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ɞ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ………………………………………………ɢɡɨɝɧɭɬɚɹ. 
11. Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
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ɚ) ɬɢɩ ɬɭɪɛɢɧɵ…………………………………………………………ɉɅ40ɚ-ȼ-530; 
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ………………………………………………… ɋȼ-808/130-40ɍ4; 
ɜ) ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ……………………………………………………64,7 Ɇȼɬ; 
ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ……………………………………………………...150 ɨɛ/ɦɢɧ; 
ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ………………………………………..ɌȾɐ–100000/220-ɍ1. 
12. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ…………………………………………0,39 ɪɭɛ./ɤȼɬ∙ɱɚɫ; 
ɛ) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ………………………………..….78286,8 ɪɭɛ./ɤȼɬ; 
ɜ) ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ: ɇɉȼ…………………………….....706,84 ɦɥɧ. ɪɭɛ.; 

ɂɉ……………………………………………...1,15; 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ…………………10 ɥɟɬ 1 ɦɟɫɹɰ. 
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ȼȼȿȾȿɇɂȿ 
 

ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɷɬɨ 
ɭɜɟɥɢɱɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. 
Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɷɧɟɪɝɢɸ ɪɟɱɧɨɝɨ ɩɨɬɨɤɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ 
ɜɨɫɩɨɥɧɹɟɦɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɫ ɧɢɡɤɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ. Ƚɗɋ ɢɦɟɸɬ 
ɛɨɥɶɲɨɣ ɄɉȾ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɹɜɥɹɸɬɫɹ 
ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦɢ ɝɟɧɟɪɢɪɭɸɳɢɦɢ ɫɬɚɧɰɢɹɦɢ. Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
ɹɜɥɹɸɬɫɹ ɭɱɚɫɬɧɢɤɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬɚɤ ɤɚɤ ɩɪɨɰɟɫɫ 
ɜɤɥɸɱɟɧɢɹ ɝɟɧɟɪɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ, 

ȼ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɩɪɟɞɩɪɢɹɬɢɣ, ɡɚɧɢɦɚɸɳɢɯɫɹ 
ɡɨɥɨɬɨɞɨɛɵɱɟɣ, ɥɟɫɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɟ ɡɚɜɨɞɵ, ɫɭɞɨɪɟɦɨɧɬɧɵɣ ɡɚɜɨɞ, ɡɚɜɨɞ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ. ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ 
ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɬ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ. Ɍɚɤ ɠɟ ɜ 
ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɥɚɧɢɪɭɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɢɯ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɬɚɤ ɤɚɤ ɏɚɛɚɪɨɜɫɤɢɣ Ʉɪɚɣ ɛɨɝɚɬ ɞɚɧɧɵɦ ɢɫɤɨɩɚɟɦɵɦ ɪɟɫɭɪɫɨɦ. 

ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɩɨɡɜɨɥɢɬ ɨɛɥɟɝɱɢɬɶ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɟ, ɬɚɤ ɤɚɤ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɯɨɞɹɬɫɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ 
ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɛɥɢɠɚɣɲɟɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ɐɟɥɶɸ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɪɚɛɨɬɤɚ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɢ ɡɚɤɪɟɩɥɟɧɢɟɦ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɧɢɣ, ɚ 
ɬɚɤɠɟ ɩɭɬɟɦ ɢɧɠɟɧɟɪɧɨɣ ɦɵɫɥɢ ɢ ɬɜɨɪɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɤɨɧɤɪɟɬɧɵɯ 
ɡɚɞɚɱ, ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɵɟ ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ. 
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1 Ɉɛɳɚɹ ɱɚɫɬɶ 
 

1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 
 

1.1.1 Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 

Ʉɥɢɦɚɬ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ: ɭɦɟɪɟɧɧɵɣ ɦɭɫɫɨɧɧɵɣ ɤɥɢɦɚɬ 
ɫ ɪɟɡɤɢɦɢ ɫɭɬɨɱɧɵɦɢ ɩɟɪɟɩɚɞɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɨɪɨɬɤɚɹ ɫɭɯɚɹ ɢ ɬёɩɥɚɹ ɨɫɟɧɶ 
ɫɦɟɧɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɧɟɠɧɨɣ ɡɢɦɨɣ: ɭɫɬɨɣɱɢɜɵɟ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɞɟɪɠɚɬɫɹ ɫ ɫɟɪɟɞɢɧɵ ɧɨɹɛɪɹ ɩɨ ɫɟɪɟɞɢɧɭ ɮɟɜɪɚɥɹ. ɉɟɪɜɚɹ 
ɩɨɥɨɜɢɧɚ ɡɢɦɵ ɯɚɪɚɤɬɟɪɧɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɫɚɞɤɨɜ, ɧɨ 
ɪɟɝɭɥɹɪɧɵɦɢ, ɢ ɜɟɫɶɦɚ ɫɢɥɶɧɵɦɢ ɜɟɬɪɚɦɢ ɫ ɦɚɬɟɪɢɤɚ. ȼɟɫɧɚ ɧɚɫɬɭɩɚɟɬ ɩɨ 
ɫɟɡɨɧɭ, ɧɨ ɬɹɧɟɬɫɹ ɞɨɥɝɨ − ɜɩɥɨɬɶ ɞɨ ɩɟɪɜɵɯ ɱɢɫɟɥ ɦɚɹ ɬёɩɥɵɟ ɫɨɥɧɟɱɧɵɟ ɞɧɢ 
ɪɟɝɭɥɹɪɧɨ ɱɟɪɟɞɭɸɬɫɹ ɫɧɟɠɧɵɦɢ ɡɚɪɹɞɚɦɢ, ɩɨɪɨɸ ɞɨɜɨɥɶɧɨ ɫɢɥɶɧɵɦɢ. Ʌɟɬɨ 
ɧɚɫɬɭɩɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɩɨɡɞɧɨ, ɢ ɥɟɬɨɦ ɧɟɞɟɥɹɦɢ ɜɨɡɦɨɠɧɚ ɩɚɫɦɭɪɧɚɹ ɩɨɝɨɞɚ ɢ 
ɡɚɬɹɠɧɵɟ ɞɨɠɞɢ. Ʉɥɢɦɚɬɢɱɟɫɤɨɟ ɥɟɬɨ (ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɲɟ +15) 
ɧɚɫɬɭɩɚɟɬ ɜ ɢɸɥɟ/ɚɜɝɭɫɬɟ (ɢɥɢ ɦɨɠɟɬ ɧɟ ɧɚɫɬɭɩɢɬɶ ɜɨɨɛɳɟ). 

 
1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 

 
ɍɫɶɤɚ−Ɉɪɨɱɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ ɏɚɛɚɪɨɜɫɤɨɦ ɤɪɚɟ ɧɚ ɪɟɤɟ 

Ɍɭɦɧɢɧ ɜ 82 ɤɦ ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɩɨɫɟɥɤɚ ɍɫɶɤɚ−Ɉɪɨɱɫɤɚɹ. 
ɂɫɬɨɤ ɪ.Ɍɭɦɧɢɧ ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɟɜɟɪɧɨɦ ɦɚɤɪɨɫɤɥɨɧɟ ɯɪɟɛɬɚ ɋɢɯɨɬɷ-Ⱥɥɢɧɶ 

ɭ ɩɨɫёɥɤɚ Ɉɤɬɹɛɪɶɫɤɢɣ ȼɚɧɢɧɫɤɨɝɨ ɪɚɣɨɧɨ ɏɚɛɚɪɨɜɫɤɨɝɨ ɤɪɚɹ. Ⱦɥɢɧɚ ɪɟɤɢ 364 
ɤɦ. ɋɪɟɞɧɢɣ ɪɚɫɯɨɞ ɜɨɞɵ 204 ˏ ଷ ˔⁄ . ȼ ɫɬɜɨɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ 
Ƚɗɋ ɜɨɞɨɫɛɨɪɧɚɹ ɩɥɨɳɚɞɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɨɜɨɥɶɧɨ ɝɨɪɧɭɸ ɦɟɫɬɧɨɫɬɶ, ɜɟɪɯɧɹɹ, 
ɜɨɫɬɨɱɧɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬ ɜɵɫɨɬɵ 472 ɦ. ɉɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɧɨɝɨ 
ɛɚɫɫɟɣɧɚ ɫɨɫɬɚɜɥɹɟɬ 22 400 ɤɦ². ɒɢɪɢɧɚ ɪɟɤɢ ɞɨ 130 ɦ, ɝɥɭɛɢɧɚ ɞɨ 12 ɦ. 

ȼɨɞɧɵɣ ɪɟɠɢɦ ɪɟɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɜɟɫɟɧɧɢɦ 
ɩɨɥɨɜɨɞɶɟɦ ɢ ɥɟɬɧɢɦɢ ɞɨɠɞɟɜɵɦɢ ɩɚɜɨɞɤɚɦɢ. Ʌɟɞɨɫɬɚɜ ɫ ɧɨɹɛɪɹ ɩɨ ɚɩɪɟɥɶ. 

Ɋɹɞ ɧɚɛɥɸɞɟɧɢɣ ɫɨ ɫɪɟɞɧɟɦɟɫɹɱɧɵɦɢ ɪɚɫɯɨɞɚɦɢ ɡɚ ɪɟɤɨɣ Ɍɭɦɧɢɧ ɜ ɩɟɪɢɨɞ 
ɫ 1896 ɝɨɞɚ ɩɨ 1996 ɝɨɞ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1.   
 Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɹɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 
 
Ɍɚɛɥɢɰɚ 1.1 − Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɹɯ  

Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ P, % 0,1 0,5 1 3 
Ɋɚɫɯɨɞ Q, ˏଷ ˔⁄  3099 2543 2298 1902 

 
Ʉɨɨɪɞɢɧɚɬɵ ɥɟɬɧɟɣ ɢ ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.2 ɢ ɪɢɫɭɧɤɟ 1.1. 
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Ɍɚɛɥɢɰɚ 1.2 - Ʉɨɨɪɞɢɧɚɬɵ ɥɟɬɧɟɣ ɢ ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ  
Zɧɛ, ɦ Q, ɦ3/ɫ ɥɟɬɚ Q, ɦ3/ɫ ɡɢɦɵ 

146 0 0 
147,75 400 340 
148,4 600 510 
148,9 800 680 
149,6 1200 1020 
149,9 1400 1190 
150,2 1600 1360 
150,7 2000 1700 
150,95 2200 1870 
151,2 2400 2040 
151,6 2800 2380 
151,8 3000 2550 
151,95 3200 2720 

 

 
Ɋɢɫɭɧɨɤ 1.1 − Ʌɟɬɧɹɹ ɢ ɡɢɦɧɹɹ ɤɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
 
 Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3 ɢ 
ɪɢɫɭɧɤɟ 1.2. 
 
Ɍɚɛɥɢɰɚ 1.3 − Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

ZȼȻ, ɦ 518,00 535,00 546,00 552,00 555,90 558,00 559,00 

V, ɤɦ3 0,00 2,93 5,86 8,79 13,19 17,00 20,51 
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Ɋɢɫɭɧɨɤ 1.2 − Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

 
1.1.3 ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

 
ɉɪɨɟɤɬɢɪɭɟɦɵɣ ɫɬɜɨɪ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɩɪɨɱɧɨɦ 

ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɩɨɪɨɞɚ ɨɫɧɨɜɚɧɢɹ−ɝɪɚɧɢɬ. 
Ƚɪɭɧɬ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
− ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ 𝜑ˆ˓ = ͵͸,ͷ°; 
− ɍɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɝɪɭɧɬɚ ̂ߛ ˓ = ʹͷ,ͷ  ˍʜ/ˏଷ; 
− ɉɨɪɢɫɬɨɫɬɶ ɫɤɚɥɵ ݊଴ = Ͳ,ͲͲͷ; 
− ɋɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ c = Ͷʹ,ͷ ɤɇ/ɦ2. 
ɍɫɶɤɚ−Ɉɪɨɱɫɤɚɹ Ƚɗɋ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɡɨɧɟ ɫ ɨɠɢɞɚɟɦɨɣ ɫɟɣɫɦɢɱɧɨɫɬɶɸ 

ɨɤɨɥɨ 8 ɛɚɥɥɨɜ. 
 

1.2 ɗɧɟɪɝɨɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ 
 

ɍɫɶɤɚ−Ɉɪɨɱɫɤɚɹ Ƚɗɋ ɧɚɯɨɞɢɬɫɹ ɜ ȺɈ «ɋɈ ȿɗɋ» «Ɋɟɝɢɨɧɚɥɶɧɨɟ 
ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɏɚɛɚɪɨɜɫɤɨɝɨ ɤɪɚɹ» (ɏɚɛɚɪɨɜɫɤɨɟ 
ɊȾɍ), ɜɯɨɞɢɬ ɜ Ɉɗɋ ȼɨɫɬɨɤɚ. 

ȼ ɡɨɧɟ ɏɚɛɚɪɨɜɫɤɨɝɨ ɊȾɍ ɧɚɯɨɞɹɬɫɹ ɨɛɴɟɤɬɵ ɝɟɧɟɪɚɰɢɢ ɫɭɦɦɚɪɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 2168,7 Ɇȼɬ. 

ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ:  
− Ⱥɦɭɪɫɤɚɹ Ɍɗɐ−1; 
− Ʉɨɦɫɨɦɨɥɶɫɤɚɹ Ɍɗɐ−2; 
− ɏɚɛɚɪɨɜɫɤɚɹ Ɍɗɐ−1. 
Ⱦɥɹ ɫɝɥɚɠɢɜɚɧɢɹ ɩɢɤɨɜ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ 

ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ.  
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ  
 

2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 
 

− Ɉɬɦɟɬɤɚ ɇɉɍ = 186 ɦ; 
− Ɉɬɦɟɬɤɚ ɞɧɚ = 146 ɦ; 
− Ƚɨɞɨɜɨɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 800 Ɇȼɬ; 
− Ɋɟɡɟɪɜɵ: ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ 3%, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ 

10%; 
− Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ܭˊ = Ͳ,ͺͷ; 
− Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ܭே = ͺ,ͷ; 
− ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ܰ = ʹͲͳͲ ʛʑ˕, Э = ͹ͳͲͲ ˏˎː ˍʑ˕ ∙ ˚; 
− Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȼɏɄ) ɢ ɩɨɬɟɪɢ 

ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1 ɢ 2.2; 
− Ʉɪɢɜɵɟ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɚ ɬɚɤɠɟ ɤɪɢɜɵɟ ɫɜɹɡɢ 

ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 1ɩ, ɜ  
ɬɚɛɥɢɰɚɯ 1.2 ɢ 1.3, ɪɢɫɭɧɨɤ 1.1 ɢ 1.2. 
 

Ɍɚɛɥɢɰɚ 2.1 − ɉɨɬɟɪɢ ɜɨɞɵ 
Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII 

Qɢɫɩɚɪ, ɦ3/ɫ 0 0 0 2 4 2 1 0 0 0 0 0 
Qɮɢɥɶɬɪ, ɦ3/ɫ 1 1 1 1 1 1 1 1 1 1 1 1 
Qɥɶɞɨɨɛɪ, ɦ3/ɫ 0 0 0 1 1 2 2 -3 -3 0 0 0 

Q∑, ɦ3/ɫ 1 1 1 2 3 3 3 -1 0 5 3 2 
 
Ɍɚɛɥɢɰɚ 2.2 − Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ 

Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII 
Qɜɯɤ, ɦ3/ɫ 70 70 70 70 70 70 70 70 70 70 70 70 

Qɫɚɧ.ɩɨɩɭɫɤ, ɦ3/ɫ 35 35 35 35 35 35 35 35 35 35 35 35 
 

2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɜ 
ɡɚɞɚɧɧɨɦ ɫɬɜɨɪɟ 
 

Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɛɨɬɵ ɝɨɞɚ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: 
ɩɨɥɨɜɨɞɶɟ (ɦɟɫɹɰɵ ɫ IV ɩɨ VII ) ɢ ɦɟɠɟɧɶ (ɦɟɫɹɰɵ ɫ I ɩɨ III  ɢ ɫ VIII ɩɨ XII ). Ⱦɚɥɟɟ 
ɜɵɱɢɫɥɹɸɬɫɹ ɢ ɪɚɧɠɢɪɭɸɬɫɹ ɫɪɟɞɧɟɝɨɞɨɜɵɟ ɪɚɫɯɨɞɵ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ 
ɜɵɱɢɫɥɹɟɬɫɹ ɢɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ. 

Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
ሺ݉ሻ݌  = ௠௡+ଵ ∙ ͳͲͲ,                                                                                              (2.1) 
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ɝɞɟ ݉ – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɪɚɫɯɨɞɨɜ, ɪɚɧɠɢɪɨɜɚɧɧɵɣ ɜ ɭɛɵɜɚɸɳɟɦ 
ɩɨɪɹɞɤɟ;  
    ݊ – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɱɥɟɧɨɜ ɪɹɞɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 2.3. 
 

Ɍɚɛɥɢɰɚ 2.3 − Ɋɚɧɠɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɢ 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɪɚɫɯɨɞɨɜ 

m P, % Qɫɪ. ɝɨɞ Ƚɨɞɵ Qɫɪ.ɦɟɠɟɧɶ Ƚɨɞɵ Q ɫɪ.ɩɨɥɨɜ. Ƚɨɞɵ 
1 1 434 1926 294 1949 1042 1926 
2 2 429 1991 254 1992 966 1946 
3 3 413 1946 227 1991 927 1978 
4 4 384 1985 220 1985 862 1913 
5 5 375 1978 190 1977 857 1902 
6 6 359 1990 167 1970 849 1969 
7 7 352 1970 162 1927 834 1991 
8 8 347 1969 161 1907 813 1996 
9 9 339 1996 156 1983 805 1990 
10 10 332 1992 144 1989 750 1995 
11 11 332 1989 142 1988 720 1970 
12 12 331 1913 136 1990 719 1945 
13 13 330 1949 136 1946 711 1985 
14 14 326 1995 136 1942 708 1989 
15 15 321 1988 133 1914 691 1956 
16 16 311 1902 130 1926 680 1988 
17 17 301 1947 126 1947 653 1947 
18 18 291 1942 122 1968 643 1924 
19 18 286 1945 118 1994 634 1971 
20 19 280 1960 116 1960 621 1915 
21 20 279 1977 115 1900 614 1993 
22 21 278 1971 114 1995 608 1960 
23 22 270 1984 109 1984 601 1942 
24 23 267 1927 105 1929 599 1948 
25 24 258 1993 104 1923 594 1912 
26 25 258 1915 102 1996 592 1984 
27 26 256 1956 101 1925 586 1928 
28 27 255 1983 101 1971 575 1982 
29 28 253 1982 99 1978 544 1899 
30 29 248 1925 98 1930 543 1925 
31 30 246 1914 96 1969 526 1940 
32 31 246 1924 93 1982 526 1931 
33 32 242 1907 90 1941 524 1921 
34 33 237 1948 90 1934 516 1980 
35 34 229 1931 82 1979 515 1908 
36 35 227 1928 81 1931 509 1979 
37 36 226 1912 80 1993 490 1919 
38 37 224 1979 77 1972 489 1992 
39 38 220 1941 77 1919 486 1972 
40 39 215 1919 77 1915 482 1964 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.3 
m P, % Qɫɪ. ɝɨɞ Ƚɨɞɵ Qɫɪ.ɦɟɠɟɧɶ Ƚɨɞɵ Q ɫɪ.ɩɨɥɨɜ. Ƚɨɞɵ 
41 40 213 1972 74 1958 479 1965 
42 41 213 1968 70 1945 479 1941 
43 42 208 1994 69 1917 477 1927 
44 43 207 1899 67 1961 472 1914 
45 44 204 1908 66 1913 465 1962 
46 45 202 1980 65 1981 458 1977 
47 46 196 1921 64 1933 455 1983 
48 47 196 1940 64 1966 453 1959 
49 48 194 1961 63 1905 448 1961 
50 49 191 1900 63 1954 435 1943 
51 50 189 1965 61 1974 432 1955 
52 51 187 1964 61 1918 431 1973 
53 52 182 1943 56 1948 406 1907 
54 53 180 1962 55 1943 405 1918 
55 54 177 1959 52 1963 402 1949 
56 55 176 1918 51 1896 395 1968 
57 56 174 1973 50 1986 388 1994 
58 57 174 1955 49 1936 367 1963 
59 58 164 1917 49 1944 353 1917 
60 59 157 1963 48 1928 351 1939 
61 60 152 1905 48 1908 350 1903 
62 61 151 1934 47 1924 348 1952 
63 62 148 1944 46 1973 345 1944 
64 63 147 1936 45 1955 342 1950 
65 64 147 1986 45 1980 342 1936 
66 65 145 1929 44 1965 342 1900 
67 66 144 1952 44 1904 341 1986 
68 67 143 1903 43 1975 331 1905 
69 68 141 1974 43 1897 330 1897 
70 69 140 1950 43 1912 322 1922 
71 70 139 1897 42 1952 306 1987 
72 71 138 1933 41 1976 301 1974 
73 72 132 1939 40 1898 292 1957 
74 73 132 1954 40 1903 292 1938 
75 74 127 1922 39 1959 289 1916 
76 75 126 1923 39 1964 286 1933 
77 76 125 1987 39 1899 286 1904 
78 77 125 1904 39 1950 277 1911 
79 78 121 1916 38 1902 275 1906 
80 79 120 1958 38 1956 274 1937 
81 80 119 1938 38 1920 273 1934 
82 81 116 1975 38 1910 270 1954 
83 82 116 1930 38 1962 269 1909 
84 83 115 1981 37 1909 262 1975 
85 84 115 1909 37 1916 259 1976 
86 85 114 1976 35 1967 258 1901 
87 86 114 1966 35 1987 257 1932 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.3 
m P, % Qɫɪ. ɝɨɞ Ƚɨɞɵ Qɫɪ.ɦɟɠɟɧɶ Ƚɨɞɵ Q ɫɪ.ɩɨɥɨɜ. Ƚɨɞɵ 
88 87 113 1957 33 1938 254 1953 
89 88 112 1937 33 1935 251 1935 
90 89 110 1906 32 1951 249 1967 
91 89 110 1911 32 1921 245 1910 
92 90 107 1901 31 1901 241 1951 
93 91 107 1910 31 1937 235 1920 
94 92 106 1967 31 1953 234 1898 
95 93 106 1953 31 1940 224 1929 
96 94 105 1935 29 1922 215 1981 
97 95 105 1898 27 1906 213 1966 
98 96 104 1920 27 1932 213 1958 
99 97 103 1932 26 1911 208 1896 
100 98 103 1896 23 1957 172 1923 
101 99 102 1951 22 1939 152 1930 

 
Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɦɚɥɨɜɨɞɧɨɝɨ ɩɪɢɧɢɦɚɟɬɫɹ ɝɨɞ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 

90%, ɫɪɟɞɧɟɜɨɞɧɵɣ ɫ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ ɫɬɨɤɚ.  
 
2.2.1 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ (P=50%) ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

 
ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. 
Ɂɚ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ P = ͷͲ% ɩɪɢɧɢɦɚɟɦ 1965 ɝɨɞ, ɡɚ 

ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ʟ = ͻͲ% ɩɪɢɧɢɦɚɟɦ 1901 ɝɨɞ. Ⱦɚɥɟɟ 
ɜɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. 

ɉɨ ɦɟɠɟɧɢ ɞɥɹ 1965 ɝɨɞɚ: 
ˏܭ  = ொభవళరொభవలఱ = ଺ଵସସ = ͳ,͵ͻ.                                                                                    (2.2) 

 
ɉɨ ɩɨɥɨɜɨɞɶɸ ɞɥɹ 1965 ɝɨɞɚ:  

˒ܭ  = ொభవఱఱொభవలఱ = ସଷଶସ଻ଽ = Ͳ,ͻ.                                                                                   (2.3) 

 
ɉɨ ɦɟɠɟɧɢ ɞɥɹ 1901 ɝɨɞɚ:  
ˏܭ  = ொభవలఴொభవఴమ = ଷଵଷଵ = ͳ.                                                                                       (2.4) 

 
ɉɨ ɩɨɥɨɜɨɞɶɸ ɞɥɹ 1901 ɝɨɞɚ:  
˒ܭ  = ொభవలఴொభవఴమ = ଶସଵଶହ଼ = Ͳ,ͻ͵.                                                                                (2.5) 
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Ɂɚɬɟɦ ɭɬɨɱɧɹɟɦ ɝɨɞɨɜɨɣ ɫɬɨɤ, ɭɦɧɨɠɢɜ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ ɧɚ 
ɜɵɱɢɫɥɟɧɧɵɟ ɧɚɦɢ ɜɵɲɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. ɉɪɢ ɭɬɨɱɧɟɧɢɢ ɢɡɦɟɧɢɥɨɫɶ ɡɧɚɱɟɧɢɟ 
ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ, ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɜɟɫɬɢ ɤ ɢɫɯɨɞɧɨɦɭ ɡɧɚɱɟɧɢɸ. 
ȼɵɩɨɥɧɹɟɬɫɹ ɷɬɨ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  ȼ ɬɚɛɥɢɰɟ 2.4 ɢ 2.5 
ɩɪɢɜɟɞɟɧɵ ɢɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ, ɫ ɩɪɢɜɟɞɟɧɢɟɦ ɢ ɫ ɭɬɨɱɧɟɧɧɵɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɥɹ 1901 ɢ 1965 ɝɨɞɨɜ. Ɂɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɦɟɬɪɚɯ 
ɤɭɛɢɱɟɫɤɢɯ ɜ ɫɟɤɭɧɞɭ. 

 
Ɍɚɛɥɢɰɚ 2.4 − Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ 1965 ɝɨɞ (P=50%) 

P=50%, ɝɨɞ 1965 
Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII Qɫɪ.ɝɨɞ 

ɂɫɯɨɞɧɵɟ 24 22 23 460 800 401 255 84 59 53 52 35 189 
ɉɪɢɜɟɞɟɧ. 34 31 32 414 720 361 230 117 82 74 73 48 185 
ɋɤɨɪɪɟɤɬ. 40 41 47 414 720 361 230 120 87 80 79 51 189 

 
Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɱɟɬɧɵɣ ɦɚɥɨɜɨɞɧɵɣ 1901 ɝɨɞ (P=90%) 

P=90%, ɝɨɞ 1901 
Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII Qɫɪ.ɝɨɞ 

ɂɫɯɨɞɧɵɟ 30 31 36 262 416 207 149 33 32 34 33 23 107 
ɉɪɢɜɟɞɟɧ. 30 31 36 246 387 193 138 33 32 34 33 23 101 
ɋɤɨɪɪɟɤɬ. 39 39 46 244 387 193 138 42 42 43 42 30 107 

 
ɂɡ ɬɚɛɥɢɰ 2.4 ɢ 2.5 ɜɢɞɧɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɦɚɥɨɜɨɞɧɨɝɨ 

ɝɨɞɚ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ, ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɤɨɪɪɟɤɬɢɪɨɜɤɭ, ɫɨɯɪɚɧɢɜ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ 
ɪɚɫɯɨɞɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɨɠɭ ɜ ɬɚɛɥɢɰɟ 2.6. 

 
Ɍɚɛɥɢɰɚ 2.6 − Ɋɚɫɱɟɬɧɵɟ ɦɚɥɨɜɨɞɧɵɣ ɢ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞɵ 

Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII Qɫɪ.ɝɨɞ 
P=50%, ɝɨɞ 1965 40 41 47 414 720 361 230 120 87 80 79 51 189 
P=90%, ɝɨɞ 1901 39 39 46 244 387 193 138 42 42 43 42 30 107 

 
 ɇɚ ɪɢɫɭɧɤɟ 2.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ 
ɝɨɞɨɜ, ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.6. 
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Ɋɢɫɭɧɨɤ 2.1 − Ƚɢɞɪɨɝɪɚɮɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

 
2.3 ȼɵɛɨɪ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɨ-

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 
 

2.3.1 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɪɢɜɵɯ ɧɚɝɪɭɡɤɢ (ɂɄɇ) 

 
ɋ ɫɚɣɬɚ ɋɢɫɬɟɦɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɟɞɢɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɨɥɭɱɚɟɦ 

ɧɟɨɛɯɨɞɢɦɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɡɚ ɥɟɬɧɢɣ ɢ 
ɡɢɦɧɢɣ ɩɟɪɢɨɞɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. ɇɚ ɪɢɫɭɧɤɟ 2.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɭɬɨɱɧɵɟ 
ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɏɚɛɚɪɨɜɫɤɨɝɨ ɊȾɍ ɜ ɡɢɦɧɢɣ ɢ ɥɟɬɧɢɣ ɩɟɪɢɨɞɵ 

 

 
Ɋɢɫɭɧɨɤ 2.2 − ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɏɚɛɚɪɨɜɫɤɨɝɨ ɊȾɍ ɜ ɡɢɦɧɢɣ ɢ 

ɥɟɬɧɢɣ ɩɟɪɢɨɞɵ 
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Ⱦɥɹ ɩɨɫɬɪɨɟɧɧɵɯ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɫɬɪɨɹɬɫɹ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɂɄɇ. ɉɨɪɹɞɨɤ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɭɤɚɡɚɧ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ [2, ɫɬɪ. 22]. 
Ɋɟɡɭɥɶɬɚɬɵ, ɚ ɬɚɤɠɟ ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.7. ɇɚ 
ɪɢɫɭɧɤɚɯ 2.3 ɢ 2.4 ɩɪɢɜɟɞɟɧɵ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ, ɫɨɜɦɟɳɟɧɧɵɟ ɫ ɂɄɇ 
ɞɥɹ ɡɢɦɧɟɝɨ ɢ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 
Ɍɚɛɥɢɰɚ 2.7 − Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɡɢɦɧɟɣ ɢ ɥɟɬɧɟɣ ɂɄɇ 

 

t 
Pɪɚɧɠ 

(ɡɢɦɚ), 
Ɇȼɬ 

∆P ∆ɗ Pɤɨɨɪɞ, 
Ɇȼɬ 

ɗɤɨɨɪɞ, 
ɦɥɧ 

Ʉȼɬ∙ɱ 

Pɪɚɧɠ 
(ɥɟɬɨ), 
Ɇȼɬ 

∆P ∆ɗ Pɤɨɨɪ, 
Ɇȼɬ 

ɗɤɨɨɪɞ, 
ɦɥɧ 

Ʉȼɬ∙ɱ 
1 800 21 0,021 21 0,021 472 25 0,025 25 0,025 
2 779 19 0,037 39 0,058 447 5 0,010 30 0,036 
3 761 13 0,038 52 0,096 442 1 0,002 31 0,037 
4 748 9 0,035 61 0,131 441 11 0,042 42 0,080 
5 739 20 0,101 81 0,232 430 3 0,017 45 0,097 
6 719 2 0,013 83 0,245 427 1 0,006 46 0,103 
7 717 40 0,283 124 0,528 426 6 0,042 52 0,144 
8 676 21 0,164 144 0,693 420 5 0,042 57 0,186 
9 656 5 0,042 149 0,734 415 5 0,045 62 0,231 
10 651 7 0,066 155 0,800 410 5 0,047 67 0,277 
11 645 4 0,043 159 0,843 405 5 0,055 72 0,332 
12 641 0 0,001 159 0,844 400 5 0,065 77 0,397 
13 641 18 0,230 177 1,074 395 21 0,270 98 0,667 
14 623 8 0,109 185 1,183 374 5 0,063 102 0,730 
15 615 98 1,464 282 2,646 370 0 0,003 103 0,733 
16 518 0 0,000 282 2,646 369 64 1,016 166 1,750 
17 518 64 1,081 346 3,728 306 27 0,457 193 2,207 
18 454 50 0,897 396 4,625 279 21 0,386 214 2,593 
19 404 31 0,581 426 5,205 258 14 0,265 228 2,858 
20 374 10 0,208 437 5,413 244 2 0,042 231 2,900 
21 363 0 0,000 437 5,413 241 8 0,174 239 3,074 
22 363 15 0,320 451 5,734 233 0 0,000 239 3,074 
23 349 0 0,000 451 5,734 233 0 0,000 239 3,074 
24 349 349 8,367 800 14,101 233 233 5,596 472 8,670 
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Ɋɢɫɭɧɨɤ 2.3 − Ɂɨɧɚ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ɧɚ ɡɢɦɧɟɦ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ 

ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ 
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Ɋɢɫɭɧɨɤ 2.4 − Ɂɨɧɚ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ɧɚ ɥɟɬɧɟɦ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ 
ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ 

 
2.3.2 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 

ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ (ɝɪɚɮɢɤɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ) ɢ 
ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ (ɝɪɚɮɢɤ ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ) ɧɟɨɛɯɨɞɢɦɵ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ 
ɧɚɝɪɭɡɤɢ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ௧ܲ௠௔௫ = ܽ + ܾ ∙ cosሺ͵Ͳ୭ ∙ t − ͳͷ୭ሻ,                                                                  (2.6) 
ݐ ˈˇˆ  − ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ; ܽ, ܾ − ɤɨɷɮɮɢɰɢɟɧɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (2.7) ɢ (2.8). 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 

 ܽ = ௉́೘ೌ𝑥+௉ˎ೘ೌ𝑥ଶ = ଼଴଴+ସ଻ଶଶ = ͸͵͸,                                                                                       (2.7) 
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ܾ = ௉́೘ೌ𝑥−௉ˎ೘ೌ𝑥ଶ = ଼଴଴−ସ଻ଶଶ = ͳ͸Ͷ,                                                                                       (2.8) ˆˇˈ ܲ́௠௔௫ − ɡɢɦɧɢɣ ɦɚɤɫɢɦɭɦ ɝɨɞɨɜɨɣ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ; ܲˎ௠௔௫ − ɥɟɬɧɢɣ ɦɚɤɫɢɦɭɦ ɝɨɞɨɜɨɣ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 2.8. 

 
Ɍɚɛɥɢɰɚ 2.8 − Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

Ɇɟɫɹɰ cos(ɚ) a ̊ Pɦɚɤɫ Pɫɪ 
1 1,0 0,26 794 584 
2 0,7 0,79 752 555 
3 0,3 1,31 679 504 
4 -0,3 1,83 594 445 
5 -0,7 2,36 520 394 
6 -1,0 2,88 478 365 
7 -1,0 3,40 478 365 
8 -0,7 3,93 520 394 
9 -0,3 4,45 593 445 
10 0,3 4,97 678 504 
11 0,7 5,50 752 555 
12 1,0 6,02 794 584 

Ʉɨɷɮɮɢɰɢɟɧɬɵ a (ɦɚɤɫ) b (ɦɚɤɫ) a (ɫɪ) b (ɫɪ) 
Ɂɧɚɱɟɧɢɹ 636 164 475 114 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.8 ɫɬɪɨɢɦ ɝɨɞɨɜɨɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɨɤ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ 

ɧɚ ɪɢɫɭɧɤɟ 2.5. 
 

 
Ɋɢɫɭɧɨɤ 2.5 − Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ ɧɚɝɪɭɡɨɤ 
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2.3.3 ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɨɤɚ ɫ ɩɨɥɧɨɜɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɧɚ ɡɢɦɧɢɣ 
ɩɟɪɢɨɞ 
 
 Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɚɧɧɵɟ ɫ ɬɚɛɥɢɰ 2.1, 2.2 ɢ 
2.6. 
 Ɂɚ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɩɪɢɧɢɦɚɟɦ ɪɚɫɯɨɞ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɫɯɨɞɭ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ. 

ɉɨɥɟɡɧɵɣ ɪɚɫɯɨɞ, ɬɨ ɟɫɬɶ ɪɚɫɯɨɞ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
   ܳ˒ˑˎˈˊ = ܳ˄˞˕ − ∑ ܳ,                                                                                        (2.9) 
 ˆˇˈ ܳ˄˞˕ − ɪɚɫɯɨɞ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɫ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 90%;  ∑ ܳ − ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɪɚɫɯɨɞɚ. 

ɉɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
ܪ  = ܼʑʐ − ܼʜʐ − ∆ℎ,                                                                                         (2.10) 
 ˆˇˈ ܼʑʐ − ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ ɇɉɍ;  ܼʜʐ  − ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɤɨɬɨɪɵɣ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɩɨɥɢɧɨɦɢɧɚɥɶɧɨɦɭ 
ɡɚɤɨɧɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 1.1; 
 ∆ℎ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ, ɪɚɜɧɵɟ 0,5. 

Ɇɨɳɧɨɫɬɶ Ƚɗɋ ɜɵɱɢɫɥɹɸ ɩɨ ɮɨɪɦɭɥɟ: 
 ʒܰЭʠ ˄˞˕ = ݇ே ∙ ܳ˒ˑˎˈˊ ∙  (2.11)                                                                               .ܪ

 
Ɇɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ 

ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȼɏɄ): 
 ʑܰʤʙ = ݇ே ∙ ܳ˅˘ˍ ∙  (2.12)                                                                                     ,ܪ

 
 ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ 2.9 ɢ 2.10. 
 
Ɍɚɛɥɢɰɚ 2.9 − Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɩɨ ɛɵɬɨɜɨɦɭ ɪɚɫɯɨɞɭ 

Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII 
Qɛɵɬ, ɦ3/ɫ 39 39 46 244 387 193 138 42 42 43 42 30 

ZȼȻ, ɦ 186 186 186 186 186 186 186 186 186 186 186 186 
ZɇȻ, ɦ 146 146 146 147 148 147 147 146 146 146 146 146 
H, ɦ 39 39 39 38 38 39 39 39 39 39 39 39 

NȻɕɌ, Ɇȼɬ 13 13 15 79 124 63 46 14 14 14 14 10 

 
 
 



24 
 

Ɍɚɛɥɢɰɚ 2.10 − Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɢ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. 

Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII 

Qɜɤɯ, ɦ3/ɫ 70 70 70 70 70 70 70 70 70 70 70 70 

ZȼȻ, ɦ 186 186 186 186 186 186 186 186 186 186 186 186 

ZɇȻ, ɦ 146 146 146 146 146 146 146 146 146 146 146 146 

H, ɦ 39 39 39 39 39 39 39 39 39 39 39 39 

NȼɏɄ, Ɇȼɬ 23 23 23 23 23 23 23 23 23 23 23 23 

 
ɋɪɚɜɧɟɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɢ 

ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 2.11. 
 

Ɍɚɛɥɢɰɚ 2.11 − ɋɪɚɜɧɟɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɨ ܳ˄˞˕ ɢ ܳ˅˘ˍ 
Ɇɟɫ. I II  III  IV  V VI  VII VIII IX  X XI  XII ɂɡɛɵɬ. 
Nɛɵɬ 13 13 15 79 124 63 46 14 14 14 14 10 

∑N 
N ɜɯɤ 23 23 23 23 23 23 23 23 23 23 23 23 

∆ -10 -10 -8 56 101 40 22 -9 -9 -9 -9 -13 141 

 
Ɂɚ ɦɟɫɹɰ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɷɬɨ 8 ɦɟɫɹɰ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɦɟɫɹɰɟ ɩɨɥɭɱɚɟɬɫɹ ɩɟɪɜɨɟ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɛɵɬɨɜɨɣ ɢ ɦɨɳɧɨɫɬɢ ȼɏɄ, ɬɨ ɟɫɬɶ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɟɜɵɲɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚɞ 
ɟɫɬɟɫɬɜɟɧɧɵɦ ɪɚɫɯɨɞɨɦ ɜ ɫɬɜɨɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 

ɋɭɦɦɚ ɪɚɡɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɛɵɬɨɜɨɣ ɢ ɦɨɳɧɨɫɬɢ ȼɏɄ ɩɨɤɚɡɵɜɚɟɬ ɧɚɦ 
ɢɡɛɵɬɨɱɧɭɸ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɦɵ ɦɨɠɟɦ ɪɚɫɩɪɟɞɟɥɢɬɶ ɧɚ ɦɟɫɹɰɵ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 

ɇɚ ɝɪɚɮɢɤɟ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɨɬɨɛɪɚɠɟɧɵ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɦɨɳɧɨɫɬɢ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ, ɡɧɚɱɟɧɢɹ 
ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.12, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɛɵɬɨɜɨɣ ɢ 
ɦɨɳɧɨɫɬɢ ȼɏɄ, ɭɤɚɡɚɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 2.11. 

Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ˆܰ˃˓ = ͳͲ͹ ʛʑ˕. ȼɫɟ ɦɟɫɹɰɵ, ɥɟɠɚɳɢɟ ɜɵɲɟ ɥɢɧɢɢ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɩɨ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ.  
 
Ɍɚɛɥɢɰɚ 2.12 − ɋɪɟɞɧɟɦɟɫɹɱɧɵɟ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ 
Ȼɭɪɟɣɫɤɚɹ Ƚɗɋ I II  III  IV  V VI  VII VIII IX  X XI  XII 

∑ɗ,ɦɥɧ Ʉȼɬ∙ɱ 23 22 21 18 17 16 16 17 18 21 22 23 
N, Ɇȼɬ 58 56 53 44 41 39 39 41 44 53 56 58 

 
Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɝɪɚɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɩɥɚɤɚɬɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ». 
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2.3.4 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ 
ɝɨɞɭ  

 
ɉɨɷɬɚɩɧɨ ɪɚɫɱɟɬ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ [3, ɫ. 40]. Ɋɚɫɱɟɬ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɩɨɥɧɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɨ ɟɫɬɶ, ɫ ɭɪɨɜɧɹ ɇɉɍ. ɉɪɨɜɟɞɟɦ ɧɟɫɤɨɥɶɤɨ ɢɬɟɪɚɰɢɣ. 

Ɍɚɛɥɢɰɵ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.1 ɢ Ȼ.2. ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ Ȼ.1 
ɜɢɞɧɨ, ɱɬɨ ɤɨɧɟɱɧɵɣ ɭɪɨɜɟɧɶ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɧɢɠɟ ɧɚɱɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɚ 127 ɫɦ. 
ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɛɭɞɟɬ ɜɵɞɚɜɚɬɶ ɦɟɧɶɲɭɸ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɦɨɳɧɨɫɬɶ. ɉɭɬɟɦ ɭɦɟɧɶɲɟɧɢɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɧɚɣɞɟɧɵ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ. Ɋɟɡɭɥɶɬɢɪɭɸɳɟɣ 
ɬɚɛɥɢɰɟɣ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɹɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ Ȼ.2. 

ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ: 
− Ɉɬɦɟɬɤɚ ɍɆɈ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 180,28 ɦ; 
− ɉɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 1,75 ɤɦ3. 

Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.6. 
 

 
Ɋɢɫɭɧɨɤ 2.6 − Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ- ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

 
2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 

ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɪɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ ɜ ɤɚɠɞɨɦ ɦɟɫɹɰɟ ɧɟɨɛɯɨɞɢɦɵ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɨɤ ɢ 
ɂɄɇ ɞɥɹ ɤɚɠɞɨɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɟɫɹɰɚ, ɚ ɬɚɤɠɟ ɪɚɫɩɨɥɨɠɢɬɶ ɧɚ ɂɄɇ 
ɬɪɟɭɝɨɥɶɧɢɤɢ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 
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Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ: 
 ˓ܰ = ˄ܰ˃ˊ + ˒ܰˋˍ.                                                                                                  (2.14) 
 
ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɟɧɚ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 

Ƚɗɋ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ˓ܰ˃˄ = ͳʹͶ ʛʑ˕, ɚ ɬɚɤɠɟ ɡɨɧɚ ɪɚɛɨɬɵ ɧɚ ɫɭɬɨɱɧɵɯ 
ɝɪɚɮɢɤɚɯ ɧɚɝɪɭɡɤɢ. Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɩɥɚɤɚɬɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ». 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ 
ɫɨɫɬɚɜɥɹɟɬ 10% ɨɬ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ, ɧɚɝɪɭɡɨɱɧɵɣ – 3% ɨɬ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ. 
Ɋɟɡɟɪɜ ɞɥɹ ɫɬɚɧɰɢɢ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 10% ɨɬ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 ˖ܰ˔˕ʒЭʠ = ˓ܰ˃˄ʒЭʠ + ˓ܰˈˊʒЭʠ,                                                                                          (2.15) 
 ˆˇˈ ˓ܰ˃˄ʒЭʠ − ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ; ˓ܰˈˊʒЭʠ − ɪɟɡɟɪɜ ɞɥɹ ɫɬɚɧɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ: 
 

Nɭɫɬ = ͳʹͶ + ͳʹ =  ͳ͵͸ ʛʑ˕.          
 
 Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ Ɍɗɋ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ˓ܰ˃˄˕ˠ˔ = ௠ܲ௔௫ − ˓ܰ˃˄ˆˠ˔ − ˓ܰ˃˄˔˖˜,                                                                                     (2.16) 

 ˆˇˈ ௠ܲ௔௫ − ɦɚɤɫɢɦɚɥɶɧɵɟ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ; ˓ܰ˃˄ˆˠ˔ − ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ; ˓ܰ˃˄˔˖˜ −ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ. 
 Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɟɫɬɶ ɢɦɟɟɬɫɹ 
ɫɜɨɛɨɞɧɚɹ ɦɨɳɧɨɫɬɶ.  
 Ɋɟɦɨɧɬɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ: 
 ˓ܰˈˏ˒˓ˑˈˍ˕ = ଵ଺ ∙ ˖ܰ˔˕˒˓ˑˈˍ˕,                                                                                             (2.17) 

 ˆˇˈ ˖ܰ˔˕˒˓ˑˈˍ˕ − ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.13. 
 
 
 
 
 
 



27 
 

Ɍɚɛɥɢɰɚ 2.13 − Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫɹɰ 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ 
Ƚɗɋ 

ɋɭɳɟɫɬɜ. 
Ƚɗɋ Ɍɗɋ 

P 
max 

P ɚɜ. 
ɪɟɡɟɪɜ 

Pɧɚɝɪ. 
ɪɟɡ Nɪɚɛ N ɧɚɝɪ 

ɪɟɡ 
N 

ɪɟɦ 
Nɪɚɛ N ɧɚɝɪ 

ɪɟɡ Nɪɚɛ N ɚɜ 
ɪɟɡ 

1 794 24 79 124 12 

21 

121 12 549 79 

2 752 23 75 82 9 121 13 549 75 

3 679 20 68 40 5 121 15 518 68 

4 594 18 59 40 4 121 13 433 59 

5 520 16 52 40 4 121 12 359 52 

6 478 14 48 37 4 121 11 313 48 

7 478 14 48 37 4 121 11 313 48 

8 520 16 52 46 4 121 11 353 52 

9 593 18 59 46 5 121 13 426 59 

10 678 20 68 46 6 121 15 511 68 

11 752 23 75 82 9 121 13 549 75 

12 794 24 79 124 12 121 12 549 79 

 
 ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ˖ܰ˔˕ = ͳ͵͸ ʛʑ˕. 
 

2.5 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ (ȼɗɊ) ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 
ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 
 

ȼɗɊ ɜ ɫɪɟɞɧɟɜɨɞɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. ɋɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ. 
 ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɫɪɟɞɧɟɝɨɞɨɜɚɹ ɜɵɪɚɛɨɬɤɚ ɫɨɫɬɚɜɥɹɟɬ  Э = ͷͲͲ ˏˎː ˍʑ˕ ∙ ˚, ɚ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ˆܰ˃˓ = ͳͲ͹ ʛʑ˕, ɱɬɨ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ. 
 ɇɚ ɩɥɚɤɚɬɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ» ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ 
ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɢ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɚɯ.  
Ɍɚɛɥɢɰɚ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.3. 
 

2.6 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 

Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɩɨɤɚɡɵɜɚɟɬ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. ɉɨɷɬɚɩɧɨ ɩɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɢɫɵɜɚɟɬɫɹ ɜ 
ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ [2, ɫ. 61]. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.14, ɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɪɢɫɭɧɤɟ Ȼ.1 ɝɪɚɮɢɱɟɫɤɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ. 
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Ɍɚɛɥɢɰɚ 2.14 − Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ ɞɥɹ ɥɟɬɧɢɯ ɢ ɡɢɦɧɢɯ 

ɭɫɥɨɜɢɣ 

ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɪɚɫɱɟɬɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ 
Qɧɛ Zɧɛ(ɅȿɌɈ) Zɧɛ(ɁɂɆȺ) ɇ(ɇɉɍ) ɇ(ɍɆɈ) H(ZȼȻ1) H Q H Q 
ɦ3/ɫ ɦ ɦ ɦ ɦ ɦ ɦ ɦ3/ɫ ɦ ɦ3/ɫ 

0 146,00 146,00 39,50 34,54 36,72 34,40 465 32,6 453 

400 147,76 147,76 37,74 32,78 34,72 34,67 461 32,75 454 

600 148,39 148,39 37,11 32,15 34,05 34,94 458 32,9 455 

800 148,89 148,89 36,61 31,65 33,54 35,21 454 33,05 456 

1200 149,62 149,62 35,88 30,92 32,79 35,48 451 33,2 457 

1400 149,91 149,91 35,59 30,63 32,48 35,75 448 33,35 458 

1600 150,18 150,18 35,32 30,36 32,17 36,02 444 33,5 459 

2000 150,70 150,70 34,80 29,84 31,58 36,29 441 33,65 460 

2200 150,95 150,95 34,55 29,59 31,32 36,56 438 33,8 461 

2400 151,20 151,20 34,30 29,34 31,09 36,83 434 33,95 462 

2800 151,61 151,61 33,89 28,93 30,68 37,10 431 34,1 463 

3000 151,79 151,79 33,71 28,75 30,39 37,37 428 34,25 464 

3200 151,95 151,95 33,55 28,59 29,86 37,64 425 34,4 465 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɬɪɨɟɧɢɹ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɟɧɵ:  
− Hmax = 39,20 ɦ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ; 
− Hɪ = 36,10 ɦ − ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ; 
− Hmin = 32,74 ɦ − ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ.  

