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1. ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɟɤɢ …………………………………………….............Ɂɟɹ; 
2. ɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɗɋ………………………………..…ɋɢɜɚɝɥɢɟɜɫɤɚɹ Ƚɗɋ; 
3. Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ Ƚɗɋ…………………………...…....Ⱥɦɭɪɫɤɚɹ ɨɛɥɚɫɬɶ; 
4. Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ…………………....Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ; 
5. ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ: 

ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ…………………………………………………….1800 ˏ ଷ/˔; 
ɛ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1%……………………………...12879 ˏ ଷ/˔; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,1%……………………………15701 ˏଷ/˔; 
ɝ) ɦɢɧɢɦɚɥɶɧɵɣ………………………………………………………….... 400 ˏ ଷ/˔; 

6. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ…………………………………………ɝɨɞɢɱɧɵɣ; 
ɛ) ɨɬɦɟɬɤɚ ɇɉɍ……………………………………………………….…… 212,00 ɦ; 
ɜ) ɨɬɦɟɬɤɚ Ɏɉɍ……………………………………………………….….…213,00 ɦ; 
ɝ) ɨɬɦɟɬɤɚ ɍɆɈ……………………………………………………….…….201,50 ɦ; 
ɞ) ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨɥɧɵɣ…………………………………...…..36,645 ̱ ˏଷ; 
ɟ) ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨɥɟɡɧɵɣ…………………………………….19,545 ˍˏଷ; 

7. ɇɚɩɨɪɵ Ƚɗɋ: 
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ…………………………………………………………...….44,1 ɦ; 
ɛ) ɪɚɫɱɟɬɧɵɣ……………………………………………………………….…..39,4 ɦ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ…………………………………………………………..…...31,6 ɦ; 

8. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɚ) ɦɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ….....................................................................861 Ɇȼɬ; 
ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ……………....4,308 ɦɥɪɞ.ɤȼɬɱ; 

9. ɉɥɨɬɢɧɚ (ɨɛɳɚɹ ɞɥɢɧɚ/ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ): 
ɚ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ…………………………….....470,4 ɦ/ 50,8 ɦ; 
ɛ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ……………………………….…35,6 ɦ/ 50,8 ɦ; 
ɜ) ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ…………………………………………..……....210 ɦ/ 50,8 ɦ; 

10. ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ: 
10.1. ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɞɨɫɥɢɜ: 
ɚ) ɱɢɫɥɨ ɢ ɲɢɪɢɧɚ ɩɪɨɥɟɬɨɜ…………….……………………….......…..….10ɯ30 ɦ; 
ɛ) ɨɛɳɚɹ ɞɥɢɧɚ………………………………………...…………………….…350 ɦ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ…………………..………………………...…...……50,8 ɦ; 
10.2. Ƚɥɭɛɢɧɧɵɣ ɜɨɞɨɫɥɢɜ: 
ɚ) ɱɢɫɥɨ ɢ ɮɨɪɦɚ ɫɟɱɟɧɢɹ……………………….........................4 ɢ ɩɪɹɦɨɭɝɨɥɶɧɨɟ; 
ɛ) ɪɚɡɦɟɪɵ ɫɟɱɟɧɢɹ………………………………………..………………...…4ɯ5 ɦ; 

11. Ɂɞɚɧɢɟ Ƚɗɋ: 
ɚ) ɬɢɩ ɡɞɚɧɢɹ……………………………………………………….....ɩɪɢɩɥɨɬɢɧɧɨɟ; 
ɛ) ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ……………………………………………………….…………..6; 
ɜ) ɝɪɭɧɬɵ ɜ ɨɫɧɨɜɚɧɢɢ………………………………………………....ɝɪɚɧɨɞɢɨɪɢɬ; 
ɝ) ɬɢɩ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ…………………………………………..ɦɟɬɚɥɥɢɱɟɫɤɚɹ; 
ɞ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ…………………………………………..….ɢɡɨɝɧɭɬɚɹ; 
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12. Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
ɚ) ɬɢɩ ɬɭɪɛɢɧ……………………………………………………... ɉɅȾ50ȼ-60°-750; 
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ………………………………………….... ɋȼ-1260/185-60ɍɏɅ4; 
ɜ) ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ………………………….150 Ɇȼɬ; 
ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ………………………………………………...……100 ɨɛ/ɦɢɧ; 
ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ…………………………………………..ɌȾɐ-400000/500; 

13. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ………………………………………………12 ɥɟɬ, 9 ɦɟɫɹɰɟɜ; 
ɛ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ…………………………………...1,34 ɪɭɛ/ɤȼɬ∙ɱ; 
ɜ) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ………………………………….84375,15 ɪɭɛ/ɤȼɬ; 
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 

Ɂɟɹ — ɤɪɭɩɧɟɣɲɚɹ ɪɟɤɚ ɛɚɫɫɟɣɧɚ Ⱥɦɭɪɚ. Ɋɟɤɚ ɰɟɥɢɤɨɦ ɩɪɨɬɟɤɚɟɬ ɩɨ 
Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ Ɋɨɫɫɢɢ, ɡɚɯɜɚɬɵɜɚɹ ͸Ͷ% ɟɟ ɬɟɪɪɢɬɨɪɢɢ, ɢ ɜ ɪɚɣɨɧɟ 
Ȼɥɚɝɨɜɟɳɟɧɫɤɚ ɜɩɚɞɚɟɬ ɜ Ⱥɦɭɪ. Ȼɟɪёɬ ɧɚɱɚɥɨ ɜ ɯɪɟɛɬɟ Ɍɨɤɢɧɫɤɢɣ ɋɬɚɧɨɜɢɤ ɧɚ 
ɸɠɧɵɯ ɫɤɥɨɧɚɯ ɫɢɫɬɟɦɵ ɋɬɚɧɨɜɨɝɨ ɯɪɟɛɬɚ. Ⱦɥɢɧɚ Ɂɟɢ — ͳʹͶʹ ˍˏ, ɩɥɨɳɚɞɶ ɟё 
ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ — ʹ͵͵ͲͲͲ ˍˏ². 
 

1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 

1.1.1 Ʉɥɢɦɚɬ 
 

Ʉɥɢɦɚɬ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɪɟɡɤɨ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɫ ɦɭɫɫɨɧɧɵɦɢ 
ɱɟɪɬɚɦɢ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɚɤɨɝɨ ɤɥɢɦɚɬɚ ɨɛɭɫɥɨɜɥɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 
ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ, ɰɢɪɤɭɥɹɰɢɢ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ ɢ ɫɥɟɞɭɸɳɢɯ 
ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ: ɲɢɪɨɬɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɭɞɚɥёɧɧɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ ɨɬ 
ɦɨɪɹ, ɜɥɢɹɧɢɟ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɢɞɟ ɪɟɥɶɟɮɚ, ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, 
ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ.  

Ɋɚɞɢɚɰɢɨɧɧɵɣ ɪɟɠɢɦ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ ɤɥɢɦɚɬɨɨɛɪɚɡɨɜɚɧɢɹ. 
Ɍɟɪɪɢɬɨɪɢɹ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɭɦɟɪɟɧɧɵɯ ɲɢɪɨɬɚɯ, ɝɞɟ ɜ 
ɬɟɱɟɧɢɟ ɝɨɞɚ, ɜ ɫɜɹɡɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɜɵɫɨɬɵ ɫɨɥɧɰɚ ɧɚɞ ɝɨɪɢɡɨɧɬɨɦ, ɢɡɦɟɧɹɟɬɫɹ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɧɹ ɢ ɩɨɫɬɭɩɥɟɧɢɟ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ. ɇɚ ɩɪɢɯɨɞ 
ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɜɥɢɹɟɬ ɫɨɫɬɨɹɧɢɟ ɚɬɦɨɫɮɟɪɵ: ɱɟɦ ɛɨɥɶɲɟ ɩɨɜɬɨɪɹɟɦɨɫɬɶ 
ɹɫɧɵɯ ɞɧɟɣ, ɬɟɦ ɛɨɥɶɲɟ ɩɪɢɬɨɤ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɫɨɥɧɟɱɧɨɝɨ ɫɢɹɧɢɹ, ɜɵɪɚɠɟɧɧɚɹ ɜ ɱɚɫɚɯ ɡɚ ɝɨɞ, ɧɚ ɫɟɜɟɪɟ ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 
ɜɟɥɢɱɢɧɭ 1900-2000, ɚ ɧɚ ɸɝɟ — ɛɨɥɟɟ 2500. 

ɋɪɟɞɧɢɟ ɢɸɥɶɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɩɪɟɜɵɲɚɸɬ 19°ɋ, ɚ ɹɧɜɚɪɫɤɢɟ 
ɨɩɭɫɤɚɸɬɫɹ ɞɨ − 27-32°ɋ. Ɉɫɚɞɤɨɜ ɠɟ ɜɵɩɚɞɚɟɬ ɧɟ ɦɟɧɶɲɟ, ɱɟɦ ɧɚ ɸɝɟ, ɩɨɷɬɨɦɭ 
ɡɞɟɫɶ ɩɨɜɵɲɚɟɬɫɹ ɡɚɛɨɥɨɱɟɧɧɨɫɬɶ. 

Ƚɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɜ ɨɛɥɚɫɬɢ ɜɟɥɢɤɨ: ɜ ɫɟɜɟɪɨ-ɜɨɫɬɨɱɧɵɯ 
ɝɨɪɧɵɯ ɢ ɜɨɫɬɨɱɧɵɯ ɪɚɣɨɧɚɯ ɢɯ ɜɟɥɢɱɢɧɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 900 ɞɨ 1000 ɦɦ. Ɂɚ 
ɢɸɧɶ, ɢɸɥɶ ɢ ɚɜɝɭɫɬ ɦɨɠɟɬ ɜɵɩɚɞɚɬɶ ɞɨ 70% ɝɨɞɨɜɨɣ ɧɨɪɦɵ ɨɫɚɞɤɨɜ. 
 

1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 

Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ɂɟɹ ɡɚ ɩɟɪɢɨɞ 1952-2001 ɝɝ. 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1. 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɬɨɤɚ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɧɚɛɥɸɞɟɧɢɣ 1800 ˏଷ/˔. 
Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɟɣ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.1 ɢ ɧɚ ɪɢɫɭɧɤɚɯ 1.1 ɢ 1.2. 
 
 
 

https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D1%83%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D1%83%D1%80%D1%81%D0%BA%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%BE%D0%BA%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%A1%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D0%BA&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BD%D0%BE%D0%B2%D0%BE%D0%B9_%D1%85%D1%80%D0%B5%D0%B1%D0%B5%D1%82_(%D0%94%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%92%D0%BE%D1%81%D1%82%D0%BE%D0%BA)
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BA%D0%BE_%D0%BA%D0%BE%D0%BD%D1%82%D0%B8%D0%BD%D0%B5%D0%BD%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D1%81%D1%81%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D1%80%D0%B0%D0%B4%D0%B8%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%80%D0%BA%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F_%D0%B0%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D0%BE%D1%82%D0%BE
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Ɍɚɛɥɢɰɚ 1.1 – Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɵɯ ɫɜɹɡɟɣ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ 
ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɡɢɦɧɹɹ ɥɟɬɧɹɹ ܼʑʐ, ˏ ܹ, ˍˏଷ ܼʜʐ, ˏ ܳ, ˍˏଷ/˔ ܼʜʐ, ˏ ܳ, ˍˏଷ/˔ 

167 0 167 0 167 0 
182,19 5 167,48 320 167,48 400 
192,59 10 167,99 720 167,99 900 
199,37 15 168,53 1200 168,53 1500 
203,96 20 168,99 1680 168,99 2100 
207,37 25 169,50 2320 169,50 2900 
209,97 30 169,99 3040 169,99 3800 
211,67 35 170,52 4000 170,52 5000 
212,40 40 170,99 5040 170,99 6300 
213,02 45 171,51 6400 171,51 8000 

- - 172,00 8000 172,00 10000 
- - 172,50 10303 172,50 12879 
- - 173,00 14400 173,00 18000 

 

 
Ɋɢɫɭɧɨɤ 1.1 – Ʉɪɢɜɵɟ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 

 

 
Ɋɢɫɭɧɨɤ 1.2 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
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1.1.3 ɋɟɣɫɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
 

ȼ ɨɫɧɨɜɚɧɢɢ ɪɟɤɢ Ɂɟɹ - ɫɤɚɥɶɧɵɟ ɩɨɪɨɞɵ: ɝɪɚɧɨɞɢɨɪɢɬ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɪɬɨɣ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɪɚɣɨɧɢɪɨɜɚɧɢɹ ɬɟɪɪɢɬɨɪɢɢ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɪɚɫɱɟɬɧɚɹ ɫɟɣɫɦɢɱɟɫɤɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɣɨɧɚ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɋɢɜɚɝɥɢɟɜɫɤɨɣ Ƚɗɋ ɪɚɜɧɚ 5 ɛɚɥɥɚɦ. 
 

1.2 ɗɧɟɪɝɨɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ 
 

ɋɢɜɚɝɥɢɟɜɫɤɚɹ Ƚɗɋ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɨɫɬɚɜɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, 
ɜɯɨɞɹɳɢɯ ɜ ɨɩɟɪɚɬɢɜɧɭɸ ɡɨɧɭ Ɏɢɥɢɚɥɚ ȺɈ «ɋɈ ȿɗɋ» «Ɉɛɴɟɞɢɧɟɧɧɨɟ 
ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ȼɨɫɬɨɤɚ». ȼ ɫɨɫɬɚɜ ɈȾɍ ȼɨɫɬɨɤɚ 
ɜɯɨɞɹɬ: Ⱥɦɭɪɫɤɨɟ, ɉɪɢɦɨɪɫɤɨɟ, ɏɚɛɚɪɨɜɫɤɨɟ, əɤɭɬɫɤɨɟ ɊȾɍ. 
 

1.3 Ⱥɧɚɥɨɝɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɝɢɞɪɨɭɡɥɚ 
 

ȼ ɯɨɞɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɚɧɚɥɨɝɚ ɛɵɥɚ ɜɵɛɪɚɧɚ Ɂɟɣɫɤɚɹ Ƚɗɋ.
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɢ ɜɵɛɨɪ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

2.1 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ ɜɨɞɵ 

2.1.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 

ɗɧɟɪɝɨɫɢɫɬɟɦɚ: ɈȾɍ ȼɨɫɬɨɤɚ; 
Ƚɨɞɨɜɨɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɤɢ: ͷͶ͸ͻ ʛʑ˕; 
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 2%, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 8%; 
Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɢɜɨɣ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɜ ɇȻ: 0,8; 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ: 8,7; 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ: Δh=0,45 ɦ; 
ɇɉɍ ɝɢɞɪɨɭɡɥɚ: Z= 212,00 ɦ; 
ȾɇɈ ɝɢɞɪɨɭɡɥɚ: Z= 167,00 ɦ. 
Ɉɛɴɟɦɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ ɤɪɢɜɵɟ ɫɜɹɡɢ 

ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ (1ɩ, ɬɚɛɥɢɰɚ 1.1 ɢ ɪɢɫɭɧɨɤ 1.1 ɢ 1.2). Ɋɹɞ 
ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ɂɟɹ ɡɚ ɩɟɪɢɨɞ 1952-2001 ɝɝ. 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1. Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ 
ɩɨɬɟɪɢ ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
 
Ɍɚɛɥɢɰɚ 2.1 – Ɋɚɫɯɨɞɵ ɧɚ ȼɏɄ ɢ ɨɫɧɨɜɧɵɟ ɩɨɬɟɪɢ ɜɨɞɵ 

Ɍ, ɦɟɫ. I II  III  IV V VI  VII VIII IX X XI  XII ܳˋ˔˒, ˏଷ/˔ 0 0 1 1 23 26 45 19 17 7 2 1 ܳˎˈˇ, ˏଷ/˔ 12 12 0 -24 -24 0 0 0 0 0 12 12 ܳ˗ˋˎ˟˕˓, ˏଷ/˔ 12 12 12 12 12 12 12 12 12 12 12 12 ܳ˛ˎˡˊ, ˏଷ/˔ 0 0 0 59 59 59 59 59 59 59 0 0 ܳ˔˖ˏ, ˏଷ/˔ 24 24 13 49 71 97 116 90 88 79 25 25 ܳ˅˘ˍ, ˏଷ/˔ 530 530 530 1060 1060 1060 1060 1060 1060 1060 530 530 

 
2.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ 

 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1) ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ 

ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. Ⱦɥɹ ɡɚɩɨɥɧɟɧɢɹ ɬɚɛɥɢɰɵ Ⱥ.2, ɩɪɢɥɨɠɟɧɢɟ Ⱥ. Ⱦɚɥɟɟ 
ɜɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ K: 
ܭ  = ொ೙ொ˔˓, (2.1) 

 
ɝɞɟ ܳ௡ − ݊ − ˞ˌ ˚ˎˈː ˓ˢˇ˃ ˏ˃ˍ˔ˋˏ˃ˎ˟ː˞˘ ˆˑˇˑ˅˞˘ ˓˃˔˘ˑˇˑ˅; 
      ܳ˔˓ − ˔˓ˈˇːˋˌ ˏːˑˆˑˎˈ˕ːˋˌ ˏ˃ˍ˔ˋˏ˃ˎ˟ː˞ˌ ˓˃˔˘ˑˇ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ ɪɹɞɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ: 
௩ܥ  = √∑ሺ௄−ଵሻమ௡ = √ହ,଼଴ଶହ଴ = Ͳ,͵Ͷ; (2.2) 
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௦ܥ = ∑ሺ௄−ଵሻయ௡஼ೡయ = ଵ,଴଼଴ହ଴∙଴,ଷସయ = Ͳ,ͷͷ. (2.3) 

 
ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɧɚɹ ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɪɢɚɰɢɢ 

ɪɚɜɧɚ: 
௖௩ߜ  = ± √ଵ+ଷ஼ೡమ√ଶሺ௡−ଵሻ ∙ ͳͲͲ% = √ଵ+ଷ∙଴,ଷସమ√ଶ∙ସଽ ∙ ͳͲͲ% = ͳͳ,͹%. (2.4) 

 
Ɉɲɢɛɤɚ ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɨɣ ɞɥɹ ɷɬɨɝɨ ɪɹɞɚ. 
ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɧɚɹ ɨɲɢɛɤɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɫɢɦɦɟɬɪɢɢ ɪɚɜɧɚ: 
௖௦ߜ  = ± √ల೙∙√ଵ+଺஼ೡమ+ହ஼ೡర஼𝑠 ∙ ͳͲͲ% = √ లఱబ∙√ଵ+଺∙଴,ଷସమ+ହ∙଴,ଷସర଴,ହହ ∙ ͳͲͲ% = ͺ͵,͸%. (2.5) 

 
Ɉɲɢɛɤɚ ɹɜɥɹɟɬɫɹ ɧɟɞɨɩɭɫɬɢɦɨɣ, ɡɧɚɱɢɬ, ɩɪɢɧɢɦɚɟɦ ܥ௦ =  .௩ܥʹ

௦ܥ  = ௩ܥʹ = ʹ ∙ Ͳ,͵Ͷ = Ͳ,͸ͺ; (2.6) 
௖௦ߜ  = ± √ల೙∙√ଵ+଺஼ೡమ+ହ஼ೡర஼𝑠 ∙ ͳͲͲ% = √ లఱబ∙√ଵ+଺∙଴,ଷସమ+ହ∙଴,ଷସర଴,଺଼ ∙ ͳͲͲ% = ͸͹,͹%. (2.7) 

 
Ɉɲɢɛɤɚ ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɨɣ ɞɥɹ ɷɬɨɝɨ ɪɹɞɚ. 
Ɂɚɩɨɥɧɢɦ ɬɚɛɥɢɰɭ 2.2, ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭɥɵ: 
௦ܯ  = ௩ܥ ∙ ʣ; (2.8) 

௦ܭ  = ௦ܯ + ͳ; (2.9) 
 ܳ௦ = ܳ˔˓.௠௔௫ ∙  ௦. (2.10)ܭ
 
Ɍɚɛɥɢɰɚ 2.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 

P, % Ɏ ܯ௦ ܭ௦ ܳ௦, ˏ ଷ/˔ Ɋɚɫɱɟɬɧɵɣ 
ɫɥɭɱɚɣ 

1,0 2,81 0,9554 1,9554 12879 ɨɫɧɨɜɧɨɣ 
0,1 4,07 1,3838 2,3838 15701 ɩɨɜɟɪɨɱɧɵɣ 
 
2.1.3 Ʉɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɫɯɨɞɨɜ 
 
ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɞɟɥɢɬɶ ɤɚɠɞɵɣ ɝɨɞ ɧɚ ɞɜɚ ɩɟɪɢɨɞɚ – ɦɧɨɝɨɜɨɞɧɵɣ 

(ɩɨɥɨɜɨɞɶɟ) ɢ ɦɚɥɨɜɨɞɧɵɣ (ɦɟɠɟɧɶ). Ʉ ɦɧɨɝɨɜɨɞɧɵɦ ɛɭɞɭɬ ɨɬɧɨɫɢɬɶɫɹ ɦɟɫɹɰɵ, 
ɜ ɤɨɬɨɪɵɯ ɪɚɫɯɨɞ ɛɵɥ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɟɧ ɫɪɟɞɧɟɜɨɞɧɨɦɭ, ɬɨɝɞɚ ɨɫɬɚɥɶɧɵɟ 
ɦɟɫɹɰɵ ɫɨɫɬɚɜɹɬ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɨɥɨɜɨɞɧɵɦɢ 
ɩɪɢɧɢɦɚɸɬɫɹ V-IX ɦɟɫɹɰɵ, ɨɫɬɚɜɲɢɟɫɹ - ɦɚɥɨɜɨɞɧɵɦɢ. 
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Ɋɚɧɠɢɪɭɟɦ ɪɚɫɯɨɞɵ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 
ɩɨ ɮɨɪɦɭɥɟ: 

 pሺmሻ = ୫୬+ଵ ∙ ͳͲͲ%, (2.11) 

 
ɝɞɟ m – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ, 
ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ ɜ ɭɛɵɜɚɸɳɟɦ ɩɨɪɹɞɤɟ; 
         n=50 – ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ 
ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.1. 

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 90% ɢ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 50%. ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ 
ɪɚɫɯɨɞɨɜ ɡɚ ɝɨɞ, ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

 
Ɋɢɫɭɧɨɤ 2.1 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

 
2.1.4 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɵɣ ɝɨɞ. ɉɨ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ 
ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɚ ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 50%. 
Ȼɟɪɟɦ 2001 ɢ 1998 ɝɨɞɚ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ 
ɩɨɥɨɜɨɞɶɸ, ɩɪɢɧɢɦɚɟɦ ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɦɟɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ 
ɛɥɢɠɟ ɤ ɟɞɢɧɢɰɟ, ɬ.ɟ. ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɦɟɧɶɲɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ 
ɪɚɫɯɨɞɨɜ. 

Ⱦɥɹ 2001 ɝɨɞɚ: 
 ʙ˒ͷͲ% = ୕˒ ఱబ% ˄˃ˊˑ˅ˑˈ୕˒ మబబభ = ଷ଻଴଻ସ଴ସଵ = Ͳ,ͻʹ; (2.12) 
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ʙˏͷͲ% = ୕ˏ ఱబ% ˄˃ˊˑ˅ˑˈ୕ˏ మబబభ = ଶଷଷ,ହଵହ଺ = ͳ,ͷͲ. (2.13) 

 
Ⱦɥɹ 1998 ɝɨɞɚ: 

 ʙ˒ͷͲ% = ୕˒ ఱబ% ˄˃ˊˑ˅ˑˈ୕˒ భవవఴ = ଷ଻଴଻ଷସ଴ଶ = ͳ,Ͳͻ; (2.14) 

 ʙˏͷͲ% = ୕ˏ ఱబ% ˄˃ˊˑ˅ˑˈ୕ˏ భవవఴ = ଶଷଷ,ହହଵଶ = Ͳ,Ͷ͸. (2.15) 

 
ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɩɪɢɧɢɦɚɟɦ 

ɫɪɟɞɧɟɜɨɞɧɵɦ 2001 ɝɨɞ. 
 
2.1.5 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢɧɢɦɚɟɦ 1965 ɝɨɞ. ȼɵɱɢɫɥɹɟɦ 

ɩɪɢɜɟɞɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
 ʙ˒ͻͲ% = ୕˒ వబ% ˄˃ˊˑ˅ˑˈሺభవలఱˆሻ୕˒ భవలఱ = ଶହଽ଴ଶହଽ଴ = ͳ; (2.16) 

 ʙ˒ͻͲ% = ୕ˏ వబ% ˄˃ˊˑ˅ˑˈ ሺభవలఱˆሻ୕ ˏ భవలఱ = ଵସଵଵ଼ହ = Ͳ,͹͸. (2.17) 

 
Ɍɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɥɟɞɭɸɳɟɝɨ 

ɭɫɥɨɜɢɹ: ɨɛɴɟɦ ɫɟɡɨɧɧɨɝɨ ɢ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ ɞɨɥɠɟɧ ɨɫɬɚɬɶɫɹ ɧɟɢɡɦɟɧɧɵɦ ɞɨ 
ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɢ ɩɨɫɥɟ ɧɟɟ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɦɟɫɹɰɵ, ɝɞɟ ɪɚɫɯɨɞ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 
ɝɨɞɚ ɦɟɧɶɲɟ, ɱɟɦ ɦɚɥɨɜɨɞɧɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɜ ɫɬɨɪɨɧɭ 
ɭɜɟɥɢɱɟɧɢɹ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɨɜ ɜ ɞɪɭɝɢɟ ɦɟɫɹɰɵ, ɧɨ ɨɛɹɡɚɬɟɥɶɧɨ 
ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɩɟɪɢɨɞɭ (ɬɚɛɥɢɰɚ 2.3, 2.4, 2.5). 

 
Ɍɚɛɥɢɰɚ 2.3 – Ɇɚɥɨɜɨɞɧɵɣ ɝɨɞ (P=90%) ɛɟɡ ɩɪɢɜɟɞɟɧɢɹ, ɫ ɩɪɢɜɟɞɟɧɢɟɦ, ɫ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ (1965 ɝɨɞ) 
Ɇɟɫɹɰɵ IV  V VI  VI  VIII IX  X XI  XII I II  III  ܳ˔˓.ˆˑˇ 
ɂɫɯɨɞɧɵɟ 119 2339 2569 4476 1891 1673 740 175 101 35 37 89 1187 
ɉɪɢɜɟɞɟɧ. 90 2339 2569 4476 1891 1673 562 133 77 27 28 68 1161 
ɋ ɤɨɷɮ. 119 2339 2569 4476 1891 1673 739 175 101 35 37 89 1187 

 
Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɯɨɞ ɫ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ ɫ ɤɨɪɪɟɤɬɢɪɨɜɤɨɣ 

Ɇɟɫɹɰɵ IV  V VI  VII VIII IX  X XI  XII I II  III  
Qɫɪ.ɝɨɞ. ˏଷ/˔ 

Q50% - Q90% -20 566 928 -390 4214 1394 187 235 42 -23 -22 -56  
ɂɡɦ Q50% 20 0 -390 390 0 0 -56 -65 0 23 22 56  
Q50% ɫ ɤɨɪ 119 2905 3107 4476 6105 3067 870 345 143 35 37 89 1775 
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Ɍɚɛɥɢɰɚ 2.5 – ɋɪɟɞɧɟɜɨɞɧɵɣ (2001) ɢ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ (1965) 
Ɇɟɫɹɰɵ I II  III  IV  V VI  VII VIII IX  X XI  XII 

Qɫɪ.ɝɨɞ. ˏଷ/˔ Qଽ଴%, ˏଷ/˔ 
35 37 89 119 2339 2569 4476 1891 1673 739 175 101 1187 Qହ଴%, ˏଷ/˔ 
35 37 89 119 2905 3107 4476 6105 3067 870 345 143 1775 

 
ɉɨ ɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɦ ɞɚɧɧɵɦ ɬɚɛɥɢɰ ɫɬɪɨɢɬɫɹ ɪɚɫɱɟɬɧɵɣ ɝɢɞɪɨɝɪɚɮ, 

ɪɢɫɭɧɨɤ 2.2. 

 
Ɋɢɫɭɧɨɤ 2.2 – Ƚɢɞɪɨɝɪɚɮ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

 
2.1.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɢɩɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 
Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɣ ɨɬɦɟɬɤɨɣ ɍɆɈ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɫɪɚɛɨɬɤɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɨɬɦɟɬɤɢ ɍɆɈ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ 201,50 ɦ. 
Ɉɛɴɟɦɵ ɇɉɍ ɢ ɍɆɈ ɧɚɯɨɞɹɬɫɹ ɩɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ 
ɛɶɟɮɚ (ɪɢɫɭɧɨɤ 1.1). ʜܸʞʢ = ͵͸,͸Ͷͷ ˍˏଷ; ʢܸʛʝ = ͳ͹,ͳͲ ˍˏଷ. 

ɉɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
 Vʞʝʚʔʖʜ = Vʜʞʢ − Vʢʛʝ = ͵͸,͸Ͷͷ − ͳ͹,ͳͲ = ͳͻ,ͷͶͷ ˍˏଷ. (2.18) 

 
Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ 

ɨɬɧɨɲɟɧɢɸ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɤ ɫɪɟɞɧɟɦɭ ɡɚ ɦɧɨɝɨɥɟɬɧɢɣ 
ɩɟɪɢɨɞ ɨɛɴɟɦɚ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ Ƚɗɋ:  

 ܹ̅ = ܳ ∙ ݐ = ͳͺͲͲ ∙ ͵ͳͷ͵͸ͲͲͲ ∙ ͳͲ−ଽ = ͷ͸,͹͸ ˍˏଷ; (2.19) 
 Ⱦ = ୚˒ˑˎ୛̅̅̅ = ଵଽ,ହସହହ଺,଻଺ = Ͳ,͵Ͷ. (2.20) 
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Ɍɚɤ ɤɚɤ Ⱦ = Ͳ,͵Ͷ, ɬɨ ɢɦɟɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɝɨɞɢɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɬ.ɟ. 
ɰɢɤɥ ɞɥɢɬɫɹ ɨɞɢɧ ɝɨɞ.  

 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɨ-

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 

2.2.1 Ɋɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 
Ɋɚɫɱɟɬɵ ɧɚɱɢɧɚɸɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢ ɝɥɭɛɢɧɵ 

ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1965ɝ.) 
ɜɵɱɢɫɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ 
ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 

  NʒЭʠ = kN ∙ Q˒ˑˎ.˄˞˕ଽ଴% ∙ HʒЭʠ˒ˑˇ˅, (2.21) 
 
ɝɞɟ kN – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, kN = 8,7; 
      Q˒ˑˎ.˄˞˕ଽ଴% – ɩɨɥɟɡɧɵɣ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; 
      HʒЭʠ˒ˑˇ˅ – ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. 
 ܳ˒ˑˎ˄˞˕ଽ଴% = ܳ˄˞˕ − ܳ˔˖ˏˏ = ܳ˄˞˕ − ሺܳˋ˔˒ + ܳˎˈˇ + ܳ˗ሻ, (2.22) 
 
ɝɞɟ ܳˋ˔˒ − ˓˃˔˘ˑˇ, ˓˃˔˘ˑˇ˖ˈˏ˞ˌ ː˃ ˋ˔˒˃˓ˈːˋˈ ˅ˑˇ˞ ˅ ˅ˑˇˑ˘˓˃ːˋˎˋ˜ˈ; 
      ܳ ˎˈˇ − ˓˃˔˘ˑˇ, ˓˃˔˘ˑˇ˖ˈˏ˞ˌ ː˃ ˎ˟ˇˑˑ˄˓˃ˊˑ˅˃ːˋˈ; 
      ܳ ˗ − ˒ˑ˕ˈ˓ˋ ˅ˑˇ˞ ː˃ ˗ˋˎ˟˕˓˃˙ˋˡ; 
      ܳ ˔˖ˏˏ − ˔˖ˏˏ˃˓ː˞ˈ ˒ˑ˕ˈ˓ˋ ˅ˑˇ˞. 
 HʒЭʠ˒ˑˇ˅ = Zʑʐ − Zʜʐ(Qʜʐሺtሻ) − ∆h, (2.23) 
 
ɝɞɟ Zʑʐ − ˑ˕ˏˈ˕ˍ˃ ˅ˈ˓˘ːˈˆˑ ˄˟ˈ˗˃, ˔ˑˑ˕˅ˈ˕˔˕˅˖ˡ˜˃ˢ ˑ˕ˏˈ˕ˍˈ ʜʞʢ, ˏ; 
      Zʜʐ(Qʜʐሺtሻ) – ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɪɟɞɧɟɦɟɫɹɱɧɵɦ 
ɛɵɬɨɜɵɦ ɪɚɫɯɨɞɚɦ ɜɨɞɵ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɥɟɬɧɟɣ ɢɥɢ ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; 
      ∆h − ˒ˑ˕ˈ˓ˋ ː˃˒ˑ˓˃ ˅ ˅ˑˇˑ˒ˑˇ˅ˑˇˢ˜ˋ˘ ˔ˑˑ˓˖ˉˈːˋˢ˘, ∆h = Ͳ,Ͷͷ ˏ. 

Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 
ȼɏɄ ɩɨ ɮɨɪɦɭɥɟ:  
 Nʑʤʙ = kN ∙ Qʑʤʙ ∙ HʒЭʠ˒ˑˇ˅ , (2.24) 
 
ɝɞɟ Qʑʤʙ – ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.2. 
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2.2.2 Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ 
 
ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ ɞɥɹ ɋɢɜɚɝɥɢɟɜɫɤɨɣ Ƚɗɋ. Ɉɬɤɥɚɞɵɜɚɟɦ 

ɧɚ ɝɪɚɮɢɤɟ ˅ܰ˘ˍ, ˄ܰ˞˕, ˔ܰ˖˜.ˆˠ˔. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɦ ɥɢɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 
ɦɨɳɧɨɫɬɢ ɬɚɤ, ɱɬɨɛɵ ɩɥɨɳɚɞɶ, ɡɚɤɥɸɱɟɧɧɚɹ ɦɟɠɞɭ ɥɢɧɢɟɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 
ɦɨɳɧɨɫɬɢ ɢ ˅ܰ˘ˍ ɛɵɥɚ ɪɚɜɧɚ ɦɨɳɧɨɫɬɢ ˋܰˊ˄ = ͳͳ͸ͺ ʛʑ˕. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭ ɧɚɫ 
4 ɦɟɫɹɰɚ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ. Ⱦɚɧɧɵɟ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ 
ɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. 

 
Ɍɚɛɥɢɰɚ 2.6 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 

t, ɦɟɫ. Pɫɪ, Ɇȼɬ Nɫɭɳ. ɝɷɫ, Ɇȼɬ Nɛɵɬ, Ɇȼɬ Nɜɯɤ, Ɇȼɬ 
1 5044 673 4 202 
2 4773 617 5 202 
3 4304 561 29 202 
4 3761 504 27 399 
5 3291 476 838 401 
6 3019 448 910 401 
7 3018 448 1567 401 
8 3289 476 670 401 
9 3758 504 592 401 
10 4300 561 250 399 
11 4771 617 58 202 
12 5043 673 29 202 

 
Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
 

 
Ɋɢɫɭɧɨɤ 2.3 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

 
ɋ ɩɨɦɨɳɶɸ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɪɟɲɚɟɬɫɹ ɜɨɩɪɨɫ ɨ ɧɚɱɚɥɟ ɫɪɚɛɨɬɤɢ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ. ɇɚɱɢɧɚɟɬɫɹ ɫɪɚɛɨɬɤɚ ɜ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 
ɩɨɥɨɜɨɞɶɹ, ɤɨɝɞɚ ɛɵɬɨɜɨɝɨ ɩɪɢɬɨɤɚ ɧɟ ɯɜɚɬɚɟɬ ɧɚ ɜɵɞɚɱɭ ɪɚɫɯɨɞɚ ɩɨ ȼɏɄ, ɥɢɛɨ 
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ɧɚ ɜɵɞɚɱɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, X ɦɟɫɹɰ – ɦɟɫɹɰ ɧɚɱɚɥɚ 
ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

 
2.2.3 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɋɢɜɚɝɥɢɟɜɫɤɨɣ 

Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
 
Ɋɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ. ɋɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɚ ɢ 
ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɥɹ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ. ɇɚɱɚɥɨ ɫɪɚɛɨɬɤɢ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ – X ɦɟɫɹɰ. Ɋɚɫɱɟɬ ɧɚɱɢɧɚɟɦ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚɩɨɥɧɟɧɨ, 
ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɧɟɦ ɪɚɜɟɧ ɨɬɦɟɬɤɟ ∇ɇɉɍ=212,00 ɦ ɢ ʜܸʞʢ = ͵͸,͸Ͷͷ ˍˏଷ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱёɬɚ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ (ɬɚɛɥɢɰɚ Ȼ.3, ɩɪɢɥɨɠɟɧɢɟ Ȼ) 
ɧɚɱɚɥɶɧɵɟ ɨɛɴɟɦɵ ɢ ɨɬɦɟɬɤɢ ɦɟɧɶɲɟ ɤɨɧɟɱɧɵɯ, ɷɬɨ ɡɧɚɱɢɬ ɜɨɞɨɯɪɚɧɢɥɢɳɟ 
ɩɟɪɟɩɨɥɧɟɧɨ, ɱɬɨɛɵ ɷɬɨ ɢɫɩɪɚɜɢɬɶ ɧɟɨɛɯɨɞɢɦɨ, ɭɜɟɥɢɱɢɬɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ 
ɦɨɳɧɨɫɬɶ. ɉɨɫɥɟ ɩɨɜɵɲɟɧɢɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɱɟɬɵ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ Ȼ.4, ɩɪɢɥɨɠɟɧɢɟ Ȼ. ɋ ɭɱɟɬɨɦ ɧɨɜɨɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 
ɦɨɳɧɨɫɬɢ ɢɡɦɟɧɹɟɦ ɧɚ ɛɚɥɚɧɫɟ ɷɧɟɪɝɢɢ ɥɢɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ˆܰ˃˓ = ͳͻ͸Ͳ ʛʑ˕ ՜ ˆܰ˃˓′ = ʹͲͻ͸ ʛʑ˕. Эˆˑˇ = ͵,͵͹Ͷ ˏˎ˓ˇ. ˍʑ˕ ∙ ˚. 
 

2.2.4 Ɋɚɫɱɟɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
 
Ɉɩɪɟɞɟɥɢɦ ɪɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ ɋɢɜɚɝɥɢɟɜɫɤɨɣ Ƚɗɋ ɞɥɹ ɞɟɤɚɛɪɹ (ɹɧɜɚɪɹ). 

ɇɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɂɄɇ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɪɚɛɨɱɭɸ 
ɦɨɳɧɨɫɬɶ Ƚɗɋ ɷɬɢɯ ɦɟɫɹɰɟɜ. Ɍɚɤ ɤɚɤ ɂɄɇ ɞɥɹ ɫɨɫɟɞɧɢɯ ɦɟɫɹɰɟɜ ɫɯɨɠɢ, ɬɨ 
ɫɱɢɬɚɟɦ ɢɯ ɨɞɢɧɚɤɨɜɵɦɢ. Ɍɨɝɞɚ ɞɥɹ ɞɟɤɚɛɪɹ ɢ ɹɧɜɚɪɹ ɧɚɦ ɩɨɧɚɞɨɛɢɬɫɹ ɨɞɧɚ 
ɂɄɇ. ɂɄɇ ɞɥɹ ɞɟɤɚɛɪɹ (ɹɧɜɚɪɹ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ Ȼ.1 ɩɪɢɥɨɠɟɧɢɟ Ȼ. 

 ˖ܰ˔˕ = ܰʒЭʠ˓˃˄.˅˞˕. + ܰː˃ˆ˓˓ˈˊ = ͺͶͶ + ͳ͹ = ͺ͸ͳ ʛʑ˕, (2.25) 
 
ɝɞɟ ܰʒЭʠ˓˃˄.˅˞˕. = ͺͶͶ ʛʑ˕ − ˏ˃ˍ˔ˋˏ˃ˎ˟ː˃ˢ ˓˃˄ˑ˚˃ˢ ˏˑ˜ːˑ˔˕˟; 
      ܰ ː˃ˆ˓˓ˈˊ – ɪɟɡɟɪɜɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ. 

 ܰː˃ˆ˓˓ˈˊ = ʹ% ∙ ܰʒЭʠ˓˃˄.˅˞˕. = ʹ% ∙ ͺͶͶ = ͳ͹ ʛʑ˕. (2.26) 
 

2.2.5 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
 
Ʉɚɩɢɬɚɥɶɧɵɟ ɪɟɦɨɧɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɟɬɨɦ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ 
ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɯ ɨɧɨ ɧɟ ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ. 

Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ: 
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F˓ˈˏ˒˓.ʒЭʠ = ଵ∙N˖˔˕˒˓.ʒЭʠ଺ ∙ ͳˏˈ˔ = ଼଺ଵ଺ = ͳͶͶ ʛʑ˕ ∙ ˏˈ˔/ˆˑˇ. (2.27) 

 
Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɦɨɠɧɨ ɩɥɚɧɢɪɨɜɚɬɶ, ɢɫɯɨɞɹ ɢɡ 

ɪɚɫɱɟɬɚ ɨɫɬɚɧɨɜɨɤ ɤɚɠɞɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɩɟɪɢɨɞ ɪɟɦɨɧɬɚ ɜ ɫɪɟɞɧɟɦ 1 ɪɚɡ ɜ 2 ɝɨɞɚ. F˓ˈˏʡЭʠ = 𝑁ʢʠʡʡЭʠలସˏˈ˔ = రమమఴలସ = ͳ͹͸ʛʑ˕ ∙ ˏˈ˔/ˆˑˇ. (2.28) 
 

Ɋɚɫɱɟɬ ɦɨɳɧɨɫɬɟɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 2.7. Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4. 

 
Ɍɚɛɥɢɰɚ 2.7 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫɹɰ 
 

ɋɢɫɬɟɦɚ 
ɋɭɳɟɫɬɜɭɸ

ɳɚɹ Ƚɗɋ 
ɉɪɨɟɤɬɢɪɭɟɦɚɹ  Ƚɗɋ Ɍɗɋ ʟ˔ˋ˔.ˏ˃ˍ˔  ʛʑ˕ 

ːܰ.˓ ʛʑ˕ 
˃ܰ.˓ ʛʑ˕ 

˓ܰ˃˄ ʛʑ˕ 
ːܰ.˓ ʛʑ˕ 

˓ܰ˃˄.ˏ˃ˍ˔ ʛʑ˕ 
ːܰ.˓ ʛʑ˕ 

˓ܰˈˏ ʛʑ˕ 
˓ܰ˃˄.ˏ˃ˍ˔ ʛʑ˕ 

˃ܰ.˓ ʛʑ˕ 
˓ܰˈˏ, ʛʑ˕ 

I 5469 109 383 673 13 844 17  3952 277  
II  5184 104 363 617 12 617 12  3950 276  
III  4691 94 328 561 11 235 5  3895 273  
IV  4121 82 288 504 10 418 8  3199 224  
V 3627 73 254 476 10 419 8  2732 191 176 
VI  3342 67 234 448 9 429 9  2465 173 176 
VII 3341 67 234 448 9 441 9  2452 172 176 
VIII 3625 72 254 476 10 549 11  2600 182 176 
IX  4118 82 288 504 10 550 11 144 3064 214  
ɏ 4687 94 328 561 11 600 12  3526 247  
XI  5181 104 363 617 12 613 12  3951 277  
XII 5468 109 383 673 13 844 17  3951 277  

ɍɫɬɚɧ.
ɦɨɳɧ.  686 

 
861  4228 

 
 

 
Ɋɢɫɭɧɨɤ 2.4 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
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2.2.6 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 
ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ, ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ 

 
Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 

ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. ɋɬɪɨɢɬɫɹ ɝɪɚɮɢɤ, ɧɚ 
ɤɨɬɨɪɨɦ ɨɬɨɛɪɚɠɚɸɬɫɹ ɫɪɚɛɨɬɤɚ ɢ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɥɹ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ. ȼɵɩɨɥɧɟɧɨ ɞɜɚ ɜɢɞɚ ɫɪɚɛɨɬɤɢ: ɩɨ ɨɬɦɟɬɤɚɦ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɢ ɩɨ ɦɨɳɧɨɫɬɹɦ ɞɟɤɚɛɪɹ, ɹɧɜɚɪɹ (ɬɚɛɥɢɰɚ Ȼ.5, Ȼ.6, 
ɩɪɢɥɨɠɟɧɢɟ Ȼ). ɂɡ ɞɜɭɯ ɦɟɬɨɞɨɜ ɜɵɛɢɪɚɟɬɫɹ ɬɨɬ, ɝɞɟ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ 
ɜɵɪɚɛɨɬɤɚ ɛɨɥɶɲɟ. ȼɵɪɚɛɨɬɤɚ ɨɤɚɡɚɥɚɫɶ ɛɨɥɶɲɟ ɜ ɪɟɠɢɦɟ ɫɪɚɛɨɬɤɢ ɩɨ 
ɨɬɦɟɬɤɚɦ. ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ – 4,308 ɦɥɪɞ. ɤȼɬ∙ɱ. Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ 
ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.5. 

 

 
Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɥɹ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 

3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɚɝɪɟɝɚɬɨɜ 

3.1.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 
ɋɬɪɨɢɬɫɹ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɪɟɠɢɦɨɜ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɨɣ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 
ɉɨɫɬɪɨɟɧɢɟ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ: 

 ʜʒЭʠሺܳʒЭʠሻ = ̝ܸ )˄˅ݖ ˓˃˄) − ː˄ሺ ܳː˄ሻݖ − ∆ℎ, (3.1) 
 
ɝɞɟ Δh – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ. 

ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 
 N˖˔˕,˓˃˔˚ = kN · HʒЭʠ · QʒЭʠ, (3.2) 

 
ɝɞɟ kN = 8,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ. 

ɍɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ: 
 QʒЭʠ = QʒЭʠ୫a୶ · √ ୌʒЭʠୌ˓˃˔˚N , (3.3) 

 
ɝɞɟ QʒЭʠ୫a୶ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ Ƚɗɋ. 

Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ܳ௠௜௡ = ܳ˔˃ː.˒ˑ˒˖˔ˍ = ͶͲͲˏଷ/˔. 
Ⱦɚɥɟɟ ɫɬɪɨɢɬɫɹ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɭɤɚɡɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɢɡ 
ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɦ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɨɜ ɢ ɪɚɫɯɨɞɨɜ. Ɋɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1 ɢ ɧɚ ɪɢɫɭɧɤɟ 3.1. 

 
Ɍɚɛɥɢɰɚ 3.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

 
 

Qɧɛ, 
ɦ3/ɫ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ɇȻ 
 
 

 

ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
 
 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ 

Ʌɢɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɪɚɫɱɟɬɭ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 
Zɧɛ 

(ɥɟɬɨ), ɦ 
Zɧɛ 

(ɡɢɦɚ), ɦ 
H 

ɧɩɭ, ɦ 
ɇ 

ɭɦɨ, ɦ 
H୍ 

zɜɛ,ɦ 
ɇ, ɦ Q, ɦ3/ɫ ɇ, ɦ Q, ɦ3/ɫ 

0 167,01 167,01 44,54 34,04 41,98 2221,95 44,54 2515,01 39,35 
200 167,25 167,31 44,30 33,74 41,68 2239,34 44,19 2498,44 38,83 
400 167,48 167,59 44,07 33,46 41,40 2257,01 43,85 2481,76 38,32 
600 167,69 167,85 43,86 33,20 41,14 2274,96 43,50 2464,98 37,80 
800 167,90 168,09 43,65 32,96 40,90 2293,20 43,16 2448,07 37,28 
1000 168,09 168,32 43,46 32,73 40,67 2311,74 42,81 2431,05 36,77 
1200 168,27 168,53 43,28 32,52 40,46 2330,57 42,46 2413,91 36,25 
1400 168,45 168,73 43,10 32,32 40,26 2349,72 42,12 2396,64 35,73 
1600 168,61 168,92 42,94 32,13 40,07 2369,18 41,77 2379,25 35,22 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.1 

 
Qɧɛ, 
ɦ3/ɫ 

 
 

Ʉɪɢɜɵɟ ɫɜɹɡɢ 
ɇȻ 

 
 

 

ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
 
 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ 

Ʌɢɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɪɚɫɱɟɬɭ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 
Zɧɛ 

(ɥɟɬɨ), 
ɦ 

Zɧɛ 
(ɡɢɦɚ), 

ɦ 

H 
ɧɩɭ, ɦ 

ɇ 
ɭɦɨ, ɦ 

H୍ 
zɜɛ,ɦ 

ɇ, ɦ Q, ɦ3/ɫ ɇ, ɦ Q, ɦ3/ɫ 

1800 168,77 169,09 42,78 31,96 39,90 2388,97 41,43 2361,74 34,70 
2000 168,92 169,26 42,63 31,79 39,73 2409,09 41,08 2344,09 34,18 
2200 169,06 169,41 42,49 31,64 39,58 2429,56 40,73 2326,31 33,67 
2400 169,19 169,56 42,36 31,49 39,43 2450,37 40,39 2308,39 33,15 
2600 169,32 169,70 42,23 31,35 39,29 2471,54 40,04 2290,33 32,63 
2800 169,44 169,84 42,11 31,21 39,15 2493,09 39,70 2272,12 32,12 
3000 169,56 169,96 41,99 31,09 39,03 2515,01 39,35 2253,77 31,60 
3200 169,67 170,08 41,88 30,97 38,91 - - - - 
3400 169,78 170,20 41,77 30,85 38,79 - - - - 

 

 
Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɋɢɜɚɝɥɢɟɜɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

 
ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɹɟɦ: H୫a୶ = ͶͶ,ͳ ɦ,  H˓˃˔˚ = ͵ͻ,Ͷˏ, H୫i୬ = ͵ͳ,͸ ˏ. 
 
3.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 
Ⱦɥɹ ɢɡɜɟɫɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɚ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɬɢɩɵ ɝɢɞɪɨɬɭɪɛɢɧ. Ɂɧɚɱɟɧɢɟ 
ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ, ɬ.ɟ 



24 
 

௠௔௫ܪ ൑  Ɉɬɧɨɲɟɧɢɟ ு೘𝑖೙ுౣax ሺ˕˖˓˄ˋː˞ሻ  ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɫɩɪɚɜɨɱɧɵɯ .ˇˈ˓˒ܪ

ɞɚɧɧɵɯ. Ⱦɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɊɈ 45-ȼ, ɉɅ 50-ȼ, ɉɅȾ 50ȼ-60° ɫ 
ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.2. 

