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Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɦɟɬɨɞɢɤɚ ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɚɜɨɦ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɤɨɦɩɥɟɤɬɨɜ ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ (ɋȾɄɆ) ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɞɨɪɨɝ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ (50 ɢ  
ɛɨɥɟɟ ɤɦ) ɜ ɫɥɨɠɧɵɯ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɬɟɱɟɧɢɟ ɪɹɞɚ ɥɟɬ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɨɜ 
ɪɚɛɨɬ ɧɚ ɩɟɪɟɯɨɞɹɳɟɦ ɨɛɴɟɤɬɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɥɟɧɞɚɪɧɵɦ ɝɪɚɮɢɤɨɦ ɜ ɩɪɨɟɤɬɟ 
ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɧɚɪɚɛɨɬɤɢ 
ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɯ ɦɚɲɢɧ, ɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɤɚɠɞɵɣ ɝɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɦɨɞɟɥɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɚɰɢɨɧɚɥɶɧɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ 
ɫɨɫɬɚɜɨɜ ɋȾɄɆ ɢ ɩɨɡɜɨɥɹɸɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɝɧɨɡɢɪɭɟɦɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ 
ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɭ ɩɚɪɤɚ ɦɚɲɢɧ ɜ ɩɪɨɟɤɬɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ.  

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɤɨɦɩɥɟɤɬɵ ɦɚɲɢɧ, ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɨɣ ɩɚɪɤɚ, 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɷɤɫɩɥɭɚɬɚɰɢɹ ɦɚɲɢɧ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɲɢɧ. 
 

ȼɜɟɞɟɧɢɟ 
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɜ 

ɭɫɥɨɜɢɹɯ ɋɢɛɢɪɫɤɨɝɨ ɪɟɝɢɨɧɚ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɨɠɧɵɦɢ ɩɪɢɪɨɞɧɨ-
ɤɥɢɦɚɬɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ, ɧɟɪɚɜɧɨɦɟɪɧɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɨɛɴɟɦɨɜ ɢ ɜɢɞɨɜ ɡɟɦɥɹɧɵɯ 
ɪɚɛɨɬ ɩɨ ɞɥɢɧɟ ɞɨɪɨɝɢ, ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɜ 
ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
ɤɪɭɩɧɵɯ ɦɚɝɢɫɬɪɚɥɟɣ), ɩɪɢɦɟɧɟɧɢɟɦ ɬɢɩɨɜɵɯ 
ɢ ɭɧɢɤɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 

ȼɵɩɨɥɧɟɧɢɟ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɛɨɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɱɢɧɚɟɬɫɹ ɫɢɥɚɦɢ  
ɩɨɞɪɹɞɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɫ ɭɠɟ 
ɫɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɩɚɪɤɚɦɢ ɬɟɯɧɢɤɢ. 
ɍɱɢɬɵɜɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɨɛɴɟɤɬɨɜ, ɦɚɲɢɧɧɵɟ 
ɩɚɪɤɢ ɩɪɢɫɩɨɫɚɛɥɢɜɚɸɬ ɤ ɦɟɧɹɸɳɢɦɫɹ 
ɭɫɥɨɜɢɹɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɂɡɦɟɧɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɩɚɪɤɚ ɱɚɫɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɪɚɡɧɨɜɨɡɪɚɫɬɧɵɦ ɢ ɧɟɪɟɝɭɥɹɪɧɨ 
ɨɛɧɨɜɥɹɟɦɵɦ ɫɨɫɬɚɜɨɦ ɩɚɪɤɚ ɫɪɟɞɫɬɜ 
ɦɟɯɚɧɢɡɚɰɢɢ, ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɦɚɲɢɧ ɫ 
ɩɪɟɜɵɲɟɧɧɵɦ ɫɪɨɤɨɦ ɫɥɭɠɛɵ, 
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ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɢɨɛɪɟɬɟɧɢɹ ɧɨɜɨɣ ɢ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɡɚ ɫɱɟɬ 
ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ [1, 2, 3]. 

Ɂɟɦɥɹɧɨɟ ɩɨɥɨɬɧɨ ɹɜɥɹɟɬɫɹ ɷɥɟɦɟɧɬɨɦ 
ɞɨɪɨɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɸɳɢɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ 
ɤɚɱɟɫɬɜɨ ɜɫɟɣ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ. ɉɪɢ 
ɜɫɟɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɧɚ 
ɩɟɪɟɯɨɞɹɳɢɯ ɨɛɴɟɤɬɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ 
ɫɥɨɠɧɵɯ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ 
ɭɫɥɨɜɢɹɯ ɤɪɢɨɥɢɬɨɡɨɧɵ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ 
ɭɱɚɫɬɤɢ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɞɧɨɪɨɞɧɵɦɢ 
ɭɫɥɨɜɢɹɦɢ ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɵ, ɧɚ ɤɨɬɨɪɵɯ 
ɩɪɢɦɟɧɹɸɬ ɨɞɧɨɬɢɩɧɵɟ ɝɪɭɩɩɨɜɵɟ ɪɟɲɟɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɣ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. ɗɬɚ 
ɨɫɨɛɟɧɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢɪɨɜɚɬɶ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɞɨɪɨɠɧɵɟ ɤɨɦɩɥɟɤɬɵ 
ɦɚɲɢɧ (ɋȾɄɆ), ɧɚɢɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɢ ɝɪɭɧɬɨɜɵɦ ɭɫɥɨɜɢɹɦ 
ɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ Д4, 5Ж.  

ɋɤɨɪɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɜɨɡɜɟɞɟɧɢɹ 
ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 
ɡɚɜɢɫɢɬ ɨɬ ɩɪɚɜɢɥɶɧɨ ɩɨɞɨɛɪɚɧɧɵɯ ɋȾɄɆ. 
ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɋȾɄɆ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɢɬɵɜɚɬɶ:  

- ɧɚɥɢɱɢɟ, ɤɨɥɢɱɟɫɬɜɨ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɭɱɚɫɬɤɨɜ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɞɧɨɪɨɞɧɵɦɢ 
ɩɪɢɪɨɞɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ 
ɪɟɲɟɧɢɹɦɢ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ;  

- ɜɵɛɢɪɚɟɦɭɸ ɮɨɪɦɭ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɟɯɧɢɤɢ ɢ ɟɟ ɫɟɪɜɢɫɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɜ 
ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɪɚɣɨɧɚɯ;  

- ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɟ ɩɨ 
ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɪɨɟɤɬɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ ɜ 
ɯɨɞɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ;  

- ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɨɜ ɪɚɛɨɬ ɢɡ-ɡɚ 
ɧɟɩɪɟɞɜɢɞɟɧɧɵɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜ ɩɪɢɪɨɞɧɨɝɨ ɢ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ. 

Ⱦɥɹ ɞɨɪɨɠɧɵɯ ɨɛɴɟɤɬɨɜ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɤɨɬɨɪɵɯ 
ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɥɟɬ, ɜ ɩɪɨɟɤɬɚɯ 
ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚɤɥɚɞɵɜɚɸɬ 
ɭɫɪɟɞɧɟɧɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ (Ɍɗɉ) ɤɨɦɩɥɟɤɬɨɜ ɦɚɲɢɧ ɢ 
ɫɪɟɞɫɬɜ ɦɟɯɚɧɢɡɚɰɢɢ, ɬɚɤɢɟ ɤɚɤ: 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 
ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ, ɫɬɨɢɦɨɫɬɶ ɦɚɲɢɧɨ-

ɱɚɫɚ, ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɜɨɞɢɦɵɯ ɬɟɯɧɢɱɟɫɤɢɯ 
ɨɛɫɥɭɠɢɜɚɧɢɣ ɢ ɪɟɦɨɧɬɨɜ (ɌɈ ɢ Ɋ) ɢ ɞɪɭɝɢɟ. 
ɉɪɢ ɷɬɨɦ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɪɟɚɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɲɢɧ ɩɨɞɪɹɞɧɵɯ 
ɨɪɝɚɧɢɡɚɰɢɣ. 

Ɍɚɤɨɣ ɩɨɞɯɨɞ ɫɧɢɠɚɟɬ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɨɜ 
ɫɨɫɬɚɜɨɜ ɋȾɄɆ ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɫɪɨɤ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɧɚɭɱɧɵɯ ɪɚɛɨɬ, 
ɩɨɫɜɹɳɟɧɧɵɯ ɩɪɨɛɥɟɦɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɋȾɄɆ, ɪɚɡɜɢɬɢɸ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɚɪɤɨɜ 
ɦɚɲɢɧ ɜ ɦɟɧɹɸɳɢɯɫɹ ɭɫɥɨɜɢɹɯ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɟɪɟɯɨɞɹɳɢɯ ɨɛɴɟɤɬɨɜ, ɬɚɤɠɟ 
ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨɛ ɚɤɬɭɚɥɶɧɨɫɬɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ [1, 2, 6, 7, 8, 9]. 

ɂɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɫɨɫɬɚɜɨɜ ɋȾɄɆ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ ɧɚ ɩɟɪɟɯɨɞɹɳɢɯ 
ɨɛɴɟɤɬɚɯ. 

ɉɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɬɨɜ 
ɦɚɲɢɧ ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɫɪɨɤ ɞɨɥɠɟɧ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ 
ɧɟɫɤɨɥɶɤɢɦɢ ɫɨɫɬɚɜɥɹɸɳɢɦɢ: 

1) ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɚ 
ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫ ɟɠɟɝɨɞɧɵɦɢ 
ɩɪɨɟɤɬɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ; 

2) ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɱɟɬɚɧɢɟ ɡɚɬɪɚɬ ɧɚ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɤɨɦɩɥɟɤɬɨɜ ɦɚɲɢɧ ɫ ɢɯ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ; 

3) ɟɠɟɝɨɞɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɢɡɦɟɧɟɧɢɹ Ɍɗɉ 
ɬɟɯɧɢɤɢ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢ ɫɬɨɢɦɨɫɬɢ 
ɩɪɨɜɟɞɟɧɢɹ ɌɈ ɢ Ɋ, ɜɧɟɫɟɧɢɟ ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɜ 
ɪɚɫɱɟɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɬɟɦɩɨɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ;  

4) ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɠɞɨɣ ɟɞɢɧɢɰɵ ɬɟɯɧɢɤɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɟɟ ɡɚɝɪɭɠɟɧɧɨɫɬɶɸ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ; 

5) ɷɮɮɟɤɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜɨɡɪɚɫɬɧɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɩɚɪɤɚ ɬɟɯɧɢɤɢ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 
ɫɬɪɭɤɬɭɪɨɣ ɩɚɪɤɚ ɦɚɲɢɧ, ɩɨɡɜɨɥɹɸɳɚɹ 
ɫɜɹɡɚɬɶ ɜɫɟ ɷɬɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜ ɟɞɢɧɵɣ 
ɩɪɨɰɟɫɫ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɯɧɢɤɢ ɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɜ 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɪɨɤɢ.  
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Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɨɣ ɩɚɪɤɚ ɦɚɲɢɧ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ 
ɧɚ ɩɟɪɟɯɨɞɹɳɢɯ ɨɛɴɟɤɬɚɯ 