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɩɨɥɭɱɟɧɵ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ ˖ܰ˔˕ = ͳ͵͸ ʛʑ˕ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ  Э = ͷͲͲ ˏˎː. ˍʑ˕ ∙ ˚. 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ  
 

Ⱦɥɹ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɨɜ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ, 
ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɪɢɫɭɧɨɤ Ȼ.1, ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ 
ɩɨɞɨɛɪɚɧɵ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɝɢɞɪɨɬɭɪɛɢɧ. Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɛɢɪɚɟɦ ɬɭɪɛɢɧɵ ɉɅ 40ɚ−ȼ ɢ ɉɅ 40ɛ−ȼ ɫ ɩɚɪɚɦɟɬɪɚɦɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.1. Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɷɬɢɯ 
ɝɢɞɪɨɬɭɪɛɢɧ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɞɢɚɦɟɬɪɨɜ. 

 
Ɍɚɛɥɢɰɚ 3.1 − ɉɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɉɚɪɚɦɟɬɪ Ɍɭɪɛɢɧɚ ɉɅ 40ɚ−ȼ Ɍɭɪɛɢɧɚ ɉɅ 40ɛ−ȼ 
Hɩɪɟɞ, ɦ 40 40 

Hmin/Hmax 0,50 0,50 
n'Iopt, ɦɢɧ-1 125 123 
Q'Iopt, ɥ/ɫ 1700 1620 

ɦ opt 0,88 0,892 
Q'1max, ɥ/ɫ 1800 1700 

tɦɨɞ, 0ɋ 10 20 
D'1ɦ, ɦ 0,460 0,460 
Hɦ, ɦ 4 4 

 
Ⱦɥɹ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɞɢɚɦɟɬɪɨɜ [3] ɪɚɫɫɱɢɬɚɟɦ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 
− ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 η˕ = ͳ − ሺͳ − ηˏሻ ∙ (ሺͳ − ɂሻ + ɂ ∙ √DభˏDభఱ √ʜˏʜ˓భబ √νːνˏఱ ),  (3.1) 

 ˆˇˈ ηˏ, Dଵˏ,  ʜˏ – ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ;  Dଵ, ʜ˓  −  ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ;  ɋˏ,  ɋː  − ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 
ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ 
ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ tɧ ɢ tɦ (vː = ͳ,Ͳͳ ∙ ͳͲ଺ˏଶ/c ɢ vˏ = ͳ,͵ ∙ͳͲ଺ ˏଶ/cሻ;  ɂ  − ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ, ɪɚɜɟɧ = Ͳ,͹ͷ. 
 η˕ = ͳ − ሺͳ − Ͳ,ͺͺሻ ∙ (ሺͳ − Ͳ,͹ͷሻ + Ͳ,͹ͷ ∙ √଴,ସ଺ହ,ଷఱ √ ସଷ଺,ଵభబ √ଵ,଴ଵଵ,ଷఱ ) = Ͳ,ͻʹͷ. 

− Ɇɨɳɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ: 
 N′˃ˆ˓ = ͻ,ͺͳ ∙ Qଵ˓′ ∙ Dଵଶ ∙ H˓ ∙ √ʜ˓ ∙ η˕ ∙ ηˆ, (3.2) 
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 ˆˇˈ Qଵ˓′ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɝɥɚɜɧɨɣ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ (Ƚɍɏ); 

ɬ - ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ηˆ − ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ (ɩɪɢɧɢɦɚɟɦ ηˆ = Ͳ,ͻ͹ͷ). 
 N′˃ˆ˓ = ͻ,ͺͳ ∙ ͳ,͹ ∙ ͷ,͵ଶ ∙ ͵͸,ͳ ∙ √͵͸,ͳ ∙ Ͳ,ͺͺ ∙ Ͳ,ͻ͹ͷ = ͻ͵,͵͹ ʛʑ˕. 
 

− ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ:  
 ܼ′˃ˆ˓ = ே˖˔˕ே′˃ˆ˓ =  ଵଷ଺ଽଷ,ଷ଻ = ͳ,Ͷ͸,  (3.3) 

 ˆˇˈ ˖ܰ˔˕ −ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ;  ܰ′˃ˆ˓ – ɦɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. 
ɑɢɫɥɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɨ 2 ɢɥɢ 3, ɩɨɷɬɨɦɭ ɩɪɢɧɢɦɚɟɬɫɹ ܼ˃ˆ˓ = ʹ ɲɬ. 

− Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ: 
 N˃ˆ˓ = ୒˖˔˕Z˃ = ଵଷ଺ଶ = ͸ͺ ʛʑ˕.  (3.4) 

 
− ɉɨɩɪɚɜɤɚ ɄɉȾ: 
 ∆ଵ= ηɧηɦ

= ଴,ଽସଶ଴,଼଼ = ͳ,Ͳ͹.                                                                                                      (3.5)  

       
− ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 nʠ′ = ௡𝐼 ˓′ ∙√𝛥భ∙ʜ˓Dభ = ଵଶହ∙√ଵ,଴଻∙ଷ଺,ଵହ,ଷ = ͳͶ͸,͸ͷ ˑ˄/ˏˋː,   (3.6) 

 ˆˇˈ ݊ூ ˓′ − ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ. 
 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 
(nʠ′ = ͳͷͲ ˑ˄/ˏˋːሻ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɚɤɫɢɦɚɥɶɧɨɦɭ, 
ɪɚɫɱɟɬɧɨɦɭ ɢ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɚɦ: 

 n୍ ୫ୟ୶′ = ୬˔∙Dభ√∆భ∙ʜౣi౤ = ଵହ଴∙ହ,ଷ√ଵ,଴଻∙ଷଶ,଻ସ = ͳ͵Ͷ,ʹ͸ ˑ˄/ˏˋː,   
 

(3.7) n୍ ˓′ = ୬˔∙Dభ√∆భ∙∙ʜ˓ = ଵହ଴∙ହ,ଷ√ଵ,଴଻∙ଷ଺,ଵ = ͳʹ͹,ͻ ˑ˄/ˏˋː,  
 

(3.8) n୍ ୫୧୬′ = ୬˔∙Dభ√∆భ∙ୌౣax = ଵହ଴∙ହ,ଷ√ଵ,଴଻∙ଷଽ,ଶ = ͳʹʹ,͹ ˑ˄/ˏˋː.  (3.9) 
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− ɉɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ: 
 Q′୍ ∙ ηʡ = N˃ͻ,ͺͳ ∙ Dଵଶ ∙ Hଵ˓,ହ = ͸ͺ ∙ ͳͲଷͻ,ͺͳ ∙ ͷ,͵ଶ ∙ ͵͸,ͳଵ,ହ = ͳ,Ͳͷ. (3.10) 

 
ɉɪɚɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. Ʌɟɜɚɹ ɱɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ n′୍ ˓, ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟ Q′୍ ∙ ηʡ ɜ ɷɬɨɣ ɬɨɱɤɟ 
ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ ɪɚɜɟɧɫɬɜɚ. 

 
− ɉɪɢɜɟɞɟɧɧɵɟ ɪɚɫɯɨɞɵ: 
 Q′˓ ୫ୟ୶ = ୕ౣi౤୬∙Dభమ∙√ୌౣi౤∙Δ=

ଷହଵ∙ହ,ଷమ∙√ଷଶ,଻ସ∙ଵ,଴଻ = ͳͻʹ,                                                          (3.11) 

 Q′˓ ୫୧୬ = ୕ౣi౤୬∙Dభమ∙√ୌౣax∙Δ = ଷହଵ∙ହ,ଷమ∙√ଷଽ,ଶ∙ଵ,଴଻ = ʹͳͲ.                                                       (3.12) 

 
ȼ ɬɚɛɥɢɰɚɯ 3.2 ɢ 3.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɱɟɬɵ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɫɬɚɧɞɚɪɬɧɵɯ 

ɞɢɚɦɟɬɪɨɜ ɬɭɪɛɢɧ ɉɅ 40ɚ−ȼ ɢ ɉɅ 40ɛ−ȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

Ɍɚɛɥɢɰɚ 3.2 − ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ 40ɚ−ȼ 
D1, ɦ 3,55 3,75 4 4,25 4,5 4,75 5 5,3 5,6 6 
ɄɉȾ 0,92 0,92 0,92 0,92 0,92 0,92 0,92 0,92 0,92 0,93 

N'ɚɝɪ,Ɇȼɬ 31,1 34,7 39,5 44,6 50,0 55,7 61,7 69,4 77,4 88,9 
z'a ɲɬ 9,1 8,2 7,2 6,3 5,7 5,1 4,6 4,1 3,7 3,2 
zɚ ɲɬ 10 9 8 8 6 6 6 6 4 4 

Nɚɝɪ,Ɇȼɬ 28,30 31,44 35,38 35,38 47,17 47,17 47,17 47,17 70,75 70,75 
Δ1, ɦ 1,05 1,05 1,05 1,05 1,05 1,05 1,05 1,05 1,05 1,05 
n c' 200,8 190,1 178,3 167,9 158,6 150,3 142,8 134,8 127,6 119,1 
nɫɢɧɯ 214,3 200,0 187,5 187,5 166,7 157,8 150,0 136,4 130,4 125,0 
n'ɪ 133,4 131,5 131,5 139,6 131,4 131,3 131,3 126,5 127,8 131,2 

n'ɦɢɧ 121,7 120,0 119,9 127,4 119,9 119,7 119,8 115,4 116,6 119,7 
(Q' ∙η) 1,32 1,31 1,30 1,15 1,37 1,23 1,11 0,99 1,33 1,16 
(Q' ∙η) 1,00 1,00 0,99 0,87 1,04 0,93 0,84 0,75 1,01 0,88 

 
Ɍɚɛɥɢɰɚ 3.3 − ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ 40ɛ−ȼ 

D1, ɦ 3,55 3,75 4 4,25 4,5 4,75 5 5,3 5,6 6 6,3 

ɄɉȾ 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,94 0,94 0,94 0,94 

Nɚɝɪ,Ɇȼɬ 30,1 33,5 38,2 43,1 48,3 53,8 59,6 67,0 74,8 85,9 94,7 

z'a ɲɬ 9,4 8,4 7,4 6,6 5,9 5,3 4,7 4,2 3,8 3,3 3,0 

zɚ ɲɬ 10 9 8 8 6 6 6 6 4 4 3 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.3 
Nɚɝɪ,Ɇȼɬ 28,3 31,4 35,4 35,4 47,2 47,2 47,2 47,2 70,8 70,8 94,3 

Δ1, ɦ 1,04 1,04 1,05 1,05 1,05 1,05 1,05 1,05 1,05 1,05 1,05 

n c' 197,4 187,0 175,3 165,0 155,9 147,7 140,4 132,5 125,4 117,1 111,5 

nɫɢɧɯ 200,0 187,5 187,5 166,7 157,8 150,0 150,0 136,4 130,4 120,0 115,4 

n'ɦɚɤɫ 137,1 135,7 144,7 136,7 136,9 137,4 144,6 139,3 140,7 138,7 140,0 

n'ɪ 124,6 123,4 131,5 124,2 124,5 124,9 131,4 126,6 127,9 126,1 127,3 

n'ɦɢɧ 113,7 112,5 120,0 113,3 113,6 113,9 119,9 115,5 116,7 115,0 116,1 

(Q' ∙η) 1,32 1,31 1,30 1,15 1,37 1,23 1,11 0,99 1,33 1,16 1,40 

(Q' ∙η) 1,00 1,00 0,99 0,87 1,04 0,93 0,84 0,75 1,01 0,88 1,06 

 
ɉɪɨɜɟɞɹ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɞɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɝɢɞɪɨɬɭɪɛɢɧɵ, 

ɩɪɢɧɹɜ ɜɨ ɜɧɢɦɚɧɢɟ ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ, ɄɉȾ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ 
ɡɨɧɭ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɩɪɢɜɟɞɟɧɧɚɹ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, ɪɢɫɭɧɨɤ ȼ.1 ɢ ȼ.2.  
Ƚɢɞɪɨɬɭɪɛɢɧɵ ʞʚ ͶͲ˄ − ʑ ɜ ɞɚɥɶɧɟɣɲɟɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɧɟ ɩɪɢɧɹɬɚ. ɂɡ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɢɚɦɟɬɪɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ ʞʚ ͶͲ˃ − ʑ, ɜɵɛɢɪɚɟɬɫɹ ɪɚɛɨɱɟɟ 
ɤɨɥɟɫɨ ɫ ɞɢɚɦɟɬɪɨɦ ܦଵ = ͷ͵Ͳ ˔ˏ. 

Ƚɢɞɪɨɬɭɪɛɢɧɚ  ʞʚ ͶͲ˃ − ʑ − ͷ͵Ͳ ɩɪɢɧɹɬɚ ɜ ɞɚɥɶɧɟɣɲɟɟ ɪɚɫɫɦɨɬɪɟɧɢɟ, 
ɩɨɫɤɨɥɶɤɭ ɨɧɚ ɢɦɟɟɬ ɨɩɬɢɦɚɥɶɧɭɸ ɡɨɧɭ ɪɚɛɨɬɭ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ ɢ 
ɧɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. 

 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ: 
 ∇ܼʟʙ = ܼʜʐሺܳʜʐሻ + ʜௌ̌ˑ˒,  (3.13) 
 ˆˇˈ ܼʜ.ʐ.ሺܳʜ.ʐ.ሻ − ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɩɪɢ ɪɚɫɯɨɞɟ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ.  
Ɂɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɫɥɭɱɚɟɜ: 
1. Ɋɚɛɨɬɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ Hmax ɢ ɧɨɦɢɧɚɥɶɧɨɣ 

ɦɨɳɧɨɫɬɢ Nɧɨɦ; 
2. Ɋɚɛɨɬɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ Hɪ ɢ ɧɨɦɢɧɚɥɶɧɨɣ 

ɦɨɳɧɨɫɬɢ Nɧɨɦ; 
3. Ɋɚɛɨɬɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ Hmin ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɡɧɚɱɟɧɢɢ ɦɨɳɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ʜௌ̌ˑ˒ = ܤ − ∇௓ʜʐሺொʜʐሻଽ଴଴ − 𝜎 ∙ ܪ − ௦ܪ∆ + ∆ܼ˘.˒ˎ ,                   (3.14) 

ܤ ˈˇˆ  = ͳͲ,͵͵ ɦ ɜɨɞ. ɫɬ. − ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ;  ∇ܼʜʐሺܳʜʐሻ − ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɢ ɞɚɧɧɨɦ ɪɚɫɯɨɞɟ;  𝜎 − ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ;  ∆ܪ௦ − ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ (ɞɥɹ ɩɨɜɨɪɨɬɧɨ-
ɥɨɩɚɫɬɧɵɯ (ɉɅ) ɝɢɞɪɨɬɭɪɛɢɧ = 1,5 ɦ); 

ɇ − ɧɚɩɨɪ ɬɭɪɛɢɧɵ; 
Zɯ.ɩɥ. − ɪɚɡɧɨɫɬɶ ɜɵɫɨɬɧɵɯ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ 

ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɞɥɹ ɉɅ − ɬɭɪɛɢɧ Zɯ.ɩɥ.=0. 
 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɇmax: 
௦ܪ  = ͳͲ,͵͵ + ሺଵସ଺,ଽଵሻଽ଴଴ − Ͳ,ʹͺͺ ∙ ͵ͻ,ʹ − ͳ,ͷ = −ʹ,ͻͷ ˏ;         
           
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ Hɪ: 
௦ܪ  = ͳͲ,͵͵ + ሺଵସ଺,ଽସሻଽ଴଴ − Ͳ,͵͵ͻ ∙ ͵͸,ͳ − ͳ,ͷ = −͵,ͻ ˏ;          
          
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ Hmin: 
௦ܪ  = ͳͲ,͵ + ሺଵସ଺,଼଻ሻଽ଴଴ − Ͳ,͵ʹͷ ∙ ͵ʹ,͹Ͷ − ͳ,ͷ = −ʹ,͵ ˏ.               

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ Hs ɜɵɛɪɚɧɚ ɬɚɤɚɹ, ɤɨɬɨɪɚɹ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɜɨ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ, 
ɬɨ ɟɫɬɶ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ܪௌ = −͵,ͻ ɦ. 

Ɉɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.13): 
 ∇ܼʟʙ = ͳͶ͸,ͻͶ − ͵,ͻ = ͳͶ͵,ͲͶ ˏ. 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɩɪɢɧɹɬɚ ɬɭɪɛɢɧɚ ɉɅ 40ɚ−ȼ−530, 

ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɦɢɧɢɦɚɥɶɧɭɸ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ܪ௦ = −͵,ͻ ˏ ɢ ɨɬɦɟɬɤɭ 
ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ∇ܼʟ.ʙ. = ͳͶ͵,ͲͶ ˏ. 
 

3.3 Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɢ ɩɨɫɬɪɨɟɧɢɟ ɩɥɚɧɚ ɛɟɬɨɧɧɨɣ 
ɫɩɢɪɚɥɶɧɨɣ  ɤɚɦɟɪɵ 
 

ɉɨ ɱɟɪɬɟɠɭ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ, ɩɪɢɜɟɞɟɧɧɨɦɭ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, ɪɢɫɭɧɨɤ ȼ.3 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ: 

− ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
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ɜхݎ = ͳ,͹ͺͻ ∙ ଵܦ = ͳ,͹ͺͻ ∙ ͷ,͵ = ͻ,Ͷͺ ɦ. (3.15) 
 
− Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
˃ܦ  = ͺ,ʹͳ ˏ,  

 

 
− Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 

 

௕ݎ = ʹɜɧܦ = ͵,ͷͻ ɦ. (3.17) 

 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 

 ˆˇˈ b଴ − ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. 
 ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ: 
 b଴ = Ͳ,Ͷ ∙ Dଵ = Ͳ,Ͷ ∙ ͷ,͵ = ʹ,ͳʹ ɦ. (3.19) 

 
ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɩɪɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɧɚɩɨɪɚ ɢ 

ɦɨɳɧɨɫɬɢ: 
 Q଴ = ୒ଽ,଼ଵ∙ୌ౦∙η౥౤ౣ = ଺଼଴଴଴ଽ,଼ଵ∙ଷ଺,ଵ∙଴,ଽଵଷ = ʹͳͲ,͵ͳ ˏଷ/˔.                                      (3.20) 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɤɚɦɟɪɵ: 
 Q˅˘ = ொబ∙φଷ଺଴ = ଶଵ଴,ଷଵ∙ଶଵ଴ଷ଺଴ = ͳʹʹ,͸ͺ ˏଷ/˔.                                                       (3.21) 

 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ: 
ܨ˅  ˘ = ொ˅˘௏ = ଵଶଶ,଺଼ହ,ଵ = ʹͶ,Ͳ͸ ɦ2. (3.22) 

 ˆˇˈ ܸ˅ ˘ – ɞɨɩɭɫɬɢɦɚɹ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ, ɪɚɜɧɚɹ ͷ,ͳ ˏ/˔. 
           ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ bɜɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɟɝɨ 
ɭɪɚɜɧɟɧɢɹ: ˅ܨ ˘ = ܾ଴ሺݎ௔ − ௕ሻݎ + ሺ˅ݎ ˘ − ˘˅௔ሻܾݎ − ሺ௕˅˘−௕బሻమଶ tan ͳͷ°. (3.23) 

௔ݎ = ʹɧɚɪܦ = Ͷ,ͳͳ ɦ. (3.16) 

௕ܦ = ͹,ͳ͹ ɦ; 
 

 

ȼɫɬ = b଴ + Ͳ,ͲͲ͵͵ ∙ Dଵ = ʹ,ͳʹ + Ͳ,ͲͲ͵͵ ∙ ͷ,͵ = ʹ,ͳͶ ɦ, (3.18) 
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ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɜɧɚ ܾ˅˘ = Ͷ,Ͷ ˏ. 

 ܽ˅˘ = ݎ˅ ˘ − ௔ݎ = ͻ,Ͷͺ − Ͷ,ͳͳ = ͷ,͵ͺ ˏ. (3.24) 
 

Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɧɢɠɟ, 
ɪɟɡɭɥɶɬɚɬɵ ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 3.4. 

 ܽ𝑖 = 𝑖ݎ − ௔;    (3.25)  ݉𝑖ݎ = ݇ଶ ∙ ܽ𝑖ଶ;    (3.26) 
 

ɝɞɟ   ݇ ଶ = ௠˅˘௔˅మ̆ ; 

 ܾ𝑖 = ݉𝑖 + ܾ଴;          (3.27) 
௞ݎ  = ௔ݎ + ݉𝑖 ∙  ͳͷ.       (3.28)݃ݐ

 
Ɂɧɚɱɟɧɢɟ ɢɧɬɟɝɪɚɥɚ ɞɥɹ ɥɸɛɨɝɨ ɫɟɱɟɧɢɹ: 
𝑖ܬ  = ܾ଴ ∙ ln ቀ௥ೌ௥್ቁ + ܾ𝑖 ln ቀ௥𝑖௥ೌ ቁ − ௞ݎ ∙ ߛ݃ݐܿ ∙ ln ቀ௥ೖ௥ೌ ቁ + ݉𝑖;                               (3.29) 

 
 ɍɝɨɥ ɫɩɢɪɚɥɢ ɞɥɹ ɥɸɛɨɝɨ ɫɟɱɟɧɢɹ: 

 𝜑𝑖ை = ଵ଼଴௃˅˘ ∙  𝑖;                                                                                                  (3.30)ܬ

 
ȼɟɥɢɱɢɧɚ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ: 
𝑖ܨ  = ܾ଴ሺݎ௔ − ௕ሻݎ + ሺݎ𝑖 − ௔ሻܾ𝑖ݎ − ሺ௕𝑖−௕బሻమଶ  ͳͷை.                                         (3.31)݃ݐ

 
Ɍɚɛɥɢɰɚ 3.4 – Ɋɚɫɱɟɬ ɛɟɬɨɧɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 

ȼɟɥɢɱɢɧɚ 
ɋɟɱɟɧɢɹ 

ɜɯɨɞɧɨɟ 1 2 3 4 5 
ri 9,48 8,95 8,41 7,87 7,34 6,80 
ai 5,38 4,84 4,30 3,77 3,23 2,70 
bi 4,40 4,17 3,95 3,72 3,49 3,26 
rk 4,72 4,66 4,59 4,53 4,47 4,41 

r k/r a 1,15 1,13 1,12 1,10 1,09 1,07 
ln(r k/r a) 0,139 0,126 0,113 0,099 0,086 0,072 

ri / ra 2,31 2,18 2,05 1,92 1,79 1,66 
ln(r i/r a) 0,837 0,779 0,717 0,651 0,581 0,505 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.4 
b ∙ln(ri / ra) 3,68 3,25 2,83 2,42 2,03 1,65 
r k  ∙ctr ϒ 17,60 17,37 17,15 16,92 16,69 16,46 

r k ∙ctr ϒ ∙ln(r k/r a) 2,44 2,18 1,93 1,68 1,43 1,19 
mi 2,28 2,05 1,83 1,60 1,37 1,14 
Ji 3,81 3,41 3,01 2,63 2,25 1,89 
φi 210 188 166 145 124 104 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.4 

ȼɟɥɢɱɢɧɚ 
ɋɟɱɟɧɢɹ 

6 7 8 9 10 ɜɵɯ 
ri 6,27 5,73 5,19 4,66 4,12 3,59 
ai 2,16 1,62 1,09 0,55 0,02 -0,52 
bi 3,04 2,81 2,58 2,35 2,13 1,90 
rk 4,35 4,29 4,23 4,17 4,11 4,05 

r k/r a 1,06 1,04 1,03 1,02 1,00 0,99 
ln(r k/r a) 0,058 0,044 0,030 0,015 0,000 -0,015 

ri / ra 1,53 1,40 1,27 1,13 1,00 0,87 
ln(r i/r a) 0,423 0,333 0,235 0,126 0,004 -0,135 

b ∙ln(ri / ra) 1,28 0,94 0,61 0,30 0,01 -0,26 
rk  ∙ctr ϒ 16,24 16,01 15,78 15,55 15,33 15,10 

rk ∙ctr ϒ ∙ln(r k/r a) 0,94 0,70 0,47 0,24 0,01 -0,22 
mi 0,92 0,69 0,46 0,23 0,01 -0,22 
Ji 1,54 1,21 0,89 0,58 0,30 0,03 
φi 85 67 49 32 16 2 

 
ɉɨ ɜɵɱɢɫɥɟɧɧɵɦ ɜɵɲɟ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ φɫɩ = f (ri) ɧɚ 

ɪɢɫɭɧɤɟ 3.1. 

 
Ɋɢɫɭɧɨɤ 3.1 − Ɂɚɜɢɫɢɦɨɫɬɶ φɫɩ = f (ri) 

 
ɒɢɪɢɧɚ ɩɨɞɜɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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′ܤ = ʹ,ͺͺͷ ∙ ଵܦ = ʹ,ͺͺͷ ∙ ͷ,͵ = ͳͷ,͵ ɦ. (3.32) 
 
Ɍɚɤ ɤɚɤ ɲɢɪɢɧɚ ɩɨɞɜɨɞɚ B′ ɩɪɟɜɵɲɚɟɬ 8 ɦ, ɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɤɚ 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɛɵɱɤɚ, ɲɢɪɢɧɚ ɤɨɬɨɪɨɝɨ: 
 ܾ = ͳ + ܳ଴ͶͲͲ = ͳ,ͷ ˏ. (3.33) 

 
ɒɢɪɢɧɚ ɩɨɞɜɨɞɚ ɫ ɭɱɟɬɨɦ ɲɢɪɢɧɵ ɛɵɱɤɚ ɪɚɜɧɚ:  
ܤ  = ′ܤ + ܾ = ͳͷ,͵ + ͳ,ͷ = ͳ͸,ͺ ɦ. (3.34) 

 
Ɋɚɡɛɢɜɚɟɦ ɭɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɧɚ 150 ɢ ɫɬɪɨɢɦ ɩɥɚɧ ɫɩɢɪɚɥɢ , 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3.2 
 

 
Ɋɢɫɭɧɨɤ 3.2 − ɉɥɚɧ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 

 
3.4 ȼɵɛɨɪ ɫɟɪɢɣɧɨɝɨ ɬɢɩɚ ɝɟɧɟɪɚɬɨɪɚ 
 
ɂɫɯɨɞɹ ɢɡ ɜɵɱɢɫɥɟɧɧɵɯ ɪɚɧɟɟ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ  

(nɫɢɧɯ=150 ɨɛ/ɦɢɧ) ɢ ɦɨɳɧɨɫɬɢ ɨɞɧɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ (Na = 68 Ɇȼɬ), ɩɨɞɨɛɪɚɧ 
ɝɟɧɟɪɚɬɨɪ ɋȼ−808/130−40ɍ4 ɢɡ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ. 

ɉɚɪɚɦɟɬɪɵ ɞɚɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.5. 
 

Ɍɚɛɥɢɰɚ 3.5 − ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɋȼ−808/130−40ɍ4 
Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɋȼ-850/190-48 
Sɧɨɦ ɆȼȺ 64,7 
Pɧɨɦ Ɇȼɬ 55 
cosɮ 0,85 
Uɧɨɦ ɤȼ 10,5 
Iɧɨɦ ɤȺ 3,56 

nɭɝ/nɧɨɦ 2,065 
xd" ɨ.ɟ. 0,22 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.5 
Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɋȼ-850/190-48 
xd' ɨ.ɟ. 0,35 
xd ɨ.ɟ. 0,93 

ɋɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɗɥɟɤɬɪɨɦɚɲɢɧɧɚɹ 
ɄɉȾ % 97,7 

Ɇɚɫɫɚ ɪɨɬɨɪɚ ɬ 213,5 
Ɇɚɫɫɚ ɨɛɳɚɹ ɬ 255 
ɂɫɩɨɥɧɟɧɢɟ ɉɨɞɜɟɫɧɨɟ 

 
3.5 Ɋɚɫɱɟɬ ɜɚɥɚ ɢ ɩɨɞɲɢɩɧɢɤɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ 

 
1) Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ  
 D∗˅ ൒ (ͷ,ͳ ∙ ୑ˍ˓[τˇˑ˒])଴,ଷଷ,                                                                               (3.35) 

  ˆˇˈ    [τˇˑ˒] = ͵Ͳ − ͵ͷ ʛʞ˃. 
 

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 
 Mˍ˓ = ଴,଴଴ଽ଻ସ∙୒୬˔ˋː˘ = ଴,଴଴ଽ଻ସ∙଺଼଴଴଴ଵହ଴ = ͷ,͵ ʛʞ˃;                                           (3.36) 

 D∗˅ ൒ (ͷ,ͳ ∙ ୑ˍ˓[τˇˑ˒])଴,ଷଷ = ቀͷ,ͳ ∙ ହ,ଷଷ଴ቁ଴,ଷଷ = Ͳ,ͻ͸͸ ˏ = ͻ͸͸ ˏˏ .               
 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ. 
ɉɪɢɧɢɦɚɟɦ ܦɜ = ͳͲͲͲ ɦɦ. 
2) Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ 
 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ: 
 Rɪɚɞ = Ͳ,ͺ ∙ ቀ ே௡ɫиɧх∙஽భቁ = ଴,଼∙଺଼଴଴଴ଵହ଴∙ହ,ଷ = ͸ͺ,Ͷ͵ ɤɇ.                                             (3.37) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ݀ɩ, ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɨɛɵɱɧɨ 

ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 15−20 ɦɦ ɛɨɥɶɲɟ ܦɜ, ɩɪɢɧɢɦɚɟɦ ݀ɩ=1015 ɦɦ. 
 
Ⱦɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ: 

 pɭɞ = ୖɪɚɞୢɩ∙୦ɩ
൑ [pɭɞ], ɤɉɚ,                                                                               (3.38) 
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ɝɞɟ    hɩ ɩɪɢɧɢɦɚɟɬɫɹ 400 ɦɦ. 
 [pɭɞ] = ʹͻ ∙ U;                                                                                                 (3.39) 

 U = π ∙ nɫɢɧɯ ∙ ୢɩଷ଴.                                                                                            (3.40) 

уɞ݌  = ଺଼,ସଷଵ.଴ଵହ∙଴,ସ = ͳ͸ͺ,ͷͷ ɤɉɚ;                                                                    

 ܷ = ͵,ͳͶ ∙ ͳͷͲ ∙ ଵ,଴ଵହଷ଴ = ͳͷ,ͻͶ ɦ
ɫ
 ;                                                               

[уɞ݌]  = ʹͻ ∙ ͳͷ,ͻͶ = Ͷ͸ʹ,ʹ͸ ɤɉɚ.                                                        
 
ɍɫɥɨɜɢɟ ݌уɞ ൑  .ɫɨɛɥɸɞɚɟɬɫɹ [уɞ݌]
 
1) Ɋɚɫɱɟɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 
 ℎɩ = ͶͲͲ ɦɦ; ܼɫɟɝɦ = ͺ. 
Ɉɩɪɟɞɟɥɹɟɦ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
 Rଵ = ୖɪɚɞଵ+ଶ∙ୡ୭ୱୟ+ଶ ୡ୭ୱሺଶୟሻ,                                                                                (3.41) 

 ˆˇˈ a = ଷ଺଴Z˔ˈˆˏ.    
 
ɍɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ: 
уɞ݌  = ோɪɚɞ௟ɫɟɝɦ∙ℎɩ

൑  (3.42)                                                                                      ; [уɞ݌]

 lɫɟɝɦ = ሺͲ,ͺͷ − Ͳ,ͻͲሻπ ∙ ୢɩZɫɟɝɦ
;                                                                        (3.43) 

 [pɭɞ] = ͷͲ ∙ U.                                                                                               (3.44) 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.6. 

 
Ɍɚɛɥɢɰɚ 3.6 − Ɋɚɫɱɟɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 

Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ Rɪɚɞ, ɤɇ 68,43 

ɑɢɫɥɨ ɢ ɜɵɫɨɬɚ ɫɟɝɦɟɧɬɨɜ 
hɩ, ɦɦ 400 

Zɫɟɝɦ 8 

ɐɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɝɦɟɧɬɨɜ a 45 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.6 
ɍɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ R1, ɤɇ 59,27 

Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ dɩ, ɦ 1,015 

ɍɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ ρɭɞ, ɤɉɚ 476,87 

Ⱦɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ lɫɟɝɦ 0,36 

Ⱦɨɩɭɫɤɚɟɦɨɟ [ρɭɞ] 690 
 
ȼ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɥɭɱɚɹɯ ɬɪɟɛɭɟɦɨɟ ɭɫɥɨɜɢɟ ݌уɞ ൑  ɫɨɛɥɸɞɚɟɬɫɹ, ɞɥɹ  [уɞ݌]

ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɛɢɪɚɟɦ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ. 
 

3.6 ȼɵɛɨɪ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ [4] ɨɩɪɟɞɟɥɟɧ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ  
Ɇɇɍ6,3/1−40−8−2, 
ɝɞɟ 6,3 − ɨɛɴɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ; 
1 − ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ; 
40 − ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ɤɝɫ/ɫɦ2; 
8 − ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ɦ3; 
2 − ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴɟɦɨɦ 
ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɱɢɫɥɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, 
ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ Ɇɇɍ. 

 
3.7 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [4] ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɗȽɊ.  
Ɍɭɪɛɢɧɚ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ (ɉɅ 40ɚ – ȼ − 530), ɜɵɛɢɪɚɟɦ ɗȽɊɄ (ɞɥɹ 

ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɫ ɞɜɭɦɹ ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɨɪɝɚɧɚɦɢ). Ⱦɢɚɦɟɬɪ   ɡɨɥɨɬɧɢɤɚ ɛɵɥ 
ɩɪɢɧɹɬ ɪɚɜɧɵɦ 100 ɦɦ.  

ȼ ɤɚɱɟɫɬɜɟ ɪɟɝɭɥɹɬɨɪɚ ɩɪɢɧɹɬ ɗȽɊɄ−Ɇɉ−100−4. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 

4.1 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
 

Ɉɬ ɜɵɛɨɪɚ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɡɚɜɢɫɢɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɨɩɟɪɚɬɢɜɧɚɹ ɝɢɛɤɨɫɬɶ, ɭɞɨɛɫɬɜɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ 
ɪɚɫɲɢɪɟɧɢɹ.  

ȼ Ɉɗɋ ȼɨɫɬɨɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɞɫɬɚɧɰɢɢ 110 ɤȼ, 220 ɤȼ. 
Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɛɥɢɠɚɣɲɟɣ ɩɨɞɫɬɚɧɰɢɢ "ȼɚɧɢɧɨ", ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ, 65 ɤɦ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɞɜɟ ɫɯɟɦɵ: ɫ ɨɞɢɧɨɱɧɵɦɢ 
ɛɥɨɤɚɦɢ ɢ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ. 
 

4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 

4.2.1 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ  
 

ɉɨ ɜɵɩɨɥɧɟɧɧɵɦ ɪɚɧɟɟ ɪɚɫɱɟɬɚɦ ɜɵɛɢɪɚɟɦ ɫɢɧɯɪɨɧɧɵɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ 
ɋȼ−808/130−40ɍ4 ɩɪɨɢɡɜɨɞɫɬɜɚ ɇɉɈ «ɗɅɋɂȻ» [5].  

ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ−808/130−40ɍ4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.1. 

 
Ɍɚɛɥɢɰɚ 4.1 − ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ ɋȼ−808/130−40ɍ4 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, 
Ɇȼ·Ⱥ               Ɇȼɬ 𝐔ˆ ːˑˏ,ɤȼ ܗ܋𝐬 𝛗ʒ,ɨ.ɟ. 𝛈 

ɂɧɞɭɤɬɢɜɧɵɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 𝐒ˆ ːˑˏ ʟˆ ːˑˏ 𝐱܌"  𝐱܌′  𝐱܌ 

64,7 55 10,5 0,85 97,7 Ͳ,ʹʹ 0,35 0,93 
 
4.2.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɨɞɢɧɨɱɧɵɦ 

ɛɥɨɤɨɦ 
 

ɇɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

Sɪɚɫɱ= ʟʒ ːˑˏ−ʟ˔.ː.ୡ୭ୱφʒ = ହହ−ହହ∙଴,଴ଵ଴,଼ହ = ͸Ͷ,Ͳ͸ ʛʑ ∙ ʏ ,                                        (4.1) 
 ˆˇˈ P̝ .ː. – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ. 
 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» [6] ɜɵɛɢɪɚɟɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ−100000/220−ɍ1. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.2. 
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Ɍɚɛɥɢɰɚ 4.2 − Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ−100000/220−ɍ1 𝐒ɧɨɦ, Ɇȼ∙Ⱥ 

𝐔ɇ, ɤȼ 𝐔ɤ, % ∆𝐏ɤ, ɤȼɬ ∆𝐏ɯɯ, ɤȼɬ 𝐈ɯ,% 𝐔ȼɇ 𝐔ɇɇ 
100 230 11 12,5 340 102 0,65 

 
Ⱦɥɹ ɨɰɟɧɤɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɨɬɟɪɶ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫ୟ୶.  
ȼɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ: 
 τ = ቀͲ,ͳʹͶ + ʡౣaxଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ=ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚/ˆˑˇ.         (4.2)  

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 t˓˃˄ = ͺ͹͸Ͳ − Ɋ ∙ T˒ ˎ − ω ∙ T˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ ˚, (4.3) 
            ˆˇˈ Ɋ = 1 − ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ (ɬɟɤɭɳɢɯ, ɫɪɟɞɧɢɯ, ɤɚɩɢɬɚɥɶɧɵɯ), 1/ɝɨɞ;  T˒ ˎ = 30 − ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱ;  ω = 0,025 − ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ, 1/ɝɨɞ;  T˅ = ͸Ͳ − ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ. 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˘˘ = nʡ ∙ ∆P̆ ˘ ∙ t˓˃˄ = ͳ ∙ Ͳ,ͳͲʹ ∙ ͺ͹ʹͻ = ͺͻͲ,͵͸ ʛʑ˕ ∙ ˚,                  (4.4) 
             ˆˇˈ nɌ − ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wː = ∆ʟˍ୬˕ ∙ ቀ ୗ˓˃˔˚ୗ˕ ːˑˏቁଶ ∙ τ = ଴,ଷସ଴ଵ ∙ ቀ଺ସ,଴଺ଵ଴଴ ቁଶ ∙ ʹͶͲͷ = ͵͵ͷ,ͷ͸ ʛʑ˕ ∙ ˚.              (4.5) 

 
ɂɡɞɟɪɠɤɢ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ˒ˑ˕ = ଵߚ ∙ ∆W˘˘ +∙ ଶߚ ∙ ∆Wː;                                                                     (4.6) 
ଵߚ                   = Ͳ,͸ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ; 
ଶߚ  = Ͳ,ͻ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ. 
 
ɉɨɞɫɬɚɜɥɹɹ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (4.6), ɧɚɯɨɞɢɦ ɢɡɞɟɪɠɤɢ ɧɚ 

ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ 220 ɤȼ: 
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ʗ˒ˑ˕ଶଶ଴ = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ͺͻͲ,͵͸ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͵͵ͷ,ͷ͸ = ͺ,͵͸ ˕˞˔. ˓˖˄./ˆˑˇ. 
 

Ⱦɥɹ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ʗ˒ˑ˕ଶଶ଴ = ʹ ∙ ͺ,͵͸ = ͳ͸,͹ʹ ˕˞˔. ˓˖˄./ˆˑˇ. 

 
4.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ 

ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ 
 

ɇɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ: 
 S˓˃˔˚ = ʹ ∙ ሺʟʒ ːˑˏ−ʟ˔.ː.ሻୡ୭ୱφʒ = ʹ ∙ ሺହହ−ହହ∙଴,଴ଵሻ଴,଼ହ = ͳʹͺ,ͳʹ ʛʑ ∙ ʏ.                           (4.7) 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» [6] ɜɵɛɢɪɚɟɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ−160000/220. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 
 
Ɍɚɛɥɢɰɚ 4.3 − Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ−160000/220 𝐒ɧɨɦ, 

Ɇȼ∙Ⱥ 
𝐔ɇ, ɤȼ 𝐔ɤ, % ∆𝐏ɤ, ɤȼɬ ∆𝐏ɯɯ, ɤȼɬ 𝐈ɯ,% 𝐔ȼɇ 𝐔ɇɇ 

160 230 11 12,5 500 155 0,6 
 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ʡ୫ୟ୶ ɢ ɜɪɟɦɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ . 

 τ = ቀͲ,ͳʹͶ + ʡౣaxଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚ˆˑˇ.            (4.8) 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɭɤɪɭɩɧɟɧɧɨɝɨ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
 t˓˃˄ = ͺ͹͸Ͳ − Ɋ ∙ T˒ ˎ − ω ∙ T˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ ˚,  (4.9) 
 

ɝɞɟ     Ɋ = 1 − ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ (ɬɟɤɭɳɢɯ, ɫɪɟɞɧɢɯ, ɤɚɩɢɬɚɥɶɧɵɯ), 1/ɝɨɞ;  T˒ ˎ = 30 − ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɱ; ω = 0,025 − ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ, 1/ɝɨɞ;  T˅ = ͸Ͳ − ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ−ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱ. 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˘˘ = nʡ ∙ ∆P̆ ˘ ∙ t˓˃˄ = ʹ ∙ Ͳ,ͳͷͷ ∙ ͺ͹ʹͻ = ʹ͹Ͳ͸ ʛʑ˕ ∙ ˚,                (4.10) 
            ˆˇˈ nɌ – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
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 ∆Wː = ∆ʟˍ୬˕ ∙ ቀ ୗ˓˃˔˚ୗ˕ ːˑˏቁଶ ∙ τ;                                                                              (4.11) 

 ∆Wː = ଴,ହ଴଴ଵ ∙ ቀଵଶ଼,ଵଶଵ଺଴ ቁଶ ∙ ʹͶͲͷ = ͹͹ͳ,ͲͶ ʛʑ˕ ∙ ˚. 

 
ɂɡɞɟɪɠɤɢ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɱɟɬɵɪɟɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ˒ˑ˕ = ଵߚ ∙ ∆W˘˘ +∙ ଶߚ ∙ ∆Wː,                                                         (4.12) 
ଵߚ                   = Ͳ,͸ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ; 
ଶߚ  = Ͳ,ͻ ∙ ͳͲ−ଶ ˕˞˔. ˓˖˄./ሺʛʑ˕ ∙ ˚ሻ. 
 
ɉɨɞɫɬɚɜɥɹɹ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɜ (4.12), ɧɚɯɨɞɢɦ ɜɟɥɢɱɢɧɭ ɢɡɞɟɪɠɟɤ 

ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ 220 ɤȼ: 
 ʗ˒ˑ˕ଶଶ଴ = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ʹ͹Ͳ͸ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͹͹ͳ,ͲͶ = ʹ͵,ͳͺ ˕˞˔. ˓˖˄./ˆˑˇ. 
 

4.2.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɢ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɞɢɧɚɤɨɜɚ 

ɜ ɨɛɟɢɯ ɫɯɟɦɚɯ, ɜɵɛɢɪɚɟɦ ɨɞɢɧɚɤɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 
Ⱦɨɥɹ ɦɨɳɧɨɫɬɢ, ɩɨɬɪɟɛɥɹɟɦɨɣ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ, ɫɨɫɬɚɜɥɹɟɬ 

(1−2) % ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ: 
 S˔.ː. = Ͳ,Ͳͳ ∙ S˖˔˕ = Ͳ,Ͳͳ ∙ ͳ͵͸ = ͳ͵͸Ͳ ˍʑ ∙ ʏ.                                             (4.13) 
 
ɋɨɝɥɚɫɧɨ Ɍɟɯɧɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɟ «ɊɭɫȽɢɞɪɨ», «… ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ 

ɫɟɬɢ ɞɨ 35 ɤȼ ɜɤɥɸɱɢɬɟɥɶɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɨɥɠɧɵ ɩɪɢɦɟɧɹɬɶɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɫ ɫɭɯɨɣ ɢɡɨɥɹɰɢɟɣ». Ɍɚɤɠɟ, ɞɨɥɠɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶɫɹ ɧɟ ɦɟɧɟɟ ɞɜɭɯ 
ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ.  

ɉɨ ɦɟɬɨɞɢɱɟɫɤɢɦ ɭɤɚɡɚɧɢɹɦ «ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ Ƚɗɋ» [7] ɩɨɞɨɛɪɚɧɵ 2 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁɍ−1600/10−80ɍɏɅ4, ɫɬɨɢɦɨɫɬɶɸ ɤɚɠɞɵɣ 1589 ɬɵɫ. 
ɪɭɛɥɟɣ. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 
Ɍɚɛɥɢɰɚ 4.4 − Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁɍ−1600/10−80ɍɏɅ4 𝐒ɧɨɦ, Ɇȼ∙Ⱥ 

𝐔ɇ, ɤȼ 𝐔ɤ, % 𝐈ɯɯ, % 𝐔ȼɇ 𝐔ɇɇ 
1,6 10,5 0,4 5,5 0,7 
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4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜ ɫɢɫɬɟɦɭ: 
 S˔ː = ʟ˖˔˕−୔˔.ː.ୡ୭ୱφ = ଵଷ଺−଴,଴ଵ∙ଵଷ଺଴,଼ହ = ͳͷͺ,Ͷ ʛʑ ∙ ʏ.                                            (4.14) 

 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ: 
 nˎ = ୗ˔ːʙ∙୔ː˃˕./ୡ୭ୱφ˔ + ͳ = ଵ଼ହ,ସሺଵ,ଶ∙ଵଷହ/଴,଼ହሻ + ͳ = ʹ.                                               (4.15) 

                                
ɝɞɟ Ʉ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ Ʌɗɉ, ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 
220 ɤȼ –  Ʉ =1,2; ʟː˃˕ − ɧɚɬɭɪɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ȼɅ ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 220 ɤȼ, 
ɪɚɜɧɚ 135 Ɇȼɬ; cosφ˔ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɪɚɜɧɵɣ 0,85. 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 I˓˃˄ = ୗ∑୬ˎ∙√ଷ∙୙ːˑˏ = ଵହ଼,ସ  ଶ∙√ଷ∙ଶଶ଴ = Ͳ,ʹͲͺ ˍʏ.                                                     (4.16) 

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ȼɅ ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ ɪɚɜɟɧ: 
 I˓˃˔˚ = αʡ ∙ α୧ ∙ I˓˃˄ = ͳ,Ͳͷ ∙ ͳ ∙ Ͳ,ʹͲͺ = Ͳ,ʹͳͺ ʏ,                 (4.17)     
   ˆˇˈ α୧  − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 

ɧɚɝɪɭɡɤɢ, ɪɚɜɧɵɣ ͳ,Ͳͷ;  αʡ  − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɪɚɜɧɵɣ 1. 

Ⱦɥɹ ɥɢɧɢɢ ɧɚɩɪɹɠɟɧɢɟɦ 220ɤȼ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ−240/39.  
Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ Iˇˑ˒ = Ͳ,ͷͲͷ ˍʏ. 
ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
 I˒.˃˅ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଵହ଼,ସ  ଵ∙√ଷ∙ଶଶ଴ = Ͳ,Ͷͳ͸ ʏ.                                     (4.18) 

 
Ⱦɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ:  

 Iˇˑ˒ > I˒.˃˅;                                             (4.19) 
 Ͳ,ͷͲͷ ˍʏ > Ͳ,Ͷͳ͸  ˍʏ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. 
ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ Ⱥɋ−240/39 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 

 
Ɍɚɛɥɢɰɚ 4.5 − ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ−240/39 

ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ 
ɮɚɡɟ 

r0 Ɉɦ/ɤɦ x0 Ɉɦ/ɤɦ b0 ɋɦ/ɤɦ 

1 0,118 0,435 2,60·10-4 
 

4.4 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɹɱɟɟɤ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (Ɋɍ) ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ.  

