
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɢ ɢ ɝɚɡɚ 

 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 
 
 

 ɍɌȼȿɊɀȾȺɘ 
 Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
 __________ ɗ.Ⱥ. ɉɟɬɪɨɜɫɤɢɣ 
 «____» _____________ 2017 ɝ. 

 
 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

21.03.01 «ɇɟɮɬɟɝɚɡɨɜɨɟ ɞɟɥɨ» 
21.03.01.07 «ɗɤɫɩɥɭɚɬɚɰɢɹ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 

ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ» 
 
 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 
ɤɨɦɩɪɟɫɫɨɪɚ 

 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ __________ ɤ.ɬ.ɧ., ɞɨɰɟɧɬ ȼ.Ȼ. əɫɢɧɫɤɢɣ 
 
ȼɵɩɭɫɤɧɢɤ ___________ ȼ.ȼ. Ȼɟɪɟɡɤɢɧ 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɂɧɫɬɢɬɭɬ ɧɟɮɬɢ ɢ ɝɚɡɚ 

 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 
 
 
 

 
 ɍɌȼȿɊɀȾȺɘ 
 Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
 __________ ɗ.Ⱥ. ɉɟɬɪɨɜɫɤɢɣ 
 «____» ____________ 2017 ɝ. 

 
 

 

ɁȺȾȺɇɂȿ 
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ɋɬɭɞɟɧɬɭ   Ȼɟɪɟɡɤɢɧɭ ȼɥɚɞɢɫɥɚɜ ȼɢɬɚɥɶɟɜɢɱɭ  
Ƚɪɭɩɩɚ   ȽȻ 13-07  
ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ 21.03.01 «ɇɟɮɬɟɝɚɡɨɜɨɟ ɞɟɥɨ»  
ɉɪɨɮɢɥɶ 21.03.01.07 «ɗɤɫɩɥɭɚɬɚɰɢɹ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɨɛɴɟɤɬɨɜ ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ»  
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ»  
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № _____ ɨɬ ______________________ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȼ.Ȼ. əɫɢɧɫɤɢɣ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɌɆɢɈɇȽɄ, ɂɧɫɬɢɬɭɬ 

ɧɟɮɬɢ ɢ ɝɚɡɚ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ   
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. 

Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 
ȼɜɟɞɟɧɢɟ. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢ ɫɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɨɛɥɟɦɵ.  
Ɋɚɡɞɟɥ 1 – Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɡɧɚɤɨɦɥɟɧɢɟ ɫ ɤɨɦɩɪɟɫɫɨɪɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɩɪɢɦɟɧɹɟɦɨɦ 
ɧɚ ȼɚɧɤɨɪɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɂɡɭɱɟɧɢɟ ɧɚɡɧɚɱɟɧɢɹ, ɩɪɢɧɰɢɩɚ ɞɟɣɫɬɜɢɹ 
ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ – ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɪɚɛɨɱɢɯ ɤɨɥɟɫ.  

Ɋɚɡɞɟɥ 2 - Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɡɞɟɥ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ƚɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ 
ɪɚɫɱɟɬ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ.   

Ɋɚɡɞɟɥ 3 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ. Ⱥɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɪɲɪɭɬɚ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ  

Ɂɚɤɥɸɱɟɧɢɟ. ȼɵɜɨɞɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ.  
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢ ɢɥɥɸɫɬɪɚɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɑɟɪɬёɠ ɨɛɳɟɝɨ ɜɢɞɚ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ (1 ɥɢɫɬ ɮɨɪɦɚɬɚ Ⱥ1), ɱɟɪɬɟɠ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ (1 ɥɢɫɬ 
ɮɨɪɦɚɬɚ Ⱥ1), ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɢɡɝɨɬɨɜɥɟɧɢɹ (1 ɥɢɫɬ ɮɨɪɦɚɬɚ Ⱥ1), 
ɩɪɟɡɟɧɬɚɰɢɹ (12 –16 ɫɬɪɚɧɢɰ). 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ___________ ȼ.Ȼ. əɫɢɧɫɤɢɣ 
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ___________ ȼ.ȼ. Ȼɟɪɟɡɤɢɧ 
 

«___» ___________ 2017 ɝ. 
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ɊȿɎȿɊȺɌ 

  ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ» ɫɨɞɟɪɠɢɬ 111 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 16 

ɪɢɫɭɧɤɨɜ, 4 ɬɚɛɥɢɰɵ, 1 ɩɪɢɥɨɠɟɧɢɟ, 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 3 ɥɢɫɬɚ 

ɝɪɚɮɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ.  

ɋɀȺɌɂȿ ȽȺɁȺ, ɐȿɇɌɊɈȻȿɀɇɕɃ ɄɈɆɉɊȿɋɋɈɊ, ɊȺȻɈɑȿȿ 

ɄɈɅȿɋɈ, ɆȺɊɒɊɍɌɇɕɃ ɅɂɋɌ, ɌȿɏɇɈɅɈȽɂə ɂɁȽɈɌɈȼɅȿɇɂə,  

ɐɟɥɶ ɪɚɛɨɬɵ: Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. 

Ɂɚɞɚɱɢ ɪɚɛɨɬɵ: Ɉɛɡɨɪ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɤɨɦɩɪɟɫɫɨɪɨɜ. ɂɡɭɱɢɬɶ ɩɪɢɧɰɢɩ 

ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. ɂɡɭɱɢɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 

ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. ɋɦɨɞɟɥɢɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ 

ɤɨɦɩɪɢɦɢɪɨɜɚɧɢɹ ɝɚɡɚ. ȼɵɩɨɥɧɢɬɶ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 

ɤɨɦɩɪɟɫɫɨɪɚ. Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɤɨɦɩɪɟɫɫɨɪɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɚɹ 

ɫɬɚɧɰɢɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ AspenONE 

HYSYS, ɪɚɡɪɚɛɨɬɚɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. 
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ȼȼȿȾȿɇɂȿ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɭɜɟɥɢɱɟɧɢɹ ɟɞɢɧɢɱɧɨɣ 

ɦɨɳɧɨɫɬɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɢ ɞɚɜɥɟɧɢɹ ɧɚɝɧɟɬɚɧɢɹ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɰɟɧɬɪɨɛɟɠɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɜɦɟɫɬɟ ɫ ɬɟɧɞɟɧɰɢɟɣ ɫɧɢɠɟɧɢɹ 

ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɢɯ ɤɨɧɫɬɪɭɤɰɢɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɭɪɨɜɧɹ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɚ ɬɚɤɠɟ ɨɩɚɫɧɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ 

ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜ ɰɟɥɨɦ. ɏɨɪɨɲɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ 

ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɡɚɞɚɱɟɣ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɨɛɡɨɪ ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

- ɢɡɭɱɢɬɶ ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ; 

- ɢɡɭɱɢɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

- ɢɡɭɱɢɬɶ ɩɪɨɰɟɫɫ ɤɨɦɩɪɢɦɢɪɨɜɚɧɢɹ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ ɜɵɫɨɤɨɝɨ 

ɞɚɜɥɟɧɢɹ; 

- ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ 

ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 

- ɩɪɨɢɡɜɟɫɬɢ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɤɨɦɩɪɟɫɫɨɪɚ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. 
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1 Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ 

1.1 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɋɨɜɪɟɦɟɧɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɢɦɟɸɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɢɮɢɤɚɰɢɣ, 

ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɹɜɥɹɟɬɫɹ ɩɨɞɪɚɡɞɟɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ 

ɬɢɩɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɩɪɢɧɰɢɩɚ ɞɟɣɫɬɜɢɹ 

ɤɨɦɩɪɟɫɫɨɪɨɜ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɤɨɦɩɪɟɫɫɨɪɨɜ: 

- ɞɢɧɚɦɢɱɟɫɤɢɟ;  

- ɨɛɴɟɦɧɵɟ. 

ȼ ɞɢɧɚɦɢɱɟɫɤɨɦ ɤɨɦɩɪɟɫɫɨɪɟ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɟɩɪɟɪɵɜɧɵɣ ɩɨɬɨɤ ɫɠɢɦɚɟɦɨɝɨ ɝɚɡɚ. ɪɚɛɨɬɚ 

ɤɨɬɨɪɨɝɨ ɨɫɧɨɜɚɧɚ ɧɚ ɞɢɧɚɦɢɱɟɫɤɨɦ ɩɪɢɧɰɢɩɟ ɞɟɣɫɬɜɢɹ. ɍɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɟ 

ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ ɩɟɪɟɞɚɱɢ ɟɦɭ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɡɚɬɟɦ 

ɱɚɫɬɢɱɧɨ ɩɟɪɟɯɨɞɢɬ ɜ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɞɚɜɥɟɧɢɹ. Ⱦɢɧɚɦɢɱɟɫɤɢɟ 

ɤɨɦɩɪɟɫɫɨɪɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ: 

- ɪɚɞɢɚɥɶɧɵɟ; 

- ɨɫɟɜɵɟ; 

- ɫɬɪɭɣɧɵɟ. 

Ɋɚɞɢɚɥɶɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɢɦɟɸɬ ɫɜɨɟ ɧɚɡɜɚɧɢɟ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ 

ɝɚɡɚ ɜ ɭɫɬɪɨɣɫɬɜɟ. Ʉɨɦɩɪɟɫɫɨɪ ɬɚɤɨɝɨ ɬɢɩɚ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ ɢ ɪɚɡɦɟɳɟɧɧɨɝɨ ɜ 

ɧɟɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɜɚɥɭ. Ʌɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ 

ɜɪɚɳɟɧɢɢ ɩɟɪɟɦɟɳɚɸɬ ɝɚɡ ɨɬ ɨɫɢ ɜ ɪɚɞɢɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɬɟɦ ɫɚɦɵɦ 

ɫɨɨɛɳɚɹ ɟɦɭ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɤɨɬɨɪɚɹ ɩɨɫɥɟ ɱɚɫɬɢɱɧɨ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ 

ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɞɚɜɥɟɧɢɹ. Ƚɚɡ ɩɨɫɬɭɩɚɟɬ ɧɚ ɤɨɥɟɫɨ ɱɟɪɟɡ ɨɫɟɜɨɣ ɜɯɨɞ, 

ɡɚɬɟɦ ɩɨɫɬɭɩɚɟɬ ɧɚ ɥɨɩɚɬɤɢ, ɨɬɛɪɚɫɵɜɚɟɬɫɹ ɜ ɪɚɞɢɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɢ 

ɩɨɩɚɞɚɟɬ ɜ ɫɩɢɪɚɥɶɧɵɣ ɝɚɡɨɫɛɨɪɧɢɤ, ɚ ɡɚɬɟɦ ɜɵɜɨɞɢɬɫɹ ɱɟɪɟɡ ɜɵɯɨɞɧɨɣ 

ɞɢɮɮɭɡɨɪ. Ɋɚɛɨɱɢɟ ɤɨɥɟɫɚ ɬɚɤɢɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɤɚɤ ɩɨ ɮɨɪɦɟ 

ɥɨɩɚɬɨɤ, ɬɚɤ ɢ ɩɨ ɨɛɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɤ ɩɪɢɦɟɪɭ, ɛɵɬɶ ɡɚɤɪɵɬɵɦɢ ɢɥɢ 

ɨɬɤɪɵɬɵɦɢ. Ɍɚɤɠɟ ɤɨɦɩɪɟɫɫɨɪɵ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɦɢ, 

ɪɚɫɩɨɥɚɝɚɹ ɧɟɫɤɨɥɶɤɨ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɧɚ ɨɞɧɨɦ ɜɚɥɭ ɢ ɨɛɟɫɩɟɱɢɜɚɹ 
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ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɪɨɯɨɞ ɝɚɡɚ ɱɟɪɟɡ ɧɢɯ. ɍɫɬɪɨɣɫɬɜɚ ɬɚɤɨɝɨ ɬɢɩɚ ɤɨɦɩɚɤɬɧɵ, 

ɨɛɥɚɞɚɸɬ ɦɚɥɨɣ ɲɭɦɧɨɫɬɶɸ ɢ ɧɟ ɩɨɞɜɟɪɠɟɧɵ ɫɢɥɶɧɨɣ ɜɢɛɪɚɰɢɢ ɩɪɢ ɪɚɛɨɬɟ, ɚ 

ɬɚɤɠɟ ɧɚɯɨɞɹɬ ɛɨɥɶɲɨɟ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ 

ɩɨɞɚɱɭ ɧɟɡɚɝɪɹɡɧɟɧɧɨɝɨ ɝɚɡɚ ɜ ɛɨɥɶɲɢɯ ɨɛɴɟɦɚɯ. ɋɯɟɦɚ ɪɚɞɢɚɥɶɧɨɝɨ 

ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1. 

 

 

Ɋɢɫɭɧɨɤ 1.1 – ɋɯɟɦɚ ɪɚɞɢɚɥɶɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ 

 

Ɉɫɟɜɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɨɬɥɢɱɚɸɬɫɹ ɬɟɦ, ɱɬɨ ɝɚɡ ɜ ɧɢɯ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɨɫɟɜɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ. Ʉ ɨɫɧɨɜɧɵɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɷɥɟɦɟɧɬɚɦ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɦɨɠɧɨ 

ɨɬɧɟɫɬɢ ɪɨɬɨɪ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɜɚɥɭ, ɢ ɫɬɚɬɨɪ. ɇɚ ɪɨɬɨɪɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɪɹɞɵ 

ɥɨɩɚɬɨɤ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɝɚɡɨɜɵɣ ɩɨɬɨɤ ɩɨɥɭɱɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɢ ɩɪɟɬɟɪɩɟɜɚɟɬ ɡɚɤɪɭɱɢɜɚɧɢɟ. Ⱦɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ 

ɧɚɩɪɚɜɥɟɧɢɹ ɟɝɨ ɞɜɢɠɟɧɢɹ ɦɟɠɞɭ ɪɹɞɚɦɢ ɥɨɩɚɬɨɤ ɪɨɬɨɪɚ ɪɚɫɩɨɥɚɝɚɸɬ ɪɹɞɵ 

ɧɚɩɪɚɜɥɹɸɳɢɯ ɥɨɩɚɬɨɤ ɫɬɚɬɨɪɚ. Ɉɛɥɚɫɬɶ, ɝɞɟ ɢɡɦɟɧɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɨɬɨɤɚ ɝɚɡɚ, ɨɝɪɚɧɢɱɟɧɚ ɜɯɨɞɧɵɦ ɧɚɩɪɚɜɥɹɸɳɢɦ ɢ ɜɵɯɨɞɧɵɦ ɜɵɩɪɹɦɥɹɸɳɢɦ 

ɚɩɩɚɪɚɬɚɦɢ. Ɍɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɟɟ ɫɥɨɠɧɵ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɟɟ ɩɪɨɫɬɵɦɢ ɪɚɞɢɚɥɶɧɵɦɢ ɤɨɦɩɪɟɫɫɨɪɚɦɢ, 

ɨɞɧɚɤɨ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ ɄɉȾ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɩɨɤɚɡɚɬɟɥɟ ɧɚɩɨɪɚ. ɋɯɟɦɚ 

ɨɫɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.2. 
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Ɋɢɫɭɧɨɤ 1.2 – ɋɯɟɦɚ ɨɫɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ 

 

ɋɬɪɭɣɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɷɠɟɤɬɨɪɵ, ɜ ɤɨɬɨɪɵɯ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɧɟɪɝɢɹ ɨɞɧɨɝɨ ɝɚɡɚ ɢɥɢ ɩɚɪɚ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɞɪɭɝɨɝɨ ɝɚɡɚ 

ɢɥɢ ɩɚɪɚ. Ɍɨ ɟɫɬɶ ɜ ɬɚɤɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɫɬɭɩɚɸɬ ɞɜɚ ɝɚɡɨɜɵɯ ɩɨɬɨɤɚ ɫ ɜɵɫɨɤɢɦ ɢ 

ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɟɦ, ɚ ɧɚ ɜɵɯɨɞɟ ɩɨɥɭɱɚɟɬɫɹ ɨɞɢɧ ɩɨɬɨɤ ɫ ɞɚɜɥɟɧɢɟɦ, ɛɨɥɶɲɢɦ, 

ɱɟɦ ɭ ɩɨɬɨɤɚ ɩɚɫɫɢɜɧɨɝɨ ɝɚɡɚ, ɧɨ ɦɟɧɶɲɢɦ, ɱɟɦ ɭ ɚɤɬɢɜɧɨɝɨ (ɪɢɫ.1.3). ɋɬɪɭɣɧɵɟ 

ɤɨɦɩɪɟɫɫɨɪɵ ɨɬɥɢɱɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ. Ɉɧɢ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɜ 

ɧɚɥɢɱɢɟ ɭɠɟ ɢɦɟɟɬɫɹ ɝɚɡ ɫ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, ɷɧɟɪɝɢɸ ɤɨɬɨɪɨɝɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ. Ʉ ɩɪɢɦɟɪɭ, ɬɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɩɪɢɦɟɧɹɸɬ ɜ ɝɚɡɨɞɨɛɵɱɟ, ɤɨɝɞɚ ɧɚ 

ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɟɫɬɶ ɫɤɜɚɠɢɧɵ, ɤɚɤ ɫ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, ɬɚɤ ɢ ɫ ɧɢɡɤɢɦ, ɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɪɭɣɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɟɞɢɧɵɣ ɩɨɬɨɤ ɫ 

ɩɪɢɟɦɥɟɦɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɋɯɟɦɚ ɫɬɪɭɣɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 1.3. 

 

 

Ɋɢɫɭɧɨɤ 1.3 – ɋɯɟɦɚ ɫɬɪɭɣɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ 

 



11 
 

ɇɚɢɛɨɥɶɲɟɣ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɨɥɭɱɢɥɢ ɤɨɦɩɪɟɫɫɨɪɵ ɨɛɴɟɦɧɨɝɨ ɬɢɩɚ. 

ɋɠɚɬɢɟ ɜɨɡɞɭɯɚ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɞɚɧɧɨɝɨ ɬɢɩɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɚɛɨɱɢɯ ɤɚɦɟɪɚɯ. 

ɉɨɩɟɪɟɦɟɧɧɨɟ ɫɨɨɛɳɟɧɢɟ ɤɚɦɟɪ ɫ ɜɯɨɞɨɦ ɢ ɜɵɯɨɞɨɦ ɤɨɦɩɪɟɫɫɨɪɚ, ɚ ɬɚɤɠɟ 

ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɢɡɦɟɧɟɧɢɟ ɢɯ ɨɛɴɟɦɚ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɭɫɬɚɧɨɜɨɤ ɨɛɴɟɦɧɨɝɨ ɜɢɞɚ ɪɚɡɞɟɥɹɟɬɫɹ ɩɨ ɩɪɢɧɰɢɩɭ ɢɯ ɞɟɣɫɬɜɢɹ, 

ɮɨɪɦɟ ɢ ɬɢɩɭ ɪɚɛɨɱɢɯ ɞɟɬɚɥɟɣ ɤɨɦɩɪɟɫɫɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɢ. Ɉɛɴɟɦɧɵɟ 

ɤɨɦɩɪɟɫɫɨɪɵ ɦɨɝɭɬ ɛɵɬɶ ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ: 

- ɩɨɪɲɧɟɜɵɟ; 

- ɪɨɬɨɪɧɵɟ. 

ɍɫɬɚɧɨɜɤɢ ɩɨɪɲɧɟɜɨɝɨ ɬɢɩɚ ɫɬɚɥɢ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵ ɛɥɚɝɨɞɚɪɹ 

ɭɞɨɛɫɬɜɭ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜɵɫɨɤɢɦ ɪɚɛɨɱɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɞɥɢɬɟɥɶɧɨɦɭ ɫɪɨɤɭ 

ɫɥɭɠɛɵ, ɧɟɛɨɥɶɲɢɦ ɝɚɛɚɪɢɬɚɦ ɢ ɦɧɨɝɨɦɭ ɞɪɭɝɨɦɭ. ɉɪɢ ɷɬɨɦ ɞɚɧɧɵɣ ɜɢɞ 

ɤɨɦɩɪɟɫɫɨɪɨɜ ɨɬɥɢɱɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɥɸɛɵɯ ɜɢɞɨɜ ɪɚɛɨɬ ɫ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ 

ɡɧɚɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɞɚɜɥɟɧɢɹ. ɋɯɟɦɚ ɩɨɪɲɧɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 1.4. 

 

 

Ɋɢɫɭɧɨɤ 1.4 - ɋɯɟɦɚ ɩɨɪɲɧɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ 
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Ʉɪɢɜɨɲɢɩɧɨ-ɲɚɬɭɧɧɵɣ ɦɟɯɚɧɢɡɦ, ɩɪɢɜɨɞɢɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɜɚɥɨɦ, 

ɨɛɟɫɩɟɱɢɜɚɚɹ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɩɨɪɲɧɹ ɜ ɰɢɥɢɧɞɪɟ. Ɍɟɦ 

ɫɚɦɵɦ ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ, ɨɝɪɚɧɢɱɟɧɧɚɹ ɩɨɪɲɧɟɦ ɢ ɰɢɥɢɧɞɪɨɦ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɢɡɦɟɧɹɟɬ ɫɜɨɣ ɨɛɴɟɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɩɨɪɲɧɹ (ɪɢɫ.1.4). ɋɢɫɬɟɦɚ 

ɨɞɧɨɫɬɨɪɨɧɧɢɯ ɤɥɚɩɚɧɨɜ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɩɪɨɬɟɱɤɭ ɝɚɡɚ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ɉɨɪɲɧɟɜɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɢɦɟɸɬ ɫɜɨɸ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ: 

- ɞɜɨɣɧɨɝɨ ɢɥɢ ɨɞɢɧɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ; 

- ɦɚɫɥɹɧɵɟ ɢ ɛɟɡɦɚɫɥɹɧɵɟ; 

- ɭɝɥɨɜɵɟ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ, ɜɟɪɬɢɤɚɥɶɧɵɟ; 

- ɫ ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɰɢɥɢɧɞɪɨɜ.  

Ⱦɪɭɝɨɣ ɜɢɞ ɨɛɴɟɦɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ – ɪɨɬɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɝɥɚɜɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɜɪɚɳɚɸɳɢɯɫɹ ɫɠɢɦɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ⱦɚɧɧɵɟ ɜɢɞɵ ɤɨɦɩɪɟɫɫɨɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɩɪɨɦɵɲɥɟɧɧɵɦɢ, ɬɚɤ 

ɩɨɥɭɩɪɨɦɵɲɥɟɧɧɵɦɢ ɢɥɢ ɠɟ ɛɵɬɨɜɵɦɢ. ɂɯ ɪɚɛɨɱɢɟ ɩɚɪɚɦɟɬɪɵ, ɭɫɥɨɜɢɹ ɢ 

ɨɫɨɛɟɧɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɯɨɞɹɬ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɧɚ ɥɸɛɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

Ʉ ɤɚɬɟɝɨɪɢɢ ɪɨɬɨɪɧɵɯ ɭɫɬɚɧɨɜɨɤ ɨɬɧɨɫɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 

ɤɨɦɩɪɟɫɫɨɪɨɜ: 

ȼɢɧɬɨɜɵɟ ɤɨɦɩɪɟɫɫɨɪɵ – ɤɨɦɩɪɟɫɫɨɪɵ, ɤɨɬɨɪɵɟ ɨɫɧɚɳɟɧɵ ɜɟɞɭɳɢɦ ɢ 

ɜɟɞɨɦɵɦ ɪɨɬɨɪɚɦɢ, ɜɪɚɳɚɸɳɢɦɢɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɪɭɝ ɤ ɞɪɭɝɭ. Ⱦɚɧɧɵɣ 

ɩɪɢɧɰɢɩ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɟɠɞɭ ɤɨɪɩɭɫɨɦ ɢ 

ɪɨɬɨɪɚɦɢ, ɱɬɨ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɹ. Ƚɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 

ɞɚɧɧɨɝɨ ɬɢɩɚ ɤɨɦɩɪɟɫɫɨɪɨɜ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ 

ɢɧɬɟɧɫɢɜɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɋɨɬɨɪɧɨ-ɩɥɚɫɬɢɧɱɚɬɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɢɦɟɸɬ ɨɬɥɢɱɢɬɟɥɶɧɭɸ ɨɫɨɛɟɧɧɨɫɬɶ ɜ 

ɜɢɞɟ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɧɚɡɜɚɧɢɹ, ɪɨɬɨɪɚ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦɢ ɩɚɡɚɦɢ, ɜ ɤɨɬɨɪɵɟ 

ɜɫɬɚɜɥɟɧɵ ɩɨɞɜɢɠɧɵɟ ɩɥɚɫɬɢɧɵ. Ɋɨɬɨɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɫɬɚɬɨɪɟ, ɩɪɢɱɟɦ ɨɫɶ 

ɪɨɬɨɪɚ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ ɨɫɶɸ ɤɨɪɩɭɫɚ. ɉɪɢ ɜɪɚɳɟɧɢɢ ɪɨɬɨɪɚ ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ 

ɨɬɛɪɚɫɵɜɚɟɬ ɩɥɚɫɬɢɧɵ ɨɬ ɰɟɧɬɪɚ ɪɨɬɨɪɚ ɢ ɩɪɢɠɢɦɚɟɬ ɢɯ ɤ ɤɨɪɩɭɫɭ, ɬɟɦ ɫɚɦɵɦ ɜ 

ɤɨɦɩɪɟɫɫɨɪɟ ɨɛɪɚɡɭɸɬɫɹ ɩɨɞɜɢɠɧɵɟ ɪɚɛɨɱɢɟ ɤɚɦɟɪɵ, ɨɝɪɚɧɢɱɟɧɧɵɟ ɫɨɫɟɞɧɢɦɢ 
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ɩɥɚɫɬɢɧɚɦɢ, ɤɨɪɩɭɫɨɦ ɢ ɪɨɬɨɪɨɦ. ɂɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɪɚɛɨɱɢɯ ɤɚɦɟɪ ɨɛɭɫɥɨɜɥɟɧɨ 

ɫɦɟɳɟɧɢɟɦ ɨɫɟɣ. Ⱦɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɢɥɢɹ ɩɪɢɠɚɬɢɹ ɩɥɚɫɬɢɧ ɤ ɤɨɪɩɭɫɭ ɜ 

ɩɚɡɚɯ ɪɨɬɨɪɚ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɩɪɢɠɢɦɧɵɟ ɩɪɭɠɢɧɵ. Ʉɚɤ ɢ ɩɨɪɲɧɟɜɵɟ 

ɤɨɦɩɪɟɫɫɨɪɵ, ɪɨɬɨɪɧɨ-ɩɥɚɫɬɢɧɱɚɬɵɟ ɫɩɨɫɨɛɧɵ ɪɚɡɜɢɜɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ, ɨɞɧɚɤɨ ɢɯ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɸɬ ɤɨɦɩɚɤɬɧɵɟ ɪɚɡɦɟɪɵ ɢ 

ɦɟɧɶɲɚɹ ɲɭɦɧɨɫɬɶ. 

ɀɢɞɤɨɫɬɧɨ-ɤɨɥɶɰɟɜɵɟ – ɤɨɦɩɪɟɫɫɨɪɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɫɜɨɟɣ 

ɪɚɛɨɬɵ ɜɫɩɨɦɨɝɚɬɟɥɶɧɭɸ ɠɢɞɤɨɫɬɶ. ȼ ɫɬɚɬɨɪɟ ɡɚɤɪɟɩɥɹɟɬɫɹ ɪɨɬɨɪ ɫ 

ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɧɟɦ ɩɥɚɫɬɢɧɚɦɢ, ɩɪɢɱɟɦ ɨɫɶ ɪɨɬɨɪɚ ɫɦɟɲɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɨɫɢ ɫɬɚɬɨɪɚ. ȼɧɭɬɪɶ ɤɨɦɩɪɟɫɫɨɪɚ ɡɚɥɢɜɚɟɬɫɹ ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɪɢ ɜɪɚɳɟɧɢɢ 

ɪɨɬɨɪɚ ɨɬɛɪɚɫɵɜɚɟɬɫɹ ɤ ɫɬɟɧɤɚɦ ɤɨɪɩɭɫɚ, ɩɪɢɧɢɦɚɹ ɮɨɪɦɭ ɤɨɥɶɰɚ. Ɋɚɛɨɱɟɟ 

ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɢ ɷɬɨɦ ɫɬɚɧɨɜɢɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦ ɩɥɚɫɬɢɧɚɦɢ ɪɨɬɨɪɚ, ɤɨɪɩɭɫɨɦ 

ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ ɠɢɞɤɨɫɬɢ. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɪɨɬɨɪɧɨ-ɩɥɚɫɬɢɧɱɚɬɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ, 

ɫɦɟɳɟɧɢɟ ɨɫɟɣ ɪɨɬɨɪɚ ɢ ɫɬɚɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɪɚɛɨɱɢɯ ɤɚɦɟɪ. 

ɉɟɪɟɤɚɱɢɜɚɟɦɵɣ ɝɚɡ ɜ ɬɚɤɢɯ ɤɨɦɩɪɟɫɫɨɪɚɯ ɧɟɢɡɛɟɠɧɨ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ 

ɠɢɞɤɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɱɚɫɬɢɱɧɨ ɭɧɨɫɢɬɫɹ ɫ ɩɨɬɨɤɨɦ ɝɚɡɚ, ɩɨɷɬɨɦɭ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɡɟɥ ɫɟɩɚɪɚɰɢɢ ɨɬɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦɚ 

ɩɨɞɩɢɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɶɸ. Ɍɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɨɫɨɛɟɧɧɨ ɯɨɪɨɲɨ 

ɩɨɞɯɨɞɹɬ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɟɪɟɤɚɱɢɜɚɟɦɵɣ ɝɚɡ ɭɠɟ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ 

ɤɚɩɥɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ [1]. 

1.2 Ʉɨɦɩɪɟɫɫɨɪɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɦɨɟ ɧɚ ȼɚɧɤɨɪɫɤɨɦ 
ɦɟɫɬɨɪɨɠɞɟɧɢɢ 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɝɚɡɨɜɨɣ ɩɪɨɝɪɚɦɦɵ ȼɚɧɤɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɛɵɥɢ 

ɩɨɫɬɪɨɟɧɵ ɦɚɝɢɫɬɪɚɥɶɧɵɣ ɝɚɡɨɩɪɨɜɨɞ «ȼɚɧɤɨɪ-ɏɚɥɶɦɟɪɩɚɸɬɢɧɫɤɨɟ 

ɦɟɫɬɨɪɨɠɞɟɧɢɟ» ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 108 ɤɦ, ɤɨɦɩɪɟɫɫɨɪɧɵɟ ɫɬɚɧɰɢɢ ɧɢɡɤɨɝɨ ɢ 

ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɭɫɬɚɧɨɜɤɢ ɩɨɞɝɨɬɨɜɤɢ ɝɚɡɚ, ɜɧɭɬɪɢɩɪɨɦɵɫɥɨɜɵɟ 

ɝɚɡɨɩɪɨɜɨɞɵ. 
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ɇɚ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 3-ɹ ɨɱɟɪɟɞɶ 

ɩɪɢɦɟɧɹɟɬɫɹ ɰɟɧɬɪɨɛɟɠɧɵɣ ɤɨɦɩɪɟɫɫɨɪ ɬɢɩɚ 2BCL408 ɢɦɟɟɬ ɤɨɪɩɭɫ ɫ 

ɜɟɪɬɢɤɚɥɶɧɵɦ ɪɚɡɴɟɦɨɦ ɢ 8 ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɢɢ.  

Ʉɨɪɩɭɫ ɢ ɤɪɵɲɤɚ ɤɨɦɩɪɟɫɫɨɪɚ ɹɜɥɹɸɬɫɹ ɞɟɬɚɥɹɦɢ ɢɡ ɤɨɜɤɨɣ ɫɬɚɥɢ. 

ȼɟɪɬɢɤɚɥɶɧɵɣ ɪɚɡɴɟɦ, ɫɨ ɫɬɨɪɨɧɵ ɜɫɚɫɚ, ɩɨɡɜɨɥɹɟɬ ɞɟɦɨɧɬɢɪɨɜɚɬɶ 

ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ ɭɡɟɥ (ɫɦɟɧɧɭɸ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ), ɜ ɰɟɥɹɯ ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɹ. 

