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ȼɜɟɞɟɧɢɟ 
 
 Ʉɭɪɫ “Ɏɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɜ ɧɟɮɬɹɧɨɣ ɬɟɯ-
ɧɨɥɨɝɢɢ” ɹɜɥɹɟɬɫɹ ɩɟɪɜɨɣ ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɨɣ ɞɢɫɰɢɩɥɢɧɨɣ 
ɫɩɟɰɢɚɥɢɡɚɰɢɢ, ɩɨɷɬɨɦɭ ɰɟɥɶɸ ɞɚɧɧɨɝɨ ɤɭɪɫɚ ɹɜɥɹɟɬɫɹ ɢɡɥɨ-
ɠɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɢ ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɦɟ-
ɬɨɞɨɜ ɪɟɲɟɧɢɹ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɯ, ɧɨ ɞɨɫɬɚɬɨɱɧɨ ɢɧɮɨɪɦɚɬɢɜ-
ɧɵɯ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ. Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɢɡɭɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ-
ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟɨɛɯɨɞɢɦɵ ɡɧɚɧɢɹ ɨɫɧɨɜɧɵɯ ɪɚɡɞɟɥɨɜ ɪɚɧɟɟ 
ɨɫɜɨɟɧɧɵɯ ɞɢɫɰɢɩɥɢɧ ɨɛɳɟɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ: ɜɵɫɲɟɣ ɦɚ-
ɬɟɦɚɬɢɤɢ, ɮɢɡɢɤɢ, ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɢ ɩɪ. 
 Ʉɭɪɫ ɩɨɫɬɪɨɟɧ ɜ ɜɢɞɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɨɛ-
ɳɟɢɧɠɟɧɟɪɧɵɯ ɩɪɨɛɥɟɦ ɢ ɪɟɲɟɧɢɹ, ɤɨɧɤɪɟɬɧɨ ɫɮɨɪɦɭɥɢɪɨ-
ɜɚɧɧɵɯ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ ɢɡ ɨɛɥɚɫɬɢ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ, 
ɪɚɫɱɟɬɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɟɮɬɹɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɛɨɪɚ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɪɟɲɟɧɢɹ ɤɚɤɨɣ-ɥɢɛɨ ɩɪɨɛɥɟɦɵ ɢ ɬ.ɞ. 
 ɇɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɹɯ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ 
ɩɪɢɨɛɪɟɬɟɧɢɸ ɫɬɭɞɟɧɬɚɦɢ ɧɚɜɵɤɨɜ ɜ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɦ ɪɟɲɟ-
ɧɢɢ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ, ɞɥɹ ɷɬɨɝɨ ɨɧɢ ɞɨɥɠɧɵ ɢɧɞɢɜɢɞɭɚɥɶɧɨ 
ɢɡɭɱɚɬɶ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɥɢɬɟɪɚɬɭɪɭ, ɩɨɜɬɨɪɹɬɶ ɪɚɡɞɟɥɵ 
ɪɚɧɟɟ ɩɪɨɣɞɟɧɧɵɯ ɞɢɫɰɢɩɥɢɧ, ɭɦɟɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɉɗȼɆ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɟ 
ɫɬɭɞɟɧɬɚ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɩɪɨɫɥɟɞɢɬɶ ɜɫɸ ɰɟɩɨɱɤɭ ɢɧ-
ɠɟɧɟɪɧɵɯ ɞɟɣɫɬɜɢɣ, ɧɚɱɢɧɚɹ ɨɬ ɦɨɦɟɧɬɚ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɞɨ 
ɩɨɥɭɱɟɧɢɹ ɝɨɬɨɜɨɝɨ ɪɟɲɟɧɢɹ. 
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Ƚ ɥ ɚ ɜ ɚ   1 
 
ɈȻɓɂȿ ɋȼȿȾȿɇɂə ɈȻ ɂɋɉɈɅɖɁɈȼȺɇɂɂ ɎɂɁɂɄɈ-

ɆȺɌȿɆȺɌɂɑȿɋɄɂɏ ɆȿɌɈȾɈȼ 
 

1.1. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ. 
ȼɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɧɚ ɮɨɪɦɭ ɢ ɪɚɡɦɟɪɵ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

Ⱥɧɚɥɢɡ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ 
ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɨɫɧɨɜɧɵɟ ɮɚɤ-
ɬɨɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɵɛɨɪ ɤɚɤ ɫɚɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɚɤ ɢ ɟɟ 
ɪɚɡɦɟɪɨɜ, ɚ ɬɚɤɠɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ. ɗɬɢɦɢ ɮɚɤɬɨɪɚ-
ɦɢ ɹɜɥɹɸɬɫɹ: 

- ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɩɪɨɜɨɞɢɦɵɣ ɜ ɚɝɪɟɝɚɬɟ; 
- ɧɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɭɡɥɵ ɢ ɞɟɬɚɥɢ ɩɪɢ ɨɫɭɳɟ-

ɫɬɜɥɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; 
- ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɦɚɲɢɧ ɢ ɚɩɩɚɪɚɬɨɜ; 
- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫ-

ɫɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɚɩɩɚɪɚɬɚ, ɚ 
ɬɚɤɠɟ ɫɨɫɬɚɜ ɢ ɯɚɪɚɤɬɟɪ ɫɪɟɞɵ. ɗɬɢ ɮɚɤɬɨɪɵ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɜɥɢɹɸɬ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɩɩɚɪɚ-
ɬɨɜ ɢ ɦɚɲɢɧ, ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɵɦ ɫɩɨɫɨɛɨɦ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɨɫɭɳɟ-
ɫɬɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ ɧɚ 
ɜɵɛɨɪ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɫɩɨɫɨɛɵ 
ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ. 

ɉɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɷɥɟ-
ɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɞɟɣɫɬɜɭɸɬ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɩɨɫɬɨɹɧɧɵɦɢ ɢɥɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɹɸɳɢɦɢɫɹ ɜɨ ɜɪɟɦɟɧɢ ɢ 
ɩɟɪɟɦɟɧɧɵɦɢ ɢɥɢ ɰɢɤɥɢɱɟɫɤɢɦɢ. ɏɚɪɚɤɬɟɪ ɧɚɝɪɭɡɤɢ ɜɥɢɹɟɬ ɧɚ 
ɦɟɬɨɞɵ ɢɡɨɥɹɰɢɢ ɨɬ ɜɢɛɪɚɰɢɢ ɢ ɬ.ɞ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɤɨɧ-
ɫɬɪɭɤɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɚɩɩɚɪɚɬɚ. 
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ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɬɚɤɠɟ ɧɚɤɥɚɞɵɜɚɸɬ ɨɬ-
ɩɟɱɚɬɨɤ ɧɚ ɤɨɧɫɬɪɭɤɰɢɸ. ɇɚɩɪɢɦɟɪ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟ-
ɧɢɹ ɪɟɦɨɧɬɨɜ ɜɧɭɬɪɟɧɧɢɯ ɷɥɟɦɟɧɬɨɜ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɭɫɬɪɨɣɫɬɜɨ 
ɥɸɤɨɜ-ɥɚɡɨɜ ɢ ɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɤɨɪɩɭɫɚ. 

Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɢ ɨɛɥɟɝɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɤɪɚɳɟɧɢɹ ɫɪɨɤɨɜ  ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɚ ɩɪɨ-
ɜɨɞɹɬɫɹ ɭɧɢɮɢɤɚɰɢɹ ɢ ɫɬɚɧɞɚɪɬɢɡɚɰɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ 
ɚɩɩɚɪɚɬɨɜ ɜ ɰɟɥɨɦ. 

ɋɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɦɧɨɝɢɟ ɞɟɬɚɥɢ ɢ ɭɡɥɵ, 
ɬɚɤɢɟ, ɤɚɤ ɥɸɤɢ, ɲɬɭɰɟɪɚ, ɮɥɚɧɰɵ, ɬɪɭɛɵ, ɤɪɟɩɟɠɧɵɟ ɞɟɬɚɥɢ ɢ 
ɞɪ. ɋɬɚɧɞɚɪɬɚɦɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɹɞ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɯ ɪɚɡ-
ɦɟɪɨɜ ɜɚɥɨɜ, ɞɢɚɦɟɬɪɨɜ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɨɛɴɟɦɨɜ 
ɞɥɹ ɟɦɤɨɫɬɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɪɹɞ ɭɫɥɨɜɧɵɯ ɞɚɜɥɟɧɢɣ ɞɥɹ ɚɩɩɚɪɚ-
ɬɨɜ ɢ ɮɥɚɧɰɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɪɹɞ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɟɣ ɢ ɬ.ɞ. 

 
 

1.2. Ʉɪɢɬɟɪɢɢ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɨɩɬɢɦɚɥɶɧɨɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɚɲɢɧ ɢ ɚɩɩɚɪɚɬɨɜ 

 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɟɪɟɞ ɤɨɧɫɬɪɭɤɬɨɪɨɦ ɜɫɟɝɞɚ ɫɬɨɢɬ 

ɡɚɞɚɱɚ ɜɵɛɨɪɚ ɨɞɧɨɝɨ ɜɚɪɢɚɧɬɚ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɨɡɦɨɠɧɵɯ, ɬ.ɟ. 
ɜɵɛɨɪ ɬɚɤɨɝɨ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ. ȼɵ-
ɛɨɪ ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɤɪɢɬɟɪɢɹɦ, ɧɚ-
ɡɵɜɚɟɦɵɦ ɤɪɢɬɟɪɢɹɦɢ ɨɩɬɢɦɢɡɚɰɢɢ. Ɉɩɬɢɦɢɡɚɰɢɹ ɦɨɠɟɬ ɩɪɨ-
ɜɨɞɢɬɶɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ, ɬ.ɟ. ɨɩɬɢɦɢɡɚɰɢɢ ɦɨɠɟɬ ɩɨɞ-
ɜɟɪɝɚɬɶɫɹ ɤɚɤɨɣ-ɥɢɛɨ ɩɚɪɚɦɟɬɪ – ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɛɚɪɚɛɚɧɧɨɣ 
ɦɟɥɶɧɢɰɵ, ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɡɦɟɪɨɜ ɟɦɤɨɫɬɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɞɪ. 
Ɇɨɠɟɬ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɨɦ 
ɭɪɨɜɧɟ (ɨɩɬɢɦɚɥɶɧɵɣ ɜɵɛɨɪ ɚɩɩɚɪɚɬɚ), ɧɚɩɪɢɦɟɪ ɜɵɛɨɪ ɬɢɩɚ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɤɨɥɢɱɟɫɬɜɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɰɟɧɬɪɢɮɭɝ. 
ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɨɩɬɢɦɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚ-
ɰɢɹ ɭɫɬɚɧɨɜɤɢ ɜ ɰɟɥɨɦ, ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɥɢ ɡɚɜɨɞɚ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɨ ɜɟɥɢɱɢɧɚɦ, ɫɨɞɟɪɠɚɳɢɦɫɹ ɜ ɡɚɞɚɧɢɢ 
ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɧɟɥɶɡɹ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɧɟɨɛɯɨ-
ɞɢɦɵɟ ɪɚɡɦɟɪɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɩɚɪɚɬɚ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 
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ɫɜɟɫɬɢ ɡɚɞɚɱɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɚ ɤ ɮɨɪɦɚɥɶɧɨɦɭ ɪɚɫɱɟ-
ɬɭ, ɧɟɨɛɯɨɞɢɦɨ ɤ ɬɟɦ ɜɟɥɢɱɢɧɚɦ, ɤɨɬɨɪɵɟ ɧɚɡɜɚɧɵ ɜ ɩɪɨɟɤɬɧɨɦ 
ɡɚɞɚɧɢɢ, ɞɨɛɚɜɢɬɶ ɪɹɞ ɞɪɭɝɢɯ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ, ɜ ɢɡɜɟɫɬɧɨɣ 
ɦɟɪɟ, ɦɨɝɭɬ ɛɵɬɶ ɜɵɛɪɚɧɵ ɤɨɧɫɬɪɭɤɬɨɪɨɦ ɩɪɨɢɡɜɨɥɶɧɨ. ɂɧɨɝɞɚ 
ɞɚɠɟ ɨɩɵɬɧɨɦɭ ɤɨɧɫɬɪɭɤɬɨɪɭ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ 5 - 6 ɜɚɪɢɚɧ-
ɬɨɜ ɪɚɫɱɟɬɚ, ɩɪɟɠɞɟ ɱɟɦ ɭɞɚɫɬɫɹ ɨɬɵɫɤɚɬɶ ɩɪɢɟɦɥɟɦɵɟ ɫɨɨɬ-
ɧɨɲɟɧɢɹ ɬɟɯ ɜɟɥɢɱɢɧ, ɤɨɬɨɪɵɦɢ ɨɧ ɡɚɞɚɟɬɫɹ: ɪɚɡɦɟɪ ɬɪɭɛ, ɬɢɩ 
ɞɧɢɳɚ, ɞɢɚɦɟɬɪ ɚɩɩɚɪɚɬɚ, ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɛɚɪɚɛɚɧɚ ɢ ɬ.ɞ. Ɉɩɵɬ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ ɤɨɦɛɢɧɚɰɢɢ ɷɬɢɯ ɜɟɥɢɱɢɧ ɩɪɢɜɨɞɹɬ 
ɤ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɪɚɜɧɨɰɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ. ȼ ɨɞɧɢɯ 
ɫɥɭɱɚɹɯ ɩɨɥɭɱɚɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɟ ɚɩɩɚɪɚɬɵ, ɜ ɞɪɭɝɢɯ ɠɟ ɦɚɥɨ-
ɷɮɮɟɤɬɢɜɧɵɟ ɢɥɢ ɞɚɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɩɪɢɝɨɞɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ. 
ɉɪɢɟɦɥɟɦɵɣ ɜɚɪɢɚɧɬ ɩɨɱɬɢ ɧɢɤɨɝɞɚ ɧɟ ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɫ 
ɩɟɪɜɨɣ ɩɨɩɵɬɤɢ, ɩɨɷɬɨɦɭ ɤɨɧɫɬɪɭɤɬɨɪ ɨɛɵɱɧɨ ɞɟɥɚɟɬ ɩɪɢɤɢɞɤɭ 
ɪɹɞɚ ɜɚɪɢɚɧɬɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɱɢɫɥɨɜɵɦɢ ɡɧɚ-
ɱɟɧɢɹɦɢ ɩɪɢɧɢɦɚɟɦɵɯ ɜɟɥɢɱɢɧ. ɗɬɨɬ ɪɹɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ ɤ ɩɪɨɟɤɬɧɨɦɭ ɜɚɪɢɚɧɬɭ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɩɨɞɜɟɪɠɟɧ ɜɥɢɹɧɢɸ ɨɩɵɬɚ, ɢɧɬɭɢɰɢɢ ɤɨɧɫɬɪɭɤɬɨɪɚ ɢ ɞɪɭɝɢɯ 
ɫɭɛɴɟɤɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɚɦɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ, ɧɚ 
ɤɚɤɨɦ ɜɚɪɢɚɧɬɟ ɫɥɟɞɭɟɬ ɨɫɬɚɧɨɜɢɬɶɫɹ, ɬɚɤɠɟ ɜɨ ɦɧɨɝɨɦ ɧɨɫɢɬ 
ɫɭɛɴɟɤɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ. ɑɚɫɬɨ ɨɧɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɬɟɪɦɢɧɚɯ "ɩɨ-
ɥɭɱɢɬɶ ɯɨɪɨɲɢɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ", "ɩɨɥɭɱɢɬɶ ɩɪɢɟɦɥɟɦɵɟ 
ɩɪɨɩɨɪɰɢɢ", "ɪɟɲɟɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨ" ɢ ɬ.ɩ. 

ɉɨɥɨɠɟɧɢɟ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ, ɟɫɥɢ ɡɚɞɚɱɭ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɮɨɪɦɭɥɢɪɨɜɚɬɶ ɤɚɤ ɡɚɞɚɱɭ ɨɩɬɢɦɢɡɚɰɢɢ. 
ɉɪɢ ɷɬɨɦ ɜɫɟ ɞɨɫɬɨɢɧɫɬɜɚ ɚɩɩɚɪɚɬɚ ɜɵɪɚɠɚɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɟɞɢɧɫɬɜɟɧɧɨɣ ɜɟɥɢɱɢɧɵ – ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ, ɩɨ ɤɨɬɨɪɨɣ 
ɨɬɞɚɟɬɫɹ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɞɧɢɦ ɜɚɪɢɚɧɬɚɦ ɩɟɪɟɞ ɞɪɭɝɢɦɢ. ɇɚ-
ɩɪɢɦɟɪ, ɟɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɪɢɧɹɬɚ ɦɚɫ-
ɫɚ ɚɩɩɚɪɚɬɚ, ɬɨ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɢɡ ɞɜɭɯ ɞɪɭɝɢɯ ɜɚɪɢɚɧɬɨɜ ɛɭ-
ɞɟɬ ɨɬɞɚɧɨ ɩɪɟɞɩɨɱɬɟɧɢɟ ɬɨɦɭ, ɭ ɤɨɬɨɪɨɝɨ ɦɚɫɫɚ ɦɟɧɶɲɟ. ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɱɟɬ ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧ ɧɚ ɩɨɢɫɤ ɬɚ-
ɤɨɝɨ ɜɚɪɢɚɧɬɚ (ɢɡ ɱɢɫɥɚ ɞɨɩɭɫɬɢɦɵɯ), ɞɥɹ ɤɨɬɨɪɨɝɨ ɤɪɢɬɟɪɢɣ 
ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɢɦɟɟɬ ɷɤɫɬɪɟɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ (ɧɚɢɛɨɥɶɲɟɟ ɢɥɢ 
ɧɚɢɦɟɧɶɲɟɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɤɪɢɬɟɪɢɹ). 
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ȿɫɬɟɫɬɜɟɧɧɨ, ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɬɚɤɨɝɨ ɪɚɫɱɟɬɚ, ɚ ɬɚɤɠɟ ɢ 
ɟɝɨ ɪɟɡɭɥɶɬɚɬ ɡɚɜɢɫɹɬ ɨɬ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɩɪɢɧɹɬɵɣ ɤɪɢɬɟɪɢɣ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɰɟɥɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɧɚɫɤɨɥɶɤɨ ɩɨɥɧɨ ɨɧ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬ ɞɨɫɬɨɢɧɫɬɜɚ ɚɩɩɚɪɚɬɚ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢ-
ɬɵɜɚɬɶ, ɱɬɨ ɞɚɠɟ ɜɟɫɶɦɚ ɫɨɜɟɪɲɟɧɧɵɟ ɤɪɢɬɟɪɢɢ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 
ɜɫɟ-ɬɚɤɢ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɢɝɧɨɪɢɪɭɸɬ ɦɧɨɝɢɟ ɜɚɠɧɵɟ 
ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɚɩɩɚɪɚɬɚ, ɨɫɨɛɟɧɧɨ ɬɟ ɢɡ ɧɢɯ, ɤɨɬɨɪɵɟ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɥɨɯɨ ɩɨɞɞɚɸɬɫɹ ɢɥɢ ɜɨɨɛɳɟ ɧɟ ɩɨɞɞɚɸɬɫɹ 
ɮɨɪɦɚɥɢɡɚɰɢɢ (ɧɚɩɪɢɦɟɪ, ɬɚɤɢɟ, ɤɚɤ ɭɪɨɜɟɧɶ ɭɧɢɮɢɤɚɰɢɢ, ɷɪ-
ɝɨɧɨɦɢɱɟɫɤɢɟ, ɩɚɬɟɧɬɧɨ-ɩɪɚɜɨɜɵɟ, ɷɫɬɟɬɢɱɟɫɤɢɟ ɢ ɞɪɭɝɢɟ ɩɨɤɚ-
ɡɚɬɟɥɢ). ȼ ɬɚɤɨɦ ɫɦɵɫɥɟ ɨɩɬɢɦɢɡɚɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɨ-
ɥɟɟ ɢɥɢ ɦɟɧɟɟ ɝɪɭɛɭɸ ɦɨɞɟɥɶ ɬɜɨɪɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɢɫɤɚ 
ɢɧɠɟɧɟɪɧɨɝɨ ɪɟɲɟɧɢɹ. ȼ ɷɬɨɦ ɡɚɤɥɸɱɚɸɬɫɹ ɟɟ ɫɥɚɛɵɟ ɫɬɨɪɨɧɵ. 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɷɬɨ 
ɫɬɪɨɝɨ ɨɫɨɡɧɚɧɧɵɣ ɦɟɬɨɞ ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɟɝɨ ɪɟɲɟɧɢɹ ɩɪɨ-
ɛɥɟɦɵ ɫɜɨɛɨɞɧɵɣ ɨɬ ɢɧɬɭɢɬɢɜɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɢ, ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɢɫɤɥɸɱɚɸɳɢɣ ɩɪɨɦɚɯɢ. ɉɨɷɬɨɦɭ, ɰɟɥɶ ɥɸɛɨɝɨ ɪɚɫɱɟɬɚ 
ɞɨɥɠɧɚ ɛɵɬɶ ɱɟɬɤɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɢ, ɢɦɟɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ 
ɨɰɟɧɤɭ. ɋ ɮɨɪɦɚɥɶɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɥɸɛɨɣ ɤɪɢɬɟɪɢɣ ɨɩɬɢ-
ɦɚɥɶɧɨɫɬɢ ɚɩɩɚɪɚɬɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɮɭɧɤɰɢɟɣ, ɡɚɜɢɫɹɳɟɣ ɨɬ 
ɩɟɪɟɦɟɧɧɵɯ ɞɜɭɯ ɜɢɞɨɜ: 

1) ɜɟɥɢɱɢɧɵ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɜ ɩɪɨɟɤɬɧɨɦ ɡɚɞɚɧɢɢ ɧɚ ɪɚɫ-
ɱɟɬ ɚɩɩɚɪɚɬɚ z1, z2, ..., zm (ɩɨɫɤɨɥɶɤɭ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɡɚɞɚɱɢ 
ɷɬɢ ɜɟɥɢɱɢɧɵ ɩɨɫɬɨɹɧɧɵ, ɢɯ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɩɚɪɚɦɟɬɪɚɦ); 

2) ɜɟɥɢɱɢɧɵ, ɜɚɪɶɢɪɭɟɦɵɟ ɤɨɧɫɬɪɭɤɬɨɪɨɦ ɜ ɩɪɨɰɟɫɫɟ 
ɩɨɢɫɤɚ ɧɚɢɥɭɱɲɟɝɨ ɜɚɪɢɚɧɬɚ ɯ1, ɯ2, ..., ɯn (ɷɬɢ ɜɟɥɢɱɢɧɵ ɜ ɡɚɞɚɱɟ 
ɨɩɬɢɦɢɡɚɰɢɢ ɢɝɪɚɸɬ ɪɨɥɶ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɟɫɬɶ ɧɟɤɨɬɨɪɚɹ 
ɮɭɧɤɰɢɹ ɨɬ m ɩɚɪɚɦɟɬɪɨɜ ɢ n ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ: 
 

ɄɈ=f(ɯ1, ..., xn, z1, ..., zm). 
 

Ⱦɥɹ ɤɨɧɫɬɪɭɤɬɨɪɚ, ɩɪɢɫɬɭɩɚɸɳɟɝɨ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ 
ɚɩɩɚɪɚɬɚ, ɜɢɞ ɷɬɨɣ ɮɭɧɤɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɢ ɨɞɧɨ-
ɡɧɚɱɧɨ ɨɩɪɟɞɟɥɟɧ. Ɉɧɚ ɩɨɱɬɢ ɧɢɤɨɝɞɚ ɧɟ ɛɵɜɚɟɬ ɧɚɫɬɨɥɶɤɨ ɨɱɟ-
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ɜɢɞɧɨɣ, ɱɬɨɛɵ ɟɟ ɦɨɠɧɨ ɛɵɥɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨ-
ɫɬɨɣ ɢ ɤɨɦɩɚɤɬɧɨɣ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɮɨɪɦɭɥɵ. Ɉɞɧɚɤɨ ɜɫɟɝɞɚ 
ɞɨɥɠɟɧ ɛɵɬɶ ɢɡɜɟɫɬɟɧ ɩɭɬɶ, ɤɚɤ ɩɨ ɡɚɞɚɧɧɵɦ ɱɢɫɥɟɧɧɵɦ ɡɧɚ-
ɱɟɧɢɹɦ ɜɫɟɯ ɩɟɪɟɦɟɧɧɵɯ xi ɢ zi ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɱɢɫɥɟɧɧɨɟ ɡɧɚ-
ɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɄɈ. ɂɧɚɱɟ ɝɨɜɨɪɹ, ɞɥɹ ɪɟɲɟɧɢɹ 
ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɞɨɥɠɟɧ ɛɵɬɶ ɢɡɜɟɫɬɟɧ ɧɟɤɨɬɨɪɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫ-
ɱɟɬɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨ-
ɫɬɢ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɲɟɧɢɟ ɥɸɛɨɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɡɚ-
ɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚɣɬɢ ɬɚɤɢɟ ɡɧɚɱɟɧɢɹ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟ-
ɪɟɦɟɧɧɵɯ: 

*
11 ɯɯ  ; 
*
22 ɯɯ  ; 

.  .  .  . 
*
nn xɯ  , 

 
ɱɬɨɛɵ f(x*

1, ...., x*
n, z1, ..., zn)=min (ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɛɭɞɟɦ 

ɫɱɢɬɚɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɫɜɨɞɢɬɫɹ ɤ ɦɢ-
ɧɢɦɭɦɭ). 

ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɵ ɯ*
1, ..., ɯ*

n 
ɧɚ ɩɪɚɤɬɢɤɟ ɧɟ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɥɸɛɵɯ ɡɧɚɱɟɧɢɣ. ɇɚɩɪɢɦɟɪ, 
ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɞɥɢɧɨɣ 30 ɢ ɞɢɚɦɟɬɪɨɦ 0,5 ɦ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɢɧɹɬ ɤɨɧɫɬɪɭɤɬɨɪɨɦ ɞɚɠɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟ-
ɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɞɥɹ ɧɟɝɨ ɦɢɧɢɦɚɥɶɧɨ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɜɫɟ-
ɝɞɚ ɝɨɜɨɪɹɬ ɨɛ ɭɫɥɨɜɧɨɦ ɨɩɬɢɦɭɦɟ, ɬ.ɟ. ɧɚɯɨɠɞɟɧɢɢ ɡɧɚɱɟɧɢɣ 
ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɞɨɫɬɚɜɥɹɸɳɢɯ ɦɢɧɢɦɭɦ ɤɪɢɬɟɪɢɹ 
ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɭɞɨɜɥɟɬɜɨɪɟɧɢɢ ɪɹɞɚ ɨɝɪɚ-
ɧɢɱɟɧɢɣ. ɗɬɢ ɨɝɪɚɧɢɱɟɧɢɹ ɮɚɤɬɢɱɟɫɤɢ ɫɭɠɚɸɬ ɨɛɥɚɫɬɶ ɞɨɩɭɫ-
ɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ. 

Ɉɝɪɚɧɢɱɟɧɢɹ ɦɨɝɭɬ ɧɚɥɚɝɚɬɶɫɹ ɤɚɤ ɧɚ ɡɧɚɱɟɧɢɹ ɨɬɞɟɥɶ-
ɧɵɯ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɬɚɤ ɢ ɮɭɧɤɰɢɣ ɨɬ ɧɢɯ. ɇɚɩɪɢ-
ɦɟɪ, ɦɨɠɧɨ ɩɨɬɪɟɛɨɜɚɬɶ, ɱɬɨɛɵ ɞɢɚɦɟɬɪ ɚɩɩɚɪɚɬɚ ɛɵɥ ɜ ɡɚɞɚɧ-
ɧɵɯ ɩɪɟɞɟɥɚɯ ɢɥɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɩɩɚɪɚɬɚ ɧɟ 
ɩɪɟɜɵɲɚɥɨ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɢɚ-
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ɦɟɬɪ ɚɩɩɚɪɚɬɚ ɹɜɥɹɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɚ ɝɢɞɪɚɜɥɢ-
ɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ – ɫɥɨɠɧɨɣ ɮɭɧɤɰɢɟɣ ɪɹɞɚ ɜɟɥɢɱɢɧ, ɱɚɫɬɶ 
ɢɡ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ. Ɍɚɤɨɝɨ 
ɪɨɞɚ ɨɝɪɚɧɢɱɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɜɜɟɞɟɧɨ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɧɨɝɨ. ȼ 
ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɝɪɚɧɢɱɟɧɢɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ 
 

ini AxxP ),...,( 1  
 
(ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ Pi ɩɪɢɧɚɞɥɟɠɚɬ ɨɛɥɚɫɬɢ Ai), 
ɝɞɟ Pi – ɮɭɧɤɰɢɹ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ; Ai – ɨɛɥɚɫɬɶ ɞɨɩɭɫ-
ɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɞɥɹ ɮɭɧɤɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɬɢɦɢɡɚɰɢɹ ɚɩɩɚɪɚɬɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɤɚɤ ɡɚɞɚɱɚ ɧɚ ɭɫɥɨɜɧɵɣ ɨɩɬɢɦɭɦ ɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɧɚɣɬɢ ɡɧɚɱɟɧɢɹ ɯ*

1, ..., ɯ*
n, ɬɚɤɢɟ, ɱɬɨɛɵ 

f(x*
1, ...., x*

n, z1, ..., zn)=min ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ k ɭɫɥɨɜɢɣ ɜɢɞɚ 
 

ini AxxP ),...,( 1  ),...,2,1( ki  . 
 

ɂɡ ɫɤɚɡɚɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɜɫɟɦ ɦɧɨɝɨɨɛɪɚɡɢɢ ɪɚɡ-
ɧɨɜɢɞɧɨɫɬɟɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɪɟɲɟɧɢɟ ɟɟ ɞɨɥɠɧɨ ɫɨɞɟɪ-
ɠɚɬɶ ɜ ɫɟɛɟ ɞɜɚ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɚ: 

1) ɪɟɚɥɢɡɚɰɢɸ ɪɚɫɱɟɬɚ ɨɞɧɨɝɨ (ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɨ ɱɢɫ-
ɥɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ) ɜɚɪɢɚɧɬɚ ɚɩɩɚɪɚ-
ɬɚ, ɜɤɥɸɱɚɹ ɪɚɫɱɟɬ ɜɟɥɢɱɢɧɵ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ; 

2) ɢɡɦɟɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ (ɡɧɚɱɟɧɢɣ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟ-
ɦɟɧɧɵɯ) ɢ ɢɯ ɫɪɚɜɧɟɧɢɟ ɩɨ ɜɟɥɢɱɢɧɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɟɱɧɨɣ ɰɟɥɢ ɫɨɡɞɚɧɢɹ ɚɩɩɚɪɚɬɚ ɜ 
ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɧɹɬɵ ɪɚɡɥɢɱ-
ɧɵɟ ɜɟɥɢɱɢɧɵ. Ɍɚɤ, ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɭɫɬɚɧɨɜɨɤ ɱɚɫɬɨ ɫɬɪɟ-
ɦɹɬɫɹ ɢɦɟɬɶ ɧɚɢɛɨɥɟɟ ɥɟɝɤɢɟ ɚɩɩɚɪɚɬɵ (ɡɞɟɫɶ ɤɪɢɬɟɪɢɟɦ ɨɩɬɢ-
ɦɚɥɶɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɢɯ ɦɚɫɫɚ). ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɠɟ ɪɚɡ-
ɦɟɳɟɧɢɹ ɚɩɩɚɪɚɬɨɜ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɤɚɱɟɫɬɜɟ 
ɤɪɢɬɟɪɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧ ɢɯ ɝɚɛɚɪɢɬɧɵɣ ɨɛɴɟɦ ɢɥɢ ɤɚɤɨɣ-
ɧɢɛɭɞɶ ɢɡ ɢɯ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɦɚɲɢɧ ɢ ɚɩɩɚɪɚɬɨɜ ɧɟ ɜɫɟɝɞɚ ɨɫɬɚɟɬ-
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ɫɹ ɩɨɫɬɨɹɧɧɵɦ ɜ ɯɨɞɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. Ɉɧɨ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɩɨ 
ɦɟɪɟ ɧɚɤɨɩɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɫɬɢɝɧɭɬɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɉɫɧɨɜɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɤ ɤɪɢɬɟɪɢɸ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɫɨɫɬɨ-
ɢɬ ɜ ɬɨɦ, ɱɬɨ ɷɬɨ ɞɨɥɠɧɚ ɛɵɬɶ ɟɞɢɧɫɬɜɟɧɧɚɹ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ, 
ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ, ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɨɬɜɟɱɚɟɬ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ 
ɫɨɡɞɚɧɢɹ ɚɩɩɚɪɚɬɚ. Ɍɪɟɛɨɜɚɧɢɟ ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ ɤɪɢɬɟɪɢɹ ɫɭ-
ɳɟɫɬɜɟɧɧɨ, ɬɚɤ ɤɚɤ ɩɪɢ ɪɟɲɟɧɢɢ ɨɞɧɨɣ ɡɚɞɚɱɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɧɟɜɨɡɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɢɥɢ ɦɚɤɫɢɦɭɦɭ ɛɨɥɟɟ ɱɟɦ ɨɞɧɭ 
ɜɟɥɢɱɢɧɭ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɧɟɥɶɡɹ ɩɨɫɬɚɜɢɬɶ ɡɚɞɚɱɭ ɫɨɡɞɚɬɶ, 
ɧɚɩɪɢɦɟɪ, ɬɚɤɨɣ ɚɩɩɚɪɚɬ, ɤɨɬɨɪɵɣ ɢɦɟɥ ɛɵ ɦɢɧɢɦɚɥɶɧɵɣ ɨɛɴ-
ɟɦ ɢ ɦɢɧɢɦɚɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɯɨɬɹ ɜ ɧɟɤɨɬɨɪɵɯ 
ɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɬɚɤɨɟ ɫɨɜɩɚɞɟɧɢɟ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɞɥɹ 
ɤɚɠɞɨɝɨ ɢɡ ɩɚɪɚɦɟɬɪɨɜ, ɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɧɟ-
ɫɤɨɥɶɤɨ ɮɭɧɤɰɢɣ ɧɟɜɨɡɦɨɠɧɨ. 

ɂɦɟɧɧɨ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɛɨɥɟɟ ɱɟɦ ɨɞɧɨɦɭ ɤɪɢɬɟɪɢɸ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɢ ɬɪɟɛɭɟɬ ɨɬ ɷɬɨɣ 
ɜɟɥɢɱɢɧɵ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɰɟɥɢ ɫɨɡɞɚɧɢɹ ɚɩɩɚ-
ɪɚɬɚ. 

ȼɵɛɨɪ ɜɢɞɚ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɫɚɦɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɦɨɦɟɧɬɨɜ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɚɩɩɚɪɚɬɚ, ɬɚɤ 
ɤɚɤ ɨɬ ɧɟɝɨ ɡɚɜɢɫɹɬ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɪɚɫɱɟɬɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɜɵɛɨ-
ɪɚ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ. Ɉɛɵɱɧɨ ɨɩɬɢɦɢɡɢɪɭɟɬɫɹ ɨɞɧɚ 
ɮɭɧɤɰɢɹ, ɧɚɢɛɨɥɟɟ ɜɚɠɧɚɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɢ 
ɨɝɪɚɧɢɱɟɧɢɹɯ, ɧɚɥɚɝɚɟɦɵɯ ɞɪɭɝɢɦɢ ɮɭɧɤɰɢɹɦɢ. 

 
 

1.3. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ ɢ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ 

 
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɛɢɪɚɟɦɵɯ 

ɪɟɲɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ɉɨ-
ɢɫɤ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɧɟɨɛɯɨɞɢɦ ɧɟ ɬɨɥɶɤɨ ɩɪɢ ɤɨɧɫɬɪɭɢ-
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ɪɨɜɚɧɢɢ ɟɦɤɨɫɬɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɨɧ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɥɸɛɵɯ ɩɪɨ-
ɟɤɬɧɵɯ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɛɨɬ. 

Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɜɚɪɢɚɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɜɟɥɢɱɢɧɵ, ɜɯɨɞɹɳɢɟ ɜ ɤɪɢɬɟɪɢɣ ɨɩɬɢ-
ɦɚɥɶɧɨɫɬɢ, ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢ ɡɧɚɱɟɧɢɹ ɧɟɡɚ-
ɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɹ ɪɚɡɦɟɪɨɜ 
ɚɩɩɚɪɚɬɨɜ. 

ɇɟ ɫɥɟɞɭɟɬ, ɨɞɧɚɤɨ, ɞɭɦɚɬɶ, ɱɬɨ ɪɟɱɶ ɢɞɟɬ ɨ ɩɨɥɭɱɟɧɢɢ 
ɹɜɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɭɤɚɡɚɧɧɵɦɢ ɜɟɥɢɱɢ-
ɧɚɦɢ. ɉɨɥɭɱɢɬɶ ɬɚɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ ɢ ɱɚɳɟ 
ɜɫɟɝɨ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɬɚɤ ɤɚɤ ɨɧɚ ɛɭɞɟɬ ɢɦɟɬɶ ɝɪɨɦɨɡɞɤɢɣ ɢ 
ɬɪɭɞɧɨ ɜɨɫɩɪɢɧɢɦɚɟɦɵɣ ɜɢɞ. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɢ ɧɟɬ ɧɢɤɚɤɨɣ ɧɟ-
ɨɛɯɨɞɢɦɨɫɬɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɨɫɬɚɬɨɱɧɨ ɭɤɚɡɚɬɶ ɩɭɬɶ, ɫɥɟɞɭɹ 
ɤɨɬɨɪɨɦɭ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 
ɞɥɹ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɜɚɪɢɚɧɬɚ. 

Ɉɪɝɚɧɢɡɚɰɢɹ ɬɚɤɨɝɨ ɪɚɫɱɟɬɚ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ 
ɹɜɥɹɟɬɫɹ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɶɸ ɞɥɹ ɜɫɹɤɨɝɨ ɨɩɬɢɦɢɡɢɪɭɸɳɟɝɨ 
ɪɚɫɱɟɬɚ. 

ɉɨɢɫɤ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸ-
ɳɢɦ ɨɛɪɚɡɨɦ: 

 
1. ɉɪɢɧɢɦɚɸɬɫɹ ɩɟɪɜɵɟ ɡɧɚɱɟɧɢɹ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟ-

ɦɟɧɧɵɯ. 
2. ɉɨ ɩɪɢɧɹɬɵɦ ɡɧɚɱɟɧɢɹɦ ɢ ɧɚ ɨɫɧɨɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧ-

ɧɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɞɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ ɫ ɨɩɪɟɞɟ-
ɥɟɧɢɟɦ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ. 

3. ɉɪɨɢɡɜɨɞɢɬɫɹ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟ-
ɪɟɦɟɧɧɵɯ ɢ ɩɨɜɬɨɪɟɧɢɟ ɩ. 2. 

 
ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ ɧɟɤɨɬɨɪɨɝɨ ɱɢɫɥɚ ɜɚɪɢɚɧɬɨɜ ɢ 

ɫɪɚɜɧɟɧɢɹ ɢɯ ɩɨ ɜɟɥɢɱɢɧɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɢɡɚɰɢɢ ɨɬɵɫɤɢɜɚɟɬɫɹ 
ɜɚɪɢɚɧɬ ɫ ɷɤɫɬɪɟɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɤɪɢɬɟɪɢɹ, ɤɨɬɨɪɵɣ ɢ ɹɜɥɹ-
ɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ. 
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1.4. ɍɧɢɜɟɪɫɚɥɶɧɵɣ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ 
ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 

 
Ⱦɥɹ ɦɧɨɝɢɯ ɭɫɬɚɧɨɜɨɤ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ ɬɚɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɤɚɤ ɦɚɫɫɚ, ɨɛɴɟɦ, ɡɚɧɢɦɚɟɦɚɹ ɩɥɨɳɚɞɶ ɧɟ 
ɢɦɟɸɬ ɪɟɲɚɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɚɩɩɚɪɚɬɭɪɵ ɞɥɹ 
ɷɬɢɯ ɫɢɫɬɟɦ ɞɨɥɠɧɨ ɛɵɬɶ ɩɨɞɱɢɧɟɧɨ ɪɟɲɟɧɢɸ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɢ 
– ɨɛɟɫɩɟɱɟɧɢɸ ɜɵɫɨɤɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɂɧɵ-
ɦɢ ɫɥɨɜɚɦɢ, ɢɡ ɜɫɟɯ ɜɚɪɢɚɧɬɨɜ ɜɨɡɦɨɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢ-
ɧɵ ɢɥɢ ɚɩɩɚɪɚɬɚ, ɨɬɜɟɱɚɸɳɢɯ ɡɚɞɚɧɧɵɦ ɭɫɥɨɜɢɹɦ, ɨɩɬɢɦɚɥɶ-
ɧɵɦ ɩɪɢɡɧɚɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ. Ƚɨɜɨɪɹ 
ɠɟ ɨɛ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ, ɜɚɠ-
ɧɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɪɟɱɶ ɢɞɟɬ ɨ ɫɢɫɬɟɦɟ ɜ ɰɟɥɨɦ. 

ɉɨɫɤɨɥɶɤɭ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɜ ɡɚɞɚɱɟ ɦɨɠɟɬ 
ɛɵɬɶ ɬɨɥɶɤɨ ɨɞɢɧ, ɨɬ ɧɟɝɨ ɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɨɧ ɭɱɢɬɵɜɚɥ ɤɚɤ 
ɦɨɠɧɨ ɛɨɥɶɲɟ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜɚ-
ɪɢɚɧɬɚ. Ɍɚɤɢɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɚɧɚɥɢɡɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜɚɪɢɚɧɬɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɥɢ ɤɚɤɨɝɨ-ɥɢɛɨ ɧɨɜɨɝɨ ɚɩɩɚɪɚɬɚ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ 
ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ "ɩɪɢɜɟɞɟɧ-
ɧɵɟ ɡɚɬɪɚɬɵ". ɉɨ ɫɦɵɫɥɭ – ɷɬɨ ɫɭɦɦɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɤɚ-
ɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɨɞɧɨɦɭ ɝɨɞɭ ɧɨɪɦɚɬɢɜɧɨɝɨ 
ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 
ɛɭɞɟɬ ɬɨɬ ɜɚɪɢɚɧɬ, ɭ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɦɢɧɢɦɚɥɶ-
ɧɵ. 

Ɍɨɬ ɮɚɤɬ, ɱɬɨ ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɮɢɝɭɪɢ-
ɪɭɸɬ ɬɚɤɢɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ, ɤɚɤ 
ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɢ ɧɨɪɦɚɬɢɜ-
ɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ, ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɷɬɨɬ ɤɪɢɬɟɪɢɣ ɞɥɹ 
ɨɩɬɢɦɢɡɚɰɢɢ ɥɸɛɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɢ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɧɚɡɧɚɱɟɧɢɹ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɜɟɥɢɱɢɧɵ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɜɫɟ ɜɯɨ-
ɞɹɳɢɟ ɜ ɧɢɯ ɫɨɫɬɚɜɥɹɸɳɢɟ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɱɟɪɟɡ ɬɟɯ-
ɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ – ɪɚɡɦɟɪɵ, 
ɦɚɫɫɭ, ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɢ ɬ.ɩ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɫɦɨɬɪɹ ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ 
ɜɟɥɢɱɢɧɵ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, ɜɧɭɬɪɟɧɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɷɬɨɝɨ 
ɤɪɢɬɟɪɢɹ ɹɜɥɹɟɬɫɹ ɬɟɯɧɢɱɟɫɤɢɦ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɟ 
ɡɚɬɪɚɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɧɬɟɬɢɱɟɫɤɭɸ ɜɟɥɢɱɢɧɭ, ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɳɭɸ ɬɟɯɧɢɱɟɫɤɢɟ ɞɨɫɬɨɢɧɫɬɜɚ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɷɤɨɧɨ-
ɦɢɱɟɫɤɨɣ ɮɨɪɦɟ. 

ȼɧɭɬɪɟɧɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɤɪɢɬɟɪɢɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 
ɉɪɢ ɷɬɨɦ ɱɟɦ ɩɨɥɧɟɟ ɭɱɢɬɵɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɤɚɬɟɝɨɪɢɢ ɡɚ-
ɬɪɚɬ, ɬɟɦ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɵɦ ɩɨɥɭɱɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬ ɨɩɬɢɦɢɡɚ-
ɰɢɢ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɤɨɥɶɤɭ ɨɩɬɢɦɢɡɚɰɢɹ – ɷɬɨ 
ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɪɚɫɱɟɬ ɜɚɪɢɚɧɬɨɜ, ɬɨ ɜ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 
ɫɥɟɞɭɟɬ ɜɤɥɸɱɚɬɶ ɥɢɲɶ ɬɟ ɡɚɬɪɚɬɵ, ɤɨɬɨɪɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɜɥɢɹɸɬ  ɧɚ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ. 
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Ƚ ɥ ɚ ɜ ɚ   2. 
 

ɈɉɌɂɆɂɁȺɐɂə ȽȿɈɆȿɌɊɂɑȿɋɄɂɏ ɊȺɁɆȿɊɈȼ 
ȿɆɄɈɋɌɇɈȽɈ ɈȻɈɊɍȾɈȼȺɇɂə 

 
2.1. Ɉɛɨɥɨɱɤɢ ɜɪɚɳɟɧɢɹ. Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ 

 
Ɉɛɨɥɨɱɤɢ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɨɜ, ɲɚɪɨɜ, ɷɥɥɢɩɫɨɢɞɨɜ ɜɪɚ-

ɳɟɧɢɹ, ɤɨɧɭɫɨɜ ɢɥɢ ɢɯ ɤɨɦɛɢɧɚɰɢɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɚɩɩɚɪɚɬɨɜ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɧɟɮɬɹɧɨɣ, ɧɟɮɬɟɩɟ-
ɪɟɪɚɛɚɬɵɜɚɸɳɟɣ, ɯɢɦɢɱɟɫɤɨɣ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧ-
ɧɨɫɬɢ. Ɍɚɤɨɜɵ ɪɟɡɟɪɜɭɚɪɵ ɞɥɹ ɯɪɚɧɟɧɢɹ ɧɟɮɬɢ ɢ ɧɟɮɬɟɩɪɨɞɭɤ-
ɬɨɜ, ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɵɟ ɤɨɥɨɧɧɵ, ɪɟɚɤɬɨɪɵ, ɷɥɟɤɬɪɨɞɟɝɢɞɪɚɬɨ-
ɪɵ, ɨɬɫɬɨɣɧɢɤɢ, ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɢ ɞɪɭɝɢɟ ɚɩɩɚɪɚɬɵ. 

ɋɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɨɛɨɥɨɱɟɤ ɭɠɟ ɢɡɞɚɜɧɚ 
ɡɚɫɬɚɜɢɥɨ ɭɱɟɧɵɯ ɢ ɬɟɯɧɢɤɨɜ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɜɨɩɪɨɫɵ 
ɬɟɨɪɢɢ ɩɪɢ ɫɨɡɞɚɧɢɢ ɪɟɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɨɛɨɥɨɱɟɤ, ɢ ɟɳɟ 
ɜ XVII ɜ. ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɩɟɪɜɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɢɯ ɪɚɫɱɟɬɚ. 

Ʉɚɤ ɢ ɜɨ ɜɫɟɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ, ɧɟɨɛɯɨɞɢɦɨ, ɩɪɟɠɞɟ ɜɫɟ-
ɝɨ, ɜɵɪɚɛɨɬɚɬɶ ɢɥɢ ɜɜɟɫɬɢ ɨɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ 
ɢɧɠɟɧɟɪɚɦ ɨɛɴɹɫɧɹɬɶɫɹ ɧɚ ɟɞɢɧɨɦ ɹɡɵɤɟ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɫɫɦɨɬ-
ɪɢɦ ɢɦɟɸɳɢɟɫɹ ɨɫɧɨɜɧɵɟ ɫɜɟɞɟɧɢɹ ɩɨ ɝɟɨɦɟɬɪɢɢ ɩɨɜɟɪɯɧɨ-
ɫɬɟɣ ɜɪɚɳɟɧɢɹ. 

