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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

ȼȼȿȾȿɇɂȿ 

 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɧɠɟɧɟɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɬɪɢ ɭɫɥɨɜɢɹ ɞɨɥɠɧɵ 

ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ: 1) ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ, 2) ɭɫɥɨɜɢɟ ɠɟɫɬɤɨɫɬɢ, 3) ɭɫɥɨɜɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. ɇɚɡɧɚɱɚɹ ɪɚɡɦɟɪɵ ɢɧɠɟɧɟɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɧɚɩɪɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɢɝɞɟ ɧɟ ɩɪɟɜɨɫɯɨɞɢɥɢ ɧɟɤɨɬɨɪɵɯ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɦɵ ɜɫɟɝɞɚ ɦɨɠɟɦ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɭɫɥɨɜɢɸ ɩɟɪɜɨɦɭ. 

ȼɬɨɪɨɟ ɭɫɥɨɜɢɟ ɬɪɟɛɭɟɬ ɬɚɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɪɚɡɦɟɪɚɦɢ ɩɪɨɟɤɬɢɪɭɟɦɵɯ 

ɱɚɫɬɟɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ 

ɫɢɥ ɧɟ ɩɪɟɜɨɫɯɨɞɢɥɢ ɛɵ ɧɟɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɟɧɧɵɯ ɧɨɪɦ. ɇɟ ɜɫɟɝɞɚ ɛɵɜɚɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɬɨɥɶɤɨ ɷɬɢɦ ɞɜɭɦ ɭɫɥɨɜɢɹ, ɢ ɩɪɢɯɨɞɢɬɫɹ 

ɢɫɫɥɟɞɨɜɚɬɶ ɬɚɤɠɟ ɜɨɩɪɨɫ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɟɯ ɮɨɪɦ ɪɚɜɧɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɵɯ 

ɱɚɫɬɟɣ, ɤɨɬɨɪɵɟ ɩɨɥɨɠɟɧɵ ɜ ɨɫɧɨɜɚɧɢɟ ɪɚɫɱɟɬɨɜ.  

Ɍɪɟɛɨɜɚɧɢɹ ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ ɢ ɤɨɧɫɬɪɭɤɬɨɪɨɜ ɜ ɨɛɥɚɫɬɢ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɚɜɢɚɫɬɪɨɟɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɣ ɢɧɞɭɫɬɪɢɢ 

ɨɛɭɫɥɨɜɢɥɢ ɢɧɬɟɪɟɫ ɤ ɩɪɨɛɥɟɦɚɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ ɢ ɫɬɟɪɠɧɟɣ.  

Ɉɫɨɛɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɜɢɬɢɟ ɬɟɨɪɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɚɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɜɩɥɨɬɶ ɞɨ ɧɚɲɢɯ ɞɧɟɣ ɨɤɚɡɵɜɚɸɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɪɚɛɨɬɵ ɜɵɞɚɸɳɟɝɨɫɹ 

ɭɱɟɧɨɝɨ ɋ.ɉ. Ɍɢɦɨɲɟɧɤɨ. ɂɦ ɛɵɥɢ ɪɟɲɟɧɵ ɡɚɞɚɱɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɞɧɨɪɨɞɧɵɯ 

ɢ ɢɡɨɬɪɨɩɧɵɯ ɬɨɧɤɢɯ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɮɨɪɦɭɥɢɪɨɜɤɢ ɢɡ ɟɝɨ ɤɧɢɝɢ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɵ ɢ ɩɪɢɦɟɪɵ. 

Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɣ ɋ.ɉ.Ɍɢɦɨɲɟɧɤɨ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɩɪɭɝɢɯ ɫɢɫɬɟɦ. ɋɨɝɥɚɫɧɨ 

ɷɬɨɦɭ ɦɟɬɨɞɭ, ɤɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɜɧɟɲɧɢɯ ɭɫɢɥɢɣ ɧɚɯɨɞɹɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 

ɪɚɜɟɧɫɬɜɚ ɪɚɛɨɬ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥɨɜɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɩɟɪɟɦɟɳɟɧɢɹɯ 

ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. 

əɜɥɹɹɫɶ ɩɪɨɫɬɵɦ ɢ ɧɚɝɥɹɞɧɵɦ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ Ɍɢɦɨɲɟɧɤɨ 

ɩɨɡɜɨɥɹɟɬ ɩɪɢɛɥɢɠɟɧɧɨ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ, ɞɥɹ ɤɨɬɨɪɵɯ 

ɧɟɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ.  
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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

ȼ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɞɚɧ ɤɪɚɬɤɢɣ ɨɛɡɨɪ ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɥɚɫɬɢɧ ɢ ɫɬɟɪɠɧɟɣ, ɚ ɬɚɤɠɟ ɢɡɥɨɠɟɧ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɫɬɟɪɠɧɟɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ. ɋɨɞɟɪɠɚɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨ ɨɫɧɨɜɚɦ 

ɦɟɬɨɞɚ ɫɢɥ ɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɫɬɟɪɠɧɟɣ ɢ ɩɥɚɫɬɢɧ ɧɚ 

ɭɫɬɨɣɱɢɜɨɫɬɶ. ɉɪɢɜɨɞɹɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɧɨ-

ɩɪɨɟɤɬɢɪɨɜɨɱɧɨɣ ɪɚɛɨɬɵ ɫɜɟɞɟɧɢɹ, ɜɤɥɸɱɚɸɳɢɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɩɨɪɹɞɨɤ 

ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɹ, ɩɨɪɹɞɨɤ ɩɨɞɝɨɬɨɜɤɢ ɞɚɧɧɵɯ. ɉɪɟɞɫɬɚɜɥɟɧ ɩɪɢɦɟɪ 

ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɧɨ-ɩɪɨɟɤɬɢɪɨɜɨɱɧɨɣ ɪɚɛɨɬɵ. 
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1 ɈȻɁɈɊɇȺə ЧȺɋɌɖ 
 

1.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢя 
 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɵɩɨɥɧɢɬɶ ɛɚɤɚɥɚɜɪɫɤɭɸ ɪɚɛɨɬɭ, ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ 

ɪɚɡɨɛɪɚɬɶɫɹ ɜ ɜɵɛɪɚɧɧɨɣ ɬɟɦɟ ɢ ɜ ɤɚɠɞɨɦ ɨɩɪɟɞɟɥɟɧɢɢ, ɢ ɩɨɧɹɬɢɢ. 

 

 Чɬɨ ɬɚɤɨɟ ɫɬɪɨɢɬɟɥɶɧɚɹ ɦɟɯɚɧɢɤɚ?  

ɋɬɪɨɢɬɟɥɶɧɚɹ ɦɟɯɚɧɢɤɚ – ɷɬɨ ɧɚɭɤɚ ɨ ɪɚɫɱɟɬɚɯ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɠёɫɬɤɨɫɬɶ 

ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɨɨɪɭɠɟɧɢɣ. ɋɨɨɪɭɠɟɧɢɟ – ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɜɟɪɞɵɯ ɬɟɥ, 

ɧɟɩɨɞɜɢɠɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ. ɋɬɪɨɢɬɟɥɶɧɚɹ ɦɟɯɚɧɢɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢɧɠɟɧɟɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɫɨɜɪɟɦɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ.  

 
Ɍɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɫɨɨɪɭɠɟɧɢɹɦ:  
 
1. ɉɪɨɱɧɨɫɬɶ, ɠёɫɬɤɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ; 

2. Эɤɨɧɨɦɢɱɧɨɫɬɶ; 

3. ɇɟɩɨɞɜɢɠɧɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɧɨɜɚɧɢɹ ɢ ɧɟɢɡɦɟɧɧɨɫɬɶ ɩɪɢɞɚɧɧɨɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ. 

 

Ɂɚɞɚɱɚɦɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɭɬɪɟɧɧɢɯ 

ɭɫɢɥɢɣ ɜɨ ɜɫɟɯ ɷɥɟɦɟɧɬɚɯ ɫɨɨɪɭɠɟɧɢɣ, ɢɡɭɱɟɧɢɟ ɭɩɪɭɝɢɯ ɩɟɪɟɦɟɳɟɧɢɣ, 

ɜɨɡɧɢɤɚɸɳɢɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɨɨɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɤɨɧɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɢɜɵɝɨɞɧɟɣɲɢɯ 

ɮɨɪɦ ɫɨɨɪɭɠɟɧɢɣ. 

 
 Чɬɨ ɬɚɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ? 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ – ɷɬɨ ɩɨɢɫɤ ɧɨɜɵɯ ɡɧɚɧɢɣ ɢɥɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɟ 

ɪɚɫɫɥɟɞɨɜɚɧɢɟ ɫ ɰɟɥɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɚɤɬɨɜ, ɢɡɭɱɟɧɢɟ ɨɛɴɟɤɬɚ ɢɥɢ ɱɟɝɨ-ɬɨ 

ɧɨɜɨɝɨ.  



 

6 
 

П
ɟɪ

ɜ.
 ɩ

ɪɢ
ɦ

ɟɧ
.  

С
ɩɪ

ɚɜ
. №

 
П

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ  
И

ɧɜ
. №

 ɞ
ɭɛ

ɥ.
 

Вɡ
ɚɦ

. ɢ
ɧɜ

. №
 

П
ɨɞ

ɩɢ
ɫь

 ɢ
 ɞ

ɚɬ
ɚ  

И
ɧɜ

. №
 ɩ

ɨɞ
ɥ.

 

 
 

 
 

 

Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

 Чɬɨ ɬɚɤɨɟ ɭɫɬɨɣɱɢɜɨɫɬɶ? 

ɍɫɬɨɣɱɢɜɨɫɬɶ – ɷɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɢɥɢ ɬɟɥɚ ɫɨɯɪɚɧɹɬɶ ɬɟɤɭɳɟɟ 

ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɜɥɢɹɧɢɢ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. ȿɫɥɢ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢ 

ɷɬɨɦ ɧɟ ɫɨɯɪɚɧɹɟɬɫɹ, ɬɨ ɬɚɤɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦ. 

 
 Чɬɨ ɬɚɤɨɟ ɩɪɨɱɧɨɫɬɶ? 

ɉɪɨɱɧɨɫɬɶ – ɷɬɨ ɫɜɨɣɫɬɜɨ ɦɚɬɟɪɢɚɥɚ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ ɪɚɡɪɭɲɟɧɢɸ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɧɚɩɪɹɠɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɫɢɥ. ɋɜɨɣɫɬɜɨ 

ɤɨɧɫɬɪɭɤɰɢɢ ɜɵɩɨɥɧɹɬɶ ɧɚɡɧɚɱɟɧɢɟ, ɧɟ ɪɚɡɪɭɲɚɹɫɶ ɜ ɬɟɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ 

ɜɪɟɦɟɧɢ. 

ɉɪɨɱɧɨɫɬɶ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɫɬɨɹɧɧɵɯ 

ɧɚɝɪɭɡɨɤ, ɞɢɧɚɦɢɱɟɫɤɭɸ ɢ ɭɫɬɚɥɨɫɬɧɭɸ (ɜɵɧɨɫɥɢɜɨɫɬɶ), ɢɦɟɸɳɭɸ ɦɟɫɬɨ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɰɢɤɥɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ ɧɚɝɪɭɡɨɤ. 

Ⱦɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡɥɢɱɚɸɬ ɨɛɳɭɸ ɩɪɨɱɧɨɫɬɶ — ɫɩɨɫɨɛɧɨɫɬɶ ɜɫɟɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɜɵɞɟɪɠɢɜɚɬɶ ɧɚɝɪɭɡɤɢ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ, ɢ ɦɟɫɬɧɭɸ — ɬɚ ɠɟ 

ɫɩɨɫɨɛɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ, ɞɟɬɚɥɟɣ, ɫɨɟɞɢɧɟɧɢɣ. 

 

 Чɬɨ ɬɚɤɨɟ ɠёɫɬɤɨɫɬɶ?  

ɀёɫɬɤɨɫɬɶ – ɫɩɨɫɨɛɧɨɫɬɶ ɬɟɥɚ ɢɥɢ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ 

ɨɛɪɚɡɨɜɚɧɢɸ ɞɟɮɨɪɦɚɰɢɢ. ɀёɫɬɤɨɫɬɶ ɢɡɦɟɪɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɦɟɠɞɭ ɭɫɢɥɢɟɦ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɥɢɧɟɣɧɨɣ, ɭɝɥɨɜɨɣ 

ɞɟɮɨɪɦɚɰɢɟɣ ɢɥɢ ɤɪɢɜɢɡɧɨɣ. 

 

 Чɬɨ ɬɚɤɨɟ ɪɚɫɬɹɠɟɧɢɟ-ɫɠɚɬɢɟ?  

Ɋɚɫɬɹɠɟɧɢɟ-ɫɠɚɬɢɟ ɜ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ – ɜɢɞ ɩɪɨɞɨɥɶɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ ɫɬɟɪɠɧɹ ɢɥɢ ɛɪɭɫɚ, ɜɨɡɧɢɤɚɸɳɢɣ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɧɚɝɪɭɡɤɚ ɤ 

ɧɟɦɭ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɩɨ ɟɝɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ.  
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 Чɬɨ ɬɚɤɨɟ ɫɬɟɪɠɟɧɶ?  

ɋɬɟɪɠɟɧɶ – ɷɬɨ ɝɥɚɜɧɚɹ ɱɚɫɬɶ ɱɟɝɨ-ɥɢɛɨ. Ⱥ ɬɚɤ ɠɟ – ɷɬɨ ɬɟɥɨ 

ɭɞɥɢɧɟɧɧɨɣ ɮɨɪɦɵ, ɞɜɚ ɪɚɡɦɟɪɚ ɤɨɬɨɪɨɝɨ (ɜɵɫɨɬɚ ɢ ɲɢɪɢɧɚ) ɦɚɥɵ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɟɬɶɢɦ ɪɚɡɦɟɪɨɦ (ɞɥɢɧɨɣ). 

Ƚɢɛɤɨɫɬɶ ɫɬɟɪɠɧɹ – ɨɬɧɨɲɟɧɢɟ ɪɚɫɱёɬɧɨɣ ɞɥɢɧɵ ɫɬɟɪɠɧɹ ɤ 

ɧɚɢɦɟɧɶɲɟɦɭ ɪɚɞɢɭɫɭ ɢɧɟɪɰɢɢ ɟɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. 

 

i

l0 . 

 

Эɬɨ ɜɵɪɚɠɟɧɢɟ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɩɪɢ ɩɪɨɜɟɪɤɟ ɫɠɚɬɵɯ ɫɬɟɪɠɧɟɣ ɧɚ 

ɭɫɬɨɣɱɢɜɨɫɬɶ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɬ ɝɢɛɤɨɫɬɢ ɡɚɜɢɫɢɬ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɞɨɥɶɧɨɝɨ 

ɢɡɝɢɛɚ  . ɋɬɟɪɠɟɧɶ ɫ ɛɨɥɶɲɟɣ ɝɢɛɤɨɫɬɶɸ, ɩɪɢ ɩɪɨɱɢɯ ɧɟɢɡɦɟɧɧɵɯ 

ɩɚɪɚɦɟɬɪɚɯ, ɢɦɟɟɬ ɛɨɥɟɟ ɧɢɡɤɭɸ ɩɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ ɢ ɫɠɚɬɢɟ ɫ ɢɡɝɢɛɨɦ. 

Ɋɚɫɱёɬɧɚɹ ɞɥɢɧɚ 0l  ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

ll 0 , 

 

ɝɞɟ — ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɡɚɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ; 

l  — ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɞɥɢɧɚ. Ɋɚɫɱёɬɧɚɹ ɞɥɢɧɚ ɬɚɤɠɟ ɧɚɡɵɜɚɟɬɫɹ ɩɪɢɜɟɞёɧɧɨɣ 

ɢɥɢ ɫɜɨɛɨɞɧɨɣ. 

ɉɨɧɹɬɢɟ ɩɪɢɜɟɞёɧɧɚɹ ɞɥɢɧɚ ɜɩɟɪɜɵɟ ɜɜёɥ əɫɢɧɫɤɢɣ ɞɥɹ ɨɛɨɛɳɟɧɢɹ 

ɮɨɪɦɭɥɵ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ Эɣɥɟɪɚ, ɤɨɬɨɪɭɸ ɬɨɬ ɜɵɜɨɞɢɥ ɞɥɹ ɫɬɟɪɠɧɹ ɫ 

ɲɚɪɧɢɪɧɨ-ɨɩɟɪɬɵɦɢ ɤɨɧɰɚɦɢ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬ   ɪɚɜɟɧ ɩɪɢ 

ɲɚɪɧɢɪɧɵɯ ɤɨɧɰɚɯ (ɨɫɧɨɜɧɨɣ ɫɥɭɱɚɣ) ɨɞɧɨɦɭ, ɩɪɢ ɨɞɧɨɦ ɲɚɪɧɢɪɧɨɦ, ɞɪɭɝɨɦ 

ɡɚɳɟɦɥёɧɧɵɦ 7,0 , ɩɪɢ ɨɛɨɢɯ ɡɚɳɟɦɥёɧɧɵɯ ɤɨɧɰɚɯ 5,0 .  

ɋɯɟɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ   ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ɡɚɤɪɟɩɥɟɧɢɹ ɢ ɫɩɨɫɨɛɟ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ. Ɍɚɤɠɟ, 
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ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɨɪɦɭɥɚ Эɣɥɟɪɚ ɜɟɪɧɚ ɬɨɥɶɤɨ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɛɨɥɶɲɨɣ 

ɝɢɛɤɨɫɬɢ, ɧɚɩɪɢɦɟɪ ɞɥɹ ɫɬɚɥɢ, ɨɧɚ ɩɪɢɦɟɧɢɦɚ ɩɪɢ ɝɢɛɤɨɫɬɹɯ ɩɨɪɹɞɤɚ 

100  ɢ ɜɵɲɟ.  

ɉɪɢ ɪɚɫɱɟɬɚɯ ɷɥɟɦɟɧɬɨɜ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɤ ɝɢɛɤɨɫɬɢ 

ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɟё ɨɝɪɚɧɢɱɟɧɢɸ. Ɍɚɤɠɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɝɢɛɤɨɫɬɢ ɧɚɡɧɚɱɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɚɪɦɢɪɨɜɚɧɢɹ. 

ȼ ɪɚɫɱёɬɚɯ ɫɬɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɝɢɛɤɨɫɬɶ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ 

ɜɜɢɞɭ ɛɨɥɶɲɨɣ ɩɪɨɱɧɨɫɬɢ ɫɬɚɥɢ ɫ ɜɵɬɟɤɚɸɳɟɣ ɢɡ ɷɬɨɝɨ ɮɨɪɦɨɣ ɷɥɟɦɟɧɬɨɜ 

(ɞɥɢɧɧɵɟ, ɧɟɛɨɥɶɲɨɣ ɩɥɨɳɚɞɢ) ɢɡ-ɡɚ ɱɟɝɨ ɢɫɱɟɪɩɚɧɢɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚɫɬɭɩɚɟɬ ɞɨ ɢɫɱɟɪɩɚɧɢɹ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɩɨ ɦɚɬɟɪɢɚɥɭ. 

Ɉɬɫɸɞɚ ɜɜɨɞ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɪɦɢɧɨɜ: 

1. ɍɫɥɨɜɧɚɹ ɝɢɛɤɨɫɬɶ 

2. ɉɪɢɜɟɞёɧɧɚɹ ɝɢɛɤɨɫɬɶ 

3. ɉɪɟɞɟɥɶɧɚɹ ɝɢɛɤɨɫɬɶ 

 

 Чɬɨ ɬɚɤɨɟ ɩɥɚɫɬɢɧɚ? 

ɉɥɚɫɬɢɧɚ – ɬɟɥɨ, ɨɝɪɚɧɢɱɟɧɧɨɟ ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɥɨɫɤɨɫɬɹɦɢ, 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ, ɧɚɡɵɜɚɟɦɨɟ ɬɨɥɳɢɧɨɣ ɩɥɚɫɬɢɧɵ h=const, ɦɚɥɨ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɞɪɭɝɢɦɢ ɪɚɡɦɟɪɚɦɢ. ɂɦɟɟɬɫɹ ɬɚɤɠɟ ɫɥɟɞɭɸɳɟɟ ɭɬɨɱɧɟɧɧɨɟ 

ɨɩɪɟɞɟɥɟɧɢɟ ɩɥɚɫɬɢɧɵ: ɩɥɚɫɬɢɧɚ – ɬɟɥɨ, ɨɝɪɚɧɢɱɟɧɧɨɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɞɜɭɦɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɤ ɧɟɣ ɩɥɨɫɤɨɫɬɹɦɢ, ɪɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɦɚɥɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɞɪɭɝɢɦɢ ɪɚɡɦɟɪɚɦɢ. ȼ ɬɨɦ ɠɟ 

ɡɧɚɱɟɧɢɢ, ɱɬɨ ɢ ɬɟɪɦɢɧ «ɩɥɚɫɬɢɧɚ» ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɪɦɢɧ «ɩɥɚɫɬɢɧɤɚ». 

ɉɥɚɫɬɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɢɥɢ ɜɯɨɞɢɬɶ ɜ 

ɫɨɫɬɚɜ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɢɫɬɟɦɵ. Ɉɬɞɟɥɶɧɵɟ ɩɥɚɫɬɢɧɤɢ ɩɪɢɦɟɧɹɸɬ ɜ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜ ɜɢɞɟ ɫɬɟɧɨɜɵɯ ɩɚɧɟɥɟɣ, ɛɚɥɨɤ-ɫɬɟɧɨɤ, ɩɥɢɬ ɢ ɩɚɧɟɥɟɣ 

ɩɟɪɟɤɪɵɬɢɣ ɢ ɩɨɤɪɵɬɢɣ, ɮɭɧɞɚɦɟɧɬɧɵɯ ɩɥɢɬ ɢ ɬ.ɞ. 
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 ȻɊ – 15.03.03 ɉɁ 

 

 

Ɋɢɫɭɧɨɤ 1.1 - ɉɪɹɦɨɭɝɨɥɶɧɚɹ ɢ ɤɪɭɝɥɚɹ ɩɥɚɫɬɢɧɚ 

 

 Чɬɨ ɬɚɤɨɟ ɞɜɭɬɚɜɪ?  
 

Дɜɭɬɚɜɪ – ɫɬɚɧɞɚɪɬɧɵɣ ɩɪɨɮɢɥɶ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɡ ɱɟɪɧɨɝɨ 

ɩɪɨɤɚɬɚ ɢɥɢ ɞɟɪɟɜɚ, ɢɦɟɸɳɢɣ ɫɟɱɟɧɢɟ, ɛɥɢɡɤɨɟ ɩɨ ɮɨɪɦɟ ɤ ɛɭɤɜɟ «ɇ». Ȼɚɥɤɚ 

ɞɜɭɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ ɜ ɬɪɢɞɰɚɬɶ ɪɚɡ ɠɟɫɬɱɟ ɢ ɜ ɫɟɦɶ ɪɚɡ ɩɪɨɱɧɟɟ ɛɚɥɤɢ 

ɤɜɚɞɪɚɬɧɨɝɨ ɩɪɨɮɢɥɹ ɚɧɚɥɨɝɢɱɧɨɣ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ, ɱɬɨ ɩɪɟɜɨɫɯɨɞɢɬ 

ɩɪɨɱɧɨɫɬɶ ɲɜɟɥɥɟɪɚ. Ɉɞɧɚɤɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɜɭɬɚɜɪɚ ɤ ɫɤɪɭɱɢɜɚɧɢɸ ɨɱɟɧɶ 

ɦɚɥɚ (ɤɚɤ ɢ ɭ ɞɪɭɝɢɯ ɨɬɤɪɵɬɵɯ ɫɟɱɟɧɢɣ – ɲɜɟɥɥɟɪɚ, ɭɝɨɥɤɚ) – ɩɪɢɦɟɪɧɨ ɜ 400 

ɪɚɡ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɤɪɭɝɥɨɣ ɬɪɭɛɵ ɬɚɤɨɝɨ ɠɟ ɫɟɱɟɧɢɹ. 

 
1.2 ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɪɠɧɟɣ 

ȼ ɤɨɧɫɬɪɭɤɰɢɹɯ ɢ ɫɨɨɪɭɠɟɧɢɹɯ ɛɨɥɶɲɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɞɟɬɚɥɢ, 

ɹɜɥɹɸɳɢɟɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɥɢɧɧɵɦɢ ɢ ɬɨɧɤɢɦɢ ɫɬɟɪɠɧɹɦɢ, ɭ ɤɨɬɨɪɵɯ ɨɞɢɧ 

ɢɥɢ ɞɜɚ ɪɚɡɦɟɪɚ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɦɚɥɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɥɢɧɨɣ ɫɬɟɪɠɧɹ. 

ɉɨɜɟɞɟɧɢɟ ɬɚɤɢɯ ɫɬɟɪɠɧɟɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɫɟɜɨɣ ɫɠɢɦɚɸɳɟɣ ɧɚɝɪɭɡɤɢ 

ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɵɦ, ɱɟɦ ɩɪɢ ɫɠɚɬɢɢ ɤɨɪɨɬɤɢɯ ɫɬɟɪɠɧɟɣ: ɩɪɢ 

ɞɨɫɬɢɠɟɧɢɢ ɫɠɢɦɚɸɳɟɣ ɫɢɥɨɣ F ɧɟɤɨɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ, ɪɚɜɧɨɣ 

Fɤɪ, ɩɪɹɦɨɥɢɧɟɣɧɚɹ ɮɨɪɦɚ ɪɚɜɧɨɜɟɫɢɹ ɞɥɢɧɧɨɝɨ ɫɬɟɪɠɧɹ ɨɤɚɡɵɜɚɟɬɫɹ 

ɧɟɭɫɬɨɣɱɢɜɨɣ, ɢ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ Fɤɪ ɫɬɟɪɠɟɧɶ ɧɚɱɢɧɚɟɬ ɢɧɬɟɧɫɢɥɶɧɨ 

ɢɫɤɪɢɜɥɹɟɬɫɹ (ɜɵɩɭɱɢɜɚɟɬɫɹ).  
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ɉɪɢ ɷɬɨɦ ɧɨɜɵɦ (ɦɨɦɟɧɬɧɵɦ) ɪɚɜɧɨɜɟɫɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɭɩɪɭɝɨɝɨ 

ɞɥɢɧɧɨɝɨ ɫɬɚɧɨɜɢɬɫɹ ɧɟɤɨɬɨɪɚɹ ɧɨɜɚɹ ɭɠɟ ɤɪɢɜɨɥɢɧɟɣɧɚɹ ɮɨɪɦɚ. Эɬɨ ɹɜɥɟɧɢɟ 

ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ.   

 
Ɋɢɫɭɧɨɤ 1.2 - ɋɠɚɬɵɣ ɫɬɟɪɠɟɧɶ 

 

Ʉɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ (Fɤɪ) – ɧɚɝɪɭɡɤɚ, ɩɪɟɜɵɲɟɧɢɟ ɤɨɬɨɪɨɣ ɜɵɡɵɜɚɟɬ 

ɩɨɬɟɪɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɮɨɪɦɵ (ɩɨɥɨɠɟɧɢɹ) ɬɟɥɚ. ɍɫɥɨɜɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ: 

Fmax ≤ Fɤɪ,                                                                                                     (1.1) 

1.2.1 ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɠɚɬɨɝɨ ɫɬɟɪɠɧя. Ɂɚɞɚɱɚ ɗɣɥɟɪɚ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ, ɜɵɡɵɜɚɸɳɟɣ ɩɨɬɟɪɸ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɠɚɬɨɝɨ ɫɬɟɪɠɧɹ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɬɟɪɠɟɧɶ ɢɞɟɚɥɶɧɨ ɩɪɹɦɨɣ ɢ ɫɢɥɚ F 

ɩɪɢɥɨɠɟɧɚ ɫɬɪɨɝɨ ɰɟɧɬɪɚɥɶɧɨ. Ɂɚɞɚɱɭ ɨ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ ɫɠɚɬɨɝɨ 

ɫɬɟɪɠɧɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɞɜɭɯ ɮɨɪɦ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ 

ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɡɧɚɱɟɧɢɢ ɫɢɥɵ ɪɟɲɢɥ Ʌ.Эɣɥɟɪ ɜ 1744 ɝɨɞɭ.  
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Ɋɢɫɭɧɨɤ 1.3 - ɋɠɚɬɵɣ ɫɬɟɪɠɟɧɶ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɲɚɪɧɢɪɧɨ ɨɩɟɪɬɵɣ ɩɨ ɤɨɧɰɚɦ ɫɬɟɪɠɟɧɶ, ɫɠɚɬɵɣ 

ɩɪɨɞɨɥɶɧɨɣ ɫɢɥɨɣ F. ɉɨɥɨɠɢɦ, ɱɬɨ ɩɨ ɤɚɤɨɣ-ɬɨ ɩɪɢɱɢɧɟ ɫɬɟɪɠɟɧɶ ɩɨɥɭɱɢɥ 

ɦɚɥɨɟ ɢɫɤɪɢɜɥɟɧɢɟ ɨɫɢ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜ ɧɟɦ ɩɨɹɜɢɥɫɹ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ 

M: 

yFɆ  , 

ɝɞɟ y – ɩɪɨɝɢɛ ɫɬɟɪɠɧɹ ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ ɫɟɱɟɧɢɢ ɫ ɤɨɨɪɞɢɧɚɬɨɣ x. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɩɪɢɛɥɢɠɟɧɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɭɩɪɭɝɨɣ ɥɢɧɢɢ: 

JE

M

dx

yd




2

2

.                                                                                                (1.2) 

ɉɪɨɜɟɞɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɤɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ ɩɪɢɦɟɬ ɩɪɢ n=1 (ɧɚ ɞɥɢɧɟ ɫɬɟɪɠɧɹ ɭɤɥɚɞɵɜɚɟɬɫɹ ɨɞɧɚ 
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ɩɨɥɭɜɨɥɧɚ ɫɢɧɭɫɨɢɞɵ) ɢ J=Jmin (ɫɬɟɪɠɟɧɶ ɢɫɤɪɢɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 

ɫ ɧɚɢɦɟɧɶɲɢɦ ɦɨɦɟɧɬɨɦ ɢɧɟɪɰɢɢ) 

,
2

min
2

кр
n

JE
F





                                                                                       (1.3) 

ɷɬɨ ɜɵɪɚɠɟɧɢɟ – ɮɨɪɦɭɥɚ Эɣɥɟɪɚ. 

 
1.2.1 Ɂɚɜɢɫɢɦɨɫɬɶ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɨɬ ɭɫɥɨɜɢɣ ɡɚɤɪɟɩɥɟɧɢя 

ɫɬɟɪɠɧя 

Ɏɨɪɦɭɥɚ Эɣɥɟɪɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɞɥɹ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ, ɨɫɧɨɜɧɨɝɨ 

ɫɥɭɱɚɹ – ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɲɚɪɧɢɪɧɨɝɨ ɨɩɢɪɚɧɢɹ ɫɬɟɪɠɧɹ ɩɨ ɤɨɧɰɚɦ. ɇɚ 

ɩɪɚɤɬɢɤɟ ɜɫɬɪɟɱɚɸɬɫɹ ɢ ɞɪɭɝɢɟ ɫɥɭɱɚɢ ɡɚɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ 

ɩɨɥɭɱɢɬɶ ɮɨɪɦɭɥɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ 

ɫɥɭɱɚɟɜ, ɪɟɲɚɹ, ɤɚɤ ɜ ɩɪɟɞɵɞɭɳɟɦ ɩɚɪɚɝɪɚɮɟ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɢɡɨɝɧɭɬɨɣ ɨɫɢ ɛɚɥɤɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. ɉɪɢ ɩɨɬɟɪɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚ ɞɥɢɧɟ ɫɬɟɪɠɧɹ ɞɨɥɠɧɚ ɭɤɥɚɞɵɜɚɬɶɫɹ ɨɞɧɚ ɩɨɥɭɜɨɥɧɚ 

ɫɢɧɭɫɨɢɞɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɧɵɟ ɫɥɭɱɚɢ ɡɚɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ ɩɨ 

ɤɨɧɰɚɦ ɢ ɩɨɥɭɱɢɦ ɨɛɳɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɡɚɤɪɟɩɥɟɧɢɹ. 

 

ɚ)     ɛ)   ɜ)  

Ɋɢɫɭɧɨɤ 1.4 ɚ, ɛ, ɜ - Ɋɚɡɥɢɱɧɵɟ ɫɥɭɱɚɢ ɡɚɤɪɟɩɥɟɧɢɹ ɫɬɟɪɠɧɹ 
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Ɉɛɳɚɹ ɮɨɪɦɭɥɚ Эɣɥɟɪɚ: 

 
,

2
min

2

l

JE
Fкɪ









                                                                                      (1.4) 

ɝɞɟ ȝ·l = lɩɪ – ɩɪɢɜɟɞɟɧɧɚɹ ɞɥɢɧɚ ɫɬɟɪɠɧɹ; 

l – ɮɚɤɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɫɬɟɪɠɧɹ;  

ȝ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɧɨɣ ɞɥɢɧɵ, ɩɨɤɚɡɵɜɚɸɳɢɣ ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ 

ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ ɞɥɢɧɭ ɫɬɟɪɠɧɹ, ɱɬɨɛɵ ɤɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ ɞɥɹ ɷɬɨɝɨ 

ɫɬɟɪɠɧɹ ɫɬɚɥɚ ɪɚɜɧɚ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɟ ɞɥɹ ɲɚɪɧɢɪɧɨ ɨɩɟɪɬɨɣ ɛɚɥɤɢ. (Ⱦɪɭɝɚɹ 

ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɢɜɟɞɟɧɧɨɣ ɞɥɢɧɵ: μ ɩɨɤɚɡɵɜɚɟɬ, ɧɚ ɤɚɤɨɣ 

ɱɚɫɬɢ ɞɥɢɧɵ ɫɬɟɪɠɧɹ ɞɥɹ ɞɚɧɧɨɝɨ ɜɢɞɚ ɡɚɤɪɟɩɥɟɧɢɹ ɭɤɥɚɞɵɜɚɟɬɫɹ ɨɞɧɚ 

ɩɨɥɭɜɨɥɧɚ ɫɢɧɭɫɨɢɞɵ ɩɪɢ ɩɨɬɟɪɟ ɭɫɬɨɣɱɢɜɨɫɬɢ.) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɭɫɥɨɜɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢɦɟɬ ɜɢɞ: 
 

 ._max  
A

F
                                                                                    (1.5) 

 
ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɜɢɞɚ ɪɚɫɱɟɬɚ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɠɚɬɵɯ ɫɬɟɪɠɧɟɣ – 

ɩɪɨɜɟɪɨɱɧɵɣ ɢ ɩɪɨɟɤɬɢɪɨɜɨɱɧɵɣ. 

Ɋɚɡɪɭɲɟɧɢɟ ɫɬɟɪɠɧɹ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɧɟ ɬɨɥɶɤɨ ɩɨɬɨɦɭ, ɱɬɨ ɛɭɞɟɬ 

ɧɚɪɭɲɟɧɚ ɩɪɨɱɧɨɫɬɶ, ɧɨ ɢ ɨɬɬɨɝɨ, ɱɬɨ ɫɬɟɪɠɟɧɶ ɧɟ ɫɨɯɪɚɧɢɬ ɬɨɣ ɮɨɪɦɵ, 

ɤɨɬɨɪɚɹ ɟɦɭ ɩɪɢɞɚɧɚ ɤɨɧɫɬɪɭɤɬɨɪɨɦ; ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɢɬɫɹ ɢ ɯɚɪɚɤɬɟɪ 

ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɫɬɟɪɠɧɟ. 

ɇɚɢɛɨɥɟɟ ɬɢɩɢɱɧɵɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ ɫɬɟɪɠɧɹ, ɫɠɚɬɨɝɨ ɫɢɥɚɦɢ 

Ɋ. Ⱦɨ ɫɢɯ ɩɨɪ ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɪɨɱɧɨɫɬɢ ɦɵ ɢɦɟɥɢ ɭɫɥɨɜɢɟ 

 , 
F

P
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ɷɬɨ ɭɫɥɨɜɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɫɬɟɪɠɟɧɶ ɜɫɟ ɜɪɟɦɹ, ɜɩɥɨɬɶ ɞɨ ɪɚɡɪɭɲɟɧɢɹ 

ɪɚɛɨɬɚɟɬ ɧɚ ɨɫɟɜɨɟ ɫɠɚɬɢɟ. ɍɠɟ ɩɪɨɫɬɟɣɲɢɣ ɨɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɚɥɟɤɨ ɧɟ 

ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ ɪɚɡɪɭɲɢɬɶ ɫɬɟɪɠɟɧɶ ɩɭɬɟɦ ɞɨɜɟɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɫɠɚɬɢɹ ɞɨ 

ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɢɥɢ ɞɨ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. 

ȿɫɥɢ ɦɵ ɩɨɞɜɟɪɝɧɟɦ ɩɪɨɞɨɥɶɧɨɦɭ ɫɠɚɬɢɸ ɬɨɧɤɭɸ ɞɟɪɟɜɹɧɧɭɸ ɥɢɧɟɣɤɭ, 

ɬɨ ɨɧɚ ɦɨɠɟɬ ɫɥɨɦɚɬɶɫɹ, ɢɡɨɝɧɭɜɲɢɫɶ; ɩɟɪɟɞ ɢɡɥɨɦɨɦ ɫɠɢɦɚɸɳɢɟ ɫɢɥɵ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɩɪɨɢɡɨɣɞɟɬ ɪɚɡɪɭɲɟɧɢɟ ɥɢɧɟɣɤɢ, ɛɭɞɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɬɟɯ, 

ɤɨɬɨɪɵɟ ɜɵɡɜɚɥɢ ɛɵ ɩɪɢ ɩɪɨɫɬɨɦ ɫɠɚɬɢɢ ɧɚɩɪɹɠɟɧɢɟ, ɪɚɜɧɨɟ ɩɪɟɞɟɥɭ 

ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. Ɋɚɡɪɭɲɟɧɢɟ ɥɢɧɟɣɤɢ ɩɪɨɢɡɨɣɞɟɬ ɩɨɬɨɦɭ, ɱɬɨ ɨɧɚ ɧɟ 

ɫɦɨɠɟɬ ɫɨɯɪɚɧɢɬɶ ɩɪɢɞɚɧɧɭɸ ɟɣ ɮɨɪɦɭ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ, ɫɠɚɬɨɝɨ ɫɬɟɪɠɧɹ, ɚ 

ɢɫɤɪɢɜɢɬɫɹ, ɱɬɨ ɜɵɡɨɜɟɬ ɩɨɹɜɥɟɧɢɟ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɨɬ ɫɠɢɦɚɸɳɢɯ ɫɢɥ 

Ɋ ɢ, ɫɬɚɥɨ ɛɵɬɶ, ɞɨɛɚɜɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɢɡɝɢɛɚ; ɥɢɧɟɣɤɚ ɩɨɬɟɪɹɟɬ 

ɭɫɬɨɣɱɢɜɨɫɬɶ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɥɨ, ɱɬɨɛɵ ɨɧɚ ɛɵɥɚ 

ɩɪɨɱɧɚ; ɧɚɞɨ, ɱɬɨɛɵ ɜɫɟ ɟɟ ɷɥɟɦɟɧɬɵ ɛɵɥɢ ɭɫɬɨɣɱɢɜɵ: ɨɧɢ ɞɨɥɠɧɵ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɨɤ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜ ɬɚɤɢɯ ɩɪɟɞɟɥɚɯ, ɱɬɨɛɵ ɯɚɪɚɤɬɟɪ ɢɯ 

ɪɚɛɨɬɵ ɨɫɬɚɜɚɥɫɹ ɧɟɢɡɦɟɧɧɵɦ. ɉɨɷɬɨɦɭ ɜ ɰɟɥɨɦ ɪɹɞɟ ɫɥɭɱɚɟɜ, ɜ ɱɚɫɬɧɨɫɬɢ, 

ɞɥɹ ɫɠɚɬɵɯ ɫɬɟɪɠɧɟɣ, ɩɨɦɢɦɨ ɩɪɨɜɟɪɤɢ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚ ɢ ɩɪɨɜɟɪɤɚ 

ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɷɬɨɣ ɩɪɨɜɟɪɤɢ ɧɚɞɨ ɛɥɢɠɟ ɨɡɧɚɤɨɦɢɬɶɫɹ 

ɫ ɭɫɥɨɜɢɹɦɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɹɦɨɥɢɧɟɣɧɨɣ ɮɨɪɦɵ ɫɠɚɬɨɝɨ 

ɫɬɟɪɠɧɹ ɧɚɪɭɲɚɟɬɫɹ. 

ɉɨɞ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɨɧɢɦɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦ ɫɨɯɪɚɧɹɬɶ ɢɯ 

ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɢɥɢ ɞɜɢɠɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɚɥɵɯ 

ɜɨɡɦɭɳɟɧɢɣ. ɉɨɞ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɩɨɧɢɦɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɜɟɫɶɦɚ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɩɨɥɭɱɚɬɶ ɛɨɥɶɲɢɟ ɩɟɪɟɦɟɳɟɧɢɹ. 

ɇɚɝɥɹɞɧɨɣ ɢɥɥɸɫɬɪɚɰɢɟɣ ɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɫɥɭɠɢɬ 

ɩɨɜɟɞɟɧɢɟ ɬɹɠёɥɨɝɨ ɲɚɪɢɤɚ ɧɚ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫɭɧɨɤ 1.5). 
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Ɋɢɫɭɧɨɤ 1.5 

 
ȿɫɥɢ ɫɥɟɝɤɚ ɨɬɤɥɨɧɢɬɶ ɲɚɪɢɤ ɨɬ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ I, ɤɚɤ ɩɨɤɚɡɚɧɨ 

ɩɭɧɤɬɢɪɨɦ, ɢ ɩɪɟɞɨɫɬɚɜɢɬɶ ɟɝɨ ɫɚɦɨɦɭ ɫɟɛɟ, ɬɨ ɜ ɫɥɭɱɚɟ ɚ) ɲɚɪɢɤ ɧɚɱɧёɬ 

ɤɨɥɟɛɚɬɶɫɹ ɨɤɨɥɨ ɧɢɠɧɟɝɨ ɩɨɥɨɠɟɧɢɹ I ɢ ɜɟɪɧёɬɫɹ ɤ ɧɟɦɭ; ɜ ɛ) ɨɧ ɨɫɬɚёɬɫɹ 

ɛɟɡɪɚɡɥɢɱɧɵɦ, ɚ ɜ ɫɥɭɱɚɟ ɜ) ɨɧ ɧɚɱɧёɬ ɫɪɚɡɭ ɠɟ ɭɞɚɥɹɬɶɫɹ ɨɬ ɩɨɥɨɠɟɧɢɹ I. 

