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ȺɇɇɈɌȺɐɂə 

 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɩɨɞɞɟɪɠɤɚ 

ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ» ɫɨɞɟɪɠɢɬ 59 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 26 ɢɥɥɸɫɬɪɚɰɢɣ, 60 ɮɨɪɦɭɥ, 39 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɫɩɵɬɚɧɢɣ ɦɨɞɟɥɟɣ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, 

ɪɚɡɪɚɛɨɬɤɚ ɤɨɪɪɟɤɬɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, 

ɨɪɝɚɧɢɡɚɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ. 

Ɉɛɴɟɤɬɨɦ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɫɩɵɬɚɧɢɣ 

ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɫɥɟɞɭɸɳɢɦɢ 

ɮɚɤɬɨɪɚɦɢ: ɨɛɭɫɥɨɜɥɟɧɚ ɨɬɫɭɬɫɬɜɢɟɦ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɵɬɚɧɢɣ ɪɟɚɥɶɧɵɯ 

ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɜ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɪɚɡɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 

ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɹɯ; ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧ ɜɨɩɪɨɫ ɦɟɬɨɞɨɥɨɝɢɢ ɢɫɩɵɬɚɧɢɣ 

ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ; ɧɟɩɨɥɧɨɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧ ɢ 

ɪɚɡɜɢɬ ɜɨɩɪɨɫ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɞɥɹ ɢɫɩɵɬɚɧɢɣ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɪɚɡɪɚɛɨɬɚɬɶ ɦɨɞɟɥɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɢɫɩɵɬɚɧɢɣ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɨɩɪɟɞɟɥɢɬɶ 

ɨɩɬɢɦɚɥɶɧɵɟ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɢɫɩɵɬɚɧɢɣ. 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ 

ɩɥɚɧɢɪɭɟɦɨɝɨ ɤ ɩɪɢɦɟɧɟɧɢɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ.  

ȺɋɂɇɏɊɈɇɇɕɃ ȾȼɂȽȺɌȿɅɖ, ɋɊȿȾȺ ɋɈɁȾȺɇɂə ɆȺɌȿɆȺɌɂɑȿɋɄɂɏ 

ɆɈȾȿɅȿɃ SIMINTECH, ɂɇɎɈɊɆȺɐɂɈɇɇȺə ɉɈȾȾȿɊɀɄȺ, 

ɗɌȺɅɈɇɇȺə ɆɈȾȿɅɖ, ɌəȽɈȼɕɃ ɗɅȿɄɌɊɈȾȼɂȽȺɌȿɅɖ. 
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ȼȼȿȾȿɇɂȿ 

 

Ɋɨɫɫɢɣɫɤɚɹ ɠɟɥɟɡɧɚɹ ɞɨɪɨɝɚ ɬɪɟɬɶɹ ɬɪɚɧɫɩɨɪɬɧɚɹ ɫɢɫɬɟɦɚ ɜ ɦɢɪɟ. Ɉɧɚ 

ɥɢɲɶ ɧɢɠɟ ɋɒȺ ɢ Ʉɢɬɚɹ ɜ ɫɩɢɫɤɟ ɩɨ ɞɥɢɧɟ ɩɭɬɟɣ. ɉɨ ɩɪɨɬɹɠɟɧɧɨɫɬɢ 

ɷɥɟɤɬɪɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɚɝɢɫɬɪɚɥɟɣ ɪɨɫɫɢɣɫɤɢɟ ɠɟɥɟɡɧɵɟ ɞɨɪɨɝɢ ɩɟɪɜɵɟ ɜ 

ɦɢɪɟ.  

ɀɟɥɟɡɧɨɞɨɪɨɠɧɨɦɭ ɬɪɚɧɫɩɨɪɬɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɜɢɬɢɹ, ɢɧɚɱɟ ɩɪɨɢɡɨɣɞɟɬ 

ɡɚɦɟɞɥɟɧɢɟ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɪɨɫɬɟ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɟ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɷɬɨ 

ɩɪɚɜɢɬɟɥɶɫɬɜɨ ɪɚɡɪɚɛɨɬɚɥɨ ɋɬɪɚɬɟɝɢɸ ɪɚɡɜɢɬɢɹ ɪɨɫɫɢɣɫɤɨɝɨ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ ɞɨ 2030 ɝɨɞɚ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ 

ɬɚɤɢɟ ɡɚɞɚɱɢ: 

 ɩɨɜɵɲɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɛɨɬɵ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢ 

ɤɚɱɟɫɬɜɚ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɢɦ ɭɫɥɭɝ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɛɳɟɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ; 

 ɪɚɡɜɢɬɢɟ ɭɫɥɨɜɢɣ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ 

ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ, ɩɪɢɜɥɟɱɟɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɦɨɞɟɪɧɢɡɚɰɢɸ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɫɧɢɠɟɧɢɟ 

ɪɟɫɭɪɫɨɟɦɤɨɫɬɢ ɩɟɪɟɜɨɡɨɤ ɢ ɢɯ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; 

 ɪɚɡɪɚɛɨɬɤɚ ɩɨɟɡɞɚ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɚɜɬɨɜɟɞɟɧɢɹ ɢ 

ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɢ. 

 ɜɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɹ ɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɫɨɯɪɚɧɧɨɫɬɢ ɝɪɭɡɨɜ. 

 Ȼɭɞɟɬ ɨɪɝɚɧɢɡɨɜɚɧɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 

ɫ ɧɨɜɵɦɢ ɭɥɭɱɲɟɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ. ȼ ɞɨɤɭɦɟɧɬɟ ɬɚɤɠɟ 

ɨɛɨɡɧɚɱɟɧɨ ɦɚɫɲɬɚɛɧɨɟ ɜɧɟɞɪɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɬɹɝɨɜɨɝɨ ɩɪɢɜɨɞɚ ɜ ɩɨɟɡɞɚɯ. 

ȼɫё ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɟ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɫɨɡɞɚɧɢɹ ɢ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɭɫɤɨɪɢɬɶ ɜɧɟɞɪɟɧɢɟ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɢ ɢɫɩɵɬɚɧɢɹ ɧɨɜɨɝɨ 

ɩɚɪɤɚ ɩɨɟɡɞɨɜ. ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
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ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫ ɰɟɥɶɸ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɱɟɫɬɜɚ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ. 

ɋ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɟɣ, ɩɨɜɵɲɟɧɢɟɦ ɜɟɫɨɜɵɯ ɧɨɪɦ ɩɨɟɡɞɨɜ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɨɫɥɨ ɡɧɚɱɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ 

ɥɨɤɨɦɨɬɢɜɨɜ. ɇɚɞɟɠɧɨɫɬɶ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɜɨɟɜɪɟɦɟɧɧɵɦ ɢ 

ɤɚɱɟɫɬɜɟɧɧɵɦ ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɢ ɪɟɦɨɧɬɨɦ, ɱɬɨ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ 

ɨɬ ɭɪɨɜɧɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɝɨɬɨɜɧɨɫɬɢ ɪɟɦɨɧɬɧɨɝɨ ɞɟɩɨ. 

Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɢɫɩɵɬɚɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ, 

ɩɨ ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɫɨɨɬɜɟɬɫɬɜɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɬɟɯɧɢɱɟɫɤɢɦ 

ɭɫɥɨɜɢɹɦ, ɹɜɥɹɟɬɫɹ ɡɚɤɥɸɱɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɩɟɪɟɞ ɜɵɩɭɫɤɨɦ ɬɪɚɧɫɩɨɪɬɚ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɸ. ɇɟɨɛɯɨɞɢɦɨ ɩɪɟɞɨɫɬɚɜɢɬɶ ɧɟ ɬɨɥɶɤɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɩɪɨɜɟɞɟɧɢɹ 

ɢɫɩɵɬɚɧɢɣ ɫɬɚɧɞɚɪɬɚɦ, ɚ ɬɚɤɠɟ ɩɨɞɨɛɪɚɬɶ ɬɚɤɨɣ ɦɟɬɨɞ, ɫɯɟɦɭ ɢ ɚɥɝɨɪɢɬɦ 

ɢɫɩɵɬɚɧɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɛɭɞɭɬ ɦɢɧɢɦɚɥɶɧɵɦɢ. 

ɋɨɜɪɟɦɟɧɧɵɣ ɦɢɪ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɱɟɧɶ ɭɫɤɨɪɟɧɧɵɦɢ 

ɬɟɦɩɚɦɢ. ɋɬɚɧɨɜɢɬɫɹ ɩɨɧɹɬɧɨ, ɱɬɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɟ ɨɬɫɬɚɜɚɬɶ, ɧɟɨɛɯɨɞɢɦɨ ɫ 

ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɨɡɞɚɜɚɬɶ, ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɜɧɟɞɪɹɬɶ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜɨ ɜɫɟɯ 

ɨɬɪɚɫɥɹɯ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ. Ɉɫɨɛɟɧɧɨ ɜɚɠɧɨ ɪɚɡɜɢɜɚɬɶ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ 

ɥɨɝɢɫɬɢɤɢ ɢ ɝɪɭɡɨɩɟɪɟɜɨɡɨɤ. ȼɟɞɶ ɥɨɝɢɫɬɢɤɚ ɢ ɝɪɭɡɨɩɟɪɟɜɨɡɤɢ ɫɱɢɬɚɸɬɫɹ 

ɨɞɧɢɦɢ ɢɡ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ ɪɚɡɜɢɬɢɹ ɜ ɦɢɪɟ ɢ ɜ ɬɚɤɨɣ ɛɨɥɶɲɨɣ ɫɬɪɚɧɟ ɤɚɤ 

Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 

ɋɚɦɵɦ ɧɟɨɬɴɟɦɥɟɦɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɥɨɝɢɫɬɢɤɢ ɜ ɊɎ ɹɜɥɹɸɬɫɹ ɠɟɥɟɡɧɵɟ 

ɞɨɪɨɝɢ. ɉɨɷɬɨɦɭ, ɱɟɦ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɟɟ ɛɭɞɭɬ ɠɟɥɟɡɧɵɟ ɞɨɪɨɝɢ, ɬɟɦ 

ɢɧɬɟɧɫɢɜɧɟɟ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɪɚɡɜɢɬɢɟ ɫɬɪɚɧɵ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɫɨɡɞɚёɬɫɹ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɰɢɮɪɨɜɢɡɚɰɢɢ ɢ ɜɧɟɞɪɟɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ ɩɭɬɢ ɢ ɜ ɩɨɟɡɞɚ ɩɨ ɧɢɦ ɩɪɨɯɨɞɹɳɢɟ. Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ 

ɜ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɟɣ ɹɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɡɚɰɢɹ. 

ɇɟɨɛɯɨɞɢɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɫɥɟɞɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ: 

 ɜɫɬɪɨɟɧɧɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɜɟɞɟɧɢɹ 

 ɫɚɦɨɞɢɚɝɧɨɫɬɢɤɚ 
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 ɫɢɫɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɹ ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɤɨɧɬɪɨɥɹ ɫɨɯɪɚɧɧɨɫɬɢ ɝɪɭɡɨɜ ɜ ɩɭɬɢ ɫɥɟɞɨɜɚɧɢɹ 

ɏɨɱɟɬɫɹ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɜ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɹɯ 

ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɟ ɬɨɥɶɤɨ ɜ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ ɢɥɢ 

ɥɨɝɢɫɬɢɤɢ, ɧɨ ɬɚɤɠɟ ɢ ɜ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɚ, ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ 

ɜɢɞɨɜ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɯ ɩɨɟɡɞɨɜ ɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɩɭɬɟɣ.  

ɇɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ ɩɟɪɟɞ ɜɜɟɞɟɧɢɟɦ ɧɨɜɨɝɨ 

ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ: 

 ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɚɜɢɥɚ ɢ ɫɨɜɟɪɲɟɧɧɵɟ ɦɟɬɨɞɵ ɪɟɦɨɧɬɚ ɫɨɫɬɚɜɚ ɫ 

ɚɫɢɧɯɪɨɧɧɵɦ ɩɪɢɜɨɞɨɦ, ɜɤɥɸɱɚɸɳɢɯ ɜ ɫɟɛɹ ɩɨɥɨɠɟɧɢɹ ɩɨ ɪɟɦɨɧɬɭ ɢ 

ɨɛɫɥɭɠɢɜɚɧɢɸ ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ.  

 ɩɪɨɜɟɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢɥɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɥɨɤɨɦɨɬɢɜɧɵɯ ɪɟɦɨɧɬɧɵɯ 

ɞɟɩɨ ɢ ɩɪɨɢɡɜɨɞɫɬɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɚ ɢ ɢɫɩɵɬɚɧɢɣ ɭɡɥɨɜ ɩɨɞɜɢɠɧɨɝɨ 

ɫɨɫɬɚɜɚ;  

ɇɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɦ. ɢɫɩɵɬɚɬɟɥɶɧɚɹ 

ɫɬɚɧɰɢɹ ɨɩɪɟɞɟɥёɧɧɨ ɫɚɦɵɣ ɷɧɟɪɝɨɡɚɬɪɚɬɧɵɣ ɜɢɞ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɬɹɝɨɜɵɯ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ.  

ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɧɚ ɪɟɦɨɧɬ ɩɪɢɯɨɞɢɬɫɹ ɡɚɬɪɚɱɢɜɚɬɶ ɞɟɧɟɠɧɵɟ 

ɫɪɟɞɫɬɜɚ, ɷɧɟɪɝɢɸ ɢ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɯɨɞɢɬɶ ɫɩɨɫɨɛɵ ɫɨɤɪɚɳɟɧɢɹ ɷɬɢɯ 

ɪɚɫɬɪɚɬ. Ɍɚɤɠɟ ɭɦɟɫɬɧɵɦ ɛɭɞɟɬ ɭɩɨɦɹɧɭɬɶ ɨɛ ɧɚɪɚɛɨɬɤɟ ɧɚ ɨɬɤɚɡ. ɋɥɟɞɭɟɬ 

ɢɫɤɚɬɶ ɫɩɨɫɨɛɵ ɭɜɟɥɢɱɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɢɝɚɬɟɥɟɣ ɢ ɪɚɡɪɚɛɚɬɵɜɚɬɶ 

ɬɟɯɧɨɥɨɝɢɢ ɫɩɨɫɨɛɧɵɟ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ, ɚ ɟɳё ɥɭɱɲɟ ɢ ɪɟɲɚɬɶ ɧɟɩɨɥɚɞɤɢ, 

ɜɨɡɧɢɤɲɢɟ ɫ ɞɜɢɝɚɬɟɥɟɦ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȿɫɬɶ ɦɧɨɝɨ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɞɨɛɢɬɶɫɹ ɷɤɨɧɨɦɢɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. ɂɯ ɩɪɢɧɹɬɨ 

ɧɚɡɵɜɚɬɶ ɫɯɟɦɚɦɢ ɜɨɡɜɪɚɬɧɨɣ ɪɚɛɨɬɵ. ɂɯ ɪɚɡɧɨɜɢɞɧɨɫɬɶɸ ɹɜɥɹɸɬɫɹ ɫɯɟɦɵ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɢɫɩɵɬɚɧɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. Ɉɧɢ ɢɦɟɸɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ 

ɢ ɧɟɞɨɫɬɚɬɤɢ. Ⱥɤɬɭɚɥɶɧɨ ɢ ɜɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɬɚɤɭɸ ɫɯɟɦɭ ɢɥɢ 

ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɧɚɢɥɭɱɲɢɣ ɨɯɜɚɬ ɜɨɡɦɨɠɧɨɫɬɟɣ 
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ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɩɨɫɩɨɫɨɛɫɬɜɭɟɬ 

ɦɢɧɢɦɢɡɚɰɢɢ ɪɚɫɬɪɚɬ ɢ ɭɥɭɱɲɟɧɢɸ ɩɨɤɚɡɚɬɟɥɹ ɧɚɪɚɛɨɬɤɢ ɧɚ ɨɬɤɚɡ. 

Ƚɥɚɜɧɨɟ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ — ɷɬɨ 

ɩɨɥɭɱɢɬɶ ɬɨɱɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɱɬɨ ɢ ɛɭɞɟɬ ɢɫɫɥɟɞɨɜɚɧɨ ɜ ɪɚɛɨɬɟ.  

ɂɡ ɜɫɟɝɨ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ ɚɫɢɧɯ-

ɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɨɜɵɫɹɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɢ 

ɭɫɬɪɚɧɢɬɶ ɧɟɞɨɫɬɚɬɤɢ ɫɭɳɟɫɬɜɭɸɳɢɯ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ.  

Ɍɪɟɛɭɟɬɫɹ ɢɡɭɱɚɬɶ ɜɨɩɪɨɫ ɦɟɬɨɞɨɥɨɝɢɢ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɛɟɡ 

ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ, ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɪɚɡɜɢɜɚɬɶ ɜɨɩɪɨɫ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɢɫɩɵɬɚɧɢɣ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɷɬɨ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɜɚɬɶ 

ɢɧɫɬɪɭɦɟɧɬɵ ɢɡɭɱɟɧɢɹ ɜ ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ɋɱɢɬɚɸ, ɱɬɨ ɜ ɷɬɨɦ ɩɨɦɨɠɟɬ 

ɪɟɚɥɢɡɚɰɢɹ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ. 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɢ ɫɨɡɞɚɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɦɟɬɨɞɨɜ ɢ ɦɨɞɟɥɟɣ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɩɨɡɜɨɥɢɬ 

ɫɨɤɪɚɬɢɬɶ ɡɚɬɪɚɬɵ, ɭɜɟɥɢɱɢɬɶ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɢɫɩɵɬɚɧɢɣ, ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɛɭɱɟɧɢɹ ɢ ɫɨɡɞɚɫɬ ɧɨɜɵɟ ɢɞɟɢ ɞɥɹ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɢɹ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 

ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɩɨɞɞɟɪɠɤɚ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɝɪɚɦɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɫɬɟɩɟɧɢ ɭɱɚɫɬɢɹ 

ɨɩɟɪɚɬɨɪɚ, ɭɦɟɧɶɲɟɧɢɹ ɜɪɟɦɟɧɢ ɪɟɦɨɧɬɚ ɢ ɫɧɢɠɟɧɢɹ ɬɪɭɞɨёɦɤɨɫɬɢ 

ɜɵɩɨɥɧɹɟɦɵɯ ɨɩɟɪɚɰɢɣ. 

ȼɨ ɜɪɟɦɹ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɨɞɞɟɪɠɤɢ ɢɫɩɵɬɚɧɢɣ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜɚɠɧɨ ɭɞɟɥɢɬɶ ɜɧɢɦɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɨɥɠɧɚ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ ɨɬɪɚɡɢɬɶ ɨɫɧɨɜɧɵɟ 

ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɞɜɢɝɚɬɟɥɟ ɢ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɪɚɫɱёɬɚ 

ɩɚɪɚɦɟɬɪɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɫɨɡɞɚɧɢɟ 
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ɦɨɞɟɥɢ ɢɫɩɵɬɚɧɢɣ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɫɪɟɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ SimInTech. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɢ ɪɟɚɥɢɡɚɰɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɩɨ ɷɬɚɥɨɧɧɨɣ 

ɦɨɞɟɥɢ ɜ ɫɪɟɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ SimInTech. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ – ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɢ ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɜ ɫɪɟɞɟ SimInTech 

ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɩɨɞɞɟɪɠɤɚ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɩɨ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɜ ɫɪɟɞɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ SimInTech, ɩɨɡɜɨɥɹɸɳɚɹ ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɩɪɢɟɦɥɟɦɭɸ ɬɨɱɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ ɢɫɩɵɬɚɧɢɣ. 

ȼɨɩɪɨɫɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ: 

– ɂɡɭɱɟɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

– ɋɨɫɬɚɜɥɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

– ɂɡɭɱɟɧɢɟ SimInTech 

– Ɋɟɚɥɢɡɚɰɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ SimInTech 

– ɋɨɡɞɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɩɨɞɞɟɪɠɤɚ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɩɨ 

ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɜ SimInTech 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ – ɩɪɢɦɟɧɟɧɢɟ SimInTech ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. ɂɡɭɱɟɧɢɹ ɢ ɢɫɩɵɬɚɧɢɣ ɪɟɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ 

ɤɪɢɬɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɜ ɬɹɠɟɥɵɯ ɭɫɥɨɜɢɹɯ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ 

ɬɪɟɧɚɠɟɪɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɷɬɚɥɨɧɧɵɯ ɦɨɞɟɥɹɯ. 

Ɂɧɚɱɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ 

ɩɨɡɜɨɥɹɸɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ 

ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɞɜɢɝɚɬɟɥɟɣ ɜ 

ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɨɦɨɱɶ ɨɩɟɪɚɬɨɪɭ ɜɨ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ 

ɪɚɛɨɬ. 
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1 Ɉɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɢɫɩɵɬɚɧɢɣ 

 

1.1 Ɉɩɢɫɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥя 

 

Ʉ ɤɥɚɫɫɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɪɢɧɚɞɥɟɠɚɬ 

ɚɫɢɧɯɪɨɧɧɵɟ ɬɹɝɨɜɵɟ ɦɚɲɢɧɵ. Ɇɨɳɧɨɫɬɶ ɬɚɤɢɯ ɦɚɲɢɧ ɢɫɱɢɫɥɹɟɬɫɹ ɨɬ ɞɨɥɟɣ 

ɜɚɬɬɚ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɬɵɫɹɱ ɤɢɥɨɜɚɬɬ. Ⱥɫɢɧɯɪɨɧɧɵɟ ɦɚɲɢɧɵ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɧɟ 

ɬɨɥɶɤɨ ɜ ɪɟɠɢɦɟ ɞɜɢɝɚɬɟɥɹ, ɧɨ ɬɚɤɠɟ ɢ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɬɨɪɚ. Ɋɟɠɢɦ ɞɜɢɝɚɬɟɥɹ 

ɩɨɡɜɨɥɹɟɬ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 

ɫɜɨɣɫɬɜɚ ɦɚɲɢɧɵ ɥɭɱɲɟ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɢ ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɪɚɤɬɢɱɟɫɤɨɦ 

ɩɪɢɦɟɧɟɧɢɢ ɚɫɢɧɯɪɨɧɧɵɟ ɦɚɲɢɧɵ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɞɜɢɝɚɬɟɥɟɣ. ɉɪɨɫɬɨɬɚ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ 

ɧɚɞёɠɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ ɝɥɚɜɧɵɦɢ 

ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. 

 

 

Ɋɢɫɭɧɨɤ 1 – ɂɡɨɛɪɚɠɟɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

 

ɋɬɚɬɨɪ ɢ ɪɨɬɨɪ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɱɚɫɬɹɦɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 

Ɉɞɧɚ ɢɡ ɧɟɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ — ɷɬɨ ɫɬɚɬɨɪ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ 

ɫɬɚɧɢɧɭ ɫ ɫɟɪɞɟɱɧɢɤɨɦ, ɜɵɩɨɥɧɟɧɧɵɣ ɢɡ ɥɢɫɬɨɜ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɬɚɥɢ, ɢ 
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ɬɪёɯɮɚɡɧɭɸ ɨɛɦɨɬɤɭ. ȼɫɟ ɮɚɡɵ ɨɛɦɨɬɤɢ ɭɫɬɪɨɟɧɵ ɜ ɩɚɡɚɯ ɫɟɪɞɟɱɧɢɤɚ ɬɚɤ, ɱɬɨ 

ɪɚɫɩɨɥɨɠɟɧɵ ɩɨɞ ɭɝɥɨɦ 120° ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. ɇɚ 

ɤɨɪɩɭɫɟ ɦɚɲɢɧɵ ɢɦɟɸɬɫɹ ɡɚɠɢɦɵ ɤɥɟɦɦɧɨɣ ɤɨɪɨɛɤɢ. ɇɚ ɷɬɢ ɡɚɠɢɦɵ ɜɵɜɟɞɟɧɵ 

ɧɚɱɚɥɚ ɢ ɤɨɧɰɵ ɮɚɡ ɨɛɦɨɬɨɤ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɧɚ ɤɚɤɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɪɚɫɫɱɢɬɚɧɚ ɫɬɚɬɨɪɧɚɹ ɨɛɦɨɬɤɚ, ɩɪɨɢɫɯɨɞɢɬ ɫɨɟɞɢɧɟɧɢɟ ɩɨ ɫɯɟɦɟ «ɡɜɟɡɞɚ» ɢɥɢ 

ɩɨ ɫɯɟɦɟ «ɬɪɟɭɝɨɥɶɧɢɤ», ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2. 

 

 
(ɚ) ɫɨɟɞɢɧɟɧɢɟ ɜɵɜɨɞɨɜ ɮɚɡ ɨɛɦɨɬɨɤ ɩɨ ɫɯɟɦɟ «ɡɜɟɡɞɚ» (ɛ) ɢ ɩɨ ɫɯɟɦɟ «ɬɪɟɭɝɨɥɶɧɢɤ» 

(ɜ) C1, C2, C3 – ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ ɨɛɦɨɬɨɤ; ɋ4, ɋ5, ɋ6 – ɤɨɧɰɵ ɮɚɡ ɨɛɦɨɬɨɤ 

 

Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɮɚɡ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ  

ɤ ɤɥɟɦɦɧɨɣ ɤɨɪɨɛɤɟ  

 

Ⱦɪɭɝɚɹ ɱɚɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɞɜɢɠɧɚ ɢ ɜɪɚɳɚɟɬɫɹ — ɪɨɬɨɪ. ȼ ɟɝɨ ɫɨɫɬɚɜɟ 

ɨɛɦɨɬɤɢ ɢ ɜɚɥ ɫ ɫɟɪɞɟɱɧɢɤɨɦ. ɋɬɚɥɶɧɵɟ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɥɢɫɬɵ ɨɛɵɱɧɨ 

ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɟɪɞɟɱɧɢɤɚ.  Ɉɧ ɢɦɟɟɬ ɮɨɪɦɭ ɰɢɥɢɧɞɪɚ. 

ȼ ɚɫɢɧɯɪɨɧɧɨɦ ɞɜɢɝɚɬɟɥɟ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɮɚɡɧɵɟ, ɬɚɤ ɢ 

ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɟ ɪɨɬɨɪɵ. 

Ɉɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɣ ɪɨɬɨɪ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 

3(ɚ). Ⱦɜɢɝɚɬɟɥɢ, ɢɦɟɸɳɢɟ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɣ ɪɨɬɨɪ, ɥɟɝɱɟ ɨɛɫɥɭɠɢɜɚɸɬɫɹ ɢ ɤɚɤ 

ɩɪɚɜɢɥɨ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ.  
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(ɚ) ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɣ ɪɨɬɨɪ (ɛ) ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɚɹ ɨɛɦɨɬɤɚ ɬɢɩɚ «ɛɟɥɢɱɶɟ ɤɨɥɟɫɨ»  

 

Ɋɢɫɭɧɨɤ 3 – Ɉɛɳɢɣ ɜɢɞ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɝɨ ɪɨɬɨɪɚ ɢ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ 

ɨɛɦɨɬɤɢ  

 

Ɉɛɵɱɧɨ ɫɞɟɥɚɧɧɵɟ ɢɡ ɦɟɞɢ ɫɬɟɪɠɧɢ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɩɚɡɚɯ 

ɫɟɪɞɟɱɧɢɤɚ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɛɦɨɬɤɢ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɝɨ ɪɨɬɨɪɚ. 