Ɉɛɨɥɨɱɤɨɣ ɜɪɚɳɟɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɨɛɨɥɨɱɤɚ, ɫɪɟɞɢɧɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɬɨɪɨɣ ɨɛɪɚɡɨɜɚɧɚ ɜɪɚɳɟɧɢɟɦ ɤɚɤɨɣ-ɥɢɛɨ ɩɥɨ-
ɫɤɨɣ ɤɪɢɜɨɣ ɜɨɤɪɭɝ ɨɫɢ, ɥɟɠɚɳɟɣ ɜ ɟɟ ɩɥɨɫɤɨɫɬɢ. Ʉɪɢɜɚɹ ɪɚɫ-
ɩɨɥɨɠɟɧɚ ɩɨ ɨɞɧɭ ɫɬɨɪɨɧɭ ɨɬ ɨɫɢ. Ɍɚɤ, ɫɮɟɪɚ ɨɛɪɚɡɨɜɚɧɚ ɜɪɚ-
ɳɟɧɢɟɦ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ ɜɨɤɪɭɝ ɟɟ ɞɢɚɦɟɬɪɚ, ɬɨɪ – ɜɪɚɳɟɧɢɟɦ 
ɨɤɪɭɠɧɨɫɬɢ ɜɨɤɪɭɝ ɩɪɹɦɨɣ, ɧɟ ɩɟɪɟɫɟɤɚɸɳɟɣ ɞɚɧɧɭɸ ɨɤɪɭɠ-
ɧɨɫɬɶ, ɤɨɧɭɫ – ɜɪɚɳɟɧɢɟɦ ɨɬɪɟɡɤɚ ɩɪɹɦɨɣ ɜɨɤɪɭɝ ɩɟɪɟɫɟɤɚɸ-
ɳɟɣ ɨɬɪɟɡɨɤ ɨɫɢ ɢ ɬ. ɞ. 

ɋɪɟɞɢɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɨ-
ɥɨɱɤɢ, ɬɨɱɤɢ ɤɨɬɨɪɨɣ ɜɟɡɞɟ ɨɞɢɧɚɤɨɜɨ ɨɬɫɬɨɹɬ ɨɬ ɜɧɟɲɧɟɣ ɢ 
ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
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Ɉɛɪɚɡɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɪɚɳɟɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɜɚɹ, 
ɜɪɚɳɟɧɢɟɦ ɤɨɬɨɪɨɣ ɨɛɪɚɡɨɜɚɧɚ ɫɪɟɞɢɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɨ-
ɥɨɱɤɢ. 

ɉɨɥɸɫɚɦɢ ɨɛɨɥɨɱɤɢ ɧɚɡɵɜɚɸɬɫɹ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɫ ɨɫɶɸ ɜɪɚɳɟɧɢɹ. 

Ɇɟɪɢɞɢɚɧ – ɷɬɨ ɤɪɢɜɚɹ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɟɱɟɧɢɟɦ ɟɟ ɩɥɨɫɤɨɫɬɶɸ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɨɫɶ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
ɦɟɪɢɞɢɚɧɵ ɫɨɜɩɚɞɚɸɬ ɫ ɨɛɪɚɡɭɸɳɢɦɢ. ɉɥɨɫɤɨɫɬɢ, ɩɟɪɩɟɧɞɢ-
ɤɭɥɹɪɧɵɟ ɤ ɨɫɢ, ɩɟɪɟɫɟɤɚɸɬ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨ ɤɪɭɝɚɦ, ɧɚɡɵɜɚɟ-
ɦɵɦ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɤɪɭɝɚɦɢ. 

Ɋɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɦɟɪɢɞɢɚɧɚ ɜ ɤɚɤɨɣ-ɥɢɛɨ ɬɨɱɤɟ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɜɵɦ ɝɥɚɜɧɵɦ ɪɚɞɢɭɫɨɦ ɤɪɢɜɢɡɧɵ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ R1 (ɪɢɫ. 2.1.). 

 

 
 

Ɋ ɢ ɫ. 2.1. ɉɪɢɦɟɪ ɨɛɨɥɨɱɤɢ ɜɪɚɳɟɧɢɹ 
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Ɋɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɤɪɢɜɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɨɬ ɩɟɪɟɫɟɱɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɫɤɨɫɬɶɸ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ ɦɟɪɢɞɢɚɧɭ, ɧɚ-
ɡɵɜɚɟɬɫɹ ɜɬɨɪɵɦ ɝɥɚɜɧɵɦ ɪɚɞɢɭɫɨɦ ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ 
ɜ ɷɬɨɣ ɠɟ ɬɨɱɤɟ R2. Ʉɨɧɰɵ Ʉ1 ɢ Ʉ2 ɪɚɞɢɭɫɨɜ ɤɪɢɜɢɡɧɵ ɧɚɡɵɜɚ-
ɸɬɫɹ ɰɟɧɬɪɚɦɢ ɤɪɢɜɢɡɧɵ. ȼɬɨɪɨɣ ɰɟɧɬɪ ɤɪɢɜɢɡɧɵ Ʉ2 ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɜɪɚɳɟɧɢɹ ɥɟɠɢɬ, ɤɚɤ ɞɨɤɚɡɵɜɚɟɬɫɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɝɟɨ-
ɦɟɬɪɢɢ, ɧɚ ɨɫɢ ɨɛɨɥɨɱɤɢ ɢ ɨɛɚ ɪɚɞɢɭɫɚ ɧɚɯɨɞɹɬɫɹ ɧɚ ɨɞɧɨɣ 
ɩɪɹɦɨɣ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɬɨɱɤɟ. ɍɝɨɥ  ɦɟɠɞɭ ɧɨɪɦɚɥɶɸ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɫɶɸ ɧɚɡɵɜɚ-
ɟɬɫɹ ɲɢɪɨɬɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ. 

ȼɫɟ ɥɢɧɢɢ, ɩɨ ɤɨɬɨɪɵɦ ɩɥɨɫɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɢɟ ɱɟɪɟɡ 
ɧɨɪɦɚɥɶ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ, ɩɟɪɟɫɟɤɚɸɬ ɩɨɜɟɪɯ-
ɧɨɫɬɶ, ɧɚɡɵɜɚɸɬɫɹ ɧɨɪɦɚɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ. Ɉɱɟɜɢɞɧɨ, ɦɟ-
ɪɢɞɢɚɧ ɢ ɤɪɢɜɚɹ, ɩɨ ɤɨɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɶ ɩɟɪɟɫɟɤɚɟɬɫɹ ɩɥɨɫɤɨ-
ɫɬɶɸ, ɧɨɪɦɚɥɶɧɨɣ ɤ ɦɟɪɢɞɢɚɧɭ, ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɧɨɪɦɚɥɶɧɵɦɢ 
ɫɟɱɟɧɢɹɦɢ ɢ ɨɬɥɢɱɚɸɬɫɹ ɬɟɦ, ɱɬɨ ɢɡ ɜɫɟɯ ɧɨɪɦɚɥɶɧɵɯ ɫɟɱɟɧɢɣ 
ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɨɧɢ ɢɦɟɸɬ ɧɚɢɛɨɥɶɲɢɣ ɢ ɧɚɢɦɟɧɶɲɢɣ ɪɚɞɢɭ-
ɫɵ ɤɪɢɜɢɡɧɵ. 

ȿɫɥɢ ɩɥɨɫɤɨɫɬɶ ɤɚɤɨɝɨ-ɥɢɛɨ ɧɨɪɦɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɨɛɪɚ-
ɡɭɟɬ ɭɝɨɥ  ɫ ɩɥɨɫɤɨɫɬɶɸ ɦɟɪɢɞɢɚɧɚ, ɬɨ ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ R 
ɷɬɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɗɣɥɟɪɚ: 
 

2

2

1

2 sincos1
RRR


 . 

 
ȿɫɥɢ ɜ ɤɚɤɨɣ-ɥɢɛɨ ɬɨɱɤɟ R1=R2=R, ɬɨ ɪɚɞɢɭɫɵ ɤɪɢɜɢɡɧɵ 

ɜɫɟɯ ɧɨɪɦɚɥɶɧɵɯ ɫɟɱɟɧɢɣ ɜ ɷɬɨɣ ɬɨɱɤɟ ɬɚɤɠɟ ɪɚɜɧɵ R. Ɍɚɤɚɹ 
ɬɨɱɤɚ ɧɚɡɵɜɚɟɬɫɹ ɬɨɱɤɨɣ ɨɤɪɭɝɥɟɧɢɹ. Ɍɚɤɨɜɵ, ɧɚɩɪɢɦɟɪ, ɜɫɟ 
ɬɨɱɤɢ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨɥɸɫɵ ɷɥɥɢɩɫɨɢɞɚ ɜɪɚɳɟ-
ɧɢɹ (ɫɮɟɪɨɢɞɚ), ɭ ɤɨɬɨɪɨɝɨ ɜɫɟ ɧɨɪɦɚɥɶɧɵɟ ɫɟɱɟɧɢɹ ɜ ɩɨɥɸɫɟ 
ɹɜɥɹɸɬɫɹ ɷɥɥɢɩɫɚɦɢ, ɢɞɟɧɬɢɱɧɵɦɢ ɷɥɥɢɩɫɭ, ɜɪɚɳɟɧɢɟɦ ɤɨɬɨ-
ɪɨɝɨ ɜɨɤɪɭɝ ɟɝɨ ɦɚɥɨɣ ɨɫɢ ɫɮɟɪɨɢɞ ɨɛɪɚɡɨɜɚɧ. 
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2.2. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɨɜ ɪɚɡɥɢɱɧɵɯ ɬɟɥ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɬɟɥɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ (ɪɢɫ. 2.2). ɉɭɫɬɶ 
ɢɡɜɟɫɬɧɵ ɩɥɨɳɚɞɢ F(x) ɜɫɟɯ ɟɝɨ ɫɟɱɟɧɢɣ, ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɥɨɫ-
ɤɨɫɬɢ R(x – ɪɚɫɫɬɨɹɧɢɟ ɫɟɱɟɧɢɹ ɨɬ ɩɥɨɫɤɨɫɬɢ R). 
 

 
 

Ɋ ɢ ɫ. 2.2. ɋɯɟɦɚ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɨɛɴɟɦɚ ɬɟɥɚ 
ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ 

 
Ɍɨɝɞɚ, ɢɡ ɤɭɪɫɚ ɜɵɫɲɟɣ ɦɚɬɟɦɚɬɢɤɢ, ɨɛɴɟɦ ɬɟɥɚ 
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Ⱦɥɹ ɩɪɢɦɟɪɚ ɧɚɣɞɟɦ ɨɛɴɟɦ ɷɥɥɢɩɫɨɢɞɚ (ɪɢɫ. 2.3 ɚ) – ɩɨ-

ɜɟɪɯɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ 
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ɋɟɱɟɧɢɹ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɫɤɨɫɬɹɦɢ XOY, XOZ, 

YOZ ɹɜɥɹɸɬɫɹ ɷɥɥɢɩɫɚɦɢ ɫ ɩɨɥɭɨɫɹɦɢ ɚ, b ɢ ɫ. 
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ȿɫɥɢ ɜɫɟ ɬɪɢ ɜɟɥɢɱɢɧɵ a, b, c ɪɚɡɥɢɱɧɵ, ɬɨ ɷɥɥɢɩɫɨɢɞ 
ɧɚɡɵɜɚɟɬɫɹ ɬɪɟɯɨɫɧɵɦ. ȿɫɥɢ ɤɚɤɢɟ-ɥɢɛɨ ɞɜɟ ɢɡ ɷɬɢɯ ɜɟɥɢɱɢɧ 
ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɬɨ ɬɚɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɡɵɜɚɟɬɫɹ ɷɥɥɢɩ-
ɫɨɢɞɨɦ ɜɪɚɳɟɧɢɹ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɷɥɥɢɩɫɨɢɞ ɜɪɚɳɟɧɢɹ (ɪɢɫ. 
2.3 ɛ) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɨɥɭɱɚɟɦɭɸ ɪɚɜɧɨ-
ɦɟɪɧɵɦ ɫɠɚɬɢɟɦ (ɢɥɢ ɪɚɫɬɹɠɟɧɢɟɦ) ɫɮɟɪɵ ɤ ɟɟ ɷɤɜɚɬɨɪɭ (ɨɬ ɟɟ 
ɷɤɜɚɬɨɪɚ). 

 

  
 ɚ     ɛ 
 

Ɋ ɢ ɫ. 2.3. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɨɛɴɟɦɚ ɷɥɥɢɩɫɨɢɞɚ 
 

ɋɟɱɟɧɢɟ KLKL (ɫɦ. ɪɢɫ. 2.3 ɚ), ɩɚɪɚɥɥɟɥɶɧɨɟ ɝɥɚɜɧɨɦɭ 
ɷɥɥɢɩɫɭ ȼɋȼɋ ɢ ɨɬɫɬɨɹɳɟɟ ɨɬ ɧɟɝɨ ɧɚ ɪɚɫɫɬɨɹɧɢɟ h = OM, 
ɟɫɬɶ ɷɥɥɢɩɫ ɫ ɩɨɥɭɨɫɹɦɢ 
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ɉɥɨɳɚɞɶ F(h) ɫɟɱɟɧɢɹ, ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɷɥɥɢɩɫɚ 
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Ɉɛɴɟɦ ɷɥɥɢɩɫɨɢɞɚ 
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Ʉɨɝɞɚ ɷɥɥɢɩɫɨɢɞ ɫɬɚɧɨɜɢɬɫɹ ɲɚɪɨɦ (a = b = c = R), ɬɨ 

ɩɨɥɭɱɚɟɦ ɢɡɜɟɫɬɧɭɸ ɮɨɪɦɭɥɭ 
 

3

3
4 RV  . 

 
Ⱦɥɹ ɬɟɥ ɜɪɚɳɟɧɢɹ (ɪɢɫ. 2.4.), ɬ.ɟ. ɬɟɥ, ɨɝɪɚɧɢɱɟɧɧɵɯ ɩɨ-

ɜɟɪɯɧɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɢ ɞɜɭɦɹ ɩɥɨɫɤɨɫɬɹɦɢ Ɋ1, Ɋ2, ɩɟɪɩɟɧɞɢ-
ɤɭɥɹɪɧɵɦɢ ɤ ɨɫɢ ɜɪɚɳɟɧɢɹ Ɉɏ, ɨɛɴɟɦ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ 
ɩɨ ɮɨɪɦɭɥɟ 


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2
b

a

dxYV  , 

 
ɝɞɟ y =f(x) – ɨɪɞɢɧɚɬɚ ɦɟɪɢɞɢɚɧɚ Ⱥȼ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚɣɞɟɦ ɨɛɴɟɦ ɰɢɥɢɧɞɪɚ, ɦɟɪɢɞɢɚɧ 
ɤɨɬɨɪɨɝɨ – ɩɪɹɦɚɹ – ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 

 
Ry  ; 

HRxRdxRV ɧ
H

2
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2
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2 |    , 

ɝɞɟ ɇ – ɜɵɫɨɬɚ ɰɢɥɢɧɞɪɚ. 
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Ɋ ɢ ɫ. 2.4. ɋɯɟɦɚ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɨɛɴɟɦɚ ɬɟɥ ɜɪɚɳɟɧɢɹ 

 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɨɛɴɟɦɚ ɬɨɪɚ (ɪɢɫ. 2.5.) ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɚɧɧɚɹ ɮɨɪɦɭɥɚ: 
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Ɋ ɢ ɫ. 2.5. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɨɛɴɟɦɚ ɬɨɪɚ 
 

Ɉɛɴɟɦ ɱɚɫɬɢ ɬɨɪɚ ɫɟɱɟɧɢɟɦ DCF (ɪɢɫ. 2.10.) ɛɭɞɟɬ ɪɚɜɟɧ 
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Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɛɴɟɦɚ ɫɥɨɠɧɨɝɨ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɨɝɨ ɬɟɥɚ, ɩɨɫɬɪɨɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɚɧɢɢ D ɢ ɨɝɪɚɧɢ-
ɱɟɧɧɨɝɨ ɫɜɟɪɯɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɱɚɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ Z=f(x, y), 
ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤɠɟ ɞɜɨɣɧɨɣ ɢɧɬɟɝɪɚɥ 


D

dyxfV ),( . 

ȿɫɥɢ ɤɨɧɬɭɪ ɨɛɥɚɫɬɢ D ɜɫɬɪɟɱɚɟɬɫɹ ɫɨ ɜɫɹɤɨɣ ɩɟɪɟɫɟ-
ɤɚɸɳɟɣ ɟɝɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɪɹɦɨɣ ɧɟ ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɭɯ ɬɨɱɤɚɯ 
(Ɇ1, Ɇ2 ɧɚ ɪɢɫ. 1.6 ɚ), ɬɨ ɨɛɥɚɫɬɶ D ɡɚɞɚɟɬɫɹ ɧɟɪɚɜɟɧɫɬɜɚɦɢ 
 

),()(; 21 xyxbxa    
 
ɝɞɟ a, b – ɤɪɚɣɧɢɟ ɚɛɫɰɢɫɫɵ ɨɛɥɚɫɬɢ; 1(x) ɢ 2(x) – ɮɭɧɤɰɢɢ, 
ɜɵɪɚɠɚɸɳɢɟ ɨɪɞɢɧɚɬɵ ɧɢɠɧɟɣ ɢ ɜɟɪɯɧɟɣ ɝɪɚɧɢɱɧɵɯ ɥɢɧɢɣ 
ȺɆ1ȼ1 ɢ ȺɆ2ȼ2. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɜɨɣɧɨɣ ɢɧɬɟɝɪɚɥ ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟɞɭɸ-
ɳɢɦ ɨɛɪɚɡɨɦ: 
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ȿɫɥɢ ɤɨɧɬɭɪ ɨɛɥɚɫɬɢ ɜɫɬɪɟɱɚɟɬɫɹ ɧɟ ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɭɯ 

ɬɨɱɤɚɯ ɫɨ ɜɫɹɤɨɣ ɩɟɪɟɫɟɤɚɸɳɟɣ ɟɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɪɹɦɨɣ, 
ɢɦɟɟɦ ɩɨ ɚɧɚɥɨɝɢɢ (ɩɪɢ ɨɛɨɡɧɚɱɟɧɢɹɯ ɪɢɫ. 2.6 ɛ) 
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          ɚ    ɛ 

 
Ɋ ɢ ɫ. 2.6. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɨɛɴɟɦɚ ɫɥɨɠɧɨɝɨ ɬɟɥɚ 

 
ȼ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɥɭɱɚɹɯ ɨɛɥɚɫɬɶ D ɪɚɡɛɢɜɚɸɬ ɧɚ ɧɟ-

ɫɤɨɥɶɤɨ ɱɚɫɬɟɣ ɬɚɤ, ɱɬɨɛɵ ɤ ɤɚɠɞɨɣ ɱɚɫɬɢ ɛɵɥɢ ɩɪɢɦɟɧɢɦɵ 
ɩɪɢɜɟɞɟɧɧɵɟ ɮɨɪɦɭɥɵ. 

ɂɫɩɨɥɶɡɭɹ ɞɜɨɣɧɨɣ ɢɧɬɟɝɪɚɥ, ɧɚɣɞɟɦ ɨɛɴɟɦ "ɰɢɥɢɧɞɪɢ-
ɱɟɫɤɨɝɨ ɤɨɩɵɬɚ", ɬ.ɟ. ɬɟɥɚ ABCD (ɪɢɫ. 2.7.), ɨɬɫɟɱɟɧɧɨɝɨ ɨɬ ɩɨ-
ɥɭɰɢɥɢɧɞɪɚ ɩɥɨɫɤɨɫɬɶɸ ABC, ɩɪɨɜɟɞɟɧɧɨɣ ɱɟɪɟɡ ɞɢɚɦɟɬɪ AC 
ɨɫɧɨɜɚɧɢɹ. Ⱦɚɧɵ ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ R = OA ɢ ɜɵɫɨɬɚ ɤɨɩɵɬɚ h 
= DB. 

ȼɵɛɟɪɟɦ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ. 

ɍɪɚɜɧɟɧɢɟ ɩɥɨɫɤɨɫɬɢ ABC ɛɭɞɟɬ y
R
hZ  . ɂɦɟɟɦ 

 

dxdyy
R
hV

ABC


)(

. 

 
ɉɨ ɩɟɪɜɨɦɭ ɫɩɨɫɨɛɭ ɩɨɥɚɝɚɟɦ 

 
22

21 )(;0)(;; xRKLxxRbRa   . 
 

ɉɨɥɭɱɚɟɦ 
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





22

0

xRR

R

ydy
R
hdxV . 

 

 
 

Ɋ ɢ ɫ. 2.7. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɨɛɴɟɦɚ "ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɤɨɩɵɬɚ" 
 

ȼɵɩɨɥɧɢɜ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ y, ɧɚɯɨɞɢɦ 
 

)(
22

22
0

2

0

22

22

xR
R
hy

R
hydy

R
h xR

xR

 


 . 

 
ɗɬɨ ɜɵɪɚɠɟɧɢɟ ɞɚɟɬ ɩɥɨɳɚɞɶ F ɫɟɱɟɧɢɹ KLM 

,ɝɞɟ,
2
1( 22 xRKLLMKLF   ɚ LM ɧɚɯɨɞɢɬɫɹ ɢɡ ɩɨɞɨɛɢɹ 

ɬɪɟɭɝɨɥɶɧɢɤɨɜ KLM, ODB). ɉɪɨɞɨɥɠɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ, ɨɤɨɧ-
ɱɚɬɟɥɶɧɨ ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɟɟ: 

 

 

 R

R
R

R

R

R

x
R
hxR

R
hdxxR

R
hV

322
)(

2

3
222  

.
3
2

3
2

2
2 hRhRhR   
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Ʉ ɚɧɚɥɨɝɢɱɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ ɦɨɠɧɨ ɩɪɢɣɬɢ ɢ ɜɬɨɪɵɦ 
ɫɩɨɫɨɛɨɦ. 
 
 

2.3. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɨɥɨɱɟɤ 
ɜɪɚɳɟɧɢɹ 

 
ɉɥɨɳɚɞɶ F ɩɨɜɟɪɯɧɨɫɬɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɜɪɚɳɟɧɢɟɦ ɞɭɝɢ 

Ⱥȼ ɨɤɨɥɨ ɨɫɢ Ɉɏ, ɜɵɪɚɠɚɟɬɫɹ ɢɧɬɟɝɪɚɥɨɦ 
 

,2
)(

)(

B

A

ydFF   

 
ɝɞɟ  ɭ – ɨɪɞɢɧɚɬɚ ɦɟɪɢɞɢɚɧɚ Ⱥȼ; 
 22 dydxdF   – ɞɢɮɮɟɪɟɧɰɢɚɥ ɞɭɝɢ; 
 (Ⱥ) ɢ (ȼ) – ɤɪɚɣɧɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ 
ɜɵɪɚɠɟɧɵ ɤɨɨɪɞɢɧɚɬɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɡɚ ɩɚɪɚɦɟɬɪ ɭɞɨɛɧɨ ɩɪɢ-
ɧɹɬɶ ɚɛɫɰɢɫɫɭ ɏ, ɬɨɝɞɚ ɢɦɟɟɦ 
 

 
2

1

2)'(12
x

x

dxyyF  . 

 
ɇɚɣɞɟɦ ɩɥɨɳɚɞɶ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɹɦɨɝɨ ɤɪɭɝɨ-

ɜɨɝɨ ɤɨɧɭɫɚ (ɪɢɫ. 2.8.) ɜɵɫɨɬɨɣ ɇ ɫ ɪɚɞɢɭɫɨɦ ɨɫɧɨɜɚɧɢɹ R. Ʉɨ-

ɧɭɫ ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɪɚɳɟɧɢɹ ɩɪɹɦɨɣ x
H
Ry   ɜɨɤɪɭɝ 

ɨɫɢ Ɉɏ. 
 

.
2

)(12)(12 22
2

2

0

2 HRRH
H
R

H
Rdx

H
Rx

H
RF

H

    

 
 



 30

 
 

Ɋ ɢ ɫ. 2.8. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɭɫɚ 

 
 
 
 
 
 
 
 
 
 
 

 
 

Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɲɚɪɚ ɢɥɢ ɫɮɟɪɵ ɪɚɞɢɭɫɨɦ R. ɍɪɚɜɧɟɧɢɟ ɨɛɪɚɡɭɸɳɟɣ ɨɤɪɭɠɧɨ-
ɫɬɢ ɯ2 + y2 = R2. 
 

.4212 2
22

2
22 RdxRdx

xR
xxRF

R

R

R

R

 


 


 

 
Ɏɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɥɢɩɫɨɢɞɚ ɜɪɚɳɟɧɢɹ 

ɜɵɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ (ɩɪɢ ɨɬɧɨɲɟɧɢɢ ɩɨɥɭɨɫɟɣ m ≥ 1): 
 

)
1

)1ln(1(2
2

2
2






mm
mmRF  . 

 
ɉɥɨɳɚɞɶ ɱɚɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɚɤɠɟ ɦɨɠɧɨ ɧɚɣɬɢ ɞɨɫɬɚ-

ɬɨɱɧɨ ɩɪɨɫɬɨ. ɉɭɫɬɶ ɧɟɤɨɬɨɪɵɣ ɤɭɫɨɤ KLM (ɪɢɫ. 2.9.) ɩɨ-
ɜɟɪɯɧɨɫɬɢ S ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɧɚ ɨɛɥɚɫɬɶ D ɩɥɨɫɤɨɫɬɢ XOY (KLM 
ɧɚ ɪɢɫɭɧɤɟ), ɩɪɢɱɟɦ ɜ ɤɚɠɞɭɸ ɬɨɱɤɭ N ɨɛɥɚɫɬɢ D ɩɪɨɟɤɬɢɪɭɟɬ-
ɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɬɨɱɤɚ N ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɭɫɤɚ. 

Ɍɨɝɞɚ ɩɥɨɳɚɞɶ F ɤɭɫɤɚ KLM ɜɵɪɚɠɚɟɬɫɹ ɞɜɨɣɧɵɦ ɢɧ-
ɬɟɝɪɚɥɨɦ 
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 
D

dqpF 221 , 

 

ɝɞɟ 
x
zp



  ɢ 
y
zq



 . 

 

 
Ɋ ɢ ɫ. 2.9. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɱɚɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ 

 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚɣɞɟɦ ɩɥɨɳɚɞɶ ɱɚɫɬɢ ɬɨɪɚ ɫ ɞɭɝɨɣ 

CD (ɪɢɫ. 2.10.), ɹɜɥɹɸɳɟɝɨɫɹ ɩɟɪɟɯɨɞɨɦ ɦɟɠɞɭ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɢɦ ɤɨɪɩɭɫɨɦ ɢ ɤɨɧɢɱɟɫɤɢɦ ɢɥɢ ɫɮɟɪɢɱɟɫɤɢɦ ɞɧɢɳɟɦ 

 





 







 )sin1(2 rRrF . 

 
Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɧɚɣɬɢ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɩɵɬɚ 

(ɫɦ. ɪɢɫ. 2.7) 
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Ɋ ɢ ɫ. 2.10. ɋɯɟɦɚ ɬɨɪɨɫɮɟɪɢɱɟɫɤɨɝɨ ɞɧɢɳɚ 
 
 

 
D

zx dzdxyyF 22 )'()'(1  

  















R xtg

tgRdxdz
xR

x

0

2

0
22

2

212 


. 

 
Ƚɟɨɦɟɬɪɢɹ ɧɟɤɨɬɨɪɵɯ ɬɟɥ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥ. 2.1. 
 
 
2.4. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɚɡɦɟɪɨɜ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ 

 
ɉɭɫɬɶ ɢɡ ɥɢɫɬɚ ɠɟɫɬɢ ɪɚɡɦɟɪɚɦɢ, ɚ = 1,0 ɦ ɢ b = 0,5 ɦ 

ɧɟɨɛɯɨɞɢɦɨ ɢɡɝɨɬɨɜɢɬɶ ɨɬɤɪɵɬɭɸ ɫɜɟɪɯɭ ɤɨɪɨɛɤɭ ɧɚɢɛɨɥɶɲɟɣ 
ɜɦɟɫɬɢɦɨɫɬɢ, ɜɵɪɟɡɚɹ ɩɨ ɭɝɥɚɦ ɤɜɚɞɪɚɬɵ ɢ ɡɚɝɢɛɚɹ ɨɫɬɚɜɲɢɟɫɹ 
ɤɪɨɦɤɢ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2.11. 

Ɉɛɨɡɧɚɱɢɦ ɫɬɨɪɨɧɭ ɜɵɪɟɡɚɟɦɨɝɨ ɤɜɚɞɪɚɬɚ ɱɟɪɟɡ ɯ, ɬɨɝɞɚ 
ɨɛɴɟɦ ɤɨɪɨɛɤɢ 
 

V = (a – 2x)(b – 2x)x. 
 



 
     ȽȿɈɆȿɌɊɂə ɇȿɄɈɌɈɊɕɏ ɌȿɅ              Ɍɚɛɥɢɰɚ 2.1 

(V – ɨɛɴɟɦ ɬɟɥɚ; Fɛ – ɛɨɤɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; F – ɩɨɥɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ) 
Ɍɟɥɨ Ɉɛɨɡɧɚɱɟɧɢɹ Ɏɨɪɦɭɥɵ 

ɉɪɹɦɨɣ ɤɪɭɝɨɜɨɣ ɰɢɥɢɧɞɪ 
 
 
 
 
 
 
 
 

 
 
 

R – ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ 
H – ɜɵɫɨɬɚ 

 
 
 

V = R2H; 
Fɛ = 2RH; 

F = 2R(H+R) 

ɐɢɥɢɧɞɪ, ɭɫɟɱɟɧɧɵɣ ɧɟɩɚ-
ɪɚɥɥɟɥɶɧɨ ɨɫɧɨɜɚɧɢɸ 

 
 
 
 
 
 
 
 
 

 
h1 ɢ h2 – ɧɚɢɦɟɧɶɲɚɹ ɢ ɧɚɢ-

ɛɨɥɶɲɚɹ ɨɛɪɚɡɭɸɳɢɟ; 
l – ɞɥɢɧɚ ɨɬɪɟɡɤɚ, ɫɨɟɞɢ-

ɧɹɸɳɟɝɨ ɰɟɧɬɪɵ ɬɹɠɟɫɬɢ ɨɫ-
ɧɨɜɚɧɢɣ Ɉ ɢ Ɉ; 

Q ɢ P – ɩɥɨɳɚɞɶ ɢ ɩɟɪɢɦɟɬɪ 
ɫɟɱɟɧɢɹ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɝɨ 

ɨɬɪɟɡɤɭ ɈɈ 

 
 
 
 

V = Ql; 
Fɛ = 0,5 P (h1 + h2) 

28 



  

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 2.1 
Ɍɟɥɨ Ɉɛɨɡɧɚɱɟɧɢɹ Ɏɨɪɦɭɥɵ 

ɉɪɹɦɨɣ ɤɪɭɝɨɜɨɣ ɰɢɥɢɧɞɪ, 
ɭɫɟɱɟɧɧɵɣ ɧɟɩɚɪɚɥɥɟɥɶɧɨ 

ɨɫɧɨɜɚɧɢɸ 
 
 
 
 
 
 
 
 

 
 
 
 
 

R – ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ; 
h1 ɢ h2 – ɧɚɢɦɟɧɶɲɚɹ ɢ ɧɚɢ-

ɛɨɥɶɲɚɹ ɨɛɪɚɡɭɸɳɢɟ 

 
 

);(
2
1

21
2 hhRV    

);( 21 hhRFɛ    

])
2

(

[

2122

21

hhR

RhhRF




 
 

ɉɨɥɵɣ ɰɢɥɢɧɞɪ 
(ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɬɪɭɛɚ) 

 
 
 
 

 
 
 

R – ɧɚɪɭɠɧɵɣ ɪɚɞɢɭɫ; 
r – ɜɧɭɬɪɟɧɧɢɣ ɪɚɞɢɭɫ; 

H – ɜɵɫɨɬɚ; 
 = R-r – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ 

 
 
 

V =  H (R2-r2)= 
=  H  (2R-) =  H  

(2r+) 
Fɛ = 2  H (R + r) 

F = 2  (R + r) (H + R-r) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 2.1 
Ɍɟɥɨ Ɉɛɨɡɧɚɱɟɧɢɹ Ɏɨɪɦɭɥɵ 

ɉɪɹɦɨɣ ɤɪɭɝɨɜɨɣ ɤɨɧɭɫ 
 
 
 
 
 
 
 
 
 
 

 
 
 

R – ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ; 
ɇ – ɜɵɫɨɬɚ; 

22 HRl   – ɨɛɪɚɡɭɸɳɚɹ 

 
 

;
3
1 2 HRV   

;22 RlHRRFɛ    
)( lRRF    

ɍɫɟɱɟɧɧɵɣ ɩɪɹɦɨɣ ɤɪɭɝɨɜɨɣ 
ɤɨɧɭɫ 

 
 
 
 
 
 
 
 
 

 
R ɢ r – ɪɚɞɢɭɫɵ ɨɫɧɨɜɚɧɢɣ; 

h – ɜɵɫɨɬɚ; 
l – ɨɛɪɚɡɭɸɳɚɹ: 

;)( 22 rRhl   
ɇ – ɜɵɫɨɬɚ ɧɟɭɫɟɱɟɧɧɨɝɨ ɤɨ-

ɧɭɫɚ: 

rR
hrhH


  

 
 
 

);(
3

22 RrrRhV 


 

);( rRlFɛ    

 )(22 rRlrRF    
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 2.1 
Ɍɟɥɨ Ɉɛɨɡɧɚɱɟɧɢɹ Ɏɨɪɦɭɥɵ 

ɉɨɥɵɣ ɲɚɪ 
 
 
 
 
 
 
 
 
 

 
 
 

R – ɧɚɪɭɠɧɵɣ ɪɚɞɢɭɫ; 
r – ɜɧɭɬɪɟɧɧɢɣ ɪɚɞɢɭɫ; 
D – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ; 
d – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ 

 

);(
6
1

)(
3
4

33

33

dD

rRV








 

)(
)(4

22

22

dD
rRF








 

ɒɚɪɨɜɨɣ ɫɟɝɦɟɧɬ 
 
 
 
 
 
 
 
 
 
 

 
 
 

h – ɜɵɫɨɬɚ ɫɟɝɦɟɧɬɚ; 
R – ɪɚɞɢɭɫ ɲɚɪɚ; 

ɚ – ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ ɫɟɝ-
ɦɟɧɬɚ: 

)2( hRha   

 

);3(
3
1

)3(
6
1

2

22

hRh

hahV








 

);(2 22 haRhFɛ    

)2(
)2(

2

22

Rha
haF








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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 2.1 
Ɍɟɥɨ Ɉɛɨɡɧɚɱɟɧɢɹ Ɏɨɪɦɭɥɵ 

ɒɚɪɨɜɨɣ ɫɥɨɣ 
 
 
 
 
 
 
 
 
 
 

 
 
 

h – ɜɵɫɨɬɚ ɫɥɨɹ; 
a ɢ b – ɪɚɞɢɭɫɵ ɨɫɧɨɜɚɧɢɣ 

(ɚ  b); 
R – ɪɚɞɢɭɫ ɲɚɪɚ 

 
 
 

);33(
6
1 222 hbahV    

;2 RhFɛ   

)2( 22 RhbaF    

ɒɚɪɨɜɨɣ ɫɟɤɬɨɪ 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

h – ɜɵɫɨɬɚ ɫɟɝɦɟɧɬɚ; 
ɚ – ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ ɫɟɝ-

ɦɟɧɬɚ; 
R – ɪɚɞɢɭɫ ɲɚɪɚ 

 
 
 
 

)2(

;
3
2 2

haRF

hRV








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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 2.1 
Ɍɟɥɨ Ɉɛɨɡɧɚɱɟɧɢɹ Ɏɨɪɦɭɥɵ 

Ɍɨɪ (ɰɢɥɢɧɞɪɢɱɟɫɤɨɟ ɤɨɥɶ-
ɰɨ) 

 
 
 
 
 
 
 
 
 
 

 
 
 

r – ɪɚɞɢɭɫ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟ-
ɧɢɹ; 

R – ɪɚɫɫɬɨɹɧɢɟ ɰɟɧɬɪɚ ɩɨɩɟ-
ɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɬ ɨɫɢ ɜɪɚ-

ɳɟɧɢɹ 

 
 
 
 

RrF
RrV

2

22

4

;2








 

ɗɥɥɢɩɫɨɢɞ 
 
 
 
 
 
 
 
 
 

 
 
 
 

a, b, c – ɩɨɥɭɨɫɢ 

 
 
 

abcV 
3
4

  
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 2.1 
Ɍɟɥɨ Ɉɛɨɡɧɚɱɟɧɢɹ Ɏɨɪɦɭɥɵ 

ɗɥɥɢɩɫɨɢɞ ɜɪɚɳɟɧɢɹ 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

h
Rm   (Rh) 

 
 
 

;
3
4

3
4 32 R

m
hRV    

].
1

)1ln(1[2
2

2
2






mm
mmRF 

 

"ɐɢɥɢɧɞɪɢɱɟɫɤɨɟ ɤɨɩɵɬɨ" 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

R – ɪɚɞɢɭɫ; 
 - ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɥɨɫɤɨɫɬɢ 

ɫɟɱɟɧɢɹ 

 
 
 
 

;
3
2 3 tgRV   

tgRFɛ
22  

34 
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ɇɚɣɞɟɦ ɩɟɪɜɭɸ ɩɪɨɢɡɜɨɞɧɭɸ ɨɬ ɨɛɴɟɦɚ ɢ ɩɪɢɪɚɜɧɹɟɦ ɟɟ 
ɤ ɧɭɥɸ 
 

V' = (-2)(b – 2x)x + (-2)(a – 2x)x + (a – 2x)(b – 2x) = 0. 
 

ɉɨɫɥɟ ɭɩɪɨɳɟɧɢɹ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ 
 

12ɯ2 – 4(a + b)x + ab = 0. 
 

ɉɨɞɫɬɚɜɢɦ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ ɢ ɪɟɲɢɦ ɞɚɧ-
ɧɨɟ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɬɨɝɞɚ ɯ1 = 0,394 ɦ, ɯ2 = 0,106 ɦ. 

ɉɟɪɜɨɟ ɪɟɲɟɧɢɟ ɧɟ ɢɦɟɟɬ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ, ɬɚɤ ɤɚɤ 
ɧɟɜɨɡɦɨɠɧɨ ɩɪɢ ɲɢɪɢɧɟ ɥɢɫɬɚ 0,5 ɦ ɜɵɪɟɡɚɬɶ ɞɜɚ ɤɜɚɞɪɚɬɚ, ɭ 
ɤɨɬɨɪɵɯ ɫɬɨɪɨɧɵ ɫɨɫɬɚɜɥɹɸɬ 0,394 ɦ. 

 
 

Ɋ ɢ ɫ. 2.11. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɨɛɴɟɦɚ ɤɨɪɨɛɤɢ 
 
 

ɇɚɣɞɟɦ ɜɬɨɪɭɸ ɩɪɨɢɡɜɨɞɧɭɸ ɨɬ ɨɛɴɟɦɚ ɢ ɨɩɪɟɞɟɥɢɦ ɟɟ 
ɡɧɚɤ ɩɪɢ ɡɧɚɱɟɧɢɢ ɯ2 
 

V'' =24x – 4(a + b) = 24x – 6 = 2,544 – 6 < 0. 
 

Ɏɭɧɤɰɢɹ ɢɦɟɟɬ ɦɚɤɫɢɦɭɦ, ɢ ɜɬɨɪɨɟ ɪɟɲɟɧɢɟ ɹɜɥɹɟɬɫɹ 
ɢɫɤɨɦɵɦ. 
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2.5. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɚɡɦɟɪɨɜ ɫɨɫɭɞɨɜ, ɪɚɛɨɬɚɸɳɢɯ  
ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 

 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɡɚ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɢɡɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɢɧɹɬɚ ɩɨɥɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɫɭɞɚ. ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɨɩɬɢ-
ɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɟɦɤɨɫɬɢ ɫ ɞɜɭɦɹ ɩɥɨɫɤɢɦɢ 
ɤɪɵɲɤɚɦɢ ɨɛɴɟɦɨɦ V (ɪɢɫ. 2.12). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋ ɢ ɫ. 2.12. ɋɯɟɦɚ ɫɨɫɭɞɚ 
 
Ɉɛɴɟɦ ɫɨɫɭɞɚ 

 

2
2

R
VHHRV


  . 

 
ɉɨɥɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɫɭɞɚ ɫɨɫɬɚɜɥɹɟɬ 

 

 222 RRHF  222 R
R
V  . 

 
ɉɨ ɭɫɥɨɜɢɸ ɨɩɬɢɦɚɥɶɧɵɦɢ ɛɭɞɭɬ ɪɚɡɦɟɪɵ, ɩɪɢ ɤɨɬɨɪɵɯ 

ɩɨɥɭɱɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɫɭɞɚ ɢɦɟɟɬ ɦɢɧɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ. 
ɇɚɣɞɟɦ 

ɇ
 

2R 
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R
R
VF 42' 2  . 

 
ɍɫɥɨɜɢɟ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ F' = 0, ɬɨɝɞɚ 
 

3

2
VRɨɩɬ  . 

 

ȼɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚɹ 44" 3 
R
VF 0, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɮɭɧɤɰɢɹ ɢɦɟɟɬ ɦɢɧɢɦɭɦ. 
Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɚɫɱɟɬɵ ɥɟɝɤɨ ɩɪɨɜɟɫɬɢ ɢ ɞɥɹ ɰɢɥɢɧɞɪɢ-

ɱɟɫɤɨɣ ɟɦɤɨɫɬɢ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɞɧɢɳɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɟɞ-
ɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɥɭɷɥɥɢɩɫɨɢɞɵ ɜɪɚɳɟɧɢɹ (ɪɢɫ. 2.13). 

 

 
 
Ɋ ɢ ɫ. 2.13. ɋɯɟɦɚ ɫɨɫɭɞɚ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɞɧɢɳɚɦɢ 

 
Ɉɛɴɟɦ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɞɧɢɳɚ ɫɨɫɬɚɜɥɹɟɬ 

 

ɞɞ HRV 2

3
2 , 

 
ɝɞɟ Hɞ – ɜɵɫɨɬɚ ɞɧɢɳɚ. 

Ɉɛɨɡɧɚɱɢɦ ɨɬɧɨɲɟɧɢɟ ɩɨɥɭɨɫɟɣ ɷɥɥɢɩɫɨɢɞɚ ɱɟɪɟɡ 

),1(  m
H
Rm

ɞ

 ɬɨɝɞɚ 
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.
3
2 3R
m

Vɞ


  

Ɉɛɴɟɦ ɫɨɫɭɞɚ ɫ ɞɜɭɦɹ ɞɧɢɳɚɦɢ ɛɭɞɟɬ 
 

32

3
4 R
m

HRV    

 
ɢɥɢ 

 

2

3

3
4

R

R
m

V
H






 . 

 
ȿɫɥɢ ɩɪɚɜɚɹ ɱɚɫɬɶ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɚ ɧɭɥɸ, ɬɨ 

R ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ 
 

.
4

3
3

0 
mVRR   

 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɢɧɚ ɰɢɥɢɧɞɪɚ ɇ=0 ɢ ɨɛɴɟɦ ɫɨɫɭɞɚ ɪɚ-

ɜɟɧ ɨɛɴɟɦɭ ɞɧɢɳ, ɩɨɷɬɨɦɭ ɞɨɥɠɧɨ ɛɵɬɶ R  R0. 
ɉɨɥɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɫɭɞɚ ɫɨɫɬɨɢɬ ɢɡ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɞɜɭɯ ɷɥɥɢɩɬɢɱɟ-
ɫɤɢɯ ɞɧɢɳ. 

ɉɨɜɟɪɯɧɨɫɬɶ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɞɧɢɳɚ, ɤɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ 
ɪɚɧɟɟ, ɫɨɫɬɚɜɥɹɟɬ 
 

].
1

)1ln(1[
2

2
2






mm
mmRFɞ   

 
Ɉɛɨɡɧɚɱɢɦ ɜɵɪɚɠɟɧɢɟ ɜ ɫɤɨɛɤɚɯ ɱɟɪɟɡ Ⱥ, ɬɨɝɞɚ ɩɨɥɧɚɹ 

ɩɨɜɟɪɯɧɨɫɬɶ ɟɦɤɨɫɬɢ 
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ARRHF 222   . 
 

Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɟɦɭ ɩɪɢɦɟɪɭ 
 




 AR
R

R
m

V
RF 2

2

3

23
4

2 




 BR
R
V 222  , 

 

ɝɞɟ 
m

AB
3
4

 . 

Ɉɛɪɚɡɭɹ ɩɪɨɢɡɜɨɞɧɭɸ ɨɬ F ɩɨ R ɢ ɩɪɢɪɚɜɧɢɜɚɹ ɟɟ ɤ ɧɭ-
ɥɸ, ɩɨɥɭɱɢɦ 
 

,042' 2  RB
R
VF   

 
ɨɬɤɭɞɚ 
 

,
2

33 VC
B

VRɨɩɬ 


 

ɝɞɟ 
3 2

1
ȼ

C


 . 

ȼɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚɹ 
 

B
R
VF 44'' 3  0, 

 
ɨɧɚ ɩɨɥɨɠɢɬɟɥɶɧɚ ɩɪɢ ɥɸɛɨɦ ɡɧɚɱɟɧɢɢ R. Ɂɧɚɱɢɬ, ɩɪɢ R = Rɨɩɬ 
ɩɨɜɟɪɯɧɨɫɬɶ ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɨɣ. 

ɉɪɢ ɜɫɹɤɨɦ ɡɧɚɱɟɧɢɢ R  Rɨɩɬ ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɫɭɞɚ, ɚ ɡɧɚ-
ɱɢɬ, ɢ ɪɚɫɯɨɞ ɦɚɬɟɪɢɚɥɨɜ ɛɭɞɟɬ ɛɨɥɶɲɟ ɦɢɧɢɦɚɥɶɧɨɣ. 

Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 
ɪɚɡɦɟɪɵ, ɚ ɢɦɟɧɧɨ ɞɢɚɦɟɬɪ ɟɦɤɨɫɬɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧ-
ɞɚɪɬɧɵɦ ɪɹɞɨɦ ɞɢɚɦɟɬɪɨɜ ɚɩɩɚɪɚɬɨɜ. 
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ɇɢɠɟ ɞɚɧɵ ɡɧɚɱɟɧɢɹ Ⱥ, ȼ ɢ ɋ ɞɥɹ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɹɟ-
ɦɵɯ ɡɧɚɱɟɧɢɣ m: 

 
m 1,000;  1,500;  2,000;  2,500. 
Ⱥ 2,000;  1,540;  1,380;  1,270. 
ȼ 0,667;  0,695;  0,713;  0,741. 
ɋ 0,620;  0,615;  0,607;  0,599. 
 