ɉɪɢɜɟɞёɧɧɵɣ ɩɪɢɦɟɪ ɨɬɨɠɞɟɫɬɜɥɹɟɬ ɩɨɧɹɬɢɟ ɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɲɚɪɢɤɚ ɫɨ ɫɜɨɣɫɬɜɨɦ ɜɨɡɦɭɳёɧɧɨɝɨ (ɨɬɤɥɨɧёɧɧɨɝɨ) ɫɨɫɬɨɹɧɢɹ  

II  ɜɨɡɜɪɚɳɚɬɶɫɹ ɤ ɢɫɯɨɞɧɨɦɭ I. 

ɂɫɬɨɪɢɹ ɧɚɭɤɢ ɡɧɚɟɬ ɪɚɡɥɢɱɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɧɹɬɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɢɟ, ɞɚɧɧɨɟ Ʌ. Эɣɥɟɪɨɦ ɜ 1749ɝ. ɜ ɫɜɹɡɢ ɫ 

ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɦ ɜɨɩɪɨɫɨɦ ɬɨɝɨ ɜɪɟɦɟɧɢ – ɜɨɩɪɨɫɨɦ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɤɨɪɚɛɥɟɣ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɥɨɬɚ: «ɬɟɥɚ ɪɚɜɧɨɜɟɫɧɨɟ ɩɨɥɨɠɟɧɢɟ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɨ, 

ɟɠɟɥɢ ɨɧɨɟ ɬɟɥɨ, ɛɭɞɭɱɢ ɧɟɫɤɨɥɶɤɨ ɧɚɤɥɨɧɟɧɨ, ɨɩɹɬɶ ɫɩɪɚɜɢɬɫɹ» (ɪɢɫɭɧɨɤ 

1.5). 

Ɍɟɪɦɢɧ ɭɫɬɨɣɱɢɜɨɫɬɶ ɛɵɥ ɜɜɟɞёɧ ɜ ɧɚɭɤɭ ɜɩɟɪɜɵɟ Ʌ.Эɣɥɟɪɨɦ. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɭɩɪɭɝɢɦ ɫɢɫɬɟɦɚɦ ɨɩɪɟɞɟɥɟɧɢɟ Эɣɥɟɪɚ ɦɨɠɧɨ 

ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɪɚɜɧɨɜɟɫɢɟ ɭɩɪɭɝɨɣ ɫɢɫɬɟɦɵ ɩɪɢ 

ɡɚɞɚɧɧɵɯ ɜɧɟɲɧɢɯ ɫɢɥɚɯ ɫɱɢɬɚɟɬɫɹ ɭɫɬɨɣɱɢɜɵɦ ɜ ɫɦɵɫɥɟ Эɣɥɟɪɚ, ɟɫɥɢ ɩɨɫɥɟ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɧɹɬɢɹ ɦɚɥɨɣ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ 

ɫɢɫɬɟɦɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ ɫɜɨɟɦɭ ɢɫɯɨɞɧɨɦɭ ɫɨɫɬɨɹɧɢɸ (ɪɢɫɭɧɨɤ 1.6ɚ). ȼ 

ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ ɫɱɢɬɚɟɬɫɹ 

ɧɟɭɫɬɨɣɱɢɜɵɦ.  
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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

 
Ɋɢɫɭɧɨɤ 1.6 ɚ, ɛ, ɜ - ȼɨɡɦɭɳɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ 

 

ɥɢɛɨ  

Ɋɢɫɭɧɨɤ 1.7 

 

Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ P, ɩɪɢ ɤɨɬɨɪɨɦ ɫɢɫɬɟɦɚ ɜɩɟɪɜɵɟ ɧɟ 

ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ ɢɫɯɨɞɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɧɚɡɵɜɚɟɬɫɹ ɛɢɮɭɪɤɚɰɢɨɧɧɵɦ. ɉɪɢ 

ɷɬɨɦ ɡɧɚɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚɪɭɲɟɧɢɟ ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ, ɬ.ɤ. ɧɚɪɹɞɭ ɫ ɢɫɯɨɞɧɨɣ ɩɪɹɦɨɥɢɧɟɣɧɨɣ ɮɨɪɦɨɣ ɪɚɜɧɨɜɟɫɢɹ ɫɬɟɪɠɧɹ 

ɫɭɳɟɫɬɜɭɟɬ ɨɬɤɥɨɧёɧɧɚɹ ɮɨɪɦɚ. 

Ⱦɪɭɝɢɦ, ɛɨɥɟɟ ɨɛɳɢɦ, ɨɩɪɟɞɟɥɟɧɢɟɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ 

ɪɚɜɧɨɜɟɫɢɹ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ Ʌɚɝɪɚɧɠɚ: ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 

ɭɩɪɭɝɨɣ ɫɢɫɬɟɦɵ ɭɫɬɨɣɱɢɜɨ, ɟɫɥɢ ɩɨɫɥɟ ɨɬɤɥɨɧɟɧɢɹ ɟё ɨɬ ɷɬɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɨɧɚ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɚɹ ɫɚɦɨɣ ɫɟɛɟ, ɫɬɪɟɦɢɬɫɹ ɜɟɪɧɭɬɶɫɹ ɤ ɧɟɦɭ, ɫɨɜɟɪɲɚɹ 

ɦɚɥɵɟ ɤɨɥɟɛɚɧɢɹ, ɡɚɬɭɯɚɸɳɢɟ ɫɨ ɜɪɟɦɟɧɟɦ ɩɪɢ ɧɚɥɢɱɢɢ ɫɢɥ ɜɧɟɲɧɟɝɨ ɢ 

ɜɧɭɬɪɟɧɧɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɪɢɫɭɧɨɤ 1.6ɛ). 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɠɢɦɚɸɳɟɣ ɫɢɥɵ ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɫɢɫɬɟɦɵ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ, ɚ ɡɚɬɟɦ ɞɜɢɠɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɚɩɟɪɢɨɞɢɱɟɫɤɢ 

ɧɟɭɫɬɨɣɱɢɜɵɦ (ɪɢɫɭɧɨɤ 1.6ɜ). 
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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

Ⱦɥɹ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɜɧɟɲɧɢɯ ɫɢɥ ɤɪɢɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɧɚɯɨɞɢɬɫɹ ɢɡ 

ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɫɨɜɩɚɞɚɟɬ 

ɫ Эɣɥɟɪɨɜɨɣ ɧɚɝɪɭɡɤɨɣ. 

 

 
Ɋɢɫɭɧɨɤ 1.8 

 
ȿɫɥɢ ɫɢɫɬɟɦɚ (ɫɠɚɬɵɣ ɫɬɟɪɠɟɧɶ) ɢɫɩɵɬɵɜɚɟɬ ɩɥɚɫɬɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ, 

ɬɨ ɩɪɢ ɥɸɛɨɦ ɦɚɥɨɦ ɜɨɡɦɭɳɟɧɢɢ ɨɧ ɢɡɝɢɛɚɟɬɫɹ ɢ ɡɚɬɟɦ ɩɪɢ ɫɧɹɬɢɢ 

ɜɨɡɦɭɳɟɧɢɹ ɧɟ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɫɜɨё ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɩɨ 

Эɣɥɟɪɭ ɜɫɹɤɨɟ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɠɚɬɨɣ ɫɢɫɬɟɦɵ ɡɚ ɩɪɟɞɟɥɨɦ ɭɩɪɭɝɨɫɬɢ 

– ɧɟɭɫɬɨɣɱɢɜɨɟ.  

Ɍɚɤɨɟ ɞɨɩɭɳɟɧɢɟ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɚɛɫɭɪɞɧɵɦ. ȼ.Ƚ.Ɂɭɛɱɚɧɢɧɨɜɵɦ ɩɪɟɞɥɨɠɟɧɨ ɱɚɫɬɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɠɚɬɨɣ ɫɢɫɬɟɦɵ ɡɚ ɩɪɟɞɟɥɨɦ ɭɩɪɭɝɨɫɬɢ: ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 

ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɵɦ, ɟɫɥɢ ɨɧɚ ɩɨɫɥɟ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɧɹɬɢɹ ɦɚɥɨɣ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ 

ɫɬɪɟɦɢɬɫɹ ɜɟɪɧɭɬɶɫɹ ɜ ɫɜɨё ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɪɟɛɵɜɚɹ ɜ ɟɝɨ ɦɚɥɨɣ 

ɨɤɪɟɫɬɧɨɫɬɢ. 

ɂɡ ɩɪɢɜɟɞёɧɧɵɯ ɜɵɲɟ ɬɪёɯ ɨɩɪɟɞɟɥɟɧɢɣ ɩɨ ɫɭɳɟɫɬɜɭ ɜɵɬɟɤɚɟɬ 

ɨɞɢɧɚɤɨɜɵɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ –

 ɦɟɬɨɞ ɩɪɨɛ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɭɬёɦ ɜɨɡɦɭɳɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɞɨɫɬɢɝɧɭɬɨɦ ɭɪɨɜɧɟ ɧɚɝɪɭɠɟɧɢɹ. Эɬɨɬ ɦɟɬɨɞ ɨɛɥɚɞɚɟɬ ɬɟɦ 

ɧɟɞɨɫɬɚɬɤɨɦ, ɱɬɨ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɩɪɨɰɟɫɫ ɧɚɝɪɭɠɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ 

ɤɨɬɨɪɨɝɨ ɛɵɥ ɞɨɫɬɢɝɧɭɬ ɞɚɧɧɵɣ ɭɪɨɜɟɧɶ ɜɧɟɲɧɢɯ ɫɢɥ, ɚ ɬɚɤɠɟ ɬɟɦ, ɱɬɨ 
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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɨɛɥɚɫɬɶ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɢɲɶ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɶɸ ɬɨɱɤɢ 

ɛɢɮɭɪɤɚɰɢɢ. 

Чɬɨ ɩɪɨɢɡɨɣɞёɬ ɡɚ ɬɨɱɤɨɣ ɛɢɮɭɪɤɚɰɢɢ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɭɠɟɧɢɢ 

ɫɢɫɬɟɦɵ? ɇɚ ɷɬɨɬ ɜɨɩɪɨɫ ɦɟɬɨɞ ɩɪɨɛ ɨɬɜɟɬɚ ɧɟ ɞɚёɬ. ɋɭɞɢɬɶ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɢɥɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɛɟɡ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɥɟ ɛɢɮɭɪɤɚɰɢɨɧɧɨɝɨ 

ɩɨɜɟɞɟɧɢɹ ɧɟɜɨɡɦɨɠɧɨ. 

Ɍɚɤ, ɞɥɹ ɫɬɟɪɠɧɟɣ ɩɨɫɥɟ ɛɢɮɭɪɤɚɰɢɢ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɫɬɭɬ ɧɚɫɬɨɥɶɤɨ 

ɛɵɫɬɪɨ, ɱɬɨ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɝɪɭɡɤɢ mP  ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɛɢɮɭɪɤɚɰɢɨɧɧɨɝɨ. 

 
           1.3 Ɇɨɞɟɥɶɧɵɟ ɡɚɞɚɱɢ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢя ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɭɩɪɭɝɢх ɫɢɫɬɟɦ. 
 

1.3.1 Ɇɟɬɨɞ ɗɣɥɟɪɚ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɭɸ ɦɨɞɟɥɶɧɭɸ ɡɚɞɚɱɭ, ɤɨɬɨɪɚɹ ɩɨɦɨɠɟɬ ɜɵɹɫɧɢɬɶ ɜɫɟ 

ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. ɉɭɫɬɶ ɚɛɫɨɥɸɬɧɨ ɠёɫɬɤɢɣ ɫɬɟɪɠɟɧɶ 

(ɫɬɨɣɤɚ) ɲɚɪɧɢɪɧɨ ɨɩёɪɬ ɧɚ ɧɢɠɧɟɦ ɤɨɧɰɟ ɢ ɡɚɤɪɟɩɥёɧ ɫ ɩɨɦɨɳɶɸ ɭɩɪɭɝɨɣ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɪɭɠɢɧɵ ɧɚ ɜɟɪɯɧɟɦ. Эɬɚ ɩɪɭɠɢɧɚ ɨɬɪɚɠɚɟɬ ɭɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ 

ɫɢɫɬɟɦɵ ɩɪɢ ɩɨɩɟɪɟɱɧɨɦ ɨɬɤɥɨɧɟɧɢɢ. Ɋɟɚɤɰɢɸ ɩɪɭɠɢɧɵ R ɩɪɟɞɫɬɚɜɢɦ 

ɫɨɨɬɧɨɲɟɧɢɟɦ: 

 

...3
3

2
201  fkfkfkR  

 

ɝɞɟ f - ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɜɟɪɯɧɟɝɨ ɤɨɧɰɚ ɫɬɨɣɤɢ.  

ȿɫɥɢ ɩɟɪɟɦɟɳɟɧɢɟ f ɦɚɥɨ, ɬɨ ɧɟɥɢɧɟɣɧɵɦɢ ɱɥɟɧɚɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢ 

ɩɪɢɧɹɬɶ fkR 1 . ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɡɚɞɚɱɚ ɩɪɢɧɢɦɚɟɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢ 

ɧɟɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ. 

ɇɚɝɪɭɡɢɦ ɫɬɨɣɤɭ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɨɣ P. ȿɫɥɢ ɩɨɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɠёɫɬɤɢɣ 

ɫɬɟɪɠɟɧɶ ɩɨɩɟɪɟɱɧɨɣ ɦɚɥɨɣ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɨɣ q, ɬɨ ɨɧ ɨɬɤɥɨɧɢɬɫɹ ɧɚ 
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ɧɟɤɨɬɨɪɵɣ ɦɚɥɵɣ ɭɝɨɥ  . Ɍɟɩɟɪɶ ɫɧɢɦɟɦ ɷɬɭ ɫɢɥɭ ɫɬɚɬɢɱɟɫɤɢ. ȿɫɥɢ ɫɬɨɣɤɚ 

ɜɟɪɧёɬɫɹ ɩɪɢ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɫɢɥɵ P ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɬɨ ɨɧɚ 

ɭɫɬɨɣɱɢɜɚ ɜ ɫɦɵɫɥɟ Эɣɥɟɪɚ, ɟɫɥɢ ɧɟ ɜɟɪɧёɬɫɹ, ɬɨ ɧɟɭɫɬɨɣɱɢɜɚ. ɉɭɫɬɶ ɢɦɟɟɬ 

ɦɟɫɬɨ ɜɬɨɪɨɣ ɫɥɭɱɚɣ. ɋɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɫɬɨɣɤɢ: 

 
00 0  RlPfmm , 

 
 

ɝɞɟ lRklf 1,  - ɪɟɚɤɰɢɹ ɭɩɪɭɝɨɣ ɩɪɭɠɢɧɵ. 
 

ɂɡ ɜɟɪɯɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ:  
 

0)( 1  flkP , 

 

ɨɬɤɭɞɚ ɥɢɛɨ 0f  (ɭɫɬɨɣɱɢɜɨɫɬɶ), ɥɢɛɨ f 0 (ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ). ɉɭɫɬɶ f 0. 

Ɍɨɝɞɚ ɜ ɧɭɥɶ ɨɛɪɚɬɢɬɫɹ ɤɪɭɝɥɚɹ ɫɤɨɛɤɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɤɪɢɬɢɱɟɫɤɭɸ ɫɢɥɭ 

 

lkPP 13*  , 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ *P , ɩɪɢ ɤɨɬɨɪɨɦ ɫɢɫɬɟɦɚ ɜɩɟɪɜɵɟ ɧɟ 

ɜɨɡɜɪɚɬɢɥɚɫɶ ɤ ɢɫɯɨɞɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɧɚɡɵɜɚɟɬɫɹ ɛɢɮɭɪɤɚɰɢɨɧɧɨɣ ɧɚɝɪɭɡɤɨɣ 

Эɣɥɟɪɚ.  

ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɢ ɫɢɥɵ Ɋ ɩɪɨɢɫɯɨɞɢɬ ɧɚɪɭɲɟɧɢɟ ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ( 0f ), ɬ.ɟ. ɛɢɮɭɪɤɚɰɢя ɢɥɢ ɜɟɬɜɥɟɧɢɟ ɪɟɲɟɧɢя. ȼɨɩɪɨɫ ɨ 

ɬɨɦ, ɤɚɤ ɛɭɞɟɬ ɜɟɫɬɢ ɫɟɛɹ ɫɬɨɣɤɚ ɩɪɢ 3*> PPP   ɨɫɬɚёɬɫɹ ɨɬɤɪɵɬɵɦ. 

 
1.3.2 Ɇɟɬɨɞ Ʌɚɝɪɚɧɠɚ 

 
ȼ ɨɫɧɨɜɭ ɷɬɨɝɨ ɦɟɬɨɞɚ ɩɨɥɨɠɟɧɨ ɞɢɧɚɦɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ Ʌɚɝɪɚɧɠɚ. Ⱦɥɹ ɨɬɤɥɨɧёɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɫɬɨɣɤɢ, ɩɨɥɶɡɭɹɫɶ ɩɪɢɧɰɢɩɨɦ Ⱦɚɥɚɦɛɟɪɚ, ɢɦɟɟɦ: 
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  ,00 0  lPfJRmm 0 

 

ɝɞɟ R=kf - ɭɩɪɭɝɚɹ ɪɟɚɤɬɢɜɧɚɹ ɫɢɥɚ; 

'mfJ   - ɫɢɥɚ ɢɧɟɪɰɢɢ; 

lf   - ɩɪɨɝɢɛ; 

2

2

dt

fd
f   - ɭɫɤɨɪɟɧɢɟ; 

m – ɦɚɫɫɚ ɝɪɭɡɚ ɧɚ ɤɨɧɰɟ ɫɬɨɣɤɢ. 

 

 
ɚ                    ɛ) 

Ɋɢɫɭɧɨɤ 1.9 
 

ɇɚɯɨɞɢɦ ɭɪɚɜɧɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɦɚɫɫɨɣ m: 
 

  .01  fPlkmlf  

 

ɉɨɥɚɝɚɹ, ,kcef   ɩɨɥɭɱɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ: 
 

022 k  
 

ɝɞɟ .1

ml

Plk 
  

 

ȿɫɥɢ lkP 1< ,ɬɨ  ,1-i,ik0,>     
 

   tAtCtCf sincossin 21  
 

ɝɞɟ   - ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ; 
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  - ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ; 

 A – ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ. 

 Ⱦɜɢɠɟɧɢɟ ɧɨɫɢɬ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɢ ɩɨɬɨɦɭ ɭɫɬɨɣɱɢɜɨ. ȿɫɥɢ 

ɭɱɟɫɬɶ ɜɧɟɲɧɟɟ ɢ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ, ɬɨ ɪɟɲɟɧɢɟ ɛɭɞɟɬ ɢɦɟɬɶ 

ɜɢɞ: 

 
 ,sin    tAef t  

 
 

ɝɞɟ   - ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɢɠɟɧɢɣ.  

  Ʉɨɥɟɛɚɧɢɹ ɫ ɪɨɫɬɨɦ ɜɪɟɦɟɧɢ t ɡɚɬɭɯɧɭɬ, ɢ ɫɢɫɬɟɦɚ ɜɟɪɧёɬɫɹ ɜ ɫɜɨё 

ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 

ɭɫɬɨɣɱɢɜɨ. 

  ȿɫɥɢ ,< 1lkɊ  ɬɨ k – ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɱɢɫɥɨ. Ɋɟɲɟɧɢɟ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

 

ktkt lClCf  21  

 

ɢ ɧɨɫɢɬ ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ, ɬ.ɟ. ɧɟɭɫɬɨɣɱɢɜɵɣ ɯɚɪɚɤɬɟɪ. ɉɪɢ t  ɢɦɟɟɦ t . 

ɉɪɢ 0  ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɨɬ ɭɫɬɨɣɱɢɜɨɝɨ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɜɢɠɟɧɢɹ 

ɫɬɨɣɤɢ ɤ ɧɟɭɫɬɨɣɱɢɜɨɦɭ ɚɩɟɪɢɨɞɢɱɟɫɤɨɦɭ. Эɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɣ 

ɫɢɥɟ lkP 1*  .  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞ Ʌɚɝɪɚɧɠɚ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ ɠɟ 

ɪɟɡɭɥɶɬɚɬɭ, ɱɬɨ ɢ ɦɟɬɨɞ Эɣɥɟɪɚ. 

  
1.3.3 Ɇɟɬɨɞ Ʉɚɪɦɚɧɚ (ɧɚɱɚɥɶɧɵх ɧɟɫɨɜɟɪɲɟɧɫɬɜ).  

 
Ɍ. Ʉɚɪɦɚɧ ɩɟɪɜɵɦ ɪɚɫɫɦɨɬɪɟɥ ɩɪɨɰɟɫɫ ɩɪɨɞɨɥɶɧɨɝɨ ɢɡɝɢɛɚ ɫɬɨɣɤɢ ɫ 

ɧɚɱɚɥɶɧɵɦɢ ɧɟɫɨɜɟɪɲɟɧɫɬɜɚɦɢ ɤɚɤ ɡɚɞɚɱɭ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɬɪɚɤɬɨɜɚɥ 

ɩɪɟɞɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɧɟ ɤɚɤ ɢɫɱɟɪɩɚɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ, ɚ ɤɚɤ 

ɩɪɟɞɟɥ ɭɫɬɨɣɱɢɜɨɫɬɢ. Ɉɞɧɚɤɨ ɬɚɤɚɹ ɬɨɱɤɚ ɡɪɟɧɢɹ ɞɨɥɝɨɟ ɜɪɟɦɹ (ɜɩɥɨɬɶ ɞɨ 
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ɧɚɲɢɯ ɞɧɟɣ) ɧɟ ɧɚɯɨɞɢɥɚ ɩɨɞɞɟɪɠɤɢ. ɉɪɢɦɟɧɢɦ ɦɟɬɨɞ Ʉɚɪɦɚɧɚ ɤ ɫɬɨɣɤɟ ɧɚ 

ɪɢɫɭɧɤɟ 1.10,ɚ. 

