 ɲɚɫɫɢ. Ⱦɥɹ ɩɨɞɞɟɪɠɤɢ ɩɨɞɨɛɧɨɣ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɟ 
ɧɟɡɚɜɢɫɢɦɵɟ ɫɟɬɢ InfiniBand, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɛɦɟɧɚ MPI-ɫɨɨɛɳɟɧɢɹɦɢ ɢ ɞɥɹ ɩɟɪɟ-
ɞɚɱɢ ɞɚɧɧɵɯ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɢɫɬɟɦɵ ɞɨɫɬɭɩɧɵ 

ɬɨɩɨɥɨɝɢɢ ɬɪёɯɦɟɪɧɨɝɨ ɢ ɱɟɬɵɪёɯɦɟɪɧɨɝɨ ɬɨɪɚ, «ɩɥɨɫɤɨɣ ɛɚɛɨɱɤɢ» ɢ ɝɢɩɟɪɤɭɛɚ. 

 

Ɋɢɫ. 8.10. ɋɟɦɟɣɫɬɜɨ ɫɢɫɬɟɦ ɤɨɦɩɚɧɢɢ Ɍ-ɩɥɚɬɮɨɪɦɵ. 

ɇɚɪɹɞɭ ɫ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɧɵɦ ɫɟɦɟɣɫɬɜɨɦ A-CХКЬЬ, ɤɨɦɩɚɧɢɹ Ɍ-ɩɥɚɬɮɨɪɦɵ ɜɵɩɭɫ-
ɤɚɟɬ ɲɢɪɨɤɭɸ ɧɨɦɟɧɤɥɚɬɭɪɭ ɦɨɳɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɪɚɡɧɨɝɨ ɤɥɚɫɫɚ ɢ ɧɚɡɧɚɱɟɧɢɹ 
(ɪɢɫ. 8.10). 

Ɉɞɧɭ ɢɡ ɧɢɯ, ɤɥɚɫɬɟɪ "ɋɄɂɎ ɍɪɚɥ", ɤɨɦɩɚɧɢɹ Ɍ-ɉɥɚɬɮɨɪɦɵ ɩɨɫɬɚɜɢɥɚ ɜ ɘɠɧɨ-

ɍɪɚɥɶɫɤɢɣ Ƚɍ ɜ 2008 ɝɨɞɭ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɥɚɛɨɪɚɬɨɪɢɹ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɹ ɘɍɪȽɍ ɢɦɟɟɬ 3 ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɚ, ɤɨɬɨɪɵɟ ɜ ɪɚɡɧɵɟ ɝɨɞɵ ɜɯɨɞɢɥɢ ɢɥɢ ɜɯɨɞɹɬ 
ɜ TШp500 - ɷɬɨ ɤɥɚɫɬɟɪ "ɋɄɂɎ ɍɪɚɥ" (ɤɨɦɩɚɧɢɹ Ɍ-ɉɥɚɬɮɨɪɦɵ), ɫɭɩɟɪɤɨɦɩɶɸɬɟɪ "Ɍɨɪɧɚɞɨ 
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ɘɍɪȽɍ" (ɝɪɭɩɩɚ ɤɨɦɩɚɧɢɣ ɊɋɄ), ɫɭɩɟɪɤɨɦɩɶɸɬɟɪ "ɋɄɂɎ-Ⱥɜɪɨɪɚ ɘɍɪȽɍ" (ɤɨɦɩɚɧɢɹ 
ɊɋɄ ɋɄɂɎ). 

8.4.4 Ʉɨɦɦɭɬɢɪɭɸɳɢɟ ɫɪɟɞɵ ɩɚɪɚɥɥɟɥɶɧɵɯ ɫɢɫɬɟɦ IЧПТЧТЛКЧН  
Ⱦɨɫɬɨɢɧɫɬɜɚ IЧПТЧТЛКЧН: 

 ɫɬɚɧɞɚɪɬ Infiniband Trade Assotiation (IBTA);  ɧɟɫɤɨɥɶɤɨ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ;  ɧɟɛɨɥɶɲɨɟ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ;  ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 2, 10, 30 Ƚɛɢɬ/ɫ;  ɩɨɞɞɟɪɠɤɚ ɩɪɢɨɪɢɬɟɡɚɰɢɢ Quality of Service;  ɧɚɥɢɱɢɟ ɫɞɜɨɟɧɧɵɯ ɚɞɚɩɬɟɪɨɜ 102  Ƚɛɢɬ/ɫ. 

