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ɍȾɄ γγ6.4:519.86 

Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ 
ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ ɫɪɟɞɫɬɜɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Г.ȼ. Ⱦɨɰɟɧɤɨ  
Ⱦɨɧɟɰɤɢɣ ɧаɰɢɨɧаɥɶɧɵɣ ɬɟɯɧɢчɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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Ⱦɨɰɟɧɤɨ Ƚ.ȼ. Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ 
ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ ɫɪɟɞɫɬɜɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɪɟɞɥɨɠɟɧа 

мɟɬɨɞɢка ɩɪɨɝɧɨɡɢɪɨɜаɧɢɹ ɧаɥɢɱɢɹ ɭɹɡɜɢмɵɯ ɞɥɹ аɬак ɇɋД ɷɥɟмɟɧɬɨɜ 
аɜɬɨмаɬɢɡɢɪɨɜаɧɧɨɣ ɫɢɫɬɟмɵ ɷɥɟкɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа (ȺɋЭȻ), ɡаɳɢɬɭ кɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢмɨ 
ɩɪɟɞɭɫмаɬɪɢɜаɬɶ ɩɪɢ ɪаɡɪаɛɨɬкɟ ɩɨɥɢɬɢкɢ ɛɟɡɨɩаɫɧɨɫɬɢ. ɂɫɩɨɥɶɡɨɜаɧ аɩɩаɪаɬ 
ɫɬɨɯаɫɬɢɱɟɫкɢɯ ɫɟɬɟɣ ɢ мɟɬɨɞɵ ɩаɪамɟɬɪɢɱɟɫкɨɣ ɨɩɬɢмɢɡацɢɢ ɋɆɈ, ɫ ɩɨмɨɳɶɸ 
кɨɬɨɪɵɯ ɞɨɫɬɢɠɢм аɧаɥɢɬɢɱɟɫкɢɣ аɧаɥɢɡ, ɩɨɷɬаɩɧɨ ɭɬɨɱɧɹɸɳɢɣ ɩаɪамɟɬɪɵ ɩɪɨцɟɫɫɨɜ 
ɨɛɫɥɭɠɢɜаɧɢɹ ɩɥаɬɟɠɧɵɯ ɞɨкɭмɟɧɬɨɜ ɜ ȺɋЭȻ. ɉɨɥɭɱɟɧɧɵɟ ɩɪɢɛɥɢɠɟɧɧɵɟ ɨцɟɧкɢ 
ɨкɨɧɱаɬɟɥɶɧɨ ɞɟɬаɥɢɡɢɪɭɸɬɫɹ ɧа ɩɪɨɝɪаммɧɵɯ ɢмɢɬацɢɨɧɧɵɯ мɨɞɟɥɹɯ ɥɸɛɨɣ ɫɥɨɠɧɨɫɬɢ 
ɜ ɫɪɟɞɟ GPSS, ɱɬɨ ɞаɟɬ ɜɨɡмɨɠɧɨɫɬɶ ɜɵɹɜɥɟɧɢɹ кɪɢɬɢɱɟɫкɢɯ мɟɫɬ ɜ ȺɋЭȻ ɢ ɢɯ 
ɭɫɬɪаɧɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜаɧɢɣ ɛɟɡɨɩаɫɧɨɫɬɢ ɮɭɧкцɢɨɧɢɪɨɜаɧɢɹ ɨɛɴɟкɬɨɜ 
ɷɥɟкɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟма ɷɥɟкɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа, ɢɧɮɨɪмацɢɨɧɧаɹ ɛɟɡɨɩаɫɧɨɫɬɶ, 
ɩɥаɬɟɠɧɵɣ ɞɨкɭмɟɧɬ, маɬɟмаɬɢɱɟɫкаɹ мɨɞɟɥɶ, ɩаɪамɟɬɪɢɱɟɫкаɹ ɨɩɬɢмɢɡацɢɹ, 
ɢмɢɬацɢɨɧɧаɹ мɨɞɟɥɶ. 

 

 

ɗɥɟɤɬɪɨɧɧая ɤɨɦɦɟɪɰɢя — ɷɬɨ ɛɵɫɬɪɵɣ 
ɢ ɷɤɨɧɨɦɢчɧɵɣ ɜɢɞ ɛɢɡɧɟɫа, ɤɨɬɨɪɵɣ ɧɟ ɡɧаɟɬ 
ɝɪаɧɢɰ. Ʌаɜɢɧɨɨɛɪаɡɧɵɣ ɪɨɫɬ ɨɛɴɟɦɨɜ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɣ ɫɭɛɴɟɤɬɨɜ ɢ ɨɛɴɟɤɬɨɜ 
аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɯ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɛɢɡɧɟɫа ɬɪɟɛɭɟɬ ɨɰɟɧɤɢ аɤɬɭаɥɢɡаɰɢɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ, а, ɡɧачɢɬ, ɢ ɛɟɡɨɩаɫɧɨɫɬɢ ɢɯ 
ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя Д1,βЖ. ɉɥаɬɟɠɧɵɦ ɫɢɫɬɟɦаɦ, 
аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɦ ɛаɧɤɨɜɫɤɢɦ ɫɢɫɬɟɦаɦ, 
ɫɟɬяɦ ɢɧɬɟɪɧɟɬ-ɦаɝаɡɢɧɨɜ ɫɜɨɣɫɬɜɟɧɧɵ ɫɢɬɭаɰɢɢ 
«ɫɬɨɩɨɪа ɩɥаɬɟɠɟɣ» ДγЖ, ɫɜяɡаɧɧɵɟ ɫ ɧаɪɭɲɟɧɢɟɦ 
ɩɨɫɬɭɩаɸщɢɦɢ ɡаɩɪɨɫаɦɢ ɮɭɧɤɰɢɨɧаɥɶɧɵɯ 
ɥɢɦɢɬɨɜ: ɩɨ ɮɢɧаɧɫɨɜɵɦ ɪɟɫɭɪɫаɦ ɩɪɢ ɤɥɢɪɢɧɝɟ, 
ɨɝɪаɧɢчɟɧɧɨɫɬɶɸ ɩɪɟɞɥɨɠɟɧɧɵɯ ɤ ɪɟаɥɢɡаɰɢɢ 
ɬɨɜаɪɧɵɯ ɡаɩаɫɨɜ, ɥɨɝɢɫɬɢчɟɫɤɢɦɢ ɫɛɨяɦɢ. ɗɬɨ 
ɜɵɡɜаɧɨ ɫɥɭчаɣɧɵɦ ɯаɪаɤɬɟɪɨɦ ɦɧɨɠɟɫɬɜа 
ɩɨɫɬɭɩаɸщɢɯ ɡаяɜɨɤ ɧа ɨɛɫɥɭɠɢɜаɧɢɟ, 
ɧɟɩɪɟɪɵɜɧɨ ɰɢɪɤɭɥɢɪɭɸщɢɯ ɜ ɫɢɫɬɟɦаɯ 
ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ.  

ɉɪɢɦɟɧɟɧɢɟ ɦаɬɟɦаɬɢчɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ 
ɦɨɞɟɥɟɣ ɞɥя ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨɡɜɨɥяɟɬ 
ɩɪɨаɧаɥɢɡɢɪɨɜаɬɶ ɪɟаɥɶɧɵɣ ɷɮɮɟɤɬ ɨɬ 
ɢɫɩɨɥɶɡɨɜаɧɢя ɪɟɫɭɪɫɨɜ ɂɧɬɟɪɧɟɬа ɜ 
ɤɨɦɦɟɪчɟɫɤɢɯ ɰɟɥяɯ. Ɍɟɯɧɨ-ɬɟɯɧɨɥɨɝɢчɟɫɤɢɟ ɢ 
ɜɢɪɭɫɧɵɟ ɫɛɨɢ ɜ ɪаɛɨɬɟ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɯ 
ɫɢɫɬɟɦ ɧɟɠɟɥаɬɟɥɶɧɵ, ɧɨ ɜɟɪɨяɬɧɵ ɜ ɩɪɨɰɟɫɫаɯ 
ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ ɨɬ ɫɭɛɴɟɤɬɨɜ, яɜɥяɸщɢɯɫя 

ɭчаɫɬɧɢɤаɦɢ ɡаɤɨɧɧɵɯ ɫɞɟɥɨɤ, ɢ ɨɩаɫɧɵ – ɫ 
ɬɨчɤɢ ɡɪɟɧɢя ɭяɡɜɢɦɨɫɬɢ ɨɬ ɢɧɬɟɪɧɟɬ-

ɦɨɲɟɧɧɢɤɨɜ, ɧɟɡаɤɨɧɧɨ ɢɫɩɨɥɶɡɭɸщɢɯ ɜ ɫɜɨɢɯ 
ɢɧɬɟɪɟɫаɯ ɜɨɡɧɢɤаɸщɢɟ (ɢɥɢ ɢɧɢɰɢɢɪɭɟɦɵɟ 
ɢɦɢ) ɫɛɨɢ ɜ ɪаɛɨɬɟ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɯ ɫɢɫɬɟɦ 
ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ. Ⱦɥя ɪɟɲɟɧɢя ɡаɞач 
аɧаɥɢɡа ɪɢɫɤɨɜ ɢ ɫɨɫɬаɜɥɟɧɢя ɤɪɢɡɢɫɧɨɝɨ ɩɥаɧа 
ɭɫɬɪаɧɟɧɢя ɭɝɪɨɡ ɜ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɯ 
ɫɢɫɬɟɦаɯ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа ɬɪɟɛɭɟɬɫя 
ɦɟɬɨɞɢɤа ɢ ɢɧɫɬɪɭɦɟɧɬɵ ɨɰɟɧɤɢ ɢɯ аɞɟɤɜаɬɧɨ 
ɤɨɪɪɟɤɬɧɨɣ ɪɟаɤɰɢɢ ɧа ɩɨɫɬɭɩɥɟɧɢɟ ɬɪɟɛɭɸщɢɯ 
ɨɛɫɥɭɠɢɜаɧɢя, ɧɨ «ɫɛɨɣɧɵɯ» ɡаяɜɨɤ, ɢ ɞɥя 
ɜɵяɜɥɟɧɢя ɭɡɤɢɯ ɦɟɫɬ ɜ ɡащɢɬɟ ɫɢɫɬɟɦ 
ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ Д4Ж.  

ɏаɪаɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ аɧаɥɢɡа ɢ 
ɪаɡɜɢɬɢя ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ, 
ɧɟɫɦɨɬɪя ɧа ɤɨɪɨɬɤɢɣ ɩɟɪɢɨɞ ɟɟ ɫɭщɟɫɬɜɨɜаɧɢя, 
ɩɨɥɭчɢɥɢ ɨɫɜɟщɟɧɢɟ ɜ ɪɨɫɫɢɣɫɤɨɣ ɢ ɡаɩаɞɧɨɣ 
ɷɤɨɧɨɦɢчɟɫɤɨɣ ɥɢɬɟɪаɬɭɪɟ Д5,6,7Ж. ɋɪɟɞɢ 
ɨɬɟчɟɫɬɜɟɧɧɵɯ аɜɬɨɪɨɜ, ɜɧɟɫɲɢɯ ɡаɦɟɬɧɵɣ ɜɤɥаɞ 
ɜ ɨɫɜɟщɟɧɢɟ ɩɪɨɛɥɟɦ ɪаɡɜɢɬɢя ɦɟɬɨɞɨɜ аɧаɥɢɡа 
ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ, ɦɨɠɧɨ 
ɜɵɞɟɥɢɬɶ Ⱥɜɟɪчɟɧɤɨɜа ȼ.ɂ., Ⱥɦɦɨɫɨɜа ɘ.Ɇ., 
Ⱥɮɨɧɢɧɭ ɋȼ., Ⱥɯɦɟɬɨɜɭ ɋ. Г., Ȼаɥаɛаɧɨɜа ɂ.Ɍ., 
ȼɨɥɤɨɜɭ ȼ.ɇ., Гɭɪɨɜа ȼ.ȼ., Ⱦɟɞɧɟɜа Ɇ.Ⱥ.,  
ȿɦɟɥɶяɧɨɜа Ⱥ.Ⱥ., ȿɮɪɟɦɨɜа B.C., Ɂаɩɟчɧɢɤɨɜа ɋ.ȼ., 
Ʉɭɥɶчɟɧɤɨ Ɇ.ȼ., Ʌяɩɭɧɨɜа ɋɂ., Ɇаɪɲаɜɢɧа Ɋ.Ⱥ., 
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Ɇяɫɧɢɤɨɜɭ Ʌ.Ⱥ., ɉɨɩɨɜа ȼ.Ɇ., ɋɟɧаɬɨɪɨɜа Ɇ.ɘ., 
ɋɦɢɪɧɨɜа ɋ.ɇ., ɋɨɤɨɥɨɜɭ Ⱥ.ɇ., ɍɫɩɟɧɫɤɨɝɨ ɂ.ɇ. ɢ 
ɞɪ. ɋɪɟɞɢ ɡаɪɭɛɟɠɧɵɯ ɢɫɫɥɟɞɨɜаɬɟɥɟɣ, 
ɪаɡɪаɛаɬɵɜаɸщɢɯ ɩɪɨɛɥɟɦɭ ɪаɡɜɢɬɢя 
ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ 
Ȼаɝɟɬа Ɇ., ȼаɝɟɪа Б., ȼаɯɪɟɧɫа Ɇ., Ʉɥаɪɤа Ɋ., 
Ʉɨɡɶɟ Ⱦ., Ʌɨɭ ɉ., Ɇаɬɨɭ Ⱥ., Ɇаɝɧɭɫɨɧа ɉ., Ɇɢɧɫа 
Г., Ʉаɪɜɟɪа Ⱦ., ɋɨɥɨɦɨɧа Ɋ., ɋɬɷɧɞɢɧɝа ɋ, ɏɨɧɟɤɭɬ 
Ⱦɠ., ɐɟɪɨɜаɤ Ȼ., ɒɧаɣɞɟɪа Ⱦ., ɒɭɤɧɟɯɬа Ʌ., 
ɗɣɦɨɪа Ⱦ. ɢ ɞɪ. 

