
ɆɂɇɂɋɌȿɊɋɌȼɈ ɈȻɊȺɁɈȼȺɇɂə ɂ ɇȺɍɄɂ ɊɈɋɋɂɃɋɄɈɃ ɎȿȾȿɊȺɐɂɂ 

 

ɎȿȾȿɊȺɅɖɇɈȿ ȽɈɋɍȾȺɊɋɌȼȿɇɇɈȿ ȻɘȾɀȿɌɇɈȿ ɈȻɊȺɁɈȼȺɌȿɅɖɇɈȿ 
ɍɑɊȿɀȾȿɇɂȿ ȼɕɋɒȿȽɈ ɈȻɊȺɁɈȼȺɇɂə 

 

«ɋȺɇɄɌ-ɉȿɌȿɊȻɍɊȽɋɄɂɃ ȽɈɋɍȾȺɊɋɌȼȿɇɇɕɃ  ɍɇɂȼȿɊɋɂɌȿɌ 

ɉɊɈɆɕɒɅȿɇɇɕɏ ɌȿɏɇɈɅɈȽɂɃ ɂ ȾɂɁȺɃɇȺ» 

 

ȼɕɋɒȺə ɒɄɈɅȺ ɌȿɏɇɈɅɈȽɂɂ ɂ ɗɇȿɊȽȿɌɂɄɂ 

 

Ⱥ.ȼ. Ƚɪɨɩяɧɨɜ, ɇ.ɇ. ɋɢɬɨɜ, Ɇ.ɇ. ɀɭɤɨɜɚ 
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ɍчɟɛɧɨ-ɦɟɬɨɞɢчɟɫɤɨɟ ɩɨɫɨɛɢɟ 

ɤ ɩɪɚɤɬɢчɟɫɤɢɦ ɢ ɥɚɛɨɪɚɬɨɪɧыɦ ɡɚɧяɬɢяɦ 
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ɍȾɄ 621(075) 
ȻȻɄ 34.4ɹ7 
Ƚ 878 

  
Ƚɪɨɩɹɧɨɜ Ⱥ.ȼ., ɋɢɬɨɜ ɇ.ɇ., ɀɭɤɨɜɚ Ɇ.ɇ. Ɉɫɧɨɜɵ ɬɟɯɧɨɥɨɝɢɢ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ: ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɤ ɩɪɚɤɬɢɱɟɫɤɢɦ ɢ 
ɥɚɛɨɪɚɬɨɪɧɵɦ ɡɚɧɹɬɢɹɦ/ ȼɒɌɗ ɋɉɛɌɍɉɌȾ.-ɋɉɛ., 2017.-68 ɫ. 

 
ɉɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɦɚɲɢɧ, ɪɚɫɫɦɨɬɪɟɧɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɡɚɞɚɱɢ 
ɩɪɢ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɢ. ɉɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɜɫɟɯ ɮɨɪɦ ɨɛɭɱɟɧɢɹ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ15.03.02  «Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ». 

 
Ɋɟɰɟɧɡɟɧɬɵ: ɡɚɦ. ɞɢɪɟɤɬɨɪɚ ɢɧɫɬɢɬɭɬɚ ɛɟɡɨɬɪɵɜɧɵɯ ɮɨɪɦ ɨɛɭɱɟɧɢɹ   ȼɒɌɗ 

ɋɉɛȽɍɉɌȾ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ȼ.Ɉ. ȼɚɪɝɚɧɨɜ; 
ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɫɬɪɨɢɬɟɥɶɧɨɣ ɮɢɡɢɤɢ ɢ ɯɢɦɢɢ ɋɉɛȽȺɋɍ ɤɚɧɞ. 
ɮɢɡ-ɦɚɬ. ɧɚɭɤ ɘ.Ⱥ. Ɇɚɲɤɨɜ 

 
ɉɨɞɝɨɬɨɜɥɟɧɨ ɢ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɤ ɩɟɱɚɬɢ ɤɚɮɟɞɪɨɣ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ 

ɬɟɯɧɨɥɨɝɢɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ȼɵɫɲɟɣ ɲɤɨɥɵ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɧɟɪɝɟɬɢɤɢ ɋɚɧɤɬ-
ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ  ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ 
ɞɢɡɚɣɧɚ (ɩɪɨɬɨɤɨɥ №7ɨɬ 25.02.2017). 
         ɍɬɜɟɪɠɞɟɧɨ ɤ ɢɡɞɚɧɢɸ ɦɟɬɨɞɢɱɟɫɤɨɣ ɤɨɦɢɫɫɢɟɣ ɢɧɫɬɢɬɭɬɚ ɬɟɯɧɨɥɨɝɢɢ 
ȼɒɌɗ ɋɉɛȽɍɉɌȾ (ɩɪɨɬɨɤɨɥ №4 ɨɬ 24.03.2016). 

 
Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɤ ɢɡɞɚɧɢɸ Ɋɟɞɚɤɰɢɨɧɧɨ-ɢɡɞɚɬɟɥɶɫɤɢɦ ɫɨɜɟɬɨɦ ȼɒɌɗ 

ɋɉɛȽɍɉɌȾ ɜ ɤɚɱɟɫɬɜɟ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɨɫɨɛɢɹ. 
 
 
Ɋɟɞɚɤɬɨɪ ɢ ɤɨɪɪɟɤɬɨɪ Ɍ.Ⱥ.ɋɦɢɪɧɨɜɚ 
Ɍɟɯɧ. ɪɟɞɚɤɬɨɪ Ʌ.ə. Ɍɢɬɨɜɚ 
Ʉɨɦɩɶɸɬɟɪɧɵɣ ɧɚɛɨɪ ɢ ɜɟɪɫɬɤɚ Ɇ.ɋ. Ʌɨɤɬɟɜɨɣ 

Ɍɟɦɩɥɚɧ 2017 ɝ., ɩɨɡ.71 

ɉɨɞɩ. ɤ ɩɟɱɚɬɢ 01.06.2017. Ɏɨɪɦɚɬ 60ɯ84/16. Ȼɭɦɚɝɚ ɬɢɩ. №1. 
ɉɟɱɚɬɶ ɨɮɫɟɬɧɚɹ. Ɉɛɴɟɦ 4,25 ɩɟɱ. ɥ., 4,25 ɭɱ.-ɢɡɞ.ɥ. 
Ɍɢɪɚɠ 50 ɷɤɡ. ɂɡɞ. № 71. ɐɟɧɚ «ɋ». Ɂɚɤɚɡ 

Ɋɢɡɨɝɪɚɮ ȼɵɫɲɟɣ ɲɤɨɥɵ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɧɟɪɝɟɬɢɤɢ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ  ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɞɢɡɚɣɧɚ, 198095, 
ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɭɥ. ɂɜɚɧɚ ɑɟɪɧɵɯ, 4. 
 

 
© ȼɵɫɲɚɹ ɲɤɨɥɚ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɧɟɪɝɟɬɢɤɢ 
ɋɉɛȽɍɉɌȾ, 2017 
© Ⱥ.ȼ. Ƚɪɨɩɹɧɨɜ, ɇ.ɇ. ɋɢɬɨɜ,  
Ɇ.ɇ. ɀɭɤɨɜɚ, 2017 

 



 
Учɟɛɧɨɟ ɢɡɞɚɧɢɟ 

 
 

 
Ⱥɧɬɨɧ ȼɚɫɢɥɶɟɜɢɱ Ƚɪɨɩɹɧɨɜ 
ɇɢɤɨɥɚɣ ɇɢɤɨɥɚɟɜɢɱ ɋɢɬɨɜ 
Ɇɚɪɢɹ ɇɢɤɨɥɚɟɜɧɚ ɀɭɤɨɜɚ 

 
 
 
 
 
 

 
ɈɋɇɈȼɕ ɌȿɏɇɈɅɈȽɂɂ ɆȺɒɂɇɈɋɌɊɈȿɇɂə 

 

ɍчɟɛɧɨ-ɦɟɬɨɞɢчɟɫɤɨɟ ɩɨɫɨɛɢɟ 

ɤ ɩɪɚɤɬɢчɟɫɤɢɦ ɢ ɥɚɛɨɪɚɬɨɪɧыɦ ɡɚɧяɬɢяɦ 

 
 
 

 
 
 
 
 
 
Ɋɟɞɚɤɬɨɪ ɢ ɤɨɪɪɟɤɬɨɪ Ɍ.Ⱥ.ɋɦɢɪɧɨɜɚ 
Ɍɟɯɧ. ɪɟɞɚɤɬɨɪ Ʌ.ə. Ɍɢɬɨɜɚ 
Ʉɨɦɩɶɸɬɟɪɧɵɣ ɧɚɛɨɪ ɢ ɜɟɪɫɬɤɚ Ɇ.ɋ. Ʌɨɤɬɟɜɚ 

Ɍɟɦɩɥɚɧ 2017 ɝ., ɩɨɡ.71 

ɉɨɞɩ. ɤ ɩɟɱɚɬɢ 01.06.2017. Ɏɨɪɦɚɬ 60ɯ84/16. Ȼɭɦɚɝɚ ɬɢɩ. №1. 
ɉɟɱɚɬɶ ɨɮɫɟɬɧɚɹ. Ɉɛɴɟɦ 4,25 ɩɟɱ. ɥ., 4,25 ɭɱ.-ɢɡɞ.ɥ. 
Ɍɢɪɚɠ 50 ɷɤɡ. ɂɡɞ. № 71. ɐɟɧɚ «ɋ». Ɂɚɤɚɡ 

Ɋɢɡɨɝɪɚɮ ȼɵɫɲɟɣ ɲɤɨɥɵ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɧɟɪɝɟɬɢɤɢ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ  ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɞɢɡɚɣɧɚ, 
198095, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, ɭɥ. ɂɜɚɧɚ ɑɟɪɧɵɯ, 4. 
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ȼвɟɞɟɧɢɟ 

  Ɍɟɯɧɨɥɨɝɢɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɪɨɮɢɥɢɪɭɸɳɢɯ 
ɤɭɪɫɨɜ ɜ ɭɱɟɛɧɨɦ ɩɥɚɧɟ ɩɨɞɝɨɬɨɜɤɢ ɢɧɠɟɧɟɪɚ-ɦɟɯɚɧɢɤɚ ɐȻɉ. Ʉɭɪɫ 
ɡɚɜɟɪɲɚɟɬ ɰɢɤɥ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɞɢɫɰɢɩɥɢɧ, ɫɭɦɦɢɪɭɸɳɢɯ ɡɧɚɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɟ ɫɬɭɞɟɧɬɚɦɢ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɫɬɚɞɢɹɯ ɨɛɭɱɟɧɢɹ. Ɂɧɚɧɢɟ 
ɨɫɧɨɜ ɬɟɯɧɨɥɨɝɢɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɦɭ 
ɩɨɧɢɦɚɧɢɸ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɨɧɫɬɪɭɤɰɢɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɐȻɉ ɢ ɹɜɥɹɟɬɫɹ ɛɚɡɨɣ 
ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɷɮɮɟɤɬɢɜɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɪɟɦɨɧɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

  Ʉɭɪɫ «Ɉɫɧɨɜɵ ɬɟɯɧɨɥɨɝɢɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ» ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɰɢɤɥ 
ɥɟɤɰɢɣ, ɩɪɚɤɬɢɱɟɫɤɢɟ ɡɚɧɹɬɢɹ, ɥɚɛɨɪɚɬɨɪɧɵɟ ɪɚɛɨɬɵ ɢ ɡɚɜɟɪɲɚɟɬɫɹ ɤɭɪɫɨɜɵɦ 
ɩɪɨɟɤɬɨɦ. 

  ɇɚɫɬɨɹɳɟɟ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɢɦɟɟɬ ɰɟɥɶ ɞɨɩɨɥɧɢɬɶ 
ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɤɭɪɫ ɩɪɚɤɬɢɱɟɫɤɢɦɢ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹɦɢ ɢ ɩɪɢɜɢɬɶ ɧɚɜɵɤɢ ɜ 
ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɨɮɨɪɦɥɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɚɧɚɥɢɡɟ ɮɚɤɬɨɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɤɚɱɟɫɬɜɨ 
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ. 

ɂɡɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ, ɬɪɟɯ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɢ ɞɜɭɯ ɍɂɊɋ. Ʉ ɤɚɠɞɨɦɭ ɡɚɧɹɬɢɸ ɜ ɧɟɨɛɯɨɞɢɦɨɦ 
ɨɛɴɟɦɟ ɞɚɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɩɨɫɵɥɤɢ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɨɬɜɟɞɟɧɨ 
ɬɚɤɢɦ ɬɪɭɞɧɨɭɫɜɚɢɜɚɟɦɵɦ ɜɨɩɪɨɫɚɦ, ɤɚɤ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɢɩɭɫɤɨɜ, ɪɚɡɪɚɛɨɬɤɚ ɫɯɟɦ ɛɚɡɢɪɨɜɚɧɢɹ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ 
ɧɚ ɬɨɱɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 
  ɉɪɢ ɧɚɩɢɫɚɧɢɢ ɩɨɫɨɛɢɹ ɭɱɬɟɧɵ ɬɪɟɛɨɜɚɧɢɹ ɞɟɣɫɬɜɭɸɳɢɯ 
ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɜ ɨɛɥɚɫɬɢ ɬɟɪɦɢɧɨɥɨɝɢɢ, ɨɮɨɪɦɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɞɪɭɝɢɟ. 

  Ⱦɥɹ ɫɚɦɨɤɨɧɬɪɨɥɹ ɝɨɬɨɜɧɨɫɬɢ ɤ ɩɪɨɜɟɞɟɧɢɸ ɡɚɧɹɬɢɣ ɧɚ ɫɬɪɚɧɢɰɚɯ 60– 

63 ɩɪɢɜɟɞɟɧɵ ɤɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 

  ȼɚɪɢɚɧɬɵ ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɟɣ ɞɟɬɚɥɟɣ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ ɩɨɦɟɳɟɧɵ ɜ ɨɬɞɟɥɶɧɨɦ ɚɥɶɛɨɦɟ. 

  ɉɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɜɫɟɯ ɮɨɪɦ ɨɛɭɱɟɧɢɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ 
15.03.02 «Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ». 
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ɉɊȺɄɌɂɑȿɋɄɈȿ ɁȺɇəɌɂȿ 1 

ɊȺɁɊȺȻɈɌɄȺ ɋɌɊɍɄɌɍɊɕ ɂɇȾɂȼɂȾɍȺɅɖɇɈȽɈ ɌȿɏɇɈɅɈȽɂɑȿɋɄɈȽɈ 
ɉɊɈɐȿɋɋȺ ɆȿɏȺɇɂɑȿɋɄɈɃ ɈȻɊȺȻɈɌɄɂ 

  ɐɟɥɶɸ ɡɚɧɹɬɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɩɨɪɹɞɤɚ ɪɚɡɪɚɛɨɬɤɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɩɪɢɜɢɬɢɟ ɧɚɜɵɤɨɜ ɜ ɟɟ ɨɮɨɪɦɥɟɧɢɢ. 

  Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɫɬɭɞɟɧɬɵ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ 
ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɫɬɪɭɤɬɭɪɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɞɟɬɚɥɢ ɢ ɨɮɨɪɦɥɹɸɬ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɤɚɪɬɵ ɢ ɨɩɟɪɚɰɢɨɧɧɵɟ ɷɫɤɢɡɵ. 

Ɇɚɬɟɪɢɚɥы, ɧɟɨɛхɨɞɢɦыɟ ɞɥɹ ɪɚɛɨɬы 

- ɫɩɪɚɜɨɱɧɢɤɢ ɬɟɯɧɨɥɨɝɚ-ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɹ; 

- ȽɈɋɌɵ ɧɚ ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ; 

- ȽɈɋɌɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɡɚɝɨɬɨɜɨɤ; 

- ɱɟɪɬɟɠɢ ɞɟɬɚɥɟɣ /ɪɚɡɞɚɬɨɱɧɵɣ ɦɚɬɟɪɢɚɥ/; 

- ɮɨɪɦɵ ɦɚɪɲɪɭɬɧɵɯ ɢ ɨɩɟɪɚɰɢɨɧɧɵɯ ɤɚɪɬ; 

- ɮɨɪɦɵ ɤɚɪɬ ɷɫɤɢɡɨɜ /ɪɚɡɞɚɬɨɱɧɵɣ ɦɚɬɟɪɢɚɥ/. 

  ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɧɚ ɩɪɢɦɟɪɟ ɪɚɡɪɚɛɨɬɤɢ 
ɫɬɪɭɤɬɭɪɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɢ 
«ȼɢɥɤɚ», ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ.1. 

  Ⱦɟɬɚɥɶ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ ɨɛɵɤɧɨɜɟɧɧɨɝɨ 
ɤɚɱɟɫɬɜɚ ɋɬ3. ɉɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ – 50 ɲɬɭɤ. ȼ ɩɪɨɢɡɜɨɞɫɬɜɨ ɜɫɟ ɞɟɬɚɥɢ 
ɡɚɩɭɫɤɚɸɬ ɨɞɧɨɣ ɩɚɪɬɢɟɣ. 

  ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɡɚɝɨɬɨɜɤɢ ɤɪɭɝɥɵɣ ɝɨɪɹɱɟɤɚɬɚɧɵɣ 
ɩɪɨɤɚɬ ɨɛɵɱɧɨɣ ɬɨɱɧɨɫɬɢ. 

  Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɦɟɪ ɞɟɬɚɥɢ «ɚ» ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɞɢɚɝɨɧɚɥɶ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɫɨ ɫɬɨɪɨɧɚɦɢ 15 ɧɚ 17 ɦɦ: ܽ = √ͳͷଶ + ͳ͹ଶ = ʹʹ,͹ ˏˏ. 
 ɉɨ ȽɈɋɌ 2590-71 ɜɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɢɣ ɫɬɚɧɞɚɪɬɧɵɣ ɞɢɚɦɟɬɪ ɩɪɨɤɚɬɚ ʹ͵−଴,ଷ+଴,ଶ ɦɦ. 

 ɍɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ: ɤɪɭɝ ʑଶଷ ʒʝʠʡ ଶହଽ଴−଻ଵʠ˕ଷ ʒʝʠʡ ଷ଼଴−଻ଵ . 
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Ɋɢɫ.1. ȼɢɥɤɚ 

  Ɋɚɡɦɟɪ 50 ɦɦ ɜɵɞɟɪɠɢɜɚɥɫɹ ɫ ɞɨɩɭɫɤɨɦ 620 ɦɤɦ, ɬɪɟɛɨɜɚɧɢɟ ɤ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɬɨɪɰɨɜ – Rz 80 ɦɤɦ. Эɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɦɨɠɧɨ ɭɞɨɜɥɟɬɜɨɪɢɬɶ, 
ɟɫɥɢ ɪɟɡɤɭ ɩɪɭɬɤɚ ɜɵɩɨɥɧɹɬɶ ɩɨ ɭɩɨɪɭ ɞɢɫɤɨɜɵɦɢ ɮɪɟɡɚɦɢ ɧɚ ɮɪɟɡɟɪɧɨɦ 
ɫɬɚɧɤɟ /[1], ɬɚɛɥ. 3, ɫ.167/. 

  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɝɨɬɨɜɤɚ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɨɫɬɭɩɢɬ ɫ 
ɨɤɨɧɱɚɬɟɥɶɧɨ ɨɛɪɚɛɨɬɚɧɧɵɦɢ ɬɨɪɰɨɜɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɜ ɪɚɡɦɟɪ 50 ɦɦ. 

 Ɇɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨɞɜɟɪɝɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ: 

- ɤɪɭɝɥɵɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɯɜɨɫɬɨɜɢɤ 9h12 /Rz 20/; 
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- ɞɜɟ ɩɚɪɵ ɩɥɨɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 15h12 /Rz 20/ ɢ 17h12 /Rz 20/; 

- ɩɚɡ 8h12 /Rz 20/, ɞɧɨ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧɨ ɩɨɞ ɭɝɥɨɦ 30 ɝɪɚɞɭɫɨɜ ɤ 
ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ; 

- ɨɬɜɟɪɫɬɢɟ ɜ ɫɩɥɨɲɧɨɦ ɦɟɬɚɥɥɟ 6H7 /Ra 1,25/. 

ȼ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɚɬɶ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɵ «Ȼ», ɫɨɨɫɧɨɫɬɶ ɨɬɜɟɪɫɬɢɣ ɜ 
ɩɪɨɭɲɢɧɚɯ ɜɢɥɤɢ ɢ ɩɨɥɨɠɟɧɢɟ ɨɫɢ ɨɬɜɟɪɫɬɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɪɰɚ ɫ ɞɨɩɭɫɤɨɦ 
± 0,1 ɦɦ. 

  ȼɵɛɟɪɟɦ ɪɚɰɢɨɧɚɥɶɧɵɟ ɦɚɪɲɪɭɬɵ ɨɛɪɚɛɨɬɤɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɯɟɦɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɧɚ ɪɢɫ. 3-6. 

  ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ 9h12 /Rz 20/ ɨɧɚ ɦɨɠɟɬ 
ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɞɜɭɤɪɚɬɧɵɦ /ɱɟɪɧɨɜɵɦ ɢ ɱɢɫɬɨɜɵɦ/ ɨɛɬɚɱɢɜɚɧɢɟɦ /ɪɢɫ.3/. 

  ɉɥɨɫɤɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 15h12 /Rz 20/ ɢ 17h12 /Rz 20/ ɦɨɠɧɨ ɨɛɪɚɛɨɬɚɬɶ 
ɮɪɟɡɟɪɨɜɚɧɢɟɦ ɢ ɫɬɪɨɝɚɧɢɟɦ /ɪɢɫ.6/. ȼɵɛɢɪɚɟɦ ɮɪɟɡɟɪɨɜɚɧɢɟ ɤɚɤ ɛɨɥɟɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ. ȿɫɥɢ ɨɛɪɚɛɨɬɤɭ ɜɟɫɬɢ ɞɢɫɤɨɜɵɦɢ ɮɪɟɡɚɦɢ, ɬɨ 
ɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɪɚɛɚɬɵɜɚɬɶ ɞɜɟ ɩɪɨɬɢɜɨɥɟɠɚɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɛɨɪɨɦ ɮɪɟɡ. 

  Ɉɛɪɚɛɨɬɤɚ ɩɚɡɚ 8h12 /Rz20/ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɫɬɪɨɝɚɧɢɟɦ 
ɢ ɮɪɟɡɟɪɨɜɚɧɢɟɦ. Ɏɪɟɡɟɪɨɜɚɧɢɟ ɞɢɫɤɨɜɨɣ ɮɪɟɡɨɣ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ. ɉɪɢ 
ɷɬɨɦ ɦɨɠɧɨ ɫɨɱɟɬɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɩɚɡɚ ɢ ɨɛɪɚɛɨɬɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ 17h12. 

ɇɚɛɨɪ ɮɪɟɡ ɞɥɹ ɬɚɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ.2. 

Ɉɬɜɟɪɫɬɢɟ 6H7 /Ra 1,25/ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɜɟɪɥɟɧɢɟɦ ɢ ɞɜɭɤɪɚɬɧɵɦ 
ɪɚɡɜɟɪɬɵɜɚɧɢɟɦ, ɪɢɫ,4/. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɜɤɥɸɱɚɟɬ ɬɪɢ ɨɩɟɪɚɰɢɢ: ɬɨɤɚɪɧɭɸ, ɮɪɟɡɟɪɧɭɸ ɢ ɫɜɟɪɥɢɥɶɧɭɸ. 

ȼɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ ɨ ɩɪɢɟɦɥɟɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɩɟɪɚɰɢɣ. 
  ɇɚɱɢɧɚɬɶ ɨɛɪɚɛɨɬɤɭ ɫɨ ɫɜɟɪɥɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. ȿɫɥɢ 
ɧɚɱɢɧɚɬɶ ɨɛɪɚɛɨɬɤɭ ɫ ɬɨɱɟɧɢɹ ɯɜɨɫɬɨɜɢɤɚ, ɬɨ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ 
ɮɪɟɡɟɪɨɜɚɧɢɢ ɜɨɡɧɢɤɧɭɬ ɡɚɬɪɭɞɧɟɧɢɹ 
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Ɋɢɫ.2.  ɇɚɛɨɪ ɮɪɟɡ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɩɚɡɚ ɢ ɩɥɨɫɤɨɫɬɟɣ 
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Ɋɢɫ. 3. ȼɨɡɦɨɠɧɵɟ ɦɚɪɲɪɭɬɵ ɢ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ 
ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɥ ɜɪɚɳɟɧɢɹ 

 

О̍т̸̛̛̦̌̏̌е ̸е̬̦о̏ое ͳʹˍ˅𝑅௔ ଶ଴…଼଴𝑅௭ ଼଴…ଷଶ଴
 

О̍т̸̛̛̦̌̏̌е ̸̛̭то̏ое 
око̸̦̌тел̦̽ое ͺ … ͳͳˍ˅   𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴

 

О̍т̸̛̛̦̌̏̌е ̸̛̭то̏ое под 
̹л̛фо̛̦̏̌е ͳͳˍ˅   𝑅௔ ହ…ଵ଴𝑅௭ ଶ଴…ସ଴

 

О̍т̸̛̛̦̌̏̌е ̸̛̭то̏ое под 
то̦кое то̸е̛̦е ͳͳˍ˅   𝑅௔ ହ…ଵ଴𝑅௭ ଶ଴…ସ଴

 

ˌл̛фо̛̦̏̌е ̭̬ед̦е̜ 
то̸̦о̭т̛ ͸ … ͺˍ˅   𝑅௔ ଴,଼ଷ…ଵ,ଶହ𝑅௭ ଷ,ଶ…଼,ଷ

 

ˌл̛фо̛̦̏̌е ̸е̬̦о̏ое ͺ … ͻˍ˅   𝑅௔ ଵ,ଶହ𝑅௭ ଼,ଷ
 

То̦кое о̍т̸̛̛̦̌̏̌е 
̸е̬̦о̏ое ͺ … ͻˍ˅   𝑅௔ ଵ,ଶହ…ଶ,ହ𝑅௭ ଺,ଷ…ଵ଴

 

ˌл̛фо̛̦̏̌е то̦кое ͷˍ˅   𝑅௔ ଴,ଵ଺…଴,ଷଶ𝑅௭ ଴,଼…ଵ,଼
 

 

ˌл̛фо̛̦̏̌е ̸̛̭тое ͸ … ͺˍ˅   𝑅௔ ଴,ଷଶ…଴,଺ଷ𝑅௭ ଵ,଼…ଷ,ଶ
 

 

То̦кое о̍т̸̛̛̦̌̏̌е ̸̛̭то̏ое ͷ … ͹ˍ˅   𝑅௔ ଴,ଵ଺…ଵ,ଶହ𝑅௭ ଴,଼…଺,ଷ
 

 

ʿ̛̬т̛̛̬̦̌е ͷ … ͸ˍ˅   𝑅௔ ଴,଴ଵ…଴,ଵ଺𝑅௭ ଴,଴଺…଴,଼
 

 

О̬̍̌̍отк̌ коле̍л̛̛̺̥̭̀́ 
̬̍у̭к̛̥̌ ͷ … ͸ˍ˅   𝑅௔ ଴,଴ଵ…଴,ଵ଺𝑅௭ ଴,଴ହ…଴,ଵ

 

те̬̥оо̬̍̌̍отк̌ 



 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 4. ȼɨɡɦɨɠɧɵɟ ɦɚɪɲɪɭɬɵ ɢ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɤɪɭɝɥɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɫɩɥɨɲɧɨɦ ɦɟɬɚɥɥɟ 

 

 

ˁ̏е̬ле̛̦е ͳʹˍ˅ 𝑅௔ ଵ଴…ସ଴𝑅௭ ସ଴…ଵ଺଴
 

 

ʿ̬от̛̛̦́̐̏̌е ͻˍ˅ 𝑅௔ ଴,଺ଷ…ହ𝑅௭ ଷ,ଶ…ଶ଴
 

 

Зе̦ке̬о̛̦̏̌е ͳͳˍ˅ 𝑅௔ ହ…ଵ଴𝑅௭ ଶ଴…ସ଴
 

 

ˀ̭̌т̸̛̛̦̌̏̌е ͳͳˍ˅ 𝑅௔ ହ…ଵ଴𝑅௭ ଶ଴…ସ଴
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͻˍ˅ 𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴
 

 

К̌л̛̬̍о̛̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,଺ଷ…ଵ,ଶହ𝑅௭ ଷ,ଶ…଺,ଷ
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͻˍ˅ 𝑅௔ ଵ,ଶହ…ଶ,ହ𝑅௭ ଺,ଷ…ଵ଴
 

 

ˌл̛фо̛̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,଺ଷ…ଵ,ଶହ𝑅௭ ଷ,ଶ…଺,ଷ
 

 

ˌл̛фо̛̦̏̌е ͺ … ͻˍ˅ 𝑅௔ ଴,଺ଷ…ଶ,ହ𝑅௭ ଷ,ଶ…ଵ଴
 

 

ˀ̭̌т̸̛̛̦̌̏̌е ͻˍ˅ 𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴
 

 

То̦кое 
̬̭̌т̸̛̛̦̌̏̌е ͻˍ˅ 𝑅௔ ଵ,ଶହ…ଶ,ହ𝑅௭ ଺,ଷ…ଵ଴

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,଺ଷ…ଵ,ଶହ𝑅௭ ଷ,ଶ…଺,ଷ
 

 

ˌл̛фо̛̦̏̌е 
то̸̦ое ͹ˍ˅ 𝑅௔ ଴,଺ଷ…଴,ଷଶ𝑅௭ ଷ,ଶ…ଵ,଺

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,଺ଷ…ଶ,ହ𝑅௭ ଷ,ଶ…ଵ଴
 

 

ˌл̛фо̛̦̏̌е 
то̦кое ͸ˍ˅ 𝑅௔ ଴,ଷଶ…଴,ଵ଺𝑅௭ ଵ,଺…଴,଼

 

То̦кое 
̬̭̌т̸̛̛̦̌̏̌е ͸ … ͹ˍ˅ 𝑅௔ ଴,଺ଷ…଴,ଵ଺𝑅௭ ଷ,ଶ…଴,଼
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Ɋɢɫ. 5. ȼɨɡɦɨɠɧɵɟ ɦɚɪɲɪɭɬɵ ɢ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɤɪɭɝɥɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɡɚɝɨɬɨɜɤɚɯ 

