
 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
ɏɚɤɚɫɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɎȽȺɈɍ ȼɈ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 

Ʉɚɮɟɞɪɚ «Ⱥɜɬɨɦɨɛɢɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ ɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ» 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

___________ ȿ.Ɇ. ɀɟɥɬɨɛɪɸɯɨɜ 
ɩɨɞɩɢɫɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« _____» ________ 2020 ɝ. 
 
 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 
 

15.03.05 Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ 

 
 
 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɤɨɪɩɭɫɚ ɪɚɡɞɚɬɨɱɧɨɣ ɤɨɪɨɛɤɢ ɬɪɟɥɟɜɨɱɧɨɝɨ ɬɪɚɤɬɨɪɚ. 

ɬɟɦɚ 

 
 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ      _________       ɤ.ɬ.ɧ., ɞɨɰ. ɤɚɮ. ȺɌɢɆ ȿ.Ɇ. ɀɟɥɬɨɛɪɸɯɨɜ. 
ɩɨɞɩɢɫɶ, ɞɚɬɚ          ɞɨɥɠɧɨɫɬɶ,  ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
 
ȼɵɩɭɫɤɧɢɤ          ________                                                  Ⱥ.ȼ. Ƚɟɣɞɚɪɨɜ  
ɩɨɞɩɢɫɶ, ɞɚɬɚ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

 
 

Ⱥɛɚɤɚɧ, 2020 ɝ.       



 

 
 

 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ: ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɪɚɡɞɚɬɨɱɧɨɣ 
ɤɨɪɨɛɤɢ ɬɪɟɥɟɜɨɱɧɨɝɨ ɬɪɚɤɬɨɪɚ. 

 

Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ: 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ         ______________           ȿ.Ɇ. ɀɟɥɬɨɛɪɸɯɨɜ  
ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                           ɩɨɞɩɢɫɶ, ɞɚɬɚ                             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

 
 
Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ        ______________             ȿ.Ɇ. ɀɟɥɬɨɛɪɸɯɨɜ  
ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                            ɩɨɞɩɢɫɶ, ɞɚɬɚ                            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ   ________     ȿ.Ɇ. ɀɟɥɬɨɛɪɸɯɨɜ. 
ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                                 ɩɨɞɩɢɫɶ, ɞɚɬɚ        ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                             __________             Ɇ.Ɇ. ɋɚɝɚɥɚɤɨɜɚ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



 

 
 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɏɚɤɚɫɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɎȽȺɈɍ ȼɈ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
Ʉɚɮɟɞɪɚ «Ⱥɜɬɨɦɨɛɢɥɶɧɵɣ Ɍɪɚɧɫɩɨɪɬ ɢ Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ» 

 
ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______ȿ.Ɇ. ɀɟɥɬɨɛɪɸɯɨɜ 
ɩɨɞɩɢɫɶ         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« _____» ________ 2020 ɝ. 
 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 



 

 
 

ɋɬɭɞɟɧɬɭ Ƚɟɣɞɚɪɨɜɭ Ⱥɥɟɤɫɚɧɞɪɭ ȼɚɥɟɪɶɟɜɢɱɭ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ 
Ƚɪɭɩɩɚ 26-1 ɇɚɩɪɚɜɥɟɧɢɟ 15.03.05Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ 

 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɪɚɡɞɚɬɨɱɧɨɣ 
ɤɨɪɨɛɤɢ ɬɪɟɥɟɜɨɱɧɨɝɨ ɬɪɚɤɬɨɪɚ. 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɢɧɫɬɢɬɭɬɭ №224  ɨɬ  27.04.2020  ɝ.  
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȿ.Ɇ. ɀɟɥɬɨɛɪɸɯɨɜ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ 
ȺɌɢɆ, ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ_________________________________________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: 
 1. ɑɟɪɬɟɠ ɞɟɬɚɥɢ; 
2. Ƚɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ N = 100 ɲɬ. ________________________ 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ; Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ; 
ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ. ______________________________ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 1. ɑɟɪɬɟɠ ɞɟɬɚɥɢ - 2 ɥɢɫɬ ɮ. Ⱥ1; 
 2.Ȼɚɡɨɜɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ – 3 ɥɢɫɬɚ ɮ. Ⱥ1; 3. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɩɪɨɰɟɫɫ ɧɚ ɫɬɚɧɤɟ ɫ ɑɉɍ – 3 ɥɢɫɬ ɮ. Ⱥ1; 4. ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɡɚɠɢɦɧɨɟ – 
1 ɥɢɫɬ ɮ. Ⱥ1; 5. ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɤɨɧɬɪɨɥɶɧɨɟ – 1 ɥɢɫɬ ɮ. Ⱥ1; 6. Ɍɟɯɧɢɤɨ- 
ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ – 1 ɥɢɫɬ ɮ. Ⱥ1 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                  ____________               ȿ.Ɇ. ɀɟɥɬɨɛɪɸɯɨɜ  
      ɩɨɞɩɢɫɶɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ____________Ⱥ.ȼ. Ƚɟɣɞɚɪɨɜ 
         ɩɨɞɩɢɫɶ                     ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

« _____» ________ 2020 ɝ. 
 
 

 
 



 

 
 

ɊȿɎȿɊȺɌ 
Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɫɨɞɟɪɠɢɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ  
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɪɚɡɞɚɬɨɱɧɨɣ  ɤɨɪɨɛɤɢ ɬɪɟɥɟɜɨɱɧɨɝɨ 
ɬɪɚɤɬɨɪɚ. 

Ⱦɥɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɞɟɬɚɥɢ ɪɚɡɪɚɛɨɬɚɧ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɫ ɪɚɫɱɟɬɚɦɢ ɩɪɢɩɭɫɤɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ, ɪɟɠɢɦɨɜ 
ɪɟɡɚɧɢɹ ɢ ɧɨɪɦ ɜɪɟɦɟɧɢ ɩɨ ɜɫɟɦ ɨɩɟɪɚɰɢɹɦ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɞɟɧ 
ɚɧɚɥɢɡ ɫɥɭɠɟɛɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ, 
ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ 
ɡɚɝɨɬɨɜɤɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɪɚɜɧɟɧɢɹ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ. 

 ȼ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ  ɱɚɫɬɢ ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɫɩɟɰɢɚɥɶɧɨɟ ɡɚɠɢɦɧɨɟ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ. Ɍɚɤ ɠɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɫɩɟɰɢɚɥɶɧɨɟ 
ɤɨɧɬɪɨɥɶɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɢ. 

 ȼ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɞɟɥɚɧ ɪɚɫɱɺɬ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ 
ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ. ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɈɉɎ, ɪɚɫɱɟɬ 
ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɪɚɛɨɱɢɯ ɢ ɪɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɚ 
ɩɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɦɭ ɢ ɛɚɡɨɜɨɦɭ ɜɚɪɢɚɧɬɚɦ.  

ȼ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɜɵɩɨɥɧɟɧɵ ɱɟɪɬɟɠ ɤɨɪɩɭɫɚ, ɤɚɪɬɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ, ɱɟɪɬɟɠɢ ɡɚɠɢɦɧɨɝɨ ɢ ɤɨɧɬɪɨɥɶɧɨɝɨ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ. ȼɵɧɟɫɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

     

ȻɊ-15.03.05 000.000. ɉɁ      

ɂɡɦ. Лиɫɬ № ɞɨɤɭɦ ɉɨɞɩɢɫɶ Дɚɬɚ 

Ɋɚɡɪɚɛ. Ƚɟɣɞɚɪɨɜ   

Ɋɟɮɟɪɚɬ 

Ʌɢɬɟɪɚ Ʌɢɫɬ Ʌɢɫɬɨɜ 

Ɋɭɤ. ɀɟɥɬɨɛɪɸɯɨɜ    y  3  

Ɍ.ɤɨɧɬɪ. ɀɟɥɬɨɛɪɸɯɨɜ   ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ 
ɝɪ. 26-1 

ɇ.ɤɨɧɬɪ. ɋɚɝɚɥɚɤɨɜɚ   

Ɂɚɜ.ɤɚɮ. ɀɟɥɬɨɛɪɸɯɨɜ   
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ȼȼȿȾȿɇɂȿ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɟɝɨ ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɜɨ ɦɧɨɝɨɦ 
ɡɚɜɢɫɢɬ ɨɬ ɨɩɟɪɟɠɚɸɳɟɝɨ ɪɚɡɜɢɬɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɦɚɲɢɧ, ɫɬɚɧɤɨɜ ɢ ɚɩɩɚɪɚɬɨɜ, ɨɬ ɜɫɟɦɟɪɧɨɝɨ ɜɧɟɞɪɟɧɢɹ ɦɟɬɨɞɨɜ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. 

 ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ 
ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟɦ ɤɚɱɟɫɬɜɚ ɢɡɞɟɥɢɣ, 
ɫɧɢɠɟɧɢɟɦ ɬɪɭɞɨɟɦɤɨɫɬɢ, ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɢɯ 
ɢɡɝɨɬɨɜɥɟɧɢɹ.  

Ȼɨɥɟɟ 70% ɢɡɞɟɥɢɣ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɢɡɝɨɬɨɜɥɹɸɬ ɜ ɭɫɥɨɜɢɹɯ 
ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɗɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ 
ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɟɬɚɥɥɨɪɟɠɭɳɢɦɢ ɫɬɚɧɤɚɦɢ.  

ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɧɚ 
ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɫɬɚɧɤɚɯ ɫ ɩɨɦɨɳɶɸ ɭɫɬɪɨɣɫɬɜ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɫɨɯɪɚɧɟɧɢɟ ɫɬɚɧɤɚɦɢ ɲɢɪɨɤɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ. 
ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɧɢɯ ɨɛɪɚɛɨɬɤɭ ɜɫɟɣ ɧɨɦɟɧɤɥɚɬɭɪɵ 
ɞɟɬɚɥɟɣ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɟɞɟɧɚ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɫɬɚɧɤɚɯ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɢɩɨɜ. 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɪɚɰɢɨɧɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ 
ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɣ ɢ ɛɟɡɨɬɤɚɡɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɧɚ ɧɢɯ ɞɟɬɚɥɟɣ ɫ ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɬɨɱɧɨɫɬɶɸ 
ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ 
ɫɬɨɢɦɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɤɨɜ. ȼ ɩɚɪɤɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɫɬɪɚɧɵ ɞɨɥɹ 
ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɛɭɞɟɬ ɧɟɩɪɟɪɵɜɧɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ 
ɩɨɜɵɲɟɧɢɢ ɢɯ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɚɪɬɟɪɚ ɤɨɪɨɛɤɢ 
ɨɬɛɨɪɚ ɦɨɳɧɨɫɬɢ ɚɜɬɨɝɢɞɪɨɩɨɞɴɟɦɧɢɤɚ ȼɂɉɈ-3201 ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɜ ɭɫɥɨɜɢɹɯ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
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1. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚя ɱɚɫɬɶ 

 
1.1 Ⱥɧɚɥɢɡ ɫɥɭɠɟɛɧɨɝɨ ɧɚɡɧɚɱɟɧɢя 

Ɉɫɧɨɜɧɵɦ ɧɚɡɧɚɱɟɧɢɟɦ ɤɨɪɩɭɫɚ ɹɜɥɹɟɬɫɹ ɨɪɢɟɧɬɚɰɢɹ ɜɚɥɨɜ ɡɭɛɱɚɬɵɯ 
ɩɟɪɟɞɚɱ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɦɨɧɬɚɠ ɜɫɟɯ ɞɟɬɚɥɟɣ ɦɟɯɚɧɢɡɦɚ. Ʉɨɪɩɭɫ ɬɚɤɠɟ 
ɭɞɟɪɠɢɜɚɟɬ ɫɦɚɡɤɭ ɢ ɩɪɟɞɨɯɪɚɧɹɟɬ ɡɚɰɟɩɥɟɧɢɹ ɢ ɨɩɨɪɵ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ ɢ 
ɩɨɜɪɟɠɞɟɧɢɣ. 
 

1.2 Ⱥɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ 
Ɇɚɬɟɪɢɚɥ ɞɟɬɚɥɢ  - ɫɟɪɵɣ ɱɭɝɭɧ  ɋɑ20 ɫ ɩɪɟɞɟɥɨɦ ɩɪɨɱɧɨɫɬɢ𝜎в=200 Ɇɉɚ ɢ 
ɬɜɟɪɞɨɫɬɶɸ ɦɚɬɟɪɢɚɥɚ ɇB = 190 ɇ/ɦɦ2. ɗɬɨɬ ɦɚɬɟɪɢɚɥ ɫɨɞɟɪɠɢɬ 
ɩɥɚɫɬɢɧɱɚɬɵɣ ɝɪɚɮɢɬ. ɑɭɝɭɧ ɞɚɧɧɨɣ ɦɚɪɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɨɬɥɢɜɨɤ ɫ  ɬɨɥɳɢɧɨɣ ɫɬɟɧɨɤ įɫɬ = 10-30 ɦɦ; ɞɥɹ  
ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ, ɬɪɟɛɭɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɪɚɛɨɬɚɸɳɢɯ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 300ºC.   

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɩɨ ȽɈɋɌ 1412-
85 ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ 1.1 ɢ 1.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ:  

 

Ɍɚɛɥɢɰɚ 1.1 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɱɭɝɭɧɚ ɋɑ20 
 

ɗɥɟɦɟɧɬ ɇɚɡɜɚɧɢɟ ɉɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ, % 

C ɍɝɥɟɪɨɞ 3,3-3,5 

Si Ʉɪɟɦɧɢɣ 1,4-2,4 

Mn Ɇɚɪɝɚɧɟɰ 0,7-1,0 

P Ɏɨɫɮɨɪ ɞɨ 0,2 

S ɋɟɪɚ ɞɨ 0,15 

 
Ɍɚɛɥɢɰɚ 1.2 – Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɋɑ20 
 

ɉɥɨɬɧɨɫɬɶ 
, ɤɝ/ɦ3 

Ʌɢɬɟɣɧɚɹ 
ɭɫɚɞɤɚ , % 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ 

ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ 
ȿ·10-2, Ɇɉɚ 

 

ɍɞɟɥɶɧɚɹ 
ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɩɪɢ t ɨɬ 20 ɞɨ 

200ɋ, Ⱦɠ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɥɢɬɟɣɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ α, 
1/ɋ 

Ɍɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɶ 
ɩɪɢ 20ɋ 

λ, ȼɬ/(ɦ·°C) 

 
7·103 

 
1,1 

 
850-1100 

 
480 

 
9,5·10-6 

 
54 

 

ɉɪɢɦɟɧɟɧɢɟ ɫɟɪɨɝɨ ɱɭɝɭɧɚ ɋɑ20 ɜɩɨɥɧɟ ɩɪɢɟɦɥɟɦɨ. 

 

 

     

ȻɊ-15.03.05 000.000. ɉɁ      

ɂɡɦ. Лиɫɬ № ɞɨɤɭɦ ɉɨɞɩɢɫɶ Дɚɬɚ 

Ɋɚɡɪɚɛ. Ƚɟɣɞɚɪɨɜ   

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ 

Ʌɢɬɟɪɚ Ʌɢɫɬ Ʌɢɫɬɨɜ 

Ɋɭɤ. ɀɟɥɬɨɛɪɸɯɨɜ    y  6  

Ɍ.ɤɨɧɬɪ. ɀɟɥɬɨɛɪɸɯɨɜ   ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ 
ɝɪ. 26-1 

ɇ.ɤɨɧɬɪ. ɋɚɝɚɥɚɤɨɜɚ   

Ɂɚɜ.ɤɚɮ. ɀɟɥɬɨɛɪɸɯɨɜ   
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1.3 Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɹ ɞɚɧɧɨɣ ɞɟɬɚɥɢ ɹɜɥɹɸɬɫɹ 
ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ. Ʉɨɪɩɭɫ ɢɦɟɟɬ ɜɧɭɬɪɟɧɧɢɟ ɢ ɧɚɪɭɠɧɵɟ ɤɪɢɜɨɥɢɧɟɣɧɵɟ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɬɥɢɜɤɢ. 

ɍ ɤɨɪɩɭɫɚ ɧɟɬɟɯɧɨɥɨɝɢɱɧɚ ɨɛɪɚɛɨɬɤɚ ɞɜɭɯ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɜɚɥɢɤɢ ɢɡ-ɡɚ 
ɢɯ ɛɨɥɶɲɨɣ ɞɥɢɧɵ, ɞɥɢɧɚ ɨɬɜɟɪɫɬɢɹ ɛɨɥɟɟ ɩɹɬɢ ɞɢɚɦɟɬɪɨɜ. Ⱦɥɹ ɢɯ ɨɛɪɚɛɨɬɤɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɥɸɧɟɬɚ. 

Ɍɚɤɠɟ ɧɟɬɟɯɧɨɥɨɝɢɱɧɵ ɝɥɭɯɢɟ ɪɟɡɶɛɨɜɵɟ ɨɬɜɟɪɫɬɢɹ ɢɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ 
ɨɬɜɨɞɚ ɫɬɪɭɠɤɢ ɢ ɬɟɩɥɚ ɢɡ ɡɨɧɵ ɪɟɡɚɧɢɹ. 

ȼɫɟ ɩɥɨɫɤɨɫɬɢ ɢ ɩɨɫɚɞɨɱɧɵɟ ɨɬɜɟɪɫɬɢɹ ɬɟɯɧɨɥɨɝɢɱɧɵ, ɬɚɤ ɤɚɤ 
ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɨɛɪɚɛɨɬɤɭ ɧɚ ɩɪɨɯɨɞ.  

ɉɪɨɜɟɞɟɦ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ  ɨɰɟɧɤɭ  ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ  
ɞɟɬɚɥɟɣ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɨɤɚɡɚɬɟɥɹɦ: 
 

1. Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ 
 

ɞɟɬ
m

ɡɚɝ

m
k = >0,75

ɬ        (1.1) 

 
ɝɞɟ mɞɟɬ - ɦɚɫɫɚ ɝɨɬɨɜɨɣ ɞɟɬɚɥɢ, mɡɚɝ - ɦɚɫɫɚ ɡɚɝɨɬɨɜɤɢ. 
 

km =31,8/35,5= 0,9. 
2. Ʉɨɷɮɮɢɰɢɟɧɬ ɭɧɢɮɢɤɚɰɢɢ 
 

ɨɞɧ
y

ɨɛ

k
k = >0,5

k
          (1.2) 

 
ɝɞɟ kɨɞɧ  - ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɬɢɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, kɨɛ - ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. 

kɭ =38/58= 0,66. 
 
3. Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
 

cu
u

ou

k
k = >0,5

k         (1.3) 

 
ɝɞɟ kɫɢ - ɤɨɥɢɱɟɫɬɜɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, kɨɢ - ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɢɧɫɬɪɭɦɟɧɬɚ. 

kɢ =12/14=0,86.  
 

4. Ʉɨɷɮɮɢɰɢɟɧɬ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɢ. 
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on
0

ɨɛ

N
k = >0,5

N
           (1.4) 

 
ɝɞɟ Nɨɩ - ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ,  Nɨɛ - ɨɛɳɟɟ  ɤɨɥɢɱɟɫɬɜɨ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. 

kɨ.ɤ =34/58= 0,59.    
 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ  ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɚɹ 
ɞɟɬɚɥɶ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɧɨɣ. 

 
1.4.  ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɡɚɝɨɬɨɜɤɢ 

 

Ɇɟɬɨɞ ɜɵɩɨɥɧɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɞɥɹ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɧɚɡɧɚɱɟɧɢɟɦ ɢ ɤɨɧɫɬɪɭɤɰɢɟɣ ɞɟɬɚɥɢ, ɦɚɬɟɪɢɚɥɨɦ, ɬɟɯɧɢɱɟɫɤɢɦɢ 
ɬɪɟɛɨɜɚɧɢɹɦɢ, ɦɚɫɲɬɚɛɨɦ ɢ ɫɟɪɢɣɧɨɫɬɶɸ ɜɵɩɭɫɤɚ, ɚ ɬɚɤɠɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ 
ɢɡɝɨɬɨɜɥɟɧɢɹ. ȼɵɛɪɚɬɶ ɡɚɝɨɬɨɜɤɭ – ɡɧɚɱɢɬ ɭɫɬɚɧɨɜɢɬɶ ɫɩɨɫɨɛ ɟɟ ɩɨɥɭɱɟɧɢɹ.  

