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ON ITS TEST RESULTS IN GTE GAS GENERATOR 

The method for identification of a mathematical model (MM) of the turbine based on its test re-

sults in gas generator of gas-turbine engine (GTE) is developed. The method provides MM of the tur-

bine as a nonlinear function of two, three variables. The technique is based on using polynomial MM of 

the turbine and the method of small deviations and represents an integral part of the previously devel-

oped method of GTE MM identification, which includes inverse and direct thermo-gas-dynamic prob-

lems and optimization problem. The technique of turbine MM identification and method of GTE MM 

identification are approved by numerical experiments and also processing the test results of turbojet gas 

generator in a self-similar and non-selfsimilar fields in the Reynolds number. 
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ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɡɚɞɚɱ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɪɚɛɨɬɵ ɫɨɜɪɟɦɟɧɧɨɝɨ ȽɌȾ, ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɄɉȾ) ɟɝɨ ɬɭɪɛɢɧɵ, ɨɬ ɜɟɥɢɱɢɧɵ ɤɨɬɨɪɨɝɨ 
ɡɚɜɢɫɢɬ ɬɨɩɥɢɜɧɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ. 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɜɵɲɟɧɢɹ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɬɭɪɛɢɧ ȽɌȾ ɬɪɟɛɭɟɬ, ɧɚɪɹɞɭ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɩɪɨɫɬɪɚɧ-

ɫɬɜɟɧɧɨɝɨ ɬɟɱɟɧɢɹ ɜɹɡɤɨɝɨ ɫɠɢɦɚɟɦɨɝɨ ɝɚɡɚ ɜ ɬɭɪɛɢɧɚɯ [1], ɭɜɟɥɢɱɟɧɢɹ 
ɨɛɴɟɦɚ ɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɫɩɵɬɚɧɢɣ.  

ȼ ɩɪɨɰɟɫɫɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɞɨɜɨɞɤɢ ɬɭɪɛɢɧ ȽɌȾ ɞɥɹ ɨɰɟɧɤɢ 

ɞɨɫɬɢɝɧɭɬɨɝɨ ɭɪɨɜɧɹ ɢɯ ɄɉȾ, ɩɪɨɜɟɪɤɢ ɦɟɬɨɞɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɭɪ-
ɛɢɧɵ ɢ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɜɜɨɞɢɦɵɯ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɬɭɪɛɢɧɵ ɪɚɡɥɢɱɧɵɯ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɣ ɩɪɨɜɨɞɹɬɫɹ ɚɜɬɨɧɨɦɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨɥɧɨɪɚɡɦɟɪ-
ɧɵɯ ɬɭɪɛɢɧ ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɬɭɪɛɢɧɧɵɯ ɫɬɟɧɞɚɯ ɢ ɢɫɩɵɬɚɧɢɹ ɬɭɪɛɢɧ 

ɜ ɫɢɫɬɟɦɟ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ (ȽȽ) ȽɌȾ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɨɰɟɧɤɚ ɞɨɫɬɢɝɧɭɬɨɝɨ ɭɪɨɜɧɹ 
ɄɉȾ ɬɭɪɛɢɧɵ ɧɚ ɪɚɫɱɟɬɧɨɦ ɪɟɠɢɦɟ ɢ ɨɰɟɧɤɚ ɞɪɭɝɢɯ ɟɟ ɩɚɪɚɦɟɬɪɨɜ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɜɬɨɧɨɦɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɟɪɜɵɯ ɷɤɡɟɦɩ-

ɥɹɪɨɜ ɬɭɪɛɢɧɵ ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɬɭɪɛɢɧɧɵɯ ɫɬɟɧɞɚɯ. ɂɫɩɵɬɚɧɢɹ ɬɭɪɛɢ-

ɧɵ ɧɚ ɬɭɪɛɢɧɧɨɦ ɫɬɟɧɞɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɨɜɨɞɹɬɫɹ ɩɪɢ ɩɨɞɚɱɟ ɧɚ ɜɯɨɞ 

ɬɭɪɛɢɧɵ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɨɣ (500…600 Ʉ) 

ɬɟɦɩɟɪɚɬɭɪɟ ɬɨɪɦɨɠɟɧɢɹ. ɉɪɢ ɷɬɢɯ ɢɫɩɵɬɚɧɢɹɯ ɜɟɥɢɱɢɧɵ ɩɚɪɚɦɟɬɪɨɜ, 
ɫɬɟɩɟɧɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɬɨɪɦɨɠɟɧɢɹ ɜ 
ɩɨɬɨɤɟ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ, ɫɨɫɬɚɜ ɫɦɟɫɢ ɝɚɡɚ, ɬɟɩɥɨɜɨɟ ɫɨɫɬɨɹɧɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɜɟɥɢɱɢɧɵ ɪɚɞɢɚɥɶɧɵɯ ɡɚɡɨɪɨɜ ɜ ɬɭɪɛɢɧɟ ɦɨɝɭɬ ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɜɟɥɢɱɢɧ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɢɦɟɸɳɢɯ 
ɦɟɫɬɨ ɩɪɢ ɪɚɛɨɬɟ ɬɭɪɛɢɧɵ ɜ ɫɢɫɬɟɦɟ ȽɌȾ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ. ɉɨɷɬɨɦɭ ɜɵɩɨɥɧɟɧɧɚɹ ɩɪɢ ɚɜɬɨɧɨɦɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɨɰɟɧɤɚ 
ɄɉȾ ɬɭɪɛɢɧɵ ɬɪɟɛɭɟɬ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɬɨɱɧɟɧɢɹ. 

Ȼɨɥɟɟ ɞɨɫɬɨɜɟɪɧɚɹ ɨɰɟɧɤɚ ɄɉȾ ɬɭɪɛɢɧɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧɚ 
ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɬɭɪɛɢɧɵ ɜ ɫɢɫɬɟɦɟ ȽȽ ȽɌȾ, ɬɚɤ ɤɚɤ ɩɪɢ 

ɷɬɢɯ ɢɫɩɵɬɚɧɢɹɯ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɵɬɚɧɢɹɦɢ ɧɚ ɬɭɪɛɢɧɧɨɦ ɫɬɟɧɞɟ, 
ɬɭɪɛɢɧɚ ɪɚɛɨɬɚɟɬ ɜ ɭɫɥɨɜɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ. 

Ʉɪɨɦɟ ɨɰɟɧɤɢ ɞɨɫɬɢɝɧɭɬɨɝɨ ɭɪɨɜɧɹ ɄɉȾ ɬɭɪɛɢɧɵ, ɞɥɹ ɪɚɫɱɟɬɚ 
ɩɚɪɚɦɟɬɪɨɜ ȽɌȾ ɜ ɜɵɫɨɬɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɭɫɥɨɜɢɹɯ ɫ ɩɨɦɨɳɶɸ ɟɝɨ ɆɆ 

ɧɚ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɢ ɧɟɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ 
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ɡɧɚɧɢɟ ɆɆ ɬɭɪɛɢɧɵ ɢ ɆɆ ɞɪɭɝɢɯ ɭɡɥɨɜ ȽɌȾ, ɹɜɥɹɸɳɢɯɫɹ ɮɭɧɤɰɢɹɦɢ 

ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ.  
ɆɆ ɭɡɥɨɜ, ɹɜɥɹɸɳɢɟɫɹ ɫɨɫɬɚɜɧɵɦɢ ɱɚɫɬɹɦɢ ɆɆ ȽɌȾ, ɦɨɝɭɬ 

ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫ-
ɩɵɬɚɧɢɣ ȽɌȾ. 

ɇɟɥɢɧɟɣɧɚɹ ɆɆ ȽɌȾ ɧɚ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ (ɩɪɹɦɚɹ ɡɚɞɚ-
ɱɚ) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɚɜɢɚɰɢ-

ɨɧɧɵɯ ɈɄȻ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɞɨɜɨɞɤɢ, ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɆɆ ȽɌȾ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɜɨɞɢɬɶ ɪɚɫɱɟɬɵ ɜɵɫɨɬɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɢ ɞɪɨɫɫɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ȽɌȾ, ɮɨɪɦɢɪɨɜɚɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɭɡɥɨɜ ȽɌȾ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ȽɌȾ, ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɟɬɚ-
ɥɟɣ ɢ ɪɚɫɱɟɬɨɜ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɢɫɩɵɬɚ-
ɧɢɣ, ɞɢɚɝɧɨɫɬɢɤɢ ɫɨɫɬɨɹɧɢɹ ȽɌȾ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȽɌȾ 

ɫ ɩɨɦɨɳɶɸ ɟɝɨ ɆɆ ɧɟɨɛɯɨɞɢɦɵ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɢɤɢ ɨɛɪɚɛɨɬɤɢ 

ɢ ɚɧɚɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɦɟɬɨɞɢɤɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ 

ɬɭɪɛɢɧɵ ɢ ɞɪɭɝɢɯ ɭɡɥɨɜ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɯ ɢɫɩɵɬɚɧɢɣ ɜ ɫɢɫɬɟɦɟ ȽɌȾ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɬɭɪɛɢɧɵ ɜ ɫɢɫɬɟɦɟ ȽɌȾ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɫɬɚɧɨɜɤɚ ɞɚɬɱɢɤɨɜ ɢ ɢɡɦɟɪɟɧɢɟ ɩɨɥɟɣ 

ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɬɨɪɦɨɠɟɧɢɹ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ 
ɢɡ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɌɊȾȾ ɢ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɩɪɢ ɢɫɩɵ-

ɬɚɧɢɹɯ ȽȽ ȽɌȾ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ȽɌȾ (ɢɥɢ ɟɝɨ 
ȽȽ) ɩɪɨɢɡɜɨɞɹɬ ɢɡɦɟɪɟɧɢɟ ɩɨɥɟɣ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ 

ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɩɪɢɟɦɧɢɤɨɜ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨ 
ɜɯɨɞɧɨɣ ɤɪɨɦɤɟ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ. Ɉɞɧɚɤɨ ɩɪɢ ɢɡɦɟɪɟɧɢɢ 

ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ, ɧɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɡɦɟɪɟɧɢɹ ɩɨɥɹ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɝɚɡɚ ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɪɚɫ-
ɱɟɬɚ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɢ ɄɉȾ ɬɭɪɛɢɧɵ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɫɩɨ-
ɫɨɛɚ ɨɫɪɟɞɧɟɧɢɹ ɩɨ ɩɥɨɳɚɞɢ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ [2, 3], ɩɪɢ 

ɩɪɢɦɟɧɟɧɢɢ ɫɩɨɫɨɛɚ ɨɫɪɟɞɧɟɧɢɹ ɩɨ ɩɥɨɳɚɞɢ ɜɨɡɧɢɤɚɟɬ ɩɨɝɪɟɲɧɨɫɬɶ 
ɪɚɫɱɟɬɚ ɫɪɟɞɧɟɝɨ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɜɨɡɪɚɫɬɚɸɳɚɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɩɪɢɜɟɞɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɝɚɡɚ ɢ ɫɨɫɬɚɜɥɹɸɳɚɹ (–0,6…–2,5) % ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ λ  = 0,33…0,65. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɩɨ-
ɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɢ ɄɉȾ ɬɭɪɛɢɧɵ. 
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ɍɤɚɡɚɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɢɡɦɟɪɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɚ ɧɚ ɜɯɨɞɟ 
ɜ ɬɭɪɛɢɧɭ ɧɟ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɄɉȾ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ 

ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɣ ɬɨɥɶɤɨ ɦɟɬɨɞɢɤɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɭɡɥɚ, ɤɚɤ, ɧɚɩɪɢ-

ɦɟɪ, ɷɬɨ ɫɞɟɥɚɧɨ ɢ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɚɯ [4, 5] ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɢɞɟɧɬɢ-

ɮɢɤɚɰɢɢ ɆɆ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɜɟɧɬɢɥɹɬɨɪɚ, ɤɨɝɞɚ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɯɚ 
ɢɡɦɟɪɹɸɬɫɹ ɧɚ ɢɯ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ.  

ȼ ɫɥɭɱɚɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ, ɤɪɨɦɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɢɤ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɩɨ ɤɪɢ-

ɬɟɪɢɹɦ ɩɨɞɨɛɢɹ ɢ ɩɨɥɭɱɟɧɢɹ ɆɆ ɭɡɥɚ ɤɚɤ ɮɭɧɤɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɩɟɪɟ-
ɦɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɣ ɢ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɢɧɨ-
ɦɢɚɥɶɧɵɯ ɆɆ [4, 5], ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɡɦɟɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɚ ɧɚ 
ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɨɩɢɫɚɧɚ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɚɜɬɨɪɨɦ ɦɟɬɨɞɢɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɪɚɫɱɟɬɧɨɣ ɨɰɟɧɤɢ ɄɉȾ ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɵ ɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɟɟ ɆɆ ɤɚɤ ɮɭɧɤɰɢɢ ɞɜɭɯ ɢ ɬɪɟɯ ɩɟɪɟɦɟɧɧɵɯ ɩɨ ɪɟ-
ɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɹ ɬɭɪɛɢɧɵ ɜ ɫɢɫɬɟɦɟ ȽɌȾ. Ɇɟɬɨɞɢɤɚ ɢɞɟɧɬɢɮɢɤɚ-
ɰɢɢ ɆɆ ɬɭɪɛɢɧɵ ɹɜɥɹɟɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɪɚɧɟɟ ɪɚɡ-
ɪɚɛɨɬɚɧɧɨɝɨ ɚɜɬɨɪɨɦ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ, ɬɚɤɠɟ ɨɩɢɫɚɧ-

ɧɨɝɨ ɜ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ. 