 
ȼɵɞɟɥɟɧɢɟ ɨɞɧɨɪɨɞɧɵɯ ɩɨ ɭɫɥɨɜɢɹɦ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɭɱɚɫɬɤɨɜ ɧɚ 
ɜɫɟɦ ɩɪɨɬɹɠɟɧɢɢ ɞɨɪɨɝɢ ɩɨɡɜɨɥɹɟɬ ɡɚɪɚɧɟɟ 
ɨɩɪɟɞɟɥɢɬɶ ɬɪɟɛɭɟɦɵɟ ɤɨɦɩɥɟɤɬɵ ɦɚɲɢɧ, ɢɯ 
ɤɨɥɢɱɟɫɬɜɨ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɟɯɧɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɤɚɠɞɨɝɨ ɋȾɄɆ. ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ 
ɢɡɦɟɧɟɧɢɣ Ɍɗɉ ɬɟɯɧɢɤɢ ɩɨ ɤɚɠɞɨɦɭ ɝɨɞɭ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɭɩɪɟɞɢɬɶ ɫɧɢɠɟɧɢɟ ɬɟɦɩɨɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɩɭɬɟɦ ɫɜɨɟɜɪɟɦɟɧɧɨɣ 
ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɫɨɫɬɚɜɨɜ ɨɬɪɹɞɨɜ ɫ ɡɚɦɟɧɨɣ 
ɭɫɬɚɪɟɜɲɟɣ ɬɟɯɧɢɤɢ ɧɨɜɨɣ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɣ [2, 7]. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɭɪɨɜɧɹ ɡɚɬɪɚɬ ɦɟɠɞɭ 
ɪɚɡɥɢɱɧɵɦɢ ɩɨ ɫɨɫɬɚɜɭ ɋȾɄɆ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɡɚɞɚɧɧɨɝɨ ɨɛɴɟɦɚ ɪɚɛɨɬ ɜ 
ɬɪɟɛɭɟɦɵɟ ɫɪɨɤɢ  ɢɫɩɨɥɶɡɨɜɚɧ ɤɪɢɬɟɪɢɣ: 
ɫɭɦɦɚɪɧɵɟ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɟ ɡɚɬɪɚɬɵ. 
Ⱦɚɧɧɵɣ ɤɪɢɬɟɪɢɣ ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ Ɍɗɉ 
ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɬɟɯɧɢɤɢ ɢ ɪɚɡɥɢɱɧɵɟ 
ɜɚɪɢɚɧɬɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɪɟɲɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɦɟɧɹɬɶɫɹ ɜ ɪɚɡɧɵɟ ɩɟɪɢɨɞɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɩɨ ɫɟɡɨɧɚɦ ɝɨɞɚ. [10]. 

ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɭɦɦɭ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɡɚɬɪɚɬ ɧɚ 

ɷɤɫɩɥɭɚɬɚɰɢɸ ɤɨɦɩɥɟɤɬɨɜ ɦɚɲɢɧ ɜ 
ɪɚɫɫɱɢɬɵɜɚɟɦɨɦ ɩɟɪɢɨɞɟ: 

min

1




R

r

rЗ  ,                   (1) 

ɝɞɟ r – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɝɨɞɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɛɴɟɤɬɚ; R – ɝɨɪɢɡɨɧɬ ɪɚɫɱɟɬɚ. 

ɋɮɨɪɦɢɪɨɜɚɧɧɵɟ ɤɨɦɩɥɟɤɬɵ ɦɚɲɢɧ ɜ 
ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ (ɬ.ɟ. ɩɨ 
ɝɨɞɚɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ) ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ 
ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦ: 

1) ɜɵɩɨɥɧɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɨɛɴɟɦɚ p-
ɝɨ ɜɢɞɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ ɧɚ ɤɚɠɞɨɦ 
ɭɱɚɫɬɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫ ɭɱɟɬɨɦ ɝɨɞɨɜɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɡɜɟɧɶɟɜ ɨɞɧɨɬɢɩɧɵɯ 
ɦɚɲɢɧ ɜ ɫɨɫɬɚɜɟ ɋȾɄɆ; 

2) ɜɵɩɨɥɧɟɧɢɟ ɝɨɞɨɜɨɝɨ ɨɛɴɟɦɚ ɜɫɟɯ 
ɜɢɞɨɜ ɪɚɛɨɬ ɧɚ ɤɚɠɞɨɦ ɢɡ ɭɱɚɫɬɤɨɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɬɟɯɧɢɤɢ. 

Ƚɨɞɨɜɨɣ ɨɛɴɟɦ ɪɚɛɨɬ ɞɥɹ ɤɚɠɞɨɝɨ 
ɤɨɦɩɥɟɤɬɚ ɦɚɲɢɧ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɭɦɦɵ 
ɟɠɟɦɟɫɹɱɧɵɯ ɨɛɴɟɦɨɜ ɧɚ ɭɱɚɫɬɤɚɯ 
ɨɞɧɨɬɢɩɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ: 
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V  – ɨɛɴɟɦ p-ɝɨ ɜɢɞɚ ɨɩɟɪɚɰɢɢ ɜ k-ɣ 

ɦɟɫɹɰ ɧɚ g-ɦ ɭɱɚɫɬɤɟ, ɟɞ. ɢɡɦ.;                         
g – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɭɱɚɫɬɤɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ; 
k – ɩɨɪɹɞɤɨɜɵɣ ɦɟɫɹɰ ɜ ɩɟɪɢɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ r-ɦ ɪɚɫɱɟɬɧɨɦ ɝɨɞɭ. 

