
Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
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Ɍɟɩɥɨɬɟɯɧɢɤɢ ɢ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ 
ɤɚɮɟɞɪɚ 

 
 

                                                   ɍɌȼȿɊɀȾȺɘ 
                                                                 Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

  ȼ.Ⱥ. Ʉɭɥɚɝɢɧ 
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«        »   20     ɝ. 
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13.03.01 – Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 
ɤɨɞ - ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

Ɋɚɫɱɟɬ ɦɟɬɨɞɢɱɟɫɤɨɣ ɬɨɥɤɚɬɟɥɶɧɨɣ ɩɟɱɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 80 ɬ/ɱ 
ɬɟɦɚ 
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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɫɱɟɬ ɦɟɬɨɞɢɱɟɫɤɨɣ 

ɬɨɥɤɚɬɟɥɶɧɨɣ ɩɟɱɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 80 ɬ/ɱ» ɫɨɞɟɪɠɢɬ 62 ɫɬɪɚɧɢɰɵ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 28 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 137  ɮɨɪɦɭɥ, 2 ɬɚɛɥɢɰɵ, 

2 ɢɥɥɸɫɬɪɚɰɢɢ. 

ɆȿɌɈȾɂɑȿɋɄȺə ɌɈɅɄȺɌȿɅɖɇȺə ɉȿɑɖ, ɊȺɋɑȿɌ ȽɈɊȿɇɂə 

ɌɈɉɅɂȼȺ, ɊȿɄɍɉȿɊȺɌɂȼɇɕɃ ɌȿɉɅɈɈȻɆȿɇɇɂɄ, ɌȿɉɅɈɈȻɆȿɇ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɦɟɬɨɞɢɱɟɫɤɨɣ ɬɨɥɤɚɬɟɥɶɧɨɣ ɩɟɱɢ, 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɧɚɝɪɟɜɚ ɛɪɨɧɡɨɜɵɯ ɫɥɢɬɤɨɜ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

 ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ; 

 ɪɚɫɫɱɢɬɚɬɶ ɬɟɩɥɨɨɛɦɟɧ ɜ ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ; 

 ɧɚɣɬɢ ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ; 

 ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɵ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ; 

 ɫɨɫɬɚɜɢɬɶ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɢ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ; 

 ɜɵɛɪɚɬɶ ɬɨɩɥɢɜɨɫɠɢɝɚɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ; 

 ɪɚɫɫɱɢɬɚɬɶ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɨɬɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ; 

 ɨɩɪɟɞɟɥɢɬɶ ɩɨɬɟɪɢ ɜ ɝɚɡɚɯɨɞɟ ɢ ɜɵɫɨɬɭ ɞɵɦɨɜɨɣ ɬɪɭɛɵ. 

Ɉɛɴɟɤɬɨɦ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɢɱɟɫɤɚɹ ɩɟɱɶ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 

80 ɬ/ɱ, ɩɪɢɦɟɧɹɟɦɚɹ ɞɥɹ ɧɚɝɪɟɜɚ ɛɪɨɧɡɨɜɵɯ ɫɥɢɬɤɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɪɚɡɦɟɪɚɦɢ. 
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ɁȺȾȺɇɂȿ 
 

Ɋɚɫɫɱɢɬɚɬɶ ɦɟɬɨɞɢɱɟɫɤɭɸ ɬɨɥɤɚɬɟɥɶɧɭɸ ɩɟɱɶ ɞɥɹ ɧɚɝɪɟɜɚ ɛɪɨɧɡɨɜɵɯ  
(ȻɪȺɆɀɰ)  ɫɥɢɬɤɨɜ.  

Ɋɚɡɦɟɪɵ ɫɥɢɬɤɨɜ – 360 x 570 x 850 ɦɦ;  

ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɫɥɢɬɤɨɜ – 1180 °ɋ; 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – ɩɟɱɢ  ͺͲͲͲͲ ˍˆ/˚. 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ – tɜ  = 450 °ɋ;  

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɜɚ ɬɨɩɥɢɜɚ – tɬ  = 220 °ɋ;  

ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ – tɦ
ɧɚɱ

  = 20 °ɋ;  

ɬɨɩɥɢɜɨ – ɝɚɡ: ʠʜସ = ͺ,ͷ% – Ɇɟɬɚɧ, ʠଶʜ = ͵,Ͳ% – ɗɬɚɧ, ʠଷʜ଼ = Ͳ,ͻ% – ɉɪɨɩɚɧ, ʠସʜଵ = Ͳ,ͳ% – Ȼɭɬɚɧ, 

ଶܰ = ʹ,ʹ% – Ⱥɡɨɬ, ʠʝଶ = ,͵% – Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ݍʜమʝ = ͵ͷ ˆ/ˏଷ. 
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ȼȼȿȾȿɇɂȿ 
 

Ɇɟɬɨɞɢɱɟɫɤɚɹ ɬɨɥɤɚɬɟɥɶɧɚɹ ɩɟɱɶ – ɩɟɱɶ ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɧɚɝɪɟɜɚɟɦɵɟ 

ɢɡɞɟɥɢɹ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬ, ɩɪɨɬɚɥɤɢɜɚɹ ɢɯ ɩɨ ɩɨɞɭ ɢɥɢ ɩɨɞɨɜɵɦ ɛɪɭɫɶɹɦ ɫ 

ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢɥɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɥɤɚɬɟɥɹ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɟɪɟɞ 

ɬɨɪɰɨɦ ɡɚɝɪɭɡɤɢ. Ɍɨɥɤɚɬɟɥɶɧɵɟ ɩɟɱɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɦɟɬɚɥɥɭɪɝɢɢ ɢ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɞɥɹ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɩɟɪɟɞ ɝɨɪɹɱɟɣ ɨɛɪɚɛɨɬɤɨɣ 

ɞɚɜɥɟɧɢɟɦ ɢɥɢ ɞɥɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ʉ.ɩ.ɞ. ɦɟɬɨɞɢɱɟɫɤɨɣ ɩɟɱɢ ɦɨɠɟɬ 

ɞɨɫɬɢɝɚɬɶ 40 – 45%.   

Ɋɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɟɱɶ ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɛɨɤɨɜɨɣ ɜɵɞɚɱɟɣ ɡɚɝɨɬɨɜɨɤ, ɜ ɧɟɣ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɟ ɬɨɥɶɤɨ ɬɨɥɤɚɬɟɥɶ, ɧɨ ɢ ɜɵɬɚɥɤɢɜɚɬɟɥɶ. ɉɨɷɬɨɦɭ ɩɟɱɶ ɬɪɟɛɭɟɬ 

ɛɨɥɶɲɢɯ ɩɥɨɳɚɞɟɣ. Ɉɞɧɚɤɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɩɟɱɢ ɫ ɛɨɤɨɜɨɣ 

ɜɵɞɚɱɟɣ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɚ. ɉɪɢ ɬɨɪɰɟɜɨɣ ɜɵɞɚɱɟ ɱɟɪɟɡ ɨɤɧɨ ɜɵɞɚɱɢ, 

ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɧɢɠɟ ɭɪɨɜɧɹ ɩɨɞɚ ɩɟɱɢ, ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɵɣ ɩɨɞɫɨɫ 

ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɣ ɜɵɡɵɜɚɟɬ ɢɡɥɢɲɧɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɢɧɬɟɧɫɢɜɧɨɦɭ ɡɚɪɚɫɬɚɧɢɸ ɩɨɞɢɧɵ ɩɟɱɢ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɨɤɚɥɢɧɨɣ. Ⱦɥɹ 

ɭɜɟɥɢɱɟɧɢɹ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞɨɝɪɟɜ 

ɜɨɡɞɭɯɚ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɬɪɭɛɱɚɬɨɦ ɪɟɤɭɩɟɪɚɬɨɪɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 450 °ɋ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɯɢɦɢɱɟɫɤɨɟ ɬɟɩɥɨ ɬɨɩɥɢɜɚ ɢ 

ɫɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɟɱɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡɜɟɫɬɧɵ ɢɡ 

ɬɟɯɧɨɥɨɝɢɢ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɟɱɢ ɩɪɨɜɨɞɹɬɫɹ ɜɵɱɢɫɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɨɬɵɫɤɚɧɢɹ ɧɟɤɨɬɨɪɵɯ 

ɧɟɢɡɜɟɫɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɭɫɬɚɧɨɜɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ, ɜɵɛɨɪɚ ɦɚɬɟɪɢɚɥɚ ɢ 

ɬɨɥɳɢɧɵ ɫɬɟɧɨɤ, ɚ ɬɚɤ ɠɟ ɬɢɩɚ ɢ ɪɚɡɦɟɪɨɜ ɬɨɩɥɢɜɨɫɠɢɝɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, 

ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɩɟɱɢ.  
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1 Ɋɚɫɱɟɬ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ 
 

1.1 ȼɵɛɨɪ ɬɨɩɥɢɜɨɫɠɢɝɚɸщɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ 

 

ɂɫɩɨɥɶɡɭɹ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɜɵɛɨɪɭ ɝɨɪɟɥɨɤ (ɬɚɛɥɢɰɚ 3.2 /1/) ɞɥɹ 

ɦɟɬɨɞɢɱɟɫɤɨɣ ɩɟɱɢ ɜɵɛɢɪɚɟɬɫɹ ɬɢɩ ɝɨɪɟɥɤɢ – ɝɨɪɟɥɤɚ ɫ ɜɧɟɲɧɢɦ ɫɦɟɲɟɧɢɟɦ. 

ɉɨ ɜɵɛɪɚɧɧɨɦɭ ɬɢɩɭ ɬɨɩɥɢɜɨɫɠɢɝɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɢɦɟɸɳɟɦɭɫɹ ɜɢɞɭ 

ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ߙ = ͳ.ͳ (ɬɚɛɥɢɰɚ 

3.1 /1/). 

1.2 ɋɨɫɬɚɜ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ 
 

Ɂɚɞɚɧ ɫɨɫɬɚɜ ɫɭɯɨɝɨ ɝɚɡɚ ɜ ɨɛɴɟɦɧɵɯ ɩɪɨɰɟɧɬɚɯ. ɋɨɫɬɚɜ ɜɥɚɠɧɨɝɨ ɝɚɡɚ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɨɫɬɚɜɭ ɫɭɯɨɝɨ ɝɚɡɚ ɢ ɜɥɚɠɧɨɫɬɢ ݍʜమʝ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ ɫɭɯɨɝɨ ɝɚɡɚ ɧɚ ɜɥɚɠɧɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ: 

К = ͳͲͲͳͲͲ + Ͳ,ͳʹͶʹ ∙ ʜమʝݍ                                                                                           ሺͳሻ 

 К = ͳͲͲͳͲͲ + Ͳ,ͳʹͶʹ ∙ ͵ͷ = Ͳ,ͻͷͺ. 
 

ɋɨɫɬɚɜ ɜɥɚɠɧɨɝɨ ɝɚɡɚ ɧɚɯɨɞɢɬɶɫɹ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɫɭɯɨɝɨ ɝɚɡɚ ɢ ɜɟɥɢɱɢɧɟ  

ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɫɱɟɬɚ ɫɭɯɨɝɨ ɝɚɡɚ ɧɚ ɜɥɚɠɧɵɣ: 

           ʠʜସ = ͺ,ͷ% ∙ Ͳ,ͻͷͺ = ͺʹ,ͺ%, 
   ʠଶʜ = ͵,Ͳ% ∙ Ͳ,ͻͷͺ = ʹ,ͺͶ%,              ʠଷʜ଼ = Ͳ,ͻ% ∙ Ͳ,ͻͷͺ = Ͳ,ͺʹ%,              ʠସʜଵ = Ͳ,ͳ% ∙ Ͳ,ͻͷͺ = Ͳ,Ͳͻ%, 

              ଶܰ = ʹ,ʹ% ∙ Ͳ,ͻͷͺ = ʹ,ͳͲͺ%, 
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            ʠʝଶ = ,͵% ∙ Ͳ,ͻͷͺ = ,ͻͻ͵%. 
Ɍɚɤ ɤɚɤ ɩɨɫɥɟ ɩɟɪɟɫɱɟɬɚ ɫɭɦɦɚ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɜɤɥɸɱɚɹ ɜɨɞɹɧɵɟ ɩɚɪɵ, 

ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 100%, ɬɨ:                 ʜଶʝ = Ͷ,ʹ%. 

 

1.3 Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
 

ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ:            ܳː˓ = ͵ͷͺ ∙ ʠʜସ + ͵ ∙ ʠଶʜ + ͻͳ͵ ∙ ʠଷʜ଼ + ͳͳͺͷ ∙ ʠସʜଵ                           ሺʹሻ            ܳː˓ = ͵ͷͺ ∙ ͺʹ,ͺ + ͵ ∙ ʹ,ͺͶ + ͻͳ͵ ∙ Ͳ,ͺʹ + ͳͳͺͷ ∙ Ͳ,Ͳͻ= ͵,ʹ͵ͻͷ ∙ ͳͲସ ˍ Дˉˏଷ .             𝑉ʜమʝ = Ͳ,Ͳͳ ∙ ሺʹ ∙ ͺʹ,ͺ + ͵ ∙ ʹ,ͺͶ + Ͷ ∙ Ͳ,ͺʹ + ͷ ∙ Ͳ,Ͳͻ + Ͷ,ʹሻ= ͳ,ͺʹͷ ˏଷˏଷ ; ˑɛɳɢɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ:             𝑉 = 𝑉ʠʝమ + 𝑉ேమ + 𝑉ʝమ̀́ ˄ + 𝑉ʜమʝ,                                                                       (3)             𝑉 = Ͳ,ͻͺ + ,Ͷͻͻ + Ͳ,ͳͻͻ + ͳ,ͺʹͷ = ͳͲ,ͷͲͻ ˏଷˏଷ. 
ɋɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ:             ʠʝଶ = 𝑉ʠʝమ𝑉 ∙ ͳͲͲ %                                                                                                   ሺͶሻ 

          ʠʝଶ = ,ଽ଼ଵ,ହଽ ∙ ͳͲͲ % = ͻ,͵ͺʹ %;            ʜଶʝ = 𝑉ʜమʝ𝑉 ∙ ͳͲͲ %                                                                                                   ሺͷሻ 

           ʜଶʝ = ͳ,ͺʹͷͳͲ,ͷͲͻ ∙ ͳͲͲ % = ͳ,͵ %; 
           ଶܰ = 𝑉ேమ𝑉 ∙ ͳͲͲ %                                                                                                       ሺሻ  
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            ଶܰ = ,ͶͻͻͳͲ,ͷͲͻ ∙ ͳͲͲ % = ͳ,͵ͷͺ%; 
            ʝଶ̀ˊ˄ = 𝑉ʝమ̀́ ˄𝑉 ∙ ͳͲͲ%                                                                                                    ሺሻ 

            ʝଶ̀ˊ˄ = Ͳ,ͳͻͻͳͲ,ͷͲͻ ∙ ͳͲͲ% = ͳ,ͺͻͶ %. 
 
 

           1.4 ɋɨɫɬɚɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ 
 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥɶɧɨɫɬɶ ɪɚɫɱɟɬɚ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɥɹɟɬɫɹ 

ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɨɩɥɢɜɚ: 

˕ߩ    = ͳ ∙ ʠʜସ + ͵Ͳ ∙ ʠଶʜ + ͶͶ ∙ ʠଷʜ଼ + ͷͺ ∙ ʠସʜଵ + ʹͺ ∙ ଶܰ + ͶͶ ∙ ʠʝଶʹʹ,Ͷ ∙ ͳͲͲ      ሺͺሻ 

˕ߩ    = ͳ ∙ ͺʹ,ͺ + ͵Ͳ ∙ ʹ,ͺͶ + ͶͶ ∙ Ͳ,ͺʹ + ͷͺ ∙ Ͳ,Ͳͻ + ʹͺ ∙ ʹ,ͳͲͺ + ͶͶ ∙ ,ͻͻ͵ʹʹ,Ͷ ∙ ͳͲͲ= Ͳ.ͺͳͶ ˍˆ/ ˏଷ. 
 

 ʞˎˑ˕ːˑ˔˕˟ ˒˓ˑˇ˖ˍ˕ˑ˅ ˔ˆˑ˓˃ːˋя: 
˔.˒ߩ               = ͶͶ ∙ ʠʝଶ + ͳͺ ∙ ʜଶʝ + ʹͺ ∙ ଶܰ + ͵ʹ ∙ ʝଶ̀ˊ˄ʹʹ,Ͷ ∗ ͳͲͲ                                          ሺͻሻ 

˔.˒ߩ              = ͶͶ ∙ ͻ,͵ͺʹ + ͳͺ ∙ ͳ,͵ + ʹͺ ∙ ͳ,͵ͷͺ + ͵ʹ ∙ ͳ,ͺͻͶʹʹ,Ͷ ∙ ͳͲͲ = ͳ,ʹͶ͵ ˍˆ/ˏଷ. 
ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ: ߩ˅ = ͳ,ʹͻ͵ ˍˆ/ ˏଷ. 
Ɇɚɫɫɚ ɬɨɩɥɢɜɚ: ܩ˕ = ˕ߩ ∙ ͳ,                                                                                                       (10) ܩ˕ = Ͳ.ͺͳͶ ˍˆ. 
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Ɇɚɫɫɚ ɜɨɡɞɭɯɚ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɝɨɪɟɧɢɹ: ܩ˅ = ˅ߩ ∙ 𝐿ˇ,                                                                                                       (11) ܩ˅ = ͳʹ,ʹͶ ˍˆ. 

Ɇɚɫɫɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ: ܩ˒.˔ = ˔.˒ߩ ∙ 𝑉 ˔.˒ܩ (12)                                                                                                , = ͳ͵.Ͳ͵ ˍˆ. 
Ɇɚɫɫɚ ɡɨɥɵ ɨɬɫɭɬɫɬɜɭɟɬ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɬɚɛɥɢɰɟ 1: 

Ɍɚɛɥɢɰɚ 1 – ɋɬɚɬɶɢ ɩɪɢɯɨɞɚ ɢ ɪɚɫɯɨɞɚ 

ɋɬɚɬɶɢ ɩɪɢɯɨɞɚ ɤɝ % ɋɬɚɬɶɢ ɪɚɫɯɨɞɚ ɤɝ % ܩ˕ = ˕ߩ ∙ 𝑉 ˔.˒ܩ 6,24 0,814  = ˔.˒ߩ ∙ 𝑉 ˅ܩ 100 13,063   = ˅ߩ ∙ 𝐿ˇ 12,24 93,76 100 0  ˕ܩ 

ɢɬɨɝɨ 13,054 100 ɢɬɨɝɨ  13,063 100 

 

Ɋɚɫɱɟɬ ɧɟɜɹɡɤɢ ɛɚɥɚɧɫɚ:           |∑ ˓˒ܩ − ∑ ∑|˔˃˓ܩ ˓˒ܩ ∙ ͳͲͲ = |ͳ͵,ͲͷͶ − ͳ͵,Ͳ͵|ͳ͵,ͲͷͶ ∙ ͳͲͲ = Ͳ,ͲͲ% .                    ሺͳ͵ሻ 

 

1.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɢ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɝɨɪɟɧɢɹ 

 

Ɋɚɫɱɟɬ ɬɟɩɥɨɬɵ ɜɧɨɫɢɦɨɣ ɩɨɞɨɝɪɟɬɵɦ ɜɨɡɞɭɯɨɦ: ܳ˅ = ܿ˅ ∙ 𝑡˅ ∙ 𝐿ˇ                                                                                                          ሺͳͶሻ 

ɝɞɟ ܿ˅ − ɫɪɟɞɧɹɹ ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ͶͷͲʠ (ɩɪɢɥɨɠɟɧɢɟ 2 /1/):            ܿ˅ = ͳ,͵͵,            ܳ˅ = ͳ ∙ ͳ,͵͵ ∙ ͶͷͲ = Ͳͳ,ʹ ˍ Дˉ. 
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Ɋɚɫɱɟɬ ɬɟɩɥɨɬɵ, ɜɧɨɫɢɦɨɣ ɩɨɞɨɝɪɟɬɵɦ ɬɨɩɥɢɜɨɦ:             ܳ˕ = ܿ˕ ∙ 𝑡˕ ∙  ሺͳͷሻ                                                                                                          ˕ܩ

ɝɞɟ ܿ˕ − ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɞ 

ɤɚɦɟɪɨɣ ɫɝɨɪɚɧɢɹ ɞɥɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ: ܿ˕ = ˔˕̝ + Ͳ,ͲͲͳʹͶ ∙ 𝐻మைݍ ∙ ܿ𝐻మை                                                                             ሺͳሻ ˔˕̝ − ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɭɯɨɝɨ ɝɚɡɨɜɨɝɨ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɫɦɟɲɟɧɢɹ (ɩɪɢɥɨɠɟɧɢɟ 2 /1/): ˔˕̝ = Ͳ,Ͳͳ ∙ (ܿʠʜర ∙ ʠʜସ + ܿʠమʜ6 ∙ ʠଶʜ + ܿʠయʜ8 ∙ ʠଷʜ଼ + ܿʠరʜభబ ∙ ʠସʜଵ + ܿʠʝమ ∙ʠʝଶ + ܿேమ ∙ ଶܰ)/ͳͲͲ                                                                                         (17) ˔˕̝ = Ͳ,Ͳͳ ∙ ሺͳ.ͺͳ ∙ ͺ.ͷ + ʹ.ͺ͵ʹ ∙ ͵ + Ͷ.Ͳͷ ∙ Ͳ.ͻ + ͷ.͵ͷ ∙ Ͳ.ͳ + ͳ.ͺͲʹ ∙ .͵+ ͳ.͵Ͳͳ ∙ .͵ሻ/ͳͲͲ = ͳ.ͺʹͺ ˍ Дˉ/ˏଷ ∙ К; ܿ˕ = ͳ,ͺʹͺ + Ͳ,ͲͲͳʹͶ ∙ ͵ͷ ∙ ͳ,ͷʹ = ͳ.ͻ ˍ Дˉˏଷ ∙ К;  ܳ˕ = ͳ ∙ ʹʹͲ ∙ ͳ.ͻ = Ͷ͵ͳ.ʹ ˍ Дˉ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɝɨɪɚɧɢɹ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɷɧɬɚɥɶɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ: 

𝑖 = ܳ˅ + ܳ˕ + ܳ˓ː𝑉                                                                                                     ሺͳͺሻ 

𝑖 = Ͳͳ.ʹ + Ͷ͵ͳ.ʹ + ͵ʹ͵ͻͷͳͲ,ͷͲͻ = ͵ͳͺͳ ˍ Дˉ/ˏଷ.   
Ɋɚɫɱɟɬ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɭɱɟɬɨɦ ɧɚɣɞɟɧɧɨɣ ɷɧɬɚɥɶɩɢɢ 

ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ. 

Ɂɚɞɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 𝑡 ′̱  ɢ ɧɚɯɨɞɹɬ ɷɧɬɚɥɶɩɢɸ ɞɵɦɨɜɵɯ 

ɝɚɡɨɜ (ɩɪɢɥɨɠɟɧɢɟ3 /1/). ɉɪɢ 𝑖′ > 𝑖 ɩɟɪɟɡɚɞɚɸɬɫɹ ɧɨɜɵɦ ɡɧɚɱɟɧɢɟɦ 𝑡 ′̱′ ɬɚɤ, 

ɱɬɨɛɵ 𝑡 ′̱′ < 𝑡 ′̱ . ɉɪɢ 𝑖′ < 𝑖 ɩɟɪɟɡɚɞɚɸɬɫɹ ɧɨɜɵɦ ɡɧɚɱɟɧɢɟɦ 𝑡 ′̱′ ɬɚɤ, ɱɬɨɛɵ 𝑡 ′̱′ > 𝑡 ′̱ . 
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  𝑡 ′̱ =  ʹͲͲͲ ʠ:  

𝑖′ = 𝑖ʠʝమ ∙ ʠʝଶ + 𝑖ேమ ∙ ଶܰ + 𝑖ʝమ ∙ ʝଶ + 𝑖ʜమʝ ∙ ʜଶʝͳͲͲ                                              ሺͳͻሻ 
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𝑖′ = ሺͶͻͳͲ,ͷͳ ∙ ͻ,͵ͺʹ + ʹͻͲ,ʹͷ ∙ ͳ,͵ͷͺ + ͵ͳͶʹ, ∙ ͳ,ͺͻͶ + ͵ͺͺͻ,ʹ∙ ͳ,͵ሻ/ͳͲͲ = ͵͵ͳͷ ˍ Дˉ/ˏଷ.  
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  𝑡 ′̱′ = ͳͻͲͲ ʠ: 

 𝑖′′ = 𝑖ʠʝమ∙ʠʝమ+𝑖𝑁మ∙ேమ+𝑖ʝమ∙ʝమ+𝑖ʜమʝ∙ʜమʝଵ                                             ሺʹͲሻ 𝑖′′ = ሺͶ͵Ͷ. ∙ ͻ,͵ͺʹ + ʹͺͲͺ.ʹʹ ∙ ͳ,͵ͷͺ + ʹͻͳ.͵Ͳ ∙ ͳ,ͺͻͶ + ͵ͷ.ͺ∙ ͳ,͵ሻ/ͳͲͲ = ͵ͳ͵Ͳ ˍ Дˉ/ˏଷ. 
            𝑡ˍ˃ˎ = 𝑡 ′̱′ − ሺ𝑖 − 𝑖′′ሻ ∙ ሺ𝑡 ′̱ − 𝑡 ′̱′ሻሺ𝑖′ − 𝑖′′ሻ                                                                          ሺʹͳሻ 

            𝑡ˍ˃ˎ =  ͳͻͲͲ − ሺ͵ͳͺͳ − ͵ͳ͵Ͳሻ ∙ ሺʹͲͲͲ − ͳͻͲͲሻሺ͵͵ͳͷ − ͵ͳ͵Ͳሻ = ͳͻʹͺʠ. 
 

ȼ ɬɨɩɥɢɜɧɵɯ ɩɟɱɚɯ ɜ ɫɨɫɬɨɹɧɢɢ ɜɡɚɢɦɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚɯɨɞɹɬɫɹ ɩɥɚɦɹ, 

ɦɟɬɚɥɥ, ɤɥɚɞɤɚ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. ɉɪɢɱɟɦ ɬɟɦɩɟɪɚɬɭɪɚ 

ɜɫɟɣ ɩɟɱɢ ɧɟ ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɫɹ ɧɢ ɨɞɧɢɦ ɢɡ ɷɬɢɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɪɟɞɧɟɧɧɭɸ ɜɟɥɢɱɢɧɭ, ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɤɨɬɨɪɨɣ ɢ 

ɢɫɩɨɥɶɡɭɸɬ ɬɟɪɦɢɧ «ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɱɢ». Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɮɚɤɬɨɪɨɜ, 

ɜɚɠɧɟɣɲɢɟ ɢɡ ɤɨɬɨɪɵɯ – ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɢ ɯɚɪɚɤɬɟɪ ɩɨɬɪɟɛɥɟɧɢɹ 

ɬɟɩɥɚ, ɫɜɨɣɫɬɜɟɧɧɵɟ ɩɟɱɢ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. Ⱦɥɹ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɱɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɫɶɦɚ ɩɪɢɛɥɢɠɟɧɧɨɟ 

ɫɨɨɬɧɨɲɟɧɢɟ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ: 

          𝑡ˇ = 𝑡ˍ˃ˎ ∙  (22)                                                                                              .˓ˋ˒ߤ

Ɂɧɚɱɟɧɢɟ ɩɢɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ 

ɤɨɧɫɬɪɭɤɰɢɢ ɩɟɱɢ  0,73, ɬɨɝɞɚ:        

 𝑡ˇ = ͳͻʹͺ ∙ Ͳ,͵ = ͳͶͲʠ. 
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2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 
 

Ɉɫɧɨɜɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɟɱɢ ɹɜɥɹɸɬɫɹ – ɲɢɪɢɧɚ, 

ɜɵɫɨɬɚ,  ɞɥɢɧɚ. Ɉɩɪɟɞɟɥɹɸɳɢɦɢ ɭɫɥɨɜɢɹɦɢ ɩɪɢ ɷɬɨɦ ɹɜɥɹɸɬɫɹ ɧɚɝɪɟɜɚɟɦɵɟ 

ɢɡɞɟɥɢɹ (ɢɯ ɪɚɡɦɟɪɵ), ɪɚɰɢɨɧɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɬɨɩɥɢɜɨɫɠɢɝɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, ɛɵɫɬɪɵɣ ɢ ɤɚɱɟɫɬɜɟɧɧɵɣ ɧɚɝɪɟɜ 

ɦɟɬɚɥɥɚ. Ʉɪɨɦɟ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɭɞɨɛɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ 

ɩɟɱɢ. ȼɧɟɲɧɢɟ ɪɚɡɦɟɪɵ ɮɭɬɟɪɨɜɤɢ ɩɟɱɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɡɦɟɪɚɦɢ ɪɚɛɨɱɟɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ  ɢ ɬɨɥɳɢɧɨɣ ɮɭɬɟɪɨɜɤɢ.  ȼɵɛɨɪ ɦɚɬɟɪɢɚɥɚ ɮɭɬɟɪɨɜɤɢ ɜ 

ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɬɨɩɥɢɜɧɵɯ ɩɟɱɚɯ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɟɱɧɵɯ ɝɚɡɨɜ ɢ 

ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɬɟɪɶ ɱɟɪɟɡ ɨɝɪɚɠɞɟɧɢɹ. Ɍɨɥɳɢɧɚ ɫɥɨɟɜ ɮɭɬɟɪɨɜɤɢ ɤɪɚɬɧɚ 

ɪɚɡɦɟɪɚɦ ɫɬɚɧɞɚɪɬɧɵɯ ɤɢɪɩɢɱɟɣ ɢ ɛɥɨɤɨɜ. 

Ⱦɥɹ ɩɟɱɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɚɞɚɟɬɫɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɡɞɟɥɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɛɨɱɟɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɧɟɢɡɜɟɫɬɧɨ, ɩɨɷɬɨɦɭ ɪɚɡɦɟɪɵ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɚ ɡɚɬɟɦ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɱɟɬɚ ɭɬɨɧɹɸɬɫɹ. 

ȼɵɫɨɬɚ ɦɟɬɨɞɢɱɟɫɤɨɣ ɡɨɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ /2/:       ܪˏˈ˕′ = ℎ + Ͳ.ͷ = Ͳ.͵ + Ͳ.ͷ = Ͳ.ͺ ˏ.                                                            (23)       ܪˏˈ˕′′ = ʹ, ˏ. 
˕ˈˏܪ      = ′˕ˈˏܪ + ʹ′′˕ˈˏܪ                                                                                                         ሺʹͶሻ 

˕ˈˏܪ      = Ͳ,ͺ + ʹ,ʹ = ͳ,͵ ˏ. 
ȼɵɫɨɬɚ ɫɜɚɪɨɱɧɨɣ ɡɨɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ:      ܪ˔˅˃˓ = ′′˕ˈˏܪ = ʹ, ˏ. 
ɉɪɢ ɫɟɦɢ ɪɹɞɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɡɚɝɨɬɨɜɨɤ ɲɢɪɢɧɚ ɩɟɱɢ ɪɚɜɧɚ:             Вଷ = ݈ + ͺܽ                                                                                                            ሺʹͷሻ               ˆˇˈ ݈ − ɞɥɢɧɚ ɡɚɝɨɬɨɜɤɢ, ܽ = Ͳ,͵ˏ − ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɝɨɬɨɜɤɚɦɢ,             Вଷ =  ∙ Ͳ.ͺͷ + ͺ ∙ Ͳ.͵ = ͺ,͵ͷ ˏ. 

          ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ ɨɩɪɟɞɟɥɹɟɦ ɞɥɢɧɭ ɩɟɱɢ. 
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3 Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ ɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 
 

3.1 Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ 
 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ (ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ) 

ɨɛɵɱɧɨ ɩɪɢ ɪɚɫɱɟɬɚɯ ɡɚɞɚɟɬɫɹ, ɧɨ ɝɪɚɮɢɤ ɟɟ ɢɡɦɟɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɟɯɧɨɥɨɝɢɟɣ ɧɚɝɪɟɜɚ. Ⱦɥɹ ɦɚɫɫɢɜɧɵɯ ɢɡɞɟɥɢɣ ɜ ɯɨɥɨɞɧɨɦ ɧɟ ɩɥɚɫɬɢɱɧɨɦ 

ɫɨɫɬɨɹɧɢɢ ɛɵɫɬɪɵɣ ɧɚɝɪɟɜ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, 

ɜɵɡɵɜɚɸɳɢɯ ɬɪɟɳɢɧɵ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɦɟɞɥɟɧɧɵɣ ɦɟɬɨɞɢɱɟɫɤɢ ɧɚɝɪɟɜ ɢɡɞɟɥɢɣ 

ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɬɟɦɩɟɪɚɬɭɪɚ ɰɟɧɬɪɚ ɢɡɞɟɥɢɣ ɧɟ ɞɨɫɬɢɝɧɟɬ ͷͲͲ ʠ. Ɋɚɡɧɨɫɬɶ 

ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɫɟɱɟɧɢɸ ɦɟɬɨɞɢɱɟɫɤɨɣ ɡɨɧɵ ɩɪɢɧɢɦɚɟɬɫɹ ͲͲ − ͺͲͲ ʠ 

ȼ ɤɨɧɰɟ ɫɜɚɪɨɱɧɨɣ ɡɨɧɵ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɞɨɥɠɧɚ 

ɪɚɜɧɹɬɶɫɹ ɡɚɞɚɧɧɨɣ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɰɟɧɬɪɟ ɡɚɝɨɬɨɜɤɢ. ȿɫɥɢ ɩɟɪɟɩɚɞ 

ɬɟɦɩɟɪɚɬɭɪ ∆𝑡 = 𝑡ˏ˒ˑ˅ − 𝑡ˏ̇ˈː ɦɟɧɶɲɟ ɡɚɞɚɧɧɨɝɨ, ɬɨ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɞɜɭɦɹ 

ɡɨɧɚɦɢ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɧɚɡɧɚɱɚɟɬɫɹ ɬɨɦɢɥɶɧɚɹ ɡɨɧɚ, ɜ ɤɨɬɨɪɨɣ ɦɟɬɚɥɥ 

ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɬɚɤɨɟ ɜɪɟɦɹ, ɱɬɨɛɵ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɭɦɟɧɶɲɢɥɚɫɶ ɞɨ 

ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

 

3.2 Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 
 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɨɣɤɨɫɬɶɸ 

ɮɭɬɟɪɨɜɤɢ, ɬɢɩɨɦ ɩɟɱɢ, ɬɟɯɧɨɥɨɝɢɟɣ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɲɟ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɟɧɢɹ.        𝑡�˒�𝑎𝑥 = 𝑡ˏ̱ˑː + ͳʹͲ ʠ                                                                                        (26)        𝑡�˒�𝑎𝑥 = ͳͳͺͲ + ͳʹͲ = ͳ͵ͲͲ ʠ. 
      ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɱɢ: 

      𝑡˒ː ˃˚ = 𝑡�˒�𝑎𝑥 − ͶͲͲ ʠ                                                                                         (27)        𝑡˒ː ˃˚ = ͳ͵ͲͲ − ͶͲͲ = ͻͲͲ ʠ. 
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Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ ɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 1. 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 1 Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ 

ɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 
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4 Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
 

4.1 Ɉɛщɢɟ ɩɨɥɨɠɟɧɢɹ 
 

Ɍɟɩɥɨɨɛɦɟɧ ɜ ɩɥɚɦɟɧɧɵɯ ɩɟɱɚɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ ɫɥɨɠɧɵɣ 

ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ɢ ɤɨɧɜɟɤɰɢɟɣ. ȼ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɟɱɚɯ ɩɪɟɨɛɥɚɞɚɟɬ ɬɟɩɥɨɨɛɦɟɧ ɢɡɥɭɱɟɧɢɟɦ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɢɛɥɢɠɟɧɧɨ ɪɚɜɧɵɦ 30 

ȼɬ/ɦɄ. ȼ ɪɚɫɱɟɬɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ 

ɢɡɥɭɱɟɧɢɟɦ ɞɥɹ ɤɚɠɞɨɣ ɡɨɧɵ ɩɟɱɢ. Ɋɚɞɢɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɨɧɟɧɬɨɜ 

ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢɧɢɦɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɟɪɨɦɭ ɢɡɥɭɱɟɧɢɸ. ɋɬɟɩɟɧɢ 

ɱɟɪɧɨɬɵ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɟɱɢ 

ɩɪɢɧɢɦɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ, ɧɟ ɡɚɜɢɫɹɳɢɦɢ ɧɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ ɧɢ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ. 

