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УȾɄ 004.λγβ.7β1 

 

Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɨɠɧɵɯ 
ɧɚɤɥɚɞɵɜɚɸɳɢɯɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 

 
Ɇɢɧɤɨɜ Ɉ.ȼ., Ɋɭɱɤɢɧ Ʉ.Ⱥ. 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

oleg_spy93@mail.ru 

 

Ɇɢɧɤɨɜ Ɉ.ȼ., Ɋɭɱɤɢɧ Ʉ.Ⱥ. Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɨɠɧɵɯ ɧɚɤɥɚɞɵɜɚɸɳɢɯɫɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. Рɚɫɫɦɨɬɪɟɧ ɚɥɝɨɪɢɬɦ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɧɚхɨɠɞɟɧɢɹ ɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢх ɮɢɝɭɪ, ɜ ɱɚɫɬɧɨɫɬɢ ɨɤɪɭɠɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵх ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɹ. 
ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɟɝɨ ɭɥɭɱɲɟɧɧɵɦɢ ɜɟɪɫɢɹɦɢ. ɉɪɟɞɥɨɠɟɧɚ ɫɜɨɹ ɦɨɞɢɮɢɤɚɰɢɹ 
ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɧɚхɨɠɞɟɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɫɩɨɡɧɚɜɚɧɢɟ, ɤɨɦɩɶɸɬɟɪɧɨɟ ɡɪɟɧɢɟ, ɷɜɨɥɸɰɢɹ, BFOA, ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɮɢɝɭɪɵ. 

 

ȼɜɟɞɟɧɢɟ 

 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɨɱɟɧɶ ɢɧɬɟɧɫɢɜɧɨ 
ɪɚɡɜɢɜɚюɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɢɫɬɟɦɵ 
ɤɨɦɩɶюɬɟɪɧɨɝɨ ɡɪɟɧɢɹ, ɱɬɨ ɜ ɫɜɨю ɨɱɟɪɟɞɶ 
ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ 
ɱɟɥɨɜɟɤɭ ɢ ɬɟɯɧɢɤɟ. Ɉɞɧɨɣ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɢ 
ɧɭɠɧɵɯ ɰɟɥɟɣ ɤɨɬɨɪɵɟ ɫɬɚɜɢɬ ɩɟɪɟɞ ɫɨɛɨɣ 
ɫɢɫɬɟɦɵ ɤɨɦɩɶюɬɟɪɧɨɝɨ ɡɪɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ, 
ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɡɜɨɥɢɬ ɤɨɪɪɟɤɬɧɨ ɨɰɟɧɢɜɚɬɶ 
ɨɤɪɭɠɚюɳɭю ɫɪɟɞɭ, ɚ ɡɚɬɟɦ ɜɵɩɨɥɧɹɬɶ ɜ ɧɟɣ 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɟɣɫɬɜɢɹ. ɇɨ ɞɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɨɛɲɢɪɧɵɦ ɢ ɦɨɠɟɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɚɛɫɨɥюɬɧɨ ɜ ɪɚɡɧɵɯ ɫɮɟɪɚɯ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, ɷɬɨ ɦɨɠɟɬ 
ɩɪɢɝɨɞɢɬɫɹ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɫɮɟɪɟ, ɜ ɫɮɟɪɟ 
ɦɟɞɢɰɢɧɵ, ɨɛɪɚɡɨɜɚɧɢɹ, ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ 
ɜɩɥɨɬɶ ɞɨ ɜɨɟɧɧɨɝɨ ɞɟɥɚ. Сɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɦɟɧɹɟɬɫɹ ɢ ɫɚɦ ɨɛɴɟɤɬ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, ɛɭɞɶ ɬɨ 
ɱɟɥɨɜɟɤ, ɦɚɲɢɧɚ, ɠɢɜɨɬɧɨɟ, ɪɚɫɬɟɧɢɟ, ɫɬɪɨɟɧɢɟ 
ɢ ɬɚɤ ɞɚɥɟɟ.  

 

1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɵ ɛɭɞɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɚɥɝɨɪɢɬɦ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɢɝɭɪ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɨɤɪɭɠɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɯ ɟɝɨ 
ɦɨɞɢɮɢɤɚɰɢɣ. ɉɪɨɜɟɞɟɦ ɧɟɛɨɥɶɲɨɣ ɚɧɚɥɢɡ 
ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɟɝɨ ɭɥɭɱɲɟɧɧɵɦɢ 
ɜɟɪɫɢɹɦɢ. Ɂɚɬɟɦ ɪɚɫɫɦɨɬɪɢɦ ɦɨɞɢɮɢɤɚɰɢю ɞɥɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɧɚɯɨɠɞɟɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ ɢ 
ɩɪɢɜɟɞɟɦ ɝɪɚɮɢɤɢ ɪɚɛɨɬɵ ɩɨ ɫɤɨɪɨɫɬɢ ɢ ɩɨ 
ɬɨɱɧɨɫɬɢ. 

 

2 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢю 
ɩɪɢɦɟɧɟɧɢɹ ɷɜɨɥюɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ. 
Ɋɚɫɫɦɨɬɪɢɦ ɷɬɢ ɪɚɛɨɬɵ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. 

 

2.1 Эɜɨɥɸɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ 

 
ȼ ɫɬɚɬɶɟ S. Das, S. Dasgupta,  A. Biswas, 

A. Abraham Д1Ж ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ, ɞɥɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɤɪɭɝɥɵɯ ɮɨɪɦ ɧɚ 
ɫɥɨɠɧɵɯ ɢ ɲɭɦɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ. Ⱥɥɝɨɪɢɬɦ 
ɨɫɧɨɜɚɧ ɧɚ ɝɢɛɪɢɞɧɨɣ ɬɟɯɧɢɤɟ, ɫɨɫɬɨɹɜɲɟɣ ɢɡ 
ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɨɬɠɢɝɚ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɷɜɨɥюɰɢɢ. ɇɨɜɚɹ ɧɟɱɟɬɤɚɹ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ 
ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɧɚ ɝɪɚɧɢɱɧɨɣ ɤɚɪɬɟ ɜɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ. Ɇɢɧɢɦɢɡɚɰɢɹ ɷɬɨɣ ɮɭɧɤɰɢɢ ɫ 
ɝɢɛɪɢɞɧɵɦ ɚɥɝɨɪɢɬɦɨɦ ɨɛɠɢɝɚ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɷɜɨɥюɰɢɢ ɩɪɢɜɨɞɢɬ ɤ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɦɭ ɨɛɧɚɪɭɠɟɧɢю ɤɪɭɝɨɜ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɫɢɧɬɟɬɢɱɟɫɤɢɦ, ɚ 
ɬɚɤɠɟ ɟɫɬɟɫɬɜɟɧɧɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ ɫ 
ɢɡɦɟɧɹɟɦɨɣ ɫɥɨɠɧɨɫɬɶю, ɷɬɨ ɭɬɜɟɪɠɞɚюɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɣ ɬɟɯɧɢɤɢ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɟɟ ɩɪɟɞɟɥɶɧɨɣ ɬɨɱɧɨɫɬɢ, ɫɤɨɪɨɫɬɢ ɢ 
ɧɚɞɟɠɧɨɫɬɢ. 

ȼ ɫɬɚɬɶɟ E. Cuevas, M. Gonzalez, D. 