Ʌɨɩɚɫɬɧɵɟ ɤɨɥɟɫɚ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɫɬɚɥɶɧɨɣ ɫɜɚɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. Ʉɚɠɞɨɟ 

ɤɨɥɟɫɨ ɧɚɫɚɠɟɧɨ ɧɚ ɜɚɥ ɫ ɧɚɬɹɝɨɦ. ɉɨɫɥɟɞɧɟɟ ɤɨɥɟɫɨ ɭɞɟɪɠɢɜɚɟɬɫɹ ɜ ɫɜɨɟɦ 

ɩɨɥɨɠɟɧɢɢ ɩɪɢ ɩɨɦɨɳɢ ɫɬɚɥɶɧɨɝɨ ɭɪɚɜɧɨɜɟɲɢɜɚɸɳɟɝɨ ɩɨɪɲɧɹ (ɞɭɦɦɢɫɚ), 

ɤɨɬɨɪɵɣ ɧɚɫɚɠɟɧ ɫ ɧɚɬɹɝɨɦ ɢ ɩɪɢɤɪɟɩɥɟɧ ɩɪɢ ɩɨɦɨɳɢ ɲɩɨɧɤɢ ɧɚ ɜɚɥɭ.  

Ⱦɭɦɦɢɫ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚ ɭɩɨɪɧɵɣ ɩɨɞɲɢɩɧɢɤ. 

Ⱦɭɦɦɢɫ ɩɨɥɧɨɫɬɶɸ ɛɟɪɟɬ ɧɚ ɫɟɛɹ ɞɚɜɥɟɧɢɟ ɧɚɝɧɟɬɚɧɢɹ, ɢɞɭɳɟɟ ɫ ɟɝɨ ɜɧɭɬɪɟɧɧɟɣ 

ɫɬɨɪɨɧɵ. ɋ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ, ɩɨɫɪɟɞɫɬɜɨɦ ɜɧɟɲɧɟɣ ɬɪɭɛɵ, ɨɧ 

ɫɨɟɞɢɧɟɧ ɫ ɞɚɜɥɟɧɢɟɦ ɜɫɚɫɚ. ɍɩɥɨɬɧɢɬɟɥɶɧɨɟ ɤɨɥɶɰɨ, ɨɛɪɚɡɭɸɳɟɟɫɹ ɜɨɤɪɭɝ 

ɞɭɦɦɢɫɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɭɬɟɱɟɤ ɝɚɡɚ. 

ȼɚɥ ɜɪɚɳɚɟɬɫɹ ɜ ɞɜɭɯ ɩɨɞɲɢɩɧɢɤɚɯ ɫ ɫɟɝɦɟɧɬɧɵɦɢ ɜɤɥɚɞɵɲɚɦɢ, ɩɨ 

ɨɞɧɨɦɭ – ɫ ɤɚɠɞɨɝɨ ɤɨɧɰɚ ɜɚɥɚ. ȼ ɛɨɤɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɫɟɝɦɟɧɬɧɵɟ ɜɤɥɚɞɵɲɢ 

ɞɟɪɠɚɬɶɫɹ ɜ ɫɟɩɚɪɚɬɨɪɟ ɩɨɞɲɢɩɧɢɤɚ ɩɨɫɪɟɞɫɬɜɨɦ ɭɞɟɪɠɢɜɚɸɳɢɯ ɤɨɥɟɰ. 

ɇɚɥɢɱɢɟ ɜɢɧɬɨɜ ɫ ɜɵɫɬɭɩɨɦ, ɩɪɨɯɨɞɹɳɢɯ ɫɤɜɨɡɶ ɪɚɡɞɟɥɢɬɟɥɶɧɭɸ 

ɤɚɦɟɪɭ(ɫɟɩɚɪɚɬɨɪ) ɩɨɞɲɢɩɧɢɤɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɦ ɜɪɚɳɚɬɶɫɹ ɜɦɟɫɬɟ ɫ ɜɚɥɨɦ. 

ɋɟɩɚɪɚɬɨɪɵ ɩɨɞɲɢɩɧɢɤɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɫɧɚɪɭɠɢ ɤɨɪɩɭɫɚ ɩɨɞɲɢɩɧɢɤɨɜ, ɢ 

ɩɪɢɤɪɟɩɥɟɧɵ ɤ ɧɢɦ ɜɢɧɬɚɦɢ. 

Ɉɫɟɜɨɟ ɞɚɜɥɟɧɢɟ ɪɨɬɨɪɚ ɚɪɨɦɚɬɢɡɢɪɭɟɬɫɹ ɭɩɨɪɧɵɦ ɩɨɞɲɢɩɧɢɤɨɦ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɫɨ ɫɬɨɪɨɧɵ ɜɫɚɫɚ. ɗɬɨɬ ɩɨɞɲɢɩɧɢɤ ɞɜɨɣɧɨɝɨ ɞɟɣɫɬɜɢɹ, 

ɫɧɚɛɠɟɧɧɵɣ ɫɟɝɦɟɧɬɧɵɦɢ ɤɨɥɨɞɤɚɦɢ ɢɡ ɦɟɞɧɨɝɨ ɲɬɟɣɧɚ, ɫɩɨɫɨɛɟɧ ɜɵɧɨɫɢɬɶ 

ɧɚɝɪɭɡɤɢ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. ɇɚɝɪɭɡɤɚ ɩɟɪɟɞɚɟɬɫɹ ɭɩɨɪɧɵɦ ɝɪɟɛɧɟɦ, 

ɧɚɫɚɠɟɧɧɵɦ ɧɚ ɜɚɥ, ɩɪɢ ɩɨɦɨɳɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɧɬɚɠɚ, ɢ ɡɚɤɪɟɩɥɟɧɧɵɦ 

ɪɚɫɩɨɪɧɨɣ ɞɟɬɚɥɶɸ, ɢ ɫɬɨɩɨɪɧɨɣ ɝɚɣɤɨɣ. 

ɇɚ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɵɯ ɫɬɚɧɰɢɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 1-ɨɣ ɢ 2-ɨɣ ɨɱɟɪɟɞɹɯ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɩɪɟɫɫɨɪɧɵɣ ɚɝɪɟɝɚɬ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɤɨɦɩɪɟɫɫɨɪ 
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ɩɨɪɲɧɟɜɨɣ ɨɩɩɨɡɢɬɧɵɣ ɦɨɞɟɥɢ Ʉȼȼ-6 ɢ ɩɪɢɜɨɞ ɝɚɡɨɩɨɪɲɧɟɜɨɣ ɦɨɞɟɥɢ 

G16CM34 (ɞɜɢɝɚɬɟɥɶ), ɫɨɟɞɢɧɟɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɱɟɪɟɡ ɭɩɪɭɝɭɸ ɦɭɮɬɭ ɢ 

ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɪɚɦɟ. Ʉɪɨɦɟ ɷɬɨɝɨ ɜ ɫɨɫɬɚɜ ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ ɜɯɨɞɹɬ 

ɫɤɪɭɛɛɟɪɵ ɧɚ ɩɪɢɟɦɟ ɬɪɟɯ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɛɭɮɟɪɧɵɟ ɟɦɤɨɫɬɢ ɞɥɹ 

ɝɚɲɟɧɢɹ ɩɭɥɶɫɚɰɢɢ ɩɨɬɨɤɚ ɧɚ ɩɪɢɟɦɟ ɢ ɧɚɝɧɟɬɚɧɢɢ ɬɪɟɯ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ.  

ɋɠɚɬɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɪɟɯ ɫɬɭɩɟɧɹɯ, ɢɦɟɸɳɢɯ ɩɨ 

ɞɜɚ ɰɢɥɢɧɞɪɚ ɧɚ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ. ɋɠɚɬɢɟ ɜ ɰɢɥɢɧɞɪɚɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ ɩɨɪɲɧɹ ɜ ɩɨɥɨɫɬɢ ɰɢɥɢɧɞɪɚ. Ⱦɜɢɠɟɧɢɟ ɩɨɪɲɧɹ, 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɪɢɜɨɲɢɩɧɨ-ɲɚɬɭɧɧɵɦ ɦɟɯɚɧɢɡɦɨɦ, ɨɩɢɪɚɸɳɢɦɫɹ ɧɚ 

ɤɨɪɟɧɧɵɟ ɢ ɲɚɬɭɧɧɵɟ ɩɨɞɲɢɩɧɢɤɢ, ɨɬ ɞɜɢɝɚɬɟɥɹ ɤɨɦɩɪɟɫɫɨɪɚ. 

ɇɚ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɛɴɟɦɧɵɣ, 

ɦɚɫɥɨɡɚɩɨɥɧɟɧɧɵɣ ɪɨɬɚɰɢɨɧɧɵɣ ɤɨɦɩɪɟɫɫɨɪɧɵɣ ɚɝɪɟɝɚɬ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ 

ɫɨɫɬɚɜɥɹɟɬ 35200 ɤɝ/ɱ. 

 

1.3 ɐɟɧɬɪɨɛɟɠɧɵɣ ɤɨɦɩɪɟɫɫɨɪ 

1.3.1 Ɉɛщɢɟ ɫɜɟɞɟɧɢɹ ɢ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɐɟɧɬɪɨɛɟɠɧɵɣ ɤɨɦɩɪɟɫɫɨɪ – ɪɚɞɢɚɥɶɧɵɣ ɤɨɦɩɪɟɫɫɨɪ, ɜ ɤɨɬɨɪɨɦ ɩɨɬɨɤ ɜɨ 

ɜɪɚɳɚɸɳɢɯɫɹ ɪɟɲɟɬɤɚɯ ɥɨɩɚɬɨɤ ɜ ɦɟɪɢɞɢɨɧɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɚɩɪɚɜɥɟɧ ɨɬ 

ɰɟɧɬɪɚ ɤ ɩɟɪɢɮɟɪɢɢ.  

ɗɬɢ ɦɚɲɢɧɵ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɧɚɞɟɠɧɨɟ ɫɠɚɬɢɟ ɜ ɨɱɟɧɶ ɤɨɦɩɚɤɬɧɵɯ 

ɤɨɧɮɢɝɭɪɚɰɢɹɯ. ɐɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɪɚɡɥɢɱɚɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɬɢɩɭ 

ɤɨɧɫɬɪɭɤɰɢɢ (ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɢɥɢ ɜɟɪɬɢɤɚɥɶɧɵɟ), ɩɨ ɩɪɨɮɢɥɸ ɥɨɩɚɬɨɤ ɧɚ 

ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ, ɩɨ ɬɨɥɳɢɧɟ ɫɬɟɧɨɤ ɱɚɫɬɟɣ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɨɟ ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ. 

ɐɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɞɢɧɚɦɢɱɟɫɤɢɯ ɦɚɲɢɧ ɢɥɢ 

ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚɦ. ɉɪɨɝɪɟɫɫ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɟɬɨɞɚɯ ɫɬɚɥ ɤɥɸɱɟɜɵɦ 

ɮɚɤɬɨɪɨɦ ɜ ɪɚɡɜɢɬɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɬɭɪɛɨɦɚɲɢɧ. 

Ɉɫɧɨɜɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɧɟɧɬɵ ɜ ɰɟɧɬɪɨɛɟɠɧɨɦ ɤɨɦɩɪɟɫɫɨɪɟ – ɷɬɨ 

ɧɚɩɪɚɜɥɹɸɳɢɟ ɥɨɩɚɫɬɢ, ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, ɞɢɮɮɭɡɨɪ, ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ ɢ ɛɨɤɨɜɨɣ 
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ɜɵɯɨɞ. ɂɦɩɟɥɥɟɪɵ ɨɬɜɟɱɚɸɬ ɡɚ ɜɫɸ ɪɚɛɨɬɭ, ɩɪɨɢɡɜɨɞɢɦɭɸ ɫ ɩɨɬɨɤɨɦ ɫɪɟɞɵ ɢ 

ɩɨɷɬɨɦɭ ɧɟɜɨɡɦɨɠɧɨ ɞɨɫɬɢɱɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɨ ɜɫɟɦ ɤɨɦɩɪɟɫɫɨɪɟ ɢɥɢ ɫɬɭɩɟɧɢ 

ɤɨɦɩɪɟɫɫɨɪɚ ɛɟɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɝɨ ɧɚɞɥɟɠɚɳɢɦ ɨɛɪɚɡɨɦ. 

ɐɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ 

ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɧɟɧɢɣ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɩɪɨɰɟɫɫ ɫɠɚɬɢɹ: 

- ɧɟɮɬɟɝɚɡɨɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ; 

- ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɜɨɡɞɭɯɚ; 

- ɦɟɬɚɥɥɭɪɝɢɹ; 

- ɝɨɪɧɨɞɨɛɵɜɚɸɳɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. 

ɐɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ: 

- ɜ ɯɢɦɢɱɟɫɤɨɣ ɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɷɬɢɥɟɧɚ ɢ ɩɪɨɩɢɥɟɧɚ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɩɪɢ ɫɠɢɠɟɧɢɢ ɝɚɡɚ, ɞɥɹ 

ɫɠɚɬɢɹ ɜɨɞɨɪɨɞɚ, ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɦɟɬɚɧɨɥɚ, ɚɦɦɢɚɤɚ ɢ ɬ.ɞ.; 

- ɜ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɢ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ, ɩɟɱɚɯ 

ɪɢɮɨɪɦɢɧɝɚ, ɩɪɢ ɫɟɪɨɨɱɢɫɬɤɟ; 

- ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɞɥɹ ɫɠɢɠɟɧɢɹ ɝɚɡɚ, 

ɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɭɫɬɚɧɨɜɤɚɯ; 

- ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɠɚɬɢɹ ɩɚɪɨɜ (ɞɥɹ ɭɩɥɨɬɧɟɧɢɹ ɩɚɪɨɜ ɫɨɡɞɚɜɚɟɦɵɯ 

ɦɚɬɨɱɧɨɣ ɠɢɞɤɨɫɬɶɸ, ɩɨɜɵɲɚɹ ɢ ɞɚɜɥɟɧɢɟ, ɢ ɬɟɦɩɟɪɚɬɭɪɭ) ɩɪɢ ɨɩɪɟɫɧɟɧɢɢ 

ɦɨɪɫɤɨɣ ɜɨɞɵ ɢ ɜ ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ; 

- ɞɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ. ɍɝɥɟɤɢɫɥɵɣ ɝɚɡ 

ɭɥɚɜɥɢɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ ɢɫɬɨɱɧɢɤɚ, ɧɟ ɞɨɩɭɫɤɚɹ ɜɵɛɪɨɫɚ ɜ ɚɬɦɨɫɮɟɪɭ, ɚ 

ɡɚɬɟɦ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬ ɜ ɡɚɞɚɧɧɨɟ ɦɟɫɬɨ; 

- ɜ ɷɧɟɪɝɟɬɢɤɟ ɞɥɹ ɧɚɝɧɟɬɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɝɚɡɨɜ, ɭɞɚɥɟɧɢɟ ɫɟɪɵ ɢɡ ɬɨɩɨɱɧɵɯ 

ɝɚɡɨɜ, ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɩɪɢ ɩɪɨɞɭɜɤɟ ɫɚɠɢ, ɞɥɹ ɩɨɞɚɱɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɜɨɡɞɭɯɚ, 

ɜ ɤɚɱɟɫɬɜɟ ɜɨɡɞɭɲɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɩɧɟɜɦɨɪɚɫɩɵɥɚ ɞɥɹ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ. 

Ʉɨɦɩɪɟɫɫɨɪɵ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɬɢɩɚ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɬɟɯ ɨɛɥɚɫɬɟɣ 

ɩɪɢɦɟɧɟɧɢɹ, ɝɞɟ ɫɠɢɦɚɟɬɫɹ ɧɟɮɬɹɧɨɣ ɩɨɩɭɬɧɵɣ ɝɚɡ. ɇɚ ɫɤɜɚɠɢɧɚɯ ɢɦɟɟɬɫɹ ɫɦɟɫɶ 

ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɢ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɪɚɡɞɟɥɟɧɢɢ ɧɟɮɬɢ ɨɬ ɥɟɬɭɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɇɚ 

ɧɟɮɬɟɩɪɨɦɵɫɥɨɜɵɯ ɨɛɴɟɤɬɚɯ ɬɚɤɠɟ ɟɫɬɶ ɪɹɞ ɨɛɥɚɫɬɟɣ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ 
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ɤɨɦɩɪɟɫɫɨɪɨɜ. ɇɚɢɛɨɥɟɟ ɬɢɩɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɪɟɤɨɦɩɪɟɫɫɢɹ ɜɵɞɟɥɹɟɦɨɝɨ ɝɚɡɚ ɢ 

ɩɨɞɚɱɚ ɜ ɝɚɡɨɩɪɨɜɨɞ. ɋɠɚɬɢɟ ɝɚɡɚ ɬɚɤɠɟ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɞɥɹ 

ɤɨɦɩɪɢɦɢɪɨɜɚɧɢɹ ɜ ɩɥɚɫɬ ɤɚɤ ɜɪɟɦɟɧɧɚɹ ɦɟɪɚ ɩɟɪɟɞ ɩɪɨɞɚɠɟɣ ɢɥɢ ɞɥɹ 

ɩɨɞɞɟɪɠɚɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ɩɥɚɫɬɟ. 

ɐɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɢɫɩɨɥɶɡɭɸɬ ɬɚɤɠɟ ɧɚ ɭɫɬɚɧɨɜɤɚɯ 

ɭɥɚɜɥɢɜɚɧɢɹ ɝɚɡɨɜ, ɝɞɟ ɝɚɡ c ɝɚɡɨɜɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫɠɢɦɚɟɬɫɹ, ɥɢɛɨ ɩɨɞɚɟɬɫɹ 

ɧɚ ɝɚɡɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ɢɥɢ ɬɪɭɛɨɩɪɨɜɨɞɵ. Ƚɚɡ ɨɛɵɱɧɨ ɢɞɟɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 

ɫɤɜɚɠɢɧ ɫ ɪɚɡɧɵɦ ɭɪɨɜɧɟɦ ɞɚɜɥɟɧɢɣ. Ƚɚɡ ɫɠɢɦɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɞɨ 70-100 ɛɚɪ. 

Ɉɛɵɱɧɨ ɧɟɛɨɥɶɲɢɟ ɤɨɦɩɪɟɫɫɨɪɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ 

ɨɬ ɫɤɜɚɠɢɧɵ, ɤɨɬɨɪɵɟ ɩɨɞɚɸɬ ɝɚɡ ɜ ɝɚɡɨɜɭɸ ɫɬɚɧɰɢɸ. ɇɚ ɧɟɤɨɬɨɪɵɯ ɝɚɡɨɜɵɯ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɩɨɧɢɠɚɸɬ ɭɪɨɜɟɧɶ ɞɚɜɥɟɧɢɹ ɜɯɨɞɧɨɝɨ ɝɚɡɚ, ɱɬɨɛɵ ɪɚɡɞɟɥɢɬɶ ɝɚɡ 

ɢ ɠɢɞɤɨɫɬɶ. 

ɇɚ ɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɤɨɬɨɪɵɟ ɩɪɨɢɡɜɨɞɹɬ ɫɭɯɨɣ ɝɚɡ ɢ ɩɪɨɞɭɤɬɵ 

ɫɠɢɠɟɧɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ (ɩɪɨɩɚɧ, ɷɬɚɧ, ɛɭɬɚɧ) ɰɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ 

ɭɱɚɫɬɜɭɸɬ ɜ ɫɥɟɞɭɸɳɢɯ ɩɪɨɰɟɫɫɚɯ ɫɠɚɬɢɹ: 

- ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɫɠɚɬɢɟ (ɧɚ ɜɯɨɞɟ) ɩɨɞɨɝɧɚɬɶ ɞɚɜɥɟɧɢɟ ɩɨɞɚɜɚɟɦɨɝɨ ɝɚɡɚ 

ɧɚ ɜɯɨɞ ɩɨɞ ɞɚɜɥɟɧɢɟ ɭɫɬɚɧɨɜɤɢ; 

- ɪɟɤɨɦɩɪɟɫɫɢɹ, ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɫ ɭɫɬɚɧɨɜɤɢ ɩɨɞɝɨɧɹɸɬ 

ɩɨɞ ɞɚɜɥɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

1.3.2 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɩɨɬɨɤ ɜɨɡɞɭɯɚ ɜɯɨɞɢɬ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ɜɞɨɥɶ ɨɫɢ ɞɜɢɝɚɬɟɥɹ, ɚ ɜ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɜɨɪɨɬ ɩɨɬɨɤɚ ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ 

ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɡɚ ɫɱёɬ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ ɫɨɡɞɚёɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɪɨɫɬ 

ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ. Ɍɨ ɟɫɬɶ ɱɚɫɬɢɰɵ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɩɨɥɭɱɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ. 

Ɋɚɛɨɱɟɟ ɤɨɥɟɫɨ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɫɤ ɢɥɢ 

ɠɟ ɫɥɨɠɧɨɟ ɬɟɥɨ ɜɪɚɳɟɧɢɹ, ɧɚ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧɵ ɥɨɩɚɬɤɢ, ɪɚɫɯɨɞɹɳɢɟɫɹ ɨɬ 

ɰɟɧɬɪɚ ɤ ɤɪɚɹɦ ɞɢɫɤɚ. Ɇɟɠɥɨɩɚɬɨɱɧɵɣ ɤɚɧɚɥ ɜ ɰɟɧɬɪɨɛɟɠɧɨɦ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ, 
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ɬɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɨɫɟɜɨɦ – ɞɢɮɮɭɡɨɪɧɵɣ. ɉɨ ɬɢɩɭ ɢɫɩɨɥɶɡɭɟɦɵɯ ɥɨɩɚɬɨɤ ɪɚɛɨɱɢɟ 

ɤɨɥɟɫɚ ɤɜɚɥɢɮɢɰɢɪɭɸɬɫɹ ɧɚ ɪɚɞɢɚɥɶɧɵɟ (ɩɪɨɮɢɥɶ ɥɨɩɚɬɤɢ ɪɨɜɧɵɣ) ɢ 

ɪɟɚɤɬɢɜɧɵɟ (ɩɪɨɮɢɥɶ ɥɨɩɚɬɤɢ ɢɡɨɝɧɭɬɵɣ). Ɋɟɚɤɬɢɜɧɵɟ ɪɚɛɨɱɢɟ ɤɨɥɟɫɚ ɨɛɥɚɞɚɸɬ 

ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɄɉȾ) ɢ ɫɬɟɩɟɧɶɸ ɫɠɚɬɢɹ, 

ɧɨ ɫɥɨɠɧɟɟ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ – ɞɨɪɨɠɟ. ɉɨɬɨɤ ɝɚɡɚ ɩɨɩɚɞɚɟɬ ɜ 

ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ, ɝɞɟ ɱɚɫɬɢɰɚɦ ɝɚɡɚ ɩɟɪɟɞɚёɬɫɹ 

ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɜɪɚɳɚɸɳɟɝɨɫɹ ɤɨɥɟɫɚ, ɞɢɮɮɭɡɨɪɧɵɣ ɦɟɠɥɨɩɚɬɨɱɧɵɣ 

ɤɚɧɚɥ ɩɪɨɢɡɜɨɞɢɬ ɬɨɪɦɨɠɟɧɢɟ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɝɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɜɪɚɳɚɸɳɟɝɨɫɹ ɤɨɥɟɫɚ, ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ ɩɪɢɞɚёɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɱɚɫɬɢɰɚɦ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢ ɧɚɩɪɚɜɥɹɟɬ ɢɯ ɜ ɪɚɞɢɚɥɶɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ. ɉɨɫɥɟ ɜɵɯɨɞɚ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɱɚɫɬɢɰɵ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɩɨɩɚɞɚɸɬ 

ɜ ɞɢɮɮɭɡɨɪ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɩɨɫɥɟɞɭɸɳɟɟ ɬɨɪɦɨɠɟɧɢɟ, ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɢɯ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɨ ɜɧɭɬɪɟɧɧɸɸ. 

1.4 Ʉɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ 

Ɋɚɛɨɱɟɟ ɤɨɥɟɫɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɢ ɧɚɢɛɨɥɟɟ ɭɹɡɜɢɦɵɦ ɷɥɟɦɟɧɬɨɦ 

ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. ȼɪɚɳɟɧɢɟ ɤɨɥɟɫɚ ɫ ɛɨɥɶɲɨɣ 

ɫɤɨɪɨɫɬɶɸ (ɨɤɪɭɠɧɵɟ ɫɤɨɪɨɫɬɢ ɞɨɫɬɢɝɚɸɬ 300 ɦ/ɫ) ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɜ ɦɚɬɟɪɢɚɥɟ ɤɨɥɟɫɚ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɢɦ ɜɧɭɬɪɟɧɧɢɦ 

ɧɚɩɪɹɠɟɧɢɹɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ, ɚɝɪɟɫɫɢɜɧɚɹ ɪɚɛɨɱɚɹ ɫɪɟɞɚ 

ɬɚɤɠɟ ɨɤɚɡɵɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɤɨɥɟɫɨ. ȼ ɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ 

ɞɨɥɠɧɨ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɫɨɜɟɪɲɟɧɧɵɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɨɪɦɵ 

ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɄɉȾ ɭɫɬɚɧɨɜɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɟɫɩɟɱɟɧɢɸ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ. 



19 
 

 
1 – ɨɫɧɨɜɧɨɣ ɞɢɫɤ; 2 – ɥɨɩɚɬɤɢ; 3 – ɩɨɤɪɵɜɧɨɣ ɞɢɫɤ 

 

Ɋɢɫɭɧɨɤ 1.5 – ɋɯɟɦɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

 

Ɋɚɛɨɱɢɟ ɤɨɥɟɫɚ ɰɟɧɬɪɨɛɟɠɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢɫɩɨɥɧɟɧɢɣ. Ɍɚɤ, ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɲɢɪɢɧɟ ɤɚɧɚɥɚ ɪɚɛɨɱɢɟ 

ɤɨɥɟɫɚ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɦɚɥɨɪɚɫɯɨɞɧɵɟ ɢ ɜɵɫɨɤɨɪɚɫɯɨɞɧɵɟ. ɉɨ ɮɨɪɦɟ 

ɥɨɩɚɬɨɤ ɤɨɥɟɫɚ ɞɟɥɹɬɫɹ ɧɚ ɨɛɵɱɧɵɟ ɢ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɥɨɩɚɬɤɚɦɢ. Ɍɚɤɠɟ, 

ɪɚɛɨɱɢɟ ɤɨɥɟɫɚ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɱɢɫɥɭ ɢ ɞɥɢɧɟ ɥɨɩɚɬɨɤ, ɯɚɪɚɤɬɟɪɭ ɢɯ ɫɨɟɞɢɧɟɧɢɹ 

ɢ ɬ. ɞ.  

Ɋɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɨɛɴɹɫɧɹɟɬɫɹ 

ɦɧɨɝɨɨɛɪɚɡɢɟɦ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ 

ɤɨɧɫɬɪɭɤɰɢɹɦ ɦɚɲɢɧ, ɚ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɭɱɟɬɚ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɩɪɟɞɩɪɢɹɬɢɣ, ɢɡɝɨɬɚɜɥɢɜɚɸɳɢɯ ɰɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ.  

Ɋɚɛɨɱɢɟ ɤɨɥɟɫɚ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɝɪɭɩɩɵ: 

- ɨɬɤɪɵɬɚɹ ɤɨɧɫɬɪɭɤɰɢɹ; ɜɫɟ ɷɥɟɦɟɧɬɵ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ 

ɨɬɞɟɥɶɧɨ (ɨɫɧɨɜɧɨɣ, ɩɨɤɪɵɜɧɨɣ ɞɢɫɤɢ ɢ ɥɨɩɚɬɤɢ), ɚ ɩɨɫɥɟ ɫɨɟɞɢɧɹɸɬɫɹ ɦɟɠɞɭ 

ɫɨɛɨɣ ɫɜɚɪɤɨɣ, ɩɚɣɤɨɣ ɢɥɢ ɤɥɟɩɤɨɣ; ɪɚɛɨɱɟɟ ɤɨɥɟɫ ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɫɬɶɸ ɫɛɨɪɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɟɣ; 
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- ɩɨɥɭɨɬɤɪɵɬɚɹ ɤɨɧɫɬɪɭɤɰɢɹ; ɩɨɤɪɵɜɧɨɣ ɢ ɰɟɥɶɧɨ ɮɪɟɡɟɪɨɜɚɧɧɵɟ 

(ɥɨɩɚɬɨɱɧɵɟ) ɞɢɫɤɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɨɬɞɟɥɶɧɨ, ɚ ɡɚɬɟɦ ɫɨɟɞɢɧɹɸɬ ɦɟɠɞɭ ɫɨɛɨɣ 

ɩɚɣɤɨɣ ɢɥɢ ɤɥɟɩɤɨɣ; ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɥɟɫɚ – ɫɛɨɪɧɚɹ; 

- ɡɚɤɪɵɬɚɹ ɤɨɧɫɬɪɭɤɰɢɹ; ɦɨɧɨɥɢɬɧɨɟ ɤɨɥɟɫɨ; ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ 

ɮɪɟɡɟɪɨɜɚɧɢɟɦ, ɥɢɬɶɟɦ, ɷɥɟɤɬɪɨɷɪɨɡɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɝɪɭɩɩ 

ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭɫɬɪɨɣɫɬɜ. Ɉɞɧɚɤɨ ɬɚɤɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ 

ɩɨɡɜɨɥɹɟɬ, ɧɟɫɦɨɬɪɹ ɧɚ ɪɚɡɧɨɨɛɪɚɡɢɟ ɤɨɥɟɫ, ɫɨɡɞɚɜɚɬɶ ɫɬɚɧɞɚɪɬɧɵɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢ ɬɟɦ ɫɚɦɵɦ ɫɧɢɠɚɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

ȼɵɛɨɪ ɦɚɬɟɪɢɚɥɚ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɱɟɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɚ ɬɚɤɠɟ 

ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɪɚɛɨɱɟɣ ɫɪɟɞɵ. ȿɫɥɢ ɪɚɛɨɱɟɣ ɫɪɟɞɨɣ ɹɜɥɹɟɬɫɹ ɝɚɡ, ɧɟ 

ɨɛɥɚɞɚɸɳɢɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɩɪɢɦɟɧɹɸɬ ɭɝɥɟɪɨɞɢɫɬɵɟ ɫɬɚɥɢ ɦɚɪɨɤ 

40, 45, 40ɏ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɝɪɟɫɫɢɜɧɵɯ ɪɚɛɨɱɢɯ ɫɪɟɞ ɪɚɛɨɱɢɟ ɤɨɥɟɫɚ 

ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɯɪɨɦɨɧɢɤɟɥɟɜɵɯ ɢ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɦɚɪɨɤ 30ɏȽɋ, 

ɏ15ɇ9ɘ ɢ ɬ.ɩ. 

Ɂɚɝɨɬɨɜɤɢ ɤɨɥɟɫ ɩɨɥɭɨɬɤɪɵɬɨɝɨ ɢ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɤɨɜɤɢ, 

ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɫɜɨɛɨɞɧɨɣ ɤɨɜɤɢ ɧɚ ɦɨɥɨɬɚɯ ɢɥɢ ɩɪɟɫɫɚɯ. Ʉ 

ɤɚɱɟɫɬɜɭ ɦɟɬɚɥɥɚ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ. ɉɨɤɨɜɤɢ ɧɟ ɞɨɥɠɧɵ ɢɦɟɬɶ 

ɬɪɟɳɢɧ, ɩɨɪɵ ɮɥɨɤɟɧɨɜ, ɱɭɠɢɯ ɜɤɥɸɱɟɧɢɣ. ɋɪɟɞɧɹɹ ɱɚɫɬɶ ɫɥɢɬɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɟɪɯɧɹɹ ɢ ɧɢɠɧɹɹ ɱɚɫɬɢ ɫɥɢɬɤɚ, ɤɚɤ ɦɟɧɟɟ 

ɤɚɱɟɫɬɜɟɧɧɵɟ (ɪɚɤɨɜɢɧɵ, ɩɨɪɵ ɢ ɞɪɭɝɢɟ ɞɟɮɟɤɬɵ), ɭɞɚɥɹɸɬɫɹ, ɢ ɢɯ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɟɪɟɩɥɚɜɚ. 

ɋ ɩɨɦɨɳɶɸ ɤɨɜɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɦɟɬɚɥɥ ɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ. ȼɫɟ 

ɡɚɝɨɬɨɜɤɢ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɩɚɫɩɨɪɬɨɦ, ɤɭɞɚ ɡɚɧɨɫɹɬ ɞɚɧɧɵɟ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɢɬɤɚ ɩɨɤɨɜɤɢ, ɢ ɞɚɥɟɟ ɞɚɧɧɵɟ ɨ ɫɜɨɣɫɬɜɚɯ ɦɚɬɟɪɢɚɥɚ 

ɩɪɨɲɟɞɲɢɟ ɤɚɠɞɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ, ɫɜɹɡɚɧɧɭɸ ɫ ɢɡɦɟɧɟɧɢɟɦ ɷɬɢɯ 

ɫɜɨɣɫɬɜ. Ɂɚɝɨɬɨɜɤɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɟɮɟɤɬɨɫɤɨɩɢɢ. 
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2 Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɡɞɟɥ 

2.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ 

ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɛɵɥɚ ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ 

ɤɨɦɩɪɢɦɢɪɨɜɚɧɢɹ ɝɚɡɚ ɧɚ ȽɄɋ ȼȾ ɜ ɩɪɨɝɪɚɦɦɟ «AspenONE Hysys». ɋɯɟɦɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

 

Ɋɢɫɭɧɨɤ 2.1 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɤɨɦɩɪɢɦɢɪɨɜɚɧɢɹ ɝɚɡɚ ɧɚ ȽɄɋ ȼȾ 

 

Ʉɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ 

ɫɟɩɚɪɚɬɨɪ V27001A ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 2.1. 

 

Ɍɚɛɥɢɰɚ 2.1 – Ʉɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɝɚɡɚ  
Ʉɨɦɩɨɧɟɧɬ Ɇɨɥɶɧɚɹ ɞɨɥɹ Ʉɨɦɩɨɧɟɧɬ Ɇɨɥɶɧɚɹ ɞɨɥɹ 

Ɇɟɬɚɧ 94,9600 Ⱥɡɨɬ 0,4790 

ɗɬɚɧ 1,8300 ɇɟɨ-ɉɟɧɬɚɧ 0,0072 

ɉɪɨɩɚɧ 1,2200 ɂ-ɉɟɧɬɚɧ 0,7149 

ȼɨɞɨɪɨɞ 0,0016 ɇ-ɉɟɧɬɚɧ 0,1070 

Ʉɢɫɥɨɪɨɞ 0,0060 Ƚɟɤɫɚɧɵ 0,0740 

ɍɝɥɟɤɢɫɥɵɣ ɝɚɡ 0,2800 Ƚɟɩɬɚɧɵ 0,0212 

 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ «AspenONE HYSYS» ɛɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɚɡɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2.  



22 
 

Ɍɚɛɥɢɰɚ 2.2 – ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɚɡɚ ɧɚ ɜɫɟɯ ɬɨɱɤɚɯ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ 
ɉɚɪɚɦɟɬɪ ɉɨɩɭɬɧɵɣ 

ɝɚɡ 

Ƚɚɡ ɧɚ 

1-ɸ 

ɫɟɤɰɢɸ 

Ʉɨɧɞɟɧɫɚɬ 

ɩɨɫɥɟ 1-ɝɨ 

ɫɟɩɚɪɚɬɨɪɚ 

Ƚɚɡ 

ɩɨɫɥɟ 1-

ɨɣ 

ɫɟɤɰɢɢ 

Ƚɚɡ 

ɩɨɫɥɟ 1-

ɝɨ ȺȼɈ 

Ƚɚɡ ɧɚ 

2–ɸ 

ɫɟɤɰɢɸ 

Ʉɨɧɞɟɧɫɚɬ 

ɩɨɫɥɟ 2–ɝɨ 

ɫɟɩɚɪɚɬɨɪɚ 

Ƚɚɡ 

ɩɨɫɥɟ 2-

ɨɣ 

ɫɟɤɰɢɢ 

Ƚɚɡ 

ɩɨɫɥɟ 2-

ɨɣ ȺȼɈ 

Ƚɚɡ ɩɨɫɥɟ 

ɚɛɫɨɪɛɟɪɚ 

Ʉɨɧɞɟɧɫɚɬ 

ɩɨɫɥɟ 

ɚɛɫɨɪɛɟɪɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ, 

◦ɋ  

31 31 31 142 35 35 35 108,463 35 35 35 

Ⱦɚɜɥɟɧɢɟ, 

ɤɉɚ 

1700 1700 5580 5580 5580 5580 5580 12500 12499,8 12499,8 12499,8 

Ɇɚɫɫɨɜɵɣ 

ɪɚɫɯɨɞ, ɤɝ/ɱ 

108491 108491 - 108491 108491 108491 - 108491 108491 108491 - 

Ɉɛɴɟɦɧɵɣ 

ɪɚɫɯɨɞ, ɫɬ. 

ɦ3/ɱ 

145000 145000 - 145000 145000 145000 - 145000 145000 145000 - 



ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ 2.2, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɥɟ ɫɠɚɬɢɹ ɜ 1-ɨɣ ɫɟɤɰɢɢ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ (ȽɄȺ) ଵܶ =  ͳͶʹ,Ͳ͵͸ °C, ɚ ɜɨ 2-ɨɣ ɫɟɤɰɢɢ ଶܶ =  ͳͲͺ,Ͷ͸͵ °C 

 ɉɨɫɥɟ ɫɟɩɚɪɚɬɨɪɚ 1-ɨɣ ɫɬɭɩɟɧɢ ɫɟɩɚɪɚɬɨɪɚ V27001A ɝɚɡ ɩɨɫɬɭɩɚɟɬ ɧɚ 1-ɸ 

ɫɟɤɰɢɸ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ. ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «AspenONE 

HYSYS», ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɞɥɹ ɫɠɚɬɢɹ ɝɚɡɚ ɞɨ ɞɚɜɥɟɧɢɹ P = 5,58 Ɇɉɚ 

ɧɟɨɛɯɨɞɢɦɚ ɦɨɳɧɨɫɬɶ N = 7322,836 ɤȼɬ. ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ ɛ = 3,282 Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

 

 

Ɋɢɫɭɧɨɤ 2.2 – ɉɚɪɚɦɟɬɪɵ 1-ɨɣ ɫɟɤɰɢɢ ȽɄȺ 

 

Ⱦɚɥɟɟ ɝɚɡ ɩɨɫɬɭɩɚɟɬ ɜ ɚɩɩɚɪɚɬ ɜɨɡɞɭɲɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 1-ɨɣ ɫɬɭɩɟɧɢ 

ȿ27001A, ɝɞɟ ɨɯɥɚɠɞɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ T = 35 °C. ɉɪɨɣɞɹ ɫɟɩɚɪɚɬɨɪ 

V27002Ⱥ ɝɚɡ ɩɨɩɚɞɚɟɬ ɜɨ 2-ɸ ɫɟɤɰɢɸ ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ 35 °C ɢ ɞɚɜɥɟɧɢɟɦ 5,58 Ɇɉɚ. Ⱦɥɹ ɫɠɚɬɢɹ ɝɚɡɚ ɞɨ ɞɚɜɥɟɧɢɹ Р = 

10,62 Ɇɉɚ, ɧɟɨɛɯɨɞɢɦɚ ɦɨɳɧɨɫɬɶ N = 4350,08 ɤȼɬ. ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ ɛ = 2,240. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
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Ɋɢɫɭɧɨɤ 2.3 – ɉɚɪɚɦɟɬɪɵ 1-ɨɣ ɫɟɤɰɢɢ ȽɄȺ 

2.2 ɉɨɫɬɪɨɟɧɢɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ «AspenONE HYSYS» ɜɵɩɨɥɧɢɦ ɩɨɫɬɪɨɟɧɢɟ 

ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɦɩɚɠɧɨɝɨ ɡɚɩɚɫɚ. 

Ƚɚɡɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 1-ɨɣ ɢ 2-ɨɣ ɫɟɤɰɢɣ ȽɄȺ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫɭɧɤɚɯ 2.4, 2.5 

 

Ɋɢɫɭɧɨɤ 2.4 – Ƚɚɡɨɞɢɧɚɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 1-ɨɣ ɫɟɤɰɢɢ ȽɄȺ 
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Ɋɢɫɭɧɨɤ 2.5 – Ƚɚɡɨɞɢɧɚɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 2-ɨɣ ɫɟɤɰɢɢ ȽɄȺ 

2.3 Ƚɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 

2.3.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

Ɉɛɴɟɦɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ ɭɫɥɨɜɢɹɦ ɜɫɚɫɵɜɚɧɢɹ ܳː = ʹ,Ͷͷͺ ˏଷ/˔; 

ɇɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ܲː  = ͳ,͹ МП˃; 

Ʉɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ̱ܲ  = ͷ,ͷͺ М˒˃; 

ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ܶː  = ͵ͲͶ,ͳͷ К; 

ɋɠɢɦɚɟɦɵɣ ɝɚɡɚ – ɦɟɬɚɧ. 

Ⱦɥɹ ɡɚɞɚɧɧɨɝɨ ɝɚɡɚ, ɟɫɥɢ ɟɝɨ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɨɜɟɪɲɟɧɧɵɣ, 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ, ɤɨɬɨɪɵɟ ɞɥɹ 

ɭɞɨɛɫɬɜɚ ɦɨɠɧɨ ɫɜɟɫɬɢ ɜ ɬɚɛɥɢɰɭ 2.3 

 

Ɍɚɛɥɢɰɚ 2.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

1 Ƚɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ) 518 

2 ɉɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ 1,322 

3 ɂɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ∙Ʉ) 2126,696 
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ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ 

ɫɨɜɟɪɲɟɧɧɨɝɨ ɝɚɡɚ, ˍˆ/ˏଷ : 
ːߩ  =  ௉ːோ∙்ː , (2.1.1) 

 

ɝɞɟ  ܲː  – ɧɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ); 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ. 

ːߩ  =  ͳ͹ͲͲͲͲͲͷͳͺ ∙ ͵ͲͶ,ͳͷ = ͳͲ,͹ͻ 

 

ɇɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ ɫɤɨɪɨɫɬɶɸ ɝɚɡɚ ɧɚ ɫɪɟɡɟ ɜɯɨɞɧɨɝɨ ɩɚɬɪɭɛɤɚ 

ɤɨɦɩɪɟɫɫɨɪɚ. ܥː = ʹ͹ ˏ/˔. 

Ɋɚɫɫɱɢɬɚɟɦ ɩɚɪɚɦɟɬɪɵ ɬɨɪɦɨɠɟɧɢɹ ɜ ɧɚɱɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɤɨɦɩɪɟɫɫɨɪɚ: 

- ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ: 

 ܶː∗ = ܶː + Сమːଶ∙௖𝑝, (2.1.2) 

 

ɝɞɟ ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

 Сː – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɫɪɟɡɟ ɜɯɨɞɧɨɝɨ ɩɚɬɪɭɛɤɚ, ɦ/ɫ; 

 ܿ𝑝 – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ Ⱦɠ/(ɤɝ∙Ʉ). 

 ܶː∗ = ͵ͲͶ,ͳͷ + ʹ͹ଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵ͲͶ,͵ʹͳ͵ͻ͵ 
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- ɞɚɜɥɟɧɢɟ, ɉɚ: 

 Pː∗ = ܲː + ቀ்ː∗்ː ቁ 𝑘𝑘−భ, (2.1.3) 

 

ɝɞɟ  ܲː  – ɧɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ; 

 ܶː∗ - ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ, Ʉ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 

 

ܲː∗ = ͳ͹ͲͲͲͲͲ + (͵ͲͶ,͵ʹͳ͵ͻ͵͵ͲͶ,ͳͷ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͳ͹ͲͲͲͲͳ 

 

- ɦɚɫɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ, ɤɝ/ɫ:  

 G = ːߩ ∙ ܳː , (2.1.4) 

 

ɝɞɟ ߩː – ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ˍˆ/ˏଷ; 

 ܳː  - ɨɛɴɟɦɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ ɭɫɥɨɜɢɹɦ ɜɫɚɫɵɜɚɧɢɹ, ˏଷ/˔. 

 G = ͳͲ,͹ͻ ∙ ʹ,Ͷͷͺ = ʹ͸,Ͷͻ͹ 

 

2.4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɭɩɟɧɟɣ 

 

ɇɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ ɩɨɥɢɬɪɨɩɧɵɦ ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ. ߟ˒ˍ = Ͳ,ͺ. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɫɬɭɩɟɧɟɣ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɨɞɢɧɚɤɨɜɵ, ɬɨɝɞɚ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɢɧɢɦɚɬɶ ɜ 

ɪɚɫɱɟɬɚɯ, ɱɬɨ ɄɉȾ ɜɫɟɯ ɫɬɭɩɟɧɟɣ ɨɞɢɧɚɤɨɜɵ ɢ ɪɚɜɧɵ ɄɉȾ ɜɫɟɣ ɤɨɦɩɪɟɫɫɨɪɧɨɣ 
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ɦɚɲɢɧɵ ሺߟ˒ˍ =  ሻ. ɋ ɭɱɟɬɨɦ ɡɚɞɚɧɧɨɝɨ ɩɨɥɢɬɪɨɩɧɨɝɨ ɄɉȾ ɜɵɱɢɫɥɢɦ ɱɢɫɥɨ˒ߟ

ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ ɫɬɭɩɟɧɟɣ ɢ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɮɨɪɦɭɥɟ [2]: 

 𝜎ˍ = 𝜎 = ˒ߟ ∙ 𝑘𝑘−ଵ, (2.2.1) 

 

ɝɞɟ ߟ˒ – ɄɉȾ ɜɫɟɣ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɦɚɲɢɧɵ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɞɢɚɛɚɬɵ. 

 σ = Ͳ,ͺ ∙ ͳ,͵ʹʹͳ,͵ʹʹ − ͳ = ͵,ʹͺͷ 

 

ȼɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ ɩɨɥɢɬɪɨɩɧɨɣ ɪɚɛɨɬɵ ɫɠɚɬɢɹ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ 

ɩɪɢɧɹɬɨɦɭ ɡɧɚɱɟɧɢɸ ɩɨɥɢɬɪɨɩɧɨɝɨ ɄɉȾ, Ⱦɠ/ɤɝ [2]: 

ˍ˒ܪ  =  𝜎 ∙ ܴ ∙ ܶː ∙ [ሺߨˍሻଵ 𝜎⁄ − ͳ], (2.2.2) 

 

ɝɞɟ 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ ɫɬɭɩɟɧɟɣ ɢ ɤɨɦɩɪɟɫɫɨɪɚ; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ); 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

 .ɫɬɟɩɟɧɶ ɫɠɚɬɶ ɤɨɦɩɪɟɫɫɨɪɚ, ɉɚ – ˍߨ 

ˍ˒ܪ  =  ͵,ʹͺͷ ∙ ͷͳͺ ∙ ͵ͲͶ,ͳͷ ∙ [ሺ͵,ʹͺሻଵ ଷ,ଶ଼ହ⁄ − ͳ] = ʹʹͷͶͷͶ,ͻͺͺ 

 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɫɠɚɬɢɟ ɝɚɡɚ (ɜɧɭɬɪɟɧɧɢɣ ɧɚɩɨɪ) ɜ 

ɤɨɦɩɪɟɫɫɨɪɟ, Ⱦɠ/ɤɝ [3]: 

ˍ𝑖ܪ  =  ܴ ∙ 𝑘𝑘−ଵ ∙ ܶː ∙ [ሺߨˍሻଵ 𝜎⁄ − ͳ], (2.2.3) 

 

ɝɞɟ ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ); 
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 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

 .ɫɬɟɩɟɧɶ ɫɠɚɬɶ ɤɨɦɩɪɟɫɫɨɪɚ, ɉɚ – ˍߨ 

ˍ𝑖ܪ  =  ͷͳͺ ∙ ͳ,͵ʹʹͳ,͵ʹʹ − ͳ ∙ ͵ͲͶ,ͳͷ ∙ [ሺ͵,ʹͺሻଵ ଷ,ଶ଼ହ⁄ − ͳ] = ʹͺʹʹͺͶ,ͺʹͳ 

 

Ɂɚɞɚɞɢɦɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɤɨɥɢɱɟɫɬɜɨ 

ɫɬɭɩɟɧɟɣ, ɚ ɢɦɟɧɧɨ: 

- ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɊɄ ɧɚ ɜɵɯɨɞɟ, ɝɪɚɞ. ߚˎଶ = 20; 

- ɱɢɫɥɨ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ, ɲɬ. 𝑧ଶ=10; 

- ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɪɚ 𝜑ଶ = Ͳ,ͳʹ. 

Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɛɨɪɭ ɤɨɷɮɮɢɰɢɟɧɬɚ 𝜑ଶ ɢ ɱɢɫɥɚ ɥɨɩɚɬɨɤ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɝɥɚ ߚˎଶ, ɬɢɩɚ ɞɢɮɮɭɡɨɪɚ ɩɪɢɜɟɞɟɧɵ ɜ [4,7-9] 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ ɫɭɦɦɚɪɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɬɟɪɶ ɧɚ 

ɩɪɨɬɟɱɤɢ ɢ ɞɢɫɤɨɜɨɟ ɬɪɟɧɢɟ ߛ = ͳ + ˓˒ߚ +  .[9] 1,15=˓˕ߚ

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɫ 

ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ Ⱥ. ɋɬɨɞɨɥɵ ɞɥɹ ɡɚɤɪɵɬɵɯ ɤɨɥɟɫ ɫ ߚˎଶ < ͻͲ° ɢ ɥɨɩɚɬɤɚɦɢ, 

ɫɪɟɞɧɹɹ ɥɢɧɢɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɟɧɚ ɩɨ ɞɭɝɟ ɨɤɪɭɠɧɨɫɬɢ: 

 𝜓்ଶ = ͳ − గ𝑧మ ∙ sin ଶˎߚ − 𝜑ଶ ∙ cot  ଶ, (2.2.4)ˎߚ

 

ɝɞɟ  𝑧ଶ – ɱɢɫɥɨ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ, ɲɬ.; 

 ;.ଶ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɝɪɚɞˎߚ 

 𝜑ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɪɚ. 

 𝜓்ଶ = ͳ − ͵,ͳͶͳͲ ∙ sin ʹͲ° − Ͳ,ͳʹ ∙ cot ʹͲ° = Ͳ,ͷ͸͵ 
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Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɞɥɹ ɫɬɭɩɟɧɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.6. 

 

Ɋɢɫɭɧɨɤ 2.6 – ɋɯɟɦɚ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɫɬɭɩɟɧɢ ɫ ɥɨɩɚɬɨɱɧɵɦ ɞɢɮɮɭɡɨɪɨɦ ɢ 

ɨɛɪɚɬɧɵɦ ɧɚɩɪɚɜɥɹɸɳɢɦ ɚɩɩɚɪɚɬɚɦ ɫ ɥɨɩɚɬɤɚɦɢ ɩɨɫɬɨɹɧɧɨɣ ɬɨɥɳɢɧɵ 

 

ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨɪɚ ɜɟɥɢɱɢɧɵ ɨɤɪɭɠɧɨɣ 

ɫɤɨɪɨɫɬɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 𝑋′ = ு𝑖𝑘𝜓𝑇మ∙ఊ∙௎మ ˔˓మ , (2.2.5) 

 

ɝɞɟ ܪ𝑖ˍ – ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɫɠɚɬɢɟ ɝɚɡɚ, Ⱦɠ/ɤɝ; 

 ܷଶ ˔˓ – ɫɪɟɞɧɹɹ ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɤɨɦɩɪɟɫɫɨɪɚ, ɦ/ɫ; 

 𝜓்ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ; 

 .ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɩɪɨɬɟɱɤɢ ɢ ɞɢɫɤɨɜɨɟ ɬɪɟɧɢɟ – ߛ 

 

Ɉɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ܷଶ ˔˓ ɡɚɞɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ 

ɤɨɥɟɫ, ɨɬ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɹɬ ɢɯ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ 

ɜɵɛɨɪɭ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɫɨɞɟɪɠɚɬɶɫɹ ɜ [9,10,15] ܷଶ ˔˓ = ͵ͲͲ ˏ/˔. 

 𝑋′ = ʹͺʹʹͺͶ,ͺʹͳͲ,ͷ͸͵ ∙ ͳ,ͳͷ ∙ ͵ͲͲଶ = ͷ,͸͵ͺ 
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ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ 𝑋′ ɨɤɪɭɝɥɹɟɦ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ. 𝑋 = ͸. Ⱦɚɥɟɟ 

ɭɬɨɱɧɹɟɦɫɹ ɜɟɥɢɱɢɧɨɣ ܷଶ ɞɥɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɦɚɲɢɧɵ: 

 ܷଶ = √ ு𝑖𝑘𝜓𝑇మ∙ఊ∙௑, (2.2.6) 

 

 ;𝑖ˍ - ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɫɠɚɬɢɟ ɝɚɡɚ Ⱦɠ/ɤɝܪ 

 𝑋 – ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ, ɲɬ.; 

 𝜓்ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ; 

 .ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɩɪɨɬɟɱɤɢ ɢ ɞɢɫɤɨɜɨɟ ɬɪɟɧɢɟ - ߛ 

 

ܷଶ = √ ʹͺʹʹͺͶ,ͺʹͳͲ,ͷ͸͵ ∙ ͳ,ͳͷ ∙ ͸ = ʹͻͷ,͵ʹ 

 

ɍɫɥɨɜɧɨɟ ɱɢɫɥɨ Ɇɚɯɚ ܯ௎ଶ, ɪɚɫɫɱɢɬɵɜɚɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ: 

௎ଶܯ  = ௎మ√𝑘∙ோ∙்ː , (2.2.7) 

 

ɝɞɟ ܷଶ  – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɤɨɦɩɪɟɫɫɨɪɚ, ɦ/ɫ; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ); 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɞɢɚɛɚɬɵ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ. 

௎ଶܯ  = ʹͻͷ,͵ʹ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ͲͶ,ͳͷ = Ͳ,͸Ͷ͹ 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [4]: 

 𝜓𝑖 = 𝜓்ଶ ∙  (2.2.8) ,ߛ

 

ɝɞɟ 𝜓்ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ; 

 .ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɩɪɨɬɟɱɤɢ ɢ ɞɢɫɤɨɜɨɟ ɬɪɟɧɢɟ - ߛ 

 𝜓𝑖 = Ͳ,ͷ͸ʹͻ ∙ ͳ,ͳͷ = Ͳ,͸Ͷ͹ 

 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɜɪɚɳɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɜ ɫɬɭɩɟɧɢ, 

Ⱦɠ/ɤɝ: 

 ℎ𝑖 = 𝜓𝑖 ∙ ܷଶଶ, (2.2.9) 

 

ɝɞɟ 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ. 

 ℎ𝑖 = Ͳ,͸Ͷ͹ ∙ ʹͻͷ,͵ʹ = ͷ͸Ͷ͵ͺ,ͺ͸ 

 

Ɂɚɬɪɚɱɟɧɧɚɹ ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɤɨɦɩɪɟɫɫɨɪɚ, ɤȾɠ/ɤɝ: 

𝑖𝑘ܪ  = ∑ ℎ𝑖ሺ𝑖ሻ௑𝑖=ଵ ,  (2.2.10) 

 

ɝɞɟ ℎ𝑖 - ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɜɪɚɳɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɜ ɫɬɭɩɟɧɢ; 

 𝑋 – ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ. 

 

𝑖𝑘ܪ = ∑ ℎ𝑖ሺ𝑖ሻହ
𝑖=ଵ = ʹͺʹ,ͳͷ 
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Ɉɩɪɟɞɟɥɢɦ ɜɧɭɬɪɟɧɧɸɸ ɦɨɳɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɮɨɪɦɭɥɟ, ˍВ˕: 

 𝑖ܰ = ܩ ∙  𝑖𝑘, (2.2.11)ܪ

ɝɞɟ, ܩ – ɦɚɫɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ, ɤɝ/ɫ; 

 .𝑖𝑘 – ɡɚɬɪɚɱɟɧɧɚɹ ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɤɨɦɩɪɟɫɫɨɪ, ɤȾɠ/ɤɝܪ 

 𝑖ܰ = ʹ͸,Ͷͻ͹ ∙ ʹͺʹ,ͳͷ = ͹͵ʹͲ,ͻ  
 

ɇɚɣɞɟɦ ɦɨɳɧɨɫɬɶ ɧɚ ɜɚɥɭ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɮɨɪɦɭɥɟ, ˍВ˕: 

 

˅ܰ = 𝑁𝑖ఎˏех∙ఎ˅˔˒, (2.2.12) 

 

ɝɞɟ ߟˏех = 0,97 – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ; 0,99 =˒˔˅ߟ – ɄɉȾ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 

  

˅ܰ = ͹͵ʹͲ,ͻͲ,ͻ͹ ∙ Ͳ,ͻͻ = ͹ͺ͸͵,ͻ 

 

 Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ ɫɨɜɟɪɲɟɧɧɨɝɨ ɝɚɡɚ [9]: 

 Ω =  ͳ − 𝜑మమ+𝜓𝑇మమଶ∙𝜓𝑖 , (2.2.13) 

 

ɝɞɟ 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 𝜓்ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ; 

 𝜑ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɪɚ. 

 Ω = ͳ − Ͳ,ͳʹଶ + Ͳ,ͷ͸͵ଶʹ ∙ Ͳ,͸Ͷ͹ = Ͳ,͹ͶͶ 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ 

ɩɥɨɬɧɨɫɬɢ ɝɚɡɚ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɤɨɥɟɫɚ ɤ ɩɥɨɬɧɨɫɬɢ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ 

ɤɨɦɩɪɟɫɫɨɪ, ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɧɚɯɨɞɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɣ ɫɨɨɛɪɚɠɟɧɢɣ [4]: 

 ɛଶ = [ͳ + 𝛺 ∙ 𝜓𝑖 ∙ ଶ௎ଶܯ  ∙ ሺ𝑘 − ͳሻ]𝜎−ଵ (2.2.13) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 Ω – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ ɫɬɭɩɟɧɟɣ ɢ ɤɨɦɩɪɟɫɫɨɪɚ. 

 ɛଶሺଵሻ = [ͳ + Ͳ,͹ͶͶ ∙ Ͳ,͸Ͷ͹ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺͳ,͵ʹʹ − ͳሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ͳͳͺ. 
 

Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 ɛଶሺ𝑖ሻ = [ͳ + ሺ𝑘 − ͳሻ ∙ ଶ௎ଶܯ  ∙ ሺ ∑ 𝜓𝑖ሺ𝑖ሻ + 𝛺 ∙ 𝜓𝑖ሺ𝑖−ଵሻ𝑖=ଵ  ሻ]𝜎−ଵ
, (2.2.14) 

 

ɝɞɟ 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ;௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚܯ 

 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 Ω – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ ɫɬɭɩɟɧɟɣ ɢ ɤɨɦɩɪɟɫɫɨɪɚ. 

 ɛଶሺଶሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺ Ͳ,͸Ͷ͹ + Ͳ,͹Ͷ͹ ∙ Ͳ,͸Ͷ͹ሻ]ଷ,ଶ଼ହ−ଵ = ͳ,͵ͲͶ ɛଶሺଷሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺ Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͹Ͷ͹ ∙ Ͳ,͸Ͷ͹ሻ]ଷ,ଶ଼ହ−ଵ= ͳ,ͷͲ͸ 
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ɛଶሺସሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺ Ͳ,͸Ͷ͹ +  Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͹Ͷ͹∙ Ͳ,͸Ͷ͹ሻ]ଷ,ଶ଼ହ−ଵ = ͳ,͹ʹ͸ ɛଶሺହሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺ Ͳ,͸Ͷ͹ +  Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹+ Ͳ,͹Ͷ͹ ∙ Ͳ,͸Ͷ͹ሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ͻ͸ʹ 

 

Ⱦɥɹ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɤɨɷɮɮɢɰɢɟɧɬ ɛଶ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ [4]: 

 ɛଶሺ଺ሻ = [ͳ + ሺ𝛺 + 𝑋 − ͳሻ ∙ 𝜓𝑖 ∙ ଶ௎ଶܯ  ∙ ሺ𝑘 − ͳሻ]𝜎−ଵ, (2.2.15) 

 

ɝɞɟ 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ;௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚܯ 

 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 Ω – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ ɫɬɭɩɟɧɟɣ ɢ ɤɨɦɩɪɟɫɫɨɪɚ. 

 𝑋 – ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ, ɲɬ. 

 ɛଶሺ଺ሻ = [ͳ + ሺͲ,͹ͶͶ + ͸ − ͳሻ ∙ Ͳ,͸Ͷ͹ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺͳ,͵ʹʹ − ͳሻ]ଷ,ଶ଼ହ−ଵ = ʹ,ʹͳ͸ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ: 

 

ଶܶ = ܶː ∙ ɛଶሺଵሻଵ/ሺ𝜎−ଵሻ, (2.2.16) 

 

ɝɞɟ ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

 ɛଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ ɫɬɭɩɟɧɟɣ ɢ ɤɨɦɩɪɟɫɫɨɪɚ. 

 

ଶܶሺଵሻ = ͵ͲͶ,ͳͷ ∙ ͳ,ͳͷͷଵ/ሺଷ,ଶ଼ହ−ଵሻ = ͵ͳͻ,Ͳʹ͸ 

ଶܶሺଶሻ = ͵ͲͶ,ͳͷ ∙ ͳ,Ͷͷ͸ଵ/ሺଷ,ଶ଼ହ−ଵሻ = ͵ͶͲ,͹ͲͶ 
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ଶܶሺଷሻ = ͵ͲͶ,ͳͷ ∙ ͳ,͸͵Ͷଵ/ሺଷ,ଶ଼ହ−ଵሻ = ͵͸ʹ,͵ͺ͵ 

ଶܶሺସሻ = ͵ͲͶ,ͳͷ ∙ ͳ,ͻͲͺଵ/ሺଷ,ଶ଼ହ−ଵሻ = ͵ͺͶ,Ͳ͸ͳ 

ଶܶሺହሻ = ͵ͲͶ,ͳͷ ∙ ʹ,ʹͲ͸ଵ/ሺଷ,ଶ଼ହ−ଵሻ = ͶͲͷ,͹͵ͻ 

ଶܶሺ଺ሻ = ͵ͲͶ,ͳͷ ∙ ʹ,ʹͲ͸ଵ/ሺଷ,ଶ଼ହ−ଵሻ = Ͷʹ͹,Ͷͳ͹ 

 

ɑɢɫɥɨ Ɇɚɯɚ, ɩɨɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ: 

஼ଶܯ  = ௎మ√𝑘∙ோ∙ మ் ∙ √𝜑ଶଶ + 𝜓்ଶଶ ,  (2.2.17) 

 

ɝɞɟ ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ); 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ଶܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ; 

 𝜓்ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ; 

 𝜑ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɪɚ. 

஼ଶሺଵሻܯ  = ʹͻͷ,͵ʹ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ʹ͵ ∙ √Ͳ,ͳʹଶ + Ͳ,ͷ͸͵ଶ = Ͳ,͵͹ͳ 

஼ଶሺଶሻܯ = ʹͻͷ,͵ʹ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ͷͻ ∙ √Ͳ,ͳʹଶ + Ͳ,ͷ͸͵ଶ =  Ͳ,͵ͷͻ 

஼ଶሺଷሻܯ = ʹͻͷ,͵ʹ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵͹͹ ∙ √Ͳ,ͳʹଶ + Ͳ,ͷ͸͵ଶ = Ͳ,͵Ͷͺ 

஼ଶሺସሻܯ = ʹͻͷ,͵ʹ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͶͲͶ ∙ √Ͳ,ͳʹଶ + Ͳ,ͷ͸͵ଶ =  Ͳ,͵͵Ͷ 

஼ଶሺହሻܯ = ʹͻͷ,͵ʹ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ Ͷ͵Ͳ ∙ √Ͳ,ͳʹଶ + Ͳ,ͷ͸͵ଶ =  Ͳ,͵ʹͻ 

஼ଶሺ଺ሻܯ = ʹͻͷ,͵ʹ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ Ͷ͵Ͳ ∙ √Ͳ,ͳʹଶ + Ͳ,ͷ͸͵ଶ =  Ͳ,͵ʹͲ 
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ɍɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɥɟɫɚ, ɝɪɚɞ.: 

ଶߙ  = 𝑔 ቀݐܿݎܽ 𝜑మ𝜓𝑇మቁ, (2.2.18) 

 

ɝɞɟ 𝜓்ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ; 

 𝜑ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɪɚ. 

