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Ⱥɧɧɨɬɚɰɢɹ 
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɚɝɪɟɝɚɬɢɜɧɵɯ ɦɨɞɟɥɟɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɫɪɟɞɟ ɜɭɡɚ, ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɣ ɧɚ ɨɫɧɨɜɟ 
ɫɢɫɬɟɦ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ. ɉɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɝɪɟɝɚɬɢɜɧɚɹ ɦɨɞɟɥɶ; ɫɟɬɶ ɦɚɫɫɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ; ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɩɪɨɰɟɫɫɵ. 
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Abstract  
The article discusses the application of aggregate models for modelling the information processes 

in the information and educational environment of the university, designed on the basis of 

systems with distributed data processing. The authors provide the results of the experiment. 
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Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɥɸɛɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɫɪɟɞɵ (ɂɈɋ) ɜɭɡɚ, 
ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɧɚ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɣ 
ɩɥɚɬɮɨɪɦɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ (ɋɊɈȾ) 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɩɨɥɶɡɨɜɚɬɟɥɟɣ (ɨɛɭɱɚɟɦɵɯ, 
ɩɟɞɚɝɨɝɨɜ, ɞɪɭɝɢɯ ɫɨɬɪɭɞɧɢɤɨɜ) ɫ ɫɢɫɬɟɦɨɣ Д1,2Ж. 
ɋ ɮɨɪɦɚɥɶɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɥɸɛɨɟ ɬɚɤɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɨɠɧɨ ɨɬɨɛɪɚɡɢɬɶ ɜ ɜɢɞɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɷɬɚɩɨɜ ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ 
ɢɧɮɨɪɦɚɰɢɢ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɞɧɨɪɨɞɧɵɯ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɂɉ) ɜ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɨɞɫɢɫɬɟɦɟ ɂɈɋ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɚɝɪɟɝɚɬɢɜɧɨɦ ɨɩɢɫɚɧɢɢ 

ɫɢɫɬɟɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɯ 
ɫɬɪɭɤɬɭɪɵ. 

ɋɭɳɟɫɬɜɨ ɩɨɞɯɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɞɟɥɟɧɢɢ 
ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɧɟɤɨɬɨɪɨɣ 
ɩɨɞɫɢɫɬɟɦɵ (ɚɝɪɟɝɚɬɚ) ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɟɟ 
ɞɟɬɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ; ɩɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɟɬɫɹ 
ɜɥɢɹɧɢɟ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɨɛɨɛɳɟɧɧɨɣ ɫɟɬɢ 
ɦɚɫɫɨɜɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ (ɋɆɈ) ɫ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɡɚɜɢɫɹɳɟɣ ɨɬ 
ɱɢɫɥɚ ɡɚɹɜɨɤ ɜ ɧɟɣ. 

ɉɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɷɬɚ ɋɆɈ ɜɟɞɟɬ ɫɟɛɹ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɨɫɬɚɜɲɟɣɫɹ ɩɨɞɫɢɫɬɟɦɟ ɚɧɚɥɨɝɢɱɧɨ 
ɬɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɭɸ ɨɧɚ ɡɚɦɟɧɹɟɬ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɋɊɈȾ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɛɢɬɚ ɧɚ ɧɟɫɤɨɥɶɤɨ 
ɩɨɞɫɟɬɟɣ, ɤɨɬɨɪɵɟ ɢɫɫɥɟɞɭɸɬɫɹ ɨɬɞɟɥɶɧɨ. ɉɪɢ 
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ɷɬɨɦ ɨɛɴɟɞɢɧɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɋɆɈ ɜ ɩɨɞɫɟɬɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ: 

– ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬɨɜ ɜɧɭɬɪɢ ɩɨɞɫɟɬɢ
(ɜɧɭɬɪɟɧɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ) ɦɨɝɥɢ ɛɵɬɶ 
ɢɫɫɥɟɞɨɜɚɧɵ ɛɟɡ ɭɱɟɬɚ; 

– ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɩɨɞɫɟɬɹɦɢ; 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɩɨɞɫɟɬɹɦɢ (ɜɧɟɲɧɢɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ) ɦɨɠɧɨ ɛɵɥɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 
ɛɟɡ ɭɱɟɬɚ ɜɧɭɬɪɟɧɧɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. 

ɍɤɚɡɚɧɧɵɟ ɭɫɥɨɜɢɹ ɛɭɞɭɬ ɜɵɩɨɥɧɹɬɶɫɹ, ɟɫɥɢ 
ɱɚɫɬɨɬɚ ɜɧɭɬɪɟɧɧɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɧɨɝɨ 
ɛɨɥɶɲɟ ɱɚɫɬɨɬɵ ɜɧɟɲɧɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɝɨɜɨɪɹɬ ɨ ɩɨɱɬɢ ɪɚɡɥɨɠɢɦɨɣ ɫɢɫɬɟɦɟ. 