Ⱦɥɹ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɜɵɛɨɪɚ ɡɚɝɨɬɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɭɱɢɬɵɜɚɬɶ ɜɫɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ. Ɉɤɨɧɱɚɬɟɥɶɧɨɟ 
ɪɟɲɟɧɢɟ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɪɚɫɱɟɬɚ 
ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɡɚɝɨɬɨɜɤɢ. 

Ɂɚɝɨɬɨɜɤɭ ɞɥɹ ɤɨɪɩɭɫɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɥɢɬɶɟɦ ɜ ɨɛɵɱɧɵɟ ɡɟɦɥɹɧɵɟ 
ɮɨɪɦɵ ɢɥɢ ɜ ɤɨɤɢɥɶ. 

ɋɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɨɤ, ɩɨɥɭɱɚɟɦɵɯ ɥɢɬɶɟɦ, ɦɨɠɧɨ ɫ ɞɨɫɬɚɬɨɱɧɨɣ  
ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ  

ɨɬɯi
ɡɚɝ ɬ c ɦ ɩ

Sɋ
S ( Q k k k k k ) (Q q) ,

1000 1000ɜ          (1.5) 

ɝɞɟ ɋi - ɛɚɡɨɜɚɹ ɫɬɨɢɦɨɫɬɶ 1 ɬɨɧɧɵ ɡɚɝɨɬɨɜɨɤ.  
kɬ, kɫ, kɜ, kɦ, kɩ - ɤɨɷɮɮɢɰɢɟɧɬɵ,  ɡɚɜɢɫɹɳɢɟ ɨɬ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ, ɝɪɭɩɩɵ 
ɫɥɨɠɧɨɫɬɢ,  ɦɚɫɫɵ,  ɦɚɪɤɢ  ɦɚɬɟɪɢɚɥɚ ɢ ɨɛɴɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɝɨɬɨɜɨɤ, 
ɛɟɪɭɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɬɚɛɥɢɰɚɦ. 
Q - ɦɚɫɫɚ ɡɚɝɨɬɨɜɤɢ.  
q - ɦɚɫɫɚ ɝɨɬɨɜɨɣ ɞɟɬɚɥɢ.  
Sɨɬɯ - ɰɟɧɚ ɨɞɧɨɣ ɬɨɧɧɵ ɨɬɯɨɞɨɜ. 

Ɂɚɝɨɬɨɜɤɚ ɥɢɬɶɟɦ ɜ ɡɟɦɥɹɧɵɟ ɮɨɪɦɵ ɢɦɟɟɬ ɦɚɫɫɭ 35,5 ɤɝ, I ɤɥɚɫɫɚ 
ɬɨɱɧɨɫɬɢ, III  ɝɪɭɩɩɵ ɫɥɨɠɧɨɫɬɢ, ɢɡ ɱɭɝɭɧɚ ɋɑ20, 1ɨɣ ɝɪɭɩɩɵ ɫɟɪɢɣɧɨɫɬɢ. 

Ɇɚɫɫɚ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɥɢɬɶɟ ɜ ɤɨɤɢɥɶ 34,8 ɤɝ. 
ɇɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɨɜ ɞɚɧɧɵɟ ɞɥɹ ɭɞɨɛɫɬɜɚ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ. 
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ȼɵɛɨɪ ɡɚɝɨɬɨɜɤɢ    Ɍɚɛɥɢɰɚ 1.3 

 
ȼɢɞ ɥɢɬɶɹ ɋi kɬ kɫ kɜ kɦ kɩ Q Q Sɨɬɯ 

Ɂɟɦɥ.ɮɨɪɦɵ 65000 1 1 0,74 1 1 35,5 31,8 10000 
Ʉɨɤɢɥɶ 65000 1,1 1 0,74 1 1 34,8 31,8 10000 

 
ɉɨɞɫɬɚɜɢɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɮɨɪɦɭɥɭ ɢ ɩɨɥɭɱɢɦ ɪɟɡɭɥɶɬɚɬ: 

ɡɚɝ1
65000 10000

S ( 35,5 1 1 0,74 1 1) (35,5 31,8) 1337,55ɪɭɛ
1000 1000

           ; 

ɡɚɝ2
65000 10000

S ( 34,8 1,1 1,05 0,74 1 1) (34,8 31,8) 1633,33ɪɭɛ
1000 1000

           . 

Ʉɚɤ ɜɢɞɢɦ, ɥɢɬɶɟ ɜ ɨɛɵɱɧɵɟ ɡɟɦɥɹɧɵɟ ɮɨɪɦɵ ɷɤɨɧɨɦɢɱɧɟɟ. 
Ʌɢɬɶɟ ɜ ɤɨɤɢɥɶ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɤɢɥɟɣ, ɢɯ 
ɨɝɪɚɧɢɱɟɧɧɨɣ ɫɬɨɣɤɨɫɬɢ, ɬɪɭɞɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɥɨɠɧɨɣ ɩɨ ɤɨɧɮɢɝɭɪɚɰɢɢ 
ɨɬɥɢɜɤɢ ɛɨɥɶɲɨɣ ɦɚɫɫɵ ɜ ɦɟɥɤɨɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɧɟ ɢɫɩɨɥɶɡɭɟɦ. 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɜɵɛɪɚɧɧɨɝɨ ɜɢɞɚ  ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ 
ɞɟɧɟɠɧɨɦ ɜɵɪɚɠɟɧɢɢ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɩɪɨɝɪɚɦɦɭ 
ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɹ ɫɨɫɬɚɜɢɬ:  

ɗɡ=(Sɡɚɝ1–Sɡɚɝ2)N,                         

   ɝɞɟ  Sɡɚɝ1– ɫɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɩɟɪɜɨɦ ɦɟɬɨɞɟ, ɪɭɛ; 
Sɡɚɝ2– ɫɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɜɬɨɪɨɦ ɦɟɬɨɞɟ, ɪɭɛ. 

ɗɡ = (Sɡɚɝ1– Sɡɚɝ2)N=(1633,3-1337,55) 100= 29578 ɪɭɛ. 
 

1.5.    Ⱥɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ 
 

           Ƚɥɚɜɧɵɦ ɭɫɥɨɜɢɟɦ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ ɤɨɪɨɛɤɢ ɹɜɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶ 
ɩɟɪɟɞɚɱɢ ɜɪɚɳɟɧɢɹ ɨɬ ɨɞɧɨɝɨ ɜɚɥɚ ɤ ɞɪɭɝɨɦɭ. Ⱦɥɹ ɷɬɨɝɨ ɤ ɤɨɪɩɭɫɭ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ:  

- ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɬɨɪɰɟɜ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɯ 
ɨɫɟɣ; 

- ɫɨɨɫɧɨɫɬɶ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɨɛɳɟɣ ɨɫɢ; 
- ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɟɣ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ. 
ɗɬɢ ɬɪɟɛɨɜɚɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɨɛɪɚɛɨɬɤɨɣ ɭɤɚɡɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ 

ɨɞɧɨɣ ɭɫɬɚɧɨɜɤɢ. 
Ⱦɥɹ ɬɨɱɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜɫɟɣ ɤɨɪɨɛɤɢ ɜ ɦɟɯɚɧɢɡɦ ɤ ɤɨɪɩɭɫɭ ɩɪɟɞɴɹɜɥɹɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

- ɞɨɩɭɫɤ ɩɥɨɫɤɨɫɬɧɨɫɬɢ ɭɫɬɚɧɨɜɨɱɧɵɯ ɩɥɨɫɤɨɫɬɟɣ; 
- ɢɯ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɞɪɭɝ ɞɪɭɝɭ. 
ɗɬɢ ɬɪɟɛɨɜɚɧɢɹ ɜɵɞɟɪɠɢɜɚɸɬɫɹ ɩɨɞɛɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɠɢɦɨɜ 
ɪɟɡɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɨɣ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫ ɛɚɡɢɪɨɜɚɧɢɟɦ ɩɨ ɞɪɭɝɨɣ. 
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ɉɨɡɢɰɢɨɧɧɵɣ ɞɨɩɭɫɤ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ ɞɨɫɬɢɝɚɟɬɫɹ ɨɛɪɚɛɨɬɤɨɣ ɩɨ 
ɤɨɧɞɭɤɬɨɪɭ. 

Ⱦɨɩɭɫɤɢ ɧɚ ɪɚɡɦɟɪɵ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɜɵɞɟɪɠɢɜɚɸɬɫɹ ɩɨɞɛɨɪɨɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɬɨɱɧɨɫɬɢ ɦɟɬɨɞɚ ɨɛɪɚɛɨɬɤɢ. 
 

1.6. Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɛɚɡ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɦɚɪɲɪɭɬɚ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ 

 

ɋɨɫɬɚɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

- ɜɵɛɨɪ ɱɟɪɧɨɜɵɯ, ɱɢɫɬɨɜɵɯ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɛɚɡ ɧɚ ɨɩɟɪɚɰɢɹɯ; 
- ɭɫɬɚɧɨɜɤɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɩɟɪɚɰɢɣ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ 

ɬɨɱɧɨɫɬɢ ɞɟɬɚɥɢ; 
- ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ; 
- ɜɵɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
Ɉɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɩɪɢ ɜɵɛɨɪɟ ɛɚɡ ɹɜɥɹɟɬɫɹ ɫɨɛɥɸɞɟɧɢɟ 

ɩɪɢɧɰɢɩɨɜ ɟɞɢɧɫɬɜɚ ɢ ɩɨɫɬɨɹɧɫɬɜɚ ɛɚɡ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ 
ɩɨɥɭɱɚɟɦɵɯ ɪɚɡɦɟɪɨɜ ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɛɚɡɢɪɨɜɚɧɢɹ. 
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ɆȺɊɒɊɍɌ ɈȻɊȺȻɈɌɄɂ ɄɈɊɉɍɋȺ. 
 

 
 

Ɋɢɫ. 1.1. ɗɫɤɢɡ ɞɟɬɚɥɢ. 
10 ɮɪɟɡɟɪɧɚɹ. 
Ⱥ. ɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 1. 
1. ɮɪɟɡɟɪɨɜɚɬɶ ɩɥɨɫɤɨɫɬɶ 2 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
2. ɮɪɟɡɟɪɨɜɚɬɶ ɩɥɨɫɤɨɫɬɶ 2 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɵɣ 6Ɋ13, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɡɚɠɢɦɧɨɟ 
ɫɩɟɰɢɚɥɶɧɨɟ, ɢɧɫɬɪɭɦɟɧɬ ɮɪɟɡɚ ɬɨɪɰɟɜɚɹ 315 ȼɄ6. 
 
20 ɮɪɟɡɟɪɧɚɹ 
Ⱥ. ɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 2. 
1. ɮɪɟɡɟɪɨɜɚɬɶ ɩɥɨɫɤɨɫɬɶ 1 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
2. ɮɪɟɡɟɪɨɜɚɬɶ ɩɥɨɫɤɨɫɬɶ 1 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɵɣ 6Ɋ13, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɡɚɠɢɦɧɨɟ 
ɫɩɟɰɢɚɥɶɧɨɟ, ɢɧɫɬɪɭɦɟɧɬ ɮɪɟɡɚ ɬɨɪɰɟɜɚɹ 315 ȼɄ6. 
 
 
30 ɫɜɟɪɥɢɥɶɧɚɹ 
Ⱥ. ɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 2. 
1. ɫɜɟɪɥɢɬɶ 2 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 1 13+0,11 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
2. ɡɟɧɤɟɪɨɜɚɬɶ 2 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 1 13,8+0,043 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
3. ɪɚɡɜɟɪɧɭɬɶ 2 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 1 14 ɨɤɨɧɱɚɬɟɥɶɧɨ. 



 

12 
 

ɋɬɚɧɨɤ ɪɚɞɢɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 2Ɇ55, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫɩɟɰɢɚɥɶɧɨɟ 
ɡɚɠɢɦɧɨɟ, ɢɧɫɬɪɭɦɟɧɬ ɫɜɟɪɥɨ, ɡɟɧɤɟɪ ɢ ɪɚɡɜɟɪɬɤɚ. 
 
40 ɮɪɟɡɟɪɧɚɹ 
Ⱥ. ɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 1. 
1. ɮɪɟɡɟɪɨɜɚɬɶ ɜɧɭɬɪɟɧɧɢɣ ɬɨɪɟɰ ɡɚɝɨɬɨɜɤɢ ɨɤɨɧɱɚɬɟɥɶɧɨ. 
Ȼ. ɩɟɪɟɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 2. 
2. ɮɪɟɡɟɪɨɜɚɬɶ ɜɧɭɬɪɟɧɧɢɣ ɬɨɪɟɰ ɡɚɝɨɬɨɜɤɢ ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɵɣ 6Ɋ13, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫɩɟɰɢɚɥɶɧɨɟ 
ɡɚɠɢɦɧɨɟ, ɢɧɫɬɪɭɦɟɧɬ ɮɪɟɡɚ ɤɨɧɰɟɜɚɹ 25 ȼɄ6. 
 
50 ɮɪɟɡɟɪɧɚɹ 
Ⱥ. ɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 1 ɢ ɞɜɭɦ ɩɚɥɶɰɚɦ. 
1. ɮɪɟɡɟɪɨɜɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɨɪɰɵ ɡɚɝɨɬɨɜɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
2. ɮɪɟɡɟɪɨɜɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɨɪɰɵ ɡɚɝɨɬɨɜɤɢ ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɩɪɨɞɨɥɶɧɨ-ɮɪɟɡɟɪɧɵɣ 6605, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫɩɟɰɢɚɥɶɧɨɟ 
ɡɚɠɢɦɧɨɟ, ɢɧɫɬɪɭɦɟɧɬ ɮɪɟɡɚ ɬɨɪɰɟɜɚɹ 315 ȼɄ6. 
 
60 Ɏɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɚɹ 
Ⱥ. ɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 1 ɢ ɞɜɭɦ ɩɚɥɶɰɚɦ. 
1. ɪɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɞɜɭɯ ɫɬɨɪɨɧ 

ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɮɚɫɨɤ. 
2. ɪɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚ ɩɪɨɯɨɞ ɨɞɧɨɜɪɟɦɟɧɧɨ. 
3. ɪɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6 ɨɤɨɧɱɚɬɟɥɶɧɨ ɧɚ ɩɪɨɯɨɞ ɨɞɧɨɜɪɟɦɟɧɧɨ. 
ɋɬɚɧɨɤ  ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɪɚɫɬɨɱɧɨɦ 2Ɇ615. 
 
70 ɫɜɟɪɥɢɥɶɧɚɹ 
Ⱥ. ɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 1 ɢ ɞɜɭɦ ɩɚɥɶɰɚɦ. 
1. ɫɜɟɪɥɢɬɶ 18 ɨɬɜ. 7, 12 ɨɬɜ. 8 ɩɨɞ ɪɟɡɶɛɭ  ɢ 2 ɨɬɜ. 13+0,11 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɞɜɭɯ ɫɬɨɪɨɧ. 
2. ɡɟɧɤɟɪɨɜɚɬɶ 2 ɨɬɜ. 13,8+0,043 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
3. ɧɚɪɟɡɚɬɶ ɜ 18 ɨɬɜ. 7 ɪɟɡɶɛɭ Ɇ12-6ɇ, ɜ 12 ɨɬɜ. 8 ɪɟɡɶɛɭ Ɇ14-6ɇ ɢ 

ɪɚɡɜɟɪɧɭɬɶ 2 ɨɬɜ. 14 ɨɤɨɧɱɚɬɟɥɶɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɞɜɭɯ ɫɬɨɪɨɧ. 
ɋɬɚɧɨɤ ɪɚɞɢɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 2Ɇ55, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɡɚɠɢɦɧɨɟ 
ɫɩɟɰɢɚɥɶɧɨɟ, ɢɧɫɬɪɭɦɟɧɬ ɫɜɟɪɥɨ, ɦɟɬɱɢɤ 
 
80 ɫɜɟɪɥɢɥɶɧɚɹ 
Ⱥ. ɭɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 1 ɢ ɞɜɭɦ ɩɚɥɶɰɚɦ. 
1. ɫɜɟɪɥɢɬɶ 10 ɨɬɜ. ɧɚ ɩɨɜ. 2 ɩɨɞ ɪɟɡɶɛɭ  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɨɞɧɨɜɪɟɦɟɧɧɨ. 
2. ɧɚɪɟɡɚɬɶ ɜ 10 ɨɬɜ. ɧɚ ɩɨɜ. 2 ɪɟɡɶɛɭ Ɇ10-7ɇ ɨɤɨɧɱɚɬɟɥɶɧɨ 

ɨɞɧɨɜɪɟɦɟɧɧɨ. 
ɋɬɚɧɨɤ ɪɚɞɢɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 2Ɇ55, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɡɚɠɢɦɧɨɟ 
ɫɩɟɰɢɚɥɶɧɨɟ, ɢɧɫɬɪɭɦɟɧɬ ɫɜɟɪɥɨ, ɦɟɬɱɢɤ. 
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90 ɫɜɟɪɥɢɥɶɧɚɹ 
Ⱥ. ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ 2. 
1. ɫɜɟɪɥɢɬɶ 10 ɨɬɜ. ɧɚ ɩɨɜ. 1 ɩɨɞ ɪɟɡɶɛɭ  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɨɞɧɨɜɪɟɦɟɧɧɨ. 
2. ɧɚɪɟɡɚɬɶ ɜ 10 ɨɬɜ. ɧɚ ɩɨɜ. 1 ɪɟɡɶɛɭ Ɇ12-6ɇ ɨɤɨɧɱɚɬɟɥɶɧɨ 

ɨɞɧɨɜɪɟɦɟɧɧɨ. 
ɋɬɚɧɨɤ ɪɚɞɢɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 2Ɇ55, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɡɚɠɢɦɧɨɟ 
ɫɩɟɰɢɚɥɶɧɨɟ, ɢɧɫɬɪɭɦɟɧɬ ɫɜɟɪɥɨ, ɦɟɬɱɢɤ. 

 
 
Ȼɨɥɟɟ 70% ɢɡɞɟɥɢɣ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɢɡɝɨɬɨɜɥɹɸɬ ɜ ɭɫɥɨɜɢɹɯ 
ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɗɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ 
ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɟɬɚɥɥɨɪɟɠɭɳɢɦɢ ɫɬɚɧɤɚɦɢ. 

ȼ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɭɩɪɚɜɥɟɧɢɟ ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ ɜ ɩɪɨɰɟɫɫɟ 
ɨɛɪɚɛɨɬɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨ ɡɚɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɩɪɨɝɪɚɦɦɟ ɛɟɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱɚɫɬɢɹ ɪɚɛɨɱɟɝɨ. ɉɪɨɝɪɚɦɦɧɨɟ 
ɭɩɪɚɜɥɟɧɢɟ — ɷɬɨ ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɪɚɛɨɬɭ ɦɟɯɚɧɢɡɦɨɜ ɫɬɚɧɤɚ ɩɨ ɥɟɝɤɨ ɩɟɪɟɧɚɥɚɠɢɜɚɟɦɨɣ 
ɩɪɨɝɪɚɦɦɟ. ɋɬɚɧɨɤ-ɚɜɬɨɦɚɬ ɪɚɛɨɬɚɟɬ ɩɨ ɩɪɨɝɪɚɦɦɟ, ɡɚɞɚɜɚɟɦɨɣ 
ɤɭɥɚɱɤɚɦɢ ɢɥɢ ɤɨɩɢɪɚɦɢ.  

Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɬɚɧɤɨɜ ɫ ɑɉɍ:  
- ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɬɚɧɤɚ ɩɨɜɵɲɚɟɬɫɹ ɜ 1,5...2,5 ɪɚɡɚ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɚɧɚɥɨɝɢɱɧɵɯ ɫɬɚɧɤɨɜ ɫ ɪɭɱɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ;  

- ɫɨɱɟɬɚɟɬɫɹ ɝɢɛɤɨɫɬɶ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɬɨɱɧɨɫɬɶɸ ɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɫɬɚɧɤɚ-ɚɜɬɨɦɚɬɚ;  

- ɫɧɢɠɚɟɬɫɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɪɚɛɨɱɢɯ ɫɬɚɧɨɱɧɢɤɚɯ, ɚ 
ɩɨɞɝɨɬɨɜɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɟɪɟɧɨɫɢɬɫɹ ɜ ɫɮɟɪɭ ɢɧɠɟɧɟɪɧɨɝɨ ɬɪɭɞɚ;  

- ɞɟɬɚɥɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɩɨ ɨɞɧɨɣ ɩɪɨɝɪɚɦɦɟ, ɹɜɥɹɸɬɫɹ 
ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵɦɢ, ɱɬɨ ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɩɪɢɝɨɧɨɱɧɵɯ ɪɚɛɨɬ;  

- ɫɨɤɪɚɳɚɸɬɫɹ ɫɪɨɤɢ ɩɨɞɝɨɬɨɜɤɢ ɢ ɩɟɪɟɯɨɞɚ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɧɨɜɵɯ 
ɞɟɬɚɥɟɣ ɛɥɚɝɨɞɚɪɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɩɪɨɝɪɚɦɦ, ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɢ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɟ.  

ɋɨɫɬɚɜɢɦ ɦɚɪɲɪɭɬ ɨɛɪɚɛɨɬɤɢ ɤɚɪɬɟɪɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɚɧɤɨɜ ɫ ɑɉɍ.  
10 Ƚɨɪɢɡɨɧɬɚɥɶɧɨ-ɮɪɟɡɟɪɧɚɹ ɫ ɑɉɍ 
Ⱥ   ɉɚɥɥɟɬɚ 1.ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɥɨɫɤɨɫɬɢ. 
1. Ɏɪɟɡɟɪɨɜɚɬɶ ɩɥɨɫɤɨɫɬɶ 1 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ. 
2. Ɋɚɡɜɟɪɧɭɬɶ ɡɚɝɨɬɨɜɤɭ ɧɚ 180 ɝɪɚɞɭɫɨɜ. 
3. Ɏɪɟɡɟɪɨɜɚɬɶ ɩɥɨɫɤɨɫɬɶ 2 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ. 
4. ɋɜɟɪɥɢɬɶ 10 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 29+0,036. 
5. ɇɚɪɟɡɚɬɶ ɜ 10 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 2  ɪɟɡɶɛɭ  Ɇ10-6ɇ. 
6. Ɋɚɡɜɟɪɧɭɬɶ ɡɚɝɨɬɨɜɤɭ ɧɚ 180 ɝɪɚɞɭɫɨɜ. 
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7. ɋɜɟɪɥɢɬɶ 10 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 1  11+0,043 
8. ɇɚɪɟɡɚɬɶ ɜ 10 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 2  ɪɟɡɶɛɭ  Ɇ12-6ɇ. 
9. Ɏɪɟɡɟɪɨɜɚɬɶ ɜɧɭɬɪɟɧɧɢɣ ɬɨɪɟɰ ɡɚɝɨɬɨɜɤɢ 1 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ 

ɨɤɨɧɱɚɬɟɥɶɧɨ. 
10.  Ɏɪɟɡɟɪɨɜɚɬɶ ɜɧɭɬɪɟɧɧɢɣ ɬɨɪɟɰ ɡɚɝɨɬɨɜɤɢ  2 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ 

ɨɤɨɧɱɚɬɟɥɶɧɨ. 

Ȼ  ɋɦɟɧɚ ɩɚɥɥɟɬɵ. ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ. 
1. Ɏɪɟɡɟɪɨɜɚɬɶ ɬɨɪɰɵ ɡɚɝɨɬɨɜɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ. 
2. Ɋɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ ɫ ɞɜɭɯ 

ɫɬɨɪɨɧ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɮɚɫɨɤ. 
3.  Ɋɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6, 7 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚ ɩɪɨɯɨɞ. 
4. Ɋɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6, 7ɨɤɨɧɱɚɬɟɥɶɧɨ ɧɚ ɩɪɨɯɨɞ. 
5. ɋɜɟɪɥɢɬɶ 4 ɨɬɜ.   1,  6 ɨɬɜ.   2  13+0,043   ɩɨɞ ɪɟɡɶɛɭ,  ɢ ɨɬɜ. 7 

13+0,043  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
6. Ɂɟɧɤɟɪɨɜɚɬɶ ɨɬɜ.  7  ɞɨ  13,8+0,043  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
7. ɇɚɪɟɡɚɬɶ ɜ  4 ɨɬɜ.  1 ɪɟɡɶɛɭ Ɇ12-6ɇ,  ɜ  6 ɨɬɜ. 2  ɪɟɡɶɛɭ Ɇ14-6ɇ, 

ɪɚɡɜɟɪɧɭɬɶ ɨɬɜ.   7 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
8. Ɋɚɡɜɟɪɧɭɬɶ ɡɚɝɨɬɨɜɤɭ ɧɚ 180 ɝɪɚɞɭɫɨɜ. 
9. ɋɜɟɪɥɢɬɶ  6 ɨɬɜ.   3,  4 ɨɬɜ.   4,   4 ɨɬɜ.   6   11+0,043   ɢ 6 ɨɬɜ.    5   

13+0,043, ɩɨɞ ɪɟɡɶɛɭ,  ɨɬɜ.  8  13+0,043  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
10.  Ɂɟɧɤɟɪɨɜɚɬɶ ɨɬɜ.   8 ɞɨ  13,8+0,043 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
11.  ɇɚɪɟɡɚɬɶ ɜ  6 ɨɬɜ.   3,  4 ɨɬɜ.   4,   4 ɨɬɜ.  6  ɪɟɡɶɛɭ Ɇ12-6ɇ,  ɜ 6 ɨɬɜ.   

5  ɪɟɡɶɛɭ Ɇ14-6ɇ. 
12.  Ɋɚɡɜɟɪɧɭɬɶ ɨɬɜ.  8  ɨɤɨɧɱɚɬɟɥɶɧɨ. 
 

 
1.7  Ɋɚɫɱɟɬ ɢ ɧɚɡɧɚɱɟɧɢɟ ɩɪɢɩɭɫɤɨɜ 

 
ɉɪɢɩɭɫɤ - ɫɥɨɣ ɦɚɬɟɪɢɚɥɚ, ɭɞɚɥɹɟɦɵɣ ɫ ɩɨɜɟɪɯɧɨɫɬɢ  ɡɚɝɨɬɨɜɤɢ ɜ ɰɟɥɹɯ 

ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɵɯ  ɫɜɨɣɫɬɜ  ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ  ɩɨɜɟɪɯɧɨɫɬɢ  ɞɟɬɚɥɢ. 
ɉɪɢɩɭɫɤ ɧɚ ɨɛɪɚɛɨɬɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɢ ɦɨɠɟɬ ɛɵɬɶ ɧɚɡɧɚɱɟɧ ɩɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɩɪɚɜɨɱɧɵɦ ɬɚɛɥɢɰɚɦ, ȽɈɋɌɚɦ ɢɥɢ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɨ-
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɩɭɫɤɨɜ. 

Ⱦɥɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɚɧɧɨɣ ɞɟɬɚɥɢ (ɩɨɫɚɞɨɱɧɨɟ 
ɨɬɜɟɪɫɬɢɟ ɞɢɚɦɟɬɪɨɦ 125 ɦɦ ɢ ɬɨɪɰɵ) ɩɪɢɩɭɫɤɢ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɚɦ.       

 
1. Ɉɛɪɚɛɨɬɤɚ ɩɨɫɚɞɨɱɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 125+0,04. 
Ⱦɚɧɧɨɟ ɨɬɜɟɪɫɬɢɟ ɪɚɫɬɚɱɢɜɚɟɬɫɹ ɞɨ ɲɟɪɨɯɨɜɚɬɨɫɬɢ  Rɚ = 1,6 ɦɤɦ ɫ 

ɜɵɞɟɪɠɢɜɚɧɢɟɦ ɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪɚ ɩɨ ɫɟɞɶɦɨɦɭ ɤɜɚɥɢɬɟɬɭ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɬɚɤɨɣ ɬɨɱɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɱɟɪɧɨɜɭɸ, ɱɢɫɬɨɜɭɸ ɢ ɬɨɧɤɭɸ 
ɨɛɪɚɛɨɬɤɭ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɜɧɭɬɪɟɧɧɢɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɮɨɪɦɭɥɚ ɞɥɹ 
ɪɚɫɱɟɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɚ ɢɦɟɟɬ ɜɢɞ [8]: 
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2 2
i-1 imin i-1 i-1

2Z =2(Rz +h + D +e ),     (1.22) 

ɝɞɟ Rz – ɲɟɪɨɯɨɜɚɬɨɫɬɶ, ɦɤɦ;  
h – ɝɥɭɛɢɧɚ ɞɟɮɟɤɬɧɨɝɨ ɫɥɨɹ, ɦɤɦ;  
 - ɫɭɦɦɚɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɤɦ;  
 - ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ, ɦɤɦ. 
ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ Rz ɢ T, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ 

ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ, ɫɨɫɬɚɜɥɹɟɬ 600 ɦɤɦ. ɉɨɫɥɟ ɩɟɪɜɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ T ɞɥɹ ɞɟɬɚɥɟɣ ɢɡ ɱɭɝɭɧɚ ɢɡ ɪɚɫɱɟɬɨɜ ɢɫɤɥɸɱɚɟɬɫɹ, 
ɩɨɷɬɨɦɭ ɞɥɹ ɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ ɧɚɯɨɞɢɦ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɹ Rz = 50 ɦɤɦ. 
           ȼɟɥɢɱɢɧɚ ɫɭɦɦɚɪɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɧɚɲɟɦ 
ɫɥɭɱɚɟ ɪɚɜɧɚ ɜɟɥɢɱɢɧɟ ɤɨɪɨɛɥɟɧɢɹ ɞɟɬɚɥɢ ɢ ɜɟɥɢɱɢɧɟ ɫɦɟɳɟɧɢɹ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

2 2
ɤɨɪ ɫɦd

Δ = Δ +Δ (1.23) 

Ʉɨɪɨɛɥɟɧɢɟ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɤɚɤ ɜ ɞɢɚɦɟɬɪɚɥɶɧɨɦ, ɬɚɤ ɢ ɜ  ɨɫɟɜɨɦ ɫɟɱɟɧɢɢ. 
2 2

ɤ ɤɤɨɪΔ (Δ d) (Δ l)    (1.24) 

ɍɞɟɥɶɧɚɹ ɤɪɢɜɢɡɧɚ ɞɥɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ Δɤ= 1ɦɤɦ. Ⱦɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 
d=125ɦɦ, ɞɥɢɧɚ l = 30 ɦɦ.  

2 2
ɤɨɪΔ (1125) (130) 130ɦɤɦ.      

ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɨɬɜɟɪɫɬɢɹ ɜ ɨɬɥɢɜɤɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɟ ɧɚɪɭɠɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɫɭɦɦɭ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɥɨɫɤɨɫɬɹɯ. 

2 2
1 2

ɫɦ
Td TdΔ
2 2

       
   

(1.25) 

Ⱦɨɩɭɫɤɢ ɞɥɹ ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɤɢ 11T-0-0-11 ȽɈɋɌ 26645-85 ɫɨɫɬɚɜɥɹɸɬ 
ɩɨ 1600 ɦɤɦ. 

2 2

ɫɦ
1600 1600Δ 1130ɦɤɦ

2 2
        
   

 

2 2
d

Δ 130 1130 1140ɦɤɦ    

ɇɚ ɩɨɫɥɟɞɭɸɳɢɯ ɩɟɪɟɯɨɞɚɯ  ɨɩɪɟɞɟɥɹɟɬɫɹ  ɱɟɪɟɡ  ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɬɨɱɧɟɧɢɹ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ: ɩɨɫɥɟ ɱɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ 0,06, ɩɨɫɥɟ 
ɱɢɫɬɨɜɨɝɨ – 0,04. 

ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɨɡɧɢɤɚɟɬ ɡɚ ɫɱɟɬ ɩɨɜɨɪɨɬɚ 
ɡɚɝɨɬɨɜɤɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɟɟ ɧɚ ɩɚɥɶɰɵ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. ɉɨɜɨɪɨɬ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɡɚɡɨɪɨɜ ɦɟɠɞɭ 
ɧɚɢɛɨɥɶɲɢɦ ɞɢɚɦɟɬɪɨɦ ɭɫɬɚɧɨɜɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɢ ɧɚɢɦɟɧɶɲɢɦ ɞɢɚɦɟɬɪɨɦ 
ɩɚɥɶɰɟɜ. ɇɚɢɛɨɥɶɲɢɣ ɡɚɡɨɪ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ: 

max A B min
S =TD +Td +S         (1.26) 
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ɝɞɟ ɌDȺ – ɞɨɩɭɫɤ ɧɚ ɨɬɜɟɪɫɬɢɟ, 18 ɦɤɦ;  
Tdȼ – ɞɨɩɭɫɤ ɧɚ ɞɢɚɦɟɬɪ ɩɚɥɶɰɚ, 18 ɦɤɦ;  
Smin – ɦɢɧɢɦɚɥɶɧɵɣ ɡɚɡɨɪ, 10 ɦɤɦ. 
Smax= 46 ɦɤɦ. 
Ɍɨɝɞɚ ɧɚɢɛɨɥɶɲɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɡɚɝɨɬɨɜɤɢ ɧɚ ɩɚɥɶɰɚɯ ɦɨɠɟɬ ɛɵɬɶ 

ɧɚɣɞɟɧ ɢɡ ɨɬɧɨɲɟɧɢɹ ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɡɨɪɚ ɩɪɢ ɩɨɜɨɪɨɬɟ ɜ ɨɞɧɭ ɫɬɨɪɨɧɭ ɨɬ 
ɫɪɟɞɧɟɝɨ ɩɨɥɨɠɟɧɢɹ, ɤ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɛɚɡɨɜɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ: 

masS 0,046tgα= 0,0001
l 390

  (1.27) 

ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɟɝɨ ɞɨ ɭɫɬɚɧɨɜɨɱɧɨɝɨ ɩɚɥɶɰɚ – 370 ɦɦ:  

İɛ=370·0,0001= 37 ɦɤɦ. 
 ɉɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ ɩɪɢ ɩɧɟɜɦɚɬɢɱɟɫɤɨɦ ɡɚɠɢɦɟ İɡ = 100 ɦɤɦ.  
Ɉɬɫɸɞɚ,      

2 2
1
ε 37 100 107ɦɤɦ   . 

ɑɢɫɬɨɜɨɣ ɢ ɬɨɧɤɢɣ ɩɟɪɟɯɨɞɵ ɜɵɩɨɥɧɹɸɬɫɹ ɛɟɡ ɩɟɪɟɭɫɬɚɧɨɜɤɢ, 
ɩɨɷɬɨɦɭ ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ.  

Ɋɚɫɱɟɬɧɵɟ ɪɚɡɦɟɪɵ ɩɨɥɭɱɚɟɦ ɜɵɱɢɬɚɧɢɟɦ ɢɡ ɪɚɡɦɟɪɚ ɩɨ ɱɟɪɬɟɠɭ 
ɡɧɚɱɟɧɢɟ ɩɪɢɩɭɫɤɚ ɧɚ ɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɢ ɬ.ɞ. 

Ɂɧɚɱɟɧɢɹ ɞɨɩɭɫɤɨɜ ɤɚɠɞɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥɢɰɚɦ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɜɚɥɢɬɟɬɨɦ ɜɢɞɚ ɨɛɪɚɛɨɬɤɢ. 

ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɪɚɡɦɟɪɚ ɩɨɥɭɱɚɟɦ ɨɤɪɭɝɥɟɧɢɟɦ ɪɚɫɱɟɬɧɨɝɨ 
ɪɚɡɦɟɪɚ ɞɨ ɬɨɱɧɨɫɬɢ ɞɨɩɭɫɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɟɪɟɯɨɞɚ, ɚ ɧɚɢɦɟɧɶɲɢɣ – 
ɜɵɱɢɬɚɧɢɟɦ ɢɡ ɧɚɢɛɨɥɶɲɢɯ ɞɨɩɭɫɤɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɟɯɨɞɨɜ. 

Ɇɢɧɢɦɚɥɶɧɵɟ ɩɪɟɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɪɚɜɧɵ ɪɚɡɧɨɫɬɢ 
ɧɚɢɛɨɥɶɲɢɯ ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɜɵɩɨɥɧɹɟɦɨɝɨ ɢ ɩɪɟɞɵɞɭɳɟɝɨ ɩɟɪɟɯɨɞɨɜ, 
ɚ ɦɚɤɫɢɦɚɥɶɧɵɟ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɡɧɨɫɬɢ ɧɚɢɦɟɧɶɲɢɯ ɩɪɟɞɟɥɶɧɵɯ 
ɪɚɡɦɟɪɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 1.2. 
 
2. Ɍɨɪɰɵ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ. 
Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɡɦɟɪ 2050,23. Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɜ ɞɜɚ ɩɟɪɟɯɨɞɚ. 
ɉɪɢɩɭɫɤɢ ɧɚ ɨɛɪɚɛɨɬɤɭ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɠɧɨ 

ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
2 2
i-1 imin i-1 i-1

2Z =2(Rz +h + Δ +ε )            (1.28) 

ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ Rz ɢ h ɫɨɫɬɚɜɥɹɟɬ 600 ɦɤɦ. ɉɨɫɥɟ ɱɟɪɧɨɜɨɝɨ 
ɮɪɟɡɟɪɨɜɚɧɢɹ Rz = 50 ɦɤɦ. 

ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ:   

ɤɨɪ          (1.29) 

ɍɞɟɥɶɧɚɹ ɤɪɢɜɢɡɧɚ ɞɥɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ Δɤ = 1 ɦɤɦ. Ⱦɥɢɧɚ ɩɥɨɫɤɨɫɬɢ 
l=510 ɦɦ, ɲɢɪɢɧɚ b = 290 ɦɦ.  
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2 2
ɤɨɪΔ (1510) (1290) 587ɦɤɦ.      

ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ             
2 2
ɛ ɡε= ε +ε        (1.30) 

Ɍɚɤ ɤɚɤ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɬɚ ɠɟ, ɱɬɨ ɢ ɩɪɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɩɨɝɪɟɲɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢİɭ = 107 ɦɤɦ.  

ɑɢɫɬɨɜɨɣ ɩɟɪɟɯɨɞ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɬɨɣ ɠɟ ɫɯɟɦɟ ɛɚɡɢɪɨɜɚɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 1.3. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɩɨɫɚɞɨɱɧɵɟ ɨɬɜɟɪɫɬɢɹ ɩɪɢɦɟɦ ɩɪɢɩɭɫɤ ɩɨ 2,5 ɦɦ ɧɚ 

ɫɬɨɪɨɧɭ, ɧɚ ɩɥɨɫɤɨɫɬɢ – 1,5 ɦɦ. 
 

1.8  Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢя 
 

ɉɪɢ ɧɚɡɧɚɱɟɧɢɢ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɭɱɢɬɵɜɚɸɬ ɯɚɪɚɤɬɟɪ ɨɛɪɚɛɨɬɤɢ, ɬɢɩ 
ɢ ɪɚɡɦɟɪɵ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɚɬɟɪɢɚɥ ɟɝɨ ɪɟɠɭɳɟɣ ɱɚɫɬɢ, ɦɚɬɟɪɢɚɥ ɢ ɫɨɫɬɨɹɧɢɟ 
ɡɚɝɨɬɨɜɤɢ, ɬɢɩ ɢ ɫɨɫɬɨɹɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɞɥɹ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. 

1. ɉɨɫɚɞɨɱɧɨɟ ɨɬɜɟɪɫɬɢɟ 125+0,063 ɦɦ 
Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɜ ɬɪɢ ɩɟɪɟɯɨɞɚ – ɱɟɪɧɨɜɨɣ, ɱɢɫɬɨɜɨɣ ɢ ɬɨɧɤɢɣ. 
1.1. ɑɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ 
Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɩɨ ɬɚɛɥ. 1.2. t = 2,2 ɦɦ. 
ɉɨɞɚɱɚ ɩɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ ɩɨ ɬɚɛɥ. 12 S = 0,6 ɦɦ/ɨɛ. 

Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɪɚɫɬɨɱɧɵɦ ɪɟɡɰɨɦ ɫ ɩɥɚɫɬɢɧɨɣ ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ.  
ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɩɪɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ 

V
Vm x y

CV= K 0,9
T t S

 
 

          (1.31) 

ɝɞɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɋv ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ ɛɟɪɭɬɫɹ ɢɡ 
ɬɚɛɥɢɰɵ 17 [27] ɋv= 243; ɯ = 0,15; ɭ = 0,4; m = 0,2; 
Ʉv- ɨɛɳɢɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, ɭɱɢɬɵɜɚɸɳɢɣ 
ɮɚɤɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɪɟɡɚɧɢɹ, ɪɚɜɟɧ       

Ʉv = ɄɦvɄɩvɄɢv ,              (1.32) 
ɝɞɟ Ʉɦv - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨ ɬɚɛɥɢɰɟ 1 [27] ɞɥɹ ɱɭɝɭɧɚ ɫ ɇȼ=190 -  
Ʉɦv = 1; 

Ʉɩv- ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ, 
ɩɨ ɬɚɛɥɢɰɟ 5 [27] ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɱɭɝɭɧɧɨɣ ɨɬɥɢɜɤɢ ɩɨ ɤɨɪɤɟ - Ʉɩv = 0,8; ɛɟɡ 
ɤɨɪɤɢ - Ʉɩv = 1. 

Ʉɢv - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɚɬɟɪɢɚɥ ɢɧɫɬɪɭɦɟɧɬɚ, ɩɨ ɬɚɛɥɢɰɟ 6 
[27] ɞɥɹ ɩɥɚɫɬɢɧ ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ ȼɄ6 - Ʉɢv = 1; 

Ʉv = ɄɦvɄɩvɄɢv=10,81=0,8; 
Ɍ – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɬɨɣɤɨɫɬɢ, ɩɪɢ ɨɞɧɨɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɣ 

ɨɛɪɚɛɨɬɤɟ Ɍ = 60 ɦɢɧ; 
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0,9 - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɪɚɫɬɚɱɢɜɚɧɢɟ. 
ɉɨɞɫɬɚɜɢɦ ɞɚɧɧɵɟ ɜ ɮɨɪɦɭɥɭ: 

0,2 0,15 0,4

243V 0,8 0,9 102ɦ/ɦɢɧ
60 2,2 0,6

   
 

 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
1000 V 1000102n= = =260ɨɛ/ɦɢɧ
π D 3,14125

 
 

              (1.33) 

Ɉɤɪɭɝɥɢɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ 250 ɨɛ/ɦɢɧ. 
 
            ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ   

3,14125 250 98 /
1000 1000

D nV ɦ ɦиɧ          (1.34) 

ɋɢɥɚ ɪɟɡɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
yx n

z p p
P =10 C t S V K                  (1.35) 

ɝɞɟ ɩɨɫɬɨɹɧɧɚɹ ɋɪ ɢ ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɢ ɜɨɡɶɦɟɦ ɢɡ ɬɚɛɥɢɰɵ 22[27] 
ɋɪ=92; ɯ = 1; ɭ = 0,75; n = 0. 

Ʉɪ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɟɬ ɮɚɤɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
ɪɟɡɚɧɢɹ.   

Ʉɪ = ɄɦɪɄφɪɄγɪɄλɪɄrɪ         (1.36) 
ɝɞɟ Ʉɦɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɞɥɹ 

ɫɟɪɨɝɨ ɱɭɝɭɧɚ ɫ ɇȼ = 190 ɩɨ ɬɚɛɥ. 9  Ʉɦɪ= 1; 
Ʉφɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɝɥɚɜɧɨɝɨ ɭɝɥɚ ɜ ɩɥɚɧɟ, ɩɪɢ  = 30, Ʉφɪ= 1,08; 
Ʉγɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɩɟɪɟɞɧɟɝɨ ɭɝɥɚ, ɩɪɢ  = 0, Ʉγɪ= 1,1; 
Ʉλɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɭɝɥɚ ɧɚɤɥɨɧɚ ɝɥɚɜɧɨɝɨ ɥɟɡɜɢɹ, ɩɪɢ  = 0, 

Ʉλɪ=1; 
Ʉrɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɪɚɞɢɭɫɚ ɩɪɢ ɜɟɪɲɢɧɟ, ɩɪɢ r = 1 ɦɦ Ʉrɪ= 0,93. 
ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɩɨɥɭɱɚɟɦ Ʉɪ= 1,15. 
Ɉɬɫɸɞɚ ɫɢɥɚ ɪɟɡɚɧɢɹ   

Ɋz= 10922,210,60,759801,15 = 1110 ɇ 
Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

P V 1110 98zN = = =1,77ɤȼɬ.
e 1020 60 1020 60

 
             (1.37) 

 
1.2. ɑɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ 
Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɩɨ ɬɚɛɥ. 1.2. t = 0,2 ɦɦ. 
ɉɨɞɚɱɚ ɩɪɢ ɱɢɫɬɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɪɟɛɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɪɚɞɢɭɫɚ ɩɪɢ ɜɟɪɲɢɧɟ ɪɟɡɰɚ. ɉɨ ɬɚɛɥ.14 ɩɪɢ Ra = 3,2 ɦɤɦ ɢ r = 2 ɦɦ  S = 0,25 
ɦɦ/ɨɛ. 

ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɬɨɣ ɠɟ ɮɨɪɦɭɥɟ ɢ ɩɨɥɭɱɚɟɦ  

0,2 0,15 0,2

292V= 1 0,9=158ɦ/ɦɢɧ
60 0,2 0,25

 
 

. 
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ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
1000 V 1000158n= = =403ɨɛ/ɦɢɧ
π D 3,14125

 
 

 

Ɉɤɪɭɝɥɢɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 400 ɨɛ/ɦɢɧ. 
ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ   

π D n 3,14125 400V= = =157ɦ/ɦɢɧ
1000 1000
    . 

ɋɢɥɚ ɪɟɡɚɧɢɹ  
Ɋz=10920,210,250,7514801,15=135 ɇ. 

Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ  
z

e
P V 135157N = = =0,35ɤȼɬ.

1020 60 1020 60
 
 

 

 
1.3. Ɍɨɧɤɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ 
Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɩɨ ɬɚɛɥ. 1.2. t = 0,1 ɦɦ. 
ɉɨɞɚɱɚ ɩɪɢ ɬɨɧɤɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɪɟɛɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. ɉɨ ɬɚɛɥ.19 S = 0,1 ɦɦ/ɨɛ. 
ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɩɨ ɬɨɣ ɠɟ ɬɚɛɥɢɰɟ V = 200 ɦ/ɦɢɧ. 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 

1000 V 1000 200n= = =510ɨɛ/ɦɢɧ
π D 3,14125

 
 

. 

Ɉɤɪɭɝɥɢɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 500 ɨɛ/ɦɢɧ. 
ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ   

π D n 3,14125 500V= = =196ɦ/ɦɢɧ
1000 1000
    . 

ɋɢɥɚ ɪɟɡɚɧɢɹ  
Ɋz= 10920,110,10,7519601,15 = 28 ɇ 

 
 
Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ  

z
e

P V 28196N = = =0,1ɤȼɬ.
1020 60 1020 60

 
 

 

2. Ɏɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɟɜ 
Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɜ ɞɜɚ ɩɟɪɟɯɨɞɚ. Ɋɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ – ɬɨɪɰɟɜɚɹ 

ɮɪɟɡɚ 315 ɫ ɱɢɫɥɨɦ ɡɭɛɶɟɜ z = 18.  
2.1. ɑɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ 
Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ t = 1,3 ɦɦ. 
ɉɨɞɚɱɚ ɧɚ ɨɞɢɧ ɡɭɛ ɮɪɟɡɵ ɩɨ ɬɚɛɥ.33 ɞɥɹ ɬɨɪɰɟɜɵɯ ɮɪɟɡ ɫ ɩɥɚɫɬɢɧɚɦɢ 

ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ Sz= 0,2 ɦɦ/ɡɭɛ. 
ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɮɪɟɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ  

q
V

Vm x y u p
z

C D
V= K

T t S B z

        (1.38) 
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Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ CV ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ ɜɨɡɶɦɟɦ ɢɡ ɬɚɛɥ.39, 
ɚ ɩɟɪɢɨɞ ɫɬɨɣɤɨɫɬɢ – ɜ ɬɚɛɥ.40. 

Ɉɛɳɢɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɮɚɤɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɪɟɡɚɧɢɹ,  

KV= KMV KɉV KɂV              (1.39) 
ɝɞɟ ɄɆV= 1; Ʉɩv = 0,8; Ʉɢv = 1; Ʉv = 0,8; 
ɋV = 445; q = 0,2; x = 0,15; y = 0,35; u = 0,2; p = 0; m = 0,32; ɩɟɪɢɨɞ 

ɫɬɨɣɤɨɫɬɢ Ɍ = 180 ɦɢɧ; ɲɢɪɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢɹ ȼ = 290 ɦɦ. 
ɉɨɞɫɬɚɜɢɜ ɞɚɧɧɵɟ ɩɨɥɭɱɢɦ: 

0,2

0,32 0,15 0,35 0,2 0

445 315V= 0,8=140ɦ/ɦɢɧ
180 1,3 0,2 290 18

 
   

 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
1000 V 1000140n= = =141ɨɛ/ɦɢɧ
π D 3,14 315

 
 

    (1.40) 

ɉɪɢɧɢɦɚɟɦ – 100 ɨɛ/ɦɢɧ. 
ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ   

π D n 3,14 315100V= 99ɦ/ɦɢɧ
1000 1000
            (1.41) 

ɋɢɥɚ ɪɟɡɚɧɢɹ – ɨɤɪɭɠɧɚɹ ɫɢɥɚ: 
x y u

p Z
z ɆɊq w

10 C t S B Z
P = K

D n

               (1.42) 

Ɂɧɚɱɟɧɢɹ ɋɪ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ ɩɪɢɦɟɦ ɩɨ ɬɚɛɥ.41, ɚ ɩɨɩɪɚɜɨɱɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɤɚɱɟɫɬɜɨ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɩɨ ɬɚɛɥ.9: ɋɪ= 54,5; ɯ 
= 0,9; ɭ = 0,74; u = 1; q = 1; w = 0; ɄɆɊ = 1.  

0,9 0,74 1

z 1 0

10 54,5 1,3 0,2 290 18
P = 1=5550ɇ

315 100

       

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɲɩɢɧɞɟɥɟ 
Z

ɤɪ
Ɋ D 5550 315Ɇ = = =8,7ɤɇ ɦ
2 100 2 100

               (1.43) 

Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ 

Z
e

P V 5550 100
N = = =9ɤȼɬ

1020 60 1020 60

 
  .            (1.44) 

 
2.2. ɑɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ 
Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ t = 0,2 ɦɦ. 
ɉɨɞɚɱɚ ɮɪɟɡɵ ɩɨ ɬɚɛɥ.37 ɞɥɹ ɬɨɪɰɟɜɵɯ ɮɪɟɡ ɫ ɩɥɚɫɬɢɧɚɦɢ ɢɡ ɬɜɟɪɞɨɝɨ 

ɫɩɥɚɜɚ S= 1,2 ɦɦ/ɨɛ ɢɥɢ Sz= 0,07 ɦɦ/ɡɭɛ. 
ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ  

0,2

0,32 0,15 0,35 0,2 0

445*315V= *1=248ɦ/ɦɢɧ
180 *0,2 *0,07 *290 *18

 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ  
1000 248n= =251ɨɛ/ɦɢɧ
3,14 315



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ɉɪɢɧɢɦɚɟɦ – 250 ɨɛ/ɦɢɧ. 
ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ   

π D n 3,14 315 250V= = =247ɦ/ɦɢɧ
1000 1000
    . 

ɋɢɥɚ ɪɟɡɚɧɢɹ – ɨɤɪɭɠɧɚɹ ɫɢɥɚ: 
0,9 0,74 1

z 1 0

10 54,5 0,2 0,07 290 18
P = 1=693ɇ

315 250

       

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɲɩɢɧɞɟɥɟ 
Z

ɤɪ
Ɋ D 693 315Ɇ = = =1092ɇ ɦ
2 100 2 100

     

Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ 
Z

e

P V 693 247
N = = =2,8ɤȼɬ

1020 60 1020 60

 
  . 

ɇɚ ɨɫɬɚɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɪɟɠɢɦɵ ɪɟɡɚɧɢɹ ɧɚɡɧɚɱɢɦ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ ɢ 
ɨɮɨɪɦɢɦ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ. 

 
 
 
 
 

Ɋɟɠɢɦɵ ɪɟɡɚɧɢɹ   Ɍɚɛɥɢɰɚ 1.4 
 

ȼɢɞ ɨɛɪɚɛɨɬɤɢ t, 
ɦɦ 

S, 
ɦɦ/ɨɛ 

V, 
ɦɦ/ɦɢɧ 

n, 
ɨɛ/ɦɢɧ 

Pz, 
H 

Ne, 
ɤȼɬ 

Ɏɪɟɡɟɪɨɜɚɧɢɟ 
ɬɨɪɰɟɜɨɟ 
ɑɟɪɧɨɜɨɟ 

1,3 3,6 100 100 5550 9  

Ɏɪɟɡɟɪɨɜɚɧɢɟ 
ɬɨɪɰɟɜɨɟ 
ɑɢɫɬɨɜɨɟ 

0,2 1,2 250 250 693 2,8 

Ɏɪɟɡɟɪɨɜɚɧɢɟ 
ɤɨɧɰɟɜɨɟ 
ɱɟɪɧɨɜɨɟ 

1,3 1,2 12,5 160 1090 0,24 

Ɏɪɟɡɟɪɨɜɚɧɢɟ 
ɤɨɧɰɟɜɨɟ 
ɱɢɫɬɨɜɨɟ 

0,2 0,8 25 315 348 0,24 

Ɋɚɫɬɚɱɢɜɚɧɢɟ 
ɱɟɪɧɨɜɨɟ 

2,2 0,6 100 250 1110 1,77 

Ɋɚɫɬɚɱɢɜɚɧɢɟ 
ɱɢɫɬɨɜɨɟ 

0,2 0,25 160 400 135 0,35 

Ɋɚɫɬɚɱɢɜɚɧɢɟ 
ɬɨɧɤɨɟ 

0,1 0,1 200 500 28 0,1 

ɋɜɟɪɥɟɧɢɟ 
ɨɬɜ.13 

6,5 0,4 6,3 80 380 0,1 
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Ɂɟɧɤɟɪɨɜɚɧɢɟ 
ɨɬɜ.13,8 

0,4 0,8 25 315 254 0,1 

Ɋɚɡɜɟɪɬɵɜɚɧɢɟ 
ɨɬɜ.14 

0,1 1 20 400 280 0,09 

ɋɜɟɪɥɟɧɢɟ 
ɨɬɜ.11 

5,5 0,26 3,15 100 225 0,12 

ɇɚɪɟɡɚɧɢɟ Ɇ12 0,5 1 3,15 80 247 0,03 
ɋɜɟɪɥɟɧɢɟ ɨɬɜ.9

 
4,5 0,22 3,15 100 192 0,12 

ɇɚɪɟɡɚɧɢɟ Ɇ10 0,5 1 3,15 80 107 0,03 
ɋɜɟɪɥɟɧɢɟ 
ɨɬɜ.13  

6,5 
0,4 6,3 80 380 0,1 

ɇɚɪɟɡɚɧɢɟ Ɇ14 0,5 1 4 80 232 0,1 
 
 
 
 
 
 
 

1.9 Ɋɚɫɱɟɬ ɧɨɪɦ ɜɪɟɦɟɧɢ 
 
 ɋɬɪɭɤɬɭɪɭ ɧɨɪɦɵ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɨɣ [25]:      
Ɍɲɬ = tɨ + tɜ + tɬɟɯ + tɨɪɝ + tɨɬɞ(1.45) 

 
ɝɞɟ tɨ - ɨɫɧɨɜɧɨɟ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ) ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ 

ɞɨɫɬɢɠɟɧɢɟ ɰɟɥɢ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ; tɜ - ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɜɪɟɦɹ, ɧɚ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɞɟɣɫɬɜɢɣ, ɫɨɡɞɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 
ɨɫɧɨɜɧɨɣ ɪɚɛɨɬɵ; tɬɟɯ, tɨɪɝ - ɜɪɟɦɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ; tɨɬɞ - ɜɪɟɦɹ ɧɚ ɨɬɞɵɯ ɢ 
ɥɢɱɧɵɟ ɩɨɬɪɟɛɧɨɫɬɢ. 

 ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
ɫɨɫɬɚɜɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨɟ ɜɪɟɦɹ           

Ɍɨɩ = tɨ + tɜ             (1.45) 
tɬɟɯ, tɨɪɝ ɢ tɨɬɞ ɛɟɪɭɬ ɭɤɪɭɩɧɟɧɧɨ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɨɩɟɪɚɰɢɨɧɧɨɝɨ 

ɜɪɟɦɟɧɢ. 
 Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ ɪɚɫɫɱɢɬɵɜɚɸɬ, ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɞɥɢɧɵ ɨɛɪɚɛɨɬɤɢ ɤ 

ɫɤɨɪɨɫɬɢ ɨɛɪɚɛɨɬɤɢ. 
 ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɪɟɦɹ ɧɚ ɭɫɬɚɧɨɜɤɭ-ɫɧɹɬɢɟ 

ɞɟɬɚɥɢ ɫɨ ɫɬɚɧɤɚ, ɜɪɟɦɹ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɤɨɦ, ɜɪɟɦɹ ɯɨɥɨɫɬɵɯ ɯɨɞɨɜ ɢ ɜɪɟɦɹ 
ɧɚ ɫɦɟɧɭ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ ɦɧɨɝɨɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ. 

 
ɉɪɨɧɨɪɦɢɪɭɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ ɪɚɫɬɚɱɢɜɚɧɢɹ. 
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Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɫɨɞɟɪɠɢɬ 4 ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɯɨɞɚ.  
 
1. Ɏɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɟɜ ɱɢɫɬɨɜɨɟ.  
Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɧɚ ɩɪɨɯɨɞ. 
 Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

o
Z

Lt = i
S Z n 

           (1.46) 

ɝɞɟ L = L0 + L1 + L2 - ɞɥɢɧɚ ɨɛɪɚɛɨɬɤɢ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɮɚɤɬɢɱɟɫɤɨɣ 
ɞɥɢɧɵ ɨɛɪɚɛɨɬɤɢ L0, ɞɥɢɧɵ ɜɪɟɡɚɧɢɹ L1 ɢ ɞɥɢɧɵ ɩɟɪɟɛɟɝɚ L2;  

SZ – ɩɨɞɚɱɚ ɧɚ ɡɭɛ ɮɪɟɡɵ; Z – ɱɢɫɥɨ ɡɭɛɶɟɜ ɮɪɟɡɵ; n – ɱɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ; i – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ. 

 Ɏɚɤɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɨɛɪɚɛɨɬɤɢ ɪɚɜɧɚ ɞɥɢɧɟ ɩɥɨɫɤɨɫɬɢ L0 = 510 ɦɦ. 
 Ⱦɥɢɧɚ ɜɪɟɡɚɧɢɹ ɪɚɜɧɚ ɞɥɢɧɟ ɩɟɪɟɛɟɝɚ ɢ ɪɚɜɧɚ ɩɨɥɨɜɢɧɟ ɞɢɚɦɟɬɪɚ ɮɪɟɡɵ 
ɩɥɸɫ 5 ɦɦ, ɬ.ɟ. L = 510+(157,5+5)2 = 835 ɦɦ. 

 SZ, Z ɢ n ɜɨɡɶɦɟɦ ɢɡ ɪɚɫɱɟɬɨɜ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ. 

Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ          o

835
t = 1=2,65ɦɢɧ

0,07 18 250   

 
 
2.Ɋɚɫɬɚɱɢɜɚɧɢɟ ɱɟɪɧɨɜɨɟ.  
Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɧɚ ɩɪɨɯɨɞ. 
 Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

o
Lt = i

S n
          (1.47) 

ɝɞɟ L = L0 + L1 + L2 - ɞɥɢɧɚ ɨɛɪɚɛɨɬɤɢ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɮɚɤɬɢɱɟɫɤɨɣ 
ɞɥɢɧɵ ɨɛɪɚɛɨɬɤɢ L0, ɞɥɢɧɵ ɜɪɟɡɚɧɢɹ L1 ɢ ɞɥɢɧɵ ɩɟɪɟɛɟɝɚ L2;  

S – ɩɨɞɚɱɚ; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ; i – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ. 
 Ɏɚɤɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɨɛɪɚɛɨɬɤɢ ɪɚɜɧɚ ɞɥɢɧɟ ɨɬɜɟɪɫɬɢɹ L0 = 38 ɦɦ. 

 Ⱦɥɢɧɚ ɜɪɟɡɚɧɢɹ ɪɚɜɧɚ ɞɥɢɧɟ ɩɟɪɟɛɟɝɚ – 5 ɦɦ, ɬ.ɟ. L = 38+5+5 = 48 ɦɦ. 
 S ɢ n ɜɨɡɶɦɟɦ ɢɡ ɪɚɫɱɟɬɨɜ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ. 

Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ          o

48
t = 1=0,32ɦɢɧ

0,6 250 . 

3. Ɋɚɫɬɚɱɢɜɚɧɢɟ ɱɢɫɬɨɜɨɟ. 
Ɉɛɪɚɛɨɬɤɚ ɬɚɤɠɟ ɜɟɞɟɬɫɹ ɧɚ ɩɪɨɯɨɞ. Ⱦɥɢɧɚ ɨɛɪɚɛɨɬɤɢ ɬɚ ɠɟ L=48 ɦɦ.  

o

48
t = 1=0,48ɦɢɧ

0,25 400 . 

4. Ɋɚɫɬɚɱɢɜɚɧɢɟ ɬɨɧɤɨɟ.      o

48
t = 1=0,96ɦɢɧ

0,1 500 . 

Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ ɜɫɟɣ ɨɩɟɪɚɰɢɢ  
tɨ= 2,65+0,32+0,48+0,96 = 4,41 ɦɢɧ 
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ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɛɟɪɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɬɚɛɥɢɰɚɦ ɫ ɭɱɟɬɨɦ 

ɭɫɥɨɜɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɚɫɫɵ ɢ ɝɚɛɚɪɢɬɨɜ ɡɚɝɨɬɨɜɤɢ ɢ ɞɪ. 
 ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ [12]: 

1. ɜɪɟɦɹ ɧɚ ɭɫɬɚɧɨɜɤɭ ɢ ɫɧɹɬɢɟ ɞɟɬɚɥɢ ɫɨ ɫɬɚɧɤɚ 0,23 ɦɢɧ;  
2. ɜɪɟɦɹ ɧɚ ɡɚɤɪɟɩɥɟɧɢɟ ɢ ɨɬɤɪɟɩɥɟɧɢɟ ɞɟɬɚɥɢ 0,18 ɦɢɧ; 
3. ɜɪɟɦɹ ɧɚ ɩɨɞɜɨɞ ɢ ɨɬɜɨɞ ɢɧɫɬɪɭɦɟɧɬɚ 0,36 ɦɢɧ; 
4. ɜɪɟɦɹ ɧɚ ɞɜɢɠɟɧɢɟ ɫɬɨɥɚ 0,24 ɦɢɧ; 
5. ɜɪɟɦɹ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɫɬɚɧɤɨɦ 0,34 ɦɢɧ.  

ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ  
tɜ = 0,23+0,18+0,36+0,24+0,34 = 1,35 ɦɢɧ 

Ɉɩɟɪɚɬɢɜɧɨɟ ɜɪɟɦɹ             
Ɍɨɩ = 4,41+1,35 = 5,76 ɦɢɧ 

 ɍɤɪɭɩɧɟɧɧɨ ɞɥɹ ɪɚɫɬɨɱɧɵɯ ɫɬɚɧɤɨɜ [12]: 
tɬɟɯ = 2% Tɨɩ= 0,02·5,76 = 0,12 ɦɢɧ; 
tɨɪɝ = 1,2% Ɍɨɩ = 0,012·6,09 = 0,07 ɦɢɧ; 
tɨɬɞ = 4% Ɍɨɩ = 0,04·6,09 = 0,23 ɦɢɧ. 
Ɍɲɬ = 5,76+0,12+0,07+0,23 = 6,18 ɦɢɧ 
 
ɇɚ ɨɫɬɚɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɧɨɪɦɵ ɜɪɟɦɟɧɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɚɧɚɥɨɝɢɱɧɨ ɢ 

ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ. 
 

ɇɨɪɦɵ ɜɪɟɦɟɧɢ    Ɍɚɛɥɢɰɚ 1.5 
 
 
 

Ɉɩɟɪɚɰɢɹ to tɜ Ɍɨɩ tɬɟɯ tɨɪɝ tɨɬɞ Ɍɲɬ 

10 Ɏɪɟɡɟɪɧɚɹ 

1.ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɥɨɫɤɨɫɬɢ 
ɪɚɡɴɟɦɚ ɱɟɪɧɨɜɨɟ 
2. ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɥɨɫɤɨɫɬɢ 
ɪɚɡɴɟɦɚ ɱɢɫɬɨɜɨɟ 

 
0,98 

 
1,12 

 
0,76 

 
2,86 

 
0,07 

 

 
0,04 

 
0,13 

 
3,1 

20 Ɏɪɟɡɟɪɧɚɹ 

1.ɮɪɟɡɟɪɨɜɚɧɢɟ ɭɫɬɚɧɨɜɨɱ-
ɧɨɣ ɩɥɨɫɤɨɫɬɢ ɱɟɪɧɨɜɨɟ 
2. ɮɪɟɡɟɪɨɜɚɧɢɟ ɭɫɬɚɧɨɜɨɱ-
ɧɨɣ ɩɥɨɫɤɨɫɬɢ ɱɢɫɬɨɜɨɟ 

 
1,1 

 
1,27 

 

 
0,76 

 
3,13 

 
0,07 

 

 
0,04 

 
0,13 

 
3,37 

30 ɋɜɟɪɥɢɥɶɧɚɹ 

1.ɫɜɟɪɥɟɧɢɟ 2 ɨɬɜ. 13 
2.ɡɟɧɤɟɪɨɜɚɧɢɟ 2 ɨɬɜ. 13,8 
3.ɪɚɡɜɟɪɬɵɜɚɧɢɟ 2 ɨɬɜ.14 

 
1,02 
0,26 
0,16 

 
1,73 

 
3,19 

 
0,06 

 
0,04 

 
0,12 

 
3,39 

40 Ɏɪɟɡɟɪɧɚɹ 

1.ɮɪɟɡɟɪɨɜɚɧɢɟ ɱɟɪɧɨɜɨɟ 
 

0,92 
 

1,16 
 

3,14 
 

0,07 
 

0,04 
 

0,13 
 

3,38 
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2.ɮɪɟɡɟɪɨɜɚɧɢɟ ɱɢɫɬɨɜɨɟ 1,06  
50 Ɏɪɟɡɟɪɧɚɹ 

1.ɮɪɟɡɟɪɨɜɚɧɢɟ ɱɟɪɧɨɜɨɟ  
 

2,32 
 

0,72 
 

3,04 
 

0,07 
 

0,04 
 

0,13 
 

3,28 

60 Ɏɪɟɡɟɪɧɨ-ɪɚɫɬɨɱɧɚɹ  
1. ɮɪɟɡɟɪɨɜɚɧɢɟ ɱɢɫɬɨɜɨɟ 

2.ɪɚɫɬɚɱɢɜɚɧɢɟ ɱɟɪɧɨɜɨɟ 

3.ɪɚɫɬɚɱɢɜɚɧɢɟ ɱɢɫɬɨɜɨɟ 

4.ɪɚɫɬɚɱɢɜɚɧɢɟ ɬɨɧɤɨɟ 

 
2,65 
0,32 
0,48 
0,96 

 
1,35 

 
5,76 

 
0,12 

 
0,07 

 
0,23 

 
6,18 

70 ɋɜɟɪɥɢɥɶɧɚɹ 

1.ɫɜɟɪɥɟɧɢɟ ɨɬɜ. 13 

2.ɡɟɧɤɟɪɨɜɚɧɢɟ ɨɬɜ. 13,8 

3.ɧɚɪɟɡɚɧɢɟ Ɇ14 

 
1,46 
0,13  
0,52 

 
1,06 

 
3,17 

 
0,06 

 
0,03 

 
0,12 

 
3,38 

80 ɋɜɟɪɥɢɥɶɧɚɹ 

1.ɫɜɟɪɥɟɧɢɟ ɨɬɜ. 9 

2.ɧɚɪɟɡɚɧɢɟ Ɇ10 

 
1,36 
0,76 

 
0,98 

 
3,1 

 
0,06 

 
0,03 

 
0,12 

 
3,31 

90 ɋɜɟɪɥɢɥɶɧɚɹ 

1.ɫɜɟɪɥɟɧɢɟ ɨɬɜ. 11 

2.ɧɚɪɟɡɚɧɢɟ Ɇ12 

 
1,34 
0,74 

 
1,03 

 
3,11 

 
0,06 

 
0,03 

 
0,12 

 
3,32 
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Ɍɚɛɥɢɰɚ 1.6 – ɇɨɪɦɵ ɜɪɟɦɟɧɢ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɫ ɑɉɍ   
 

Ɉɩɟɪɚɰɢɹ 
 

to tɜ Ɍɨɩ tɬɟɯ tɨɪɝ tɨɬɞ Ɍɲɬ Ɍɲ-ɤ 

10 Ɏɪɟɡɟɪɧɚɹ 

    ɉɚɥɥɟɬɚ 1. 
1. ɮɪɟɡɟɪɨɜɚɧɢɟ  ɩɥɨɫɤɨɫɬɢ 1 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ 
2. ɉɨɜɨɪɨɬ ɩɚɥɥɟɬɵ ɧɚ   180 
3.Ɏɪɟɡɟɪɨɜɚɧɢɟ ɩɥɨɫɤɨɫɬɢ 2 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ 
4.ɋɜɟɪɥɢɬɶ 10 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 
2  9+0,036 
5.ɇɚɪɟɡɚɬɶ ɜ 10 ɨɬɜ. ɧɚ 
ɩɥɨɫɤɨɫɬɢ 2  ɪɟɡɶɛɭ  Ɇ10-6ɇ  
6.ɉɨɜɨɪɨɬ ɩɚɥɥɟɬɵ ɧɚ   180 
7.ɫɜɟɪɥɢɬɶ 10 ɨɬɜ. ɧɚ ɩɥɨɫɤɨɫɬɢ 
1  11+0,043ɴ 

8.ɇɚɪɟɡɚɬɶ ɜ 10 ɨɬɜ. ɧɚ 
ɩɥɨɫɤɨɫɬɢ 2  ɪɟɡɶɛɭ  Ɇ12-6ɇ. 
9.ɮɪɟɡɟɪɨɜɚɬɶ ɜɧɭɬɪɟɧɧɢɣ 
ɬɨɪɟɰ ɡɚɝɨɬɨɜɤɢ 1 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ 
ɨɤɨɧɱɚɬɟɥɶɧɨ. 
10. ɮɪɟɡɟɪɨɜɚɬɶ ɜɧɭɬɪɟɧɧɢɣ 
ɬɨɪɟɰ ɡɚɝɨɬɨɜɤɢ  2 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ 
ɨɤɨɧɱɚɬɟɥɶɧɨ. 
 
    ɋɦɟɧɚ ɩɚɥɥɟɬɵ 

1.ɮɪɟɡɟɪɨɜɚɬɶ ɬɨɪɰɵ ɡɚɝɨɬɨɜɤɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ 
ɨɤɨɧɱɚɬɟɥɶɧɨ. 
2.ɪɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ  
ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɫ ɜɵɩɨɥɧɟɧɢɟɦ 
ɮɚɫɨɤ. 
3.ɪɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6, 7 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚ ɩɪɨɯɨɞ. 
4.ɪɚɫɬɨɱɢɬɶ ɨɬɜ. 3, 4, 5, 6, 7 
ɨɤɨɧɱɚɬɟɥɶɧɨ ɧɚ ɩɪɨɯɨɞ. 
5.ɋɜɟɪɥɢɬɶ 4 ɨɬɜ.   1,  6 ɨɬɜ.   2  
13+0,043   ɩɨɞ ɪɟɡɶɛɭ,  ɢ ɨɬɜ. 7 
13+0,043  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
6.Ɂɟɧɤɟɪɨɜɚɬɶ ɨɬɜ.  7  ɞɨ  
13,8+0,043  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
7.ɇɚɪɟɡɚɬɶ ɜ  4 ɨɬɜ.  1 ɪɟɡɶɛɭ 
Ɇ12-6ɇ,  ɜ  6 ɨɬɜ. 2  ɪɟɡɶɛɭ 
Ɇ14-6ɇ, ɪɚɡɜɟɪɧɭɬɶ ɨɬɜ.   7 
ɨɤɨɧɱɚɬɟɥɶɧɨ. 
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8.ɉɨɜɨɪɨɬ ɩɚɥɥɟɬɵ ɧɚ   180 
9.ɋɜɟɪɥɢɬɶ  6 ɨɬɜ.   3,  4 ɨɬɜ.   4,   
4 ɨɬɜ.   6   11+0,043   ɢ 6 ɨɬɜ.    5   
13+0,043, ɩɨɞ ɪɟɡɶɛɭ,  ɨɬɜ.  8  
13+0,043  ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
10.Ɂɟɧɤɟɪɨɜɚɬɶ ɨɬɜ.   8 ɞɨ  
13,8+0,043 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
11.ɇɚɪɟɡɚɬɶ ɜ  6 ɨɬɜ.   3,  4 ɨɬɜ.   
4,   4 ɨɬɜ.  6  ɪɟɡɶɛɭ Ɇ12-6ɇ,  ɜ 
6 ɨɬɜ.   5  ɪɟɡɶɛɭ Ɇ14-6ɇ. 
12. Ɋɚɡɜɟɪɧɭɬɶ ɨɬɜ.  8  
ɨɤɨɧɱɚɬɟɥɶɧɨ. 

 
1,02 

 
2,21 
0,32 
0,64 
2,11 
0,26 
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2. Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚя ɱɚɫɬɶ. 
2.1. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɮɪɟɡɟɪɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢя 

 
2.1.1. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ  ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ  ɮɪɟɡɟɪɧɨɝɨ 

ɩɪɢɫɩɨɫɨɛɥɟɧɢя 
ɇɚɡɧɚɱɟɧɢɟ ɡɚɠɢɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫɬɚɧɨɱɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ 

ɫɨɫɬɨɢɬ ɜ ɧɚɞɟɠɧɨɦ ɡɚɤɪɟɩɥɟɧɢɢ, ɩɪɟɞɭɩɪɟɠɞɚɸɳɟɦ ɜɢɛɪɚɰɢɢ ɢ ɫɦɟɳɟɧɢɟ 
ɡɚɝɨɬɨɜɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɨɪ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ. 

 ɋɩɪɨɟɤɬɢɪɭɟɦ ɡɚɠɢɦɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ – ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɱɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɟɜ 
ɤɨɪɩɭɫɚ. ɂɯ ɨɛɪɚɛɨɬɤɭ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɨɞɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɞɧɨɜɪɟɦɟɧɧɨ, 
ɩɨɷɬɨɦɭ ɢɡ ɜɫɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɧɚɢɛɨɥɶɲɢɟ 
ɫɢɥɵ ɪɟɡɚɧɢɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɜɢɬɶ ɧɚɢɛɨɥɶɲɟɟ ɭɫɢɥɢɟ 
ɩɪɢɠɢɦɚ.  

Ȼɚɡɢɪɨɜɚɬɶ ɞɟɬɚɥɶ ɛɭɞɟɦ ɩɨ ɧɢɠɧɟɣ ɩɥɨɫɤɨɫɬɢ ɢ ɞɜɭɦ ɨɬɜɟɪɫɬɢɹɦ. 
Ȼɚɡɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɱɢɫɬɚɹ.  

 
2.1.2.  Ɋɚɫɱɟɬ ɧɟɨɛɯɨɞɢɦɨɣ ɫɢɥɵ ɡɚɤɪɟɩɥɟɧɢя 

 Ɂɚɝɨɬɨɜɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɥɨɫɤɨɫɬɶɸ ɨɫɧɨɜɚɧɢɹ ɧɚ ɨɩɨɪɧɵɟ 
ɩɥɚɫɬɢɧɵ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɥɢɲɚɸɳɢɟ ɟɟ ɬɪɟɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɢ 
ɹɜɥɹɸɳɢɟɫɹ ɝɥɚɜɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɛɚɡɨɣ. ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɪɚɜɥɹɸɳɟɣ ɢ 
ɭɩɨɪɧɨɣ ɛɚɡɵ ɫɥɭɠɚɬ ɞɜɚ ɩɚɥɶɰɚ. ɋɢɥɨɜɨɟ ɡɚɦɵɤɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɥɚɧɤɨɣ 
ɫ ɩɧɟɜɦɨɩɪɢɜɨɞɨɦ. 

Ɂɚɠɢɦɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɨɥɠɧɨ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɫɞɜɢɝ ɡɚɝɨɬɨɜɤɢ ɜ 
ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɩɨɞɚɱɢ ɢ ɨɬɪɵɜ ɡɚɝɨɬɨɜɤɢ ɨɬ 
ɩɥɚɫɬɢɧ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɪɟɡɚɧɢɹ. 
Ɋɚɫɫɱɢɬɚɟɦ ɧɟɨɛɯɨɞɢɦɭɸ ɫɢɥɭ ɡɚɠɢɦɚ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɭɸ ɫɞɜɢɝ ɢ ɨɬɪɵɜ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     

ȻɊ-15.03.05 000.000. ɉɁ      

ɂɡɦ. Лиɫɬ № ɞɨɤɭɦ ɉɨɞɩɢɫɶ Дɚɬɚ 

Ɋɚɡɪɚɛ. Ƚɟɣɞɚɪɨɜ   

Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ 

Ʌɢɬɟɪɚ Ʌɢɫɬ Ʌɢɫɬɨɜ 

Ɋɭɤ. ɀɟɥɬɨɛɪɸɯɨɜ    y  28  

Ɍ.ɤɨɧɬɪ. ɀɟɥɬɨɛɪɸɯɨɜ   ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ 
ɝɪ. 26-1 

ɇ.ɤɨɧɬɪ. ɋɚɝɚɥɚɤɨɜɚ   

Ɂɚɜ.ɤɚɮ. ɀɟɥɬɨɛɪɸɯɨɜ   
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ɋɯɟɦɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ.2.1. 
 

 
 

Ɋɢɫ 2.1. ɋɯɟɦɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. 
ɉɨ ɫɯɟɦɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɫɢ ɏ. 

Ɋɏ  = 0                              (2.1) 

S ɬɪ2Ɋ -P =0                 (2.2) 

ɝɞɟ ɊS – ɫɢɥɚ ɩɨɞɚɱɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ ɤ ɝɥɚɜɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɪɟɡɚɧɢɹ, ɩɨ ɬɚɛɥ. 42 [27] ɊS= 0,3·ɊZ =0,3·5550 = 1665 ɇ;   

Ɋɬɪ –  ɫɢɥɚ ɬɪɟɧɢɹ ɩɥɚɧɤɢ ɨ ɡɚɝɨɬɨɜɤɭ   Ɋɬɪ=Q·kɬɪ, 
ɝɞɟ Q – ɫɢɥɚ ɡɚɤɪɟɩɥɟɧɢɹ; 

kɬɪ=0,16 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɫɬɚɥɶ ɩɨ ɱɭɝɭɧɭ. 
2·1665 = Q·0,16, ɨɬɫɸɞɚ  Q = 20813 ɇ. 

