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ɋɈɄɊȺɓȿɇɇɕɃ ɉȺɋɉɈɊɌ ɋȿɅȿɇȽɂɇɋɄɈɃ Ƚɗɋ 
 
1. ɇɚɢɦɟɧɨɜɚɧɢɟ ɪɟɤɢ…………………………………………………...ɋɟɥɟɧɝɚ. 
2. Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ ɪɟɤɢ…………………………….…...Ɋɟɫɩɭɛɥɢɤɚ Ȼɭɪɹɬɢɹ. 
3. Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ…………………………………………..Ƚɗɋ. 
4. ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ: 
ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ…………………………………………………….…983 ɦ3/ɫ; 
ɛ) ɜɫɟɯ ɬɭɪɛɢɧ………………………………………………………………1003 ɦ3/ɫ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ: 1%…………………………..………4669 ɦ3/ɫ; 

0,1%……………………………..…5421 ɦ3/ɫ; 
0,01%………………………………6095 ɦ3/ɫ; 

ɝ) ɦɢɧɢɦɚɥɶɧɵɣ……………………………………………………………...250 ɦ3/ɫ. 
5. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ………………………………………...…ɝɨɞɨɜɨɣ; 
ɛ) ɨɬɦɟɬɤɢ: ɇɉɍ…………………………………………………………….558,00 ɦ; 

Ɏɉɍ…………………………………………………………….559,00 ɦ; 
ɍɆɈ……………………………………………………………550,02 ɦ; 

ɜ) ɨɛɴɟɦɵ: ɩɨɥɧɵɣ…………………………………………………………..17,0 ɤɦ3; 
 ɩɨɥɟɡɧɵɣ……………………………………………………...…9,30 ɤɦ3. 

6. ɇɚɩɨɪɵ Ƚɗɋ: 
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ……………………………………………………………...37,37 ɦ; 
ɛ) ɪɚɫɱɟɬɧɵɣ…………………………………………………………………..31,10 ɦ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ………………………………………………………………25,70 ɦ. 
7. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɚ) ɦɨɳɧɨɫɬɶ: ɭɫɬɚɧɨɜɥɟɧɧɚɹ………………………………………………..283 Ɇȼɬ; 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ……………………………………………..269 Ɇȼɬ; 
ɛ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ…………………….…1,931 ɦɥɪɞ. ɤȼɬ∙ɱ. 
8. Ɋɚɡɦɟɪɵ ɩɥɨɬɢɧɵ (ɨɛɳɚ ɞɥɢɧɚ/ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ): 
ɚ) ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ………………………………………..335,1 ɦ / 49,6 ɦ; 
ɛ) ɥɟɜɨɛɟɪɟɠɧɚɹ ɛɟɬɨɧɧɚɹ…………………………………………..128,2 ɦ / 49,6 ɦ; 
ɜ) ɜɨɞɨɫɥɢɜɧɚɹ……………………………………………………….101,0 ɦ / 49,6 ɦ; 
ɝ) ɫɬɚɧɰɢɨɧɧɚɹ…………………………………………………………90,0 ɦ / 53,6 ɦ. 
9. ȼɨɞɨɫɛɪɨɫɧɵɟ ɫɨɨɪɭɠɟɧɢɹ: 

9.1 ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɞɨɫɛɪɨɫ: 
ɚ) ɱɢɫɥɨ ɢ ɪɚɡɦɟɪ ɨɬɜɟɪɫɬɢɣ……………………………………………...6ɯ10; 
ɛ) ɨɛɳɚɹ ɞɥɢɧɚ…………………………………………………………….32 ɦ; 
ɜ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ………………………………………………...49,6 ɦ. 

9.2 Ⱦɨɧɧɵɣ ɜɨɞɨɫɛɪɨɫ: 
ɚ) ɱɢɫɥɨ ɢ ɪɚɡɦɟɪ ɨɬɜɟɪɫɬɢɣ……………………………....2 ɨɬɜɟɪɫɬɢɹ 3ɯ4 ɦ; 
ɛ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ………………………………………….……..49,6 ɦ. 

10. Ɂɞɚɧɢɟ Ƚɗɋ: 
ɚ) ɬɢɩ ɡɞɚɧɢɹ……………………………………………………………......ɪɭɫɥɨɜɨɣ; 
ɛ) ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ……………………………………………………………….4 ɲɬ; 
ɜ) ɝɪɭɧɬɵ ɜ ɨɫɧɨɜɚɧɢɢ……………………………………………………...…ɝɪɚɧɢɬ; 



8 
 

ɝ) ɬɢɩ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ…………………...…………ɛɟɬɨɧɧɚɹ ɬɪɚɩɟɰɟɢɞɚɥɶɧɚɹ; 
ɞ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ………………………………………………ɢɡɨɝɧɭɬɚɹ. 
11. Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
ɚ) ɬɢɩ ɬɭɪɛɢɧɵ…………………………………………………………ɉɅ40ɚ-ȼ-600; 
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ…………………………………………………… ɋȼ-850/190-48; 
ɜ) ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ……………………………………………………72,5 Ɇȼɬ; 
ɝ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ……………………………………………………...125 ɨɛ/ɦɢɧ; 
ɞ) ɬɢɩ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ………………………………………..ɌȾɐ–125000/220-ɍ1. 
12. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ…………………………………………1,26 ɪɭɛ./ɤȼɬ∙ɱɚɫ; 
ɛ) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ………………………………….44717,31 ɪɭɛ./ɤȼɬ; 
ɜ) ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ: ɇɉȼ……………………………...7271,73 ɦɥɧ. ɪɭɛ.; 

ɂɉ……………………………………………...1,94; 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ………………..7 ɥɟɬ 9 ɦɟɫɹɰɟɜ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



9 
 

ȼȼȿȾȿɇɂȿ 
 

ȿɠɟɝɨɞɧɨ ɩɪɨɢɫɯɨɞɢɬ ɨɛɳɢɣ ɪɨɫɬ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɜɹɡɢ ɫ 
ɪɨɫɬɨɦ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɫ ɪɚɡɜɢɬɢɟɦ ɷɤɨɧɨɦɢɤɢ. Ƚɢɞɪɨɷɧɟɪɝɢɹ 
ɹɜɥɹɟɬɫɹ ɜɨɫɩɨɥɧɹɟɦɵɦ, ɱɢɫɬɵɦ, ɷɮɮɟɤɬɢɜɧɵɦ ɢ, ɱɬɨ ɧɟɦɚɥɨɜɚɠɧɨ, ɜɢɞɨɦ 
ɷɧɟɪɝɢɢ ɫ ɧɢɡɤɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ. ɂɦɟɧɧɨ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢɦɟɸɬ ɨɱɟɧɶ 
ɛɨɥɶɲɨɣ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɄɉȾ. Ⱥ ɬɚɤɠɟ Ƚɗɋ 
ɹɜɥɹɸɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦɢ ɝɟɧɟɪɢɪɭɸɳɢɦɢ ɫɬɚɧɰɢɹɦɢ. 

ȼ Ȼɭɪɹɬɢɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɦɚɥɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, 
ɡɨɥɨɬɨɞɨɛɵɜɚɸɳɟɟ ɩɪɟɞɩɪɢɹɬɢɟ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɚɦɨɥɟɬɨɜ ɢ ɞɪɭɝɢɟ ɤɪɭɩɧɵɟ 
ɩɪɟɞɩɪɢɹɬɢɹ. Ɍɟɪɪɢɬɨɪɢɹ ɪɟɫɩɭɛɥɢɤɢ ɛɨɝɚɬɚ ɩɨɥɟɡɧɵɦɢ ɩɪɢɪɨɞɧɵɦɢ ɪɟɫɭɪɫɚɦɢ, 
ɟɫɬɶ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɪɚɡɜɢɬɢɹ ɬɭɪɢɫɬɢɱɟɫɤɨɝɨ ɛɢɡɧɟɫɚ, ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ, 
ɝɨɪɧɨɞɨɛɵɜɚɸɳɟɣ ɨɬɪɚɫɥɢ. Ɍɚɤɠɟ ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ 
ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɡɚɩɥɚɧɢɪɨɜɚɧɧɨɝɨ 
ɦɭɫɨɪɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɝɨ ɡɚɜɨɞɚ ɜ ɍɥɚɧ-ɍɞɷ, ɩɪɨɟɤɬ ɤɨɬɨɪɨɝɨ ɭɠɟ ɢɦɟɟɬɫɹ. 

Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɩɨɡɜɨɥɢɬ 
ɨɛɥɟɝɱɢɬɶ ɫɢɬɭɚɰɢɸ ɫ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟɦ, ɬɚɤ ɤɚɤ ɪɟɫɩɭɛɥɢɤɚ ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɛɥɢɠɚɣɲɟɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

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

1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 
 

1.1.1 Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 

Ⱦɥɹ ɪɚɣɨɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɯɚɪɚɤɬɟɪɟɧ ɪɟɡɤɨ 
ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ ɤɥɢɦɚɬ. Ɂɢɦɚ ɜ ɪɚɣɨɧɟ ɋɟɥɟɧɝɢ ɨɬɥɢɱɚɟɬɫɹ ɧɢɡɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ, ɨɩɭɫɤɚɸɳɟɣɫɹ ɞɨ -40°ɋ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɢɦɨɣ -22  
°ɋ. ȼɟɫɧɚ ɩɨɱɬɢ ɛɟɡ ɨɫɚɞɤɨɜ. Ʌɟɬɨ ɫ ɠɚɪɤɢɦɢ ɞɧɹɦɢ ɢ ɩɪɨɯɥɚɞɧɵɦɢ ɧɨɱɚɦɢ. 
ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɥɟɬɨɦ +18 °ɋ. Ɉɫɟɧɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɚɹ ɢ ɞɨɜɨɥɶɧɨ ɬɟɩɥɚɹ. 
ɋɪɟɞɧɟɝɨɞɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɚɞɤɨɜ ɧɚ ɪɚɜɧɢɧɟ ɨɤɨɥɨ 250 ɦɦ, ɜ ɝɨɪɧɵɯ ɞɨɥɢɧɚɯ 
400 ɦɦ.  

