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Аɧɧɨɬɚɰɢɹ: Ɋɚɫɫɦɨɬɪɟɧɚ ɦɟɬɨɞɢɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɥɨɝɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɨɡɨɜɵɯ 
ɪɚɞɢɚɰɢɨɧɧɵɯ ɨɬɤɚɡɨɜ ɫɢɫɬɟɦ ɧɚ ɤɪɢɫɬɚɥɥɟ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɦɟɬɨɞɟ ɤɪɢɬɟɪɢɚɥɶɧɵɯ 
ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɋɎ-ɛɥɨɤɨɜ ɢ ɜɥɢɹɧɢɹ ɧɚ ɧɟɟ ɪɟɠɢɦɨɜ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ.ɂɫɫɥɟɞɨɜɚɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɢɤɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɞɨɡɨɜɵɯ ɪɚɞɢɚɰɢɨɧɧɵɯ ɨɬɤɚɡɨɜ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɋɎ-ɛɥɨɤɨɜ: ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, 
ɛɥɨɤɨɜ ɢ ɹɱɟɟɤ ɩɚɦɹɬɢ, ɩɪɨɰɟɫɫɨɪɨɜ. ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɬɟɪɢɚɥɶɧɵɯ 
ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɢ ɮɭɧɤɰɢɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɷɬɢɯ ɋɎ-ɛɥɨɤɨɜ ɩɨ ɪɚɡɥɢɱɧɵɦ 
ɤɪɢɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɢɯ ɨɬɤɚɡɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɞɨɡɨɜɵɯ ɨɬɤɚɡɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɟ ɪɟɠɢɦɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɨɛɥɭɱɟɧɢɹ ɧɚ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ.ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɰɟɧɤɢ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɋɧɄ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɰɟɥɶɸ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɛɟɫɩɟɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ 
ɚɩɩɚɪɚɬɭɪɵ.  
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɋɧɄ, ɞɨɡɨɜɵɟ ɪɚɞɢɚɰɢɨɧɧɵɟ ɨɬɤɚɡɵ, ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɥɨɝɢɱɟɫɤɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 
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Abstract. The technique of functional-logical simulation of System-on-Chip (SoC) total dose 

radiation failures is presented based on fuzzy logic sets theory. An analysis of the capabilities of 

this approach for IP-blocks radiation behavior is carried out along with the analysis of operating 

modes under irradiation influence on IP-blocks radiation behavior. The following elements of 

this technique application for simulation of dose radiation failures of various types of IP-units 

are studied: logical elements, memory units and cells, processors. Examples of criterial 

membership functions and operability functions construction are given for these IP-units and for 

various critical parameters characterizing their failures. It is shown that when modeling total 

dose failures it is necessary to take into account the influence of the functional mode on the 
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model parameters. The technique proposed allows improving the reliability of the SoC radiation 

hardness estimation, also for the purpose of solving the problems of information security of 

electronic devices. 
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ɉɨɜɵɲɟɧɢɟ ɫɥɨɠɧɨɫɬɢ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɧɚɫɵɳɟɧɧɨɫɬɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɫɢɫɬɟɦ 
ɢ ɤɨɦɩɥɟɤɫɨɜ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɜɧɟɞɪɟɧɢɹ ɫɨɜɪɟɦɟɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨ-ɤɨɦɩɨɧɟɧɬɧɨɣ ɛɚɡɵ 
(ɗɄȻ), ɬɚɤɨɣ ɤɚɤ «ɫɢɫɬɟɦɵ ɧɚ ɤɪɢɫɬɚɥɥɟ» (ɋɧɄ). ɂɯ ɩɪɢɦɟɧɟɧɢɟ ɪɚɞɢɤɚɥɶɧɨ ɭɥɭɱɲɚɟɬ 
ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ (ɊɗȺ). ɉɪɢɦɟɧɟɧɢɟ ɋɧɄ ɧɚ  
ɨɫɧɨɜɟ ɫɥɨɠɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ (ɋɎ-ɛɥɨɤɨɜ) ɞɚɟɬ ɪɚɡɪɚɛɨɬɱɢɤɭ ɊɗȺ ɲɢɪɨɤɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɝɢɛɤɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɫɢɫɬɟɦɧɵɦɢ ɪɟɫɭɪɫɚɦɢ, ɨɩɟɪɚɬɢɜɧɨɦɭ ɫɨɡɞɚɧɢɸ 
ɚɩɩɚɪɚɬɭɪɧɨ ɢ ɫɢɫɬɟɦɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɋɧɄ Д1]. 