Ⱥɝɪɟɝɚɬɢɜɧɵɟ ɦɨɞɟɥɢ ɞɚɸɬ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ 
ɞɥɹ ɫɟɬɟɣ, ɞɨɩɭɫɤɚɸɳɢɯ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ 
ɩɪɨɢɡɜɟɞɟɧɢɹ. Ɍɚɤ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɬɨɱɧɨɟ 
ɪɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɞɥɹ ɫɟɬɟɣ ɆɈ, 
ɨɩɢɫɵɜɚɟɦɵɯ ɦɨɞɟɥɶɸ Ƚɨɪɞɨɧɚ – ɇɶɸɷɥɥɚ Д3Ж. 
Ⱥɝɪɟɝɚɬɢɜɧɵɣ ɩɨɞɯɨɞ ɱɚɫɬɨ ɫɜɹɡɵɜɚɸɬ ɫ 
ɡɚɦɤɧɭɬɵɦɢ ɫɟɬɹɦɢ, ɨɞɧɚɤɨ ɨɧ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɢ ɜ ɨɬɧɨɲɟɧɢɢ ɨɬɤɪɵɬɵɯ ɫɟɬɟɣ ɆɈ. 

Ɋɚɫɫɦɨɬɪɢɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɜɵɱɢɫɥɢ-

ɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȼɄ) ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 
ɦɚɫɲɬɚɛɚ ɜɪɟɦɟɧɢ, ɨɝɪɚɧɢɱɢɜɚɹɫɶ ɚɧɚɥɢɡɨɦ ɂɉ 
ɧɚ ɭɪɨɜɧɟ ȼɄ. ɉɭɫɬɶ ɧɚ ȼɄ ɩɨɫɬɭɩɚɟɬ 
ɩɭɚɫɫɨɧɨɜɫɤɢɣ ɩɨɬɨɤ ɡɚɹɜɨɤ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ Ȝ, ɚ 
ɪɟɚɥɢɡɭɟɦɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɪɚɛɨɬɵ (ɂȼɊ) ɫɜɹɡɚɧɵ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɞɨɫɬɚɬɨɱɧɨ 

ɞɥɢɧɧɨɣ ɰɟɩɨɱɤɢ ɩɟɪɟɯɨɞɨɜ: ɩɪɨɰɟɫɫɨɪ–ɜɧɟɲɧɟɟ 
ɭɫɬɪɨɣɫɬɜɨ- ɩɪɨɰɟɫɫɨɪ…. ȼɪɟɦɹ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɨɞɧɨɝɨ ɡɚɩɪɨɫɚ ɧɚ ɭɫɬɪɨɣɫɬɜɨ Jjj ,1, 
ɪɚɫɩɪɟɞɟɥɟɧɨ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɫɨ 
ɫɪɟɞɧɢɦ 1/ȝj. Ɂɞɟɫɶ ɢɧɞɟɤɫ «1» ɨɬɧɨɫɢɬɫɹ ɤ ɭɡɥɭ 
ɩɪɨɰɟɫɫɨɪɚ. ȼɟɪɨɹɬɧɨɫɬɶ ɜɵɯɨɞɚ ɧɚ ɭɡɟɥ 
(ɭɫɬɪɨɣɫɬɜɨ) Jjj ,2,  , ɩɨɫɥɟ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜ 
ɭɡɥɟ ɩɪɨɰɟɫɫɨɪɚ ɟɫɬɶ θ1j. ɇɚɢɛɨɥɶɲɢɣ 
ɞɨɩɭɫɬɢɦɵɣ ɭɪɨɜɟɧɶ ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ – N. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɂɉ ɜ ɩɨɞɨɛɧɨɣ ɫɢɬɭɚɰɢɢ 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɤɚɤ ɚɩɩɚɪɚɬ ɨɬɤɪɵɬɵɯ, 
ɬɚɤ ɢ ɡɚɦɤɧɭɬɵɯ ɫɟɬɟɣ ɆɈ. Ɉɞɧɚɤɨ ɜ ɩɟɪɜɨɦ 
ɫɥɭɱɚɟ ɧɟ ɛɭɞɟɬ ɭɱɢɬɵɜɚɬɶɫɹ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ 
ɭɪɨɜɟɧɶ ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɱɬɨ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɡɚɜɵɲɟɧɢɸ ɨɰɟɧɨɤ 
ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɡɥɚ, 
ɨɫɨɛɟɧɧɨ ɩɪɢ ɛɨɥɶɲɨɣ ɡɚɝɪɭɡɤɟ ɫɢɫɬɟɦɵ. ȼɨ 
ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɩɨɥɭɱɚɟɦɵɟ ɨɰɟɧɤɢ ɛɭɞɭɬ 
ɡɚɧɢɠɟɧɵ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɪɚɫɱɟɬɚɯ ɛɭɞɟɬ 
ɩɪɢɧɢɦɚɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɭɪɨɜɧɸ ɦɭɥɶɬɢɩɪɨɝɪɚɦ-