 
1.1.2 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 

 
ɋɟɥɟɧɝɢɧɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɫɩɭɛɥɢɤɟ Ȼɭɪɹɬɢɹ ɧɚ ɪɟɤɟ ɋɟɥɟɧɝɚ 

ɜ 20 ɤɦ ɜɜɟɪɯ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɩɨɫɟɥɤɚ Ɉɪɨɧɝɨɣ. 
Ɋɟɤɚ ɋɟɥɟɧɝɚ ɢɫɬɨɤ ɛɟɪɟɬ ɨɬ ɫɥɢɹɧɢɹ ɪɟɤ ɂɞɷɪ ɢ Ⱦɷɥɝɷɪ-Ɇɭɪɟɧ, ɜɩɚɞɚɟɬ ɜ 

ɨɡɟɪɨ Ȼɚɣɤɚɥ, ɨɛɪɚɡɭɹ ɨɛɲɢɪɧɭɸ ɞɟɥɶɬɭ. Ⱦɥɢɧɚ ɪɟɤɢ 1024 ɤɦ. ɋɪɟɞɧɢɣ ɪɚɫɯɨɞ 
ɜɨɞɵ 983 ˏଷ ˔⁄ . ɂɦɟɟɬ ɩɪɟɨɛɥɚɞɚɸɳɢɣ ɪɚɜɧɢɧɧɵɣ ɯɚɪɚɤɬɟɪ. Ⱦɥɹ ɧɟɟ ɯɚɪɚɤɬɟɪɧɵ 
ɤɚɤ ɪɚɫɲɢɪɟɧɢɹ ɞɨ 25 ɤɦ, ɝɞɟ ɪɟɤɚ ɱɚɫɬɨ ɞɟɥɢɬɫɹ ɧɚ ɩɪɨɬɨɤɢ, ɬɚɤ ɢ ɫɭɠɟɧɢɹ ɪɭɫɥɚ 
ɞɨ 1 ɤɦ ɢ ɦɟɧɟɟ. ɋɪɟɞɧɢɣ ɭɤɥɨɧ 0,34 %. 

ȼɨɞɧɵɣ ɪɟɠɢɦ ɪɟɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɢɡɤɢɦɢ ɩɚɜɨɞɤɚɦɢ ɜɟɫɧɨɣ ɢ 
ɥɟɬɧɢɦɢ ɞɨɠɞɟɜɵɦɢ ɩɚɜɨɞɤɚɦɢ. Ʌɟɞɨɫɬɚɜ ɫ ɧɨɹɛɪɹ ɩɨ ɦɚɪɬ. 

Ɋɹɞ ɧɚɛɥɸɞɟɧɢɣ ɫɨ ɫɪɟɞɧɟɦɟɫɹɱɧɵɦɢ ɪɚɫɯɨɞɚɦɢ ɡɚ ɪɟɤɨɣ ɋɟɥɟɧɝɚ ɜ 
ɩɟɪɢɨɞ ɫ 1939 ɝɨɞɚ ɩɨ 1988 ɝɨɞ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ.1.   
 Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɹɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 
 
Ɍɚɛɥɢɰɚ 1.1 – Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɹɯ  

Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ P, % 0,01 0,1 0,5 1 
Ɋɚɫɯɨɞ Q, ˏ ଷ ˔⁄ . 6095 5421 4908 4669 

 
Ʉɨɨɪɞɢɧɚɬɵ ɥɟɬɧɟɣ ɢ ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.2 ɢ ɪɢɫɭɧɤɟ 1.1. 
 

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

518,00 0 0 
520,39 339 271 
522,00 678 542 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.2 
Zɧɛ, ɦ Q, ɦ3/ɫ ɥɟɬɚ Q, ɦ3/ɫ ɡɢɦɵ 

523,12 1017 814 
523,95 1356 1085 
524,60 1695 1356 
525,17 2034 1627 
525,69 2373 1898 
526,18 2712 2170 
526,63 3051 2441 
527,04 3390 2712 
527,39 3729 2983 
527,70 4068 3254 
528,00 4407 3526 
528,35 4746 3797 

 

 
Ɋɢɫɭɧɨɤ 1.1 - Ʌɟɬɧɹɹ ɢ ɡɢɦɧɹɹ ɤɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 

 
 Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3 ɢ 
ɪɢɫɭɧɤɟ 1.2. 
 
Ɍɚɛɥɢɰɚ 1.3 - Ʉɨɨɪɞɢɧɚɬɵ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

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

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

 
1.1.3 ɂɧɠɟɧɟɪɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 

 
ɉɪɨɟɤɬɢɪɭɟɦɵɣ ɫɬɜɨɪ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɩɪɨɱɧɨɦ 

ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɩɨɪɨɞɚ ɨɫɧɨɜɚɧɢɹ-ɝɪɚɧɢɬ. 
Ƚɪɭɧɬ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
 ɍɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ 𝜑ˆ˓ = ͵͸°; 
 ɍɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɝɪɭɧɬɚ ̂ߛ ˓ = ʹͶ  ˍʜ/ˏଷ; 
 ɉɨɪɢɫɬɨɫɬɶ ɫɤɚɥɵ ݊଴ = Ͳ,ͲͲʹ; 
 ɋɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ c = ͳͲ͵ ɤɇ/ɦ2. 
ɋɟɥɟɧɝɢɧɫɤɚɹ Ƚɗɋ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɡɨɧɟ ɫ ɨɠɢɞɚɟɦɨɣ ɫɟɣɫɦɢɱɧɨɫɬɶɸ ɨɤɨɥɨ 

8 ɛɚɥɥɨɜ. 
 

1.2 ɗɧɟɪɝɨɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ 
 

ɋɟɥɟɧɝɢɧɫɤɚɹ Ƚɗɋ ɧɚɯɨɞɢɬɫɹ ɜ ȺɈ «ɋɈ ȿɗɋ» «Ɋɟɝɢɨɧɚɥɶɧɨɟ 
ɞɢɫɩɟɬɱɟɪɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɷɧɟɪɝɨɫɢɫɬɟɦɵ Ɋɟɫɩɭɛɥɢɤɢ Ȼɭɪɹɬɢɹ» (Ȼɭɪɹɬɫɤɨɟ 
ɊȾɍ), ɜɯɨɞɢɬ ɜ Ɉɗɋ ɋɢɛɢɪɢ. 

ȼ ɡɨɧɟ Ȼɭɪɹɬɫɤɨɝɨ ɊȾɍ ɧɚɯɨɞɹɬɫɹ 8 ɨɛɴɟɤɬɨɜ ɝɟɧɟɪɚɰɢɢ ɫɭɦɦɚɪɧɨɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ 1444,77 Ɇȼɬ. 

ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ:  
 Ɏɢɥɢɚɥ «Ƚɭɫɢɧɨɨɡɟɪɫɤɚɹ ȽɊɗɋ»; 
 Ɏɢɥɢɚɥ ɉȺɈ «ɌȽɄ-14»; 
 Ɍɗɐ ɈȺɈ «ɋɟɥɟɧɝɢɧɫɤɢɣ ɐɄɄ». 
Ⱦɥɹ ɫɝɥɚɠɢɜɚɧɢɹ ɩɢɤɨɜ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɋɟɥɟɧɝɢɧɫɤɨɣ 

Ƚɗɋ.  
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ  
 

2.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 
 

 Ɉɬɦɟɬɤɚ ɇɉɍ = 558 ɦ; 
 Ɉɬɦɟɬɤɚ ɞɧɚ = 518 ɦ; 
 Ƚɨɞɨɜɨɣ ɦɚɤɫɢɦɭɦ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 886 Ɇȼɬ; 
 Ɋɟɡɟɪɜɵ: ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ 2%, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ 

8%; 
 Ɂɢɦɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ܭˊ = Ͳ,ͺ; 
 Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ܭே = ͺ,ͺ; 
 ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ܰ = ͸͸Ͳ ʛʑ˕, Э = ͶͳͲͲ ˏˎː ˍʑ˕ ∙ ˚; 
 Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȼɏɄ) ɢ ɩɨɬɟɪɢ 

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

ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɭɪɨɜɧɟɣ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ (1ɩ, ɬɚɛɥɢɰɚ 1.2 ɢ 1.3, 
ɪɢɫɭɧɨɤ 1.1 ɢ 1.2). 
 