ɋɨɜɪɟɦɟɧɧɵɟ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɤɨɦɩɥɟɤɫɵ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɯɧɢɤɢ ɜ 
ɫɨɫɬɚɜɟ ɛɨɪɬɨɜɵɯ ɚɬɨɦɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɹɞɟɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, 
ɚɜɢɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɞɨɥɠɧɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɩɨɞɜɟɪɝɚɹɫɶ ɪɚɡɥɢɱɧɵɦ ɜɢɞɚɦ ɪɚɞɢɚɰɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ 
ɨɛɟɫɩɟɱɟɧɢɸ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɬɚɤɢɯ ɫɢɫɬɟɦ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɹɬɶ ɢ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɬɨɣɤɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɨɣ ɗɄȻ, ɜ ɬɨɦ ɱɢɫɥɟ ɋɧɄ, ɤɚɤ ɧɚ ɷɬɚɩɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɚɤ ɢ ɧɚ ɫɬɚɞɢɢ ɜɵɛɨɪɚ ɗɄȻ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɊɗȺД2-4]. 

ȼɨɡɦɨɠɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɰɟɧɤɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢɫɜɟɪɯɛɨɥɶɲɢɯ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ (ɋȻɂɋ) ɤɥɚɫɫɚ ɋɧɄ ɨɝɪɚɧɢɱɟɧɵ, ɬ.ɤ., ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ,ɬɚɤɚɹ ɨɰɟɧɤɚ 
ɫɨɩɪɹɠɟɧɚ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɜɪɟɦɟɧɧɵɦɢ ɢ ɬɪɭɞɨɡɚɬɪɚɬɚɦɢɩɨ ɩɨɞɝɨɬɨɜɤɟ ɢ ɩɪɨɜɟɞɟɧɢɸ 
ɪɚɞɢɚɰɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɚ ɫ ɞɪɭɝɨɣ – ɧɟ ɜɫɟɝɞɚ ɞɚɟɬ ɞɨɫɬɨɜɟɪɧɵɣ ɪɟɡɭɥɶɬɚɬ ɜ ɫɢɥɭ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ɜ ɫɨɫɬɚɜɟ ɋɧɄ ɢ ɪɟɠɢɦɨɜ ɢɯ ɪɚɛɨɬɵ 
Д5]. Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬɧɵɣ ɩɨɞɯɨɞ ɤ ɨɰɟɧɤɟ ɫɬɨɣɤɨɫɬɢ. ȼ Д6,7]ɩɪɟɞɥɨɠɟɧ 
ɦɟɬɨɞ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɥɨɝɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɨɡɨɜɵɯ ɪɚɞɢɚɰɢɨɧɧɵɯ ɨɬɤɚɡɨɜ 
ɰɢɮɪɨɜɵɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɚɩɩɚɪɚɬɟ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ. 
Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɋɎ-

ɛɥɨɤɨɜ ɢ ɜɥɢɹɧɢɹ ɧɚ ɧɟɟ ɪɟɠɢɦɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. 
Ⱦɥɹ ɩɪɨɫɬɵɯ ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɞɢɚɰɢɨɧɧɵɣ ɨɬɤɚɡ ɤɨɬɨɪɵɯ ɩɪɨɹɜɥɹɟɬɫɹ ɤɚɤ 