 
ɢ ɭɪɚɜɧɟɧɢɟ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɝɥɚ ɞɟɬɚɥɢ 

Ɇ0 = 0                                (2.3) 

Z 1 2
2Ɋ L -Q L =0                     (2.4) 

ɝɞɟ ɊZ – ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɪɟɡɚɧɢɹ,  
ɢɡ ɪɚɫɱɟɬɨɜ 5550 ɇ, 
Q – ɫɢɥɚ ɡɚɤɪɟɩɥɟɧɢɹ, 
L1, L2 – ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɭɝɥɚ ɞɟɬɚɥɢ ɞɨ ɦɟɫɬ ɩɪɢɥɨɠɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɥ. 
2·5550·476 = Q·476, ɨɬɫɸɞɚ Q = 11100 ɇ. 

ɢɡ ɞɜɭɯ ɩɨɥɭɱɟɧɧɵɯ ɫɢɥ ɞɟɣɫɬɜɢɹ ɩɥɚɧɤɢ ɜɵɛɢɪɚɟɦ ɧɚɢɛɨɥɶɲɭɸ. 
 

 
2.1.3. Ɋɚɫɱɟɬ ɫɢɥɵ ɩɪɢɜɨɞɚ 

 
 ɋɢɥɨɜɨɣ ɪɚɫɱɟɬ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɫɢɥɵ ɩɪɢɜɨɞɚ, ɤɚɤ ɮɭɧɤɰɢɢ 

ɨɬ ɫɢɥɵ ɡɚɤɪɟɩɥɟɧɢɹ Ɋɩɪ = f(Q). 

Q 

2РZ 

Рɬɪ 

Х 

2РS 
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ɉɥɚɧɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɵɱɚɝ, ɧɚ ɨɞɧɨɦ ɤɨɧɰɟ, ɤɨɬɨɪɨɝɨ ɩɪɢɥɨɠɟɧɚ ɫɢɥɚ 
ɩɪɢɜɨɞɚ, ɚ ɩɨ ɭɝɥɭ ɞɟɬɚɥɢ – ɪɚɡɜɢɜɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɫɢɥɚ ɡɚɤɪɟɩɥɟɧɢɹ. 

ɋɢɥɭ ɩɪɢɜɨɞɚ ɨɩɪɟɞɟɥɢɦ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɷɬɨɝɨ ɪɵɱɚɝɚ, ɬɨ ɟɫɬɶ 
ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɪɵɱɚɝɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 
ɧɭɥɸ (ɪɢɫ.2.2).   

 
 
 
 
 
 

 
Ɋɢɫ.2.2. ɋɯɟɦɚ ɞɟɣɫɬɜɢɹ ɫɢɥ ɧɚ ɩɥɚɧɤɭ. 

 

Q` ·L1 - L2 Ɋɩɪ = 0          (2.5) 
 

ɝɞɟ L1, L2 – ɩɥɟɱɢ ɞɟɣɫɬɜɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɥ. 
ɉɪɨɢɡɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: 

1·ɩɪ
2

LP =Q
L
                 (2.6) 

ɝɞɟ L1 = 430 ɦɦ; L2 = 600 ɦɦ. 
ɉɨɞɫɬɚɜɢɜ ɞɚɧɧɵɟ ɜ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɢɦ: 

Ɋɩɪ= 14916 ɇ. 

 
2.1.4. Ɋɚɫɱɟɬ ɫɢɥɨɜɨɝɨ ɩɪɢɜɨɞɚ 

 
ȼ ɤɚɱɟɫɬɜɟ ɫɢɥɨɜɨɝɨ ɩɪɢɜɨɞɚ ɜ ɞɚɧɧɨɦ ɡɚɠɢɦɧɨɦ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 

ɢɫɩɨɥɶɡɭɟɦ ɩɧɟɜɦɨɩɪɢɜɨɞ, ɪɚɛɨɬɚɸɳɢɣ ɧɚɩɪɹɦɭɸ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ 
ɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɩɥɚɧɤɭ ɫ ɫɢɥɨɣ Ɋɲɬ ɧɟ ɦɟɧɟɟ 14920 ɇ.  

ɋɢɥɚ ɞɟɣɫɬɜɢɹ ɲɬɨɤɚ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɢɡ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɩɨɞɚɜɚɟɦɨɝɨ 

ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧɢɟ: 

2

ɲɬ ɫɠ
π·DɊ =Ɋ η

4
           (2.7) 

ɝɞɟ Ɋɫɠ = 6 Ɇɉɚ - ɞɚɜɥɟɧɢɟ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɲɬɨɤɨɜɭɸ 
ɤɚɦɟɪɭ; 

D - ɞɢɚɦɟɬɪ ɲɬɨɤɚ ɩɧɟɜɦɨɰɢɥɢɧɞɪɚ; 
 = 0,95 - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɧɟɜɦɨɩɪɢɜɨɞɚ. 
 Ɉɬɫɸɞɚ ɜɵɪɚɡɢɦ ɞɢɚɦɟɬɪ ɩɧɟɜɦɨɰɢɥɢɧɞɪɚ: 

Ɋɩɪ Q   

170                       430 
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ɲɬ

ɫɠ

4·P
D=

π·P ·η
            (2.8) 

ɉɨɞɫɬɚɜɢɜ ɞɚɧɧɵɟ ɜ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɢɦ: 

D = 58 ɦɦ. 

 ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɝɥɢɦ ɞɨ ɛɨɥɶɲɟɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɢ ɩɪɢɦɟɦ 
ɩɧɟɜɦɨɰɢɥɢɧɞɪ ɫ ɞɢɚɦɟɬɪɨɦ ɩɨɪɲɧɹ D = 63 ɦɦ. ɍɜɟɥɢɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɬɚɤɠɟ 
ɭɜɟɥɢɱɢɜɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. 

 

 
 

 

2.1.5. Ɋɚɫɱɟɬ ɡɚɠɢɦɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢя  ɧɚ ɬɨɱɧɨɫɬɶ 
 
Ⱦɚɧɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɩɪɨɞɨɥɶɧɨ-ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ 

ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɟ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɬɨɪɰɟɜ. Ⱦɚɧɧɚɹ ɨɛɪɚɛɨɬɤɚ 
ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɬɶ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɡɚɠɢɦɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ. ɑɬɨɛɵ 
ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɧɨɫɬɶ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɜɵɞɟɪɠɢɜɚɟɦɨɝɨ ɧɚ ɨɩɟɪɚɰɢɢ 
ɩɚɪɚɦɟɬɪɚ, ɧɟɨɛɯɨɞɢɦɨ ɫɭɦɦɢɪɨɜɚɬɶ ɜɫɟ ɩɨɝɪɟɲɧɨɫɬɢ, ɜɥɢɹɸɳɢɟ ɧɚ 
ɬɨɱɧɨɫɬɶ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɛɨɥɶɲɢɧɫɬɜɚ ɩɨɝɪɟɲɧɨɫɬɟɣ, 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɭɦɦɚɪɧɭɸ, ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɢ ɩɨɷɬɨɦɭ ɩɪɢ ɪɚɫɱɟɬɚɯ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɭɪɚɜɧɟɧɢɟɦ 

 
ȿɩɪ=Ɍ-Ʉɬ· [(Ʉɬ1·ɛ)

 2+ɡ
2+ɭ

2+ɢ
2+ɩ

2+[(Ʉɬ2 ·W) 2] 0,5     (2.9) 
 

ɝɞɟ Ɍ = 100 ɦɤɦ - ɞɨɩɭɫɤ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ; 

Ʉɬ=1,2 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɡɧɚɱɟɧɢɣ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɟɥɢɱɢɧ ɨɬ ɡɚɤɨɧɚ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ; 

Ʉɬ1=0,6 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɦɟɧɶɲɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɛɚɡɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɧɚɫɬɪɨɟɧɧɵɯ ɫɬɚɧɤɚɯ; 

Ʉɬ2=0,7 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɥɸ ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɜ 
ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ, ɜɵɡɵɜɚɟɦɨɣ ɮɚɤɬɨɪɚɦɢ, ɧɟɡɚɜɢɫɹɳɢɦɢ ɨɬ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ; 

W - ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ;  
ɛ- ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ; 
ɡ - ɩɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ ɡɚɝɨɬɨɜɤɢ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɞɟɣɫɬɜɢɹ ɫɢɥ ɡɚɠɢɦɚ; 
ɭ - ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɧɚ ɫɬɚɧɤɟ; 
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ɢ - ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɥɨɠɟɧɢɹ ɡɚɝɨɬɨɜɤɢ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɢɡɧɚɲɢɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ; 

ɩ- ɩɨɝɪɟɲɧɨɫɬɶ ɨɬ ɩɟɪɟɤɨɫɚ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɩɥɨɫɤɨɫɬɟɣ 
ɪɚɜɧɚ ɧɭɥɸ. 

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɥɭɱɚɹ İɡ = 0, ɬ.ɤ. ɫɢɥɵ ɡɚɤɪɟɩɥɟɧɢɹ ɞɟɣɫɬɜɭɸɬ 
ɜ ɩɥɨɫɤɨɫɬɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ ɩɨɜɟɪɯɧɨɫɬɹɦ ɢ ɧɚ ɬɨɱɧɨɫɬɶ 
ɩɨɥɭɱɚɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜɥɢɹɧɢɹ ɧɟ ɨɤɚɡɵɜɚɸɬ.  

ȼ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɞɟɠɧɵɣ ɤɨɧɬɚɤɬ ɭɫɬɚɧɨɜɨɱɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɫ ɩɥɨɫɤɨɫɬɶɸ ɫɬɨɥɚ ɫɬɚɧɤɚ, ɩɨɷɬɨɦɭ ɭ = 0. 

ɉɨɝɪɟɲɧɨɫɬɶ ɩɨɥɨɠɟɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɜɢɞ   ɢ = ȼ2·N , 
ɝɞɟ ȼ2 = 0,002 - ɩɨɫɬɨɹɧɧɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɜɢɞɚ ɭɫɬɚɧɨɜɨɱɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɢ ɭɫɥɨɜɢɣ ɤɨɧɬɚɤɬɚ – ɭɫɬɚɧɨɜɨɱɧɵɟ ɩɥɚɫɬɢɧɵ; 
N - ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɚɤɬɨɜ ɡɚɝɨɬɨɜɤɢ ɫ ɨɩɨɪɨɣ ɜ ɝɨɞ. Ɍɚɤ ɤɚɤ ɤɚɠɞɚɹ 

ɞɟɬɚɥɶ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɞɚɧɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɨɞɢɧ ɪɚɡ, ɚ ɩɥɚɫɬɢɧɤɢ 
ɦɟɧɹɸɬ ɪɚɡ ɜ ɦɟɫɹɰ, ɬɨ ɮɚɤɬɢɱɟɫɤɢ ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɚɤɬɨɜ ɪɚɜɧɨ 5833 ɪɚɡ. 

ɢ =0,002·5833= 12 ɦɤɦ. 
 ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɨɬɫɭɬɫɬɜɭɸɬ ɧɚɩɪɚɜɥɹɸɳɢɟ 

ɷɥɟɦɟɧɬɵ, ɩ = 0, 
ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɩɨ 14 ɤɜɚɥɢɬɟɬɭ W = 100 ɦɤɦ. 

ȿɩɪ = 100-1,2· [122+(0,7·100)2]0,5 = 100-85 = 15 ɦɤɦ. 
 Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɞɨɩɭɫɤ ɧɚ ɜɵɞɟɪɠɢɜɚɟɦɵɣ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 

ɩɚɪɚɦɟɬɪ ɩɟɪɟɤɪɵɜɚɟɬ ɜɫɟ ɜɨɡɧɢɤɚɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ, ɢ ɪɚɫɫɱɢɬɚɧɧɭɸ 
ɬɨɱɧɨɫɬɶ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɭɫɥɨɜɢɹɯ ɦɚɫɫɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɨɷɬɨɦɭ 
ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɨɫɬɚɟɬɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɣ. 
  

2.2. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ  ɩɪɢɫɩɨɫɨɛɥɟɧɢя 
 
Ʉɨɧɬɪɨɥɶ ɬɨɱɧɨɫɬɢ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɪɢɬɟɥɶɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ - ɲɬɚɧɝɟɧɰɢɪɤɭɥɟɦ ɢ 
ɲɬɚɧɝɟɧɪɟɣɫɦɚɫɨɦ (ȽɈɋɌ 166-80). Ʉɨɧɬɪɨɥɶ ɪɟɡɶɛɨɜɵɯ ɤɪɟɩɟɠɧɵɯ 
ɨɬɜɟɪɫɬɢɣ ɩɪɨɢɡɜɨɞɹɬ ɞɜɭɦɹ ɤɨɥɢɛɪ-ɩɪɨɛɤɚɦɢ - ɩɪɨɯɨɞɧɨɣ ɢ ɧɟɩɪɨɯɨɞɧɨɣ. 
Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɢɡɜɨɞɹɬ ɫ ɩɨɦɨɳɶɸ 
ɨɛɪɚɡɰɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ (ȽɈɋɌ 7398-75) ɩɭɬɟɦ ɢɯ ɫɪɚɜɧɟɧɢɹ. ɋɨɨɫɧɨɫɬɶ ɢ 
ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɟɣ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɬɨɪɰɟɜ 
ɤɨɧɬɪɨɥɢɪɭɸɬ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɢɧɞɢɤɚɬɨɪɧɵɯ ɝɨɥɨɜɨɤ. 

 ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɜ ɦɚɫɫɨɜɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨ, ɜ ɫɜɹɡɢ ɫ ɛɨɥɶɲɨɣ ɩɪɨɝɪɚɦɦɨɣ ɜɵɩɭɫɤɚ. 

2.2.1. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢя 

 
ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ, ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ ɤɨɪɨɛɤɢ ɢɦɟɟɬ, ɬɨɱɧɨɫɬɶ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɤɨɪɩɭɫɚ ɞɪɭɝ 
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ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɤɨɧɫɬɪɭɤɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧ ɞɨɩɭɫɤ 
ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɟɣ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɜ ɞɚɧɧɨɦ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ 
ɫɩɟɰɢɚɥɶɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɟɣ.  

 
2.2.2. Ɉɩɢɫɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢя ɞɥя ɤɨɧɬɪɨɥя  

ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɟɣ 
 
Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɟɣ, ɞɚɧɧɵɟ ɨɫɢ ɧɟɨɛɯɨɞɢɦɨ 

ɦɚɬɟɪɢɚɥɢɡɨɜɚɬɶ. ɉɪɨɢɡɜɟɞɟɦ ɷɬɨ ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯ ɨɩɪɚɜɨɤ ɬɢɩɚ ɜɚɥ.  
Ʉɨɧɬɪɨɥɶ ɩɪɨɢɡɜɨɞɹɬ ɢɧɞɢɤɚɬɨɪɧɨɣ ɝɨɥɨɜɤɨɣ  ɱɚɫɨɜɨɝɨ ɬɢɩɚ, ɭɫɬɚɧɨɜ-

ɥɟɧɧɨɣ ɧɚ ɨɞɧɨɣ ɨɩɪɚɜɤɟ, ɚ ɧɚɤɨɧɟɱɧɢɤ ɟɟ ɫɨɩɪɢɤɚɫɚɟɬɫɹ ɫ ɨɩɪɚɜɤɨɣ 
ɫɨɫɟɞɧɟɝɨ ɨɬɜɟɪɫɬɢɹ. ɇɚɣɞɹ ɧɚɢɦɟɧɶɲɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɩɪɚɜɤɚɦɢ, 
ɢɧɞɢɤɚɬɨɪ ɜɵɜɨɞɹɬ ɧɚ ɧɨɥɶ. Ⱦɚɥɟɟ ɨɩɪɚɜɤɭ ɫ ɢɧɞɢɤɚɬɨɪɨɦ 
ɩɟɪɟɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɢ ɩɨ ɪɚɡɧɢɰɟ ɩɨɤɚɡɚɧɢɣ ɫɭɞɹɬ ɨ 
ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ. ɉɨɬɨɦ ɨɩɪɚɜɤɭ ɩɟɪɟɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜɨ ɜɬɨɪɨɟ ɨɬɜɟɪɫɬɢɟ ɢ 
ɷɬɭ ɩɪɨɰɟɞɭɪɭ ɩɨɜɬɨɪɹɸɬ. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɞɥɢɧɵ ɧɨɠɤɢ ɢɧɞɢɤɚɬɨɪɚ ɟɝɨ ɪɚɫɩɨɥɚɝɚɸɬ ɧɚ 
ɩɥɚɧɤɟ, ɤɨɬɨɪɚɹ ɤ ɬɨɦɭ ɠɟ ɩɨɦɨɠɟɬ ɩɪɢ ɩɟɪɟɭɫɬɚɧɨɜɤɟ ɢɧɞɢɤɚɬɨɪɚ. Ⱦɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɜɟɫɚ ɨɩɪɚɜɨɤ ɢɯ ɞɟɥɚɸɬ ɩɨɥɵɦɢ. Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ 
ɰɟɧɬɪɢɪɨɜɚɧɢɹ ɨɩɪɚɜɨɤ ɜ ɧɢɯ ɡɚɜɚɥɶɰɨɜɚɧɵ 6 ɩɨɞɩɪɭɠɢɧɟɧɧɵɯ ɲɚɪɢɤɨɜ, ɜ 
ɞɜɚ ɪɹɞɚ ɩɨ ɬɪɢ ɲɚɪɢɤɚ ɩɨɞ ɭɝɥɨɦ 120.  

 
2.2.3. Ɋɚɫɱɟɬ ɧɚ ɬɨɱɧɨɫɬɶ 

 
ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ - ɨɬɤɥɨɧɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬ ɟɝɨ 

ɢɫɬɢɧɧɨɣ ɜɟɥɢɱɢɧɵ. 
 ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɞɟɬɚɥɢ, 

ɞɨɩɭɫɤɚɸɬ ɜ ɩɪɟɞɟɥɚɯ 8-30% ɞɨɩɭɫɤɚ ɧɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɨɬɤɥɨɧɟɧɢɟ. 
Ⱦɨɩɭɫɤ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 60 ɦɤɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 18 ɦɤɦ. 
ɉɨɝɪɟɲɧɨɫɬɶ  ɢɡɦɟɪɟɧɢɹ  ɨɩɪɟɞɟɥɹɟɬɫɹ  ɩɨ  ɮɨɪɦɭɥɟ: 

2 2 2 2
ɢɡɦ ɭɫɬ ɢɡɧ ɬ ɢɧɞΔ = Δ +Δ +Δ +Δ        (2.11) 

ɝɞɟ  ∆ɭɫɬ– ɩɨɝɪɟɲɧɨɫɬɶ  ɭɫɬɚɧɨɜɤɢ  ɞɟɬɚɥɢ ɧɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ, ɛɭɞɟɬ 
ɪɚɜɧɚ 0, ɬɚɤ ɤɚɤ ɨɩɪɚɜɤɢ ɩɨɞ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɫɨɦ ɬɨɱɧɨ ɩɨɣɦɚɸɬ ɨɫɢ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɨɬɜɟɪɫɬɢɣ. ɉɟɪɟɤɨɫ ɫɪɟɞɧɟɣ ɜɫɬɚɜɤɢ ɩɨɞ ɜɟɫɨɦ 
ɢɧɞɢɤɚɬɨɪɚ ɜɪɹɞ ɥɢ ɜɨɡɦɨɠɟɧ ɢɡ-ɡɚ ɧɟɫɨɢɡɦɟɪɢɦɨ ɦɚɥɨɝɨ ɟɝɨ ɜɟɫɚ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɫɫɟ ɨɩɪɚɜɤɢ. ∆ɢɡɧ  – ɩɨɝɪɟɲɧɨɫɬɶ,  ɫɜɹɡɚɧɧɚɹ  ɫ  ɢɡɧɨɫɨɦ  
ɷɥɟɦɟɧɬɨɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ  (0,001ɦɦ); 

 ∆ɬ  – ɩɨɝɪɟɲɧɨɫɬɶ,  ɫɜɹɡɚɧɧɚɹ  ɫ  ɤɨɥɟɛɚɧɢɹɦɢ  ɬɟɦɩɟɪɚɬɭɪɵ  
(0,002ɦɦ); 

 ∆ɢɧɞ – ɩɨɝɪɟɲɧɨɫɬɶ  ɢɧɞɢɤɚɬɨɪɚ  (0,005 ɦɦ); 
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2 2 2
ɢɡɦΔ = 0,001 +0,002 +0,005 =0,006=6ɦɤɦ<18ɦɤɦ . 