Ɉɧɢ ɨɱɟɧɶ ɤɨɪɨɬɤɨ ɡɚɦɵɤɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɬɨɪɰɚɦ. ɇɚ «ɛɟɥɢɱɶɟ ɤɨɥɟɫɨ» 

ɩɨɯɨɠɚ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɚɹ ɨɛɦɨɬɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 3ɛ, ɢɡ-ɡɚ ɱɟɝɨ ɢ 

ɩɨɥɭɱɢɥɚ ɬɚɤɨɟ ɜɬɨɪɨɟ ɧɚɡɜɚɧɢɟ. 

ɋɨɫɬɚɜɥɟɧɧɭɸ ɩɨ ɫɯɟɦɟ ɡɜɟɡɞɚ, ɬɪёɯɮɚɡɧɭɸ ɨɛɦɨɬɤɭ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɮɚɡɧɵɣ ɪɨɬɨɪ. Ʉɨɧɬɚɤɬɧɵɟ ɤɨɥɶɰɚ ɬɚɤ ɢɧɨɝɞɚ ɞɜɢɝɚɬɟɥɶ ɢɡ-ɡɚ ɤ ɬɪёɦ ɦɟɞɧɵɦ 

ɤɨɥɶɰɚɦ, ɤɨɬɨɪɵɟ ɭɤɪɟɩɥɹɸɬɫɹ ɧɚ ɜɚɥɭ ɪɨɬɨɪɚ ɢ ɢɡɨɥɢɪɭɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ ɨɬ 

ɫɟɪɞɟɱɧɢɤɚ ɪɨɬɨɪɚ, ɫɨɫɬɵɤɨɜɵɜɚɸɬɫɹ ɤɨɧɰɵ ɮɚɡɧɨɣ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ. 

ɑɟɪɟɡ ɢɡɨɥɹɰɢɨɧɧɵɟ ɩɪɨɤɥɚɞɤɢ ɰɟɩɤɨ ɧɚɧɢɡɵɜɚɸɬɫɹ ɬɪɢ ɤɨɥɶɰɚ ɧɚ ɜɚɥ 

ɪɨɬɨɪɚ. ɉɨɫɪɟɞɫɬɜɨɦ ɳёɬɨɤ, ɭɥɨɠɟɧɧɵɯ ɧɚ ɤɨɥɶɰɚ, ɨɛɦɨɬɤɚ ɪɨɬɨɪɚ 

ɩɪɢɫɨɟɞɢɧɟɧɚ ɤ ɤɥɟɦɦɧɨɣ ɤɨɪɨɛɤɟ. ɓёɬɤɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɪɚɫɩɨɥɨɠɟɧɵ ɜ 

ɳɟɬɤɨɞɟɪɠɚɬɟɥɹɯ, ɤɨɬɨɪɵɟ ɡɚɤɪɟɩɥɹɸɬɫɹ ɧɚ ɩɨɞɲɢɩɧɢɤɨɜɨɣ ɤɪɵɲɤɟ. 

Ⱦɨɛɚɜɨɱɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɮɨɪɦɟ ɬɪёɯɮɚɡɧɨɝɨ ɪɟɨɫɬɚɬɚ ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɤ 

ɜɵɜɨɞɚɦ ɨɛɦɨɬɤɢ. 
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(ɚ) ɮɚɡɧɵɣ ɪɨɬɨɪ (ɛ) ɚɫɢɧɯɪɨɧɧɚɹ ɦɚɲɢɧɚ ɫ ɮɚɡɧɵɦ ɪɨɬɨɪɨɦ ɜ ɪɚɡɪɟɡɟ: 1 – ɫɬɚɧɢɧɚ; 2 

– ɫɟɪɞɟɱɧɢɤ ɫɬɚɬɨɪɚ; 3 – ɫɟɪɞɟɱɧɢɤ ɪɨɬɨɪɚ; 4 – ɨɛɦɨɬɤɚ ɪɨɬɨɪɚ; 5 – ɤɨɧɬɚɤɬɧɵɟ ɤɨɥɶɰɚ; 6 – 

ɳёɬɤɢ; 7 – ɤɥɟɦɦɧɚɹ ɤɨɪɨɛɤɚ 

 

Ɋɢɫɭɧɨɤ 4 – Ɏɚɡɧɵɣ ɪɨɬɨɪɚ  

Ⱦɨɫɬɚɬɨɱɧɨ ɩɨɞɤɥɸɱɢɬɶ ɪɟɨɫɬɚɬ ɜ ɰɟɩɶ ɤ ɪɨɬɨɪɭ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɤɚɤ ɩɨ 

ɧɨɬɚɦ ɭɩɪɚɜɥɹɬɶ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. Ɍɚɤɠɟ ɟɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɤ 

ɰɟɩɢ ɩɨɡɜɨɥɹɟɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɭɫɥɨɜɢɹ ɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ, ɚ ɢɦɟɧɧɨ ɟɝɨ 

ɞɨɛɚɜɥɟɧɢɟ ɫɧɢɠɚɟɬ ɩɭɫɤɨɜɨɣ ɬɨɤ ɢ ɩɨɜɵɲɚɟɬ ɩɭɫɤɨɜɨɣ ɦɨɦɟɧɬ. 

 

1.2 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢя ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥя 

 

 ȼɪɚɳɚɸɳɟɟɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɝɥɚɜɧɨɟ, ɧɚ ɱёɦ ɫɬɪɨɢɬɫɹ ɪɚɛɨɬɚ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ȼ ɮɚɡɚɯ ɨɛɦɨɬɤɢ ɧɚɱɢɧɚɸɬ ɩɨɹɜɥɹɬɶɫɹ ɬɨɤɢ, ɤɨɝɞɚ ɧɚ 

ɨɛɦɨɬɤɭ ɫɬɚɬɨɪɚ ɩɨɞɚёɬɫɹ ɬɪёɯɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 

 

                                                .                                                                              (1) 
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A, B, C – ɧɚɱɚɥɚ ɮɚɡ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ; X, Y, Z – ɤɨɧɰɵ ɮɚɡ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

 

Ɋɢɫɭɧɨɤ 5 – Ɍɪɟɯɮɚɡɧɚɹ ɫɢɫɬɟɦɚ ɬɨɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɝɪɚɮɢɱɟɫɤɢ  

 

ɉɟɪɟɦɟɧɧɨɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɩɨɹɜɥɹɟɬɫɹ ɜ ɤɚɠɞɨɣ ɮɚɡɟ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ 

ɩɨ ɧɢɦ ɬɨɤɚ. Ɉɧɢ ɫɨɡɞɚɸɬ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɪɢ ɫɥɨɠɟɧɢɢ. Ⱦɥɹ 

ɪɚɡɧɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɤɚɡɚɬɶ, ɤɚɤ ɧɟɩɪɟɪɵɜɧɨ ɦɟɧɹɟɬɫɹ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ.  Ɉɬ ɧɚɱɚɥɚ ɤ ɤɨɧɰɭ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

ɩɪɢɧɹɬɨ ɨɛɨɡɧɚɱɚɬɶ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɬɨɤɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 5 ɫɬɪɟɥɤɚ ɭɤɚɡɵɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɨɫɢ ɩɨɥɸɫɨɜ ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɨɤɨɜ ɩɪɨɢɫɯɨɞɢɬ ɪɚɜɧɨɦɟɪɧɨɟ 

ɜɪɚɳɟɧɢɟ ɜɫɟɝɨ ɫɩɟɤɬɪɚ ɫɢɥɨɜɵɯ ɥɢɧɢɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɚ ɤɨɧɮɢɝɭɪɚɰɢɹ 

ɫɢɥɨɜɵɯ ɥɢɧɢɣ ɩɪɢ ɷɬɨɦ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. Ɍɚɤɨɟ ɩɨɥɟ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ 
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ɜɪɚɳɚɸɳɢɦɫɹ. ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

          ,                                                                                                         (2) 

 

ɝɞɟ f1 – ɱɚɫɬɨɬɚ ɬɨɤɚ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ (ɱɚɫɬɨɬɚ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ); 

       p – ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ. 

ɑɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɨɫɧɨɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɤɚɬɭɲɟɤ ɜ ɤɚɠɞɨɣ ɮɚɡɟ ɢ ɫɩɨɫɨɛɨɦ ɫɨɟɞɢɧɟɧɢɹ ɷɬɢɯ 

ɤɚɬɭɲɟɤ ɦɟɠɞɭ ɫɨɛɨɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 6. 

 

 

Ɋɢɫɭɧɨɤ 6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɱɢɫɥɚ ɩɚɪ ɩɨɥɸɫɨɜ ɨɬ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ 

ɤɚɬɭɲɟɤ ɜ ɤɚɠɞɨɣ ɮɚɡɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

 

ɉɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɞɜɭɯ ɤɚɬɭɲɟɤ ɤɚɠɞɨɣ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɪ = 2; ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɢ ɱɚɫɬɨɬɟ 

ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ f1 = 50 Ƚɰ; 1500 ɨɛ/ɦɢɧ. ɉɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ 

ɞɜɭɯ ɤɚɬɭɲɟɤ ɤɚɠɞɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɪ = 1; n1= 3000 

ɨɛ/ɦɢɧ. 

ȿɫɥɢ ɞɜɟ ɮɚɡɵ ɩɨɞɜɨɞɢɦɨɝɨ ɤ ɫɬɚɬɨɪɭ ɧɚɩɪɹɠɟɧɢɹ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ, ɬ.ɟ. 

ɢɡɦɟɧɢɬɶ ɩɨɪɹɞɨɤ ɱɟɪɟɞɨɜɚɧɢɹ ɬɨɤɨɜ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɧɚ ɨɛɪɚɬɧɵɣ, 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɛɭɞɟɬ ɜɪɚɳɚɬɶɫɹ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɞɜɢɝɚɬɟɥɹ ɜ ɬɪɟɯɮɚɡɧɭɸ ɫɟɬɶ ɜ ɫɬɚɬɨɪɟ ɨɛɪɚɡɭɟɬɫɹ 

ɜɪɚɳɚɸɳɟɟɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɫɢɥɨɜɵɟ ɥɢɧɢɢ ɤɨɬɨɪɨɝɨ ɩɟɪɟɫɟɤɚɸɬ ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜ 
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ɤɚɠɞɨɣ ɮɚɡɟ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ ɧɚɜɨɞɹɬɫɹ ɗȾɋ: 

                   ,                                                                               (3) 

                   ,                                                                              (4) 

 

ɝɞɟ w1 ɢ w2 – ɱɢɫɥɨ ɜɢɬɤɨɜ ɜ ɮɚɡɚɯ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ;  

      k1 ɢ k2 – ɨɛɦɨɬɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ, ɭɤɚɡɵɜɚɸɳɢɟ ɫɬɟɩɟɧɶ                 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ Ф ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ. 

Ɍɚɤ ɤɚɤ ɰɟɩɶ ɪɨɬɨɪɚ ɡɚɦɤɧɭɬɚ, ɬɨ ɜ ɨɛɦɨɬɤɟ ɪɨɬɨɪɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɗȾɋ Е2 

ɩɪɨɬɟɤɚɟɬ ɬɨɤ I2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɨɤɚ ɪɨɬɨɪɚ ɫ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɦɚɲɢɧɵ 

ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜɪɚɳɚɸɳɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ 

               ,                                                                                     (5) 

 

ɝɞɟ C – ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɞɜɢɝɚɬɟɥɹ; 

            – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɰɟɩɢ ɪɨɬɨɪɚ; 

               – ɚɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɪɨɬɨɪɚ.  

Ɋɨɬɨɪ ɜɪɚɳɚɟɬɫɹ ɜ ɬɨɦ ɠɟ ɧɚɩɪɚɜɥɟɧɢɢ, ɱɬɨ ɢ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɫɬɚɬɨɪɚ. 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɚɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ, ɪɚɛɨɬɚɸɳɟɣ ɜ ɪɟɠɢɦɟ 

ɞɜɢɝɚɬɟɥɹ, ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɬɚɬɨɪɚ, ɬɚɤ ɤɚɤ 

ɬɨɥɶɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɢɡɦɟɧɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, 

ɩɟɪɟɫɟɤɚɸɳɟɝɨ ɨɛɦɨɬɤɭ ɪɨɬɨɪɚ. 

Ɇɟɪɨɣ ɨɬɫɬɚɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɩ2 ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ n1 ɹɜɥɹɟɬɫɹ ɫɤɨɥɶɠɟɧɢɟ 

           .                                                                                                        (6) 

 

ɉɪɢ ɧɟɩɨɞɜɢɠɧɨɦ ɪɨɬɨɪɟ (n2 = 0) S = 1. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɦɨɦɟɧɬ ɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ S=1. 

ȿɫɥɢ ɪɨɬɨɪ ɞɜɢɝɚɬɟɥɹ ɜɪɚɳɚɟɬɫɹ ɫ ɬɚɤɨɣ ɠɟ ɱɚɫɬɨɬɨɣ, ɱɬɨ ɢ ɦɚɝɧɢɬɧɨɟ 

ɩɨɥɟ ɫɬɚɬɨɪɚ (n2= n1), ɬɨ S=0. Ɍɚɤɨɣ ɪɟɠɢɦ ɧɚɡɵɜɚɟɬɫɹ ɪɟɠɢɦɨɦ ɢɞɟɚɥɶɧɨɝɨ 

ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ. 

ɇɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɩ2ɧ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɪɚɫɱɟɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɧɚɝɪɭɡɤɢ, ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ, ɭɤɚɡɵɜɚɟɬɫɹ 

ɡɚɜɨɞɨɦ–ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɧɚ ɤɨɪɩɭɫɟ ɞɜɢɝɚɬɟɥɹ. 

Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɜ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ SH = 0,02 – 0,08. 

Ɉɬ ɜɟɥɢɱɢɧɵ ɫɤɨɥɶɠɟɧɢɹ ɡɚɜɢɫɢɬ ɱɚɫɬɨɬɚ ɬɨɤɚ ɜ ɨɛɦɨɬɤɟ ɪɨɬɨɪɚ 

        ,                                                                                                         (7) 

 

ɚ ɬɚɤɠɟ ɗȾɋ Е2, ɧɚɜɨɞɢɦɚɹ ɜ ɤɚɠɞɨɣ ɮɚɡɟ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ,  

         ,                                                                                                     (8) 

 

ɝɞɟ Е2ɤ – ɗȾɋ ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ ɪɨɬɨɪɟ (ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɨɦ ɞɜɢɝɚɬɟɥɹ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɗȾɋ, ɧɚɜɨɞɢɦɚɹ ɜ ɨɛɦɨɬɤɟ ɪɨɬɨɪɚ ɜɪɚɳɚɸɳɢɦɫɹ 

ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ ɫɤɨɥɶɠɟɧɢɹ. 

 

ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1. Ɋɚɫɫɦɨɬɪɟɧɵ ɭɫɬɪɨɣɫɬɜɨ ɢ ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ɉɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɱɚɫɬɢ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɨɰɟɫɫɚ 

ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɟɝɨ ɦɨɞɟɥɟɣ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɚɫɢɧɯɪɨɧɧɨɦ ɞɜɢɝɚɬɟɥɟ. ɂɡɭɱɟɧɵ ɮɢɡɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ, ɤɚɤ ɨɛɪɚɡɭɟɬɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɢ ɩɪɨɯɨɞɹɬ ɬɨɤɢ. Ȼɵɥ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ 

ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɬɟɦɟ ɭɫɬɪɨɣɫɬɜɚ ɢ ɩɪɢɧɰɢɩɨɜ ɪɚɛɨɬɵ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. ȼɵɹɜɥɟɧ ɪɹɞ ɩɪɨɛɥɟɦ, ɤɚɫɚɸɳɢɯɫɹ ɩɪɢɟɦɥɟɦɵɯ ɢ 

ɧɟɩɪɢɟɦɥɟɦɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. ɂɡɭɱɟɧɚ ɫɬɚɬɢɫɬɤɚ ɧɚɪɚɛɨɬɤɢ ɧɚ ɨɬɤɚɡ ɢ 

ɩɪɢɱɢɧɵ ɨɬɤɚɡɨɜ ɞɜɢɝɚɬɟɥɟɣ. ɍɱɬɟɧɵ ɫɜɨɣɫɬɜɚ ɢ ɩɚɪɚɦɟɬɪɵ ɚɫɢɧɯɪɨɧɧɨɝɨ 
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ɞɜɢɝɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ. Ɉɩɪɟɞɟɥɟɧɵ ɡɚɞɚɱɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ.   
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2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ ȺȾ 
 

2.1 ɋɯɟɦɚ ɡɚɦɟɳɟɧɢя ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥя 

 

ɑɚɳɟ ɜɫɟɝɨ ɞɜɢɝɚɬɟɥɢ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɬɚɤ, ɱɬɨ ɩɨɬɟɪɹɦɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɤɬɢɜɧɵɦɢ ɩɨɬɟɪɹɦɢ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ, ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. ȼ 

ɬɚɤɨɦ ɫɥɭɱɚɟ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɞɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ 

ɞɜɢɝɚɬɟɥɟ, ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ Ɍ – ɨɛɪɚɡɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ, 

ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 7: 

 

 

Ɋɢɫɭɧɨɤ 7 – Ɍ – ɨɛɪɚɡɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 

 

ɇɚ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ:     S – ɨɛɨɛɳɟɧɧɵɣ ɜɟɤɬɨɪ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ;   S – ɨɛɨɛɳɟɧɧɵɣ ɜɟɤɬɨɪ ɬɨɤɚ ɫɬɚɬɨɪɚ. 

ȼɟɤɬɨɪ ɬɨɤɚ ɫɬɚɬɨɪɚ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɟ ɫɨɫɬɚɜɥɹɸɳɢɟ:   m – ɨɛɨɛɳɟɧɧɵɣ ɜɟɤɬɨɪ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ;   S – ɨɛɨɛɳɟɧɧɵɣ ɜɟɤɬɨɪ ɬɨɤɚ ɪɨɬɨɪɚ. 

ȼɟɥɢɱɢɧɵ ɢ ɫɨɨɬɧɨɲɟɧɢɹ ɬɨɤɨɜ ɩɪɢ ɡɚɞɚɧɧɨɦ ɜɯɨɞɧɨɦ ɧɚɩɪɹɠɟɧɢɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ. 

ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ: 

RS – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɜ ɫɬɚɬɨɪɧɵɯ 

ɨɛɦɨɬɤɚɯ ɢ ɪɚɜɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɮɚɡɧɨɣ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ; 
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    – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɭ ɱɚɫɬɶ ɩɨɬɨɤɚ 

ɫɬɚɬɨɪɚ, ɤɨɬɨɪɚɹ ɧɟ ɫɰɟɩɥɟɧɚ ɫ ɪɨɬɨɪɨɦ ɢ ɧɟ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɜ ɫɨɡɞɚɧɢɢ 

ɦɨɦɟɧɬɚ;    – ɝɥɚɜɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɭ ɱɚɫɬɶ ɩɨɬɨɤɚ, ɤɨɬɨɪɚɹ 

ɫɰɟɩɥɟɧɚ ɫɨ ɫɬɚɬɨɪɨɦ ɢ ɫ ɪɨɬɨɪɨɦ ɢ ɭɱɚɫɬɜɭɟɬ ɜ ɫɨɡɞɚɧɢɢ ɦɨɦɟɧɬɚ. ɇɚ 

ɥɢɧɟɣɧɨɦ ɭɱɚɫɬɤɟ ɤɪɢɜɨɣ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɝɥɚɜɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 

ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣ. 

ȼɟɥɢɱɢɧɚ ɝɥɚɜɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɧɚɫɵɳɟɧɢɢ 

ɦɚɝɧɢɬɨɩɪɨɜɨɞɚ ɞɜɢɝɚɬɟɥɹ.     – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɭ ɱɚɫɬɶ ɩɨɬɨɤɚ 

ɪɨɬɨɪɚ, ɤɨɬɨɪɚɹ ɧɟ ɫɰɟɩɥɟɧɚ ɫɨ ɫɬɚɬɨɪɨɦ ɢ ɧɟ ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɜ ɫɨɡɞɚɧɢɢ 

ɦɨɦɟɧɬɚ. 

ɉɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɚɤɬɢɜɧɵɟ ɩɨɬɟɪɢ ɜ ɪɨɬɨɪɟ ɨɩɪɟɞɟɥɹɸɬ 

ɩɨ ɮɨɪɦɭɥɟ 

     , (9) 

 

ɝɞɟ    – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ ɜ ɪɟɠɢɦɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (ɜɚɥ ɞɜɢɝɚɬɟɥɹ 

ɡɚɬɨɪɦɨɠɟɧ). 

ɋɤɨɥɶɠɟɧɢɟ S ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

           , (10) 

 

ɝɞɟ n1 – ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɩɨɥɹ; 

 n2 – ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. 
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2.2 ȼɟɤɬɨɪɧɚя ɞɢɚɝɪɚɦɦɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥя 

 

Ⱥɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɜɟɤɬɨɪɚɦɢ 

ɫɨɫɬɨɹɧɢɣ:     S – ɜɟɤɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ;   S – ɜɟɤɬɨɪ ɬɨɤɚ ɫɬɚɬɨɪɚ;   R – ɜɟɤɬɨɪ ɬɨɤɚ ɪɨɬɨɪɚ;   m – ɜɟɤɬɨɪ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ;     S – ɜɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ;     R – ɜɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ;     ɬ – ɜɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɜ ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ (ɩɨɬɨɤ 

ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ). 

ɇɚ ɪɢɫɭɧɤɟ 8 ɩɨɤɚɡɚɧɚ ɜɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɢɥɥɸɫɬɪɢɪɭɟɬ 

ɜɡɚɢɦɨɫɜɹɡɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɣ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 

Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜɫɟ 

ɜɟɤɬɨɪɵ ɜɪɚɳɚɸɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɟɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɤɪɭɝ ɨɫɢ ɜɪɚɳɟɧɢɹ 

ɪɨɬɨɪɚ. 

ȼ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ (ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɢ ɦɨɦɟɧɬɟ ɧɚ-

ɝɪɭɡɤɢ) ɚɦɩɥɢɬɭɞɵ, ɮɚɡɨɜɵɟ ɫɞɜɢɝɢ ɢ ɫɤɨɪɨɫɬɢ ɜɫɟɯ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɣ 

ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ. 

ȼ ɞɢɧɚɦɢɤɟ ɜɨ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɚɦɩɥɢɬɭɞɵ ɜɟɤɬɨɪɨɜ 

ɫɨɫɬɨɹɧɢɣ ɢ ɮɚɡɨɜɵɟ ɫɞɜɢɝɢ ɦɟɠɞɭ ɧɢɦɢ ɦɟɧɹɸɬɫɹ. 

 



21 
 

 

Ɋɢɫɭɧɨɤ 8 – ȼɡɚɢɦɨɫɜɹɡɶ ɜɟɤɬɨɪɨɜ ɫɨɫɬɨɹɧɢɣ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɩɪɢɜɟɞɟɧɧɭɸ ɜɵɲɟ ɜɟɤɬɨɪɧɭɸ ɞɢɚɝɪɚɦɦɭ: 

 Ɍɪɟɭɝɨɥьɧɢɤ ɬɨɤɨɜ: 

ȼɟɤɬɨɪ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɪɚɜɟɧ ɫɭɦɦɟ ɜɟɤɬɨɪɨɜ ɬɨɤɚ ɪɨɬɨɪɚ ɢ ɫɬɚɬɨɪɚ: 

   m =   S +   R. (11) 
 

 Ɍɪɟɭɝɨɥьɧɢɤ ɩɨɬɨɤɨɫцɟɩɥɟɧɢя ɫɬɚɬɨɪɚ: 

ȼɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɪɚɜɟɧ ɫɭɦɦɟ ɜɟɤɬɨɪɚ ɩɨɬɨɤɚ 

ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɢ ɩɨɬɨɤɚ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ: 

     S =     m +     σS. (12) 

 

ɉɨɬɨɤ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ ɬɨɤɚ ɫɬɚɬɨɪɚ ɧɚ 

ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ (LσS): 

     σS = LσS  S. (13) 

 

 Ɍɪɟɭɝɨɥьɧɢɤ ɩɨɬɨɤɨɫцɟɩɥɟɧɢя ɪɨɬɨɪɚ: 
ȼɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɪɚɜɟɧ ɫɭɦɦɟ ɜɟɤɬɨɪɚ ɩɨɬɨɤɚ 

ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɢ ɩɨɬɨɤɚ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ: 
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    R =    m +    σR. (14) 

 

ɉɨɬɨɤ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ ɬɨɤɚ ɪɨɬɨɪɚ ɧɚ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ (LσR): 

     σR = LσRIR. (15) 

 

 ɋɜяɡь ɦɟɠɞɭ ɬɪɟɭɝɨɥьɧɢɤɨɦ ɬɨɤɨɜ ɢ ɬɪɟɭɝɨɥьɧɢɤɚɦɢ ɩɨɬɨɤɨɜ: 
ɉɨɬɨɤ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɧɚ 

ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ (Lm): 

     m = Lm  m. (16) 

 

ɋ ɩɨɦɨɳɶɸ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 
ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɬɨɤɢ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ: 

 

                                                                       , (17) 

           , (18) 

           , (19) 

ɝɞɟ     – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ;  
    – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɨɬɨɪɚ. 
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2.3 ɍɪɚɜɧɟɧɢя ɪɚɜɧɨɜɟɫɢя ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ 

 

ɋɬɚɬɨɪ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢɦɟɟɬ ɬɭ ɠɟ ɤɨɧɫɬɪɭɤɰɢɸ, ɱɬɨ ɢ ɫɬɚɬɨɪ 

ɋȾɉɆ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɟɝɨ ɫɬɚɬɨɪɧɨɣ ɨɛɦɨɬɤɢ 

ɢɞɟɧɬɢɱɧɨ ɭɪɚɜɧɟɧɢɸ ɞɥɹ ɋȾɉɆ: 

                        , (20) 

 

ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ (20) ɨɩɢɫɵɜɚɟɬ ɫɬɚɬɨɪ ɞɜɢɝɚɬɟɥɹ ɧɟ 

ɚɛɫɨɥɸɬɧɨ ɬɨɱɧɨ. Ɉɧɨ ɜɟɪɧɨ ɬɨɥɶɤɨ ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɜ ɤɨɬɨɪɨɦ 

ɦɚɝɧɢɬɨɞɜɢɠɭɳɢɟ ɫɢɥɵ ɢɞɟɚɥɶɧɨ ɫɢɧɭɫɨɢɞɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜ ɜɨɡɞɭɲɧɨɦ 

ɡɚɡɨɪɟ ɦɟɠɞɭ ɫɬɚɬɨɪɨɦ ɢ ɪɨɬɨɪɨɦ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɨɧɨ ɧɢɤɚɤ ɧɟ ɭɱɢɬɵɜɚɟɬ 

ɩɨɬɟɪɶ ɧɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɟ ɞɜɢɝɚɬɟɥɹ. ɇɨ, ɟɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɧɟɢɞɟɚɥɶɧɨɫɬɹɦɢ 

ɞɜɢɝɚɬɟɥɹ ɢ ɩɨɬɟɪɹɦɢ ɧɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɤɬɢɜɧɵɦɢ ɩɨɬɟɪɹɦɢ, 

ɬɨ ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜɟɪɧɵɦ. 