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
 ʙ = ሺk + nሻ ∙ KʙʟʢЭ + 𝑖 ∙ ʙʠʡ + m ∙ ʙʡ˔.ː. ,                                                                (4.20) 
 ˆˇˈ ʙʡ − ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ (66327 ɬɵɫ. ɪɭɛ.);  ʙʡ˔.ː. − ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (1200 ɬɵɫ. ɪɭɛ.);  ʙˍ˓˖ˠ − ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɄɊɍɗ (ɩɪɢɧɢɦɚɟɬɫɹ = 17,8 ɦɥɧ.ɪɭɛ.);  n − ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;  m − ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 

 t − ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɄɊɍɗ. 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɨɦ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ:  
 
Ʉଵ = ሺʹ + ʹሻ ∙ ͳ͹ͺͲͲ + ʹ ∙ ͸͸͵ʹ͹ + ͵ ∙ ͳʹͲͲ = ʹͲ͹ͶͷͶ ˕˞˔. ˓˖˄.           

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ: 
 
Ʉଶ = ሺͳ + ʹሻ ∙ ͳ͹ͺͲͲ + ʹͶͲͲͲͲ + ͵ ∙ ͳʹͲͲ = ʹͻ͹ͲͲͲ ˕˞˔. ˓˖˄.  

 
ȼɚɪɢɚɧɬ, ɭ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, 

ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ. 
 

Ɂɧɚɱɟɧɢɟ ɩɨɥɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɪɚɫɫɱɢɬɵɜɚɟɦ ɨ ɮɨɪɦɭɥɟ: 
 ʖ୧ = ʔː ∙ ʙ୧ + ʗ୧,                                                                             (4.21)

      ˆˇˈ ʔː– ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɪɚɜɧɵɣ 0,15.  
 
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ: 
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Ɂଵ = Ͳ,ͳͷ ∙ ʹͲ͹ͶͷͶ + ͳ͸,͹ʹ = ͵ͳͳ͵ͷ ˕˞˔. ˓˖˄.                  
 
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ: 
 
Ɂଶ = Ͳ,ͳͷ ∙ ʹͻ͹ͲͲͲ + ʹ͵,ͳͺ = ͶͶͷ͹͵ ˕˞˔. ˓˖˄. 
 
Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɡɚɬɪɚɬɚɦɢ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ ɢ ɭɤɪɭɩɧɟɧɧɵɦ 

ɛɥɨɤɨɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  
 ʟ = ʖమ−ʖభʖమ ∙ ͳͲͲ% = ସସହ଻ଷ−ଷଵଵଷହସସହ଻ଷ ∙ ͳͲͲ% = ͵Ͳ,ͳͷ%.                                (4.22) 

 
ɉɪɨɜɟɞɹ ɫɪɚɜɧɟɧɢɟ ɩɨɥɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ 

ɛɥɨɤɚɦɢ ɢ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɹɬɶ ɫɯɟɦɭ ɫ 
ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. 

 
4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 
 

ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚɩɪɹɠɟɧɢɟɦ 220 
ɤȼ ɪɚɜɧɨ 6. ɋɪɟɞɢ ɧɢɯ 2 ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ 220 ɤȼ ɢ 4 ɛɥɨɤɚ. 

 ɉɪɢ ɞɚɧɧɨɦ ɱɢɫɥɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ 
ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ ɫ ɨɞɧɨɣ ɪɚɛɨɱɟɣ 
ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɲɢɧ [8]. ȼɵɛɪɚɧɧɚɹ ɫɯɟɦɚ Ɋɍ − 220 ɤȼ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1. 
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Ɋɢɫɭɧɨɤ 4.1 − ɋɯɟɦɚ Ɋɍ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 220 ɤȼ: ɑɟɬɵɪɟɯɭɝɨɥɶɧɢɤ 

 
4.6 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɝɥɚɜɧɨɣ 

ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RastrWin 
 

4.6.1 Ɋɚɫɱɟɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 xʒ = x ′ୢ′ ∙ ୙ːˑˏమୗ ːˑˏ = Ͳ,ʹʹ ∙ ଵ଴,ହమ଺ସ,଻  = Ͳ,͵͹ͷ ʝˏ;                                                     (4.23) 

 rʒ = ୶ʒ𝜔∙ ʒ் = ଴,ଷ଻ହଷଵସ∙଴,ଶହ = Ͳ,ͲͲͷʝˏ, 

 ˆˇˈ x ′ୢ′  − ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɩɪɨɞɨɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ;  ʒܶ  − ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɞɥɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɚɹ 0,25 ɫ. 
Ɂɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ: 
 Eʒ = E∗" ∙ U˄ = ͳ,ͳ͵ ∙ ͳͲ,ͷ = ͳͳ,ͺ͹ ˍʑ.                                     (4.24) 
    
ɂɧɞɭɤɬɢɜɧɨɟ ɢ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 xʡ = ୙ʙ%∙୙ʑʜమଵ଴଴∙ୗːˑˏ = ଵଶ,ହ∙ଶଷ଴మଵ଴଴∙ଵ଴଴ = ͸͸,ͳ͵ ʝˏ;                                                             (4.25) 
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 rʡ = ∆̱ܲ ∙ ୙ʑʜమୗːˑˏమ = Ͳ,͵Ͷ ∙ ଶଷ଴మଵ଴଴మ = ͳ,ͺ ʝˏ.                                                            (4.26) 

 
ɂɧɞɭɤɬɢɜɧɨɟ ɢ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
 xʠ = ୙˄మୗ ˍˊ = ଶଷ଴మଵହ଴ = ͵ͷʹ,͸͹ ʝˏ;                                                                        (4.27) 

ʠݎ  = ୶ʠ୘˃,ʠ∙ω = ଷହଶ,଺଻଴,଴ଷହ∙ଷଵସ = ͵ʹ,Ͳͻ ʝˏ.                                                                       (4.28) 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ ɫ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ: 
 rˎ = r଴,˖ˇ ∙ l = Ͳ,ͳͳͺ ∙ ͸ͷ = ͹,͸͹ ʝˏ;                                                      (4.29)  
 xˎ = x଴,˖ˇ ∙ l = Ͳ,Ͷ͵ͷ ∙ ͸ͷ = ʹͺ,ʹͺ ʝˏ.                                         (4.30)

   
ɗȾɋ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ʔʠ = ʔ∗ʠ ∙ U˄ = ͳ,Ͳ ∙ ʹ͵Ͳ = ʹ͵Ͳ ˍʑ.                                                                      (4.31)

  
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɪɚɜɟɧ: 
 kʡ = ୙ʜʜ୙ʑʜ = ଵ଴,ହଶଷ଴ = Ͳ,ͲͶ͸.                                                                                (4.32)

        
4.6.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢ ɪɚɫɱɟɬ 

ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RastrWin» 

 
ɇɚ ɪɢɫɭɧɤɚɯ 4.2, 4.3 ɢ 4.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ 

ɩɪɨɝɪɚɦɦɵ «RastrWin», ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ, ɚ ɧɚ ɪɢɫɭɧɤɚɯ 4.5, 4.6 ɢ 4.7 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ. 

 

 
Ɋɢɫɭɧɨɤ 4.2 − ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 
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Ɋɢɫɭɧɨɤ 4.3 − ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.4 − ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.5 − Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɞɥɹ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ 

 

 
Ɋɢɫɭɧɨɤ 4.6 − Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɝɟɧɟɪɚɬɨɪɟ 

 

 
Ɋɢɫɭɧɨɤ 4.7 − Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 

 
ȼ ɬɚɛɥɢɰɟ 4.6 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɜ ɬɨɱɤɚɯ ɄɁ. 

 
Ɍɚɛɥɢɰɚ 4.6 − Ɇɟɫɬɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜ ɬɨɱɤɚɯ ɄɁ 

Ɍɢɩ ɄɁ ɉ1 𝐈˒.૙, ɤȺ 𝐢˖ˇ, ɤȺ 
1ɮ 7 7,24 17,615 
3ɮ 1 18,326 51,29 
3ɮ 7 4,84 11,77 

 
4.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

 
ɇɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɪɚɛɨɬɟ ɫ 

ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: 
            Iˆ,˓˃˄ ୫ୟ୶ = ͳ,Ͳͷ ∙ ௌːˑˏ√ଷ∙௎ʒ ːˑˏ = ͳ,Ͳͷ ∙ ଺ସ,଻√ଷ∙ଵ଴,ହ = ͵,͹͵ͷ ˍʏ.                                     (4.33) 
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Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 I˓˃˄ ୫ୟ୶ ሺʟʢʑʜሻ = ୗˆ,ːˑˏ√ଷ∙୙˕,ːˑˏ = ଺ସ,଻√ଷ∙ଶଷ଴ = Ͳ,ͳ͸ʹ ˍʏ.                                           (4.34) 

 
Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɧɚɩɪɹɠɟɧɢɟɦ 220ɤȼ: 
 I˓˃˄.௠௔௫ = ୗ∑୬ˎ∙√ଷ∙୙ːˑˏ = ଵହ଼,ସଶ∙√ଷ∙ଶଶ଴ = Ͳ,ʹͲͺ ˍʏ.                                                  (4.35) 

  
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 

ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 
 I˓˃˄.˖˕ˉ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଵହ଼,ସଵ∙√ଷ∙ଶଶ଴ = Ͳ,Ͷͳ͸ ˍʏ.                                           (4.36) 

 
4.8 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 

ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
 Uɧɨɦ ൒ Uɧɨɦ.ɫ; (4.37) 

  Iɧɨɦ ൒ Iɪɚɛ,୫ୟ୶; (4.38) 
  Bɤ,ɧɨɪɦ ൒ Bɤ,ɪɚɫɱ. (4.39) 
  
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» [9] ɞɥɹ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ−15−50/6300 ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊɁ−10/4000−Ɇɍ3−ɍɏɅ1. Ʉɚɬɚɥɨɠɧɵɟ 
ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.7.  

 
Ɍɚɛɥɢɰɚ 4.7 − ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ−15−50/6300 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɊɁ−10/4000−Ɇɍ3−ɍɏɅ1 U˔ˈ˕ˋ ːˑˏ = ͳͲ,ͷ ˍʑ Uːˑˏ = ͳͷ ɤȼ Uːˑˏ = ͳͲ,ͷ ɤȼ Iʒ.˓˃˄ = ͵͹͵ͷ ʏ Iːˑˏ = ͸͵ͲͲ Ⱥ Iːˑˏ = ͶͲͲͲ Ⱥ I୬଴ = ͳͺ,͵ʹ͸ ɤȺ Iːˑˏ.ˑ˕ˍˎ = ͷͲ ɤȺ Iɬɟɪɦ.ɫɬ = ͷͲ ɤȺ i୷ = ͷͳ,ʹͻ ɤȺ i˒˓.˔ˍ˅ = ͳ͵Ͳ ɤȺ Iɷɥ.ɞɢɧ.ɫɬ = ͳʹͷ ɤȺ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ʹͲ,ͳͷ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = ͹ͷͲͲ ˍʏଶ ∙ ˔ ʑˍ.ːˑˏ = ͹ͷͲͲ ˍʏଶ ∙ ˔ 
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ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.8. 
 
Ɍɚɛɥɢɰɚ 4.8 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ Ɍɢɩ ɩɪɢɛɨɪɚ 

ɂɧɬɟɪɮɟɣɫ 
ɩɪɢɛɨɪɚ 

Ʉɥɚɫɫ 
ɬɨɱɧɨɫɬɢ 

ɉɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 

 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ−1 RS485 0,5 8 

 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ−1 RS485 0,5 8 

ɋɢɧɯɪɨɧɢɡɚɬɨɪ Ⱥɋ−Ɇ3 RS485 0,5 10 
ɋɭɦɦɚ ∑ = 26 ȼ·Ⱥ 

 
ȼɵɛɪɚɧ ɩɪɨɢɡɜɨɞɢɦɵɣ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ɈɈɈ «Ⱥɋɍ−ȼɗɂ» [10], 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ−Ɇ3. 
ɉɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ.  

ȼɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɮɢɪɦɨɣ ɈɈɈ 
«ɉɪɨɦɫɜɹɡɶɤɨɦɩɥɟɤɬ» [11] ȺɉɄɗ−1; ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɢɡɦɟɪɟɧɢɣ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ 
ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɨɬ 0,4 ɞɨ 750 ɤȼ. 

ɉɪɢɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɫɨɩɨɫɬɚɜɥɹɟɬ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɨɬɫɥɟɠɢɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ − 
ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜ ɟɝɨ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ. ɉɨɞɤɥɸɱɟɧɢɟ ɤ ɫɟɬɢ 
ɧɚɩɪɹɠɟɧɢɟɦ ɫɜɵɲɟ 0,4 ɤȼ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
ɧɚɩɪɹɠɟɧɢɹ. 
 

4.9 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ−10−1. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ» [9]. ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ ɌɒɅ−10−1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.9. 
 
Ɍɚɛɥɢɰɚ 4.9 − ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-10-1 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳͲ,ͷ ˍʑ Uːˑˏ = ͳͲ,ͷ ˍʑ I˓˃˄ ୫ୟ୶ < Iːˑˏ Iʒ.˓˃˄ = ͵͹͵ͷ ʏ Iːˑˏ = ͶͲͲͲ ʏ 
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ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ−10. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 
«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ−10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 

 
Ɍɚɛɥɢɰɚ 4.10 − ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ UȽ = ͳͲ,ͷ ɤȼ Uɧɨɦ = ͳͲ,ͷɤȼ 
 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 10,5 ɤȼ 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ−ɉ1−10/10,5/10/2 ɍɏɅ1 
ɮɢɪɦɵ ɁȺɈ «ɁɗɌɈ» [13]. 
 

4.10 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 
 
ȼɵɛɪɚɧɨ ɄɊɍɗ ɫɟɪɢɢ əȽȽ−220 ɩɪɨɢɡɜɨɞɫɬɜɚ ȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». 

Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɞɚɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɸɬɫɹ: 
ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ, ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ 
ɧɚɩɪɹɠɟɧɢɹ, ɨɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɡɟɦɥɟɧɧɨɦ 
ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɤɨɪɩɭɫɟ, ɡɚɩɨɥɧɟɧɧɨɦ ɷɥɟɝɚɡɨɦ. Ɉɫɧɨɜɧɵɟ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ 
ɄɊɍɗ əȽȽ−220 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11.   
 
Ɍɚɛɥɢɰɚ 4.11 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɹɱɟɣɤɢ ɄɊɍɗ əȽȽ−220 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Uɫɟɬɢ ɧɨɦ = ʹʹͲ ɤȼ Uɧɨɦ = ʹͷʹ ɤȼ Iɪɚɛ ୫ୟ୶ = Ͷͳ͸ Ⱥ Iɧɨɦ = ͶͲͲͲ Ⱥ I୬଴ = ͳʹ,Ͷ͵ ɤȺ Iːˑˏ.ˑ˕ˍˎ = ͷͲ ˍʏ i୷ = ͳ͹,͸ʹ ˍʏ i˒˓.˔ˍ˅ = ͳʹͷ ˍʏ 

 
4.10.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ  
 
1. ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌȼɌ−220−I−600/5. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ȺɈ 

ɝɪɭɩɩɚ «ɋȼɗɅ» [8]. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɌȼɌ−220−I−600/5ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.12.  

 
Ɍɚɛɥɢɰɚ 4.12 − ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌȼɌ−220−I−600/5 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ Uɫɟɬɢ = ʹʹͲ ɤȼ Uɧɨɦ = ʹʹͲ ɤȼ Iɪɚɛ ୫ୟ୶ < Iɧɨɦ Iɪɚɛ ୫ୟ୶ = Ͷͳ͸ Ⱥ Iɧɨɦ = ͸͵Ͳ Ⱥ 
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5 ɍɫɬɪɨɣɫɬɜɚ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ 
 

ȼɫɟ ɫɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɳɢɳɟɧɨ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ 
ɧɚɪɭɲɟɧɢɣ ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ ɢ ɨɫɧɚɳɟɧɨ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ 
ɚɜɬɨɦɚɬɢɤɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɳɢɬɵ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ Ƚɗɋ: ɝɟɧɟɪɚɬɨɪɨɜ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ Ʌɗɉ. 

5.1 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

ɋɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ «ɉɪɚɜɢɥɚɦ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ», ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɨɳɧɨɫɬɶɸ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 
ɡɚɳɢɬ: 

− Ɂɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɋȼ−808/130−40ɍ4: −  ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɲɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; − Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (100%) ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; − Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; − Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; − Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɮɨɪɫɢɪɨɜɤɢ; − ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ. 

− Ɂɚɳɢɬɚ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ−100000/220−ɍɏɅ1: − Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; − Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɧɚ 
ɡɟɦɥɸ ɜ ɫɟɬɢ 220 ɤȼ; − Ʉɨɧɬɪɨɥɶ ɢɡɨɥɹɰɢɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɜɨɞɨɜ (Ʉɂȼ−220) − Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; − Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 10,5 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɛɥɨɤɚ; − Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɛɥɨɤɚ;  − Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
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− Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
− Ɂɚɳɢɬɵ ȼɅ ɧɚɩɪɹɠɟɧɢɟɦ 220ɤȼ: − Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ−ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ); − Ɍɪɟɯɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ); − 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ; − Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ (ɨɬ ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ); − ɍɊɈȼ 220ɤȼ (ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ 

ɜɵɤɥɸɱɚɬɟɥɟɣ 220ɤȼ). 
− Ɂɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ: − Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; − Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ; − Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; − Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
 
5.2 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ːܫ ˆሺଵሻ = ୔ːˑˏ/ୡ୭ୱφ√ଷ∙୙ːˑˏ = ହହ∙ଵ଴య/଴,଼ହ√ଷ∙ଵ଴,ହ = ͵ͷͷͺ ʏ,                                                        (5.1) 

 
ɝɞɟ Pː ˑˏ  − ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ;  cosφ − ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ;  Uːˑˏ  − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 

 ːܫ ˆሺଶሻ = ூː ˆሺభሻ∙ʙ˔˘ʙ˕˕ = ଷହହ଼∙ଵସ଴଴଴/ହ = Ͷ,Ͷͷ ʏ,                                                                 (5.2) 

 ˆˇˈ ːܫ ˆሺଵሻ  − ɧɨɦɢɧɚɥɶɧɚɹ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, Ⱥ;  ʙ˔˘  − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ;  ʙ˕˕  − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 
ɉɨ ɢɡɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɨɤɚ ɪɨɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ 

ɪɟɠɢɦ ɪɚɛɨɬɵ ɪɨɬɨɪɚ: 
ܫ̌  .ˇ. = ͳ,ͳ ∙ ͳʹͲͲ = ͳ͵ʹͲ ʏ;                                                                           (5.3) 
 

ȼɵɛɢɪɚɟɦ ɫɢɫɬɟɦɭ ɜɨɡɛɭɠɞɟɧɢɹ: 
 
 
 
 



56 
 

Ɍɚɛɥɢɰɚ 5.1 − Ⱦɚɧɧɵɟ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ 
Ɍɢɩ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ Ɍɨɤ (ɞɥɢɬ/ɮɨɪɫ), Ⱥ ɇɚɩɪɹɠɟɧɢɟ (ɞɥɢɬ/ɮɨɪɫ), ȼ 

ɋɌɋ−320−1400−2,5 ɍɏɅ4 1400/2340 320/490 

 
ɉɨɫɥɟ ɜɵɛɨɪɚ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ, ɩɨ ɤɚɬɚɥɨɠɧɵɦ ɞɚɧɧɵɦ ɨɩɪɟɞɟɥɹɟɦ 
ɜɵɩɪɹɦɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ. 
 
Ɍɚɛɥɢɰɚ 5.2 − Ⱦɚɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

Ɍɢɩ 

Ɇɨɳɧɨɫɬɶ 
ɫɟɬɟɜɨɣ 

ɨɛɦɨɬɤɢ, 
ɤȼ∙Ⱥ 

ɇɨɦɢɧɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɨɛɦɨɬɨɤ Ɍɨɤ 
ɩɪɟɨɛ-
ɥɹ, Ⱥ ɋɟɬɟɜɨɣ, 

ɤȼ 
ȼɟɧɬɢɥɶɧɨɣ, 

ȼ 
ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, 

ȼ 

ɌɋɁɉ−1600/10−Ɇ−ɍ3 1482 10,5 655 825 1600 

 
ɉɪɨɜɟɪɹɟɦ ɜɵɛɪɚɧɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚ ɩɟɪɟɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɞɥɹ ɷɬɨɝɨ 
ɨɩɪɟɞɟɥɢɦ ɤɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɱɟɪɟɡ ɧɟɝɨ 
ɬɨɤɚ ɮɨɪɫɢɪɨɜɤɢ: 
 ݇˒ˈ˓ = ூ˗∙௞˔˘ூː  ʡʔ ,                                                                                                                (5.4) 

ܫ̠ ˈˇˆ   − ɬɨɤ ɮɨɪɫɢɪɨɜɤɢ, ɪɚɜɧɵɣ 2340 Ⱥ; ݇˔˘ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ 0,816; ːܫ  ʡʔ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɜɵɩɪɹɦɢɬɟɥɶɧɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ, 1306 Ⱥ. 
 ݇˒ˈ˓ = ଶଷସ଴∙଴,଼ଵ଺ଵଷ଴଺ = ͳ,Ͷ͸. 

 
ɉɨ ɞɚɧɧɵɦ ɩɨ ɩɟɪɟɝɪɭɡɤɢ ɬɨɤɚ ɢ ɜɪɟɦɟɧɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɝɪɭɡɤɢ, 
ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 5.3, ɜɢɞɧɨ, ɱɬɨ ɩɨɫɱɢɬɚɧɧɭɸ ɩɟɪɟɝɪɭɡɤɭ ɞɨɩɭɫɬɢɦɨ 
ɭɞɟɪɠɢɜɚɬɶ ɨɤɨɥɨ 24 ɦɢɧɭɬ. 
 
Ɍɚɛɥɢɰɚ 5.3 − Ⱦɨɩɭɫɬɢɦɵɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ 

ɉɟɪɟɝɪɭɡɤɚ ɩɨ ɬɨɤɭ, % 20 30 40 50 60 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ, ɦɢɧ 60 45 32 18 5 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
ܫ̞  .ːˑˏሺଵሻ = ௌ˕ ːˑˏ√ଷ∙௎ːˑˏ ;                                                                                               (5.5) 

ܫ̞  .ːˑˏሺଵሻ = ଵସ଼ଶ√ଷ∙ଵ଴,ହ = ͺͳ ʏ. 

 
Ȼɚɡɨɜɵɣ ɬɨɤ ɞɥɹ ɰɟɩɢ ɫ ɜɵɩɪɹɦɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ: 
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ܫ̞  .ːˑˏሺଶሻ = ூ̞ .ːˑˏሺభሻ௄˕˕ ;                                                                                                     (5.6) 

ܫ̞  .ːˑˏሺଶሻ = ଼ଵଶ଴଴/ହ = ʹ,Ͳ͵ ʏ;  
 
Ȼɚɡɨɜɵɣ ɬɨɤ ɞɥɹ ɰɟɩɢ ɪɨɬɨɪɚ: 
ܫ˓  .ːˑˏሺଶሻ = ூ˓ .ːˑˏሺభሻ ∙௞˔˘௞˕˕∙௞˕˒ ,                                                                                              (5.7) 

 
ɝɞɟ ݇˔˘  − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɬɪɟɯɮɚɡɧɨɝɨ ɲɟɫɬɢɩɭɥɶɫɧɨɝɨ ɜɵɩɪɹɦɥɟɧɢɹ, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ ɮɚɡɧɨɝɨ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɤ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɨɤɚ, 
ܫ˓ ;0,816 .ːˑˏሺଵሻ  − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ, ɩɚɫɩɨɪɬɧɨɟ ɡɧɚɱɟɧɢɟ, 1200 Ⱥ; ݇˕˕ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, 200/5; ݇˕˒ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
10,5/0,655. 

ܫ˓  .ːˑˏሺଶሻ = ଵଶ଴଴∙଴,଼ଵ଺మబబఱ ∙ భబ,ఱబ,లఱఱ = ͳ,ͷ͵ ʏ. 

 
Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɪɨɬɨɪɚ: 
ܫ̌  .ˇ.˓ˑ˕.ሺଶሻ = ଵଷଶ଴∙଴,଼ଵ଺మబబఱ ∙ భబ,ఱబ,లఱఱ = ͳ,͸ͺ ʏ. 

 
5.3 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 

 
5.3.1 Ɋɚɫɱёɬ ɭɫɬɚɜɨɤ ɆɌɁ ɢ ɌɈ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
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Ɋɢɫɭɧɨɤ 5.1 − ɋɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɡɚɳɢɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
Ɉɩɪɟɞɟɥɹɟɦ ɬɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ: ɬɨɤ 

ɬɪёɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɟɪɟɞ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ 
ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ (ɬɨɱɤɚ Ʉ1): 

௄ଵሺଷሻܫ  = ாˆ′′௫೏′′ ∙ ܫ̂  ːˑˏ;                                                                                           (5.8) 

௄ଵሺଷሻܫ  = ଵ,଴଼଴,ଶଶ ∙ ͵ͷͷͺ = ͳ͹Ͷ͸͹ ʏ. 

 
Ɍɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɄɁ ɜ ɬɨɱɤɟ Ʉ1 ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ ɝɟɧɟɪɚɬɨɪɚ: 
௄ଵሺଶሻܫ  = √ଷଶ ∙  ௄ଵሺଷሻ;                                                                                               (5.9)ܫ

௄ଵሺଶሻܫ  = √ଷଶ ∙ ͳ͹Ͷ͸͹ = ͳͷͳʹ͹ ʏ. 

 
 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɡɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ (ɬɨɱɤɚ 

Ʉ2), ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
௄ଶሺଷሻܫ  = ூ̞ .ːˑˏሺభሻ௨ೖ% ∙ ͳͲͲ%;                                                                                        (5.10) 

௄ଶሺଷሻܫ  = ଼ଵସ,଼ ∙ ͳͲͲ% = ͳ͸ͺͺ ʏ. 

 

ɋȼ-808/130-40ɍ4; 
64,7 Ɇȼ∙Ⱥ; 10,5 ɤȼ;  
Cosφ=0,85; Iɧ=3558Ⱥ 

 

ɋɌɋ-320-1400-2,5 ɍɏɅ4 

200/5 
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Ɍɨɤ ɞɜɭɯɮɚɡɧɨɝɨ ɄɁ ɜ ɬɨɱɤɟ Ʉ2: 
௄ଶሺଶሻܫ  = √ଷଶ ∙  ௄ଶሺଷሻ;                                                                                                (5.11)ܫ

௄ଶሺଶሻܫ  = √ଷଶ ∙ ͳ͸ͺͺ = ͳͶ͸ʹ ʏ. 

 
ɍɫɬɚɜɤɚ ɆɌɁ ɩɨ ɬɨɤɭ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɤɚ 

ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, ɡɚ ɤɨɬɨɪɨɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɹɬɶ 1,8−ɤɪɚɬɧɨɟ 
ɡɧɚɱɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɬɢɪɢɫɬɨɪɧɨɝɨ ɜɨɡɛɭɞɢɬɟɥɹ. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɆɌɁ, 
ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɬɨɤɚ ɞɜɭɯɮɚɡɧɨɝɨ ɄɁ ɡɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɤ ɬɨɤɭ 
ɭɫɬɚɜɤɢ, ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɧɢɠɟ 1,5. Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

 
Ɉɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɭɫɬɚɜɤɢ ɪɟɥɟ ɆɌɁ: 
= ʛʡʖܫ  ௞ː∙௞˗∙௞˔˘∙ூ˓  ːˑˏ௞˅∙௞˕˕∙௞˕˒ ,                                                                                  (5.12) 

 
ɝɞɟ ݇ː − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, 1,2; ݇˗ − ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɫɢɪɨɜɤɢ, 1,8; ݇˔˘ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɬɪɟɯɮɚɡɧɨɝɨ ɲɟɫɬɢɩɭɥɶɫɧɨɝɨ ɜɵɩɪɹɦɥɟɧɢɹ, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ ɮɚɡɧɨɝɨ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɤ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɨɤɚ, 
 ːˑˏ − ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɬɨɤɚ ɬɢɪɢɫɬɨɪɧɨɝɨ ˓ ܫ ;0,816
ɜɨɡɛɭɞɢɬɟɥɹ (ɩɚɫɩɨɪɬɧɨɟ ɡɧɚɱɟɧɢɟ), 1200 Ⱥ; ݇˅  − ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɨɡɜɪɚɬɚ ɬɨɤɨɜɨɝɨ 
ɪɟɥɟ, 0,8; ݇˕˕  − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, 200/5; ݇˕˒  − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
10,5/0,655. 

= ʛʡʖܫ  ଵ,ଶ∙ଵ,଼∙଴,଼ଵ଺∙ଵଶ଴଴଴,଼∙మబబఱ ∙ భబ,ఱబ,లఱఱ = Ͷ,ͳʹ ʏ. 

 
Ⱦɚɥɟɟ ɩɪɢɜɨɞɢɦ ɟɝɨ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɟɞɢɧɢɰɵ: 
∗ʛʡʖܫ  = ூʛʡʖ ூ̞ .ːˑˏሺమሻ ;                                                                                                    (5.13) 
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∗ʛʡʖܫ = ସ,ଵଶଶ,଴ଷ = ʹ,Ͳ͵ ˑ. ˈ. 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ: 
ܫ̝  ˓.ʛʡʖ∗ = ʹ,Ͳ͵ ɨ.ɟ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ, ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ: 
 ݇˚.ʛʡʖ = ூ𝐾మሺమሻ௞˕˕∙ூʛʡʖ ;                                                                                             (5.14) 

 ݇˚.ʛʡʖ = ଵସ଺ଶమబబఱ ∙ସ,ଵଶ = ͺ,ͺ͹ > ͳ,ͷ. 

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɆɌɁ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɜɪɟɦɟɧɢ ɩɟɪɟɝɨɪɚɧɢɹ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɬɢɪɢɫɬɨɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɫɨɫɬɚɜɥɹɟɬ: 
ʛʡʖݐ  = Ͳ,Ͷ ˔. 
 
ɍɫɬɚɜɤɚ ɌɈ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɬɪɟɯɮɚɡɧɨɝɨ 

ɄɁ ɧɚ ɫɬɨɪɨɧɟ ɜɟɧɬɢɥɶɧɨɣ ɨɛɦɨɬɤɢ Ɍɉ, ɩɪɢ ɷɬɨɦ ɨɬɫɟɱɤɚ ɧɟ ɞɨɥɠɧɚ ɪɟɚɝɢɪɨɜɚɬɶ 
ɧɚ ɛɪɨɫɨɤ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, ɞɨɫɬɢɝɚɸɳɟɝɨ ɩɹɬɢɤɪɚɬɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɧɨɦɢɧɚɥɶɧɨɝɨ. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɬɫɟɱɤɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɄɁ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤ ɬɨɤɭ ɭɫɬɚɜɤɢ, 
ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2. 

 
Ɉɩɪɟɞɟɥɹɟɦ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɭɫɬɚɜɤɢ ɌɈ: 
= ʡʝܫ  ௞ː∙ூ𝐾మሺయሻ௞˕˕ ,                                                                                                    (5.15) 

 
ɝɞɟ ݇ː - ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɞɟɠɧɨɫɬɢ ɞɥɹ ɌɈ (1,4). 

= ʡʝܫ  ଵ,ସ∙ଵ଺଼଼ଶ଴଴/ହ = ͷͻ,Ͳͺ ʏ. 

 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ: 
ʛʒܫ  = ହ∙ூ̞ .ːˑˏሺభሻ௞˕˕ ;                                                                                                    (5.16) 

ʛʒܫ  = ହ∙଼ଵଶ଴଴/ହ = ͳͲ,ͳ͵ ʏ. 
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ɍɫɬɚɜɤɚ ɪɟɥɟ ɌɈ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɢɥɢ ɛɨɥɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɡ ɞɜɭɯ 

ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɬɚɜɤɚ ɪɚɜɧɚ: 
ܫ̝  ˓.ʡʝ = ͷͻ,Ͳͺ ʏ. 
 
Ⱦɚɥɟɟ ɩɪɢɜɨɞɢɦ ɟё ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɟɞɢɧɢɰɵ: 
ܫ̝  ˓.ʡʝ∗ = ூ̝ ˓.ʡʝூ̞ .ːˑˏሺమሻ ;                                                                                                 (5.17) 

ܫ̝  ˓.ʡʝ∗ = ହଽ,଴଼ଶ,଴ଷ = ʹͻ,ͳ ˑ. ˈ.  
 
Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɌɈ: 
 ݇˚.ʡʝ = ூ𝐾భሺమሻ௞˕˕∙ூ̝ ˓.ʡʝ;                                                                                            (5.18) 

 ݇˚.ʡʝ = ଵହଵଶ଻ଶ଴଴/ହ∙ହଽ,଴଼ = ͸,ͶͲ > ʹ. 

 
5.3.2 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ (I∆G) 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɯɮɚɡɧɨɣ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɚɯ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: ̂ܫሺଵሻ = ͵ͷͷͺ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: ݇ʡʡ = ͶͲͲͲ/ͷ ʏ. 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 

ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ܫʠʟ.ʝ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

ʜʐሺʜሻܫ  = ʙʝʓʜ ∙ 𝑖݂ ∙  ሺଵሻ,                                                                                (5.19)ܫ̂
 

ɝɞɟ ʙʝʓʜ = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 
ʜʐሺʜሻܫ  = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ͵ͷͷͺ = ͳ͹͹,ͻ ʏ. 
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ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ 
ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ: 

ʠʟ.଴ܫ  ൒ ʜܭ ∙  ʜʐሺʜሻ,                                                                                       (5.20)ܫ
 

ɝɞɟ ܭʜ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 
ʠʟ.଴ܫ  ൒ ʜܭ ∙ ʜʐሺʜሻܫ = ʹ ∙ ͳ͹͹,ͻ = ͵ͷͷ,ͺ ʏ.  
 
ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɫ ɭɱɟɬɨɦ ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ 
ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɫɬɨɪɨɧɟ ɇɇ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

ʠʟ.଴ܫ  ൒ ௄ଶሺଷሻܫ ∙  ʜ,                                                                                            (5.21)ܭ
 

ɝɞɟ ܭʜ = ͳ,ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
ʠʟ.଴ܫ  ൒ ͳ͸ͺͺ ∙ ͳ,ͳ = ͳͺͷ͸,ͺ ʏ. 
 
ɂɫɯɨɞɹ ɢɯ ɞɜɭɯ ɭɫɥɨɜɢɣ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɶɲɟɟ ɩɨ ɡɧɚɱɟɧɢɸ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɜɬɨɪɨɦɭ 
ɭɫɥɨɜɢɸ: 

ʠʟ.଴ܫ  ൒ ͳͺͷ͸,ͺ ʏ; 
ʠʟ.଴ሺଶሻܫ  ൒ ூʠʟ.బ௞ʡʡ ;                                                                                                    (5.22) 

ʠʟ.଴ሺଶሻܫ  ൒ ଵ଼ହ଺,଼ସ଴଴଴ ହ⁄ = ʹ,͵ʹ ʏ. 

 
ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
∗ʠʟ.଴ܫ  ൒ ூʠʟ.బሺమሻூ̂ሺమሻ , 
 

ɝɞɟ ̂ܫሺଶሻ = Ͷ,Ͷͷ ʏ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɜɟɞёɧɧɵɣ ɤ 
ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 

∗ʠʟ.଴ܫ  ൒ ଶ,ଷଶସ,ସହ = Ͳ,ͷʹ ˑ. ˈ.  
 
ɉɪɢɧɢɦɚɟɦ ɷɬɭ ɭɫɬɚɜɤɭ ɤɪɚɬɧɨɣ 0,05 ɨ.ɟ., ɫɥɟɞɨɜɚɬɟɥɶɧɨ: 
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∗ʠʟ.଴ܫ = Ͳ,ͷͷ ˑ. ˈ.  
 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ܭʡ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɧɚɝɪɭɡɤɢ. ȼɟɥɢɱɢɧɚ ܭʡ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ:   

ʜʐሺ௠௔௫ሻܫ  = ʙʏʞ ∙ 𝑖݂ ∙ ʙʝʓʜ ∙ ܫ̝ ˍ˅.௠௔௫,                                                            (5.23) 
 

ɝɞɟ  ʙʏʞ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;   𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; ʙʝʓʜ = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ̝ܫ ˍ˅.௠௔௫ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ 
ɜɵɜɨɞɚɯ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. 

ܫ̝  ˍ˅.௠௔௫ = ா𝑞′′௫೏′′ ∙  ሺଵሻ,                                                                                       (5.24)ܫ̂

 
ɝɞɟ ܧ௤′′ - ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɨɩɟɪɟɱɧɨɣ ɨɫɢ ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɨ.ɟ. 

′′௤ܧ  = √ሺܿݏ݋φˆሻଶ + ሺݏ𝑖݊φˆ +  ௗ′′ሻଶ,                                                            (5.25)ݔ
 

ɝɞɟ ݏ𝑖݊φˆ = √ͳ − ሺܿݏ݋φˆሻଶ = Ͳ,ͷ͵. 
′′௤ܧ  = √ሺܿݏ݋φˆሻଶ + ሺݏ𝑖݊φˆ + ௗ′′ሻଶݔ = √ሺͲ,ͺͷሻଶ + ሺͲ,ͷ͵ + Ͳ,ʹʹሻଶ =  = ͳ,ͳ͵ ˑ. ˈ.; 
ܫ̝  ˍ˅.௠௔௫ = ଵ,ଵଷ଴,ଶଶ ∙ ͵ͷͷͺ = ͳͺʹͻͻ ʏ; 

ʜʐሺ௠௔௫ሻܫ  = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͳͺʹͻͻ = ͳͺ͵Ͳ ʏ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
ʡܭ  > ூʜʐሺ೘ೌ𝑥ሻ∙௄ˑ˕˔ூʡ ,                                                                                          (5.26) 

 
ɝɞɟ ܭˑ˕˔ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɝɪɟɲɧɨɫɬɶ ɡɚɳɢɬɵ, 
ɩɪɢɛɥɢɠɟɧɧɨɫɬɶ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ ɢ ɧɟɨɛɯɨɞɢɦɵɣ ɡɚɩɚɫ;  
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 .ʡ − ɬɨɤ ɬɨɪɦɨɠɟɧɢɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɪɟɠɢɦɟܫ
ʡܫ  = ܫ̝√ ˍ˅.௠௔௫ ∙ ሺ̝ܫ ˍ˅.௠௔௫ − ʜʐሺ௠௔௫ሻሻܫ ∙  (5.27)                                             ,ߙݏ݋ܿ
 

ɝɞɟ ߙ = ͳͲ° ÷ ʹͲ° − ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɬɨɤɨɜ ɩɥɟɱ ɡɚɳɢɬɵ. 
ʡܫ  = √ͳͺʹͻͻ ∙ ሺͳͺʹͻͻ − ͳͺ͵Ͳሻ ∙ °ͳͷݏ݋ܿ = ͳ͹Ͳ͸ʹ ʏ; 
ʡܭ  > ଵ଼ଷ଴∙ଶଵ଻଴଺ଶ = Ͳ,ʹͳ. 

 
ɋɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ−ɢɡɝɨɬɨɜɢɬɟɥɹ ɆɉɁ ɇɉɉ ɗɄɊȺ ɩɪɢɧɢɦɚɟɦ 

ɭɫɬɚɜɤɭ ܭʡ = Ͳ,ͷ. 
 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ: 
ʜʡܫ  = ூʠʟ.బ∗ʙʡ ;                                                                                                     (5.28) 

ʜʡܫ  = ଴,ହହ଴,ହ = ͳ,ͳ ˑ. ˈ.  
 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
ܤ  ൒  ʜʡ;                                                                                                        (5.29)ܫ
ܤ  ൒ ͳ,ͳ ˑ. ˈ.  
 
ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ȼ = 1,5 (ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɢ ɭɫɥɨɜɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ). 
 
ɇɚ ɪɢɫɭɧɤɟ 5.2 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
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Ɋɢɫɭɧɨɤ 5.2 − ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 
 
5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɬɨɤɨɜɚɹ 
ɨɬɫɟɱɤɚ.  

 ˑܫ ˕˔  =  ݇ˑ˕˔ ·  ሺଵሻ,                                                                                         (5.30)ܫ̂
 

ɝɞɟ ݇ˑ˕˔ = ͸ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ. 
 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɌɈ: 
 ˑܫ  .ሺଵሻ = 6·3558 = 21348 Ⱥܫ̂·6 = ˔˕
 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬ.ɬ.: 
 ˑܫ ˕˔ሺଶሻ =  ଶଵଷସ଼ସ଴଴଴ ହ⁄ = ʹ͸,͸ͻ ʏ.                                                                            (5.31) 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 ˑܫ ˕˔∗ = ଶ଺,଺ଽସ,ସହ = ͸,ͲͲ ˑ. ˈ.                                                                               (5.32) 
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Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ 

ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ−ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɚ. 
 

5.3.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ  
(𝐔ܖ (𝐔ܗ)) 
 

Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɨɪɝɚɧɨɜ ɧɚɩɪɹɠɟɧɢɹ: 
1) ɉɟɪɜɵɣ ɨɪɝɚɧ (U0) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85−95% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 
ɫɬɨɪɨɧɵ ɮɚɡɧɵɯ ɜɵɜɨɞɨɜ; U0 ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 3U0 Ɍɇ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɢɡɦɟɪɹɟɦɨɟ 
ɨɛɦɨɬɤɨɣ, ɫɨɟɞɢɧɟɧɧɨɣ ɩɨ ɫɯɟɦɟ «ɪɚɡɨɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ». 

 ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɣ ɱɚɫɬɨɬɵ ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ ሺܷʝ Эʚ.ʠʡ.ሻ ɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 5.3. 

 
Ɋɢɫɭɧɨɤ 5.3 − ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ܷʝ Эʚ.ʠʡ.  
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ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
Σܥ   = ʡܥ + ʠʒ + ʠʧ + ʠʑʒ,                                                                                        (5.33) 
 ;Ƚ − ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸܥ ˈˇˆ 

 ;Ɍ − ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸܥ 
 ;ɲ − ёɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟܥ 
 .ȼ.Ƚ − ёɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 10,5 ɤȼܥ 

Σܥ  = Ͳ,ͲͲ͹ + Ͳ,͹ + Ͳ,ͲͲͺ + Ͳ,ʹͷ = Ͳ,ͻ͸ͷ ˏˍʣ ˗˃ˊ˖⁄ . 
 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ: 
 ܷʝ Эʚ.ʠʡ = ܭ ∙ ܷ଴ ∙ ʠʡሺఓబሻʠʡሺఓబሻ+ʠ𝛴,                                                                          (5.34) 

 
ɝɞɟ Ʉ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ܷ଴ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ 
ɧɟɣɬɪɚɥɶɸ, Ʉ = Ͳ,ͷ; 

ɋɌሺߤ଴ሻ − ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ, ɋɌሺߤ଴ሻ = Ͳ,Ͳͳʹ; ܷ଴ − ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 ܷ଴ = ଵଷ ⋅ ௎ʜʝʛ.ʑʜ√ଷ ;                                                                                              (5.35) 

 ܷ଴ = ଵଷ ∙ ଶଷ଴√ଷ = ͶͶ,ʹ͸Ͷ ˍʑ; 

 ܷ଴ ˠˎ.˔˕ = Ͳ,ͷ ∙ ͶͶ,ʹ͸Ͷ ∙ ͳͲଷ  ∙ ଴,଴ଵଶ଴,଴ଵଶ+଴,ଽ଺ହ = ʹ͹ͳ,ͺ͵ ʑ. 

 
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 10,5 ɤȼ: 
஼ܫ  = √͵ ∙ ܷɅ ∙ 𝜔 ∙ ɋΣ,                                                                                     (5.36) 
 

ɝɞɟ ܷʚ − ɥɢɧɟɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɤȼ; 𝜔 − ɰɢɤɥɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ, 𝜔 = ʹ ∙ ߨ ∙ ݂ = ͵ͳͶ ˓˃ˇ/˔. 
஼ܫ  = √͵ ∙ ͳͲ,ͷ ∙ ͳͲଷ ∙ ͵ͳͶ ∙ Ͳ,ͻ͸ͷ = ͷ,ͷͳ Ⱥ. 
 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 



68 
 

ܷʠʟ ൒ ʙʜʙʑ ∙ ଷ௎బ Эʚ.ʠʡʙʡʜ ,                                                                                         (5.37) 

 
ɝɞɟ Ʉɇ = ͳ,͵ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ʙʡʜ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; 

Ʉȼ = Ͳ,ͻ − ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 
 ܷʠʟ ൒ ଵ,ଷ଴,ଽ ∙ ଷ ∙ଶ଻ଵ,଼ଷଵ଴,ହ √ଷ∙బ,భయ⁄  = ͸,Ͷͺ ʑ. 

 ܷ଴ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ܷ ଴ଵீ  ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
9,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ܷ଴ீ ɫ ɭɫɬɚɜɤɨɣ 15 ȼ ɢ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɫ 
ɞɟɣɫɬɜɢɟɦ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɜɵɤɥɸɱɚɬɟɥɹ, ɨɫɬɚɧɨɜɤɚ ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ-
ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

2) ȼɬɨɪɨɣ ɨɪɝɚɧ ܷ଴ଷ ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ  ɜ ɧɟɣɬɪɚɥɢ ɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% ɜɢɬɤɨɜ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

Ⱦɥɹ ɨɪɝɚɧɚ ܷ଴ଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 
ɞɨ 3. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɡɚɜɢɫɢɬ ɨɬ ܭʡ: 

 ʤ = ଵʙʡ+ଶ;                                                                                                        (5.38) 

 ʤ = ଵଵ,ଶ+ଶ = Ͳ,͵ͳ͵.  

  
ɉɪɢ ܭʡ = ͳ,ʹ ɨɪɝɚɧ ܷ଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 31,3 % ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ−ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ. 

 
5.3.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (U1>), (U2>) 

 
1) ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɡɚɳɢɬɵ U1> ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɩɨɜɵɲɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ  
 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ܷ஼ʟଵ = ଵ,ଶ∙௎ːˑˏ.ˆʙʡʜ ,                                                                                            (5.39) 
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ɝɞɟ ܷːˑˏ.ˆ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; ʙʡʜ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ. 

 ܷ஼ʟଵ = ଵ,ଶ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳʹͲ ʑ. 

 
2) ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɡɚɳɢɬɵ U2> ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɩɨɜɵɲɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ ɜ ɪɟɠɢɦɚɯ ɪɟɡɤɨɝɨ ɫɛɪɨɫɚ ɧɚɝɪɭɡɤɢ. 
 
ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ܷ஼ʟଶ = ଵ,ସ∙௎ːˑˏ.ˆʙʡʜ ;                                                                                            (5.40) 

 ܷ஼ʟଶ = ଵ,ସ∙ଵ଴ହ଴଴ଵ଴ହ଴଴/ଵ଴଴ = ͳͶͲ ʑ. 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙  .ʜܫ
Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
ȼɵɞɟɪɠɤɭ ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɦ 

ɪɚɜɧɨɣ 1 ɫ, ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 0,5 ɫ. 
 
5.3.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ 
ɝɟɧɟɪɚɬɨɪɟ.  

 
Ɂɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫଶ∗: 
∗ଶܫ  = ூమூ̂ሺభሻ ;                                                                                                        (5.41) 

 
ɝɞɟ ܫଶ − ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ; ̂ܫሺଵሻ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 

 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
ʓʝʞݐ  = ஺ሺூమ∗ሻమ,                                                                                                   (5.42) 
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ɝɞɟ A = 30 − ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 
 

Ɂɚɳɢɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɨɪɝɚɧɵ: 
 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ܫଶʠʗʒʜ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ 

ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
(ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ). ɋɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ−ɢɡɝɨɬɨɜɢɬɟɥɹ Ɇɉ−ɡɚɳɢɬ 
ɇɉɉ ɗɄɊȺ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɜɵɲɟ 
ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɬɨɤɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɹ ɡɚɳɢɳɚɟɦɨɝɨ 
ɝɟɧɟɪɚɬɨɪɚ. Ɍɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɞɨɩɭɫɬɢɦɨɝɨ ɬɨɤɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɨɛɦɨɬɤɚɯ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɚɫɱɟɬɟ ɩɪɢɧɢɦɚɟɦ ɬɪɟɛɨɜɚɧɢɹ 
ɉɌɗ ɤ ɞɨɩɭɫɬɢɦɨɦɭ ɭɪɨɜɧɸ ɬɨɤɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ 
ɝɟɧɟɪɚɬɨɪɨɜ ɫ ɤɨɫɜɟɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɨɛɦɨɬɨɤ ɬɨɤ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 14% ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ 
ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ଶʠʗʒʜܫ  = Ͳ,Ͳ͹ ∙  ሺଵሻ;                                                                                        (5.43)ܫ̂
ଶʠʗʒʜܫ  = Ͳ,Ͳ͹ ∙ ͵ͷͷͺ = ʹͶͻ,Ͳ͸ ʏ. 
 
ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
ଶʠʗʒʜሺଶሻܫ  =  ூమʠʗʒʜ௄˕˕ ;                                                                                              (5.44) 

ଶʠʗʒʜሺଶሻܫ  = ଶସଽ,଴଺ସ଴଴଴/ହ = Ͳ,͵ͳ ʏ. 

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 
ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫ∗ଶ =Ͳ,ͳͶ ˑ. ˈ. − ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɨɩɭɫɬɢɦɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ 
ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ: 
ʓʝʞݐ  = ଷ଴଴,ଵସమ = ͳͷ͵ͳ ˔. 

 
ɍɫɬɚɜɤɭ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɦ ɩɨ ɭɫɥɨɜɢɸ ɧɚɞёɠɧɨɝɨ ɩɭɫɤɚ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ ݐʛʏʙʠ: 
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∗ଶʞʢʠʙܫ = ூమ∗ʙʜ,                                                                                                           (5.45) 

 
ɝɞɟ ʙʜ = ͳ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
∗ଶʞʢʠʙܫ  = ଴,ଵସଵ,ଶ = Ͳ,ͳʹ ˑ. ˈ.  
 

ɉɪɢ ɜɵɛɪɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɭɫɬɚɜɤɢ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɝɪɭɡɤɢ ɨɫɬɚɜɥɹɟɦ ɪɚɜɧɵɦ ʡˏ˃ˍ˔ = ͳͷ͵ͳ ˔ˈˍ. , ɩɪɢ ɷɬɨɦ 
ɪɚɫɱɟɬɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ: 

௠௔௫ݐ  = ஺ሺூమʞʢʠʙ∗ ሻమ;                                                                                            (5.46) 

௠௔௫ݐ  = ଷ଴଴,ଵଶమ ≈ ʹͲͺ͵ ˔. 

 
ɉɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɆɉɁ ɇɉɉ ɗɄɊȺ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɦ:  
௠𝑖௡ݐ  = Ͳ,ͷ ܿ;  
 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ ܫଶ c ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

ʠʟݐ  = ஺ሺூమ∗ሻమ ;                                                                                                    (5.47) 

ܣ  = ͵Ͳ = ሺܫଶ∗ሻଶ ∙  ʠʟ.                                                                                    (5.48)ݐ
 

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.4. 

 
Ɍɚɛɥɢɰɚ 5.4 − Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

I 2/Iɧ, ɨ.ɟ 
1,0 0,6 0,5 0,4 0,3 0,2 0,12 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ, ɫ 30 83 120 188 333 750 1531 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
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Ɋɢɫɭɧɨɤ 5.4 − ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 

 
ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: tɆɂɇ. = 0,5 ɫ, tɆȺɄɋ. = 1531 ɫ. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨ 
ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ ɢ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ 
ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. ɉɪɢ ɷɬɨɦ ɩɪɨɦɟɠɭɬɨɤ 
ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ 
ɜɟɥɢɱɢɧɵ ɞɨ 0,135 ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ «ɩɨɥɧɨɝɨ 
ɨɯɥɚɠɞɟɧɢɹ» (Iɨɯɥ). ɗɬɨɬ ɩɚɪɚɦɟɬɪ ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-
ɢɡɝɨɬɨɜɢɬɟɥɹ  
 ʝܶʤʚ = ஺ሺூమ ˇˎ.ˇˑ˒.∗ ሻమ,                                                                                        (5.49) 

 
ɝɞɟ ܫଶ ˇˎ.ˇˑ˒.∗  − ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɨ.ɟ., 
∗.˒ଶ ˇˎ.ˇˑܫ) = ∗ଶܫ = Ͳ,ͳͶ ˑ. ˈ. ). 

 
ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɭɫɬɚɜɤɚ ɜɪɟɦɟɧɢ ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɚ 1531 ɫɟɤ. 
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4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ 
ɢ ɹɜɥɹɟɬɫɹ ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
1. ɂɡ ɭɫɥɨɜɢɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɟɪɟɝɪɟɜɚ ɪɨɬɨɪɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ 

ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ. 
3. ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 

ɡɚɳɢɬɚɦɢ BJI. 
 
ɉɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ: ɜɵɛɨɪ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɤɪɢɜɨɣ 

ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ 
ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ ɥɢɧɢɣ 220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ. 

.ଶʠ.ʖ∗ܫ  ൑ ூమʛʗʜሺమሻʙʦ ;                                                                                               (5.50) 

 
ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱёɬ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 ܵ˄˃ˊ. = ͳͲͲ ʛʑʏ; 
 ܷ˄˃ˊ.ଵ = ͳͲ,ͷ ˍʑ; 
 ܷ˄˃ˊ.ଶ = ʹ͵Ͳ ˍʑ; 
ܫ˄  ˃ˊ.ଵ = ௌ˄˃ˊ√ଷ∙௎˄˃ˊ.భ;                                                                                            (5.51) 

ܫ˄  ˃ˊ.ଵ = ଵ଴଴∙ଵ଴య√ଷ∙ଵ଴,ହ = ͷͶͻͻ ʏ; 

ܫ˄  ˃ˊ.ଶ = ௌ˄˃ˊ√ଷ∙௎˄˃ˊ.మ;                                                                                            (5.52) 

ܫ˄  ˃ˊ.ଶ = ଵ଴଴∙ଵ଴య√ଷ∙ଶଷ଴ = ʹͷͳ,Ͳʹ ʏ; 

 ܺˆˈː.˄˃ˊ.∗ = ܺௗ ′′ ∙ ௎ːˑˏమௌːˑˏ ∙ ௌ˄˃ˊ.௎˄˃ˊ.భమ ;                                                                            (5.53) 

 ܺˆˈː.˄˃ˊ.∗ = Ͳ,ʹʹ ∙ ଵ଴,ହమ଺ସ,଻ ∙ ଵ଴଴ଵ଴,ହమ = Ͳ,͵ͶͲ ˑ. ˈ.; 
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ܺ˕˓−˓˃.˄˃ˊ.∗ = ௎ˍ%ଵ଴଴ ∙ ௎ːˑˏమௌːˑˏ ∙ ௌ˄˃ˊ.௎˄˃ˊ.మమ ;                                                                       (5.54) 

 ܺ˕˓−˓˃.˄˃ˊ.∗ = ଵଵ,ହଵ଴଴ ∙ ଶଷ଴మଵ଴଴ ∙ ଵ଴଴ଶଷ଴మ = Ͳ,ͳͳͷ ˑ. ˈ.; 
 ܺଶ ˄˃ˊ.∗ = Xଶ ∙ ௎ːˑˏమௌːˑˏ ∙ ௌ˄˃ˊ.௎˄˃ˊ.భమ ;                                                                               (5.55) 

 ܺଶ ˄˃ˊ.∗ = Ͳ,ʹ͵ ∙ ଵ଴,ହమ଺ସ,଻ ∙ ଵ଴଴ଵ଴,ହమ = Ͳ,͵ͷͷ ˑ. ˈ.; 
ܫ̱  .ˊ.ˑ.˒.∗ሺଶሻ = ா∗ቀ𝑋ˆˈː.˄˃ˊ.∗ +𝑋˕˓−˓˃.˄˃ˊ.∗ ቁ+ቀ𝑋మ ˄˃ˊ.∗ +𝑋˕˓−˓˃.˄˃ˊ.∗ ቁ;                                               (5.56) 

ܫ̱  .ˊ.ˑ.˒.∗ሺଶሻ = ଵሺ଴,ଷସ଴+଴,ଵଵହሻ+ሺ଴,ଷହହ+଴,ଵଵହሻ = ͳ,Ͳͺͳ ˑ. ˈ.; 
 
ɉɟɪɟɜɟɞɟɦ ɜ ɢɦɟɧɨɜɚɧɧɵɟ ɟɞɢɧɢɰɵ: 
ܫ̱  .ˊ.ˑ.˒.ሺଶሻ ː.ː. = ܫ̱ .ˊ.ˑ.˒.∗ሺଶሻ ∙ ܫ˄ ˃ˊ.ଵ;                                                                                 (5.57) 
ܫ̱  .ˊ.ˑ.˒.ሺଶሻ ː.ː. = ͳ,Ͳͺͳ ∙ ͷͶͻͻ = ͷͻͶͶ ʏ; 
 
Ⱦɚɥɟɟ ɩɪɢɜɟɞёɦ ɬɨɤ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
.ଶ ˍ.ˊ.ˑ.˒.ሺଶሻ ː.ːܫ  = ூ̱ .ˊ.ˑ.˒.ሺమሻ ː.ː.௞˕˕ ;                                                                                           (5.58) 

.ଶ ˍ.ˊ.ˑ.˒.ሺଶሻ ː.ːܫ  = ହଽସସସ଴଴଴/ହ = ͹,Ͷ͵ͳ ʏ; 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɨɬɫɟɱɤɢ ɢɡ ɞɢɚɩɚɡɨɧɚ ሺͲ,ͷ − Ͳ,ͺሻ ∙  ሺଶሻ. ɉɪɢ ɷɬɨɦܫ̂
ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ Ʉɱ > 1,2. ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Ͳ,ͷͷ ∙  ሺଶሻ, ɬ.ɟ, 0,55ܫ̂
ɨ.ɟ.: 
.ଶ ʠ.ʖܫ  = Ͳ,ͷͷ ∙ Ͷ,Ͷͷ = ʹ,ͶͶͺ ʏ. 

 
Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɦ ɩɪɨɜɟɪɤɭ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ: 
 ʙʦ = ூమ ʠ.ʖ.ூమ ˍ.ˊ.ˑ.˒.ሺమሻ ː.ː. ൒ ͳ,ʹ;                                                                                       (5.59) 

 ʙʦ = ଻,ସଷଵଶ,ସସ଼ = ͵,ͲͶ > ͳ,ʹ. 
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ɉɨ ɬɪɟɬɶɟɦɭ ɭɫɥɨɜɢɸ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ ܫଶ ʠ.ʖ. = Ͳ,ͷͷ ˑ. ˈ. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɒɋȼ 220 ɤȼ, 
ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺ𝑰૚ሻ 

 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ ɫɨɞɟɪɠɢɬ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 

ɩɪɢ ɭɜɟɥɟɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɞɟɣɫɬɜɭɸɳɢɣ ɜ 
ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. 

 
ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
.ଵ ʠʗʒʜܫ  = ௄ʜ∙ூ̂ሺభሻ௄ʑ ,                                                                                            (5.60) 

 
ɝɞɟ ܭʜ = ͳ,Ͳͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ − ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

.ଵ ʠʗʒʜܫ  = ଵ,଴ହ∙ଷହହ଼଴,ଽ଼ = ͵ͺͳʹ,ͳͶ ʏ. 

 
ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
ଵ ʠʗʒʜ.ሺଶሻܫ  = ூభ ʠʗʒʜ.௞˕˕ ;                                                                                            (5.61) 

ଵ ʠʗʒʜ.ሺଶሻܫ  = ଷ଼ଵଶ,ଵସସ଴଴଴ ହ⁄ = Ͷ,͹͹ ʏ. 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
∗.ଵ ʠʗʒʜܫ  = ூభ ʠʗʒʜ.ሺమሻூ̂ሺమሻ ;                                                                                            (5.62) 

∗.ଵ ʠʗʒʜܫ  = ସ,଻଻ସ,ସହ = ͳ,Ͳ͹ ˑ. ˈ.  
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2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

 
ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
.ଵ ʞʢʠʙܫ  = ଵ,଴଼∙ூ̂ሺభሻ଴,ଽ଼ ;                                                                                           (5.63) 

.ଵ ʞʢʠʙܫ  = ଵ,଴଼∙ଷହହ଼଴,ଽ଼ = ͵ͻʹͳ,Ͳ͸ ʏ. 

 
ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɬɨɤɚ: 
ଵ ʞʢʠʙ.ሺଶሻܫ  = ூభ ʞʢʠʙ.௞˕˕ ;                                                                                            (5.64) 

ଵ ʞʢʠʙ.ሺଶሻܫ  = ଷଽଶଵ,଴଺ସ଴଴଴ ହ⁄ = Ͷ,ͻͲ ʏ. 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
∗.ଵ ʞʢʠʙܫ  = ூభ ʞʢʠʙ.ሺమሻூ̂ሺమሻ ;                                                                                            (5.65) 

∗.ଵ ʞʢʠʙܫ  = ସ,ଽ଴ସ,ସହ = ͳ,ͳͲ ˑ. ˈ.  
 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
 
ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.5: 
 

Ɍɚɛɥɢɰɚ 5.5 − ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Ʉɪɚɬɫɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ 𝑰 𝑰ʜ⁄ , 

ɨ.ɟ. 
1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, ɫ 

3600 1200 450 340 280 160 80 5 5 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.5. 
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Ɋɢɫɭɧɨɤ 5.5 − ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ I1 
 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ 
ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 

 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ:  

ଵʝʡʠܫ  = ଵ,ହ∙ூʜʝʛ଴,ଽ଼ = ଵ,ହ∗ଷହହ଼଴,ଽ଼ = ͷͶͶ͸ ʏ.                                                                    (5.66) 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɬɨɤɚ: 
ଵ ʡʝሺଶሻܫ  = ூభ ʡʝ௞˕˕ ;                                                                                                   (5.67) 

ଵ ʡʝሺଶሻܫ  = ହସସ଺ସ଴଴଴ ହ⁄ = ͸,ͺͳ ʏ. 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
∗ଵ ʡʝܫ  = ூభ ʡʝሺమሻூ̂ሺమሻ ;                                                                                                   (5.68) 

∗ଵ ʡʝܫ  = ଺,଼ଵସ,ସହ = ͳ,ͷ͵ ˑ. ˈ.  
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ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɨɜɟɪɹɟɬɫɹ ɩɪɢ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ ȼɇ 
ɛɥɨɤɚ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ: 
ܫ̱  .ˊ.∗ሺଷሻ = ா∗𝑋ˆˈː.˄˃ˊ.∗ +𝑋˕˓−˓˃.˄˃ˊ.∗ ;                                                                                (5.69) 

ܫ̱  .ˊ.∗ሺଷሻ = ଵ଴,ଷସ଴+଴,ଵଵହ = ʹ,ʹ ˑ. ˈ. 

 ʙ˚ = ூ̱ .ˊ.∗ሺయሻூభ ʡʝ∗ ൒ ͳ,ʹ;                                                                                            (5.70) 

 ʙ˚ = ଶ,ଶଵ,ହଷ = ͳ,ͶͶ > ͳ,ʹ. 

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ܷʒ <. 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 

 ܷʠʟ = ଴,଺଼∙௎ʜʝʛ௄ʑ∙௡ʡ = ଴,଺଼∙ଵ଴ହ଴଴ଵ,଴ଷ∙ଵ଴ହ,଴ = ͸͸,Ͳʹ ʑ.                                                                    (5.71) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɒɋȼ 220 ɤȼ, 8,5 ɫ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 9,0ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 

5.3.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺ𝒁૚ <ሻ, ሺ𝒁૛ <ሻ 
 

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 
ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ ɤɪɭɝɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ I ɢ 
II ɤɜɚɞɪɚɧɬɟ ɫɨ ɫɦɟɳɟɧɢɟɦ ɜ III ɢ IV ɤɜɚɞɪɚɧɬ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

1) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɣɫɬɜɢɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɧɟ ɛɨɥɟɟ 1ɫ. ɍɤɚɡɚɧɧɚɹ ɜɵɞɟɪɠɤɚ 
ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ ɡɚɳɢɬ 
ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 220 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. Z1, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 220 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ: 
 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + ଴,଼௄ʡ ∙ ܼଵʚ′ ;                                                                               (5.72) 

 
ɝɞɟ KɌ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; 
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ZɌ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
220 ɤȼ. 

 ܼʡ = ଴,ଵଵହ∙ଶଷ଴ଵ଴଴ ଶ = ͸Ͳ,ͺͶ ʝˏ.  
 ܼଵʚ = ଶݎ√ + ଶݔ = √ሺ͹,͸͹ሻଶ + ሺʹͺ,ʹͺሻଶ = ʹͻ,͵Ͳ ʝˏ; 
 
 ܼଵ ൑ Ͳ,ͺ ∙ ͸Ͳ,ͺͶ + ଴,ଶ଼ ∙ ʹͻ,͵Ͳ = ͸Ͳ,͵ͻ ʝˏ.  
 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼଵ∗ ൑ Ͳ,ͺ ∙ Ͳ,ͳͳͷ ∙ ଺ସ,଻ଵ଴଴ + ଴,ଶ଼ ∙ ଺ସ,଻ଶଷ଴మ ∙ ʹͻ,͵Ͳ = Ͳ,Ͳ͹Ͷ ˑ. ˈ.   
 ܼଵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ∗ ∙ ܼ˄˃ˊ.,                                                                                                (5.73) 
 

ɝɞɟ ܼ˄˃ˊ = ௎ːˑˏ.ˆమௌːˑˏ = ଵ଴,ହమ଺ସ,଻ = ͳ,͹ ʝˏ.  
 ܼଵ = Ͳ,Ͳ͹Ͷ ∙ ͳ,͹ = Ͳ,ͳʹ͸ ʝˏ.  
 
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 

 ܼଵ஼ଷ = ܼଵ ∙ ʙ˕˕ʙ˕ː ;                                                                                                (5.74) 

 ܼଵ஼ଷ = Ͳ,ͳʹ͸ ∙ రబబబఱభబఱబబభబబ = Ͳ,ͻ͸ ʝˏ .   
 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ஼ଷ = Ͳ,ͻ͸ ʝˏ. 
 

2) Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 
ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɍɫɬɚɜɤɚ ɮɭɧɤɰɢɢ ∆ܼ, ɜ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ, ∆ܼ = ͵Ͳ − ͷͲ ʝˏ˔ˈˍ. 

ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 1,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ 
ɫɛɪɨɫ ȺɊɁ. 
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3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ௎ːˑˏ.ˆ√ଷ∙ூ̂ሺభሻ,                                                                                                            (5.75) 

 ܼʜʏʒʟ = ଵ଴ହ଴଴√ଷ∙ଷହହ଼ = ͳ,͹ ʝˏ.  
 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜɨ ɜɬɨɪɢɱɧɵɯ ɨɦɚɯ: 
 ܼʜʏʒʟሺଶሻ = ܼʜʏʒʟ ∙ ʙ˕˕ʙ˕ː,                                                                                      (5.76) 

 ܼʜʏʒʟሺଶሻ = ͳ,͹ ∙ రబబబఱభబఱబబభబబ = ͳʹ,ͻͺ ʝˏ.   
 
ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 

ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ͳ,ͺ ∙ ∗ܫ̠ :ሺଵሻܫ̂ = ͳ,ͺ ˑ. ˈ. 
 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ∗ = ଴,ଽହ∙௎ːˑˏ.ˆ∗ூ∗̠ ;                                                                                      (5.77) 

 ܼʜʏʒʟ.ʣ∗ = ଴,ଽହ∙ଵଵ,଼ = Ͳ,ͷ͵ ˑ. ˈ.  
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɜɨ ɜɬɨɪɢɱɧɵɯ ɨɦɚɯ: 
 ܼʜʏʒʟ.ʣଶ = ܼʜʏʒʟ.ʣ∗ ∙ ܼ˄˃ˊ. ∙ ʙ˕˕ʙ˕ː;                                                                       (5.78) 

 ܼʜʏʒʟ.ʣଶ = Ͳ,ͷ͵ ∙ ͳ,͹ ∙ ସ଴଴଴ ହ⁄ଵ଴ହ଴଴ ଵ଴଴⁄ = ͸,ͺ͸ ʝˏ. 

𝜑 ʜʏʒʟ.ʣݏ݋ܿ  = ௖௢௦𝜑ʜ଴,ଽହ∙ூʣ ;                                                                                    (5.79) 

𝜑 ʜʏʒʟ.ʣݏ݋ܿ  = ଴,଼ହ଴,ଽହ∙ଵ,଼ = Ͳ,Ͷͻ͹.       
 

ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = ͸Ͳ,ͳͻ°. 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʜ = ͵ͳ,͹ͻ°. 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
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ܼଶ∗ = ௓ʜʏʒʟ.ʣ∗ʙʜ ;                                                                                                  (5.80) 

 ܼଶ∗ = ଴,ହଷଵ,ଵ = Ͳ,Ͷͺʹ ˑ. ˈ.  
 ܼଶ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଶ = ܼଶ∗ ∙ ܼ˄˃ˊ.;                                                                                              (5.82) 
 ܼଶ = Ͳ,Ͷͺʹ ∙ ͳ,͹ = Ͳ,ͺʹ ʝˏ.  
 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
 ܼଶʠʖ = ܼଶ ∙ ʙ˕˕ʙ˕ː;                                                                                              (5.82) 

 ܼଶʠʖ = Ͳ,ͺʹ ∙ ସ଴଴଴ ହ⁄ଵ଴ହ଴଴ ଵ଴଴⁄ = ͸,ʹͶ ʝˏ. 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: ܼଶʠʖ = ͸,ʹͶ ʝˏ. 
 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 20%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼ ʠʛଵ =Ͳ,ͳͻʹ ʝˏ, ܼʠʛଶ = ͳ,ʹͶͺ ʝˏ.  
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,5 ɫ − ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɝɚɲɟɧɢɟ ɩɨɥɹ ɝɟɧɟɪɚɬɨɪɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.6.  
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Ɋɢɫɭɧɨɤ 5.6 − ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 
 

5.3.7 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 
ɪɨɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. Ɂɚɳɢɬɚ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
 

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɜ 
ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ.  
 

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
ʟ.ʠʗʒʜ.ሺଶሻܫ  = ʙʜ∙ூ˓ .ːˑˏሺమሻ௄ʑ ,                                                                                                 (5.83) 

 
ɝɞɟ ܭʜ = ͳ,Ͳͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ − ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 
ʟ.ʠʗʒʜ.ሺଶሻܫ  = ଵ,଴ହ∙ଵ,ହଷ଴,ଽ଼ = ͳ,͸Ͷ ʏ. 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵ ɟɞɢɧɢɰɚɯ: 

∗.ʟ.ʠʗʒʜܫ  = ூʟ.ʠʗʒʜ.ሺమሻூ˓ .ːˑˏሺమሻ ;                                                                                                  (5.84) 
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∗.ʟ.ʠʗʒʜܫ = ଵ,଺ସଵ,ହଷ = ͳ,Ͳ͹ ˑ. ˈ.  
 

2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

 
ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɬɨɤɚ: 
ʟ.ʞʢʠʙ.ሺଶሻܫ  = ʙʜ∙ூ̌ .ˇ.˓ˑ˕.ሺమሻ௄ʑ ,                                                                                                 (5.85) 

 
ɝɞɟ ܭʜ = ͳ,Ͳͺ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ − ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ʟ.ʞʢʠʙ.ሺଶሻܫ  = ଵ,଴଼∙ଵ,ହଷ଴,ଽ଼ = ͳ,͸ͻ ʏ. 

 ʑ ˑ˕ːˑ˔ˋ˕ˈˎ˟ː˞˘ ˈˇˋːˋ˙˃˘: 
∗.ʟ.ʠʗʒʜܫ  = ூʟ.ʞʢʠʙ.ሺమሻூ˓ .ːˑˏሺమሻ ;                                                                                                  (5.86) 

∗.ʟ.ʠʗʒʜܫ  = ଵ,଺ଽଵ,ହଷ = ͳ,ͳ ˑ. ˈ.  
 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܫʟ.ʠʗʒʜ.∗ = ͳ,ͳͳ ˑ. ˈ.  
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ (ɬɚɛɥɢɰɚ 5.6), ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
Ɍɚɛɥɢɰɚ 5.6 − ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ 𝑰 𝑰ʜ⁄ , ɨ.ɟ. 

1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 2,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, ɫ 

ɞɥɢɬɟɥɶɧɨ 250 180 160 120 90 72 45 20 
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Ɋɢɫɭɧɨɤ 5.7 − ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ.  
 

ɍɫɬɚɜɤɚ ɌɈ ɩɪɢɜɟɞёɧɧɚɹ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 
ʟ.ʡ.ʝ.ሺଶሻܫ  = ʙʜ∙ூ˓ .ːˑˏሺమሻ௄ʑ ,                                                                                                    (5.87) 

 
ɝɞɟ ܭʜ = ʹ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = Ͳ,ͻͺ − ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ʟ.ʡ.ʝ.ሺଶሻܫ  = ଶ,ଶ∙ଵ,ହଷ଴,ଽ଼ = ͵,Ͷ͵ ʏ. 

 ʑ ˑ˕ːˑ˔ˋ˕ˈˎ˟ː˞˘ ˈˇˋːˋ˙˃˘: 
∗.ʟ.ʡ.ʝܫ  = ூʟ.ʡ.ʝ.ሺమሻூ˓ .ːˑˏሺమሻ ;                                                                                                       (5.88) 

∗.ʟ.ʡ.ʝܫ  = ଷ,ସଷଵ,ହଷ = ʹ,ʹͶ ˑ. ˈ.  
 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɩɪɢɧɢɦɚɟɬɫɹ 3,0 ɫ. Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ 
ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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5.4 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɪɨɫɫɢɣɫɤɨɝɨ 
ɧɚɭɱɧɨ − ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ «ɗɄɊȺ». 

ɍɫɬɚɧɨɜɤɚ Ɉɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɢɬ 
ɢɡɛɟɠɚɬɶ ɜɨɡɦɨɠɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɢɡɜɧɟ ɜ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɭɦɟɧɶɲɢɬ ɡɚɬɪɚɬɵ.  

Ȼɥɚɝɨɞɚɪɹ ɛɥɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɰɢɮɪɨɜɵɯ ɬɟɪɦɢɧɚɥɨɜ ɢ ɦɨɞɭɥɶɧɨɦɭ 
ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɜɵɫɨɤɭɸ ɚɞɚɩɬɚɰɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɜɢɱɧɨɣ ɫɯɟɦɟ ɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɨɛɴɟɦɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɟɝɨ ɪɚɛɨɬɵ. 
 

5.5 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 

ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ƚ, 
ɬɚɛɥɢɰɵ Ƚ.1 ɢ Ƚ.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 

6.1 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ 
 

ɂɫɯɨɞɹ ɢɡ ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɜɵɫɨɬɵ 
ɫɨɨɪɭɠɟɧɢɹ ɢ ɬɢɩɚ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ (ɫɤɚɥɶɧɨɟ ɨɫɧɨɜɚɧɢɟ, ɝɪɚɧɢɬ) ɨɩɪɟɞɟɥɹɟɦ 
ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ [22]. 

1) ɉɨ ɜɵɫɨɬɟ (40 ɦ) ɢ ɝɪɭɧɬɭ ɨɫɧɨɜɚɧɢɹ (ɝɪɚɧɢɬ) − III ɤɥɚɫɫ; 
2) ɉɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ (Nɭɫɬ = 136 Ɇȼɬ) − III  ɤɥɚɫɫ; 
3) ɉɨ ɱɢɫɥɭ ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ ɧɢɠɟ ɫɬɜɨɪɚ ɩɥɨɬɢɧɵ − 

II ɤɥɚɫɫ. 
ɇɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɧɚɯɨɞɢɬɫɹ ɧɚɫɟɥɟɧɧɵɣ ɩɭɧɤɬ ɩ.Ɍɭɥɢɱɢ, ɫ ɧɚɫɟɥɟɧɢɟɦ 

664 ɱɟɥɨɜɟɤ ɜ 23 ɤɦ ɨɬ ɫɬɜɨɪɚ.  
ɉɨ ɧɚɢɛɨɥɶɲɟɦɭ ɤɥɚɫɫɭ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɨɬɧɨɫɢɦ ɞɚɧɧɨɟ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɤ II ɤɥɚɫɫɭ. 
 
6.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ 

 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɝɥɭɯɨɣ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 

 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ:  
 ∇ʒʐʞ = ∇ʜʞʢ + ℎଵ% + ∆ℎ௦௘௧ + ܽ                                                                (6.1) 
  
ɉɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ: 
 ℎ௦ = ℎ௥௨௡ଵ% + ∆ℎ௦௘௧ + ܽ,                                                                                  (6.2) 
 

ɝɞɟ ℎ௥௨௡ଵ% − ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1%; ∆ℎ௦௘௧ − ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ; ܽ = Ͳ,͸ ˏ − ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ. 
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = ݇௪ ∙ ௏మ∙௅௚∙ௗ ∙  (6.3)                                                                                             ,ܽݏ݋ܿ

 
ɝɞɟ ݇௪ = ͳ,͵ͺ ∙ ͳͲ−଺ − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɱɟɬɧɨɣ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ; 

V= ͳʹ ˏ/˔  − ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɭɪɨɜɧɟɦ ɜɨɞɵ; 
L= ʹͺͲͲ ˏ − ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ; ܽ = Ͳ − ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ 

ɜɟɬɪɚ; 
d − ɭɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɵ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ. 

ɍɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɩɪɢ ɇɉɍ: 
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݀ = ∇ʜʞʢ−∇ʓʜʏଶ = ଵ଼଺−ଵସ଺ଶ = ʹͲ ˏ.                                                                     (6.4) 

 
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɩɪɢ ɇɉɍ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = ͳ,͵ͺ ∙ ͳͲ−଺ ∙ ଵଶమ∙ଶ଼଴଴ଽ,଼ଵ·ଶ଴ = Ͳ,ͲͲʹͺ.                                                               (6.5) 

 
Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 

ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɟɜ. 
ȼɵɱɢɫɥɢɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ: 
 ௚∙௧௏ ,                                                                                                                         (6.6) 

 ௚∙௅௏మ ,                                                                                                                     (6.7) 

 
ɝɞɟ  ݐ = ͸ ˚ −  ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ. 

Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɩɨ ɮɨɪɦɭɥɚɦ (6.6) ɢ (6.7): 
 ݃ ∙ ଶܸܮ = ͻ,ͺͳ · ʹͺͲͲͳʹଶ = ͳͻͲ,͹ͷ.              

 ݃ ∙ ܸݐ = ͻ,ͺͳ ∗ ʹͳ͸ͲͲͳʹ = ͳ͹͸ͷͺ. 
 

Ⱦɚɥɟɟ ɩɨ ɝɪɚɮɢɤɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ  ɩɪɢɥɨɠɟɧɢɢ Ⱦ, ɪɢɫɭɧɨɤ Ⱦ.1 ɩɨ 
ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ ɫ ɝɥɭɛɢɧɨɣ , dd    ) ɢ 

ɡɧɚɱɟɧɢɹɦ ௚∙௧௏  ˋ ௚∙௅௏మ   ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ  ɢ  ௚∙ℎ̅௏మ  ˋ ௚∙்̅௏ . 

 
ɂɫɩɨɥɶɡɭɹ ɦɟɧɶɲɢɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɹɟɬɫɹ ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ 

ɜɨɥɧɵ ܶ̅ ɢ ɫɪɟɞɧɸɸ ɜɵɫɨɬɭ ɜɨɥɧɵ ℎ̅. 
 ௚∙ℎ̅ ௏మ = Ͳ,ͲʹͶ;                                                                                          

 ௚∙ℎ̅ ௏మ = Ͳ,Ͳͻ9;  

 ௚∙்̅௏ = ͳ,ͻ;                                                                                              

 ௚∙்̅௏ = Ͷ,ʹ. 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ:  
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ℎ̅= 
𝑔∙ℎ̅ 𝑉మ  ∙௏మ௚ = ଴,଴ଶସ∙ଵଶమଽ,଼ଵ = Ͳ,͵ͷ  ˏ.                                                                            (6.8) 

 ܶ̅= 
𝑔∙𝑇̅𝑉 ∙௏௚ = ଵ,ଽ·ଵଶଽ,଼ଵ = ʹ,͵ʹ ˔.                                                                               (6.9) 

 
ȼɵɱɢɫɥɢɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
ௗ̅̅ߣ  ̅ = ்̅మ∙௚ଶ∙గ = ଶ,ଷଶమ∙ଽ,଼ଵଶ∙ଷ,ଵସ = ͺ,ͶͶ ˏ.                                                                      (6.10) 

 
ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ: 
 ݀ > Ͳ,ͷ ∙ ௗ̅̅ߣ ̅                                                                                                            (6.11) 
 
20 > 4,22, ɬ.ɟ. ɭɫɥɨɜɢɟ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ. 
Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ℎଵ% = ℎ̅ ∙ 𝑖ܭ ,                                                                                                      (6.12) 
 

ɝɞɟ ܭ𝑖  – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ⱦ, ɪɢɫɭɧɨɤ Ⱦ.2 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ (6.7): 

 ℎଵ% = Ͳ,͵ͷ ∙ ʹ,͵ = Ͳ,ͺͳ ˏ 
 

ȼɵɫɨɬɭ ɧɚɤɚɬɚ ɜɨɥɧ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɨɬɤɨɫ ɞɥɹ ɮɪɨɧɬɚɥɶɧɨ 
ɩɨɞɯɨɞɹɳɢɯ ɜɨɥɧ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎ௥௨௡ଵ% = ݇௥ ∙ ݇௣ ∙ ݇௦௣ ∙ ݇௥௨௡ ∙ ℎଵ%,                                                                 (6.13) 
 

ɝɞɟ ݇௥ = ͳ ɢ ݇௣ = Ͳ,ͻ − ɤɨɷɮɮɢɰɢɟɧɬɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ.   ݇௦௣ − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ݉ 𝜑݃ݐܿ= = ͳ,ͷ ɢ V= 12 ɦ/c, =1,4;   ݇௥௨௡ = ʹ,ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɝɨɫɬɢ ɜɨɥɧɵ, 
ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ, ɪɢɫ Ⱦ.3. 

 ఒ೏̅̅̅̅ℎభ% = ଼,ସସ଴,଼ଵ = ͳͲ,Ͷʹ.                                                                                                (6.14) 

 
 ℎ௥௨௡ଵ% = ͳ ∙ Ͳ,ͻ ∙ ͳ,Ͷ ∙ ʹ,ͳ ∙ Ͳ,ͺͳ = ʹ,ͳͶ ɦ. 
 
Ɋɚɫɫɱɢɬɵɜɚɸɬ ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 

ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɩɨ ɮɨɪɦɭɥɟ (6.2): 
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ℎ௦ = Ͳ,ͲͲʹͺ + ʹ,ͳͶ + Ͳ,͸ = ʹ,͹Ͷ ˏ.  
 
Ɉɩɪɟɞɟɥɹɸɬ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɮɨɪɦɭɥɟ (6.1): 
 ∇ʒʐʞ = ͳͺ͸ + Ͳ,ͺͳ + Ͳ,ͲͲʹͺ + Ͳ,͸ = ͳͺ͹,Ͷͳ ɦ. 
 
ɉɪɢɧɢɦɚɟɦ ∇ʒʐʞ = ͳͺ͹,Ͷͳ ɦ. 

 
6.3 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 

 
6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɩɭɫɤɚ ɩɚɜɨɞɤɚ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 

ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ ɫɥɭɱɚɟ: 
ˑ˔ːܪ  = ∇ʜʞʢ − ʢʜʐ(ܳˏ˃ˍ˔.˓˃˔˚ˑ˔ː ) = ͳͺ͸ − ͳͷͳ,Ͳ͹ = ͵Ͷ,ͻ͵ ˏ.                  (6.15)  
˅ˑ˒ܪ                                                                 = ∇ʣʞʢ − ʢʜʐ(ܳˏ˃ˍ˔.˓˃˔˚˒ˑ˅ ) = ͳͺͺ − ͳͷͳ,ͺ͹ = ͵͸,ͳ͵ ˏ.                (6.16) 
 
ɉɚɜɨɞɨɤ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ, ɬɚɤ ɤɚɤ ɧɚɩɨɪ ܪˑ˔ː ɢ  ܪ˒ˑ˅ ɛɨɥɶɲɟ ܪˏˋː˕˖˓˄ 
Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ ɩɪɢ ɨɫɧɨɜɧɨɦ ܳʒʏˑ˔ː ɢ 

ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ: 
 ܳʒʏˑ˔ː = ேʒʏଽ,଼ଵ∙ሺுˑ˔ː−∆ℎሻ∙𝜂 = ଺ସ଻଴଴ଽ,଼ଵ∙ሺଷସ,ଽଷ  −଴,ହሻ∙଴,ଽଷଶ = ʹͲ͸ ˏయ௖                                  ሺ͸.ͳ͹ሻ 

 ܳʒʏ˒ˑ˅ = ேʒʏଽ,଼ଵ∙ሺு˒ˑ˅−∆ℎሻ∙𝜂 = ଺ସ଻଴଴ଽ,଼ଵ∙ሺଷ଺,ଵଷ−଴,ହሻ∙଴,ଽଷଶ = ͳͻͻ ˏయ̝
                                  ሺ͸.ͳͺሻ 

 
ɋɨɝɥɚɫɧɨ [22] ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ 

ɪɚɫɯɨɞɨɜ − m, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ: 
m = (n-1) ɩɪɢ ɱɢɫɥɟ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ n൑ ͸; 
 
m = (2-1) = 1,                                                                                                ሺ͸.ͳͻሻ 
 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. 
 ܳʒЭʠˑ˔ː = ܳʒʏˑ˔ː ∙ m = ʹͲ͸ ∙ ͳ = ʹͲ͸ ˏଷ/ܿ                                                      ሺ͸.ʹͲሻ 
 ܳʒЭʠ˒ˑ˅ = ܳʒʏ˒ˑ˅ ∙ m = ͳͻͻ ∙ ͳ = ͳͻͻ ˏଷ/ܿ                                                     ሺ͸.ʹͳሻ 
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ 

ɫɨɫɬɚɜɥɹɟɬ:  
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 ܳ˓˃˔ˑ˔ː = ܳˏ˃ˍ˔.˓˃˔˚ˑ˔ː − ܳʒЭʠˑ˔ː − ܳ˔ = ʹʹͻͺ − ʹͲ͸ − ͳ͸͵ = ͳͻʹͻ ˏయ௖ ,               (6.22) 

 ܳ˓˃˔˒ˑ˅ = ܳˏ˃ˍ˔.˓˃˔˚˒ˑ˅ − ܳʒЭʠ˒ˑ˅ − ܳ˔ = ͵Ͳͻͻ − ͳͻͻ − ͳ͸͵ = ʹ͹͵͹ ˏయ௖ ,              (6.23) 

 

ɝɞɟ ܳ˔ = ሺ௏˒ ˑ+௏˒ ˓ሻ்̝ ˓ = ሺଵ,଻ହ+ଵ,଺ସሻ∙ଵ଴వଶ଴଻଺ଷ଴଴଴ = ͳ͸͵ ˏଷ/ܿ                                                     ሺ͸.ʹͶሻ 

 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
ܤ  = ொ˓˃˔˚ˑ˔ː௤˅ = ଵଽଶଽ ଷଵ,଼ = ͸Ͳ,͹ ˏ,                                                                                       (6.25) 

 
ɝɞɟ ݍ˅  − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ. 

˅ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ ʹͷ,Ͷ = ͵ͳ,ͺ ˏయ௖ ,                                                               (6.26) 

 
ɝɞɟ ݍ˓ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ. 

˓ݍ  = [𝑣ℎ] ∙ ℎʜʐˑ˔ː = ͷ ∙ ͷ,Ͳ͹ = ʹͷ,Ͷ ˏయ௖ ,                                                       ሺ͸.ʹ͹ሻ 

 ℎʜʐˑ˔ː = ∇ʢʜʐ − ∇ʓʜʏ = ͳͷͳ,Ͳ͹ − ͳͶ͸,ͲͲ = ͷ,Ͳ͹ ˏ.                                 ሺ͸.ʹͺሻ 
 ˆˇˈ [𝑣ℎ] = ͷ ௖ˏ  − ɦɢɧɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ ɞɥɹ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ. 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, ɩɨɷɬɨɦɭ 

ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ: 
 
B = b ∙ ݊,                                                                                                        ሺ͸.ʹͻሻ 
 

ɝɞɟ n − ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ. 
Ɉɤɪɭɝɥɹɟɦ B ɞɨ 64 ɦɟɬɪɨɜ, ɩɪɢɧɢɦɚɟɦ n = 4 ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ ɩɨ 16 

ɦɟɬɪɨɜ. 
 

6.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ, ɨɩɪɟɞɟɥɢɦ ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ 
ɜɨɞɨɫɥɢɜɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬ.ɟ. ɛɟɡ ɭɱɟɬɚ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ 
ɜɨɞɨɫɥɢɜɚ: ܪ଴ଵ = ሺ ொ˓௠∙஻∙√ଶ∙௚ሻଶ/ଷ = ሺ ଵଽଶଽ଴,ସଽ∙଺ସ∙√ଶ∙ଽ,଼ଵሻଶ/ଷ = ͷ,͹ͺ ˏ,                                        (6.30) 

 
ɝɞɟ m − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ.  
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ɉɪɢɧɢɦɚɟɦ ɨɱɟɪɬɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ Ʉɪɢɝɟɪɚ-Ɉɮɢɰɟɪɨɜɚ ɬɢɩɚ Ⱥ, m = 
0,49. 

ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɫ ɭɱɟɬɨɦ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ, 
ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 

଴ଶܪ  = ሺ ொ˓௠∙ఌ∙𝜎˒∙஻∙√ଶ∙௚ሻଶ/ଷ = ሺ ଵଽଶଽ଴,ସଽ∙଴,ଽ଺ଷ∙ଵ∙଺ସ∙√ଶ∙ଽ,଼ଵሻଶ/ଷ = ͷ,ͻʹ ˏ,                     (6.31) 

 
ɝɞɟ 𝜎˒ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ 𝜎˒=1;  ߝ – ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
ߝ  = ͳ − Ͳ,ʹ ∙ 𝜉+ሺ௡−ଵሻ𝜉బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ଴,଻+ሺସ−ଵሻ଴,ସହସ ∙ ହ,଻଼ଵ଺ = Ͳ,ͻ͸͵.               (6.32) 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ 𝑣଴: 
 

Н = Н଴ଶ − ఈ௏బమଶ௚ = ͷ,ͻʹ − ଵ,ଵ·଴,଺ଷହమଶ·ଽ,଼ଵ = ͷ,ͻ ˏ.                                                    (6.33) 

 ଴ܸ = ொ˓˃˔˚ˑ˔ːሺ∇ʜʞʢ−∇ʓːˑሻሺ஻+ሺ௡−ଵሻఋ˄ሻ = ଵଽଶଽሺଵ଼଺,଴଴−ଵସ଺,଴଴ሻ∙ሺ଺ସ+ሺସ−ଵሻ∙ସሻ = Ͳ,͸͵ͷ ௖ˏ ,          (6.34) 

 
˄ߜ ˈˇˆ  = Ͷ ˏ − ˕ˑˎ˜ˋː˃ ˄˞ˍ˃ 

Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
  ∇ʒʑ = ∇ʜʞʢ − Н˔˕ = ͳͺ͸,ͲͲ − ͸ = ͳͺͲ,ͲͲ ˏ,                                           (6.35) 
 

ɝɞɟ Н˔˕ = ͸ ˏ − ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɨɪɚ 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɵɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʐ =  ∇ʒʑ + ͳ,͸ ∙ ˕˔ܪ = ͳͺͲ,ͲͲ + ͳ,͸ ∙ ͸ = ͳͺͻ,͸ ɦ.                              (6.36) 
 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɵɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɛɨɥɶɲɟ, ɱɟɦ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ 

ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ∇ʒʞ =ͳͺͻ,͸ ˏ. 
 
6.3.3 ɉɨɫɬɪɨɟɧɢɟ ɨɝɨɥɨɜɤɚ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ  

 
Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 6.1 
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Ɍɚɛɥɢɰɚ 6.1 − Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ.  
x, ɦ 0 0,6 1,2 1,8 2,4 3 3,6 4,2 4,8 

y, ɦ 0,756 0,216 0,042 0 0,036 0,162 0,36 0,6 0,876 
x, ɦ 5,4 6 6,6 7,2 7,8 8,4 9 9,6 10,2 
y, ɦ 1,188 1,536 1,926 2,364 2,85 3,384 3,966 4,584 5,238 
x, ɦ 10,8 11,4 12 12,6 13,2 13,8 14,4 15 15,6 
y, ɦ 5,922 6,648 7,41 8,214 9,048 9,918 10,764 11,76 12,732 
x, ɦ 16,2 16,8 17,4 18 18,6 19,2 19,8 20,4 21 

y, ɦ 13,734 14,772 15,84 16,944 18,078 19,242 20,43 21,654 22,908 
x, ɦ 21,6 22,2 22,8 23,4 24     
y, ɦ 24,186 25,494 26,826 28,188 29,628     

 

 

Ɋɢɫɭɧɨɤ 6.1 − Ɉɝɨɥɨɜɨɤ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ 

 

6.3.4 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɨɬɦɟɬɤɟ Ɏɉɍ 
 

Ɉɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ 
ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ (ɩɪɢ Ɏɉɍ) ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ:  
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H଴ଵ˒ˑ˅ = ( ୕˓˃˔˚˒ˑ˅୫∙B∙√ଶ୥)ଶ ଷ⁄ = ቀ ଶ଻ଷ଻଴,ସଽ∙଺ସ∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͹,ʹ͹ ˏ.                               (6.37) 

 H଴ଶ˒ˑ˅ =  ( ୕˓˃˔˚˒ˑ˅୫∙க∙σ˒∙B∙√ଶ୥)ଶ ଷ⁄ = ቀ ଶ଻ଷ଻଴,ସଽ∙଴,ଽହଷ·ଵ∙଺ସ∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͹,Ͷͺ ˏ.              (6.38) 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ: 
ߝ  = ͳ − Ͳ,ʹ ∙ 𝜉+ሺ௡−ଵሻ𝜉బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ଴,଻+ሺସ−ଵሻ଴,ସହସ ∙ ଻,ଶ଻ଵ଺ = Ͳ,ͻͷ͵.             (6.39) 

 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ 

ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 
 ଴ܸ = ୕˓˃˔˚˒ˑ˅ሺ∇ʣʞʢ−∇ˇː˃ሻሺB+ሺ୬−ଵሻஔʐ = ଶ଻ଷ଻ሺଵ଼଼,଴଴−ଵସ଺,଴଴ሻሺ଺ସ+ሺସ−ଵሻ·ସሻ = Ͳ,ͺͷͺ ˏ̝.            (6.40) 

 H˒ˑ˅ = H଴ଶ˒ˑ˅ − α∙௏బమଶ୥ = ͹,Ͷͺ − ଵ,ଵ∙଴,଼ହ଼మଶ·ଽ,଼ଵ = ͹,ͶͶ ˏ.                                        (6.41) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ, ɬ.ɟ. ɨɬɦɟɬɤɭ, ɩɪɢ 

ɤɨɬɨɪɨɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ:   
 ∇ʣʞʢ˓ = ∇ʒʑ + H˒ˑ˅ = ͳͺͲ + ͹,ͶͶ = ͳͺ͹,ͶͶ ˏ.                                    (6.42) 
 
Ɋɚɫɱɟɬɧɚɹ ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɩɨɞɩɨɪɧɨɝɨ ɭɪɨɜɧɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 

ɡɚɞɚɧɧɨɝɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 
 
6.3.5 ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɞɨɧɧɵɣ ɜɨɞɨɫɛɪɨɫ 

 
ȼɵɱɢɫɥɹɟɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ 
 ʡ଴ = ∇ʜʞʢ − ∇ʓʜʏ = ͳͺ͸,ͲͲ − ͳͶ͸,ͲͲ = ͶͲ ˏ.                                     (6.43) 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɢɩɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ ɜɵɱɢɫɥɹɟɦ ɤɪɢɬɢɱɟɫɤɭɸ 

ɝɥɭɛɢɧɭ ɩɨɬɨɤɚ: 
 ℎˍ˓ = √ ௔ொమ˓ሺ஻+ሺ௡−ଵሻ·ఋ˄ሻమ௚య = √ ଵ,ଵ·ଵଽଶଽమሺ଺ସ+ሺସ−ଵሻ·ସሻమ·ଽ,଼ଵయ = Ͷ,ͳ͹ ˏ.                                  (6.44) 

 
Ɉɩɪɟɞɟɥɢɦ ɨɬɧɨɲɟɧɢɟ ɢ ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɫɥɢɜɧɨɣ ɝɪɚɧɢ:  
ߝ  బ் = బ்ℎˍ˓ = ସ଴ସ,ଵ଻ = ͻ,ͷͻ ˏ.                                                                              (6.45) 



94 
 

 
ȼ ɩɪɨɟɤɬɟ ɦɨɠɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɩɥɨɬɢɧɵ ɜɵɫɨɬɨɣ ɦɟɧɟɟ 15 ɦ ɢɦɟɸɬ ɦɚɥɭɸ 

ɞɥɢɧɭ ɫɥɢɜɧɨɣ ɝɪɚɧɢ; ɜɵɫɨɬɨɣ ɨɬ 15 ɞɨ 40 ɦ − ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɫɥɢɜɧɨɣ ɝɪɚɧɢ; ɚ 
ɜɵɫɨɬɨɣ ɫɜɵɲɟ 40 ɦ − ɛɨɥɶɲɭɸ ɞɥɢɧɭ ɫɥɢɜɧɨɣ ɝɪɚɧɢ.  