ɇɟɞɨɫɬɚɬɤɢ IЧПТЧТЛКЧН: 

 ɫɥɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɢ ɥɨɝɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ;  ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɲɥɸɡɚ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɦɚ-
ɝɢɫɬɪɚɥɶɧɨɣ ɫɟɬɢ ɢɥɢ ɝɥɨɛɚɥɶɧɨɣ ɫɟɬɢ;  ɫɥɨɠɧɚɹ ɢ ɞɨɪɨɝɨɫɬɨɹɳɚɹ ɤɚɛɟɥɶɧɚɹ ɩɪɨɜɨɞɤɚ;  ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɞɚɥɶɧɨɫɬɶ ɩɟɪɟɞɚɱɢ (17 ɦ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨ-
ɜɨɞɧɵɯ ɤɚɛɟɥɟɣ); 

9 Ʉɥɚɫɬɟɪɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ 

9.1 ɉɨɧɹɬɢɟ ɤɥɚɫɬɟɪɚ ɤɚɤ ɝɪɭɩɩɵ ɤɨɦɩɶɸɬɟɪɨɜ 

Ʉɥɚɫɬɟɪ - ɷɬɨ ɫɥɚɛɨ ɫɜɹɡɚɧɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɤɨɦɩɶɸɬɟɪɨɜ ɢɥɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢ-
ɫɬɟɦ, ɨɛɴɟɞɢɧёɧɧɚɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦɢ ɤɚɧɚɥɚɦɢ ɫɜɹɡɢ, ɪɚɛɨɬɚɸɳɚɹ ɫɨɜɦɟɫɬɧɨ ɧɚɞ ɜɵ-
ɩɨɥɧɟɧɢɟɦ ɨɛɳɢɯ ɩɪɢɥɨɠɟɧɢɣ ɢ ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɟɞɢɧɵɣ ɚɩ-
ɩɚɪɚɬɧɵɣ ɪɟɫɭɪɫ. 

Ɉɞɢɧ ɢɡ ɩɟɪɜɵɯ ɚɪɯɢɬɟɤɬɨɪɨɜ ɤɥɚɫɬɟɪɧɨɣ ɬɟɯɧɨɥɨɝɢɢ Ƚɪɟɝɨɪɢ ɉɮɢɫɬɟɪ ɞɚɥ ɤɥɚɫɬɟɪɭ 
ɬɚɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ: «Ʉɥɚɫɬɟɪ — ɷɬɨ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɩɚɪɚɥɥɟɥɶɧɨɣ ɢɥɢ ɪɚɫɩɪɟɞɟɥёɧɧɨɣ ɫɢ-
ɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɤɨɦɩɶɸɬɟɪɨɜ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɤɚɤ ɟɞɢɧɵɣ, ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɣ ɤɨɦɩɶɸɬɟɪɧɵɣ ɪɟɫɭɪɫ». 

Ɉɛɵɱɧɨ ɜ ɤɥɚɫɬɟɪɧɵɯ ɫɢɫɬɟɦɚɯ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɟɞɢɧɚɹ ɨɩɟɪɚɰɢɨɧɧɚɹ ɫɪɟɞɚ ɞɥɹ 
ɪɚɛɨɬɵ ɨɛɳɟɝɨ ɧɚɛɨɪɚ ɩɪɢɥɨɠɟɧɢɣ ɧɚ ɜɫɟɯ ɭɡɥɚɯ ɤɥɚɫɬɟɪɚ. Ɍɨ ɟɫɬɶ, ɤɚɠɞɵɣ ɤɨɦɩɶɸɬɟɪ ɤɥɚ-
ɫɬɟɪɚ - ɷɬɨ ɚɜɬɨɧɨɦɧɚɹ ɫɢɫɬɟɦɚ ɫ ɨɬɞɟɥɶɧɵɦ ɷɤɡɟɦɩɥɹɪɨɦ Ɉɋ ɢ ɫɜɨɢɦɢ, ɩɪɢɧɚɞɥɟɠɚɳɢɦɢ 
ɬɨɥɶɤɨ ɟɣ ɫɢɫɬɟɦɧɵɦɢ ɪɟɫɭɪɫɚɦɢ: ɧɚɛɨɪɨɦ ɡɚɜɟɞɟɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɫɢɫɬɟɦɧɵɦɢ ɛɭɮɟ-
ɪɚɦɢ, ɨɛɥɚɫɬɶɸ ɫɜɨɩɢɧɝɚ ɢ ɬ.ɩ. (ɪɢɫ. 9.1) [1], [10], [15]. 