ȼ ɨɫɧɨɜɟ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ 
ɧаɯɨɞɢɬɫя ɩɥаɬɟɠɧая ɫɢɫɬɟɦа - ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɮɢɧаɧɫɨɜɵɯ ɢ ɧɟɮɢɧаɧɫɨɜɵɯ ɢɧɫɬɢɬɭɬɨɜ, 
ɫɭщɟɫɬɜɭɸщɢɯ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɫɬɨɪɢчɟɫɤɢɣ 
ɩɟɪɢɨɞ ɢ ɜɡаɢɦɨɞɟɣɫɬɜɭɸщɢɯ ɜ ɪаɦɤаɯ 
ɧаɰɢɨɧаɥɶɧɨɝɨ ɡаɤɨɧɨɞаɬɟɥɶɫɬɜа ɢ 
ɢɧɬɟɪɧаɰɢɨɧаɥɶɧɵɯ ɫɬаɧɞаɪɬɨɜ ɫ ɰɟɥɶɸ 
ɨɩɬɢɦɢɡаɰɢɢ ɞɟɧɟɠɧɨɝɨ ɨɛɨɪɨɬа ɢ 
ɭɞɨɜɥɟɬɜɨɪɟɧɢя ɪаɫчɟɬɧɨ-ɩɥаɬɟɠɧɵɯ 
ɩɨɬɪɟɛɧɨɫɬɟɣ ɨɛщɟɫɬɜа ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɪɢɧяɬɨɣ ɞɟɧɟɠɧɨ-ɤɪɟɞɢɬɧɨɣ ɩɨɥɢɬɢɤɨɣ, 
ɬɪɟɛɭɸщɟɣ ɪаɡɜɢɬɢя ɧаɰɢɨɧаɥɶɧɨɣ ɷɤɨɧɨɦɢɤɢ 
ɞɥя ɨɛɟɫɩɟчɟɧɢя ɷɮɮɟɤɬɢɜɧɨɣ ɫɨɰɢаɥɶɧɨɣ ɢ 
ɯɨɡяɣɫɬɜɟɧɧɨɣ ɞɟяɬɟɥɶɧɨɫɬɢ. ɋɨɜɪɟɦɟɧɧɵɟ 
ɩɥаɬɟɠɧɵɟ ɫɢɫɬɟɦɵ ɞɨɥɠɧɵ ɢɦɟɬɶ ɡɧачɢɬɟɥɶɧɵɣ 
ɩɨɬɟɧɰɢаɥ ɞɥя ɤачɟɫɬɜɟɧɧɨɝɨ ɜɢɞɨɢɡɦɟɧɟɧɢя ɢ 
ɤɨɥɢчɟɫɬɜɟɧɧɨɝɨ ɪаɫɲɢɪɟɧɢя ɫɜɨɢɯ ɮɭɧɤɰɢɣ. 
Ⱦɥя ɷɬɨɝɨ ɨɧɢ ɨɛɥаɞаɸɬ ɨɫɨɛɵɦɢ 
ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ. ɋɭɬɶ ɷɬɢɯ ɯаɪаɤɬɟɪɢɫɬɢɤ 
ɫɨɫɬɨɢɬ ɜ ɨɛɟɫɩɟчɟɧɢɢ: 

1) ɪɨɫɬа ɫɤɨɪɨɫɬɢ ɩɪɨɜɟɞɟɧɢя ɩɥаɬɟɠɟɣ 
(ɞɨɫɬɢɝаɟɬɫя ɤаɤ ɡа ɫчɟɬ ɬɟɯɧɢчɟɫɤɨɣ 
ɫɨɫɬаɜɥяɸщɟɣ, ɬаɤ ɢ ɡа ɫчɟɬ ɮɢɧаɧɫɨɜɨɝɨ 
ɦɟɯаɧɢɡɦа ɫɢɫɬɟɦɵ); 
β) ɫɨɤɪащɟɧɢя ɢɡɞɟɪɠɟɤ (ɜ ɬɨɦ чɢɫɥɟ 
ɬɪаɧɫаɤɰɢɨɧɧɵɯ) - ɤаɤ ɫɨɛɫɬɜɟɧɧɨ ɧа 

ɩɥаɬɟɠɢ, ɬаɤ ɢ ɧа ɨɪɝаɧɢɡаɰɢɸ ɨɩɟɪаɰɢɣ 
ɬɪаɧɫɮɨɪɦаɰɢɢ ɢ ɩɟɪɟɦɟщɟɧɢя ɞɟɧɟɝ 
(ɞɨɫɬɢɝаɟɬɫя ɡа ɫчɟɬ ɭɜɟɥɢчɟɧɢя 
ɤɨɥɢчɟɫɬɜа ɨɩɟɪаɰɢɣ ɢ ɫɨɤɪащɟɧɢя ɷɬаɩɨɜ 
ɩɟɪɟɦɟщɟɧɢя ɞɟɧɟɝ); 
γ) ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɭɞɨɛɫɬɜа ɩɥаɬɟɠɟɣ ɞɥя 
ɫɭɛɴɟɤɬɨɜ ɫɞɟɥɨɤ (ɫɨɫɬɨɢɬ ɜ ɩɪɢɛɥɢɠɟɧɢɢ 
ɩɥаɬɟɠɧɨɣ ɢɧɮɪаɫɬɪɭɤɬɭɪɵ ɤ ɫɭɛɴɟɤɬаɦ, 
ɭɩɪɨщɟɧɢɢ ɡа ɫчɟɬ ɫɬаɧɞаɪɬɢɡаɰɢɢ 
ɩɥаɬɟɠɧɨ-ɪаɫчɟɬɧɵɯ ɨɩɟɪаɰɢɣ, 
ɢɫɩɨɥɶɡɨɜаɧɢɢ ɛаɧɤɨɜɫɤɨɝɨ ɦаɪɤɟɬɢɧɝа); 
4) ɛɟɡɨɩаɫɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢя ɩɥаɬɟɠɟɣ ɢ 
ɩɪɢɟɦɥɟɦɨɝɨ ɭɪɨɜɧя ɪɢɫɤɨɜ 
(ɨɛɟɫɩɟчɢɜаɟɬɫя ɞɨɫɬɢɠɟɧɢɟɦ 
ɩɪɨɡɪачɧɨɫɬɢ ɢ ɩɨɧяɬɧɨɫɬɢ ɫɯɟɦ 
ɩɟɪɟɦɟщɟɧɢя ɞɟɧɟɝ ɡа ɫчɟɬ ɢɫɩɨɥɶɡɨɜаɧɢя 
ɨɛщɢɯ ɛаɧɤɨɜɫɤɢɯ ɢ ɫɩɟɰɢɮɢчɟɫɤɢɯ 
ɦɟɯаɧɢɡɦɨɜ ɦɢɧɢɦɢɡаɰɢɢ ɪɢɫɤɨɜ); 
5) ɫɨɰɢаɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ (ɜ ɲɢɪɨɤɨɦ 
ɫɦɵɫɥɟ) ɩɥаɬɟɠɧɵɯ ɫɢɫɬɟɦ, чɬɨ 
ɜɵɪаɠаɟɬɫя ɜ ɨɛщɟɦ ɭɥɭчɲɟɧɢɢ 
ɫɨɰɢаɥɶɧɨɝɨ ɤɥɢɦаɬа, ɜ ɪɨɫɬɟ ɞɨɫɬɭɩɧɨɫɬɢ 
ɮɢɧаɧɫɨɜɵɯ ɭɫɥɭɝ ɩɨ ɤаɬɟɝɨɪɢяɦ 
ɩɨɥɶɡɨɜаɬɟɥɟɣ ɢ ɬɟɪɪɢɬɨɪɢяɦ, ɜ ɩɪɢɪɨɫɬɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɦɟɠɧɵɯ (ɩɨɝɪаɧɢчɧɵɯ) 
ɫɮɟɪ ɷɤɨɧɨɦɢчɟɫɤɨɣ ɢ ɫɨɰɢаɥɶɧɨɣ 
ɞɟяɬɟɥɶɧɨɫɬɢ. 
 ɉɨɫɤɨɥɶɤɭ ɛаɡɨɜɵɦɢ ɷɥɟɦɟɧɬаɦɢ 

ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ яɜɥяɸɬɫя 
аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɟ ɛаɧɤɨɜɫɤɢɟ ɫɢɫɬɟɦɵ (ȺȻɋ). 
ɇɟ ɫɥɟɞɭɟɬ ɪаɫɫɦаɬɪɢɜаɬɶ ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢя 
ɩɥаɬɟɠɧɵɯ ɫɢɫɬɟɦ ɜ ɨɬɪɵɜɟ ɨɬ ɩɪɨɛɥɟɦɵ 
ɨɩɬɢɦɢɡаɰɢɢ ɪаɫчɟɬɧɨɣ ɞɟяɬɟɥɶɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ 
ɟɟ ɷɥɟɦɟɧɬɨɜ. Ʉаɠɞɵɣ ɛаɧɤ ɩɨɫɥɟ ɩɪɨɪаɛɨɬɤɢ 
ɫɜɨɟɣ ɫɢɫɬɟɦɵ ɨɪɝаɧɢɡаɰɢɢ ɦɟɠɛаɧɤɨɜɫɤɢɯ 
ɩɥаɬɟɠɟɣ (ɜɵɪаɛɨɬɤɢ ɧаɢɛɨɥɟɟ ɭɞɨɛɧɵɯ ɟɦɭ ɢ 
ɟɝɨ ɤɥɢɟɧɬаɦ ɮɨɪɦ ɢ ɦɟɬɨɞɨɜ ɩɪɨɜɟɞɟɧɢя 
ɩɥаɬɟɠɟɣ) ɢ ɩɨɫɥɟ ɩɨɫɬɪɨɟɧɢя ɬаɤɨɣ ɫɢɫɬɟɦɵ 
(ɨɬɤɪɵɬɢя ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɢɯ ɫчɟɬɨɜ ɜ ɞɪɭɝɢɯ 
ɛаɧɤаɯ ɢɥɢ ɤɥɢɪɢɧɝɨɜɵɯ ɭчɪɟɠɞɟɧɢяɯ ɢ 
ɨɪɝаɧɢɡаɰɢɢ ɮɢɥɢаɥɶɧɨɣ ɫɟɬɢ) ɩɪɢɫɬɭɩаɟɬ ɤ 
ɪɟɲɟɧɢɸ ɟщɟ ɨɞɧɨɣ ɜаɠɧɟɣɲɟɣ ɩɪɨɛɥɟɦɵ. ȿɟ 
ɫɭɬɶ ɫɨɫɬɨɢɬ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɥɢчɟɫɬɜа ɪɟɫɭɪɫɨɜ, 
ɤɨɬɨɪɵɟ ɛаɧɤ ɨɛяɡаɧ ɞɟɪɠаɬɶ ɧа ɫɜɨɢɯ 
ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɢɯ ɫчɟɬаɯ, ɢ ɪаɫɩɪɟɞɟɥɟɧɢɢ ɷɬɢɯ 
ɪɟɫɭɪɫɨɜ ɦɟɠɞɭ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɟɝɨ ɤɨɪɫчɟɬɨɜ, 
ɨɩɪɟɞɟɥɟɧɢɟ ɫɭɦɦɵ ɪɟɫɭɪɫɨɜ. Ⱦɥя ɷɬɨɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ: 

a. ɦɢɧɢɦаɥɶɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɫɪɟɞɫɬɜ, 
ɞɨɫɬаɬɨчɧɵɯ ɞɥя ɨɫɭщɟɫɬɜɥɟɧɢя 
ɬɟɤɭщɢɯ ɩɥаɬɟɠɟɣ (ɦɧɨɝɢɟ ɛаɧɤɢ 
ɫɨɜɟɪɲɟɧɧɨ ɫɩɪаɜɟɞɥɢɜɨ ɫɬɪɟɦяɬɫя 
ɞɨɜɨɞɢɬɶ ɷɬɨɬ ɦɢɧɢɦɭɦ ɞɨ ɜɟɥɢчɢɧ 
ɛɥɢɡɤɢɯ ɤ ɧɭɥɸ, ɬаɤ ɤаɤ ɨɫɬаɬɤɢ ɩɨ 
ɤɨɪɫчɟɬаɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 
ɫɥɨɠɢɜɲɟɣɫя ɩɪаɤɬɢɤɨɣ 
ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɢɯ ɨɬɧɨɲɟɧɢɣ ɨɛɵчɧɨ 
ɧɟ ɩɪɢɧɨɫяɬ ɞɨɯɨɞа); 

b. ɦаɤɫɢɦаɥɶɧɭɸ ɫɭɦɦɭ ɫɪɟɞɫɬɜ, 
ɩɨɞɥɟɠащɢɯ ɯɪаɧɟɧɢɸ ɧа 
ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɢɯ ɫчɟɬаɯ, ɫɜɟɪɯ 
ɤɨɬɨɪɨɣ ɛаɧɤ ɛɭɞɟɬ ɢɦɟɬɶ ɨщɭɬɢɦɵɟ 
ɩɨɬɟɪɢ ɜ ɞɨɯɨɞɧɨɫɬɢ ɫɜɨɢɯ аɤɬɢɜɨɜ, 
ɨɬɜɥɟɤая ɫɪɟɞɫɬɜа ɧа ɩɨɞɞɟɪɠаɧɢɟ 
ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɨɣ ɫɟɬɢ; 

c. ɨɩɬɢɦаɥɶɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɫɪɟɞɫɬɜ, 
ɩɨɞɥɟɠащɢɯ ɯɪаɧɟɧɢɸ ɧа ɟɝɨ ɤɨɪɫчɟɬаɯ. 
ɂɦɟɧɧɨ ɷɬɨ ɤɨɥɢчɟɫɬɜɨ ɪɟɫɭɪɫɨɜ ɛаɧɤа 
ɛɭɞɟɬ ɨɫɬаɜаɬɶɫя ɧа ɟɝɨ ɤɨɪɫчɟɬаɯ ɩɪɢ 
ɧɨɪɦаɥɶɧɨɣ ɫɢɬɭаɰɢɢ. 