ȼ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ αȕ, ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɬɚɬɨɪɨɦ, ɟɝɨ ɦɨɠɧɨ 

ɩɟɪɟɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 

                                     , (21) 

 

ȿɫɥɢ ɪɨɬɨɪ ɞɜɢɝɚɬɟɥɹ ɢɦɟɟɬ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɭɸ ɨɛɦɨɬɤɭ, ɬɨ ɧɚɩɪɹɠɟɧɢɟ 

ɧɚ ɧɟɣ ɪɚɜɧɨ 0 ɢ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɪɨɬɨɪɚ ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ Ȗδ, ɫɜɹɡɚɧɧɨɣ ɫ ɪɨɬɨɪɨɦ, ɜɵɝɥɹɞɹɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

                                , (22) 
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ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ȺȾ ɫɬɪɨɹɬɫɹ ɜɨ 

ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ dq, ɨɫɶ d ɤɨɬɨɪɨɣ ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɩɨ ɩɨɬɨɤɭ 

ɪɨɬɨɪɚ. 

Ⱦɥɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɧɨ ɫɥɟɞɭɸɳɟɟ: 

 ɨɧɚ ɜɪɚɳɚɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨ ɫɤɨɪɨɫɬɶɸ ɩɨɥɹ Ȧɟ  

 ɩɪɨɟɤɰɢɹ ɩɨɬɨɤɚ ɪɨɬɨɪɚ ɧɚ ɨɫɶ q ɪɚɜɧɹɟɬɫɹ ɧɭɥɸ (ȥRq = 0). 

 ɫɤɨɪɨɫɬɶ ɩɨɥɹ (Ȧɟ) ɢ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ (ȦR) ɫɜɹɡɚɧɵ ɫɥɟɞɭɸɳɢɦ 

ɫɨɨɬɧɨɲɟɧɢɟɦ: 

 

Δω = ωɟ – ZpωR, (23) 

 

ɝɞɟ: ΔȦ – ɫɤɨɪɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ (ɫɤɨɪɨɫɬɶ ɩɨɥɹ ɪɨɬɨɪɚ) 

Zp – ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɞɜɢɝɚɬɟɥɹ. 

ɍɱɢɬɵɜɚɹ ɷɬɢ ɫɜɨɣɫɬɜɚ, ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɫɬɚɬɨɪɚ 

ɢ ɪɨɬɨɪɚ ɜ ɫɢɫɬɟɦɟ dq: 

 

                                                  ,                                                                    (24) 

                                .                                                                                  (25) 

 

 

 

 

 

 



25 
 

2.4 Ɇɨɦɟɧɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥя 

 

Ɇɨɦɟɧɬ ȺȾ ɫɨɡɞɚɟɬɫɹ ɫɢɥɨɣ Ʌɨɪɟɧɰɚ. 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ȺȾ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɟɤɬɨɪɨɜ ɬɨɤɚ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ, ɬɨ cɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ 

ɮɨɪɦɭɥɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɨɦɟɧɬɚ ɜɵɝɥɹɞɢɬ 

                          .                                                                    (26) 

 

2.5 ɍɪɚɜɧɟɧɢя ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ 

 

Ɇɨɞɟɥɶ ȺȾ (ɛɟɡ ɭɱёɬɚ ɧɚɫɵɳɟɧɢɹ) ɛɭɞɟɦ ɫɬɪɨɢɬɶ ɜ ɫɢɫɬɟɦɟ dq, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɩɨɬɨɤɭ ɪɨɬɨɪɚ. 

ɂɡ ɬɪɟɬɶɟɝɨ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (17) ɜɵɪɚɡɢɦ ɬɨɤ ɪɨɬɨɪɚ: 

                                                  ,                                          (27) 

 

 Ɂɚɩɢɲɟɦ ɫɨɨɬɧɨɲɟɧɢɟ (27) ɜ ɩɪɨɟɤɰɢɹɯ ɧɚ ɨɫɢ dq: 

 

                               ,                                                                                    (28) 

 

ɉɨɞɫɬɚɜɢɜ ɬɨɤ ɪɨɬɨɪɚ  ɢɡ ɭɪɚɜɧɟɧɢɹ (27) ɜɨ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ 

(17), ɩɨɥɭɱɢɦ:  

                                                                                                    ,                             (29) 
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ɝɞɟ         .                                                                                                             (30) 

 

ȼ ɩɪɨɟɤɰɢɹɯ ɧɚ ɨɫɢ ɫɢɫɬɟɦɵ dq ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɜɵɝɥɹɞɢɬ ɬɚɤ: 

                                           .                                                                (31) 

 

ɉɨɞɫɬɚɜɢɜ ɜ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɫɬɚɬɨɪɚ (24) ɡɧɚɱɟɧɢɹ ɩɪɨɟɤɰɢɣ ɩɨɬɨɤɚ 

ɫɬɚɬɨɪɚ ɢɡ ɫɢɫɬɟɦɵ (31), ɩɨɥɭɱɢɦ ɫɨɨɬɧɨɲɟɧɢɟ (32): 

 

                                                                                                       . (32) 

 

ɂɥɢ ɡɚɩɢɫɚɜ ɩɨ–ɞɪɭɝɨɦɭ (33): 

 

                                                                                 .                                (33) 

 

ɋɢɫɬɟɦɚ (33) ɨɩɢɫɵɜɚɟɬ ɫɜɹɡɶ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɫɬɚɬɨɪɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɫɤɨɪɨɫɬɹɯ ɩɨɥɹ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹɯ ɪɨɬɨɪɚ. ȿɟ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɦɨɞɟɥɶɸ ɫɬɚɬɨɪɚ. 

Ɂɚɣɦɟɦɫɹ ɬɟɩɟɪɶ ɦɨɞɟɥɶɸ ɪɨɬɨɪɚ. 

Ɂɚɩɢɲɟɦ ɫɨɜɦɟɫɬɧɨ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (25) ɢ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ 

ɫɢɫɬɟɦɵ (28): 

 

                                .                                                                                    (34) 
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ȼɵɪɚɡɢɜ p   ɱɟɪɟɡ    ɢ ISd ɢɡ ɷɬɢɯ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɢɦ: 

                    .                                                                                (35) 

 

Ⱦɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ, ɨɩɢɫɵɜɚɸɳɟɟ ɩɨɜɟɞɟɧɢɟ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɤɚ ɫɬɚɬɨɪɚ, ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɦɨɞɟɥɶɸ ɪɨɬɨɪɚ. 

ɂɬɚɤ, ɜ ɫɢɫɬɟɦɟ (33) ɭ ɧɚɫ ɨɫɬɚɥɫɹ ɨɞɢɧ ɧɟɨɩɢɫɚɧɧɵɣ ɩɚɪɚɦɟɬɪ – ɫɤɨɪɨɫɬɶ 

ɩɨɥɹ. 

ɋɧɚɱɚɥɚ ɨɩɪɟɞɟɥɢɦ ɫɤɨɥɶɠɟɧɢɟ, ɪɟɲɢɜ ɫɨɜɦɟɫɬɧɨ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ 

ɫɢɫɬɟɦɵ (25) ɢ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (28): 

                                                                    .               (36) 

 

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ   , ɫɤɨɪɨɫɬɶ ɩɨɥɹ ɦɨɠɧɨ 

ɩɨɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ (37): 

                              .                                                      (37) 

 

Ɍɟɩɟɪɶ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ȺȾ ɧɟ 

ɯɜɚɬɚɟɬ ɬɨɥɶɤɨ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɜ ɫɢɫɬɟɦɟ dq. 

ɉɨɞɫɬɚɜɢɜ ɜ ɭɪɚɜɧɟɧɢɟ (26) ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɬɨɤɨɫ-

ɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɢɡ ɫɢɫɬɟɦɵ (31), ɩɨɥɭɱɢɦ: 

                  .                                                                                     (38) 

 

ɇɚɤɨɧɟɰ ɫɜɟɞɟɦ ɜ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ (39) ɭɪɚɜɧɟɧɢɹ (33) – (38) ɢ ɩɨɥɭɱɢɦ 

ɨɩɢɫɚɧɢɟ ɢɫɤɨɦɨɣ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ȺȾ 
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 .                                (39) 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9. 

 

 

Ɋɢɫɭɧɨɤ 9 – Ɇɨɞɟɥɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ȺȾ 

 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɨɪɦɭɥɚɦɢ (39) ɫɬɪɭɤɬɭɪɚ ɞɨɩɨɥɧɟɧɚ ɜɵɱɢɫɥɢɬɟɥɟɦ ɭɝɥɚ 

ɩɨɬɨɤɚ ɪɨɬɨɪɚ (θɟ), ɤɨɬɨɪɵɣ ɩɨɥɭɱɚɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɫɤɨɪɨɫɬɢ ɩɨɥɹ (Ȧɟ). 

ȼɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɫɤɨɪɨɫɬɶ, ɚ ɜɵ-

ɯɨɞɧɵɦɢ – ɬɨɤɢ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɢ ɭɝɨɥ ɪɨɬɨɪɚ. 
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2.6 Ɇɨɞɟɥɶ ȺȾ ɜ SimInTech 

 

Ɇɨɞɟɥɶ ȺȾ ɜ SimInTech (ɪɢɫɭɧɨɤ 10) ɫɨɞɟɪɠɢɬ ɫɬɪɭɤɬɭɪɭ, ɢɡɨɛɪɚɠɟɧɧɭɸ 

ɧɚ ɪɢɫɭɧɤɟ 3, ɞɨɩɨɥɧɟɧɧɭɸ ɫɥɟɞɭɸɳɢɦɢ ɭɡɥɚɦɢ: 

 ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɵɜɚɸɳɢɦɢ ɜɟɥɢɱɢɧɵ ɬɨɤɨɜ ɢ 

ɧɚɩɪɹɠɟɧɢɣ ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ dq ɫ ɬɪɟɯɮɚɡɧɨɣ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɨɣ 

ɤɨɨɪɞɢɧɚɬ ABC  

 ɛɥɨɤɚɦɢ ɭɩɪɚɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ ɢ ɢɡɦɟɪɢɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɢɦɢ ɫɬɵɤɨɜɤɭ ɦɨɞɟɥɢ ɫ ɛɢɛɥɢɨɬɟɤɨɣ «ɗɐ – Ⱦɢɧɚɦɢɤɚ». 

ɋɢɝɧɚɥ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɞɜɢɝɚɬɟɥɹ ɜ ɪɟɚɥɶɧɨɫɬɢ ɩɪɢɤɥɚ-

ɞɵɜɚɟɬɫɹ ɤ ɧɟɤɨɬɨɪɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɦɨɦɟɧɬɚɦɢ 

ɢɧɟɪɰɢɢ ɢ ɧɚɝɪɭɡɤɢ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ, ɬɚɤ ɠɟ, ɤɚɤ ɢ ɞɥɹ ɦɨɞɟɥɢ ɋȾɉɆ, ɜɵɯɨɞ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɦɨɞɟɥɢ ȺȾ ɞɨɥɠɟɧ ɩɨɞɚɜɚɬɶɫɹ ɧɚ ɦɨɞɟɥɶ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɜɵɩɨɥɧɟɧɧɨɣ ɧɚ ɷɥɟɦɟɧɬɚɯ ɛɢɛɥɢɨɬɟɤɢ «Ɇɟɯɚɧɢɤɚ». 

Ɍɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɞɪɭɝɢɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɦɨɞɟɥɹɯ, ɦɨɞɟɥɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɩɪɟɨɛɪɚɡɭɟɬ ɫɢɝɧɚɥ ɦɨɦɟɧɬɚ ɜ ɫɤɨɪɨɫɬɶ, ɤɨɬɨɪɚɹ ɡɚɬɟɦ ɩɨɞɚɟɬɫɹ ɧɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɯɨɞ ɦɨɞɟɥɢ ɞɜɢɝɚɬɟɥɹ. 

 

 

Ɋɢɫɭɧɨɤ 10 – Ɇɨɞɟɥɶ ȺȾ ɜ SimInTech 
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ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɫɨɡɞɚɧɢɹ 

ɚɥɝɨɪɢɬɦɨɜ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ. Ɋɚɫɫɦɨɬɪɟɧɵ 

ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ. Ȼɵɥɢ ɢɡɭɱɟɧɵ ɦɚɬɟɪɢɚɥɵ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ ɜ ɜɢɞɟ ɩɚɬɟɧɬɨɜ, ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ ɢ ɤɧɢɝ. Ɉɩɪɟɞɟɥɟɧɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɚɹ ɤ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɫɨɜɪɟɦɟɧɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɢɫɩɵɬɚɧɢɣ ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. ɂɫɫɥɟɞɨɜɚɧɵ ɢ 

ɭɱɬɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɢ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɚɫɢɧɯɪɨɧɧɵɯ 

ɞɜɢɝɚɬɟɥɹɯ ɞɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɢɫɩɵɬɚɧɢɣ. 



31 
 

3 Ⱥɧɚɥɢɡ ɫɪɟɞɵ ɞɥя ɞɢɧɚɦɢɱɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя SimInTech 

 

3.1 ɉɪɟɢɦɭɳɟɫɬɜɚ ɫɪɟɞɵ ɞɥя ɞɢɧɚɦɢɱɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя SimInTech 
 

Ⱦɥɹ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɨɛɴɟɤɬɨɜ ɢɫɩɵɬɚɧɢɣ ɛɵɥɚ ɜɵɛɪɚɧɚ – SimInTech (Simulation In Technic). 