Zaldivar, M. Perez-Cisneros ДβЖ ɩɪɟɞɫɬɚɜɥɟɧ 
ɧɨɜɵɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ 
ɷɥɥɢɩɫɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ 
ɢɫɩɨɥɶɡɭɟɬ ɷɜɨɥюɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ 
ɢɦɢɬɚɰɢɢ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɠɢɜɨɬɧɵɯ, 
ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɨɛɳɢɣ ɩɪɨɰɟɫɫ ɨɛɧɚɪɭɠɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɨɣ ɦɭɥɶɬɢɦɨɞɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ. ȼ ɷɬɨɦ ɚɥɝɨɪɢɬɦɟ, ɩɨɢɫɤɨɜɵɟ 
ɚɝɟɧɬɵ ɷɦɭɥɢɪɭюɬ ɝɪɭɩɩɭ ɠɢɜɨɬɧɵɯ, ɤɨɬɨɪɵɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭюɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɢɫɩɨɥɶɡɭɹ 
ɩɪɨɫɬɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɚɜɢɥɚ, ɤɨɬɨɪɵɟ 
ɦɨɞɟɥɢɪɭюɬɫɹ ɤɚɤ ɷɜɨɥюɰɢɨɧɧɵɟ ɨɩɟɪɚɬɨɪɵ. ȼ 
ɫɜɨю ɨɱɟɪɟɞɶ, ɬɚɤɢɟ ɨɩɟɪɚɬɨɪɵ ɩɪɢɦɟɧɹюɬɫɹ ɤ 
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ɤɚɠɞɨɦɭ ɨɛɴɟɤɬɭ, ɤɨɬɨɪɵɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 
ɩɨɥɧɚɹ ɝɪɭɩɩɚ, ɢɦɟюɳɚɹ ɩɚɦɹɬɶ ɞɥɹ ɯɪɚɧɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ (ɷɥɥɢɩɫɨɜ), ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɣ ɩɪɢɧɰɢɩ ɤɨɧɤɭɪɟɧɰɢɢ. Ⱦɟɬɟɤɬɨɪ 
ɢɫɩɨɥɶɡɭɟɬ ɤɨɦɛɢɧɚɰɢю ɢɡ η ɝɪɚɧɢɱɚɳɢɯ ɬɨɱɟɤ 
ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɚɧɞɢɞɚɬɨɜ ɜ ɷɥɥɢɩɫɵ (ɜɨɡɦɨɠɧɵɟ ɪɟɲɟɧɢɹ), ɜ 
ɬɨ ɜɪɟɦɹ ɤɚɤ ɮɭɧɤɰɢɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɨɩɪɟɞɟɥɹɟɬ, 
ɩɪɢɫɭɬɫɬɜɭюɬ ɥɢ ɷɬɢ ɤɚɧɞɢɞɚɬɵ ɧɚ ɪɟɚɥɶɧɨɦ 
ɢɡɨɛɪɚɠɟɧɢɢ. Ɋɭɤɨɜɨɞɫɬɜɭɹɫɶ ɡɧɚɱɟɧɢɹɦɢ 
ɮɭɧɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɢɹ. ɇɚɛɨɪ ɡɚɤɨɞɢɪɨɜɚɧɧɵɣ 
ɤɚɧɞɢɞɚɬɨɜ ɷɥɥɢɩɫɚ ɷɜɨɥюɰɢɨɧɢɪɭюɬ ɱɟɪɟɡ 
ɷɜɨɥюɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɬɚɤ, ɱɬɨ ɥɭɱɲɢɟ 
ɤɚɧɞɢɞɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɜɫɬɚɜɥɟɧɵ ɜ ɪɟɚɥɶɧɵɟ 
ɷɥɥɢɩɫɵ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. Сɪɚɡɭ ɠɟ, ɩɨ 
ɨɤɨɧɱɚɧɢю ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɜɵɩɨɥɧɹɟɬɫɹ ɚɧɚɥɢɡ ɜɫɬɪɨɟɧɧɨɣ ɩɚɦɹɬɢ, ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɥɭɱɲɟɟ ɩɨɥɭɱɟɧɧɨɣ ɪɟɲɟɧɢɟ 
(ɥɭɱɲɢɣ ɷɥɥɢɩɫ) ɢ ɜɚɠɧɵɟ ɥɨɤɚɥɶɧɵɟ 
ɦɢɧɢɦɭɦɵ (ɨɫɬɚɜɲɢɟɫɹ ɷɥɥɢɩɫɵ). 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɫɥɨɠɧɵɦ 
ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɢ ɟɫɬɟɫɬɜɟɧɧɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ 
ɩɨɞɬɜɟɪɞɢɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɣ 
ɦɟɬɨɞɢɤɢ ɜ ɨɬɧɨɲɟɧɢɢ ɬɨɱɧɨɫɬɢ, ɫɤɨɪɨɫɬɢ ɢ 
ɧɚɞɟɠɧɨɫɬɢ.  

ȼ ɫɬɚɬɶɟ S. Fazli, S. Fathi Ghiri ДγЖ ɛɵɥ 
ɪɚɫɫɦɨɬɪɟɧ ɚɥɝɨɪɢɬɦ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɤɪɭɝɥɵɯ 
ɮɨɪɦ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ, ɧɚ ɫɥɨɠɧɵɯ ɢ 
ɡɚɲɭɦɥɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɨɛɵɱɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɏɚɮɚ. Ⱥɥɝɨɪɢɬɦ 
ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɧɟɞɚɜɧɢɯ ɬɟɯɧɢɤ 
ɪɨɟɜɨɝɨ ɢɧɬɟɥɥɟɤɬɚ, ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ 
ɂɫɤɭɫɫɬɜɟɧɧɚɹ ɉɱɟɥɢɧɚɹ Ʉɨɥɨɧɢɹ (ɂɉɄ). ɇɚɲ 
ɚɥɝɨɪɢɬɦ — ɷɬɨ ɧɨɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɂɉɄ. ɇɨɜɚɹ 
ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɧɚ ɝɪɚɧɢɱɧɨɣ 
ɤɚɪɬɟ ɠɟɥɚɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. Ⱥɥɝɨɪɢɬɦ 
ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɩɱɟɥɢɧɵɯ ɤɨɥɨɧɢɣ 
ɦɢɧɢɦɢɡɢɪɭɟɬ ɰɟɥɟɜɭю ɮɭɧɤɰɢю ɢ ɷɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦɭ ɨɛɧɚɪɭɠɟɧɢю 
ɤɪɭɝɨɜ ɧɚ ɰɢɮɪɨɜɨɦ ɢɡɨɛɪɚɠɟɧɢɢ.  

 

2.2 Ⱥɥɝɨɪɢɬɦ BFO ɢ ɪɚɡɥɢɱɧɵɟ 
ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɢ 

 
Ɉɞɧɨɣ ɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɥɝɨɪɢɬɦɚ BFO 

ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ ɧɚɤɥɚɞɵɜɚюɳɢɯɫɹ 
ɨɛɴɟɤɬɨɜ. ɇɚɤɥɚɞɵɜɚюɳɢɦɫɹ ɨɛɴɟɤɬɚɦɢ 
ɜɵɫɬɭɩɚюɬ ɤɚɤ ɩɟɪɟɫɟɤɚюɳɢɟɫɹ ɨɛɴɟɤɬɵ, ɬɚɤ ɢ 
ɨɛɴɟɤɬɵ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚюɬɫɹ ɩɨɱɬɢ ɞɪɭɝ ɩɨɞ 
ɞɪɭɝɨɦ.    

ȼ ɫɬɚɬɶɟ Y. Liu, K. M. Passino Д4Ж ɦɵ 
ɨɛɴɹɫɧɹɟɬɫɹ ɫɨɰɢɚɥɶɧɨɟ ɩɨɜɟɞɟɧɢɟ ɛɚɤɬɟɪɢɣ 
E.Coli ɢ M.Xanthus ɡɚɧɢɦɚюɳɢɯɫɹ ɩɨɢɫɤɨɦ 
ɩɢɳɢ ɢ ɪɚɡɪɚɛɨɬɚɟɦ ɢɦɢɬɚɰɢɨɧɧɭю ɦɨɞɟɥɶ, 
ɨɫɧɨɜɚɧɧɭю ɧɚ ɩɪɢɧɰɢɩɚɯ ɬɟɨɪɢɢ ɨ ɩɨɢɫɤɟ 
ɩɢɳɢ, ɢ ɪɚɫɫɦɨɬɪɢɦ ɩɨɢɫɤ ɩɢɳɢ ɤɚɤ 
ɨɩɬɢɦɢɡɚɰɢю. Эɬɨ ɞɚɟɬ ɧɚɦ ɧɨɜɵɟ ɦɨɞɟɥɢ 

ɩɨɜɟɞɟɧɢɹ ɢ ɧɨɜɵɟ ɦɟɬɨɞɵ ɪɚɫɩɪɟɞɟɥёɧɧɨɣ ɧɟ 
ɝɪɚɞɢɟɧɬɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɵ 
ɩɨɤɚɠɟɦ, ɱɬɨ ɦɨɞɟɥɢ ɨɛɨɢɯ ɜɢɞɨɜ ɛɚɤɬɟɪɢɣ 
ɞɟɦɨɧɫɬɪɢɪɭюɬ ɫɜɨɣɫɬɜɨ, ɨɬɤɪɵɬɨɟ 
Ƚɪюɧɛɚɭɦɨɦ, ɤɨɬɨɪɨɟ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɢɯ 
ɩɨɜɟɞɟɧɢɟ ɩɪɢ ɩɨɢɫɤɟ ɩɢɳɢ ɹɜɥɹɟɬɫɹ 
ɫɨɰɢɚɥɶɧɵɦ, ɱɬɨ ɞɚɟɬ ɢɦ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɟɪɟɞɜɢɝɚɬɶɫɹ ɩɨ ɲɭɦɧɵɦ ɝɪɚɞɢɟɧɬɚɦ ɜ 
ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜɚɯ. Эɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɷɜɨɥюɰɢɨɧɧɵɦɢ ɫɢɥɚɦɢ ɜ 
ɚɥɝɨɪɢɬɦɟ ɫɨɰɢɚɥɶɧɨɝɨ ɩɨɢɫɤɚ ɩɢɳɢ ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɟ ɝɪɚɞɢɟɧɬɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 
ɞɥɹ ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɧɚ ɲɭɦɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɹɯ. Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ 
ɦɨɞɢɮɢɤɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ.  

