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ȼɥɚɞɢɦɢɪ Ʌɟɛɟɞɟɜ, ɋɟɪɝɟɣ ɇɨɜɢɤɨɜ 

ɄɈɅȿȻȺɌȿɅɖ ɂɁȾȿɅɂə ȾɅə ȺȼɌɈɆȺɌɂɑȿɋɄɈɃ ȾɍȽɈȼɈɃ ɇȺɉɅȺȼɄɂ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɭɝɨɜɚɹ ɧɚɩɥɚɜɤɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ 
ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɵɦ ɢ ɷɮɮɟɤɬɢɜɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɪɟɲɟɧɢɟɦ ɞɥɹ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɦɟɬɚɥɥɚ. ɋɨɡɞɚɧɢɟ ɭɫɬɚɧɨɜɤɢ ɫ ɩɪɨɫɬɨɣ ɢ ɬɨɱɧɨɣ ɫɢɫɬɟɦɨɣ ɨɛɟɫɩɟɱɟɧɢɹ ɬɚ-
ɤɢɯ ɤɨɥɟɛɚɧɢɣ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɨɣ ɡɚɞɚɱɟɣ ɜ ɩɪɨɜɟɞɟɧɢɢ ɤɚɱɟɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɭɫɬɚɧɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɫɟɪɢɸ ɪɚɫɱёɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɜɵɛɪɚɬɶ ɨɫɧɨɜ-
ɧɵɟ ɭɡɥɵ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɤɨɥɟɛɚɧɢɹ. 

Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɛɥɢɤɚɰɢɣ. ɇɚɢɛɨɥɟɟ ɩɪɢɦɟɧɹɟɦɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɢёɦɚɦɢ ɜɥɢɹɧɢɹ 
ɧɚ ɩɨɤɚɡɚɬɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɨɟ ɢ/ɢɥɢ ɬɟɩɥɨɜɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɚɪɨɱɧɭɸ ɜɚɧɧɭ ɢɥɢ 
ɫɜɚɪɨɱɧɵɣ ɢɧɫɬɪɭɦɟɧɬ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɢɦɵ ɬɚɤɢɟ ɦɟɬɨɞɵ, ɤɚɤ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɪɚɫɩɥɚɜ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ, ɢɦɩɭɥɶɫɧɵɟ ɪɟɠɢɦɵ ɧɚɩɥɚɜɤɢ ɧɚ ɛɚɡɟ ɚɞɞɢɬɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ 
ɪɚɛɨɬɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɦɟɧɟɧɢɟ ɭɥɶɬɪɚɡɜɭɤɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɦɟɬɚɥɥɚ, ɚ ɬɚɤɠɟ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɵ. 

ȼɵɞɟɥɟɧɢɟ ɧɟɢɫɫɥɟɞɨɜɚɧɧɵɯ ɱɚɫɬɟɣ ɨɛɳɟɣ ɩɪɨɛɥɟɦɵ. Ȼɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɟɪɢɨɞɢ-
ɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɪɚɫɩɥɚɜ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɫ ɱɚɫɬɨɬɚɦɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɳɢɦɢ 10 Ƚɰ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɜɥɢɹɧɢɟ ɤɨɥɟɛɚɧɢɣ ɞɢɚɩɚɡɨɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬ ɩɨɱɬɢ ɧɟ ɢɫɫɥɟɞɨɜɚɧ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɪɚɛɨɬɭ ɭɫɬɚɧɨɜɤɢ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɩɪɨɞɨɥɶɧɵɯ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɱɚɫɬɨɬɨɣ ɞɨ 5 Ƚɰ ɢ ɚɦɩɥɢɬɭɞɨɣ ɞɨ 7 ɦɦ. ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ 
ɚɧɚɥɢɡɚ ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɜɵɛɨɪ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

ɂɡɥɨɠɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɬɨɥɚ ɫ ɡɚɤɪɟɩɥёɧɧɨɣ ɞɟɬɚɥɶɸ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɭɱёɬɨɦ ɫɬɚɬɢɱɟɫɤɨɣ ɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɟɫɚ 
ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɡɞɟɥɢɹ ɢ ɟɝɨ ɫɦɟɳɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚɩɥɚɜɤɢ. Ɂɚɞɚɜɚɹɫɶ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ ɢɡɞɟɥɢɹ, ɱɬɨ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɠɟɥɚɟɦɨɣ ɜɟɥɢɱɢɧɨɣ ɲɢɪɢɧɵ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚɥɢɤɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɧɨɟ ɜɪɟɦɹ (ɩɟɪɢɨɞ) ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟ-
ɧɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɬɢɩɚ ɢ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

ȼɵɜɨɞɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɬɶёɣ. Ɋɚɫɱёɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɵɯ ɤɨ-
ɥɟɛɚɧɢɣ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɥɢ ɫɜɚɪɢɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɞɨɥɠɟɧ ɛɚɡɢɪɨɜɚɬɶɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, 
ɨɫɧɨɜɧɵɟ ɢɡ ɤɨɬɨɪɵɯ: ɫɬɚɬɢɱɟɫɤɚɹ ɢ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɦɨɦɟɧɬɚ, ɩɪɢɥɚɝɚɟɦɨɝɨ ɤ ɞɜɢɝɚɬɟɥɸ, ɩɪɢ ɷɬɨɦ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɦɟɳɟɧɢɹ ɢɡɞɟɥɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɤɨɥɟ-
ɛɚɧɢɣ, ɟɫɥɢ ɷɬɨ ɧɟɜɨɡɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫɦɟɳɟɧɢɟɦ ɫɜɚɪɨɱɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɩɪɢɦɟ-
ɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɦɨɦɟɧɬɧɵɟ ɛɟɡɪɟɞɭɤɬɨɪɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ (ɲɚɝɨɜɵɟ ɢ ɜɟɧɬɢɥɶɧɵɟ) ɫ ɤɨɦɩɶɸɬɟɪɢɡɨɜɚɧ-
ɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɂɦɟɧɧɨ ɬɚɤɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɭɸ ɪɟɝɭɥɢɪɭɟɦɭɸ ɱɚɫɬɨɬɭ ɤɨɥɟɛɚɧɢɣ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɟё ɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɢ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶ-
ɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɬɨɬɢɩɨɦ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɣ ɢ ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɣ ɫɜɚɪɤɟ-ɧɚɩɥɚɜɤɟ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɧɟɛɨɥɶɲɢɯ ɝɚɛɚɪɢɬɨɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɭɝɨɜɚɹ ɧɚɩɥɚɜɤɚ; ɤɨɥɟɛɚɧɢɹ ɢɡɞɟɥɢɹ; ɜɵɛɨɪ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ; ɤɚɱɟɫɬɜɨ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ; 
ɭɩɪɚɜɥɟɧɢɟ. 