ȼɬɨɪая ɢ ɧɟɫɪаɜɧɟɧɧɨ ɛɨɥɟɟ ɫɥɨɠɧая ɡаɞача 
ɫɜɨɞɢɬɫя ɤ ɪаɫɩɪɟɞɟɥɟɧɢɸ ɷɬɢɯ ɪɟɫɭɪɫɨɜ, 
ɜɵɞɟɥɟɧɧɵɯ ɩɨ ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɢɦ ɫчɟɬаɦ, 
ɭчаɫɬɜɭɸщɢɦ ɜ ɫɢɫɬɟɦɟ ɦɟɠɛаɧɤɨɜɫɤɢɯ 
ɪаɫчɟɬɨɜ. Ɍɟɨɪɟɬɢчɟɫɤɨɝɨ ɪɟɲɟɧɢя ɷɬɨɣ 
ɩɪɨɛɥɟɦɵ, а ɬаɤɠɟ ɤаɤɨɝɨ-ɥɢɛɨ ɭɧɢɜɟɪɫаɥɶɧɨɝɨ 
ɪɟɲɟɧɢя, ɤɨɬɨɪɨɟ ɩɨɞɯɨɞɢɥɨ ɛɵ ɞɥя ɜɫɟɯ ɛаɧɤɨɜ 
ɩɨɤа ɧɟ ɫɭщɟɫɬɜɭɟɬ. Ʌɢɲɶ ɨɛɨɡɧачɟɧɵ 
ɧɟɤɨɬɨɪɵɟ ɧаɩɪаɜɥɟɧɢя, ɜ ɤɨɬɨɪɵɯ, ɤаɤ ɩɪаɜɢɥɨ, 
ɜɟɞɟɬɫя ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ Д9Ж. ȼɨ-ɩɟɪɜɵɯ, 
ɬɪɟɛɭɟɬɫя ɩɪɨɜɟɫɬɢ ɫɬаɬɢɫɬɢчɟɫɤɨɟ ɢɫɫɥɟɞɨɜаɧɢɟ 
ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɫɪɟɞɧɢɯ ɨɛɴɟɦɨɜ ɩɨɬɨɤɨɜ 
ɩɥаɬɟɠɟɣ (ɞɥя ɤаɠɞɨɝɨ ɧаɩɪаɜɥɟɧɢя).  ȼɨ-

ɜɬɨɪɵɯ, ɞɥя ɷɬɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧ 
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ɢɧɫɬɪɭɦɟɧɬ OLAP-ɬɟɯɧɨɥɨɝɢɣ ɢ ɩаɤɟɬɵ 
ɫɬаɬɢчɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ ɞаɧɧɵɯ. ɉɨɷɬɨɦɭ 
ɧɟɨɛɯɨɞɢɦа ɪаɡɪаɛɨɬɤа ɦɨɞɟɥɢ, ɞɥя ɨɰɟɧɤɢ 
ɜɨɡɦɨɠɧɵɯ ɞɭɛɥɢɪɭɸщɢɯ ɜаɪɢаɧɬɨɜ ɩɪɨɜɟɞɟɧɢя 
ɩɥаɬɟɠɟɣ, (ɧаɩɪɢɦɟɪ, ɤɨɝɞа ɤɨɧɤɪɟɬɧɵɣ ɩɥаɬɟɠ ɜ 
ɪɟɝɢɨɧ ɦɨɠɟɬ ɨɫɭщɟɫɬɜɢɬɶɫя чɟɪɟɡ ɛаɧɤ-

ɤɨɪɪɟɫɩɨɧɞɟɧɬ ɜ ɷɬɨɦ ɪɟɝɢɨɧɟ, ɤɥɢɪɢɧɝɨɜɵɣ 
ɰɟɧɬɪ ɢɥɢ ɩɥаɬɟɠɧɭɸ ɫɢɫɬɟɦɭ ɰɟɧɬɪаɥɶɧɨɝɨ 
ɛаɧɤа). ȼ-ɬɪɟɬɶɢɯ, ɜɫɟ ɜаɪɢаɧɬɵ ɩɥаɬɟɠɟɣ 
ɨɰɟɧɢɜаɸɬɫя ɫ ɬɨчɤɢ ɡɪɟɧɢя ɷɤɨɧɨɦɢчɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɪɟɫɭɪɫɨɜ ɩɨ 
ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɢɦ ɫчɟɬаɦ, ɧаɢɛɨɥɟɟ ɜɵɝɨɞɧɵɦ 
ɞɥя ɛаɧɤа ɢ ɜ ɩɥаɧɟ ɢɯ ɯɪаɧɟɧɢя (ɧа ɨɫɬаɬɤɢ 
ɫɪɟɞɫɬɜ ɜ ɪаɡɧɵɯ ɛаɧɤаɯ ɦɨɝɭɬ ɧачɢɫɥяɬɶɫя 
ɪаɡɧɵɟ ɩɪɨɰɟɧɬɵ).  

ȼɵɞɟɥɟɧɧɨɟ ɤɨɥɢчɟɫɬɜɨ ɪɟɫɭɪɫɨɜ 
ɪаɫɩɪɟɞɟɥяɟɬɫя ɜ ɭɫɬаɧɨɜɥɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 
ɦɟɠɞɭ ɤɨɪɫчɟɬаɦɢ ɢ ɜ ɞаɥɶɧɟɣɲɟɦ 
ɩɨɞɞɟɪɠɢɜаɸɬɫя ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɫɭɦɦɵ ɧа 
ɤаɠɞɨɦ ɢɡ ɤɨɪɫчɟɬɨɜ ɢ ɡаɞаɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢя 
ɦɟɠɞɭ ɧɢɦɢ. ȼ ɞаɥɶɧɟɣɲɟɦ ɪɟɲɟɧɢɟ 
ɩɟɪɟчɢɫɥɟɧɧɵɯ ɡаɞач ɞɨɥɠɧɨ ɤɨɪɪɟɤɬɢɪɨɜаɬɶɫя 
ɧа ɨɫɧɨɜɟ ɩɨɫɬɨяɧɧɨɝɨ ɩɪɨɝɧɨɡа ɨɫɬаɬɤɨɜ ɩɨ 
ɤɨɪɫчɟɬаɦ ɢ ɫ ɭчɟɬɨɦ ɩɪɨɝɧɨɡа ɢɯ ɬɟɤɭщɢɯ ɢ 
ɞɨɥɝɨɜɪɟɦɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ. ɉɨɫɬɨяɧɧɵɣ 
ɤɨɧɬɪɨɥɶ ɡа ɫɨɫɬɨяɧɢɟɦ ɤɨɪɫчɟɬɨɜ ɢ ɭɩɪаɜɥɟɧɢɟ 
ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɪɟɫɭɪɫɨɜ ɧа ɧɢɯ ɩɨɡɜɨɥяɸɬ 
ɞɨɫɬɢчɶ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɷɤɨɧɨɦɢчɟɫɤɨɝɨ ɷɮɮɟɤɬа 
ɢ ɧɟ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢя аɜɬɨɪɢɬɟɬа 
ɛаɧɤа, ɬ.ɤ. ɩɨɞɞɟɪɠаɧɢɟ ɧаɞɟɠɧɨɣ, ɭɫɬɨɣчɢɜɨɣ, 
ɷɤɨɧɨɦɢчɧɨɣ ɪаɡɜɟɬɜɥɟɧɧɨɣ ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɨɣ 
ɫɟɬɢ ɨɤаɡɵɜаɟɬ ɫɭщɟɫɬɜɟɧɧɨɟ ɜɥɢяɧɢɟ ɧа 
ɤɥɢɟɧɬɨɜ ɤɪɟɞɢɬɧɨɣ ɨɪɝаɧɢɡаɰɢɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ 
ɢɯ ɞаɥɶɧɟɣɲɟɝɨ ɭɜɟɥɢчɟɧɢя. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɞɥя ɛɵɫɬɪɨɝɨ 
ɩɨɩɨɥɧɟɧɢя ɫɪɟɞɫɬɜ ɧа ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɢɯ 
ɫчɟɬаɯ, ɜ ɫɥɭчаɟ ɢɯ ɜɧɟɡаɩɧɨɣ ɧɟɯɜаɬɤɢ, 
ɰɟɥɟɫɨɨɛɪаɡɧɨ ɢɦɟɬɶ ɫɩɟɰɢаɥɶɧɵɟ ɪɟɡɟɪɜɵ ɜ 
ɜɵɫɨɤɨɥɢɤɜɢɞɧɵɯ аɤɬɢɜаɯ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɵ 
ɩɪɟɞɜаɪɢɬɟɥɶɧɵɟ ɩɪɨɝɧɨɡɧɵɟ ɨɰɟɧɤɢ 
ɧɟɨɛɯɨɞɢɦɵɯ ɪɟɡɟɪɜɨɜ ɢ «ɫɤɨɪɨɫɬɢ» ɢɯ 
ɢɫɩɨɥɶɡɨɜаɧɢя. Ⱥɧаɥɢɡ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɵɯ 
ɦɟɠɛаɧɤɨɜɫɤɢɯ ɪаɫчɟɬɨɜ ɩɨɡɜɨɥяɟɬ ɨɩɪɟɞɟɥɢɬɶ 
ɟɟ ɤаɤ ɫɢɫɬɟɦɭ ɨɪɝаɧɢɡаɰɢɣ, ɧаɞɟɥɟɧɧɵɯ 
ɝɨɫɭɞаɪɫɬɜɨɦ ɩɪаɜɨɦ ɨɛɫɥɭɠɢɜаɧɢя ɩɥаɬɟɠɧɨɝɨ 
ɨɛɨɪɨɬа ɢ ɪаɫчɟɬɧɵɯ ɨɬɧɨɲɟɧɢɣ, 
ɨɛɟɫɩɟчɢɜаɟɦɵɯ ɩɥаɬɟɠɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬаɦɢ, 
ɢɫɩɨɥɶɡɨɜаɧɢɟ ɤɨɬɨɪɵɯ ɜ ɷɤɨɧɨɦɢчɟɫɤɢɯ 
ɨɬɧɨɲɟɧɢяɯ ɫɭɛɴɟɤɬɨɜ ɯɨɡяɣɫɬɜɨɜаɧɢя 
ɪɟɝɭɥɢɪɭɟɬɫя ɝɨɫɭɞаɪɫɬɜɨɦ ɢ ɧɨɪɦаɦɢ ɞɟɥɨɜɨɝɨ 
ɨɛɨɪɨɬа.  

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɩɥаɬɟɠɧая ɫɢɫɬɟɦа ɤаɤ ɧа 
ɭɪɨɜɧɟ ɨɬɞɟɥɶɧɨɝɨ ɛаɧɤа ɬаɤ ɢ ɧа ɭɪɨɜɧɟ 
ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ ɫɨɞɟɪɠɢɬ ɮаɤɬɨɪɵ ɞɥя 
ɨɩɬɢɦɢɡаɰɢɢ, ɢ ɪаɛɨɬа ɩɨ ɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜаɧɢɸ 
ɨɫɨɛɟɧɧɨ ɜаɠɧа, ɩɨɫɤɨɥɶɤɭ ɨɰɟɧɤа ɛаɧɤа 
ɤɥɢɟɧɬаɦɢ ɜɨ ɦɧɨɝɨɦ ɡаɜɢɫɢɬ ɢɦɟɧɧɨ ɨɬ 
ɫɤɨɪɨɫɬɢ ɢ ɤачɟɫɬɜа ɨɫɭщɟɫɬɜɥɟɧɢя ɩɥаɬɟɠɟɣ. 
ɉɨɫɬɪɨɟɧɢɸ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ ɞɨɥɠɟɧ 
ɩɪɟɞɲɟɫɬɜɨɜаɬɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜɵɛɨɪ 