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

Qɢɫɩɚɪ, ɦ3/ɫ 1 1 1 3 9 7 6 5 4 3 2 1 
Qɮɢɥɶɬɪ, ɦ3/ɫ 8 8 8 8 8 8 8 8 8 8 8 8 
Qɥɶɞɨɨɛɪ, ɦ3/ɫ 15 15 0 -23 -37 0 0 0 0 0 15 15 

Q∑, ɦ3/ɫ 23 23 9 -13 -21 15 13 13 12 11 25 23 
 
Ɍɚɛɥɢɰɚ 2.2 – Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 
Qɜɯɤ, ɦ3/ɫ 500 500 500 500 500 500 500 500 500 500 500 500 
Qɫɚɧ.ɩɨɩɭɫɤ, 

ɦ3/ɫ 
250 250 250 250 250 250 250 250 250 250 250 250 

 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɜ 

ɡɚɞɚɧɧɨɦ ɫɬɜɨɪɟ 
 

Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɛɨɬɵ ɪɚɡɞɟɥɹɟɦ ɝɨɞɚ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: 
ɩɨɥɨɜɨɞɶɟ (ɦɟɫɹɰɵ ɫ V ɩɨ VIII ) ɢ ɦɟɠɟɧɶ (ɦɟɫɹɰɵ ɫ I ɩɨ IV ɢ ɫ IX  ɩɨ XII ). Ⱦɚɥɟɟ 
ɜɵɱɢɫɥɹɟɦ ɢ ɪɚɧɠɢɪɭɟɦ ɫɪɟɞɧɟɝɨɞɨɜɵɟ ɪɚɫɯɨɞɵ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɢ 
ɜɵɱɢɫɥɹɟɦ ɢɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ. 

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

Ɋɟɡɭɥɶɬɚɬɵ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 2.3. 
 

Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɧɠɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɝɨɞɨɜɵɯ, ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɢ 
ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɪɚɫɯɨɞɨɜ 

m P, % Qɫɪ. ɝɨɞ Ƚɨɞɵ Qɫɪ.ɦɟɠɟɧɶ Ƚɨɞɵ Q ɫɪ.ɩɨɥɨɜ. Ƚɨɞɵ 
1 2 1516 1959 727 1946 3430 1959 
2 4 1328 1987 596 1961 2925 1960 
3 6 1306 1961 558 1959 2893 1987 
4 8 1306 1960 548 1941 2848 1958 
5 10 1282 1958 545 1987 2780 1964 
6 12 1253 1969 518 1965 2754 1969 
7 14 1245 1946 503 1969 2726 1961 
8 16 1202 1971 501 1977 2725 1971 
9 18 1175 1941 499 1958 2620 1952 
10 20 1173 1964 497 1960 2574 1947 
11 22 1154 1947 488 1988 2459 1973 
12 24 1125 1952 486 1967 2440 1966 
13 25 1102 1973 461 1970 2428 1941 
14 27 1085 1984 460 1940 2390 1984 
15 29 1083 1988 448 1957 2298 1970 
16 31 1074 1966 444 1947 2281 1946 
17 33 1073 1970 443 1983 2273 1988 
18 35 1015 1956 443 1979 2221 1942 
19 37 1005 1942 441 1976 2199 1939 
20 39 990 1977 440 1971 2178 1956 
21 41 984 1957 434 1956 2108 1950 
22 43 978 1939 432 1984 2078 1954 
23 45 962 1985 430 1985 2062 1949 
24 47 958 1983 424 1973 2056 1957 
25 49 950 1954 409 1982 2051 1944 
26 51 939 1940 397 1942 2026 1985 
27 53 939 1944 397 1986 2024 1975 
28 55 936 1950 396 1972 1993 1948 
29 57 934 1949 391 1966 1988 1983 
30 59 932 1979 386 1954 1968 1977 
31 61 908 1975 383 1978 1952 1943 
32 63 903 1948 382 1944 1910 1979 
33 65 898 1943 382 1981 1897 1940 
34 67 893 1965 380 1980 1881 1972 
35 69 891 1972 380 1955 1865 1980 
36 71 879 1976 378 1952 1794 1986 
37 73 875 1980 371 1943 1756 1976 
38 75 875 1967 370 1949 1653 1981 
39 76 863 1986 369 1964 1652 1967 
40 78 806 1981 368 1962 1642 1965 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.3 
m P, % Qɫɪ. ɝɨɞ Ƚɨɞɵ Qɫɪ.ɦɟɠɟɧɶ Ƚɨɞɵ Q ɫɪ.ɩɨɥɨɜ. Ƚɨɞɵ 
41 80 791 1962 368 1939 1638 1962 
42 82 787 1978 358 1948 1633 1963 
43 84 787 1955 357 1945 1626 1953 
44 86 760 1963 350 1950 1600 1955 
45 88 755 1953 350 1975 1595 1978 
46 90 752 1982 337 1968 1541 1968 
47 92 738 1968 336 1974 1438 1982 
48 94 701 1945 324 1963 1388 1945 
49 96 658 1951 320 1953 1379 1951 
50 98 631 1974 297 1951 1221 1974 

 
Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɦɚɥɨɜɨɞɧɨɝɨ ɩɪɢɧɢɦɚɟɬɫɹ ɝɨɞ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 

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

 
ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. 
Ɂɚ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ ɫ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ P = ͷͲ% ɩɪɢɧɢɦɚɟɦ 1954 ɝɨɞ, ɡɚ 

ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ʟ = ͻͲ% ɩɪɢɧɢɦɚɟɦ 1982 ɝɨɞ. Ⱦɚɥɟɟ 
ɜɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. 

ɉɨ ɦɟɠɟɧɢ ɞɥɹ 1954 ɝɨɞɚ: 
ˏܭ  = ொభవఴమொభవఱర = ସ଴ଽଷ଼଺ = ͳ,Ͳ͸.                                                                                  (2.2) 

 
ɉɨ ɩɨɥɨɜɨɞɶɸ ɞɥɹ 1954 ɝɨɞɚ:  

˒ܭ  = ொభవరరொభవఱర = ଶ଴ହଵଶ଴଻଼ = Ͳ,ͻͻ.                                                                               (2.3) 

 
ɉɨ ɦɟɠɟɧɢ ɞɥɹ 1982 ɝɨɞɚ:  
ˏܭ  = ொభవలఴொభవఴమ = ଷଷ଻ସ଴ଽ = Ͳ,ͺʹ.                                                                                 (2.4) 

 
ɉɨ ɩɨɥɨɜɨɞɶɸ ɞɥɹ 1982 ɝɨɞɚ:  
˒ܭ  = ொభవలఴொభవఴమ = ଵହସଵଵସଷ଼ = ͳ,Ͳ͹.                                                                                (2.5) 

 
Ɂɚɬɟɦ ɭɬɨɱɧɹɟɦ ɝɨɞɨɜɨɣ ɫɬɨɤ, ɭɦɧɨɠɢɜ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ ɧɚ 

ɜɵɱɢɫɥɟɧɧɵɟ ɧɚɦɢ ɜɵɲɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. ɉɪɢ ɭɬɨɱɧɟɧɢɢ ɢɡɦɟɧɢɥɨɫɶ ɡɧɚɱɟɧɢɟ 
ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ, ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɜɟɫɬɢ ɤ ɢɫɯɨɞɧɨɦɭ ɡɧɚɱɟɧɢɸ. 
ȼɵɩɨɥɧɹɟɬɫɹ ɷɬɨ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  ȼ ɬɚɛɥɢɰɟ 2.4 ɢ 2.5 
ɩɪɢɜɟɞɟɧɵ ɢɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ, ɫ ɩɪɢɜɟɞɟɧɢɟɦ ɢ ɫ ɭɬɨɱɧɟɧɧɵɦ 
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ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɞɥɹ 1982 ɢ 1954 ɝɨɞɨɜ. Ɂɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɦɟɬɪɚɯ 
ɤɭɛɢɱɟɫɤɢɯ ɜ ɫɟɤɭɧɞɭ. 

 
Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ 1954 ɝɨɞ (P=50%) 

P=50%, ɝɨɞ 1954 
Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ.ɝɨɞ 

ɂɫɯɨɞɧɵɟ 119 155 243 393 1921 2866 2088 1435 948 577 452 199 950 
ɉɪɢɜɟɞɟɧ. 126 164 258 417 1902 2837 2067 1421 1005 612 479 211 958 
ɋɤɨɪɪɟɤɬ. 123 160 250 405 1902 2837 2067 1421 976 594 466 205 950 

 
Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɱɟɬɧɵɣ ɦɚɥɨɜɨɞɧɵɣ 1982 ɝɨɞ (P=90%) 

P=90%, ɝɨɞ 1982 
Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ.ɝɨɞ 

ɂɫɯɨɞɧɵɟ 142 163 224 602 1841 1548 1223 1141 743 728 496 174 752 

ɉɪɢɜɟɞɟɧ. 116 134 184 494 1970 1656 1309 1221 609 597 407 143 737 

ɋɤɨɪɪɟɤɬ. 130 149 204 549 1743 1466 1158 1080 678 664 452 159 752 

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

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

 
Ɍɚɛɥɢɰɚ 2.6 – Ɋɚɫɱɟɬɧɵɟ ɦɚɥɨɜɨɞɧɵɣ ɢ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞɵ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ.ɝɨɞ 
P=90%, 
ɝɨɞ 1982 