ɫ ɨɬɜɟɪɫɬɢɹɦɢ 

 

 

 

 

ˀ̭̭̌̏е̬л̛̛̦̏̌е ͳʹˍ˅ 𝑅௔ ଵ଴…ସ଴𝑅௭ ସ଴…ଵ଺଴
 

 

Зе̦ке̬о̛̦̏̌е  ͳʹˍ˅ 𝑅௔ ହ…ଵ଴𝑅௭ ଶ଴…ସ଴
 

 

ˀ̭̌т̸̛̛̦̌̏̌е ͳʹˍ˅ 𝑅௔ ହ…ଵ଴𝑅௭ ଶ଴…ସ଴
 

 

Зе̦ке̬о̛̦̏̌е ͳͳˍ˅ 𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴
 

 

ˀ̭̌т̸̛̛̦̌̏̌е ͻˍ˅ 𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͻˍ˅ 𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,଺ଷ…ଵ,ଶହ𝑅௭ ଷ,ଶ…଺,ଷ
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͻˍ˅ 𝑅௔ ଵ,ଶହ…ଶ,ହ𝑅௭ ଺,ଷ…ଵ଴
 

 

То̦кое 
̬̭̌т̸̛̛̦̌̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,ଷଶ…ଵ,ଶହ𝑅௭ ଵ,଺…଺,ଷ

 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,ଷଶ…ଵ,ଶହ𝑅௭ ଵ,଺…଺,ଷ
 

 

ˈо̛̦̦̐о̛̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,଴ସ…଴,ଵ଺𝑅௭ ଴,ଶ…଴,଼
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͻˍ˅ 𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,଺ଷ…ଵ,ଶହ𝑅௭ ଷ,ଶ…଺,ଷ
 

 

ˌл̛фо̛̦̏̌е 
то̸̦ое ͹ˍ˅ 𝑅௔ ଴,଺ଷ…଴,ଷଶ𝑅௭ ଷ,ଶ…ଵ,଺

 

ˈо̛̦̦̐о̛̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,଴ସ…଴,ଵ଺𝑅௭ ଴,ଶ…଴,଼
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,ଷଶ…ଵ,ଶହ𝑅௭ ଵ,଺…଺,ଷ
 

 

ˀ̌̏̚е̬т̛̼̦̏̌е ͻˍ˅ 𝑅௔ ଵ,ଶହ…ଶ,ହ𝑅௭ ଺,ଷ…ଵ଴
 

 

ˌл̛фо̛̦̏̌е ͺ … ͻˍ˅ 𝑅௔ ଴,଺ଷ…ଶ,ହ𝑅௭ ଷ,ଶ…ଵ଴
 

 

То̦кое ̬̭̌т̸̛̛̦̌̏̌е ͹ … ͺˍ˅ 𝑅௔ ଴,ଷଶ…ଵ,ଶହ𝑅௭ ଵ,଺…଺,ଷ
 

 

ˀ̭̌т̸̛̛̦̌̏̌е ͳͳˍ˅ 𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴
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Ɋɢɫ. 6. ȼɨɡɦɨɠɧɵɟ ɦɚɪɲɪɭɬɵ ɢ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɩɥɨɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

  

ˇ̬е̚е̬о̛̦̏̌е 
ц̛л̛̦д. ˋе̬̦о̏ое ͳͳ … ͳͶˍ˅  𝑅௔ ଶ,ହ…ଶ଴𝑅௭ ଵ଴…଼଴

 

ˇ̬е̚е̬о̛̦̏̌е 
то̬це̏ое ̸е̬̦. ͳͳ … ͳ͵ˍ˅  𝑅௔ ଶ,ହ…ଶ଴𝑅௭ ଵ଴…ଶ଴

 

ˁт̬о̛̦̐̌е 
̸е̬̦о̏ое ͳͳ … ͳͶˍ˅  𝑅௔ ଶ,ହ…ଶ଴𝑅௭ ଵ଴…ଶ଴

 

ʿ̬от̛̛̦́̐̏̌е 
̸е̬̦о̏ое ͳͲ … ͳͳˍ˅  𝑅௔ ଵ,ଶହ…ହ𝑅௭ ଺,ଷ…ଶ଴

 

ˇ̬е̚е̬о̛̦̏̌е 
полу̸̛̭то̏ое ͳͳ … ͳʹˍ˅  𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴

 

 

ˇ̬е̚е̬о̛̦̏̌е 
полу̸̛̭то̏ое ͳͲ … ͳͳˍ˅  𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ହ଴

 

 

ˌл̛фо̛̦̏̌е 
п̬ед̛̬̏̌тел̦̽. ͺˍ˅  𝑅௔ ଴,଺ଷ…ଶ,ହ𝑅௭ ଷ,ଶ…ଵ଴

 

 

ˁт̬о̛̦̐̌е 
полу̸̛̭то̏ое ͳͳ … ͳʹˍ˅  𝑅௔ ଶ,ହ…ହ𝑅௭ ଵ଴…ଶ଴

 

 

ʿ̬от̛̛̦́̐̏̌е 
̸̛̭то̏ое ͸ … ͺˍ˅  𝑅௔ ଴,଺ଷ…ଶ,ହ𝑅௭ ଷ,ଶ…ଵ଴

 

 

ˁт̬о̛̦̐̌е 
̸̛̭то̏ое ͺ … ͻˍ˅  𝑅௔ ଵ,ଶହ…ଶ,ହ𝑅௭ ଼,ଷ…ଵ଴

 

 

ˁт̬о̛̦̐̌е то̦кое ͹ … ͺˍ˅  𝑅௔ ଴,ଷଶ…ଶ,ହ𝑅௭ ଵ,଺…ଵ଴
 

 

ˌл̛фо̛̦̏̌е 
̸̛̭то̏ое ͹ˍ˅  𝑅௔ ଴,ଵ଺…଴,଺ଷ𝑅௭ ଴,଼…ଷ,ଶ

 

 

ˌл̛фо̛̦̏̌е 
то̦кое ͸ˍ˅  𝑅௔ ଴,଴଼…଴,ଷଶ𝑅௭ ଴,ସ…ଵ,଼

 

 

ˇ̬е̚е̬о̛̦̏̌е 
̸̛̭то̏ое ͹ … ͺˍ˅  𝑅௔ ଵ,ଶହ…ଶ,ହ𝑅௭ ଺,ଷ…ଵ଴

 

 

ˇ̬е̚е̬о̛̦̏̌е 
̸̛̭то̏ое ͺ … ͻˍ˅  𝑅௔ ଵ,ଶହ…ଶ,ହ𝑅௭ ଺,ଷ…ଵ଴

 

 

ˇ̬е̚е̬о̛̦̏̌е 
то̦кое ͸ … ͹ˍ˅  𝑅௔ ଴,ଷଶ…ଶ,ହ𝑅௭ ଵ,଺…ଵ଴
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ɫ ɡɚɤɪɟɩɥɟɧɢɟɦ ɡɚɝɨɬɨɜɤɢ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɠɟɫɬɤɨɫɬɢ. ɉɨɷɬɨɦɭ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɹɬɶ ɫɥɟɞɭɸɳɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 
ɨɩɟɪɚɰɢɣ: ɮɪɟɡɟɪɧɚɹ, ɬɨɤɚɪɧɚɹ, ɫɜɟɪɥɢɥɶɧɚɹ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɮɪɟɡɟɪɧɨɣ ɨɩɟɪɚɰɢɢ ɜɵɛɢɪɚɟɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-

ɮɪɟɡɟɪɧɵɣ ɫɬɚɧɨɤ 6ɇ80 /ɢɫɬɨɱɧɢɤ [2], ɫ. 57/. Ɏɪɟɡɟɪɨɜɚɧɢɟ ɜɟɞɟɬɫɹ ɧɚ ɞɜɭɯ 
ɭɫɬɚɧɨɜɤɚɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɛɨɪɚɯ ɮɪɟɡ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 2, 
ɚ ɜɬɨɪɨɣ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɞɜɭɫɬɨɪɨɧɧɢɯ ɮɪɟɡ, ɧɚɫɬɪɨɟɧɧɵɯ ɧɚ ɪɚɡɦɟɪ 15h12. 

Ɏɪɟɡɵ ɜɵɛɢɪɚɟɦ ɩɨ ȽɈɋɌ 6469-69 ɢ ȽɈɋɌ 3755-69 ɫ ɭɱɟɬɨɦ 
ɩɨɬɪɟɛɧɵɯ ɝɚɛɚɪɢɬɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ. Ⱦɥɹ ɞɜɭɫɬɨɪɨɧɧɢɯ ɮɪɟɡ ɝɥɭɛɢɧɚ ɜɪɟɡɚɧɢɹ 
/ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɱɟɪɬɟɠɭ/ ɫɨɫɬɚɜɥɹɟɬ 30 ɦɦ, ɚ ɞɥɹ ɬɪɟɯɫɬɨɪɨɧɧɟɣ- 20 ɦɦ. 
Ɍɚɤɢɟ ɝɥɭɛɢɧɵ ɜɪɟɡɚɧɢɹ ɫ ɭɱɟɬɨɦ ɬɨɥɳɢɧɵ ɭɫɬɚɧɨɜɨɱɧɵɯ ɤɨɥɟɰ 
ɨɛɟɫɩɟɱɢɜɚɸɬ: 

- ɩɪɚɜɨɪɟɠɭɳɚɹ ɮɪɟɡɚ 2245-0011 Ɍ15Ʉ6 ȽɈɋɌ 6464-69; 

- ɥɟɜɨɪɟɠɭɳɚɹ ɮɪɟɡɚ 2245-0012 Ɍ15Ʉ6 ȽɈɋɌ 6469-69; 

- ɬɪɟɯɫɬɨɪɨɧɧɹ ɮɪɟɡɚ 2240-020 ȽɈɋɌ 3755-69. 

Ɂɚɝɨɬɨɜɤɚ ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ ɦɚɲɢɧɧɵɯ ɬɢɫɤɚɯ ɧɚ ɩɨɜɨɪɨɬɧɨɦ ɫɬɨɥɟ. 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɨɤɚɪɧɨɣ ɨɩɟɪɚɰɢɢ ɜɵɛɢɪɚɟɦ ɬɨɤɚɪɧɨ-ɜɢɧɬɨɪɟɡɧɵɣ 

1K62 /ɢɫɬɨɱɧɢɤ [2], ɫ. 19/. Ɂɚɝɨɬɨɜɤɚ ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ ɱɟɬɵɪɟɯɤɭɥɚɱɤɨɜɨɦ 
ɩɚɬɪɨɧɟ ɡɚ ɮɪɟɡɟɪɨɜɚɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. ȼɫɹ ɬɨɤɚɪɧɚɹ ɨɛɪɚɛɨɬɤɚ ɜɵɩɨɥɧɹɟɬɫɹ 
ɧɚ ɨɞɧɨɦ ɭɫɬɚɧɨɜɟ. Ɉɛɳɢɣ ɩɪɢɩɭɫɤ ɧɚ ɨɛɬɚɱɢɜɚɧɢɟ ɫɬɟɛɥɹ ɫɨɫɬɚɜɥɹɟɬ 7 ɦɦ 
/ɧɚ ɫɬɨɪɨɧɭ/. Ɋɚɫɩɪɟɞɟɥɢɦ ɨɛɳɢɣ ɩɪɢɩɭɫɤ ɧɚ ɬɪɢ ɩɪɨɯɨɞɚ ɫ ɝɥɭɛɢɧɚɦɢ 
ɪɟɡɚɧɢɹ: 1 ɩɪɨɯɨɞ – 4 ɦɦ, 2 ɩɪɨɯɨɞ – 2,5 ɦɦ, 3 ɩɪɨɯɨɞ- 0,5 ɦɦ. 

Ɍɨɱɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɯɨɞɧɵɦ ɩɪɚɜɵɦ ɨɬɨɝɧɭɬɵɦ ɪɟɡɰɨɦ 2102-0055 

Ɍ15Ʉ6 ȽɈɋɌ 18877-73. Ⱦɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɥɬɟɥɢ R3 ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɮɚɫɨɧɧɵɣ ɪɟɡɟɰ. 

Ʉɨɧɬɪɨɥɶ ɞɢɚɦɟɬɪɚ ɫɬɟɛɥɹ ɜɵɩɨɥɧɹɟɬɫɹ ɤɚɥɢɛɪɨɦ – ɫɤɨɛɨɣ 9h12 ȽɈɋɌ 
21401-75, ɚ ɝɚɥɬɟɥɢ – ɲɚɛɥɨɧɨɦ R3. 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɹ 6ɇ7 ɜɵɛɢɪɚɟɦ ɜɟɪɬɢɤɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 
ɫɬɚɧɨɤ 2ɇ112ɉ/ɢɫɬɨɱɧɢɤ [2], ɫ. 22/. Ʉɨɨɪɞɢɧɢɪɨɜɚɧɢɟ ɨɫɢ ɨɬɜɟɪɫɬɢɹ ɫ 
ɞɨɩɭɫɤɨɦ +0,1 ɦɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɍɋɉ /ɭɧɢɜɟɪɫɚɥɶɧɨ-

ɫɛɨɪɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ/. ɇɚɱɚɥɶɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɨɬɜɟɪɫɬɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɫɩɢɪɚɥɶɧɵɦ ɫɜɟɪɥɨɦ 4,8-1 ȽɈɋɌ 88664. 

Ⱦɥɹ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɨɬɜɟɪɫɬɢɣ ɩɪɢɦɟɧɹɟɦ ɪɚɡɜɟɪɬɤɢ ɦɚɲɢɧɧɵɟ ɰɟɥɶɧɵɟ ɬɢɩɚ   
1 ɩɨ ȽɈɋɌ 1672-71. 

 

 



13 

 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ ɡɚɩɨɥɧɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ: 

- ɦɚɪɲɪɭɬɧɚɹ ɤɚɪɬɚ, ȽɈɋɌ 3. 1105-4, ɮɨɪɦɚ 5; 

- ɨɩɟɪɚɰɢɨɧɧɚɹ ɤɚɪɬɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ; 

Ƚɨɫɬ 3.1404-74, ɮɨɪɦɚ 1; 

- ɤɚɪɬɚ ɷɫɤɢɡɨɜ, ȽɈɋɌ3.1105-74, ɮɨɪɦɚ 5. 

ɉɪɢ ɨɮɨɪɦɥɟɧɢɢ ɦɚɪɲɪɭɬɧɨɣ ɤɚɪɬɵ ɡɚɩɨɥɧɹɸɬɫɹ ɝɪɚɮɵ: 1, 4, 6, 8, 11, 
14, 15, 1, 25. ɇɭɦɟɪɨɜɚɬɶ ɨɩɟɪɚɰɢɢ ɜ ɝɪɚɮɟ 14 ɫɥɟɞɭɟɬ ɱɟɪɟɡ ɩɹɬɶ ɟɞɢɧɢɰ: 05, 
10, 15, 20, 25 ɢ ɬ.ɞ. 

ɉɪɢ ɨɮɨɪɦɥɟɧɢɢ ɨɩɟɪɚɰɢɨɧɧɨɣ ɤɚɪɬɵ ɜ ɝɪɚɮɟ 4 ɫ ɰɟɥɶɸ ɷɤɨɧɨɦɢɢ ɛɥɚɧɤɨɜ 
ɩɟɪɟɱɢɫɥɹɬɶ ɜɫɟ ɨɩɟɪɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɋɨɞɟɪɠɚɧɢɟ ɩɟɪɟɯɨɞɨɜ ɢɡɥɚɝɚɟɬɫɹ ɜ ɩɨɜɟɥɢɬɟɥɶɧɨɦ ɧɚɤɥɨɧɟɧɢɢ, ɚ ɢɯ 
ɧɭɦɟɪɚɰɢɹ ɞɥɹ ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɢ ɧɚɱɢɧɚɟɬɫɹ ɫ ɟɞɢɧɢɰɵ. Ƚɪɚɮɵ ɤɚɪɬɵ 23-27 
ɧɟ ɡɚɩɨɥɧɹɬɶ. ȼ ɝɪɚɮɟ 11 ɫɥɟɞɭɟɬ ɩɟɪɟɱɢɫɥɢɬɶ ɜɫɟ ɩɪɢɦɟɧɹɟɦɵɟ ɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɫɬɚɧɤɢ. Ɂɚɩɢɫɢ ɜ ɝɪɚɮɵ 16-18 ɫɨɩɪɨɜɨɠɞɚɬɶ 
ɫɫɵɥɤɚɦɢ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ȽɈɋɌɵ. 

ȼ ɤɚɪɬɚɯ ɷɫɤɢɡɨɜ ɩɪɢɜɨɞɢɬɫɹ ɜɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɢ ɞɨɫɬɚɬɨɱɧɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ (ɭɫɬɚɧɨɜɚ, ɩɟɪɟɯɨɞɚ). ɇɚ 
ɨɩɟɪɚɰɢɨɧɧɵɯ ɷɫɤɢɡɚɯ ɫ ɩɨɦɨɳɶɸ ɭɫɥɨɜɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ ɩɨɤɚɡɵɜɚɟɬɫɹ 
ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɟɪɟɡɚɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɢ 
ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɨɬɞɟɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ. ɇɚ ɷɫɤɢɡɟ ɡɚɝɨɬɨɜɤɚ 
ɢɡɨɛɪɚɠɚɟɬɫɹ ɜ ɬɨɦ ɜɢɞɟ, ɤɨɬɨɪɵɣ ɨɧɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ 
ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ (ɭɫɬɚɧɨɜɚ, ɩɟɪɟɯɨɞɚ). Ʉɨɧɬɭɪɵ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚ ɷɫɤɢɡɟ ɩɨɤɚɡɵɜɚɸɬ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ (ɩɨ ȽɈɋɌɭ – 

ɭɬɨɥɳɟɧɧɵɦɢ ɥɢɧɢɹɦɢ). 
 

ɉɨɪɹɞɨɤ ɜыɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɹ 

- ɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɱɟɪɬɟɠɨɦ ɞɟɬɚɥɢ; 
- ɜɵɛɪɚɬɶ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ; 
-  ɧɚɦɟɬɢɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɫɩɨɫɨɛɵ ɨɛɪɚɛɨɬɤɢ ɨɬɞɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ; 
- ɧɚɦɟɬɢɬɶ ɦɚɪɲɪɭɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; 
- ɜɵɛɪɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɢɧɫɬɪɭɦɟɧɬɵ; 
- ɫɨɫɬɚɜɢɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ; 
- ɩɪɟɞɴɹɜɢɬɶ ɩɪɟɩɨɞɚɜɚɬɟɥɸ ɜɵɩɨɥɧɟɧɧɭɸ ɪɚɛɨɬɭ. 
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ɉɊȺɄɌɂɑȿɋɄɈȿ ɁȺɇəɌɂȿ 2 

ɊȺɋɑȿɌ ɉɊɂɉɍɋɄɈȼ ɂ ɉɊɈɆȿɀɍɌɈɑɇɕɏ ɊȺɁɆȿɊɈȼ ɊȺɋɑȿɌɇɈ-

ȺɇȺɅɂɌɂɑȿɋɄɂɆ ɆȿɌɈȾɈɆ 

ɐɟɥɶɸ ɡɚɧɹɬɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɦɟɬɨɞɢɤɢ ɢ ɩɪɢɜɢɬɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɧɚɜɵɤɨɜ ɪɚɫɱɟɬɚ ɩɪɢɩɭɫɤɨɜ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. 

Ɇɚɬɟɪɢɚɥы, ɧɟɨɛхɨɞɢɦыɟ ɞɥɹ ɪɚɛɨɬы 

- ɫɩɪɚɜɨɱɧɢɤɢ ɬɟɯɧɨɥɨɝɚ-ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɹ; 
- ɧɨɪɦɚɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨ ɪɟɠɢɦɚɦ ɪɟɡɚɧɢɹ; 
- ɱɟɪɬɟɠɢ ɞɟɬɚɥɟɣ /ɪɚɡɞɚɬɨɱɧɵɣ ɦɚɬɟɪɢɚɥ/. 

Ɋɚɫɱɟɬɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɪɚɡɪɚɛɨɬɚɧ 
ɩɪɨɮɟɫɫɨɪɨɦ ȼ.ɇ.Ʉɨɜɚɧɨɦ. ɂɦ ɩɪɟɞɥɨɠɟɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɚ, ɜɵɱɢɫɥɹɟɦɨɝɨ ɧɚ ɤɚɠɞɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞ. ܼ௜௠௜௡ = ܴ௭௜−ଵ + ௜ܶ−ଵ + 𝜌௜−ଵ + ℰ௜ ,                                                                   (1) 

ɝɞɟ ܴ௭௜−ଵ – ɜɵɫɨɬɚ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɟɦ 
ɩɟɪɟɯɨɞɟ; 

௜ܶ−ଵ – ɝɥɭɛɢɧɚ ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɫɟɪɨɝɨ ɢ 
ɤɨɜɤɨɝɨ ɱɭɝɭɧɚ, ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɟɪɟɯɨɞɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɬɚɥɢ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ Tɢɡ ɪɚɫɱɟɬɧɨɣ ɮɨɪɦɭɥɵ 
ɢɫɤɥɸɱɚɟɬɫɹ; 𝜌௜−ଵ - ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɛɚɡ ɡɚɝɨɬɨɜɤɢ, ɨɫɬɚɜɲɟɟɫɹ ɜ ɧɟɣ 
ɩɨɫɥɟ ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ ɩɟɪɟɯɨɞɚ. ȼɟɤɬɨɪɧɚɹ ɜɟɥɢɱɢɧɚ; ℰ௜ - ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɜɵɩɨɥɧɹɟɦɨɦ ɩɟɪɟɯɨɞɟ. ȼɟɤɬɨɪɧɚɹ 
ɜɟɥɢɱɢɧɚ. ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɧɚɫɬɪɨɟɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɨɧɚ  

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ /ℰˊ/ ɢ ɩɨɝɪɟɲɧɨɫɬɶ 
ɡɚɤɪɟɩɥɟɧɢɹ/ℰ𝛿/. 

Ɉɧɚ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɛɚɡɵ ɡɚɧɢɦɚɸɬ ɩɨɥɨɠɟɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɧɤɚ, ɨɬɥɢɱɧɨɟ ɨɬ ɬɨɝɨ, ɤɨɬɨɪɨɟ ɨɧɢ ɞɨɥɠɧɵ ɛɵɥɢ ɛɵ 
ɡɚɧɢɦɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ ɛɚɡɢɪɨɜɚɧɢɹ. 

ȿɫɥɢ ɧɚɩɪɚɜɥɟɧɢɹ ρ ɢ ℰ ɢɡɜɟɫɬɧɵ, ɨɧɢ ɫɭɦɦɢɪɭɸɬɫɹ ɩɨ ɩɪɚɜɢɥɚɦ 
ɫɥɨɠɟɧɢɹ ɜɟɤɬɨɪɨɜ. ɑɚɳɟ ɜ ɩɪɚɤɬɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɨɜ ɧɟɢɡɜɟɫɬɧɵ, ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɯ ɫɭɦɦɢɪɭɸɬ 
ɩɨ ɩɪɚɜɢɥɭ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ: ܼ௜௠௜௡ = ܴ௭௜−ଵ + ௜ܶ−ଵ + √𝜌ଶ௜−ଵ + ℰଶ௜ ,            (2) 
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ȿɫɥɢ ɨɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɩɨ ɦɟɬɨɞɭ ɩɪɨɛɧɵɯ ɩɪɨɯɨɞɨɜ, ɬɨ ɦɢɧɢɦɚɥɶɧɵɣ 

ɩɪɢɩɭɫɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  

ܼ௜௠௜௡ = ܴ௭௜−ଵ + ௜ܶ−ଵ + √𝜌ଶ௜−ଵ + ℰ௕௜ ,             (3) 

ɝɞɟ ℰ௕௜ – ɩɨɝɪɟɲɧɨɫɬɶ ɜɵɜɟɪɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɜɵɩɨɥɧɹɟɦɨɦ ɩɟɪɟɯɨɞɟ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɩɪɢɩɭɫɤɚ ɧɚ ɞɢɚɦɟɬɪ ɜɟɥɢɱɢɧɵ, ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (2) ɢ 

(3), ɧɟɨɛɯɨɞɢɦɨ ɭɞɜɚɢɜɚɬɶ. 

ɉɨɪɹɞɨɤ ɨɩɪɟɞɟɥɟɧɢɹ, ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ 

ɜɟɥɢɱɢɧ ܴ௭, T, ℰ, ρ ɢ ℰ௕ ɩɪɢɜɨɞɹɬɫɹ ɜ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ. 

ɉɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɧɚ ɧɚɫɬɪɨɟɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɡɚɝɨɬɨɜɤɢ 

ɩɨɫɬɭɩɚɸɬ ɫ ɩɪɟɞɲɟɫɬɜɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ ɫ ɤɨɥɟɛɚɧɢɟɦ ɪɚɡɦɟɪɨɜ ɜ ɩɪɟɞɟɥɚɯ 

ɩɨɥɹ ɞɨɩɭɫɤɚ. Ɋɚɡɥɢɱɧɵɦ ɪɚɡɦɟɪɚɦ ɡɚɝɨɬɨɜɨɤ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

ɪɚɡɥɢɱɧɚɹ ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɡɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ ɭɩɪɭɝɢɯ 

ɞɟɮɨɪɦɚɰɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Эɬɨ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɜɜɟɞɟɧɢɹ ɩɨɧɹɬɢɣ ɦɢɧɢɦɚɥɶɧɨɝɨ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɨɜ. 

ɇɚ ɪɢɫ.7 ɡɚɝɨɬɨɜɤɚ «I» ɢɦɟɟɬ ɩɨɫɥɟ ɩɪɟɞɲɟɫɬɜɭɸɳɟɝɨ (i-1) ɩɟɪɟɯɨɞɚ 

ɮɚɤɬɢɱɟɫɤɢɣ ɪɚɡɦɟɪ ܣ௜−ଵ௠௜௡, ɚ ɡɚɝɨɬɨɜɤɚ «II» - ܣ௜−ଵ௠௔௫. Ɏɪɟɡɚ ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ 

ɪɚɡɦɟɪ ܣ௜ː ˃˚. ɉɨɫɥɟ ɜɵɩɨɥɧɹɟɦɨɝɨ (i-20) ɩɟɪɟɯɨɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɢɱɧɨɝɨ 

ɨɬɠɚɬɢɹ ɮɪɟɡɵ ɡɚɝɨɬɨɜɤɚ «I» ɛɭɞɟɬ ɢɦɟɬɶ ɪɚɡɦɟɪ ܣ௜௠௜௡, ɚ ɡɚɝɨɬɨɜɤɚ «II» - ܣ௜௠௔௫. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɜɵɞɟɪɠɚɬɶ ɧɚ i-ɬɨɦ ɩɟɪɟɯɨɞɟ ɪɚɡɦɟɪ ܣ௜ɫ ɞɨɩɭɫɤɨɦ𝛿௜, 
ɩɪɢɩɭɫɤ ɧɚ i–ɬɵɣ ɩɟɪɟɯɨɞ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ ܼ௜௠௔௫. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ.7, ܼ௜௠௜௡ = ௜−ଵ௠௜௡ܣ − ௜௠௜௡,                                                                                (4) ܼ௜௠௔௫ܣ = ܼ௜௠௜௡ − 𝛿௜ + 𝛿௜+ଵ,                                                                               (5) 
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Ɋɢɫ .8. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɧɚ i-ɬɨɦ ɩɟɪɟɯɨɞɟ: 
ɚ- ɨɛɪɚɛɨɬɤɚ ɧɚ ɧɚɫɬɪɨɟɧɧɨɦ ɫɬɚɧɤɟ; 

   ɛ- ɨɛɪɚɛɨɬɤɚ ɦɟɬɨɞɨɦ ɩɪɨɛɧɵɯ ɩɪɨɯɨɞɨɜ  

Ɋɢɫ. 7. К ɨɩɪɟɞɟɥɟɧɢɸ ɦɢɧɢɦɚɥɶɧɨɝɨ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɚ ɧɚ 

i–ɬɵɣ ɩɟɪɟɯɨɞ  ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚ ɧɚɫɬɪɨɟɧɧɨɦ ɫɬɚɧɤɟ 
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ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɚɥɨɜ ɩɪɢɩɭɫɤ ɧɚ ɞɢɚɦɟɬɪ ʹܼ௜௠௜௡ = ௜−ଵ௠௜௡ܦ − ௜௠௜௡,               (6) ʹܼ௜௠௔௫ܦ = ʹܼ௜௠௜௡ − 𝛿௜஽ + 𝛿௜−ଵ஽ ,                           (7) 

Ⱦɥɹ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ܼ௜௠௜௡ = ௜௠௔௫ܣ − ௜−ଵ௠௔௫,                        (8) ʹܼ௜௠௜௡ܣ = ௜௠௔௫ܦ − ௜−ଵ௠௔௫,               (9) ʹܼ௜௠௔௫ܦ = ʹܼ௜௠௜௡ − 𝛿௜஽ + 𝛿௜−ଵ஽ ,             (10) 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɧɚ ɨɛɪɚɛɨɬɤɭ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ: 

- ɞɥɹ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ܼ௜ː ˑˏ = ܼ௜௠௜௡ + 𝐻௜−ଵ − 𝐻௜,             (11) ʹܼ௜ː ˑˏ = ʹܼ௜௠௜௡ + 𝐻௜−ଵ஽ − 𝐻௜஽,             (12) 

- ɞɥɹ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ܼ௜ː ˑˏ = ܼ௜௠௜௡ + ௜−ଵܤ − ௜ܤ  ,             (13) ʹܼ௜ː ˑˏ = ʹܼ௜௠௜௡ + ௜−ଵ஽ܤ −  ௜஽,             (14)ܤ

ɝɞɟ 𝐻௜−ଵ, 𝐻௜−ଵ஽ , 𝐻௜, 𝐻௜஽–ɧɢɠɧɢɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 
ɩɪɟɞɲɟɫɬɜɭɸɳɟɦ ɢ ɜɵɩɨɥɧɹɟɦɨɦ ɩɟɪɟɯɨɞɚɯ. ܤ௜−ଵ, ܤ௜−ଵ஽  ௜஽ – ɜɟɪɯɧɢɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɟɦ ɢܤ ,௜ܤ ,
ɜɵɩɨɥɧɹɟɦɨɦ ɩɟɪɟɯɨɞɚɯ. 