  

4.2 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ɦɟɬɨɞɢɱɟɫɤɨɣ ɡɨɧɵ 
 

ɋɬɟɩɟɧɶ ɪɚɡɜɢɬɢɹ ɤɥɚɞɤɢ: 𝜔 = ܤ + ݊˕ˈˏܪʹ ∙ ݈                                                                                                           ሺʹͺሻ            ܪˏˈ˕ − ɜɵɫɨɬɚ ɦɟɬɨɞɢɱɟɫɤɨɣ ɡɨɧɵ,            ݊ − ˚ˋ˔ˎˑ ˓яˇˑ˅, 
          ݈ − ɞɥɢɧɚ ɡɚɝɨɬɨɜɤɢ, 

           𝜔 = ͺ,͵ͷ + ʹ ∙ ͳ.͵Ͳ.ͺͷ ∙  = ͳ,ͻͺ. 
ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɝɚɡɨɜɨɝɨ ɫɥɨɹ:             ܵˠ˗ = Ͷ ∙ ܪ ∙ ʹܤ ∙ ܪ + ʹ ∙  ሺʹͻሻ                                                                                                   ܤ

            ܵˠ˗ = Ͷ ∙ ͳ.͵ ∙ ͺ,͵ͷʹ ∙ ͳ.͵ + ʹ ∙ ͺ,͵ͷ = ʹ,ͺ ˏ. 
ɉɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ܱܥଶ ɢ ܪଶܱ: 
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            �ܲ�ைమ = ଶܱܥ ∙ ͻͺ.ͳͳͲͲ                                                                                                     ሺ͵Ͳሻ 

            �ܲ�ைమ = ͻ.͵ͺʹ ∙ ͻͺ.ͳͳͲͲ = ͻ,ʹͲͶ ˍ ʜ/ˏଶ; 
            �ܲ�మை = ଶܱܪ ∙ ͻͺ.ͳͳͲͲ                                                                                                     ሺ͵ͳሻ 

            �ܲ�మை = ͳ,͵ ∙ ͻͺ.ͳͳͲͲ = ͳ,Ͳ͵ ˍ ʜ/ˏଶ. 
            �ܲ�ைమ ∙ ܵˠ˗ = ͻ,ʹͲͶ ∙ ʹ,ͺ = ʹ,͵ͻ.                                                                  ሺ͵ʹሻ            �ܲ�మை ∙ ܵˠ˗ = ͳ,Ͳ͵ ∙ ʹ,ͺ = Ͷͺ,ͺʹͷ.                                                               ሺ͵͵ሻ 

ɋ  ɩɨɦɨɳɶɸ  ɧɨɦɨɝɪɚɦɦ (ɪɢɫ. 6.1-6.3 /1/) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ 

ɝɚɡɨɜ. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ͻͲͲ ʠ ˔˕ˈ˒ˈː˟ ˚ˈ˓ːˑ˕˞ ˆ˃ˊˑ˅:             ߝˆ = 𝐶ைమߝ + ߚ ∙ 𝐻మைߝ             𝐻మை                                                                                                  ሺ͵Ͷሻߝ = Ͳ,ʹ, 
𝐶ைమߝ           = Ͳ,ͳͶ,            ߚ = ͳ,Ͳͺ,            ߝˆ = Ͳ,ͳͶ + ͳ,Ͳͺ ∙ Ͳ,ʹ = Ͳ,Ͷʹͳ. 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɦɟɬɚɥɥɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ  ߝˏ = Ͳ,ͺ. 
ɉɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɝɚɡ – ɤɥɚɞɤɚ – ɦɟɬɚɥɥ:             ʠˆ.ˍ.ˏ.ː˃˚ = ʠ ∙ ˏߝ ∙ 𝜔 + ͳ − ˏߝ)ˆߝ + ሺͳˆߝ − (ሻˏߝ ∙ ͳ − ˆߝˆߝ + 𝜔                                             ሺ͵ͷሻ 

            ʠˆ.ˍ.ˏ.ː˃˚ = ͷ. ∙ Ͳ.ͺ ∙ ͳ,ͻͺ + ͳ − Ͳ.Ͷʹͳ(Ͳ.ͺ + Ͳ.Ͷʹͳሺͳ − Ͳ.ͺሻ) ∙ ͳ − Ͳ.ͶʹͳͲ.Ͷʹͳ + ͳ,ͻͺ= ͵,͵ʹ  В˕/ˏଶКସ. 
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ͳ͵ͲͲ ʠ  ˔˕ˈ˒ˈː˟ ˚ˈ˓ːˑ˕˞ ˆ˃ˊˑ˅: 

ˆߝ           = 𝐶ைమߝ + ߚ ∙ 𝐻మைߝ            𝐻మை                                                                                                  ሺ͵ሻߝ = Ͳ,ͳͻͷ,            ߝ𝐶ைమ = Ͳ,ͳʹ, 
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ߚ           = ͳ,Ͳͺ,            ߝˆ = Ͳ,ͳʹ + ͳ,Ͳͺ ∙ Ͳ,ͳͻͷ = Ͳ,͵͵ͳ. 
ɉɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɝɚɡ – ɤɥɚɞɤɚ – ɦɟɬɚɥɥ:            ʠˆ.ˍ.ˏ.ˍˑː = ʠ ∙ ˏߝ ∙ 𝜔 + ͳ − ˏߝ)ˆߝ + ሺͳˆߝ − (ሻˏߝ ∙ ͳ − ˆߝˆߝ + 𝜔                                             ሺ͵ሻ 

           ʠˆ.ˍ.ˏ.ˍˑː = ͷ. ∙ Ͳ.ͺ ∙ ͳ,ͻͺ + ͳ − Ͳ,͵͵ͳ(Ͳ.ͺ + Ͳ,͵͵ͳሺͳ − Ͳ.ͺሻ) ∙ ͳ − Ͳ,͵͵ͳͲ,͵͵ͳ + ͳ,ͻͺ= ͵,ʹʹͳ В˕/ˏଶКସ. 
Ɍɚɤ ɤɚɤ ɩɨ ɞɥɢɧɟ ɡɨɧɵ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɦɟɧɹɟɬɫɹ, ɤɨɷɮɮɢɰɢɟɧɬ 

ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ: 

ˎˊˋߙ = √ʠˆ.ˍ.ˏ.ː˃˚ ʠˆ.ˍ.ˏ.ˍˑː [ቀʡˆː ˃˚ + ʹ͵ͳͲͲ ቁସ − ቀʡˏː˃˚ + ʹ͵ͳͲͲ ቁସ] [ቀʡˆ̱ˑː + ʹ͵ͳͲͲ ቁସ − ቀʡˏ̱ˑ ː + ʹ͵ͳͲͲ ቁସ]√ሺʡˆː ˃˚ − ʡˏː˃˚ሻሺʡˆ̱ˑː − ʡˏ̱ˑ ːሻ
= √͵.͵ʹ ∗ ͵.ʹʹͳ ∗ [ቀͻͲͲ + ʹ͵ͳͲͲ ቁସ − ቀʹͲ + ʹ͵ͳͲͲ ቁସ] [ቀͳ͵ͲͲ + ʹ͵ͳͲͲ ቁସ − ቀͲͲ + ʹ͵ͳͲͲ ቁସ]√ሺͻͲͲ − ʹͲሻሺͳ͵ͲͲ − ͲͲሻ  

= ͳͶͲ.ͻ В˕/ˏଶК .                                                                                                     (38) 

 

4.3 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ ɜ ɫɜɚɪɨɱɧɨɣ ɡɨɧɟ 
 

ɋɬɟɩɟɧɶ ɪɚɡɜɢɬɢɹ ɤɥɚɞɤɢ:             𝜔 = ܤ + ݈˓˃˅˔ܪʹ ∙ ݊                                                                                                         ሺ͵ͻሻ 

           𝜔 = ͺ,͵ͷ + ʹ ∙ ʹ,Ͳ.ͺͷ ∙  = ʹ.ʹ. 
ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɝɚɡɨɜɨɝɨ ɫɥɨɹ:             ܵˠ˗ = Ͷ ∙ ܪ ∙ ʹܤ ∙ ܪ + ʹ ∙  ሺͶͲሻ                                                                                                   ܤ



19 

            ܵˠ˗ = Ͷ ∙ ʹ, ∙ ͺ,͵ͷʹ ∙ ʹ, + ʹ ∙ ͺ,͵ͷ = ͵,ͻͷ ˏ. 
ɉɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ܱܥଶ ɢ ܪଶܱ:             �ܲ�ைమ = ଶܱܥ ∙ ͻͺ.ͳͳͲͲ                                                                                                     ሺͶͳሻ 

            �ܲ�ைమ = ͻ.͵ͺʹ ∙ ͻͺ.ͳͳͲͲ = ͻ,ʹͲͶ ˍ ʜ/ˏଶ; 
           �ܲ�మை = ଶܱܪ ∙ ͻͺ.ͳͳͲͲ                                                                                                      ሺͶʹሻ 

           �ܲ�మை = ͳ,͵ ∙ ͻͺ.ͳͳͲͲ = ͳ,Ͳ͵ ˍ ʜ/ˏଶ.            �ܲ�ைమ ∙ ܵˠ˗ = ͻ,ʹͲͶ ∙ ͵,ͻͷ = ͵,ͶͻͶ,            �ܲ�మை ∙ ܵˠ˗ = ͳ,Ͳ͵ ∙ ͵,ͳʹ = ,ͷͶͺ. 
ɋ  ɩɨɦɨɳɶɸ  ɧɨɦɨɝɪɚɦɦ (ɪɢɫ 6.1-6.3 /1/) ɨɩɪɟɞɟɥɹɟɦ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ 

ɝɚɡɨɜ.             ߝˆ = 𝐶ைమߝ + ߚ ∙ 𝐻మைߝ             𝐻మை                                                                                                  ሺͶ͵ሻߝ = Ͳ,ʹʹ,             ߝ𝐶ைమ = Ͳ,ͳ͵, 
ߚ           = ͳ,Ͳͷ,            ߝˆ = Ͳ,ͳ͵ + ͳ,Ͳͷ ∙ Ͳ,ʹʹ = Ͳ,͵. 

ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɦɟɬɚɥɥɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ  ߝˏ = Ͳ,ͺ. 
ɉɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɝɚɡ - ɤɥɚɞɤɚ - ɦɟɬɚɥɥ:             ʠˆ.ˍ.ˏ.ː˃˚ = ʠ ∙ ˏߝ ∙ 𝜔 + ͳ − ˏߝ)ˆߝ + ሺͳˆߝ − (ሻˏߝ ∙ ͳ − ˆߝˆߝ + 𝜔                                              ሺͶͶሻ 

            ʠˆ.ˍ.ˏ.ː˃˚ = ͷ. ∙ Ͳ.ͺ ∙ ʹ.ʹ + ͳ − Ͳ,͵(Ͳ.ͺ + Ͳ.͵ሺͳ − Ͳ.ͺሻ) ∙ ͳ − Ͳ.͵Ͳ.͵ + ʹ.ʹ=  ͵,Ͷͺͻ В˕/ˏଶКସ. 
ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨ ɞɥɢɧɟ ɡɨɧɵ ɧɟɢɡɦɟɧɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ 

ɢɡɥɭɱɟɧɢɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ: 
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ˎˊˋߙ   = ʠˆ.ˍ.ˏ.ː˃˚ √[ቀʡˆː ˃˚ + ʹ͵ͳͲͲ ቁସ − ቀʡˏː˃˚ + ʹ͵ͳͲͲ ቁସ] [ቀʡˆ̱ˑː + ʹ͵ͳͲͲ ቁସ − ቀʡˏ̱ˑ ː + ʹ͵ͳͲͲ ቁସ]√ሺʡˆː ˃˚ − ʡˏː˃˚ሻሺʡˆ̱ˑː − ʡˏ̱ˑ ːሻ   , 
= ͵,Ͷͺͻ √[ቀͳ͵ͲͲ + ʹ͵ͳͲͲ ቁସ − ቀͲͲ + ʹ͵ͳͲͲ ቁସ] [ቀͳ͵ͲͲ + ʹ͵ͳͲͲ ቁସ − ቀͳͳͺͲ + ʹ͵ͳͲͲ ቁସ]√ሺͳ͵ͲͲ − ͲͲሻሺͳ͵ͲͲ − ͳͳͺͲሻ  

= ͵ͷ, В˕/ˏଶК.                                                                                                            (45) 
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5 Ɋɚɫɱɟɬ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ 
 

5.1 ȼɪɟɦɹ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ ɜ ɦɟɬɨɞɢɱɟɫɤɨɣ ɡɨɧɟ 
 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɤɪɢɬɟɪɢɹ Ȼɢɨ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɭɸ ɦɚɫɫɢɜɧɨɫɬɶ ɧɚɝɪɟɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ.       ܤ𝑖 = ܵ ∙ ∑ ߣߙ                                                                                                                      ሺͶሻ 

      ∑ ߙ = ˎˊˋߙ + ˅ˑːˍߙ − ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ.                    (47) 

     ∑ ߙ = ͳͶͲ,ͻ + ͵Ͳ = ͳͲ,ͻ В˕ˏଶК.  
ɏɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɢɡɞɟɥɢɹ: 

          ܵ = ߤ ∙  ሺͶͺሻ                                                                                                                       ߜ

ɝɞɟ ߤ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɧɚɝɪɟɜɚ. ɉɪɨɝɪɟɜɚɟɦɚɹ ɬɨɥɳɢɧɚ 

ɡɚɝɨɬɨɜɨɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚ ɩɨɞɭ ɩɟɱɢ ɢ ɭɫɥɨɜɢɣ ɧɚɝɪɟɜɚ 

ɜɵɛɢɪɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɚɛɥɢɰɵ  7.1 /1/: ߤ = Ͳ,ͷ, ɬ.ɤ ɞɜɭɫɬɨɪɨɧɧɢɣ ɧɚɝɪɟɜ, ɜɨɞɨɨɯɥɚɞɢɬɟɥɶɧɵɟ ɬɪɭɛɵ; ߜ − ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɨɥɳɢɧɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɜɵɫɨɬɚ ɡɚɝɨɬɨɜɤɢ):             ߜ = ℎ = Ͳ,͵ ˏ,             ܵ = Ͳ,ͷ ∙ Ͳ,͵ = Ͳ,ʹͲͷʹ ˏ. ߣ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡɞɟɥɢɹ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɦɟɬɨɞɢɱɟɫɤɨɣ ɡɨɧɵ (͵ͳͲ ʠ) ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɩɪɢɥɨɠɟɧɢɸ 7 /1/: 

ߣ            = . + ሺ͵ͳͲ − ͵ͲͲሻሺͶͲͲ − ͵ͲͲሻ ∙ ሺͺͲ,ͷ − ,ሻ = ,Ͳͺ В˕ˏ ∙ К, 
𝑖ܤ            = ͳͲ,ͻ ∙ Ͳ,ʹͲͷʹ,Ͳͺ = Ͳ,Ͷͷ. 
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ɂɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ   0.25 <Ȼɢɨ <0.5 ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɟɪɟɯɨɞɧɭɸ ɨɛɥɚɫɬɶ. ɉɪɢ 

ɬɚɤɢɯ ɡɧɚɱɟɧɢɹɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɟɫɬɢ ɪɚɫɱɟɬ ɬɟɥɚ ɤɚɤ ɮɢɡɢɱɟɫɤɢ ɦɚɫɫɢɜɧɨɝɨ. 

Ɋɚɫɱɟɬ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ «ɦɚɫɫɢɜɧɵɯ» ɬɟɥ ɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɱɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

(ɝɪɚɮɢɤɢ Ȼɭɞɪɢɧɚ): 𝜃 = ݂ሺܤ𝑖, ,ܨ 𝑋/ܵሻ,            В ˑ˄˜ˈˏ ˅ˋˇˈ 𝜃 = ௧బ−௧௧బ−௧ː˃˚ −  ˕ˈˏ˒ˈ˓˃˕˖˓ː˞ˌ ˍ˓ˋ˕ˈ˓ˋˌ, ˆˇˈ 𝑡 − ɢɫɤɨɦɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ, ܨ − ɤɪɢɬɟɪɢɣ Ɏɭɪɶɟ, 𝑋/ܵ − ɛɟɡɪɚɡɦɟɪɧɚɹ ɤɨɨɪɞɢɧɚɬɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ.           𝜃 = 𝑡˒ − 𝑡˒ˑ˅ˍˑː𝑡˒ − 𝑡ː˃˚                                                                                                                ሺͶͻሻ 

          𝜃 = ͳͳͲͲ − ͲͲͳͳͲͲ − ʹͲ = Ͳ,Ͷ,  
          ˆˇˈ 𝑡˒ = ͳ͵ͲͲ + ͻͲͲʹ = ͳͳͲͲʠ. 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɝɪɟɜɚ ɢɥɢ ɨɯɥɚɠɞɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɢɬɵ 
(ɪɢɫ 7.3/2/) ɩɪɢɧɢɦɚɟɬɫɹ: ܨ = ͳ,ͷͺ. 

ɇɚɣɞɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɚɝɪɟɜɚ 𝜏:             ܨ = ܽ ∙ 𝜏ܵଶ                                                                                                                    ሺͷͲሻ 

ɬɨɝɞɚ:                𝜏 = ܵଶ ∙ ܽܨ                                                                                                                  ሺͷͳሻ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (ɩɪɢɥɨɠɟɧɢɟ 7/1/) ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ͵ͳͲʠ:             ܽ = ͳ,ͺ ∙ ͳͲ−ହ ˏଶ/˔,             𝜏 = ͳ,ͷͺ ∙ ሺͲ,ʹͲͷʹሻଶͳ,ͺ ∙ ͳͲ−ହ = Ͳ ˏˋː˖˕. 
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ɉɨ ɨɩɪɟɞɟɥɟɧɧɵɦ Bi ɢ Fo ɫ ɩɨɦɨɳɶɸ ɧɨɦɨɝɪɚɦɦɵ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɝɪɟɜɚ ɢɥɢ 
ɨɯɥɚɠɞɟɧɢɹ ɰɟɧɬɪɚ ɩɥɢɬɵ (ɪɢɫ. 7.4/1/)  ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɪɢɬɟɪɢɣ 
ɞɥɹ ɰɟɧɬɪɚ ɩɥɚɫɬɢɧɵ: 𝜃˙ = Ͳ,ͷͻ; 𝜃˙ = 𝑡˒ − 𝑡˙̱ˑː𝑡˒ − 𝑡ː˃˚ , 
ɬɨɝɞɚ:     𝑡˙̱ˑː = 𝑡˒ − 𝜃˙ ∗ ሺ𝑡˒ − 𝑡ː˃˚ሻ, 𝑡˙̱ˑː = ͳͳͲͲ − Ͳ,ͷͻሺͳͳͲͲ − ʹͲሻ = Ͷ͵ʠ. 
 
 

5.2 ȼɪɟɦɹ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ ɜ ɫɜɚɪɨɱɧɨɣ ɡɨɧɟ 
 

ȼ ɫɥɭɱɚɟ ɧɚɱɚɥɶɧɨɝɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɦɟɬɚɥɥɚ ɢɡ ɦɟɬɨɞɢɱɟɫɤɨɣ ɡɨɧɵ ɜ ɫɜɚɪɨɱɧɭɸ) ɜ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɦɟɬɚɥɥɚ. Ɍɚɤ ɞɥɹ 

ɩɥɚɫɬɢɧɵ:             𝑡ː˃˚ = 𝑡˒ˑ˅ − ʹ͵(𝑡˒ˑ˅ − 𝑡˙̱ˑː)                                                                                  ሺͷʹሻ             𝑡ː˃˚ = ͲͲ − ʹ/͵ሺͲͲ − Ͷ͵ሻ = ͷͲͻʠ. 
           ∑ ߙ = ͵ͷ, + ͵Ͳ = ͵ͻͷ, В˕/ˏଶК,  

ɏɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɢɡɞɟɥɢɹ:             ܵ = ߤ ∙ ܵ            (53)                                                                                                       ߜ = Ͳ,ͷ ∙ Ͳ,͵ = Ͳ,ʹͲͷʹ ˏ. 
ߣ          − ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡɞɟɥɢɹ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɫɜɚɪɨɱɧɨɣ ɡɨɧɵ ͺͻͲ ʠ. 