ȼ SimInTech ɜɨɡɦɨɠɧɨ ɫɨɡɞɚɧɢɟ ɤɚɤ ɟɞɢɧɢɱɧɵɯ ɦɨɞɟɥɟɣ, ɩɨɞɪɨɛɧɨ 

ɨɩɢɫɵɜɚɸɳɢɯ ɩɨɜɟɞɟɧɢɟ ɤɚɤɨɝɨ–ɥɢɛɨ ɨɛɴɟɤɬɚ, ɬɚɤ ɢ ɫɥɨɠɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ 

ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɨɞɪɨɛɧɨ ɨɩɢɫɵɜɚɸɬ ɧɟ ɬɨɥɶɤɨ ɫɚɦ ɨɛɴɟɤɬ, ɧɨ ɢ ɚɥɝɨɪɢɬɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɢɧɬɟɪɮɟɣɫ ɭɩɪɚɜɥɟɧɢɹ. 

Ȼɚɡɚ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɫɪɟɞɵ SimInTech ɹɜɥɹɟɬɫɹ ɨɛɴɟɤɬɧɨɣ ɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɞɨɛɧɨɟ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 

 ɯɪɚɧɟɧɢɟ ɩɟɪɟɦɟɧɧɵɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɧɟɫɤɨɥɶɤɢɯ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦɚɯ 

ɤɨɦɩɥɟɤɫɧɨɣ ɦɨɞɟɥɢ; 

 ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɟɤɬɨɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɞɥɹ ɬɢɩɨɜɵɯ 

ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ;  

 ɨɛɴɟɤɬɧɨ–ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɨɞɟɥɢ ɬɟɯɧɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ; 

 ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɫɨɡɞɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɩɟɪɟɦɟɧɧɵɯ ɜ ɤɨɦɩɥɟɤɫɧɵɯ 

ɦɨɞɟɥɹɯ. 

Ʉɨɧɰɟɩɰɢɹ ɩɪɢɦɟɧɟɧɢɹ ɛɚɡɵ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɥɨɠɧɵɯ 

ɤɨɦɩɥɟɤɫɧɵɯ ɦɨɞɟɥɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11. 
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Ɋɢɫɭɧɨɤ 11 – Ʉɨɧɰɟɩɰɢɹ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɣ ɦɨɞɟɥɢ ɜ ɫɪɟɞɟ SimInTech 

 

ɉɪɢ ɫɨɡɞɚɧɢɢ ɦɨɞɟɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɚɡɵ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɜɨɡɦɨɠɧɨ 

ɞɟɥɟɧɢɟ ɫɥɨɠɧɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɦɨɞɟɥɢ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɨɥɟɟ 

ɩɪɨɫɬɵɯ ɦɨɞɟɥɟɣ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɷɬɨ ɛɭɞɟɬ ɧɟɨɛɯɨɞɢɦɨ, ɚ ɡɚɬɟɦ ɨɬɥɚɞɤɚ 

ɤɚɠɞɨɣ ɦɨɞɟɥɢ ɫɧɚɱɚɥɚ ɚɜɬɨɧɨɦɧɨ, ɚ ɡɚɬɟɦ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɥɟɤɫɧɨɣ ɦɨɞɟɥɢ. 

ɉɪɢ ɩɨɦɨɳɢ ɛɚɡɵ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ, ɛɥɨɤɨɜ ɩɪɨɬɨɤɨɥɨɜ ɨɛɦɟɧɚ ɢ 

ɭɫɬɪɨɣɫɬɜ ɬɚɤɠɟ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɩɨɞɤɥɸɱɟɧɢɟ ɪɟɚɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢ 

ɨɬɥɚɞɤɢ. 

ȼ ɫɪɟɞɟ SimInTech, ɢɫɩɨɥɶɡɭɹ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɜɨɡɦɨɠɧɨ 

ɩɨɥɭɱɚɬɶ ɫɥɟɞɭɸɳɢɟ ɢɡɦɟɪɟɧɢɹ ɢ ɫɜɨɣɫɬɜɚ: 

 ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ; 

 ɭɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɪɨɬɨɪɚ; 

 ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɭɝɨɥ ɩɨɥɹ; 

 ɬɨɤ ɫɬɚɬɨɪɚ ɩɨ ɨɫɢ ɜ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɩɨɬɨɤɭ ɪɨɬɨɪɚ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ; 

 ɫɤɨɪɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ ɩɨɥɹ; 

 ɬɨɤɢ ɮɚɡ; 
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 ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ; 

 ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ; 

 ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ; 

 ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ; 

 ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ; 

 ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɞɜɢɝɚɬɟɥɹ[36].  

ȼ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɭɹ ɷɬɚɥɨɧɧɭɸ ɦɨɞɟɥɶ ɜ ɫɪɟɞɟ SimInTech ɜɨɡɦɨɠɧɨ 

ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ, ɞɥɹ ɨɰɟɧɤɢ ɧɨɜɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɗȾ, ɞɥɹ 

ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦ ɡɚɳɢɬɵ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ. 

ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢɡ ɢɦɟɸɳɢɯɫɹ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɫɪɟɞ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɛɪɚɧ SimInTech. ɂɡɭɱɟɧɵ ɢ 

ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɞɨɫɬɚɬɤɢ ɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɚɤɢɯ ɚɧɚɥɨɝɨɜ, ɤɚɤ MATLAB, 

Simulink ɢ ɩɪɨɱɢɯ ɫɪɟɞɫɬɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ. ɋɪɟɞɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ SimInTech ɩɪɟɞɨɫɬɚɜɢɥɚ ɧɟɨɝɪɚɧɢɱɟɧɧɵɣ 

ɧɚɛɨɪ ɮɭɧɤɰɢɣ ɢ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɚɧɚɥɨɝɚɦɢ, ɚ ɬɚɤɠɟ 

ɨɛɥɚɞɚɟɬ ɪɭɫɫɤɨɹɡɵɱɧɵɦ ɢ ɛɨɥɟɟ ɩɨɧɹɬɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ, ɩɨɷɬɨɦɭ ɛɵɥɚ 

ɜɵɛɪɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. ȼ 

ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɨɦɢɦɨ ɨɩɢɫɚɧɢɹ SimInTech ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɢ 

ɮɭɧɤɰɢɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ɍɚɤɠɟ ɛɵɥɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɚɪɚɦɟɬɪɵ ɢ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, 

ɢɫɩɨɥɶɡɭɹ ɫɪɟɞɭ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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4 ɋɨɡɞɚɧɢɟ ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ȺȾ 

 

4.1 ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɦɟɧɟɧɢя ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɜɟɤɬɨɪɧɨɣ ɦɚɬɪɢɰɵ 

 
ɇɚ ɛɚɡɟ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ, ɝɞɟ ɭɱɬɟɧɨ 

ɜɹɡɤɨɟ ɬɪɟɧɢɟ, ɢɫɫɥɟɞɨɜɚɧɚ ɷɬɚɥɨɧɧɚɹ ɦɨɞɟɥɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɟɤɬɨɪɧɨɣ 

ɦɚɬɪɢɰɵ. Ⱦɥɹ ɜɵɛɨɪɚ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɨɩɪɟɞɟɥɟɧɵ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 

ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ȾɉɌ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɹɤɨɪɹ. Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɧɚɝɪɭɡɤɢ ɢ ɧɚɩɪɹɠɟɧɢɟ ɛɵɥɢ ɜɵɛɪɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɰɟɩɢ ɢ ɹɤɨɪɹ ɨɛɨɡɧɚɱɟɧɵ ɤɚɤ ɩɚɪɚɦɟɬɪɵ 

ɦɨɞɟɥɢ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɨɩɪɟɞɟɥёɧ ɞɥɹ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɭ ɩɪɢɜɨɞɚ 

ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. 

ɂɞɟɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɩɨɡɜɨɥɢɥɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ 

ɫɨɫɬɨɹɧɢɟ ɩɪɢɜɨɞɚ ɫ ɩɨɦɨɳɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɨɬɤɥɨɧɟɧɢɹ ɫ ɟɝɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɱёɬɤɭɸ ɥɨɝɢɤɭ ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɨɝɧɨɡɨɦ ɬɨɝɨ ɫɤɨɥɶɤɨ 

ɨɫɬɚɥɨɫɶ ɩɪɨɪɚɛɨɬɚɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ, ɬɨ ɞɟɮɟɤɬɵ ɞɨɥɠɧɵ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶɫɹ, ɤɨɝɞɚ ɩɨɜɵɲɚɟɬɫɹ ɫɢɝɧɚɥ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɟɜɹɡɤɢ.  

Ɉɬɦɟɱɚɟɬɫɹ ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 

ɭ ɨɛɦɨɬɤɢ ɹɤɨɪɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɟɫɥɢ ɭɜɟɥɢɱɢɬɶ ɞɟɮɟɤɬ ɦɟɠɜɢɬɤɨɜɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɨɛɦɨɬɤɢ ɹɤɨɪɹ ɞɜɢɝɚɬɟɥɹ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɧɟɜɹɡɤɢ ɩɨ 

ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɬɨɤɭ ɭ ɞɜɢɝɚɬɟɥɹ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɥɟɣ ɫ ɜɟɤɬɨɪɧɨɣ 

ɦɚɬɪɢɰɟɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ ɜ ɧɟɤɨɬɨɪɨɣ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɛɵɥ 

ɨɩɪɟɞɟɥёɧ ɞɥɹ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ. ɉɨɜɨɞɨɦ ɞɥɹ ɷɬɨɝɨ ɹɜɢɥɢɫɶ 

ɞɚɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ:  

 ɥɟɝɤɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ, ɬɚɤ ɤɚɤ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɚɝɥɹɞɧɨ;  

 ɨɛɨɡɧɚɱɟɧɢɹ ɜɜɨɞɹɬɫɹ ɜ ɭɞɨɛɧɨɣ ɮɨɪɦɟ; 

 ɮɨɪɦɚ ɜɟɤɬɨɪɧɨɣ ɦɚɬɪɢɰɵ ɩɨɡɜɨɥɹɟɬ ɤɨɦɩɚɤɬɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɡɚɩɢɫɢ.  
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ɉɪɢ ɜɹɡɤɨɦ ɬɪɟɧɢɢ, ɩɨɦɟɯɚɯ ɢ ɞɟɮɟɤɬɚɯ ɪɚɫɫɦɨɬɪɟɧɚ ɦɨɞɟɥɶ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɜɟɤɬɨɪɧɨɣ ɦɚɬɪɢɰɟɣ ɫ ɭɫɥɨɜɢɹɦɢ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ. 

ȿɫɥɢ ɫɪɚɜɧɢɬɶ, ɬɨ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɤɥɚɫɫ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 

ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɚɥɝɨɪɢɬɦɵ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɦɨɞɟɥɟɣ ɜ ɮɨɪɦɟ ɜɟɤɬɨɪɧɨɣ 

ɦɚɬɪɢɰɵ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɟɪɟɞ ɨɩɟɪɚɬɨɪɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

ɇɚɩɪɢɦɟɪ, ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɫɢɫɬɟɦɵ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, 

ɢɡɦɟɧɹɸɳɢɦɢɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɞɟɮɟɤɬɨɜ. 

Ʉɨɝɞɚ ɩɪɨɜɨɞɢɬɫɹ ɪɚɛɨɬɚ, ɬɨ ɢɡɦɟɧɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ, 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɟɝɭɥɢɪɨɜɤɚ ɫɤɨɪɨɫɬɢ ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɱɚɫɬɵɟ ɩɭɫɤɢ.  

ɂɡɦɟɧɟɧɢɟ ɦɨɦɟɧɬ ɩɪɢɜɨɞɚ, ɚ ɬɚɤɠɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɧɚ ɜɚɥɭ ɦɨɠɟɬ 

ɩɪɨɢɡɨɣɬɢ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɩɟɪɟɦɟɳɟɧɢɟɦ ɝɪɭɡɨɜ ɫ 

ɪɚɡɧɵɦ ɜɟɫɨɦ. ɉɨɫɪɟɞɫɬɜɨɦ ɪɟɞɭɤɬɨɪɚ ɩɪɨɢɡɨɣɞёɬ ɫɜɹɡɶ ɫ ɤɨɥёɫɚɦɢ ɩɪɢɜɨɞɚ. 

Ɉɞɧɚɤɨ ɜɨɡɦɨɠɧɵ ɫɥɭɱɚɢ, ɝɞɟ ɫ ɩɨɦɨɳɶɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɨɪɦɨɡɨɜ ɢɥɢ 

ɩɪɢɜɨɞɚ ɜɨɡɦɨɠɧɨ ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨɟ ɬɨɪɦɨɠɟɧɢɟ. 

ɇɚɣɞɟɧɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 

ɩɪɨɰɟɫɫɵ ɜ ɞɜɢɝɚɬɟɥɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ɉɧɢ ɛɭɞɭɬ ɩɪɢɦɟɧɟɧɵ ɜ ɩɪɨɰɟɫɫɟ 

ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ ɮɨɪɦɟ ɜɟɤɬɨɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɫɨɫɬɨɹɧɢɣ.  

 

M = kMiɹ,                                                                                                         (40) 

 

ɝɞɟ iɹ – ɬɨɤ; 

      М – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ. 

ɋɜɹɡɶ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ ɜ ɰɟɩɢ ɹɤɨɪɹ ɜɵɪɚɠɚɟɬ ɫɥɟɞɭɸɳɟɟ 

                     ,                                                                             (41) 
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ɝɞɟ uɹ – ɧɚɩɪɹɠɟɧɢɟ; 

       Tɹ – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɹɤɨɪɹ; 

       Rɹ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ; 

       eɹ – ɩɪɨɬɢɜɨ – ɗȾɋ ɹɤɨɪɹ. 