ଶߙ  = ) 𝑔ݐܿݎܽ Ͳ,ͳʹͲ,ͷ͸͵) = ͳʹ° 
 

ɉɪɢ ߙଶ < ʹͲ° ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɫɬɚɜɢɦ ɥɨɩɚɬɨɱɧɵɣ ɞɢɮɮɭɡɨɪ [4]. 

Ɍɚɤ ɤɚɤ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɧɟɢɡɜɟɫɬɧɚ, ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 

ɤɨɦɩɪɟɫɫɨɪɚ ɡɚɞɚɟɦɫɹ ɜɟɥɢɱɢɧɨɣ ܾଶ ⁄ ଶܦ ɢ ɧɚɣɞɟɦ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɪɨɬɨɪɚ, 

ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɨɞɢɧɚɤɨɜɵɦ ɞɥɹ ɜɫɟɯ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɢ ɨɞɧɨɜɚɥɶɧɨɣ 

ɫɯɟɦɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɬɭɩɟɧɟɣ. 

 ݊ˑ˄′ = ͵͵,ͺͷ√𝜏మ∙ఌమ∙𝜑మ∙ሺ௕మ ஽మ ⁄ ሻ∙௎మయொː , (2.2.19) 

 

ɝɞɟ ܳː – ɨɛɴɟɦɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɭɫɥɨɜɢɹɦ ɜɫɚɫɵɜɚɧɢɹ, ˏଷ/˔; 

 𝜏ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɨɦɨɠɞɟɧɢɹ ɩɨɬɨɤɚ ɥɨɩɚɬɤɚɦɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ; 

 ܾଶ ⁄ ଶܦ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɲɢɪɢɧɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ; 

 ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

 𝜑ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɪɚ; 

 ɛଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ. 
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Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɲɢɪɢɧɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ܾଶ ⁄ ଶܦ = 0,085 ɞɥɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

ɫ ߚˎଶ = ʹͲ° [10]. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɨɦɨɠɞɟɧɢɹ ɩɨɬɨɤɚ ɥɨɩɚɬɤɚɦɢ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 

 𝜏ଶ = ͳ − 𝑘𝛿∙ఋమ∙𝑧మగ∙஽మ∙si୬ ఉˎమ, (2.2.20) 

 

ɝɞɟ ߜଶ – ɬɨɥɳɢɧɚ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɩɪɢɧɢɦɚɟɦɚɹ ɩɨ 

ɪɟɤɨɦɟɧɞɚɰɢɹɦ [8,10,15] ɦ; 𝑘ఋ = Ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɫ ɜɵɯɨɞɧɨɣ ɤɪɨɦɤɢ ɥɨɩɚɬɤɢ; 𝑧ଶ – ɱɢɫɥɨ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ, ɲɬ; ߚˎଶ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɝɪɚɞ.; 

ଶܦ  =  Ͳ,Ͷʹ  – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 1-ɨɣ ɫɬɭɩɟɧɢ, ɦ. 

ଶߜ  = Ͳ,Ͳͳʹ ∙  ଶ, (2.2.21)ܦ

 

ɝɞɟ  ܦଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 1-ɨɣ ɫɬɭɩɟɧɢ, ɦ. 

ଶߜ  = Ͳ,Ͳͳʹ ∙ Ͳ,Ͷʹ = Ͳ,ͲͲ͵ͺͶ 

 𝜏ଶ = ͳ − Ͳ,ͷ ∙ Ͳ,ͲͲ͵ͺͶ ∙ ߨʹʹ ∙ Ͳ,͵ʹ ∙ sin ʹͲ° = Ͳ,ͻͶͶ 

 

݊ˑ˄′ = ͵͵,ͺͷ√Ͳ,ͻͶͶ ∙ ͳ,Ͷͷ͸ ∙ Ͳ,ͳʹ ∙ ሺͲ,Ͳͺͷሻ ∙ ʹͻͷ,͵ʹଷʹ,Ͷͷͺ = ͳͲͺʹͺ,ͻʹʹ 

 

Ɉɤɪɭɝɥɹɟɦ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɱɢɫɥɚ, ɤɪɚɬɧɨɝɨ 50.  

 ݊ˑ˄ = ͳͲͺͷͲ 
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ଶܦ  = ଺଴∙௎మగ∙௡ˑ˄, (2.2.22) 

 

ɝɞɟ ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

 ݊ˑ˄ – ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ ɜɚɥɚ, ɨɛ/ɦɢɧ. 

ଶܦ  = ͸Ͳ ∙ ʹͻͷ,͵ʹ͵,ͳͶ ∙ ͳͲͺͷͲ = Ͳ,Ͷ͵Ͷ 

 ௕మ஽మ = ொːగ∙஽మమ∙𝜑మ∙௎మ∙𝜏మ∙ఌమ, (2.2.23) 

 

ɝɞɟ ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

 ;ଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 1-ɨɣ ɫɬɭɩɟɧɢ, ɦܦ 

 𝜑ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɪɚ; 

 ɛଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 

 𝜏ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɨɦɨɠɞɟɧɢɹ ɩɨɬɨɤɚ ɥɨɩɚɬɤɚɦɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ; 

 ܳː – ɨɛɴɟɦɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɭɫɥɨɜɢɹɦ ɜɫɚɫɵɜɚɧɢɹ, ˏଷ/˔; 

 ܾଶܦଶ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,Ͷ͵Ͷଶ ∙ Ͳ,ͳʹ ∙ ʹͻͷ,͵ʹ ∙ Ͳ,ͻͶͶ ∙ ͳ,Ͷͷ͸ = Ͳ,Ͳͺͷ 

 

Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ɝɚɡɚ ɜ ɤɨɧɟɱɧɨɦ ɫɟɱɟɧɢɢ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 

ɤɨɦɩɪɟɫɫɨɪɚ: 

- ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɨɦ ɩɚɬɪɭɛɤɟ ɤɨɦɩɪɟɫɫɨɪɚ, Ʉ: 

 

𝑘ܶ = ܶː ∙ 𝑘ଵߨ 𝜎𝑘⁄ , (2.2.24) 
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ɝɞɟ ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

 ;ɫɬɟɩɟɧɶ ɫɠɚɬɶ ɤɨɦɩɪɟɫɫɨɪɚ – ˍߨ 

 𝜎𝑘 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ ɤɨɦɩɪɟɫɫɨɪɚ. 

 

𝑘ܶ = ͵ͲͶ,ͳͷ ∙ ͵,ʹͺଵ ଷ,ଶ଼ହ⁄ = Ͷ͵͸,͸ͶͶ 

 

- ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɜ ɤɨɧɟɱɧɨɦ ɫɟɱɟɧɢɢ, ˍˆ/ˏଷ 

𝑘ߩ  = ௉𝑘ோ∙்𝑘, (2.2.25) 

 

ɝɞɟ 𝑘ܲ – ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɨɦ ɩɚɬɪɭɛɤɟ ɤɨɦɩɪɟɫɫɨɪɚ, ɉɚ; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ); 

 𝑘ܶ - ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɨɦ ɩɚɬɪɭɛɤɟ ɤɨɦɩɪɟɫɫɨɪɚ, Ʉ. 

𝑘ߩ  = ͷͷͺͲͲͲͲͷͳͺ ∙ Ͷ͵͸,͸ͶͶ = ʹͶ,ͺ 

 

Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ɬɨɪɦɨɠɟɧɢɹ ɜ ɤɨɧɟɱɧɨɦ ɫɟɱɟɧɢɢ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 

ɤɨɦɩɪɟɫɫɨɪɚ: 

- ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ: 

 

𝑘ܶ∗ = 𝑘ܶ + ஼𝑘మଶ∙௖𝑝, (2.2.26) 

 

ɝɞɟ 𝑘ܶ - ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɨɦ ɩɚɬɪɭɛɤɟ ɤɨɦɩɪɟɫɫɨɪɚ, Ʉ; 

 ;𝑘 – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɫɪɟɡɟ ɜɵɯɨɞɧɨɝɨ ɩɚɬɪɭɛɤɚ, ɦ/ɫܥ 

 ܿ𝑝 – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ∙Ʉ). 

𝑘ܶ∗ = Ͷ͵͸,͸ͶͶ + ʹ͹ଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = Ͷ͵͸,ͺͳͷ 

 



41 
 

- ɞɚɜɥɟɧɢɟ, ɉɚ: 

 

𝑘ܲ∗ = 𝑘ܲ ∙ ቀ 𝑘்∗்𝑘ቁ 𝑘𝑘−భ
, (2.2.27) 

 

ɝɞɟ  𝑘ܲ – ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɨɦ ɩɚɬɪɭɛɤɟ ɤɨɦɩɪɟɫɫɨɪɚ, ɉɚ; 

 𝑘ܶ - ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɨɦ ɩɚɬɪɭɛɤɟ ɤɨɦɩɪɟɫɫɨɪɚ, Ʉ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 

 𝑘ܶ∗ - ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɜ ɤɨɧɟɱɧɨɦ ɫɟɱɟɧɢɢ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 

ɤɨɦɩɪɟɫɫɨɪɚ, Ʉ. 

𝑘ܲ∗ = ͷͷͺͲͲͲͲ ∙ (Ͷ͵͸,ͺͳͷͶ͵͸,͸ͶͶ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͷͷͺͺͻ͹͹,ʹ͵͵ 

2.4.3. Ɋɚɫɱɟɬ ɪɚɛɨɱɢɯ ɤɨɥɟɫ 

Ɋɚɫɫɱɢɬɚɟɦ ɨɫɪɟɞɧɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ɞɢɚɦɟɬɪɚ ɜɚɥɚ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ 

ɮɨɪɦɭɥɟ, ɩɪɟɞɥɨɠɟɧɧɨɣ ȼ. Ɏ. Ɋɢɫɨɦ, [2, 3] ɦ: 

 ݀˅ = 𝑘ௗ ∙ ሺ𝑋 + ʹ,͵ሻ ∙ ˓˔ ଶܦ ∙ √ ௡ˍ˓భଵ଴଴଴, (2.3.1) 

 

ɝɞɟ 𝑘ௗ = Ͳ,ͲʹͶ - ɤɨɷɮɮɢɰɢɟɧɬ; ܦଶ ˔˓ – ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɧɚ ɜɚɥɭ, ɦ;  ݊ˍ˓ଵ – ɩɟɪɜɨɟ ɤɪɢɬɢɱɟɫɤɨɟ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ, ɨɛ/ɦɢɧ; 𝑋 – ɤɨɥɢɱɟɫɬɜɨ ɫɬɭɩɟɧɟɣ ɫɠɚɬɢɹ. 

 

Ɉɩɪɟɞɟɥɢɦ ɩɟɪɜɭɸ ɤɪɢɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ:  

 ݊ˍ˓ଵ = ௡ˑ˄଴,଺, (2.3.2) 
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ɝɞɟ ݊ˑ˄ – ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ ɜɚɥɚ, ɨɛ/ɦɢɧ. 

 ݊ˍ˓ଵ = ͳͲͺͷͲͲ,͹ͷ = ͳ͹͵͵͵,͵͵  
݀˅ = Ͳ,ͲʹͶ ∙ ሺͷ + ʹ,͵ሻ ∙ Ͳ,Ͷ͵Ͷ ∙ √ͳ͹͵͵͵,͵͵ͳͲͲͲ = Ͳ,͵ͳ͹ 

 

ɇɚɣɞɟɦ ɜɬɭɥɨɱɧɵɣ ɞɢɚɦɟɬɪ, ɦ: 

˕˅ܦ  ≈ ݀˅ + Ͳ,Ͳͳʹͷ,  (2.3.3) 

 

ɝɞɟ ݀˅ – ɨɫɪɟɞɧɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɞɢɚɦɟɬɪɚ ɜɚɥɚ, ɦ. 

˕˅ܦ  ≈ Ͳ,͵ͳ͹ + Ͳ,Ͳͳʹͷ = Ͳ,Ͳͷͻ 

 

Ⱦɢɚɦɟɬɪ ɪɚɫɬɨɱɤɢ ɩɨɤɪɵɜɚɸɳɟɝɨ ɞɢɫɤɚ ܦ଴ ɩɟɪɜɨɝɨ ɤɨɥɟɫɚ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɛɪɚɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɟɦ ɦɢɧɢɦɭɦɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɩɪɢ 

ɜɯɨɞɟ ɜ ɦɟɠɥɨɩɚɬɨɱɧɵɟ ɤɚɧɚɥɵ [2-4, 9] ɩɨ ɮɨɪɦɭɥɟ ȼ. ɂ. ɉɨɥɢɤɨɜɫɤɨɝɨ: 

 

ቀ஽బ஽మቁ 𝑤௠𝑖௡ =  √ቀ஽˅˕஽మ ቁଶ + ଵ஽మమ ∙ ቀଷସ,ସ∙ொː∙𝑘಴௡ˑ˄ ∙ఌబ∙𝑘ವ ቁమయ, (2.3.4) 

 

ɝɞɟ 𝑘஼ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɮɭɡɨɪɧɨɫɬɢ ɜɨ ɜɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɤɨɥɟɫ; 𝑘஽ = ͳ,ͲͶ – ɤɨɷɮɮɢɰɢɟɧɬ; ߝ଴ = Ͳ,ͻʹ– ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ; ܦ˅˕ – ɜɬɭɥɨɱɧɵɣ ɞɢɚɦɟɬɪ, ɦ; ݊ˑ˄ – ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ; ܳː – ɨɛɴɟɦɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɭɫɥɨɜɢɹɦ ɜɫɚɫɵɜɚɧɢɹ, ˏଷ/˔ 
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 .ଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɫɬɭɩɟɧɢ, ɦܦ 

 

(D଴ܦଶ) 𝑤௠𝑖௡ =  √(Ͳ,ͲͷͻͲ,Ͷ͵Ͷ)ଶ + ͳͲ,Ͷ͵Ͷଶ ∙ ( ͵Ͷ,Ͷ ∙ ʹ,Ͷͷͺ ∙ ͳͳͲͺͷͲ ∙ Ͳ,ͻʹ ∙ ͳ,ͲͶ)ଶଷ = Ͳ,ͺ͹͹ 

଴ܦ  ⁄ଶܦ = ሺͲ,ͻͷ − ͳ,Ͳͺሻ ∙ ሺܦ଴ ⁄ଶܦ ሻ𝑤 ௠𝑖௡, (2.3.5) 

 

ɝɞɟ ሺܦ଴ ⁄ଶܦ ሻ𝑤 ௠𝑖௡ – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɩɨɤɪɵɜɚɸɳɟɝɨ ɞɢɫɤɚ ɤ ɞɢɚɦɟɬɪɭ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɭɫɥɨɜɢɢ ɦɢɧɢɦɭɦɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ. 

଴ܦ  ⁄ଶܦ = Ͳ,ͻͷ ∙ Ͳ,ͺ͹͹ = Ͳ,ͺ͵͵ 

଴ܦ  = ሺܦ଴ ⁄ଶܦ ሻ ∙  ଶ, (2.3.6)ܦ 

 

ɝɞɟ ܦ଴ ⁄ଶܦ  - ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɩɨɤɪɵɜɚɸɳɟɝɨ ɞɢɫɤɚ ɤ ɞɢɚɦɟɬɪɭ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ; 

 .ଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɫɬɭɩɟɧɢ, ɦܦ 

଴ܦ  = Ͳ,ͺ͵͵ ∙  Ͳ,Ͷ͵Ͷ = Ͳ,͵͸ʹ 

 

Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ, ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ 

ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɦɩɪɟɫɫɨɪɚ, ɩɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɞɢɚɦɟɬɪɵ ɪɚɫɬɨɱɤɢ ɩɨɤɪɵɜɚɸɳɢɯ 

ɞɢɫɤɨɜ ɜɫɟɯ ɫɬɭɩɟɧɟɣ ɜ ɩɪɟɞɟɥɚɯ ɤɨɦɩɪɟɫɫɨɪɚ ɨɞɢɧɚɤɨɜɵ. 

଴ሺ𝑖ሻܦ  =  ଴ሺଵሻ, (2.3.7)ܦ

 

ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ ɜɫɟɯ ɪɚɛɨɱɢɯ ɤɨɥɟɫ, ɦ2: 

଴ܨ  = గସ ∙ ሺܦ଴ଶ − ଶ̞˅ܦ ሻ, (2.3.8) 
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ɝɞɟ ܦ଴ – ɞɢɚɦɟɬɪ ɩɨɤɪɵɜɧɨɝɨ ɞɢɫɤɚ, ɦ; 

 .ɜɬɭɥɨɱɧɵɣ ɞɢɚɦɟɬɪ, ɦ – ˕˅ܦ 

଴ܨ  = Ͷߨ ∙ ሺͲ,͵͸ʹଶ − Ͳ,͵ʹͻଶሻ = Ͳ,Ͳͳ͹ͻ 

 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 

ɦ/ɫ: 

଴ܥ  = 𝜑଴ ∙ ܷଶ, (2.3.9) 

 

ɝɞɟ 𝜑଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ. 

 ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ. 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

 𝜑଴ = ொːிబ∙௎మ, (2.3.10) 

 

ɝɞɟ ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

 .˔/଴ - ɩɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ, ɦ2; ܳː – ɨɛɴɟɦɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɭɫɥɨɜɢɹɦ ɜɫɚɫɵɜɚɧɢɹ, ˏଷܨ 

 𝜑଴ = ʹ,ͶͷͺͲ,Ͳͳ͹ͻ ∙ ʹͻͷ,͵ʹ = Ͳ,Ͷ͸ͷ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 𝜑଴ሺ𝑖ሻ = 𝜑଴ሺ𝑖−ଵሻ, (2.3.11) 
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଴ܥ = Ͳ,Ͷ͸ͷ ∙ ʹͻͷ,͵ʹ = ͳ͵͹,͵ʹͶ 

 

- ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

଴ሺଵሻߝ  = [ͳ − Ͳ,ͷ ∙ ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ 𝜑଴ଶ] భሺ𝑘−భሻ, (2.3.12) 

 

ɝɞɟ 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ;௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚܯ 

 𝜑଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ. ߝ଴ሺଵሻ = [ͳ − Ͳ,ͷ ∙ ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ Ͳ,Ͷ͸ͷଶ] ଵሺଵ,ଷଶଶ−ଵሻ = Ͳ,ͻͻ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ:  

଴ሺ𝑖ሻߝ  = [ͳ + ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ ሺ∑ 𝜓𝑖ሺ𝑖ሻ − Ͳ,ͷ ∙ 𝜑଴ଶሻሺ𝑖−ଵሻ𝑖=ଵ ]𝜎−ଵ
 (2.3.13) 

 

ɝɞɟ 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ;௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚܯ 

 𝜑଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ. 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ ɫɬɭɩɟɧɟɣ ɢ ɤɨɦɩɪɟɫɫɨɪɚ 

଴ሺଶሻߝ  = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺͲ,͸Ͷ͹ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ͳ͸ͷ ߝ଴ሺଷሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ= ͳ,͵͸ ߝ଴ሺସሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ͷ͸ʹ ߝ଴ሺହሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ͳ,͹ͺͷ 
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଴ሺ଺ሻߝ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ʹ,Ͳʹ͸ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɤɨɥɟɫɚ, Ʉ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

 ଴ܶሺଵሻ = ܶː ∙ [ͳ − Ͳ,ͷ ∙ ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ 𝜑଴ଶ], (2.3.14) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜑଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ. 

 ଴ܶሺଵሻ = ͵ͲͶ,ͳͷ ∙ [ͳ − Ͳ,ͷ ∙ ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ Ͳ,Ͷ͸ͷଶ] = ͵Ͳ͵,ͳ͵ͷ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 

଴ܶሺ𝑖ሻ = ܶː ∙ [ͳ + ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ ሺ∑ 𝜓𝑖ሺ𝑖ሻ − Ͳ,ͷ ∙ 𝜑଴ଶሻሺ𝑖−ଵሻ𝑖=ଵ ], (2.3.15) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜑଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ. 

 ଴ܶሺଶሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺͲ,͸Ͷ͹ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶሻ]= ͵ʹͶ,ͻ͸ͳ ଴ܶሺଷሻ = ͵ͲͶ,ͳͷ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ (ሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶ)]= ͵Ͷ͸,ͺ͸͹ ଴ܶሺସሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ∙ Ͳ,Ͷ͸ͷଶ] = ͵͸ͺ,͹ͲͶ 
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଴ܶሺହሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶ] = ͵ͻͲ,ͺͷͷ ଴ܶሺ଺ሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶ]= Ͷͳʹ,ʹͷ͸ͳ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ, Ʉ: 

 

଴ܶሺ𝑖ሻ∗ = ଶܶሺ𝑖ሻ∗ = ଴ܶሺ𝑖ሻ + ஼బሺ𝑖ሻమଶ∙௖𝑝 , (2.3.16) 

 

ɝɞɟ ଶܶሺ𝑖ሻ∗  - ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ 

 ଴ܶሺ𝑖ሻ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, Ʉ; 

 С଴ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, ɦ/ɫ; 

 ܿ𝑝 – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ∙Ʉ). 

 

଴ܶሺଵሻ∗ = ͵Ͳ͵,ͳ͵ͷ + ͳ͵͹,͵ʹͶଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵ͲͶ,ͳͷ 

଴ܶሺଶሻ∗ = ͵ʹͶ,ͻ͸ͳ + ͳ͵͹,͵ʹͶଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵ʹͷ,ͺͲͻ 

଴ܶሺଷሻ∗ = ͵Ͷ͸,ͺ͸͹ + ͳ͵͹,͵ʹͶଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵Ͷ͹,Ͷͻʹ 

଴ܶሺସሻ∗ = ͵͸ͺ,͹ͲͶ + ͳ͵͹,͵ʹͶଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵͸ͻ,ͳ͹Ͷ 

଴ܶሺହሻ∗ = ͵ͻͲ,ͺͷͷ + ͳ͵͹,͵ʹͶଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵ͻͲ,ͺͷͷ 

଴ܶሺ଺ሻ∗ = Ͷͳʹ,ʹͷ͸ + ͳ͵͹,͵ʹͶଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = Ͷͳʹ,ͷ͵ͷ 
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ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3: 

଴ߩ  = ଴ߝ ∙  ː, (2.3.17)ߩ

 

ɝɞɟ ߝ଴ – ɨɬɧɨɲɟɧɢɣ ɩɥɨɬɧɨɫɬɟɣ ɜ ɧɚɱɚɥɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 .ː – ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3ߩ 

଴ሺଵሻߩ  = Ͳ,ͻͺͻ ∙ ͳͲ,͹ͻ = ͳͲ,͸͸ͺ ߩ଴ሺଶሻ = ͳ,ͳ͸ͷ ∙ ͳͲ,͹ͻ = ͳʹ,ͷͺͻ ߩ଴ሺଷሻ = ͳ,͵͸ ∙ ͳͲ,͹ͻ = ͳͶ,͸͸Ͷ ߩ଴ሺସሻ = ͳ,ͷ͸ͺ ∙ ͳͲ,͹ͻ = ͳ͸,ͻͳͶ ߩ଴ሺହሻ = ͳ,͹ͻͶ ∙ ͳͲ,͹ͻ = ͳͻ,͵Ͷͷ ߩ଴ሺ଺ሻ = ʹ,Ͳ͵͸ ∙ ͳͲ,͹ͻ = ʹͳ,ͻ͸ 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

 ଴ܲ = ଴ߩ ∙ ܴ ∙ ଴ܶ, (2.3.18) 

 

ɝɞɟ ߩ଴ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, ɤɝ/ɦ3; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ);  

 ଴ܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, Ʉ. 

 ଴ܲ = ͳͲ,͸͸ͺ ∙ ͷͳͺ ∙ ͵Ͳ͵,ͳ͵ͷ = ͳ,͸͹͸ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 

଴ܲሺ𝑖ሻ = ܲː ∙ ቀ்బሺ𝑖ሻ்ː ቁ𝜎
, (2.3.19) 
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ɝɞɟ ܲː  – ɧɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ, Ɇɉɚ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

 ଴ܶሺ𝑖ሻ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, Ʉ. 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

 

଴ܲሺଶሻ = ͳ,͹ ∙ (͵ʹͶ,ͻ͸ͳ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ʹ,ͳ͵ͻ 

଴ܲሺଷሻ = ͳ,͹ ∙ (͵Ͷ͹,Ͷͻʹ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ʹ,͸ͷʹ 

଴ܲሺସሻ = ͳ,͹ ∙ (͵͸ͺ,͹ͲͶ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ͵,ʹͶ͸ 

଴ܲሺହሻ = ͳ,͹ ∙ (͵ͻͲ,ͺͷͷ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ͵,ͻʹ͹ 

଴ܲሺ଺ሻ = ͳ,͹ ∙ (Ͷͳʹ,ʹͷ͸͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = Ͷ,͹Ͳ͵ 

 

Ⱦɚɜɥɟɧɢɟ ɬɨɪɦɨɠɟɧɢɹ, Ɇɉɚ: 

 

଴ܲ∗ = ଴ܲ ∙ ቀ బ்∗బ்  ቁ 𝑘𝑘−భ, (2.3.20) 

 

ɝɞɟ ଴ܲ – ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, Ɇɉɚ; 

 ଴ܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, Ʉ; 

 ଴ܶ∗ - ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ, Ʉ; 

 𝑘 - ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 

 

଴ܲሺଵሻ∗ = ͳ,͸͹͸ ∙ ( ͵ͲͶ,ͳͷʹͻͻ,͹ͳͺ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͳ,͸ͻͻ 
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଴ܲሺଶሻ∗ = ʹ,ͳ͵ͻ ∙ ( ͵ʹͷ,ͺͲͻ͵ʹ͸,ʹͶ͵ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ʹ,ͳ͸͵ 

଴ܲሺଷሻ∗ = ʹ,͸ͷʹ ∙ ( ͵͸ͻ,ͳ͹Ͷ͵͸ͳ,͸͵ʹ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ʹ,͸͹ʹ 

଴ܲሺସሻ∗ = ͵,ʹͶ͸ ∙ ( ͵͸ͻ,ͳ͹Ͷ͵͹ͻ,ʹͻ͵ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͵,ʹ͸Ͷ 

଴ܲሺହሻ∗ = ͵,ͻʹ͹ ∙ ( ͵ͻͲ,ͺͷͷͶͲͷ,ͺͳ͹ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͵,ͻͶ͵ 

଴ܲሺ଺ሻ∗ = Ͷ,͹Ͳ͵ ∙ ( Ͷͳʹ,ͷ͵ͷͶͲͷ,ͺͳ͹ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = Ͷ,͹ͳ͸ 

 

ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚɡɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ 

ଵܥ  = 𝑘௖ ∙  ଴, (2.3.21)ܥ

 

ɝɞɟ С଴ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, ɦ/ɫ; 

 𝑘௖ - ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɮɭɡɨɪɧɨɫɬɢ ɜɨ ɜɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɤɨɥɟɫ. 

ଵܥ  = ͳ ∙ ͳ͵͹,͵ʹͶ = ͳ͵͹,͵ʹͶ 

 

Ⱦɢɚɦɟɬɪ ɜɯɨɞɚ ɧɚ ɥɨɩɚɬɤɢ ɊɄ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 

ଵܦ  ⁄ଶܦ = 𝑘஽ ∙ ሺܦ଴ ⁄ଶܦ ሻ, (2.3.22) 

 

ɝɞɟ ܦ଴ ⁄ଶܦ  – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɩɨɤɪɵɜɧɨɝɨ ɞɢɫɤɚ ɤ ɞɢɚɦɟɬɪɭ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ; 

 𝑘஽ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ. 
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ଵܦ ⁄ଶܦ = ͳ,ͲͶ ∙ (Ͳ,͵͸ʹͲ,Ͷ͵Ͷ) = Ͳ,ͺ͸ͺ 

ଵܦ  = ଶܦ ∙ ሺܦଵ ⁄ଶܦ ሻ, (2.3.23) 

 

ɝɞɟ ܦଵ ⁄ଶܦ  – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɯɨɞɚ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɞɢɚɦɟɬɪɭ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 .ଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦܦ 

ଵܦ  = Ͳ,Ͷ͵Ͷ ∙ Ͳ,ͺ͸ͺ = Ͳ,͵͹ͷ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ 

ଵሺ𝑖ሻܦ  =  ଵ, (2.3.24)ܦ

 

Ɉɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɞɢɚɦɟɬɪɟ ɜɯɨɞɚ ɧɚ ɥɨɩɚɬɤɢ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ: 

 ଵܷ = ܷଶ ∙ ሺܦଵ ⁄ଶܦ ሻ, (2.3.25) 

 

ɝɞɟ ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

ଵܦ  ⁄ଶܦ  – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɯɨɞɚ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɞɢɚɦɟɬɪɭ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

 ଵܷ = ʹͻͷ,͵ʹ ∙ Ͳ,ͺ͸ͺ = ʹͷ͸,͵͵ͺ 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɩɨɥɨɝɚɹ, ɱɬɨ ɫɬɭɩɟɧɢ ɧɟ ɨɫɧɚɳɟɧɵ ɭɫɬɪɨɣɫɬɜɚɦɢ, 

ɡɚɤɪɭɱɢɜɚɸɳɢɦɢ ɩɨɬɨɤ ɩɟɪɟɞ ɪɚɛɨɱɢɦ ɤɨɥɟɫɨɦ, ɬ.ɟ. ܥଵ =  :௥ଵܥ

 𝜑ଵ =  ଵ/ܷଶ, (2.3.26)ܥ
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ɝɞɟ ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

 .ଵ - ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚɡɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫܥ 

 𝜑ଵ = ͳ͵͹,͵ʹͶ/ʹͻͷ,͵ʹ = Ͳ,Ͷ͸ͷ 

 

ɍɝɨɥ ɩɨɬɨɤɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ, ɝɪɚɞ: 

ଵߚ  = /ଵܥ𝑔ሺݐܿݎܽ ଵܷሻ, (2.3.27) 

 

ɝɞɟ ܥଵ - ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚɡɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ; 

 ଵܷ - ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɞɢɚɦɟɬɪɟ ɜɯɨɞɚ ɧɚ ɥɨɩɚɬɤɢ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ. 

ଵߚ   = 𝑔ݐܿݎܽ (ͳ͵͹,ʹ͵Ͷʹͷ͸,͵͵ͺ) = ʹͺ° 
 

ȼɵɛɨɪ ɭɝɥɚ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ 

ɭɱɟɬɨɦ ɞɨɩɭɫɤɚɟɦɨɝɨ ɭɝɥɚ ɚɬɚɤɢ 𝑖ଵ = ʹ° [2]. 

ଵˎߚ  = ଵߚ + 𝑖ଵ, (2.3.28) 

 

ɝɞɟ 𝑖ଵ – ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɤɢ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, ɝɪɚɞ.; 

 ଵ - ɭɝɨɥ ɩɨɬɨɤɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨߚ 

ɤɨɥɟɫɚ, ɝɪɚɞ. 

ଵˎߚ  = ʹͺ + ʹ = ͵Ͳ° 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

 ଵܶሺଵሻ = ܶː ∙ [ͳ − Ͳ,ͷ ∙ ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ 𝜑଴ଶ], (2.3.29) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜑଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ. 

 ଵܶሺଵሻ = ͵ͲͶ,ͳͷ ∙ [ͳ − Ͳ,ͷ ∙ ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ Ͳ,Ͷ͸ͷଶ] = ͵Ͳͳ,ͷ͵͸ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 

ଵܶሺ𝑖ሻ = ܶː ∙ [ͳ + ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ ሺ∑ 𝜓𝑖ሺ𝑖ሻ − Ͳ,ͷ ∙ 𝜑ଵଶሻሺ𝑖−ଵሻ𝑖=ଵ ], (2.3.30) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜑ଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɜ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ. 

 ଵܶሺଶሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺͲ,͸Ͷ͹ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶሻ]= ͵ʹ͵,ͷͻ͸ 

ଵܶሺଷሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ (ሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶ)]= ͵Ͷͷ,ͺ͸ͳ ଵܶሺସሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ∙ Ͳ,Ͷ͸ͷଶ] = ͵͸͹,ͻͶͺ ଵܶሺହሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ∙  ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶ] = ͵ͺͻ,ͻͳ͹ 
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ଵܶሺ଺ሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ∙  ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶ] = Ͷͳͳ,ͺͲ͹ 

 

ɑɢɫɥɨ Ɇɚɯɚ ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ: 

ௐଵܯ  = √஼భమ+௎భమ𝑘∙ோ∙ భ்  (2.3.31) 

 

ɝɞɟ ଵܷ - ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɞɢɚɦɟɬɪɟ ɜɯɨɞɚ ɧɚ ɥɨɩɚɬɤɢ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ; 

 ;ଵ - ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚɡɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫܥ 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ); 

 ଵܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ. 

  

ௐଵሺଵሻܯ = √ͳ͵͹,͵ʹͶଶ + ʹͷ͸,͵͵ͺଶͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵Ͳͳ,ͷ͵͸ = Ͳ,͵ͻ͸ 

ௐଵሺଶሻܯ = √ͳ͵͹,͵ʹͶଶ + ʹͷ͸,͵͵ͺଶͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ʹ͵,ͷͻ͸ = Ͳ,͵͹ͺ 

ௐଵሺଷሻܯ = √ͳ͵͹,͵ʹͶଶ + ʹͷ͸,͵͵ͺଶͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵Ͷͷ,ͺ͸ͳ = Ͳ,͵͸Ͳ 

ௐଵሺସሻܯ = √ͳ͵͹,͵ʹͶଶ + ʹͷ͸,͵͵ͺଶͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵͸͹,ͻͶͺ = Ͳ,͵Ͷͷ 

ௐଵሺହሻܯ = √ͳ͵͹,͵ʹͶଶ + ʹͷ͸,͵͵ͺଶͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ͺͻ,ͻͳ͹ = Ͳ,͵͵ʹ 

ௐଵሺ଺ሻܯ = √ͳ͵͹,͵ʹͶଶ + ʹͷ͸,͵͵ͺଶͳ,͵ʹʹ ∙ ͷͳͺ ∙ Ͷͳͳ,ͺͲ͹ = Ͳ,͵ʹͳ 



55 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

ଵሺଵሻߝ  = [ͳ − Ͳ,ͷ ∙ ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ 𝜑ଵଶ] భሺ𝑘−భሻ, (2.3.32) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜑ଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɜ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. ߝଵሺଵሻ = [ͳ − Ͳ,ͷ ∙ ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ Ͳ,Ͷ͸ͷଶ] ଵሺଵ,ଷଶଶ−ଵሻ = Ͳ,ͻ͹͵ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ: 

ଵሺ𝑖ሻߝ  = [ͳ + ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ ሺ∑ 𝜓𝑖ሺ𝑖ሻ − Ͳ,ͷ ∙ 𝜑ଵଶሻሺ𝑖−ଵሻ𝑖=ଵ ]𝜎−ଵ
, (2.3.33) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜑ଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɜ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ 

ଵሺଶሻߝ  = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺͲ,͸Ͷ͹ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ͳͷ͸ ߝଵሺଷሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ= ͳ,͵ͷͳ ߝଵሺସሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ͷ͸ͳ ߝଵሺହሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ͳ,͹ͺͺ ߝଵሺ଺ሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ሻ − Ͳ,ͷ∙ Ͳ,Ͷ͸ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ʹ,Ͳ͵ͳ 
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ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3 

ଵߩ  = ଵߝ ∙  ː, (2.3.34)ߩ

 

ɝɞɟ ߝଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ; 

 .ː – ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3ߩ 

ଵሺଵሻߩ  = Ͳ,ͻ͹͵ ∙ ͳͲ,͹ͻ = ͳͲ,Ͷͺͺ ߩଵሺଶሻ = ͳ,ͳͷ͸ ∙ ͳͲ,͹ͻ = ͳʹ,Ͷ͸͸ ߩଵሺଷሻ = ͳ,͵ͷͳ ∙ ͳͲ,͹ͻ = ͳͶ,ͷ͸Ͷ ߩଵሺସሻ = ͳ,ͷ͸ͳ ∙ ͳͲ,͹ͻ = ͳ͸,ͺ͵͵ ߩଵሺହሻ = ͳ,͹ͺͺ ∙ ͳͲ,͹ͻ = ͳͻ,ʹ͹ͺ ߩଵሺ଺ሻ = ʹ,Ͳ͵ͳ ∙ ͳͲ,͹ͻ = ʹͳ,ͻͲͶ 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

 ଵܲ = ଵߩ ∙ ܴ ∙ ଵܶ, (2.3.35) 

 

ɝɞɟ ߩଵ - ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɤɝ/ɦ3; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ); 

 ଵܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ. 

 ଵܲ = ͳͲ,Ͷͺͺ ∙ ͷͳͺ ∙ ͵Ͳͳ,ͷ͵͸ = ͳ,͸͵ͻ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 

ଵܲሺ𝑖ሻ = ܲː ∙ ቀ்బሺ𝑖ሻ்ː ቁ𝜎
, (2.3.36) 
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ɝɞɟ ܲː  – ɧɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ; 

 ଴ܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, Ʉ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

 

ଵܲሺଶሻ = ͳ,͹ ∙ (͵ʹͶ,ͻ͸ͳ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ʹ,Ͳͻͳ 

ଵܲሺଷሻ = ͳ,͹ ∙ (͵Ͷ͸,ͺ͸͹͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ʹ,͸ͳͳ 

ଵܲሺସሻ = ͳ,͹ ∙ (͵͸ͺ,͹ͲͶ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ͵,ʹͳͲ 

ଵܲሺହሻ = ͳ,͹ ∙ (͵ͻͲ,Ͷͻ͸͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ͵,ͺͻ͸ 

ଵܲሺ଺ሻ = ͳ,͹ ∙ (Ͷͳʹ,ʹͷ͸͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = Ͷ,͸͹ͷ 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɨɦɨɠɞɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɥɟɫɚ: 

 𝜏ଵ = ͳ − 𝑘𝛿∙ఋభ∙𝑧భగ∙஽భ∙si୬ ఉˎభ, (2.3.37) 

 

ɝɞɟ 𝑧ଵ – ɱɢɫɥɨ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɯɨɞɟ, ɩɪɢɧɢɦɚɟɦɨɟ 𝑧ଵ = Ͳ,ͷ 𝑧ଶ ɩɪɢ 𝜏ଵ < Ͳ,͹ ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ 𝑧ଵ = 𝑧ଶ [7]; ߜଵ – ɬɨɥɳɢɧɚ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ, ɩɪɢɧɢɦɚɟɦɚɹ ߜଵ = ,ଶߜ ˏ; 𝑘ఋ = Ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɫ ɜɵɯɨɞɧɨɣ ɤɪɨɦɤɢ ɥɨɩɚɬɤɢ; ߚˎଵ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɯɨɞɟ, ɝɪɚɞ.; 

 .ଵ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ, ɦܦ 

 𝜏ଵ = ͳ − ଴,ହ∙଴,଴଴ଷ଼ସ∙ଶଶగ∙଴,ଷ଻ହ∙si୬ ଷ଴° = Ͳ,ͻ͸͹; 
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ɒɢɪɢɧɚ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ: 

 ܾଵሺ𝑖ሻ = ொːగ∙஽భ∙𝜏భ∙஼భ∙ఌభ, (2.3.38) 

 

ɝɞɟ 𝜏ଵ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɨɦɨɠɞɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɥɟɫɚ; 

 ;ଵ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ, ɦܦ 

 ;ଵ - ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚɡɚ ɩɪɢ ɜɯɨɞɟ ɧɚ ɥɨɩɚɬɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫܥ 

 ;ଵ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢߝ 

 ܳː – ɨɛɴɟɦɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɭɫɥɨɜɢɹɦ ɜɫɚɫɵɜɚɧɢɹ, ˏଷ/˔. 

 ܾଵሺଵሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,͵͹ͷ ∙ Ͳ,ͻ͸͹ ∙ ͳ͵͹,͵ʹͶ ∙ Ͳ,ͻ͹͵ = Ͳ,Ͳͷͻͺ 

ܾଵሺଶሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,͵͹ͷ ∙ Ͳ,ͻ͸͹ ∙ ͳ͵͹,͵ʹͶ ∙ ͳ,ͳͷ͸ = Ͳ,ͲͷͲ͹ 

ܾଵሺଷሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,͵͹ͷ ∙ Ͳ,ͻ͸͹ ∙ ͳ͵͹,͵ʹͶ ∙ ͳ,͵ͷͳ = Ͳ,ͲͶͷͷ 

ܾଵሺସሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,͵͹ͷ ∙ Ͳ,ͻ͸͹ ∙ ͳ͵͹,͵ʹͶ ∙ ͳ,ͷ͸ͳ = Ͳ,Ͳ͵ͻ 

ܾଵሺହሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,͵͹ͷ ∙ Ͳ,ͻ͸͹ ∙ ͳ͵͹,͵ʹͶ ∙ ͳ,͹ͺͺ = Ͳ,Ͳ͵͵ͺ 

ܾଵሺ଺ሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,͵͹ͷ ∙ Ͳ,ͻ͸͹ ∙ ͳ͵͹,͵ʹͶ ∙ ʹ,Ͳ͵ͳ = Ͳ,Ͳ͵͵ͺ 

 

 ɉɪɢ ɢɡɜɟɫɬɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɮɚɤɬɢɱɟɫɤɭɸ ɝɭɫɬɨɬɭ ɥɨɩɚɬɨɱɧɵɯ ɪɟɲɟɬɨɤ ܤଶ ⁄ଶݐ  ɩɨ ɮɨɪɦɭɥɟ Ȼ. 

ɗɤɤɟɪɬɚ: ஻మ௧మ =  ሺ𝑧మ/ଵሻ∙l୬ሺ஽మ ஽భሻ⁄ଶ∙గ∙si୬  ቀ𝛽ˎమ+𝛽ˎభమ ቁ, (2.3.39) 

 

ɝɞɟ 𝑧ଵ – ɱɢɫɥɨ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɲɬ; 
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ଶܦ  ⁄ଵܦ  – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɞɢɚɦɟɬɪɭ ɜɯɨɞɚ ɧɚ ɥɨɩɚɬɤɢ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 ;ଵ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɯɨɞɟ, ɝɪɚɞˎߚ 

 .ଶ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɝɪɚɞˎߚ 

ଶݐଶܤ  =  ʹʹ ∙ Ͳ,ͳͶ͸ʹ ∙ ߨ ∙ sin ʹͷ = Ͳ,ͷͷ 

 

Ⱥɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ: 

ଶܥ  = 𝜓𝑇మ∙௎మc୭s ఈమ , (2.3.40) 

 

ɝɞɟ ܷଶ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, ɦ/ɫ; 

 𝜓்ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ; 

 .ଶ - ɭɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɥɟɫɚ, ɝɪɚɞߙ 

ଶܥ  = Ͳ,ͷ͸͵ ∙ ʹͻͷ,͵ʹcos ͳʹ = ͳͷ͸,ͻͺ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: 

 

ଶܶሺ𝑖ሻ = ܶː ∙ [ͳ + ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ Ω ∙ 𝜓𝑖], (2.3.41) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 Ω – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ. 

 ଶܶሺଵሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ Ͳ,͹ͶͶ ∙ Ͳ,͸Ͷ͹] = ͵ͳͺ,͹ͻͲ 
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- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 

ଶܶሺ𝑖ሻ = ܶː ∙ [ͳ + ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ ሺ∑ 𝜓𝑖ሺ𝑖ሻ + Ω ∙ 𝜓𝑖ሻሺ𝑖−ଵሻ𝑖=ଵ ], (2.3.42) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 Ω – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ. 

 ଶܶሺଶሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷଶ ∙ ሺͲ,͸Ͷ + Ͳ,͹Ͷ ∙ Ͳ,͸Ͷ͹ሻ] = ͵ͶͲ,ͳ͸͸ 

ଶܶሺଷሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷଶ ∙ (ሺͲ,͸Ͷ + Ͳ,͸Ͷሻ + Ͳ,͹Ͷ ∙ Ͳ,͸Ͷ͹)]= ͵͸ͳ,ͺͳ ଶܶሺସሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷଶ ∙ ሺሺͲ,͸Ͷ + Ͳ,͸Ͷ + Ͳ,͸Ͷሻ + Ͳ,͹Ͷ∙ Ͳ,͸Ͷ] = ͵ͺ͵,ͷͻ  ଶܶሺହሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷଶ ∙ ሺሺͲ,͸Ͷ + Ͳ,͸Ͷ + Ͳ,͸Ͷ + Ͳ,͸Ͷሻ+ Ͳ,͹Ͷ ∙ Ͳ,͸Ͷ] = ͶͲͷ,ͷʹ ଶܶሺ଺ሻ = ͵ͲͶ,ͳͷ ∙ [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺሺͲ,͸Ͷ + Ͳ,͸Ͷ + Ͳ,͸Ͷ + Ͳ,͸Ͷሻ+ Ͳ,͹Ͷ ∙ Ͳ,͸Ͷ] = Ͷʹ͹,͸ʹ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ, Ʉ: 

ଶܶሺ𝑖ሻ∗ = ଶܶ + ஼మమଶ∙௖𝑝, (2.3.43) 

 

ɝɞɟ ଶܶ - ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ 

 Сଶ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ; 

 ܿ𝑝 – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ∙Ʉ). 
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ଶܶሺଵሻ∗ = ͵ͳͺ,͹ͻͲ + ͳͷ͸,ͻͺଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵ʹͷ,Ͷͷͺ 

ଶܶሺଶሻ∗ = ͵ͶͲ,ͳ͸͸ + ͳͷ͸,ͻͺଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵Ͷ͸,ͺ͵ͷ 

ଶܶሺଷሻ∗ = ͵͸ͳ,ͺͳʹ + ͳͷ͸,ͻͺଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵͸ͺ,Ͷͺͳ 

ଶܶሺସሻ∗ = ͵ͺ͵,ͷͻ͹ + ͳͷ͸,ͻͺଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = ͵ͻͲ,ʹ͸ͷ 

ଶܶሺହሻ∗ = ͶͲͷ,ͷʹͻ + ͳͷ͸,ͻͺଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = Ͷͳʹ,ͳͻͺ 

ଶܶሺ଺ሻ∗ = Ͷʹ͹,͸ʹͳ + ͳͷ͸,ͻͺଶʹ ∙ ʹͳʹ͸,͸ͻ͸ = Ͷ͵Ͷ,ʹͺͻ 

 

ɑɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ: 

Сଶܯ  = Сమ√𝑘∙ோ∙ మ், (2.3.44) 

 

ɝɞɟ Сଶ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ; 

 ଶܶ - ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɞɢɚɛɚɬɵ; 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ). 

Сଶሺଵሻܯ  = ͳͷ͸,ͻͺ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ = Ͳ,͵͹ͳ 

Сଶሺଶሻܯ = ͳͷ͸,ͻͺ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ͶͲ,ͳ͸͸ = Ͳ,͵͸Ͳ͵ͳͺ,͹ͻͲ 

Сଶሺଷሻܯ = ͳͷ͸,ͻͺ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵͸ͳ,ͺͳʹ = Ͳ,͵Ͷͻ 

Сଶሺସሻܯ = ͳͷ͸,ͻͺ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ͺ͵,ͷͻ͹ = Ͳ,͵͵ͻ 
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Сଶሺହሻܯ = ͳͷ͸,ͻͺ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͶͲͷ,ͷʹͻ = Ͳ,͵ʹͻ 

Сଶሺ଺ሻܯ = ͳͷ͸,ͻͺ√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ Ͷʹ͹,͸ʹͳ = Ͳ,͵ʹͳ 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: ɛଶ = [ͳ + 𝛺 ∙ 𝜓𝑖 ∙ ଶ௎ଶܯ  ∙ ሺ𝑘 − ͳሻ]𝜎−ଵ, (2.3.45) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 Ω – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 

 ɛଶሺଵሻ = [ͳ + Ͳ,͹ͶͶ ∙ Ͳ,͸Ͷ͹ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺͳ,͵ʹʹ − ͳሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ͳͺ͸. 
 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 ɛଶሺଶ−ହሻ = [ͳ + ሺ𝑘 − ͳሻ ∙ ௎ଶଶܯ ∙ ሺ ∑ 𝜓𝑖ሺ𝑖ሻ + 𝛺 ∙ 𝜓𝑖ሺ𝑖−ଵሻ𝑖=ଵ  ሻ]𝜎−ଵ
, (2.3.46) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 Ω – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 

 ɛଶሺଶሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺ Ͳ,͸Ͷ͹ + Ͳ,͹Ͷ͹ ∙ Ͳ,͸Ͷ͹ሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ʹͻͻ 
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ɛଶሺଷሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺ Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͹Ͷ͹ ∙ Ͳ,͸Ͷ͹ሻ]ଷ,ଶ଼ହ−ଵ= ͳ,ͷͲͳ ɛଶሺସሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺ Ͳ,͸Ͷ͹ +  Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͹Ͷ͹∙ Ͳ,͸Ͷ͹ሻ]ଷ,ଶ଼ହ−ଵ = ͳ,͹ʹͳ ɛଶሺହሻ = [ͳ + ሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺ Ͳ,͸Ͷ͹ +  Ͳ,͸Ͷ͹ + Ͳ,͸Ͷ͹ + Ͳ,͹Ͷ͹∙ Ͳ,͸Ͷ͹ሻ]ଷ,ଶ଼ହ−ଵ = ͳ,ͻͷͻ 

 

Ⱦɥɹ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɤɨɷɮɮɢɰɢɟɧɬ ɛଶ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

 ɛଶሺ଺ሻ = [ͳ + ሺ𝛺 + 𝑋 − ͳሻ ∙ 𝜓𝑖 ∙ ௎ଶଶܯ ∙ ሺ𝑘 − ͳሻ]𝜎−ଵ, (2.3.47) 

 

ɝɞɟ ܯ௎ଶ – ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɦɚɯɚ; 

 𝜓𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɩɨɪɚ ɫɬɭɩɟɧɢ; 

 Ω – ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɚɤɰɢɢ ɤɨɥɟɫɚ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝑋 – ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ, ɲɬ. 

 ɛଶሺ଺ሻ = [ͳ + ሺͲ,͹ͶͶ + ͸ − ͳሻ ∙ Ͳ,͸Ͷ͹ ∙ Ͳ,͸Ͷ͹ଶ ∙ ሺͳ,͵ʹʹ − ͳሻ]ଷ,ଶ଼ହ−ଵ = ʹ,ʹͳͺ 

 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3  

ଶߩ  = ଶߝ ∙  ː, (2.3.48)ߩ

 

ɝɞɟ ߝଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 .ː – ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3ߩ 

ଶሺଵሻߩ  = ͳ,ͳͺ͸ ∙ ͳͲ,͹ͻ = ͳʹ,͹ͺͻ ߩଶሺଶሻ = ͳ,ʹͻͻ ∙ ͳͲ,͹ͻ = ͳͶ,ͲͳͲ 
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ଶሺଷሻߩ = ͳ,ͷͲͳ ∙ ͳͲ,͹ͻ = ͳ͸,ͳͺͶ ߩଶሺସሻ = ͳ,͹ʹͳ ∙ ͳͲ,͹ͻ = ͳͺ,ͷͷͷ ߩଶሺହሻ = ͳ,ͻͷͻ ∙∙ ͳͲ,͹ͻ = ʹͳ,ͳ͵ͳ ߩଶሺ଺ሻ = ʹ,ʹͳͺ ∙ ͳͲ,͹ͻ = ʹ͵,ͻʹʹ 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ: 

- ɞɥɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ: ଶܲ = ଶߩ ∙ ܴ ∙ ଶܶ, (2.3.49) 

 

ɝɞɟ ߩଶ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɤɝ/ɦ3; 

 ଶܶ - ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ 

 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ). 

 ଶܲ = ͳʹ,͹ͺͻ ∙ ͷͳͺ ∙ ͵ͳͺ,͹ͻͲ = ʹ,ͳͳ͵ 

 

- ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɭɩɟɧɟɣ: 

 

ଶܲሺ𝑖ሻ = ܲː ∙ ቀ்మሺ𝑖ሻ்ː ቁ𝜎
, (2.3.50) 

 

ɝɞɟ ܲː  – ɧɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ; 

 ଶܶሺ𝑖ሻ - ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ; 

 ܶː  – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

 

ଶܲሺଶሻ = ͳ,͹ ∙ (͵ͶͲ,ͳ͸͸͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ʹ,Ͷ͹ 

ଶܲሺଷሻ = ͳ,͹ ∙ (͵͸ͳ,ͺͳʹ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ͵,Ͳ͵ͷ 
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ଶܲሺସሻ = ͳ,͹ ∙ (͵ͺ͵,ͷͻ͹͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ͵,͸ͺͻ 

ଶܲሺହሻ = ͳ,͹ ∙ (ͶͲͷ,ͷʹͻ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = Ͷ,Ͷʹ 

ଶܲሺ଺ሻ = ͳ,͹ ∙ (Ͷʹ͹,͸ʹͳ͵ͲͶ,ͳͷ )ଷ,ଶ଼ହ = ͷ,͵Ͳʹ 

 

Ⱦɚɜɥɟɧɢɟ ɬɨɪɦɨɠɟɧɢɹ, Ɇɉɚ: 

ଶܲ∗ = ଶܲ ∙ ቀ మ்∗మ்  ቁ 𝑘𝑘−భ, (2.3.51) 

 

ɝɞɟ ଶܲ – ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ɇɉɚ; 

 ଶܶ - ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ; 

 ଶܶ∗ - ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ, Ɇɉɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 

 

ଶܲሺଵሻ∗ = ʹ,ͳͳ͵ ∙ ( ͵ʹͷ,Ͷͷͺ͵ͳͺ,͹ͻͲ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ʹ,͵Ͳ͸ 

ଶܲሺଶሻ∗ = ʹ,Ͷ͹ ∙ ( ͵Ͷ͸,ͺ͵ͷ͵ͶͲ,ͳ͸͸ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ʹ,͸ͺͳ 

ଶܲሺଷሻ∗ = ͵,Ͳ͵ͷ ∙ ( ͵͸ͺ,Ͷͺͳ͵͸ͳ,ͺͳʹ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͵,ʹ͹ͺ 

ଶܲሺସሻ∗ = ͵,͸ͺͻ ∙ ( ͵ͻͲ,ʹ͸ͷ͵ͺ͵,ͷͻ͹ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͵,ͻ͸ͺ 

ଶܲሺହሻ∗ = Ͷ,Ͷʹ ∙ ( Ͷͳʹ,ͳͻͺͶͲͷ,ͷʹͻ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = Ͷ,͹ͷͺ 

ଶܲሺ଺ሻ∗ = ͷ,͵Ͳʹ ∙ ( Ͷ͵Ͷ,ʹͺͻͶʹ͹,͸ʹͳ ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͷ,͸͸Ͳ 
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ɍɬɨɱɧɹɟɦɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɲɢɪɢɧɨɣ ɩɨ ɮɨɪɦɭɥɟ: 

 ௕మ஽మ = ொːగ∙஽మమ∙𝜑మ∙௎మ∙𝜏మ∙ఌమ, (2.3.52) 

 

ɝɞɟ 𝜏ଶ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɨɦɨɠɞɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɤɨɥɟɫɚ; 

 ;ଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦܦ 

 ;ଶ - ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɝɚɡɚ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫܥ 

 ;ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢߝ 

 ܳː – ɨɛɴɟɦɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ ɩɨ ɭɫɥɨɜɢɹɦ ɜɫɚɫɵɜɚɧɢɹ, ˏଷ/˔; 

 𝜑ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

 ܾଶܦଶሺଵሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,Ͷ͵Ͷଶ ∙ Ͳ,ͳʹ ∙ ʹͻͷ,͵ʹ ∙ Ͳ,ͻͶͶ ∙ ͳ,ͳͺ͸ = Ͳ,ͳͳͻ ܾଶܦଶሺଶሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,Ͷ͵Ͷଶ ∙ Ͳ,ͳʹ ∙ ʹͻͷ,͵ʹ ∙ Ͳ,ͻͶͶ ∙ ͳ,ʹͻͻ = Ͳ,Ͳͺ͹ ܾଶܦଶሺଷሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,Ͷ͵Ͷଶ ∙ Ͳ,ͳʹ ∙ ʹͻͷ,͵ʹ ∙ Ͳ,ͻͶͶ ∙ ͳ,ͷͲͳ = Ͳ,Ͳ͹͸ ܾଶܦଶሺସሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,Ͷ͵Ͷଶ ∙ Ͳ,ͳʹ ∙ ʹͻͷ,͵ʹ ∙ Ͳ,ͻͶͶ ∙ ͳ,͹ʹͳ = Ͳ,Ͳ͸͸ ܾଶܦଶሺହሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,Ͷ͵Ͷଶ ∙ Ͳ,ͳʹ ∙ ʹͻͷ,͵ʹ ∙ Ͳ,ͻͶͶ ∙ ͳ,ͻͷͻ = Ͳ,Ͳͷͺ ܾଶܦଶሺ଺ሻ = ʹ,Ͷͷͺ͵,ͳͶ ∙ Ͳ,Ͷ͵Ͷଶ ∙ Ͳ,ͳʹ ∙ ʹͻͷ,͵ʹ ∙ Ͳ,ͻͶͶ ∙ ʹ,ʹͳͺ = Ͳ,Ͳͷͳ 

 

ɒɢɪɢɧɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɦ: 

 ܾଶ = ଶܦ ∙ ௕మ஽మ, (2.3.53) 
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ɝɞɟ ܦଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ; 

 ܾଶ/ܦଶ  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. ܾଶሺଵሻ = Ͳ,Ͷ͵Ͷ ∙ Ͳ,ͳͳͻ = Ͳ,ͲͷͲ ܾଶሺଶሻ = Ͳ,Ͷ͵Ͷ ∙ Ͳ,Ͳͺ͹ = Ͳ,ͲͶͳ ܾଶሺଷሻ = Ͳ,Ͷ͵Ͷ ∙ Ͳ,Ͳ͹͸ = Ͳ,Ͳ͵ͷ ܾଶሺସሻ = Ͳ,Ͷ͵Ͷ ∙ Ͳ,Ͳ͸͸ = Ͳ,Ͳ͵ͳ ܾଶሺହሻ = Ͳ,Ͷ͵Ͷ ∙ Ͳ,Ͳͷͺ = Ͳ,Ͳʹ͹ ܾଶሺ଺ሻ = Ͳ,Ͷ͵Ͷ ∙ Ͳ,Ͳͷͳ = Ͳ,ͲʹͶ 

2.4.4 Ɋɚɫɱɟɬ ɞɢɮɮɭɡɨɪɚ 

Ɋɚɫɱɟɬ ɞɢɮɮɭɡɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɭɩɟɧɢ. 

ȼ ɫɬɭɩɟɧɹɯ ɫ ɥɨɩɚɬɨɱɧɵɦ ɞɢɮɮɭɡɨɪɨɦ ɜɯɨɞɧɵɟ ɤɪɨɦɤɢ ɞɢɮɮɭɡɨɪɧɵɯ 

ɥɨɩɚɬɨɤ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɞɢɚɦɟɬɪɟ ܦଷ. Ɂɚɞɚɟɦɫɹ ܦଷ ଶܦ = ͳ,ͳ⁄  ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ 

[10].  

ଷܦ  = ଶܦ ∙ ሺܦଷ ⁄ଶሻܦ , (2.4.1) 

 

ɝɞɟ ܦଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ; 

ଷܦ  ⁄ଶܦ  – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ, ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɵ ɜɯɨɞɧɵɟ ɤɪɨɦɤɢ 

ɞɢɮɮɭɡɨɪɧɵɯ ɥɨɩɚɬɨɤ ɤ ɞɢɚɦɟɬɪɭ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɄɉȾ ɫɬɭɩɟɧɢ ɫ ɥɨɩɚɬɨɱɧɵɦ ɞɢɮɮɭɡɨɪɨɦ ɜ 

ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɲɢɪɢɧɭ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ ܾଷ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɟɥɚɬɶ 

ɛɨɥɶɲɟɣ, ɱɟɦ ɭ ɤɨɥɟɫɚ ܾଶ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɡɚɞɚɟɦɫɹ ܾଷ/ܾଶ ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [4, 9, 

10]: 

- ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɬɭɩɟɧɢ: 

 ܾଷ/ܾଶ = ͳ,ͳ  
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- ɤɨɧɰɟɜɵɟ ɫɬɭɩɟɧɢ: 

 ܾଷ/ܾଶ = ͳ,ʹͷ 

 ܾଷ = ܾଶ ∙ ሺܾଷ ܾଶሻ⁄ , (2.4.2) 

 

ɝɞɟ ܾଶ – ɲɢɪɢɧɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɦ; 

 ܾଷ/ܾଶ – ɨɬɧɨɲɟɧɢɟ ɲɢɪɢɧɵ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ ɤ ɲɢɪɢɧɟ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɦ. ܾଷሺଵሻ = Ͳ,ͲͷͲ ∙ ͳ,ͳ = Ͳ,Ͳͷͷ ܾଷሺଶሻ = Ͳ,ͲͶͳ ∙ ͳ,ͳ = Ͳ,ͲͶͷ ܾଷሺଷሻ = Ͳ,Ͳ͵ͷ ∙ ͳ,ͳ = Ͳ,Ͳ͵ͻ ܾଷሺସሻ = Ͳ,Ͳ͵ͳ ∙ ͳ,ͳ = Ͳ,Ͳ͵Ͷ ܾଷሺହሻ = Ͳ,Ͳʹ͹ ∙ ͳ,ͳ = Ͳ,Ͳ͵ͳ ܾଷሺ଺ሻ = Ͳ,ͲʹͶ ∙ ͳ,ʹͷ = Ͳ,Ͳ͵Ͳ 

 

ɍɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɥɨɩɚɬɨɱɧɵɣ ɞɢɮɮɭɡɨɪ, ɝɪɚɞ.: 

ଷˎߙ  ≈ Ͳ,ͷሺߙଶ +  ଷሻ, (2.4.3)ߙ

 

ɝɞɟ ߙଷ – ɪɚɫɱɟɬɧɵɣ ɭɝɨɥ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɞɢɮɮɭɡɨɪ, ɝɪɚɞ.; 

 .ଶ - ɭɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɥɟɫɚ, ɝɪɚɞߙ 

ଷߙ  =  𝑔 ௧𝑔ఈమ ሺ௕య/௕మሻ∙ሺఌయ/ఌమሻ, (2.4.4)ݐܿݎܽ

 

ɝɞɟ ߝଷ/ߝଶ – ɨɬɧɨɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ 

ɞɢɮɮɭɡɨɪ ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 ܾଷ/ܾଶ – ɨɬɧɨɲɟɧɢɟ ɲɢɪɢɧɵ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ ɤ ɲɢɪɢɧɟ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɦ; 
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 .ଶ - ɭɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɥɟɫɚ, ɝɪɚɞߙ 

 

Ɂɚɞɚɟɦɫɹ ߝଷ/ߝଶ = ͳ,Ͳ͵ 

ଷሺଵ−ହሻߙ  = 𝑔 Ͳ,ʹͳ͵ ͳ,ͳݐܿݎܽ ∙ ͳ,Ͳ͵ = ͳͲ,͸° 
ଷሺ଺ሻߙ = 𝑔 Ͳ,ʹͳ͵ ͳ,ʹͷݐܿݎܽ ∙ ͳ,Ͳ͵ = ͻ,Ͷ° 

ଷሺଵ−ହሻˎߙ  ≈ Ͳ,ͷሺͳʹ° + ͳͲ,͸°ሻ = ͳͳ,͵° ߙˎଷሺ଺ሻ ≈ Ͳ,ͷሺͳʹ° + ͻ,Ͷ°ሻ = ͳͲ,͹° 
 

ɉɪɢɧɢɦɚɟɦ ߙˎଷሺଵ−ହሻ = ଷሺ଺ሻˎߙ = ͳʹ°. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ܭଷ−ଶ = ଷܥ ⁄ଶܥ  ɢɡ ɭɫɥɨɜɢɹ ɫɨɯɪɚɧɟɧɢɹ 

ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ: 

ଷ−ଶܭ  = ଵሺ௕య/௕మሻ∙ሺఌయ/ఌమሻ∙ሺsi୬ ఈయ/ si୬ ఈమሻ∙ሺ஽య ஽మሻ⁄ , (2.4.5) 

 

ɝɞɟ ܾଷ/ܾଶ – ɨɬɧɨɲɟɧɢɟ ɲɢɪɢɧɵ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ ɤ ɲɢɪɢɧɟ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ; 

 ଶ – ɨɬɧɨɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜߝ/ଷߝ 

ɞɢɮɮɭɡɨɪ ɤ ɤɨɷɮɮɢɰɢɟɧɬɭ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 ;.ଷ – ɪɚɫɱɟɬɧɵɣ ɭɝɨɥ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɞɢɮɮɭɡɨɪ, ɝɪɚɞߙ 

 ;.ଶ – ɭɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɥɟɫɚ, ɝɪɚɞߙ 

ଷܦ  ⁄ଶܦ  – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɚ, ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɵ ɜɯɨɞɧɵɟ ɤɪɨɦɤɢ 

ɞɢɮɮɭɡɨɪɧɵɯ ɥɨɩɚɬɨɤ ɤ ɞɢɚɦɟɬɪɭ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

ଷ−ଶሺଵ−ହሻܭ   = ͳͳ,ͳ ∙ ͳ,Ͳ͵ ∙ ሺͲ,ͳͺͶ/ Ͳ,ʹͲͺሻ ∙ ͳ,ͳ = Ͳ,ͻͲ͹ 
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ଷ−ଶሺ଺ሻܭ = ͳͳ,ʹͷ ∙ ͳ,Ͳ͵ ∙ ሺͲ,ͳ͸͵/ Ͳ,ʹͲͺሻ ∙ ͳ,ͳ = Ͳ,ͺͻͻ 

 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɞɢɮɮɭɡɨɪɟ ɦ/ɫ: 

ଷܥ  = ଷ−ଶܭ ∙  ଶ, (2.4.6)ܥ

 

ɝɞɟ  ܭଷ−ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ;  

 .ଶ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫܥ 

ଷሺଵ−ହሻܥ  = Ͳ,ͻͲ͹ ∙ ͳͷ͸,ͻͺ = ͳͶʹ,͵ͺ ܥଷሺ଺ሻ = Ͳ,ͺͻͻ ∙ ͳͷ͸,ͻͺ = ͳͶͳ,ͳʹͷ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ: 

 

ଷܶሺ𝑖ሻ = ଶܶ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сଶଶܯ ∙ ሺͳ − ଷ−ଶଶܭ ሻ], (2.4.7) 

 

ɝɞɟ ܯ஼ଶ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 ;ଷ−ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢܭ 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ଶܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ. 