Ɋɟɤɨɦɟɧɞɭɟɦыɣ ɩɨɪɹɞɨɤ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

1. ȼɵɩɢɫɚɬɶ ɩɚɪɚɦɟɬɪɵ ɞɟɬɚɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɚɪɢɚɧɬɨɦ, ɭɤɚɡɚɧɧɵɦ 
ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ. 
2. ɉɨɥɶɡɭɹɫɶ ɱɟɪɬɟɠɨɦ ɞɟɬɚɥɢ ɢ ɪɢɫ.3-6, ɜɵɛɪɚɬɶ ɦɚɪɲɪɭɬ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɡɚɞɚɧɧɵɣ ɤɜɚɥɢɬɟɬ ɬɨɱɧɨɫɬɢ ɢ ɜɟɥɢɱɢɧɭ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɞɥɹ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢɩɭɫɤɢ ɢ 
ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɪɚɡɦɟɪɵ. 
3. ɉɨɫɬɪɨɢɬɶ ɫɯɟɦɭ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɜɵɛɪɚɧɧɨɦɭ ɦɚɪɲɪɭɬɭ ɨɛɪɚɛɨɬɤɢ. 
4. ɋɨɫɬɚɜɢɬɶ ɪɚɫɱɟɬɧɭɸ ɬɚɛɥɢɰɭ. 
5. ɂɫɩɨɥɶɡɭɹ ɫɩɪɚɜɨɱɧɢɤɢ, ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɵ Rz, T ɢ δ ɩɨ ɜɫɟɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɟɪɟɯɨɞɚɦ ɢ ɡɚɩɢɫɚɬɶ ɢɯ ɡɧɚɱɟɧɢɹ ɜ ɪɚɫɱɟɬɧɭɸ ɬɚɛɥɢɰɭ. 
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6. Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ρ ɩɨ ɜɫɟɦ 
ɩɟɪɟɯɨɞɚɦ ɢ ɡɚɩɢɫɚɬɶ ɢɯ ɡɧɚɱɟɧɢɹ ɜ ɪɚɫɱɟɬɧɭɸ ɬɚɛɥɢɰɭ. 
7. Ɉɩɪɟɞɟɥɢɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ Ɛ ɩɨ ɜɫɟɦ ɩɟɪɟɯɨɞɚɦ ɢ ɡɚɩɢɫɚɬɶ ɢɯ 
ɡɧɚɱɟɧɢɹ ɜ ɪɚɫɱɟɬɧɭɸ ɬɚɛɥɢɰɭ. 
8. ȼɵɱɢɫɥɢɬɶ ɪɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɦɢɧɢɦɚɥɶɧɵɯ ɩɪɢɩɭɫɤɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ ܼ௜ ˓˃˔௠௜௡ɩɨ ɮɨɪɦɭɥɚɦ (2) ɢɥɢ (3) ɢ ɡɚɩɢɫɚɬɶ ɢɯ ɡɧɚɱɟɧɢɹ ɜ ɪɚɫɱɟɬɧɭɸ ɬɚɛɥɢɰɭ. 
9. Ɂɚɩɢɫɚɬɶ ɜ ɝɪɚɮɭ «ɪɚɫɱɟɬɧɵɣ ɪɚɡɦɟɪ» ɞɥɹ ɩɨɫɥɟɞɧɟɝɨ ɩɟɪɟɯɨɞɚ 
ɧɚɢɦɟɧɶɲɢɣ (ɧɚɢɛɨɥɶɲɢɣ – ɜ ɫɥɭɱɚɟ ɨɬɜɟɪɫɬɢɹ) ɪɚɡɦɟɪ ɩɨ ɱɟɪɬɟɠɭ. 
10.  ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɱɢɫɥɢɬɶ ɧɚɢɦɟɧɶɲɢɟ (ɧɚɢɛɨɥɶɲɢɟ) ɪɚɡɦɟɪɵ ɞɥɹ 
ɜɫɟɯ ɩɟɪɟɯɨɞɨɜ ɩɨ ɮɨɪɦɭɥɚɦ. 

ȼ ɫɥɭɱɚɟ ɜɚɥɚܣ௜ ˓˃˔˚௠௜௡ = ௜−ଵ ˓˃˔˚௠௜௡ܣ + ܼ௜−ଵ˓˃˔˚௠௜௡  ,                                     (15) 

ȼ ɫɥɭɱɚɟ ɨɬɜɟɪɫɬɢɹܣ௜ ˓˃˔˚௠௔௫ = ௜−ଵ ˓˃˔˚௠௔௫ܣ − ܼ௜−ଵ˓˃˔˚௠௜௡ ,                           (16) 

Ɂɚɩɢɫɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɝɪɚɮɭ «ɪɚɫɱɟɬɧɵɣ ɪɚɡɦɟɪ». 

11. Ɂɚɩɢɫɚɬɶ ɜ ɝɪɚɮɭ «ɧɚɢɦɟɧɶɲɢɣ ɩɪɟɞɟɥɶɧɵɣ ɪɚɡɦɟɪ» - ܣ௜௠௜௡(«ɧɚɢɛɨɥɶɲɢɣ ɩɪɟɞɟɥɶɧɵɣ ɪɚɡɦɟɪ» ܣ௜௠௔௫) ɪɚɫɱɟɬɧɵɟ ɪɚɡɦɟɪɵ, ɨɤɪɭɝɥɹɹ 
ɢɯ ɭɜɟɥɢɱɟɧɢɟɦ (ɭɦɟɧɶɲɟɧɢɟɦ) ɞɨ ɬɨɝɨ ɠɟ ɡɧɚɤɚ ɞɟɫɹɬɢɱɧɨɣ ɞɪɨɛɢ, ɫ ɤɚɤɢɦ 
ɭɤɚɡɚɧ ɞɨɩɭɫɤ (𝛿௜) ɧɚ ɪɚɡɦɟɪ ɞɥɹ ɤɚɠɞɨɝɨ ɩɟɪɟɯɨɞɚ. 
12. ȼɵɱɢɫɥɢɬɶ ɢ ɡɚɩɢɫɚɬɶ ɜ ɪɚɫɱɟɬɧɭɸ ɬɚɛɥɢɰɭ ɩɨ ɜɫɟɦ ɩɟɪɟɯɨɞɚɦ 
ɧɚɢɛɨɥɶɲɢɟ – ܣ௜௠௔௫) (ɧɚɢɦɟɧɶɲɢɟ - ܣ௜௠௜௡)) ɩɪɟɞɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɩɨ ɮɨɪɦɭɥɚɦ 

ȼ ɫɥɭɱɚɟ ɜɚɥɚܣ௜௠௔௫ = ௜௠௜௡ܣ + 𝛿௜,                                                          (17) 

ȼ ɫɥɭɱɚɟ ɨɬɜɟɪɫɬɢɹܣ௜௠௜௡ = ௜௠௔௫ܣ − 𝛿௜,                                                         (18) 

13. ȼɵɱɢɫɥɢɬɶ ɢ ɡɚɩɢɫɚɬɶ ɜ ɪɚɫɱɟɬɧɭɸ ɬɚɛɥɢɰɭ ɩɪɟɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
ɩɪɢɩɭɫɤɨɜ ɩɨ ɮɨɪɦɭɥɚɦ 

ȼ ɫɥɭɱɚɟ ɜɚɥɚ ܼ௜௠௔௫ = ௜−ଵ௠௔௫ܣ −  ௜௠௔௫,                                                (19)ܣ

ȼ ɫɥɭɱɚɟ ɨɬɜɟɪɫɬɢɹ ܼ௜௠௜௡ = ௜−ଵ௠௜௡ܣ −  ௜௠௜௡,                                                         (20)ܣ

14. Ɉɩɪɟɞɟɥɢɬɶ ɨɛɳɢɟ ɩɪɢɩɭɫɤɢ ܼ௢௠௔௫ɢ ܼ௢௠௜௡, ɫɭɦɦɢɪɭɹ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 
ɩɪɢɩɭɫɤɢ ɧɚ ɨɛɪɚɛɨɬɤɭ  ܼ௢௠௔௫ = ∑ ܼ௜௠௔௫௜௜=ଵ ,                                                                                       (21) ܼ௢௠௜௡ = ∑ ܼ௜௠௜௡௜௜=ଵ ,                                                                               (22) 

15. ɉɪɨɜɟɪɢɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɪɚɫɱɟɬɨɜ ɩɨ ɮɨɪɦɭɥɚɦ ܼ௜௠௔௫ − ܼ௜௠௜௡ = 𝛿௜−ଵ − 𝛿௜,                                                                             (23) ܼ௢௠௔௫ = ܼ௢௠௜௡ = 𝛿ˊ − 𝛿ˇ,                                                                    (24) 

ɝɞɟ 𝛿ˊ – ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ ɡɚɝɨɬɨɜɤɢ 𝛿ˇ – ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ ɞɟɬɚɥɢ. 



19 

 

 

 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɚ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɬɪɟɯ ɬɢɩɨɜɵɯ ɞɟɬɚɥɟɣ. 
 

ɉɪɢɦɟɪ 1 

 

Ɋɚɫɫɱɢɬɚɬɶ ɩɪɢɩɭɫɤɢ ɧɚ ɨɛɪɚɛɨɬɤɭ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɪɟɞɟɥɶɧɵɟ 
ɪɚɡɦɟɪɵ ɞɥɹ ɨɬɜɟɪɫɬɢɹ Ø45H8 ɩɚɬɪɨɧɚ ɬɪɭɛɱɚɬɨɝɨ ɜɚɥɚ, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ 
ɪɢɫ.9ɚ. 

Ɂɚɝɨɬɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɥɢɜɤɭ 2 ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ ɜ ɩɨɫɬɨɹɧɧɭɸ 
ɮɨɪɦɭ. Ɇɚɬɟɪɢɚɥ ɋɑ-15-32. ȼ ɤɚɱɟɫɬɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɛɚɡɵ / ɞɜɨɣɧɚɹ 
ɧɚɩɪɚɜɥɹɸɳɚɹ / ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɬɜɟɪɫɬɢɹ Ø45 ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶ 
Ø250,ɡɚɝɨɬɨɜɤɚ ɤɨɬɨɪɨɣ ɩɨɫɥɟ ɱɢɫɬɨɜɨɝɨ ɨɛɬɚɱɢɜɚɧɢɹ / 11 ɤɜɚɥɢɬɟɬ / 
ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ ɬɪɟɯɤɭɥɚɱɤɨɜɨɦ ɫɚɦɨɰɟɧɬɪɢɪɭɸɳɟɦ ɩɚɬɪɨɧɟ. 

ɂɫɩɨɥɶɡɭɹ ɪɢɫ.5, ɜɵɛɢɪɚɟɦ ɪɚɰɢɨɧɚɥɶɧɵɣ ɦɚɪɲɪɭɬ ɨɛɪɚɛɨɬɤɢ 
ɨɬɜɟɪɫɬɢɹ Ø45: ɪɚɫɫɜɟɪɥɢɜɚɧɢɟ /12 ɤɜɚɥɢɬɟɬ /, ɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ / 11 
ɤɜɚɥɢɬɟɬ /, ɲɥɢɮɨɜɚɧɢɟ / 8 ɤɜɚɥɢɬɟɬ /. 

ɋɬɪɨɢɦ ɫɯɟɦɭ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ 
ɦɚɪɲɪɭɬɚ ɨɛɪɚɛɨɬɤɢ ɢ ɢɡɨɛɪɚɠɚɟɦ ɟɟ /ɪɢɫ.10 /. ɋɨɫɬɚɜɥɹɟɦ ɬɚɛɥɢɰɭ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ, ɮɨɪɦɚ ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.12ɚ. 
ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɢɫɬɨɱɧɢɤɨɦ [1], ɨɩɪɟɞɟɥɹɟɦ ɜɟɥɢɱɢɧɵ Rz, Tɢ δ: 
 

ɉɨɫɥɟ ɥɢɬɶɹ ܴ௭ˊ˃ˆ+ ܶ́ ˃ˆ = 800 ɦɤɦ / ɬɚɛɥ. 13, ɫ. 174 /, 𝛿ˊ˃ˆ = 1600 ɦɤɦ / ɬɚɛɥ. 3, ɫ. 105 /. 

ɉɨɫɥɟ ɫɜɟɪɥɟɧɢɹ ܴ௭˔˅ˈ˓= 50 ɦɤɦ, ̝ܶ ˅ˈ˓ = 0 / ɬɚɛɥ. 16, ɫ. 175 / , 𝛿˔˅ˈ˓ = 340 ɦɤɦ / ɬɚɛɥ. 3, ɫ.8 /. 

ɉɨɫɥɟ ɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ ܴ௭˚ˋ˔.˓˃˔ = 20 ɦɤɦ,  ܶ̊ ˋ˔.˓˃˔ = 0 / ɬɚɛɥ. 16, ɫ. 176 /, 𝛿˚ˋ˔.˓˃˔ = 50 ɦɤɦ / ɬɚɛɥ. 3, ɫ.8 /. 

Ɂɚɩɢɫɵɜɚɟɦ ɪɟɡɭɥɶɬɚɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɮɵ ɪɚɫɱɟɬɧɨɣ ɬɚɛɥɢɰɵ. 
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Ɋɢɫ.9. ɉɪɢɦɟɪɵ ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɢɩɭɫɤɨɜ 

 

ɚ ɛ 

ɜ 
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Ɋɢɫ.10.  ɋɯɟɦɚ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ 
ɨɬɜɟɪɫɬɢɹ Ø45ɇ8 ɩɚɬɪɨɧɚ ɬɪɭɛɱɚɬɨɝɨ ɜɚɥɚ 

 

 

Ɋɢɫ.11. ɋɯɟɦɚ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ ɨɛɪɚɛɨɬɤɭ 
ɩɚɥɶɰɚ Ø50f7 



 

 

Ɋɚɫɱɟɬ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ 

 

Ⱥ – ɨɛɪɚɛɨɬɤɚ ɨɬɜɟɪɫɬɢɹ Ø45H8; 
Ȼ – ɨɛɪɚɛɨɬɤɚ ɩɚɥɶɰɚ Ø50f7; 
ȼ– ɨɛɪɚɛɨɬɤɚ ɨɬɜɟɪɫɬɢɹ Ø50H11 ɜ ɤɨɪɩɭɫɟ 

     
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ   
ɩɟɪɟɯɨɞɵ 

Эɥɟɦɟɧɬɵ ɩɪɢɩɭɫɤɚ, ɦɤɦ 

Ɋɚɫɱɟɬ-
ɧɵɣ 
ɩɪɢɩɭɫɤ ܼ˓˃˔˚ ௜୫i୬ , 

ɦɤɦ 

Ɋɚɫɱɟɬ-
ɧɵɣ 
ɪɚɡɦɟɪ ܦ˓˃˔˚ ௜୫i୬ ሺ୫axሻ
, ɦɤɦ 

Ⱦɨ-
ɩɭɫɤ δ, 
ɦɤɦ 

ɉɪɟɞɟɥɶɧɵɟ ɪɚɡɦɟɪɵ 
ɉɪɟɞɟɥɶɧɵɟ 
ɩɪɢɩɭɫɤɢ 

Rz T ρ Ɛ ɧɚɢɦɟɧɶɲɢɣ  ܦ௜୫i୬ , ɦɤɦ 

ɧɚɢɛɨɥɶɲɢɣ  ܦ௜୫ax , ɦɤɦ 
 ܼ௜୫i୬ , 

ɦɤɦ 
 ܼ௜୫ax , 

ɦɤɦ 

ȼ. Ɂɚɝɨɬɨɜɤɚ 
Ɋɚɫɬɚɱɢɜɚɧɢɟ   

ɱɟɪɧɨɜɨɟ, 
ɱɢɫɬɨɜɨɟ 

600 
 
50 
- 

600 
 
50 
- 

- 
 
18,75 
- 

- 
 
127 
- 

- 
 
1992 
238 

47,93 
 
49,922 
50,16 

1000 
 
340 
160 

46,9 
 
49,58 
50,00 

47,9 
 
49,92 
50,16 

2260 
 
2020 
240 

3100 
 
2680 
420 

Ȼ. Ɂɚɝɨɬɨɜɤɚ 
Ɍɨɱɟɧɢɟ 

ɱɟɪɧɨɜɨɟ, 
ɱɢɫɬɨɜɨɟ, 

ɲɥɢɮɨɜɚɧɢɟ 

150 
 
60 
25 
- 

150 
 
60 
30 
- 

250 
 
15 
0,6 
- 

- 
 
430 
- 
- 

- 
 
1794 
270 
110 

52,124 
 
50,33 
50,06 
49,95 

1400 
 
400 
120 
25 

52,13 
 
50,33 
50,06 
49,95 

53,53 
 
50,73 
50,18 
49,975 

- 
 
1800 
270 
110 

- 
 
2800 
550 
205 

Ⱥ. Ɂɚɝɨɬɨɜɤɚ 
Ɋɚɫɫɜɟɪɥɢɜɚɧɢɟ,  

ɪɚɫɬɚɱɢɜɚɧɢɟ,  
ɲɥɢɮɨɜɚɧɢɟ 

800 
50 
20 
- 

800 
- 
- 
- 

290 
178 
- 
- 

- 
233 
- 
120 

- 
2344 
456 
280 

41,959 
44,303 
44,759 
45,039 

1600 
340 
50 
39 

40,3 
43,96 
44,70 
45,00 

41,9 
44,30 
44,75 
45,039 

- 
2400 
450 
289 

- 
3660 
40 
300 

2
2
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Ɉɩɪɟɞɟɥɢɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ. 

Ʉɨɪɨɛɥɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɛɚɡɢɪɨɜɚɧɢɢ ɨɬɥɢɜɤɢ ɧɚ ɩɥɨɫɤɨɫɬɶ. 𝜌ˊ˃ˆ=∆КL /ɩɪɢɦɟɱɚɧɢɟ 1 ɤ ɬɚɛɥ. 14, ɫ. 174/ 

ɝɞɟ L– ɧɚɢɛɨɥɶɲɢɣ ɪɚɡɦɟɪ ɡɚɝɨɬɨɜɤɢ, ɦɦ, ∆К – ɭɞɟɥɶɧɨɟ ɤɨɪɨɛɥɟɧɢɟ, ɦɤɦ/ɦɦ 

ɉɪɢɧɢɦɚɟɦ∆К=1 ɦɤɦ/ɦɦ /ɬɚɛɥ. 14, ɫ. 174/. Ɍɨɝɞɚ 𝜌ˊ˃ˆ= 1·290 = 290 ɦɤɦ. 

 ȼɟɥɢɱɢɧɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɩɨɫɥɟ ɫɜɟɪɥɟɧɢɹ ɨɩɪɟɞɟɥɢɦ ɩɨ 
ɮɨɪɦɭɥɟ / ɩɪɢɦɟɱɚɧɢɟ ɤ ɬɚɛɥ. 17, ɫ. 177/ 𝜌˔˅ˈ˓ = √Ͳ.͹·ʹͷͲଶ + ͵Ͳଶ = 178 ɦɤɦ. 

 ɉɨɫɥɟ ɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɧɟ ɭɱɢɬɵɜɚɟɦ 
ɩɨ ɦɚɥɨɫɬɢ, 𝜌˚ˋ˔.˓˃˔. = 0. 

 Ɉɩɪɟɞɟɥɢɦ ɩɨɝɪɟɲɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ 

 ɉɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ ɩɪɢ ɪɚɫɫɜɟɪɥɢɜɚɧɢɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢ 
ɩɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ ɩɨ ɱɟɪɧɨɦɭ ɨɬɜɟɪɫɬɢɸ ɩɪɢ ɨɛɬɚɱɢɜɚɧɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ Ø250, ɬ.ɟ.: Ɛ˔˅ˈ˓ = √Ɛଵଶ + Ɛଶଶ  , 

ɝɞɟ Ɛଵ – ɩɨɝɪɟɲɧɨɫɬɶ, ɜɨɡɧɢɤɚɸɳɚɹ ɢɡ-ɡɚ ɫɦɟɳɟɧɢɹ ɨɫɢ ɩɪɢ ɡɚɤɪɟɩɥɟɧɢɢ 
ɡɚɝɨɬɨɜɤɢ ɩɨ ɱɢɫɬɨ ɨɛɬɨɱɟɧɧɨɦɭ ɞɢɚɦɟɬɪɭ Ɛଵ0; Ɛଶ – ɩɨɝɪɟɲɧɨɫɬɶ, ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɡɚɤɪɟɩɥɟɧɢɢ ɡɚɝɨɬɨɜɤɢ ɩɨ ɱɟɪɧɨɦɭ 
ɨɬɜɟɪɫɬɢɸ Ø45 ɩɪɢ ɨɛɬɚɱɢɜɚɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ Ø250. Ɛଵ = 120 ɦɤɦ, Ɛଶ = 200 ɦɤɦ /ɬɚɛɥ.13, ɫ. 26/; Ɛ˔˅ˈ˓ = √ʹͲͲଶ + ͳʹͲଶ = 233 ɦɤɦ. 

 ɉɪɢ ɱɢɫɬɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ ɩɟɪɟɡɚɤɪɟɩɥɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, Ɛ˚ˋ˔.˓˃˔ = 0. 

 ɉɪɢ ɲɥɢɮɨɜɚɧɢɢ ɡɚɝɨɬɨɜɤɚ ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ 3- ɤɭɥɚɱɤɨɜɨɦ ɩɚɬɪɨɧɟ ɩɨ ɱɢɫɬɨ 
ɨɛɪɚɛɨɬɚɧɧɨɦɭ ɞɢɚɦɟɬɪɭ Ø250 Ɛ˛ˎ+Ɛଵ = 120 ɦɤɦ. 

 Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɵɟ ɦɢɧɢɦɚɥɶɧɵɟ ɩɪɢɩɭɫɤɢ ɩɨ ɮɨɪɦɭɥɟ (2): ܼ˓˃˔˚.˛ˎ௠௜௡ = ʹሺܴ௭˚ˋ˔.˓˃˔ + ܶ̊ ˋ˔.˓˃˔ + √𝜌ଶ˚ˋ˔.˓˃˔ + ℰଶ˛ˎ) = 2 (20 + 120) = 280 ɦɤɦ; 
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ܼ˓˃˔˚.˚ˋ˔.˓˃˔௠௜௡ = ʹሺܴ௭˔˅ˈ˓ + ܶ́ ˃ˆ + √𝜌ଶ˔˅ˈ˓ + ℰଶ˚ˋ˔.˓˃˔) = 2 (50 + 178) = 456 ɦɤɦ; 

ܼ˓˃˔˚.˔˅ˈ˓௠௜௡ = ʹሺܴ௭ˊ˃ˆ + ܶ́ ˃ˆ + √𝜌ଶˊ˃ˆ + ℰଶ˔˅ˈ˓) = 2 (800 + √ʹͻͲଶ + ʹ͵͵ଶ) = 2344 

ɦɤɦ. 

 Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɵɟ ɪɚɡɦɟɪɵ ɩɨ ɮɨɪɦɭɥɟ (16): ܦ˓˃˔˚.˛ˎ௠௔௫ ௠௔௫ˎ˛.˚˔˃˓ܦ =   = 45,039 ɦɤɦ; ܦ˓˃˔˚.˚ˋ˔.˓˃˔௠௔௫ = ௠௔௫ˎ˛.˚˔˃˓ܦ − ܼ˓˃˔˚.˛ˎ௠௜௡  = 45,039 – 0,28 = 44,759 ɦɦ; ܦ˓˃˔˚.˔˅ˈ˓௠௔௫ = ௠௔௫˔˃˓.˔ˋ˚.˚˔˃˓ܦ − ܼ˓˃˔˚.˚ˋ˔.˓˃˔௠௜௡  = 44,759 – 0,456 = 44,303 ɦɦ; ܦ˓˃˔˚.ˊ˃ˆ௠௔௫ = ௠௔௫˓ˈ˅˔.˚˔˃˓ܦ − ܼ˓˃˔˚.˔˅ˈ˓௠௜௡  = 44,303 – 2,344 = 41,959 ɦɦ. 

 Ɉɤɪɭɝɥɹɟɦ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɢ ɡɚɩɢɫɵɜɚɟɦ ɜ 
ɝɪɚɮɭ «ɧɚɢɛɨɥɶɲɢɣ ɩɪɟɞɟɥɶɧɵɣ ɪɚɡɦɟɪ». ܦ˚ˋ˔.˓˃˔௠௔௫  = 44,75 ɦɦ, ܦ˔˅ˈ˓௠௔௫ = 44,3 ɦɦ, ܦˊ˃ˆ௠௔௫ = 41, 9 ɦɦ. 

 ȼɵɱɢɫɥɢɦ ɦɢɧɢɦɚɥɶɧɵɟ ɩɪɟɞɟɥɶɧɵɟ ɞɢɚɦɟɬɪɵ ɩɨ ɮɨɪɦɭɥɟ ܦ௜௠௜௡ = ௜௠௔௫ܦ − 𝛿௜, ܦ˚ˋ˔.˓˃˔௠௜௡  = 44,75 – 0,05 = 44,7 ɦɦ; ܦ˔˅ˈ˓ˎ௠௜௡  = 44,3 – 0,34 = 43,96 ɦɦ; ܦˊ˃ˆ௠௜௡ = 41,9 – 1,6 = 40,3 ɦɦ. 

 ȼɵɱɢɫɥɢɦ ɦɢɧɢɦɚɥɶɧɵɟ ɩɪɢɩɭɫɤɢ ɩɨ ɩɟɪɟɯɨɞɚɦ ɩɨ ɮɨɪɦɭɥɟ ܼ௜௠௜௡ = ௜௠௔௫ܦ − ௜−ଵ௠௔௫ ܼ˛௠ˎ௜௡ = 45,039 – 44,75 = 0,289 ɦɦ; ܼ˚ˋ˔.˓˃˔௠௜௡ܦ  = 44,75 – 44,3 = 0,45 ɦɦ; ܼ˔˅ˈ˓ˎ௠௜௡  = 44,3 – 41,9 = 2,4 ɦɦ. 

 ȼɵɱɢɫɥɹɟɦ ɦɚɤɫɢɦɚɥɶɧɵɟ ɩɪɢɩɭɫɤɢ ɩɨ ɩɟɪɟɯɨɞɚɦ ɩɨ ɮɨɪɦɭɥɟ  ܼ௜௠௔௫ = ௜௠௜௡ܦ − ௜−ଵ௠௜௡ ܼ˛௠ˎ௔௫ = 45,00 – 44,7 = 0,3 ɦɦ; ܼ˚ˋ˔.˓˃˔௠௔௫ܦ  = 44,7 – 43,96 = 0,74 ɦɦ; ܼ˔˅ˈ˓ˎ௠௔௫  = 43,96 – 40,3 = 3,66 ɦɦ. 
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Ɉɩɪɟɞɟɥɢɦ ɨɛɳɢɟ ɩɪɢɩɭɫɤɢ ɩɨ ɮɨɪɦɭɥɚɦ ܼ௢௠௜௡ = ∑ ܼ௜௠௜௡௜௜=ଵ  , ܼ௢௠௔௫ = ∑ ܼ௜௠௔௫௜௜=ଵ ; ܼ௢௠௜௡= 0,289 + 0,45 + 2,4 = 3,139 ɦɦ; ܼ௢௠௔௫= 0,3 + 0,74 + 3,66 = 4,7 ɦɦ. 

 ɉɪɨɜɟɪɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɩɪɨɢɡɜɨɞɢɦ ɩɨ ɪɚɜɟɧɫɬɜɭ ܼ௢௠௔௫ − ܼ௢௠௜௡ = 𝛿ˊ˃ˆ − 𝛿˛ˎˋ˗. 
4,700 – 3,139 = 1,600 – 0,039 

1,561 = 1,561 

ɉɪɢɦɟɪ 2 

  Ɋɚɫɫɱɢɬɚɬɶ ɩɪɢɩɭɫɤɢ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɪɟɞɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɧɚ 
ɨɛɪɚɛɨɬɤɭ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɚɥɶɰɚ ɰɟɩɧɨɝɨ ɞɟɮɢɛɪɟɪɚ; ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ 
ɪɢɫ.9ɛ. 

  Ɂɚɝɨɬɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɨɪɹɱɟɤɚɬɚɧɵɣ ɩɪɨɤɚɬ ɨɛɵɱɧɨɣ 
ɬɨɱɧɨɫɬɢ ɢɡ ɫɬɚɥɢ 45, ɩɪɨɲɟɞɲɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ, ɬɨɪɰɟɮɪɟɡɟɪɧɭɸ 
ɨɩɟɪɚɰɢɸ ɢ ɞɜɭɫɬɨɪɨɧɧɸɸ ɡɚɰɟɧɬɪɨɜɤɭ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɟ ɡɚɝɨɬɨɜɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɰɟɧɬɪɚɯ. 

  ɂɫɩɨɥɶɡɭɹ ɪɢɫ.3, ɜɵɛɢɪɚɟɦ ɪɚɰɢɨɧɚɥɶɧɵɣ ɦɚɪɲɪɭɬ ɨɛɪɚɛɨɬɤɢ: 
ɱɟɪɧɨɜɨɟ ɨɛɬɚɱɢɜɚɧɢɟ / 12 ɤɜɚɥɢɬɟɬ /, ɱɢɫɬɨɜɨɟ ɨɛɬɚɱɢɜɚɧɢɟ / 11 ɤɜɚɥɢɬɟɬ /, 
ɲɥɢɮɨɜɚɧɢɟ / 7 ɤɜɚɥɢɬɟɬ /. 

  ɋɬɪɨɢɦ ɫɯɟɦɭ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ 
ɦɚɪɲɪɭɬɚ ɨɛɪɚɛɨɬɤɢ /ɪɢɫ. 11/ ɢ ɩɨɞɝɨɬɚɜɥɢɜɚɟɦ ɬɚɛɥɢɰɭ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɪɚɫɱɟɬɚ. 

 Ɉɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɵ Rz,Tɢ δ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɢɫɬɨɱɧɢɤɨɦ[1]: 

ɉɨɫɥɟ ɩɪɨɤɚɬɚ ܴ௭ˊ˃ˆ = 150 ɦɤɦ, ܶ́ ˃ˆ = 150 ɦɤɦ /ɬɚɛɥ.1, ɫ. 156/, 𝛿ˊ˃ˆ = 1400 ɦɤɦ /ȽɈɋɌ 2590 – 71/. 

 ɉɨɫɥɟ ɱɟɪɧɨɜɨɝɨ ɨɛɬɚɱɢɜɚɧɢɹ ܴ௭˚ˈ˓.ˑ˄ = 60 ɦɤɦ, ܶ̊ ˈ˓.ˑ˄ = 60 ɦɤɦ /ɬɚɛɥ.4, ɫ. 167/, 𝛿˚ˈ˓.ˑ˄ = 400 ɦɤɦ /ɬɚɛɥ.2, ɫ.7/. 

 ɉɨɫɥɟ ɱɢɫɬɨɜɨɝɨ ɨɛɬɚɱɢɜɚɧɢɹ ܴ௭˚ˋ˔.ˑ˄ = 25 ɦɤɦ, ܶ̊ ˋ˔.ˑ˄ = 30 ɦɤɦ /ɬɚɛɥ.4, ɫ.167/, 
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𝛿˚ˋ˔.ˑ˄ = 120 ɦɤɦ /ɬɚɛɥ.2, ɫ.7/. 

 Ɂɚɩɢɫɵɜɚɟɦ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɮɵ ɪɚɫɱɟɬɧɨɣ 
ɬɚɛɥɢɰɵ. 

 Ɉɩɪɟɞɟɥɢɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ. 𝜌ˊ˃ˆ = 2∆ˍܮˍ / ɩɪɢɦɟɱɚɧɢɟ 1 ɤ ɬɚɛɥ. 2, ɫ. 166 /, 

ɝɞɟ ܮ0,5=ˍܮ – ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɜ ɰɟɧɬɪɚɯ; ܮ – ɞɥɢɧɚ ɡɚɝɨɬɨɜɤɢ, ɦɦ; ∆ˍ – ɭɞɟɥɶɧɨɟ ɤɨɪɨɛɥɟɧɢɟ, ɦɤɦ/ɦɦ. 

ɉɪɢɧɢɦɚɟɦ ∆ˍ = 1 ɦɤɦ/ɦɦ, ɬɨɝɞɚ 𝜌ˊ˃ˆ = 2·1·125 = 250 ɦɤɦ. 

 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɦɟɱɚɧɢɟɦ 4 / ɬɚɛɥ.2, ɫ. 166 / ɢɦɟɟɦ: 𝜌˚ˈ˓.ˑ˄ = К˖˚ˈ˓.ˑ˄·𝜌ˊ˃ˆ; 𝜌˚ˋ˔.ˑ˄ = К˖˚ˋ˔.ˑ˄·𝜌˚ˈ˓.ˑ˄. К˖˚ˈ˓.ˑ˄ = 0,06, К˖˚ˋ˔.ˑ˄ = 0,04 / ɬɚɛɥ. 22, ɫ. 181 /. 𝜌˚ˈ˓.ˑ˄ = 0,06·250 = 15 ɦɤɦ; 𝜌˚ˋ˔.ˑ˄ = 0,04·15 = 0,6 ɦɤɦ. 

 ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɜ ɩɪɢɦɟɧɹɟɦɨɣ ɫɯɟɦɟ ɡɚɤɪɟɩɥɟɧɢɹ ɡɚɝɨɬɨɜɤɢ 
ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɬɨɥɶɤɨ ɩɪɢ ɩɟɪɜɨɦ ɩɟɪɟɯɨɞɟ ɜ ɫɜɹɡɢ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 
ɡɚɰɟɧɬɪɨɜɤɢ, ɬ.ɟ.: Ɛ˛ˎ = Ɛ˚ˋ˔.ˑ˄ = Ͳ Ɛ˚ˈ˓.ˑ˄ = Ͳ,ʹͷ √𝛿ˊ˃ˆଶ + ͳ / ɩɪɢɦɟɱɚɧɢɟ 3, ɬɚɛɥ.2, ɫ.166 /,  Ɛ˚ˈ˓.ˑ˄ = Ͳ,ʹͷ √ͳ,Ͷଶ + ͳ = 430 ɦɤɦ. 

 Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱɟɬɧɵɟ ɦɢɧɢɦɚɥɶɧɵɟ ɩɪɢɩɭɫɤɢ ɩɨ ɮɨɪɦɭɥɟ (2), ɫ.14. ܼ˓˃˔˚.˛ˎ௠௜௡ = ʹሺܴ௭˚ˋ˔.ˑ˄ + ܶ̊ ˋ˔.ˑ˄ + √𝜌ଶ˚ˋ˔.ˑ˄ + ℰଶ˛ˎ) = 2 (25 + 30) = 110ɦɤɦ; 

ܼ˓˃˔˚.˚ˋ˔.ˑ˄௠௜௡ = ʹሺܴ௭˚ˈ˓.ˑ˄ + ܶ̊ ˈ˓.ˑ˄ + √𝜌ଶ˚ˈ˓.ˑ˄ + ℰଶ˚ˋ˔.ˑ˄) = 2 (60 + 60 + 15) = 270 

ɦɤɦ; 
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ܼ˓˃˔˚.˚ˈ˓.ˑ˄௠௜௡ = ʹሺܴ௭ˊ˃ˆ + ܶ́ ˃ˆ + √𝜌ଶˊ˃ˆ + ℰଶ˚ˈ˓.ˑ˄) = 2 (150 + 250 + √ʹͷͲଶ + Ͷ͵Ͳଶ) = 1794 ɦɤɦ. 

Ɂɚɩɢɲɟɦ ɜ ɩɨɫɥɟɞɧɟɣ ɫɬɪɨɤɟ ɝɪɚɮɵ «ɪɚɫɱɟɬɧɵɣ ɪɚɡɦɟɪ» ɜɟɥɢɱɢɧɭ 
ɧɚɢɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ ɩɨ ɱɟɪɬɟɠɭ – 49, 95 ɦɦ. 

 ȼɵɱɢɫɥɢɦ ɪɚɫɱɟɬɧɵɟ ɪɚɡɦɟɪɵ ɩɨ ɮɨɪɦɭɥɟ (15): ܦ˓˃˔˚.˚ˋ˔.ˑ˄௠௜௡ = ௠௜௡˕ˈˇܦ + ܼ˓˃˔˚.˛ˎ௠௜௡  = 49,95 + 0,11 = 50,06 ɦɦ; ܦ˓˃˔˚.˚ˈ˓.ˑ˄௠௜௡ = ˑ˄௠௜௡.˔ˋ˚.˚˔˃˓ܦ + ܼ˓˃˔˚.˚ˋ˔.ˑ˄௠௜௡  = 50,06 + 0,27 = 50,33 ɦɦ; ܦ˓˃˔˚.ˊ˃ˆ௠௜௡ = ˑ˄௠௜௡.˓ˈ˚.˚˔˃˓ܦ + ܼ˓˃˔˚.˚ˈ˓.ˑ˄௠௜௡  = 50,33 + 1,794 = 52,124. 

Ɉɤɪɭɝɥɹɟɦ ɦɢɧɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɞɢɚɦɟɬɪɵ ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ ɢ 
ɡɚɩɢɫɵɜɚɟɦ ɢɯ ɜ ɝɪɚɮɭ «ɧɚɢɦɟɧɶɲɢɣ ɩɪɟɞɟɥɶɧɵɣ ɪɚɡɦɟɪ». ܦ˚ˋ˔.ˑ˄௠௜௡  = 50,06 ɦɦ; ܦ˚ˈ˓.ˑ˄௠௜௡  = 50,33 ɦɦ; ܦˊ˃ˆ௠௜௡ = 52,13 ɦɦ. 

Ɉɩɪɟɞɟɥɢɦ ɧɚɢɛɨɥɶɲɢɟ ɩɪɟɞɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɩɨ ɮɨɪɦɭɥɟ  ܦ௜௠௔௫ = ௜−ଵ௠௜௡ܦ − 𝛿௜ ܦ˚ˋ˔.ˑ˄௠௔௫  = 50,06 + 0,12 = 50,18 ɦɦ, ܦ˚ˈ˓.ˑ˄௠௔௫  = 50,33 + 0,4 = 50,73 ɦɦ, ܦˊ˃ˆ௠௔௫ = 52,13 + 1,4 = 53,53 ɦɦ. 

Ɉɩɪɟɞɟɥɢɦ ɦɢɧɢɦɚɥɶɧɵɟ ɩɪɢɩɭɫɤɢ ɩɨ ɮɨɪɦɭɥɟ ܼ௜௠௜௡ = ௜−ଵ௠௜௡ܦ − ௜௠௜௡ ܼ˛௠ˎ௜௡ = 50,06 – 49,95 = 0,11 ɦɦ, ܼ˚ˋ˔.ˑ˄௠௜௡ܦ  = 50,33 – 50,06 = 0,27 ɦɦ, ܼ˚ˈ˓.ˑ˄௠௜௡  = 52,13 – 50,33 = 1,8 ɦɦ. 

Ɉɩɪɟɞɟɥɢɦ ɦɚɤɫɢɦɚɥɶɧɵɟ ɩɪɢɩɭɫɤɢ ɩɨ ɮɨɪɦɭɥɟ ܼ௜௠௔௫ = ௜−ଵ௠௔௫ܦ − ௜௠௔௫ ܼ˛௠ˎ௔௫ = 50,18 – 49,975 = 0,205 ɦɦ, ܼ˚ˋ˔.ˑ˄௠௔௫ܦ  = 50,73 – 50,18 = 0,55 ɦɦ, ܼ˚ˈ˓.ˑ˄௠௔௫  = 53,53 – 50,73 = 2,8 ɦɦ. 

Ɉɩɪɟɞɟɥɢɦ ɨɛɳɢɟ ɩɪɢɩɭɫɤɢ ɩɨ ɮɨɪɦɭɥɚɦ  
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ܼ௢௠௜௡ = ∑ ܼ௜௠௜௡௜௜=ଵ  ɢ ܼ௢௠௜௡ = ∑ ܼ௜௠௜௡௜௜=ଵ  ܼ௢௠௜௡ = 1800 + 270 + 110 = 2180 ɦɤɦ, ܼ௢௠௔௫ = 2800 + 550 + 205 = 3555 ɦɤɦ. 

  

ɉɪɨɜɟɪɤɭ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɦ ɩɨ ɪɚɜɟɧɫɬɜɭ ܼ௢௠௔௫ − ܼ௢௠௜௡ = 𝛿ˊ˃ˆ − 𝛿ˇˈ˕ 

3555 – 2180 = 1400 – 25 

1375 = 1375. 

 Ɍɟɩɟɪɶ ɧɚ ɫɯɟɦɟ ɩɪɢɩɭɫɤɨɜ (ɪɢɫ.11) ɦɨɠɟɦ ɩɨɫɬɚɜɢɬɶ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, 
ɨɛɨɡɧɚɱɟɧɧɵɣ ɧɚ ɧɟɣ ɪɚɡɦɟɪɨɜ, ɩɪɢɩɭɫɤɨɜ ɢ ɞɨɩɭɫɤɨɜ. 

ɉɪɢɦɟɪ 3 

  Ɋɚɫɫɱɢɬɚɬɶ ɩɪɢɩɭɫɤɢ ɧɚ ɨɛɪɚɛɨɬɤɭ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɪɟɞɟɥɶɧɵɟ 
ɪɚɡɦɟɪɵ ɞɥɹ ɨɬɜɟɪɫɬɢɹ Ø50ɇ11 ɜ ɤɨɪɩɭɫɧɨɣ ɞɟɬɚɥɢ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ.9ɜ. 

 Ɂɚɝɨɬɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɚɥɶɧɭɸ ɨɬɥɢɜɤɭ 2 ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ ɦɚɫɫɨɣ 
3,5 ɤɝ. 

  Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɛɚɡɚɦɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɬɜɟɪɫɬɢɹ Ø50 ɹɜɥɹɸɬɫɹ 
ɩɥɨɫɤɨɫɬɶ ɨɫɧɨɜɚɧɢɹ / ɭɫɬɚɧɨɜɨɱɧɚɹ ɛɚɡɚ / ɢ ɞɜɚ ɨɬɜɟɪɫɬɢɹ ØͳͲ 𝐻଻𝑓଻/ ɞɜɨɣɧɚɹ 
ɨɩɨɪɧɚɹ ɢ ɨɩɨɪɧɚɹ ɛɚɡɵ /, ɨɛɪɚɛɨɬɚɧɧɵɟ ɧɚ ɩɪɟɞɲɟɫɬɜɭɸɳɟɣ ɨɩɟɪɚɰɢɢ. 

  ɂɫɩɨɥɶɡɭɹ ɪɢɫ.5, ɜɵɛɢɪɚɟɦ ɪɚɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ ɨɛɪɚɛɨɬɤɢ: 

ɱɟɪɧɨɜɨɟ / 12 ɤɜɚɥɢɬɟɬ / ɢ ɱɢɫɬɨɜɨɟ / 11 ɤɜɚɥɢɬɟɬ / ɪɚɫɬɚɱɢɜɚɧɢɟ, 
ɜɵɩɨɥɧɹɟɦɵɟ ɧɚ ɨɞɧɨɦ ɭɫɬɚɧɨɜɟ. 

  ɉɨɫɬɪɨɢɦ ɫɯɟɦɭ ɩɪɢɩɭɫɤɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ ɞɥɹ 
ɜɵɛɪɚɧɧɨɝɨ ɦɚɪɲɪɭɬɚ ɨɛɪɚɛɨɬɤɢ ɢ ɩɨɞɝɨɬɨɜɢɦ ɬɚɛɥɢɰɭ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɪɚɫɱɟɬɚ /ɪɢɫ.11/. 

 Ɉɩɪɟɞɟɥɢɦ Rz, T ɢ δɩɨ ɩɟɪɟɯɨɞɚɦ, ɩɨɥɶɡɭɹɫɶ ɢɫɬɨɱɧɢɤɨɦ [1]: 

Ɂɚɝɨɬɨɜɤɚ ܴ௭ˊ˃ˆ + ܶ́ ˃ˆ = 600 ɦɤɦ / ɬɚɛɥ. 13, ɫ. 174 /, 𝛿ˊ˃ˆ = 1000 ɦɤɦ / ɬɚɛɥ.3, ɫ.105 /. 

ɉɨɫɥɟ ɱɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ ܴ௭˚ˈ˓.˓˃˔ = 50 ɦɤɦ, ܶ̊ ˈ˓.˓˃˔ = 50 ɦɤɦ / ɬɚɛɥ.16, ɫ.176 / , 
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𝛿˚ˈ˓.˓˃˔ = 340 ɦɤɦ / ɬɚɛɥ.3, ɫ.8 /. 

 Ɂɚɧɨɫɢɦ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɮɵ ɪɚɫɱɟɬɧɨɣ ɬɚɛɥɢɰɵ. 

 ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɩɪɢɦɟɱɚɧɢɢ 1/ [1], ɬɚɛɥ.14, ɫ.174 /, 𝜌ˊ˃ˆ = √𝜌ˍˑ˓ଶ + 𝜌˔ଶˏ , 

ɝɞɟ 𝜌ˍˑ˓ – ɜɟɥɢɱɢɧɚ ɤɨɪɨɛɥɟɧɢɹ ɨɬɥɢɜɤɢ; 𝜌˔ˏ – ɜɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɫɬɟɪɠɧɹ. ρˊ˃ˆ = ∆ˍL, 

ɝɞɟ L – ɧɚɢɛɨɥɶɲɢɣ ɪɚɡɦɟɪ ɡɚɝɨɬɨɜɤɢ, ɦɦ; ∆ˍ – ɭɞɟɥɶɧɨɟ ɤɨɪɨɛɥɟɧɢɟ, ɦɤɦ/ɦɦ. 

ɉɪɢɧɢɦɚɹ ∆ˍ = 1 ɦɤɦ/ɦɦ / ɬɚɛɥ. 14, ɫ.174 /, ɩɨɥɭɱɢɦ 𝜌ˍˑ˓ = 1·100 = 100 ɦɤɦ. 

  ɋɦɟɳɟɧɢɟ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɹ / ɫɬɟɪɠɧɹ ɜ ɮɨɪɦɟ / 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɹɯ. ɋɦɟɳɟɧɢɟ ɫɬɟɪɠɧɹ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɪɚɜɧɵɦ 
ɩɨɥɨɜɢɧɟ ɞɨɩɭɫɤɚ ɧɚ ɪɚɡɦɟɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɫɬɟɪɠɧɹ ɜ ɨɬɥɢɜɤɟ. 

  Ɋɚɡɦɟɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɨɬɜɟɪɫɬɢɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ, ɫɨɫɬɚɜɥɹɟɬ 47 ɦɦ, ɚ ɪɚɡɦɟɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɨɬɜɟɪɫɬɢɹ 
ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ – 55 ɦɦ. Ⱦɨɩɭɫɤɢ ɧɚ ɷɬɢ ɪɚɡɦɟɪɵ ɫɨɫɬɚɜɥɹɸɬ 𝛿ˆˑ˓ = 300 ɦɤɦ, 𝛿˅ˈ˓ = 200 ɦɤɦ. 𝜌˔ˏ = √𝛿ˆˑ˓ଶ + 𝛿˅ˈ˓ଶ = √͵ͲͲଶ + ʹͲͲଶ = ͵͸ͳ ˏˍˏ 

 ɋɭɦɦɚɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬɥɢɜɤɢ 𝜌˔ˏ = √ͳͲͲଶ + ͵͸ͳଶ = ͵͹ͷ ˏˍˏ 

 ȼɟɥɢɱɢɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɩɨɫɥɟ ɱɟɪɧɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ 𝜌˚ˈ˓.˓˃˔ = К˖˚ˈ˓.˓˃˔·𝜌ˊ˃ˆ К˖˚ˈ˓.˓˃˔ = 0,05 / [1], ɉɪɢɦɟɱɚɧɢɟ 3 ɤ ɬɚɛɥ.17, ɫ.177 /, 𝜌˚ˈ˓.˓˃˔ = 0,05·375 = 18,75 ɦɤɦ. 

 ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ 
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Ɛ˚ˈ˓.˓˃˔ = √Ɛ𝛿ଶ + Ɛଶ́  , 

ɝɞɟ Ɛ𝛿 – ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ; Ɛˊ – ɩɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ. 

 ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɨɡɧɢɤɚɟɬ ɡɚ ɫɱɟɬ ɪɚɡɜɨɪɨɬɚ 
ɡɚɝɨɬɨɜɤɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɡɚɡɨɪɨɜ ɜ ɫɨɟɞɢɧɟɧɢɹɯ  

10 
𝐻଻𝑓଻ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. 

 ɇɚɢɛɨɥɶɲɢɣ ɡɚɡɨɪ ɦɟɠɞɭ ɨɬɜɟɪɫɬɢɹɦɢ ɢ ɲɬɵɪɹɦɢ ɫɨɫɬɚɜɥɹɟɬ ܵ௠௔௫ = 𝛿௔ + 𝛿˅ + ܵ௠௜௡ 

ɝɞɟ 𝛿௔ – ɞɨɩɭɫɤ ɧɚ ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ; 𝛿˅ – ɞɨɩɭɫɤ ɧɚ ɞɢɚɦɟɬɪ ɲɬɵɪɹ; ܵ௠௜௡ – ɦɢɧɢɦɚɥɶɧɵɣ ɡɚɡɨɪ ɦɟɠɞɭ ɲɬɵɪɟɦ ɢ ɨɬɜɟɪɫɬɢɟɦ. 

 ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 𝛿˅ = 𝛿˃ = Ͳ,Ͳͳͷ ˏˏ, ܵ௠௜௡ = 0,016 ɦɦ. 

Ɍɚɧɝɟɧɫ ɧɚɢɛɨɥɶɲɟɝɨ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɧɚ ɲɬɵɪɹɯ 𝑡݃ 𝛼 = ଴,଴ଵହ+଴,଴ଵହ+଴,଴ଵଷ√଻଴మ+଼଴మ = Ͳ,ͲͲͲͶ  . 

 ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɩɪɢ ɞɥɢɧɟ ɨɬɜɟɪɫɬɢɹ 10 ɦɦ ɫɨɫɬɚɜɢɬ: Ɛ𝛿 = 0,0004·100 = 40 ɦɤɦ. 

 ɉɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦ, ɩɨɥɚɝɚɹ ɧɚɥɢɱɢɟ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ 
ɩɨɫɬɨɹɧɧɵɯ ɨɩɨɪ Ɛˊ = 120 ɦɤɦ / ɬɚɛɥ.15, ɫ.28 /, ɬɨɝɞɚ  Ɛ˚ˈ˓.˓˃˔ = √ͶͲଶ + ͳʹͲଶ = ͳʹ͹ ˏˍˏ 

 Ɉɫɬɚɬɨɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɨɫɥɟ ɱɢɫɬɨɜɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ Ɛ˚ˋ˔.˓˃˔ = К˖˚ˋ˔.˓˃˔·Ɛ˚ˈ˓.˓˃˔, 

ɝɞɟ, К˖˚ˋ˔.˓˃˔ = 0,002 / ɩɪɢɦɟɱɚɧɢɟ 3 ɤ ɬɚɛɥ.17, ɫ.177 / Ɛ˚ˋ˔.˓˃˔ = 0,002·127 = 0,025 ɦɤɦ – ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɩɨ ɦɚɥɨɫɬɢ ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ. 

 ȼɵɱɢɫɥɢɦ ɦɢɧɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɩɪɢɩɭɫɤɢ ɩɨ ɮɨɪɦɭɥɟ (2): 
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ܼ˓˃˔˚.˚ˋ˔.˓˃˔௠௜௡ = ʹሺܴ௭˚ˈ˓.˓˃˔ + ܶ̊ ˈ˓.˓˃˔ + √𝜌ଶ˚ˈ˓.˓˃˔ + ℰଶ˚ˋ˔.˓˃˔)=2(50 + 50 + 18,75) 

= 238 ɦɤɦ, ܼ˓˃˔˚.˚ˈ˓.˓˃˔௠௜௡ = ʹሺܴ௭ˊ˃ˆ + ܶ́ ˃ˆ + √𝜌ଶˊ˃ˆ + ℰଶ˚ˈ˓.˓˃˔)=2(600 + √͵͹ͷଶ + ͳʹ͹ଶ) = 

1992 ɦɤɦ. 

 Ɂɚɧɨɫɢɦ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɝɪɚɮɭ «ɪɚɫɱɟɬɧɵɣ ɩɪɢɩɭɫɤ». 

 ȼɵɱɢɫɥɹɟɦ ɪɚɫɱɟɬɧɵɟ ɪɚɡɦɟɪɵ ܦ˓˃˔˚.˚ˈ˓.˓˃˔௠௔௫ = ௠௔௫˔˃˓.˔ˋ˚.˚˔˃˓ܦ − ܼ˓.˚.˓˃˔௠௜௡  = 50,16 – 0,238 = 49,922 ɦɦ; ܦ˓˃˔˚.ˊ˃ˆ௠௔௫ = ௠௔௫˔˃˓.˓ˈ˚.˚˔˃˓ܦ − ܼ˓.˚.˓˃˔௠௜௡  = 49,922 – 1,992 = 47,93 ɦɦ. 

Ɉɤɪɭɝɥɹɟɦ ɪɚɫɱɟɬɧɵɟ ɪɚɡɦɟɪɵ ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ ɢ ɡɚɩɢɫɵɜɚɟɦ ɜ ɝɪɚɮɭ 
«ɩɪɟɞɟɥɶɧɵɣ ɧɚɢɛɨɥɶɲɢɣ ɪɚɡɦɟɪ». ܦ˚ˈ˓.˓˃˔௠௔௫  = 49,92 ɦɦ, ܦˊ˃ˆ௠௔௫ = 47,9 ɦɦ. 

 ȼɵɱɢɫɥɢɦ ɩɪɟɞɟɥɶɧɵɟ ɦɢɧɢɦɚɥɶɧɵɟ ɞɢɚɦɟɬɪɵ ɩɨ ɮɨɪɦɭɥɟ ܦ௜௠௜௡ = ௜௠௔௫ܦ − 𝛿௜, ܦ˚ˈ˓.˓˃˔௠௜௡  = 50,16 – 49,92 = 0,24 ɦɦ, ܦˊ˃ˆ௠௜௡ = 49,92 – 47,9 = 2,02 ɦɦ. 

 ȼɵɱɢɫɥɢɦ ɦɚɤɫɢɦɚɥɶɧɵɟ ɩɪɢɩɭɫɤɢ ɩɨ ɮɨɪɦɭɥɟ ܼ௜௠௔௫ = ௜௠௔௫ܦ − ௜−ଵ௠௜௡ ; ܼ˚ˋ˔.˓˃˔௠௔௫ܦ  = 50.00 – 49.58 = 0.42 ɦɦ; ܼ˚ˈ˓.˓˃˔௠௔௫  = 49,58 – 46,9 = 2,68 ɦɦ. 

 Ɂɚɧɨɫɢɦ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɪɚɫɱɟɬɧɭɸ ɬɚɛɥɢɰɭ. 

 Ɉɩɪɟɞɟɥɢɦ ɨɛɳɢɟ ɩɪɢɩɭɫɤɢ ܼ௢௠௜௡ = 0,24 + 2,02 = 2,26 ɦɦ; ܼ௢௠௔௫ = 0,42 + 2,68 = 3,1 ɦɦ. 

 ɉɪɨɜɟɪɹɟɦ ɩɪɚɜɢɥɶɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ܼ௢௠௔௫ − ܼ௢௠௜௡ = 𝛿ˊ˃ˆ − 𝛿ˇˈ˕ ; 

3100 – 2260 = 1000 – 160 

840 = 840. 
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ɉɊȺɄɌɂɑȿɋɄɈȿ ɁȺɇəɌɂȿ 3 

ɊȺɁɊȺȻɈɌɄȺ ɌȿɈɊȿɌɂɑȿɋɄɂɏ ɋɏȿɆ ȻȺɁɂɊɈȼȺɇɂə ɂ ɋɏȿɆ ɍɋɌȺɇɈȼɈɄ 

 

  ɐɟɥɶɸ ɡɚɧɹɬɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ ɩɪɢ 

ɪɚɡɪɚɛɨɬɤɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɫɯɟɦ ɛɚɡɢɪɨɜɚɧɢɹ ɢ ɫɯɟɦ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɨɤ ɜ 
ɩɪɨɰɟɫɫɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɩɪɢɜɢɬɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɜ 
ɪɚɡɪɚɛɨɬɤɟ ɫɯɟɦ. 

Ɇɚɬɟɪɢɚɥы, ɧɟɨɛхɨɞɢɦыɟ ɞɥɹ ɪɚɛɨɬы 

  

- ɤɨɦɩɥɟɤɬ ȽɈɋɌɨɜ ɩɨ ɜɨɩɪɨɫɚɦ ɛɚɡɢɪɨɜɚɧɢɹ; 

- ɤɨɦɩɥɟɤɬ ɱɟɪɬɟɠɟɣ ɞɟɬɚɥɟɣ /ɪɚɡɞɚɬɨɱɧɵɣ ɦɚɬɟɪɢɚɥ/. 

 

  ȼɨɩɪɨɫɵ ɛɚɡɢɪɨɜɚɧɢɹ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɚɲɢɧ ɢ 
ɦɟɯɚɧɢɡɦɨɜ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɡɚɢɦɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɢɯ ɞɟɬɚɥɟɣ ɢ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ, ɚ ɬɚɤɠɟ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ, 
ɤɨɝɞɚ ɡɚɝɨɬɨɜɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɚɜɢɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɷɥɟɦɟɧɬɨɜ ɫɬɚɧɤɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɬɪɚɟɤɬɨɪɢɸ ɩɟɪɟɦɟɳɟɧɢɹ ɪɟɠɭɳɢɯ 
ɷɥɟɦɟɧɬɨɜ. 

  Ɉɫɧɨɜɨɣ ɬɟɨɪɢɢ ɛɚɡɢɪɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɩɨɧɹɬɢɹ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɨ ɧɟɫɜɨɛɨɞɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ, ɩɨɞ ɤɨɬɨɪɨɣ 
ɩɨɧɢɦɚɟɬɫɹ ɬɜɟɪɞɨɟ ɬɟɥɨ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ 
ɬɪɟɛɭɟɦɨɟ ɩɨɥɨɠɟɧɢɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɤɨɨɪɞɢɧɚɬ ɞɨɫɬɢɝɚɟɬɫɹ ɧɚɥɨɠɟɧɢɟɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢɥɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ 
ɫɜɹɡɟɣ. ɇɚɥɨɠɟɧɢɟ ɞɜɭɫɬɨɪɨɧɧɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɞɨɫɬɢɝɚɟɬɫɹ ɱɟɪɟɡ 
ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɟ /ɤɨɧɬɚɤɬ/ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɥɚ ɫ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɞɪɭɝɢɯ ɬɟɥ, ɤ 
ɤɨɬɨɪɵɦ ɨɧɨ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ, ɢ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥ ɢ ɩɚɪ ɫɢɥ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɧɢɦɢ. 

Ɍɜɟɪɞɨɟ ɬɟɥɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɦɟɟɬ ɲɟɫɬɶ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɜ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ OXYZ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɬɟɥɨ ɛɵɥɨ ɧɟɩɨɞɜɢɠɧɵɦ ɜ ɡɚɞɚɧɧɨɣ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɨɠɢɬɶ ɲɟɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. 

ɉɪɢ ɷɬɨɦ ɬɟɥɨ ɥɢɲɚɟɬɫɹ ɬɪɟɯ ɩɟɪɟɦɟɳɟɧɢɣ ɜɞɨɥɶ ɨɫɟɣ Ɉɏ, Ɉɍ, OZ ɢ 
ɬɪɟɯ ɩɨɜɨɪɨɬɨɜ ɜɨɤɪɭɝ ɷɬɢɯ ɨɫɟɣ. 

  Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɫɜɹɡɢ ɫɢɦɜɨɥɢɡɢɪɭɸɬɫɹ ɨɩɨɪɧɵɦɢ ɬɨɱɤɚɦɢ, ɤɨɬɨɪɵɟ 
ɢɡɨɛɪɚɠɚɸɬɫɹ ɧɚ ɜɢɞɟ ɫɩɟɪɟɞɢ ɢ ɫɛɨɤɭ ɡɧɚɤɨɦ ˄ɢ ɧɚ ɜɢɞɟ ɫɜɟɪɯɭ – 

ɡɧɚɤɨɦ◊.ȿɫɥɢ ɨɩɨɪɧɵɟ ɬɨɱɤɢ ɡɚɤɪɵɬɵ ɡɚɝɨɬɨɜɤɨɣ, ɢɯ ɡɧɚɤɢ ɢɡɨɛɪɚɠɚɸɬ 
ɩɭɧɤɬɢɪɨɦ. 
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  Ɍɟɨɪɟɬɢɱɟɫɤɨɣ ɫɯɟɦɨɣ ɛɚɡɢɪɨɜɚɧɢɹ ɧɚɡɵɜɚɸɬ ɫɯɟɦɭ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɨɩɨɪɧɵɯ ɬɨɱɟɤ ɧɚ ɛɚɡɚɯ ɡɚɝɨɬɨɜɤɢ. 
  Ȼɚɡɨɣ ɧɚɡɵɜɚɸɬ ɩɨɜɟɪɯɧɨɫɬɶ ɢɥɢ ɜɵɩɨɥɧɹɸɳɢɟ ɬɭ ɠɟ ɮɭɧɤɰɢɸ 
ɫɨɱɟɬɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɫɶ, ɬɨɱɤɭ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɡɚɝɨɬɨɜɤɟ ɢɥɢ ɢɡɞɟɥɢɸ 
ɢ ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɛɚɡɢɪɨɜɚɧɢɹ. 

ɇɚ ɪɢɫ. 12 ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɛɚɡ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɜɫɟ ɷɥɟɦɟɧɬɵ, 
ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɛɚɡɵ. 
  Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɫɬɚɧɞɚɪɬɨɦ [3]ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɛɚɡ ɩɨ 
ɬɪɟɦ ɩɪɢɡɧɚɤɚɦ: ɩɨ ɧɚɡɧɚɱɟɧɢɸ, ɩɨ ɥɢɲɚɟɦɵɦ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞɵ ɢ ɩɨ 
ɯɚɪɚɤɬɟɪɭ ɩɪɨɹɜɥɟɧɢɹ. 

ɉɨ ɧɚɡɧɚɱɟɧɢɸ ɪɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɜɢɞы ɛɚɡ: 

- ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ /ɨɫɧɨɜɧɵɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ/; 
- ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ; 
- ɢɡɦɟɪɢɬɟɥɶɧɵɟ. 

ɉɨ ɥɢɲɚɟɦыɦ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞы ɪɚɡɥɢɱɚɸɬ ɛɚɡы: 

- ɭɫɬɚɧɨɜɨɱɧɵɟ; 
- ɧɚɩɪɚɜɥɹɸɳɢɟ; 
- ɨɩɨɪɧɵɟ; 
-  ɞɜɨɣɧɵɟ ɧɚɩɪɚɜɥɹɸɳɢɟ; 
 - ɞɜɨɣɧɵɟ ɨɩɨɪɧɵɟ. 

ɉɨ хɚɪɚɤɬɟɪɭ ɩɪɨɹɜɥɟɧɢɹ ɛɚɡы ɛыɜɚɸɬ: 

- ɹɜɧɵɟ; 
- ɫɤɪɵɬɵɟ. 

Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɦɢ ɧɚɡɵɜɚɸɬ ɛɚɡɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɨɥɨɠɟɧɢɟ ɞɟɬɚɥɢ 
ɜ ɢɡɞɟɥɢɢ. ȿɫɥɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɛɚɡɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɨɥɨɠɟɧɢɹ ɫɚɦɨɣ ɞɟɬɚɥɢ ɜ ɢɡɞɟɥɢɢ, ɨɧɚ ɧɚɡɵɜɚɟɬɫɹ ɨɫɧɨɜɧɨɣ, ɚ ɟɫɥɢ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɛɚɡɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ 
ɩɪɢɫɨɟɞɢɧɹɟɦɨɣ ɞɟɬɚɥɢ – ɨɧɚ ɧɚɡɵɜɚɟɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ. 

  Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɧɚɡɵɜɚɸɬɫɹ ɛɚɡɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɨɥɨɠɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɥɢ ɪɟɦɨɧɬɚ. 

  ɂɡɦɟɪɢɬɟɥɶɧɵɦɢ ɧɚɡɵɜɚɸɬ ɛɚɡɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɡɚɝɨɬɨɜɤɢ / ɞɟɬɚɥɢ / ɢ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ. 
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Ɋɢɫ.12. ɉɪɢɦɟɪɵ ɛɚɡ 

ɍɫɬɚɧɨɜɨɱɧɨɣ ɧɚɡɵɜɚɸɬ ɛɚɡɭ, ɥɢɲɚɸɳɭɸ ɡɚɝɨɬɨɜɤɭ ɬɪɟɯ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ: ɩɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɨɫɢ ɢ ɩɨɜɨɪɨɬɨɜ ɜɨɤɪɭɝ 
ɞɜɭɯ ɞɪɭɝɢɯ ɨɫɟɣ. 
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Ɋɢɫ.14. Ⱦɜɨɣɧɚɹ ɧɚɩɪɚɜɥɹɸɳɚɹ ɛɚɡɚ ɞɟɬɚɥɢ 

1-ɨɬɜɟɪɫɬɢɟ ɡɚɝɨɬɨɜɤɢ 

Ɋɢɫ.13. Кɨɦɩɥɟɤɬ ɛɚɡ ɩɪɢɡɦɚɬɢɱɟɫɤɨɣ ɡɚɝɨɬɨɜɤɢ 

1-ɡɚɝɨɬɨɜɤɚ; 2- ɨɩɨɪɵ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 
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Ɋɢɫ.16. Кɨɦɩɥɟɤɬ ɛɚɡ ɡɚɝɨɬɨɜɤɢ: 

1-6-ɨɩɨɪɧɵɟ ɬɨɱɤɢ; 7-ɡɚɝɨɬɨɜɤɚ; 8-ɝɭɛɤɢ ɫɚɦɨɰɟɧɬɪɢɪɭɸɳɢɯ ɬɢɫɤɨɜ. 

   

Ɋɢɫ.15.  Ⱦɜɨɣɧɚɹ ɨɩɨɪɧɚɹ ɛɚɡɚ ɞɟɬɚɥɢ 

I-ɨɬɜɟɪɫɬɢɟ ɡɚɝɨɬɨɜɤɢ 
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ɇɚɩɪɚɜɥɹɸɳɟɣ ɧɚɡɵɜɚɸɬ ɛɚɡɭ, ɥɢɲɚɸɳɭɸ ɡɚɝɨɬɨɜɤɭ ɞɜɭɯ ɫɬɟɩɟɧɟɣ 
ɫɜɨɞɵ: ɩɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɨɫɢ ɢ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ 
ɞɪɭɝɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɨɫɢ. 
  Ɉɩɨɪɧɨɣ ɧɚɡɵɜɚɸɬ ɛɚɡɭ, ɥɢɲɚɸɳɭɸ ɡɚɝɨɬɨɜɤɭ ɨɞɧɨɣ ɫɬɟɩɟɧɢ 
ɫɜɨɛɨɞɵ: ɩɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ ɨɫɢ ɢɥɢ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ 
ɨɫɢ. 
  Ⱦɜɨɣɧɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɧɚɡɵɜɚɸɬ ɛɚɡɭ, ɥɢɲɚɸɳɭɸ ɡɚɝɨɬɨɜɤɭ 
ɱɟɬɵɪɟɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ: ɩɟɪɟɦɟɳɟɧɢɣ ɜɞɨɥɶ ɞɜɭɯ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ ɢ 
ɩɨɜɨɪɨɬɨɜ ɜɨɤɪɭɝ ɷɬɢɯ ɨɫɟɣ. 
  Ⱦɜɨɣɧɨɣ ɨɩɨɪɨɣ ɧɚɡɵɜɚɸɬ ɛɚɡɭ, ɥɢɲɚɸɳɭɸ ɡɚɝɨɬɨɜɤɭ ɞɜɭɯ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ: ɩɟɪɟɦɟɳɟɧɢɣ ɜɞɨɥɶ ɞɜɭɯ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ. 
  ɉɪɢɦɟɪɵ ɜɢɞɨɜ ɛɚɡ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɩɪɢɡɧɚɤɭ «ɥɢɲɚɟɦɵɟ ɫɬɟɩɟɧɢ 
ɫɜɨɛɨɞɵ», ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ.13-15. 

ɇɚ ɪɢɫ.16 ɩɨɤɚɡɚɧ ɤɨɦɩɥɟɤɬ ɛɚɡ ɩɪɢɡɦɚɬɢɱɟɫɤɨɣ ɡɚɝɨɬɨɜɤɢ: 1 – 
ɭɫɬɚɧɨɜɨɱɧɚɹ ɛɚɡɚ, ɥɢɲɚɸɳɚɹ ɡɚɝɨɬɨɜɤɭ ɩɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɫɢ Z ɢ 
ɩɨɜɨɪɨɬɨɜ ɜɨɤɪɭɝ ɨɫɟɣ Xɢ Y; 2 – ɧɚɩɪɚɜɥɹɸɳɚɹ ɛɚɡɚ, ɥɢɲɚɸɳɚɹ ɡɚɝɨɬɨɜɤɭ 
ɩɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɫɢ Yɢ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ ɨɫɢ Z; 3 – ɨɩɨɪɧɚɹ ɛɚɡɚ, 
ɥɢɲɚɸɳɚɹ ɡɚɝɨɬɨɜɤɭ ɩɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɫɢ ɏ. 
  ɇɚ ɪɢɫ.14 ɩɨɤɚɡɚɧɚ ɞɜɨɣɧɚɹ ɧɚɩɪɚɜɥɹɸɳɚɹ ɛɚɡɚ 1 / ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɞɟɬɚɥɢ /, ɥɢɲɚɸɳɚɹ ɞɟɬɚɥɶ ɩɟɪɟɦɟɳɟɧɢɣ ɜɞɨɥɶ ɨɫɟɣ Z ɢ Y ɢ 
ɩɨɜɨɪɨɬɨɜ ɜɨɤɪɭɝ ɷɬɢɯ ɨɫɟɣ. 
  ɇɚ ɪɢɫ.15 ɩɨɤɚɡɚɧɚ ɞɜɨɣɧɚɹ ɨɩɨɪɧɚɹ ɛɚɡɚ 1 / ɭɡɤɢɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ 
ɩɨɹɫɨɤ ɧɚ ɞɟɬɚɥɢ /, ɥɢɲɚɸɳɚɹ ɞɟɬɚɥɶ ɩɟɪɟɦɟɳɟɧɢɣ ɜɞɨɥɶ ɨɫɟɣ ɏ ɢ ɍ. 
 ɋɤɪɵɬɨɣ ɧɚɡɵɜɚɸɬ ɛɚɡɭ ɜ ɜɢɞɟ ɜɨɨɛɪɚɠɚɟɦɨɣ ɩɥɨɫɤɨɫɬɢ, ɨɫɢ ɢɥɢ ɬɨɱɤɢ, ɚ 
ɹɜɧɨɣ – ɛɚɡɭ ɜ ɜɢɞɟ ɪɟɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɡɦɟɬɨɱɧɨɣ ɪɢɫɤɢ ɢɥɢ ɬɨɱɤɢ 
ɩɟɪɟɫɟɱɟɧɢɹ ɪɢɫɨɤ. 
 ɉɪɢɦɟɪɵ ɫɤɪɵɬɵɯ ɢ ɹɜɧɵɯ ɛɚɡ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ.16.: 
1 – ɭɫɬɚɧɨɜɨɱɧɚɹ ɹɜɧɚɹ ɛɚɡɚ; 2 – ɧɚɩɪɚɜɥɹɸɳɚɹ ɫɤɪɵɬɚɹ ɛɚɡɚ; 3 – ɨɩɨɪɧɚɹ 
ɫɤɪɵɬɚɹ ɛɚɡɚ. 
  ɋɨɫɬɚɜɢɦ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɫɯɟɦɭ ɛɚɡɢɪɨɜɚɧɢɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɹ 
ɜ ɞɟɬɚɥɢ. ɉɪɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɨɬɜɟɪɫɬɢɹ dɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɪɠɚɬɶ ɪɚɡɦɟɪ a, 
ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɢ ɨɬɜɟɪɫɬɢɹ ɩɥɨɫɤɨɫɬɢ Ⱥ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɨɫɢ 
ɨɬɜɟɪɫɬɢɹ ɜ ɞɟɬɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ Ȼ ɜ ɫɟɱɟɧɢɢ Ƚ-Ƚ, ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɨɬɜɟɪɫɬɢɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɪɭɠɧɨɝɨ ɤɨɧɬɭɪɚ. 
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Ɋɢɫ. 17. Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɛɚɡɢɪɨɜɚɧɢɹ ɢ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɪɢ 

ɪɚɫɬɚɱɢɜɚɧɢɢ ɨɬɜɟɪɫɬɢɹ ɜ ɡɚɝɨɬɨɜɤɟ 

  

  Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɵɞɟɪɠɚɬɶ ɪɚɡɦɟɪ, ɚ ɢ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɢ ɨɬɜɟɪɫɬɢɹ 
ɩɥɨɫɤɨɫɬɢ Ȼ, ɧɚɞɨ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɩɨɥɨɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ Ⱥ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɬ.ɟ. ɩɪɢɧɹɬɶ ɟɟ ɜ ɤɚɱɟɫɬɜɟ ɭɫɬɚɧɨɜɨɱɧɨɣ ɛɚɡɵ. 
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  Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɨɜɚɧɢɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɨɫɢ 
ɨɬɜɟɪɫɬɢɹ ɤ ɩɥɨɫɤɨɫɬɢ Ȼ, ɧɟɨɛɯɨɞɢɦɨ ɷɬɭ ɩɥɨɫɤɨɫɬɶ ɩɪɢɧɹɬɶ ɜ ɤɚɱɟɫɬɜɟ 
ɧɚɩɪɚɜɥɹɸɳɟɣ ɛɚɡɵ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɹ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɨɬɜɟɪɫɬɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɚɪɭɠɧɨɝɨ ɤɨɧɬɭɪɚ ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ ɩɥɨɫɤɨɫɬɶ ɫɢɦɦɟɬɪɢɢ ɡɚɝɨɬɨɜɤɢ ɜ 
ɤɚɱɟɫɬɜɟ ɫɤɪɵɬɨɣ ɨɩɨɪɧɨɣ ɛɚɡɵ, ɱɬɨ ɥɟɝɤɨ ɪɟɚɥɢɡɨɜɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɜ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɜɟɪɬɢɤɚɥɶɧɵɣ ɩɪɢɠɢɦ ɜ ɜɢɞɟ ɩɪɢɡɦɵ. 

  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɦɩɥɟɤɬɚ ɢɡ ɬɪɟɯ 
ɛɚɡ: ɹɜɧɵɯ ɭɫɬɚɧɨɜɨɱɧɨɣ ɢ ɧɚɩɪɚɜɥɹɸɳɟɣ ɢ ɫɤɪɵɬɨɣ ɨɩɨɪɧɨɣ. ɇɚ ɪɢɫ.18ɛ 

ɩɪɢɜɟɞɟɧɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɛɚɡɢɪɨɜɚɧɢɹ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɫɥɭɱɚɸ 
ɨɛɪɚɛɨɬɤɢ. 

  ɋɯɟɦɵ ɭɫɬɚɧɨɜɤɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɧɚ ɨɩɟɪɚɰɢɨɧɧɵɯ ɷɫɤɢɡɚɯ, 
ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɫɯɟɦ ɛɚɡɢɪɨɜɚɧɢɹ ɬɟɦ, ɱɬɨ ɫ ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ 
ɜ ɧɢɯ ɢɫɩɨɥɶɡɭɸɬ ɭɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɨɩɨɪ ɢ ɡɚɠɢɦɨɜ. Ɍɚɛɥɢɰɚ ɭɫɥɨɜɧɵɯ 
ɨɛɨɡɧɚɱɟɧɢɣ ɩɪɢɜɟɞɟɧɚ ɜ ɉɪɢɥɨɠɟɧɢɢ. 

  ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɰɟɧɬɪɨɜ ɜɫɟɯ ɜɢɞɨɜ ɧɚɧɨɫɹɬ ɨɛɵɱɧɨ ɧɚ 
ɜɵɧɨɫɧɵɟ ɥɢɧɢɢ, ɩɪɨɜɟɞɟɧɧɵɟ ɩɨɞ ɭɝɥɨɦ ɤ ɨɫɟɜɨɣ ɥɢɧɢɢ. ɍɫɥɨɜɧɵɟ 
ɨɛɨɡɧɚɱɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɨɩɨɪ ɢ ɡɚɠɢɦɨɜ ɧɚɧɨɫɹɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ 
ɤɨɧɬɭɪɧɵɟ ɥɢɧɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɢɡɛɪɚɧɧɵɯ ɞɥɹ ɛɚɡɢɪɨɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ. Ⱦɥɹ 
ɭɩɪɨɳɟɧɢɹ ɷɫɤɢɡɚ ɧɚ ɫɯɟɦɚɯ ɭɫɬɚɧɨɜɤɢ ɦɨɠɧɨ ɥɸɛɵɟ ɨɩɨɪɵ ɨɛɨɡɧɚɱɚɬɶ 
ɡɧɚɤɨɦ ˄ ɢ ɩɪɢɦɟɧɹɬɶ ɟɝɨ ɜ ɫɨɱɟɬɚɧɢɢ ɤɚɤ ɫ ɭɩɪɨɳɟɧɧɵɦ, ɬɚɤ ɢ ɫɨ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɢɡɨɛɪɚɠɟɧɢɟɦ ɡɚɠɢɦɨɜ. 

  Ɇɨɠɧɨ ɬɚɤɠɟ ɧɟɫɤɨɥɶɤɨ ɪɚɡɞɟɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɨɞɧɨɢɦɟɧɧɵɯ ɨɩɨɪ 
ɡɚɦɟɧɹɬɶ ɨɞɧɢɦ ɫ ɭɤɚɡɚɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɨɞɧɨɢɦɟɧɧɵɯ ɨɩɨɪ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ 
ɡɧɚɤɚ / ɷɬɨ ɞɨɩɭɫɤɚɟɬɫɹ ɞɟɥɚɬɶ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɫɟ ɡɧɚɤɢ ɩɨɤɚɡɚɧɵ ɧɚ ɜɢɞɟ 
ɫɩɟɪɟɞɢ ɢɥɢ ɫɛɨɤɭ /. 

  ɇɚ ɪɢɫ.18ɜ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɤɨɪɩɭɫɧɨɣ ɞɟɬɚɥɢ ɩɪɢ 
ɪɚɫɬɚɱɢɜɚɧɢɢ ɨɬɜɟɪɫɬɢɹ. 

ɉɨɪɹɞɨɤ ɜыɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɹ 

- ɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɬɪɟɦɹ ɱɟɪɬɟɠɚɦɢ ɞɟɬɚɥɟɣ ɢ ɬɟɤɫɬɨɜɵɦ ɡɚɞɚɧɢɟɦ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɬɪɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɫɯɟɦɵ ɛɚɡɢɪɨɜɚɧɢɹ, ɩɨɞɨɛɪɚɜ ɤɨɦɩɥɟɤɬɵ 
ɛɚɡ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɬɪɢ ɭɩɪɨɳɟɧɧɵɯ ɫɯɟɦɵ ɭɫɬɚɧɨɜɤɢ; 

- ɩɪɟɞɴɹɜɢɬɶ ɩɪɟɩɨɞɚɜɚɬɟɥɸ ɜɵɩɨɥɧɟɧɧɭɸ ɪɚɛɨɬɭ. 
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ɉɊɈȼȿɊɄȺ ɌɈɄȺɊɇɈȽɈ ɋɌȺɇɄȺ ɇȺ ȽȿɈɆȿɌɊɂɑȿɋɄɍɘ ɌɈɑɇɈɋɌɖ 

  ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɡɧɚɤɨɦɥɟɧɢɟ ɫɬɭɞɟɧɬɨɜ ɫ ɧɨɪɦɚɦɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ ɫɬɚɧɤɨɜ ɢ ɢɯ ɜɥɢɹɧɢɟɦ ɧɚ ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɢ ɜɵɪɚɛɨɬɤɢ ɭ ɧɢɯ ɧɚɜɵɤɨɜ ɨɰɟɧɤɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɦɟɬɚɥɥɨɪɟɠɭɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɤɪɢɬɟɪɢɹɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ. 

  ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɞɨɫɬɢɝɚɟɬɫɹ ɬɚɤɠɟ ɡɚɤɪɟɩɥɟɧɢɟ ɧɚɜɵɤɨɜ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɢ ɭɝɥɭɛɥɹɟɬɫɹ ɡɧɚɧɢɟ 
ɦɟɬɚɥɥɨɪɟɠɭɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɇɟɨɛхɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɬɟɪɢɚɥы 

- ɬɨɤɚɪɧɵɣ ɫɬɚɧɨɤ; 

- ɭɪɨɜɟɧɶ; 

- ɧɚɛɨɪ ɨɩɪɚɜɨɤ; 

- ɢɧɞɢɤɚɬɨɪɧɚɹ ɝɨɥɨɜɤɚ ɫɨ ɫɬɨɣɤɨɣ; 

- ɤɨɦɩɥɟɤɬ ɩɥɚɤɚɬɨɜ ɫɨ ɫɯɟɦɚɦɢ ɩɪɨɜɟɪɨɤ. 

  ɉɨɝɪɟɲɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɫɛɨɪɤɢ ɫɬɚɧɤɨɜ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ 
ɧɨɪɦɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ. 

  Эɬɢ ɧɨɪɦɵ ɨɩɪɟɞɟɥɹɸɬ ɞɨɩɭɫɤɢ ɢ ɦɟɬɨɞɵ ɩɪɨɜɟɪɤɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɬɨɱɧɨɫɬɢ ɫɬɚɧɤɨɜ, ɬ.ɟ. ɢɯ ɬɨɱɧɨɫɬɢ ɜ ɧɟɧɚɝɪɭɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɉɨ ɬɨɱɧɨɫɬɢ ɫɬɚɧɤɢ ɪɚɡɞɟɥɹɸɬ ɧɚ ɝɪɭɩɩɵ: 

ɇ – ɧɨɪɦɚɥɶɧɨɣ ɬɨɱɧɨɫɬɢ /𝛿ː/ 

ɉ – ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɢ /𝛿˒ = 0,6𝛿ː/ 

ȼ – ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ /𝛿˅ = 0,4𝛿ː/ 

Ⱥ – ɨɫɨɛɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ /𝛿˃ = 0,25𝛿ː/ 

ɋ – ɨɫɨɛɨ ɬɨɱɧɵɟ / 𝛿ˈ = 0,16𝛿ː/, 

ɝɞɟ 𝛿௜ - ɧɨɪɦɚ ɬɨɱɧɨɫɬɢ iɝɪɭɩɩɵ ɫɬɚɧɤɨɜ. 

ɉɨɝɪɟɲɧɨɫɬɢ ɫɬɚɧɤɨɜ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɩɟɪɟɧɨɫɹɬɫɹ ɧɚ ɨɛɪɚɛɨɬɚɧɧɵɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɜ ɜɢɞɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ. 

  ɉɪɢ ɧɟɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɢ ɲɩɢɧɞɟɥɹ ɬɨɤɚɪɧɨɝɨ ɫɬɚɧɤɚ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɫɭɩɩɨɪɬɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ, ɡɚɤɪɟɩɥɟɧɧɨɣ ɜ ɩɚɬɪɨɧɟ ɫɬɚɧɤɚ, ɩɪɢɨɛɪɟɬɚɟɬ 
ɤɨɧɭɫɧɨɫɬɶ. 
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  ɉɪɢ ɧɟɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɨɫɢ ɲɩɢɧɞɟɥɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɚɜɥɹɸɳɢɯ ɨɛɪɚɛɨɬɚɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɟɬ ɮɨɪɦɭ 
ɝɢɩɟɪɛɨɥɨɢɞɚ ɜɪɚɳɟɧɢɹ. 

  Ȼɢɟɧɢɟ ɲɩɢɧɞɟɥɟɣ ɬɨɤɚɪɧɵɯ ɫɬɚɧɤɨɜ, ɜɵɡɵɜɚɟɦɨɟ ɨɜɚɥɶɧɨɫɬɶɸ 
ɩɨɞɲɢɩɧɢɤɨɜ ɢ ɨɩɨɪɧɵɯ ɲɟɟɤ ɲɩɢɧɞɟɥɟɣ, ɢɫɤɚɠɚɟɬ ɮɨɪɦɭ ɨɛɪɚɛɨɬɚɧɧɨɣ 
ɡɚɝɨɬɨɜɤɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ. ɉɨɜɵɲɟɧɧɚɹ ɨɜɚɥɶɧɨɫɬɶ ɲɩɢɧɞɟɥɟɣ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɩɟɪɟɧɨɫɢɬɫɹ ɧɚ ɡɚɝɨɬɨɜɤɭ, ɬ.ɤ. ɫɢɥɚɦɢ ɪɟɡɚɧɢɹ ɲɟɣɤɢ ɲɩɢɧɞɟɥɟɣ ɜɫɟ 
ɜɪɟɦɹ ɩɪɢɠɢɦɚɸɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɱɚɫɬɤɚɦ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɲɢɩɧɢɤɨɜ. 

Ȼɢɟɧɢɟ ɨɫɢ, ɤɨɧɢɱɟɫɤɨɝɨ ɨɬɜɟɪɫɬɢɹ ɲɩɢɧɞɟɥɹ ɜɵɡɵɜɚɟɬ ɛɢɟɧɢɟ 
ɩɟɪɟɞɧɟɝɨ ɰɟɧɬɪɚ ɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜ ɰɟɧɬɪɚɯ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɤɨɫ ɨɫɢ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɩɪɚɜɢɥɶɧɨɣ ɨɤɪɭɠɧɨɫɬɢ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɞɟɬɚɥɢ ɢ ɬ.ɩ. 

ɂɡɧɨɫ ɫɬɚɧɤɨɜ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɧɚɱɚɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ. ɂɡɧɨɫ ɢɞɟɬ ɜɟɫɶɦɚ ɢɧɬɟɧɫɢɜɧɨ. Ɍɚɤ ɡɚ ɝɨɞɢɱɧɵɣ 
ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɤɚ 1Ʉ62 ɜ ɭɫɥɨɜɢɹɯ ɟɞɢɧɢɱɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɢ ɞɜɭɯɫɦɟɧɧɨɣ ɪɚɛɨɬɟ ɢɡɧɨɫ ɩɟɪɟɞɧɟɣ ɬɪɟɭɝɨɥɶɧɨɣ 
ɧɚɩɪɚɜɥɹɸɳɟɣ ɧɚ ɨɛɞɢɪɤɟ ɫɨɫɬɚɜɥɹɟɬ 0,1-0,12 ɦɦ, ɚ ɧɚ ɫɦɟɲɚɧɧɨɣ ɨɛɪɚɛɨɬɤɟ  
0,06-0,08 ɦɦ. ɉɨɥɨɠɟɧɢɟ ɭɫɭɝɭɛɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɢɡɧɨɫ ɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɩɪɨɢɫɯɨɞɢɬ ɧɟɪɚɜɧɨɦɟɪɧɨ. ɉɨɷɬɨɦɭ ɦɟɬɚɥɥɨɪɟɠɭɳɢɟ ɫɬɚɧɤɢ 
ɩɟɪɢɨɞɢɱɟɫɤɢ ɞɨɥɠɧɵ ɩɨɞɜɟɪɝɚɬɶɫɹ ɩɪɨɜɟɪɤɟ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɬɨɱɧɨɫɬɶ. 

 

ɉɨɪɹɞɨɤ ɜыɩɨɥɧɟɧɢɹ ɪɚɛɨɬы 

1. ɉɪɨɜɟɪɢɬɶ ɬɨɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɫɬɚɧɤɚ ɩɨ ɭɪɨɜɧɸ. Ⱦɥɹ ɷɬɨɝɨ 
ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɜɟɪɨɱɧɵɣ ɦɨɫɬɢɤ ɞɜɭɦɹ ɨɩɨɪɚɦɢ ɧɚ ɩɪɨɜɟɪɹɟɦɭɸ 
ɧɚɩɪɚɜɥɹɸɳɭɸ ɢ ɨɞɧɨɣ ɨɩɨɪɨɣ ɧɚ ɞɪɭɝɭɸ ɧɚɩɪɚɜɥɹɸɳɭɸ. ɇɚ ɦɨɫɬɢɤ 
ɩɨɥɨɠɢɬɶ ɭɪɨɜɟɧɶ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɜɟɪɹɟɦɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ, ɫɧɹɬɶ ɩɨɤɚɡɚɧɢɹ 
ɭɪɨɜɧɹ ɜ ɞɜɭɯ ɤɪɚɣɧɢɯ ɩɨɥɨɠɟɧɢɹɯ. 

Ɉɬɤɥɨɧɟɧɢɟ ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ ɩɨɥɨɜɢɧɚ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɪɚɡɧɢɰɵ ɤɪɚɣɧɢɯ 
ɩɨɤɚɡɚɧɢɣ ɭɪɨɜɧɹ. Ɉɧɨ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 0,04/1000  (ɩɥɚɤɚɬ 1). 