ȼ ɫɬɚɬɶɟ B. Hernandez-Ocana, Ma. Del 

Pilar Pozos-Parra, E. Mezura-Montes [5] 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɭɥɭɱɲɟɧɧɚɹ ɜɟɪɫɢɹ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɪɟɲɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ 
ɨɝɪɚɧɢɱɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɩɪɨɛɥɟɦ. 
Ⱦɨɛɚɜɥɟɧɨ 4 ɦɟɯɚɧɢɡɦɚμ  

- ɞɜɚ ɨɩɟɪɚɬɨɪɚ ɩɥɚɜɚɧɢɹ, ɨɞɢɧ ɨɬɜɟɱɚɟɬ 
ɡɚ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɚ ɞɪɭɝɨɣ ɫɮɨɤɭɫɢɪɨɜɚɧ ɧɚ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɨɢɫɤɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɝɞɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɡɧɚɱɟɧɢɹ ɞɥɢɧɵ ɲɚɝɚ; 

- ɢɫɤɚɠɟɧɧɵɣ ɦɟɯɚɧɢɡɦ ɞɥɹ ɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɟɝɨ ɧɚɱɚɥɶɧɨɝɨ ɪɨɹ, ɝɞɟ ɛɚɤɬɟɪɢɢ 
ɪɚɡɞɟɥɹюɬɫɹ ɧɚ γ ɝɪɭɩɩɵ, ɞɜɟ ɢɡ ɤɨɬɨɪɵɯ 
ɪɚɡɦɟɳɚюɬɫɹ ɜɛɥɢɡɢ ɤɪɚɟɜ ɩɨɢɫɤɨɜɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ, ɚ ɩɨɫɥɟɞɧɹɹ ɪɚɡɛɪɨɫɚɧɚ ɩɨ ɜɫɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ; 

- ɥɨɤɚɥɶɧɵɣ ɩɨɢɫɤɨɜɨɣ ɨɩɟɪɚɬɨɪ; 
- ɭɦɟɧɶɲɟɧɢɟ ɲɚɝɚ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɞɥɹ 

ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɣ 
ɤɨɧɜɟɪɝɟɧɰɢɢ. 

θ0 ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɯ ɬɟɫɬɨɜɵɯ ɩɪɨɛɥɟɦ 
ɢɡ ɞɜɭɯ ɤɪɢɬɟɪɢɟɜ ɪɟɲɚюɬɫɹ ɜ ɬɪɟɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɯ. ɉɟɪɜɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɧɚɩɪɚɜɥɟɧ 
ɧɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɞɚɧɧɵɯ ɨ 
ɩɨɞɯɨɞɹɳɟɦ ɩɨɜɟɞɟɧɢɢ ɧɨɜɨɝɨ ɦɟɯɚɧɢɡɦɚ. 
ȼɬɨɪɨɣ ɷɤɫɩɟɪɢɦɟɧɬ ɞɚɟɬ ɭɝɥɭɛɥɟɧɧɨɟ 
ɫɪɚɜɧɟɧɢɟ ɧɨɜɨɣ ɜɟɪɫɢɢ ɫ ɟɟ ɩɪɟɞɵɞɭɳɟɣ ɧɚ 
ɨɫɧɨɜɟ ɤɨɧɟɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɱɟɬɵɪɟɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ɍɪɟɬɢɣ 
ɷɤɫɩɟɪɢɦɟɧɬ ɫɪɚɜɧɢɜɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɩɹɬɶю 
ɫɨɜɪɟɦɟɧɧɵɦɢ ɚɥɝɨɪɢɬɦɚɦɢ, ɜɞɨɯɧɨɜɥɟɧɧɵɦɢ 
ɩɪɢɪɨɞɨɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦɢ ɞɥɹ ɪɚɛɨɬɵ ɫ 
ɨɝɪɚɧɢɱɟɧɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɩɨɢɫɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚюɬ, ɱɬɨ 
ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɥɭɱɲɭю 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢю ɫ ɟɝɨ 
ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɦ, ɭɥɭɱɲɚɹ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ 
ɞɨɫɬɢɝɚɬɶ ɞɨɩɭɫɬɢɦɨɝɨ ɪɟɝɢɨɧɚ ɢ ɝɟɧɟɪɢɪɭɹ 
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ɥɭɱɲɢɟ ɪɟɲɟɧɢɹ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɩɨɥɭɱɚɹ 
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɭю ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ 
ɫɪɚɜɧɟɧɢю ɫ ɫɚɦɵɦɢ ɫɨɜɪɟɦɟɧɧɵɦɢ 
ɚɥɝɨɪɢɬɦɚɦɢ. 

ȼ ɫɬɚɬɶɟ R. Panda, M. K. Naik [6] 

ɩɪɟɞɫɬɚɜɥɟɧ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ 
ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɤɨɬɨɪɵɣ 
ɧɚɡɵɜɚɟɬɫɹ ɤɪɨɫɫɨɜɟɪɧɵɣ ɚɥɝɨɪɢɬɦ 
ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɤɨɬɨɪɵɣ ɧɚɫɥɟɞɭɟɬ 
ɤɪɨɫɫɨɜɟɪɧɵɟ ɬɟɯɧɢɤɢ ɨɬ ɝɟɧɟɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 
ɢɦɩɪɨɜɢɡɚɰɢɢ ɡɧɚɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ. ɂɞɟɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɤɪɨɫɫɨɜɟɪɦɟɯɚɧɢɡɦɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ 
ɢɫɤɚɬɶ ɛɥɢɡɥɟɠɚɳɢɟ ɦɟɫɬɚ ɩɨɬɨɦɫɬɜɚ (η0 
ɩɪɨɰɟɧɬɨɜ ɛɚɤɬɟɪɢɣ), ɩɨɬɨɦɭ ɱɬɨ ɨɧɢ 
ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɪɚɡɧɵɯ ɫɥɭɱɚɣɧɵɯ ɦɟɫɬɚɯ. ȼ 
ɬɪɚɞɢɰɢɨɧɧɨɦ ɚɥɝɨɪɢɬɦɟ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɢɫɤ ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɟɤɨɬɨɪɨɣ 
ɩɨɡɢɰɢɢ (η0 ɩɪɨɰɟɧɬɨɜ ɛɚɤɬɟɪɢɣ ɞɭɛɥɢɪɭюɬɫɹ) 
ɱɬɨ ɧɟ ɠɟɥɚɬɟɥɶɧɨ. Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɭɱɢɬɵɜɚюɬɫɹ ɫɟɦɶ ɪɚɡɥɢɱɧɵɯ ɷɬɚɥɨɧɧɵɯ 
ɮɭɧɤɰɢɣ. Ɍɚɤɠɟ ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɟɞɵɞɭɳɢɯ ɦɟɬɨɞɨɜ, ɱɬɨɛɵ 
ɜɵɹɜɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɚɥɝɨɪɢɬɦɚ.  

ȼ ɫɬɚɬɶɟ Chin-Ling Lee, Cheng-Jian Lin 

Д7Ж ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɚɞɚɩɬɚɰɢɨɧɧɨɣ 
ɫɬɪɚɬɟɝɢɢ ɞɥɹ ɪɟɲɟɧɢɹ ɫɥɨɠɧɵɯ 
ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱ (SABFO). 

ɉɪɟɞɥɚɝɚɟɦɵɣ ɚɥɝɨɪɢɬɦ SABFτ ɢɫɩɨɥɶɡɭɟɬ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɧɚ ɷɬɚɩɟ ɯɟɦɨɬɚɤɫɢɫɚ 
ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ (BFτ). ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ 
ɩɨɡɜɨɥɹɟɬ ɤɚɠɞɨɣ ɛɚɤɬɟɪɢɢ ɩɥɚɜɚɬɶ ɧɚ ɪɚɡɧɵɟ 
ɪɚɫɫɬɨɹɧɢɹ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬ ɛɚɤɬɟɪɢɚɥɶɧɨɟ 
ɪɚɡɧɨɨɛɪɚɡɢɟ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ SABFτ ɢɫɩɨɥɶɡɭюɬɫɹ ɩɹɬɶ 
ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ ɧɟɥɢɧɟɣɧɵɯ ɤɨɧɬɪɨɥɶɧɵɯ 
ɮɭɧɤɰɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɨɤɚɡɵɜɚюɬ, ɱɬɨ SABFτ ɩɨɥɭɱɚɟɬ ɥɭɱɲɢɟ 
ɝɥɨɛɚɥɶɧɵɟ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɲɟɧɢɹ, ɱɟɦ ɞɪɭɝɢɟ 
ɦɟɬɨɞɵ. 