 

eɹ = kEω,                                                                                                          (42) 

 

ɝɞɟ Ȧ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ; 

      kЕ, kM – ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɞɜɢɝɚɬɟɥɹ 

        ,                                                                                                           (43) 

 

ɝɞɟ Lɹ – ɢɧɞɭɤɬɢɜɧɨɫɬɶ; 

ɍɫɥɨɜɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɟɪɟɞɚёɬ ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ 

           ,                                                                                              (44) 

 

ɝɞɟ Мɧ – ɦɨɦɟɧɬ ɧɚɝɪɭɡɤɢ ɧɚ ɜɚɥɭ; 

       J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ. 

        

 

ɇɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ, ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɹɤɨɪɹ ɢ ɬɚɤɠɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɨɫɬɨɹɧɧɵɟ, ɤɨɝɞɚ ɧɟ ɢɦɟɟɬɫɹ ɞɚɧɧɵɯ ɢɡ ɫɩɪɚɜɨɱɧɢɤɚ, 

ɜɵɱɢɫɥɹɸɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɣ: 

        ,                                                                                                         (45) 

                  ,                                                                                             (46) 
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ɝɞɟ n – ɨɛɨɪɨɬɵ ɜ ɦɢɧɭɬɭ, 

               ,                                                                                              (47) 

 

ɝɞɟ Ȧ – ɪɚɞɢɚɧɵ ɜ ɫɟɤɭɧɞɭ, 

               ,                                                                                                    (48) 

 

ɝɞɟ cx – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ.  

 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɢ ɦɨɦɟɧɬɨɦ ɪɟɝɭɥɹɬɨɪ ɩɪɢɜɨɞɚ 

ɨɛɹɡɚɧ ɫɨɡɞɚёɬ ɭɫɥɨɜɢɹ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɬɨɤ ɹɤɨɪɹ ɢ ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ ɹɤɨɪɹ ɨɩɪɟɞɟɥɟɧɵ ɤɚɤ ɨɛɨɛɳёɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ. Ɇɨɦɟɧɬ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɹɤɨɪɟ ɨɬɜɟɱɚɸɬ ɡɚ ɭɩɪɚɜɥɟɧɢɟ. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɨɫɬɨɹɧɧɵɟ, ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɰɟɩɢ, ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɢ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɩɪɟɞɟɥɟɧɵ ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ.  

ȼɵɜɟɞɟɧɨ ɭɪɚɜɧɟɧɢɟ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɫɨɫɬɨɹɧɢɣ ɩɨɫɥɟ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. 

Ɍɚɤ ɤɚɤ ɧɟɬ ɫɯɨɠɟɫɬɢ ɜ ɪɟɚɥɶɧɨɫɬɢ ɜ ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ ɞɜɢɝɚɬɟɥɹ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɦɨɞɟɥɶɸ ɞɜɢɝɚɬɟɥɹ, ɬɨ ɜɨɡɧɢɤɥɚ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɞɨɛɚɜɢɬɶ ɧɟɥɢɧɟɣɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɢɦɟɬɶ ɫɜɹɡɶ ɫ ɜɹɡɤɢɦ ɢ 

ɫɭɯɢɦ ɬɪɟɧɢɟɦ. 

ȼɨɬ ɬɚɤ ɨɬɪɚɠёɧ ɦɨɦɟɧɬ ɬɪɟɧɢɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɜɪɚɳɚɬɟɥɶɧɨɦɭ ɬɢɩɭ 

ɞɜɢɠɟɧɢɹ: 

                      .                                                                          (49) 

 



38 
 

Ⱦɚɧɧɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɩɪɢɦɟɧɢɦɵ ɤ 

ɦɨɞɟɥɢ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ: 

                     .                                                                           (50) 

 

ɝɞɟ              – ɭɱɬёɧɧɨɟ ɬɪɟɧɢɟ 

                     ,                                                                          (51) 

 

Ɇɨɞɟɥɶ ɫ ɜɟɤɬɨɪɧɨɣ ɦɚɬɪɢɰɟɣ ɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ, 

ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ. ɗɬɢ ɭɪɚɜɧɟɧɢɹ ɩɨɦɨɝɚɸɬ ɨɛɧɚɪɭɠɢɬɶ ɢ ɨɩɪɟɞɟɥɢɬɶ ɞɟɮɟɤɬɵ 

ɭ ɩɪɢɜɨɞɚ[4]. 

ɇɟɜɨɡɦɨɠɧɨ ɨɞɧɨɡɧɚɱɧɨ ɜɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɨɞɟɥɢ ɞɥɹ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ, ɬɚɤ ɤɚɤ ɭɪɚɜɧɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɲɟ ɧɟɥɢɧɟɣɧɵ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɜɢɞ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɶ, ɤɨɝɞɚ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɧɚɝɪɭɡɤɢ 

ɛɭɞɟɬ ɬɚɤɢɦ: 

 

Мɧ = kɫ.ɬɪ·sign Ȧ,         

(52) 

 

                                              ,                                               (53) 

               .                                                                                       (54) 

 

 ɍɪɚɜɧɟɧɢɟ ɞɥɹ ɪɚɫɱёɬɚ ɧɟɜɹɡɤɢ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɞɟɮɟɤɬɨɜ ɜ ɩɪɢɜɨɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɤɚɤ ɜ ɩɪɢɜɨɞɟ, ɬɚɤ ɢ 

ɜ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ: 
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r(t) = Iɹ1 – Iɹ2.                                                                                                   (55) 

 

ɋɥɭɱɚɸ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɢɞɟɚɥɶɧɵɦ ɛɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ ɬɨɝɞɚ, 

ɤɨɝɞɚ ɧɟɜɹɡɤɚ ɪɚɜɧɨ ɧɭɥɸ ɢ ɩɪɢ ɷɬɨɦ ɧɟɬ ɩɨɦɟɯ ɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ. 

ȼɵɪɚɠɟɧɧɚɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ, ɦɟɧɹɸɳɚɹɫɹ ɦɨɞɟɥɶ ɩɪɢɜɨɞɚ 

ɨɛɨɡɧɚɱɟɧɚ ɜ ɬɪɚɞɢɰɢɨɧɧɨɣ ɦɚɬɪɢɱɧɨ–ɜɟɤɬɨɪɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. 

ȼɟɤɬɨɪ – ɫɬɨɥɛɟɰ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ ɜɟɤɬɨɪ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɜɟɤɬɨɪ – ɫɬɨɥɛɟɰ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɧɚɩɪɹɠɟɧɢɟ 

ɩɢɬɚɧɢɹ. 

Ɉɬ ɧɭɥɹ ɞɨ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɬɭɩɟɧɱɚɬɚɹ ɮɭɧɤɰɢɹ 

ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɯɨɞɧɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ. 

       ,                                                                                                          (56) 

       ,                                                                                                          (57) 

                 ,                                                                                             (58) 

                 ,                                                                                             (59) 

                 ,                                                                                               (60) 

 

ɝɞɟ ɚ11 = –Rɹ/Lɹ; ɚ12 = –ke/Lɹ; ɚ21 = kɆ/J; ɚ22 = –kɜ.ɬɪ/J; 

       b11 = 1/Lɹ; b12 = 0; b21 = 0; b22 = –1/J; 

       c11 = 1; c12 =0; c21 = 0; ɚ22 = 1; 
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Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɢ ɢɫɫɥɟɞɭɟɦ ɧɚ ɩɪɚɤɬɢɤɟ ɜ ɫɪɟɞɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɷɬɚɥɨɧɧɭɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɟɤɬɨɪɧɨɣ ɦɚɬɪɢɰɵ. 

ɇɟɩɨɥɨɠɢɬɟɥɶɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɪɢɦɟɧɹɟɬɫɹ ɪɟɝɭɥɹɬɨɪɨɦ ɞɥɹ 

ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɟё ɫɧɢɠɟɧɢɟ ɭ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ȼ ɫɜɹɡɢ 

ɫ ɷɬɢɦ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ ɧɟɜɹɡɤɚ ɩɨ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ. ȼ ɨɬɥɢɱɢɢ ɨɬ ɷɬɚɥɨɧɧɨɣ 

ɦɨɞɟɥɢ ɡɚɞɚɸɬɫɹ ɢɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɬɚɤɢɟ ɤɚɤ 

ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɛɦɨɬɤɢ ɹɤɨɪɹ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɩɨɞɜɟɪɠɟɧ ɨɞɢɧɚɤɨɜɨɣ ɧɚɝɪɭɡɤɟ. Ɂɧɚɹ ɷɬɨ ɧɚɞɨ ɩɟɪɟɫɬɪɚɢɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 

ɜɯɨɞɟ ɦɨɞɟɥɢ ɩɪɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɩɪɢɜɨɞɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɬɚɥɨɧɚ. ɗɬɨ 

ɩɨɜɥɟɱёɬ ɡɚ ɫɨɛɨɣ ɩɟɪɟɦɟɧɵ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɬɨɤɟ ɫ ɩɨɦɨɳɶɸ ɱɟɝɨ ɢ ɛɭɞɟɬ 

ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

ɋɯɟɦɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɷɬɚɥɨɧɨɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɟɤɬɨɪɧɨɣ ɦɚɬɪɢɰɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 12. ɇɟɜɹɡɤɚ ɩɨ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ ɬɨɝɞɚ, ɤɨɝɞɚ 

ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɩɚɞɚɟɬ, ɚ ɫ ɩɨɦɨɳɶɸ ɧɟɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ 

ɫɜɹɡɶɸ ɪɟɝɭɥɹɬɨɪ ɟё ɩɨɜɵɲɚɟɬ ɢ ɧɚɨɛɨɪɨɬ. 

 

 

 

 

Ɋɢɫɭɧɨɤ 12 – Ɇɨɞɟɥɢ ɩɪɢɜɨɞɚ ɢ ɷɬɚɥɨɧɚ ɜ SimInTech  
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ɗɬɚɥɨɧ ɢ ɧɟɢɫɩɪɚɜɧɵɣ ɞɜɢɝɚɬɟɥɶ ɢɦɟɸɬ ɪɚɜɧɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɞɚɧɧɚɹ ɦɨɞɟɥɶ. ɇɚɩɨɦɧɸ, ɱɬɨ ɜ ɨɬɥɢɱɢɢ ɨɬ 
ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ, ɛɵɥɢ ɨɛɨɡɧɚɱɟɧɵ ɞɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ.  

ɉɪɢ ɲɚɝɟ 10% ɜ ɨɬɥɢɱɢɢ ɨɬ ɩɪɢɧɹɬɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡɦɟɧɢɥɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɜɥɢɹɧɢɟ ɦɟɠɜɢɬɤɨɜɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ 
ɨɛɦɨɬɤɟ ɹɤɨɪɹ.  

ɉɪɢɜɨɞɢɬɫɹ ɩɪɢɦɟɪ ɧɚ ɢɥɥɸɫɬɪɚɰɢɢ 13, ɤɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɞɟɥɚɥɢ ɪɚɜɧɨɣ 90% ɜ ɨɬɥɢɱɢɢ ɨɬ ɷɬɚɥɨɧɧɨɣ 
ɦɨɞɟɥɢ. ȼ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ 0,6 ɚɦɩɟɪ ɞɨɫɬɢɝɥɚ ɧɟɜɹɡɤɚ ɬɨɤɚ, ɱɬɨ ɹɜɢɥɨɫɶ 
ɦɚɤɫɢɦɚɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ. 

 

Ɋɢɫɭɧɨɤ 13 – ɇɟɜɹɡɤɚ ɩɨ ɬɨɤɭ ɩɪɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 90% 

ɨɬ ɡɧɚɱɟɧɢɣ ɷɬɚɥɨɧɚ 
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Ɋɢɫɭɧɨɤ 14 – ɇɟɜɹɡɤɚ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 

90% ɨɬ ɡɧɚɱɟɧɢɣ ɷɬɚɥɨɧɚ 

 

ȼ ɫɥɟɞɭɸɳɟɦ ɩɪɢɦɟɪɟ ɧɚ ɢɥɥɸɫɬɪɚɰɢɢ 15, ɤɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɞɟɥɚɥɢ ɭɜɟɥɢɱɢɥɢ ɧɚ 10% ɜ ɨɬɥɢɱɢɢ ɨɬ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ. ȼ 

ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ 0,32 ɚɦɩɟɪ ɞɨɫɬɢɝɥɚ ɧɟɜɹɡɤɚ ɬɨɤɚ. 

 

Ɋɢɫɭɧɨɤ 15 – ɇɟɜɹɡɤɚ ɬɨɤɚ ɩɪɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 10% ɨɬ 

ɡɧɚɱɟɧɢɣ ɷɬɚɥɨɧɚ 

 

 Ɋɚɫɫɦɨɬɪɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɤɨɝɞɚ ɦɨɦɟɧɬ ɪɚɜɟɧ 1,91 ɇɶɸɬɨɧ ɩɪɢ 
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ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɟ ɢɡɦɟɪɟɧɢɹ ɪɚɜɧɨɣ ɧɭɥɸ ɩɨ ɷɬɚɥɨɧɭ ɢ ɚɧɚɥɨɝɢɱɧɨɦɭ 

ɩɨɤɚɡɚɬɟɥɸ ɪɚɜɧɨɦ 0,1 ɭ ɩɪɢɜɨɞɚ. 

 

 

Ɋɢɫɭɧɨɤ 16 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 1 

 

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɭ ɩɪɢɜɨɞɚ ɩɨɤɚɡɚɬɟɥɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɢ ɪɚɜɟɧ 0,5. 

 

 

Ɋɢɫɭɧɨɤ 17 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 2 
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4.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥя ɜ ɫɪɟɞɟ 

SimInTech 

 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɚ ɬɚɤɠɟ ɟɝɨ ɷɬɚɥɨɧɧɨɣ 

ɦɨɞɟɥɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɢɩɨɜɵɟ ɪɟɲɟɧɢɹ ɧɚ ɛɚɡɟ ɢɧɫɬɪɭɦɟɧɬɨɜ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ SimInTech. 