130 149 204 549 1743 1466 1158 1080 678 664 452 159 752 

P=50%, 
ɝɨɞ 1954 

142 163 250 602 1902 2618 1933 1391 976 728 496 205 950 

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

 
2.3 ȼɵɛɨɪ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɨ-

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 
 

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

 
ɇɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɡɚ 

ɥɟɬɧɢɣ ɢ ɡɢɦɧɢɣ ɩɟɪɢɨɞɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɨɥɭɱɚɟɦ ɫ ɫɚɣɬɚ ɋɢɫɬɟɦɧɨɝɨ 
ɨɩɟɪɚɬɨɪɚ ɟɞɢɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ [1]. ɇɚ ɪɢɫɭɧɤɟ 2.2 ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ Ȼɭɪɹɬɫɤɨɝɨ ɊȾɍ ɜ ɡɢɦɧɢɣ ɢ ɥɟɬɧɢɣ ɩɟɪɢɨɞɵ 

 

 
Ɋɢɫɭɧɨɤ 2.2 - ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ Ȼɭɪɹɬɫɤɨɝɨ ɊȾɍ ɜ ɡɢɦɧɢɣ ɢ ɥɟɬɧɢɣ ɩɟɪɢɨɞɵ 

 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɧɵɯ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɫɬɪɨɹɬɫɹ ɢɧɬɟɝɪɚɥɶɧɵɯ 

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

 

 
Ɋɢɫɭɧɨɤ 2.3 – Ɂɨɧɚ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ɧɚ ɡɢɦɧɟɦ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ 

t 
Pɪɚɧɠ 

(ɡɢɦɚ), 
Ɇȼɬ 

∆P ∆ɗ 
Pɤɨɨɪɞ, 
Ɇȼɬ 

ɗɤɨɨɪɞ, 
ɦɥɧ 

Ʉȼɬ∙ɱ 

Pɪɚɧɠ 
(ɥɟɬɨ), 
Ɇȼɬ 

∆P ∆ɗ 
Pɤɨɨɪ, 
Ɇȼɬ 

ɗɤɨɨɪɞ, 
ɦɥɧ 

Ʉȼɬ∙ɱ 
1 886 12 0,012 12 0,012 657 2 0,002 2 0,002 
2 874 0 0,001 12 0,012 654 3 0,006 5 0,009 
3 874 7 0,020 19 0,033 651 1 0,004 7 0,012 
4 867 2 0,007 20 0,039 650 0 0,001 7 0,013 
5 865 1 0,005 21 0,044 650 1 0,003 8 0,016 
6 864 6 0,034 27 0,079 649 2 0,012 9 0,028 
7 859 3 0,022 30 0,101 647 0 0,001 10 0,029 
8 855 1 0,007 31 0,108 647 0 0,002 10 0,030 
9 855 1 0,007 32 0,115 647 1 0,006 10 0,036 
10 854 1 0,012 33 0,127 646 0 0,004 11 0,040 
11 853 3 0,031 36 0,158 646 1 0,008 12 0,048 
12 850 0 0,003 36 0,161 645 1 0,015 13 0,063 
13 849 0 0,003 37 0,164 644 4 0,048 16 0,110 
14 849 21 0,294 58 0,458 640 7 0,092 23 0,203 
15 828 8 0,119 65 0,577 634 26 0,385 49 0,588 
16 820 11 0,175 76 0,752 608 8 0,132 57 0,720 
17 809 5 0,086 81 0,837 600 15 0,247 71 0,967 
18 804 13 0,236 94 1,073 585 1 0,014 72 0,981 
19 791 1 0,016 95 1,089 585 6 0,118 78 1,099 
20 790 10 0,207 106 1,296 578 1 0,026 80 1,125 
21 780 1 0,020 107 1,316 577 0 0,009 80 1,134 
22 779 3 0,062 109 1,378 577 3 0,076 84 1,210 
23 776 4 0,101 114 1,479 573 2 0,043 86 1,253 
24 772 772 18,525 886 20,004 571 571 13,709 657 14,962 
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Ɋɢɫɭɧɨɤ 2.4– Ɂɨɧɚ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ɧɚ ɥɟɬɧɟɦ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ 
 

2.3.2 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 
ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 

Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ 
ɦɨɳɧɨɫɬɟɣ (ɝɪɚɮɢɤɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ) ɢ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ (ɝɪɚɮɢɤ 
ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ). 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ௧ܲ௠௔௫ = ܽ + ܾ ∙ cosሺ͵Ͳ୭ ∙ t − ͳͷ୭ሻ,                                                                  (2.6) 
 

ɝɞɟ ݐ − ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ; 
 ܽ, ܾ − ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜɵɱɢɫɥɹɟɦɵɟ ɧɢɠɟ, ɮɨɪɦɭɥɵ (2.7) ɢ (2.8). 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 
 ܽ = ௉́೘ೌೣ+௉ˎ೘ೌೣଶ = ଼଼଺+଺ହ଻ଶ = ͹͹ʹ,                                                                                       (2.7) 

 ܾ = ௉́೘ೌೣ−௉ˎ೘ೌೣଶ = ଼଼଺−଺ହ଻ଶ = ͳͳͷ,                                                                                       (2.8) 

 
ɝɞɟ    ܲ́௠௔௫ − ɡɢɦɧɢɣ ɦɚɤɫɢɦɭɦ ɝɨɞɨɜɨɣ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ; ܲˎ௠௔௫ − ɥɟɬɧɢɣ ɦɚɤɫɢɦɭɦ ɝɨɞɨɜɨɣ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 2.8. 
 
 
 

  



20 
 

Ɍɚɛɥɢɰɚ 2.8 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɨɤ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

Ɇɟɫɹɰ cos(ɚ) a  ̊ Pɦɚɤɫ Pɫɪ 
1 1,0 0,26 886 830 
2 0,7 0,79 852 803 
3 0,3 1,31 801 756 
4 -0,3 1,83 742 701 
5 -0,7 2,36 691 654 
6 -1,0 2,88 661 627 
7 -1,0 3,40 661 627 
8 -0,7 3,93 690 654 
9 -0,3 4,45 742 701 
10 0,3 4,97 801 756 
11 0,7 5,50 852 803 
12 1,0 6,02 886 830 

Ʉɨɷɮɮɢɰɢɟɧɬɵ a (ɦɚɤɫ) b (ɦɚɤɫ) a (ɫɪ) b (ɫɪ) 
Ɂɧɚɱɟɧɢɹ 772 115 729 106 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.8 ɫɬɪɨɢɦ ɝɨɞɨɜɨɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɨɤ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ 

ɧɚ ɪɢɫɭɧɤɟ 2.5. 
 

 
Ɋɢɫɭɧɨɤ 2.5 – Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
2.3.3 ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɨɤɚ ɫ ɩɨɥɧɨɜɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɧɚ ɡɢɦɧɢɣ 

ɩɟɪɢɨɞ 
 
 Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɚɧɧɵɟ ɫ ɬɚɛɥɢɰ 2.1, 2.2 ɢ 
2.6. 
 Ɂɚ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɩɪɢɧɢɦɚɟɦ ɪɚɫɯɨɞ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɫɯɨɞɭ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ. 

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

ɉɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
ܪ  = ܼʑʐ − ܼʜʐ − ∆ℎ,                                                                                        (2.10) 
 

ɝɞɟ  ܼʑʐ − ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ ɇɉɍ;  ܼʜʐ − ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɤɨɬɨɪɵɣ ɢɡɦɟɧɹɟɬɫɹ ɨ ɩɨɥɢɧɨɦɢɧɚɥɶɧɨɦɭ 
ɡɚɤɨɧɭ (ɪɢɫɭɧɨɤ 1.1); 

 ∆ℎ  - ɩɨɬɟɪɢ ɧɚɩɨɪɚ, ɪɚɜɧɵɟ 0,4. 
Ɇɨɳɧɨɫɬɶ Ƚɗɋ ɜɵɱɢɫɥɹɸ ɩɨ ɮɨɪɦɭɥɟ: 

 ʒܰЭʠ ˄˞˕ = ݇ே ∙ ܳ˒ˑˎˈˊ ∙  (2.11)                                                                               .ܪ
 
Ɇɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ 

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

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

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 
QP=90%, 

ɦ3/ɫ 
130 149 204 549 1743 1466 1158 1081 678 664 452 159 

Qɛɵɬ, 
ɦ3/ɫ 

130 149 204 549 1743 1466 1158 1081 678 664 452 159 

Q∑, 
ɦ3/ɫ 

23 23 9 -13 -21 15 13 13 12 11 25 23 

Qɩɨɥ, 
ɦ3/ɫ 

107 126 195 562 1764 1451 1145 1068 666 653 427 136 

ZȼȻ, ɦ 558 558 558 558 558 558 558 558 558 558 558 558 
ZɇȻ, ɦ 521 521 522 525 529 528 527 527 526 526 524 521 
H, ɦ 37 37 35 32 28 30 31 31 32 32 33 36 
NȻɕɌ, 
Ɇȼɬ 

35 40 61 160 439 379 307 289 186 183 125 43 

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

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

Qɜɤɯ, 
ɦ3/ɫ 

500 500 500 500 500 500 500 500 500 500 500 500 

ZȼȻ, ɦ 558 558 558 558 558 558 558 558 558 558 558 558 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.10 
Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 

ZɇȻ, ɦ 525 525 525 525 524 524 524 524 525 525 525 525 

H, ɦ 33 33 33 33 33 33 33 33 33 33 33 33 
NȼɏɄ, 
Ɇȼɬ 

144 144 144 144 147 147 147 147 144 144 144 144 

 
ɋɪɚɜɧɟɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɢ 

ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 2.11. 
 