ɦɢɪɨɜɚɧɢɹ N, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɱɢɫɥɟ ɚɤɬɢɜɧɵɯ 
ɂɉ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɭɡɥɟ, ɦɟɧɶɲɟɦ N, ɷɬɚ 
ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɟɟ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɫɢɬɭɚɰɢɢ ɨɲɢɛɤɚ ɜ ɪɚɫɱɟɬɚɯ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɡɚɝɪɭɡɤɢ ɫɢɫɬɟɦɵ. 
Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɬɪɭɞɧɨɫɬɟɣ 
ɧɟɨɛɯɨɞɢɦɚ ɦɨɞɟɥɶ, ɨɬɪɚɠɚɸɳɚɹ ɪɟɚɥɶɧɭɸ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɪɚɛɨɱɟɣ 
ɫɬɚɧɰɢɢ ɨɬ ɱɢɫɥɚ ɚɤɬɢɜɧɵɯ ɂɉ. Ɍɚɤɚɹ ɦɨɞɟɥɶ 
ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɝɪɟɝɚɬɢɜɧɨɝɨ 
ɩɨɞɯɨɞɚ. ȼ ɫɚɦɨɦ ɞɟɥɟ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɟɪɟɯɨɞɨɜ 
ɦɟɠɞɭ ɫɨɫɬɨɹɧɢɹɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɡɚɧɹɬɢɟɦ 
ɨɬɞɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ (ɩɪɨɰɟɫɫɨɪɨɜ, ȼɍ) ɩɪɢ 
ɪɟɚɥɢɡɚɰɢɢ ɚɤɬɢɜɧɨɝɨ ɂɉ, ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɚɤɬɢɜɢɡɚɰɢɣ 
ɂɉ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɢ ɪɚɫɫɦɨɬɪɟɬɶ 
ɨɬɞɟɥɶɧɨ ɡɚɦɤɧɭɬɭɸ ɩɨɞɫɟɬɶ, ɨɬɨɛɪɚɠɚɸɳɭɸ 
ɩɪɨɰɟɫɫ ɪɟɚɥɢɡɚɰɢɢ ɜ ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɧɨɦ 
ɪɟɠɢɦɟ n ɚɤɬɢɜɧɵɯ ɂɉ, Nn ,1 . 

ɇɚ ɪɢɫ. 1, ɚ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɨɬɤɪɵɬɚɹ ɫɟɬɶ ɆɈ, ɚ ɧɚ ɪɢɫ. 1,ɛ – 

ɨɛɪɚɡɨɜɚɧɧɚɹ ɢɡ ɧɟɟ ɩɨɞɫɟɬɶ, ɤɨɬɨɪɭɸ ɭɫɥɨɜɧɨ 
ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɡɚɦɤɧɭɬɨɣ. 
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Ɋɢɫ. 1. Ⱥɝɪɟɝɢɪɨɜɚɧɢɟ ɨɬɤɪɵɬɨɣ ɫɟɬɢ ɆɈ 

Fig. 1. Aggregation of an open queuing network 
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ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES Series 

ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɞɥɹ ɭɞɨɛɫɬɜɚ 
ɜɵɱɢɫɥɟɧɢɣ ɜɜɟɞɟɧ ɮɢɤɬɢɜɧɵɣ ɭɡɟɥ J+1, ɞɥɹ 
ɤɨɬɨɪɨɝɨ ɩɨɥɚɝɚɟɦ 1/ȝJ+1=0. 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ (1) 

,,1),(/)1()( 1 NnnGnGen J    (1) 

ɬ.ɟ. ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɨɬ n. ɉɪɢ ɷɬɨɦ eJ+1 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɫɢɫɬɟɦɵ: 





J

k

kjkj ee
1

 , a G(K) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɪɟɤɭɪɪɟɧɬɧɨɣ ɮɨɪɦɭɥɟ 

,,1,,2),1()()( 1 KkJjkGpkGkG jjjj     (2) 

ɝɞɟ К – ɱɢɫɥɨ ɡɚɹɜɨɤ, ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɜ ɫɟɬɢ. 
Ɋɚɫɫɦɨɬɪɟɧɧɭɸ ɩɨɞɫɟɬɶ ɡɚɦɟɧɢɦ 

ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɨɛɫɥɭɠɢɜɚɸɳɢɦ ɩɪɢɛɨɪɨɦ, 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɤɨɬɨɪɵɦ 
ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

.),(,,1),( NNNii ii      (3) 