 

ɚ)                                 ɛ)                         ɜ) 
Ɋɢɫɭɧɨɤ 1.10 ɚ, ɛ, ɜ 

 

ɋɬɨɣɤɚ ɢɦɟɟɬ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɜɟɪɬɢɤɚɥɢ ɧɚ ɧɟɤɨɬɨɪɵɣ ɭɝɨɥ 0  ɢ 

ɫɠɢɦɚɟɬɫɹ ɫɢɥɨɣ P. ɉɪɢ P > 0 ɫɬɨɣɤɚ ɨɬɤɥɨɧɢɬɫɹ ɨɬ ɜɟɪɬɢɤɚɥɢ ɧɚ ɭɝɨɥ 0> . 

ɍɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ ɩɪɨɰɟɫɫɚ ɩɪɨɞɨɥɶɧɨɝɨ 

ɧɚɝɪɭɠɟɧɢɹ ɫɬɨɣɤɢ ɢɦɟɟɬ ɜɢɞ: 

 
,0 RlRf  

 
ɝɞɟ  .01 ffkR   
 

Ⱦɚɥɶɲɟ ɫɥɟɞɭɟɬ: 
 

,1 0
* 










f

f
PP ,

*

*0

PP

Pf
f


  

 
Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ ɩɨ f ɢɥɢ ɩɨ P ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚɯɨɞɢɦ: 
 

 2*

*0

*

*0

PP

Pf

PP

Pf

dP

d

dP

df













  

 

ɨɬɤɭɞɚ ɩɪɢ lkPP 1*   ɫɥɟɞɭɟɬ 
dP

dt
. 
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ɋɨɝɥɚɫɧɨ ɢɡɥɨɠɟɧɧɨɣ ɤɨɧɰɟɩɰɢɢ ɡɧɚɱɟɧɢɟ ɫɢɥɵ lkP 1*   ɹɜɥɹɟɬɫɹ 

ɩɪɟɞɟɥɨɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɫɨɜɩɚɞɚɟɬ ɫ ɷɣɥɟɪɨɜɨɣ ɫɢɥɨɣ. 

  
1.3.4 ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɋ.ɉ. Ɍɢɦɨɲɟɧɤɨ  

 
ɉɪɢ ɨɬɤɥɨɧɟɧɢɢ ɫɢɫɬɟɦɵ ɧɚ ɭɝɨɥ  ɨɬ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ, ɜɟɪɯɧɢɣ 

ɤɨɧɟɰ ɫɬɟɪɠɧɹ ɨɩɭɫɤɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ  . ɋɢɥɚ P ɫɨɜɟɪɲɚɟɬ ɪɚɛɨɬɭ  PA  

 
ɉɟɪɟɦɟɳɟɧɢɟ 

 

 ,
2

1

2

1
cos 22 lflll    

 

ɝɞɟ ɩɪɨɝɢɛ ...
2

1cos,
2


lf         

 

Ɋɚɛɨɬɚ ɫɢɥɵ P ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ   ɩɪɢɧɢɦɚɟɬ ɜɢɞ lPfA 22   
 

ɍɩɪɭɝɚɹ ɜɧɭɬɪɟɧɧɹɹ ɪɟɚɤɬɢɜɧɚɹ ɫɢɥɚ kfR   ɫɨɜɟɪɲɚɟɬ ɪɚɛɨɬɭ, 

ɧɚɡɵɜɚɟɦɭɸ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ ɞɟɮɨɪɦɚɰɢɢ: 

 
2

2

1

2

1
kfRfU  , 

 
ȼɟɥɢɱɢɧɚ 
 

 Pklf
l

AU  2

2

1П  

 
 

ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɨɥɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ, ɫɜɹɡɚɧɧɨɣ ɫ ɩɨɬɟɪɟɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. ȿɫɥɢ ɉ>0 (P<kl), ɬɨ ɷɧɟɪɝɢɢ ɉ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɜɨɡɜɪɚɳɟɧɢɹ 

ɫɬɟɪɠɧɹ ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɬ.ɟ. ɟɝɨ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɭɫɬɨɣɱɢɜɨ. ȿɫɥɢ 

ɉ<0 (P>kl), ɬɨ ɷɧɟɪɝɢɢ ɞɟɮɨɪɦɚɰɢɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɜɨɡɜɪɚɳɟɧɢɹ ɫɬɟɪɠɧɹ ɜ 

ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ, ɬ.ɟ. ɨɧ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɭɫɬɨɣɱɢɜɨɦ ɫɨɫɬɨɹɧɢɢ 
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ɪɚɜɧɨɜɟɫɢɹ. Ƚɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɉ=0 ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ P=kl. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ 

ɩɪɢɜɨɞɢɬ ɤ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ, ɪɚɜɧɨɣ ɧɚɝɪɭɡɤɟ Эɣɥɟɪɚ ɞɥɹ ɞɚɧɧɨɣ ɦɨɞɟɥɢ. 

 
1.4 Ɂɚɞɚɱɚ ɗɣɥɟɪɚ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɠɚɬɨɝɨ ɫɬɟɪɠɧя 
 

ɉɨɡɧɚɤɨɦɢɜɲɢɫɶ ɫ ɤɨɧɰɟɩɰɢɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɦɨɞɟɥɶɧɵɦɢ ɡɚɞɚɱɚɦɢ, 

ɦɵ ɦɨɠɟɦ ɬɟɩɟɪɶ ɩɟɪɟɣɬɢ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɡɚɞɚɱ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɩɪɭɝɨ ɫɠɚɬɨɝɨ 

ɫɬɟɪɠɧɹ (ɪɢɫɭɧɨɤ 1.11). 

 

ɚ) ɛ) 
Ɋɢɫɭɧɨɤ 1.11 ɚ, ɛ 

 

ɋɱɢɬɚɟɦ ɫɬɟɪɠɟɧɶ ɢɞɟɚɥɶɧɨ ɩɪɹɦɵɦ ɢ ɫɠɚɬɵɦ ɰɟɧɬɪɚɥɶɧɨ 

ɩɪɢɥɨɠɟɧɧɵɦɢ ɫɢɥɚɦɢ P (ɪɢɫɭɧɨɤ 1.11ɚ). ɋɥɟɞɭɹ ɦɟɬɨɞɭ Эɣɥɟɪɚ, ɛɭɞɟɦ 

ɫɱɢɬɚɬɶ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɭɩɪɭɝɨɝɨ ɫɬɟɪɠɧɹ ɭɫɬɨɣɱɢɜɵɦ, ɟɫɥɢ 

ɩɨɫɥɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɢ ɫɧɹɬɢɹ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ 

ɜɧɟɲɧɢɯ ɫɠɢɦɚɸɳɢɯ ɫɢɥɚɯ P ɫɬɟɪɠɟɧɶ ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ ɫɜɨɟɣ ɢɫɯɨɞɧɨɣ 

ɩɪɹɦɨɥɢɧɟɣɧɨɣ ɮɨɪɦɟ ɪɚɜɧɨɜɟɫɢɹ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 

ɫɱɢɬɚɟɦ ɧɟɭɫɬɨɣɱɢɜɵɦ. 

Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɫɬɟɪɠɟɧɶ ɨɫɬɚɥɫɹ ɜ ɢɡɨɝɧɭɬɨɦ ɫɨɫɬɨɹɧɢɢ (ɪɢɫɭɧɨɤ 1.11ɛ). 

Ɉɬɫɟɱёɦ ɱɚɫɬɶ ɫɬɟɪɠɧɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ z ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ, ɫɱɢɬɚɹ ɭɝɨɥ 

ɩɨɜɨɪɨɬɚ ɫɟɱɟɧɢɹ 
dz

dV
dV   ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ, ɢ ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɹ 

ɪɚɜɧɨɜɟɫɢɹ: 
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.,, 000 PVzQMMQQPN   

 

ɂɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɪɚɜɟɧ: 

 

.
2

2

dz

Vd
EJM   

 
ɉɪɢɪɚɜɧɢɜɚɹ ɜɵɪɚɠɟɧɢɹ ɦɨɦɟɧɬɨɜ, ɧɚɯɨɞɢɦ: 

 

zQMPV
dz

Vd
EJ 002

2

  

 
Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ ɩɨ z, ɩɨɥɭɱɢɦ: 

 

;02

2

QQ
dz

dV
P

dz

Vd
EJ   

 
Ⱦɢɮɮɟɪɟɧɰɢɪɭɟɦ ɩɨ z , ɩɪɢɯɨɞɢɦ ɤ ɭɪɚɜɧɟɧɢɸ ɢɡɨɝɧɭɬɨɣ ɨɫɢ 

ɩɨɬɟɪɹɜɲɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɪɠɧɹ ɱɟɬɜёɪɬɨɝɨ ɩɨɪɹɞɤɚ: 

  

0
2

2

2

2


dz

Vd
P

dz

Vd
EJ  

 

ȼɜɟɞёɦ ɨɛɨɡɧɚɱɟɧɢɟ: 

 

EJ

P
k 2  

 
Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

 

),(
1

00
2

2

2

zQM
EJ

Vk
dz

Vd
     .0

2

2
2

4

4


dz

vd
k

dz

Vd
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Ɉɛɳɟɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɢɦɟɟɬ ɜɢɞ: 
 

 .1
cossin 0021 zQM

P
kzCkzCV   

 
ȼ ɧɟɝɨ ɜɯɨɞɹɬ ɱɟɬɵɪɟ ɩɪɨɢɡɜɨɥɶɧɵɟ ɩɨɫɬɨɹɧɧɵɟ 0021 ,,, QMCC . 
 

Ɉɛɳɟɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ: 
 

4321 cos CzCkzCsimkzCv   

 

ȼ ɧɟɝɨ ɜɯɨɞɹɬ ɱɟɬɵɪɟ ɩɪɨɢɡɜɨɥɶɧɵɟ ɩɨɫɬɨɹɧɧɵɟ 
 

 ,4,3,2,1iCi  

 

ɉɪɨɢɡɜɨɞɧɵɟ: 
 

 
 
 














.sincos'''

,cossin''

,sincos'

21
3

21
2

321

kzCkzCkV

kzCkzCkV

CkzCkzCkV

 

 

ɂɫɩɨɥɶɡɭɹ ɧɟɤɨɬɨɪɵɟ ɜɵɪɚɠɟɧɢɹ, ɧɚɯɨɞɢɦ: 
 

 
 








.3
'

21

'''

,cos"

PCPVEJVQ

kzCsimkzCPEJVM
 

 

ɉɨɫɬɨɹɧɧɵɟ iC  ɧɚɯɨɞɹɬɫɹ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. Ⱦɥɹ ɲɚɪɧɢɪɧɨ 

ɡɚɤɪɟɩɥёɧɧɨɝɨ ɩɨ ɤɨɧɰɚɦ ɫɬɟɪɠɧɹ ɩɪɢ z=0 ɢ z=l ɢɦɟɟɦ ɭɫɥɨɜɢɹ: 

 

 .0',0,0  VMV  
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Ⱦɥɹ ɫɬɟɪɠɧɹ, ɡɚɳɟɦɥёɧɧɨɝɨ ɩɪɢ z=0  ɢ ɫɜɨɛɨɞɧɨɝɨ ɨɬ ɡɚɤɪɟɩɥɟɧɢɹ 

ɩɪɢ z=l, ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɹ: 

 

0',0  VV  ɩɪɢ z=0, 

 

   0,0,0",0 2  CQVM  ɩɪɢ z=l. 

 

ȿɫɥɢ ɧɚ ɧɟɡɚɤɪɟɩɥёɧɧɨɦ ɤɨɧɰɟ ɩɪɢ  z=l  ɞɟɣɫɬɜɭɸɬ ɜɧɟɲɧɢɣ  

ɦɨɦɟɧɬ m ɢ ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ R, ɬɨ: 

 

M=m, Q=R. 

 

ɉɪɢ ɥɸɛɨɦ ɡɚɤɪɟɩɥɟɧɢɢ ɤɨɧɰɨɜ ɫɬɟɪɠɧɹ ɦɵ ɢɦɟɟɦ ɱɟɬɵɪɟ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɹ (ɩɨ ɞɜɚ ɧɚ ɤɚɠɞɨɦ ɤɪɚɸ), ɤɨɬɨɪɵɟ ɩɪɢ ɩɨɞɫɬɚɧɨɜɤɟ ɜ ɧɢɯ ɜɵɪɚɠɟɧɢɣ 

ɩɪɢɜɨɞɹɬ ɤ ɫɢɫɬɟɦɟ ɱɟɬɵɪёɯ ɨɞɧɨɪɨɞɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ: 

 

   4,3,2,1,0
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iji  

 

ɢɥɢ 
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
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
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.0

,0

,0

,0

444433422411

344333322311

244233222211

144133122111

aCaCaCaC

aCaCaCaC

aCaCaCaC

aCaCaCaC

 

 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ  ɢɦɟɟɬ ɨɬɥɢɱɧɵɟ ɨɬ ɧɭɥɹ ɪɟɲɟɧɢɹ  0iC  ɬɨɥɶɤɨ 

ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɟё ɨɩɪɟɞɟɥɢɬɟɥɶ: 
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,0

44434241

34333231

24232221

14131211



aaaa

aaaa

aaaa

aaaa

aij  

 

ɨɬɤɭɞɚ, ɩɨɫɥɟ ɟɝɨ ɪɚɫɤɪɵɬɢɹ, ɧɚɯɨɞɢɦ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ kl: 

 

,



kl  

 
ɝɞɟ   - ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ. 

 
ȼɨɡɜɨɞɹ ɨɛɟ ɱɚɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɜɟɧɫɬɜɚ ɜ ɤɜɚɞɪɚɬ ɢ ɢɫɩɨɥɶɡɭɹ 

ɨɛɨɡɧɚɱɟɧɢɟ, ɩɨɥɭɱɚɟɦ ɮɨɪɦɭɥɭ ɞɥя ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢя ɫɢɥɵ (ɧɚɝɪɭɡɤɢ 

ɛɢɮɭɪɤɚɰɢɢ) Эɣɥɟɪɚ: 

 

 
,

2

2

l

EJx
PЭ




  

 

ɝɞɟ l  - ɩɪɢɜɟɞёɧɧɚɹ ɞɥɢɧɚ ɫɬɟɪɠɧɹ; 

 - ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɞɥɢɧɵ ɫɬɟɪɠɧɹ, ɤ ɞɥɢɧɟ ɲɚɪɧɢɪɧɨ ɨɩёɪɬɨɝɨ ɩɨ 

ɤɨɧɰɚɦ ɫɬɟɪɠɧɹ. 

Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ   – ɱɢɫɥɨ, ɩɨɤɚɡɵɜɚɸɳɟɟ, ɜɨ ɫɤɨɥɶɤɨ ɫɥɟɞɭɟɬ 

ɭɜɟɥɢɱɢɬɶ ɞɥɢɧɭ ɲɚɪɧɢɪɧɨ-ɨɩɟɪɬɨɝɨ ɫɬɟɪɠɧɹ, ɱɬɨɛɵ ɤɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ ɞɥɹ 

ɧɟɝɨ ɪɚɜɧɹɥɚɫɶ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɟ ɫɬɟɪɠɧɹ ɞɥɢɧɨɣ l ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 

ɭɫɥɨɜɢɹɯ ɡɚɤɪɟɩɥɟɧɢɹ. 

ɉɨɧɹɬɢɟ ɨ ɩɪɢɜɟɞɟɧɧɨɣ ɞɥɢɧɟ ɛɵɥɨ ɜɩɟɪɜɵɟ ɜɜɟɞɟɧɨ ɩɪɨɮɟɫɫɨɪɨɦ 

ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɢɧɠɟɧɟɪɨɜ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ Ɏ. əɫɢɧɫɤɢɦ. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɤɪɢɬɢɱɟɫɤɨɟ ɧɚɩɪяɠɟɧɢɟ Эɣɥɟɪɚ: 
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,
2


 Е

Э   

 

ɝɞɟ -  
i

l  ɝɢɛɤɨɫɬɶ ɫɬɟɪɠɧя; 

 
F

J
i min  - ɪɚɞɢɭɫ ɢɧɟɪɰɢɢ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. 

 
Ɏɨɪɦɭɥɚ ɞɥɹ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɫɠɚɬɨɣ ɤɨɥɨɧɧɵ  2 ɛɵɥɚ ɩɨɥɭɱɟɧɚ 

Эɣɥɟɪɨɦ ɜ 1744ɝ. ɚ ɞɥɹ ɫɠɚɬɨɝɨ ɲɚɪɧɢɪɧɨ ɨɩёɪɬɨɝɨ ɫɬɟɪɠɧɹ  1  - ɜ 1757ɝ. 

ȼɨ ɜɪɟɦɟɧɚ Эɣɥɟɪɚ (1707 – 1783) ɝɥɚɜɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ 

ɛɵɥɢ ɤɚɦɟɧɶ ɢ ɞɪɟɜɟɫɢɧɚ. ɂɯ ɫɥɚɛɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɚɦ ɡɚɫɬɚɜɥɹɥɨ 

ɢɧɠɟɧɟɪɨɜ ɫɨɡɞɚɜɚɬɶ ɦɚɫɫɢɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɨɨɪɭɠɟɧɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ 

ɜɨɩɪɨɫɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟ ɢɦɟɥɢ ɩɟɪɜɨɫɬɟɩɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

ɉɨɷɬɨɦɭ ɬɟɨɪɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ Эɣɥɟɪɚ ɞɨɥɝɨɟ ɜɪɟɦɹ ɧɟ ɧɚɯɨɞɢɥɚ 

ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. Ɍɨɥɶɤɨ ɫ ɜɜɟɞɟɧɢɟɦ ɫɬɚɥɢ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɢɧɠɟɧɟɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɝɢɛɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɜɨɩɪɨɫɵ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɨɥɭɱɢɥɢ ɛɨɥɶɲɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. 

Ɋɚɫɫɦɨɬɪɢɦ Эɣɥɟɪɨɜɭ ɮɨɪɦɭ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɟɪɠɧɟɣ. 

Ʉɪɢɬɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɞɥɹ ɫɬɟɪɠɧɟɣ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɞɥɹ ɩɥɚɫɬɢɧ, ɦɨɝɭɬ ɛɵɬɶ 

ɨɩɪɟɞɟɥɟɧɵ ɤɚɤ ɢɡ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɡɚɞɚɱɢ, ɬɚɤ ɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 

ɢɡɨɝɧɭɬɨɝɨ ɫɬɟɪɠɧɹ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɢɦɟɟɬ ɜɢɞ: 

 

MEJy "  
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Ɋɢɫɭɧɨɤ 1.12 

 

1.6 ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɠɚɬɨɝɨ ɫɬɟɪɠɧя ɫ ɲɚɪɧɢɪɧɨ-ɡɚɤɪɟɩɥɟɧɧɵɦɢ 
ɤɪɚяɦɢ 

 
Ʌɟɨɧɚɪɞ Эɣɥɟɪ ɪɚɫɫɦɨɬɪɟɥ ɡɚɞɚɱɭ ɫ ɲɚɪɧɢɪɧɨ ɨɩёɪɬɵɦɢ ɤɪɚɹɦɢ, ɬ.ɟ. ɫ 

ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ: 

 
0',0  EJVMV ɩɪɢ .,0 lz   

 
 

ɍɞɨɜɥɟɬɜɨɪɹɹ ɪɟɲɟɧɢɟ ɱɟɬɵɪёɦ ɭɫɥɨɜɢɹɦ, ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɱɟɬɵɪёɯ 

ɭɪɚɜɧɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɢɡɜɟɫɬɧɵɯ ɩɨɫɬɨɹɧɧɵɯ 

 





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






.0cossin

,0cossin

,0,0

21

4321

242

klCklC

ClCklCklC

CCC

 

 

ɨɬɤɭɞɚ ɩɨɥɭɱɚɟɦ .0sin,0 1342  klCCCC  

ȿɫɥɢ ,01 C  ɬɨ V=0. ȿɫɥɢ ,01 C  ɬɨ V 0 ɢ 0sin kl  ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ 

 nkl  , ɝɞɟ n=1,2,3,… ɋɥɟɞɨɜɚɬɟɥɶɧɨ 
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ɨɬɤɭɞɚ Эɣɥɟɪɨɜɚ ɛɢɮɭɪɤɚɰɢɨɧɧɚɹ ɧɚɝɪɭɡɤɚ: 
 

,
2

22

l

EJn
PЭ


  

 
Ɇɢɧɢɦɚɥɶɧɚɹ ɛɢɮɭɪɤɚɰɢɨɧɧɚɹ ɫɢɥɚ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ n=1, ɬ.ɟ. ɩɪɢ 

ɢɡɝɢɛɟ ɫɬɟɪɠɧɹ ɩɨ ɨɞɧɨɣ ɩɨɥɭɜɨɥɧɟ: 

 

,
2

2

l

EJn
PЭ   

 
ɉɪɢ n>1 ɜɵɩɭɱɢɜɚɧɢɟ ɜɨɡɦɨɠɧɨ, ɟɫɥɢ ɜ ɬɨɱɤɚɯ ɫɦɟɧɵ ɡɧɚɤɨɜ ɤɪɢɜɢɡɧɵ 

ɢ ɩɪɨɝɢɛɨɜ ɭɫɬɚɧɨɜɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɩɨɪɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ n/1 . 