Ɉɝɪɚɧɢɱɟɧɢɟɦ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ 
ɹɜɥɹɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɝɨɞɨɜɨɝɨ ɨɛɴɟɦɚ p-ɝɨ 
ɜɢɞɚ ɨɩɟɪɚɰɢɢ ɫɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɋȾɄɆ ɧɚ 
ɤɚɠɞɨɦ ɢɡ ɭɱɚɫɬɤɨɜ: 
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  – ɮɭɧɤɰɢɹ 

ɱɚɫɨɜɨɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɧɚɪɚɛɨɬɤɢ t, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɸɳɟɣɫɹ ɜ 
ɩɨɞɪɹɞɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɩɪɢɨɛɪɟɬɟɧɧɨɣ ɡɚ 
ɩɨɥɧɭɸ ɫɬɨɢɦɨɫɬɶ, ɜ ɮɢɧɚɧɫɨɜɵɣ ɥɢɡɢɧɝ ɢ 
ɚɪɟɧɞɨɜɚɧɧɨɣ ɦɚɲɢɧɵ j-ɝɨ ɧɨɦɟɪɚ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ p-ɝɨ ɜɢɞɚ ɨɩɟɪɚɰɢɢ ɜ k-ɣ ɦɟɫɹɰ, 
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k

pj

k

pj
ɌɌɌ ɥɢɡɩɪ

,, ,
k

pj
Ɍ ɚɪ

 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɜ ɝɨɞ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɸɳɟɣɫɹ, ɩɪɢɨɛɪɟɬɟɧɧɨɣ 
ɡɚ ɩɨɥɧɭɸ ɫɬɨɢɦɨɫɬɶ, ɜ ɮɢɧɚɧɫɨɜɵɣ ɥɢɡɢɧɝ 
ɦɚɲɢɧɵ, ɚɪɟɧɞɨɜɚɧɧɨɣ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ p-ɝɨ 
ɜɢɞɚ ɨɩɟɪɚɰɢɢ ɜ k-ɣ ɦɟɫɹɰ, ɦɚɲ.-ɱ; 

k

pj

k

pj

k

pj

k

pj
nnnn
ɚɪɥɢɡɩɪ

,,, – ɤɨɥɢɱɟɫɬɜɨ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɸɳɢɯɫɹ, ɩɪɢɨɛɪɟɬɟɧɧɵɯ 
ɡɚ ɩɨɥɧɭɸ ɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰ ɬɟɯɧɢɤɢ 
ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɩɨ ɞɨɝɨɜɨɪɚɦ ɮɢɧɚɧɫɨɜɨɝɨ 
ɥɢɡɢɧɝɚ ɢ ɚɪɟɧɞɨɜɚɧɧɵɯ ɦɚɲɢɧ j-ɝɨ ɧɨɦɟɪɚ, 
ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ p-ɝɨ ɜɢɞɚ ɨɩɟɪɚɰɢɢ ɜ k-ɣ 
ɦɟɫɹɰ, ɟɞ. ɬɟɯɧ. 

Ɉɰɟɧɤɚ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɬɟɯɧɢɤɢ ɜ r-ɦ 
ɝɨɞɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɦɟɫɹɱɧɵɦ ɲɚɝɨɦ ɪɚɫɱɟɬɚ: 
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ɝɞɟ p – ɜɢɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ; 
k

ɩɪЗ  – ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɬɟɯɧɢɤɢ ɜ k-ɦ 

ɦɟɫɹɰɟ, ɪɭɛ.; k

эЗ – ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɬɟɯɧɢɤɢ ɢɡ ɧɚɥɢɱɧɨɝɨ ɩɚɪɤɚ ɦɚɲɢɧ ɜ k-ɦ 
ɦɟɫɹɰɟ, ɪɭɛ.; k

ɩɪэЗ  – ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɬɟɯɧɢɤɢ ɩɪɢɨɛɪɟɬɟɧɧɨɣ ɜ k-ɦ ɦɟɫɹɰɟ, ɪɭɛ.; 
k

ɚɥЗ – ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɬɟɯɧɢɤɢ ɩɨ 
ɞɨɝɨɜɨɪɭ ɚɪɟɧɞɵ ɢɥɢ ɥɢɡɢɧɝɚ ɜ k-ɦ ɦɟɫɹɰɟ, 

ɪɭɛ.; ɦеɫЕ – ɦɟɫɹɱɧɚɹ ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ;             

k – ɦɟɫɹɱɧɵɣ ɢɧɬɟɪɜɚɥ ɩɥɚɧɢɪɨɜɚɧɢɹ (ɲɚɝ 
ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɢɨɞɚ). 
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ɝɞɟ j – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɚɲɢɧɵ;         
k

pj
ɐ ɩɪ – ɫɬɨɢɦɨɫɬɶ ɩɪɢɨɛɪɟɬɚɟɦɨɣ ɦɚɲɢɧɵ j-ɝɨ 
ɧɨɦɟɪɚ, ɜɵɩɨɥɧɹɸɳɟɣ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ 
ɨɩɟɪɚɰɢɣ ɜ k-ɦ ɦɟɫɹɰɟ, ɪɭɛ.; 

j
P  – ɤɨɥɢɱɟɫɬɜɨ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɟɦɵɯ ɨɩɟɪɚɰɢɣ 
ɦɚɲɢɧɨɣ j-ɝɨ ɧɨɦɟɪɚ; J , ɩɪ1

J  J  , ɥɢɡ2
J  J  , 

ɚɪ3
J  J   – ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɦɚɲɢɧɵ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɝɪɭɩɩɟ ɧɚɥɢɱɧɨɝɨ ɩɚɪɤɚ 
ɬɟɯɧɢɤɢ, ɩɪɢɨɛɪɟɬɟɧɧɵɯ ɡɚ ɩɨɥɧɭɸ 
ɫɬɨɢɦɨɫɬɶ, ɜ ɮɢɧɚɧɫɨɜɵɣ ɥɢɡɢɧɝ, ɜ ɚɪɟɧɞɭ; 

(t) C  C
k

pj

k

pj ээ  , (t) C  C
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ɚɪ
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ɚɪ
э   – ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɸɳɟɣɫɹ ɦɚɲɢɧɵ ɜ ɩɚɪɤɟ 
ɬɟɯɧɢɤɢ, ɩɪɢɨɛɪɟɬɟɧɧɨɣ ɡɚ ɩɨɥɧɭɸ ɫɬɨɢɦɨɫɬɶ, 
ɜ ɮɢɧɚɧɫɨɜɵɣ ɥɢɡɢɧɝ, ɜ ɚɪɟɧɞɭ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ t , ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɪɚɡɥɢɱɧɵɯ ɨɩɟɪɚɰɢɣ ɜ k-ɣ ɦɟɫɹɰ, ɪɭɛ./ɦɚɲ.-ɱ. 