Ⱦɨɩɭɫɤɚɹ ɬɟɩɟɪɶ, ɱɬɨ ɜɪɟɦɹ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɩɪɢɛɨɪɨɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ, 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɫɢɫɬɟɦɭ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
ɋɆɈ ɬɢɩɚ M/M/1 ɫ ɩɟɪɟɦɟɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 
ɨɛɫɥɭɠɢɜɚɧɢɹ, ɡɚɞɚɜɚɟɦɨɣ ɫɨɨɬɧɨɲɟɧɢɟɦ (3). 
Ɋɟɲɟɧɢɟ ɬɚɤɨɣ ɋɆɈ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ: 
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Ɋɚɫɫɱɢɬɚɜ ɫɬɚɰɢɨɧɚɪɧɵɟ ɜɟɪɨɹɬɧɨɫɬɢ ɫɨɫɬɨɹɧɢɣ 
(4), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɪɟɛɭɟɦɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɪɟɚɥɢɡɚɰɢɢ ɂɉ ɜ ɫɢɫɬɟɦɟ. ɇɚɩɪɢɦɟɪ, ɫɪɟɞɧɟɟ 
ɱɢɫɥɨ ɡɚɹɜɨɤ ɜ ɫɢɫɬɟɦɟ ɜɵɪɚɡɢɬɫɹ ɤɚɤ 
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Ɉɬɫɸɞɚ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɪɟɚɤɰɢɢ ɪɚɛɨɱɟɣ 
ɫɬɚɧɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɮɨɪɦɭɥɵ 
Ʌɢɬɬɥɚ:  /11 n . 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɣ 
ɨɫɧɨɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɨɞɟɥɢ. 

ɉɭɫɬɶ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɬɶ ɩɪɨɩɭɫɤɧɭɸ 
ɫɩɨɫɨɛɧɨɫɬɶ ȼɄ, ɫɯɟɦɚɬɢɱɟɫɤɢ ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ 
ɪɢɫ. 2, ɝɞɟ ɩɨɤɚɡɚɧɚ ɟɝɨ ɫɬɪɭɤɬɭɪɚ: ɩɪɨɰɟɫɫɨɪ 
(ɭɡɟɥ 1) ɢ ɬɪɢ ɜɧɟɲɧɢɯ ɡɚɩɨɦɢɧɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚ 
(ȼɁɍ) (ɭɡɥɵ 2, 3, 4). Ʉɚɧɚɥɵ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɜ 
ȼɄ ɧɟ ɹɜɥɹɸɬɫɹ ɭɡɤɢɦ ɦɟɫɬɨɦ, ɬɚɤ ɱɬɨ ɨɱɟɪɟɞɢ 
ɨɛɪɚɡɭɸɬɫɹ ɥɢɲɶ ɤ ɩɪɨɰɟɫɫɨɪɭ ɢ ȼɁɍ. Ɉɛɴɟɦ 
ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ȼɄ ɬɚɤɨɣ, ɱɬɨ ɜɨɡɦɨɠɧɚ 
ɨɞɧɨɜɪɟɦɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɥɢɲɶ ɞɜɭɯ ɂɉ (ɪɚɛɨɬɚ 
ɜ ɞɜɭɯɩɪɨɝɪɚɦɦɧɨɦ ɪɟɠɢɦɟ). ɉɚɪɚɦɟɬɪɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɂɉ ɡɚɞɚɧɵ; ɜɪɟɦɹ ɨɞɧɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɥɸɛɵɦ ɢɡ ɭɫɬɪɨɣɫɬɜ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ 
ɡɚɤɨɧɭ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɹɦɢ 4,2,1,51  jj ; 

ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɪɨɰɟɫɫɨɪɨɦ ɫ 
ɪɚɜɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,3 ɜɵɞɚɸɬɫɹ ɡɚɩɪɨɫɵ ɧɚ 
ɭɫɬɪɨɣɫɬɜɚ 2, 3, 4 ɢ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ 0,1 ɂɉ 
ɡɚɜɟɪɲɚɟɬɫɹ. 
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Ɋɢɫ. 2. ɉɪɢɦɟɪ ɫɬɪɭɤɬɭɪɵ ȼɄ 

Fig. 2. An example of the structure of a computing system 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɨɰɟɧɨɤ ɨɫɧɨɜɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟɚɥɢɡɚɰɢɢ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ 
ɚɝɪɟɝɚɬɢɜɧɨɝɨ ɩɨɞɯɨɞɚ, ɛɭɞɟɦ ɩɨɥɚɝɚɬɶ, ɱɬɨ 
ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ Ȝ(N). Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɛɭɞɟɦ 
ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɟɞɟɥɶɧɵɣ ɭɪɨɜɟɧɶ 
ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ N=2. Ɋɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1, ɝɞɟ ɩɪɢɜɟɞɟɧɵ 
ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɝɨ ɱɢɫɥɚ ɂɉ ɜ ɫɢɫɬɟɦɟ (N1) ɢ 
ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ(υ1). 
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Ɍɚɛɥɢɰɚ 1 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɦɨɞɟɥɟɣ 

Table 1 

The results of computational experiments with various types of models 

λ 
Ɂɚɦɤɧɭɬɚɹ ɦɨɞɟɥɶ Ⱥɝɪɟɝɚɬɢɜɧɚɹ ɦɨɞɟɥɶ Ɉɬɤɪɵɬɚɹ ɦɨɞɟɥɶ 

N1 1 N1 1 N1 1
0,05 0,5 10 0,68 13,4 0,65 13 

0,1 2,0 20 2,3 23 0,69 6,9 

0,14 13 93 14,3 102 2,6 18 

0,2 - - - - 4,8 24 

0,33 - - - - 299 906 

Ⱥɧɚɥɢɡɢɪɭɹ ɷɬɢ ɞɚɧɧɵɟ, ɦɨɠɧɨ ɨɛɪɚɬɢɬɶ 
ɜɧɢɦɚɧɢɟ, ɱɬɨ ɩɪɢ ɦɚɥɨɣ ɡɚɝɪɭɡɤɟ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ 
(ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɜɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ ɡɚɹɜɨɤ ɧɚ 
ɂȼɊ) ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ 
ɚɝɪɟɝɚɬɢɜɧɨɝɨ ɩɨɞɯɨɞɚ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ 
ɨɬɤɪɵɬɨɣ ɫɟɬɢ ɆɈ, ɜɟɫɶɦɚ ɛɥɢɡɤɢ. ɗɬɨ ɜɩɨɥɧɟ 
ɟɫɬɟɫɬɜɟɧɧɨ, ɩɨɫɤɨɥɶɤɭ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɢɫɬɟɦɚ 
ɪɚɛɨɬɚɟɬ ɫ ɧɟɞɨɝɪɭɡɤɨɣ ɢ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɭɪɨɜɟɧɶ 
ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɨɱɬɢ ɧɟ ɩɪɨɹɜɥɹɟɬɫɹ. 
ɉɪɢ ɛɨɥɶɲɨɣ ɡɚɝɪɭɡɤɟ ɫɢɫɬɟɦɵ )14,0(   

ɨɰɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɚɝɪɟɝɚɬɢɜɧɨɝɨ 
ɩɨɞɯɨɞɚ, ɛɥɢɡɤɢ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɰɟɧɤɚɦ, 
ɩɨɥɭɱɟɧɧɵɦ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɡɚɦɤɧɭɬɨɣ ɫɟɬɢ ɆɈ 
 NiNi ,1),(   . ɗɬɨɬ ɮɚɤɬ ɬɚɤɠɟ ɥɟɝɤɨ 
ɨɛɴɹɫɧɹɟɬɫɹ: ɜ ɭɫɥɨɜɢɹɯ ɛɨɥɶɲɨɣ ɡɚɝɪɭɡɤɢ ɫɢɫɬɟɦɚ 
ɩɨɱɬɢ ɩɨɫɬɨɹɧɧɨ ɪɚɛɨɬɚɟɬ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɭɪɨɜɧɟ ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɢɜɵɫɲɟɣ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɚɝɪɟɝɚɬɢɜɧɨɝɨ ɩɨɞɯɨɞɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɡɜɨɥɹɟɬ 
ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɨɬɨɛɪɚɡɢɬɶ ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ȼɄ. 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɚɝɪɟɝɚɬɢɪɨɜɚɧɢɟ 
ɩɪɢɦɟɧɢɦɨ ɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɡɚɦɤɧɭɬɵɯ 
ɫɢɫɬɟɦ. Ɋɚɫɫɦɨɬɪɢɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ȼɄ, 
ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ M ɚɛɨɧɟɧɬɨɜ, 
ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɛɪɚɳɚɟɬɫɹ ɤ ɪɚɛɨɱɟɣ 
ɫɬɚɧɰɢɢ ɫ ɡɚɹɜɤɚɦɢ ɧɚ ɂȼɊ Д4Ж.  