ɩɪɢɨɪɢɬɟɬɧɨɝɨ ɫɩɨɫɨɛа ɨɫɭщɟɫɬɜɥɟɧɢя ɪаɫчɟɬɨɜ 
ɢ ɨɪɝаɧɢɡаɰɢɢ ɟɝɨ аɜɬɨɦаɬɢɡаɰɢɢ. Ⱥ ɢɫɩɨɥɧɟɧɢɟ 
ɩɥаɬɟɠɟɣ ɜ ɥɸɛɨɣ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɟ ɦɨɠɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɞɜɭɦя ɫɩɨɫɨɛаɦɢ: ɧа ɜаɥɨɜɨɣ 
ɨɫɧɨɜɟ (ɫɢɫɬɟɦа ɛɪɭɬɬɨ-ɪаɫчɟɬɨɜ) ɢɥɢ ɧа чɢɫɬɨɣ 
ɨɫɧɨɜɟ (ɫɢɫɬɟɦа ɧɟɬɬɨ-ɪаɫчɟɬɨɜ). 
 Ɇаɬɟɦаɬɢчɟɫɤɭɸ ɦɨɞɟɥɶ 
аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɯ ɦɟɠɛаɧɤɨɜɫɤɢɯ ɪаɫчɟɬɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɪаɫɫɦɨɬɪɢɦ ɧа ɩɪɢɦɟɪɟ ɪаɫчɟɬɧɨɝɨ 
ɰɟɧɬɪа (Ɋɐ). ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɞɟɥɶ 
ɩɪɟɞɫɬаɜɢɦ ɜ ɜɢɞɟ ɟɞɢɧɫɬɜɟɧɧɨɣ ɨɞɧɨɤаɧаɥɶɧɨɣ 
ɫɢɫɬɟɦɵ ɦаɫɫɨɜɨɝɨ ɨɛɫɥɭɠɢɜаɧɢя (ɋɆɈ), 
ɯаɪаɤɬɟɪɢɡɭɸщɭɸ ɨɫɭщɟɫɬɜɥɟɧɢɟ ɪаɫчɟɬɨɜ чɟɪɟɡ 
ɩɥаɬɟɠɧɭɸ ɫɢɫɬɟɦɭ. ɉɥаɬɟɠɧɵɣ ɞɨɤɭɦɟɧɬ (ɉȾ), 
ɩɨɫɬɭɩаɸщɢɣ ɧа ɜɯɨɞ ɜ ɋɆɈ ɜ ɦɨɦɟɧɬ 
ɜɵɩɨɥɧɟɧɢя ɨɩɟɪаɬɢɜɧɵɯ ɡаɞач ɨɛɫɥɭɠɢɜаɸщɢɦ 
ɭɫɬɪɨɣɫɬɜɨɦ, ɨɠɢɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɪаɫчɟɬɧɨɝɨ 
ɰɟɧɬɪа ɡаɝɪɭɡɢɬɶ ɟɝɨ ɢ ɩɪɢɧяɬɶ ɞɥя ɨɛɪаɛɨɬɤɢ, 
чɬɨ ɩɨɡɜɨɥяɟɬ ɩɪɟɞɫɬаɜɥяɬɶ ɦаɬɟɦаɬɢчɟɫɤɭɸ 
ɦɨɞɟɥɶ ɪаɫчɟɬɧɨɝɨ ɰɟɧɬɪа ɜ ɜɢɞɟ ɨɞɧɨɤаɧаɥɶɧɨɣ 
ɋɆɈ ɫ ɨɠɢɞаɧɢɟɦ. ɉɪɟɞɫɬаɜɥɟɧɧая ɧа ɪɢɫ.1 
ɋɆɈ ɩɪɟɞɧаɡɧачɟɧа ɞɥя ɨɛɪаɛɨɬɤɢ ɧɟɤɨɬɨɪɨɝɨ 
ɩɨɬɨɤа ɩɥаɬɟɠɧɵɯ ɞɨɤɭɦɟɧɬɨɜ, ɩɨɫɬɭɩаɸщɢɯ ɧа 
ɜɯɨɞ ɫɢɫɬɟɦɵ ɛɨɥɶɲɟɣ чаɫɬɶɸ ɧɟɪɟɝɭɥяɪɧɨ (ɜ 
ɫɥɭчаɣɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ). 

Ɂаɝɪɭɡɤа ɩɥаɬɟɠɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɢ ɢɯ 
ɩɨɫɥɟɞɭɸщая ɨɛɪаɛɨɬɤа ɞɥɢɬɫя ɧɟ ɩɨɫɬɨяɧɧɨɟ, 
ɡаɪаɧɟɟ ɢɡɜɟɫɬɧɨɟ ɜɪɟɦя, а ɫɥɭчаɣɧɨɟ, ɡаɜɢɫящɟɟ 
ɨɬ ɪяɞа ɫɥɭчаɣɧɵɯ ɮаɤɬɨɪɨɜ. ɐɟɥɶɸ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɨɩɢɫаɧɢя ɪаɫчɟɬɧɨɝɨ ɰɟɧɬɪа ɜ 
ɜɢɞɟ ɋɆɈ яɜɥяɟɬɫя ɩɨяɫɧɟɧɢɟ ɩɨɫɬɪɨɟɧɢɟ 
ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ, ɫɜяɡɵɜаɸщɟɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤаɧаɥа ɨɛɫɥɭɠɢɜаɧɢя, 
ɯаɪаɤɬɟɪ ɩɨɬɨɤа ɉȾ ɢ ɞɪ. ɫ ɩɨɤаɡаɬɟɥяɦɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɫɢɫɬɟɦɵ 
ɪаɫчɟɬɨɜ, ɨɩɢɫɵɜаɸщɢɦɢ ɟɟ ɫɩɨɫɨɛɧɨɫɬɶ 
ɨɛɫɥɭɠɢɜаɬɶ ɩɨɬɨɤ ɉȾ. 

 
 

Ɋɢɫɭɧɨɤ 1 – ɋɆɈ  ɡаяɜɨɤ ɩɥаɬɟɠɧɨɣ 
ɫɢɫɬɟɦɨɣ. ɉi – ɨɞɧɨɬɢɩɧɵɟ ɡɜɟɧɶя ɩɥаɬɟɠɧɨɣ 

ɫɢɫɬɟɦɵ, ɜɵɩɨɥɧяɸщɢɟ ɨɛɫɥɭɠɢɜаɧɢɟ 
ɩɥаɬɟɠɧɵɯ ɞɨɤɭɦɟɧɬɨɜ. 

 

ɇа ɪɢɫ.1 ɜɯɨɞящɢɣ ɩɨɬɨɤ ɢɦɟɟɬ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ λ0, а ɩɨɬɨɤ ɨɛɪаɛɨɬаɧɧɵɯ ɢɦɟɟɬ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ . ɉɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɉȾ –  

ɩɪɨɫɬɟɣɲɢɟ ɩɨɬɨɤɢ, ɨɛɥаɞаɸщɢɟ ɫɜɨɣɫɬɜаɦɢ 
ɨɪɞɢɧаɪɧɨɫɬɢ: 
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- ɜɟɪɨяɬɧɨɫɬɶ ɩɨɫɬɭɩɥɟɧɢя ɛɨɥɟɟ ɨɞɧɨɝɨ 
ɫɨɛɵɬɢя ɡа ɷɥɟɦɟɧɬаɪɧɵɣ «ɦаɥɵɣ» ɩɪɨɦɟɠɭɬɨɤ 
ɜɪɟɦɟɧɢ ΔЭ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦаɥа;  

- ɨɬɫɭɬɫɬɜɢя ɩɨɫɥɟɞɟɣɫɬɜɢя (ɫɨɛɵɬɢя ɜ 
ɩɨɬɨɤɟ ɩɨяɜɥяɸɬɫя ɜ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɵɟ ɦɨɦɟɧɬɵ 
ɜɪɟɦɟɧɢ ɧɟɡаɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝа).  

ɇɟɦаɥɨɜаɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɩɪɨɫɬɟɣɲɢɯ 
ɩɨɬɨɤɨɜ яɜɥяɟɬɫя ɫɜɨɣɫɬɜɨ ɫɬаɰɢɨɧаɪɧɨɫɬɢ. ȼ 
ɪɟаɥɶɧɨɣ ɋɆɈ чаɫɬɨ ɢɦɟɟɬ ɦɟɫɬɨ 
ɧɟɫɬаɰɢɨɧаɪɧɨɫɬɶ ɩɪɨɰɟɫɫа (ɜ ɪаɡɥɢчɧɵɟ чаɫɵ 
ɞɧя ɢ ɪаɡɥɢчɧɵɟ ɞɧɢ ɦɟɫяɰа ɩɨɬɨɤ ɉȾ ɦɨɠɟɬ 
ɦɟɧяɬɶɫя. Ɉɧ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɧɫɢɜɧɟɟ ɜɨ ɜɬɨɪɨɣ 
ɩɨɥɨɜɢɧɟ ɨɩɟɪаɰɢɨɧɧɨɝɨ ɞɧя, а ɬаɤɠɟ ɜ ɩɟɪɜɵɟ ɢ 
ɩɨɫɥɟɞɧɢɟ ɞɧɢ ɦɟɫяɰа. Ɉɞɧаɤɨ ɜ ɰɟɥɨɦ 
ɩɭаɫɫɨɧɨɜɫɤɢɣ ɡаɤɨɧ ɪаɫɩɪɟɞɟɥɟɧɢя ɫ 
ɞɨɫɬаɬɨчɧɨ ɜɵɫɨɤɢɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɨɬɪаɠаɟɬ 
ɩɪɨɰɟɫɫɵ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɦɨɞɟɥɢ Ɋɐ, ɝɞɟ 
ɜɯɨɞящɢɣ ɩɨɬɨɤ ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ ɜɢɞɟ 
ɫɭɦɦɵ ɛɨɥɶɲɨɝɨ чɢɫɥа ɧɟɡаɜɢɫɢɦɵɯ ɩɨɬɨɤɨɜ ɢ 
ɧɢ ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɧɟ яɜɥяɟɬɫя ɫɪаɜɧɢɦɵɦ ɩɨ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɨ ɜɫɟɦ ɫɭɦɦаɪɧɵɦ ɩɨɬɨɤɨɦ. 
Ⱦаɧɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɫɬаɧɨɜɢɬɫя ɜɟɪɧɵɦ 
ɛɥаɝɨɞаɪя ɨɛщɟɣ ɬɟɨɪɟɦɟ Ⱥ.ə.ɏɢɧчɢɧа Д1Ж. 

Ⱦɥя ɪаɫчɟɬа ɩɪɟɞɟɥɶɧɵɯ ɯаɪаɤɬɟɪɢɫɬɢɤ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя 
ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɫɢɫɬɟɦɵ, ɨɩɢɫɵɜаɸщɢɯ ɟɟ 
ɫɩɨɫɨɛɧɨɫɬɶ ɫɩɪаɜɥяɬɶɫя ɫ ɩɨɬɨɤɨɦ ɉȾ, 
ɧɟɨɛɯɨɞɢɦɨ ɪаɫɫчɢɬаɬɶ ɩɨɤаɡаɬɟɥɶ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤаɧаɥа ɨɛɫɥɭɠɢɜаɧɢя. 
ȼɨɡɦɨɠɧɨɫɬɢ ɪаɫчɟɬɧɨɝɨ ɰɟɧɬɪа ɤɨɦɦɟɪчɟɫɤɨɝɨ 
ɛаɧɤа (ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤаɧаɥа 
ɨɛɫɥɭɠɢɜаɧɢя) ɨɛɟɫɩɟчɢɜаɸɬɫя ɟɝɨ ɫɬɪɭɤɬɭɪɨɣ, а 
ɬаɤɠɟ ɜɫɬɪɨɟɧɧɵɦɢ аɥɝɨɪɢɬɦаɦɢ ɩɪɨɜɟɞɟɧɢя 
ɪаɫчɟɬɨɜ ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɨɞɫɢɫɬɟɦɨɣ ɧа ɫɟɪɜɟɪɟ 
ɋɍȻȾ. Ɋаɡɥɨɠɢɦ ɩɭɬɶ ɉȾ ɜ ɋɆɈ ɧа Ч 
ɷɥɟɦɟɧɬаɪɧɵɯ ɨɬɪɟɡɤɨɜ ɧа ɢɧɬɟɪɜаɥɟ ɩɪɨɰɟɫɫа 
ɟɝɨ ɨɛɫɥɭɠɢɜаɧɢя. ɉɨɥɭчɢɦ ɫɥɟɞɭɸщɢɣ ɫɨɫɬаɜ 
ɷɬаɩɨɜ: 

 – ɜɪɟɦя ɩɪɨɯɨɠɞɟɧɢя ɤаɠɞɵɦ ɉȾ 
ɤɨɧɬɪɨɥɶɧɨ-ɭчɟɬɧɵɯ ɩɪɨɰɟɞɭɪ ɧа ɫɟɪɜɟɪɟ ȻȾ 
ɩɨɞɫɢɫɬɟɦɵ ɪаɫчɟɬɨɜ; 

– ɜɪɟɦя ɜɵɜɨɞа ɪɟɟɫɬɪа ɨɛɪаɛаɬɵɜаɟɦɵɯ 
ɉȾ ɧа ɛɭɦаɠɧɵɣ ɧɨɫɢɬɟɥɶ;   

– ɜɪɟɦя ɩɪɨɯɨɠɞɟɧɢя ɤаɠɞɵɦ ɉȾ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɧɬɪɨɥɶɧɨ-ɭчɟɬɧɵɯ ɩɪɨɰɟɞɭɪ 
ɧа ɤɨɦɩɶɸɬɟɪɟ ɨɩɟɪаɬɨɪа. 

 Ʉаɤ ɜɢɞɢɦ, ɞɟɬаɥɢɡаɰɢя ɩɪɨɰɟɫɫа ɦаɫɫɨɜɨɝɨ 
ɨɛɫɥɭɠɢɜаɧɢя ɦɧɨɠɟɫɬɜа ɩɥаɬɟɠɧɵɯ ɞɨɤɭɦɟɧɬɨɜ 
ɜ ɤаɠɞɨɦ ɡɜɟɧɟ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ ɧа ɪɢɫ.1 
ɬɪɟɛɭɟɬ ɨɬɨɛɪаɡɢɬɶ ɩаɪаɥɥɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢя 
ɜɫɟɯ ɩɪɨɰɟɫɫɨɜ, ɨɝɪаɧɢчɟɧɧɨɫɬɶ ɪɟɫɭɪɫɨɜ 
ɫɢɫɬɟɦɵ ɢ ɧаɥɢчɢɟ ɨчɟɪɟɞɟɣ ɡаяɜɨɤ ɧа ɢɯ 
ɨɛɫɥɭɠɢɜаɧɢɟ ɧа ɥɸɛɨɦ ɷɬаɩɟ ɫ ɭчɟɬɨɦ 
ɫɪɟɞɧɟɫɬаɬɢɫɬɢчɟɫɤɨɝɨ ɡɧачɟɧɢя ɜɟɪɨяɬɧɨɫɬɢ 
ɨɛɫɥɭɠɢɜаɧɢя (ɫɨɛɵɬɢя) ɡаяɜɤɢ ɜ ɤаɠɞɨɦ ɡɜɟɧɟ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ. ɉɨɷɬɨɦɭ, ɨɫɧɨɜɵɜаяɫɶ ɧа 
ɨɩɢɫаɧɧɨɦ ɜɵɲɟ ɩɪɢɧɰɢɩɟ ɨɛɫɥɭɠɢɜаɧɢя 
ɩɨɬɨɤɨɜ ɡаяɜɨɤ ɜ ɦɟɠɛаɧɤɨɜɫɤɢɯ ɪаɫчɟɬаɯ, 
ɦɨɠɧɨ аɧаɥɨɝɢчɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɩɥаɬɟɠɧɭɸ 

ɫɢɫɬɟɦɭ ɜ ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɜɡаɢɦɨɫɜяɡаɧɧɵɯ 
ɋɆɈ, ɩɪɟɞɫɬаɜɥɟɧɧɭɸ ɧа ɪɢɫ.β. 