 

3 Ⱥɥɝɨɪɢɬɦ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ 

 
Ⱥɥɝɨɪɢɬɦ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 

(BFτA) ɩɪɟɞɥɨɠɟɧɧɵɣ Ʉɟɜɢɧɨɦ ɉɚɫɫɢɧɨ 
(KОЯТЧ PКЬЬТЧШ, β00β), ɹɜɥɹɟɬɫɹ ɧɨɜɵɦ 
ɩɪɢɲɟɫɬɜɢɟɦ ɜ ɫɟɦɟɣɫɬɜɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɣ 
ɚɥɝɨɪɢɬɦɨɜ, ɜɞɨɯɧɨɜɥɟɧɧɵɯ ɩɪɢɪɨɞɨɣ. 
Ʉɥюɱɟɜɨɣ ɢɞɟɟɣ ɷɬɨɝɨ ɧɨɜɨɝɨ ɚɥɝɨɪɢɬɦɚ 
ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɝɪɭɩɩɨɜɨɣ ɫɬɪɚɬɟɝɢɢ 
ɤɨɪɦɥɟɧɢɹ ɪɨɹ ɛɚɤɬɟɪɢɣ E.МШХТ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɮɭɧɤɰɢɣ. Ȼɚɤɬɟɪɢɢ ɢɳɭɬ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, 

ɱɬɨɛɵ ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɷɧɟɪɝɢю, ɩɨɥɭɱɚɟɦɭю 
ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. Ɉɬɞɟɥɶɧɚɹ ɛɚɤɬɟɪɢɹ ɬɚɤɠɟ 
ɨɛɳɚɟɬɫɹ ɫ ɞɪɭɝɢɦɢ, ɨɬɩɪɚɜɥɹɹ ɫɢɝɧɚɥɵ. 
Ȼɚɤɬɟɪɢɹ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɹ ɨ ɤɨɪɦɥɟɧɢɢ 
ɩɨɫɥɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɞɜɭɯ ɩɪɟɞɵɞɭɳɢɯ 
ɮɚɤɬɨɪɨɜ. ɉɪɨɰɟɫɫ, ɜ ɤɨɬɨɪɨɦ ɛɚɤɬɟɪɢɹ 
ɞɜɢɠɟɬɫɹ, ɞɟɥɚɹ ɧɟɛɨɥɶɲɢɟ ɲɚɝɢ ɩɪɢ ɩɨɢɫɤɟ 
ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɧɚɡɵɜɚɟɬɫɹ 
ɯɟɦɨɬɚɤɫɢɫɨɦ. Ʉɥюɱɟɜɚɹ ɢɞɟɹ BFτA - 

ɢɦɢɬɢɪɨɜɚɬɶ ɯɟɦɨɬɚɤɫɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ 
ɜɢɪɬɭɚɥɶɧɵɯ ɛɚɤɬɟɪɢɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɨɢɫɤɚ 
ɩɪɨɛɥɟɦ. 

Pμ ɪɚɡɦɟɪ ɩɨɢɫɤɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, 
Sμ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɛɚɤɬɟɪɢɣ ɜ 

ɩɨɩɭɥɹɰɢɢ, 
σМμ ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ ɯɟɦɨɬɚɤɫɢɫɚ, 
σЬμ Ⱦɥɢɧɚ ɩɥɚɜɚɧɢɹ. 
σrОμ ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ, 
σОНμ ɤɨɥɢɱɟɫɬɜɨ ɫɨɛɵɬɢɣ ɜɵɛɵɜɚɧɢɹ-

ɪɚɫɫɟɢɜɚɧɢɹ, 
Ped: ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɛɵɜɚɧɢɹ-

ɪɚɫɫɟɢɜɚɧɢɹ, 
C(Т)μ ɪɚɡɦɟɪ ɲɚɝɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɜ 

ɫɥɭɱɚɣɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɭɤɚɡɚɧɧɨɦ 
ɤɭɜɵɪɤɚɧɢɟɦ. 

Ɍɟɨɪɢɹ ɩɨɢɫɤɚ ɩɢɳɢ, ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɠɢɜɨɬɧɵɟ ɢɳɭɬ ɢ 
ɩɨɥɭɱɚюɬ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, ɞɥɹ ɬɨɝɨ 
ɱɬɨɛɵ ɭɜɟɥɢɱɢɬɶ ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ E, ɡɚ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ T, ɡɚɬɪɚɱɟɧɧɨɝɨ ɧɚ ɩɨɢɫɤ 
ɩɢɳɢ. Сɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɧɢ ɩɵɬɚюɬɫɹ 
ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɮɭɧɤɰɢю ɬɢɩɚ E/T (ɢɥɢ 
ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɫɜɨɣ ɞɨɥɝɨɫɪɨɱɧɵɣ ɫɪɟɞɧɢɣ 
ɭɪɨɜɟɧɶ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ). Ɇɚɤɫɢɦɢɡɚɰɢɹ 
ɬɚɤɨɣ ɮɭɧɤɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɫɬɨɱɧɢɤɢ 
ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɞɥɹ ɜɵɠɢɜɚɧɢɹ ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɞɥɹ ɞɪɭɝɢɯ ɜɚɠɧɵɯ 
ɜɢɞɨɜ ɞɟɹɬɟɥɶɧɨɫɬɢ (ɧɚɩɪɢɦɟɪ, ɛɨɪɶɛɚ, ɛɟɝɫɬɜɨ, 
ɫɩɚɪɢɜɚɧɢɟ, ɪɚɡɦɧɨɠɟɧɢɟ, ɫɨɧ ɢɥɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɠɢɥɶɹ). Ɍɚɤɢɟ ɜɢɞɵ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɤɚɤ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɭɛɟɠɢɳɚ ɢ 
ɩɨɢɫɤ ɩɚɪɬɧɟɪɚ ɢɧɨɝɞɚ ɨɱɟɧɶ ɫɯɨɠɟ ɫ ɬɟɦ, ɤɚɤ 
ɷɬɨ ɞɟɥɚɟɬ ɦɟɞɜɟɞɶ. əɫɧɨ, ɱɬɨ ɩɨɢɫɤ ɩɢɳɢ ɨɱɟɧɶ 
ɪɚɡɥɢɱɚɟɬɫɹ ɭ ɪɚɡɧɵɯ ɜɢɞɨɜ. Ɍɪɚɜɨɹɞɧɵɟ 
ɠɢɜɨɬɧɵɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɥɟɝɤɨ ɧɚɯɨɞɹɬ ɩɢɳɭ, ɧɨ 
ɞɨɥɠɧɵ ɟɫɬɶ ɦɧɨɝɨ. ɏɢɳɧɢɤɚɦ ɠɟ ɨɛɵɱɧɨ 
ɬɪɭɞɧɨ ɧɚɣɬɢ ɩɢɳɭ, ɧɨ ɢɦ ɧɟ ɧɭɠɧɨ ɫɬɨɥɶɤɨ 
ɟɫɬɶ, ɩɨɫɤɨɥɶɤɭ ɢɯ ɩɢɳɚ ɢɦɟɟɬ ɜɵɫɨɤɭю 
ɷɧɟɪɝɟɬɢɱɟɫɤɭю ɰɟɧɧɨɫɬɶ. «Ɉɤɪɭɠɚюɳɚɹ ɫɪɟɞɚ» 
ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɬɪɭɤɬɭɪɭ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, 
ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬ, ɞɪɭɝɢɯ ɨɪɝɚɧɢɡɦɨɦ 
ɤɨɬɨɪɵɟ ɩɪɢɝɨɞɧɵ ɞɥɹ ɩɢɳɢ, ɨɬ ɝɟɨɥɨɝɢɱɟɫɤɢɯ 
ɨɝɪɚɧɢɱɟɧɢɣ, ɬɚɤɢɯ ɤɚɤ, ɪɟɤɢ, ɝɨɪɵ ɢ ɩɨɝɨɞɧɵɟ 
ɭɫɥɨɜɢɹ, ɢ ɷɬɨ ɫɨɡɞɚɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɷɬɨɣ ɩɢɳɢ (ɧɚɩɪɢɦɟɪ, ɦɚɥɟɧɶɤɢɟ 
ɩɨɪɰɢɢ ɟɞɵ ɦɨɝɭɬ ɧɚɯɨɞɢɬɫɹ ɧɚ ɛɨɥɶɲɨɦ 
ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ). ɉɨɢɫɤɚ ɩɢɳɢ ɦɨɠɟɬ 
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ɛɵɬɶ ɪɢɫɤɨɜɚɧ ɢɡ-ɡɚ ɯɢɳɧɢɤɨɜ, ɠɟɪɬɜɚ ɦɨɠɟɬ 
ɛɵɬɶ ɩɨɞɜɢɠɧɨɣ, ɩɨɷɬɨɦɭ ɟɟ ɧɭɠɧɨ 
ɩɪɟɫɥɟɞɨɜɚɬɶ, ɚ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɝɪɚɧɢɱɢɜɚюɬ ɟɝɨ ɜɨɡɦɨɠɧɨɫɬɢ 
ɢ ɤɨɧɟɱɧɵɣ ɭɫɩɟɯ. Ɍɟɨɪɢɹ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ ɨɛɴɹɫɧɹɟɬɫɹ ɫɥɟɞɭюɳɢɦɢ ɲɚɝɚɦɢμ  

 ɯɟɦɨɬɚɤɫɢɫ; 
 ɪɨɟɧɢɟ; 
 ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ; 
 ɥɢɤɜɢɞɚɰɢɹ – ɪɚɫɫɟɢɜɚɧɢɹ. 
 