Ɋɢɫ.: 5. Ȼɢɛɥ.: 12. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɭɝɨɜɚɹ ɧɚɩɥɚɜɤɚ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ ɫ ɰɟɥɶɸ ɢɯ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɥɢ ɩɪɢɞɚɧɢɹ ɢɦ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, 
ɩɪɨɱɧɨɫɬɶ ɢ ɞɪ.) ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɜɵɲɟɧɢɹ ɧɚɞёɠɧɨɫɬɢ ɢ ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɨɫɬɢ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɢ ɦɟɯɚɧɢɡɦɨɜ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ [1]. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɟɣ, ɡɚɳɢɬɧɨɣ ɢ ɭɩɪɨɱɧɹɸ-
ɳɟɣ ɧɚɩɥɚɜɤɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ ɢ ɷɬɨ ɜɵɡɵɜɚɟɬ ɩɪɨɛɥɟɦɭ ɩɨɜɵɲɟɧɢɹ ɟё ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɢ, ɚ ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɧɚɩɥɚɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɩɨɫɨɛɨɜ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. 

Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɛɥɢɤɚɰɢɣ. ȼɜɟɞɟɧɢɟ ɧɨɜɵɯ ɞɟɣɫɬɜɟɧɧɵɯ ɫɩɨ-
ɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɧɚɩɥɚɜɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɜɹɡɚɧɨ ɫ ɦɨɞɟɪɧɢɡɚ-
ɰɢɟɣ ɢɥɢ ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɜɢɞɨɜ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɝɨ ɢɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɧɚɩɥɚɜɨɱ-
ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɜɜɟɫɬɢ ɜ ɬɟɯɧɨɥɨɝɢɸ ɧɚɩɥɚɜɤɢ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɟ 

 Ʌɟɛɟɞєɜ ȼ. Ɉ., ɇɨɜɢɤɨɜ ɋ. ȼ., 2020 
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ɜɨɡɦɨɠɧɨɫɬɢ, ɤɚɤ ɪɟɝɭɥɢɪɭɟɦɚɹ ɦɨɞɭɥɹɰɢɹ ɪɟɠɢɦɨɜ ɞɭɝɨɜɨɝɨ, ɢɦɩɭɥɶɫɧɵɟ ɪɟɠɢɦɵ ɪɚ-
ɛɨɬɵ ɫɢɫɬɟɦ ɩɨɥɭɚɜɬɨɦɚɬɨɜ, ɫɬɚɧɤɨɜ ɢ ɚɜɬɨɦɚɬɨɜ, ɨɩɪɟɞɟɥёɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɩɟɪɟɦɟɳɟ-
ɧɢɹ ɫɜɚɪɨɱɧɨ-ɧɚɩɥɚɜɨɱɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ [2]. Ⱦɚɟɬ ɨɩɪɟɞɟɥёɧɧɵɟ ɷɮɮɟɤɬɵ ɩɪɢɦɟɧɟɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɨɪɨɲɤɨɜ ɩɚɫɬ ɢ ɠɢɞɤɨɫɬɟɣ ɫ ɦɟɯɚɧɢɡɦɚɦɢ ɢɯ ɜɜɨɞɚ [3]. 

Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɧɚɩɥɚɜɤɢ ɹɜ-
ɥɹɟɬɫɹ ɫɩɨɫɨɛ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɡɞɟɥɢɹ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, 
ɫɭɬɶ ɤɨɬɨɪɨɝɨ ɢɡɥɨɠɟɧɚ ɜ ɪɚɛɨɬɟ [4]. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɨɬ ɫɩɨɫɨɛ ɨɤɚɡɵɜɚɟɬ ɤɨɦ-
ɛɢɧɢɪɨɜɚɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɧɚɩɥɚɜɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢɡ-ɡɚ ɪɚɫɲɢɪɟɧɢɹ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɜɚɥɢɤɚ, ɭɥɭɱɲɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦɟ-
ɬɚɥɥɚ ɲɜɚ ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢɹ ɪɨɫɬɚ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɞɪ. 

ɉɨɥɭɱɢɬɶ ɤɨɥɟɛɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɮɨɪɦɵ, ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɬɭɞɵ ɨɤɚɡɚɥɨɫɶ ɜɨɡɦɨɠ-
ɧɵɦ, ɫɨɡɞɚɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɭɸ ɭɫɬɚɧɨɜɤɭ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɧɚɩɥɚɜɤɢ ɫ ɤɨɥɟɛɚ-
ɧɢɹɦɢ ɢɡɞɟɥɢɹ ɫ ɜɵɛɨɪɨɦ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɚɧɚɥɢɡɚ ɪɚɛɨɬɵ 
ɫɢɫɬɟɦɵ ɢ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɂɡɥɨɠɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ 
ɞɥɹ ɞɭɝɨɜɨɣ ɧɚɩɥɚɜɤɢ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɢɡɞɟɥɢɹ. Ɇɟɯɚɧɢɡɦ ɤɨɥɟɛɚɧɢɣ ɭɫɬɚɧɨɜɤɢ ɫɨɜɟɪ-
ɲɚɟɬ ɝɚɪɦɨɧɢɱɟɫɤɢɟ (ɫɢɧɭɫɨɢɞɚɥɶɧɵɟ) ɤɨɥɟɛɚɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɞɟɧɢɹ ɧɚɩɥɚɜɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɭɩɪɚɜɥɹɟɦɨɣ ɩɨ ɱɚɫɬɨɬɟ ɢ ɭɝɥɭ ɩɨɜɨɪɨɬɚ. 
ɇɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚɩɥɚɜɤɢ ɫ ɤɨɥɟɛɚɧɢɹɦɢ 
ɢ ɛɟɡ ɤɨɥɟɛɚɧɢɣ ɢɡɞɟɥɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2 ɢ 3 ɜ ɜɢɞɟ ɧɚɩɥɚɜɥɟɧɧɵɯ ɜɚɥɢɤɨɜ ɢ ɟɝɨ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚɩɥɚɜɤɚ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɦɟɯɚɧɢɡɦɨɦ ɩɨɞɚɱɢ ɩɨɥɭɚɜ-
ɬɨɦɚɬɚ ɉɒ107ȼ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɋɜ08Ƚ2ɋ ɞɢɚɦɟɬɪɨɦ 1,2 ɦɦ ɧɚ ɬɨɤɚɯ 
170…200 Ⱥ. ɂɫɩɨɥɶɡɨɜɚɥɫɹ ɢɫɬɨɱɧɢɤ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɬɢɩɚ ȼȾɍ506. 

ɂɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɪɚɜɧɢ-
ɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɩɥɚɜɤɢ 
ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɜɫɟɯ ɩɪɨɱɢɯ 
ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɢ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɪɟɠɢ-
ɦɨɜ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ, ɤɚɤ ɨɬ-
ɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɲɢɪɢɧɚ 
ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚɥɢɤɚ, ɚ ɷɬɨ 
ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨ-
ɫɬɢ ɧɚɩɥɚɜɤɢ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɟ-
ɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ ɲɜɚ, 
ɜ ɱɚɫɬɧɨɫɬɢ, ɨɬɧɨɫɹɳɢɦɫɹ ɤ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ, 
ɱɬɨ ɜɟɞёɬ ɤ ɩɨɜɵɲɟɧɢɸ ɩɪɨɱ-
ɧɨɫɬɢ ɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ 
ɧɚɩɥɚɜɥɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɉɩɢɪɚɹɫɶ ɧɚ ɢɦɟɸɳɢɟɫɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɚɫɚɸɳɢɟɫɹ 
ɤɨɥɟɛɚɧɢɣ ɢɡɞɟɥɢɣ, ɬ.ɟ. ɫɜɚ-
ɪɨɱɧɨɣ ɜɚɧɧɵ, ɧɚɩɪɢɦɟɪ [5; 
6], ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ 
ɪɟɲɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɡɚɞɚɱ ɬɟɯ-
ɧɨɥɨɝɢɢ ɫɜɚɪɤɢ – ɧɚɩɥɚɜɤɢ ɫ 
ɤɨɥɟɛɚɧɢɹɦɢ ɜɚɠɧɵɦ ɹɜɥɹ-

    1           2             3               4 

Ɋɢɫ. 1. ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɧɚɩɥɚɜɤɢ ɫ ɤɨɥɟɛɚɧɢɹɦɢ: 
1 – ɩɪɢɜɨɞ ɤɨɥɟɛɚɬɟɥɹ; 2 – ɧɚɩɥɚɜɥɹɟɦɨɟ ɢɡɞɟɥɢɟ;  

3 – ɫɜɚɪɨɱɧɚɹ ɝɨɪɟɥɤɚ;  
4 – ɤɨɦɩɶɸɬɟɪɢɡɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 
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ɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɫ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ ɱɚɫɬɨɬ 
ɢ ɚɦɩɥɢɬɭɞ, ɢ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɟɯɚɧɢɡɦɭ ɤɨɥɟɛɚ-
ɧɢɣ ɭɫɬɚɧɨɜɤɢ: 

- ɨɫɧɚɳɟɧɢɟ ɩɪɢɜɨɞɧɵɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɫ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɫ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɦɨɦɟɧɬɚ ɢ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦɢ ɢɧɟɪɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚɦɢ; 

- ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɟɞɭɤɬɨɪɚ ɢ ɞɪɭ-
ɝɢɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɫɢɫɬɟɦɵ; 

- ɧɚɞёɠɧɨɫɬɶ ɩɪɢ ɪɚɛɨɬɟ ɫ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɨɣ ɪɟɜɟɪɫɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢ ɜɨɫɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɡɚɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɤɨɥɟɛɚɧɢɣ. 

ɂɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ ɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɸ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɹɜɥɹɸɬɫɹ ɛɟɡɤɨɥɥɟɤɬɨɪɧɵɟ ɜɟɧɬɢɥɶɧɵɟ ɢ ɲɚɝɨɜɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɫ 
ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ. 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɢɫɩɵɬɚɧɵ ɧɟɫɤɨɥɶɤɨ ɤɨɧɫɬɪɭɤɰɢɣ ɭɤɚɡɚɧɧɵɯ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɟɣ. ɉɪɢ ɷɬɨɦ ɢɡ ɱɢɫɥɚ ɲɚɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɫɢ-
ɥɨɜɵɟ ɢ ɱɚɫɬɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɢɪɚɟɦɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

 
Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɧɚɩɥɚɜɤɢ:  

1 – ɛɟɡ ɤɨɥɟɛɚɧɢɣ; 2 – ɫ ɤɨɥɟɛɚɧɢɹɦɢ 

 
Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ:  

1 – ɩɪɢ ɧɚɩɥɚɜɤɟ ɨɛɵɱɧɵɦ ɫɩɨɫɨɛɨɦ; 2 – ɫ ɭɩɪɚɜɥɹɟɦɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɡɞɟɥɢɹ 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɫɯɟɦɵ ɦɟɯɚɧɢɡɦɚ ɤɨɥɟɛɚɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ 
ɮɚɡɚɯ ɰɢɤɥɚ ɞɜɢɠɟɧɢɣ. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɩɨ ɪɢɫɭɧɤɭ: 
ɜ 1ɜ  – ɜɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɜ ɢɡɦɟɧёɧɧɨɦ ɫɨɫɬɨɹ-

ɧɢɢ ɩɨɜɨɪɨɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

ɢ 1ɢ  – ɬɨɥɳɢɧɚ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɡɞɟɥɢɹ; 

ɪ 1ɪ  – ɜɟɥɢɱɢɧɚ ɪɵɱɚɝɚ ɤɨɥɟɛɚɧɢɹ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɜ ɢɡɦɟɧёɧɧɨɦ ɫɨɫɬɨɹ-
ɧɢɢ ɩɨɜɨɪɨɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

           1                        2 

1 2 
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c 1c  – ɫɞɜɢɝ ɡɨɧɵ ɧɚɩɥɚɜɤɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɜ ɢɡɦɟɧёɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ-
ɜɨɪɨɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

  – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɡɞɟɥɢɹ; 

ɜ  – ɢɡɦɟɧɟɧɢɟ ɜɵɥɟɬɚ ɩɪɢ ɩɨɜɨɪɨɬɟ ɢɡɞɟɥɢɹ. 

 
Ɋɢɫ. 4. Ɏɚɡɵ ɰɢɤɥɚ ɤɨɥɟɛɚɧɢɣ ɢɡɞɟɥɢɹ 

ℓɜ ℓɜ1 

ℓɢ ℓɢ11 

ℓɪ ℓɪ1 

ℓɫ ℓɫ1 

Δℓɜ 
Δℓɜ1 

α 

α1 

Ɍɨɤɨɩɨɞ 

ɂɡɞɟɥɢɟ 

ɉɥɚɬɮɨɪɦɚ 

Ɉɫɶ ɤɨɥɟɛɚɧɢɣ 
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ȼ ɦɟɯɚɧɢɡɦɟ ɤɨɥɟɛɚɧɢɣ ɫɞɟɥɚɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ ɪɵɱɚɝɚ 
ɤɨɥɟɛɚɧɢɣ ɞɥɹ ɫɧɢɠɟɧɢɹ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ 
ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ. 