 
Ɋɢɫɭɧɨɤ β – ɋɬɨɯаɫɬɢчɟɫɤая ɫɟɬɟɜая ɦɨɞɟɥɶ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬаɜɥяɸщая ɨɫɧɨɜɭ 
аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ 

ɛɢɡɧɟɫа 

 

ɇа ɪɢɫ.β ɩɪɢɧяɬɵ ɫɥɟɞɭɸщɢɟ 
ɨɛɨɡɧачɟɧɢя: 
 ɍ1 – ɫɢɫɬɟɦа ɢɞɟɧɬɢɮɢɤаɰɢɢ ɡаɩɪɨɫа-

ɡаяɜɤɢ ɧа ɜɵɛɨɪ ɬɢɩа ɨɛɫɥɭɠɢɜаɧɢя ɢɥɢ 
ɬɪɟɛɭɟɦɨɣ ɮɭɧɤɰɢɢ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ 
(ɤɨɧɬɪɨɥɶ ɉȾ - ɩɥаɬɟɠɧɨɝɨ ɞɨɤɭɦɟɧɬа) ɢɥɢ 
ɨɩɪɟɞɟɥɟɧɢɟ ɡаɜɟɪɲɟɧɢя ɨɛɫɥɭɠɢɜаɧɢя ɤɥɢɟɧɬа; 
 ɍ2 – ɍn   - ɩɨɞɫɢɫɬɟɦɵ ɩɥаɬɟɠɧɨɣ 
ɫɢɫɬɟɦɵ, ɜɵɩɨɥɧяɸщɢɟ ɡаɩɪɨɫɵ ɤɥɢɟɧɬɨɜ ɧа 
ɩɟɪɟчɢɫɥɟɧɢɟ ɢ ɩɪɢɟɦ ɫɭɦɦ, ɧа ɪаɡɪɟɲɟɧɢɟ ɢ 
ɜɵɞачɭ ɨɛɦɟɧɧɨɣ ɜаɥɸɬɵ, ɜɵɩɨɥɧɟɧɢɟ ɨɩɟɪаɰɢɣ 
ɩɨ ɤɥɢɪɢɧɝɭ, ɫɨɫɬаɜɥɟɧɢɟ ɢ ɜɵɞача ɨɬчɟɬɨɜ, 
ɞɢаɝɧɨɫɬɢɤа ɫɢɫɬɟɦɵ ɢ ɬ.ɞ.; 
 Ɋij – ɜɟɪɨяɬɧɨɫɬɶ ɩɟɪɟɞачɢ ɡаяɜɨɤ 
ɤɥɢɟɧɬɨɜ ɧа ɨɛɫɥɭɠɢɜаɧɢɟ ɢɡ i – ɬɨɣ ɩɨɞɫɢɫɬɟɦɵ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ ɜ j – ɬɭɸ;  

Ɋ10 – ɜɟɪɨяɬɧɨɫɬɶ ɡаɜɟɪɲɟɧɢя 
ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ ɤɥɢɟɧɬɨɜ ɩɥаɬɟɠɧɨɣ 
ɫɢɫɬɟɦɨɣ; 
 λi – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɬɨɤа ɡаяɜɨɤ ɜ i –
ɬɭɸ ɩɨɞɫɢɫɬɟɦɭ; 
 λ0 – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɧɟɲɧɟɝɨ (ɜɯɨɞɧɨɝɨ) 
ɩɨɬɨɤа ɡаяɜɨɤ ɧа ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɛɭɟɦɵɯ 
ɤɥɢɟɧɬаɦɢ ɮɭɧɤɰɢɣ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɨɣ; 
 Ⱦɥя ɜɵɩɨɥɧɟɧɢя ɦаɬɟɦаɬɢчɟɫɤɢɯ 
ɩɪɟɨɛɪаɡɨɜаɧɢɣ ɜɜɟɞɟɦ ɫɥɟɞɭɸщɢɟ ɨɛɨɡɧачɟɧɢя:  
 – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɯɨɞɧɨɝɨ ɩɨɬɨɤа ɡаяɜɨɤ (ɧа 
ɨɛɫɥɭɠɢɜаɧɢɟ ɩɥаɬɟɠɧɵɯ ɞɨɤɭɦɟɧɬɨɜ); 
l – ɞɥɢɧа ɨчɟɪɟɞɢ ɡаяɜɨɤ; 
w – ɫɪɟɞɧɟɟ ɜɪɟɦя ɨɠɢɞаɧɢя ɨɛɫɥɭɠɢɜаɧɢя 
ɤаɠɞɨɣ ɡаяɜɤɨɣ; 
v – ɫɪɟɞɧɟɟ ɜɪɟɦя ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɤɢ; 
 - ɫɤɨɪɨɫɬɶ ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ ɡɜɟɧɨɦ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ. 

ɋɬɟɩɟɧɶ ɡаɝɪɭɡɤɢ ɨɞɧɨɝɨ ɩɪɢɛɨɪа ɋɆɈ 
() ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 
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1

 v ,   (1) 

ɢɧачɟ ɫɢɫɬɟɦа ɜɨɣɞɟɬ ɜ ɪɟɠɢɦ 
«ɩɟɪɟɝɪɭɡɤа» ɢ ɨчɟɪɟɞɶ ɡаяɜɨɤ ɫɬаɧɟɬ ɛɟɫɤɨɧɟчɧɨ 
ɛɨɥɶɲɨɣ. 

Ʉɨɥɢчɟɫɬɜɨ ɡаяɜɨɤ, ɧаɯɨɞящɢɯɫя ɜ ɋɆɈ, 
ɨɩɪɟɞɟɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ:  

Ɇ= l+.   (2) 

Ⱦɥɢɧа ɨчɟɪɟɞɢ ɜɵчɢɫɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ: 

l =



1

2

.  (3) 

ɋɪɟɞɧɟɟ ɜɪɟɦя ɨɠɢɞаɧɢя ɨɛɫɥɭɠɢɜаɧɢя 
ɧаɯɨɞɢɬɫя ɩɨ ɮɨɪɦɭɥɟ:  




w .  (4) 

ɋɪɟɞɧɟɟ ɜɪɟɦя ɨɛɫɥɭɠɢɜаɧɢя ɡаɩɪɨɫа 
(U) ɧаɯɨɞɢɬɫя ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ:   

U= v + w  =   v
 


1

2

 =
v

v

1
. (5) 

 

ɉɨɫɤɨɥɶɤɭ ɞɥя ɨɰɟɧɤɢ ɩɪɟɞɟɥɶɧɵɯ 
ɩаɪаɦɟɬɪɨɜ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ ɛɨɥɶɲɢɣ 
ɢɧɬɟɪɟɫ ɩɪɟɞɫɬаɜɥяɟɬ ɞɥɢɬɟɥɶɧɵɣ 
ɭɫɬаɧɨɜɢɜɲɢɣɫя ɪɟɠɢɦ – ɪɟɠɢɦ ɫɬаɰɢɨɧаɪɧɨɣ 
ɪаɛɨɬɵ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ, ɬɨ ɦɨɠɧɨ 
ɜɨɫɩɨɥɶɡɨɜаɬɶɫя ɫɜɨɣɫɬɜɨɦ ɷɤɜɢɜаɥɟɧɬɧɨɝɨ 
ɡаɦɟщɟɧɢя ɦɨɞɟɥɢ ɦɧɨɝɨɤаɧаɥɶɧɨɣ (N-

ɤаɧаɥɶɧɨɣ) ɋɆɈ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɢɡ N-ɲɬɭɤ 
ɨɞɧɨɬɢɩɧɵɯ ɨɞɧɨɤаɧаɥɶɧɵɯ ɋɆɈ ɝɞɟ ɢɯ 
ɜɯɨɞɧɨɣ ɩɨɬɨɤ ɡаяɜɨɤ -  ɛɭɞɟɬ ɭɦɟɧɶɲɟɧ ɜ N 

ɪаɡ. Ɍɨɝɞа ɮɨɪɦɭɥа ɜɪɟɦɟɧɢ ɩɪɟɛɵɜаɧɢя ɡаяɜɤɢ 
ɧа ɨɛɫɥɭɠɢɜаɧɢɢ ɜ ɷɤɜɢɜаɥɟɧɬɧɨ ɡаɦɟщаɸщɟɣ 
ɨɞɧɨɤаɧаɥɶɧɨɣ ɋɆɈ ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸщɢɣ 
ɜɢɞ: 

Ui=
vN

vN

ii

i


.    (6) 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɤаɠɞая ɋɆɈ ɢɦɟɟɬ: 
i - ɫɜɨɣ ɜɯɨɞɧɨɣ ɩɨɬɨɤ ɨɛɫɥɭɠɢɜаɧɢя,  
Ni - ɤɨɥɢчɟɫɬɜɨ ɩаɪаɥɥɟɥɶɧɵɯ ɤаɧаɥɨɜ 

ɞɥя ɜɵɩɨɥɧɟɧɢя ɤаɠɞɨɝɨ ɬɢɩа ɭɫɥɭɝ,  
P1j - ɜɟɪɨяɬɧɨɫɬɶ, ɫ ɤɨɬɨɪɨɣ ɤ ɤаɠɞɨɣ 

ɋɆɈ ɨɛɪащаɸɬɫя ɡаɩɪɨɫɵ. 
Ɍаɤɠɟ ɞɥя ɤаɠɞɨɣ ɢɡ ɋɆɈ ɡаɞаɟɬɫя ɫɜɨё 

ɜɪɟɦя ɨɛɫɥɭɠɢɜаɧɢя  iv  ɢ ɨɛɴɟɦ ɪɟɫɭɪɫа, 
ɩɪɟɞɨɫɬаɜɥяɟɦɨɝɨ ɫɪɟɞɧɟ ɫɬаɬɢɫɬɢчɟɫɤɨɣ ɡаяɜɤɟ - 
 iC .  

Ⱦɥя ɫɬɨɯаɫɬɢчɟɫɤɨɣ ɫɟɬɟɜɨɣ ɦɨɞɟɥɢ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ ɧа ɪɢɫ.β ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ 

ɝɪаɮ ɫɨɫɬɨяɧɢɣ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɷɬаɩɨɜ 
ɨɛɫɥɭɠɢɜаɧɢя ɩɥаɬɟɠɧɨɝɨ ɞɨɤɭɦɟɧɬа ɢ ɞɥя 
ɦɨɞɟɥɢɪɨɜаɧɢя ɞɥɢɬɟɥɶɧɨɝɨ ɪɟɠɢɦа ɪаɛɨɬɵ ɜɫɟɣ 
ɫɟɬɢ ɦɨɠɧɨ ɡаɩɢɫаɬɶ ɫɢɫɬɟɦɭ ɭɪаɜɧɟɧɢя ɛаɥаɧɫа 
ɩɨɬɨɤɨɜ ɜɫɟɯ ɨɛɫɥɭɠɢɜаɟɦɵɯ ɩɥаɬɟɠɧɨɣ 
ɫɢɫɬɟɦɨɣ ɡаяɜɨɤ ɜ ɭɫɬаɧɨɜɢɜɲɟɦɫя ɪɟɠɢɦɟ. ɇа 
ɨɫɧɨɜаɧɢɢ ɪɟɲɟɧɢя ɷɬɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ 
ɩɨɥɭчɢɬɶ ɮɨɪɦɭɥɵ ɞɥя ɪаɫчɟɬа ɫɪɟɞɧɟɝɨ 
ɤɨɥɢчɟɫɬɜа ɪаɡ ɩɨɫɟщɟɧɢɣ ɨɞɧɨɣ 
ɫɪɟɞɧɟɫɬаɬɢɫɬɢчɟɫɤɨɣ ɡаяɜɤɨɣ ɤаɠɞɨɣ ɋɆɈ - 

 i . Ɂɧая ɫɪɟɞɧɟɟ ɜɪɟɦя ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɤɢ ɜ 
ɤаɠɞɨɣ ɋɆɈ – ɷɬɨ (6)  ɦɨɠɧɨ ɧаɣɬɢ ɩɨɥɧɨɟ 
ɜɪɟɦя ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɤɢ ɜ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɟ 
– Ɍ ɢ ɫɬɨɢɦɨɫɬɶ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ - S. ȿɫɥɢ 
ɞɨɩɨɥɧɢɬɶ ɩɨɥɭчɟɧɧɵɟ ɭɪаɜɧɟɧɢя ɨɝɪаɧɢчɟɧɢɟɦ 
ɩɨ ɫɬɨɢɦɨɫɬɢ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ ɢ ɬɪɟɛɨɜаɧɢɟɦ 
ɦɢɧɢɦɢɡаɰɢɢ ɜɪɟɦɟɧɢ ɨɛɫɥɭɠɢɜаɧɢя 
ɩɥаɬɟɠɧɨɝɨ ɞɨɤɭɦɟɧɬа ɜ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɟ, ɬɨ 
ɩɨɥɭчɢɦ ɬɢɩɨɜɭɸ ɡаɞачɭ ɩаɪаɦɟɬɪɢчɟɫɤɨɣ 
ɨɩɬɢɦɢɡаɰɢɢ ɜɢɞа: 
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  (7) 

ɝɞɟ θ – ɬɪɭɞɨɟɦɤɨɫɬɶ ɨɩɟɪаɰɢɣ 
ɢɞɟɧɬɢɮɢɤаɰɢɢ ɢ аɞɦɢɧɢɫɬɪɢɪɨɜаɧɢя 
ɩɨɫɬɭɩɢɜɲɟɣ ɜ ɫɢɫɬɟɦɭ ɢ ɬɪɟɛɭɸщɟɣ 
ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɤɢ, 

ȼ – ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɣ 
ɛаɧɤɨɜɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪаɰɢɣ 
ɢɞɟɧɬɢɮɢɤаɰɢɢ ɢ аɞɦɢɧɢɫɬɪɢɪɨɜаɧɢя 
ɩɨɫɬɭɩɢɜɲɟɣ ɜ ɫɢɫɬɟɦɭ ɢ ɬɪɟɛɭɸщɟɣ 
ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɤɢ. 