ȼɪɟɦɹ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ 
ɨɛɪɚɳɟɧɢɹɦɢ ɚɛɨɧɟɧɬɚ ɤ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ 
ɪɚɫɩɪɟɞɟɥɟɧɨ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɫ 
ɩɚɪɚɦɟɬɪɨɦ Ȝ. ɉɪɢɱɟɦ ɧɨɜɚɹ ɡɚɹɜɤɚ ɦɨɠɟɬ ɛɵɬɶ 
ɫɮɨɪɦɢɪɨɜɚɧɚ ɚɛɨɧɟɧɬɨɦ ɥɢɲɶ ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ 
ɨɬɜɟɬɚ ɧɚ ɩɪɟɞɵɞɭɳɭɸ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ 
ɧɚɥɢɱɢɢ ɜ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ(ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɜ 
ɨɱɟɪɟɞɢ) i ɡɚɹɜɨɤ ɩɨɬɨɤ ɡɚɹɜɨɤ ɨɬ ɜɫɟɯ ɚɛɨɧɟɧɬɨɜ 
ɛɭɞɟɬ ɢɦɟɬɶ ɩɭɚɫɫɨɧɨɜɫɤɢɣ ɯɚɪɚɤɬɟɪ ɫ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

.,0,)( MiiMi    (5) 

ɉɭɫɬɶ ɧɚɢɛɨɥɶɲɢɣ ɭɪɨɜɟɧɶ 
ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ 
ɟɫɬɶ N. 

Ɍɟɩɟɪɶ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɪɚɛɨɱɭɸ ɫɬɚɧɰɢɸ ɤɚɤ 
ɡɚɦɤɧɭɬɭɸ ɫɟɬɶ ɆɈ, ɦɨɠɟɦ, ɤɚɤ ɢ ɪɚɧɟɟ, 
ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɵ Ȝ(n) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (1). 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ ɫ 
ɭɪɨɜɧɟɦ ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ i ɩɨɬɨɤ 
ɡɚɜɟɪɲɟɧɢɹ ɪɟɲɟɧɢɣ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ 
ɩɭɚɫɫɨɧɨɜɫɤɢɦ ɫ ɩɚɪɚɦɟɬɪɨɦ γi, ɩɪɢɱɟɦ γi 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (3).  
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɡ ɚɧɚɥɢɡɚ ɡɚɦɤɧɭɬɨɣ ɫɟɬɢ ɫ 

ɞɜɭɦɹ ɩɪɢɛɨɪɚɦɢ ɫ ɩɟɪɟɦɟɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 
ɨɛɫɥɭɠɢɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɜɵɪɚɠɟɧɢɹɦɢ (3) ɢ 
(5), ɩɨɥɭɱɚɟɦ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ 
ɜɟɪɨɹɬɧɨɫɬɟɣ Pi (ɱɢɫɥɚ ɡɚɹɜɨɤ ɜ ȼɄ): 
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Ɋɚɫɱɟɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ (7) ɩɨɤɚɡɵɜɚɸɬ, 
ɱɬɨ ɭɱɟɬ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɭɪɨɜɟɧɶ 
ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 
ɚɝɪɟɝɚɬɢɜɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ 
ɨɰɟɧɢɜɚɬɶ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɦɭɥɶɬɢɩɪɨɝɪɚɦɦɧɵɯ ȼɄ ɩɪɢ 
ɤɨɧɟɱɧɨɦ ɱɢɫɥɟ ɢɫɬɨɱɧɢɤɨɜ ɡɚɹɜɨɤ. Ɉɫɨɛɟɧɧɨ ɷɬɨ 
ɨɬɧɨɫɢɬɫɹ ɤ ɭɫɥɨɜɢɹɦ ɛɨɥɶɲɨɣ ɡɚɝɪɭɡɤɢ ȼɄ, 
ɤɨɝɞɚ ɩɪɢ ɢɝɧɨɪɢɪɨɜɚɧɢɢ ɭɤɚɡɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ 
ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ ɦɨɠɟɬ 
ɛɵɬɶ ɡɚɜɵɲɟɧɚ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ Д1Ж. 
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ȼ Д3Ж ɩɪɢɜɟɞɟɧɚ ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɨɛɳɢɯ 
ɦɟɬɨɞɢɤ ɪɟɚɥɢɡɚɰɢɢ ɚɝɪɟɝɚɬɢɜɧɨɝɨ ɩɨɞɯɨɞɚ, 
ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɢɬɟɪɚɬɢɜɧɨɦ ɜɵɱɢɫɥɟɧɢɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɦɤɧɭɬɵɯ ɫɟɬɟɣ ɆɈ ɫ ɨɛɳɢɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɜɪɟɦɟɧɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɡɚɹɜɨɤ ɜ 
ɩɨɪɹɞɤɟ ɢɯ ɩɨɫɬɭɩɥɟɧɢɹ. 

Ɇɟɬɨɞɢɤɚ ɞɚɟɬ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɫɟɬɟɣ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɭɫɥɨɜɢɹɦ ɥɨɤɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɦɤɧɭɬɭɸ ɫɟɬɶ ɆɈ, ɜ ɤɨɬɨɪɨɣ 
ɰɢɪɤɭɥɢɪɭɟɬ I ɡɚɹɜɨɤ ɢ ɢɦɟɟɬɫɹ J ɭɡɥɨɜ 
ɨɛɫɥɭɠɢɜɚɧɢɹ. ȼɪɟɦɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜ ɭɡɥɟ 

Jjj ,1,   ɪɚɫɩɪɟɞɟɥɟɧɨ ɩɨ ɧɟɤɨɬɨɪɨɦɭ ɡɚɤɨɧɭ 
Bi(t) ɫɨ ɫɪɟɞɧɢɦ bj1. Ɂɚɞɚɧɵ ɜɟɪɨɹɬɧɨɫɬɢ θjk 

ɩɟɪɟɯɨɞɚ ɜ ɭɡɟɥ k ɩɨɫɥɟ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜ ɭɡɥɟ j. 