 

2.6. Ƚɟɨɦɟɬɪɢɹ ɫɨɫɭɞɨɜ ɫ ɬɨɪɨɫɮɟɪɢɱɟɫɤɢɦɢ ɞɧɢɳɚɦɢ 
 

Ⱦɧɢɳɚ ɫɨɫɭɞɨɜ ɷɬɨɝɨ ɬɢɩɚ (ɪɢɫ. 2.10.) ɢɦɟɸɬ ɦɟɪɢɞɢɚɧ ɫ 
ɞɜɭɦɹ ɪɚɞɢɭɫɚɦɢ ɤɪɢɜɢɡɧɵ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɭɝɢ ɨɤɪɭɠɧɨɫɬɢ 
Ⱥȼɋ ɫ ɪɚɞɢɭɫɨɦ q ɢ ɞɜɭɯ ɞɭɝ ɨɤɪɭɠɧɨɫɬɢ CD = AE ɫ ɪɚɞɢɭɫɨɦ 
r, ɢɦɟɸɳɢɯ ɜ ɬɨɱɤɚɯ ɫɨɩɪɹɠɟɧɢɹ Ⱥ ɢ ɋ ɨɛɳɢɟ ɤɚɫɚɬɟɥɶɧɵɟ ɫ 
ɞɭɝɨɣ Ⱥȼɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɴɟɦ ɞɧɢɳɚ ɫɨɫɬɨɢɬ ɢɡ ɨɛɴɟɦɚ 
ɲɚɪɨɜɨɝɨ ɫɟɝɦɟɧɬɚ Ⱥȼɋ, ɨɛɴɟɦɚ ɱɚɫɬɢ ɤɪɭɝɨɜɨɝɨ ɬɨɪɚ ɫ ɫɟɱɟ-
ɧɢɟɦ DCF ɢ ɨɛɴɟɦɚ ɰɢɥɢɧɞɪɚ ACFG. 

Ɉɛɨɡɧɚɱɢɦ   ).1();1(  llRqkkRr  
ɂɡ ɪɢɫ. 2.10. ɩɨɥɭɱɢɦ 

 
, 
 

.)1()( 22 kkll
R
h

  

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɰɟɧɬɪɚ Ɉ ɲɚɪɨɜɨɝɨ ɫɟɝɦɟɧɬɚ ɨɩɪɟɞɟ-

ɥɢɦ ɡɧɚɱɟɧɢɟ ɪ: 
 

.)1()(sin)( 22 kklRrqp    
 

Ɉɛɨɡɧɚɱɢɦ: 
V1 ɢ F1 – ɨɛɴɟɦ ɢ ɩɥɨɳɚɞɶ ɲɚɪɨɜɨɝɨ ɫɟɝɦɟɧɬɚ Ⱥȼɋ; 
V2 – ɨɛɴɟɦ ɰɢɥɢɧɞɪɚ ɫɟɱɟɧɢɟɦ ACFG; 
V3 ɢ F3 – ɨɛɴɟɦ ɢ ɩɥɨɳɚɞɶ ɱɚɫɬɢ ɬɨɪɚ ɫɟɱɟɧɢɟɦ DCF. 

kl
k





1cos
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ɂɡ ɩɪɟɞɵɞɭɳɢɯ ɪɚɡɞɟɥɨɜ 
 

);sin2()sin1(
3
1 23

1   qV  

 
;sin)]cos1([ 2

2   rRrV  
 

]

4
2sin

2

sin33,01)[
4
2sin

2
(2

3
2

3

























 rRRV  

 
ɢ ɨɛɴɟɦ ɫɨɫɭɞɚ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ 
 

,2)(2 22
321 HRVHRVVVV ɞɧ    

 
ɝɞɟ Vɞɧ= V1 + V2 + V3 – ɨɛɴɟɦ ɞɧɢɳɚ; 
 ɇ – ɜɵɫɨɬɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
 

2

2
R

VVH ɞɧ




 . 

 
ɉɨɜɟɪɯɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɟɦɤɨɫɬɢ ɦɨɠɧɨ ɩɨɞ-

ɫɱɢɬɚɬɶ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 
 

);sin1(2 2
1   qF  

 

.)]sin1([23 

  rRrF  

 
ɉɨɥɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɟɦɤɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 

 
.2)(2 31 RHFFF   
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Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɢɦ ɩɪɢɦɟɪɚɦ ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟ-
ɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɟɦɤɨɫɬɢ. 

 
 

2.7. Ƚɟɨɦɟɬɪɢɹ ɫɨɫɭɞɨɜ ɫ ɤɨɧɢɱɟɫɤɢɦ ɞɧɢɳɟɦ 
ɫ ɩɥɚɜɧɵɦ ɩɟɪɟɯɨɞɨɦ 

 
Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ  ɩɨɥɨɜɢɧɭ ɭɝɥɚ ɩɪɢ ɜɟɪɲɢɧɟ ɤɨɧɭɫɚ 

(ɪɢɫ. 2.14.). ɂɦɟɟɦ   . Ɋɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ ɤɨɧɭɫɚ ɢ ɟɝɨ ɜɵɫɨ-
ɬɚ ɪɚɜɧɵ 
 

,
),cos1(cos

11

1




ctgrh
rRrrRr




 

 
ɚ ɩɨɥɧɚɹ ɜɵɫɨɬɚ ɞɧɢɳɚ ɫɨɫɬɚɜɥɹɟɬ 
 

sin1 rhh  . 
 
 

 
 

Ɋ ɢ ɫ. 2.14. ɋɯɟɦɚ ɤɨɧɢɱɟɫɤɨɝɨ ɞɧɢɳɚ ɫ ɬɨɪɨɜɵɦ ɩɟɪɟɯɨɞɨɦ 
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Ɉɛɴɟɦ ɬɚɤɨɝɨ ɞɧɢɳɚ ɪɚɜɟɧ 
 

,
3
1

321
2

1 VVhrVɞ    

 
ɝɞɟ V2 ɢ V3 ɢɦɟɸɬ ɬɟ ɠɟ ɡɧɚɱɟɧɢɹ, ɱɬɨ ɢ ɜ ɫɥɭɱɚɟ ɬɨɪɨɫɮɟɪɢɱɟ-
ɫɤɨɝɨ ɞɧɢɳɚ. 

ɉɨɜɟɪɯɧɨɫɬɶ ɞɧɢɳɚ ɪɚɜɧɚ 
 

,3

2
1

sin
FrFɞ 


  

 
ɝɞɟ F3 ɢɦɟɟɬ ɬɨ ɠɟ ɡɧɚɱɟɧɢɟ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɬɨɪɨɫɮɟɪɢɱɟɫɤɨɝɨ 
ɞɧɢɳɚ, ɬɨɥɶɤɨ ɫɥɟɞɭɟɬ ɩɨɞɫɬɚɜɢɬɶ   . Ⱦɚɥɶɧɟɣɲɢɟ ɪɚɫɱɟɬɵ 
ɚɧɚɥɨɝɢɱɧɵ ɩɪɟɞɵɞɭɳɟɦɭ ɩɪɢɦɟɪɭ. 
 
 

2.8. Ɂɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɥɨɫɤɢɯ ɫɟɱɟɧɢɣ 
 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ 
ɟɳɟ ɛɨɥɟɟ ɭɩɪɨɳɟɧɚ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɨɞɡɟɦ-
ɧɨɝɨ ɝɚɡɨɯɨɞɚ ɨɬ ɬɪɭɛɱɚɬɨɣ ɩɟɱɢ ɞɨ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɪɚɫɫɬɨɹɧɢɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɦɨɧɬɚɠɧɵɯ ɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɬɪɚɬɵ ɦɚ-
ɬɟɪɢɚɥɚ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɝɚɡɨɯɨɞɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɩɟɪɢɦɟɬɪɭ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɞɥɹ ɝɚɡɨɯɨɞɚ ɫ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ ɧɚ ɪɢɫ. 2.15. 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ S ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬ-
ɜɨɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ ɞɨɩɭɫɬɢɦɨɣ ɫɤɨɪɨɫɬɶɸ ɢɯ ɞɜɢɠɟɧɢɹ. Ɉɧɚ 
ɨɛɵɱɧɨ ɡɚɞɚɧɚ ɢɥɢ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɢɡ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ. 
ȼ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɨɧɚ ɪɚɜɧɚ ɫɭɦɦɟ ɩɥɨɳɚɞɟɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɢ 
ɫɟɝɦɟɧɬɚ ɤɪɭɝɚ. 
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)2cos1(4
)2sin2(2








ɯxySSS ɫɟɝɩɪ . 

 
 

 
 

Ɋ ɢ ɫ. 2.15. ɋɟɱɟɧɢɟ ɝɚɡɨɯɨɞɚ 
 

Ɉɬɫɸɞɚ 
 

x

ɯS
y )2cos1(4

)2sin2(2








 . 

 
ɉɟɪɢɦɟɬɪ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ ɪɚɜɟɧ 

 
,2 LyxP   

 
ɝɞɟ L – ɞɥɢɧɚ ɞɭɝɢ ɨɤɪɭɠɧɨɫɬɢ ɪɚɞɢɭɫɨɦ R = x/2sin. 

ɉɨɞɫɬɚɜɥɹɹ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟ-
ɥɢɱɢɧ, ɩɨɥɭɱɢɦ 
 












sin
)2cos1(4

)2sin2(

2

2

x
x

xS
xP  
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





sin2cos1
2sin2

4
2 xx
x
Sx 




 . 

 
Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɢɯ ɩɪɢɦɟɪɚɯ, ɧɚɯɨɞɢɦ ɩɟɪɜɭɸ ɩɪɨɢɡ-

ɜɨɞɧɭɸ ɢ ɩɪɢɪɚɜɧɢɜɚɟɦ ɟɟ ɤ ɧɭɥɸ. 
 

0
sin2cos1

2sin2
4
121' 2 











x
SP . 

 
ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɟ 

 







sin2cos1
2sin2

4
11 




 . 

 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ 


Sxɨɩɬ

2
 . 

 
 

2.9. ɍɪɚɜɧɟɧɢɟ Ʌɚɩɥɚɫɚ 
 
ɋ ɩɨɦɨɳɶɸ ɞɜɭɯ ɦɟɪɢɞɢɨɧɚɥɶɧɵɯ ɢ ɞɜɭɯ ɤɨɧɢɱɟɫɤɢɯ 

ɧɨɪɦɚɥɶɧɵɯ ɫɟɱɟɧɢɣ (ɫɟɱɟɧɢɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɤ ɦɟɪɢɞɢɚɧɭ) 
ɜɵɞɟɥɢɦ ɢɡ ɨɛɨɥɨɱɤɢ (ɪɢɫ. 2.16 ɚ) ɷɥɟɦɟɧɬ ɪɚɡɦɟɪɚɦɢ dS1 ɢ dS2 
ɢ ɪɚɫɫɦɨɬɪɢɦ ɟɝɨ ɪɚɜɧɨɜɟɫɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜ-
ɥɟɧɢɹ Ɋ. 

 

  ɚ     ɛ 
 

Ɋ ɢ ɫ. 2.16. ɋɯɟɦɚ ɤ ɜɵɜɨɞɭ ɭɪɚɜɧɟɧɢɹ Ʌɚɩɥɚɫɚ 
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ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 1 – ɦɟɪɢɞɢɨɧɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ; 2 – ɤɨɥɶɰɟɜɵɟ ɢɥɢ ɬɚɧɝɟɧɰɢɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ; 
 - ɬɨɥɳɢɧɚ ɨɛɨɥɨɱɤɢ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɚ ɤɚɠɞɭɸ ɝɪɚɧɶ ɷɥɟɦɟɧɬɚ ɞɟɣɫɬɜɭɸɬ 
ɩɪɨɞɨɥɶɧɵɟ ɫɢɥɵ (ɪɚɫɬɹɠɟɧɢɹ ɢ ɫɠɚɬɢɹ), ɩɨɩɟɪɟɱɧɵɟ ɫɢɥɵ ɢ 
ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ. Ⱦɥɹ ɬɨɧɤɨɫɬɟɧɧɵɯ ɨɛɨɥɨɱɟɤ ɦɟɦɛɪɚɧ-
ɧɚɹ ɬɟɨɪɢɹ ɩɪɟɧɟɛɪɟɝɚɟɬ ɩɨɩɟɪɟɱɧɵɦɢ ɫɢɥɚɦɢ ɢ ɢɡɝɢɛɚɸɳɢɦɢ 
ɦɨɦɟɧɬɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɞɚɥɢ ɨɬ ɤɪɚɹ ɨɛɨɥɨɱɤɢ ɦɨɠɧɨ ɩɪɟ-
ɧɟɛɪɟɱɶ ɫɥɚɝɚɟɦɵɦ d (1dS2). 

ɉɪɨɢɡɜɟɞɟɧɢɹ ɜɟɥɢɱɢɧ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɩɥɨɳɚɞɢ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɯ ɝɪɚɧɟɣ ɞɚɸɬ ɫɢɥɵ 1dS2 ɢ 2dS1, ɩɨɤɚɡɚɧɧɵɟ 
ɧɚ ɪɢɫ. 2.16 ɛ. 

Ʉ ɜɵɞɟɥɟɧɧɨɦɭ ɷɥɟɦɟɧɬɭ ɬɚɤɠɟ ɩɪɢɥɨɠɟɧɚ ɫɢɥɚ ɧɨɪ-
ɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɊdS1dS2. ɉɪɨɟɤɬɢɪɭɹ ɜɫɟ ɫɢɥɵ ɧɚ ɧɨɪɦɚɥɶ 
ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɨɥɨɱɤɢ ɜ ɬɨɱɤɟ Ʉ ɩɨɥɭɱɢɦ: 
 

0122121   ddSddSdSdSP  
 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 11 / RdSd   ɢ 22 / RdSd  , ɫɥɟɞɭɟɬ 
 

0
2

2
12

1

1
2121 

R
dSdS

R
dSdSdSdSP  . 

 
ɉɨɫɥɟ ɭɩɪɨɳɟɧɢɹ ɭɪɚɜɧɟɧɢɟ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

 


 P
RR


2

2

1

1 . 

 
ɗɬɚ ɮɨɪɦɭɥɚ ɢɡɜɟɫɬɧɚ ɤɚɤ ɭɪɚɜɧɟɧɢɟ Ʌɚɩɥɚɫɚ. Ɉɧɚ ɫɜɹ-

ɡɵɜɚɟɬ ɦɟɠɞɭ ɫɨɛɨɣ ɦɟɪɢɞɢɨɧɚɥɶɧɵɟ ɢ ɤɨɥɶɰɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ. 
ɂɡ ɭɪɚɜɧɟɧɢɹ Ʌɚɩɥɚɫɚ ɜɵɜɨɞɹɬɫɹ ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ 

ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɚɬɶ ɬɨɥɳɢɧɭ ɨɛɨɥɨɱɤɢ ɜɪɚɳɟɧɢɹ ɩɪɨɢɡɜɨɥɶ-
ɧɨɣ ɮɨɪɦɵ. ɇɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ Ʌɚɩɥɚɫɚ 
ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ ɬɨɧɤɨɫɬɟɧɧɵɯ ɨɛɨɥɨɱɟɤ, ɬɨɥɳɢɧɚ ɫɬɟɧɨɤ ɤɨ-
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ɬɨɪɵɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 10% ɢɯ ɪɚɞɢɭɫɚ ɤɪɢɜɢɡɧɵ, ɩɨɷɬɨɦɭ ɨɧɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ ɬɨɧɤɨɫɬɟɧɧɵɯ ɨɛɨɥɨɱɟɤ, ɪɚɛɨɬɚɸɳɢɯ 
ɩɨɞ ɜɧɭɬɪɟɧɧɢɦ ɞɚɜɥɟɧɢɟɦ. 

 
 

2.10. Ɋɚɫɱɟɬ ɬɨɥɳɢɧɵ ɫɬɟɧɨɤ ɨɛɨɥɨɱɟɤ 
ɜɪɚɳɟɧɢɹ 

 
Ⱦɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ R1 = , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

1/R1 = 0. ɂɡ ɭɪɚɜɧɟɧɢɹ Ʌɚɩɥɚɫɚ ɫɥɟɞɭɟɬ 
 

2/R2 = P/, ɢɥɢ 2 = ɊR2/. 
 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɰɢɥɢɧɞɪɚ ɧɚɝɪɭɠɟɧɧɨɝɨ ɜɧɭɬ-
ɪɟɧɧɢɦ ɞɚɜɥɟɧɢɟɦ ɢ ɡɚɤɪɵɬɨɝɨ ɤɪɵɲɤɨɣ, ɜ ɤɭɪɫɟ "Ʉɨɧɫɬɪɭɢɪɨ-
ɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬɪɚɫɥɢ" ɜɵɜɨɞɢɬɫɹ, 
ɱɬɨ 
 

1 = PR2/2, ɬ.ɟ. 2 = 21. 
 

Ȼɨɥɟɟ ɭɞɨɛɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɜɧɭɬɪɟɧɧɢɦ Dȼ ɢɥɢ ɧɚɪɭɠ-
ɧɵɦ Dɇ ɞɢɚɦɟɬɪɚɦɢ ɰɢɥɢɧɞɪɚ 
 

Dȼ = 2R2 - ,  ɢɥɢ  Dɇ= 2R2 + . 
 

ɉɨ ɦɟɬɨɞɭ ɩɪɟɞɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɨɥɠɧɨ ɫɨɛɥɸɞɚɬɶ-
ɫɹ ɭɫɥɨɜɢɟ max = 2  []. 

Ⱦɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ [] ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ ɩɨ [6]. 

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɧɚɥɢɱɢɟ ɫɜɚɪɧɵɯ ɲɜɨɜ ɢ ɞɥɢ-
ɬɟɥɶɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɥɨɱɤɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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ɢɥɢ 

,
][2

C
p

PDS ɇ
ɐ 





 

 
ɝɞɟ Sɐ – ɢɫɩɨɥɧɢɬɟɥɶɧɚɹ ɬɨɥɳɢɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 

ɨɛɨɥɨɱɤɢ; 
 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ; 

  ɋ – ɩɪɢɛɚɜɤɚ ɧɚ ɤɨɦɩɟɧɫɚɰɢɸ ɤɨɪɪɨɡɢɢ. 
ɉɪɢ ɪɚɜɧɨɦɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɪɨɡɢɢ ɦɨɠɧɨ ɩɪɢɧɹɬɶ 

 
ɋ = ɉ, 

 
ɝɞɟ ɉ – ɝɥɭɛɢɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɤɨɪɪɨɡɢɢ; 
   – ɫɪɨɤ ɫɥɭɠɛɵ ɚɩɩɚɪɚɬɚ. 
Ⱦɥɹ ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɝɨ ɞɧɢɳɚ ɢɡ ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɱɧɨ-

ɫɬɢ ɨɛɨɥɨɱɤɢ ɫɥɟɞɭɟɬ R1 = R2 = R ɢ 1 = 2 = . Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ 
Ʌɚɩɥɚɫɚ ɡɚɩɢɲɟɬɫɹ ɤɚɤ 
 

,


 P
RR
  ɢɥɢ 




2
PR

 . 

 
ɂɫɩɨɥɶɡɭɹ ɩɨɞɫɬɚɧɨɜɤɢ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɭɱɚɹ ɩɨɥɭɱɚɟɦ 

ɬɨɥɳɢɧɭ ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɝɨ ɞɧɢɳɚ 
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ɉɪɢ ɪɚɫɱɟɬɟ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɞɧɢɳ ɧɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ, 

ɱɬɨ ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɨɛɪɚɡɭɸɳɟɣ ɧɟɩɪɟɪɵɜɧɨ ɦɟɧɹɟɬɫɹ. ȼ ɩɪɨ-
ɢɡɜɨɥɶɧɨɣ ɬɨɱɤɟ Ⱥ (x, y) (ɪɢɫ. 2.17.) ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɪɚɫɫɱɢ-
ɬɵɜɚɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ 
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Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɩɪɢɧɢɦɚɟɬ ɜ 

ɬɨɱɤɟ ȼ : ,
2 2

min
B

ɞ

D
H

R   ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜ ɬɨɱɤɟ ɋ (ɩɨɥɸɫɟ) : 

.
4

2

max
ɞ

B

H
DR   

 
 

Ɋ ɢ ɫ. 2.17. ɋɯɟɦɚ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɞɧɢɳɚ 
 

Ⱦɥɹ ɫɬɚɧɞɚɪɬɧɵɯ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɞɧɢɳ ɫɩɪɚɜɟɞɥɢɜɨ ɫɨ-
ɨɬɧɨɲɟɧɢɟ Dȼ=4ɇɞ. 

Ɍɨɥɳɢɧɚ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɞɧɢɳɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ 
ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ: 
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ɝɞɟ 

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Dɭ  – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɞɧɢɳɚ. 

Ⱦɥɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɞɧɢɳɚ yɷ = 1. 
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ȼ ɤɭɪɫɟ "Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɨɛɨɪɭɞɨ-
ɜɚɧɢɹ ɨɬɪɚɫɥɢ" ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɜɨɞɹɬɫɹ ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɨɥɳɢɧɵ ɤɨɧɢɱɟɫɤɢɯ ɢ ɬɨɪɨɫɮɟɪɢɱɟ-
ɫɤɢɯ ɞɧɢɳ, ɚ ɬɚɤɠɟ ɩɥɨɫɤɢɯ ɤɪɵɲɟɤ. 
 
 

2.11. Ɋɚɫɱɟɬ ɨɩɬɢɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɟɦɤɨɫɬɢ, 
ɪɚɛɨɬɚɸɳɟɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ 

ɞɚɜɥɟɧɢɹ 
 

Ⱦɥɹ ɫɨɫɭɞɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɬɨɥɳɢɧɚ ɫɬɟɧ-
ɤɢ, ɚ ɡɧɚɱɢɬ ɢ ɪɚɫɯɨɞ ɦɚɬɟɪɢɚɥɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɢ ɜɟɥɢɱɢɧɨɣ ɞɚɜɥɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɬɢɦɢɡɚ-
ɰɢɢ ɪɚɡɦɟɪɨɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɟɦɤɨɫɬɢ ɫ ɞɜɭɦɹ ɫɬɚɧɞɚɪɬɧɵɦɢ 
ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɞɧɢɳɚɦɢ (ɪɢɫ. 2.13.), ɪɚɛɨɬɚɸɳɟɣ ɩɨɞ ɞɟɣɫɬ-
ɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ P. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɡɚ ɤɪɢɬɟɪɢɣ ɨɩ-
ɬɢɦɢɡɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɦɚɫɫɚ ɚɩɩɚɪɚɬɚ, ɤɨɬɨɪɚɹ ɡɚɜɢ-
ɫɢɬ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɨɥɨɱɤɢ ɢ ɟɟ ɬɨɥɳɢɧɵ 
 

Ɇ = ∑FiSiȡi, 
 
ɝɞɟ  Fi – ɩɨɜɟɪɯɧɨɫɬɶ i-ɬɨɝɨ ɷɥɟɦɟɧɬɚ; 
 Si – ɬɨɥɳɢɧɚ i-ɬɨɝɨ ɷɥɟɦɟɧɬɚ; 
 ȡi – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ i-ɬɨɝɨ ɷɥɟɦɟɧɬɚ. 

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɢɦɟɪɚ 
 

Ɇ = FɰSɰȡɰ + 2FɷSɷȡɷ, 
 
ɝɞɟ Fɰ = 2ʌRH – ɩɨɜɟɪɯɧɨɫɬɶ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ; 

   C
P

PRSɰ 
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
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2  – ɬɨɥɳɢɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱ-

ɤɢ; 
 Fɷ = 1,38ʌR2 – ɩɨɜɟɪɯɧɨɫɬɶ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɞɧɢɳɚ (ɩɨ-
ɥɭɷɥɥɢɩɫɨɢɞɚ ɜɪɚɳɟɧɢɹ); 
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   C
P

PRSɷ 



2
2  – ɬɨɥɳɢɧɚ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɥɢɩɬɢɱɟ-

ɫɤɨɝɨ ɞɧɢɳɚ; 
 ȡɰ – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ; 
 ȡɷ – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɧɢɳ. 

Ⱦɜɟ ɩɟɪɟɦɟɧɧɵɟ ɜɟɥɢɱɢɧɵ R ɢ ɇ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ 
ɱɟɪɟɡ ɡɚɞɚɧɧɵɣ ɨɛɴɟɦ ɟɦɤɨɫɬɢ. 
 

V = Vɰ + 2Vɷ = ʌR2H +2(2/3ʌR2Hd) = ʌR2H + 2/3ʌR3. 
 

Ɉɬɫɸɞɚ 

.
3
2

2 R
R
Vɇ 


 

ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɜɟɥɢɱɢɧ ɜ ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ, 
ɩɨɥɭɱɢɦ 
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ɍɩɪɨɫɬɢɜ ɭɪɚɜɧɟɧɢɟ, ɧɚɣɞɹ ɩɪɨɢɡɜɨɞɧɭɸ ɢ ɩɪɢɪɚɜɧɹɜ ɟɟ 

ɤ ɧɭɥɸ, ɩɨɥɭɱɢɦ 
 

R4 +AR3 – B = 0, 
 
ɝɞɟ Ⱥ ɢ ȼ – ɤɨɷɮɮɢɰɢɟɧɬɵ. 

Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɨ ɱɢɫɥɟɧɧɵɦɢ ɦɟ-
ɬɨɞɚɦɢ ɢɥɢ ɝɪɚɮɢɱɟɫɤɢ. 

Ɋɟɲɢɦ ɞɚɧɧɭɸ ɡɚɞɚɱɭ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɟɦɤɨɫɬɶ ɢɦɟɟɬ 
ɨɛɴɟɦ V=10 ɦ3, ɢɡɝɨɬɨɜɥɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɞɜɭɯɫɬɨɪɨɧɧɟɣ ɫɜɚɪɤɢ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ (ĳ=1) ɢɡ ɫɬɚɥɢ 20, ɷɤɫ-
ɩɥɭɚɬɢɪɭɟɬɫɹ ɧɚ ɨɬɤɪɵɬɨɣ ɩɥɨɳɚɞɤɟ ɩɨɞ ɜɧɭɬɪɟɧɧɢɦ ɞɚɜɥɟɧɢ-
ɟɦ Ɋ=1,5 Ɇɉɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢ ɯɪɚɧɟɧɢɹ ɫɟɪ-
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ɧɢɫɬɨɝɨ ɩɟɱɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
ɋɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ ɞɚɧɧɨɣ ɫɬɚɥɢ ɫɨ-
ɫɬɚɜɥɹɟɬ 0,05 ɦɦ/ɝɨɞ, ɚ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɜ ɩɟɱɧɨɦ ɬɨɩɥɢɜɟ - 
0,3 ɦɦ/ɝɨɞ. Ɋɚɫɱɟɬɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ ɟɦɤɨɫɬɢ 20 ɥɟɬ. ɉɨ ɬɚɛɥ. 5 
[6] ɞɥɹ ɫɬɚɥɟɣ 20 ɢ 20Ʉ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ [ı] = 147 Ɇɉɚ. 

Ɉɩɪɟɞɟɥɢɦ ɩɪɢɛɚɜɤɭ ɧɚ ɤɨɪɪɨɡɢɸ 
 

ɋ = 0,05ǜ20 + 0,3ǜ20 = 7 ɦɦ = 0,007 ɦ. 
 

ɉɥɨɬɧɨɫɬɶ ɦɟɬɚɥɥɚ ɤɨɪɩɭɫɚ ɢ ɞɧɢɳ ɨɞɢɧɚɤɨɜɚɹ, ɬ.ɟ. ȡ = 
ȡɰ = ȡɷ = 7800 ɤɝ/ɦ3. 

Ɇɚɫɫɚ ɤɨɪɩɭɫɚ ɟɦɤɨɫɬɢ 
 

 7800007,00103,0482,420 2 
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
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R
Ɇ . 

 
ɇɚɣɞɟɦ ɩɟɪɜɭɸ ɩɪɨɢɡɜɨɞɧɭɸ ɢ, ɩɪɢɪɚɜɧɹɜ ɟɟ ɤ ɧɭɥɸ, 

ɩɨɥɭɱɢɦ 
 

R4 + 0,455R3 – 1,015 = 0. 
 

Ɋɟɲɢɦ ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɝɪɚɮɢɱɟɫɤɢ, ɞɥɹ ɱɟɝɨ ɩɟɪɟɩɢ-
ɲɟɦ ɟɝɨ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
 

Y = R4 
X = 1,015 – 0,455R3. 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɡɚɩɨɥɧɢɦ ɬɚɛɥ. 2.2. ɢ ɩɨɫɬɪɨɢɦ 

ɝɪɚɮɢɤ (ɪɢɫ. 2.18.), ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɪɟɲɟɧɢɟ ɫ ɞɨɫɬɚ-
ɬɨɱɧɨɣ ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ ɰɟɥɟɣ ɬɨɱɧɨɫɬɶɸ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɦɟɠɞɭ 
0,90 ɢ 0,91 ɦ. ɉɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɢɣ ɫɬɚɧɞɚɪɬɧɵɣ ɪɚɡɦɟɪ Rɨɩɬ 
= 0,90 ɦ, ɬɨɝɞɚ ɇɨɩɬ = 3,33 ɦ. 
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     Ɍɚɛɥɢɰɚ 2.2 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

R Y X 
0,7 0,240 0,860 
0,8 0,410 0,782 
0,9 0,656 0,683 

0,91 0,686 0,672 
1,0 1,000 0,560 

 
Ɋ ɢ ɫ. 2.18. Ƚɪɚɮɢɱɟɫɤɨɟ ɧɚɯɨɠɞɟɧɢɟ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ 
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Ƚ ɥ ɚ ɜ ɚ   3. 
 

ɈɉɊȿȾȿɅȿɇɂȿ ɇȺȽɊɍɁɈɄ ɈɌ ɆȺɋɋɕ ȺɉɉȺɊȺɌɈȼ 
 

Ʉɨɪɪɟɤɬɧɵɣ ɜɵɛɨɪ ɪɚɡɦɟɪɨɜ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɚɩɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɩɨɞɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɪɭɡɨ-
ɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ ɢ ɦɨɧɬɚɠ-
ɧɵɯ ɪɚɛɨɬ ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɡɜɟɫɬɧɵ ɞɟɣ-
ɫɬɜɭɸɳɢɟ ɧɚɝɪɭɡɤɢ. Ɉɞɧɢɦɢ ɢɡ ɨɫɧɨɜɧɵɯ ɹɜɥɹɸɬɫɹ ɧɚɝɪɭɡɤɢ 
ɨɬ ɫɨɛɫɬɜɟɧɧɨɣ ɦɚɫɫɵ ɢ ɨɬ ɦɚɫɫɵ ɩɪɨɞɭɤɬɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ 
ɨɛɴɟɦɟ ɚɩɩɚɪɚɬɚ. 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɨɫɬɵɟ ɧɚɢɛɨɥɟɟ ɬɢ-
ɩɢɱɧɵɟ ɷɥɟɦɟɧɬɵ ɚɩɩɚɪɚɬɨɜ. ɇɟɨɛɯɨɞɢɦɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɩɪɢ 
ɪɟɲɟɧɢɢ ɪɟɚɥɶɧɨɣ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ, ɤɨɬɨ-
ɪɚɹ ɩɨɡɜɨɥɹɟɬ ɨɬɛɪɨɫɢɬɶ ɧɟɫɭɳɟɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɢ ɭɩɪɨɫɬɢɬɶ 
ɪɟɲɟɧɢɟ. 

ɉɪɢ ɫɯɟɦɚɬɢɡɚɰɢɢ ɪɟɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɱɚɫɬɨ ɫɥɟɞɭɟɬ ɫɞɟ-
ɥɚɬɶ ɭɩɪɨɳɟɧɢɹ ɢ ɜ ɫɢɫɬɟɦɟ ɫɢɥ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɷɥɟɦɟɧɬɭ ɤɨɧ-
ɫɬɪɭɤɰɢɢ, ɧɚɩɪɢɦɟɪ, ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ ɡɚɦɟɧɹɟɬɫɹ ɫɨ-
ɫɪɟɞɨɬɨɱɟɧɧɨɣ ɫɢɥɨɣ, ɩɪɢɥɨɠɟɧɧɨɣ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɤɟ. Ɂɚ-
ɦɟɧɚ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɢɥ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ 
ɜɨɡɦɨɠɧɚ, ɤɨɝɞɚ ɩɪɨɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɨɛɴɟɤɬɚ ɜ ɰɟɥɨɦ. 

ɉɨɫɤɨɥɶɤɭ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɚɩɩɚɪɚɬɵ ɱɚɳɟ ɜɫɟɝɨ ɩɪɟɞ-
ɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɱɟɬɚɧɢɟ ɩɥɚɫɬɢɧ ɢ ɪɚɡɥɢɱɧɵɯ ɨɛɨɥɨɱɟɤ ɜɪɚ-
ɳɟɧɢɹ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɬɶ ɪɚɫɫɱɢɬɵɜɚɬɶ ɦɚɫɫɭ ɢ ɧɚɯɨɞɢɬɶ 
ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤ-
ɠɟ ɦɚɫɫɭ ɢ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɫɨɞɟɪɠɢɦɨɝɨ. ɂɬɨɝɨɦ 
ɞɚɧɧɵɯ ɪɚɫɱɟɬɨɜ ɹɜɥɹɸɬɫɹ ɦɚɫɫɚ ɪɟɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɚɩɩɚɪɚɬɨɜ ɢ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ. 

Ɂɧɚɧɢɟ ɦɚɫɫɵ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɩɨɥɨɠɟɧɢɟ ɰɟɧ-
ɬɪɨɜ ɬɹɠɟɫɬɢ ɩɨɡɜɨɥɹɟɬ ɫɨɫɬɚɜɥɹɬɶ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ, ɩɨ ɤɨɬɨ-
ɪɵɦ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɨɩɬɢɦɢɡɚɰɢɸ ɤɨɧɫɬɪɭɤɰɢɢ ɢɥɢ ɜɵɛɢ-
ɪɚɬɶ ɫɯɟɦɵ ɦɨɧɬɚɠɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɬɶ ɧɚɝɪɭɡɤɢ ɧɚ 
ɦɨɧɬɚɠɧɵɟ ɦɟɯɚɧɢɡɦɵ, ɪɚɫɫɱɢɬɵɜɚɬɶ ɨɬɞɟɥɶɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟ-
ɧɢɹ ɢ ɬ.ɞ. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɧɭɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬɜɟɬɵ ɧɚ ɜɨɩɪɨ-
ɫɵ, ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɢɥɢ ɧɟɬ ɤɨɧɫɬɪɭɤɰɢɹ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨ-
ɫɬɢ ɢ ɹɜɥɹɟɬɫɹ ɥɢ ɪɟɲɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɦ. 

Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɭɠɟ 
ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɧɟɟ ɜ ɤɭɪɫɚɯ ɜɵɫɲɟɣ ɦɚɬɟɦɚɬɢɤɢ ɢ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ. 
 
 

3.1. ɋɬɚɬɢɱɟɫɤɢɟ ɦɨɦɟɧɬɵ ɩɥɚɫɬɢɧɵ 
 

ȼɨɡɶɦɟɦ ɧɟɤɨɬɨɪɭɸ ɩɥɚɫɬɢɧɭ, ɢɡɝɨɬɨɜɥɟɧɧɭɸ ɢɡ ɨɞɧɨ-
ɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɜɹɠɟɦ ɫ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ ɯ, ɭ ɢ ɪɚɫ-
ɫɦɨɬɪɢɦ ɞɜɚ ɫɥɟɞɭɸɳɢɯ ɢɧɬɟɝɪɚɥɚ: 
 


F

x ydFS , 


F

y xdFS , 

 
ɝɞɟ ɢɧɞɟɤɫ F ɭ ɡɧɚɤɚ ɢɧɬɟɝɪɚɥɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɢɧɬɟɝɪɢɪɨ-
ɜɚɧɢɟ ɜɟɞɟɬɫɹ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ ɩɥɚɫɬɢɧɵ. Ʉɚɠɞɵɣ ɢɡ ɢɧɬɟɝɪɚ-
ɥɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɩɪɨɢɡɜɟɞɟɧɢɣ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɩɥɨɳɚɞɨɤ dF ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɫɢ (ɯ ɢɥɢ ɭ). 

ɉɟɪɜɵɣ ɢɧɬɟɝɪɚɥ ɧɚɡɵɜɚɟɬɫɹ ɫɬɚɬɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɯ, ɚ ɜɬɨɪɨɣ – ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɭ [7]. Ɉɫɶ, ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɤɨɬɨɪɨɣ ɫɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɪɚɜɟɧ ɧɭɥɸ, ɧɚɡɵɜɚɟɬɫɹ 
ɰɟɧɬɪɚɥɶɧɨɣ, ɚ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɬɚɤɢɯ ɨɫɟɣ – ɰɟɧɬɪɨɦ ɬɹɠɟ-
ɫɬɢ ɩɥɚɫɬɢɧɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɨɞɧɨɪɨɞɧɨɣ 
ɩɥɚɫɬɢɧɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ: 
 

F
S

x y
c  , 

F
Sy x

c  . 



 56 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɨɩɪɟɞɟɥɢɦ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹ-
ɠɟɫɬɢ ɤɪɭɝɨɜɨɝɨ ɫɟɝɦɟɧɬɚ ɪɚɞɢɭɫɨɦ R ɫ ɰɟɧɬɪɚɥɶɧɵɦ ɭɝɥɨɦ 2Į 
(ɪɢɫ. 3.1.). 
 

 
 

Ɋ ɢ ɫ. 3.1. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 
 

ɂɡ ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɫɟɝɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 
ɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɫ = 0. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɯɫ ɪɚɫɫɱɢɬɚɟɦ ɫɬɚɬɢɱɟ-
ɫɤɢɣ ɦɨɦɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɭ. 
 

.
cos
 
R

RF
y xdFxdFS



 

 
ɂɡ ɭɪɚɜɧɟɧɢɹ ɨɤɪɭɠɧɨɫɬɢ ɯ2 + ɭ2= R2 ɫɥɟɞɭɟɬ 

22 xRy  , ɬɨɝɞɚ   dF = 2ydx dxxR 222  . 
ɂɫɩɨɥɶɡɨɜɚɜ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ dF, ɧɚɣɞɟɦ Sy. 
 

 

  .sin
3
2cos

3
2

3
22

332
3

222

cos
2
3

22

cos

22






RRR

xRdxxRxS R
R

R

R
y



 
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ɉɥɨɳɚɞɶ ɩɥɚɫɬɢɧɵ ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɬɚɤ: 
 

 .2sin2
2

arcsin
22

2

2

2

cos

2
22

cos

22



















 

R

R
xRxRx

dxxRdFF

R
R

R

RF

 

 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɚɛɫɰɢɫɫɚ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɨɩɪɟɞɟɥɢɬɫɹ 

ɬɚɤ: 
 

   





2sin23
sin4

2sin23
sin22 3

2

33








R

R
R

F
S

x y
c . 

 
Ⱦɥɹ ɩɨɥɭɤɪɭɝɚ 2Į = ʌ ɢ ɬɨɝɞɚ xc = 4R/3ʌ. 
Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹ-

ɠɟɫɬɢ ɩɥɚɫɬɢɧɵ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɧɚɩɪɢɦɟɪ, ɤɪɭɝɨɜɨɝɨ 
ɫɟɤɬɨɪɚ ɫ ɤɜɚɞɪɚɬɧɵɦ ɨɬɜɟɪɫɬɢɟɦ (ɪɢɫ. 3.2.). 

 

 
 

Ɋ ɢ ɫ. 3.2. ɋɯɟɦɚ ɤɪɭɝɨɜɨɝɨ ɫɟɤɬɨɪɚ ɫ ɨɬɜɟɪɫɬɢɟɦ 
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Ɋɚɡɛɢɜɚɟɦ ɩɥɚɫɬɢɧɭ ɧɚ ɬɪɢ ɩɪɨɫɬɟɣɲɢɟ ɮɢɝɭɪɵ: ɤɪɭɝɨ-
ɜɨɣ ɫɟɝɦɟɧɬ 1, ɪɚɜɧɨɛɟɞɪɟɧɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ 2 ɢ ɤɜɚɞɪɚɬɧɨɟ ɨɬ-
ɜɟɪɫɬɢɟ 3. ȼɵɛɢɪɚɟɦ ɫɢɫɬɟɦɭ ɨɫɟɣ ɯ ɢ ɭ ɢ ɨɩɪɟɞɟɥɹɟɦ ɤɨɨɪɞɢ-
ɧɚɬɵ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɢɝɭɪ. Ɉɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ 
ɬɹɠɟɫɬɢ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɢɝɭɪ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɨɫɢ ɫɢɦ-
ɦɟɬɪɢɢ ɯ, ɬ. ɟ. 0

321
 cccc yyyy . 

Ⱥɛɫɰɢɫɫɚ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɫɟɝɦɟɧɬɚ ɭɠɟ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ 
ɜ ɩɪɟɞɵɞɭɳɟɣ ɡɚɞɚɱɟ. ɐɟɧɬɪ ɬɹɠɟɫɬɢ ɪɚɜɧɨɛɟɞɪɟɧɧɨɝɨ ɬɪɟ-
ɭɝɨɥɶɧɢɤɚ, ɤɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɲɤɨɥɶɧɨɝɨ ɤɭɪɫɚ, ɪɚɫɩɨɥɨɠɟɧ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 2/3 ɜɵɫɨɬɵ ɨɬ ɟɝɨ ɜɟɪɲɢɧɵ, ɚ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɤɜɚɞ-
ɪɚɬɚ ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɟɝɨ ɨɫɟɣ ɫɢɦɦɟɬɪɢɢ (ɢɥɢ ɞɢɚɝɨɧɚɥɟɣ). Ɉɩ-
ɪɟɞɟɥɹɟɦ ɫɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɫɨɫɬɚɜɧɨɣ ɮɢɝɭɪɵ ɤɚɤ ɚɥɝɟɛɪɚɢ-
ɱɟɫɤɭɸ ɫɭɦɦɭ ɫɬɚɬɢɱɟɫɤɢɯ ɦɨɦɟɧɬɨɜ ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɢɝɭɪ: 
 

321321 321 cccyyyy xFxFxFSSSS  . 
 

Ɂɧɚɱɟɧɢɟ 
1yS ɛɵɥɨ ɩɨɞɫɱɢɬɚɧɨ ɜ ɩɪɟɞɵɞɭɳɟɦ ɩɪɢɦɟɪɟ, 

ɨɫɬɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ɪɚɜɧɵ: 
 

 232 cossin
3
2cos

3
22sin

2
1

2
RRRS y  , 

3

128
5

82443
RRRRRS y 






  . 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɯɨɞɢɦ 

 
32333

128
5cossin

3
2sin

3
2 RRRS y   . 

 
ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɭɩɪɨɳɟɧɢɹ ɪɚɜɟɧɫɬɜɚ ɩɨɥɭɱɚɟɦ 

 







 

128
5sin

3
23 RS y . 
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ɉɥɨɳɚɞɶ ɫɨɫɬɚɜɧɨɣ ɮɢɝɭɪɵ 
 

  .
16

2sin
2

2sin2
2

222

321

RRR
FFFF






 

 
ɉɪɢɜɟɞɹ ɩɨɞɨɛɧɵɟ ɱɥɟɧɵ, ɩɨɥɭɱɢɦ 
 







 

16
12 RF . 

 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ 
 

  .
11624
15sin256

16
1

128
5sin

3
2
















RR

F
S

x y
c  

 
 

3.2. ɇɚɯɨɠɞɟɧɢɟ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ 
ɨɛɨɥɨɱɟɤ ɜɪɚɳɟɧɢɹ 

 
Ɇɧɨɝɨɨɛɪɚɡɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢ ɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ 

ɜɵɪɚɠɚɸɬɫɹ ɞɜɨɣɧɵɦ ɢɥɢ ɬɪɨɣɧɵɦ ɢɧɬɟɝɪɚɥɨɦ, ɫɦɨɬɪɹ ɩɨ ɬɨ-
ɦɭ, ɨɬɧɨɫɹɬɫɹ ɥɢ ɨɧɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ (ɩɥɨɫɤɨɣ ɢɥɢ ɤɪɢɜɨɣ), ɬ.ɟ. 
ɨɛɨɥɨɱɤɟ, ɢɥɢ ɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ ɬɟɥɭ. ɂɡ ɦɚɬɟɦɚɬɢɤɢ [1] 
ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɨɞɧɨɪɨɞɧɨɣ ɨɛɨɥɨɱ-
ɤɢ 
 














D

D
c

D

D
c

D

D
c d

zd
z

d

yd
y

d

xd
x












;; . 
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ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɞɚɧɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɞɥɹ ɧɚɯɨɠɞɟ-
ɧɢɹ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɩɥɚɫɬɢɧɵ ɩɨ ɪɢɫ. 3.1. 

Ɉɩɪɟɞɟɥɹɟɦ ɱɢɫɥɢɬɟɥɶ ɜɵɪɚɠɟɧɢɹ 
 




33

cos

22

cos

sin
3
22

22

22

RdxxRxxdydxxd
R

R

xR

xR

R

RD

 




. 

 
Ɂɧɚɦɟɧɚɬɟɥɶ ɜɵɪɚɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɟɞɭɸɳɟɟ: 

 

 


2sin2
2

2
2

cos

22

cos

22

22

 




RdxxRdydxd
R

R

xR

xR

R

RD

. 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɩɨɦɨɳɶɸ ɞɜɨɣɧɨɝɨ ɢɧɬɟɝɪɚɥɚ ɩɨɥɭɱɟ-

ɧɵ ɬɟ ɠɟ ɫɚɦɵɟ ɜɵɪɚɠɟɧɢɹ, ɱɬɨ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɪɚɡɞɟɥɟ. 
ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɢ ɮɨɪɦɭɥ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɨɥɨɱɟɤ ɜɪɚɳɟɧɢɹ [8] ɧɚɣɞɟɦ ɩɨ-
ɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɤɨɧɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ (ɪɢɫ. 3.3), ɤɨɬɨ-
ɪɚɹ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɞɧɢɳɟ ɚɩɩɚɪɚɬɨɜ ɞɥɹ ɯɪɚɧɟɧɢɹ ɫɵ-
ɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɤɨɧɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞ ɞɥɹ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨ ɞɥɢɧɟ (ɜɵɫɨɬɟ). 
 

 
 

Ɋ ɢ ɫ. 3.3. Ʉɨɧɢɱɟɫɤɚɹ ɨɛɨɥɨɱɤɚ 
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ɂɡ ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɨɛɨɥɨɱɤɢ yc = zc = 0. 
ɍɪɚɜɧɟɧɢɟ ɨɛɪɚɡɭɸɳɟɣ ɤɨɧɭɫɚ ɜ ɩɥɨɫɤɨɫɬɢ ɯ0ɭ ɡɚɩɢ-

ɲɟɬɫɹ ɜ ɜɢɞɟ ɭ = ɯǜtgĮ, ɚ ɩɪɨɢɡɜɨɞɧɚɹ y' = tgĮ, ɬɨɝɞɚ ɚɛɫɰɢɫɫɚ ɯɫ 
ɪɚɜɧɚ 
 

 

 














H

H

D

D
c

dxyy

dxyyx

d

xd
x

0

2'

0

2'

12

12








 

H
xdx

dxx

dxx

dxxx

H

H

H

H

3
2

tg1tg2

tg1tg2

0

0

2

0

2

0

2


















. 

 
ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɧɚɝɪɭɡɨɤ ɨɬ ɫɨɛɫɬ-

ɜɟɧɧɨɣ ɦɚɫɫɵ ɞɥɹ ɪɟɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɟɮɬɟ-
ɞɨɛɵɜɚɸɳɟɣ ɢ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɬɫɹ ɨɛɨɥɨɱɤɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ, ɤɨɧɢ-
ɱɟɫɤɢɟ, ɫɮɟɪɢɱɟɫɤɢɟ, ɜ ɮɨɪɦɟ ɷɥɥɢɩɫɨɢɞɚ ɜɪɚɳɟɧɢɹ. ɂɧɠɟɧɟɪ-
ɦɟɯɚɧɢɤ ɞɨɥɠɟɧ ɭɦɟɬɶ ɧɚɯɨɞɢɬɶ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɤɚɤ 
ɥɸɛɨɣ ɢɡ ɷɬɢɯ ɨɛɨɥɨɱɟɤ, ɬɚɤ ɢ ɤɚɤɨɣ-ɥɢɛɨ ɱɚɫɬɢ ɨɛɨɥɨɱɤɢ. 