ȼ ɢɬɨɝɟ, ɩɨɥɭчɢɥɢ ɡаɞачɭ ɫɢɧɬɟɡа 
ɫɢɫɬɟɦɵ ɡаɞаɧɧɨɣ ɫɬɨɢɦɨɫɬɢ ɩɪɢ ɦаɤɫɢɦаɥɶɧɨɦ 
ɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɢ (ɢɥɢ ɩɪɢ ɦɢɧɢɦаɥɶɧɨɦ 
ɜɪɟɦɟɧɢ ɨɛɫɥɭɠɢɜаɧɢя ɩɥаɬɟɠɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɜ 
ɫɢɫɬɟɦɟ).  

Ⱥɧаɥɨɝɢчɧɨ ɷɬɭ ɦɨɞɟɥɶ ɦɨɠɧɨ 
ɩɪɟɞɫɬаɜɢɬɶ ɢ ɜ ɞɪɭɝɨɣ ɬɪаɤɬɨɜɤɟ ɡаɞачɢ ɫɢɧɬɟɡа: 
ɦɢɧɢɦɢɡɢɪɨɜаɬɶ ɫɬɨɢɦɨɫɬɶ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ 
ɩɪɢ ɡаɞаɧɧɨɦ ɞɨɩɭɫɬɢɦɨɦ ɭɫɪɟɞɧɟɧɧɨɦ ɩɨɥɧɨɦ 
ɜɪɟɦɟɧɢ ɨɛɫɥɭɠɢɜаɧɢя ɩɥаɬɟɠɧɨɝɨ ɞɨɤɭɦɟɧɬа ɜ 
Ⱥȼɋ. Ⱦɥя ɟɟ аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟɲɟɧɢя ɜ ɥɸɛɨɣ 
ɩɨɫɬаɧɨɜɤɟ ɩɪɢɦɟɧɢɦ ɦɟɬɨɞ «ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɦɧɨɠɢɬɟɥя Ʌаɝɪаɧɠа» - γ. ɋɨɝɥаɫɧɨ ɦɟɬɨɞɭ 
ɮɨɪɦɢɪɭɟɦ ɜɫɩɨɦɨɝаɬɟɥɶɧɭɸ ɮɭɧɤɰɢɸ G ɢ 
ɧаɣɞёɦ ɟё ɦɢɧɢɦɭɦ ɫ ɭчɟɬɨɦ ɨɝɪаɧɢчɟɧɢɣ ɢ 
ɬɪɟɛɨɜаɧɢɣ ɦаɤɫɢɦаɥɶɧɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢя ɩɪɢ 
ɡаɞаɧɧɨɣ ɫɬɨɢɦɨɫɬɢ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ – (7). 
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  min*  SSTG   (8) 

 

ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ: 
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ɇɟɢɡɜɟɫɬɧɵɦɢ яɜɥяɸɬɫя ȼ, 
iN  (i=1-5 (ɨɬ 1 ɞɨ 

5)), minT , ɮакɬS , ɝɞɟ ν = ș / ȼ.  
Ɋɟɲая ɫɢɫɬɟɦɭ (9) ɩɨɥɭчɢɦ: 
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ɂɡ ɩɨɫɥɟɞɧɟɝɨ ɭɪаɜɧɟɧɢя (1β) ɧаɣɞɟɦ 
ɧɟɨɩɪɟɞɟɥɟɧɧɵɣ ɦɧɨɠɢɬɟɥɶ Ʌаɝɪаɧɠа - γ: 
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ɉɨɞɫɬаɧɨɜɤɨɣ 

1

 ɜ ɮɨɪɦɭɥɵ ɞɥя B ɢ 

iN , а ɡаɬɟɦ ɜ Т ɢ S ɦɨɠɧɨ ɩɨɥɭчɢɬɶ ɪаɫчɟɬɧɵɟ 

ɮɨɪɦɭɥɵ Tmin ɢ ɮакɬS -  ɮаɤɬɢчɟɫɤɭɸ ɫɬɨɢɦɨɫɬɶ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ. 

Ⱥɧаɥɢɡɢɪɭя ɜɵɜɨɞɵ, ɫɞɟɥаɧɧɵɟ 
ɭчɟɧɧɵɦɢ, ɜɧɟɫɲɢɦɢ ɜɤɥаɞ ɜ ɪаɡɜɢɬɢɟ ɞɨɤɬɪɢɧɵ 
ɫɤɨɪɨɫɬɢ ɨɛɪащɟɧɢя ɞɟɧɟɝ, ɦɨɠɧɨ ɫɤаɡаɬɶ ɨɛ 
ɨɞɧɨɡɧачɧɨɫɬɢ ɨɬɫɭɬɫɬɜɢя ɜɥɢяɧɢя ɩаɪаɦɟɬɪа 
ɜɪɟɦɟɧɢ, ɡаɬɪачɢɜаɟɦɨɝɨ ɧа ɫɨɜɟɪɲɟɧɢɟ ɫɞɟɥɤɢ 
(ɩɟɪɟɜɨɞ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɞɥя ɩɪɟɤɪащɟɧɢя 
ɞɨɥɝɨɜɵɯ ɨɛяɡаɬɟɥɶɫɬɜ) ɧа ɢɡɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ 
ɨɛɪаɛɨɬɤɢ ɞаɧɧɵɯ. ɂɡɦɟɪɟɧɢɟ ɨɫɭщɟɫɬɜɥяɟɬɫя 

ɤɨɥɢчɟɫɬɜɨɦ ɫɞɟɥɨɤ ɜ ɷɤɨɧɨɦɢɤɟ ɢ ɟɟ ɨɛщɢɦ 
ɫɨɫɬɨяɧɢɟɦ - ɪɨɫɬɨɦ ɢɥɢ ɠɟ ɞɟɩɪɟɫɫɢɟɣ. 
ɨɩɪɟɞɟɥяɟɬɫя чɢɫɥɨɦ ɦɟɧɨɜɵɯ аɤɬɨɜ, 
ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨ ɫɨɜɟɪɲаɸщɢɯɫя ɜɨ ɜɪɟɦɟɧɢ, а 
чɢɫɥɨ ɬаɤɢɯ ɦɟɧɨɜɵɯ аɤɬɨɜ, ɨчɟɜɢɞɧɨ, ɧɟ ɦɨɠɟɬ 
ɛɵɬɶ ɭɜɟɥɢчɢɜаɟɦɨ ɢɥɢ ɭɦɟɧɶɲаɟɦɨ 
ɩɪɨɢɡɜɨɥɶɧɨ. ɉɪаɜɞа, ɧɟɥɶɡя ɫɤаɡаɬɶ ɬɨɝɨ, чɬɨɛɵ 
ɫɤɨɪɨɫɬɶ ɨɛɪащɟɧɢя ɞɟɧɟɝ ɧɟ ɩɨɞɞаɟɬɫя 
ɧɢɤаɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ. 

Ɉɫɬаɟɬɫя ɛɟɫɫɩɨɪɧɵɦ ɬɨɬ ɮаɤɬ, чɬɨ 
ɜɧɟɞɪɟɧɢɟ ɜɵɫɨɤɨ ɡаɬɪаɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɨɫɭщɟɫɬɜɥяɟɬɫя ɜ ɬɨɦ чɢɫɥɟ ɢ ɫ ɰɟɥɶɸ 
ɫɨɤɪащɟɧɢя ɜɪɟɦɟɧɢ ɧа ɞɨɫɬаɜɤɭ ɩɥаɬɟɠа ɨɬ 
ɩɥаɬɟɥɶщɢɤа ɞɨ ɩɨɥɭчаɬɟɥя, ɨɛɪаɛɨɬɤɭ 
ɛаɧɤɨɜɫɤɨɣ ɢɧɮɨɪɦаɰɢɢ ɧа ɜɫɟɯ ɷɬаɩаɯ 
ɩɪɨɯɨɠɞɟɧɢя ɷɥɟɤɬɪɨɧɧɨɝɨ ɞɨɤɭɦɟɧɬа. Ɍɟɦ 
ɫаɦɵɦ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨɛ ɭɜɟɥɢчɟɧɢɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɫɥɭɠɢɜаɧɢя ɬɨɜаɪɧɨ-

ɞɟɧɟɠɧɨɝɨ ɨɛɨɪɨɬа ɜ ɫɬɪаɧɟ. ȼ ɫɥɭчаɟ 
ɪаɡɥаɠɟɧɧɨɫɬɢ ɦɟɯаɧɢɡɦа ɨɫɭщɟɫɬɜɥɟɧɢя 
ɛɟɡɧаɥɢчɧɵɯ ɪаɫчɟɬɨɜ, ɯɨɡяɣɫɬɜɭɸщɢɟ ɫɭɛɴɟɤɬɵ 
ɛɭɞɭɬ ɢɫɩɵɬɵɜаɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɩɪɢ 
ɫɨɜɟɪɲɟɧɢɢ ɫɞɟɥɨɤ ɢ ɜ ɞɟɣɫɬɜɢɟ ɧачɧɭɬ ɜɫɬɭɩаɬɶ 
ɞɪɭɝɢɟ ɩɥаɬɟɠɧɵɟ ɦɟɯаɧɢɡɦɵ - ɧаɥɢчɧɵɟ 
ɫɪɟɞɫɬɜа, ɛаɪɬɟɪ, ɩɥаɬɟɠɧɵɟ ɫɭɪɪɨɝаɬɵ. 

Ɉɞɧаɤɨ, ɟɫɥɢ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜа 
ɨɫɬаɸɬɫя ɧɟɜɨɫɬɪɟɛɨɜаɧɧɵɦɢ ɷɤɨɧɨɦɢчɟɫɤɢɦɢ 
ɫɭɛɴɟɤɬаɦɢ ɜ ɷɤɨɧɨɦɢɤɟ ɫɬɪаɧɵ, ɬɨ ɨɧɢ ɨɫɬаɸɬɫя 
ɛɟɡ ɞɜɢɠɟɧɢя ɜ ɜɢɞɟ ɨɫɬаɬɤɨɜ ɧа ɫчɟɬаɯ, ɜ ɤаɫɫаɯ 
ɢɥɢ ɧа ɪɭɤаɯ ɝɪаɠɞаɧ, ɧɟ ɡаɜɢɫɢɦɨ ɨɬ ɬɨɝɨ ɫ 
ɤаɤɢɦ ɜɪɟɦɟɧɧɵɦɢ ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ 
ɨɫɭщɟɫɬɜɥяɟɬɫя ɩɟɪɟɜɨɞ ɩɥаɬɟɠɟɣ ɨɬ 
ɩɥаɬɟɥɶщɢɤа ɞɨ ɩɨɥɭчаɬɟɥя. ɂɫɩɨɥɶɡɭя 
ɷɥɟɤɬɪɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɛаɧɤɢ ɩɪɟɞɨɫɬаɜɥяɸɬ 
ɫɜɨɢɦ ɤɥɢɟɧɬаɦ ɫɩɨɫɨɛ ɩɟɪɟɜɨɞа ɢ ɨɛɪаɛɨɬɤɢ 
ɷɥɟɤɬɪɨɧɧɵɯ ɩɥаɬɟɠɧɵɯ ɞɨɤɭɦɟɧɬɨɜ, ɬ.ɟ. 
ɪаɫчɟɬɧɵɟ ɭɫɥɭɝɢ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧя. ȼ ɪаɛɨɬɟ [10] 

ɩɨɤаɡаɧɨ - ɧаɫɤɨɥɶɤɨ ɜаɠɧа ɪɨɥɶ ɩɥаɬɟɠɧɵɯ 
ɫɢɫɬɟɦ ɞɥя ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɮɢɧаɧɫɨɜɨɣ 
ɫɢɫɬɟɦɵ ɢ ɷɤɨɧɨɦɢɤɢ ɜ ɰɟɥɨɦ. ɉɪɢ ɷɬɨɦ 
ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɩɥаɬɟɠɢ ɛɟɡɨɩаɫɧɵɦ ɢ 
ɷɮɮɟɤɬɢɜɧɵɦ ɨɛɪаɡɨɦ яɜɥяɟɬɫя ɜаɠɧɟɣɲɟɣ 
ɡаɞачɟɣ, ɤаɤ ɨɬɟчɟɫɬɜɟɧɧɨɣ, ɬаɤ ɢ ɝɥɨɛаɥɶɧɨɣ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ. ɀɢɡɧɟɫɩɨɫɨɛɧɵɟ ɢ 
ɷɮɮɟɤɬɢɜɧɵɟ ɩɥаɬɟɠɧɵɟ ɦɟɯаɧɢɡɦɵ ɭɥɭчɲаɸɬ 
ɪаɫɩɪɟɞɟɥɟɧɢɟ ɪɟɫɭɪɫɨɜ, ɫɨɞɟɣɫɬɜɭɸɬ ɪаɡɜɢɬɢɸ 
ɢ ɩɨɜɵɲаɸɬ ɨɛщɟɫɬɜɟɧɧɨɟ ɛɥаɝɨɫɨɫɬɨяɧɢɟ. 