 
Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɉɚɪɚɦɟɬɪ ɊɈ 45-
ȼ 

ɉɅ 50-
ȼ 

ɉɅȾ 50ȼ-
60° 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɝɢɞɪɨɬɭɪɛɢɧ Hɩɪɟɞ, ɦ 45 50 50 
Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɇmin/Hmax 0,6 0,5 0,5 

Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ 

݊′ଵ ௢௣௧, 
ɨɛ/ɦɢɧ 82,5 116,5 113 

ɄɉȾ ɦɨɞɟɥɢ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ  ɦɨɞ (ɪ1) 0,876 0,886 0,861 
ɉɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ Qmax (ɪ1), 

ɥ/ɫ 1435 1525 1710 
ɉɪɢɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ܦଵ ˏ , ɦ 0,46 0,46 0,35 

ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ʜˏ, ɦ 4 12 5 
Ɍɟɦɩɟɪɚɬɭɪɚ ݐˏ, °ʠ 8 21 16 ݐː, °ʠ 10 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ Vɧ∙ͳͲ଺, ˏ ଶ/˔ 1,3 
Vɦ∙ͳͲ଺, ˏ ଶ/˔ 1,384 0,988 1,114 

 
Ɂɚɞɚɟɬɫɹ ɪɹɞ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɨɜ D1. ɂɡ ɧɚɦɟɱɟɧɧɵɯ 

ɜɚɪɢɚɧɬɨɜ ɝɢɞɪɨɬɭɪɛɢɧ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɢɯ ɩɚɪɚɦɟɬɪɵ. 
ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 η˕ = ͳ − ሺͳ − ηˏሻ ∙ [ሺͳ − εሻ + ε ∙ √DభˏˑˇDభఱ ∙ √ୌˏˑˇʜ˓భబ ∙ √ νːνˏˑˇఱ ], (3.4) 

 
ɝɞɟ ɦ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
       D1ɦɨɞ – ɞɢɚɦɟɬɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
       ɇɦɨɞ – ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
       D1 – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
       ɇɪ – ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ; 
        νɧ, νɦɨɞ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 
ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ 
ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ; 
 ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ – ߝ         
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ (ߝ = Ͳ,͹ͷ). 

Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ: 
 Na = ͻ,ͺͳ ∙ Q′୍˓ ∙ Dଵଶ ∙ H୮ଵ,ହ ∙ η˕ ∙ ηˆ, (3.5) 

 
ɝɞɟ Q'Iɪ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 
       ɬ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
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       ɝ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 
Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ (ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɤɪɭɝɥɟɧɢɟɦ ɞɨ ɰɟɥɨɝɨ ɱɢɫɥɚ): 
 Z˃ˆ˓ = N˖˔˕N˃ˆ˓, (3.6) 

 
ɝɞɟ Nɭɫɬ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ (Nɭɫɬ=861 Ɇȼɬ); 
       Na – ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ. 

ɍɬɨɱɧɹɟɬɫɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 ˃ܰ = ேʒЭʠ˖˔˕௓˃ . (3.7) 

 
ɉɨɩɪɚɜɤɚ 1 ɢ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ nɫ (ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɨɤɪɭɝɥɟɧɢɟɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ): 
 ∆ଵ= ηːηˏ ; (3.8) 

 ݊′˔ = ୬I˓′ ∙√Δభ∙ʜ˓Dభ ,  (3.9) 

 
ɝɞɟ n'Iɪ – ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ ɪɚɫɱɟɬɧɨɣ 
ɬɨɱɤɟ (ɬɚɛɥɢɰɚ 3.2). 

ɉɪɢɜɟɞɟɧɧɵɟ ɦɚɤɫɢɦɚɥɶɧɚɹ, ɪɚɫɱёɬɧɚɹ ɢ ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɵ 
ɜɪɚɳɟɧɢɹ: 

 n୍୫a୶′ = ୬˔ˋː˘Dభሺ∆భୌౣi౤ሻబ,ఱ ; (3.10) 

 n୍˓˃˔˚′ = ୬˔ˋː˘Dభ(∆భୌ˓˃˔˚)బ,ఱ ; (3.11) 

 n୍୫௜௡′ = ୬˔ˋː˘Dభሺ∆భୌౣ𝑎ೣሻబ,ఱ. (3.12) 

 
ɉɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ: 
 Q′୮ ∙ η˕ = Naଽ,଼ଵ∙Dభమ∙ୌpభ,ఱ∙ηˆ. (3.13) 

 
Ʌɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ n'Iɪ, 

ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟ Q′୮ ∙ η˕ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ 
ɪɚɜɟɧɫɬɜɚ. 
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ɉɪɨɢɡɜɟɞɟɧɢɟ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ: 
 Q′୮ ∙ η˕ = Naଽ,଼ଵ∙Dభమ∙ୌౣaxభ,ఱ ∙ηˆ. (3.14) 

 
ɉɪɢɜɟɞɟɧɧɵɟ ɪɚɫɯɨɞɵ: 
 ܳ′ூ௠௔௫ = ொ೘𝑖೙௡∙஽భమ∙√ு∙Δ ; (3.15) 

 ܳ′ூ௠௜௡ = ொ೘𝑖೙௡∙஽భమ∙√ு∙Δ, (3.16) 

 
ɝɞɟ n=2 – ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɦɨɠɧɨ ɩɪɨɩɭɫɬɢɬɶ ɱɟɪɟɡ ɞɜɟ 
ɬɭɪɛɢɧɵ. 

ɉɨ ɮɨɪɦɭɥɚɦ (3.4) – (3.16) ɜɟɥɢɱɢɧɵ ɞɥɹ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɨɜ ɧɚɬɭɪɧɵɯ 
ɬɭɪɛɢɧ ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 3.3 ɞɥɹ ɊɈ45-ȼ, ɜ ɬɚɛɥɢɰɭ 3.4 ɞɥɹ ɉɅ50-ȼ, ɜ ɬɚɛɥɢɰɭ 
3.5 ɞɥɹ ɉɅȾ50ȼ-60°. 

 
Ɍɚɛɥɢɰɚ 3.3 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ܦଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ45-ȼ 

ɉɚɪɚɦɟɬɪ ɊɈ45-ȼ 
D1,ɦ 7,1 7,5 8 8,5 9 

ηɬ, ɨ.ɟ. 0,927 0,927 0,928 0,928 0,929 
N' ɚɝɪ, Ɇȼɬ 157,5 175,8 200,1 226,0 253,5 

Z'ɚ, ɲɬ 5,47 4,90 4,30 3,81 3,40 
Zɚ, ɲɬ 6 6 6 4 4 

Nɚɝɪ, Ɇȼɬ 143,5 143,5 143,5 215,3 215,3 
Δ1, ɨ.ɟ. 1,058 1,058 1,059 1,060 1,060 

nc1', ɨɛ/ɦɢɧ 74,97 70,99 66,57 62,67 59,21 

nc1, ɨɛ/ɦɢɧ 75 75 68,2 65,2 60 
n1(Hmax), ɨɛ/ɦɢɧ 78,0 82,4 79,9 81,1 79,0 

n1(ɇɪ), ɨɛ/ɦɢɧ 82,5 87,2 84,5 85,8 83,6 
n1(ɇmin), ɨɛ/ɦɢɧ 92,1 97,3 94,3 95,8 93,3 

Qη (ɪɚɫɱ) 1,212 1,086 0,955 1,268 1,131 
Qη (max) 1,023 0,916 0,805 1,070 0,955 

Q’1 (Hmin) ɦ3/ɫ 0,69 0,61 0,54 0,48 0,43 
Q’1(ɇmax) ɦ3/ɫ 0,58 0,52 0,46 0,41 0,36 

 
Ɍɚɛɥɢɰɚ 3.4 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ܦଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ 

ɉɚɪɚɦɟɬɪ ɉɅ50-ȼ 
D1,ɦ 6,7 7,1 7,5 8 8,5 9 

ηɬ, ɨ.ɟ. 0,925 0,925 0,926 0,926 0,927 0,927 
N' ɚɝɪ, Ɇȼɬ 148,7 167,0 186,5 212,3 239,8 269,0 

Z'ɚ, ɲɬ 5,79 5,15 4,62 4,06 3,59 3,20 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.4 
ɉɚɪɚɦɟɬɪ ɉɅ50-ȼ 

D1,ɦ 6,7 D1,ɦ 6,7 D1,ɦ 6,7 D1,ɦ 
Zɚ, ɲɬ 6 6 6 6 4 4 

Nɚɝɪ, Ɇȼɬ 143,5 143,5 143,5 143,5 215,3 215,3 
Δ1, ɨ.ɟ. 1,044 1,044 1,045 1,045 1,046 1,047 

nc1', ɨɛ/ɦɢɧ 111,42 105,18 99,59 93,40 87,93 83,07 
nc1, ɨɛ/ɦɢɧ 115,4 107,1 100 93,8 88,2 83,3 

n1(Hmax), ɨɛ/ɦɢɧ 114,0 112,1 110,5 110,6 110,4 110,4 
n1(ɇɪ), ɨɛ/ɦɢɧ 120,7 118,6 117,0 117,0 116,9 116,8 

n1(ɇmin), ɨɛ/ɦɢɧ 134,6 132,4 130,5 130,6 130,4 130,4 
Qη (ɪɚɫɱ) 1,361 1,212 1,086 0,955 1,268 1,131 
Qη (max) 1,148 1,023 0,916 0,805 1,070 0,955 

Q’1 (Hmin) ɦ3/ɫ 0,78 0,69 0,62 0,54 0,48 0,43 
Q’1(ɇmax) ɦ3/ɫ 0,66 0,58 0,52 0,46 0,41 0,36 
 

Ɍɚɛɥɢɰɚ 3.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ܦଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ50ȼ-60° 

ɉɚɪɚɦɟɬɪ ɉɅȾ50ȼ-60° 
D1,ɦ 6,3 6,7 7,1 7,5 8 8,5 

ηɬ, ɨ.ɟ. 0,916 0,917 0,917 0,918 0,918 0,919 
N' ɚɝɪ, Ɇȼɬ 146,1 165,3 185,7 207,4 236,1 266,7 

Z'ɚ, ɲɬ 5,90 5,21 4,64 4,15 3,65 3,23 
Zɚ, ɲɬ 6 6 6 6 4 4 

Nɚɝɪ, Ɇȼɬ 143,5 143,5 143,5 143,5 215,3 215,3 
Δ1, ɨ.ɟ. 1,064 1,065 1,065 1,066 1,067 1,067 

nc1', ɨɛ/ɦɢɧ 116,06 109,17 103,05 97,58 91,51 86,16 

nc1, ɨɛ/ɦɢɧ 125 115,4 107,1 100 93,8 88,2 
n1(Hmax), ɨɛ/ɦɢɧ 115,0 112,9 111,0 109,4 109,4 109,3 

n1(ɇɪ), ɨɛ/ɦɢɧ 121,7 119,4 117,4 115,8 115,8 115,7 
n1(ɇmin), ɨɛ/ɦɢɧ 135,8 133,3 131,1 129,2 129,2 129,1 

Qη (ɪɚɫɱ) 1,539 1,361 1,212 1,086 1,432 1,268 
Qη (max) 1,299 1,148 1,023 0,916 1,208 1,070 

Q’1 (Hmin) ɦ3/ɫ 0,87 0,77 0,68 0,61 0,54 0,48 
Q’1(ɇmax) ɦ3/ɫ 0,74 0,65 0,58 0,52 0,46 0,40 

 
ȼɵɛɨɪ ɩɨɞɯɨɞɹɳɟɝɨ ɬɢɩɚ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 

ɤɪɢɬɟɪɢɹɦ: 
- ɇɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɭ ɤɨɬɨɪɵɯ ɥɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɥɢ 
ɧɚɯɨɞɢɬɫɹ ɡɚ ɬɨɱɤɨɣ ɨɩɬɢɦɭɦɚ. 

- ɇɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɭ ɤɨɬɨɪɵɯ ɜ ɩɪɨɦɟɠɭɬɤɟ ɦɟɠɞɭ 
ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɢ ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɪɢɜɟɞɟɧɧɵɦɢ ɨɛɨɪɨɬɚɦɢ ɬɨɱɤɚ ɨɩɬɢɦɭɦɚ 
ɧɚɯɨɞɢɬɫɹ ɫɥɢɲɤɨɦ ɛɥɢɡɤɨ ɤ ɥɢɧɢɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɛɨɪɨɬɨɜ (ɬɚɤ ɤɚɤ ɬɭɪɛɢɧɚ 



28 
 

ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ ɫ ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ ɜ ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɨ 
ɪɚɫɱɟɬɧɨɝɨ). 

- Ɍɭɪɛɢɧɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɦɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ, ɨɩɬɢɦɚɥɶɧɭɸ ɡɨɧɭ ɪɚɛɨɬɵ, 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɹɦ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, ɢɦɟɬɶ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɚɝɪɟɝɚɬɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɩɪɢɧɹɬɵ ɬɭɪɛɢɧɵ: ɉɅ50-ȼ – 750 ɢ 
ɉɅȾ50ȼ-60°–750.  

 
3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ. 
Ɉɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ܼʟʙ = ܼʜʐሺܳʜʐሻ +  ௌ, (3.17)ܪ

 
ɝɞɟ Zɧɛ(Qɧɛ) – ɡɚɜɢɫɢɦɨɫɬɶ ɨɬɦɟɬɤɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɨɬ ɪɚɫɯɨɞɚ ɜ ɇȻ; 
        ɇs– ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ. 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ: 
ௌܪ  = ܤ − ௓ʜʐሺொʜʐሻଽ଴଴ −∙ 𝜎 ∙ ܪ − ͳ,ͷ, (3.18) 

 
ɝɞɟ B – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɪɚɜɧɨɟ 10,33 ɦ; 
       σ – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ Ƚɍɏ; 
       H – ɧɚɩɨɪ. 

ɂɫɩɨɥɶɡɭɹ Ƚɍɏ ɫ ɧɚɧɟɫɟɧɧɨɣ ɡɨɧɨɣ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɜɵɱɢɫɥɹɥɢɫɶ 
ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɞɥɹ ɬɪɟɯ ɫɥɭɱɚɟɜ: 

1) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ɇmax. 
2) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ɇɪ. 
3) Ɋɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɳɧɨɫɬɶɸ ɧɚ ɥɢɧɢɢ 

ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢ ɇmin. 
ɉɪɢɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɞɥɹ ɉɅȾ 50ȼ-60°-750: 
ɉɪɢ ɇmax: 
 ܳ = ܳଵ′ ∙ ଵଶܦ ∙ ܪ√ = ͳ,Ͳͳ ∙ ͹,ͷଶ ∙ √ͶͶ,ͳ = ͵͹͹ ˏଷ/˔, (3.19) 
 

ɝɞɟ Zɧɛ(Qɧɛ) ɛɟɪɟɬɫɹ ɪɚɜɧɨɣ 167,45 ɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ σ=0,22. 
 ∆Z˘ ˒ˎ = ஻బଶ = ଴,ଷ଻ହ∙଻,ହଶ = ͳ,ͶͲ͸ ˏ; (3.20) 

ௌܪ  = ͳͲ,͵͵ − ଵ଺଻,ସହଽ଴଴ − Ͳ,ʹʹ ∙ ͶͶ,ͳ − ͳ,ͷ + ͳ,ͶͲ͸ = Ͳ,͵ͷ ˏ.  
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ɉɪɢ ɇɪ: 
 ܳ = ܳଵ′ ∙ ଵଶܦ ∙ ܪ√ = ͳ,ʹ ∙ ͹,ͷଶ ∙ √͵ͻ,Ͷ = Ͷʹ͵ ˏଷ/˔, (3.21) 

 
ɝɞɟ Zɧɛ(Qɧɛ) ɛɟɪɟɬɫɹ ɪɚɜɧɨɣ 167,50 ɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ σ=0,31. 

ௌܪ  = ͳͲ,͵͵ − ଵ଺଻,ହ଴ଽ଴଴ − Ͳ,͵ͳ ∙ ͵ͻ,Ͷ − ͳ,ͷ + ͳ,ͶͲ͸ = −ʹ,ͳͷ ˏ.  
 
ɉɪɢ ɇmin: 
 ܳ = ܳଵ′ ∙ ଵଶܦ ∙ ܪ√ = ͳ,ͳʹ ∙ ͹,ͷଶ ∙ √͵ͳ,͸ = ͵ͷͶ ˏଷ/˔, (3.22) 

 
ɝɞɟ Zɧɛ(Qɧɛ) ɛɟɪɟɬɫɹ ɪɚɜɧɨɣ 167,43 ɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ σ=0,28. 

ௌܪ  = ͳͲ,͵͵ − ଵ଺଻ସଷ଴ଽ଴଴ − Ͳ,ʹͺ ∙ ͵ͻ,Ͷ − ͳ,ͷ + ͳ,ͶͲ͸ = ͳ,ʹͲ ˏ.  
 
Ɋɚɫɱɟɬɵ ɞɥɹ ɉɅ50-ȼ-750 ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ, ɪɚɫɱɟɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.6: 
 

Ɍɚɛɥɢɰɚ 3.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ 
 

ɉɚɪɚɦɟɬɪɵ 
 

ɉɅȾ 50ȼ-60°-750 ɉɅ50-ȼ-750 
ɩɪɢ Hmax ɩɪɢ ɇɪɚɫɱ ɩɪɢ ɇmin ɩɪɢ Hmax ɩɪɢ ɇɪɚɫɱ ɩɪɢ ɇmin 

Q, ˏ ଷ/˔ 377 423 354 373 420 356 ܪௌ, ˏ 0,35 -2,15 1,2 -2,29 -5,01 -1,47 
Zɧɛ(Qɧɛ), ɦ 167,45 167,50 167,43 167,45 167,50 167,43 

σ 0,22 0,31 0,28 0,248 0,347 0,32 ∆Zɯ ɩɥ, ɦ 1,406 1,406 1,406 0 0 0 
 
ɂɡ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ ɜɵɛɪɚɧɨ ɧɚɢɦɟɧɶɲɟɟ 

ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɢ ɪɚɫɱɟɬɨɜ, 
ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ, ɜɵɛɪɚɧɚ ɝɢɞɪɨɬɭɪɛɢɧɚ ɉɅȾ50ȼ-60°-750 ɫ ɫɢɧɯɪɨɧɧɨɣ 
ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ݊௖ = ͳͲͲ ˑ˄/ˏˋː  ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɚɝɪɟɝɚɬɨɜ ܼ˃ = ͸. Ɋɚɛɨɱɢɟ 
ɡɨɧɵ ɝɢɞɪɨɬɭɪɛɢɧ ɉɅȾ50ȼ-60°-750 ɢ ɉɅ50-ȼ-750 ɧɚ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ, ɪɢɫɭɧɨɤ ȼ.1, ȼ.2, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ 50ȼ-60°-750 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ȼ.3, ɩɪɢɥɨɠɟɧɢɹ ȼ. 

Ɉɬɦɟɬɤɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 
 ∇ܼʟʙ = ܼʜʐሺܳʜʐሻ + ௌܪ = ͳ͸͹,Ͷͷ + Ͳ,͵ͷ = ͳ͸͹,ͺͲ ˏ; (3.23) 
 ∇ܼʟʙ = ܼʜʐሺܳʜʐሻ + ௌܪ = ͳ͸͹,ͷͲ − ʹ,ͳͷ = ͳ͸ͷ,͵ͷ ˏ; (3.24) 
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∇ܼʟʙ = ܼʜʐሺܳʜʐሻ + ௌܪ = ͳ͸͹,Ͷ͵ + ͳ,ʹͲ = ͳ͸ͺ,͸͵ ˏ. (3.25) 
 
ɉɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: ∇ܼʟʙ = ͳ͸ͷ,͵ͷ ˏ. 
 
3.4 Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
 
Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɫɩɢɪɚɥɶɧɵɟ ɤɚɦɟɪɵ 𝜑 = ሺ͵Ͷͷ − ͵͸Ͳ°ሻ ɢɦɟɸɬ ɤɪɭɝɥɵɟ 

ɩɨɩɟɪɟɱɧɵɟ ɫɟɱɟɧɢɹ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɷɥɥɢɩɬɢɱɟɫɤɢɟ ɜ ɪɚɣɨɧɟ ɡɭɛɚ, ɨɧɢ ɫɥɭɠɚɬ 
ɞɥɹ ɩɨɞɜɨɞɚ ɜɨɞɵ ɤ ɬɭɪɛɢɧɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɧɚɩɪɚɜɥɹɸɳɢɣ 
ɚɩɩɚɪɚɬ. ɍɝɨɥ ɨɛɯɜɚɬɚ φ′ = ͵Ͷͷ°. 

ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ: 
 ܾ଴ = Ͳ,͵͹ͷ ∙ ଵܦ = Ͳ,͵͹ͷ ∙ ͹,ͷ = ʹ,ͺͳ ˏ. (3.26) 
 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
 ܾଵ = ܾ଴ + ʹͲሺ˔ˏሻ = ʹ,ͺͳ + Ͳ,Ͳʹ = ʹ,ͺ͵ ˏ. (3.27) 
 
Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɫɬɚɬɨɪɚ: ܦଵ = ͹,ͷ ˏ; ௔ܦ = ͳͳ,ͷ ˏ; ௕ܦ = ͳͲ ˏ;  ܦସ = ͳʹ ˏ; ܴସ = ͸ ˏ; ܴ = Ͳ,͸ͷ ˏ; ℎଵ = Ͳ,ͷͷ. 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
ଵܪ  = ܾଵ + ʹ ∙ ℎଵ = ʹ,ͺ͵ + ʹ ∙ Ͳ,ͷͷ = ͵,ͻ͵ ˏ. (3.28) 
 
ɉɪɢɧɹɬɚ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɞɥɹ 

ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ ݒ˔˓ = ͷ,Ͷ ˏ/˔. 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ: ܳ˓ = ͵͹ͳ,͵ ˏଷ/˔. 
 ܳ˅˘ = ܳ˓ ∙ 𝜑′ଷ଺଴° = ͵͹ͳ,͵ ∙ ଷସହଷ଺଴ = ͵ͷͷ,ͺ ˏଷ/˔, (3.29) 

 
ɝɞɟ 𝜑′ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɝɨɥ ɞɥɹ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ. 

ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
ܨ˅  ˘ = ொ˅˘௩˔˓ = ଷହହ,଼ହ,ସ = ͸ͷ,ͻ ˏଶ. (3.30) 

 
Ɋɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
˘˅݌  = √ி˅ ˘గ = √଺ହ,ଽଷ,ଵସ = Ͷ,ͷͺ ˏ. (3.31) 
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Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɬɭɪɛɢɧɵ ɞɨ ɰɟɧɬɪɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ܽ˅˘ = ܴସ + ଶ˘˅݌√ − ቀுభଶ ቁଶ = ͸ + √Ͷ,ͷͺଶ − ቀଷ,ଽଷଶ ቁଶ = ͳͲ,ͳͶ ˏ. (3.32) 

 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ܴ˅˘ = ˘˅݌ + ܽ˅˘ = Ͷ,ͷͺ + ͳͲ,ͳͶ = ͳͶ,͹ʹ ˏ. (3.33) 
 
Ɂɧɚɱɟɧɢɟ 𝜑̝ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ଵ̝ ∙ 𝜑 = ܽ − √ܽଶ − ଶ݌ = ͳͲ,ͳͶ − √ͳͲ,ͳͶଶ − Ͷ,ͷͺଶ = ͳ,Ͳͻ; (3.34) 

 

Ɉɬɧɨɲɟɧɢɟ ଵ̝ = ͳ,ͳͶ; 

 𝜑 = φ′ଷ଺଴° = ଷସହ°ଷ଺଴° = Ͳ,ͻ͸. (3.35) 

 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɚɞɚɜɚɹɫɶ ɪɹɞɨɦ ɡɧɚɱɟɧɢɣ ɭɝɥɨɜ 𝜑௜ ɱɟɪɟɡ ∆𝜑 = ͳͷ°, 

ɪɚɫɫɱɢɬɚɥɢ ɜɫɟ ɡɧɚɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ. Ɋɚɫɱɟɬɵ ɩɪɨɢɡɜɟɞɟɧɵ ɞɥɹ 𝜑 = ͵ͲͲ° . 
ɉɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɪɟɲɟɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ݔ: 
ݔ  = 𝜑̝ + √ଶ∙ோర∙𝜑஼ − ுభଶ = ͳ,Ͳͷ + √ଶ∙଺∙଴,ଽଶଵ,ଵସ − ଷ,ଽଷଶ = ͵,ͻͻ ˏ. (3.36) 

 
Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɰɟɧɬɪɚ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ܽ = ܴସ + ݔ = ͸ + ͵,ͻͻ = ͻ,ͻͻ ˏ.  (3.37) 

 
Ɋɚɞɢɭɫ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ: 
݌  = ଶݔ√ + ቀுభଶ ቁଶ = √͵,ͻͻଶ + ቀଷ,ଽଷଶ ቁଶ = Ͷ,Ͷͷ ˏ. (3.38) 

 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ܴ = ܽ + ݌ = ͻ,ͻͻ + Ͷ,Ͷͷ = ͳͶ,ͶͶ ˏ. (3.39) 

 
ȼɫɟ ɪɚɫɱɟɬɵ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.7. 
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Ɍɚɛɥɢɰɚ 3.7 – Ɋɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 𝜑 𝜑͵͸Ͳ 
𝜑̝

 ʹ ∙ ܴସ∙ [͵] [Ͷ]− ଶ(ʹଵܪ)
 

√[ͷ] [͸]+ [͵] [͹]ଶ [ͺ]+ ଶ(ʹଵܪ)
 

√[ͻ] ܴସ+ [͹] [ͳͲ]+ [ͳͳ] 
1 2 3 4 5 6 7 8 9 10 11 12 

345 0,96 1,09 13,13 9,26 3,04 4,14 17,12 20,98 4,58 10,14 14,72 
330 0,92 1,05 12,56 8,69 2,95 3,99 15,96 19,82 4,45 9,99 14,45 
315 0,88 1,00 11,99 8,12 2,85 3,85 14,81 18,68 4,32 9,85 14,17 
300 0,83 0,95 11,42 7,55 2,75 3,70 13,68 17,55 4,19 9,70 13,89 
285 0,79 0,90 10,84 6,98 2,64 3,55 12,57 16,44 4,05 9,55 13,60 
270 0,75 0,86 10,27 6,41 2,53 3,39 11,48 15,34 3,92 9,39 13,30 
255 0,71 0,81 9,70 5,84 2,42 3,22 10,40 14,26 3,78 9,22 13,00 
240 0,67 0,76 9,13 5,27 2,29 3,06 9,34 13,20 3,63 9,06 12,69 
225 0,63 0,71 8,56 4,70 2,17 2,88 8,30 12,16 3,49 8,88 12,37 
210 0,58 0,67 7,99 4,12 2,03 2,70 7,27 11,14 3,34 8,70 12,03 
195 0,54 0,62 7,42 3,55 1,89 2,50 6,27 10,13 3,18 8,50 11,69 
180 0,50 0,57 6,85 2,98 1,73 2,30 5,28 9,15 3,02 8,30 11,32 
165 0,46 0,52 6,28 2,41 1,55 2,08 4,31 8,18 2,86 8,08 10,94 
 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɭɝɥɨɜ 𝜑 ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ 
ɷɥɥɢɩɫɚ. ɉɨɫɬɪɨɢɥɢ ɩɥɚɜɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨ ɭɠɟ ɢɦɟɸɳɢɦɫɹ ɤɨɨɪɞɢɧɚɬɚɦ R ɢ 𝜑 ɞɨ ɤɨɨɪɞɢɧɚɬɵ (𝜑 = Ͳ; ܴ = ଵ଴ଶ ሻ. ɇɟɞɨɫɬɚɸɳɢɣ ɭɱɚɫɬɨɤ ɩɪɨɞɥɢɥɢ ɞɨ 0° ɢ 
ɩɨɥɭɱɢɥɢ ɡɚɜɢɫɢɦɨɫɬɶ ܴ = ݂ሺ𝜑ሻ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.2. 

 

 
Ɋɢɫɭɧɨɤ 3.2 – ɂɡɦɟɧɟɧɢɟ ɧɚɪɭɠɧɨɝɨ ɞɢɚɦɟɬɪɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ܴ = ݂ሺ𝜑ሻ 

 
ɋ ɲɚɝɨɦ ∆𝜑 = ͳͷ° ɫ ɪɢɫɭɧɤɚ 3.2 ɫɧɹɥɢ ɡɧɚɱɟɧɢɹ R ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɝɥɚ. ܴሺ𝜑=ଵହ଴ሻ = ͳͲ,͸ ˏ. 
Ȼɨɥɶɲɢɣ ɪɚɞɢɭɫ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ: 
ଵ݌  = ுభଶ·௦௜௡௔𝑘 = ଷ.ଽଷଶ·௦௜௡ଷହ = ͵,Ͷͷ ˏ, (3.40) 

 
ɝɞɟ ܽ௞ = ͵ͷ°. 
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ȼɵɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ݌ଵ ɩɪɢɧɢɦɚɸɬ ɩɨɫɬɨɹɧɧɵɦ ɞɥɹ ɜɫɟɯ 
ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ.  

Ɇɟɧɶɲɢɣ ɪɚɞɢɭɫ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ: 
ଶሺ𝜑=ଵହ଴ሻ݌  = ோሺ𝜑=భఱబሻ−ሺோర+௣భ·ሺଵ−௖௢௦௔𝑘ሻሻଶ·௖௢௦௔𝑘 = ଵ଴,଺−ሺ଺+ଷ,ସହ·ሺଵ−௖௢௦ଷହሻሻଶ·௖௢௦ଷହ = ʹ,Ͷ ˏ. (3.41) 

 
Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.8. 
 

Ɍɚɛɥɢɰɚ 3.8 – Ɂɧɚɱɟɧɢɹ ɧɚɪɭɠɧɨɝɨ ɢ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɪɚɞɢɭɫɚ 𝜑, ° ݌ଵ, ɦ R, ɦ ݌ଶ, ɦ 
150  

 
 

3,45 

10,600 2,4 
135 10,200 2,2 
120 9,800 1,9 
105 9,350 1,7 
90 8,850 1,4 
75 8,350 1,1 
60 7,800 0,7 
45 7,200 0,4 

 
ɑɟɪɬɟɠ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɩɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɜɵɲɟ 

ɩɚɪɚɦɟɬɪɚɦ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.3. 
 

 
Ɋɢɫɭɧɨɤ 3.3 – Ɇɟɬɚɥɥɢɱɟɫɤɚɹ ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ ɫ ɤɪɭɝɥɵɦɢ ɫɟɱɟɧɢɹɦɢ 

 
 
 



34 
 

3.5 Ɋɚɫɱɟɬ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ 

3.5.1 Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 
 
ɉɪɢ ɪɚɫɱɟɬɟ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɭɱɢɬɵɜɚɸɬ ɫɨɜɦɟɫɬɧɨɟ ɜɥɢɹɧɢɟ 

ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ. 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ: 
 ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ ∙ ே𝑎௡˔ˋː˘ = Ͳ,ͲͲͻ͹Ͷ ∙ ଵସଷହ଴଴ଵ଴଴ = ͳ͵,ͻͺ. (3.42) 

 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ): 
˅∗ܦ  ൒ ሺହ,ଵ∙ʛˍ˓[𝜏ˇˑ˒] ሻ଴,ଷଷ = ሺହ,ଵ∙ଵଷ,ଽ଼ଷ଴ ሻ଴,ଷଷ = ͳ,͵͵ ˏ. (3.43) 

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɚɥɚ ɨɤɪɭɝɥɢɥɢ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ: ܦ˅ = ͳ,Ͷ ˏ. 
 
3.5.2 Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ 
 
ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ ɤɨɥɶɰɟɜɨɝɨ ɜɢɞɚ. 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ: 
 ܴ˓˃ˇ = ଴,଼∙ே௡˔ˋː˘∙஽భ = ଴,଼∙ଵସଷହ଴଴ଵ଴଴∙଻,ହ = ͳͷ͵,Ͳ͹ ˍʜ. (3.44) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ݀˒, ɫ ɭɱёɬɨɦ ɨɛɥɢɰɨɜɤɢ ɩɪɢɧɹɥɢ ɧɚ ʹͲ ˏˏ ɛɨɥɶɲɟ ܦ˅, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ݀˒ = ͳ,Ͷʹ ˏ. 
ɍɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ: 
 ̟ܲ ˇ = ௉˓ ˃ˇௗ˒·ℎ˒ ൑ [̟ܲ ˇ] = ଵହଷ,଴଻ଵ,ସଶ·଴,ହ = ʹͳͷ,ͷͻ ˍʞ˃. (3.45) 

 
Ⱦɨɩɭɫɤɚɟɦɨɟ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ: 
 [̟ܲ ˇ] = ʹͻ · ܷ = ʹͻ · ͳͶ,ͺ͸ = Ͷ͵Ͳ,ͻͶ ˍʞ˃; (3.46) 

 ܷ = గ·௡˔ˋː˘˓·ௗ˒ଷ଴ = ଷ,ଵସ·ଵ଴଴·ଵ,ସଶଷ଴ = ͳͶ,ͺ͸ ˏ/˔ˈˍ. (3.47) 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɚɫɱёɬɨɜ ɤɨɥɶɰɟɜɨɣ ɩɨɞɲɢɩɧɢɤ ɩɪɨɯɨɞɢɬ ɩɨ ɭɫɥɨɜɢɹɦ 

ɧɚɝɪɭɡɤɢ. 
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3.6 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
 
Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ 

ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ. 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 ܵːˑˏ = ே˃ˆ˓௖௢௦𝜑 = ଵସଷ,ହ଴,଼ହ = ͳ͸ͺ,ͺʹ ʛʑ ∙ ʏ. (3.48) 

 
ɑɢɫɥɨ ɩɨɥɸɫɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
݌  = ଶ∙௙∙଺଴௡೎ = ଶ∙ହ଴∙଺଴ଵ଴଴ = ͸Ͳ. (3.49) 

 
Ɉɩɢɪɚɹɫɶ ɧɚ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ, ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ: ɋȼ-1260/185-

60ɍɏɅ4 ɫ ܵːˑˏ = ͳ͹͸,ͷ ʛʑ ∙ ʏ ɢ ݊ːˑˏ = ͳͲͲ ˑ˄/ˏˋː. ȼ ɬɚɛɥɢɰɟ 3.9 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɝɟɧɟɪɚɬɨɪɚ. 

 
Ɍɚɛɥɢɰɚ 3.9 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɟɧɟɪɚɬɨɪɚ ɋɢɜɚɝɥɢɟɜɫɤɨɣ Ƚɗɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɜɟɥɢɱɢɧɵ 

Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ 
ɦɨɳɧɨɫɬɶ 

Sɧɨɦ ɆȼȺ 176,5 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 

Ɋɧɨɦ Ɇȼɬ 150 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ 

cosφ ɨ.ɟ. 0,85 

ɇɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ 

Uɧɨɦ ɤȼ 15,75 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Iɧɨɦ ɤȺ 6,48 
ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ 
nɧɨɦ ɨɛ/ɦɢɧ 100 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

Xd ɨ.ɟ. 1,01 

ɉɟɪɟɯɨɞɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

X’d ɨ.ɟ. 0,33 

ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

X”d ɨ.ɟ. 0,24 

ɂɫɩɨɥɧɟɧɢɟ ɡɨɧɬɢɱɧɨɟ 
 
3.7 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

3.7.1 ȼɵɛɨɪ ɬɢɩɚ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ) ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɚɜɥɟɧɢɹ 

ɦɚɫɥɚ ɜ ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɜɨɪɨɬ ɥɨɩɚɬɨɤ 
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ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɢ ɥɨɩɚɫɬɟɣ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ. ɉɨ ɫɩɪɚɜɨɱɧɨɦɭ ɩɨɫɨɛɢɸ 
[2], ɨɩɪɟɞɟɥɟɧ ɬɢɩ Ɇɇɍ: Ɇɇɍ20/2-40-20-3. 

Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɜɦɟɫɬɢɦɨɫɬɶɸ 20 ɦ3, ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɨɫɭɞɨɜ ɫ 
ɞɚɜɥɟɧɢɟɦ 4 Ɇɉɚ, ɨɛɴɟɦɨɦ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜɦɟɫɬɢɦɨɫɬɶɸ 20 ɦ3 ɫ ɬɪɟɦɹ 
ɧɚɫɨɫɚɦɢ. 

 
3.7.2 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [2] ɜɵɛɪɚɧ ɬɢɩ ɗȽɊɄ. Ⱦɥɹ ɉɅȾ ɬɭɪɛɢɧɵ 

ɩɪɢɧɹɥɢ: ɗȽɊɄ-150-4 – ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɫ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦ ɤɨɦɛɢɧɚɬɨɪɨɦ ɜɧɟ ɤɨɥɨɧɤɢ ɭɩɪɚɜɥɟɧɢɹ: 
ɝɞɟ ɗȽɊɄ – ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ; 
      150 – ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ; 
       4 – ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɵɯ ɫɯɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Ƚɗɋ 
 
Ƚɥɚɜɧɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ 

ɷɬɚɩɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ, ɬɚɤ ɤɚɤ ɨɬ ɷɬɨɝɨ ɡɚɜɢɫɢɬ ɜɵɛɨɪ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɟɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɝɢɛɤɨɫɬɶ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

ȼ ɷɧɟɪɝɨɫɢɫɬɟɦɟ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɛɥɢɠɚɣɲɟɣ 
ɩɨɞɫɬɚɧɰɢɟɣ ɹɜɥɹɟɬɫɹ ɉɋ 500 ɤȼ «Ⱥɦɭɪɫɤɚɹ» (ɝ. ɋɜɨɛɨɞɧɵɣ) ɫ ɪɚɫɫɬɨɹɧɢɟɦ ͻͲ ˍˏ. 

ɂɫɩɨɥɶɡɭɸɬɫɹ ɫɯɟɦɵ ɤɚɤ ɫ ɩɪɨɫɬɵɦɢ ɛɥɨɤɚɦɢ, ɜ ɤɨɬɨɪɵɯ ɤɚɠɞɨɦɭ 
ɝɟɧɟɪɚɬɨɪɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɵɲɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɬɚɤ ɢ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ 
ɛɥɨɤɚɦɢ. ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɨɬɜɟɬɜɥɟɧɢɹ ɞɥɹ ɩɢɬɚɧɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. Ɍɢɩ ɫɯɟɦɵ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ. 
Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɞɜɟ ɫɯɟɦɵ: ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ 
ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.1. 

ɋɯɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɫ ɭɱɟɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ 
ɟɟ ɧɚɞɟɠɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ, ɪɟɦɨɧɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɨɜ. 

 

 
Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦɢ ɢ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ 

 
4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ 

4.2.1 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
 
Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ 

ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ. Ɉɩɢɪɚɹɫɶ ɧɚ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ, ɜɵɛɪɚɧ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-
1260/185-60ɍɏɅ4. ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɟɞɟɧɵ ɜ ɩɭɧɤɬɟ 3.6, ɬɚɛɥɢɰɚ 
3.9. 
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4.2.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɨɞɢɧɨɱɧɵɦ 
ɛɥɨɤɨɦ 

 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɬɢɩɚ, ɱɢɫɥɚ ɢ 

ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ 
ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ 
ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ, ɬ.ɟ. ɧɚɝɪɭɡɤɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 

 ܵ˓˃˔˚ = ௉̟ ˔˕.ˆˈː−௉̝ .ː௖௢௦𝜑ˆˈː = ଵହ଴−଴,଴଴ହ∙ଵହ଴଴,଼ହ = ͳ͹ͷ,͸ ʛʑʏ, (4.1) 

 
ɝɞɟ ܿݏ݋𝜑˔.ː = 𝜑ˆˈːݏ݋ܿ = Ͳ,ͺͷ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 
 

Ɍɚɛɥɢɰɚ 4.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ S, ɆȼȺ ܷːˑˏ, ɤȼ ˍܷˊ, % ∆ʟ˘˘, ɤȼɬ ∆ʟˍˊ, ɤȼɬ ̆ܫ ˘, % ܷʑʜ ܷʜʜ 

ɌȾɐ– 250000/500 250 525 15,75 13 250 600 0,45 
 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ௠ܶ௔௫ ɢ 
ɜɪɟɦɟɧɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ 𝜏. 

 𝜏 = ሺͲ,ͳʹͶ + ೘்𝑎ೣଵ଴ర ሻଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ,͵ ˚, (4.2) 

 
ɝɞɟ ௠ܶ௔௫ = Ͷ ˕˞˔. ˚˃˔. ˆˑˇ.  
˄˃˓ݐ  = ͺ͹͸Ͳ − ˒ܶߤ ˎ − 𝜔 ʑܶ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͺ,ͷ ˚, (4.3) 
 
ɝɞɟ ߤ = ͳ − ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ ɜ ɝɨɞ, 1/ɝɨɞ;  
      ܶ ˒ˎ = ͵Ͳ − ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ, ɱɚɫ.; 
      𝜔 = Ͳ,Ͳʹͷ − ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ, 1/ɝɨɞ; 
      ܶ ʑ = ͸Ͳ − ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɱɚɫ. 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ݊ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ∙ ʹͷͲ ∙ ͺ͹ʹͺ,ͷ = ʹͳͺʹ,ͳ͵ ʛʑ˕ ∙ ˚. (4.4) 

 
Ⱦɥɹ 6 ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ∆ܹ′˘˘ = ͸ ∙ ∆ܹ̆ ˘ = ͸ ∙ ʹͳͺʹ,ͳ͵ = ͳ͵Ͳͻʹ,͹ͺ ʛʑ˕ ∙ ˚. (4.5) 
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ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ˒ = ቀ∆௉̱ ˊ௡˕ ቁ ∙ ( ௌ˓˃˔˚ௌːˑˏ,˕˓)ଶ ∙ 𝜏 = ቀ଺଴଴ଵ ቁ ∙ ቀଵ଻ହ,଺ଶହ଴ ቁଶ ∙ ʹͶͲͷ,͵ = ͹ͳʹ,Ͳʹ ʛʑ˕ ∙ ˚.(4.6) 

 
Ⱦɥɹ 6 ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ∆ܹ′˒ = ͸ ∙ ∆ܹ˒ = ͸ ∙ ͹ͳʹ,Ͳʹ = Ͷʹ͹ʹ,ͳʹ ʛʑ˕ ∙ ˚, (4.7) 

 
ɝɞɟ ܵːˑˏ,˕˓ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
       ݊ ˕ − ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ: ʗ = ଵߚ ∙ ∆ܹ′˘˘ + ଶߚ ∙ ∆ܹ′˒ = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ͳ͵Ͳͻʹ,͹ͺ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ∙ Ͷʹ͹ʹ,ͳʹ = ͳͳ͹ ˕˞˔. ˓˖˄.,  (4.8) 
 
ɝɞɟ ߚଵ − ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ; ߚଶ − ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɧɚɝɪɭɡɨɱɧɵɯ ɩɨɬɟɪɶ. 

 
4.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɭɤɪɭɩɧɟɧɧɵɦ 

ɛɥɨɤɨɦ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ ɫɟɬɶ 

ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ 
ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ, ɬ.ɟ. ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 

 ܵ˓˃˔˚ = ʹ ∙ ௉̟ ˔˕.ˆˈː−௉̝ .ː௖௢௦𝜑ˆˈː = ʹ ∙ ଵହ଴−଴,଴଴ହ∙ଵହ଴଴,଼ହ = ͵ͷͳ,ͳͺ ʛʑʏ. (4.9) 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
 

Ɍɚɛɥɢɰɚ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ S, ɆȼȺ ܷːˑˏ, ɤȼ ˍܷˊ, % ∆ʟ˘˘, ɤȼɬ ∆ʟˍˊ, ɤȼɬ ̆ܫ ˘, % ܷʑʜ ܷʜʜ 

ɌȾɐ– 400000/500 400 525 15,75 13 350 800 0,4 
 𝜏 = ሺͲ,ͳʹͶ + ೘்𝑎ೣଵ଴ర ሻଶ ∙ ͺ͹͸Ͳ = ቀͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ቁଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ,͵ ˚, (4.10) 

 
ɝɞɟ ௠ܶ௔௫ = Ͷ ˕˞˔. ˚˃˔  ˆˑˇ.  
˄˃˓ݐ  = ͺ͹͸Ͳ − ˒ܶߤ ˎ − 𝜔 ʑܶ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͺ,ͷ ˚. (4.11) 
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ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ݊ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ∙ ͵ͷͲ ∙ ͺ͹ʹͺ,ͷ = ͵ͲͷͶ,ͻͺ ʛʑ˕ ∙ ˚. (4.12) 
 
Ⱦɥɹ 3 ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ∆ܹ′˘˘ = ͵ ∙ ∆ܹ̆ ˘ = ͵ ∙ ͵ͲͷͶ,ͻͺ = ͻͳ͸Ͷ,ͻ͵ ʛʑ˕ ∙ ˚. (4.13) 
 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ˒ = ቀ∆௉̱ ˊ௡˕ ቁ ∙ ( ௌ˓˃˔˚ௌːˑˏ,˕˓)ଶ ∙ 𝜏 = ቀ଼଴଴ଵ ቁ ∙ ቀଷହଵ,ଵ଼ସ଴଴ ቁଶ ∙ ʹͶͲͷ,͵ =  = ͳͶͺ͵,ͺͺ ʛʑ˕ ∙ ˚. (4.14) 

 
Ⱦɥɹ 3 ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ∆ܹ′˒ = ͵ ∙ ∆ܹ˒ = ͵ ∙ ͳͶͺ͵,ͺͺ = ͶͶͷͳ,͸Ͷ ʛʑ˕ ∙ ˚. (4.15) 
 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ: 
 ʗ = ଵߚ ∙ ∆ܹ̆ ˘ + ଶߚ ∙ ∆ܹ˒ = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ͻͳ͸Ͷ,ͻͶ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͶͶͷͳ,͸Ͷ =  =  ͻͷ,Ͳͷ ˕˞˔. ˓˖˄. (4.16) 

 
ɋɯɟɦɚ Ƚɗɋ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.2. 
 

 
Ɋɢɫɭɧɨɤ 4.2 – ɋɯɟɦɚ Ƚɗɋ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ 

 
4.2.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
 
Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɯɟɦ ɜɵɛɢɪɚɟɦ ɨɞɢɧɚɤɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 

ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɬɚɤ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɢ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, 
ɨɞɢɧɚɤɨɜɵɟ ɜ ɨɛɟɢɯ ɫɯɟɦɚɯ. 
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ɋɨɝɥɚɫɧɨ ɋɌɈ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɚ ɬɚɤɠɟ 
ɜɵɩɪɹɦɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɫ ɫɭɯɨɣ 
ɢɡɨɥɹɰɢɟɣ. 

 ܵ˔.ː = Ͳ,ͲͲͷ ∙ ௉ː ˑˏ௖௢௦𝜑 = Ͳ,ͲͲͷ ∙ ଼଺ଵ଴,଼ହ = ͷ,Ͳ͸ ʛʑʏ. (4.17) 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 4.3. 
 

Ɍɚɛɥɢɰɚ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ܵːˑˏ, ɆȼȺ ܷːˑˏ, ɤȼ ˍܷˊ, % ܷʑʜ ܷʜʜ 

ɌɋɁ-6000/15,75/6 ɍɁ 6 15,75 6 8 
 
4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ, 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ: 
 ݊ = ௉̟ ˔˕.˔˕−௉̝ .ː௞∙௉ː ˃˕/௖௢௦𝜑 + ͳ = ଼଺ଵ−ସ,ଷଵ∙ଽ଴଴/଴,଼ହ + ͳ = ͳ,ͺ = ʹ, (4.18) 

 
ɝɞɟ ݇ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ Ʌɗɉ, ɩɪɢ 
ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ 330 ɤȼ ɢ ɜɵɲɟ Ʉ = 1. 
         ܲ ː˃˕ − ɧɚɬɭɪɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ȼɅ ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 500 ɤȼ.  

ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 500 ɤȼ ɪɚɜɧɵɦ ݊ = ʹ. 
ܫ˓  ˃˄ = ௉̝ ˕−௉̝ .ː√ଷ௡௎ːˑˏ௖௢௦𝜑 = ଼଺ଵ−ସ,ଷ√ଷ∙ଶ∙ହ଴଴∙଴,଼ହ = ͷͺʹ ʏ, (4.19) 

 
ɝɞɟ ݊ − ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɜɨɞɨɜ. 

Ɋɚɫɱɟɬɧɵɣ ɬɨɤ: 
ܫ˓  ˃˔˚ = ܫ˓ ௧ߙ௜ߙ˄˃ = ͷͺʹ ∙ ͳ,Ͳͷ ∙ ͳ = ͸ͳͳ,ͳ ʏ, (4.20) 

 
ɝɞɟ ߙ௜ = ͳ,Ͳͷ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ; 
௧ߙ        = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɚ: 
ܨ  = ூ˓ ˃˔˚௝ = ଺ଵଵ,ଵଵ,ଵ = ͷͷͷ,ͷ ˏˏଶ, (4.21) 
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ɝɞɟ ݆ = ͳ,ͳ ʏˏˏమ − ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ. 
ɉɪɨɜɟɪɤɚ ɩɨ ɧɚɝɪɟɜɭ ɩɪɨɜɨɞɚ: 
ܫ˃  ˅ = ௉̟ ˔˕.˔˕−௉̝ .ː√ଷ௎ːˑˏሺ௡−ଵሻ௖௢௦𝜑 = ଼଺ଵ−ସ,ଷ√ଷ∙ହ଴଴∙ଵ∙଴,଼ହ = ͳͳ͸Ͳ ʏ. (4.22) 

 
Ⱥɋ-600/72 ɧɟ ɩɨɞɯɨɞɢɬ ɩɨ ɬɨɤɨɜɨɣ ɡɚɝɪɭɡɤɟ (̌ܫ ˑ˒), ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ 

ɫɟɱɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨ ɉɍɗ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ ɧɟɬ, ɩɨɷɬɨɦɭ 
ɩɪɢɧɢɦɚɟɦ ɪɟɲɟɧɢɟ ɨ ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɥɢɧɢɣ n=3. 

ܫ˓  ˃˄ = ௉̝ ˕−௉̝ .ː√ଷ௡௎ːˑˏ௖௢௦𝜑 = ଼଺ଵ−ସ,ଷ√ଷ∙ଷ∙ହ଴଴∙଴,଼ହ = ͵ͺͺ ʏ; (4.23) 

ܫ˓  ˃˔˚ = ܫ˓ ௧ߙ௜ߙ˄˃ = ͵ͺͺ ∙ ͳ,Ͳͷ ∙ ͳ = ͶͲ͹,Ͷ ʏ; (4.24) 
ܨ  = ூ˓ ˃˔˚௝ = ସ଴଻,ସଵ,ଵ = ͵͹Ͳ,Ͷ ˏˏଶ. (4.25) 

 
ɉɪɨɜɟɪɤɚ ɩɨ ɧɚɝɪɟɜɭ ɩɪɨɜɨɞɚ: 
ܫ˃  ˅ = ௉̟ ˔˕.˔˕−௉̝ .ː√ଷ௎ːˑˏሺ௡−ଵሻ௖௢௦𝜑 = ଼଺ଵ−ସ,ଷ√ଷ∙ହ଴଴∙ଶ∙଴,଼ହ = ͷͺʹ ʏ; (4.26) 

ܫ̌  ˑ˒ = ͺʹͷ ʏ. 
 
