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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 

ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ» ɫɨɞɟɪɠɢɬ 88 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 37 ɢɥɥɸɫɬɪɚɰɢɢ, 1 ɩɪɢɥɨɠɟɧɢɟ ɢ 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ. 

ɋɌɊɈɂɌȿɅɖɇɕɃ ɊɈȻɈɌ-ɆȺɇɂɉɍɅəɌɈɊ, ɊȺȻɈɑɂɃ ɉɊɈɐȿɋɋ, 

ɄɈɆɉɖɘɌȿɊɇɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ, ɂɆɂɌȺɐɂɈɇɇȺə ɆɈȾȿɅɖ, 

ɄɈɆɉɖɘɌȿɊɇɕɃ ɗɄɋɉȿɊɂɆȿɇɌ, ɋȿɊȼɈȾȼɂȽȺɌȿɅɖ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ. ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ 

ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

 Ɉɛɡɨɪ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɢ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ.  

 Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ 

ɦɚɧɢɩɭɥɹɬɨɪɚ (ɋɊɆ). 

 Ɋɚɡɪɚɛɨɬɤɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɋɊɆ. 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

 Ʉɨɦɩɶɸɬɟɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ. 

 Ɉɛɨɛɳɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ. Ɋɚɡɪɚɛɨɬɤɚ 

ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ.  
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ȼȼȿȾȿɇɂȿ 

 

ɇɚ ɦɧɨɝɢɯ ɪɨɫɫɢɣɫɤɢɯ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɜ ɩɥɚɧɟ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 

ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɪɨɛɨɬɵ. ɗɬɨ ɜɵɡɜɚɧɨ ɬɟɦ, ɱɬɨ 

ɪɚɡɜɢɬɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɨɛɨɬɨɜ ɜ 

ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɡɚɞɚɱ. ɋɤɨɪɨɫɬɶ ɜɧɟɞɪɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ 

ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɫɬɚɟɬ ɨɬ 

ɡɚɪɭɛɟɠɧɵɯ. ȼɟɞɶ ɜ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɜɥɚɞɟɥɶɰɵ ɡɚɜɨɞɨɜ 

ɨɛɯɨɞɹɬɫɹ ɪɭɱɧɵɦ ɬɪɭɞɨɦ, ɢɫɯɨɞɹ ɢɡ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ. Ɉɞɧɚɤɨ, ɭɠɟ 

ɤɚɠɞɵɣ ɩɨɧɢɦɚɟɬ, ɱɬɨ ɪɭɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɟ ɫɩɨɫɨɛɧɨ ɫɨɫɬɚɜɢɬɶ 

ɤɨɧɤɭɪɟɧɰɢɸ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɢ ɢɡɧɚɱɚɥɶɧɨ ɧɟ ɫɩɨɫɨɛɧɨ 

ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɪɚɡɜɢɜɚɸɳɟɦɫɹ ɪɵɧɤɟ.  

Ɍɚɤɨɣ ɧɢɡɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɜ Ɋɨɫɫɢɢ ɜɟɫɶɦɚ ɫɥɚɛɨ 

ɩɪɨɢɧɮɨɪɦɢɪɨɜɚɧɵ ɜ ɨɛɥɚɫɬɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɪɨɛɨɬɨɜ. ȼɟɞɶ, ɬɚɤ ɢɥɢ ɢɧɚɱɟ, 

ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɫɨɤɪɚɳɟɧɢɟ ɪɚɛɨɱɢɯ ɢ 

ɤɚɪɞɢɧɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ. ɋɟɝɨɞɧɹ ɧɚ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɤɪɚɣɧɟ ɜɨɫɬɪɟɛɨɜɚɧɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ 

ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɩɨɦɨɝɚɸɬ ɧɚɥɚɞɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɪɚɛɨɬɭ ɢ ɜ ɬɨ ɠɟ 

ɜɪɟɦɹ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɪɚɛɨɬɧɢɤɨɜ. 

ȼɫɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɪɨɛɨɬɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɫɟɣɱɚɫ ɧɚ ɪɵɧɤɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ, 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɢ ɫɬɪɭɤɬɭɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɝɪɭɩɩ. 

ɉɟɪɜɭɸ ɝɪɭɩɩɭ ɫɨɫɬɚɜɥɹɸɬ ɦɚɧɢɩɭɥɹɬɨɪɵ, ɪɨɛɨɬɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ. ȼ ɫɨɫɬɚɜ ɷɬɨɣ ɝɪɭɩɩɵ ɜɤɥɸɱɚɸɬɫɹ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ 

ɞɥɹ ɦɨɧɬɚɠɚ ɷɥɟɦɟɧɬɨɜ ɡɞɚɧɢɣ, ɩɟɪɟɝɨɪɨɞɨɤ, ɦɨɧɬɚɠɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɥɟɫɨɜ. 

ȼɬɨɪɭɸ ɝɪɭɩɩɭ ɨɛɪɚɡɭɸɬ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɞɥɹ 

ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ. ɗɬɚ ɝɪɭɩɩɚ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɬɪɢ ɩɨɞɝɪɭɩɩɵ: ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ 
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ɪɨɛɨɬɵ ɞɥɹ ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɫɪɟɞɫɬɜɚ ɪɨɛɨɬɢɡɚɰɢɢ 

ɚɪɦɚɬɭɪɧɵɯ ɪɚɛɨɬ ɧɚ ɨɛɴɟɤɬɟ, ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɦɨɧɬɚɠɚ ɢ 

ɞɟɦɨɧɬɚɠɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɩɚɥɭɛɨɤ. 

Ȼɨɥɶɲɭɸ ɝɪɭɩɩɭ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɪɨɛɨɬɨɜ ɫɨɫɬɚɜɥɹɸɬ 

ɫɪɟɞɫɬɜɚ ɪɨɛɨɬɢɡɚɰɢɢ ɨɬɞɟɥɨɱɧɵɯ ɪɚɛɨɬ. ȼ ɫɨɫɬɚɜ ɷɬɨɣ ɝɪɭɩɩɵ ɜɤɥɸɱɚɸɬɫɹ 

ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɦɚɥɹɪɧɵɯ, ɲɬɭɤɚɬɭɪɧɵɯ, 

ɨɛɥɢɰɨɜɨɱɧɵɯ ɪɚɛɨɬ, ɧɚɧɟɫɟɧɢɹ ɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɫɬɢɤ ɧɚ ɤɪɨɜɥɢ, ɚ ɬɚɤɠɟ ɞɥɹ 

ɭɫɬɪɨɣɫɬɜɚ ɦɨɧɨɥɢɬɧɵɯ ɩɨɥɨɜ. 

ɑɟɬɜɟɪɬɚɹ ɝɪɭɩɩɚ – ɷɬɨ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. ȼ ɷɬɭ ɝɪɭɩɩɭ ɜɯɨɞɹɬ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɤɨɬɥɨɜɚɧɨɜ, ɡɚɫɵɩɤɢ ɢ 

ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ, ɩɪɨɤɥɚɞɤɢ ɤɨɦɦɭɧɢɤɚɰɢɣ. 

ȼ ɩɹɬɭɸ ɝɪɭɩɩɭ ɜɯɨɞɹɬ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɞɥɹ ɩɨɝɪɭɡɨɱɧɨ-

ɪɚɡɝɪɭɡɨɱɧɵɯ ɪɚɛɨɬ. ȼ ɫɨɫɬɚɜɟ ɷɬɨɣ ɝɪɭɩɩɵ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɪɚɡɥɢɱɧɨɣ 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɞɥɹ ɩɨɝɪɭɡɤɢ ɢ ɪɚɡɝɪɭɡɤɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 

ɷɥɟɦɟɧɬɨɜ, ɤɨɧɬɟɣɧɟɪɨɜ ɢ ɩɚɤɟɬɨɜ, ɚ ɬɚɤɠɟ ɦɟɥɤɨɲɬɭɱɧɵɯ ɝɪɭɡɨɜ. Ɍɚɤɢɟ 

ɦɚɧɢɩɭɥɹɬɨɪɵ ɦɨɝɭɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜɚɯ, ɫɚɦɨɯɨɞɧɵɯ 

ɲɚɫɫɢ. 

ɂɫɩɨɥɶɡɭɹ ɨɩɵɬ ɜɧɟɞɪɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɜ 

ɫɬɪɨɣɢɧɞɭɫɬɪɢɢ, ɚɧɚɥɢɡɢɪɭɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɷɬɨɣ 

ɨɬɪɚɫɥɢ, ɚ ɬɚɤɠɟ ɭɱɢɬɵɜɚɹ ɛɨɥɶɲɨɣ ɨɩɵɬ ɪɨɛɨɬɢɡɚɰɢɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɪɨɛɨɬɢɡɚɰɢɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ: 

 ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤ ɚɧɚɥɢɡɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɢɡɞɟɥɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɨɜɟɞɟɧɢɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɨɛɫɥɟɞɨɜɚɧɢɹ 

ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɬɢɩɨɜɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɧɚɭɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɯ 

ɩɥɚɧɨɜ ɪɨɛɨɬɢɡɚɰɢɢ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ; 

 ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɨɪɢɬɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɢ ɜɧɟɞɪɟɧɢɟ ɧɚ 

ɧɢɯ ɜɵɩɭɫɤɚɟɦɵɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɪɨɛɨɬɨɜ; 
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 ɪɚɡɪɚɛɨɬɤɚ ɫɩɟɰɢɚɥɶɧɵɯ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɪɨɛɨɬɨɜ 

ɞɥɹ ɫɬɪɨɣɢɧɞɭɫɬɪɢɢ; 

 ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ ɩɨ ɭɧɢɮɢɤɚɰɢɢ ɢ ɬɢɩɢɡɚɰɢɢ ɫɪɟɞɫɬɜ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɞɥɹ 

ɩɪɟɞɩɪɢɹɬɢɣ ɫɬɪɨɣɢɧɞɭɫɬɪɢɢ; 

 ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɞɥɹ ɪɨɛɨɬɢɡɚɰɢɢ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɩɟɪɚɰɢɣ; 

 ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ 

ɨɬɞɟɥɶɧɵɯ ɟɝɨ ɨɩɟɪɚɰɢɣ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ 

ɪɨɛɨɬɢɡɚɰɢɢ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɯ ɜɧɟɞɪɟɧɢɹ; 

 ɫɨɡɞɚɧɢɟ ɢ ɜɧɟɞɪɟɧɢɟ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɭɱɚɫɬɤɨɜ ɢ ɥɢɧɢɣ, 

ɪɚɡɪɚɛɨɬɤɚ ɬɢɩɨɜɵɯ ɤɨɦɩɨɧɨɜɨɱɧɵɯ ɫɯɟɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ; 

 ɩɨɞɝɨɬɨɜɤɚ ɩɪɨɢɡɜɨɞɫɬɜ ɤ ɜɧɟɞɪɟɧɢɸ ɝɢɛɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɫɨɡɞɚɧɢɟ ɧɚ ɢɯ 

ɨɫɧɨɜɟ ɝɢɛɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ (ɥɢɧɢɣ, ɭɱɚɫɬɤɨɜ ɢ ɰɟɯɨɜ); 

 ɪɟɲɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɜɨɩɪɨɫɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɪɟɞɫɬɜ 

ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɨɬɪɚɫɥɢ 

ɍɧɢɤɚɥɶɧɨɟ ɫɨɱɟɬɚɧɢɟ ɤɨɦɩɚɤɬɧɨɫɬɢ ɢ ɦɨɳɧɨɫɬɢ ɪɨɛɨɬɨɜ ɧɚɯɨɞɢɬ ɫɜɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɚɢɛɨɥɟɟ ɬɹɠɟɥɵɯ ɭɫɥɨɜɢɹɯ ɢ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɦɟɫɬɚɯ ɧɚ 

ɫɬɪɨɣɩɥɨɳɚɞɤɟ, ɩɪɢ ɷɬɨɦ, ɪɨɛɨɬɢɡɚɰɢɹ ɞɚёɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɫɪɨɤɨɜ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɇɟ ɫɟɤɪɟɬ, ɱɬɨ ɩɨɹɜɥɟɧɢɟ ɧɚ ɫɜɟɬ ɩɨɞɨɛɧɨɣ ɬɟɯɧɢɤɢ ɫɜɹɡɚɧɨ, 

ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɠɟɥɚɧɢɟɦ ɫɬɪɨɢɬɟɥɟɣ ɫɨɤɪɚɬɢɬɶ ɫɪɨɤɢ ɪɚɛɨɬ ɢ ɩɨɜɵɫɢɬɶ 

ɩɪɢɛɵɥɶ. ɉɨɜɵɲɚɟɬɫɹ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɬ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ ɢ ɬɚɤɨɟ 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɪɨɛɨɬɨɜ ɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɤɚɤ ɛɟɫɲɭɦɧɨɫɬɶ, ɷɤɨɥɨɝɢɱɧɨɫɬɶ. 

ɉɨɷɬɨɦɭ ɩɨɞɨɛɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɜɟɫɶɦɚ ɭɦɟɫɬɧɚ ɜ ɫɢɬɭɚɰɢɹɯ, ɩɨɬɟɧɰɢɚɥɶɧɨ 

ɨɩɚɫɧɵɯ ɞɥɹ ɡɞɨɪɨɜɶɹ ɪɚɛɨɱɟɝɨ ɩɟɪɫɨɧɚɥɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ. 

Ɂɚɞɚɱɢ: 
1. Ɉɛɡɨɪ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɢ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ.  
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2. Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ 

ɦɚɧɢɩɭɥɹɬɨɪɚ (ɋɊɆ). 

3. Ɋɚɡɪɚɛɨɬɤɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɋɊɆ. 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

4. Ʉɨɦɩɶɸɬɟɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ. 

5. Ɉɛɨɛɳɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ. Ɋɚɡɪɚɛɨɬɤɚ 

ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢɡ ɫɟɬɢ ɢɧɬɟɪɧɟɬ, 

ɠɭɪɧɚɥɶɧɵɯ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɫɨɜɪɟɦɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɪɨɛɨɬɢɡɚɰɢɢ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ. ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɚɹ ɨɬɪɚɫɥɶ 

ɧɟ ɩɪɨɹɜɥɹɟɬ ɚɤɬɢɜɧɵɣ ɢɧɬɟɪɟɫ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. 

ɋ ɫɟɪɟɞɢɧɵ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɡɚɞɚɱɢ ɪɨɛɨɬɢɡɚɰɢɢ ɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɫɬɚɧɨɜɹɬɫɹ ɜ ɰɟɧɬɪɟ ɜɧɢɦɚɧɢɹ ɭɱɟɧɵɯ ɢ 

ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ. ɋɪɟɞɢ 

ɧɢɯ ɜɟɞɭɳɭɸ ɪɨɥɶ ɡɚɧɢɦɚɸɬ ɐɇɂɂɈɆɌɉ, ȼɇɂɂɫɬɪɨɣɞɨɪɦɚɲ, Ɇɂɋɂ, 

ɘɊȽɌɍ (ɇɂɂ), ɋɥɟɰɠɟɥɟɡɨɛɟɬɨɧɫɬɪɨɣ, Ɇɸɧɯɟɧɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ. ɋɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɪɨɛɨɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɨɩɟɪɚɰɢɣ ɜɧɟɫɥɢ ɭɱɟɧɵɟ ȿɜɞɨɤɢɦɨɜ ȼ.Ⱥ., ȼɢɥɶɦɚɧ O.A., ȼɨɪɨɛɶɟɜ ȼ.Ⱥ., 

ɉɚɪɲɢɧ Ⱦ.ə., Ɂɚɝɨɪɨɞɧɸɤ ȼ.Ɍ., Ȼɭɥɝɚɤɨɜ Ⱥ.Ƚ., Ɇɚɤɫɢɦɵɱɟɜ Ɉ.ɂ., Ɏɪɟɧɤɟɥɶ 

Ƚ.ɘ.,Ɍɤɚɱɟɜ ɋ.Ɇ., Ƚɭɞɢɤɨɜ Ƚ.Ƚ., Ȼɨɤ Ɍ. ɢ ɞɪ. [1–8]. 

ɇɟɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɧɚɭɱɧɵɯ ɢ ɩɪɨɟɤɬɧɵɯ ɪɚɡɪɚɛɨɬɨɤ ɜ ɨɛɥɚɫɬɢ 

ɫɬɪɨɢɬɟɥɶɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɭɪɨɜɟɧɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɪɨɛɨɬɢɡɚɰɢɢ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɨɫɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɦ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɚɡɪɚɛɨɬɨɤ, 
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ɩɪɨɜɟɞɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢ ɨɩɵɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ. 

Ɂɧɚɱɢɬɟɥɶɧɵɟ ɦɚɫɲɬɚɛɵ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ, ɟɟ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ 

ɪɭɱɧɨɝɨ ɬɪɭɞɚ ɫɨɡɞɚɸɬ ɹɜɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ 

ɪɨɛɨɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ.  
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1. Ɉɛɡɨɪ ɪɨɛɨɬɢɡɚɰɢɢ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɫɬɚɧɞɚɪɬɨɦ ȽɈɋɌ 25686-85 

«Ɇɚɧɢɩɭɥɹɬɨɪɵ, ɚɜɬɨɨɩɟɪɚɬɨɪɵ ɢ ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ. Ɍɟɪɦɢɧɵ ɢ 

ɨɩɪɟɞɟɥɟɧɢɹ», ɩɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ - ɷɬɨ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɦɚɲɢɧɚ, 

ɫɬɚɰɢɨɧɚɪɧɚɹ ɢɥɢ ɩɨɞɜɢɠɧɚɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɜɢɞɟ 

ɦɚɧɢɩɭɥɹɬɨɪɚ, ɢɦɟɸɳɟɝɨ ɧɟɫɤɨɥɶɤɨ ɫɬɟɩɟɧɟɣ ɩɨɞɜɢɠɧɨɫɬɢ, ɢ 

ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɩɪɨɰɟɫɫɟ ɞɜɢɝɚɬɟɥɶɧɵɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɮɭɧɤɰɢɣ. 

Ʉɪɨɦɟ ɨɮɢɰɢɚɥɶɧɨ ɩɪɢɧɹɬɨɝɨ, ɫɥɨɠɢɥɨɫɶ ɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɩɪɚɤɬɢɤɟ ɛɨɥɟɟ ɤɪɚɬɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ: 

ɩɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ - ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ 

ɦɚɧɢɩɭɥɹɬɨɪ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 

ɉɨɞ ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɨɫɬɶɸ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ, 

ɩɨɧɢɦɚɟɬɫɹ ɫɜɨɣɫɬɜɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ɡɚɦɟɧɹɬɶ ɭɩɪɚɜɥɹɸɳɭɸ 

ɩɪɨɝɪɚɦɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɢɥɢ ɩɪɢ ɩɨɦɨɳɢ ɱɟɥɨɜɟɤɚ-ɨɩɟɪɚɬɨɪɚ. 

Ʉ ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɸ ɨɬɧɨɫɢɬɫɹ ɢɡɦɟɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ 

(ɢɥɢ) ɜɟɥɢɱɢɧ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɮɭɧɤɰɢɣ 

ɫ ɩɨɦɨɳɶɸ ɫɪɟɞɫɬɜ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɩɭɥɶɬɟ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɨ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɪɨɛɨɬɨɜ ɜɟɫɶɦɚ ɦɧɨɝɨɨɛɪɚɡɧɵ ɢ ɞɢɤɬɭɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɱɢɫɥɨɦ ɨɛɴɟɤɬɢɜɧɵɯ 

ɮɚɤɬɨɪɨɜ: 

 ɧɚɡɧɚɱɟɧɢɟ, 

 ɜɢɞ ɨɛɫɥɭɠɢɜɚɟɦɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

 ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɢ ɞɪ. 

 

1.1 Ɉɛɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɦ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ 

ɜ ɰɟɥɨɦ ɫɨɫɬɨɢɬ ɢɡ 
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 ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɦɚɧɢɩɭɥɹɬɨɪɚ) ɢ 

 ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ɇɚɧɢɩɭɥɹɬɨɪ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɜɫɟɯ ɟɝɨ ɞɜɢɝɚɬɟɥɶɧɵɯ ɮɭɧɤɰɢɣ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɡɜɟɧɧɵɣ ɦɟɯɚɧɢɡɦ 

ɫ ɪɚɡɨɦɤɧɭɬɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɶɸ, ɨɫɧɚɳɟɧɧɵɣ ɩɪɢɜɨɞɚɦɢ ɢ ɪɚɛɨɱɢɦ 

ɨɪɝɚɧɨɦ, ɚ ɬɚɤɠɟ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ - ɭɫɬɪɨɣɫɬɜɨɦ ɩɟɪɟɞɜɢɠɟɧɢɹ. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɦɚɧɢɩɭɥɹɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ: 

 ɨɩɨɪɧɵɟ (ɧɟɫɭɳɢɟ) ɤɨɧɫɬɪɭɤɰɢɢ, 

 ɦɚɧɢɩɭɥɹɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ, 

 ɪɚɛɨɱɢɟ ɨɪɝɚɧɵ, 

 ɩɪɢɜɨɞɚ ɢ ɭɫɬɪɨɣɫɬɜɚ ɩɟɪɟɞɜɢɠɟɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ɫɥɭɠɢɬ ɞɥɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɜɵɞɚɱɢ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɦɚɧɢɩɭɥɹɬɨɪɭ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɨɣ ɢ ɫɨɫɬɨɢɬ ɢɡ 

 ɫɨɛɫɬɜɟɧɧɨ, ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, 

 ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɭɫɬɪɨɣɫɬɜɚɦɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ 

ɢ 

 ɫɢɫɬɟɦɵ ɫɜɹɡɢ. 

Ɉɩɨɪɧɵɟ, ɢɥɢ ɧɟɫɭɳɢɟ, ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ 

ɜɫɟɯ ɭɫɬɪɨɣɫɬɜ ɢ ɚɝɪɟɝɚɬɨɜ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. Ɉɩɨɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨ 

ɫɜɨɟɦɭ ɢɫɩɨɥɧɟɧɢɸ ɜɟɫɶɦɚ ɦɧɨɝɨɨɛɪɚɡɧɵ ɢ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɜɢɞɟ 

ɨɫɧɨɜɚɧɢɣ, ɤɨɪɩɭɫɨɜ, ɫɬɨɟɤ, ɤɨɥɨɧɧ, ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɦ ɬɟɥɟɠɟɤ, 

ɩɨɪɬɚɥɨɜ ɢ ɬ. ɩ. 

Ɇɚɧɢɩɭɥɹɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɫɥɭɠɢɬ ɞɥɹ ɩɟɪɟɧɨɫɚ ɢ ɨɪɢɟɧɬɚɰɢɢ ɪɚɛɨɱɟɝɨ 

ɨɪɝɚɧɚ ɢɥɢ ɨɛɴɟɤɬɚ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ ɤ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɪɚɛɨɱɟɣ ɡɨɧɵ ɢ 

ɫɬɪɭɤɬɭɪɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɵɱɧɨ ɦɧɨɝɨɡɜɟɧɧɵɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ 

ɦɟɯɚɧɢɡɦ ɫ ɪɚɡɨɦɤɧɭɬɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɶɸ. 

Ɋɚɛɨɱɢɣ ɨɪɝɚɧ ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɴɟɤɬ 
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ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɢɥɢ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɟɪɟɯɨɞɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɯɜɚɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢɥɢ 

ɪɚɛɨɱɢɣ ɢɧɫɬɪɭɦɟɧɬ. 

ɉɪɢɜɨɞ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɞɜɨɞɢɦɨɣ ɷɧɟɪɝɢɢ ɜ 

ɦɟɯɚɧɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɡɜɟɧɶɟɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɤɨɦɚɧɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ, ɩɨɫɬɭɩɚɸɳɢɦɢ ɨɬ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɢ ɜ ɨɛɳɟɦ 

ɜɢɞɟ ɫɨɞɟɪɠɢɬ 

 ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɭ, 

 ɞɜɢɝɚɬɟɥɢ ɢ 

 ɩɟɪɟɞɚɬɨɱɧɵɟ ɦɟɯɚɧɢɡɦɵ. 

ɍɫɬɪɨɣɫɬɜɨ ɩɟɪɟɞɜɢɠɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ 

ɦɚɧɢɩɭɥɹɬɨɪɚ ɢɥɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ɜ ɰɟɥɨɦ ɜ ɧɟɨɛɯɨɞɢɦɨɟ ɦɟɫɬɨ 

ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɫɨɫɬɨɢɬ ɢɡ 

 ɯɨɞɨɜɨɣ ɱɚɫɬɢ ɢ 

 ɩɪɢɜɨɞɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

ɋɢɫɬɟɦɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋɉɍ) ɫɥɭɠɢɬ ɞɥɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɜɵɞɚɱɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ ɢ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɫɨɫɬɨɢɬ ɢɡ: 

 ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ, 

 ɡɚɩɨɦɢɧɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, 

 ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 

 ɛɥɨɤɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚɦɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɫɛɨɪɚ ɢ 

ɩɟɪɜɢɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɨ ɫɨɫɬɨɹɧɢɢ 

ɷɥɟɦɟɧɬɨɜ ɢ ɦɟɯɚɧɢɡɦɨɜ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ɢ ɜɧɟɲɧɟɣ ɫɪɟɞɵ, 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ 

ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɭɫɬɪɨɣɫɬɜɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɢ ɫɪɚɜɧɟɧɢɹ ɫɢɝɧɚɥɨɜ, ɚ ɬɚɤɠɟ 

ɞɚɬɱɢɤɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. 
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ɋɢɫɬɟɦɚ ɫɜɹɡɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ 

ɦɟɠɞɭ ɪɨɛɨɬɨɦ ɢ ɨɩɟɪɚɬɨɪɨɦ ɢɥɢ ɞɪɭɝɢɦɢ ɪɨɛɨɬɚɦɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 

ɭɫɬɪɨɣɫɬɜɚɦɢ ɫ ɰɟɥɶɸ ɮɨɪɦɭɥɢɪɨɜɤɢ ɡɚɞɚɧɢɣ, ɤɨɧɬɪɨɥɹ ɡɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ 

ɫɢɫɬɟɦ ɫɚɦɨɝɨ ɪɨɛɨɬɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɞɢɚɝɧɨɫɬɢɤɢ 

ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɪɟɝɥɚɦɟɧɬɧɨɣ ɩɪɨɜɟɪɤɢ ɢ ɬ. ɩ. 

 

1.2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ  
 

Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ 

ɫɚɦɵɦ ɪɚɡɥɢɱɧɵɦ ɩɪɢɡɧɚɤɚɦ: 

 ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ, 

 ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ, 

 ɫɩɟɰɢɚɥɢɡɚɰɢɢ, 

 ɜɢɞɭ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, 

 ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ, 

 ɜɟɥɢɱɢɧɚɦ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, 

 ɨɛɴɟɦɭ ɪɚɛɨɱɟɣ ɡɨɧɵ, 

 ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ, 

 ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɞɜɢɠɟɧɢɹ (ɦɨɛɢɥɶɧɨɫɬɢ), 

 ɬɢɩɭ ɩɪɢɜɨɞɚ, 

 ɫɩɨɫɨɛɭ ɭɫɬɚɧɨɜɤɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, 

 ɬɢɩɭ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, 

 ɫɩɨɫɨɛɭ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɞɪ. 