3.1 ɏɟɦɨɬɚɤɫɢɫ 

 
Эɬɨɬ ɩɪɨɰɟɫɫ ɫɢɦɭɥɢɪɭɟɬ ɞɜɢɠɟɧɢɟ 

ɛɚɤɬɟɪɢɣ E.Coli ɱɟɪɟɡ ɩɥɚɜɚɧɢɟ ɢ ɤɭɜɵɪɤɚɧɢɹ ɫ 
ɩɨɦɨɳɶю ɠɝɭɬɢɤɨɜ. Ȼɢɨɥɨɝɢɱɟɫɤɢ ɛɚɤɬɟɪɢɹ 
E.Coli ɦɨɠɟɬ ɞɜɢɝɚɬɶɫɹ ɞɜɭɦɹ ɪɚɡɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ ɩɥɚɜɚɧɢɟ ɡɚ 
ɧɟɤɨɬɨɪɵɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɜ ɨɞɢɧɚɤɨɜɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɢɥɢ ɠɟ ɤɭɜɵɪɤɚɧɢɟ, ɢ ɧɚ ɜɫɟɦ 
ɩɟɪɢɨɞɟ ɠɢɡɧɢ ɷɬɨ ɞɜɚ ɪɟɠɢɦɚ ɱɟɪɟɞɭюɬɫɹ. 
ɉɭɫɬɶ Ɉi 

(j, k, l) ɛɭɞɟɬ i-ɚɹ ɛɚɤɬɟɪɢɹ ɧɚ j-ɨɦ ɲɚɝɟ 
ɯɟɦɨɬɚɤɫɢɫɚ, ɧɚ k-ɨɦ ɲɚɝɟ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɢ ɧɚ 
l-ɨɦ ɲɚɝɟ ɜɵɛɵɜɚɧɢɹ-ɪɚɫɫɟɢɜɚɧɢɹ C(i) – ɪɚɡɦɟɪ 
ɲɚɝɚ, ɜɡɹɬɨɦ ɜ ɫɥɭɱɚɣɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɤɨɬɨɪɵɣ 
ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɤɭɜɵɪɤɚɧɢɟɦ (ɞɥɢɧɚ ɨɞɧɨɝɨ 
ɪɵɜɤɚ). Ɍɨɝɞɚ ɜ ɜɵɱɢɫɥɹɟɦɨɦ ɯɟɦɨɬɚɤɫɢɫɟ 
ɞɜɢɠɟɧɢɟ ɛɚɤɬɟɪɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɫɥɟɞɭюɳɢɦ ɜɵɪɚɠɟɧɢɟɦμ  
                            ܺ௜ሺ݆ + ͳ, ݇, ݈ሻ =  ܺ௜ሺ݆, ݇, ݈ሻ + �ሺ݅ሻ √�,          (3.1) 

ɝɞɟ  ɨɛɨɡɧɚɱɚɟɬ ɜɟɤɬɨɪ ɜ ɫɥɭɱɚɣɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɝɨ ɥɟɠɚɬ ɜ Д-1, 1]. 

 

3.2 Ɋɨɟɧɢɟ 

 

ɂɧɬɟɪɟɫɧɨɟ ɝɪɭɩɩɨɜɨɟ ɩɨɜɟɞɟɧɢɟ 
ɧɚɛɥюɞɚɥɨɫɶ ɭ ɧɟɤɨɬɨɪɵɯ ɩɨɞɜɢɠɧɵɯ 
ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɛɚɤɬɟɪɢɣ ɜɤɥюɱɚɹ E.Coli ɢ S. 
TвЩСТЦЮrТЮЦ, ɝɞɟ ɡɚɦɵɫɥɨɜɚɬɵɟ ɢ ɫɬɚɛɢɥɶɧɵɟ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɟ ɩɚɬɬɟɪɧɵ (ɪɨɢ) 
ɮɨɪɦɢɪɭюɬɫɹ ɜ ɩɨɥɭɬɜɟɪɞɵɯ ɩɢɬɚɬɟɥɶɧɵɯ 
ɫɪɟɞɚɯ. Ƚɪɭɩɩɚ ɛɚɤɬɟɪɢɣ E.МШХТ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 
ɩɟɪɟɦɟɳɚюɳɟɦɫɹ ɤɨɥɶɰɟ ɢ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢю ɭɜɟɥɢɱɟɧɢɹ  ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ, 
ɤɨɝɞɚ ɩɨɦɟɳɚɟɬɫɹ ɫɪɟɞɢ ɩɨɥɭɬɜɟɪɞɨɣ ɦɚɬɪɢɰɵ ɫ 
ɨɞɧɢɦ ɩɢɬɚɬɟɥɶɧɵɦ ɯɢɦɢɨɷɮɮɟɤɬɨɦ. Ȼɚɤɬɟɪɢɢ, 
ɤɨɬɨɪɵɟ ɫɬɢɦɭɥɢɪɨɜɚɧɵ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ 
ɫɭɤɰɢɧɚɬɚ, ɜɵɞɟɥɹюɬ ɚɫɩɚɪɬɚɬ ɚɬɬɪɚɤɬɚɧɬɚ, 
ɤɨɬɨɪɵɣ ɩɨɦɨɝɚɟɬ ɢɦ ɫɨɛɢɪɚɬɶɫɹ ɜ ɝɪɭɩɩɵ ɢ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɟɪɟɦɟɳɚɬɶɫɹ ɤɚɤ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɪɨɟɜ ɫ ɜɵɫɨɤɨɣ 
ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɶю. 

 

3.3 ȼɨɫɩɪɨɢɡɜɟɞɟɧɢɟ 

 

Ȼɚɤɬɟɪɢɢ, ɭ ɤɨɬɨɪɵɯ ɦɟɧɶɲɟ ɜɫɟɝɨ 
ɡɞɨɪɨɜɶɹ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɭɦɢɪɚюɬ, ɤɨɝɞɚ 
ɤɚɠɞɚɹ ɢɡ ɡɞɨɪɨɜɵɯ ɛɚɤɬɟɪɢɣ (ɭ ɤɨɬɨɪɨɣ 
ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɦɢɧɢɦɚɥɶɧɨ) 
ɛɟɫɩɨɪɹɞɨɱɧɨ ɪɚɫɳɟɩɥɹɟɬɫɹ ɧɚ ɞɜɟ ɛɚɤɬɟɪɢɢ, 
ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɩɨɦɟɳɚюɬɫɹ ɜ ɨɞɧɨ ɢ ɬɨ ɠɟ 
ɦɟɫɬɨ. Эɬɨ ɞɟɥɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɛɚɤɬɟɪɢɣ 
ɧɟɢɡɦɟɧɧɵɦ. 

 
3.4 Ʌɢɤɜɢɞɚɰɢɹ – ɪɚɫɫɟɢɜɚɧɢɹ  
 

ɉɨɫɬɟɩɟɧɧɵɟ ɢɥɢ ɜɧɟɡɚɩɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ 
ɥɨɤɚɥɶɧɨɣ ɫɪɟɞɟ, ɝɞɟ ɠɢɜɭɬ ɛɚɤɬɟɪɢɣ, ɦɨɝɭɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɪɢɱɢɧɚɦ. Сɨɛɵɬɢɹ 
ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɬɚɤ, ɱɬɨ ɜɫɟ ɛɚɤɬɟɪɢɢ ɜ 
ɪɟɝɢɨɧɟ ɩɨɝɢɛɚюɬ ɢɥɢ ɝɪɭɩɩɚ, ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ 
ɧɨɜɭю ɱɚɫɬɶ ɨɤɪɭɠɚюɳɟɣ ɫɪɟɞɵ. ɇɚɩɪɢɦɟɪ, 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɥɨɤɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɭɛɢɬɶ ɝɪɭɩɩɭ ɛɚɤɬɟɪɢɣ, 
ɤɨɬɨɪɵɟ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚɯɨɞɹɬɫɹ ɜ ɪɟɝɢɨɧɟ ɫ 
ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ. 
Сɨɛɵɬɢɹ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ 
ɜɫɟ ɛɚɤɬɟɪɢɢ ɜ ɪɟɝɢɨɧɟ ɩɨɝɢɛɚюɬ ɢɥɢ ɝɪɭɩɩɚ, 
ɪɚɫɫɟɢɜɚɟɬɫɹ ɧɚ ɧɨɜɨɟ ɦɟɫɬɨ. ȼ ɬɟɱɟɧɢɟ 
ɞɥɢɬɟɥɶɧɵɯ ɩɟɪɢɨɞɨɜ ɜɪɟɦɟɧɢ ɬɚɤɢɟ ɫɨɛɵɬɢɹ 
ɪɚɫɩɪɨɫɬɪɚɧɹɥɢ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɛɚɤɬɟɪɢɣ ɜ 
ɤɚɠɞɭю ɱɚɫɬɶ ɧɚɲɟɣ ɨɤɪɭɠɚюɳɟɣ ɫɪɟɞɵ ɨɬ 
ɧɚɲɟɝɨ ɤɢɲɟɱɧɢɤɚ ɤ ɝɨɪɹɱɢɦ ɢɫɬɨɱɧɢɤɚɦ ɢ 
ɩɨɞɡɟɦɧɵɦ ɫɪɟɞɚɦ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɬɢɯ 
ɮɟɧɨɦɟɧɨɜ ɜ BFOA ɧɟɤɨɬɨɪɵɟ ɫɥɭɱɚɣɧɵɟ 
ɛɚɤɬɟɪɢɢ ɜɵɛɵɜɚюɬ ɫ ɨɱɟɧɶ ɦɚɥɟɧɶɤɨɣ 
ɜɟɪɨɹɬɧɨɫɬɶю, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɨɜɵɟ ɛɚɤɬɟɪɢɢ ɜ 
ɫɥɭɱɚɣɧɨɦ ɩɨɪɹɞɤɟ ɢɧɢɰɢɚɥɢɡɢɪɭюɬɫɹ ɩɨ ɜɫɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɢɫɤɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ.  