ɞɟɝɪɚɞɚɰɢɹ ɜɵɯɨɞɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɥɨɝɢɱɟɫɤɢɯ "0" ɢ "1", ɩɨɪɨɝ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɹɦ ɷɬɢɯ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɭɪɨɜɧɹ ɜɨɡɞɟɣɫɬɜɢɹ (ɩɨɝɥɨɳɟɧɧɨɣ 
ɞɨɡɵ). ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɚ ɢɡɦɟɪɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Uɜɵɯ

1(D) ɄɆɈɉ ɢɧɜɟɪɬɨɪɚ 564Ʌɇ2. 
Ⱥɧɚɥɨɝɢɱɧɨ ɜɵɝɥɹɞɹɬ ɡɚɜɢɫɢɦɨɫɬɢ Uɜɵɯ

1(D) ɢ ɞɥɹ ɞɪɭɝɢɯ ɥɨɝɢɱɟɫɤɢɯ ɄɆɈɉ ɷɥɟɦɟɧɬɨɜ 
(ɂ-ɇȿ, ɂɅɂ-ɇȿ). ɂɯ ɪɟɡɤɢɣ ɯɚɪɚɤɬɟɪ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɪɨɝ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ Д8]. 

Ɍɚɤɨɣ ɠɟ ɩɨɞɯɨɞ ɧɟɪɟɞɤɨ ɩɪɢɦɟɧɢɦ ɢ ɞɥɹ ɋɎ-ɛɥɨɤɨɜ. ɇɚ ɪɢɫɭɧɤɟ 2 ɩɨɤɚɡɚɧɵ 
ɢɡɦɟɪɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɜɵɯɨɞɧɵɯ ɥɨɝɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ "0" ɢ "1" ɋɎ-ɛɥɨɤɚ 
ɩɨɫɬɨɹɧɧɨɝɨ ɡɚɩɨɦɢɧɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɬɢɪɚɧɢɟɦ (ɗɋɉɉɁɍ) ɨɬ 
ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵД9]. ɉɨɤɚɡɚɧɵ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɷɬɢɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɮɭɧɤɰɢɢ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, ɩɪɢɱɟɦ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɜɵɛɪɚɧɵ ɭɤɚɡɚɧɧɵɟ ɜ ɫɩɟɰɢɮɢɤɚɰɢɢ 
ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ (1,2 ȼ ɞɥɹ ɥɨɝɢɱɟɫɤɨɣ "1" ɢ 0,2 ȼ ɞɥɹ ɥɨɝɢɱɟɫɤɨɝɨ "0" ɩɪɢ 
Eɩɢɬ = 2,5 ȼ). 
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Ɋɢɫɭɧɨɤ 1– Дɨɡɨɜɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ 

ɄɆɈɉ ɢɧɜɟɪɬɨɪɚ 564Ʌɇ2 

(Fig. 1– Dose-dependent output voltage high-level CMOS inverter 564Ʌɇ2) 

 

Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɢɡɜɨɞɢɥɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɗɋɉɉɁɍ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɤɨɬɨɪɨɝɨ ɪɚɫɫɱɢɬɚɧɚ ɮɭɧɤɰɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ  (ɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɧɟɢɫɩɪɚɜɧɵɯ ɹɱɟɟɤ 
ɩɚɦɹɬɢ ɤ ɢɯ ɨɛɳɟɦɭ ɱɢɫɥɭ), ɬɚɤɠɟ ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2. ȼɢɞɧɨ, ɱɬɨ ɨ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɗɋɉɉɁɍ ɦɨɠɧɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɫɭɞɢɬɶ ɩɨ ɢɡɦɟɧɟɧɢɸ ɭɪɨɜɧɹ 
ɥɨɝɢɱɟɫɤɨɝɨ "0". 