ߣ           = ͺ͵, В˕ˏ ∙ К. 
𝑖ܤ           = ͵ͻͷ, ∙ Ͳ,ʹͲͷʹͺ͵, = Ͳ,ͻ. 
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Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ Ȼɢɨ >0.5, ɬɨ ɢɡɞɟɥɢɟ ɬɟɪɦɢɱɟɫɤɢ «ɦɚɫɫɢɜɧɨɟ». Ɋɚɫɱɟɬ 

ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

(ɝɪɚɮɢɤɢ Ȼɭɞɪɢɧɚ).             𝜃 = 𝑡˒ − 𝑡˒ˑ˅ˍˑː𝑡˒ − 𝑡ː˃˚ ,                                                                                                            ሺͷͶሻ 

           𝜃 = ͳ͵ͲͲ − ͳͳͺͲͳ͵ͲͲ − ͷͲͻ = Ͳ,ͳͷ. 
ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɝɪɟɜɚ ɢɥɢ ɨɯɥɚɠɞɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɢɬɵ 

(ɪɢɫ 7.3/2/) ɩɪɢɧɢɦɚɟɬɫɹ:            ܨ = ʹ,ͳͷ. 
ɇɚɣɞɟɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɚɝɪɟɜɚ 𝜏:             ܨ = ܽ ∙ 𝜏ܵଶ                                                                                                                    ሺͷͷሻ 

Ɍɨɝɞɚ:                𝜏 = ܵଶ ∙ ܽܨ                                                                                                                  ሺͷሻ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (ɩɪɢɥɨɠɟɧɢɟ 7/1/) ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ͺͻͲʠ:             ܽ = ͳ,ͺ ∙ ͳͲ−ହ ˏଶ/˔, 

            𝜏 = ʹ,ͳͷ ∙ ሺͲ,ʹͲͷʹሻଶͳ,ͺ ∙ ͳͲ−ହ = ͺͳ ˏˋː˖˕˃ = ͳ˚˃˔  ʹͳ ˏˋː˖˕˃. 
ɉɨ ɨɩɪɟɞɟɥɟɧɧɵɦ Bi ɢ Fo ɫ ɩɨɦɨɳɶɸ ɧɨɦɨɝɪɚɦɦɵ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɝɪɟɜɚ ɢɥɢ 

ɨɯɥɚɠɞɟɧɢɹ ɰɟɧɬɪɚ ɩɥɢɬɵ (ɪɢɫ. 7.4) /2/ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɪɢɬɟɪɢɣ 

ɞɥɹ ɰɟɧɬɪɚ ɩɥɚɫɬɢɧɵ:             𝜃˙ = Ͳ,ʹ͵. 
            𝜃˙ = 𝑡˒ − 𝑡˙̱ˑː𝑡˒ − 𝑡ː˃˚                                                                                                            ሺͷሻ 
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ɬɨɝɞɚ:   𝑡˙̱ˑː = 𝑡˒ − 𝜃˙ ∙ ሺ𝑡˒ − 𝑡ː˃˚ሻ,             𝑡˙̱ˑː = ͳ͵ͲͲ − Ͳ,ʹ͵ ∙ ሺͳ͵ͲͲ − ͷͲͻሻ = ͳͳͳͺʠ. 

 

5.3 Ɋɚɫɱɟɬ ɬɨɦɢɥɶɧɨɣ ɡɨɧɵ 
 

ɉɪɨɜɟɪɢɦ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɜ ɤɨɧɰɟ ɫɜɚɪɨɱɧɨɣ ɡɨɧɵ:            ∆𝑡 = 𝑡ˏ˒ˑ˅ − 𝑡ˏ̇                                                                                                            ሺͷሻ            ∆𝑡 = ͳͳͺͲ − ͳͳͳͺ = ʹʠ.  
ɉɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɛɨɥɶɲɟ ɡɚɞɚɧɧɨɝɨ (ͷͲʠ), ɧɟɨɛɯɨɞɢɦɚ ɬɨɦɢɥɶɧɚɹ 

ɡɨɧɚ.             ߜ = ∆𝑡ˍˑː∆𝑡ː˃˚ = ͷͲʹ = Ͳ,ͺ.                                                                                             ሺͷͺሻ             ܨ = Ͳ,Ͷ;             𝜏 = Ͳ,Ͷ ∙ ሺͲ,ʹͲͷʹሻଶͳ,ͺ ∙ ͳͲ−ହ = ͳͷ ˏˋː˖˕. 
 

     5.4 ɉɨɥɧɨɟ ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɡɚɝɨɬɨɜɨɤ 
             𝜏 = 𝜏ˏˈ˕ + 𝜏˔˅˃˓+𝜏˕ˑˏ                                                                                               ሺͷͻሻ            𝜏 = Ͳ + ͺͳ + ͳͷ = ͳͷ ˏˋː˖˕ = ʹ˚˃˔˃ ͵ ˏˋː˖˕. 
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6 Ɉɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧɵ ɩɟɱɢ 
 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢɧɚ ɦɟɬɨɞɢɱɟɫɤɨɣ 

ɩɟɱɢ.             𝐿 = ܲ ∙ ܾ ∙ 𝜏݃                                                                                                                 ሺͲሻ             ܾ − ɲɢɪɢɧɚ ɡɚɝɨɬɨɜɤɢ ɩɥɸɫ ɜɟɥɢɱɢɧɚ ɦɟɠɞɭ ɢɡɞɟɥɢɹɦɢ ɜɞɨɥɶ ɩɟɱɢ:             ܾ = Ͳ,ͺ ˏ, ܲ = ͺͲͲͲͲ ˍˆ/˚ – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɟɱɢ, ݃ −ɜɟɫ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ:  ݃ = 𝑉 ˊˇ ∙ ˇˊˋߩ ሺͳሻ                                                                                                            ,ˇˊˋߩ − ˒ˎˑ˕ːˑ˔˕˟ ˋˊˇˈˎˋя ˑ˒˓ˈˇˈˎяˈ˕˔я: 
ˇˊˋߩ            = ߣܽܿ ;                                                                                                                   ሺʹሻ 

ɋɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ʹͲʠ (ɩɪɢɥɨɠɟɧɢɟ 7/1/): 

          ˔ = Ͷͳͻ Дˉ/ ˍˆ ∙ К; 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ: ߣ = ͷͻ,Ͷ В˕/ ˏ ∙ К; 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ: ˃ = ͳ,ͺ ∙ ͳͲ−ହ ˏଶ/˔; 

ˇˊˋߩ            = ͷͻ,Ͷͳ,ͺ ∙ ͳͲ−ହ ∙ Ͷͳͻ = ͷʹ, ˍˆ/ˏଷ; 
           ݃ = Ͳ,͵ ∙ Ͳ,ͷ ∙ Ͳ,ͺͷ ∙ ͷʹ, = ͳ͵͵Ͷ, ˍˆ. 

Ⱦɥɢɧɚ ɦɟɬɨɞɢɱɟɫɤɨɣ ɡɨɧɵ: 

            𝐿ˏ = ͺͲͲͲͲ ∗ Ͳ,ͺ ∗ Ͳͳ͵͵Ͷ,ͺ ∗  ∗ Ͳ = ,Ͷͷ ˏ. 
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Ⱦɥɢɧɚ ɫɜɚɪɨɱɧɨɣ ɡɨɧɵ: 

            𝐿˔˅ = ͺͲͲͲͲ ∙ Ͳ,ͺ ∙ ͺͳͳ͵͵Ͷ,ͺ ∙  ∙ Ͳ = ͳͲ,Ͳ ˏ. 
Ⱦɥɢɧɚ ɬɨɦɢɥɶɧɨɣ ɡɨɧɵ: 

            𝐿˕ˑˏ = ͺͲͲͲͲ ∙ Ͳ,ͺ ∙ ͳͷͳ͵͵Ͷ,ͺ ∙  ∙ Ͳ = ͳ,ͺ ˏ. 
 

ɉɨɥɧɚɹ ɞɥɢɧɚ ɩɟɱɢ: 

          𝐿 = 𝐿ˏ + 𝐿˔˅ + 𝐿˕ˑˏ                                                                                      (63)            𝐿 = ,Ͷͷ + ͳͲ,Ͳ + ͳ,ͺ = ͳͻ,͵ ˏ. 
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7 ɋɨɫɬɚɜɥɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ 
 

7.1 Ɉɛщɢɟ ɩɨɥɨɠɟɧɢɹ 
 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɟɱɢ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɫɨɫɬɚɜɥɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 

ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ. Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɫɨɫɬɨɢɬ ɢɡ ɪɚɜɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɩɪɢɯɨɞɧɨɣ ɢ 

ɪɚɫɯɨɞɧɨɣ ɱɚɫɬɟɣ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɪɹɞɚ ɫɬɚɬɟɣ. Ⱦɥɹ ɩɟɱɟɣ 

ɩɨɫɬɨɹɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɫɨɫɬɚɜɥɹɟɬɫɹ ɞɥɹ ɟɞɢɧɢɰɵ ɜɪɟɦɟɧɢ. 

 

7.2  ɋɬɚɬɶɢ ɩɪɢɯɨɞɧɨɣ ɱɚɫɬɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 
 

Ɍɟɩɥɨɬɚ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɨɩɥɢɜɚ:       ܳ˘ˋˏ˓ = ܤ ∙ ܳː˓ ,                                                                                                                (64) 

ܤ ˈˇˆ       −  ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ,        ܳː˓ − ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ,       ܳ˘ˋˏ˓ = ܤ ∙ ͵ʹ͵ͻͷ. 
      Ɏɢɡɢɱɟɫɤɚɹ ɬɟɩɥɨɬɚ, ɜɧɨɫɢɦɚɹ ɩɨɞɨɝɪɟɬɵɦ ɬɨɩɥɢɜɨɦ:       ܳ˕ = ܤ ∙ 𝑡˕ ∙ ˔˕,                                                                                                     (65)       ˔˕ = ͳ,ͻ ˍ Дˉ/ˏଷ ∗ К −   ɬɟɩɥɨɟɦɤɨɫɬɶ ɬɨɩɥɢɜɚ,       𝑡˕ = ʹʹͲܥ − ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɜɚ ɬɨɩɥɢɜɚ,       ܳ˕ = ܤ ∙ ʹʹͲ ∙ ͳ,ͻ = ܤ ∙ Ͷ͵ͳ,ʹ. 
       Ɏɢɡɢɱɟɫɤɚɹ ɬɟɩɥɨɬɚ, ɜɧɨɫɢɦɚɹ ɩɨɞɨɝɪɟɬɵɦ ɜɨɡɞɭɯɨɦ:        ܳ˅ = ܤ ∙ 𝐿ˇ ∙ 𝑡˅ ∙ ˔˅,                                                                                            (66)        𝐿ˇ = ͻ,Ͷ ˏଷ/ˏଷ − ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ͳ ˏଷ ɬɨɩɥɢɜɚ,        𝑡˅ = ͶͷͲʠ − ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ,        ˔˅ = ͳ,ͳ͵͵ − ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ,        ܳ˅ = ܤ ∙ ͻ,Ͷ ∙ ͶͷͲ ∙ ͳ,͵͵ = ܤ ∙ ͷͻͳ. 
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7.3 ɋɬɚɬɶɢ ɪɚɫɯɨɞɧɨɣ  ɱɚɫɬɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 
  

ɉɨɥɟɡɧɚɹ ɬɟɩɥɨɬɚ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ ɧɚɝɪɟɜ ɦɟɬɚɥɥɚ:            ܳ˒ˑˎ = ܩ ∙ ˔ˏሺ𝑡ˏ̱ˑː − 𝑡ˏː˃˚ሻ                                                                                       ሺሻ            ܩ = ͺͲͲͲͲ ˍˆ/˚ = ʹʹ,ʹ ˍˆ/˔ − ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɟɱɢ,            𝑡ˏː˃˚ = ʹͲܥ −ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ,            𝑡ˏ̱ˑː = ሺ𝑡ˏ̱ˑː.˒ˑ˅ + 𝑡ˏ̱ˑː.˙ˈː˕˓ሻ/ʹ – ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɫɪɟɞɧɹɹ ɩɨ 

ɦɚɫɫɟ,             𝑡ˏ̱ˑː.˒ˑ˅ = ͳͳͺͲܥ − ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɡɚɝɨɬɨɜɤɢ,             𝑡ˏ̱ˑː.˙ˈː˕˓ = ͳͳ͵Ͳܥ − ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɜ ɰɟɧɬɪɟ ɡɚɝɨɬɨɜɤɢ,             𝑡ˏ̱ˑː = ሺͳͳͺͲ + ͳͳ͵Ͳሻ/ʹ = ͳͳͷͷʠ. 
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɦɟɬɚɥɥɚ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɦɟɬɚɥɥɚ:             𝑡˔˓ = ሺʹͲ + ͳͳͷͷሻ/ʹ = ͷͺ,ͷͲ ʠ,             ˔ˏ = Ͷͳͻ Дˉ/ˍˆ ∙ К,             ܳ˒ˑˎ = ʹʹ,ʹ ∙ Ͷͳͻ ∙ ሺͳͳͷͷ − ʹͲሻ = ͳͲͷͷ ˍ В˕. 
Ɍɟɩɥɨɬɚ, ɭɧɨɫɢɦɚɹ ɭɯɨɞɹɳɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ             ܳ˖˘ = ܤ ∙ 𝑉 ∙ ܿˇ ∙ 𝑡ˇ                                                                                                  ሺͺሻ              𝑉 = ͳͲ.ͷͲͻ ˏଷ/ˏଷ −  ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ,             ܿˇ − ɬɟɩɥɨɟɦɤɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ͻͲͲܥ: 

            ܿˇ = ܿʠʝమ ∙ ʠʝଶ + ܿʜమʝ ∙ ʜଶʝ + ܿேమ ∙ ଶܰ + ܿʝమ̀ˊ˄ ∙ ʝଶ̀ˊ˄ͳͲͲ                                     ሺͻሻ 

       ܿˇ = ͻ,͵ͺʹ ∙ ʹ,ͳ͵Ͳʹ + ͳ,͵ ∙ ͳ,ͺͳ + ͳ,͵ͷͺ ∙ ͳ,͵ͺ + ͳ,ͺͻͶ ∙ ͳ,ͶͶͻͳͲͲ= ͳ,Ͷͻʹ ˍ Дˉ/ˏଷК,         𝑡ˇ = ͻͲͲܥ,         ܳ˖˘ = ܤ ∙ ͳͲ,ͷͲͻ ∙ ͳ,Ͷͻʹ ∙ ͻͲͲ = ܤ ∗ ͳͶͳͳͳ.  
ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɱɟɪɟɡ ɤɥɚɞɤɭ, ɬɨ ɟɫɬɶ ɱɟɪɟɡ ɫɜɨɞɵ, 

ɫɬɟɧɵ ɢ ɩɨɞ ɩɟɱɢ:            ܳ˕ˈ˒ˎ = ܳ˔˅ˑˇ + ܳ˔˕ˈː                                                                                               ሺͲሻ 
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           ܳ˔˅ˑˇ − ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɫɜɨɞ ɩɟɱɢ,            ܳ˔˕ˈː − ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɫɬɟɧɵ ɩɟɱɢ. 

ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɩɨɞ ɩɟɱɢ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ. 

ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɫɜɨɞ ɩɟɱɢ:             ܳ˔˅ˑˇ = (𝑡ˍˎ − 𝑡ː˃˓) ∙ ːܨ ߣߜ˓˃ + ͳߙ                                                                                       ሺͳሻ 

ɝɞɟ 𝑡ˍˎ − ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɥɚɞɤɢ:             𝑡ˍˎ = 𝑡˒ˏ ˈ˕ + 𝑡˒̝˅˃˓ + 𝑡˒̞ˑˏ͵                                                                                         ሺʹሻ 

            𝑡ˍˎ = ͳͳͲͲ + ͳ͵ͲͲ + ͳʹͷͲ͵ = ͳʹͳʠ;             𝑡ː˃˓ − ɧɚɪɭɠɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ͷͷʠ; 
ɧɚɪɭɠɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɜɨɞɚ:            ːܨ ˃˓ = ܤ ቆ√𝐿ˏଶ + ሺܪ −′′ܪ′ሻଶ + 𝐿˔˅ + 𝐿˕ˑˏቇ                                                    ሺ͵ሻ 

           ːܨ ˃˓ = ͺ.͵ͷ ቀ√,Ͷͷଶ + ሺʹ. − Ͳ.ͺሻଶ + ͳͲ,Ͳ + ͳ,ͺቁ = ͳ͵,Ͷͳ ˏଶ. ߜ − ɬɨɥɳɢɧɚ ɫɥɨɹ ɨɝɧɟɭɩɨɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɨɝɧɟɭɩɨɪɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɜɵɛɢɪɚɟɬɫɹ ɲɚɦɨɬ. Ɉɝɧɟɭɩɨɪɧɨɫɬɶ ɲɚɦɨɬɧɵɯ ɢɡɞɟɥɢɣ ɧɚɯɨɞɢɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ ͳͷͺͲ − ͳͷͲʠ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɞɟɮɨɪɦɚɰɢɢ ɧɢɡɤɚɹ ͳͶͲͲʠ, 

ɨɞɧɚɤɨ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɧɚɱɚɥɨɦ ɢ ɤɨɧɰɨɦ ɞɟɮɨɪɦɚɰɢɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɥɢɤ ʹͲͲʠ ɢ ɛɨɥɟɟ. Ɍɟɪɦɨɫɬɨɣɤɨɫɬɶ ɜɵɫɨɤɚɹ. Ɍɚɤ ɤɚɤ ɢɫɯɨɞɧɨɟ 

ɫɵɪɶɟ ɢɦɟɟɬ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɫɬɨɢɦɨɫɬɶ ɲɚɦɨɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ.  

ɇɚɝɪɟɜɚɬɟɥɶɧɵɟ ɩɟɱɢ, ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɲɚɦɨɬɚ, ɪɚɛɨɬɚɸɬ ɛɟɡ ɪɟɦɨɧɬɚ ɨɬ 5 

ɞɨ 15 ɥɟɬ.  