ɋɭщɟɫɬɜɭɸщɢɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ  

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ȽɌȾ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɩɪɚɤɬɢɤɟ ɞɨɜɨɞɤɢ ȽɌȾ ɨɰɟɧɤɚ ɄɉȾ ɬɭɪɛɢɧɵ 

ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɟɟ ɆɆ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɜ ɫɢɫɬɟɦɟ ȽɌȾ 

(ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɨɰɟɧɤɨɣ ɩɚɪɚɦɟɬɪɨɜ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɆɆ ɞɪɭɝɢɯ 
ɭɡɥɨɜ ȽɌȾ) ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɬɪɚɞɢɰɢɨɧɧɨɝɨ 

ɦɟɬɨɞɚ ɭɜɹɡɤɢ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ [6] ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɬɚɤ ɧɚɡɵɜɚɟ-
ɦɵɯ ɮɨɪɦɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ [7, 8]. 

Ɍɪɚɞɢɰɢɨɧɧɵɣ ɦɟɬɨɞ [6] ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɬɟɪɦɨ-
ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ (ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟ-
ɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ȽɌȾ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɢɡɦɟɪɟɧɧɵɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɢ ɩɨɫɥɟɞɭɸɳɟɦ 

ɪɟɲɟɧɢɢ ɩɪɹɦɨɣ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ. ɂɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɢɹ 
ɢɡɦɟɪɹɟɦɵɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ȽɌȾ (ɢɥɢ ɟɝɨ ȽȽ) ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɢɱɟɫɬɜɨ 

ɧɟɢɡɜɟɫɬɧɵɯ nx  (ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ) ɜ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɟ ɩɪɟɜɵɲɚɟɬ 
ɤɨɥɢɱɟɫɬɜɨ ɭɪɚɜɧɟɧɢɣ. ɉɨɷɬɨɦɭ ɞɥɹ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 
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ɢ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɚɩɪɢɨɪɧɨ ɡɚɞɚɬɶɫɹ ɜɟɥɢɱɢɧɚɦɢ 

ɧɟɤɨɬɨɪɵɯ ɩɚɪɚɦɟɬɪɨɜ 0jy , ɜɯɨɞɹɳɢɯ ɜ ɨɛɳɟɟ ɱɢɫɥɨ ɧɟɢɡɜɟɫɬɧɵɯ nx . 

Ʉɨɥɢɱɟɫɬɜɨ ɭɪɚɜɧɟɧɢɣ ɜ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɟ ɡɚɜɢɫɢɬ ɨɬ ɫɯɟɦɵ ɢ ɬɢɩɚ ȽɌȾ. 

ɉɪɨɜɟɪɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɜɹɡɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɭɬɟɦ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ (ɡɚɞɚɱɢ ɪɚɫɱɟɬɚ ȼɋɏ) ɢ ɫɪɚɜɧɟɧɢɹ ɜ ɩɨɥɭɱɟɧ-

ɧɵɯ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɟ ɬɨɱɤɚɯ ɜɟɥɢɱɢɧ ɢɡɦɟɪɟɧɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ. ȼ ɫɥɭɱɚɟ ɨɬɥɢɱɢɹ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɢɡɦɟɪɟɧɧɵɯ ɛɨɥɟɟ 
ɱɟɦ ɧɚ 1,0 % ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɩɨɜɬɨɪɹɟɬɫɹ ɫ ɧɨɜɵɦ ɚɩɪɢɨɪ-
ɧɵɦ ɡɚɞɚɧɢɟɦ ɜɟɥɢɱɢɧ ɡɚɦɵɤɚɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ 0jy . Ʉɚɤɨɟ-ɥɢɛɨ ɮɨɪ-
ɦɚɥɶɧɨɟ ɭɫɥɨɜɢɟ ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɫɫɚ ɭɜɹɡɤɢ ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ ɦɟɬɨɞɟ 
ɨɬɫɭɬɫɬɜɭɟɬ.  

Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ [6] ɹɜɥɹɟɬɫɹ ɟɝɨ ɮɢɡɢɱɟɫɤɚɹ 
ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ, ɬɚɤ ɤɚɤ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɭɱɢɬɵɜɚɟɬɫɹ 
ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɧɟɢɡɜɟɫɬɧɵɦɢ, ɬ.ɟ. ɩɪɢ ɡɚɞɚɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɦɟɠɞɭ ɧɟɢɡɜɟɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɆɆ ɭɡɥɨɜ ɜɫɟɝɞɚ 
ɜɵɞɟɪɠɢɜɚɸɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɡɚɞɚɜɚɟ-
ɦɵɟ ɫɢɫɬɟɦɨɣ ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ȽɌȾ. ɉɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɭɜɹɡɤɢ ɜɨɡɧɢɤɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɩɪɟɞɟɥɹɬɶ ɆɆ ɭɡɥɨɜ ɤɚɤ ɧɟɥɢɧɟɣɧɵɟ ɮɭɧɤɰɢɢ ɨɞɧɨɣ, ɞɜɭɯ ɢɥɢ ɬɪɟɯ 
ɩɟɪɟɦɟɧɧɵɯ (ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɥɢ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ). Ɉɝɪɚ-
ɧɢɱɟɧɢɟɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɧɟɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ ɩɨɢɫɤɟ ɚɩɪɢ-

ɨɪɧɨ ɡɚɞɚɧɧɵɯ ɜɟɥɢɱɢɧ ɤɨɷɮɮɢɰɢɟɧɬɨɜ jy , ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɫɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɧɵɯ ɢ ɢɡɦɟɪɟɧɧɵɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ȽɌȾ 

ɩɪɢ ɜɫɟɯ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɳɢɯɫɹ ɭɫɥɨɜɢɹɯ ɢ ɪɟɠɢɦɚɯ, ɢɦɟɸɳɢɯ 

ɦɟɫɬɨ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ. ɉɨɢɫɤ ɚɩɪɢɨɪɧɨ ɡɚɞɚɜɚɟɦɵɯ ɜɟɥɢɱɢɧ ɩɚɪɚɦɟɬ-
ɪɨɜ ɆɆ ɭɡɥɨɜ jy  ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ ɦɟɬɨɞɟ ɫɜɨɞɢɬɫɹ ɤ ɩɟɪɟɛɨɪɭ ɢɯ ɜɟ-
ɥɢɱɢɧ ɛɟɡ ɤɚɤɨɝɨ-ɥɢɛɨ ɮɨɪɦɚɥɶɧɨɝɨ ɭɫɥɨɜɢɹ ɢ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɞɨɫ-
ɬɨɜɟɪɧɨɫɬɢ ɧɚɱɚɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɚɩɪɢɨɪɧɨ ɩɪɢɧɹɬɵɯ ɜɟɥɢɱɢɧ 0jy  

ɢ ɨɩɵɬɚ ɢɧɠɟɧɟɪɚ, ɩɪɨɜɨɞɹɳɟɝɨ ɢɞɟɧɬɢɮɢɤɚɰɢɸ. Ɍɪɚɞɢɰɢɨɧɧɵɣ ɦɟ-
ɬɨɞ ɭɜɹɡɤɢ [6] ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɩɪɚɤɬɢɤɟ ɚɜɢɚɞɜɢɝɚɬɟɥɶɧɵɯ ɈɄȻ.  

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɆɆ ȽɌȾ (ɜ ɬɨɦ ɱɢɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɆɆ ɬɭɪ-
ɛɢɧɵ ɢ ɨɰɟɧɤɚ ɟɟ ɄɉȾ) ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫ ɩɨɦɨɳɶɸ ɬɚɤ ɧɚɡɵɜɚɟ-
ɦɵɯ ɮɨɪɦɚɥɶɧɵɯ ɦɟɬɨɞɨɜ [7, 8]. ȼ ɷɬɢɯ ɦɟɬɨɞɚɯ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɆɆ 

ɭɡɥɨɜ ɢ ɆɆ ȽɌȾ ɜ ɰɟɥɨɦ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɹɦɨɣ ɬɟɪ-
ɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ (ɡɚɞɚɱɚ ɪɚɫɱɟɬɚ ȼɋɏ ȽɌȾ) ɢ ɡɚɞɚɱɢ ɨɩɬɢ-
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ɦɢɡɚɰɢɢ. ȼ ɩɨɫɥɟɞɧɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɧɨɪɦɚɥɶɧɵɯ ɥɢ-

ɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɦɢɧɢɦɢɡɚɰɢɸ ɡɚ-
ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɰɟɥɢ. ɇɚɩɪɢɦɟɪ, ɜ ɦɟɬɨɞɟ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ [8] 

ɮɭɧɤɰɢɹ ɰɟɥɢ ɢɦɟɟɬ ɜɢɞ  

 ( ) ( ) 2

1 1 1

kp zp np

n k kz kz n n

k z n

F x P N N x x
= = =

 δ = δ − δ δ δ  ∑∑ ∑ , (1) 

ɝɞɟ nxδ  – ɢɫɤɨɦɵɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɩɪɚɜɤɢ ɤ ɢɫɯɨɞɧɵɦ ɜɟɥɢɱɢɧɚɦ 

ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ (ɤɨɷɮɮɢɰɢɟɧɬɨɜ 0nx ); kzNδ  – ɨɬɧɨɫɢɬɟɥɶɧɵɟ 
ɜɡɜɟɲɟɧɧɵɟ ɧɟɜɹɡɤɢ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦɢ ɢ ɪɚɫɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚ-
ɦɢ; kP – ɜɟɫɚ ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɪɢ ɷɬɨɦ ɨɛɪɚɬɧɚɹ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɚɹ ɡɚɞɚɱɚ ɜ ɮɨɪɦɚɥɶɧɵɯ 
ɦɟɬɨɞɚɯ ɢɞɟɧɬɢɮɢɤɚɰɢɢ [7, 8] ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ. 

ɉɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɚɥɶɧɵɯ ɦɟɬɨɞɨɜ 
[7, 8] ɩɨɥɭɱɚɸɬ ɩɨɩɪɚɜɤɢ ɤ ɢɫɯɨɞɧɵɦ (ɩɪɢɧɹɬɵɦ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ) ɜɟɥɢɱɢɧɚɦ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ ɤ ɢɫɯɨɞ-
ɧɨɦɭ ɄɉȾ ɬɭɪɛɢɧɵ). ɉɪɢ ɷɬɨɦ ɜ ɫɬɚɬɶɟ [7] ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɩɪɨɢɡɜɨɞɢɬ-
ɫɹ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɜ ɤɚɠɞɨɣ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, ɜ ɤɨɬɨɪɵɯ ɜɟ-
ɥɢɱɢɧɵ ɩɨɩɪɚɜɨɤ ɤ ɄɉȾ ɬɭɪɛɢɧɵ ɪɚɡɥɢɱɧɵ. ɉɨɷɬɨɦɭ ɜ ɪɚɛɨɬɟ [7] ɩɨɫɥɟ 
ɩɪɨɜɟɞɟɧɢɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜ ɤɚɠɞɨɣ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɪɟɤɨ-
ɦɟɧɞɭɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɭɬɨɱɧɟɧɢɟ ɆɆ ɭɡɥɨɜ ȽɌȾ ɫ ɩɨɦɨɳɶɸ ɤɚɤɢɯ-ɥɢɛɨ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɦɟɬɨɞɢɤ ɦɧɨɝɨɦɟɪɧɨɝɨ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. 

ɉɪɢ ɦɟɬɨɞɟ [8] ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɆɆ ȽɌȾ ɢ ɟɝɨ ɭɡɥɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɤɚɯ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɚɸɬ 
ɨɞɧɭ ɞɥɹ ɜɫɟɯ ɷɬɢɯ ɬɨɱɟɤ ɜɟɥɢɱɢɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɩɪɚɜɤɢ ɤ ɢɫɯɨɞɧɨɣ 

ɜɟɥɢɱɢɧɟ ɄɉȾ ɬɭɪɛɢɧɵ ɜ ɆɆ ȽɌȾ (ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɩɪɚɜɤɢ ɞɥɹ 
ɞɪɭɝɢɯ ɭɡɥɨɜ ȽɌȾ). ȼɟɥɢɱɢɧɚ ɷɬɢɯ ɩɨɩɪɚɜɨɤ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢ-

ɦɟɧɶɲɭɸ ɧɟɜɹɡɤɭ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦɢ ɢ ɪɚɫɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 

ȽɌȾ ɜɨ ɜɫɟɯ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɬɨɱɤɚɯ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɚɥɶɧɨɝɨ ɦɟɬɨɞɚ 
[8] ɧɚ ɨɛɥɚɫɬɶ ɢɡɦɟɧɟɧɢɹ ɢɫɤɨɦɵɯ ɧɟɢɡɜɟɫɬɧɵɯ nx  ɧɚɤɥɚɞɵɜɚɸɬɫɹ 
ɞɜɭɯɫɬɨɪɨɧɧɢɟ ɨɝɪɚɧɢɱɟɧɢɹ (

min maxn n nx x x≤ ≤ ). ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɯɨ-

ɞɨɦ ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɟɥɢɱɢɧ nx  ɡɚ ɝɪɚɧɢɰɵ ɢɯ ɪɟɚɥɶ-
ɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɢɥɢ ɜɨɡɦɨɠɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɪɟɲɟɧɢɹ 
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(ɧɚɩɪɢɦɟɪ, ɢɡ-ɡɚ ɜɨɡɦɨɠɧɨɣ ɧɟɤɨɪɪɟɤɬɧɨɫɬɢ ɡɚɞɚɱɢ ɩɪɢ ɪɟɲɟɧɢɢ ɫɢɫ-
ɬɟɦɵ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ). 

Ɉɫɧɨɜɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɮɨɪɦɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɆɆ ȽɌȾ [7, 8] ɹɜɥɹɟɬɫɹ ɩɪɢɧɹɬɢɟ ɜ ɧɢɯ ɞɨɩɭɳɟɧɢɹ ɨ ɧɟɡɚɜɢɫɢɦɨɫɬɢ 

ɦɟɠɞɭ ɫɨɛɨɣ ɜɟɥɢɱɢɧ ɧɟɢɡɜɟɫɬɧɵɯ – ɤɚɤ ɩɨɩɪɚɜɨɤ nxδ , ɬɚɤ ɢ ɩɚɪɚɦɟɬ-
ɪɨɜ ɆɆ ɭɡɥɨɜ nx . 

ɗɬɨ ɞɨɩɭɳɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ (ɜ ɩɨɥɭɱɚɟɦɨɦ ɩɪɢ ɢɞɟɧ-

ɬɢɮɢɤɚɰɢɢ ɪɟɲɟɧɢɢ) ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ (ɡɚɞɚɜɚɟɦɵɯ ɫɢɫ-
ɬɟɦɨɣ ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ) ɦɟɠɞɭ ɭɬɨɱɧɹɟɦɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚ-
ɦɢ nx . ɉɪɢ ɞɨɩɭɳɟɧɢɢ ɨ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɧɟɢɡɜɟɫɬɧɵɯ ɜɨɡɧɢɤɚɟɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɪɢ ɪɟɲɟɧɢɢ ɬɚɤɢɯ ɫɨɱɟɬɚɧɢɣ ɜɟɥɢɱɢɧ nx , ɩɪɢ 

ɤɨɬɨɪɵɯ ɮɨɪɦɚɥɶɧɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɯɨɪɨɲɚɹ ɫɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ȽɌȾ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɧɨ ɤɨɬɨɪɵɟ ɮɢɡɢɱɟ-
ɫɤɢ ɧɟ ɪɟɚɥɢɡɭɟɦɵ. 

Ɉɝɪɚɧɢɱɟɧɢɟɦ ɮɨɪɦɚɥɶɧɨɝɨ ɦɟɬɨɞɚ [8] ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɩɪɢɧɢ-

ɦɚɟɦɨɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɞɨɩɭɳɟɧɢɟ ɨ ɩɨɫɬɨɹɧɫɬɜɟ ɜɨ ɜɫɟɦ ɷɤɫ-
ɩɥɭɚɬɚɰɢɨɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɜɟɥɢɱɢɧ ɢɫɤɨɦɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ nx . ɗɬɨ ɞɟɥɚɟɬɫɹ ɫ ɰɟɥɶɸ ɫɨɤɪɚɳɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɧɟɢɡɜɟɫɬɧɵɯ. 

ɉɨɫɤɨɥɶɤɭ ɩɚɪɚɦɟɬɪɵ ɆɆ ɭɡɥɨɜ nx  ɹɜɥɹɸɬɫɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 
ɧɟɥɢɧɟɣɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɞɜɭɯ ɢ ɬɪɟɯ ɩɟɪɟɦɟɧɧɵɯ, ɬɨ ɩɪɢɧɹɬɢɟ ɩɨ-
ɫɥɟɞɧɟɝɨ ɞɨɩɭɳɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɚɱɟɫɬɜɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ 

ɬɪɟɛɭɟɬ ɭɩɪɨɳɟɧɢɹ ɆɆ ȽɌȾ. 

Ɋɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞɢɤɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɪɚɫɱɟɬɧɨɣ ɨɰɟɧɤɢ ɄɉȾ 

ɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɵ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɟɟ ɆɆ ɩɪɢ ɪɚɛɨɬɟ ɬɭɪɛɢɧɵ ɜ 
ɫɢɫɬɟɦɟ ȽɌȾ (ɢɥɢ ȽȽ ȽɌȾ) ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ. 

ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜ-
ɧɨɣ ɱɚɫɬɶɸ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ 

[9, 10], ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɭɫɬɪɚɧɢɬɶ ɨɝɪɚɧɢɱɟɧɢɹ, ɩɪɢɫɭɳɢɟ ɬɪɚɞɢɰɢ-

ɨɧɧɨɦɭ ɦɟɬɨɞɭ ɭɜɹɡɤɢ [6] ɢ ɮɨɪɦɚɥɶɧɵɦ ɦɟɬɨɞɚɦ [7, 8].  

Мɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ȽɌȾ  

ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ [10, 11] ɫɜɨɞɹɬɫɹ 
ɤ ɫɥɟɞɭɸɳɟɦɭ. ɉɭɫɬɶ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ȽɌȾ ɢɡɦɟɪɟɧɨ k ɟɝɨ ɜɵɯɨɞɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ 
ɷɤɫkzN  ɜ z ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɤɚɯ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢ-

ɦɚɯ ɪɚɛɨɬɵ. ɂɦɟɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɢɩɭ ȽɌȾ ɢ ɟɝɨ ɫɯɟɦɟ ɫɢɫɬɟɦɚ l 
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ɨɩɪɟɞɟɥɹɸɳɢɯ (ɧɟɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ) ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸ-

ɳɢɯ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ȽɌȾ, ɤɨɬɨɪɚɹ ɜ ɨɛɳɟɦ 

ɮɨɪɦɟ ɢɦɟɟɬ ɜɢɞ 

 
ɷɤɫ

(lz kzNΨ , 
ɪɚɫɱmzN , nx ) = 0, (2) 

ɝɞɟ 
ɪɚɫɱmzN – ɜɵɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ, ɧɟ ɢɡɦɟɪɹɟɦɵɟ ɩɪɢ ɢɫɩɵ-

ɬɚɧɢɹɯ; nx – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ. 
ȼ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (2) ɬɚɤɠɟ ɜɯɨɞɢɬ ɪɹɞ ɩɨɫɬɨɹɧɧɵɯ ɜɟɥɢɱɢɧ – 

ɩɥɨɳɚɞɟɣ ɯɚɪɚɤɬɟɪɧɵɯ ɫɟɱɟɧɢɣ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ȽɌȾ dF  ɢ ɟɝɨ ɧɟɤɨ-
ɬɨɪɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɫb .  

Ʉɨɥɢɱɟɫɬɜɨ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ȽɌȾ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɟɝɨ ɢɫ-
ɩɵɬɚɧɢɣ ɨɝɪɚɧɢɱɟɧɨ ɩɨ ɩɪɢɱɢɧɟ ɫɥɨɠɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɞɚɬɱɢɤɨɜ ɜ 
ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ȽɌȾ (ɧɚɩɪɢɦɟɪ, ɦɟɠɞɭ ɤɚɫɤɚɞɚɦɢ ɤɨɦɩɪɟɫɫɨɪɨɜ ɢ 

ɬɭɪɛɢɧ). Ɉɝɪɚɧɢɱɟɧɢɹ ɬɚɤɠɟ ɨɛɭɫɥɨɜɥɟɧɵ ɫɥɨɠɧɨɫɬɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɞɚɬɱɢɤɨɜ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɧɚɩɪɢ-

ɦɟɪ, ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ), ɚ ɬɚɤɠɟ ɢɯ ɜɥɢɹɧɢɟɦ ɧɚ ɜɟɥɢɱɢɧɵ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɭɡɥɨɜ ɢ ɧɚ ɜɟɥɢɱɢɧɭ ɩɚɪɚɦɟɬɪɨɜ 
ȽɌȾ. ɂɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɢɡɦɟɪɹɟɦɵɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ 
ȽɌȾ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (2) ɹɜɥɹɟɬɫɹ ɧɟɡɚɦɤɧɭɬɨɣ, ɬ.ɟ. ɤɨ-
ɥɢɱɟɫɬɜɨ ɧɟɢɡɜɟɫɬɧɵɯ ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɚ ɭɪɚɜɧɟɧɢɣ (m + n) > l. 

ɉɨɫɬɪɨɢɦ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɞɜɟ ɡɚɞɚɱɢ: 

1. Ɉɛɪɚɬɧɚɹ ɡɚɞɚɱɚ, ɜ ɤɨɬɨɪɨɣ ɞɥɹ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 

(2) ɡɚɞɚɸɬɫɹ ɚɩɪɢɨɪɧɨ (ɧɚ ɨɫɧɨɜɟ ɨɩɵɬɚ ɢɧɠɟɧɟɪɚ ɢ ɢɦɟɸɳɢɯɫɹ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɜɬɨɧɨɦɧɵɯ ɢɫɩɵɬɚɧɢɣ ɭɡɥɨɜ) 
ɜɟɥɢɱɢɧɵ ɧɟɤɨɬɨɪɵɯ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ 0jy , ɹɜɥɹɸɳɢɯɫɹ ɧɟɡɚɜɢ-

ɫɢɦɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɩɨɫɬɨɹɧɧɵɦɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ ɪɟ-
ɠɢɦɨɜ. Ɍɨɝɞɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (2) ɩɪɢɧɢɦɚɟɬ ɜɢɞ  

 
ɷɤɫ

(lz kzNΨ , 
ɪɚɫɱmzN , ix , 0jy ) = 0, (3) 

ɝɞɟ j – ɤɨɥɢɱɟɫɬɜɨ ɚɩɪɢɨɪɧɨ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ; i – ɤɨɥɢ-

ɱɟɫɬɜɨ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ, ɩɪɢ ɷɬɨɦ i + j = n, j =  

= (m+ n) – l, i = l – m. 

2. ɉɪɹɦɚɹ ɡɚɞɚɱɚ, ɜ ɤɨɬɨɪɨɣ (ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟ-
ɧɢɢ ɜ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɟ ɩɚɪɚɦɟɬɪɚɦ ɆɆ ɭɡɥɨɜ ix  ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɆɆ ɭɡɥɨɜ iХ  ɢ ɡɚɞɚɧɧɵɦ ɚɩɪɢɨɪɧɨ ɩɚɪɚɦɟɬɪɚɦ ɆɆ 0jy  ɧɟɤɨɬɨɪɵɯ 
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ɭɡɥɨɜ) ɦɟɬɨɞɨɦ ɇɶɸɬɨɧɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɢɯ ɬɨɱɟɤ ɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɭɡɥɨɜ ɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɜɵɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ȽɌȾ 

ɪɚɫɱpzN . ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɜ ɩɪɹɦɨɣ ɡɚɞɚɱɟ, ɡɚɦɵɤɚɟɦɚɹ ɡɚɞɚɧɧɨɣ ɩɪɨ-

ɝɪɚɦɦɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɢɦɟɟɬ ɜɢɞ 

 
ɪɚɫɱ

(lz pzNΨ , iX , 0jy ) = 0, (4) 

ɝɞɟ p = k + m, l = p. Ɉɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɧɚɥɨɝ ɬɪɚɞɢ-

ɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɭɜɹɡɤɢ, ɚ ɩɪɹɦɚɹ – ɚɧɚɥɨɝ ɆɆ ȽɌȾ ɞɥɹ ɪɚɫɱɟɬɚ ɟɝɨ 
ɜɵɫɨɬɧɨ-ɫɤɨɪɨɫɬɧɵɯ ɢ ɞɪɨɫɫɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ȼɵɩɨɥɧɢɦ ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɞɥɹ ɤɚɠɞɨɣ z-ɣ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨɣ ɬɨɱɤɢ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɜ ɷɬɢɯ ɬɨɱɤɚɯ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ izx . 

Ⱦɚɥɟɟ ɩɪɨɢɡɜɟɞɟɦ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɆɆ ɭɡɥɨɜ, ɜɤɥɸɱɚɸɳɭɸ 

ɜ ɫɟɛɹ ɫɢɫɬɟɦɚɬɢɡɚɰɢɸ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ izx  ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 

ɤɪɢɬɟɪɢɹɦ ɩɨɞɨɛɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɪɟɠɢɦ ɪɚɛɨɬɵ ɭɡɥɚ, ɫ ɩɨɫɥɟɞɭɸ-

ɳɟɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɨɬɛɪɚɤɨɜɤɨɣ ɝɪɭɛɵɯ ɨɲɢɛɨɤ ɢ ɚɩ-

ɩɪɨɤɫɢɦɚɰɢɟɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɆɆ ɭɡɥɨɜ ix  ɤɚɤ ɮɭɧɤɰɢɣ ɨɞɧɨɣ ɢɥɢ 

ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ. 
ɉɨɞɫɬɚɜɢɦ ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɭɡɥɨɜ iХ  ɜ ɩɪɹ-

ɦɭɸ ɡɚɞɚɱɭ ɢ ɪɟɲɢɦ ɟɟ, ɩɪɢ 0 idem,jy =  ɜ ɤɚɠɞɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

ɬɨɱɤɟ. ɋɪɚɜɧɢɜɚɹ ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɟɲɟɧɢɢ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɜɟɥɢɱɢɧɵ 

ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ 
ɪɚɫɱkzN  ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɚɪɚɦɟɬ-

ɪɚɦɢ, ɢɡɦɟɪɟɧɧɵɦɢ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ 
ɷɤɫkzN , ɨɛɧɚɪɭɠɢɜɚɟɦ ɦɟɠɞɭ ɧɢɦɢ 

ɧɟɜɹɡɤɢ. ɗɬɢ ɧɟɜɹɡɤɢ ɨɛɭɫɥɨɜɥɟɧɵ ɧɟɬɨɱɧɵɦ (ɚɩɪɢɨɪɧɵɦ) ɡɚɞɚɧɢɟɦ 

ɜɟɥɢɱɢɧ 0jy , ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ȽɌȾ ɩɪɢ ɢɫɩɵɬɚ-
ɧɢɹɯ ɢ ɩɨɝɪɟɲɧɨɫɬɶɸ ɩɪɢ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ 