 

 
Ɋɢɫɭɧɨɤ 2 – Ɂɚɜɢɫɢɦɨɫɬɢ  ɧɚɩɪɹɠɟɧɢɣ ɜɵɯɨɞɧɵɯ ɥɨɝɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ "0" ɢ "1" ɋɎ-ɛɥɨɤɚ 

ЭɋɉɉɁɍ ɨɬ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ ɢ ɤɪɢɬɟɪɢɚɥɶɧɵɟ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 

(Fig. 2 – Dependence of the stress output logical levels "0" and "1" SF-block from the 

absorbed dose and criteria-based membership function) 

 

ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɜɚɠɧɵɦ ɤɪɢɬɟɪɢɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɦɨɠɟɬ 
ɫɥɭɠɢɬɶ ɬɨɤ ɩɨɬɪɟɛɥɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɚ ɞɨɡɨɜɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɨɤɚ ɩɨɬɪɟɛɥɟɧɢɹ ɋɎ-ɛɥɨɤɚ ɩɪɨɰɟɫɫɨɪɚ ɜɦɟɫɬɟ ɫ ɦɨɦɟɧɬɨɦ ɧɚɫɬɭɩɥɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ 
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ɨɬɤɚɡɚ ɩɪɨɰɟɫɫɨɪɚ, ɤɨɬɨɪɵɣ, ɤɚɤ ɜɢɞɧɨ, ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɟɬ ɫ ɦɨɦɟɧɬɨɦ ɪɟɡɤɨɝɨ 
ɜɨɡɪɚɫɬɚɧɢɹ ɬɨɤɚД10,11]. 

 

 
Ɋɢɫɭɧɨɤ 3 – Дɨɡɨɜɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɚɬɢɱɟɫɤɨɝɨ ɬɨɤɚ ɩɨɬɪɟɛɥɟɧɢɹ 

ɢ ɦɨɦɟɧɬ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɨɬɤɚɡɚ ɋɎ-ɛɥɨɤɚ ɩɪɨɰɟɫɫɨɪɚ 

(Fig. 3 - Dose dependence of the static current consumption and the time of functional failure of 

the SF-block of the processor) 

 

Ⱥɧɚɥɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɞɨɡɨɜɵɯ ɨɬɤɚɡɨɜ ɦɢɤɪɨɫɯɟɦ ɢ ɋɎ-ɛɥɨɤɨɜ 
ɈɁɍ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɨɧɢ ɩɪɨɹɜɥɹɸɬɫɹ ɤɚɤ "ɡɚɥɢɩɚɧɢɟ" ɹɱɟɟɤ ɩɚɦɹɬɢ ɜ ɨɞɧɨ ɢɡ 
ɥɨɝɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ, ɩɪɢɱɟɦ ɪɚɡɧɵɟ ɹɱɟɣɤɢ ɨɬɤɚɡɵɜɚɸɬ ɩɪɢ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɧɵɯ 
ɭɪɨɜɧɹɯ ɜɨɡɞɟɣɫɬɜɢɹ Д12]. ɇɚ ɪɢɫɭɧɤɟ 4ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɱɢɫɥɚ ɨɬɤɚɡɚɜɲɢɯ ɹɱɟɟɤ ɨɬ 
ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɪɟɠɢɦɟ "ɯɪɚɧɟɧɢɟ 1" (ɨɬɞɟɥɶɧɨ ɥɨɠɧɵɟ "0" ɢ "1") ɋɎ-ɛɥɨɤɚ 

ɨɩɟɪɚɬɢɜɧɨɝɨ ɡɚɩɨɦɢɧɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɈɁɍ) ɨɪɝɚɧɢɡɚɰɢɟɣ 4Ʉ ɯ 1. Ⱦɥɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɥɨɝɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɚɤɢɯ ɨɬɤɚɡɨɜ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɧɟɱɟɬɤɨɣ ɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

 
Ɋɢɫɭɧɨɤ 4– Ɂɚɜɢɫɢɦɨɫɬɢ ɱɢɫɥɚ ɨɬɤɚɡɚɜɲɢɯ ɹɱɟɟɤ ɩɚɦɹɬɢ ɋɎ-ɛɥɨɤɚ ɈɁɍ 

ɨɬ ɜɪɟɦɟɧɢ ɨɛɥɭɱɟɧɢɹ 

(Fig. 4– Dependence of the number of failed memory cells of SF-block RAM from the time of 

exposure) 
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Ɋɢɫɭɧɨɤ 5 – ɇɟɱɟɬɤɚɹ ɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɬɤɚɡɨɜ ɹɱɟɟɤ ɩɚɦɹɬɢ 