Ɍɨɥɳɢɧɚ ɫɥɨɹ ɨɝɧɟɭɩɨɪɧɨɝɨ ɤɢɪɩɢɱɚ: 

ߜ  = Ͳ,ʹͷ ˏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɲɚɦɨɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɪɟɞɧɟɣ ɦɟɠɞɭ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɟɱɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɪɭɠɧɨɣ:             𝑡˔˓ = 𝑡ˍˎ + 𝑡ː˃˓ʹ = ͳʹͳ + Ͷͷʹ = ͵ͳʠ,  
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˛ߣ             = Ͳ, + Ͳ,ͲͲͲͶ ∙ 𝑡˔˓ = Ͳ, + Ͳ,ͲͲͲͶ ∙ ͵ͳ = ͳ,ͳ В˕/ˏ ∗ К, ߙ − ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɤ ɜɨɡɞɭɯɭ, ɨɛɵɱɧɨ 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ͳͳ,͵ В˕/ˏ ∙ К.             ܳ˔˅ˑˇ = ሺͳʹͳ − Ͷͷሻ ∗ ͳ͵,ͶͳͲ,ʹͷͳ,ͳ + ͳͳͳ,͵ = ͳͳ,Ͷ ˍ В˕. 
ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɫɬɟɧɵ ɩɟɱɢ:             ܳ˔˕ˈː = ܳ˄ˑˍ + ܳ˕ˑ˓                                                                                                 ሺͶሻ             ܳ˔˕ˈː = (𝑡ˍˎ − 𝑡ː˃˓) ∙ ܨ̝ ˕ˈːߜଵߣଵ + ଶߣଶߜ + ͳߙ                                                                                      ሺͷሻ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɥɚɞɤɢ ɜɧɭɬɪɢ ɩɟɱɢ:             𝑡ˍˎ = 𝑡˒ˏ ˈ˕ + 𝑡˒̝˅˃˓ + 𝑡˒̞ˑˏ͵                                                                                         ሺሻ 

            𝑡ˍˎ = ͳͳͲͲ + ͳ͵ͲͲ + ͳʹͷͲ͵ = ͳʹͳʠ,  𝑡ː˃˓ − ɧɚɪɭɠɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ͷͷʠ. 
ɉɥɨɳɚɞɶ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ:             ̝ܨ ˕ˈː = ܨ̞ ˑ˓ + ܨ˄ ˑˍ                                                                                                    ሺሻ 

ɩɥɨɳɚɞɶ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ:            ̞ܨ ˑ˓ = ܤ ∙ ′ܪ + ܤ ∙ ܨ̞            ሺͺሻ                                                                                              ′′ܪ ˑ˓ = ͺ.͵ͷ ∙ Ͳ.ͺ + ͺ.͵ͷ ∙ ʹ. = ʹͺ.ͺͻͳ ˏଶ. 
ɉɥɨɳɚɞɶ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ:             ˄ܨ ˑˍ = ቆሺܪ −′′ܪ′ሻ ∙ 𝐿ˏʹ + ′ܪ ∙ 𝐿ˏ + ′′ܪ ∙ 𝐿˔˅ + ′′′ܪ ∙ 𝐿˕ˑˏቇ ∙ ʹ                      ሺͻሻ 

ܨ˄             ˑˍ = ቆሺʹ, − Ͳ,ͺሻ ∙ ,Ͷͷʹ + Ͳ,ͺ ∙ ,Ͷͷ + ʹ, ∙ ͳͲ,Ͳ + ͳ ∙ ͳ,ͺቇ ∙ ʹ= ͺͳ,ͺͲͻ ˏଶ.            ̝ܨ ˕ˈː = ʹͺ,ͺͻͳ + ͺͳ,ͺͲͻ = ͳͳͲ, ˏଶ. 
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ɋɬɟɧɵ ɜɵɩɨɥɧɟɧɵ ɞɜɭɯɫɥɨɣɧɵɟ. ɉɨɫɥɟ ɫɥɨɹ ɨɝɧɟɭɩɨɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɜ 

ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɲɚɦɨɬ, ɜɵɤɥɚɞɵɜɚɸɬ ɫɥɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ – ɞɢɚɬɨɦɢɬɚ. 

Ɍɨɥɳɢɧɚ ɫɥɨɹ ɨɝɧɟɭɩɨɪɧɨɝɨ ɤɢɪɩɢɱɚ ɲɚɦɨɬɚ:            ߜଵ = ͵Ͳ ˏˏ. 

Ɍɨɥɳɢɧɚ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɞɢɚɬɨɦɢɬɚ:            ߜଶ = ͳʹͲ ˏˏ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɝɪɚɧɢɰɟ ɦɟɠɞɭ ɫɥɨɟɦ ɨɝɧɟɭɩɨɪɧɨɝɨ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɸ  ɫɨɩɪɹɠɟɧɧɨɫɬɢ:           (𝑡ˍˎ − 𝑡ˆ˓) ∙ ଵߜଵߣ = (𝑡ˆ˓ − 𝑡ː˃˓) ∙ ଶߜଶߣ                                                                          ሺͺͲሻ 

ɋ ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

(ɩɪɢɥɨɠɟɧɢɟ 5 /1/): 

           (𝑡ˍˎ − 𝑡ˆ˓) ቆͲ, + Ͳ,ͲͲͲͶ ∙ (𝑡ˍˎ + 𝑡ˆ˓)ʹ ቇߜଵ
= (𝑡ˆ˓ − 𝑡ː˃˓) ቆͲ,ͳ͵ + Ͳ,ͲͲͲͶ͵ ∙ (𝑡ˆ˓ + 𝑡ː˃˓)ʹ ቇߜଶ ; 

           (ͳʹͳ − 𝑡ˆ˓) ቆͲ, + Ͳ,ͲͲͲͶ ∙ (ͳʹͳ + 𝑡ˆ˓)ʹ ቇͲ,͵
= (𝑡ˆ˓ − ͳʹͳ) ቆͲ,ͳ͵ + Ͳ,ͲͲͲͶ͵ ∙ (𝑡ˆ˓ + Ͷͷ)ʹ ቇͲ,ͳʹ ; 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 𝑡ˆ˓,              𝑡ˆ˓ = ͳʠ.  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɲɚɦɨɬɚ ɢ ɞɢɚɬɨɦɢɬɚ:             ߣଵ = Ͳ, + Ͳ,ͲͲͲͶ ∙ ሺͳʹͳ + ͳሻʹ = ͳ,͵ͳͻ В˕/ ˏ ∙ К, 
ଶߣ             = Ͳ,ͳ͵ + Ͳ,ͲͲͲͶ͵ ∙ ሺͳ + Ͷͷሻʹ = Ͳ,͵ʹ В˕ˏ ∙ К, 
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             ܳ˔˕ˈː = ሺͳʹͳ − Ͷͷሻ ∙ ͳͳͲ,ͳͳͳ,͵ + Ͳ,͵ͳ,͵ͳͻ + Ͳ,ͳʹͲ,͵ʹ = ͳͺ, ˍ В˕. 
            ܳ˕ˈ˒ˎ = ͳͳ,Ͷ + ͳͺ, = ͻͲ ˍ В˕.  
 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɬɟɩɥɨɜɵɯ ɛɚɥɚɧɫɨɜ ɤ ɪɚɫɯɨɞɧɵɦ ɫɬɚɬɶɹɦ ɩɪɢɛɚɜɥɹɟɬɫɹ 

ɫɬɚɬɶɹ ɧɟɭɱɬɟɧɧɵɯ ɩɨɬɟɪɶ, ɩɪɢɧɢɦɚɟɦɵɯ ɪɚɜɧɵɦɢ:             ܳːˈ˖˚ = Ͳ,ͳʹ(ܳ˘ˋˏ˓ + ܳ˅)                                                                                        ሺͺͳሻ
              ܳːˈ˖˚ = Ͳ,ͳʹሺܤ ∙ ͵ʹ͵ͻͷ + ܤ ∙ ͷͻͳሻ = ܤ ∙ ͶͷͲ 

ɉɪɨɫɭɦɦɢɪɨɜɚɜ ɨɬɞɟɥɶɧɨ ɩɪɢɯɨɞɧɵɟ ɢ ɪɚɫɯɨɞɧɵɟ ɱɚɫɬɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 

ɢ ɩɪɢɪɚɜɧɹɜ ܳ˒˓ˋ˘ = ܳ˓˃˔˘, ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɫ ɨɞɧɢɦ ɧɟɢɡɜɟɫɬɧɵɦ, ɤɨɬɨɪɵɦ 

ɛɭɞɟɬ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ȼ.            ܳ˘ˋˏ˓ + ܳ˕ + ܳ˅ = ܳ˒ˑˎ + ܳ˖˘ + ܳ˕ˈ˒ˎ + ܳːˈ˖˚,                                                 ሺͺʹሻ 

ܤ                   ∙ ͵ʹ͵ͻͷ + ܤ ∙ Ͷ͵ͳ,ʹ + ܤ ∙ ͷͻͳ = ͳͲͷͷ + ܤ ∙ ͳͶͳͳͳ + ͻͲ + ͶͷͲ ∙  ,ܤ
ܤ          = Ͳ,ͷʹ ˏଷ/˔. 

ɉɨɫɥɟ ɱɟɝɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɫɟ ɩɪɢɯɨɞɧɵɟ ɢ ɪɚɫɯɨɞɧɵɟ ɫɬɚɬɶɢ ɬɟɩɥɨɜɨɝɨ 

ɛɚɥɚɧɫɚ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɟɱɢ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

 

ɋɬɚɬɶɢ ɩɪɢɯɨɞɚ ȼɬ % ɋɬɚɬɶɢ ɪɚɫɯɨɞɚ ȼɬ % ܳ˘ˋˏ˓  18530 84,1 ܳ˒ˑˎ 10557 47.9 ܳ˕ 246,6 1,1 ܳ˖˘ 8071,4 36.6 ܳ˅ 3255,2 14,8 ܳ˕ˈ˒ˎ 790 3.6 
   ܳːˈ˖˚ 2614 11.9 
ȼɫɟɝɨ 22032 100 ȼɫɟɝɨ 22032 100 
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8 ȼɵɛɨɪ ɬɨɩɥɢɜɨɫɠɢɝɚɸщɢɯ ɭɫɬɪɨɣɫɬɜ 
 

Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 6 ɝɨɪɟɥɨɱɧɵɯ 

ɭɫɬɪɨɣɫɬɜ  ɫ ɜɧɟɲɧɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɬɢɩɚ «ɬɪɭɛɚ ɜ ɬɪɭɛɟ». 

Ɋɚɫɯɨɞ  ɬɨɩɥɢɜɚ ɞɥɹ ɨɞɧɨɣ ɝɨɪɟɥɤɢ:             𝑉 ˆ = ܤ  (83)                                                                                                                    ݊/ܤ − ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ,   ݊ =  − ɱɢɫɥɨ ɝɨɪɟɥɨɤ,             𝑉 ˆ = Ͳ.ͷʹ = Ͳ,Ͳͻͷ ˏଷ/˔. 
Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɩɟɪɟɞ ɝɨɪɟɥɤɨɣ:             ʟˆ = ͷ ˍ ʞ˃, 
Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɝɨɪɟɥɤɨɣ:             ʟ˅ = ʹ ˍ ʞ˃. 
ɉɥɨɬɧɨɫɬɶ ɬɨɩɥɢɜɚ:             ߩˆ = Ͳ,ͺͳͶ ˍˆ/ˏଷ, 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ:             𝑡˅ = ͶͷͲܥ, 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɬɨɝɨ ɬɨɩɥɢɜɚ:             𝑡˕ = ʹʹͲܥ, 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɞɥɹ ɝɨɪɟɧɢɹ:             𝐿ˇ = ͻ,Ͷ ˏଷ/ˏଷ,  
Ɋɚɫɯɨɞ  ɜɨɡɞɭɯɚ:            𝑉 ˅ = 𝐿ˇ ∙ 𝑉 ˆ                                                                                                               ሺͺͶሻ            𝑉 ˅ = ͻ,Ͷ ∙ Ͳ,Ͳͻͷ = Ͳ,ͺͻͻ  ˏଷ/˔. 

           𝑉 = 𝑉 ˅ ∙ √ ܶܶː ,                                                                                                             ሺͺͷሻ 

             𝑉 = Ͳ,ͻʹ ∙ √ͶͷͲ + ʹ͵ʹ͵ = ͳ,Ͷ͵ ˏଷ/˔. 
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ɉɨɩɪɚɜɤɚ ɧɚ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ: 

          К = Ͳ,ͻ 

ɉɨɩɪɚɜɤɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɚ: 

           К௧ = √ʹʹͲ + ʹ͵ʹ͵ = ͳ.͵Ͷ. 
           𝑉 = К௧ ∙ К ∙ 𝑉 ˆ = ͳ,͵Ͷ ∙ Ͳ,ͻ ∙ Ͳ,Ͳͻͷ = Ͳ,ͳͳͷ ˏଷ̝ .                                           ሺͺሻ 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɝɚɡɭ ݀ˆ = Ͷͷ ˏˏ. 

Ɍɚɤ ɤɚɤ ܳː˓ = ͵ʹ ʛ Дˉ/ˏଷ, ɬɨ ɝɨɪɟɥɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ: ȾȼȻ 225/45. 
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9 Ɋɚɫɱɟɬ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɨɬɵ ɭɯɨɞɹщɢɯ ɝɚɡɨɜ 
  

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɄɉȾ ɩɟɱɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɢ ɫɧɢɠɟɧɢɹ ɟɝɨ 

ɪɚɫɯɨɞɚ ɭɬɢɥɢɡɢɪɭɸɬ ɬɟɩɥɨɬɭ ɨɬɯɨɞɹɳɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ 

ɪɟɤɭɩɟɪɚɬɨɪɚɯ. 

ɐɟɥɶɸ ɪɚɫɱɟɬɚ ɪɟɤɭɩɟɪɚɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ 

ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. 

Ɍɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɦɟɧɶɲɟ ͳͲͲͲʠ, ɬɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤ 

ɰɟɥɟɫɨɨɛɪɚɡɧɟɣ ɜɵɛɪɚɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɤɨɧɜɟɤɬɢɜɧɵɣ. 

Ƚɨɪɹɱɢɟ ɞɵɦɨɜɵɟ ɝɚɡɵ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɬɪɭɛɵ, ɚ ɧɚɝɪɟɜɚɟɦɵɣ ɜɨɡɞɭɯ ɜ 

ɦɟɠɬɪɭɛɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. 

Ɉɛɴɟɦ ɜɨɡɞɭɯɚ: 

          𝑉 ˅ = ܤ ∙ 𝐿ˇ,                                                                                                     (87) 

          𝑉 ˅ = Ͳ.ͷʹ ∙ ͻ,Ͷ = ͷ.Ͷͳͷ ˏଷ/˔.  
Ɉɛɴɟɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ:             𝑉 ˇ = ܤ ∙ 𝑉 ,                                                                                                     (88)             𝑉 ˇ = Ͳ.ͷʹ ∙ ͳͲ,ͷͲͻ = .Ͳͳͳ ˏଷ/˔.  
ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ 𝑡˅ː =Ͳʠ. Ʉɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ 𝑡˅̱ = ͶͷͲʠ. Ɍɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 

ɩɨɫɥɟ ɦɟɬɨɞɢɱɟɫɤɨɣ ɩɟɱɢ ɪɚɜɧɚ ͻͲͲʠ. ɉɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ 

ɜɟɪɬɢɤɚɥɶɧɨɦ ɤɚɧɚɥɟ ɫɨɫɬɚɜɥɹɟɬ Ͷʠ ː˃ ͳ ˏଷ , ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɤɚɧɚɥɟ  ʹʠ ː˃ ͳ ˏଷ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɞɨ ɜɯɨɞɚ ɜ 

ɪɟɤɭɩɟɪɚɬɨɪ, ɟɫɥɢ ɭɱɟɫɬɶ ɫɯɟɦɭ ɞɵɦɨɜɨɝɨ ɬɪɚɤɬɚ (ɷɫɤɢɡ 2), ɜɵɱɢɫɥɹɟɬɫɹ ɞɥɹ 

ɩɟɪɜɨɝɨ  ɭɱɚɫɬɤɚ ݈ଵ:  ʹ ∙ ͳ,/ͳ ≈ ͵ʠ. 

Ⱦɥɢɧɚ ɜɬɨɪɨɝɨ ɭɱɚɫɬɤɚ ɪɚɜɧɚ 1 ɦ, ɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɛɭɞɟɬ ɪɚɜɧɨ Ͷʠ. 
ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ  ɧɚ ɜɯɨɞɟ ɜ ɪɟɤɭɩɟɪɚɬɨɪ ɪɚɜɧɚ:               ͻͲͲ − ͵ − Ͷ = ͺͻ͵ʠ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɞɚɜɚɟɦɨɟ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɞɥɹ 

ɝɚɡɨɩɥɨɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ: 
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            ܳ˅ = 𝑉 ˅ ∙ ሺܿ˅̱ 𝑡˅̱ − ܿ˅ː 𝑡˅ː ሻ.                                                                                 (89) 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 𝑡˅ː = Ͳʠ (ɩɪɢɥɨɠɟɧɢɟ 2/1/) 

ɫɨɫɬɚɜɥɹɟɬ: 

            ܿ˅ː = ͳ,ʹͻͳ ˍ Дˉ/ ˏଷ ∙ К. 
ɗɧɬɚɥɶɩɢɹ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 𝑡˅̱ = ͶͷͲʠ  (ɩɪɢɥɨɠɟɧɢɟ 3/1/) 

ɫɨɫɬɚɜɥɹɟɬ 𝑡˅̱ ܿ˅̱ = Ͳʹ,ͲͶͷ ˍ Дˉ/ ˏଷ.            ܳ˅ = ͷ,Ͷͳͷ ∙ ሺͲʹ,ͲͶͷ − Ͳ ∙ ͳ,ʹͻͳሻ = ͵ʹͲ ˍ В˕.  
Ʉɨɧɟɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚɯɨɞɹɬ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 

ɛɚɥɚɧɫɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. Ⱦɥɹ ɝɚɡɨɩɥɨɬɧɵɯ ɪɟɤɭɩɟɪɚɬɨɪɨɜ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ 

ɫɨɫɬɚɜɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ 10 % ɩɨɬɟɪɶ ɬɟɩɥɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ:           ܳ˅ = Ͳ,ͻ ∙ 𝑉 ˇ ∙ ሺܿˇː 𝑡ˇː − ܿˇ̱ 𝑡ˇ̱ ሻ.                                                                        (90) Эɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 𝑡ˇː = ͺͻ͵ʠ (ɩɪɢɥɨɠɟɧɢɟ 3/1/) 

ɫɨɫɬɚɜɥɹɟɬ: 

         ܿˇː 𝑡ˇː = ሺ𝑖ʠʝమ ∙ ʠʝଶ + 𝑖ʜమʝ ∙ ʜଶʝ + 𝑖ேమ ∙ ଶܰ + 𝑖ʝమ̀ˊ˄ ∙ ʝଶ̀ˊ˄ሻ/ͳͲͲ,                       (91)      ܿˇː 𝑡ˇː = ͳͻͷͷ.Ͳ ∙ ͻ,͵ͺʹ + ͳͷͲͶ. ∙ ͳ,͵ + ͳʹ͵͵.ͳ ∙ ͳ,͵ͷͺ + ͳ͵Ͳͺ. ∙ ͳ,ͺͻͶͳͲͲ= ͳ͵Ͷͻ.Ͷ ˍ Дˉ/ˏଷ. 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɷɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɟɤɭɩɟɪɚɬɨɪɚ:             𝑡ˇ̱ ܿˇ̱ = ܿˇː 𝑡ˇː − ܳ˅Ͳ,ͻ ∙ 𝑉 ˇ ,                                                                                          ሺͻʹሻ 

            𝑡ˇ̱ ܿˇ̱ = ͳ͵Ͷͻ,Ͷ − ͵ʹͲͲ,ͻ ∙ ,Ͳͳͳ = Ͷ,ͺ ˍ Дˉˏଷ . 
ɉɨɫɤɨɥɶɤɭ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɨ 

ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ: 

ɗɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ͲͲʠ (ɩɪɢɥɨɠɟɧɢɟ 3 /1/): 

           𝑖′ = ሺ𝑖ʠʝమ ∙ ʠʝଶ + 𝑖ʜమʝ ∙ ʜଶʝ + 𝑖ேమ ∙ ଶܰ + 𝑖ʝమ̀ˊ˄ ∙ ʝଶ̀ˊ˄ሻ/ͳͲͲ                          ሺͻ͵ሻ 𝑖′ = ͳʹ͵. ∙ ͻ,͵ͺʹ + ͻͶ.ͺ ∙ ͳ,͵ + ͺͲͷ.Ͳ ∙ ͳ,͵ͷͺ + ͺͷͳ.Ͷ ∙ ͳ,ͺͻͶͳͲͲ= ͺͶ.ͳͶ ˍ Дˉ/ˏଷ. 
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ɗɧɬɚɥɶɩɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ͷͲͲʠ (ɩɪɢɥɨɠɟɧɢɟ 3/1/): 

           𝑖′′ = ሺ𝑖ʠʝమ ∙ ʠʝଶ + 𝑖ʜమʝ ∙ ʜଶʝ + 𝑖ேమ ∙ ଶܰ + 𝑖ʝమ̀ˊ˄ ∙ ʝଶ̀ˊ˄ሻ/ͳͲͲ,                   (94) 𝑖′′ = ͳͲͲͳ.ͺ ∙ ͻ,͵ͺʹ + ͻͳ.ͷͷ ∙ ͳ,͵ + Ͷ.ͷͺ ∙ ͳ,͵ͷͺ + ͲͲ.ͳ ∙ ͳ,ͺͻͶͳͲͲ= ͳͺ.ͻͶͲ ˍ Дˉ/ˏଷ.             𝑡ˇ̱ = 𝑡′′ + ሺ𝑡′′ − 𝑡′ሻ ∙ ሺ𝑡ˇ̱ ܿˇ̱ − 𝑖′′ሻ𝑖′ − 𝑖′′ ,                                                                      ሺͻͷሻ 

𝑡ˇ̱ = ͷͲͲ + ሺͲͲ − ͷͲͲሻ ∙ ሺͶ.ͺͶͷ − ͳͺ.ͻͶͲሻͺͶ.ͳͶ − ͳͺ.ͻͶͲ = ͷͳͺܥ. 
ɉɪɢ ɪɚɫɱɟɬɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚɹ 

ɩɪɨɬɢɜɨɬɨɱɧɚɹ ɫɯɟɦɚ. ɉɪɢ ɩɪɨɬɢɜɨɬɨɤɟ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ ɪɟɤɭɩɟɪɚɬɨɪɚ ɦɨɠɟɬ 

ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɩɪɹɦɨɬɨɤɟ. 

ɋɪɟɞɧɹɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɝɨɪɹɱɢɦ ɢ ɯɨɥɨɞɧɵɦ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɪɟɞɧɹɹ ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ:             ∆𝑡 = ∆𝑡ː − ∆𝑡ˍʹ,͵ ∙ log ∆𝑡ː∆𝑡ˍ ,                                                                                                   ሺͻሻ 

∆𝑡ː − ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɝɨɪɹɱɢɦ ɢ ɯɨɥɨɞɧɵɦ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ ɧɚ ɜɯɨɞɟ 

ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ:               ∆𝑡ː = 𝑡ˇː − 𝑡˅̱ ,                                                                                              (97)               ∆𝑡ː = ͺͻ͵ − ͶͷͲ = ͶͶ͵ܥ; ∆𝑡ˍ − ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɝɨɪɹɱɢɦ ɢ ɯɨɥɨɞɧɵɦ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ ɧɚ 

ɜɵɯɨɞɟ ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ:               ∆𝑡ˍ = 𝑡ˇ̱ − 𝑡˅ː ,                                                                                               (98)               ∆𝑡ˍ = ͷͳͺ − Ͳ = ͷͳͺܥ;               ∆𝑡 = ͶͶ͵ − ͷͳͺʹ,͵ ∙ log ͶͶ͵ͷͳͺ = ͶͺͲܥ. 
ɋɤɨɪɨɫɬɶ ɞɵɦɚ ɢ ɜɨɡɞɭɯɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ:             𝜔ˑˇ = Ͷ ˏ/˔.             𝜔ˑ˅ = ͺ ˏ/˔. 
ɉɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ: 
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            ݂̌ = 𝑉 ˇ/𝜔ˑˇ,                                                                                               (99)             ݂̌ = ,ͲͳͳͶ = ͳ,ͷͲ͵ ˏଶ. 
ɉɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ ɜɨɡɞɭɯɚ:            ݂˅ = 𝑉 ˅/𝜔ˑ˅,                                                                                                (100)           ݂˅ = ͷ,Ͷͳͷͺ = Ͳ, ˏଶ. 
Ɋɚɡɦɟɪɵ ɬɪɭɛ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ȽɈɋɌ 8734-75. 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɨɞɧɨɣ ɬɪɭɛɤɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ:  ݀ː˃˓ = Ͳ,Ͳ ˏ. 
ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɤɢ: ݀˅ː = Ͳ,Ͳͷ͵ ˏ. 

ɉɥɨɳɚɞɶ ɨɞɧɨɣ ɬɪɭɛɤɢ ɪɟɤɭɩɟɪɚɬɨɪɚ:            ̞ܨ ˓ = ߨ ∙ ݀˅ːଶͶ ,                                                                                                          ሺͳͲͳሻ 

ܨ̞            ˓ = ߨ ∙ Ͳ,Ͳͷ͵ଶͶ = ʹ,ʹͲͷ ∙ ͳͲ−ଷ ˏଶ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɬɪɭɛ ɜ ɪɟɤɭɩɟɪɚɬɨɪɟ:            ݊ = ܨ̞݂̌ ˓ ,                                                                                                                      ሺͳͲʹሻ 

           ݊ = ͳ,ͷͲ͵ʹ,ʹͲͷ ∙ ͳͲ−ଷ = ͺʹ ˕˓˖˄. 
ɉɪɢɧɢɦɚɟɬɫɹ ɲɚɯɦɚɬɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɬɪɭɛ. ȼ ɪɹɞɭ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 22 

ɬɪɭɛ, 31 ɪɹɞɨɜ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɪɭɛɤɚɦɢ ɩɪɢɧɢɦɚɟɬɫɹ ଵܵ = ܵଶ = Ͳ.Ͳͻ ˏ. 

Ɋɚɫɱɟɬ ɩɥɨɳɚɞɢ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɡɞɭɯɚ ɜ ɦɟɠɬɪɭɛɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɒɢɪɢɧɚ 

ɦɟɠɬɪɭɛɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ:             ܽ′ = ʹʹ ∙ ଵܵ + Ͳ,ͷ ∙ ଵܵ − ʹʹ ∙ ݀ː˃˓,                                                              (103)             ܽ′ = ʹʹ ∙ Ͳ,Ͳͻ + Ͳ,ͷ ∙ Ͳ,Ͳͻ − ʹʹ ∙ Ͳ,Ͳ = Ͳ,Ͳͷ ˏ. 
ȼɵɫɨɬɚ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɹ ɜɨɡɞɭɯɚ:             ℎ′ = ݂˅ /ܽ′,             ℎ′ = Ͳ,Ͳ,Ͳͷ = Ͳ,ͻ ˏ. 
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Ɋɢɫɭɧɨɤ 2 Ɋɚɫɩɨɥɨɠɟɧɢɟ ɬɪɭɛ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ  
 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɫɨ ɫɬɨɪɨɧɵ ɜɨɡɞɭɯɚ. 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɪɟɤɭɩɟɪɚɬɨɪɟ:             𝑡̅˅ = ሺ𝑡˅ː + 𝑡˅̱ ሻ/ʹ,                                                                                        (104)             𝑡̅˅ = Ͳ + ͶͷͲʹ = ʹʹͷܥ. 
ɉɟɪɟɫɱɟɬ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ:             𝜔˅ = 𝜔ˑ˅ ∙ ሺͳ + ߙ ∙ 𝑡̅˅ ሻ,                                                                               (105) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ: ߙ = ଵଶଷ,            𝜔˅ = ͺ (ͳ + ͳʹ͵ ∙ ʹʹͷ) = ͳͶ, ˏ/˔. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɤɨɧɜɟɤɰɢɟɣ ɩɪɢ ɩɨɩɟɪɟɱɧɨɦ ɨɦɵɜɚɧɢɢ 

ɲɚɯɦɚɬɧɵɯ ɝɥɚɞɤɨɬɪɭɛɧɵɯ ɩɭɱɤɨɜ (Ɋɢɫ 10.4/5/): 

˅ߙ            = ːߙ ∙ ʠ𝑧 ∙ ʠ௦ ∙ ʠ˗,                                                                            (106) 

ːߙ  = ͻͶ; 
 𝜎ଵ = 𝜎ଶ = 𝑆భ𝑑ː˃˓ = 𝑆మ𝑑ː˃˓ = ଽ = ͳ,ͷ;             ʠ𝑧 = ͳ;  ʠ௦ = Ͳ,ͺʹ; ʠ˗ = Ͳ,ͺͷ;             ߙ˅ = ͻͶ ∙ ͳ ∙ Ͳ,ͻʹ ∙ Ͳ,ͺͷ = Ͷ,ͺͳ  В˕/ˏଶК. 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɫɨ ɫɬɨɪɨɧɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ 

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɪɟɤɭɩɟɪɚɬɨɪɟ:             �̅�ˇ = ሺ𝑡ˇː + 𝑡ˇ̱ ሻ/ʹ,                                                                                   (107)            𝑡̅̌ = ͺͻ͵ + ͷͳͺʹ = Ͳͷ,ͷܥ. 
ɉɟɪɟɫɱɟɬ ɫɤɨɪɨɫɬɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ: 

          𝜔ˇ = 𝜔ˑˇ(ͳ + ߙ ∙ 𝑡̅̌ )                                                                                         ሺͳͲͺሻ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ:              ߙ = ͳʹ͵, 
 𝜔ˇ = Ͷ ቀͳ + ଵଶଷ ∙ Ͳͷ,ͷቁ = ͳͶ,͵Ͷ ˏ/˔. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ: 

ˇߙ           = ˍߙ +  .ˎˊˋߙ
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɤɨɧɜɟɤɰɢɟɣ:             ߙˍ = Ͳ,Ͳʹ͵ ∙ ː˅݀ˆߣ ∙ (𝜔ˇ ∙ ݀˅ːߥ ),଼ ݎ̂ܲ .ସ.                                                    ሺͳͲͻሻ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡̅̌ = Ͳͷ,ͷܥ (Ɋɢɫ 8.5/5/):             ߣˆ = ߣ ∙ ʛ𝜆,                                                                                                (110) ߣ = ͺ ∙ ͳͲ−ଶ В˕/ˏ ∙ К, 

 ʛ𝜆 = ͳ,ͲͶ, ߣˆ = ͺ ∙ ͳͲ−ଶ ∙ ͳ,ͲͶ = ͺ,͵ʹ ∙ ͳͲ−ଶ В˕/ˏ ∗ К. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡̅̌ = Ͳͷ,ͷܥ (Ɋɢɫ 8.6/5/): 

ߥ  = ͳͳͲ ∙ ͳͲ− ˏଶ/˔. 
ɑɢɫɥɨ  ܲ̂ݎ  ɞɥɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɵɦɨɜɵɯ ɝɚɡɨɜ              �̅�ˇ = Ͳͷ,ͷܥ (Ɋɢɫ 8.7/5/):            ܲ̂ݎ = ݎܲ ∙ ʛ ,                                                                                           (111) 

ݎܲ  = Ͳ,Ͳͷ;             ʛ = ͳ,Ͳ͵; 
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ݎ̂ܲ             = Ͳ,Ͳͷ ∙ ͳ,Ͳ͵ = Ͳ,ʹ͵.            ߙˍ = Ͳ,Ͳʹ͵ ∙ ͺ,͵ʹ ∙ ͳͲ−ଶͲ,Ͳͷ͵ ∙ (ͳͶ,͵Ͷ ∙ Ͳ,Ͳͷ͵ͳͳͲ ∙ ͳͲ− ),଼ Ͳ,ʹ͵.ସ = ͵ͷ,ʹ В˕/ˏଶ ∗ К.  
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ ɢɡɥɭɱɟɧɢɟɦ: 

ˎˊˋߙ            = ˔ ∙ ˗ˠ.˕˔ߝ ˆߝ] (𝑡̅̌ + ʹ͵ͳͲͲ )ସ − ˕̝ˆߝ ቀ𝑡˔˕ + ʹ͵ͳͲͲ ቁସ](𝑡̅̌ − 𝑡̝̅ ˕) .                                ሺͳͳʹሻ 

ɗɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɝɚɡɨɜɨɝɨ ɫɥɨɹ:              ܵˠ˗ = Ͳ,ͻ ∙ ݀˅ː,                                                                                           (113) 

 ܵˠ˗ = Ͳ,ͻ ∙ Ͳ,Ͳͷ͵ = Ͳ,ͲͶ ˏ. 
ɉɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ܱܥଶ ɢ ܪଶܱ:             �ܲ�ைమ = ଶܱܥ ∙ ͻͺ.ͳͳͲͲ ,                                                                                  

           �ܲ�ைమ = ͻ.͵ͺʹ ∙ ͻͺ.ͳͳͲͲ = ͻ,ʹͲͶ ˍ ʜ/ˏଶ; 
          �ܲ�మை = ଶܱܪ ∙ ͻͺ.ͳͳͲͲ , 
         �ܲ�మை = ͳ,͵ ∙ ͻͺ.ͳͳͲͲ = ͳ,Ͳ͵ ˍ ʜ/ˏଶ.             �ܲ�ைమ ∙ ܵˠ˗ = ͻ,ʹͲͶ ∙ Ͳ,ͲͶ = Ͳ,Ͷ͵ͻ.             �ܲ�మை ∙ ܵˠ˗ = ͳ,Ͳ͵ ∙ Ͳ,ͲͶ = Ͳ,ͺͳ͵. 

ɋ  ɩɨɦɨɳɶɸ  ɧɨɦɨɝɪɚɦɦ (ɪɢɫ 6.1-6.3/1/) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ 

ɝɚɡɨɜ.  

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ͳͷ ʠ ˔˕ˈ˒ˈː˟ ˚ˈ˓ːˑ˕˞ ˆ˃ˊˑ˅:             ߝˆ = 𝐶ைమߝ + ߚ ∙ 𝐻మைߝ             𝐻మை,                                                                                (114)ߝ = Ͳ,Ͳ͵ͷ,             ߝ𝐶ைమ = Ͳ,Ͳʹ, 
ߚ  = ͳ,ͳ͵,             ߝˆ = Ͳ,Ͳ͵ͷ + ͳ,ͳ͵ ∙ Ͳ,Ͳʹ = Ͳ,Ͳͷͺ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ ɬɪɭɛɵ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ: 
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            𝑡˔˕ = 𝑡̅̌ + 𝑡̅˅ʹ ,                                                                                                       ሺͳͳͷሻ 

            𝑡˔˕ = Ͳͷ + ʹʹͷʹ = Ͷͷʠ. 
ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɝɚɡɨɜ ɭ ɫɬɟɧɤɢ ɬɪɭɛɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɬɟɧɤɢ (ɪɢɫ 6.1-

6.3/1/): 

˕˔𝐻మைߝ            = Ͳ,Ͳʹͻ,              ߝ𝐶ைమ˔˕ = Ͳ,ͲͶ, 
ߚ            = ͳ,ͳ͵,              ߝˆ̝˕ = Ͳ,ͲͶ + ͳ,ͳ͵ ∙ Ͳ,Ͳʹͻ = Ͳ,Ͳ͵.             ߝ˔˕.ˠ˗ = Ͳ,ͷ ∙ ሺͳ + ˗ˠ.˕˔ߝ            ሻ,                                                                            (116)˕˔ߝ = Ͳ,ͷሺͳ + Ͳ,ͺሻ = Ͳ,ͻ. 
ˎˊˋߙ             = ͷ, ∙ Ͳ,ͻ [Ͳ,Ͳͷͺ ቀͲͷ + ʹ͵ͳͲͲ ቁସ − Ͳ,Ͳ͵ ቀͶͷ + ʹ͵ͳͲͲ ቁସ]ሺͲͷ − Ͷͷሻ = ,ͺ В˕ˏଶ ∗ К, 

ˇߙ  = ͵ͷ,ʹ + ,ͺ = Ͷͳ,ͺͺ В˕К∗ˏమ. 
ȼ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɟɤɭɩɟɪɚɬɨɪɚɯ ɬɨɥɳɢɧɚ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɫɬɟɧɤɢ ɦɚɥɚ, ɚ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɚɥɥɚ ɜɟɫɶɦɚ ɜɵɫɨɤ. Ɇɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ 

ɭɩɪɨɳɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɭɦɦɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ:            К = ˇߙ ∙ ˅ߙ˅ߙ + ˇߙ ,                                                                                                         ሺͳͳሻ 

           К = Ͷͳ,ͺͺ ∙ Ͷ,ͺͳͶ,ͺͳ + Ͷͳ,ͺͺ = ʹ,ͺ В˕К ∗ ˏଶ. 
ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɳɚɞɶ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ:            ܨ = ܳ˅К ∙ ∆𝑡 ,                                                                                                             ሺͳͳͺሻ 

ܨ            = ͵ʹͲ ∙ ͳͲͲͲ ʹ,ͺ ∙ ͶͺͲ = ʹͷ͵,Ͷ ˏଶ. 
ȼɵɫɨɬɚ ɬɪɭɛ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ:            ܪ = ߨܨ ∙ ݀ː˃˓ ∙ ݊ ,                                                                                                   ሺͳͳͻሻ 
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ܪ          = ʹͷ͵,Ͷߨ ∙ Ͳ,Ͳ ∙ ͺʹ= ͳ.ͻ ˏ. ʠ ˖˚ˈ˕ˑˏ ˕˓˖˄ːˑˌ ˇˑ˔ˍˋ ˅˞˔ˑ˕˃ ˕ˈ˒ˎˑˑ˄ˏˈːːˋˍ˃ ˓˃˅ː˃ ʹ ˏ. 
 ݉ = ݉             ℎ′,                                                                                                (120)/ܪ = ͳ,ͻͲ,ͻ = ʹ ˘ˑˇ˃. 
Ɍɟɩɥɨɨɛɦɟɧɧɢɤ ɞɜɭɯɯɨɞɨɜɵɣ, ɜɵɫɨɬɚ ɯɨɞɚ 0,96 ɦ. 

ɒɢɪɢɧɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ: 

 ܽ = ʹʹ ∙ Ͳ,Ͳͻ + Ͳ,ͷ ∙ Ͳ,Ͳͻ = ʹ,Ͳʹͷ ˏ. 
Ⱦɥɢɧɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ: 

 ℎ = ͵ͳ ∙ Ͳ,Ͳͻ + Ͳ,ͷ ∙ Ͳ,Ͳͻ = ʹ,ͺ͵ͷ ˏ. 
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10 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɜ ɝɚɡɨɯɨɞɟ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 

10.1 Ɋɚɫɱɟɬ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜ ɝɚɡɨɯɨɞɟ 
 

ɋɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɝɚɡɨɯɨɞɟ  ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ:            ∑ ℎ˒ˑ˕ = ∑ ℎˏ.˔ + ∑ ℎ˕˓ + ∑ ℎˆˈˑˏ                                                  ሺͳʹͳሻ ∑ ℎˏ.˔ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ∑ ℎ˕˓ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɨɬ ɬɪɟɧɢɹ, ∑ ℎˆˈˑˏ − ɩɨɬɟɪɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ. 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɩɟɪɜɨɦ ɭɱɚɫɬɤɟ ɝɚɡɨɯɨɞɚ  

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɩɟɪɜɨɝɨ ɭɱɚɫɬɤɚ ɫɨɫɬɨɹɬ ɢɡ 

ɩɨɬɟɪɶ ɩɪɢ ɜɯɨɞɟ ɜ ɨɬɜɟɪɫɬɢɟ ɫ ɡɚɤɪɭɝɥɟɧɧɵɦɢ ɤɪɚɹɦɢ (ߦ = Ͳ,ͳʹ) ɢ ɩɪɢ ɩɨɜɨɪɨɬɟ 

ɧɚ 900 (ߦ = ʹ):               ℎˏ.˔ = ʹ𝜔ଶߦ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵),                                                                         ሺͳʹʹሻ 

ɝɞɟ ߩ̂ − ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ:               ߩ̂ = ͶͶ ∙ ͻ,͵ͺʹ + ͳͺ ∙ ͳ,͵ + ʹͺ ∙ ͳ,͵ͷͺ + ͵ʹ ∙ ͳ,ͺͻͶʹʹ,Ͷ ∙ ͳͲͲ = ͳ,ʹͶ͵ ˍˆˏଷ ; 𝜔 − ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ ɜ ɝɚɡɨɯɨɞɟ: 𝜔 = Ͷ ˏ/˔; ߦ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ: 

ߦ  = ʹ + Ͳ,ͳʹ = ʹ,ͳʹ; 𝑡ˆ − ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɧɚɥɟ. ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɩɟɪɜɨɦ ɤɚɧɚɥɟ ɬɟɦɩɟɪɚɬɭɪɚ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɨɧɢɡɢɥɚɫɶ ɧɚ ͵ʠ, ɬɨ               𝑡ˆ = ͻͲͲ + ͺͻʹ = ͺͻͺ,ͷʠ, 
              ℎˏ.˔ = ʹ,ͳʹ ∙ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + ͺͻͺ,ͷʹ͵ ) = ͻͲ,ͷ ʜˏଶ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ: 
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           ℎ˕˓ = ߣ ∙ �݀̂� 𝜔ଶʹ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵),                                                                      ሺͳʹ͵ሻ 

ɝɞɟ 𝐿 − ɞɥɢɧɚ ɭɱɚɫɬɤɚ: 

 𝐿 = ͳ, ˏ, ݀ˆ − ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ:             ݀ˆ = Ͷܨʞ ,                                                                                                                 ሺͳʹͶሻ ܨ = ܾ ∙ ℎ = ͳ.ͷ ∙ ͵.ͷ = ͷ.ʹͷ ˏଶ −ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ, 

 ʞ = ʹܾ + ʹℎ = ʹ ∙ ͳ.ͷ + ʹ ∙ ͵.ͷ = ͳͲ ˏ,             ݀ˆ = Ͷ ∙ ͷ,ʹͷͳͲ = ʹ,ͳ ˏ. ߣ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ: 

           ܴ݁ = 𝜔 ∙  ,ߥ/ˆ݀

ɝɞɟ ߥ − ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡ˆ = ͺͻͺ,ͷܥ (Ɋɢɫ 8.6/5/):             ߥ = ͳʹͲ ∙ ͳͲ− ˏଶ/˔, 
           𝜔 = 𝜔ˑˇሺͳ + ߙ ∙ 𝑡ˆሻ − ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ:                                                                              (125)             𝜔 = Ͷ (ͳ + ͳʹ͵ ∙ ͺͻͺ,ͷ) = ͳ,ͳ ˏ/˔. 
           ܴ݁ = ͳ,ͳ ∙ ʹ,ͳͳʹͲ ∙ ͳͲ− = ͵ ∙ ͳͲହ, ܴ݁ >  ͳͲସ −  ˓ˈˉˋˏ ˕ˈ˚ˈːˋя ˕˖˓˄˖ˎˈː˕ː˞ˌ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ:              ߣ = Ͳ,͵ͳܴ݁,ଶହ ,                                                                                                               ሺͳʹሻ 

ߣ            = Ͳ,͵ͳሺ͵ ∙ ͳͲହሻ,ଶହ = Ͳ,ͲͳͶ, 
           ℎ˕˓ = Ͳ,ͲͳͶ ∙ ͳ,ʹ,ͳ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + ͺͻͺ,ͷʹ͵ ) = Ͳ,ͷʹ ʜˏଶ. 
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Ɍɚɤ ɤɚɤ ɩɟɪɜɵɣ ɤɚɧɚɥ ɪɚɫɩɨɥɨɠɟɧ ɝɨɪɢɡɨɧɬɚɥɶɧɨ, ɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ 

ɧɚɩɨɪ ɜ ɧɟɦ ɨɬɫɭɬɫɬɜɭɟɬ. 

          ℎ˒ˑ˕ = ͻͲ,ͷ + Ͳ,ͷʹ = ͻͳ,Ͳʹ ʜˏమ. 
 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜɨ ɜɬɨɪɨɦ ɤɚɧɚɥɟ ɝɚɡɨɯɨɞɚ  

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɜɬɨɪɨɝɨ ɭɱɚɫɬɤɚ ɫɨɫɬɨɹɬ ɢɡ 

ɩɨɬɟɪɶ ɨɬ ɜɧɟɡɚɩɧɨɝɨ ɫɭɠɟɧɢɹ ɤɚɧɚɥɚ (ߦ = Ͳ,ͳͺ) ɢ ɨɬ ɜɧɟɡɚɩɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 

ɤɚɧɚɥɚ (ߦ = Ͳ,ͲͶ):              ℎˏ.˔ = ʹ𝜔ଶߦ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵),                                                                             ሺͳʹሻ 

ɝɞɟ ߩ̂ − ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ:               ߩ̂ = ͶͶ ∙ ͻ,͵ͺʹ + ͳͺ ∙ ͳ,͵ + ʹͺ ∙ ͳ,͵ͷͺ + ͵ʹ ∙ ͳ,ͺͻͶʹʹ,Ͷ ∙ ͳͲͲ = ͳ,ʹͶ͵ ˍˆˏଷ ; 𝜔 − ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ ɜ ɝɚɡɨɯɨɞɟ: 

            𝜔 = Ͷ ˏ/˔; ߦ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ: 

ߦ              = Ͳ,ͳͺ + Ͳ,ͲͶ = Ͳ,ʹʹ, 𝑡ˆ − ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɧɚɥɟ. ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɜɨ ɜɬɨɪɨɦ ɤɚɧɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɚɞɚɟɬ ɧɚ Ͷʠ, ɬɨ                𝑡ˆ = ͺͻ + ͺͻ͵ʹ = ͺͻͷʠ, 
                ℎˏ.˔ = Ͳ,ʹʹ ∙ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + ͺͻͷʹ͵) = ͻ,͵ ʜˏଶ. 

ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɨɬ ɬɪɟɧɢɹ:              ℎ˕˓ = ߣ ∙ �݀̂� 𝜔ଶʹ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵),                                                                ሺͳʹͺሻ 

ɝɞɟ 𝐿 − ɞɥɢɧɚ ɭɱɚɫɬɤɚ: 𝐿 = ͳ ˏ, ݀ˆ − ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ: 
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             ݀ˆ = Ͷܨʞ ܨ , = ܾ ∙ ℎ = ͳ ∙ ͵.ͷ = ͵,ͷ ˏଶ −ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ,            ʞ = ʹܾ + ʹℎ = ʹ ∙ ͳ + ʹ ∙ ͵.ͷ = ͻ ˏ,            ݀ˆ = Ͷ ∙ ͵,ͷͻ = ͳ, ˏ. ߣ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ.  

Ʉɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ: ܴ݁ = 𝜔 ∙  ,ߥ/ˆ݀

ɝɞɟ ߥ − ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡ˆ = ͺͻͷܥ (Ɋɢɫ 8.6/5/): 

ߥ  = ͳͳ ∙ ͳͲ− ˏଶ/˔, 𝜔 = 𝜔ˑˇሺͳ + ߙ ∙ 𝑡ˆሻ − ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ:                                                                                                          (129)            𝜔 = Ͷ (ͳ + ͳʹ͵ ∙ ͺͻͷ) = ͳ,ͳͳ ˏ/˔. 
           ܴ݁ = ͳ,ͳͳ ∙ ͳ,ͳͳͷ ∙ ͳͲ− = ʹ,͵ͺ ∙ ͳͲହ, ˓ˈˉˋˏ ˕ˈ˚ˈːˋя ˕˖˓˄˖ˎˈː˕ː˞ˌ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ:             ߣ = Ͳ,͵ͳܴ݁,ଶହ, 
ߣ            = Ͳ,͵ͳሺʹ,͵ͺ ∙ ͳͲହሻ,ଶହ = Ͳ,ͲͳͶ, 
           ℎ˕˓ = Ͳ,ͲͳͶ ∙ ͳͳ, Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + ͺͻͷʹ͵) = Ͳ,͵ʹ ʜˏଶ. 

ɩɨɬɟɪɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ: 

           ℎˆˈˑˏ = ܪ ∙ ݃ ∙ ቌ ˅ ͳߩ + 𝑡˅ʹ͵ − ̂ ͳߩ + 𝑡ˆʹ͵ቍ,                                                             ሺͳ͵Ͳሻ 

ܪ −ɜɵɫɨɬɚ ɭɱɚɫɬɤɚ: ܪ = ͳ ˏ; ݃ = ͻ,ͺͳ ʜ/ˍˆ  –  ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; 
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= ˅ߩ ͳ,ʹͻ͵ ˍˆ/ˏଷ – ɩɥɨɬɧɨɫɬɶ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 𝑡˅ = Ͳܥ − ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 

            ℎˆˈˑˏ = ͳ ∙ ͻ,ͺ ∙ ቌ ͳ,ʹͻ͵ͳ + Ͳʹ͵ − ͳ,ʹͶ͵ͳ + ͺͻͷʹ͵ቍ = ͻ,ͺʹͶ ʜˏଶ. 
            ℎ˒ˑ˕ = ͻ,͵ + Ͳ,͵ʹ + ͻ,ͺʹͶ = ͳͻ,ͷ ʜˏଶ. 
 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ 

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɫɨɫɬɨɹɬ ɢɡ 

ɩɨɬɟɪɶ ɨɬ ɜɯɨɞɚ ɜ ɫɢɫɬɟɦɭ ɤɚɧɚɥɨɜ (ˇˎя ˍ˃ˇ˓˃˕ː˞˘ ˑ˕˅ˈ˓˔˕ˋˌ ߦ = ʹ,ʹ) ɢ ɨɬ 

ɩɨɬɟɪɶ, ɜɵɯɨɞɟ ɢɡ ɤɚɧɚɥɚ (ߦ = ͳ):            ℎˏ.˔ = ʹ𝜔ଶߦ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵),                                                                      ሺͳ͵ͳሻ 

ɝɞɟ ߩ̂ − ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ:             ߩ̂ = ͶͶ ∙ ͻ,͵ͺʹ + ͳͺͳ,͵ + ʹͺ ∙ ͳ,͵ͷͺ + ͵ʹ ∙ ͳ,ͺͻͶʹʹ,Ͷ ∙ ͳͲͲ = ͳ,ʹͶ͵ ˍˆˏଷ ; 𝜔 − ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ ɜ ɝɚɡɨɯɨɞɟ: 𝜔 = Ͷ ˏ/˔; ߦ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ: 

ߦ             = ʹ,ʹ + ͳ = ͵,ʹ; 𝑡ˆ − ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ: 𝑡ˆ = Ͳͷ,ͷʠ,              ℎˏ.˔ = ͵,ʹ ∙ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + Ͳͷ,ͷʹ͵ ) = ͳͳͶ,ͲͷͶ ʜˏଶ. 
ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɨɬ ɬɪɟɧɢɹ:              ℎ˕˓ = ߣ �݀̂� 𝜔ଶʹ ̂ߩ (ͳ + 𝑡ˆʹ͵), 

ɝɞɟ 𝐿 − ɞɥɢɧɚ ɭɱɚɫɬɤɚ:                𝐿 = ʹ ˏ, 
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݀ˆ − ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ:              ݀ˆ = Ͷܨʞ , 
ܨ            = ܾ ∙ ℎ = ʹ,ͻʹͷ ∙ ͳ,ͷͷ = Ͷ, ˏଶ −ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɤɚɧɚɥɚ, 

             ʞ = ʹܾ + ʹℎ = ʹ ∙ ʹ,ͻʹͷ + ʹ ∗ ͳ,ͷͷ = ͻ ˏ,               ݀ˆ = Ͷ ∙ Ͷ.ͻ = ʹ ˏ. 
Ʉɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ: 

          ܴ݁ = 𝜔 ∙  ,ߥ/ˆ݀

ɝɞɟ ߥ − ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡ˆ = Ͳͷ,ͷܥ (Ɋɢɫ 8.6/5/):             ߥ = ͳͳͲ ∙ ͳͲ− ˏଶ/˔; 𝜔 = ͳͶ,͵Ͷ − ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ;             ܴ݁ = ͳͶ,͵Ͷ ∙ ʹͳͳͲ ∙ ͳͲ− = ʹ, ∗ ͳͲହ, 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ:              ߣ = Ͳ,͵ͳܴ݁,ଶହ, 

ߣ            = Ͳ,͵ͳሺʹ, ∙ ͳͲହሻ,ଶହ = Ͳ,ͲͳͶ, 
           ℎ˕˓ = Ͳ,ͲͳͶ ∙ ʹ ∙ʹ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + Ͳͷ,ͷʹ͵ ) = Ͳ,Ͷͻͻ ʜˏଶ. 

ɩɨɬɟɪɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ: 

             ℎˆˈˑˏ = ܪ ∙ ݃ ∙ ቌ ˅ ͳߩ + 𝑡˅ʹ͵ − ̂ ͳߩ + 𝑡ˆʹ͵ቍ, 
ܪ −ɜɵɫɨɬɚ ɭɱɚɫɬɤɚ: ܪ = ʹ ˏ; ݃ = ͻ,ͺͳ ʜ/ˍˆ  –  ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; ߩ˅ = ͳ,ʹͻ͵ ˍˆ/ˏଷ – ɩɥɨɬɧɨɫɬɶ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 𝑡˅ = Ͳܥ − ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 
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             ℎˆˈˑˏ = ʹ ∙ ͻ,ͺ ∙ ቌ ͳ,ʹͻ͵ͳ + Ͳʹ͵ − ͳ,ʹͶ͵ͳ + Ͳͷ,ͷʹ͵ ቍ = ͳͺ,ͷͶ ʜˏଶ. 
             ℎ˒ˑ˕ = ͳͳͶ,ͲͷͶ + Ͳ,Ͷͻͻ + ͳͺ,ͷͶ = ͳ͵͵,ͳ ʜˏଶ. 
 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɬɪɟɬɶɟɦ ɤɚɧɚɥɟ ɝɚɡɨɯɨɞɚ  

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɬɪɟɬɶɟɝɨ ɭɱɚɫɬɤɚ ɫɨɫɬɨɹɬ ɢɡ ɩɨɬɟɪɶ 

ɨɬ ɜɧɟɡɚɩɧɨɝɨ ɫɭɠɟɧɢɹ ɤɚɧɚɥɚ (ߦ = Ͳ,ʹͻ):              ℎˏ.˔ = ʹ𝜔ଶߦ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵), 
ɝɞɟ ߩ̂ − ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ:              ߩ̂ = ͶͶ ∗ ͻ,͵ͺʹ + ͳͺ ∙ ͳ,͵ + ʹͺ ∙ ͳ,͵ͷͺ + ͵ʹ ∙ ͳ,ͺͻͶʹʹ,Ͷ ∙ ͳͲͲ = ͳ,ʹͶ͵ ˍˆˏଷ ; 𝜔 − ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ ɜ ɝɚɡɨɯɨɞɟ: 𝜔 = Ͷ ˏ/˔; ߦ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ: ߦ = Ͳ,ʹͻ, 𝑡ˆ − ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɧɚɥɟ. ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɜɨ ɜɬɨɪɨɦ ɤɚɧɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɚɞɚɟɬ ɧɚ Ͷʠ, ɬɨ               𝑡ˆ = Ͳͷ,ͷ + Ͳͳ,ͷʹ = Ͳ͵,ͷʠ, 
              ℎˏ.˔ = Ͳ,ʹͻ ∙ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + Ͳ͵,ͷʹ͵ ) = ͳͲ,͵ͳ ʜˏଶ. 

ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɨɬ ɬɪɟɧɢɹ:               ℎ˕˓ = ߣ ∙ �݀̂� 𝜔ଶʹ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵), 
ɝɞɟ 𝐿 − ɞɥɢɧɚ ɭɱɚɫɬɤɚ: 𝐿 = ͳ ˏ, ݀ˆ − ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ: 
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                ݀ˆ = Ͷܨʞ ܨ                 , = ܾ ∙ ℎ = ͳ ∙ ͵.ͷ = ͵,ͷ ˏଶ −ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ, 

              ʞ = ʹܾ + ʹℎ = ʹ ∙ ͳ + ʹ ∙ ͵.ͷ = ͻ ˏ,                ݀ˆ = Ͷ ∙ ͵,ͷͻ = ͳ, ˏ. ߣ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ:               ܴ݁ = 𝜔 ∙  ,ߥ/ˆ݀

ɝɞɟ ߥ − ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡ˆ = Ͳ͵,ͷܥ (Ɋɢɫ 8.6/5/):               ߥ = ͳͲͺ ∙ ͳͲ− ˏଶ/˔,              𝜔 = 𝜔ˑˇሺͳ + ߙ ∙ 𝑡ˆሻ − ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ:              𝜔 = Ͷ (ͳ + ͳʹ͵ ∙ Ͳ͵,ͷ) = ͳͶ,͵ ˏ/˔. 
            ܴ݁ = ͳͶ,͵ ∙ ͳ,ͳͲͺ ∙ ͳͲ− = ʹ,ͳʹ ∙ ͳͲହ, 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ:             ߣ = Ͳ,͵ͳܴ݁,ଶହ, 
ߣ            = Ͳ,͵ͳሺʹ,ͳʹ ∙ ͳͲହሻ,ଶହ = Ͳ,Ͳͳͷ, 
          ℎ˕˓ = Ͳ,Ͳͳͷ ∙ ͳͳ, Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + Ͳ͵,ͷʹ͵ ) = Ͳ,͵͵͵ ʜˏଶ. 

ɩɨɬɟɪɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ: 

           ℎˆˈˑˏ = ܪ ∙ ݃ ∙ ቌ ˅ ͳߩ + 𝑡˅ʹ͵ − ̂ ͳߩ + 𝑡ˆʹ͵ቍ, 
ܪ −ɜɵɫɨɬɚ ɭɱɚɫɬɤɚ: ܪ = ͳ ˏ; ݃ = ͻ,ͺͳ ʜ/ˍˆ  –  ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; 
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= ˅ߩ ͳ,ʹͻ͵ ˍˆ/ˏଷ – ɩɥɨɬɧɨɫɬɶ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 𝑡˅ = Ͳܥ − ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 

             ℎˆˈˑˏ = ͳ ∙ ͻ,ͺ ∙ ቌ ͳ,ʹͻ͵ͳ + Ͳʹ͵ − ͳ,ʹͶ͵ͳ + Ͳ͵,ͷʹ͵ ቍ = ͻ,ʹ ʜˏଶ. 
              ℎ˒ˑ˕ = ͳͲ,͵ͳ + Ͳ,͵͵͵ + ͻ,ʹ = ͳͻ,ͻͳ ʜˏଶ. 
 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɱɟɬɜɟɪɬɨɦ  ɤɚɧɚɥɟ ɝɚɡɨɯɨɞɚ  

 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɱɟɬɜɟɪɬɨɝɨ ɭɱɚɫɬɤɚ ɫɨɫɬɨɹɬ 

ɢɡ ɩɨɬɟɪɶ ɨɬ ɩɨɜɨɪɨɬɚ ɧɚ 900 (ߦ = ʹ):              ℎˏ.˔ = ʹ𝜔ଶߦ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵), 
ɝɞɟ ߩ̂ − ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ:              ߩ̂ = ͶͶ ∙ ͻ,͵ͺʹ + ͳͺ ∙ ͳ,͵ + ʹͺ ∙ ͳ,͵ͷͺ + ͵ʹ ∙ ͳ,ͺͻͶʹʹ,Ͷ ∙ ͳͲͲ = ͳ,ʹͶ͵ ˍˆˏଷ ; 𝜔 − ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ ɜ ɝɚɡɨɯɨɞɟ: 𝜔 = Ͷ ˏ/˔; ߦ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ: ߦ = ʹ, 𝑡ˆ − ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɧɚɥɟ. ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɱɟɬɜɟɪɨɦ ɤɚɧɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɚɞɚɟɬ ɧɚ ͳ͵.ʹʠ, ɬɨ             𝑡ˆ = Ͳͳ,ͷ + ͺͺ,͵ʹ = ͻͷʠ, 
            ℎˏ.˔ = ʹ ∗ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + ͻͷʹ͵) = Ͳ,ͷͳͻ ʜˏଶ. 

ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɨɬ ɬɪɟɧɢɹ:             ℎ˕˓ = ߣ �݀̂� 𝜔ଶʹ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵), 
ɝɞɟ 𝐿 − ɞɥɢɧɚ ɭɱɚɫɬɤɚ: 

 𝐿 = , ˏ, 
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݀ˆ − ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ:                 ݀ˆ = Ͷܨʞ ܨ                 , = ܾ ∙ ℎ = ͳ,͵ ∙ ͳ,Ͷ = ͳ,ͺʹ ˏଶ −ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ, 

              ʞ = ʹܾ + ʹℎ = ʹ ∙ ͳ,͵ + ʹ ∙ ͳ,Ͷ = ͷ,Ͷ ˏ,                ݀ˆ = Ͷ ∙ ͳ,ͺʹͷ,Ͷ = ͳ,͵ͷ ˏ. ߣ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ:              ܴ݁ = 𝜔 ∙  ,ߥ/ˆ݀

ɝɞɟ ߥ − ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡ˆ = ͻͷܥ (Ɋɢɫ 8.6/5/):              ߥ = ͳͲ ∙ ͳͲ− ˏଶ/˔,              𝜔 = 𝜔ˑˇሺͳ + ߙ ∙ 𝑡ˆሻ − ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ:              𝜔 = Ͷ (ͳ + ͳʹ͵ ∙ ͻͷ) = ͳͶ,ͳͺ ˏ/˔. 
            ܴ݁ = ͳͶ,ͳͺ ∙ ͳ,͵ͷͳͲ ∙ ͳͲ− = ͳ,ͻ ∙ ͳͲହ, 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ:             ߣ = Ͳ,͵ͳܴ݁,ଶହ, 
ߣ            = Ͳ,͵ͳሺͳ,ͻ ∙ ͳͲହሻ,ଶହ = Ͳ,Ͳͳͷ, 
           ℎ˕˓ = Ͳ,Ͳͳͷ ∙ ,ͳ,͵ͷ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + ͻͷʹ͵) = ʹ,ͷͺ ʜˏଶ. 
ɉɨɬɟɪɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɨɬɫɭɬɫɬɜɭɸɬ.             ℎ˒ˑ˕ = Ͳ,ͷͳͻ + ʹ,ͷͺ = ͵,ͳͲͷ ʜˏଶ. 
 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɨɫɥɟɞɧɟɦ  ɤɚɧɚɥɟ ɝɚɡɨɯɨɞɚ  
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ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɩɹɬɨɝɨ ɭɱɚɫɬɤɚ ɫɨɫɬɨɹɬ ɢɡ 

ɩɨɬɟɪɶ ɨɬ ɩɨɜɨɪɨɬɚ ɧɚ 900 (ߦ = ʹ), ɢ ɩɨɬɟɪɶ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɤɚɧɚɥɚ 

ߦ) = ͳ).             ℎˏ.˔ = ʹ𝜔ଶߦ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵), 
ɝɞɟ ߩ̂ − ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ:           ߩ̂ = ͶͶ ∙ ͻ,͵ͺʹ + ͳͺ ∙ ͳ,͵ + ʹͺ ∙ ͳ,͵ͷͺ + ͵ʹ ∙ ͳ,ͺͻͶʹʹ,Ͷ ∙ ͳͲͲ = ͳ,ʹͶ͵ ˍˆˏଷ ; 𝜔 − ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ ɜ ɝɚɡɨɯɨɞɟ: 𝜔 = Ͷ ˏ/˔; ߦ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ: ߦ = ʹ + ͳ = ͵, 𝑡ˆ − ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɤɚɧɚɥɟ. ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɩɹɬɨɦ ɤɚɧɚɥɟ ɬɟɦɩɟɪɚɬɭɪɚ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɩɚɞɚɟɬ ɧɚ ͳʹͲʠ, ɬɨ              𝑡ˆ = ͻͷ + ͷͷʹ = ͵ͷʠ, 
             ℎˏ.˔ = ͵ ∙ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + ͵ͷʹ͵) = ͻͻ,ʹʹ ʜˏଶ. 
ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɨɬ ɬɪɟɧɢɹ:               ℎ˕˓ = ߣ ∙ �݀̂� 𝜔ଶʹ ̂ߩ ∙ (ͳ + 𝑡ˆʹ͵), 
ɝɞɟ 𝐿 − ɞɥɢɧɚ ɭɱɚɫɬɤɚ: 𝐿 = Ͳ ˏ, ݀ˆ − ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɝɚɡɨɯɨɞɚ:                   ݀ˆ = Ͷܨʞ ܨ                   , = ܾ ∙ ℎ = ͳ,ͷ ∙ ͳ,Ͷ = ʹ,ͳ ˏଶ −ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ, 

               ʞ = ʹܾ + ʹℎ = ʹ ∙ ͳ,ͷ + ʹ ∙ ͳ,Ͷ = ͷ,ͺ ˏ,                 ݀ˆ = Ͷ ∙ ʹ,ͳͷ,ͺ = ͳ,Ͷͷ ˏ. ߣ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ: 
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            ܴ݁ = 𝜔 ∙  ,ߥ/ˆ݀

ɝɞɟ ߥ − ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡ˆ = ͵ͷܥ (Ɋɢɫ 8.6/5/):            ߥ = ͳͲʹ ∙ ͳͲ− ˏଶ/˔,           𝜔 = 𝜔ˑˇሺͳ + ߙ ∙ 𝑡ˆሻ − ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ:           𝜔 = Ͷ (ͳ + ͳʹ͵ ∙ ͵ͷ) = ͳ͵,͵ ˏ/˔. 
          ܴ݁ = ͳ͵,͵ ∙ ͳ,ͶͷͳͲʹ ∙ ͳͲ− = ͳ,ͺͻ ∙ ͳͲହ, 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ:             ߣ = Ͳ,͵ͳܴ݁,ଶହ, 
ߣ           = Ͳ,͵ͳሺͳ,ͺͻ ∙ ͳͲହሻ,ଶହ = Ͳ,Ͳͳͷ, 
           ℎ˕˓ = Ͳ,Ͳͳͷ ∙ Ͳͳ,Ͷͷ Ͷଶʹ ͳ,ʹͶ͵ ∙ (ͳ + ͵ͷʹ͵) = ʹͲ,ͷʹͻ ʜˏଶ. 

ɉɨɬɟɪɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɨɬɫɭɬɫɬɜɭɸɬ.             ℎ˒ˑ˕ = ͻͻ,ʹʹ + ʹͲ,ͷʹͻ = ͳͳͻ,ͷ ʜˏଶ. 
 

ɋɭɦɦɚɪɧɵɟ  ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɭɬɢ ɝɚɡɚ ɨɬ ɩɟɱɢ ɞɨ ɬɪɭɛɵ: ∑ ℎ˒ˑ˕ = ͻͳ,Ͳʹ + ͳͻ,ͷ + ͳ͵͵,ͳ + ͳͻ,ͻͳ + ͵,ͳͲͷ + ͳͳͻ,ͷ = Ͷͷ,Ͷ ʜˏଶ. 
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10.2 Ɋɚɫɱɟɬ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ 
 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɧɚɯɨɞɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ:            ͳ,͵ ∑ ℎ˒ˑ˕ = ˅௧ߩሺܪ − ௧̂ߩ ሻ݃ − 𝜔ଶଶ − 𝜔ଵଶʹ ˑ̂ሺͳߩ + ߙ ∙ 𝑡̅̂ ሻ
− 𝜔ଶଶʹ ˑ̂ሺͳߩ + ߙ ∙ 𝑡ଶˆሻ − ߣ ܪ ∗ �̅�ଶ݀˔˓ ˑ̂ሺͳߩ + ߙ ∙ 𝑡̅̂ ሻ,                            ሺͳ͵ʹሻ 

ɝɞɟ ͳ,͵ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɜɟɥɢɱɟɧɢɹ ℎ˒ˑ˕ ɜ ɫɥɭɱɚɟ ɮɨɪɫɢɪɨɜɚɧɧɨɣ ɪɚɛɨɬɵ ɩɟɱɢ,              ∑ ℎ˒ˑ˕ = Ͷͷ,Ͷ͵ ʜˏଶ. 
ɉɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ:            ܪ = ͷ ˏ.  
Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ ɪɚɜɧɚ  ͷͷʠ, ɩɚɞɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɵɦɨɜɨɣ ɬɪɭɛɟ ɫɨɫɬɚɜɹɬ  ͷʠ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɪɚɜɧɚ:              𝑡ଶˆ = ͷͲͲʠ. 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɫɨɬɟ ɞɵɦɨɜɨɣ ɬɪɭɛɵ:             𝑡̅̂ = 𝑡ଶˆ + 𝑡ˆʹ = ͷͲͲ + ͷͷʹ = ͷ͵,ͷʠ, 

˅௧ߩ              = ˅ ͳߩ + 𝑡˅ʹ͵,                                                                                                  ሺͳ͵͵ሻ 

˅௧ߩ              = ͳ,ʹͻ͵ͳ + Ͳʹ͵ = ͳ,ʹͻ͵ ˍˆˏଷ ; 
௧̂ߩ               = ̂ ͳߩ + 𝑡̅̂ʹ͵, 
௧̂ߩ               = ͳ,ʹͶ͵ͳ + ͷ͵,ͷʹ͵ = Ͳ,Ͷͳͻ ˍˆˏଷ. 
𝜔ଵ − ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ. 

Ɍɚɤ ɤɚɤ ɩɥɨɳɚɞɶ ɨɫɧɨɜɚɧɢɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ 

ɱɟɬɜɟɪɬɨɝɨ ɭɱɚɫɬɤɚ ɝɚɡɨɯɨɞɚ, ɬɨ ɞɢɚɦɟɬɪ ɨɫɧɨɜɚɧɢɹ ɪɚɜɟɧ: 
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            ݀ˑ˔ː = √Ͷ ∗ ʹ,ͳ͵,ͳͶ = ͳ,͵ˏ, 
Ⱦɢɚɦɟɬɪ ɭɫɬɶɹ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɜ 1,5 ɪɚɡɚ ɦɟɧɶɲɟ ɞɢɚɦɟɬɪɚ ɨɫɧɨɜɚɧɢɹ:             ݀˖˔˕ = ݀ˑ˔ː/ͳ,ͷ = ͳ,Ͳͻˏ. 

ɋɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ:             ݀˔˓ = ሺ݀˖˔˕ + ݀ˑ˔ːሻ/ʹ                                                                                          ሺͳ͵Ͷሻ             ݀˔˓ = ͳ,Ͳͻ + ͳ,͵ʹ = ͳ,͵ ˏ. 𝜔ଵ − ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ:              𝜔ଵ = 𝑉 ˇˑܨ ˔ː                                                                                                               ሺͳ͵ͷሻ 

            𝜔ଵ = ,Ͳͳͳʹ,ͳ = ʹ,ͺ ˏ/˔. 𝜔ଶ − ɫɤɨɪɨɫɬɶ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɵɦɨɜɨɣ ɬɪɭɛɵ:             𝜔ଶ = 𝑉 ܨ̟ˇ ˔˕ = 𝑉 ˇ ∙ Ͷߨ ∙ ݀˖˔˕ଶ                                                                                           ሺͳ͵ሻ 

            𝜔ଶ = ,Ͳͳͳ ∙ Ͷߨ ∙ ͳ,Ͳͻଶ = ,ͶͶ ˏ/˔. 
             �̅� = 𝜔ଶ + 𝜔ଵʹ ,                                                                                                   ሺͳ͵ሻ 

             �̅� = ,ͶͶ + ʹ,ͺʹ = Ͷ,ͷ ˏ/˔. 
           ܴ݁ = 𝜔 ∙  ,ߥ/˓˔݀

ɝɞɟ ߥ − ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɵɦɨɜɵɯ ɝɚɡɨɜ 𝑡ˆ = ͷ͵,ͷܥ (Ɋɢɫ 8.6 /5/):             ߥ = ͻͲ ∙ ͳͲ− ˏଶ/˔,            𝜔 = �̅�ሺͳ + ߙ ∙ 𝑡ˆሻ − ɫɤɨɪɨɫɬɶ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ:           𝜔 = Ͷ,ͷ (ͳ + ͳʹ͵ ∙ ͷ͵,ͷ) = ͳ͵,ͺ ˏ/˔. 
          ܴ݁ = ͳ͵,ͺ ∙ ͳ,͵ͻͲ ∙ ͳͲ− = ʹ,Ͳͺ ∙ ͳͲହ, 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ:             ߣ = Ͳ,͵ͳܴ݁,ଶହ, 
ߣ            = Ͳ,͵ͳሺʹ,Ͳͺ ∙ ͳͲହሻ,ଶହ = Ͳ,Ͳͳͷ. 
 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɧɚɯɨɞɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ:              ͳ,͵ ∑ Ͷͷ,Ͷ = ͵ሺͳ,ʹͻܪ − Ͳ,Ͷͳͻሻͻ,ͺͳ − ,ͶͶଶ − ʹ,ͺଶʹ ͳ,ʹͶ͵ሺͳ + ͷ͵,ͷ/ʹ͵ሻ
− ,ͶͶ ଶʹ ͳ,ʹͶ͵ሺͳ + ͷͲͲ/ʹ͵ሻ − Ͳ,Ͳͳͷ ܪ ∗ Ͷ,ͷ ଶͳ,͵ ͳ,ʹͶ͵ሺͳ + ͷ͵,ͷ/ʹ͵ሻ 

ȼɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ܪ = ,ͺ ˏ. 
Ɋɚɡɧɢɰɚ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨɣ ɢ ɧɚɣɞɟɧɧɨɣ ɜɵɫɨɬɵ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɫɨɫɬɚɜɥɹɟɬ: 

ܪ∆            = ,ͺ − ͷ = ͳ,ͺ ˏ,  
ɑɬɨ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɚɞɚɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. 
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ɁȺɄɅɘЧȿɇɂȿ 
 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɦɟɬɨɞɢɱɟɫɤɨɣ ɬɨɥɤɚɬɟɥɶɧɨɣ ɩɟɱɢ, 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 80 ɬ/ɱ, ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ ɧɚɝɪɟɜɚ ɛɪɨɧɡɨɜɵɯ ɫɥɢɬɤɨɜ 

ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ. 

Ɉɩɪɟɞɟɥɟɧɵ ɪɚɡɦɟɪɵ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɒɢɪɢɧɚ ɫɨɫɬɚɜɥɹɟɬ 8,35  ɦ, 

ɞɥɢɧɚ – 19.37 ɦ.   

Ɍɚɤ ɤɚɤ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɜ ɰɟɧɬɪɟ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɨɜ ɪɚɜɟɧ 62 °ɋ 

ɜ ɤɨɧɰɟ ɫɜɚɪɨɱɧɨɣ ɡɨɧɵ ɢ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɶɲɟ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 50 °ɋ 

ɧɚɡɧɚɱɚɟɬɫɹ ɬɨɦɢɥɶɧɚɹ ɡɨɧɚ, ɜ ɤɨɬɨɪɨɣ ɦɟɬɚɥɥ ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɬɚɤɨɟ ɜɪɟɦɹ, 

ɱɬɨɛɵ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɭɦɟɧɶɲɢɥɚɫɶ ɞɨ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

ɋɬɟɧɵ ɩɟɱɢ ɪɚɫɱɢɬɚɧɵ ɞɜɭɯɫɥɨɣɧɵɟ. ɉɨɫɥɟ ɫɥɨɹ ɨɝɧɟɭɩɨɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, 

ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɲɚɦɨɬ, ɜɵɤɥɚɞɵɜɚɸɬ ɫɥɨɣ 

ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɞɢɚɬɨɦɢɬɚ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ ɫɥɢɬɤɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɝɪɚɮɢɱɟɫɤɢɟ 

ɡɚɜɢɫɢɦɨɫɬɢ Ȼɭɞɪɢɧɚ. ɉɨɥɧɨɟ ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɡɚɝɨɬɨɜɨɤ ɫɨɫɬɚɜɢɥɨ 2 ɱɚɫɚ 36 

ɦɢɧɭɬ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɟɱɢ ɫɨɫɬɚɜɥɟɧ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ 

ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ 0,572 ɦ3/ɫ. Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

6 ɝɨɪɟɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ  ɫ ɜɧɟɲɧɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɬɢɩɚ «ɬɪɭɛɚ ɜ ɬɪɭɛɟ» – 

ȾȼȻ 225/45. 

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɄɉȾ ɩɟɱɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɢ ɫɧɢɠɟɧɢɹ 

ɟɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɚ ɭɯɨɞɹɳɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɭɬɢɥɢɡɢɪɭɟɬɫɹ ɜ ɪɟɤɭɩɟɪɚɬɢɜɧɨɦ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ. Ɍɟɩɥɨɨɛɦɟɧɧɢɤ ɪɚɫɫɱɢɬɚɧ ɞɜɭɯɯɨɞɨɜɵɣ, ɜɵɫɨɬɚ ɯɨɞɚ 0,96 ɦ. 

ɒɢɪɢɧɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ – 2,025 ɦ, ɞɥɢɧɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ – 2,835 ɦ 

ɇɚɣɞɟɧɵ ɫɭɦɦɚɪɧɵɟ  ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɩɭɬɢ ɝɚɡɚ ɨɬ ɩɟɱɢ ɞɨ ɬɪɭɛɵ – 

456,4 ɉɚ ɢ ɨɩɪɟɞɟɥɟɧɚ ɜɵɫɨɬɚ ɞɵɦɨɜɨɣ ɬɪɭɛɵ  – 76,8 ɦ. 
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