ɜ ɩɪɹɦɨɣ ɡɚɞɚɱɟ. ɉɨɝɪɟɲɧɨɫɬɶ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜ-
ɧɟɧɢɣ ɜ ɩɪɹɦɨɣ ɡɚɞɚɱɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɚɥɚ ɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,1…0,2 %. ɇɚ 
ɷɬɨɦ ɷɬɚɩɟ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɫ ɩɨɦɨɳɶɸ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɭɜɹɡɤɢ 

ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɮɨɪɦɚɥɶɧɨɝɨ ɭɫɥɨɜɢɹ ɜɵ-

ɛɨɪɚ ɧɨɜɵɯ ɡɧɚɱɟɧɢɣ jy , ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɬɨɱɤɚɯ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɟɜɹɡɨɤ. ɋɮɨɪɦɭɥɢɪɭɟɦ ɷɬɨ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ. 
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Ɋɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɩɚɪɚɦɟɬɪɨɜ 
ɪɚɫɱɪzN  ɢ ɜɯɨɞɹɳɢɟ ɜ ɧɢɯ 

ɪɚɫɱkzN , 

ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɟɲɟɧɢɢ ɩɪɹɦɨɣ ɡɚɞɚɱɢ, ɟɫɬɶ ɮɭɧɤɰɢɹ 

 ( )( )ɪɚɫɱ 1 0 2 0,kz j i jN f y x f y= = . (5) 

ɉɨɷɬɨɦɭ ɧɚɥɢɱɢɟ ɧɟɜɹɡɨɤ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦɢ 
ɷɤɫkzN  ɢ ɪɚɫɱɟɬ-

ɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɪɚɫɱkzN  ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɤ ɧɟɬɨɱɧɵɦ ɡɚɞɚɧɢɟɦ ɜɟɥɢ-

ɱɢɧ 0jy , ɩɪɹɦɨ ɜɥɢɹɸɳɢɯ ɧɚ ɪɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ, ɬɚɤ 

ɢ ɧɟɬɨɱɧɵɦ ɨɩɪɟɞɟɥɟɧɢɟɦ ɜ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɟ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ ix  

ɢɡ-ɡɚ ɧɟɬɨɱɧɨɝɨ ɚɩɪɢɨɪɧɨɝɨ ɡɚɞɚɧɢɹ ɜɟɥɢɱɢɧ 0jy  (ɤɨɫɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 

0jy  ɧɚ ɪɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ). 

ɍɱɢɬɵɜɚɹ ɷɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɭɸ ɫɢɫ-
ɬɟɦɭ ɭɫɥɨɜɧɵɯ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ: 
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1 1 1 1

,
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∑∑∑∑  (6) 

ɝɞɟ jyδ  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɩɪɚɜɤɚ ɤ ɢɫɯɨɞɧɵɦ ɜɟɥɢɱɢɧɚɦ 0jy , jyδ = 

= 
0
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j j

j
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−
; kzNδ  – ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɜɡɜɟɲɟɧɧɵɟ ɧɟɜɹɡɤɢ ɦɟɠɞɭ ɢɡɦɟɪɟɧ-

ɧɵɦɢ ɢ ɪɚɫɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɢɝɚɬɟɥɹ, 

ɷɤɫ ɪɚɫɱ

ɷɤɫ

kz kz

kz k
kz

N N
N P

N

− δ =    ; kz

i

N

x

δ  δ  , iz

j

x

y

 δ δ  , kz

j

N

y

 δ δ   – ɨɬɧɨɫɢɬɟɥɶɧɵɟ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɥɢɹɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɱɢɫɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɫ ɩɨɦɨ-
ɳɶɸ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱ ɜ ɤɚɠɞɨɣ z-ɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɨɱɤɟ. 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (6) ɹɜɥɹɟɬɫɹ ɩɟɪɟɨɩɪɟɞɟɥɟɧɧɨɣ (ɱɢɫɥɨ ɭɪɚɜ-
ɧɟɧɢɣ ɛɨɥɶɲɟ ɱɢɫɥɚ ɧɟɢɡɜɟɫɬɧɵɯ) ɢ ɧɟɫɨɜɦɟɫɬɧɨɣ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɩɨ-
ɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ. ɉɪɢɧɰɢɩ ɪɟɲɟɧɢɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɥɨɠɟɧ 

Ʌɟɠɚɧɞɪɨɦ [11]. ɗɬɨɬ ɩɪɢɧɰɢɩ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. ȿɫɥɢ ɞɚɧɚ ɫɢɫ-
ɬɟɦɚ ɪɚɜɧɨɬɨɱɧɵɯ ɭɫɥɨɜɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ ɟɫɥɢ ɢɡɦɟɪɟɧɢɹ ɧɟɡɚɜɢɫɢɦɵ, 

ɨɲɢɛɤɢ ɢɡɦɟɪɟɧɢɣ ɩɨɞɱɢɧɹɸɬɫɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
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ɨɲɢɛɤɚ ɪɚɫɱɟɬɚ ɦɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɲɢɛɤɚɦɢ ɢɡɦɟɪɟɧɢɣ, ɬɨ ɧɚɢɛɨ-
ɥɟɟ ɜɟɪɨɹɬɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɨɩɪɟɞɟɥɹɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɦɢɧɢɦɭ-
ɦɚ ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ ɧɟɜɹɡɨɤ. Ⱦɥɹ ɫɢɫɬɟɦɵ (6) ɷɬɨ ɭɫɥɨɜɢɟ ɫɨɨɬɜɟɬɫɬ-
ɜɭɟɬ ɦɢɧɢɦɭɦɭ ɮɭɧɤɰɢɢ ɰɟɥɢ ɜɢɞɚ 

 

( ) ( )
( )( )( )
1 1 1

2

1 1

.

kp zp jp

j k kz kz j j

k z j
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kz i iz j j

i j

F y P N N y y
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= = =

= =

δ = δ − δ δ δ −
− δ δ δ δ δ 

∑∑ ∑
∑∑

 (7) 

ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɢ (7) ɹɜɥɹɟɬɫɹ 

 ( ) 0
j

F

y

∂ =∂ δ . (8) 

ɉɨɫɥɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɮɭɧɤɰɢɢ (7), ɩɨɥɭɱɟɧɢɹ j k⋅  ɭɪɚɜɧɟ-
ɧɢɣ ɜɢɞɚ (8) ɢ ɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ j-ɧɨɪɦɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɚɹ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ ɜɢɞ  

 ȼХ = Ⱥ, (9) 
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 – ɦɚɬɪɢɰɚ, ɫɢɦɦɟɬɪɢɱɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ, ɜ ɤɨɬɨɪɨɣ: 
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ɉɨɥɭɱɟɧɧɚɹ ɫɢɫɬɟɦɚ ɧɨɪɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (9) ɩɨɡɜɨɥɹɟɬ ɨɩɪɟ-
ɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɩɪɚɜɨɤ jyδ  ɢ, ɞɚɥɟɟ, ɧɚɢɛɨɥɟɟ 
ɜɟɪɨɹɬɧɵɟ ɡɧɚɱɟɧɢɹ 

jy = 0jy  + jyδ 0jy . 

ɉɨɞɫɬɚɧɨɜɤɚ ɭɬɨɱɧɟɧɧɵɯ ɡɧɚɱɟɧɢɣ jy  ɜ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɢɧɢɦɭɦɭ ɮɭɧɤɰɢɢ (7), ɩɚ-
ɪɚɦɟɬɪɵ ɆɆ ɭɡɥɨɜ ix . ɉɪɢ ɷɬɨɦ ɪɟɲɟɧɢɟ ɩɨɥɭɱɟɧɨ ɫ ɭɱɟɬɨɦ ɜɡɚɢɦɨ-
ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɢɫɤɨɦɵɦɢ ɧɟɢɡɜɟɫɬɧɵɦɢ jy  ɢ ix . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ [9, 10], ɫɯɟ-
ɦɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1, ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɡɚɞɚɱ – ɨɛɪɚɬɧɨɣ ɢ 

ɩɪɹɦɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɡɚɞɚɱ ɢ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ (ɡɚɞɚɱɢ ɪɟɲɟ-
ɧɢɹ ɨɩɟɪɚɬɨɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ȼХ = Ⱥ, ɱɥɟɧɵ ɤɨɬɨɪɨɝɨ ȼ ɢ Ⱥ ɧɚɣɞɟɧɵ ɢɡ 
ɭɫɥɨɜɢɹ ɦɢɧɢɦɭɦɚ ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ ɧɟɜɹɡɨɤ). ɉɪɢ ɷɬɨɦ ɦɟɬɨɞɢɤɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ ɤɚɤ ɮɭɧɤɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɩɟɪɟɦɟɧɧɵɯ 

ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ, ɜɯɨɞɹɳɟɣ ɜ ɦɟɬɨɞ ɢɞɟɧ-

ɬɢɮɢɤɚɰɢɢ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɤɨɧɱɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ jy  ɩɨ ɫɯɟɦɟ ɪɟ-
ɲɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 1, ɤɚɤ ɩɨɤɚɡɚɥɢ ɪɚɫɱɟɬɵ, ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɩɨɥɧɢɬɶ ɧɟ ɛɨɥɟɟ 2–3 ɩɪɢɛɥɢɠɟɧɢɣ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɬɚɤɠɟ ɨɬɧɨɫɢɬɫɹ 
ɤ ɤɥɚɫɫɭ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ. ɉɪɢ ɷɬɨɦ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɭɫ-
ɥɨɜɧɨ-ɤɨɪɪɟɤɬɧɨɣ ɡɚɞɚɱɟɣ, ɜ ɤɨɬɨɪɨɣ ɦɚɥɵɟ ɜɚɪɢɚɰɢɢ ɩɪɚɜɨɣ ɱɚɫɬɢ 

ɨɩɟɪɚɬɨɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ȼХ = Ⱥ (ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɢɡɦɟɪɟ-
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ɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɩɨɝɪɟɲɧɨɫɬɟɣ) ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɦɚɥɵɦ 

ɜɚɪɢɚɰɢɹɦ ɪɟɲɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɠɟ ɜɵɪɨɠɞɟɧɢɹ ɦɚɬɪɢɰɵ ȼ (ɩɪɢ det ȼ = 0) 

ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɚɧɨɜɢɬɫɹ ɧɟɤɨɪɪɟɤɬɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ ɢ ɬɪɟɛɭɟɬ ɩɪɢ-

ɦɟɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɧɚɯɨɠɞɟɧɢɹ ɭɫɬɨɣɱɢɜɨɝɨ ɪɟɲɟɧɢɹ [12, 13]. 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɜ ɤɚɠ-

ɞɨɦ ɢɡ ɩɪɢɛɥɢɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɆɆ 

ɭɡɥɨɜ, ɜɤɥɸɱɚɸɳɭɸ ɜ ɫɟɛɹ ɫɢɫɬɟɦɚɬɢɡɚɰɢɸ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɭɡɥɨɜ izx  

ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ ɩɨɞɨɛɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɪɟɠɢɦ ɪɚɛɨ-
ɬɵ ɭɡɥɚ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɨɬɛɪɚɤɨɜɤɨɣ ɝɪɭ-

ɛɵɯ ɨɲɢɛɨɤ ɢ ɩɨɥɭɱɟɧɢɟɦ ɆɆ ɭɡɥɨɜ iХ  ɤɚɤ ɮɭɧɤɰɢɣ ɨɞɧɨɣ ɢɥɢ ɞɜɭɯ 
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ɩɟɪɟɦɟɧɧɵɯ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ ɆɆ ɭɡɥɚ ɩɨɥɭɱɚɟɬɫɹ ɜ ɩɨɫɥɟɞ-

ɧɟɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ ɫɨɝɥɚɫɧɨ 

ɫɯɟɦɟ ɪɢɫ. 1.  

Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɢ ɜɯɨɞɹɳɭɸ ɜ ɧɟɟ 
ɦɟɬɨɞɢɤɭ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɝɚɡɨɝɟɧɟɪɚ-
ɬɨɪɭ ɞɜɭɯɤɨɧɬɭɪɧɨɝɨ ȽɌȾ ɢ ɝɚɡɨɝɟɧɟɪɚɬɨɪɭ ɨɞɧɨɜɚɥɶɧɨɝɨ ɌɊȾ. 