ɉɪɢɥɨɠɟɧɢɟ, ɡɚɩɭɳɟɧɧɨɟ ɧɚ ɧɟɦ, ɦɨɠɟɬ ɜɢɞɟɬɶ ɬɨɥɶɤɨ ɨɛɳɢɟ ɞɢɫɤɢ ɢɥɢ ɨɬɞɟɥɶɧɵɟ 
ɭɱɚɫɬɤɢ ɩɚɦɹɬɢ. ɇɚ ɭɡɥɚɯ ɤɥɚɫɬɟɪɚ ɪɚɛɨɬɚɸɬ ɫɩɟɰɢɚɥɶɧɨ ɧɚɩɢɫɚɧɧɵɟ ɞɥɹ ɬɚɤɨɣ ɤɨɧɮɢɝɭɪɚ-
ɰɢɢ ɩɪɢɥɨɠɟɧɢɹ, ɩɚɪɚɥɥɟɥɶɧɨ ɨɛɪɚɛɚɬɵɜɚɸɳɢɟ ɨɛɳɢɣ ɧɚɛɨɪ ɞɚɧɧɵɯ. ɇɚ ɤɚɠɞɨɣ ɢɡ ɦɚɲɢɧ 
ɨɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɹɞɨɦ ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɝɪɚɦɦ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɩɨɦɨɳɶɸ ɤɥɚɫɬɟɪ-
ɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɥɚɫɬɟɪɧɨɟ ɉɈ — ɷɬɨ ɥɢɲɶ ɫɪɟɞɫɬɜɨ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɭɡɥɨɜ ɢ 
ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɞɨɫɬɭɩɚ ɤ ɨɛɳɢɦ ɞɚɧɧɵɦ. Ʉɥɚɫɬɟɪ ɤɚɤ ɩɚɪɚɥɥɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɮɨɪɦɢɪɭɟɬɫɹ 
ɧɚ ɩɪɢɤɥɚɞɧɨɦ ɭɪɨɜɧɟ, ɚ ɧɟ ɧɚ ɭɪɨɜɧɟ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 
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Ɋɢɫ. 9.1. Ȼɚɡɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɤɥɚɫɬɟɪɚ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢ ɫɨɡɞɚɧɢɢ ɤɥɚɫɬɟɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɚ ɩɨɞɯɨɞɚ: 

 ɉɟɪɜɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɟɛɨɥɶɲɢɯ ɤɥɚɫɬɟɪɧɵɯ ɫɢɫɬɟɦ. ȼ ɤɥɚɫɬɟɪ 
ɨɛɴɟɞɢɧɹɸɬɫɹ ɩɨɥɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɤɨɦɩɶɸɬɟɪɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɨɞɨɥ-
ɠɢɬɶ ɪɚɛɨɬɭ ɢ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ ɟɞɢɧɢɰɵ. ɇɚɩɪɢɦɟɪ, ɤɨɦɩɶɸɬɟɪɵ ɭɱɟɛ-
ɧɨɝɨ ɤɥɚɫɫɚ ɢɥɢ ɪɚɛɨɱɢɟ ɫɬɚɧɰɢɢ ɥɚɛɨɪɚɬɨɪɢɢ.  ȼɬɨɪɨɣ ɩɨɞɯɨɞ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɦ ɫɨɡɞɚɧɢɢ ɦɨɳɧɨɝɨ ɜɵɱɢɫ-
ɥɢɬɟɥɶɧɨɝɨ ɪɟɫɭɪɫɚ. Ɍɨɝɞɚ ɫɢɫɬɟɦɧɵɟ ɛɥɨɤɢ ɤɨɦɩɶɸɬɟɪɨɜ ɤɨɦɩɚɤɬɧɨ ɪɚɡɦɟ-
ɳɚɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɫɬɨɣɤɚɯ, ɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɨɣ ɜɵɞɟɥɹɸɬ ɨɞɢɧ 
ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɩɨɥɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ, ɧɚɡɵɜɚɟɦɵɯ ɯɨɫɬ-ɤɨɦ-
ɩɶɸɬɟɪɚɦɢ. 