Ɍɚɛɥɢɰɚ 2.11 - ɋɪɚɜɧɟɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɩɨ ܳ˄˞˕ ɢ ܳ˅˘ˍ 
Ɇɟɫ. I II  III  IV V VI  VII VIII IX X XI  XII ɂɡɛɵɬ. 
Nɛɵɬ 35 40 61 160 439 379 307 289 186 183 125 43 ∑N 
N ɜɯɤ 144 144 144 144 147 147 147 147 144 144 144 144 

∆ -109 -103 -83 16 293 232 161 143 42 39 -19 -100 509 

 
Ɂɚ ɦɟɫɹɰ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɷɬɨ 11 ɦɟɫɹɰ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɦɟɫɹɰɟ ɩɨɥɭɱɚɟɬɫɹ ɩɟɪɜɨɟ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɛɵɬɨɜɨɣ ɢ ɦɨɳɧɨɫɬɢ ȼɏɄ, ɬɨ ɟɫɬɶ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɟɜɵɲɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚɞ 
ɟɫɬɟɫɬɜɟɧɧɵɦ ɪɚɫɯɨɞɨɦ ɜ ɫɬɜɨɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 

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

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

Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ˆܰ˃˓ = ʹ͸ͻ ʛʑ˕. ȼɫɟ ɦɟɫɹɰɵ, ɥɟɠɚɳɢɟ ɜɵɲɟ ɥɢɧɢɢ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɩɨ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ.  
 
Ɍɚɛɥɢɰɚ 2.12 – ɋɪɟɞɧɟɦɟɫɹɱɧɵɟ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ 

ɂɪɤɭɬɫɤɚɹ 
Ƚɗɋ 

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

∑ɗ,ɦɥɧ Ʉȼɬ∙ɱ 2,46 2,36 2,26 1,85 1,74 1,64 1,64 1,74 1,85 2,26 2,36 2,46 
N, Ɇȼɬ 140 135 129 105 99 94 94 99 105 129 135 140 

 
Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɝɪɚɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɩɥɚɤɚɬɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

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

 
ɉɨɷɬɚɩɧɨ ɪɚɫɱɟɬ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

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

Ɍɚɛɥɢɰɵ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.1 ɢ Ȼ.2. ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ Ȼ.1 
ɜɢɞɧɨ, ɱɬɨ ɤɨɧɟɱɧɵɣ ɭɪɨɜɟɧɶ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɩɪɟɜɵɫɢɥ ɧɚɱɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɧɚ 16 
ɫɦ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɦɨɠɟɬ ɜɵɞɚɬɶ ɛɨɥɶɲɭɸ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɦɨɳɧɨɫɬɶ. ɉɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɛɵɥɢ ɧɚɣɞɟɧɵ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ. Ɋɟɡɭɥɶɬɢɪɭɸɳɟɣ 
ɬɚɛɥɢɰɟɣ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɹɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ Ȼ.2. 

ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ: 
 Ɉɬɦɟɬɤɚ ɍɆɈ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 550,02 ɦ; 
 ɉɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 9,30 ɤɦ3. 

Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.6. 
 

 
Ɋɢɫɭɧɨɤ 2.6 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ- ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

 
2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 

ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɪɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ ɜ ɤɚɠɞɨɦ ɦɟɫɹɰɟ ɧɟɨɛɯɨɞɢɦɵ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɨɤ ɢ 
ɂɄɇ ɞɥɹ ɤɚɠɞɨɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɟɫɹɰɚ, ɚ ɬɚɤɠɟ ɪɚɫɩɨɥɨɠɢɬɶ ɧɚ ɂɄɇ 
ɬɪɟɭɝɨɥɶɧɢɤɢ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ ɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 

Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ: 
 ˓ܰ = ˄ܰ˃ˊ + ˒ܰˋˍ.                                                                                                  (2.14) 

550.00

551.00

552.00

553.00

554.00

555.00

556.00

557.00

558.00

10 11 12 1 2 3 4 5 6 7 8 9 10

Z ȼȻ, ɦ
ɇɉɍ = 558,00 ɦ

ɍɆɈ = 550,02 ɦ



24 
 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɢɥɢ ɪɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ˓ܰ˃˄ = ʹ͹Ͷ ʛʑ˕, ɚ ɬɚɤɠɟ ɡɨɧɭ ɪɚɛɨɬɭ ɧɚ 
ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɚɯ ɧɚɝɪɭɡɤɢ. Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɩɥɚɤɚɬɟ 
«ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ». 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ 
ɫɨɫɬɚɜɥɹɟɬ 8% ɨɬ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ, ɧɚɝɪɭɡɨɱɧɵɣ – 2% ɨɬ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ. 
Ɋɟɡɟɪɜ ɞɥɹ ɫɬɚɧɰɢɢ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 10% ɨɬ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ 

ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 ˖ܰ˔˕ʒЭʠ = ˓ܰ˃˄ʒЭʠ + ˓ܰˈˊʒЭʠ,                                                                                          (2.15) 
 
ɝɞɟ ˓ܰ˃˄ʒЭʠ − ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ; 

 ˓ܰˈˊʒЭʠ − ɪɟɡɟɪɜ ɞɥɹ ɫɬɚɧɰɢɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ: 

 
Nɭɫɬ = ʹ͹Ͷ + ͻ =  ʹͺ͵ ʛʑ˕.          

 
 Ɋɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ Ɍɗɋ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ˓ܰ˃˄˕ˠ˔ = ௠ܲ௔௫ − ˓ܰ˃˄ˆˠ˔ − ˓ܰ˃˄˔˖˜,                                                                                     (2.16) 

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

 
ɝɞɟ  ˖ܰ˔˕˒˓ˑˈˍ˕ − ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. 
 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.13. 
 
Ɍɚɛɥɢɰɚ 2.13 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫɹɰ 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɋɭɳɟɫɬɜ. Ƚɗɋ Ɍɗɋ 

P 
max 

P ɚɜ. 
ɪɟɡɟɪɜ 

Pɧɚɝɪ. 
ɪɟɡ Nɪɚɛ 

N ɧɚɝɪ 
ɪɟɡ 

N 
ɪɟɦ 

Nɪɚɛ 
N ɧɚɝɪ 

ɪɟɡ Nɪɚɛ 
N ɚɜ 
ɪɟɡ 

1 882 71 20 274 9 
 
 
 

140 11 472 38 

2 852 68 20 246 9 135 11 472 38 

3 801 64 20 202 9 129 11 470 38 

4 742 59 20 168 9 105 11 469 37 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.13 

Ɇɟɫɹɰ 
ɗɧɟɪɝɨɫɢɫɬɟɦɚ ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ ɋɭɳɟɫɬɜ. Ƚɗɋ Ɍɗɋ 

P 
max 

P ɚɜ. 
ɪɟɡɟɪɜ 

Pɧɚɝɪ. 
ɪɟɡ Nɪɚɛ 

N ɧɚɝɪ 
ɪɟɡ 

N 
ɪɟɦ 

Nɪɚɛ 
N ɧɚɝɪ 

ɪɟɡ Nɪɚɛ 
N ɚɜ 
ɪɟɡ 

5 691 55 10 145 6 47 99 4 446 36 

6 661 53 10 147 6 

 
 
 
 
 
 
 

94 4 420 34 

7 661 53 10 150 6 94 4 417 33 

8 690 55 10 157 6 99 4 434 35 

9 742 59 20 187 9 105 11 450 36 

10 801 64 20 202 9 129 11 470 38 

11 852 68 20 246 9 135 11 471 38 

12 882 71 20 274 9 140 11 472 38 

 
 ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ˖ܰ˔˕ = ʹͺ͵ ʛʑ˕. 
 

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

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

2.6 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 

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

Ʉɪɢɜɵɟ ɫɜɹɡɢ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ ɞɥɹ ɥɟɬɧɢɯ ɢ ɡɢɦɧɢɯ 

ɭɫɥɨɜɢɣ 

ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɱɟɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

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

0 518,00 518,00 39,60 31,62 37,23 34,0 1086 31,1 1182 
250 519,85 520,23 37,37 29,39 35,00 33,8 1093 30,7 1175 
500 521,23 521,79 35,81 27,83 33,44 33,6 1099 30,4 1168 
750 522,27 522,89 34,71 26,73 32,34 33,4 1106 30,0 1161 
1000 523,07 523,71 33,89 25,91 31,52 33,2 1112 29,7 1154 
1250 523,71 524,36 33,24 25,26 30,87 33,0 1119 29,3 1147 
1500 524,24 524,91 32,69 24,71 30,32 32,8 1126 28,9 1140 
1750 524,70 525,41 32,19 24,21 29,82 32,6 1133 28,6 1133 
2000 525,12 525,88 31,72 23,74 29,35 32,4 1140 28,2 1126 
2250 525,51 526,32 31,28 23,30 28,91 32,2 1147 27,9 1119 
2500 525,88 526,72 30,88 22,90 28,51 32,0 1154 27,5 1111 
2750 526,24 527,09 30,51 22,53 28,14 31,8 1161 27,1 1104 
3000 526,57 527,41 30,19 22,21 27,82 31,6 1169 26,8 1097 
3250 526,87 527,69 29,91 21,93 27,54 31,4 1176 26,4 1089 
3500 527,15 527,97 29,63 21,65 27,26 31,2 1184 26,1 1082 
3750 527,41 528,29 29,31 21,33 26,94 31,1 1188 25,7 1074 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɬɪɨɟɧɢɹ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɨɩɪɟɞɟɥɢɥɚ:  
 Hmax = 37,37 ɦ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ; 
 Hɪ = 31,1 ɦ – ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ; 
 Hmin = 25,7 ɦ – ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ.  