 

 
 

Ɋ ɢ ɫ. 3.4. ɉɨɥɭɫɮɟɪɢɱɟɫɤɨɟ ɞɧɢɳɟ 
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ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ, ɧɚɣɞɟɦ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 
ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɝɨ ɞɧɢɳɚ ɪɚɞɢɭɫɨɦ R (ɪɢɫ. 3.4). 

Ɉɛɪɚɡɭɸɳɟɣ ɞɧɢɳɚ ɹɜɥɹɟɬɫɹ ɨɤɪɭɠɧɨɫɬɶ, ɭɪɚɜɧɟɧɢɟ 
ɤɨɬɨɪɨɣ ɯ2 + ɭ2 = R2, ɬɨɝɞɚ ɯ = 22 yR  , ɚ ɩɪɨɢɡɜɨɞɧɚɹ 

22
'

yR
yx



 . ɉɨɞɫɬɚɜɢɜ ɷɬɢ ɡɧɚɱɟɧɢɹ ɜ ɧɚɱɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ, ɩɨɥɭɱɢɦ 
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. 

 
ȼ ɡɚɜɟɪɲɟɧɢɟ ɞɚɧɧɨɣ ɬɟɦɵ ɧɚɣɞɟɦ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ 

ɬɹɠɟɫɬɢ ɱɚɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ ɜ ɮɨɪɦɵ "ɰɢɥɢɧɞɪɢ-
ɱɟɫɤɨɝɨ ɤɨɩɵɬɚ" (ɪɢɫ. 3.5.), ɤɨɬɨɪɚɹ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɩɨɥɨɜɢɧɭ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɞɧɢɳɚ ɤɚɤɨɝɨ-ɥɢɛɨ ɚɩɩɚɪɚɬɚ. 
Ȼɨɤɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɞɚɧɧɨɣ ɨɛɨɥɨɱɤɢ ɪɚɜɧɚ S = 2R2tgĮ (ɫɦ. 
ɬɚɛɥ. 2.1). 

ɂɡ ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɭɫ = 0. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɫ-
ɬɚɜɲɢɯɫɹ ɤɨɨɪɞɢɧɚɬ ɪɚɫɫɱɢɬɚɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɚɬɢɱɟɫɤɢɟ 
ɦɨɦɟɧɬɵ. 

 

      dzdxyyxxd
D D

zx
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Ɋ ɢ ɫ. 3.5. "ɐɢɥɢɧɞɪɢɱɟɫɤɨɟ ɤɨɩɵɬɨ" 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɯɫ = R/8. 

 

      dzdxyyzzd
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Ɂɧɚɱɟɧɢɟ ɩɨɫɥɟɞɧɟɣ ɤɨɨɪɞɢɧɚɬɵ  tg
16

Rzc  . 

ɋɜɟɞɟɧɢɹ ɩɨ ɪɚɫɩɨɥɨɠɟɧɢɸ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɪɚɡɥɢɱɧɵɯ 
ɨɛɨɥɨɱɟɤ ɜɪɚɳɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3.1. 
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Ɍɚɛɥɢɰɚ 3.1 
 

Ʉɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɧɟɤɨɬɨɪɵɯ 
ɨɛɨɥɨɱɟɤ ɜɪɚɳɟɧɢɹ 

Ɉɛɨɥɨɱɤɚ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɵ 
ɉɨɥɭɫɮɟɪɢɱɟɫɤɨɟ 
ɞɧɢɳɟ (ɪɢɫ. 3.4) 

R –ɪɚɞɢɭɫ ɫɮɟɪɵ ɭɫ = R/2 ɨɬ ɨɫɧɨɜɚɧɢɹ 

ɋɬɚɧɞɚɪɬɧɨɟ ɷɥɥɢɩ-
ɬɢɱɟɫɤɨɟ ɞɧɢɳɟ (ɪɢɫ. 
2.17) 

R – ɪɚɞɢɭɫ ɚɩɩɚɪɚɬɚ, 
ɇɞ = R/2 –ɜɵɫɨɬɚ ɞɧɢ-
ɳɚ 

yɫ = ɇɞ/2 = R/4 ɨɬ ɨɫ-
ɧɨɜɚɧɢɹ 

ɉɨɥɵɣ ɤɨɧɭɫ R – ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ, 
ɇ – ɜɵɫɨɬɚ ɤɨɧɭɫɚ 

ɭɫ = ɇ/3 ɨɬ ɨɫɧɨɜɚɧɢɹ 

ɉɨɥɵɣ ɭɫɟɱɟɧɧɵɣ 
ɤɨɧɭɫ 

R – ɪɚɞɢɭɫ ɛóɥɶɲɟɝɨ 
ɨɫɧɨɜɚɧɢɹ, 
ɇ – ɜɵɫɨɬɚ ɭɫɟɱɟɧɧɨɝɨ 
ɤɨɧɭɫɚ, 
r – ɪɚɞɢɭɫ ɦɟɧɶɲɟɝɨ 
ɨɫɧɨɜɚɧɢɹ. 

 22 rRRA   

 22 rRrB   
22HRAC   
22HrBD   

DrCR
DrCRE





22

 







 


 ER

rR
Hyc 3

2

ɨɬ ɛóɥɶɲɟɝɨ ɨɫɧɨɜɚ-
ɧɢɹ 

"ɐɢɥɢɧɞɪɢɱɟɫɤɨɟ 
ɤɨɩɵɬɨ" (ɪɢɫ. 3.5) 

R – ɪɚɞɢɭɫ ɰɢɥɢɧɞɪɚ, 
Į – ɭɝɨɥ ɧɚɤɥɨɧɚ ɜɟɪɯ-
ɧɟɣ ɩɥɨɫɤɨɫɬɢ 

Rxc 8


  

 tg
16

Rzc   

 
 

3.3. ɇɚɯɨɠɞɟɧɢɟ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɬɟɥ 

 
Ʉɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɫɩɥɨɲɧɨɝɨ ɨɞɧɨɪɨɞɧɨɝɨ 

ɬɟɥɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ 
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












V

V
c

V

V
c

V

V
c dv

zdv
z

dv

ydv
y

dv

xdv
x ;; . 

 
ɇɚɣɞɟɦ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɩɨɥɭɲɚɪɚ, ɩɨɥɭɱɟɧ-

ɧɨɝɨ ɪɚɡɪɟɡɚɧɢɟɦ ɲɚɪɚ ɧɚ ɞɜɟ ɱɚɫɬɢ ɩɥɨɫɤɨɫɬɶɸ ɯ0ɭ. ɂɡ ɭɫɥɨ-
ɜɢɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɬɟɥɚ ɯɫ = ɭɫ = 0. Ɉɛɴɟɦ ɩɨɥɭɲɚɪɚ 

3

3
2 RdvV

V

  . ɋɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɩɨɥɭɲɚɪɚ ɪɚɜɟɧ 

 

   









V

R

R

xR

xR

yxR

zdzdydxzdv
22

22

222

0

 

 
ɢɥɢ ɤɚɤ ɬɟɥɚ ɜɪɚɳɟɧɢɹ (ɱɬɨ ɦɧɨɝɨ ɩɪɨɳɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ) 
 

  4
0

4

0

2
2

0

22

442
RzzRzdzzRzdv RR

R

V


   . 

 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ zc =3R/8. 
ȼ ɡɚɜɟɪɲɟɧɢɟ, ɧɚɣɞɟɦ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 

ɫɩɥɨɲɧɨɝɨ ɨɞɧɨɪɨɞɧɨɝɨ "ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɤɨɩɵɬɚ" ɪɚɫɩɨɥɨ-
ɠɟɧɧɨɝɨ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3.5. ɍɪɚɜɧɟɧɢɟ ɜɟɪɯɧɟɣ ɫɟɤɭɳɟɣ 
ɩɥɨɫɤɨɫɬɢ z = xtgĮ. Ɉɛɴɟɦ, ɧɚɣɞɟɧɧɵɣ ɪɚɧɟɟ, ɪɚɜɟɧ 

tg
3
2 3RV  . 

Ɉɩɪɟɞɟɥɹɟɦ ɫɬɚɬɢɱɟɫɤɢɟ ɦɨɦɟɧɬɵ 
 

     






R

R

yR x R

R

yR

V

dxxdyxdzdxdyxdv
22 22

0

tg

0 0

2tg


  
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  
 tg
83

tg 4
2
3

22 RdyyR
R

R

 


. 

     








dxxdyzdzdxdyzdv
V

R

R

yR x R

R

yR22 22

0

tg

0 0

22

2
tg   

  
 tg
166

tg 4
2
3

22
2

RdyyR
R

R

 


. 

 
Ɍɚɛɥɢɰɚ 3.2 

 
Ʉɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɧɟɤɨɬɨɪɵɯ ɬɟɥ ɜɪɚɳɟɧɢɹ 
Ɍɟɥɨ ɜɪɚɳɟɧɢɹ Ɉɛɨɡɧɚɱɟɧɢɟ Ɏɨɪɦɭɥɵ 

ɉɨɥɭɲɚɪ R –ɪɚɞɢɭɫ ɲɚɪɚ ɭɫ = 3R/8 ɨɬ ɨɫɧɨɜɚɧɢɹ 
ɉɨɥɭɷɥɥɢɩɫɨɢɞ 
ɜɪɚɳɟɧɢɹ 

R – ɪɚɞɢɭɫ ɜɪɚɳɟɧɢɹ 
ɩɨɥɭɷɥɥɢɩɫɨɢɞɚ, 
ɇ = R/2 –ɜɵɫɨɬɚ ɩɨɥɭ-
ɷɥɥɢɩɫɨɢɞɚ 

yɫ = 3ɇ/8 = 3R/16 ɨɬ 
ɨɫɧɨɜɚɧɢɹ 

ɋɩɥɨɲɧɨɣ ɤɨɧɭɫ R – ɪɚɞɢɭɫ ɨɫɧɨɜɚɧɢɹ, 
ɇ – ɜɵɫɨɬɚ ɤɨɧɭɫɚ 

ɭɫ = ɇ/4 ɨɬ ɨɫɧɨɜɚɧɢɹ 

ɋɩɥɨɲɧɨɣ ɭɫɟɱɟɧ-
ɧɵɣ ɤɨɧɭɫ 

R – ɪɚɞɢɭɫ ɛóɥɶɲɟɝɨ 
ɨɫɧɨɜɚɧɢɹ, 
ɇ – ɜɵɫɨɬɚ ɭɫɟɱɟɧɧɨɝɨ 
ɤɨɧɭɫɚ, 
r – ɪɚɞɢɭɫ ɦɟɧɶɲɟɝɨ 
ɨɫɧɨɜɚɧɢɹ 

BRA
4
3

  

33

44

rR
rRB




  

A
rR

Hyc 


  

ɨɬ ɛóɥɶɲɟɝɨ ɨɫɧɨɜɚɧɢɹ 
ɋɩɥɨɲɧɨɟ "ɰɢ-
ɥɢɧɞɪɢɱɟɫɤɨɟ ɤɨ-
ɩɵɬɨ" (ɫ ɫɢɫɬɟɦɨɣ 
ɤɨɨɪɞɢɧɚɬ ɩɨ ɪɢɫ. 
2.5.) 

R – ɪɚɞɢɭɫ ɰɢɥɢɧɞɪɚ, 
Į – ɭɝɨɥ ɧɚɤɥɨɧɚ ɜɟɪɯ-
ɧɟɣ ɩɥɨɫɤɨɫɬɢ 

Rxc 16
3

  

 tg
32
3 Rzc   

Ʉɪɭɝɥɚɹ ɩɥɚɫɬɢɧɚ R – ɪɚɞɢɭɫ ɩɥɚɫɬɢɧɵ ȼ ɰɟɧɬɪɟ ɩɥɚɫɬɢɧɵ 
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3.4. Ɋɚɫɱɟɬ ɭɫɢɥɢɣ ɩɪɢ ɦɨɧɬɚɠɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

ɍɦɟɧɢɟ ɧɚɯɨɞɢɬɶ ɩɨɥɨɠɟ-
ɧɢɟ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɨɬɞɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨ-
ɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɪɚɫɱɟɬɵ ɩɨ ɨɩɪɟ-
ɞɟɥɟɧɢɸ ɪɟɚɤɰɢɣ ɨɩɨɪ ɢ ɧɚɝɪɭ-
ɡɨɤ ɧɚ ɝɪɭɡɨɩɨɞɴɟɦɧɵɟ ɫɪɟɞɫɬɜɚ, 
ɱɬɨ ɜɫɟɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɫɨ-
ɫɬɚɜɥɟɧɢɢ ɩɪɨɟɤɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɪɚɛɨɬ ɩɨ ɪɟɦɨɧɬɭ ɢɥɢ ɦɨɧɬɚɠɭ 
ɪɚɡɥɢɱɧɵɯ ɚɩɩɚɪɚɬɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɭɸ 
ɪɟɚɥɶɧɭɸ ɡɚɞɚɱɭ. ɂɡɝɨɬɨɜɥɟɧɧɵɣ 
ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɦ ɩɪɟɞ-
ɩɪɢɹɬɢɢ ɚɩɩɚɪɚɬ (ɪɢɫ. 3.6.) ɞɨɫ-
ɬɚɜɥɟɧ ɧɚ ɦɟɫɬɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ 
"ɜɵɥɨɠɟɧ" ɜ ɩɪɟɞɦɨɧɬɚɠɧɨɟ ɩɨ-
ɥɨɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟ-
ɦɨɣ (ɪɢɫ. 3.7.). ɇɟɨɛɯɨɞɢɦɨ ɩɪɨ-
ɜɟɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɢɫɩɵɬɚɧɢɟ 
ɚɩɩɚɪɚɬɚ ɢ ɩɟɪɟɜɟɫɬɢ ɟɝɨ ɜ ɪɚɛɨ-
ɱɟɟ ɩɨɥɨɠɟɧɢɟ ɦɟɬɨɞɨɦ ɩɨɜɨɪɨɬɚ 
ɜɨɤɪɭɝ ɲɚɪɧɢɪɚ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɚɧɧɵɯ ɨɩɟ-
ɪɚɰɢɣ ɢ ɜɵɛɨɪɚ ɜɟɥɢɱɢɧɵ ɝɪɭɡɨ-
ɩɨɞɴɟɦɧɨɫɬɢ ɦɨɧɬɚɠɧɨɝɨ ɤɪɚɧɚ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸ-
ɳɢɟ ɪɚɫɱɟɬɵ: 
 1. Ɉɩɪɟɞɟɥɢɬɶ ɦɚɫɫɭ ɢ ɩɨ-
ɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɩɭɫɬɨɝɨ 
ɚɩɩɚɪɚɬɚ. 

      Ɋ ɢ ɫ. 3.6. ɋɯɟɦɚ ɚɩɩɚɪɚɬɚ 
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2. Ɉɩɪɟɞɟɥɢɬɶ ɦɚɫɫɭ ɢ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɚɩɩɚ-
ɪɚɬɚ ɜ ɭɫɥɨɜɢɹɯ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɢɫɩɵɬɚɧɢɹ (ɚɩɩɚɪɚɬɚ, ɡɚɩɨɥ-
ɧɟɧɧɨɝɨ ɜɨɞɨɣ). 

3. Ɉɩɪɟɞɟɥɢɬɶ ɭɝɨɥ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɚɩɩɚɪɚɬɚ 
(ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɜɤɥɸɱɟɧɢɹ ɬɨɪɦɨɡɧɨɣ ɥɟɛɟɞɤɢ). 

 

Ɋ ɢ ɫ. 3.7. ɉɪɟɞɦɨɧɬɚɠɧɨɟ ɩɨɥɨɠɟɧɢɟ ɚɩɩɚɪɚɬɚ 
 

Ⱦɥɹ ɨɬɜɟɬɚ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɟ ɜɨɩɪɨɫɵ ɦɵɫɥɟɧɧɨ ɪɚɡɞɟ-
ɥɢɦ ɚɩɩɚɪɚɬ ɧɚ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɱɚɫɬɢ: ɮɭɧɞɚɦɟɧɬɧɨɟ 
ɤɨɥɶɰɨ (1), ɨɩɨɪɧɭɸ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɨɛɟɱɚɣɤɭ (2), ɧɢɠɧɟɟ ɩɨ-
ɥɭɫɮɟɪɢɱɟɫɤɨɟ ɞɧɢɳɟ (3), ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɱɚɫɬɶ ɤɨɪɩɭɫɚ ɚɩ-
ɩɚɪɚɬɚ (4) ɢ ɜɟɪɯɧɟɟ ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɟ ɞɧɢɳɟ (5). 

Ɂɚ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɩɪɢɦɟɦ ɩɨɞɨɲɜɭ ɮɭɧɞɚɦɟɧɬɧɨɝɨ 
ɤɨɥɶɰɚ, ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɩɭɫɬɨɝɨ ɚɩɩɚɪɚɬɚ ɨɛɨɡɧɚɱɢɦ ɋ0. 
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ɇɚɣɞɟɦ ɦɚɫɫɭ ɢ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɨɬɞɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. 

Ⱦɥɹ ɮɭɧɞɚɦɟɧɬɧɨɝɨ ɤɨɥɶɰɚ 
 

  ,
4

22
1 

ɮɜɧ SDDM   

 
ɝɞɟ ȡ = 7800 ɤɝ/ɦ3 – ɩɥɨɬɧɨɫɬɶ ɫɬɚɥɢ. 
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Ⱦɥɹ ɨɩɨɪɧɨɣ ɨɛɟɱɚɣɤɢ 
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015,1
2

03,000,203,0
2

0
2


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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɢɠɧɟɝɨ ɞɧɢɳɚ 
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2
01,000,1

2
100,2

22
1 1

103







 






 

SRHɯɫ  ɦ. 

 
Ɇɚɫɫɚ ɢ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 

ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɚɩɩɚɪɚɬɚ 
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    SHSDM ɰ4  
  2465780001,000,501,000,2    ɤɝ; 

 50,4
2
00,500,2

204
 ɰ

ɫ

ɇ
ɇɯ  ɦ. 

 
Ɇɚɫɫɚ ɜɟɪɯɧɟɝɨ ɞɧɢɳɚ Ɇ5 = Ɇ3 = 495 ɤɝ, ɚ ɩɨɥɨɠɟɧɢɟ 

ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 







 

22
1 1

105

SRHHx ɰc  

503,7
2
01,000,1

2
100,500,2 






   ɦ. 

 
Ɇɚɫɫɚ ɩɭɫɬɨɝɨ ɚɩɩɚɪɚɬɚ 
 

 543210 MMMMMMM i  
46504952465495980215   ɤɝ. 

 
Ʉɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɩɭɫɬɨɝɨ ɚɩɩɚɪɚɬɚ 
 


0

0 M
xM

x ici
c  





4650

503,1495015,1980015,0215  

56,3
4650

503,749550,42465



  ɦ 

 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɤɪɸɤ ɤɪɚɧɚ ɧɚɣɞɟɦ ɫɭɦɦɭ 

ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɲɚɪɧɢɪɚ, ɬɨɝɞɚ 
 

ɇ29500
50,5
56,38,946500

0 
L

ɯ
gɆQ ɫ

ɤɪ . 
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Ɋɚɫɫɱɢɬɚɟɦ ɦɚɫɫɭ ɢ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɜɨɞɵ ɜ 
ɨɛɴɟɦɟ ɚɩɩɚɪɚɬɚ ɜɨ ɜɪɟɦɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɢɫɩɵɬɚɧɢɹ. 

Ɇɚɫɫɚ ɜɨɞɵ ɜ ɨɛɴɟɦɟ ɧɢɠɧɟɝɨ ɞɧɢɳɚ 
 

ɜ
ɜ RɆ  3

13 3
2

  

 
ɝɞɟ ɜ  = 1000 ɤɝ/ɦ3 – ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ. 
 

2095100000,1
3
2 3

3  ɜɆ  ɤɝ. 

 
ɉɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɜɨɞɵ ɜ ɨɛɴɟɦɟ ɧɢɠɧɟɝɨ 

ɞɧɢɳɚ 
 

625,100,1
8
300,2

8
3

103
 Rɇx ɜ

c  ɦ. 

 
Ⱦɥɹ ɜɨɞɵ ɜ ɨɛɴɟɦɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɚɩɩɚ-

ɪɚɬɚ 
 

15710100000,500,2
44

22
4 


ɜɰ

ɜ HDɆ  ɤɝ. 

50,4
2
00,500,2

204
 ɰɜ

ɫ

ɇ
ɇɯ  ɦ. 

Ⱦɥɹ ɜɟɪɯɧɟɝɨ ɞɧɢɳɚ 209535  ɜɜ ɆɆ  ɤɝ, ɚ ɤɨɨɪɞɢɧɚɬɚ 
ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 
 

375,700,1
8
300,500,2

8
3

105
 Rɇɇɯ ɰ

ɜ
ɫ  ɦ. 

 
Ɇɚɫɫɚ ɜɨɞɵ ɜ ɨɛɴɟɦɟ ɚɩɩɚɪɚɬɚ 
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199002095157102095  ɜ
i

ɜ ɆM  ɤɝ. 
 

Ʉɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɜɨɞɵ 
 

  ɜ

ɜ
c

ɜ
iɜ

c Ɇ
xɆ

x i  

50,4
19900

375,7209550,415710625,12095



  ɦ. 

 
Ɇɚɫɫɚ ɚɩɩɚɪɚɬɚ ɜ ɭɫɥɨɜɢɹɯ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɢɫɩɵɬɚɧɢɹ 

 
Ɇɝ = Ɇ0 + Ɇɜ = 4650 + 19900 = 24550 ɤɝ. 

 
ɇɚɝɪɭɡɤɚ ɧɚ ɦɨɧɬɚɠɧɭɸ ɨɩɨɪɭ 

 





L

gxMxM
R

ɜ
c

ɜ
c

ɦ

)(
00  

189040
50,5

8,9)50,41990056,34650(



  ɇ. 

 
ɇɚɝɪɭɡɤɚ ɧɚ ɲɚɪɧɢɪ ɜɨ ɜɪɟɦɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɢɫɩɵɬɚ-

ɧɢɹ 
 

 ɦ
ɜ

ɲ RgMgMR 0  
= 515321890408,9199008,94650   ɇ. 

 
ɍɝɨɥ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ĳ ɨɩɪɟɞɟɥɢɦ ɤɚɤ ɨɬɤɥɨ-

ɧɟɧɢɟ ɨɫɢ ɚɩɩɚɪɚɬɚ ɨɬ ɜɟɪɬɢɤɚɥɢ ɜ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɰɟɧɬɪ ɬɹɠɟ-
ɫɬɢ ɚɩɩɚɪɚɬɚ ɢ ɨɫɶ ɲɚɪɧɢɪɚ ɛɭɞɭɬ ɧɚɯɨɞɢɬɶɫɹ ɧɚ ɨɞɧɨɣ ɜɟɪɬɢ-
ɤɚɥɶɧɨɣ ɩɪɹɦɨɣ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɩɪɚɜɟɞɥɢɜɨ ɪɚɜɟɧɫɬ-

ɜɨ tgĳ = 
0

2 c

ɧ

x
D

, ɬɚɤɢɦ ɨɛɪɚɡɨɦ 5,30
3,56
2,10arctg  . 
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3.5. Ɋɚɫɱɟɬ ɭɫɢɥɢɣ ɩɪɢ ɩɨɞɴɟɦɟ 
ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 
ȼ ɩɪɚɤɬɢɤɟ ɦɨɧɬɚɠɚ ɜɫɬɪɟɱɚɸɬɫɹ ɫɥɭɱɚɢ ɩɨɞɴɟɦɚ ɨɛɨ-

ɪɭɞɨɜɚɧɢɹ ɫɨ ɫɦɟɳɟɧɧɵɦ ɰɟɧɬɪɨɦ ɬɹɠɟɫɬɢ. ɇɚɝɪɭɡɤɚ ɧɚ ɝɪɭɡɨ-
ɩɨɞɴɟɦɧɵɟ ɦɟɯɚɧɢɡɦɵ ɢ ɬɚɤɟɥɚɠɧɭɸ ɨɫɧɚɫɬɤɭ ɩɪɢ ɷɬɨɦ ɪɚɫ-
ɩɪɟɞɟɥɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ, ɩɨɷɬɨɦɭ ɞɥɹ ɢɯ ɜɵɛɨɪɚ ɧɭɠɧɵ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ [9]. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɯɨɞɢɬɫɹ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 
ɩɨɞɧɢɦɚɟɦɨɝɨ ɝɪɭɡɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɧɟɟ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ 
ɩɪɚɜɢɥɚɦɢ. 

Ɂɚɬɟɦ ɧɚɯɨɞɹɬ ɭɫɢɥɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɩɨɞɴɟɦɧɵɯ ɫɪɟɞ-
ɫɬɜɚɯ (ɪɟɚɤɰɢɢ ɨɩɨɪ). 

ɉɨ ɧɚɣɞɟɧɧɵɦ ɭɫɢɥɢɹɦ ɩɨɞɛɢɪɚɸɬ ɢ ɪɚɫɫɱɢɬɵɜɚɸɬ 
ɩɨɞɴɟɦɧɵɟ ɫɪɟɞɫɬɜɚ – ɤɪɚɧɵ, ɬɪɨɫɵ, ɩɨɥɢɫɩɚɫɬɵ, ɞɨɦɤɪɚɬɵ ɢ 
ɩɪɨɱɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɫɱɟɬɚ ɪɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ 
ɪɢɫ. 3.8. 

Ɋɚɫɫɱɢɬɚɬɶ ɬɚɤɟɥɚɠɧɭɸ ɨɫɧɚɫɬɤɭ ɞɥɹ ɩɨɞɴɟɦɚ ɫɬɭɩɟɧɱɚ-
ɬɨɝɨ ɪɨɬɨɪɚ ɬɭɪɛɢɧɵ ɨɛɳɟɣ ɦɚɫɫɨɣ Ɇ = 25 000 ɤɝ ɢ ɨɛɳɟɣ ɞɥɢ-
ɧɨɣ L = 6 ɦ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɦɚɫɫɚ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ ɪɨɬɨɪɚ 
ɫɨɫɬɚɜɥɹɟɬ: 

- ɩɟɪɜɨɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ Ɇ1   6000 ɤɝ; 
- ɜɬɨɪɨɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ Ɇ2 14000 ɤɝ; 
- ɜɚɥɚ ɪɨɬɨɪɚ Ɇ3     5000 ɤɝ. 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɷɬɢɯ ɭɡɥɨɜ ɞɨ ɬɨɱɤɢ Ⱥ: 

ɯ1 = 1,5 ɦ; ɯ2 = 4,5 ɦ; ɯ3 = 3,5 ɦ. 
ɉɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɪɨɬɨɪɚ ɜ ɫɛɨɪɟ ɦɨɠɧɨ ɪɚɫ-

ɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ 
 

58,3
5000140006000

5,350005,4140005,16000
M

xɆ
ɯ 








i

ii  ɦ. 
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Ɋ ɢ ɫ. 3.8. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɨɞɴɟɦɚ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɨɬɨɪɚ 
 

ɉɪɢɦɟɦ, ɱɬɨ ɦɟɫɬɚ ɫɬɪɨɩɨɜɤɢ ɪɨɬɨɪɚ ɫɦɟɳɟɧɵ ɨɬ ɤɨɧ-
ɰɨɜ ɜɚɥɚ ɧɚ 0,25 ɦ, ɬɨɝɞɚ ɋ = 5,5 ɦ, ɫ1 = 3,33 ɦ, ɫ2 = 2,17 ɦ. 

ɇɚɣɞɹ ɫɭɦɦɵ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɟɤ ɩɪɢɥɨɠɟɧɢɹ 
ɪɟɚɤɰɢɣ ɨɩɨɪ, ɪɚɫɫɱɢɬɚɟɦ ɭɫɢɥɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɬɚɤɟɥɚɠɧɨɣ 
ɨɫɧɚɫɬɤɟ ɭ ɦɟɫɬ ɫɬɪɨɩɨɜɤɢ: 
 

ɇ.  96660
5,5

2,178,925000
ɋ

ɫgɆ
Ɋ 2

1 





  

148340
5,5

,3338,925000
ɋ

ɫgɆ
Ɋ 1

2 





  ɇ. 

 
ȼ ɫɭɦɦɟ ɪɟɚɤɰɢɢ ɨɩɨɪ ɪɚɜɧɵ ɜɟɫɭ ɚɩɩɚɪɚɬɚ, ɬ.ɟ. ɪɚɫɱɟɬ, 

ɜɵɩɨɥɧɟɧ ɩɪɚɜɢɥɶɧɨ. 
ɉɨɞɴɟɦ ɪɨɬɨɪɚ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɞɜɭɦɹ ɫɬɪɟɥɨɜɵɦɢ 

ɤɪɚɧɚɦɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 10 ɢ 16 ɬ. Ɇɚɪɤɢ ɤɪɚɧɨɜ ɜɵɛɢɪɚ-
ɸɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɢɤɚɦ. 
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3.6. Ɉɩɬɢɦɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɩɨɪ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ 

 
Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ ɚɩɩɚɪɚɬɵ ɪɚɛɨɬɚɸɬ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣ-

ɫɬɜɢɹ ɢɡɝɢɛɚɸɳɢɯ ɧɚɝɪɭɡɨɤ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɸɬɫɹ 
ɩɨ ɞɥɢɧɟ. ɉɨɷɬɨɦɭ ɜɚɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 
– ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɩɨɪɚɦɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɚɩɩɚɪɚɬɚ. ɇɚɯɨɠɞɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫ-
ɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɩɨɪɚɦɢ ɫɨɫɬɚɜɥɹɟɬ ɨɞɧɭ ɢɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɱɚɫ-
ɬɟɣ ɪɚɫɱɟɬɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɚɩ-
ɩɚɪɚɬɨɜ. ɇɚ ɩɪɚɤɬɢɤɟ ɚɩɩɚɪɚɬ ɱɚɫɬɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɛɚɥɤɭ 
ɧɚ ɞɜɭɯ ɢɥɢ ɬɪɟɯ ɨɩɨɪɚɯ ɫ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡ-
ɤɨɣ ɩɨ ɞɥɢɧɟ. Ɉɛɵɱɧɨ ɪɚɫɱɟɬ ɧɚɱɢɧɚɸɬ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɜɟ-
ɞɟɧɧɨɣ ɞɥɢɧɵ, ɡɚɦɟɧɹɹ ɜɵɫɨɬɭ ɜɵɩɭɤɥɵɯ ɞɧɢɳ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɟɣ ɞɥɢɧɨɣ ɰɢɥɢɧɞɪɚ, ɩɨ ɤɚɤɨɣ-ɥɢɛɨ ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɨɪɦɭɥɟ. 
ɂɧɨɝɞɚ ɧɚ ɩɪɚɤɬɢɤɟ ɜ ɪɚɫɱɟɬ ɜɜɨɞɹɬ ɩɨɥɧɭɸ ɞɥɢɧɭ ɫɨɫɭɞɚ ɢɥɢ 
ɚɩɩɚɪɚɬɚ. ɍɦɟɧɢɟ ɧɚɯɨɞɢɬɶ ɦɚɫɫɭ (ɢɥɢ ɜɟɫ) ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ 
ɚɩɩɚɪɚɬɨɜ ɢ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɩɨɡɜɨɥɹɟɬ ɫɨɫɬɚɜɢɬɶ 
ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ ɤɚɤ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ ɧɚɝɪɭɡɤɭ, ɬɚɤ ɢ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ 
ɫɢɥɵ ɜɡɚɦɟɧ ɧɟɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɛɚɥɤɭ ɧɚ ɞɜɭɯ ɨɩɨɪɚɯ ɫ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ q = P/L, ɝɞɟ Ɋ – ɜɟɫ ɛɚɥ-
ɤɢ, L –ɞɥɢɧɚ ɛɚɥɤɢ (ɪɢɫ. 3.9). 

Ɋɟɚɤɰɢɢ ɨɩɨɪ .
2

qLRR ɜɚ  ɂɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɧɚ ɨɩɨɪɚɯ 

2

2qɚɆɆ ɜɚ  . ɂɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɦɟɠɞɭ ɨɩɨɪɚɦɢ ɢɦɟɟɬ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ ɢ ɪɚɜɟɧ 
 

.
4228
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Ɋ ɢ ɫ. 3.9. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɛɚɥɤɢ 
 

ɇɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɛɚɥɤɢ ɧɚɛɥɸ-
ɞɚɸɬɫɹ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɚɜɜɚ ɆɆɆ  . Ɋɚɫɩɢ-
ɲɟɦ ɞɚɧɧɨɟ ɪɚɜɟɧɫɬɜɨ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɢ ɨɩɪɟɞɟɥɢɦ ɨɩɬɢɦɚɥɶ-
ɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɤɨɧɫɨɥɶɧɨɣ ɱɚɫɬɢ ɚɨɩɬ. 

 







 

422 ɨɩɬ

2
ɨɩɬ LaqLqa

 

ɢɥɢ 
La 207,0ɨɩɬ  . 

 
ɇɚɣɞɟɦ ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɩɨɪɚɦɢ ɝɨɪɢ-

ɡɨɧɬɚɥɶɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɟɦɤɨɫɬɢ ɞɥɹ ɯɪɚɧɟɧɢɹ ɜɨɞɵ ɫ ɞɜɭ-
ɦɹ ɫɬɚɧɞɚɪɬɧɵɦɢ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɞɧɢɳɚɦɢ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚ-
ɦɟɬɪɨɦ D = 2600 ɦɦ, ɞɥɢɧɨɣ L = 13500 ɦɦ ɢ ɬɨɥɳɢɧɨɣ ɫɬɟɧɨɤ 
ɤɨɪɩɭɫɚ ɢ ɞɧɢɳ S = 12 ɦɦ. 

ȼɵɩɭɤɥɚɹ ɷɥɥɢɩɬɢɱɟɫɤɚɹ ɱɚɫɬɶ ɫɬɚɧɞɚɪɬɧɨɝɨ ɞɧɢɳɚ 
ɢɦɟɟɬ ɜɵɫɨɬɭ ɇɞ = D/4 = 650 ɦɦ, ɬɨɝɞɚ ɞɥɢɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
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ɱɚɫɬɢ Lɰ = L – 2Hɞ = 13500 - 2ǜ650 = 12200 ɦɦ. ɍɞɟɥɶɧɵɣ ɜɟɫ 
ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ 76500  ɇ/ɦ3. ȼɟɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ 
ɤɨɪɩɭɫɚ Gɰ = ʌǜ(D + S)ǜSǜLɰǜȖ = ʌǜ(2,20 + 0,01)ǜ0,01ǜ12,20ǜ76500 
= 76526 ɇ. ɍɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ 7800  ɇ/ɦ3. ȼɟɫ ɜɨɞɵ ɜ ɰɢ-
ɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɭɫɬɪɨɣɫɬɜɚ Gɜɰ=0,785D2ǜLɰǜȖɜ 
=0,785ǜ2,602ǜ12,20ǜ9800 = 634779 ɇ. Ɋɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧ-
ɧɚɹ ɧɚɝɪɭɡɤɚ q = (Gɰ + Gɜɰ)/Lɰ = (76526 + 634779)/12,20 = 58300 
ɇ/ɦ. 

ȼɟɫ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɞɧɢɳɚ Gɞ = 1,38ʌ(D/2)2SǜȖ = 
1,38ʌ(2,61/2)2ǜ0,01ǜ76500 = 565 H. ȼɟɫ ɜɨɞɵ ɜ ɨɛɴɟɦɟ ɷɥɥɢɩɬɢ-
ɱɟɫɤɨɣ ɱɚɫɬɢ ɞɧɢɳɚ Gɜɞ = ʌǜD2ǜɇɜǜȖɜ/6 = ʌǜ1,302ǜ0,65ǜ9800/6 = 
22720 ɇ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɧɨɜɚɧɢɹ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɞɧɢɳɚ 
ɞɨ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɫɚɦɨɝɨ ɞɧɢɳɚ ɪɚɜɧɨ l1 = 0,328 ɦ, ɚ ɞɥɹ ɜɨɞɵ 
l2 = 0,246 ɦ. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɚɧɧɨɣ ɟɦɤɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫ. 3.10. 

 

 
 

Ɋ ɢ ɫ. 3.10. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɟɦɤɨɫɬɢ 
 

ɉɪɨɜɟɞɹ ɜɵɱɢɫɥɟɧɢɹ, ɚɧɚɥɨɝɢɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹɦ ɩɪɟɞɵ-
ɞɭɳɟɝɨ ɩɪɢɦɟɪɚ, ɩɨɥɭɱɢɦ C = 7,50 ɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɧɨɲɟ-
ɧɢɟ ɞɥɢɧɵ ɤɨɧɫɨɥɶɧɨɣ ɱɚɫɬɢ ɤ ɨɛɳɟɣ ɞɥɢɧɟ ɚɩɩɚɪɚɬɚ ɫɨɫɬɚɜɥɹ-
ɟɬ 0,222, ɬɨ ɟɫɬɶ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 7%. 
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Ƚ ɥ ɚ ɜ ɚ    4 
 

Ɋȿɒȿɇɂȿ ɁȺȾȺɑ ɋ ɗɅȿɆȿɇɌȺɆɂ Ⱦȼɂɀȿɇɂə 
ȼ ɋɂɋɌȿɆȿ 

 
ɋ ɞɜɢɠɟɧɢɟɦ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɢɥɢ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɜ 

ɯɢɦɢɱɟɫɤɢɯ ɢ ɧɟɮɬɹɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɩɪɢɯɨɞɢɬɫɹ ɜɫɬɪɟɱɚɬɶɫɹ 
ɩɪɢ ɪɚɛɨɬɟ ɦɧɨɝɢɯ ɦɚɲɢɧ ɢ ɚɩɩɚɪɚɬɨɜ: ɞɪɨɛɢɥɨɤ, ɫɭɲɢɥɨɤ, 
ɦɟɥɶɧɢɰ, ɨɪɨɫɢɬɟɥɟɣ, ɝɢɞɪɨɤɥɚɫɫɢɮɢɤɚɬɨɪɨɜ, ɩɵɥɟɨɫɚɞɢɬɟɥɶ-
ɧɵɯ ɤɚɦɟɪ, ɝɪɨɯɨɬɨɜ ɢ ɞɪ. 

Ɉɞɧɚɤɨ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɪɚɡɥɢɱɧɨɦ ɨɛɨ-
ɪɭɞɨɜɚɧɢɢ ɧɟ ɨɞɢɧɚɤɨɜ. ȼ ɨɞɧɢɯ ɫɥɭɱɚɹɯ ɱɚɫɬɢɰɵ ɞɜɢɝɚɸɬɫɹ 
ɜɟɪɬɢɤɚɥɶɧɨ, ɜ ɞɪɭɝɢɯ – ɩɨ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɜ – 
ɬɪɟɬɶɢɯ, ɨɧɢ ɦɨɝɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɧɟɫɤɨɥɶɤɢɯ ɞɜɢɠɟɧɢɹɯ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ. ɇɚɩɪɢɦɟɪ: ɜ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰɚɯ ɱɚɫɬɢɰɵ ɦɚɬɟ-
ɪɢɚɥɚ ɧɟɩɪɟɪɵɜɧɨ ɩɨɞɧɢɦɚɸɬɫɹ ɢ ɡɚɬɟɦ ɩɚɞɚɸɬ ɩɨ ɩɚɪɚɛɨɥɢ-
ɱɟɫɤɢɦ ɬɪɚɟɤɬɨɪɢɹɦ; ɜ ɛɚɪɚɛɚɧɧɵɯ ɝɪɨɯɨɬɚɯ ɜɫɹ ɦɚɫɫɚ ɨɛɵɱɧɨ 
ɩɟɪɟɦɟɳɚɟɬɫɹ ɤɚɤ ɨɞɧɨ ɰɟɥɨɟ ɜɞɨɥɶ ɨɫɢ ɛɚɪɚɛɚɧɚ, ɫɤɨɥɶɡɹ ɩɨ 
ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ; ɜ ɨɪɨɫɢɬɟɥɶɧɨɦ ɫɬɚɤɚɧɟ ɠɢɞɤɨɫɬɶ ɢɫɬɟɤɚɟɬ ɢɡ 
ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɧɟɤɨɬɨɪɵɦ ɭɝɥɨɦ ɤ ɥɢɧɢɢ ɝɨɪɢɡɨɧɬɚ ɢ ɬ.ɩ. ɏɚ-
ɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɜ ɤɚɠɞɨɦ 
ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɜɵɛɢɪɚɬɶ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɨɩɪɟɞɟɥɟɧɧɵɣ ɬɢɩ ɞɜɢɠɟɧɢɹ, ɧɚɢ-
ɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɟɡɭɥɶɬɚɬɚɦ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭ-
ɱɢɬɶ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɫɬɚɤɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ ɜɨ ɜɧɢ-
ɦɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɠɢɞɤɨɫɬɢ ɩɨ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɚɩɩɚɪɚɬɚ, ɜ 
ɩɵɥɟɨɫɚɞɢɬɟɥɶɧɨɣ ɤɚɦɟɪɟ ɬɪɟɛɭɟɬɫɹ ɞɨɫɬɢɝɧɭɬɶ ɤɨɧɬɚɤɬɚ ɩɵ-
ɥɟɜɵɯ ɱɚɫɬɢɰ ɫ ɩɨɥɤɨɣ, ɜ ɛɚɪɚɛɚɧɧɨɣ ɦɟɥɶɧɢɰɟ – ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɫɨɭɞɚɪɟɧɢɹ ɦɟɥɸɳɟɝɨ ɬɟɥɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɛɚɪɚɛɚɧɚ, 
ɜɨ ɜɪɚɳɚɸɳɢɯɫɹ ɛɚɪɚɛɚɧɧɵɯ ɩɟɱɚɯ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɫ ɬɟɩ-
ɥɨɧɨɫɢɬɟɥɟɦ ɢ ɞɨɫɬɚɬɨɱɧɨɟ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜ ɛɚ-
ɪɚɛɚɧɟ ɢ ɞɪ. 
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4.1. Ⱦɜɢɠɟɧɢɟ ɬɟɥɚ, ɛɪɨɲɟɧɧɨɝɨ ɩɨɞ ɧɟɤɨɬɨɪɵɦ 
ɭɝɥɨɦ ɤ ɥɢɧɢɢ ɝɨɪɢɡɨɧɬɚ 

 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɢɠɟɧɢɟ ɬɟɥɚ (ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ), ɛɪɨ-

ɲɟɧɧɨɝɨ ɩɨɞ ɭɝɥɨɦ  ɤ ɥɢɧɢɢ ɝɨɪɢɡɨɧɬɚ ɫ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨ-
ɫɬɶɸ V0 (ɪɢɫ. 4.1.). 

 

 
ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ, ɱɬɨ 

 
Vx = V0x = V0cos, 

Vy = V0y + dy/d, 
 
ɝɞɟ  – ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ. 

ȼ ɩɨɥɟ ɡɟɦɧɨɝɨ ɬɹɝɨɬɟɧɢɹ 
 

dy/d = g. 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
 

Vy = V0y + g. 
 

Ʉɨɨɪɞɢɧɚɬɵ ɤɚɠɞɨɣ ɬɨɱɤɢ ɬɪɚɟɤɬɨɪɢɢ ɫɨɫɬɚɜɥɹɸɬ 

Vox 

Voy 

Vo 

Y 

X  

 
Ɋ ɢ ɫ. 4.1. Ʉ ɜɵɜɨɞɭ ɭɪɚɜɧɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 
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dx = Vxd = V0cosd, 
dy = Vy d = V0sind + gd. 

 
ȼ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟ 

 
y = ∫dy = V0sin + g2/2+ C; y|=0 = 0  C = 0, 

x = ∫dx = V0cos + C1; x|=0 = 0  C1 = 0, 
 

Ɉɤɨɧɱɚɬɟɥɶɧɨ 
 

y = V0sin +g2/2; 
x = V0cos. 

 
ɂɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ 

 
 = x/(V0cos). 

 
ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɥɭɱɚɟɦ 
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ɢɥɢ ɜ ɤɚɧɨɧɢɱɟɫɤɨɦ ɜɢɞɟ 
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4.2. Ɍɟɨɪɢɹ ɧɢɡɤɨɧɚɩɨɪɧɨɝɨ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ 
ɢɡ ɨɬɜɟɪɫɬɢɹ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ 

 
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɬɜɟɪ-

ɫɬɢɟ ɜ ɫɬɟɧɤɟ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɫɬɚɤɚɧɚ [10]. Ⱦɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ 
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ɛɭɞɟɬ ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ, ɟɫɥɢ ɭɪɨɜɟɧɶ ɢ ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ Ɋ ɛɭ-
ɞɭɬ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɩɨɫɬɨɹɧɧɵɦɢ. ɂɡ ɤɭɪɫɚ "Ƚɢɞɪɚɜɥɢɤɚ" ɢɡ-
ɜɟɫɬɧɨ, ɱɬɨ ɫɬɪɭɹ ɠɢɞɤɨɫɬɢ, ɜɵɬɟɤɚɸɳɚɹ ɢɡ ɨɬɜɟɪɫɬɢɹ ɜ ɞɨɫɬɚ-
ɬɨɱɧɨ ɬɨɧɤɨɣ ɫɬɟɧɤɟ, ɩɪɟɬɟɪɩɟɜɚɟɬ ɫɠɚɬɢɟ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫ-
ɫɬɨɹɧɢɢ ɨɬ ɫɬɟɧɤɢ (ɪɢɫ. 4.2). 

 

 
 

Ɋ ɢ ɫ. 4.2. ɋɯɟɦɚ ɢɫɬɟɱɟɧɢɹ ɧɢɡɤɨɧɚɩɨɪɧɨɣ ɫɬɪɭɢ 
 

Ɉɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ fɫ ɫɬɪɭɢ (ɜ ɬɨɦ ɦɟɫɬɟ, ɝɞɟ 
ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɧɚɢɛɨɥɶɲɟɟ ɫɠɚɬɢɟ) ɤ ɩɥɨɳɚɞɢ f ɨɬɜɟɪɫɬɢɹ ɧɚ-
ɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɠɚɬɢɹ ɫɬɪɭɢ  ɩɪɢ ɢɫɬɟɱɟɧɢɢ  = fc/f. 
ɂɡ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɟ  = 0,60 – 0,64. 

ɉɪɢɦɟɧɢɦ ɭɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɫɟɱɟɧɢɹ 0-0 ɧɚ ɫɜɨ-
ɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ 1–1 ɧɚ ɨɫɢ ɨɬɜɟɪɫɬɢɹ. ɉɪɟɞɩɨ-
ɥɚɝɚɹ, ɱɬɨ ɫɟɱɟɧɢɟ ɨɬɜɟɪɫɬɢɹ ɦɚɥɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɱɟɧɢɟɦ 
ɫɨɫɭɞɚ, ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɫɤɨɪɨɫɬɶɸ ɠɢɞɤɨɫɬɢ ɜ ɫɨɫɭɞɟ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɤɨɪɨɫɬɶɸ ɟɟ ɢɫɬɟɱɟɧɢɹ. Ɍɨɝɞɚ 
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ɝɞɟ 
g

Vȟhw 2

2
11  – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɜɯɨɞ ɜ ɨɬɜɟɪɫɬɢɟ (ɩɨɬɟɪɟɣ ɧɚ 

ɬɪɟɧɢɟ ɞɥɹ ɬɨɧɤɨɣ ɫɬɟɧɤɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ). 
Ɉɬɫɸɞɚ ɧɚɣɞɟɦ ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ 

 
HgVV -  211  , 

 

ɝɞɟ   2
1

1  ȟ . 
Ⱦɥɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ  = 0,  = 1 ɢ HgV  2 . 

ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɫɤɨɪɨɫɬɶ ɬɟɥɚ, ɫɜɨɛɨɞɧɨ ɩɚɞɚɸɳɟɝɨ ɫ ɜɵ-
ɫɨɬɵ ɇ. Ʉɨɷɮɮɢɰɢɟɧɬ , ɧɚɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɤɨɪɨɫɬɢ 
(ɞɥɹ ɬɨɧɤɨɣ ɫɬɟɧɤɢ  =0,97 – 0,99). 

Ɋɚɫɯɨɞ ɠɢɞɤɨɫɬɢ, ɜɵɬɟɤɚɸɳɟɣ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ, ɫɨɫɬɚɜ-
ɥɹɟɬ 
 

q = Vfc = Vf = V
4

2
0ʌd , 

 
ɝɞɟ d0 – ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ. 

ɉɨɞɫɬɚɜɥɹɹ ɧɚɣɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢɫɬɟɱɟɧɢɹ, 
ɩɨɥɭɱɢɦ 
 

q = f Hg 2 = Hgʌd
2

4

2
0 , 

 
ɝɞɟ  =  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɨɩɵɬɧɵɦ ɩɭɬɟɦ (ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ  = 0,62). 

Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɪɚɫɱɟɬɧɨɣ ɮɨɪɦɭ-
ɥɨɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɯɨɞɚ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ. Ɉɩɵɬ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ 
ɫɬɪɭɹ ɠɢɞɤɨɫɬɢ ɩɨɥɭɱɚɟɬɫɹ ɝɥɚɞɤɨɣ, ɟɫɥɢ ɠɢɞɤɨɫɬɶ ɜ ɫɨɫɭɞɟ 
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ɧɚɯɨɞɢɬɫɹ ɜ ɫɩɨɤɨɣɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɧɚɩɨɪ ɇ ɧɟ ɩɪɟɜɵɲɚɟɬ     
3–4 ɦ. Ɍɚɤɚɹ ɫɬɪɭɹ ɧɚɡɵɜɚɟɬɫɹ ɧɢɡɤɨɧɚɩɨɪɧɨɣ. 

ɉɪɢ ɜɥɢɹɧɢɢ ɫɬɟɧɨɤ ɫɨɫɭɞɚ ɢɥɢ ɠɟ ɟɫɥɢ ɨɬɜɟɪɫɬɢɟ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɜɟɥɢɤɨ ɧɚɛɥɸɞɚɟɬɫɹ "ɧɟɫɨɜɟɪɲɟɧɧɨɟ" ɫɠɚɬɢɟ ɫɬɪɭɢ, 
ɬɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ  ɫɥɟɞɭɟɬ ɧɚɯɨɞɢɬɶ ɨɩɵɬɧɵɦ ɩɭɬɟɦ. 

ɋɛɥɢɠɟɧɢɟ ɤɪɨɦɨɤ ɪɹɞɨɦ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɨɬɜɟɪɫɬɢɣ ɞɨ 
ɪɚɫɫɬɨɹɧɢɹ, ɪɚɜɧɨɝɨ ɢɯ ɞɢɚɦɟɬɪɭ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ . 
 
 

4.3. Ɍɪɚɟɤɬɨɪɢɹ ɧɢɡɤɨɧɚɩɨɪɧɨɣ ɫɬɪɭɢ 
 

Ɍɪɚɟɤɬɨɪɢɹ ɧɢɡɤɨɧɚɩɨɪɧɨɣ ɫɬɪɭɢ ɫɨɜɩɚɞɚɟɬ ɫ ɬɪɚɟɤɬɨ-
ɪɢɟɣ ɬɟɥɚ, ɛɪɨɲɟɧɧɨɝɨ ɩɨɞ ɧɟɤɨɬɨɪɵɦ ɭɝɥɨɦ ɤ ɥɢɧɢɢ ɝɨɪɢɡɨɧ-
ɬɚ. ȿɫɥɢ ɢɡɜɟɫɬɧɚ ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɭɪɚɜɧɟɧɢɟ ɬɪɚ-
ɟɤɬɨɪɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɨɩɢɫɵɜɚɟɬ ɬɪɚɟɤɬɨɪɢɸ 

ɫɬɪɭɢ ɠɢɞɤɨɫɬɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫɬɪɭɹ ɧɟ ɪɚɡɞɪɨɛɥɟɧɚ, ɚ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɩɪɨɬɢɜɨɬɨɤ ɝɚɡɚ ɧɟ ɜɨɡɞɟɣ-
ɫɬɜɭɸɬ ɧɚ ɟɟ ɩɨɥɟɬ (ɩɪɢ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɞɨ 2,0 – 2,5 ɦ/ɫ). 
 
 

4.4. Ⱦɜɢɠɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɣ ɱɚɫɬɢɰɵ 
ɜɨ ɜɪɚɳɚɸɳɟɦɫɹ ɛɚɪɚɛɚɧɟ 

 
ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɚɩɩɚ-

ɪɚɬɵ ɛɚɪɚɛɚɧɧɨɝɨ ɬɢɩɚ, ɜ ɤɨɬɨɪɵɯ ɜɫɬɪɟɱɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞ-
ɧɚ ɢ ɬɚ ɠɟ ɫɯɟɦɚ. Ʉɪɭɝɨɜɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɛɚɪɚɛɚɧ ɫ ɛɚɧɞɚ-
ɠɚɦɢ ɥɟɠɢɬ ɧɚ ɪɨɥɢɤɨɜɵɯ ɨɩɨɪɚɯ ɢ ɩɨɥɭɱɚɟɬ ɞɜɢɠɟɧɢɟ ɨɬ ɩɪɢ-
ɜɨɞɧɨɣ ɫɬɚɧɰɢɢ. Ɉɫɶ ɛɚɪɚɛɚɧɚ ɦɨɠɟɬ ɛɵɬɶ ɝɨɪɢɡɨɧɬɚɥɶɧɚ ɢɥɢ 
ɧɚɤɥɨɧɟɧɚ ɩɨɞ ɧɟɛɨɥɶɲɢɦ ɭɝɥɨɦ ɤ ɥɢɧɢɢ ɝɨɪɢɡɨɧɬɚ. Ɇɚɬɟɪɢɚɥ 
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ɩɨɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɚɤɨɝɨ-ɥɢɛɨ ɩɢɬɚɬɟɥɹ ɜ ɜɟɪɯɧɢɣ ɤɨɧɟɰ ɚɩ-
ɩɚɪɚɬɚ. ȼɫɥɟɞɫɬɜɢɟ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ ɢ ɡɚ ɫɱɟɬ ɫɢɥ ɬɪɟɧɢɹ ɦɚ-
ɬɟɪɢɚɥ ɩɟɪɟɫɵɩɚɟɬɫɹ ɢ ɩɨɫɬɟɩɟɧɧɨ ɩɪɨɞɜɢɝɚɟɬɫɹ ɤ ɧɢɠɧɟɦɭ 
ɤɨɧɰɭ ɚɩɩɚɪɚɬɚ, ɝɞɟ ɜɵɝɪɭɠɚɟɬɫɹ ɜ ɜɢɞɟ, ɩɪɢɝɨɞɧɨɦ ɞɥɹ ɞɚɥɶ-
ɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ. 

ɏɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɡɚɜɢɫɢɬ 
ɨɬ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɞɢɚɦɟɬɪɚ ɛɚɪɚɛɚɧɚ, ɫɤɨɪɨɫɬɢ ɟɝɨ ɜɪɚɳɟ-
ɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡɚɩɨɥɧɟɧɢɹ, ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɦɚɬɟɪɢɚ-
ɥɚ, ɚ ɬɚɤɠɟ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨ ɩɨɜɟɪɯɧɨɫɬɶ 
ɛɚɪɚɛɚɧɚ f ɢ ɭɝɥɚ ɧɚɤɥɨɧɚ ɛɚɪɚɛɚɧɚ ɤ ɝɨɪɢɡɨɧɬɭ. 

 

 
 

Ɋ ɢ ɫ. 4.3. ɋɟɱɟɧɢɟ ɛɚɪɚɛɚɧɚ 
 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɜɢɠɟɧɢɹ 
ɪɚɫɫɦɨɬɪɢɦ ɧɨɪɦɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɤɪɭɝɥɨɝɨ ɰɢ-
ɥɢɧɞɪɚ ɪɚɞɢɭɫɨɦ R (ɪɢɫ. 4.3) ɫ ɥɟɠɚɳɟɣ ɧɚ ɟɝɨ ɜɧɭɬɪɟɧɧɟɣ ɲɟ-
ɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɱɤɢ Ɋ ɫ ɦɚɫɫɨɣ m. ɉɪɢ ɜɪɚɳɟɧɢɢ ɰɢ-
ɥɢɧɞɪɚ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ   ɧɚ ɬɨɱɤɭ ɞɟɣɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ  
ɫɢɥɵ: ɫɢɥɚ   ɬɹɠɟɫɬɢ P1 = mg,  ɰɟɧɬɪɨɛɟɠɧɚɹ  ɫɢɥɚ P2 = m2R 
ɢ ɫɢɥɚ ɬɪɟɧɢɹ Ɋɬ = f(Ɋ1cos + P2), ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɨɬ 
ɩɨɥɨɠɟɧɢɹ ɬɨɱɤɢ ɧɚ ɰɢɥɢɧɞɪɟ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɪɟɧɢɹ 
ɬɨɱɤɚ ɭɜɥɟɤɚɟɬɫɹ ɰɢɥɢɧɞɪɨɦ ɢ ɧɚɱɢɧɚɟɬ ɜɪɚɳɚɬɶɫɹ ɜɦɟɫɬɟ ɫ 
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ɧɢɦ. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɫɥɭɱɚɢ. Ɍɨɱɤɚ Ɋ ɩɨɞɧɢ-
ɦɚɟɬɫɹ ɜɵɲɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɰɢɥɢɧɞɪɚ (ɪɢɫ. 4.4). 

 

 
 

Ɋ ɢ ɫ. 4.4. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɛɚɪɚɛɚɧɚ 
 

ȼ ɩɨɥɨɠɟɧɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɫɹ ɭɝɥɨɦ Ɋ0ɏ = , ɧɚ 
ɬɨɱɤɭ ɞɟɣɫɬɜɭɸɬ ɧɚɩɪɚɜɥɟɧɧɚɹ ɤ ɰɟɧɬɪɭ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ 
ɬɹɠɟɫɬɢ, ɪɚɜɧɚɹ P1 sin= mgsin, ɢ ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ P2 = 
m2R, ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɨ ɪɚɞɢɭɫɭ ɨɬ ɰɟɧɬɪɚ. ȿɫɥɢ ɭɝɨɥ  ɬɚɤɨɜ, 
ɱɬɨ mgsin = m2R, ɬ. ɟ. ɟɫɥɢ sin = 2R/g, ɬɨɝɞɚ ɬɨɱɤɚ ɧɟ ɛɭ-
ɞɟɬ ɩɪɢɠɚɬɚ ɤ ɛɚɪɚɛɚɧɭ, ɨɬɞɟɥɢɬɫɹ ɨɬ ɧɟɝɨ ɢ ɭɩɚɞɟɬ ɜɧɢɡ ɧɚ ɛɚ-
ɪɚɛɚɧ ɩɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɤɚɤ ɫɜɨɛɨɞɧɨɟ ɬɹɠɟɥɨɟ 
ɬɟɥɨ, ɛɪɨɲɟɧɧɨɟ ɫɨ ɫɤɨɪɨɫɬɶɸ V = R ɩɨɞ ɭɝɥɨɦ (/2 - ) ɤ ɝɨ-
ɪɢɡɨɧɬɭ. ɍɝɨɥ  ɧɚɡɵɜɚɟɬɫɹ ɭɝɥɨɦ ɨɬɪɵɜɚ. 

ȿɫɥɢ 12  gRȦ , ɬɨ 2  . Ɍɨɱɤɚ ɞɨɫɬɢɝɧɟɬ ɜɵɫɲɟɝɨ 
ɩɨɥɨɠɟɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɢ, ɛɭɞɟɬ ɜɪɚɳɚɬɶɫɹ ɜɦɟɫɬɟ ɫ ɧɢɦ, ɧɢɝɞɟ 
ɨɬ ɧɟɝɨ ɧɟ ɨɬɞɟɥɹɹɫɶ. ɗɬɨ ɬɟɦ ɛɨɥɟɟ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɩɪɢ 

gR2 1, ɬ.ɟ. ɩɪɢ 2R  g. ɇɚɢɦɟɧɶɲɚɹ ɫɤɨɪɨɫɬɶ, ɩɪɢ ɤɨɬɨ-
ɪɨɣ ɬɨɱɤɚ ɜɪɚɳɚɟɬɫɹ ɜɦɟɫɬɟ ɫ ɰɢɥɢɧɞɪɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɵɪɚ-
ɠɟɧɢɟɦ 
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RgȦkp  . 
 

Ɉɧɚ ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɶɸ ɛɚɪɚɛɚɧɚ. 
Ɋɚɫɫɦɨɬɪɢɦ ɬɟɩɟɪɶ ɬɨɱɤɭ P ɜ ɩɨɥɨɠɟɧɢɢ ɧɢɠɟ ɝɨɪɢɡɨɧ-

ɬɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ. ɋɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɬɹɠɟɫɬɢ Ɋ1sin, ɧɚ-
ɩɪɚɜɥɟɧɧɚɹ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɰɢɥɢɧɞɪɭ, ɫɬɪɟɦɢɬɫɹ ɡɚɫɬɚɜɢɬɶ 
ɬɨɱɤɭ ɫɨɫɤɨɥɶɡɧɭɬɶ ɜɧɢɡ. ɗɬɨɦɭ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɫɢɥɚ ɬɪɟɧɢɹ Ɋɬ 
= f(m2R + mgcos), ɜɵɡɵɜɚɟɦɚɹ ɫɢɥɚɦɢ, ɩɪɢɠɢɦɚɸɳɢɦɢ 
ɬɨɱɤɭ ɤ ɰɢɥɢɧɞɪɭ. ȿɫɥɢ Ɋ1sin = Ɋɬ, ɬɨ 
 

mgsin = f(m2R + mgcos), 
 
ɬɨɝɞɚ ɬɨɱɤɚ ɨɫɬɚɧɨɜɢɬɫɹ ɢ ɛɭɞɟɬ ɫɤɨɥɶɡɢɬɶ ɩɨ ɜɪɚɳɚɸɳɟɦɭɫɹ 
ɰɢɥɢɧɞɪɭ. ɍɝɨɥ  ɧɚɡɵɜɚɟɬɫɹ ɭɝɥɨɦ ɩɨɞɴɟɦɚ ɬɨɱɤɢ  2 . 

ɉɨɞɫɬɚɜɢɜ ɜ ɭɪɚɜɧɟɧɢɟ ȕȕ 2sin1cos  , ɦɵ ɦɨɠɟɦ 

ɩɟɪɟɩɢɫɚɬɶ ɟɝɨ ɬɚɤ:  22 sin1sin  fgRfg . 
ȼɨɡɜɟɞɹ ɨɛɟ ɱɚɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɜ ɤɜɚɞɪɚɬ ɢ 

ɪɟɲɚɹ ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ sin ɩɨɥɭɱɢɦ 
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ȿɫɥɢ 0 (ɧɟɩɨɞɜɢɠɧɵɣ ɛɚɪɚɛɚɧ) ɢ f = tg ( - ɭɝɨɥ 

ɬɪɟɧɢɹ), ɬɨ 
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ɬ.ɟ.  = . 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɝɨɥ  ɞɨɥɠɟɧ ɛɵɬɶ ɦɟɧɶɲɟ 2 , ɬɚɤ ɤɚɤ 
ɬɨɱɤɚ ɧɚ ɜɟɪɯɧɟɦ ɤɜɚɞɪɚɧɬɟ ɨɫɬɚɜɚɬɶɫɹ ɧɟɩɨɞɜɢɠɧɨɣ ɧɟ ɦɨɠɟɬ, 
ɚ ɦɨɠɟɬ ɥɢɲɶ ɢɥɢ ɨɬɨɪɜɚɬɶɫɹ ɨɬ ɛɚɪɚɛɚɧɚ, ɢɥɢ ɜɪɚɳɚɬɶɫɹ ɜɦɟ-
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ɫɬɢ ɫ ɧɢɦ; ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟɛɨɥɶɲɨɣ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɤɪɢɬɢɱɟɫɤɨɣ (ɤɪ). 
 
 

4.5. Ⱦɜɢɠɟɧɢɟ ɬɨɱɤɢ ɩɨ ɛɚɪɚɛɚɧɭ 
 

ɍɬɜɟɪɠɞɟɧɢɟ, ɱɬɨ, ɞɨɫɬɢɝɧɭɜ ɭɪɨɜɧɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɭɝɥɭ , ɬɨɱɤɚ ɩɪɟɤɪɚɬɢɬ ɫɜɨɟ ɞɜɢɠɟɧɢɟ, ɧɟ ɭɱɢɬɵɜɚɟɬ ɨɞɧɨɝɨ 
ɜɚɠɧɨɝɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ: ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɜɢɠɟɧɢɹ f0 
ɦɟɧɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɩɨɤɨɹ f. Ʉɚɤ ɬɨɥɶɤɨ ɬɨɱɤɚ ɞɨɫ-
ɬɢɝɧɟɬ ɭɪɨɜɧɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɭɝɥɭ , ɨɩɪɟɞɟɥɹɟɦɨɦɭ ɭɪɚɜ-
ɧɟɧɢɟɦ, ɨɧɚ ɨɫɬɚɧɨɜɢɬɫɹ, ɚ ɛɚɪɚɛɚɧ ɩɪɨɞɨɥɠɚɟɬ ɜɪɚɳɚɬɶɫɹ. 
Ɍɨɱɤɚ ɫɤɨɥɶɡɢɬ ɩɨ ɛɚɪɚɛɚɧɭ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɫɧɢɠɚɟɬɫɹ ɫ f 
ɞɨ f0, ɭɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ ɧɚɪɭɲɚɟɬɫɹ ɢ ɬɨɱɤɚ ɧɚɱɢɧɚɟɬ ɫɤɨɥɶ-
ɡɢɬɶ ɜɧɢɡ, ɱɬɨɛɵ ɨɫɬɚɧɨɜɢɬɶɫɹ ɧɚ ɧɨɜɨɦ ɭɪɨɜɧɟ 1, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɦ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɪɟɧɢɹ f0. ɉɨ ɢɧɟɪɰɢɢ ɬɨɱɤɚ ɫɤɨɥɶɡɧɟɬ 
ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ 1 ɢ ɨɫɬɚɧɨɜɢɬɫɹ ɧɚ ɧɟɤɨɬɨɪɨɦ ɭɪɨɜɧɟ 2. Ʉɚɤ 
ɬɨɥɶɤɨ ɬɨɱɤɚ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɨɩɹɬɶ ɜɨɡɧɢɤɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɟɧɢɹ f, ɢ ɨɧɚ ɫɧɨɜɚ ɧɚɱɢɧɚɟɬ ɩɨɞɧɢɦɚɬɶɫɹ ɜɦɟɫɬɟ ɫ ɛɚɪɚɛɚ-
ɧɨɦ, ɱɬɨɛɵ, ɞɨɫɬɢɝɧɭɜ ɭɪɨɜɧɹ , ɨɩɹɬɶ ɧɚɱɚɬɶ ɫɤɨɥɶɡɢɬɶ ɜɧɢɡ ɢ 
ɬ.ɞ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɨɱɤɚ ɛɭɞɟɬ ɫɨɜɟɪɲɚɬɶ ɧɟɤɨɬɨɪɨɟ ɤɨɥɟɛɚ-
ɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɜɜɟɪɯ ɢ ɜɧɢɡ ɩɨ ɛɚɪɚɛɚɧɭ [11]. 

Ɉɛɨɡɧɚɱɢɦ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɬɨɱɤɢ ɩɨ ɛɚɪɚ-
ɛɚɧɭ ɱɟɪɟɡ 0, ɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɭɝɨɥ ɩɨɞɴɟɦɚ – ɱɟɪɟɡ  
(). Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɬɨɱɤɢ, ɫɤɨɥɶɡɹɳɟɣ ɩɨ ɛɚɪɚɛɚ-
ɧɭ, ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: ɰɟɧɬɪɨɛɟɠɧɨɣ, ɧɚ-
ɩɪɚɜɥɟɧɧɨɣ ɩɨ ɪɚɞɢɭɫɭ ɛɚɪɚɛɚɧɚ, ɪɚɜɧɨɣ 2

0R, ɢ ɤɚɫɚɬɟɥɶɧɨɣ 
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ɬɚɤ ɤɚɤ 
dt
dȥ  ɟɫɬɶ ɧɟ ɱɬɨ ɢɧɨɟ, ɤɚɤ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɫɤɨɥɶɡɹɳɟɣ 

ɬɨɱɤɢ. 
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ɉɟɪɟɧɨɫɧɨɟ ɭɫɤɨɪɟɧɢɟ ɬɨɱɤɢ ɜ ɟɟ ɫɨɜɦɟɫɬɧɨɦ ɞɜɢɠɟɧɢɢ 
ɫ ɛɚɪɚɛɚɧɨɦ ɞɚɧɨ ɰɟɧɬɪɨɛɟɠɧɵɦ ɭɫɤɨɪɟɧɢɟɦ 2R, ɝɞɟ =const. 
ɇɚ ɬɨɱɤɭ ɞɟɣɫɬɜɭɟɬ ɬɚɤɠɟ Ʉɨɪɢɨɥɢɫɨɜɨ ɭɫɤɨɪɟɧɢɟ. Ɍɚɤ ɤɚɤ ɨɬ-
ɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɬɨɱɤɢ V = 0R, ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɨ ɤɚɫɚ-
ɬɟɥɶɧɨɣ, ɢ ɜɟɤɬɨɪ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ  , ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨ ɨɫɢ 
ɛɚɪɚɛɚɧɚ, ɦɟɠɞɭ ɫɨɛɨɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ, ɬɨ Ʉɨɪɢɨɥɢɫɨɜɨ ɭɫ-
ɤɨɪɟɧɢɟ 20R ɧɚɩɪɚɜɥɟɧɨ ɜɞɨɥɶ ɪɚɞɢɭɫɚ (ɧɨɪɦɚɥɶɧɨ ɤ V


 ɢ 




).  
Ɋɚɞɢɚɥɶɧɵɟ ɭɫɤɨɪɟɧɢɹ ɫɭɦɦɢɪɭɸɬɫɹ. Ɋɚɞɢɚɥɶɧɚɹ ɰɟɧ-

ɬɪɨɛɟɠɧɚɹ ɫɢɥɚ 
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2 RmRmRmRm    
 
ɩɪɢɠɢɦɚɸɳɚɹ ɬɨɱɤɭ ɤ ɛɚɪɚɛɚɧɭ, ɫɨɡɞɚɟɬ ɫɢɥɭ ɬɪɟɧɢɹ, ɪɚɜɧɭɸ 
f0m(+0)2R. 

ɉɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɤɢ ɞɟɣɫɬɜɭɸɬ ɫɢɥɚ 
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ɢ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɬɹɠɟɫɬɢ mgsinȥ . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨ-
ɜɢɟ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɬɚɤɨɦ ɜɢɞɟ: 
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dȦmR ȥg)RȦȦȦ(Ȧmf ȥmg   

ɢɥɢ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
 

 
.2

sincos
0

0

2
00

00
0 Ȧf

RȦ
RȦfȥȥfgȦf

dȥ
dȦ




  

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɩɨɥɭɱɢɥɢ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɨɱ-

ɤɢ ɩɨ ɜɪɚɳɚɸɳɟɦɭɫɹ ɛɚɪɚɛɚɧɭ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɩɚɞɟɧɢɹ ɬɨɱɤɢ ɩɨ ɫɬɟɧɤɟ ɧɟɩɨɞɜɢɠ-
ɧɨɝɨ ɛɚɪɚɛɚɧɚ (=0), ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɟɛɟ ɬɚɤ: 
 

  ,1sincos

0

0
00

0

ȦR
 ȥ ȥfgȦf

dȥ
dȦ




  

 
ɬ.ɟ. ɦɵ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɬɢɩɚ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ 
 

    ,00
0 mm ȦȥvȦȥu

dȥ
dȦ

  

 
ɪɟɲɟɧɢɟ, ɤɨɬɨɪɨɝɨ ɢɡɜɟɫɬɧɨ 
 

.m)vdȥ (eceȦ ȥm)ud(m)udȥ(m




  

 1
111

0  

 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɦɟɟɦ 

 

    ;1sincos00  ȥ);mȥ(f
R
gȥ;vfȥu  

  ȥ.fm)udȥ(;m 02121  
 

ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɡɧɚɱɟɧɢɹ ɜ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ 
ɢ ɩɪɨɜɟɞɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ɱɚɫɬɹɦ, ɩɨɥɭɱɢɦ: 
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ɉɨɞɫɬɚɜɢɜ ɩɨɫɥɟɞɧɢɣ ɢɧɬɟɝɪɚɥ ɜ ɩɪɟɞɵɞɭɳɢɣ, ɩɨɥɭɱɢɦ 
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ȥefȥeȥ dȥe ȥfȥfȥf cos2sincos 000 2
0

22    - 

-  ȥ dȥef ȥf- cos4 022
0 , 

 
ɨɬɤɭɞɚ ɧɚɯɨɞɢɦ 
 

;cos2sincos41 000 2
0

222
0 ȥefȥeȥdȥe)f( ȥfȥfȥf     
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Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɞɫɱɢɬɚɟɦ 

 

.
f

ȥ)f ȥ(eȥdȥe
ȥf

ȥf 






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0
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sin
0

0  

 
ȼɨɡɜɪɚɳɚɹɫɶ ɤ ɪɟɲɟɧɢɸ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ ɫ ɭɱɟɬɨɦ 

ɩɨɞɫɬɚɧɨɜɨɤ ɩɨɥɭɱɢɦ 
 

,sin2coscos2sin
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2
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2
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2
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




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ɢɥɢ 

  ȥfCeȥ)f(ȥf
)fR(

gȦ 022
002

0

2
0 cos21sin3
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2




 . 

 
ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɜ ɧɚɱɚɥɟ ɞɜɢɠɟɧɢɹ 0=0, ɢ 

ɩɨɥɚɝɚɹ, ɱɬɨ ɧɚɱɚɥɶɧɵɣ ɭɝɨɥ  = 0 =  =  ( - ɭɝɨɥ ɬɪɟɧɢɹ 
ɩɨɤɨɹ), ɢɦɟɟɦ 
 

  ,cos21sin3
41

20 022
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0
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
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ɨɬɤɭɞɚ ɧɚɯɨɞɢɦ ɋ. 
ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɟ ɋ ɜ ɩɪɟɞɵɞɭɳɟɟ ɭɪɚɜɧɟɧɢɟ ɩɨɥɭɱɚ-

ɟɦ ɨɤɨɧɱɚɬɟɥɶɧɨ 
 




  )ȕeȥ(f
)fR(

gȦ ȕ)(ȥf02
02

0

2
0 sinsin3[

41
2  

.]coscos21 022
0 )ȕeȥ)(f( ȕ)(ȥf   

 
Ɂɚɞɚɜɚɹɫɶ ɡɧɚɱɟɧɢɟɦ , ɦɨɠɧɨ ɩɨ ɞɚɧɧɨɦɭ ɭɪɚɜɧɟ-

ɧɢɸ ɧɚɣɬɢ ɡɧɚɱɟɧɢɹ 0. Ʌɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ ɬɨɱɤɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ V = 0R. 
 
 

4.6. ɋɤɨɪɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ 
ɩɨ ɠɟɥɨɛɭ 

 
ȼ ɩɪɨɢɡɜɨɞɫɬɜɚɯ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɡɟɪɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɱɚɫɬɨ ɩɨɞɚɱɚ ɦɚɬɟɪɢɚɥɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɚɤɢɦ-ɥɢɛɨ ɩɢɬɚɬɟ-
ɥɟɦ ɧɚ ɠɟɥɨɛ, ɩɨ ɤɨɬɨɪɨɦɭ ɨɧɢ ɩɟɪɟɦɟɳɚɸɬɫɹ ɜ ɧɟɨɛɯɨɞɢɦɭɸ 
ɬɨɱɤɭ. Ⱦɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɚ-
ɜɢɥɶɧɨ ɜɵɛɪɚɬɶ ɭɝɨɥ ɧɚɤɥɨɧɚ ɠɟɥɨɛɚ ɢ ɨɩɪɟɞɟɥɢɬɶ ɫɤɨɪɨɫɬɶ 
ɫɤɨɥɶɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚ ɤɨɧɰɟ ɷɬɨɝɨ ɠɟɥɨɛɚ. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 
ɭɫɬɪɨɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4.5. 

 

 
 

Ɋ ɢ ɫ. 4.5 Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɠɟɥɨɛɚ 
 



 92 

ɉɨɫɤɨɥɶɤɭ ɦɚɬɟɪɢɚɥ, ɩɨɞɚɜɚɟɦɵɣ ɩɢɬɚɬɟɥɟɦ, ɢɦɟɟɬ ɧɚ-
ɱɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ, ɬɨ ɦɢɧɢɦɚɥɶɧɵɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɠɟɥɨɛɚ ɨɩɪɟ-
ɞɟɥɢɬɫɹ, ɤɚɤ ɢ ɩɪɢ ɫɤɨɥɶɠɟɧɢɢ ɱɚɫɬɢɰ ɦɚɬɟɪɢɚɥɚ ɩɨ ɜɧɭɬɪɟɧ-
ɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɚɪɚɛɚɧɚ, ɭɝɥɨɦ ɬɪɟɧɢɹ ɞɜɢɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ 
0. ɉɪɢ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɯ ɪɚɫɱɟɬɚɯ ɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ tg0 = 
0,8tg ɢɥɢ f0 = 0,8f [12].  ɋɥɟɞɨɜɚɬɟɥɶɧɨ,  ɭɝɨɥ ɧɚɤɥɨɧɚ ɠɟɥɨɛɚ 
  0. 

ɂɡ ɪɢɫ. 4.5ɚ ɧɚɯɨɞɢɦ, ɱɬɨ ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 
ɦɚɬɟɪɢɚɥɚ ɩɨ ɠɟɥɨɛɭ wɧ = wɩcos(90 - ), ɝɞɟ wɩ – ɫɤɨɪɨɫɬɶ ɩɚ-
ɞɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚ ɠɟɥɨɛ, ɤɨɬɨɪɚɹ ɫ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɢ ɭɫɬɪɨɣ-
ɫɬɜɚ, ɫɨɫɬɚɜɢɬ wɩ = gh2  = )tg(2 LHg  . 

ɇɚɣɞɟɦ ɤɨɧɟɱɧɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ 
ɷɬɨɝɨ ɪɚɫɫɦɨɬɪɢɦ ɪɚɜɧɨɜɟɫɢɟ ɱɚɫɬɢɰɵ ɫɵɩɭɱɟɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɠɟɥɨɛɚ (ɪɢɫ. 3.5 ɛ). ɑɚɫɬɢɰɚ ɦɚɫɫɨɣ m ɞɜɢɠɟɬɫɹ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɜɭɯ ɫɢɥ: ɞɜɢɠɭɳɟɣ ɫɢɥɵ P = mg sin ɢ ɫɢɥɵ 
ɬɪɟɧɢɹ T = f0mg cos. Ɍɚɤ ɤɚɤ   0, ɦɚɬɟɪɢɚɥ ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ 
ɫ ɧɟɤɨɬɨɪɵɦ ɭɫɤɨɪɟɧɢɟɦ ɚ, ɤɨɬɨɪɨɟ ɧɚɣɞɟɦ ɢɡ ɭɫɥɨɜɢɹ P – T = 
ma. ɋ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɚ = g(sin - f0 cos). 
ɉɨɫɤɨɥɶɤɭ ɞɜɢɠɟɧɢɟ ɪɚɜɧɨɭɫɤɨɪɟɧɧɨɟ, ɬɨ ɤɨɧɟɱɧɚɹ ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ wɤ = 2

ɧ2 wal  . 
 
 

4.7. Ɉɫɚɠɞɟɧɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɬɹɠɟɫɬɢ 
 

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɬɹɠɟɫɬɢ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɨɱɢ-
ɫɬɤɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɝɚɡɨɜ ɨɬ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɞɥɹ ɭɥɚɜɥɢ-
ɜɚɧɢɹ ɰɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢɥɢ ɭɦɟɧɶɲɟɧɢɹ ɡɚɝɪɹɡɧɟɧɧɨɫɬɢ ɚɬ-
ɦɨɫɮɟɪɵ. 

ɋɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɨɞɢɧɨɱɧɨɣ ɲɚɪɨɨɛɪɚɡɧɨɣ ɱɚɫɬɢɰɵ 
ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ ɞɜɢɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɡɜɟɫɬɧɨɣ 
ɢɡ ɤɭɪɫɚ ɮɢɡɢɤɢ ɮɨɪɦɭɥɟ ɋɬɨɤɫɚ 

 

c
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2 
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ɝɞɟ d – ɞɢɚɦɟɬɪ ɲɚɪɨɨɛɪɚɡɧɨɣ ɱɚɫɬɢɰɵ, ɦ; 
 Ȗ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰɵ, ɇ/ɦ3; 
 Ȗɫ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɪɟɞɵ, ɇ/ɦ3; 
 ɫ – ɜɹɡɤɨɫɬɶ ɫɪɟɞɵ, ɉɚɫ. 

ɉɪɢ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɯ ɪɚɫɱɟɬɚɯ ɫ ɭɱɟɬɨɦ ɨɬɥɢɱɢɹ ɪɟ-
ɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɨɫɚɠɞɟɧɢɹ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɢɯ (ɫɬɟɫɧɟɧɧɨɫɬɶ 
ɨɫɚɠɞɟɧɢɹ, ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɲɚɪɨɨɛɪɚɡɧɨɫɬɢ ɮɨɪɦɵ, ɞɜɢɠɟɧɢɟ 
ɫɪɟɞɵ) ɞɟɣɫɬɜɢɬɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɦɨɠɧɨ ɩɪɢɧɹɬɶ 
ɪɚɜɧɨɣ ɩɨɥɨɜɢɧɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɨɫɚɠɞɟɧɢɹ ɨɞɢɧɨɱ-
ɧɨɣ ɲɚɪɨɨɛɪɚɡɧɨɣ ɱɚɫɬɢɰɵ: 
 

w = 0,5wɨɫ. 
 

Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɱɚɫ-
ɬɢɰ ɜ ɠɢɞɤɨɣ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɨɣ ɫɪɟɞɟ ɢ ɩɪɢ ɞɪɭɝɢɯ ɪɟɠɢɦɚɯ 
ɞɜɢɠɟɧɢɹ [14]. 
 

4.8. Ɉɛɳɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɤ ɜɵɛɨɪɭ ɚɩɩɚɪɚɬɚ 
ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɫɭɫɩɟɧɡɢɣ 

 
ȼɵɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɚɩɩɚɪɚɬɚ – ɷɬɨ ɲɢɪɨɤɚɹ ɨɩɟ-

ɪɚɰɢɹ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɜɵɛɨɪ ɚɩɩɚɪɚɬɚ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɫɭɫ-
ɩɟɧɡɢɢ ɨɬɫɬɚɢɜɚɧɢɟɦ ɢɥɢ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ ɜ ɩɨɥɟ ɝɪɚɜɢɬɚ-
ɰɢɨɧɧɵɯ ɢɥɢ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ. ɉɨɷɬɨɦɭ ɩɪɢ ɜɵɛɨɪɟ ɬɨɝɨ ɢɥɢ 
ɢɧɨɝɨ ɚɩɩɚɪɚɬɚ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɡɚɞɚɧɧɨɣ ɫɭɫɩɟɧɡɢɢ ɫɥɟɞɭɟɬ ɨɞ-
ɧɨɜɪɟɦɟɧɧɨ ɪɟɲɚɬɶ ɜɨɩɪɨɫ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ ɨɬɫɬɨɣɧɢɤɨɜ, ɨɬɫɬɨɣɧɵɯ ɢ ɮɢɥɶɬɪɭɸɳɢɯ ɰɟɧɬɪɢ-
ɮɭɝ, ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ ɢɥɢ ɝɢɞɪɨɰɢɤɥɨɧɨɜ, ɪɚɡɥɢɱ-
ɧɵɯ ɮɢɥɶɬɪɨɜ. 

Ɉɛɳɢɟ ɭɤɚɡɚɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɩɟɪɜɢɱɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɩɪɢ ɜɵɛɨɪɟ ɚɩɩɚɪɚɬɨɜ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ 
ɫɭɫɩɟɧɡɢɣ, ɫɥɟɞɭɸɳɢɟ: 

- ɞɥɹ ɫɭɫɩɟɧɡɢɣ, ɤɨɬɨɪɵɟ ɪɚɫɫɥɚɢɜɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɵ-
ɫɬɪɨ ɢ ɞɚɸɬ ɯɨɪɨɲɨ ɨɫɜɟɬɥɟɧɧɭɸ ɠɢɞɤɨɫɬɶ, ɩɪɢɝɨɞɧɵ ɨɬɫɬɨɣ-
ɧɢɤɢ; 
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- ɞɥɹ ɫɭɫɩɟɧɡɢɣ ɫ ɧɟɛɨɥɶɲɨɣ ɪɚɡɧɨɫɬɶɸ ɩɥɨɬɧɨɫɬɟɣ 
ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɢɥɢ ɧɟɛɨɥɶɲɢɦ ɪɚɡɦɟɪɨɦ ɬɜɟɪɞɵɯ ɱɚɫ-
ɬɢɰ ɢɫɩɨɥɶɡɭɸɬɫɹ ɰɟɧɬɪɢɮɭɝɢ, ɫɟɩɚɪɚɬɨɪɵ ɢ ɝɢɞɪɨɰɢɤɥɨɧɵ ɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɮɚɤɬɨɪɨɦ ɪɚɡɞɟɥɟɧɢɹ; 

- ɞɥɹ ɫɭɫɩɟɧɡɢɣ, ɧɟ ɫɤɥɨɧɧɵɯ ɤ ɛɵɫɬɪɨɦɭ ɪɚɫɫɥɚɢɜɚɧɢɸ 
ɢ ɪɚɡɞɟɥɹɸɳɢɯɫɹ ɫ ɩɨɦɨɳɶɸ ɩɨɪɢɫɬɵɯ ɩɟɪɟɝɨɪɨɞɨɤ, ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɮɢɥɶɬɪɵ. 
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Ƚɥɚɜɚ    5 
 

ɄɈɅȿȻȺɇɂə ɂ ȼɂȻɊɈɂɁɈɅəɐɂə.  
ɈɋɇɈȼɇɕȿ ɈɉɊȿȾȿɅȿɇɂə ɌȿɈɊɂɂ ɄɈɅȿȻȺɇɂɃ 

 
Ɍɟɨɪɢɹ ɤɨɥɟɛɚɧɢɣ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɪɢ-

ɤɥɚɞɧɵɯ ɡɚɞɚɱ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ, ɧɚ-
ɩɪɢɦɟɪ, ɩɟɪɜɨɫɬɟɩɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɨɛɪɟɬɚɸɬ ɜɨɩɪɨɫɵ ɩɪɨɱ-
ɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥɚɯ – ɜ 
ɧɚɫɨɫɚɯ, ɤɨɦɩɪɟɫɫɨɪɚɯ, ɜɟɧɬɢɥɹɬɨɪɚɯ, ɰɟɧɬɪɢɮɭɝɚɯ, ɝɪɨɯɨɬɚɯ ɢ 
ɬ.ɩ. 

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɪɨɛɥɟɦɵ ɝɚɲɟɧɢɹ ɤɨɥɟ-
ɛɚɧɢɣ ɢ ɜɢɛɪɨɢɡɨɥɹɰɢɢ. ȼɨɨɛɳɟ ɩɨɜɟɞɟɧɢɟ ɭɩɪɭɝɢɯ ɫɢɫɬɟɦ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɩɟɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡɨɤ ɨɱɟɧɶ ɫɟɪɶɟɡɧɚɹ ɡɚɞɚɱɚ ɢ ɬɪɟ-
ɛɭɟɬ ɨɬ ɢɧɠɟɧɟɪɚ ɨɫɨɛɨɝɨ ɩɨɞɯɨɞɚ. 

ɍɩɪɭɝɢɟ ɫɢɫɬɟɦɵ ɜ ɬɟɯɧɢɤɟ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɪɚɡɥɢɱɚ-
ɸɬɫɹ ɩɨ ɱɢɫɥɭ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ [7]. ɉɨɞ ɱɢɫɥɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨ-
ɛɨɞɵ ɩɨɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ɧɟɡɚɜɢɫɢɦɵɯ ɤɨɨɪɞɢɧɚɬ, ɨɩɪɟɞɟɥɹɸ-
ɳɢɯ ɩɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦɵ. ɇɚɩɪɢɦɟɪ, ɝɪɭɡ, ɩɨɞɜɟɲɟɧɧɵɣ ɧɚ 
ɩɪɭɠɢɧɟ, ɢɦɟɟɬ ɨɞɧɭ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ, ɩɨɫɤɨɥɶɤɭ ɟɝɨ ɩɨɥɨɠɟ-
ɧɢɟ (ɫ ɧɟɤɨɬɨɪɵɦɢ ɞɨɩɭɳɟɧɢɹɦɢ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɨɣ 
ɤɨɨɪɞɢɧɚɬɨɣ y, ɨɬɫɱɢɬɵɜɚɟɦɨɣ ɨɬ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɢ. ɋɢɫɬɟɦɚ 
ɜɚɥɚ ɫ ɠɟɫɬɤɢɦɢ ɞɢɫɤɚɦɢ (ɟɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɦɚɫɫɨɣ ɜɚɥɚ) ɢɦɟɟɬ 
ɞɜɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ – ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɞɜɟ ɭɝɥɨɜɵɟ ɤɨɨɪɞɢ-
ɧɚɬɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɨɜɨɪɨɬ ɞɢɫɤɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɮɚɤɬɢɱɟɫɤɢ ɨɩ-
ɪɟɞɟɥɹɟɬɫɹ ɜɵɛɨɪɨɦ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ, ɬ.ɟ. ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɭɩɪɨɳɟɧɢɹɦɢ, ɜɧɨɫɢɦɵɦɢ ɜ ɩɪɚɤɬɢɱɟɫɤɭɸ ɡɚɞɚɱɭ. 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɭɩɪɭɝɢɯ ɤɨɥɟɛɚɧɢɣ ɪɚɡɥɢɱɚɸɬ ɤɨɥɟ-
ɛɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɜɵɧɭɠɞɟɧɧɵɟ. 

ɉɨɞ ɫɨɛɫɬɜɟɧɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɩɨɧɢɦɚɟɬɫɹ ɞɜɢɠɟɧɢɟ, 
ɤɨɬɨɪɨɟ ɫɨɜɟɪɲɚɟɬ ɫɢɫɬɟɦɚ, ɨɫɜɨɛɨɠɞɟɧɧɚɹ ɨɬ ɜɧɟɲɧɟɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɧɚɹ ɫɚɦɚ ɫɟɛɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚɱɚɥɶɧɨɝɨ ɢɦɩɭɥɶɫɚ. ɋɨɛɫɬ-
ɜɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɩɪɨɞɨɥɠɚɸɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫɨɨɛɳɟɧɧɚɹ 



 96 

ɜ ɧɚɱɚɥɟ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɷɧɟɪɝɢɹ ɧɟ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ 
ɢɡɪɚɫɯɨɞɨɜɚɧɚ. 

ȼɵɧɭɠɞɟɧɧɵɦɢ ɧɚɡɵɜɚɸɬɫɹ ɬɚɤɢɟ ɤɨɥɟɛɚɧɢɹ ɭɩɪɭɝɨɣ 
ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɡɦɟɧɹɸɳɢɯɫɹ 
ɜɧɟɲɧɢɯ ɫɢɥ, ɧɚɡɵɜɚɟɦɵɯ ɜɨɡɦɭɳɚɸɳɢɦɢ. ɉɪɢɦɟɪɨɦ ɜɵɧɭɠ-
ɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɹɜɥɹɟɬɫɹ ɞɜɢɠɟɧɢɟ ɭɩɪɭɝɨɝɨ ɨɫɧɨɜɚɧɢɹ, ɟɫ-
ɥɢ ɧɚ ɧɟɦ ɪɚɛɨɬɚɟɬ ɧɟ ɩɨɥɧɨɫɬɶɸ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɚɹ ɦɚɲɢɧɚ. 
ɋɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɭɩɪɭɝɨɟ ɨɫɧɨɜɚɧɢɟ ɫɨ ɫɬɨɪɨɧɵ ɦɚɲɢɧɵ, 
ɹɜɥɹɟɬɫɹ ɜɨɡɦɭɳɚɸɳɟɣ. 

ɉɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɫɥɟɞɭɸɳɢɦɢ ɦɚɤ-
ɫɢɦɚɥɶɧɵɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ ɭɩɪɭɝɨɣ ɫɢɫɬɟɦɵ ɨɬ ɩɨɥɨɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɢɨɞɨɦ ɫɨɛɫɬɜɟɧɧɵɯ ɢɥɢ ɜɵɧɭɠɞɟɧ-
ɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ ɢ ɨɛɨɡɧɚɱɚɟɬɫɹ, ɛɭɤɜɨɣ Ɍ. Ɉɛɪɚɬɧɚɹ 
ɩɟɪɢɨɞɭ ɜɟɥɢɱɢɧɚ ɧɚɡɵɜɚɟɬɫɹ ɱɚɫɬɨɬɨɣ ɤɨɥɟɛɚɧɢɣ – f = 1/Ɍ. ȼ 
ɬɟɯɧɢɤɟ ɬɚɤɠɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɤɪɭɝɨɜɚɹ 
ɱɚɫɬɨɬɚ Ȧ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɱɢɫɥɨ ɤɨɥɟɛɚɧɢɣ ɡɚ 2ʌ ɫɟ-
ɤɭɧɞ, 

Ȧ = 2ʌf = 2ʌ/Ɍ. 
 
 

5.1. ɋɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫɢɫɬɟɦɵ ɫ ɨɞɧɨɣ 
ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɛɟɡ ɡɚɬɭɯɚɧɢɹ 

 
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɝɪɭɡɚ 

ɦɚɫɫɨɣ m ɢ ɩɪɭɠɢɧɵ (ɪɢɫ. 5.1). 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɫɥɟɞɭɟɬ ɢɫɯɨɞɢɬɶ 

ɢɡ ɩɪɢɧɰɢɩɚ Ⱦ'Ⱥɥɚɦɛɟɪɚ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤ 
ɞɜɢɠɭɳɟɣɫɹ ɫ ɭɫɤɨɪɟɧɢɟɦ ɫɢɫɬɟɦɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɫɨ-
ɨɬɧɨɲɟɧɢɹ ɫɬɚɬɢɤɢ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɜ ɱɢɫɥɟ ɜɧɟɲɧɢɯ ɫɢɥ ɛɭ-
ɞɟɬ ɭɱɬɟɧɚ ɫɢɥɚ ɢɧɟɪɰɢɢ, ɪɚɜɧɚɹ ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɚɫɫɵ ɧɚ ɭɫɤɨ-
ɪɟɧɢɟ ɢ ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɪɨɬɢɜ ɭɫɤɨɪɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠ-
ɧɨ ɡɚɩɢɫɚɬɶ 

ymky  , 
 
ɝɞɟ k – ɠɟɫɬɤɨɫɬɶ ɩɪɭɠɢɧɵ. 
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Ɋ ɢ ɫ. 5.1. ɋɢɫɬɟɦɚ ɫ ɨɞɧɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ 
 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
 

02  yy  , ɝɞɟ 
m
k

2 . 

 
ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɩɪɨɫɬɵɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ, ɪɟɲɟɧɢɟ ɤɨɬɨ-
ɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɮɨɪɦɟ 
 

   ty sin , 
 
ɝɞɟ Ȝ – ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ, 
 Ȧ – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ, 
 t – ɜɪɟɦɹ, 
 Į – ɮɚɡɚ ɤɨɥɟɛɚɧɢɣ. 