2. ɉɪɨɜɟɪɢɬɶ ɩɪɹɦɨɥɢɧɟɣɧɨɫɬɶ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɭɩɩɨɪɬɚ ɜ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɭɫɬɚɧɨɜɢɬɶ ɧɚ ɫɭɩɩɨɪɬ ɭɪɨɜɟɧɶ ɢ, 
ɩɟɪɟɦɟɳɚɹ ɫɭɩɩɨɪɬ ɧɚ ɜɫɸ ɞɥɢɧɭ ɩɪɨɞɨɥɶɧɨɝɨ ɯɨɞɚ, ɫɧɹɬɶ ɩɨɤɚɡɚɧɢɹ ɭɪɨɜɧɹ. 
Ɉɬɤɥɨɧɟɧɢɟ ɧɚ 1ɦ ɯɨɞɚ ɫɭɩɩɨɪɬɚ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 0,02 ɦɦ (ɩɥɚɤɚɬ 2). 
3. ɉɪɨɜɟɪɢɬɶ ɩɪɹɦɨɥɢɧɟɣɧɨɫɬɶ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɭɩɩɨɪɬɚ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɡɚɤɪɟɩɢɬɶ ɜ ɰɟɧɬɪɚɯ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ 
ɛɚɛɨɤ ɫɬɚɧɤɚ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɨɩɪɚɜɤɭ, ɚ ɧɚ ɫɭɩɩɨɪɬɟ ɫɬɚɧɤɚ – ɢɧɞɢɤɚɬɨɪ. 
ɉɟɪɟɦɟɳɟɧɢɟɦ ɡɚɞɧɟɣ ɛɚɛɤɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɞɨɛɢɬɶɫɹ 
ɨɞɢɧɚɤɨɜɵɯ ɩɨɤɚɡɚɧɢɣ ɢɧɞɢɤɚɬɨɪɚ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɫɭɩɩɨɪɬɚ ɩɪɨɬɢɜ ɞɜɭɯ 
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ɤɨɧɰɨɜ ɨɩɪɚɜɤɢ. ɉɟɪɟɦɟɳɚɹ ɫɭɩɩɨɪɬ ɜɞɨɥɶ ɨɩɪɚɜɤɢ ɧɚ ɜɫɸ ɞɥɢɧɭ ɯɨɞɚ, 
ɨɩɪɟɞɟɥɢɬɶ ɧɟɩɪɹɦɨɥɢɧɟɣɧɨɫɬɶ ɯɨɞɚ. Ɉɬɤɥɨɧɟɧɢɟ ɧɚ 1ɦ ɯɨɞɚ ɫɭɩɩɨɪɬɚ ɧɟ 
ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 0,02ɦɦ.(ɩɥɚɤɚɬ 3). 
4. ɉɪɨɜɟɪɢɬɶ ɪɚɞɢɚɥɶɧɨɟ ɛɢɟɧɢɟ ɨɫɢ ɨɬɜɟɪɫɬɢɹ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ 
ɛɚɛɤɢ. Ⱦɥɹ ɷɬɨɝɨ ɜɫɬɚɜɢɬɶ ɜ ɨɬɜɟɪɫɬɢɟ ɲɩɢɧɞɟɥɹ ɨɩɪɚɜɤɭ, ɚ ɧɚ ɤɨɪɩɭɫ 
ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ – ɫɬɨɣɤɭ ɫ ɢɧɞɢɤɚɬɨɪɨɦ ɬɚɤ, ɱɬɨɛɵ ɟɝɨ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɲɬɢɮɬ ɤɚɫɚɥɫɹ ɨɛɪɚɡɭɸɳɟɣ ɨɩɪɚɜɤɢ. ɉɨɜɨɪɚɱɢɜɚɹ ɲɩɢɧɞɟɥɶ, ɨɩɪɟɞɟɥɢɬɶ 
ɛɢɟɧɢɟ ɨɩɪɚɜɤɢ ɭ ɬɨɪɰɚ ɲɩɢɧɞɟɥɹ ɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 300 ɦɦ ɨɬ ɧɟɝɨ. Ⱦɨɩɭɫɤ ɧɚ 
ɪɚɞɢɚɥɶɧɨɟ ɛɢɟɧɢɟ ɨɫɢ ɨɬɜɟɪɫɬɢɹ ɲɩɢɧɞɟɥɹ ɞɥɹ ɫɬɚɧɤɨɜ ɫ ɧɚɢɛɨɥɶɲɢɦ 
ɞɢɚɦɟɬɪɨɦ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ 400 ɦɦ ɫɨɫɬɚɜɥɹɟɬ ɭ ɬɨɪɰɚ – 0,01 ɦɦ, ɚ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ 300 ɦɦ ɨɬ ɬɨɪɰɚ – 0,02 ɦɦ. 
5. ɉɪɨɜɟɪɢɬɶ ɨɫɟɜɨɟ ɛɢɟɧɢɟ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ. Ⱦɥɹ ɷɬɨɝɨ 
ɜɫɬɚɜɢɬɶ ɜ ɨɬɜɟɪɫɬɢɟ ɲɩɢɧɞɟɥɹ ɤɨɪɨɬɤɭɸ ɨɩɪɚɜɤɭ, ɚ ɧɚ ɤɨɪɩɭɫ ɩɟɪɟɞɧɟɣ 
ɛɚɛɤɢ ɭɫɬɚɧɨɜɢɬɶ ɫɬɨɣɤɭ ɫ ɢɧɞɢɤɚɬɨɪɨɦ ɬɚɤ, ɱɬɨɛɵ ɟɝɨ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɲɬɢɮɬ ɤɚɫɚɥɫɹ ɰɟɧɬɪɚ ɬɨɪɰɚ ɨɩɪɚɜɤɢ. ɉɨɜɨɪɚɱɢɜɚɹ ɲɩɢɧɞɟɥɶ, ɨɩɪɟɞɟɥɢɬɶ 
ɜɟɥɢɱɢɧɭ ɛɢɟɧɢɹ, ɤɨɬɨɪɨɟ ɞɥɹ ɫɬɚɧɤɨɜ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɞɢɚɦɟɬɪɨɦ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ 400 ɦɦ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 0,01ɦɦ. 
6. ɉɪɨɜɟɪɢɬɶ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɢ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ 
ɧɚɩɪɚɜɥɟɧɢɸ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɭɩɩɨɪɬɚ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɨɬɜɟɪɫɬɢɟ 
ɲɩɢɧɞɟɥɹ ɩɥɨɬɧɨ ɜɫɬɚɜɢɬɶ ɨɩɪɚɜɤɭ, ɚ ɧɚ ɫɭɩɩɨɪɬɟ ɭɫɬɚɧɨɜɢɬɶ ɫɬɨɣɤɭ ɫ 
ɢɧɞɢɤɚɬɨɪɨɦ ɬɚɤ, ɱɬɨɛɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɫɬɨɣɤɢ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɲɬɢɮɬ ɦɨɝ ɤɚɫɚɬɶɫɹ ɜɟɪɯɧɟɣ ɢ ɛɨɤɨɜɨɣ ɨɛɪɚɡɭɸɳɢɯ ɨɩɪɚɜɤɢ. ɉɟɪɟɦɟɳɚɹ 
ɫɭɩɩɨɪɬ ɜɞɨɥɶ ɫɬɚɧɢɧɵ, ɨɩɪɟɞɟɥɹɸɬ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨ ɞɜɭɦ ɞɢɚɦɟɬɪɚɥɶɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɨɛɪɚɡɭɸɳɢɦ (ɩɪɢ ɩɨɜɨɪɨɬɟ ɲɩɢɧɞɟɥɹ ɧɚ ͳͺͲˑ). ȼɵɱɢɫɥɹɸɬ 
ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɞɜɭɯ ɡɚɦɟɪɨɜ. ɇɟɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬ ɚɧɚɥɨɝɢɱɧɨ. Ⱦɨɩɭɫɤ ɧɚ ɧɟɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɢ 
ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ ɩɪɨɞɨɥɶɧɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ ɫɭɩɩɨɪɬɚ ɞɥɹ ɫɬɚɧɤɨɜ 
ɫ ɧɚɢɛɨɥɶɲɢɦ ɞɢɚɦɟɬɪɨɦ ɡɚɝɨɬɨɜɤɢ 400 ɦɦ ɫɨɫɬɚɜɥɹɟɬ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ 0,012 ɦɦ ɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ – 0,03 ɦɦ. 
7. ɉɪɨɜɟɪɢɬɶ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɧɚɩɪɚɜɥɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ ɫɚɥɚɡɨɤ 
ɫɭɩɩɨɪɬɚ ɨɫɢ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɧɞɢɤɚɬɨɪɧɭɸ ɫɬɨɣɤɭ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɫɚɥɚɡɤɚɯ ɫɭɩɩɨɪɬɚ ɬɚɤ, ɱɬɨɛɵ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɲɬɢɮɬ 
ɤɚɫɚɥɫɹ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɪɚɧɟɟ ɨɩɪɚɜɤɢ. ɉɨɜɨɪɨɬɧɨɣ 
ɱɚɫɬɶɸ ɫɭɩɩɨɪɬɚ ɞɨɛɢɜɚɸɬɫɹ ɬɚɤɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɱɬɨɛɵ ɩɨɤɚɡɚɧɢɹ ɢɧɞɢɤɚɬɨɪɚ 
ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɲɬɢɮɬɚ ɧɚ ɨɛɨɢɯ ɤɨɧɰɚɯ ɨɩɪɚɜɤɢ ɛɵɥɢ 
ɨɞɢɧɚɤɨɜɵɦɢ. Ɂɚɬɟɦ ɢɧɞɢɤɚɬɨɪ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɬɚɤ, ɱɬɨɛɵ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɲɬɢɮɬ ɤɚɫɚɥɫɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɚɜɤɢ ɩɨ ɜɟɪɯɧɟɣ ɨɛɪɚɡɭɸɳɟɣ. ɉɟɪɟɦɟɳɚɹ 
ɫɚɥɚɡɤɢ ɧɚ ɜɫɸ ɞɥɢɧɭ ɯɨɞɚ ɜɞɨɥɶ ɜɟɪɯɧɢɯ ɧɚɩɪɚɜɥɹɸɳɢɯ, ɨɩɪɟɞɟɥɹɸɬ 
ɩɨɝɪɟɲɧɨɫɬɶ. Ⱦɨɩɭɫɤ ɧɚ ɧɟɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɧɚɩɪɚɜɥɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ 
ɫɚɥɚɡɨɤ ɫɭɩɩɨɪɬɚ ɨɫɢ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ ɩɪɢ ɞɥɢɧɟ ɯɨɞɚ ɫɚɥɚɡɨɤ ɞɨ 
100 ɦɦ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 0,03 ɦɦ, ɚ ɩɪɢ ɞɥɢɧɟ ɯɨɞɚ ɞɨ 300 ɦɦ – 0,04 ɦɦ. 
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ɉɨɪɹɞɨɤ ɜыɩɨɥɧɟɧɢɹ ɪɚɛɨɬы 

 

- ɂɡɭɱɢɬɶ ɞɚɧɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ ɢ ɩɥɚɤɚɬɵ ɫɨ ɫɯɟɦɚɦɢ ɩɪɨɜɟɪɨɤ; 

- ɉɪɨɢɡɜɟɫɬɢ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɦɚɫɬɟɪɚ ɤɨɦɩɥɟɤɫ ɢɡ 8 ɩɪɨɜɟɪɨɤ; 

- ɋɨɫɬɚɜɢɬɶ ɨɬɱɟɬ, ɫɨɞɟɪɠɚɳɢɣ ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɛɨɬɵ, ɞɚɧɧɵɟ ɨɛ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜɚɯ, ɷɫɤɢɡɵ, ɩɨɹɫɧɹɸɳɢɟ ɫɭɬɶ ɩɪɨɜɟɪɨɤ, ɬɚɛɥɢɰɭ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɡɚɦɟɪɨɜ ɢ ɡɚɤɥɸɱɟɧɢɟ; 

- ɋɞɚɬɶ ɪɚɛɨɬɭ ɩɪɟɩɨɞɚɜɚɬɟɥɸ. 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

- ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɚɛɨɬɵ; 

- Ɇɨɞɟɥɶ ɫɬɚɧɤɚ ɢ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; 

- Ɉɩɢɫɚɧɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ; 

- Эɫɤɢɡɵ ɫɨ ɫɯɟɦɚɦɢ ɩɪɨɜɟɪɨɤ; 

- Ɍɚɛɥɢɰɚ ɡɚɦɟɪɨɜ; 

- Ɋɚɫɱɟɬɵ ɨɩɪɟɞɟɥɹɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ; 

- Ɂɚɤɥɸɱɟɧɢɟ. 

 

ɅȺȻɈɊȺɌɈɊɇȺə ɊȺȻɈɌȺ 2 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɉɈȽɊȿɒɇɈɋɌɂ ɍɋɌȺɇɈȼɄɂ ɁȺȽɈɌɈȼɈɄ 

 

  ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɫɯɟɦɵ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ 
ɧɚ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɢ ɩɪɢɜɢɬɢɟ ɫɬɭɞɟɧɬɚɦ ɧɚɜɵɤɨɜ ɜ ɱɢɫɥɟɧɧɨɦ ɚɧɚɥɢɡɟ 
ɩɨɝɪɟɲɧɨɫɬɟɣ. 

ɂɡɭɱɟɧɢɟ ɜɟɞɟɬɫɹ ɧɚ ɩɪɢɦɟɪɟ ɨɛɪɚɛɨɬɤɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɡɚɝɨɬɨɜɤɢ ɧɚ 
ɧɚɫɬɪɨɟɧɧɨɦ ɫɬɚɧɤɟ ɩɪɢ ɡɚɤɪɟɩɥɟɧɢɢ ɟɟ ɧɚ ɩɪɢɡɦɚɯ. 

ɇɟɨɛхɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɬɟɪɢɚɥы 

- Ɏɪɟɡɟɪɧɵɣ ɫɬɚɧɨɤ 
- Ɍɨɪɰɨɜɵɟ ɮɪɟɡɵ 
- Ɋɚɛɨɱɢɟ ɱɟɪɬɟɠɢ ɞɟɬɚɥɟɣ /ɪɚɡɞɚɬɨɱɧɵɣ ɦɚɬɟɪɢɚɥ 
- ɉɪɢɡɦɵ ɢ ɫɬɪɭɛɰɢɧɵ 
- Ʉɨɦɩɥɟɤɬ ɜɚɥɢɤɨɜ 
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- ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ 
- ɉɪɢɛɨɪɵ ɞɥɹ ɨɰɟɧɤɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
- ɋɩɪɚɜɨɱɧɚɹ ɥɢɬɟɪɚɬɭɪɚ. 
 

ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ /Ɛ˖˔˕/ ɡɚɝɨɬɨɜɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ 
ɞɜɭɯ ɩɨɝɪɟɲɧɨɫɬɟɣ: ɛɚɡɢɪɨɜɚɧɢɹ /Ɛ˄/ ɢ ɡɚɤɪɟɩɥɟɧɢɹ /Ɛˊ/. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɬɨ 
ɫɭɦɦɚ ɜɟɤɬɨɪɨɜ Ɛ˖˔˕ = Ɛ˄ + Ɛˊ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɢɫɬɢɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɷɬɢɯ ɜɟɤɬɨɪɨɜ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, 
ɩɨɷɬɨɦɭ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ, ɫɬɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɥɨɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɜɟɤɬɨɪɵ ɤɨɥɥɢɧɟɚɪɧɵɢ ɫɭɦɦɚɪɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ 
ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɫɭɦɦɭ  Ɛ˖˔˕ = Ɛ˄ + Ɛˊ 

ɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɪɚɳɟɧɢɹ ɫɥɨɠɟɧɢɟ ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɧɚɢɛɨɥɟɟ 
ɜɟɪɨɹɬɧɨɦɭ ɡɧɚɱɟɧɢɸ /ɩɨ ɩɪɚɜɢɥɭ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ/ Ɛ˖˔˕ = √Ɛଶ˄ + Ɛଶ́ 

ɉɨɫɤɨɥɶɤɭ Ɛɛ ɢ Ɛɡ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ ɩɪɢɪɨɞɭ, ɢɯ ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɪɚɡɞɟɥɶɧɨ. 
  ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɜɨɡɧɢɤɚɟɬ ɬɨɥɶɤɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚ ɫɬɚɧɤɚɯ, 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɫɬɪɨɟɧɧɵɯ ɧɚ ɪɚɡɦɟɪ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɨɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ. Ɉɧɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɧɟɫɨɜɦɟɳɟɧɢɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɛɚɡ ɜ ɫɜɹɡɢ ɫ ɤɨɥɟɛɚɧɢɟɦ ɪɚɡɦɟɪɨɜ 
ɡɚɝɨɬɨɜɨɤ ɜ ɩɪɟɞɟɥɚɯ ɩɨɥɹ ɞɨɩɭɫɤɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ 
ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɨɩɟɪɚɰɢɣ (ɩɟɪɟɯɨɞɨɜ). 

ɑɢɫɥɟɧɧɨ ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɪɚɜɧɚ ɪɚɡɧɨɫɬɢ ɪɚɫɫɬɨɹɧɢɣ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɛɚɡɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɪɚɡɦɟɪ ɢɧɫɬɪɭɦɟɧɬɚ. 

Ⱦɨɩɭɫɬɢɦ, ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɞɟɬɚɥɢ /ɪɢɫ. 18ɚ / ɬɪɟɛɭɟɬɫɹ ɮɪɟɡɟɪɨɜɚɬɶ ɩɚɡ 
ɝɥɭɛɢɧɨɣ hɢ ɲɢɪɢɧɨɣ ȼ. 
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Ɋɢɫ. 18. К ɪɚɫɱɟɬɭ ɩɨɝɪɟɲɧɨɫɬɢ ɛɚɡɢɪɨɜɚɧɢɹ 

 

ɉɨɫɥɟ ɩɪɟɞɲɟɫɬɜɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɟɥɶɧɵɟ ɞɢɚɦɟɬɪɵ ɡɚɝɨɬɨɜɤɢ 
ɫɨɫɬɚɜɥɹɸɬ D ɢ ܦ௠௜௡.  

Ɂɚɝɨɬɨɜɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɩɪɢɡɦɟ /ɪɢɫ. 18ɛ / ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɢ ɮɪɟɡɚ 
ɧɚɫɬɪɨɟɧɚ ɧɚ ɪɚɡɦɟɪ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɧɨɦɢɧɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɡɚɝɨɬɨɜɤɢ. ɂɡ-

ɡɚ ɤɨɥɟɛɚɧɢɹ ɞɢɚɦɟɬɪɨɜ ɡɚɝɨɬɨɜɨɤ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɛɚɡɚ ɛɭɞɟɬ ɫɦɟɳɚɬɶɫɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɧɚɫɬɪɨɣɤɢ ɮɪɟɡɵ ɧɚ ɜɟɥɢɱɢɧɭ ɨɬɪɟɡɤɚЕଵ − Е, ɤɨɬɨɪɵɣ ɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ. 

∆h = EE = AE - ܧܣଵ;                                                                                              (ɚ) 

AE = AO + OE = 
𝑂஼௦௜௡𝛼మ + ஽೘𝑎𝑥ଶ = 

஽೘𝑎𝑥ଶ௦௜௡𝛼మ + ஽೘𝑎𝑥ଶ = ஽೘𝑎𝑥ଶ ሺ ଵ௦௜௡𝛼మ + ͳሻ;                           (ɛ) 
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ଵܱܣ = ଵܧܣ + ଵܱܧଵ = 𝑂஼భ௦௜௡𝛼మ + ஽೘𝑖೙ଶ = ஽೘𝑖೙ଶ௦௜௡𝛼మ + ஽೘𝑖೙ଶ = ஽೘𝑖೙ଶ ሺ ଵ௦௜௡𝛼మ + ͳሻ.                    (ɜ) 

ɉɨɞɫɬɚɜɢɜ (ɛ) ɢ (ɜ) ɜ (ɚ), ɩɨɥɭɱɢɦ: Ɛ𝛿 = ∆ℎ = ஽೘𝑎𝑥ଶ ( ଵ௦௜௡𝛼మ + ͳ) − ஽೘𝑖೙ଶ ሺ ଵ௦௜௡𝛼మ + ͳሻ = 

஽೘𝑎𝑥஽೘𝑖೙ଶ ሺ ଵ௦௜௡𝛼మ + ͳሻ =
𝛿஽ଶ ሺ ଵ௦௜௡𝛼మ + ͳሻ.                                                                      (28) 

 ȿɫɥɢ ɤɨɧɫɬɪɭɤɬɨɪ ɡɚɞɚɟɬ ɝɥɭɛɢɧɭ ɩɚɡɚ ɪɚɡɦɟɪɨɦ ɇ, ɬɨ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ  Ɛ𝛿 = ∆ʜ = 𝛿஽ଶ ሺ ଵ௦௜௡𝛼మ − ͳሻ.                                                                                     (29) 

  ɉɨɝɪɟɲɧɨɫɬɶɸ ɡɚɤɪɟɩɥɟɧɢɹ (Ɛˊ) ɧɚɡɵɜɚɟɬɫɹ ɪɚɡɧɨɫɬɶ ɩɪɟɞɟɥɶɧɵɯ 
ɪɚɫɫɬɨɹɧɢɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɛɚɡɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɪɚɡɦɟɪ 
ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɦɟɳɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɡɚɝɨɬɨɜɨɤ ɨɬ ɞɟɣɫɬɜɢɹ 
ɡɚɠɢɦɧɨɣ ɫɢɥɵ. ɋɦɟɳɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɛɚɡɵ ɡɚɝɨɬɨɜɨɤ ɩɪɨɢɫɯɨɞɹɬ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪɦɚɰɢɢ ɡɜɟɧɶɟɜ ɜ ɰɟɩɢ ɡɚɝɨɬɨɜɤɢ – ɭɫɬɚɧɨɜɨɱɧɵɟ ɷɥɟɦɟɧɬɵ – 

ɤɨɪɩɭɫ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɟɪɟɞɚɟɬɫɹ ɡɚɠɢɦɧɨɟ ɭɫɢɥɢɟ. 

  ɇɚɢɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɣ ɨɛɪɚɡɭɟɬɫɹ ɜ ɤɨɧɬɚɤɬɟ ɡɚɝɨɬɨɜɤɚ – 

ɭɫɬɚɧɨɜɨɱɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. Ɉɫɬɚɥɶɧɵɟ ɡɜɟɧɶɹ ɩɪɨɟɤɬɢɪɭɸɬ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɞɟɮɨɪɦɚɰɢɢ ɛɵɥɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵ. 

  ȼɟɥɢɱɢɧɵ ɫɦɟɳɟɧɢɣ ɡɚɜɢɫɹɬ ɧɟɥɢɧɟɣɧɨ ɨɬ ɭɫɢɥɢɣ ɡɚɠɢɦɚ ɡɚɝɨɬɨɜɤɢ ɢ 
ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɮɨɪɦɭɥɟ. Ɛˊ = ʹ௡ ௖ܲ௣௡ ଶሺଶଶ−଴,଴ଷ𝑅𝑎మሻ஽ 𝐾೙−ଵሺ𝐾+ଵሻ೙, ɦɤɦ,                                                                    (30) 

Ƚɞɟ ʟ˔˓ – ɫɪɟɞɧɟɟ ɭɫɢɥɢɟ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɨɞɧɭ ɨɩɨɪɭ, ɤɝɫ; 

Ʉ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɡɛɪɨɫ ɜɟɥɢɱɢɧɵ ɭɫɢɥɢɹ ɡɚɠɢɦɚ. Ɉɛɵɱɧɨ 
ɩɪɢɧɢɦɚɸɬ Ʉ = 1,3 – 1,6; 

n – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɤɨɬɨɪɚɹ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɫɥɨɜɢɣ ɦɨɠɧɨ 
ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ n = 0,5; 

D – ɞɢɚɦɟɬɪ ɡɚɝɨɬɨɜɤɢ, ɦɦ. 
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ɉɨɪɹɞɨɤ ɜыɩɨɥɧɟɧɢɹ ɪɚɛɨɬы 

- ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɱɟɪɬɟɠ ɫ ɡɚɞɚɧɢɟɦ ɢ ɩɨɥɭɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 
ɡɚɝɨɬɨɜɤɭ; 

- ɩɪɨɢɡɜɟɫɬɢ ɨɛɦɟɪ ɡɚɝɨɬɨɜɤɢ ɢ ɨɩɪɟɞɟɥɢɬɶ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ; 

- ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɵ (26), (28) ɢɥɢ (29) ɢ (30), ɜɵɱɢɫɥɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ; 

- ɩɪɨɢɡɜɟɫɬɢ ɧɚɥɚɞɤɭ ɫɬɚɧɤɚ ɢ ɭɫɬɚɧɨɜɨɱɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ; 

- ɜɵɩɨɥɧɢɬɶ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɚɡɚ; 

- ɢɡɦɟɪɢɬɶ ɮɚɤɬɢɱɟɫɤɭɸ ɝɥɭɛɢɧɭ ɩɚɡɚ; 

- ɫɨɫɬɚɜɢɬɶ ɨɬɱɟɬ ɨ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɟ; 

- ɩɪɟɞɴɹɜɢɬɶ ɩɪɟɩɨɞɚɜɚɬɟɥɸ ɨɬɱɟɬ. 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

- ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɛɨɬɵ; 

- ɞɚɧɧɵɟ ɨ ɫɬɚɧɤɟ, ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɢ ɢɧɫɬɪɭɦɟɧɬɚɯ; 

- ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ; 

- ɷɫɤɢɡ ɞɟɬɚɥɢ ɢ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ; 

- ɪɚɫɱɟɬ ɩɨɝɪɟɲɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ; 

- ɮɚɤɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ; 

- ɡɚɤɥɸɱɟɧɢɟ. 

 

ɅȺȻɈɊȺɌɈɊɇȺə ɊȺȻɈɌȺ 3 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɀȿɋɌɄɈɋɌɂ ɎɊȿɁȿɊɇɈȽɈ ɋɌȺɇɄȺ 

  ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɠɟɫɬɤɨɫɬɢ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɫɬɚɧɤɨɜ ɫ ɬɨɱɧɨɫɬɶɸ ɨɛɪɚɛɨɬɤɢ ɢ ɩɪɢɜɢɬɢɟ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɜ ɨɰɟɧɤɟ ɠɟɫɬɤɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ 
ɦɟɬɨɞɨɦ. 

 

ɇɟɨɛхɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɬɟɪɢɚɥы 

  

- Ɏɪɟɡɟɪɧɵɣ ɫɬɚɧɨɤ ɢ ɤɨɦɩɥɟɤɬ ɮɪɟɡ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɩɥɨɫɤɨɫɬɟɣ; 
- ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ; 
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- Ʉɨɦɩɥɟɤɬ ɫɬɭɩɟɧɱɚɬɵɯ ɡɚɝɨɬɨɜɨɤ; 
- ɋɩɪɚɜɨɱɧɚɹ ɥɢɬɟɪɚɬɭɪɚ. 
 

  ȼ ɩɪɨɰɟɫɫɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɬɚɧɨɤ, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ, 
ɨɛɪɚɛɚɬɵɜɚɟɦɚɹ ɡɚɝɨɬɨɜɤɚ ɢ ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɭɸ ɧɚɡɵɜɚɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɢɥɢ 
ɫɨɤɪɚɳɟɧɧɨ ɫɢɫɬɟɦɨɣ ɋɉɂȾ. 

ɋɢɥɚ ɪɟɡɚɧɢɹ ɜɵɡɵɜɚɟɬ ɭɩɪɭɝɢɟ ɨɬɠɚɬɢɹ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɋɉɂȾ. 
ɂɯ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɫɢɥɵ ɪɟɡɚɧɢɹ, ɬɚɤ ɢ ɨɬ ɠɟɫɬɤɨɫɬɢ ɷɥɟɦɟɧɬɨɜ, ɬ.ɟ. 
ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɪɟɡɚɧɢɹ. 

ɀɟɫɬɤɨɫɬɶ j ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɞɟɣɫɬɜɭɸɳɟɣ ɫɢɥɵ ɤ ɜɟɥɢɱɢɧɟ 
ɞɟɮɨɪɦɚɰɢɢ ɍ, ɜɵɡɵɜɚɟɦɨɣ ɷɬɨɣ ɫɢɥɨɣ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɪɟɡɚɧɢɹ Ɋɭ, ɧɚɩɪɚɜɥɟɧɧɚɹ 
ɧɨɪɦɚɥɶɧɨ ɤ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɬ.ɟ. 𝑗 =  ௬ܲݕ  

  ɍɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɬɚɤɠɟ 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɟɟ ɩɨɞɚɬɥɢɜɨɫɬɶɸ W, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɥɢɱɢɧɭ, 
ɨɛɪɚɬɧɭɸ ɠɟɫɬɤɨɫɬɢ, ɬ.ɟ. ݓ = ͳ𝑗 =  ௬ݕܲ

  ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɠɟɫɬɤɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɋɉɂȾ ɹɜɥɹɸɬɫɹ 
ɜɚɠɧɟɣɲɢɦɢ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɬɚɤ ɤɚɤ ɢɯ ɡɧɚɧɢɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɞɛɢɪɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɣ 
ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ, ɨɩɪɟɞɟɥɹɬɶ ɩɨɬɪɟɛɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɨɜ ɢ ɪɟɲɚɬɶ 
ɞɪɭɝɢɟ ɡɚɞɚɱɢ. 

  ɀɟɫɬɤɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɸɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɥɢɛɨ ɫɬɚɬɢɱɟɫɤɢɦ, ɥɢɛɨ ɞɢɧɚɦɢɱɟɫɤɢɦ 
(ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ) ɦɟɬɨɞɨɦ. 

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɹɬ ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ, 
ɜɨɡɪɚɫɬɚɸɳɟɟ ɫɬɭɩɟɧɱɚɬɨ ɨɬ ɧɭɥɹ ɞɨ ɧɟɤɨɬɨɪɨɣ ɧɚɢɛɨɥɶɲɟɣ ɜɟɥɢɱɢɧɵ; ɞɥɹ 
ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɧɚɝɪɭɠɟɧɢɹ ɢɡɦɟɪɹɟɬɫɹ ɨɬɠɚɬɢɟ ɪɟɠɭɳɟɝɨ ɥɟɡɜɢɹ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɧɨɪɦɚɥɢ ɤ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɹɬ 
ɡɚɝɪɭɠɟɧɢɟ, ɮɢɤɫɢɪɭɹ ɨɫɬɚɬɨɱɧɵɟ ɨɬɠɚɬɢɹ ɢ ɫɬɪɨɹɬ ɡɚɜɢɫɢɦɨɫɬɶ: ݕ = ݂ሺ ௬ܲሻ . 
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ɉɪɢ ɷɬɨɦ ɧɚɝɪɭɡɨɱɧɚɹ 1 (ɪɢɫ. 19) ɢ ɪɚɡɝɪɭɡɨɱɧɚɹ 2 ɜɟɬɜɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɠɟɫɬɤɨɫɬɢ ɨɛɵɱɧɨ ɧɟ ɫɨɜɩɚɞɚɸɬ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɝɢɫɬɟɪɟɡɢɫɚ. ɉɪɢ 
ɦɧɨɝɨɤɪɚɬɧɵɯ ɧɚɝɪɭɠɟɧɢɹɯ ɢ ɪɚɡɝɪɭɠɟɧɢɹɯ ɩɟɬɥɹ ɝɢɫɬɟɪɟɡɢɫɚ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨɥɶɡɭɸɬɫɹ ɫɪɟɞɧɢɦ 
ɡɧɚɱɟɧɢɟɦ ɠɟɫɬɤɨɫɬɢ, ɡɚɤɥɸɱɟɧɧɵɦ ɦɟɠɞɭ ɞɜɭɦɹ ɜɟɬɜɹɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
(ɍɫɪ ɧɚ ɪɢɫ. 19). 