ȼɵɛɢɪɚɟɦ ɩɪɨɜɨɞ Ⱥɋ – 3ɯ400/51. Ⱦɚɧɧɵɟ ɩɪɨɜɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 4.4. 
 

Ɍɚɛɥɢɰɚ 4.4 – Ⱦɚɧɧɵɟ ɩɪɨɜɨɞɚ Ⱥɋ – 3ɯ400/51 
Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ, ɲɬ ݎ଴, Ɉɦ/ɤɦ ݔ଴, Ɉɦ/ɤɦ ܾ଴ ∙ ͳͲ−଺, ɋɦ/ɤɦ 

3 0,0243 0,306 3,623 
 
4.4 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 

ɪɚɫɱɟɬɚ 
 
ȼ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɫɯɟɦɟ ɪɚɡɥɢɱɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɫɢɥɨɜɵɯ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, Ɍɋɇ ɢ ɹɱɟɣɤɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɞɥɹ ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ: 
ܭ  = ˕ܭ݊ + ʡʠʜܭ݉ + ʙʟʢЭܭݐ = ͸ ∙ ͵ͲͲ + ͸ ∙ ͳͲ + ͻ ∙ ͳͲ =  = ͳͻͷͲ ˏˎː. ˓˖˄., (4.27) 

 
ɝɞɟ ݊ − ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
˕ܭ       − ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
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      ݉ − ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
ʡʠʜܭ       − ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
ݐ       = ͻ − ɱɢɫɥɨ ɹɱɟɟɤ ɄɊɍɗ; 
ʙʟʢЭܭ       − ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɄɊɍɗ. 

Ɂɚɬɪɚɬɵ: 
 ʖ = ௜ܭ௡ܨ + ʗ = Ͳ,ͳͷ ∙ ͳͻͷͲ ∙ ͳͲ଺ + ͳͳ͹ͲͲͲ = ʹͻʹ,͸ ˏˎː. ˓˖˄., (4.28) 

 
ɝɞɟ ܨ௡ = Ͳ,ͳͷ − ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ; 
௜ܭ       − ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ; 
      ʗ − ɢɡɞɟɪɠɤɢ. 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɞɥɹ ɭɤɪɭɩɧɟɧɧɨɝɨ ɛɥɨɤɚ: 
ܭ  = ˕ܭ݊ + ʡʠʜܭ݉ + ʙʟʢЭܭݐ = ͵ ∙ ͷͺͻ + ͵ ∙ ͳͲ + ͸ ∙ ͳͲ =  = ͳͺͷ͹ ˏˎː. ˓˖˄., (4.29) 

 
ɝɞɟ ݐ = ͸ − ɱɢɫɥɨ ɹɱɟɟɤ ɄɊɍɗ. 

Ɂɚɬɪɚɬɵ: 
 ʖ = ௜ܭ௡ܨ + ʗ = Ͳ,ͳͷ ∙ ͳͺͷ͹ ∙ ͳͲ଺ + ͻͷͲͷͲ = ʹ͹ͺ,͸ ˏˎː. ˓˖˄.; (4.30) 

  ∆= ʖ𝑖భ−ʖ𝑖మʖ𝑖భ ∙ ͳͲͲ% = ଶଽଶ,଺−ଶ଻଼,଺ଶଽଶ,଺ ∙ ͳͲͲ% = Ͷ,͹ͺ %. (4.31) 

  
ɂɡ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɜɚɪɢɚɧɬɵ ɨɬɥɢɱɚɸɬɫɹ ɦɟɧɶɲɟ ɱɟɦ ɧɚ 5%, 

ɨɤɨɧɱɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ, ɬɚɤ ɤɚɤ ɷɬɨɬ 
ɜɚɪɢɚɧɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɣ. 

 
4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 
 
ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ Ɋɍ–500 ɤȼ: 6 (3 ȼɅɗɉ 500 ɤȼ, 3 ɛɥɨɤɚ). ɉɪɢ 

ɞɚɧɧɨɦ ɱɢɫɥɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɧɚɩɪɹɠɟɧɢɹ Ɋɍ ɜɵɛɢɪɚɟɦ 
ɩɨɥɭɬɨɪɧɭɸ ɫɯɟɦɭ. ȼɵɛɪɚɧɧɚɹ ɫɯɟɦɚ Ɋɍ – 500 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.3. 
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Ɋɢɫɭɧɨɤ 4.3 – ɋɯɟɦɚ Ɋɍ ȼɇ 500 ɤȼ: ɉɨɥɭɬɨɪɧɚɹ ɫɯɟɦɚ 

 
4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ 

ɝɥɚɜɧɨɣ ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RastrWin 

4.6.1 Ɋɚɫɱɟɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ɉɩɪɟɞɟɥɢɦ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ 

ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 
ɋɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ: 
 xʒ = x ′ୢ′ ∙ ୙ːˑˏమୗ ːˑˏ = Ͳ,ʹͶ ∙ ଵହ,଻ହమଵ଻଺,ହ  = Ͳ,͵Ͷ ʝˏ. (4.32) 

 
Ɂɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
 Eʒ = E∗" ∙ U˄ = ͳ,ͳ͵ ∙ ͳͷ,͹ͷ = ͳ͹,ͺ ˍʑ. (4.33) 

 
ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 xʡ = ୙ʙ%∙୙ːˑˏమଵ଴଴∙ୗːˑˏ = ͳ͵∙ହଶହమଵ଴଴∙ସ଴଴ = ͺͻ,ͷ ʝˏ. (4.34) 
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ɋɢɫɬɟɦɚ: 
 xʠ = ୙ːˑˏమୗ ˍˊ = ହ଴଴మ∞ = Ͳ ʝˏ. (4.35) 

 
Ʌɢɧɢɢ ɫɜɹɡɢ 500 ɤȼ ɫ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ: 
 xˎ = x଴,˖ˇ ∙ l = Ͳ,͵Ͳ͸ ∙ ͻͲ = ʹ͹,ͷͶ ʝˏ. (4.36) 

 
ɗȾɋ ɷɧɟɪɝɨɫɢɫɬɟɦɵ: 
 ʔʠ = ʔ∗ʠ ∙ U˄ଵ = ͳ,Ͳ ∙ ͷʹͷ = ͷʹͷ ˍʑ. (4.37) 

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 kʡ = ୙ʜʜ୙ʑʜ = ଵହ,଻ହହଶହ = Ͳ,Ͳ͵. (4.38) 

 
Ɉɩɪɟɞɟɥɢɦ ɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɣ 

ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
 rˆ = ୶ʒ୘˃,ʒ∙ω = ଴,ଷସ ଴,଴ସହ∙ଷଵସ = Ͳ,ͲʹͶ ʝˏ; (4.39) 

 rʚ = ˇ˖,଴ݎ ∙ l = Ͳ,ͲʹͶ͵ ∙ ͻͲ = ʹ,ͳͺ͹ ʝˏ;  (4.40) 
 r˕ = Δ୔k∙୙మ˄ୗːˑˏమ = ଼଴଴∙ଵ଴య∙ሺହଶହ∙ଵ଴యሻమሺସ଴଴∙ଵ଴లሻమ = ͳ,Ͷ ʝˏ. (4.41) 

 
4.6.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢ ɪɚɫɱɟɬ 

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

 
ɇɚ ɪɢɫɭɧɤɟ 4.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ. ɇɚ ɪɢɫɭɧɤɟ 4.5 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ. ɇɚ ɪɢɫɭɧɤɟ 4.6 ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ. ȼɫɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ ɩɪɨɝɪɚɦɦɵ 
«RastrWin», ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ. 
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Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.6 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɬɨɤɨɜ ɄɁ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.7, 4.8, 4.9 ɢ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.5. 
 

 
Ɋɢɫɭɧɨɤ 4.7 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ 
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Ɋɢɫɭɧɨɤ 4.8 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ 

 

 
Ɋɢɫɭɧɨɤ 4.9 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ 

 
Ɍɚɛɥɢɰɚ 4.5 – Ɇɟɫɬɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɜ ɬɨɱɤɚɯ ɄɁ 

Ɍɢɩ ɄɁ  Ɍɨɱɤɚ ɄɁ (ɉ1) I˒.଴, ɤȺ i˖, ɤȺ 
1ɮ 10 17,17 26,71 
3ɮ 10 11,46 17,83 
3ɮ 1 60,37 153,68 

 
4.6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥёɧɧɨɝɨ ɪɟɠɢɦɚ 
 
ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ. Ⱦɥɹ 
ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ 
ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: 

 Iˆ,˓˃˄ ୫a୶ = ͳ,Ͳͷ ∙ ௌːˑˏ√ଷ௎ːˑˏ = ͳ,Ͳͷ ∙ ଵ଻଺,ହ∙ଵ଴ల√ଷ∙ଵହ,଻ହ∙ଵ଴య = ͸,ͺ ˍʏ. (4.42) 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 

 I˕˓−˓˃ = ୗ˕,ːˑˏ√ଷ∙୙ːˑˏሺ−ఱ%ሻ = ସ଴଴∙ଵ଴ల√ଷ∙ସଽ଼,଻ହ = Ͷ͸͵,ͲͶ ʏ. (4.43) 

 
Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 500 ɤȼ: 

 I˓˃˄.௠௔௫ = ୗ∑√ଷ∙୙ːˑˏ∙ሺ୬ˎሻ = ଵ଴଴଻,ଽ√ଷ∙ହ଴଴∙ଷ = ͵ͺ͹,ͻͶ ʏ. (4.44) 

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 

ɨɞɧɨɣ ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 
 I˓˃˄.˖˕ˢˉ = ୗ∑√ଷ∙୙ːˑˏ∙ሺ୬ˎ−ଵሻ = ଵ଴଴଻,ଽ√ଷ∙ହ଴଴∙ଶ = ͷͺͳ,ͻͳ ʏ. (4.45) 
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4.6.4 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ 15,75 ɤȼ 

 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

ɢ ɩɪɨɜɟɪɹɸɬɫɹ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɩɨ ɬɟɦ ɠɟ 
ɡɧɚɱɟɧɢɹɦ, ɱɬɨ ɢ ɜɵɤɥɸɱɚɬɟɥɢ. 

ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 Uːˑˏ ൒ Uːˑˏ.˔; (4.46) 
 Iːˑˏ ൒ I˓˃˄,୫a୶; (4.47) 
 Bˍ,ːˑ˓ˏ ൒ Bˍ,˓˃˔˚. (4.48) 
 

ȼɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ-20, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɤɨɧɰɟɪɧ 
«ȼɵɫɨɤɨɜɨɥɶɬɧɵɣ ɫɨɸɡ» ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊɁ–20/8000 Ɇɍ3, ɩɪɨɢɡɜɨɞɢɬɟɥɶ 
ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ». Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6.  

 
Ɍɚɛɥɢɰɚ 4.6 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ-20/63/8000 
ɪɚɡɴɟɞɢɧɢɬɟɥɶ 

ɊȼɊɁ-20/8000 Ɇɍ3 U˔ˈ˕ˋ ːˑˏ = ͳͷ,͹ͷ ˍʑ Uːˑˏ = 20 ɤȼ Uːˑˏ = 20 ɤȼ Iʒ.˓˃˄ = ͸ͺͲͲ ʏ Iːˑˏ = ͺͲͲͲ Ⱥ Iːˑˏ = ͺͲͲͲ Ⱥ I୬଴ = ͸Ͳ,͵͹ ɤȺ  I˔ˍ˅ ˍˊ = 160 ɤȺ iˠˎ.˔˕ = ͳͲͲ ɤȺ i୷ = ͳͷ͵,͸ͺ ɤȺ ݅˒˓ ˔ˍ˅ = ͸͵ ɤȺ I˕.˔˕ = ʹͷͲ ɤȺ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͸Ͳ,͵͹ ଶ ∙ ሺͲ,Ͳͺ + Ͳ,Ͳͳሻ = = ͵ʹͺ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͸͵ଶ ∙ ͵ = ͳͳͻͲ͹ ˍʏଶ ∙ ˔ 
ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͳͲͲଶ ∙ ͵ = ͵ͲͲͲͲ ˍʏଶ ∙ ˔ 

 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

4.7. 
 
Ɍɚɛɥɢɰɚ 4.7 – 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 RS232 0,5 10 

  ∑ = 26 ȼ·Ⱥ 
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ȼɵɛɪɚɧ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ɈɈɈ «Ⱥɋɍ-ȼɗɂ», 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ-Ɇ3, 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ 
ɤɨɦɩɟɧɫɚɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɜɵɛɟɝɚ. 

ȼɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɮɢɪɦɨɣ ɈɈɈ «ɘɉɁ 
ɉɪɨɦɫɜɹɡɶɤɨɦɩɥɟɤɬ». 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 (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ȽɈɋɌ 13109-97), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɢ ɫɭɳɟɫɬɜɟɧɧɨ 
ɫɨɤɪɚɬɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜ ɟɝɨ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ. 

 
4.7 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ–20, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ȺɈ «ɋɜɷɥ». 

ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-20 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.8. 
 
Ɍɚɛɥɢɰɚ 4.8 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ–20 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ ൑ Uːˑˏ Uʒ = ͳͷ,͹ͷ ˍʑ Uːˑˏ = ʹͲ ˍʑ I˓˃˄ ୫a୶ ൑ Iːˑˏ Iʒ.˓˃˄ = ͸ͺͲͲ ʏ Iːˑˏ = ͺͲͲͲ ʏ 
 

ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-20, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 
«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-20 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9.  

Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 15,75 ɤȼ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ-ɉ1-20 ɍɏɅ1, 
ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ «ɁɗɌɈ». 

 
Ɍɚɛɥɢɰɚ 4.9– ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ ൑ Uːˑˏ Uʒ = ͳͷ,͹ͷ ˍʑ Uːˑˏ = ʹͲ ˍʑ 
 
4.8 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 
 
ɉɚɪɚɦɟɬɪɵ ɄɊɍɗ Ɍ 115-500 ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10, 

ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ «ɗɥɟɤɬɪɨɩɭɥ». Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɬɚɛɥɢɰɟ 4.11, 4.12. 
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Ɍɚɛɥɢɰɚ 4.10 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɞɚɧɧɵɯ ɄɊɍɗ 500 ɤȼ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ Ɍ 115 

ɜɵɤɥɸɱɚɬɟɥɶ  ɪɚɡɴɟɞɢɧɢɬɟɥɶ U ːˑˏ = ͷͲͲ ˍʑ Uːˑˏ = 500 ɤȼ Uːˑˏ = 500 ɤȼ I˓˃˄ = ͵ͺ͹,ͻͶ ʏ Iːˑˏ = ͸͵ͲͲ Ⱥ Iːˑˏ = ͸͵ͲͲ Ⱥ I୬଴ = ͳͳ,Ͷ͸ ɤȺ ݅ˑ˕ˍˎ = ͸͵ ɤȺ iˠˎ.˔˕ = ͳ͸Ͷ ɤȺ i୷ = ͳ͹,ͺ͵ ɤȺ  I˕.˔˕ = ͸͵ ɤȺ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͳͳ,Ͷ͸ ଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͳͳ,͹ͻ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͸͵ଶ ∙ ͶͲ ∙ ͳͲ−ଷ = ͳͷͺ,͹͸ ˍʏଶ ∙ ˔ 
ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͳ͸Ͷଶ ∙ ʹ = ͷ͵͹ͻʹ ˍʏଶ ∙ ˔ 

 
Ɍɚɛɥɢɰɚ 4.11 – Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ  

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ ൑ Uːˑˏ Uːˑˏ = ͷͲͲ ˍʑ Uːˑˏ = ͷͲͲ ˍʑ I˓˃˄ ୫a୶ ൑ Iːˑˏ I˓˃˄ = ͵ͺ͹,ͻͶ ʏ Iːˑˏ = ͺͲͲ ʏ 
 

Ɍɚɛɥɢɰɚ 4.12– Ⱦɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ ൑ Uːˑˏ U = ͷͲͲ ˍʑ Uːˑˏ = ͷͲͲ ˍʑ 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɬɚɛɥɢɰɚɯ 5.1, 5.2. 
 

Ɍɚɛɥɢɰɚ 5.1 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-1260/185-60ɍɏɅ4 

Ɍɢɩ 
ɋȼ-1260/185-

60ɍɏɅ4 

Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɉɨɥɧɚɹ, ɆȼȺ 176,5 

Ⱥɤɬɢɜɧɚɹ, Ɇȼɬ 150 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 15,75 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ  cos φ 0,85 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 100 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ 6470 

Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ, Ⱥ 1800 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ, ȼ 270 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ 

ɫɢɧɯɪɨɧɧɨɟ Xd, ɨ.ɟ. 1,01 
ɩɟɪɟɯɨɞɧɨɟ X'd, ɨ.ɟ. 0,33 

ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ X"d, 
ɨ.ɟ. 0,24 

 
Ɍɚɛɥɢɰɚ 5.2 – ɉɚɪɚɦɟɬɪɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-400000/500 

Ɍɢɩ ɌȾɐ-400000/500 

ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 400 ɆȼȺ 

ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 525/15,75 

ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 13 

ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ Yɧ/Δ 

ɪɟɠɢɦ ɪɚɛɨɬɵ ɧɟɣɬɪɚɥɢ – 

 
5.1 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: 
ܫ̂  ,ːˑˏሺଵሻ = ௌːˑˏ√ଷ∙௎ːˑˏ = ଵ଻଺,ହ√ଷ∙ଵହ,଻ହ = ͸Ͷ͹Ͳ  ʏ, (5.1) 

 
ɝɞɟ ܵːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; 
      ܷ ːˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ 
ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:  

ܫ̂  ,ːˑˏሺଶሻ = ூ̂ ,ːˑˏሺభሻ ∙௄˔˘௄˕˕ = ଺ସ଻଴∙ଵ଼଴଴଴/ହ = Ͷ,ͲͶ ʏ, (5.2) 

 
ɝɞɟ ܭ˔˘ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɟɞɢɧɢɰɟ ɞɥɹ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ «ɡɜɟɡɞɚ»; 
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 ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɧɚ ɫɬɨɪɨɧɟ – ˕˕ܭ      
ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ɇɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
 ܵːˑˏ,ʑʒଵ = ூː ˑˏ,˓ˑ˕ଵ,ଶଶହହ ∙ ܷːˑˏ,˓ˑ˕ = ଵ଼଴଴ଵ,ଶଶହହ ∙ ʹ͹Ͳ = ͵ͻ͸,ͷ ˍʑʏ. (5.3) 

 
ɉɪɢɧɢɦɚɟɦ ɝɟɧɟɪɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ ɦɨɳɧɨɫɬɶɸ 400 ɤȼȺ. 
ȼɵɩɨɥɧɢɦ ɩɟɪɟɫɱёɬ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
 ːܫ ˑˏ,ଶ = ௌːˑˏ,ʑʒభ௎ːˑˏ,˓ˑ˕ = ସ଴଴∙ଵ଴యଶ଻଴ = ͳͶͺͳ,ͷ ʏ; (5.4) 

 ːܫ ˑˏ,˓ˑ˕ଶ = ூː ˑˏ,మ௄˕˕ = ଵସ଼ଵ,ହଵହ଴଴/ହ = Ͷ,ͻ ʏ. (5.5) 

 
5.2 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɍɗ ɫɨɝɥɚɫɧɨ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦ ɤ 

ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 
Ɂɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-1260/185-60ɍɏɅ4 176,5 ɆȼȺ: 
 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

ɄɁ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 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. 
Ɂɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-400000/500: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
 ɍɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɨɯɜɚɬɵɜɚɸɳɟɟ ɨɛɦɨɬɤɭ ȼɇ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ); 
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 Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɜ ɫɟɬɢ 500 ɤȼ; 

 Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 15,75 ɤȼ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
 Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
 Ʉɨɧɬɪɨɥɶ ɢɡɨɥɹɰɢɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɜɨɞɨɜ; 
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; 
 Ɂɚɳɢɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɢ ɩɨɬɟɪɢ ɨɯɥɚɠɞɟɧɢɹ. 
Ɂɚɳɢɬɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 500 ɤȼ: 
Ɉɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ–ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɜɫɟɯ ɜɢɞɨɜ 

ɄɁ); 
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 
 5-ɬɢ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

ɡɚɦɵɤɚɧɢɣ; 
 Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 

ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ; 
 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ 

ɡɟɦɥɸ (ɌɇɁɇɉ); 
 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 500 ɤȼ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 500 ɤȼ. 
Ɂɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ: 
 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ; 
 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ; 
 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; 
 Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
 
5.3 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 

5.3.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (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: Iɧɨɦ. = 6470 Ⱥ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: ηɬɬ=8000/5Ⱥ. 
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1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 
ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ IɋɊ,0 ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

ʜʐሺʜሻܫ  = ˑˇːܭ ∙ ௜݂ ∙ ːܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ͸Ͷ͹Ͳ = ͵ʹ͵,ͷ ʏ,  (5.6) 
 
ɝɞɟ ܭˑˇː – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɪɚɜɧɵɣ 0,5; 
       ݂ ௜ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɪɚɜɧɚɹ 0,1; 
       ːܫ  – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɪɚɜɧɵɣ 6470 Ⱥ. 

ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 
ʠʟ.଴ܫ  ൒ ːܭ ∙ ʜʐሺʜሻܫ = ːܭ ∙ ˑˇːܭ ∙ ௜݂ ∙ ːܫ = ʹ ∙ Ͳ,Ͳͷ ∙ ͸Ͷ͹Ͳ = Ͳ,ͳ ∙ ːܫ , (5.7) 

 
ɝɞɟ ܭː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 2. 

ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ (5.7) ɩɪɢɧɢɦɚɟɬɫɹ ɭɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ 
ɫɪɚɛɚɬɵɜɚɧɢɹ: 

ʠʟ.଴ܫ  = Ͳ,ͳͷ ∙ ːܫ = Ͳ,ͳͷ ∙ ͸Ͷ͹Ͳ = ͻ͹Ͳ,ͷ ʏ. (5.8) 
 

2) ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 
ɨɩɪɟɞɟɥɹɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɄɁ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɧɚ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɩɪɢ 
ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ: 

ʛʏʙʠܫ  = ா೏"௫೏" ∙ ːܫ = ଵ,ଵଷ଴,ଶସ ∙ ͸Ͷ͹Ͳ = ͵ͲͶ͸ʹ,ͻ ʏ, (5.9) 

 
ɝɞɟ ܧௗ"  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ, 1,13; 
"ௗݔ        – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, 0,24. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɪɚɜɟɧ: 
ʜʐሺʙʖሻܫ  = ʙʏʞ ∙ ௜݂ ∙ ˑˇːܭ ∙ ʛʏʙʠܫ = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͵ͲͶ͸ʹ,ͻ = ͵ͲͶ͸,ʹͻ ʏ, (5.10) 

 
ɝɞɟ ܭʏʞ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɪɚɜɧɵɣ 2. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 
ʡܭ  >  ூʜʐሺʙʖሻ∙௄ʜூʡ , (5.11) 

 
ɝɞɟ ܭː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, 2; 
 .ʡ – ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ, 30462,9Ⱥܫ      
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Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (5.11):  
ʡܭ  > ଷ଴ସ଺,ଶଽ ∙ଶଷ଴ସ଺ଶ,ଽ  ; 

ʡܭ  > Ͳ,ʹ . 
 

ɄɌ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,3. 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ (5.12) ɢ 

ɪɚɜɧɚ: 
ʜʡܫ  = ூʠʟ.బʙʡ = ଴,ଵହ∙ூː଴,ଷ = Ͳ,ͷ ∙ ːܫ . (5.12) 

 
4) Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɨɪɦɨɡɧɨɣ ɬɨɤ ȼ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɬɨɱɤɭ ɢɡɥɨɦɚ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ɭɫɬɚɜɤɢ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ: 

ܤ  ൒ ூʠʟ.బʙʡ = ଴,ଵହ∙ூː଴,ଷ = Ͳ,ͷ ∙ ːܫ . (5.13) 

 
ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ (5.13) ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 

1,5Iɧ.  
5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɨɬɫɟɱɤɚ. 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɨɬɫɟɱɤɢ: 
 ˑܫ ˕˔ = ͷ ∙ ːܫ ˑˏ = ͷ ∙ Ͷ,ͲͶ = ʹͲ,ʹ ʏ. (5.14) 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.1: 
 

 
Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 
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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 
 
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. 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 «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 5.2. 

 

 
Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ UɈ ɗɅ.ɋɌ. 
 
ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
Σܥ  = ʡܥ + ʠʒ + ʠʧ + ʠʑʒ = Ͳ,ͲͲ͹͵ + ͳ,ͳ + Ͳ,ͲͲͺ + Ͳ,Ͷͷ =  = ͳ,ͷ͸ͷ ˏˍʣ/˗˃ˊ˖, (5.15) 

 
ɝɞɟ ɋȽ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ ɪɚɜɧɚɹ 1,08; 
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      ɋɌ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; 
      ɋɒ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; 
      ɋ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 

 ܷʝ Эʚ.ʠʡ = ʙ ∙ ܷ଴ ∙ ʠʡሺఓబሻʠʡሺఓబሻ+ʠΣ = Ͳ,ͷ ∙ ͳͲͳͲͶͲ ∙ ଴,଴ଵହ଴,଴ଵହ+ଵ,ହ଺ହ = Ͷ͹ͻ,͸ʹ ʑ, (5.16) 

 
ɝɞɟ ʙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ܷ଴ ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, ʙ = Ͳ,ͷ; 
      ʠʡሺߤ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ʠʡሺߤ଴ሻ; 
      ܷ ଴ – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 

 ܷ଴ = ଵଷ ∙ ܷʜʝʛ ʑʜ √͵ = ଵଷ⁄ ∙ ହଶହ√ଷ = ͳͲͳ,ͲͶ ˍʑ. (5.17) 

 
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
஼ܫ  = ͳ,͹͵ ∙ ܷʚ ∙ 𝜔 ∙ ʠΣ = ͳ,͹͵ ∙ ͳͷ,͹ͷ ∙ ͳͲଷ ∙ ͵ͳͶ ∙ ͳ,ͷ͸ͷ ∙ ͳͲ−଺ =  = ͳ͵,͵ͻ ʏ, (5.18) 

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 ܷʠʟ ൒ ʙʜʙʑ ∙ ଵ௡ʡʜ ∙ ܷ଴ Эʚ.ʠʡ, (5.19) 

 
ɝɞɟ ʙʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 
      ݊ ʡʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; 
      ʙʑ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ; 
      ݊ ʡʜ = ͳͲͲ/͵ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ. 
 ܷʠʟ ൒ ଵ,ହ଴,ଽହ ∙ ଵ∙భఱ,ళఱ√య∙బ,భ/య ∙ Ͷ͹ͻ,͸ʹ; 

 ܷʠʟ ൒ ͵ ʑ. 
 
ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ܷ଴ଵீ ɫ ɭɫɬɚɜɤɨɣ ͵ ʑ ɞɟɣɫɬɜɭɟɬ ɫ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 5,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ܷ଴ீ ɫ ɭɫɬɚɜɤɨɣ ɪɚɜɧɨɣ ͳͷ ʑ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

2) ȼɬɨɪɨɣ ɨɪɝɚɧ ܷ଴ଷ ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ ɜ ɧɟɣɬɪɚɥɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% ɜɢɬɤɨɜ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
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Ⱦɥɹ ɨɪɝɚɧɚ ܷ଴ଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 
ɞɨ 3. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɡɚɜɢɫɢɬ ɨɬܭʡ: 

 ʤ = ଵʙʡ+ଶ = ଵଵ,ଷ+ଶ = Ͳ,͵Ͳ͵. (5.20) 

 
ɉɪɢ ܭʡ = ͳ,͵ ɨɪɝɚɧ ܷ଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ ͵Ͳ,͵ % ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ Ͳ,ͷ ˔ 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) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 
 ܷ஼ʟଶ = ଵ,ସ∙௎ʜ௡ʡʜ = ଵ,ସ∙ଵହ଻ହ଴ଵହ଻ହ଴/ଵ଴଴ = ͳͶͲ ʑ, (5.21) 

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

ɜɬɨɪɨɣ ɨɪɝɚɧ U1> ɫ ɭɫɬɚɜɤɨɣ ͳ,ʹ ∙ ܷʜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 

ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ܷ஼ʟଵ = ଵ,ଶ∙௎ʜ௡ʡʜ = ଵ,ଶ∙ଵହ଻ହ଴ଵହ଻ହ଴/ଵ଴଴ = ͳʹͲ ʑ. (5.22) 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ 

ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɫɬɨɪɨɧɟ 500 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙  .ʜܫ
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
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 ܫ∗ଶ: 
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ଶ∗ܫ = ூమூʜ,  (5.23) 

 
ɝɞɟ ܫଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ,  
 .ʜ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢܫ      

Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

ʓʝʞݐ  = ஺ூ∗మమ , (5.24) 

 
ɝɞɟ ܣ = ͳ͸ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 

Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺܫଶ˔ˋˆːሻ ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ 

ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
(ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ). 

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ: 
ଶ˔ˋˆː∗ܫ  = Ͳ,Ͳ͹; ܫଶ˔ˋˆː = Ͳ,Ͳ͹ ∙  ʜ. (5.25)ܫ

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶ˒˖˔ˍሻ 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 ɩɪɢ ݐˏ˃ˍ˔ = ͷͲͲ ˔. 

ɉɪɢ ɷɬɨɦ: 
ଶ∗ܫ  = √ʏ௧ = √ ଵ଺ହ଴଴ = Ͳ,ͳͺ, (5.26) 

 
ɝɞɟ Ⱥ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ; 
 ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ – ݐ       
ɡɧɚɱɟɧɢɢ ɬɨɤɚ I2. 

ɍɫɬɚɜɤɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
ଶʞʢʠʙ∗ܫ  = ூ∗మʙʜ = ଴,ଵ଼ଵ,ଶ = Ͳ,ͳͷ,  (5.27) 

 
ɝɞɟ ʙʜ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

ɍɫɬɚɜɤɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
ˍ˔˖˒ଶܫ  = ˍ˔˖˒ଶ∗ܫ ∙ ːܫ = Ͳ,ͳͷ ∙ Ͷ,ͲͶ = Ͳ,͸ͳ ʑ. (5.28) 
 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɩɨ ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ ܫ∗ଶ˒˖˔ˍ, ɮɨɪɦɭɥɚ (5.24): 
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˒ˑˇݐ = ஺ூ∗మ˒˖˔ˍమ = ଵ଺଴,ଵହమ ≈ ͹ͳͳ ˔.  

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

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

ʠʟݐ  = ଵ଺ሺூ∗మሻమ, (5.29) 

 
ɉɪɟɨɛɪɚɡɭɟɦ ɮɨɪɦɭɥɭ (5.29): 
 ʏʗʝ  = ଶଶ∗ܫ ∙ ʠʟݐ = ͳ͸. 
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.3: 
 

Ɍɚɛɥɢɰɚ 5.3 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 

1,0 0,6 0,5 0,4 0,3 0,2 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 16 44 64 100 178 400 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3: 

 

 
Ɋɢɫɭɧɨɤ 5.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
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ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɜɪɟɦɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: t ɦɢɧ = 16 ɫ, t ɦɚɤɫ = 400 ɫ. 

ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 
ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. 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) ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
ɨɬ 10 ɞɨ 999 ɫ. ɗɬɨɬ ɩɚɪɚɦɟɬɪ ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-
ɢɡɝɨɬɨɜɢɬɟɥɹ (tɨɯɥ= 100ɫ). 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶɜɵɲɟ 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 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 500 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ. 

.ଶʠ.ʖ∗ܫ  ൑ ூమʛʗʜሺమሻʙʦ = ଵଵ,ଷ⋅ଶ∙(𝑋೏ ˅ː′′ +𝑋ʡ+𝑋ʚ); (5.30) 

 ܺ∗ˎ = ܺˎ ∙ ௌ˄௎మ˄ = ͻ,ͳͺ ∙ ଵ଻଺,ହହଶହమ = Ͳ,ͲͲ͸. (5.31) 

 
ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, 

ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ: 
 ܺௗ ˅ː′′ = ܺௗ ′′ ∙ ሺ௎˅ː௎ːːሻଶ = Ͳ,ʹͶ ∙ ሺ ହଶହଵହ,଻ହሻଶ = ʹ͸͸,͹. (5.32) 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 ܺʡ = ௎ˍ%ଵ଴଴ ∙ ௌ˄ௌːˑˏ = ଵଷଵ଴଴ ∙ ଵ଻଺,ହସ଴଴ = Ͳ,Ͳͷ͹. (5.33) 
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ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ȼɅ 500 ɤȼ, ɮɨɪɦɭɥɚ (5.30): 
.ଶʠ.ʖ∗ܫ  ൑ ଵଵ,ଷ⋅ଶ∙ሺଶ଺଺,଻+଴,଴ହ଻+଴,଴଴଺ሻ = Ͳ,ͲͲͳ͹ ˑ. ˈ.  
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
.ଶʠ.ʖܫ  = .ଶʠ.ʖ∗ܫ ∙ ʹ ∙ ௎˅ː௎ːː = Ͳ,ͲͲͳ͹ ∙ ʹ ∙ ହଶହଵହ,଻ହ = Ͳ,ͳͳ. (5.34) 

 
ɉɪɢɧɢɦɚɟɦ ܫଶʠ.ʖ. = Ͳ,ʹͷ 
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. 

Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 500 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
5.3.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ (I1) 
 
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: 
ʠʗʒʜܫ  = ௄ʜ∙ூʜ௄ʑ = ଵ,଴ହ∙ூʜ଴,ଽ଼ = ͳ,Ͳ͹ ∙  ʜ, (5.35)ܫ

 
ɝɞɟ ܭʜ = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 
ʑܭ       = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ 9 ɫɟɤɭɧɞ. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
ଵʞʢʠʙܫ  = ௄ʜ∙ூʜ௄ʑ = ଵ,଴଼∙ூʜ଴,ଽ଼ = ͳ,ͳ ∙  ʜ. (5.36)ܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.4: 
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Ɍɚɛɥɢɰɚ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  
1,1 1,15 1,2 1,25 1,3 1,4 1,5 2,0 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3600 900 360 300 240 120 60 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɢɠɟ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɡɚɳɢɬɵ ɱɟɪɟɡ ɨɬɤɥɸɱɚɸɳɢɣ ɨɪɝɚɧ ɞɟɣɫɬɜɭɟɬ ɧɚ 

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

 
Ɋɢɫɭɧɨɤ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ 
 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 
ଵʝʡʠܫ  = ଵ,ସ∙ூʜʝʛ଴,ଽ଼ = ͳ,Ͷ͵ ∙  ʜʝʛ. (5.37)ܫ

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ሺܷʒ <ሻ. ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 
 ܷʠʟ = ଴,଺଼∙௎ʜʝʛ௄ʑ∙௡ʡ = ଴,଺଼∙ଵହ଻ହ଴ଵ,଴ଷ∙ଵହ଻ହ଴/ଵ଴଴ = ͸͸ ʑ. (5.38) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ 

ɜɵɤɥɸɱɚɬɟɥɟɣ 500 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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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 500 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. ܼଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 500 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 500 ɤȼ ɋɢɜɚɝɥɢɟɜɫɤɨɣ 
Ƚɗɋ – ɉɋ «Ⱥɦɭɪɫɤɚɹ»: 
 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + ଴,଼௄ʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ ͺͻ,͸ + ଴,ଷ଼ ∙ ʹ͹,͸͵ = ͹ͻ,ͳ ʝˏ, (5.39) 

 
ɝɞɟ ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ; 
      ܼ ଵʚ′ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ; 
ʡܭ       − ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-400000/500, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɲɟɣ 
ɫɬɨɪɨɧɟ: 

 ܼʡ = ଴,ଵଷ∙ହଶହమସ଴଴ = ͺͻ,͸ ʝˏ. (5.40) 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ 500ɤȼ: 

 ܼଵʚ′ = ˎଶݔ√ + ଶݎˎ = √ʹ͹,ͷͶଶ + ʹ,ͳͺ͹ଶ = ʹ͹,͸͵ ʝˏ. (5.41) 
 

ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 
ɝɟɧɟɪɚɬɨɪɚ: 

 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳ͵ ∙ ଵ଻଺,ହସ଴଴ + ଴,ଷ଼ ∙ ଵ଻଺,ହହଶହమ ∙ ʹ͹,͸͵ = Ͳ,Ͳͷ. (5.42) 

 ܼଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,Ͳͷ ∙ ͳ,Ͷ = Ͳ,Ͳ͹ ʝˏ, (5.43) 

 
ɝɞɟ ܼ˄ – ɛɚɡɢɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 
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ܼ˄ = ௎మ˄ௌʜʒ = ଵହ,଻ହమଵ଻଺,ହ = ͳ,Ͷ ʝˏ. (5.44) 

 
ɍɫɬɚɜɤɚ ɧɚ ɪɟɥɟ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼଵ˔.ˊ = ܼଵ ∙ ௡ʡ௡ʜ = Ͳ,Ͳ͹ ∙ ఴబబబఱభఱళఱబభబబ = Ͳ,͹ͳ ʝˏ. (5.45) 

 
ɉɪɢɧɢɦɚɟɬɫɹ ɭɫɬɚɜɤɚ ܼଵ஼ଷ = Ͳ,͹. 
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. 

ɉɪɢɧɢɦɚɟɦ ɞɟɥɶɬɚ Z=30. 
3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 

ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ௎ʜʝʛ√ଷ∙ூʜʏʒʟ = ଵହ,଻ହ∙ଵ଴య√ଷ∙଺ସ଻଴ = ͳ,Ͷ ʝˏ, (5.46) 

 
ɝɞɟ ܫʜʏʒʟ - ɧɨɦɢɧɚɥɶɬɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 
ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ሺʹ ∙ ʑ.ʜ.ሻ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ Ͳ,ͻͷܫ ∙ ܷʜ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

ʣܫ  = మ∙𝐼ʑ.ʜʝʛ𝐼ʑ.ʤ.ʤ. −଴,ଽହ௫೏ = ଶ∙ଵ,ଽ଼−଴,ଽହଵ,଴ଵ = ʹ,ͻͺ ˑ. ˈ., (5.47) 

 
ɝɞɟ ܫʑ.ʤ.ʤ. – ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; 
 ௗ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣݔ      
ɨɫɢ. 

ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ʹ,ͷ ∙  .ʜʝʛܫ

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ = ଴,ଽହ∙௎ʜூʣ = ଴,ଽହ∙ଵଶ,ହ = Ͳ,͵ͺ ˑ. ˈ.; (5.48) 

𝜑 ʜʏʒʟ.ʣݏ݋ܿ  = ௖௢௦𝜑ʜ଴,ଽହ∙ூʣ = ଴,଼ହ଴,ଽହ∙ଶ,ହ = Ͳ,͵ͷͺ. (5.49) 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = ͸ͻ,Ͳʹ°. 
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ: 
 ܼ஼ ʖூூ = ௓ʜʏʒʟ.ʣʙʜ = ଴,ଷ଼ଵ,ଵ = Ͳ,͵ͷ ˑ. ˈ.; (5.50) 

 ܼ஼ ʖூூ = ܼூூ ˑ.ˈ. ∙ ܼʐ = Ͳ,͵ͷ ∙ ଵହ,଻ହమଵ଻଺,ହ = Ͳ,Ͷͻ ʝˏ. (5.51) 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɪɟɥɟ ɫɨɫɬɚɜɥɹɟɬ: 
 ܼ஼ ʖூூ = ௓ʠ.ʖ.𝐼𝐼∙௡ʡ௡ʜ = ଴,ସଽ∙଼଴଴଴/ହଵହ଻ହ଴/ଵ଴଴ = ͷ ʝˏ.  (5.52) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼூூ = ͷ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼ஼ʛଵ = Ͳ,ͲͳͲͷ ʝˏ,  ܼ஼ʛଶ = Ͳ,Ͳ͹͵ͷ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ 

ɧɚɢɛɨɥɶɲɟɣ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 500 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ ɢ ȼȽ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.5. 

 

 
Ɋɢɫɭɧɨɤ 5.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 
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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: 

ʟ ʠʗʒʜܫ  = ௄ʜ∙ூʜʝʛ.ʟ௄ʑ = ଵ,଴ହ∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ, (5.53)ܫ

 
ɝɞɟ ܫʜʝʛ.ʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ. 

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

.௉ ʞʢʠʙܫ  = ଵ,଴଼∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,ͳ ∙  ʜʝʛ.ʟ. (5.54)ܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɱɧɨɣ ɮɨɪɦɟ, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.5. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 
 
Ɍɚɛɥɢɰɚ 5.5 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, 
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Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, ɫ 

ɞɥɢɬɟɥɶɧɨ 210 150 120 90 72 60 20 

 

 
Ɋɢɫɭɧɨɤ 5.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 

0

50

100

150

200

250

1 1,2 1,4 1,6 1,8 2 2,2

t,c 

I/Iɧ 



68 
 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɍɫɬɚɜɤɚ 
ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 

.௉ ʞʢʠʙܫ  = ଶ,ଵ∙ூʜʝʛ.ʟ଴,ଽ଼ = ʹ,ͳͶ ∙  ʜʝʛ.ʟ. (5.55)ܫ

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɩɪɢɧɢɦɚɟɬɫɹ 3,0 ɫ. Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.4 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ - ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ 

ɫɯɟɦɵ Ƚɗɋ ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɒɗ1113 
ɩɪɨɢɡɜɨɞɫɬɜɚ «ɗɄɊȺ». ɍɫɬɚɧɨɜɤɚ Ɉɬɟɱɟɫɬɜɟɧɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɜɨɡɦɨɠɧɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ 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. 

ɇɚɥɢɱɢɟ ɮɭɧɤɰɢɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɚɦɨɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɝɨɬɨɜɧɨɫɬɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɩɪɢ ɧɚɥɢɱɢɢ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɪɚɛɚɬɵɜɚɧɢɸ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɢ 
ɜɵɫɨɤɨɧɚɞɟɠɧɵɯ ɦɢɤɪɨɫɯɟɦ – ɩɨɜɵɲɟɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ 
ɡɚɳɢɬɵ. 

 
5.5 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ 

Ƚ,ɬɚɛɥɢɰɚ Ƚ.1, Ƚ.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 

6.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɥɚɫɫ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ.  
-ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɢ ɬɢɩɚ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ: ɩɥɨɬɢɧɵ ɢɡ ɛɟɬɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɬɢɩ ɨɫɧɨɜɚɧɢɹ ɝɪɭɧɬɚ – Ⱥ – ɫɤɚɥɶɧɵɣ. ȼɵɫɨɬɚ ɨɬ 25 ɞɨ 60 ɦɟɬɪɨɜ, 
ɬ.ɤ Hmax=44,1 ɦ –III ɤɥɚɫɫ ȽɌɋ; 

-ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ: ɩɨ Nɭɫɬ ɨɬ 300 ɞɨ 
1000 Ɇȼɬ – II  ɤɥɚɫɫ ȽɌɋ; 

-ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɥɟɞɫɬɜɢɣ ɜɨɡɦɨɠɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɚɜɚɪɢɣ:  
ȼ ɧɚɫɟɥɟɧɧɨɦ ɩɭɧɤɬɟ ɑɚɝɨɹɧ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ 3 ɤɦ ɧɢɠɟ Ƚɗɋ, ɱɢɫɥɨ 

ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɨɬ ɚɜɚɪɢɢ ȽɌɋ 333 
ɱɟɥɨɜɟɤɚ. ɑɢɫɥɨ ɥɸɞɟɣ, ɭɫɥɨɜɢɹ, ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ 
ɧɚɪɭɲɟɧɵ ɩɪɢ ɚɜɚɪɢɢ ȽɌɋ 333 ɱɟɥɨɜɟɤɚ. 

ɇɚɡɧɚɱɚɟɦ II  ɤɥɚɫɫ ȽɌɋ. 
 
6.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 
 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ: 
ʒʒʞߘ  = ʜʞʢߘ + ℎ௦ = ʹͳʹ,ͲͲ + ͵,͵Ͳͻ = ʹͳͷ,͵Ͳ ˏ, (6.1) 

 
ɝɞɟ ℎ௦ – ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 
 ℎ௦  =  ℎ௥௨௡ଵ% + ∆ℎ௦௘௧ + ܽ = ʹ,͹ + Ͳ,ͲͲͻ + Ͳ,͸ = ͵,͵Ͳͻ ˏ, (6.2) 
 
ɝɞɟ  ℎ௥௨௡ଵ% – ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; 
       ∆ℎ௦௘௧ – ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ; 
       ܽ  − ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɞɥɹ II ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ a =0,6 ɦ. 

 
6.1.2 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɜɨɥɧɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
 ∆ℎ௦௘௧ = ୛ܭ ∙  ௏ೢ మ∙Lg∙ୢ ∙ cosȽ = Ͳ,ͲͲͲͲͲʹ͵͹ ∙ ଶଷమ∙ଵହସ଼ଽ,଼ଵ∙ଶଶ,ହ = Ͳ,ͲͲͻ ˏ,  (6.3) 

 
ɝɞɟ ௪ܸ= 23 ɦ/ɫ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ; 
  .୛ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚܭ      
୛ܭ   =  ͵ ∙ ሺͳ + Ͳ,͵ ∙ ܸሻ ∙ ͳͲ − ͹ =  ͵ ∙ ሺͳ + Ͳ,͵ ∙ ʹ͵ሻ ∙ ͳͲ − ͹ =  = Ͳ,ͲͲͲͲͲʹ͵͹. (6.4) 
 

Ⱦɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ ɩɪɢ 0°=ߙ, L = 1548 ɦ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.1. 
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Ɋɢɫɭɧɨɤ 6.1 – Ⱦɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ 

 
ɍɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ: 
 ݀ = ∇ʜʞʢ−∇ʓʜʝଶ = ଶଵଶ,଴଴−ଵ଺଻,଴଴ଶ = ʹʹ,ͷͲ ˏ. (6.5) 

 
Ɋɚɫɫɱɢɬɚɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ: 

 ௚௅௏మೢ = ଽ,଼ଵ∙ଵହସ଼ଶଷమ = ʹͺ,͹; (6.6) 

 ௚௧௏ೢ = ଽ,଼ଵ∙ଶଵ଺଴଴ଶଷ = ͻʹͳ͵, (6.7) 

 
ɝɞɟ t = 6 ɱ = 21600 ɫ – ɩɟɪɢɨɞ ɞɟɣɫɬɜɢɹ ɜɟɬɪɚ. 