Сɨɛɵɬɢɹ ɥɢɤɜɢɞɚɰɢɹ ɢ ɪɚɫɫɟɢɜɚɧɢɹ 
ɢɦɟюɬ ɷɮɮɟɤɬ ɜɨɡɦɨɠɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ 
ɯɟɦɨɬɚɤɫɢɱɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫɚ, ɧɨ ɨɧɢ ɬɚɤɠɟ 
ɨɤɚɡɵɜɚюɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɯɟɦɨɬɚɤɫɢɫ, ɬɚɤ ɤɚɤ ɪɚɫɫɟɢɜɚɧɢɟ ɦɨɠɟɬ 
ɪɚɫɩɨɥɨɠɢɬɶ ɛɚɤɬɟɪɢɢ ɜɛɥɢɡɢ ɢɫɬɨɱɧɢɤɨɜ 
ɯɨɪɨɲɟɝɨ ɩɢɬɚɧɢɹ. С ɲɢɪɨɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɜɵɛɵɜɚɧɢɹ ɢ ɪɚɫɫɟɢɜɚɧɢɟ ɹɜɥɹюɬɫɹ ɫɨɫɬɚɜɧɵɦɢ 
ɱɚɫɬɹɦɢ ɩɨɞɜɢɠɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɧɚ ɭɪɨɜɧɟ 
ɩɨɩɭɥɹɰɢɢ ɧɚ ɞɚɥɶɧɟɦ ɪɚɫɫɬɨɹɧɢɢ.  

 
3.5 Ⱥɥɝɨɪɢɬɦ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 

ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɦɟɬɨɞɚ 

 

ɒɚɝ 1μ ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ S, Nc, 

Ns, Nre, Ned, Ped ɢ C(i), (i = 1, β, …, S). 

ȼɵɛɢɪɚɟɦ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ ɞɥɹ i
, i = 

1, β, …, S. Эɬɨ ɞɨɥɠɧɨ ɛɵɬɶ ɫɞɟɥɚɧɨ ɜ ɨɛɥɚɫɬɹɯ, 
ɝɞɟ ɫɭɳɟɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. 
Ʉɨɧɬɪɨɥɶɧɵɟ ɩɟɪɟɦɟɧɧɵɟ (i) ɩɪɟɞɫɬɚɜɥɹюɬ 
ɫɨɛɨɣ ɪɟɚɤɬɢɜɧɭю ɦɨɳɧɨɫɬɶ (ɞɥɹ SVC) ɢ 
ɥɢɧɟɣɧɨɟ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ (ɞɥɹ 
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TCSC). Ɉɧɢ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɪɚɫɩɪɟɞɟɥɟɧɵ 
ɩɨ ɜɫɟ ɨɛɥɚɫɬɢ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 
ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ  ɜɵɱɢɫɥɟɧɢɹ  ɡɚɜɟɪɲɟɧɵ, 
ɡɧɚɱɟɧɢɟ P (ɩɨɡɢɰɢɹ ɤɚɠɞɨɝɨ ɱɥɟɧɚ ɜ ɩɨɩɭɥɹɰɢɢ 
S-ɛɚɤɬɟɪɢɣ) ɨɛɧɨɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɢ 
ɡɚɜɟɪɲɚюɳɢɣ ɬɟɫɬ ɞɟɥɚɟɬɫɹ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɭɤɚɡɚɧɧɵɯ ɢɬɟɪɚɰɢɣ. 

ɒɚɝ βμ ɐɢɤɥ ɜɵɛɵɜɚɧɢɹ-ɪɚɫɫɟɢɜɚɧɢɹμ l = 

l + 1. 

ɒɚɝ γμ ɐɢɤɥ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹμ k = k + 1. 

ɒɚɝ 4μ ɐɢɤɥ ɯɟɦɨɬɚɤɫɢɫɚμ j = j + 1. 

ɒɚɝ 4.1μ ȼɵɩɨɥɧɢɦ ɯɟɦɨɬɚɤɫɢɱɟɫɤɢɣ ɲɚɝ 
ɞɥɹ i-ɨɣ ɛɚɤɬɟɪɢɢ i = 1, β, …, S, ɫɥɟɞɭюɳɢɦ 
ɨɛɪɚɡɨɦμ 

ɒɚɝ 4.βμɊɚɫɫɱɢɬɚɟɦ ɫɬɨɢɦɨɫɬɶ J(i, j, k, l). 

ɒɚɝ 4.3: ɉɭɫɬɶ J(i, j, k, l) = J(i, j, k, l) + 

Jcc(
i
(j, k, l), P(j, k, l)). 

ɒɚɝ 4.4: ɉɭɫɬɶ Jɩɨɫɥɟɞɧɟɟ = J(i, j, k, l) 

ɫɨɯɪɚɧɹɟɦ ɷɬɨ ɡɧɚɱɟɧɢɟ, ɩɨɤɚ ɧɟ ɧɚɣɞɟɬɫɹ 
ɥɭɱɲɟɟ. 

ɒɚɝ 4.5: Ʉɭɜɵɪɤɚɧɢɟμ Ƚɟɧɟɪɢɪɭɟɦ 
ɫɥɭɱɚɣɧɵɣ ɜɟɤɬɨɪ (i)  R

p, ɝɞɟ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ 
m(i), m = 1, β, …, p, ɷɬɨ ɱɢɫɥɨ ɥɟɠɚɳɟɟ ɜ 
ɞɢɚɩɚɡɨɧɟ  [-1, 1].ɝɞɟ R – ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ 
ɱɢɫɥɨ. ɇɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɫɥɟɞɭюɳɟɣ ɮɨɪɦɭɥɟμ 

 

௜ሺ݆ + ͳ, ݇, ݈ሻ =  ௜ሺ݆, ݇, ݈ሻ + �ሺ݅ሻ  ሺiሻ√�ሺ௜ሻሺiሻ     (3.2) 

ɝɞɟ C(i) > 0 – ɪɚɡɦɟɪ ɲɚɝɚ ɜ 
ɨɩɪɟɞɟɥёɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɨɡɜɨɥɹюɳɢɣ 
ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɤɭɜɵɪɤɚɧɢɹ. 

ɒɚɝ 4.θμ Ɋɚɫɫɱɢɬɵɜɚɟɦ J(i, j+1, k, l). 

Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɨɛɳɚɹ ɫɬɨɢɦɨɫɬɶ. ȿɫɥɢ 
ɮɭɧɤɰɢɹ ɫɬɨɢɦɨɫɬɢ ɦɢɧɢɦɚɥɶɧɚ, ɬɨ ɜɵɩɨɥɧɹɟɦ 
ɫɥɟɞɭюɳɢɣ ɲɚɝ, ɢɧɚɱɟ ɩɟɪɟɯɨɞɢɦ ɤ ɷɬɚɩɭ (4.γ). 

ɒɚɝ 4.7μ ɉɥɚɜɚɧɢɟ. 
ɒɚɝ 4.7.1μ ɉɭɫɬɶ m = 0 (ɤɨɥɢɱɟɫɬɜɨ 

ɲɚɝɨɜ ɩɥɚɜɚɧɢɹ). 
ɒɚɝ 4.7.βμ Ⱦɨ ɬɟɡ ɩɨɪ ɩɨɤɚ m < Ns 

ɉɭɫɬɶ m = m + 1. ȿɫɥɢ J(i, j+1, k, l) < 

Jɩɨɫɥɟɞɧɟɟ (ɟɫɥɢ ɨɧɨ ɭɥɭɱɲɚɟɬɫɹ),  
ɩɭɫɬɶ Jɩɨɫɥɟɞɧɟɟ = J(i, j+1, k, l), ɢ ɩɭɫɬɶ  

 

௜ሺ݆ + ͳ, ݇, ݈ሻ =  ௜ሺ݆, ݇, ݈ሻ + �ሺ݅ሻ  ሺiሻ√�ሺ௜ሻሺiሻ,    (3.3) 

ɢ ɢɫɩɨɥɶɡɭɟɦ ɷɬɨ i
(j+1, k, l), ɱɬɨɛɵ 

ɪɚɫɫɱɢɬɚɬɶ ɧɨɜɵɣ J(i, j+1, k, l). ɂɧɚɱɟ, ɩɭɫɬɶ m = 

Ns. Ʉɨɧɟɰ ɰɢɤɥɚ. 
ɒɚɝ 4.8μ ȿɫɥɢ i ≠ S, ɩɟɪɟɯɨɞɢɦ ɤ 

ɫɥɟɞɭюɳɟɣ ɛɚɤɬɟɪɢɢ (i + 1). 

ɒɚɝ ημ ȿɫɥɢ j < Nc ɩɟɪɟɣɬɢ ɤ ɲɚɝɭ γ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɞɨɥɠɚɟɦ ɯɟɦɨɬɚɤɫɢɫ, ɛɚɤɬɟɪɢɢ 
ɟɳɟ ɠɢɜɵ.  