ȼɜɟɞɟɧɧɚɹ ɩɟɪɟɦɟɧɧɚɹ 
j

P  ɩɨɡɜɨɥɹɟɬ 
ɢɡɛɟɠɚɬɶ ɩɨɜɬɨɪɧɨɝɨ ɭɱɟɬɚ ɡɚɬɪɚɬ ɧɚ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɬɟɯɧɢɤɢ ɤɨɬɨɪɚɹ ɦɨɠɟɬ 
ɜɵɩɨɥɧɹɬɶ ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɧɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ. ɇɚɩɪɢɦɟɪ, 
ɤɨɥɟɫɧɵɣ ɷɤɫɤɚɜɚɬɨɪ ɦɨɠɟɬ ɢ ɪɚɡɪɚɛɚɬɵɜɚɬɶ 
ɝɪɭɧɬ ɢ ɡɚɫɵɩɚɬɶ ɬɪɚɧɲɟɸ ɭɫɬɚɧɨɜɥɟɧɧɵɦ 
ɨɬɜɚɥɨɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɪɚɫɱɟɬɚɯ ɛɭɞɟɬ 
ɭɱɢɬɵɜɚɬɶɫɹ ɨɞɧɚ ɟɞɢɧɢɰɚ ɬɟɯɧɢɤɢ, ɧɨ ɫ 
ɪɚɡɧɨɣ ɫɬɨɢɦɨɫɬɶɸ ɦɚɲɢɧɨ-ɱɚɫɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɩɨɥɧɹɟɦɨɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɜɵɛɨɪɚ ɮɨɪɦɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɠɞɨɣ ɟɞɢɧɢɰɵ ɬɟɯɧɢɤɢ 
(ɩɪɢɨɛɪɟɬɟɧɢɟ, ɥɢɡɢɧɝ ɢɥɢ ɚɪɟɧɞɚ) ɜɯɨɞɹɳɟɣ 
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ɜ ɫɨɫɬɚɜ ɋȾɄɆ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ 
ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɟɠɞɭ ɫɭɦɦɚɪɧɵɦɢ  
ɡɚɬɪɚɬɚɦɢ ɧɚ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɪɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɢ ɫɭɦɦɨɣ 
ɟɠɟɝɨɞɧɵɯ ɨɛɴɟɦɨɜ ɪɚɛɨɬ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ 
ɜɢɞɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ ɧɚ ɭɱɚɫɬɤɚɯ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. 

Ɂɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɬɟɯɧɢɤ, 
ɫɨɫɬɨɹɳɟɣ ɧɚ ɛɚɥɚɧɫɟ ɩɨɞɪɹɞɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɞɥɹ ɤɚɠɞɨɝɨ 
ɦɟɫɹɰɚ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɧɚɪɚɛɨɬɤɢ: 
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ɩɪɢɧɹɬɵɟ ɞɥɹ ɤɚɠɞɨɣ ɦɚɲɢɧɵ ɟɠɟɝɨɞɧɨ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɨɬɱɢɫɥɟɧɢɣ ɧɚ 
ɚɦɨɪɬɢɡɚɰɢɸ; ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ, ɌɈ ɢ 
ɞɢɚɝɧɨɫɬɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɪɚɛɨɬɤɢ 
ɦɚɲɢɧɵ; ɡɚɬɪɚɬɵ ɧɚ ɡɚɦɟɧɭ 
ɛɵɫɬɪɨɢɡɧɚɲɢɜɚɸɳɢɯɫɹ ɞɟɬɚɥɟɣ; ɡɚɬɪɚɬɵ ɧɚ 
ɨɩɥɚɬɭ ɬɪɭɞɚ ɨɩɟɪɚɬɨɪɨɜ-ɦɚɲɢɧɢɫɬɨɜ; 
ɡɚɬɪɚɬɵ ɧɚ ɷɧɟɪɝɨɧɨɫɢɬɟɥɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
t; ɡɚɬɪɚɬɵ ɧɚ ɫɦɚɡɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ; ɡɚɬɪɚɬɵ 
ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɠɢɞɤɨɫɬɶ; ɡɚɬɪɚɬɵ ɧɚ 
ɩɟɪɟɛɚɡɢɪɨɜɤɭ ɦɚɲɢɧɵ (ɪɭɛ./ɦɚɲ.-ɱ.). 

ɉɪɢ ɪɚɫɱɟɬɟ ɫɬɨɢɦɨɫɬɢ ɦɚɲɢɧɨ-ɱɚɫɚ 
ɤɨɪɪɟɤɬɢɪɭɸɬɫɹ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɌɈ ɢ 
Ɋ. ɂɡɦɟɧɟɧɢɟ ɷɬɢɯ ɡɚɬɪɚɬ ɫɜɹɡɚɧɨ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɫɭɦɦɚɪɧɨɣ ɧɚɪɚɛɨɬɤɢ ɬɟɯɧɢɤɢ, 
ɪɨɫɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɢɯ 
ɩɪɨɜɟɞɟɧɢɹ. Ɇɟɫɹɱɧɵɣ ɲɚɝ ɪɚɫɱɟɬɚ ɮɨɪɦɭɥɵ 
(1.9) ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨ ɭɱɢɬɵɜɚɬɶ 
ɜɥɢɹɧɢɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ 
ɨɛɴɟɤɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɫɬɨɢɦɨɫɬɶ 
ɦɚɲɢɧɨ-ɱɚɫɚ ɬɟɯɧɢɤɢ. 

Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ 
ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɌɈ ɢ Ɋ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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ɝɞɟ )(ɪɛ tK
j

  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɨɛɴɟɦ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ, 
ɜɵɩɨɥɧɹɟɦɵɯ ɧɚ ɫɨɛɫɬɜɟɧɧɨɣ ɪɟɦɨɧɬɧɨɣ 
ɛɚɡɟ ɫ ɭɱɟɬɨɦ ɧɚɪɚɛɨɬɤɢ t; )(

ɪеɦ
tf

k 

j
 –

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɞɥɹ ɦɚɲɢɧɵ 
j-ɝɨ ɧɨɦɟɪɚ ɜ k-ɣ ɦɟɫɹɰ ɫ ɭɱɟɬɨɦ ɧɚɪɚɛɨɬɤɢ t, 
ɦɚɲ.-ɱ; ɪɛ

ɧчɋ  – ɫɬɨɢɦɨɫɬɶ ɧɨɪɦɨ-ɱɚɫɚ ɧɚ 

ɫɨɛɫɬɜɟɧɧɨɣ ɪɟɦɨɧɬɧɨɣ ɛɚɡɟ, ɪɭɛ./ɱ; )(ɫɨ tK
j

  

ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɛɴɟɦ 
ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ, 
ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɫɟɪɜɢɫɧɵɯ ɨɪɝɚɧɢɡɚɰɢɹɯ, ɫ 

ɭɱɟɬɨɦ ɧɚɪɚɛɨɬɤɢ t; ɫɨ
ɧчɋ  – ɫɬɨɢɦɨɫɬɶ ɧɨɪɦɨ-

ɱɚɫɚ ɜ ɫɟɪɜɢɫɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɪɭɛ./ɱ. 
Ʉɨɪɪɟɤɬɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɩɪɢɡɜɚɧɵ ɭɱɟɫɬɶ ɨɛɹɡɚɬɟɥɶɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ 
ɜ ɮɢɪɦɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɰɟɧɬɪɚɯ, ɱɬɨ 
ɫɜɹɡɚɧɨ ɢ ɫ ɭɫɥɨɜɢɹɦɢ ɜ ɞɨɝɨɜɨɪɚɯ ɩɪɢ 
ɩɪɨɞɚɠɟ ɬɟɯɧɢɤɢ, ɢ ɫ ɭɫɬɚɧɨɜɤɨɣ ɪɚɡɥɢɱɧɵɯ 
ɤɨɦɩɥɟɤɬɭɸɳɢɯ ɢɦɩɨɪɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ 
ɬɟɯɧɢɤɭ ɪɨɫɫɢɣɫɤɢɯ ɡɚɜɨɞɨɜ-ɢɡɝɨɬɨɜɢɬɟɥɟɣ 
ɬɪɟɛɭɸɳɢɯ ɫɟɪɜɢɫɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɠɞɨɣ 
ɟɞɢɧɢɰɵ ɬɟɯɧɢɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɟɠɟɦɟɫɹɱɧɨ ɜ 
ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɨɛɴɟɤɬɚ: 
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ɝɞɟ k 

j
З ɚɪ  – ɡɚɬɪɚɬɵ ɧɚ ɚɪɟɧɞɭ ɦɚɲɢɧɵ 

ɜɵɩɨɥɧɹɸɳɭɸ ɚɧɚɥɨɝɢɱɧɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ 
ɨɩɟɪɚɰɢɸ ɜ k-ɣ ɦɟɫɹɰ, ɪɭɛ.; r

j
З  КР – ɡɚɬɪɚɬɵ ɧɚ 

ɩɪɨɜɟɞɟɧɢɟ ɄɊ ɦɚɲɢɧɵ ɜ r-ɣ ɝɨɞ, ɪɭɛ.;  
j

З Д  – 

ɞɨɩɭɫɬɢɦɵɣ ɩɪɟɞɟɥ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɦɚɲɢɧɵ j-ɝɨ ɧɨɦɟɪɚ ɜ r-ɣ ɝɨɞ, ɪɭɛ.;  

j
Ɋ Д  – 

ɞɨɩɭɫɬɢɦɵɣ ɩɪɟɞɟɥ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɄɊ 
ɞɥɹ ɦɚɲɢɧɵ j-ɝɨ ɧɨɦɟɪɚ, ɪɭɛ. Д11Ж. 

Ⱦɚɧɧɨɟ ɭɫɥɨɜɢɟ ɭɠɟ ɧɚ ɷɬɚɩɟ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɚɪɤɚ ɦɚɲɢɧ ɩɨɞ ɡɚɞɚɧɧɵɟ 
ɨɛɴɟɦɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨɡɜɨɥɹɟɬ 
ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ, ɜ ɤɚɤɨɣ ɦɟɫɹɰ ɦɚɲɢɧɚ j–ɝɨ 
ɧɨɦɟɪɚ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɡɚɞɟɣɫɬɜɨɜɚɧɚ ɢɥɢ 
ɩɨɞɥɟɠɢɬ ɫɩɢɫɚɧɢɸ, ɢ ɤɚɤɢɟ ɦɚɲɢɧɵ 
ɩɨɬɪɟɛɭɟɬɫɹ ɩɪɢɨɛɪɟɫɬɢ ɢɥɢ ɜɡɹɬɶ ɜ ɚɪɟɧɞɭ 
ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɝɨ ɬɟɦɩɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ.  