ɉɨ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 

ɋɜɚɪɨɱɧɵɟ, ɨɤɪɚɫɨɱɧɵɟ, ɫɛɨɪɨɱɧɵɟ ɢ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɟ. 

ɉɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɢɡɧɚɤɚɦ 

Ɍɟɯɧɢɱɟɫɤɢɟ, ɩɨɞɴɟɦɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɟ (ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ) ɢ 

ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ, 

ɉɨ ɫɩɟɰɢɚɥɢɡɚɰɢɢ  
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ɋɩɟɰɢɚɥɶɧɵɟ, ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɟ (ɦɧɨɝɨɰɟɥɟɜɵɟ). 

ɉɨ ɭɪɨɜɧɸ ɜɜɨɞɢɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɫɩɨɫɨɛɭ ɨɛɭɱɟɧɢɹ 

ɉɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɟ ɤɚɬɟɝɨɪɢɢ. 

ɉɪɢ ɷɬɨɦ ɤɚɠɞɨɣ ɤɚɬɟɝɨɪɢɢ ɪɨɛɨɬɨɜ ɩɪɢɫɭɳ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɪɨɜɟɧɶ ɜɜɨɞɢɦɨɣ 

ɢɡɜɧɟ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɢ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɩɨɥɧɨɰɟɧɧɨɝɨ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɡɚɞɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɨɪɝɚɧɢɱɟɫɤɢ 

ɫɜɹɡɚɧɧɵɣ ɫ ɷɬɢɦ ɫɩɨɫɨɛɨɦ ɟɝɨ ɨɛɭɱɟɧɢɹ (ɢɥɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ). ɉɨ ɬɨɦɭ, 

ɤɚɤɭɸ ɢɧɮɨɪɦɚɰɢɸ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɭɱɢɬɶ ɪɨɛɨɬɭ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɧɨɣ 

ɪɚɛɨɬɵ ɢ ɤɚɤ ɩɪɢ ɷɬɨɦ "ɨɛɭɱɢɬɶ" ɟɝɨ ɧɨɜɵɦ ɨɩɟɪɚɰɢɹɦ, ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɟɝɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɹɯ ɢ ɫɬɟɩɟɧɢ ɚɜɬɨɧɨɦɧɨɫɬɢ.  

ɚ) ɇɟɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ (ɧɟɨɛɭɱɚɟɦɵɟ) ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɫ 

ɠɟɫɬɤɢɦ ɰɢɤɥɨɦ ɨɩɟɪɚɰɢɣ ɫɧɚɛɠɟɧɵ ɡɚɪɚɧɟɟ ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɞɨɫɬɚɬɨɱɧɨ 

ɩɪɨɫɬɨɣ ɩɪɨɝɪɚɦɦɨɣ, ɩɨɜɬɨɪɹɸɳɟɣ ɨɞɧɭ ɢ ɬɭ ɠɟ ɡɚɞɚɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɨɩɟɪɚɰɢɣ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɢɡɦɟɧɹɸɳɢɯɫɹ ɭɫɥɨɜɢɣ ɢ ɧɟ ɩɨɞɞɚɸɳɟɣɫɹ ɢɡɦɟɧɟɧɢɸ 

ɩɪɨɫɬɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

ɋɨɫɬɚɜ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɪɨɛɨɬɚ ɡɚɞɚɸɬɫɹ ɚɩɪɢɨɪɧɨ ɞɥɹ 

ɤɚɠɞɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ȼɧɟɫɟɧɢɟ 

ɤɨɪɪɟɤɬɢɜ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 

ɩɪɨɢɫɲɟɞɲɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɨɪɝɚɧɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, 

ɬɪɟɛɭɟɬ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɱɪɟɡɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɢ ɬɪɭɞɨɜɵɯ ɡɚɬɪɚɬ, ɚ 

ɩɨɬɨɦɭ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

ɛ) ɀɟɫɬɤɨ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ (ɩɟɪɟɨɛɭɱɚɟɦɵɟ) ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ 

ɫ ɢɡɦɟɧɹɟɦɵɦ ɰɢɤɥɨɦ ɨɩɟɪɚɰɢɣ ɫɨɞɟɪɠɚɬ ɩɨɥɧɵɣ ɧɚɛɨɪ ɢɧɮɨɪɦɚɰɢɢ, ɧɟ 

ɢɡɦɟɧɹɸɳɢɣɫɹ ɜ ɩɪɨɰɟɫɫɟ ɫɚɦɨɣ ɪɚɛɨɬɵ, ɧɨ ɩɨɞɞɚɸɳɢɣɫɹ ɤɨɪɪɟɤɬɢɪɨɜɤɟ 

ɩɭɬɟɦ "ɩɟɪɟɨɛɭɱɟɧɢɹ" ɩɪɢ ɢɡɦɟɧɟɧɢɢ (ɩɟɪɟɧɚɥɚɞɤɟ) ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɰɟɫɫɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɢ ɦɟɬɨɞɵ 

(ɡɚɦɟɧɚ ɥɢɛɨ ɢɡɦɟɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ), ɩɨɡɜɨɥɹɸɳɢɟ ɥɟɝɤɨ ɢ ɛɵɫɬɪɨ ɢɡɦɟɧɹɬɶ 

ɫɨɫɬɚɜ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɪɨɛɨɬɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ, 

ɚ ɬɚɤɠɟ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ ɧɚ ɢɧɭɸ. ɇɚɛɨɪ 
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ɩɪɨɝɪɚɦɦ, ɡɚɩɢɫɚɧɧɵɯ ɜ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɧɚɫɬɪɚɢɜɚɬɶ 

ɪɨɛɨɬ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɢɡɞɟɥɢɹ. 

ɂ ɜɫɟ ɠɟ ɷɬɨ ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɩɟɪɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɧɟ ɢɦɟɸɳɢɟ 

ɫɟɧɫɨɪɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɧɟ ɫɩɨɫɨɛɧɵɟ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɫɜɨɢ ɞɟɣɫɬɜɢɹ ɜ ɫɚɦɨɦ 

ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɹɸɳɢɯɫɹ ɭɫɥɨɜɢɣ. 

ɜ) ɉɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ (ɨɛɭɱɚɟɦɵɟ) ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɫ 

ɢɡɦɟɧɹɟɦɵɦ ɰɢɤɥɨɦ ɨɩɟɪɚɰɢɣ ɧɚɪɹɞɭ ɫ ɩɨɥɧɵɦ ɧɚɛɨɪɨɦ ɩɪɨɝɪɚɦɦɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɢɦɟɸɬ ɫɟɧɫɨɪɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɨɛɪɚɬɧɵɟ ɫɜɹɡɢ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ 

ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɩɪɨɝɪɚɦɦɧɵɟ ɞɟɣɫɬɜɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɬɚɤɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɪɨɛɨɬɨɜ ɩɨɡɜɨɥɹɟɬ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɫɢɝɧɚɥɨɜ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ 

ɮɨɪɦɢɪɨɜɚɬɶ ɡɚɤɨɧɵ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɫ ɭɱɟɬɨɦ ɮɚɤɬɢɱɟɫɤɨɣ 

ɨɛɫɬɚɧɨɜɤɢ, ɬ.ɟ. ɨɛɭɱɚɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɛɴɟɤɬɚɦɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ (ɚɞɚɩɬɢɪɨɜɚɬɶɫɹ) ɤ ɢɡɦɟɧɹɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦ. 

"ɇɚɱɚɥɶɧɨɟ" ɨɛɭɱɟɧɢɟ ɬɚɤɢɯ ɪɨɛɨɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɵɱɧɨ ɩɨ ɩɟɪɜɨɦɭ 

ɪɚɛɨɱɟɦɭ ɰɢɤɥɭ, ɞɥɹ ɱɟɝɨ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɱɟɥɨɜɟɤ-ɨɩɟɪɚɬɨɪ ɜ ɪɟɠɢɦɟ 

ɨɛɭɱɟɧɢɹ ɜɪɭɱɧɭɸ ɩɪɨɜɨɞɢɬ ɡɚɯɜɚɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɪɨɛɨɬɚ ɩɨ ɪɚɛɨɱɟɣ 

ɬɪɚɟɤɬɨɪɢɢ. ɉɪɢ ɷɬɨɦ ɜ ɡɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɪɨɛɨɬɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɭɡɥɨɜɵɯ ɬɨɱɟɤ ɪɚɛɨɱɟɣ 

ɬɪɚɟɤɬɨɪɢɢ, ɚ ɬɚɤɠɟ ɧɟɤɨɬɨɪɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ. Ɂɚɬɟɦ ɫɢɫɬɟɦɚ 

ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɪɚɛɨɱɢɣ ɪɟɠɢɦ, ɚ ɡɚɩɢɫɚɧɧɚɹ ɜ ɩɚɦɹɬɶ 

ɢɧɮɨɪɦɚɰɢɹ, ɩɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɜ ɤɨɦɚɧɞɧɵɟ ɫɢɝɧɚɥɵ, ɩɨɞɚɟɬɫɹ ɧɚ ɩɪɢɜɨɞɵ 

ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɢ ɦɚɧɢɩɭɥɹɬɨɪ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɧɧɵɟ ɫɨɫɬɚɜ ɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ. Ɍɚɤɢɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɨɛɵɱɧɨ ɨɬɧɨɫɹɬɫɹ 

ɤɨ ɜɬɨɪɨɦɭ ɩɨɤɨɥɟɧɢɸ. 

ɝ) Ƚɢɛɤɨɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ (ɫɚɦɨɨɛɭɱɚɟɦɵɟ) ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɫ 

ɷɥɟɦɟɧɬɚɦɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɤɪɨɦɟ ɪɚɡɜɢɬɨɣ ɫɟɧɫɨɪɧɨɣ ɫɢɫɬɟɦɵ ɜ 

ɜɢɞɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɨɪɝɚɧɨɜ ɡɪɟɧɢɹ, ɫɥɭɯɚ, ɨɫɹɡɚɧɢɹ ɢ ɞɪɭɝɢɯ, ɞɨɥɠɧɵ 
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ɨɛɥɚɞɚɬɶ ɦɨɳɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɭɩɪɚɜɥɹɸɳɟɣ ɫɢɫɬɟɦɨɣ ɢ ɫɨɜɟɪɲɟɧɧɵɦ 

ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɦ ɢ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɢ ɪɨɛɨɬɵ 

ɫɩɨɫɨɛɧɵ ɪɚɫɩɨɡɧɚɜɚɬɶ ɨɛɪɚɡɵ ɢ ɫɢɬɭɚɰɢɢ, ɦɨɞɟɥɢɪɨɜɚɬɶ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, 

ɩɥɚɧɢɪɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɢ, ɫɚɦɨɨɛɭɱɚɹɫɶ ɜ ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, 

ɮɨɪɦɢɪɨɜɚɬɶ ɫɨɫɬɚɜ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɜɨɢɯ ɞɟɣɫɬɜɢɣ ɧɚ ɨɫɧɨɜɟ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɢ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɜ ɭɫɥɨɜɢɹɯ 

ɧɟɨɪɝɚɧɢɡɨɜɚɧɧɨɝɨ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

ɗɬɨ ɪɨɛɨɬɵ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɚɣɞɭɬ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɚɦɵɯ 

ɫɥɨɠɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɫɛɨɪɤɢ, ɦɨɧɬɚɠɚ, ɤɨɧɬɪɨɥɶɧɨ-

ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ 

ɉɨ ɜɢɞɭ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 

Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɩɹɬɶ ɨɫɧɨɜɧɵɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɪɨɛɨɬɨɜ. ɇɨ ɩɪɟɠɞɟ ɱɟɦ ɪɚɫɫɦɨɬɪɟɬɶ ɤɨɧɤɪɟɬɧɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ, ɫɥɟɞɭɟɬ 

ɩɪɢɜɟɫɬɢ ɧɟɫɤɨɥɶɤɨ ɩɨɹɫɧɟɧɢɣ. 

Ʉɨɦɩɨɧɨɜɤɚ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɪɨɛɨɬɚ ɩɪɟɠɞɟ ɜɫɟɝɨ ɡɚɜɢɫɹɬ 

ɨɬ ɬɨɝɨ, ɤɚɤɢɟ ɞɜɢɠɟɧɢɹ ɢ ɜ ɤɚɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɨɥɠɟɧ ɜɵɩɨɥɧɹɬɶ 

ɦɚɧɢɩɭɥɹɬɨɪ ɩɪɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ. 

Ⱦɥɹ ɩɟɪɟɧɨɫɚ ɨɛɴɟɤɬɚ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ ɛɟɡ ɟɝɨ ɨɪɢɟɧɬɚɰɢɢ (ɜ ɥɸɛɨɟ 

ɦɟɫɬɨ ɪɚɛɨɱɟɣ ɡɨɧɵ) ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ ɧɚɞɟɥɢɬɶ ɦɚɧɢɩɭɥɹɬɨɪ ɬɪɟɦɹ 

ɫɬɟɩɟɧɹɦɢ ɩɨɞɜɢɠɧɨɫɬɢ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ, ɤɚɤ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ, 

ɬɚɤ ɢ ɜɪɚɳɚɬɟɥɶɧɨɣ. ɗɬɢ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ, ɧɚɡɵɜɚɟɦɵɟ ɩɟɪɟɧɨɫɧɵɦɢ, ɢɥɢ 

ɪɟɝɢɨɧɚɥɶɧɵɦɢ, ɨɩɪɟɞɟɥɹɸɬ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ, ɜ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ 

ɨɫɧɨɜɧɵɟ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɨɛɨɬɚ ɩɨ ɩɟɪɟɧɨɫɭ ɨɛɴɟɤɬɚ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɤɚɠɞɨɣ ɢɡ ɩɟɪɟɧɨɫɢɦɵɯ ɫɬɟɩɟɧɟɣ ɩɨɞɜɢɠɧɨɫɬɢ 

(ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɢɥɢ ɜɪɚɳɚɬɟɥɶɧɨɣ), ɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɜɡɚɢɦɧɨɣ 

ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɮɨɪɦɢɪɭɟɬɫɹ ɬɚ ɢɥɢ ɢɧɚɹ ɛɚɡɨɜɚɹ ɫɢɫɬɟɦɚ ɤɨ-

ɨɪɞɢɧɚɬ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫɨ ɫɜɨɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢ ɮɨɪɦɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɮɢɝɭɪɵ, ɨɩɢɫɵɜɚɟɦɨɣ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɉɊ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɢɞ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɦɚɧɢɩɭɥɹɬɨɪɚ ɉɊ 

ɨɩɪɟɞɟɥɹɟɬ ɟɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ, ɭɪɨɜɟɧɶ ɫɥɨɠɧɨɫɬɢ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɬɪɭɞɧɨɫɬɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ. 

 

ɚ. ɉɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ, ɢɥɢ 
ɞɟɤɚɪɬɨɜɨɣ, ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (ɪɢɫɭɧɨɤ 1), ɢɦɟɟɬ ɬɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ 

ɛɚɡɨɜɵɯ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɫ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ 

ɩɟɪɟɦɟɳɟɧɢɣ. ɗɬɨɬ ɬɢɩ ɪɨɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɪɚɦɵ ɜ ɜɢɞɟ ɛɚɥɨɱɧɨɣ, ɦɨɫɬɨɜɨɣ ɢɥɢ 

ɩɨɪɬɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɟɪɟɦɟɳɚɸɳɟɣɫɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨ, ɩɨɩɟɪɟɱɧɨɣ 

ɬɟɥɟɠɤɢ ɢɥɢ ɤɚɪɟɬɤɢ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɨɣ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

ɩɟɪɟɦɟɳɚɟɬɫɹ "ɪɭɤɚ" ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɜɢɞɟ ɫɬɨɣɤɢ ɢɥɢ ɤɨɥɨɧɧɵ. Ɏɨɪɦɚ 

ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɮɢɝɭɪɵ, ɨɩɢɫɵɜɚɟɦɨɣ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ, ɬɚɤ 

ɧɚɡɵɜɚɟɦɨɣ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ. 

 

 

 

Ɋɢɫɭɧɨɤ 1.1 – Ɋɨɛɨɬ, ɪɚɛɨɬɚɸɳɢɣ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 
 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɵ ɦɚɧɢɩɭɥɹɬɨɪɚ (ɭɞɨɛɫɬɜɨ 

ɨɛɫɥɭɠɢɜɚɧɢɹ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɠɟɫɬɤɨɫɬɶ) ɩɨɡɜɨɥɹɸɬ 

ɩɪɢɦɟɧɹɬɶ ɬɚɤɢɟ ɪɨɛɨɬɵ ɜ ɫɬɟɫɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɨɞɜɟɲɢɜɚɹ ɢɯ ɧɚɞ ɨɛɫɥɭ-
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ɠɢɜɚɟɦɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɚ ɬɚɤɠɟ ɬɚɦ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ, 

ɧɚɩɪɢɦɟɪ, ɧɚ ɫɛɨɪɨɱɧɵɯ ɨɩɟɪɚɰɢɹɯ.  

Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɪɚɜɧɢɬɟɥɶɧɭɸ ɩɪɨɫɬɨɬɭ ɩɨɫɬɪɨɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɬɚɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɫɪɚɜɧɢɬɟɥɶɧɨ ɪɟɞɤɨ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɹɜɥɹɸɬɫɹ ɱɪɟɡɦɟɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɭɫɬɪɨɣɫɬɜɚ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɨɛɴɟɦɟ ɪɚɛɨɱɟɣ 

ɡɨɧɵ ɢ ɭɞɥɢɧɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɡɚɞɚɧɧɨɣ ɰɢɤɥɨɝɪɚɦɦɵ ɩɪɨɰɟɫɫɚ. ɑɚɳɟ 

ɜɫɟɝɨ ɬɚɤɢɟ ɪɨɛɨɬɵ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɜɢɞɟ ɤɚɪɟɬɤɢ, ɩɨɞɜɟɲɟɧɧɨɣ ɧɚ 

ɧɚɩɪɚɜɥɹɸɳɢɯ ɩɨɞ ɢɥɢ ɧɚɞ ɨɛɫɥɭɠɢɜɚɟɦɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɥɢɛɨ ɜ ɜɢɞɟ 

ɩɨɪɬɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

 

ɛ. ɉɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ (ɪɢɫɭɧɨɤ 2), ɢɦɟɟɬ ɨɞɧɭ ɜɪɚɳɚɬɟɥɶɧɭɸ ɢ ɞɜɟ ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ 

ɛɚɡɨɜɵɟ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɫ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ 

ɩɟɪɟɦɟɳɟɧɢɣ. Ɇɚɧɢɩɭɥɹɬɨɪ ɬɚɤɨɝɨ ɪɨɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɩɨɜɨɪɨɬɧɨɣ ɤɨɥɨɧɧɵ, ɢɥɢ 

ɫɬɨɣɤɢ, ɩɟɪɟɦɟɳɚɸɳɟɣɫɹ ɩɨ ɧɟɣ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɤɚɪɟɬɤɢ, 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɨɣ ɩɨɫɬɭɩɚɬɟɥɶɧɨ ɞɜɢɠɟɬɫɹ "ɪɭɤɚ" ɦɚɧɢɩɭɥɹɬɨɪɚ. Ɏɨɪɦɚ 

ɨɛɪɚɡɭɸɳɟɣɫɹ ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɨɥɧɵɣ ɰɢɥɢɧɞɪ. 
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Ɋɢɫɭɧɨɤ 1.2 – Ɋɨɛɨɬ, ɪɚɛɨɬɚɸɳɢɣ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 
 

Ȼɥɚɝɨɞɚɪɹ ɭɞɨɛɫɬɜɭ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, 

ɬɚɤɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɨɥɭɱɢɥɚ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. Ɉɧɚ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɫɥɭɠɢɜɚɧɢɟ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɚ 

ɧɚɥɢɱɢɟ ɞɜɭɯ ɩɟɪɟɧɨɫɧɵɯ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɧɚɪɹɞɭ ɫ 

ɜɪɚɳɚɬɟɥɶɧɵɦ ɨɛɥɟɝɱɚɟɬ ɩɥɚɧɢɪɨɜɤɭ ɢ ɤɨɦɩɨɧɨɜɤɭ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɨɡɞɚɧɢɟ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ. Ʉ ɧɟɞɨɫɬɚɬɤɭ ɫɥɟɞɭɟɬ 

ɨɬɧɟɫɬɢ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɛɴɟɤɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɦɚɥɨɣ 

ɜɵɫɨɬɟ. 

 

ɜ. ɉɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɫɮɟɪɢɱɟɫɤɨɣ, ɢɥɢ ɩɨɥɹɪɧɨɣ, 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (ɪɢɫɭɧɨɤ 3), ɢɦɟɟɬ ɞɜɟ ɜɪɚɳɚɬɟɥɶɧɵɟ ɜɡɚɢɦɧɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɟ ɢ ɩɨɫɬɭɩɚɬɟɥɶɧɭɸ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ. Ɍɚɤɨɣ ɬɢɩ ɪɨɛɨɬɚ 

ɫɨɫɬɨɢɬ ɢɡ ɜɪɚɳɚɸɳɟɣɫɹ ɤɨɥɨɧɧɵ, ɢɥɢ ɨɫɧɨɜɚɧɢɹ, ɩɨɜɨɪɨɬɧɨɣ (ɤɚɱɚɸɳɟɣɫɹ) 

ɤɚɪɟɬɤɢ ɢ ɩɟɪɟɦɟɳɚɸɳɟɣɫɹ ɜ ɧɟɣ ɩɨɫɬɭɩɚɬɟɥɶɧɨ "ɪɭɤɢ". Ɏɨɪɦɚ ɨɛɪɚɡɭɸɳɟɣɫɹ 

ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɨɥɧɵɣ ɲɚɪ, ɨɝɪɚɧɢɱɟɧɧɵɣ ɫɮɟɪɢɱɟɫɤɢɦɢ 

ɢ ɩɥɨɫɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 1.3 – Ɋɨɛɨɬ, ɪɚɛɨɬɚɸɳɢɣ ɜ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 
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Ɍɚɤɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɟɫɤɨɥɶɤɨ ɝɪɨɦɨɡɞɤɚ ɢ ɬɪɟɛɭɟɬ ɞɥɹ 

ɫɜɨɟɝɨ ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɭɸ ɫɢɫɬɟɦɭ. Ɉɞɧɚɤɨ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɭɧɢ-

ɜɟɪɫɚɥɶɧɨɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɛɨɥɶɲɟɝɨ ɨɛɴɟɦɚ ɪɚɛɨɱɟɝɨ ɩɪɨ-

ɫɬɪɚɧɫɬɜɚ, ɱɟɦ ɦɚɧɢɩɭɥɹɬɨɪɵ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɢ ɰɢɥɢɧɞɪɢɱɟ-

ɫɤɨɣ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ, ɬɚɤɢɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. 

 

ɝ. ɉɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɭɝɥɨɜɨɣ, ɢɥɢ ɚɧɝɭɥɹɪɧɨɣ, 

ɫɮɟɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (ɪɢɫɭɧɨɤ 4), ɢɦɟɟɬ ɬɪɢ ɜɪɚɳɚɬɟɥɶɧɵɯ ɛɚɡɨɜɵɯ 

ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ. Ɍɚɤɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɧɚɡɵɜɚɟɦɚɹ ɟɳɟ 

ɫɥɨɠɧɨɣ ɫɮɟɪɢɱɟɫɤɨɣ, ɢɥɢ ɚɧɬɪɨɩɨɦɨɪɮɧɨɣ, ɫɨɫɬɨɢɬ ɢɡ ɡɜɟɧɶɟɜ, ɫɩɨɫɨɛɧɵɯ 

ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɩɨɞɨɛɧɨ ɪɭɤɟ ɱɟɥɨɜɟɤɚ: ɤ ɜɪɚɳɚɸɳɟɦɭɫɹ "ɬɭɥɨɜɢɳɭ" ɜ ɜɢɞɟ 

ɤɨɪɩɭɫɚ, ɢɥɢ ɤɨɥɨɧɧɵ, ɲɚɪɧɢɪɧɨ ɩɪɢɤɪɟɩɥɹɟɬɫɹ "ɩɥɟɱɨ", ɤ ɤɨɬɨɪɨɦɭ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, - "ɥɨɤɨɬɶ". Ɏɨɪɦɚ ɨɛɪɚɡɭɸɳɟɣɫɹ ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɥɨɠɧɭɸ ɲɚɪɨɜɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɨɝɪɚɧɢɱɟɧɧɭɸ ɫɮɟɪɢɱɟɫɤɢɦɢ ɢ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɩɥɨɫɤɨɫɬɹɦɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 1.4 – Ɋɨɛɨɬ ɫ ɲɚɪɧɢɪɧɨɣ (ɚɧɬɪɨɩɨɦɨɪɮɧɨɣ) ɪɭɤɨɣ 
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Ⱥɧɬɪɨɩɨɦɨɪɮɧɚɹ ɫɢɫɬɟɦɚ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɚ ɢ ɝɪɨɦɨɡɞɤɚ ɞɥɹ ɪɟɚɥɢɡɚ-ɰɢɢ ɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɬɪɟɛɭɟɬ ɞɥɹ ɫɜɨɟɝɨ ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɚ 

ɜ ɫɜɹɡɢ ɫ ɩɨɧɢɠɟɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɧɭɠɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɪɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɬɨɱɧɨɫɬɢ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɨɧɚ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ 

ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ, ɚ ɨɛɥɚɞɚɹ ɧɚɢɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɪɚɛɨɱɟɣ 

ɡɨɧɵ, ɯɨɪɨɲɨ ɤɨɦɩɨɧɭɟɬɫɹ ɜ ɰɟɯɟ, ɩɨɡɜɨɥɹɟɬ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɪɚɡ-ɦɟɪɵ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɥɨɳɚɞɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɪɨɛɨɬɨɜ. ɉɪɢ 

ɨɫɧɚɳɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɲɚɪɧɢɪɚɦɢ ɨɧɚ ɩɪɢɨɛɪɟɬɚɟɬ ɩɨɜɵɲɟɧɧɵɟ 

ɝɢɛɤɨɫɬɶ ɢ ɦɚɧɟɜɪɟɧɧɨɫɬɶ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɞɥɹ ɨɤɪɚɫɨɱɧɵɯ ɢ ɫɜɚɪɨɱɧɵɯ 

ɪɚɛɨɬ. 