(Fig. 5 – the Fuzzy logical model of failure memory cells) 

 

Ɂɞɟɫɶ ɹɱɟɣɤɚ ɩɚɦɹɬɢ ɈɁɍ ɢɡɨɛɪɚɠɟɧɚ ɜ ɜɢɞɟ ɬɪɢɝɝɟɪɚ, ɚ ɪɚɞɢɚɰɢɨɧɧɵɣ ɨɬɤɚɡ 
ɦɨɞɟɥɢɪɭɟɬɫɹ ɜɜɟɞɟɧɢɟɦ ɞɜɭɯ ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ – µ1 ɢ µ2.  Ɏɭɧɤɰɢɹ µ1 ɨɬɪɚɠɚɟɬ 
ɫɬɟɩɟɧɶ ɜɵɯɨɞɚ ɈɁɍ ɢɡ ɫɬɪɨɹ ɢ ɹɜɥɹɟɬɫɹ, ɩɨ ɫɭɬɢ, ɮɭɧɤɰɢɟɣ ɟɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 
Ɏɭɧɤɰɢɹ µ2 ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɢɩ ɨɬɤɚɡɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɢɯ ɮɭɧɤɰɢɣ ɦɨɠɧɨ 
ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɹɦɢ: �ଵሺ�ሻ = �откబ ሺ�ሻ+�откభ ሺ�ሻ�      (1), 

�ଶሺ�ሻ = �откభ ሺ�ሻ�откబ ሺ�ሻ+�откభ ሺ�ሻ =  �откభ ሺ�ሻ�భሺ�ሻ∙�     (2), 

ɝɞɟ Nɨɬɤ
0(D) ɢ Nɨɬɤ

1(D) – ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɭɪɨɜɧɹ ɜɨɡɞɟɣɫɬɜɢɹ ɱɢɫɥɚ ɨɬɤɚɡɨɜ ɬɢɩɚ "ɥɨɠɧɵɣ 
0" ɢ "ɥɨɠɧɚɹ 1" ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, N – ɱɢɫɥɨ ɹɱɟɟɤ ɩɚɦɹɬɢ. ɇɚ ɪɢɫɭɧɤɟ 6 ɩɨɤɚɡɚɧɵ 
ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɷɬɢɦ ɫɨɨɬɧɨɲɟɧɢɹɦ ɞɥɹ ɡɚɜɢɫɢɦɨɫɬɢ ɪɢɫɭɧɤɚ 4 ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ. 

 

 
Ɋɢɫɭɧɨɤ 6– Ɏɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɧɟɱɟɬɤɨɣ ɦɨɞɟɥɢ ɨɬɤɚɡɚ ɹɱɟɟɤ ɩɚɦɹɬɢ 

ɋɎ-ɛɥɨɤɚ ɈɁɍ 

(Fig. 6– Membership functions of a fuzzy model of failure memory cells SF-block RAM) 
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɞɨɛɧɵɟ ɢɡɨɛɪɚɠɟɧɧɵɦ ɧɚ ɪɢɫɭɧɤɟ 6, ɧɨ ɩɨɥɭɱɟɧɧɵɟ 
ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɜ ɪɟɠɢɦɟ "ɯɪɚɧɟɧɢɟ 0", ɛɵɥɢ ɛɵ ɫɨɜɟɪɲɟɧɧɨ ɞɪɭɝɢɦɢ – ɢɦɟɥɨ ɛɵ ɦɟɫɬɨ 
"ɡɚɥɢɩɚɧɢɟ" ɹɱɟɟɤ ɜ "0". ɗɬɨ ɨɬɪɚɡɢɥɨɫɶ ɛɵ ɧɚ ɮɭɧɤɰɢɢ ɬɢɩɚ ɨɬɤɚɡɚ µ2. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
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ɩɪɨɰɟɫɫɟ ɨɛɥɭɱɟɧɢɹ ɧɚ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ. 
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