ȼɧɚɱɚɥɟ ɨɩɪɟɞɟɥɢɦ ɜɚɠɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚɥɢɤɚ – 

ɭɜɟɥɢɱɟɧɢɟ ɲɢɪɢɧɵ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚɥɢɤɚ ɢɥɢ ɫɞɜɢɝ ɦɟɫɬɚ ɝɨɪɟɧɢɹ ɞɭɝɢ, ɚ ɬɚɤɠɟ ɢɡɦɟ-
ɧɟɧɢɹ ɜ ɜɟɥɢɱɢɧɟ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɢ ɜɨɡɜɪɚɬɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɧɚɩɥɚɜɥɹ-
ɟɦɨɝɨ ɢɡɞɟɥɢɹ. 

ɂɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɫɬɪɨɟɧɢɣ ɧɚ ɪɢɫ. 4 ɨɩɪɟɞɟɥɹɸɬɫɹ: 
  sinɢɪc   ;      (1) 

  )cos1(  ɢɪɜ  .        (2) 

ɂɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɪɚɠɟɧɢɣ (1), (2) ɫɥɟɞɭɟɬ ɜɚɠɧɵɣ ɜɵɜɨɞ, ɜɫɟɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫɨ-
ɨɬɧɨɲɟɧɢɟ: 

ɜ >> ɜ .       (3) 

Ⱦɥɹ ɜɵɛɨɪɚ ɩɪɢɜɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɦɨɦɟɧɬ ɧɚ ɟɝɨ 
ɜɚɥɭ. ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɪɚɡɥɨɠɟɧɢɹ ɫɢɥ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢ-

ɠɟɧɢɣ ɫ ɧɚɩɥɚɜɥɹɟɦɨɣ ɞɟɬɚɥɶɸ ɜɟɫɨɦ P  ɢ ɪɵɱɚɝɨɦ ɢɪ   . 

Ɉɩɪɟɞɟɥɢɦ ɭɫɢɥɢɟ F , ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɩɟɪɟɦɟɧɧɵɣ ɦɨɦɟɧɬ ɜ ɜɢɞɟ: 
sinPF  .      (4) 

Ɋɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɦɚ ɤɨɥɟɛɚɧɢɣ ɫ ɫɢɧɭɫɨɢɞɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɨɦ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɦɚɫɫɨɣ ɢɡɞɟɥɢɹ, ɪɚɜɧɨɦɟɪɧɨ ɢ ɨɞɢɧɚɤɨɜɨ ɪɚɡɦɟɳɟɧɧɨɣ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɤɨɥɟɛɚɧɢɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɬɚɬɢɱɟ-
ɫɤɢɣ ɦɨɦɟɧɬ ɧɚɝɪɭɡɤɢ ɫɨɞɟɪɠɢɬ ɚɤɬɢɜɧɭɸ ɫɨɫɬɚɜɥɹ-
ɸɳɭɸ ɚɆ  ɢ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɜɚɥɚ 
ɩɪɢɜɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ  . Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɬɚɬɢɱɟɫɤɨɦ 
ɦɨɦɟɧɬɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɨɫɬɨɹɧɧɚɹ 

ɩɆ  ɫɨɫɬɚɜɥɹɸɳɚɹ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɬɪɟɧɢɹ ɜ ɨɩɨ-
ɪɚɯ ɤɨɥɟɛɚɬɟɥɹ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ ɫɚɦɨɦ ɷɥɟɤ-
ɬɪɨɞɜɢɝɚɬɟɥɟ. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɧɚ ɜɚɥɭ ɩɪɢɜɨɞɧɨɝɨ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ Ɇ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 
ɰɢɤɥɚ ɤɨɥɟɛɚɧɢɣ ɫ ɩɨɫɬɨɹɧɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ   

ɞɥɹ ɬɟɤɭɳɟɝɨ ɜɪɟɦɟɧɢ t  ɛɟɡ ɭɱёɬɚ ɩɟɪɢɨɞɨɜ ɪɚɡɝɨɧɚ 
ɢ ɬɨɪɦɨɠɟɧɢɹ ɫɢɫɬɟɦɵ:  

1) ɩɪɢ ɞɜɢɠɟɧɢɢ ɨɬ ɰɟɧɬɪɚ ɤɨɥɟɛɚɧɢɣ 
tMMɆ ɚɩ sin1  ɢɥɢ ɫ ɭɱёɬɨɦ ɜɵɪɚɠɟɧɢɹ (4)  

tPMɆ ɢɩɩ  sinsin)(1   .     (5) 

2) ɩɪɢ ɞɜɢɠɟɧɢɢ ɤ ɰɟɧɬɪɭ ɤɨɥɟɛɚɧɢɣ 

tMMɆ ɚɩ sin2   

tPMɆ ɢɩɩ  sinsin)(2   .    (6) 

ɋɨɫɬɚɜɥɹɸɳɚɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɚɆ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɧɭɫɨɢɞɚɥɶɧɭɸ ɤɪɢ-
ɜɭɸ ɫ ɪɚɡɥɢɱɧɨɣ ɚɦɩɥɢɬɭɞɨɣ ɜ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɭɩɟɪɢɨɞɵ. 

P 

 

α 

α 

F 

Ɋɢɫ. 5. ɋɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ 
ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɨɥɟɛɚɬɟɥɹ  

ɫ ɢɡɞɟɥɢɟɦ 
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ȼ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɞɥɹ ɤɨɥɟɛɚɧɢɣ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɡɞɟɥɢɹ ɨɛɵɱɧɨ ɜɟɫ ɱɚɫɬɢ ɢɡɞɟ-
ɥɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɤɨɥɟɛɚɧɢɣ ɪɚɡɥɢɱɟɧ. ɉɪɢ ɷɬɨɦ ɤɨɥɟɛɚɧɢɹ ɜ ɨɞɧɭ ɫɬɨɪɨɧɭ ɨɬɥɢ-
ɱɚɸɬɫɹ ɨɬ ɤɨɥɟɛɚɧɢɣ ɜ ɞɪɭɝɭɸ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɟɥɢɱɢɧɭ Ɋ , ɜɟɞɹ ɨɬɫɱёɬ ɨɬ ɰɟɧɬɪɚ ɤɨ-
ɥɟɛɚɧɢɣ. ɉɪɢ ɤɨɥɟɛɚɧɢɢ ɜ ɫɬɨɪɨɧɭ, ɝɞɟ ɢɡɞɟɥɢɟ ɢɦɟɟɬ ɛɨɥɶɲɢɣ ɜɟɫ ɧɚɝɪɭɠɚɸɬ 
ɩɪɢɜɨɞɧɨɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɦɨɦɟɧɬɨɦ: 

3) ɩɪɢ ɞɜɢɠɟɧɢɢ ɨɬ ɰɟɧɬɪɚ ɤɨɥɟɛɚɧɢɣ 

tɊPMɆ ɢɩɩ  sinsin))((3   ;  (7) 

4) ɩɪɢ ɞɜɢɠɟɧɢɢ ɤ ɰɟɧɬɪɭ ɤɨɥɟɛɚɧɢɣ 

tɊPMɆ ɢɩɩ  sinsin))((4   .   (8) 

Ⱦɥɹ ɦɟɯɚɧɢɡɦɚ ɤɨɥɟɛɚɧɢɣ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫ ɜɵɲɟɭɤɚɡɚɧɧɵɦɢ ɡɚɞɚɱɚɦɢ, ɜɚɠɧɟɣ-
ɲɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɹɜɥɹɟɬɫɹ ɪɟɚɥɢɡɭɟɦɚɹ ɪɟɝɭɥɢɪɭɟɦɚɹ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ, ɤɨɬɨɪɚɹ ɜ ɨɫ-
ɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ ɜɫɟɯ ɫɢɥ ɢ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɩɟɪɟɯɨɞɧɵɟ ɦɨɦɟɧɬɵ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ [7] ɡɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ ɦɟɯɚɧɢɡɦ ɤɨɥɟɛɚɧɢɣ – ɩɪɢ-
ɜɨɞɧɨɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ ɭɱёɬɨɦ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɦɨɦɟɧɬɨɜ 4321 ,,, ɆɆɆɆ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɚɯ ɤɨɥɟɛɚɧɢɹ ɢɡɞɟɥɢɣ: 

dt

d
JMɆ ɞ


 ,4,3,2,1 .          (9) 

ɝɞɟ ɞɆ  – ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɫɢɫɬɟɦɵ ɫ ɭɱёɬɨɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɩɪɢɜɨɞ-
ɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; J  – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɢɫɬɟɦɵ. 

Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ (9) ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɷɥɟɤ-
ɬɪɨɞɜɢɝɚɬɟɥɹ ɭɪɚɜɧɨɜɟɲɢɜɚɟɬɫɹ ɫɬɚɬɢɱɟɫɤɢɦ ɢ ɢɧɟɪɰɢɨɧɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɦɨɦɟɧɬɚɦɢ. 

Ⱦɚɥɟɟ ɢɦɟɟɬ ɫɦɵɫɥ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɜɚɪɢɚɧɬ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɝɨ ɜɚɪɢɚɧɬɚ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ ɩɨ ɭɪɚɜɧɟɧɢɸ (8). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɧɚ-
ɱɟɧɢɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɫɨɦ ɢɡɞɟɥɢɹ ɢ ɩɥɚɬɮɨɪɦɵ, ɩɨɬɟɪɹɦɢ ɜ ɭɡɥɚɯ 
ɤɚɱɚɧɢɹ ɢ ɜ ɫɚɦɨɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟ. ɂ ɟɫɥɢ ɜɟɫ ɤɨɥɟɛɥɸɳɢɯɫɹ ɢɡɞɟɥɢɣ ɦɨɠɧɨ ɨɩɪɟɞɟ-
ɥɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ, ɬɨ ɞɪɭɝɢɟ ɩɨɬɟɪɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨ, ɪɚɜɧɨ ɤɚɤ ɢ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɢɫɬɟɦɵ ɩɨ ɦɟɬɨɞɢɤɚɦ, ɤɨɬɨɪɵɟ ɢɡɥɨɠɟɧɵ ɜ 
ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɧɚɩɪɢɦɟɪ ɜ [8], ɢ ɪɹɞɟ ɞɪɭɝɢɯ. 

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɜɨɞ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɤɨɥɟɛɚɬɟɥɹ ɢɡɞɟɥɢɹ ɩɪɢ ɪɚɛɨɬɟ ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɜɫɟɝɞɚ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɠɢɦɟ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɪɢ ɷɬɨɦ ɜɪɟɦɹ ɪɚɡɝɨɧɚ ɷɥɟɤ-
ɬɪɨɞɜɢɝɚɬɟɥɹ ɡɚɜɢɫɢɬ ɨɬ ɢɧɟɪɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ ɢ ɨɬ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢ-
ɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɚ ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ ɬɨɪɦɨɠɟɧɢɹ 
ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɂɫɯɨɞɹ ɢɡ ɭɤɚɡɚɧɧɨɝɨ ɢ ɭɪɚɜɧɟɧɢɹ (8) ɭɬɨɱɧɢɦ, ɱɬɨ ɦɨɦɟɧɬ ɧɚ 
ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ  : 

)(fɆ  .      (10) 

ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɬɨɱɧɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ (10) ɞɥɹ ɩɪɢɜɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
ɢ ɦɟɯɚɧɢɡɦɚ ɤɨɥɟɛɚɧɢɣ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɲɚɝɨɜɵɟ ɢ ɜɟɧɬɢɥɶɧɵɟ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ – ɦɨɠɧɨ ɩɨɥɨɠɢɬɶ, ɱɬɨ ɢɯ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɭɞɭɬ ɢɦɟɬɶ 
ɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɡɦɚ ɤɨɥɟɛɚɧɢɣ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (8), ɨɞɧɚɤɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ, ɭɝɥɵ ɨɬ-
ɤɥɨɧɟɧɢɣ (ɩɨɜɨɪɨɬɚ) ɢɡɞɟɥɢɹ ɨɬ ɜɟɪɬɢɤɚɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ  = 10…200, ɱɬɨ 
ɞɚёɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɜɵɛɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɬɨɱɧɨ-
ɫɬɶɸ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɤ ɥɢɧɟɣɧɵɟ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨɣ ɱɚɫɬɶɸ ɜ ɜɵɛɨɪɟ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɫɢɫɬɟɦɵ ɟɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧɢ ɪɚɡɝɨɧɚ 
ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ – ɦɟɯɚɧɢɡɦ ɤɨɥɟɛɚɧɢɣ. 
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ɍɱɢɬɵɜɚɹ ɜɵɲɟɭɤɚɡɚɧɧɨɟ, ɦɨɠɧɨ ɞɥɹ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɟɟ ɥɢɧɟɣ-
ɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫ ɩɪɚɜɨɣ ɱɚɫɬɶɸ: 

m

ɭ

m TTdt

d 
 ,      (11) 

ɝɞɟ mT  – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ; ɭ  – ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɩɨɫɥɟ ɨɬɪɚ-
ɛɨɬɤɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢɥɢ ɤɨɥɟ-
ɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɡɞɟɥɢɹ. 

Ɉɩɪɟɞɟɥɟɧɢɟ mT  ɫ ɭɱёɬɨɦ ɩɪɢɧɢɦɚɟɦɨɝɨ ɩɨɫɬɨɹɧɫɬɜɚ constɆɩ   ɢ ɩɪɢɪɚɜɧɢɜɚɧɢɟɦ 
ɲɚɝɨɜɵɯ ɢ ɜɟɧɬɢɥɶɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɤ ɤɨɥɥɟɤɬɨɪɧɵɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

2)(kɎ
R

JT ɹ
m  ,           (12) 

ɝɞɟ k ɢ Ɏ  – ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 
Ⱦɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɚɪɚɦɟɬɪ mT , ɩɨɷɬɨɦɭ ɟɝɨ ɩɪɨɳɟ ɩɨɥɭɱɢɬɶ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɦ ɩɭɬёɦ, ɢɫɩɨɥɶɡɭɹ ɢɡɜɟɫɬɧɵɟ ɦɟɬɨɞɢɤɢ, ɧɚɩɪɢɦɟɪ [9]. 
Ɋɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (11) ɫ ɭɱёɬɨɦ ɧɭɥɟɜɨɣ ɧɚɱɚɥɶɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɛɭɞɟɬ ɭɪɚɜ-

ɧɟɧɢɟ ɷɤɫɩɨɧɟɧɬɵ ɜ ɜɢɞɟ 

)1( mT

t

ɭ e


 .      (13) 

Ʌɨɝɚɪɢɮɦɢɪɭɹ ɭɪɚɜɧɟɧɢɟ (13) ɢ ɩɪɟɨɛɪɚɡɨɜɵɜɚɹ ɟɝɨ, ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ t

ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɡɝɨɧɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɞɨ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɭ : 

)1(
ɭ

m nTt



  .      (14) 

ɍɱɢɬɵɜɚɹ ɜɵɪɚɠɟɧɢɟ (1), ɚ ɬɚɤɠɟ ɧɟɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɤɨɥɟɛɚɧɢɣ (ɩɨɜɨɪɨɬɚ) ɢɡ-
ɞɟɥɢɣ α ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɞɭɝɭ ɤɚɱɚɧɢɹ ɩɪɹɦɨɣ ɥɢɧɢɟɣ c . ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɪɚɫɫɦɚɬɪɢɜɚɹ 
ɞɜɢɠɟɧɢɟ ɢɡɞɟɥɢɹ ɤɚɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɹɦɨɥɢɧɟɣɧɨɟ, ɨɩɪɟɞɟɥɢɦ ɞɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɫɪɟɞ-

ɧɸɸ ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɫɪv ɜ ɜɢɞɟ: 

ɢ

ɢɪ
ɫɪ

t
v

sin)(  
 ,      (15) 

ɝɞɟ ɢt  – ɩɨɥɧɨɟ ɜɪɟɦɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɡɞɟɥɢɹ.  

ɋɪɟɞɧɹɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɢɡɞɟɥɢɹ ɫɪ  ɨɩɪɟɞɟɥɹɟɬɫɹ  

ɢ
ɫɪ

t

 2 .          (16) 

ɉɭɬɶ ɪs , ɩɪɨɣɞɟɧɧɵɣ ɦɟɯɚɧɢɡɦɨɦ ɤɨɥɟɛɚɧɢɣ ɡɚ ɜɪɟɦɹ ɪɚɡɝɨɧɚ ɩɪɢɜɨɞɚ ɫ ɭɱёɬɨɦ ɩɨ-

ɫɬɨɹɧɫɬɜɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɫɨnstɆɞ  ɢ ɧɚɱɚɥɚ ɞɜɢɠɟɧɢɹ ɩɨɫɥɟ ɩɨɥɧɨɣ ɨɫɬɚ-
ɧɨɜɤɢ ɫɨɝɥɚɫɧɨ [7] ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜ ɜɢɞɟ: 
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J

tɆ
s

ɞ
ɪ

2

2

 .             (17) 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɭɬɶ, ɩɪɨɣɞɟɧɧɵɣ ɩɪɢ ɪɚɡɝɨɧɟ, ɭɱɢɬɵɜɚɟɬ ɢɧɟɪɰɢɨɧɧɵɟ ɢ ɫɢɥɨɜɵɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. 

ɉɭɬɶ s , ɩɪɨɣɞɟɧɧɵɣ ɢɡɞɟɥɢɟɦ ɩɪɢ ɞɜɢɠɟɧɢɢ ɨɬ ɤɪɚɣɧɟɝɨ ɞɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ, ɩɪɢ 
2


 

ɫɨɫɬɚɜɥɹɟɬ:  

ɪɩ sss  ,      (18) 

ɝɞɟ ɩs  – ɩɭɬɶ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɞɟɥɢɹ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɞɜɢɠɟɧɢɢ. 
ɍɤɚɠɟɦ, ɱɬɨ, ɫɬɪɟɦɹɫɶ ɞɨɫɬɢɱɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢ-

ɫɬɟɦɵ, ɬ.ɟ. ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɱɚɫɬɨɬɭ ɤɨɥɟɛɚɧɢɣ ɢɡɞɟɥɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɚɧɧɵ 
ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɢɬɶ ɭɫɥɨɜɢɟ: 

ɪss  ,            (19) 

ɬ.ɟ. ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɤɥɸɱɢɬɶ ɪɚɜɧɨɦɟɪɧɨɟ ɞɜɢɠɟɧɢɟ ɤɚɤ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨɟ. Ʉɪɨɦɟ ɷɬɨɝɨ, 
ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɟɦɢɬɶɫɹ ɩɨɥɭɱɢɬɶ ɨɞɢɧɚɤɨɜɵɣ ɷɮɮɟɤɬ ɧɚɩɥɚɜɤɢ ɜ ɪɚɡɥɢɱɧɵɯ ɮɚɡɚɯ ɤɨ-
ɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ. 