ɂɡ ɪɚɫɱɟɬɚ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨɣ 
ɬɨɱɧɨɫɬɶɸ ɢ ɫ ɟɝɨ ɩɨɦɨɳɶɸ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɤɨɧɬɪɨɥɶ ɬɪɟɛɭɟɦɵɯ 
ɭɫɥɨɜɢɣ. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

3. ɗɤɨɧɨɦɢɱɟɫɤɚя ɱɚɫɬɶ 
 

3.1 ɉɟɪɟɱɟɧɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢя 
 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɤɚɪɬɟɪɚ ɧɚɦɢ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɞɜɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɚ. ȼ ɛɚɡɨɜɨɦ ɜɚɪɢɚɧɬɟ ɩɪɨɢɡɜɨɞɢɦ ɨɛɪɚɛɨɬɤɭ ɞɟɬɚɥɢ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ (ɬɚɛɥɢɰɚ 3.1). 

 

 
 
Ɍɚɛɥɢɰɚ 3.1 – ɉɟɪɟɱɟɧɶ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɍɢɩ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ʉɨɥ-ɜɨ Ɇɨɳ-
ɧɨɫɬɶ, ɤȼɬ 

ȿɞɢɧɢɰɵ 
ɪɟɦɨɧɬɧɨɣ 
ɫɥɨɠɧɨɫɬɢ 

Rɦ 

 

Ɂɚɧɢɦɚɟ-
ɦɚɹ 

ɩɥɨɳɚɞɶ, 
ɦ2 

ɋɬɨɢɦɨɫɬɶ 
ɟɞɢɧɢɰɵ 
ɨɛɨɪ, ɪɭɛ 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ 

ȼɟɪɬɢɤɚɥɶɧɨ-
ɮɪɟɡɟɪɧɵɣ 
6Ɋ13 

1 7,5 22 2,3ɯ1,95 930000 930000 

Ɋɚɞɢɚɥɶɧɨ-
ɫɜɟɪɥɢɥɶɧɵɣ 
2Ɇ55 

1 5,5 21 2,7ɯ1,0 1100000 1100000 

Ƚɨɪɢɡɨɧɬɚɥɶɧɨ-
ɪɚɫɬɨɱɧɨɣ 
2Ɇ615 

1 4,5 24 4,3ɯ2,6 800000 800000 

ɩɪɨɞɨɥɶɧɨ-
ɮɪɟɡɟɪɧɵɣ 
6605 

1 11  5,1ɯ3,52 450000 450000 

ɂɬɨɝɨ 
4 28,5  36,32 3280000 3280000 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜ ɩɪɨɟɤɬɢɪɭɟɦɨɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɩɪɢɦɟɧɢɥɢ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɫɧɚɳɟɧɧɨɟ 
ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɬɚɛɥɢɰɚ 3.2). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

     

ȻɊ-15.03.05 000.000. ɉɁ      

ɂɡɦ. Лиɫɬ № ɞɨɤɭɦ ɉɨɞɩɢɫɶ Дɚɬɚ 

Ɋɚɡɪɚɛ. Ƚɟɣɞɚɪɨɜ   

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ  

Ʌɢɬɟɪɚ Ʌɢɫɬ Ʌɢɫɬɨɜ 

Ɋɭɤ. ɀɟɥɬɨɛɪɸɯɨɜ    y  35  

Ɍ.ɤɨɧɬɪ. ɀɟɥɬɨɛɪɸɯɨɜ   ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ 
ɝɪ. 26-1 

ɇ.ɤɨɧɬɪ. ɋɚɝɚɥɚɤɨɜɚ   

Ɂɚɜ.ɤɚɮ. ɀɟɥɬɨɛɪɸɯɨɜ   

 



 

36 
 

Ɍɚɛɥɢɰɚ 3.2 – ɉɟɪɟɱɟɧɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɑɉɍ  
 

Ɍɢɩ 
Ɉɛɨɪɭɞɨɜɚɧɢɹ 

Ʉɨɥ-
ɜɨ 

Ɇɨɳ-
ɧɨɫɬɶ, 

ɤȼɬ 

ȿɞɢɧɢɰɵ 
ɪɟɦɨɧɬɧɨɣ 
ɫɥɨɠɧɨɫɬɢ 

Rɦ 

 

Ɂɚɧɢɦɚɟ-
ɦɚɹ 

ɩɥɨɳɚɞɶ, 
ɦ2 

ɋɬɨɢɦɨɫɬ
ɶ 

ɟɞɢɧɢɰɵ 
ɨɛɨɪ, ɪɭɛ 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ 

Ƚɨɪɢɡɨɧɬɚɥɶɧɵɣ 
ɮɪɟɡɟɪɧɵɣ 
ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ 
ɰɟɧɬɪ ɫ ɑɉɍ 
VictorVcentr-ɇ400 

1 18,5 41 2,6ɯ5,3 5267000 5267000 

ɂɬɨɝɨ 1 18,5 41 13,78  5267000 
 
 

 

3.2  Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɧɢɦɚɟɦɨɣ ɩɥɨɳɚɞɢ ɰɟɯɚ ɢ ɟɟ ɫɬɨɢɦɨɫɬɢ ɩɨɞ 
ɨɛɨɪɭɞɨɜɚɧɢɟ 

 
ɉɥɨɳɚɞɶ, ɡɚɧɢɦɚɟɦɭɸ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ [7]: 
 
S = fkf, (3.2) 
 
    ɝɞɟ f –  ɫɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɫɬɚɧɤɨɜ ɜ ɩɥɚɧɟ; 
kf = 2,5 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ 
ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɨɜ, ɩɪɨɟɡɞɨɜ, ɦɟɫɬ ɫɤɥɚɞɢɪɨɜɚɧɢɹ ɡɚɝɨɬɨɜɨɤ ɢ ɬ.ɞ. 
 
Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɤɚɪɬɟɪɚ ɧɚɦ ɩɨɬɪɟɛɭɟɬɫɹ 4 ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɫɬɚɧɤɚ ɫ ɨɛɳɟɣ 
ɩɥɨɳɚɞɶɸ 21,07 ɦ2. 
 
Sɭɧɜ = 36,322,5 = 90,8 ɦ2 
 
ɋɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɤɜɚɞɪɚɬɧɨɝɨ ɦɟɬɪɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɞɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 
5000 ɪɭɛ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɬɨɢɦɨɫɬɶ ɩɥɨɳɚɞɢ ɩɨɞ ɭɧɢɜɟɪɫɚɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɨɫɬɚɜɢɬ Sɭɧɜ =454000 ɪɭɛ.    
 
ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɬɪɟɛɭɟɬɫɹ 1 ɫɬɚɧɨɤ ɩɥɨɳɚɞɶɸ 13,78 ɦ2.  
 
Sɑɉɍ = 13,782,5 = 34,45 ɦ2 

 

ɋɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɤɜɚɞɪɚɬɧɨɝɨ ɦɟɬɪɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɞɚɧɢɹ 
ɫɨɫɬɚɜɥɹɟɬ 5000 ɪɭɛ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɬɨɢɦɨɫɬɶ ɩɥɨɳɚɞɢ ɩɨɞ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɫ ɑɉɍ ɫɨɫɬɚɜɢɬ  Sɑɉɍ = 172250 ɪɭɛ. 
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3.3 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɞɟɬɚɥɢ 

 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɞɟɬɚɥɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥ ɢ 

ɩɨɫɥɟɞɭɸɳɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ 
ɫɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ. Ⱦɥɹ ɨɛɨɢɯ ɜɚɪɢɚɧɬɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɨɧɚ ɧɟɢɡɦɟɧɧɚ –1337,55 ɪɭɛ. 

Под  ̭то̛̥о̭т̽̀  ̥е̵̛̦̌че̭ко̜  о̬̍̌̍отк̛  по̛̦̥̌̀т  ̌̚т̬̌т̼  по 
опе̶̛̬̥̌́,  кото̬̼е  ̦ео̵̍од̛̥о  ̼̏пол̦́т̽  п̛̬  то̥  ̛л̛  ̛̦о̥  
̛̬̦̏̌̌те  о̬̍̌̍отк̛  до  получе̛̦́  ̦ео̵̍од̛̥о̐о  ̬̥̌̚е̬̌. 

ɋɬɨɢɦɨɫɬɶ  ɦɟɯɚɧɢɱɟɫɤɨɣ  ɨɛɪɚɛɨɬɤɢ ɩɨ  ɜɫɟɦ  ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ  
ɨɩɟɪɚɰɢɹɦ  ɨɩɪɟɞɟɥɹɟɬɫɹ  ɩɨ  ɮɨɪɦɭɥɟ [9]: 

 
di

ɨɛɪ ɨɛɪɋ = ɋ ,                                                                                               

(3.3) 
 

ɝɞɟ     i –– ɩɨɪɹɞɤɨɜɵɣ  ɧɨɦɟɪ  ɨɩɟɪɚɰɢɢ; 
m –– ɱɢɫɥɨ  ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ  ɨɩɟɪɚɰɢɣ; 
Cɨɛɪ

di ––  ɫɬɨɢɦɨɫɬɶ  ɦɟɯɚɧɢɱɟɫɤɨɣ  ɨɛɪɚɛɨɬɤɢ  ɞɟɬɚɥɢ  ɩɪɢ  d-ɨɦ  
ɜɚɪɢɚɧɬɟ ɨɛɪɚɛɨɬɤɢ  ɧɚ  i-ɨɣ  ɨɩɟɪɚɰɢɢ,  ɪɭɛ./ɟɞ. 

 
ɋɬɨɢɦɨɫɬɶ  ɦɟɯɚɧɢɱɟɫɤɨɣ  ɨɛɪɚɛɨɬɤɢ  ɞɟɬɚɥɢ  ɩɪɢ  d-ɨɦ  ɜɚɪɢɚɧɬɟ   

ɨɛɪɚɛɨɬɤɢ  ɧɚ  i-ɨɣ  ɨɩɟɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɡɚɬɪɚɬ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ, 
ɚɦɨɪɬɢɡɚɰɢɸ ɈɉɎ, ɡɚɬɪɚɬ ɧɚ ɫɢɥɨɜɭɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɪɟɦɨɧɬ 
ɨɛɨɪɭɞɨɜɚɧɢɹ.   

Ɂɚɪɚɛɨɬɧɚɹ  ɩɥɚɬɚ  ɨɫɧɨɜɧɵɯ  ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ  ɪɚɛɨɱɢɯ 
ɨɩɪɟɞɟɥɹɟɬɫɹ  ɩɨ  ɮɨɪɦɭɥɟ [5]: 

 
Ɂ = ɋri· kɪ· kɫ· kɩɪ· kɩ· kɞ· kɫɨɰ·Ɍɲɬ

di,(3.4) 
 

   ɝɞɟ ɋri –  ɱɚɫɨɜɚɹ  ɬɚɪɢɮɧɚɹ  ɫɬɚɜɤɚ  ɩɟɪɜɨɝɨ  ɪɚɡɪɹɞɚ, 52,2 ɪɭɛ./ɱ;  
kɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɹɞɚ, 
kɫ, kɩɪ, kɩ, kɞ, kɫɨɰ–  ɤɨɷɮɮɢɰɢɟɧɬɵ,  ɭɱɢɬɵɜɚɸɳɢɟ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ,  

ɪɚɣɨɧɧɭɸ  ɢ  ɫɟɜɟɪɧɭɸ  ɧɚɞɛɚɜɤɭ  ɤ  ɡɚɪɚɛɨɬɧɨɣ  ɩɥɚɬɟ (1,3),  ɩɪɢɪɚɛɨɬɨɤ 
ɪɚɛɨɱɟɝɨ (1), ɞɨɩɥɚɬɭ ɩɨ ɩɪɟɦɢɚɥɶɧɨɣ ɫɢɫɬɟɦɟ (1,4), ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 
ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ (1,095), ɨɬɱɢɫɥɟɧɢɹ  ɧɚ ɫɨɰɢɚɥɶɧɵɟ  ɧɭɠɞɵ (1,3);  

Ɍɲɤ
di – ɲɬɭɱɧɨɟ  ɜɪɟɦɹ  ɧɚ  ɨɩɟɪɚɰɢɢ, ɱ/ɟɞ.  

 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɫɟ ɪɚɛɨɱɢɟ 

ɬɪɟɬɶɟɝɨ ɪɚɡɪɹɞɚ. Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɹɞɚ 1,21. Ɉɛɳɟɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ 32,71 ɦɢɧ ɢɥɢ 0,5452 ɱ; ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ 
– 29,41 ɦɢɧ ɢɥɢ 0,4902 ɱ. 

 
Зɭɧɜ = 52,2·1,21·1,3·1·1,4·1,095·1,3 ·0,55 = 89,20  ɪɭɛ./ɞɟɬ. 
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ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɩɪɢɦɟɧɹɟɬɫɹ ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ 

ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɧɚ ɭɱɚɫɬɤɟ ɜ ɫɦɟɧɟ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɛɨɱɢɣ 
ɬɪɟɬɶɟɝɨ ɪɚɡɪɹɞɚ. Ɍɚɤ ɤɚɤ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɫɬɚɧɤɚ ɜ 4 ɪɚɡɚ ɛɨɥɶɲɟ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɪɚɛɨɱɢɣ ɦɨɠɟɬ ɨɛɫɥɭɠɢɜɚɬɶ ɟɳɟ 3 ɫɬɚɧɤɚ, 
ɡɚɧɹɬɵɟ ɨɛɪɚɛɨɬɤɨɣ ɞɪɭɝɢɯ ɞɟɬɚɥɟɣ ɤɨɪɨɛɤɢ. ɉɨɷɬɨɦɭ, ɮɚɤɬɢɱɟɫɤɨɟ 
ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɤɚɪɬɟɪ, ɛɭɞɟɬ 0,1225 ɱ. Ⱦɨɩɥɚɬɚ ɡɚ 
ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 25%. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɟɫɬɶ ɡɚɪɩɥɚɬɭ ɧɚɥɚɞɱɢɤɨɜ, ɤɚɤ 15% ɨɬ ɡɚɪɩɥɚɬɵ ɫɬɚɧɨɱɧɢɤɚ. 

 

Ɂɑɉɍ = 52,2·1,211,25·1,3·1·1,4·1,095·1,3·0,12251,15 = 28,8  ɪɭɛ./ɞɟɬ.  
 
Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɨɧɞɵ (ɬɚɛɥɢɰɵ 3.3, 3.4) – ɷɬɨ ɬɚ ɱɚɫɬɶ 

ɤɚɩɢɬɚɥɚ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɨɬɨɪɚɹ ɩɟɪɟɧɨɫɢɬ ɫɜɨɸ ɫɬɨɢɦɨɫɬɶ ɧɚ ɫɬɨɢɦɨɫɬɶ 
ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɜ ɜɢɞɟ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɡɚ ɧɟɫɤɨɥɶɤɨ 
ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

 ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɜ ɧɢɯ ɜɯɨɞɢɬ: ɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɞɚɧɢɹ; 
ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ; ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɩɨɪɬɚ; ɢɧɫɬɪɭɦɟɧɬ ɢ 
ɢɧɜɟɧɬɚɪɶ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ.  

ɋɬɨɢɦɨɫɬɶ ɬɪɚɧɫɩɨɪɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 3 % ɨɬ ɫɬɨɢɦɨɫɬɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɫɬɚɧɤɨɜ ɢ 1 % - ɞɥɹ 
ɫɬɚɧɤɨɜ ɫ ɑɉɍ. ɋɬɨɢɦɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 1 % ɨɬ 
ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  ɋɬɨɢɦɨɫɬɶ ɢɧɜɟɧɬɚɪɹ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 0,5 % ɨɬ ɫɭɦɦɚɪɧɨɣ ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɡɞɚɧɢɹ. 

Ⱥɦɨɪɬɢɡɚɰɢɸ ɈɉɎ, ɩɪɢɯɨɞɹɳɭɸɫɹ ɧɚ ɨɞɧɭ ɞɟɬɚɥɶ, ɨɩɪɟɞɟɥɢɦ [5]:  
 

ɝ N
ɞɟɬ

Ⱥ ɌȺ =
N
  ,                 

(3.5) 
 

   ɝɞɟ Aɝ  - ɝɨɞɨɜɵɟ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɪɭɛ., 
         ɌN – ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɵ, ɝɨɞ,  
N – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ, 100 ɲɬ.  
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Ɍɚɛɥɢɰɚ 3.3 – Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɨɧɞɵ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ  ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

 

 
ɈɉɎ 

Ʉɨɥ-
ɜɨ 

ɋɬɨɢɦɨɫɬɶ 
ɟɞɢɧɢɰɵ 

ɈɉɎ, ɪɭɛ. 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ. 
 

ɇɨɪɦɚ 
ɚɦɨɪɬɢɡɚɰɢɢ, 

% 

Ƚɨɞɨɜɵɟ 
ɚɦɨɪɬɢɡɚɰ.ɨ
ɬɱɢɫɥ.,ɪɭɛ. 

Ⱥɦɨɪɬɢɡ
ɚɰ.ɨɬɱɢɫɥ

. ɧɚ 
ɞɟɬɚɥɶ,ɪɭ

ɛ. 

1 Ɂɞɚɧɢɟ 90,8
ɦ2 

75000 6810000 3 204300 19,81 

2Ɉɛɨɪɭɞɨɜɚɧɢɟ 4 ɲɬ.  3280000 12 393600 38,19 
3 Ɍɪɚɧɫɩɨɪɬ   224610 8 17969 1,74 
4 ɂɧɫɬɪɭɦɟɧɬ   74870 15 11231 1,09 
5 ɂɧɜɟɧɬɚɪɶ   57190 15 8579 0,83 
ɂɬɨɝɨ   10446670  635670 61,66 

 
Ɍɚɛɥɢɰɚ 3.4 – Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɨɧɞɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ  
ɫɬɚɧɤɨɜ ɫ ɑɉɍ 

 
 

ɈɉɎ 
Ʉɨɥ-
ɜɨ 

ɋɬɨɢɦɨɫɬɶ 
ɟɞɢɧɢɰɵ 

ɈɉɎ, ɪɭɛ. 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ. 

ɇɨɪɦɚ 
ɚɦɨɪɬɢɡɚɰɢɢ, 

% 
 

Ƚɨɞɨɜɵɟ 
ɚɦɨɪɬɢɡɚɰ.
ɨɬɱɢɫɥ.,ɪɭɛ
. 

Ⱥɦɨɪɬɢɡɚɰ
ɨɬɱɢɫɥ. ɧɚ 
ɞɟɬɚɥɶ,ɪɭɛ. 

1 Ɂɞɚɧɢɟ 34,45
ɦ2 

75000 2583750 3 77513 13,18 

2Ɉɛɨɪɭɞɨɜɚɧɢɟ 1 ɲɬ.  5267000 12 632040 107,45 
3 Ɍɪɚɧɫɩɨɪɬ   52670 8 4214 0,72 
4 ɂɧɫɬɪɭɦɟɧɬ   52670 15 7901 1,34 
5 ɂɧɜɟɧɬɚɪɶ   39254 15 5888 1,00 
ɂɬɨɝɨ   7995344  727556 123,69 

 
Ɂɚɬɪɚɬɵ  ɧɚ  ɫɢɥɨɜɭɸ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ  ɩɨ ɮɨɪɦɭɥɟ [5]: 
 
ɗ = (N·kN· kɜ· koɞ· kw/)· Ɍɲɬ.max·ɐɷ,                                                                  (3.6) 
 
    ɝɞɟ N – ɦɨɳɧɨɫɬɶ  ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤȼɬ; 
kN, kɜ, koɞ – ɫɪɟɞɧɢɟ  ɤɨɷɮɮɢɰɢɟɧɬɵ  ɡɚɝɪɭɡɤɢ  ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ  ɩɨ 
ɦɨɳɧɨɫɬɢ, ɩɨ ɜɪɟɦɟɧɢ, ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ  ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɪɚɛɨɬɵ  ɜɫɟɯ  
ɞɜɢɝɚɬɟɥɟɣ (0,7); 
kw– ɤɨɷɮɮɢɰɢɟɧɬ,  ɭɱɢɬɵɜɚɸɳɢɣ  ɩɨɬɟɪɢ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ  ɜ  ɫɟɬɢ  ɡɚɜɨɞɚ 
(1,06); 
η – ɄɉȾ  ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ  ɨɛɨɪɭɞɨɜɚɧɢɹ (0,7);  
ɐɷ– ɬɚɪɢɮ  ɧɚ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ  (3,75 ɤȼɬ·ɱ). 
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ɗɭɧɜ = (28,5·0,84·0,62·0,7·1,06/0,7) ·0,5452·3,75 = 32,17  ɪɭɛ./ɞɟɬ. 
 