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ˖ܰ˔˕ = ʹͺ͵ ʛʑ˕ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ  Э = ͳ,ͻ͵ͳ ˏˎ˓ˇ. ˍʑ˕ ∙ ˚. 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

3.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ  
 

Ⱦɥɹ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɨɜ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
(ɩɪɢɥɨɠɟɧɢɟ Ȼ, ɪɢɫ. Ȼ.1), ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɩɨɞɨɛɪɚɥɚ ɜɫɟ ɜɨɡɦɨɠɧɵɟ 
ɜɚɪɢɚɧɬɵ ɝɢɞɪɨɬɭɪɛɢɧ. Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɛɢɪɚɟɦ ɬɭɪɛɢɧɵ ɉɅ 
40ɚ - ȼ ɢ ɉɅ 40ɛ - ȼ ɫ ɩɚɪɚɦɟɬɪɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.1. Ⱦɚɥɟɟ 
ɩɪɨɜɨɞɢɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɷɬɢɯ ɝɢɞɪɨɬɭɪɛɢɧ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɞɢɚɦɟɬɪɨɜ. 

 
Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

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

Hmin/Hmax 0,50 0,50 
n'Iopt, ɦɢɧ-1 125 123 
Q'Iopt, ɥ/ɫ 1700 1620 
ɦ opt 0,88 0,892 

Q'1max, ɥ/ɫ 1800 1700 
tɦɨɞ, 0ɋ 10 20 
D'1ɦ, ɦ 0,460 0,460 
Hɦ, ɦ 4 4 

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

 
ɝɞɟ ηˏ, Dଵˏ,  ʜˏ – ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
 Dଵ, ʜ˓– ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ɋˏ,  ɋː − ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 

ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ 
ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ tɧ ɢ tɦ (vː = ͳ,Ͳͳ ∙ ͳͲ଺ˏଶ/c ɢ vˏ = ͳ,͵ ∙ͳͲ଺ ˏଶ/cሻ; ɂ − ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ, ɪɚɜɟɧ = Ͳ,͹ͷ. 

 η˕ = ͳ − ሺͳ − Ͳ,ͺͺሻ ∙ (ሺͳ − Ͳ,͹ͷሻ + Ͳ,͹ͷ ∙ √଴,ସ଺଺ఱ √ ସଷଵ,ଵభబ √ଵ,଴ଵଵ,ଷఱ ) = Ͳ,ͻʹͷ. 

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

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

 ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ:  
 ܼ′˃ˆ˓ = ே˖˔˕ே′˃ˆ˓ =  ଶ଼ଷଽଵ,଺ଷ = ͵,ͳ,  (3.3) 

 
ɝɞɟ  N˖˔˕ −ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ; ܰ′˃ˆ˓ – ɦɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ. 

ɑɢɫɥɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɨ 2 ɢɥɢ 3, ɩɨɷɬɨɦɭ ɩɪɢɧɢɦɚɸ ܼ˃ˆ˓ = Ͷ ɲɬ. 
 Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ: 

 N˃ˆ˓ = ୒˖˔˕Z˃ = ଶ଼ଷସ = ͹Ͳ,͹ͷ ʛʑ˕.  (3.4) 

 
 ɉɨɩɪɚɜɤɚ ɄɉȾ: 
 ∆ଵ= ηɧηɦ

= ଴,ଽଶହ଴,଼଼ = ͳ,Ͳͷ.                                                                                                      (3.5)  

       
 ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 nʠ′ = ௡𝐼 ˓′ ∙√𝛥భ∙ʜ˓Dభ = ଵଶହ∙√ଵ,଴ହ∙ଷଵ,ଵ଺ = ͳͳͻ,ͳ ˑ˄/ˏˋː,  (3.6) 

 
ɝɞɟ     ݊ூ ˓′ − ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ. 
 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɨɤɪɭɝɥɹɟɦɚ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 
(nʠ′ = ͳʹͷ ˑ˄/ˏˋːሻ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɚɤɫɢɦɚɥɶɧɨɦɭ, 
ɪɚɫɱɟɬɧɨɦɭ ɢ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɚɦ: 

 n୍ ୫ୟ୶′ = ୬˔∙Dభ√∆భ∙ʜౣi౤ = ଵଶହ∙଺√ଵ,଴ହ∙ଶହ,଻ = ͳͶͶ,͵ ˑ˄/ˏˋː,  
 

(3.7) 

n୍ ˓′ = ୬˔∙Dభ√∆భ∙∙ʜ˓ = ଵଶହ∙଺√ଵ,଴ହ∙ଷଵ,ଵ = ͳ͵ͳ,ʹ ˑ˄/ˏˋː,  
 

(3.8) 
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n୍ ୫୧୬′ = ୬˔∙Dభ√∆భ∙ୌౣax = ଵଶହ∙଺√ଵ,଴ହ∙ଷ଻,ଷ଻ = ͳͳͻ,͹ ˑ˄/ˏˋː.  (3.9) 

 
 ɉɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ: 
 Q′୍ ∙ ηʡ = N˃ͻ,ͺͳ ∙ Dଵଶ ∙ Hଵ˓,ହ = ͹Ͳ,͹ͷ ∙ ͳͲଷͻ,ͺͳ ∙ ͸ଶ ∙ ͵ͳ,ͳଵ,ହ = ͳ,ͳ͸. (3.10) 

 
ɉɪɚɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. Ʌɟɜɭɸ ɱɚɫɬɶ ɨɩɪɟɞɟɥɢɥɚ 

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

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

ଶହ଴ଶ∙଺మ∙√ଶହ,଻∙ଵ,଴ହ = ͸͸ͺ,                                                               (3.11) 

 Q′˓ ୫୧୬ = ୕ౣi౤୬∙Dభమ∙√ୌౣax∙Δ = ଶହ଴ଶ∙଺మ∙√ଷ଻,ଷ଻∙ଵ,଴ହ = ͷͷͶ.                                                       (3.12) 

 
ȼ ɬɚɛɥɢɰɚɯ 3.2 ɢ 3.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɱɟɬɵ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɫɬɚɧɞɚɪɬɧɵɯ 

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

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

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

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

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

 
Ɍɚɛɥɢɰɚ 3.3 - ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ 40ɛ-ȼ 

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

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

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

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

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

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

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

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

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

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

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

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

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

 
 Ⱦɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɬɭɪɛɢɧɵ ɛɵɥ ɩɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ, 
ɩɪɢɧɹɜ ɜɨ ɜɧɢɦɚɧɢɟ ɄɉȾ ɬɭɪɛɢɧɵ, ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ, ɚ ɬɚɤɠɟ ɡɨɧɭ 
ɪɚɛɨɬɵ ɬɭɪɛɢɧ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫ. ȼ.1 ɢ ȼ.2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɭɪɛɢɧɚ ʞʚ ͶͲ˄ −ʑ ɧɟ ɩɪɢɧɹɬɚ ɜ ɞɚɥɶɧɟɣɲɟɟ ɪɚɫɫɦɨɬɪɟɧɢɟ. ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɢɚɦɟɬɪɨɜ 
ɬɭɪɛɢɧɵ ʞʚ ͶͲ˃ −  ʑ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɪɚɬɶ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ɫ ɞɢɚɦɟɬɪɨɦ 
ଵܦ  = ͸ͲͲ ˔ˏ. 

 Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɪɢɧɹɥɚ ɬɭɪɛɢɧɭ  ʞʚ ͶͲ˃ − ʑ − ͸ͲͲ, ɩɨɫɤɨɥɶɤɭ ɨɧɚ ɢɦɟɟɬ ɨɩɬɢɦɚɥɶɧɭɸ ɡɨɧɭ ɪɚɛɨɬɭ, 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ ɢ ɧɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 

ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ: 
 ∇ܼʟʙ = ܼʜʐሺܳʜʐሻ + ʜௌ̌ˑ˒,  (3.13) 
 

ɝɞɟ   ܼ ʜ.ʐ.ሺܳʜ.ʐ.ሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɩɪɢ ɪɚɫɯɨɞɟ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ.  

Ɂɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɫɥɭɱɚɟɜ: 

1. Ɋɚɛɨɬɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ Hmax ɢ ɧɨɦɢɧɚɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ Nɧɨɦ; 

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

3. Ɋɚɛɨɬɚ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ Hmin ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɡɧɚɱɟɧɢɢ ɦɨɳɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
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ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ʜௌ̌ˑ˒ = ܤ − ∇௓ʜʐሺொʜʐሻଽ଴଴ − 𝜎 ∙ ܪ − ௦ܪ∆ + ∆ܼ˘.˒ˎ ,                   (3.14) 

 
ɝɞɟ     ܤ = ͳͲ,͵͵ ɦ ɜɨɞ. ɫɬ. – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ; ∇ܼʜʐሺܳʜʐሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɢ ɞɚɧɧɨɦ ɪɚɫɯɨɞɟ; 𝜎 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ; ∆ܪ௦ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ (ɞɥɹ ɩɨɜɨɪɨɬɧɨ-
ɥɨɩɚɫɬɧɵɯ (ɉɅ) ɝɢɞɪɨɬɭɪɛɢɧ = 1,5 ɦ); 
ɇ – ɧɚɩɨɪ ɬɭɪɛɢɧɵ; 
Zɯ.ɩɥ. – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬɧɵɯ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ 
ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɞɥɹ ɉɅ - ɬɭɪɛɢɧ Zɯ.ɩɥ.=0. 
 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ ɇmax: 
௦ܪ  = ͳͲ,͵͵ + ሺହଵଽ,ଽ଺ሻଽ଴଴ − Ͳ,ʹ͸ ∙ ͵͹,͵͹ − ͳ,ͷ = −ͳ,Ͷͻ ˏ;         
           
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɩɨɪɟ Hɪ: 
௦ܪ  = ͳͲ,͵͵ + ሺହଶ଴,ଷଷሻଽ଴଴ − Ͳ,Ͷʹ ∙ ͵ͳ,ͳ − ͳ,ͷ = −Ͷ,ͺͶ ˏ;          
          
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɟ Hmin: 
௦ܪ  = ͳͲ,͵ + ሺହଶ଴,଴ସሻଽ଴଴ − Ͳ,͵ͻ ∙ ʹͷ,͹ − ͳ,ͷ = −ͳ,ͺͲ ˏ.               

 
ɂɡ  ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ Hs ɜɵɛɪɚɥɚ ɬɚɤɨɟ, ɤɨɬɨɪɨɟ 

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

Ɉɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.13): 
 ∇ܼʟʙ = ͷʹͲ,͵͵ − Ͷ,ͺͶ = ͷͳͷ,Ͷͻ ˏ. 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɩɪɢɧɹɬɚ ɬɭɪɛɢɧɚ ɉɅ 40ɚ-ȼ-600, 

ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɦɢɧɢɦɚɥɶɧɭɸ ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ܪ௦ = −Ͷ,ͺͶ ˏ ɢ ɨɬɦɟɬɤɭ 
ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ∇ܼʟ.ʙ. = ͷͳͷ,Ͷͻ ˏ. 
 

3.3 Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɢ ɩɨɫɬɪɨɟɧɢɟ ɩɥɚɧɚ ɛɟɬɨɧɧɨɣ 
ɫɩɢɪɚɥɶɧɨɣ  ɤɚɦɟɪɵ 
 

ɉɨ ɱɟɪɬɟɠɭ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫ. ȼ.3) ɨɩɪɟɞɟɥɹɟɦ 
ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ: 
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 ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
ɜɯݎ  = ͳ,͹ͺͻ ∙ ଵܦ = ͳ,͹ͺͻ ∙ ͸ = ͳͲ,͹͵ ɦ. (3.15) 
 
 Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 
˃ܦ  = ͻ,͵ͷ ˏ,  

 

 
 Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: 

 

௕ݎ = ʹɜɧܦ = Ͷ,Ͳͺ ɦ. (3.17) 

 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 

 
ɝɞɟ  b଴ − ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. 
 ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ: 
 b଴ = Ͳ,Ͷ ∙ Dଵ = Ͳ,Ͷ ∙ ͸ = ʹ,Ͷ ɦ. (3.19) 

 
ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɩɪɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɧɚɩɨɪɚ ɢ 

ɦɨɳɧɨɫɬɢ: 
 Q଴ = ୒ଽ,଼ଵ∙ୌ౦∙η౥౤ౣ = ଻଴଻ହ଴ଽ,଼ଵ∙ଷଵ,ଵ∙଴,ଽଵ = ʹͷͶ,ͺ͵ ˏଷ/˔.                                       (3.20) 

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

 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ: 
ܨ˅  ˘ = ொ˅˘௏ = ଵସ଼,଺ହସ,଻ = ͵ͳ,͸͵ ɦ2. (3.22) 

 
ɝɞɟ  ܸ ˅˘ – ɞɨɩɭɫɬɢɦɚɹ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ, ɪɚɜɧɚɹ Ͷ,͹ ˏ/˔. 

௔ݎ = ʹɧɚɪܦ = Ͷ,͸ͺ ɦ. (3.16) 

௕ܦ = ͺ,ͳͷ ɦ; 
 

 

ȼɫɬ = b଴ + Ͳ,ͲͲ͵͵ ∙ Dଵ = ʹ,Ͷ + Ͳ,ͲͲ͵͵ ∙ ͸ = ʹ,Ͷʹ ɦ, (3.18) 
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           ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ bɜɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɟɝɨ 
ɭɪɚɜɧɟɧɢɹ: 
ܨ˅  ˘ = ܾ଴ሺݎ௔ − ௕ሻݎ + ሺ˅ݎ ˘ − ˘˅௔ሻܾݎ − ሺ௕˅˘−௕బሻమଶ tan ͳͷ°. (3.23) 

 
ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɜɧɚ ܾ˅˘ = ͷ,ͳͷ ˏ. 

 ܽ˅˘ = ݎ˅ ˘ − ௔ݎ = ͳͲ,͹͵ − Ͷ,͸ͺ = ͸,Ͳ͸ ˏ. (3.24) 
 

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

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

 
ɝɞɟ   ݇ ଶ = ௠˅˘௔˅మ̆ ; 

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

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

 
 ɍɝɨɥ ɫɩɢɪɚɥɢ ɞɥɹ ɥɸɛɨɝɨ ɫɟɱɟɧɢɹ: 

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

 
ȼɟɥɢɱɢɧɚ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ: 
𝑖ܨ  = ܾ଴ሺݎ௔ − ௕ሻݎ + ሺݎ𝑖 − ௔ሻܾ𝑖ݎ − ሺ௕𝑖−௕బሻమଶ  ͳͷை.                                         (3.31)݃ݐ
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Ɍɚɛɥɢɰɚ 3.4 – Ɋɚɫɱɟɬ ɛɟɬɨɧɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 

ȼɟɥɢɱɢɧɚ 
ɋɟɱɟɧɢɹ 

ɜɯɨɞɧɨɟ 1 2 3 4 5 
ri 10,73 10,13 9,52 8,92 8,31 7,71 
ai 6,06 5,45 4,85 4,24 3,64 3,03 
bi 5,15 4,88 4,60 4,33 4,05 3,78 
rk 5,41 5,34 5,26 5,19 5,12 5,04 

r k/r a 1,16 1,14 1,13 1,11 1,09 1,08 
ln(r k/r a) 0,146 0,133 0,119 0,105 0,090 0,076 

ri / ra 2,30 2,17 2,04 1,91 1,78 1,65 
ln(r i/r a) 0,831 0,773 0,712 0,646 0,576 0,500 

b ∙ln(ri / ra) 4,28 3,77 3,27 2,79 2,33 1,89 
r k  ∙ctr ϒ 20,20 19,92 19,65 19,37 19,10 18,82 

r k ∙ctr ϒ ∙ln(r k/r a) 2,96 2,64 2,33 2,03 1,73 1,43 
mi 2,75 2,48 2,20 1,93 1,65 1,38 
Ji 4,40 3,93 3,47 3,02 2,59 2,16 
φi 210 187 165 144 123 103 

 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.4 

ȼɟɥɢɱɢɧɚ 
ɋɟɱɟɧɢɹ 

6 7 8 9 10 ɜɵɯ 
ri 7,10 6,50 5,89 5,29 4,68 4,08 
ai 2,43 1,82 1,22 0,61 0,01 -0,60 
bi 3,50 3,23 2,95 2,68 2,40 2,13 
rk 4,97 4,90 4,82 4,75 4,68 4,60 

r k/r a 1,06 1,05 1,03 1,02 1,00 0,98 
ln(r k/r a) 0,061 0,046 0,031 0,016 0,000 -0,016 

ri / ra 1,52 1,39 1,26 1,13 1,00 0,87 
ln(r i/r a) 0,418 0,329 0,231 0,123 0,001 -0,137 

b ∙ln(ri / ra) 1,46 1,06 0,68 0,33 0,00 -0,29 
rk  ∙ctr ϒ 18,55 18,27 18,00 17,72 17,45 17,17 

rk ∙ctr ϒ ∙ln(r k/r a) 1,14 0,85 0,56 0,28 0,00 -0,27 
mi 1,10 0,83 0,55 0,28 0,00 -0,27 
Ji 1,76 1,37 1,00 0,66 0,33 0,04 
φi 84 65 48 31 16 2 

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

ɪɢɫɭɧɤɟ 3.1. 
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Ɋɢɫɭɧɨɤ 3.1 – Ɂɚɜɢɫɢɦɨɫɬɶ φɫɩ = f (ri) 

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

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

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

 
Ɋɚɡɛɢɜɚɟɦ ɭɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɧɚ 150 ɢ ɫɬɪɨɢɦ ɩɥɚɧ ɫɩɢɪɚɥɢ 

(ɪɢɫ. 3.2). 
 