 
Ɍɚɛɥɢɰɚ 6.2 − Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ  𝜑 ɨɬ ɢɫɬɟɱɟɧɢɹ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ 

ɂɫɬɟɱɟɧɢɟ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ ɫ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɨɱɟɪɬɚɧɢɟɦ 
ɫɥɢɜɧɨɣ ɝɪɚɧɢ ɢ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 

Ʉɨɷɮɮɢɰɢɟɧɬ 𝝋 
 

ɉɪɢ ɦɚɥɨɣ ɞɥɢɧɟ ɫɥɢɜɧɨɣ ɝɪɚɧɢ 1,00 
ɉɪɢ ɫɪɟɞɧɟɣ ɞɥɢɧɟ ɫɥɢɜɧɨɣ ɝɪɚɧɢ 0,95 
ɉɪɢ ɛɨɥɶɲɨɣ ɞɥɢɧɟ ɫɥɢɜɧɨɣ ɝɪɚɧɢ 0,90 
 
ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ ɪɢɫɭɧɨɤ 

Ⱦ.4 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ሺͲ,ͻͷሻ ɢ  Ɍ୘బ  ɨɩɪɟɞɟɥɹɟɦ   ℰ˔ ɢ ℰ′′˔.  
 ℎ௖′ = ˔ߝ  ∙ ℎˍ˓ = Ͳ,ʹʹʹ ∙ Ͷ,ͳ͹ = Ͳ,ͻ͵ ˏ.                                                        (6.46) 

 ℎ௖′′ = ˔′′ߝ  ∙ ℎˍ˓ = ʹ,ͺ ∙ Ͷ,ͳ͹ = ͳͳ,͸ͺ ˏ                                                        (6.47) 
 ℎ௖′′ = 11,68 ɦ > hɇȻ = 5,07 ɦ − ɜ ɇȻ ɨɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ.  
 
Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɧɟ ɞɨɩɭɫɬɢɦ, ɩɨɷɬɨɦɭ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɫɨɩɪɹɠɟɧɢɟ 

ɛɶɟɮɨɜ ɩɨ ɬɢɩɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɜ ɧɢɠɧɟɦ 
ɛɶɟɮɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɥɭɛɢɧɭ ɢɥɢ ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ 
ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. Ⱦɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɜɵɫɨɬɨɣ ɧɟ 
ɛɨɥɟɟ 40 ɦ ɝɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɛɪɚɫɵɜɚɟɦɨɣ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɩɨɫɨɛɨɦ 
ɜɨɡɜɟɞɟɧɢɹ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ. 
 

6.3.6 Ɋɚɫɱɟɬ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ 
  

ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ (ɞɚɠɟ ɟɫɥɢ ɝɚɫɢɬɟɥɢ ɧɟ ɬɪɟɛɭɸɬɫɹ) ɡɚ ɜɨɞɨɫɥɢɜɨɦ 
ɭɫɬɪɚɢɜɚɸɬ ɜɨɞɨɛɨɣ, ɱɚɳɟ ɜɫɟɝɨ ɷɬɨ ɛɟɬɨɧɧɚɹ ɢɥɢ ɠɟɥɟɡɨɛɟɬɨɧɧɚɹ ɩɥɢɬɚ. 
Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɵɣ ɩɥɢɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ȼ.Ⱦ. Ⱦɨɦɛɪɨɜɫɤɨɝɨ: 

ɉɥɨɳɚɞɶ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ: 
 ωୡ = hୡ′ ∙ ሺB + ሺn − ͳሻ ∙ Ɂ˄ሻ = Ͳ,ͻ͵ ∙ ͹͸ = ͹Ͳ,͸ͺ ˏଶ,  (6.48)  

 
ɝɞɟ ሺB + ሺn − ͳሻ ∙ Ɂ˄ሻ − ɲɢɪɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ. 

 
ɋɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ: 
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v˔ = ୕˓ωc = ଵଽଶଽ଻଴,଺଼ = ʹ͹,͵ ˏ̝.   (6.49)  

 
Ɍɨɥɳɢɧɚ ɩɥɢɬɵ ɜɨɞɨɛɨɹ: 
 Ɂ˅ = Ͳ,ͳͷvc√hc′ = Ͳ,ͳͷ ∙ ʹ͹,͵ ∙ √Ͳ,ͻ͵ = Ͷ ˏ.                                            (6.50) 

 
6.3.7 Ɋɚɫɱɟɬ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 

Ɋɚɫɱёɬ ɜɵɫɨɬɵ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ ℎ˔˕ ɩɪɨɜɨɞɢɦ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɬɟɧɤɭ ɤɚɤ 
ɧɟɩɨɞɬɨɩɥɟɧɧɵɣ ɜɨɞɨɫɥɢɜ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ.  

 h˔˕ = σhୡ′′ − H˔˕,   (6.51)  
 
ɝɞɟ H˔˕ – ɧɚɩɨɪ ɧɚɞ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ. H˔˕ = ( q୫√ଶ୥)ଶ/ଷ − αqమଶ୥(σ୦c′′)మ,   (6.52)  

 
ɝɞɟ σ − ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ 
ɪɚɫɯɨɞɚ (σ = ͳ,ͳ); α −  ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ (α = ͳ,ͳ);  m − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ (ɞɥɹ 
ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ ɩɨɥɢɝɨɧɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɪɢɧɢɦɚɟɬɫɹ m = Ͳ,͵ͷ). qୡ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɛɨɟ  

 qୡ = ୕౦ሺB+ሺ୬−ଵሻ∙ஔ˄) 
= ଵଽଶଽ଺ସ+ሺସ−ଵሻ∙ସ = ʹͷ ˏଶ/˔   (6.53)  

  H˔˕ = ( ʹͷͲ,͵ͷ√ʹ∙ͻ,ͺͳ)ʹ ͵⁄ − ͳ,ͳ∙ʹͷʹʹ∙ͻ,ͺͳሺͳ,ͳ∙ͳͳ,Ͷʹሻʹ = ͸,ͳ͹ ˏ.  
 
Ɍɨɝɞɚ ɜɵɫɨɬɚ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 h˔˕ = ͳ,ͳ ∙ ͳͳ,͸ͺ − ͸,ͳ͹ = Ͷ,ͻͳ ˏ.   
 
6.3.8 ɉɪɨɜɟɪɤɚ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɨɜ ɡɚ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ  

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɫɨɬɵ ɫɬɟɧɤɢ ɩɪɨɜɟɪɹɟɦ ɮɨɪɦɭ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ 
ɡɚ ɫɬɟɧɤɨɣ, ɩɪɢɧɢɦɚɹ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɟɪɟɞ ɫɬɟɧɤɨɣ ɪɚɜɧɨɣ: 

  T଴ = h˔˕ + H˔˕ = ͸,͸ͺ + ͸,ͳ͹ = ͳʹ,ͺͷ ˏ.  (6.54)  
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Ɍ୘బ = ୘బ୦ˍ˓ = ଵଶ,଼ହସ,ଵ଻ = ͵,Ͳͺ.                                                                                 (6.55) 

 
ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ ɪɢɫɭɧɨɤ 

Ⱦ.5 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ሺͲ,ͻͷሻ ɢ  Ɍ୘బ  ɨɩɪɟɞɟɥɹɟɦ   ℰ˔ ɢ ℰ′′˔.  
ȼɵɱɢɫɥɹɸɬ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ:  
 hୡ′ = ℰ˔ ∙ hˍ˓ = Ͳ,Ͷ͸ ∙ Ͷ,ͳ͹ = ͳ,ͻʹ ˏ.  
 hୡ′′ = ℰ′′˔ ∙ hˍ˓ = ͳ,͹ͺ ∙ Ͷ,ͳ͹ = ͹,Ͷʹ ˏ.  
 
Ɉɞɧɨɣ ɫɬɟɧɤɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ሺhୡ′′ = ͹,Ͷʹ > hː˄ = ͷ,Ͳ͹), ɩɨɷɬɨɦɭ ɞɟɥɚɟɦ 

ɪɚɫɱɟɬ ɞɥɹ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ. 
 h˔˕ = σ ∙ hୡ′′ − ʜ˔˕ = ͳ,ͳ ∙ ͷ,ͺ͸ − Ͷ,͵Ͷ = ͳ,ͷ͵ ˏ.                                       (6.56) 
 H˔˕ = ቀ ଶହ଴,ଷହ√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ − ଵ,ଵ∙ଶହమଶ∙ଽ,଼ଵሺଵ,ଵ∙଻,ସଶሻమ = ͷ,ͺ͸ ˏ.                                       (6.57) 

 qୡ = ୕౦ሺB+ሺ୬−ଵሻ∙ஔ˄) 
= ଵଽଶଽ଺ସ+ሺସ−ଵሻ∙ସ = ʹͷ ˏయ̝.                                                                 (6.58) 

 T଴ = h˔˕+H˔˕ = ʹ,͵ + ͷ,ͺ͸ = ͺ,ͳ͸ ˏ.                                                                  (6.59) 
 ℰʡబ = ʡబ୦ˍ˓ = ଼,ଵ଺ସ,ଵ଻ = ͳ,ͻͷ͹.                                                                                    (6.60) 

 
Ɋɚɫɱёɬ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ: 
 
Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɡɚ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ: 
˅ߜ  = Ͳ,ͳͷ ∙ 𝑣௖ ∙ √ℎ௖′ = Ͳ,ͳͷ ∙  ͳ͵,ʹ ∙ √ͳ,ͻʹ = ʹ,͹Ͷ ˏ.                               (6.61) 

 𝑣௖ = ொ˓𝜔೎ = ொ˓ℎ೎′ ∙ሺ஻+ሺ௡−ଵሻ∙ఋ˄ = ଵଽଶଽଵ,ଽଶ∙ሺ଺ସ+ሺସ−ଵሻ∙ସሻ = ͳ͵,ʹ ˏ̝.                                 (6.62) 

 
Ⱦɥɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɩɪɢ ɧɚɥɢɱɢɢ ɧɚ ɧɟɣ ɝɚɫɢɬɟɥɟɣ: 

 ݈˅ = Ͳ,ͺ ∙ ݈˒˓,                                                                                                (6.63) 
 

ɝɞɟ ݈˒˓ −ɞɥɢɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ. 
 ݈˒˓ = ʹ,ͷ ∙ ሺͳ,ͻ ∙ ℎ௖′′ − ℎ௖′ ሻ,                                                                           (6.64) 
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 ݈˅ = Ͳ,ͺ ∙ ʹ,ͷ ∙ ሺͳ,ͻ ∙ ͹,Ͷʹ − ͳ,ͻʹሻ = ʹͶ,͵͸ ˏ. 

ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ ɩɪɢɥɨɠɟɧɢɟ Ⱦ, ɪɢɫ Ⱦ.4 ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ɢ ℰʡబ ɨɩɪɟɞɟɥɹɟɦ ℰ˔ ɢ ℰ′′˔.     
ȼɵɱɢɫɥɹɸɬ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 hୡ′ = ℰ˔ ∙ hˍ˓ = Ͳ,͸͹ ∙ Ͷ,ͳ͹ = ʹ,͹ͻ ˏ.                                                        (6.65) 
 hୡ′′ = ℰ′′˔ ∙ hˍ˓ = Ͳ,ͻ ∙ Ͷ,ͳ͹ = ͵,͹ͷ ˏ.                                                        (6.66) 
 

Ɍɚɤ ɤɚɤ hୡ′′ = ͵,͹ͷ < hː˄ = ͷ,Ͳ͹, ɬɨ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɵɠɨɤ ɡɚ ɜɬɨɪɨɣ 
ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ ɩɨɥɭɱɚɟɬɫɹ ɡɚɬɨɩɥɟɧɧɵɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɜɭɯ ɜɨɞɨɛɨɣɧɵɯ 
ɫɬɟɧɨɤ ɞɨɫɬɚɬɨɱɧɨ. 

 
6.3.9 Ɋɚɫɱɟɬ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɜɵɩɭɫɤɨɜ  
 
ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 2 ɦ. 
Ɉɬɦɟɬɤɭ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɐɈ ɩɪɢɧɢɦɚɸɬ ɜɵɲɟ 

ɩɨɬɨɥɤɚ ɝɚɥɟɪɟɢ ɧɟ ɦɟɧɟɟ  
 
D/2 + 2 ɦ = 2/2 + 2 = 3 ɦ.                                                                                   (6.67) 
 ∇ʥʝ = ∇ʓʜʏ + ℎˆ˃ˎ + ͵,ͷ = ͳͶ͸,ͲͲ + ͵,ͷ + ͵,ͷ = ͳͷ͵ ˏ,                      (6.68) 
 

ɝɞɟ ℎˆ˃ˎ − ɜɵɫɨɬɚ ɝɚɥɟɪɟɢ. 
 

ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ: 
 

ܪ  = ሺ∇ʜʞʢ+∇ʢʛʝሻଶ − ∇ʥʝ = ሺଵ଼଺,଴଴+ଵ଼଴,ଶ଼ሻଶ − ͳͷ͵ = ͵Ͳ,ͳͶ ˏ                   (6.69) 

 
Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ: 
˅˅ݍ  = 𝜔ܪ݃ʹ√ߤ = ͵,ͳͶ ∙ Ͳ,ͺ√ʹ ∙ ͻ,ͺͳ ∙ ͵Ͳ,ͳͶ = ͸ͳ,Ͳͻ ɦ3/ɫ,                     (6.70) 
 

ɝɞɟ ߤ − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 0,8; 𝜔 − ˒ˎˑ˜˃ˇ˟ ˅ˑˇˑ˅˞˒˖˔ˍːˑˆˑ ˑ˕˅ˈ˓˔˕ˋя ˇˋ˃ˏˈ˕˓ˑˏ ʹ ˏ. 
 𝜔 = ଶܴߨ = ͵,ͳͶ ∙ ͳଶ = ͵,ͳͶ ˏଶ                                                                      (6.71) 
 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ܳ˔˓: 
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 ݊ = ொ˔˓௤˅˅ = ଵ଺ଷ଺ଵ,଴ଽ = ͵                                                                                       (6.72) 

 
ɉɪɢɧɢɦɚɟɦ 3 ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 2 ɦ. 
 
6.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 

 
6.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

 
Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 

ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 
ɲɢɪɢɧɭ ɩɨɧɢɡɭ. 

ɗɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ ɭɫɥɨɜɢɹɦ: 
1) ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɥɨɬɢɧɟ; 
2) ɨɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ  
Ȼɟɬɨɧ ɫɥɚɛɨ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɪɚɫɬɹɠɟɧɢɸ, ɜ ɧɟɦ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨɹɜɥɟɧɢɟ 

ɬɪɟɳɢɧ ɫ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɨɩɚɫɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ. 

Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɛɟɬɨɧɧɵɟ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ 
ɤɨɧɫɬɪɭɢɪɭɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɛɟɡ 
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ, ɬɚɤ ɤɚɤ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɤɚɥɶɧɨɝɨ ɨɫɧɨɜɚɧɢɹ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ. ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ ɨɩɬɢɦɚɥɶɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ 
ɬɚɤɨɣ ɩɥɨɬɢɧɵ – ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɫ ɜɟɪɲɢɧɨɣ ɧɚ ɨɬɦɟɬɤɟ ɇɉɍ. 

Ɂɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ m= 0,67÷0,7. 
ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ h ɪɚɜɧɚ: 
 ℎ = ∇ʜʞʢ − ∇˒ˑˇ = ͳͺ͸,ͲͲ − ͳ͵ͻ,ͲͲ = Ͷ͹ ˏ.                                           (6.73) 
 
Ɉɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: 
 ∇˒ˑˇ = ∇ˇː˃ − ˅ߜ) + ሺʹ ÷ ͵ሻ),                                                                        (6.74) 
 

Ƚɞɟ ߜ˅ = Ͷ; 
 ∇ˇː˃ = ͳͶ͸,ͲͲ ˏ. 

 
Ɉɩɪɟɞɟɥɢɦ ɨɬɦɟɬɤɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ: 
 ∇˒ˑˇ = ͳͶ͸,ͲͲ − ͵ − Ͷ = ͳ͵ͻ,ͲͲ ˏ.  
௡ܤ  = Ͳ,͹ ∙ ℎ = Ͳ,͹ ∙ Ͷ͹ = ͵ʹ,ͻ ˏ.                                                                    (6.75) 
 
Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ܤ௡ = ͵ͷ,ͳͷ ˏ. 
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6.4.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 
 

ȼɨ ɢɡɛɟɠɚɧɢɟ ɧɟɞɨɩɭɫɬɢɦɨ ɛɨɥɶɲɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɹɯ 
ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɩɨɹɜɥɹɸɳɢɯɫɹ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɵɯ 
ɨɫɚɞɤɚɯ ɨɫɧɨɜɚɧɢɹ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɟɮɨɪɦɚɰɢɹɯ, ɩɥɨɬɢɧɭ ɞɟɥɹɬ ɧɚ ɫɟɤɰɢɢ 
ɫɤɜɨɡɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɨɫɚɞɨɱɧɵɦɢ ɲɜɚɦɢ. Ɋɚɡɪɟɡɤɭ ɩɥɨɬɢɧɵ ɩɪɨɢɡɜɨɞɹɬ 
ɱɚɳɟ ɩɨ ɛɵɤɚɦ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɧɟɪɚɜɧɨɦɟɪɧɵɯ ɨɫɚɞɨɤ ɫɦɟɠɧɵɯ ɛɵɤɨɜ, ɱɬɨ 
ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɚɤɥɢɧɢɜɚɧɢɸ ɡɚɬɜɨɪɚ. 

ɍɩɥɨɬɧɟɧɢɟ ɲɜɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɲɩɨɧɨɤ. 
ɉɥɨɬɢɧɚ ɪɚɡɪɟɡɚɟɬɫɹ ɩɨ ɞɥɢɧɟ ɩɨɫɬɨɹɧɧɵɦɢ ɲɜɚɦɢ ɧɚ ɨɬɞɟɥɶɧɵɟ ɫɟɤɰɢɢ. 
ɒɢɪɢɧɚ ɫɟɤɰɢɢ: 
 ܵ = ˄ߜ + ܾ = Ͷ + ͳ͸ = ʹͲ ˏ,                                                                       (6.76) 
 

ɝɞɟ ߜ˄ − ˕ˑˎ˜ˋː˃ ˄˞ˍ˃; 
 b − ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ. 

Ɋɚɡɪɟɡ ɞɟɥɚɟɬɫɹ ɩɨ ɛɵɤɭ. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɲɜɵ ɞɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɢɦɚɸɬɫɹ 

ɲɢɪɢɧɨɣ 1 ɫɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɦ ɨɬ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ ɢ ɝɪɟɛɧɹ, ɚ ɜɧɭɬɪɢ ɬɟɥɚ 
ɩɥɨɬɢɧɵ 0,3 ɫɦ. 

 
6.4.3 Ȼɵɤɢ 

 
ɇɚ ɜɨɞɨɫɥɢɜɟ ɭɫɬɪɚɢɜɚɸɬ ɛɵɤɢ ɞɥɹ ɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɚ 

ɩɪɨɥɟɬɵ ɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɬɜɨɪɨɜ.  
Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɮɨɪɦɭ ɜ ɩɥɚɧɟ. 
ɉɪɢɧɢɦɚɸɬɫɹ ɛɵɤɢ ɨɤɪɭɝɥɨɣ ɮɨɪɦɵ, ɲɢɪɢɧɚ ɢ ɞɥɢɧɚ ɩɚɡɚ ɞɥɹ ɪɟɦɨɧɬɧɨɝɨ 

ɡɚɬɜɨɪɚ 0,5 ɦ, ɲɢɪɢɧɚ ɢ ɝɥɭɛɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɩɪɢɧɢɦɚɟɬɫɹ 0,7 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ ɩɪɢɧɢɦɚɸɬ 1 ɦ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɭɞɨɛɧɵɯ 
ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɟɦ ɡɚɬɜɨɪɟ. 
 

6.4.4 ɍɫɬɨɢ 
 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɫɬɪɚɢɜɚɟɦ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɢ ɫɨɩɪɹɝɚɸɳɢɣ ɭɫɬɨɢ. 
Ɋɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ ɨɬɞɟɥɹɟɬ ɜɨɞɨɫɥɢɜɧɭɸ ɱɚɫɬɶ ɩɥɨɬɢɧɵ ɨɬ ɡɞɚɧɢɹ 

Ƚɗɋ, ɬɚɤɠɟ ɫɥɭɠɢɬ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɜɨɞɵ, ɢɞɭɳɢɯ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 
ɢ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ. 

ɋɨɩɪɹɝɚɸɳɢɣ ɭɫɬɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ 
ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ, ɚ ɬɚɤɠɟ ɡɚɳɢɳɚɟɬ ɝɪɭɧɬɨɜɭɸ ɩɥɨɬɢɧɭ ɨɬ ɪɚɡɦɵɜɚ ɜɨɞɨɣ, 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ ɥɢɛɨ ɝɢɞɪɨɚɝɪɟɝɚɬɵ. 
 

6.4.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 
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ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ ɞɪɟɧɚɠɢ ɜ ɜɢɞɟ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ. Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɦ 
30 ɫɦ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 2 ɦ 
ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ: 

 ܽˇ˓ ൒ ு೏∙ఊ೙ூ̱ ˓.೘ = ሺʜʞʢ−ఇʢʜʐ௠𝑖௡ሻ∙ఊ೙ூ̱ ˓.೘ = ሺଵ଼଺,଴଴−ଵସ଺,ଵ଼ሻ∙ଵ,ଶଶହ = ͳ,ͻͳ ˏ,                       (6.77) 

 
ɝɞɟ ܪௗ = ሺʜʞʢ − ʢʜʐ݉𝑖݊ሻߘ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ; ߛ௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ; ̱ܫ ˓.௠ −ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ. 

ɉɪɢɧɢɦɚɟɦ  ܽˇ˓ = ʹ ˏ. 
 
6.4.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 

 
ȼ ɬɟɥɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɭɫɬɪɚɢɜɚɟɦ ɫɦɨɬɪɨɜɵɟ ɩɪɨɞɨɥɶɧɵɟ ɢ 

ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. ɉɪɢɧɢɦɚɸɬɫɹ ɧɢɠɧɢɟ ɝɚɥɟɪɟɢ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɞɪɟɧɚɠɚ ɧɚ 
ɨɬɦɟɬɤɟ ∇=140,13 

ɋɦɨɬɪɨɜɵɟ ɝɚɥɟɪɟɹ ɧɚ ɨɬɦɟɬɤɟ ∇=163,00 ɩɪɟɞɭɫɦɨɬɪɟɧɧɚɹ ɞɥɹ ɫɛɨɪɚ ɢ 
ɨɬɜɨɞɚ ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, 
ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɧɢɤɚɰɢɣ 

 Ɋɚɡɦɟɪɵ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɩɪɢɧɢɦɚɸɬɫɹ: 
− ɋɦɨɬɪɨɜɚɹ ɝɚɥɟɪɟɹ – 2,0 ˘ 2,5 ɦ; 
− ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɝɚɥɟɪɟɹ ɢ ɞɥɹ ɞɪɟɧɚɠɚ – 3,0 ˘ 3,5 ɦ. 
 
6.4.7 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 

ɩɥɨɬɢɧɵ  
 

ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɭɫɬɪɚɢɜɚɟɦ ɜɟɪɬɢɤɚɥɶɧɭɸ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ 
ɢ ɞɪɟɧɚɠ. ɋɯɟɦɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.2 

 
Ɋɢɫɭɧɨɤ 6.2 − ɋɯɟɦɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ 
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Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
ଵܮ  = ሺͲ,Ͳͷ ÷ ͳሻ ∙  (6.78)                                                                                     ,ܤ
 

ɝɞɟ B – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
ɉɪɢɧɢɦɚɟɦ: 
ଵܮ  = Ͳ,ͲͻͳͶ ∙ ͵ͷ,ͳͷ = ͵,ʹͳ ˏ. 
 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ ௗܪ ,                                                                                       (6.79) 
ௗܪ  = ∇ʜʞʢ − ∇ʜʐ௠𝑖௡ = ͳͺ͸,ͲͲ − ͳͶ͸,ͳͺ = ͵ͻ,ͺʹ ˏ,                           (6.80) 
 ˆˇˈ ∇ʜʐ௠𝑖௡ − ˑ˕ˏˈ˕ˍ˃ ˅ ʜʐ ˒˓ˋ ܳ˔˃ː.  
ɉɪɢɧɢɦɚɟɦ: 
 ℎˊ˃˅ = Ͳ,ͷ ∙ ͵ͻ,ͺʹ = ͳͻ,ͻͳ ˏ  
 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 
 ℎˇ˓ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙ ℎˊ˃˅,                                                                                (6.81) 
 
ɉɪɢɧɢɦɚɟɦ: 
 ℎˇ˓ = Ͳ,ͷ ∙ ͳͻ,ͻͳ = ͻ,ͻ͸ ˏ.  
 
Ⱦɢɚɦɟɬɪ ɫɤɜɚɠɢɧ ɞɥɹ ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɦ 0,3 ɦ, ɫ ɲɚɝɨɦ 2ɦ. 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 

˅˃ˊߜ  = ∆ு∙ఊ௃ˍ˓ ,                                                                                                       (6.82) 

 
ˊܪ∆  = ௗܪ − ௔௦ܪ = ͵ͻ,ͺʹ − ͳͷ,ͻ͵ = ʹ͵,ͺͻ ˏ,                                             (6.83) 
 

ɝɞɟ ܪௗ ௔௦ܪ ˋ  − ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɢ.  15 = ˓ˍܬ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɞɥɹ ɡɚɜɟɫɵ. 
˅˃ˊߜ  = ଶଷ,଼ଽ∙ଵ,ଶଵହ = ͳ,ͻͳ ˏ.  
 
Ɋɚɫɫɬɨɹɧɢɟ ܮʹ ɨɬ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ, ܮʹ = ͷ ˏ.    
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6.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɹɟɦ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ:  
− ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ∇ʜʞʢ = ͳͺ͸,ͲͲ ˏ; 
− ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ∇ʢʜʐ௠𝑖௡ = ͳͶ͸,ͳͺ ˏ;  
− ɩɪɢ ɪɚɫɯɨɞɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɱɚɫɬɧɢɤɚɦɢ ȼɏɄ ܳ˅˘ˍ = ͹Ͳ ˏଷ/ܿ. 

 
6.5.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 

 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ AutoCad: 
 ܵ˒ˎ =  ͹ͺͲ,͵ ˏଶ, ܵ˄ = ͳ͵ͷʹ,ͺ͵ ˏଶ.                                                                     
 
ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
ˎ˒ܩ  = ௌ˒ˎ∙௕∙௚∙ఘ˄௕+ఋ˄ = ଻଼଴,ଷ∙ଵ଺∙ଽ,଼ଵ∙ଶସ଴଴ଵ଺+ସ = ͳͶ͸ͻ͹,ͳͳ ˍʜˏ,                                        (6.84) 

 ˆˇˈ ܵ˒ˎ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ, ˏଶ;  ܾ − ɲɢɪɢɧɚ ɩɪɨɥёɬɚ, ɦ;  ߜʐ − ɬɨɥɳɢɧɚ ɛɵɤɚ, ɦ;  ߩ˄ − ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɤɝ/ ɦ3. 
 
ȼɟɫ ɛɵɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
˄ܩ  = ௌ˄∙ఋ˄∙௚∙ఘ˄௕+ఋ˄ = ଵଷହଶ,଼ଷ∙ସ∙ଽ,଼ଵ∙ଶସ଴଴ଵ଺+ସ = ͸͵͹Ͳ,ʹͳ ˍʜˏ,                                         (6.85) 

 ˆˇˈ ܵ˄ = ͳ͵ͷʹ,ͺ͵ ˏଶ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɵɤɚ. 
 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܳˊ = Ͳ,Ͳͷͷ ∙ ݂ ∙ √݂ ∙ ݃,                                                                                         (6.86) 
 

ɝɞɟ f – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ. 
ɉɥɨɳɚɞɶ ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺͳͺ͹,ͶͶ − ͳͺͲ,ͲͲ + Ͳ,ͷሻ ∙ ͳ͸ = = ͳʹ͹,ͲͶ ˏଶ                                                                                                            (6.87)   
                                                    

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
 ܳˊ = Ͳ,Ͳͷͷ ∙ ͳʹ͹,ͲͶ ∙ ͻ,ͺͳ = ͹͹ʹ,ͷͺ ˍʜ.  
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ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩ.ɦ: 
 ܳˊ˓˃˔˚ = ˄ߜ+ܾˊܳ = ͹͹ʹ,ͷͺͳ͸+Ͷ = ͵ͺ,͸͵ ˍʜˏ.                                                                    (6.88) 

 
6.5.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
− ɋɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
 ˅ܹ˄ = ௚∙ℎభమ∙ఘ˅ଶ = ଽ,଼ଵ∙ସ଻మ∙ଵ଴଴଴ଶ = ͳͲ͵ͷ͸,Ͷ͵ ˍʜˏ.                                              (6.89) 

 
 ℎଵ = ∇ʜʞʢ − ∇˒ˑˇ = ͳͺ͸,ͲͲ − ͳ͵ͻ,ͲͲ = Ͷ͹ ˏ.                                          (6.90) 
 

− ɋɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ːܹ˄ = ௚∙ℎమమ∙ఘ˅ଶ = ଽ,଼ଵ∙଻,ଵ଼మ∙ଵ଴଴଴ଶ = ͳͺͶ,͵ͳ  ̱ ʜ/ˏ                                                     (6.91) 

 ℎଶ = ∇ʢʜʐˏˋː − ∇˒ˑˇ = ͳͶ͸,ͳͺ − ͳ͵ͻ,Ͳ = ͹,ͳͺ ˏ.                                     (6.92) 
 

Ɉɩɪɟɞɟɥɹɟɦ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɟɥɚ ɞɚɜɥɟɧɢɹ ɨɬ ɭɪɨɜɧɹ 
ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 

 ܹː = ௪ߩ ∙ ݃ ∙ ܵˠ˒ː = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͻ,͵͸ = ͻͳ,ͺʹ ˍʜ,                                    (6.93) 
 ˆˇˈ ܵˠ˒ː = ͻ,͵͸ ˏଶ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɟɥɚ ɞɚɜɥɟɧɢɹ. 

 

6.5.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɫɢɥɭ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܹ˅ ˊ˅ = ܵˠ˒ ∙ ௪ߩ ∙ ݃ = ʹͳͷ,Ͷ͹ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ = ʹͳͳ͵,͹͸ ˍʜ,                      (6.94) 
 ˆˇˈ ܵˠ˒ = ʹͳͷ,Ͷ͹ ˏଶ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ. 

 
6.5.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ  
 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɫɬɪɨɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [20].  
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɞɪɟɧɚɠɟ: 
 
˓ˇܪ  = ʜௗ ∙ Ͳ,ͳͷ = ͵ͻ,ͺʹ ∙ Ͳ,ͳͷ = ͷ,ͻ͹ ˏ.                                                   (6.95) 
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ɗɩɸɪɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɩɨ ɩɨɞɨɲɜɟ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 6.3.  

 
Ɋɢɫɭɧɨɤ 6.3 − ɗɩɸɪɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɩɨ ɩɨɞɨɲɜɟ ɩɥɨɬɢɧɵ 

 
Ɏɢɥɶɬɪɚɰɢɨɧɧɨɟ ɞɚɜɥɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɩɨɞɨɲɜɭ, ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
 ˗ܹ = ௪ߩ ∙ ݃ ∙ ܵˠ˒ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ʹͳͻ,ͳʹ = ʹͳͶͻ,ͷ͹ ˍʜ,                          (6.96) 
 

ɝɞɟ ܵ ˠ˒ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɩɨɞɨɲɜɭ 
ɩɥɨɬɢɧɵ, ɪɚɜɧɚ ʹͳͻ,ͳʹ ˏଶ. 

 
6.5.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ʟː = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ° − 𝜑ଶː ቁ = ͳͳ ∙ ʹ ∙ ଶ݃ݐ ቀͶͷ° − ଶଵଶ ቁ = ͳͲ,Ͷ ˍʞ˃,         (6.97) 

 ˆˇˈ ːߛ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ːߛ = ͳͳ ˍʜ/ˏଷ; 𝜑ː − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, 𝜑ː = ʹͳ°; ℎː − ˕ˑˎ˜ˋː˃ ˔ˎˑˈ˅ ː˃ːˑ˔ˑ˅ ː˃ ˔ˍ˃ˎ˟ːˑˏ ˑ˔ːˑ˅˃ːˋˋ, ℎː = ʹ ˏ.  
 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɭɸ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ: 
 Eː = ˓ː∙୦ːଶ = ଵ଴,ସ∙ଶଶ = ͳͲ,Ͷ ˍʜ.                                                                      (6.98) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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′˓ˆ݌ = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ° − 𝜑ˆ˓ଶ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ° − 𝜑ˆ˓ଶ ቁ,                                 (6.99) 

 ˆˇˈ 𝜑ˆ˓ = ͵͸,ͷ° − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ.  ܿ = Ͷʹ,ͷ – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ. 
′˓ˆ݌  = ͳͳ ∙ ʹ ∙ ଶ݃ݐ ቀͶͷ° − ଷ଺,ହଶ ቁ − ʹ ∙ Ͷʹ,ͷ ∙ ݃ݐ ቀͶͷ° − ଷ଺,ହଶ ቁ = −͵͹,ʹͷ ˍʞ˃. 

 
ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɬɨɥɳɢɧɨɣ ℎˆ˓ = ʹ ɦ, ɝɞɟ ɞɟɣɫɬɜɭɸɬ ɢ ɜɟɫ 

ɧɚɧɨɫɨɜ, ɢ ɜɟɫ ɝɪɭɧɬɚ, ɞɚɜɥɟɧɢɟ ɪɚɜɧɹɟɬɫɹ: 
′′˓ˆ݌  = ሺːߛ ∙ ℎː + ߛ̂ ˓˅ˊ˅ ∙ ℎˆ˓ሻ݃ݐଶ ቀͶͷ° − 𝜑ˆ˓ଶ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ° − 𝜑ˆ˓ଶ ቁ;     (6.100) 

ߛ̂                              ˓˅ˊ˅ = ߛ̂ ˓ − ሺͳ − ݊଴ሻ ∙ ݃ = ʹͷ,ͷ − ሺͳ − Ͳ,ͷሻ ∙ ͻ,ͺͳ = ʹͲ,͸ ˍʜ/ˏଷ,   (6.101) 
ߛ̂ ˈˇˆ                                                                                              ˓ = ʹͷ,ͷ  ˍʜ/ˏଷ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɝɪɭɧɬɚ;  ݊଴ = Ͳ,ͷ − ɩɨɪɢɫɬɨɫɬɶ ɫɤɚɥɵ. 

′′˓ˆ݌  = ሺͳͳ ∙ ʹ + ʹͲ,͸ ∙ ʹሻ ∙ ଶ݃ݐ (Ͷͷ° − ͵͸,ͷʹ ) − ʹ ∙ Ͷʹ,ͷ ∙ ݃ݐ (Ͷͷ° − ͵͸,ͷʹ ) = = −ʹ͸,͹ͻ ˍʞ˃. 
 

Ɂɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ: 
˅˃ܧ  = ௣ˆ˓′ +௣ˆ˓′′ଶ ∙ ℎˆ˓ = −ଷ଻,ଶହ+ሺ−ଶ଺,଻ଽሻଶ ∙ ʹ = −͸Ͷ,ͲͶ ˍʜ.                                  (6.102) 

 
ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ܧ˃˅ ɨɬɪɢɰɚɬɟɥɶɧɨɟ, ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɫɤɚɥɶɧɨɝɨ 

ɝɪɭɧɬɚ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ.  
 
6.5.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 

 
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɹ 

ɮɨɪɦɭɥɭ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 

 ܹ˅ ˑˎː = Ͳ,ͷ ∙ ௪ߩ ∙ ݃ ∙ ℎଵ% ቀλ̅గ + ℎబଶ ቁ,                                                             (6.103) 

 ˆˇˈ ℎଵ% = ͳ,͸͸ ˏ − ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ;  ɉ̅ = ͺ,ͶͶ ˏ − ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ. 
 ܹ˅ ˑˎː = Ͳ,ͷ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳ,͸͸ ∙ ቀ଼,ସସଷ,ଵସ + ଴,ସଽଶ ቁ = ͵͸,ʹ͹ ˍʜ;      
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ℎ଴ = గ∙ℎభ%మλ̅ = ଷ,ଵସ∙ଵ,଺଺మ଼,ସସ = Ͳ,ʹͶ ˏ.                                                                    (6.104) 

 
Ʌɢɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ܹ˅ ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ∇ʜʞʢ ɧɚ ɜɟɥɢɱɢɧɭ: 
௖ݕ  = λ̅ଶగ − ଷ଼ ℎଵ% = ଼,ସସଶ∙ଷ,ଵସ − ଷ଼ ∙ Ͳ,ͺͳ = ͳ,ͲͶ ˏ.                                              (6.105) 

 
6.5.7 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

 
ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɝɪɚɧɹɯ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɧɚ 

ɨɬɦɟɬɤɟ ɩɨɞɨɲɜɵ. 
ȼ ɬɚɛɥɢɰɟ 6.3 ɩɪɢɜɟɞɟɧɵ ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ ɧɚɝɪɭɡɤɢ. 
 

Ɍɚɛɥɢɰɚ 6.3 − ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɚ ɀ௙  
ɇɚɩɪɚɜɥɟɧɢɟ 

ɫɢɥɵ 

Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ 

ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇɦ ˅ܹ˄ 1 → 10356,43 15,32 158660,50 ːܹ˄ 1  184,31 2,04 -376,00 ܹː  1  ͵ʹʹ,ͶͶ Ͳ,͸͹ ʹͳ͸,Ͳ͵ 0,95 ˄ܩ  6051,70 5,95 -36007,59 0,95 ˎ˒ܩ  13962,35 5,39 -75257,04 ܹ˅ ˊ˅ 1  1934,53 0 0 ˗ܹ 1  ʹͳͶͻ,ͷ͹ ͳͲ,ʹ ʹͳͻʹͷ,ͷͺ ܧː 1,2 → ͳʹ,Ͷͺ  Ͳ,͸͹ ͺ,͵͸ ܹ˅ ˑˎː 1 → ͳͳ,ͳͷ  ͶͶ,͸ͳ Ͷͻ͹,Ͷͷ 0,9 ˊݍ  ͵Ͷ,͹͹  ͳʹ,͸ͷ −Ͷ͵ͻ,͹ͻ 

ɋɭɦɦɚ ∑ܰ ↑↓= ͳͷͻ͸Ͷ,͹ͳ ∑ܯ = ͸ͻͲͳͳ,Ͷ͸ 

 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ 

ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ ɧɚ ɨɬɦɟɬɤɟ ɩɨɞɨɲɜɵ: 
 

− Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜎௬௨ = − NB + ͸∙∑ MBʹ = − ଵହଽ଺ସ,଻ଵ ଷହ,ଵହ + ଺·଺ଽ଴ଵଵ,ସ଺ଷହ,ଵହమ = −ͳͳͻ,Ͳͷ ˍʞ˃,                     (6.106)   

     ˆˇˈ N − ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ;  M − ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɟɪɟɞɢɧɵ ɩɨɞɨɲɜɵ;  B − ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
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ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − ɀ˅ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ,                                                        (6.107) 
 ˆˇˈ H୳ୢ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, m୳ = tg αଵ, 

ɬɚɤ ɤɚɤ ɭ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɧɚɩɨɪɧɚɹ ɝɪɚɧɶ ɜɟɪɬɢɤɚɥɶɧɚ, ɬɨ m୳ = Ͳ. 
 H୳ୢ = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞ = ͳͺ͸ − ͳ͵ͻ,ͲͲ = Ͷ͹ ˏ.                               (6.108) 
 𝜎௫௨ − ͳͳͻ,Ͳͷ ∙ Ͳ − ͻ,ͺͳ ∙ Ͷ͹ = −ͶͷͲ,͹͹ ˍʞ˃. 
 
Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜏௫௬௨ = (ɀ˅ ∙ ௗ௨ܪ + 𝜎௬௨) ∙ ݉௨ = Ͳ.                                                                 (6.109) 
      
Ƚɥɚɜɧɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɫɠɢɦɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ: 
 

 𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + ݉௨ଶሻ + ɀ˅ ∙ ௗ௨ܪ ∙ ݉௨ଶ ,                                                           (6.110) 
 

 𝜎ଵ௨ − ͳͳͻ,Ͳͷ · ሺͳ + Ͳሻ + ͻ,ͺͳ ∙ Ͷ͹ ∙ Ͳଶ = −ͳʹͺ,͸͸ ˍʞ˃.                                              
 

Ƚɥɚɜɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɠɢɦɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ: 
 𝜎ଷ௨ = −ɀ˅ ∙ ݃ ∙ ௗ௨ܪ = −ͻ,ͺͳ ∙ Ͷ͹ = −ͷͳͲ,ͳʹ ˍʞ˃.                                     (6.111) 

 
− Ⱦɥɹ ɇɢɡɨɜɨɣ ɝɪɚɧɢ: 

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
  𝜎௬௧ = − ே஻ − ଺∙∑ ெ஻మ − ଵହଽ଺ସ,଻ଵ ଷହ,ଵହ − ଺·଺ଽ଴ଶଶ,ସ଺ଷହ,ଵହమ = −͹ͺͻ,͵ʹ ˍʞ˃.                     (6.112) 

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 

  𝜎௫௧ = 𝜎௬௧ ∙ ݉௧ଶ − ɀ˅ ∙ ௗ௧ܪ ∙ ሺͳ − ݉௧ଶሻ,                                                               (6.113) 
 ˆˇˈ m୲ = ctan αଶ = Ͳ,͹;   αଶ −ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɩɨɞɨɲɜɨɣ, αଶ = ͷ͹°;  H୲ୢ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 
ௗ௧ܪ  = ʢʜʐ௠𝑖௡ߘ − ˞˅˛ˑˇˑ˒ߘ = ͳͶ͸,ͳͺ − ͳ͵ͻ,ͲͲ = ͹,ͳͺ ˏ;                   (6.114) 
 𝜎௫௧ = −͹ͺͻ,͵ʹ ∙ Ͳ,͹ଶ − ͻ,ͺͳ ∙ ͹,ͳͺ ∙ ሺͳ − Ͳ,͹ଶሻ = −͵Ͳ,͸ͷ ˍʞ˃.                                  
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Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜏௫௬௧ = −(ɀ˅ ∙ H୲ୢ + σ୷୲ ) ∙ m୲;                                                                              (6.115) 
 𝜏௫௬௧ = −ሺͻ,ͺͳ ∙ ͹,ͳͺ − ͹ͺͻ,͵ʹ ሻ ∙ Ͳ,͹ = ͷͳͲ,ͷͺ ɤɉɚ.          

 
Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɟ: 
 𝜎ଷ௧ = σ୷୲ ∙ ሺͳ + m୲ଶሻ + ɀ˅ ∙ H୲ୢ ∙ m୲ଶ;                                                                  (6.116) 
 𝜎ଷ௧ − ͹ͺͻ,͵ʹ ሺͳ + Ͳ,͹ଶሻ + ͻ,ͺͳ ∙ ͹,ͳͺ ∙ Ͳ,͹ଶ = −ͳͳͶ͸,ͺͶ ˍʞ˃; 
  𝜎ଵ௧ = −ɀ˅ ∙ H୲ୢ = −ͻ,ͺͳ ∙ ͹,ͳͺ = −͸Ͳ,ͳͶ ˍʞ˃.                                           (6.117) 
 
ȼɫɟ ɪɚɫɱёɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.4. 

 
Ɍɚɛɥɢɰɚ 6.4 − Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɝɪɚɧɹɯ ɩɥɨɬɢɧɵ 

Ƚɪɚɧɶ ɇɚɩɪɹɠɟɧɢɟ Ɂɧɚɱɟɧɢɟ, ɤɉɚ 

ȼɟɪɯɨɜɚɹ 

𝜎௬௨ −ͳͳͻ,Ͳͷ 𝜎௫௨ −ͶͷͲ,͹͹ 𝜏௫௬௨  0 𝜎ଵ௨ −ͳͳͻ,Ͳͷ 𝜎ଷ௨ −ͶͷͲ,͹͹ 

ɇɢɡɨɜɚɹ 

𝜎௬௧ −͹ͺͻ,͵ʹ 𝜎௫௧ −͵Ͳ,͸ͷ 𝜏௫௬௧  ͷͳͲ,ͷͻ 𝜎ଵ௧ −͸Ͳ,ͳͶ 𝜎ଷ௧ −ͳͳͶ͸,ͺͶ 

 
6.5.8 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

 
ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɛɥɸɞɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɩɪɨɱɧɨɫɬɢ: 
1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 

 ɀ୬  ∙ ɀ୪ୡ ∙ |σଷ| ൑ ɀୡୢ ∙ Rୠ ,                                                                            (6.118) 
 ˆˇˈ ɀ୬ = ͳ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ,  ɀ୪ୡ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɀ୪ୡ = ͳ;  ɀୡୢ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɀୡୢ =Ͳ,ͻͷ; 
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 Rୠ = ʹͺͲͲ ʛʞ˃ −ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ ɤɥɚɫɫɚ ȼ5. 
 

ȼ ɩɪɨɟɤɬɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɡɧɚɱɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ − ɛɟɬɨɧ 
ɤɥɚɫɫɚ B5. ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ:  

 ͳ,ʹ ∙ ͳ ∙ |−ͳͳͶ͸,ͺͶ| ൑ Ͳ,ͻͷ ∙ ʹͺͲͲ ʛʞ˃,                                                          
 ͳ͵͹͸,ʹͳ ʛʞ˃ < ʹ͸͸Ͳ ʛʞ˃ − ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ. 
 

2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ: 
 𝜎௬௨ < Ͳ ,                                                                                                         (6.119) 

 −ͳͳͻ,Ͳͷ ˍʜˏమ < Ͳ − ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 
 

3. Ɂɚɩɚɫ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ɀ˅ ∙  ௗ௨,                                                                                         (6.120)ܪ

 
 |−ͳͳͻ,Ͳͷ| ൒ Ͳ,ʹͷ ∙ ͻ,ͺͳ ∙ Ͷͷ,ͻͷ, 

 ͳͳͻ,Ͳͷ  ˍʜ/ˏଶ > ͳͳʹ,͸ͻ ˍʜ/ˏଶ. 

 

ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ 
ɩɪɨɱɧɨɫɬɢ. 
 

6.6 Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ  
 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 
ɨɫɧɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ ɫɨɨɪɭɠɟɧɢɹ. ɉɥɨɬɢɧɵ 
ɪɚɫɫɱɢɬɵɜɚɸɬ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ − ɩɨ ɩɨɬɟɪɟ ɧɟɫɭɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ. ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 

  ோ∙ఊ೎೏ி∙ఊ೗೎ ൒  ௡;                                                                                                     (6.121)ߛ

                                 ܴ = (G˒ˎ + G˄ + qˊ − W˅ˊ − W˗) ∙ 𝜑݃ݐ + ܿ ∙ 𝜔;                                       (6.122) 
ܿ ;𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɫɤɚɥɵ ɨɫɧɨɜɚɧɢɹ݊ܽݐ ˈˇˆ  = Ͷʹ,Ͷ ɤɇ/ɦଶ − ɫɰɟɩɥɟɧɢɟ ɫɤɚɥɵ, 𝜔 − ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱёɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ, ߛ௖ௗ = Ͳ,ͻͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, 
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௟௖ߛ = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. 
 ܴ = ሺͳ͵ͻ͸ʹ,͵ͷ + ͸Ͳͷͳ,͹Ͳ + ͵Ͷ,͹͹ − ͳͻ͵Ͷ,ͷ͵ − ʹͳͶͻ,ͷ͹ ሻ ∙ ͸,ͷ͵݃ݐ ++Ͷʹ,ͷ ∙ ͵ͷ,ͳͷ = ͳ͵͵Ͳ͹,ͳͶ ˍʜ/ˏ; 

 𝜔 = ɩܤ ∙ ͳ = ͵ͷ,ͳͷ ɦଶ;                                                                                    (6.123) 
ܨ  = ɜܹɛ − ɧܹɛ + ɜܹɨɥ + ɧܧ = ͳͲ͵ͷ͸,Ͷ͵ − ͳͺͶ,͵ͳ + ͳͳ,ͳͷ + ͳʹ,Ͷͺ −−͸Ͷ,ͲͶ = ͳͲͳ͵ͳ,͹Ͳ ɤɇ

ɦ
;                                                                                                       (6.124) 

  
ɍɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
 ͳ͵͵Ͳ͹,ͳͶ∙Ͳ,ͻͷͳͲͳ͵ͳ,͹Ͳ ∙ͳ ൒ ͳ,ʹͲ. 