ɒɚɝ θμ ȼɨɫɩɪɨɢɡɜɟɞɟɧɢɟ. B 

ɒɚɝ θ.1μ Ⱦɥɹ ɡɚɞɚɧɧɵɯ k ɢ l, ɢ ɞɥɹ 
ɤɚɠɞɨɣ i = 1, β, …, S, ɩɭɫɬɶ J

i
ɡɞɨɪɨɜɶɟ = 

∑௝=ଵ��+ଵ �ሺ݅, ݆, ݇, ݈ሻ ɛɭɞɟɬ ɡɞɨɪɨɜɶɟ i-ɨɣ ɛɚɤɬɟɪɢɢ. 
Сɨɪɬɢɪɭɟɦ ɛɚɤɬɟɪɢɢ ɢ ɩɚɪɚɦɟɬɪ C(i) ɜ ɩɨɪɹɞɤɟ 
ɜɨɡɪɚɫɬɚɧɢɹ ɫɬɨɢɦɨɫɬɢ Jɡɞɨɪɨɜɶɟ. 

ɒɚɝ 6.2: Sr – ɚɹ ɛɚɤɬɟɪɢɹ ɫ ɧɚɢɜɵɫɲɢɦ 
Jɡɞɨɪɨɜɶɟ ɡɧɚɱɟɧɢɟɦ ɭɦɢɪɚɟɬ, ɚ ɨɫɬɚɥɶɧɵɟ 
ɛɚɤɬɟɪɢɢ ɫ ɥɭɱɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɪɚɡɞɟɥɹюɬɫɹ. 

ɒɚɝ 7: ȿɫɥɢ k < Nre, ɩɟɪɟɯɨɞɢɦ ɤ ɲɚɝɭ β. 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɵ ɧɟ ɞɨɫɬɢɝɥɢ ɭɤɚɡɚɧɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɲɚɝɨɜ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ. 

ɒɚɝ 8μ ȼɵɛɵɜɚɧɢɟ – ɪɚɫɫɟɢɜɚɧɢɟ. 
Ⱦɥɹ Т = 1, β, ..., S, ɫ ɜɟɪɨɹɬɧɨɫɬɶю Ped, 

ɭɫɬɪɚɧɢɬɶ ɢ ɪɚɫɫɟɹɬɶ ɤɚɠɞɭю ɛɚɤɬɟɪɢю. 
ɂɫɤɥюɱɢɬɶ ɛɚɤɬɟɪɢю ɢ ɩɨɦɟɫɬɢɬɶ ɟɟ ɜ 
ɫɥɭɱɚɣɧɨɟ ɦɟɫɬɨ ɧɚ ɩɨɢɫɤɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɨɩɬɢɦɢɡɚɰɢɢ. ȿɫɥɢ Х < σed, ɩɟɪɟɣɞɢɬɟ ɤ ɲɚɝɭ 1, 
ɢɧɚɱɟ ɤɨɧɟɰ. 

ȼ ɬɚɛɥɢɰɟ γ.1 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɚɥɝɨɪɢɬɦɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ. 

 

Ɍɚɛɥɢɰɚ γ.1 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɚɥɝɨɪɢɬɦɚ ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 
№ ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

1 Ʉɨɥɢɱɟɫɬɜɨ ɛɚɤɬɟɪɢɣ, S 50 

2 Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ, 
Ns 

4 

3 Ʉɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ ɯɟɦɨɬɚɤɫɢɫɚ, 
Nc 

100 

4 Ʉɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ 
ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ, Nre 

4 

5 Ʉɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ ɜɵɛɵɜɚɧɢɹ – 

ɪɚɫɫɟɢɜɚɧɢɹ, Ned 

2 

6 ȼɟɪɨɹɬɧɨɫɬɶ, Ped 0.25 

7 Ɋɚɡɦɟɪ ɲɚɝɚ, C(i) 0.1 

 
 

 

Ɋɢɫɭɧɨɤ γ.1 - Ȼɥɨɤ-ɫɯɟɦɚ ɪɚɛɨɬɵ ɤɥɚɫɫɢɱɟɫɤɨɝɨ 
ɚɥɝɨɪɢɬɦɚ 
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Ɋɢɫɭɧɨɤ γ.β - ɉɪɨɞɨɥɠɟɧɢɟ ɛɥɨɤ-ɫɯɟɦɵ ɪɚɛɨɬɵ 

ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ γ.γ – ɉɪɨɞɨɥɠɟɧɢɟ ɪɚɛɨɬɵ 
ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

 

3.7 ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɨɞɢɮɢɤɚɰɢɹ 

 

 ɇɚ ɤɚɠɞɨɦ ɲɚɝɟ ɜ ɰɢɤɥɟ ɜɵɛɵɜɚɧɢɹ-

2 

m = m + 

1 
m = Ns 

ȿɫɥɢ J(i, j+1, 

k, l) < 

Jɩɨɫɥɟɞɧɟɟ 

௜ሺ݆ + ͳ, ݇, ݈ሻ=  ௜ሺ݆, ݇, ݈ሻ + �ሺ݅ሻ ሺiሻ√ �ሺ݅ሻ ሺiሻ 
Jɩɨɫɥɟɞɧɟɟ = J(i, j+1, k, l) 

Ɋɚɫɫɱɢɬɚɬɶ J(i, j+1, k, l) 

ɢɫɩɨɥɶɡɭɹ ɧɨɜɭю (j+1, k, l) 

E ȿɫɥɢ Т ≠ S  

௜ሺ݆ + ͳ, ݇, ݈ሻ=  ௜ሺ݆, ݇, ݈ሻ+ �ሺ݅ሻ ሺiሻ√ �ሺ݅ሻ ሺiሻ 
Ɋɚɫɱɢɬɚɬɶ  

ɉɭɫɬɶ m = 

0 

ȿɫɥɢ m < 

Ns 

ȿɫɥɢ 
ɫɬɨɢɦɨɫɬɶ 

ɦɢɧɢɦɚɥɶɧɚ 
A 

1 

i = i + 1 

ȿɫɥɢ j < Nc 

J
i
ɡɞɨɪɨɜɶɟ = ∑௝=ଵ��+ଵ �ሺ݅, ݆, ݇, ݈ሻ 

Сɨɪɬɢɪɨɜɤɚ ɛɚɤɬɟɪɢɣ ɢ C(Т) ɜ 
ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ Jɡɞɨɪɨɜɶɟ 

2 

(1) Ɋɚɡɞɟɥɹɟɦ Sr ɛɚɤɬɟɪɢɣ 
ɫ     ɥɭɱɲɢɦɢ 
ɡɧɚɱɟɧɢɹɦɢ 

ȿɫɥɢ k < Nre 

ȿɫɥɢ l < Ned 

Ʉɨɧɟɰ 

C 

D 

B 

E 
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ɪɚɫɫɟɢɜɚɧɢɹ, ɩɨ ɨɤɨɧɱɚɧɢю ɫɚɦɨɝɨ ɰɢɤɥɚ, ɦɵ 
ɫɱɢɬɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɩɩ ɦɟɬɨɞɨɦ ɮɨɪɦɚɥɶɧɨɝɨ 
ɷɥɟɦɟɧɬɚ. Ʉɚɠɞɚɹ ɝɪɭɩɩɚ ɛɚɤɬɟɪɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɤɬ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɧɟ 
ɨɛɹɡɚɬɟɥɶɧɨ ɨɤɪɭɠɧɨɫɬɶ. ɀɟɥɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɨɛɴɟɤɬɨɜ ɡɚɞɚɟɬɫɹ ɧɚ ɮɚɡɟ ɢɧɢɰɢɚɥɢɡɚɰɢɢ. Ʉɚɤ 
ɬɨɥɶɤɨ ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɩɩ ɫɬɚɟɬ ɪɚɜɧɵɦ 
ɡɚɞɚɧɧɨɦɭ, ɚɥɝɨɪɢɬɦ ɩɪɟɤɪɚɳɚɟɬ ɫɜɨю ɪɚɛɨɬɭ. 
ɉɨɫɥɟ ɷɬɨɝɨ ɜɵɫɱɢɬɵɜɚюɬɫɹ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 
ɞɥɹ X, Y ɢ ɪɚɞɢɭɫɚ ɜ ɤɚɠɞɨɣ ɝɪɭɩɩɟ, ɷɬɢ 
ɡɧɚɱɟɧɢɹ ɢ ɹɜɥɹюɬɫɹ ɨɤɪɭɠɧɨɫɬɹɦɢ.    
 