 ଷܶሺଵሻ = ͵ͳͺ,͹ͻͲ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵͵͵ଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ] = ͵ʹͲ,Ͳͳͷ 

ଷܶሺଶሻ = ͵ͶͲ,ͳ͸͸ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵ʹͳଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ] = ͵Ͷͳ,͵ͻʹ 

ଷܶሺଷሻ = ͵͸ͳ,ͺͳʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵Ͳͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ] = ͵͸͵,Ͳ͵ͺ 

ଷܶሺସሻ = ͵ͺ͵,ͷͻ͹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ] = ͵ͺͶ,ͺʹʹ 

ଷܶሺହሻ = ͶͲͷ,ͷʹͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͺͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ] = ͶͲ͸,͹ͺͻ 

ଷܶሺ଺ሻ = Ͷʹ͹,͸ʹͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͺͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ] = Ͷʹͺ,ͺͺͳ 
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ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3: 

ଷሺ𝑖ሻߩ  = ଶߩ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сଶଶܯ ∙ ሺͳ − ଷ−ଶଶܭ ሻ]𝜎−ଵ (2.4.8) 

ɝɞɟ ߩଶ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɤɝ/ɦ3; 

 ;ଷ−ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢܭ 

 ஼ଶ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

ଷሺଵሻߩ  = ͳʹ,͹ͺͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵͵͵ଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ−ଵ= ͳʹ,ͻͲͶ ߩଷሺଶሻ = ͳͶ,ͲͳͲ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵ʹͳଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ−ଵ= ͳͶ,ͳʹͺ ߩଷሺଷሻ = ͳ͸,ͳͺͶ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵Ͳͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ−ଵ= ͳ͸,͵ͳʹ ߩଷሺସሻ = ͳͺ,ͷͷͷ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ−ଵ= ͳͺ,͸ͻͶ ߩଷሺହሻ = ʹͳ,ͳ͵ͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͺͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ]ଷ,ଶ଼ହ−ଵ= ʹͳ,ʹͺͷ ߩଷሺ଺ሻ = ʹ͵,ͻʹʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͺͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ]ଷ,ଶ଼ହ−ଵ= ʹͶ,Ͳͺ͹ 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ: 

 ܲଷሺ𝑖ሻ = ଶܲ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сଶଶܯ ∙ ሺͳ − ଷ−ଶଶܭ ሻ]𝜎, (2.4.9) 

 

ɝɞɟ ଶܲ – ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ɇɉɚ; 

 ;ଷ−ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢܭ 
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 ஼ଶ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

 ܲଷሺଵሻ = ʹ,ͳͳ͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ = ʹ,ͳͶͲ ܲଷሺଶሻ = ʹ,Ͷ͹Ͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ = ʹ,ͷͲͲ ܲଷሺଷሻ = ͵,Ͳ͵ͷ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ = ͵,Ͳ͸ͻ ܲଷሺସሻ = ͵,͸ͺͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ = ͵,͹ʹͻ ܲଷሺହሻ = Ͷ,Ͷͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ]ଷ,ଶ଼ହ = Ͷ,Ͷͺͺ ܲଷሺ଺ሻ = ͷ,͵Ͳʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ]ଷ,ଶ଼ହ = ͷ,͵ͷͶ 

 

ɋ ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɥɨɩɚɬɨɱɧɵɟ ɞɢɮɮɭɡɨɪɵ ɜɵɩɨɥɧɹɸɬɫɹ ɫ 

ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɫɬɟɧɤɚɦɢ, ɬ.ɟ. ܾସ = ܾଷ 

 ܾସሺଵሻ = Ͳ,Ͳͷͷ ܾସሺଶሻ = Ͳ,ͲͶͷ ܾସሺଷሻ = Ͳ,Ͳ͵ͻ ܾସሺସሻ = Ͳ,Ͳ͵Ͷ ܾସሺହሻ = Ͳ,Ͳ͵ͳ ܾସሺ଺ሻ = Ͳ,Ͳ͵Ͳ 

 

Ɂɚɞɚɟɦɫɹ ܦସ ⁄ଶܦ : 

- ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɬɭɩɟɧɢ: 

ସܦ  ଷܦ = ͳ,͵ͷ⁄  
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- ɤɨɧɰɟɜɵɟ ɫɬɭɩɟɧɢ: 

ସܦ  ଶܦ = ͳ,ʹͷ⁄  

 

ɍɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ [4]: 

ସˎߙ  = ଷˎߙ + ͳʹ°, (2.4.10) 

 

ɝɞɟ ߙˎଷ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɥɨɩɚɬɨɱɧɵɣ ɞɢɮɮɭɡɨɪ, ɝɪɚɞ. 

ସˎߙ  = ͳʹ° + ͳʹ° = ʹͶ° 

 

ɍɝɨɥ ɨɬɫɬɚɜɚɧɢɹ ɩɨɬɨɤɚ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɪɟɲɟɬɤɢ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ 

ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ [2], ɝɪɚɞ: 

ସˎߙ∆  = ଴,ଷସ଺∙ሺఈˎర−ఈˎయሻ√஻య ௧య⁄ , (2.4.10) 

 

ɝɞɟ ߙˎଷ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɥɨɩɚɬɨɱɧɵɣ ɞɢɮɮɭɡɨɪ, ɝɪɚɞ.; 

 ; ସ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞˎߙ 

ଷܤ  ⁄ଷݐ = ʹ  – ɨɩɬɢɦɚɥɶɧɚɹ ɝɭɫɬɨɬɚ ɥɨɩɚɬɨɱɧɨɣ ɪɟɲɟɬɤɢ ɥɨɩɚɬɨɱɧɨɝɨ 

ɞɢɮɮɭɡɨɪɚ. 

ସˎߙ∆  = Ͳ,͵Ͷ͸ ∙ ሺʹͶ − ͳʹሻ√ʹ,Ͳ = ʹ,ͻ͵͸ 

 

ɍɝɨɥ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞ: 

ସߙ  = ସˎߙ −  ସ, (2.4.11)ˎߙ∆
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ɝɞɟ ߙˎସ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞ; 

 ସ - ɭɝɨɥ ɨɬɫɬɚɜɚɧɢɹ ɩɨɬɨɤɚ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɪɟɲɟɬɤɢ ɥɨɩɚɬɨɱɧɨɝɨˎߙ∆ 

ɞɢɮɮɭɡɨɪɚ. 

ସߙ  = ʹͶ° − ʹ,ͻ͵͸° = ʹͳ,Ͳ͸Ͷ° 
 

ɉɪɢɧɢɦɚɟɦ ߙସ = ʹʹ°. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɥɨɩɚɬɨɱɧɨɝɨ 

ɞɢɮɮɭɡɨɪɚ ܥସ, ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɡɚɞɚɬɶɫɹ ɨɪɢɟɧɬɢɪɨɜɚɱɧɨ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɥɨɩɚɬɨɱɧɨɦ ɞɢɮɮɭɡɨɪɟ: 

ସ−ଶܭ  = Ͳ,͸ͷ 

 

ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɦ/ɫ: 

ସܥ  = ସ−ଶܭ ∙  ଶ, (2.4.12)ܥ

 

ɝɞɟ ܭସ−ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɥɨɩɚɬɨɱɧɨɦ ɞɢɮɮɡɭɨɪɟ; 

 .ଶ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫܥ 

ସሺଵ−଺ሻܥ  = Ͳ,͸ͷ ∙ ͳͷ͸,ͻͺ = ͳͲʹ,Ͳ͵͹ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ: 

 

ସܶ = ଶܶ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сଶଶܯ ∙ ሺͳ − ସ−ଶଶܭ ሻ], (2.4.13) 

 

ɝɞɟ ܯ஼ଶ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 ;ସ−ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɥɨɩɚɬɨɱɧɨɦ ɞɢɮɮɭɡɨɪɟܭ 
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 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ଶܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ʉ. 

 ସܶሺଵሻ = ͵ͳͺ,͹ͻͲ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵͵͵ଶ ∙ ሺͳ − Ͳ,͸ͷଶሻ] = ͵ʹʹ,͹ʹ͸ 

ସܶሺଶሻ = ͵ͶͲ,ͳ͸͸ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵ʹͳଶ ∙ ሺͳ − Ͳ,͸ͷଶሻ] = ͵ͶͶ,ͳͲ͵ 

ସܶሺଷሻ = ͵͸ͳ,ͺͳʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵Ͳͻଶ ∙ ሺͳ − Ͳ,͸ͷଶሻ] = ͵͸ͷ,͹Ͷͻ 

ସܶሺସሻ = ͵ͺ͵,ͷͻ͹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,͸ͷଶሻ] = ͵ͺ͹,ͷ͵͵ 

ସܶሺହሻ = ͶͲͷ,ͷʹͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͺͻଶ ∙ ሺͳ − Ͳ,͸ͷଶሻ] = ͶͲͻ,Ͷ͸͸ 

ସܶሺ଺ሻ = Ͷʹ͹,͸ʹͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͺͻଶ ∙ ሺͳ − Ͳ,͸ͷଶሻ] = Ͷ͵ͳ,ͷͷͺ 

 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3: 

ସߩ  = ଶߩ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сଶଶܯ ∙ ሺͳ − ସ−ଶଶܭ ሻ]𝜎−ଵ, (2.4.14) 

 

ɝɞɟ ߩଶ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɤɝ/ɦ3; 

 ;ସ−ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɥɨɩɚɬɨɱɧɨɦ ɞɢɮɮɭɡɨɪɟܭ 

 ஼ଶ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

ସሺଵሻߩ  = ͳʹ,͹ͺͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵͵͵ଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ−ଵ= ͳ͵,ͳ͸ͳ ߩସሺଶሻ = ͳͶ,ͲͳͲ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵ʹͳଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ−ଵ= ͳͶ,͵ͻʹ ߩସሺଷሻ = ͳ͸,ͳͺͶ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,͵Ͳͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ−ଵ= ͳ͸,ͷͻͻ 
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ସሺସሻߩ = ͳͺ,ͷͷͷ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ−ଵ= ͳͻ,ͲͲ͵ ߩସሺହሻ = ʹͳ,ͳ͵ͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͺͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ]ଷ,ଶ଼ହ−ଵ= ʹͳ,͸ͳͶ ߩସሺ଺ሻ = ʹ͵,ͻʹʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͺͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ]ଷ,ଶ଼ହ−ଵ= ʹͶ,ͶͶͲ 

 

Ɉɬɧɨɲɟɧɢɟ ɩɥɨɬɧɨɫɬɟɣ: 

ସߝ  =  ː, (2.4.15)ߩ/ସߩ

 

ɝɞɟ ߩସ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɤɝ/ɦ3; 

 .ː – ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3ߩ 

ସሺଵሻߝ  = ͳ͵,ͳ͸ͳ/ͳͲ,͹ͻ ߝସሺଶሻ = ͳͶ,͵ͻʹ/ͳͲ,͹ͻ ߝସሺଷሻ = ͳ͸,ͷͻͻ/ͳͲ,͹ͻ ߝସሺସሻ = ͳͻ,ͲͲ͵/ͳͲ,͹ͻ ߝସሺହሻ = ʹͳ,͸ͳͶ/ͳͲ,͹ͻ ߝସሺ଺ሻ = ʹͶ,ͶͶͲ/ͳͲ,͹ͻ 

 

ɑɢɫɥɨ Ɇɚɯɚ ɩɨ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ:  

Сସܯ  = Сర√𝑘∙ோ∙ ర், (2.4.15) 

 

ɝɞɟ Сସ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɦ/ɫ; 

 ସܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, Ʉ 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɞɢɚɛɚɬɵ; 
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 ܴ – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɤɝ∙Ʉ).. 

Сସሺଵሻܯ  = ͳͲʹ,Ͳ͵͹√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ʹʹ,͹ʹ͸ = Ͳ,ʹͶͲ 

Сସሺଶሻܯ = ͳͲʹ,Ͳ͵͹√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ͶͶ,ͳͲ͵ = Ͳ,ʹ͵ʹ 

Сସሺଷሻܯ = ͳͲʹ,Ͳ͵͹√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵͸ͷ,͹Ͷͻ = Ͳ,ʹʹͷ 

Сସሺସሻܯ = ͳͲʹ,Ͳ͵͹√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͵ͺ͹,ͷ͵͵ = Ͳ,ʹͳͻ 

Сସሺହሻܯ = ͳͲʹ,Ͳ͵͹√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ ͶͲͻ,Ͷ͸͸ = Ͳ,ʹͳ͵ 

Сସሺ଺ሻܯ = ͳͲʹ,Ͳ͵͹√ͳ,͵ʹʹ ∙ ͷͳͺ ∙ Ͷ͵ͳ,ͷͷͺ = Ͳ,ʹͲͺ 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ: 

 

ସܲ = ଶܲ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сଶଶܯ ∙ ሺͳ − ସ−ଶଶܭ ሻ]𝜎, (2.4.16) 

 

ɝɞɟ ଶܲ – ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, Ɇɉɚ; 

 ;ସ−ଶ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɥɨɩɚɬɨɱɧɨɦ ɞɢɮɮɭɡɨɪɟܭ 

 ஼ଶ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

 ܲସሺଵሻ = ʹ,ͳͳ͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ = ʹ,ʹͲʹ ܲସሺଶሻ = ʹ,Ͷ͹Ͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ = ʹ,Ͷ͹ͺ ܲସሺଷሻ = ͵,Ͳ͵ͷ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ = ͵,ͲͶͶ ܲସሺସሻ = ͵,͸ͺͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͻͲ͹ଶሻ]ଷ,ଶ଼ହ = ͵,͹ͲͲ 
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ܲସሺହሻ = Ͷ,ͶͶʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ]ଷ,ଶ଼ହ = Ͷ,Ͷͷ͵ ܲସሺ଺ሻ = ͷ,͵Ͳʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͻͻଶ ∙ ሺͳ − Ͳ,ͺͻͻଶሻ]ଷ,ଶ଼ହ = ͷ,͵ͳͷ 

 

Ⱦɚɜɥɟɧɢɟ ɬɨɪɦɨɠɟɧɢɟ, Ɇɉɚ: 

 

ସܲ∗ = ସܲ ∙ ቀ మ்∗ర்ቁ 𝑘𝑘−భ, (2.4.17) 

 

ɝɞɟ ସܲ – ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 ସܶ - ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, Ʉ; 

 ଶܶ∗ - ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɪɦɨɠɟɧɢɹ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɝɨ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 

 

ସܲሺଵሻ∗ = ʹ,ʹͲʹ ∙ (͵ʹͷ,Ͷͷͺ͵ʹʹ,͹ʹ͸) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ʹ,ʹͺͳ 

ସܲሺଶሻ∗ = ʹ,Ͷ͹ͺ ∙ (͵Ͷ͸,ͺ͵ͷ͵ͶͶ,ͳͲ͵) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ʹ,ͷ͸ʹ 

ସܲሺଷሻ∗ = ͵,ͲͶͶ ∙ (͵͸ͺ,Ͷͺͳ͵͸ͷ,͹Ͷͻ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͵,ͳͶͳ 

ସܲሺସሻ∗ = ͵,͹ͲͲ ∙ (͵ͻͲ,ʹ͸ͷ͵ͺ͹,ͷ͵͵) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͵,ͺͳͳ 

ସܲሺହሻ∗ = Ͷ,Ͷͷ͵ ∙ (Ͷͳʹ,ͳͻͺͶͲͻ,Ͷ͸͸) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = Ͷ,ͷͺͲ 

ସܲሺ଺ሻ∗ = ͷ,͵ͳͷ ∙ (Ͷ͵Ͷ,ʹͺͻͶ͵ͳ,ͷͷͺ) ଵ,ଷଶଶଵ,ଷଶଶ−ଵ = ͷ,Ͷͷͻ 

 

ɑɢɫɥɨ ɥɨɩɚɬɨɤ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɲɬ.: 
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𝑧ଷ = ቀ஻య௧య ቁ ∙ ଶ∙గ∙si୬(଴,ହሺఈˎయ+ఈˎరሻ)l୬ሺ஽ర ஽య⁄ ሻ , (2.4.18) 

 

ɝɞɟ ܤଷ ⁄ଷݐ  - ɝɭɫɬɨɬɚ ɥɨɩɚɬɨɱɧɨɣ ɪɟɲɟɬɤɢ; 

 ;.ଷ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɥɨɩɚɬɨɱɧɵɣ ɞɢɮɮɭɡɨɪ, ɝɪɚɞˎߙ 

 ; .ସ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞˎߙ 

ସܦ  ⁄ଷܦ  – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɨɜ. 

 𝑧ଷ = ʹ,ʹ ∙ ʹ ∙ ͵,ͳͶ ∙ sinሺͳͺ°ሻln ͳ,ͳ͵͸ = ͵͵,ͷ 

 

ɉɪɢɧɢɦɚɟɦ 𝑧ଷ = 𝑧ସ = ͵Ͷ. 

2.4.5. Ɋɚɫɱɟɬ ɩɨɜɨɪɨɬɧɨɝɨ ɤɨɥɟɧɚ ɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸщɟɝɨ 
ɚɩɩɚɪɚɬɚ 

Ɋɚɫɱɟɬ ɩɨɜɨɪɨɬɧɨɝɨ ɤɨɥɟɧɚ ɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɫɬɭɩɟɧɟɣ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɬɢɩɚ. 

ȼɵɛɨɪ ɨɬɧɨɲɟɧɢɹ ɲɢɪɢɧɵ ɤɚɧɚɥɚ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɤ 

ɲɢɪɢɧɟ ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɬɪɟɦɥɟɧɢɢ ɨɛɟɫɩɟɱɢɬɶ 

ɦɢɧɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɤɚɧɚɥ ɩɨɜɨɪɨɬɧɨɝɨ ɤɨɥɟɧɚ 

ɦɨɠɟɬ ɛɵɬɶ ɤɨɧɮɭɡɨɪɧɵɦ, ɞɢɮɮɭɡɨɪɧɵɦ ɢɥɢ ɜɵɩɨɥɧɹɬɶɫɹ ɫ ɩɨɫɬɨɹɧɧɵɦ 

ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɦɟɧɬɨɜ ɩɨɜɨɪɨɬɧɨɝɨ ɤɨɥɟɧɚ ɢ ɨɛɪɚɬɧɨɝɨ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɡɚɞɚɞɢɦɫɹ ɨɬɧɨɲɟɧɢɟɦ ܾହ ܾସ⁄  ɩɨ ɫɨɨɛɪɚɠɟɧɢɹɦ 

ɦɢɧɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɞɥɹ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɬɭɩɟɧɟɣ ɩɪɢɦɟɧɹɟɬɫɹ ܾହ ܾସ⁄ = ͳ,Ͳ. 
ɉɨ ɡɚɞɚɧɧɨɦɭ ɨɬɧɨɲɟɧɢɸ ܾହ ܾସ⁄  ɨɩɪɟɞɟɥɹɟɦ ɲɢɪɢɧɭ ɤɚɧɚɥɚ ɧɚ ɜɯɨɞɟ ɜ 

ɨɛɪɚɬɧɵɣ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ, ɦ: 

 ܾହ = ܾସ ∙ ሺܾହ ܾସሻ⁄ , (2.5.1) 
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ɝɞɟ ܾହ/ܾସ – ɨɬɧɨɲɟɧɢɟ ɲɢɪɢɧɵ ɤɚɧɚɥɚ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɤ 

ɲɢɪɢɧɟ ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ, ɦ; 

 ܾସ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ, ɦ. 

 ܾହሺଵሻ = Ͳ,Ͳͷͷ ∙ ͳ = Ͳ,Ͳͷͷ ܾହሺଶሻ = Ͳ,ͲͶͷ ∙ ͳ = Ͳ,ͲͶͷ ܾହሺଷሻ = Ͳ,Ͳ͵ͻ ∙ ͳ = Ͳ,Ͳ͵ͻ ܾହሺସሻ = Ͳ,Ͳ͵Ͷ ∙ ͳ = Ͳ,Ͳ͵Ͷ ܾହሺହሻ = Ͳ,Ͳ͵ʹ ∙ ͳ = Ͳ,Ͳ͵ʹ 

 

Ɉɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɤɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 

ɰɟɧɬɪɨɛɟɠɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɪɚɜɧɵɦ ɟɞɢɧɢɰɟ.  

Ɋɚɞɢɭɫ ɜɵɩɭɤɥɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɜɨɪɨɬɚ ܴ௦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɡɚɞɚɜɚɟɦɨɝɨ ɨɬɧɨɲɟɧɢɹ ܴ௦/ܾସ: 
 ܴ௦/ܾସ = Ͳ,͹ͷ – ɞɥɹ ɫɬɭɩɟɧɟɣ ɫ ܾଶ/ܦଶ > Ͳ,Ͷ 

 ܴ௦ = ܾସ ∙ ሺܴ௦/ܾସሻ, (2.5.2) 

 

ɝɞɟ ܾସ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ, ɦ; 

 ܴ௦/ܾସ – ɨɬɧɨɲɟɧɢɟ ɪɚɞɢɭɫɚ ɜɵɩɭɤɥɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɜɨɪɨɬɚ ɤ ɲɢɪɢɧɟ 

ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ. 

 ܴ௦ሺଵሻ = Ͳ,Ͳͷͷ ∙ Ͳ,͹ͷ = Ͳ,ͲͶͳ ܴ௦ሺଶሻ = Ͳ,ͲͶͷ ∙ Ͳ,͹ͷ = Ͳ,Ͳ͵Ͷ ܴ௦ሺଷሻ = Ͳ,Ͳ͵ͻ ∙ Ͳ,͹ͷ = Ͳ,Ͳʹͻ ܴ௦ሺସሻ = Ͳ,Ͳ͵Ͷ ∙ Ͳ,͹ͷ = Ͳ,Ͳʹ͸ ܴ௦ሺହሻ = Ͳ,Ͳ͵ʹ ∙ Ͳ,͹ͷ = Ͳ,Ͳʹͷ 
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ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɩɨɜɨɪɨɬɚ ɩɨɬɨɤɚ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟ, ɦ: 

 ܴℎ = ܴ௦ + ௕ర+௕ఱଶ , (2.5.3) 

 

ɝɞɟ ܴ௦ – ɪɚɞɢɭɫ ɜɵɩɭɤɥɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɜɨɪɨɬ ɩɨɜɨɪɨɬɚ, ɦ; 

 ܾସ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ, ɦ; 

 ܾହ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦ. 

 ܴℎሺଵሻ = Ͳ,ͲͶͳ + Ͳ,Ͳͷͷ = Ͳ,Ͳͻ͸ ܴℎሺଶሻ = Ͳ,Ͳ͵Ͷ + Ͳ,ͲͶͷ = ͲͲ͹ͻ ܴℎሺଷሻ = Ͳ,Ͳʹͻ + Ͳ,Ͳ͵ͻ = Ͳ,Ͳ͸ͺ ܴℎሺସሻ = Ͳ,Ͳʹ͸ + Ͳ,Ͳ͵Ͷ = Ͳ,Ͳ͸Ͳ ܴℎሺହሻ = Ͳ,Ͳʹͷ + Ͳ,Ͳ͵ʹ = Ͳ,Ͳͷ͹ 

 

 ɍɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ ߙହ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ 

ɦɨɦɟɧɬɚ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɩɨɜɨɪɨɬɧɨɝɨ ɤɨɥɟɧɚ [4,5] ɢ ɞɨɩɭɳɟɧɢɟɦ, ɱɬɨ ߩସ  :ହ, ɦߩ≈

ହߙ  = 𝑔 ௧𝑔ఈరሺ௕ఱݐܿݎܽ ௕ర⁄ ሻ +  ସ−ହ, (2.5.4)ߣ

 

ɝɞɟ ߣସ−ହ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɦɨɦɟɧɬɚ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ 

ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟ; 

 ܾହ/ܾସ – ɨɬɧɨɲɟɧɢɟ ɲɢɪɢɧɵ ɤɚɧɚɥɚ ɈɇȺ ɤ ɲɢɪɢɧɟ ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ, ɦ; 

 .ସ - ɭɝɨɥ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞߙ 

ସ−ହߣ   = Ͳ,ͳͳ ∙ 𝑘ହ ∙ ோ𝑠+ோℎ௕ఱ ∙ ቀ஼ర∙c୭s ఈర∙௕ర∙ఘరఓర ቁ−଴,ଶହ, (2.5.5) 
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ɝɞɟ 𝑘ହ = ʹ,Ͳ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ [4]; 

 ܴ௦ – ɪɚɞɢɭɫ ɜɵɩɭɤɥɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɜɨɪɨɬ ɩɨɜɨɪɨɬɚ, ɦ; 

 ܴℎ - ɧɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɩɨɜɨɪɨɬɚ ɩɨɬɨɤɚ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟ, ɦ; 

 ܾହ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦ; 

 Сସ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɦ/ɫ 

 .ସ - ɭɝɨɥ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞߙ 

 ܾସ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ, ɦ; 

 ;ସ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɤɝ/ɦ3ߩ 

 ସ - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɉɚ∙ɫߤ 

  

Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

ɋɚɡɚɪɥɟɧɞɚ, ɉɚ∙ɫ: 

ସߤ  = ଶ଻ଷߤ ∙ ଶ଻ଷ+Сర்+஼ ∙ ቀ ర்ଶ଻ଷቁଵ,ହ, (2.5.6) 

 

ɝɞɟ C = 162 – ɩɨɫɬɨɹɧɧɚɹ ɋɚɡɚɪɥɟɧɞɚ; ߤଶ଻ଷ = ͳͲʹͺ ∙ ͳͲ−ଷ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɝɚɡɚ ɩɪɢ 0◦ɋ, 

ɉɚ∙ɫ; 

 ସܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, Ʉ. 