ȼɨ-ɢɡɛɟɠаɧɢɟ ɩɥаɬɟɠɧɨɝɨ «ɫɬɨɩɨɪа» ɢ 
ɧɨɪɦаɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɩɥаɬɟɠɧɨɣ 
ɫɢɫɬɟɦɵ: ɩɪɟɞɨɫɬаɜɥɟɧɢɟ ɤɪɟɞɢɬа, ɞɥя 
ɦɟɠɛаɧɤɨɜɫɤɢɯ ɫɢɫɬɟɦ ɩɥаɬɟɠɟɣ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɟɫɩɟчɢɬɶ ɪɟɝɭɥяɪɧɵɣ ɩɨɬɨɤ ɩɥаɬɟɠɟɣ. 
«ɋɬɨɩɨɪ" ɩɥаɬɟɠɟɣ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ, 
ɧɟɡаɜɢɫɢɦɨ ɨɬ ɩɪɢчɢɧɵ ɧɟɫɨɫɬɨяɬɟɥɶɧɨɫɬɢ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ ɢ ɟɝɨ ɨɩɟɪаɬɨɪа. 
ɇɟɩɥаɬɟɠɟɫɩɨɫɨɛɧɨɫɬɶ ɨɞɧɨɝɨ ɢɡ ɭчаɫɬɧɢɤɨɜ 
ɦɨɠɟɬ ɛɵɬɶ ɪɟɡɭɥɶɬаɬɨɦ ɨɩɟɪаɰɢɣ, ɧɟ ɫɜяɡаɧɧɵɯ 
ɫ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɨɣ, ɢ ɜ ɬɨɠɟ ɜɪɟɦя ɫɬаɬɶ 
ɩɪɢчɢɧɨɣ ɪаɫɩɪɨɫɬɪаɧɟɧɢя ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɫɪɟɞɢ 
ɨɫɬаɥɶɧɵɯ ɭчаɫɬɧɢɤɨɜ ɢ ɩɨɜɥɢяɬɶ ɧа 
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ɫɨɫɬɨяɬɟɥɶɧɨɫɬɶ ɫаɦɨɝɨ ɪаɫчɟɬɧɨɝɨ аɝɟɧɬа. ɗɬɢ 
ɨɩаɫɧɨɫɬɢ ɩɨɞчɟɪɤɢɜаɸɬ ɡɧачɢɦɨɫɬɶ 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɪаɫчɟɬɧɨɝɨ аɝɟɧɬа ɞɥя 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɞɥя 
ɷɤɨɧɨɦɢɤɢ ɜ ɰɟɥɨɦ. ɉɨɷɬɨɦɭ ɜɨɡɦɨɠɧɨɫɬɶ ɢ 
ɤɨɥɢчɟɫɬɜɨ ɥɢɤɜɢɞɧɨɫɬɢ (ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, 
ɩɨɬɟɧɰɢаɥɶɧɨ ɪаɡɦɟɪ ɤɪɟɞɢɬа), ɧɟɨɛɯɨɞɢɦɨɣ ɞɥя 
ɮɨɧɞɢɪɨɜаɧɢя ɩɥаɬɟɠɧɵɯ ɩɨɬɨɤɨɜ, яɜɥяɟɬɫя ɟщɟ 
ɨɞɧɢɦ ɮаɤɬɨɪɨɜ ɭɦɟɧɶɲɟɧɢя ɫɢɫɬɟɦɧɵɯ ɪɢɫɤɨɜ. 
Ɍɪɟɛɭɸɬɫя ɫɪɟɞɫɬɜа ɞɥя ɟɝɨ ɪаɫчɟɬа. 

ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ аɧаɥɢɬɢчɟɫɤɢɟ 
ɦɨɞɟɥɢ ɤаɤ ɪаɡ ɢ ɩɨɡɜɨɥяɸɬ ɨɰɟɧɢɬɶ ɪаɡɦɟɪɵ 
ɪɟɡɟɪɜɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥя ɤаɠɞɨɝɨ ɢɡ ɡɜɟɧɶɟɜ 
ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ – чɬɨɛɵ ɧɟ ɜɨɡɧɢɤаɥ 
«ɫɬɨɩɨɪ" ɩɥаɬɟɠɟɣ. ɉɪɢ ɷɬɨɦ ɦɨɞɢɮɢɤаɰɢя 
ɪаɫчɟɬɧɨɣ ɦɨɞɟɥɢ ɫɜɨɞɢɬɫя ɬɨɥɶɤɨ ɤ ɡаɞаɧɢɸ 
(ɭɜɟɥɢчɟɧɢɸ) ɫɬɨɢɦɨɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɪɟɫɭɪɫɨɜ ɤаɠɞɨɝɨ ɢɡ ɡɜɟɧɶɟɜ ɩɥаɬɟɠɧɨɣ ɫɢɫɬɟɦɵ 
(ɬ.ɟ. ɪɟɝɭɥɢɪɭɟɬɫя ɜɟɥɢчɢɧаɦɢ  iC  ɞɥя 
аɧаɥɢɡɢɪɭɟɦɨɣ ɋɆɈ). 

ȼ ɤачɟɫɬɜɟ ɪаɫчɟɬɧɵɯ аɤɬɢɜɨɜ ɦɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜаɬɶɫя ɞɟɧɶɝɢ ɤаɤ ɰɟɧɬɪаɥɶɧɵɯ, ɬаɤ ɢ 
ɤɨɦɦɟɪчɟɫɤɢɯ ɛаɧɤɨɜ. ɇа ɩɪаɤɬɢɤɟ, ɛɨɥɶɲɢɧɫɬɜɨ 
ɦɟɠɛаɧɤɨɜɫɤɢɯ ɩɥаɬɟɠɧɵɯ ɫɢɫɬɟɦ ɢɫɩɨɥɶɡɭɸɬ 
ɰɟɧɬɪаɥɶɧɵɣ ɛаɧɤ ɜ ɤачɟɫɬɜɟ ɪаɫчɟɬɧɨɝɨ 
ɭчɪɟɠɞɟɧɢя, ɢ, ɫɥɟɞɨɜаɬɟɥɶɧɨ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɟ 
ɭчаɫɬɧɢɤɢ ɷɬɢɯ ɫɢɫɬɟɦ ɩɨɥɶɡɭɸɬɫя ɞɟɧɶɝаɦɢ 
ɰɟɧɬɪаɥɶɧɨɝɨ ɛаɧɤа, ɜ ɫɢɥɭ ɢɯ ɨɫɨɛɨɝɨ ɫɬаɬɭɫа: 
-ɢɫɩɨɥɶɡɨɜаɧɢɟ ɫɜɨɛɨɞɧɵɯ ɨɬ ɪɢɫɤа ɪаɫчɟɬɧɵɯ 
аɤɬɢɜɨɜ ɦɨɠɟɬ ɩɨɦɨчɶ ɫɧɢɡɢɬɶ ɫɢɫɬɟɦɧɵɣ ɪɢɫɤ; 
- ɢɫɩɨɥɶɡɨɜаɧɢɟ ɧɟ ɩɨɞɜɟɪɠɟɧɧɨɝɨ ɞɟɮɨɥɬɭ 
ɪаɫчɟɬɧɨɝɨ ɭчɪɟɠɞɟɧɢя ɦɨɠɟɬ ɨɝɪаɧɢчɢɬɶ ɪɢɫɤ 
ɡаɞɟɪɠɤɢ ɜ ɭɫɥɭɝаɯ; 
- ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɡɞаɜаɬɶ ɧɟɨɝɪаɧɢчɟɧɧɭɸ 
ɥɢɤɜɢɞɧɨɫɬɶ ɜ ɧаɰɢɨɧаɥɶɧɨɣ ɜаɥɸɬɟ ɦɨɠɟɬ ɛɵɬɶ 
ɜаɠɧɨɣ ɞɥя ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя 
ɫɢɫɬɟɦɵ; 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭчаɫɬɢɟ ɜ 
ɦɟɠɛаɧɤɨɜɫɤɢɯ ɩɥаɬɟɠɧɵɯ ɫɢɫɬɟɦаɯ ɬɪɟɛɭɟɬ 
ɨɛɵчɧɨ ɡɧачɢɬɟɥɶɧɵɯ ɫɭɦɦ ɥɢɤɜɢɞɧɨɫɬɢ. ɂ ɯɨɬя 
ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɜɧɟɞɪɟɧɵ ɜ ɧɟɤɨɬɨɪɵɟ 
ɫɢɫɬɟɦɵ, чɬɨɛɵ ɷɤɨɧɨɦɢɬɶ ɧа ɥɢɤɜɢɞɧɨɫɬɢ, 
ɤɨɪɪɟɫɩɨɧɞɟɧɬɫɤɢɟ ɛаɧɤɢ ɦɨɝɭɬ ɭɩɪаɜɥяɬɶ 
ɩɥаɬɟɠɧɵɦɢ ɩɨɬɨɤаɦɢ ɫɜɨɢɯ ɤɥɢɟɧɬɨɜ ɬаɤɢɦ 
ɨɛɪаɡɨɦ, чɬɨɛɵ ɫɨɤɪащаɬɶ ɪаɡɦɟɪɵ ɥɢɤɜɢɞɧɨɫɬɢ 
ɢ ɤɪɟɞɢɬɨɜ, ɜ ɩɨɥɭчɟɧɢɢ ɤɨɬɨɪɵɯ ɧɭɠɞаɟɬɫя 
ɤаɠɞɵɣ ɤɥɢɟɧɬ. 

ɉɪɟɞɫɬаɜɥɟɧɧая ɡɞɟɫɶ ɦɨɞɟɥɶ ɢ 
ɦɟɬɨɞɢчɟɫɤɢɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥяɸɬ ɜɟɫɬɢ 
ɞɟɬаɥɶɧɵɣ аɧаɥɢɡ ɢ ɩаɪаɦɟɬɪɢчɟɫɤɢɣ ɫɢɧɬɟɡ 
ɪаɡɥɢчɧɵɯ ɫɬɪɭɤɬɭɪ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɯ ɫɢɫɬɟɦ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа, ɜɵяɫɧяɬɶ ɭɡɤɢɟ ɦɟɫɬа ɜ 
ȺȻɋ, ɪаɰɢɨɧаɥɶɧɨ ɩɥаɧɢɪɨɜаɬɶ ɮɢɧаɧɫɨɜɵɟ ɢ 
ɬɨɜаɪɧɵɟ ɪɟɫɭɪɫɵ, ɨɩɬɢɦɢɡɢɪɨɜаɬɶ 
ɥɨɝɢɫɬɢчɟɫɤɢɟ ɨɩɟɪаɰɢɢ. ȼ ɰɟɥɨɦ ɦɟɬɨɞɢɤа 
ɢɫɫɥɟɞɨɜаɧɢя ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа 
ɩɪɟɞɫɬаɜɢɦɵɯ ɦɨɞɟɥɶɸ ɫɬɨɯаɫɬɢчɟɫɤɨɣ ɫɟɬɢ 
ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɷɬаɩɨɜ. 

ɗɬаɩ 1. ɇаɩɨɥɧɟɧɢɟ чɢɫɥɨɜɵɦɢ 
ɯаɪаɤɬɟɪɢɫɬɢɤаɦɢ ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɞɥя 
аɧаɥɢɬɢчɟɫɤɨɝɨ ɪаɫчɟɬа ɩаɪаɦɟɬɪɨɜ 
ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ ɜ ɤɨɧɤɪɟɬɧɨɣ ɢɫɫɥɟɞɭɟɦɨɣ 
ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа ɢ ɪаɫчɟɬ ɟɟ 
ɩаɪаɦɟɬɪɨɜ ɫɨɝɥаɫɧɨ ɮɨɪɦɭɥ (7 – 1γ). ȼ ɢɬɨɝɟ, 
ɞɥя аɧаɥɢɡа ɩɨɥɭчаɟɦ ɫɪɟɞɧɟɫɬаɬɢɫɬɢчɟɫɤɢɟ 
ɩаɪаɦɟɬɪɵ ɩɪɨɰɟɫɫа ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ ɜ 
ɫɢɫɬɟɦɟ, ɜ ɬɨɦ чɢɫɥɟ ɜɵяɜɥяɟɦ ɜɵɫɨɤɨ 
ɡаɝɪɭɠɟɧɧɵɟ ɩɨɞɫɢɫɬɟɦɵ (ɝɞɟ  ɛɥɢɡɤɨ ɤ 1), 
яɜɥяɸщɢɟɫя ɤаɧɞɢɞаɬаɦɢ ɧа ɫɬаɬɭɫ «ɭɡɤɨɝɨ», а 
ɡɧачɢɬ - ɭяɡɜɢɦɨɝɨ ɞɥя ɛɟɡɨɩаɫɧɨɫɬɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя ɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа. ɉɨɫɥɟ ɜɵяɜɥɟɧɢя ɡɜɟɧɶɟɜ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɥɨɠɢɬɶ ɫɬɪɭɤɬɭɪɧɵɟ ɪɟɲɟɧɢя, 
ɫɧɢɠаɸщɢɟ ɢɯ ɡаɝɪɭɠɟɧɧɨɫɬɶ. 