ɋɬɪɟɦɥɟɧɢɟ ɩɨɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɭɸ ɱɚɫɬɨɬɭ ɤɨɥɟɛɚɧɢɣ ɜɚɧɧɵ ɜɵɡɜɚɧɨ ɧɟ-
ɨɩɪɟɞɟɥёɧɧɨɫɬɶɸ ɜɵɜɨɞɨɜ ɪɹɞɚ ɚɜɬɨɪɨɜ [10; 11] ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɜɵɛɨɪɚ 
ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ. ȼ ɧɚɲɟɦ ɫɥɭ-
ɱɚɟ ɩɨɥɭɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɪɟɝɭɥɢɪɭɟɦɨɣ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɜɵɡɜɚɧɨ ɤɨɧ-
ɫɬɪɭɢɪɨɜɚɧɢɟɦ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɭɫɬɚɧɨɜɤɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɨɣ ɢ ɨɩɪɟɞɟɥɢɬ ɷɮ-
ɮɟɤɬɢɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɤɨɥɟɛɚɧɢɣ, ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɨ ɭɤɚɡɚɧɧɵɦ 
ɩɚɪɚɦɟɬɪɚɦ ɬɟɯɧɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɹɯ ɫɢɫɬɟɦɵ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɫɢɫɬɟɦ ɤɨɥɟɛɚɧɢɣ ɢɡɞɟɥɢɹ ɜ ɫɜɚɪɨɱɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɚɢɛɨ-
ɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦɢ, ɢɫɯɨɞɹ ɢɡ ɧɚɲɟɝɨ ɨɩɵɬɚ ɩɪɢɦɟɧɟɧɢɹ [12], ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɦɨ-
ɦɟɧɬɧɵɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɫ ɭɩɨɦɹɧɭɬɵɦɢ ɜɵɲɟ ɲɚɝɨɜɵɦɢ ɢɥɢ ɜɟɧɬɢɥɶɧɵɦɢ ɷɥɟɤɬɪɨ-
ɩɪɢɜɨɞɚɦɢ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɬɟɯɧɢɤɢ ɤɚɤ ɫ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ ɩɨ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɜɚɥɚ, ɬɚɤ ɢ 
ɛɨɥɟɟ ɩɪɨɫɬɵɟ – ɛɟɡ ɜɜɟɞɟɧɢɹ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɬɨɪɦɨɠɟɧɢɟ ɫɢɫɬɟɦɵ ɤɨɥɟɛɚɧɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɷɥɟɤ-
ɬɪɢɱɟɫɤɢɦɢ ɫɩɨɫɨɛɚɦɢ, ɤɨɬɨɪɵɟ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟ-
ɦɵɦ ɷɥɟɦɟɧɬɨɦ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɢ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚ-
ɛɨɬɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ. 

Ɉɩɢɪɚɹɫɶ ɧɚ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɟ ɜɵɜɨɞɵ, ɦɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɫɥɟɞɭɸɳɢɣ ɩɨɪɹɞɨɤ ɜɵ-
ɛɨɪɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨ ɨɛɵɱɧɨ, ɢɫɯɨɞɹ ɢ ɪɚɛɨɬ, ɤɚɫɚɸɳɢɯɫɹ ɩɪɨɰɟɫɫɚ 
ɧɚɩɥɚɜɤɢ ɞɥɹ ɦɟɯɚɧɢɡɦɨɜ ɤɨɥɟɛɚɧɢɣ, ɡɚɞɚɸɬ ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɩɪɨɰɟɫɫɚ ɱɚɫɬɨɬɭ ɤɨɥɟ-
ɛɚɧɢɣ f : 

- ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɭɱёɬɨɦ ɫɬɚɬɢɱɟɫɤɨɣ ɢ ɞɢɧɚɦɢɱɟ-
ɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɟɫɚ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɡɞɟɥɢɹ ɢ ɟɝɨ ɫɦɟɳɟɧɢɹ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚɩɥɚɜɤɢ;  

- ɞɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɢɡɞɟɥɢɹ 
2

 , ɱɬɨ, ɜ ɢɬɨɝɟ, ɨɩɪɟɞɟɥɹɟɬ ɲɢɪɢɧɭ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚɥɢɤɚ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɝɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɪɢ ɷɬɨɦ ɩɨɥɨɜɢɧɚ 
ɩɭɬɢ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

2


 ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ (19); 
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- ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɧɨɟ ɜɪɟɦɹ (ɩɟɪɢɨɞ) ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɫɯɨɞɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 
(17) ɢ ɫ ɭɱёɬɨɦ (19): 

ɞ

ɪ

Ɇ
Js

t
2

2 ,               (20) 

ɝɞɟ 
t

f
1

 . 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɛɵɥ ɜɵ-
ɛɪɚɧ ɲɚɝɨɜɵɣ 2-ɮɚɡɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ KINCO 2S86Q-051F6 c ɦɚɤɫɢɦɚɥɶɧɵɦ ɤɪɭɬɹɳɢɦ 
ɦɨɦɟɧɬɨɦ 8,4 ɇ·ɦ ɫ ɞɪɚɣɜɟɪɨɦ KINCO 2M880N ɧɚ ɛɚɡɟ ɤɨɧɬɪɨɥёɪɚ KINCO – K306 – 24AT. 
Ɍɚɤɨɣ ɤɨɦɩɥɟɤɬ ɨɛɟɫɩɟɱɢɥ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɫ ɭɩɪɚɜɥɹɟɦɨɣ ɱɚɫɬɨɬɨɣ 
ɤɨɥɟɛɚɧɢɣ ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɡɞɟɥɢɹ ɦɚɫɫɨɣ 10…12 ɤȽ ɞɨ 2,5…10 Ƚɰ.  

ȼɵɛɪɚɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ, ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɛɵɥɚ ɡɚɩɪɨɝɪɚɦɦɢɪɨ-
ɜɚɧɚ ɧɚ ɪɟɲɟɧɢɟ ɜɵɲɟɪɚɫɫɦɨɬɪɟɧɧɨɣ ɡɚɞɚɱɢ ɩɪɢ ɧɚɩɥɚɜɤɟ ɫɨ ɫɤɨɪɨɫɬɶɸ 12 ɦ/ɱɚɫ ɞɥɹ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɟɟ-ɭɩɪɨɱɧɹɸɳɟɝɨ ɫɥɨɹ ɷɥɟɤɬɪɨɞɧɨɣ ɫɚɦɨɡɚɳɢɬɨɣ ɩɪɨɜɨɥɨɤɨɣ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɦɚɬɪɢɰɵ ɲɬɚɦɩɨɜɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɦɚɫɫɨɣ 10…15 ɤɝ ɫ ɭɝɥɨɦ ɤɨɥɟɛɚɧɢɣ ɩɨ-
ɪɹɞɤɚ 012

2


 ɨɛɟɫɩɟɱɢɥɨ ɫɨɡɞɚɧɢɟ ɫɩɥɨɲɧɨɝɨ ɫɥɨɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫ ɞɨɫɬɢɠɟ-