Ɉɛɪɚɬɧɚɹ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɚɹ ɡɚɞɚɱɚ 
ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɭɡɥɨɜ ɢ ɆɆ ȽȽ ȽɌȾ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɹɯ ȽȽ 

ȽɌȾ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɜɵɛɨɪɤɢ: 

– ɜɵɛɨɪɤɭ 1, ɩɨɥɭɱɟɧɧɭɸ ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Re  

ɧɚ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɤɨɬɨɪɵɯ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɫɟɱɟɧɢɢ 

ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɪɚɜɧɚ ɫɤɨ-
ɪɨɫɬɢ ɡɜɭɤɚ; 

– ɜɵɛɨɪɤɭ 2, ɩɨɥɭɱɟɧɧɭɸ ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Re 

ɧɚ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɤɨɬɨɪɵɯ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɫɟɱɟɧɢɢ 

ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɪɚɜɧɚ ɫɤɨ-
ɪɨɫɬɢ ɡɜɭɤɚ; 

– ɜɵɛɨɪɤɭ 3, ɩɨɥɭɱɟɧɧɭɸ ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Re  

ɧɚ ɞɪɨɫɫɟɥɶɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ȽȽ, ɧɚ ɤɨɬɨɪɵɯ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɫɟɱɟ-
ɧɢɢ ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɦɟɧɶɲɟ 
ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɢɦɟɧɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɢ ɜɯɨ-
ɞɹɳɟɣ ɜ ɧɟɟ ɫɢɫɬɟɦɵ ɦɟɬɨɞɢɤ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɭɡɥɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ 
ɢ ɦɟɬɨɞɢɤɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ) ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɜɵɛɨɪɤɢ ɬɢɩɚ 1. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɣ ȽȽ ȽɌȾ (ɢɥɢ ɨɞɧɨɜɚɥɶɧɨɝɨ ɌɊȾ) ɫ ɨɯɥɚɠ-

ɞɚɟɦɨɣ ɬɭɪɛɢɧɨɣ, ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2, ɢɡɦɟɪɹɸɬɫɹ ɫɥɟ-
ɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ, ɹɜɥɹɸɳɢɟɫɹ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɪɟɲɟɧɢɹ 
ɨɛɪɚɬɧɨɣ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ: ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ 
ɜɨɡɞɭɯɚ, ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢ ɚɬɦɨɫɮɟɪɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
( ɧ ɧ, ,p Ɍϕ   ), ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ( n ), ɬɟɦɩɟɪɚɬɭɪɵ ɬɨɪɦɨɠɟɧɢɹ 

ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ ( * *
ɜɯ ɤ,Ɍ Ɍ ), ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ 

ɱɟɪɟɡ ɤɨɦɩɪɟɫɫɨɪ ( ɜG ), ɩɨɥɧɨɟ ɢɥɢ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɫɟɱɟɧɢɢ ɧɚ 

ɜɵɯɨɞɟ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ ( *
ɤp  ɢɥɢ ɤp ), ɩɨɥɧɨɟ ɢɥɢ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 
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ɜ ɫɟɱɟɧɢɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ( *
ɬp  ɢɥɢ ɬp ), ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ 

ɫɝɨɪɚɧɢɹ ( ɬɨɩG ). 

 

Ɋɢɫ. 2. ɋɯɟɦɚ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ ȽɌȾ 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɦɟɬɨɞɢɤɟ ɨɰɟɧɤɢ ɄɉȾ ɬɭɪɛɢɧɵ 

ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ:  
– ɩɪɢɜɟɞɟɧɧɵɟ ɪɚɫɯɨɞɵ ɜɨɡɞɭɯɚ, ɨɬɛɢɪɚɟɦɨɝɨ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ ɧɚ 

ɩɥɟɧɨɱɧɨɟ ɢ ɤɨɧɜɟɤɬɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɫɨɩɥɨɜɵɯ, ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ 
ɬɭɪɛɢɧɵ  ɫ.ɚ.ɩɥɟɧν , ɫ.ɚ.ɤɨɧɜν ,  ɪ.ɥ.ɤɨɧɜν , ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɨ ɩɪɢ ɩɪɨɞɭɜɤɟ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ ɜɨɡɞɭɯɨɦ ɧɚ ɫɩɟɰɢɚɥɶɧɨɦ ɫɬɟɧɞɟ 
ɢɥɢ ɩɭɬɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɥɨɩɚɬɨɤ; 

– ɩɪɢɜɟɞɟɧɧɵɟ ɪɚɫɯɨɞɵ ɜɨɡɞɭɯɚ, ɨɬɛɢɪɚɟɦɨɝɨ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɤɨɪ-
ɩɭɫɚ ɬɭɪɛɢɧɵ ( ɤɨɪɩν ), ɧɚ ɭɬɟɱɤɢ ɜ ɫɟɱɟɧɢɢ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ ( ɭɬν ), ɧɚ 
ɜɬɟɤɚɧɢɟ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɬɭɪɛɢɧɵ ɱɟɪɟɡ ɥɚ-
ɛɢɪɢɧɬɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɦɟɠɞɭ ɫɨɩɥɨɜɵɦ ɚɩɩɚɪɚɬɨɦ ɢ ɪɚɛɨɱɢɦ ɤɨɥɟɫɨɦ 

ɬɭɪɛɢɧɵ ( ɜɬɟɤ.ɫ.ɚν ), ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 
ɪɚɫɱɟɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɚɧɚɥɨɜ. 

Ʉɪɨɦɟ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ ɨɩɪɟ-
ɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɨɛɪɚɬɧɨɣ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɜ ɤɚɱɟ-
ɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɩɪɢɨɪɧɨ ɡɚɞɚɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ 

ɆɆ ɧɟɤɨɬɨɪɵɯ ɭɡɥɨɜ: 

ɝ ɤ.ɫ ɦ0 ( ,Ș )jy Ⱥ ɚ= . 

Ɂɞɟɫɶ ɝȺ  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɱɟɪɟɡ ɤɪɢɬɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɫɨɩɥɨ-
ɜɨɝɨ ɚɩɩɚɪɚɬɚ ɬɭɪɛɢɧɵ ȽȽ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɮɨɪɦɭɥɟ 
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ɝ ɤɪ.ɫ.ɚ ɝ.ɤɪ.ɫ.ɚ ɤɪ.ɫ.ɚ( )Ⱥ F m q= λ , 

ɝɞɟ ɝ.ɤɪ.ɫ.ɚ ɝ.ɤɪ.ɫ.ɚ ɝ.ɤɪ.ɫ.ɚ( , )m f k R=  ; ɫ.ɚσ  – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɨɩɥɨɜɨɦ ɚɩɩɚɪɚɬɟ 1-ɣ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ ɨɬ ɫɟɱɟ-
ɧɢɹ ɧɚ ɜɯɨɞɟ ɞɨ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ; ɤ.ɫɚ  – ɤɨɷɮɮɢɰɢɟɧɬ ɜ ɭɪɚɜɧɟ-

ɧɢɢ 2
ɤ.ɫ ɤ.ɫ ɤ1 ɚσ = − λ ; ɦȘ  – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɪɨɬɨɪɚ ȽȽ. 

ɍɱɟɬ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɫɬɚɜɚ ɫɦɟɫɢ, ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹ-
ɟɬɫɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɪɚɬɧɨɣ ɢ ɩɪɹɦɨɣ ɡɚɞɚɱɚɯ ɞɥɹ ȽȽ ȽɌȾ ɫ ɩɨ-
ɦɨɳɶɸ ɩɨɞɩɪɨɝɪɚɦɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɐɂȺɆ Ʌ.ɇ. Ⱦɪɭɠɢɧɢɧɵɦ, 

Ʌ.ɂ. ɒɜɟɰɨɦ, ɇ.ɋ. Ɇɚɥɢɧɢɧɨɣ [14]. Ⱦɚɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɧɚ ɥɢɧɢɢ 

ɧɚɫɵɳɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɫɱɟɬɚ (ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠ-

ɧɨɫɬɢ) ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ ɜɨɡɞɭɯɚ, ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ [15]. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɭɪɚɜɧɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɪɟɲɟɧɢɢ 

ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ, ɫɜɨɞɹɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ. 

ɉɨ ɜɟɥɢɱɢɧɚɦ ɩɚɪɚɦɟɬɪɨɜ, ɢɡɦɟɪɟɧɧɵɯ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ 
ɤɨɦɩɪɟɫɫɨɪɚ ȽȽ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɢ ɦɨɳɧɨɫɬɶ ɤɨɦ-

ɩɪɟɫɫɨɪɚ, ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ɫ ɭɱɟɬɨɦ ɨɬɛɨɪɚ 
ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɬɭɪɛɢɧɵ ɢ ɭɬɟɱɤɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɝɚɡɚ ɜ ɤɪɢ-

ɬɢɱɟɫɤɨɦ ɫɟɱɟɧɢɢ ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
2

*
* ɤ.ɫ ɫ.ɚ
ɝ.ɤɪ.ɫ.ɚ ɝ

ɤɪ.ɫ.ɚ

σpɌ Ⱥ
G

  =       . 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 
ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ 1-ɣ ɫɬɭɩɟɧɢ 

ɬɭɪɛɢɧɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ 

ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 

* *
ɤɪ.ɫ.ɚ ɤ.ɤ ɝ.ɤɪ.ɫ.ɚ ɨɯɥ.ɫ.ɚ.ɩɥɟɧ .ɨɯɥ.ɫ.ɚ.ɩɥɟɧ ɨɯɥ.ɫ.ɚ.ɩɥɟɧ*

ɤ.ɫ '
ɤ.ɫ p.ɤ

p pG ɫ Ɍ G c T
Ɍ

G c

−= , 

* * *
ɤɪ.ɫ.ɚ .ɤ.ɤ ɝ.ɤɪ.ɫ.ɚ ɨɯɥ.ɫ.ɚ.ɤɨɧɜ ɨɯɥ.ɫ.ɚ.ɤɨɧɜ ɨɯɥ.ɫ.ɚ.ɤɨɧɜ ɜɬɟɤ.ɫ.ɚ ɜɬɟɤ.ɫ.ɚ ɜɬɟɤ.ɫ.ɚ*

ɝ '
ɝ ɝ

.
p p p

p

G ɫ Ɍ G c T G c T
Ɍ

G c

+ +=
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ɉɨ ɪɚɫɫɱɢɬɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɦɟɪɵ ɢɡ ɭɪɚɜɧɟɧɢɹ 
ɩɨɞɨɝɪɟɜɚ ɝɚɡɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɧɨ-
ɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ [14] 

* *
ɤ.ɫ ɤ.ɫ 0 293 ɤ.ɫ 0 ɬ0

ɝ
ɬ

(1 )

u

i L i L i

H a

∆ +α −∆ α −∆η = . 

Ɇɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ (ɫ ɭɱɟɬɨɦ ɡɚɬɪɚɬ ɧɚ ɩɪɢɜɨɞ ɚɝɪɟɝɚɬɨɜ ɢ ɧɚ 
ɬɪɟɧɢɟ ɜ ɩɨɞɲɢɩɧɢɤɚɯ, ɭɱɢɬɵɜɚɟɦɵɯ ɦɟɯɚɧɢɱɟɫɤɢɦ ɄɉȾ), ɩɪɢɜɟɞɟɧ-

ɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɢ ɩɪɢɜɟɞɟɧɧɚɹ ɪɚɛɨɬɚ ɬɭɪɛɢɧɵ ɪɚɫɫɱɢ-

ɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 

ɤ ɝɟɧ
ɬ

ɦȘ
N N

N
+= , 

ɬ.ɩɪ
*
ɝ

n
n

T
= , 

ɬ ɬ
* *
ɝ ɝ ɝ

L N
B
Ɍ G Ɍ

= = . 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɫɟɱɟɧɢɢ «ɬ »′  ɡɚ ɬɭɪɛɢɧɨɣ (ɞɨ ɫɦɟɲɟɧɢɹ ɨɯ-
ɥɚɠɞɚɸɳɟɝɨ ɬɭɪɛɢɧɭ ɜɨɡɞɭɯɚ ɫ ɝɚɡɨɦ) ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɫɟɱɟɧɢɢ 

«ɬ» ɡɚ ɬɭɪɛɢɧɨɣ (ɩɨɫɥɟ ɫɦɟɲɟɧɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɬɭɪɛɢɧɭ ɜɨɡɞɭɯɚ 
ɫ ɝɚɡɨɦ) ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɢ ɭɪɚɜɧɟɧɢɹ 
ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ: 

* *
ɝ ɝ ɝ*'

ɬ '

p

ɪɌ

c Ɍ ȼɌ
Ɍ

ɫ
−= , 

' *' * * *
ɝ ɬ ɨɯɥ.ɪ.ɥ.ɩɥ .ɩɥ.ɪ.ɥ ɨɯɥ.ɩɥ.ɪ.ɥ ɨɯɥ.ɤɨɧ.ɪ.ɥ .ɤɨɧ.ɪ.ɥ ɨɯɥ.ɤɨɧ.ɪ.ɥ ɨɯɥ.ɤɨɪ .ɨɯɥ.ɤɨɪ ɨɯɥ.ɤɨɪ*

ɬ
ɬ

.
ɪɌ p p ɪ

pɌ

G ɫ Ɍ G c T G c T G ɫ Ɍ
Ɍ

G c

+ + +=
 

Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɫɟɱɟɧɢɢ ɧɚ ɜɵɯɨ-
ɞɟ ɢɡ ɬɭɪɛɢɧɵ, ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ, ɩɟɪɜɢɱɧɵɣ 

ɄɉȾ ɬɭɪɛɢɧɵ: 
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ɬ

*
ɬ ɬ

ɬ *
ɬ ɬ

( )
G Ɍ

q
m p F

λ = , 

ɬ ɬ ɬ( ( ), )f q kλ = λ , 

*
* ɤ.ɫ
ɬ *

ɬ

p

p
π = , 

* ɬ
ɬ

ɝ ɬ.ɚɞ

N

G L
η = , 

ɝɞɟ * *
ɬ.ɚɞ ɤ.ɫ ɬ.ɚɞL i i= ∆ −∆ ; 

*
ɬ.ɚɞ

0

*
ɬ.ɚɞ ( )d

Ɍ

p

Ɍ

i ɋ T T∆ = ∫ ; 

*
ɤ.ɫ

0

*
ɤ.ɫ ( )d

Ɍ

p

Ɍ

i ɋ T T∆ = ∫ ; *
ɤ.ɫi∆ , 

*
ɬ.ɚɞi∆  – ɩɪɢɪɚɳɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɝɚɡɚ ɨɬ ɧɚɱɚɥɶɧɨɣ (ɡɚɞɚɧɧɨɣ) ɬɟɦɩɟɪɚ-

ɬɭɪɵ 0Ɍ  = 293,15 Ʉ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ( *
ɤ.ɫɌ  ɢɥɢ *

ɬ.ɚɞɌ ). 