ɉɨ [3, ɉɪɢɥɨɠɟɧɢɟ Ⱥ, ɪɢɫ Ⱥ.1] ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ ɜɨɥɧɨɜɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ: 

 

–ɞɥɹ ௚௅௏మೢ = ʹͺ,͹: 
௚ℎ௏మೢ = Ͳ,Ͳͳ; ௚்௏ೢ = ͳ,ͳ                                  (6.8) 

 

–ɞɥɹ ௚௧௏ೢ = ͻʹͳ͵: 
௚ℎ௏మೢ = Ͳ,Ͳ͹ͺ; 

௚்௏ೢ = ͵,ͻ                                      (6.9) 

 

ɉɪɢɧɢɦɚɟɦ ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ௚ℎ௏మೢ = Ͳ,Ͳͳ; 
௚்௏ೢ = ͳ,ͳ ɢ ɨɩɪɟɞɟɥɹɟɦ 

ɩɚɪɚɦɟɬɪɵ ɜɨɥɧɵ. 
ɋɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ:  
 ܶ = ଵ,ଵ∙௏ೢ௚ = ଵ,ଵ∙ଶଷଽ,଼ଵ = ʹ,ͷͺ ˔. (6.10) 
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ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ: 
 ℎ = ଴,଴ଵ∙௏ೢ మ௚ = ଴,଴ଵ∙ଶଷమଽ,଼ଵ = Ͳ,ͷͶ ˏ. (6.11) 

 
ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ: 
ௗߣ  = ௚்మଶగ = ଽ,଼ଵ∙ଶ,ହ଼మଶ∙ଷ,ଵସ = ͳͲ,Ͷ ˏ; (6.12) 

 d >  Ͳ,ͷߣௗ (6.13) 
 

ɉɨ ɮɨɪɦɭɥɟ (6.13): ʹʹ,ͷ > Ͳ,ͷ ∙ ͳͲ,Ͷ = ͷ,ʹ ˏ − ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬ.ɟ. 
ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 

Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ℎଵ% = ℎ ∙̅̅ ̅ ௜ܭ = Ͳ,ͷͶ ∙ ʹ,ͳ = ͳ,ͳ͵ ˏ,  (6.14) 

 
ɝɞɟ ܭ௜ − ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ [3, ɉɪɢɥɨɠɟɧɢɟ Ⱥ1, ɪɢɫ Ⱥ.2] ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ௚௅௏మೢ (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ). ɉɪɢɧɢɦɚɟɦ ܭ௜ = ʹ,ͳ; 

       ℎ − ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ. 
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɧɚɤɚɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ℎ௥௨௡ଵ%  =  ݇௥ ∙ ݇௣ ∙ ݇௦௣ ∙ ݇௥௨௡ ∙ ℎଵ%  = ͳ ∙ Ͳ,ͻ ∙ ͳ,Ͷ ∙ ͳ,ͻ ∙ ͳ,ͳ͵ =  = ʹ,͹ ˏ, (͸.ͳͷሻ 

 
ɝɞɟ ݇௥ ɢ ݇௣ - ɤɨɷɮɮɢɰɢɟɧɬɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ, 
ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ [3, ɉɪɢɥɨɠɟɧɢɟ Ⱦ, ɬɚɛɥ. Ⱦ1]; ݇௥  = 1, ݇௣ = 0,9 ɞɥɹ ɨɬɤɨɫɚ 
ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ, ɭɤɪɟɩɥɟɧɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɩɥɢɬɚɦɢ; 
         ݇ ௦௣ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ [3, ɉɪɢɥɨɠɟɧɢɟ Ⱦ, ɬɚɛɥ. Ⱦ2] ɩɪɢ  
m = ctg φ =2 ɢ Vw = 23 ɦ/ɫ, ݇௦௣ = 1,4; 
         ݇ ௥௨௡  – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ [3, ɉɪɢɥɨɠɟɧɢɟ Ⱦ, ɪɢɫ. Ⱦ1] ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɝɨɫɬɢ ɜɨɥɧɵ. 
 ఒ೏̅̅̅̅ℎభ% = ଵ଴,ସଵ,ଵଷ = ͻ,ʹ, (6.16) 

 .1,9= ݊ݑݎ݇ ˈˇˆ 
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6.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 

6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 Qˑ˔ːˏ˃ˍ˔ = ͳʹͺ͹ͻ ˏଷ/˔ ; 
 Q˒ˑ˅ˏ˃ˍ˔ = ͳͷ͹Ͳͳ ˏଷ/˔ ; 
 ܳʒʏ = ேˈˇʒʏଽ,଼ଵ∙ʜˑ˔ː∙ŋ = ଵସଷ,ହ∙ଵ଴యଽ,଼ଵ∙ଷଽ,ହ∙଴,ଽଵ଼ = ͶͲ͵,Ͷ ˏଷ/˔;  (6.17) 

 QʒЭʠ = Qʒʏ ∙ m = ͶͲ͵,Ͷ ∙ ͷ = ʹͲͳ͹ ˏయ̝ ;  (6.18) 

 m = n − ͳ = ͸ − ͳ = ͷ; (6.19) 
 ʜˑ˔ː = ∇ʜʞʢ − ∇ʢʜʐ = ʹͳʹ,ͲͲ − ͳ͹ʹ,ͷͲ = ͵ͻ,ͷ ˏ. (6.20) 
 
Ɍɚɤ ɤɚɤ ʜˑ˔ː > ːˋˏܪ = ͵ͳ,͸ ˏ, ɩɚɜɨɞɨɤ ɦɨɠɧɨ ɩɪɨɩɭɫɤɚɬɶ ɱɟɪɟɡ Ƚɗɋ. 
 ܳˑ˔ː˓˃˔˚ = Qˑ˔ːˏ˃ˍ˔ − ሺn − ͳሻ ∙ ܳʒʏ = ͳʹͺ͹ͻ − ͷ ∙ ͶͲ͵,Ͷ =  = ͳͲͺ͸ʹ ˏଷ/˔; (6.21) 

˓ݍ  = ℎܸ ∙ ℎˑ˔ːʜʐ = ͸ ∙ ͷ,ͷ = ͵͵ ˏଶ/˔, (6.22) 
 
ɝɞɟ n − ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ; 
      ܸ ℎ − ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɝɪɭɧɬɨɜ, ɫɥɚɝɚɸɳɢɯ ɞɧɨ ɪɟɤɢ, ɞɥɹ ɫɤɚɥɶɧɵɯ − ɜɵɲɟ 5 ɦ/ɫ); 
      ℎˑ˔ːʜʐ = ͷ,ͷ ˏ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ 

)( ɇȻQfɇȻ  ɩɪɢ Qˑ˔ːˏ˃ˍ˔ = ͳʹͺ͹ͻ ˏଷ/˔. 
 ℎʜʐ = ∇ʢʜʐ − ∇ʓʜʝ = ͳ͹ʹ,ͷͲ − ͳ͸͹,ͲͲ = ͷ,ͷ ˏ. (6.23) 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ ͵͵ = Ͷͳ,ʹͷ ˏଶ/˔. (6.24) 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
 ʑ = ொˑ˔ː˓˃˔˚௤˅ = ଵ଴଼଺ଶସଵ,ଶହ = ʹ͸͵,͵ ˏ ≈ ʹ͹Ͳ ˏ. (6.25) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɧɢɦɚɟɦ: n=9 - ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ, b=30 – ɲɢɪɢɧɚ 

ɩɪɨɥɟɬɚ. ɉɪɢ ɤɨɥɢɱɟɫɬɜɟ ɡɚɬɜɨɪɨɜ ɧɚ ɜɨɞɨɫɛɪɨɫɧɨɣ ɩɥɨɬɢɧɟ ɛɨɥɟɟ ɲɟɫɬɢ 
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ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɜɟɪɨɹɬɧɭɸ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɨɬɤɪɵɬɢɹ ɨɞɧɨɝɨ ɡɚɬɜɨɪɚ ɢ 
ɢɫɤɥɸɱɚɬɶ ɨɞɢɧ ɩɪɨɥɟɬ ɢɡ ɪɚɫɱɟɬɚ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ, ɟɫɥɢ ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɪɨɥɟɬɨɜ ɛɨɥɶɲɟ ɲɟɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɟɳɟ ɨɞɢɧ ɩɪɨɥɟɬ. Ɂɧɚɱɢɬ, 
ɩɪɢɧɢɦɚɟɦ n=10.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɧɚɹ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɫɨɫɬɚɜɥɹɟɬ: 
 ʑ′ = B + b = ʹ͹Ͳ + ͵Ͳ = ͵ͲͲ ˏ. (6.26) 

 
6.2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ - ʜ଴ଵ, ɚ ɡɚɬɟɦ 

ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ ʜ଴ଶ: 
଴ଵܪ  = ( ொ˓௠஻√ଶ௚)ଶ/ଷ = ቀ ଵ଴଼଺ଶ଴,ସଽ∙ଶ଻଴∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͹ ˏ, (6.27) 

 
ɝɞɟ m=0,49 – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. 
 ܳ˓ = Qˑ˔ːˏ˃ˍ˔ − ܳʒЭʠ = ͳʹͺ͹ͻ − ʹͲͳ͹ = ͳͲͺ͸ʹ ˏଷ/˔; (6.28) 

଴ଶܪ  = ( ொ˓௠ఌ𝜎೙஻√ଶ௚)ଶ/ଷ = ቀ ଵ଴଼଺ଶ଴,ସଽ∙଴,ଽ଼∙ଶ଻଴∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͹,ͳ ˏ, (6.29) 

 
ɝɞɟ 𝜎௡ = ͳ – ɞɥɹ ɧɟɩɨɞɬɨɩɥɟɧɧɨɝɨ ɜɨɞɨɫɥɢɜɚ; 
 .ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ − ߝ       
ߝ  = ͳ − Ͳ,ʹ ∙ ቀ𝜉+ሺ௡−ଵሻ𝜉బ௡ ቁ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ∙ ቀ଴,଻+ሺଽ−ଵሻ∙଴,ସହሻଽ ቁ ∙ ଻ଷ଴ = Ͳ,ͻͺ, (6.30) 

 
ɝɞɟ 𝜉 − ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ, ɩɪɢɧɢɦɚɸɬ 0,7;  
      𝜉଴ − ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ, ɬ. ɟ. ɜɟɥɢɱɢɧɵ 
ɢ ɨɬ ɮɨɪɦɵ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ ɩɪɢɧɢɦɚɟɬɫɹ 0,45; 
      n − ɱɢɫɥɨ ɩɪɨɥёɬɨɜ;  
      b  − ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ. 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ 
ɜɨɞɨɫɥɢɜɭ 

0V : 
ܪ  = ଴ଶܪ − 𝛼௏బమଶ௚ = ͹,ͳ − ଵ,ଵ∙଴,଻଼మଶ∙ଽ,଼ଵ = ͹,Ͳ͹ ˏ; (6.31) 

 ଴ܸ = ொ˓ሺ∇ʜʞʢ−∇ʓʜʝሻ∙ሺ஻+ሺ௡−ଵሻ∙ఋʐሻ = ଵ଴଼଺ଶሺଶଵଶ,଴଴−ଵ଺଻,଴଴ሻ∙ሺଶ଻଴+ሺଽ−ଵሻ∙ହሻ = Ͳ,͹ͺ ˏ/˔, (6.32) 
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ɝɞɟ ߜʐ = ͷ ˏ − ɬɨɥɳɢɧɚ ɛɵɤɚ. 
ɉɨɥɭɱɟɧɧɵɣ ɧɚɩɨɪ ɞɨɥɠɟɧ ɛɵɬɶ ɨɤɪɭɝɥɟɧ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɩɨ 

ɫɬɚɧɞɚɪɬɧɨɦɭ ɪɹɞɭ, ܪ˔˕ = ͺ ˏ. 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ: 
 ∇ʒʑ = ∇ʜʞʢ − ˕˔ܪ = ʹͳʹ,ͲͲ − ͺ = ʹͲͶ ˏ. (6.33) 
 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɛɵɤɚ: 
 ∇ʒʐ = ∇ʒʑ + ͳ,͸ ∙ ˕˔ܪ = ʹͲͶ,ͲͲ − ͳʹ,ͺ = ʹͳ͸,ͺͲ ˏ. (6.34) 

 
ɉɪɢɧɢɦɚɟɦ ɩɪɨɟɤɬɧɭɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɤɚɤ ɧɚɢɛɨɥɶɲɭɸ ɢɡ ∇ʒʒʞ 

ɢ ∇ʒʐ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ∇ʒʞ = ʹͳ͸,ͺͲ ˏ. 
 
6.2.3 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
˅଴ଵ ˒ˑܪ  = ( ொ˓௠஻√ଶ௚)ଶ/ଷ = ቀ ଵଷ଻ଵଽ଴,ସଽ∙ଶ଻଴∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͺ,ͳͺ ˏ; (6.35) 

 ܳ˓ = Q˒ˑ˅ˏ˃ˍ˔ − ܳʒЭʠ = ͳͷ͹Ͳͳ − ͳͻͺʹ = ͳ͵͹ͳͻ ˏଷ/˔; (6.36) 
 ܳʒʏ = ேʒʏଽ,଼ଵ∙ு∙𝜂 = ଵସଷହ଴଴ଽ,଼ଵ∙ସ଴,ଶ∙଴,ଽଵ଼ = ͵ͻ͸,Ͷ ˏଷ/˔; (6.37) 

ܪ  = ∇ʣʞʢ − ∇ ʢʜʐ଴,ଵ% = ʹͳ͵,ͲͲ − ͳ͹ʹ,ͺͲ = ͶͲ,ʹ ˏ; (6.38) 
 ܳʒЭʠ = ܳʒʏ ∙ ݉ = ͵ͻ͸,Ͷ ∙ ͷ = ͳͻͺʹ ˏଷ/˔; (6.39) 
 m = n − ͳ = ͸ − ͳ = ͷ,  (6.40) 
 

ɝɞɟ n-ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ. 
˅଴ଶ ˒ˑܪ  = ( ொ˓௠ఌ𝜎೙஻√ଶ௚)ଶ/ଷ = ቀ ଵଷ଻ଵଽ଴,ସଽ∙଴,ଽ଻∙ଶ଻଴∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͺ,͵ͷ ˏ; (6.41) 

ߝ  = ͳ − Ͳ,ʹ ∙ ቀ𝜉+ሺ௡−ଵሻ𝜉బ௡ ቁ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ∙ ቀ଴,଻+ሺଽ−ଵሻ∙଴,ସହሻଽ ቁ ∙ ଼,ଵ଼ଷ଴ = Ͳ,ͻ͹; (6.42) 

ܪ  = ଴ଶܪ − 𝛼௏బమଶ௚ = ͺ,͵ͷ − ଵ,ଵ∙଴,ଽ଺మଶ∙ଽ,଼ଵ = ͺ,ʹͻ ˏ; (6.43) 

 ଴ܸ = ொ˓ሺ∇ʣʞʢ−∇ʓʜʝሻ∙ሺ஻+ሺ௡−ଵሻ∙ఋʐሻ = ଵଷ଻ଵଽሺଶଵଷ,଴଴−ଵ଺଻,଴଴ሻ∙ሺଶ଻଴+ሺଽ−ଵሻ∙ହሻ = Ͳ,ͻ͸; (6.44) 
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∇ʢʑʐ = ∇ʒʑ + ʜ˒ˑ˅ = ʹͲͶ,ͲͲ + ͺ,ʹͻ = ʹͳʹ,ʹ͹ ˏ. (6.45) 
 
Ɉɫɬɚɜɥɹɟɦ ɩɪɨɟɤɬɧɭɸ ɨɬɦɟɬɤɭ ∇Ɏɉɍ=213,00 ɦ. 
 
6.2.4 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
ɋɨɩɪɹɠɟɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɨɛɨɹ ɦɨɠɧɨ ɨɱɟɪɬɢɬɶ 

ɩɨ ɞɭɝɟ ɫ ɪɚɞɢɭɫɨɦ R. ȼɟɥɢɱɢɧɚ ɷɬɨɝɨ ɪɚɞɢɭɫɚ ɧɚɡɧɚɱɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɵɫɨɬɵ ɩɥɨɬɢɧɵ ɢ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɫɥɢɜɟ. 

 R = ሺͲ,ʹ ÷ Ͳ,ͷሻሺʜ˔˕ + ʠ˅ሻ = ሺͲ,ʹ ÷ Ͳ,ͷሻ ∙ ሺͺ + ͵͹ሻ = ሺͻ ÷ ʹʹ,ͷሻ ˏ. (6.46) 
 
ɉɪɢɧɢɦɚɟɦ ܴ = ͻ ˏ. ȼɵɫɨɬɚ ɜɨɞɨɫɥɢɜɚ: 
 ʠʑ = ∇Ƚȼ − ∇ȾɇɈ = ʹͲͶ,ͲͲ − ͳ͸͹,ͲͲ = ͵͹ ɦ. (6.47) 

 
ɉɪɨɮɢɥɶ ɨɝɨɥɨɜɤɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ ɫ ɨɝɨɥɨɜɤɨɦ ɬɢɩɚ Ⱥ ɞɥɹ 

ɧɚɩɨɪɚ ܪ˔˕ = ͺ ˏ. Ʉɨɨɪɞɢɧɚɬɵ ɢ ɩɪɨɮɢɥɶ ɨɝɨɥɨɜɤɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1 ɢ ɧɚ ɪɢɫɭɧɤɟ 6.2. 

 
Ɍɚɛɥɢɰɚ 6.1 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ ɫ 
ɨɝɨɥɨɜɤɨɦ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ ɞɥɹ ɧɚɩɨɪɚ ܪ˔˕ = ͺ ˏ. 

x y x y x y x y 
0 1,008 8 2,048 16 9,88 24 22,592 

0,8 0,288 8,8 2,568 16,8 10,952 24,8 24,104 
1,6 0,056 9,6 3,152 17,6 12,064 25,6 25,656 
2,4 0 10,4 3,8 18,4 13,224 26,4 27,24 
3,2 0,048 11,2 4,512 19,2 14,4 27,2 28,872 
4 0,216 12 5,288 20 15,68 28 30,544 

5,6 0,8 13,6 6,984 21,6 18,312 29,6 33,992 
6,4 1,168 14,4 7,896 22,4 19,696 30,4 35,768 
7,2 1,584 15,2 8,864 23,2 21,12 31,2 37,584 
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Ɋɢɫɭɧɨɤ 6.2 – Ɉɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 
6.2.5 ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɞɨɧɧɵɣ ɚɜɚɪɢɣɧɵɣ ɜɨɞɨɫɛɪɨɫ 
 
ɋɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɪɨɫɧɵɯ ɨɬɜɟɪɫɬɢɣ 𝜔˅ˑ, 

ɡɚɬɟɦ ɱɢɫɥɨ ɢ ɪɚɡɦɟɪɵ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 
 ܳ˔ = ˑ˅ܪ݃ʹ√𝜔˅ˑߤ = ௏˒ ˑˎ+௏˒˓ˋ˕ˑˍ˃௧˔˓ = ଵଽ,ହହ∙ଵ଴వ+ସଷସ଴଻ଷ଺଴଴଴ଵ଼ସ଴ଷଶ଴଴ =  = ͳʹͻͺ,ͳͺ ˏଷ/˔; (6.48) 

 𝜔˅ˑ = ொ˔ఓ√ଶ௚ு˅ˑ = ଵଶଽ଼,ଵ଼଴,଼ଵ√ଶ∙ଽ,଼ଵ∙ସଵ,ହ = ͷ͸,ͳ͹ ˏଶ, (6.49) 

 
ɝɞɟ ܳ˔– ɪɚɫɯɨɞ ɱɟɪɟɡ ɚɜɚɪɢɣɧɵɣ ɜɨɞɨɫɛɪɨɫ, ɦ3/ɫ; 
      ܸ ˒ˑˎ = ͳͻ,ͷͷ ∙ ͳͲଽ ˏଷ – ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɦ3; 
˓˔ݐ       = ͳͺͶͲ͵ʹͲͲ ˔ – ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɫ; 
      𝜔˅ˑ – ɩɥɨɳɚɞɶ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ, ɦ2; 
 ;ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɪɚɜɧɵɣ 0,81 – ߤ      
      ܸ ˒˓ − ɨɛɴɟɦ ɩɪɢɬɨɤɚ, ɦ3; 
 .ˑ – ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ˅ܪ      

ˑ˅ܪ  = ʜʞʢߘ − ʑʝߘ = ʹͳʹ,ͲͲ − ͳ͹Ͳ,ͷͲ = Ͷͳ,ͷ ˏ, (6.50) 
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ɝɞɟ ߘʑʝ – ɨɬɦɟɬɤɚ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ. 
ʑʝߘ  = ʞʝߘ + ℎ˅ˑଶ = ͳ͸ͻ,ͲͲ + ଷଶ = ͳ͹Ͳ,ͷͲ ˏ, (6.51) 

 
ɝɞɟ ℎ˅ˑ =  ͵ ˏ  – ɜɵɫɨɬɚ ɨɬɜɟɪɫɬɢɹ, ɩɪɢɧɹɬɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɦ; 
 .ʞʝ – ɨɬɦɟɬɤɚ ɩɨɪɨɝɚ ɨɬɜɟɪɫɬɢɹߘ      

ʞʝߘ  =  ∇ʓʜʏ + ℎ˒ = ͳ͸͹,ͲͲ + ʹ = ͳ͸ͻ,ͲͲ ˏ, (6.52) 
 

ɝɞɟ ℎ˒ = ʹ ˏ – ɜɵɫɨɬɚ ɩɨɪɨɝɚ, ɦ. 
ȼɵɛɢɪɚɟɦ ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɨɬɜɟɪɫɬɢɟ 3ɯ5, 4 ɨɬɜɟɪɫɬɢɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 𝜔˅ˑ ɩɪɢɧɢɦɚɟɦ 60 ˏଶ.  
 
6.2.6 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɬɢɩ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɩɪɢ ɞɨɧɧɨɦ ɪɟɠɢɦɟ ɞɥɹ 

ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɪɭɫɥɚ. Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ: 
 ℎˍ˓ = √ 𝛼∙ொ˓మሺ஻+ሺ௡−ଵሻ∙ఋ˄ሻమ∙௚య = √ ଵ,ଵ∙ଵ଴଼଺ଶమሺଷ଴଴+ሺଵ଴−ଵሻ∙ହሻమ∙ଽ,଼ଵయ = Ͷ,ͺͳ ˏ. (6.53) 

 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 ଴ܶ = ∇ʜʞʢ − ∇ʓʜʝ = ʹͳʹ,ͲͲ − ͳ͸͹,ͲͲ = Ͷͷ ˏ. (6.54) 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 ℎ′˔ = ௤೎𝜑∙√ଶ∙௚∙ బ் = ଷଵ,ସ଼଴,ଽହ∙√ଶ∙ଽ,଼ଵ∙ସହ = ͳ,ͳʹ; (6.55) 

 ℎ′˔ = ௤೎𝜑∙√ଶ∙௚∙ሺ బ்−ℎ′೎ሻ = ଷଵ,ସ଼଴,ଽହ∙√ଶ∙ଽ,଼ଵ∙ሺସହ−ଵ,ଵଶሻ = ͳ,ͳ͵, (6.56) 

 
ɝɞɟ 𝜑 − ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, 𝜑 = Ͳ,ͻͷ. 
௖ݍ  = ொ˓஻𝐵 = ଵ଴଼଺ଶଷସହ = ͵ͳ,Ͷͺ ˏଷ/˔; (6.57) 

 ℎ′′௖ = ℎ′˔ଶ ቆ√ͳ + ͺ ∙ ቀℎˍ˓ℎ′˔ቁଷ − ͳቇ = ଵ,ଵଷଶ ቆ√ͳ + ͺ ∙ ቀସ,଼ଵଵ,ଵଷቁଷ − ͳቇ = ͳ͵,Ͷ. (6.58) 

 
Ɍɚɤ ɤɚɤ ℎ′′௖ = ͳ͵,Ͷ ˏ > ℎʜʐ = ͷ,ͷ ˏ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 

ɩɪɵɠɨɤ ɨɬɨɝɧɚɧɧɵɣ. Ⱦɥɹ ɝɚɲɟɧɢɹ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ ɩɪɢɧɢɦɚɟɦ ɫɨɩɪɹɠɟɧɢɟ 
ɛɶɟɮɨɜ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɟɣ. 
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6.2.7 Ƚɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ 
 
Ɉɬɛɪɨɫ ɫɬɪɭɢ ɛɭɞɟɦ ɨɫɭɳɟɫɬɜɥɹɬɶ ɫ ɩɨɦɨɳɶɸ ɧɨɫɤɚ-ɬɪɚɦɩɥɢɧɚ. 
ȼɵɫɨɬɚ ɨɬ ɞɧɚ ɞɨ ɧɨɫɤɚ: 
 ܽ = ℎʜʐ௠௔௫ + ʹ = ͷ,͸ + ʹ = ͹,͸ ˏ,  (6.59) 

 
ɝɞɟ ℎʜʐ௠௔௫ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɇȻ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɤɪɢɜɨɣ ݖʜʐ = ݂ሺܳሻ ɩɪɢ Q˒ˑ˅˓˃˔˚. 

 ∇ʜʝʠ = ∇ʓʜʝ + ܽ = ͳ͸͹,ͲͲ + ͹,͸ = ͳ͹Ͷ,͸ ˏ. (6.60) 
 
ɋɤɨɪɨɫɬɧɨɟ ɩɚɞɟɧɢɟ (ɧɚɩɨɪ ɜɨɞɵ ɧɚ ɧɨɫɤɟ): 
 ܼː = ∇ʜʞʢ − ∇ʜʝʠ = ʹͳʹ,ͲͲ − ͳ͹Ͷ,͸Ͳ = ͵͹,Ͷ ˏ. (6.61) 
 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 ܸː = 𝜑 ∙ √ʹ ∙ ݃ ∙ ܼː = Ͳ,ͻͷ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͵͹,Ͷ = ʹͷ,͹͵ ˏ/˔, (6.62) 

 
ɝɞɟ 𝜑 − ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, 𝜑 = Ͳ,ͻͷ. 

ȼɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 ℎː = ௤௏ː = ଷଵ,ସ଼ଶହ,଻ଷ = ͳ,ʹʹ ˏ; (6.63) 

ݍ  = ொ˓˃˔˚஻ = ଵ଴଼଺ଶଷସହ = ͵ͳ,Ͷͺ ˏଷ/˔. (6.64) 

 
ɑɢɫɥɨ Ɏɪɭɞɚ: 
ݎܨ  = ௏ː మ௚∙ℎː = ଶହ,଻ଷమଽ,଼ଵ∙ଵ,ଶଶ = ͷͷ,͵ʹ. (6.65) 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ ܭ௔ = Ͳ,ͺ. 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ: 
ܮ  = ߙʹ݊݅ݏ௔ܼː𝜑ଶܭ (ቀͳ + ቀ௭బ௭ː − ͳቁ ∙ ଵ𝜑మ௦௜௡మ𝛼ቁ଴,ହ + ͳ), (6.66) 

ܮ  = Ͳ,ͺ ∙ ͵͹,Ͷ ∙ Ͳ,ͻͷଶ ∙ sinሺʹ ∙ ͵Ͳሻ ∙ (ቀͳ + ቀଷଽ,ହଷ଻,ସ − ͳቁ ∙ ଵ଴,ଽହమ∙si୬మ ଷ଴ቁ଴,ହ + ͳ) =  = Ͷͻ,ͷ ˏ . 
 
ɝɞɟ ߙ − ɭɝɨɥ ɧɚɤɥɨɧɚ ɧɨɫɤɚ, ߙ = ͵Ͳ°. 
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ܼ଴ = ∇ʜʞʢ − ∇ʓʜʝ − ℎʜʐ = ʹͳʹ,ͲͲ − ͳ͸͹,ͲͲ − ͷ,ͷ = ͵ͻ,ͷ ˏ. (6.67) 
 

ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɨɬɥɟɬɚ ɫɬɪɭɢ: 
ܮ  > Ͳ,ͷ ∙ ܼ଴; (6.68) 
 Ͷͻ,ͷ > Ͳ,ͷ ∙ ͵ͻ,ͷ; 
 Ͷͻ,ͷ > ͳͻ,͹ͷ. 
 
Ƚɥɭɛɢɧɚ ɪɚɡɪɵɜɚ – ɹɦɚ: 
 ℎ˓˃ˊˏ = ݐ − ℎʜʐ = ͳͺ,Ͷ͹ − ͷ,ͷ = ͳʹ,ͻ͹ ˏ; (6.69) 
ݐ  = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ రݎܨ√ ) ∙ ݎܨ√ ∙ √ℎʜʐௗర ∙ ℎː;  (6.70) 

ݐ  = ቀͲ,ͳ + Ͳ,Ͷͷ√ͷͷ,͵ʹర ቁ ∙ √ͷͷ,͵ʹ ∙ √ହ,ହଵర ∙ ͳ,ʹʹ = ͳͺ,Ͷ͹ ˏ, 

 
ɝɞɟ ݀ −ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɨɬɞɟɥɶɧɨɫɬɟɣ, ɩɪɢɧɢɦɚɟɦ ݀ = ͳ ˏ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
ଵܮ  = ܮ + ௧௧௚𝛼భ = Ͷͻ,ͷ + ଵ଼,ସ଻଴,଺଺ଵ = ͹͹,Ͷ ˏ; (6.71) 

ଵߙ݃ݐ  = ߙଶ݃ݐ√ + ଶ௚∙ሺ଴,ହℎː∙ୡ୭s 𝛼+௔−ℎʜʐሻ௏ː మ ୡ୭sమ 𝛼 , (6.72) 

ଵߙ݃ݐ  = ଶ͵Ͳ݃ݐ√ + ଶ∙ଽ,଼ଵ∙ሺ଴,ହ∙ଵ,ଶଶ∙ୡ୭s ଷ଴+଻,଺−ହ,ହሻଶହ,଻ଷమ∙ୡ୭sమ ଷ଴ = Ͳ,͸͸ͳ.  

 
ɝɞɟ ܽ −ɜɵɫɨɬɚ ɭɫɬɭɩɚ ɧɚɞ ɞɧɨɦ. 

Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɨɜɧɟ 
ɪɚɡɦɵɬɨɝɨ ɪɭɫɥɚ: 

 ܾ௣ = ʹ,ͷℎˍ˓ + ͵,͹ℎ˓˃ˊ = ʹ,ͷ ∙ Ͷ,ͺͳ + ͵,͹ ∙ ͳʹ,ͻ͹ = ͸Ͳ ˏ. (6.73) 
 

6.3.Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 

6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 
Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 

ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
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ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ ɢ ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɩɨɧɢɡɭ. ɉɪɨɮɢɥɶ ɞɨɥɠɟɧ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ ɭɫɥɨɜɢɹɦ: 

1) Ɉɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
2) ɍɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɨɫɧɨɜɚɧɢɸ: 
௡ூܤ  = ℎ√ 𝜌˄𝜌ೢሺଵ−௡ሻ+௡ሺଶ−௡ሻ−𝛼భ, (6.74) 

 
ɝɞɟ ߙଵ −ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɸ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ 
ɫɱɟɬ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɡɚɜɟɫ, ɞɪɟɧɚɠɟɣ ɢ ɲɩɭɧɬɨɜ 
ɩɪɢɧɢɦɚɟɦɵɣ ߙଵ = Ͳ,ͷ; 
        𝜌˄ − ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ; 
        𝜌௪ − ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ. 

ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ h: 
 ℎ = ∇ʜʞʢ − ∇ʞʝʓ = ʹͳʹ,ͲͲ − ͳ͸͸,ͲͲ = Ͷ͸ ˏ. (6.75) 

 
ɂɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ ɩɨ ɨɫɧɨɜɚɧɢɸ ɲɢɪɢɧɚ 

ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ: 
௡ூூܤ  = ఊ೙ℎ௧௚𝜑ቀ 𝜌˄𝜌ೢ+௡−𝛼భቁ,  (6.76) 

 
ɝɞɟ ߛ௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɞɥɹ II  ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ 1,20; 
          𝜑 − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɨɜ ɭɫɬɨɣɱɢɜɨɫɬɢ ȽɌɋ ɩɨ ɤɨɧɬɚɤɬɭ 
ɛɟɬɨɧ-ɫɤɚɥɚ, 𝜑 = ͵ʹ°. 

Ɂɚɞɚɜɚɹɫɶ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ n, ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ (ɬɚɛɥɢɰɚ 6.2) ɢ 
ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ܤ௡ூ = ݂ሺ݊ሻ ˋ ܤ௡ூூ = ݂ሺ݊ሻ (ɪɢɫɭɧɨɤ 6.3). 

 
Ɍɚɛɥɢɰɚ 6.2 - Ɋɚɫɱɟɬ ɡɚɜɢɫɢɦɨɫɬɟɣ ܤ௡ூ = ݂ሺ݊ሻ ˋ ܤ௡ூூ = ݂ሺ݊ሻ 

n 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 ܤ௡ூ 33,4 33,8 34,5 35,4 36,6 38,2 40,3 43,3 47,4 53,8 ܤ௡ூூ 46,5 44,2 42,1 40,1 38,4 36,8 35,3 34,0 32,7 31,5 
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Ɋɢɫɭɧɨɤ 6.3 – ɉɟɪɟɫɟɱɟɧɢɟ ɤɪɢɜɵɯ ܤ௡ூ = ݂ሺ݊ሻ ˋ ܤ௡ூூ = ݂ሺ݊ሻ 

 
Ƚɪɚɮɢɤɢ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɟ ݊ = Ͳ,Ͷͷͺ ˋ ܤ௡ = ͵͹,ͷ ˏ. ɉɪɢɧɢɦɚɟɦ 

ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ܤ = ͵ͺ ˏ.  
 
6.3.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ɉɪɢɧɢɦɚɟɦ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɟɤɰɢɨɧɧɵɦɢ ɲɜɚɦɢ 35 ɦ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ 

ɲɜɵ ɞɥɹ ɩɥɨɬɢɧɵ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɨɣ 1 ɫɦ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 4 ɦ ɨɬ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ ɢ ɝɪɟɛɧɹ, ɚ ɜɧɭɬɪɢ ɬɟɥɨ ɩɥɨɬɢɧɵ 0,2 ɫɦ. 

 
6.3.3 Ȼɵɤɢ 
 
Ɋɚɡɪɟɡɧɨɣ ɛɵɤ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɥɭɛɵɤɨɜ. Ɍɨɥɳɢɧɭ ɛɵɤɚ ɩɪɢɧɢɦɚɟɦ 5 ɦ. 

Ɍɨɥɳɢɧɭ ɩɚɡɨɜɨɝɨ ɩɟɪɟɲɟɣɤɚ ɛɵɤɚ ɩɪɢɧɢɦɚɟɦ 3,4 ɦ. Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ 
ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɜ ɩɥɚɧɟ ɮɨɪɦɭ. Ɋɚɡɦɟɪɵ ɩɚɡɨɜ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ 2,4 ɦ ɢ 
ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ 2,4 ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɚɡɚɦɢ 1 ɦ. Ɋɚɡɪɟɡ ɛɵɤɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 6.4. 

 

 
Ɋɢɫɭɧɨɤ 6.4 – Ɋɚɡɪɟɡ ɛɵɤɨɜ  

 
 
 



82 
 

6.3.4 ɍɫɬɨɢ 
 
Ⱦɥɹ ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨɥɧɨɫɬɶɸ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɧɚ 

ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɧɚɡɧɚɱɚɟɦ ɬɨɥɶɤɨ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ (ɜ ɜɢɞɟ 
ɪɚɡɞɟɥɶɧɨɣ ɫɬɟɧɤɢ), ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɬɞɟɥɹɬɶ ɜɨɞɨɫɥɢɜ ɨɬ ɝɥɭɯɨɣ ɛɟɬɨɧɧɨɣ 
ɩɥɨɬɢɧɵ ɢ ɡɞɚɧɢɹ Ƚɗɋ. Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɭɫɬɨɹ – ɪɚɡɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ 
ɜɨɞɨɫɥɢɜɚ ɢ ɡɞɚɧɢɹ Ƚɗɋ, ɚ ɬɚɤɠɟ ɡɚɳɢɬɚ ɡɞɚɧɢɹ Ƚɗɋ ɨɬ ɛɪɵɡɝ ɩɪɢ ɫɛɪɨɫɟ ɜɨɞɵ. 

 
6.3.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɭɫɬɪɚɢɜɚɟɦ ɞɪɟɧɚɠ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɫɤɜɚɠɢɧ (ɞɪɟɧ), ɢɦɟɸɳɢɯ ɜɵɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ. Ⱦɢɚɦɟɬɪ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɦ 20 ɫɦ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ 
ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɧɚɡɧɚɱɚɟɦ ݀ˇ˓ = ʹ,͵ , ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɨ 
ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 

 ݀ˇ˓ ൒ ு೏ఊ೙ூ̱ ˓ ; (6.77) 

 ʹ,͵ ൒ ସସ,ହଶ∙ଵ,ଶଶହ ; 

 ʹ,͵ ൒ ʹ,ͳͶ. 
 

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

Ⱦɚɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɪɟɧɚɠɚ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɫɦɨɬɪɨɜɵɟ ɢ 
ɛɭɪɨɜɵɟ ɝɚɥɟɪɟɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɛɨɥɟɟ 2 ɦ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ. 

 
6.3.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɭɫɬɪɚɢɜɚɟɦ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ ɫ ɲɚɝɨɦ ͳ͸ ˏ ɩɨ ɜɵɫɨɬɟ ɧɚ ɨɬɦɟɬɤɚɯ 163,00 ɢ 179,07. ȼ ɩɥɨɬɢɧɟ ɢɦɟɸɬɫɹ ɤɚɤ 

ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɦɨɧɨɥɢɱɢɜɚɧɢɹ ɲɜɨɜ, ɭɫɬɚɧɨɜɤɢ 
ɄɂȺ, ɚ ɬɚɤɠɟ ɨɫɦɨɬɪɚ ɫɨɫɬɨɹɧɢɹ ɦɚɫɫɢɜɚ ɛɟɬɨɧɚ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ 
ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɦɟɠɫɟɤɰɢɨɧɧɵɯ ɲɜɨɜ, ɫɛɨɪɚ ɞɪɟɧɚɠɧɵɯ 
ɜɨɞ ɢ ɢɡɦɟɪɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ. Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɢ ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ, 
ɞɪɟɧɚɠɧɚɹ – 3ɯ3,40 ɦ. 

Ɉɬɦɟɬɤɚ ɩɨɥɚ ɝɚɥɟɪɟɢ: 
 ∇ʒ˃ˎ = ∇ʞʝʓ − ͵ = ͳ͸͸,ͲͲ − ͵ = ͳ͸͵,ͲͲ ˏ. (6.78) 
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6.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 
ɩɥɨɬɢɧɵ 

 
ȼ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ, ɫɬɨɹɳɟɣ ɧɚ ɫɤɚɥɟ, ɞɥɹ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ 

ɞɚɜɥɟɧɢɹ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɭɫɬɪɚɢɜɚɟɦ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ, ɤɨɬɨɪɚɹ ɭɞɥɢɧɹɟɬ 
ɩɭɬɶ ɮɢɥɶɬɪɚɰɢɢ, ɭɦɟɧɶɲɚɟɬ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɩɨɬɨɤɚ ɢ ɤɨɥɢɱɟɫɬɜɨ 
ɩɪɨɮɢɥɶɬɪɨɜɚɜɲɟɣɫɹ ɜɨɞɵ, ɢ ɧɚɤɥɨɧɧɵɣ ɞɪɟɧɚɠ ɞɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɭɸɳɟɣɫɹ 
ɜɨɞɵ. 

 
6.4.1 ɉɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɡɚɜɟɫɵ ɢɥɢ ɛɭɪɨ ɛɟɬɨɧɧɵɟ ɫɬɟɧɤɢ 
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݈ଵ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻܤ௡ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻ ∙ ͵ͺ = ሺͳ,ͻ ÷ ͵,ͺሻ ˏ, (6.79) 

 
ɝɞɟ ܤ௡ − ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 

ɉɪɢɧɢɦɚɟɦ ɡɧɚɱɟɧɢɟ ݈ଵ = ͵,ͺ ˏ, ɤɨɬɨɪɨɟ ɫɨɝɥɚɫɨɜɚɧɨ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɝɚɥɟɪɟɢ. 

Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻܪ௠௔௫ = Ͳ,͹ʹ ∙ ͶͶ,ͷʹ = ͵ʹ ˏ; (6.80) 

௠௔௫ܪ  = ∇ʜʞʢ − ℎʜʐ௠௜௡ = ʹͳʹ,ͲͲ − ͳ͸͹,Ͷͺ = ͶͶ,ͷʹ ˏ, (6.81) 
 
ɝɞɟ ℎʜʐ௠௜௡ = ͳ͸͹,Ͷͺ − ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ܳ˔˃ː = ͶͲͲˏଷ/˔. 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɹɞɚɦɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɯ ɫɤɜɚɠɢɧ, ɚ ɬɚɤɠɟ ɦɟɠɞɭ 
ɫɤɜɚɠɢɧɚɦɢ ɜ ɪɹɞɭ ɩɪɢɧɢɦɚɟɬɫɹ 2 ɦ. 

Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
˅˃ˊߜ  = ∆ுˊఊ೙ఊˍ˓ = ଶ଺,଻ଶ∙ଵ,ଶଵହ = ʹ,ͳ ˏ, (6.82) 

 
ɝɞɟ ∆ܪˊ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ; 
ܫ̱        ˓ = ͳͷ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɞɥɹ ɡɚɜɟɫɵ. 
ˊܪ∆  = ௗܪ − ௔௦ܪ = ͶͶ,ͷʹ − ͳ͹,ͺ = ʹ͸,͹ʹ ˏ, (6.83) 
 
ɝɞɟ ܪௗ , ௔௦ܪ − ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɢ. 
ௗܪ  = ∇ʜʞʢ − ௠௔௫ܪ = ʹͳʹ,ͲͲ − ͳ͸͹,Ͷͺ = ͶͶ,ͷʹ ˏ; (6.84) 
௔௦ܪ  = Ͳ,Ͷ ∙ ௗܪ = Ͳ,Ͷ ∙ ͶͶ,ͷʹ = ͳ͹,ͺ ˏ. (6.85) 
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6.4.2 Ⱦɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɫɧɨɜɚɧɢɢ 
 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ: 
 ℎˇ˓ = Ͳ,͸ ∙ ℎˊ˃˅ = Ͳ,͸ ∙ ͵ʹ = ͳͻ,ʹ ˏ. (6.86) 

 
Ⱦɢɚɦɟɬɪ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɬɫɹ 0,2 ɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɢɦɢ 

2,5 ɦ. 
 
6.4.3 ɋɭɞɨɩɨɞɶɟɦɧɢɤ 
 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɭɞɨɯɨɞɫɬɜɚ ɭɫɬɪɚɢɜɚɟɦ ɫɭɞɨɩɨɞɴɟɦɧɢɤ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɩɨɞɜɢɠɧɭɸ ɤɚɦɟɪɭ, ɧɚɩɨɥɧɟɧɧɭɸ ɜɨɞɨɣ, ɤɨɬɨɪɚɹ 
ɩɨɞɧɢɦɚɟɬɫɹ ɢ ɨɩɭɫɤɚɟɬɫɹ ɜɦɟɫɬɟ ɫ ɫɭɞɧɨɦ, ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɤɚɦɟɪɵ 
ɩɪɢɧɢɦɚɟɦ ɜɟɪɬɢɤɚɥɶɧɵɣ ɫɭɞɨɩɨɞɴɟɦɧɢɤ. Ɋɚɡɦɟɪ ɤɚɦɟɪɵ ɩɪɢɧɢɦɚɟɦ 47,3ɯ8 ɦ, 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɫɭɞɨɩɨɞɴɟɦɧɢɤɚ ɞɨ 2 ɬɨɧɧ. 

 
6.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

6.5.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ 
 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɨɱɤɚ ɩɪɢɥɨɠɟɧɢɹ 

ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ܩ ˋ ˎ˒ܩ˄ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɟ AutoCad.  ܵ˒ˎ = ͺͶ͸,ͻ ˏଶ;  ܵ˄ = ͳͳͻͶ,ͲͶ ˏଶ. ȼɟɫ 1 ɩ.ɦ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ: 
ˎ˒ܩ  = ௌ˒ˎ∙௕∙௚∙ఘ˄௕+ఋ˄ = ଼ସ଺,ଽ∙ଷ଴∙ଽ,଼ଵ∙ଶସ଴଴ଷ଴+ହ = ͳ͹ͲͻͲ,ͻ͵ ˍʜ/ˏ, (6.87) 

 
ɝɞɟ ܵ˒ˎ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ; 
       ܾ − ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; 
       𝜌˄ − ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ; 
˄ߜ        − ɬɨɥɳɢɧɚ ɛɵɤɚ. 

ȼɟɫ ɛɵɤɚ: 
˄ܩ  = ௌ˄∙ఋ˄∙௚∙ఘ˄௕+ఋ˄ = ଵଵଽସ,଴ସ∙ହ∙ଽ,଼ଵ∙ଶସ଴଴ଷ଴+ହ = ͶͲͳ͸,Ͳ͹ ˍʜ/ˏ. (6.88) 

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ: 
 ܳˊ ≈ Ͳ,Ͳͷͷ ∙ ݂ ∙ √݂ ∙ ݃ = Ͳ,Ͳͷͷ ∙ ʹͺͷ ∙ √ʹͺͷ ∙ ͻ,ͺͳ ≈ ʹͷͻͷ,ͻ͹ ˍʜ, (6.89) 

 
ɝɞɟ ݂ − ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ. 
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݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺʹͳ͵,ͲͲ − ʹͲͶ,ͲͲ + Ͳ,ͷሻ ∙ ͵Ͳ =  = ʹͺͷ ˏଶ. (6.90) 
 

ȼɟɥɢɱɢɧɚ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɧɚ ɡɚɬɜɨɪ: 
 ܲ́ = 𝜌௪ ∙ ݃ ∙ ሺ∇ʜʞʢ − ∇ʒʑሻଶ ∙ Ͳ,ͷ ∙ ܾ; (6.91) 
 ܲ́ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ሺʹͳʹ,ͲͲ − ʹͲͶ,ͲͲሻଶ ∙ Ͳ,ͷ ∙ ͵Ͳ = ͻͶͳ͹ ˍʜ/ˏ. 
 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɦ ɤ 1 ɩ.ɦ: 
ˊ˚˔˃˓ݍ  = ொˊ௕+ఋ˄ = ଶହଽହ,ଽ଻ଷ଴+ହ = ͹Ͷ,ͳ͹ ˍʜ/ˏ. (6.92) 

 
6.5.2 Ɋɚɫɱɟɬɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ 
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
- ɫ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
 ܶ˅ = ఘೢ௚ℎభమଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ସ଺మଶ = ͳͲ͵͹ͺ,ͻͺ ˍʜ/ˏ; (6.93) 

 ℎଵ = ∇ʜʞʢ − ∇ʞʝʓ = ʹͳʹ,ͲͲ − ͳ͸͸,ͲͲ = Ͷ͸ ˏ. (6.94) 
 
- ɫ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ܶː = ఘೢ௚ℎమమଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ଵ,ସ଼మଶ = ͳͲ,͹Ͷ ˍʜ/ˏ; (6.95) 

 ℎଶ = ∇ʜʐ௠௜௡ − ∇ʞʝʓ = ͳ͸͹,Ͷͺ − ͳ͸͸,ͲͲ = ͳ,Ͷͺ ˏ, (6.96) 
 

ɝɞɟ ∇ʜʐ௠௜௡ = ͳ͸͹,Ͷͺ − ˖˓ˑ˅ˈː˟ ˅ˑˇ˞ ˅ ʜʐ ˒˓ˋ ܳ˔˃ː = ͶͲͲˏଷ/˔. 
 
6.5.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɗɩɸɪɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɢɦɟɟɬ ɜɢɞ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɫ ɜɵɫɨɬɨɣ ɨɬ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɇȻ ɞɨ ɩɨɞɨɲɜɵ ɫɨɨɪɭɠɟɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ.  
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
 ܹ˅ ˊ˅ = 𝜌௪݃ܤ˒ሺ∇ʜʐ௠௜௡ − ∇ʞʝʓሻ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͵ͺ ∙ ሺͳ͸͹,Ͷͺ − ͳ͸͸,ͲͲሻ =  = ͷͷͳ,͹ͳ ˍʜ/ˏ.  (6.97) 
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6.5.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 
ɉɨ ɋɇɢɉ 2.06.04-82. ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ȽɌɋ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɩɪɢɜɟɞɟɧɧɵɟ ɤ ɞɟɣɫɬɜɭɸɳɟɦɭ ɧɚɩɨɪɭ ܪௗ ɡɧɚɱɟɧɢɹ ɧɚɩɨɪɚ ɩɨ ɨɫɢ 
ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ܪ௔௦ ɢ ɞɪɟɧɚɠɚ ܪௗ௥ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ. 
ɗɩɸɪɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɩɨ ɩɨɞɨɲɜɟ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 6.5. 

 

 
Ɋɢɫɭɧɨɤ 6.5 – ɗɩɸɪɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɩɨ ɩɨɞɨɲɜɟ ɩɥɨɬɢɧɵ 

 
Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
ௗܪ  = ∇ʜʞʢ − ௠௔௫ܪ = ʹͳʹ,ͲͲ − ͳ͸͹,Ͷͺ = ͶͶ,ͷʹ ˏ; (6.98) 
௔௦ܪ  = Ͳ,Ͷ ∙ ௗܪ = Ͳ,Ͷ ∙ ͶͶ,ͷʹ = ͳ͹,ͺ ˏ; (6.99) 
ௗ௥ܪ  = Ͳ,ʹ ∙ ௗܪ = Ͳ,ʹ ∙ ͶͶ,ͷʹ = ͺ,ͻ ˏ. (6.100) 
 
ɉɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɭɦɦɚ 

ɩɥɨɳɚɞɟɣ ɟɟ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɢɡ ɫɟɛɹ ɩɪɹɦɨɭɝɨɥɶɧɵɟ 
ɬɪɚɩɟɰɢɢ ɢ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ. 

ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ ɫɨɨɪɭɠɟɧɢɹ: 
 ˗ܹ = 𝜌௪݃ܵ˗ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ʹͻ͹,͵ = ʹͻͳ͸,ͷ ˍʜ. (6.101) 

 
6.5.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ: 
ː݌  = ːߛ ℎː݃ݐଶ ቀͶͷ − 𝜑ଶː ቁ = ͳͳ ∙ ͵ ∙ ଶ݃ݐ ቀͶͷ − ଶ଴ଶ ቁ = ͳ͸,ͳͺ ˍʜ/ˏଶ, (6.102) 
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ɝɞɟ ːߛ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ːߛ = ͳͳˍʜ/ˏଷ; 
      ℎː − ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ɩɪɢɧɢɦɚɟɦ ɨɬ ɭɪɨɜɧɹ ɡɚɢɥɟɧɢɹ ɞɧɚ, ℎː = ͵ˏ; 
      𝜑ː = ʹͲ° − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ.  

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ.: 
ːܧ  = ௣ːℎːଶ = ଵ଺,ଵ଼∙ଷଶ = ʹͶ,ʹ͹ ˍʜ/ˏ. (6.103) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɬɨɱɤɟ ɧɚ ɝɪɚɧɢɰɟ ɫɥɨɹ ɧɚɧɨɫɨɜ ɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɝɪɭɧɬɚ, 
ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɹɸɬ ɞɜɚɠɞɵ: ɫɱɢɬɚɹ ɷɬɭ ɬɨɱɤɭ ɩɪɢɧɚɞɥɟɠɚɳɟɣ 
ɫɥɨɸ ɧɚɧɨɫɨɜ ݌ː, ɚ ɡɚɬɟɦ ɫɥɨɸ ɝɪɭɧɬɚ, ɩɪɢɝɪɭɠɟɧɧɨɦɭ ɜɟɫɨɦ ɧɚɧɨɫɨɜ: 

′˓ˆ.ʏ݌  = ːߛ ℎː݃ݐଶ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ʹ ∙ ˔ ∙ ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ; (6.104) 

′˓ˆ.ʏ݌  = ͳͳ ∙ ͵ ∙ ଶ݃ݐ ቀͶͷ − ଷଶଶ ቁ − ʹ ∙ ͺͲ ∙ ݃ݐ ቀͶͷ − ଷଶଶ ቁ = −͹ͺ,ͷͷ ˍʜ/ˏଶ;  

′′˓ˆ.ʏ݌  = ሺːߛ ℎː+˅ߛ ˊ˅ ˆ˓ℎˆ˓ሻ ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ʹ ∙ ˔ ∙ ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ =  = ሺͳͳ ∙ ͵ + ͳ͹,ͷ ∙ ͳሻ ∙ ଶ݃ݐ ቀͶͷ − ଷଶଶ ቁ − ʹ ∙ ͺͲ ∙ ݃ݐ ቀͶͷ − ଷଶଶ ቁ = −͹ʹ,ͷ ˍʜ; (6.105) 

ߛ˅  ˊ˅ ˆ˓ = ଴ߛ − ሺͳ − ݊଴ሻߛ௪ = ʹͷ − ሺͳ − Ͳ,ʹͶሻ ∙ ͻ,ͺͳ = ͳ͹,ͷ ˍʜ/ˏଷ, (6.106) 
 
ɝɞɟ ˔ − ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ, ɪɚɜɧɨɟ 80 ɤɉɚ; 
଴ߛ       − ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 25 ɤɇ/ˏଷ; 
      ݊ ଴ − ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɪɚɜɧɚɹ 0,24; 
௪ߛ       − ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ; 
      ℎˆ˓ − ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɪɭɧɬɚ, ɪɚɜɧɚɹ 1ɦ; 
      𝜑ˆ˓ − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɪɚɜɧɵɣ 32°, ɢɫɯɨɞɹ ɢɡ ɨɫɧɨɜɚɧɢɹ. 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɫ ɭɱɟɬɨɦ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ. 
ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɷɩɸɪɵ: 

˕ˍ˃ܧ  = ˒ˠݏ = ቀ௣ʏ.ˆ˓′+௣ʏ.ˆ˓′′ଶ ቁ ℎˆ˓ = ቀ−଻଼,ହହ−଻ଶ,ହଶ ቁ ∙ ͳ = −͹ͷ,ͷ ˍʜ/ˏ. (6.107) 

 
Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ, ɡɧɚɱɢɬ ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ 

ɝɪɭɧɬɚ ɧɚ ȽɌɋ ɨɬɫɭɬɫɬɜɭɟɬ. 
ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɇȻ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ: 
′′˓ˆ.ʞ݌  = ߛ˅ ˊ˅ ˆ˓ℎˆ˓݃ݐଶ ቀͶͷ + 𝜑ˆ˓ଶ ቁ + ʹ ∙ ˔ ∙ ݃ݐ ቀͶͷ + 𝜑ˆ˓ଶ ቁ; (6.108) 
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′′˓ˆ.ʞ݌ = ͳ͹,ͷ ∙ ͳ ∙ ଶ݃ݐ ቀͶͷ + ଷଶଶ ቁ + ʹ ∙ ͺͲ ∙ ݃ݐ ቀͶͷ + ଷଶଶ ቁ = ͵Ͷͷ,͸ ˍʜ/ˏଶ. 

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɷɩɸɪɵ: 
˔˔˃˒ܧ  = ܵˠ˒ = ௣ʞ.ˆ˓′′∙ℎˆ˓ଶ = ଷସହ,଺∙ଵଶ = ͳ͹ʹ,ͺ ˍʜ/ˏ. (6.109) 

 
6.5.6 Ɋɚɫɱɟɬ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɨɫɨɛɨɦ 

ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. 
Ɇɨɠɟɜɢɬɢɧɨɜɚ. 