ȼɨɡɦɨɠɧɨɫɬɶ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ 
ɩɪɢɨɛɪɟɬɟɧɢɹ, ɥɢɡɢɧɝɚ ɢ ɚɪɟɧɞɵ 
ɧɟɞɨɫɬɚɸɳɟɣ ɬɟɯɧɢɤɢ ɬɪɟɛɭɟɬ ɨɬ ɩɨɞɪɹɞɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɨɧɞɚ ɫɪɟɞɫɬɜ 
ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɧɚ ɷɬɢ ɰɟɥɢ: 
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ɝɞɟ  rФ  – ɮɨɧɞ ɫɪɟɞɫɬɜ ɧɚɩɪɚɜɥɟɧɧɵɣ ɧɚ 

ɩɪɢɨɛɪɟɬɟɧɢɟ ɡɚ ɩɨɥɧɭɸ ɫɬɨɢɦɨɫɬɶ, ɜ 
ɮɢɧɚɧɫɨɜɵɣ ɥɢɡɢɧɝ ɢ ɚɪɟɧɞɭ ɦɚɲɢɧ ɜ r-ɣ ɝɨɞ, 
ɪɭɛ., rФ ɨɫɬ  – ɨɫɬɚɬɨɱɧɵɣ ɪɟɡɟɪɜ ɢɡ ɮɨɧɞɚ 
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ɫɪɟɞɫɬɜ ɧɚɩɪɚɜɥɟɧɧɵɣ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ, 
ɥɢɡɢɧɝ, ɚɪɟɧɞɭ ɦɚɲɢɧ ɜ ɩɪɟɞɵɞɭɳɟɦ ɝɨɞɭ, 
ɪɭɛ.; r

D  – ɞɨɥɹ ɫɪɟɞɫɬɜ ɢɡ ɞɨɯɨɞɚ, 
ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɡɧɵɯ ɜɢɞɨɜ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ r-ɦ ɝɨɞɭ; 1-r

j
A  – ɮɨɧɞ 

ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɩɪɨɲɥɨɝɨ ɝɨɞɚ, 
ɪɭɛ.; 1ɩɪ ɤ

pj
Ц , 1ɥɢɡ k

pj
C – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɫɬɨɢɦɨɫɬɶ ɩɪɢɨɛɪɟɬɟɧɧɨɣ ɦɚɲɢɧɵ j-ɝɨ 
ɧɨɦɟɪɚ ɢ ɜɟɥɢɱɢɧɚ ɥɢɡɢɧɝɨɜɨɝɨ ɩɥɚɬɟɠɚ ɡɚ 
ɦɚɲɢɧɭ j-ɝɨ ɧɨɦɟɪɚ ɜ ɩɪɟɞɵɞɭɳɟɦ ɪɚɫɱɟɬɧɨɦ 
ɩɟɪɢɨɞɟ; 1ɚɪ k

pj
C  – ɜɟɥɢɱɢɧɚ ɩɥɚɬɟɠɚ ɡɚ 

ɚɪɟɧɞɭ ɦɚɲɢɧɵ j-ɝɨ ɧɨɦɟɪɚ ɜ ɩɪɟɞɵɞɭɳɟɦ 
ɪɚɫɱɟɬɧɨɦ ɩɟɪɢɨɞɟ, ɪɭɛ./ɦɚɲ.-ɱ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɝɨɞɨɜɨɝɨ ɮɨɧɞɚ ɜɪɟɦɟɧɢ 
ɬɟɯɧɢɤɢ, ɩɨɦɢɦɨ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɫɬɨɟɜ 
ɭɱɢɬɵɜɚɸɬɫɹ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɡɚɬɪɚɬɵ 

ɜɪɟɦɟɧɢ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ 
ɦɟɪɨɩɪɢɹɬɢɣ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɬɟɯɧɢɤɢ: 
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ɝɞɟ k 

j
f
ɩɪɨч – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɫɬɨɟɜ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɦɢ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦɢ ɢ ɬ.ɩ. 
ɩɪɢɱɢɧɚɦɢ ɜ k-ɣ ɦɟɫɹɰ, ɦɚɲ.-ɱ;                       

k 

j
f
ɩɛ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɛɚɡɢɪɨɜɚɧɢɹ 

ɦɚɲɢɧɵ ɜ k-ɣ ɦɟɫɹɰ, ɦɚɲ.-ɱ. 
Ɂɚɤɥɸɱɟɧɢɟ 
Ɋɚɫɫɦɨɬɪɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɟɣ ɦɟɠɞɭ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ ɢ Ɍɗɉ ɬɟɯɧɢɤɢ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɝɢɛɤɨ ɩɨɞɨɣɬɢ ɤ ɜɨɩɪɨɫɭ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɋȾɄɆ ɢ ɩɚɪɤɚ ɬɟɯɧɢɤɢ. 
ȿɠɟɝɨɞɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɫɪɟɞɫɬɜ ɦɟɯɚɧɢɡɚɰɢɢ ɧɚɩɪɚɜɥɟɧ 
ɧɚ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɢɡɦɟɧɟɧɢɣ ɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɬ ɫɜɨɟɜɪɟɦɟɧɧɭɸ ɡɚɦɟɧɭ ɬɟɯɧɢɤɢ 
ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɜ 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɪɨɤɢ.  

ɉɪɟɞɥɚɝɚɟɦɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 
ɫɬɪɭɤɬɭɪɨɣ ɩɚɪɤɚ ɬɟɯɧɢɤɢ ɢ ɪɚɡɪɚɛɨɬɚɧɧɚɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɢ ɩɪɢɦɟɧɢɦɵ ɤɨ ɜɫɟɦɭ 
ɤɨɦɩɥɟɤɫɭ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɫ 
ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɬɟɯɧɢɤɢ ɜ ɫɨɫɬɚɜɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ 
ɨɬɪɹɞɨɜ. ȼ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɛɭɞɭɬ 
ɩɪɨɞɨɥɠɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 

 

 
Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 
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MANAGEMENT STRUCTURE WITH THE MACHINE 
UNDER CONSTRUCTION SUBGRADE  

AT PASSING OBJECTS 
 

T.V. Bobrova, R.F. Salikhov, M.G. Grusnev 
 

Abstract. The article describes the method of 
management staff of specialized sets of road cars to 
excavate the construction of roads of considerable 
length (50 km or more) in a difficult environment for a 
number of years. The distribution volume of work on 
the rolling facility in accordance with the calendar in 
the project construction organization predicts an 
operating time of machines involved, their technical 
and economic indicators in each year of construction. 
The proposed model provides a rational adjustment of 
sets of machines and compositions in accordance with 
the predicted performance to make changes in the 
fleet structure in the production of works projects. 