 

 
Ɋɢɫɭɧɨɤ 1.13 

 
 

1.7 ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɥɚɫɬɢɧ ɩɪɢ ɥɨɤɚɥɶɧɵх ɧɚɝɪɭɡɤɚх 

 

Ɂɚɞɚɱɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɨɧɤɢɯ ɭɩɪɭɝɢɯ ɩɥɚɫɬɢɧ, ɧɚɝɪɭɠɟɧɧɵɯ ɜ ɫɜɨɟɣ 

ɩɥɨɫɤɨɫɬɢ ɥɨɤɚɥɶɧɵɦɢ ɜɧɟɲɧɢɦɢ ɭɫɢɥɢɹɦɢ, ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ 

ɡɧɚɱɟɧɢɟ, ɚ ɪɟɲɟɧɢɟ ɬɚɤɢɯ ɡɚɞɚɱ ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɟɫɨɦɧɟɧɧɵɣ ɦɟɬɨɞɢɱɟɫɤɢɣ 

ɢɧɬɟɪɟɫ. 

 

Ɋɢɫɭɧɨɤ 1.14 ɚ, ɛ 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ ɩɪɢ ɥɨɤɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ 

ɩɨɡɜɨɥɹɸɬ ɧɚɢɛɨɥɟɟ ɧɚɝɥɹɞɧɨ ɜɵɹɜɢɬɶ ɧɟɤɨɬɨɪɵɟ ɨɛɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɡɚɞɚɱ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ. ɇɚɩɪɢɦɟɪ, ɡɚɞɚɱɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 

ɩɥɚɫɬɢɧɵ ɧɚɝɪɭɠɟɧɧɨɣ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɢɥɚɦɢ, ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɨɝɨ, ɱɬɨ ɜ ɤɪɢɬɟɪɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɮɨɪɦɟ Ȼɪɚɣɚɧɚ ɧɟɥɶɡɹ 

ɡɚɦɟɧɹɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɧɚɱɚɥɶɧɵɟ ɭɫɢɥɢɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɫɬɚɬɢɱɟɫɤɢ 

ɜɨɡɦɨɠɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɢɥɢɣ (ɪɢɫɭɧɨɤ 1.14). 

ɉɪɟɠɞɟ ɱɟɦ ɩɟɪɟɣɬɢ ɤ ɤɨɧɤɪɟɬɧɵɦ ɡɚɞɚɱɚɦ, ɨɬɦɟɬɢɦ, ɱɬɨ ɩɪɢ 

ɧɚɝɪɭɠɟɧɢɢ ɩɥɚɫɬɢɧ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɢɥɚɦɢ ɧɟ ɨɱɟɜɢɞɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ 

ɤɨɧɟɱɧɵɯ ɡɧɚɱɟɧɢɣ ɤɪɢɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ ɬɨɱɟɤ 

ɩɪɢɥɨɠɟɧɢɹ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɫɢɥ ɜɨɡɧɢɤɚɸɬ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɛɨɥɶɲɢɟ 

ɧɚɩɪɹɠɟɧɢɹ, ɩɨɷɬɨɦɭ ɛɟɫɫɦɵɫɥɟɧɧɨ ɝɨɜɨɪɢɬɶ ɨ ɤɪɢɬɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɹɯ ɜ 

ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɥɚɫɬɢɧɵ.  

ɋɬɪɨɝɨ ɝɨɜɨɪɹ, ɧɟɨɛɯɨɞɢɦɨ ɞɨɤɚɡɚɬɶ, ɱɬɨ ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ ɩɨɬɟɪɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧɵ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɬɨɥɶɤɨ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɜɧɟɲɧɟɣ 

ɧɚɝɪɭɡɤɨɣ ɧɟɤɨɬɨɪɨɝɨ ɤɨɧɟɱɧɨɝɨ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ. Ɍɚɤɢɦ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɩɢɫɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɪɢɬɟɪɢɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɮɨɪɦɟ ɋ. ɉ. Ɍɢɦɨɲɟɧɤɨ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 

ɤɪɢɬɟɪɢɹ ɜ ɬɚɤɨɣ ɮɨɪɦɟ ɡɚɞɚɱɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ, ɧɚɝɪɭɠɟɧɧɵɯ 

ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɢɥɚɦɢ, ɧɟ ɬɪɟɛɭɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɢɥɢɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɢɟ 

ɧɚɩɪɹɠɟɧɢɹ ɜ ɪɟɲɟɧɢɢ ɧɟ ɮɢɝɭɪɢɪɭɸɬ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɲɚɪɧɢɪɧɨ-

ɨɩɟɪɬɨɣ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ, ɫɠɚɬɨɣ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɢɥɚɦɢ (ɪɢɫɭɧɨɤ 

1.14ɚ). ɉɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨɥɭɱɢɦ ɫ ɩɨɦɨɳɶɸ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 

ɤɪɢɬɟɪɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɜɵɪɚɠɟɧɧɨɝɨ ɱɟɪɟɡ ɫɬɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɟ ɧɚɱɚɥɶɧɵɟ 

ɭɫɢɥɢɹ. ɂɡɦɟɧɟɧɢɟ ɩɨɥɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɥɚɫɬɢɧɵ ɪɚɜɧɨ 
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ɋɢɫɬɟɦɭ ɫɬɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɢɥɢɣ ɜɵɛɟɪɟɦ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 
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ɉɪɢ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɫɬɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɢɥɢɣ ɢɡ 

ɜɵɪɚɠɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ 
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Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɟɲɟɧɢɹ ɜɨɡɶɦɟɦ ɮɭɧɤɰɢɢ ɧɨɪɦɚɥɶɧɨɝɨ ɩɪɨɝɢɛɚ ɢ 

ɭɫɢɥɢɣ ɜ ɬɚɤɨɦ ɠɟ ɜɢɞɟ, ɤɚɤ ɜ ɩɪɢɦɟɪɟ, ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɜ ɩɪɟɞɵɞɭɳɟɦ 

ɩɚɪɚɝɪɚɮɟ: 
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Ɍɨɝɞɚ: 
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Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɩɚɪɚɝɪɚɮɟ, ɩɪɢ 
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ɉɨɫɥɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɭɫɥɨɜɢɟ ɩɪɢɜɨɞɢɬ ɤ ɜɵɪɚɠɟɧɢɸ ɞɥɹ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ 
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Ⱦɥɹ ɩɥɚɫɬɢɧɵ ɫ ɤɨɧɟɱɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɷɬɭ ɡɚɞɚɱɭ ɪɟɲɚɥ ɋ. ɉ. Ɍɢɦɨɲɟɧɤɨ 

ɫ ɩɨɦɨɳɶɸ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ. ɋɪɟɞɢɧɧɭɸ ɩɥɨɫɤɨɫɬɶ ɩɥɚɫɬɢɧɵ ɩɪɢ 

ɩɨɬɟɪɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɧ ɫɱɢɬɚɥ ɧɟɪɚɫɬɹɠɢɦɨɣ ɢ ɞɥɹ ɩɨɞɫɱɟɬɚ ɢɡɦɟɧɟɧɢɹ 

ɩɨɥɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɥɚɫɬɢɧɵ ɢɫɩɨɥɶɡɨɜɚɥ ɜɵɪɚɠɟɧɢɟ: 
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Ɂɚɞɚɜ ɮɭɧɤɰɢɸ ɩɨɩɟɪɟɱɧɨɝɨ ɩɪɨɝɢɛɚ ɜ ɜɢɞɟ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɝɨ ɪɹɞɚ, 

ɞɥɹ ɲɚɪɧɢɪɧɨ-ɨɩɟɪɬɨɣ ɩɥɚɫɬɢɧɵ ɋ. ɉ. Ɍɢɦɨɲɟɧɤɨ ɩɨɥɭɱɢɥ ɮɨɪɦɭɥɭ: 
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Ⱦɥɹ ɤɜɚɞɪɚɬɧɨɣ ɩɥɚɫɬɢɧɵ ɢɡ ɮɨɪɦɭɥɵ ɫɥɟɞɭɟɬ, ɱɬɨ: 
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Ɉɬɤɭɞɚ ɞɥɹ ɛɟɡɪɚɡɦɟɪɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɟ: 

 

478,0кɪP  

 

Ʉɚɤ ɨɬɦɟɱɚɥ ɋ. ɉ. Ɍɢɦɨɲɟɧɤɨ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɢɦ ɩɪɢɟɦ ɩɪɢɛɥɢɠɟɧɧɨɝɨ 

ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɦɨɠɧɨ ɬɪɚɤɬɨɜɚɬɶ, ɤɚɤ ɡɚɦɟɧɭ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ 

ɧɚɱɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɥɚɫɬɢɧɵ ɫɬɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɦ 

ɧɚɱɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜɵɪɚɠɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ 

ɢɡ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɪɢɬɟɪɢɹ, ɡɚɩɢɫɚɧɧɨɝɨ ɜ ɮɨɪɦɟ Ȼɪɚɣɚɧɚ, ɟɫɥɢ ɧɚɱɚɥɶɧɵɟ 

ɭɫɢɥɢɹ ɡɚɦɟɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɦɢ ɭɫɢɥɢɹɦɢ ɬɢɩɚ. 

ȼɫɥɟɞ ɡɚ ɋ. ɉ. Ɍɢɦɨɲɟɧɤɨ ɦɧɨɝɢɟ ɚɜɬɨɪɵ ɪɟɲɚɥɢ ɚɧɚɥɨɝɢɱɧɵɟ ɡɚɞɚɱɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ, ɧɚɝɪɭɠɟɧɧɵɯ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɢɥɚɦɢ, ɧɟ ɨɩɪɟɞɟɥɹɹ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɚ ɮɚɤɬɢɱɟɫɤɢ ɡɚɦɟɧɹɹ 

ɟɝɨ ɫɬɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɦ ɧɚɱɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ. 
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 ȻɊ – 15.03.03 ɉɁ 

 

Ɋɢɫɭɧɨɤ 1.15 ɚ, ɛ 

 

ȼ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɨɲɢɛɤɚ, ɤ ɤɨɬɨɪɨɣ ɩɪɢɜɨɞɢɬ ɬɚɤɚɹ ɡɚɦɟɧɚ 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɢɥɢɣ ɫɬɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɦɢ, ɦɨɠɟɬ ɛɵɬɶ ɫɤɨɥɶ 

ɭɝɨɞɧɨ ɛɨɥɶɲɨɣ, ɩɪɢɱɟɦ ɡɧɚɤ ɷɬɨɣ ɨɲɢɛɤɢ ɦɨɠɟɬ ɛɵɬɶ ɥɸɛɵɦ. ɇɚɩɪɢɦɟɪ, 

ɢɫɩɨɥɶɡɭɹ ɬɚɤɨɣ ɩɨɞɯɨɞ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜɵɲɟ ɡɚɞɚɱɢ (ɪɢɫɭɧɨɤ 1.15ɚ) ɢ 

ɨɝɪɚɧɢɱɢɜɚɹɫɶ ɞɥɹ ɨɞɧɨɱɥɟɧɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ, ɜɦɟɫɬɨ ɮɨɪɦɭɥɵ ɩɨɥɭɱɚɟɦ: 
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  

 

ɉɨ ɷɬɨɣ ɮɨɪɦɭɥɟ ɢɦɟɟɦ, ɱɬɨ ɡɚɧɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ. 

Ɏɨɪɦɭɥɚ ɩɪɢɜɨɞɢɬ ɤ ɛɟɫɤɨɧɟɱɧɨ ɡɚɜɵɲɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ. ɍɬɨɱɧɹɹ ɪɟɲɟɧɢɟ 

ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɛɨɪɚ ɮɭɧɤɰɢɢ ɜ ɜɢɞɟ ɪɹɞɚ, ɩɨɥɭɱɢɦ ɮɨɪɦɭɥɭ, ɞɚɸɳɭɸ ɛɨɥɟɟ 

ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ. 

ȼɵɹɫɧɢɦ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɜɵɪɚɠɟɧɢɹ. ɉɪɟɞɫɬɚɜɢɦ, ɱɬɨ ɜɞɨɥɶ ɥɢɧɢɢ 

ɞɟɣɫɬɜɢɹ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɫɢɥɵ ɩɥɚɫɬɢɧɚ ɚɪɦɢɪɨɜɚɧɚ ɧɟɪɚɫɬɹɠɢɦɨɣ ɢ 

ɧɟɫɠɢɦɚɟɦɨɣ ɧɢɬɶɸ (ɪɢɫɭɧɨɤ 1.15ɚ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨ ɜɵɪɚɠɟɧɢɸ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ 

ɩɪɢ ɨɬɤɥɨɧɟɧɢɹɯ ɩɥɚɫɬɢɧɵ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɩɥɨɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. 

ɉɪɢɱɟɦ, ɤɚɤ ɷɬɨ ɫɥɟɞɭɟɬ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɡɧɚɱɟɧɢɣ, ɤɪɢɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ 
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ɩɥɚɫɬɢɧɵ, ɚɪɦɢɪɨɜɚɧɧɨɣ ɧɟɪɚɫɬɹɠɢɦɵɦɢ ɧɢɬɹɦɢ, ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɶɲɟ, ɱɟɦ 

ɧɟɚɪɦɢɪɨɜɚɧɧɨɣ. 

ȼ ɪɟɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɬɨɧɤɢɟ ɩɥɚɫɬɢɧɵ ɨɛɵɱɧɨ ɩɨɞɤɪɟɩɥɹɸɬ ɪɟɛɪɚɦɢ 

ɠɟɫɬɤɨɫɬɢ (ɪɢɫɭɧɨɤ 1.15ɛ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɱɚɫɬɶ ɫɠɢɦɚɸɳɟɣ ɧɚɝɪɭɡɤɢ 

ɜɨɫɩɪɢɧɢɦɚɟɬ ɩɥɚɫɬɢɧɚ, ɚ ɱɚɫɬɶ – ɪɟɛɪɨ ɠɟɫɬɤɨɫɬɢ. Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɩɪɟɞɟɥɶɧɵɯ 

ɫɥɭɱɚɹ: 1) ɜɫɹ ɫɠɢɦɚɸɳɚɹ ɧɚɝɪɭɡɤɚ ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɪɟɛɪɨ ɠɟɫɬɤɨɫɬɢ: 2) ɜɫɹ 

ɧɚɝɪɭɡɤɚ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ ɩɥɚɫɬɢɧɨɣ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɤɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɜɨ ɜɬɨɪɨɦ – ɩɨ ɮɨɪɦɭɥɟ 
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ɝɞɟ V – ɢɡɝɢɛɧɚɹ ɠɟɫɬɤɨɫɬɶ ɩɨɞɤɪɟɩɥɹɸɳɟɝɨ ɪɟɛɪɚ ɜ ɩɥɨɫɤɨɫɬɢ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɥɚɫɬɢɧɵ. 

ȿɫɥɢ ɨɝɪɚɧɢɱɢɬɶɫɹ ɨɞɧɨɱɥɟɧɧɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ, ɬɨ ɞɥɹ ɲɚɪɧɢɪɧɨ-

ɨɩɟɪɬɨɣ ɩɥɚɫɬɢɧɵ ɩɨɥɭɱɢɦ, ɱɬɨ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɤɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ ɜ 1,5 ɪɚɡɚ 

ɛɨɥɶɲɟ, ɱɟɦ ɜ ɩɟɪɜɨɦ. ɉɪɢ ɭɬɨɱɧɟɧɢɢ ɪɟɲɟɧɢɹ ɧɟɫɤɨɥɶɤɨ ɢɡɦɟɧɹɟɬɫɹ 
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ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ, ɧɨ ɤɚɱɟɫɬɜɟɧɧɚɹ ɫɨɯɪɚɧɹɟɬɫɹ: ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ 

ɭɫɥɨɜɢɹɯ ɪɟɛɪɨ, ɨɛɥɚɞɚɸɳɟɟ ɦɟɧɶɲɟɣ ɠɟɫɬɤɨɫɬɶɸ ɧɚ ɫɠɚɬɢɟ, ɛɭɞɟɬ 

ɷɮɮɟɤɬɢɜɧɟɟ, ɱɟɦ ɪɟɛɪɨ, ɢɦɟɸɳɟɟ ɛɨɥɶɲɭɸ ɠɟɫɬɤɨɫɬɶ ɧɚ ɩɪɨɞɨɥɶɧɨɟ ɫɠɚɬɢɟ. 

 

1.8 əɜɥɟɧɢɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ 

 

əɜɥɟɧɢɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɜɹɡɚɧɨ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɹɜɥɟɧɢɹ 

ɨɬɥɢɱɧɵɯ ɨɬ ɢɫɯɨɞɧɨɣ ɮɨɪɦ ɪɚɜɧɨɜɟɫɢɹ ɭɩɪɭɝɢɯ ɫɢɫɬɟɦ. ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, 

ɩɥɚɫɬɢɧɭ ɧɚɝɪɭɡɢɬɶ ɫɠɢɦɚɸɳɢɦɢ ɭɫɢɥɢɹɦɢ, ɞɟɣɫɬɜɭɸɳɢɦɢ ɜ ɟё ɫɪɟɞɢɧɧɨɣ 

ɩɥɨɫɤɨɫɬɢ, ɬɨ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɢ ɷɬɢɯ  ɭɫɢɥɢɣ ɢɫɯɨɞɧɚɹ ɩɪɹɦɨɥɢɧɟɣɧɚɹ 

ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɫɬɢɧɵ ɦɨɠɟɬ ɩɟɪɟɫɬɚɬɶ ɛɵɬɶ ɟɞɢɧɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɨɣ. ɇɚɪɹɞɭ ɫ 

ɷɬɨɣ ɮɨɪɨɣ ɦɨɝɭɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɢ ɞɪɭɝɢɟ ɮɨɪɦɵ ɪɚɜɧɨɜɟɫɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɢɫɤɪɢɜɥɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɫɬɢɧɵ. Ɍɚ ɧɚɝɪɭɡɤɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɷɬɨ 

ɹɜɥɟɧɢɟ, ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɨɣ.  

ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɬɨɥɶɤɨ ɬɚɤɢɟ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɚɝɪɭɡɤɚ ɧɟ 

ɢɡɦɟɧɹɟɬ ɫɜɨɟɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɫɥɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧɵ. Ɍɚɤɢɟ 

ɧɚɝɪɭɡɤɢ ɧɚɡɵɜɚɸɬɫɹ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ.  

ɇɢɠɟ ɪɚɫɫɦɨɬɪɟɧɵ ɬɨɥɶɤɨ ɞɜɚ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɡɚɞɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, 

ɤɨɬɨɪɵɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɚɫɱɟɬɧɨɣ ɩɪɚɤɬɢɤɟ:  ɦɟɬɨɞ ɫɬɚɬɢɱɟɫɤɢɣ ɢ 

ɦɟɬɨɞ ɷɧɟɪɝɢɱɟɫɤɢɣ. ɉɟɪɜɵɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɹ, 

ɜɬɨɪɨɣ – ɜɵɪɚɠɟɧɢɹ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ.  

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɬɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ, ɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɪɚɜɧɨɜɟɫɢɹ ɢɦɟɟɬ ɜɢɞ: 
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ɉɨɞ ɩɨɩɟɪɟɱɧɨɣ ɧɚɝɪɭɡɤɨɣ q ɡɞɟɫɶ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɬɭ ɮɢɤɬɢɜɧɭɸ 

ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ ɧɚɝɪɭɡɤɭ, ɤɨɬɨɪɭɸ ɞɚɸɬ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɭɫɢɥɢɹ ɜ ɫɪɟɞɢɧɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɯ ɧɚ ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɭɸ ɩɥɨɫɤɨɫɬɶ 

ɩɥɚɫɬɢɧɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ: 
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Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧ ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
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Ɂɞɟɫɶ ɡɧɚɤɢ ɭ Nx ɢ Ny ɢɡɦɟɧɟɧɵ ɧɚ ɨɛɪɚɬɧɵɟ – ɫɠɚɬɢɟ. ȼɵɪɚɠɟɧɢɹ ɞɥɹ 

ɦɨɦɟɧɬɨɜ ɢ ɩɟɪɟɪɟɡɵɜɚɸɳɢɯ ɫɢɥ, ɚ ɬɚɤɠɟ ɮɨɪɦɭɥɢɪɨɜɤɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɫɬɚɸɬɫɹ ɬɚɤɢɦɢ ɠɟ, ɤɚɤ ɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɱɧɨɫɬɢ 

ɩɥɚɫɬɢɧ.  

ɍɫɢɥɢɹ Nx, Ny. Nxy, ɫɜɹɡɚɧɧɵɟ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɤɨɧɬɭɪɧɵɦɢ ɫɢɥɚɦɢ, ɜ 

ɫɚɦɨɦ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɝɭɬ ɛɵɬɶ ɜɟɥɢɱɢɧɚɦɢ, ɩɟɪɟɦɟɧɧɵɦɢ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ 

ɩɥɚɫɬɢɧɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɧɚɱɚɥɟ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɩɥɨɯɭɸ ɡɚɞɚɱɭ ɬɟɨɪɢɢ 

ɭɩɪɭɝɨɫɬɢ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɬɢɯ ɭɫɢɥɢɣ ɩɨ ɩɥɨɫɤɨɫɬɢ ɩɥɚɫɬɢɧɵ, ɚ ɡɚɬɟɦ ɭɠɟ 

ɦɨɠɧɨ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɬɨɣ ɩɥɚɫɬɢɧɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɡɚɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɜɧɟɲɧɢɯ ɫɢɥ.  