 ܹ˅ ˑˎː = Ͳ,ͷ ∙ ρ˅ ∙ ݃ ∙ ℎଵ% ∙ ቀఒ̅೏గ + ℎబଶ ቁ; (6.110) 

 ܹ˅ ˑˎː = Ͳ,ͷ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳ,ͳ͵ ∙ ቀଵ଴,ସଷ,ଵସ + ଴,ଷଽଶ ቁ = ͳͻ,Ͷ ˍʜ. 

 
ɝɞɟ  ℎଵ% −ɜɵɫɨɬɚ ɜɨɥɧ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ; 
ௗߣ̅        −ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ; 
       ℎ଴ −ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ. 
 ℎ଴ = గ∙ℎమభ%ఒ̅೏ = ଷ,ଵସ⋅ଵ,ଵଷమଵ଴,ସ = Ͳ,͵ͻ ˏ. (6.111) 

 
ɉɥɟɱɨ ɫɢɥɵ ܹ˅ ˑˎː ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
௖ݕ  = ఒ̅೏ଶ∙గ − ଷ଼ ∙ ℎଵ% = ଵ଴,ସଶ∙ଷ,ଵସ − ଷ଼ ∙ ͳ,ͳ͵ = ͳ,ʹͶ ˏ; (6.112) 

˞ˑˎː˅ܯ  = ܹ˅ ˑˎː˞ ∙ ݈˅ˑˎː˞ = ͳͻ,Ͷ ∙ Ͷ͵,͹͸ = ͺͶͺ,ͻͶ ˍʜˏ; (6.113) 
 ݈˅ˑˎː˞ = ∇ʜʞʢ − ௖ݕ − ∇ʞʝʓ = ʹͳʹ,ͲͲ − ͳ,ʹͶ − ͳ͸͸,ͲͲ = ͶͶ,͹͸ ˏ. (6.114) 
 
ɗɩɸɪɭ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɬɪɟɭɝɨɥɶɧɢɤɚ, 

ɨɫɧɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ, ɨɞɧɚ ɜɟɪɲɢɧɚ 
ɬɪɟɭɝɨɥɶɧɢɤɚ, ɥɟɠɚɳɚɹ ɧɚ ɨɫɧɨɜɚɧɢɢ, ɪɚɫɩɨɥɨɠɟɧɚ ɧɟ ɜɵɲɟ ͳ,ͳ ∙ ℎଵ% ɧɚɞ ɍȼȻ, 
ɚ ɞɪɭɝɚɹ ɧɟ ɧɢɠɟ ͺ ∙ ℎଵ% ɍȼȻ. 
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6.6 Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

6.6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ 
 
Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 

ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
Ɋɚɫɱɟɬ ɩɥɨɬɢɧɵ ɩɪɨɜɨɞɢɬɫɹ ɛɟɡ ɭɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ 
ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ. ȼ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ 
ɫɨ ɡɧɚɤɨɦ «-», ɚ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɫɨ ɡɧɚɤɨɦ «+». Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.3, ɜ ɤɨɬɨɪɨɣ ɜɫɟ ɜɧɟɫɟɧɧɵɟ ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵ ɧɚ 
ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ 
ɜɫɟɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ AutoCad. 

 
Ɍɚɛɥɢɰɚ 6.3 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 
Ɉɛɨɡɧɚɱɟɧɢɟ ɫɢɥɵ ߛ௙ ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ Ɉɫɧɨɜɧɨɣ ɫɥɭɱɚɣ 

ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇ∙ɦ ʑܶ 1 ՜ 10378,98 15,33 159109,8 ʜܶ 1 ՚ 10,74 -0,46 -4,9404 0,95 ˄ܩ ՝ 3815,27 -9,68 -36931,8 0,95 ˎ˒ܩ ՝ 16236,38 -6,67 -108297 ܹ˅ ˊ˅ 1 ՛ 551,71 5,83 3216,47 ˗ܹ 1 ՛ 2916,5 9,63 28085,9 ܧː 1,2 ՜ 29,12 2 58,25 1,2 ˕ˍ˃ܧ ՜ -90,6 0 0 0,8 ˔˔˃˒ܧ ՚ 138,24 -0,33 -45,62 ܹ˅ ˑˎː 1 ՜ 19,4 44,76 868,34 0,9 ˊݍ ՝ 66,75 -16,8 -1121,45 
   16650,19  44938,25 

 
Ɋɚɫɱɟɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ (ɩɪɢ 

ɪɚɫɱɟɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɞɥɢɧɵ): 
1) Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 

 𝜎௨௬ = − ே஻೙ + ଺∙∑ ெ஻మ೙ = − ଵ଺଺ହ଴,ଵଽଷ଼ + ଺∙ସସଽଷ଼,ଶହଷ଼మ = −ʹͷͳ,Ͷ ˍʜ/ˏଶ, (6.115) 

 
ɝɞɟ ܰ − ɧɨɪɦɚɥɶɧɚɹ ɫɢɥɚ, ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
ܯ       − ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
௡ܤ       − ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 ܰ = ˄ܩ + ˎ˒ܩ − ܹ˅ ˊ˅ − ˗ܹ +  (6.116) ;ˊݍ

 ܰ = ͵ͺͳͷ,ʹ͹ + ͳ͸ʹ͵͸,͵ͺ − ͷͷͳ,͹ͳ − ʹͻͳ͸,ͷ + ͸͸,͹ͷ = ͳ͸͸ͷͲ,ͳͻ; 
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𝜎௨௫ = 𝜎௨௬ ∙ ݉ଶ௨ − ஻ߛ ∙ ௨ௗܪ ∙ ሺͳ − ݉ଶ௨ሻ, (6.117) 
 
ɝɞɟ ܪ௨ௗ − ɧɚɩɨɪ ɧɚɞ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ȼȻ. 
௨ௗܪ  = ∇ʜʞʢ − ∇ʞʝʓ = ʹͳʹ − ͳ͸͸ = Ͷ͸ ˏ; (6.118) 
 

 ݉ ௨ = tg ଵߙ = Ͳ,  (6.119) 
 
ɝɞɟ ߙଵ − ɡɚɥɨɠɟɧɢɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ. 

ɇɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௨௫ = −ʹͷͳ,Ͷ ∙ Ͳଶ − ͻ,ͺͳ ∙ Ͷ͸ ∙ ሺͳ − Ͳଶሻ = −Ͷͷͳ,͵ ˍʜ/ˏଶ. (6.120) 

 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜏௨௫௬ = ஻ߛ) ∙ ௨ௗܪ + 𝜎௨௬) ∙ ݉ ௨; (6.121) 

 𝜏௨௫௬ = ሺͻ,ͺͳ ∙ Ͷ͸ − ʹͷͳ,Ͷሻ ∙ Ͳ = Ͳ. 
 
Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎௨ଵ = 𝜎௨௬ ∙ ሺͳ + ݉ଶ௨ሻ + ஻ߛ ∙ ௨ௗܪ ∙ ݉ଶ௨; (6.122) 
 𝜎௨ଵ = −ʹͷͳ,Ͷ ∙ ሺͳ + Ͳଶሻ + ͻ,ͺͳ ∙ Ͷ͸ ∙ Ͳଶ = −ʹͷͳ,Ͷ ˍʜ/ˏଶ; 
 𝜎௨ଷ = ஻ߛ− ∙ ௨ௗܪ = −ͻ,ͺͳ ∙ Ͷ͸ = −Ͷͷͳ,͵ ˍʜ/ˏଶ. (6.123) 

 
2) Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 

 𝜎௧௬ = − ே஻೙ − ଺∙∑ ெ஻మ೙ = − ଵ଺଺ହ଴,ଵଽଷ଼ − ଺∙ସସଽଷ଼,ଶହଷ଼మ = −͸ʹͶ,ͻ ˍʜ/ˏଶ; (6.124) 

 𝜎௧௫ = 𝜎௧௬ ∙ ݉ଶ௧ − ஻ߛ ∙ ௧ௗܪ ∙ ሺͳ − ݉ଶ௧ሻ; (6.125) 
 𝜎௨௫ = −͸ʹͶ,ͻ ∙ Ͳ,͸ଶ − ͻ,ͺͳ ∙ Ͷ͸ ∙ ሺͳ − Ͳ,͸ଶሻ = −ͷͳ͵,ͺ ˍʜ/ˏଶ. 

 
ɝɞɟ ܪ௧ௗ  − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɇȻ. 
௧ௗܪ  = ∇ʢʜʐ௠௜௡ − ∇ʞʝʓ = ͳ͸͹,Ͷͺ − ͳ͸͸ = ͳ,Ͷͺ ˏ; (6.126) 
 ݉ ௧ = tg ଶߙ = tg ͵ʹ° = Ͳ,͸. (6.127) 
 
ɝɞɟ ߙଶ − ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. 
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Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 𝜏௧௫௬ = ஻ߛ)− ∙ ௧ௗܪ + 𝜎௧௬) ∙ ݉ ௧; (6.128) 

 𝜏௧௫௬ = −ሺͻ,ͺͳ ∙ ͳ,Ͷͺ − ͸ʹͶ,ͻሻ ∙ Ͳ,͸ = ͵͸͸,ʹ ˍʜ/ˏଶ . 
 
Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎௧ଷ = 𝜎௧௬ ∙ ሺͳ + ݉ଶ௧ሻ + ஻ߛ ∙ ௧ௗܪ ∙ ݉ଶ௧; (6.129) 

 𝜎௧ଷ = −͸ʹͶ,ͻ ∙ ሺͳ + Ͳ,͸ଶሻ + ͻ,ͺͳ ∙ ͳ,Ͷͺ ∙ Ͳ,͸ଶ = −ͺͶͶ,͸ ˍʜ/ˏଶ; 
 𝜎௧ଵ = ஻ߛ− ∙ ௧ௗܪ = −ͻ,ͺͳ ∙ ͳ,Ͷͺ = −ͳͶ,ͷ ˍʜ/ˏଶ. (6.130) 

 
Ɋɚɫɱɟɬ ɨɫɧɨɜɧɵɯ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.4. 
 

Ɍɚɛɥɢɰɚ 6.4 – Ɋɚɫɱɟɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ 
ɇɚɩɪɹɠɟɧɢɟ ȼɟɪɯɨɜɚɹ ɝɪɚɧɶ ɇɢɡɨɜɚɹ ɝɪɚɧɶ 𝜎௬, ˍʜ/ˏଶ -251,4 -624,9 𝜎௫, ˍʜ/ˏଶ -451,3 -513,8 𝜏௫௬, ˍʜ/ˏଶ 0 366,2 𝜎ଵ, ˍʜ/ˏଶ -251,4 -14,5 𝜎ଷ, ˍʜ/ˏଶ -451,3 -844,6 
 
6.6.2 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ, ɩɪɨɜɟɪɹɟɦ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
1) ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 

௡ߛ  ∙ ଵ௖ߛ ∙ |𝜎ଷ| ൑ ௖ௗߛ ∙ ܴ௕ , (6.131) 
 
ɝɞɟ ߛ௡ = ͳ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; 
ଵ௖ߛ       = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ; 
௖ௗߛ       = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. 

ȼɵɪɚɠɚɟɦ ܴ௕: 
 ܴ௕ ൒ ଵ,ଶ∙ଵ∙଼ସସ,଺ଵ . (6.132) 

 
ɉɪɢɧɢɦɚɟɦ ɛɟɬɨɧ ɤɥɚɫɫɚ B5, ɫ ɪɚɫɱɟɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ 

ɫɠɚɬɢɟ ܴ௕ ൒ ͳͲͳ͵,ͷ ˍʜ/ˏଶ. 
2) ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 

ɧɚɩɪɹɠɟɧɢɣ: 
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𝜎௨௬ < Ͳ; (6.133) 
 −ʹͷͳ,Ͷ < Ͳ. 
 
1) ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 

 |𝜎௨௬| ൒ Ͳ,ʹͷ ∙ ஻ߛ ∙  ௨ௗ; (6.134)ܪ
 ʹͷͳ,Ͷ ൒ Ͳ,ʹͷ ∙ ͻ,ͺͳ ∙ Ͷ͸; 
 ʹͷͳ,Ͷ ˍʜ/ˏଶ ൒ ͳͳʹ,ͺ ˍʜ/ˏଶ. 
 
ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ 

ɩɪɨɱɧɨɫɬɢ. 
 
6.6.3 Ɋɚɫɱɟɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɫɧɨɜɚɧɢɹ. ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ 
ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 

 ோ∙ఊ೎೏ி∙ఊభ೎ ൒  ௡, (6.135)ߛ

 
ɝɞɟ ߛ௡ = ͳ,ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ; 
ଵ௖ߛ       = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ; 
௖ௗߛ       = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ; 
      ܴ − ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɨɛɨɛɳɟɧɧɨɣ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 
 ܴ = ˎ˒ܩ) + ˄ܩ − ܹ˅ ˊ˅ − ˗ܹ + (ˊݍ ∙ 𝜑݃ݐ + .˔˃˒ܧ ∙ ߛ̝ + ˔ ∙ 𝜔; (6.136) 

 ܴ = ሺͳ͸ʹ͵͸,͵ͺ + ͵ͺͳͷ,ʹ͹ − ͷͷͳ,͹ͳ − ʹͻͳ͸,ͷ + ͸͸,͹ͷሻ ∙ Ͳ,͸ +  +ͳ͵ͺ,ʹͶ ∙ Ͳ,͹ + ͳͲͲ ∙ ͵ͺ = ͳ͵ͳʹ͸,ͻ ˍʜ/ˏ. 
 
ɝɞɟ ݃ݐ𝜑 = Ͳ,͸ − ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; 
      ̝ = ͺͲ ˍʜ/ˏଶ − ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɫɤɚɥɵ; 
      𝜔 = ˒ܤ ∙ ͳ = ͵ͺ ˏଶ − ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩ.ɦ.; 
ߛ̝       − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɞɥɹ ɩɚɫɫɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ, 
ɩɪɢɧɢɦɚɟɦ ̝ߛ =0,7. 
ܨ  = ܶ˅ − ܶː + ܹ˅ ˑˎː. + ːܧ +  (6.137) ;˕ˍ˃ܧ

ܨ  = ͳͲ͵͹ͺ,ͻͺ − ͳͲ,͹Ͷ + ͳͻ,Ͷ + ʹͻ,ͳʹ − ͻͲ,͸ = ͳͲ͵ʹ͸,ʹ ˍʜ/ˏ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ (ɮɨɪɦɭɥɚ 6.136): 
 ଵଷଵଶ଺,ଽ∙ଵଵ଴ଷଶ଺,ଶ∙ଵ ൒ ͳ,ʹ; 

 ͳ,ʹ͹ ൒ ͳ,ʹ. 
 
ɋɨɨɪɭɠɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ 

ɨɫɧɨɜɚɧɢɸ. 
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7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ. Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

7.1 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 
Ƚɗɋ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɚ ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɨɬɨɪɚɹ 

ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɨɩɚɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɠɚɪɚ ɧɚ ɥɸɞɟɣ. ȼɫɟ 
ɪɚɛɨɬɧɢɤɢ ɧɚ Ƚɗɋ ɨɛɹɡɚɧɵ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, ɜ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɹɯ ɢ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ. ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɧɟɨɛɯɨɞɢɦɨ ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɢɬɶ 
ɜɵɲɟɫɬɨɹɳɟɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ ɩɨɠɚɪɚ, 
ɩɪɢɧɹɬɶ ɜɨɡɦɨɠɧɵɟ ɦɟɪɵ ɤ ɫɩɚɫɟɧɢɸ ɥɸɞɟɣ, ɢɦɭɳɟɫɬɜɚ ɢ ɩɪɢɫɬɭɩɢɬɶ ɤ 
ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫɨɛɥɸɞɚɹ 
ɦɟɪɵ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʌɢɰɚ, ɜɢɧɨɜɧɵɟ ɜ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɟɫɭɬ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢɥɢ ɭɝɨɥɨɜɧɭɸ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. Ɋɚɛɨɱɢɟ 
ɦɟɫɬɚ ɞɨɥɠɧɵ ɛɵɬɶ ɫɧɚɛɠɟɧɵ ɧɟɨɛɯɨɞɢɦɵɦɢ ɢɧɫɬɪɭɤɰɢɹɦɢ: 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ (ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ), ɞɨɥɠɧɨɫɬɧɵɦɢ, ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ 
ɨ ɦɟɪɚɯ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɜ 
ɤɨɬɨɪɵɯ ɨɧɢ ɪɚɡɦɟɳɟɧɵ, ɞɨɥɠɧɚ ɨɬɜɟɱɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɚɜɢɥ 
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ 
ɩɟɪɜɢɱɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. ȼɫɟ ɨɛɴɟɤɬɵ ɧɚ Ƚɗɋ ɨɫɧɚɳɚɸɬɫɹ 
ɫɢɫɬɟɦɨɣ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɜɟɞɟɬɫɹ ɤɨɧɬɪɨɥɶ ɧɚɞ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ, ɧɚɥɚɞɨɱɧɵɯ ɢ ɪɟɦɨɧɬɧɵɯ 
ɪɚɛɨɬ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɉɨɬɪɟɛɢɬɟɥɹ ɫɬɨɪɨɧɧɢɦɢ 
ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɫɨɜɦɟɫɬɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɚɧɢɬɚɪɢɢ, ɜɡɪɵɜɨ- ɢ 
ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɨɝɨ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. Ɋɭɤɨɜɨɞɢɬɟɥɢ ɨɪɝɚɧɢɡɚɰɢɣ, ɩɪɨɜɨɞɹɳɢɯ ɷɬɢ 
ɪɚɛɨɬɵ, ɧɟɫɭɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɤɜɚɥɢɮɢɤɚɰɢɸ ɫɜɨɟɝɨ ɩɟɪɫɨɧɚɥɚ, 
ɫɨɛɥɸɞɟɧɢɟ ɢɦ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɡɚ ɨɪɝɚɧɢɡɚɰɢɸ ɢ ɜɵɩɨɥɧɟɧɢɟ 
ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ ɧɚ ɫɜɨɢɯ ɭɱɚɫɬɤɚɯ ɪɚɛɨɬɵ. 

Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɪɢɫɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɠɚɪɚɦɢ ɧɚ Ƚɗɋ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɪɵ. ȼɨ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɫɬɚɯ 
ɭɫɬɚɧɨɜɥɟɧɵ ɨɝɧɟɬɭɲɢɬɟɥɢ, ɪɚɡɦɟɳɟɧɵ ɩɨɠɚɪɧɵɟ ɞɚɬɱɢɤɢ. ɇɟɨɛɯɨɞɢɦɨ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɧɚɥɢɱɢɟ, ɫɜɨɟɜɪɟɦɟɧɧɨɫɬɶ ɩɪɨɜɟɪɨɤ ɢ ɢɫɩɵɬɚɧɢɣ ɫɪɟɞɫɬɜ 
ɡɚɳɢɬɵ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ, ɫɪɟɞɫɬɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɢɧɫɬɪɭɦɟɧɬɚ. Ⱦɥɹ 
ɬɭɲɟɧɢɹ ɩɨɠɚɪɨɜ ɧɚ ɝɟɧɟɪɚɬɨɪɚɯ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ, ɤɚɛɟɥɶɧɵɯ ɫɟɤɰɢɣ, 
ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ, ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɨɞɹɧɨɝɨ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 
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7.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 
Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɩɪɚɜɢɥ ɨɯɪɚɧɵ ɬɪɭɞɚ ɧɚ Ƚɗɋ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ 

ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɵɯ ɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɞɥɹ ɪɚɛɨɬɧɢɤɨɜ ɧɚ ɜɫɟɯ 
ɫɬɚɞɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɨɯɪɚɧɟɧɢɟ ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ 
ɪɚɛɨɬɚɸɳɢɯ, ɫɨɤɪɚɳɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɢ ɡɚɛɨɥɟɜɚɧɢɣ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ, ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ. ɉɪɨɜɟɪɤɚ 
ɡɧɚɧɢɣ ɩɪɚɜɢɥ, ɧɨɪɦ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɧɚɫɬɨɹɳɢɯ ɉɪɚɜɢɥ, ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɞɪɭɝɢɯ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ. 

Ʉɨɧɬɪɨɥɶ ɧɚɞ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɧɨɪɦɚɬɢɜɨɜ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɭɤɨɜɨɞɢɬɟɥɹɦɢ Ƚɗɋ ɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɧɚ ɜɫɟɯ ɫɬɭɩɟɧɹɯ 
ɭɩɪɚɜɥɟɧɢɹ. ɂɫɩɨɥɧɟɧɢɟ ɩɪɚɜɢɥ ɨɛɹɡɚɬɟɥɶɧɨ ɞɥɹ ɜɫɟɯ ɪɚɛɨɬɧɢɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɫɨɨɪɭɠɟɧɢɣ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɚ ɬɚɤɠɟ ɞɥɹ 
ɪɚɛɨɬɨɞɚɬɟɥɟɣ, ɜ ɜɟɞɟɧɢɢ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɬɫɹ ɧɚɡɜɚɧɧɵɟ ɪɚɛɨɬɧɢɤɢ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɚɜɢɥ ɨɯɪɚɧɵ ɬɪɭɞɚ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

-ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɞɨɜɟɞɟɧɵ ɞɨ ɫɜɟɞɟɧɢɹ 
ɜɫɟɝɨ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɟ ɦɚɪɲɪɭɬɵ ɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɪɪɢɬɨɪɢɢ 
ɩɪɟɞɩɪɢɹɬɢɹ ɤ ɦɟɫɬɭ ɪɚɛɨɬɵ ɢ ɩɥɚɧɵ ɷɜɚɤɭɚɰɢɢ ɧɚ ɫɥɭɱɚɣ ɩɨɠɚɪɚ ɢɥɢ 
ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. 

-ɧɚɯɨɞɢɬɶɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɩɨɦɟɳɟɧɢɹɯ ɩɪɟɞɩɪɢɹɬɢɹ ɥɢɰɚɦ, ɧɟ ɢɦɟɸɳɢɦ ɨɬɧɨɲɟɧɢɹ ɤ ɨɛɫɥɭɠɢɜɚɧɢɸ 
ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɧɢɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɛɟɡ ɫɨɩɪɨɜɨɠɞɚɸɳɢɯ ɥɢɰ ɡɚɩɪɟɳɚɟɬɫɹ. 

-ɭɫɬɪɨɣɫɬɜɨ ɢ ɫɨɞɟɪɠɚɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɭɬɟɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɢ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɩɪɟɞɩɪɢɹɬɢɹ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ. 

-ɜɫɟ ɩɪɨɯɨɞɵ ɢ ɩɪɨɟɡɞɵ, ɜɯɨɞɵ ɢ ɜɵɯɨɞɵ ɤɚɤ ɜɧɭɬɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɩɨɦɟɳɟɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɬɚɤ ɢ ɫɧɚɪɭɠɢ ɧɚ ɩɪɢɦɵɤɚɸɳɟɣ ɤ ɧɢɦ ɬɟɪɪɢɬɨɪɢɢ 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɜɟɳɟɧɵ, ɫɜɨɛɨɞɧɵ ɢ ɛɟɡɨɩɚɫɧɵ ɞɥɹ ɞɜɢɠɟɧɢɹ ɩɟɲɟɯɨɞɨɜ ɢ 
ɬɪɚɧɫɩɨɪɬɚ. Ɂɚɝɪɨɦɨɠɞɟɧɢɟ ɩɪɨɯɨɞɨɜ ɢ ɩɪɨɟɡɞɨɜ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɞɥɹ 
ɫɤɥɚɞɢɪɨɜɚɧɢɹ ɝɪɭɡɨɜ ɡɚɩɪɟɳɚɟɬɫɹ. ɉɪɨɯɨɞɵ, ɩɪɨɟɡɞɵ, ɩɟɪɟɯɨɞɵ, ɚ ɬɚɤɠɟ 
ɥɟɫɬɧɢɰɵ, ɩɥɨɳɚɞɤɢ ɢ ɩɟɪɢɥɚ ɤ ɧɢɦ ɫɥɟɞɭɟɬ ɜɫɟɝɞɚ ɫɨɞɟɪɠɚɬɶ ɜ ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɱɢɫɬɨɬɟ, ɚ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ - ɨɱɢɳɚɬɶ ɨɬ 
ɫɧɟɝɚ ɢ ɥɶɞɚ ɢ ɩɨɫɵɩɚɬɶ ɩɟɫɤɨɦ. 

-ɧɚ ɤɚɠɞɨɦ ɩɪɟɞɩɪɢɹɬɢɢ (ɜ ɰɟɯɟ, ɧɚ ɭɱɚɫɬɤɟ) ɞɨɥɠɟɧ ɢɦɟɬɶɫɹ ɩɥɚɧ ɫ 
ɭɤɚɡɚɧɢɟɦ ɧɚ ɧɟɦ ɪɟɦɨɧɬɧɵɯ ɩɥɨɳɚɞɨɤ ɢ ɞɨɩɭɫɬɢɦɵɯ ɧɚ ɧɢɯ ɧɚɝɪɭɡɨɤ. ȼ 
ɰɟɯɚɯ (ɧɚ ɭɱɚɫɬɤɚɯ) ɞɨɥɠɧɵ ɛɵɬɶ ɱɟɬɤɨ ɨɛɨɡɧɚɱɟɧɵ ɝɪɚɧɢɰɵ ɩɥɨɳɚɞɨɤ, ɚ ɧɚ 
ɬɚɛɥɢɱɤɚɯ ɭɤɚɡɚɧɵ ɞɨɩɭɫɬɢɦɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɧɢɯ. 

-ɤɭɪɟɧɢɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɪɚɡɪɟɲɚɟɬɫɹ 
ɬɨɥɶɤɨ ɜ ɫɩɟɰɢɚɥɶɧɨ ɨɬɜɟɞɟɧɧɵɯ ɦɟɫɬɚɯ 

-ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɞɨɥɠɧɵ ɛɵɬɶ ɚɩɬɟɱɤɢ, 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɧɵɟ ɩɟɪɟɜɹɡɨɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɢ ɦɟɞɢɤɚɦɟɧɬɚɦɢ. Ⱥɩɬɟɱɤɢ 
ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶɫɹ ɜ ɱɢɫɬɨɬɟ ɢ ɩɨɪɹɞɤɟ, ɚ ɡɚɩɚɫ ɦɚɬɟɪɢɚɥɨɜ ɢ ɦɟɞɢɤɚɦɟɧɬɨɜ 
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- ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɩɨɩɨɥɧɹɬɶɫɹ. ȼ ɚɩɬɟɱɤɟ ɞɨɥɠɟɧ ɛɵɬɶ ɫɩɢɫɨɤ ɧɟɨɛɯɨɞɢɦɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɦɟɞɢɤɚɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɭɤɚɡɚɧɢɹ ɩɨ ɢɯ ɩɪɢɦɟɧɟɧɢɸ. 

-ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɲɟɧɵ ɩɥɚɤɚɬɵ, 
ɧɚɝɥɹɞɧɨ ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɛɟɡɨɩɚɫɧɵɟ ɦɟɬɨɞɵ ɪɚɛɨɬɵ ɢ ɩɪɚɜɢɥɚ ɨɤɚɡɚɧɢɹ 
ɞɨɜɪɚɱɟɛɧɨɣ ɩɨɦɨɳɢ. 

-ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɧɟɪɚɫɱɟɬɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɢɬɭɚɰɢɣ ɞɨɥɠɧɵ 
ɛɵɬɶ ɜ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 
ɞɥɹ ɪɚɡɧɵɯ ɫɬɭɩɟɧɟɣ ɭɝɪɨɡɵ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 
ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɫɨɧɚɥɚ Ƚɗɋ; 

-ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɛɭɫɬɪɨɣɫɬɜɨ ɫɩɟɰɢɚɥɶɧɵɯ ɛɟɡɨɩɚɫɧɵɯ 
ɩɨɦɟɳɟɧɢɣ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɲɬɚɬɧɵɣ ɫɨɫɬɚɜ ɩɟɪɫɨɧɚɥɚ; 

-ɢɧɫɬɪɭɤɬɚɠɢ ɜɨ ɜɫɟɯ ɩɨɞɪɚɡɞɟɥɟɧɢɹɯ ɧɚ Ƚɗɋ ɞɨɥɠɧɵ ɩɪɨɢɡɜɨɞɢɬɶ 
ɬɨɥɶɤɨ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɟ ɪɚɛɨɬɧɢɤɢ; 

-ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɤɨɧɬɪɨɥɶ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɩɪɨɜɟɪɤɢ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɚɤ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɝɨ, ɬɚɤ ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɪɟɦɨɧɬɟ ɢɥɢ ɜ 
ɪɟɡɟɪɜɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɡɧɚɧɢɣ 
ɪɚɛɨɬɧɢɤɚɦɢ ɫɯɟɦ ɩɭɬɟɣ ɷɜɚɤɭɚɰɢɢ, ɫɯɟɦ ɪɚɡɦɟɳɟɧɢɹ ɛɟɡɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɣ, 
ɧɚɜɵɤɨɜ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɩɪɚɤɬɢɤɟ; 

-ɨɪɝɚɧɢɡɚɰɢɹ ɫɨɛɥɸɞɟɧɢɹ ɪɚɛɨɬɧɢɤɚɦɢ ɝɢɝɢɟɧɵ ɬɪɭɞɚ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ 
ɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ; 

-ɩɟɪɫɨɧɚɥ, ɩɪɢɧɢɦɚɟɦɵɣ ɧɚ ɪɚɛɨɬɭ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ȽɌɋ, 
ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɞɨɥɠɟɧ ɩɪɨɣɬɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ ɨɫɦɨɬɪ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɯɨɞɢɬɶ ɟɝɨ 
ɩɟɪɢɨɞɢɱɟɫɤɢ ɜ ɫɪɨɤɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɮɟɞɟɪɚɥɶɧɵɦ ɜɟɞɨɦɫɬɜɨɦ Ɋɨɫɫɢɢ; 

-ɩɟɪɫɨɧɚɥ Ƚɗɋ ɢ ɩɪɢɜɥɟɤɚɟɦɵɣ ɞɥɹ ɪɚɛɨɬ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ƚɗɋ 
ɨɪɝɚɧɢɡɚɰɢɣ ɨɛɹɡɚɧ ɡɧɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ, ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɢ 
ɫɨɛɥɸɞɚɬɶ ɟɝɨ ɬɪɟɛɨɜɚɧɢɹ; 

-ɜɟɫɶ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧ ɫɩɟɰɢɚɥɶɧɨɣ ɨɞɟɠɞɨɣ, ɨɛɭɜɶɸ ɢ 
ɞɪɭɝɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɢ ɤɨɥɥɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ ɢ ɨɛɹɡɚɧ ɩɨɥɶɡɨɜɚɬɶɫɹ ɢɦɢ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ; 

-ɜɟɫɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɩɟɪɫɨɧɚɥ ɞɨɥɠɟɧ ɜɥɚɞɟɬɶ ɩɪɢɟɦɚɦɢ 
ɨɫɜɨɛɨɠɞɟɧɢɹ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɩɨɩɚɜɲɟɝɨ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟ 
ɱɟɥɨɜɟɤɚ ɢ ɨɤɚɡɚɧɢɹ ɟɦɭ ɩɟɪɜɨɣ ɩɨɦɨɳɢ, ɚ ɬɚɤɠɟ ɨɤɚɡɚɧɢɹ ɩɨɦɨɳɢ 
ɩɨɫɬɪɚɞɚɜɲɢɦ ɩɪɢ ɞɪɭɝɢɯ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ; 

-ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɩɨɦɟɳɟɧɢɹɯ ɨɪɝɚɧɢɡɚɰɢɢ Ƚɗɋ ɥɢɰ, ɧɟ ɢɦɟɸɳɢɯ ɨɬɧɨɲɟɧɢɹ ɤ ɨɛɫɥɭɠɢɜɚɧɢɸ 
ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɧɢɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɛɟɡ ɫɨɩɪɨɜɨɠɞɟɧɢɹ; 

-ɞɨ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɞɨɥɠɧɨ 
ɛɵɬɶ ɩɪɨɜɟɪɟɧɨ ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ 
ɩɪɟɞɫɬɨɹɳɟɣ ɪɚɛɨɬɟ. ɉɪɢ ɧɟɫɨɛɥɸɞɟɧɢɢ ɷɬɨɝɨ ɩɨɥɨɠɟɧɢɹ ɢ ɧɟɨɛɟɫɩɟɱɟɧɢɢ 
ɩɟɪɫɨɧɚɥɚ ɧɟɨɛɯɨɞɢɦɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ ɧɟ ɪɚɡɪɟɲɚɟɬɫɹ 
ɩɪɢɫɬɭɩɚɬɶ ɤ ɪɚɛɨɬɟ; 

-ɧɟ ɪɚɡɪɟɲɚɟɬɫɹ ɜɟɞɟɧɢɟ ɪɚɛɨɬ ɧɚ ɧɟɨɫɬɚɧɨɜɥɟɧɧɵɯ ɦɟɯɚɧɢɡɦɚɯ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɢ; ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɧɟɢɫɩɪɚɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
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-ɞɜɢɠɭɳɢɟɫɹ ɱɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤ ɤɨɬɨɪɵɦ 
ɜɨɡɦɨɠɟɧ ɞɨɫɬɭɩ ɪɚɛɨɬɚɸɳɢɯ, ɞɨɥɠɧɵ ɢɦɟɬɶ ɡɚɳɢɬɧɨɟ ɨɝɪɚɠɞɟɧɢɟ, ɧɚɞɟɠɧɨɟ 
ɢ ɩɪɨɱɧɨ ɡɚɤɪɟɩɥɟɧɧɨɟ, ɧɟ ɨɝɪɚɧɢɱɢɜɚɸɳɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɨɛɨɪɭɞɨɜɚɧɢɹ; 

-ɪɚɛɨɬɵ ɧɚ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɦ, ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɦ, 
ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɹɯ Ƚɗɋ 
ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨ ɧɚɪɹɞɚɦ-ɞɨɩɭɫɤɚɦ ɢ (ɢɥɢ) ɪɚɫɩɨɪɹɠɟɧɢɹɦ; 

-ɭɱɟɬ ɢ ɪɟɝɢɫɬɪɚɰɢɸ ɪɚɛɨɬ ɩɨ ɧɚɪɹɞɚɦ ɢ ɪɚɫɩɨɪɹɠɟɧɢɹɦ ɜɟɞɟɬ ɞɟɠɭɪɧɵɣ 
ɩɟɪɫɨɧɚɥ ɜ "ɀɭɪɧɚɥɟ ɭɱɟɬɚ ɪɚɛɨɬ ɩɨ ɧɚɪɹɞɚɦ ɢ ɪɚɫɩɨɪɹɠɟɧɢɹɦ". ɉɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɞɟɠɭɪɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɭɱɟɬ ɢ ɪɟɝɢɫɬɪɚɰɢɸ ɪɚɛɨɬ ɜɟɞɟɬ ɪɚɛɨɬɧɢɤ, 
ɜɵɞɚɸɳɢɣ ɧɚɪɹɞ (ɨɬɞɚɸɳɢɣ ɪɚɫɩɨɪɹɠɟɧɢɟ); 

-ɨɪɝɚɧɢɡɚɰɢɹ ɤɚɛɢɧɟɬɚ ɩɨ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɟ ɬɪɭɞɚ, 
ɹɜɥɹɸɳɟɣɫɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɢ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ 
ɩɟɪɫɨɧɚɥɨɦ. 

 
7.3 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

7.3.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɋɢɜɚɝɥɢɟɜɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ ɧɚ ɪɟɤɟ Ɂɟɹ ɜ ͵ ˍˏ ɨɬ ɩɨɫɟɥɤɚ ɑɚɝɨɹɧ. Ȼɥɢɠɚɣɲɢɟ ɤ ɪɚɣɨɧɭ ɫɬɜɨɪɚ  ɧɚɫɟɥɟɧɧɵɟ ɩɭɧɤɬɵ ɜ 

ɜɟɪɯɧɟɦ ɛɶɟɮɟ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɡɨɧɟ ɡɚɬɨɩɥɟɧɢɹ: ɍɪɚɥɨɜɤɚ (199 ɱɟɥ.) ɨɬ ɫɬɜɨɪɚ ͵͵,ͻ͹ ˍˏ, ɉɨɥɹɤɨɜɫɤɢɣ (249 ɱɟɥ.) ɨɬ ɫɬɜɨɪɚ ͳͲͶ,ͷͺ ˍˏ, ɘɛɢɥɟɣɧɵɣ (432 ɱɟɥ.) 
ɨɬ ɫɬɜɨɪɚ ͳʹ͵,ͻ͵ ˍˏ. Ⱦɥɢɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫɨɫɬɚɜɥɹɟɬ ͳͺͲ ˍˏ. ɉɨɫɬɚɜɤɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɱɟɪɟɡ ɬɪɚɧɫɩɨɪɬɧɵɟ ɩɭɬɢ, ɩɪɨɥɨɠɟɧɧɵɟ 
ɨɬ ɩɨɫɟɥɤɚ ɑɚɝɨɹɧ. 

ɂɫɬɨɤ ɪɟɤɢ Ɂɟɹ ɧɚɯɨɞɢɬɫɹ ɧɚ ɸɠɧɵɯ ɫɤɥɨɧɚɯ ɋɬɚɧɨɜɨɝɨ ɯɪɟɛɬɚ (ɦɚɫɫɢɜ 
Ɍɨɤɢɧɫɤɢɣ ɋɬɚɧɨɜɢɤ) ɧɚ ɜɵɫɨɬɟ 1900 ɦɟɬɪɨɜ, ɭ ɫɚɦɨɣ ɝɪɚɧɢɰɵ ɫ əɤɭɬɢɟɣ. 
Ⱦɥɢɧɚ ɪɟɤɢ ɪɚɜɧɚ ͳʹͶʹ ˍˏ. ɉɢɬɚɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɨɠɞɟɜɨɟ, ɞɨɥɹ 
ɤɨɬɨɪɨɝɨ ɨɬ ɨɛɳɟɝɨ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ ͷͲ −  ͹Ͳ %. ɇɚ ɫɧɟɝɨɜɨɟ 
ɩɪɢɯɨɞɢɬɫɹ ͳͲ − ʹͲ %, ɧɚ ɩɨɞɡɟɦɧɨɟ ͳͲ −  ͵Ͳ %. Ʉɥɢɦɚɬ Ⱥɦɭɪɫɤɨɣ ɨɛɥɚɫɬɢ 
ɪɟɡɤɨ-ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɫ ɱɟɪɬɚɦɢ ɦɭɫɫɨɧɧɨɫɬɢ. . ɋɪɟɞɧɹɹ ɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɥɹɟɬ ͵,ͷ°ʠ‚ ɚɛɫɨɥɸɬɧɵɣ ɦɢɧɢɦɭɦ −ͶͶ°ʠ, ɚɛɫɨɥɸɬɧɵɣ ɦɚɤɫɢɦɭɦ +͵ͺ°ʠ. Ƚɨɞɨɜɚɹ ɫɭɦɦɚ ɨɫɚɞɤɨɜ ɨɤɨɥɨ ͺͲͲ ˏˏ. 

Ɋɚɫɬɢɬɟɥɶɧɨɫɬɶ ɨɛɥɚɫɬɢ ɛɨɝɚɬɚ ɢ ɪɚɡɧɨɨɛɪɚɡɧɚ. Ƚɥɚɜɧɵɟ ɟɟ ɨɫɨɛɟɧɧɨɫɬɢ - 
ɨɛɢɥɢɟ ɜɢɞɨɜ ɪɚɫɬɟɧɢɣ ɢ ɤɨɧɬɪɚɫɬɧɨɫɬɶ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ. Ɏɥɨɪɚ 
ɧɚɫɱɢɬɵɜɚɟɬ ɨɤɨɥɨ 2000 ɜɢɞɨɜ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 21 ɪɟɞɤɢɣ ɜɢɞ 
ɡɚɧɟɫɟɧ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ. ɉɪɨɢɡɪɚɫɬɚɸɬ ɬɚɟɠɧɵɟ ɥɟɫɚ ɢɡ ɫɨɫɧɵ, ɟɥɢ, ɛɟɪɟɡɵ 
ɛɟɥɨɣ ɢ ɞɪɭɝɢɯ ɩɨɪɨɞ ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɥɢɫɬɜɟɧɧɢɰɵ. 

ɀɢɜɨɬɧɵɣ ɦɢɪ ɉɪɢɚɦɭɪɶɹ ɩɪɟɞɫɬɚɜɥɟɧ 47 ɜɢɞɚɦɢ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɢ 300 
ɜɢɞɨɜ ɩɬɢɰ. ɉɪɟɨɛɥɚɞɚɸɬ ɠɢɜɨɬɧɵɟ: ɜɨɥɤ, ɥɢɫɢɰɚ, ɛɭɪɵɣ ɦɟɞɜɟɞɶ, ɫɨɛɨɥɶ, 
ɤɚɛɚɧ, ɥɨɫɶ, ɤɨɫɭɥɹ, ɫɟɜɟɪɧɵɣ ɨɥɟɧɶ, ɟɧɨɬɨɜɢɞɧɚɹ ɫɨɛɚɤɚ. 

Ɉɛɢɬɚɬɟɥɢ ɪɟɤɢ Ɂɟɹ: ɚɦɭɪɫɤɢɣ ɩɟɫɤɚɪɶ, ɬɚɣɦɟɧɶ, ɯɚɪɢɭɫɵ, ɳɭɤɚ, 
ɩɨɞɤɚɦɟɧɳɢɤɢ ɢ ɞɪɭɝɢɟ ɪɵɛɵ. 
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ȼɨɡɞɟɣɫɬɜɢɟ ɋɢɜɚɝɥɢɟɜɫɤɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ 
ɨɤɚɡɵɜɚɬɶɫɹ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɫɬɚɧɰɢɢ. 

 
7.3.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɋɢɜɚɝɥɢɟɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɜɢɞɵ ɪɚɛɨɬ: 
– ɨɱɢɫɬɤɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɩɥɚɧɢɪɨɜɤɚ 

ɬɟɪɪɢɬɨɪɢɢ; 
– ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
– ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 
– ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ 

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

ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɩɪɨɰɟɫɫɚɦɢ: 

-Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨɞɧɨɝɨ, ɥɟɞɨɜɨɝɨ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɟɠɢɦɨɜ; 

-ɂɡɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɢ ɨɫɟɞɚɧɢɹ ɧɚɧɨɫɨɜ; 
-Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɟ ɤɚɱɟɫɬɜɚ 

ɜɨɞɵ ɪɟɤɢ Ɂɟɹ. 
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;  
- ɡɚɫɵɩɤɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɭɝɥɭɛɥɟɧɢɣ ɢ ɰɟɦɟɧɬɢɪɨɜɚɧɢɟ ɫɤɜɚɠɢɧ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɨɫɬɚɜ ɫɚɧɢɬɚɪɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɜɯɨɞɢɬ ɨɱɢɫɬɤɚ ɥɨɠɚ ɨɬ 

ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ: 

– ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ 
ɢɡɦɟɧɟɧɢɹ; 

– ɩɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɫɪɭɛɤɚ ɥɟɫɚ ɢ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
– ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ; 
– ɨɩɚɫɧɨɫɬɢ ɢ ɪɢɫɤɢ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɟɪɫɨɧɚɥɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɨɫɬɨɹɧɢɟɦ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɪɹɞɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ. 
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7.3.3 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɛɨɥɶɲɨɣ 

ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ, 
ɜ ɬɨɦ ɱɢɫɥɟ: 

Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ (ɤɨɞ ɨɬɯɨɞɨɜ ɩɨ 
ɎɄɄɈ – 2014 ɝ. 8 22 201 01 21 5): 
ܯ  = ே∙௤ଵ଴଴% ∙ 𝜌 = ଼ଽହଷଶହ∙ଵ,଼ଵ଴଴% ∙ ʹ,Ͷ = ͵ͺ͸͹ͺ͹ ˕,  (7.1) 

 
ɝɞɟ ܰ − ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ˏଷ (ͺͻͷ͵ʹͷ ˏଷ); 
ݍ       − ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (ݍ = ͳ,ͺ%); 
      𝜌 − ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ˕/ˏଷ (𝜌 = ʹ,Ͷ ˕/ˏଷ). 

Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 
ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ (ɤɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 ɝ. 
46101001205). 

ɍɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɪɢɥɨɠɟɧɢɟɦ ɤ ɫɛɨɪɧɢɤɭ Ɍɢɩɨɜɵɯ ɧɨɪɦ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ (ɞɨɩɨɥɧɟɧɢɟ ɤ ɊȾɋ 82-202-96) Ɇɨɫɤɜɚ, Ƚɨɫɫɬɪɨɣ Ɋɨɫɫɢɢ, 1988ɝ; 
ɬɚɛɥɢɰɚ 4, ɧɨɪɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɚɪɦɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 1,0 %. 

       M = N∙୯ଵ଴଴% ∙ ρ = ଽହ∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ͳ,ͻ ˕,  (7.2) 

 
ɝɞɟ ܰ − ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ˏଷ (ͻͷ ˏଷ); 
ݍ       − ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (ݍ = ͳ,Ͳ%); 
      𝜌 − ɩɥɨɬɧɨɫɬɶ ɚɪɦɚɬɭɪɵ, ˕/ˏଷ (𝜌 = ʹ,Ͳ ˕/ˏଷ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ ͵ͺ͸͹ͺ͹ ɬ 
ɥɨɦɚ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 1,9 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, ɢɦɟɸɳɟɣ 
ɥɢɰɟɧɡɢɸ ɧɚ ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, 
ɬɚɤ ɤɚɤ ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
7.3.4 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 ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨɞɥɟɠɚɬ ɨɛɹɡɚɬɟɥɶɧɨɦɭ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ 
ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ ɧɚɞɡɨɪɚ. 
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2. Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɫɚɧɢɬɚɪɧɵɟ 
ɩɨɩɭɫɤɢ ɫɨɫɬɚɜɥɹɸɬɫɹ ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɵɯ ɢɧɠɟɧɟɪɧɵɯ ɢɡɵɫɤɚɧɢɣ ɪɚɫɱɟɬɨɜ, 
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. 

 
7.3.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɢɜɚɝɥɢɟɜɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 
-ɋɛɪɨɫɨɦ ɫɬɨɱɧɵɯ (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, ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɬɟɤɭɳɢɯ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 

-ɇɚ ɫɪɟɞɭ ɨɛɢɬɚɧɢɹ ɧɚɫɟɥɟɧɢɹ ɛɥɢɡɥɟɠɚɳɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɰɟɫɫɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ ɢ ɫɨɫɬɨɹɧɢɟɦ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 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 ɜɨɞɭ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ. 
ɋɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.1.4.1110-02 «Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ» ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 
ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ Ɂɟɹ ɨɬ ɫɛɪɨɫɨɜ ɋɢɜɚɝɥɢɟɜɫɤɨɣ Ƚɗɋ ɧɢɠɟ ɩɨ 
ɬɟɱɟɧɢɸ ɪɟɤɢ. 
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8 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

8.1 Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ, 

ɧɚɱɢɧɚɹ ɨɬ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɰɟɧɤɚ 
ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɬɚɛɥɢɰɟ 8.1. 

 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2021 2022 2023 2024 2025 
Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/ Ɇȼɬ∙ɱ 1042 1077 1110 1143 1175 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ. 3570,7 3690,6 3803,7 3916,8 4026,5 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ. 595,1 615,1 633,9 652,8 671,1 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 861 861 861 861 861 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4000 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ∙ɱ 3444000 3444000 3444000 3444000 3444000 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
% 0,5 0,5 0,5 0,5 0,5 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

Ɇȼɬ∙ɱ 17220 17220 17220 17220 17220 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ∙ɱ 3426780 3426780 3426780 3426780 3426780 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/ Ɇȼɬ∙ɱ 1042 1077 1110 1143 1175 
ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɦɥɧ.ɪɭɛ. 3570,7 3690,6 3803,7 3916,8 4026,5 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ. 595,1 615,1 633,9 652,8 671,1 
 
ɂɡ ɬɚɛɥɢɰɵ 8.1 ɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɬɚɪɢɮɚ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɚ 

ɢɦɟɧɧɨ ɟɝɨ ɪɨɫɬ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɝɪɚɮɵ «ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ» ɢ «ɇȾɋ ɤ ɜɵɪɭɱɤɟ». ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɪɨɫɬɨɦ ɬɚɪɢɮɨɜ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɥɨɠɟɧɢɟɦ «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ 
ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.». 

 
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.) 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 
ɫɪɟɞɧɟɫɪɨɱɧɭɸ 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: 
- ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
- ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
- ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
- ɧɚɥɨɝ 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 ɢ 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 255,2 219, 73 

ɉɪɨɱɢɟ 274 235, 91 
ɂɬɨɝɨ ɩɨ Ƚɗɋ  455, 64 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ ɩɪɨɰɟɧɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
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Ɍɚɛɥɢɰɚ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ (Ɇȼɬ) ɗɬɚɩɵ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɨɟɤɬɚ (ɥɟɬ) 
ɨɬ 1 ɞɨ 5 ɨɬ 6 ɞɨ 15 ɨɬ 16 ɞɨ 25 ɫɜɵɲɟ 25 

ɨɬ 400 Ɇȼɬ ɞɨ 999 Ɇȼɬ 0,040% 0,060% 0,080% 0,100% 

 
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/Ɇȼɬ 116,56 

ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097ɬɵɫ.ɪɭɛ/Ɇȼɬ*ɱ 8,16 
ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318ɬɵɫ.ɪɭɛ/Ɇȼɬ*ɱ 2,37 

ɂɬɨɝɨ  127,09 
 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ∙ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 

ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ Ɂɟɹ 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 

2021  2022 2023 2024 2025 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 68,10 135,25 144,34 144,34 144,34 
Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 30,63 58,83 61,66 61,656 61,66 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 32,55 455,64 455,64 455,64 455,64 
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, 

ɦɥɧ.ɪɭɛ. 
1,28 2,45 2,57 2,57 3,85 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, 
ɦɥɧ.ɪɭɛ. 

8,70 127,09 127,09 127,09 127,09 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 1,12 32,89 35,71 35,71 35,71 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 142,37 812,15 827,00 827,00 828,29 

 
ɂɡ ɬɚɛɥɢɰɵ 8.5 ɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɡɚɬɪɚɬɵ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɩɨ ɦɟɪɟ ɪɟɚɥɢɡɚɰɢɢ 

ɩɪɨɟɤɬɚ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɢɦɟɸɬ ɧɚɢɛɨɥɶɲɭɸ ɫɭɦɦɭ, ɬɚɤ ɤɚɤ 
ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɧɨɠɟɫɬɜɨ ɞɪɭɝɢɯ ɪɚɫɯɨɞɨɜ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɧɚɥɨɝɨɦ ɧɚ ɜɨɞɭ 
ɢɥɢ ɪɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɧɚɢɦɟɧɶɲɭɸ ɫɭɦɦɭ ɡɚɬɪɚɬ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫɭɧɨɤ 8.1). 
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Ɋɢɫɭɧɨɤ 8.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 
 

ɇɚɢɛɨɥɶɲɢɣ ɩɪɨɰɟɧɬ ɨɬ ɨɛɳɢɯ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ Ƚɗɋ ɢɦɟɸɬ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɬɚɤ ɤɚɤ ɨɧɢ ɨɯɜɚɬɵɜɚɸɬ ɦɧɨɠɟɫɬɜɨ ɪɚɫɯɨɞɨɜ, 
ɜɤɥɸɱɚɸɳɢɯ ɜ ɫɟɛɹ, ɧɚɩɪɢɦɟɪ, ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɪɚɛɨɬɧɢɤɨɜ, ɨɩɥɚɬɭ 
ɩɨɬɪɟɛɥɟɧɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɜɨɡɨɤ, ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɞɪ. 