 

ɞ. ɉɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɚɧɝɭɥɹɪɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ, 

ɢɥɢ ɫɥɨɠɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ (ɪɢɫɭɧɨɤ 5), ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɢɦɟɟɬ ɞɜɟ 

ɜɪɚɳɚɬɟɥɶɧɵɟ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɢ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɜ ɧɢɦ - ɩɨɫɬɭɩɚɬɟɥɶɧɭɸ, ɬ.ɟ. ɧɚɩɪɚɜɥɟɧɧɭɸ ɜɟɪɬɢɤɚɥɶɧɨ. 

Ɇɚɧɢɩɭɥɹɬɨɪ ɬɚɤɨɝɨ ɪɨɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɜɪɚɳɚɸɳɟɣɫɹ ɤɨɥɨɧɧɵ, ɢɥɢ ɤɨɪɩɭɫɚ, 

ɩɪɢɫɨɟɞɢɧɟɧɧɨɝɨ ɤ ɧɟɦɭ ɢ ɩɨɜɨɪɚɱɢɜɚɸɳɟɝɨɫɹ ɜ ɬɨɣ ɠɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ ɡɜɟɧɚ, ɧɚ ɤɨɧɰɟ ɤɨɬɨɪɨɝɨ ɜ ɧɚɩɪɚɜɥɹɸɳɟɣ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɨ 

"ɪɭɤɚ". 
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Ɋɢɫɭɧɨɤ 1.5 – Ɋɨɛɨɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɚɧɝɭɥɹɪɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ, ɢɥɢ ɫɥɨɠɧɨɣ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ, ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ.  
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2 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ʉɨɧɫɬɪɭɤɰɢɢ ɪɨɛɨɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ 

ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɟɣ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɬɜɟɪɞɵɯ ɬɟɥ (ɦɚɫɫ), ɫɨɟɞɢɧɟɧɧɵɯ 

ɭɩɪɭɝɢɦɢ, ɞɢɫɫɢɩɚɬɢɜɧɵɦɢ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɫɜɹɡɹɦɢ, ɧɚɯɨɞɹɳɭɸɫɹ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɞɜɢɠɭɳɢɯ ɫɢɥ ɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɜɧɟɲɧɟɣ 

ɫɪɟɞɨɣ. ɍɱɟɬ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɦɚɲɢɧɵ ɩɪɢ ɨɰɟɧɤɟ ɤɚɱɟɫɬɜɚ ɟɟ ɪɚɛɨɬɵ 

ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɨɛɪɟɬɚɟɬ ɜɫɟ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ, ɱɬɨ ɫɜɹɡɚɧɨ ɫɨ 

ɫɥɨɠɧɨɫɬɶɸ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɟɣ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ 

ɨɛɴɟɤɬɨɜ. 

ɉɪɟɞɦɟɬɨɦ ɞɢɧɚɦɢɤɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɞɜɢɠɟɧɢɣ 

ɭɩɪɭɝɢɯ ɡɜɟɧɶɟɜ ɪɟɚɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫ ɝɢɞɪɨ-, ɩɧɟɜɦɨ- ɢ 

ɷɥɟɤɬɪɨɭɫɬɪɨɣɫɬɜɚɦɢ. Ⱦɟɬɚɥɢ ɪɟɚɥɶɧɵɯ ɦɚɲɢɧ-ɪɨɛɨɬɨɜ ɢɥɢ ɡɜɟɧɶɹ ɪɟɚɥɶɧɵɯ 

ɦɟɯɚɧɢɡɦɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɮɢɡɢɱɟɫɤɢɟ ɬɟɥɚ ɫ ɩɪɢɫɭɳɟɣ ɢɦ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ, ɩɨɷɬɨɦɭ ɩɪɢ ɞɜɢɠɟɧɢɢ ɦɚɲɢɧɵ ɢɥɢ ɟɟ 

ɷɥɟɦɟɧɬɨɜ ɷɬɢ ɞɟɮɨɪɦɚɰɢɢ ɜɵɡɵɜɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ, ɱɚɫɬɨ 

ɢɦɟɸɳɢɟ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɧɚɤɥɚɞɵɜɚɸɳɢɟɫɹ ɧɚ ɨɫɧɨɜɧɨɟ ɞɜɢɠɟɧɢɟ. 

ȼ ɪɚɡɞɟɥɟ ɪɚɛɨɬɵ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ 

ɪɨɛɨɬɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɫɱɟɬɨɜ ɩɪɨɱɧɨɫɬɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɞɨɥɝɨɜɟɱɧɨɫɬɢ 

ɦɚɲɢɧ ɢ ɦɨɳɧɨɫɬɢ ɩɪɢɜɨɞɚ. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɤɚɤ ɮɢɡɢɱɟɫɤɢɣ ɨɛɴɟɤɬ ɢɥɢ ɟɝɨ ɷɥɟɦɟɧɬɵ. 

ȼɵɛɨɪ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɩɪɨɰɟɫɫ 

ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɣ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɦɨɞɟɥɶ ɫ ɠɟɫɬɤɢɦɢ ɡɜɟɧɶɹɦɢ. ɋ ɟɟ ɩɨɦɨɳɶɸ ɪɟɲɚɸɬɫɹ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɡɚɞɚɱɢ, 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɜɢɠɭɳɢɟ ɫɢɥɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɪɟɛɭɟɦɵɯ 

ɞɜɢɠɟɧɢɣ, ɨɰɟɧɢɜɚɸɬɫɹ ɪɟɚɤɰɢɢ ɜ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɯ. Ȼɨɥɟɟ ɫɥɨɠɧɵɟ 

ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɸɬ ɨɛɵɱɧɨ ɩɨɞɚɬɥɢɜɨɫɬɶ ɡɜɟɧɶɟɜ ɩɟɪɟɞɚɬɨɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɚ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɫɱɢɬɚɟɬɫɹ ɠɟɫɬɤɢɦ. ɗɬɢ ɦɨɞɟɥɢ ɩɨɡɜɨɥɹɸɬ 
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ɨɩɪɟɞɟɥɢɬɶ ɨɬɤɥɨɧɟɧɢɟ ɢɫɬɢɧɧɵɯ ɡɚɤɨɧɨɜ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɡɜɟɧɶɟɜ 

ɨɬ ɡɚɞɚɧɧɵɯ (ɩɪɨɝɪɚɦɦɧɵɯ), ɭɬɨɱɧɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ 

ɷɥɟɦɟɧɬɵ ɩɟɪɟɞɚɬɨɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɹɜɥɹɸɬɫɹ ɦɨɞɟɥɢ, 

ɭɱɢɬɵɜɚɸɳɢɟ ɩɨɞɚɬɥɢɜɨɫɬɶ ɡɜɟɧɶɟɜ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɨɛɨɬɚ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ (Ⱦɍ), ɜɵɜɟɞɟɧɧɵɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɚɡɥɢɱɧɵɯ ɩɪɢɧɰɢɩɨɜ ɦɟɯɚɧɢɤɢ. Ɂɚɬɟɦ, ɢɫɩɨɥɶɡɭɹ ɚɧɚɥɨɝɢɸ ɦɟɠɞɭ ɪɟɚɥɶɧɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ (ɬ.ɟ. 

ɮɨɪɦɚɥɢɡɨɜɚɧɧɵɦɢ) ɫɯɟɦɚɦɢ, ɢɡɭɱɟɧɢɟ ɪɟɚɥɶɧɨɣ Ɇɋ ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɪɟɲɟɧɢɸ 

ɱɢɫɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ. Ɉɞɧɚɤɨ ɱɚɫɬɨ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɥɟɡɧɨɣ ɢ 

ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɨɫɬɪɨɟɧɢɢ ɧɟɤɨɣ 

ɭɩɪɨɳɟɧɧɨɣ ɦɨɞɟɥɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɚɹ ɞɨɩɭɫɤɚɟɬ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 

ɪɟɲɟɧɢɟ ɞɥɹ ɤɚɤɢɯ-ɬɨ ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ. Ⱥɧɚɥɢɡ ɪɟɲɟɧɢɹ ɬɚɤɨɣ ɦɨɞɟɥɢ 

ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢ ɧɟ ɜɫɟɝɞɚ ɨɱɟɜɢɞɧɵɟ 

ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɫɪɚɜɧɢɬɶ 

ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ ɗȼɆ, ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 

ɪɟɲɟɧɢɹ, ɢ ɬɟɦ ɫɚɦɵɦ ɨɰɟɧɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɬɨɱɟɧ ɦɟɬɨɞ ɪɚɫɱɟɬɚ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɩɟɪɜɨɣ ɡɚɞɚɱɢ ɞɢɧɚɦɢɤɢ ɞɥɹ ɪɨɛɨɬɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ 

ɡɚɤɨɧɵ ɞɜɢɠɟɧɢɹ ɜɫɟɯ ɡɜɟɧɶɟɜ ɪɨɛɨɬɚ ɢɡɜɟɫɬɧɵ, ɢ ɨɧɢ ɫɨɜɩɚɞɚɸɬ ɫ 

ɩɪɨɝɪɚɦɦɧɵɦɢ ɡɚɤɨɧɚɦɢ ɞɜɢɠɟɧɢɹ, ɬɪɟɛɭɸɳɢɦɢɫɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɨɝɨ ɢɥɢ 

ɢɧɨɝɨ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. ɐɟɥɶɸ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɞɜɢɠɭɳɢɯ ɫɢɥ ɢ ɦɨɦɟɧɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɢ ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɷɬɨɦ 

ɞɜɢɠɟɧɢɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɯ (ɫɢɥɨɜɨɣ ɢɥɢ 

ɤɢɧɟɬɨɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ). Ɉɩɪɟɞɟɥɢɜ ɞɜɢɠɭɳɢɟ ɫɢɥɵ ɢ ɦɨɦɟɧɬɵ, ɦɨɠɧɨ 

ɜɵɛɪɚɬɶ ɞɜɢɝɚɬɟɥɢ, ɫɩɨɫɨɛɧɵɟ ɨɛɟɫɩɟɱɢɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɜɫɟɣ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɩɪɨɝɪɚɦɦɧɵɯ ɞɜɢɠɟɧɢɣ ɪɨɛɨɬɚ, ɢɥɢ ɨɰɟɧɢɬɶ ɩɪɢɝɨɞɧɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɜɵɛɪɚɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. Ɉɩɪɟɞɟɥɢɜ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ 

ɩɪɨɱɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɠɟɫɬɤɨɫɬɶ ɫɢɫɬɟɦɵ. ȼɬɨɪɚɹ ɡɚɞɚɱɚ ɞɢɧɚɦɢɤɢ ɞɥɹ 
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ɪɨɛɨɬɨɜ ɛɭɞɟɬ ɡɚɤɥɸɱɚɬɶɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɨɲɢɛɨɤ - ɨɬɤɥɨɧɟɧɢɣ 

ɪɟɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɞɜɢɠɟɧɢɹ ɨɬ ɩɪɨɝɪɚɦɦɧɵɯ. 

2.1 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɞɢɧɚɦɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ. 
 

Ɉɛɵɱɧɨ ɩɪɢɞɟɪɠɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Ⱦɍ ɞɜɢɠɟɧɢɹ: 

1) ɜɵɛɢɪɚɸɬ ɫɩɨɫɨɛ ɢɡɨɛɪɚɠɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

Ⱦɍ ɞɜɢɠɟɧɢɹ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɛɟɝɚɸɬ ɤ ɭɫɥɨɜɧɨɣ ɮɨɪɦɟ ɢɡɨɛɪɚɠɟɧɢɹ ɪɚɫɱɟɬɧɵɯ 

ɫɯɟɦ ɜ ɜɢɞɟ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɡɚɞɚɱɢ, 

ɨɩɪɟɞɟɥɹɸɬ ɫɧɚɱɚɥɚ ɩɪɢɜɟɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ (ɦɚɫɫ, ɦɨɦɟɧɬɨɜ 

ɢɧɟɪɰɢɢ, ɫɢɥ, ɦɨɦɟɧɬɨɜ ɢɧɟɪɰɢɢ ɫɢɥ, ɠɟɫɬɤɨɫɬɟɣ ɢ ɬ.ɩ.), ɩɨɫɥɟ ɱɟɝɨ ɜ 

ɯɚɪɚɤɬɟɪɧɨɦ ɞɥɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɜɢɞɟ ɢɡɨɛɪɚɠɚɸɬ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ, 

ɨɬɦɟɱɚɹ ɧɚ ɧɟɣ ɜɫɟ ɡɚɞɚɜɚɟɦɵɟ ɫɢɥɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɬɨɱɤɚɦ; 

2) ɫɨɫɬɚɜɥɹɸɬ Ⱦɍ ɞɜɢɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ Ⱦɚɥɚɦɛɟɪɚ ɢɥɢ 

ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ. 

3) ɩɨɥɭɱɟɧɧɵɟ Ⱦɍ ɞɜɢɠɟɧɢɹ, ɟɫɥɢ ɢɯ ɦɨɠɧɨ ɪɟɲɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢ 

ɩɪɢɜɨɞɹɬ ɤ ɜɢɞɭ, ɭɞɨɛɧɨɦɭ ɞɥɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ; ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɢɯ 

ɩɪɢɜɨɞɹɬ ɤ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ Ʉɨɲɢ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɟɲɟɧɢɹ ɧɚ ɗȼɆ; 

ɪɟɲɚɸɬ ɭɪɚɜɧɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ; 

4) ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɲɟɧɢɹ Ⱦɍ ɨɩɪɟɞɟɥɹɸɬ ɢɫɤɨɦɵɟ ɜɟɥɢɱɢɧɵ (ɬ.ɟ. 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɩɟɪɟɦɟɳɟɧɢɣ, ɫɤɨɪɨɫɬɟɣ, ɭɫɤɨɪɟɧɢɣ ɷɥɟɦɟɧɬɨɜ Ɇɋ, 

ɞɚɜɥɟɧɢɹ, ɬɨɤɚ, ɧɚɩɪɹɠɟɧɢɹ ɢ ɞɪɭɝɢɯ ɜɟɥɢɱɢɧ). 

 

2.2 ɋɨɫɬɚɜɥɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 
 

ȼ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɚɲɢɧɵ-

ɪɨɛɨɬɚ ɨɤɚɡɵɜɚɟɬɫɹ ɫɥɢɲɤɨɦ ɫɥɨɠɧɨɣ ɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟ ɦɟɧɟɟ ɫɥɨɠɧɨɦɭ 

ɪɚɫɱɟɬɭ. ɗɬɨ ɡɚɫɬɚɜɥɹɟɬ ɭɩɪɨɳɚɬɶ ɢɫɯɨɞɧɵɟ ɫɯɟɦɵ ɩɭɬɟɦ ɢɫɤɥɸɱɟɧɢɹ ɢɡ ɧɢɯ 
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ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɱɢɫɥɚ ɦɚɫɫ ɢ ɡɜɟɧɶɟɜ, ɢɯ ɫɨɟɞɢɧɹɸɳɢɯ, ɫɨɤɪɚɳɟɧɢɹ ɱɢɫɥɚ ɫɢɥ, 

ɧɚɝɪɭɠɚɸɳɢɯ ɞɚɧɧɵɣ ɨɛɴɟɤɬ, ɢ ɡɚɦɟɧɵ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɦɚɫɫ ɨɛɴɟɤɬɚ 

ɧɟɤɨɬɨɪɵɦɢ ɭɫɥɨɜɧɵɦɢ (ɩɪɢɜɟɞɟɧɧɵɦɢ) ɦɚɫɫɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ 

ɡɜɟɧɶɹɦɢ, ɬɚɤɠɟ ɢɦɟɸɳɢɦɢ ɧɟɤɨɬɨɪɭɸ ɭɫɥɨɜɧɭɸ ɠɟɫɬɤɨɫɬɶ. ɉɨɥɭɱɟɧɧɵɟ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɯɟɦɵ ɨɛɵɱɧɨ ɧɚɡɵɜɚɸɬ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ, ɬ.ɤ. ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɚ ɩɨ ɧɢɦ ɞɨɥɠɧɵ ɦɚɥɨ ɨɬɥɢɱɚɬɶɫɹ (ɛɵɬɶ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ) ɨɬ 

ɪɟɡɭɥɶɬɚɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɛɟɡ ɭɩɪɨɳɟɧɢɣ. Ɉɞɧɚɤɨ, ɱɬɨɛɵ 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɟ ɦɚɥɨ ɨɬɥɢɱɚɥɢɫɶ ɨɬ 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɢɥɶɧɨ ɩɨɫɬɪɨɢɬɶ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɫɯɟɦɭ ɢ 

ɪɚɫɫɱɢɬɚɬɶ ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɨɫɬɪɨɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 

ɫɯɟɦɵ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɪɢɜɟɞɟɧɧɵɯ ɦɨɦɟɧɬɨɜ ɢɧɟɪɰɢɢ, ɩɪɢɜɟɞɟɧɧɵɯ 

ɦɚɫɫ ɢ ɠɟɫɬɤɨɫɬɟɣ ɭɱɚɫɬɤɨɜ ɦɟɠɞɭ ɷɬɢɦɢ ɦɚɫɫɚɦɢ. Ɋɚɫɱɟɬɧɵɟ ɫɯɟɦɵ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ ɫɬɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 

ɨɛɵɱɧɨ ɥɢɲɶ ɬɟɦ, ɱɬɨ ɤ ɡɚɞɚɜɚɟɦɵɦ ɫɢɥɚɦ ɞɨɛɚɜɥɹɟɬɫɹ ɫɢɥɚ ɢɧɟɪɰɢɢ. 

 

2.3 ɋɨɫɬɚɜɥɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

 

Ⱦɍ ɞɜɢɠɟɧɢɹ Ɇɋ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ Ⱦɚɥɚɦɛɟɪɚ ɢɥɢ 

ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ. ɉɪɢɧɰɢɩ Ⱦɚɥɚɦɛɟɪɚ ɞɥɹ ɫɢɫɬɟɦɵ. ȿɫɥɢ ɤ ɤɚɠɞɨɣ ɬɨɱɤɟ 

Ɇɋ, ɧɚɯɨɞɹɳɟɣɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɡɚɞɚɧɧɵɯ ɫɢɥ ɢ ɪɟɚɤɰɢɣ ɫɜɹɡɟɣ, ɩɪɢɥɨɠɢɬɶ 

ɟɳɟ ɫɢɥɭ ɢɧɟɪɰɢɢ ɷɬɨɣ ɬɨɱɤɢ, ɬɨ ɭɪɚɜɧɟɧɢɹɦ ɞɢɧɚɦɢɤɢ ɦɨɠɧɨ ɩɪɢɞɚɬɶ ɮɨɪɦɭ 

ɭɪɚɜɧɟɧɢɣ ɫɬɚɬɢɤɢ, ɬ.ɟ. ɡɚɩɢɫɚɬɶ ɢɯ ɜ ɜɢɞɟ: 

 

0, 1,2,...,k k kuP F F k n     (2.1) 

 

ɝɞɟ Ɋk - ɡɚɞɚɧɧɚɹ ɫɢɥɚ, ɩɪɢɥɨɠɟɧɧɚɹ ɤ k-ɨɣ ɬɨɱɤɟ Ɇɋ; Fk - ɪɟɚɤɰɢɹ ɫɜɹɡɟɣ, 

ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɬɨɣ ɠɟ ɬɨɱɤɟ; Fku – ɫɢɥɚ ɢɧɟɪɰɢɢ ɷɬɨɣ ɬɨɱɤɢ, ɪɚɜɧɚɹ ɩɨ ɦɨɞɭɥɸ 

ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɚɫɫɵ ɷɬɨɣ ɬɨɱɤɢ ɧɚ ɟɟ ɭɫɤɨɪɟɧɢɟ ɢ ɧɚɩɪɚɜɥɟɧɧɚɹ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɷɬɨɦɭ ɭɫɤɨɪɟɧɢɸ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɧɰɢɩɚ Ⱦɚɥɚɦɛɟɪɚ 

ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɫɢɫɬɟɦɭ, 
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ɜɫɟɯ ɭɫɤɨɪɟɧɢɣ ɦɚɫɫ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɚɤɰɢɣ ɫɜɹɡɟɣ. 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɢɧɰɢɩɚ Ⱦɚɥɚɦɛɟɪɚ ɡɚɞɚɱɭ ɪɟɲɚɸɬ ɜ ɬɚɤɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

1) ɜɵɛɢɪɚɸɬ ɫɢɫɬɟɦɭ ɨɬɫɱɟɬɚ ɢ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɫɫɥɟɞɭɟɦɵɦ ɩɟɪɟɦɟɳɟɧɢɹɦ ɫɢɫɬɟɦɵ; 

2) ɧɚ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɟ ɨɬɦɟɱɚɸɬ ɡɚɞɚɧɧɵɟ ɫɢɥɵ ɢ ɦɨɦɟɧɬɵ, ɫɢɥɵ 

ɪɟɚɤɰɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɟɢɞɟɚɥɶɧɵɦ ɫɜɹɡɹɦ; 

3) ɨɬɛɪɨɫɢɜ ɫɜɹɡɢ, ɧɚɥɚɝɚɟɦɵɟ ɧɚ ɫɢɫɬɟɦɭ, ɡɚɦɟɧɹɸɬ ɢɯ ɫɢɥɚɦɢ ɪɟɚɤɰɢɣ 

ɫɜɹɡɟɣ, ɬɢɩɚ ɫɢɥ ɭɩɪɭɝɨɫɬɢ ɢɥɢ ɦɨɦɟɧɬɨɜ ɨɬ ɫɢɥ; 

Ʉ ɫɢɥɚɦ, ɢɡɨɛɪɚɠɟɧɧɵɦ ɧɚ ɫɯɟɦɟ ɞɨɛɚɜɥɹɸɬ ɫɢɥɵ ɢɧɟɪɰɢɢ (ɩɪɢ 

ɜɪɚɳɚɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ – ɦɨɦɟɧɬɵ ɨɬ ɫɢɥ ɢɧɟɪɰɢɢ), ɪɚɜɧɵɟ ɩɪɨɢɡɜɟɞɟɧɢɸ 

ɦɚɫɫɵ (ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ) ɧɚ ɭɫɤɨɪɟɧɢɟ ɩɨ ɩɪɢɧɹɬɵɦ ɨɛɨɛɳɟɧɧɵɦ 

ɩɟɪɟɦɟɳɟɧɢɹɦ; ɭɫɤɨɪɟɧɢɹ ɡɚɩɢɫɵɜɚɸɬ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ ɤɚɤ ɜɬɨɪɵɟ 

ɩɪɨɢɡɜɨɞɧɵɟ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɩɨ ɜɪɟɦɟɧɢ; ɩɨ ɩɨɫɬɪɨɟɧɧɨɣ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ ɫɯɟɦɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (1) ɫɨɫɬɚɜɥɹɸɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 

ɞɜɢɠɟɧɢɹ. 

ɍɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ ɜɬɨɪɨɝɨ ɪɨɞɚ ɢɦɟɸɬ ɜɢɞ: 

 

1
1 1 1

( 1,2,..., )pk k
Ad E E

Q q n
dt q q q

  
       

 (2.2) 

 

ɝɞɟ Ek – ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ Ɇɋ; Ep – ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ Ɇɋ; q1, q 1, Q1 – 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɚ, ɫɤɨɪɨɫɬɶ ɢ ɫɢɥɚ, n – ɱɢɫɥɨ 

ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ. 

ɗɬɢ ɭɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɩ ɨɛɵɤɧɨɜɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɫ ɩ ɧɟɢɡɜɟɫɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɜɪɟɦɟɧɢ qi,...,qn. ɑɬɨɛɵ ɞɥɹ 

ɞɚɧɧɨɣ Ɇɋ ɫɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ, ɧɚɞɨ: 

1) ɭɫɬɚɧɨɜɢɬɶ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɫɢɫɬɟɦɵ ɢ ɜɵɛɪɚɬɶ ɨɛɨɛɳɟɧɧɵɟ 

ɤɨɨɪɞɢɧɚɬɵ; 
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2) ɢɡɨɛɪɚɡɢɬɶ Ɇɋ ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɢ ɩɨɤɚɡɚɬɶ ɧɚ ɪɢɫɭɧɤɟ ɜɫɟ 

ɞɟɣɫɬɜɭɸɳɢɟ ɫɢɥɵ (ɚɤɬɢɜɧɵɟ ɫɢɥɵ ɢ ɫɢɥɵ ɬɪɟɧɢɹ, ɟɫɥɢ ɨɧɢ ɫɨɜɟɪɲɚɸɬ 

ɪɚɛɨɬɭ); 

3) ɜɵɱɢɫɥɢɬɶ ɨɛɨɛɳɟɧɧɵɟ ɫɢɥɵ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɨɛɳɟɧɧɨɣ ɫɢɥɵ Q, 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɛɨɬɭ ɜɫɟɯ ɚɤɬɢɜɧɵɯ ɫɢɥ ɧɚ ɜɨɡɦɨɠɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ 

ɫɢɫɬɟɦɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɢɡɦɟɧɟɧɢɸ ɨɛɨɛɳɟɧɧɨɣ ɤɨɨɪɞɢɧɚɬɵ q, ɧɚ ɦɚɥɭɸ 

ɜɟɥɢɱɢɧɭ q1; 

4) ɨɩɪɟɞɟɥɢɬɶ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɫɢɫɬɟɦɵ; 

5) ɜɵɱɢɫɥɢɬɶ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɫɢɫɬɟɦɵ ɜ ɟɟ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ 

ɢ ɜɵɪɚɡɢɬɶ ɷɬɭ ɷɧɟɪɝɢɸ ɱɟɪɟɡ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɢ ɨɛɨɛɳɟɧɧɵɟ 

ɫɤɨɪɨɫɬɢ; 

6) ɧɚɣɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɢ ɩɨɞɫɬɚɜɢɬɶ ɜɫɟ 

ɜɵɱɢɫɥɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɭɪɚɜɧɟɧɢɟ (2.2). 

ɂɧɬɟɝɪɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɦɨɠɧɨ ɧɚɣɬɢ ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ 

ɜ ɜɢɞɟ q1(t), q2(t),...qn(t). ȿɫɥɢ ɠɟ ɡɚɞɚɧ ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ, ɬɨ ɭɪɚɜɧɟɧɢɹ (2) 

ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɞɟɣɫɬɜɭɸɳɢɟ ɫɢɥɵ. ɍɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ ɩɪɢɦɟɧɢɦɵ 

ɬɨɥɶɤɨ ɞɥɹ Ɇɋ ɫ ɢɞɟɚɥɶɧɵɦɢ ɫɜɹɡɹɦɢ, ɝɞɟ ɫɢɥɵ ɬɪɟɧɢɹ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ, ɟɫɥɢ 

ɭɱɟɬ ɫɢɥ ɬɪɟɧɢɹ ɧɟɨɛɯɨɞɢɦ, ɬɨ ɷɬɢ ɫɢɥɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɚɤɬɢɜɧɵɟ ɢɥɢ 

ɜɵɞɟɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɢɡ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɢɯ ɨɫɨɛɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɩɪɢɧɰɢɩ Ⱦɚɥɚɦɛɟɪɚ ɢɥɢ 

ɭɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ, ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɢɥɢ ɧɟɥɢɧɟɣɧɵɯ Ⱦɍ, 

ɨɩɢɫɵɜɚɸɳɢɯ ɞɜɢɠɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

 

2.4 ɑɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

 

Ɋɟɲɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ Ⱦɍ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɫɢɫɬɟɦɵ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɧɟɣ, ɨɩɪɟɞɟɥɢɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ Ɇɋ. ɇɨ ɧɟ ɜɫɟ Ⱦɍ ɦɨɠɧɨ ɪɟɲɢɬɶ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ, ɬ.ɟ. ɧɚɣɬɢ 

ɜɵɪɚɠɟɧɢɟ, ɹɜɥɹɸɳɟɟɫɹ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ. ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ Ⱦɍ ɱɢɫɥɟɧɧɨ 

ɢɧɬɟɝɪɢɪɭɸɬ. 
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Ɇɟɬɨɞ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ Ⱦɍ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜɢɞɚ q’=f(t,q) ɫ 

ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ t0, q(t0)=q0 ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɥɨɠɟɧɢɢ ɪɟɲɟɧɢɹ ɜ ɪɹɞ 

Ɍɟɣɥɨɪɚ ɜ t ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ t0: 

 

2

0 0 0 0( ) ( ) ( ) ( ) ...
2!

t
q t t q t tq t q t


        (2.3) 

Ɂɚɞɚɱɚ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ Ⱦɍ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫɬɚɜɢɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ – ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ q=f(t), ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ 

ɜɵɪɚɠɟɧɢɸ (3) ɢ ɧɚɱɚɥɶɧɨɦɭ ɭɫɥɨɜɢɸ q(t0)=q0 ɧɚ ɧɟɤɨɬɨɪɨɦ ɨɬɪɟɡɤɟ [t0, tɤ] ɫ 

ɲɚɝɨɦ t. 

ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ɦɟɬɨɞɭ ɗɣɥɟɪɚ. ɉɪɨɫɬɟɣɲɢɦ ɢɡ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ Ⱦɍ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɗɣɥɟɪɚ. Ɉɛɵɱɧɨ ɨɧ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 

ɩɪɢɤɢɞɨɱɧɵɯ ɪɚɫɱɟɬɨɜ, ɧɨ ɢɞɟɢ, ɩɨɥɨɠɟɧɧɵɟ ɜ ɟɝɨ ɨɫɧɨɜɭ, ɹɜɥɹɸɬɫɹ 

ɢɫɯɨɞɧɵɦɢ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ. ɉɪɢ ɨɬɛɪɚɫɵɜɚɧɢɢ ɜɫɟɯ 

ɱɥɟɧɨɜ ɪɹɞɚ Ɍɟɣɥɨɪɚ (3), ɫɨɞɟɪɠɚɳɢɯ ɩɪɨɢɡɜɨɞɧɵɟ ɜɬɨɪɨɝɨ ɢ ɜɵɫɲɢɯ 

ɩɨɪɹɞɤɨɜ, ɩɨɥɭɱɢɦ: 

 

0 0 0 0( ) ( ) ( , )q t t q t tf t q    (2.4) 

 

ɝɞɟ f(t0,q0) – ɩɪɚɜɚɹ ɱɚɫɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ q =f(t,q). 

ɉɨɥɶɡɭɹɫɶ ɡɧɚɱɟɧɢɟɦ q1 ɢɡ ɪɚɡɥɨɠɟɧɢɹ q(t) ɜ Δt ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ 

t1=t0+Δt, ɩɨɥɭɱɢɦ: 

 

2 0 1 1 1( 2 ) ( , )q q t t q tf t q     . 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ: 

 

1 ( , )n n n nq q tf t q   . 
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ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɣ ɜɟɥɢɱɢɧɟ t ɦɟɬɨɞ ɗɣɥɟɪɚ ɦɨɠɟɬ ɞɚɬɶ ɪɟɲɟɧɢɟ ɫ 

ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ. ɇɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɗɣɥɟɪɚ ɹɜɥɹɟɬɫɹ ɡɚɦɟɞɥɟɧɢɟ 

ɜɵɱɢɫɥɟɧɢɹ ɩɪɢ ɜɵɛɨɪɟ ɦɚɥɨɣ ɜɟɥɢɱɢɧɵ ɲɚɝɚ t ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɢ. 

ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ɦɟɬɨɞɭ Ɋɭɧɝɟ - Ʉɭɬɬɚ. ɗɬɨ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɦɟɬɨɞ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ. ȼɦɟɫɬɨ ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ t f(t,q), ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɮɨɪɦɭɥɟ 

ɗɣɥɟɪɚ, ɜɵɱɢɫɥɹɟɬɫɹ ɭɫɪɟɞɧɟɧɧɚɹ ɩɟɪɜɚɹ ɩɪɨɢɡɜɨɞɧɚɹ f1. Ɍɨɱɧɨɫɬɶ ɦɟɬɨɞɚ 

Ɋɭɧɝɟ - Ʉɭɬɬɚ ɨɰɟɧɢɜɚɟɬɫɹ ɜɟɥɢɱɢɧɨɣ t5(ɩɪɢ t<<1), ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 

ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɨɞɛɨɪɚ ɤɨɨɪɞɢɧɚɬ ɱɟɬɵɪɟɯ ɬɨɱɟɤ, ɜ ɤɨɬɨɪɵɯ ɜɵɱɢɫɥɹɟɬɫɹ ɩɟɪɜɚɹ 

ɩɪɨɢɡɜɨɞɧɚɹ f(t,q). 

Ⱦɥɹ Ⱦɍ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜɢɞɚ q’=f(t,q) ɨɛɵɱɧɨ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ tn, qn, 

ɤɨɬɨɪɵɟ, ɹɜɥɹɸɬɫɹ ɢɥɢ ɧɚɱɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɢɥɢ ɩɨɥɭɱɟɧɵ ɜ ɩɪɨɰɟɫɫɟ 

ɩɪɟɞɵɞɭɳɢɯ ɜɵɱɢɫɥɟɧɢɣ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ qn+1=q(tn+1)=qn+Δqn ɩɨ ɦɟɬɨɞɭ Ɋɭɧɝɟ-

Ʉɭɬɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɩɟɪɚɰɢɣ:  

1) ɜɵɱɢɫɥɹɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ: 

 

1

2 1

3 2

4 3

( , )
( / 2, / 2)
( / 2, / 2)
( , )

n n

n n

n n

n n

k tf t q
k tf t t q k
k tf t t q k
k tf t t q k

 
     
     
     

 (2.5) 

 

2) ɧɚɯɨɞɹɬ ɩɪɢɪɚɳɟɧɢɹ ɮɭɧɤɰɢɢ: 

 

1 2 3 4( 2 2 ) / 6nq k k k k      (2.6) 

 

3) ɜɵɱɢɫɥɹɸɬ ɮɭɧɤɰɢɸ: 

 

1n n nq q q    (2.7) 
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ɉɪɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ Ⱦɍ ɜɵɫɲɢɯ ɩɨɪɹɞɤɨɜ ɢ 

ɫɢɫɬɟɦ Ⱦɍ ɧɚ ɗȼɆ ɭɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ Ʉɨɲɢ 

(ɞɟɥɚɸɬ ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɵɯ ɢ ɤɚɠɞɨɟ ɭɪɚɜɧɟɧɢɣ ɪɚɡɪɟɲɚɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɜɯɨɞɹɳɟɣ ɜ ɧɟɝɨ ɩɪɨɢɡɜɨɞɧɨɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ). 

 

 

 

 

2.5 ɍɪɚɜɧɟɧɢɹ ɞɢɧɚɦɢɤɢ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴёɦɚ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ 

 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɛɨɥɶɲɨɟ 

ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɩɪɢɦɟɧɟɧɢɟ ɪɨɛɨɬɨɜ ɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɜ ɬɟɯɧɨɥɨɝɢɢ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɧɚ ɩɨɝɪɭɡɨɱɧɨ-ɪɚɡɝɪɭɡɨɱɧɵɯ ɢ 

ɫɤɥɚɞɫɤɢɯ ɪɚɛɨɬɚɯ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɰɟɥɶɸ ɤɚɠɞɨɣ ɩɨɝɪɭɡɨɱɧɨ-ɪɚɡɝɪɭɡɨɱɧɨɣ 

ɨɩɟɪɚɰɢɢ ɹɜɥɹɟɬɫɹ ɟɟ ɜɨɡɦɨɠɧɨ ɛɵɫɬɪɨɟ ɜɵɩɨɥɧɟɧɢɟ ɫ ɨɩɬɢɦɚɥɶɧɵɦ ɷɮɮɟɤɬɨɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɩɟɰɢɚɥɶɧɵɟ ɦɚɲɢɧɵ ɢ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ 

ɩɨɝɪɭɡɨɱɧɨ-ɪɚɡɝɪɭɡɨɱɧɵɯ ɪɚɛɨɬ, ɫɧɚɛɠɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɦɢ ɷɥɟɦɟɧɬɚɦɢ, 

ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɪɨɛɨɬɨɜ, ɬɚɤɢɦɢ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɝɢɞɪɨɩɪɢɜɨɞ, 

ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɷɥɟɤɬɪɨɧɢɤɚ, ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɢ 

ɗȼɆ. ɗɬɢ ɭɫɬɪɨɣɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɝɪɭɡɨɩɨɞɴɟɦɧɵɟ ɤɪɚɧɵ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ, 

ɜɢɥɨɱɧɵɟ ɩɨɝɪɭɡɱɢɤɢ, ɩɟɪɟɝɪɭɡɱɢɤɢ ɤɨɧɬɟɣɧɟɪɨɜ, ɤɨɜɲɨɜɵɟ ɩɨɝɪɭɡɱɢɤɢ, 

ɨɩɪɨɤɢɞɵɜɚɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɤɪɚɧɵ-ɲɬɚɛɟɥɟɪɵ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜ ɤɚɬɟɝɨɪɢɸ 

ɩɪɨɫɬɵɯ ɢɥɢ ɩɪɢɦɢɬɢɜɧɵɯ ɪɨɛɨɬɨɜ. ɂɧɨɝɞɚ ɬɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɢ ɪɚɛɨɬɚɸɬ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɪɨɝɪɚɦɦɟ. Ɉɬɫɸɞɚ 

ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ: ɦɨɠɧɨ ɥɢ ɩɪɢ ɩɨɦɨɳɢ ɷɬɢɯ, ɱɚɫɬɨ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ 

ɢ ɩɪɨɝɪɟɫɫɢɜɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɟɳɟ ɛɨɥɟɟ «ɪɨɛɨɬɢɡɢɪɨɜɚɬɶ» ɩɪɨɰɟɫɫ ɩɨɝɪɭɡɤɢ ɢ 

ɜɵɝɪɭɡɤɢ?  

Ɉɩɵɬ ɫɨɡɞɚɧɢɹ ɪɨɛɨɬɨɜ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɨɬɜɟɬɢɬɶ 

ɩɨɥɨɠɢɬɟɥɶɧɨ. Ɉɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɨɛɵɱɧɵɯ ɤɪɚɧɨɜ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ, ɫ ɰɟɥɶɸ ɩɟɪɟɨɛɨɪɭɞɨɜɚɧɢɹ ɢɯ ɜ ɩɨɝɪɭɡɨɱɧɨ-
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ɪɚɡɝɪɭɡɨɱɧɵɯ ɪɨɛɨɬɨɜ, ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɧɚ ɠɟɫɬɤɢɣ ɩɨɞɜɟɫ ɝɪɭɡɚ. ȼɟɞɶ ɩɨ 

ɫɭɳɟɫɬɜɭ ɤɪɚɧɵ ɫ ɠɟɫɬɤɢɦ ɩɨɞɜɟɫɨɦ ɝɪɭɡɚ ɹɜɥɹɸɬɫɹ ɤɪɚɧɚɦɢ-ɦɚɧɢɩɭɥɹɬɨɪɚɦɢ, 

ɚ ɨɫɧɚɳɟɧɢɟ ɢɯ ɫɨɜɪɟɦɟɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɫɟɧɫɨɪɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɢ ɤɪɚɧɵ ɜ ɩɨɥɧɨɫɬɶɸ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɚɯ. ɉɨɞɨɛɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 

ɫɩɨɫɨɛɧɵ ɚɜɬɨɧɨɦɧɨ ɩɟɪɟɝɪɭɠɚɬɶ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɝɪɭɡɵ, ɭɥɨɠɟɧɧɵɟ ɜ 

ɩɨɞɞɨɧɵ, ɤɨɧɬɟɣɧɟɪɵ, ɜ ɫɩɟɰɢɚɥɶɧɭɸ ɬɚɪɭ ɢɥɢ ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɜ ɩɚɤɟɬɵ. ɇɚ 

ɪɢɫɭɧɨɤ 2 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ, ɚ ɧɚ ɪɢɫɭɧɨɤ 3 ɟɝɨ 

ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɧɟɨɛɯɨɞɢɦɨ, ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɨɰɟɧɢɬɶ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɜ ɷɥɟɦɟɧɬɚɯ ɦɟɯɚɧɢɡɦɚ, ɩɪɢɜɨɞɚ, 

ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɦɨɫɬɚ. ɋɨɫɬɚɜɥɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɟɯɚɧɢɡɦɚ 

ɩɨɞɴɟɦɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɚɧɚɥɢɡɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɜɵɞɟɥɟɧɢɹ 

ɧɚɢɛɨɥɟɟ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨɟ 

ɫɦɟɳɟɧɢɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɦɚɫɫ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɚ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ. 1 – ɝɪɭɡ, 2 – ɡɚɯɜɚɬ, 3 – ɦɟɯɚɧɢɡɦ 
ɩɨɞɴɟɦɚ, 4 – ɦɟɯɚɧɢɡɦ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ, 5 – ɦɨɫɬ, 6 – ɦɟɯɚɧɢɡɦ 

ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ, 7 – ɨɩɨɪɚ 
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Ɋɢɫɭɧɨɤ 2.2 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ 
 

Ɉɞɧɨɦɚɫɫɨɜɚɹ ɦɨɞɟɥɶ. Ɉɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ ɪɨɛɨɬɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɨɤ 4. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɢɠɟɧɢɟ 

ɝɪɭɡɚ ɦɚɫɫɨɣ Ɇ ɧɚ ɭɩɪɭɝɨɣ ɫɜɹɡɢ ɫ ɩɪɢɜɟɞɟɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɫ, ɨɩɪɟɞɟɥɹɟɦɨɣ 

ɠɟɫɬɤɨɫɬɶɸ ɧɟɫɭɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɫɬɚ ɢ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ ɪɨɛɨɬɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.3 – Ɉɞɧɨɦɚɫɫɨɜɚɹ ɦɨɞɟɥɶ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ 
 

ȼ ɰɢɥɢɧɞɪ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ ɩɨɞɚɟɬɫɹ ɫɠɚɬɵɣ ɜɨɡɞɭɯ 

ɢɥɢ ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɫ ɩɨɫɬɨɹɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 
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Q=const, ɦ3/ɫ. ɉɪɢ ɷɬɨɦ ɜɟɪɯɧɹɹ ɬɨɱɤɚ ɭɩɪɭɝɨɣ ɫɜɹɡɢ ɞɜɢɠɟɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ ɭ, 

= const. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɞɴɟɦ ɝɪɭɡɚ ɫɥɟɞɭɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɞɥɹ ɞɜɭɯ ɷɬɚɩɨɜ 

ɞɜɢɠɟɧɢɹ: 

1 ɷɬɚɩ - ɝɪɭɡ ɩɨɤɨɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ, ɚ ɜ ɩɨɞɴɟɦɧɨɦ ɦɟɯɚɧɢɡɦɟ ɭɫɢɥɢɟ 

ɜɨɡɪɚɫɬɚɟɬ ɨɬ ɧɭɥɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɫɬɚɧɟɬ ɪɚɜɧɵɦ ɜɟɫɭ ɝɪɭɡɚ;  

2 ɷɬɚɩ - ɝɪɭɡ ɨɬɪɵɜɚɟɬɫɹ ɨɬ ɨɫɧɨɜɚɧɢɹ ɢ ɞɜɢɠɟɬɫɹ. 

ɉɟɪɜɵɣ ɷɬɚɩ. Ⱦɜɢɠɟɧɢɟ ɜɟɪɯɧɟɣ ɬɨɱɤɢ ɭɩɪɭɝɨɣ ɫɜɹɡɢ ɨɩɢɫɵɜɚɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ: 

 

1 1y V t  (2.8) 

1 1 /y V Q S const    (2.9) 

 

ɝɞɟ S – ɩɨɥɟɡɧɚɹ ɩɥɨɳɚɞɶ ɰɢɥɢɧɞɪɚ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ, ɦ2. ɉɨɤɚ ɝɪɭɡ ɩɨɤɨɢɬɫɹ 

ɧɚ ɨɫɧɨɜɚɧɢɢ, ɭɫɢɥɢɟ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴёɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ: 

 

1 1F cy cVt   

 

ɉɟɪɜɵɣ ɷɬɚɩ ɡɚɤɚɧɱɢɜɚɟɬɫɹ, ɤɨɝɞɚ F = Ɇg, ɝɞɟ g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ 

ɩɚɞɟɧɢɹ. Ɉɬɫɸɞɚ ɧɚɯɨɞɢɦ ɜɪɟɦɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ: 

 

1 / ( )t MgS cQ  (2.9) 

 

ȼɬɨɪɨɣ ɷɬɚɩ (t > ti). Ƚɪɭɡ ɨɬɪɵɜɚɟɬɫɹ ɨɬ ɨɫɧɨɜɚɧɢɹ ɢ ɫɨɜɟɪɲɚɟɬ ɤɨɥɟɛɚɧɢɹ 

ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɫ ɞɜɭɦɹ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ (ɨɛɨɛɳɟɧɧɵɟ 

ɤɨɨɪɞɢɧɚɬɵ yi ɢ ɭ2). ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɜɵɜɟɫɬɢ, 

ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ II ɪɨɞɚ. Ʉɢɧɟɬɢɱɟɫɤɚɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 4 ɛ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ: 

 

2
2

2

My
T  , 
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2
1 2

2

( )

2

c y yɉ Mgy
  . 

 

Ɍɨɝɞɚ ɞɥɹ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ y1 (ɩɟɪɟɦɟɳɟɧɢɟ ɜɟɪɯɧɟɣ ɬɨɱɤɢ 

ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ) ɢɦɟɟɦ: 

 

1

0,
d T

dt y

 
  

 
1

0,
T

y





 1 2

1

( )
ɉ

c y y
y


 


. 

 

Ɉɛɨɛɳɟɧɧɚɹ ɫɢɥɚ: 

 

1yQ F . 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ (2) ɩɪɢ t ≥ t1, ɭɫɢɥɢɟ ɜ ɦɟɯɚɧɢɡɦɟ ɩɨɞɴɟɦɚ: 

 

1 2( )F c y y  . (2.10) 

 

Ⱦɥɹ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɭ2 (ɩɟɪɟɦɟɳɟɧɢɟ ɝɪɭɡɚ) ɩɨɥɭɱɚɟɦ: 

2
2

,
d T

M y
dt y

 
   

 
2

0,
T

y





 1 2

2

( )
ɉ

M g c y y
y


    


. 

 

Ɉɛɨɛɳɟɧɧɚɹ ɫɢɥɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ: 

 

2 1 2( )yQ f y y  , 

 

ɝɞɟ f – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ, ɤɝ/ɫ. 

ɉɨɞɫɬɚɜɥɹɹ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɭɪɚɜɧɟɧɢɟ (2.2), ɩɨɥɭɱɚɟɦ 

ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ ɜ ɜɢɞɟ: 
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2 1 2 1 2( ) ( )My Mg c y y f y y      (2.11) 

 

ɍɱɢɬɵɜɚɹ, ɱɬɨ y 1 = v1 = Q/S = const ɢ y1 = v1t = (Q/S)t, ɩɨɫɥɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (2.11) ɩɨɥɭɱɢɦ: 

 

2 2 2

c Q t f Q
y y y g

M S M S

          
   

 (2.12) 

 

Ⱦɥɹ ɩɪɢɜɟɞɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (2.12) ɤ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ Ʉɨɲɢ ɞɟɥɚɟɦ 

ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɨɣ y 2 = V2. Ɍɨɝɞɚ: 

 

2 2

1 2 2

y V
c Qt f Q

V y V g
M S M S

                
 (2.13) 

 

ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɥɭɱɚɹ: 

 

0 1,t t  2 0( ) 0,y t   2 0( ) 0v t   

 

ɉɪɢ ɱɢɫɥɟɧɧɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɣ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɝɪɭɡ 

ɧɟ ɦɨɠɟɬ ɨɩɭɫɬɢɬɶɫɹ ɧɢɠɟ ɨɫɧɨɜɚɧɢɹ, ɬ.ɟ. ɩɪɢ ɞɜɢɠɟɧɢɢ ɝɪɭɡɚ ɞɨɥɠɧɨ 

ɫɨɛɥɸɞɚɬɶɫɹ ɧɟɪɚɜɟɧɫɬɜɨ ɭ20. 

Ⱦɜɭɯɦɚɫɫɨɜɚɹ ɦɨɞɟɥɶ. ȿɫɥɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ 

ɢ ɡɧɚɱɟɧɢɹ ɭɫɢɥɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɦɟɯɚɧɢɡɦ ɩɨɞɴёɦɚ ɢ ɷɥɟɦɟɧɬɵ 

ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɫɬɚ ɪɨɛɨɬɚ, ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɡɚɞɚɱɭ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ ɫ 

ɭɱɟɬɨɦ ɩɨɞɚɬɥɢɜɨɫɬɢ ɦɚɫɫɵ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɦɨɫɬɚ ɢ ɦɟɯɚɧɢɡɦɚ 

ɩɨɞɴёɦɚ. 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɨɛɨɬɚ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ, ɩɨɤɚɡɚɧɧɨɦ ɧɚ ɪɢɫɭɧɨɤ 5. ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɞɥɹ 
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ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ Ɇɋ ɠɟɫɬɤɨɫɬɶ ɦɨɫɬɚ ɪɨɛɨɬɚ ɫ2 ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɩɨɥɨɠɟɧɢɹ 

ɬɟɥɟɠɤɢ ɦɟɯɚɧɢɡɦɚ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ. 

 

 

 

Ɋɢɫɭɧɨɤ 2.4 – Ⱦɜɭɯɦɚɫɫɨɜɚɹ ɦɨɞɟɥɶ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ 
 

Ⱦɜɢɠɟɧɢɟ ɫɢɫɬɟɦɵ ɬɚɤɠɟ ɤɚɤ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɞɧɨɦɚɫɫɨɜɨɣ ɦɨɞɟɥɢ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ. ɉɟɪɜɵɣ ɷɬɚɩ. ȼɟɪɯɧɹɹ ɬɨɱɤɚ ɭɩɪɭɝɨɣ ɫɜɹɡɢ ɫɝ (ɜ 

ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɨɪɲɟɧɶ ɰɢɥɢɧɞɪɚ) ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ ɡɚɤɨɧɭ ɭ = V • t = (Q / S)• t. 

ɉɪɢ ɷɬɨɦ ɧɚɝɪɭɠɚɟɬɫɹ ɦɟɯɚɧɢɡɦ ɩɨɞɴёɦɚ ɢ ɦɨɫɬ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɦɚɫɫɚ ɦɨɫɬɚ 

M1 ɨɩɭɫɤɚɟɬɫɹ, ɚ ɝɪɭɡ ɨɫɬɚёɬɫɹ ɜ ɩɨɤɨɟ, ɬ.ɟ. ɢɦɟɟɦ ɫɢɫɬɟɦɭ ɫ ɞɜɭɦɹ ɫɬɟɩɟɧɹɦɢ 

ɩɨɞɜɢɠɧɨɫɬɢ (ɞɜɟ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɭ ɢ y1). 

 

2
1 1

2

M y
T  , 

2 2
1 1 1

1 1 2

( )

2 2

c y y yɉ M gy c 
   . 
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Ⱦɥɹ ɨɛɨɛɳɟɧɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɭ (ɩɟɪɟɦɟɳɟɧɢɟ ɜɟɪɯɧɟɣ ɬɨɱɤɢ ɦɟɯɚɧɢɡɦɚ 

ɩɨɞɴɟɦɚ): 

 

0,
d T

dt y

 
  

 0,
T

y





 2 1( ),

ɉ
c y y

y


 


 2 1( )yQ F f y y   . 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ (2.2) ɩɨɥɭɱɚɟɦ: 

 

2 1 2 1( ) ( )c y y F f y y     

 

ɉɪɟɨɛɪɚɡɭɹ ɷɬɨ ɜɵɪɚɠɟɧɢɟ, ɩɨɥɭɱɚɟɦ ɭɫɢɥɢɟ ɜ ɦɟɯɚɧɢɡɦɟ ɩɨɞɴɟɦɚ: 

 

2 1 2 1( )
Q

F c t y f y y
S

     
 

 (2.14) 

 

Ⱦɥɹ ɨɛɨɛɳɟɧɧɨɣ ɤɨɨɪɞɢɧɚɬɵ y1 (ɩɟɪɟɦɟɳɟɧɢɟ ɦɨɫɬɚ): 

 

1 1,
d T

M y
dt y

 
  

 
1

0,
T

y





 2 1 1 2 1

1

( ),
ɉ

c y M g c y y
y


   


 1 1 1 2 1( )yQ f y f y y    

 

ɉɨɞɫɬɚɜɥɹɹ ɜ (2.2) ɩɨɥɭɱɚɟɦ: 

 

1 1 1 1 1 2 1 1 1 2 1( ) ( )M y c y M g c y y f y f y y         (2.15) 

 

ɉɪɟɨɛɪɚɡɭɹ (2.15), ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 

ɫɢɫɬɟɦɵ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ: 

 

1 2 1 1 2
1 1 1 1 1

1 1 1 1 1

( )
c c M g Q f f

y y g y y y y y
M M c S M M

 
         

 
 (2.16) 
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ɋ ɰɟɥɶɸ ɩɪɢɜɟɞɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (16) ɤ ɧɨɪɦɚɥɶɧɨɦɭ ɜɢɞɭ 

Ʉɨɲɢ ɩɪɢɧɢɦɚɟɦ 1 1y V . Ɍɨɝɞɚ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɚɹ 

ɞɜɢɠɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɪɢɫɭɧɨɤ 4 ɚ, ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ: 

 

1 1

1 2 2 1
1 1 1 1 1

1 1 1 1

y V
c c Q f Q f

V y g y y V V
M M S M S M

                   
 (2.17) 

 

ɍɪɚɜɧɟɧɢɹ (2.17) ɪɟɲɚɸɬɫɹ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ: 

 

0 0t  ; 1
0 0

1

( )
M g

y t
c

  ; 1 0 1 0( ) ( ) 0V t y t   (2.17) 

 

Ɂɞɟɫɶ 1 1/M g c  – ɧɚɱɚɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɦɨɫɬɚ ɨɬ ɫɢɥɵ M1g. 