ɇɨ ɜ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɫɥɭɱɚɹɯ ɢ ɜ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɜ 

ɩɪɚɤɬɢɤɟ ɪɚɫɱɟɬɚɯ ɷɬɢ ɫɢɥɵ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɨ 

ɩɥɨɫɤɨɫɬɢ ɩɥɚɫɬɢɧɵ ɢ ɫɨɜɩɚɞɚɸɳɢɦɢ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢɯ ɩɨ ɤɨɧɬɨɪɭ.  

ɉɪɢɜɟɞɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɨɱɧɨ ɪɟɲɢɬɶ ɧɟ ɭɞɚɟɬɫɹ, ɢ 

ɩɨɷɬɨɦɭ ɩɪɢɯɨɞɢɬɫɹ ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɨ ɤɨɬɨɪɵɯ 

ɝɨɜɨɪɢɥɨɫɶ ɜɵɲɟ.  
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Ɋɢɫɭɧɨɤ 1.16 

 

ɉɨɤɚɠɟɦ, ɤɚɤ ɦɨɠɧɨ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ, 

ɩɨɥɶɡɭɹɫɶ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ, ɞɥɹ ɩɥɚɫɬɢɧɵ, ɲɚɪɧɢɪɧɨ ɨɩɟɪɬɨɣ ɫ 

ɬɪɟɯ ɫɬɨɪɨɧ ɢ ɱɟɬɜɟɪɬɨɣ ɫɬɨɪɨɧɨɣ ɫɜɨɛɨɞɧɨɣ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɫɠɚɬɢɢ.  

ɍɪɚɜɧɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɹɯ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
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Ƚɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɦɵ ɭɞɨɜɥɟɬɜɨɪɢɦ, ɟɫɥɢ ɩɨɥɨɠɢɦ 
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 ɩɪɢ ɭ=0 ɢ ɭ=ɫ, 

 

  02
2

3

2

3


















yxx

DVy
 ɩɪɢ ɭ=ɫ 

 

0
2

2

2

2


















yx

DM x
 ɩɪɢ 

2

a
x   

 
ɂ ɧɚ ɤɨɧɬɭɪɟ ɩɪɨɝɢɛ ɜɫɸɞɭ ɪɚɜɟɧ ɧɭɥɸ, ɤɪɨɦɟ ɫɬɨɪɨɧɵ ɭ=ɫ. 
 
ȼ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɹɯ ɷɬɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɢɦɟɸɬ ɜɢɞ: 

 



 

41 
 

П
ɟɪ

ɜ.
 ɩ

ɪɢ
ɦ

ɟɧ
.  

С
ɩɪ

ɚɜ
. №

 
П

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ  
И

ɧɜ
. №

 ɞ
ɭɛ

ɥ.
 

Вɡ
ɚɦ

. ɢ
ɧɜ

. №
 

П
ɨɞ

ɩɢ
ɫь

 ɢ
 ɞ

ɚɬ
ɚ  

И
ɧɜ

. №
 ɩ

ɨɞ
ɥ.

 

 
 

 
 

 

Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

,0
22

22








 





h

WWW

b

WWW
DM kltknn

y   

 

 
,0

2

22
2

2

22

2

0

3




























bh

WWWWWW
b

WWWW

DV
prqnn

nmuv

y


 

 

,0
22

22








 





b

WWW

h

WWW
DM knmkit

x   

 
 

ɂɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɩɪɢɧɹɬɨɣ ɧɭɦɟɪɚɰɢɢ ɭɡɥɨɜ ɫɟɬɤɢ ɩɨɥɭɱɚɟɦ: 
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Ⱦɥɹ ɤɨɪɨɬɤɨɣ ɫɬɨɪɨɧɵ ɫɩɪɚɜɚ ɩɪɢ u=0,3 ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɢɟ ɞɜɚ 

ɭɪɚɜɧɟɧɢɹ, ɫɜɹɡɵɜɚɸɳɢɟ ɡɚɤɨɧɬɭɪɧɵɟ ɬɨɱɤɢ 1 ɢ 2 ɫ ɜɧɭɬɪɢɤɨɧɬɭɪɧɵɦɢ 

ɬɨɱɤɚɦɢ 3,4,5:  
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ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɚɟɦ ɫɜɹɡɶ ɡɚɤɨɧɬɭɪɧɵɯ ɬɨɱɟɤ ɫ 

ɜɧɭɬɪɢɤɨɧɬɭɪɧɵɦɢ. Ⱦɥɹ ɜɧɭɬɪɢɤɨɧɬɭɪɧɵɯ ɬɨɱɟɤ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɱɟɬɵɪɟ 

ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ.  
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Ɍɨɱɤɚ 3: 
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Ɍɨɱɤɚ 4: 
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Ɍɨɱɤɚ 5: 
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Ɍɨɱɤɚ 6: 
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ɂɫɤɥɸɱɚɹ ɢɡ ɞɚɧɧɵɯ ɭɪɚɜɧɟɧɢɣ W1 ɢ W2 c ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɢɦ 

ɫɥɟɞɭɸɳɭɸ ɨɞɧɨɪɨɞɧɭɸ ɫɢɫɬɟɦɭ ɱɟɬɵɪɟɯ ɭɪɚɜɧɟɧɢɣ:  
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ȼ ɷɬɨɣ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ ɜɫɟɝɨ ɩɹɬɶ ɧɟɢɡɜɟɫɬɧɵɯ ɜɟɥɢɱɢɧ: ɜ ɬɨɱɤɚɯ 3, 4, 

5 ɢ 6 ɩɪɨɝɢɛɵ W3, W4, W5, W6 ɢ ɩɚɪɚɦɟɬɪ ɧɚɝɪɭɡɤɢ k. 

ɂɡ ɷɬɢɯ ɧɟɢɡɜɟɫɬɧɵɯ ɧɚɫ ɢɧɬɟɪɟɫɭɟɬ ɬɨɥɶɤɨ ɩɚɪɚɦɟɬɪ k. Ⱦɥɹ ɟɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɠɧɨ ɢɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɢɬɶ, ɧɚɩɪɢɦɟɪ, W3 ɢ 

ɩɨɞɫɬɚɜɢɬɶ ɟɝɨ ɡɧɚɱɟɧɢɟ ɜ ɨɫɬɚɥɶɧɵɟ ɬɪɢ. Ɂɚɱɟɦ ɢɡ ɨɞɧɨɝɨ ɢɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ 

ɨɩɪɟɞɟɥɢɬɶ W4 ɢ ɩɨɞɫɬɚɜɢɬɶ ɟɝɨ ɡɧɚɱɟɧɢɟ ɜ ɨɫɬɚɜɲɢɟɫɹ ɞɜɚ, ɜ ɤɨɬɨɪɵɯ ɭɠɟ 

ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶɫɹ W5 ɢ W6. ɂɫɤɥɸɱɚɹ ɢɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ, ɧɚɩɪɢɦɟɪ, W5, 

ɩɨɥɭɱɢɦ ɨɞɧɨ ɭɪɚɜɧɟɧɢɟ: 

 

  .023320166236413,2978 234
6  kkkkW  

Ɍɚɤ ɤɚɤ 06 W , ɬɨ ɞɨɥɠɧɨ ɛɵɬɶ 

.023320166236419,2978 234  kkkk  

 

Ʉ ɬɨɱɧɨ ɬɚɤɨɦɭ ɠɟ ɪɟɡɭɥɶɬɚɬɭ ɦɵ ɩɪɢɞɟɦ, ɟɫɥɢ ɩɪɢɪɚɜɧɹɟɦ ɧɭɥɸ 

ɨɩɪɟɞɟɥɢɬɟɥɶ ɭɪɚɜɧɟɧɢɣ. 

ɉɨɫɤɨɥɶɤɭ ɧɚɫ ɢɧɬɟɪɟɫɭɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɧɚɝɪɭɡɤɢ Nx, ɧɚɦ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɦɟɧɶɲɢɣ ɤɨɪɟɧɶ ɭɪɚɜɧɟɧɢɹ. ɉɭɬɟɦ ɩɨɞɛɨɪɚ ɦɨɠɧɨ 

ɭɛɟɞɢɬɶɫɹ, ɱɬɨ kmin = 2,55.  

 

Ɍɨɝɞɚ: 
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Ɍɨɱɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɪɢɜɨɞɢɬ ɤ ɷɬɨɣ ɮɨɪɦɭɥɟ ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ = 43,4. 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɩɪɢɦɟɪɨɜ ɡɚɞɚɱ ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ 

ɜɢɞɧɨ, ɱɬɨ ɮɨɪɦɭɥɭ ɞɥɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɦɨɠɧɨ ɜɫɟɝɞɚ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 

ɜɢɞɟ: 

ɢɥɢ ɩɪɢ 3,0  

 

2

2

b

D
kN кɪ


    .
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
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E
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Чɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ k ɜ ɷɬɨɣ ɮɨɪɦɭɥɟ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɤɚɤ ɨɬ 

ɯɚɪɚɤɬɟɪɚ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɩɥɚɫɬɢɧɭ ɧɚɝɪɭɡɤɭ, ɬɚɤ ɢ ɨɬ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 

ɡɚɞɚɱɢ. ȼ ɫɩɪɚɜɨɱɧɢɤɚɯ ɩɨ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɟ ɢɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɥɭɱɚɟɜ ɧɚɝɪɭɠɟɧɢɹ ɢ ɡɚɞɟɥɤɢ 

ɤɨɧɬɭɪɚ ɩɥɚɫɬɢɧ.  
 

 
Ɋɢɫɭɧɨɤ  1.17 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɫɚɦɨɣ ɫɬɪɭɤɬɭɪɵ ɮɨɪɦɭɥɵ, ɨɧɚ ɫɩɪɚɜɟɞɥɢɜɚ ɬɨɥɶɤɨ ɜ 

ɩɪɟɞɟɥɚɯ ɭɩɪɭɝɨɫɬɢ ɪкɪ   . ȿɫɥɢ ɬɨɥɶɤɨ ɪкɪ  >  (ɚ ɩɪɚɤɬɢɱɟɫɤɢ вкɪ  > ), 

ɬɨ ɜ ɩɪɢɜɟɞɟɧɧɨɣ ɮɨɪɦɭɥɨɣ ɩɨɥɶɡɨɜɚɬɶɫɹ ɧɟɥɶɡɹ. ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɩɨɥɶɡɭɸɬɫɹ 

ɮɨɪɦɭɥɨɣ Ɍɟɬɦɚɣɟɪɚ – əɫɢɧɫɤɨɝɨ, ɤɨɬɨɪɚɹ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɚ ɫɟɛɹ ɧɚ 

ɩɪɚɤɬɢɤɟ. Эɬɚ ɮɨɪɦɭɥɚ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɧɚ ɪɢɫɭɧɤɟ 1.17., ɨɬɤɭɞɚ: 

 
mnmn sɪкɪ    
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ɢɥɢ 
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Ɉɬɫɸɞɚ ɩɨɥɭɱɚɟɦ ɮɨɪɦɭɥɭ Ɍɟɬɦɚɣɟɪɚ – əɫɢɧɫɤɨɝɨ 
 

  ,

ɩɪ

sввкɪ b
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ɝɞɟ .
9,0

sɩɪ
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ȿɫɥɢ ,>
ɩɪ

bb

















ɬɨ ɫɥɟɞɭɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɮɨɪɦɭɥɨɣ, ɤɨɬɨɪɚɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɵɲɟ, ɟɫɥɢ ɠɟ 
ɩɪ

bb

















< , ɬɨ ɫɥɟɞɭɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɮɨɪɦɭɥɨɣ 

Ɍɟɬɦɚɣɪɚ – əɫɢɧɫɤɨɝɨ.  

ȼ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɥɭɱɚɹɯ ɧɚɝɪɭɠɟɧɢɹ ɩɥɚɫɬɢɧ ɞɥɹ ɪɟɲɟɧɢɹ ɜɨɩɪɨɫɨɜ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɫ ɭɫɩɟɯɨɦ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɚɱɚɥɟ ɜɨɡɦɨɠɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ. 

 

1.9 Ɂɚɤɪɢɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɩɥɚɫɬɢɧ 

 

ɋ ɩɨɦɨɳɶɸ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɪɢɬɟɪɢɹ 

ɢɫɫɥɟɞɭɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɨɫɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɬɨɧɤɢɯ ɭɩɪɭɝɢɯ 

ɩɥɚɫɬɢɧ. ɇɨ ɧɢ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɧɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ (ɜ ɤɚɤɨɣ ɛɵ ɮɨɪɦɟ ɨɧ ɧɟ ɛɵɥ ɡɚɩɢɫɚɧ) ɧɟ ɞɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ 
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ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɨɦ, ɤɚɤ ɛɭɞɟɬ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɩɥɚɫɬɢɧɚ ɩɨɫɥɟ ɩɨɬɟɪɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɡɚɤɪɢɬɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɢɡɝɢɛɚ ɩɥɚɫɬɢɧɵ ɜ ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ. 

Ʉɚɤ ɢ ɞɥɹ ɫɠɚɬɨɝɨ ɫɬɟɪɠɧɹ, ɞɥɹ ɩɥɚɫɬɢɧɵ ɜɨɡɦɨɠɧɵ ɞɜɚ ɨɫɧɨɜɧɵɯ 

ɤɚɱɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɯ ɫɥɭɱɚɹ ɡɚɤɪɢɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ. ȿɫɥɢ ɡɚɤɪɟɩɥɟɧɢɹ 

ɤɨɧɬɭɪɚ ɩɥɚɫɬɢɧɵ ɧɟ ɩɪɟɩɹɬɫɬɜɭɸɬ ɟɟ ɱɢɫɬɨ ɢɡɝɢɛɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɬ. ɟ. 

ɞɟɮɨɪɦɚɰɢɢ ɛɟɡ ɭɞɥɢɧɟɧɢɣ ɢ ɫɞɜɢɝɨɜ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɪɢɫɭɧɨɤ 1.18ɚ), ɬɨ 

ɩɨɫɥɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɜɟɞɟɧɢɟ ɩɥɚɫɬɢɧɵ ɛɭɞɟɬ ɬɚɤɢɦ ɠɟ, ɤɚɤ ɢ 

ɩɨɜɟɞɟɧɢɟ ɫɬɟɪɠɧɹ ɫ ɧɟɡɚɤɪɟɩɥɟɧɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɶɧɵɯ ɫɦɟɳɟɧɢɣ 

ɬɨɪɰɚɦɢ. 

ɚ) ɛ) 

Ɋɢɫɭɧɨɤ 1.18 ɚ,ɛ 

 

Ʉɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɛɢɮɭɪɤɚɰɢɢ  ɛɭɞɟɬ ɬɨɱɤɨɣ ɛɢɮɭɪɤɚɰɢɢ ɩɟɪɜɨɝɨ ɬɢɩɚ 

(ɪɢɫɭɧɨɤ 1.18ɛ). ɉɨɫɥɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɨɣ ɛɵɫɬɪɵɣ ɪɨɫɬ 

ɩɨɩɟɪɟɱɧɵɯ ɩɪɨɝɢɛɨɜ ɢ ɢɡɝɢɛɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɱɬɨ ɩɨɬɟɪɸ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɥɚɫɬɢɧɵ ɩɪɚɤɬɢɱɟɫɤɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɬɟɪɟɣ ɟɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɟ ɨɰɟɧɤɢ ɩɪɨɝɢɛɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɡɚɤɪɢɬɢɱɟɫɤɨɦ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ ɩɥɚɫɬɢɧɵ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɚɤɢɦ ɠɟ ɩɭɬɟɦ, ɤɚɤɢɦ ɷɬɨ ɫɞɟɥɚɧɨ 

ɞɥɹ ɫɬɟɪɠɧɹ. ɇɨ ɟɫɥɢ ɞɥɹ ɫɬɟɪɠɧɟɣ ɷɬɨɬ ɫɥɭɱɚɣ ɡɚɤɪɢɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ 

ɨɫɧɨɜɧɨɣ, ɬɨ ɞɥɹ ɬɨɧɤɨɣ ɩɥɚɫɬɢɧɵ, ɹɜɥɹɸɳɟɣɫɹ ɷɥɟɦɟɧɬɨɦ ɫɢɥɨɜɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɷɬɨɬ ɫɥɭɱɚɣ – ɢɫɤɥɸɱɢɬɟɥɶɧɵɣ. 
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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

Ʉɚɤ ɧɟɨɞɧɨɤɪɚɬɧɨ ɨɬɦɟɱɚɥɨɫɶ, ɩɥɚɫɬɢɧɚ ɫ ɡɚɤɪɟɩɥɟɧɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɨɩɟɪɟɱɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɤɨɧɬɭɪɨɦ ɧɟ ɦɨɠɟɬ ɢɡɝɢɛɚɬɶɫɹ ɛɟɡ ɭɞɥɢɧɟɧɢɣ ɢ 

ɫɞɜɢɝɨɜ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɤɪɢɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ 

ɩɥɚɫɬɢɧɵ ɛɭɞɟɬ ɤɚɱɟɫɬɜɟɧɧɨ ɨɬɥɢɱɧɵɦ ɨɬ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ 

ɫɬɟɪɠɧɹ ɫ ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɬɨɪɰɚɦɢ, 

ɩɨɫɥɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɚɤɚɹ ɩɥɚɫɬɢɧɚ ɦɨɠɟɬ ɩɪɨɞɨɥɠɚɬɶ ɜɨɫɩɪɢɧɢɦɚɬɶ 

ɜɨɡɪɚɫɬɚɸɳɭɸ ɜɧɟɲɧɸɸ ɧɚɝɪɭɡɤɭ. 

ɇɚ ɪɢɫɭɧɤɟ 1.16 ɢɡɨɛɪɚɠɟɧɚ ɬɨɧɤɚɹ ɩɥɚɫɬɢɧɚ, ɫɤɪɟɩɥɟɧɧɚɹ ɩɨ ɤɨɧɬɭɪɭ ɫ 

ɠɟɫɬɤɨɣ ɲɚɪɧɢɪɧɨɣ ɪɚɦɤɨɣ. Ⱦɨ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɚɤɚɹ ɩɥɚɫɬɢɧɚ ɛɭɞɟɬ 

ɧɚɯɨɞɢɬɶɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɱɢɫɬɨɝɨ ɫɞɜɢɝɚ. ɉɨɫɥɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚ ɟɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɭɸɬɫɹ ɧɚɤɥɨɧɧɵɟ ɜɨɥɧɵ. ɉɪɢ ɷɬɨɦ ɩɥɚɫɬɢɧɚ ɧɟ ɬɟɪɹɟɬ 

ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɩɪɨɞɨɥɠɚɟɬ ɜɨɫɩɪɢɧɢɦɚɬɶ ɜɨɡɪɚɫɬɚɸɳɭɸ ɜɧɟɲɧɸɸ 

ɧɚɝɪɭɡɤɭ. Ⱥɧɚɥɨɝɢɱɧɨ ɜɟɞɟɬ ɫɟɛɹ ɡɚɤɪɟɩɥɟɧɧɚɹ ɩɨ ɤɨɧɬɭɪɭ ɩɪɹɦɨɭɝɨɥɶɧɚɹ 

ɩɥɚɫɬɢɧɚ ɩɪɢ ɫɠɚɬɢɢ (ɪɢɫɭɧɨɤ 1.17): ɩɨɫɥɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɧɚ 

ɩɪɨɞɨɥɠɚɟɬ ɜɨɫɩɪɢɧɢɦɚɬɶ ɜɨɡɪɚɫɬɚɸɳɭɸ ɜɧɟɲɧɸɸ ɧɚɝɪɭɡɤɭ. 

 

 

Ɋɢɫɭɧɨɤ 1.19 ɚ, ɛ 

 

ɂɫɫɥɟɞɭɟɦ ɩɨɞɪɨɛɧɟɟ ɷɬɨɬ ɨɫɧɨɜɧɨɣ ɞɥɹ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧ ɫɥɭɱɚɣ 

ɡɚɤɪɢɬɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ, ɤɨɝɞɚ ɢɡɝɢɛ ɩɥɚɫɬɢɧɵ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɭɞɥɢɧɟɧɢɹɦɢ ɢ ɫɞɜɢɝɚɦɢ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ. 
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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

ɏɚɪɚɤɬɟɪ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɛɢɮɭɪɤɚɰɢɢ ɢ ɡɚɤɪɢɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ 

ɩɥɚɫɬɢɧɵ ɩɪɢ ɤɨɧɟɱɧɵɯ, ɧɨ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɹɯ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɩɥɨɫɤɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɫ ɩɨɦɨɳɶɸ ɩɪɢɟɦɚ, ɩɪɢɦɟɧɹɜɲɟɝɨɫɹ 

ɩɪɢ ɢɡɭɱɟɧɢɢ ɡɚɤɪɢɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ ɫɬɟɪɠɧɟɣ. 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɡɚɞɚɱɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧɵ ɪɟɲɟɧɚ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɪɢɬɟɪɢɹ ɜ ɮɨɪɦɟ 

ɋ. ɉ. Ɍɢɦɨɲɟɧɤɨ, ɢ ɧɚɣɞɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ ɛɢɮɭɪɤɚɰɢɢ 

ɮɭɧɤɰɢɢ ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ ɡɚɞɚɱɢ. ɉɪɢɛɥɢɠɟɧɧɨ 

ɩɪɢɦɟɦ, ɱɬɨ ɩɪɢ ɦɚɥɵɯ, ɧɨ ɤɨɧɟɱɧɵɯ ɨɬɤɥɨɧɟɧɢɹɯ ɩɥɚɫɬɢɧɵ ɟɟ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɨɩɢɫɵɜɚɟɬɫɹ ɮɭɧɤɰɢɹɦɢ: 
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ɝɞɟ – ɩɚɪɚɦɟɬɪ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɪɨɜɧɹ ɧɚɝɪɭɠɟɧɢɹ ɩɥɚɫɬɢɧɵ. 