 

  

Ɋɢɫ.19. Хɚɪɚɤɬɟɪɢɫɬɢɤɢ ɠɟɫɬɤɨɫɬɢ ɫɬɚɧɤɚ 

 

  ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɟɬɨɞɚɯ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɤɨɫɬɢ 
ɦɟɬɚɥɥɨɪɟɠɭɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɧɚ ɪɚɛɨɬɚɸɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 

Ɉɧɢ ɨɫɧɨɜɚɧɵ ɧɚ ɢɡɦɟɪɟɧɢɢ ɪɚɡɦɟɪɨɜ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɨɫɥɟ 
ɢɯ ɨɛɪɚɛɨɬɤɢ ɧɚ ɧɚɫɬɪɨɟɧɧɵɯ ɫɬɚɧɤɚɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɝɥɭɛɢɧɚɯ ɪɟɡɚɧɢɹ. 
Ɋɚɡɥɢɱɧɵɦ ɝɥɭɛɢɧɚɦ ɪɟɡɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɜɟɥɢɱɢɧɵ ɫɢɥɵ 
ɪɟɡɚɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɡɧɵɟ ɜɟɥɢɱɢɧɵ ɨɬɠɚɬɢɹ ɪɟɠɭɳɟɝɨ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɱɬɨ ɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢݕ = ݂ሺ ௬ܲሻ. 

  ɇɟɪɚɜɧɨɦɟɪɧɭɸ ɝɥɭɛɢɧɭ ɪɟɡɚɧɢɹ ɫɨɡɞɚɸɬ, ɨɛɪɚɛɚɬɵɜɚɹ ɡɚɝɨɬɨɜɤɢ ɫ 
ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɨɦ, ɤɨɧɭɫɧɨɫɬɶɸ ɢɥɢ ɫ ɧɚɥɢɱɢɟɦ ɫɬɭɩɟɧɟɤ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɩɨɞɚɱɢ. ɉɨɫɥɟɞɧɢɣ ɜɚɪɢɚɧɬ ɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ. 
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ɇɚ ɪɢɫ. 20 ɩɨɤɚɡɚɧɚ ɫɬɭɩɟɧɱɚɬɚɹ ɡɚɝɨɬɨɜɤɚ ɞɥɹ ɫɧɹɬɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɠɟɫɬɤɨɫɬɢ ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ. 

 

 

Ɋɢɫ.20. ɋɬɭɩɟɧɱɚɬɚɹ ɡɚɝɨɬɨɜɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɮɪɟɡɟɪɧɨɝɨ 
ɫɬɚɧɤɚ 

ɂɡɦɟɪɢɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɫɨɬɵ ɫɬɭɩɟɧɟɤ ɚ1…..ɚ6 ɢ ɧɚɫɬɪɨɢɜ ɫɬɚɧɨɤ 
ɩɨ ɤɪɚɣɧɟɣ ɫɬɭɩɟɧɶɤɟ, ɩɪɨɢɡɜɨɞɹɬ ɮɪɟɡɟɪɨɜɚɧɢɟ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɡɚɝɨɬɨɜɤɢ ɩɨ ɜɫɟɣ ɞɥɢɧɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɢɱɧɵɯ ɨɬɠɚɬɢɣ ɮɪɟɡɵ ɩɨɫɥɟ 
ɨɛɪɚɛɨɬɤɢ ɨɛɪɚɡɭɟɬɫɹ ɫɬɭɩɟɧɱɚɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫ.20 

ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ. ɂɡɦɟɪɢɜ ɜɟɥɢɱɢɧɵ ɜ1…..ɜ5, ɜɵɱɢɫɥɹɸɬ ɜɟɥɢɱɢɧɵ 
ɭɩɪɭɝɢɯ ɨɬɠɚɬɢɣ ɮɪɟɡɵʢଵ……ʢ଺. 

ȼɵɱɢɫɥɢɜ ɧɨɪɦɚɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɢɥɵ ɪɟɡɚɧɢɹ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɤɚɠɞɨɣ ɝɥɭɛɢɧɟ ɪɟɡɚɧɢɹ, ɩɨɥɭɱɚɸɬ ɬɨɱɤɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɤɪɢɜɵɯݕ = ݂ሺ ௬ܲሻɞɥɹ ɜɨɫɯɨɞɹɳɟɣ ɢ ɧɢɫɯɨɞɹɳɟɣ ɜɟɬɜɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɧɨɪɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɪɟɡɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: ௬ܲ = 𝜆ܥ௣𝑡ܵ଴,଻ହ, 

ɝɞɟ 𝜆 – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɪɚɞɢɚɥɶɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ ɪɟɡɚɧɢɹ ௬ܲ ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ଶܲ. Ɉɧ 
ɡɚɜɢɫɢɬ ɨɬ ɝɟɨɦɟɬɪɢɢ ɪɟɡɰɚ, ɫɨɫɬɨɹɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ; ܥ௣ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɢ ɭɝɥɚ ɪɟɡɚɧɢɹ; 𝑡 – ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ; 
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ܵ – ɩɨɞɚɱɚ. 

ȼɟɥɢɱɢɧɵ 𝜆 ɢܥ௣ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɢɥɢ ɨɩɵɬɧɵɦ 
ɩɭɬɟɦ. 

ɉɨɪɹɞɨɤ ɜыɩɨɥɧɟɧɢɹ ɪɚɛɨɬы 

- ɉɪɨɢɡɜɟɫɬɢ ɨɛɦɟɪ ɫɬɭɩɟɧɱɚɬɨɣ ɡɚɝɨɬɨɜɤɢ. 
- ɍɫɬɚɧɨɜɢɬɶ, ɜɵɜɟɪɢɬɶ ɢ ɡɚɤɪɟɩɢɬɶ ɫɬɭɩɟɧɱɚɬɭɸ ɡɚɝɨɬɨɜɤɭ ɧɚ ɫɬɨɥɟ ɫɬɚɧɤɚ. 
- Ɂɚɤɪɟɩɢɬɶ ɮɪɟɡɭ ɧɚ ɲɩɢɧɞɟɥɟ ɫɬɚɧɤɚ. 
- ɇɚɫɬɪɨɢɬɶ ɮɪɟɡɭ ɩɨ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɤɟ ɡɚɝɨɬɨɜɤɢ. 
- ɍɫɬɚɧɨɜɢɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɪɟɠɢɦ ɪɟɡɚɧɢɹ ɢ ɮɪɟɡɟɪɨɜɚɬɶ ɡɚɝɨɬɨɜɤɭ, ɫɧɢɦɚɹ 
ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ ɜɫɸ ɫɬɭɩɟɧɱɚɬɭɸ ɱɚɫɬɶ. 
- ɂɡɦɟɪɢɬɶ ɪɚɡɦɟɪ ɫɬɭɩɟɧɟɤ ɧɚ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
- ɋɨɫɬɚɜɢɬɶ ɨɬɱɟɬ ɩɨ ɪɚɛɨɬɟ ɢ ɩɪɟɞɴɹɜɢɬɶ ɟɝɨ ɩɪɟɩɨɞɚɜɚɬɟɥɸ. 

 
ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

 

- ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɚɛɨɬɵ. 
- Ɇɨɞɟɥɶ ɫɬɚɧɤɚ ɢ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
- ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ. 
- Эɫɤɢɡ ɡɚɝɨɬɨɜɤɢ ɢ ɦɚɬɟɪɢɚɥ, ɢɡ ɤɨɬɨɪɨɝɨ ɨɧɚ ɢɡɝɨɬɨɜɥɟɧɚ. 
- Эɫɤɢɡ ɡɚɤɪɟɩɥɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɧɚ ɫɬɚɧɤɟ. 
- ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɪɟɠɢɦ ɪɟɡɚɧɢɹ. 
- Ɋɚɫɱɟɬɧɚɹ ɬɚɛɥɢɰɚ. 
- ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɠɟɫɬɤɨɫɬɢ /ɝɪɚɮɢɤ/. 
- Ɂɚɤɥɸɱɟɧɢɟ. 

 

ɍɂɊɋ 1 

ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɅɂəɇɂə ɊȿɀɂɆɈȼ ɊȿɁȺɇɂə ɇȺ ɒȿɊɈɏɈȼȺɌɈɋɌɖ 
ɈȻɊȺȻɈɌȺɇɇɕɏ ɉɈȼȿɊɏɇɈɋɌȿɃ 

  ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɧɚ ɜɵɫɨɬɭ 
ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɩɪɢ ɧɚɪɭɠɧɨɦ ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ ɬɨɱɟɧɢɢ ɦɟɬɨɞɨɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɋɚɛɨɬɨɣ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢɜɢɬɢɟ ɧɚɜɵɤɨɜ ɜ 
ɩɨɫɬɚɧɨɜɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɟ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ. 

ɇɟɨɛхɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɬɟɪɢɚɥы 

 

- Ɍɨɤɚɪɧɵɣ ɫɬɚɧɨɤ. 
- Ʉɨɦɩɥɟɤɬ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ. 
- ɉɪɢɛɨɪɵ ɞɥɹ ɤɨɧɬɪɨɥɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. 



52 

 

 
  ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 
ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɉɧɚ ɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɞɨɥɝɨɜɟɱɧɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ, ɤɨɪɪɨɡɢɣɧɭɸ ɫɬɨɣɤɨɫɬɶ ɢ ɞɪɭɝɢɟ ɜɚɠɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɬɚɥɟɣ. 
  Ʉɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɞɟɬɚɥɟɣ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɟ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ, ɭɤɚɡɵɜɚɟɦɨɟ ɧɚ 
ɪɚɛɨɱɢɯ ɱɟɪɬɟɠɚɯ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɨɥɠɟɧ 
ɨɛɟɫɩɟɱɢɬɶ ɡɚɞɚɧɧɭɸ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 
ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɨɤɨɧɱɚɬɟɥɶɧɨ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ ɢ ɫɩɨɫɨɛɨɦ ɟɟ ɩɨɥɭɱɟɧɢɹ, ɫɩɨɫɨɛɨɦ ɢ 
ɪɟɠɢɦɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɪɟɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɪɹɞɨɦ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɦɢ ɬɟɯɧɨɥɨɝ ɦɨɠɟɬ 
ɜɚɪɶɢɪɨɜɚɬɶ, ɜɥɢɹɹ ɧɚ ɩɚɪɚɦɟɬɪɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. 

ɉɨɜɟɪɯɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɧɧɨɣ ɞɟɬɚɥɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɢɞɟɚɥɶɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɥɢɱɢɟɦ ɧɟɪɨɜɧɨɫɬɟɣ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ 
ɮɨɪɦɨɣ ɢ ɜɵɫɨɬɨɣ /ɪɢɫ. 21/. ȿɫɥɢ L/H=50…1000, ɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɡɵɜɚɸɬ 
ɜɨɥɧɢɫɬɨɣ, ɚ ɟɫɥɢ l/h˂50 – ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɡɵɜɚɸɬ ɲɟɪɨɯɨɜɚɬɨɣ. ɉɨɜɟɪɯɧɨɫɬɶ 
ɦɨɠɟɬ ɛɵɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɜɨɥɧɢɫɬɨɣ ɢ ɲɟɪɨɯɨɜɚɬɨɣ. 

 

 

Ɋɢɫ.21. ȼɨɥɧɢɫɬɨɫɬɶ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 

  ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɚɧɢɟɦ ɜɨɡɧɢɤɚɸɬ ɞɜɚ ɜɢɞɚ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. ɉɪɨɮɢɥɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɝɥɚɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɪɨɞɨɥɶɧɨɣ 
ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ, ɚ ɩɪɨɮɢɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɞɚɱɢ – 
ɩɨɩɟɪɟɱɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ. ɉɪɨɞɨɥɶɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɨɛɵɱɧɨ ɦɟɧɶɲɟ 
ɩɨɩɟɪɟɱɧɨɣ. ɉɨɷɬɨɦɭ ɩɨɞ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, 

L 
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ɨɛɪɚɡɨɜɚɧɧɨɣ ɬɨɱɟɧɢɟɦ, ɫɬɪɨɝɚɧɢɟɦ ɢ ɧɟɤɨɬɨɪɵɦɢ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ, 
ɨɛɵɱɧɨ ɩɨɧɢɦɚɸɬ ɩɨɩɟɪɟɱɧɭɸ ɲɟɪɨɯɨɜɚɬɨɫɬɶ. 
  ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɞɟɬɚɥɟɣ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ 
ɢɦɟɟɬ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ /ɪɢɫɭɧɨɤ/ ɲɬɪɢɯɨɜ, ɤɨɬɨɪɚɹ ɮɨɪɦɢɪɭɟɬɫɹ ɧɚ 
ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɫɬɚɞɢɢ ɨɛɪɚɛɨɬɤɢ ɢ ɡɚɜɢɫɢɬ ɨɬ ɟɟ ɫɩɨɫɨɛɚ. Ɍɚɤ, ɩɪɢ ɤɪɭɝɥɨɦ 
ɲɥɢɮɨɜɚɧɢɢ ɲɬɪɢɯɢ ɧɚɩɪɚɜɥɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢ ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ ɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɨɫɢ ɞɟɬɚɥɢ, ɚ ɩɪɢ ɯɨɧɢɧɝɨɜɚɧɢɢ ɨɬɜɟɪɫɬɢɣ ɨɛɪɚɡɭɟɬɫɹ 
ɫɟɬɤɚ ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɲɬɪɢɯɨɜ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ. 
  ɇɚ ɮɨɪɦɭ ɢ ɪɚɡɦɟɪ ɧɟɪɨɜɧɨɫɬɟɣ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɟ, ɜɥɢɹɟɬ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɪɟɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɝɟɨɦɟɬɪɢɹ ɢ 
ɫɨɫɬɨɹɧɢɟ ɪɟɠɭɳɢɯ ɥɟɡɜɢɣ, ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, ɬɪɟɧɢɟ ɡɚɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɫɜɨɣɫɬɜɚ ɋɈɀ ɢ ɠɟɫɬɤɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 
  ɉɪɢ ɬɨɱɟɧɢɢ, ɪɚɫɬɚɱɢɜɚɧɢɢ ɢ ɫɬɪɨɝɚɧɢɢ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɫɨɬɵ ɧɟɪɨɜɧɨɫɬɟɣ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ ɧɚ 
ɩɨɞɚɱɚɯ ɛɨɥɟɟ 0,15 ɦɦ/ɨɛ. 

 

Ɋɢɫ.22. ȼɥɢɹɧɢɟ ɩɨɞɚɱɢ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɪɢ ɬɨɱɟɧɢɢ ɫɬɚɥɢ 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɡɚɜɢɫɢɦɨɫɬɢ ɪɨɫɬɚ ɜɵɫɨɬɵ ɝɪɟɛɟɲɤɨɜ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɞɚɱɢ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɹɯ, ɧɟ ɞɚɟɬ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɝɨ ɫɨɜɩɚɞɟɧɢɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɨɷɬɨɦɭ ɩɪɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɩɨɥɶɡɭɸɬɫɹ ɨɩɵɬɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɞɚɧɧɵɦɢ. 
  ɑɟɦ ɨɫɬɪɟɟ ɡɚɬɨɱɟɧ ɪɟɡɟɰ, ɱɟɦ ɦɟɧɶɲɟ ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ ɟɝɨ 
ɜɟɪɲɢɧɵ ɢ ɱɟɦ ɛɨɥɶɲɟ ɝɥɚɜɧɵɣ ɭɝɨɥ ɜ ɩɥɚɧɟ, ɬɟɦ ɛɨɥɶɲɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ 
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ɩɨɞɚɱɚ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ. Эɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɚɡɧɚɱɚɬɶ 
ɦɚɥɵɟ ɜɟɥɢɱɢɧɵ ɩɨɞɚɱ ɩɪɢ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ ɬɨɱɧɵɯ ɞɟɬɚɥɟɣ. 
  ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɦɧɨɝɨɥɟɡɜɢɣɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ 
/ɪɚɡɜɟɪɬɵɜɚɧɢɟ, ɬɨɪɰɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɢ ɬ.ɩ./ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɧɟ ɨɤɚɡɵɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ. 
  ɏɚɪɚɤɬɟɪ ɜɥɢɹɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ /ɪɢɫ. 23/ ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɨɰɟɫɫɚ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ. ɇɚ ɪɢɫ. 23 
ɩɪɢɜɟɞɟɧɵ ɬɢɩɨɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ܴ௭ = ݂ሺݒሻ . Ɋɚɡɥɢɱɢɟ ɯɚɪɚɤɬɟɪɚ ɤɪɢɜɵɯ ɞɥɹ 
ɫɬɚɥɶɧɨɣ 1 ɢ 2 ɱɭɝɭɧɧɨɣ ɡɚɝɨɬɨɜɨɤ ɨɛɴɹɫɧɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚɪɨɫɬɚ ɧɚ 
ɪɟɠɭɳɟɦ ɥɟɡɜɢɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

 

Ɋɢɫ.23. ȼɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɨɛɪɚɛɨɬɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ 

  ɍɜɟɥɢɱɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɧɚɱɢɧɚɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɫɨ 
ɫɤɨɪɨɫɬɢ 5 ɦ/ɦɢɧ, ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɫɤɨɪɨɫɬɢ 20-25 ɦ/ɦɢɧ ɢ ɫ 
ɞɚɥɶɧɟɣɲɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ 
ɭɧɨɫɚ ɧɚɪɨɫɬɚ ɫɨ ɫɬɪɭɠɤɨɣ ɢɥɢ ɩɪɟɤɪɚɳɟɧɢɹ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ. 
  ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɯɪɭɩɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚɪɨɫɬ ɧɟɨɛɪɚɡɭɟɬɫɹ ɢ ɜɵɫɨɬɚ 
ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɦɨɧɨɬɨɧɧɨ ɭɛɵɜɚɟɬ ɫ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ. 
  ɍɝɥɵ ɡɚɬɨɱɤɢ ɪɟɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɬɚɤɠɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɍɜɟɥɢɱɟɧɢɟ ɝɥɚɜɧɨɝɨ 
ɩɟɪɟɞɧɟɝɨ ɭɝɥɚ ɭɦɟɧɶɲɚɟɬ ɜɟɥɢɱɢɧɭ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɪɟɡɚɧɢɢ, ɨɛɥɟɝɱɚɟɬ 
ɨɬɞɟɥɟɧɢɟ ɫɬɪɭɠɤɢ ɢ ɫɧɢɠɚɟɬ ɜɵɫɨɬɭ ɧɟɪɨɜɧɨɫɬɟɣ. ɍɜɟɥɢɱɟɧɢɟ ɡɚɞɧɟɝɨ ɭɝɥɚ 
ɧɚ 10-1ʹˑ ɭɦɟɧɶɲɚɟɬ ɬɪɟɧɢɟ ɡɚɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɨ ɩɨɜɟɪɯɧɨɫɬɶ 
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ɪɟɡɚɧɢɹ ɢ ɬɚɤɠɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. ɇɨ 
ɭɜɟɥɢɱɟɧɢɟ ɡɚɞɧɟɝɨ ɭɝɥɚ ɫɜɟɪɯɭɤɚɡɚɧɧɨɝɨ ɩɪɟɞɟɥɚ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ 
ɫɧɢɠɟɧɢɸ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ ɪɟɠɭɳɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ. 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɡɚɜɢɫɢɬ ɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɪɟɠɭɳɢɯ ɥɟɡɜɢɣ. ɉɪɢ 
ɡɚɬɭɩɥɟɧɢɢ ɪɟɠɭɳɢɯ ɥɟɡɜɢɣ ɢ ɩɨɹɜɥɟɧɢɢ ɡɚɡɭɛɪɢɧ ɲɟɪɨɯɨɜɚɬɨɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɨɡɪɚɫɬɚɟɬ. Ɍɳɚɬɟɥɶɧɚɹ ɞɨɜɨɞɤɚ ɪɟɠɭɳɟɝɨ ɥɟɡɜɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɭɦɟɧɶɲɟɧɢɸ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. 

ɉɪɢɦɟɧɟɧɢɟɦ ɋɈɀ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ 
ɜɵɫɨɬɭ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɧɚ 25-40% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɪɚɛɨɬɤɨɣ ɛɟɡ 
ɨɯɥɚɠɞɟɧɢɹ. 
 

Эɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɋɈɀ ɡɚɜɢɫɢɬ ɨɬ ɟɟ ɫɜɨɣɫɬɜ ɢ 
ɬɳɚɬɟɥɶɧɨɫɬɢ ɮɢɥɶɬɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ ɰɢɪɤɭɥɹɰɢɢ. 

ɀɟɫɬɤɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɋɉɂȾ ɬɚɤɠɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ 
ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚɢɛɨɥɟɟ ɧɚɝɥɹɞɧɨ ɜɥɢɹɧɢɟ 
ɠɟɫɬɤɨɫɬɢ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ ɨɛɬɚɱɢɜɚɧɢɢ ɜɚɥɢɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɡɥɢɱɧɵɯ ɫɯɟɦ ɡɚɤɪɟɩɥɟɧɢɹ ɧɚ ɫɬɚɧɤɟ. Ɍɚɤ, ɩɪɢ ɤɨɧɫɨɥɶɧɨɦ ɡɚɤɪɟɩɥɟɧɢɢ 
ɜɚɥɢɤɚ ɜ ɩɚɬɪɨɧɟ ɜɵɫɨɬɚ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɩɨ ɞɥɢɧɟ ɜɨɡɪɚɫɬɚɟɬ ɨɬ ɦɟɫɬɚ 
ɡɚɤɪɟɩɥɟɧɢɹ ɤ ɫɜɨɛɨɞɧɨɦɭ ɤɨɧɰɭ. ɉɪɢ ɨɛɬɚɱɢɜɚɧɢɢ ɧɟɠɟɫɬɤɨɝɨ / ଵௗ<15/ 

ɜɚɥɢɤɚ ɜ ɰɟɧɬɪɚɯ ɦɚɤɫɢɦɭɦ ɜɵɫɨɬɵ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɬɚɤɠɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 
ɦɟɫɬɟ ɧɚɢɦɟɧɶɲɟɣ ɠɟɫɬɤɨɫɬɢ ɡɚɝɨɬɨɜɤɢ, ɬ.ɟ. ɧɚ ɫɟɪɟɞɢɧɟ ɞɥɢɧɵ ɜɚɥɢɤɚ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɢɡɜɨɞɹɬ ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɫɨɬɵ 
ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ ɨɬ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɢ ɩɨɞɚɱɢ ɩɪɢ ɨɛɬɚɱɢɜɚɧɢɢ ɫɬɚɥɶɧɨɝɨ 
ɜɚɥɢɤɚ ɧɚ ɬɨɤɚɪɧɨɦ ɫɬɚɧɤɟ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ 
ɜɚɥɢɤ, ɪɚɡɞɟɥɟɧɧɵɣ ɧɚ ɨɬɞɟɥɶɧɵɟ ɭɱɚɫɬɤɢ ɤɨɥɶɰɟɜɵɦɢ ɤɚɧɚɜɤɚɦɢ. 

 

 

Ɋɢɫ.24. Зɚɝɨɬɨɜɤɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɩɨɞɚɱɢ ɧɚ 
ɲɟɪɨɯɨɜɚɬɨɫɬɶ 
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ɉɨɪɹɞɨɤ ɜыɩɨɥɧɟɧɢɹ ɪɚɛɨɬы 

 

- ɍɫɬɚɧɨɜɢɬɶ ɜɚɥɢɤ ɜ ɰɟɧɬɪɚɯ ɬɨɤɚɪɧɨɝɨ ɫɬɚɧɤɚ ɢ ɡɚɤɪɟɩɢɬɶ ɪɟɡɟɰ ɜ 
ɪɟɡɰɟɞɟɪɠɚɬɟɥɟ. ȼɵɜɟɪɤɭ ɩɨɥɨɠɟɧɢɹ ɪɟɡɰɚ ɩɪɨɢɡɜɟɫɬɢ ɩɨ ɝɥɚɜɧɨɦɭ ɭɝɥɭ ɜ 
ɩɥɚɧɟ ɫ ɩɨɦɨɳɶɸ ɲɚɛɥɨɧɚ. 
- ɍɫɬɚɧɨɜɢɬɶ ɪɟɠɢɦ ɪɟɡɚɧɢɹ: S = 0,1 ɦɦ/ɨɛ, t = 0,2-0,5 ɦɦ ɢ ɨɩɪɟɞɟɥɢɬɶ 
ɩɨɥɨɠɟɧɢɟ ɪɭɤɨɹɬɨɤ ɞɥɹ ɱɟɬɵɪɟɯ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɪɟɡɚɧɢɹ ɜ 
ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 150 ɦ/ɦɢɧ. ɉɪɨɬɨɱɢɬɶ ɧɚ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɫɤɨɪɨɫɬɹɯ ɪɟɡɚɧɢɹ 
ɱɟɬɵɪɟ ɩɨɹɫɤɚ ɧɚ ɜɚɥɢɤɟ. 
- Ɉɛɬɨɱɢɬɶ ɱɟɬɵɪɟ ɨɫɬɚɜɲɢɯɫɹ ɩɨɹɫɤɚ ɧɚ ɜɚɥɢɤɟ, ɫɨɯɪɚɧɹɹ ɩɨɫɬɨɹɧɧɵɦɢ 
ɫɤɨɪɨɫɬɶ ɢ ɝɥɭɛɢɧɭ ɪɟɡɚɧɢɹ /V = 50-100 ɦ/ɦɢɧ/, ɢɡɦɟɧɹɹ ɩɨɞɚɱɭ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 
0,15 ɞɨ 0,6 ɦɦ. 
- ɋɧɹɬɶ ɡɚɝɨɬɨɜɤɭ ɫɨ ɫɬɚɧɚ ɢ ɢɡɦɟɪɢɬɶ ɜɵɫɨɬɭ ɧɟɪɨɜɧɨɫɬɟɣ ɨɛɪɚɛɨɬɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɜɫɟɯ ɭɱɚɫɬɤɚɯ ɜɚɥɢɤɚ ɫ ɩɨɦɨɳɶɸ ɞɜɨɣɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ                
Ɇɂɋ-11 ɢɥɢ ɩɪɨɢɡɜɟɫɬɢ ɨɰɟɧɤɭ, ɢɫɩɨɥɶɡɭɹ ɷɬɚɥɨɧɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ; 
- ɋɨɫɬɚɜɢɬɶ ɨɬɱɟɬ. 
 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

 

- ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɚɛɨɬɵ. 
- ɐɟɥɶ ɪɚɛɨɬɵ. 
- Ɇɨɞɟɥɶ ɫɬɚɧɤɚ ɢ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
- Эɫɤɢɡ ɡɚɝɨɬɨɜɤɢ ɢ ɦɚɪɤɚ ɦɚɬɟɪɢɚɥɚ. 
- Ɇɚɬɟɪɢɚɥ ɢ ɝɟɨɦɟɬɪɢɹ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
- Ɇɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. 
- Ɍɚɛɥɢɰɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɩɵɬɨɜ. 
- Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɢ ɩɨɞɚɱɢ. 
- ȼɵɜɨɞɵ ɩɨ ɪɚɛɨɬɟ. 
 

ɍɂɊɋ 2 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɉɊɈɐȿɋɋȺ ɌɈɇɄɈȽɈ ɒɅɂɎɈȼȺɇɂə  

  ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɬɟɨɪɢɢ ɜɵɩɨɥɧɟɧɢɹ ɨɫɨɛɨ ɬɨɱɧɵɯ 
ɨɩɟɪɚɰɢɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɩɪɢɜɢɬɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɜ 
ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɬɨɱɧɵɯ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ɇɟɨɛхɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɚɬɟɪɢɚɥы 

- Ʉɪɭɝɥɨɲɥɢɮɨɜɚɥɶɧɵɣ ɫɬɚɧɨɤ. 
- Ʉɨɦɩɥɟɤɬ ɤɪɭɝɥɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɡɚɝɨɬɨɜɨɤ. 
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- ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɢɧɫɬɪɭɦɟɧɬ. 
- ɋɩɪɚɜɨɱɧɚɹ ɥɢɬɟɪɚɬɭɪɚ. 
 