 

Keywords: sets of machines, park management 
structure diagram, mathematical model, machinery 
maintenance, technical and economic indicators of the 
use of machines. 
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ɤɥɚɫɫɨɜ Ʉɋ-3 ɢ Ʉɋ-2 ɫ ɦɚɫɫɨɜɵɦ ɧɚɯɨɠɞɟɧɢɟɦ 
ɥɸɞɟɣ ɧɨɪɦɵ ɪɟɤɨɦɟɧɞɭɸɬ ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬ 
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ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɚɪɤɚɫɧɵɯ ɡɞɚɧɢɣ ɜ 
ɤɚɱɟɫɬɜɟ ɚɜɚɪɢɣɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɵɱɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɨɬɤɚɡ ɨɞɧɨɣ ɢɡ ɤɨɥɨɧɧ. 
Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɭɞɟɥɹɸɬ 
ɪɚɫɱɟɬɭ ɷɥɟɦɟɧɬɨɜ ɩɟɪɟɤɪɵɬɢɣ, ɩɪɨɥɟɬɵ 
ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. ȼ 
ɡɞɚɧɢɹɯ ɫɨ ɫɜɹɡɟɜɨɣ ɫɯɟɦɨɣ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɛɚɥɨɱɧɵɟ 
ɷɥɟɦɟɧɬɵ ɩɟɪɟɤɪɵɬɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɬɟɪɹɸɬ 
ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɧɚ ɢɡɝɢɛ. ɉɨɷɬɨɦɭ 
ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɟɪɟɤɪɵɬɢɹ ɧɚɞ ɭɞɚɥɟɧɧɨɣ 
ɤɨɥɨɧɧɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɦɟɦɛɪɚɧɵ 
ɢɥɢ ɝɢɛɤɨɣ ɧɢɬɢ (ɫɬɪɭɧɵ).  

ȼ ɪɚɛɨɬɟ Д2Ж ɪɚɫɫɦɨɬɪɟɧ ɩɪɢɦɟɪ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɞɨɛɧɨɣ ɦɨɞɟɥɢ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɠɢɜɭɱɟɫɬɢ ɡɞɚɧɢɹ ɫɨ ɫɜɹɡɟɜɵɦ 
ɤɚɪɤɚɫɨɦ, ɩɟɪɟɤɪɵɬɢɹ ɤɨɬɨɪɨɝɨ ɭɫɢɥɟɧɵ 
ɤɚɧɚɬɧɵɦɢ ɡɚɬɹɠɤɚɦɢ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɭɫɢɥɢɣ ɜ ɡɚɬɹɠɤɟ ɢ 
ɩɟɪɟɦɟɳɟɧɢɣ ɨɤɚɡɚɥɢɫɶ ɜɟɫɶɦɚ 
ɩɪɨɬɢɜɨɪɟɱɢɜɵɦɢ. Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, 
ɜɵɡɜɚɧɧɵɣ ɜɧɟɡɚɩɧɵɦ ɭɞɚɥɟɧɢɟɦ ɢɡ 
ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɤɨɥɨɧɧɵ, ɧɟ ɭɱɢɬɵɜɚɥɫɹ.  

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɢɥɨɫɶ 
ɭɬɨɱɧɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɦɟɬɨɞɢɤɢ ɩɟɪɟɤɪɵɬɢɣ ɩɨ 
ɫɯɟɦɟ ɝɢɛɤɨɣ ɧɢɬɢ ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɷɮɮɟɤɬɚ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ, 
ɫɜɹɡɚɧɧɵɦ ɫ ɨɬɤɚɡɨɦ ɤɨɥɨɧɧɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɹ ɪɚɫɬɹɠɟɧɢɹ ɢ 
ɩɟɪɟɦɟɳɟɧɢɹ ɤɚɧɚɬɧɨɣ ɡɚɬɹɠɤɢ 

Ⱦɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɡɚɬɹɠɤɢ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ɨ ɧɚɬɹɠɟɧɢɢ 
ɫɬɪɭɧɵ Д3Ж. Ɂɚɤɪɟɩɥɟɧɧɚɹ ɜ ɞɜɭɯ ɬɨɱɤɚɯ ɫɬɪɭɧɚ 
ɩɪɨɥɟɬɨɦ 2l ɦɨɠɟɬ ɢɦɟɬɶ ɧɚɱɚɥɶɧɨɟ 
ɧɚɬɹɠɟɧɢɟ N0. ɉɪɢ ɩɪɢɥɨɠɟɧɢɢ ɫɢɥɵ F ɜ 
ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ ɨɧɚ ɩɨɥɭɱɚɟɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɧɚɬɹɠɟɧɢɟ N ɢ ɩɟɪɟɦɟɳɚɟɬɫɹ 
ɩɨɞ ɫɢɥɨɣ ɧɚ ɜɟɥɢɱɢɧɭ f (ɪɢɫ. 1).  

 

 

Ɋɢɫ.1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɢɛɤɨɣ ɧɢɬɢ  
 

ɋɨɫɬɚɜɢɜ ɫɭɦɦɭ ɩɪɨɟɤɰɢɣ ɫɢɥ ɧɚ ɨɫɶ γ, 
ɩɨɥɭɱɢɦ ɫ ɭɱɟɬɨɦ sin α ≈ tg α = f/l 
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ɍɞɥɢɧɟɧɢɟ ɤɚɠɞɨɣ ɜɟɬɜɢ ɫɬɪɭɧɵ ɫ 
ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ ȿ ɢ ɩɥɨɳɚɞɶɸ ɫɟɱɟɧɢɹ A  
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