ȼɟɥɢɱɢɧɚ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ ɜ ɫɟɱɟɧɢɢ ɡɚ ɬɭɪɛɢ-

ɧɨɣ *
ɬ.ɚɞɌ , ɩɪɢ ɢɡɜɟɫɬɧɵɯ *

ɤ.ɫp , *
ɬp  ɢ *

ɤ.ɫɌ , ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɨɝɥɚɫɧɨ [14] 

ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ 
*
ɤ.ɫ

*
ɬ.ɚɞ

*
ɤ.ɫ
*
ɬ

1 d
exp ɋ ( )

T

p

T

pT
T

R T p

   =  ∫  

ɞɥɹ ɢɡɨɷɧɬɪɨɩɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɨɬ ɞɚɜɥɟɧɢɹ *
ɤ.ɫp  ɞɨ ɞɚɜɥɟɧɢɹ 

*
ɬp . Ⱦɚɥɟɟ ɪɟɲɚɟɬɫɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɩɨɥɭɱɟɧɢɟ 

ɆɆ ɪɟɚɤɬɢɜɧɨɝɨ ɫɨɩɥɚ ɜ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɯɨɞɚ 
ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ ɤɚɤ ɮɭɧɤɰɢɣ ɪɚɫɩɨɥɚɝɚɟɦɨɣ ɫɬɟɩɟɧɢ ɩɨɧɢ-

ɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ɫɨɩɥɟ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟ-

ɫɤɢɯ ɡɚɞɚɱɚɯ ɫɩɨɫɨɛ ɭɱɟɬɚ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɛɨ-
ɱɟɝɨ ɬɟɥɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɫɬɚɜɚ ɝɚɡɚ ɢ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ, ɚ ɬɚɤɠɟ ɨɫ-
ɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɣ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɢɞɟɧɬɢɱɧɵ. ɂɦɟɟɬɫɹ ɥɢɲɶ ɨɬɥɢ-

ɱɢɟ ɜ ɮɨɪɦɟ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɣ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɦɟɬɨɞɚɯ ɢɯ 
ɪɟɲɟɧɢɹ. 
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Мɟɬɨɞɢɤɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ММ ɬɭɪɛɢɧɵ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɆɆ ɬɭɪɛɢɧɵ, ɨɬɪɚɠɚɸɳɟɣ ɟɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ȽɌȾ, ɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȽɌȾ ɰɟɥɟɫɨɨɛ-

ɪɚɡɧɨ ɷɬɭ ɦɨɞɟɥɶ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨɥɭɱɚɬɶ ɜ ɜɢɞɟ ɮɭɧɤɰɢɨɧɚɥɶ-
ɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɨɬ ɜɟɥɢɱɢɧ ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤɪɢɬɟɪɢɟɜ 
ɩɨɞɨɛɢɹ, ɧɚɩɪɢɦɟɪ: 

 * *
ɬ ɬ ɬ.ɩɪ ɬ( , , Re )f n Ση = π   , (10) 

 *
ɝ ɬ ɬ.ɩɪ ɫ.ɚ( , Re )Ⱥ f n= π  , (11) 

ɝɞɟ 
*

ɝ.ɤɪ.ɫ.ɚ ɝ.ɤɪ.ɫ.ɚ
ɝ *

ɤɪ.ɫ.ɚ

G Ɍ
Ⱥ

p
= ; ɬ.ɩɪ

*
ɝ

n
n

T
= ; 

ɝ ɪ.ɤ
ɬ

ɝ
Re

Xa

G b

FΣ = µ ; ɝ ɬ

2
X X

X

a a

a

F F
F

+= ; 

ɝ.ɤɪ.ɫ.ɚ ɫ.ɚ
ɫ.ɚ

ɤɪ.ɫ.ɚ ɝ.ɤɪ.ɫ.ɚ
Re

G b

F
= µ ; *

ɝ.ɤɪ.ɫ.ɚ ɝ.ɤɪ.ɫ.ɚ ɝ.ɤɪ.ɫ.ɚ( , )f Tµ =  α ; *
ɝ ɝ ɝ( , )f Tµ =  α . 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɞɧɨɜɚɥɶɧɨɝɨ ȽɌȾ 

«Ȼ» ɧɚ ɪɟɠɢɦɚɯ, ɩɪɢ ɤɨɬɨɪɵɯ ɬɭɪɛɢɧɚ ɪɚɛɨɬɚɟɬ ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛ-

ɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ ɢ ɜ ɨɛɥɚɫɬɢ ɪɟɠɢɦɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɜɟɥɢɱɢɧɚ 
ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɩɪɟɜɵɲɚɟɬ ɤɪɢɬɢɱɟɫɤɭɸ *

ɬπ > *
ɬ.ɤɪπ  

(ɝɞɟ ɝ constȺ = ). Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɢɞɟɧɬɢɮɢ-

ɰɢɪɨɜɚɧɧɨɣ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɆɆ ɌɊȾ «Ȼ» ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢ-

ɪɨɤɨɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɪɟɠɢɦɨɜ ɟɝɨ ɪɚɛɨɬɵ ɢ ɱɢɫɥɟɧɧɨ 

ɢɦɢɬɢɪɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬ. 
ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɭɬɟɦ 

ɪɟɲɟɧɢɹ ɜ ɤɚɠɞɨɣ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɬɨɪ ɩɨɥɭɱɚɟɬ ɦɚɫɫɢɜ ɧɟɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ – 

ɜɵɛɨɪɤɭ ɬɨɱɟɤ, ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫ. 3, ɜ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɜɟɥɢɱɢɧɵ 

ɄɉȾ ɬɭɪɛɢɧɵ ɢ ɩɚɪɚɦɟɬɪɨɜ ɬ.ɩɪn  ɢ *
ɬπ , ɨɩɪɟɞɟɥɹɸɳɢɯ ɪɟɠɢɦ ɪɚɛɨɬɵ 

ɬɭɪɛɢɧɵ, ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ. ȼɵɛɨɪɤɚ ɬɨɱɟɤ, ɧɚɧɟɫɟɧɧɚɹ ɜ ɤɨ-
ɨɪɞɢɧɚɬɚɯ * *

ɬ ɬ ɬ.ɩɪ( , )f nη = π , ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫ. 3, ɧɟɫɦɨɬɪɹ ɧɚ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɟ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɢ ɨɪɞɢɧɚɬ, 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ, ɧɟɭɞɨɛ-
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ɧɨɟ ɞɥɹ ɚɧɚɥɢɡɚ, ɯɪɚɧɟɧɢɹ, ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɢɫɩɵɬɚ-
ɧɢɣ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɪɚɫɱɟɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȽɌȾ. 

 

Ɋɢɫ. 3. ɉɪɢɦɟɪ ɧɟɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ  
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ  

ɬɭɪɛɢɧɵ ɜ ɫɢɫɬɟɦɟ ȽȽ ȽɌȾ 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫ. 3, ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɪɟɠɢɦɨɜ ɪɚ-
ɛɨɬɵ ȽɌȾ «Ȼ» ɢɡɦɟɧɟɧɢɟ ɄɉȾ ɬɭɪɛɢɧɵ ɫɨɫɬɚɜɥɹɟɬ *

ɬδη  = 1,7 %, ɢɡɦɟ-
ɧɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɩɪ.ɬnδ  = 2,0 %. ɉɪɢ 

ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɝɚɡɚ *
ɬπ  ɫɨɫɬɚɜɥɹɟɬ 2,5 %. 

Ɋɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɄɉȾ ɧɚ 1,7 % ɩɪɢɜɨɞɢɬ 
ɤ ɢɡɦɟɧɟɧɢɸ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɬɵ ȽɌȾ «Ȼ» ɪɚɫɯɨɞɚ 
ɬɨɩɥɢɜɚ ɨɬ 3,3 ɞɨ 4,7 %. 

ȼ ɫɥɭɱɚɟ ɡɚɞɚɧɢɹ ɜ ɆɆ ȽɌȾ ɬɭɪɛɢɧɵ ɄɉȾ ɜ ɜɢɞɟ ɩɨɫɬɨɹɧɧɨɣ 

ɫɪɟɞɧɟɣ ɟɝɨ ɜɟɥɢɱɢɧɵ *
ɬ constη = ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ 

ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɨɬ 1,65 ɞɨ 2,35 % ɢ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɞɪɭɝɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ. 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɫɢɬɭɚɰɢɹ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɵɛɨɪɤɢ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ȽȽ ȽɌȾ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɆɆ ɬɭɪɛɢɧɵ ɜ ɜɢɞɟ 
ɡɚɜɢɫɢɦɨɫɬɢ * *

ɬ ɬ ɬ.ɩɪ( , )f nη = π  , ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 4 ɢ ɩɪɢɦɟɧɹɟɦɨɣ 

ɩɪɢ ɪɚɫɱɟɬɚɯ ȼɋɏ ȽɌȾ [16], ɧɟɭɞɨɛɧɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɆɆ ɬɭɪɛɢɧɵ, ɬɚɤ ɤɚɤ ɜɟɬɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ, ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɡɧɚɱɟɧɢɹɯ ɬ.ɩɪn , ɩɟɪɟɫɟɤɚɸɬɫɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɬɪɭɞɧɨɫɬɢ 

ɞɥɹ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
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Ɋɢɫ. 4. Ɏɨɪɦɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ  

ɬɭɪɛɢɧɵ * *
ɬ ɬ ɬ.ɩɪ( , )f nη = π   

Ⱦɥɹ ɢɡɜɥɟɱɟɧɢɹ ɩɨɥɟɡɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɧɟɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɨ-
ɝɨ ɦɧɨɠɟɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ 
ȽɌȾ ɢ ɨɬɹɝɱɟɧɧɵɯ ɨɲɢɛɤɚɦɢ ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ, ɢ ɞɥɹ ɢɞɟɧɬɢɮɢ-

ɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ ɢɫɩɨɥɶɡɭɟɦ ɩɨɥɢɧɨɦɢɚɥɶɧɭɸ ɮɨɪɦɭ ɩɪɟɞɫɬɚɜɥɟ-
ɧɢɹ ɆɆ ɬɭɪɛɢɧɵ [17] ɢ ɦɟɬɨɞ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɣ [18]. Ɋɚɧɟɟ ɬɚɤɨɣ 

ɩɨɞɯɨɞ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɪɚɛɨɬɚɯ [4, 5] ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɤɨɦ-

ɩɪɟɫɫɨɪɨɜ ɢ ɜɟɧɬɢɥɹɬɨɪɨɜ ȽɌȾ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɆɆ ɬɭɪɛɢɧɵ 1-ɝɨ ɭɪɨɜɧɹ ɫɥɨɠɧɨɫɬɢ ɦɨɠɧɨ ɩɪɟɞ-

ɫɬɚɜɥɹɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢ ɜ ɮɨɪɦɟ ɩɨɥɢɧɨɦɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ [17] ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɡɚɞɚɜɚɬɶ ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɨɜ ɜɢɞɚ 
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ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ 1-ɣ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ; ɬL  − ɭɞɟɥɶɧɚɹ ɪɚ-
ɛɨɬɚ ɬɭɪɛɢɧɵ; ,ije  ijf – ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɨɜ. 
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Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɨɜ (12) ɢ (13) ɜ ɆɆ ɬɭɪɛɢɧɵ 1-ɝɨ ɩɪɢ-

ɛɥɢɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɪɢ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɪɛɢɧɵ, ɩɨɥɭɱɟɧɧɵɯ ɩɭɬɟɦ ɢɯ ɪɚɫɱɟɬɚ. 
ȼ ɨɛɥɚɫɬɢ ɪɟɠɢɦɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɜɟɥɢɱɢɧɚ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ 

ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɩɪɟɜɵɲɚɟɬ ɤɪɢɬɢɱɟɫɤɭɸ ( *
ɬπ > *

ɬ.ɤɪ ),π  ɜɟɥɢɱɢɧɚ ɝ constȺ =  

ɞɥɹ ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȽȽ ȽɌȾ, ɤɨɝɞɚ *
ɬπ  < *

ɬ.ɤɪ ,π  ɧɟɨɛɯɨɞɢɦɨ 
ɢɦɟɬɶ ɆɆ ɬɭɪɛɢɧɵ ɜ ɜɢɞɟ (12). 