ɉɟɪɜɵɣ ɷɬɚɩ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ti, ɤɨɝɞɚ ɭɫɢɥɢɟ ɜ 

ɦɟɯɚɧɢɡɦɟ ɩɨɞɴёɦɚ F, ɜɵɱɢɫɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ (14), ɞɨɫɬɢɝɧɟɬ ɜɟɫɚ ɝɪɭɡɚ, ɬ.ɟ. 

ɤɨɝɞɚ F = Ɇ2×g. ȼɬɨɪɨɣ ɷɬɚɩ. (F > M2×g, t > t1 ). ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɝɪɭɡ ɢ ɦɨɫɬ 

ɪɨɛɨɬɚ ɫɨɜɟɪɲɚɸɬ ɤɨɥɟɛɚɧɢɹ ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɫ ɬɪɟɦɹ ɫɬɟɩɟɧɹɦɢ 

ɫɜɨɛɨɞɵ (ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɭ, ɭ1, ɭ2), ɞɥɹ ɤɨɬɨɪɨɣ ɤɢɧɟɬɢɱɟɫɤɚɹ ɢ 

ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɢ: 

 

2 2
1 1 1 2

2 2

M y M y
T

 
   

 22
2 1 21 1

1 1 2 22 2

c y y yc yɉ M g y M g y
  

         

 

Ⱦɥɹ ɤɨɨɪɞɢɧɚɬɵ y (ɩɟɪɟɦɟɳɟɧɢɟ ɜɟɪɯɧɟɣ ɬɨɱɤɢ ɦɟɯɚɧɢɡɦɚ ɩɨɞɴɟɦɚ): 

 

0,
d T

dt y

 
  

 0,
T

y





 2 1 2( ),

ɉ
c y y y

y


  


 2 1( )yQ F f y y    
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ɉɨɞɫɬɚɜɥɹɹ ɜ (2.2), ɧɚɯɨɞɢɦ ɭɫɢɥɢɟ ɜ ɦɟɯɚɧɢɡɦɟ ɩɨɞɴɟɦɚ: 

 

       2 1 2 2 1 2 1 2 2 1( / )F c y y y f y y c Q S t y y f y y          
 

(2.19) 

 

Ⱦɥɹ ɤɨɨɪɞɢɧɚɬɵ y1 (ɩɟɪɟɦɟɳɟɧɢɟ ɦɨɫɬɚ): 

 

1 1
1

,
d T

M y
dt y

 
   1

0,
T

y




 1 1 1 2 1 2
1

( ),
ɉ

c y M g c y y y
y


    


 

 1 1 1 2 1 2yQ f y f y y     

 

ɝɞɟ f1 ɢ f2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɜ 

ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɢ ɦɨɫɬɚ ɜ ɦɟɯɚɧɢɡɦɟ ɩɨɞɴɟɦɚ, ɤɝ/ɫ. ɇɚ ɨɫɧɨɜɚɧɢɢ (2) 

ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɦɚɫɫɵ ɦɨɫɬɚ ɪɨɛɨɬɚ: 

 

   1 1 1 1 1 2 1 2 1 1 2 1 2M y c y M g c y y y f y f y y          (2.20) 

 

Ⱦɥɹ ɤɨɨɪɞɢɧɚɬɵ y2 (ɩɟɪɟɦɟɳɟɧɢɟ ɝɪɭɡɚ): 

 

1 2

d T
M y

dt y

 
   

; 
2

0
T

y





; 2 2 1 2

2

( )
ɉ

M g c y y y
y


    


;  2 2 1 2yQ f y y   . 

 

ɂɫɩɨɥɶɡɭɹ (2.2), ɡɚɩɢɫɵɜɚɟɦ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ: 

 

   2 2 2 2 1 2 2 1 2M y M g c y y y f y y          (2.21) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ ɢ ɦɨɫɬɚ ɪɨɛɨɬɚ 

ɢɦɟɟɬ ɜɢɞ: 
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   

   
1 1 1 1 1 2 1 2 1 1 2 1 2

2 2 2 2 1 2 2 1 2

0

0

M y c y M g c y y y f y f y y

M y M g c y y y f y y

               


          
 (2.22) 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɧɚ ɉɗȼɆ ɩɪɢɜɨɞɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (2.22) ɤ 

ɧɨɪɦɚɥɶɧɨɦɭ ɜɢɞɭ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɪɢɧɢɦɚɟɦ: 

 

1 1y V ; 2 2y V . 

 

Ɍɨɝɞɚ ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɢɡ ɱɟɬɵɪɟɯ Ⱦɍ: 

 

1 1

1 2 1 2
1 1 1 2 1 1 2

1 1 1 1

2 2

2 2
1 1 2 1 2

2 2

( )

( )

y V
c c Q f f

V y g t y y V V V
M M S M M

y V
c Q f

V t y y g V V
M S M


             
           

 (2.23) 

 

ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɫɥɟɞɭɸɳɢɟ: 

 

0 1,t t  1 0 1 1( ) ( ),y t y t  2 0( ) 0,y t   1 0 1 1( ) ( ),V t V t  2 0( ) 0V t   (2.24) 

 

2.6 Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɗȼɆ 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ Ɇɋ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɢɧ ɢɡ 

ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɢɥɢ ɤɚɤɭɸ-ɥɢɛɨ ɩɪɨɝɪɚɦɦɭ, 

ɢɦɟɸɳɭɸ ɜɫɬɪɨɟɧɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɪɟɲɟɧɢɹ Ⱦɍ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɫɤɨɪɟɟ 

ɜɫɟɝɨ ɩɪɢɞɟɬɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɣ 

(ɜɵɱɢɫɥɟɧɢɟ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ) ɩɨ ɜɵɛɪɚɧɧɨɦɭ ɦɟɬɨɞɭ 
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(ɗɣɥɟɪɚ, Ɋɭɧɝɟ-Ʉɭɬɬɚ ɢ ɬ.ɩ.). ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦ (ɧɚɩɪɢɦɟɪ, Mathcad ɢɥɢ 

MatLAB), ɢɦɟɸɳɢɯ ɜɫɬɪɨɟɧɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɪɟɲɟɧɢɹ Ⱦɍ, ɩɨɡɜɨɥɹɟɬ ɧɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɩɨɲɚɝɨɜɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɣ. 

Ɂɚɞɚɱɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɪɟɲɢɬɶ ɜ 

ɫɪɟɞɟ Excel, ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɜɜɨɞɚ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ 

ɫɪɟɞɭ Excel, ɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɜɵɱɢɫɥɟɧɢɣ (ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ 

ɦɟɬɨɞɭ Ɋɭɧɝɟ-Ʉɭɬɬɚ) ɧɚɩɢɫɚɬɶ ɦɚɤɪɨɫ ɧɚ VBA. ɉɪɨɝɪɚɦɦɚ ɪɟɲɟɧɢɹ Ⱦɍ 

ɦɟɬɨɞɨɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ: ɦɨɠɧɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɱɢɫɥɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ (4) ɢ ɫɱɢɬɚɬɶ ɩɪɢɪɚɳɟɧɢɟ (5) 

ɮɭɧɤɰɢɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɪɚɫɱɟɬ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɜɢɞɟ ɩɨɞɩɪɨɝɪɚɦɦɵ, ɮɭɧɤɰɢɢ ɢɥɢ ɜ ɰɢɤɥɟ. Ȼɥɨɤ-ɫɯɟɦɚ ɨɞɧɨɝɨ 

ɢɡ ɜɚɪɢɚɧɬɨɜ ɚɥɝɨɪɢɬɦɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ Ⱦɍ (13), ɨɩɢɫɵɜɚɸɳɢɯ 

ɨɞɧɨɦɚɫɫɨɜɭɸ ɦɨɞɟɥɶ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɨɤ. 6. ȼ 

ɞɚɧɧɨɣ ɛɥɨɤ-ɫɯɟɦɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨ ɮɨɪɦɭɥɚɦ (4) 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɩɪɨɝɪɚɦɦɚ. Ɏɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ ɨɛɨɡɧɚɱɟɧɵ ɜ ɛɥɨɤ-ɫɯɟɦɟ 

ɬɟɦɢ ɠɟ ɛɭɤɜɚɦɢ, ɱɬɨ ɢ ɜ ɬɟɤɫɬɟ ɦɟɬɨɞɢɱɟɫɤɢɯ ɭɤɚɡɚɧɢɣ. ɉɪɢ ɧɚɩɢɫɚɧɢɢ ɬɟɤɫɬɚ 

ɩɪɨɝɪɚɦɦɵ, ɟɫɬɟɫɬɜɟɧɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ ɞɥɹ 

ɨɛɨɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ. 
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Ɋɢɫɭɧɨɤ 2.5 – Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ Ⱦɍ 
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ɉɨ ɩɪɢɜɟɞɟɧɧɨɦɭ ɜ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɭ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɩɪɨɝɪɚɦɦɭ ɧɚ 

ɤɚɤɨɦ-ɥɢɛɨ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɧɚɩɪɢɦɟɪ, Pascal, Turbo Basic, Visual 

Basic, Visual Basic for Applications. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɪɟɞɵ ɩɪɨɝɪɚɦɦ Mathcad ɢɥɢ MatLAB ɞɥɹ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦɵ (13) ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɫɬɪɨɟɧɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɪɟɲɟɧɢɹ Ⱦɍ 

ɦɟɬɨɞɨɦ Ɋɭɧɝɟ-Ʉɭɬɬɚ. ɉɪɢ ɧɚɩɢɫɚɧɢɢ ɩɪɨɝɪɚɦɦ ɜ ɫɪɟɞɟ Mathcad ɢ MatLAB 

ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɩɪɨɩɢɫɧɵɟ ɢ ɫɬɪɨɱɧɵɟ ɛɭɤɜɵ ɜ ɢɦɟɧɚɯ ɩɟɪɟɦɟɧɧɵɯ 

ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɦɩɢɥɹɬɨɪɨɦ ɩɪɨɝɪɚɦɦɵ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɟɪɟɯɨɞɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɷɬɚɩɨɜ ɞɜɢɠɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɟɞɢɧɟɧɵ ɧɚ 

ɨɞɧɨɦ ɝɪɚɮɢɤɟ. 

 

2.7 ȼɵɛɨɪ ɪɟɲɚɬɟɥɹ ɈȾɍ ɜ MATLAB 

 

Ⱦɚɧɧɵɣ ɪɚɡɞɟɥ ɩɨɫɜɹɳɟɧ ɨɩɢɫɚɧɢɸ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ 

MATLAB , ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱ Ʉɨɲɢ ɢ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɞɥɹ ɨɛɵɤ-

ɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɨɪɹɞɤɚ ɢ ɫɢɫɬɟɦ, 

ɜɤɥɸɱɚɹ ɤɪɚɟɜɵɟ ɡɚɞɚɱɢ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɜɵɪɨɠɞɚɸɳɢɦɢɫɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɚɤɠɟ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜ-

ɧɟɧɢɣ ɫ ɡɚɩɚɡɞɵɜɚɸɳɢɦ ɚɪɝɭɦɟɧɬɨɦ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɢɯ ɡɚɞɚɱ ɩɪɟɞɧɚɡɧɚɱɟɧɵ 

ɫɩɟɰɢɚɥɶɧɵɟ ɮɭɧɤɰɢɢ MATLAB ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɟ ɢɯ ɧɚɡɵɜɚɸɬ 

ɪɟɲɚɬɟɥɢ. MATLAB ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɧɚɛɨɪ ɪɟɲɚɬɟɥɟɣ, ɨɫɧɨɜɚɧɧɵɯ 

ɧɚ ɪɚɡɥɢɱɧɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɚɯ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ Ʉɨɲɢ ɜ MATLAB ɫɭɳɟɫɬɜɭɟɬ ɫɟɦɶ ɪɟɲɚɬɟɥɟɣ.  

ȼ ɞɨɫɬɚɬɨɱɧɨ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɵɡɨɜ ɪɟɲɚɬɟɥɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ Ʉɨɲɢ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

[Ɍ, ɍ] = solver(odefun,interval,Y0,options) 

 

ɝɞɟ odefun – ɮɭɧɤɰɢɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɢ ɩɪɚɜɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ, interval  – ɦɚɫɫɢɜ ɢɡ ɞɜɭɯ ɱɢɫɟɥ, ɡɚɞɚɸɳɢɣ ɩɪɨɦɟɠɭɬɨɤ ɞɥɹ ɪɟɲɟɧɢɹ 
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ɭɪɚɜɧɟɧɢɹ, Y0 - ɡɚɞɚɧɧɵɣ ɜɟɤɬɨɪ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɢɫɤɨɦɨɣ ɜɟɤɬɨɪ-

ɮɭɧɤɰɢɢ, options – ɫɬɪɭɤɬɭɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɯɨɞɨɦ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɋɨɥɜɟɪ ɜɨɡɜɪɚɳɚɟɬ ɦɚɫɫɢɜ ɬ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɭɡɥɨɜ 

ɫɟɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɧɚɣɞɟɧɨ ɪɟɲɟɧɢɟ, ɢ ɦɚɬɪɢɰɭ ɪɟɲɟɧɢɣ Y, ɤɚɠɞɵɣ ɫɬɨɥɛɟɰ 

ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɢ ɪɟɲɟɧɢɹ ɜ ɭɡɥɚɯ 

ɫɟɬɤɢ. 

 

Ɍɚɛɥɢɰɚ 2.1 – Ɋɟɲɚɬɟɥɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ode45 Ɉɞɧɨɲɚɝɨɜɵɟ ɹɜɧɵɟ ɦɟɬɨɞɵ Ɋɭɧɝɟ-Ʉɭɬɬɚ 4-ɝɨ ɢ 5-ɝɨ ɩɨɪɹɞɤɚ. ɗɬɨ 

ɤɥɚɫɫɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɞɥɹ ɧɚɱɚɥɶɧɨɣ ɩɪɨɛɵ 

ɪɟɲɟɧɢɹ. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɨɧ ɞɚɟɬ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ 

ode23 Ɉɞɧɨɲɚɝɨɜɵɟ ɹɜɧɵɟ ɦɟɬɨɞɵ Ɋɭɧɝɟ-Ʉɭɬɬɚ 2-ɝɨ ɢ 4-ɝɨ ɩɨɪɹɞɤɚ. ɉɪɢ 

ɭɦɟɪɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɫɢɫɬɟɦɵ ɈȾɍ ɢ ɧɢɡɤɢɯ ɬɪɟɛɨɜɚɧɢɹɯ ɤ 

ɬɨɱɧɨɫɬɢ ɷɬɨɬ ɦɟɬɨɞ ɦɨɠɟɬ ɞɚɬɶ ɜɵɢɝɪɵɲ ɜ ɫɤɨɪɨɫɬɢ ɪɟɲɟɧɢɹ 

ode113 Ɇɧɨɝɨɲɚɝɨɜɵɣ ɦɟɬɨɞ Ⱥɞɚɦɫɚ-Ȼɚɲɜɨɪɬɚ-Ɇɭɥɬɨɧɚ ɩɟɪɟɦɟɧɧɨɝɨ 

ɩɨɪɹɞɤɚ ɗɬɨ ɚɞɚɩɬɢɜɧɵɣ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ 

ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɪɟɲɟɧɢɹ  

ode23tb ɇɟɹɜɧɵɣ ɦɟɬɨɞ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɜ ɧɚɱɚɥɟ ɪɟɲɟɧɢɹ ɢ ɦɟɬɨɞ, 

ɢɫɩɨɥɶɡɭɸɳɢɣ ɮɨɪɦɭɥɵ ɨɛɪɚɬɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 2-ɝɨ 

ɩɨɪɹɞɤɚ ɜ ɩɨɫɥɟɞɭɸɳɟɦ  

ode15s Ɇɧɨɝɨɲɚɝɨɜɵɣ ɦɟɬɨɞ ɩɟɪɟɦɟɧɧɨɝɨ ɩɨɪɹɞɤɚ (ɨɬ 1 ɞɨ 5, ɩɨ 

ɭɦɨɥɱɚɧɢɸ 5), ɢɫɩɨɥɶɡɭɸɳɢɣ ɮɨɪɦɭɥɵ ɱɢɫɥɟɧɧɨɝɨ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ. ɗɬɨ ɚɞɚɩɬɢɜɧɵɣ ɦɟɬɨɞ, ɟɝɨ ɫɬɨɢɬ ɩɪɢɦɟɧɹɬɶ, 

ɟɫɥɢ ɪɟɲɚɬɟɥɶ ode45 ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɲɟɧɢɹ 

ode23s Ɉɞɧɨɲɚɝɨɜɵɣ ɦɟɬɨɞ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɭɸ 

ɮɨɪɦɭɥɭ Ɋɨɡɟɧɛɪɨɤɚ 2-ɝɨ ɩɨɪɹɞɤɚ. Ɇɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɭɸ 

ɫɤɨɪɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɩɪɢ ɧɢɡɤɨɣ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɠɟɫɬɤɨɣ 

ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ode23t Ɇɟɬɨɞ ɬɪɚɩɟɰɢɣ ɫ ɢɧɬɟɪɩɨɥɹɰɢɟɣ. ɗɬɨɬ ɦɟɬɨɞ ɞɚɟɬ ɯɨɪɨɲɢɟ 

ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ, ɨɩɢɫɵɜɚɸɳɢɯ ɤɨɥɟɛɚɬɟɥɶɧɵɟ 
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ɫɢɫɬɟɦɵ ɫ ɩɨɱɬɢ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɜɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ 

ɋɯɟɦɚ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ ɜ MATLAB  ɫɨɫɬɨɢɬ ɢɡ ɧɢɠɟɫɥɟɞɭɸɳɢɯ 

ɷɬɚɩɨɜ. 

1 ɉɪɢɜɟɞɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɤ ɫɢɫɬɟɦɟ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ (ɟɫɥɢ ɢɡɧɚɱɚɥɶɧɨ ɡɚɞɚɧɚ 

ɫɢɫɬɟɦɚ, ɬɨ ɜ ɷɬɨɦ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ). 

2 ɇɚɩɢɫɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ. 

3 ȼɵɡɨɜ ɩɨɞɯɨɞɹɳɟɝɨ ɪɟɲɚɬɟɥɹ. 

4 ȼɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɚ. 

ɉɪɢ ɜɵɛɨɪɟ ɪɟɲɚɬɟɥɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɢɧɚɱɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɧɟɬɨɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɢɥɢ ɡɚɬɪɚɬɢɬɶ ɫɥɢɲɤɨɦ ɦɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɪɟɲɟɧɢɟ. 

ȼɵɛɨɪ ɪɟɲɚɬɟɥɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ Ʉɨɲɢ. ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɚɧɚ 

ɫɬɪɚɬɟɝɢɹ ɩɪɢɦɟɧɟɧɢɹ ɪɟɲɚɬɟɥɟɣ MATLAB  ɞɥɹ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢɥɢ ɫɢɫɬɟɦ ɫ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. 

Ɉɱɟɧɶ ɱɚɫɬɨ ɪɟɲɚɬɟɥɶ ode45 ɞɚɫɬ ɜɩɨɥɧɟ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɢɦ ɫɬɨɢɬ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɮɨɪɦɭɥɚɯ Ɋɭɧɝɟ-Ʉɭɬɬɵ 

ɱɟɬɜɟɪɬɨɝɨ ɢ ɩɹɬɨɝɨ ɩɨɪɹɞɤɚ ɬɨɱɧɨɫɬɢ. Ɋɟɲɚɬɟɥɶ ode23 ɬɚɤɠɟ ɨɫɧɨɜɚɧ ɧɚ 

ɮɨɪɦɭɥɚɯ Ɋɭɧɝɟ–Ʉɭɬɬɵ, ɧɨ ɭɠɟ ɛɨɥɟɟ ɧɢɡɤɨɝɨ ɩɨɪɹɞɤɚ ɬɨɱɧɨɫɬɢ. ɂɦɟɟɬ ɫɦɵɫɥ 

ɩɪɢɦɟɧɹɬɶ ode23 ɜ ɡɚɞɚɱɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɧɟɛɨɥɶɲɭɸ ɠɟɫɬɤɨɫɬɶ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ 

ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɫ ɧɟɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ. ȿɫɥɢ ɠɟ ɬɪɟɛɭɟɬɫɹ 

ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɧɟɠɟɫɬɤɢɣ ɡɚɞɚɱɢ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ, ɬɨ ɧɚɢɥɭɱɲɢɣ 

ɪɟɡɭɥɶɬɚɬ ɞɚɫɬ od113, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɟɬɨɞɟ ɩɟɪɟɦɟɧɧɨɝɨ ɩɨɪɹɞɤɚ Ⱥɞɚɦɫɚ-

Ȼɷɲɮɨɪɬɚ-Ɇɢɥɬɨɧɚ. Ɋɟɲɚɬɟɥɶ ode113 ɨɤɚɡɵɜɚɟɬɫɹ ɨɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɧɵɦ ɞɥɹ 

ɧɟɠɟɫɬɤɢɯ ɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɢ, ɩɪɚɜɵɟ ɱɚɫɬɢ ɤɨɬɨɪɵɯ 

ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɫɥɨɠɧɵɦ ɮɨɪɦɭɥɚɦ. ȼɫɟ ɪɟɲɚɬɟɥɢ ɩɵɬɚɸɬɫɹ ɧɚɣɬɢ ɪɟɲɟɧɢɟ ɫ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɨɱɧɨɫɬɶɸ 10-3 ɢ ɚɛɫɨɥɸɬɧɨɣ – 10-6, ɏɨɪɨɲɢɦ ɬɟɫɬɨɦ ɤɚɱɟɫɬɜɚ 

ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɬɨɱɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ (ɡɚɞɚɧɢɟ 

ɬɨɱɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɢ ɢ ɪɹɞɚ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɩɢɫɚɧɨ ɜ ɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟ). 
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ȿɫɥɢ ɜɫɟ ɩɨɩɵɬɤɢ ɩɪɢɦɟɧɟɧɢɹ ode45, ode23s, ode113 ɧɟ ɩɪɢɜɨɞɹɬ ɤ 

ɭɫɩɟɯɭ, ɬɨ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɪɟɲɚɟɦɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɠɟɫɬɤɨɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ 

ɠɟɫɬɤɢɯ ɫɢɫɬɟɦ ɩɨɞɯɨɞɢɬ ɪɟɲɚɬɟɥɶ ode15s, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɧɨɝɨɲɚɝɨɜɨɦ 

ɦɟɬɨɞɟ Ƚɢɪɚ, ɤɨɬɨɪɵɣ ɞɨɩɭɫɤɚɟɬ ɢɡɦɟɧɟɧɢɟ ɩɨɪɹɞɤɚ. ȿɫɥɢ ɬɪɟɛɭɟɬɫɹ ɪɟɲɢɬɶ 

ɠɟɫɬɤɭɸ ɡɚɞɚɱɭ ɫ ɧɟɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ, ɬɨ ɯɨɪɨɲɢɣ ɪɟɡɭɥɶɬɚɬ ɦɨɠɟɬ ɞɚɬɶ 

ɪɟɲɚɬɟɥɶ ode23s, ɪɟɚɥɢɡɭɸɳɢɣ ɨɞɧɨɲɚɝɨɜɵɣ ɦɟɬɨɞ Ɋɨɡɟɧɛɪɨɤɚ ɜɬɨɪɨɝɨ 

ɩɨɪɹɞɤɚ. 

ɉɪɨɫɬɟɣɲɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɟɲɚɬɟɥɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɬɚɤ ɠɟ, ɤɚɤ ɢ ode113. ɉɪɢ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɜɚɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɜɵɱɢɫɥɟɧɢɹ. ȼɫɟ ɪɟɲɚɬɟɥɢ ɞɨɩɭɫɤɚɸɬ ɡɚɞɚɧɢɟ ɪɹɞɚ ɩɚɪɚɦɟɬɪɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɪɟɲɟɧɢɢ ɠɟɫɬɤɢɯ ɡɚɞɚɱ ɡɚɞɚɧɢɟ ɹɤɨɛɢɚɧɚ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɟɬ 

ɭɜɟɥɢɱɢɬɶ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɜɵɱɢɫɥɟɧɢɣ. Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɟɝɨ ɬɨɱɧɨɫɬɶ. 

Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɧ ɥɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ, ɧɚɩɢɫɚɧɧɨɣ ɜ ɫɪɟɞɟ MatLAB, 

ɪɚɫɱɟɬɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ 

ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɞɧɨɦɚɫɫɨɜɨɣ ɦɨɞɟɥɢ (ɪɢɫɭɧɨɤ. 4). ɇɚ 

ɪɢɫɭɧɨɤ. 8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨ ɨɫɢ ɚɛɫɰɢɫɫ ɧɚ 

ɝɪɚɮɢɤɚɯ ɨɬɥɨɠɟɧɨ ɜɪɟɦɹ, ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ ɢɫɤɨɦɵɟ ɜɟɥɢɱɢɧɵ. ȼɧɟɲɧɢɣ ɜɢɞ 

ɝɪɚɮɢɤɨɜ (ɬɨɥɳɢɧɚ, ɰɜɟɬ ɢ ɬɢɩ ɤɪɢɜɵɯ) ɧɟ ɡɚɞɚɧɵ ɜ ɬɟɤɫɬɟ ɩɪɨɝɪɚɦɦɚ, ɚ 

ɨɬɪɟɞɚɤɬɢɪɨɜɚɧɵ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɬɟɤɫɬ ɩɪɨɝɪɚɦɦɵ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ 

ɨɞɧɨɦɚɫɫɨɜɨɣ ɦɨɞɟɥɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɜ ɫɪɟɞɟ MATLAB ɢ ɩɨɞɩɪɨɝɪɚɦɦɵ, 

ɨɩɢɫɚɧɢɹ ɫɢɫɬɟɦɵ Ⱦɍ. 