ସሺଵሻߤ  = ͳͲʹͺ ∙ ͳͲ−ଷ ∙ ʹ͹͵ + ͳ͸ʹ͵ʹ͹,ʹʹͶ + ͳ͸ʹ ∙ (͵ʹʹ,͹ʹ͸ʹ͹͵ )ଵ,ହ = ͳ,ͳͺ͸ 

ସሺଶሻߤ = ͳͲʹͺ ∙ ͳͲ−ଷ ∙ ʹ͹͵ + ͳ͸ʹ͵ͷͶ,Ͳʹ͵ + ͳ͸ʹ ∙ (͵ͶͶ,ͳͲ͵ʹ͹͵ )ଵ,ହ = ͳ,ʹͷͲ 

ସሺଷሻߤ = ͳͲʹͺ ∙ ͳͲ−ଷ ∙ ʹ͹͵ + ͳ͸ʹ͵ͺͲ,ͺʹͳ + ͳ͸ʹ ∙ (͵͸ͷ,͹Ͷͻʹ͹͵ )ଵ,ହ = ͳ,͵ͳͶ 

ସሺସሻߤ = ͳͲʹͺ ∙ ͳͲ−ଷ ∙ ʹ͹͵ + ͳ͸ʹͶͲ͹,͸ʹͲ + ͳ͸ʹ ∙ (͵ͺ͹,ͷ͵͵ʹ͹͵ )ଵ,ହ = ͳ,͵͹͸ 



83 
 

ସሺହሻߤ = ͳͲʹͺ ∙ ͳͲ−ଷ ∙ ʹ͹͵ + ͳ͸ʹͶͲ͹,͸ʹͲ + ͳ͸ʹ ∙ (ͶͲͻ,Ͷ͸͸ʹ͹͵ )ଵ,ହ = ͳ,Ͷ͵͹ 

ସ−ହሺଵሻߣ  = Ͳ,ͳͳ ∙ ʹ ∙ Ͳ,ͲͶͳ + Ͳ,Ͳͻ͸Ͳ,Ͳͷͷ ∙ (ͳͲʹ,Ͳ͵ ∙ cos ʹʹ° ∙ Ͳ,Ͳͷͷ ∙ ͳ͵,ͳ͸ͳͳ,ͳͺ͸ )−଴,ଶହ
= Ͳ,ͳͻͶ ߣସ−ହሺଶሻ = Ͳ,ͳͳ ∙ ʹ ∙ Ͳ,Ͳ͵Ͷ + ͲͲ͹ͻͲ,ͲͶͷ ∙ (ͳͲʹ,Ͳ͵ ∙ cos ʹʹ° ∙ Ͳ,ͲͶͷ ∙ ͳͶ,͵ͻʹͳ,ʹͷͲ )−଴,ଶହ
= Ͳ,ʹͲʹ ߣସ−ହሺଷሻ = Ͳ,ͳͳ ∙ ʹ ∙ Ͳ,Ͳʹͻ + Ͳ,Ͳ͸ͺͲ,Ͳ͵ͻ ∙ (ͳͲʹ,Ͳ͵ ∙ cos ʹʹ° ∙ Ͳ,Ͳ͵ͻ ∙ ͳ͸,ͷͻͻͳ,͵ͳͶ )−଴,ଶହ
= Ͳ,ʹͲͶ ߣସ−ହሺସሻ = Ͳ,ͳͳ ∙ ʹ ∙ Ͳ,Ͳʹ͸ + Ͳ,Ͳ͸ͲͲ,Ͳ͵Ͷ ∙ (ͳͲʹ,Ͳ͵͹ ∙ cos ʹʹ° ∙ Ͳ,Ͳ͵Ͷ ∙ ͳͻ,ͲͲ͵ͳ,͵͹͸ )−଴,ଶହ
= Ͳ,ʹͲ͹ ߣସ−ହሺହሻ = Ͳ,ͳͳ ∙ ʹ ∙ Ͳ,Ͳʹͷ + Ͳ,Ͳͷ͹Ͳ,Ͳ͵ʹ ∙ (ͳͲʹ,Ͳ͵͹ ∙ cos ʹʹ° ∙ Ͳ,Ͳ͵ʹ ∙ ʹͳ,͸ͳͶͳ,Ͷ͵͹ )−଴,ଶହ
= Ͳ,ʹͲͻ 

ହሺଵሻߙ  = 𝑔ʹʹ°ͳݐ 𝑔ݐܿݎܽ + Ͳ,ͳͻͶ = ʹʹ,ʹͲ͸ 

ହሺଶሻߙ = 𝑔ʹʹ°ͳݐ 𝑔ݐܿݎܽ + Ͳ,ʹͲʹ = ʹʹ,ͳͻͻ 

ହሺଷሻߙ = 𝑔ʹʹ°ͳݐ 𝑔ݐܿݎܽ + Ͳ,ʹͲͶ = ʹʹ,ʹͲʹ 

ହሺସሻߙ = 𝑔ʹʹ°ͳݐ 𝑔ݐܿݎܽ + Ͳ,ʹͲ͹ = ʹʹ,ʹͲͶ 

ହሺହሻߙ = 𝑔ʹʹ°ͳݐ 𝑔ݐܿݎܽ + Ͳ,ʹͲͻ = ʹʹ,ʹͲͶ 
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 ɍɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɨɛɪɚɬɧɵɣ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ 

ɜɵɛɢɪɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɭɝɥɚ ɩɨɬɨɤɚ, ɝɪɚɞ.: 

ହˎߙ  ≈  ହߙ

 

Ⱥɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟ, ɦ/ɫ: 

ହܥ  = ସܥ ∙ ఘర∙௕ర∙஽ర∙si୬ ఈరఘఱ∙௕ఱ∙஽ఱ∙si୬ ఈఱ, (2.5.7) 

 

ɝɞɟ Сସ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɦ/ɫ 

 ;ସ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɤɝ/ɦ3; ܾସ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɞɢɮɮɭɡɨɪɚ, ɦߩ 

 ;ସ – ɞɢɚɦɟɬɪ, ɧɚ ɤɨɬɨɪɨɦ ɧɚɱɢɧɚɟɬɫɹ ɩɨɜɨɪɨɬɧɨɟ ɤɨɥɟɧɨ, ɦܦ 

 ;.ସ - ɭɝɨɥ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞߙ 

 ;ହ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɜɨɪɨɬɧɨɝɨ ɤɨɥɟɧɚ, ɤɝ/ɦ3ߩ 

 ܾହ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦ; 

 ;ହ – ɞɢɚɦɟɬɪ, ɧɚ ɤɨɬɨɪɨɦ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɨɜɨɪɨɬɧɨɟ ɤɨɥɟɧɨ, ɦܦ 

 .ହ - ɭɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ, ɝɪɚɞߙ 

ହሺଵሻܥ  = ͳͲʹ,Ͳ͵͹ ∙ ͳ͵,ͳ͸ͳ ∙ Ͳ,Ͳͷͷ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹͳ͵,ͳ͸͹ ∙ Ͳ,Ͳͷͷ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹ,ʹ = ͳͲͳ,ͳ͸Ͷ 

ହሺଶሻܥ = ͳͲʹ,Ͳ͵͹ ∙ ͳͶ,͵ͻʹ ∙ Ͳ,ͲͶͷ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹͳͶ,͵ͻͺ ∙ Ͳ,ͲͶͷ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹ , ʹ = ͳͲͳ,ͳ͸Ͷ 

ହሺଷሻܥ = ͳͲʹ,Ͳ͵͹ ∙ ͳ͸,ͷͻͻ ∙ Ͳ,Ͳ͵ͻ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹͳ͸,͸Ͳͷ ∙ Ͳ,Ͳ͵ͻ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹ,ʹ = ͳͲͳ,ͳ͸Ͷ 

ହሺସሻܥ = ͳͲʹ,Ͳ͵͹ ∙ ͳͻ,ͲͲ͵ ∙ Ͳ,Ͳ͵Ͷ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹͳͻ,ͲͳͲ ∙ Ͳ,Ͳ͵Ͷ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹ , ʹ = ͳͲͳ,ͳ͸Ͷ 

ହሺସሻܥ = ͳͲʹ,Ͳ͵͹ ∙ ʹͳ,͸ͳͶ ∙ Ͳ,Ͳ͵ʹ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹʹͳ,͸ʹͳ ∙ Ͳ,Ͳ͵ʹ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹ , ʹ = ͳͲͳ,ͳ͸Ͷ 
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Ɉɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɟɣ: 

 𝑘ହ−ସ =  ,ସܥ/ହܥ

 

ɝɞɟ ܥହ - ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟ, ɦ/ɫ; 

 Сସ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɦ/ɫ. 

 𝑘ହ−ସሺଵ−ହሻ = ͳͲͳ,ͳ͸Ͷ/ͳͲʹ,Ͳ͵͹ = Ͳ,ͻͻʹ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ: 

 

ହܶ = ସܶ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ହ−ସଶܭ ሻ], (2.5.8) 

 

ɝɞɟ ܯ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 ;ହ−ସ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟܭ 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ସܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, Ʉ. 

 ହܶሺଵሻ = ͵ʹʹ,͹ʹ͸ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͶͲଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ] = ͵ʹʹ,͹ͺʹ 

ହܶሺଶሻ = ͵ͶͶ,ͳͲ͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹ͵ʹଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ] = ͵ͶͶ,ͳ͸ͳ 

ହܶሺଷሻ = ͵͸ͷ,͹Ͷͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹʹͷଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ] = ͵͸ͷ,ͺͲͺ 

ହܶሺସሻ = ͵ͺ͹,ͷ͵͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳͻଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ] = ͵ͺ͹,ͷͻʹ 

ହܶሺ଺ሻ = ͶͲͻ,Ͷ͸͸ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳ͵ଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ] = ͶͲͻ,ͷʹ͸ 

 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3: 

ହߩ  = ସߩ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ହ−ସଶܭ ሻ]𝜎−ଵ, (2.5.9) 
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ɝɞɟ ߩସ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, ɤɝ/ɦ3; 

 ;ହ−ସ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟܭ 

 ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

ହሺଵሻߩ  = ͳ͵,ͳ͸ͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͶͲଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ−ଵ= ͳʹ,͹͸ ߩହሺଶሻ = ͳͶ,͵ͻʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹ͵ʹଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ−ଵ= ͳ͸,Ͳͺ ߩହሺଷሻ = ͳ͸,ͷͻͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹʹͷଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ−ଵ= ͳͺ,Ͳͷʹ ߩହሺସሻ = ͳͻ,ͲͲ͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳͻଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ−ଵ= ʹͳ,Ͳ͹ ߩହሺହሻ = ʹͳ,͸ͳͶ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳ͵ଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ−ଵ= ʹͳ,Ͳ͹ 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ: 

 

ହܲ = ସܲ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ହ−ସଶܭ ሻ]𝜎, (2.5.10) 

 

ɝɞɟ ସܲ – ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, Ɇɉɚ; 

 ;ହ−ସ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟܭ 

 ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 
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ܲହሺଵሻ = ʹ,ʹͲʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͶͲଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ = ʹ,ʹͲ͵ ܲହሺଶሻ = ʹ,Ͷ͹ͺ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹ͵ʹଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ = ʹ,Ͷ͹ͻ ܲହሺଷሻ = ͵,ͲͶͶ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹʹͷଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ = ͵,ͲͶ͸ ܲହሺସሻ = ͵,͹ͲͲ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳͻଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ = ͵,͹Ͳͳ ܲହሺହሻ = Ͷ,Ͷͷ͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳ͵ଶ ∙ ሺͳ − Ͳ,ͻͻʹଶሻ]ଷ,ଶ଼ହ = Ͷ,Ͷͷ͸ 

 

Ɂɚɞɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ܭ଺−ହ = ͳ [ͳͳ]. 
ɋɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɫɟɱɟɧɢɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦ/ɫ: 

଺ܥ  = ଺−ହܭ ∙  ହ, (2.5.11)ܥ

 

ɝɞɟ ܭ଺−ହ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɫɟɱɟɧɢɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ; 

 ;ହ - ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟ, ɦ/ɫܥ 

଺ܥ  = ͳ ∙ ͳͲͳ,ͳ͸Ͷ = ͳͲͳ,ͳ͸Ͷ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɜ ɫɟɱɟɧɢɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, Ʉ: 

 

଺ܶ = ସܶ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ଺−ସଶܭ ሻ], (2.5.12) 

 

ɝɞɟ ܯ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 ଺−ହ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɫɟɱɟɧɢɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨܭ 

ɚɩɩɚɪɚɬɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ସܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, Ʉ. 

 ଺ܶሺଵሻ = ͵ʹʹ,͹ʹ͸ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͶͲଶ ∙ ሺͳ − ͳଶሻ] = ͵ʹ͵,ͲͲ͹ 
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଺ܶሺଶሻ = ͵ͶͶ,ͳͲ͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹ͵ʹଶ ∙ ሺͳ − ͳଶሻ] = ͵ͶͶ,͵ͺͶ 

଺ܶሺଷሻ = ͵͸ͷ,͹Ͷͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹʹͷଶ ∙ ሺͳ − ͳଶሻ] = ͵͸͸,Ͳ͵Ͳ 

଺ܶሺସሻ = ͵ͺ͹,ͷ͵͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳͻଶ ∙ ሺͳ − ͳଶሻ] = ͵ͺ͹,ͺͳͶ 

଺ܶሺହሻ = ͶͲͻ,Ͷ͸͸ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳ͵ଶ ∙ ሺͳ − ͳଶሻ] = ͶͲͻ,͹Ͷ͹ 

 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3: 

଺ߩ  = ସߩ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ଺−ହଶܭ ሻ]𝜎−ଵ, (2.5.13) 

 

ɝɞɟ ߩସ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, ɤɝ/ɦ3; 

 ଺−ହ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɫɟɱɟɧɢɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨܭ 

ɚɩɩɚɪɚɬɚ; 

 ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

଺ሺଵሻߩ  = ͳ͵,ͳ͸ͳ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͶͲଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ−ଵ = ͳ͵,ͳͺͺ ߩ଺ሺଶሻ = ͳͶ,͵ͻʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹ͵ʹଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ−ଵ = ͳͶ,Ͷͳͻ ߩ଺ሺଷሻ = ͳ͸,ͷͻͻ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹʹͷଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ−ଵ = ͳ͸,͸ʹͻ ߩ଺ሺସሻ = ͳͻ,ͲͲ͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳͻଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ−ଵ = ͳͻ,Ͳ͵ͷ ߩ଺ሺହሻ = ʹͳ,͸ͳͶ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳ͵ଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ−ଵ = ʹͳ,͸Ͷͻ 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ: 

 

଺ܲ = ସܲ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ଺−ହଶܭ ሻ]𝜎, (2.5.14) 

 

ɝɞɟ ସܲ – ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, Ɇɉɚ; 

 ;଺−ହ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɩɨɜɨɪɨɬɧɨɦ ɤɨɥɟɧɟܭ 
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 ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

 ܲ଺ሺଵሻ = ʹ,ʹͲʹ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͶͲଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ = ʹ,ʹͲͺ ܲ଺ሺଶሻ = ʹ,Ͷ͹ͺ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹ͵ʹଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ = ʹ,Ͷͺͷ ܲ଺ሺଷሻ = ͵,ͲͶͶ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹʹͷଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ = ͵,Ͳͷʹ ܲ଺ሺସሻ = ͵,͹ͲͲ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳͻଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ = ͵,͹Ͳͻ ܲ଺ሺହሻ = Ͷ,Ͷͷ͵ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͳ͵ଶ ∙ ሺͳ − ͳଶሻ]ଷ,ଶ଼ହ = Ͷ,Ͷ͸Ͷ 

 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ. ɉɨɞ ɞɢɚɦɟɬɪɨɦ ܦ଺ ɨɛɵɱɧɨ ɩɨɧɢɦɚɸɬ ɞɢɚɦɟɬɪ ɧɚ ɜɵɯɨɞɧɨɦ ɭɱɚɫɬɤɟ 

ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɩɨɜɨɪɨɬɧɨɝɨ ɭɱɚɫɬɤɚ ɟɝɨ 

ɦɟɪɢɞɢɨɧɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ [10]. Ʉɚɤ ɩɪɚɜɢɥɨ ܦ଺ ≈  ଵ. Ɉɞɧɚɤɨ ɥɨɩɚɬɤɢܦ

ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɧɟ ɧɚ ɞɢɚɦɟɬɪɟ ܦ଺, ɚ ɜ 

ɩɪɟɞɟɥɚɯ ɩɨɜɨɪɨɬɧɨɝɨ ɭɱɚɫɬɤɚ, ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɧɟɛɨɥɶɲɨɣ 

ɤɨɧɮɭɡɨɪɧɨɫɬɶɸ ܭ଴′−଺ ≈ ͳ,Ͳʹ [9] ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɦ 

ɤɨɥɟɫɟ ɫɥɟɞɭɸɳɟɣ ɫɬɭɩɟɧɢ. ɍɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ ɧɚ ɞɢɚɦɟɬɪɟ ܦ଺:ߙˎ଺ = ͻͲ° 

ɑɢɫɥɨ ɥɨɩɚɬɨɤ ɨɞɧɨɹɪɭɫɧɨɣ ɪɟɲɟɬɤɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ Ȼ. ɗɤɤɟɪɬɚ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ 

ɝɭɫɬɨɬɵ ܤହ/ݐହ = ʹ,ͳ [2, 9, 11] 

 𝑧ହ = ቀ஻ఱ௧ఱ ቁ ∙ ଶ∙గ∙si୬(଴,ହሺఈˎఱ+ఈˎలሻ)l୬ሺ஽ఱ ஽ల⁄ ሻ , (2.5.15) 

 

ɝɞɟ ܤହ/ݐହ  = ʹ,ͳ – ɩɟɪɟɦɟɧɧɚɹ ɝɭɫɬɨɬɚ ɪɟɲɟɬɤɢ; 
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 ଺ - ɍɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚˎߙ 

ɞɢɚɦɟɬɪɟ ܦ଺, ɝɪɚɞ; 

 ,ହ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɨɛɪɚɬɧɵɣ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬˎߙ 

ɝɪɚɞ; 

ହܦ  ⁄଺ܦ  – ɨɬɧɨɲɟɧɢɟ ɞɢɚɦɟɬɪɨɜ. 

 𝑧ହ = ʹ,ͳ ∙ ʹ ∙ ߨ ∙ sin(Ͳ,ͷሺʹʹ,ʹ + ͻͲሻ)lnሺͲ,ͷͺͷ Ͳ,͵͹ͷ⁄ ሻ = ʹͶ,͸͵ 

 

ɉɪɢɧɢɦɚɟɦ 𝑧ହ = 𝑧଺ = ʹͷ [7, 10, 16]. 

 

ɒɢɪɢɧɚ ɤɚɧɚɥɚ, ɦ: 

 ܾ଺ =  𝜏ఱ∙஽ఱ∙௕ఱ∙ఘఱ∙஼ఱ∙si୬ ఈˎఱ𝜏ల∙஽ల∙஼ల∙ఘల , (2.5.16) 

 

ɝɞɟ 𝜏ହ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɨɦɨɠɞɟɧɢɹ ɩɨɬɨɤɚ ɥɨɩɚɬɤɚɦɢ ɨɛɪɚɬɧɨɝɨ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɪɟɲɟɬɤɭ; 

 𝜏଺ - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɨɦɨɠɞɟɧɢɹ ɩɨɬɨɤɚ ɥɨɩɚɬɤɚɦɢ ɨɛɪɚɬɧɨɝɨ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɟɲɟɬɤɢ; 

 ;ହ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɜɨɪɨɬɧɨɝɨ ɤɨɥɟɧɚ, ɤɝ/ɦ3ߩ 

 ܾହ – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦ; 

 ;ହ – ɞɢɚɦɟɬɪ ɧɚ ɜɵɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɩɨɜɨɪɨɬɧɨɝɨ ɤɨɥɟɧɚ, ɦܦ 

 ,ହ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɨɛɪɚɬɧɵɣ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬˎߙ 

ɝɪɚɞ.; ܥ଺ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ, ɦ/ɫ; 

 ଺ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨߩ 

ɚɩɩɚɪɚɬɚ, ɤɝ/ɦ3; 

 ;଺ – ɞɢɚɦɟɬɪ ɧɚ ɜɵɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦܦ 
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Ⱦɥɹ ɢɯ ɪɚɫɱɟɬɚ ɡɚɞɚɟɬɫɹ ɬɨɥɳɢɧɚ ɥɨɩɚɬɨɤ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ, ɦ: 

ହߜ  = ଺ߜ ≈ Ͳ,Ͳʹ͵ ∙  ଶ, (2.5.17)ܦ

 

ɝɞɟ ܦଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

ହߜ  = ଺ߜ ≈ Ͳ,Ͳʹ͵ ∙ Ͳ,Ͷ͵Ͷ = 

 𝜏ହ = ͳ − 𝑘𝛿∙𝑧ఱ∙ఋఱగ∙஽ఱ∙si୬ ఈˎఱ, (2.5.18) 

 

ɝɞɟ ߜହ - ɬɨɥɳɢɧɚ ɥɨɩɚɬɨɤ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦ; 

 ;ହ – ɞɢɚɦɟɬɪ, ɧɚ ɤɨɬɨɪɨɦ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɨɜɨɪɨɬɧɨɟ ɤɨɥɟɧɨ, ɦܦ 

 ,ହ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɨɛɪɚɬɧɵɣ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬˎߙ 

ɝɪɚɞ.; 

 𝑧ହ - ɱɢɫɥɨ ɥɨɩɚɬɨɤ ɨɞɧɨɹɪɭɫɧɨɣ ɪɟɲɟɬɤɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ, ɲɬ.; 𝑘ఋ = Ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɫ ɜɵɯɨɞɧɨɣ ɤɪɨɦɤɢ ɥɨɩɚɬɤɢ. 

 𝜏ହ = ͳ − Ͳ,ͷ ∙ ʹͷ ∙ Ͳ,ͲͲͻͻͺ͵,ͳͶ ∙ Ͳ,ͷͺͷ ∙ sin ʹʹ,ʹ = Ͳ,ͺ 

 𝜏଺ = ͳ − 𝑧ల∙ఋలగ∙஽ల , (2.5.19) 

 

ɝɞɟ 𝑧଺ - ɱɢɫɥɨ ɥɨɩɚɬɨɤ ɨɞɧɨɹɪɭɫɧɨɣ ɪɟɲɟɬɤɢ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 

ɚɩɩɚɪɚɬɚ, ɲɬ.; 

 ;଺ - ɬɨɥɳɢɧɚ ɥɨɩɚɬɨɤ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦߜ 

 .଺ – ɞɢɚɦɟɬɪ ɧɚ ɜɵɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɦܦ 
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𝜏଺ = ͳ − ʹͷ ∙ Ͳ,ͲͲͻͻͺ͵,ͳͶ ∙ Ͳ,͵͹ͷ = Ͳ,͹ͺͺ 

 ܾ଺ሺଵሻ =  Ͳ,ͺ ∙ Ͳ,ͷͺͷ ∙ Ͳ,Ͳͷͷ ∙ ͳ͵,ͳ͸͹ ∙ ͳͲͳ,ͳ͸Ͷ ∙ sin ʹʹ,ʹͲ,͹ͺͺ ∙ Ͳ,͵͹ͷ ∙ ͳͲͳ,ͳ͸Ͷ ∙ ͳ͵,ͳͺͺ = Ͳ,ͲͶͶ 

ܾ଺ሺଶሻ =  Ͳ,ͺ ∙ Ͳ,ͷͺͷ ∙ Ͳ,ͲͶͷ ∙ ͳͶ,͵ͻͺ ∙ ͳͲͳ,ͳ͸Ͷ ∙ sin ʹʹ,ʹͲ,͹ͺͺ ∙ Ͳ,͵͹ͷ ∙ ͳͲͳ,ͳ͸Ͷ ∙ ͳͶ,Ͷͳͻ = Ͳ,ͲͶͳ 

ܾ଺ሺଷሻ =  Ͳ,ͺ ∙ Ͳ,ͷͺͷ ∙ Ͳ,Ͳ͵ͻ ∙ ͳ͸,͸Ͳͷ ∙ ͳͲͳ,ͳ͸Ͷ ∙ sin ʹʹ,ʹͲ,͹ͺͺ ∙ Ͳ,͵͹ͷ ∙ ͳͲͳ,ͳ͸Ͷ ∙ ͳ͸,͸ʹͻ = Ͳ,Ͳ͵ͷ 

ܾ଺ሺସሻ =  Ͳ,ͺ ∙ Ͳ,ͷͺͷ ∙ Ͳ,Ͳ͵Ͷ ∙ ͳͻ,ͲͳͲ ∙ ͳͲͳ,ͳ͸Ͷ ∙ sin ʹʹ,ʹͲ,͹ͺͺ ∙ Ͳ,͵͹ͷ ∙ ͳͲͳ,ͳ͸Ͷ ∙ ͳͻ,Ͳ͵ͷ = Ͳ,Ͳ͵ͳ 

ܾ଺ሺହሻ =  Ͳ,ͺ ∙ Ͳ,ͷͺͷ ∙ Ͳ,Ͳ͵ʹ ∙ ʹͳ,͸ʹͳ ∙ ͳͲͳ,ͳ͸Ͷ ∙ sin ʹʹ,ʹͲ,͹ͺͺ ∙ Ͳ,͵͹ͷ ∙ ͳͲͳ,ͳ͸Ͷ ∙ ʹͳ,͸Ͷͻ = Ͳ,Ͳʹ͹ 

 

ɍɝɨɥ ɨɬɫɬɚɜɚɧɢɹ ɩɨɬɨɤɚ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɏɨɭɷɥɥɚ, ɝɪɚɞ.: 

଺ˎߙ∆  = ଴,ଷସ଺∙ሺఈˎల−ఈˎరሻ√஻ఱ ௧ఱ⁄ , (2.5.20) 

 

ɝɞɟ ܤହ/ݐହ – ɩɟɪɟɦɟɧɧɚɹ ɝɭɫɬɨɬɚ ɪɟɲɟɬɤɢ; 

 ଺ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚˎߙ 

ɞɢɚɦɟɬɪɟ ܦ଺, ɝɪɚɞ.; 

 .ସ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɧɚ ɜɵɯɨɞɟ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞˎߙ 

଺ˎߙ∆  = Ͳ,͵Ͷ͸ ∙ ሺͻͲ − ʹͶሻ√ʹ,ͳ = ͳͷ,͹͸ 

 

ɍɝɨɥ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɝɪɚɞ.: 

଺ߙ  = ଺ˎߙ −  ଺, (2.5.21)ˎߙ∆
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ɝɞɟ ߙˎ଺ - ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɥɨɩɚɬɨɤ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚ 

ɞɢɚɦɟɬɪɟ ܦ଺, ɝɪɚɞ.; 

 ଺ - ɭɝɨɥ ɨɬɫɬɚɜɚɧɢɹ ɩɨɬɨɤɚ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɨɛɪɚɬɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨˎߙ∆ 

ɚɩɩɚɪɚɬɚ, ɝɪɚɞ. 

଺ߙ  = ͻͲ − ͳͷ,͹͸ = ͹Ͷ,ʹͶ 

2.4.6. Ɋɚɫɱɟɬ ɜɵɯɨɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

Ⱦɥɹ ɤɨɧɰɟɜɨɣ ɫɬɭɩɟɧɢ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɞɢɮɮɭɡɨɪɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɜɵɯɨɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɫɛɨɪɚ ɝɚɡɚ ɢ 

ɧɚɩɪɚɜɥɟɧɢɹ ɟɝɨ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɵɣ ɩɚɬɪɭɛɨɤ.  

ȼ ɤɚɱɟɫɬɜɟ ɭɥɢɬɤɢ ɜɵɛɢɪɚɟɦ ɫɢɦɦɟɬɪɢɱɧɭɸ ɭɥɢɬɤɭ ɫ ɬɪɚɩɟɰɢɟɜɢɞɧɵɦ 

ɫɟɱɟɧɢɟɦ. 

Ɋɚɫɱɟɬ ɭɥɢɬɤɢ ɬɪɚɩɟɰɢɟɜɢɞɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫ ɩɨɫɬɨɹɧɧɵɦ 

ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ ɢ ɭɜɟɥɢɱɢɜɚɸɳɢɦɫɹ ɧɚɪɭɠɧɵɦ ɞɢɚɦɟɬɪɨɦ ɜɟɞɟɬɫɹ ɩɨ 

ɡɚɤɨɧɭ ܥ௎ ∙ ܴ =  .ݐݏ݊݋ܿ

Ɂɚɞɚɟɬɫɹ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɭɥɢɬɤɢ ܦ˅ː. Ɍɚɤ ɤɚɤ ɭɥɢɬɤɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ ɪɚɛɨɱɢɦ ɤɨɥɟɫɨɦ, ɬɨ: 

ː˅ܦ  = ͳ,ͳ ∙  ଶ, (2.6.1)ܦ

 

ɝɞɟ ܦଶ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 

ː˅ܦ  = ͳ,ͳ ∙ Ͳ,Ͷ͵Ͷ = Ͳ,Ͷ͹͹Ͷ 

 

ɒɢɪɢɧɚ ɭɥɢɬɤɢ ɧɚ ɜɧɭɬɪɟɧɧɟɦ ɞɢɚɦɟɬɪɟ, ɦ: 

 ܾ˅ː = ͳ,Ͷ ∙ ܾଶ, (2.6.2) 

 

ɝɞɟ ܾଶ - ɲɢɪɢɧɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɚ ɜɵɯɨɞɟ, ɦ; 
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 ܾ˅ː = ͳ,Ͷ ∙ Ͳ,ͲʹͶ = Ͳ,Ͳ͵ͷ͸ 

 

ɍɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ, ɝɪɚɞ.: 

଻ߙ  = ଶߙ = ͳʹ° 

 

Ⱦɥɹ ɭɥɢɬɤɢ ɫ ɬɪɚɩɟɰɢɟɜɢɞɧɵɦ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ ɡɚɞɚɟɬɫɹ ɭɝɨɥ 

ɪɚɫɤɪɵɬɢɹ ߥ˖ˎ = ͶͲ° ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɨɨɛɪɚɠɟɧɢɣ [7, 8] 

Ɉɬɧɨɲɟɧɢɟ ɧɚɪɭɠɧɨɝɨ ɪɚɞɢɭɫɚ ɭɥɢɬɤɢ ܴː ɤ ɜɧɭɬɪɟɧɧɟɦɭ ɪɚɞɢɭɫɭ ܴ˅ː 

ɜɵɱɢɫɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɡɚɤɨɧɚ ɢɡɦɟɧɟɧɢɹ ɲɢɪɢɧɵ ɬɪɚɩɟɰɢɟɜɢɞɧɨɝɨ ɫɟɱɟɧɢɹ 

ɭɥɢɬɤɢ [9] ɛɟɡ ɭɱɟɬɚ ɡɚɤɪɭɝɥɟɧɢɹ ɭɝɥɨɜ ɧɚɪɭɠɧɨɣ ɫɬɟɧɤɢ. 

 

ோːோ˅ː = ఏబ−஺∙ሺ௕˅ː−஻ሻ∙l୬ቀ 𝑅ː𝑅˅ːቁ஺∙஻ + ͳ, (2.6.3) 

 

ɝɞɟ Ⱥ ɢ ȼ – ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɜɟɥɢɱɢɧɵ; ߠ଴ = ͵͸Ͳ - ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɝɪɚɞ.;  ܾ˅ː - ɲɢɪɢɧɚ ɭɥɢɬɤɢ ɧɚ ɜɧɭɬɪɟɧɧɟɦ ɞɢɚɦɟɬɪɟ, ɦ; ܴː – ɧɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɭɥɢɬɤɢ, ɦ; ܴ˅ː – ɜɧɟɲɧɢɣ ɪɚɞɢɭɫ ɭɥɢɬɤɢ, ɦ. 

ܤ  = ː˅ܦ ∙ 𝑔 ఔ˖ˎଶݐ , (2.6.4) 

 

ɝɞɟ ܦ˅ː – ɜɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɭɥɢɬɤɢ, ɦ; 

 .ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ, ɝɪɚɞ - ˎ˖ߥ 

ܤ  = Ͳ,Ͷ͹͹Ͷ ∙ 𝑔 ʹͲݐ = Ͳ,ͳ͹Ͷ 
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ܣ = ଵ଼଴గ∙௧𝑔ఈళ∙௕˅ː, (2.6.5) 

 

ɝɞɟ ܾ˅ː - ɲɢɪɢɧɚ ɭɥɢɬɤɢ ɧɚ ɜɧɭɬɪɟɧɧɟɦ ɞɢɚɦɟɬɪɟ, ɦ; 

 ..଻ - ɭɝɨɥ ɩɨɬɨɤɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɞɜɢɠɟɧɢɢ, ɝɪɚɞߙ 

ܣ  = ͳͺͲ͵,ͳͶ ∙ ʹ𝑔ͳݐ ∙ Ͳ,Ͳ͵ͷ͸ = ͹ͶͲͷ,͵͹ 

 ܴːܴ˅ː = ͵͸Ͳ − ͹ͶͲͷ,͵͹ ∙ ሺͲ,Ͳ͵ͷ͸ − Ͳ,ͳ͹Ͷሻ ∙ ln ቀ ܴːܴ˅ːቁ͹ͶͲͷ,͵͹ ∙ Ͳ,ͳ͹Ͷ + ͳ = ͳ,ͻ 

 ܴː = ͳ,Ͳʹ ∙ ሺܴː/ܴ˅ːሻ ∙ ܴ˅ː, (2.6.6) 

 

ɝɞɟ ܴː/ܴ˅ː - ɨɬɧɨɲɟɧɢɟ ɧɚɪɭɠɧɨɝɨ ɪɚɞɢɭɫɚ ɭɥɢɬɤɢ ɤ ɜɧɭɬɪɟɧɧɟɦɭ ɪɚɞɢɭɫɭ; 

 ܴ˅ː – ɜɧɟɲɧɢɣ ɪɚɞɢɭɫ ɭɥɢɬɤɢ, ɦ. 

 ܴː = ͳ,Ͳʹ ∙ ͳ,ͻ ∙ Ͳ,ͶͷͶ = Ͳ,ͺ͹ͻ 

2.4.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ: 

 ଼ܶ = ସܶ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ସଶ−ˍܭ ሻ], (2.7.1) 

 

ɝɞɟ ܯ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 ;ସ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ ɜ ɫɟɱɟɧɢɢ ɭɥɢɬɤɢ−ˍܭ 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 ସܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, Ʉ. 

 Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ: 
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ସ−ˍܭ =  Сସ, (2.7.2)/ˍܥ

 

ɝɞɟ ܥˍ – ɤɨɧɟɱɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ, ɦ/ɫ; 

 Сସ - ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɦ/ɫ. 

ସ−ˍܭ  = ʹ͹/ͳͲʹ,Ͳ͵͹ = Ͳ,ʹ͸Ͷ 

 ଼ܶ = Ͷ͵ͳ,ͷͷͺ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͲͺଶ ∙ ሺͳ − Ͳ,ʹ͸Ͷଶሻ] = Ͷ͵Ͷ,ʹ͹ͳ 

 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3: 

଼ߩ  = ସߩ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ସଶ−ˍܭ ሻ]𝜎−ଵ, 

 

ɝɞɟ ߩସ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, ɤɝ/ɦ3; 

 ;ସ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ−ˍܭ 

 ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

଼ߩ  = ʹͶ,ͶͶͲ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͲͺ ∙ ሺͳ − Ͳ,ʹ͸Ͷଶሻ]ଷ,ଶ଼ହ−ଵ = ʹͶ,ͺͲͳ 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ, Ɇɉɚ: 

 ଼ܲ = ସܲ ∙ [ͳ + Ͳ,ͷሺ𝑘 − ͳሻ ∙ Сସଶܯ ∙ ሺͳ − ସଶ−ˍܭ ሻ]𝜎, (2.7.3) 

 

ɝɞɟ ସܲ – ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ, Ɇɉɚ; 

 ;ସ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɨɪɧɨɫɬɢ−ˍܭ 
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 ஼ସ - ɱɢɫɥɨ Ɇɚɯɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡܯ 

ɥɨɩɚɬɨɱɧɨɝɨ ɞɢɮɮɭɡɨɪɚ; 

 𝑘 – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ; 

 𝜎 – ɱɢɫɥɨ ɩɨɥɢɬɪɨɩɵ. 