ɉɪɢ ɜɬɨɪɨɦ ɩɨɞɯɨɞɟ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɧɚɛɠɚɬɶ ɤɨɦɩɶɸɬɟɪɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡ-
ɥɨɜ ɝɪɚɮɢɱɟɫɤɢɦɢ ɤɚɪɬɚɦɢ, ɦɨɧɢɬɨɪɚɦɢ, ɞɢɫɤɨɜɵɦɢ ɧɚɤɨɩɢɬɟɥɹɦɢ ɢ ɞɪɭɝɢɦ ɩɟɪɢɮɟɪɢɣ-
ɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɞɟɲɟɜɥɹɟɬ ɫɬɨɢɦɨɫɬɶ ɫɢɫɬɟɦɵ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɥɚɫɬɟɪɵ ɢɦɟɸɬ ɞɜɟ ɨɫɧɨɜɧɵɟ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ: ɩɚɪɚɥɥɟɥɶ-
ɧɵɟ ɫɟɪɜɟɪɵ ɛɚɡ ɞɚɧɧɵɯ ɢ ɜɵɫɨɤɨɧɚɞɟɠɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ. Ɋɵɧɨɤ ɩɚɪɚɥɥɟɥɶ-
ɧɵɯ ɋɍȻȾ ɮɚɤɬɢɱɟɫɤɢ ɢ ɹɜɥɹɟɬɫɹ ɪɵɧɤɨɦ ɤɥɚɫɬɟɪɨɜ ɩɪɢɥɨɠɟɧɢɣ (ɪɢɫ. 9.2). 

 

Ɋɢɫ. 9.2. Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɤɥɚɫɬɟɪɨɜ. 
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9.2 Ʉɥɚɫɬɟɪɵ ɜɵɫɨɤɨɣ ɞɨɫɬɭɩɧɨɫɬɢ 

ȼɵɫɨɤɨɧɚɞɟɠɧɵɟ ɤɨɦɩɥɟɤɫɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɪɭɩɩɭ ɭɡɥɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɜɵɩɨɥ-
ɧɹɟɬɫɹ ɪɹɞ ɜɚɠɧɵɯ ɩɪɢɥɨɠɟɧɢɣ, ɬɪɟɛɭɸɳɢɯ ɩɨɫɬɨɹɧɧɨɣ, ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ. ȼ ɬɚɤɢɯ ɫɢ-
ɫɬɟɦɚɯ ɧɚ ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ ɞɨɥɠɟɧ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɦɟɯɚɧɢɡɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ. 