 

%Ⱦɢɧɚɦɢɤɚ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ 

global Q S M c f g 

Q=0.00011; S=0.00025; 

M=12000; c=50000000; 

f=250000; g=9.8; 
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%Ɋɚɫɱɟɬ ɩɟɪɜɨɝɨ ɷɬɚɩɚ 

t1=M*g*S/(c*Q); 

F=M*g; 

T1=zeros(1,1); 

Y1=zeros(1,2); 

%Ɋɚɫɱɟɬ ɜɬɨɪɨɝɨ ɷɬɚɩɚ 

%ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ (ɜɟɤɬɨɪ-ɫɬɪɨɤɚ) 

yn=[0 0]; 

%ɂɧɬɟɪɜɚɥ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

int=t1:0.005:0.5; 

%ȼɵɡɨɜ ɪɟɲɚɬɟɥɹ ODE 

[T2, Y2]=ode113(@resh,int,yn); 

%Ɋɚɫɱɟɬ ɭɫɤɨɪɟɧɢɹ ɢ ɫɢɥ 

T=cat(1,T1,T2); 

Y=cat(1,Y1,Y2); 

k=size(T,1); 

F=zeros(k,1); 

a=zeros(k,1); 

Fd=zeros(k,1); 

for i=1:k 

F(i,1)=c*(Q/S*T(i)-Y(i,1)); 

a(i,1)=c/M*(Q*T(i)/S-Y(i,1))+f/M*(Q/S-Y(i,2))-g; 

Fd(i,1)=M*a(i); 

end 

%ȼɵɜɨɞ ɝɪɚɮɢɤɚ 

figure(1) 

plot(T,Y(:,1)*1000,T,Y(:,2)*1000,T,a(:,1),T,Fd(:,1)/1000,T,F(:,1)/1000) 

legend('y, ɦɦ','v, ɦɦ/ɫ','a, ɦ/ɫ2','Fd, ɤɇ','F, ɤɇ') 

title('Ⱦɢɧɚɦɢɤɚ ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ') 

xlabel('t, ɫ') 
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grid on 

%ɉɨɞɩɪɨɝɪɚɦɦɚ ɨɩɢɫɚɧɢɹ ɫɢɫɬɟɦɵ Ⱦɍ 

function dy=resh(t, y) 

global Q S M c f g 

dy=zeros(2,1); 

dy=[y(2);c/M*(Q*t/S-y(1))+f/M*(Q/S-y(2))-g]; 

end 

 

ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɫɪɟɞɟ Simulink, ɪɢɫɭɧɨɤ 7.  

 

 

 

Ɋɢɫɭɧɨɤ 2.6 – ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɞɢɧɚɦɢɤɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɧɚ ɹɡɵɤɟ 

Simulink 

 

ɇɚ ɪɢɫɭɧɤɚɯ 8, 9, 10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɪɚɫɯɨɞɚ ɢ ɪɚɡɦɟɪɚ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ 

ɦɚɫɫɵ ɝɪɭɡɚ. 
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Ɋɢɫɭɧɨɤ 2.7 – Ƚɪɚɮɢɤɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ (Q=0,00011 ɦ3/ɫ; S=0,00025 ɦ2; 
M=12103 ɤɝ; c=5107 ɇ/ɦ; f=25104 ɇ ɫ/ɦ) 

 

 

 

Ɋɢɫɭɧɨɤ 2.8 – Ƚɪɚɮɢɤɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ (Q=0,002 ɦ3/ɫ; S=0,0012 ɦ2; 
M=15103 ɤɝ; c=5107 ɇ/ɦ; f=25104 ɇ ɫ/ɦ) 
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Ɋɢɫɭɧɨɤ 2.9 – Ƚɪɚɮɢɤɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ (Q=0,00011 ɦ3/ɫ; S=0,00025 ɦ2; 
M=10103 ɤɝ; c=5107 ɇ/ɦ; f=15104 ɇ ɫ/ɦ) 

 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɮɢɤɨɜ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɚ ɧɚ 

ɞɢɧɚɦɢɤɭ ɩɪɨɰɟɫɫɚ ɩɨɞɴɟɦɚ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɯɨɞɚ ɢ ɪɚɡɦɟɪɚ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɞɢɧɚɦɢɤɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɦɟɧɶɲɚɟɬɫɹ. 
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3 ɋɢɧɬɟɡ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɡɚɯɜɚɬɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ 

 

ɂɫɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɞɫɢɫɬɟɦɵ ɪɨɛɨɬɨɜ ɫɨɫɬɨɹɬ ɢɡ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ 

ɩɪɢɜɨɞɨɜ. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ – ɷɬɨ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɰɟɩɶ, 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɩɨɞɜɢɠɧɵɯ ɡɜɟɧɶɟɜ ɫ ɭɝɥɨɜɵɦ ɢɥɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɦ 

ɩɟɪɟɦɟɳɟɧɢɟɦ, ɤɨɬɨɪɚɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɜ ɜɢɞɟ ɡɚɯɜɚɬɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɢɥɢ ɤɚɤɨɝɨ-ɧɢɛɭɞɶ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɉɪɢɜɨɞɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɵ ɫ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɡɜɟɧɶɹɦɢ 

ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɷɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɨɝɪɚɦɦɵ. 

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɨɟɞɢɧɟɧɧɵɟ ɫ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ 

ɡɜɟɧɶɹɦɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɚɬɱɢɤɢ. ɉɪɢɜɨɞ ɪɨɛɨɬɚ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɟɝɨ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. Ɉɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɞɜɨɞɢɦɨɣ ɷɧɟɪɝɢɢ ɜ 

ɷɧɟɪɝɢɸ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɡɜɟɧɶɟɜ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢ 

ɭɫɬɪɨɣɫɬɜ ɩɟɪɟɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɢɝɧɚɥɚɦɢ, ɩɨɫɬɭɩɚɸɳɢɦɢ ɨɬ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

ɗɥɟɦɟɧɬɵ ɩɪɢɜɨɞɚ ɜ ɫɨɫɬɚɜɟ ɦɚɧɢɩɭɥɹɬɨɪɚ ɦɨɝɭɬ ɛɵɬɶ ɨɯɜɚɱɟɧɵ ɤɚɤ 

ɜɧɭɬɪɟɧɧɢɦɢ, ɬɚɤ ɢ ɜɧɟɲɧɢɦɢ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ, ɩɪɢ ɧɚɥɢɱɢɢ ɤɨɬɨɪɵɯ 

ɩɪɢɜɨɞ ɫɬɚɧɨɜɢɬɫɹ ɫɥɟɞɹɳɢɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɬɪɨɢɬɶ ɪɨɛɨɬ ɫ ɷɥɟɦɟɧɬɚɦɢ 

ɚɞɚɩɬɚɰɢɢ. ɉɪɢɜɨɞ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬ ɫɬɪɭɤɬɭɪɭ, ɩɚɪɚɦɟɬɪɵ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɪɨɛɨɬɚ ɜ ɰɟɥɨɦ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ ɹɜɥɹɸɬɫɹ: ɦɨɳɧɨɫɬɶ; ɫɤɨɪɨɫɬɶ; 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ; ɬɨɱɧɨɫɬɶ ɨɬɪɚɛɨɬɤɢ ɤɨɦɚɧɞɧɨɝɨ ɫɢɝɧɚɥɚ. 

Ȼɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɪɨɛɨɬɚɯ ɩɨɥɭɱɢɥɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɢɜɨɞɵ 

ɛɥɚɝɨɞɚɪɹ ɞɨɫɬɨɢɧɫɬɜɚɦ:  

 ɞɨɫɬɭɩɧɨɫɬɶ ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ;  

 ɩɪɨɫɬɨɬɚ ɦɨɧɬɚɠɚ ɢ ɧɚɥɚɞɤɢ, ɚ ɬɚɤɠɟ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

 ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɧɚɞɟɠɧɨɫɬɢ; 

 ɜɵɫɨɤɢɣ ɄɉȾ; 

 ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɲɭɦɚ ɩɪɢ ɪɚɛɨɬɟ. 

3.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 
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ȼ ɫɢɫɬɟɦɚɯ ɩɪɢɜɨɞɚ ɪɨɛɨɬɨɜ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɜɢɝɚɬɟɥɢ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɢɥɢ ɦɚɝɧɢɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ. 

ɍɩɪɚɜɥɟɧɢɟ ɷɬɢɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɰɟɩɢ ɹɤɨɪɹ. 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɞɜɢɝɚɬɟɥɟ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɫɥɟɞɭɸɳɢɦɢ 

ɭɪɚɜɧɟɧɢɹɦɢ: 
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 (3.1) 

 

ȼ ɭɪɚɜɧɟɧɢɹɯ (3.1) , ,ə ə əu i ɟ  – ɧɚɩɪɹɠɟɧɢɟ, ɬɨɤ ɢ ɩɪɨɬɢɜɨ-ɗȾɋ ɹɤɨɪɹ, 

ə

ə
əəə R

L
TRL ,,  – ɢɧɞɭɤɬɢɜɧɨɫɬɶ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ 

ɜɪɟɦɟɧɢ ɹɤɨɪɹ, , , ,m H mM M   – ɦɟɯɚɧɢɱɟɫɤɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ, 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ, ɦɨɦɟɧɬ ɧɚɝɪɭɡɤɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɜɚɥɚ, J  – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ, ɤɨɷɮɮɢɰɢɟɧɬɵ ME kk ,  ɹɜɥɹɸɬɫɹ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɩɨɫɬɨɹɧɧɵɦɢ. 

ɉɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ, ɜɯɨɞɹɳɢɟ ɜ ɭɪɚɜɧɟɧɢɹ (3.1) ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚ 

ɨɫɧɨɜɟ ɩɚɫɩɨɪɬɧɵɯ ɞɚɧɧɵɯ, ɩɨɦɟɳɟɧɧɵɯ ɜ ɫɩɪɚɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. ȼ ɬɚɛɥɢɰɟ 

3.1 ɩɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɦɚɥɨɢɧɟɪɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɥɹ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ 

ɤɨɦɩɥɟɤɫɨɜ. 

 

Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɦɚɥɨɢɧɟɪɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ 
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ɇP , ɤВɬ  ə ВU U , В  ɇn , 1/ ɦɢɧ  əI , A əR , Ɉɦ  ВR , Ɉɦ  J , ɤɝɦ2 

0.12 110 3000 1.53 1.48 642 0.06 

0.2 110 3000 2.46 0.762 560 0.08 

0.25 110 3000 3.05 0.945 827 0.14 

0.37 110 3000 4.4 0.546 934 0.16 

0.45 110 3000 5.6 0.585 400 0.36 

1.0 110 3000 9.96 0.561 500 0.8 

 

ȼ ɬɚɛɥɢɰɟ 3.1 ɜɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: ɇP  – ɧɨɦɢɧɚɥɶɧɚɹ 

ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɤȼɬ; əU  – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɹɤɨɪɹ, ȼ; ВU  

– ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ, ȼ; əI  – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɹɤɨɪɹ, A; ɇn  

– ɧɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɹɤɨɪɹ, 1/ɦɢɧ; əR  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ 

ɹɤɨɪɹ, Ɉɦ; ВR  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, Ɉɦ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ ɜ (ɇ ɦ), ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ ɜ 

(Ⱥ), ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɹɤɨɪɹ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɢɡ 

ɭɪɚɜɧɟɧɢɣ: 
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(3.2) 

ɝɞɟ ɫХ = 0.3-0.4 – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
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ɉɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɫɤɨɪɨɫɬɧɨɣ ɱɚɫɬɢ ȾɉɌ ɩɨ ɭɩɪɚɜɥɹɸɳɟɦɭ ɢ 

ɜɨɡɦɭɳɚɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɹɦ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɜɵɪɚɠɟɧɢɹɦɢ 
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 (3.4) 

 

ȼ ɜɵɪɚɠɟɧɢɹɯ (3.3), (3.4) ɜɜɟɞɟɧɵ ɨɛɨɡɧɚɱɟɧɢɹ: 

 

1 2

1
, .M

ə

k
K K

R J
   (3.5) 

 

Ʉɨɪɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

 

1 2 1 2 ȿ
1 1

, 1 4
2 2 ə

ə ə

s T K K k
Ɍ Ɍ

     (3.6) 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 1K , 2K , əT  ɢ Еk  ɤɨɪɧɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɥɢɛɨ ɜɟɳɟɫɬɜɟɧɧɵɦɢ ɥɢɛɨ 

ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪɹɠɟɧɧɵɦɢ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ 1 24 1ə ЕT K K k   ɤɨɪɧɢ  

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɜɟɳɟɫɬɜɟɧɧɵɦɢ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ȾɉɌ ɩɨ ɭɩɪɚɜɥɹɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ  ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɚɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɡɜɟɧɶɟɜ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɜɪɟɦɟɧɢ Ɍ1, Ɍ2 ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɩɟɪɟɞɚɱɢ 1/ Еk  
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1 2

( ) 1/
( )

( ) ( 1)( 1)
Е
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x s k
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 

 
 (3.7) 

 

ɝɞɟ Ɍ1= -1/s1; Ɍ2= -1/s2 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɪɚɫɫɦɨɬɪɢɦ ɞɜɢɝɚɬɟɥɶ ɦɨɳɧɨɫɬɶɸ 0.45 

ɤȼɬ (ɬɚɛɥɢɰɚ 3.1) ɩɚɪɚɦɟɬɪɵ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɜɵɪɚɠɟɧɢɹɦ 

(3.2), ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

 

Ɍɚɛɥɢɰɚ 3.2. – ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ 

1К , 1/Ɉɦ 2К , 1/Аɦɫ2 kM, ɇɦ/A kЕ, Вɫ əT , ɫ T1, ɫ T2, ɫ 

1.72 0.72 0.26 0.34 0.043 0.044 2.15 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɜ ɭɪɚɜɧɟɧɢɟɦ (3.1) ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɵ Simulink 

ɩɨɥɭɱɟɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɪɢɫɭɧɨɤ 3.1.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɩɨɥɶɡɨɜɚɧ ɩɚɤɟɬ 

ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɝɪɚɦɦɵ Simulink – ɋontrol System ɫ ɟɝɨ ɝɪɚɮɢɱɟɫɤɢɦ 

ɢɧɬɟɪɮɟɣɫɨɦ. ɗɬɚɥɨɧɧɵɦ (ɡɚɞɚɸɳɢɦ) ɜɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɹɜɥɹɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ 

1 ȼ. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɢ ɩɨ ɜɨɡɦɭɳɟɧɢɸ ɩɨɤɚɡɚɧɵ 

ɧɚ ɪɢɫɭɧɤɚɯ 3.2 ɢ 3.3. 

 

 

 

Ɋɢɫɭɧɨɤ 3.1 – Ɇɨɞɟɥɶ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
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ɂɡ ɝɪɚɮɢɤɨɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɪɢɫɭɧɤɢ 3.2, 3.3) ɜɢɞɧɨ, ɱɬɨ ɩɨ 

ɭɩɪɚɜɥɟɧɢɸ ɢ ɜɨɡɦɭɳɟɧɢɸ ȾɉɌ ɫ ɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɚɩɟɪɢɨɞɢɱɟɫɤɨɟ ɡɜɟɧɨ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɩɨ ɜɨɡɦɭɳɟɧɢɸ ɛɨɥɟɟ ɱɟɦ 

ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɩɨ ɭɩɪɚɜɥɟɧɢɸ. 

 

 

 

Ɋɢɫɭɧɨɤ 3.2 – Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȾɉɌ ɩɨ ɭɩɪɚɜɥɟɧɢɸ 
 

 

 

Ɋɢɫɭɧɨɤ 3.3 – Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȾɉɌ ɩɨ ɜɨɡɦɭɳɟɧɢɸ 
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Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɫɜɨɣɫɬɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ (ɫɢɧɬɟɡ) ɪɟɝɭɥɹɬɨɪɚ, ɫɬɪɭɤɬɭɪɚ ɢ 

ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɹɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɧɬɭɪɭ ɫɤɨɪɨɫɬɢ. 

ɋɢɧɬɟɡ (ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ) ɪɟɝɭɥɹɬɨɪɚ ɜ ɫɥɟɞɹɳɟɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɟ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɢɜɨɞɚ ɡɜɟɧɚ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɨɛɨɬɚ 

ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ [ ] 

 

1 2
m

m m M ə
d
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     , (3.8) 

 

ɝɞɟ J  – ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɹɤɨɪɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɪɨɛɨɬɚ, əi  – 

ɬɨɤ ɹɤɨɪɹ, m mdt    – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɡɜɟɧɚ ɪɨɛɨɬɚ. Ɍɨɤ ɹɤɨɪɹ ȾɉɌ ɧɚɯɨɞɢɬɫɹ 

ɢɡ ɭɪɚɜɧɟɧɢɹ 

 

ə E ə
ə ə m
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di k u
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dt R R
   . (3.9) 

 

ɉɨ ɭɪɚɜɧɟɧɢɹɦ (3.8) ɢ (3.9) ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɢɝɚɬɟɥɹ ɦɨɳɧɨɫɬɶɸ 0.45 ɤВɬ ɢ ɡɜɟɧɚ ɪɨɛɨɬɚ, ɪɢɫɭɧɨɤ 3.4. 
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Ɋɢɫɭɧɨɤ 3.4 – Ɇɨɞɟɥɶ ɩɪɢɜɨɞɚ ɡɜɟɧɚ ɪɨɛɨɬɚ 
 

ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɜ ɫɢɫɬɟɦɟ ɩɪɢ 1 20.1, 3.2ɋ ɋ   ɢ ɦɚɥɵɯ ɭɝɥɚɯ 

ɩɨɜɨɪɨɬɚ ɡɜɟɧɚ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.5. 

 

 

 

Ɋɢɫɭɧɨɤ 3.5 – ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɜ ɩɪɢɜɨɞɟ ɡɜɟɧɚ ɪɨɛɨɬɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ 
 

ɉɪɢɜɟɞɟɧɧɵɣ ɫɥɭɱɚɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɜɢɝɚɬɟɥɶ ɫ ɭɱɟɬɨɦ ɧɚɝɪɭɡɤɢ ɧɚ ɟɝɨ 

ɜɚɥɭ ɦɨɠɟɬ ɫɬɚɬɶ ɤɨɥɟɛɚɬɟɥɶɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɡɜɟɧɨɦ. 
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Ɍɪɟɛɭɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪɚ ɜ ɫɥɟɞɹɳɟɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ. 

Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɪɟɚɥɢɡɭɟɬɫɹ ɨɝɪɚɧɢɱɢɬɟɥɶ ɞɢɚɩɚɡɨɧɚ ɞɥɹ ɬɨɤɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɨɧɬɭɪɟ ɬɨɤɚ ȾɉɌ ɪɟɥɟɣɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɤɨɧɬɭɪ 

ɬɨɤɚ ɫɱɢɬɚɟɬɫɹ ɛɟɡɢɧɟɪɰɢɨɧɧɵɦ, ɚ ɫɢɥɨɜɨɣ ɪɟɝɭɥɹɬɨɪ – ɢɫɬɨɱɧɢɤɨɦ ɬɨɤɚ. Ɍɨɝɞɚ 

ɡɜɟɧɨ ɪɨɛɨɬɚ ɜɦɟɫɬɟ ɫ ȾɉɌ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ (3.8), ɢɡ ɤɨɬɨɪɨɝɨ 

ɨɩɪɟɞɟɥɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ 
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, (3.10) 

 

ɝɞɟ 2 1

2 2

, 2
J ɋ

T T
ɋ ɋ

  , ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ 1 20.1, 3.2ɋ ɋ   ɩɚɪɚɦɟɬɪɵ 

ɡɜɟɧɚ ɪɨɛɨɬɚ ɪɚɜɧɵ: 0.33, 0.047T   , ɬ.ɟ. ɩɪɢɜɨɞ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɡɜɟɧɨ. 

Ⱦɥɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɫ ɪɟɚɥɶɧɵɦ 

ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɦ ɡɜɟɧɨɦ, ɩɚɪɚɦɟɬɪɵ ɬɚɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɩɪɢ ɧɚɫɬɪɨɣɤɟ 

ɫɢɫɬɟɦɵ ɧɚ ɨɩɬɢɦɭɦ ɩɨ ɦɨɞɭɥɸ ɧɚɯɨɞɹɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɣ: 
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(3.11) 

 

Ɇɨɞɟɥɶ ɡɜɟɧɚ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.6. 
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Ɋɢɫɭɧɨɤ 3.6 – Ɇɨɞɟɥɶ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɪɢ 

0.01 , 19.25, 615, 69.5D ɉ И DT c k k k     ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.7. 

 

 

Ɋɢɫɭɧɨɤ 3.7 – ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ 

 

ɂɡ ɤɪɢɜɵɯ (ɪɢɫɭɧɨɤ 3.7) ɜɢɞɧɨ, ɱɬɨ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɤɨɥɟɛɚɧɢɣ ɜɵɯɨɞɧɨɣ 

ɤɨɨɪɞɢɧɚɬɵ (ɭɝɥɚ) ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɬɚɤɨɣ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦɵ ɩɨɥɭɱɟɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɡɜɟɧɚ ɪɨɛɨɬɚ, ɪɢɫɭɧɨɤ 3.8. Ɇɨɞɟɥɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟ 

ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,001 ɞɨ 0,003. 

 

 

Ɋɢɫɭɧɨɤ 3.8 – Ɇɨɞɟɥɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 
ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɟɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ 

ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.9. 

 

 

 

Ɋɢɫɭɧɨɤ 3.9 – ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɜ 
ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 
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ɂɡ ɤɪɢɜɵɯ (ɪɢɫɭɧɨɤ 3.9), ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɜɢɞɧɨ, 

ɱɬɨ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɢ ɛɨɥɶɲɢɯ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɚɯ (ɩɪɢ ɜɵɯɨɞɟ 

ɫɢɫɬɟɦɵ ɜ ɧɚɫɵɳɟɧɢɟ) ɤɨɥɟɛɚɧɢɣ ɜɵɯɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ (ɭɝɥɚ) ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

ɉɨɷɬɨɦɭ ɬɚɤɨɣ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ. 
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4 Ɋɟɚɥɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɧɚ ɛɚɡɟ Arduino 

 

ȼ ɪɚɡɞɟɥɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɛɚɡɟ ɚɩɩɚɪɚɬɧɨ-

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Arduino. ȼ ɫɨɫɬɚɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɜɯɨɞɹɬ: 

ɡɚɯɜɚɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɪɢɫɭɧɨɤ 4.1; 

ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ, ɪɢɫɭɧɨɤ 4.2; 

ɤɨɧɬɪɨɥɥɟɪ Arduino Uno, ɪɢɫɭɧɨɤ 4.3. 

 

 

Ɋɢɫɭɧɨɤ 4.1 – Ɇɨɞɟɥɶ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɦ 

 

 

 

Ɋɢɫɭɧɨɤ 4.2 – Ɇɨɞɟɥɶ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ 
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Ɋɢɫɭɧɨɤ 4.3 – Ɉɛɳɢɣ ɜɢɞ ɥɢɰɟɜɨɣ ɱɚɫɬɢ ɤɨɧɬɪɨɥɥɟɪɚ Arduino UNO R3 

 

ɋɟɪɜɨɞɜɢɝɚɬɟɥɶ 

ɋɟɪɜɨɩɪɢɜɨɞ Ⱥɪɞɭɢɧɨ (ɚɧɝɥ. – arduino servo) ɭɫɬɪɨɣɫɬɜɨ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɦɨɬɨɪɨɦ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɩɨɜɟɪɧɭɬɶ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɝɨɥ ɢ ɨɫɬɚɜɢɬɶ ɜ ɷɬɨɦ 

ɩɨɥɨɠɟɧɢɢ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ. 

ɋɟɪɜɨɦɨɬɨɪɵ Ⱥɪɞɭɢɧɨ – ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɜ 

ɭɤɚɡɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɢ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɪɚɡɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜɚɯ. 

Ɇɚɫɫɨɜɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɨɛɨɬɨɬɟɯɧɢɤɟ. ɍ ɫɟɪɜɨɩɪɢɜɨɞɚ ɟɫɬɶ ɜɵɯɨɞɧɨɣ ɜɚɥ, 

ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɧɚ 180 ɝɪɚɞɭɫɨɜ. ɂɫɩɨɥɶɡɭɹ Arduino ɦɨɠɧɨ 

ɡɚɞɚɬɶ ɫɟɪɜɨɦɨɬɨɪɭ ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɤɨɬɨɪɨɟ ɨɧ ɩɟɪɟɣɞɟɬ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.4. 
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Ɋɢɫɭɧɨɤ 4.4 – ɍɫɬɪɨɣɫɬɜɨ ɫɟɪɜɨɩɪɢɜɨɞɚ 

 

ɋɟɪɜɨɩɪɢɜɨɞ ɫɨɫɬɨɢɬ ɢɡ ɞɚɬɱɢɤɚ (ɫɤɨɪɨɫɬɢ, ɩɨɥɨɠɟɧɢɹ ɢ ɬ.ɩ.), ɛɥɨɤɚ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɫɯɟɦɵ. Ɋɟɞɭɤɬɨɪɵ 

ɜɵɩɨɥɧɹɸɬ ɢɡ ɦɟɬɚɥɥɚ, ɤɚɪɛɨɧɚ ɢɥɢ ɩɥɚɫɬɢɤɚ. ɋɟɪɜɨɦɨɬɨɪ ɢɦɟɟɬ ɜɫɬɪɨɟɧɧɵɣ 

ɩɨɬɟɧɰɢɨɦɟɬɪ, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɟɧ ɫ ɜɵɯɨɞɧɵɦ ɜɚɥɨɦ. ɉɨɜɨɪɨɬɨɦ ɜɚɥɚ, 

ɫɟɪɜɨɩɪɢɜɨɞ ɦɟɧɹɟɬ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɨɬɟɧɰɢɨɦɟɬɪɟ (ɫɦ. ɪɢɫɭɧɨɤ 4.4). 

ɉɥɚɬɚ ɚɧɚɥɢɡɢɪɭɟɬ ɧɚɩɪɹɠɟɧɢɟ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɫɪɚɜɧɢɜɚɟɬ ɟɝɨ ɫ 

ɧɚɩɪɹɠɟɧɢɟɦ ɧɚ ɩɨɬɟɧɰɢɨɦɟɬɪɟ, ɢɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɨɣ ɪɚɡɧɢɰɵ, ɦɨɬɨɪ ɛɭɞɟɬ 

ɜɪɚɳɚɬɶɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɜɵɪɨɜɧɹɟɬ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢ ɧɚ 

ɩɨɬɟɧɰɢɨɦɟɬɪɟ. 

ɋɟɪɜɨɩɪɢɜɨɞɵ Arduino – ɷɬɨ ɦɟɯɚɬɪɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. ɂɫɩɨɥɶɡɭɹ ɬɨɥɶɤɨ 

ɨɞɢɧ ɜɯɨɞɧɨɣ ɩɢɧ, ɨɧɢ ɩɨɥɭɱɚɸɬ ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɨɬ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɩɟɪɟɯɨɞɹɬ ɜ ɷɬɨ ɩɨɥɨɠɟɧɢɟ. ɇɚ ɪɢɫɭɧɤɟ 4.4 ɫɟɪɜɨɩɪɢɜɨɞ 

ɢɦɟɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɞɜɢɝɚɬɟɥɶ ɢ ɰɟɩɶ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɤɨɬɨɪɚɹ ɝɚɪɚɧɬɢɪɭɟɬ, 

ɱɬɨ ɜɚɥ ɫɟɪɜɨɩɪɢɜɨɞɚ ɞɨɫɬɢɝɧɟɬ ɠɟɥɚɟɦɨɝɨ ɩɨɥɨɠɟɧɢɹ. 

ɇɚ ɜɯɨɞɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɢ ɩɨɥɭɱɚɸɬ ɫɢɝɧɚɥ «ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɜɨɥɧɚ». 