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɵ ej ɩɭɬɟɦ 
ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ: 





J

k

kjkj ee
1

 .

Ɍɚɤɚɹ ɫɟɬɶ ɢɦɟɧɭɟɬɫɹ ɫɟɬɶɸ А. ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ Д3Ж ɫɬɪɨɢɬɫɹ ɧɟɤɨɬɨɪɚɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɟɬɟɣ A0, A1,… 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɫɟɬɶ A. ɉɪɢ ɷɬɨɦ ɫɟɬɶ A0 

ɩɨɥɭɱɚɟɬɫɹ ɢɡ A ɩɭɬɟɦ ɩɟɪɟɯɨɞɚ ɤ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɜɪɟɦɟɧɢ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɜ ɭɡɥɚɯ ɫ ɬɟɦ ɠɟ ɡɧɚɱɟɧɢɟɦ 
ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɨɛɫɥɭɠɢɜɚɧɢɹ. ɋɟɬɢ Ar, 

r=1,2,… ɨɬɥɢɱɚɸɬɫɹ ɨɬ A0 ɥɢɲɶ ɡɧɚɱɟɧɢɟɦ 
ɫɪɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜ ɭɡɥɚɯ 1/ȝj(r). 

Ɋɚɫɱɟɬɧɚɹ ɩɪɨɰɟɞɭɪɚ ɦɟɬɨɞɢɤɢ, ɨɩɪɟɞɟɥɹɸɳɚɹ 
ɩɟɪɟɯɨɞ ɨɬ Ak ɤ Ak+1 ɢ ɭɫɥɨɜɢɹ ɡɚɜɟɪɲɟɧɢɹ 
ɜɵɱɢɫɥɟɧɢɣ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɟɚɥɢɡɚɰɢɢ ɧɟɤɨɬɨɪɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɲɚɝɨɜ, ɧɚ ɩɟɪɜɨɦ ɲɚɝɟ ɤɨɬɨɪɨɣ 
ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɜɪɟɦɟɧɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜ ɭɡɥɚɯ 
ɫɟɬɢ A0 ɩɨɥɚɝɚɸɬɫɹ ɪɚɜɧɵɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɜɟɥɢɱɢɧɚɦ ɜ ɫɟɬɢ A, ɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧɢ 
ɨɛɫɥɭɠɢɜɚɧɢɹ – ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɦ. Ⱦɚɥɟɟ ɞɥɹ 
ɤɚɠɞɨɝɨ ɭɡɥɚ j ɫɬɪɨɢɬɫɹ ɩɨɞɫɢɫɬɟɦɚ, ɫɨɞɟɪɠɚɳɚɹ 
ɜɫɟ ɭɡɥɵ ɫɟɬɢ, ɤɪɨɦɟ j. ɉɪɢ ɷɬɨɦ ɢɫɫɥɟɞɭɟɬɫɹ ɫɟɬɶ ɫ 
ɞɜɭɦɹ ɭɡɥɚɦɢ, ɬɚɤ ɱɬɨ ɜɵɞɟɥɟɧɧɚɹ ɩɨɞɫɢɫɬɟɦɚ 
ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɟɤɨɬɨɪɨɣ ɋɆɈ, ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɟɣ ɜ 
ɫɦɵɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɭɡɟɥ j (ɞɥɹ ɩɪɨɫɬɨɬɵ ɚɧɚɥɢɡɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɧɭɦɟɪɚɰɢɹ: ɭɡɟɥ j ɧɭɦɟɪɭɟɬɫɹ ɤɚɤ 
1, ɚ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɩɪɢɛɨɪ – ɤɚɤ 2). 