  ɒɥɢɮɨɜɚɧɢɟ – ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɦɟɬɨɞ ɱɢɫɬɨɜɨɣ 
ɨɛɪɚɛɨɬɤɢ ɧɚɪɭɠɧɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ 
ɪɚɡɧɨɜɢɞɧɨɫɬɶɸ ɤɪɭɝɥɨɝɨ ɲɥɢɮɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨɧɤɨɟ ɲɥɢɮɨɜɚɧɢɟ, ɫɭɬɶ 
ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɢɬ ɜ ɫɧɹɬɢɢ ɧɟɛɨɥɶɲɢɯ ɩɪɢɩɭɫɤɨɜ ɛɟɡ ɩɨɩɟɪɟɱɧɨɣ ɩɨɞɚɱɢ 
ɤɪɭɝɚ /ɜɵɯɚɠɢɜɚɧɢɟ/. 
  Ɍɨɱɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɬɨɧɤɢɦ ɲɥɢɮɨɜɚɧɢɟɦ, 
ɫɨɫɬɚɜɥɹɟɬ 1-2 ɦɤɦ /ɜɵɲɟ 5 ɤɜɚɥɢɬɟɬɚ/, ɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ – Ra 
0,32…0,16 ɦɤɦ. ɉɪɢ ɬɨɧɤɨɣ ɩɪɚɜɤɟ ɤɪɭɝɚ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Ra 
0,08 ɦɤɦ. 
  ɋ ɩɨɦɨɳɶɸ ɬɨɧɤɨɝɨ ɲɥɢɮɨɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɫɨɟɞɢɧɟɧɢɟ 
ɞɜɭɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɞɟɬɚɥɟɣ ɫ ɡɚɡɨɪɨɦ ɜ ɫɨɩɪɹɠɟɧɢɢ ɞɨ 2-4 ɦɤɦ ɢ ɫɨ 
ɫɜɨɛɨɞɧɵɦ ɜɡɚɢɦɧɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɞɟɬɚɥɟɣ. 
  Ɍɨɱɧɨɫɬɶ ɪɚɡɦɟɪɨɜ ɩɪɢ ɬɨɧɤɨɦ ɲɥɢɮɨɜɚɧɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɛɨɬɨɣ 
ɩɨ ɦɟɬɨɞɭ ɩɪɨɛɧɵɯ ɩɪɨɦɟɪɨɜ. 

ɒɥɢɮɨɜɚɥɶɧɵɣ ɤɪɭɝ ɡɟɪɧɢɫɬɨɫɬɶɸ 25, 16, ɢ 12, ɩɪɢɦɟɧɹɟɦɵɣ ɜ 
ɬɨɧɤɨɦ ɲɥɢɮɨɜɚɧɢɢ, ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɧɢɦɚɬɶ ɫɥɨɣ ɦɟɬɚɥɥɚ ɡɚ ɨɞɢɧ 
ɩɪɨɯɨɞ  0,5 ɦɤɦ, ɬ.ɟ. ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɞɢɚɦɟɬɪɨɜ ɞɨ 1 
ɦɤɦ. 
  Ɉɞɧɚɤɨ, ɞɪɭɝɢɟ ɮɚɤɬɨɪɵ /ɧɚɝɪɟɜ ɡɚɝɨɬɨɜɤɢ, ɩɨɞɚɬɥɢɜɨɫɬɶ ɫɢɫɬɟɦɵ 
ɋɉɂȾ, ɬɨɱɧɨɫɬɶ ɦɟɯɚɧɢɡɦɚ ɩɨɩɟɪɟɱɧɨɣ ɩɨɞɚɱɢ/ ɜɥɢɹɸɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɫɧɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ. 

Ɍɨɱɧɨɫɬɶ ɦɟɯɚɧɢɡɦɚ ɩɨɩɟɪɟɱɧɨɣ ɩɨɞɚɱɢ ɲɥɢɮɨɜɚɥɶɧɨɝɨ ɤɪɭɝɚ 
ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ ±2,5 ɦɤɦ, ɩɨɷɬɨɦɭ, ɪɚɛɨɬɚɹ ɩɨ ɥɢɦɛɭ, ɦɨɠɧɨ 
ɨɛɟɫɩɟɱɢɬɶ ɬɨɱɧɨɫɬɶ ɧɟ ɛɨɥɟɟ 0,01 ɦɦ. 

ɇɟɨɛɯɨɞɢɦɚɹ ɬɨɱɧɨɫɬɶ ɩɪɢ ɬɨɧɤɨɦ ɲɥɢɮɨɜɚɧɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ ɦɟɬɨɞɨɦ ɨɛɪɚɛɨɬɤɢ ɡɚ ɧɟɫɤɨɥɶɤɨ ɩɪɨɯɨɞɨɜ ɛɟɡ 
ɩɨɩɟɪɟɱɧɨɣ ɩɨɞɚɱɢ ɤɪɭɝɚ. 

ɇɚ ɪɢɫ. 25 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɲɥɢɮɨɜɚɧɢɹ ɡɚ ɬɪɢ ɩɪɨɯɨɞɚ ɛɟɡ 
ɩɨɩɟɪɟɱɧɨɣ ɩɨɞɚɱɢ ɤɪɭɝɚ. 

Ⱦɨɩɭɫɬɢɦ, ɲɥɢɮɨɜɚɥɶɧɵɣ ɤɪɭɝ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɧɚɱɚɥɶɧɭɸ ɝɥɭɛɢɧɭ 
ɪɟɡɚɧɢɹ 𝑡௢. ɉɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɩɪɨɢɡɨɣɞɟɬ ɭɩɪɭɝɨɟ ɨɬɠɚɬɢɟ ɤɪɭɝɚ ɧɚ 
ɜɟɥɢɱɢɧɭ ݕଵ, ɚ ɮɚɤɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɫɨɫɬɚɜɢɬ 𝑡ଵ. ɇɚ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ 
ɜɟɥɢɱɢɧɚ ɭɩɪɭɝɨɣ ɨɬɞɚɱɢ ɫɨɫɬɚɜɢɬ ݕଶ, ɚ ɮɚɤɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ - 𝑡ଶ. ɇɚ 
ɬɪɟɬɶɟɦ ɩɪɨɯɨɞɟ – ݕଷ ɢ 𝑡ଷɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫ.25. ɋɯɟɦɚ ɲɥɢɮɨɜɚɧɢɹ ɜ ɬɪɢ ɩɪɨɯɨɞɚ ɛɟɡ ɩɨɩɟɪɟɱɧɨɣ ɩɨɞɚɱɢ 

Ɋɚɞɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɪɟɡɚɧɢɹ ɩɪɢ ɲɥɢɮɨɜɚɧɢɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ − ௬ܲ =  , ௣𝑉௔଴,଻ܵ଴,଻𝑡଴,଺ܥʹ

ɝɞɟ ܥ௣ – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɨɛɪɚɛɚɬɵɜɚɟɦɵɣ ɦɚɬɟɪɢɚɥ; 𝑉௔ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɬɚɥɢ, ɦ/ɦɢɧ; 

S – ɩɪɨɞɨɥɶɧɚɹ ɩɨɞɚɱɚ, ɦɦ/ɨɛ; 

t – ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ, ɦɦ. 

Ɉɛɨɡɧɚɱɢɦ  ܭ = ௣𝑉௔଴,଻ܵ଴,଻ܥʹ
. 

Ɍɨɝɞɚ  ௬ܲ =  𝑡଴,଺ܭ

 ɂɫɯɨɞɹ ɢɡ ɪɚɜɧɨɜɟɫɢɹ ɫɢɥ ɞɥɹ ɤɚɠɞɨɝɨ ɩɟɪɟɯɨɞɚ, ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ 

௬ܲ = 𝑡଴,଺ܭ = 𝑗ݕ, 

ɝɞɟ j – ɠɟɫɬɤɨɫɬɶ ɫɢɫɬɟɦɵ. 

 ɋɨɫɬɚɜɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɬɪɟɯ ɩɪɨɯɨɞɨɜ. 

Ⱦɥɹ ɩɟɪɜɨɝɨ ɩɪɨɯɨɞɚ: 
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𝑡଴ = 𝑡ଵ + 𝑡ଵ଴,଺ܭ ଵ ɢݕ = 𝑗ݕଵ, (I) 

Ⱦɥɹ ɜɬɨɪɨɝɨ ɩɪɨɯɨɞɚ: 𝑡଴ − 𝑡ଵ = 𝑡ଶ + 𝑡ଶ଴,଺ܭଶɢݕ = 𝑗ݕଶ, (II) 

Ⱦɥɹ ɬɪɟɬɶɟɝɨ ɩɪɨɯɨɞɚ: 𝑡଴ − 𝑡ଵ − 𝑡ଶ = 𝑡ଷ + 𝑡ଷ଴,଺ܭଷɢݕ = 𝑗ݕଷ , (III) 

Ⱦɥɹ nɩɪɨɯɨɞɚ: 𝑡଴ − ሺ𝑡ଵ + 𝑡ଶ+. . . +𝑡௡−ଵሻ = 𝑡௡ + 𝑡௡଴,଺ܭ ௡ɢݕ = 𝑗ݕ௡ 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ ɢɡ 2nɭɪɚɜɧɟɧɢɣ ɩɪɢ 2n ɧɟɢɡɜɟɫɬɧɵɯ, 
ɝɪɚɮɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.26. 

 Ɋɚɫɫɦɨɬɪɢɦ ɩɨɪɹɞɨɤ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ. 

ɂɡ ɫɢɫɬɟɦɵ (I) ɩɨɥɭɱɚɟɦ: 𝐾௧బ,6௝ = 𝑡଴ − 𝑡ଵ. 

 

Ɋɢɫ.26. Ƚɪɚɮɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ I-III 
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 Ɂɚɞɚɜɚɹɫɶ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ t, ɫɬɪɨɢɦ ɤɪɢɜɭɸ ݖ = 𝐾௧బ,6௝ ɢ ɩɪɹɦɭɸݖ =𝑡଴ − 𝑡ଵ. Ⱥɛɫɰɢɫɫɚ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɨɣ ɢ ɩɪɹɦɨɣ ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ 𝑡ଵ. 
 ɂɡ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (II) ɢɦɟɟɦ: 𝐾௧మబ,6௝ = 𝑡଴ − 𝑡ଵ − 𝑡ଶ. 

  Ɂɧɚɱɟɧɢɟ 𝑡ଵ ɨɩɪɟɞɟɥɟɧɨ ɩɪɢ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ (I). ɇɚ ɝɪɚɮɢɤɟ 
ɜɵɱɢɬɚɟɦ ɢɡ 𝑡଴ ɡɧɚɱɟɧɢɟ 𝑡ଵɢ ɫɬɪɨɢɦ ɩɪɹɦɭɸݖ = 𝑡଴ − 𝑡ଵ − 𝑡. Ⱥɛɫɰɢɫɫɚ ɬɨɱɤɢ 
ɩɟɪɟɫɟɱɟɧɢɹ ɷɬɨɣ ɩɪɹɦɨɣ ɫ ɤɪɢɜɨɣ ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ 𝑡ଶ ɢ ɬ.ɞ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɧɚɹ jɢ kɢ ɩɨɥɶɡɭɹɫɶ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɝɪɚɮɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ, ɦɨɠɧɨ ɡɚɪɚɧɟɟ ɨɩɪɟɞɟɥɢɬɶ ɮɚɤɬɢɱɟɫɤɭɸ ɝɥɭɛɢɧɭ 
ɪɟɡɚɧɢɹ ɧɚ ɤɚɠɞɨɦ ɩɟɪɟɯɨɞɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɝɥɭɛɢɧɵ ɪɟɡɚɧɢɹ 𝑡଴ ɢ, ɧɟ ɪɚɛɨɬɚɹ ɥɢɦɛɨɦ, ɡɚɞɚɜɚɹɫɶ ɤɨɥɢɱɟɫɬɜɨɦ ɩɟɪɟɯɨɞɨɜ, 
ɩɨɥɭɱɚɬɶ ɡɚɞɚɧɧɵɣ ɪɚɡɦɟɪ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɶɸ. 
 

ɉɨɪɹɞɨɤ ɜыɩɨɥɧɟɧɢɹ ɪɚɛɨɬы 

 

- ɉɪɨɢɡɜɟɫɬɢ ɨɛɦɟɪ ɡɚɝɨɬɨɜɤɢ ɢ ɭɫɬɚɧɨɜɢɬɶ ɧɚɱɚɥɶɧɭɸ ɝɥɭɛɢɧɭ ɪɟɡɚɧɢɹ 𝑡௢. 
- ɉɨɥɶɡɭɹɫɶ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɨɣ, ɜɵɱɢɫɥɢɬɶ ɜɟɥɢɱɢɧɭ Ʉ. 
- ɉɨɫɬɪɨɢɬɶ ɝɪɚɮɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨ ɢɡɜɟɫɬɧɵɦ ɜɟɥɢɱɢɧɚɦ j, Ʉ ɢ 𝑡௢. 
- Ɉɩɪɟɞɟɥɢɬɶ ɩɨ ɝɪɚɮɢɤɭ ɩɨɬɪɟɛɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɡɚɞɚɧɧɨɝɨ ɪɚɡɦɟɪɚ. 
- ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɧɚ ɫɬɚɧɨɤ ɢ ɩɨɞɝɨɬɨɜɢɬɶ ɫɬɚɧɨɤ ɤ ɪɚɛɨɬɟ ɧɚ ɡɚɞɚɧɧɨɦ 
ɪɟɠɢɦɟ. 
- ȼɵɩɨɥɧɢɬɶ ɬɨɧɤɨɟ ɲɥɢɮɨɜɚɧɢɟ, ɩɪɨɢɡɜɨɞɹ ɨɛɦɟɪɵ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɩɪɨɯɨɞɚ; 
- ɋɨɫɬɚɜɢɬɶ ɨɬɱɟɬ ɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ. 
- ɋɞɚɬɶ ɪɚɛɨɬɭ ɩɪɟɩɨɞɚɜɚɬɟɥɸ. 
 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ 

 
- ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɚɛɨɬɵ. 
- ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢɦɟɧɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɧɫɬɪɭɦɟɧɬɨɜ. 
- Ɉɩɢɫɚɧɢɟ ɩɨɪɹɞɤɚ ɪɚɫɱɟɬɚ ɩɨɬɪɟɛɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɟɯɨɞɨɜ. 
- Ƚɪɚɮɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. 
- Ɍɚɛɥɢɰɚ ɡɚɦɟɪɨɜ. 
- ȼɵɜɨɞɵ ɩɨ ɪɚɛɨɬɟ. 

 
ɄɈɇɌɊɈɅɖɇɕȿ ȼɈɉɊɈɋɕ ȾɅə ɋȺɆɈɉɊɈȼȿɊɄɂ 

ɉɨ ɩɪɚкɬɢчɟɫкɨɦɭ ɡɚɧɹɬɢɸ 1 

 

1. ȼ ɱɟɦ ɫɨɫɬɨɢɬ ɰɟɥɶ ɡɚɧɹɬɢɹ? 
2. ɉɨ ɤɚɤɨɦɭ ɢɫɬɨɱɧɢɤɭ ɢ ɤɚɤ ɜɵɛɢɪɚɸɬ ɡɚɝɨɬɨɜɤɭ ɢɡ ɤɪɭɝɥɨɝɨ 
ɝɨɪɹɱɟɤɚɬɚɧɧɨɝɨ ɩɪɨɤɚɬɚ? Ʉɚɤ ɡɚɩɢɫɵɜɚɟɬɫɹ ɟɟ ɭɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ? 
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3. ɉɨ ɤɚɤɢɦ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɸɬ ɦɚɪɲɪɭɬ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ? 
4. ɉɨ ɤɚɤɢɦ ɢɫɬɨɱɧɢɤɚɦ ɜɵɛɢɪɚɸɬ ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ? Ʉɚɤ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɭɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɪɟɡɰɨɜ, ɮɪɟɡ, ɫɜɟɪɥ? 
5. Ʉɚɤɢɟ ɞɨɤɭɦɟɧɬɵ ɨɮɨɪɦɥɹɸɬ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɡɪɚɛɨɬɤɢ ɦɚɪɲɪɭɬɚ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ? 
6. Ʉɚɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɤɚɪɬɟ ɷɫɤɢɡɨɜ? 

 

ɉɨ ɩɪɚɤɬɢɱɟɫɤɨɦɭ ɡɚɧɹɬɢɸ 2 

 

1. Ɂɚɩɢɲɢɬɟ ɮɨɪɦɭɥɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɚ ɢ 
ɪɚɡɴɹɫɧɢɬɟ ɡɧɚɱɟɧɢɟ ɜɯɨɞɹɳɢɯ ɜ ɧɟɟ ɫɢɦɜɨɥɨɜ. 
2. ȼ ɤɚɤɢɯ ɫɥɭɱɚɹɯ ɢɡ ɪɚɫɱɟɬɚ ɢɫɤɥɸɱɚɟɬɫɹ ɝɥɭɛɢɧɚ ɩɨɜɪɟɠɞɟɧɧɨɝɨ 
ɫɥɨɹ? 
3. Ʉɚɤ ɩɨɫɬɭɩɚɸɬ, ɤɨɝɞɚ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɨɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 
ɨɬɤɥɨɧɟɧɢɣ ɢ ɩɨɝɪɟɲɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɧɟɢɡɜɟɫɬɧɵ? 
4. Ʉɚɤ ɨɩɪɟɞɟɥɹɸɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɧɚ ɩɟɪɟɯɨɞ? Ɉɛɴɹɫɧɢɬɟ, 
ɩɨɱɟɦɭ ɬɚɤ. 
5. ȼ ɱɟɦ ɫɨɫɬɨɢɬ ɨɬɥɢɱɢɟ ɜ ɪɚɫɱɟɬɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɚ ɩɪɢ 
ɨɛɪɚɛɨɬɤɟ ɧɚ ɧɚɫɬɪɨɟɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɦɟɬɨɞɨɦ ɩɪɨɛɧɵɯ 
ɩɪɨɯɨɞɨɜ? 
6. Ʉɚɤ ɨɩɪɟɞɟɥɹɸɬ ɧɨɦɢɧɚɥɶɧɵɣ ɩɪɢɩɭɫɤ ɧɚ ɨɛɪɚɛɨɬɤɭ ɞɥɹ ɧɚɪɭɠɧɵɯ ɢ 
ɞɥɹ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ? 
7. ȼ ɤɚɤɨɦ ɩɨɪɹɞɤɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɩɪɢɩɭɫɤɨɜ ɞɥɹ ɧɚɪɭɠɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ? ɑɟɦ ɨɬɥɢɱɚɟɬɫɹ ɩɨɪɹɞɨɤ ɪɚɫɱɟɬɚ ɩɪɢɩɭɫɤɨɜ ɞɥɹ ɜɧɭɬɪɟɧɧɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ? 
8. Ʉɚɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɤɪɭɝɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɩɪɢɩɭɫɤɨɜ? 
9. Ʉɚɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɤɨɪɨɛɥɟɧɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ? 
10. Ʉɚɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɫɬɚɬɨɱɧɨɟ ɤɨɪɨɛɥɟɧɢɟ ɩɨɫɥɟ ɩɟɪɟɯɨɞɚ? 
11. Ʉɚɤ ɨɩɪɟɞɟɥɹɸɬ ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɨɜ ɜ ɨɬɥɢɜɤɚɯ? 
12. Ʉɚɤ ɨɩɪɟɞɟɥɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɡɚɝɨɬɨɜɤɢ ɩɨ 
ɩɥɨɫɤɨɫɬɢ ɢ ɞɜɭɦ ɨɬɜɟɪɫɬɢɹɦ? 

 

 

 

ɉɨ ɩɪɚɤɬɢɱɟɫɤɨɦɭ ɡɚɧɹɬɢɸ 3 

 

1. ɑɬɨ ɧɚɡɵɜɚɸɬ ɛɚɡɢɪɨɜɚɧɢɟɦ? 
2. ɋɤɨɥɶɤɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɞɨɥɠɧɚ ɛɵɬɶ ɥɢɲɟɧɚ ɡɚɝɨɬɨɜɤɚ, ɱɬɨɛɵ ɨɧɚ 
ɫɬɚɥɚ ɧɟɩɨɞɜɢɠɧɨɣ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ? 
3. ɑɬɨ ɧɚɡɵɜɚɸɬ ɛɚɡɨɣ? 
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4. ɉɪɢɜɟɞɢɬɟ ɩɪɢɦɟɪ, ɤɨɝɞɚ ɛɚɡɨɣ ɹɜɥɹɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɫɨɱɟɬɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɫɶ, ɬɨɱɤɚ. 
5. ɑɬɨ ɧɚɡɵɜɚɸɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɫɯɟɦɨɣ ɛɚɡɢɪɨɜɚɧɢɹ? 
6. ɂɡɨɛɪɚɡɢɬɟ ɭɫɥɨɜɧɵɣ ɡɧɚɤ ɨɩɨɪɧɨɣ ɬɨɱɤɢ ɧɚ ɜɢɞɟ ɫɜɟɪɯɭ, ɤɨɝɞɚ ɟɟ 
ɡɚɤɪɵɜɚɟɬ ɡɚɝɨɬɨɜɤɚ. 
7. ɉɨ ɤɚɤɢɦ ɩɪɢɡɧɚɤɚɦ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɛɚɡɵ? 
8. ɉɪɢɜɟɞɢɬɟ ɩɪɢɦɟɪ ɤɨɦɩɥɟɤɬɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɛɚɡ. 
9. ɉɪɢɜɟɞɢɬɟ ɩɪɢɦɟɪ ɛɚɡ ɩɪɢɡɦɚɬɢɱɟɫɤɨɣ ɞɟɬɚɥɢ. Ʉɚɤɢɟ ɛɚɡɵ ɜɯɨɞɹɬ ɜ 
ɤɨɦɩɥɟɤɬ? 
10. ɉɪɢɜɟɞɢɬɟ ɩɪɢɦɟɪɵ ɞɜɨɣɧɨɣ ɨɩɨɪɧɨɣ ɢ ɞɜɨɣɧɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɛɚɡ. 
Ʉɚɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɨɧɢ ɥɢɲɚɸɬ ɡɚɝɨɬɨɜɤɭ? 
11. ɑɬɨ ɧɚɡɵɜɚɸɬ ɛɚɡɨɣ ɹɜɧɨɣ ɢ ɛɚɡɨɣ ɫɤɪɵɬɨɣ? 
12. ɑɟɦ ɨɬɥɢɱɚɸɬɫɹ ɫɯɟɦɵ ɭɫɬɚɧɨɜɨɤ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɫɯɟɦ 
ɛɚɡɢɪɨɜɚɧɢɹ? 
13. Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɰɟɧɬɪɵ ɧɚ ɫɯɟɦɚɯ ɭɫɬɚɧɨɜɨɤ?  
 

ɉɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ 1 

 

1. ɋɮɨɪɦɭɥɢɪɭɣɬɟ ɰɟɥɶ ɪɚɛɨɬɵ. 
2. Ʉɚɤ ɪɚɡɞɟɥɹɸɬɫɹ ɫɬɚɧɤɢ ɩɨ ɬɨɱɧɨɫɬɢ? 
3. Ʉɚɤ ɩɪɨɜɟɪɹɸɬ ɩɪɹɦɨɥɢɧɟɣɧɨɫɬɶ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɫɭɩɩɨɪɬɚ 
ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ? 
4. Ʉɚɤ ɩɪɨɜɟɪɹɸɬ ɪɚɞɢɚɥɶɧɨɟ ɛɢɟɧɢɟ ɨɫɢ ɨɬɜɟɪɫɬɢɹ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ 
ɛɚɛɤɢ? 
5. Ʉɚɤ ɩɪɨɜɟɪɹɸɬ ɨɫɟɜɨɟ ɛɢɟɧɢɟ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ? 
6. Ʉɚɤ ɩɪɨɜɟɪɹɸɬ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɨɫɢ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ 
ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɦɟɳɟɧɢɹ /ɩɪɨɞɨɥɶɧɨɝɨ/ ɫɭɩɩɨɪɬɚ? 
7. Ʉɚɤ ɩɪɨɜɟɪɹɸɬ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɧɚɩɪɚɜɥɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ ɫɚɥɚɡɨɤ 
ɫɭɩɩɨɪɬɚ ɨɫɢ ɲɩɢɧɞɟɥɹ ɩɟɪɟɞɧɟɣ ɛɚɛɤɢ? 

 

ɉɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ 2 

 

1. Ɂɚɩɢɲɢɬɟ ɮɨɪɦɭɥɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ. 
Ɋɚɡɴɹɫɧɢɬɟ ɡɧɚɱɟɧɢɟ ɜɯɨɞɹɳɢɯ ɜ ɧɟɟ ɩɚɪɚɦɟɬɪɨɜ. 
2. ȼ ɤɚɤɢɯ ɫɥɭɱɚɹɯ ɜɨɡɧɢɤɚɟɬ ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ? 
3. ɑɟɦɭ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ? 
4. ɑɟɦɭ ɪɚɜɧɚ ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɤɪɭɝɥɨɣ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɡɚɝɨɬɨɜɤɢ ɧɚ ɩɪɢɡɦɵ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ? 
5. ɑɬɨ ɧɚɡɵɜɚɸɬ ɩɨɝɪɟɲɧɨɫɬɶɸ ɡɚɤɪɟɩɥɟɧɢɹ? 
6. Ʉɚɤ ɡɚɜɢɫɢɬ ɩɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɡɚɝɨɬɨɜɤɢ? 
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ɉɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ 3 

 

1. ɑɬɨ ɧɚɡɵɜɚɸɬ ɫɢɫɬɟɦɨɣ ɋɉɂȾ? 
2. ɑɬɨ ɧɚɡɵɜɚɸɬ ɠɟɫɬɤɨɫɬɶɸ ɫɬɚɧɤɚ? 
3. Ʉɚɤ ɠɟɫɬɤɨɫɬɶ ɫɜɹɡɚɧɚ ɫ ɩɨɞɚɬɥɢɜɨɫɬɶɸ? 
4. Ʉɚɤɢɦɢ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ ɨɩɪɟɞɟɥɹɸɬ ɠɟɫɬɤɨɫɬɶ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ 
ɫɬɚɧɤɨɜ? ȼ ɱɟɦ ɢɯ ɫɭɬɶ? 
5. ɂɡɨɛɪɚɡɢɬɟ ɬɢɩɨɜɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɠɟɫɬɤɨɫɬɢ ɦɟɬɚɥɥɨɪɟɠɭɳɟɝɨ 
ɫɬɚɧɤɚ. 
6. Ʉɚɤ ɫɨɡɞɚɸɬ ɧɟɪɚɜɧɨɦɟɪɧɭɸ ɝɥɭɛɢɧɭ ɪɟɡɚɧɢɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ 
ɦɟɬɨɞɟ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɤɨɫɬɢ? 
7. ɂɡɨɛɪɚɡɢɬɟ ɨɛɪɚɡɟɰ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɠɟɫɬɤɨɫɬɢ ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ. 
 

ɉɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ 4 

 

1. Ʉɚɤɢɦɢ ɮɚɤɬɨɪɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɨɛɪɚɛɨɬɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ? 
2. Ʉɚɤɢɟ ɞɜɚ ɜɢɞɚ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɚɧɢɟɦ? 
3. Ʉɚɤ ɜɥɢɹɟɬ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɧɚ ɜɵɫɨɬɭ ɦɢɤɪɨɧɟɪɨɜɧɨɫɬɟɣ? 
4. ɉɨɱɟɦɭ ɩɪɢ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ ɬɨɱɧɵɯ ɞɟɬɚɥɟɣ ɧɚɡɧɚɱɚɸɬ 
ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ ɩɨɞɚɱ? 
5. ɉɨɱɟɦɭ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɜɥɢɹɟɬ ɧɟɨɞɢɧɚɤɨɜɨ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ 
ɫɬɚɥɶɧɵɯ ɢ ɱɭɝɭɧɧɵɯ ɞɟɬɚɥɟɣ? 
 

 

ɉɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ 5 

 

1. ȼ ɱɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɫɭɬɶ ɩɪɨɰɟɫɫɚ ɬɨɧɤɨɝɨ ɲɥɢɮɨɜɚɧɢɹ? 
2. Ʉɚɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɞɨɫɬɢɝɚɸɬɫɹ ɩɪɢ ɬɨɧɤɨɦ ɲɥɢɮɨɜɚɧɢɢ? 
3. Ʉɚɤɚɹ ɡɟɪɧɢɫɬɨɫɬɶ ɤɪɭɝɨɜ ɩɪɢɝɨɞɧɚ ɞɥɹ ɬɨɧɤɨɝɨ ɲɥɢɮɨɜɚɧɢɹ? 
4. Ʉɚɤɨɜ ɩɨɪɹɞɨɤ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ? Ʉɚɤɢɟ 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɧɭɠɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɱɢɫɥɚ ɩɟɪɟɯɨɞɨɜ? 
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ɉɊɂɅɈɀȿɇɂȿ  

Ɉɛɨɡɧɚɱɟɧɢɹ ɭɫɥɨɜɧɵɟ ɝɪɚɮɢɱɟɫɤɢɟ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɚɯ. Ɉɩɨɪɵ ɢ ɡɚɠɢɦɵ.   

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɉɪɢɦɟɪɵ 
ɧɚɧɟɫɟɧɢɹ ɜɢɞ ɫɩɟɪɟɞɢ ɜɢɞ ɫɜɟɪɯɭ 

ɐɟɧɬɪɵ Ƚɥɚɞɤɢɣ 
  

 

Ɋɢɮɥɟɧɵɣ 
  

ɉɥɚɜɚɸɳɢɣ 
  

 

ȼɪɚɳɚɸɳɢɣɫɹ 

  

Ɉɛɪɚɬɧɵɣ 

  

 

ɉɚɬɪɨɧɵ ɉɨɜɨɞɤɨɜɵɣ 

  

 

ʹ , ͵  ˋ Ͷ -
ɤɭɥɚɱɤɨɜɵɣ   

ɉɧɟɜɦɚɬɢɱɟɫɤɢɣ 

 

 

 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ 
  

Ɇɚɝɧɢɬɧɵɣ ɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧ

ɵɣ 
  

Ʌɸɧɟɬɵ ɇɟɩɨɞɜɢɠɧɵɟ 
  

 

ɉɨɞɜɢɠɧɵɟ 
  

Ɉɩɨɪɵ Ɉɞɢɧɨɱɧɵɟ: 
ɪɟɝɭɥɢɪɭɟɦɵɟ ɢ 
ɧɟɪɟɝɭɥɢɪɭɟɦɵɟ 

 
 

  

 ɉɥɚɜɚɸɳɢɟ 
  

ɉɪɢɡɦɚɬɢɱɟɫɤɢɟ: 
ɪɟɝɭɥɢɪɭɟɦɵɟ ɢ 
ɧɟɪɟɝɭɥɢɪɭɟɦɵɟ 

 

 

  

 Ɂɚɠɢɦɵ Ɇɟɯɚɧɢɱɟɫɤɢɟ 
  

ɉɧɟɜɦɚɬɢɱɟɫɤɢɟ 
 

 

Ɉɩɪɚɜɤɢ ɐɢɥɢɧɞɪɢɱɟɫɤɢɟ 
  

 

Ʉɨɧɢɱɟɫɤɢɟ 
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