Ʉɚɠɞɵɣ ɰɢɤɥ ɜ ɫɢɝɧɚɥɟ ɞɥɢɬɫɹ 20 ɦɢɥɥɢɫɟɤɭɧɞ, ɢ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɜ 

ɡɧɚɱɟɧɢɢ LOW. ȼ ɧɚɱɚɥɟ ɤɚɠɞɨɝɨ ɰɢɤɥɚ ɡɧɚɱɟɧɢɟ ɫɢɝɧɚɥɚ ɫɬɚɧɨɜɢɬɫɹ HIGH ɧɚ 
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ɜɪɟɦɹ ɨɬ 1 ɞɨ 2 ɦɢɥɥɢɫɟɤɭɧɞ. ɉɪɢ 1 ɦɢɥɥɢɫɟɤɭɧɞɟ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 0 ɝɪɚɞɭɫɨɜ, ɚ 

ɩɪɢ 2 ɦɢɥɥɢɫɟɤɭɧɞɚɯ – 180 ɝɪɚɞɭɫɨɜ, ɚ ɜ ɩɪɨɦɟɠɭɬɤɟ ɡɧɚɱɟɧɢɟ ɨɬ 0 ɞɨ 180, 

ɪɢɫɭɧɨɤ 4.5. 

 

 

 

Ɋɢɫɭɧɨɤ 4.5 – ɋɢɝɧɚɥɵ ɧɚ ɜɯɨɞɟ ɫɟɪɜɨɩɪɢɜɨɞɚ 

 

Ʉɨɧɬɪɨɥɥɟɪ Arduino UNO R3. 

Arduino – ɬɨɪɝɨɜɚɹ ɦɚɪɤɚ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɧɟɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɢ. ȼ 

ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ ɫɨɜɪɟɦɟɧɧɨɣ ɩɥɚɬɵ Arduino UNO R3, ɜɵɩɨɥɧɟɧɧɚɹ 

ɧɚ ɛɚɡɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ATmega328. ȼɧɟɲɧɢɣ ɜɢɞ ɤɨɧɬɪɨɥɥɟɪɚ ɩɪɢɜɟɞёɧ ɧɚ 

ɪɢɫɭɧɤɟ 4.3. 

Ʉɪɨɦɟ ɷɬɨɣ ɩɥɚɬɵ Arduino ɜɵɩɭɫɤɚɟɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɩɥɚɬ ɞɥɹ 

ɤɨɧɤɪɟɬɧɵɯ ɩɪɨɟɤɬɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. ȼɵɛɨɪ ɤɨɧɤɪɟɬɧɨɣ ɦɨɞɟɥɢ ɤɨɧɬɪɨɥɥɟɪɚ 

ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ, ɞɨɫɬɭɩɧɨɫɬɢ, ɫɬɨɢɦɨɫɬɢ, ɢ ɞɪɭɝɢɯ 

ɤɪɢɬɟɪɢɟɜ, ɩɨ ɤɨɬɨɪɵɦ Arduino UNO R3 ɩɪɟɜɨɫɯɨɞɢɬ ɞɪɭɝɢɟ ɜɚɪɢɚɧɬɵ.  

Arduino Uno ɤɨɧɬɪɨɥɥɟɪ ɩɨɫɬɪɨɟɧ ɧɚ ATmega328. ɉɥɚɬɮɨɪɦɚ ɢɦɟɟɬ 14 

ɰɢɮɪɨɜɵɯ ɜɯɨɞ/ɜɵɯɨɞɨɜ (6 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɜɵɯɨɞɵ 

ɒɂɆ), 6 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ, ɤɜɚɪɰɟɜɵɣ ɝɟɧɟɪɚɬɨɪ 16 ɆȽɰ, ɪɚɡɴɟɦ USB, 

ɫɢɥɨɜɨɣ ɪɚɡɴɟɦ, ɪɚɡɴɟɦ ICSP ɢ ɤɧɨɩɤɭ ɩɟɪɟɡɚɝɪɭɡɤɢ. Ⱦɥɹ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ 
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ɩɨɞɤɥɸɱɢɬɶ ɩɥɚɬɮɨɪɦɭ ɤ ɤɨɦɩɶɸɬɟɪɭ ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɛɟɥɹ USB, ɥɢɛɨ ɩɨɞɚɬɶ 

ɩɢɬɚɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɚɞɚɩɬɟɪɚ AC/DC ɢɥɢ ɛɚɬɚɪɟɢ. 

 

Ɍɚɛɥɢɰɚ 4.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Arduino Uno 

ɉɨɤɚɡɚɬɟɥɶ ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega328 

Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 5 ȼ 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɪɟɤɨɦɟɧɞɭɟɦɨɟ) 7-12 ȼ 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɩɪɟɞɟɥɶɧɨɟ) 6-20 ȼ 

ɐɢɮɪɨɜɵɟ ȼɯɨɞɵ/ȼɵɯɨɞɵ 14 (6 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɜɵɯɨɞɵ ɒɂɆ) 

Ⱥɧɚɥɨɝɨɜɵɟ ɜɯɨɞɵ 6 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɱɟɪɟɡ ɜɯɨɞ/ɜɵɯɨɞ 40 ɦȺ 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɞɥɹ ɜɵɜɨɞɚ 3.3 ȼ 50 ɦȺ 

Ɏɥɟɲ-ɩɚɦɹɬɶ  32 Ʉɛ (ATmega328) ɢɡ ɤɨɬɨɪɵɯ 0.5 Ʉɛ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɡɚɝɪɭɡɱɢɤɚ 

ɈɁɍ 2 Ʉɛ (ATmega328) 

EEPROM 1 Ʉɛ (ATmega328) 

Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ 16 ɆȽɰ 

 

Arduino Uno ɦɨɠɟɬ ɩɨɥɭɱɚɬɶ ɩɢɬɚɧɢɟ ɱɟɪɟɡ ɩɨɞɤɥɸɱɟɧɢɟ USB ɢɥɢ ɨɬ 

ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

ȼɧɟɲɧɟɟ ɩɢɬɚɧɢɟ (ɧɟ USB) ɦɨɠɟɬ ɩɨɞɚɜɚɬɶɫɹ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɧɚɩɪɹɠɟɧɢɹ AC/DC (ɛɥɨɤ ɩɢɬɚɧɢɹ) ɢɥɢ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɟɣ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞɤɥɸɱɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɡɴɟɦɚ 2.1 ɦɦ ɫ 

ɰɟɧɬɪɚɥɶɧɵɦ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɩɨɥɸɫɨɦ. ɉɪɨɜɨɞɚ ɨɬ ɛɚɬɚɪɟɢ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ 

ɜɵɜɨɞɚɦ Gnd ɢ Vin ɪɚɡɴɟɦɚ ɩɢɬɚɧɢɹ. 

ɉɥɚɬɮɨɪɦɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɩɪɢ ɜɧɟɲɧɟɦ ɩɢɬɚɧɢɢ ɨɬ 6 ȼ ɞɨ 20 ȼ. ɉɪɢ 

ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɧɢɹ ɧɢɠɟ 7 ȼ, ɜɵɜɨɞ 5V ɦɨɠɟɬ ɜɵɞɚɜɚɬɶ ɦɟɧɟɟ 5 ȼ, ɩɪɢ ɷɬɨɦ 

ɩɥɚɬɮɨɪɦɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɧɟɫɬɚɛɢɥɶɧɨ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɜɵɲɟ 
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12 ȼ ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɦɨɠɟɬ ɩɟɪɟɝɪɟɬɶɫɹ ɢ ɩɨɜɪɟɞɢɬɶ ɩɥɚɬɭ. 

Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɞɢɚɩɚɡɨɧ ɨɬ 7 ȼ ɞɨ 12 ȼ. 

ȼɵɜɨɞɵ ɩɢɬɚɧɢɹ 

VIN . ȼɯɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɞɚɱɢ ɩɢɬɚɧɢɹ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ (ɜ 

ɨɬɫɭɬɫɬɜɢɟ 5 ȼ ɨɬ ɪɚɡɴɟɦɚ USB ɢɥɢ ɞɪɭɝɨɝɨ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ). 

ɉɨɞɚɱɚ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɞɚɧɧɵɣ ɜɵɜɨɞ. 

5V. Ɋɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɩɢɬɚɧɢɹ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɩɥɚɬɟ. ɉɢɬɚɧɢɟ ɦɨɠɟɬ ɩɨɞɚɜɚɬɶɫɹ ɨɬ 

ɜɵɜɨɞɚ VIN ɱɟɪɟɡ ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ, ɢɥɢ ɨɬ ɪɚɡɴɟɦɚ USB, ɢɥɢ ɞɪɭɝɨɝɨ 

ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ 5 ȼ.  

3V3. ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɜɨɞɟ 3.3 ȼ ɝɟɧɟɪɢɪɭɟɦɨɟ ɜɫɬɪɨɟɧɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ 

ɧɚ ɩɥɚɬɟ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɨɤɚ 50 ɦȺ. 

GND. ȼɵɜɨɞɵ ɡɚɡɟɦɥɟɧɢɹ. 

ɉɚɦɹɬɶ 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega328 ɪɚɫɩɨɥɚɝɚɟɬ 32 ɤȻ ɮɥɷɲ ɩɚɦɹɬɢ, ɢɡ 

ɤɨɬɨɪɵɯ 0.5 ɤȻ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɡɚɝɪɭɡɱɢɤɚ, ɚ ɬɚɤɠɟ 2 ɤȻ ɈɁɍ 

(SRAM) ɢ 1 Ʉɛ EEPROM. 

ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

ɉɥɚɬɮɨɪɦɚ ɩɪɨɝɪɚɦɦɢɪɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɉɈ Arduino. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 

ATmega328 ɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɡɚɩɢɫɚɧɧɵɦ ɡɚɝɪɭɡɱɢɤɨɦ, ɨɛɥɟɝɱɚɸɳɢɦ ɡɚɩɢɫɶ 

ɧɨɜɵɯ ɩɪɨɝɪɚɦɦ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɧɟɲɧɢɯ ɩɪɨɝɪɚɦɦɚɬɨɪɨɜ. ɋɜɹɡɶ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɪɢɝɢɧɚɥɶɧɵɦ ɩɪɨɬɨɤɨɥɨɦ STK500. 

ȼ ɨɫɧɨɜɭ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɩɪɨɟɤɬɚɯ Arduino, 

ɩɨɥɨɠɟɧ C++ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɹɡɵɤɨɜ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ ɤɚɤ ɪɚɛɨɬɭ ɫ ɧɢɡɤɨɭɪɨɜɧɟɜɵɦɢ 

ɤɨɦɚɧɞɚɦɢ, ɬɚɤ ɢ ɩɨɫɬɪɨɟɧɢɟ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ [ɏ1]. ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

ɤɨɧɬɪɨɥɥɟɪɨɜ Arduino ɭɞɨɛɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɫɪɟɞɟ Arduino IDE, 

ɩɨɫɤɨɥɶɤɭ ɜ ɧɟɟ ɜɤɥɸɱɟɧ ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɨɧɚɥ ɞɥɹ ɪɚɛɨɬɵ ɫ ɧɢɦɢ. 

                                                           
1
 Ɇɨɦɨɬ Ɇ. ȼ. Ɇɨɛɢɥɶɧɵɟ ɪɨɛɨɬɵ ɧɚ ɛɚɡɟ Arduino / Ɇ. ȼ. Ɇɨɦɨɬ. – ɋɉɛ.: Ȼɏȼ-ɉɟɬɟɪɛɭɪɝ, 2017. – 288 ɫ. 
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Arduino IDE ɦɨɠɧɨ ɫɤɚɱɚɬɶ ɜ ɂɧɬɟɪɧɟɬɟ ɩɨ ɚɞɪɟɫɭ ɨɫɧɨɜɧɨɝɨ ɫɚɣɬɚ 

ɩɪɨɟɤɬɚ: www.arduino.cc/en/Main/Software, ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɜɨɛɨɞɧɨ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ. 

Ⱦɨ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɧɚ ɤɨɦɩɶɸɬɟɪ ɧɟɨɛɯɨɞɢɦɨ ɢɧɫɬɚɥɥɢɪɨɜɚɬɶ ɩɪɨɝɪɚɦɦɭ 

Arduino IDE. ȿɝɨ ɧɚɞɨ ɡɚɩɭɫɬɢɬɶ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɫ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɦɢ 

ɩɨɥɧɨɦɨɱɢɹɦɢ, ɩɪɢɧɹɬɶ ɭɫɥɨɜɢɹ ɥɢɰɟɧɡɢɢ GNU LESSER GENERAL PUBLIC 

LICENSE ɢ ɫɨɝɥɚɫɢɬɶɫɹ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦ ɜɚɪɢɚɧɬɨɦ ɭɫɬɚɧɨɜɤɢ. ɇɚ ɜɫɟ 

ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ Windows ɜ ɩɪɨɰɟɫɫɟ ɭɫɬɚɧɨɜɤɢ ɫɥɟɞɭɟɬ ɨɬɜɟɱɚɬɶ 

ɭɬɜɟɪɞɢɬɟɥɶɧɨ (ɩɪɨɞɨɥɠɚɬɶ ɭɫɬɚɧɨɜɤɭ). Ʉɨɝɞɚ ɭɫɬɚɧɨɜɳɢɤ ɩɪɟɞɥɨɠɢɬ 

ɭɫɬɚɧɨɜɢɬɶ ɞɪɚɣɜɟɪɵ ɩɨɪɬɚ, ɬɚɤɠɟ ɨɬɜɟɬɢɬɶ ɭɬɜɟɪɞɢɬɟɥɶɧɨ. 

Ɋɚɛɨɬɵ ɫ Arduino IDE 

ɋɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɢɦɟɟɬ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵɣ ɪɭɫɫɤɨɹɡɵɱɧɵɣ 

ɢɧɬɟɪɮɟɣɫ. ɉɪɢ ɡɚɩɭɫɤɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ Arduino IDE ɨɬɤɪɨɟɬɫɹ ɨɤɧɨ (ɪɢɫɭɧɨɤ 

4.6), ɜ ɤɨɬɨɪɨɦ ɭɠɟ ɫɨɞɟɪɠɢɬɫɹ ɡɚɝɨɬɨɜɤɚ ɩɪɨɝɪɚɦɦɵ. Ɉɧɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɮɭɧɤɰɢɣ: setup ɢ loop. Ɏɭɧɤɰɢɹ setup ɫɨɞɟɪɠɢɬ ɤɨɦɚɧɞɵ, ɜɵɩɨɥɧɹɟɦɵɟ ɨɞɧɢ 

ɪɚɡ ɩɪɢ ɜɤɥɸɱɟɧɢɢ Arduino, – ɷɬɨ ɭɫɬɚɧɨɜɤɚ ɧɨɦɟɪɨɜ ɩɨɪɬɨɜ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɧɢɬɨɪɚɦɢ ɢ ɭɫɬɚɧɨɜɤɢ ɫɤɨɪɨɫɬɢ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɦɟɠɞɭ Arduino 

ɢ ɤɨɦɩɶɸɬɟɪɨɦ.  

 

 

 

Ɋɢɫɭɧɨɤ 4.6 – Ɉɤɧɨ Arduino IDE 
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Ɏɭɧɤɰɢɹ loop ɜɵɩɨɥɧɹɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɪɚɡ – ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɦɵ 

ɧɟ ɨɬɤɥɸɱɢɦ ɩɢɬɚɧɢɟ. 

ɉɨɞɤɥɸɱɟɧɢɟ ɤɨɧɬɪɨɥɥɟɪɚ Arduino ɤ ɤɨɦɩɶɸɬɟɪɭ. 

ɉɪɨɝɪɚɦɦɧɚɹ ɫɪɟɞɚ ɩɨɡɜɨɥɹɟɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɤɨɧɬɪɨɥɥɟɪɚ Arduino 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɧɵɟ USB-ɤɚɛɟɥɢ. 

Ʉɨɧɬɪɨɥɥɟɪ Arduino UNO ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɤɨɦɩɶɸɬɟɪɭ ɱɟɪɟɡ USB 

ɢɧɬɟɪɮɟɣɫ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦ ɢ ɨɛɨɥɨɱɤɨɣ Arduino IDE. Ⱦɥɹ 

ɷɬɨɝɨ ɧɭɠɧɨ ɡɚɞɚɬɶ ɧɨɦɟɪ ɩɨɪɬɚ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɤɥɸɱɟɧ ɤɨɧɬɪɨɥɥɟɪ (ɪɢɫɭɧɨɤ 

4.7). 

 

 

 

Ɋɢɫɭɧɨɤ 4.7 – ȼɵɛɨɪ ɧɭɠɧɨɝɨ ɩɨɪɬɚ 

 

Ɂɚɬɟɦ ɜɵɛɢɪɚɸɬ ɬɢɩ ɤɨɧɬɪɨɥɥɟɪɚ Arduino. ɇɚ ɪɢɫɭɧɤɟ 4.8 ɩɨɤɚɡɚɧ ɜɵɛɨɪ 

Arduino/Genuino Uno. ȿɫɥɢ ɤɨɧɬɪɨɥɥɟɪ ɜɵɛɪɚɧ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɷɬɨɝɨ ɜɵɛɨɪɚ. Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ 

ɤɨɧɬɪɨɥɥɟɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɟɳɟ ɜɵɛɪɚɬɶ ɩɨɞɜɢɞ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɧɚ ɤɨɬɨɪɨɦ 

ɪɟɚɥɢɡɨɜɚɧɚ ɩɥɚɬɚ Arduino. 

 



73 

 

 

Ɋɢɫɭɧɨɤ 4.8 – ȼɵɛɨɪ ɬɢɩɚ ɤɨɧɬɪɨɥɥɟɪɚ Arduino 

 

Ɂɚɝɪɭɡɤɚ ɩɪɨɝɪɚɦɦɵ 

ɇɚɩɢɫɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɜ Arduino IDE ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɤɨɧɬɪɨɥɥɟɪ ɧɚɠɚɬɢɟɦ 

ɤɧɨɩɤɢ ɫɨ ɫɬɪɟɥɤɨɣ ɜɩɪɚɜɨ, ɪɢɫɭɧɨɤ 4.8. Ɉɛɨɥɨɱɤɚ ɩɪɨɜɟɪɢɬ ɩɪɨɝɪɚɦɦɭ ɧɚ 

ɧɚɥɢɱɢɟ ɨɲɢɛɨɤ, ɚ ɡɚɬɟɦ ɩɟɪɟɜɟɞɟɬ ɟɟ ɜ ɞɜɨɢɱɧɵɣ ɤɨɞ ɞɚɧɧɵɯ ɢ ɤɨɦɚɧɞ 

ɜɵɛɪɚɧɧɨɝɨ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɡɚɩɢɲɟɬ ɜ Arduino. 

ȿɫɥɢ ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɫɥɨɜɚ Ɂɚɝɪɭɡɤɚ ɜ ɧɢɠɧɟɣ ɫɬɪɨɤɟ ɨɤɧɚ Arduino IDE 

ɡɚɦɢɝɚɥɢ ɫɜɟɬɨɞɢɨɞɵ TX ɢ RX ɧɚ ɩɥɚɬɟ Arduino, ɬɨ ɡɚɝɪɭɡɤɚ ɩɪɨɝɪɚɦɦɵ ɜ ɩɥɚɬɭ 

ɧɚɱɚɥɚɫɶ ɭɫɩɟɲɧɨ. 

Ɏɭɧɤɰɢɢ 

Ɏɭɧɤɰɢɢ ɹɜɥɹɸɬɫɹ ɩɨɢɦɟɧɨɜɚɧɧɵɦɢ ɛɥɨɤɚɦɢ ɤɨɦɚɧɞ, ɤɨɬɨɪɵɟ ɩɨ ɢɯ 

ɢɦɟɧɢ ɦɨɠɧɨ ɜɵɡɜɚɬɶ ɢɡ ɥɸɛɨɝɨ ɦɟɫɬɚ ɩɪɨɝɪɚɦɦɵ. Ɏɭɧɤɰɢɹ — ɷɬɨ ɛɥɨɤ ɤɨɞɨɜ 

ɩɪɨɝɪɚɦɦɵ, ɭ ɤɨɬɨɪɵɯ ɟɫɬɶ ɢɦɹ ɢ ɪɹɞ ɤɨɦɚɧɞ, ɤɨɬɨɪɵɟ ɡɚɩɭɫɤɚɸɬɫɹ ɩɪɢ ɜɵɡɨɜɟ 

ɮɭɧɤɰɢɢ. ɇɚɩɪɢɦɟɪ, ɮɭɧɤɰɢɢ void setup ɢ void loop [ɏ]. ɋɭɳɟɫɬɜɭɸɬ 

ɜɫɬɪɨɟɧɧɵɟ ɮɭɧɤɰɢɢ – ɨɧɢ ɭɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɛɢɛɥɢɨɬɟɤɟ ɮɭɧɤɰɢɣ Arduino 

IDE – ɢ ɮɭɧɤɰɢɢ, ɫɨɡɞɚɧɧɵɟ ɜ ɪɚɦɤɚɯ ɬɟɤɭɳɟɣ ɩɪɨɝɪɚɦɦɵ. Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ 

ɛɢɛɥɢɨɬɟɤɢ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɨɞɤɥɸɱɚɬɶ ɤ ɬɟɤɭɳɟɣ ɩɪɨɝɪɚɦɦɟ ɢ ɩɨɥɶɡɨɜɚɬɶɫɹ 

ɢɦɟɸɳɢɦɢɫɹ ɜ ɧɢɯ ɮɭɧɤɰɢɹɦɢ. ɉɨɞɤɥɸɱɚɸɬɫɹ ɛɢɛɥɢɨɬɟɤɢ ɢɡ ɩɭɧɤɬɚ ɨɛɨɥɨɱɤɢ 

ɋɤɟɬɱ | ɉɨɞɤɥɸɱɢɬɶ ɛɢɛɥɢɨɬɟɤɭ. ɉɨɫɥɟ ɩɨɞɤɥɸɱɟɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ 
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ɛɢɛɥɢɨɬɟɤɢ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɧɟɣ ɝɨɬɨɜɵɟ ɩɪɨɝɪɚɦɦɧɵɟ 

ɪɟɲɟɧɢɹ, ɧɚɩɢɫɚɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɣ ɭɫɬɪɨɣɫɬɜ ɢ ɞɚɬɱɢɤɨɜ. 

ɗɥɟɦɟɧɬɵ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

əɡɵɤ C++, ɫɨɫɬɚɜɥɹɸɳɢɣ ɨɫɧɨɜɭ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ ɩɪɨɟɤɬɟ 

Arduino, ɹɜɥɹɟɬɫɹ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ. Ɉɛɴɟɤɬɵ – ɷɬɨ ɫɥɨɠɧɵɟ 

ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɪɢɝɢɧɚɥɶɧɨɟ ɧɚɡɜɚɧɢɟ, ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɤɚɤ 

ɩɟɪɟɦɟɧɧɵɟ, ɬɚɤ ɢ ɮɭɧɤɰɢɢ. Ɏɚɤɬɢɱɟɫɤɢ, ɨɛɴɟɤɬɵ ɫɨɡɞɚɧɵ ɞɥɹ ɭɞɨɛɧɨɝɨ 

ɨɛɪɚɳɟɧɢɹ ɤ ɫɥɨɠɧɵɦ ɫɬɪɭɤɬɭɪɚɦ. 

Ɋɟɚɥɢɡɚɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɫ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɦ 

ɋɟɪɜɨɞɜɢɝɚɬɟɥɶ ɩɨɞɤɥɸɱɚɟɬɫɹ ɩɪɨɝɪɚɦɦɧɨ. ɋɧɚɱɚɥɚ ɩɨɞɤɥɸɱɚɟɬɫɹ 

ɛɢɛɥɢɨɬɟɤɚ (#include <Servo.h>), ɚ ɡɚɬɟɦ ɫɨɡɞɚɟɬɫɹ ɨɛɴɟɤɬ servomotor. 

Ʉɨɧɬɚɤɬ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɞɨɥɠɟɧ ɛɵɬɶ ɮɢɡɢɱɟɫɤɢ ɩɨɞɤɥɸɱɟɧ ɤ ɩɨɪɬɭ 

Arduino UNO R3, ɢ ɧɚ ɦɨɬɨɪ ɩɨɞɚɧɨ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ. ɋɟɪɜɨɞɜɢɝɚɬɟɥɶ ɦɨɠɧɨ 

ɩɨɞɤɥɸɱɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɩɥɚɬɟ (ɪɢɫɭɧɨɤ 4.9), ɢɥɢ ɱɟɪɟɡ ɦɚɤɟɬɧɭɸ ɩɥɚɬɭ 

(ɪɢɫɭɧɨɤ 4.10). 