ɧɢɟɦ ɨɫɧɨɜɧɵɯ ɷɮɮɟɤɬɨɜ ɢ ɫɪɚɜɧɟɧɢɟɦ ɫ ɨɛɵɱɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɧɚɩɥɚɜɤɢ: 
- ɪɚɫɲɢɪɟɧɢɟ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɜɚɥɢɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɮɨɬɨɝɪɚɮɢɢ (ɪɢɫ. 2); 
- ɭɥɭɱɲɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɱɚɫɬɢ ɢɡɦɟɥɶɱɟɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɢ 

ɜɥɢɹɧɢɟɦ (ɭɥɭɱɲɟɧɢɟɦ) ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɩɨɤɚɡɚɧɧɨɟ ɧɚ ɮɨɬɨɝɪɚɮɢɹɯ (ɪɢɫ. 3). 
ȼɚɠɧɟɣɲɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ ɹɜɥɹɟɬɫɹ ɟɝɨ ɬɜёɪɞɨɫɬɶ. ɉɪɢ ɷɬɨɦ, ɩɪɢ-
ɦɟɧɹɹ ɫɩɨɫɨɛ ɧɚɩɥɚɜɤɢ ɫ ɭɩɪɚɜɥɹɟɦɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ 
ɬɜёɪɞɨɫɬɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ [12]. 

ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɩɨ ɧɚɩɥɚɜɤɟ ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɢɡɞɟɥɢɹ 
ɛɵɥɨ ɢɫɩɵɬɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɜɟɧɬɢɥɶɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. 

Ɋɚɫɫɦɨɬɪɟɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ – ɤɨɥɟɛɚɬɟɥɶ ɢɡɞɟɥɢɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 
ɫɜɚɪɤɢ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɫɬɵɤ ɫ ɪɚɡɞɟɥɤɨɣ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɝɞɚ ɡɚ-
ɡɨɪ ɦɟɠɞɭ ɫɜɚɪɢɜɚɟɦɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɧɟ ɢɦɟɸɬ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɡɚɡɨɪɚ.  

ȼɵɜɨɞɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɬɶёɣ.  
1. Ɋɚɫɱёɬ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɵɯ ɤɨɥɟɛɚɧɢɣ 

ɧɚɩɥɚɜɥɹɟɦɨɝɨ ɢɥɢ ɫɜɚɪɢɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɞɨɥɠɟɧ ɛɚɡɢɪɨɜɚɬɶɫɹ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɧɟɫɤɨɥɶ-
ɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɨɫɧɨɜɧɵɟ ɢɡ ɤɨɬɨɪɵɯ: ɫɬɚɬɢɱɟɫɤɚɹ ɢ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɦɨɦɟɧɬɚ, ɩɪɢɥɚɝɚɟɦɨɝɨ ɤ ɞɜɢɝɚɬɟɥɸ, ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɧɚɩɥɚɜɥɟɧ-
ɧɨɝɨ ɫɥɨɹ ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɫɦɟɳɟɧɢɹ ɢɡɞɟɥɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɤɨɥɟɛɚɧɢɣ, ɟɫɥɢ 
ɷɬɨ ɧɟɜɨɡɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫɦɟɳɟɧɢɟɦ ɫɜɚɪɨɱɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 

2. ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɦɨɦɟɧɬɧɵɟ ɛɟɡɪɟɞɭɤ-
ɬɨɪɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ (ɲɚɝɨɜɵɟ ɢ ɜɟɧɬɢɥɶɧɵɟ) ɫ ɤɨɦɩɶɸɬɟɪɢɡɨɜɚɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ 
ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɂɦɟɧɧɨ ɬɚɤɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɞɨ-
ɫɬɚɬɨɱɧɨ ɜɵɫɨɤɭɸ ɪɟɝɭɥɢɪɭɟɦɭɸ ɱɚɫɬɨɬɭ ɤɨɥɟɛɚɧɢɣ.  

3. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɟё ɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɢ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ 
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Volodymyr Lebediev, Sergii Novykov  

VIBRATOR OF PRODUCT FOR THE AUTOMATIC ARC SURFACING 

Urgency of the research. Arc surfacing with application of a low-frequency mechanical oscillations of the weld pool is 
an ordinary and effective technological solution for a significant increase in the technological strength of the welded metal. 
The creating an installation with a simple and accurate system for provide such influences is a key problem in carrying out 
qualitative research. 

Target setting. To create the installation, it is necessary to carry out a series of calculations to select the main units of it 
for providing oscillations with specified characteristics, input parameters and control parameters of the oscillation process. 

Actual scientific researches and issues analysis. The most used technological methods for influencing the technological strength 
indicator are mechanical and / or thermal effects on the weld pool or welding tool. Recently, such methods as the periodic acting of a 
magnetic field to a weld pool melt, pulsed surfacing modes based on additive algorithms operation control of an equipment, the using 
of ultrasound and additional alloying of welded metal, as well as combined methods have been widely applied. 

Isolation of previously unexplored parts of a common problem. Most of the works are devoted to the study of the periodic 
influence on the weld pool melt with frequencies significantly exceeding 10 Hz, while the fluctuations influence of the low-
frequency range has hardly been studied. 

The research objective. To analyze the factors influencing the work of the installation to provide longitudinal mechanical 
harmonic oscillations of the weld pool with a frequency of up to 5 Hz and an amplitude of up to 7 mm. Based on the analysis, 
a methodic for determining torque and select an appropriate electric motor will be developed. 

The statement of basic materials. For a given oscillation frequency of a movable table with a fixed sample, the moment 
on the motor shaft is determined taking into account the static and dynamic components for the maximum weight of the surfac-
ing sample and its displacement relative to the direction of the surfacing process. Given the angle of rotation of movable table 
with a fixed sample — which is determined by the desired value of the width of the weld bead — the total time (period) of the 
oscillatory motion is determined. Based on the results obtained, the type and model of the electric motor are selected. 

Conclusions in accordance with the study. Calculation and construction of a installation for obtaining controlled oscil-
lations of a surfacing or welded product should be based on the determination of several components, the main of which are: 
static and dynamic components of the torque applied to the motor, while it is necessary taking into account a possibility of 
displacement of the sample relative to the axis when performing the surfacing of welded metal layer with oscillations, if it is 
impossible to perform the displacement of the welding tool. The most promising for use are high-torque gearless motors (step-
per and valve) with computerized control and regulation systems. It is such electric motors that allow a sufficiently high ad-
justable oscillations frequency to be obtained. The developed installation, its effective operation and the results obtained can 
be a prototype for industrial production and application in high-quality and productive welding-surfacing of metal structures 
of small dimensions. 

Keywords: arc surfacing; product vibrations; electric drive selection; quality of welded metal; control. 
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