 ଼ܲ = ͷ,͵ͳͷ ∙ [ͳ + Ͳ,ͷሺͳ,͵ʹʹ − ͳሻ ∙ Ͳ,ʹͲͺଶ ∙ ሺͳ − Ͳ,ʹ͸Ͷଶሻ]ଷ,ଶ଼ହ = ͷ,ͷͺ 

 

2.4.8 Ɋɚɫɱɟɬ ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ 

Ʉɨɧɟɱɧɨɣ ɰɟɥɶɸ ɷɬɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧɵ 

ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ ɩɪɢ ɞɨɩɭɫɬɢɦɨɦ ɭɝɥɟ ɪɚɫɤɪɵɬɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ 

ɞɢɮɮɭɡɨɪɚ ߥː.˒ = ͺ° [7, 8]. 

Ⱦɢɚɦɟɬɪ ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ, ɦ: 

𝑘ܦ  = √ ସ∙ீఘ𝑘∙஼𝑘∙గ, (2.8.1) 

 

ɝɞɟ ܥˍ – ɤɨɧɟɱɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ, ɦ/ɫ; 

 ;ɦɚɫɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ, ɤɝ/ɫ – ܩ 

 .𝑘 – ɤɨɧɟɱɧɚɹ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɝ/ɦ3ߩ 

 

𝑘ܦ = √ Ͷ ∙ ʹ͸,Ͷͻ͹ʹͶ,ͺ ∙ ʹ͹ ∙ ͵,ͳͶ = Ͳ,ʹ͵ 

 

ɉɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ, ɦ2 

𝑘ܨ  = గ∙஽𝑘మସ , (2.8.2) 

 

ɝɞɟ ܦ𝑘 - ɞɢɚɦɟɬɪ ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ, ɦ. 
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𝑘ܨ . = ͵,ͳͶ ∙ Ͳ,ʹ͵ଶͶ = Ͳ,ͲͶ 

 

Ⱦɥɢɧɚ ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ, ɦ: 

˒.ːܮ  = Ͳ,ͷ ∙ √ி𝑘௧𝑔ሺఔː.˒/ଶሻ, (2.8.3) 

 

ɝɞɟ ܨ𝑘 - ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɧɚɝɧɟɬɚɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ, ɦ2; ߥː.˒ - ɞɨɩɭɫɬɢɦɵɣ ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɢɮɮɭɡɨɪɚ, ɝɪɚɞ. 

˒.ːܮ  = Ͳ,ͷ ∙ √Ͳ,ͲͶݐ𝑔Ͷ = ͳ,Ͷʹͻ 

ɋɯɟɦɚ ɜɵɯɨɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.6. 

 

 

 
 

Ɋɢɫɭɧɨɤ 2.7 – ɍɥɢɬɤɚ ɫ ɬɪɚɩɟɰɢɟɜɢɞɧɵɦ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ 
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3 Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ 

3.1 Ⱥɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ 

Ɍɨɱɧɨɫɬɶ ɪɚɡɦɟɪɨɜ ɨɫɧɨɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɡɧɚɱɚɸɬ ɩɨ ɤɜɚɥɢɬɟɬɚɦ 7-8, 

ɩɚɪɚɦɟɬɪ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɜɟɪɫɬɢɹ ɨɫɧɨɜɧɨɝɨ ɞɢɫɤɚ Ra = 1,25 ɦɤɦ; 

ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɤɪɵɜɧɨɝɨ ɞɢɫɤɨɜ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɥɨɩɚɬɨɤ Ra = 0,63 

ɦɤɦ. ɉɪɨɱɢɟ ɩɨɜɟɪɯɧɨɫɬɢ Ra = 2,5 ɦɤɦ. Ɍɪɟɛɨɜɚɧɢɟ ɤ ɩɚɪɚɦɟɬɪɭ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 

ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɨɛɭɫɥɨɜɥɟɧɨ ɭɫɥɨɜɢɹɦɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ: ɞɥɹ ɦɚɥɨɧɚɝɪɭɠɟɧɧɵɯ 

ɜɵɫɨɤɨɪɚɫɯɨɞɧɵɯ ɤɨɥɟɫ ɪɟɤɨɦɟɧɞɭɟɬɫɹ Rz = 20-40 ɦɤɦ, ɞɥɹ ɦɚɥɨɪɚɫɯɨɞɧɵɯ 

ɤɨɥɟɫ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɧɚɝɪɭɠɟɧɢɹ Ra = 0,63-0,8 ɦɤɦ. 

Ȼɥɚɝɨɞɚɪɹ ɩɨɥɢɪɨɜɚɧɢɸ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɦɚɥɨɪɚɫɯɨɞɧɵɯ ɤɨɥɟɫ 

ɤɨɦɩɪɟɫɫɨɪɨɜ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɄɉȾ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɞɨɫɬɢɝɚɟɬ ɞɨ 74 

% ɢ ɞɥɹ ɤɨɥɟɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɞɨ 77 %. 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɩɥɨɫɤɨɫɬɢ ɩɪɢɜɚɥɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɫɤɚ ɧɟ ɞɨɥɠɧɨ 

ɩɪɟɜɵɲɚɬɶ 0,05 ɦɦ ɧɚ ɞɥɢɧɟ 400 ɦɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɧɚɞɟɠɧɨɟ 

ɤɪɟɩɥɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɞɢɫɤɚ ɤ ɥɨɩɚɬɤɚɦ ɩɪɢ ɤɥɟɩɤɟ. Ɂɚɡɨɪ ɦɟɠɞɭ ɥɨɩɚɬɤɨɣ ɢ 

ɩɪɢɜɚɥɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɞɢɫɤɚ ɞɨɩɭɫɤɚɟɬɫɹ ɧɟ ɛɨɥɟɟ 0,03 ɦɦ, ɚ ɡɚɡɨɪ ɦɟɠɞɭ 

ɩɪɢɥɨɠɟɧɧɵɦ ɭɝɨɥɶɧɢɤɨɦ ɢ ɫɩɢɧɤɨɣ ɥɨɩɚɬɤɢ – ɧɟ ɛɨɥɟɟ 0,2 ɦɦ. ɉɪɢ ɫɛɨɪɤɟ 

ɥɨɩɚɬɨɤ ɫ ɞɢɫɤɚɦɢ ɦɟɬɨɞɨɦ ɞɢɮɮɭɡɢɨɧɧɨɣ ɫɜɚɪɤɢ ɡɚɡɨɪ ɜ ɩɪɢɜɚɥɨɱɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɹɯ ɞɨɩɭɫɤɚɟɬɫɹ ɧɟ ɛɨɥɟɟ 0,03-0,05 ɦɦ, ɩɪɢ ɜɚɤɭɭɦɧɨɣ ɩɚɣɤɟ 0,8 ɦɦ, 

ɩɪɢ ɫɜɚɪɤɟ ɤɨɥɟɫ ɡɚɡɨɪ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ 0,3 ɦɦ. 

Ɍɟɯɧɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɨɝɨɜɚɪɢɜɚɟɬɫɹ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɫɨɨɫɧɨɫɬɢ 

ɨɬɜɟɪɫɬɢɣ ɩɨɤɪɵɜɧɨɝɨ ɢ ɨɫɧɨɜɧɨɝɨ ɞɢɫɤɨɜ ɨɬ 0,01 ɞɨ 0,05 ɦɦ, ɚ ɬɚɤɠɟ ɛɢɟɧɢɟ ɢɯ 

ɬɨɪɰɨɜ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 0,05 ɦɦ. ɇɟɫɨɨɬɜɟɬɫɬɜɢɟ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ 

ɧɚɪɭɲɢɬ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɡɚɬɪɭɞɧɢɬ ɫɛɨɪɤɭ 

ɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɪɟɫɫɨɪɚ.  

Ⱦɨɩɭɫɤ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɲɩɨɧɨɱɧɨɝɨ ɩɚɡɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜ ɩɪɟɞɟɥɚɯ 0,02 – 0,05 ɦɦ. Ⱦɨɩɭɫɤɚɟɦɵɣ ɧɟɛɚɥɚɧɫ ɞɥɹ ɪɚɛɨɱɢɯ 

ɤɨɥɟɫ 0,25 – 0,5ɝ. 
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ɋɩɟɰɢɮɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɪɚɛɨɱɢɦ ɤɨɥɟɫɚɦ ɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ ɩɨ 

ɦɚɫɫɟ. Ɋɚɛɨɱɢɟ ɤɨɥɟɫɚ ɫɥɟɞɭɟɬ ɜɡɜɟɫɢɬɶ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 10. Ⱦɚɧɧɵɟ ɩɨ ɦɚɫɫɟ 

ɤɨɥɟɫ ɨɛɹɡɚɬɟɥɶɧɵ ɞɥɹ ɫɛɨɪɤɢ ɪɨɬɨɪɚ. ɉɨɞɛɨɪ ɤɨɥɟɫ ɨɞɢɧɚɤɨɜɨɣ ɦɚɫɫɵ, 

ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɨɩɟɪɚɰɢɢ ɩɨ ɩɨɞɝɨɧɤɟ ɦɚɫɫɵ, ɫɧɢɠɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ 

ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɬɚɤ ɢ ɛɚɥɚɧɫɢɪɨɜɤɢ. 

3.2 ɂɡɝɨɬɨɜɥɟɧɢɟ ɞɢɫɤɨɜ 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɤɥɟɩɚɧɧɵɯ ɤɨɥɟɫ ɫɨ ɲɬɚɦɩɨɜɚɧɧɵɦɢ ɥɨɩɚɬɤɚɦɢ – ɫɚɦɵɣ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ ɜ Ɋɨɫɫɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɫ ɥɨɩɚɬɤɚɦɢ ɩɪɨɫɬɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɪɚɛɨɬɚɸɳɢɯ 

ɩɪɢ ɨɤɪɭɠɧɵɯ ɫɤɨɪɨɫɬɹɯ ɦɟɧɟɟ 300 ɦ/ɫ. ɂɡɝɨɬɨɜɥɟɧɢɟ ɤɥɟɩɚɧɵɯ ɤɨɥɟɫ, ɬɪɟɛɭɟɬ 

ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɪɭɱɧɨɝɨ ɬɪɭɞɚ, ɩɨɷɬɨɦɭ ɬɚɤɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɜ ɟɞɢɧɢɱɧɨɦ ɧ ɦɟɥɤɨɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚɯ. 

Ⱦɥɹ ɬɨɤɚɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɫɜɟɪɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɢ ɫɬɚɧɤɢ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ 

(ɑɉɍ), ɩɨɡɜɨɥɹɸɳɢɟ ɩɨ ɩɪɨɝɪɚɦɦɟ ɫɜɟɪɥɢɬɶ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɨɬɜɟɪɫɬɢɣ ɜ ɞɢɫɤɚɯ 

ɢ ɥɨɩɚɬɤɚɯ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɩɪɢ ɫɛɨɪɤɟ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɡɚɧɢɦɚɸɬ 

ɫɥɟɫɚɪɧɨ-ɫɛɨɪɨɱɧɵɟ ɪɚɛɨɬɵ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 

ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, ɨɛɥɟɝɱɚɸɳɢɯ ɩɪɨɰɟɫɫ ɫɛɨɪɤɢ ɤɨɥɟɫ. 

ɉɪɢ ɫɛɨɪɤɟ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɰɟɫɫ ɫɜɚɪɤɢ. ɗɬɨɬ 

ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɚɷɪɨɞɢɧɚɦɢɤɭ ɤɨɥɟɫɚ ɢ ɭɜɟɥɢɱɢɬɶ ɨɤɪɭɠɧɵɟ 

ɫɤɨɪɨɫɬɢ ɞɨ 350 ɦ/ɫ. ɉɪɢɦɟɧɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɪɭɱɧɚɹ ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɤɚɤ 

ɧɚɢɛɨɥɟɟ ɞɨɫɬɭɩɧɵɣ ɧ ɞɟɲɟɜɵɣ ɫɩɨɫɨɛ. ɑɚɳɟ ɜɫɟɝɨ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɡɚɪɭɛɟɠɧɵɯ ɮɢɪɦɚɯ. ɉɪɨɱɧɨɫɬɶ ɞɢɫɤɨɜ ɫɜɚɪɧɵɯ ɤɨɥɟɫ ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ 

ɤɥɟɩɚɧɵɯ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɨɤɪɭɠɧɵɯ ɫɤɨɪɨɫɬɹɯ, ɚ ɩɪɨɱɧɨɫɬɶ ɤɪɟɩɥɟɧɢɹ ɥɨɩɚɬɨɤ 

ɫ ɞɢɫɤɨɦ ɜ 4 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɜ ɤɥɟɩɚɧɵɯ. Ȼɥɚɝɨɞɚɪɹ ɫɜɚɪɤɢ ɞɨɫɬɢɝɚɟɬɫɹ ɫɧɢɠɟɧɢɟ 

ɬɪɭɞɨɟɦɤɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɥɢɤɜɢɞɚɰɢɢ ɪɭɱɧɵɯ ɩɪɢɝɨɧɨɱɧɵɯ ɢ 

ɫɜɟɪɥɢɥɶɧɵɯ ɨɩɟɪɚɰɢɣ. Ɉɞɧɚɤɨ ɩɪɢ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ 

ɢɡɝɨɬɨɜɢɬɶ ɤɨɥɟɫɚ ɫ ɦɚɥɵɦɢ ɪɚɞɢɭɫɚɦɢ ɡɚɤɪɭɝɥɟɧɢɹ ɥɨɩɚɬɨɤ, ɫ ɥɨɩɚɬɤɨɣ 

ɫɥɨɠɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɮɨɪɦɵ, ɚ ɬɚɤɠɟ ɤɨɥɟɫɚ ɬɨɥɳɢɧɨɣ <5,5 ɦɦ. 
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ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɫɛɨɪɤɢ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɰɟɧɬɪɨɛɟɠɧɵɯ 

ɤɨɦɩɪɟɫɫɨɪɨɜ ɹɜɥɹɟɬɫɹ ɩɚɣɤɚ. 

Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɥɟɫ ɦɚɬɟɪɢɚɥɵ ɫ ɛɨɥɟɟ 

ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ), ɚ ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɞɚɥɶɧɟɣɲɟɦɭ ɭɜɟɥɢɱɟɧɢɸ ɨɤɪɭɠɧɵɯ ɫɤɨɪɨɫɬɟɣ (ɞɨ 450 ɦ/ɫ). 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ – ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ 

ɤɨɥɟɫ ɫ ɥɨɩɚɬɤɚɦɢ ɥɸɛɨɝɨ ɬɢɩɚ. ɉɪɢ ɜɵɛɨɪɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɫɛɨɪɤɢ ɤɨɥɟɫ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɵɫɨɤɭɸ ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɫɬɨɢɦɨɫɬɶ ɩɪɢɩɨɟɜ ɢ 

ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɩɪɢɝɨɧɨɱɧɵɯ ɪɭɱɧɵɯ ɨɩɟɪɚɰɢɣ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɥɟɫ ɡɚɤɪɵɬɨɝɨ ɬɢɩɚ – 

ɦɨɧɨɥɢɬɧɵɯ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɜ ɧɚɫɨɫɨɫɬɪɨɟɧɢɢ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ ɨɤɪɭɠɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ (100 – 150 ɦ/ɫ), ɧɟɜɵɫɨɤɢɦɢ 

ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɚɪɚɦɟɬɪɚɦ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɫɧɨɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ (Ra = 6,3 

ɦɤɦ) ɢ ɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪɨɜ ɪɚɛɨɱɢɯ ɤɚɧɚɥɨɜ (ɤɜɚɥɢɬɟɬ 8 – 9). Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɥɢɬɵɯ ɤɨɥɟɫ ɞɥɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɫɤɨɪɨɫɬɹɦɢ 200 – 

250 ɦ/ɫ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɨɧɨɥɢɬɧɵɯ ɤɨɥɟɫ (ɡɚɤɪɵɬɨɝɨ 

ɬɢɩɚ) ɨɬɥɢɱɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɤɪɚɳɟɧɢɟɦ ɬɪɭɞɨɟɦɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ. ɉɪɢɦɟɧɟɧɢɟ ɥɢɬɵɯ ɤɨɥɟɫ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɢɡ-ɡɚ ɧɟɜɨɡɦɨɠɧɨɫɬɢ 

ɤɨɧɬɪɨɥɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɤɨɥɟɫɚ ɜ ɪɚɡɥɢɱɧɵɯ ɟɝɨ ɫɟɱɟɧɢɹɯ ɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɥɨɠɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ. 

ɇɟɤɨɬɨɪɵɟ ɢɧɨɫɬɪɚɧɧɵɟ ɮɢɪɦɵ ɢɫɩɨɥɶɡɭɸɬ ɦɟɯɚɧɢɱɟɫɤɢɣ ɫɩɨɫɨɛ 

ɩɨɥɭɱɟɧɢɢ ɧɚɜɚɥɚ ɩɭɬɟɦ ɜɵɫɜɟɪɥɢɜɚɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ ɟɝɨ ɢɡ 

ɰɟɥɨɣ ɩɨɤɨɜɤɢ. ɇɟɞɨɫɬɚɬɨɤ ɫɩɨɫɨɛɚ –  ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ (ɜ 3 – 4 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ 

ɫɛɨɪɧɵɯ ɤɨɥɟɫ). 
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Ɍɚɛɥɢɰɚ 3.1 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɥɟɫ ɡɚɤɪɵɬɨɝɨ ɬɢɩɚ 

Ɉɩɟɪɚɰɢɹ Ʌɢɬɨɟ ɤɨɥɟɫɨ Ɏɪɟɡɟɪɨɜɚɧɧɨɟ ɤɨɥɟɫɨ 

Ɍɨɤɚɪɧɚɹ ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɬɨɱɟɧɢɟ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɬɨɱɟɧɢɟ, 

ɜɵɪɟɡɚɧɢɟ ɨɛɪɚɡɰɨɜ ɞɥɹ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 

Ɍɨɤɚɪɧɚɹ ɉɨɥɭɱɢɫɬɨɜɨɟ ɬɨɱɟɧɢɟ 

Ɍɨɱɟɧɢɟ ɩɪɨɮɢɥɹ ɤɨɥɟɫɚ ɫ 

ɩɪɢɩɭɫɤɨɦ 2 ɦɦ, ɜɯɨɞɧɨɣ 

ɤɚɧɚɥ ɬɨɱɢɬɶ ɨɤɨɧɱɚɬɟɥɶɧɨ 

ɋɜɟɪɥɢɥɶɧɚɹ Ɉɬɫɭɬɫɬɜɭɟɬ 
ɋɜɟɪɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɨɬɜɟɪɫɬɢɣ ɩɨ ɱɢɫɥɭ ɤɚɧɚɥɨɜ 

Ɏɪɟɡɟɪɧɚɹ 
Ɏɪɟɡɟɪɨɜɚɧɢɟ ɪɚɛɨɱɢɯ 

ɤɚɧɚɥɨɜ ɤɨɥɟɫ 
Ɉɬɫɭɬɫɬɜɭɟɬ 

Ɍɨɤɚɪɧɚɹ 

Ɉɤɨɧɱɚɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ 

ɜɧɟɲɧɢɯ ɤɨɧɬɭɪɨɜ ɤɨɥɟɫɚ, 

ɩɨɥɢɪɨɜɚɧɢɟ 

Ɉɬɫɭɬɫɬɜɭɟɬ  

 

3.3 Ɉɛɪɚɛɨɬɤɚ ɞɢɫɤɨɜ 

 Ɂɚɝɨɬɨɜɤɚ – ɩɨɤɨɜɤɚ ɫ ɩɪɨɲɢɬɵɦ ɨɬɜɟɪɫɬɢɟɦ. Ɇɚɪɲɪɭɬ ɨɛɪɚɛɨɬɤɢ ɞɢɫɤɨɜ 

ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ: 

- ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɢɫɤɨɜ ɩɨ ɤɨɧɬɭɪɭ ɫ ɛɚɡɢɪɨɜɚɧɢɟɦ ɩɨ 

ɜɧɭɬɪɟɧɧɟɦɭ ɨɬɜɟɪɫɬɢɸ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.2; 

- ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɞɥɹ ɫɧɹɬɢɹ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ; 

- ɨɛɪɚɛɨɬɤɚ ɛɚɡɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ — ɰɟɧɬɪɚɥɶɧɨɝɨ ɨɬɜɟɪɫɬɢɹ, ɩɨɞɪɟɡɚɧɢɟ 

ɬɨɪɰɨɜ ɫ ɛɚɡɢɪɨɜɚɧɢɟɦ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɩɨɹɫɤɭ Ⱥ ɢ ɨɛɪɚɛɨɬɤɚ ɲɩɨɧɨɱɧɨɝɨ 

ɩɚɡɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 3.3 

- ɨɛɪɚɛɨɬɤɚ ɧɚɪɭɠɧɨɝɨ ɩɨɥɨɬɧɚ ɞɢɫɤɚ ɫ ɛɚɡɢɪɨɜɚɧɢɟɦ ɧɚ ɨɩɪɚɜɤɭ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.4.  
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Ɋɢɫɭɧɨɤ 3.2 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɢɫɤɨɜ ɩɨ ɤɨɧɬɭɪɭ ɫ 

ɛɚɡɢɪɨɜɚɧɢɟɦ ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɨɬɜɟɪɫɬɢɸ 

 

 

Ɋɢɫɭɧɨɤ 3.3 – Ɉɛɪɚɛɨɬɤɚ ɛɚɡɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ  
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Ɋɢɫɭɧɨɤ 3.4 – Ɉɛɪɚɛɨɬɤɚ ɧɚɪɭɠɧɨɝɨ ɩɨɥɨɬɧɚ ɞɢɫɤɚ ɫ ɛɚɡɢɪɨɜɚɧɢɟɦ ɧɚ 

ɨɬɩɪɚɜɤɭ 

 

ȼ ɫɜɹɡɢ ɫ ɜɵɫɨɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɥɨɫɤɨɫɬɧɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ ɮɨɪɦɵ 

ɩɨɥɨɬɧɚ ɞɢɫɤɚ ɨɛɪɚɛɨɬɤɭ ɟɝɨ ɜɟɞɭɬ ɜ ɧɟɫɤɨɥɶɤɨ ɩɟɪɟɯɨɞɨɜ. ȼɧɚɱɚɥɟ 

ɨɛɪɚɛɚɬɵɜɚɟɬ ɫɬɨɪɨɧɭ, ɤ ɤɨɬɨɪɨɣ ɩɪɢɥɟɝɚɸɬ ɥɨɩɚɬɤɢ. ɉɨɫɥɟ ɩɨɜɨɪɨɬɚ 

ɨɛɪɚɛɚɬɵɜɚɸɬ ɬɵɥɶɧɭɸ ɫɬɨɪɨɧɭ ɡɚɬɟɦ ɜɨɡɜɪɚɳɚɸɬɫɹ ɤ ɫɬɨɪɨɧɟ, ɤ ɤɨɬɨɪɨɣ 

ɩɪɢɥɟɝɚɸɬ ɥɨɩɚɬɤɢ, ɢ ɨɛɪɚɛɚɬɵɜɚɸɬ ɟɟ ɧɚɱɢɫɬɨ. 

ȼ ɭɫɥɨɜɢɹɯ ɟɞɢɧɢɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɟɬɨɞ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɪɚɡɦɟɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɭɫɬɚɧɨɜɤɢ ɫ ɜɵɜɟɪɤɨɣ ɩɨɥɨɠɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɧɚ ɫɬɚɧɤɚɯ. ȼ ɭɫɥɨɜɢɹɯ 

ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɢ ɛɨɥɶɲɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɟɪɟɯɨɞɨɜ ɜ ɨɞɧɨɣ 

ɨɩɟɪɚɰɢɢ ɜɵɝɨɞɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɬɚɧɤɨɜ ɫ ɑɉɍ. 

3.4 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɨɩɟɪɚɰɢɣ  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɬɨɤɚɪɧɨɦ 

ɫɬɚɧɤɟ ɫ ɡɚɤɪɟɩɥɟɧɢɟɦ ɜ ɬɪɟɯɤɭɥɚɱɤɨɜɨɦ ɩɚɬɪɨɧɟ. ȼ ɷɬɨɣ ɨɩɟɪɚɰɢɢ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 3.2, ɮɨɪɦɢɪɭɟɬɫɹ ɤɨɧɬɭɪ ɞɟɬɚɥɢ II, ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɹɫɤɢ Ⱥ ɢ ɜɵɪɟɡɚɟɬɫɹ ɩɪɨɛɚ ɜ ɜɢɞɟ ɤɨɥɶɰɚ IV ɜɧɭɬɪɢ 

ɨɬɜɟɪɫɬɢɹ. ȿɫɥɢ ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ ɩɨ ɱɟɪɬɟɠɭ ɦɟɧɟɟ 250 ɦɦ, ɩɪɨɛɭ ɜɵɪɟɡɚɸɬ ɢɡ 

ɬɨɪɰɟɜɨɣ ɱɚɫɬɢ ɜɬɭɥɤɢ. ɂɡ ɜɵɪɟɡɚɧɧɨɣ ɩɪɨɛɵ ɢɡɝɨɬɨɜɥɹɸɬ ɨɛɪɚɡɰɵ ɞɥɹ 

ɢɫɩɵɬɚɧɢɹ ɧɚ ɪɚɡɪɵɜ, ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ ɢ ɢɡɝɢɛ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɨɫɬɚɬɨɱɧɵɯ 
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ɧɚɩɪɹɠɟɧɢɣ ɜɵɪɟɡɚɸɬ ɤɨɥɶɰɚ ɢɡ ɩɪɢɩɭɫɤɨɜ ɜɧɭɬɪɢ ɨɬɜɟɪɫɬɢɹ. Ʉɪɨɦɟ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɡɚɝɨɬɨɜɤɭ ɩɨɫɥɟ ɝɪɭɛɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɞɜɟɪɝɚɸɬ 

ɤɨɧɬɪɨɥɸ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɬɪɟɳɢɧ ɢ ɮɥɨɤɟɧɨɜ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɪɟɞɵ ɢ ɮɨɫɮɨɪɚ. ɉɨɞɜɟɪɝɚɸɬ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɟɮɟɤɬɨɫɤɨɩɢɢ. 

Ɉɛɪɚɛɨɬɤɭ ɰɟɧɬɪɚɥɶɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɞɢɫɤɚ ɢ ɩɨɞɪɟɡɚɧɢɟ ɬɨɪɰɨɜ, ɤɨɬɨɪɵɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.3, ɜɵɩɨɥɧɹɸɬ ɧɚ ɬɨɤɚɪɧɨɦ ɫɬɚɧɤɟ ɫ ɛɚɡɢɪɨɜɚɧɢɟɦ ɩɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɩɨɹɫɤɭ Ⱥ. ȼ ɷɬɨɣ ɠɟ ɨɩɟɪɚɰɢɢ ɩɪɨɬɚɱɢɜɚɸɬ ɤɨɧɬɪɨɥɶɧɵɟ 

ɩɨɹɫɤɢ Ȼ ɩɨ ɧɚɪɭɠɧɨɦɭ ɞɢɚɦɟɬɪɭ ɢ ɧɚ ɩɨɥɨɬɧɟ ɭ ɨɛɨɞɚ ɫɨ ɫɬɨɪɨɧɵ ɥɨɩɚɬɨɤ. 

Ⱦɨɩɭɫɬɢɦɨɟ ɛɢɟɧɢɟ ɩɨɹɫɤɨɜ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 0,05 ɦɦ. Ʉɨɧɬɪɨɥɶɧɵɟ ɩɨɹɫɤɢ 

ɫɥɭɠɚɬ ɩɪɢ ɩɨɫɥɟɞɭɸɳɢɯ ɬɨɤɚɪɧɵɯ ɨɩɟɪɚɰɢɹɯ ɞɥɹ ɩɪɚɜɢɥɶɧɨɣ ɭɩɚɤɨɜɤɢ ɢ 

ɜɵɜɟɪɤɢ ɞɢɫɤɚ. ȼɵɜɟɪɤɭ ɞɢɫɤɚ ɩɪɨɢɡɜɨɞɹɬ, ɩɪɨɜɟɪɹɹ ɢɧɞɢɤɚɬɨɪɨɦ ɛɢɟɧɢɟ 

ɤɨɧɬɪɨɥɶɧɨɝɨ ɩɨɹɫɤɚ ɢ ɬɨɪɰɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɭɩɢɰɵ ɫ ɫɨɛɥɸɞɟɧɢɟɦ 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɨɩɭɫɤɨɜ. Ɍɚɤɚɹ ɭɫɬɚɧɨɜɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɣ 

ɬɨɥɳɢɧɵ ɩɨɥɨɬɧɚ ɢ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɚɫɫ, 

ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɧɟɭɪɚɜɧɨɜɟɲɟɧɧɨɫɬɢ ɞɢɫɤɨɜ. 

Ⱦɚɥɟɟ ɨɛɪɚɛɨɬɤɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɲɩɨɧɨɱɧɵɣ ɩɚɡ, ɢɦɟɸɳɢɣɫɹ ɜ ɨɬɜɟɪɫɬɢɢ; ɜ 

ɞɚɥɶɧɟɣɲɟɦ ɨɧ ɫɥɭɠɢɬ ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɞɢɫɤɚ ɧɚ ɨɩɪɚɜɤɟ. ȼ ɭɫɥɨɜɢɹɯ ɫɟɪɢɣɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɚɡɵ ɨɛɪɚɛɚɬɵɜɚɸɬ ɧɚ ɩɪɨɬɹɠɧɵɯ ɫɬɚɧɤɚɯ. 

ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɹ ɢ ɲɩɨɧɨɱɧɨɝɨ ɩɚɡɚ ɩɪɨɢɡɜɨɞɹɬ ɨɤɨɧɱɚɬɟɥɶɧɭɸ 

ɨɛɪɚɛɨɬɤɭ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɢɫɤɨɜ. Ⱦɢɫɤɢ ɧɚ ɨɩɪɟɫɫɨɜɤɭ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 

ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ ɨɬɜɟɪɫɬɢɸ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɦɟɬɪɚ ɨɬɜɟɪɫɬɢɹ ɭɫɬɚɧɨɜɤɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɰɟɧɬɪɨɜɭɸ ɨɩɪɚɜɤɭ ɢɥɢ ɧɚ ɫɩɟɰɢɚɥɶɧɭɸ ɨɩɪɚɜɤɭ. 

Ɉɩɟɪɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɬɨɤɚɪɧɵɯ ɫɬɚɧɤɚɯ ɢɥɢ 

ɧɚ ɬɨɤɚɪɧɵɯ ɫɬɚɧɤɚɯ ɫ ɑɉɍ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ 

ɤɨɥɟɫ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.5 
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Ɋɢɫɭɧɨɤ 3.5 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
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ɁȺɄɅɘɑȿɇɂȿ  
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɜɵɩɨɥɧɟɧɵ ɜ 

ɩɨɥɧɨɦ ɨɛɴɟɦɟ. ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ:  

- ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɡɥɵ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ;  

- ɫɦɨɞɟɥɢɪɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɤɨɦɩɪɢɦɢɪɨɜɚɧɹ ɧɚ 

ɝɚɡɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɬɚɧɰɢɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ;  

- ɜɵɩɨɥɧɟɧ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 

ɤɨɦɩɪɟɫɫɨɪɚ;  

- ɪɚɡɪɚɛɨɬɚɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɦɚɪɲɪɭɬ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. 
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