 
8.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 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 

2022  2023 2024 2025 2026 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 1158,50 1325,45 1371,35 1412,94 1453,08 
ɇȾɋ, ɦɥɧ.ɪɭɛ. 26,92 1415,55 1460,09 1501,05 1540,56 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ. 27,19 27,19 27,19 27,19 27,19 
ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 121,25 139,45 132,69 129,52 126,35 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 1333,87  2907,64 2991,34 3070,70 3147,18 
 

Ɍɚɤ ɤɚɤ ɋɢɜɚɝɥɢɟɜɫɤɚɹ Ƚɗɋ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɶɸ, ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɢ ɪɟɚɥɢɡɭɟɬɫɹ ɧɟɦɚɥɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ 

17% 

8% 

55% 

1% 

15% 

4% 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ 

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ 
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ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɬɫɸɞɚ ɢ ɩɨɹɜɥɹɸɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɫɭɦɦɵ ɧɚɥɨɝɨɜ ɧɚ ɩɪɢɛɵɥɶ ɢ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ 
ɜɵɩɥɚɱɢɜɚɟɦɵɟ ɫɬɚɧɰɢɟɣ ɝɨɫɭɞɚɪɫɬɜɭ. 

 
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 

2020  2021 2022 2023 2024 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 6885,82 7095,19 7319,16 7522,17 7719,22 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 812,15 827,00 827,00 828,29 828,29 
EBITDA (ȼɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), 

ɦɥɧ.ɪɭɛ. 
6850,11 7059,49 7283,45 7486,46 7683,52 

EBIT(ɩɪɢɛɵɥɶ ɨɬ 
ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 

6411,56 6641,16 6868,29 7074,49 7274,72 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 
ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 

1282,31 1328,23 1373,66 1414,89 1454,94 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 5161,90 5312,93 5494,64 5659,59 5819,77 
ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ,% 20,00 20,00 20,00 20,00 20,00 

 
ɇɚ ɪɢɫɭɧɤɟ 8.2 ɢɡɨɛɪɚɠɟɧ ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɩɨ ɝɨɞɚɦ. 
 

 
Ɋɢɫɭɧɨɤ 8.2 – ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɩɪɢɛɵɥɢ/ɭɛɵɬɤɨɜ ɩɨ ɩɪɨɟɤɬɭ, ɦɥɧ. ɪɭɛ. 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȿɋɍ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɪɨɫɬ ɰɟɧ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ 

ɦɨɳɧɨɫɬɶ ɜ ɩɪɨɝɧɨɡɢɪɭɟɦɨɦ ɩɟɪɢɨɞɟ ɜɟɞɟɬ ɤ ɪɨɫɬɭ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ. 
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Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɭɤɪɭɩɧɟɧɧɵɯ ɷɬɚɩɨɜ ɪɟɚɥɢɡɚɰɢɢ 
ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8.3. 

 

 
Ɋɢɫɭɧɨɤ 8.3 – Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ, ɦɥɧ. ɪɭɛ. 

 
ȼ ɩɟɪɢɨɞ ɫ 2020-2021 ɝɝ. ɢɞɟɬ ɜɨɡɜɟɞɟɧɢɟ ɩɥɨɬɢɧɵ, ɭɫɬɚɧɨɜɤɚ ɩɟɪɜɨɣ 

ɨɱɟɪɟɞɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ ɩɟɪɢɨɞ ɫ 2021-2029 ɝɝ. ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɣ 
ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ, ɬɚɤ ɤɚɤ ɢɞɟɬ ɭɫɬɚɧɨɜɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ 
ɨɱɟɪɟɞɢ. ɋ 2029-2032 ɝɝ. ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɩɪɨɞɚɠɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ, 
ɜ 2032 ɝɨɞ ɜɢɞɟɧ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ – ɩɪɨɟɤɬ ɨɤɭɩɢɥɫɹ. 

 
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.»). 

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: 
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 
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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 ɋɢɜɚɝɥɢɟɜɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 25 ɥɟɬ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜ. 2020 ɝɨɞɚ. 

3) ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɱɬɨ ɜ ɬɟɱɟɧɢɢ ɩɪɨɝɧɨɡɧɨɝɨ ɩɟɪɢɨɞɚ ɧɟ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɬɭɚɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɩɪɚɜɢɥ ɢ ɡɚɤɨɧɨɜ. 

 
8.6 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 

ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
 

Ɍɚɛɥɢɰɚ 8.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «ɋɢɜɚɝɥɢɟɜɫɤɨɣ 
Ƚɗɋ ɧɚ ɪɟɤɟ Ɂɟɹ» 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,60 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ 155 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 689,06 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,04 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 11,90 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ*ɱ 1,34 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/ɤȼɬ 84375,15 

 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 155 ɦɟɫɹɰɟɜ (12,9 ɥɟɬ), ɷɬɨ ɡɧɚɱɢɬ, 

ɱɬɨ ɩɪɨɟɤɬ ɨɤɭɩɢɬɫɹ ɞɨ ɟɝɨ ɨɤɨɧɱɚɧɢɹ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 300 ɦɟɫɹɰɟɜ (25 ɥɟɬ). 
ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ (689,06 ɦɥɧ.ɪɭɛ.) ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɨɟɤɬ 
ɩɪɢɜɥɟɤɚɬɟɥɟɧ ɞɥɹ ɢɧɜɟɫɬɢɪɨɜɚɧɢɹ ɢ ɩɪɢɧɟɫɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɞɨɯɨɞ ɧɚ 
ɜɥɨɠɟɧɧɵɣ ɤɚɩɢɬɚɥ. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ (1,04 ɪɭɛ.) ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, ɷɬɨ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɪɚɡɜɢɬɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. 
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8.7 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 2020 2021 2022 2023 2024 

ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 
 

29,36 
 

36,34 
 

1270,18 
 

2811,17 
 

2900,91 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 
 

2,23 
 

53,67 
 

121,29 
 

135,95 
 

132,77 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.Ɋɭɛɥɟɣ 
 

31,59 
 

90,01 
 

1391,48 
 

2947,12 
 

3033,68 
 

ɇɚɱɢɫɥɹɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɟ 
ɛɸɞɠɟɬɵ ɩɨɡɜɨɥɹɸɬ ɩɨɜɵɫɢɬɶ ɨɛɳɟɫɬɜɟɧɧɭɸ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ. 

 
8.8 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 ɢɧɞɟɤɫɚ 
ɞɨɯɨɞɧɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

ɚ) ɋɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
ɛ) ɐɟɧɵ ɫɛɵɬɚ; 
ɜ) ɋɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. 
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 
ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɧɚ ɪɢɫɭɧɤɟ 8.4. 
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Ɋɢɫɭɧɨɤ 8.4 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

 
ɂɡ ɪɢɫɭɧɤɚ 8.4 ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɜɟɞɟɬ ɤ 

ɭɦɟɧɶɲɟɧɢɸ ɢɧɞɟɤɫɚ ɞɨɯɨɞɧɨɫɬɢ PI. 
ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ ɢ ɫɬɚɜɤɢ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɪɢɫɭɧɤɟ 8.5 ɢ 8.6. 
 

 
Ɋɢɫɭɧɨɤ 8.5 – ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 

 
ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɪɢɫɭɧɤɚ 8.5 ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɰɟɧɵ ɧɚ ɫɛɵɬ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢɛɵɥɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ PI 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 
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Ɋɢɫɭɧɨɤ 8.6 – ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

 
ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɪɢɛɵɥɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ PI. 
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9 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɦɚɫɥɚɦ, ɫɩɨɫɨɛɵ ɤɨɧɬɪɨɥɹ, 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 

9.1 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɦɚɫɥɚɦ 
 

ɇɚ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɩɨɫɬɨɹɧɧɵɣ ɢ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ ɢ ɤɚɱɟɫɬɜɚ ɦɚɫɟɥ, ɨɛɫɥɭɠɢɜɚɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɟɪɫɨɧɚɥ, ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɬɢɩɚ 
ɦɚɫɟɥ ɜ ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ 
ɫɜɟɠɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɦɚɫɟɥ, ɪɚɡɪɚɛɨɬɤɭ ɪɟɤɨɦɟɧɞɚɰɢɣ 
ɩɨ ɢɯ ɩɪɢɦɟɧɟɧɢɸ ɧɚ Ƚɗɋ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶ ɯɢɦɢɱɟɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ ɢɥɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɫɬɪɭɤɬɭɪɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɟ Ƚɗɋ. ȼɫɟ ɩɪɢɧɢɦɚɟɦɵɟ ɦɚɫɥɚ 
ɞɨɥɠɧɵ ɢɦɟɬɶ: 

-ɩɚɫɩɨɪɬ (ɫɟɪɬɢɮɢɤɚɬ) ɤɚɱɟɫɬɜɚ (ɫ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɡɚɜɨɞɟ-ɢɡɝɨɬɨɜɢɬɟɥɟ); 
-ɩɚɫɩɨɪɬ ɛɟɡɨɩɚɫɧɨɫɬɢ (ɝɢɝɢɟɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ); 
-ɤɨɩɢɢ ɫɟɪɬɢɮɢɤɚɬɨɜ ɫɨɨɬɜɟɬɫɬɜɢɹ; 
-ɧɚɥɢɱɢɟ ɢ ɢɫɩɪɚɜɧɨɫɬɶ ɩɥɨɦɛ. 
ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɦɚɫɟɥ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɵ: 

ɧɚɞɟɠɧɚɹ ɪɚɛɨɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
ɫɨɯɪɚɧɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɦɚɫɟɥ; ɫɛɨɪ ɢ ɪɟɝɟɧɟɪɚɰɢɹ 
ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ ɜ ɰɟɥɹɯ ɩɨɜɬɨɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɨ ɩɪɹɦɨɦɭ ɧɚɡɧɚɱɟɧɢɸ. 

 
9.2 Ɍɭɪɛɢɧɧɵɟ ɦɚɫɥɚ 

 
Ɍɭɪɛɢɧɧɵɟ ɦɚɫɥɚ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɝɢɞɪɨɚɝɪɟɝɚɬɚɯ ɞɥɹ ɫɦɚɡɤɢ ɫɟɝɦɟɧɬɨɜ 

ɩɨɞɩɹɬɧɢɤɚ, ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɢ ɬɭɪɛɢɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɟɪɟɞɚɱɢ 
ɭɫɢɥɢɣ ɨɬ ɪɟɝɭɥɹɬɨɪɚ ɤ ɫɟɪɜɨɦɨɬɨɪɚɦ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜ ɫɢɫɬɟɦɟ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɰɢɪɤɭɥɹɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ 
ɫɦɚɡɤɢ, ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ ɩɨɞɩɹɬɧɢɤɟ ɢ ɩɨɞɲɢɩɧɢɤɟ ɰɢɪɤɭɥɹɰɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɨɬ 
ɫɟɝɦɟɧɬɨɜ ɤ ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɹɦ ɢ ɨɛɪɚɬɧɨ ɜɧɭɬɪɢ ɜɚɧɧɵ. ȼ ɫɢɫɬɟɦɟ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɰɢɪɤɭɥɹɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɛɚɤɚ Ɇɇɍ, ɱɟɪɟɡ ɝɥɚɜɧɵɟ ɡɨɥɨɬɧɢɤɢ 
ɤ ɫɟɪɜɨɦɨɬɨɪɚɦ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɢ ɨɛɪɚɬɧɨ. 

ȼɧɟɲɧɢɣ ɜɢɞ: ɱɢɫɬɚɹ ɢ ɩɪɨɡɪɚɱɧɚɹ ɠɢɞɤɨɫɬɶ, ɠɟɥɬɨɝɨ ɢɥɢ ɫɜɟɬɥɨ-
ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ, ɧɟ ɫɨɞɟɪɠɚɳɚɹ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɨɫɚɞɤɨɜ. 

 
9.2.1 Ɉɬɛɨɪ ɩɪɨɛ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ 
 
Ɉɬɛɨɪ ɩɪɨɛ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫ ɛɨɥɶɲɨɣ ɬɳɚɬɟɥɶɧɨɫɬɶɸ ɢ 

ɚɤɤɭɪɚɬɧɨɫɬɶɸ, ɬɚɤ ɤɚɤ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɭɜɥɚɠɧɟɧɢɹ ɢ ɡɚɝɪɹɡɧɟɧɢɹ ɦɨɝɭɬ 
ɩɪɢɜɟɫɬɢ ɤ ɢɫɤɚɠɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɹ ɢ ɧɟɩɪɚɜɢɥɶɧɨɦɭ ɡɚɤɥɸɱɟɧɢɸ ɨ 
ɫɨɫɬɨɹɧɢɢ ɦɚɫɥɚ ɢ ɜɵɡɜɚɬɶ ɧɟɧɭɠɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɨɱɢɫɬɤɭ ɢɥɢ ɡɚɦɟɧɭ ɝɨɞɧɨɝɨ 
ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɫɥɚ. Ɉɬɛɨɪ ɩɪɨɛ ɜɵɩɨɥɧɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɵɦ 
ɩɟɪɫɨɧɚɥɨɦ, ɩɪɨɲɟɞɲɢɦ ɧɟɨɛɯɨɞɢɦɵɣ ɢɧɫɬɪɭɤɬɚɠ. 
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-ɩɪɨɛɵ ɦɚɫɥɚ ɨɬɛɢɪɚɸɬɫɹ ɜ ɫɭɯɭɸ ɩɨɝɨɞɭ, ɧɟ ɫɥɟɞɭɟɬ ɨɬɛɢɪɚɬɶ ɩɪɨɛɵ ɜ 
ɬɭɦɚɧ, ɩɨɫɥɟ ɞɨɠɞɹ ɢɥɢ ɫɧɟɝɨɩɚɞɚ, ɤɨɝɞɚ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɜɟɥɢɤɚ; 

-ɩɟɪɟɞ ɜɡɹɬɢɟɦ ɩɪɨɛ ɦɚɫɥɚ ɫɥɟɞɭɟɬ ɩɪɨɬɟɪɟɬɶ ɱɢɫɬɨɣ ɢ ɫɭɯɨɣ ɬɪɹɩɤɨɣ 
ɤɪɚɧ ɢɥɢ ɩɪɨɛɤɭ ɨɬ ɩɵɥɢ ɢ ɝɪɹɡɢ. Ɂɚɬɟɦ ɩɨɫɬɚɜɢɜ ɩɨɞ ɤɪɚɧ ɢɥɢ ɩɪɨɛɤɭ ɜɟɞɪɨ, 
ɫɥɟɝɤɚ ɨɬɤɪɵɜɚɸɬ ɤɪɚɧ ɢɥɢ ɩɪɨɛɤɭ, ɫɩɭɫɤɚɸɬ ɦɚɫɥɨ ɜ ɤɨɥɢɱɟɫɬɜɟ, ɱɬɨɛɵ 
ɩɪɨɦɵɬɶ ɨɬɜɟɪɫɬɢɟ ɤɪɚɧɚ; 

-ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛ ɦɚɫɥɚ ɞɨɥɠɧɵ ɩɪɢɦɟɧɹɬɶɫɹ ɬɨɥɶɤɨ ɱɢɫɬɵɟ ɫɭɯɢɟ 
ɫɬɟɤɥɹɧɧɵɟ ёɦɤɨɫɬɢ, ɨɛɴёɦɨɦ ɨɬ 0,5 ɞɨ 1 ˇˏଷ, ɢɦɟɸɳɢɟ ɷɬɢɤɟɬɤɭ ɞɥɹ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɨɛɵ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛ ɫɬɟɤɥɹɧɧɵɟ 
ɛɭɬɵɥɤɢ (ɠɟɥɚɬɟɥɶɧɨ ɢɡ ɬɟɦɧɨɝɨ ɫɬɟɤɥɚ); ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɟ 
ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ ɱɢɫɬɵɟ ɢ ɫɭɯɢɟ ɩɪɨɡɪɚɱɧɵɟ ɲɥɚɧɝɢ ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛ 
(ɫɢɥɢɤɨɧɨɜɵɟ ɢɥɢ ɢɡ ɉȼɏ). Ёɦɤɨɫɬɶ ɞɜɚɠɞɵ ɨɩɨɥɚɫɤɢɜɚɟɬɫɹ ɨɬɛɢɪɚɟɦɵɦ 
ɦɚɫɥɨɦ, ɡɚɩɨɥɧɹɟɬɫɹ ɞɨɜɟɪɯɭ ɢ ɬɳɚɬɟɥɶɧɨ ɡɚɤɪɵɜɚɟɬɫɹ. Ёɦɤɨɫɬɢ ɩɭɫɬɵɟ ɢɥɢ ɫ 
ɦɚɫɥɨɦ ɜɧɟɫɟɧɧɵɟ ɜ ɯɨɥɨɞɧɨɟ ɜɪɟɦɹ ɫ ɭɥɢɰɵ ɜ ɬɟɩɥɨɟ ɩɨɦɟɳɟɧɢɟ, ɦɨɝɭɬ 
ɭɜɥɚɠɧɹɬɶɫɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɣɫɹ ɢɡ ɜɨɡɞɭɯɚ ɜɥɚɝɨɣ, ɩɨɷɬɨɦɭ ɨɧɢ ɞɨɥɠɧɵ 
ɞɟɪɠɚɬɶɫɹ ɡɚɤɪɵɬɵɦɢ ɜ ɬɟɱɟɧɢɟ 3-4 ɱɚɫɨɜ, ɩɨɤɚ ɧɟ ɩɪɢɦɭɬ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɨɦɟɳɟɧɢɹ; 

-ɩɨɫɭɞɭ ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛ ɦɚɫɥɚ ɦɨɸɬ ɞɨ ɯɢɦɢɱɟɫɤɢ ɱɢɫɬɨɣ, ɜɵɫɭɲɢɜɚɸɬ 
ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɱɚɫɨɜ ɜ ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ͳͳͲ °ʠ, ɦɟɞɥɟɧɧɨ 
ɨɯɥɚɠɞɚɸɬ ɜ ɲɤɚɮɭ ɢ ɡɚɤɪɵɜɚɸɬ ɤɪɵɲɤɚɦɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɛɚɧɨɤ ɧɟ ɞɨɥɠɧɚ 
ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɥɢɜɚɟɦɨɝɨ ɦɚɫɥɚ ɛɨɥɟɟ ɱɟɦ ɧɚ ͵ − ͷ °ʠ; 

-ɩɪɨɛɚ ɦɚɫɥɚ ɞɨɥɠɧɚ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɷɬɢɤɟɬɤɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɧɨɦɟɪ 
ɛɚɧɤɢ, ɞɚɬɭ ɨɬɛɨɪɚ ɩɪɨɛɵ, ɧɚɢɦɟɧɨɜɚɧɢɟ ɨɪɝɚɧɢɡɚɰɢɢ (ɩɨɞɫɬɚɧɰɢɢ), 
ɧɚɢɦɟɧɨɜɚɧɢɟ ɚɩɩɚɪɚɬɚ ɢɥɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɟɝɨ ɧɨɦɟɪ, ɧɚɩɪɹɠɟɧɢɟ, ɩɪɢɱɢɧɭ 
ɨɬɛɨɪɚ ɩɪɨɛɵ (ɧɨɜɨɟ ɜɤɥɸɱɟɧɢɟ, ɩɥɚɧɨɜɚɹ ɢɥɢ ɚɜɚɪɢɣɧɚɹ), ɢɫɩɵɬɚɧɢɟ ɩɪɨɛɵ 
ɦɚɫɥɚ, ɤɨɬɨɪɨɟ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɟɫɬɢ ɜ ɥɚɛɨɪɚɬɨɪɢɢ (ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ, 
ɫɨɤɪɚɳɟɧɧɵɣ ɢɥɢ ɩɨɥɧɵɣ ɚɧɚɥɢɡ), tº ɦɚɫɥɚ ɜɨ ɜɪɟɦɹ ɨɬɛɨɪɚ; 

-ɞɚɧɧɵɟ ɨɬɛɨɪɚ ɩɪɨɛɵ ɩɨɞɩɢɫɵɜɚɸɬɫɹ ɥɢɰɨɦ, ɨɬɛɢɪɚɸɳɢɦ ɩɪɨɛɭ ɦɚɫɥɚ; 
-ɨɬɛɨɪ ɩɪɨɛɵ ɢɡ ɦɟɥɤɨɣ ɬɚɪɵ (ɛɨɱɤɢ, ɛɢɞɨɧɵ, ɛɭɬɵɥɤɢ) ɨɬɛɢɪɚɸɬ ɜ 

ɦɟɫɬɟ, ɡɚɳɢɳɟɧɧɨɦ ɨɬ ɩɵɥɢ ɢ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ; 
-ɩɟɪɟɞ ɨɬɛɨɪɨɦ ɩɪɨɛɵ ɦɚɫɥɚ ɩɟɪɟɦɟɲɢɜɚɸɬ ɜ ɛɨɱɤɚɯ − ɤɚɬɚɧɢɟɦ ɛɨɱɟɤ 

ɜɡɚɞ ɢ ɜɩɟɪɟɞ, ɜ ɛɢɞɨɧɚɯ, ɛɭɬɵɥɹɯ ɢ ɛɚɧɤɚɯ – ɜɫɬɪɹɯɢɜɚɧɢɟɦ; 
-ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɤɪɭɝ ɩɪɨɛɨɤ, ɤɪɵɲɟɤ, ɞɧɢɳ ɩɟɪɟɞ ɨɬɤɪɵɜɚɧɢɟɦ 

ɩɪɨɬɢɪɚɸɬ ɜɟɬɨɲɶɸ; 
-ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛ ɦɚɫɥɚ ɢɡ ɦɟɥɤɨɣ ɬɚɪɵ ɩɪɢɦɟɧɹɸɬ ɬɪɭɛɤɢ ɞɢɚɦɟɬɪɨɦ 10-

15 ɦɦ ɫ ɨɬɬɹɧɭɬɵɦ ɤɨɧɰɨɦ. Ɍɪɭɛɤɭ ɨɩɭɫɤɚɸɬ ɞɨ ɞɧɚ ɬɚɪɵ ɫ ɦɚɫɥɨɦ, ɚ ɡɚɬɟɦ 
ɨɬɜɟɪɫɬɢɟ ɬɪɭɛɤɢ ɡɚɤɪɵɜɚɸɬ ɩɚɥɶɰɟɦ. ɂɡɜɥɟɤɚɸɬ ɬɪɭɛɤɭ ɢɡ ɦɚɫɥɚ ɢ ɜɵɥɢɜɚɸɬ 
ɨɫɬɚɜɲɟɟɫɹ ɜ ɧɟɣ ɦɚɫɥɨ, ɱɬɨɛɵ ɩɪɨɦɵɬɶ ɬɪɭɛɤɭ. Ɍɚɤɢɦ ɠɟ ɩɭɬɟɦ ɧɚɛɢɪɚɸɬ 
ɦɚɫɥɨ ɜ ɛɚɧɤɭ, ɨɩɨɥɚɫɤɢɜɚɸɬ ɟё ɞɜɚɠɞɵ, ɩɨɫɥɟ ɱɟɝɨ ɧɚɛɢɪɚɸɬ ɩɪɨɛɭ ɞɥɹ 
ɚɧɚɥɢɡɚ. 

ɏɪɚɧɢɬɶ ɩɪɨɛɵ ɜ ɬɟɦɧɨɦ ɢ ɩɪɨɯɥɚɞɧɨɦ ɦɟɫɬɟ, ɟɫɥɢ ɜ ɤɚɱɟɫɬɜɟ 
ɩɪɨɛɨɨɬɛɨɪɧɢɤɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɡɪɚɱɧɵɟ ɛɭɬɵɥɤɢ, ɧɟ ɞɨɩɭɫɤɚɬɶ ɛɥɢɡɤɨɝɨ 
ɤɨɧɬɚɤɬɚ ɫ ɢɫɬɨɱɧɢɤɚɦɢ ɬɟɩɥɚ ɢ ɨɫɨɛɟɧɧɨ ɧɟ ɨɫɬɚɜɥɹɬɶ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɩɪɹɦɨɝɨ ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ. 
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9.2.2 Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɦɚɫɥɚ ɩɪɢ ɯɪɚɧɟɧɢɢ 
 
Ʉɚɱɟɫɬɜɨ ɫɜɟɠɟɝɨ ɦɚɫɥɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ ɯɪɚɧɟɧɢɢ, ɞɨɥɠɧɨ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ. Ɍɭɪɛɢɧɧɵɟ ɦɚɫɥɚ, 
ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɯɪɚɧɟɧɢɢ ɞɨɥɠɧɵ ɢɫɩɵɬɵɜɚɬɶɫɹ ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɧɟ ɪɟɠɟ 
ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɬɪɢ ɝɨɞɚ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ: 

-ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ; 
-ɤɢɫɥɨɬɧɨɟ ɱɢɫɥɨ; 
-ɰɜɟɬ; 
-ɬɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ ɜ ɨɬɤɪɵɬɨɦ ɬɢɝɥɟ; 
-ɜɪɟɦɹ ɞɟɷɦɭɥɶɫɚɰɢɢ; 
-ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ; 
-ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ; 
-ɫɨɞɟɪɠɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ; 
-ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɨɬɢɜ ɨɤɢɫɥɟɧɢɹ. 
 
9.2.3 Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɬɭɪɛɢɧɧɵɯ ɦɚɫɟɥ ɩɪɢ ɡɚɥɢɜɟ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
ɉɟɪɟɞ ɡɚɩɨɥɧɟɧɢɟɦ ɦɚɫɥɨɫɢɫɬɟɦɵ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɫɜɟɠɢɦ ɦɚɫɥɨɦ 

ɧɟɨɛɯɨɞɢɦɨ ɨɬɨɛɪɚɬɶ ɩɪɨɛɭ ɢɡ ɟɦɤɨɫɬɢ ɯɪɚɧɟɧɢɹ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ ɢ ɜɵɩɨɥɧɢɬɶ 
ɚɧɚɥɢɡ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ: 

-ɜɧɟɲɧɢɣ ɜɢɞ;  
-ɤɢɫɥɨɬɧɨɟ ɱɢɫɥɨ;  
-ɤɥɚɫɫ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɢɫɬɨɬɵ;  
-ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ;  
-ɜɪɟɦɹ ɞɟɷɦɭɥɶɫɚɰɢɢ;  
-ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ;  
-ɫɨɞɟɪɠɚɧɢɟ ɲɥɚɦɚ. 
 
9.2.4 Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ 

ɨɛɨɪɭɞɨɜɚɧɢɢ 
 

ɇɟɮɬɹɧɨɟ ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ, ɧɚɯɨɞɹɳɟɟɫɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɦɚɫɥɨɫɢɫɬɟɦɚɯ 
ɚɝɪɟɝɚɬɨɜ ɞɨɥɠɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ: 

1.Ʉɢɫɥɨɬɧɨɟ ɱɢɫɥɨ; 
2.ȼɪɟɦɹ ɞɟɷɦɭɥɶɫɚɰɢɢ; 
3.ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɵ; 
4.ɋɨɞɟɪɠɚɧɢɟ ɲɥɚɦɚ; 
5.Ʉɥɚɫɫ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɢɫɬɨɬɵ; 
6.ȼɹɡɤɨɫɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ; 
7.Ɍɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ ɜ ɨɬɤɪɵɬɨɦ ɬɢɝɥɟ. 
ɉɟɪɢɨɞɢɱɧɨɫɬɶ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɬɭɪɛɢɧɧɵɯ ɦɚɫɟɥ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɢ: 
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−ɩɨɫɥɟ ɡɚɥɢɜɚ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ ɜ ɦɚɫɥɨɫɢɫɬɟɦɵ ɝɢɞɪɨɚɝɪɟɝɚɬɚ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɦɚɫɥɚ ɧɟ ɩɨɡɞɧɟɟ, ɱɟɦ ɱɟɪɟɡ 1 ɦɟɫɹɰ, ɩɨ 
ɩɨɤɚɡɚɬɟɥɹɦ 1 - 5; 

−ɩɨɫɥɟ ɡɚɥɢɜɚ ɫɜɟɠɟɝɨ, ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɢɥɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɦɚɫɥɚ 
ɨɬɨɛɪɚɬɶ ɩɪɨɛɭ ɱɟɪɟɡ 72 ɱɚɫɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ ɦɚɫɥɨɫɢɫɬɟɦɵ ɢ ɜɵɩɨɥɧɢɬɶ 
ɚɧɚɥɢɡ ɦɚɫɥɚ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ 1 - 5; 

-ɟɠɟɧɟɞɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɫɟɛɹ ɜɢɡɭɚɥɶɧɭɸ ɨɰɟɧɤɭ 
ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɦɚɫɥɚ (ɩɪɨɡɪɚɱɧɨɫɬɶ, ɧɚɥɢɱɢɟ ɜɢɞɢɦɵɯ ɡɚɝɪɹɡɧɟɧɢɣ: ɜɨɞɵ, 
ɲɥɚɦɚ). ɉɪɢ ɜɢɡɭɚɥɶɧɨɦ ɨɛɧɚɪɭɠɟɧɢɢ ɩɨɦɭɬɧɟɧɢɹ ɦɚɫɥɚ, ɧɚɥɢɱɢɢ ɜɢɞɢɦɵɯ 
ɡɚɝɪɹɡɧɟɧɢɣ (ɜɨɞɵ, ɲɥɚɦɚ), ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɨɜɟɞɟɧ ɟɝɨ ɜɧɟɨɱɟɪɟɞɧɨɣ ɚɧɚɥɢɡ ɩɨ 
ɩɨɤɚɡɚɬɟɥɹɦ 1 - 5; 

-ɟɠɟɝɨɞɧɵɣ ɤɨɧɬɪɨɥɶ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɚɱɟɫɬɜɚ ɦɚɫɟɥ ɩɪɢ ɩɨɥɧɨɣ 
ɩɪɨɡɪɚɱɧɨɫɬɢ ɦɚɫɥɚ ɢ ɦɚɫɫɨɜɨɣ ɞɨɥɟ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɲɥɚɦɚ ɧɟ ɛɨɥɟɟ 0,005 %; 
ɩɪɢ ɩɨɦɭɬɧɟɧɢɢ ɦɚɫɥɚ ɢ (ɢɥɢ) ɦɚɫɫɨɜɨɣ ɞɨɥɟ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɲɥɚɦɚ ɛɨɥɟɟ 0,005 
% − ɧɟ ɪɟɠɟ 1 ɪɚɡɚ ɜ 6 ɦɟɫɹɰɟɜ. 

 
9.2.5 ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɯɪɚɧɟɧɢɸ 
 
ɇɚ Ƚɗɋ ɞɨɥɠɟɧ ɯɪɚɧɢɬɶɫɹ ɩɨɫɬɨɹɧɧɵɣ ɡɚɩɚɫ ɧɟɮɬɹɧɨɝɨ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ 

ɜ ɤɨɥɢɱɟɫɬɜɟ, ɪɚɜɧɨɦ ɜɦɟɫɬɢɦɨɫɬɢ ɦɚɫɥɨɫɢɫɬɟɦɵ ɫɚɦɨɝɨ ɤɪɭɩɧɨɝɨ 
ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɢ ɡɚɩɚɫ ɧɚ ɞɨɥɢɜɤɢ ɧɟ ɦɟɧɟɟ 45-ɞɧɟɜɧɨɣ ɩɨɬɪɟɛɧɨɫɬɢ Ƚɗɋ ɜ 
ɞɚɧɧɨɦ ɬɢɩɟ ɦɚɫɥɚ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ 
ɧɚ ɯɪɚɧɟɧɢɢ, ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɪɟɦɨɧɬɚ ɫ ɡɚɦɟɧɨɣ ɦɚɫɥɚ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ – 
ɫɨɫɬɚɜɥɹɟɬ 180% ɨɬ ɨɛɴɟɦɚ ɦɚɫɥɚ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɩɥɚɧɢɪɭɟɦɨɝɨ ɤ ɪɟɦɨɧɬɭ 
(100% ɧɚ ɡɚɩɨɥɧɟɧɢɟ ɢ 80% ɧɚ ɩɪɨɦɵɜɤɭ ɦɚɫɥɨɫɢɫɬɟɦɵ). 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ 
ɧɚ ɯɪɚɧɟɧɢɢ, ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɪɟɦɨɧɬɚ ɛɟɡ ɡɚɦɟɧɵ ɦɚɫɥɚ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ 
ɫɨɫɬɚɜɥɹɟɬ 15% ɨɬ ɨɛɴɟɦɚ ɦɚɫɥɚ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɩɥɚɧɢɪɭɟɦɨɝɨ ɤ ɪɟɦɨɧɬɭ.  

ɏɪɚɧɟɧɢɟ ɦɚɫɟɥ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ ɡɚɤɪɵɬɵɯ ɪɟɡɟɪɜɭɚɪɚɯ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɧɚ ɦɚɫɥɨɯɨɡɹɣɫɬɜɟ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜɨɡɞɭɯɨɨɫɭɲɢɬɟɥɶɧɵɦɢ ɮɢɥɶɬɪɚɦɢ, ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɨɝɪɟɜɨɦ ɢ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 
ɯɪɚɧɟɧɢɹ ɦɚɫɥɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɩɟɪɟɤɚɱɤɢ ɜ ɥɸɛɨɟ 
ɜɪɟɦɹ ɝɨɞɚ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɧɟ ɩɪɟɜɵɲɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 25°ɋ. 

Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɬɭɪɛɢɧɧɵɯ ɦɚɫɟɥ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɪɟɡɟɪɜɭɚɪɵ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɯɪɚɧɟɧɢɹ ɬɨɥɶɤɨ ɬɭɪɛɢɧɧɵɯ ɦɚɫɟɥ. 

ɋɜɟɠɢɟ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ (ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɵɟ) ɦɚɫɥɚ ɢ 
ɨɬɪɚɛɨɬɚɧɧɵɟ ɦɚɫɥɚ ɞɨɥɠɧɵ ɯɪɚɧɢɬɶɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɡɟɪɜɭɚɪɚɯ. 

Ɇɚɫɥɚ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɢ ɢɡɝɨɬɨɜɢɬɟɥɟɣ, ɧɟɨɛɯɨɞɢɦɨ ɯɪɚɧɢɬɶ ɢ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɞɟɥɶɧɨ, ɛɟɡ ɫɦɟɲɟɧɢɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɨɛɥɚɫɬɶɸ 
ɩɪɢɦɟɧɟɧɢɹ. ȼɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɪɟɡɟɪɜɭɚɪɨɜ ɞɥɹ ɯɪɚɧɟɧɢɹ 
ɦɚɫɟɥ ɪɚɡɥɢɱɧɵɯ ɢɡɝɨɬɨɜɢɬɟɥɟɣ, ɟɫɥɢ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɢɯ ɩɨɞɝɨɬɨɜɤɟ ɨɬɪɚɠɟɧɵ 
ɜ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ. Ɇɚɫɥɚ, ɫɦɟɲɢɜɚɟɦɵɟ ɩɪɢ 
ɯɪɚɧɟɧɢɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɜɦɟɫɬɢɦɵ ɩɪɢ ɫɦɟɲɟɧɢɢ. 
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9.3 Ɍɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɦɚɫɥɚ 
 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɦɚɫɥɚ – ɷɬɨ ɠɢɞɤɢɟ ɞɢɷɥɟɤɬɪɢɤɢ, ɤɨɬɨɪɵɟ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɞɟɠɧɭɸ ɢɡɨɥɹɰɢɸ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɵɯ 
ɚɩɩɚɪɚɬɚɯ (ɫɢɥɨɜɵɟ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɜɜɨɞɵ 
ɢ ɞɪ.) ɢ ɢɯ ɨɯɥɚɠɞɟɧɢɟ. ȼ ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɵɯ ɜɵɤɥɸɱɚɬɟɥɹɯ ɢ ɭɫɬɪɨɣɫɬɜɚɯ Ɋɉɇ 
ɦɚɫɥɚ ɫɥɭɠɚɬ ɞɥɹ ɝɚɲɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɢ. 

ȼɧɟɲɧɢɣ ɜɢɞ: ɱɢɫɬɨɟ, ɩɪɨɡɪɚɱɧɨɟ, ɫɜɨɛɨɞɧɨɟ ɨɬ ɜɢɞɢɦɵɯ ɱɚɫɬɢɰ 
ɡɚɝɪɹɡɧɟɧɢɹ ɢ ɨɫɚɞɤɨɜ, ɠɟɥɬɨɝɨ ɢɥɢ ɫɜɟɬɥɨ-ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ. 

 
9.3.1 Ɉɬɛɨɪ ɩɪɨɛ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ 
 
Ɉɬɛɨɪ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɬɟɯ ɠɟ ɩɪɚɜɢɥɚɯ, ɱɬɨ ɢ ɬɭɪɛɢɧɧɨɟ ɦɚɫɥɨ. 
Ɉɬɛɨɪ ɦɚɫɥɚ ɢɡ ɲɬɭɰɟɪɚ ɛɚɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɸɬ 

ɦɚɫɥɨɨɬɛɨɪɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɪɟɡɢɧɨɜɨɣ ɬɪɭɛɤɢ ɫ 
ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ 4-6 ɦɦ, ɤɨɬɨɪɚɹ ɧɚɞɟɜɚɟɬɫɹ ɧɚ ɦɚɫɥɨɨɬɛɨɪɧɵɣ ɲɬɭɰɟɪ. 
ɉɪɢ ɨɬɛɨɪɟ ɩɪɨɛ ɦɚɫɥɚ ɲɬɭɰɟɪ ɞɨɥɠɟɧ ɛɵɬɶ ɱɢɫɬɵɦ. Ⱦɥɹ ɨɬɛɨɪɚ ɩɪɨɛ ɤ 
ɲɬɭɰɟɪɭ ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɲɥɚɧɝ, ɨɬɤɪɵɜɚɟɬɫɹ ɜɟɧɬɢɥɶ ɧɚ ɛɚɤɟ ɢ ɞɥɹ ɩɪɨɦɵɜɤɢ 
ɨɬɜɟɪɫɬɢɹ ɲɬɭɰɟɪɚ ɢ ɲɥɚɧɝɚ ɫɥɢɜɚɟɬɫɹ 1-2 ɥ ɦɚɫɥɚ. Ʉɨɧɟɰ ɦɚɫɥɨɨɬɛɨɪɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɧɹɬɶ ɜɜɟɪɯ, ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɡ ɧɟɝɨ ɩɭɡɵɪɶɤɨɜ ɜɨɡɞɭɯɚ 
ɢ ɫɥɢɬɶ ɦɚɫɥɨ ɜ ɩɨɞɝɨɬɨɜɥɟɧɧɭɸ ɟɦɤɨɫɬɶ. Ⱦɚɥɟɟ ɨɩɨɥɨɫɧɭɬɶ ɩɪɨɛɨɨɬɛɨɪɧɭɸ 
ɩɨɫɭɞɭ ɨɬɛɢɪɚɟɦɵɦ ɦɚɫɥɨɦ. 

ɉɪɢ ɨɬɛɨɪɟ ɦɚɫɥɚ ɜ ɛɭɬɵɥɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɤɨɪɨɫɬɶ 
ɢɫɬɟɱɟɧɢɹ ɦɚɫɥɚ ɢɡ ɦɚɫɥɨɨɬɛɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɬɚɤɭɸ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ 
ɩɨɩɚɞɚɧɢɟ ɜɨɡɞɭɯɚ ɜ ɛɭɬɵɥɤɭ. 

-ɨɛɟɫɩɟɱɢɬɶ ɧɚɩɨɥɧɟɧɢɟ ɤɚɠɞɨɝɨ ɫɨɫɭɞɚ ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛɵ ɧɟ ɦɟɧɟɟ ɱɟɦ 
ɧɚ 95 % ɟɝɨ ɜɦɟɫɬɢɦɨɫɬɢ;  

-ɫɪɚɡɭ ɠɟ ɩɨɫɥɟ ɡɚɩɨɥɧɟɧɢɹ ɫɨɫɭɞ ɫ ɩɪɨɛɨɣ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɜɚɟɬɫɹ 
ɤɪɵɲɤɨɣ;  

-ɩɨɫɥɟ ɨɬɛɨɪɚ ɩɪɨɛɵ ɜɟɪɧɭɬɶ ɜɫɟ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ (ɡɚɤɪɵɬɶ 
ɜɟɧɬɢɥɶ, ɫɧɹɬɶ ɲɥɚɧɝ ɢ.ɬ.ɞ); 

-ɨɬɛɨɪ ɩɪɨɛ ɦɚɫɥɚ ɢɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɫɬɟɤɥɹɧɧɵɟ ɦɟɞɢɰɢɧɫɤɢɟ ɲɩɪɢɰɵ ɟɦɤɨɫɬɶɸ 20 
ɦɥ. 

 
9.3.2 Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɦɚɫɥɚ ɩɪɢ ɯɪɚɧɟɧɢɢ 

 
ɇɚɯɨɞɹɳɟɟɫɹ ɧɚ ɯɪɚɧɟɧɢɢ ɫɜɟɠɟɟ, ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɟ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ ɦɚɫɥɨ ɢɫɩɵɬɵɜɚɟɬɫɹ ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɨɞɢɧ ɪɚɡ ɜ ɬɪɢ ɝɨɞɚ. 
Ʉɚɱɟɫɬɜɨ ɫɜɟɠɟɝɨ ɦɚɫɥɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ ɯɪɚɧɟɧɢɢ, ɞɨɥɠɧɨ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ: 
-ɤɢɫɥɨɬɧɨɟ ɱɢɫɥɨ; 
-ɬɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ; 
-ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ; 
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-ɤɥɚɫɫ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɢɫɬɨɬɵ; 
-ɬɚɧɝɟɧɫ ɭɝɥɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɪɶ; 
-ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɨɬɢɜ ɨɤɢɫɥɟɧɢɹ; 
-ɩɥɨɬɧɨɫɬɶ; 
-ɜɧɟɲɧɢɣ ɜɢɞ. 
ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɢ ɩɪɨɛɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɹɬɶ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɩɨɞɝɨɬɨɜɤɨɣ ɦɚɫɥɚ ɤ ɡɚɥɢɜɭ ɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ. 
 
9.3.3 Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

Ɉɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɫɨɯɪɚɧɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ: 

-ɧɟɩɪɟɪɵɜɧɚɹ ɪɟɝɟɧɟɪɚɰɢɹ ɤɪɭɩɧɨɩɨɪɢɫɬɵɦɢ ɚɞɫɨɪɛɟɧɬɚɦɢ ɦɚɫɥɚ, 
ɡɚɥɢɬɨɝɨ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɮɢɥɶɬɪɨɜ. 
Ⱥɞɫɨɪɛɟɧɬ, ɡɚɝɪɭɠɚɟɦɵɣ ɜ ɮɢɥɶɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɞɨɥɠɟɧ ɢɦɟɬɶ 
ɨɫɬɚɬɨɱɧɨɟ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɧɟ ɛɨɥɟɟ 0,5% ɦɚɫɫɵ; 

-ɩɪɚɜɢɥɶɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɜɨɡɞɭɯɨɨɫɭɲɢɬɟɥɶɧɵɯ ɮɢɥɶɬɪɨɜ; 
-ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɦɚɫɥɚ ɨɬ ɨɤɢɫɥɟɧɢɹ ɢ 

ɡɚɝɪɹɡɧɟɧɢɹ (ɩɥɟɧɨɱɧɚɹ ɢɥɢ ɚɡɨɬɧɚɹ) ɢɥɢ ɩɨɥɧɚɹ ɝɟɪɦɟɬɢɡɚɰɢɹ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ; 

-ɩɨɞɞɟɪɠɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ ɩɪɢɫɚɞɤɢ 
ȺȽɂȾɈɅ-1; 

-ɷɮɮɟɤɬɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ; 
-ɷɮɮɟɤɬɢɜɧɚɹ ɨɱɢɫɬɤɚ ɢɥɢ ɪɟɝɟɧɟɪɚɰɢɹ ɦɚɫɥɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ; 
-ɩɪɨɦɵɜɤɚ (ɩɨɞɝɨɬɨɜɤɚ) ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɟɪɟɞ ɡɚɥɢɜɨɦ ɦɚɫɥɚ. 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɦɚɫɟɥ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɢ, ɜɵɞɟɥɹɸɬɫɹ ɬɪɢ ɨɛɥɚɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɫɟɥ: 
1. Ɉɛɥɚɫɬɶ ɧɨɪɦɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɚɫɥɚ ̶ ɤɚɱɟɫɬɜɨ ɦɚɫɥɚ ɝɚɪɚɧɬɢɪɭɟɬ 

ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
2. Ɉɛɥɚɫɬɶ ɪɢɫɤɚ (ɨɛɥɚɫɬɶ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɨɝɪɚɧɢɱɟɧɧɚɹ 

ɡɧɚɱɟɧɢɹɦɢ ɧɨɪɦɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɦɢ ɡɧɚɱɟɧɢɹɦɢ)  ̶
ɭɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɦɚɫɥɚ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɬɪɟɛɭɟɬ ɛɨɥɟɟ ɱɚɫɬɨɝɨ ɢ ɪɚɫɲɢɪɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɟɝɨ ɫɪɨɤɚ 
ɫɥɭɠɛɵ ɢ ɪɚɡɪɚɛɨɬɤɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɨɞɞɟɪɠɚɧɢɸ (ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ) 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɦɚɫɥɚ. 

3. Ɉɛɥɚɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɩɪɟɞɟɥɶɧɨ ̶ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ̶ ɭɯɭɞɲɟɧɢɟ 
ɤɚɱɟɫɬɜɚ ɦɚɫɥɚ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɣ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɢ ɬɪɟɛɭɟɬɫɹ ɡɚɦɟɧɚ ɦɚɫɥɚ ɧɚ ɫɜɟɠɟɟ ɢɥɢ ɟɝɨ ɝɥɭɛɨɤɚɹ ɪɟɝɟɧɟɪɚɰɢɹ ɞɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɨɬɤɚɡɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɩɪɢɱɢɧɟ ɧɢɡɤɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɥɚ. 

 



117 
 

9.3.4 ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɯɪɚɧɟɧɢɸ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ 
 
ɇɚ Ƚɗɋ, ɨɫɧɚɳɟɧɧɨɣ ɬɨɥɶɤɨ ɜɨɡɞɭɲɧɵɦɢ, ɷɥɟɝɚɡɨɜɵɦɢ ɢɥɢ 

ɦɚɥɨɨɛɴɟɦɧɵɦɢ ɦɚɫɥɹɧɵɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɞɨɥɠɟɧ ɩɨɫɬɨɹɧɧɨ ɯɪɚɧɢɬɶɫɹ 
ɡɚɩɚɫ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ ɜ ɤɨɥɢɱɟɫɬɜɟ ɧɟ ɦɟɧɟɟ 10% ɨɛɴɟɦɚ ɦɚɫɥɚ, 
ɡɚɥɢɬɨɝɨ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɢɛɨɥɶɲɟɣ ɟɦɤɨɫɬɢ, ɢ ɡɚɩɚɫ ɧɚ ɞɨɥɢɜɤɢ ɧɟ ɦɟɧɟɟ 
1% ɜɫɟɝɨ ɦɚɫɥɚ, ɡɚɥɢɬɨɝɨ ɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ. 

ɏɪɚɧɟɧɢɟ ɦɚɫɟɥ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ ɡɚɤɪɵɬɵɯ ɪɟɡɟɪɜɭɚɪɚɯ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɧɚ ɦɚɫɥɨɯɨɡɹɣɫɬɜɟ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜɨɡɞɭɯɨɨɫɭɲɢɬɟɥɶɧɵɦɢ ɮɢɥɶɬɪɚɦɢ, ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɨɝɪɟɜɨɦ ɢ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ.  

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɯɪɚɧɟɧɢɹ ɦɚɫɥɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɩɟɪɟɤɚɱɤɢ ɜ ɥɸɛɨɟ ɜɪɟɦɹ ɝɨɞɚ, ɧɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɧɟ 
ɩɪɟɜɵɲɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 25°ɋ.  

ȼɨɡɦɨɠɧɨ ɯɪɚɧɟɧɢɟ ɦɚɫɟɥ ɜ ɬɚɪɟ (200 ɥ ɛɨɱɤɢ, ɤɚɧɢɫɬɪɵ ɢ ɞɪ.) ɜ 
ɩɨɦɟɳɟɧɢɹɯ, ɢɫɤɥɸɱɚɸɳɢɯ ɡɚɝɪɹɡɧɟɧɢɟ ɬɚɪɵ ɢ ɩɨɩɚɞɚɧɢɟ ɧɚ ɬɚɪɭ ɨɫɚɞɤɨɜ. 

Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɦɚɫɟɥ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɪɟɡɟɪɜɭɚɪɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɯɪɚɧɟɧɢɹ ɬɨɥɶɤɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɦɚɫɟɥ. 

ɋɜɟɠɢɟ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɟ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ (ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɵɟ) ɦɚɫɥɚ ɢ 
ɨɬɪɚɛɨɬɚɧɧɵɟ ɦɚɫɥɚ ɞɨɥɠɧɵ ɯɪɚɧɢɬɶɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɡɟɪɜɭɚɪɚɯ. 

Ɇɚɫɥɚ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɯɪɚɧɢɬɶ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɪɚɡɞɟɥɶɧɨ, ɛɟɡ ɫɦɟɲɟɧɢɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɥɚɫɬɶɸ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. 

Ƚɚɪɚɧɬɢɣɧɵɣ ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɫɜɟɠɟɝɨ ɦɚɫɥɚ – ɧɟ ɦɟɧɟɟ 1 ɝɨɞɚ. 
 