ɋɨɡɞɚɧɧɭɸ ɦɨɞɟɥɶ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɜ ɜɢɞɟ ɫɯɟɦɵ ɦɨɞɟɥɢ ɨɛɳɟɝɨ 

ɜɢɞɚ, ɬɚɤ ɢ ɜ ɜɢɞɟ ɩɚɤɟɬɧɨɝɨ ɪɟɲɟɧɢɹ. Ɍɚɤɠɟ ɷɬɚɥɨɧɧɵɯ ɦɨɞɟɥɟɣ, ɤɚɤ ɢ 

ɢɫɩɵɬɭɟɦɵɯ ɞɜɢɝɚɬɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɦɧɨɝɨ, ɫ ɪɚɡɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ, ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɫɜɨɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ. Ɉɧɢ 

ɦɨɝɭɬ ɛɵɬɶ ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɢ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ. 

ɇɚ ɪɢɫɭɧɤɟ 18 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɦɨɞɟɥɢ ɨɛɳɟɝɨ ɜɢɞɚ, ɝɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɢ ɟɝɨ ɷɬɚɥɨɧɧɚɹ ɦɨɞɟɥɶ. ɇɚ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɜɫɟ 

ɡɧɚɱɟɧɢɹ ɭɤɚɡɚɧɵ ɞɥɹ ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɧɚ ɚɫɢɧɯɪɨɧɧɨɦ 

ɞɜɢɝɚɬɟɥɟ ɦɨɠɟɦ ɭɤɚɡɚɬɶ ɫɜɨɢ ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɢɥɢ ɠɟ 

ɜɡɹɬɶ ɡɧɚɱɟɧɢɹ ɫ ɩɨɫɬɭɩɢɜɲɟɝɨ ɜ ɪɟɦɨɧɬ ɢɥɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ ɜ ɧɚɫɬɨɹɳɢɣ 

ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ. Ⱦɚɥɟɟ ɩɨɫɥɟ ɡɚɩɭɫɤɚ ɢɧɞɢɤɚɬɨɪ ɨɬɨɛɪɚɡɢɬ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɢɥɢ ɧɟɬ. ɏɨɱɟɬɫɹ ɩɨɞɱɟɪɤɧɭɬɶ, 

ɱɬɨ SimInTech ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ ɡɧɚɱɟɧɢɹ ɜ ɡɚɩɭɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɢɝɚɬɟɥɹ. 
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Ɋɢɫɭɧɨɤ 18 – ɋɯɟɦɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢ ɟɝɨ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɫ 

ɢɧɞɢɤɚɬɨɪɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 

 ɉɟɪɟɣɞёɦ ɜ ɫɭɛɦɨɞɟɥɶ ɥɟɜɨɝɨ ɜɟɪɯɧɟɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ. Ɂɞɟɫɶ ɤɚɤ 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 19 ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ 

ɞɜɢɝɚɬɟɥɟɦ. 

 

 

Ɋɢɫɭɧɨɤ 19 – ɋɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ȺȾ 
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 Ⱦɚɥɟɟ ɩɟɪɟɣɞёɦ ɜ ɫɭɛɦɨɞɟɥɶ ɩɪɚɜɨɝɨ ɜɟɪɯɧɟɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ. Ɂɞɟɫɶ ɤɚɤ 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 20 ɫɦɨɞɟɥɢɪɨɜɚɧ ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ. ɂɦɟɟɬɫɹ 

ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ (ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɰɟɩɶ), ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜ ɥɟɜɨɣ ɱɚɫɬɢ. ȿɫɬɶ 

ɢɧɜɟɪɬɨɪ, ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ ɤɨɬɨɪɨɝɨ ɢɡɨɛɪɚɠёɧ ɧɚ ɪɢɫɭɧɤɟ 21. ɇɚ ɪɢɫɭɧɤɟ 22 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɛɟɡɵɧɟɪɰɢɨɧɧɵɣ ɷɥɟɦɟɧɬ. Ɉɬɤɪɵɜ ɟɝɨ ɫɜɨɣɫɬɜɚ, ɦɨɠɧɨ 

ɡɚɞɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ.  

 

 

Ɋɢɫɭɧɨɤ 20 – Ɇɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

 

 

Ɋɢɫɭɧɨɤ 21 – ɇɢɠɧɢɣ ɭɪɨɜɟɧɶ ɫɭɛɦɨɞɟɥɶ ɢɧɜɟɪɬɨɪɚ 
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Ɍɚɤɠɟ ɢɦɟɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɜɹɡɶ, ɜɤɥɸɱɚɸɳɚɹ ɫɥɟɞɭɸɳɟɟ: 

 ɮɪɢɤɰɢɨɧɧɵɣ ɞɟɦɩɮɟɪ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 

 ɢɞɟɚɥɶɧɵɣ ɞɚɬɱɢɤ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 

 ɢɞɟɚɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɦɨɦɟɧɬɚ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 

 ɢɧɟɪɰɢɸ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 

 ɡɚɞɟɥɤɭ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 

ɉɨɦɢɦɨ ɜɫɟɝɨ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɝɨ ɧɚ ɫɯɟɦɟ ɟɳё ɪɚɫɩɨɥɨɠɟɧɵ: ɒɂɆ, 

ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ, ɞɚɬɱɢɤ ɬɨɤɚ, ɡɚɞɚɬɱɢɤ ɫɤɨɪɨɫɬɢ ɢ ɰɢɮɪɨɜɚɹ ɫɜɹɡɶ, 

ɩɨɡɜɨɥɹɸɳɚɹ ɭɜɢɞɟɬɶ ɢɡɦɟɧɟɧɢɹ ɧɚ ɝɪɚɮɢɤɟ. Ɂɚɞɚɬɱɢɤ ɫɤɨɪɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɦɚɫɫɢɜ ɢɧɬɟɪɜɚɥɨɜ ɢ ɦɚɫɫɢɜ ɡɧɚɱɟɧɢɣ. ɍɩɪɚɜɥɟɧɢɟ ȺȾ (ɚɥɝɨɪɢɬɦɢɱɟɫɤɚɹ 

ɱɚɫɬɶ) ɪɚɛɨɬɚɟɬ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ, ɚ ɱɚɫɬɶ ɦɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɚɩɩɚɪɚɬɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ. 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɭɱɚɟɬ ɡɚɞɚɧɧɭɸ ɫɤɨɪɨɫɬɶ, ɬɨ, ɱɬɨ ɦɵ ɯɨɬɢɦ 

ɩɨɥɭɱɢɬɶ ɨɬ ɞɜɢɝɚɬɟɥɹ. ɋ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɩɨɥɭɱɚɟɬ ɭɝɨɥ, ɡɚɬɟɦ ɜɵɱɢɫɥɹɟɬ ɫɤɨɪɨɫɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬ ɡɧɚɱɟɧɢɹ. ɉɨɫɥɟ 

ɜɵɞɚёɬ ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɩɚɞɚɟɬ ɧɚ ɮɢɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ (ɦɨɞɟɥɶ ȺȾ). ɇɚ 

ɪɢɫɭɧɤɟ 23 ɩɨɤɚɡɚɧɵ ɫɜɨɣɫɬɜɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɚ ɟɫɥɢ ɩɟɪɟɣɬɢ ɜ ɟɝɨ 

ɫɭɛɦɨɞɟɥɶ, ɬɨ ɭɜɢɞɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 10. ȼ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɪɚɡɛɢɪɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤɢ, 

ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ. Ɂɚɬɟɦ ɩɪɨɯɨɞɢɬ ɩɟɪɟɫɱёɬ ɤɚɪɞɢɧɚɥ ɢ ɦɨɞɟɥɢɪɭɸɬɫɹ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɪɨɰɟɫɫɵ. Ⱦɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɦɨɞɟɥɶ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 

ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɜ ɤɨɧɬɪɨɥɥɟɪ. 
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Ɋɢɫɭɧɨɤ 22 – ɋɜɨɣɫɬɜɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɛɟɡɵɧɟɪɰɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ 

 

 

Ɋɢɫɭɧɨɤ 23 – ɋɜɨɣɫɬɜɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 
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ɇɚ ɪɢɫɭɧɤɚɯ 24–26 ɝɪɚɮɢɱɟɫɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ɇɨɠɧɨ ɭɜɢɞɟɬɶ, 

ɤɚɤ ɜɨ ɜɪɟɦɟɧɢ ɢɡɦɟɧɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɡɚɞɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ 

ɪɚɛɨɬɵ ɢ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ. 

 

 

Ɋɢɫɭɧɨɤ 24 – Ƚɪɚɮɢɤ, ɩɨɤɚɡɵɜɚɸɳɢɣ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɜɨ ɜɪɟɦɟɧɢ 
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Ɋɢɫɭɧɨɤ 25 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ 

 

 

Ɋɢɫɭɧɨɤ 26 – Ƚɪɚɮɢɤ, ɨɬɨɛɪɚɠɚɸɳɢɣ ɡɧɚɱɟɧɢɹ ɩɨɞɚɱɢ ɧɚɩɪɹɠɟɧɢɹ 

 



51 
 

ɁȺɄɅɘɑȿɇɂȿ 

 

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɭɛɥɢɤɨɜɚɧɨ 

2 ɪɚɛɨɬɵ; ɩɨɥɭɱɟɧɵ 2 ɞɢɩɥɨɦɚ ɩɨɛɟɞɢɬɟɥɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɛɨɪɚ 

ɪɟɞɚɤɰɢɨɧɧɵɯ ɤɨɥɥɟɝɢɣ. 

ȼɵɜɨɞɵ. 1. Ɋɚɫɫɦɨɬɪɟɧɨ ɢ ɢɫɫɥɟɞɨɜɚɧɨ ɭɫɬɪɨɣɫɬɜɨ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ. ɂɡɭɱɟɧɵ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɤɚɤ ɨɛɪɚɡɭɟɬɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɢ 

ɩɪɨɯɨɞɹɬ ɬɨɤɢ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɞɚɧɧɵɟ ɢ ɮɭɧɤɰɢɢ ɞɥɹ 

ɩɨɞɛɨɪɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. 

2. ɂɫɫɥɟɞɨɜɚɧɚ ɢ ɜɵɛɪɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ 

ɚɫɢɧɯɪɨɧɧɵɯ ɬɹɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ 

ɷɮɮɟɤɬɢɜɧɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɧɟɨɛɯɨɞɢɦɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɞɜɢɝɚɬɟɥɹ. 

3. ɂɫɫɥɟɞɨɜɚɧɚ ɢ ɜɵɛɪɚɧɚ ɫɪɟɞɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɩɪɨɰɟɫɫɚ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ.  

4. Ȼɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɜɟɤɬɨɪɧɨ – ɦɚɬɪɢɱɧɚɹ ɦɨɞɟɥɶ ɩɪɢɜɨɞɚ, ɤɨɬɨɪɚɹ 

ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ 

ɢɫɩɵɬɚɧɢɹɯ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ. 

5. ɇɚ ɨɫɧɨɜɟ ɢɡɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɢɩɨɜɵɯ ɪɟɲɟɧɢɣ ɛɵɥ 

ɫɦɨɞɟɥɢɪɨɜɚɧ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ 

ɢɫɩɵɬɚɧɢɣ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɬɫɥɟɠɢɜɚɬɶ ɪɚɫɯɨɠɞɟɧɢɹ 

ɩɨ ɫɤɨɪɨɫɬɢ ɜɨ ɜɪɟɦɟɧɢ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 

ȺȾ – ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ; 

ɗȾɋ – ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ; 

ɋȾɉɆ – ɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ; 

ɗɐ – ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɰɟɩɢ; 

ɋɂ – ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ; 

ɗȾ – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; 

ȾɉɌ – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 

ɒɂɆ – ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɚɹ ɦɨɞɭɥɹɰɢɹ. 
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ɋɤɪɢɩɬ ɞɥя ɪɟɚɥɢɡɚɰɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɨɰɟɫɫɚ 

ɢɫɩɵɬɚɧɢɣ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥя ɩɨ ɷɬɚɥɨɧɧɨɣ ɦɨɞɟɥɢ ɜ ɩɪɨɝɪɚɦɦɟ 

SimInTech 

 

initialization 

var Zp_value: double,  

Rs_value: double,  

 Rr_value: double,  

 Lm_value: double,  

dLr_value: double, 

 dLs_value: double, 

 F_value: double, 

 Mnorm_value: double, 

 nmax_value: double, 

 iqmax_value: double, 

 idmax_value: double, 

 Udc_value: double;   

Zp_value = 1; // ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ 

Rs_value = 0.258; // ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ [Ɉɦ] 

Rr_value = 0.145; // ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ [Ɉɦ] 

Lm_value = 0.086; // ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ [Ƚɧ] 

dLr_value = 0.0025; // ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ [Ƚɧ] 

dLs_value = 0.0016; // ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ [Ƚɧ] 

F_value = 0.7; // ɉɨɬɨɤ ɪɨɬɨɪɚ [ȼɛ] 

Mnorm_value = 100; // Ɇɚɤɫɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ [ɧ*ɦ] 

nmax_value = 2900; // Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ [ɨɛ/ɦɢɧ] 
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iqmax_value = 

(2*Mnorm_value*(dLr_value*F_value/Lm_value+F_value))/(3*Zp_value*F_value*

F_value); // Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɩɨ ɨɫɢ q [Ⱥ] 

idmax_value = 10 + F_value/Lm_value; // Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɩɨ ɨɫɢ d [Ⱥ] 

Udc_value = 540; //ɇɚɩɪɹɠɟɧɢɟ ɡɜɟɧɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ [ȼ] 

end; 
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ɉɭɛɥɢɤɚɰɢɢ ɢ ɚɩɪɨɛɚɰɢɢ ɪɚɛɨɬɵ 
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