Ⱦɥɹ ɫɟɬɢ ɫ ɞɜɭɦɹ ɭɡɥɚɦɢ ɢɡɜɟɫɬɧɵɦɢ 
ɦɟɬɨɞɚɦɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɝɨ 
ɱɢɫɥɚ ɡɚɹɜɨɤ ɜ ɭɡɥɟ j(nj1) ɢ ɫɪɟɞɧɟɝɨ ɱɢɫɥɚ ɡɚɹɜɨɤ, 
ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ (Ȝj), ɚ ɬɚɤɠɟ 
ɩɪɢɜɟɞɟɧɧɨɟ ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɡɚɹɜɨɤ, 
ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɜ ɭɡɥɟ j ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, 
γj=Ȝj/ej. ɉɨɫɥɟ ɷɬɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ 
ɫɯɨɞɢɦɨɫɬɢ ɜɟɥɢɱɢɧ nj1 ɢ γj ɧɚ ɨɫɧɨɜɟ 
ɫɨɨɬɧɨɲɟɧɢɣ 

./;
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j JInI   


     (8) 

Ɂɞɟɫɶ ε – ɦɚɥɚɹ ɜɟɥɢɱɢɧɚ, ɡɚɞɚɸɳɚɹ ɩɨɪɹɞɨɤ 
ɞɨɩɭɫɬɢɦɨɣ ɨɲɢɛɤɢ (ɧɚɩɪɢɦɟɪ, ε=0,01). 

ȼɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɣ (8) ɧɚ ɧɟɤɨɬɨɪɨɣ ɢɬɟɪɚɰɢɢ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɢɟɦɥɟɦɨɫɬɶ ɩɨɥɭɱɟɧɧɨɝɨ 
ɨɬɨɛɪɚɠɟɧɢɹ A ɫ ɩɨɦɨɳɶɸA0. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ 
ɜɪɟɦɟɧɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜ ɭɡɥɚɯ ɫ ɩɨɦɨɳɶɸ 
ɜɵɪɚɠɟɧɢɣ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɩɨɥɧɟɧɢɹ ɬɨɝɨ 
ɢɥɢ ɢɧɨɝɨ ɢɡ ɭɫɥɨɜɢɣ (8) ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɫɥɟɞɭɸɳɚɹ (r+1)-ɹ ɢɬɟɪɚɰɢɹ. 

Ɉɩɢɫɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ 
ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɤɨɬɨɪɵɯ ɡɚɦɤɧɭɬɵɯ ɫɟɬɟɣ, 
ɚ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɪɹɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ Д3Ж. ȼ ɨɞɧɨɦ ɢɡ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɫɟɬɶ, ɜ ɤɨɬɨɪɨɣ ɱɢɫɥɨ ɭɡɥɨɜ 
ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɨɬ 2 ɞɨ 5, ɱɢɫɥɨ ɡɚɹɜɨɤ – ɬɚɤɠɟ ɨɬ 2 
ɞɨ 5, ɚ ɜɪɟɦɟɧɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɨɥɚɝɚɥɢɫɶ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɨ ɡɚɤɨɧɚɦ: 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ, ɗɪɥɚɧɝɚ 2-ɝɨ ɩɨɪɹɞɤɚ ɢ 
ɝɢɩɟɪɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ. Ɋɟɡɭɥɶɬɚɬɵ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɚɫɯɨɠɞɟɧɢɟ ɜ 
ɜɵɱɢɫɥɟɧɢɢ ɡɧɚɱɟɧɢɹ ɡɚɝɪɭɡɤɢ ɭɡɥɨɜ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 0,05, ɚ ɜ ɜɵɱɢɫɥɟɧɢɢ ɫɪɟɞɧɟɝɨ ɱɢɫɥɚ 
ɡɚɹɜɨɤ ɜ ɭɡɥɟ ɜ ɨɫɧɨɜɧɨɦ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 
0,05. ȼ ɞɪɭɝɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɫɟɬɢ 
ɢɡ 6-7 ɭɡɥɨɜ, ɱɢɫɥɨ ɡɚɹɜɨɤ ɜ ɤɨɬɨɪɵɯ 
ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɨɬ 2 ɨɬ 12, ɚ ɜɪɟɦɟɧɚ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɨɥɚɝɚɥɢɫɶ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɨ 
ɡɚɤɨɧɚɦ ɝɢɩɟɪɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ, ɗɪɥɚɧɝɚ 
ɩɨɪɹɞɤɚ 2, 4 ɢ 6, ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ, ɚ ɬɚɤɠɟ 
ɫɱɢɬɚɥɢɫɶ ɩɨɫɬɨɹɧɧɵɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɧɚɛɥɸɞɚɥɨɫɶ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɨɜɚɧɢɟ ɜɵɱɢɫɥɹɟɦɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɜ ɩɪɟɞɟɥɚɯ 0,05 ɞɥɹ ɡɚɝɪɭɡɤɢ 
ɭɡɥɨɜ ɢ 0,05J ɞɥɹ ɫɪɟɞɧɟɝɨ ɱɢɫɥɚ ɡɚɹɜɨɤ ɜ ɭɡɥɟ). 
Ɋɚɫɱɟɬ ɬɟɯ ɠɟ ɫɟɬɟɣ ɬɨɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɜ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɞɚɜɚɥ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɵɟ 
ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɨɰɟɧɤɟ ɭɤɚɡɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
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