Ɍɨɝɞɚ ɢɡɦɟɧɟɧɢɟ ɩɨɥɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɥɚɫɬɢɧɵ ɩɪɢ 

ɨɬɤɥɨɧɟɧɢɹɯ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɩɥɨɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ 

ɜɵɪɚɠɟɧɢɟɦ: 
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, 

 

ɝɞɟ 4W  – ɩɨɥɧɚɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɥɚɫɬɢɧɵ, ɧɟ ɡɚɜɢɫɹɳɚɹ ɨɬ ɩɚɪɚɦɟɬɪɚ. 
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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

Ɂɧɚɱɟɧɢɟ ɦɨɠɧɨ ɩɨɞɫɱɢɬɚɬɶ ɫ ɩɨɦɨɳɶɸ ɥɢɛɨ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ: 
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ɥɢɛɨ ɜɵɪɚɠɟɧɢɹ: 
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 ȼ ɷɬɢɯ ɜɵɪɚɠɟɧɢɹɯ: 
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ɇɚɱɚɥɶɧɵɟ ɭɫɢɥɢɹ ɜ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɥɚɫɬɢɧɵ ɧɟ ɜɯɨɞɹɬ ɜ 

ɫɥɚɝɚɟɦɵɟ ɩɨɥɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɩɚɪɚɦɟɬɪ: ɢɦɟɧɧɨ ɨɬ 

ɷɬɢɯ ɭɫɥɨɜɢɣ ɜɵɲɟ ɨɩɪɟɞɟɥɟɧɵ ɮɭɧɤɰɢɢ. 

ɉɨɫɤɨɥɶɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɜɫɟ ɮɭɧɤɰɢɢ ɫɱɢɬɚɟɦ ɢɡɜɟɫɬɧɵɦɢ ɢɡ ɪɟɲɟɧɢɹ 

ɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧɵ, ɡɚɤɪɢɬɢɱɟɫɤɨɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ 

ɩɥɚɫɬɢɧɵ ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɛɢɮɭɪɤɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ 

ɩɚɪɚɦɟɬɪɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɚ 
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Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɪɢɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɩɥɚɫɬɢɧɵ ɫɜɨɞɢɬɫɹ ɤ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɧɟɥɢɧɟɣɧɨɣ ɡɚɞɚɱɟ ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɨɞɧɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ. 

ȼɟɥɢɱɢɧɚ ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɨɣ, ɬ. ɟ. ɜ ɥɸɛɵɯ ɫɩɨɫɨɛɚɯ 

ɡɚɤɪɟɩɥɟɧɢɹ ɢ ɧɚɝɪɭɠɟɧɢɹ ɩɥɚɫɬɢɧɵ. ɉɨɷɬɨɦɭ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɛɭɞɟɬ ɬɨɱɤɨɣ 

ɛɢɮɭɪɤɚɰɢɢ ɩɟɪɜɨɝɨ ɬɢɩɚ (ɪɢɫɭɧɨɤ  1.20ɚ). 

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɨɦ ɢ ɧɚɝɪɭɡɤɨɣ ɩɪɢ ɤɨɧɟɱɧɵɯ ɨɬɤɥɨɧɟɧɢɹɯ 

ɩɥɚɫɬɢɧɵ ɧɚɣɞɟɦ ɢɡ ɭɫɥɨɜɢɹ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɩɨɥɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ. 

ɉɪɢɪɚɜɧɹɜ ɧɭɥɸ ɩɪɨɢɡɜɨɞɧɭɸ ɜɵɪɚɠɟɧɢɹ, ɬɨ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ 
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Ɋɢɫɭɧɨɤ 1.20 ɚ, ɛ 
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ɡɞɟɫɶ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ. ɂɡ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɢɦ ɤɪɢɬɢɱɟɫɤɨɟ 

ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɧɚɝɪɭɡɤɢ, ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ 

ɧɟɥɢɧɟɣɧɨɝɨ ɪɟɲɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɨ ɪɟɲɟɧɢɟ ɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɥɚɫɬɢɧɵ. ɂɡ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ: 
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Ɉɩɪɟɞɟɥɢɜ ɩɚɪɚɦɟɬɪ ɫɢ ɧɟɬɪɭɞɧɨ ɜɵɱɢɫɥɢɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɢɡɝɢɛɧɵɟ 

ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɥɚɫɬɢɧɵ. ɇɚɩɪɢɦɟɪ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɩɟɪɟɦɟɳɟɧɢɢ ɩɥɚɫɬɢɧɵ ɥɢɧɟɣɧɨ ɢɡɦɟɧɹɟɬɫɹ ɫ ɪɨɫɬɨɦ ɜɧɟɲɧɟɣ 

ɧɚɝɪɭɡɤɢ (ɪɢɫɭɧɨɤ 1.20ɛ). Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɚɦɩɥɢɬɭɞɨɣ ɩɨɩɟɪɟɱɧɨɝɨ 

ɩɪɨɝɢɛɚ ɢ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɨɣ ɦɨɠɧɨ ɢɡɨɛɪɚɡɢɬɶ ɜ ɜɢɞɟ ɤɜɚɞɪɚɬɢɱɧɨɣ 

ɩɚɪɚɛɨɥɵ (ɪɢɫɭɧɨɤ 1.20ɚ). 

Ⱦɥɹ ɭɬɨɱɧɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɢ ɜ ɫɪɟɞɢɧɧɨɣ 

ɩɥɨɫɤɨɫɬɢ ɩɥɚɫɬɢɧɵ ɩɨɫɥɟ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ 

ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ Ʉɚɪɦɚɧɚ: 
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Ɏɭɧɤɰɢɹ ɭɫɢɥɢɣ ɫɜɹɡɚɧɚ ɫ ɭɫɢɥɢɹɦɢ ɜ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɥɚɫɬɢɧɵ 

ɫɨɨɬɧɨɲɟɧɢɹɦɢ: 
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ɋɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ Ʉɚɪɦɚɧɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫ ɩɨɦɨɳɶɸ ɩɪɢɜɟɞɟɧɧɵɯ ɜ 

ɨɞɧɨɣ ɢɡ ɫɬɚɬɟɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɟɫɥɢ ɩɨɩɟɪɟɱɧɵɣ 

ɩɪɨɝɢɛ ɩɥɚɫɬɢɧɵ ɫɱɢɬɚɬɶ ɦɚɥɨɣ, ɧɨ ɤɨɧɟɱɧɨɣ ɜɟɥɢɱɢɧɨɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɞɚɧɵ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɩɟɪɟɱɧɨɝɨ 

ɩɪɨɝɢɛɚ, ɭɫɢɥɢɣ ɢ ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɥɚɫɬɢɧɵ. ɋɢɫɬɟɦɭ 

ɭɪɚɜɧɟɧɢɣ Ʉɚɪɦɚɧɚ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢ ɢɧɬɟɪɟɫɧɵɯ ɫɥɭɱɚɟɜ ɭɞɚɟɬɫɹ 

ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɬɶ ɬɨɥɶɤɨ ɩɪɢɛɥɢɠɟɧɧɵɦ ɦɟɬɨɞɨɦ. 

Ɍɨɧɤɢɟ ɭɩɪɭɝɢɟ ɩɥɚɫɬɢɧɵ ɢɦɟɸɬ ɤɪɢɬɢɱɟɫɤɢɟ ɬɨɱɤɢ ɛɢɮɭɪɤɚɰɢɢ ɩɟɪɜɨɝɨ 

ɬɢɩɚ, ɢ ɧɚɱɚɥɶɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɧɟɩɪɚɜɢɥɶɧɨɫɬɢ ɜɥɢɹɸɬ ɧɚ ɢɯ ɩɨɜɟɞɟɧɢɟ 

ɩɨɞɨɛɧɨ ɬɨɦɭ, ɤɚɤ ɷɬɨ ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1.20. 
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2 ɊȺɋЧЁɌɇȺə ЧȺɋɌɖ 
 

2.1 Ɉɩɢɫɚɧɢɟ ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦɵ  

 

Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɫɬɚɬɢɱɟɫɤɢ ɧɟɨɩɪɟɞɟɥɢɦɨɣ ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦɵ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɛɚɥɤɢ ɢ 

ɫɬɨɣɤɢ. Ɋɚɡɦɟɪɵ ɛɚɥɤɢ ɧɚɣɬɢ ɢɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ, ɪɚɡɦɟɪɵ ɫɬɨɣɤɢ – ɢɡ 

ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ. Ɋɚɫɱɟɬ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɢɡɜɟɫɬɢ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɫɬɟɪɠɧɟɣ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ. 

  

2.1.1  Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦɵ 

 

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɨɞɢɧ ɪɚɡ ɫɬɚɬɢɱɟɫɤɢ ɧɟɨɩɪɟɞɟɥɢɦɨɣ, ɬ.ɤ. ɧɚ 

ɫɢɫɬɟɦɭ ɧɚɥɨɠɟɧɵ ɱɟɬɵɪɟ ɫɜɹɡɢ, ɨɞɧɚ ɫɜɹɡɶ ɹɜɥɹɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ. 

Ɋɚɡɛɢɜɚɟɦ ɛɚɥɨɱɧɨ-ɫɬɟɪɠɧɟɜɭɸ ɫɢɫɬɟɦɭ ɧɚ ɞɜɟ ɱɚɫɬɢ (ɪɢɫɭɧɤɟ 2.1). Ⱦɟɣɫɬɜɢɟ 

ɱɚɫɬɟɣ ɞɪɭɝ ɧɚ ɞɪɭɝɚ ɡɚɦɟɧɹɟɦ ɧɟɢɡɜɟɫɬɧɨɣ ɫɢɥɨɣ X. Ɋɚɫɫɦɨɬɪɢɦ ɜɟɪɯɧɸɸ 

ɛɚɥɨɱɧɭɸ ɱɚɫɬɶ. ɉɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2.1 ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 

ɫɢɫɬɟɦɨɣ.  

Ʉɚɧɨɧɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɦɟɬɨɞɚ ɫɢɥ ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɩɪɨɝɢɛ 

ɛɚɥɤɢ ɜ ɬɨɱɤɟ ȼ ɪɚɜɟɧ ɜɟɥɢɱɢɧɟ ɭɦɟɧɶɲɟɧɢɹ ɞɥɢɧɵ ɫɬɨɣɤɢ:  

 

cF lХ  111  ,                                                                                       (2.1)  

 

ɝɞɟ δ11 - ɩɪɨɝɢɛ ɫɟɱɟɧɢɹ ȼ ɨɬ ɞɟɣɫɬɜɢɹ ɟɞɢɧɢɱɧɨɣ ɫɢɥɵ X =1, δ1F - ɩɪɨɝɢɛ 

ɫɟɱɟɧɢɹ ȼ ɨɬ ɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ; 

∆lɫ - ɜɟɥɢɱɢɧɚ ɫɠɚɬɢɹ ɫɬɨɣɤɢ. 

ɍɤɚɡɚɧɧɵɟ ɜɟɥɢɱɢɧɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɧɬɟɝɪɚɥɨɜ Ɇɨɪɚ: 
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Ɋɢɫɭɧɨɤ 2.1 ɚ, ɛ 

 

 

Ɋɢɫɭɧɨɤ 2.2 ɚ, ɛ, ɜ, ɝ, ɞ 

 


l

ds
EI

MM
,11

11 
l

F
F ds

EI

MM
.1

1                                                           (2.2) 

 

ɡɞɟɫɶ MF - ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɨɬ ɞɟɣɫɬɜɢɹ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ (ɪɢɫɭɧɨɤ 2.1ɚ), 

M1 - ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɨɬ ɞɟɣɫɬɜɢɹ ɟɞɢɧɢɱɧɨɣ ɫɢɥɵ 1X  (ɪɢɫɭɧɨɤ 2.1ɛ). 

ȼɵɪɚɠɟɧɢɹ ɞɥɹ ɷɬɢɯ ɦɨɦɟɧɬɨɜ ɡɚɩɢɫɵɜɚɸɬɫɹ ɩɨ ɭɱɚɫɬɤɚɦ:  

 

ɍɱɚɫɬɨɤ I (0 ɯ1  l): MF=0, 111 xxXM  . 
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ɍɱɚɫɬɨɤ II  (0 ɯ2  3l): MF=
2

2
2x

q ,   221 xlxlXM  . 

 

ɉɨɞɫɬɚɜɥɹɹ ɦɨɦɟɧɬɵ ɜ ɢɧɬɟɝɪɚɥɵ (2.1), ɢɦɟɟɦ 

 

   ,
3

641 3

0

3

0
221

2
111 EI

l
dxxldxx

EI

l l









                                          

  .
8

117

2

1 4

22

3

0

2
2

1 EI

ql
dxxl

x
q

EI

l

F 







                                               (2.3) 

 

ȼɟɥɢɱɢɧɚ ɫɠɚɬɢɹ ɫɬɨɣɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɡɚɤɨɧɚ Ƚɭɤɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ-

ɫɠɚɬɢɢ ɫɬɟɪɠɧɹ: 

 

,
c

c
c EA

Xl
l                                                                                                (2.4) 

 

ɝɞɟ Aɫ – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɬɨɣɤɢ.  

 

ɉɨɞɫɬɚɜɥɹɹ ɮɨɪɦɭɥɵ (2.1), (2.4) ɜ (2.5), ɩɨɥɭɱɚɟɦ 

 

.
8

117

3

64 43

EI

ql
X

EA

l

EI

l

c

c 







                                                                       (2.5) 

 

ȼ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (2.5) ɜɯɨɞɹɬ ɧɟɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ: 

ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɬɨɣɤɢ Aɫ ɢ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɛɚɥɤɢ I. ɉɪɢɱɟɦ Aɫ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɢɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɬɨɣɤɢ, ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ I – ɢɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɛɚɥɤɢ.  
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ. 

Ɂɚɞɚɱɢ ɢɡɝɢɛɚ ɛɚɥɤɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɨɣɤɢ ɪɟɲɚɸɬɫɹ ɪɚɡɞɟɥɶɧɨ. 

ɂɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɫɯɟɦɚ: 

1. ɉɨɥɚɝɚɟɬɫɹ 0
c

c

EA

l
 (ɬ.ɟ. ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɫɬɨɣɤɚ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɚɹ: 

0 cl ɢ ɢɡ ɭɪɚɜɧɟɧɢɹ (15) ɧɚɯɨɞɢɬɫɹ 1XX  . 

2. Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ Х ɢɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɛɚɥɤɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɨɦɟɪ ɞɜɭɬɚɜɪɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɷɬɨɦɭ ɧɨɦɟɪɭ ɦɨɦɟɧɬ 

ɢɧɟɪɰɢɢ I.  

3. ɂɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɫɬɨɣɤɢ ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɥɨɳɚɞɶ Aɫ . 

4. ɉɨɞɫɬɚɜɥɹɹ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ I ɢ Aɫ ɜ ɭɪɚɜɧɟɧɢɟ (2.5), ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɭɬɨɱɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ '
1XX  . 

5. ȼɵɱɢɫɥɹɟɬɫɹ ɩɪɨɰɟɧɬ ɪɚɫɯɨɠɞɟɧɢɹ ɦɟɠɞɭ X1 ɢ X1′ (ɤɨɷɮɮɢɰɢɟɧɬ 

ɫɯɨɞɢɦɨɫɬɢ ɩɨ Х): 

 

%100
1

1
'
1





X

XX
X . 

 

ȿɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɨɞɢɦɨɫɬɢ ɛɨɥɶɲɟ 1%, ɬɨ ɩɨɥɚɝɚɟɬɫɹ '
1XX   ɢ 

ɪɚɫɱɟɬɵ ɩɨɜɬɨɪɹɸɬɫɹ, ɧɚɱɢɧɚɹ ɫ ɩɭɧɤɬɚ 2. 

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɵɱɢɫɥɟɧɢɹ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɢɦɟɪɚ ɩɨ 

ɨɩɢɫɚɧɧɨɣ ɫɯɟɦɟ.  

1. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɩɨɥɚɝɚɹ 0 cl , ɢɡ ɮɨɪɦɭɥɵ (2.5) ɨɩɪɟɞɟɥɹɟɦ 

ɡɧɚɱɟɧɢɟ ɫɢɥɵ Х: 
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кɇql
XX F 6,20

512

351

11

1
1 




 

 

2. ɉɨɞɛɨɪ ɫɟɱɟɧɢɹ ɛɚɥɤɢ. Ⱦɥɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 2.2ɜ) 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ ɢ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ: 

 

ɍɱɚɫɬɨɤ I (0 ɯ1  l): 

 

м6,20)(,0)0(,

,6,20

1 


кɇlMMXxM

кɇXQ
 

 

ɍɱɚɫɬɨɤ II  (0 ɯ2  3l): 

 

м6,52)3( м,6,20)0(,
2

)(

,4,69)3(,6,20)0(,
2
2

2

2





кɇlMкɇM
x

qxlXM

кɇlQкɇQXqxQ

 

 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɨɨɪɞɢɧɚɬɚ ɯ2* , ɞɥɹ ɤɨɬɨɪɨɣ Ɇ(ɯ2*) = Ɇɦɚɯ.  

ɂɡ ɭɫɥɨɜɢɹ Q=qx2*-X=0 ɧɚɯɨɞɢɦ м
q

Xх 67,0*
2  . 

ɉɨɞɫɬɚɜɥɹɹ, ɢɦɟɟɦ M (x2
* ) = 27,7ɤɇ. 

 

Эɩɸɪɵ Q ɢ M ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2.2ɝ ɢ 2.2ɞ. ȼ ɨɩɚɫɧɨɦ ɫɟɱɟɧɢɢ 

(ɜ ɡɚɞɟɥɤɟ) Mmax=-52,6ɤɇ·ɦ. ɂɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɧɚ ɢɡɝɢɛ (2.1) ɨɩɪɟɞɟɥɹɟɦ 

ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɚɥɤɢ: 

 

 
334

6

3
max м329м1029,3

10160

106,52
c

M
W 




 


 

 



 

58 
 

П
ɟɪ

ɜ.
 ɩ

ɪɢ
ɦ

ɟɧ
.  

С
ɩɪ

ɚɜ
. №

 
П

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ  
И

ɧɜ
. №

 ɞ
ɭɛ

ɥ.
 

Вɡ
ɚɦ

. ɢ
ɧɜ

. №
 

П
ɨɞ

ɩɢ
ɫь

 ɢ
 ɞ

ɚɬ
ɚ  

И
ɧɜ

. №
 ɩ

ɨɞ
ɥ.

 

 
 

 
 

 

Иɡɦ. Лɢɫɬ № ɞɨɤɭɦ. Пɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

 ȻɊ – 15.03.03 ɉɁ 

ɂɡ ɬɚɛɥɢɰɵ ɫɨɪɬɚɦɟɧɬɚ ɜɵɛɢɪɚɟɬɫɹ ɞɜɭɬɚɜɪ №25, ɭ ɤɨɬɨɪɨɝɨ 

43 3800,317 ɫмIɫмW  . 

ɉɪɨɜɟɞɟɦ ɩɨɞɛɨɪ ɫɟɱɟɧɢɹ ɫɬɨɣɤɢ. ɋɬɨɣɤɚ ȼɋ (ɪɢɫɭɧɨɤ 2.1) ɧɚɯɨɞɢɬɫɹ 

ɜ ɫɨɫɬɨɹɧɢɢ ɫɠɚɬɢɹ ɢ ɦɨɠɟɬ ɩɨɬɟɪɹɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɟɟ 

ɩɨɩɟɪɟɱɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɟɬɨɞɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ. 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢɧɢɦɚɟɦ 5,01  . ɂɡ ɭɫɥɨɜɢɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɬɨɣɤɢ: 

 

  .м58,2м1058,2
101605,0

106,20 224
6

3

1

1 c
X

Ac 



 


 

 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɥɨɳɚɞɶ ɤɨɥɶɰɟɜɨɝɨ ɫɟɱɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

 
,

4

1 22 cD
Ac





 

 

ɧɚɯɨɞɢɦ ɜɧɟɲɧɢɣ ɪɚɞɢɭɫ ɤɨɥɶɰɚ: 

 

    16,4
9.0114,3

58.24

1

4
22









c

A
D c


ɫɦ. 

 

Ƚɢɛɤɨɫɬɶ ɫɬɨɣɤɢ ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

,
mini

lc
    ɝɞɟ 

cA

I
i min
min  . 

 

ɦɢɧɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɹ. Ⱦɥɹ ɲɚɪɧɢɪɧɨ ɡɚɤɪɟɩɥɟɧɧɨɣ 

ɫɬɨɣɤɢ 1 . Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɤɨɥɶɰɟɜɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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 
.