Ʉɪɨɦɟ ɬɨɝɨ, ɱɬɨ ɩɨɥɢɧɨɦ (13) ɚɧɚɥɢɬɢɱɟɫɤɢ ɨɩɢɫɵɜɚɟɬ ɢɫɯɨɞɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɤɪɟɬɧɨɝɨ ɷɤɡɟɦɩɥɹɪɚ ɬɭɪɛɢɧɵ, ɩɪɢ ɤɚɤɨɦ-ɬɨ ɦɟɬɨɞɟ 
ɢɯ ɩɨɥɭɱɟɧɢɹ ɢ ɩɪɢ ɤɚɤɢɯ-ɬɨ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɧ 

ɬɚɤɠɟ ɚɧɚɥɢɬɢɱɟɫɤɢ ɨɬɪɚɠɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɢɡɦɟɧɟ-
ɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɭɪɛɢɧɵ, ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɤ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɨɞɢɧɚɤɨ-
ɜɵɦ ɷɤɡɟɦɩɥɹɪɚɦ ɬɭɪɛɢɧɵ. ɉɨɞ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶɸ ɢɡ-
ɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɭɪɛɢɧɵ ɩɨɧɢɦɚɟɬɫɹ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɜ «ɦɚɥɨɦ», 

ɩɪɢ ɬ.ɩɪ idemn =  ɢ ɩɪɢ * *
ɬ ɝ ɝ( / ) ( / )iȼ L Ɍ L T= = , ɡɚɜɢɫɢɦɨɫɬɟɣ 

* *
ɬ ɬ 1( / ) ( ) idem,i f ȼ∆π π = ∆ =  

ɬ.ɟ. ɦɚɥɵɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ *
ɬπ  ɩɪɢ ɬ.ɩɪ idemn =  

ɜ ɨɤɪɟɫɬɧɨɫɬɢ i-ɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ iȼ ȼ=  ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɟɟ ɧɚ ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ ( )ȼ∆  ɢɞɟɧɬɢɱɧɵ ɞɥɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ 
ɨɞɢɧɚɤɨɜɵɯ ɷɤɡɟɦɩɥɹɪɨɜ ɬɭɪɛɢɧ. ɉɪɢɧɹɜ ɷɬɨ ɞɨɩɭɳɟɧɢɟ ɢ ɢɫɩɨɥɶɡɭɹ 
ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɚ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɣ [18], ɪɚɫɫɱɢɬɵɜɚɟɦ ɫ ɩɨɦɨɳɶɸ 

ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɧɨɦɚ (13) ɞɥɹ ɤɚɠɞɨɣ ɩɨɥɭɱɟɧɧɨɣ ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚ-
ɧɢɹ ȽȽ ȽɌȾ ɢ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ j-ɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

ɬɨɱɤɢ, ɩɪɢ ȼ= ( ) ( )* *
ɝ ɬ ɝɬ / /

j

L Ɍ L Ɍ= , ɬ.ɩɪ ɬ.ɩɪ ,jn n=  ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɥɢɹɧɢɹ 

ɜɢɞɚ ( )*
ɬ( ) /

j

ȼπ ∆ . 

Ⱦɚɥɟɟ ɫ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɦ ɩɟ-

ɪɟɯɨɞ ɨɬ ɜɟɥɢɱɢɧ *
ɬ( ) jπ , ɢɦɟɸɳɢɯ ɦɟɫɬɨ ɩɪɢ jȼ ȼ=  ɜ ɤɚɠɞɨɣ ɢɡ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, ɤ ɡɧɚɱɟɧɢɹɦ ɩɚɪɚɦɟɬɪɚ *
ɬπ  ɩɪɢ i-ɡɚɞɚɧɧɵɯ 

ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɛɨɬɚɯ ɬɭɪɛɢɧɵ iB B= . 
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ȼ ɤɚɱɟɫɬɜɟ ɡɚɞɚɧɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɛɨɬ ɬɭɪɛɢɧɵ ɜɵɛɢɪɚɟɦ ɬɟ ɢɯ 
ɡɧɚɱɟɧɢɹ iB , ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɥɨ ɪɚɫɱɟɬɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɢɫɯɨɞ-

ɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɪɛɢɧɵ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɭɬɨɱɧɹɬɶ ɩɨɥɭɱɟɧɧɭɸ ɪɚɫ-
ɱɟɬɨɦ ɢɫɯɨɞɧɭɸ ɆɆ ɬɭɪɛɢɧɵ ɨɬ ɢɫɩɵɬɚɧɢɹ ɤ ɢɫɩɵɬɚɧɢɸ ȽɌȾ ɢ ɨɰɟ-
ɧɢɜɚɬɶ ɟɟ ɢɡɦɟɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɞɨɜɨɞɤɢ ɭɡɥɚ ɬɭɪɛɢɧɵ. ɋ ɰɟɥɶɸ 

ɭɦɟɧɶɲɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɩɪɢɜɟɞɟɧɧɨɣ ɪɚɛɨɬɨɣ ɬɭɪɛɢɧɵ ɜ j-ɣ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɨɱɤɟ ɢ ɜ ɛɥɢɠɧɟɣ ɤ ɧɟɣ i-ɣ «ɜɟɬɤɟ» ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɩɪɢɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ( )*
ɬ ɝ idemL T =  ɢɫɯɨɞɧɨɣ ɆɆ ɛɵɥɚ ɧɟ 

ɛɨɥɟɟ 2…3 %. 

ɗɬɨ ɭɫɥɨɜɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɢ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɩɭɬɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɡɛɢɟɧɢɹ ɜɫɟɝɨ 
ɞɢɚɩɚɡɨɧɚ ȼ  ɢɫɯɨɞɧɨɣ ɆɆ (ɯɚɪɚɤɬɟɪɢɫɬɢɤ) ɬɭɪɛɢɧɵ ɧɚ ɡɨɧɵ, ɫɢɦɦɟɬ-
ɪɢɱɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɠɞɨɣ i-ɣ ɩɪɢɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ. 

Ɇɟɬɨɞɢɤɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ, ɜɤɥɸɱɚɸɳɚɹ ɩɪɨɰɟɞɭɪɭ 
ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ 
ɬɭɪɛɢɧ ɜ ɫɢɫɬɟɦɟ ȽɌȾ, ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɨɛɪɚɬɧɨɣ ɬɟɪɦɨɝɚɡɨɞɢ-

ɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ȽɌȾ ɢɦɟɸɬ ɦɟɫɬɨ 
ɝɪɭɛɵɟ, ɫɥɭɱɚɣɧɵɟ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɨɲɢɛɤɢ ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ, 
ɩɨɫɥɟ ɩɪɨɰɟɞɭɪɵ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɜ ɜɵɛɨɪɤɚɯ 
ɩɪɢ idemȼ=  ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɰɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɷɬɢɯ ɜɵ-

ɛɨɪɨɤ ɫ ɩɨɦɨɳɶɸ ɢɡɜɟɫɬɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ [19, 20, 21].  

ɉɪɢɦɟɪ ɧɟɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɬɨɱɟɤ, ɩɨɥɭɱɟɧɧɵɯ 

ɩɪɢ ɪɚɫɱɟɬɟ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɬɭɪɛɢɧɵ ȽȽ ɌɊȾ «Ȼ» ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɱɢɫ-
ɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨɫɥɟɞɭɸɳɟɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ 

ɬɭɪɛɢɧɵ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 5 ɢ 6 ɜ ɤɨɨɪɞɢɧɚɬɚɯ * *
ɬ.ɩɪɬ ɬ ɝ( , ( )f n L Ɍπ =  ). 

ɂɡ ɪɢɫ. 5 ɢ 6 ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɚɹ ɜ ɪɚɛɨɬɟ [17] ɮɨɪɦɚ ɩɪɟɞɫɬɚɜ-
ɥɟɧɢɹ ɆɆ ɬɭɪɛɢɧɵ ɭɞɨɛɧɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɬɚɤ ɤɚɤ 
ɤɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɦɟɧɧɨɣ ɬ.ɩɪn  ɢ ɩɚɪɚɦɟɬ-

ɪɚ ( )*
ɬ ɝ/L Ɍ  ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ, ɩɪɨɬɟɤɚɸɬ ɩɨɥɨɝɨ ɢ ɩɪɢɦɟɪɧɨ ɩɚɪɚɥɥɟɥɶ-

ɧɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɞɪɭɝ ɤ ɞɪɭɝɭ ɩɪɢ ( )*
ɬ ɝ/ idem.L Ɍ =  ɂɡ ɪɢɫ. 5 ɢ 6 ɬɚɤɠɟ 

ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɚɩɩɪɨɤɫɢɦɚ-
ɰɢɢ ɭɬɨɱɧɟɧɧɨɣ ɮɭɧɤɰɢɢ * *

ɬ.ɩɪɬ ɬ ɝ( ,( )f n L Ɍπ =  ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ 



ȼ.Ɇ. Ʉɨɮɦɚɧ 

 

 28

ɭɬɨɱɧɟɧɧɚɹ ɩɨɥɢɧɨɦɢɚɥɶɧɚɹ ɢɥɢ ɬɚɛɥɢɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɢ, ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɤɨɬɨɪɵɯ ɜ ɆɆ ȽȽ ɢɥɢ ɆɆ ȽɌȾ ɩɨɡɜɨɥɹɟɬ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɨɥɟɟ ɬɨɱɧɨ ɨɬɪɚɠɚɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ 

* *
ɬ ɬ ɬ.ɩɪ( , )f nη = π   ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɟɟ ɪɚɛɨɬɵ. 

 

Ɋɢɫ. 5. ɇɟɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɦɧɨɠɟɫɬɜɨ  

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɞɨ ɩɪɨɜɟɞɟɧɢɹ  
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɭɪɛɢɧɵ 

 

Ɋɢɫ. 6. Ɋɟɡɭɥɶɬɚɬɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ  

ɬɭɪɛɢɧɵ: — ɢɫɯɨɞɧɚɹ ɆɆ ɬɭɪɛɢɧɵ, ɩɨɥɭɱɟɧɧɚɹ ɩɭɬɟɦ ɪɚɫɱɟɬɚ;   
--- ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɚɹ ɆɆ ɬɭɪɛɢɧɵ 
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Иɞɟɧɬɢɮɢɤɚɰɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɭɪɛɢɧɵ  

ɢ ȽɌȾ ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ 
ɉɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɟ ɆɆ ɬɭɪɛɢɧɵ ɢ ɆɆ 

ɞɪɭɝɢɯ ɭɡɥɨɜ ȽɌȾ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ȽɌȾ ɫ ɩɨɦɨɳɶɸ 

ɩɪɹɦɨɣ ɡɚɞɚɱɢ (ɡɚɞɚɱɢ ɪɚɫɱɟɬɚ ȼɋɏ ȽɌȾ) ɜ ɭɫɥɨɜɢɹɯ ɢ ɧɚ ɪɟɠɢɦɚɯ, ɧɚ 
ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ, ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɜɹɡɤɢ 

ɦɟɠɞɭ ɜɟɥɢɱɢɧɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ȽɌȾ. Ⱦɚɥɟɟ ɪɟɲɚɸɬɫɹ: 

– ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ ɧɚɯɨɞɹɬɫɹ ɭɬɨɱɧɟɧɧɵɟ ɡɧɚ-
ɱɟɧɢɹ ɚɩɪɢɨɪɧɨ ɡɚɞɚɜɚɟɦɵɯ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɜɟɥɢɱɢɧ ɩɚ-
ɪɚɦɟɬɪɨɜ jy ; 

– ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ, ɜ ɤɨɬɨɪɨɣ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɜ ɡɚɞɚɱɟ ɨɩɬɢɦɢɡɚ-
ɰɢɢ ɩɚɪɚɦɟɬɪɚɦ jy  ɨɤɨɧɱɚɬɟɥɶɧɨ ɧɚɯɨɞɹɬɫɹ ɭɬɨɱɧɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɆɆ ɭɡɥɨɜ ix  ɢ ɆɆ ɭɡɥɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ ɆɆ ɬɭɪɛɢɧɵ) ɤɚɤ ɮɭɧɤɰɢɢ ɨɞ-

ɧɨɣ ɢɥɢ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ; 
– ɩɪɹɦɚɹ ɡɚɞɚɱɚ, ɜ ɤɨɬɨɪɨɣ ɜɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɤɚɯ 

ɩɪɨɜɟɪɹɟɬɫɹ ɫɯɨɞɢɦɨɫɬɶ ɜɟɥɢɱɢɧ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫ ɢɯ ɢɡɦɟɪɟɧ-

ɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞ ɢ ɦɟɬɨɞɢɤɢ ɛɵɥɢ ɚɩɪɨɛɢɪɨɜɚɧɵ ɩɪɢ ɢɞɟɧ-

ɬɢɮɢɤɚɰɢɢ ɆɆ ɨɞɧɨɜɚɥɶɧɨɝɨ ɌɊȾ «Ȼ» ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɟɝɨ ɢɫɩɵɬɚɧɢɣ 

ɧɚ ɡɚɜɨɞɫɤɨɦ ɢ ɜɵɫɨɬɧɨɦ ɫɬɟɧɞɚɯ. ȼ ɤɚɱɟɫɬɜɟ ɚɩɪɢɨɪɧɨ ɡɚɞɚɜɚɟɦɵɯ 
ɜɟɥɢɱɢɧ ɩɪɢɧɹɬɵ ɩɚɪɚɦɟɬɪɵ ɝ ɤ.ɫ ɦ0 ( ,Ș )jy Ⱥ ɚ= . 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɝɪɚɦɦɵ ɧɚ 
ɗȼɆ, ɫɨɫɬɚɜɥɟɧɧɵɟ ɞɥɹ ɨɛɪɚɬɧɨɣ ɢ ɩɪɹɦɨɣ ɬɟɪɦɨɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɡɚɞɚɱ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɞɧɨɜɚɥɶɧɨɦɭ ɌɊȾ ɢ ɞɥɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ. 

ɉɪɨɝɪɚɦɦɵ ɫɨɫɬɚɜɥɟɧɵ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Compaq Visual 

Fortran Version 6.6. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ 
ɨɛɳɟɣ ɞɥɹ ɜɫɟɯ ɬɢɩɨɜ ȽɌȾ. 

ɉɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɭɡɥɨɜ ɌɊȾ «Ȼ» ɩɪɨɢɡɜɟɞɟɧɨ ɫɪɚɜɧɟ-
ɧɢɟ ɜɟɥɢɱɢɧ ɧɟɜɹɡɨɤ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦɢ ɢ ɪɚɫɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 

ɧɚ 13 ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɌɊȾ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɮɢɡɢɱɟɫɤɨɣ ɱɚɫ-
ɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɜɟɥɢɱɢɧɚɦɢ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɬɨɪɦɨɠɟɧɢɹ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ, ɜɟɥɢɱɢɧɨɣ ɞɚɜɥɟɧɢɹ ɜ ɛɚɪɨɤɚɦɟɪɟ. Ɋɟ-
ɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɫɪɟɞɧɢɯ ɚɛɫɨɥɸɬɧɵɯ ɧɟɜɹɡɨɤ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 
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Ɍɚɛɥɢɰɚ 1 

ɋɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ ɧɟɜɹɡɨɤ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɞɨ ɢ ɩɨɫɥɟ  
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ «Ȼ» ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ  

ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ 
ȼɟɥɢɱɢɧɵ ɫɪɟɞɧɢɯ ɚɛɫɨɥɸɬɧɵɯ ɧɟɜɹɡɨɤ ɩɨ ɩɚɪɚɦɟɬɪɚɦ 

Pδ , % ɬGδ ,% *
ɤpδ ,% *

ɬpδ ,% ɜGδ ,% *
ɤTδ ,% 

Ⱦɨ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

3,6 2,9 1,63 1,98 1,66 0,38 

ɉɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

1,2 1,0 0,65 0,87 1,55 0,31 

 

ɂɡ ɬɚɛɥ. 1 ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɥɢɱɢɧɵ ɧɟɜɹɡɨɤ ɩɨ ɬɚɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ȽɌȾ, 

ɤɚɤ ɬɹɝɚ, ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ ɢ ɩɨɥɧɨɟ ɞɚɜ-
ɥɟɧɢɟ ɡɚ ɬɭɪɛɢɧɨɣ ɭɦɟɧɶɲɢɥɢɫɶ ɩɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ ɜ 2–3 ɪɚ-
ɡɚ (ɜ ɫɪɟɞɧɟɦ ɫ 1,6–3,6 ɞɨ 0,6–1,2 %). ȼ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɢɡɦɟɧɢɥɢɫɶ ɧɟ-
ɜɹɡɤɢ ɩɨ ɬɚɤɢɦ ɩɚɪɚɦɟɬɪɚɦ, ɤɚɤ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ȽɌȾ ɢ ɬɟɦɩɟɪɚɬɭɪɚ 
ɬɨɪɦɨɠɟɧɢɹ ɜɨɡɞɭɯɚ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɫɪɟɞɧɢɟ ɧɟɜɹɡɤɢ ɩɨ ɤɨɬɨɪɵɦ ɩɨɫɥɟ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɨɫɬɚɜɢɥɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 1,5 ɢ 0,3 %. 

ɉɪɢɦɟɪ ɆɆ ɬɭɪɛɢɧɵ ɌɊȾ «Ȼ» ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ 
Ɋɟɣɧɨɥɶɞɫɚ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 6. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɞɧɨɜɚɥɶɧɨɦɭ ɌɊȾ «Ȼ» ɩɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɟɝɨ ɆɆ ɩɪɨɜɨɞɢɥɢɫɶ ɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ (ɑɗ1 ɢ ɑɗ5) ɩɪɢ ɡɚɞɚ-
ɧɢɢ ɪɚɡɥɢɱɧɵɯ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɝ ɤ.ɫ( , )jy Ⱥ ɚ= , ɩɪɢ ɦ constη =  

ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɢɯ ɧɚɯɨɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɱɢɫɥɟɧɧɵɣ ɷɤɫɩɟ-
ɪɢɦɟɧɬ ɑɗ3 ɫ «ɡɚɲɭɦɥɟɧɢɟɦ» ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɫɥɭɱɚɣɧɵɦɢ 

ɨɲɢɛɤɚɦɢ. ɑɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ 

ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Re. Ɋɟɡɭɥɶɬɚɬɵ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɷɬɢɯ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 7. 

(Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ɝȺ = 1,02 ɢ ɤ.ɫɚ = 1 ɧɚ ɪɢɫ. 7 ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɮɚɤɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɹɦ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɣɞɟɧɧɵɦ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚ-
ɰɢɢ ɆɆ ɌɊȾ «Ȼ» ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɟɝɨ ɢɫɩɵɬɚɧɢɣ ɧɚ ɜɵɫɨɬɧɨɦ ɫɬɟɧɞɟ.) 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫ. 7, ɩɪɢ ɡɚɞɚɧɢɢ ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɪɢ ɱɢɫɥɟɧɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɑɗ1 ɢ ɑɗ5 ɚɩɪɢɨɪɧɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɡɚɞɚɜɚɟɦɵɯ ɜɟɥɢ-

ɱɢɧ ɝ ɤ.ɫ( , )jy Ⱥ ɚ=  ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɨɲɢɛɨɤ ɢɡɦɟɪɟɧɢɣ (ɑɗ3) ɨɛɟɫɩɟɱɢɜɚ-

ɟɬɫɹ ɭɫɬɨɣɱɢɜɨɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɧɨɡɧɚɱɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚ-
ɰɢɢ ɭɠɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. ɇɚ ɪɢɫ. 7 ɬɚɤɠɟ ɩɨɤɚɡɚɧɵ ɬɨɱɤɢ ɧɚ-
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ɱɚɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɝȺ  ɢ ɤ.ɫɚ , ɜ ɤɨɬɨɪɵɯ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ 

ɡɚɞɚɱɢ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɫɤɨɪɨɫɬɢ ɫɨɩɥɚ ɩɪɟɜɵɲɚɸɬ 1,0. ɍɤɚɡɚɧɧɵɟ ɧɚɱɚɥɶɧɵɟ ɩɪɢɛɥɢɠɟɧɢɹ 
ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɢ ɛɵɥɢ ɨɬɛɪɨɲɟɧɵ. 

 

Ɋɢɫ. 7. ɋɯɟɦɚ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ  

ɆɆ ɌɊȾ «Ȼ» ɩɪɢ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ  

ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Re 

ȼɟɥɢɱɢɧɵ ɫɭɦɦɚɪɧɵɯ ɨɫɬɚɬɨɱɧɵɯ ɜɡɜɟɲɟɧɧɵɯ ɧɟɜɹɡɨɤ ɦɟɠɞɭ 
ɢɡɦɟɪɟɧɧɵɦɢ ɢ ɪɚɫɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɌɊȾ «Ȼ»  

2

1 1

K Z

kz

k z

H N
= =

= δ∑∑  

ɩɪɢ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɭɦɟɧɶɲɢɥɢɫɶ: ɩɪɢ ɑɗ1 ɢ ɑɗ3 ɫ ɇ = 0,114 

ɞɨ ɇ = 0,0012, ɚ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɑɗ5 ɫ ɇ = 0,022 

ɞɨ ɇ = 0,0012, ɬ.ɟ. ɛɨɥɟɟ ɱɟɦ ɜ 18 ɪɚɡ. 

Иɞɟɧɬɢɮɢɤɚɰɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɭɪɛɢɧɵ ɢ ȽɌȾ  

ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ 
ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɆɆ ɬɭɪɛɢɧɵ ɢ ɌɊȾ «Ȼ» ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɥɚɫɶ 

ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ, 
ɩɨɥɭɱɟɧɧɵɯ ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ. ɍɫɬɚ-
ɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɬɨɱɤɢ ɜ ɤɨɨɪɞɢɧɚɬɚɯ 



ȼ.Ɇ. Ʉɨɮɦɚɧ 
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* *
ɬ ɬ ɬ ɝ( ,( ))f n L Ɍπ =  ɫɦɟɳɚɸɬɫɹ ɜɜɟɪɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɬɨɤ ( )*

ɬ ɝ/L Ɍ =  

= idem, ɩɨɥɭɱɟɧɧɵɯ ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ, 
ɩɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɄɉȾ ɬɭɪɛɢɧɵ ɭɦɟɧɶɲɚɟɬɫɹ. 

ȼɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɚ ɝȺ , ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɢɞɟɧ-

ɬɢɮɢɤɚɰɢɢ ɩɪɢ ɫ.ɚRe = 50,8 10−⋅ , ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 3,5 % (ɪɢɫ. 8, 9) ɨɬɧɨ-

ɫɢɬɟɥɶɧɨ ɜɟɥɢɱɢɧɵ ɝȺ , ɩɨɥɭɱɟɧɧɨɣ ɜ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢ 
5

ɫ.ɚRe 1,3 10 .−≥ ⋅  ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤ.ɫɚ  ɜ ɭɪɚɜɧɟɧɢɢ 

2
ɤ.ɫ ɤ.ɫ ɤ1 ɚσ = − λ  ɫɨɯɪɚɧɢɥɚɫɶ ɧɟɢɡɦɟɧɧɨɣ (ɫɦ. ɪɢɫ. 8). ȼɟɥɢɱɢɧɚ ɄɉȾ 

ɬɭɪɛɢɧɵ ɩɪɢ ɬRe Σ = 50,34 10−⋅  ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɄɉȾ ɬɭɪɛɢɧɵ ɜ ɚɜɬɨ-

ɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ 5
ɬ(Re 2 10 )−Σ ≥ ⋅  ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 6,4 % (ɪɢɫ. 10). 

 

Ɋɢɫ. 8. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ  

ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ ɢ ɆɆ  

ɬɭɪɛɢɧɵ ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ 

 

Ɋɢɫ. 9. Ɋɟɡɭɥɶɬɚɬɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ «Ȼ»  

ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ 
(ɢɡɦɟɧɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ) 
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Ɋɢɫ. 10. Ɋɟɡɭɥɶɬɚɬɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ «Ȼ»  

ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ 
(ɢɡɦɟɧɟɧɢɟ ɄɉȾ ɬɭɪɛɢɧɵ) 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ ɜ ɧɟɚɜ-
ɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 9 

ɢ 10, ɫɨɝɥɚɫɭɸɬɫɹ ɫɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɞɚɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɥɭ-
ɱɟɧɧɵɯ ɜ ɐɂȺɆ [22] ɩɪɢ ɪɚɛɨɬɟ ɬɭɪɛɢɧ ɜ ɫɢɫɬɟɦɟ ȽɌȾ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣ-

ɧɨɥɶɞɫɚ ɧɚɪɹɞɭ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɬɭɪɛɢɧɵ ɩɪɨɢɡɨɲɥɨ ɢɡ-
ɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɞɪɭɝɢɯ ɭɡɥɨɜ ɌɊȾ «Ȼ». ɍɦɟɧɶɲɢɥɢɫɶ ɪɚɫɯɨɞ 

ɜɨɡɞɭɯɚ, ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢ ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ, ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɫɨɩɥɚ. ɉɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɮɭɧɤɰɢɢ ɜ ɜɢɞɟ ɨɬɤɥɨɧɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɆɆ ɬɭɪɛɢɧɵ 

ɝ ɫ.ɚ(Re )Ⱥ fδ =  ɢ *
ɬ ɬ(Re )f Σδη =  ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɆɆ ɌɊȾ «Ȼ» 

ɤɚɤ ɩɨɩɪɚɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ ɩɨɥɢɧɨɦɚɦ ɆɆ 

ɬɭɪɛɢɧɵ ɜɢɞɚ (12) ɢ (13) ɩɪɢ ɪɚɫɱɟɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɝɚɬɟɥɹ ɜ ɧɟɚɜ-
ɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ. 

ȼɟɥɢɱɢɧɵ ɨɫɬɚɬɨɱɧɵɯ ɫɭɦɦɚɪɧɵɯ ɧɟɜɹɡɨɤ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦɢ ɢ 

ɪɚɫɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ȽɌȾ «Ȼ» ɩɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɌɊȾ «Ȼ» 

ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɭɦɟɧɶɲɢɥɢɫɶ ɧɚ ɩɨɪɹɞɨɤ (ɫ ɇ = 0,005 ɞɨ 
ɇ = 0,0003). ɋɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ ɧɟɜɹɡɨɤ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦɢ ɢ ɪɚɫ-
ɱɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɌɊȾ «Ȼ» ɞɨ ɢ ɩɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɟɝɨ ɆɆ 

ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ (ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɨɣ ɬɨɱɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɫ.ɚRe = 50,8 10−⋅  ɢ ɬRe Σ = 50,34 10−⋅ ) ɩɪɢɜɟ-
ɞɟɧɨ ɜ ɬɚɛɥ. 2. 
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Ɍɚɛɥɢɰɚ 2 

ɋɪɚɜɧɟɧɢɟ ɜɟɥɢɱɢɧ ɧɟɜɹɡɨɤ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɞɨ ɢ ɩɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɆɆ ɌɊȾ «Ȼ» ɜ ɧɟɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ 

ȼɟɥɢɱɢɧɵ ɫɪɟɞɧɢɯ ɧɟɜɹɡɨɤ ɩɨ ɩɚɪɚɦɟɬɪɚɦ 

,Pδ  % ɬGδ , % *
ɤpδ ,% *

ɬpδ ,% ɜGδ ,% *
ɤTδ , % 

Ⱦɨ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɌɊȾ «Ȼ» 

2,23 3,02 0,666 1,22 0,085 0,254 

ɉɨɫɥɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɌɊȾ «Ȼ» 

0,564 0,799 0,249 0,351 0 0,073 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɫɬɚɬɶɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ 
ɦɟɬɨɞɢɤɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ɬɭɪɛɢɧɵ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ 

ɩɨɥɢɧɨɦɢɚɥɶɧɨɣ ɆɆ ɬɭɪɛɢɧɵ ɢ ɦɟɬɨɞɟ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɣ ɢ ɹɜɥɹɸ-

ɳɚɹɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɆɆ ȽɌȾ, ɢɦɟɟɬ ɞɨɫ-
ɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦ 

ɦɟɬɨɞɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ȽȽ ȽɌȾ ɢ ɜ ɩɪɚɤɬɢɤɟ ɞɨɜɨɞɤɢ ɬɭɪɛɢɧ ȽɌȾ. 
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