 ͳ,ʹͷ > ͳ,ʹ  − ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ.  
    

ɂɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɵɛɪɚɧɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ.  
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7 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 
ɍɫɶɤɚ-Ɉɪɨɱɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ. Ɉɯɪɚɧɚ ɬɪɭɞɚ ɢ ɩɪɨɬɢɜɨɩɨɠɚɪɧɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ 
 

7.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

ɍɫɶɤɚ−Ɉɪɨɱɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ ɏɚɛɚɪɨɜɫɤɨɦ ɤɪɚɟ ɧɚ ɪɟɤɟ 
Ɍɭɦɧɢɧ ɜ 82 ɤɦ ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɩɨɫɟɥɤɚ ɍɫɶɤɚ−Ɉɪɨɱɫɤɚɹ.   

 ɂɫɬɨɤ ɪ.Ɍɭɦɧɢɧ ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɟɜɟɪɧɨɦ ɦɚɤɪɨɫɤɥɨɧɟ ɯɪɟɛɬɚ 
ɋɢɯɨɬɷ−Ⱥɥɢɧɶ ɭ ɩɨɫёɥɤɚ Ɉɤɬɹɛɪɶɫɤɢɣ ȼɚɧɢɧɫɤɨɝɨ ɪɚɣɨɧɨ ɏɚɛɚɪɨɜɫɤɨɝɨ ɤɪɚɹ. 
Ⱦɥɢɧɚ ɪɟɤɢ − 364 ɤɦ. ȼ ɫɬɜɨɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ 
ɜɨɞɨɫɛɨɪɧɚɹ ɩɥɨɳɚɞɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɨɜɨɥɶɧɨ ɝɨɪɧɭɸ ɦɟɫɬɧɨɫɬɶ, ɜɟɪɯɧɹɹ, 
ɜɨɫɬɨɱɧɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬ ɜɵɫɨɬɵ 472 ɦ. ɉɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɧɨɝɨ 
ɛɚɫɫɟɣɧɚ ɫɨɫɬɚɜɥɹɟɬ 22 400 ɤɦ². ɒɢɪɢɧɚ ɪɟɤɢ ɞɨ 130 ɦ, ɝɥɭɛɢɧɚ ɞɨ 12 ɦ. 

   ɉɢɬɚɧɢɟ ɪɟɤɢ ɫɦɟɲɚɧɧɨɟ, ɩɪɟɨɛɥɚɞɚɟɬ ɞɨɠɞɟɜɨɟ. ȼɫɥɟɞɫɬɜɢɟ 
ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ ɩɢɬɚɧɢɹ ɪɟɠɢɦ ɪɟɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ 
ɜɟɫɟɧɧɢɦ ɩɨɥɨɜɨɞɶɟɦ. Ʌɟɞɨɫɬɚɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɟɪɜɨɣ ɩɨɥɨɜɢɧɟ ɧɨɹɛɪɹ ɢ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɚɩɪɟɥɹ. Ʌɟɞɨɯɨɞ ɛɵɜɚɟɬ ɧɟ ɤɚɠɞɵɣ ɝɨɞ, ɜ ɬɟɩɥɵɟ ɝɨɞɵ ɩɪɢ 
ɞɥɢɬɟɥɶɧɵɯ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɥɟɞɨɯɨɞ ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɨɜɫɟɦ. 
ɑɚɳɟ ɥɟɞɹɧɨɣ ɩɨɤɪɨɜ ɨɛɪɚɡɭɟɬɫɹ ɩɭɬɟɦ ɫɦɟɪɡɚɧɢɹ ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɲɢɪɹɸɳɢɯɫɹ 
ɡɚɛɟɪɟɝɨɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɛɟɪɟɝɨɜ. ɉɨɫɥɟ ɫɧɟɠɧɵɯ ɡɢɦ ɩɨɥɨɜɨɞɶɟ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɨɞɴɟɦɨɦ ɭɪɨɜɧɹ ɜɨɞɵ. Ʌɟɬɧɟɟ − ɨɫɟɧɧɹɹ ɦɟɠɟɧɶ 
ɜ ɨɬɞɟɥɶɧɵɟ ɝɨɞɵ ɩɪɟɪɵɜɚɟɬɫɹ ɞɨɠɞɟɜɵɦɢ ɩɚɜɨɞɤɚɦɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɬɟɪɪɢɬɨɪɢɹ ɨɬɧɨɫɢɬɫɹ ɤ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɦɭ ɫ ɦɭɫɫɨɧɧɨɣ 
ɰɢɪɤɭɥɹɰɢɟɣ ɚɬɦɨɫɮɟɪɵ ɤɥɢɦɚɬɢɱɟɫɤɨɦɭ ɪɚɣɨɧɭ. ɋɪɟɞɧɹɹ ɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɥɹɟɬ +15°ɋ ‚ ɚɛɫɨɥɸɬɧɵɣ ɦɢɧɢɦɭɦ -29°ɋ, ɚɛɫɨɥɸɬɧɵɣ ɦɚɤɫɢɦɭɦ 
+21°ɋ. Ƚɨɞɨɜɚɹ ɫɭɦɦɚ ɨɫɚɞɤɨɜ 849 ɦɦ. 

Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɡɚɝɪɹɡɧɟɧɢɹ ɪɟɤɢ Ɍɭɦɧɢɧ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɫɬɜɨɪɟ ɹɜɥɹɟɬɫɹ ɫɛɪɨɫ ɧɟɨɱɢɳɟɧɧɵɯ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɱɢɳɟɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫ 
ɤɨɦɦɭɧɚɥɶɧɵɯ, ɩɪɨɦɵɲɥɟɧɧɵɯ, ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ 
ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɫɬɜɨɪɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. Ɉɫɧɨɜɧɵɦɢ ɡɚɝɪɹɡɧɹɸɳɢɦɢ 
ɜɟɳɟɫɬɜɚɦɢ, ɩɨɫɬɭɩɚɸɳɢɦɢ ɜ ɪɟɤɭ ɫɨ ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɩɪɟɞɩɪɢɹɬɢɣ ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢ ɫ ɥɢɜɧɟɜɵɦɢ ɜɨɞɚɦɢ ɫ 
ɬɟɪɪɢɬɨɪɢɟɣ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɹɜɥɹɸɬɫɹ: ɧɟɮɬɟɩɪɨɞɭɤɬɵ, ɧɢɬɪɢɬɵ, ɧɢɬɪɚɬɵ, 
ɮɨɫɮɚɬɵ, ɚɡɨɬ ɚɦɦɨɧɢɣɧɵɣ, ɜɡɜɟɲɟɧɧɵɟ ɜɟɳɟɫɬɜɚ. Ʉɚɱɟɫɬɜɨ ɜɨɞɵ ɬɚɤɠɟ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ȻɉɄ, ɏɉɄ, ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɰɜɟɬɧɨɫɬɢ ɢ 
ɦɭɬɧɨɫɬɢ.  

Ɋɚɫɬɢɬɟɥɶɧɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ 
Ƚɗɋ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɥɟɫɧɚɹ. ɉɨ ɛɟɪɟɝɚɦ ɪɟɤɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɥɢɫɬɜɟɧɧɢɰɚ, ɟɥɶ. 
ɉɨ ɪɭɫɥɭ ɪɟɤɢ Ɍɭɦɧɢɧ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɦɧɨɝɨ ɪɚɡɥɢɱɧɵɯ ɨɫɬɪɨɜɨɜ. 
Ɋɚɫɬɢɬɟɥɶɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɥɟɫɧɵɦɢ ɜɢɞɚɦɢ. 

ȼ ɪɚɣɨɧɟ ɩɥɨɳɚɞɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɝɨ Ƚɍ ɨɛɢɬɚɟɬ 84 ɜɢɞɚ 
ɨɯɨɬɧɢɱɶɢɯ ɪɟɫɭɪɫɨɜ. ɂɡ ɧɢɯ 37 ɜɢɞɨɜ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, 47 ɜɢɞɨɜ ɩɬɢɰ.  

Ɉɫɧɨɜɧɵɦɢ ɜɢɞɚɦɢ ɹɜɥɹɸɬɫɹ:  

http://dic.academic.ru/dic.nsf/ruwiki/1785592
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− ɤɨɩɵɬɧɵɟ − ɥɨɫɶ, ɞɢɤɢɣ ɫɟɜɟɪɧɵɣ ɨɥɟɧɶ, ɤɨɫɭɥɹ, ɤɚɛɚɧ, ɢɡɸɛɪ; 
− ɩɭɲɧɵɟ − ɫɨɛɨɥɶ, ɛɟɥɤɚ, ɧɨɪɤɚ, ɥɢɫɢɰɚ, ɜɵɞɪɚ, ɨɧɞɚɬɪɚ; 
− ɩɬɢɰɵ − ɚɢɫɬ, ɭɬɤɚ, ɰɚɩɥɹ, ɤɥёɫɬ, ɩɨɩɨɥɡɟɧɶ, ɫɜɢɪɢɫɬɟɥɶ;  
Ʉ ɤɪɚɫɧɨɤɧɢɠɧɵɦ, ɪɟɞɤɢɦ ɢ ɢɫɱɟɡɚɸɳɢɦ ɠɢɜɨɬɧɵɦ ɨɬɧɨɫɹɬɫɹ: ɚɦɭɪɫɤɢɣ 

ɥɟɫɧɨɣ ɤɨɬ, ɚɦɭɪɫɤɢɣ ɬɢɝɪ, ɤɪɚɫɧɵɣ ɜɨɥɤ, ɱɟɲɭɣɱɚɬɵɣ ɤɪɨɯɚɥɶ, ɩɹɬɧɢɫɬɵɣ 
ɨɥɟɧɶ, ɞɚɥɶɧɟɜɨɫɬɨɱɧɵɣ ɚɢɫɬ, ɦɚɧɞɚɪɢɧɤɚ, ɛɟɪɤɭɬ ɢ ɞɪ. ɉɨɷɬɨɦɭ, ɧɚɱɢɧɚɹ ɫ 
ɩɟɪɜɨɝɨ ɝɨɞɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɦɨɧɢɬɨɪɢɧɝ ɱɢɫɥɟɧɧɨɫɬɢ ɤɪɚɫɧɨɤɧɢɠɧɵɯ ɢ ɪɟɞɤɢɯ ɜɢɞɨɜ 
ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɴɟɤɬɨɜ 
ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɤɪɚɫɧɨɤɧɢɠɧɵɟ ɢ ɪɟɞɤɢɟ ɜɢɞɵ ɠɢɜɨɬɧɵɯ, ɚ 
ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɤɨɦɩɟɧɫɚɰɢɢ ɭɳɟɪɛɚ ɷɬɢɦ ɜɢɞɚɦ ɨɬ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ. 

 ȼɨɞɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ ɪɟɤɢ Ɍɭɦɧɢɧ ɧɚ ɭɱɚɫɬɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɍɫɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɦɢ ɜɢɞɚɦɢ: ɤɨɪɸɲɤɚ, ɤɚɦɛɚɥɚ, 
ɝɨɪɛɭɲɚ, ɬɚɣɦɟɧɶ, ɤɟɬɚ ɢ ɬ.ɞ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɪɢɤɚɡɨɦ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɚɝɟɧɬɫɬɜɚ 
ɩɨ ɪɵɛɨɥɨɜɫɬɜɭ ɨɬ 17.09.2009 № 818 «Ɉɛ ɭɫɬɚɧɨɜɥɟɧɢɢ ɤɚɬɟɝɨɪɢɢ  ɜɨɞɧɵɯ 
ɨɛɴɟɤɬɨɜ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɨɛɵɱɢ (ɜɵɥɨɜɚ) ɜɨɞɧɵɯ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɨɛɢɬɚɸɳɢɯ ɜ ɧɢɯ ɢ ɨɬɧɟɫɟɧɧɵɯ ɤ ɨɛɴɟɤɬɚɦ 
ɪɵɛɨɥɨɜɫɬɜɚ» ɪɟɤɚ Ɍɭɦɧɢɧ  ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɨɬɧɨɫɢɬɫɹ ɤ ɜɨɞɧɨɦɭ 
ɨɛɴɟɤɬɭ I ɤɚɬɟɝɨɪɢɢ ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɨɷɬɨɦɭ ɢ ɜ ɩɟɪɢɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ ɫɛɪɨɫ ɫɬɨɱɧɵɯ  
ɜɨɞ ɜ ɪ.Ɍɭɦɧɢɧ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɚɝɪɹɡɧɹɸɳɢɯ  ɜɟɳɟɫɬɜ 
ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦɢ ɉȾɄ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ 
ɨɤɚɡɵɜɚɬɶɫɹ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɫɬɚɧɰɢɢ. 

 
7.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ  
 

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɝɨ Ƚɍ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 
ɪɚɛɨɬ: − ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; − ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; − ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; − ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; − ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ; − ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; − ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɫɟɥɤɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  

ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ.  

ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 
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− ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ 
ɢɡɦɟɧɟɧɢɹ;  − ɩɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɜɨɞɤɚ ɥɟɫɚ ɢ ɫɚɧɚɰɢɹ 
ɬɟɪɪɢɬɨɪɢɢ;  − ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ;  − ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɨɛɪɚɳɟɧɢɟ ɫ ɨɬɯɨɞɚɦɢ; − ɨɩɚɫɧɨɫɬɢ ɢ ɪɢɫɤɢ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɟɪɫɨɧɚɥɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɨɫɬɨɹɧɢɟɦ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɪɹɞɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ;  − ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ. 

ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɩɪɨɰɟɫɫɚɦɢ: 

1.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨɞɧɨɝɨ, ɥɟɞɨɜɨɝɨ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɟɠɢɦɨɜ;  

2.  ɂɡɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɢ ɫɟɞɢɦɟɧɬɚɰɢɢ ɧɚɧɨɫɨɜ;  
3.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɟ 

ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪ.Ɍɭɦɧɢɧ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ; 
4.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɹ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɜɨɞɨɟɦɚ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɪɟɱɧɨɣ ɬɢɩ 
ɷɤɨɫɢɫɬɟɦɵ ɢɡɦɟɧɢɬɫɹ ɧɚ ɨɡɟɪɧɵɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɉ ɨɬ 01.07.1985 № 3907−85 
«ɋɚɧɢɬɚɪɧɵɟ ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɜɨɞɨɯɪɚɧɢɥɢɳ» ɜ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɛɨɬɵ: 

 − ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɨɬ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ ɢ ɦɭɫɨɪɚ;  − ɜɵɜɨɡ ɧɟɱɢɫɬɨɬ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ;  − ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;  − ɡɚɫɵɩɤɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɭɝɥɭɛɥɟɧɢɣ ɢ ɬɚɦɩɨɧɚɠ ɫɤɜɚɠɢɧ; 
 Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɨɫɬɚɜ ɫɚɧɢɬɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɜɯɨɞɢɬ ɨɱɢɫɬɤɚ ɥɨɠɚ ɨɬ 

ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ ɧɚɫɟɥɟɧɧɵɯ 

ɩɭɧɤɬɨɜ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɡɨɧɭ ɡɚɬɨɩɥɟɧɢɹ, ɩɨɞɬɨɩɥɟɧɢɹ, ɛɟɪɟɝɨɨɛɪɭɲɟɧɢɹ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ: 

 − ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɢɫɤɥɸɱɚɸɳɢɟ ɡɚɬɨɩɥɟɧɢɟ ɢ ɩɨɞɬɨɩɥɟɧɢɟ 
ɨɫɬɚɜɥɹɟɦɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɪɟɞɩɪɢɹɬɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɢ ɛɵɬɚ ɧɚɫɟɥɟɧɢɹ; − ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɞɪɟɧɢɪɨɜɚɧɢɸ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɬɨɤɚ ɫ ɫɨɛɫɬɜɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɵ; 

       ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ 
ɫɜɹɡɚɧɨ ɫ ɪɚɛɨɬɨɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɛɨɬ. 
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7.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɜɨɞɨɯɪɚɧɢɥɢɳ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ɋɉ ɨɬ 1.07.1985 № 3907−85 «ɋɚɧɢɬɚɪɧɵɟ 
ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ», ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ: 

1. Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɩɪɟɞɩɪɨɟɤɬɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɪɨɟɤɬɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ ɩɨɞɥɟɠɚɬ ɨɛɹɡɚɬɟɥɶɧɨɦɭ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ 
ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ ɧɚɞɡɨɪɚ. 

2. Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɫɚɧɢɬɚɪɧɵɟ ɩɨɩɭɫɤɢ 
ɫɨɫɬɚɜɥɹɸɬɫɹ ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɵɯ ɢɧɠɟɧɟɪɧɵɯ ɢɡɵɫɤɚɧɢɣ ɪɚɫɱɟɬɨɜ, 
ɜɚɪɢɚɧɬɧɵɯ ɩɪɨɪɚɛɨɬɨɤ ɜ ɌɗɈ (ɌɗɊ), ɜ ɩɪɨɟɤɬɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɨɞɨɯɪɚɧɢɥɢɳ.  

3. Ɋɚɛɨɬɵ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨɥɠɧɵ ɛɵɬɶ 
ɡɚɤɨɧɱɟɧɵ ɧɟ ɩɨɡɞɧɟɟ, ɱɟɦ ɡɚ ɨɞɢɧ ɜɟɫɟɧɧɟ-ɥɟɬɧɢɣ ɫɟɡɨɧ ɞɨ ɧɚɱɚɥɚ ɡɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

4. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɟɧɨɫɭ ɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɟ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɩɪɟɞɩɪɢɹɬɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 

ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɟɪɟɫɟɥɟɧɢɢ 
ɠɢɬɟɥɟɣ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ.  − ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ 
ɜɵɧɨɫɢɦɵɯ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ, ɩɨɞɥɟɠɚɬ ɭɞɚɥɟɧɢɸ ɦɨɫɬɵ, ɬɟɥɟɝɪɚɮɧɵɟ 
ɫɬɨɥɛɵ, ɮɭɧɞɚɦɟɧɬɵ ɢ ɞɪɭɝɢɟ ɫɨɨɪɭɠɟɧɢɹ. − Ɉɫɬɚɜɲɢɣɫɹ ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɭɫɨɪ, ɫɨɥɨɦɚ, ɝɧɢɥɚɹ ɞɪɟɜɟɫɢɧɚ ɢ ɞɪ. 
ɫɠɢɝɚɸɬɫɹ ɧɚ ɦɟɫɬɟ. − Ɇɟɬɚɥɥɢɱɟɫɤɢɣ ɥɨɦ ɫɨɛɢɪɚɟɬɫɹ ɢ ɜɵɜɨɡɢɬɫɹ ɡɚ ɩɪɟɞɟɥɵ ɬɟɪɪɢɬɨɪɢɢ 
ɡɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ. − ȼɵɝɪɟɛɚ ɭɛɨɪɧɵɯ ɩɨɫɥɟ ɜɵɜɨɡɚ ɨɬɯɨɞɨɜ ɞɟɡɢɧɮɢɰɢɪɭɸɬɫɹ ɫɭɯɢɦɢ 
ɩɪɟɩɚɪɚɬɚɦɢ ȾɌɋ ɄȽ ɢɥɢ ɯɥɨɪɧɨɣ ɢɡɜɟɫɬɶɸ ɢ ɡɚɫɵɩɚɸɬɫɹ ɱɢɫɬɵɦ ɝɪɭɧɬɨɦ. − ɇɟɱɢɫɬɨɬɵ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɟ ɨɬɛɪɨɫɵ ɜɵɜɨɡɹɬɫɹ ɡɚ ɩɪɟɞɟɥɵ 
ɬɟɪɪɢɬɨɪɢɢ ɡɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ. − Ɉɱɢɫɬɧɵɟ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ɫɜɚɥɤɢ, ɩɨɥɹ ɚɫɫɟɧɢɡɚɰɢɢ, 
ɨɪɨɲɟɧɢɹ ɢ ɮɢɥɶɬɪɚɰɢɢ, ɩɨɩɚɞɚɸɳɢɟ ɜ ɡɨɧɭ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ, ɩɨɞɥɟɠɚɬ 
ɡɚɤɪɵɬɢɸ. − ɇɚɜɨɡ, ɧɚɜɨɡɧɵɟ ɫɬɨɤɢ ɢ ɦɭɫɨɪ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 
ɨɛɟɡɡɚɪɚɠɢɜɚɸɬɫɹ, ɩɨɫɥɟ ɱɟɝɨ ɜɵɜɨɡɹɬɫɹ ɧɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ ɩɨɥɹ. − ɉɨɱɜɚ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɩɨɦɟɳɟɧɢɣ, ɡɚɝɨɧɨɜ ɩɪɨɠɢɝɚɟɬɫɹ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɨɪɨɲɚɟɬɫɹ ɪɚɫɬɜɨɪɚɦɢ ɞɜɭɪɟɬɢ ɨɫɧɨɜɧɨɣ 
ɫɨɥɢ ɝɢɩɨɯɥɨɪɢɬɚ ɤɚɥɶɰɢɹ ɢɥɢ ɯɥɨɪɧɨɣ ɢɡɜɟɫɬɢ, ɫɨɞɟɪɠɚɳɟɣ ɧɟ ɦɟɧɟɟ 5% 
ɚɤɬɢɜɧɨɝɨ ɯɥɨɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɫɥɨɣ ɩɨɱɜɵ ɝɥɭɛɢɧɨɣ ɞɨ ɱɢɫɬɨɝɨ ɜɵɜɨɡɢɬɫɹ ɡɚ 
ɩɪɟɞɟɥɵ ɬɟɪɪɢɬɨɪɢɢ ɡɚɬɨɩɥɟɧɢɹ ɢ ɡɚɤɚɩɵɜɚɟɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɚ 
ɧɚ ɝɥɭɛɢɧɭ ɧɟ ɦɟɧɟɟ 2ɦ. 
Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɞɚɧɧɵɣ ɩɟɪɢɨɞ:  

1. Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ        
  



115 
 

− Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɯ 
ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɉȾȼ) ;     
 − Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɢ 
ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ (ɉɇɈɈɅɊ);      
 − Ɋɚɡɪɚɛɨɬɤɚ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ 
ɫɛɪɨɫɨɜ (ɇȾɋ) ɜɟɳɟɫɬɜ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ;   
 − ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ;          
 − ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɫɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ 
ɨɛɴɟɤɬɵ; − Ɉɮɨɪɦɥɟɧɢɟ Ɋɟɲɟɧɢɹ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɜ ɩɨɥɶɡɨɜɚɧɢɟ 
ɜ ɰɟɥɹɯ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɢɥɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ;     
 − Ɋɚɫɱɟɬ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɜɧɟɫɟɧɢɟ ɩɥɚɬɵ ɡɚ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ;         − Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ 

2 ɋɚɧɢɬɚɪɧɨ- ɬɟɯɧɢɱɟɫɤɢɟ       
 − Ɋɚɡɞɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɩɨ ɜɢɞɚɦ ɨɬɯɨɞɨɜ ɢ ɤɥɚɫɫɚɦ 
ɨɩɚɫɧɨɫɬɢ;            − Ɋɚɡɦɟɳɟɧɢɟ ɨɬɯɨɞɨɜ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨɥɢɝɨɧɚɯ ;   
 − ɉɟɪɟɞɚɱɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɦɚ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɨɬɯɨɞɨɜ 
ɤɚɛɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ;        
 − ɉɟɪɟɞɚɱɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ;          − ɍɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɩɟɪɟɞɚɱɢ ɨɬɯɨɞɨɜ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɜ 
ɠɭɪɧɚɥɚɯ;           − Ɉɪɝɚɧɢɡɚɰɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɨɪɦɚɬɢɜɨɜ ɉȾȼ − Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɫɬɨɱɧɵɯ, ɞɪɟɧɚɠɧɵɯ ɢ 
ɩɪɢɪɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ;      − ɋɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ;  
 − ɉɟɪɟɞɚɱɚ ɯɨɡɹɣɫɬɜɟɧɧɨ ɛɵɬɨɜɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ;      − Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɨɹɧɨɤ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɫɩɟɰɢɚɥɶɧɨ ɨɛɨɪɭɞɨɜɚɧɧɵɯ 
ɦɟɫɬɚɯ, ɢɦɟɸɳɢɯ ɬɜɟɪɞɨɟ ɩɨɤɪɵɬɢɟ . 

 
7.4 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

 
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ, ɬɚɤɢɯ ɤɚɤ: − Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ. Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ − 2014 

8 22 201 01 21 5. 
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ܯ = ே∙௤ଵ଴଴% ∙ ߩ = ଺ଷ଼଻ସ଼∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ͵Ͳ͹͸ͻ ˕,                                                         (7.1) 

 ˆˇˈ ܰ- ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3; ݍ- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, %; ߩ- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3. − Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɜ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬɫɹ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ 
ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ. Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ − 2014 4 
61 010 01 20 5 
ܯ  = ே∙௤ଵ଴଴% ∙ ߩ = ଵ଴଼ଷ଺ଶ∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ͳͲͺͶ ˕.                                                                       

(7.2) 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɛɭɞɟɬ 
ɨɛɪɚɡɨɜɚɧɨ 30769 ɬ ɥɨɦɚ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ ɢ 1084 ɬ ɨɬɯɨɞɨɜ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ 
ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɡɟɧɵ ɧɚ ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, ɬɚɤ ɤɚɤ 
ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
7.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 

 ȼ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 

− ɋɛɪɨɫɨɦ ɞɪɟɧɚɠɧɵɯ, ɞɨɠɞɟɜɵɯ ɢ ɬɚɥɵɯ ɜɨɞ; 
− ȼɵɛɪɨɫɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ: ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɞɢɡɟɥɶ− 

ɝɟɧɟɪɚɬɨɪɨɜ, ɫɜɚɪɨɱɧɵɯ ɢ ɨɤɪɚɫɨɱɧɵɯ ɪɚɛɨɬ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɩɟɪɢɨɞ ɬɟɤɭɳɢɯ ɢ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ; 

− Ɉɛɪɚɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɟɯɧɢɱɟɫɤɨɦ ɨɛɫɥɭɠɢɜɚɧɢɢ 
ɢ ɬɟɤɭɳɢɯ ɪɟɦɨɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 

− ɇɚ ɫɪɟɞɭ ɨɛɢɬɚɧɢɹ ɧɚɫɟɥɟɧɢɹ ɛɥɢɠɚɣɲɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɩɪɨɰɟɫɫɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɢ ɫɨɫɬɨɹɧɢɟɦ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

− ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɨɫɧɨɜɧɵɦɢ 
ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ: 

− Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɜɨɞɧɵɦ ɪɟɠɢɦɨɦ ɜɨɞɨɬɨɤɚ; 
− Ɉɱɢɫɬɤɚ ɜɨɞɵ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 
− Ɉɛɟɫɩɟɱɟɧɢɟ ɭɫɥɨɜɢɹ ɧɟɩɨɩɚɞɚɧɢɹ ɦɚɫɟɥ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɹɸɳɢɯ 

ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɣ ɨɛɴɟɤɬ; 
− ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɧɟɩɨɩɚɞɚɧɢɟ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
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ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 23 ɤɦ ɨɬ Ƚɗɋ ɧɚɯɨɞɢɬɫɹ ɩɨɫɟɥɨɤ 
Ɍɭɥɢɱɢ, ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.2.1/2.1.11200−03 «ɋɚɧɢɬɚɪɧɨ−ɡɚɳɢɬɧɵɟ ɡɨɧɵ ɢ 
ɫɚɧɢɬɚɪɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɧɵɯ ɨɛɴɟɤɬɨɜ», 
ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɚɧɢɬɚɪɧɨ-
ɡɚɳɢɬɧɨɣ ɡɨɧɵ: ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. 

Ɍɚɤɠɟ, ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.1.4.1110−02 «Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ 
ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ», ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ 
ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ Ɍɭɦɧɢɧ ɨɬ ɫɛɪɨɫɨɜ 
ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɪɟɤɢ.  

 
7.6 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ  

 
ɋɬɚɧɰɢɨɧɧɵɟ ɩɨɦɟɳɟɧɢɹ, ɩɨɞɥɟɠɚɳɢɟ ɨɫɧɚɳɟɧɢɸ ɩɨɠɚɪɧɨɣ 

ɫɢɝɧɚɥɢɡɚɰɢɟɣ, ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɞɚɬɱɢɤɚɦɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɠɚɪɚ ɢ 
ɫɢɫɬɟɦɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɪɢɟɦ ɨɬ ɞɚɬɱɢɤɨɜ ɫɢɝɧɚɥɨɜ ɢ ɮɨɪɦɢɪɭɸɬ 
ɧɟɨɛɯɨɞɢɦɵɟ ɫɢɝɧɚɥɵ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɢɝɧɚɥɵ ɧɚ ɰɟɧɬɪɚɥɶɧɵɣ ɩɭɧɤɬ 
ɭɩɪɚɜɥɟɧɢɹ ɨ ɩɨɠɚɪɟ ɫ ɭɤɚɡɚɧɢɟɦ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɫɬɚ [25].  

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɨɦɟɳɟɧɢɹ, ɩɨɞɥɟɠɚɳɢɟ ɨɫɧɚɳɟɧɢɸ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ 
ɩɨɠɚɪɨɬɭɲɟɧɢɟɦ, ɞɨɥɠɧɵ ɢɦɟɬɶ ɞɚɬɱɢɤɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɠɚɪɚ ɢ ɫɢɫɬɟɦɵ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɪɢɟɦ ɨɬ ɞɚɬɱɢɤɨɜ ɫɢɝɧɚɥɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ 
ɫɢɝɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ ɡɚɩɨɪɧɨ−ɩɭɫɤɨɜɵɦɢ ɨɪɝɚɧɚɦɢ ɩɨɞɚɱɢ ɜɨɞɵ, 
ɜɟɧɬɢɥɹɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɚ ɬɚɤɠɟ ɫɢɝɧɚɥɨɜ ɧɚ ɐɉɍ ɨ ɩɨɠɚɪɟ ɫ ɭɤɚɡɚɧɢɟɦ 
ɤɨɧɤɪɟɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢɦɟɧɹɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɞɚɬɱɢɤɨɜ: ɪɟɚɝɢɪɭɸɬ 
ɧɚ ɩɨɹɜɥɟɧɢɟ ɞɵɦɚ, ɪɟɚɝɢɪɭɸɬ ɧɚ ɞɵɦ ɢ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɪɟɚɝɢɪɭɸɬ ɧɚ 
ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɷɬɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ. Ɋɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɪɟɞɩɪɢɹɬɢɣ, ɧɚɱɚɥɶɧɢɤɢ ɰɟɯɨɜ, ɩɨɞɫɬɚɧɰɢɣ, ɥɚɛɨɪɚɬɨɪɢɣ, 
ɦɚɫɬɟɪɫɤɢɯ, ɫɤɥɚɞɨɜ ɢ ɬ.ɩ., ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ ɞɨɥɠɧɨɫɬɧɵɟ ɥɢɰɚ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ 
ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɛɹɡɚɧɵ:  

− Ɉɛɟɫɩɟɱɢɬɶ ɧɚ ɜɜɟɪɟɧɧɵɯ ɢɦ ɭɱɚɫɬɤɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɛɥɸɞɟɧɢɟ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ ɜɵɩɨɥɧɟɧɢɟ ɜ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɪɨɤɢ ɦɟɪɨɩɪɢɹɬɢɣ, 
ɩɨɜɵɲɚɸɳɢɯ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ; 

− Ɉɛɟɫɩɟɱɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɢ ɩɪɨɟɤɬɧɵɦɢ ɪɟɲɟɧɢɹɦɢ. 
ɇɟɦɟɞɥɟɧɧɨ ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɤ ɭɫɬɪɚɧɟɧɢɸ ɨɛɧɚɪɭɠɟɧɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɠɚɪɭ; 

− Ɉɪɝɚɧɢɡɨɜɚɬɶ ɩɨɠɚɪɧɨ−ɬɟɯɧɢɱɟɫɤɭɸ ɩɨɞɝɨɬɨɜɤɭ ɩɨɞɱɢɧɟɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ ɢ ɬɪɟɛɨɜɚɬɶ ɨɬ ɧɟɝɨ ɫɨɛɥɸɞɟɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ; 

− Ɉɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɩɟɪɫɨɧɚɥɨɦ ɰɟɯɚ ɢ ɩɨɞɪɹɞɧɵɦɢ 
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ɨɪɝɚɧɢɡɚɰɢɹɦɢ. ɍɫɬɚɧɨɜɢɬɶ ɪɟɠɢɦ ɭɛɨɪɤɢ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɩɨɦɟɳɟɧɢɣ, ɚ ɬɚɤɠɟ 
ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɫɟɬɢ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɞɟɠɭɪɧɨɝɨ 
ɨɫɜɟɳɟɧɢɹ, ɫɢɫɬɟɦɵ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɧɟɩɪɟɪɵɜɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ; 

− ɍɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɞɟɪɠɚɧɢɟ ɜ ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɢɦɟɸɳɢɯɫɹ ɧɚ ɭɱɚɫɬɤɟ ɫɪɟɞɫɬɜ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 

ȼ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ ɪɢɫɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɠɚɪɚɦɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɪɵ: 

− ȼɫɟ ɩɨɦɟɳɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɦɟɳɟɧɢɹ ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Ƚɗɋ 
ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

− Ⱦɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ ɪɟɝɭɥɹɪɧɵɟ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɢɫɩɪɚɜɧɨɫɬɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ, 
ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɨɩɨɜɟɳɟɧɢɹ, ɫɜɹɡɢ ɢ ɞɪɭɝɢɯ ɫɢɫɬɟɦ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ 
ɡɚɳɢɬɵ. 

− Ʉɭɪɟɧɢɟ ɪɚɡɪɟɲɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɫɩɟɰɢɚɥɶɧɨ ɨɬɜɟɞɟɧɧɵɯ ɞɥɹ ɷɬɨɝɨ 
ɦɟɫɬɚɯ, ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɪ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɗɬɢ ɦɟɫɬɚ 
ɞɨɥɠɧɵ ɢɦɟɬɶ ɭɤɚɡɚɬɟɥɶɧɵɟ ɡɧɚɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

− Ɉɝɧɟɜɵɟ ɪɚɛɨɬɵ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 
ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɫ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɦɢ; 

− ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɟɣɫɬɜɭɸɳɢɯ ɉɪɚɜɢɥ ɞɥɹ ɤɚɠɞɨɝɨ ɰɟɯɚ, ɥɚɛɨɪɚɬɨɪɢɢ, 
ɦɚɫɬɟɪɫɤɨɣ, ɫɤɥɚɞɚ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɩɨɦɟɳɟɧɢɣ ɢ ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ 
ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɧɤɪɟɬɧɚɹ ɢɧɫɬɪɭɤɰɢɹ ɨ ɦɟɪɚɯ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɜɵɜɟɲɢɜɚɟɬɫɹ ɧɚ ɜɢɞɧɨɦ ɦɟɫɬɟ; 

− ɉɪɨɜɟɞɟɧɢɟ ɢɧɫɬɪɭɤɬɚɠɟɣ ɩɟɪɫɨɧɚɥɚ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɫ ɩɪɨɜɟɪɤɨɣ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɪɚɛɨɬɧɢɤɨɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɦ ɜɨɞɹɧɵɦ ɩɨɠɚɪɨɬɭɲɟɧɢɟɦ ɧɚ Ƚɗɋ ɨɫɧɚɳɟɧɵ: 
− ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ; 
− ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ; 
− ɤɚɛɟɥɶɧɵɟ ɫɟɤɰɢɢ; 
− ɪɟɚɤɬɨɪɵ; 
− ɩɨɞɩɭɥɶɬɨɜɵɟ ɩɨɦɟɳɟɧɢɹ; 
− ɩɨɦɟɳɟɧɢɹ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ. 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ ɝɥɚɜɧɵɦɢ ɨɛɴɟɤɬɚɦɢ 

ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, ɩɨɷɬɨɦɭ ɬɭɲɟɧɢɟ ɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ 
ɩɭɫɤɨɦ ɨɬ ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɭɫɤ ɫɢɫɬɟɦɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɢ ɝɚɡɨɜɵɦɢ ɡɚɳɢɬɚɦɢ. ɉɨ 
ɩɟɪɢɦɟɬɪɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ 
ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɧɚ ɤɨɬɨɪɵɯ ɜɟɪɬɢɤɚɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɪɟɧɱɟɪɧɵɟ 
ɨɪɨɫɢɬɟɥɢ. Ɍɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɟɦɤɨɫɬɢ, ɤɭɞɚ ɛɭɞɟɬ 
ɫɥɢɜɚɬɶɫɹ ɜɨɞɧɨ-ɦɚɫɥɹɧɚɹ ɫɦɟɫɶ, ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬɫɹ ɜɨ ɜɪɟɦɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 
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ȼ ɷɬɨɦ ɦɚɫɥɨɫɛɨɪɧɢɤɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɵ ɢ 
ɦɚɫɥɚ. ȼɨɞɚ, ɩɨɫɬɭɩɢɜɲɚɹ ɜ ɦɚɫɥɨɫɛɨɪɧɢɤ, ɫɥɢɜɚɟɬɫɹ ɜ ɧɢɠɧɢɣ ɛɶɟɮ, ɨɬɞɟɥɟɧɧɨɟ 
ɦɚɫɥɨ ɡɚɞɟɪɠɢɜɚɟɬɫɹ, ɚ ɡɚɬɟɦ ɫɥɢɜɚɟɬɫɹ ɜ ɦɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ Ƚɗɋ.  

Ʉɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɨɛɨɪɭɞɨɜɚɬɶɫɹ 
ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɫɢɫɬɟɦɭ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɨɞɚɟɬɫɹ ɜɨɞɚ ɤ ɨɛɴɟɤɬɭ ɩɨɠɚɪɚ ɢ ɡɚɩɨɪɧɨ-
ɩɭɫɤɨɜɵɯ ɭɫɬɪɨɣɫɬɜ (Ɂɉɍ).  

Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɪɚɫɩɵɥɟɧɧɨɣ ɜɨɞɨɣ, ɞɟɣɫɬɜɢɟ ɡɚɩɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɡɚɩɭɫɤɨɦ ɨɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ, ɥɢɛɨ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɪɚɛɚɬɵɜɚɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɢ ɫɩɟɰɢɚɥɶɧɵɯ 
ɞɚɬɱɢɤɨɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ ɜɧɭɬɪɢ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ ɩɟɧɧɵɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɨɝɧɟɬɭɲɢɬɟɥɟɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. Ⱦɥɹ 
ɩɨɞɚɱɢ ɜɨɞɵ ɞɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ ɜɨɤɪɭɝ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ 
ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜ ɧɢɯ ɪɚɫɩɵɥɢɬɟɥɹɦɢ. Ɋɚɫɩɵɥɟɧɧɚɹ 
ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜɨɞɚ ɝɚɫɢɬ ɩɥɚɦɹ. ȿɫɥɢ ɩɪɨɢɡɨɲɥɨ ɨɱɚɝɨɜɨɟ ɜɨɡɝɨɪɚɧɢɟ ɨɛɦɨɬɤɢ, 
ɩɨɠɚɪ ɬɭɲɚɬ ɫ ɩɨɦɨɳɶɸ ɭɝɥɟɤɢɫɥɨɬɧɵɯ ɪɭɱɧɵɯ ɨɝɧɟɬɭɲɢɬɟɥɟɣ. ɋɢɫɬɟɦɚ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ ɞɨɥɠɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɨɬɜɨɞ 
ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɜɨɞɵ ɜ ɞɪɟɧɚɠɧɭɸ ɫɢɫɬɟɦɭ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɨɞɨɡɚɛɨɪɵ ɢɡ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢɥɢ ɧɚɫɨɫɧɵɟ ɭɫɬɚɧɨɜɤɢ.  
 

7.7 Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
 

ȼɫɟ ɫɨɬɪɭɞɧɢɤɢ Ƚɗɋ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɧɢɤɢ ɩɨɞɪɹɞɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ, 
ɩɪɢɜɥɟɤɚɟɦɵɯ ɞɥɹ ɪɚɛɨɬ ɧɚ ɬɟɪɪɢɬɨɪɢɸ Ƚɗɋ, ɞɨɥɠɧɵ ɡɧɚɬɶ ɢ ɜɵɩɨɥɧɹɬɶ 
ɬɪɟɛɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ (ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ). Ⱦɨ ɧɚɱɚɥɚ ɪɚɛɨɬɵ 
ɪɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɞɨɥɠɧɵ ɩɪɨɜɟɪɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ 
ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɩɪɟɞɫɬɨɹɳɟɣ ɪɚɛɨɬɟ. ɉɟɪɟɞ ɧɚɱɚɥɨɦ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ, ɫɨɬɪɭɞɧɢɤ ɨɛɹɡɚɧ ɩɨɥɭɱɢɬɶ ɢɧɫɬɪɭɤɬɚɠɢ ɩɨ ɛɟɡɨɩɚɫɧɨɦɭ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɪɚɛɨɬɵ, ɩɪɨɣɬɢ ɧɟɨɛɯɨɞɢɦɭɸ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɚ 
ɬɚɤɠɟ ɩɪɨɜɟɪɢɬɶ ɫɜɨɟ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɧɚ ɧɚɥɢɱɢɟ ɢ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɫɪɟɞɫɬɜ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ, ɨɝɪɚɠɞɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, ɫɪɟɞɫɬɜ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ 
ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ [24]. 

ɉɨɞɪɚɡɞɟɥɟɧɢɹ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɢɫɩɵɬɚɧɧɵɦɢ, ɝɨɬɨɜɵɦɢ ɤ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɧɨɦɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. ɋɨɬɪɭɞɧɢɤ ɨɛɹɡɚɧ ɡɧɚɬɶ, 
ɜɵɩɨɥɧɹɬɶ ɢ ɧɟɫɬɢ ɩɟɪɫɨɧɚɥɶɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɧɚɪɭɲɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ 
ɧɨɪɦɚɬɢɜɧɵɯ ɚɤɬɨɜ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ 
ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɨɦɭ ɩɪɨɜɟɞɟɧɢɸ ɪɚɛɨɬ, 
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ɦɟɬɨɞɚɦ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɪɢ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ, ɪɚɡɪɚɛɨɬɤɚ ɢ 
ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ, ɚ ɬɚɤɠɟ ɫɚɧɢɬɚɪɧɨ-
ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ ɢ ɫɧɢɠɟɧɢɸ ɬɪɚɜɦɚɬɢɡɦɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɗɤɫɩɥɭɚɬɢɪɭɟɦɵɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɫɥɟɞɭɸɳɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɬɪɭɞɚ: 

− ɩɪɨɯɨɞɵ ɩɨ ɫɨɨɪɭɠɟɧɢɹɦ ɢ ɧɚ ɜɵɫɨɬɟ, ɩɟɪɟɯɨɞɧɵɟ ɦɨɫɬɤɢ ɫ ɨɞɧɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ ɤ ɞɪɭɝɨɦɭ ɞɨɥɠɧɵ ɢɦɟɬɶ ɨɝɪɚɠɞɟɧɢɟ; 

− ɫɨɨɪɭɠɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɫɩɚɫɚɬɟɥɶɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɧɚ 
ɜɨɡɦɨɠɧɵɟ ɩɚɞɟɧɢɹ ɩɟɪɫɨɧɚɥɚ ɜ ɜɨɞɭ; 

− ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɛɟɡ ɩɨɫɬɨɹɧɧɨɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ ɞɨɥɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɝɪɭɩɩɨɣ ɧɟ ɦɟɧɟɟ 2-ɯ ɱɟɥɨɜɟɤ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢ ɤɚɠɞɨɝɨ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɪɚɡɪɚɛɨɬɚɧɚ ɢɧɫɬɪɭɤɰɢɹ ɩɨ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɛɨɬ. 

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧ 
ɤɚɛɢɧɟɬ ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɦɚɬɟɪɢɚɥɚɦɢ ɩɨ ɬɟɦɚɬɢɤɟ ɨɯɪɚɧɵ ɬɪɭɞɚ 
ɢ ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. ɇɚ ɤɚɠɞɨɦ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɞɨɥɠɧɵ ɛɵɬɶ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ ɞɨɥɠɧɨɫɬɧɵɟ ɢɧɫɬɪɭɤɰɢɢ ɢ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɜ 
ɧɟɨɛɯɨɞɢɦɨɦ ɨɛɴɟɦɟ. Ɉɪɝɚɧɢɡɚɰɢɹ Ƚɗɋ ɧɟɫɟɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɫɬɨɹɧɢɟ 
ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ Ƚɗɋ ɢ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɫɨɛɥɸɞɟɧɢɹ 
ɬɪɟɛɨɜɚɧɢɣ ɧɚɫɬɨɹɳɟɝɨ ɫɬɚɧɞɚɪɬɚ, ɬɪɟɛɨɜɚɧɢɣ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, 
ɩɪɨɜɟɞɟɧɢɟɦ ɢɧɫɬɪɭɤɬɚɠɟɣ ɢ ɬɪɟɧɢɪɨɜɨɤ ɞɥɹ ɨɬɪɚɛɨɬɤɢ ɧɚɜɵɤɨɜ ɩɨ ɷɜɚɤɭɚɰɢɢ 
ɪɚɛɨɬɧɢɤɨɜ ɜ ɫɥɭɱɚɟ ɩɨɹɜɥɟɧɢɹ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ.  

ɇɚ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɭɱɚɫɬɨɤ ɩɨ ɨɯɪɚɧɟ 
ɬɪɭɞɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ 
ɩɟɪɫɨɧɚɥɨɦ. Ɉɪɝɚɧɢɡɚɰɢɹ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɤɨɧɬɪɨɥɶ ɢ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɩɪɨɜɟɪɤɢ: 

− ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɚɤ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɝɨ, ɬɚɤ ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɪɟɦɨɧɬɟ 
ɢɥɢ ɜ ɪɟɡɟɪɜɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

− ɡɧɚɧɢɣ ɫɨɬɪɭɞɧɢɤɚɦɢ ɫɯɟɦ ɩɭɬɟɣ ɷɜɚɤɭɚɰɢɢ, ɫɯɟɦ ɪɚɡɦɟɳɟɧɢɹ 
ɛɟɡɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɧɚɜɵɤɨɜ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɩɪɚɤɬɢɤɟ; 

− ɡɧɚɧɢɣ ɪɚɛɨɬɧɢɤɚɦɢ ɫɪɟɞɫɬɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ, ɫɪɟɞɫɬɜ 
ɤɨɥɥɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɢ ɫɢɫɬɟɦ ɚɜɬɨɧɨɦɧɵɯ ɭɫɬɚɧɨɜɨɤ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ, 
ɧɚɜɵɤɨɜ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɩɨ ɧɚɡɧɚɱɟɧɢɸ; 

Ʉɚɠɞɵɣ ɪɚɛɨɬɧɢɤ ɫɬɚɧɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɭɱɟɧ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɬɪɭɞɚ 
ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɷɥɟɤɬɪɨ−, ɩɨɠɚɪɨ−, 
ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ, ɩɪɨɣɬɢ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ, 
ɪɚɛɨɬɧɢɤɭ, ɩɪɨɲɟɞɲɟɦɭ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɜɵɞɚɟɬɫɹ 
ɭɞɨɫɬɨɜɟɪɟɧɢɟ ɨ ɩɪɨɜɟɪɤɟ ɡɧɚɧɢɣ. 
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8 Ɍɟɯɧɢɤɨ-ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
 

8.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 
ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 
Ɍɚɛɥɢɰɚ 8.1 − Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2025 2026 2027 2028 2029 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ 
Ɇȼɬ 136,0 136,0 136,0 136,0 136,0 

ɑɢɫɥɨ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɇȼɬ∙ɱ 45320,0 45320,0 45320,0 45320,0 45320,0 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
% 1,0 1,0 1,0 1,0 1,0 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
Ɇȼɬ∙ɱ 453,2 453,2 453,2 453,2 453,2 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɇȼɬ∙ɱ 44866,8 44866,8 44866,8 44866,8 44866,8 

Ɍɚɪɢɮ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

ɪɭɛ/ 
Ɇȼɬ∙ɱ 

1214,6 1259,5 1303,3 1345,8 1389,2 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ. 54,5 56,5 58,5 60,4 62,3 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 8,3 8,6 8,9 9,2 9,5 
 
Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɨɜ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɥɭɱɟɧɧɚɹ ɜɵɪɭɱɤɚ ɜɨɡɪɚɫɬɚɟɬ. ɗɬɨ 
ɫɜɹɡɚɧɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫ ɪɨɫɬɨɦ ɬɚɪɢɮɨɜ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 
 

8.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 − «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ.) [26] ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɧɢɮɢɤɚɰɢɢ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɝɨɪɢɡɨɧɬ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɫɟɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», 
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ɞɨɱɟɪɧɢɦɢ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɞɨɱɟɪɧɢɦɢ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ȾɁɈɈȺɈ «ɊɭɫȽɢɞɪɨ». 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɟɱɟɧɶ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɣ ɢ ɞɨɩɭɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɨɞɝɨɬɨɜɤɢ ɪɚɫɱɟɬɨɜ ɜ ɪɚɦɤɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ 
ɫɪɟɞɧɟ−ɫɪɨɱɧɭɸ ɢ ɞɨɥɝɨɫɪɨɱɧɭɸ ɩɟɪɫɩɟɤɬɢɜɭ, ɜɤɥɸɱɚɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ 
ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ. 

Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ, ɷɬɨ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɪɚɛɨɬ ɢɥɢ ɭɫɥɭɝ. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɬɚɤ ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ 
ɩɪɨɞɭɤɰɢɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ, 
ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
− Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
− Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
− ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
− Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
− Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
− ɇɚɥɨɝ ɧɚ ɜɨɞɭ. 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ 
ɨɛɴɟɤɬɨɜ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɰɟɥɟɣ ɫɬɪɚɯɨɜɚɧɢɹ, 
ɫ ɭɱɟɬɨɦ ɩɪɢɪɨɫɬɚ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɦ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚ ɢɫɬɟɤɲɢɣ ɩɟɪɢɨɞ ɨɬ ɞɚɬɵ ɩɨɫɥɟɞɧɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ): 0,08%. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2. 
  

Ɍɚɛɥɢɰɚ 8.2 − ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇɜɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 34,67 
ɉɪɨɱɢɟ 274,0 37,25 

ɂɬɨɝɨ ɩɨ Ƚɗɋ  71,92 

Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ 
ɩɪɨɰɟɧɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
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Ɍɚɛɥɢɰɟ 8.3 − ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 
ɗɬɚɩɵ ɠɢɡɧɟɧɧɨɝɨ 

ɰɢɤɥɚ ɩɪɨɟɤɬɚ (ɥɟɬ) 1−5 6−15 16−25 ɛɨɥɟɟ 25 

ȼɟɥɢɱɢɧɚ, % 0,06 0,09 0,14 0,2 
 
Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 8.4. 

 
Ɍɚɛɥɢɰɚ 8.4 − Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ɋɭɦɦɚ, 
ɦɥɧ.ɪɭɛ. 

ɈȺɈ «ɋɈ − ȿɗɋ» 135,38 ɬɵɫ.ɪɭɛ/Ɇɜɬ 32,49 
ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097ɬɵɫ.ɪɭɛ/Ɇɜɬ∙ɱ 2,27 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318 ɬɵɫ.ɪɭɛ/Ɇɜɬ∙ɱ 0,66 
ɂɬɨɝɨ  35,43 

 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ·ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 

ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ Ɍɭɦɧɢɧ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 
Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 8.5. 

Ɍɚɛɥɢɰɚ 8.5 − Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2025 2026 2027 2028 2029 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 328,01 89,13 89,13 89,13 101,92 

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 51,15 48,45 45,89 43,15 36,05 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 71,92 71,92 71,92 71,92 71,92 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 

3,04 2,88 3,64 3,42 2,86 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 
14,21 14,21 14,21 14,21 14,21 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, 
ɦɥɧ.ɪɭɛ. 5,64 5,64 5,64 5,64 5,64 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 365,43 129,57 131,37 134,35 154,79 
 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɡɚɬɪɚɬ 

ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɚɧɢɦɚɸ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 8.1. 
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Ɋɢɫɭɧɨɤ 8.1 − ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

 
ɂɡ ɪɢɫɭɧɤɚ 8.1 ɜɢɞɧɨ, ɱɬɨ ɜ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɚɧɚɥɨɝɢɱɧɵɣ ɫ ɬɚɛɥɢɰɟɣ 8.5 ɜɵɜɨɞ. Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɡɚɧɢɦɚɸɬ 
ɥɢɞɢɪɭɸɳɭɸ ɩɨɡɢɰɢɸ (42 %), ɫɥɟɞɨɦ ɢɞɭɬ ɪɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ (24%) ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (22 %). 

 
 

8.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 

ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 
ɨɤɨɧɱɚɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ 
ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
− ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ − 20%; 
− ɇȾɋ − 20%; 
− ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ − 34%; 
− ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ − 2,2%; 
− ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ.ɱ − 4,8 ɪɭɛ. 

ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 8.6. 

 
Ɍɚɛɥɢɰɚ 8.6 − ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2027 2028 2029 2030 2031 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 223,87 233,29 211,02 239,44 237,07 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 147,77 271,78 22,82 105,58 239,89 
ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, 

ɦɥɧ.ɪɭɛ. 7,34 7,34 7,34 7,34 7,34 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 67,81 65,84 83,10 105,14 144,46 

42%

24%

22%

4% 6% 2%

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ.

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, 
ɦɥɧ.ɪɭɛ.

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɦɥɧ.ɪɭɛ.

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, 
ɦɥɧ.ɪɭɛ.
Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, 
ɦɥɧ.ɪɭɛ.
ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ.
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Ɉɤɨɧɱɚɧɢɟ Ɍɚɛɥɢɰɵ 8.6 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2027 2028 2029 2030 2031 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 446,79 578,26 324,29 457,50 628,76 

 
Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɨɫɧɨɜɧɵɟ ɧɚɥɨɝɨɜɵɟ ɨɬɱɢɫɥɟɧɢɹ 

ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɢ ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ (ɇȾɋ). 
ȼɢɞɧɨ, ɱɬɨ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɫɨɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɪɚɫɯɨɞɨɜ Ƚɗɋ. 
 

8.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ 

ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7. 
 

Ɍɚɛɥɢɰɚ 8.7 − Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2025 2026 2027 2028 2029 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 1228,2 1273,4 1317,4 1362,7 1406,3 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 363,6 127,7 129,5 132,5 154,8 
EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 1222,6 1267,8 1311,8 1357,0 1400,7 

EBIT (ɩɪɢɛɵɥɶ ɞɨ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 798,2 1079,3 1125,3 1172,4 1170,3 
ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 183,9 184,5 224,2 233,6 236,3 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 623,0 879,0 900,2 937,9 936,2 
ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20,0 20,0 20,0 20,0 20,0 

ȼ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɝɨɞɨɜɨɣ ɩɪɢɛɵɥɢ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɪɭɱɤɢ ɨɬ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɟɤɭɳɢɟ 
ɪɚɫɯɨɞɵ ɭɦɟɧɶɲɚɸɬɫɹ, ɫɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ. 

Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɨɰɟɧɢɜɚɟɬɫɹ ɝɪɚɮɢɤɨɦ Ʉɷɲ−Ɏɥɨ. ɂɡɨɛɪɚɡɢɦ ɧɚ 
ɝɪɚɮɢɤɟ ɭɤɪɭɩɧɟɧɧɵɟ ɷɬɚɩɵ ɩɪɨɟɤɬɚ, ɝɪɚɮɢɤ Ʉɷɲ−Ɏɥɨ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 
8.2. 
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Ɋɢɫɭɧɨɤ 8.2 − Ƚɪɚɮɢɤ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɷɬɚɩɚɦɢ 

ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
 
ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɩɨ ɞɚɧɧɨɦɭ ɩɪɨɟɤɬɭ, ɫ ɧɚɱɚɥɚ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ 

ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫɨ ɫɬɪɨɢɬɟɥɶɧɵɦɢ 
ɪɚɛɨɬɚɦɢ ɢ ɩɪɢɨɛɪɟɬɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɩɥɨɬɶ ɞɨ 2025 ɝɨɞɚ. ɋ ɧɚɱɚɥɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɟ ɩɟɪɟɯɨɞɢɬ ɜ ɩɨɥɨɠɢɬɟɥɶɧɨɟ 
ɧɚɩɪɚɜɥɟɧɢɟ, ɤɚɤ ɷɬɨ ɨɠɢɞɚɥɨɫɶ, ɩɨɫɤɨɥɶɤɭ ɡɚɬɪɚɬɵ ɩɪɟɜɵɲɚɸɬ ɞɨɯɨɞɵ. ɇɚɱɢɧɚɹ 
ɫ 2026 ɝɨɞɚ ɩɨ ɩɪɨɟɤɬɭ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ ɧɚɱɢɧɚɟɬ ɫɨɤɪɚɳɚɬɶɫɹ ɢ 
ɤ 2032 ɝɨɞɭ ɫɬɚɧɨɜɢɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦ. ɉɨɫɥɟ ɞɨɯɨɞɵ ɧɚɱɢɧɚɸɬ ɩɨɤɪɵɜɚɬɶ 
ɪɚɫɯɨɞɵ ɢ ɩɪɢɧɨɫɢɬɶ ɩɪɢɛɵɥɶ. 
 

8.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ 
(ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 − «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017−2042 ɝɝ.). 

 
8.5.1 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 
4. ɂ ɬ.ɞ. 
Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ: 
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ɚ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ», ɭɬɜɟɪɠɞɟɧɧɵɯ 
ɩɪɢɤɚɡɨɦ ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 07.02.2000ɝ. № 54 ɧɚ ɨɫɧɨɜɚɧɢɢ 
Ɂɚɤɥɸɱɟɧɢɹ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ Ɋɨɫɫɢɢ ɨɬ 26.05.1999ɝ. №24−16−1/20−113; 

ɛ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ ɫɬɚɞɢɢ 
ɩɪɟɞɌɗɈ ɢ ɌɗɈ», Ɇɨɫɤɜɚ, 2008 ɝ., ɭɬɜɟɪɠɞɟɧɧɵɦɢ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 
31.03.2008ɝ № 155 ɢ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɨɣ Ɋɨɫɫɢɢ ɨɬ 26.05.99ɝ. 
№24−16−1/20−113. 

ɜ) ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 − «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017−2042 ɝɝ.). 

Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems.  

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 25 
ɥɟɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɚɫɱɟɬɵ 
ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 1 ɤɜɚɪɬɚɥ 2022 ɝɨɞɚ ɛɟɡ ɭɱɟɬɚ ɝɟɨɩɨɥɢɬɢɱɟɫɤɢɯ 
ɢɡɦɟɧɟɧɢɣ ɩɨɫɥɟ 24 ɮɟɜɪɚɥɹ 2022 ɝɨɞɚ. 

2) ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɬɟɱɟɧɢɟ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 

 
8.5.2 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 

ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
 
Ɍɚɛɥɢɰɚ 8.8 − ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
«ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ Ɍɭɦɧɢɧ» 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,60 

ɉɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - PB, ɦɟɫ 121 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 706,84 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,15 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 13,06 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ∙ɱ 0,39 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉɜɬ 78286,8 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɞɨɯɨɞ ɧɚ ɤɨɧɟɰ ɪɚɫɱɟɬɧɨɝɨ ɩɟɪɢɨɞɚ 

ɫɨɫɬɚɜɢɬ ɩɨɪɹɞɤɚ 707 ɦɥɧ. ɪɭɛ. ɉɨɥɭɱɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ − 0,39 ɪɭɛ./ɤȼɬ·ɱ. 
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8.5.3 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 

ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 8.9.  

 
Ɍɚɛɥɢɰɚ 8.9 − ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2024 2025 2026 2027 2028 

ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 85,7 191,3 191,8 379,3 512,8 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 10,6 59,7 73,2 67,9 66,0 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.ɪɭɛ 96,3 251,0 265,0 447,3 578,8 

 
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɨɛɟɫɩɟɱɢɬ ɪɟɝɭɥɹɪɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ 

ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ. ɋ ɦɨɦɟɧɬɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɞɟɧɟɠɧɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɭɬ. 

 
8.6 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

 
Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ − ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

ɚ) ɐɟɧɚ ɫɛɵɬɚ; 
ɛ) ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ; 
ɜ) Ɉɛɴɟɦ ɢɧɜɟɫɬɢɰɢɣ. 
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 
ɂɡɦɟɧɟɧɢɟ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɰɟɧɵ ɫɛɵɬɚ ɰɟɧɵ ɫɛɵɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 8.3. 
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Ɋɢɫɭɧɨɤ 8.3 − ɂɡɦɟɧɟɧɢɟ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

 
Ƚɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɰɟɧɵ ɫɛɵɬɚ ɜɥɟɱёɬ ɡɚ ɫɨɛɨɣ 

ɭɜɟɥɢɱɟɧɢɟ (NPV). 
ɂɡɦɟɧɟɧɢɟ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.4. 
 

 
Ɋɢɫɭɧɨɤ 8.4 − ɋɭɦɦɚ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ  
 
Ƚɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɜɥɟɱёɬ ɡɚ 

ɫɨɛɨɣ ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV. 
ɂɡɦɟɧɟɧɢɟ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.5. 
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Ɋɢɫɭɧɨɤ 8.5 − ɋɭɦɦɚ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ 

ɢɧɜɟɫɬɟɰɢɣ 
 
Ƚɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɨɜ ɢɧɜɟɫɬɢɰɢɣ ɜɥɟɱёɬ ɡɚ ɫɨɛɨɣ 

ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ NPV. 
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9 Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɜɬɨɪɧɨɟ ɜɤɥɸɱɟɧɢɟ 
 
9.1 ɇɚɡɧɚɱɟɧɢɟ Ⱥɉȼ 

 
ɄɁ ɜ ɷɥɟɦɟɧɬɚɯ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɪɢɜɨɞɹɬ ɤ ɚɜɚɪɢɹɦ ɢ ɜɵɡɵɜɚɸɬ ɧɚɪɭɲɟɧɢɟ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ɉɞɧɚɤɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɜɪɟɠɞɟɧɢɣ ɧɨɫɢɬ 
ɧɟɭɫɬɨɣɱɢɜɵɣ ɯɚɪɚɤɬɟɪ. Ʉɚɫɚɧɢɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɩɬɢɰɚɦɢ, ɞɟɪɟɜɶɹɦɢ, 
ɫɯɥɟɫɬɵɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɨɜɨɞɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɶɧɨɝɨ ɜɟɬɪɚ, 
ɚɬɦɨɫɮɟɪɧɵɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ − ɨɞɧɢ ɢɡ ɩɪɢɱɢɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 
ɩɨɜɪɟɠɞɟɧɢɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ.  ɉɪɚɤɬɢɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɟɭɫɬɨɣɱɢɜɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
ɫɚɦɨɭɫɬɪɚɧɹɸɬɫɹ ɩɨɫɥɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɫɧɹɬɢɹ ɧɚɩɪɹɠɟɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ (ɍȺɉȼ) 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɫɯɟɦɵ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɩɭɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɨɬɤɥɸɱɟɧɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɩɨɜɪɟɠɞɟɧɢɹ ɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɢ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɜɬɨɪɧɨɟ 
ɜɤɥɸɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨ ɥɢɲɶ ɜ ɫɥɭɱɚɟ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɩɨɜɪɟɠɞɟɧɢɹ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ ɭɫɬɨɣɱɢɜɵɯ ɩɨɜɪɟɠɞɟɧɢɹɯ (ɨɛɪɵɜ ɩɪɨɜɨɞɨɜ, 
ɪɚɡɪɭɲɟɧɢɟ ɢɡɨɥɹɬɨɪɨɜ, ɩɨɜɪɟɠɞɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɬ.ɩ.) 
ɥɢɤɜɢɞɢɪɨɜɚɬɶ ɩɨɜɪɟɠɞɟɧɢɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ ɫɧɹɬɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɭɞɚɫɬɫɹ, 
ɩɨɬɪɟɛɭɟɬɫɹ ɜɦɟɲɚɬɟɥɶɫɬɜɨ ɨɩɟɪɚɬɢɜɧɨɝɨ ɩɟɪɫɨɧɚɥɚ.  ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɍȺɉȼ 
ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɪɚɡɜɢɬɢɟ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ 
ɜɪɟɦɹ ɩɟɪɟɪɵɜɚ ɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɲɚɹ 
ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. Ɋɚɛɨɬɚ Ⱥɉȼ ɪɚɡɪɟɲɚɟɬɫɹ ɥɢɲɶ, ɩɪɢ ɭɫɥɨɜɢɢ 
ɨɬɫɭɬɫɬɜɢɹ ɡɚɩɪɟɬɨɜ ɢ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɩɨɜɬɨɪɧɨɟ ɜɤɥɸɱɟɧɢɟ.   

Ⱥɉȼ ɫɱɢɬɚɟɬɫɹ ɭɫɩɟɲɧɵɦ, ɟɫɥɢ ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɜɤɥɸɱɟɧɢɢ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɧɨ ɜɨɡɨɛɧɨɜɥɹɟɬ ɫɜɨɸ ɪɚɛɨɬɭ, ɚ ɩɨɜɪɟɠɞɟɧɢɟ 
ɫɚɦɨɭɫɬɪɚɧɹɟɬɫɹ. ȿɫɥɢ ɠɟ ɩɨɫɥɟ ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ, ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ 
ɜɧɨɜɶ ɨɬɤɥɸɱɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɚ ɩɨɜɪɟɠɞɟɧɢɟ ɨɫɬɚɟɬɫɹ ɧɚ 
ɡɚɳɢɳɚɟɦɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɬɨ Ⱥɉȼ ɫɱɢɬɚɟɬɫɹ ɧɟɭɫɩɟɲɧɵɦ.  

ɍɫɬɪɨɣɫɬɜɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɨɫɧɚɳɚɸɬɫɹ:  
− Ʌɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ; 
− Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ; 
− ɋɛɨɪɧɵɟ ɲɢɧɵ; 
− ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ; 
Ⱦɚɧɧɵɟ ɨ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɡɚ 

ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɨɥɹ ɧɟɭɫɬɨɣɱɢɜɵɯ 
ɩɨɜɪɟɠɞɟɧɢɣ ɜɟɫɶɦɚ ɜɵɫɨɤɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 50−90%. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɦ ɪɚɡɜɢɬɢɟ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ, 
ɹɜɥɹɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ. ɍɫɩɟɲɧɨɫɬɶ 
ɞɟɣɫɬɜɢɹ Ⱥɉȼ ɧɚ ȼɅ ɡɚɜɢɫɢɬ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ʌɗɉ. Ⱦɚɧɧɵɟ ɨ 
ɭɫɩɟɲɧɨɫɬɢ ɞɟɣɫɬɜɢɹ Ⱥɉȼ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 9.1. 
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Ɍɚɛɥɢɰɚ 9.1 ɍɫɩɟɲɧɨɫɬɶ ɞɟɣɫɬɜɢɹ Ⱥɉȼ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ Uɧɨɦ Ʌɗɉ. 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Ʌɗɉ, Uɧɨɦ, ɤȼ ɍɫɩɟɲɧɨɫɬɶ ɞɟɣɫɬɜɢɹ Ⱥɉȼ, % 

6-10 40-60 
35 65-70 

110-220 75-80 
330 65-70 

500-750 ~50 
 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɜɬɨɪɧɨɟ ɜɤɥɸɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɯ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ 
ɩɨɫɥɟ ɚɜɚɪɢɣɧɵɯ ɨɬɤɥɸɱɟɧɢɹ. ɋɨɝɥɚɫɧɨ [29] ɭɫɬɪɨɣɫɬɜɚɦɢ Ⱥɉȼ ɞɨɥɠɧɵ ɛɵɬɶ 
ɨɛɨɪɭɞɨɜɚɧɵ ɜɫɟ ɨɞɢɧɨɱɧɵɟ ɩɨɧɢɠɚɸɳɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɦɨɳɧɨɫɬɶɸ ɛɨɥɟɟ 1 
MB·Ⱥ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ ɷɧɟɪɝɨɫɢɫɬɟɦ, ɢɦɟɸɳɢɟ ɜɵɤɥɸɱɚɬɟɥɶ ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ ɫ ɩɢɬɚɸɳɟɣ ɫɬɨɪɨɧɵ, ɤɨɝɞɚ ɨɬɤɥɸɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɟɫɬɨɱɟɧɢɸ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ⱥɉȼ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɪɚɡɪɟɲɚɟɬɫɹ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɚɜɚɪɢɣɧɨɟ ɨɬɤɥɸɱɟɧɢɟ ɧɟ 
ɫɜɹɡɚɧɨ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɩɨɜɪɟɠɞɟɧɢɹɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɭɫɤ ɭɫɬɪɨɣɫɬɜ Ⱥɉȼ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɪɟɡɟɪɜɧɨɣ ɡɚɳɢɬɵ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢ ɥɸɛɨɦ ɜɢɞɟ ɜɧɭɬɪɟɧɧɟɝɨ ɩɨɜɪɟɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɫɪɚɛɚɬɵɜɚɟɬ ɝɚɡɨɜɨɟ ɪɟɥɟ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɭɫɤ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ 
ɪɚɡɪɟɲɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɢ ɥɸɛɨɦ ɚɜɚɪɢɣɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɧɨ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɝɚɡɨɜɨɝɨ ɪɟɥɟ, ɩɨɜɬɨɪɧɨɟ ɜɤɥɸɱɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɨɢɡɜɨɞɢɬɶ ɡɚɩɪɟɳɟɧɨ. 

Ⱥɉȼ ɫɛɨɪɧɵɯ ɲɢɧ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɤɪɭɩɧɵɯ ɩɨɞɫɬɚɧɰɢɹɯ, 
ɢɦɟɸɳɢɯ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɩɨɞɯɨɞɹɳɢɯ ɥɢɧɢɣ (ɱɟɬɵɪɟ ɢ ɛɨɥɟɟ ɥɢɧɢɢ). ɉɨɫɥɟ 
ɨɬɤɥɸɱɟɧɢɹ ɲɢɧ ɩɨɞɫɬɚɧɰɢɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɨɜɬɨɪɧɚɹ ɩɨɞɚɱɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɵ ɢ ɩɪɢ ɧɟɭɫɬɨɣɱɢɜɵɯ ɩɨɜɪɟɠɞɟɧɢɹɯ ɧɚ 
ɲɢɧɚɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɷɬɢɦ ɲɢɧɚɦ. Ⱥɉȼ ɲɢɧ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɤɚɤ ɜɵɤɥɸɱɚɬɟɥɹɦɢ 
ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ, ɬɚɤ ɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɩɢɬɚɸɳɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ. 
ɍɫɬɪɨɣɫɬɜɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɨɩɪɨɛɨɜɚɧɢɟ ɲɢɧ (ɬ.ɟ. ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɲɢɧɵ ɩɨɞɚɟɬɫɹ ɫɧɚɱɚɥɚ ɨɬ ɨɞɧɨɝɨ ɢɡ 
ɨɬɤɥɸɱɢɜɲɢɯɫɹ ɩɢɬɚɸɳɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ), ɟɫɥɢ ɨɩɪɨɛɨɜɚɧɢɟ ɲɢɧ ɨɤɚɡɚɥɨɫɶ 
ɭɫɩɟɲɧɵɦ, ɬɨ ɜɤɥɸɱɚɸɬɫɹ ɨɫɬɚɥɶɧɵɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ. ɉɪɢ ɧɟɭɫɩɟɲɧɨɦ 
ɨɩɪɨɛɨɜɚɧɢɢ ɲɢɧ, ɫɨɡɞɚɸɬɫɹ ɰɟɩɢ ɡɚɩɪɟɬɚ ɰɢɤɥɚ Ⱥɉȼ. 

ɉɪɢ ɄɁ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, 
ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɩɨɜɪɟɠɞɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɬɤɥɸɱɚɸɬɫɹ. 
ɍɫɬɪɨɣɫɬɜɨ Ⱥɉȼ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɧɨɪɦɚɥɶɧɨɟ ɩɢɬɚɧɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɬɟɦ 
ɫɚɦɵɦ, ɧɟ ɞɨɩɭɫɤɚɟɬ ɫɧɢɠɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɗȾ.  

ɍɫɬɪɨɣɫɬɜɨ Ⱥɉȼ ɞɨɥɠɧɨ ɢɦɟɬɶ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɜɪɟɦɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ, ɞɥɹ ɫɨɤɪɚɳɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɪɵɜɚ ɩɢɬɚɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ. 

ʏʞʑଵݐ  ൒ .ʒ.ʞݐ + ʖʏʞݐ = Ͳ,ͷ. .Ͳ,ͺ ˔,                                                               (9.1) 
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ɝɞɟ ݐʒ.ʞ.  − ɜɪɟɦɹ ɝɨɬɨɜɧɨɫɬɢ ɩɪɢɜɨɞɚ ɤ ɪɚɛɨɬɟ ɧɚ ɜɤɥɸɱɟɧɢɟ;      ݐʖʏʞ  − ɜɪɟɦɹ ɡɚɩɚɫɚ. 
ȼɪɟɦɹ ɡɚɩɚɫɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɪɟɦɹ ɞɟɢɨɧɢɡɚɰɢɢ ɫɪɟɞɵ ɢ ɜɪɟɦɹ 
ɝɨɬɨɜɧɨɫɬɢ ɜɵɤɥɸɱɚɬɟɥɹ. 
 
9.2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ Ⱥɉȼ 

 
Ʉɥɚɫɫɢɮɢɤɚɰɢɹ Ⱥɉȼ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɡɧɚɤɚɦ: 
1. ɉɨ ɤɪɚɬɧɨɫɬɢ ɞɟɣɫɬɜɢɹ. 
− Ɉɞɧɨɤɪɚɬɧɨɟ Ⱥɉȼ; 
− Ɇɧɨɝɨɤɪɚɬɧɨɟ Ⱥɉȼ (ɞɜɭ− ɢ ɬɪɟɯɤɪɚɬɧɵɟ Ⱥɉȼ). 
 ɍɫɩɟɲɧɨɫɬɶ ɨɞɧɨɤɪɚɬɧɨɝɨ Ⱥɉȼ ɞɨɫɬɢɝɚɟɬ 70−80%. Ⱦɜɭɤɪɚɬɧɵɟ Ⱥɉȼ 

ɨɛɥɚɞɚɸɬ 10−15% ɜɟɪɨɹɬɧɨɫɬɶɸ ɭɫɩɟɲɧɨɝɨ ɞɟɣɫɬɜɢɹ. ȼɟɪɨɹɬɧɨɫɬɶ Ⱥɉȼ 
ɬɪɟɯɤɪɚɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɨɫɬɚɜɥɹɟɬ 1,5−3%. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɢɦɟɧɹɟɬɫɹ 
Ⱥɉȼ ɨɞɧɨɤɪɚɬɧɨɝɨ ɞɟɣɫɬɜɢɹ. Ɇɧɨɝɨɤɪɚɬɧɵɟ Ⱥɉȼ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɧɚ 
ɫɢɫɬɟɦɨɨɛɪɚɡɭɸɳɢɯ ɥɢɧɢɹɯ. 

2. ɉɨ ɫɩɨɫɨɛɭ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɪɢɜɨɞ ɜɵɤɥɸɱɚɬɟɥɹ.  
− Ɇɟɯɚɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ; 
− ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ. 
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ ɜɫɬɪɚɢɜɚɸɬɫɹ ɜ ɩɪɭɠɢɧɧɵɣ ɢɥɢ ɝɪɭɡɨɜɨɣ 

ɩɪɢɜɨɞ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɨɤɚɡɵɜɚɸɬ ɧɚ ɧɟɝɨ ɦɟɯɚɧɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ. 
ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬ 
ɜɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ 
ɢɦɟɸɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ – ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ Ⱥɉȼ ɫɧɢɠɚɟɬɫɹ 
ɜɟɪɨɹɬɧɨɫɬɶ ɭɫɩɟɲɧɨɝɨ ɞɟɣɫɬɜɢɹ Ⱥɉȼ. Ɍɚɤ ɠɟ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ 
ɛɵɫɬɪɟɟ ɢɡɧɚɲɢɜɚɟɬɫɹ ɩɪɢɜɨɞ ɜɵɤɥɸɱɚɬɟɥɹ, ɱɬɨ ɩɨɬɪɟɛɭɟɬ ɛɨɥɟɟ ɱɚɫɬɵɯ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ ɢɦɟɸɬ ɭɩɪɨɳɟɧɧɭɸ 
ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɩɨɜɵɲɟɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɞɟɣɫɬɜɢɹ. 

3. ɉɨ ɜɢɞɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚ ɤɨɬɨɪɨɦ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ Ⱥɉȼ.  
− Ʌɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ; 
− ɒɢɧ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ; 
− Ɍɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
− ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 

4. ɉɨ ɱɢɫɥɭ ɜɤɥɸɱɚɟɦɵɯ ɮɚɡ.  
− Ɉɞɧɨɮɚɡɧɵɟ Ⱥɉȼ (ɈȺɉȼ); 
− Ɍɪɟɯɮɚɡɧɵɟ Ⱥɉȼ (ɌȺɉȼ); 
− Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ Ⱥɉȼ. 
Ɍɪɟɯɮɚɡɧɵɟ Ⱥɉȼ ɜɤɥɸɱɚɸɬ ɬɪɢ ɮɚɡɵ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨɫɥɟ ɢɯ ɨɬɤɥɸɱɟɧɢɹ 

ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɨɣ. Ɉɞɧɨɮɚɡɧɵɟ Ⱥɉȼ ɜɤɥɸɱɚɸɬ ɨɞɧɭ ɮɚɡɭ ɜɵɤɥɸɱɚɬɟɥɹ, ɩɨɫɥɟ ɟɟ 
ɨɬɤɥɸɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ. Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ Ⱥɉȼ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɜɤɥɸɱɟɧɢɟ ɬɪɟɯ ɮɚɡ ɩɪɢ ɦɟɠɞɭɮɚɡɧɵɯ ɩɨɜɪɟɠɞɟɧɢɹɯ, ɢɥɢ 
ɜɤɥɸɱɟɧɢɟ ɨɞɧɨɣ ɮɚɡɵ ɩɪɢ ɨɞɧɨɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ. ɈȺɉȼ 
ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɟɬɹɯ ɫ ɷɮɮɟɤɬɢɜɧɨ ɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɧɚ 
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ɫɢɫɬɟɦɨɨɛɪɚɡɭɸɳɢɯ ɥɢɧɢɹɯ ɢ ɥɢɧɢɹɯ, ɫɜɹɡɵɜɚɸɳɢɯ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɦɟɠɞɭ ɫɨɛɨɣ. 
ɍɫɬɚɧɨɜɤɚ ɈȺɉȼ ɜɨɡɦɨɠɧɚ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɧɚ ɜɤɥɸɱɚɟɦɨɣ ɥɢɧɢɢ ɭɫɬɚɧɨɜɥɟɧɵ 
ɩɨɮɚɡɧɨ ɭɩɪɚɜɥɹɟɦɵɟ ɜɵɤɥɸɱɚɬɟɥɢ. ɌȺɉȼ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɤ ɜ ɫɟɬɹɯ ɫ 
ɷɮɮɟɤɬɢɜɧɨ ɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ɬɚɤ ɢ ɜ ɫɟɬɹɯ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ. 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɌȺɉȼ ɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɜɤɥɸɱɚɟɦɨɣ ɥɢɧɢɢ 
ɬɪɟɯɮɚɡɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ. 

5. ɉɨ ɫɩɨɫɨɛɭ ɩɪɨɜɟɪɤɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɥɢɧɢɣ ɫ ɞɜɭɯɫɬɨɪɨɧɧɢɦ 
ɩɢɬɚɧɢɟɦ.  

− ɇɟɫɢɧɯɪɨɧɧɵɟ Ⱥɉȼ; 
− Ⱥɉȼ ɫ ɤɨɧɬɪɨɥɟɦ ɫɢɧɯɪɨɧɢɡɦɚ. 
Ʉ ɧɟɫɢɧɯɪɨɧɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ Ⱥɉȼ ɨɬɧɨɫɹɬɫɹ ɧɟɫɢɧɯɪɨɧɧɵɟ (ɇȺɉȼ) ɢ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɟ Ⱥɉȼ (ȻȺɉȼ). 
Ʉ ɭɫɬɪɨɣɫɬɜɚɦ Ⱥɉȼ ɫ ɤɨɧɬɪɨɥɟɦ ɫɢɧɯɪɨɧɢɡɦɚ ɨɬɧɨɫɹɬɫɹ Ⱥɉȼ ɫ ɨɠɢɞɚɧɢɟɦ 

ɫɢɧɯɪɨɧɢɡɦɚ (ȺɉȼɈɋ) ɢ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ ɫ ɭɥɚɜɥɢɜɚɧɢɟɦ ɫɢɧɯɪɨɧɢɡɦɚ 
(Ⱥɉȼɍɋ). ɍɫɬɪɨɣɫɬɜɚ ȺɉȼɈɋ ɪɚɡɪɟɲɚɸɬ ɜɤɥɸɱɟɧɢɟ ɥɢɧɢɢ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ 
ɫɢɧɯɪɨɧɢɡɦɚ. ɍɫɬɪɨɣɫɬɜɚ Ⱥɉȼɍɋ ɪɚɡɪɟɲɚɸɬ ɜɤɥɸɱɟɧɢɟ ɥɢɧɢɢ, ɟɫɥɢ ɪɚɡɧɨɫɬɶ 
ɱɚɫɬɨɬ ɧɟɫɢɧɯɪɨɧɧɨ ɪɚɛɨɬɚɸɳɢɯ ɱɚɫɬɟɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɟ ɩɪɟɜɵɲɚɟɬ 
ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ. Ʌɢɧɢɢ, ɢɦɟɸɳɢɟ ɞɨɫɬɚɬɨɱɧɨ ɦɨɳɧɵɟ ɩɚɪɚɥɥɟɥɶɧɵɟ 
ɫɜɹɡɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɯɪɚɧɟɧɢɟ ɫɢɧɯɪɨɧɢɡɦɚ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɥɢɧɢɢ, ɪɚɡɪɟɲɚɸɬ ɭɫɬɚɧɨɜɤɭ ɭɫɬɪɨɣɫɬɜ ȺɉȼɈɋ. ɍɫɬɪɨɣɫɬɜɚ 
Ⱥɉȼɍɋ ɞɨɩɭɫɤɚɟɬɫɹ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚ ɥɢɧɢɹɯ, ɢɦɟɸɳɢɯ ɫɥɚɛɵɟ ɩɚɪɚɥɥɟɥɶɧɵɟ 
ɫɜɹɡɢ ɢɥɢ ɜɨɜɫɟ ɧɟ ɢɦɟɸɳɢɯ ɢɯ. 

6.  ɉɨ ɫɩɨɫɨɛɭ ɩɪɨɜɟɪɤɢ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɞɟɣɫɬɜɢɢ Ⱥɉȼ: 
− ɋ ɩɪɨɜɟɪɤɨɣ ɨɬɫɭɬɫɬɜɢɹ ɧɚɩɪɹɠɟɧɢɹ (ȺɉȼɈɇ); 
− ɋ ɩɪɨɜɟɪɤɨɣ ɧɚɥɢɱɢɹ ɧɚɩɪɹɠɟɧɢɹ (Ⱥɉȼɇɇ). 
Ⱥɉȼɇɇ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɤɥɸɱɟɧɢɹ ɥɢɧɢɢ ɧɚ 

ɭɫɬɨɣɱɢɜɨɟ ɄɁ. 
− ɋ ɩɪɨɜɟɪɤɨɣ ɧɚɥɢɱɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɤɥɸɱɚɟɦɨɦ ɩɨɞ ɧɚɝɪɭɡɤɭ 

ɨɛɨɪɭɞɨɜɚɧɢɢ (Ⱥɉȼɇɇ), ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɤɥɸɱɟɧɢɹ ɥɢɧɢɢ 
ɧɚ ɭɫɬɨɣɱɢɜɨɟ ɄɁ; 

− ɋ ɩɪɨɜɟɪɤɨɣ ɨɬɫɭɬɫɬɜɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɥɢɧɢɢ (ȺɉȼɈɇ) − ɩɪɢɦɟɧɹɟɬɫɹ 
ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɹɯ ɧɚ ɥɢɧɢɹɯ ɫ ɜɵɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ; 

7. ɉɨ ɫɩɨɫɨɛɭ ɩɭɫɤɚ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ.  
− ɋ ɩɭɫɤɨɦ ɩɪɢ ɧɟɫɨɨɬɜɟɬɫɬɜɢɢ ɩɨɥɨɠɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɤ ɩɨɥɨɠɟɧɢɸ 

ɤɥɸɱɚ ɭɩɪɚɜɥɟɧɢɹ; 
− ɋ ɩɭɫɤɨɦ ɨɬ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ. 
8. ɉɨ ɜɢɞɭ ɨɩɟɪɚɬɢɜɧɨɝɨ ɬɨɤɚ.  
− ɍɫɬɪɨɣɫɬɜɚ Ⱥɉȼ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɨɩɟɪɚɬɢɜɧɨɦ ɬɨɤɟ; 
− ɍɫɬɪɨɣɫɬɜɚ Ⱥɉȼ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɨɩɟɪɚɬɢɜɧɨɦ ɬɨɤɟ. 
ɇɚ ɩɨɞɫɬɚɧɰɢɹɯ ɫ ɩɨɫɬɨɹɧɧɵɦ ɨɩɟɪɚɬɢɜɧɵɦ ɬɨɤɨɦ ɷɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ 

ɞɥɹ ɪɚɛɨɬɵ ɪɟɥɟ, ɜɯɨɞɹɳɢɯ ɜ ɫɯɟɦɭ Ⱥɉȼ, ɩɨɫɬɭɩɚɟɬ ɨɬ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ. 
ȼ ɫɯɟɦɚɯ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɨɩɟɪɚɬɢɜɧɨɦ ɬɨɤɟ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ 
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ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ. ɍɤɚɡɚɧɧɵɟ ɨɬɥɢɱɢɹ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɨɫɨɛɟɧɧɨɫɬɢ 
ɫɯɟɦ Ⱥɉȼ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɞɚɧɧɵɯ ɪɟɥɟ, ɩɪɢɦɟɧɟɧɢɟ ɛɥɨɤɨɜ ɩɢɬɚɧɢɹ ɢ ɞɪ. 

 
9.3 Ɍɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ Ⱥɉȼ 

 

Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɭɫɬɪɨɣɫɬɜɚ 
Ⱥɉȼ ɞɨɥɠɧɵ ɢɦɟɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. Ɉɞɧɚɤɨ ɜɨ ɢɡɛɟɠɚɧɢɟ 
ɩɨɜɬɨɪɧɨɝɨ ɡɚɠɢɝɚɧɢɹ ɞɭɝɢ ɩɨɫɥɟ ɩɨɞɚɱɢ ɧɚɩɪɹɠɟɧɢɹ, ɩɟɪɟɪɵɜ ɜ ɩɨɞɚɱɟ 
ɧɚɩɪɹɠɟɧɢɹ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɜɪɟɦɹ ɞɟɢɨɧɢɡɚɰɢɢ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɝɚɫɢɬɫɹ 
ɞɭɝɚ. Ɍɚɤ ɠɟ ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɰɢɤɥɟ Ⱥɉȼ 
ɬɹɠɟɥɟɟ ɨɛɵɱɧɵɯ. ɇɚ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ Ⱥɉȼ ɜɥɢɹɸɬ ɜɪɟɦɹ ɝɨɬɨɜɧɨɫɬɢ ɩɪɢɜɨɞɚ 
ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɜɤɥɸɱɟɧɢɟ, ɚ ɬɚɤɠɟ ɜɪɟɦɹ ɜɨɡɜɪɚɬɚ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɟɥɟ 
ɡɚɳɢɬɵ, ɞɟɣɫɬɜɨɜɚɜɲɟɣ ɩɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ. 

Ʉ ɫɯɟɦɚɦ Ⱥɉȼ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɡɚɩɪɟɬ ɧɚ ɦɧɨɝɨɤɪɚɬɧɨɟ ɜɤɥɸɱɟɧɢɟ ɧɚ ɄɁ. 
Ɇɧɨɝɨɤɪɚɬɧɨɟ ɜɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɧɚ ɄɁ ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɫɟɪɶɟɡɧɵɟ 
ɩɨɜɪɟɠɞɟɧɢɹ ɞɚɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 

ɉɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɹ, ɩɨɫɥɟɞɨɜɚɜɲɢɦ ɩɨɫɥɟ ɟɝɨ 
ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɞɟɠɭɪɧɵɦ ɩɟɪɫɨɧɚɥɨɦ, ɩɭɫɤ Ⱥɉȼ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɟ 
ɞɨɥɠɟɧ. 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ Ⱥɉȼ: 
− ɍɫɬɪɨɣɫɬɜɚ Ⱥɉȼ ɞɨɥɠɧɵ ɩɪɢɜɨɞɢɬɶɫɹ ɜ ɞɟɣɫɬɜɢɟ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ, ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɤɪɨɦɟ ɫɥɭɱɚɟɜ, 
ɤɨɝɞɚ ɜɵɤɥɸɱɚɬɟɥɶ ɨɬɤɥɸɱɟɧ ɫɪɚɡɭ ɠɟ ɩɨɫɥɟ ɟɝɨ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɤɥɸɱɟɧɢɹ. 

− ɋɯɟɦɵ Ⱥɉȼ ɞɨɥɠɧɵ ɞɟɣɫɬɜɨɜɚɬɶ ɫ ɡɚɞɚɧɧɨɣ ɤɪɚɬɧɨɫɬɶɸ. 
− Ⱥɉȼ ɞɨɥɠɧɨ ɩɪɨɢɫɯɨɞɢɬɶ ɫɨ ɫɩɟɰɢɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɛɵɫɬɪɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ 
ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɥɢɧɢɢ ɢɥɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ. 

− ɍɫɬɪɨɣɫɬɜɨ Ⱥɉȼ ɩɨɫɥɟ ɭɫɩɟɲɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɨɥɠɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ (ɫ 
ɧɟɤɨɬɨɪɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ) ɜɨɡɜɪɚɬɢɬɶɫɹ ɜ ɫɨɫɬɨɹɧɢɟ ɝɨɬɨɜɧɨɫɬɢ ɤ ɧɨɜɨɦɭ 
ɞɟɣɫɬɜɢɸ. 

− Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɜɤɥɸɱɚɸɳɟɝɨ ɢɦɩɭɥɶɫɚ ɨɬ ɭɫɬɪɨɣɫɬɜɚ Ⱥɉȼ ɞɨɥɠɧɚ ɛɵɬɶ 
ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɧɚɞɟɠɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ. 

− ɋɯɟɦɵ Ⱥɉȼ ɞɨɥɠɧɵ ɢɦɟɬɶ ɡɚɩɪɟɬ ɧɚ ɜɤɥɸɱɟɧɢɟ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɧɟɤɨɬɨɪɵɯ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ (ɝɚɡɨɜɚɹ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɞɟɣɫɬɜɭɸɳɢɟ ɩɪɢ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɪɟɠɞɟɧɢɹɯ), ɚ ɬɚɤɠɟ ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɪɹɞɚ ɭɫɬɪɨɣɫɬɜ ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ ɚɜɬɨɦɚɬɢɤɢ (ɱɚɫɬɨɬɧɚɹ ɪɚɡɝɪɭɡɤɚ, 
ɚɜɬɨɦɚɬɢɤɚ ɨɬɞɟɥɟɧɢɹ ɦɟɫɬɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɞɪ.) 

Ʉɪɨɦɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɜ ɭɫɬɪɨɣɫɬɜɚɯ Ⱥɉȼ 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɰɟɩɢ ɭɫɤɨɪɟɧɢɹ ɞɟɣɫɬɜɢɹ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɚ 
ɬɚɤɠɟ ɩɟɪɟɤɥɸɱɚɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɜɨɞ ɭɫɬɪɨɣɫɬɜ ɜ ɪɚɛɨɬɭ ɢ 
ɜɵɜɨɞ ɢɯ ɢɡ ɪɚɛɨɬɵ ɨɩɟɪɚɬɢɜɧɵɦ ɩɟɪɫɨɧɚɥɨɦ. 
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9.4 ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ Ⱥɉȼ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɨɞɧɨɤɪɚɬɧɨɝɨ Ⱥɉȼ ɫ ɩɭɫɤɨɦ ɨɬ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 9.1. 

 
Ɋɢɫɭɧɨɤ 9.1 − ɋɯɟɦɚ ɨɞɧɨɤɪɚɬɧɨɝɨ Ⱥɉȼ ɫ ɩɭɫɤɨɦ ɨɬ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ. 

ɋɯɟɦɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɥɢɧɢɢ ɫɪɚɛɚɬɵɜɚɟɬ 
ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ, ɤɨɬɨɪɚɹ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ. 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɤɚɬɭɲɤɨɣ ɨɬɤɥɸɱɟɧɢɹ ɍȺɌ ɜɤɥɸɱɟɧɨ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɪɟɥɟ 
KT1, ɬɚɤ ɱɬɨ ɩɪɢ ɩɨɞɚɱɟ ɫɢɝɧɚɥɚ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɷɬɨ ɪɟɥɟ ɫɪɚɛɚɬɵɜɚɟɬ ɢ ɡɚɩɭɫɤɚɟɬ 
ɫɯɟɦɭ ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ – ɪɟɥɟ KL1, KT2 ɢ KL2. Ɋɟɥɟ KT2 ɢɦɟɟɬ ɬɪɢ ɩɚɪɵ 
ɤɨɧɬɚɤɬɨɜ. Ʉɨɧɬɚɤɬ 1 ɫɥɭɠɢɬ ɞɥɹ ɫɚɦɨɭɞɟɪɠɢɜɚɧɢɹ. ɉɪɨɫɤɚɥɶɡɵɜɚɸɳɢɣ ɤɨɧɬɚɤɬ 
2, ɡɚɦɵɤɚɸɳɢɣɫɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ t2, ɫɨɡɞɚɟɬ ɢɦɩɭɥɶɫ ɧɚ ɩɨɜɬɨɪɧɨɟ 
ɜɤɥɸɱɟɧɢɟ. ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɪɟɬɶɟɝɨ ɤɨɧɬɚɤɬɚ t3, ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ 
ɡɚɦɵɤɚɧɢɹ ɜɬɨɪɨɝɨ ɤɨɧɬɚɤɬɚ t2. Ɋɟɥɟ ɜɪɟɦɟɧɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɢɫɯɨɞɧɨɟ 
ɩɨɥɨɠɟɧɢɟ ɬɨɥɶɤɨ ɩɨɫɥɟ ɡɚɦɵɤɚɧɢɹ ɤɨɧɬɚɤɬɚ 3, ɬ.ɟ. ɬɨɝɞɚ, ɤɨɝɞɚ ɜɫɹ ɩɪɨɝɪɚɦɦɚ 
ɰɢɤɥɚ ɜɵɩɨɥɧɟɧɚ. 