64

1 44

min
cD

I





 

 

ɋ ɭɱɟɬɨɦ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ ɩɨɥɭɱɚɟɦ: 

 

4,1
4

1 2

min 



cD

i ɫɦ,  

 
ɝɢɛɤɨɫɬɶ ɫɬɨɣɤɢ Ȝ = 86, ɝɢɛɤɨɫɬɢ Ȝ ɫɬɟɪɠɧɹ, ɡɚɞɚɟɬɫɹ ɜ ɬɚɛɥɢɰɚɯ (ɬɚɛɥɢɰɚ 2.1). 

 

Ɍɚɛɥɢɰɚ 2.1. Ɂɧɚɱɟɧɢɹ ɝɢɛɤɨɫɬɢ ɫɬɟɪɠɧɹ. 

 ɋɬɚɥɶ 

3 

ɋɬɚɥɶ 

5 

Чɭɝɭɧ Ⱦɟɪɟɜɨ  ɋɬɚɥɶ 

3 

ɋɬɚɥɶ 

5 

Чɭɝɭɧ Ⱦɟɪɟɜɨ 

0 1,00 1,00 1,00 1,00 110 0,52 0,43 - 0,25 

10 0,99 0,98 0,97 0,99 120 0,45 0,37 - 0,22 

20 0,96 0,95 0,91 0,97 130 0,40 0,33 - 0,18 

30 0,94 0,92 0,81 0,93 140 0,36 0,29 - 0,16 

40 0,92 0,89 0,69 0,87 150 0,32 0,26 - 0,14 

50 0,89 0,86 0,57 0,80 160 0,29 0,24 - 0,12 

60 0,86 0,82 0,44 0,71 170 0,26 0,21 - 0,11 

70 0,81 0,76 0,34 0,60 180 0,23 0,19 - 0,10 

80 0,75 0,70 0,26 0,48 190 0,21 0,17 - 0,09 

90 0,69 0,62 0,20 0,38 200 0,19 0,16 - 0,08 

100 0,60 0,51 0,16 0,31      

 

ɂɡ ɬɚɛɥɢɰɵ 2.1 ɞɥɹ ɋɬ.3 ɩɨ ɧɚɣɞɟɧɧɨɣ ɜɟɥɢɱɢɧɟ Ȝ ɨɩɪɟɞɟɥɹɟɦ 

714,0'
1  . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɯɨɞɢɦɨɫɬɢ: 
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%43%100
1

1
"
1








 . 

 

Ɋɚɡɥɢɱɢɟ ɦɟɠɞɭ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɢ ɩɨɥɭɱɟɧɧɵɦ ɢɡ ɬɚɛɥɢɰɵ ɛɨɥɶɲɟ 

5%, ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ. 

ɉɪɨɜɨɞɢɦ ɪɚɫɱɟɬ ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ⱦɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ   ɡɚɞɚɟɦ 

ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ: 

607.0
2

'
11

2 





 . 

 

ɉɨɜɬɨɪɹɹ ɪɚɫɱɟɬɵ, ɨɩɪɟɞɟɥɹɟɦ:  

 

Ⱥɫ=2,12ɫɦ2, D=3,78ɫɦ, imin=1,27ɫɦ, 94  

 

ɂɡ ɬɚɛɥɢɰɵ 2.1 ɧɚɯɨɞɢɦ 654,0'
2  . Ʉɨɷɮɮɢɰɢɟɧɬ ɫɯɨɞɢɦɨɫɬɢ             

ηϕ =7,7%>5. 

ȼ ɬɪɟɬɶɟɦ ɩɪɢɛɥɢɠɟɧɢɢ: 631,03  , Ac=2,04 ɫɦ2, D = 3,7 ɫɦ,             

imin = 1,24 ɫɦ, Ȝ = 97, '
3  = 0,627. Ʉɨɷɮɮɢɰɢɟɧɬ ɫɯɨɞɢɦɨɫɬɢ ηϕ = 6,0%< 5%. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɩɨ ɦɨɠɧɨ ɡɚɤɨɧɱɢɬɶ.  

ȼ ɤɚɱɟɫɬɜɟ ɨɤɨɧɱɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢɧɢɦɚɟɦ ,627,0'
3   ɞɢɚɦɟɬɪ 

ɫɬɨɣɤɢ ɫмD 7,3 . ɉɪɢ ɷɬɨɦ ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɬɨɣɤɟ Ɇɉа
А
Х

ɫ
1011  , 

ɞɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ      Ɇɉау 100  . 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɧɚɩɪɹɠɟɧɧɨɫɬɢ: 
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 
  %1%100 



yc

yc




 . 

 

ɉɨɞɫɬɚɜɥɹɹ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ I ɢ Aɫ ɜ ɭɪɚɜɧɟɧɢɟ (2.5), ɨɩɪɟɞɟɥɹɟɦ 

ɭɬɨɱɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ '
1XX  : 

 

3,20
11

1'
1 





 FclX ɤɇ 

 

ɋɪɚɜɧɢɜɚɹ X1′ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɫɢɥɵ X1 , ɩɨɥɭɱɚɟɦ 

 

%1>%5,1%100
1

1
'
1





X

XX
x  

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɟ ɫɢɥɵ X ɧɟɞɨɫɬɚɬɨɱɧɚ, 

ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɜɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ. 

Ɂɚ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ X ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɪɢɧɢɦɚɟɦ        

X2= X1′=20,3ɤɇ ɢ ɩɪɨɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɹ, ɧɚɱɢɧɚɹ ɫ ɩɭɧɤɬɚ 2. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɥɭɱɚɟɦ: ɦɚɤɫɢɦɚɥɶɧɵɣ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ кHмM 8,53max  , ɦɨɦɟɧɬ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ Wx ≥ 336ɫɦ3. ɂɡ ɬɚɛɥɢɰɵ ɫɨɪɬɚɦɟɧɬɚ ɜɵɛɢɪɚɟɬɫɹ ɞɜɭɬɚɜɪ №27, 

ɞɥɹ ɤɨɬɨɪɨɝɨ T
XW  =371ɫɦ3 , T

XI  =5010ɫɦ4. ɉɨɫɥɟ ɪɚɫɱёɬɚ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɧɚɯɨɞɢɦ D=3,69ɫɦ, ϕ = 0,625. 

ɂɡ ɪɟɲɟɧɢɹ ɫɬɚɬɢɱɟɫɤɢ ɧɟɨɩɪɟɞɟɥɢɦɨɣ ɡɚɞɚɱɢ ɢɦɟɟɦ X2′ =20,3ɤɇ, ɬ.ɟ.      

ηX = 0. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɞɚɟɬ ɢɫɤɨɦɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. 

Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɨɬɜɟɬ: ɞɥɹ ɛɚɥɤɢ ɜɵɛɢɪɚɟɬɫɹ ɞɜɭɬɚɜɪ №27, ɞɢɚɦɟɬɪ ɫɬɨɣɤɢ 

D=3,69ɫɦ.  
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2.2  ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɪяɦɨɭɝɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɢ ɟё ɪɚɫɱёɬ  
 

2.2.2 ɍɫɬɨɣɱɢɜɨɫɬɶ ɲɚɪɧɢɪɧɨ ɨɩёɪɬɵх ɩɪяɦɨɭɝɨɥɶɧɵх ɩɥɚɫɬɢɧ ɩɪɢ 

ɪɚɜɧɨɦɟɪɧɨɦ ɫɠɚɬɢɢ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ  

 
Ɋɚɫɫɦɨɬɪɢɦ ɩɥɚɫɬɢɧɭ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɧɟɟ ɫɠɢɦɚɸɳɢɯ ɭɫɢɥɢɣ, 

ɥɟɠɚɳɢɯ ɜ ɫɪɟɞɢɧɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɪɢɫɭɧɨɤ 2.3). ɉɪɢ ɧɟɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɢ 

ɫɠɢɦɚɸɳɢɯ ɫɢɥ Nx ɩɥɨɫɤɚɹ ɮɨɪɦɚ ɪɚɜɧɨɜɟɫɢɹ ɫɬɚɧɨɜɢɬɫɹ ɧɟɭɫɬɨɣɱɢɜɨɣ ɢ 

ɩɥɚɫɬɢɧɚ ɧɚɱɧɟɬ ɜɵɩɭɱɢɜɚɬɶɫɹ. 

 

 

Ɋɢɫɭɧɨɤ 2.3 

 

ɉɪɢɦɟɦ, ɱɬɨ ɩɥɚɫɬɢɧɚ ɢɦɟɟɬ ɲɚɪɧɢɪɧɨɟ ɨɩɢɪɚɧɢɟ ɩɨ ɤɨɧɬɭɪɭ ɢ ɫɠɚɬɚ 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɫɢɥɚɦɢ Nx, ɞɟɣɫɬɜɭɸɳɢɦɢ ɜɞɨɥɶ ɝɪɚɧɟɣ ɫ 

ɤɨɨɪɞɢɧɚɬɚɦɢ x 0 ɢ x a. ȼ ɷɬɨɦ ɫɥɭɱɚɟ Nx   const ɢ Nɭ Tɯ q0. ɍɪɚɜɧɟɧɢɹ 

ɪɚɜɧɨɜɟɫɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɚ ɭɪɚɜɧɟɧɢɟ (2.6) ɩɪɢɧɢɦɚɟɬ ɜɢɞ:  

 

.0
2

2
4 





x

w
NwD x                                                                                    (2.6) 

 

Ɏɭɧɤɰɢɸ ɩɪɨɝɢɛɨɜ ɡɚɞɚёɦ ɜ ɜɢɞɟ ɞɜɨɣɧɨɝɨ ɪɹɞɚ 
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  .sinsin,
1 1 b

yn

a

xm
Aexw

m n
mn










                                                                 (2.7)   

 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɝɪɚɧɹɯ ɩɥɚɫɬɢɧɵ x  0; x  a ɢ y  0; y  b ɞɥɹ 

ɩɪɢɧɹɬɨɣ ɮɭɧɤɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ. ɉɨɞɫɬɚɜɥɹɹ (2.7) ɜ ɭɪɚɜɧɟɧɢɟ (2.6), ɩɨɥɭɱɢɦ 

 

0sinsin
1 1

2

2
2

2

2

2

2

2
4 





























 b

yn

a

xm
A

a

m
N

b

n

a

m
D

m n
mnx

                      (2.8) 

 

ɉɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ (2.8) ɢɦɟɟɬ ɞɜɚ ɪɟɲɟɧɢɹ. ɉɟɪɜɨɟ ɪɟɲɟɧɢɟ, ɤɨɝɞɚ 

0mnA . Ɍɨɝɞɚ ɩɪɨɝɢɛɵ 0w . Ɉɞɧɚɤɨ ɷɬɨ ɪɟɲɟɧɢɟ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 

ɡɚɞɚɱɢ, ɬ.ɤ. ɦɵ ɢɳɟɦ ɮɭɧɤɰɢɸ ɩɪɨɝɢɛɨɜ, ɨɬɥɢɱɧɭɸ ɨɬ ɧɭɥɹ. ȼɬɨɪɨɟ ɪɟɲɟɧɢɟ 

ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ Amn  0. Ɍɨɝɞɚ ɜ (2.8) ɜɵɪɚɠɟɧɢɟ ɜ ɤɜɚɞɪɚɬɧɨɣ ɫɤɨɛɤɟ ɞɨɥɠɧɨ 

ɛɵɬɶ ɪɚɜɧɨ ɧɭɥɸ:  

 

.0
2

2
2

2

2

2

2

2
4 










a

m
N

b

n

a

m
D x                                                               (2.9) 

 

ɂɡ ɭɫɥɨɜɢɹ (2.9) ɫɥɟɞɭɟɬ, ɱɬɨ  

 

.
22

2

2

2

2

2

2

2

2

2
2





















mb

an

a

mb

b

D

a

m

b

n

a

m
D

N x



                                             (2.10) 

 

Эɬɨ ɪɟɲɟɧɢɟ ɨɬɜɟɱɚɟɬ ɜɵɩɭɱɢɜɚɧɢɸ ɩɥɚɫɬɢɧɵ. ɂɡ ɜɵɪɚɠɟɧɢɹ (2.10) 

ɫɥɟɞɭɟɬ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɫɢɥ Nx ɛɭɞɟɬ ɧɚɢɦɟɧɶɲɢɦ ɩɪɢ n  1. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ 

ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɜɵɩɭɱɢɜɚɧɢɢ ɩɥɚɫɬɢɧɵ ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɧɟɫɤɨɥɶɤɨ 
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ɩɨɥɭɜɨɥɧ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɠɚɬɢɹ, ɢ ɬɨɥɶɤɨ ɨɞɧɚ ɩɨɥɭɜɨɥɧɚ – ɜ ɩɨɩɟɪɟɱɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ oy. Ʉɪɢɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ  кɪxN , ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɟɪɹ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧɵ, ɪɚɜɧɚ: 

 

  ,
2

22

2

2

b

D
K

mb

a

a

mb

b

D
N кɪx









                                                       (2.11) 
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ɇɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ  кɪxN  ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ ɭɫɥɨɜɢɢ 
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Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɫɥɟɞɭɸɳɟɟ ɪɚɜɟɧɫɬɜɨ: 1
a

mb
 

 

 

Ɋɢɫɭɧɨɤ 2.4 
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Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ   .
4

2

2

b

D
N кɪx


  

ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ m ɜɟɥɢɱɢɧɚ K ɡɚɜɢɫɢɬ ɨɬ ɨɬɧɨɲɟɧɢɹ 
b

a . ɇɚ 

ɪɢɫɭɧɤɟ 2.4 ɩɨɤɚɡɚɧɵ ɡɧɚɱɟɧɢɹ K ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
b

a
 ɞɥɹ m = 1, 2, 3, 4, 5. 

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɤɪɢɜɵɟ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɜɟɥɢɱɢɧɭ ɤɪɢɬɢɱɟɫɤɨɣ 

ɧɚɝɪɭɡɤɢ ɢ ɱɢɫɥɨ ɩɨɥɭɜɨɥɧ ɩɪɢ ɥɸɛɨɦ ɨɬɧɨɲɟɧɢɢ 
b

a
. ɉɪɢ ɡɧɚɱɟɧɢɢ 

b

a
 2,5 

ɧɚɯɨɞɢɦ K = 4,133 ɢ m = 3. Эɬɨ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɵɩɭɱɢɜɚɧɢɟ ɩɥɚɫɬɢɧɵ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɪɟɯ ɩɨɥɭɜɨɥɧ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɟɣɫɬɜɢɹ 

ɧɚɝɪɭɡɤɢ. Ʉɪɢɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɩɪɢ ɷɬɨɦ ɪɚɜɧɚ:   .133,4
2

2

b

D
N кɪx


  

 

2.2.3 ɍɫɬɨɣɱɢɜɨɫɬɶ ɫɜɨɛɨɞɧɨ ɨɩёɪɬɨɣ ɩɥɚɫɬɢɧɵ, ɫɠɚɬɨɣ ɜ ɞɜɭх 

ɧɚɩɪɚɜɥɟɧɢях 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɩɥɚɫɬɢɧɭ, ɫɠɚɬɭɸ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ (ɪɢɫɭɧɨɤ 2.5).  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ Txy  0; Nx   const; Ny  const. ɉɨɥɚɝɚɟɦ, ɱɬɨ ɤɪɚɹ 

ɩɥɚɫɬɢɧɵ ɢɦɟɸɬ ɲɚɪɧɢɪɧɨɟ ɨɩɢɪɚɧɢɟ. Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (2.6) ɫɧɨɜɚ ɛɭɞɟɦ 

ɢɫɤɚɬɶ ɜ ɜɢɞɟ ɞɜɨɣɧɨɝɨ ɪɹɞɚ: 

 

.sinsin
1 1 b

yn

a

xm
Aw

m n
mn










                                                                   (2.23) 

 

ȼɵɛɪɚɧɧɚɹ ɮɭɧɤɰɢɹ w(x,y) ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ ɧɚ 

ɝɪɚɧɹɯ ɩɥɚɫɬɢɧɵ ɩɪɢ .;0;;0 byyaxx   
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Ɋɢɫɭɧɨɤ 2.5 
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ɍɫɥɨɜɢɟ 0mnA  ɜɨɡɦɨɠɧɨ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ   
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D yx                                            (2.24) 

 

ɂɡ ɭɪɚɜɧɟɧɢɹ (2.9) ɫɥɟɞɭɸɬ  
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Ɋɚɫɫɦɨɬɪɢɦ ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ: 
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ɇɚɢɦɟɧɶɲɚɹ ɤɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ ɛɭɞɟɬ ɩɪɢ m=1; n=1. 
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.1
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
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D
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
 

 

ɉɥɚɫɬɢɧɚ ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɬɟɪɹɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɮɨɪɦɟ:  
 

  .sinsin, 11 b

y
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x
Ayxw


  

 

Ⱦɥɹ ɤɜɚɞɪɚɬɧɨɣ ɩɥɚɫɬɢɧɤɢ ɩɪɢ ;2,
2

2

b

D
Nba кɪ


  

ɛ) ɟɫɥɢ ɫɠɢɦɚɸɳɢɟ ɧɚɝɪɭɡɤɢ ɜɨɡɪɚɫɬɚɸɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɞɧɨɦɭ 

ɩɚɪɚɦɟɬɪɭ   NN x  ; NN y  , ɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɛɭɞɟɬ ɪɚɜɧɚ 
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ɉɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɫɬɨɪɨɧ ɚ > b ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ 
ɪɚɜɧɨ: 
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ɉɪɢ ɪɚɡɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ 
b

a
 ɢ ɤɚɠɞɨɝɨ  ɱɢɫɥɨ n ɫɥɟɞɭɟɬ ɜɵɛɢɪɚɬɶ ɢɡ 

ɭɫɥɨɜɢɹ ɦɢɧɢɦɭɦɚ ɋ, ɤɚɤ ɷɬɨ ɞɟɥɚɥɨɫɶ ɞɥɹ ɩɥɚɫɬɢɧɵ, ɫɠɚɬɨɣ ɜ ɨɞɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ;  
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ɜ) ɟɫɥɢ ɩɥɚɫɬɢɧɚ ɫɠɚɬɚ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ox ɢ ɪɚɫɬɹɧɭɬɚ ɜ ɞɪɭɝɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ oy, ɬɨ Txy  0; Nx   const; Ny  const. ɍɪɚɜɧɟɧɢɟ (2.6) ɩɪɢɧɢɦɚɟɬ 

ɜɢɞ: 
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N yx                                                  (2.27) 

 

ɉɪɢ  Ny ɩɨɥɭɱɚɟɦ ɤɪɢɬɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ 
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Ⱦɥɹ ɤɜɚɞɪɚɬɧɨɣ ɩɥɚɫɬɢɧɵ a  b 

 

 
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D
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                                                                             (2.29) 

 

ɇɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɜɨɡɦɨɠɧɨ ɩɪɢ m = 1, ɚ n ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ 

ɬɚɤ, ɱɬɨɛɵ Nɤɪ ɛɵɥɨ ɧɚɢɦɟɧɶɲɢɦ. Ɍɚɤ, ɩɪɢ ɩɨɬɟɪɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɚɫɬɢɧɵ ɩɨ 

ɮɨɪɦɟ  
b

y

a

x
Ayxw


sin

2
sin, 21  ɤɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ ɪɚɜɧɚ (m = 2; n = 1)  
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D
N
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                                                                                           (2.30) 

 

ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɞɥɹ ɩɥɚɫɬɢɧ ɫ ɤɨɧɟɱɧɵɦ ɨɬɧɨɲɟɧɢɟɦ ɫɬɨɪɨɧ ɩɪɢ 

ɪɚɫɬɹɠɟɧɢɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɞɧɨɣ ɢɡ ɨɫɟɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ ɞɪɭɝɨɣ ɨɫɢ. 
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ɁȺɄɅɘЧȿɇɂȿ 

 

1 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɚɧ ɤɪɚɬɤɢɣ ɨɛɡɨɪ ɢɫɫɥɟɞɨɜɚɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ, 

ɨɩɪɟɞɟɥɟɧɢɸ ɩɥɚɫɬɢɧ ɢ ɫɬɟɪɠɧɟɣ, ɚ ɬɚɤ ɠɟ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɵ 

ɦɟɬɨɞɵ ɭɫɬɨɣɱɢɜɨɫɬɢ. 

2 Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɩɪɟɞɫɬɚɜɢɥɢ ɢɧɬɟɪɟɫ ɤ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɦɭ ɦɟɬɨɞɭ      

ɋ. ɉ. Ɍɢɦɨɲɟɧɤɨ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɭɩɪɭɝɢɯ ɫɢɫɬɟɦ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɹɟɬ ɧɚɢɛɨɥɟɟ 

ɲɢɪɨɤɨ ɨɰɟɧɢɬɶ ɪɟɫɭɪɫ ɤɨɧɫɬɪɭɤɰɢɣ, ɱɟɦ ɩɪɢ ɞɪɭɝɢɯ ɦɟɬɨɞɚɯ (ɦɟɬɨɞ 

Эɣɥɟɪɚ, ɦɟɬɨɞ Ʌɚɝɪɚɧɠɚ ɢ ɦɟɬɨɞ Ʉɚɪɦɚɧɚ). 

3  ȼ ɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟ ɜɵɩɨɥɧɟɧɨ ɨɩɢɫɚɧɢɟ ɢ ɪɚɫɱɟɬɵ ɞɥɹ ɫɬɟɪɠɧɟɜɨɣ 

ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɪɚɫɱɟɬɵ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɲɚɪɧɢɪɧɨ ɨɩёɪɬɵɯ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɥɚɫɬɢɧ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɫɠɚɬɢɢ ɜ ɨɞɧɨɦ ɢ ɜ ɞɜɭɯ 

ɧɚɩɪɚɜɥɟɧɢɹɯ. 
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