ɗɑɉɍ = (18,5·0,52·0,97·0,7·1,06/0,7) ·0,4902 ·3,75 =18,18 ɪɭɛ./ɞɟɬ. 
 
Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ [5]: 
 

ɦ ɦ ɲɬ

ɪ.ɰ

W R ɌɊ=
Ɍ
  ,                                                                                          (3.7) 

   ɝɞɟ Wɦ - ɡɚɬɪɚɬɵ ɧɚ ɜɫɟ ɜɢɞɵ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɡɚ 
ɪɟɦɨɧɬɧɵɣ ɰɢɤɥ, ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ ɟɞɢɧɢɰɭ ɪɟɦɨɧɬɧɨɣ ɫɥɨɠɧɨɫɬɢ ɞɚɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ – 12500 ɪɭɛ; 
Rɦ – ɟɞɢɧɢɰɵ ɪɟɦɨɧɬɧɨɣ ɫɥɨɠɧɨɫɬɢ;  
Ɍɪ.ɰ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ 6 ɥɟɬ ɢɥɢ 24174 ɱɚɫɚ; 
Ɍɲɬ – ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɬɢɩɟ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɧɚ ɮɪɟɡɟɪɧɨɦ – 
0,2188 ɱ, ɧɚ ɫɜɟɪɥɢɥɶɧɨɦ – 0,2233 ɱ, ɧɚ ɪɚɫɬɨɱɧɨɦ – 0,1030 ɱ, ɧɚ ɮɪɟɡɟɪɧɨɦ ɫ 
ɑɉɍ – 0,4902 ɱ. 
 

ɭɧɜ
12500 (22 0,2188+42 0,2233+24 0,1030)Ɋ = =8,61ɪɭɛ/ɞɟɬ

24174
     

 
 

 
 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ [7]: 
 
ɋɭɧɜ=Ɂ+Ⱥɞɟɬ.+ɗ+ P,(3.8) 
 
ɝɞɟ  Ɂ -  ɡɚɪɚɛɨɬɧɚɹ  ɩɥɚɬɚ  ɨɫɧɨɜɧɵɯ  ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ  ɪɚɛɨɱɢɯ, ɪɭɛ., 
Ⱥɞɟɬ - ɚɦɨɪɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ 
ɨɞɧɭ ɞɟɬɚɥɶ, ɪɭɛ.; 
ɗ - ɡɚɬɪɚɬɵ  ɧɚ  ɫɢɥɨɜɭɸ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɪɭɛ., 
P - ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ.       
 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ: 
 
ɋɭɧɜ= 89,20 +61,66+32,17 +8,61 =  191,64 ɪɭɛ./ɞɟɬ.   
 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ: 
 
ɋɑɉɍ  =  19,19+123,69+11,29+6,92 = 161,09 ɪɭɛ./ɞɟɬ. 
 
ɋɭɦɦɚɪɧɵɟ  ɡɚɬɪɚɬɵ  ɧɚ  ɡɚɝɨɬɨɜɤɭ  ɢ  ɞɚɥɶɧɟɣɲɭɸ  ɦɟɯɚɧɢɱɟɫɤɭɸ  
ɨɛɪɚɛɨɬɤɭ  ɞɟɬɚɥɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ [7]: 

ɑɉɍ
12500 410,4902Ɋ = =10,39ɪɭɛ/ɞɟɬ

24174
 
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ɋ = Sɡɚɝ+ɋ,                                                                                                         (3.9) 
 
   ɝɞɟ Sɡɚɝ - ɫɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ, ɪɭɛ., 
ɋ - ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɪɭɛ. 
 
ɋɭɧɜ = 415,77+ 191,64 = 607,41 ɪɭɛ./ɞɟɬ. 
ɋɑɉɍ = 415,77 + 161,09 = 576,86 ɪɭɛ./ɞɟɬ. 
 
Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɷɤɨɧɨɦɢɱɟɫɤɢ 
ɜɵɝɨɞɧɟɣ ɢ ɫɧɢɡɢɬ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ5,03 %. Ʉ ɬɨɦɭ 
ɠɟ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɜɵɲɟ. 
 
ɉɪɢ ɷɬɨɦ, ɩɪɢɜɟɞɟɧɧɚɹ ɝɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ (ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ 
ɩɪɨɝɪɚɦɦɭ) ɫɨɫɬɚɜɢɬ: 
 

ɝ ɨ2 ɨ1ɗ =(ɋ -ɋ ) N,                                                                                     (3.10) 

 
   ɝɞɟ ɋɨ1 - ɫɭɦɦɚɪɧɵɟ  ɡɚɬɪɚɬɵ  ɧɚ  ɡɚɝɨɬɨɜɤɭ  ɢ  ɞɚɥɶɧɟɣɲɭɸ  ɦɟɯɚɧɢɱɟɫɤɭɸ  
ɨɛɪɚɛɨɬɤɭ  ɞɟɬɚɥɢ ɧɚ ɫɬɚɧɤɟ ɫ ɑɉɍ, ɪɭɛ., 
ɋɨ2 - ɫɭɦɦɚɪɧɵɟ  ɡɚɬɪɚɬɵ  ɧɚ  ɡɚɝɨɬɨɜɤɭ  ɢ  ɞɚɥɶɧɟɣɲɭɸ  ɦɟɯɚɧɢɱɟɫɤɭɸ  
ɨɛɪɚɛɨɬɤɭ  ɞɟɬɚɥɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɫɬɚɧɤɚɯ, ɪɭɛ., 
N – ɝɨɞɨɜɚɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɢɡɞɟɥɢɹ, 100 ɲɬ. 
 

ɝ ɨ2 ɨ1ɗ =(ɋ -ɋ ) N=(607,41-576,86) 100=3055ɪɭɛ.   

 
 

3.4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
 
1 Ƚɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɡɚɞɚɧɚ ɢ ɧɟɢɡɦɟɧɧɚ ɩɪɢ ɨɛɨɢɯ 

ɜɚɪɢɚɧɬɚɯ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ – 100 ɲɬ. 
2 ɋɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ ɬɚɤ ɠɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɚɪɢɚɧɬɚ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɢ ɩɨ ɩɭɧɤɬɭ 1.4 ɫɨɫɬɚɜɥɹɟɬ 1337,55 ɪɭɛ. 
3  Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɨɧɞɵ ɛɟɪɟɦ ɩɨ ɬɚɛɥɢɰɚɦ 3.3, 3.4. 
4  ɉɥɨɳɚɞɢ ɭɱɚɫɬɤɚ ɛɟɪɟɦ ɩɨ ɬɚɛɥɢɰɚɦ 3.1, 3.2. 
5 Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɦɟɫɬ ɟɫɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɧɹɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

– ɬɚɛɥɢɰɚɦ 3.1, 3.2. 
6 ɑɢɫɥɟɧɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ ɜ ɫɦɟɧɟ ɩɪɢ ɪɚɛɨɬɟ ɧɚ 

ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɪɚɜɧɚ ɤɨɥɢɱɟɫɬɜɭ ɨɛɫɥɭɠɢɜɚɟɦɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɨɞɧɨɫɦɟɧɧɵɣ. 

 
ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɫɬɪɭɤɬɭɪɚ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨɡɜɨɥɹɟɬ 

ɩɪɢɦɟɧɹɬɶ ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɬɨ ɟɫɬɶ, ɪɚɛɨɱɢɣ ɜɨ ɜɪɟɦɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɫɬɚɧɤɚ, ɭɫɩɟɟɬ ɨɛɫɥɭɠɢɬɶ ɞɪɭɝɨɣ. Ɍɚɤɢɦ 
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ɨɛɪɚɡɨɦ, ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜɫɟɝɨ ɭɱɚɫɬɤɚ ɜ ɫɦɟɧɭ ɞɨɫɬɚɬɨɱɧɨ ɨɞɧɨɝɨ 
ɪɚɛɨɱɟɝɨ. 

 
7 ɋɪɟɞɧɟɦɟɫɹɱɧɭɸ ɡɚɪɩɥɚɬɭ ɪɚɛɨɱɟɝɨ ɩɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ 

ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ [7]: 
 

ɭɧɜ
ɫɪ.ɭɧɜ

N

Ɂ N 94,91 100Ɂ = = =20384ɪɭɛ
n m 12 Ɍ 4 1 12 0,0097

 
      ,                                      

(3.8) 
 

   ɝɞɟ  Ɂɭɧ – ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɧɭ 
ɞɟɬɚɥɶ, ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɪɭɛ/ɞɟɬ; 

N – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ, ɲɬ; 
n – ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɜ ɫɦɟɧɟ, ɱɟɥ;  
m – ɱɢɫɥɨ ɫɦɟɧ;  
12 – ɦɟɫɹɰɟɜ ɜ ɝɨɞɭ; 
ɌN – ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɵ, ɝɨɞ. 
 
ɋɪɟɞɧɟɦɟɫɹɱɧɭɸ ɡɚɪɩɥɚɬɭ ɪɚɛɨɱɟɝɨ ɩɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ ɫɬɚɧɤɨɜ ɫ 

ɑɉɍ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ [7]: 
 

ɑɉɍ
ɫɪ.ɑɉɍ

N

Ɂ N 19,19 100Ɂ = = =37627ɪɭɛ
n m 12 Ɍ 0,25 1 12 0,017

 
      ,                                     

(3.9) 
 

ɝɞɟ Ɂɑɉɍ – ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɧɭ 
ɞɟɬɚɥɶ,  ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɛɟɡ ɭɱɟɬɚ ɡɚɪɩɥɚɬɵ ɧɚɥɚɞɱɢɤɚ, 
ɪɭɛ./ɞɟɬ. 

 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɚ ɪɚɡɞɚɬɨɱɧɨɣ  ɤɨɪɨɛɤɢɬɪɟɥɨɜɨɱɧɨɝɨ 
ɬɪɚɤɬɨɪɚ ɫ ɝɨɞɨɜɨɣ ɩɪɨɝɪɚɦɦɨɣ ɜɵɩɭɫɤɚ 100 ɲɬ. 

ȼ ɯɨɞɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɨɬɪɚɛɨɬɚɧɚ ɪɚɰɢɨɧɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɪɚɫɫɱɢɬɚɧɵ 
ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ, ɜɵɛɪɚɧɨ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɢ ɦɟɬɚɥɥɨɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ, ɚ ɬɚɤɠɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɟ ɡɚɠɢɦɧɨɟ (ɞɥɹ ɮɪɟɡɟɪɧɨɣ ɨɩɟɪɚɰɢɢ) ɢ ɤɨɧɬɪɨɥɶɧɨɟ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ (ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ  ɨɫɟɣ ɨɬɜɟɪɫɬɢɣ). 

Ɋɚɡɪɚɛɨɬɚɧɵ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɟ, ɡɚ ɫɱɟɬ ɩɟɪɟɱɢɫɥɟɧɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ, ɜɚɪɢɚɧɬɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ, ɤɚɤ ɞɥɹ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɦɟɬɚɥɥɨɪɟɠɭɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ 
ɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɑɉɍ.  

ɉɪɨɜɟɞɟɧɧɵɣ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɑɉɍ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɢɠɟɧɢɟ ɜ 4 ɪɚɡɚ ɤɨɥɢɱɟɫɬɜɚ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  ɢ ɪɚɛɨɱɢɯ ɦɟɫɬ, ɭɦɟɧɶɲɟɧɢɟ ɜ 2,5 ɪɚɡɚ 
ɩɥɨɳɚɞɟɣ ɩɨɞ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɭɦɟɧɶɲɟɧɢɟ ɮɨɧɞɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɡɚ 
ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɪɚɛɨɱɢɯ. ȼ ɰɟɥɨɦ, ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɟɣ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɛɨɬɤɨɣ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɫɧɢɡɢɬ 
ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ 5,03 %, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɨɰɟɫɫɚ. ɉɪɢ ɷɬɨɦ 
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɫɨɫɬɚɜɢɬ 3055 ɪɭɛɥɹ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ 
ɜɵɩɭɫɤɚ.  
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CONCLUSION 
 

This graduation qualification work presents the manufacturing technology 
of the transfer case housing of a skidder with the annual program of 100 
pieces. 

When designing the rational structure of technological treatment 
processes has been worked out, the optimal modes have been calculated, the 
high-performance equipment and metal-cutting tools have been selected, and 
the high-speed clamping (for milling operation) and control devices (for 
controlling parallelism of bore axes) have been developed. 

High-performance variants of technological treatment processes have 
been developed both for the universal metal-cutting equipment and the 
modern equipment with CNC. 

The technical and economic analysis of the developed variants of 
technological processes performed has shown that the use of CNC equipment 
provides a 4-fold reduction in the number of used equipment and workplaces, 
a 2.5-fold reduction in the area for equipment, decreasing the payroll due to 
reducing the number of workers. On the whole, the economic calculation has 
shown that machining on CNC machines is more cost-effective than 
machining on universal equipment and will reduce the cost of machining by 
5.03 %, which is confirmed by the technical and economic indicators of the 
process. At the same time, the economic effect will be 3,055 rubles for the 
annual output program. 
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ɞɟɤɚɛɪɹ 1982 ɝ. N 5311 ɞɚɬɚ ɜɜɟɞɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɚ 01.01.84-ɉɟɪɟɢɡɞɚɧɢɟ. 
Ɏɟɜɪɚɥɶ 2012 ɝ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

48 
 

ɉɊɂɅɈɀȿɇɂə 



 

 
 

    
Ɉɛɨɡɧɚɱɟɧɢɟ 

 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

 ɉɪɢɦɟ- 
ɱɚɧɢɟ 

       
    Ⱦɨɤɭɦɟɧɬɚɰɢɹ   

Ⱥ1   ȻɊ-15.03.05 000.000.ɋȻ ɋɛɨɪɨɱɧɵɣ ɱɟɪɬɟɠ   
       
    ɋɛɨɪɨɱɧɵɟ  ɟɞɢɧɢɰɵ   
   ȻɊ-15.03.05 001.000. ɉɧɟɜɦɨɰɢɥɢɧɞɪ 1  
       
    Ⱦɟɬɚɥɢ   
       
  1 ȻɊ-15.03.05 000.001 ɒɬɨɤ 1  
  2 ȻɊ-15.03.05 000.002 ɉɥɚɧɤɚ ɩɪɢɠɢɦɧɚɹ 2  
  3 ȻɊ-15.03.05 000.003 ɍɩɨɪ ɤɨɧɭɫɧɵɣ  2  
  4 ȻɊ-15.03.05 000.004  ɋɬɨɣɤɚ 1  
  5 ȻɊ-15.03.05 000.005 Ɉɫɧɨɜɚɧɢɟ 1  
  6 ȻɊ-15.03.05 000.006 ɍɩɨɪ 4  
  7 ȻɊ-15.03.05 000.007 ɇɚɩɪɚɜɥɹɸɳɚɹ  2  
  8 ȻɊ-15.03.05 000.008 ɇɚɩɪɚɜɥɹɸɳɚɹ 4  
  9 ȻɊ-15.03.05 000.009 ɉɚɥɟɰ ɫɪɟɡɚɧɧɵɣ 1  
       
    ɋɬɚɧɞɚɪɬɧɵɟ ɢɡɞɟɥɢɹ   

       

  10   Ƚɚɣɤɚ Ɇ15.8   
     ȽɈɋɌ 5915-90 4  
  11   ɒɚɣɛɚ 15.65Ƚ    
     ȽɈɋɌ 6402-92 3  
  12     
  13  ɉɧɟɜɦɨɰɢɥɢɧɞɪ 1  
       
       

     ȻɊ-15.03.05 000.000      
ɂɡɦ. Ʌɢɫɬ №ɞɨɤɭɦ. ɉɨɞɩ. Ⱦɚɬɚ 
Ɋɚɡɪɚɛ.  Ƚɟɣɞɚɪɨɜ   

ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ 
ɡɚɠɢɦɧɨɟ 

Ʌɢɬ Ʌɢɫɬ Ʌɢɫɬɨɜ 
Ɋɭɤɨɜ. ɀɟɥɬɨɛɪɸɯɨɜ      1 1 
Ɍ.ɤɨɧɬɪ. ɀɟɥɬɨɛɪɸɯɨɜ   ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ 

Ʉɚɮɟɞɪɚ ȺɌɢɆ 
ɝɪ. 26-1 

ɇ.ɤɨɧɬɪ.    
Ɂɚɜ.ɤɚɮ. ɀɟɥɬɨɛɪɸɯɨɜ   
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Ɉɛɨɡɧɚɱɟɧɢɟ 

 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

 ɉɪɢɦɟ- 
ɱɚɧɢɟ 

       

    Ⱦɨɤɭɦɟɧɬɚɰɢɹ   

       
Ⱥ1   ȻɊ-15.03.05 000.000.ɋȻ  ɋɛɨɪɨɱɧɵɣ ɱɟɪɬɟɠ   

       

    Ⱦɟɬɚɥɢ   

       

  1 ȻɊ-15.03.05 000.001 Ɉɩɪɚɜɤɚ 1  

  2 ȻɊ-15.03.05 000.002  ȼɬɭɥɤɚ ɧɚɩɪɚɜɥɹɸɳɚɹ 1  

  3 ȻɊ-15.03.05 000.003  Ɉɩɪɚɜɤɚ ɤɨɧɬɪɨɥɶɧɚɹ 1  

  4 ȻɊ-15.03.05 000.004  Ʉɨɪɩɭɫ 1  

  5 ȻɊ-15.03.05 000.005 Ɉɩɪɚɜɤɚ 1  

  6 ȻɊ-15.03.05 000.006  ɒɚɪɢɤ 3  

  7 ȻɊ-15.03.05 000.007 ɉɪɭɠɢɧɚ 3  

       

       

    ɋɬɚɧɞɚɪɬɧɵɟ ɢɡɞɟɥɢɹ   

       

  8   Ȼɨɥɬ Ɇ5ɯ12.66 3  

     ȽɈɋɌ 7798-90   

  9   ɂɧɞɢɤɚɬɨɪ ɱɚɫɨɜɨɝɨ ɬɢɩɚ 1  

     ɂɑ-10 ȽɈɋɌ 557-98   

       

       

       

       

       

       
     ȻɊ-15.03.05 000.000      
ɂɡɦ
ɦɦɦ
ɦ

Ʌɢɫɬ №ɞɨɤɭɦ. ɉɨɞɩ. Ⱦɚɬɚ 
ɋɬɭɞɟɧɬ Ƚɟɣɞɚɪɨɜ   

ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ 
ɤɨɧɬɪɨɥɶɧɨɟ 

Ʌɢɬɟɪ Ʌɢɫɬ Ʌɢɫɬɨɜ 
Ɋɭɤɨɜɨɞ  ɀɟɥɬɨɛɪɸɯɨɜ   ɭ   1 1 
Ʉɨɧɫɭɥɶɬ.  ɀɟɥɬɨɛɪɸɯɨɜ   ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ 

Ʉɚɮɟɞɪɚ ȺɌɢɆ 
ɝɪ. 26-1 

ɇ.Ʉɨɧɬɪ.    
Ɂɚɜ.ɤɚɮ. ɀɟɥɬɨɛɪɸɯɨɜ   
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