ɗɬаɩ β. ɇа ɨɫɧɨɜɟ ɩɨɥɭчɟɧɧɨɣ 
аɧаɥɢɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ (7 – 1γ) ɦɨɠɧɨ ɭɠɟ 
ɨɫɭщɟɫɬɜɢɬɶ ɪɟɲɟɧɢɟ ɜɬɨɪɨɣ ɡаɞачɢ - ɡаɞачɢ 
ɫɢɧɬɟɡа ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɪɭɤɬɭɪɵ ɢɫɫɥɟɞɭɟɦɨɣ  
ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɨɣ ɢɫɤɥɸчаɟɬɫя ɧаɥɢчɢɟ «ɭɡɤɢɯ 
ɦɟɫɬ» - ɭɡɥɨɜ ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ  ɜ ɪɟɠɢɦɟ 
ɩɟɪɟɝɪɭɡɤɢ. Ⱦɥя ɷɬɨɝɨ ɩɪɢɦɟɧяɟɬɫя ɢɧɫɬɪɭɦɟɧɬ 
EXCEL «ɉɨɢɫɤ ɪɟɲɟɧɢя» ɞɥя ɩɨɞɛɨɪа ɜɟɥɢчɢɧ ȼ 

ɢ Ni (i =2-5), ɩɪɢ ɤɨɬɨɪɵɯ Т ɞɨɫɬɢɝаɟɬ ɦɢɧɢɦɭɦа 
ɩɪɢ ɡаɞаɜаɟɦɨɣ ɜɟɥɢчɢɧɟ ɞɨɩɭɫɬɢɦɨɣ ɫɬɨɢɦɨɫɬɢ 
ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа. ɉɪɢ 
ɪаɫчɟɬаɯ ɬɪɟɛɭɟɬɫя ɧаɤɥаɞɵɜаɬɶ ɨɝɪаɧɢчɟɧɢя ɧа 
ɧɟ ɨɬɪɢɰаɬɟɥɶɧɨɫɬɶ ɡɧаɦɟɧаɬɟɥɟɣ ɞɪɨɛɟɣ ɜ (7), 
ɢɧачɟ ɦɨɞɟɥɶ ɜɵɯɨɞɢɬ ɢɡ ɨɛɥаɫɬɢ ɨɩɪɟɞɟɥɟɧɢя ɢ 
ɜɪɟɦя ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ ɫɬаɧɨɜɢɬɫя 
ɧɟɞɨɩɭɫɬɢɦɨ ɨɬɪɢɰаɬɟɥɶɧɵɦ. ȼ ɪɟɡɭɥɶɬаɬɟ ɩɨ 
ɜаɪɢаɧɬɧɵɯ ɪаɫчɟɬɨɜ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ 
ɡаɜɢɫɢɦɨɫɬɶ Tmin = F(S*). ɇа ɟɟ ɨɫɧɨɜаɧɢɢ 
ɦɨɠɧɨ ɜɵɛɪаɬɶ ɢɫɤɨɦɵɟ ɩаɪаɦɟɬɪɵ ɫɬɪɭɤɬɭɪɵ 
ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа - ȼ ɢ Ni (i =2-5), 

ɩɪɢ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝаɟɬɫя ɫɪɟɞɧɟɫɬаɬɢɫɬɢчɟɫɤая 
ɤɨɪɪɟɤɬɧая ɮɭɧɤɰɢɨɧаɥɶɧɨɫɬɶ ɜɫɟɯ ɋɆɈ ɡаяɜɨɤ 
ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɟ. 

ɗɬаɩ γ. Ɋɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨɜаɧɢɣ ɧа 
ɩɪɟɞɵɞɭщɟɦ ɷɬаɩɟ яɜɥяɸɬɫя 
ɫɪɟɞɧɟɫɬаɬɢɫɬɢчɟɫɤɢɦɢ ɜɟɥɢчɢɧаɦɢ, 
ɨɬɨɛɪаɠаɸщɢɦɢ ɜɪɟɦɟɧɧɵɟ ɢ ɡаɝɪɭɡɨчɧɵɟ 
ɩаɪаɦɟɬɪɵ ɋɆɈ, ɜɯɨɞящɢɯ ɜ ɫɨɫɬаɜ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа. Ɍ.ɟ. ɧɟɬ ɝаɪаɧɬɢɣ, чɬɨ ɜ 
ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦаɯ ɧɟɤɨɬɨɪɵɟ ɋɆɈ ɨɤаɠɭɬɫя 
ɜ ɫɨɫɬɨяɧɢɢ «ɫɬɨɩɨɪа». Ⱦɥя ɞɟɬаɥɶɧɨɝɨ аɧаɥɢɡа 
ɜɨɡɦɨɠɧɨɫɬɢ ɬаɤɢɯ ɫɢɬɭаɰɢɣ ɪɟɤɨɦɟɧɞɭɟɦ 
ɢɫɩɨɥɶɡɨɜаɬɶ ɢɦɢɬаɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ 
ɩɪɨɰɟɫɫа ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ ɜ ɫɢɫɬɟɦɟ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа ɜ ɩɪɨɝɪаɦɦɢɪɭɟɦɨɣ ɫɪɟɞɟ 
GPSS Д11Ж. Ɂɞɟɫɶ ɦɨɠɧɨ ɪаɡɜɟɪɧɭɬɶ ɦɨɞɟɥɶ 
ɦаɫɫɨɜɨɝɨ ɨɛɫɥɭɠɢɜаɧɢя ɭɠɟ ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɦɧɨɝɨɤаɧаɥɶɧɵɯ ɋɆɈ, чɬɨ ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɵɩɨɥɧɟɧɢя ɟщɟ ɛɨɥɟɟ ɞɟɬаɥɶɧɨɝɨ аɧаɥɢɡа 
ɧаɥɢчɢя «ɭɡɤɢɯ» ɦɟɫɬ ɜ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɣ 
ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа. ȼ ɷɬɨɦ 
ɢɧɫɬɪɭɦɟɧɬɟ ɡа ɫчɟɬ ɧаɡɧачɟɧɢя ɜɵɫɨɤɨɝɨ 
ɩɪɢɨɪɢɬɟɬа ɡаяɜɤаɦ, ɦɨɞɟɥɢɪɭɸщɢɦ ɧɟ 
ɫаɧɤɰɢɨɧɢɪɨɜаɧɧɵɣ ɢɥɢ ɥɢɦɢɬɢɪɨɜаɧɧɵɣ 
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ɞɨɫɬɭɩ ɤ ɪɟɫɭɪɫаɦ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɣ ɫɢɫɬɟɦɵ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа ɢɦɟɟɬɫя ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɬɫɥɟɞɢɬɶ ɜ ɞɢɧаɦɢɤɟ ɫɢɬɭаɰɢɢ ɜɟɞɭщɢɟ ɤ ɫɛɨɸ 
ɪаɛɨɬɵ ɋɆɈ ɢɥɢ «ɫɬɨɩɨɪɭ» ɜɫɟɣ ɫɢɫɬɟɦɵ ɢ, 
ɡаɬɟɦ, ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɦɟɪɵ ɢɯ ɭɫɬɪаɧɟɧɢя. 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɨɩɢɫаɧɧая ɜɵɲɟ 
ɦɟɬɨɞɢɤа ɨɛɟɫɩɟчɢɜаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪаɤɬɢчɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢя ɩɪɢɧɰɢɩа 
ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢя ɪɟɡɭɥɶɬаɬɨɜ: ɡа 
ɫчɟɬ ɞɟɬаɥɢɡаɰɢɢ ɩɪɨɰɟɫɫɨɜ ɢ ɩаɪаɦɟɬɪɨɜ 
ɨɛɫɥɭɠɢɜаɧɢя ɡаяɜɨɤ ɜ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɵɯ 
ɫɢɫɬɟɦаɯ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа  ɞɥя ɪɟɲɟɧɢя 
ɪаɡɧɨɨɛɪаɡɧɵɯ ɡаɞач аɧаɥɢɡа, ɫɢɧɬɟɡа ɢ ɢɯ 
ɩаɪаɦɟɬɪɢчɟɫɤɨɣ ɨɩɬɢɦɢɡаɰɢɢ. ȼ ɢɬɨɝɟ - 

ɩɪɢɛɥɢɠɟɧɧɵɟ аɧаɥɢɬɢчɟɫɤɢɟ ɨɰɟɧɤɢ 
ɭɬɨчɧяɸɬɫя ɧа ɩɪɨɝɪаɦɦɧɵɯ ɢɦɢɬаɰɢɨɧɧɵɯ 
ɦɨɞɟɥяɯ ɥɸɛɨɣ ɫɥɨɠɧɨɫɬɢ ɢ ɫ ɧɟɨɛɯɨɞɢɦɨɣ 
ɞɟɬаɥɢɡаɰɢɟɣ, чɬɨ ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢя 
ɞɟɬаɥɶɧɨɝɨ аɧаɥɢɡа ɧаɥɢчɢя «ɭɡɤɢɯ» ɦɟɫɬ ɜ 
аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɣ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɛɢɡɧɟɫа ɫ ɰɟɥɶɸ ɢɯ ɭɫɬɪаɧɟɧɢя ɞɥя ɨɛɟɫɩɟчɟɧɢя 
ɬɪɟɛɨɜаɧɢɣ ɛɟɡɨɩаɫɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜаɧɢя 
ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа. 
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Ⱦɨɰɟɧɤɨ Ƚ.ȼ. Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ 
ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɦɟɪɰɢɢ ɫɪɟɞɫɬɜɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɪɟɞɥɨɠɟɧа 

мɟɬɨɞɢка ɩɪɨɝɧɨɡɢɪɨɜаɧɢɹ ɧаɥɢɱɢɹ ɭɹɡɜɢмɵɯ ɞɥɹ аɬак ɇɋД ɷɥɟмɟɧɬɨɜ 
аɜɬɨмаɬɢɡɢɪɨɜаɧɧɨɣ ɫɢɫɬɟмɵ ɷɥɟкɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа (ȺɋЭȻ), ɡаɳɢɬɭ кɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢмɨ 
ɩɪɟɞɭɫмаɬɪɢɜаɬɶ ɩɪɢ ɪаɡɪаɛɨɬкɟ ɩɨɥɢɬɢкɢ ɛɟɡɨɩаɫɧɨɫɬɢ. ɂɫɩɨɥɶɡɨɜаɧ аɩɩаɪаɬ 
ɫɬɨɯаɫɬɢɱɟɫкɢɯ ɫɟɬɟɣ ɢ мɟɬɨɞɵ ɩаɪамɟɬɪɢɱɟɫкɨɣ ɨɩɬɢмɢɡацɢɢ ɋɆɈ, ɫ ɩɨмɨɳɶɸ 
кɨɬɨɪɵɯ ɞɨɫɬɢɠɢм аɧаɥɢɬɢɱɟɫкɢɣ аɧаɥɢɡ, ɩɨɷɬаɩɧɨ ɭɬɨɱɧɹɸɳɢɣ ɩаɪамɟɬɪɵ ɩɪɨцɟɫɫɨɜ 
ɨɛɫɥɭɠɢɜаɧɢɹ ɩɥаɬɟɠɧɵɯ ɞɨкɭмɟɧɬɨɜ ɜ ȺɋЭȻ. ɉɨɥɭɱɟɧɧɵɟ ɩɪɢɛɥɢɠɟɧɧɵɟ ɨцɟɧкɢ 
ɨкɨɧɱаɬɟɥɶɧɨ ɞɟɬаɥɢɡɢɪɭɸɬɫɹ ɧа ɩɪɨɝɪаммɧɵɯ ɢмɢɬацɢɨɧɧɵɯ мɨɞɟɥɹɯ ɥɸɛɨɣ ɫɥɨɠɧɨɫɬɢ 
ɜ ɫɪɟɞɟ GPSS, ɱɬɨ ɞаɟɬ ɜɨɡмɨɠɧɨɫɬɶ ɜɵɹɜɥɟɧɢɹ кɪɢɬɢɱɟɫкɢɯ мɟɫɬ ɜ ȺɋЭȻ ɢ ɢɯ 
ɭɫɬɪаɧɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜаɧɢɣ ɛɟɡɨɩаɫɧɨɫɬɢ ɮɭɧкцɢɨɧɢɪɨɜаɧɢɹ ɨɛɴɟкɬɨɜ 
ɷɥɟкɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа. 
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Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟма ɷɥɟкɬɪɨɧɧɨɝɨ ɛɢɡɧɟɫа, ɢɧɮɨɪмацɢɨɧɧаɹ ɛɟɡɨɩаɫɧɨɫɬɶ, 
ɩɥаɬɟɠɧɵɣ ɞɨкɭмɟɧɬ, маɬɟмаɬɢɱɟɫкаɹ мɨɞɟɥɶ, ɩаɪамɟɬɪɢɱɟɫкаɹ ɨɩɬɢмɢɡацɢɹ, 
ɢмɢɬацɢɨɧɧаɹ мɨɞɟɥɶ. 

 

Dotsenko G.V. The technique of research of safety of functioning of systems of electronic 

commerce by means of mathematical modeling. A technique for predicting the presence of 

elements of an automated e-business system (AEBS), vulnerable to unauthorized access to data 

attacks, is proposed, the protection of which should be included in the development of a security 

policy. The apparatus of stochastic networks and methods of parametric optimization of queuing 

system are used, with the help of which we can achieve analytical analysis, gradually refining the 

parameters of the processes of servicing payment documents in the AEBS. The approximate 

estimates obtained are finally detailed on software simulation models of any complexity in the 

GPSS environment, which makes it possible to identify critical locations in the ASEB and to 

eliminate them in order to ensure the security requirements for the operation of e-business objects. 

Keywords: e-business system, information security, payment document, mathematical model, 

parametric optimization, simulation model 
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