9.4 Ʉɨɦɩɪɟɫɫɨɪɧɵɟ ɦɚɫɥɚ 

 
Ʉɨɦɩɪɟɫɫɨɪɧɵɟ ɦɚɫɥɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɢɫɬɟɦɚɯ ɫɠɚɬɢɹ ɢ ɫɦɚɡɤɢ 

ɩɨɪɲɧɟɜɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
 
9.5 ɂɧɞɭɫɬɪɢɚɥɶɧɵɟ ɦɚɫɥɚ 

 
ɂɧɞɭɫɬɪɢɚɥɶɧɵɟ ɦɚɫɥɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɫɦɚɡɵɜɚɧɢɹ 

ɭɡɥɨɜ ɢ ɦɟɯɚɧɢɡɦɨɜ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 
ɡɚɬɜɨɪɚɦɢ, ɤɪɚɧɵ ɢ ɞɪ.); ɫɤɨɪɨɫɬɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɫɬɚɧɤɨɜ, 
ɰɟɧɬɪɢɮɭɝ, ɫɟɩɚɪɚɬɨɪɨɜ; ɞɥɹ ɝɢɞɪɨɫɢɫɬɟɦ ɢ ɡɭɛɱɚɬɵɯ ɩɟɪɟɞɚɱ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 
9.5.1 Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɦɚɫɥɟ ɩɪɢ ɯɪɚɧɟɧɢɢ 
 
ɇɚɯɨɞɹɳɟɟɫɹ ɧɚ ɯɪɚɧɟɧɢɢ ɫɜɟɠɢɟ ɢɧɞɭɫɬɪɢɚɥɶɧɵɟ ɦɚɫɥɚ ɢɫɩɵɬɵɜɚɸɬ ɩɨ 

ɩɨɤɚɡɚɬɟɥɹɦ ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɬɪɢ ɝɨɞɚ; 
-ɜɧɟɲɧɢɣ ɜɢɞ; 
-ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ; 
-ɤɢɫɥɨɬɧɨɟ ɱɢɫɥɨ (ɩɪɢ ɧɚɥɢɱɢɢ ɬɪɟɛɨɜɚɧɢɣ ɜ ɞɨɤɭɦɟɧɬɚɰɢɢ ɡɚɜɨɞɚ-

ɢɡɝɨɬɨɜɢɬɟɥɹ); 
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-ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ; 
-ɩɥɨɬɧɨɫɬɶ (ɩɪɢ ɧɚɥɢɱɢɢ ɬɪɟɛɨɜɚɧɢɣ ɜ ɞɨɤɭɦɟɧɬɚɰɢɢ ɡɚɜɨɞɚ-

ɢɡɝɨɬɨɜɢɬɟɥɹ); 
-ɫɨɞɟɪɠɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ (ɤɥɚɫɫ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɢɫɬɨɬɵ). 
ɂɧɞɭɫɬɪɢɚɥɶɧɵɟ ɦɚɫɥɚ ɢɡ ɛɚɤɨɜ Ɇɇɍ ɝɢɞɪɨɩɨɞɴɟɦɧɢɤɨɜ ɩɨɞɜɟɪɝɚɸɬɫɹ 

ɟɠɟɦɟɫɹɱɧɨɦɭ ɤɨɧɬɪɨɥɸ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɜɨɞɵ, ɚ ɬɚɤ 
ɠɟ ɩɨ ɩɨɤɚɡɚɬɟɥɸ «ɜɧɟɲɧɢɣ ɜɢɞ». ȿɫɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɤɨɧɬɪɨɥɹ 
ɜɵɹɜɥɟɧɵ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ, ɬɨ ɩɪɨɜɨɞɢɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 
ɚɧɚɥɢɡ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ: 

-ɬɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ; 
-ɤɢɫɥɨɬɧɨɟ ɱɢɫɥɨ; 
-ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ; 
-ɩɥɨɬɧɨɫɬɶ. 
ȼɫɟ ɩɨɥɭɱɚɟɦɵɟ ɢɧɞɭɫɬɪɢɚɥɶɧɵɟ ɦɚɫɥɚ ɢ ɤɨɧɫɢɫɬɟɧɬɧɵɟ ɫɦɚɡɤɢ ɞɨɥɠɧɵ 

ɩɨɞɜɟɪɝɚɬɶɫɹ ɤɨɧɬɪɨɥɸ ɜɢɡɭɚɥɶɧɨ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɢ 
ɜɨɞɵ. ɂɧɞɭɫɬɪɢɚɥɶɧɵɟ ɦɚɫɥɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɟɪɹɸɬɫɹ ɧɚ ɜɹɡɤɨɫɬɶ. 

Ɇɚɫɥɚ ɜ ɫɢɫɬɟɦɚɯ ɫɦɚɡɤɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ ɦɚɫɥɚ ɞɨɥɠɧɵ ɩɨɞɜɟɪɝɚɬɶɫɹ ɜɢɡɭɚɥɶɧɨɦɭ 
ɤɨɧɬɪɨɥɸ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ, ɲɥɚɦɚ ɢ ɜɨɞɵ ɧɟ ɪɟɠɟ ɱɟɦ 1 
ɪɚɡ ɜ 3 ɦɟɫɹɰɚ. ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɡɚɝɪɹɡɧɟɧɢɣ ɦɚɫɥɨ ɞɨɥɠɧɨ ɛɵɬɶ ɨɱɢɳɟɧɨ ɢɥɢ 
ɡɚɦɟɧɟɧɨ. 

ɉɨɫɬɨɹɧɧɵɣ ɡɚɩɚɫ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɦɟɧɟɟ 45-
ɞɧɟɜɧɨɣ ɩɨɬɪɟɛɧɨɫɬɢ. 

Ɇɚɫɥɚ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɯɪɚɧɢɬɶ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɪɚɡɞɟɥɶɧɨ, ɛɟɡ ɫɦɟɲɟɧɢɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɯɪɚɧɟɧɢɹ ɦɚɫɥɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɥɸɛɨɟ ɜɪɟɦɹ ɝɨɞɚ, ɧɨ ɧɟ ɩɪɟɜɵɲɚɬɶ 
ɬɟɦɩɟɪɚɬɭɪɵ 25°ɋ. 

 
9.5.2 Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɦɚɫɟɥ ɩɪɢ ɡɚɥɢɜɟ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ 

 
Ɉɛɴɟɦ ɢɫɩɵɬɚɧɢɣ ɢ ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 

ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɦɚɫɟɥ, ɡɚɥɢɜɚɟɦɵɯ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɞɨɤɭɦɟɧɬɨɜ ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȿɫɥɢ ɧɟɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɤɚɡɚɧɢɣ ɜ ɢɧɫɬɪɭɤɰɢɹɯ ɢɡɝɨɬɨɜɢɬɟɥɹ, ɬɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɜɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ, ɜ ɨɛɴɟɦ ɤɨɬɨɪɨɝɨ ɜɯɨɞɢɬ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ: 

-ɜɧɟɲɧɢɣ ɜɢɞ; 
-ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ; 
-ɫɨɞɟɪɠɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ; 
-ɫɨɞɟɪɠɚɧɢɟ ɲɥɚɦɚ; 
-ɩɥɨɬɧɨɫɬɶ; 
-ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ. 
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9.5.3 Ʉɨɧɬɪɨɥɶ ɦɚɫɥɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 

ɉɟɪɢɨɞɢɱɧɨɫɬɶ ɢɫɩɵɬɚɧɢɣ ɞɥɹ ɦɚɫɟɥ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɝɢɞɪɨɩɪɢɜɨɞɚɯ 
ɡɚɬɜɨɪɨɜ ɫɥɟɞɭɸɳɚɹ:  

-ɜɢɡɭɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɦɚɫɥɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɜ ɝɢɞɪɨɩɪɢɜɨɞɚɯ, ɞɨɥɠɟɧ 
ɩɪɨɜɨɞɢɬɶɫɹ 1 ɪɚɡ ɜ ɧɟɞɟɥɸ. ȼɢɡɭɚɥɶɧɵɣ ɤɨɧɬɪɨɥɶ ɦɚɫɥɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɩɪɨɜɟɪɤɟ ɟɝɨ ɜɧɟɲɧɟɝɨ ɜɢɞɚ, ɦɚɫɥɨ ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɨɡɪɚɱɧɵɦ ɢ ɫɜɨɛɨɞɧɵɦ ɨɬ 
ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɨɫɚɞɤɨɜ (ɧɟ ɫɨɞɟɪɠɚɬɶ ɜɢɞɢɦɵɯ ɡɚɝɪɹɡɧɟɧɢɣ, ɜɨɞɵ, ɲɥɚɦɚ ɢ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ). ɉɪɢ ɜɢɡɭɚɥɶɧɨɦ ɨɛɧɚɪɭɠɟɧɢɢ ɜ ɦɚɫɥɟ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɪɢɦɟɫɟɣ, ɲɥɚɦɚ ɢɥɢ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɨɦɭɬɧɟɧɢɢ ɦɚɫɥɚ, ɞɨɥɠɟɧ ɛɵɬɶ 
ɩɪɨɜɟɞɟɧ ɟɝɨ ɜɧɟɨɱɟɪɟɞɧɨɣ ɚɧɚɥɢɡ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ ɫɬɚɧɞɚɪɬɚ: 

-ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ ɢ ɲɥɚɦɚ, ɤɥɚɫɫɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɢɫɬɨɬɵ 
ɩɨɫɥɟ ɡɚɥɢɜɚ ɦɚɫɥɚ, ɞɚɥɟɟ ɧɟ ɪɟɠɟ 1 ɪɚɡɚ ɜ 3 ɦɟɫɹɰɚ. 

-ɨɩɪɟɞɟɥɟɧɢɟ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɜɫɩɵɲɤɢ ɢ 
ɤɢɫɥɨɬɧɨɝɨ ɱɢɫɥɚ ɩɨɫɥɟ ɡɚɥɢɜɚ ɦɚɫɥɚ, ɞɚɥɟɟ ɧɟ ɪɟɠɟ 1 ɪɚɡɚ ɜ 6 ɦɟɫɹɰɟɜ. 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɦɚɫɟɥ ɜ ɪɟɞɭɤɬɨɪɚɯ ɤɪɚɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɟ ɫɪɨɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 
ɪɭɤɨɜɨɞɫɬɜ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɝɨɬɨɜɢɬɟɥɹ. Ɋɟɤɨɦɟɧɞɭɟɦɚɹ ɩɟɪɢɨɞɢɱɧɨɫɬɶ 
ɤɨɧɬɪɨɥɹ ɱɟɪɟɡ ɤɚɠɞɵɟ 500 ɱ ɪɚɛɨɬɵ, ɤɨɧɬɪɨɥɶ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɨɩɪɟɞɟɥɟɧɢɟ 
ɜɧɟɲɧɟɝɨ ɜɢɞɚ, ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ, ɲɥɚɦɚ ɢ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ (ɤɚɱɟɫɬɜɟɧɧɨ). 

ɇɚɢɛɨɥɟɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɨ ɫɧɢɠɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɤɚɡɵɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɦɚɫɥɟ ɲɥɚɦɚ ɢ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɡɚɝɪɹɡɧɟɧɢɟ ɟɝɨ ɜɨɞɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɩɪɢɦɟɫɹɦɢ. 

 
9.6 ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 

9.6.1 Ɉɱɢɫɬɤɚ ɦɚɫɟɥ 
 
Ɇɚɫɥɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɝɪɹɡɧɟɧɵ ɪɚɡɥɢɱɧɵɦɢ 

ɩɪɢɦɟɫɹɦɢ – ɜɥɚɝɨɣ, ɭɝɨɥɶɧɵɦɢ ɱɚɫɬɢɰɚɦɢ, ɲɥɚɦɨɦ ɢ.ɬ.ɞ. ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ 
ɫɩɨɫɨɛɨɜ ɢɯ ɨɱɢɫɬɤɢ. ɉɪɢɦɟɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɭɞɚɥɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɣ 
ɢɡ ɦɚɫɥɚ: 

-ɝɪɚɜɢɬɚɰɢɨɧɧɵɣ (ɨɬɫɬɚɢɜɚɧɢɟ ɜ ɪɟɡɟɪɜɭɚɪɚɯ); 
-ɰɟɧɬɪɨɛɟɠɧɵɣ (ɰɟɧɬɪɨɛɟɠɧɵɟ ɫɟɩɚɪɚɬɨɪɵ, ɰɟɧɬɪɢɮɭɝɢ); 
-ɨɛɴɟɦɧɚɹ ɮɢɥɶɬɪɚɰɢɹ (ɰɟɥɥɸɥɨɡɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɮɢɥɶɬɪɵ, 

ɮɢɥɶɬɪɨɜɚɥɶɧɵɣ ɤɚɪɬɨɧ, ɬɤɚɧɶ Ȼɟɥɶɬɢɧɝ ɢ ɞɪ.);  
-ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɮɢɥɶɬɪɚɰɢɹ (ɫɟɬɤɢ, ɦɟɦɛɪɚɧɵ ɢ ɞɪ.); 
-ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɣ (ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɨɱɢɫɬɢɬɟɥɢ); 
-ɦɚɝɧɢɬɧɵɣ (ɦɚɝɧɢɬɧɵɟ ɮɢɥɶɬɪɵ); 
-ɢɫɩɚɪɟɧɢɟ (ɜɚɤɭɭɦɧɵɟ ɞɟɝɚɡɚɰɢɨɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɢ ɞɪ.). 
ɍɜɥɚɠɧɟɧɧɨɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ ɦɚɫɥɚ ɫ ɧɢɡɤɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɩɪɨɱɧɨɫɬɶɸ ɫɭɲɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɰɟɧɬɪɢɮɭɝɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ 
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ɜɵɲɟ ͸Ͳ℃, ɬɚɤ ɤɚɤ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɪɨɢɫɯɨɞɢɬ ɢɫɩɚɪɟɧɢɟ 
(ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɟ) ɢ ɨɧɚ ɜ ɜɢɞɟ ɤɨɧɞɟɧɫɚɬɚ ɛɭɞɟɬ ɩɨɫɬɭɩɚɬɶ ɨɛɪɚɬɧɨ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɢ ɫɟɩɚɪɚɰɢɢ ɞɨɥɠɧɚ ɛɵɬɶ ɜ ɩɪɟɞɟɥɚɯ ͵Ͳ − ͸Ͳ℃. ɇɚɢɛɨɥɟɟ 
ɛɥɚɝɨɩɪɢɹɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɫɭɲɤɢ ͵ͺ − ͷʹ℃. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟɦ 
ɨɫɜɨɛɨɠɞɚɸɬ ɦɚɫɥɚ ɨɬ ɲɥɚɦɚ, ɜɨɥɨɤɨɧ ɢ ɞɪɭɝɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ. 
Ɇɚɫɥɨ ɢɡ ɦɚɫɥɹɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɡɚɝɪɹɡɧɟɧɧɨɟ ɭɝɨɥɶɧɵɦɢ ɱɚɫɬɢɰɚɦɢ 
(ɤɨɩɨɬɶɸ), ɮɢɥɶɬɪɭɟɬɫɹ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɨɟ ɮɢɥɶɬɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ – 
ɮɢɥɶɬɪɩɪɟɫɫ. Ɇɚɫɥɨ ɩɪɢ ɷɬɨɦ ɫɩɨɫɨɛɟ ɩɪɨɩɭɫɤɚɸɬ ɱɟɪɟɡ ɨɫɨɛɭɸ ɩɥɨɬɧɭɸ 
ɛɭɦɚɝɭ (ɮɢɥɶɬɪɨɜɚɥɶɧɵɣ ɤɚɪɬɨɧ) ɢɥɢ ɮɢɥɶɬɪɨɜɚɥɶɧɭɸ ɬɤɚɧɶ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɚɫɥɨ ɩɪɨɝɨɧɹɟɬɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɧɚɫɨɫɚ. Ɉɛɵɱɧɨ ɦɚɫɥɨ, 
ɩɨɞɚɜɚɟɦɨɟ ɜ ɮɢɥɶɬɪɩɪɟɫɫ, ɩɨɞɨɝɪɟɜɚɸɬ ɞɨ ͷͲ − ͸Ͳ℃. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɨɫɨɛɨ 
ɧɚɞɟɠɧɨɣ ɨɱɢɫɬɤɢ ɩɪɢɦɟɧɹɸɬ ɮɢɥɶɬɪɩɪɟɫɫ ɢ ɰɟɧɬɪɢɮɭɝɭ ɨɞɧɨɜɪɟɦɟɧɧɨ. 
ɋɧɚɱɚɥɚ ɦɚɫɥɨ ɩɪɨɩɭɫɤɚɸɬ ɱɟɪɟɡ ɰɟɧɬɪɢɮɭɝɭ, ɚ ɩɨɬɨɦ ɱɟɪɟɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɫɨɟɞɢɧɟɧɧɵɣ ɫ ɧɟɣ ɮɢɥɶɬɪɩɪɟɫɫ. 

Ɉɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɫɨɯɪɚɧɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ ɹɜɥɹɸɬɫɹ: 

1.ɇɟɩɪɟɪɵɜɧɚя ɪɟɝɟɧɟɪɚɰɢя ɤɪɭɩɧɨɩɨɪɢɫɬɵɦɢ ɚɞɫɨɪɛɟɧɬɚɦɢ ɦɚɫɥɚ, 
ɡɚɥɢɬɨɝɨ ɜ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɪɦɨɫɢɮɨɧɧɵɯ ɢɥɢ 
ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɮɢɥɶɬɪɨɜ. 

Ʌɭɱɲɢɦ ɫɨɪɛɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɫɢɥɢɤɚɝɟɥɶ. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɚɫɥɚ ɫ 
ɩɨɦɨɳɶɸ ɫɢɥɢɤɚɝɟɥɹ ɦɟɬɨɞɨɦ ɮɢɥɶɬɪɨɜɚɧɢɹ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɨ. 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ ɦɚɫɥɨ, ɧɚɝɪɟɬɨɟ ɞɨ ͺͲ − ͳͲͲ℃ (ɬɭɪɛɢɧɧɨɟ – ɞɨ ͳͳͲ℃), 
ɩɪɨɩɭɫɤɚɸɬ (ɫɧɢɡɭ-ɜɜɟɪɯ) ɱɟɪɟɡ ɬɨɥɫɬɵɣ ɫɥɨɣ ɫɭɯɨɝɨ ɫɢɥɢɤɚɝɟɥɹ. ɉɪɨɞɭɤɬɵ 
ɫɬɚɪɟɧɢɹ ɦɚɫɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵ, ɩɨɷɬɨɦɭ ɞɥɹ ɢɯ ɭɞɚɥɟɧɢɹ 
ɩɪɢɦɟɧɹɟɬɫɹ ɤɪɭɩɧɨɩɨɪɢɫɬɵɣ ɫɢɥɢɤɚɝɟɥɶ. ɋɢɥɢɤɚɝɟɥɶ ɤɚɤ ɫɨɪɛɟɧɬ ɩɨɝɥɨɳɚɟɬ 
ɫɧɚɱɚɥɚ ɫɦɨɥɢɫɬɵɟ ɜɟɳɟɫɬɜɚ, ɚ ɡɚɬɟɦ ɭɠɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ. ɉɟɪɟɞ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɥɢɤɚɝɟɥɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɫɭɲɢɜɚɟɬɫɹ ɩɪɢ ͳʹͲ℃ (ɧɟ 
ɦɟɧɟɟ 7 ɱɚɫɨɜ). Ɋɟɝɟɧɟɪɚɰɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɚɞɫɨɪɛɟɪɟ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɚɪɧɨɣ ɰɢɥɢɧɞɪ ɫ ɫɟɬɱɚɬɵɦ ɞɧɨɦ. Ⱥɞɫɨɪɛɟɪ ɥɟɝɤɨ 
ɢɡɝɨɬɨɜɢɬɶ ɧɚ ɦɟɫɬɟ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɟɝɨ ɩɟɪɟɞɜɢɠɧɵɦ. Ɋɟɝɟɧɟɪɚɰɢɸ ɩɪɨɜɨɞɹɬ ɢ 
ɜ ɫɚɦɨɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɛɟɡ ɫɥɢɜɚ ɦɚɫɥɚ, ɩɪɢɫɨɟɞɢɧɢɜ ɤ ɧɟɦɭ ɚɞɫɨɪɛɟɪ. Ɇɚɫɥɨ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɫɢɮɨɧɧɵɯ ɮɢɥɶɬɪɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɧɚ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ. Ɍɟɪɦɨɫɢɮɨɧɧɵɣ ɮɢɥɶɬɪ – ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ 
ɛɚɤ (ɫ ɫɟɬɱɚɬɵɦ ɞɧɨɦ ɜɧɭɬɪɢ), ɡɚɩɨɥɧɟɧɧɵɣ ɫɢɥɢɤɚɝɟɥɟɦ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ 
ɧɟɩɪɟɪɵɜɧɨ ɩɪɨɬɟɤɚɟɬ ɦɚɫɥɨ ɩɨ ɰɢɤɥɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪ-ɬɟɪɦɨɫɢɮɨɧɧɵɣ ɮɢɥɶɬɪ-
ɬɪɚɧɫɮɨɪɦɚɬɨɪ. Ɍɟɪɦɨɫɢɮɨɧɧɵɣ ɷɮɮɟɤɬ ɜɨɡɧɢɤɚɟɬ ɧɚ ɨɫɧɨɜɟ ɪɚɡɧɨɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ ɜ ɛɚɤɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɮɢɥɶɬɪɚ. ɗɬɨɬ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ 
ɧɟɩɪɟɪɵɜɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɦɚɫɥɨ ɜ ɯɨɪɨɲɟɦ ɫɨɫɬɨɹɧɢɢ. ɉɟɪɢɨɞɢɱɟɫɤɢ ɦɟɧɹɟɬɫɹ 
ɬɨɥɶɤɨ ɡɚɤɥɚɞɤɚ ɫɢɥɢɤɚɝɟɥɹ. Ɂɚɤɥɚɞɤɚ ɫɥɭɠɢɬ 2-3 ɝɨɞɚ.  

Ɉɬɪɚɛɨɬɚɧɧɵɣ ɫɢɥɢɤɚɝɟɥɶ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɩɪɨɤɚɥɢɜɚɧɢɹ ɢ 
ɫɧɨɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɱɢɫɬɤɢ ɦɚɫɥɚ. Ɋɟɝɟɧɟɪɚɰɢɹ ɫɢɥɢɤɚɝɟɥɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɧɚɝɪɟɜɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɫɨɪɛɟɧɬɚ ɩɭɬɟɦ ɩɪɨɞɭɜɤɢ ɱɟɪɟɡ ɧɟɝɨ ɜɨɡɞɭɯɚ, ɧɚɝɪɟɬɨɝɨ 
ɞɨ ʹͲͲ℃, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɠɢɝɚɧɢɟɦ ɢɫɩɚɪɢɜɲɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɫɬɚɪɟɧɢɹ 
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ɦɚɫɥɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ͸ͲͲ℃. ɋɢɥɢɤɚɝɟɥɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɥɭɠɢɬ 6-7 ɥɟɬ. 

2.ɉɪɚɜɢɥɶɧɚя ɷɤɫɩɥɭɚɬɚɰɢя ɜɨɡɞɭɯɨɨɫɭɲɢɬɟɥɶɧɵɯ ɮɢɥɶɬɪɨɜ. 
3.ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɦɚɫɥɚ ɨɬ ɨɤɢɫɥɟɧɢя ɢ 

ɡɚɝɪяɡɧɟɧɢя (ɩɥɟɧɨɱɧɚя ɢɥɢ ɚɡɨɬɧɚя) ɢɥɢ ɩɨɥɧɚя ɝɟɪɦɟɬɢɡɚɰɢя 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢя. 

ɋɩɟɰɢɚɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɦɚɫɥɚ ɨɬ ɨɤɢɫɥɟɧɢɹ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ 
ɢɫɤɥɸɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɦɚɫɥɚ ɜ ɪɚɫɲɢɪɢɬɟɥɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫ ɜɨɡɞɭɯɨɦ, ɬ.ɟ. ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɝɨ ɭɫɬɪɚɧɟɧɢɹ ɝɥɚɜɧɨɣ 
ɩɪɢɱɢɧɵ ɫɬɚɪɟɧɢɹ ɦɚɫɥɚ – ɨɤɢɫɥɟɧɢɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ. 

4.ɉɨɞɞɟɪɠɚɧɢɟ ɜ ɦɚɫɥɟ ɧɟɨɛɯɨɞɢɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɩɪɢɫɚɞɤɢ (ɢɧɝɢɛɢɬɨɪɚ ɨɤɢɫɥɟɧɢя) ȺȽИȾɈЛ-1 (ɢɨɧɨɥ). 

Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɫɚɞɤɢ ɜ ɫɜɟɠɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɦ ɦɚɫɥɟ ɡɚɜɢɫɢɬ ɨɬ 
ɦɚɪɤɢ ɦɚɫɥɚ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ȺȽɂȾɈɅ-1 ɩɪɨɰɟɫɫ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 
ɫɬɚɪɟɧɢɹ ɦɚɫɥɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɞɭɤɰɢɨɧɧɨɦ ɩɟɪɢɨɞɟ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɦɚɥɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɟɧɢɹ ɢ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ ɦɚɥɵɦ ɢɡɦɟɧɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɦɚɫɥɚ. ȺȽɂȾɈɅ-1 ɜ ɦɚɫɥɟ 
ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɫɬɜɨɪɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɜɥɟɤɚɟɬɫɹ ɢɡ ɦɚɫɥɚ 
ɪɚɡɥɢɱɧɵɦɢ ɚɞɫɨɪɛɟɧɬɚɦɢ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ.  

ɉɪɢ ɫɧɢɠɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ȺȽɂȾɈɅ-1 ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦ ɦɚɫɥɟ 
ɫɭɳɟɫɬɜɭɟɬ ɪɢɫɤ ɢɧɬɟɧɫɢɜɧɨɝɨ ɫɬɚɪɟɧɢɹ ɦɚɫɥɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɫɧɢɠɟɧɢɟɦ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɨɬɢɜ ɨɤɢɫɥɟɧɢɹ. ɋɧɢɠɟɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɪɨɬɢɜ 
ɨɤɢɫɥɟɧɢɹ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ȺȽɂȾɈɅ-1 ɜ ɦɚɫɥɟ 
ɩɟɪɟɫɬɚɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɢɧɝɢɛɢɬɨɪ ɨɤɢɫɥɟɧɢɹ ɢ ɫɬɚɧɨɜɢɬɫɹ ɢɧɢɰɢɚɬɨɪɨɦ 
ɨɤɢɫɥɟɧɢɹ. 

ȺȽɂȾɈɅ-1 ɜɜɨɞɹɬ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɥɟɞɭɸɳɢɦɢ ɫɩɨɫɨɛɚɦɢ: 
-ɩɨɞɚɱɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ȺȽɂȾɈɅ-1 ɱɟɪɟɡ ɧɢɠɧɢɣ ɛɨɤɨɜɨɣ 

ɤɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ ɦɚɫɥɨ; 
-ɞɨɥɢɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ȺȽɂȾɈɅ-1 ɱɟɪɟɡ 

ɪɚɫɲɢɪɢɬɟɥɶ. 
ɇɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɟɧ ɫɩɨɫɨɛ ɜɜɟɞɟɧɢɹ ɩɪɢɫɚɞɤɢ ɩɨɫɪɟɞɫɬɜɨɦ 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ ɧɢɠɧɢɣ ɛɨɤɨɜɨɣ ɤɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɬ.ɤ. 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɵɫɬɪɨɟ ɢ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɫɚɞɤɢ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ 
ɦɚɫɥɚ. 

5.Эɮɮɟɤɬɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ. 
6.Эɮɮɟɤɬɢɜɧɚя ɨɱɢɫɬɤɚ ɢɥɢ ɪɟɝɟɧɟɪɚɰɢя ɦɚɫɥɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɪɟɦɨɧɬɨɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢя. 
7.ɉɪɨɦɵɜɤɚ (ɩɨɞɝɨɬɨɜɤɚ) ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢя ɩɟɪɟɞ ɡɚɥɢɜɨɦ ɦɚɫɥɚ. 
 
9.6.2 Ɉɯɥɚɠɞɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ 
 
ɗɮɮɟɤɬɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɫɩɨɫɨɛɨɦ ɭɜɟɥɢɱɟɧɢɹ 

ɫɪɨɤɚ ɫɥɭɠɛɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɦɚɫɟɥ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɧɚ ͳͲ°ʠ, ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɫɥɚ, ɫɨɤɪɚɳɚɟɬ ɫɪɨɤ ɟɝɨ 
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ɫɥɭɠɛɵ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ. ɉɨɷɬɨɦɭ ɩɨɜɵɲɟɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ 
ɜɵɲɟ ͹Ͳ°ʠ ɢ ɞɥɢɬɟɥɶɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɩɪɢ ɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɚɡɵɜɚɟɬ 
ɪɟɡɤɨ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɦɚɫɥɨ. ɇɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɦɚɫɥɚ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ ɫ ɩɨɦɨɳɶɸ 
ɦɚɫɥɨɨɯɥɚɞɢɬɟɥɟɣ, ɱɬɨɛɵ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟ 
ɩɪɟɜɵɲɚɥɚ ͸Ͳ°ʠ. 

 



123 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 

1. ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ: ɍɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɤ ɤɭɪɫɨɜɨɦɭ ɢ 
ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ/ ɋɨɫɬ. Ⱥ.ɘ. 
Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɢɣ, ȿ.ɘ.Ɂɚɬɟɟɜɚ, Ȼ.ɂ.ɋɢɥɚɟɜ; ɋɒɎ ɄȽɌɍ.- ɋɚɹɧɨɝɨɪɫɤ, 2005. 
114ɫ. 

2. ɓɚɜɟɥɟɜ Ⱦ.ɋ. Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ: ɫɩɪɚɜɨɱɧɨɟ ɩɨɫɨɛɢɟ – Ʌ: Ɇɨɫɤɜɚ ɗɧɟɪɝɨɚɬɨɦɦɢɡɞɚɬ 
1988. 

3. ɋɉ 38.13330.2012 «ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ 
ɫɨɨɪɭɠɟɧɢɹ (ɜɨɥɧɨɜɵɟ, ɥɟɞɨɜɵɟ ɢ ɨɬ ɫɭɞɨɜ)». Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ 
ɋɇɢɉ 2.06.04-82*. – ȼɜɟɞ. 01.01.2013. – Ɇɨɫɤɜɚ: Ɇɢɧɢɫɬɟɪɫɬɜɨ ɪɟɝɢɨɧɚɥɶɧɨɝɨ 
ɪɚɡɜɢɬɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 2012. – 110 ɫ. 

4. Ʉɚɬɚɥɨɝ «Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪɵ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] //ɋɟɪɜɢɫ «Ɉɧɥɚɣɧ 
ɗɥɟɤɬɪɢɤ». – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://online-electric.ru. 

5. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɜ ɡɚɞɚɱɚɯ ɢ 
ɭɩɪɚɠɧɟɧɢɹɯ. ȼ 2 ɱ. ɑ. 1. ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɪɟɠɢɦɨɜ Ƚɗɋ / ɫɨɫɬ. 
ɘ.Ⱥ. ɋɟɤɪɟɬɚɪёɜ, Ⱥ.Ⱥ. ɀɞɚɧɨɜɢɱ, ȿ.ɘ. Ɂɚɬɟɟɜɚ, ɋ.ȼ. Ɇɢɬɪɨɮɚɧɨɜ. – 
ɋɚɹɧɨɝɨɪɫɤ; ɑɟɪёɦɭɲɤɢ: ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ; ɋɚɹɧɨ-
ɒɭɲɟɧɫɤɢɣ ɮɢɥɢɚɥ, 2014. – 108ɫ. 

6. ɇɟɤɥɟɩɚɟɜ, Ȼ. ɇ. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɩɨɞɫɬɚɧɰɢɣ: 
ɫɩɪɚɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɤɭɪɫɨɜɨɝɨ ɢ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ: ɭɱɟɛɧɨɟ 
ɩɨɫɨɛɢɟ ɞɥɹ ɜɭɡɨɜ / Ȼ. ɇ. ɇɟɤɥɟɩɚɟɜ, ɂ. ɉ. Ʉɪɸɱɤɨɜ. - ɂɡɞ. 4-ɟ, ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. - 
Ɇɨɫɤɜɚ :ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1989. - 608 ɫ. 

7. ɋɌɈ 17230282.27.140.022-2008 «Ɂɞɚɧɢɹ Ƚɗɋ ɢ ȽȺɗɋ . ɍɫɥɨɜɢɹ 
ɫɨɡɞɚɧɢɹ. ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ» - ȼɜɟɞ. 30.10.2008 – Ɇɨɫɤɜɚ : ɈȺɈ ɊȺɈ «ȿɗɋ 
Ɋɨɫɫɢɢ», 2008 - 42ɫ. 

8. ɋɌɈ 24.3182. ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ ɜɵɞɚɱɟ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 
ɍɫɥɨɜɢɹ ɫɨɡɞɚɧɢɹ ɨɛɴɟɤɬɚ. - ȼɜɟɞ. 06.12.2007 - Ɇɨɫɤɜɚ : ɈȺɈ ɊȺɈ «ȿɗɋ 
Ɋɨɫɫɢɢ», 2007 - 20 ɫ. 

9. ɋɌɈ ɊɭɫȽɢɞɪɨ 01.01.78-2012 «Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɇɨɪɦɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ» - ȼɜɟɞ. 27.12.2002 - Ɇɨɫɤɜɚ : ɈȺɈ 
«ɊɭɫȽɢɞɪɨ», 2012 – 288ɫ. 

10. ɋɌɈ 56947007-29.240.014-2008 «ɍɤɪɭɩɧɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɫɬɨɢɦɨɫɬɢ 
ɫɨɨɪɭɠɟɧɢɹ (ɪɟɤɨɧɫɬɪɭɤɰɢɢ) ɩɨɞɫɬɚɧɰɢɢ 35-750ɤȼ ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 
ɧɚɩɪɹɠɟɧɢɟɦ 6,10-750ɤȼ» – ȼɜɟɞ. 18.04.2008 – Ɇɨɫɤɜɚ: ɈȺɈ «ɎɋɄ ȿɗɋ », 
2008 – 12 ɫ.  

11. 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. 

12. Ʉɚɬɚɥɨɝ «Ɉɝɪɚɧɢɱɢɬɟɥɢ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ 3–35 ɤȼ» [ɗɥɟɤɬɪɨɧɧɵɣ 
ɪɟɫɭɪɫ] // «ɁȺɈ «ɁɗɌɈ».– Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.zeto.ru/. 

http://www.zeto.ru/


124 
 

13. ɋɌɈ 17330282.27.140.020-2008 ɋɢɫɬɟɦɵ ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
Ƚɗɋ ɍɫɥɨɜɢɹ ɫɨɡɞɚɧɢɹ ɧɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ. – ȼɜɟɞ. 30.07.2008. – Ɇɨɫɤɜɚ : 
ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ», 2008. – 24 ɫ. 

14. Ʉɚɬɚɥɨɝ «Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɭɯɢɟ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] 
//«ɑɟɛɨɤɫɚɪɫɤɢɣ ɷɥɟɤɬɪɨɡɚɜɨɞ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ» – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://cheb-
transformator.com/. 

15. Ʉɚɬɚɥɨɝ «ȼɵɤɥɸɱɚɬɟɥɢ ɷɥɟɝɚɡɨɜɵɟ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]// 
«ȼɵɫɨɤɨɜɨɥɶɬɧɵɣ ɫɨɸɡ» – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.vsoyuz.com/. 

16. Ʉɚɬɚɥɨɝ «Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] 
// ɈȺɈ «ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ» – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.cztt.ru/main.html; 
ȺɈ «ɋɜɷɥ» – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://svel.ru/ru. 

17. ȽɈɋɌ Ɋ 57114-2016 «ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. Ɉɩɟɪɚɬɢɜɧɨ-
ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɢ ɨɩɟɪɚɬɢɜɧɨ – ɬɟɯɧɨɥɨɝɢɱɧɨɟ 
ɭɩɪɚɜɥɟɧɢɟ» - ȼɜɟɞ. 01.03.2017 – Ɇɨɫɤɜɚ : ɈȺɈ «ȿɗɋ Ɋɨɫɫɢɢ», 2017 – 19 ɫ. 

18. ȽɈɋɌ Ɋ 56302- 2014 «Ɉɩɟɪɚɬɢɜɧɨ-ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ 
ɞɢɫɩɟɬɱɟɪɫɤɢɟ ɧɚɢɦɟɧɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ» - ȼɜɟɞ. 01.09.2015 – Ɇɨɫɤɜɚ : ɈȺɈ «ȿɗɋ 
Ɋɨɫɫɢɢ», 2016 – 19 ɫ. 

19. ȽɈɋɌ Ɋ 56303-2014 «Ɉɩɟɪɚɬɢɜɧɨ-ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ 
ɧɨɪɦɚɥɶɧɵɟ ɫɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɴɟɤɬɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ» - 
ȼɜɟɞ. 01.09.2015 – Ɇɨɫɤɜɚ : ɈȺɈ «ȿɗɋ Ɋɨɫɫɢɢ», 2016 – 19 ɫ. 

20. ɋɌɈ 56947007-29.240.10.249-2017 «ɉɪɚɜɢɥɚ ɨɮɨɪɦɥɟɧɢɹ 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ ɩɨɞɫɬɚɧɰɢɣ» - ȼɜɟɞ. 28.09.2017 – Ɇɨɫɤɜɚ 
: ɉȺɈ «ɎɋɄ ȿɗɋ», 2017 – 19 ɫ. 

21. ɉɪɚɜɢɥɚ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ [Ɍɟɤɫɬ]: ȼɫɟ ɞɟɣɫɬɜɭɸɳɢɟ 
ɪɚɡɞɟɥɵ ɉɍɗ-6 ɢ ɉɍɗ-7. – ɇɨɜɨɫɢɛɢɪɫɤ: ɇɨɪɦɚɬɢɤɚ. 2018. – 462 ɫ. 

22. ɑɟɪɧɨɛɪɨɜɨɜ ɇ.ȼ.. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ. ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɞɥɹ 
ɬɟɯɧɢɤɭɦɨɜ. – Ɇɨɫɤɜɚ: ɂɡɞɚɬɟɥɶɫɬɜɨ «ɗɧɟɪɝɢɹ», 1974. 

23. ɋɚɣɬ ɤɨɦɩɚɧɢɢ «ɗɤɪɚ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://ekra.ru/. 

24. ɉɨɫɬɚɧɨɜɥɟɧɢɟ №986 «Ɉ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ. – ȼɜɟɞ. 2.11.2013. – Ɇɨɫɤɜɚ: ɉɪɚɜɢɬɟɥɶɫɬɜɨ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ. – 10ɫ. 

25. Ɉ ɧɚɛɥɸɞɟɧɢɹɯ ɡɚ ɞɜɢɠɟɧɢɟɦ ɜɟɬɪɨɜ [ɂɧɬɟɪɧɟɬ ɪɟɫɭɪɫ]: ɜɟɬɪɨɜɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: Energywind.ru/recomendacii/karta-rossii/dalnij-
vostok/amurskaya-oblast. 

26. ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 30.01.2016 №92 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2016-2041 ɝɝ.». 

27. 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. 

https://cheb-transformator.com/
https://cheb-transformator.com/
http://www.vsoyuz.com/
http://www.cztt.ru/main.html
http://svel.ru/ru
https://vk.com/away.php?utf=1&to=https%3A%2F%2Fekra.ru%2F


125 
 

28. Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ ɫɬɚɞɢɢ ɩɪɟɞ 
ɌɗɈ 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. 

29. ɋɌɈ ɊɭɫȽɢɞɪɨ 02.01.112-2015 «Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɦɚɫɥɚ ɢ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ. Ɉɪɝɚɧɢɡɚɰɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ. ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ». – ȼɜɟɞ. 18.02.2015 №125 
ɉɪɢɤɚɡɨɦ ɈȺɈ «ɊɭɫȽɢɞɪɨ». 

30. Ɉɛɴɟɦ ɢ ɧɨɪɦɵ ɢɫɩɵɬɚɧɢɣ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ / ɉɨɞ ɨɛɳ. ɪɟɞ. Ȼ.Ⱥ. 
Ⱥɥɟɤɫɟɟɜɚ, Ɏ.Ʌ. Ʉɨɝɚɧɚ, Ʌ.Ƚ. Ɇɚɦɢɤɨɧɹɧɰɚ. - 6-ɟ ɢɡɞ., ɫ ɢɡɦ. ɢ ɞɨɩ. - Ɇ.: ɂɡɞ-ɜɨ 
ɇɐ ɗɇȺɋ, 2004. 

 



126 
 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ Ɂɟɹ ɡɚ ɩɟɪɢɨɞ 1952-
2001 ɝɝ. 

Ɋɚɫɯɨɞɵ ɜ ɤɭɛɢɱɟɫɤɢɯ ɦɟɬɪɚɯ ɜ ɫɟɤɭɧɞɭ 

Ƚɨɞɵ I II  III  IV  V VI  VII VIII IX  X XI  XII 
Qɫɪ. 
ɝɨɞ 

1952 21 16 9 14 4430 4566 4615 2770 3569 2585 519 212 1946 
1953 89 47 30 1011 6091 3643 1355 3815 2093 1109 371 119 1650 
1954 32 30 14 218 4369 7259 5168 3200 6890 1097 162 76 2378 
1955 43 26 22 187 2278 2831 5587 6275 3200 2216 224 107 1918 
1956 59 46 36 70 4738 2807 8612 1601 2339 950 64 27 1781 
1957 65 33 23 224 4861 3004 1245 1478 3938 3250 396 138 1557 
1958 31 21 13 20 3631 4357 11564 4307 1478 1232 261 103 2254 
1959 25 18 15 69 2770 2216 2278 5045 4430 2585 643 224 1695 
1960 15 15 9 10 2647 9104 2647 986 2462 1232 76 15 1604 
1961 52 30 17 39 4861 5660 2954 4799 4061 507 371 107 1957 
1962 84 28 12 261 4246 3213 10088 6029 5906 3077 544 279 2816 
1963 91 41 34 1601 5968 2598 5845 863 1724 851 212 52 1659 
1964 109 33 23 22 4000 2524 4061 8735 8243 1528 298 150 2479 
1965 119 37 35 89 5476 2339 691 3569 873 740 175 101 1189 
1966 80 17 18 224 3508 3348 2831 4430 1171 925 150 89 1401 
1967 86 52 44 519 4492 3705 1109 7628 6644 1355 620 267 2212 
1968 65 22 20 199 4123 3656 888 4922 1601 381 242 43 1349 
1969 47 22 19 89 3877 2278 777 3200 1355 494 236 26 1037 
1970 17 14 14 65 750 3791 5537 4061 7997 1146 310 162 1991 
1971 30 18 17 76 2155 5906 1724 4184 1109 986 187 102 1377 
1972 39 20 17 66 4984 5070 5513 5783 3077 1122 347 82 2179 
1973 57 25 17 89 2893 5845 1601 3692 2462 814 494 290 1525 
1974 63 41 33 1503 6706 2093 986 4307 3914 1478 285 58 1791 
1975 26 21 15 236 667 4246 3200 6644 3692 445 52 33 1609 
1976 11 10 11 36 2401 1970 3446 4184 2585 1294 101 70 1345 
1977 43 23 16 38 1232 4467 6644 863 7136 1970 335 113 1909 
1978 59 25 10 46 7567 4947 12548 8010 7874 507 298 89 3500 
1979 49 31 25 642 5599 6521 3692 3938 4676 2954 248 46 2371 
1980 32 20 16 95 1786 1601 2339 9596 5660 408 224 70 1823 
1981 70 23 17 101 820 1171 2708 3520 1232 863 295 86 911 
1982 23 15 12 107 6952 1786 6460 1355 1847 1036 359 175 1679 
1983 14 9 7 62 986 4873 3323 5537 2216 1085 138 37 1526 
1984 20 6 6 53 5845 9965 2216 1232 3446 2708 359 132 2168 
1985 34 12 10 113 802 5414 11195 2708 986 704 89 52 1845 
1986 12 11 12 119 2524 4000 7751 7013 6398 1724 593 108 2524 
1987 18 17 15 52 6706 3200 1970 1109 2831 1257 125 75 1450 
1988 37 18 16 125 3385 3459 1847 1970 2954 1048 310 101 1275 
1989 46 32 26 1116 8059 4578 3569 4676 7751 1380 470 199 2661 
1990 38 26 23 371 7321 5045 2155 777 3323 728 273 113 1685 
1991 30 26 24 64 3754 2229 2339 2216 3815 2339 261 153 1440 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

Ƚɨɞɵ I II  III  IV  V VI  VII VIII IX  X XI  XII 
Qɫɪ. 
ɝɨɞ 

1992 20 12 9 138 1909 2672 4676 7997 4184 1232 568 132 1965 
1993 23 17 18 74 617 986 2585 2462 2216 962 132 60 848 
1994 26 21 16 15 3139 3569 6029 5291 4430 802 384 125 1989 
1995 27 22 18 89 1417 1245 2462 8981 8711 1171 181 76 2035 
1996 33 18 15 156 1601 1269 2401 2954 2831 531 199 39 1006 
1997 15 12 11 162 3262 3631 3815 7628 7382 1847 113 50 2330 
1998 46 39 37 1306 5107 2659 1491 3446 4307 1601 445 113 1719 
1999 37 23 22 212 3016 2868 3077 4553 2708 1294 322 64 1518 
2000 26 20 16 242 3877 2708 2093 1724 3692 2462 421 187 1458 
2001 22 10 8 66 986 3594 3200 6275 6152 617 273 95 1777 ܳ˔˓, ˏଷ/˔ 

43 
 

23 
 

18 
 

250 
 

3704 
 

3730 
 

3938 
 

4247 
 

3911 
 

1333 
 

295 
 

108 
 

1800 
 

 
Ɍɚɛɥɢɰɚ Ⱥ.2 – ȼɟɥɢɱɢɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 
ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

Ƚɨɞɵ Qɫɪ.Ƚɨɞ.max Qɭɛɵɜ K=Q/Qɫɪ K-1 (K-1)^2 (K-1)^3 P,% 
1952 4615 12548 1,905 0,905 0,819 0,741 1 
1953 6091 11564 1,756 0,756 0,571 0,431 3 
1954 7259 11195 1,7 0,7 0,489 0,342 5 
1955 6275 10088 1,532 0,532 0,283 0,15 7 
1956 8612 9965 1,513 0,513 0,263 0,135 9 
1957 4861 9596 1,457 0,457 0,209 0,095 11 
1958 11564 9104 1,382 0,382 0,146 0,056 13 
1959 5045 8981 1,363 0,363 0,132 0,048 15 
1960 9104 8735 1,326 0,326 0,106 0,035 17 
1961 5660 8612 1,307 0,307 0,095 0,029 19 
1962 10088 8059 1,224 0,224 0,05 0,011 21 
1963 5968 7997 1,214 0,214 0,046 0,01 23 
1964 8735 7997 1,214 0,214 0,046 0,01 25 
1965 5476 7751 1,177 0,177 0,031 0,006 27 
1966 4430 7628 1,158 0,158 0,025 0,004 29 
1967 7628 7628 1,158 0,158 0,025 0,004 31 
1968 4922 7321 1,111 0,111 0,012 0,001 33 
1969 3877 7259 1,102 0,102 0,01 0,001 35 
1970 7997 7136 1,083 0,083 0,007 0,001 37 
1971 5906 6952 1,055 0,055 0,003 0 39 
1972 5783 6706 1,018 0,018 0 0 41 
1973 5845 6706 1,018 0,018 0 0 43 
1974 6706 6644 1,009 0,009 0 0 45 
1975 6644 6521 0,99 -0,01 0 0 47 
1976 4184 6275 0,953 -0,047 0,002 0 49 
1977 7136 6275 0,953 -0,047 0,002 0 51 
1978 12548 6091 0,925 -0,075 0,006 0 53 
1979 6521 6029 0,915 -0,085 0,007 -0,001 55 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.2 

Ƚɨɞɵ Qɫɪ.Ƚɨɞ.max Qɭɛɵɜ K=Q/Qɫɪ K-1 (K-1)^2 (K-1)^3 P,% 
1980 9596 5968 0,906 -0,094 0,009 -0,001 57 
1981 3520 5906 0,897 -0,103 0,011 -0,001 59 
1982 6952 5845 0,887 -0,113 0,013 -0,001 61 
1983 5537 5783 0,878 -0,122 0,015 -0,002 63 
1984 9965 5660 0,859 -0,141 0,02 -0,003 65 
1985 11195 5537 0,841 -0,159 0,025 -0,004 67 
1986 7751 5476 0,831 -0,169 0,028 -0,005 69 
1987 6706 5107 0,775 -0,225 0,05 -0,011 71 
1988 3459 5045 0,766 -0,234 0,055 -0,013 73 
1989 8059 4922 0,747 -0,253 0,064 -0,016 75 
1990 7321 4861 0,738 -0,262 0,069 -0,018 77 
1991 3815 4615 0,701 -0,299 0,09 -0,027 79 
1992 7997 4553 0,691 -0,309 0,095 -0,029 81 
1993 2585 4430 0,673 -0,327 0,107 -0,035 83 
1994 6029 4184 0,635 -0,365 0,133 -0,049 85 
1995 8981 3877 0,589 -0,411 0,169 -0,07 87 
1996 2954 3877 0,589 -0,411 0,169 -0,07 89 
1997 7628 3815 0,579 -0,421 0,177 -0,075 91 
1998 5107 3520 0,534 -0,466 0,217 -0,101 93 
1999 4553 3459 0,525 -0,475 0,225 -0,107 95 
2000 3877 2954 0,448 -0,552 0,304 -0,168 97 
2001 6275 2585 0,392 -0,608 0,369 -0,224 99 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 

m P, % Ƚɨɞɵ Qɫɪ. ɝɨɞ Ƚɨɞɵ Qɫɪ.ɩɨɥ Ƚɨɞɵ Q ɫɪ.ɦɟɠ 

1 2 1978 3498 1978 8189 1962 569 
2 4 1962 2814 1962 5956 1998 512 
3 6 1989 2659 1989 5727 1974 494 
4 8 1986 2522 1986 5537 1989 467 
5 10 1964 2477 1964 5513 1979 442 
6 12 1954 2376 1954 5377 1967 420 
7 14 1979 2368 1997 5144 1963 412 
8 16 1997 2327 1958 5067 1953 397 
9 18 1958 2252 1979 5065 1959 383 
10 20 1967 2210 1984 4939 1986 368 
11 22 1972 2177 1972 4885 1955 346 
12 24 1984 2166 1967 4716 1997 316 
13 25 1995 2033 1995 4563 1964 309 
14 27 1970 1989 1994 4492 1957 304 
15 29 1994 1987 1961 4467 1992 302 
16 31 1992 1962 1970 4427 1999 282 
17 33 1961 1955 1952 4359 2000 282 
18 35 1952 1944 1992 4288 1991 272 
19 37 1955 1916 1977 4248 1973 255 
20 39 1977 1907 1985 4221 1970 247 
21 41 1985 1843 1980 4196 1982 247 
22 43 1980 1821 1955 4114 1972 242 
23 45 1974 1789 2001 4041 1958 240 
24 47 1956 1779 1956 4019 1988 236 
25 49 2001 1775 1990 3724 1977 234 
26 51 1998 1716 1975 3690 1954 233 
27 53 1959 1693 1982 3680 1995 226 
28 55 1990 1683 1974 3601 1990 225 
29 57 1982 1677 1960 3569 1987 223 
30 59 1963 1657 1959 3528 1976 220 
31 61 1953 1648 1998 3402 1952 219 
32 63 1975 1606 1963 3400 1966 215 
33 65 1960 1602 1953 3399 1981 208 
34 67 1957 1555 1983 3387 1971 202 
35 69 1983 1524 1957 3305 1994 198 
36 71 1973 1523 1973 3299 1960 196 
37 73 1999 1516 1999 3244 1983 193 
38 75 2000 1456 1987 3162 1965 185 
39 76 1987 1448 2000 3099 1984 185 
40 78 1991 1438 1991 3070 1956 179 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 

m P, % Ƚɨɞɵ Qɫɪ. ɝɨɞ Ƚɨɞɵ Qɫɪ.ɩɨɥ Ƚɨɞɵ Q ɫɪ.ɦɟɠ 
41 80 1966 1399 1966 3058 1961 160 
42 82 1971 1375 1968 3038 2001 156 
43 84 1968 1347 1971 3016 1978 148 
44 86 1976 1343 1976 2916 1985 145 
45 88 1988 1273 1988 2723 1996 142 
46 90 1965 1187 1965 2590 1993 141 
47 92 1969 1035 1969 2297 1968 139 
48 94 1996 1004 1996 2211 1969 133 
49 96 1981 909 1981 1890 1980 124 
50 98 1993 846 1993 1833 1975 118 