Ɉɬɤɚɡɨɭɫɬɨɣɱɢɜɵɟ ɤɥɚɫɬɟɪɵ ɢɥɢ ɤɥɚɫɬɟɪɵ ɜɵɫɨɤɨɣ ɞɨɫɬɭɩɧɨɫɬɢ (High 

Availability, HA) ɫɨɡɞɚɸɬɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɞɨɫɬɭɩɧɨɫɬɢ ɫɟɪɜɢɫɚ, ɩɪɟɞɨɫɬɚɜɥɹɟ-
ɦɨɝɨ ɷɬɢɦ ɤɥɚɫɬɟɪɨɦ. ɂɡɛɵɬɨɱɧɨɟ ɱɢɫɥɨ ɭɡɥɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɤɥɚɫɬɟɪ, ɝɚɪɚɧɬɢɪɭɟɬ ɩɪɟɞɨ-
ɫɬɚɜɥɟɧɢɟ ɫɟɪɜɢɫɚ ɜ ɫɥɭɱɚɟ ɨɬɤɚɡɚ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɫɟɪɜɟɪɨɜ. Ɍɢɩɢɱɧɨɟ ɱɢɫɥɨ ɭɡɥɨɜ 
— ɞɜɚ, ɷɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɩɨɜɵɲɟɧɢɸ ɞɨɫɬɭɩɧɨɫɬɢ. ɋɨɡɞɚɧɨ ɦɧɨ-
ɠɟɫɬɜɨ ɩɪɨɝɪɚɦɦɧɵɯ ɪɟɲɟɧɢɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɚɤɨɝɨ ɪɨɞɚ ɤɥɚɫɬɟɪɨɜ, ɤɨɬɨɪɵɟ ɫɬɪɨɹɬɫɹ ɩɨ 
ɬɪɟɦ ɨɫɧɨɜɧɵɦ ɩɪɢɧɰɢɩɚɦ: 

 C ɯɨɥɨɞɧɵɦ ɪɟɡɟɪɜɨɦ ɢɥɢ ɚɤɬɢɜɧɵɣ/ɩɚɫɫɢɜɧɵɣ. ɉɪɢ ɷɬɨɦ ɬɨɥɶɤɨ ɚɤɬɢɜɧɵɣ 
ɭɡɟɥ ɜɵɩɨɥɧɹɟɬ ɡɚɩɪɨɫɵ, ɚ ɩɚɫɫɢɜɧɵɣ ɠɞɟɬ ɟɝɨ ɨɬɤɚɡɚ ɢ ɜɤɥɸɱɚɟɬɫɹ ɜ ɪɚɛɨɬɭ, 
ɤɨɝɞɚ ɷɬɨ ɩɪɨɢɡɨɣɞɟɬ. ɉɪɢɦɟɪ — ɪɟɡɟɪɜɧɵɟ ɫɟɬɟɜɵɟ ɫɨɟɞɢɧɟɧɢɹ.  ɋ ɝɨɪɹɱɢɦ ɪɟɡɟɪɜɨɦ ɢɥɢ ɚɤɬɢɜɧɵɣ/ɚɤɬɢɜɧɵɣ. ȼɫɟ ɭɡɥɵ ɜɵɩɨɥɧɹɸɬ ɡɚɩɪɨɫɵ, 
ɚ ɜ ɫɥɭɱɚɟ ɨɬɤɚɡɚ ɨɞɧɨɝɨ ɧɚɝɪɭɡɤɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɨɫɬɚɜɲɢɦɢɫɹ.  ɋ ɦɨɞɭɥɶɧɨɣ ɢɡɛɵɬɨɱɧɨɫɬɶɸ. ɉɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɪɨɫɬɨɣ 
ɫɢɫɬɟɦɵ ɫɨɜɟɪɲɟɧɧɨ ɧɟɞɨɩɭɫɬɢɦ. ȼɫɟ ɭɡɥɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɸɬ ɨɞɢɧ ɢ 
ɬɨɬ ɠɟ ɡɚɩɪɨɫ, ɧɨ ɬɚɤ, ɱɬɨ ɪɟɡɭɥɶɬɚɬ ɞɨɫɬɢɠɢɦ ɢ ɩɪɢ ɨɬɤɚɡɟ ɥɸɛɨɝɨ ɭɡɥɚ. ɂɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɛɟɪɟɬɫɹ ɥɸɛɨɣ, ɧɨ ɝɚɪɚɧɬɢɪɭɟɬɫɹ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɧɵɯ ɭɡɥɨɜ 
ɜɫɟɝɞɚ ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵ, ɥɢɛɨ ɪɚɡɥɢɱɢɹ ɧɟ ɜɥɢɹɸɬ ɧɚ ɞɚɥɶɧɟɣɲɭɸ ɪɚɛɨɬɭ. 
ɉɪɢɦɟɪ — RAID (redundant array of independent disks — ɢɡɛɵɬɨɱɧɵɣ ɦɚɫɫɢɜ 
ɧɟɡɚɜɢɫɢɦɵɯ ɞɢɫɤɨɜ) ɬɟɯɧɨɥɨɝɢɹ ɜɢɪɬɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ, ɤɨɬɨɪɚɹ ɨɛɴɟɞɢɧɹɟɬ 
ɧɟɫɤɨɥɶɤɨ ɞɢɫɤɨɜ ɜ ɥɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ ɞɥɹ ɢɡɛɵɬɨɱɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɹ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

Ʉɨɧɤɪɟɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɦɨɠɟɬ ɫɨɱɟɬɚɬɶ ɞɚɧɧɵɟ ɩɪɢɧɰɢɩɵ ɜ ɥɸɛɨɣ ɤɨɦɛɢɧɚɰɢɢ. 
ɇɚɩɪɢɦɟɪ, ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɫɬɟɣɲɟɝɨ ɞɜɭɯɭɡɥɨɜɨɝɨ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɝɨ ɤɥɚɫɬɟɪɚ ɧɚ ɛɚɡɟ 
Windows ServОЫ 2012 ɧɟɨɛɯɨɞɢɦɵ ɞɜɚ ɤɨɦɩɶɸɬɟɪɚ, ɪɚɛɨɬɚɸɳɢɟ ɫ ɜɟɪɫɢɹɦɢ SОЫЯОЫ 2012 
DКЭКМОЧЭОЫ ɢɥɢ SЭКЧНКЫН. ɗɬɨ ɦɨɝɭɬ ɛɵɬɶ ɮɢɡɢɱɟɫɤɢɟ ɤɨɦɩɶɸɬɟɪɵ ɢɥɢ ɜɢɪɬɭɚɥɶɧɵɟ ɦɚ-
ɲɢɧɵ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɫɬɪɨɟɧɵ ɨɞɢɧɚɤɨɜɨ, ɱɬɨɛɵ ɪɟɡɟɪɜɧɵɣ ɭɡɟɥ ɦɨɝ ɜɵɩɨɥɧɹɬɶ 
ɪɚɛɨɱɢɟ ɧɚɝɪɭɡɤɢ ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɣɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɢɝɪɚɰɢɢ (ɪɢɫ. 
9.3). 

Ⱦɥɹ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɝɨ ɤɥɚɫɬɟɪɚ SОЫЯОЫ 2012 ɧɟɨɛɯɨɞɢɦɨ ɨɛɳɟɟ ɯɪɚɧɢɥɢɳɟ ɞɚɧɧɵɯ 
ɬɢɩɚ ТSCSI, SОЫТКХХв AЭЭКМСОН SCSI ɢɥɢ FТЛЫО CСКЧЧОХ SAN. Ʉɚɠɞɵɣ ɫɟɪɜɟɪ ɞɨɥɠɟɧ ɪɚɫɩɨɥɚ-
ɝɚɬɶ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɬɪɟɦɹ ɫɟɬɟɜɵɦɢ ɚɞɚɩɬɟɪɚɦɢ: ɨɞɧɢɦ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɯɪɚɧɢɥɢɳɚ 
ТSCSI, ɨɞɧɢɦ ɞɥɹ ɫɜɹɡɢ ɫ ɭɡɥɨɦ ɤɥɚɫɬɟɪɚ ɢ ɨɞɧɢɦ ɞɥɹ ɫɜɹɡɢ ɫ ɜɧɟɲɧɟɣ ɫɟɬɶɸ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɢɧɚɦɢɱɟɫɤɭɸ ɦɢɝɪɚɰɢɸ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɢ ɱɟɪɟɡ ɜɧɟɲɧɟɟ 
ɫɟɬɟɜɨɟ ɫɨɟɞɢɧɟɧɢɟ — ɨɧɚ ɩɪɨɫɬɨ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɦɟɞɥɟɧɧɟɟ. ɏɪɚɧɢɥɢɳɟ ɞɚɧɧɵɯ ТSCSI 
ɞɨɥɠɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɩɟɰɢɮɢɤɚɰɢɢ ТSCSI-3 ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɫɬɨɹɧɧɨɟ ɪɟɡɟɪɜɢɪɨɜɚ-
ɧɢɟ. ɗɬɨ ɨɛɹɡɚɬɟɥɶɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɢɝɪɚɰɢɢ. 
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