3.8 Ȼɥɨɤ ɫɯɟɦɚ ɩɪɟɞɥɚɝɚɟɦɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ 

  

ɇɚ ɪɢɫɭɧɤɟ γ.4 ɩɪɢɜɟɞɟɧɚ ɱɚɫɬɶ ɛɥɨɤ 
ɫɯɟɦɵ ɫɚɦɨɣ ɦɨɞɢɮɢɤɚɰɢɢ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ γ.4 – Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɟɞɥɚɝɚɟɦɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ  

 

4 Ɇɟɬɨɞ ɮɨɪɦɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ  
 

Ⱥɥɝɨɪɢɬɦ Ɏɨɪɟɥɶ (ɎɈɊɦɚɥɶɧɵɣ 
ЭɅɟɦɟɧɬ) ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ ɷɜɪɢɫɬɢɱɟɫɤɨɝɨ 
ɞɢɜɢɡɢɦɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ. ȼ 

ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ Ɏɨɪɟɥɶ ɥɟɠɢɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɩɨɬɟɡɵ ɤɨɦɩɚɤɬɧɨɫɬɢμ ɛɥɢɡɤɢɦ 
ɜ ɫɨɞɟɪɠɚɬɟɥɶɧɨɦ ɫɦɵɫɥɟ ɨɛɴɟɤɬɚɦ ɜ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɡɧɚɤɨɜ 
ɫɨɨɬɜɟɬɫɬɜɭюɬ ɨɛɨɫɨɛɥɟɧɧɵɟ ɦɧɨɠɟɫɬɜɚ ɬɨɱɟɤ, 
ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɫɝɭɫɬɤɢ». ȿɫɥɢ ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɰɟɧɬɪɨɦ n-ɝɨ ɬɚɤɫɨɧɚ ɢ ɬɨɱɤɨɣ k ɷɬɨɝɨ 
ɬɚɤɫɨɧɚ ɨɛɨɡɧɚɱɢɬɶ Snk, ɬɨ ɫɭɦɦɚ ɪɚɫɫɬɨɹɧɢɣ 
ɦɟɠɞɭ ɰɟɧɬɪɨɦ ɢ ɜɫɟɦɢ ɬɨɱɤɚɦɢ k ɷɬɨɝɨ ɬɚɤɫɨɧɚ 
ɛɭɞɟɬ ɪɚɜɧɚμ 

 

                  Pn ∑k=ଵL  Snk    (4.1) 

 

ɝɞɟ, Pn – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɨɦ n-ɝɨ 
ɬɚɤɫɨɧɚ ɢ ɜɫɟɦɢ ɬɨɱɤɚɦɢ ɷɬɨɝɨ ɬɚɤɫɨɧɚ; Snk – 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɨɦ n-ɝɨ ɬɚɤɫɨɧɚ ɢ 
ɬɨɱɤɨɣ k ɷɬɨɝɨ ɬɚɤɫɨɧɚ. Сɭɦɦɚ ɬɚɤɢɯ 
ɜɧɭɬɪɟɧɧɢɯ ɪɚɫɫɬɨɹɧɢɣ ɞɥɹ ɜɫɟɯ n ɬɚɤɫɨɧɨɜ 
ɪɚɜɧɚμ 
 

                                          P =  ∑n=ଵN  Pn                   (4.2) 

 

ɐɟɥɶю ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ Ɏɨɪɟɥɶ 
ɹɜɥɹɟɬɫɹ ɧɚɣɬɢ ɬɚɤɨɟ ɪɚɡɛɢɟɧɢɟ ɦɧɨɠɟɫɬɜɚ 
ɨɛɴɟɤɬɨɜ ɧɚ n ɬɚɤɫɨɧɨɜ, ɱɬɨɛɵ ɜɟɥɢɱɢɧɚ P ɛɵɥɚ 
ɦɢɧɢɦɚɥɶɧɨɣ. Ɋɚɛɨɬɚ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥюɱɚɟɬɫɹ ɜ 
ɩɟɪɟɦɟɳɟɧɢɢ ɝɢɩɟɪɫɮɟɪɵ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɪɚɞɢɭɫɚ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨ 
ɩɨɥɭɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɝɨ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 
ɧɚɛɥюɞɟɧɢɣ, ɩɨɩɚɜɲɢɯ ɜ ɷɬɭ ɝɢɩɟɪɫɮɟɪɭ. Ⱦɨ 
ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɪɢɡɧɚɤɢ ɨɛɴɟɤɬɨɜ 
ɧɨɪɦɢɪɭюɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɢɯ ɡɧɚɱɟɧɢɹ 
ɧɚɯɨɞɢɥɢɫɶ ɦɟɠɞɭ ɧɭɥɟɦ ɢ ɟɞɢɧɢɰɟɣ. 

 

5 Ɍɟɫɬɵ  

 

ɉɪɨɜɟɞɟɦ ɧɟɤɨɬɨɪɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. Ȼɭɞɟɦ 
ɡɚɩɭɫɤɚɬɶ ɚɥɝɨɪɢɬɦ ɩɨ 10 ɪɚɡ ɧɚ ɪɚɡɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɹɯ ɢ ɜɵɫɱɢɬɚɟɦ ɬɨɱɧɨɫɬɶ 
ɧɚɯɨɠɞɟɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɫɪɟɞɧюю 
ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ η.β, η.4, ɚ ɢɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ η.1, η.γ.  

 

 
 

Ɋɢɫɭɧɨɤ η.1 – ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫ 
ɱɟɬɵɪɶɦɹ ɤɪɭɝɚɦɢ 

int avarageX 

= 0; 

(1) 

 

groups = findGroup(colony) 

i = 0; i < groups.count; ++i 

j= 0; j < i; ++j 

Ɋɚɫɫɱɢɬɵɜɚɟɦ 
ɫɪɟɞɧɢɟ X,Y,R 



                                   

                                

                                           ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                    №  2(8), 2017 

Ⱦɨɧɟɰɤ ȾɨɧɇɌУ 

                                                                                                                              

                                          

 

 
72 

 

 
Ɋɢɫɭɧɨɤ η.β – ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ ɫ ɱɟɬɵɪɶɦɹ ɤɪɭɝɚɦɢ 

 

Ɍɨɱɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹμ ηηΣ. Сɪɟɞɧɟɟ ɜɪɟɦɹ 4.4η 

 
Ɋɢɫɭɧɨɤ η.γ – ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫ 

ɫɟɦɶю ɤɪɭɝɚɦɢ 

 

 
 

Ɍɨɱɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ θη.7Σ. Сɪɟɞɧɟɟ ɜɪɟɦɹ η.η 

 

ȼɵɜɨɞɵ 

 

 Ɇɵ ɪɚɫɫɦɨɬɪɟɥɢ ɚɥɝɨɪɢɬɦ 
ɛɚɤɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɯ 
ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɣ. ɉɪɨɜɟɥɢ ɚɧɚɥɢɡ 
ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɟɝɨ ɭɥɭɱɲɟɧɧɵɦɢ 
ɜɟɪɫɢɹɦɢ. Ɂɚɬɟɦ ɩɪɟɞɥɨɠɢɥɢ ɦɨɞɢɮɢɤɚɰɢю ɞɥɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɧɚɯɨɠɞɟɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ ɢ 
ɩɪɢɜɟɥɢ ɬɚɛɥɢɰɭ ɪɚɛɨɬɵ ɩɨ ɫɤɨɪɨɫɬɢ ɢ ɩɨ 
ɬɨɱɧɨɫɬɢ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɧɚɲɚ 
ɦɨɞɢɮɢɤɚɰɢɹ ɟɳɟ ɧɟ ɢɳɟɬ ɜɫɟ ɫɬɨ ɩɪɨɰɟɧɬɨɜ 
ɤɪɭɝɨɜ, ɧɨ ɞɟɥɚɟɬ ɷɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ 
ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. Уɜɟɥɢɱɟɧɢɟ ɬɨɱɧɨɫɬɢ 
ɩɥɚɧɢɪɭɟɬɫɹ ɡɚ ɫɱɟɬ ɪɚɡɛɪɨɫɚ ɛɚɤɬɟɪɢɣ, ɧɟ ɧɚ 
ɥɭɱɲɢɟ ɩɨɡɢɰɢɢ, ɚ ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɢɫɤɥюɱɚɹ ɭɠɟ ɧɚɣɞɟɧɧɵɟ ɨɤɪɭɠɧɨɫɬɢ, ɞɥɹ ɬɨɝɨ 
ɱɬɨɛɵ ɛɚɤɬɟɪɢɢ ɫɦɨɝɥɢ ɧɚɣɬɢ ɞɪɭɝɢɟ ɥɨɤɚɥɶɧɵɟ 
ɦɢɧɢɦɭɦɵ.  

 

 

Ɋɢɫɭɧɨɤ η.4 – ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɫ ɫɟɦɶю ɤɪɭɝɚɦɢ

 

Ɇɢɧɤɨɜ Ɉ.ȼ., Ɋɭɱɤɢɧ Ʉ.Ⱥ. Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɥɨɠɧɵɯ 
ɧɚɤɥɚɞɵɜɚɸɳɢɯɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. Рɚɫɫɦɨɬɪɟɧ ɚɥɝɨɪɢɬɦ ɛɚɤɬɟɪɢɚɥɶɧɨɣ 
ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɧɚхɨɠɞɟɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢх ɮɢɝɭɪ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɨɤɪɭɠɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵх ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɹ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɤɥɚɫɫɢɱɟɫɤɨɝɨ 
ɚɥɝɨɪɢɬɦɚ ɫ ɟɝɨ ɭɥɭɱɲɟɧɧɵɦɢ ɜɟɪɫɢɹɦɢ. ɉɪɟɞɥɨɠɟɧɚ ɫɜɨɹ ɦɨɞɢɮɢɤɚɰɢɹ ɞɥɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɧɚхɨɠɞɟɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɫɩɨɡɧɚɜɚɧɢɟ, ɤɨɦɩɶɸɬɟɪɧɨɟ ɡɪɟɧɢɟ, ɷɜɨɥɸɰɢɹ, BFOA, ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɮɢɝɭɪɵ. 

Minkov O.V, Ruchkin K.A. Development of an algorithm for recognizing complex overlapping 
geometric objects. The algorithm of bacterial optimization for finding and recognizing geometric figures, 

in particular circles, as well as various modifications thereof, is considered. The analysis of the classical 

algorithm with its improved versions is carried out. We propose our own modification for the 

simultaneous determination of circles. 
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