 
Ɍɚɛɥɢɰɚ Ȼ.2 – Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ȼɏɄ 

Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII 
Qɛɵɬ90%, ˏଷ/˔ 

35 37 89 119 2339 2569 4476 1891 1673 739 175 101 

Qɜɯɤ, ˏଷ/˔ 
530 530 530 1060 1060 1060 1060 1060 1060 1060 530 530 

Qɮ, ˏଷ/˔ 
12 12 12 12 12 12 12 12 12 12 12 12 

Qɢɫɩ, ˏଷ/˔ 
0 0 1 1 23 26 45 19 17 7 2 1 

Qɲɥɸɡ, ˏଷ/˔ 
0 0 0 59 59 59 59 59 59 59 0 0 

Qɥɟɞ, ˏଷ/˔ 
12 12 0 -24 -24 0 0 0 0 0 12 12 

ɋɭɦɦɚ  
ɩɨɬɟɪɶ 

24 24 13 49 71 97 116 90 88 79 25 25 

Qɩɨɥ,  ˏଷ/˔ 
11 13 76 70 2268 2472 4360 1801 1585 661 149 76 

Zɜɛ, ɦ 212 212 212 212 212 212 212 212 212 212 212 212 
Zɧɛ, ɦ 167 167 167 167 169 169 170 169 169 168 167 167 

ɇɩɨɥ, ɦ 45 45 44 44 42 42 41 43 43 44 44 44 
Z ɜɛ 

(ɜɯɤ), ɦ 
212 212 212 212 212 212 212 212 212 212 212 212 

Z ɧɛ 
(ɜɯɤ), ɦ 

168 168 168 168 168 168 168 168 168 168 168 168 

ɇ(ɜɯɤ), 
 ɦ 

44 44 44 43 43 43 43 43 43 43 44 44 Nʑʤʙ,  ʛʑ˕ 
202 202 202 399 401 401 401 401 401 399 202 202 

N ɛɵɬ, 
Ɇɜɬ 

4 5 29 27 838 910 1567 670 592 250 58 29 N˄˞˕ −Nʑʤʙ  
-198 -197 -173 -371 437 509 1166 269 191 -148 -145 -173 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.3 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ) 
 
Ɇɟɫɹɰɵ 

Q, ˏ ଷ/˔ ȼɨɞɨɯɪɚɧɢɥɢɳɟ, ˍˏଷ Z, ɦ ɇ ɝɷɫ, 
ɦ 

N ɝɷɫ , 
ɆȼɌ 

Nɝɚɪ, 
Ɇɜɬ 

ɗ ɝɷɫ, 
ɦɥɧ 

ɤȼɬ∙ɱ Qɩɨɥ QɇȻ Qɜɯɤ Qɜɞɯ Qɝɷɫ Qɯ.ɫ Vɧɩɭ dV Vɤɨɧ 
z ȼȻ 
ɧɚɱ 

zȼȻ 
ɤɨɧ 

z ȼȻ 
ɫɪ 

Z ɧɛ 

10 661 1060 1060 328 989 0 36,645 0,85 35,79 212,00 211,84 211,92 168,38 43,09 371 ɩɨ ɜɯɤ 276 
11 149 1033 530 872 1021 0 35,79 2,26 33,53 211,84 211,27 211,56 168,35 42,76 380 380 274 
12 76 1694 530 1606 1682 0 33,53 4,16 29,37 211,27 209,69 210,48 169,00 41,03 600 600 446 
1 11 1783 530 1760 1771 0 29,37 4,56 24,81 209,69 207,25 208,47 169,08 38,94 600 600 446 
2 13 1183 530 1158 1171 0 24,81 3,00 21,81 207,25 205,30 206,27 168,51 37,31 380 380 255 
3 76 530 530 442 518 0 21,81 1,15 20,66 205,30 204,47 204,88 167,62 36,81 166 ɩɨ ɜɯɤ 123 
4 70 1060 1060 919 989 0 20,66 2,38 18,28 204,47 202,56 203,51 168,15 34,92 300 ɩɨ ɜɯɤ 216 
5 2268 1060 1060 -1279 989 0 18,28 -3,32 21,60 202,56 205,15 203,85 168,15 35,26 303 ɩɨ ɜɯɤ 226 
6 2472 1060 1060 -1483 989 0 21,60 -3,84 25,44 205,15 207,63 206,39 168,15 37,79 325 ɩɨ ɜɯɤ 234 
7 4360 1060 1060 -3371 989 0 25,44 -8,74 34,18 207,63 211,46 209,54 168,15 40,95 352 ɩɨ ɜɯɤ 262 
8 1801 1060 1060 -812 989 0 34,18 -2,10 36,28 211,46 211,94 211,70 168,15 43,10 371 ɩɨ ɜɯɤ 276 
9 1585 1060 1060 -596 989 0 36,28 -1,54 37,827 211,94 212,18 212,06 168,38 43,22 372 ɩɨ ɜɯɤ 268 

 
Ɍɚɛɥɢɰɚ Ȼ.4 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (ɜɵɩɨɥɧɹɟɬɫɹ) 
 
Ɇɟɫɹɰɵ 

Q, ˏ ଷ/˔ ȼɨɞɨɯɪɚɧɢɥɢɳɟ, ˍˏଷ Z, ɦ ɇ ɝɷɫ, 
ɦ 

N ɝɷɫ , 
ɆȼɌ 

Nɝɚɪ, 
Ɇɜɬ 

ɗ ɝɷɫ, 
ɦɥɧ 

ɤȼɬ∙ɱ Qɩɨɥ QɇȻ Qɜɯɤ Qɜɞɯ Qɝɷɫ Qɯ.ɛ Vɧɩɭ dV Vɤɨɧ 
z ȼȻ 
ɧɚɱ 

zȼȻ 
ɤɨɧ 

z ȼȻ 
ɫɪ 

Z ɧɛ 

10 661 1060 1060 328 989 0 36,645 0,85 35,79 212,00 211,84 211,92 168,38 43,09 371 ɩɨ ɜɯɤ 276 
11 149 1129 530 968 1117 0 35,79 2,51 33,29 211,84 211,20 211,52 168,46 42,62 414 414 298 
12 76 1798 530 1710 1786 0 33,29 4,43 28,85 211,20 209,44 210,32 169,09 40,78 634 634 472 
1 11 1907 530 1884 1895 0 28,85 4,88 23,97 209,44 206,73 208,09 169,18 38,46 634 634 472 
2 13 1315 530 1290 1303 0 23,97 3,34 20,63 206,73 204,44 205,59 168,65 36,49 414 414 278 
3 76 530 530 442 518 0 20,63 1,15 19,48 204,44 203,55 204,00 167,62 35,93 162 ɩɨ ɜɯɤ 120 
4 70 1060 1060 919 989 0 19,48 2,38 17,10 203,55 201,50 202,52 168,15 33,93 292 ɩɨ ɜɯɤ 210 
5 2268 1060 1060 -1279 989 0 17,10 -3,32 20,41 201,50 204,28 202,89 168,15 34,29 295 ɩɨ ɜɯɤ 220 
6 2472 1060 1060 -1483 989 0 20,41 -3,84 24,26 204,28 206,91 205,60 168,15 37,00 318 ɩɨ ɜɯɤ 229 
7 4360 1060 1060 -3371 989 0 24,26 -8,74 33,00 206,91 211,11 209,01 168,15 40,42 348 ɩɨ ɜɯɤ 259 
8 1801 1060 1060 -812 989 0 33,00 -2,10 35,10 211,11 211,69 211,40 168,15 42,80 368 ɩɨ ɜɯɤ 274 
9 1585 1060 1060 -596 989 0 35,10 -1,54 36,645 211,69 212,00 211,85 168,38 43,01 370 ɩɨ ɜɯɤ 266 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – Ɂɨɧɚ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɧɚ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ (ɹɧɜɚɪɶ, ɞɟɤɚɛɪɶ) 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.5 - Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɨɬɦɟɬɤɚɦ 
Ɇɟɫɹ
ɰɵ 

Q, ˏ ଷ/˔ ȼɨɞɨɯɪɚɧɢɥɢɳɟ, ˍˏଷ Z, ɦ ɇ 
ɝɷɫ, ɦ 

N ɝɷɫ , 
ɆȼɌ 

Nɝɚɪ, 
Ɇɜɬ 

ɗ ɝɷɫ, 
ɦɥɧ 

ɤȼɬ∙ɱ Qɩɨɥ QɇȻ Qɜɯɤ Qɜɞɯ Qɝɷɫ 
Qɯɨ
ɥ.ɫɛ 

Vɧɩɭ dV Vɤɨɧ 
z ȼȻ 
ɧɚɱ 

zȼȻ 
ɤɨɧ 

z ȼȻ ɫɪ Z ɧɛ 

10 792 875 1060 12 804 0 36,645 0,03 36,61 212,00 212,00 212,00 168,176 43,4 303 ɩɨ ɜɯɤ 225,7 
11 319 1121 530 790 1109 0 36,61 2,05 34,57 212,00 211,56 211,78 168,45 42,9 414 414 298,1 
12 118 1776 530 1646 1764 0 34,57 4,27 30,30 211,56 210,10 210,83 169,07 41,3 634 634 471,7 
1 11 1867 530 1844 1855 0 30,30 4,78 25,52 210,10 207,67 208,89 169,15 39,3 634 634 471,7 
2 13 1279 530 1254 1267 0 25,52 3,25 22,27 207,67 205,62 206,64 168,61 37,6 414 414 278,2 
3 76 691 530 603 679 0 22,27 1,56 20,71 205,62 204,50 205,06 167,79 36,8 218 ɩɨ ɜɯɤ 161,8 
4 70 1533 1060 1392 1462 0 20,71 3,61 17,10 204,50 201,50 203,00 168,56 34,0 432 ɩɨ ɜɯɤ 311,3 
5 2268 739 1060 -1600 668 0 17,10 -4,15 21,25 201,50 204,90 203,20 167,84 34,9 203 ɩɨ ɜɯɤ 150,9 
6 3010 1795 1060 -1286 1724 0 21,25 -3,33 24,58 204,90 207,11 206,00 168,76 36,8 552 ɩɨ ɜɯɤ 397,2 
7 4360 1158 1060 -3273 1087 0 24,58 -8,48 33,06 207,11 211,13 209,12 168,23 40,4 382 ɩɨ ɜɯɤ 284,5 

8 6015 4936 1060 -1150 2435 
243
0 

33,06 -2,98 36,04 211,13 211,89 211,51 170,49 40,6 859 ɩɨ ɜɯɤ 639,4 

9 2979 2818 1060 -232 2367 380 36,04 -0,60 36,645 211,89 212,00 211,95 169,85 41,6 858 ɩɨ ɜɯɤ 617,4 

 
Ɍɚɛɥɢɰɚ Ȼ.6 - Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɩɨ ɦɨɳɧɨɫɬɹɦ 
Ɇɟɫɹ
ɰɵ 

Q, ˏ ଷ/˔ ȼɨɞɨɯɪɚɧɢɥɢɳɟ, ˍˏଷ Z, ɦ ɇ 
ɝɷɫ, ɦ 

N ɝɷɫ , 
ɆȼɌ 

Nɝɚɪ,
Ɇɜɬ 

ɗ ɝɷɫ, 
ɦɥɧ 

ɤȼɬ∙ɱ Qɩɨɥ QɇȻ Qɜɯɤ Qɜɞɯ Qɝɷɫ 
Qɯɨɥ.

ɫɛ 
Vɧɩɭ dV Vɤɨɧ 

z ȼȻ 
ɧɚɱ 

zȼȻ 
ɤɨɧ 

z ȼȻ ɫɪ Z ɧɛ 

10 792 1061 1060 198 990 0 36,645 0,51 36,13 212,00 211,91 211,95 168,383 43,1 371 ɩɨ ɜɯɤ 276,3 
11 319 1125 530 794 1113 0 36,13 2,06 34,07 211,91 211,43 211,67 168,45 42,8 414 414 298,1 
12 118 1784 530 1654 1772 0 34,07 4,29 29,79 211,43 209,87 210,65 169,08 41,1 634 634 471,7 
1 11 1879 530 1856 1867 0 29,79 4,81 24,98 209,87 207,35 208,61 169,16 39,0 634 634 471,7 
2 13 1291 530 1266 1279 0 24,98 3,28 21,69 207,35 205,22 206,28 168,62 37,2 414 414 278,2 
3 76 596 530 508 510 74 21,69 1,32 20,38 205,22 204,25 204,73 167,69 36,6 162 ɩɨ ɜɯɤ 120,8 
4 70 1405 1060 1264 988 346 20,38 3,28 17,10 204,25 201,50 202,88 168,45 34,0 292 ɩɨ ɜɯɤ 210,3 
5 2268 1059 1060 -1280 988 0 17,10 -3,32 20,42 201,50 204,28 202,89 168,14 34,3 295 ɩɨ ɜɯɤ 219,3 
6 3010 1601 1060 -1480 1000 530 20,42 -3,84 24,26 204,28 206,91 205,60 168,61 36,5 318 ɩɨ ɜɯɤ 228,8 
7 4360 1061 1060 -3370 990 0 24,26 -8,74 32,99 206,91 211,11 209,01 168,15 40,4 348 ɩɨ ɜɯɤ 259,0 
8 6015 5276 1060 -810 1050 4155 32,99 -2,10 35,09 211,11 211,69 211,40 170,62 40,3 368 ɩɨ ɜɯɤ 274,0 
9 2979 2450 1060 -600 1019 1360 35,09 -1,56 36,645 211,69 212,00 211,84 169,60 41,8 370 ɩɨ ɜɯɤ 266,7 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

 

 
Ɋɢɫɭɧɨɤ ȼ.1 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ50ȼ-60°-750
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.2 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ-750 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.3 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ 50ȼ-60°-750 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ 
 
Ɍɚɛɥɢɰɚ Ƚ.1 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɧɚɢɦɟɧɨɜɚɧɢɟ ɨɛɨɡɧɚɱɟɧɢɟ ɧɚɢɦɟɧɨɜɚɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 
ɢɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ Ͳ,ͳͷ ∙  ʜ 0,61 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ Ͳ,͵ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 
Ͳ,ͷ ∙  ʜ 2,02 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙  ʜ 6,06Ⱥܫ

ɁɁȽ 
ܷ଴ 

 ଶ ܷ଴ீ - 15 ȼ ܷ଴ଷݐ ଵ ܷ଴ଵீ - 3 ȼݐ
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 
1,3 - 

Ɂɉɇ >ܷ 

2ɫɬɭɩɟɧɶ  ܷ஼ʟଶ ͳ,Ͷ ∙ ܷʜ 140 ȼ 

1 
ɫɬɭɩɟɧɶ  ܷ஼ʟଵ ͳ,ʹ ∙ ܷʜ 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ ܫଶʠʗʒʜ Ͳ,Ͳ͹ ∙  ʜ 0,28 Ⱥܫ

ɉɈ ܫଶʞʢʠʙ Ͳ,ͳͷ ∙  ʜ 0,61 Ⱥܫ

ɈɌɋ I ܫଶʠ.ʖ. Ͳ,ʹͷ ∙  ʜ 1,01 Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ ܫʠʗʒʜ ͳ,Ͳ͹ ∙  ʜ 4,32 Ⱥܫ
ɉɈ ܫଵʞʢʠʙ ͳ,ͳ ∙  ʜ 4,44 Ⱥܫ

ɈɌɋ ܫଵʝʡʠ ͳ,Ͷ͵ ∙  ʜʝʛ 4,78 Ⱥܫ

ȾɁ ܼ < 

1 
ɫɬɭɩɟɧɶ ܼூ 0,05 Ͳ,Ͳ͹ ʝˏ 

2 
ɫɬɭɩɟɧɶ ܼூூ 0,35 0,49 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ ܫ௉ ʠʗʒʜ. ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ 5,24 Ⱥܫ
ɉɈ ܫ௉ ʞʢʠʙ. ͳ,ͳ ∙  ʜʝʛ.ʟ 5,39 Ⱥܫ

Ɉɬɫɟɱɤɚ ܫ௉ ʞʢʠʙ. ʹ,ͳͶ ∙  ʜʝʛ.ʟ 10,49 Ⱥܫ
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ƚ 
 
Ɍɚɛɥɢɰɚ Ƚ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ 

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
-5

00
 ɢ

 ȼ
-

Ɍɋ
ɇ

 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵ
ɣ 

ɫɢ
ɝɧ

ɚɥ
 

ɧɚɢɦɟɧɨɜɚɧɢɟ ɨɛɨɡɧɚɱɟɧɢɟ 

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 
   + + 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 + +     
 



38,0

174,60
Носок

167,48
УНБ min

167,00
ДНО

166,00
ПОД

212,00
НПУ

216,80
ГБ

161,00
163,00

179,07

3,03,8 77,4

154,03

60,0

Яма размыва

213,00
ФПУ

Ось цементационной завесы

Ось дренажа

31,2

172,80

Q0,1%=15701 м 3/ с
172,50

Q1%=12879 м 3/ с

30
,0

5,
0

Бык

Затвор

1,2

Автодорога

204,00
ГВ

3x5 м

5,5

5

20,3

170,50

143,80

129,00

Изм . Кол .уч . Лист № док . Подпись Дата
Стадия Лист Листов

Саяно -Шушенский филиал Сибирского федерального университета

Поперечный разрез водосливной плотины Кафедра ГГЭЭС , 2020 г

Затеев

Салатова

КП -13.03.02-1624598- ГР 2

Проектирование Сиваглиевской ГЭС на
реке Зея

1. Размеры даны в м , отметки - в м .

Поперечный разрез водосливной плотины (1:1000)

 Ось дренажа

2. Ведомость состава проекта см . на чертеже ВКР -13.03.02-1624598- ГП .

Разраб.
Провер.
Т .контр .
Н.контр.

Утв.
Формат А 3

3

3x3,40 м

3x3,40 м



38,0

Тв =10378,98
кН / м

Тн =10,74 кН / м

W взв =551,71
кН / м

W ф =2916,5
кН / м

167,48
УНБ min

167,00
ДНО

166,00
ПОД

170,00
Наносы

E н =24,27
кН / м

G пл =17090,93 кН / м

G б =4016,07 кН / м

44
,5
2

3,8 3

17
,8

8,
9

1,4
8

5

161,00

Епасс =172,8 кН / м2

0,
46

1,2
4

W волн =19,4
кН / м

Сбор нагрузок на водосливную плотину (1:1000)

Эпюры напряжений в сечении на отметке 166,00 м

q з =74,17 кН / м

38,0

167,48
УНБ min

161,00

15
,3
3

0,
33

212,00
НПУ

204,00
ГВ

213,00
ФПУ

212,00
НПУ

204,00
ГВ

213,00
ФПУ

-251,4
кПа

-624,9
кПа

-451,3
кПа

0
кПа

-251,4
кПа

-513,8
кПа

-14,5
кПа

-451,3
кПа

σ  y
u

σ  x
u

t  xy
u

σ  1
u

t

σ  3
u σ  3

t

σ  1
t

t  xy
t

σ  x

166,00
ПОД

σ  y
t

167,00
ДНО

216,80
ГБ

216,80
ГБ

20,320,3

170,50

143,80

129,00

143,80

170,50

129,00

366,2
кПа

-844,6
кПа

Изм . Кол .уч . Лист № док . Подпись Дата
Стадия Лист Листов

Затеев

Салатова

ВКР -13.03.02-1624598- РР

2. Силы приложенные к ГТС даны в кН /1 п .м .

Саяно -Шушенский филиал Сибирского федерального университета

Сбор нагрузок на водосливную плотину Кафедра ГГЭЭС , 2020 г

Проектирование Сиваглиевской ГЭС на
реке Зея

 Ось дренажа Ось дренажа

1. Размеры даны в м , отметки - в м .

Верховая
грань

Низовая
грань

σ  1, кПа σ  3, кПа

-251,4

-451,3

-14,5

-844,6

 Ось дренажа Ось дренажа

3. Ведомость состава проекта см . на чертеже ВКР -13.03.02-1624598- ГП .

Разраб.
Провер.
Т .контр .
Н.контр.

Утв.
Формат А 3

4



1. Размеры и отметки на чертеже даны в метрах .

2. Ведомость состава проекта см . на чертеже ВКР -13.03.02-1624598- ГП .

Формат А

Изм . Кол .уч . Лист № док . Подпись Дата
Стадия Лист

Саяно -Шушенский филиал Сибирского федерального университета

Листов

2

Поперечный разрез по оси агрегата .
Основные характеристики ГА Кафедра ГГЭЭС , 2020 г

Масленникова

Салатова

ВКР -13.03.02-1624598- ГР 1

Проектирование Сиваглиевской ГЭС на
реке Зея

Разраб.
Провер.
Т .контр .
Н.контр.

Утв.

расчетный

31,6

143,5 МВт

Тип турбины

Напор ( м ) :

максимальный

Тип генератора

минимальный

Количество агрегатов

39,4

44,1

Частота вращения

Мощность турбины

ПЛД 50- В -750

6

СВ 1260/185-60 УХЛ 4

100 об / мин

167,00
ДНО

Ремонтный затвор

Козловой кран
г/ п 100 т

Аварийно -ремонтный затвор

Сороудерживающая
решетка

∅7,5

Аэрационные трубы

Мостовой кран
г/ п 500 т

Козловой кран
г/ п 35 т

Ось агрегатов

Ось дренажа

Гидроподъемник
Помещение гидроподъемников

Поперечный разрез по оси агрегата (1:400)

167,48

Qmin=400 м 3/ с

172,80

Q0,1%=15701 м 3/ с

145,94

148,10

157,81

162,04

165,54

169,04

201,50
УМО

212,00
НПУ

213,00
ФПУ

216,80
ГП

198,70

158,58

162,30

165,35

173,24

177,95
176,24

Ось дренажа

129,00

Ось цементационной завесы

Клапан осушения спиральной камеры

Мокрая потерна

166,00
Подошва

167,00
ДНО

Высота отсасывания -2,15 м

Автодорога

167,50

Q р =423 м 3/ с

172,54

∅2,5

Основные характеристики ГА

Котел М НУ

Автодорога

27,0

143,80

Оси дренажных скважин

163,00

179,07



КРУЭ -500 кВ

Экспликация объектов

№

1

2

3

4

5

6

7

8

9

10

Левобережная глухая бетонная плотина гравитационного типа

Станционная бетонная плотина гравитационного типа

Центральная глухая бетонная плотина гравитационного типа

Водосливная бетонная плотина гравитационного типа

Правобережная глухая бетонная плотина гравитационного типа

Здание ГЭС приплотинного типа

Монтажная площадка

Административное здание

Наименование

Вертикальный судоподъемник

Ведомость состава проекта

№

1

2

3

4

НаименованиеОбозначение

Генеральнай план , вид с верхнего бьефа . Экспликация объектов

Поперечный разрез водосливной плотины

ВКР -13.03.02-1624598- ГП

Сбор нагрузок на водосливную плотину

Пояснительная записка
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°
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дп
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ат
а
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ра

в. 
N°

Копировал Формат А1

Изм . Лист № док Подпись Дата
Стадия Лист Листов

Кол .уч
Разраб.
Провер.
Т .контр .

Н.контр.

Утв.

160

150

140

130

170

180

190

200

210

220

120

716,0

Контур цементационной завесы

Контур дренажа

210,0 35,0 10x35 35,0

172,80

УНБ max

212,00

НПУ
р .Зея

10

Автодорога

Автодорога

Генеральный план

Вид с верхнего бьефа

22
0

2
0
0

19
0

18
0

220

2
10

2
0
0

19
0

18
0

9

8

1 2
3

7

4 6
5

166,00

ПОД

3 х 5 м 170,50

216,80

ГБ

212,00

НПУ
213,00

ФПУ

201,50

УМО

183,80

Саяно -Шушенский филиал Сибирского федерального
университета

ВКР -13.03.02-1624598- ГП

Салатова Проектирование Сиваглиевской ГЭС
на реке Зея

Генеральный план , вид с
верхнего бьефа Кафедра ГГЭЭС , 2020 г

Затеев

ВКР -13.03.02-1624598- ГР 2

ВКР -13.03.02-1624598- РР

ВКР -13.03.02-1624598- ПЗ

203,00

1. Размеры даны в м , отметки - в м .

1:1000

1:1000

9,5 35,0 5,9

2
10

305,6

ВКР -13.03.02-1624598- ГР 1 Поперечный разрез по оси агрегата . Основные характеристики ГА

Главная схема электрических соединенийВКР -13.03.02-1624598- ЭС5

6

7

ВКР -13.03.02-1624598- РЗ

Ведомость состава проекта

1 7

Схема подключения электрических защит к ТТ и ТН



 

 



Формат А

Изм . Кол .уч . Лист № док . Подпись Дата
Стадия Лист

Саяно -Шушенский филиал Сибирского федерального университета

Листов

2

Схема подключения электрических
защит к ТТ и ТН Кафедра ГГЭЭС , 2020 г

Широков
Салатова

ВКР -13.03.02-1624598- РЗ

Расчет микропроцессорных
электрических защит гидрогенератора

Сиваглиевской ГЭС
Г 1 Гидрогенератор СВ -1260/185-60 УХЛ 4

150 МВт ; 15,75 кВ ; cosφ=0,85 ; I н=6470 А

Г 1

ТВ ВГ 1

ТТ
1500/5

U нг U нг

I нг

ТТ
8000/5

ТТ
8000/5

U Г .Y U Г .Y

U Г . U Г .
15,75

√3

0,1

√3

0,1

√3

Защиты Уставки

наименование обозначение наименование относительные
единицы

именованные
единицы

Диф .защита
продольная IΔ G

Ток срабатывания ,
I ср .0

Коэффициент
торможения , К T

Уставка
начального

торможения , I н T

Тормозной ток , В

ЗЗГ

ЗПН

U 0

U 03

U>

t 1

t 2

2 ст .

1 ст .

U 01G

U 0G

Коэффициент
торможения , К T

U ср2

U ср 1

Защита обратной
последовательности
от несимметричных
к .з . и перегрузок

Защита от
симметричных к .з . и

перегрузок

ДЗ

Защита ротора от
перегрузки

I 2

I 1

I р

Z<

СО

ПО

ОТС I

2 ст .

1 ст .

ОТС

ПО

СО

ПО

СО

Отсечка

I 2 сигн .

I 2 пуск .

I 2 с .з .

I сигн .

I 1 пуск .

I 1 отс .

Z I

Z II

I р сигн .

I р пуск .

I р пуск .

Защиты

Действие

наименование обозначение

Диф .защита
продольная IΔ G

ЗЗГ

ЗПН

U 0

U 03

U>

t 1

t 2

t

1 ступень t 1

2 ступень t 2

Защита обратной
последовательности
от несимметричных
к .з . и перегрузок

Защита от
симметричных к .з . и

перегрузок

ДЗ

Защита ротора от
перегрузки

I 2

I 1

I р

Z<

СО

ОТС I

2 ст .

1 ст .

ОТС

ИО

СО

ИО

СО

Отсечка

t 1

t 2

t 1

t 2

t 1

t 2

t 1

t 2

От
кл

юч
ен

ие
 В

Г
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ше
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е 
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й
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00
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СН
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ди
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й 
си
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ал

+ + + +

+

+ + +

+ + +

+ +

+ +

+ +

+

+ +

+ +

+

+ +

+

+ + +

+

+ +

+ +

+ +

Y

Δ

Y

Y

-

Y

Т 1

В 1-500 кВ Т 1

В 2-500 кВ Т 1

В 3-500 кВ Т 1IΔ G I Г

Y

Δ

Y

Y

-

Y

Z1<, Z2<, U1>, U2>, КИН U Г .Y

КИН , U п (U 0 ) U Г .Δ

IΔ G, I2, I2>, I1, Z1<, Z2<

U п (U0)

I р > I ТВ

IΔ GI Г

Z1<, Z2<, U1>, U2>, КИНU Г .Y

КИН , U п (U 0 )U Г .Δ

IΔ G, I2, I2>, I1, Z1<, Z2<I НГ

U п (U0)

I р >I ТВ

U НГ

I НГ

U НГ

0,15 I н

0,3

0,61 А

-

0,5 I н

1,5 I н

2,02 А

6,06 А

3 В

15 В

-

-

1,3 -

1,4 U н

1,2 U н

140 В

120 В

0,07 I н 0,28 А

0,15 I н 0,61 А

0,25 I н 1,01 А

1,07 I н 4,32 А

1,1 I н 4,44 А

1,43 I н 4,78 А

0,05 0,07 Ом

0,35 0,49 Ом

1,07 I ном .р 5,24 А

1,1 I ном .р 5,39 А

2,14 I ном .р 10,49 А

Комплект защит А Комплект защит А

ИО

Г 2

+

+

+

ВЛ 1-500 кВ ПС "Амурская -1"

ВГ 1-15,75 кВ

1. Ведомость состава проекта см . на чертеже ВКР -13.03.02-1624598- ГП .

Разраб.
Провер.
Т .контр .
Н.контр.

Утв.

Схема подключения электрических защит к ТТ и ТН
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Провер.
Т .контр .
Н.контр.

Утв.

Саяно -Шушенский филиал Сибирского федерального
университета

Салатова

 Кафедра ГГЭЭС ,
 2020 г

ОПН 500 кВ
Фильтр присоединения 1000 кГц ;

ВЧ загарадитель 500 кВ ; 2000 А

Ячейка КРУЭ Т 115-500 кВ
Заземлитель 500 кВ , 63 кА
Разъединитель 500 кВ , 6300 А , 63 кА

Номер ячейки 1 2 3

Диспетчерское наименование

Конструкция фазы линии

Точка

К 1

К 2

I    ,  кАпо
(3) I    ,  кАпо I    ,  кАуд

1. Ведомость состава проекта см . на чертеже ВКР -13.03.02-1624598- ГП .

ТНн 1- ГГ -1
15,75 кВ

ТТн -ГГ -1
15,75 кВ

Г 1  150 МВт

ТНн 2- ГГ -1
15,75 кВ

ЗН 1- Р -ВГ 1-15,75 кВ

Р -ВГ 1-15,75 кВ

ТТ -ГГ -1-15,75 кВ

ТСН 1-15,75/6 кВ

ТТ -1
ТСН -1

1 Т 2 Т

А -1 Т А -1 Т

В -1 Т В -2 Т

СШ 2-6 кВ

СШ 1-6 кВ

А -3 Т А -4 Т

OCH1

В -3 Т В -4 Т

3 Т 4 Т

CA AH1 CA OCH1

5 Т 6 Т

AH2

В -6 Т

CA AH2

7 Т 8 Т

А -7 Т А -8 Т

AH3

В -8 Т

CA AH3

11 Т 12 Т

А -11 Т А -12 Т

В -12 Т

13 Т 14 Т

А -13 Т А -14 Т

AH4

В -14 Т

CA AH5

17 Т 18 Т

А -17 Т А -18 Т

AH6

В -18 Т

CA AH6

В -5 Т В -7 Т

А -9 Т А -10 Т

OCH2

В -9 Т В -10 Т

9 Т 10 Т

CA OCH2

А -15 Т А -16 Т

В -15 Т В -16 Т

15 Т 16 Т

В -11 Т В -13 Т В -17 Т

ТТ -1
ТСН -2

ТТ -1
ТСН -1

ДГУ

ТТ -Т 1 -15,75 кВ

Т 1 Т 2 Т 3

ТН TCH2 ТН TCH3

СШ 0,4 кВ

Р -СШ 1

Р -СШ 2

ТН TCH1

ОПН 1- Ш 2 ОПН 1- Ш 1

Пр 1- Ш 2 Пр 1- Ш 1

ТН 1- Ш 2 ТН 1- Ш 1

ОПН 2- Ш 2

Пр 2- Ш 2

ТН 2- Ш 2

ОПН 2- Ш 1

Пр 2- Ш 1

ТН 2- Ш 1

ТНн 1- ГГ -2
15,75 кВ

ТНн 2- ГГ -2
15,75 кВ ТНн 1- ГГ -3

15,75 кВ

ТНн 2- ГГ -3
15,75 кВ

ТНн 1- ГГ -4
15,75 кВ

ТНн 2- ГГ -4
15,75 кВ

ТНн 1- ГГ -5
15,75 кВ

ТНн 2- ГГ -5
15,75 кВ

ТНн 1- ГГ -6
15,75 кВ

ТНн 2- ГГ -6
15,75 кВ

ТТн -ГГ -2
15,75 кВ

ТТн -ГГ -3
15,75 кВ

ТТн -ГГ -4
15,75 кВ

ТТн -ГГ -5
15,75 кВ

ТТн -ГГ -6
15,75 кВ

Г 2  150 МВт Г 3  150 МВт Г 4  150 МВт Г 5  150 МВт Г 6  150 МВт

ТТ -ГГ -2 15,75 кВ ТТ -ГГ -3
15,75 кВ

ТТ -ГГ -4
15,75 кВ

ТТ -ГГ -5
15,75 кВ

ТТ -ГГ -6
15,75 кВ

ТН -1 ВГ 1-15,75 кВ ТН -2 ВГ 1-15,75 кВ ТН -1 ВГ 2-15,75 кВ ТН -1 ВГ 2-15,75 кВ ТН -1 ВГ 3
15,75 кВ

ТН -1 ВГ 3
15,75 кВ

ТН -1 ВГ 4
15,75 кВ

ТН -1 ВГ 4
15,75 кВ

ТН -1 ВГ 5
15,75 кВ

ТН -1 ВГ 5
15,75 кВ ТН -1 ВГ 6

15,75 кВ
ТН -1 ВГ 6
15,75 кВ

ЗН 1- Р -ВГ 2-15,75 кВ
ЗН 1- Р -ВГ 3-15,75 кВ ЗН 1- Р -ВГ 4-15,75 кВ ЗН 1- Р -ВГ 5-15,75 кВ ЗН 1- Р -ВГ 6-15,75 кВ

ВГ 1-15,75 кВ ВГ 2-15,75 кВ ВГ 3-15,75 кВ ВГ 4-15,75 кВ ВГ 5-15,75 кВ ВГ 6-15,75 кВ

Р -ВГ 2-15,75 кВ Р -ВГ 3-15,75 кВ Р -ВГ 4-15,75 кВ Р -ВГ 5-15,75 кВ Р -ВГ 6-15,75 кВ

ЗН 2- Р -ВГ 1-15,75 кВ ЗН 2- Р -ВГ 2-15,75 кВ ЗН 2- Р -ВГ 3-15,75 кВ ЗН 2- Р -ВГ 4-15,75 кВ ЗН 2- Р -ВГ 5-15,75 кВ ЗН 2- Р -ВГ 6-15,75 кВ

ТН -3
ВГ 1-15,75 кВ

ТН -4
ВГ 1-15,75 кВ

ТН -3 ВГ 2
15,75 кВ

ТН -4 ВГ 2
15,75 кВ ТН -3 ВГ 3

15,75 кВ
ТН -4 ВГ 3
15,75 кВ

ТН -3 ВГ 4
15,75 кВ

ТН -4 ВГ 4
15,75 кВ

ТН -3 ВГ 5
15,75 кВ

ТН -4 ВГ 5
15,75 кВ

ТН -3 ВГ 6
15,75 кВ

ТН -4 ВГ 6
15,75 кВ

ОПН -Т 1-15,75 кВ ОПН -Т 3-15,75 кВ ОПН -Т 5-15,75 кВ

ТТ -Т 2-15,75 кВ ТТ -Т 3-15,75 кВ

ТТ -Т 1-500 кВ ТТ -Т 2-500 кВ ТТ -Т 3-500 кВ

ОПН 1-500 кВ ОПН 2-500 кВ ОПН 3-500 кВ

ОПН 4-500 кВ

ВЛ 1-500 кВ ПС "Амурская -1"
КС 1 500 " Амурская "ф .А ,С
ЗН 1 КС 500 кВ "Амурская "ф .А ,С
ВЧЗ 1 500 кВ "Амурская "ф .А ,С

А B C

ЗН -ТН -ВЛ 1-500 кВ

ЗН -ШР 2-500 кВ
ШР 2-500 кВ Т 1

ЗН 1- Ш 2 ЗН 1- Ш 1

Р -Г 1-15,75 кВ Р -Г 2-15,75 кВ Р -Г 3-15,75 кВ Р -Г 4-15,75 кВ Р -Г 5-15,75 кВ Р -Г 6-15,75 кВ

AH5
CA AH4

OCH3
CA OCH3

ТТ -ВЛ -35 кВ

ТН Р TCH

ЗН -СШ 1-500 кВОПН -СШ 1-500 кВ
Р -СШ 1-500 кВ

(3)

(1)

К 2 (3)

(1)

60,37

11,46

17,17

153,68

17,83

60,37

ВЛ -35 кВ п / ст
"Шимановск "

ФПФП

ТСН 2-15,75/6 кВ ТСН 3-15,75/6 кВ
РТСН -6/35 кВ

ЗН -СШ 1-500 кВ

СШ 2-500 кВ

СШ 1-500 кВ ШР 1-500 кВ
ЗН -ШР 1-500 кВ

ЗН -СШ 2-500 кВ
ОПН -СШ 2-500 кВ

Р -СШ 2-500 кВ

ЗН -СШ 2-500 кВ

ЛР 1-500 кВ Т 1

ЛР 2-500 кВ Т 1

ЛР 3-500 кВ Т 1

ЛР 4-500 кВ Т 1

ЛР -500 кВ ПС "Амурская -1"

ШР 3-500 кВ Т 1

Р -ВЛ 1-500 кВ

ЗН 1- ЛР 1-500 кВ Т 1

ЗН 2- ЛР 1-500 кВ Т 1

ЗН 1- ЛР 2-500 кВ Т 1

ЗН 2- ЛР 2-500 кВ Т 1

ЗН 1- ЛР 3-500 кВ Т 1

ЗН 2- ЛР 3-500 кВ Т 1

ЗН 1- ЛР 4-500 кВ Т 1

ЗН 2- ЛР 4-500 кВ Т 1

ЗН 1- ШР 3-500 кВ Т 1

ЗН -ЛР -500 кВ ПС "Амурская -1"

ЗН -ШР 2-500 кВ Т 2

ШР 2-500 кВ Т 2

ОТТ -В 1-500 кВ Т 1

ОТТ -В 2-500 кВ Т 1

ОТТ -В 3-500 кВ Т 1 ОТТ -ВЛ 1-500 кВ
ОТТ -ВЛ 2-500 кВ

В 1-500 кВ Т 1

В 2-500 кВ Т 1

В 3-500 кВ Т 1

ФП 1 500 " Амурская "ф .А ,С

ОПН 5-500 кВ

ВЛ 2-500 кВ ПС "Амурская -2"
КС 2 500 " Амурская "ф .А ,С
ЗН 2 КС 500 кВ "Амурская "ф .А ,С
ВЧЗ 2 500 кВ "Амурская "ф .А ,С

А B C

ЗН -ТН -ВЛ 2-500 кВ

ФПФП

Р -ВЛ 2-500 кВ

ФП 2 500 " Амурская "ф .А ,С

ОПН 6-500 кВ

ВЛ 3-500 кВ ПС "Амурская -3"
КС 3 500 " Амурская "ф .А ,С
ЗН 3 КС 500 кВ "Амурская "ф .А ,С
ВЧЗ 3 500 кВ "Амурская "ф .А ,С

А B C

ЗН 1- ТН -ВЛ 3-500 кВ

ФПФП

Р -ВЛ 3-500 кВ

ФП 3 500 " Амурская "ф .А ,С

ВЛ 1-500 кВ Сиваглиевская ГЭС - ПС "Амурская -1"

АС -400/51

ВЛ 2-500 кВ Сиваглиевская ГЭС - ПС "Амурская -2"

АС -400/51

ВЛ 3-500 кВ Сиваглиевская ГЭС - ПС "Амурская -3"

АС -400/51

Главная схема электрических соединений

Проектирование Сиваглиевской ГЭС на
реке Зея

Сборная шина 2 - 500 кв

Оптоэлектронный трансформатор тока 500 кВ

Выключатель элегазовый  500 кВ , 6300 А
Заземлитель 500 кВ , 63 кА

Заземлитель 500 кВ , 63 кА
Разъединитель 500 кВ , 6300 А , 63 кА

Заземлитель 500 кВ , 63 кА

Заземлитель 500 кВ , 63 кА
Разъединитель 500 кВ , 6300 А , 63 кА

Выключатель элегазовый 500 кВ , 6300 А

Заземлитель 500 кВ , 63 кА

Заземлитель 500 кВ , 63 кА
Разъединитель 500 кВ , 6300 А , 63 кА

Разъединитель 500 кВ , 6300 А , 63 кА
Заземлитель 500 кВ , 63 кА

Выключатель элегазовый 500 кВ , 4000 А

Заземлитель 500 кВ , 63 кА
Разъединитель 500 кВ , 6300 А , 63 кА

Сборная шина 1 - 500 кв

Заземлитель 500 кВ , 63 кА
Разъединитель 500 кВ , 6300 А , 63 кА
ОПН 500 кВ

Трансформатор тока 500 кВ

Трансформатор ТДЦ -400000/500

Трансформатор тока ТШЛ -20, 20 кВ , 8000 А

ОПН -П 1-20 УХЛ 1, 20 кВ

Трансформатор напряжения ЗНОЛ -20, 20 кВ

Заземлитель 20 кВ , 8000 А

Выключатель элегазовый ВГГ -20, 20 кВ , 8000 А

Генератор СВ -1260/185-60 УХЛ 4, 15,75 кВ

Оптоэлектронный трансформатор напряжения 500 кВ
Заземлитель 500 кВ , 63 кА

Разъединитель 500 кВ , 6300 А , 63 кА

Разъединитель 35 кВ

Выключатель элегазовый 35 кВ

Трансформатор тока 35 кВ

Разъединитель 6 кВ

Заземлитель 6 кВ

Заземлитель 6 кВ

Плавкий предохранитель

Трансформатор напряжения 6 кВ

Выключатель элегазовый 6 кВ

ЗН 2- ВЛ -35 кВ

ЗН 2- ВЛ -35 кВ

Р -ВЛ -35 кВ

ВГ -35 кВ

В 7-6 кВ

В 8-6 кВ

В 5-6 кВ
В 6-6 кВ

Пр ТСН 3Пр ТСН 2Пр ТСН 1

В 1-6 кВ В 2-6 кВ
В 3-6 кВ

В 4-6 кВ

ЗН 1- ТСН 1

ЗН 2- ТСН 1

ЗН 1- ТСН 2

ЗН 2- ТСН 2

ЗН 1- ТСН 3

ЗН 2- ТСН 3

ЗН 1- РТСН

ЗН 2- РТСН

ОПН -ТСН 1 ОПН -ТСН 2 ОПН -ТСН 3
Трансформатор напряжения 6 кВ

ВЛ -35 кВ п / ст "Шимановск "

Сборная шина 1, сборная шина 2 - 6 кВ
Выключатель 6 кВ

Автоматический выключатель 0,4 кВ

Агрегатные
нужды ГА 1

Сборная шина 0,4 кВ

Заземлитель 20 кВ , 8000 А

Заземлитель 35 кВ

Заземлитель 35 кВ

ЗН 2- ТСН 1-15,75 кВ

ЗН 1- ТСН 1-15,75 кВ

Р -ТСН 1-15,75 кВ

ЗН 2- ТСН 2-15,75 кВ

ЗН 1- ТСН 2-15,75 кВ

Р -ТСН 2-15,75 кВ

ЗН 2- ТСН 3-15,75 кВ

ЗН 1- ТСН 3-15,75 кВ
Р -ТСН 3-15,75 кВ

Заземлитель 20 кВ , 8000 А

Заземлитель 20 кВ , 8000 А
Разъединитель РВРЗ -20/8000 МУЗ , 20 кВ , 8000 А

КРУЭ Т 115-500 кВ

ОЭТН 1- СШ 1-500 кВ

ОЭТН 1- СШ 2-500 кВ

ОЭТН 1-500 кВ ОЭТН 2-500 кВ ОЭТН 3-500 кВ

Дизель -генераторная установка 750 кВт

А -OCH2 A-OCH3

ЗН -1 Т ЗН -2 Т ЗН -3 Т ЗН -4 Т ЗН -5 Т ЗН -6 Т

А -5 Т А -6 Т

ЗН -7 Т ЗН -8 Т ЗН -9 Т ЗН -10 Т ЗН -11 Т ЗН -12 Т

A- ДГУ

ЗН -13 Т ЗН -14 Т ЗН -15 Т ЗН -16 Т ЗН -17 Т
ЗН -18 Т

ЗН 2- Ш 2 ЗН 2- Ш 1

ЗН 1- СШ 1-500 кВ ЗН 2- СШ 1-500 кВ

ЗН 1- СШ 2-500 кВ ЗН 2- СШ 2-500 кВ

ОПН 500 кВ
Оптоэлектронный трансформатор напряжения 500 кВ

Оптоэлектронный трансформатор тока 500 кВ , 800 А

Заземлитель 500 кВ , 63 кА

Оптоэлектронный трансформатор тока 500 кВ , 800 А
Оптоэлектронный трансформатор напряжения 500 кВ

ОПН 500 кВ

Трансформатор собственных нужд ТСЗ -15,75/6 УЗ

ОПН 6 кВ

Заземлитель 6 кВ

Разъединитель 6 кВ

Плавский предохранитель
ОПН 6 кВ

Трансформатор напряжений 6 кВ

Трансформатор 6/0,4 кВ

Агрегатные
нужды ГА 2

Агрегатные
нужды ГА 3

Агрегатные
нужды ГА 4

Агрегатные
нужды ГА 5

Агрегатные
нужды ГА 6

Общестанционные
нужды

Общестанционные
нужды

Общестанционные
нужды

РТСН -6/35 кВ

Заземлитель 6 кВ

Заземлитель 6 кВ

Выключатель элегазовый 6 кВ

Трансформатор тока ТШЛ -20, 20 кВ , 8000 А

Трансформатор тока ТШЛ -20, 20 кВ , 8000 А

Трансформатор тока ТШЛ -20, 20 кВ , 8000 А

Трансформатор напряжения ЗНОЛ -20, 20 кВ

Разъединитель РВРЗ -20/8000 МУЗ , 20 кВ , 8000 А

Трансформатор напряжения ЗНОЛ -20, 20 кВ

Разъединитель РВРЗ -20/8000 МУЗ , 20 кВ , 8000 А

ШР 2-500 кВ
ЗН -ШР 2-500 кВ

ШР 3-500 кВ
ЗН -ШР 3-500 кВ

ЛР 1-500 кВ Т 2

ЗН 1- ЛР 1-500 кВ Т 2

ЗН 2- ЛР 1-500 кВ Т 2

ЗН 1- ЛР 2-500 кВ Т 2

ЗН 2- ЛР 2-500 кВ Т 2

ОТТ -В 1 -500 кВ Т 2

ОТТ -В 2-500 кВ Т 2

В 1-500 кВ Т 2

ЛР 2-500 кВ Т 2

ЛР 3-500 кВ Т 2

ЛР 4-500 кВ Т 2

ЗН 1- ЛР 3-500 кВ Т 2

ЗН 2- ЛР 3-500 кВ Т 2

ЗН 1- ЛР 4-500 кВ Т 2

ЗН 2- ЛР 4-500 кВ Т 2

В 2-500 кВ Т 2

В 3-500 кВ Т 2

ЛР -500 кВ ПС "Амурская -2"

ЗН -ЛР -500 кВ ПС "Амурская -2" ШР 3-500 кВ Т 2

ЗН 1- ШР 3-500 кВ Т 2

ОТТ -В 3-500 кВ Т 2

ЗН -ШР 2-500 кВ Т 3

ШР 2-500 кВ Т 3

ЛР 1-500 кВ Т 3

ЛР 2-500 кВ Т 3

ЛР 3-500 кВ Т 3

ЛР 4-500 кВ Т 3

ЛР -500 кВ ПС "Амурская -3"

ШР 3-500 кВ Т 3

ЗН 1- ЛР 1-500 кВ Т 3

ЗН 2- ЛР 1-500 кВ Т 3

ЗН 1- ЛР 2-500 кВ Т 3

ЗН 2- ЛР 2-500 кВ Т 3

ЗН 1- ЛР 3-500 кВ Т 3

ЗН 2- ЛР 3-500 кВ Т 3

ЗН 1- ЛР 4-500 кВ Т 3

ЗН 2- ЛР 4-500 кВ Т 3

ЗН 1- ШР 3-500 кВ Т 3

ЗН -ЛР -500 кВ ПС "Амурская -3"

ОТТ -В 1-500 кВ Т 3

ОТТ -В 2-500 кВ Т 3

ОТТ -В 3-500 кВ Т 3 ОТТ -ВЛ 1-500 кВ

В 1-500 кВ Т 3

В 2-500 кВ Т 3

В 3-500 кВ Т 3

ЗН 1- ВЛ -35 кВ Заземлитель 35 кВ

Пр РТСН Плавкий предохранитель

ОЭТН -500 кВ Т 3ОЭТН -500 кВ Т 2ОЭТН -500 кВ Т 1Оптоэлектронный трансформатор напряжения 500 кВ

ВКР -13.03.02-1624598- ЭС

Ачитаев

Главная схема электрических соединений

Агрегатные нужды -1 Общестанционные нужды -1 Агрегатные нужды -2 Агрегатные нужды -3Диспечерское наименование Общестанционные нужды -2 Общестанционные нужды -3 Агрегатные нужды -4 Агрегатные нужды -5 Агрегатные нужды -6
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