ɉɪɢ t = 0 



yy arcsinsin  . 

Ʉɨɥɟɛɚɧɢɹ ɜɫɟɝɞɚ ɩɪɨɢɫɯɨɞɹɬ ɨɤɨɥɨ ɩɨɥɨɠɟɧɢɹ ɫɬɚɬɢɱɟ-
ɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. Ⱥɦɩɥɢɬɭɞɚ ɢ ɮɚɡɚ ɤɨɥɟɛɚɧɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. 
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ɀɟɫɬɤɨɫɬɶ ɩɪɭɠɢɧɵ – ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɞɟɣɫɬ-
ɜɭɸɳɟɣ ɫɢɥɵ P = mg  ɤ ɫɬɚɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɭɠɢɧɵ 
 




mgk , 

 
ɝɞɟ   – ɫɬɚɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɚɫɫɵ m. 

Ɍɨɝɞɚ ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɨɫɬɚɜɢɬ 
 




g
m
k . 

 
ɂɡ ɤɭɪɫɚ "ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ" ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ 

ɜɢɧɬɨɜɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɪɭɠɢɧɵ 
 

3

4

64nr
Gdk  , 

 
ɝɞɟ  G – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɜɬɨɪɨɝɨ ɪɨɞɚ, 
 d – ɞɢɚɦɟɬɪ ɩɪɨɜɨɥɨɤɢ, 
 n – ɱɢɫɥɨ ɜɢɬɤɨɜ, 
 r – ɪɚɞɢɭɫ ɜɢɬɤɚ ɩɪɭɠɢɧɵ. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɵ ɞɨɩɭɫɬɢɥɢ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ ɩɪɨɢɫɯɨɞɹɬ 
ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɚɤɢɯ-ɥɢɛɨ ɩɪɢɱɢɧ, ɩɪɟɩɹɬɫɬɜɭɸɳɢɯ ɞɜɢɠɟ-
ɧɢɸ, ɬ.ɟ. ɩɨɝɥɨɳɚɸɳɢɯ ɷɧɟɪɝɢɸ ɤɨɥɟɛɥɸɳɟɣɫɹ ɫɢɫɬɟɦɵ. Ɇɟ-
ɠɞɭ ɬɟɦ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɬɚɤɢɟ ɩɪɢɱɢɧɵ ɜɫɟɝɞɚ ɫɭɳɟɫɬɜɭɸɬ. 
 
 

5.2. ɋɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫɢɫɬɟɦɵ ɫ ɨɞɧɨɣ 
ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɫ ɡɚɬɭɯɚɧɢɟɦ 

 
Ɍɚɤ ɤɚɤ ɫɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɛɟɡ ɩɪɢɬɨɤɚ 

ɷɧɟɪɝɢɢ ɢɡɜɧɟ, ɚ ɩɪɢɱɢɧɵ, ɜɵɡɵɜɚɸɳɢɟ ɩɨɬɟɪɸ ɷɧɟɪɝɢɢ (ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ ɫɪɟɞɵ, ɬɪɟɧɢɟ ɜ ɱɚɫɬɢɰɚɯ ɦɟɬɚɥɥɚ ɢ ɞɪ.), ɞɟɣɫɬɜɭ-
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ɸɬ ɩɨɫɬɨɹɧɧɨ, ɬɨ, ɨɱɟɜɢɞɧɨ, ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɫ ɬɟɱɟɧɢɟɦ 
ɜɪɟɦɟɧɢ ɞɨɥɠɧɚ ɭɦɟɧɶɲɚɬɶɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ, ɧɚɤɨɧɟɰ, ɩɨ ɢɫ-
ɬɟɱɟɧɢɢ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɨɬɪɟɡɤɚ ɜɪɟɦɟɧɢ, 
ɤɨɥɟɛɚɧɢɹ ɧɟ ɩɪɟɤɪɚɬɹɬɫɹ. 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɫɢɫɬɟɦɵ ɫ ɨɞɧɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɫ ɡɚɬɭɯɚɧɢɟɦ, ɟɫɥɢ ɫɢɥɚ 
ɡɚɬɭɯɚɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ, ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
 

0f2 2  yyy  , 
 
ɝɞɟ f – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ. 

Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ 
 

)sin( 1
f    tey t , 

 
ɝɞɟ 22

1 f   – ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ, 
 te f  – ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ. 

ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɫɜɨɛɨɞɧɵɟ ɤɨɥɟ-
ɛɚɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɫ ɚɦɩɥɢɬɭɞɨɣ, ɭɦɟɧɶɲɚɸɳɟɣɫɹ ɩɨ ɷɤɫɩɨɧɟɧ-
ɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. 

ȿɫɥɢ 22 f , ɬɨ ɩɪɨɰɟɫɫ ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ. Ⱦɨɫɬɢɝɧɭɜ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ, ɫɢɫɬɟɦɚ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɩɪɢɛɥɢ-
ɠɚɟɬɫɹ ɤ ɩɨɥɨɠɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ, ɧɟ ɩɟɪɟɯɨɞɹ ɧɢɤɨɝɞɚ ɧɚ ɞɪɭ-
ɝɭɸ ɟɝɨ ɫɬɨɪɨɧɭ. 
 
 

5.3. ȼɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫɢɫɬɟɦɵ ɫ ɨɞɧɨɣ 
ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɛɟɡ ɡɚɬɭɯɚɧɢɹ 

 
Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɫ ɨɞɧɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ, ɜ ɤɨɬɨ-

ɪɨɣ ɜɨɡɛɭɠɞɚɸɳɚɹ ɫɢɥɚ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɝɚɪɦɨɧɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ 
 

tPP  sin0 , 
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ɝɞɟ Ɋ0 – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ, 
 ȍ – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ. 

Ɍɚɤɨɣ ɫɢɥɨɣ ɦɨɠɟɬ ɛɵɬɶ, ɧɚɩɪɢɦɟɪ, ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨ-
ɫɬɚɜɥɹɸɳɚɹ, ɩɟɪɟɞɚɸɳɚɹɫɹ ɧɚ ɨɫɧɨɜɚɧɢɟ, ɨɬ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢ-
ɥɵ, ɜɨɡɧɢɤɚɸɳɟɣ ɩɪɢ ɜɪɚɳɟɧɢɢ ɷɤɫɰɟɧɬɪɢɱɧɨɝɨ ɝɪɭɡɚ, ɭɤɪɟɩ-
ɥɟɧɧɨɝɨ ɧɚ ɲɤɢɜɟ, ɤɨɬɨɪɵɣ ɜɪɚɳɚɟɬɫɹ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ȍ 
(ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɚɹ ɦɚɫɫɚ ɜɪɚɳɚɸɳɟɝɨɫɹ ɪɨɬɨɪɚ ɰɟɧɬɪɨɛɟɠ-
ɧɨɝɨ ɧɚɫɨɫɚ, ɜɟɧɬɢɥɹɬɨɪɚ, ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɞɪ.). 

ɍɪɚɜɧɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɜɢɞɟ ɜɵɝɥɹ-
ɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

t
m
Pyy  sin02 . 

 
ɉɨɥɧɨɟ ɪɟɲɟɧɢɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɪɟ-

ɲɟɧɢɹ ɨɞɧɨɪɨɞɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɛɟɡ ɩɪɚɜɨɣ ɱɚɫɬɢ ɢ ɱɚɫɬɧɨɝɨ ɪɟ-
ɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɫ ɩɪɚɜɨɣ ɱɚɫɬɶɸ 
 

22
0 sin)sin(







 t
m
Pty . 

 

ɉɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ t = 0, y =0 ɢ 
m
Ɋ0 = q ɞɚɧɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɩɟɪɟɩɢɲɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
 

tqtqy 





 coscos 2222 



 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɥɟɛɚɧɢɟ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɤɨɥɟɛɚɧɢɣ ɫ 

ɨɞɢɧɚɤɨɜɨɣ ɚɦɩɥɢɬɭɞɨɣ: 

1. tqy 


cos221 
  – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɨɛɨɞɧɵɟ 

ɤɨɥɟɛɚɧɢɹ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɨɞ ɜɥɢɹɧɢɟɦ ɢɦɩɭɥɶɫɚ, ɫɨɨɛ-
ɳɟɧɧɨɝɨ ɫɢɫɬɟɦɟ ɫɢɥɨɣ Ɋ(t). 
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2. tqy 


 cos222 
 – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɵɧɭɠɞɟɧ-

ɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɜɵɡɜɚɧɧɵɟ ɩɟɪɢɨɞɢɱɟɫɤɢ ɢɡɦɟɧɹɸɳɟɣɫɹ ɫɢɥɨɣ. 
ɋɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɡɚɬɭɯɧɭɬ ɢ 

ɨɫɬɚɧɭɬɫɹ ɥɢɲɶ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɤɨɬɨɪɵɟ ɢ ɪɚɫɫɦɨɬ-

ɪɢɦ. Ⱥɦɩɥɢɬɭɞɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 22 



 q . 

ȿɫɥɢ  , ɬɨ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ Ȝ = ǻ, ɬ.ɟ. ɞɟɮɨɪ-
ɦɚɰɢɢ ɫɢɫɬɟɦɵ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɣ ɟɟ ɧɚɝɪɭɡɤɟ ɫɢɥɨɣ Ɋ0. 

ȿɫɥɢ  , ɬɨɝɞɚ Ȝ < 0, ɬ.ɟ. ɜɨɡɛɭɠɞɚɸɳɚɹ ɫɢɥɚ ɢ ɞɟ-
ɮɨɪɦɚɰɢɢ ɢɦɟɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ. ɉɪɢɱɟɦ, ɟɫɥɢ 
ȍ ɜɨɡɪɚɫɬɚɟɬ, ɬɨ ɚɦɩɥɢɬɭɞɚ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɜ ɩɪɟɞɟɥɟ, ɩɪɢ ȍ ĺ 
∞ ɢɦɟɟɦ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
 

0lim 22 





 
 q . 

 
Ɍɚɤ ɤɚɤ ɧɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɦɚɬɟɪɢɚɥɟ, ɩɪɨ-

ɩɨɪɰɢɨɧɚɥɶɧɵ ɞɟɮɨɪɦɚɰɢɹɦ, ɬɨ ɢɡɦɟɧɟɧɢɟɦ Ȧ ɢɥɢ ȍ ɦɨɠɧɨ 
ɭɞɟɪɠɚɬɶ ɞɟɮɨɪɦɚɰɢɸ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɪɟ-
ɞɟɥɚɯ ɞɨɩɭɫɬɢɦɨɝɨ ɢ ɞɚɠɟ ɦɟɧɶɲɟ ɥɸɛɨɝɨ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ. ȼ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɡɚɤɥɸɱɚɟɬ-
ɫɹ ɩɪɢɧɰɢɩ ɪɟɚɥɢɡɚɰɢɢ ɜɢɛɪɨɢɡɨɥɹɰɢɢ ɦɚɲɢɧ ɫ ɞɢɠɭɳɢɦɢɫɹ 
ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɦɢ ɦɚɫɫɚɦɢ. 

ɉɪɢ ȍ ĺ Ȧ ɚɦɩɥɢɬɭɞɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɜ ɩɪɟɞɟɥɟ 
 

22lim


 
 q . 

 
ɋɨɜɩɚɞɟɧɢɟ ɱɚɫɬɨɬɵ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɵ ɫ ɱɚɫɬɨɬɨɣ 

ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ ɧɚɡɵɜɚɟɬɫɹ ɪɟɡɨɧɚɧɫɨɦ, ɚ ɱɚɫɬɨ-
ɬɚ ȍ = Ȧ ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɨɣ. 

ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɜɵɧɭɠɞɟɧɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ 
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




 






 ɫɬfqq

2

2222

1

1 , 

 

ɝɞɟ  2
qfɫɬ   ɫɬɚɬɢɱɟɫɤɨɟ ɭɞɥɢɧɟɧɢɟ ɨɬ ɞɟɣɫɬɜɢɹ ɫɢɥɵ Ɋ(t); 

ȕ =

2

2

1

1





 ɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɦɩɥɢɬɭɞɵ (ɢɥɢ  

        ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ), ɩɨɤɚɡɵɜɚɸɳɢɣ  
        ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɞɟɮɨɪɦɚɰɢɹ ɜɨɡɪɨɫɥɚ ɩɨ ɫɪɚɜ- 
        ɧɟɧɢɸ ɫ fɫɬ ɜɫɥɟɞɫɬɜɢɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɯɚɪɚɤ- 
        ɬɟɪɚ ɞɟɣɫɬɜɢɹ ɫɢɥ. 
ɂɫɫɥɟɞɭɟɦ ɡɚɤɨɧ ɧɚɪɚɫɬɚɧɢɹ ɚɦɩɥɢɬɭɞɵ ɩɪɢ ɪɟɡɨɧɚɧɫɟ. 
ȼɵɧɟɫɟɦ ɚɦɩɥɢɬɭɞɭ ɤɨɥɟɛɚɧɢɣ  ɤɚɤ  ɨɛɳɢɣ  ɦɧɨɠɢɬɟɥɶ,  

ɬɨɝɞɚ 

22

coscos






ttqy , 

 

ɬ.ɟ. ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜɢɞɚ 
0
0 . ɉɪɢɦɟɧɹɹ ɩɪɚɜɢɥɨ Ʌɨɩɢɬɚɥɹ, 

ɩɨɥɭɱɢɦ 















)(

)cos(coscoscoslim
22

22










d
d

tt
d
d

qttqy  

ttqttq 






 sin
22

)sin( . 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɦɩɥɢɬɭɞɚ ɪɟɡɨɧɚɧɫɧɵɯ ɤɨɥɟɛɚɧɢɣ 

tq
ɪɟɡ 


2

  ɜɨɡɪɚɫɬɚɟɬ ɧɟ ɦɝɧɨɜɟɧɧɨ, ɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɪɟ-

ɦɟɧɢ. 
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ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɵɝɨɞɧɵɦ ɪɚɛɨɬɚɬɶ 
ɩɪɢ ɱɚɫɬɨɬɟ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɵ ɛɨɥɶɲɟɣ, ɱɟɦ ɱɚɫɬɨɬɚ ɫɨɛɫɬ-
ɜɟɧɧɵɯ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ. ɑɬɨɛɵ ɷɬɨɝɨ ɞɨɫɬɢɝ-
ɧɭɬɶ, ɧɟɢɡɛɟɠɧɨ ɩɪɢɯɨɞɢɬɫɹ ɩɪɨɣɬɢ ɱɟɪɟɡ ɪɟɡɨɧɚɧɫ. ɑɟɦ 
ɦɟɧɶɲɟ ɛɭɞɟɬ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɪɟɡɨɧɚɧɫ, ɬɟɦ ɦɟɧɶ-
ɲɢɦɢ ɛɭɞɭɬ ɞɟɮɨɪɦɚɰɢɢ ɢ ɧɚɩɪɹɠɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɚɬ-
ɤɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɟɡɨɧɚɧɫɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɟɞɫɬɚɜɥɹ-
ɟɬ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ, ɬɚɤ ɤɚɤ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɧɟ ɭɫ-
ɩɟɜɚɟɬ ɞɨɫɬɢɱɶ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ. 
 
 

5.4. ȼɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫɢɫɬɟɦɵ ɫ ɨɞɧɨɣ 
ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɫ ɡɚɬɭɯɚɧɢɟɦ 

 
ɍɪɚɜɧɟɧɢɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫ ɡɚɬɭɯɚɧɢɟɦ ɩɪɢ 

ɫɢɥɟ ɡɚɬɭɯɚɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɜ ɞɢɮ-
ɮɟɪɟɧɰɢɚɥɶɧɨɦ ɜɢɞɟ ɜɵɝɥɹɞɢɬ ɤɚɤ 
 

0cosf2 2  tqyyy  . 
 

ɉɨɥɧɨɟ ɪɟɲɟɧɢɟ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚ-
ɧɨ ɜ ɜɢɞɟ 
 





  tqtey t cos

f4)(
)()cos( 2222

22

1
f




  

tq





 sin
f4)(

f2
2222

. 

 
ɂɡ ɞɚɧɧɨɝɨ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭ-

ɱɟɧɵ ɭɪɚɜɧɟɧɢɹ ɥɸɛɵɯ ɢɡ ɪɚɧɟɟ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɭ-
ɬɟɦ ɜɵɛɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

ɉɪɢ q = 0 ɢ f = 0 ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚ-
ɧɢɣ ɛɟɡ ɡɚɬɭɯɚɧɢɹ. ɍɪɚɜɧɟɧɢɟ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ q = 0 ɢ f = f 
ɨɩɢɫɵɜɚɟɬ ɫɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫ ɡɚɬɭɯɚɧɢɟɦ. ɉɨɞɫɬɚɧɨɜɤɨɣ q 
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= q ɢ f = 0 ɩɪɢɯɨɞɢɦ ɤ ɭɪɚɜɧɟɧɢɸ, ɨɩɢɫɵɜɚɸɳɟɦɭ ɜɵɧɭɠɞɟɧ-
ɧɵɟ ɤɨɥɟɛɚɧɢɹ ɛɟɡ ɡɚɬɭɯɚɧɢɹ. 

Ɍɚɤ ɤɚɤ ɩɨ ɢɫɬɟɱɟɧɢɢ ɞɨɫɬɚɬɨɱɧɨ ɞɨɥɝɨɝɨ ɩɪɨɦɟɠɭɬɤɚ 
ɜɪɟɦɟɧɢ ɫɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫ ɡɚɬɭɯɚɧɢɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɩɟɪɜɵɦ ɱɥɟɧɨɦ ɩɨɥɭɱɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɡɚɬɭɯɚɸɬ, ɨɝɪɚɧɢɱɢɦ-
ɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟɦ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ. 
 

tqtqy 








 sin
f4)(

f2cos
f4)(
)(

22222222

22


 . 

 
ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ 

 




 cos
f4)(
)(

2222

22

Ⱥq



 , 




sin
f4)(

f2
2222 Ⱥq



 , 

 
ɝɞɟ Ⱥ ɢ Ȗ – ɩɨɫɬɨɹɧɧɵɟ, ɩɨɞɥɟɠɚɳɢɟ ɨɩɪɟɞɟɥɟɧɢɸ. 

ȼɨɡɜɵɲɚɹ ɩɨɫɥɟɞɧɢɟ ɜɵɪɚɠɟɧɢɹ ɜ ɤɜɚɞɪɚɬ ɢ ɫɭɦɦɢɪɭɹ 
ɢɯ ɩɨɥɭɱɢɦ 
 

2222 f4)( 




qA , 

 
ɢ, ɪɚɡɞɟɥɢɜ ɜɬɨɪɨɟ ɜɵɪɚɠɟɧɢɟ ɧɚ ɩɟɪɜɨɟ, ɧɚɣɞɟɦ 

22

2ftg






 . 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɚɜɧɟɧɢɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ 
 

)sin(sinsincoscos   tAtAtAy . 
 



 105 

Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫ ɡɚɬɭɯɚɧɢ-
ɟɦ ɹɜɥɹɸɬɫɹ ɝɚɪɦɨɧɢɱɟɫɤɢɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɫ ɱɚɫɬɨɬɨɣ, ɪɚɜɧɨɣ 
ɱɚɫɬɨɬɟ ȍ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɵ, ɢ ɫ ɚɦɩɥɢɬɭɞɨɣ Ⱥ. Ɏɚɡɨɜɵɣ 
ɭɝɨɥ Ȗ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɞɜɢɝ ɦɟɠɞɭ ɫɢɥɨɣ ɢ ɞɟɮɨɪɦɚɰɢɟɣ. 
ȼ ɫɥɭɱɚɟ ɪɟɡɨɧɚɧɫɚ ɢɦɟɟɦ 
 




 f2
qA  , 

 
ɬ.ɟ. ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɫ ɡɚ-
ɬɭɯɚɧɢɟɦ ɨɫɬɚɟɬɫɹ ɜɫɟɝɞɚ ɤɨɧɟɱɧɨɣ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶ-
ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɭ ɡɚɬɭɯɚɧɢɹ f ɢ ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ ȍ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɞɟɥɟ-
ɧɢɟɦ Ⱥ ɧɚ fɫɬ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫ 
ɡɚɬɭɯɚɧɢɟɦ 
 

4

22
22 f41

1
























 

 . 

 

Ɉɩɪɟɞɟɥɢɦ ɨɬɧɨɲɟɧɢɟ ɱɚɫɬɨɬ 

 , ɩɪɢ ɤɨɬɨɪɨɦ ɛɭɞɟɬ 

ɧɚɛɥɸɞɚɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱ-
ɧɨɫɬɢ ȕ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɢɡɜɟɫɬɧɵɦɢ ɩɪɨɰɟɞɭɪɚɦɢ – 
ɧɚɣɞɟɦ ɩɪɨɢɡɜɨɞɧɭɸ ɢ ɩɪɢɪɚɜɧɹɟɦ ɟɟ ɤ ɧɭɥɸ, ɬɨɝɞɚ ɩɨɫɥɟ ɭɩ-
ɪɨɳɟɧɢɹ ɩɨɥɭɱɢɦ 
 

1f2
2
11

2












. 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ ɛɭɞɟɬ ɧɚɛɥɸ-

ɞɚɬɶɫɹ ɧɟ ɩɪɢ ɪɚɜɟɧɫɬɜɟ ɱɚɫɬɨɬ (ɧɟ ɩɪɢ ɪɟɡɨɧɚɧɫɟ), ɚ ɪɚɧɟɟ ɢ 
ɛɭɞɟɬ ɪɚɜɧɚ 
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Ⱥɦɚɯ =ȕɦɚɯ·fɫɬ. 
 

ɂ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ ɨ ɬɨɦ, ɧɚɫɤɨɥɶ-
ɤɨ ɨɩɚɫɧɵ ɜɨɡɦɭɳɚɸɳɢɟ ɫɢɥɵ ɞɥɹ ɪɚɛɨɬɵ ɭɩɪɭɝɨɣ ɫɢɫɬɟɦɵ ɢ 
ɧɟ ɩɪɢɜɟɞɭɬ ɥɢ ɨɧɢ ɤ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ. 

 

 
 

Ɋ ɢ ɫ. 5.2. ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱɧɨɫɬɢ 
 

ɇɚ ɝɪɚɮɢɤɟ (ɪɢɫ. 5.2) ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɡɚɬɭɯɚɧɢɹ ɧɚ ɜɟ-
ɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱɧɨɫɬɢ, ɢɡ ɤɨɬɨɪɨɝɨ ɜɢɞɧɨ, ɱɬɨ 
ɷɬɨ ɜɥɢɹɧɢɟ ɨɫɨɛɟɧɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɜ ɢɧɬɟɪɜɚɥɟ 
 

25,155,0 





. 

 
ɉɪɢ ɷɬɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɩɨɞɫɱɢɬɚɬɶ ɢ ɚɦ-

ɩɥɢɬɭɞɭ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɧɟ ɡɧɚɹ ɧɚɩɟɪɟɞ ɜɟɥɢɱɢɧɭ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 5.2 ɤɪɢɜɵɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ȕ ɡɚɦɟɬɧɨ 
ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɥɢɲɶ ɜ ɭɤɚɡɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ. ȼɧɟ 
ɷɬɨɝɨ ɢɧɬɟɪɜɚɥɚ ɩɪɢɜɟɞɟɧɧɵɟ ɤɪɢɜɵɟ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ, 
ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɞɥɹ ɪɚɫɱɟɬɨɜ ɡɧɚɱɟɧɢɹ ɧɟ ɢɦɟɟɬ. ȿɝɨ 
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ɦɨɠɧɨ ɩɪɨɫɬɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ ɧɭɥɸ, ɱɬɨ ɢɞɟɬ ɜ ɡɚɩɚɫ ɩɪɨɱɧɨ-
ɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. 

ȼɨɡɛɭɠɞɚɸɳɚɹ ɫɢɥɚ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɟ, ɩɨɷɬɨɦɭ 
ɞɥɹ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚ ɨɬɞɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɜɜɨɞɹɬ ɚɦɨɪɬɢ-
ɡɚɬɨɪɵ ɢ ɩɪɭɠɢɧɵ. 

ȿɫɥɢ ɛɵ ɡɚɬɭɯɚɧɢɹ ɧɟ ɛɵɥɨ, ɬɨ ɟɞɢɧɫɬɜɟɧɧɨɣ ɫɢɥɨɣ, ɩɟ-
ɪɟɞɚɜɚɟɦɨɣ ɨɫɧɨɜɚɧɢɸ, ɛɵɥɚ ɛɵ ɫɢɥɚ ɭɩɪɭɝɨɫɬɢ ɩɪɭɠɢɧ, ɪɚɜ-
ɧɚɹ 
 

Ɋɨɫɧ = kȕfɫɬ =ȕɊ. 
 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɧɚɝɪɭɡɨɤ ɧɚ ɮɭɧ-
ɞɚɦɟɧɬ Į ɫɨɜɩɚɞɚɟɬ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɢɧɚɦɢɱɧɨɫɬɢ ȕ ɢ ɪɚɜɟɧ 
 

Ɋ
Ɋɨɫɧ  . 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɱɚɫɬɨɬ ȍ ɢ Ȧ ɞɟ-

ɦɨɧɫɬɪɢɪɭɟɬ ɨɩɚɫɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɟɡɨɧɚɧɫɚ, ɧɟɨɛɯɨɞɢɦɨ 
ɩɭɬɟɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢɡɦɟɧɟɧɢɣ ɞɨɛɢɬɶɫɹ ɢɡɦɟɧɟɧɢɹ ɬɨɣ ɢɥɢ 
ɢɧɨɣ ɱɚɫɬɨɬɵ ɫ ɬɟɦ, ɱɬɨɛɵ ɬɚɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɛɵɥɚ ɢɫɤɥɸɱɟɧɚ. 
ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɛɭɞɟɬ ɭɜɟɥɢɱɟɧɢɟ ɫɨɨɬɧɨ-

ɲɟɧɢɹ 

 , ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɛɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɫɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ȕ. ɉɪɨɳɟ ɜɫɟɝɨ ɷɬɨɝɨ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ 
ɫɧɢɠɟɧɢɟɦ ɠɟɫɬɤɨɫɬɢ ɩɪɭɠɢɧ. 

ȿɫɥɢ ɤɨɧɫɬɪɭɤɬɨɪ ɧɟ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɧɹɬɶ ɱɚɫ-
ɬɨɬɵ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɜɜɨɞɢɬɶ ɚɦɨɪɬɢɡɚɬɨɪɵ, ɤɨɬɨɪɵɟ ɩɨɜɵɲɚ-
ɸɬ ɩɨɝɥɨɳɟɧɢɟ ɷɧɟɪɝɢɢ ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ (ɨɛɟɫɩɟɱɢɜɚɸɬ ɡɚɬɭɯɚ-
ɧɢɟ ɤɨɥɟɛɚɧɢɣ). 

ɉɪɢ ɧɚɥɢɱɢɢ ɡɚɬɭɯɚɧɢɹ ɧɚ ɮɭɧɞɚɦɟɧɬ ɩɟɪɟɞɚɟɬɫɹ ɧɟ 
ɬɨɥɶɤɨ ɫɢɥɚ ɭɩɪɭɝɨɫɬɢ ɩɪɭɠɢɧ, ɧɨ ɢ ɫɢɥɚ ɡɚɬɭɯɚɧɢɹ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɛɭɞɟɬ ɪɚɜɟɧ 
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ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɟɪɟɞɚɱɢ ɪɚɜɟɧ ɟɞɢɧɢɰɟ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ ( 0



) ɢ 

ɩɪɢ ɨɬɧɨɲɟɧɢɢ ɱɚɫɬɨɬ 2



. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɩɟɪɟɞɚɱɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 5.3. [3]. 
ɂɡ ɞɚɧɧɨɝɨ ɝɪɚɮɢɤɚ ɫɥɟɞɭɟɬ ɜɚɠɧɵɣ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɨɬ-

ɧɨɲɟɧɢɢ ɱɚɫɬɨɬ ɦɟɧɶɲɟ 2 ɧɟɨɛɯɨɞɢɦɵ ɤɚɤ ɭɩɪɭɝɢɟ ɷɥɟɦɟɧɬɵ 
(ɩɪɭɠɢɧɵ), ɬɚɤ ɢ ɚɦɨɪɬɢɡɚɬɨɪɵ; ɩɪɢ ɨɬɧɨɲɟɧɢɢ ɠɟ ɱɚɫɬɨɬ 
ɛɨɥɶɲɟ 2   ɞɨɫɬɚɬɨɱɧɨ ɬɨɥɶɤɨ ɭɩɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ. 
 

 
 

Ɋ ɢ ɫ. 5.3. ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɞɚɱɢ ɫɢɥɵ ɧɚ ɨɫɧɨɜɚɧɢɟ 
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5.5. Ʉɨɥɟɛɚɧɢɹ ɫɢɫɬɟɦ ɫ ɧɟɫɤɨɥɶɤɢɦɢ 
ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ 

 
Ɋɚɫɫɦɨɬɪɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ, ɢɦɟɸɳɢɯ ɨɞɧɭ ɫɬɟ-

ɩɟɧɶ ɫɜɨɛɨɞɵ, ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɤɨɥɟɛɚ-
ɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ. ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɫɬɟɩɟɧɶ ɨɩɚɫɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɪɟɡɨɧɚɧɫɚ ɢ ɜɟɥɢ-
ɱɢɧɚ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɹɯ. 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɩɨɞɯɨɞ ɜɨɡɦɨɠɟɧ ɢ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɫɬɟ-
ɩɟɧɹɯ ɫɜɨɛɨɞɵ. Ɍɨɥɶɤɨ ɜɦɟɫɬɨ ɨɞɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɣ ɢɦɟɟɬɫɹ ɫɢɫɬɟɦɚ ɧɟɫɤɨɥɶɤɢɯ ɭɪɚɜ-
ɧɟɧɢɣ. Ɋɟɲɟɧɢɟ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɜɨɡɦɨɠɧɨ ɪɚɡɥɢɱ-
ɧɵɦɢ ɩɪɢɛɥɢɠɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɇɚɩɪɢɦɟɪ, ɬɚɤɨɟ ɪɟɲɟɧɢɟ 
ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɞɜɭɦɹ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɭɳɟ-
ɫɬɜɭɸɬ ɞɜɟ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɚ ɫ ɞɜɭɦɹ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ɨɛ-
ɥɚɞɚɟɬ ɞɜɭɦɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɱɚɫɬɨɬɚɦɢ. ȿɫɥɢ ɭ ɫɢɫɬɟɦɵ ɟɫɬɶ 
ɬɪɢ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ, ɨɧɚ ɛɭɞɟɬ ɢɦɟɬɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɪɢ ɫɨɛ-
ɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ. Ⱦɥɹ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɧɭɠɧɨ ɪɟɲɚɬɶ ɭɠɟ ɧɟ 
ɤɜɚɞɪɚɬɧɨɟ, ɚ ɤɭɛɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɞɨ-
ɛɚɜɥɟɧɢɢ ɤɚɠɞɨɣ ɧɨɜɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ ɡɚɞɚɱɚ ɛɭɞɟɬ ɭɫɥɨɠ-
ɧɹɬɶɫɹ, ɨɞɧɚɤɨ ɫɨɜɪɟɦɟɧɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ ɢ ɡɞɟɫɶ 
ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɪɟɡɭɥɶɬɚɬɚ. 
 
 

5.6. Ʉɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ 
 

Ȼɵɫɬɪɨɜɪɚɳɚɸɳɢɟɫɹ ɞɟɬɚɥɢ ɦɚɲɢɧ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɞɟ-
ɚɥɶɧɨ ɫɛɚɥɚɧɫɢɪɨɜɚɧɵ ɢ ɧɚ ɩɪɚɤɬɢɤɟ ɜɫɟɝɞɚ ɫɭɳɟɫɬɜɭɸɬ ɢɧɟɪ-
ɰɢɨɧɧɵɟ ɫɢɥɵ, ɨɬɤɥɨɧɹɸɳɢɟ ɜɪɚɳɚɸɳɭɸɫɹ ɞɟɬɚɥɶ ɨɬ ɨɫɢ 
ɜɪɚɳɟɧɢɹ. Ɂɚɤɨɧɵ, ɨɩɢɫɵɜɚɸɳɢɟ ɩɨɜɟɞɟɧɢɟ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ, 
ɬɟ ɠɟ, ɱɬɨ ɢ ɞɥɹ ɤɨɥɟɛɥɸɳɢɯɫɹ ɫɢɫɬɟɦ. ɉɪɢ ɷɬɨɦ ɩɪɢ ɨɩɪɟɞɟ-
ɥɟɧɧɵɯ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ ɜɚɥɚ, ɧɚɡɵɜɚɟɦɵɯ ɤɪɢɬɢ-
ɱɟɫɤɢɦɢ, ɜɨɡɧɢɤɚɸɬ ɧɚɢɛɨɥɶɲɢɟ ɩɪɨɝɢɛɵ ɜɚɥɚ ɢ ɧɚɢɛɨɥɶɲɚɹ 
ɜɢɛɪɚɰɢɹ ɫɢɫɬɟɦɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɫɬɚɧɨ-
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ɜɢɬɫɹ ɜɟɫɶɦɚ ɡɧɚɱɢɬɟɥɶɧɨɣ, ɚ ɜɚɥ ɢɫɩɵɬɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɝɢɛɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ. 
Ⱦɥɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɜɚɥɨɜ ɫ ɞɢɫɤɚɦɢ ɩɪɢ ɬɚɤɢɯ ɫɤɨɪɨɫɬɹɯ ɧɟɞɨ-
ɩɭɫɬɢɦɚ, ɬɚɤ ɤɚɤ ɧɚɩɪɹɠɟɧɢɹ ɦɨɝɭɬ ɜɨɡɪɚɫɬɢ ɞɨ ɬɚɤɨɣ ɫɬɟɩɟɧɢ, 
ɱɬɨ ɜɚɥ ɩɨɥɭɱɢɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɫɬɚɬɨɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɢɥɢ 
ɞɚɠɟ ɦɨɠɟɬ ɪɚɡɪɭɲɢɬɶɫɹ. Ɉɩɢɫɚɬɶ ɞɚɧɧɨɟ ɹɜɥɟɧɢɟ ɞɨɜɨɥɶɧɨ 
ɩɪɨɫɬɨ, ɟɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɭɩɪɭɝɭɸ ɫɢɫɬɟɦɭ ɤɚɤ ɤɨɥɟɛɚɬɟɥɶɧɭɸ, 
ɚ ɫɢɥɵ ɞɢɫɛɚɥɚɧɫɚ – ɤɚɤ ɜɨɡɦɭɳɚɸɳɢɟ ɫɢɥɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɥɟɛɚɧɢɹ ɜɚɥɨɜ ɧɨɫɹɬ ɪɟɡɨɧɚɧɫɧɵɣ ɯɚ-
ɪɚɤɬɟɪ ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɪɚɛɨɱɟɣ ɫɤɨɪɨɫɬɢ ɫ ɱɚɫɬɨɬɨɣ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɢɡɝɢɛɧɵɯ ɤɨɥɟɛɚɧɢɣ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɛɨɬɭ ɜɚɥɚ, ɧɚ ɤɨɬɨɪɵɣ ɧɚɫɚɠɟɧ ɞɢɫɤ, 
ɢɦɟɸɳɢɣ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɟ (ɪɢɫ. 5.4.). ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚ-
ɳɟɧɢɹ ɜɚɥɚ – ȍ, ɦɚɫɫɚ ɞɢɫɤɚ - m. Ɉɩɪɟɞɟɥɢɦ ɩɪɨɝɢɛ ɜɚɥɚ ɨɬ 
ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ, ɜɨɡɧɢɤɚɸɳɟɣ ɩɪɢ ɜɪɚɳɟɧɢɢ, ɤɨ-
ɬɨɪɚɹ ɪɚɜɧɚ 
 

 
Ɋ ɢ ɫ. 5.4. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɚɥɚ ɫ ɞɢɫɤɨɦ 

 
2 rmC , 

 
ɝɞɟ r – ɪɚɞɢɭɫ ɜɪɚɳɟɧɢɹ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɦɚɫɫɵ m. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ r = e, ɧɨ, ɩɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɚɥ ɩɨɥɭɱɢɬ ɭɩ-
ɪɭɝɢɣ ɩɪɨɝɢɛ y, ɪɚɞɢɭɫ ɜɪɚɳɟɧɢɹ ɫɬɚɧɟɬ ɪɚɜɧɵɦ r = e + y, ɚ 
ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ ɫɨɫɬɚɜɢɬ 
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2)(  yemɋ . 
 

ɐɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ ɋǯ ɫɬɪɟɦɢɬɫɹ ɩɟɪɟɦɟɫɬɢɬɶ ɦɚɫɫɭ ɩɨ 
ɪɚɞɢɭɫɭ ɨɬ ɨɫɢ ɜɪɚɳɟɧɢɹ; ɷɬɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ ɩɪɟɩɹɬɫɬɜɭɟɬ 
ɫɢɥɚ ɭɩɪɭɝɨɫɬɢ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɦɚɫɫɭ ɫɨ ɫɬɨɪɨɧɵ ɜɚɥɚ ɢ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɚɹ ɟɝɨ ɩɪɨɝɢɛɭ 
 

P = - ky. 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ k ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨ-
ɛɨɣ ɫɢɥɭ, ɜɵɡɵɜɚɸɳɭɸ ɟɞɢɧɢɱɧɵɣ ɩɪɨɝɢɛ, ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 
ɢɡɝɢɛɧɭɸ ɠɟɫɬɤɨɫɬɶ ɜɚɥɚ. ɍɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɞɟɣɫɬɜɭɸɳɢɯ 
ɫɢɥ ɢɦɟɟɬ ɜɢɞ 

 
ɋǯ + Ɋ =0 ɢɥɢ m(e + y)ȍ2 = ky. 

 
ɂɡ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɥɟɝɤɨ ɧɚɯɨɞɢɬɫɹ ɜɟɥɢɱɢɧɚ ɩɪɨɝɢɛɚ 
 

2

2





mk
emy . 

 
ɉɪɢ ɧɟɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɡɧɚɦɟɧɚɬɟɥɶ 

ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɭɥɶ, ɢ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɬɢɱɟ-
ɫɤɨɣ; ɟɟ ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
 

m
k

ɤɪ  . 

 
ȼ ɞɨɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɛɨɱɟɣ ɱɚɫɬɨ-

ɬɵ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɩɪɨɝɢɛ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɫɤɨɪɨɫɬɢ ɫɬɪɟɦɢɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. ȼ ɡɚ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ 
ɩɪɨɝɢɛ ɜɚɥɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ 
ɷɬɨ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɫɚɦɨɰɟɧɬɪɢɪɨɜɚɧɢɟɦ, ɚ ɜɚɥɵ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɧɚɡɵɜɚɸɬɫɹ ɝɢɛɤɢɦɢ. 
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5.7. Ɋɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ 
ɫɤɨɪɨɫɬɟɣ ɜɚɥɚ ɫ ɨɞɧɢɦ ɞɢɫɤɨɦ 

 
Ɂɧɚɱɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɨɝɢɛɚ ɜɚɥɚ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɚɦ, ɢɡɜɟɫɬɧɵɦ ɢɡ ɤɭɪɫɚ "ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ". 
Ɋɚɡɥɢɱɚɸɬ ɜ ɨɫɧɨɜɧɨɦ ɞɜɚ ɜɢɞɚ ɨɩɨɪ ɜɚɥɨɜ – ɤɨɪɨɬɤɢɟ ɢ ɞɥɢɧ-
ɧɵɟ ɩɨɞɲɢɩɧɢɤɢ. Ʉɨɪɨɬɤɢɟ ɩɨɞɲɢɩɧɢɤɢ ɧɟ ɩɪɟɩɹɬɫɬɜɭɸɬ ɩɨ-
ɜɨɪɨɬɭ ɫɟɱɟɧɢɹ ɜɚɥɚ ɧɚ ɨɩɨɪɟ ɩɪɢ ɢɡɝɢɛɟ ɢ ɚɧɚɥɨɝɢɱɧɵ ɲɚɪ-
ɧɢɪɧɵɦ ɨɩɨɪɚɦ ɛɚɥɤɢ; ɞɥɢɧɧɵɟ ɠɟ ɩɨɞɲɢɩɧɢɤɢ ɚɧɚɥɨɝɢɱɧɵ 
ɡɚɳɟɦɥɟɧɢɸ. 

ȼɚɥ ɜ ɤɨɪɨɬɤɢɯ ɩɨɞɲɢɩɧɢɤɚɯ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɝɢɛ ɜ 
ɦɟɫɬɟ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɞɥɹ ɛɚɥɤɢ ɧɚ ɲɚɪ-
ɧɢɪɧɵɯ ɨɩɨɪɚɯ ɢ ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɪɚɜɧɚ 

22
2

)(
3

aalG
gEIl

ɤɪ 
 , 

 
ɝɞɟ ȿ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜɚɥɚ, Ɇɉɚ; 
 I – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜɚɥɚ, ɦ4; 
 G – ɩɪɢɜɟɞɟɧɧɵɣ ɜɟɫ ɞɢɫɤɚ, ɇ; 
 l – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɞɲɢɩɧɢɤɚɦɢ, ɦ; 
 ɚ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɞɧɨɝɨ ɢɡ ɩɨɞɲɢɩɧɢɤɨɜ ɞɨ ɞɢɫɤɚ, ɦ. 

Ⱦɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɞɢɫɤ ɪɚɫɩɨɥɨɠɟɧ ɩɨɫɟɪɟɞɢɧɟ 
 

393,6
Gl
gEI

ɤɪ  . 

 
ȼɚɥ ɜ ɞɥɢɧɧɵɯ ɩɨɞɲɢɩɧɢɤɚɯ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɡɧɚ-

ɱɟɧɢɟɦ ɩɪɨɝɢɛɚ ɞɥɹ ɛɚɥɤɢ ɫ ɠɟɫɬɤɨ ɡɚɳɟɦɥɟɧɧɵɦɢ ɤɨɧɰɚɦɢ, 
ɩɨɥɭɱɢɦ 
 

33

3
2

)(
3

aalG
gEIl

ɤɪ 
 . 

 
ȿɫɥɢ ɞɢɫɤ ɪɚɫɩɨɥɨɠɟɧ ɩɨɫɟɪɟɞɢɧɟ, ɬɨ 
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386,13
Gl
gEI

ɤɪ  . 

 
ȼɚɥ ɜ ɨɞɧɨɦ ɞɥɢɧɧɨɦ ɢ ɨɞɧɨɦ ɤɨɪɨɬɤɨɦ ɩɨɞɲɢɩɧɢ-

ɤɚɯ. Ʉɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

)3(
12

23

3
2

blbGa
gEIl

ɤɪ 
 , 

 
ɝɞɟ b = l – a. 

ȿɫɥɢ ɞɢɫɤ ɪɚɫɩɨɥɨɠɟɧ ɩɨɫɟɪɟɞɢɧɟ ɜɚɥɚ, ɬɨ a = b = l/2, 
ɬɨɝɞɚ 

347,10
Gl
gEI

ɤɪ  . 
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Ƚ ɥ ɚ ɜ ɚ    6 
 

ɉɊɂɆȿɊɕ Ɋȿɒȿɇɂə ɇȿɄɈɌɈɊɕɏ 
ɉɊȺɄɌɂɑȿɋɄɂɏ ɁȺȾȺɑ 

 
6.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ 

ɛɚɪɚɛɚɧɧɨɣ ɦɟɥɶɧɢɰɵ 
 

Ȼɚɪɚɛɚɧ ɦɟɥɶɧɢɰɵ ɡɚɝɪɭɠɚɟɬɫɹ ɢɡɦɟɥɶɱɚɟɦɵɦ ɦɚɬɟɪɢɚ-
ɥɨɦ ɢ ɦɟɥɸɳɢɦɢ ɬɟɥɚɦɢ (ɲɚɪɚɦɢ). ɉɪɢ ɜɪɚɳɟɧɢɢ ɛɚɪɚɛɚɧɚ 
ɦɟɥɶɧɢɰɵ ɦɟɥɸɳɢɟ ɬɟɥɚ ɭɜɥɟɤɚɸɬɫɹ ɫɢɥɨɣ ɬɪɟɧɢɹ ɜ ɫɬɨɪɨɧɭ 
ɜɪɚɳɟɧɢɹ, ɩɨɞɧɢɦɚɸɬɫɹ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɵɫɨɬɭ, ɚ ɡɚɬɟɦ ɢɥɢ 
ɫɩɨɥɡɚɸɬ ɩɨ ɟɝɨ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɥɢ ɫɤɚɬɵɜɚɸɬɫɹ, 
ɢɥɢ, ɨɬɨɪɜɚɜɲɢɫɶ ɨɬ ɫɬɟɧɤɢ, ɩɚɞɚɸɬ ɜɧɢɡ (ɪɢɫ. 6.1.). ɂɡɦɟɥɶɱɟ-
ɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɷɧɟɪɝɢɢ ɞɜɢɠɟɧɢɹ ɦɟɥɸɳɢɯ 
ɬɟɥ. 
 

 
 

Ɋ ɢ ɫ. 6.1. ɋɯɟɦɚ ɤ ɪɚɫɱɟɬɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ 
ɛɚɪɚɛɚɧɧɨɣ ɦɟɥɶɧɢɰɵ 
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ɉɨɞɴɟɦ ɦɟɥɸɳɢɯ ɬɟɥ ɢ ɯɚɪɚɤɬɟɪ ɢɯ ɩɨɫɥɟɞɭɸɳɟɝɨ ɞɜɢ-
ɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ. ɉɪɢ ɧɟɛɨɥɶɲɨɣ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɲɚɪɵ ɩɨɫɥɟ ɩɨɞɴɟɦɚ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɵɫɨɬɭ 
ɛɭɞɭɬ ɫɤɚɬɵɜɚɬɶɫɹ ɛɟɡ ɭɞɚɪɚ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɡ-
ɦɟɥɶɱɟɧɢɹ ɛɭɞɟɬ ɧɟɜɟɥɢɤɚ. ɉɪɢ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ 
ɜɪɚɳɟɧɢɹ ɲɚɪɵ ɩɟɪɟɫɬɚɧɭɬ ɨɬɪɵɜɚɬɶɫɹ ɨɬ ɫɬɟɧɨɤ ɢ, ɛɭɞɭɬ ɩɟ-
ɪɟɦɟɳɚɬɶɫɹ ɜɦɟɫɬɟ ɫ ɛɚɪɚɛɚɧɨɦ. 

Ɉɩɬɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɛɭɞɟɬ ɬɚɤɚɹ, ɩɪɢ ɤɨ-
ɬɨɪɨɣ ɦɟɥɸɳɢɟ ɬɟɥɚ ɛɭɞɭɬ ɨɬɪɵɜɚɬɶɫɹ ɨɬ ɫɬɟɧɤɢ (ɪɢɫ. 6.1), ɚ 
ɜɵɫɨɬɚ ɩɚɞɟɧɢɹ ɇ = Yɜ ɛɭɞɟɬ ɧɚɢɛɨɥɶɲɟɣ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɫɬɭɩɢɦ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼɵɛɟɪɟɦ ɞɜɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ XAY ɢ 
X10Y1. Ɇɟɥɸɳɟɟ ɬɟɥɨ ɩɚɞɚɟɬ ɢɡ ɬɨɱɤɢ Ⱥ ɜ ɬɨɱɤɭ ȼ ɩɨ ɩɚɪɚɛɨɥɟ, 
ɤɨɬɨɪɚɹ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ XAY ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 
 


 22

2

cos2
tg





V

xgxy . 

 
Ɉɬɪɵɜ ɜ ɬɨɱɤɟ Ⱥ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ 

 
cos RgV , 

 
ɬɨɝɞɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
 

ĮR
xtgĮxy 3

2

cos2 
 . 