 

 

 

Ɋɢɫɭɧɨɤ 4.9 – ɉɨɞɤɥɸɱɟɧɢɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɤ ɤɨɧɬɪɨɥɥɟɪɭ Arduino 



75 

 

 

Ɋɢɫɭɧɨɤ 4.10 – ɉɨɞɤɥɸɱɟɧɢɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɤ ɤɨɧɬɪɨɥɥɟɪɭ Arduino ɱɟɪɟɡ 

ɦɚɤɟɬɧɭɸ ɩɥɚɬɭ 

 

ɉɥɚɧ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɢ ɩɪɨɝɪɚɦɦɧɚɹ 

ɪɟɚɥɢɡɚɰɢɹ – ɜɚɪɢɚɧɬ 1: 

 

#include <Servo.h>  // ɉɨɞɤɥɸɱɚɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɛɢɛɥɢɨɬɟɤɭ 

Servo servo1;  // Ɉɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɨɦ 

void setup() 

{ 

  servo1.attach(9);  // ɇɚɡɧɚɱɚɟɬɫɹ ɩɢɧ 9 ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ 

} 

void loop() 

{ 

  int position; 

  servo1.write(90);    // Ʉɨɦɚɧɞɚ ɫɟɪɜɟ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 90 ɝɪɚɞɭɫɨɜ 

  delay(1000);           // ɉɚɭɡɚ 1 ɦɤɫ, ɱɬɨɛɵ ɞɚɬɶ ɜɪɟɦɹ ɩɨɜɟɪɧɭɬɶɫɹ 

  servo1.write(180);  // Ʉɨɦɚɧɞɚ ɫɟɪɜɟ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 180 ɝɪɚɞɭɫɨɜ 
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  delay(1000);           // ɉɚɭɡɚ 1 ɦɤɫ 

  servo1.write(0);      // Ʉɨɦɚɧɞɚ ɫɟɪɜɟ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 0 ɝɪɚɞɭɫɨɜ 

  delay(1000);           // ɉɚɭɡɚ 1 ɦɤɫ 

  // Ɏɨɪɦɢɪɭɟɬɫɹ ɤɨɦɚɧɞɚ ɫɟɪɜɨɩɪɢɜɨɞɭ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 180 ɝɪɚɞɭɫɨɜ, 

  // ɫ ɲɚɝɨɦ ɜ ɞɜɚ ɝɪɚɞɭɫɚ: 

  for(position = 0; position < 180; position += 2) 

  { 

    servo1.write(position);   // Ʉɨɦɚɧɞɚ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 

    delay(20);             // Ʉɨɪɨɬɤɚɹ ɩɚɭɡɚ 

  } 

  // Ɏɨɪɦɢɪɭɟɬɫɹ ɤɨɦɚɧɞɚ ɫɟɪɜɨɩɪɢɜɨɞɭ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 0 ɝɪɚɞɭɫɨɜ, 

  // ɫ ɲɚɝɨɦ ɜ 1 ɝɪɚɞɭɫ: 

  for(position = 180; position >= 0; position -= 1) 

  { 

  servo1.write(position);  // Ʉɨɦɚɧɞɚ ɫɟɪɜɨɩɪɢɜɨɞɭ ɩɟɪɟɦɟɫɬɢɬɶɫɹ ɧɚ 

  // ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 

  delay(20);             // Ʉɨɪɨɬɤɚɹ ɩɚɭɡɚ 

  } 

} 

 

ɉɥɚɧ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɢ ɩɪɨɝɪɚɦɦɧɚɹ 

ɪɟɚɥɢɡɚɰɢɹ – ɜɚɪɢɚɧɬ 2: 

 

int servopin=9;// select digital pin 9 for servomotor signal line 

int myangle;// initialize angle variable 

int pulsewidth;// initialize width variable 

int val; 

void servopulse(int servopin,int myangle)// define a servo pulse function 

{ 

pulsewidth=(myangle*11)+500;// convert angle to 500-2480 pulse width 
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digitalWrite(servopin,HIGH);// set the level of servo pin as “high” 

delayMicroseconds(pulsewidth);// delay microsecond of pulse width 

digitalWrite(servopin,LOW);// set the level of servo pin as “low” 

delay(20-pulsewidth/1000); 

} 

void setup() 

{ 

pinMode(servopin,OUTPUT);// set servo pin as “output” 

Serial.begin(9600);// connect to serial port, set baud rate at “9600” 

Serial.println("servo=o_seral_simple ready" ) ; 

} 

void loop()// convert number 0 to 9 to corresponding 0-180 degree angle, LED blinks 

corresponding number of time 

{ 

val=Serial.read();// read serial port value 

if(val>='0'&&val<='9') 

{ 

val=val-'0';// convert characteristic quantity to numerical variable 

val=val*(180/9);// convert number to angle 

Serial.print("moving servo to "); 

Serial.print(val,DEC); 

Serial.println(); 

for(int i=0;i<=50;i++) // giving the servo time to rotate to commanded position 

{ 

servopulse(servopin,val);// use the pulse function 

} 

} 

} 
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Ɋɢɫɭɧɨɤ 4.11 – Ɋɟɚɥɢɡɚɰɢɹ ɜɚɪɢɚɧɬɚ 2 ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɦ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɨɬɪɚɛɨɬɤɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4.12. 

 

 

 

Ɋɢɫɭɧɨɤ 4.12 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɫɟɪɜɨɩɪɢɜɨɞɨɦ 
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Ɂɚɩɭɫɤ ɦɨɞɟɥɟɣ Simulink ɧɚ Arduino 

ɉɨɞɤɥɸɱɟɧɢɟ Arduino ɤ SIMULINK ɨɮɢɰɢɚɥɶɧɚɹ ɫɬɪɚɧɢɰɚ: 

http://www.mathworks.com/academia/arduino-software/arduino-simulink.html  

Ɍɪɟɛɭɸɬɫɹ: MATLAB (R2010a ɢɥɢ ɩɨɡɠɟ) Simulink. 

ɋɤɚɱɢɜɚɟɬɫɹ ɩɚɤɟɬ Simulink Support Package for Arduino 

http://www.mathworks.com/matlabcentral/fileexchange/30277 ɢ ɪɚɫɩɚɤɨɜɵɜɚɟɬɫɹ 

ɟɝɨ ɧɚ ɞɢɫɤɟ ɤɨɦɩɶɸɬɟɪɚ, ɧɚɩɪɢɦɟɪ ɜ c:\arduino_simulink. Ɍɚɤɠɟ ɫɤɚɱɢɜɚɟɬɫɹ 

ɫɪɟɞɚ Arduino IDE ɢ ɪɚɫɩɚɤɨɜɵɜɚɟɬɫɹ, ɤ ɩɪɢɦɟɪɭ, ɜ c:\ArduinoTarget .  

ȼɵɩɨɥɧɹɸɬɫɹ ɤɨɦɚɧɞɵ ɞɥɹ ɞɨɛɚɜɥɟɧɢɹ ɩɭɬɟɣ:  

 

>> cd c:\arduino_simulink 

>> 

addpath(fullfile(pwd,'arduino'),fullfile(pwd,'blocks'),fullfile(pwd,'demos')) 

>> savepath. 

 

Ⱦɚɥɟɟ, ɨɛɧɨɜɥɹɸɬɫɹ ɤɚɫɬɨɦɢɡɚɰɢɢ: 

 

>> sl_refresh_customizations. 

 

ɉɨɞɤɥɸɱɚɟɬɫɹ ɩɥɚɬɚ Arduino ɤ ɤɨɦɩɶɸɬɟɪɭ. ɉɪɨɲɢɜɚɟɬɫɹ. ɍɤɚɡɵɜɚɟɬɫɹ 

ɩɭɬɶ ɤ ɫɪɟɞɟ Arduino: 

 

>>arduino.Prefs.setArduinoPath('c:\ArduinoTarget ') 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɬɟɤɭɳɚɹ ɩɥɚɬɮɨɪɦɚ ɤɨɦɚɧɞɨɣ 

>> arduino.Prefs.setBoard('mega') 

ɋɩɢɫɨɤ ɜɫɟɯ ɞɨɫɬɭɩɧɵɯ ɩɥɚɬɮɨɪɦ ɜɵɜɨɞɢɬɫɹ ɤɨɦɚɧɞɨɣ  

>> arduino.Prefs.setBoard  

Specify one of the following board labels: 

'uno' (Arduino Uno) 

'atmega328' (Arduino Duemilanove or Nano w/ ATmega328) 

http://www.mathworks.com/academia/arduino-software/arduino-simulink.html
http://www.mathworks.com/matlabcentral/fileexchange/30277
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'diecimila' (Arduino Diecimila, Duemilanove, or Nano w/ ATmega168) 

'mega2560' (Arduino Mega 2560) 

'mega' (Arduino Mega (ATmega1280)) 

'mini' (Arduino Mini) 

'fio' (Arduino Fio) 

'bt328' (Arduino BT w/ ATmega328) 

'bt' (Arduino BT w/ ATmega168) 

'lilypad328' (LilyPad Arduino w/ ATmega328) 

'lilypad' (LilyPad Arduino w/ ATmega168) 

'pro5v328' (Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328) 

'pro5v' (Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega168) 

'pro328' (Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328) 

'pro' (Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega168) 

'atmega168' (Arduino NG or older w/ ATmega168) 

'atmega8' (Arduino NG or older w/ Atmega8) 

ɉɪɨɜɟɪɹɸɬɫɹ ɞɨɫɬɭɩɧɵɟ ɩɨɪɬɵ:  

>> comPorts=arduino.Prefs.searchForComPort  

comPorts = 

'COM3'  

 

ɂ ɩɨɞɤɥɸɱɚɟɦɫɹ ɤ ɧɟɦɭ:  

 

>> arduino.Prefs.setComPort('COM3'); 

 

Ȼɢɛɥɢɨɬɟɤɚ ɛɥɨɤɨɜ Simulink ɢɧɫɬɚɥɥɢɪɨɜɚɧɧɚɹ ɫ ɨɮɢɰɢɚɥɶɧɨɝɨ ɫɚɣɬɚ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.13. 
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Ɋɢɫɭɧɨɤ 4.13 – Ȼɥɨɤɢ Simulink/Arduino 

 

Ɂɚɩɭɫɤ ɩɪɨɟɤɬɚ Simulink Servo Control ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4.142: 

 

>> arduino_servocontrol_sweep 

 

 

 

Ɋɢɫɭɧɨɤ 4.14 – ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɧɚ ɹɡɵɤɟ 

Simulink 
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Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ MATLAB/Simulink ɢ Arduino ɹɜɥɹɟɬɫɹ 

ɦɨɞɟɥɟɣ ɫ ɪɟɚɥɶɧɵɦɢ ɫɬɟɧɞɚɦɢ3.  
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɟɲɟɧɚ ɚɤɬɭɚɥɶɧɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɡɚɞɚɱɚ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ, ɩɭɬɟɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 

ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ, ɩɪɢɦɟɧɟɧɢɹ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɛɥɨɱɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ȼ ɪɚɛɨɬɟ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: 

 Ɉɛɡɨɪ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɢ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ. 

 Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ 

ɦɚɧɢɩɭɥɹɬɨɪɚ (ɋɊɆ). 

 Ɋɚɡɪɚɛɨɬɤɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɋɊɆ. 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

 Ʉɨɦɩɶɸɬɟɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ. 

 Ɉɛɨɛɳɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ. Ɋɚɡɪɚɛɨɬɤɚ 

ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ.  
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ɋɩɢɫɨɤ ɩɭɛɥɢɤɚɰɢɣ ȼ.ȼ. ɇɢɤɢɬɢɧɚ 

 

1. ɇɢɤɢɬɢɧ ȼ.ȼ. Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɡɚɯɜɚɬɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ // XVI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ-2020», 
ɩɨɫɜɹɳɟɧɧɚɹ Ƚɨɞɭ ɩɚɦɹɬɢ ɢ ɫɥɚɜɵ (75-ɥɟɬɢɸ ɉɨɛɟɞɵ ɜ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ 
ɜɨɣɧɟ 1941-1945 ɝɨɞɨɜ) ɜ ɮɨɪɦɚɬɟ ɨɧɥɚɣɧ 23.05.2020 ɝ. ɋɟɤɰɢɹ: ɋɬɪɨɢɬɟɥɶɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ʉɪɚɫɧɨɹɪɫɤ: ɋɢɛ. 
ɮɟɞɟɪ. ɭɧ-ɬ, 2020. 

2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɚ ɤɢɛɟɪɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɭɤɥɚɞɤɢ ɢ 
ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ / Ⱥ.ɉ. ɉɪɨɤɨɩɶɟɜ, ɀ.ɂ. ɇɚɛɢɠɚɧɨɜ, Ɋ.Ɍ. 
ȿɦɟɥɶɹɧɨɜ, ȼ.ȼ. ɇɢɤɢɬɢɧ // Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜ ɬɟɯɧɨɥɨɝɢɹɯ ɢ ɬɟɯɧɢɤɟ, 
2021. (ISSN 2712-8873; eLIBRARY ID: 76086; DOI 10.52348). 

3. ɍɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɭɩɥɨɬɧɟɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ 
ɭɤɥɚɞɱɢɤɨɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ / Ⱥ.ɉ. ɉɪɨɤɨɩɶɟɜ, ɀ.ɂ. 
ɇɚɛɢɠɚɧɨɜ, Ɋ.Ɍ. ȿɦɟɥɶɹɧɨɜ, ȼ.ɂ. ɂɜɚɧɱɭɪɚ, ȼ.ȼ. ɇɢɤɢɬɢɧ // Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ ɜ ɬɟɯɧɨɥɨɝɢɹɯ ɢ ɬɟɯɧɢɤɟ, 2021. (ISSN 2712-8873; eLIBRARY ID: 76086; 
DOI 10.52348). 

4. ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɭɩɥɨɬɧɟɧɢɟɦ ɞɨɪɨɠɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɤɚɬɤɚɦɢ / Ⱥ.ɉ. ɉɪɨɤɨɩɶɟɜ, ɀ.ɂ. ɇɚɛɢɠɚɧɨɜ, Ɋ.Ɍ. ȿɦɟɥɶɹɧɨɜ, 
ȼ.ȼ. ɇɢɤɢɬɢɧ // Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜ ɬɟɯɧɨɥɨɝɢɹɯ ɢ ɬɟɯɧɢɤɟ, 2021. (ISSN 
2712-8873; eLIBRARY ID: 76086; DOI 10.52348). 

 
 

  

http://mn2020.sfu-kras.ru/%D1%81%D0%BF%D0%B8%D1%81%D0%BE%D0%BA-%D1%81%D0%B5%D0%BA%D1%86%D0%B8%D0%B9/%D1%81%D1%82%D1%80%D0%BE%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5-%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B-%D0%B8-%D0%B8%D0%BD%D0%BD%D0%BE%D0%B2%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5-%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8-%D1%81%D1%82%D1%80%D0%BE%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%B0
http://mn2020.sfu-kras.ru/%D1%81%D0%BF%D0%B8%D1%81%D0%BE%D0%BA-%D1%81%D0%B5%D0%BA%D1%86%D0%B8%D0%B9/%D1%81%D1%82%D1%80%D0%BE%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5-%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8B-%D0%B8-%D0%B8%D0%BD%D0%BD%D0%BE%D0%B2%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5-%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8-%D1%81%D1%82%D1%80%D0%BE%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%B0
http://mmtt.sstu.ru/mmtt-34.nsf/PersonPapers/1AC034C5815C1AAEC42586BC00286B5C
http://mmtt.sstu.ru/mmtt-34.nsf/PersonPapers/1AC034C5815C1AAEC42586BC00286B5C
http://mmtt.sstu.ru/mmtt-34.nsf/PersonPapers/7B56A73B33DC193CC42586BD00198CCF
http://mmtt.sstu.ru/mmtt-34.nsf/PersonPapers/7B56A73B33DC193CC42586BD00198CCF
http://mmtt.sstu.ru/mmtt-34.nsf/PersonPapers/E711DDA14FB5B81BC42586BD0032AFF5
http://mmtt.sstu.ru/mmtt-34.nsf/PersonPapers/E711DDA14FB5B81BC42586BD0032AFF5
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 

1. Ȼɚɲɚɪɢɧ Ⱥ.ȼ., ɇɨɜɢɤɨɜ ȼ.Ⱥ., ɋɨɤɨɥɨɜɫɤɢɣ. ɍɩɪɚɜɥɟɧɢɟ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ. Ʌɟɧɢɧɝɪɚɞ, ɗɧɟɪɝɨɢɡɞɚɬ, Ʌɟɧɢɧɝɪɚɞɫɤɨɟ ɨɬɞɟɥɟɧɢɟ,1982. 

2. Ȼɨɪɰɨɜ ɘ.Ⱥ., ɋɨɤɨɥɨɜɫɤɢɣ Ƚ.Ƚ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫ 

ɭɩɪɭɝɢɦɢ ɫɜɹɡɹɦɢ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1992. 

3. Ȼɭɥɝɚɤɨɜ, Ⱥ.Ƚ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɢ ɪɨɛɨɬɢɡɚɰɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ : ɭɱɟɛɧɨɟ 

ɩɨɫɨɛɢɟ / Ⱥ.Ƚ. Ȼɭɥɝɚɤɨɜ, ȼ.Ⱥ. ȼɨɪɨɛɶɟɜ, ɋ.ɂ. ȿɜɬɭɲɟɧɤɨ, Ⱦ.ə. ɉɚɪɲɢɧ. – 2-ɟ 

ɢɡɞ. – Ɇɨɫɤɜɚ : ɊɂɈɊ : ɂɇɎɊȺ-Ɇ, 2013. 

4. Ƚɚɥɞɢɧ, ɇ.ɋ. Ɍɟɨɪɢɹ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɚ [ɗɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ] : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ɇ.ɋ. Ƚɚɥɞɢɧ, ɂ.Ⱥ. ɋɟɦɟɧɨɜɚ. – Ɉɦɫɤ : ɋɢɛȺȾɂ, 

2016. 

5. ȿɜɬɸɤɨɜ, ɋ.Ⱥ. ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɫɢɫɬɟɦ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɞɴɟɦɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɢ ɫɬɪɨɢɬɟɥɶɧɨ-

ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȿɜɬɸɤɨɜ ɋ.Ⱥ., 

Ɉɜɱɚɪɨɜ Ⱥ.Ⱥ., Ɂɚɦɚɪɚɟɜ ɂ.ȼ. – ɗɥɟɤɬɪɨɧ. ɬɟɤɫɬɨɜɵɟ ɞɚɧɧɵɟ. – ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ: ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɣ 

ɭɧɢɜɟɪɫɢɬɟɬ, ɗȻɋ Ⱥɋȼ, 2011. – ɗȻɋ «IPRbooks». 

6. ȿɜɬɸɤɨɜ, ɋ.Ⱥ. ɉɨɫɬɪɨɟɧɢɟ ɦɟɯɚɧɨɪɟɨɥɨɝɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɪɨɰɟɫɫɨɜ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɫɬɪɨɢɬɟɥɶɧɨ-ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ ɫɨ ɫɪɟɞɨɣ 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȿɜɬɸɤɨɜ ɋ.Ⱥ., Ɉɜɱɚɪɨɜ Ⱥ.Ⱥ., 

Ɂɚɦɚɪɚɟɜ ɂ.ȼ. – ɗɥɟɤɬɪɨɧ. ɬɟɤɫɬɨɜɵɟ ɞɚɧɧɵɟ. – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ: ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 

ɗȻɋ Ⱥɋȼ, 2011. 

7. ȿɦɟɥɶɹɧɨɜ, ɋ.Ƚ. Ɋɨɛɨɬɢɡɚɰɢɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ-2020» 

 

ɇɢɤɢɬɢɧ ȼ.ȼ. Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɡɚɯɜɚɬɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ // XVI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ-2020», 
ɩɨɫɜɹɳɟɧɧɚɹ Ƚɨɞɭ ɩɚɦɹɬɢ ɢ ɫɥɚɜɵ (75-ɥɟɬɢɸ ɉɨɛɟɞɵ ɜ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ 
ɜɨɣɧɟ 1941-1945 ɝɨɞɨɜ) ɜ ɮɨɪɦɚɬɟ ɨɧɥɚɣɧ 23.05.2020 ɝ. ɋɟɤɰɢɹ: ɋɬɪɨɢɬɟɥɶɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ʉɪɚɫɧɨɹɪɫɤ: ɋɢɛ. 
ɮɟɞɟɪ. ɭɧ-ɬ, 2020. 

 

 

ɍȾɄ 681.524 
ɆɈȾȿɅɖ ɋɂɋɌȿɆɕ ɍɉɊȺȼɅȿɇɂə ɉɊɂȼɈȾɈɆ ɁȺɏȼȺɌɇɈȽɈ 

ɍɋɌɊɈɃɋɌȼȺ ɋɌɊɈɂɌȿɅɖɇɈȽɈ ɊɈȻɈɌȺ 
ȼ.ȼ. ɇɢɤɢɬɢɧ4

 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ Ⱥ.ɉ. ɉɪɨɤɨɩɶɟɜ 
ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ɂɫɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɞɫɢɫɬɟɦɵ ɪɨɛɨɬɨɜ ɫɨɫɬɨɹɬ ɢɡ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ 
ɩɪɢɜɨɞɨɜ. ɉɪɢɜɨɞɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɵ ɫ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɡɜɟɧɶɹɦɢ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɷɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɨɝɪɚɦɦɵ. 
Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɨɟɞɢɧɟɧɧɵɟ ɫ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ 
ɡɜɟɧɶɹɦɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɚɬɱɢɤɢ. ɉɪɢɜɨɞ ɪɨɛɨɬɚ ɩɪɟɨɛɪɚɡɭɟɬ ɩɨɞɜɨɞɢɦɭɸ 
ɷɧɟɪɝɢɸ ɜ ɷɧɟɪɝɢɸ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɡɜɟɧɶɟɜ ɢ ɭɫɬɪɨɣɫɬɜ ɪɨɛɨɬɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɢɝɧɚɥɚɦɢ, ɩɨɫɬɭɩɚɸɳɢɦɢ ɨɬ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. ɗɥɟɦɟɧɬɵ 
ɩɪɢɜɨɞɚ ɦɨɝɭɬ ɛɵɬɶ ɨɯɜɚɱɟɧɵ ɤɚɤ ɜɧɭɬɪɟɧɧɢɦɢ, ɬɚɤ ɢ ɜɧɟɲɧɢɦɢ ɨɛɪɚɬɧɵɦɢ 
ɫɜɹɡɹɦɢ [1, 2]. Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ ɹɜɥɹɸɬɫɹ: ɦɨɳɧɨɫɬɶ; 
ɫɤɨɪɨɫɬɶ; ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ; ɬɨɱɧɨɫɬɶ ɨɬɪɚɛɨɬɤɢ ɤɨɦɚɧɞɧɨɝɨ ɫɢɝɧɚɥɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɡɚɯɜɚɬɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ (ɋɊ). Ɉɛɴɟɤɬ 
ɢɫɫɥɟɞɨɜɚɧɢɹ – ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɪɢɜɨɞɚ (ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ) ɡɚɯɜɚɬɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ ɋɊ. ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɨɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɋɊ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɫɜɨɣɫɬɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɛɴɟɤɬɚ 
ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ (ɫɢɧɬɟɡ) ɪɟɝɭɥɹɬɨɪɚ, ɫɬɪɭɤɬɭɪɚ ɢ 
                                                           

© ʻ̛к̛т̛̦ ʦ.ʦ., 2020 
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ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɹɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢ 
ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɧɬɭɪɭ ɫɤɨɪɨɫɬɢ. 

ɋɢɧɬɟɡ (ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ) ɪɟɝɭɥɹɬɨɪɚ ɜ ɫɥɟɞɹɳɟɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɢɜɨɞɚ ɡɜɟɧɚ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɪɨɛɨɬɚ ɦɨɫɬɨɜɨɝɨ ɬɢɩɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ [3] 
 

1 2 M ə
ω ω θm

m m

d
J ɋ ɋ sin k i

dt
       , (1) 

 
ɝɞɟ J  – ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɹɤɨɪɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɪɨɛɨɬɚ, əi  – 

ɬɨɤ ɹɤɨɪɹ, θ ωm mdt   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɡɜɟɧɚ ɪɨɛɨɬɚ. Ɍɨɤ ɹɤɨɪɹ ɞɜɢɝɚɬɟɥɹ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ȾɉɌ) ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 
 

ə E ə
ə ə

ə ə

ωm

di k u
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dt R R
     . (2) 

 
ɉɨ ɭɪɚɜɧɟɧɢɹɦ (1) ɢ (2) ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɫɨɫɬɨɹɳɚɹ 

ɢɡ ɞɜɢɝɚɬɟɥɹ ɦɨɳɧɨɫɬɶɸ 0.45 ɤȼɬ ɢ ɡɜɟɧɚ ɪɨɛɨɬɚ, ɪɢɫɭɧɨɤ 1. 
 

 
Ɋɢɫ. 1. Ɇɨɞɟɥɶ ɩɪɢɜɨɞɚ ɡɜɟɧɚ ɪɨɛɨɬɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɵ Simulink 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɩɪɢɜɨɞɟ ɡɜɟɧɚ ɪɨɛɨɬɚ 

ɩɨ ɭɩɪɚɜɥɟɧɢɸ, ɩɪɢ 1 20.1, 3.2ɋ ɋ   ɢ ɦɚɥɵɯ ɭɝɥɚɯ ɩɨɜɨɪɨɬɚ ɡɜɟɧɚ ɪɨɛɨɬɚ, 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɜɢɝɚɬɟɥɶ ɫ ɭɱɟɬɨɦ ɧɚɝɪɭɡɤɢ ɧɚ ɟɝɨ ɜɚɥɭ ɦɨɠɟɬ ɫɬɚɬɶ 
ɤɨɥɟɛɚɬɟɥɶɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɡɜɟɧɨɦ. 

Ɍɪɟɛɭɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɜ 
ɫɥɟɞɹɳɟɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ. Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɪɟɚɥɢɡɭɟɬɫɹ 
ɨɝɪɚɧɢɱɢɬɟɥɶ ɞɢɚɩɚɡɨɧɚ ɞɥɹ ɬɨɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɨɧɬɭɪɟ ɬɨɤɚ ȾɉɌ 
ɪɟɥɟɣɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɤɨɧɬɭɪ ɬɨɤɚ ɫɱɢɬɚɟɬɫɹ ɛɟɡɢɧɟɪɰɢɨɧɧɵɦ, ɚ 
ɫɢɥɨɜɨɣ ɪɟɝɭɥɹɬɨɪ – ɢɫɬɨɱɧɢɤɨɦ ɬɨɤɚ. Ɍɨɝɞɚ ɡɜɟɧɨ ɪɨɛɨɬɚ ɜɦɟɫɬɟ ɫ ȾɉɌ 
ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ (1), ɢɡ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ 
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    , ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ 1 20,1, 3,2ɋ ɋ   ɩɚɪɚɦɟɬɪɵ 

ɡɜɟɧɚ ɪɨɛɨɬɚ ɪɚɜɧɵ: 0,33, ξ 0,047T   , ɬ.ɟ. ɩɪɢɜɨɞ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɡɜɟɧɨ. Ⱦɥɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɫ 
ɪɟɚɥɶɧɵɦ ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɦ ɡɜɟɧɨɦ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɹɬɫɹ ɢɡ 
ɭɪɚɜɧɟɧɢɣ: 
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Ɇɨɞɟɥɶ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɫɬɟɧɞɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɚ ɡɜɟɧɚ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 
ɉɨɥɭɱɟɧɵ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɪɢ 

ɉ ɂ0.01c, 19.25, 615, 69.5D DT k k k    . ȼ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɤɨɥɟɛɚɧɢɣ 
ɜɵɯɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ (ɭɝɥɚ) ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɬɚɤɨɣ ɩɟɪɟɯɨɞɧɨɣ 
ɩɪɨɰɟɫɫ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɞɥɹ ɫɢɧɬɟɡɚ. 

ȼɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 
0,001 ɞɨ 0,003. 
 

 
Ɋɢɫ. 2. Ɇɨɞɟɥɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

 
ɂɡ ɤɪɢɜɵɯ (ɪɢɫɭɧɨɤ 3), ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɜɢɞɧɨ, 

ɱɬɨ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɢ ɛɨɥɶɲɢɯ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɚɯ (ɩɪɢ ɜɵɯɨɞɟ 
ɫɢɫɬɟɦɵ ɜ ɧɚɫɵɳɟɧɢɟ) ɤɨɥɟɛɚɧɢɣ ɜɵɯɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ (ɭɝɥɚ) ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 
ɉɨɷɬɨɦɭ ɬɚɤɨɣ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ. 
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Ɋɢɫ. 3. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɜ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɟ 

 
Ɂɚɤɥɸɱɟɧɢɟ. ɉɨɥɭɱɟɧɚ ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɢɜɨɞɨɦ ɡɚɯɜɚɬɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɩɨɡɜɨɥɹɸɳɚɹ ɢɫɫɥɟɞɨɜɚɬɶ ɞɢɧɚɦɢɤɭ 
ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. ȼɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɩɚɪɚɦɟɬɪɚɯ ɋɊ ɢ ɩɪɢɜɨɞɚ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɪɟɧɵ ɧɚ ɚɞɟɤɜɚɬɧɨɫɬɶ 
ɩɪɨɰɟɫɫɚ. 
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