ɍɫɩɟɲɧɵɣ ɰɢɤɥ Ⱥɉȼ. ɉɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɧɚ ɥɢɧɢɢ ɫɪɚɛɚɬɵɜɚɟɬ ɪɟɥɟɣɧɚɹ 
ɡɚɳɢɬɚ, ɤɨɬɨɪɚɹ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ, ɡɚɬɟɦ ɜɵɤɥɸɱɚɬɟɥɶ 
ɨɬɤɥɸɱɚɟɬ ɥɢɧɢɸ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ ɡɚɩɭɫɤɚɸɬɫɹ ɷɥɟɦɟɧɬɵ ɫɯɟɦɵ Ⱥɉȼ. 
ȿɫɥɢ ɧɚ ɨɬɤɥɸɱɟɧɧɨɣ ɥɢɧɢɢ ɩɪɨɢɡɨɲɥɨ ɧɟɭɫɬɨɣɱɢɜɨɟ ɩɨɜɪɟɠɞɟɧɢɟ, ɬɨ ɪɟɥɟ 
ɜɪɟɦɟɧɢ (KT1) ɢ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɪɟɥɟ (KL1) ɜɨɡɜɪɚɳɚɸɬɫɹ ɜ ɢɫɯɨɞɧɨɟ 
ɩɨɥɨɠɟɧɢɟ. Ɋɟɥɟ KT2 ɫɚɦɨɭɞɟɪɠɢɜɚɟɬɫɹ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ 
ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ t2, ɪɚɜɧɨɣ ɩɨɪɹɞɤɚ 0,5ɫ, 
ɩɨɞɚɟɬɫɹ ɫɢɝɧɚɥ ɧɚ ɪɟɥɟ KL2, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ 
ɜɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ. Ɋɟɥɟ KL2 ɢɦɟɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ 
ɨɛɦɨɬɤɭ, ɡɚ ɫɱɟɬ ɤɨɬɨɪɨɣ ɹɤɨɪɶ ɭɞɟɪɠɢɜɚɟɬɫɹ ɞɨ ɦɨɦɟɧɬɚ ɜɤɥɸɱɟɧɢɹ 
ɜɵɤɥɸɱɚɬɟɥɹ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ t3, ɡɚɦɵɤɚɟɬɫɹ ɬɪɟɬɢɣ ɤɨɧɬɚɤɬ 
ɪɟɥɟ KT2 ɢ ɷɬɨ ɪɟɥɟ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ. 
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ɇɟɭɫɩɟɲɧɵɣ ɰɢɤɥ Ⱥɉȼ. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɨɬɤɥɸɱɚɟɬ ɥɢɧɢɸ, ɚ 
ɭɫɬɪɨɣɫɬɜɨ Ⱥɉȼ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ɜɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ. ȼ ɫɥɭɱɚɟ 
ɭɫɬɨɣɱɢɜɨɝɨ ɩɨɜɪɟɠɞɟɧɢɹ ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɜɬɨɪɢɱɧɨ ɨɬɤɥɸɱɚɟɬ ɥɢɧɢɸ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ t3, ɜɵɛɢɪɚɟɬɫɹ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɢ ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɟɬ 8−10 ɫɟɤɭɧɞ. ɉɨɷɬɨɦɭ ɪɟɥɟ ɜɪɟɦɟɧɢ KT2, 
ɡɚɩɭɳɟɧɧɨɟ ɩɪɢ ɩɟɪɜɨɦ ɫɪɚɛɚɬɵɜɚɧɢɢ ɡɚɳɢɬɵ, ɩɪɨɞɨɥɠɚɟɬ ɪɚɛɨɬɚɬɶ. Ⱦɟɣɫɬɜɢɟ 
ɩɪɨɫɤɚɥɶɡɵɜɚɸɳɟɝɨ ɤɨɧɬɚɤɬɚ KT2.2 ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ, ɩɨɷɬɨɦɭ ɫɢɝɧɚɥɚ ɧɚ 
ɜɤɥɸɱɟɧɢɟ ɧɟ ɛɭɞɟɬ. ɉɪɢ ɡɚɦɵɤɚɧɢɢ KT2.3 ɫɯɟɦɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɢɫɯɨɞɧɨɟ 
ɩɨɥɨɠɟɧɢɟ. 

ɉɪɨɫɤɚɥɶɡɵɜɚɸɳɢɣ ɤɨɧɬɚɤɬ 2 ɪɟɥɟ KT2 ɦɨɠɟɬ ɡɚɫɬɪɟɜɚɬɶ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɧɟɞɨɫɬɚɬɤɨɦ ɷɬɨɣ ɫɯɟɦɵ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɚɟɬɫɹ ɞɥɢɬɟɥɶɧɵɣ ɢɦɩɭɥɶɫ ɧɚ 
ɜɤɥɸɱɟɧɢɟ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɡɦɨɠɧɨ ɦɧɨɝɨɤɪɚɬɧɨɟ ɜɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ. 
Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɰɟɩɶ ɜɤɥɸɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɡɚɜɨɞɢɬɫɹ ɱɟɪɟɡ 
ɧɨɪɦɚɥɶɧɨ ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɚɤɬ ɪɟɥɟ KL1. ɉɪɢ ɨɱɟɪɟɞɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɪɟɥɟ KL1, 
ɫɪɚɛɚɬɵɜɚɟɬ ɢ “ɡɚɬɹɧɭɜɲɢɣɫɹ” ɫɢɝɧɚɥ ɧɚ ɜɤɥɸɱɟɧɢɟ ɱɟɪɟɡ ɤɨɧɬɚɤɬ KL1.2 
ɩɟɪɟɜɟɞɟɬ ɧɚ ɫɟɛɹ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɤɨɧɬɚɤɬɵ KL1.1 ɛɭɞɭɬ ɭɞɟɪɠɢɜɚɬɶɫɹ ɜ 
ɪɚɡɨɦɤɧɭɬɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɫɢɝɧɚɥ ɧɚ ɜɤɥɸɱɟɧɢɟ ɧɟ ɩɪɨɣɞɟɬ. 
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ȼ ɞɚɧɧɨɦ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ, 
ɜɵɛɪɚɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɩɚɪɚɦɟɬɪɵ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ 
Ɍɭɦɧɢɧ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɫɨɨɪɭɠɟɧɢɟɦ II  ɤɥɚɫɫɚ. 

ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ 
ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɚɜɧɚɹ 136 Ɇȼɬ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ 
ɜɵɪɚɛɨɬɤɚ 500 ɦɥɧ. ɤȼɬ·ɱ. Ɍɚɤɠɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɤɚɤ 
ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɪɚɜɧɵɣ 1,75 ɤɦ3, ɭɪɨɜɟɧɶ ɦɟɪɬɜɨɝɨ ɨɛɴɟɦɚ, 
ɨɬɦɟɬɤɚ ɤɨɬɨɪɨɝɨ 180,28 ɦ. Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɱɟɬɚ ɛɵɥɨ ɩɨɫɬɪɨɟɧɨ 
ɪɟɠɢɦɧɨɟ ɩɨɥɟ (ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ), ɩɨ ɤɨɬɨɪɨɦɭ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɧɚɩɨɪɵ: 

− ɦɚɤɫɢɦɚɥɶɧɵɣ – 39,20 ɦ; 
− ɪɚɫɱɟɬɧɵɣ – 34,10 ɦ; 
− ɦɢɧɢɦɚɥɶɧɵɣ – 32,74 ɦ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɜɵɛɪɚɧɚ ɝɢɞɪɨɬɭɪɛɢɧɚ ɉɅ 40ɚ−ȼ−530, ɫ ɞɢɚɦɟɬɪɨɦ 
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 5,3 ɦ. ȼɵɛɪɚɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ 
ɝɢɞɪɨɬɭɪɛɢɧ − 2. ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɩɨɜɨɪɨɬɧɨ−ɥɨɩɚɫɬɧɨɣ 
ɝɢɞɪɨɬɭɪɛɢɧɵ ɫ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 150 ɨɛ/ɦɢɧ ɛɵɥ ɩɨɞɨɛɪɚɧ 
ɫɟɪɢɣɧɵɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ−808/130−40ɍ4 ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 64,7 
Ɇȼ∙Ⱥ.  
 Ⱦɚɥɟɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɝɥɚɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ 
ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫ ɞɜɭɦɹ 
ɫɢɫɬɟɦɚɦɢ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɞɧɨɣ ɨɛɯɨɞɧɨɣ. ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ ɤɚɬɚɥɨɝɚɦ 
ɛɵɥɨ ɩɨɞɨɛɪɚɧɨ ɫɥɟɞɭɸɳɟɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɛɥɨɱɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ: ɌȾɐ−100000/220−ɍ1, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 
ɌɋɁɍ−1600/10−ͺͲʢʤʚͶ, ɞɥɹ ȼɅ − ɚɥɸɦɢɧɢɟɜɵɟ ɩɪɨɜɨɞɚ ɫɨ ɫɬɚɥɶɧɵɦ 
ɫɟɪɞɟɱɧɢɤɨɦ ɦɚɪɤɢ Ⱥɋ−240/39.   
 ɉɨɫɥɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ 
ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɉɍɗ.  

Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ − ɪɭɫɥɨɜɚɹ.  ȼ ɫɨɫɬɚɜ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 
ɜɯɨɞɹɬ: − ɜɨɞɨɫɛɪɨɫɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɜɨɞɨɫɥɢɜɨɦ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ; − ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ; − ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ; − ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ. 
 ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɵ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ 
ɯɚɪɚɤɬɟɪɧɵɟ ɨɬɦɟɬɤɢ ɩɥɨɬɢɧɵ: − ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ − 35,15 ɦ; − ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ − 139,00 ɦ;  − ɱɢɫɥɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ − 3; − ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ − 189,60 ɦ; 
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− ɲɢɪɢɧɚ ɝɪɟɛɧɹ − 24 ɦ. 
Ⱦɥɹ ɝɚɲɟɧɢɹ ɷɧɟɪɝɢɢ ɜɨɞɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ 

ɩɥɨɬɢɧɭ, ɩɪɢɦɟɧɹɸɬɫɹ ɝɚɫɢɬɟɥɢ ɷɧɟɪɝɢɢ − 2 ɜɨɞɨɛɨɣɧɵɟ ɫɬɟɧɤɢ.  Ɍɚɤɠɟ ɜ ɷɬɨɦ 
ɪɚɡɞɟɥɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɜɵɛɪɚɧɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ 
ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ. ɉɥɨɬɢɧɚ 
ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ. 
 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɍɚɤɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɜɨɡɜɟɞɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ.  
 ɉɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
 − ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ − 10 ɥɟɬ 1 ɦɟɫɹɰ;  − ɫɟɛɟɫɬɨɢɦɨɫɬɶ − 0,39 ɪɭɛ/ɤȼɬ·ɱ; − ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ − 1,15;  − ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ − 78286,8 ɬɵɫ. ɪɭɛ./ɤȼɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɍɫɶɤɚ−Ɉɪɨɱɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



140 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 

1. ɋɢɫɬɟɦɧɵɣ ɨɩɟɪɚɬɨɪ ȿɗɋ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]// Ɏɢɥɢɚɥ ȺɈ «ɋɈ 
ȿɗɋ» ɈȾɍ ȼɨɫɬɨɤɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://so-ups.ru/index.php?id=odu_east. 

2. Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɢɣ Ⱥ.ɘ. ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ: ɍɱɟɛɧɨ–
ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɤ ɤɭɪɫɨɜɨɦɭ ɢ ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ / Ⱥ.ɘ. Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɢɣ, ȿ.ɘ. Ɂɚɬɟɟɜɚ, Ȼ.ɂ. ɋɢɥɚɟɜ. 
– ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪɟɦɭɲɤɢ: ɋɢɛɢɪɫɤɢɣ Ɏɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ; ɋɚɹɧɨ–
ɒɭɲɟɧɫɤɢɣ ɮɢɥɢɚɥ, 2005. – 114 ɫ. 

3. Ɂɚɬɟɟɜɚ ȿ.ɘ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ: Ɇɟɬɨɞɢɱɟɫɤɢɟ 
ɭɤɚɡɚɧɢɹ ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɤɭɪɫɨɜɨɝɨ ɢ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ / ȿ.ɘ. 
Ɂɚɬɟɟɜɚ. – ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪɟɦɭɲɤɢ: ɋɢɛɢɪɫɤɢɣ Ɏɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ; 
ɋɚɹɧɨ–ɒɭɲɟɧɫɤɢɣ ɮɢɥɢɚɥ, 2012. – 12 ɫ. 

4. ȼɚɫɢɥɶɟɜ ɘ.ɋ. Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ: ɋɩɪɚɜɨɱɧɨɟ ɩɨɫɨɛɢɟ: ȼ 2 ɬ. / ɘ.ɋ. 
ȼɚɫɢɥɶɟɜ, Ⱦ.ɋ. ɓɚɜɟɥɟɜ. – Ɍ. 1. Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. – 
Ɇɨɫɤɜɚ: ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1988. – 400 ɫ.  

5. Ʉɚɬɚɥɨɝ «Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪɵ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]// ɇɉɈ «ɗɅɋɂȻ» 
ɉȺɈ ɝ. ɇɨɜɨɫɢɛɢɪɫɤ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.elsib.ru/ru/katalog-
godrogeneratorov/. 

6. Ʉɚɬɚɥɨɝ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // 
ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ» ɝ. Ɍɨɥɶɹɬɬɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://www.transformator.com.ru. 

7. Ʉɚɬɚɥɨɝ «Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ» [ɗɥɟɤɬɪɨɧɧɵɣ 
ɪɟɫɭɪɫ] // ȺɈ ɝɪɭɩɩɚ «ɋȼɗɅ» ɝ. Ʉɪɚɫɧɨɹɪɫɤ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.svel.ru/ru. 

8. ɋɌɈ 56947007–29.240.30.010–2008 «ɋɯɟɦɵ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨɞɫɬɚɧɰɢɣ 35 – 750 ɤȼ. Ɍɢɩɨɜɵɟ 
ɪɟɲɟɧɢɹ» – ȼɜɟɞ. 20.12.2007 – Ɇɨɫɤɜɚ: ɈȺɈ «ɎɋɄ ȿɗɋ», 2007 – 131 ɫ. 

9. Ʉɚɬɚɥɨɝ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // «ɈȺ ȼɈ 
ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.electroapparat.ru. 

10. Ʉɚɬɚɥɨɝ «Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɚɧɚɥɢɡɚɬɨɪɵ» 
[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // «ɈɈɈ Ⱥɋɍ-ȼɗɂ» ɝ. Ɇɨɫɤɜɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.asu-vei. 

11. Ʉɚɬɚɥɨɝ «ɋɢɫɬɟɦɵ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ ɞɥɹ ɷɧɟɪɝɟɬɢɤɢ» [ɗɥɟɤɬɪɨɧɧɵɣ 
ɪɟɫɭɪɫ] // «ɈɈɈ ɉɪɨɦɫɜɹɡɶɤɨɦɩɥɟɤɬ» ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.pskt.ru. 

12. Ʉɚɬɚɥɨɝ «Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // ȺɈ 
«ȽɄ «ɗɥɟɤɬɪɨɳɢɬ» - ɌɆ ɋɚɦɚɪɚ» ɝ. ɋɚɦɚɪɚ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.electroshield.ru. 

13. Ʉɚɬɚɥɨɝ «ȼɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // 
ɁȺɈ «ɁɗɌɈ» ɝ. ȼɟɥɢɤɢɟ Ʌɭɤɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.prosoftsystems.ru. 



141 
 

14. Ʉɚɬɚɥɨɝ «Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // 
ȺɈ «ɍɗɌɆ» ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.uetm.ru. 

15. Ʉɚɬɚɥɨɝ «Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // ȺɈ 
«ɉɈ «ɆɁ «Ɇɨɥɧɢɹ» – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://molniya.centeratom.ru. 

16. Ʉɚɬɚɥɨɝ «ɊɁȺ ɫɬɚɧɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // 
ɈɈɈ ɇɉɉ «ɗɄɊȺ». – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.ekra.ru. 

17.  ɋɉ 38.13330.2012 «ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ 
ɫɨɨɪɭɠɟɧɢɹ (ɜɨɥɧɨɜɵɟ, ɥɟɞɨɜɵɟ ɢ ɨɬ ɫɭɞɨɜ)». Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ 
ɋɇɢɉ 2.06.04 – 82: ɞɚɬɚ ɜɜɟɞɟɧɢɹ 2013–01–01. – Ɇɨɫɤɜɚ: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 
2012. – 110 ɫ. 

18.  Ʌ.ɇ. Ɋɚɫɫɤɚɡɨɜ ɢ ɞɪ. Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ. ȼ ɞɜɭɯ ɱɚɫɬɹɯ. 
ɑ.1. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1996. – 440 ɫ. 

19.  ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ / ɩɨɞ ɪɟɞ. ɉ.Ƚ. Ʉɢɫɟɥɟɜɚ. – 
Ɇ.: ɗɧɟɪɝɢɹ, 1974. – 312 ɫ. 

20.  ɋɉ58.13330.201 «ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ 
ɫɨɨɪɭɠɟɧɢɹ (ɜɨɥɧɨɜɵɟ, ɥɟɞɨɜɵɟ ɢ ɨɬ ɫɭɞɨɜ)». Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ 
ɋɇɢɉ 2.06.04-82: ɞɚɬɚ ɜɜɟɞɟɧɢɹ 2013–01–01. – Ɇɨɫɤɜɚ: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 2012. 
– 110ɫ. 

21.  ɋɉ 23.13330.2011 «Ɉɫɧɨɜɚɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ». 
Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 2.06.05 – 84: ɞɚɬɚ ɜɜɟɞɟɧɢɹ 2011–05–20. – 
Ɇɨɫɤɜɚ: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 2012. – 110 ɫ. 

22.  ɋɉ 58.13330.2012. Ƚɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ. Ɉɫɧɨɜɧɵɟ 
ɩɨɥɨɠɟɧɢɹ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 33–01–2003: ɞɚɬɚ ɜɜɟɞɟɧɢɹ 
2013–01–01. – Ɇɨɫɤɜɚ: ɎȽɍɉ ɐɉɉ, 2012. – 110 ɫ. 

23.  ɋɉ 40.13330.2012 «ɉɥɨɬɢɧɵ ɛɟɬɨɧɧɵɟ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ». 
Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɜɟɪɫɢɹ ɋɇɢɉ 2.06.06 – 85: ɞɚɬɚ ɜɜɟɞɟɧɢɹ 2013–01–01.  – 
Ɇɨɫɤɜɚ: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 2012. – 110 ɫ. 

24.  ɉɈɌɊ Ɇ-016-2013 ɊȾ 153-34.0-03.150-00. Ɇɟɠɨɬɪɚɫɥɟɜɵɟ ɩɪɚɜɢɥɚ 
ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ (ɉɪɚɜɢɥɚ ɛɟɡɨɩɚɫɧɨɫɬɢ) ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ 
[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ɨɬ 24.07.2013 N 328 // ɋɩɪɚɜɨɱɧɚɹ ɩɪɚɜɨɜɚɹ ɫɢɫɬɟɦɚ 
«Ʉɨɧɫɭɥɶɬɚɧɬ ɩɥɸɫ». – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.consultant.ru. 

25. ɊȾ 153.-34.0-03.301-00. ɉɪɚɜɢɥɚ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : ɨɬ 21.12.99 N 20/2-3/3806  
// ɋɩɪɚɜɨɱɧɚɹ ɩɪɚɜɨɜɚɹ ɫɢɫɬɟɦɚ «Ʉɨɧɫɭɥɶɬɚɧɬ ɩɥɸɫ». – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.consultant.ru. 

26. ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – 
«ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.». 

27. ɑɚɫɬɶ ɜɬɨɪɚɹ ɇɚɥɨɝɨɜɨɝɨ ɤɨɞɟɤɫɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 5 ɚɜɝɭɫɬɚ 
2000 ɝ. N 117-Ɏ3 // Ɍɟɤɫɬ ɱɚɫɬɢ ɜɬɨɪɨɣ ɇɚɥɨɝɨɜɨɝɨ ɤɨɞɟɤɫɚ ɨɩɭɛɥɢɤɨɜɚɧ ɜ 
«Ɋɨɫɫɢɣɫɤɨɣ ɝɚɡɟɬɟ» ɨɬ 10 ɚɜɝɭɫɬɚ 2000 ɝ. N 153-154. 

28. Ɉɜɱɢɧɧɢɤɨɜ, ȼ. ȼ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɜɬɨɪɧɨɟ ɜɤɥɸɱɟɧɢɟ / ȼ. ȼ. 
Ɉɜɱɢɧɧɢɤɨɜ. − Ɇɨɫɤɜɚ: ɗɧɟɪɝɨɩɪɨɝɪɟɫɫ, 2001. 

29. ɉɪɚɜɢɥɚ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ: 7-ɟ ɢɡɞɚɧɢɟ (ɉɍɗ)/ 
Ƚɥɚɜɝɨɫɷɧɟɪɝɨɧɚɞɡɨɪ Ɋɨɫɫɢɢ. Ɇ.: ɁȺɈ «ɗɧɟɪɝɨɫɟɪɜɢɫ», 2007. 610 ɫ. 



142 
 

30. Ƚɨɥɭɛɟɜ, Ɇ.Ʌ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɜɬɨɪɧɨɟ ɜɤɥɸɱɟɧɢɟ ɜ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɹɯ / Ɇ.Ʌ.Ƚɨɥɭɛɟɜ – Ɇɨɫɤɜɚ: ɗɧɟɪɝɨɢɡɞɚɬ, 1982. 

31.  «P14D» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://aes.by/upload/iblock/e4b/e4b2b98141ea1ac7ee1608ab73c0631e.pdf. 
32.  ɇɚɭɱɧɚɹ ɛɢɛɥɢɨɬɟɤɚ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] // Ɋɟɠɢɦɚ ɞɨɫɬɭɩɚ: 

https://scask.ru/h_book_aes.php?id=7. 
33. ȿɪɲɨɜ, Ⱥ.Ɇ. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ ɜ ɫɢɫɬɟɦɚɯ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ / Ⱥ.Ɇ.ȿɪɲɨɜ – ɑɟɥɹɛɢɧɫɤ: ɘɍɪȽɍ, 2011. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



143 
 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ɍɭɦɧɢɧ 
Ƚɨɞɵ I II  III  IV  V VI  VII VIII IX  X XI  XII Qɫɪ. ɝɨɞ 
1896 30,8 27,9 30,2 54,0 345,0 204,0 227,0 164,0 44,4 39,8 38,4 30,2 103,0 
1897 18,9 19,2 20,6 187,0 814,0 236,0 84,2 72,7 81,3 48,5 46,7 36,4 138,8 
1898 35,0 57,2 60,5 117,0 387,0 284,0 149,0 42,2 34,8 33,2 33,4 24,1 104,8 
1899 22,5 21,7 23,6 234,0 1240,0 567,0 135,0 63,1 50,0 41,2 45,2 40,4 207,0 
1900 21,6 20,2 21,7 96,8 657,0 355,0 260,0 246,0 305,0 176,0 82,8 44,2 190,5 
1901 30,3 30,5 35,8 362,0 416,0 207,0 48,5 32,7 32,4 33,6 32,8 23,4 107,1 
1902 19,8 22,6 26,1 28,2 837,0 1590,0 973,0 59,8 45,3 45,2 49,9 38,6 311,3 
1903 32,8 33,6 35,4 262,0 720,0 343,0 73,7 46,1 60,6 48,0 36,3 24,4 143,0 
1904 32,1 34,7 35,3 139,1 510,0 288,0 205,5 79,5 55,1 43,4 40,8 30,3 124,5 
1905 15,9 18,2 21,6 63,9 463,0 482,0 313,0 173,0 90,2 79,7 63,7 44,2 152,4 
1906 29,7 19,5 30,5 358,0 427,0 245,0 68,5 32,3 33,5 28,1 25,0 20,5 109,8 
1907 15,6 17,1 18,0 80,6 652,0 591,0 301,0 561,0 417,0 134,0 85,0 36,6 242,4 
1908 31,3 30,2 33,0 424,0 940,0 475,0 222,0 165,0 43,0 33,0 27,2 17,9 203,5 
1909 12,7 13,2 12,8 116,0 520,0 232,0 209,0 96,0 57,2 43,3 37,8 24,8 114,6 
1910 22,9 22,5 25,6 229,0 499,0 204,0 47,1 33,4 60,2 63,3 45,7 31,0 107,0 
1911 18,1 19,4 20,2 317,0 454,0 279,0 59,3 35,3 32,8 29,9 29,2 20,3 109,5 
1912 18,7 19,7 21,0 99,8 1000,0 861,0 413,0 82,7 44,9 45,1 65,2 46,2 226,4 
1913 27,7 27,1 29,3 39,4 1680,0 1390,0 338,0 107,0 127,0 107,0 60,8 38,2 331,0 
1914 30,1 31,6 32,4 289,0 951,0 310,0 339,0 267,0 293,0 220,0 127,0 60,3 245,9 
1915 47,8 45,5 44,4 327,0 1300,0 768,0 86,9 88,1 146,0 123,0 77,9 39,2 257,8 
1916 32,5 35,3 36,4 324,0 550,0 205,0 77,6 54,8 35,4 37,1 33,5 27,9 120,8 
1917 32,0 33,7 34,0 172,0 384,0 591,0 264,0 118,0 86,2 122,0 79,0 47,0 163,6 
1918 33,8 35,0 35,6 262,0 940,0 351,0 66,0 49,6 58,0 127,0 100,0 47,7 175,5 
1919 97,4 97,9 105,3 990,0 579,5 269,2 122,0 73,4 72,2 71,1 61,4 39,4 214,9 
1920 16,8 18,3 19,4 217,0 383,0 231,0 107,0 36,0 52,4 71,8 63,6 27,6 103,7 
1921 15,2 15,0 16,7 405,0 735,0 677,0 280,0 75,5 37,8 35,9 37,1 22,3 196,0 
1922 18,0 17,5 18,7 58,1 686,0 472,0 71,3 56,7 34,2 28,4 33,6 25,9 126,7 
1923 22,0 28,1 29,7 209,0 210,0 206,0 63,1 187,0 234,0 94,2 150,0 84,2 126,4 
1924 39,7 35,4 37,8 178,0 1280,0 948,0 165,0 47,5 42,5 69,5 58,2 45,2 245,6 
1925 38,6 35,0 34,4 63,0 1000,0 815,0 295,0 207,0 179,0 119,0 119,0 75,4 248,4 
1926 39,1 36,7 37,1 331,0 2570,0 950,0 316,0 279,0 162,0 228,0 166,0 92,0 433,9 
1927 66,2 55,3 51,6 124,0 764,0 570,0 450,0 292,0 302,0 260,0 177,0 95,2 267,3 
1928 45,9 41,7 43,4 133,0 1180,0 777,0 252,0 72,1 51,9 47,4 44,1 36,8 227,1 
1929 28,5 28,2 30,4 119,0 292,0 236,0 250,0 331,0 101,0 155,0 111,0 52,2 144,5 
1930 30,0 32,3 31,4 107,0 211,0 216,0 75,0 187,0 210,0 138,0 102,0 49,8 115,8 
1931 27,4 30,5 30,4 356,0 926,0 610,0 210,0 321,0 66,8 60,5 65,6 43,0 228,9 
1932 19,8 17,8 19,0 178,0 531,0 270,0 47,3 38,5 38,3 31,5 28,3 20,3 103,3 
1933 28,4 30,6 31,5 132,1 679,0 223,5 110,0 70,4 63,5 106,7 122,4 57,6 138,0 
1934 15,0 15,8 20,3 112,0 536,0 266,0 79,1 137,0 154,0 294,0 133,0 53,0 151,3 
1935 29,0 26,1 26,5 130,0 543,0 243,0 85,8 35,0 33,2 35,2 38,2 38,7 105,3 
1936 28,5 22,7 18,9 119,0 414,0 433,0 403,0 164,0 74,7 40,1 25,8 19,7 147,0 
1937 20,1 18,0 25,4 327,0 422,0 246,0 102,0 51,3 33,5 29,4 45,3 28,2 112,4 
1938 21,3 16,7 25,5 328,5 550,0 212,0 75,8 36,2 37,1 53,4 45,5 26,6 119,0 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 
Ƚɨɞɵ I II  III  IV  V VI VII VIII IX  X XI  XII Qɫɪ. ɝɨɞ 
1939 11,3 14,4 14,8 496,0 435,0 274,0 198,0 54,8 34,1 21,5 13,8 13,7 131,8 
1940 17,2 15,2 12,7 25,5 842,0 1050,0 186,0 69,2 44,2 39,8 27,0 23,6 196,0 
1941 22,7 17,3 17,4 101,0 892,0 359,0 362,0 159,0 83,0 330,0 235,0 59,0 219,8 
1942 35,4 32,3 34,2 543,0 1070,0 398,0 391,0 217,0 452,0 209,0 67,7 40,8 290,9 
1943 20,1 22,4 27,5 526,0 707,0 235,0 273,0 170,0 90,8 63,9 29,5 18,7 182,0 
1944 15,6 13,5 14,1 167,0 649,0 430,0 132,0 91,1 75,3 76,4 62,4 45,7 147,7 
1945 26,1 30,4 42,0 355,0 1750,0 681,0 80,0 51,5 53,8 158,0 147,0 57,0 286,0 
1946 37,4 33,8 37,4 926,0 1270,0 1190,0 478,0 490,0 222,0 127,0 116,0 66,8 416,2 
1947 53,7 47,4 47,5 564,0 1310,0 454,0 282,0 327,0 182,0 173,0 102,0 74,6 301,4 
1948 50,9 46,2 41,8 322,0 1300,0 648,0 124,0 64,5 87,8 68,5 56,2 27,7 236,5 
1949 25,5 28,8 29,0 363,0 650,0 220,0 375,0 648,0 742,0 658,0 159,0 58,6 329,7 
1950 39,4 35,9 36,6 601,0 283,0 402,0 83,7 53,9 40,4 41,8 30,7 29,0 139,8 
1951 27,4 25,4 18,3 121,0 375,0 300,0 166,0 61,6 40,5 37,7 25,9 22,2 101,8 
1952 31,17 29,16 33,18 466,83 629,14 226,95 69,95 44,38 35,62 73,83 46,40 38,78 143,8 
1953 27,2 21,1 18,4 212,0 501,0 223,0 79,8 36,2 38,2 41,8 42,3 25,7 105,6 
1954 18,2 20,3 22,5 160,0 550,0 235,0 84,0 121,0 207,0 96,2 40,7 26,5 131,8 
1955 21,9 21,8 24,0 208,0 933,0 475,0 110,0 73,9 55,1 68,3 50,0 42,6 173,6 
1956 40,0 39,1 38,0 283,0 1920,0 487,0 73,8 56,4 42,0 38,5 28,6 23,9 255,9 
1957 22,8 22,3 24,3 210,0 536,0 373,0 48,2 22,4 21,3 27,1 20,8 23,2 112,6 
1958 21,9 21,1 21,1 195,0 265,0 223,0 69,2 48,7 187,0 210,0 124,0 56,1 120,2 
1959 34,3 26,9 25,7 438,0 802,0 411,0 159,0 54,7 53,0 52,5 39,2 26,5 176,9 
1960 28,5 28,0 30,0 467,0 691,0 763,0 510,0 200,0 237,0 198,0 139,0 66,7 279,9 
1961 40,8 40,2 37,0 558,0 828,0 262,0 143,0 78,7 100,0 83,3 106,0 53,0 194,2 
1962 38,3 32,5 32,6 323,0 1000,0 417,0 118,0 44,2 41,1 43,9 37,8 33,1 180,1 
1963 30,6 26,4 25,3 115,0 658,0 356,0 340,0 75,0 70,9 82,6 56,3 46,2 156,9 
1964 34,7 30,7 33,1 321,0 976,0 520,0 110,0 56,6 49,2 47,4 33,6 26,3 186,6 
1965 24,2 22,4 23,3 460,0 800,0 401,0 255,0 84,2 59,2 53,0 52,2 34,5 189,1 
1966 26,0 26,1 26,4 283,5 211,5 228,5 129,0 160,5 87,3 78,0 63,9 40,8 113,5 
1967 21,4 20,6 20,6 322,0 310,0 232,0 133,0 112,0 37,9 25,7 22,9 15,8 106,2 
1968 15,2 11,3 15,4 167,0 638,0 410,0 363,0 520,0 193,0 95,2 64,9 63,7 213,1 
1969 36,6 35,6 35,2 739,0 1880,0 643,0 133,0 81,1 243,0 116,0 134,0 84,9 346,8 
1970 49,2 44,2 34,1 386,0 1200,0 641,0 653,0 637,0 202,0 153,0 136,0 83,4 351,6 
1971 59,6 44,9 37,8 582,0 987,0 498,0 467,0 212,0 72,2 185,0 103,0 90,3 278,2 
1972 61,1 38,8 32,6 665,0 970,0 232,0 75,4 80,4 109,0 147,0 100,0 50,0 213,4 
1973 42,2 31,5 33,2 546,0 598,0 377,0 201,0 111,0 48,4 37,9 36,9 26,7 174,2 
1974 51,1 57,8 62,1 607,5 308,3 217,1 71,1 61,4 82,8 68,0 56,9 49,1 141,1 
1975 33,0 33,0 35,9 255,0 455,0 248,4 88,1 83,0 60,0 41,1 29,7 30,3 116,0 
1976 21,3 22,1 23,0 439,5 317,5 213,2 66,5 42,0 86,4 58,8 42,3 34,8 113,9 
1977 19,4 18,4 23,0 170,0 507,0 461,0 562,0 466,0 359,0 388,0 247,0 128,0 279,1 
1978 66,2 46,5 54,5 108,0 2420,0 991,0 190,0 168,0 138,0 143,0 107,0 71,6 375,3 
1979 44,9 30,7 23,2 295,0 1200,0 303,0 137,0 116,0 212,0 142,0 125,0 63,4 224,4 
1980 53,5 35,7 34,4 331,0 966,0 655,0 110,0 53,7 46,3 64,8 39,0 29,6 201,6 
1981 20,0 27,2 25,5 196,0 307,0 234,0 124,0 74,0 47,1 108,0 151,0 70,0 115,3 
1982 36,9 31,5 34,7 850,0 913,0 226,0 140,0 85,2 241,0 274,0 134,0 72,8 253,3 
1983 54,5 37,7 35,2 151,0 627,0 503,0 138,0 122,0 185,0 454,0 532,0 224,0 255,3 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 
Ƚɨɞɵ I II  III  IV  V VI  VII VIII IX  X XI  XII Qɫɪ. ɝɨɞ 
1984 75,4 53,3 46,2 421,0 1030,0 659,0 259,0 294,0 111,0 128,0 95,6 64,7 269,8 
1985 54,3 44,7 32,9 547,0 1220,0 681,0 394,0 399,0 446,0 410,0 263,0 113,0 383,7 
1986 48,2 41,4 39,1 311,0 736,0 243,0 72,8 49,7 63,5 70,7 46,4 36,6 146,5 
1987 31,9 28,0 29,0 127,0 619,0 420,0 58,5 40,4 37,6 44,6 33,7 30,4 125,0 
1988 29,9 27,9 30,0 354,0 1190,0 743,0 432,0 120,0 130,0 304,0 307,0 186,0 321,2 
1989 105,0 79,2 64,9 709,0 1310,0 218,0 96,0 224,0 509,0 460,0 129,0 80,6 332,1 
1990 55,0 46,3 43,4 343,0 1390,0 931,0 155,0 561,0 395,0 169,0 140,0 81,6 359,2 
1991 58,4 50,5 45,9 465,0 1150,0 913,0 609,0 655,0 376,0 594,0 157,0 75,7 429,1 
1992 59,2 47,0 39,0 383,0 594,0 217,0 560,0 767,0 709,0 288,0 196,0 128,0 332,3 
1993 91,6 66,5 71,6 1030,0 806,0 409,0 211,0 103,0 86,4 71,2 82,9 70,0 258,3 
1994 44,3 37,9 34,0 124,0 671,0 505,0 250,0 125,0 117,0 379,0 149,0 58,6 207,9 
1995 28,0 21,5 22,4 535,0 1590,0 696,0 177,0 316,0 232,0 128,0 112,0 55,3 326,1 
1996 41,7 38,2 38,8 61,4 1500,0 1320,0 371,0 239,0 132,0 126,0 132,0 65,9 338,8 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 – ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (1 ɢɬɟɪɚɰɢɹ) 
№ ɦɟɫ Qɛɵɬ Qɥёɞ Qɢɫɩ Qɮɢɥɶɬ Qɩɛ Qɧɛ Qɜɨɞɨɯɪ Qɜɯɤ Qɯɫ Qɝɷɫ 

8 42 0 0 1 41 70 28 70 0 69 
9 42 0 0 1 40 70 29 70 0 69 
10 43 0 0 1 42 70 27 70 0 69 
11 42 1 0 1 40 172 131 70 0 171 
12 30 1 0 1 27 270 242 70 0 269 
1 39 2 0 1 36 291 254 70 0 290 
2 39 2 0 1 36 205 168 70 0 204 
3 46 -3 0 1 47 70 22 70 0 69 
4 244 -3 2 1 243 70 -175 70 0 68 
5 387 0 4 1 382 70 -313 70 0 69 
6 193 0 2 1 189 70 -121 70 0 68 
7 138 0 1 1 135 70 -67 70 0 68 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1  

Ɉɛɴɟɦɵ ɍɪɨɜɧɢ ɜɨɞɵ ɇȽɗɋ, ɦ NȽɗɋ, Ɇȼɬ NȽȺɊ, Ɇȼɬ Vɧɚɱ dV Vɤɨɧ Zɧ(ȼȻ) Zɤ(ȼȻ) Zcɪ(ȼȻ) Zɧɛ 
6,75 0,073 6,677 186,00 185,98 185,99 146,36 39,13 23 

ɉɨ ȼɏɄ  

6,68 0,075 6,602 185,98 185,90 185,94 146,36 39,08 23 
6,60 0,070 6,532 185,90 185,79 185,85 146,36 38,98 23 
6,53 0,340 6,193 185,79 184,82 185,31 146,98 37,82 55 55 
6,19 0,627 5,565 184,82 182,38 183,60 147,46 35,64 82 82 
5,57 0,658 4,907 182,38 179,97 181,17 147,55 33,12 82 82 
4,91 0,435 4,472 179,97 178,48 179,22 147,15 31,57 55 55 
4,47 0,057 4,415 178,48 178,28 178,38 146,36 31,52 19 

ɉɨ ȼɏɄ 
4,41 -0,454 4,868 178,28 179,83 179,06 146,36 32,20 19 
4,87 -0,811 5,680 179,83 182,83 181,33 146,36 34,47 20 
5,68 -0,314 5,993 182,83 184,08 183,46 146,36 36,60 21 
5,99 -0,174 6,167 184,08 184,73 184,40 146,36 37,55 22 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.2 – ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (2 ɢɬɟɪɚɰɢɹ) 

№ ɦɟɫ Qɛɵɬ Qɥёɞ Qɢɫɩ Qɮɢɥɶɬ Qɩɛ Qɧɛ Qɜɨɞɨɯɪ Qɜɯɤ Qɯɫ Qɝɷɫ 
8 42 0 0 1 41 70 28 70 0 69 
9 42 0 0 1 40 70 29 70 0 69 
10 43 0 0 1 42 70 27 70 0 69 
11 42 1 0 1 40 125 85 70 0 124 
12 30 1,4 0 1 27 217 189 70 0 216 
1 39 1,6 0 1 36 229 192 70 0 227 
2 39 2 0 1 36 142 105 70 0 141 
3 46 -2,6 0 1 47 70 22 70 0 69 
4 244 -3,4 2 1 243 70 -175 70 0 68 
5 387 0 4 1 382 70 -313 70 0 69 
6 193 0 2 1 189 70 -121 70 0 68 
7 138 0 1 1 135 70 -67 70 0 68 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.2  

Vɧɚɱ dV Vɤɨɧ Zɧ(ȼȻ) Zɤ(ȼȻ) Zcɪ(ȼȻ) Zɧɛ ɇȽɗɋ, ɦ NȽɗɋ, Ɇȼɬ NȽȺɊ, Ɇȼɬ 
6,75 0,073 6,677 186,00 185,98 185,99 146,36 39,13 23 

ɉɨ ȼɏɄ  

6,68 0,075 6,602 185,98 185,90 185,94 146,36 39,08 23 
6,60 0,070 6,532 185,90 185,79 185,85 146,36 38,98 23 
6,53 0,219 6,313 185,79 185,23 185,51 146,73 38,27 40 40 
6,31 0,489 5,825 185,23 183,41 184,32 147,21 36,61 67 67 
5,82 0,497 5,328 183,41 181,47 182,44 147,26 34,68 67 67 
5,33 0,273 5,055 181,47 180,48 180,98 146,83 33,65 40 40 
5,05 0,057 4,998 180,48 180,28 180,38 146,36 33,52 20 

ɉɨ ȼɏɄ 
5,00 -0,454 5,451 180,28 181,94 181,11 146,36 34,25 20 
5,45 -0,811 6,263 181,94 185,06 183,50 146,36 36,64 21 
6,26 -0,314 6,576 185,06 185,86 185,46 146,36 38,60 22 
6,58 -0,174 6,750 185,86 186,00 185,93 146,36 39,07 23 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.3 – ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ  

№ ɦɟɫ Qɛɵɬ Qɥёɞ Qɢɫɩ Qɮɢɥɶɬ Qɩɨɥɟɡɧ Qɧɛ Qɜɨɞɨɯɪ Qɜɯɤ Qɯɫ Qɝɷɫ 
8 120 0 1 2 116 135 16 70 0 132 
9 87 0 1 2 84 67 -19 70 0 65 
10 80 0 1 2 77 79 0 70 0 77 
11 79 1 1 2 75 123 46 70 0 121 
12 51 1 1 2 47 209 160 70 0 207 
1 40 2 0 2 36 220 182 70 0 218 
2 41 2 0 2 37 137 98 70 0 135 
3 47 -3 0 2 47 242 193 70 0 240 
4 414 -3 4 2 411 191 -222 70 0 189 
5 720 0 7 2 711 317 -396 70 0 315 
6 361 0 4 2 355 292 -65 70 0 290 
7 230 0 2 2 225 234 7 70 0 232 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.3 

ɨɛɴɟɦɵ ɭɪɨɜɧɢ ɇȽɗɋ, ɦ NȽɗɋ, 
Ɇȼɬ Vɧɚɱ dV Vɤɨɧ Zɧ(ȼȻ) Zɤ(ȼȻ) Zcɪ(ȼȻ) Zɧɛ 

6,75 0,041 6,709 186,00 185,99 186,00 146,68 38,82 44 
6,71 -0,049 6,758 185,99 186,00 186,00 146,35 39,15 22 
6,76 0,000 6,758 186,00 186,00 186,00 146,41 39,09 26 
6,76 0,119 6,639 186,00 185,95 185,97 146,72 38,75 40 
6,64 0,415 6,224 185,95 184,93 185,44 147,17 37,77 67 
6,22 0,472 5,752 184,93 183,12 184,03 147,22 36,30 67 
5,75 0,254 5,498 183,12 182,12 182,62 146,80 35,33 40 
5,50 0,500 4,998 182,12 180,28 181,20 147,15 33,55 68 
5,00 -0,575 5,573 180,28 182,41 181,35 146,93 33,91 55 
5,57 -1,026 6,600 182,41 185,90 184,16 147,45 36,20 97 
6,60 -0,168 6,768 185,90 185,99 185,95 147,36 38,09 94 
6,77 0,018 6,750 185,99 186,00 186,00 147,12 38,38 76 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.1 − Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɍɫɶɤɚ-Ɉɪɨɱɫɤɨɣ Ƚɗɋ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 
 

 
Ɋɢɫɭɧɨɤ ȼ.1 − Ɂɨɧɚ ɪɚɛɨɬɵ ɉɅ40ɛ-475 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 

 
Ɋɢɫɭɧɨɤ ȼ.2 − Ɂɨɧɚ ɪɚɛɨɬɵ ɉɅ40ɚ-530 



 
 

153 
 

Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 

 
Ɋɢɫɭɧɨɤ ȼ.3 − ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɬɭɪɛɢɧɵ ɉɅ 40ɚ−ȼ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
Ɍɚɛɥɢɰɚ Ƚ.1 − ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵ

ɟ ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵ

ɟ ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ 

 ܩ∆ܫ

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ 

Ͳ,ͷͷ ∙ ሺ̂ʹሻܫ
 2,45 Ⱥ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 

Ͳ,ͷ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 
ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 

ͳ,ͳ ∙ ሺ̂ʹሻܫ
 4,90 Ⱥ 

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙ ሺ̂ʹሻܫ
 6,68 Ⱥ ܫʝʡʠ ͸ ∙ ሺ̂ʹሻܫ

 26,69 Ⱥ 

ɁɁȽ 
ܷ଴ 

 ଶ ܷ଴ீ - 15 ȼ ܷ଴ଷݐ ଵ ܷ଴ଵீ - 5 ȼݐ
Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ, ܭʡ 

1,2 - 

Ɂɉɇ >ܷ 

2ɫɬɭɩɟɧ
ɶ  ܷ஼ʟଶ ͳ,Ͷ 140 ȼ 

1 
ɫɬɭɩɟɧɶ  ܷ஼ʟଵ ͳ,ʹ 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬ
ɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ ܫଶʠʗʒʜ Ͳ,Ͳ͹ 0,31 Ⱥ 

ɉɈ ܫଶʞʢʠʙ Ͳ,ͳʹ 0,53 Ⱥ 

ɈɌɋ I ܫଶʠ.ʖ. Ͳ,ͷͷ 2,45 Ⱥ 

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 
ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଵܫ
ɋɈ ܫʠʗʒʜ ͳ,Ͳ͹ 4,77 Ⱥ 
ɉɈ ܫଵʞʢʠʙ ͳ,ͳ1 4,90 Ⱥ 
ɈɌɋ ܫଵʝʡʠ ͳ,ͷ͵ 6,81 Ⱥ 

ȾɁ <ܼ 

1 
ɫɬɭɩɟɧɶ 

ܼଵ 0,074 Ͳ,ͻ͸ ʝˏ ܼ˔ˏଵ Ͳ,ʹͲ ∙ ܼூ 0,19 Ɉɦ 
2 
ɫɬɭɩɟɧɶ 

ܼଶ 0,48 6,24 Ɉɦ ܼ˔ˏଶ Ͳ,ʹͲ ∙ ܼଶ 1,25 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ ܫ௉ ʠʗʒʜ. ͳ,Ͳ͹ 1,64 Ⱥ 
ɉɈ ܫ௉ ʞʢʠʙ. ͳ,ͳ 1,85 Ⱥ 
Ɉɬɫɟɱɤɚ ܫ௉ ʞʢʠʙ. ʹ,ʹͶ 3,43 Ⱥ 

Ɂɚɳɢɬɚ ɌɋɁɉ  
ɌɈ ܫʡʝ  29,1 59,08 Ⱥ 
ɆɌɁ ܫʛʡʖ  2,03 4,12 Ⱥ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ƚ 
 

Ɍɚɛɥɢɰɚ Ƚ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ ȼ

/Ƚ
 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 ɬ
ɭɪ

ɛɢ
ɧɵ

 
ɢ 

ɫɛ
ɪɨ

ɫ Ⱥ
ɊɁ

 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ ȼ

-2
20

 
ɢ 

ȼ-
Ɍɋ

ɇ
 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵ
ɣ 

ɫɢ
ɝɧ

ɚɥ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ɋ
ɒ

ȼ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ 

 - - - + + + + ܩ∆ܫ

ɁɁȽ 
ܷ଴ 

 - - - - + + + ݐ ଶ + + + - - - - ܷ଴ݐ - + - - - - - ଵݐ

Ɂɉɇ >ܷ 

1 ɫɬɭɩɟɧɶݐଵ + + - - - - - 

2 ɫɬɭɩɟɧɶݐଶ + + - - - - - 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ - - - - - + - 

ɂɈ + + - - - - - 

ɈɌɋ I 

 - - - - - + + ଷݐ - - + - - - - ଶݐ - + - - - - - ଵݐ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ - - - - - + - 
ɂɈ + + - - - - - 

ɈɌɋ 
 - - - - - + + ଶݐ + - + - - - - ଵݐ

ȾɁ <ܼ 

1 
ɫɬɭɩɟɧɶ 

 - - - - + + + ଶݐ - - + - - - - ଵݐ

2 
ɫɬɭɩɟɧɶ 

 - - - - - + + ଶݐ + - + - - - - ଵݐ

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ - - - - - - + 
ɂɈ + + - - - - - 

Ɉɬɫɟɱɤɚ + + - - - - - 
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

Ʉɨɦɩɚɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ 
 

 

Ɋɢɫɭɧɨɤ Ⱦ.1 − Ƚɪɚɮɢɤ ɑɟɪɬɨɭɫɨɜɚ 

 
Ɋɢɫɭɧɨɤ Ⱦ.2 − Ƚɪɚɮɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ Ki  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱦ 
 

 
Ɋɢɫɭɧɨɤ Ⱦ.3 − Ƚɪɚɮɢɤ Ɇ.Ⱦ.ɑɟɪɬɨɭɫɨɜɚ 

 
Ɋɢɫɭɧɨɤ Ⱦ.4 − Ƚɪɚɮɢɤ Ɇ.Ⱦ.ɑɟɪɬɨɭɫɨɜɚ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱦ 
 

 
Ɋɢɫɭɧɨɤ Ⱦ.5 − Ƚɪɚɮɢɤ Ɇ.Ⱦ.ɑɟɪɬɨɭɫɨɜɚ 