 
ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɨɩɢɫɵɜɚɟɬ ɜɫɸ ɬɪɚɟɤɬɨɪɢɸ, ɜɤɥɸɱɚɹ ɬɨɱ-

ɤɢ Ⱥ ɢ ȼ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɧɚ ɨɤɪɭɠɧɨɫɬɢ ɛɚɪɚɛɚɧɚ, ɨɩɢɫɵɜɚɟɦɨɣ 
ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ X10Y1 ɭɪɚɜɧɟɧɢɟɦ 22

1
2
1 Ryx  . 

Ʉɨɨɪɞɢɧɚɬɵ ɥɸɛɨɣ ɬɨɱɤɢ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: x1 = x - Rsin,      y1 = y - Rcos. 

ɍɪɚɜɧɟɧɢɟ ɨɤɪɭɠɧɨɫɬɢ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ 
ɜɢɞɟ: (x - Rsin)2 + (y - Rcos)2 = R2. Ɋɟɲɢɦ ɫɨɜɦɟɫɬɧɨ ɭɪɚɜɧɟ-
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ɧɢɟ ɨɤɪɭɠɧɨɫɬɢ ɢ ɭɪɚɜɧɟɧɢɟ ɩɚɪɚɛɨɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪ-
ɞɢɧɚɬ ɬɨɱɟɤ ɩɟɪɟɫɟɱɟɧɢɹ. ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɟ y ɢɡ ɭɪɚɜɧɟɧɢɹ 
ɩɚɪɚɛɨɥɵ, ɩɨɥɭɱɢɦ: 
 

  2
2

3

2
2 cos

cos2
sin RĮR

ĮR
xtgĮxĮRx 











 . 

 
ɉɨɫɥɟ ɭɩɪɨɳɟɧɢɹ ɭɪɚɜɧɟɧɢɟ ɩɟɪɟɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 
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cos4cos 24
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




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Ʉɨɪɧɢ ɭɪɚɜɧɟɧɢɹ ɯ1 = ɯ2 = ɯ3 = 0 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɨɱɤɟ Ⱥ, 

ɚ ɤɨɪɟɧɶ ɯ4 = 4Rsincos2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɱɤɟ ȼ ɬɪɚɟɤɬɨɪɢɢ, 
ɬ.ɟ. ɯɜ = ɯ4. ɉɨɞɫɬɚɜɢɦ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɯɜ ɜ ɭɪɚɜɧɟɧɢɟ ɩɚ-
ɪɚɛɨɥɵ, ɬɨɝɞɚ 
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ɇɚɣɞɟɦ '
ɜy ɢ, ɩɪɢɪɚɜɧɹɜ ɤ ɧɭɥɸ, ɩɨɥɭɱɢɦ 

 
  0sincos2sin4 22'  Ryɜ . 

 
Ɍɚɤ ɤɚɤ 0 ɢ R0, ɬɨ 2cos2 - sin2 = 0, ɨɬɤɭɞɚ ɨɩɬ = 

5440’. 
Ɉɩɬɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ 
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6.2. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɚɛɨɬɵ ɳɟɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 
ɩɨ ɱɢɫɥɭ ɤɚɱɚɧɢɣ ɩɨɞɜɢɠɧɨɣ ɳɟɤɢ 

 
ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɳɟɤɨɜɨɣ ɞɪɨɛɢɥɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɚɲɢɧɵ [13]: 
- ɪɚɡɦɟɪɵ ɢ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɳɟɤ; 
- ɱɚɫɬɨɬɚ ɤɚɱɚɧɢɣ ɩɨɞɜɢɠɧɨɣ ɳɟɤɢ; 
- ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ. 
ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɪɚɫɱɟɬɨɜ ɹɜɥɹɸɬɫɹ: ɩɪɨɢɡɜɨ-

ɞɢɬɟɥɶɧɨɫɬɶ, ɧɚɱɚɥɶɧɵɣ ɢ ɤɨɧɟɱɧɵɣ ɪɚɡɦɟɪɵ ɤɭɫɤɨɜ ɢɡɦɟɥɶ-
ɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɩɥɨɬɧɨɫɬɶ. 

ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɭɝɨɥ ɡɚɯɜɚɬɚ  ɢ ɱɢɫɥɨ ɤɚɱɚɧɢɣ ɩɨɞ-
ɜɢɠɧɨɣ ɳɟɤɢ ɞɪɨɛɢɥɤɢ (ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ) n. 
ɇɚ ɱɚɫɬɢɰɭ ɦɚɬɟɪɢɚɥɚ, ɧɚɯɨɞɹɳɭɸɫɹ ɦɟɠɞɭ ɳɟɤɚɦɢ ɞɪɨɛɢɥɤɢ, 
ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ (ɪɢɫ. 6.2): ɫɠɢɦɚɸɳɚɹ Ɋ, ɜɵɬɚɥɤɢɜɚɸɳɚɹ R, 
ɬɪɟɧɢɹ F ɢ ɭɞɟɪɠɢɜɚɸɳɚɹ Ɍ. 

ɑɚɫɬɢɰɭ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɵɬɚɥɤɢɜɚɟɬ ɢɡ ɩɚɫɬɢ 
ɞɪɨɛɢɥɤɢ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɫɠɢɦɚɸɳɢɯ ɫɢɥ, ɧɚɩɪɚɜɥɟɧɧɚɹ 
ɜɞɨɥɶ ɟɟ ɨɫɢ R = 2Psin(/2), ɚ ɭɞɟɪɠɢɜɚɟɬ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ 
ɫɢɥ ɬɪɟɧɢɹ F = Pf, ɤɨɬɨɪɚɹ ɪɚɜɧɚ R = 2T, ɝɞɟ f – ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨ ɳɟɤɭ, Ɍ =Ɋfcos(/2). ɑɚɫɬɢɰɵ ɦɚɬɟɪɢɚɥɚ 
ɨɫɬɚɧɭɬɫɹ ɜ ɞɪɨɛɢɥɤɟ, ɟɫɥɢ 2T  R. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɟɦ ɡɚɯɜɚɬɚ ɢɡɦɟɥɶɱɚɟɦɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɹɜɥɹɟɬɫɹ tg(/2)  f, ɢɥɢ   2, ɝɞɟ  - ɭɝɨɥ ɬɪɟɧɢɹ ɱɚɫ-
ɬɢɰɵ ɦɚɬɟɪɢɚɥɚ ɨ ɳɟɤɭ ɞɪɨɛɢɥɤɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɤɚɱɚɧɢɣ ɩɨɞɜɢɠ-
ɧɨɣ ɳɟɤɢ ɞɪɨɛɢɥɤɢ ɪɚɫɫɦɨɬɪɢɦ ɟɟ ɞɜɢɠɟɧɢɟ. ɉɪɢ ɜɟɪɯɧɟɦ 
ɩɨɞɜɟɫɟ ɳɟɤɢ ɢɦɟɸɬɫɹ ɞɜɚ ɤɪɚɣɧɢɯ ɩɨɥɨɠɟɧɢɹ ɟɟ ɧɢɠɧɟɝɨ 
ɤɨɧɰɚ 1 ɢ 2 (ɫɦ. ɪɢɫ. 6.2.) ɢ ɩɟɪɟɦɟɳɟɧɢɟ ɪɚɜɧɨ S. Ɂɚ ɨɞɧɨ ɞɜɢ-
ɠɟɧɢɟ ɢɡ ɩɚɫɬɢ ɞɪɨɛɢɥɤɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ 
ɦɨɠɟɬ ɜɵɫɵɩɚɬɶɫɹ ɨɛɴɟɦ ɦɚɬɟɪɢɚɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɡɚ-
ɲɬɪɢɯɨɜɚɧɧɨɦɭ ɤɨɧɬɭɪɭ W. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɬɨɝɨ ɭɫɥɨɜɢɹ ɧɟ-
ɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɜɪɟɦɹ 1 ɨɬɯɨɞɚ ɳɟɤɢ ɢɡ ɩɨɥɨɠɟɧɢɹ 1 ɜ ɩɨɥɨ-
ɠɟɧɢɟ 2 ɛɵɥɨ ɪɚɜɧɨ ɜɪɟɦɟɧɢ 2 ɜɵɫɵɩɚɧɢɹ ɫɥɨɹ ɦɚɬɟɪɢɚɥɚ ɜɵ-
ɫɨɬɨɣ h. 
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Ɋ ɢ ɫ. 6.2. ɋɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɛɨɬɵ ɳɟɤɨɜɨɣ ɞɪɨɛɢɥɤɢ 

 
ȿɫɥɢ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ n [ɨɛ/ɫ], ɬɨ 1 = 

1/2n. ɂɡ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɭɫɤɨɪɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ 2 = gh2 . 
Ɍɚɤ ɤɚɤ  ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɢɡɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɬɨ ɢɡ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ h = tgS . 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ    nɨɩɬ = 1,1 Stg . 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɦɨɳɧɨɫɬɶ 
ɩɪɢɜɨɞɚ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɷɦɩɢɪɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɹɦ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɡɚɝɪɭɡɨɱɧɨɝɨ ɨɬɜɟɪ-
ɫɬɢɹ. ɍɫɬɚɧɨɜɨɱɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɩɪɢɧɢɦɚɟɬɫɹ ɨɛɵɱɧɨ 
ɧɚ 50% ɜɵɲɟ ɪɚɫɱɟɬɧɨɣ. 
 
 

6.3. ɉɪɢɥɨɠɟɧɢɟ ɬɟɨɪɢɢ ɤ ɪɚɫɱɟɬɭ 
ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɫɬɚɤɚɧɚ 

 
Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɭɡɥɨɜ ɧɚɫɚɞɨɱɧɵɯ ɤɨɥɨɧɧ ɹɜɥɹɸɬɫɹ 

ɨɪɨɫɢɬɟɥɢ, ɬ.ɟ. ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɠɢɞɤɨɫɬɢ. 
ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɠɟɥɨɛɱɚɬɵɟ ɨɪɨɫɢɬɟɥɢ, ɬɪɭɛɱɚɬɵɟ 
ɨɪɨɫɢɬɟɥɢ ɢ ɨɪɨɫɢɬɟɥɶɧɵɟ ɫɬɚɤɚɧɵ. 
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Ɋɚɫɩɪɟɞɟɥɢɬɟɥɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɠɟɥɨɛɨɜ, ɞɨɜɨɥɶɧɨ 
ɩɪɨɫɬɵ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ (ɪɢɫ. 6.3.), ɧɨ ɬɪɟɛɭɸɬ ɬɳɚɬɟɥɶɧɨɣ ɭɫ-
ɬɚɧɨɜɤɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɠɢɞ-
ɤɨɫɬɢ ɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɬɟɪɢɚɥɨɟɦɤɢ. 
 

 
 

Ɋ ɢ ɫ. 6.3. ɀɟɥɨɛɱɚɬɵɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɠɢɞɤɨɫɬɢ 
 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ ɠɢɞɤɨɫɬɢ ɬɚɤɠɟ ɦɨɠɧɨ 
ɩɪɢɦɟɧɹɬɶ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɟ ɬɪɭɛɵ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɜɵɩɨɥɧɟɧ-
ɧɵɟ ɜ ɜɢɞɟ ɩɚɭɤɚ (ɚ) ɢɥɢ ɤɨɥɥɟɤɬɨɪɚ (ɛ) (ɪɢɫ. 6.4.). ɇɟɞɨɫɬɚɬɤɨɦ 
ɢɯ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ ɦɚɬɟɪɢɚɥɨɟɦɤɢ ɢ ɪɚɛɨɬɚɸɬ ɪɚɜɧɨɦɟɪɧɨ 
ɥɢɲɶ ɬɨɝɞɚ, ɤɨɝɞɚ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɩɪɚɜɢɥɶ-
ɧɨ ɜɵɛɪɚɧɚ ɩɥɨɳɚɞɶ ɩɟɪɮɨɪɚɰɢɢ. 
 

 
 

Ɋ ɢ ɫ. 6.4. Ɍɪɭɛɱɚɬɵɟ ɨɪɨɫɢɬɟɥɢ 
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ɇɚɢɦɟɧɟɟ ɦɚɬɟɪɢɚɥɨɟɦɤɢɦɢ ɢ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵɦɢ ɹɜ-
ɥɹɸɬɫɹ ɨɪɨɫɢɬɟɥɶɧɵɟ ɫɬɚɤɚɧɵ (ɪɢɫ. 6.5.), ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 
ɪɚɫɩɪɟɞɟɥɹɬɶ ɠɢɞɤɨɫɬɶ ɧɚ ɡɧɚɱɢɬɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡ ɨɞɧɨɣ 
ɬɨɱɤɢ. Ɉɬɜɟɪɫɬɢɹ ɜ ɫɬɚɤɚɧɟ ɧɚɩɪɚɜɥɟɧɵ ɜ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ ɢ 
ɜɵɩɨɥɧɟɧɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɭɝɥɚɦɢ ɧɚɤɥɨɧɚ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɠɢɞɤɨɫɬɢ. ɂɯ ɨɫ-
ɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ – ɪɚɫɩɵɥɟɧɢɟ ɱɚɫɬɢ ɠɢɞɤɨɫɬɢ. ɋɬɚɤɚɧɵ ɢɡ-
ɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɦɟɬɚɥɥɚ ɢɥɢ ɤɟɪɚɦɢɤɢ ɢ ɩɪɢɦɟɧɹɸɬ ɜ ɨɫɧɨɜɧɨɦ 
ɞɥɹ ɨɪɨɲɟɧɢɹ ɤɨɥɨɧɧ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɱɢɫɬɨɣ ɠɢɞɤɨɫɬɢ. 

 
Ɋ ɢ ɫ. 6.5. Ɉɪɨɫɢɬɟɥɶɧɵɣ ɫɬɚɤɚɧ 

 
Ɉɬɜɟɪɫɬɢɹ ɜ ɫɬɚɤɚɧɟ ɜɵɩɨɥɧɟɧɵ ɩɨɞ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ ɤ 

ɥɢɧɢɢ ɝɨɪɢɡɨɧɬɚ ɢ ɧɚɩɪɚɜɥɟɧɵ ɜ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ, ɛɥɚɝɨɞɚɪɹ 
ɱɟɦɭ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɠɢɞɤɨɫɬɢ. 

ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɨɪɨɫɢɬɟɥɟɣ ɞɢɫɤɪɟɬɧɨɝɨ ɬɢɩɚ ɧɟ-
ɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɨɪɨ-
ɲɟɧɢɹ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟ-
ɧɢɹ ɧɚɫɚɞɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɜɧɨɦɟɪɧɨɟ ɨɪɨɲɟɧɢɟ ɬɨɪɰɚ ɧɚɫɚɞɤɢ ɢ ɧɟ ɭɫɥɨɠɧɹɬɶ ɤɨɧɫɬ-
ɪɭɤɰɢɸ ɨɪɨɫɢɬɟɥɹ. 

ɇɚ ɜɵɛɨɪ ɱɢɫɥɚ ɬɨɱɟɤ ɨɪɨɲɟɧɢɹ ɜɥɢɹɟɬ ɜ ɩɟɪɜɭɸ ɨɱɟ-
ɪɟɞɶ ɬɢɩ ɧɚɫɚɞɤɢ. Ⱦɥɹ ɪɟɝɭɥɹɪɧɵɯ ɧɚɫɚɞɨɤ ɱɢɫɥɨ ɬɨɱɟɤ ɨɪɨɲɟ-
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ɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɧɟɪɟɝɭɥɹɪɧɵɯ 
(ɯɚɨɬɢɱɧɨ ɭɥɨɠɟɧɧɵɯ). 

Ɋɟɤɨɦɟɧɞɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨ-
ɱɟɤ ɨɪɨɲɟɧɢɹ ɧɚ 1 ɦ2 ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ [15] ɞɥɹ 
ɯɚɨɬɢɱɧɨɣ ɧɚɫɚɞɤɢ ɫɨɫɬɚɜɥɹɟɬ 20, ɚ ɞɥɹ ɪɟɝɭɥɹɪɧɨɣ ɧɚɫɚɞɤɢ ɡɚ-
ɜɢɫɢɬ ɨɬ ɞɢɚɦɟɬɪɚ ɚɩɩɚɪɚɬɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

0,4 – 0,8 ɦ  ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ 300; 
0,8 – 1,2 ɦ  ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ 150; 
ɛɨɥɟɟ 1,2 ɦ  ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ 50. 

ȼ ɫɜɹɡɢ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɚɡɧɢɰɟɣ ɜ ɤɨɥɢɱɟɫɬɜɟ ɬɨɱɟɤ 
ɨɪɨɲɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɧɚɫɚɞɨɤ, ɪɟɤɨ-
ɦɟɧɞɭɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɧɟɛɨɥɶɲɨɝɨ ɫɥɨɹ ɯɚɨɬɢɱɧɨɣ ɧɚɫɚɞɤɢ ɩɨ-
ɜɟɪɯ ɪɟɝɭɥɹɪɧɨɣ, ɱɬɨ ɭɥɭɱɲɚɟɬ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɠɢɞɤɨɫɬɢ ɢ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɧɚɫɚɞɤɢ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɨɪɨɫɢɬɟɥɶɧɵɯ ɫɬɚɤɚɧɨɜ ɠɢɞɤɨɫɬɶ 
ɨɛɵɱɧɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɦ ɨɤɪɭɠɧɨɫɬɹɦ. ɇɚ-
ɫɚɞɤɚ ɩɨ ɬɨɪɰɭ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ N ɡɨɧ ɪɚɜɧɨɣ ɲɢɪɢɧɵ ɢɫɯɨɞɹ ɢɡ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨɱɟɤ ɨɪɨɲɟɧɢɹ, ɬɨ ɟɫɬɶ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɚɩɩɚɪɚɬɚ ɢ ɬɢɩɚ ɧɚɫɚɞɤɢ. 

ɋɨɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ ɤɨɥɶɰɟɜɵɯ ɡɨɧ, ɚ ɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɢ ɱɢɫɥɨ ɬɨɱɟɤ ɨɪɨɲɟɧɢɹ ɧɚ ɤɚɠɞɭɸ ɡɨɧɭ, ɚ ɡɧɚɱɢɬ ɢ ɤɨɥɢ-
ɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ni ɧɚ ɹɪɭɫɚɯ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɫɬɚɤɚɧɚ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɚɪɢɮɦɟɬɢɱɟɫɤɨɣ ɩɪɨɝɪɟɫɫɢɟɣ 

 
ni = 1 ; 3 ; 5 ; … ; (2N – 1). 

 
Ɋɚɫɫɱɢɬɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɫɬɚɤɚ-

ɧɚ, ɢɯ ɞɢɚɦɟɬɪ ɢ ɭɝɥɵ ɧɚɤɥɨɧɚ ɞɥɹ ɫɥɭɱɚɹ ɫɦɚɱɢɜɚɧɢɹ ɧɟɪɟɝɭ-
ɥɹɪɧɨɣ ɧɚɫɚɞɤɢ ɜ ɤɨɥɨɧɧɟ ɞɢɚɦɟɬɪɨɦ D = 1000 ɦɦ ɩɪɢ ɪɚɫɯɨɞɟ 
ɠɢɞɤɨɫɬɢ Q = 36 ɦ3/ɱɚɫ ɢ ɜɵɫɨɬɟ ɩɨɞɩɨɪɚ ɠɢɞɤɨɫɬɢ ɇ = 4 ɦ. 
Ɉɪɨɫɢɬɟɥɶɧɵɣ ɫɬɚɤɚɧ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɜɵɫɨɬɟ y = 500 ɦɦ ɧɚɞ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɫɚɞɤɢ. 

ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɥɨɧɧɵ, ɚ ɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɢ ɩɥɨɳɚɞɶ ɬɨɪɰɚ ɧɚɫɚɞɤɢ ɫɨɫɬɚɜɢɬ F = 0,785D2 = 0,78512 = 
0,785 ɦ2. 
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Ⱦɥɹ ɧɟɪɟɝɭɥɹɪɧɨɣ ɧɚɫɚɞɤɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɞɢɚɦɟɬɪɟ ɪɟ-
ɤɨɦɟɧɞɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɨɪɨɲɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 0,78520 = 
16. Ɍɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɨɪɨɲɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɤɨ-
ɥɢɱɟɫɬɜɟ ɡɨɧ ɨɪɨɲɟɧɢɹ N = 4, ɬɚɤ ɤɚɤ ni = 1 + 3 + 5 + 7 = 16. 
ɒɢɪɢɧɚ ɤɚɠɞɨɣ ɡɨɧɵ ɨɪɨɲɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 125 ɦɦ. 

ɂɫɩɨɥɶɡɭɹ ɬɟɨɪɢɸ ɧɢɡɤɨɧɚɩɨɪɧɨɝɨ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ 
ɢɡ ɨɬɜɟɪɫɬɢɹ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ, ɧɚɣɞɟɦ ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɣ ɩɪɢ  
= 0,62 
 

2gHȝʌ
4qd0  =

49,82ʌ0,62
0,0006254


 = 0,012 ɦ, 

 
ɝɞɟ q = Q/ni =36/16 = 2,25 ɦ3/ɱɚɫ = 0,000625 ɦ3/ɫ – ɪɚɫɯɨɞ ɠɢɞ-
ɤɨɫɬɢ ɱɟɪɟɡ ɨɞɧɨ ɨɬɜɟɪɫɬɢɟ. 

Ɉɬɜɟɪɫɬɢɟ ɞɥɹ ɨɪɨɲɟɧɢɹ ɩɟɪɜɨɣ ɡɨɧɵ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵ-
ɩɨɥɧɟɧɨ ɜ ɰɟɧɬɪɟ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɫɬɚɤɚɧɚ ɫ ɨɫɶɸ ɩɟɪɩɟɧɞɢɤɭ-
ɥɹɪɧɨɣ ɤ ɥɢɧɢɢ ɝɨɪɢɡɨɧɬɚ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɨɫɟɣ 
ɨɬɜɟɪɫɬɢɣ ɞɥɹ ɨɪɨɲɟɧɢɹ ɜɬɨɪɨɣ, ɬɪɟɬɶɟɣ ɢ ɱɟɬɜɟɪɬɨɣ ɡɨɧ ɜɨɫ-
ɩɨɥɶɡɭɟɦɫɹ ɭɪɚɜɧɟɧɢɟɦ ɬɪɚɟɤɬɨɪɢɢ ɧɢɡɤɨɧɚɩɨɪɧɨɣ ɫɬɪɭɢ ɩɪɢ y 
= 0,5 ɦ,  =0,98. 

ɉɨɥɨɠɟɧɢɟ ɬɨɱɟɤ ɨɪɨɲɟɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɫɪɟɞɢɧɧɵɦ 
ɨɤɪɭɠɧɨɫɬɹɦ ɡɨɧ ɨɪɨɲɟɧɢɹ, ɬɨɝɞɚ 
 

x2 = 0,125 + 0,125/2 = 0,1875 ɦ, 
x3 = 0,125 + 0,125 + 0,125/2 = 0,3125 ɦ, 

x4 = 0,4375 ɦ. 
 

ɍɪɚɜɧɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɧɢɡɤɨɧɚɩɨɪɧɨɣ ɫɬɪɭɢ ɞɥɹ ɜɬɨɪɨɣ 

ɡɨɧɵ 
2

22

2
2

22 ĮHcos4
xtgĮxy


 , ɨɬɤɭɞɚ, ɩɨɫɥɟ ɩɨɞɫɬɚɧɨɜɨɤ ɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɥɭɱɢɦ 
 

tg22 + 81,9tg2 – 217,5 = 0. 



 123 

Ɋɟɲɢɜ ɞɚɧɧɨɟ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɧɚɣɞɟɦ ɞɜɚ ɡɧɚɱɟ-
ɧɢɹ ɭɝɥɚ ɧɚɤɥɨɧɚ ɨɬɜɟɪɫɬɢɣ ɜɬɨɪɨɝɨ ɹɪɭɫɚ ɤ ɥɢɧɢɢ ɝɨɪɢɡɨɧɬɚ 
2: 89,3 ɢ – 69,0, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɂɧɚɤ ɦɢɧɭɫ ɭ ɜɬɨɪɨɝɨ ɡɧɚɱɟ-
ɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɭɝɨɥ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɨɬ ɥɢɧɢɢ 
ɝɨɪɢɡɨɧɬɚ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. ɉɪɢɧɢɦɚɟɦ ɡɧɚɱɟɧɢɟ 2 = 
89,3. Ⱥɧɚɥɨɝɢɱɧɨ ɧɚɣɞɟɦ 3 = 88,9 ɢ 4 = 88,4. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɨɝɨ ɪɚɫɱɟɬɚ ɨɪɨɫɢɬɟɥɶɧɨɝɨ ɫɬɚɤɚɧɚ, ɩɨɥɭɱɟɧɵ. 
 
 

6.4. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɪɚɡɦɟɪɨɜ ɩɵɥɟɨɫɚɞɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ 

 
Ƚɪɚɜɢɬɚɰɢɨɧɧɚɹ ɩɵɥɟɨɱɢɫɬɤɚ ɝɚɡɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɫɚɠ-

ɞɟɧɢɢ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ 
ɤɚɧɚɥɚɦ ɦɟɠɞɭ ɩɨɥɤɚɦɢ ɜ ɩɵɥɟɨɫɚɞɢɬɟɥɶɧɨɣ ɤɚɦɟɪɟ (ɪɢɫ. 6.6.). 

Ɉɛɵɱɧɨ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ, ɩɨɥɧɨɫɬɶɸ ɭɞɚɥɹɟɦɵɯ ɜ ɩɵɥɟ-
ɨɫɚɞɢɬɟɥɶɧɨɣ ɤɚɦɟɪɟ, ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 70 ɦɤɦ ɢ ɡɚɤɨɧ ɋɬɨ-
ɤɫɚ ɞɥɹ ɬɚɤɢɯ ɱɚɫɬɢɰ ɫɩɪɚɜɟɞɥɢɜ. 
 

 
 

Ɋ ɢ ɫ. 6.6. ɋɯɟɦɚ ɩɵɥɟɨɫɚɞɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ 
 

ȿɫɥɢ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɱɚɫɬɢɰɵ w, ɚ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠ-
ɞɭ ɩɨɥɤɚɦɢ h, ɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɫɚɠɞɟɧɢɹ 
ɢɡ ɫɚɦɨɣ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ ɩɨɡɢɰɢɢ ɛɭɞɟɬ ɪɚɜɧɚ h/w. Ɂɚ ɷɬɨ 
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ɜɪɟɦɹ ɡɚɩɵɥɟɧɧɵɣ ɝɚɡ, ɞɜɢɠɭɳɢɣɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ wɝ, ɩɪɨɣɞɟɬ 
ɨɬɪɟɡɨɤ ɩɭɬɢ l. Ⱦɥɢɧɚ ɩɨɥɨɤ ɩɵɥɟɨɫɚɞɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ L 
ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɚ ɩɭɬɢ ɨɫɚɠɞɟɧɢɹ l. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ ɧɟ ɭɧɨɫɢɥɢɫɶ ɝɚɡɨɜɵɦ 
ɩɨɬɨɤɨɦ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨ-
ɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ [16] 
 

c

c )d(w

 

 6,3max . 

 
Ɉɛɵɱɧɨ ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ  ɝɚɡɚ ɩɪɢɧɢɦɚɟɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ wɝ = (0,2  0,3) wmax. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɢɧɚ ɩɨɥɨɤ ɩɵɥɟɨɫɚɞɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ 

ɫɨɫɬɚɜɢɬ 
 

L  l = hwɝ/w. 
 

Ɉɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ ɩɵɥɟɨɫɚɞɢɬɟɥɶɧɨɣ 
ɤɚɦɟɪɵ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɦɟɸɳɢɦɢɫɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɩɥɨɳɚɞɹɦɢ. 

 
 

6.5. Ɉɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬɫɬɨɣɧɢɤɚ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ ɨɬɫɬɚɢɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ ɧɟɤɨɬɨɪɨ-
ɝɨ ɜɪɟɦɟɧɢ ɫɭɫɩɟɧɡɢɹ ɪɚɫɫɥɚɢɜɚɟɬɫɹ ɧɚ ɫɝɭɳɟɧɧɵɣ ɫɥɨɣ (ɲɥɚɦ) 
ɢ ɫɥɨɣ ɨɫɜɟɬɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ. Ɉɛɴɟɦ ɨɫɜɟɬɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɜ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɪɚɜɟɧ 
 


hFV  , 

 
ɝɞɟ  h – ɜɵɫɨɬɚ ɫɥɨɹ, 
 F – ɩɨɜɟɪɯɧɨɫɬɶ ɨɫɚɠɞɟɧɢɹ, 
 Ĳ – ɜɪɟɦɹ ɨɫɚɠɞɟɧɢɹ. 
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Ɂɧɚɹ, ɱɬɨ h = wǜĲ, ɦɨɠɧɨ ɧɚɣɬɢ ɧɟɨɛɯɨɞɢɦɭɸ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɨɬɫɬɚɢɜɚɧɢɹ 
 

w
VF  , 

 
ɢɥɢ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ ɫɭɫɩɟɧɡɢɸ 
 











2

11
x
x

w
GF
ɠ

c


, 

 
ɝɞɟ Gc – ɜɟɫɨɜɨɣ ɪɚɫɯɨɞ ɫɭɫɩɟɧɡɢɢ, ɇ/ɫ; 
 Ȗɠ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɨɫɜɟɬɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ, ɇ/ɦ3; 
 ɯ1 – ɫɨɞɟɪɠɚɧɢɟ ɫɭɯɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɫɭɫɩɟɧɡɢɢ ɜ ɞɨɥɹɯ; 
 ɯ2 – ɫɨɞɟɪɠɚɧɢɟ ɫɭɯɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɨɫɚɞɤɟ ɜ ɞɨɥɹɯ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɬɫɬɨɣɧɢɤɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɨɫɚɠɞɟɧɢɹ ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɵɫɨɬɵ ɨɬɫɬɨɣɧɢɤɚ, ɩɨ-
ɷɬɨɦɭ ɜɵɫɨɬɭ ɨɬɫɬɨɣɧɢɤɚ ɨɛɵɱɧɨ ɧɟ ɪɚɫɫɱɢɬɵɜɚɸɬ, ɚ ɩɪɢɧɢ-
ɦɚɸɬ ɪɚɜɧɨɣ ɞɨ 2,5 – 3,5 ɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɨɩɪɟɞɟɥɢɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɢ ɞɢɚɦɟɬɪ ɨɬɫɬɨɣɧɢɤɚ ɞɥɹ ɨɫɜɟɬɥɟɧɢɹ ɫɭɫɩɟɧɡɢɢ ɜ 
ɤɨɥɢɱɟɫɬɜɟ Gc = 60 ɇ/ɫ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɫɭɫɩɟɧ-
ɡɢɢ ɯ1 = 0,2, ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɝɭɳɟɧɧɨɣ ɫɭɫɩɟɧɡɢɢ ɯ2 = 0,5, ɫɤɨ-
ɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɫɭɫɩɟɧɡɢɢ w = 1,4ǜ10-4 ɦ/ɫ, ɭɞɟɥɶɧɵɣ ɜɟɫ ɨɫ-
ɜɟɬɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ Ȗɠ = 10300 ɇ/ɦ3. 

Ɉɩɪɟɞɟɥɹɟɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɬɫɬɨɣɧɢɤɚ ɩɨ ɬɜɟɪɞɨɣ 
ɮɚɡɟ 
 

Gɬɜ = Gcǜx1 = 60ǜ0,2 = 12 ɇ/ɫ. 
 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɬɫɬɨɣɧɢɤɚ ɩɨ ɫɝɭɳɟɧɧɨɣ ɫɭɫɩɟɧ-
ɡɢɢ ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɬɚɤ: 
 

Gɫɝ = Gɬɜ/ɯ2 = 12/0,5 = 24 ɇ/ɫ. 
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ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɬɫɬɨɣɧɢɤɚ ɩɨ ɨɫɜɟɬɥɟɧɧɨɣ ɠɢɞɤɨ-
ɫɬɢ ɫɨɫɬɚɜɢɬ 
 

Gɠ = Gc – Gɫɝ = 60 – 24 = 36 ɇ/ɫ. 
 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɩɨɜɟɪɯɧɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɨɬɫɬɨɣɧɢɤɚ 
 

25
5,0
2,01

104,110300
60

4 










 F ɦ2. 

 
Ⱦɢɚɦɟɬɪ ɨɬɫɬɨɣɧɢɤɚ ɫɨɫɬɚɜɢɬ 

 

64,52544






FD ɦ. 

 
ɋ ɭɱɟɬɨɦ ɡɚɩɚɫɚ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢɦɟɦ ɞɢɚ-

ɦɟɬɪ D = 6 ɦ. 
 
 

6.6. Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨɞɢɱɟɫɤɢ 
ɞɟɣɫɬɜɭɸɳɢɯ ɮɢɥɶɬɪɨɜ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɪɚɡɧɨɫɬɢ 

ɞɚɜɥɟɧɢɣ 
 

Ɏɢɥɶɬɪɨɜɚɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɧɟɨɞɧɨ-
ɪɨɞɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɩɨɦɨɳɢ ɩɨɪɢɫɬɨɣ ɩɟɪɟɝɨɪɨɞɤɢ, ɫɨɫɬɨɹɳɟɣ 
ɢɡ ɮɢɥɶɬɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɩɨɫɬɟɩɟɧɧɨ ɧɚɤɚɩɥɢɜɚɸɳɟɝɨɫɹ 
ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɨɹ ɨɫɚɞɤɚ, ɤɨɬɨɪɵɟ ɡɚɞɟɪɠɢɜɚɸɬ ɨɞɧɭ 
ɮɚɡɭ ɫɢɫɬɟɦɵ ɢ ɩɪɨɩɭɫɤɚɸɬ ɞɪɭɝɭɸ. Ʉ ɩɪɨɰɟɫɫɚɦ ɮɢɥɶɬɪɨɜɚ-
ɧɢɹ ɨɬɧɨɫɹɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɫɭɫɩɟɧɡɢɣ ɧɚ ɱɢɫɬɭɸ ɠɢɞɤɨɫɬɶ ɢ 
ɜɥɚɠɧɵɣ ɨɫɚɞɨɤ, ɚɷɪɨɡɨɥɟɣ ɧɚ ɱɢɫɬɵɣ ɝɚɡ ɢ ɫɭɯɨɣ ɨɫɚɞɨɤ ɢɥɢ 
ɧɚ ɱɢɫɬɵɣ ɝɚɡ ɢ ɠɢɞɤɨɫɬɶ. 

Ɋɚɡɞɟɥɟɧɢɟ ɫɭɫɩɟɧɡɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɮɢɥɶɬ-
ɪɨɜ, ɤɨɬɨɪɵɟ ɜ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɫɭɞ, 
ɪɚɡɞɟɥɟɧɧɵɣ ɧɚ ɞɜɟ ɱɚɫɬɢ ɩɨɪɢɫɬɨɣ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨ-
ɪɨɞɤɨɣ. ɉɪɢ ɮɢɥɶɬɪɚɰɢɢ ɠɢɞɤɨɫɬɶ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɩɨɪɵ 
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ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ, ɚ ɜɡɜɟɲɟɧɧɵɟ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ 
ɡɚɞɟɪɠɢɜɚɸɬɫɹ ɧɚ ɷɬɨɣ ɩɟɪɟɝɨɪɨɞɤɟ. ɉɨ ɞɨɫɬɢɠɟɧɢɢ ɭɫɬɚɧɨɜ-
ɥɟɧɧɨɣ ɬɨɥɳɢɧɵ ɫɥɨɹ ɨɫɚɞɤɚ ɟɝɨ ɭɞɚɥɹɸɬ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɬɟɦ ɢɥɢ ɢɧɵɦ ɫɩɨɫɨɛɨɦ, ɚ ɰɢɤɥ 
ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɱɢɧɚɟɬɫɹ ɡɚɧɨɜɨ. 

Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɮɢɥɶɬɪɨɜɚɧɢɹ, ɤɚɤ ɩɨɤɚɡɵɜɚɟɬ ɨɩɵɬ, ɜ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ ɫɩɪɚɜɟɞɥɢɜɨ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ 
[17] 

 

 ɮɨɫ RRȝ
ǻP

SdĲ
dV


 , 

 
ɝɞɟ V – ɨɛɴɟɦ ɮɢɥɶɬɪɚɬɚ, ɦ3; 
 S – ɩɨɜɟɪɯɧɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ, ɦ2; 
  – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ, ɫ; 
 Ɋ – ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɞɨ ɢ ɩɨɫɥɟ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟ-
ɪɟɝɨɪɨɞɤɢ, ɉɚ; 
  – ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɣ ɮɚɡɵ ɫɭɫɩɟɧɡɢɢ, ɉɚɫ; 
 Rɨɫ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɥɨɹ ɨɫɚɞɤɚ, ɦ-1; 
 Rɮ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ, ɦ-1. 

ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɨɛɴɟɦ ɮɢɥɶɬɪɚɬɚ, ɩɨɥɭɱɚɟɦɵɣ ɡɚ ɦɚ-
ɥɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɫ ɟɞɢɧɢɰɵ ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɨ-
ɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟ-
ɧɢɣ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɜɹɡɤɨɫɬɢ ɮɢɥɶɬɪɚɬɚ ɢ ɨɛɳɟɦɭ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɨɫɚɞɤɚ ɢ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ. 

ɉɪɢ ɷɬɨɦ ɜɵɪɚɠɟɧɢɟ W
SdĲ
dV

 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟ-

ɪɟɦɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɥɨɹ ɨɫɚɞɤɚ ɩɪɨɯɨɠɞɟɧɢɸ ɠɢɞɤɨɫɬɢ ɱɟ-

ɪɟɡ ɮɢɥɶɬɪɭɸɳɢɣ ɦɚɬɟɪɢɚɥ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ ɤɚɤ 
 

S
VɯrR ɨɨɨɫ  , 
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ɝɞɟ rɨ – ɭɞɟɥɶɧɨɟ ɨɛɴɟɦɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɫɚɞɤɚ (ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ, ɨɤɚɡɵɜɚɟɦɨɟ ɩɨɬɨɤɭ ɮɢɥɶɬɪɚɬɚ ɪɚɜɧɨɦɟɪɧɵɦ ɫɥɨɟɦ 
ɨɫɚɞɤɚ ɬɨɥɳɢɧɨɣ 1 ɦ), ɦ2; 
 ɯɨ – ɨɬɧɨɲɟɧɢɟ ɨɛɴɟɦɨɜ ɨɫɚɞɤɚ ɢ ɮɢɥɶɬɪɚɬɚ. 

Ɍɨɝɞɚ 







 



ɮɨɨ R
S
Vɯrȝ

ǻP
SdĲ
dV . 

 
Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ 

ɭɫɥɨɜɢɹɯ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɨɜɚɧɢɹ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɦɟɧɶɲɟ ɨɛɴ-
ɟɦ ɩɨɥɭɱɟɧɧɨɝɨ ɮɢɥɶɬɪɚɬɚ ɢɥɢ ɬɨɥɳɢɧɚ ɫɥɨɹ ɨɫɚɞɤɚ ɧɚ ɮɢɥɶɬ-
ɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɟ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɢ ɮɢɥɶɬɪɚ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɟɦɢɬɶɫɹ ɤ ɜɨɡɦɨɠɧɨ ɛɨɥɟɟ 
ɛɵɫɬɪɨɦɭ ɭɞɚɥɟɧɢɸ ɨɫɚɞɤɚ ɫ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ. 
Ɉɞɧɚɤɨ ɷɬɨ ɫɩɪɚɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɞɥɹ ɮɢɥɶɬɪɨɜ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɞɟɣɫɬɜɢɹ, ɬɚɤ ɤɚɤ ɜɨ ɜɪɟɦɹ ɭɞɚɥɟɧɢɹ ɨɫɚɞɤɚ ɫ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ 
ɩɟɪɟɝɨɪɨɞɤɢ ɮɢɥɶɬɪɨɜ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɨɰɟɫɫ ɪɚɡ-
ɞɟɥɟɧɢɹ ɫɭɫɩɟɧɡɢɢ ɩɪɟɪɵɜɚɟɬɫɹ. 

ɉɪɢ Ɋ = const ɜɫɟ ɜɟɥɢɱɢɧɵ ɜ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ, ɡɚ ɢɫ-
ɤɥɸɱɟɧɢɟɦ V ɢ , ɩɨɫɬɨɹɧɧɵ. ɉɨɫɥɟ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜɵɪɚɠɟɧɢɹ ɩɨɥɭɱɚɟɦ 
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ɉɨ ɫɩɨɫɨɛɭ ɭɞɚɥɟɧɢɹ ɨɫɚɞɤɚ ɪɚɡɥɢɱɚɸɬ ɮɢɥɶɬɪɵ ɩɟɪɢɨ-

ɞɢɱɟɫɤɨɝɨ ɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ. ɉɨɥɧɵɣ ɰɢɤɥ ɪɚɛɨɬɵ ɩɟ-
ɪɢɨɞɢɱɟɫɤɢ ɞɟɣɫɬɜɭɸɳɢɯ ɮɢɥɶɬɪɨɜ ɫɨɫɬɨɢɬ ɨɛɵɱɧɨ ɢɡ ɨɩɟɪɚ-
ɰɢɣ ɩɨɞɝɨɬɨɜɤɢ ɮɢɥɶɬɪɚ, ɡɚɝɪɭɡɤɢ ɫɭɫɩɟɧɡɢɢ, ɫɨɛɫɬɜɟɧɧɨ 
ɮɢɥɶɬɪɚɰɢɢ, ɩɪɨɦɵɜɤɢ ɨɫɚɞɤɚ, ɩɪɨɞɭɜɤɢ ɱɟɪɟɡ ɟɝɨ ɩɨɪɵ ɜɨɡɞɭ-
ɯɚ ɢɥɢ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɢ ɜɵɝɪɭɡɤɢ ɨɫɚɞɤɚ. Ɏɢɥɶɬɪɨɜɚɧɢɟ, ɩɪɨ-
ɦɵɜɤɭ ɢ ɩɪɨɞɭɜɤɭ ɨɫɚɞɤɚ ɧɚɡɵɜɚɸɬ ɨɫɧɨɜɧɵɦɢ ɨɩɟɪɚɰɢɹɦɢ, ɚ 
ɩɨɞɝɨɬɨɜɤɭ ɮɢɥɶɬɪɚ, ɡɚɝɪɭɡɤɭ ɫɭɫɩɟɧɡɢɢ ɢ ɜɵɝɪɭɡɤɭ ɨɫɚɞɤɚ – 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ. 
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ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ ɫɜɹɡɚɧɚ ɨɩɪɟ-
ɞɟɥɟɧɧɵɦɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ ɫ ɨɛɴɟɦɨɦ ɮɢɥɶɬɪɚɬɚ ɢɥɢ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɨɣ ɷɬɨɦɭ ɨɛɴɟɦɭ ɬɨɥɳɢɧɨɣ ɫɥɨɹ ɨɫɚɞɤɚ. Ⱥɧɚɥɨ-
ɝɢɱɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɥɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ, ɬɚɤ ɤɚɤ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɬɢɯ ɨɩɟɪɚɰɢɣ ɡɚɜɢɫɢɬ 
ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɮɢɥɶɬɪɚ ɢ ɭɫɥɨɜɢɣ ɟɝɨ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ. ɉɪɟɞɩɨɥɨɠɢɦ ɞɥɹ ɩɪɨɫɬɨɬɵ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ 
ɮɢɥɶɬɪɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɹɜɥɹ-
ɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨɣ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɥɳɢ-
ɧɵ ɫɥɨɹ ɨɫɚɞɤɚ, ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɭɸ-
ɳɟɣ ɩɟɪɟɝɨɪɨɞɤɢ. Ɍɚɤɨɟ ɞɨɩɭɳɟɧɢɟ ɧɟ ɜɧɨɫɢɬ ɫɭɳɟɫɬɜɟɧɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɞɚɜɥɟɧɢɢ ɩɟɪɟɞ 
ɮɢɥɶɬɪɭɸɳɟɣ ɩɟɪɟɝɨɪɨɞɤɨɣ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɢ ɮɢɥɶɬɪɚ ɩɨ ɨɫɧɨɜɧɵɦ ɨɩɟɪɚɰɢɹɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɤɚɤ 
ɦɨɠɧɨ ɱɚɳɟ ɩɨɜɬɨɪɹɬɶ ɰɢɤɥɵ ɟɝɨ ɪɚɛɨɬɵ, ɩɨɞɚɜɚɹ ɧɚ ɮɢɥɶɬɪ 
ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɧɟɛɨɥɶɲɢɟ ɩɨɪɰɢɢ ɫɭɫɩɟɧɡɢɢ. Ɉɞɧɚɤɨ ɱɚɫɬɨɟ 
ɩɨɜɬɨɪɟɧɢɟ ɰɢɤɥɨɜ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɫɬɨɥɶ ɠɟ 
ɱɚɫɬɨɟ ɩɨɜɬɨɪɟɧɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɫɭɳɟ-
ɫɬɜɭɟɬ ɬɚɤɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ ɪɚɛɨɬɵ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɮɢɥɶɬɪ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɭɸ, ɬ.ɟ. ɨɩɬɢɦɚɥɶɧɭɸ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ. 

ɇɚɢɛɨɥɶɲɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɮɢɥɶɬɪɚ ɦɨɠɟɬ ɨɩɪɟ-
ɞɟɥɹɬɶɫɹ ɝɪɚɮɢɱɟɫɤɢ ɩɭɬɟɦ ɧɚɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚ ɤɪɢɜɨɣ, 
ɩɨɫɬɪɨɟɧɧɨɣ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ 
ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ – ɫɪɟɞɧɹɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɮɢɥɶɬɪɚ ɜ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɡɚ ɜɟɫɶ ɰɢɤɥ ɟɝɨ ɪɚɛɨɬɵ. Ɉɞɧɚɤɨ ɡɚɞɚɱɚ ɦɨ-
ɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɩɪɨɳɟ, ɬɚɤ ɤɚɤ ɢɫɤɨɦɭɸ ɜɟɥɢɱɢɧɭ ɦɨɠɧɨ 
ɧɚɣɬɢ ɚɧɚɥɢɬɢɱɟɫɤɢ. 

ɋɭɳɧɨɫɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: 
ɨɩɪɟɞɟɥɹɸɬ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɣ ɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɡɚ ɜɟɫɶ ɟɟ ɰɢɤɥ 
ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ ɢ 
ɨɛɵɱɧɵɦ ɩɭɬɟɦ ɧɚɯɨɞɹɬ ɦɚɤɫɢɦɭɦ ɮɭɧɤɰɢɢ. Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ 
ɷɬɨɝɨ ɦɟɬɨɞɚ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶ-
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ɧɨɫɬɢ ɨɩɟɪɚɰɢɣ ɩɪɨɦɵɜɤɢ ɢ ɩɪɨɞɭɜɤɢ ɨɫɚɞɤɚ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
ɩɨɥɭɱɚɟɦɨɝɨ ɮɢɥɶɬɪɚɬɚ ɦɨɝɥɚ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɛɳɢɣ ɫɥɭɱɚɣ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɶɲɟɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɮɢɥɶɬɪɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟ-
ɧɢɣ ɩɟɪɟɞ ɮɢɥɶɬɪɭɸɳɟɣ ɩɟɪɟɝɨɪɨɞɤɨɣ, ɤɨɝɞɚ ɰɢɤɥ ɟɝɨ ɪɚɛɨɬɵ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɟɪɚɰɢɢ ɮɢɥɶɬɪɨɜɚɧɢɹ, ɩɪɨɦɵɜɤɢ ɢ ɩɪɨɞɭɜɤɢ 
ɨɫɚɞɤɚ. ɉɪɢɦɟɦ, ɱɬɨ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɮɢɥɶɬɪɨɜɚɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɠɟ ɩɨɥɭɱɟɧɧɨɦɭ ɭɪɚɜɧɟɧɢɸ. ɉɪɢɦɟɦ ɬɚɤɠɟ ɞɥɹ 
ɩɪɨɫɬɨɬɵ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ 
ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢ Rɮ = 0 ɪɚɜɧɚ 
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ɢ ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɛɭɞɟɬ ɢɫɯɨɞɧɵɦ ɬɚɤɠɟ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ 
ɪɚɫɱɟɬɨɜ. 

ɂɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɪɟɦɹ ɮɢɥɶɬɪɨɜɚɧɢɹ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɞɪɚɬɭ ɨɛɴɟɦɚ ɮɢɥɶɬɪɚɬɚ. 

ɉɨɞ ɩɪɨɦɵɜɤɨɣ ɨɫɚɞɤɚ, ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ, ɩɨɧɢɦɚɟɬɫɹ ɩɪɨɰɟɫɫ ɢɡɜɥɟ-
ɱɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɡɚɞɟɪɠɚɜɲɟɣɫɹ ɜ ɩɨɪɚɯ ɷɬɨɝɨ ɨɫɚɞɤɚ, ɞɪɭɝɨɣ 
ɠɢɞɤɨɫɬɶɸ, ɫɦɟɲɢɜɚɸɳɟɣɫɹ ɫ ɩɟɪɜɨɣ. ɀɢɞɤɨɫɬɶ, ɡɚɞɟɪɠɚɜ-
ɲɚɹɫɹ ɜ ɩɨɪɚɯ, ɧɚɡɵɜɚɟɬɫɹ ɮɢɥɶɬɪɚɬɨɦ ɢɥɢ ɠɢɞɤɨɣ ɮɚɡɨɣ ɨɫɚɞ-
ɤɚ, ɚ ɠɢɞɤɨɫɬɶ, ɩɪɢɦɟɧɹɟɦɚɹ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɮɢɥɶɬɪɚɬɚ ɢɡ ɩɨɪ 
ɨɫɚɞɤɚ, ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɦɵɜɨɱɧɨɣ ɠɢɞɤɨɫɬɶɸ. 
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ɉɪɨɰɟɫɫ ɩɪɨɦɵɜɤɢ ɨɫɚɞɤɚ ɧɚ ɮɢɥɶɬɪɟ ɛɨɥɟɟ ɫɥɨɠɟɧ, ɱɟɦ 
ɮɢɥɶɬɪɨɜɚɧɢɟ. ɉɪɨɰɟɫɫ ɩɪɨɦɵɜɤɢ ɨɫɚɞɤɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 
ɞɜɟ ɫɬɚɞɢɢ. ȼ ɬɟɱɟɧɢɟ ɩɟɪɜɨɣ ɫɬɚɞɢɢ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɤɨɬɨ-
ɪɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟ-
ɳɟɫɬɜɚ ɜ ɩɪɨɦɵɜɨɱɧɨɣ ɠɢɞɤɨɫɬɢ ɩɨɫɬɨɹɧɧɚ. ȼ ɬɟɱɟɧɢɟ ɜɬɨɪɨɣ, 
ɛɨɥɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɫɬɚɞɢɢ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 
ɜɟɳɟɫɬɜɚ ɧɟɩɪɟɪɵɜɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ɉɩɵɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɫɩɪɚɜɟɞɥɢɜɨ ɭɪɚɜ-
ɧɟɧɢɟ 

o

ɩ.ɠ.o

V
V
0,251

G
G

 , 

 
ɝɞɟ    G – ɜɟɫ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɩɪɨɦɵɜɧɨɣ ɠɢɞɤɨɫ-
 ɬɢ, ɇ; 

Go – ɜɟɫ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɮɢɥɶɬɪɚɬɟ, ɇ; 
Vɩ.ɠ. – ɨɛɴɟɦ ɩɪɨɦɵɜɧɨɣ ɠɢɞɤɨɫɬɢ, ɦ3; 
Vo – ɨɛɴɟɦ ɮɢɥɶɬɪɚɬɚ ɜ ɩɨɪɚɯ ɨɫɚɞɤɚ ɩɟɪɟɞ ɩɪɨɦɵɜɤɨɣ, 

 ɦ3. 
ɉɪɢɱɟɦ Go ɢ Vo ɮɢɤɬɢɜɧɵɟ ɜɟɥɢɱɢɧɵ, ɩɨɥɭɱɚɟɦɵɟ ɷɤɫ-

ɬɪɚɩɨɥɹɰɢɟɣ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ. Ɂɚɦɟɧɢɜ ɨɬɧɨɲɟɧɢɟ Vɩ.ɠ./Vo ɧɚ 
ɪɚɜɧɨɟ ɨɬɧɨɲɟɧɢɟ qɩ.ɠ./qɨ ɢɡ ɩɪɟɞɵɞɭɳɟɝɨ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɢɦ 
ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
 

o

o
ɩ.ɠ.

G
G1

0,25qq


 . 

 
ɋ ɭɱɟɬɨɦ ɪɚɜɟɧɫɬɜɚ qo = ɯɨq ɢ ɨɛɨɡɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨ-

ɝɨ ɤɨɦɩɥɟɤɫɚ   

o

o

G
G1

xİ0,25
ȼ




    ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ qɩ.ɠ. = ȼq. 

ɉɨɞ ɫɤɨɪɨɫɬɶɸ ɩɪɨɦɵɜɤɢ ɨɫɚɞɤɚ Wɩ, ɚɧɚɥɨɝɢɱɧɨ ɫɤɨɪɨ-
ɫɬɢ ɩɪɨɰɟɫɫɚ ɮɢɥɶɬɪɨɜɚɧɢɹ W, ɩɨɧɢɦɚɸɬ ɨɛɴɟɦ ɩɪɨɦɵɜɧɨɣ 
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ɠɢɞɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɚɞɤɚ ɜ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. 

ɉɨɫɤɨɥɶɤɭ ɩɪɨɰɟɫɫ ɩɪɨɦɵɜɤɢ ɩɨ ɫɭɳɟɫɬɜɭ ɹɜɥɹɟɬɫɹ 
ɮɢɥɶɬɪɨɜɚɧɢɟɦ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɬɨɥɳɢɧɟ ɫɥɨɹ ɨɫɚɞɤɚ, ɬɨ, ɩɨɞ-
ɫɬɚɜɢɜ ɜ ɢɫɯɨɞɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɦɟɫɬɨ q ɡɧɚɱɟɧɢɟ qɩ.ɠ. ɢ ɩɪɢɧɹɜ 
ɩɨɤɚɡɚɬɟɥɶ ɜɹɡɤɨɫɬɢ ɩɪɨɦɵɜɧɨɣ ɠɢɞɤɨɫɬɢ ɢ ɮɢɥɶɬɪɚɬɚ ɨɞɢɧɚ-
ɤɨɜɵɦɢ, ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɧɚɯɨɞɢɦ ɭɪɚɜɧɟɧɢɟ, ɜɵɪɚɠɚɸ-
ɳɟɟ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɩɟɪɚɰɢɢ ɩɪɨɦɵɜɤɢ ɨɬ 
ɤɨɥɢɱɟɫɬɜɚ ɮɢɥɶɬɪɚɬɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɡɚ ɨɩɟɪɚɰɢɸ ɮɢɥɶɬɪɨɜɚ-
ɧɢɹ: 

22
ɩ qȼȺ

2
1Ĳ  . 

 
ɉɨɫɥɟ ɩɪɨɦɵɜɤɢ ɨɫɚɞɨɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɨɜɚɥɶ-

ɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɱɚɫɬɨ ɩɪɨɞɭɜɚɸɬ ɜɨɡɞɭɯɨɦ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɢɡ 
ɟɝɨ ɩɨɪ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɦɵɜɧɨɣ ɠɢɞ-
ɤɨɫɬɢ. 

ɀɢɞɤɨɫɬɶ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɩɨɪɚɯ ɨɫɚɞɤɚ, ɧɚɡɵɜɚɟɬɫɹ ɜɥɚ-
ɝɨɣ, ɫɨɞɟɪɠɚɧɢɟ ɷɬɨɣ ɮɚɡɵ ɜ ɨɫɚɞɤɟ – ɜɥɚɠɧɨɫɬɶɸ, ɚ ɩɪɨɰɟɫɫ 
ɜɵɬɟɫɧɟɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ ɢɡ ɩɨɪ ɨɫɚɞɤɚ ɝɚɡɨɦ – ɨɛɟɡɜɨɠɢɜɚɧɢ-
ɟɦ. 

ɉɪɢ ɨɛɟɡɜɨɠɢɜɚɧɢɢ ɜɥɚɝɚ ɜ ɩɨɪɚɯ ɨɫɚɞɤɚ ɨɛɵɱɧɨ ɞɜɢ-
ɠɟɬɫɹ ɥɚɦɢɧɚɪɧɨ, ɢ ɫɤɨɪɨɫɬɶ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢ-
ɫɚɧɚ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ: 

 
ɭ
ɷɨɛ mWW  , 

 
ɝɞɟ mɷ – ɷɮɮɟɤɬɢɜɧɨɟ ɧɚɫɵɳɟɧɢɟ ɜɥɚɝɨɣ ɨɫɚɞɤɚ; 
 ɭ  – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɡɦɟɪɚ ɬɜɟɪɞɵɯ 
ɱɚɫɬɢɰ. 

ɋɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɮɢɥɶɬɪɨɜɚɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟɦ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ ɦɨɠɧɨ ɩɪɟɧɟɛ-
ɪɟɱɶ, ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
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oco hrȝ
ǻPW


 . 

 
ɂɡ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɩɪɨɰɟɫɫɚ ɫɬɚɞɢɢ ɨɛɟɡɜɨɠɢɜɚ-

ɧɢɹ ɫ ɧɟɤɨɬɨɪɵɦɢ ɭɩɪɨɳɟɧɢɹɦɢ ɦɨɠɧɨ ɧɚɣɬɢ ɜɪɟɦɹ, ɡɚ ɤɨɬɨ-
ɪɨɟ ɨɧ ɩɪɨɢɫɯɨɞɢɬ: 

 
 

ǻP
hrȝİ

1ɭ
m

2
1m1Ĳ

2
oco

ɭ-1
ɷ

2
o

ɨɛ











 
 , 

 
ɝɞɟ mo – ɨɫɬɚɬɨɱɧɨɟ ɧɚɫɵɳɟɧɢɟ ɨɫɚɞɤɚ ɜɥɚɝɨɣ; 
 hɨɫ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɨɫɚɞɤɚ, ɦ. 

ɋ ɭɱɟɬɨɦ ɪɚɜɟɧɫɬɜɚ ho = xoq ɢ ɨɛɨɡɧɚɱɢɜ 
 

ɨ

ɭ-1
ɷ

2
o ɯİ

1ɭ
m

2
1m1

ɋ 











 
  ɩɨɥɭɱɢɦ ɨɛ = Ⱥɋq2. 

Ɉɛɳɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɫɟɯ ɬɪɟɯ ɨɩɟɪɚɰɢɣ ɫɨɫɬɚɜɢɬ 
 

ɨɫɧ =  + ɩ + ɨɛ = 0,5Ⱥq2 + 0,5Ⱥȼ2q2 + Ⱥɋq2 = Dq2. 
 

Ɂɞɟɫɶ D = 0,5Ⱥ(1 + ȼ2 + ɋ). Ɂɧɚɹ ɨɛɳɭɸ ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ ɦɨɠɧɨ ɧɚɣɬɢ 
 

D
Ĳq ɨɫɧ . 

 
Ɉɬɪɢɰɚɬɟɥɶɧɵɣ ɤɨɪɟɧɶ ɜ ɞɚɧɧɨɦ ɭɪɚɜɧɟɧɢɢ ɧɟ ɢɦɟɟɬ 

ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ, ɢ ɪɟɲɟɧɢɟ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɪɨɧɧɢɦ ɜɜɢɞɭ 
ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧɵ q. 

ɋɪɟɞɧɸɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɮɢɥɶɬɪɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟ-
ɦɟɧɢ ɡɚ ɜɟɫɶ ɰɢɤɥ ɟɝɨ ɪɚɛɨɬɵ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɭɫɥɨɜ-
ɧɨɣ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɶɸ ɮɢɥɶɬɪɨɜɚɧɢɹ, ɩɨɞ ɤɨɬɨɪɨɣ ɩɨɧɢɦɚɸɬ 
ɱɚɫɬɧɨɟ ɨɬ ɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɮɢɥɶɬɪɚɬɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɡɚ ɨɞɢɧ 
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ɰɢɤɥ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɫ 1ɦ2 ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɨɜɚɧɢɹ q, ɧɚ 
ɨɛɳɭɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ ɰ = ɨɫɧ + ɜɫɩ: 
 

ɜɫɩɨɫɧ

ɨɫɧ

ɭɫɥ ĲĲ
D

Ĳ

W


 . 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧɵ 

Wɭɫɥ ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɥɟɞɭɟɬ ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɩɨ ɨɫɧ ɢ 
ɩɟɪɜɭɸ ɩɪɨɢɡɜɨɞɧɭɸ ɩɪɢɪɚɜɧɹɬɶ ɤ ɧɭɥɸ. 

ɉɨɫɥɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɧɟɤɨɬɨɪɵɯ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɣ, ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
 

 
0

ĲĲĲD2
ĲĲ

dĲ
dW

2
ɜɫɩɨɫɧɨɫɧ

ɨɫɧɜɫɩ

ɨɫɧ

ɭɫɥ 



 . 

 
ɉɨɫɤɨɥɶɤɭ ɡɧɚɦɟɧɚɬɟɥɶ ɜ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ ɧɟ ɪɚɜɟɧ ɧɭ-

ɥɸ, ɬɨ ɜɫɩ - ɨɫɧ = 0 ɢɥɢ ɨɫɧ = ɜɫɩ. 
ȼɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɩɪɢ ɨɫɧ = ɜɫɩ ɨɤɚɡɵɜɚɟɬɫɹ ɨɬɪɢɰɚ-

ɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɬ.ɟ. Wɭɫɥ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 

ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɩɟɪɟɝɨɪɨɞɤɢ, ɬɨ ɧɚɢɛɨɥɶɲɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ ɪɚɛɨɬɵ ɮɢɥɶɬɪɚ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɪɚɜɟɧɫɬɜɟ ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ. 
 
 

6.7. ɉɪɢɦɟɧɟɧɢɟ ɬɟɨɪɢɢ ɤɨɥɟɛɚɧɢɣ ɤ ɪɟɲɟɧɢɸ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ 

 
ɇɚɣɬɢ ɚɦɩɥɢɬɭɞɭ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɫɢɥɭ, ɩɟ-

ɪɟɞɚɜɚɟɦɭɸ ɧɚ ɨɫɧɨɜɚɧɢɟ, ɩɪɢ ɪɚɛɨɬɟ ɜɢɛɪɨɝɪɨɯɨɬɚ ɦɚɫɫɨɣ Ɇ 
= 25 ɤɝ, ɩɪɢɜɨɞ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɤɫɰɟɧ-
ɬɪɢɤɨɜɨɝɨ ɜɚɥɚ ɫ ɦɚɫɫɨɣ ɷɤɫɰɟɧɬɪɢɱɧɨɝɨ ɝɪɭɡɚ m = 1 ɤɝ ɢ ɷɤɫ-
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ɰɟɧɬɪɢɫɢɬɟɬɨɦ ɝɪɭɡɚ ɟ = 0,05 ɦ. Ƚɪɨɯɨɬ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɱɟɬɵɪɟɯ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɜɢɬɵɯ ɩɪɭɠɢɧɚɯ (ɪɢɫ. 6.7.). 
 

 
 

Ɋ ɢ ɫ. 6.7. ɋɯɟɦɚ ɜɢɛɪɨɝɪɨɯɨɬɚ 
 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɜɚɥɚ N = 2400 
ɨɛ/ɦɢɧ. ɉɪɭɠɢɧɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɩɪɨɜɨɥɨɤɢ ɞɢɚɦɟɬɪɨɦ d = 
0,02 ɦ, ɢɦɟɸɬ ɩɨ n = 6 ɜɢɬɤɨɜ ɪɚɞɢɭɫ ɧɚɜɢɜɤɢ ɩɪɭɠɢɧɵ ɫɨɫɬɚɜ-
ɥɹɟɬ r = 0,03 ɦ. 

Ʉɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɧɚɯɨɞɢɬɫɹ ɢɡ 
ɭɪɚɜɧɟɧɢɹ 
 

Ω =
30
ʌN  = 

30
2400ʌ   = 251,3 ɫ-1. 

 
ȼɟɥɢɱɢɧɚ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ ɫɨɫɬɚɜɥɹɟɬ 

 
Ɋ0 = meΩ2 = 10,05251,32 = 3160 ɇ. 

 
ɀɟɫɬɤɨɫɬɶ ɜɢɬɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɪɭɠɢɧɵ 

 

k = 3

4

64nr
Gd = 3

410

03,0664
02,0108


 = 1,23106 ɇ/ɦ, 

 
ɝɞɟ G = 81010 – ɦɨɞɭɥɶ ɘɧɝɚ ɞɥɹ ɫɬɚɥɢ, ɉɚ. 



 136 

ɋɬɚɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɚɫɫɵ ɝɪɨɯɨɬɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤ: 
 

5
6 1098,4

1023,14
81,925

4k
Mg 




 ɦ. 

 
Ʉɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 

 

0,444
1098,4

81,9gȦ 5 





  ɫ-1. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ 
 

47,1

0,444
3,2511

1

Ȧ
-1

1ȕ 22 


















 

 . 

 
ɋɬɚɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɪɭɠɢɧɵ ɨɬ ɞɟɣɫɬɜɢɹ ɫɢɥɵ Ɋ0 

 
4

6
0

ɫɬ 1042,6
1023,14

3160
4k
Pf 


 ɦ. 

 
Ⱥɦɩɥɢɬɭɞɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 

 
 = fɫɬ = 1,476,4210-4 = 9,4410-4 ɦ. 

 
ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɪɨɰɟɫɫɚ ɡɚɬɭɯɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟ-

ɞɚɱɢ ɧɚɝɪɭɡɤɢ ɧɚ ɨɫɧɨɜɚɧɢɟ (ɧɚ ɮɭɧɞɚɦɟɧɬ) ɫɨɫɬɚɜɢɬ Į = . ɋɢ-
ɥɚ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɧɚ ɮɭɧɞɚɦɟɧɬ 
 

Q = P0 = 1,473160 = 4650 ɇ. 
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6.8. Ɉɩɬɢɦɢɡɚɰɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɪɟɚɤɬɨɪɚ 
ɫ ɧɟɩɨɞɜɢɠɧɵɦ ɫɥɨɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɪɟɰɢɪɤɭɥɹɰɢɟɣ 

ɩɨɬɨɤɚ 
 

ɇɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɴɟɤɬɚ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ 
ɜɥɢɹɟɬ ɪɹɞ ɮɚɤɬɨɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɫɧɨɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 
ɚɩɩɚɪɚɬɨɜ ɹɜɥɹɸɬɫɹ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɚ ɢɦɟɧɧɨ ɜɵɫɨɬɚ ɢ 
ɞɢɚɦɟɬɪ. ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɚɩɩɚɪɚɬɚ ɜɨɡɦɨɠɧɨ ɡɧɚɱɢ-
ɬɟɥɶɧɨɟ ɱɢɫɥɨ ɫɨɱɟɬɚɧɢɣ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ɉɛɴɟɤɬɢɜɧɵɣ ɜɵɛɨɪ 
ɢɯ ɨɬɧɨɲɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɧɚɢɥɭɱɲɟɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ 
ɨɩɬɢɦɢɡɚɰɢɢ, ɢ ɹɜɥɹɟɬɫɹ ɩɪɟɞɦɟɬɨɦ ɨɩɬɢɦɢɡɚɰɢɢ. 

ɍɧɢɜɟɪɫɚɥɶɧɵɦ ɨɛɨɛɳɚɸɳɢɦ ɩɨɤɚɡɚɬɟɥɟɦ (ɤɪɢɬɟɪɢɟɦ 
ɨɩɬɢɦɢɡɚɰɢɢ), ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɫɬɟɩɟɧɶ ɞɨɫ-
ɬɢɠɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ "ɉɪɢ-
ɛɵɥɶ" ɢɥɢ ɩɨɤɚɡɚɬɟɥɶ "ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ". 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɚɩɩɚɪɚɬɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ 
ɬɟɱɟɧɢɹ ɝɚɡɨɜɨɣ ɮɚɡɵ ɱɟɪɟɡ ɡɟɪɧɢɫɬɵɣ ɫɥɨɣ ɬɜɟɪɞɨɝɨ ɤɚɬɚɥɢɡɚ-
ɬɨɪɚ. Ⱦɥɹ ɜɨɡɜɪɚɬɚ ɜ ɩɪɨɰɟɫɫ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɯ ɢɫɯɨɞɧɵɯ 
ɜɟɳɟɫɬɜ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɰɢɪɤɭɥɹɰɢɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɫɨɡɞɚɧɢɹ ɪɟɰɢɤɥɚ ɪɚɫɯɨɞɭɟɬɫɹ ɷɧɟɪɝɢɹ ɧɚ 
ɫɠɚɬɢɟ ɝɚɡɚ ɞɨ ɞɚɜɥɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɝɨ ɜ ɨɫɧɨɜɧɨɦ 
ɢɡ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɟɪɧɢɫɬɨɝɨ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɋɚɫɫɦɨɬɪɢɦ 
ɫɥɭɱɚɣ ɚɤɫɢɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɝɚɡɚ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢ-
ɨɧɧɵɟ ɡɚɬɪɚɬɵ ɜ ɜɢɞɟ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɤɨɦɩɪɟɦɢɪɨ-
ɜɚɧɢɟ ɝɚɡɚ. ȼɵɛɪɚɧɧɵɟ ɜ ɤɚɱɟɫɬɜɟ ɨɩɪɟɞɟɥɹɸɳɢɯ ɞɢɚɦɟɬɪ ɪɟ-
ɚɤɬɨɪɚ D ɢ ɟɝɨ ɜɵɫɨɬɚ ɇ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɞɜɢɠɟɧɢɸ ɩɨɬɨɤɚ ɝɚɡɚ ɢ ɬɟɦ ɫɚɦɵɦ ɨɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɢ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɇ ɢ D ɜɥɢɹɸɬ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɥɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɚɩɩɚɪɚɬɚ ɢ ɬɨɥɳɢɧɭ ɟɝɨ ɫɬɟɧɨɤ, ɬ.ɟ. ɧɚ ɪɚɫɯɨɞ ɦɟ-
ɬɚɥɥɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɚ ɷɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɢɡ-
ɦɟɧɟɧɢɸ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ. 

Ɂɚ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɢɦɟɦ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ 
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ɉɡ = ɗ + ȿɧ·Ʉ, 
 
ɝɞɟ ɗ – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ; 
 Ʉ – ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ; 
 ȿɧ – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 

Ɉɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ ɬɚɤɨɣ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɛɭɞɟɬ ɞɨɫɬɢɝɚɬɶɫɹ ɦɢɧɢɦɭɦ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ. Ⱦɥɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɟ ɢ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɫɜɹɡɚɧɵ ɫ ɜɟɥɢɱɢɧɚɦɢ D ɢ ɇ. Ȼɭɞɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɬɭ ɱɚɫɬɶ ɡɚɬɪɚɬ, ɤɨɬɨɪɚɹ ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ 
ɜɚɪɶɢɪɨɜɚɧɢɢ D ɢ ɇ 

 
ǻɉɡ = ǻɗ + ȿɧ·ǻɄ. 

 
ɉɨɦɢɦɨ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɪɢɜɨɞ ɰɢɪɤɭɥɹɰɢ-

ɨɧɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɚɤɠɟ ɪɚɡɦɟɪ 
ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɢ ɪɚɫɯɨɞɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɧɚ ɬɟ-
ɤɭɳɢɣ ɪɟɦɨɧɬ, ɱɬɨ ɦɨɠɧɨ ɩɨɞɫɱɢɬɚɬɶ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɜ Ⱥɦ ɢ Ɋɬ (ɞɨɥɢ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, ɨɬɱɢɫɥɹɟɦɵɟ ɧɚ 
ɚɦɨɪɬɢɡɚɰɢɸ ɢ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ), ɢɥɢ 
 

ǻɗ = ɗɷ·ɐɷ + (Ⱥɦ + Ɋɬ)·ǻɄ, 
 
ɝɞɟ ɗɷ – ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
 ɐɷ – ɰɟɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
 

ǻɉɡ = ɗɷ·ɐɷ + (Ⱥɦ + Ɋɬ + ȿ)·ǻɄ. 
 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɳɧɨɫɬɶɸ ɤɨɦ-
ɩɪɟɫɫɨɪɚ N ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɱɚɫɨɜ ɟɝɨ ɪɚɛɨɬɵ ɜ ɝɨɞɭ Ɍ. Ʉɚɩɢ-
ɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢɫɱɢɫɥɹɸɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɦɚɫɫɵ ɚɩɩɚɪɚɬɚ 
M ɧɚ ɰɟɧɭ ɟɞɢɧɢɰɵ ɦɚɫɫɵ ɢɡɞɟɥɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢ-
ɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɨɬ ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɚɩɩɚɪɚɬɚ 
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ǻɉɡ = f(ɇ, D). 
 

Ɉɩɬɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɇ ɢ D ɛɭɞɭɬ ɬɚɤɢɟ, ɩɪɢ ɤɨ-
ɬɨɪɵɯ ǻɉɡ ɛɭɞɟɬ ɢɦɟɬɶ ɦɢɧɢɦɭɦ. Ɉɞɧɚɤɨ ɢɡ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ɜɟɥɢɱɢɧ ɇ ɢ D ɧɚɫ ɛɭɞɭɬ ɢɧɬɟɪɟɫɨɜɚɬɶ ɬɨɥɶɤɨ ɬɟ, ɩɪɢ ɤɨ-
ɬɨɪɵɯ ɜ ɚɩɩɚɪɚɬɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɦɟɳɟɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟ-
ɫɬɜɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. 
ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɞɨɥɠɧɨ ɫɨɛɥɸɞɚɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɟ 
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ɝɞɟ ɇɤ – ɜɵɫɨɬɚ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɷɤɫɬɪɟɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɦɨɠɧɨ ɜɨɫ-
ɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɨɞɨɦ Ʌɚɝɪɚɧɠɚ. Ɉɧ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɧɚɥɨɠɟ-
ɧɢɟ ɧɚ ɩɟɪɟɦɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɣ ɬɢɩɚ ɪɚɜɟɧɫɬɜ ɢ ɜɜɟɞɟɧɢɟ ɧɟ-
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɦɧɨɠɢɬɟɥɹ. ɉɪɢ ɷɬɨɦ ɜɜɨɞɢɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ 
ɮɭɧɤɰɢɹ ș, ɹɜɥɹɸɳɚɹɫɹ ɫɭɦɦɨɣ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ǻɉɡ = f(ɇ, D) 
ɢ ɩɪɨɢɡɜɟɞɟɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ ɦɧɨɠɢɬɟɥɹ Ʌɚɝɪɚɧɠɚ ɧɚ ɧɚ-
ɥɨɠɟɧɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ. 
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ɉɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɨɬ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ ɬɪɟɦ ɩɟɪɟɦɟɧɧɵɦ D, ɇ, Ȝ ɢ ɩɪɢ-
ɪɚɜɧɢɜɚɧɢɹ ɢɯ ɤ ɧɭɥɸ ɨɛɪɚɡɭɟɬɫɹ ɫɢɫɬɟɦɚ ɢɡ ɬɪɟɯ ɭɪɚɜɧɟɧɢɣ. 
ȿɟ ɪɟɲɟɧɢɟ ɞɚɟɬ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟ-
ɪɨɜ ɪɟɚɤɬɨɪɚ ɩɪɢ ɡɚɞɚɧɧɵɯ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɹɯ ɡɚɞɚɱɢ – ɫɨ-
ɫɬɚɜ ɫɵɪɶɹ ɢ ɩɨɥɭɱɚɟɦɵɯ ɩɪɨɞɭɤɬɨɜ, ɬɢɩ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɬ.ɞ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɚɧɧɭɸ ɡɚɞɚɱɭ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ, ɧɨ ɫ ɭɩɪɨ-
ɳɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɫɞɟɥɚɧɵ ɜ ɭɱɟɛɧɵɯ ɰɟɥɹɯ, ɚ ɢɦɟɧɧɨ, ɨɛɥɟɝ-
ɱɚɸɬ ɩɨɧɢɦɚɧɢɟ ɥɨɝɢɤɢ ɪɟɲɟɧɢɹ. 

ɇɚɣɞɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɳɧɨɫɬɢ ɤɨɦɩɪɟɫɫɨɪɚ N ɨɬ ɜɵɫɨ-
ɬɵ ɢ ɞɢɚɦɟɬɪɚ ɪɟɚɤɬɨɪɚ. 
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ɋɠɚɬɢɟ ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɝɚɡɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɞɢɚɛɚ-
ɬɢɱɟɫɤɢ, ɚ ɫ ɭɱɟɬɨɦ ɨɯɥɚɠɞɟɧɢɹ ɫɬɟɧɨɤ ɰɢɥɢɧɞɪɚ ɤɨɦɩɪɟɫɫɨɪɚ 
– ɩɨɥɢɬɪɨɩɢɱɟɫɤɢ. Ɇɨɳɧɨɫɬɶ ɧɚ ɜɚɥɭ ɤɨɦɩɪɟɫɫɨɪɚ [10] ɧɚɯɨ-
ɞɢɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ 
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ɝɞɟ Șɢ – ɢɧɞɢɤɚɬɨɪɧɵɣ ɤ.ɩ.ɞ. ɤɨɦɩɪɟɫɫɨɪɚ; 
 Șɦ – ɦɟɯɚɧɢɱɟɫɤɢɣ ɤ.ɩ.ɞ. ɤɨɦɩɪɟɫɫɨɪɚ; 
 m – ɩɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ; 
 Ɋ1 – ɞɚɜɥɟɧɢɟ ɜɫɚɫɵɜɚɧɢɹ, Ɇɉɚ; 
 Ɋ2 – ɞɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ, Ɇɉɚ; 
 V1 – ɜɫɚɫɵɜɚɟɦɵɣ ɨɛɴɟɦ, ɦ3/ɫ. 

Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ ɪɟɚɤɰɢɨɧɧɵɣ ɚɩɩɚɪɚɬ ɪɚɜɧɨ Ɋ2, ɚ ɧɚ 
ɜɵɯɨɞɟ (ɛɟɡ ɭɱɟɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ) – Ɋ1, ɩɪɢɱɟɦ 
Ɋ2 = Ɋ1 + ǻɊ, ɝɞɟ ǻɊ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɟɚɤɬɨɪɚ. 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ ɜɞɨɥɶ ɨɫɢ 
ɚɩɩɚɪɚɬɚ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɩɨɫɬɨɹɧɧɨɣ, ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧɨ ɩɨ ɮɨɪɦɭɥɟ 
ɗɪɝɭɧɚ [18] 
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ɝɞɟ ȝ – ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɇɫ/ɦ2; 
 U – ɮɢɤɬɢɜɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ (ɜ ɪɚɫɱɟɬɟ ɧɚ ɩɨɥɧɨɟ 
 ɫɟɱɟɧɢɟ ɚɩɩɚɪɚɬɚ, ɦ/ɫ; 
 dɷ – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɩɨɪ, ɦ; 
 ȡ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɇ·ɫ2/ɦ4; 
 İ – ɩɨɪɨɡɧɨɫɬɶ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. 
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ɉɨɪɨɡɧɨɫɬɶ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɥɢ ɞɨɥɹ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ ɥɟɝɤɨ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ȡȡ
ȡȡİ

ɤ
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


 , 

 
ɝɞɟ ȡɤ – ɤɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɇɫ2/ɦ4; 
 ȡɧ – ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɇɫ2/ɦ4. 

Ⱦɥɹ ɱɚɫɬɢɰ ɨɤɪɭɝɥɨɣ ɮɨɪɦɵ, ɛɥɢɡɤɨɣ ɤ ɲɚɪɨɨɛɪɚɡɧɨɣ, 
ɫɪɟɞɧɹɹ ɩɨɪɨɡɧɨɫɬɶ ɫɥɨɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 0,4. 

ɗɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɩɨɪ ɞɥɹ ɡɟɪɧɢɫɬɨɝɨ ɫɥɨɹ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɜ ɤɭɪɫɟ "Ƚɢɞɪɚɜɥɢɤɚ" ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɦɨɱɟɧɧɨɝɨ ɩɟ-
ɪɢɦɟɬɪɚ ɤ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ [19] ɢɥɢ 
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ɝɞɟ d – ɞɢɚɦɟɬɪ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦ. 

ȼ ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ ɪɟɚɤɬɨɪɨɜ ɫ ɪɟɰɢɪɤɭɥɹɰɢɟɣ ɩɪɢ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɝɚɡɚ ɩɪɟɨɛɥɚɞɚɸɬ ɫɢɥɵ ɢɧɟɪ-
ɰɢɢ, ɩɨɷɬɨɦɭ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɭɪɚɜɧɟɧɢɢ ɗɪɝɭɧɚ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɭɳɟɧɨ, ɬɚɤ ɤɚɤ ɨɧɨ ɫɨɫɬɚɜɥɹɟɬ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɨɤɨɥɨ 6% ɨɬ 
ɨɛɳɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɬ.ɟ. ɦɨɠɧɨ ɩɪɨɫɬɨ ɜɜɟɫɬɢ ɩɨɩɪɚɜɨɱɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 1,06. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɚɦɨɝɨ ɪɟɚɤɬɨɪɚ ɜ ɰɟɥɨɦ 
ɜɵɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɬɚɤ ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɫɨɡɞɚɸɬɫɹ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɪɚɡɥɢɱɧɵɯ ɜɧɭɬɪɟɧ-
ɧɢɯ ɭɫɬɪɨɣɫɬɜ. Ⱦɥɹ ɭɱɟɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɚɤ-
ɠɟ ɜɜɟɞɟɦ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɪɚɜɧɵɣ 1,07. 

Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɪɚɡɢɦ ɮɢɤɬɢɜɧɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚ-
ɡɚ ɱɟɪɟɡ ɜɵɫɨɬɭ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɝɚɡɨɜ ɜ 
ɡɨɧɟ ɤɚɬɚɥɢɡɚɬɨɪɚ 
 

Ĳ
HU ɤ . 
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Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ ɗɪɝɭɧɚ ɩɪɢɦɟɬ ɜɢɞ 
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ɂɡ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɟɚɤ-

ɬɨɪɚ ɫ ɚɤɫɢɚɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɨ ɤɭɛɭ ɜɵɫɨɬɵ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɂɫɩɨɥɶɡɭɟɦ ɞɚɧɧɨɟ ɫɨ-
ɨɬɧɨɲɟɧɢɟ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɦɨɳɧɨɫɬɢ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɤɨɦ-
ɩɪɟɫɫɨɪɚ. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɭɩɪɨɫɬɢɦ ɢɫɯɨɞɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ 
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ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ 1
P
ǻP

1

 , ɨɝɪɚɧɢɱɢɦɫɹ ɬɪɟɦɹ ɱɥɟɧɚɦɢ 

ɪɹɞɚ. Ɉɤɨɧɱɚɬɟɥɶɧɨ, ɦɨɳɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɜ ɭɱɟɛɧɵɯ ɰɟɥɹɯ 
ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɮɨɪɦɭɥɟ 
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ȘȘ
1N

2

1

3
ɤ

1

3
ɤ

11
ɦɢ

. 

 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɜɟɧ 

 
ɗɷ = ɤ·N·T, 

 
ɝɞɟ ɤ – ɩɟɪɟɯɨɞɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ. 

ɇɚɣɞɟɦ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɪɟɚɤɬɨɪ ǻɄ, ɤɨɬɨɪɵɟ 
ɨɩɪɟɞɟɥɹɸɬɫɹ, ɤɚɤ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɟɝɨ ɦɚɫɫɨɣ ɢ ɰɟɧɨɣ ɟɞɢɧɢɰɵ 
ɦɚɫɫɵ ɩɪɨɞɭɤɰɢɢ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ. 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɨɜ ɜ ɭɱɟɛɧɵɯ ɰɟɥɹɯ ɩɪɢɦɟɦ, ɱɬɨ 
ɞɧɢɳɚ ɪɟɚɤɬɨɪɚ ɷɥɥɢɩɬɢɱɟɫɤɢɟ ɫɬɚɧɞɚɪɬɧɵɟ, ɚ ɞɥɢɧɚ ɰɢɥɢɧɞ-
ɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 1,5 ɜɵɫɨɬɵ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɡ ɭɫ-
ɥɨɜɢɹ ɪɚɡɦɟɳɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɮɚɪɮɨɪɨ-
ɜɵɯ ɲɚɪɨɜ. 

Ɇɚɫɫɚ ɚɩɩɚɪɚɬɚ 
 

ɦɷɰ S)F2(FM  , 
 
ɝɞɟ Fɰ – ɩɨɜɟɪɯɧɨɫɬɶ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ, ɦ2; 
 Fɷ – ɩɨɜɟɪɯɧɨɫɬɶ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɞɧɢɳɚ, ɦ2; 
 S – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɤɨɪɩɭɫɚ ɢ ɞɧɢɳ, ɦ; 
 ȡɦ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɦɟɬɚɥɥɚ ɪɟɚɤɬɨɪɚ, ɇɫ2/ɦ4. 

ɉɨɜɟɪɯɧɨɫɬɶ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ 
 

Fɰ = 1,5ʌDHɤ. 
 

Ⱦɥɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɞɧɢɳɚ 
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Fɷ = 0,345ʌD2. 
 

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɢɡ ɤɭɪɫɚ 
"ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ" [7] ɭɪɚɜɧɟɧɢɸ ɞɥɹ ɨɛɨɥɨɱɟɤ, ɧɚ-
ɝɪɭɠɟɧɧɵɯ ɜɧɭɬɪɟɧɧɢɦ ɞɚɜɥɟɧɢɟɦ 
 

  C



Pı2

PDS


, 

 
ɝɞɟ  Ɋ = Ɋ2 = Ɋ1 + ǻɊ = Ɋ1 + Ⱥ· 3

ɤɇ  - ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɪɟɚɤɬɨɪɚ; 
 [ı] – ɞɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɤɨɪɩɭɫɚ 
 ɜ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ; 
 ĳ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ; 
 ɋ – ɩɪɢɛɚɜɤɚ ɧɚ ɤɨɪɪɨɡɢɸ. 

Ɍɚɤ ɤɚɤ ɞɚɜɥɟɧɢɟ Ɋ ɨɛɵɱɧɨ ɜɟɥɢɤɨ, ɬɨ ɩɪɟɧɟɛɪɟɱɶ ɟɝɨ 
ɜɟɥɢɱɢɧɨɣ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɛɵɥɨ ɛɵ ɧɟɤɨɪɪɟɤɬɧɨ, ɨɞɧɚɤɨ ɞɥɹ ɭɩ-
ɪɨɳɟɧɢɹ ɪɚɫɱɟɬɨɜ ɟɝɨ ɦɨɠɧɨ ɭɱɟɫɬɶ ɩɨɩɪɚɜɨɱɧɵɦ ɤɨɷɮɮɢɰɢ-
ɟɧɬɨɦ, ɢ ɩɪɟɞɵɞɭɳɚɹ ɮɨɪɦɭɥɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɜ ɜɢɞɟ 
 

   ı
ɊD51,0

ı2
PD1,02S


 . 

 
Ɉɤɨɧɱɚɬɟɥɶɧɨ, ɦɚɫɫɚ ɚɩɩɚɪɚɬɚ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɚ ɫ ɝɟɨ-

ɦɟɬɪɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ 
 

   ı
)DAH(P

D345,021,5DH0,51M
3
ɤ12

ɤɦ 



 . 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɪɟɚɤɬɨɪɚ ɛɭɞɭɬ ɪɚɜɧɵ 
 

    ɩɪ

3
ɤ12

ɤɦ ɐ
ı

)DAH(P
D345,021,5DH0,51Ʉ





 , 
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ɝɞɟ ɐɩɪ – ɰɟɧɚ ɟɞɢɧɢɰɵ ɦɚɫɫɵ ɩɪɨɞɭɤɰɢɢ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ. 
Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɧɚɩɢɫɚɧɢɹ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɜɜɟ-

ɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɩɨɫɬɨɹɧɧɵɯ ɜ ɭɫɥɨɜɢ-
ɹɯ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɜɟɥɢɱɢɧ: 
 

ɤɌɐɷ
ȘȘ
AVB

ɦɢ

1
1  , 

ɤɌɐɷ
Ɋ
1

Ș2mȘ
AVB

1ɦɢ

2
1

2  , 

 
  ɩɪ1

ɦ
3 ɐɊ

ı
ȿɊɬȺɦʌ

0,765B


 
 , 

 
  ɩɪ

ɦ
4 Ⱥɐ

ı
ȿɊɬȺɦʌ

0,765B


 
 , 

 
  ɩɪ1

ɦ
5 ɐɊ

ı
ȿɊɬȺɦʌ

0,352B


 
 , 

 
  ɩɪ

ɦ
6 Ⱥɐ

ı
ȿɊɬȺɦʌ

0,352B


 
 . 

 
ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɢɯ ɨɛɨɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɹ ɩɪɢɜɟɞɟɧ-

ɧɵɯ ɡɚɬɪɚɬ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 

3
ɤ

3
6

3
5

4
ɤ

2
4ɤ

2
3

6
ɤ2

3
ɤ1 HDȼDȼHDȼHDȼɇȼɇȼ  ɡɉ  

 
ɂɥɢ ɠɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɮɭɧɤɰɢɹ ɡɚɩɢɲɟɬɫɹ ɤɚɤ 
 

ș =  3
5

4
ɤ

2
4ɤ

2
3

6
ɤ2

3
ɤ1 DBHDȼHDȼɇȼɇȼ  







  ɤɤ

23
ɤ

3
6 VHD

4
ʌȜHDȼ . 

 
ɇɚɣɞɟɦ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɮɭɧɤ-

ɰɢɢ ɢ ɩɪɢɪɚɜɧɹɟɦ ɢɯ ɤ ɧɭɥɸ. 
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ɂɡ ɩɟɪɜɵɯ ɞɜɭɯ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɭɬɟɦ ɪɟɲɟɧɢɹ 

ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ Ȝ ɢ ɩɪɢɪɚɜɧɢɜɚɧɢɹ ɩɪɚɜɵɯ ɱɚɫɬɟɣ 
ɨɛɪɚɡɭɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɫ ɞɜɭɦɹ ɧɟɢɡɜɟɫɬɧɵɦɢ ɇ ɢ D, ɤɨɬɨɪɨɟ 
ɩɨɫɥɟ ɭɩɪɨɳɟɧɢɣ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 
 

)ɇ2ȼ2(ȼ
DHȼɇ2ȼDHB

D
H

3
ɤ21

2
ɤ6

3
ɤ4

1
ɤ5ɤ







. 

 
ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɢɡɜɟɫɬɧɨɝɨ 

ɨɛɵɱɧɨ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, W =
ʌ

4Vɤ  ɢ ɩɟɪɟɣɞɟɦ ɤ 

ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 
D

H
z ɤ , ɬɨɝɞɚ ɩɪɟɞɵɞɭɳɟɟ ɭɪɚɜɧɟɧɢɟ ɦɨ-

ɠɟɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɨ ɤ ɜɢɞɭ 
 

)Wz2B2(B
WzBWz2BzBz 2

21

6
2

4
1

5







. 

 
Ɋɟɲɟɧɢɟ ɞɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɩɨɥɭɱɟɧɨ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

 Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɧɚɩɢɫɚɧɢɹ ɷɬɨɣ ɤɧɢɝɢ ɛɵɥɨ ɨɤɚɡɚɧɢɟ 
ɩɨɦɨɳɢ ɜ ɩɪɢɨɛɪɟɬɟɧɢɢ ɧɚɜɵɤɨɜ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɨɥɭɱɟɧɧɵɯ ɪɚɧɟɟ ɡɧɚɧɢɣ ɦɚɬɟɦɚɬɢɤɢ, ɮɢɡɢɤɢ, ɬɟɨɪɟɬɢɱɟɫɤɨɣ 
ɦɟɯɚɧɢɤɢ ɢ ɞɪɭɝɢɯ ɞɢɫɰɢɩɥɢɧ. 
 ȼ ɤɚɠɞɨɦ ɪɚɡɞɟɥɟ ɚɜɬɨɪɵ ɫɬɪɟɦɢɥɢɫɶ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨ-
ɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ «ɚɛɫɬɪɚɤɬɧɵɯ» ɮɨɪɦɭɥ ɞɥɹ 
ɪɟɲɟɧɢɹ «ɪɟɚɥɶɧɵɯ» ɡɚɞɚɱ. 
 ȼ ɝɥɚɜɟ 2 ɩɨɤɚɡɵɜɚɟɬɫɹ, ɤɚɤ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɮɭɧɤɰɢɣ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫɜɹɡɚɧ ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ ɝɟɨɦɟɬɪɢ-
ɱɟɫɤɢɣ ɪɚɡɦɟɪɨɜ ɟɦɤɨɫɬɟɣ ɚɩɩɚɪɚɬɭɪɵ. 
 Ɇɚɬɟɪɢɚɥ ɬɪɟɬɶɟɣ ɝɥɚɜɵ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 
ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɨɤ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɚɩɩɚɪɚ-
ɬɨɜ ɞɥɹ ɜɵɛɨɪɚ ɬɚɤɟɥɚɠɧɨɣ ɨɫɧɚɫɬɤɢ ɢ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɦɟɯɚ-
ɧɢɡɦɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ ɪɚɡɦɟɪɨɜ ɨɩɨɪɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ. 
 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɜɵɤɥɚɞɤɢ ɮɢɡɢɤɢ ɢ ɝɢɞɪɚɜɥɢɤɢ ɢɫɩɨɥɶ-
ɡɨɜɚɧɵ ɩɪɢ ɚɧɚɥɢɡɟ ɡɚɞɚɱ ɝɥɚɜɵ 4, ɤɨɬɨɪɚɹ ɧɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬ-
ɪɢɪɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɷɬɢɯ ɡɧɚɧɢɣ ɩɪɢ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɡɚɞɚɱ ɫ ɷɥɟɦɟɧɬɚɦɢ ɞɜɢɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ. 
 Ȼɟɡ ɫɜɟɞɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɩɹɬɨɣ ɝɥɚɜɟ ɧɟɜɨɡɦɨ-
ɠɟɧ ɞɨɫɬɨɜɟɪɧɵɣ ɚɧɚɥɢɡ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɩɟɪɟɦɟɳɟ-
ɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɦɚɲɢɧɚɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ: ɰɟɧɬɪɢɮɭ-
ɝɚɯ, ɧɚɫɨɫɚɯ, ɜɟɧɬɢɥɹɬɨɪɚɯ ɢ ɬ.ɞ. 
 ȼ ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɝɥɚɜɟ ɚɜɬɨɪɵ ɩɨɩɵɬɚɥɢɫɶ ɩɪɢɜɟɫɬɢ 
ɤɨɧɤɪɟɬɧɵɟ ɩɪɢɦɟɪɵ ɪɟɲɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. 
 ȿɫɥɢ ɱɢɬɚɬɟɥɢ ɷɬɨɝɨ ɩɨɫɨɛɢɹ ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɡɧɚ-
ɧɢɟ ɦɚɬɟɦɚɬɢɤɢ ɧɭɠɧɨ ɧɟ ɬɨɥɶɤɨ ɦɚɬɟɦɚɬɢɤɚɦ, ɚ ɮɢɡɢɤɢ – ɧɟ 
ɬɨɥɶɤɨ ɮɢɡɢɤɚɦ, ɬɨ ɚɜɬɨɪɵ ɞɨɫɬɢɝɥɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ. 
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