 
Ɋɢɫɭɧɨɤ 3.2 – ɉɥɚɧ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
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3.4 ȼɵɛɨɪ ɫɟɪɢɣɧɨɝɨ ɬɢɩɚ ɝɟɧɟɪɚɬɨɪɚ 
 
ɂɫɯɨɞɹ ɢɡ ɜɵɱɢɫɥɟɧɧɵɯ ɪɚɧɟɟ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ  

(nɫɢɧɯ=125 ɨɛ/ɦɢɧ) ɢ ɦɨɳɧɨɫɬɢ ɨɞɧɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ (Na = 70,75 Ɇȼɬ), 
ɩɨɞɨɛɪɚɥɚ ɝɟɧɟɪɚɬɨɪ ɋȼ-850/190-48 ɢɡ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ. 

ɉɚɪɚɦɟɬɪɵ ɞɚɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.5. 
 

Ɍɚɛɥɢɰɚ 3.5– ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-850/190-48 
Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɋȼ-850/190-48 
Sɧɨɦ ɆȼȺ 85,5 
Pɧɨɦ Ɇȼɬ 72,5 
cosɮ 0,85 
Uɧɨɦ ɤȼ 13,8 
Iɧɨɦ ɤȺ 3,58 

nɭɝ/nɧɨɦ 1,89 
xd" ɨ.ɟ. 0,23 
xd' ɨ.ɟ. 0,32 
xd ɨ.ɟ. 0,87 

ɋɢɫɬɟɦɚ ɜɨɡɛɭɠɞɟɧɢɹ ɗɥɟɤɬɪɨɦɚɲɢɧɧɚɹ 
ɄɉȾ % 97,5 

Ɇɚɫɫɚ ɪɨɬɨɪɚ ɬ 325 
Ɇɚɫɫɚ ɨɛɳɚɹ ɬ 660 

Ⱦɢɚɦɟɬɪ ɫɬɚɬɨɪɚ ɦɦ 9800 
Ⱦɢɚɦɟɬɪ ɪɨɬɨɪɚ ɦɦ 7784 

ɂɫɩɨɥɧɟɧɢɟ ɉɨɞɜɟɫɧɨɟ 
 
3.5 Ɋɚɫɱɟɬ ɜɚɥɚ ɢ ɩɨɞɲɢɩɧɢɤɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ 

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

  ˆˇˈ    [τˇˑ˒] = ͵Ͳ − ͵ͷ ʛʞ˃. 
 

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

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

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɢɥɚ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ. 
ɉɪɢɧɢɦɚɟɦ ܦɜ = ͳͲͲͲ ɦɦ. 
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2) Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ 
 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ: 
 Rɪɚɞ = Ͳ,ͺ ∙ ቀ ே௡ɫɢɧɯ∙஽భቁ = ଴,଼∙଻଴଻ହ଴ଵଶହ∙଺ = ͹ͷ,Ͷ͹ ɤɇ.                                             (3.37) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ݀ɩ, ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɨɛɵɱɧɨ 

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

 pɭɞ = ୖɪɚɞୢɩ∙୦ɩ
൑ [pɭɞ], ɤɉɚ,                                                                               (3.38) 

 
ɝɞɟ    hɩ ɩɪɢɧɢɦɚɟɬɫɹ 400 ɦɦ. 

 [pɭɞ] = ʹͻ ∙ U;                                                                                                 (3.39) 
 U = π ∙ nɫɢɧɯ ∙ ୢɩଷ଴.                                                                                            (3.40) 

ɭɞ݌  = ଻ହ.ସ଻ଵ.଴ଵହ∙଴,ସ = ͳͺͷ,ͺͺ ɤɉɚ;                                                                    

 ܷ = ͵,ͳͶ ∙ ͳʹͷ ∙ ଵ,଴ଵହଷ଴ = ͳ͵,ʹͺ ɦ
ɫ
 ;                                                               

[ɭɞ݌]  = ʹͻ ∙ ͳ͵,ʹͺ = ͵ͺͷ,ͳͳ ɤɉɚ.                                                        
 
ɍɫɥɨɜɢɟ ݌ɭɞ ൑  .ɫɨɛɥɸɞɚɟɬɫɹ [ɭɞ݌]
 
1) Ɋɚɫɱɟɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 
 ℎɩ = ͶͲͲ ɦɦ; ܼɫɟɝɦ = ͺ. 
Ɉɩɪɟɞɟɥɹɟɦ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
 Rଵ = ୖɪɚɞଵ+ଶ∙ୡ୭ୱୟ+ଶ ୡ୭ୱሺଶୟሻ,                                                                                (3.41) 

 

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

൑  (3.42)                                                                                      ; [ɭɞ݌]

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

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

 
Ɍɚɛɥɢɰɚ 3.6 – Ɋɚɫɱɟɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 

Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ Rɪɚɞ, ɤɇ 75,47 

ɑɢɫɥɨ ɢ ɜɵɫɨɬɚ ɫɟɝɦɟɧɬɨɜ 
hɩ, ɦɦ 400 

Zɫɟɝɦ 8 

ɐɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɝɦɟɧɬɨɜ a 45 

ɍɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ R1, ɤɇ 65,37 

Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ dɩ, ɦ 1,015 

ɍɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ ρɭɞ, ɤɉɚ 525,93 

Ⱦɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ lɫɟɝɦ 0,36 

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

ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɛɢɪɚɟɦ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ. 
 

3.6 ȼɵɛɨɪ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ [4] ɨɩɪɟɞɟɥɢɥɚ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ  
Ɇɇɍ10/1-40-12,5-2: 

10 - ɨɛɴɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ; 
1 - ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ; 
40 - ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ɤɝɫ/ɫɦ2; 
12,5 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ɦ3; 
2 - ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴɟɦɨɦ 

ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɱɢɫɥɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, 
ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ Ɇɇɍ. 

 
 
 
 
 



39 
 

3.7 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [4] ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɗȽɊ.  
Ɍɭɪɛɢɧɚ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ  (ɉɅ 40ɚ – ȼ − 600), ɜɵɛɢɪɚɟɦ ɗȽɊɄ (ɞɥɹ 

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

ȼ ɤɚɱɟɫɬɜɟ ɪɟɝɭɥɹɬɨɪɚ ɩɪɢɧɹɥɚ ɗȽɊɄ-Ɇɉ-100-4. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
 

4.1 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
 

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

ȼ Ȼɭɪɹɬɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɞɫɬɚɧɰɢɢ 110 ɤȼ, 220 ɤȼ. 
Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɛɥɢɠɚɣɲɟɣ ɩɨɞɫɬɚɧɰɢɢ "ɋɟɜɟɪɨɛɚɣɤɚɥɶɫɤɚɹ", ɧɚɩɪɹɠɟɧɢɟɦ 220 
ɤȼ, 70,5 ɤɦ.  

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

4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 

4.2.1 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ  
 

ɉɨ ɜɵɩɨɥɧɟɧɧɵɦ ɪɚɧɟɟ ɪɚɫɱɟɬɚɦ ɜɵɛɢɪɚɟɦ ɫɢɧɯɪɨɧɧɵɣ ɝɟɧɟɪɚɬɨɪ ɋȼ-
850/190-48 ɩɪɨɢɡɜɨɞɫɬɜɚ ɇɉɈ «ɗɅɋɂȻ» [5].  

ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-850/190-48 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.1. 

 
Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-850/190-48 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, 
Ɇȼ·Ⱥ               Ɇȼɬ Uˆ ːˑˏ,ɤȼ cos φʒ,ɨ.ɟ. η 

ɂɧɞɭɤɬɢɜɧɵɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ Sˆ ːˑˏ ʟˆ ːˑˏ x"ୢ  x′ୢ  xୢ 

85,5 72,5 13,8 0,85 97,5 Ͳ,ʹ͵ 0,32 0,87 
 
4.2.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦ ɫ ɨɞɢɧɨɱɧɵɦ 

ɛɥɨɤɨɦ 
 

ɇɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

Sɪɚɫɱ= ʟʒ ːˑˏ−ʟ˔.ː.ୡ୭ୱφʒ = ଻ଶ,ହ−଻ଶ,ହ∙଴,଴ଵ଴,଼ହ = ͺͶ,ͶͶ ʛʑ ∙ ʏ ,                                        (4.1) 
 

ɝɞɟ    P̝ .ː. – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ. 
 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ "Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ" [6] ɜɵɛɢɪɚɟɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ–125000/220-ɍ1. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.2. 
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Ɍɚɛɥɢɰɚ 4.2– Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ–125000/220-ɍ1 Sɧɨɦ, ɆȼȺ 
Uɇ, ɤȼ Uɤ, % ∆Pɤ, ɤȼɬ ∆Pɯɯ, ɤȼɬ Iɯ,% Uȼɇ Uɇɇ 

125 242 13,8 11 380 90 0,550 

 
Ⱦɥɹ ɨɰɟɧɤɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɨɬɟɪɶ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ 

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

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 t˓˃˄ = ͺ͹͸Ͳ − Ɋ ∙ T˒ ˎ − ω ∙ T˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ ˚, (4.3) 
            

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

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˘˘ = nʡ ∙ ∆P̆ ˘ ∙ t˓˃˄ = ͳ ∙ Ͳ,Ͳͻ ∙ ͺ͹ʹͻ = ͹ͺͷ,͸ͳ ʛʑ˕ ∙ ˚,                  (4.4) 
             

ɝɞɟ    nɌ – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆Wː = ∆ʟˍ୬˕ ∙ ቀ ୗ˓˃˔˚ୗ˕ ːˑˏቁଶ ∙ τ = ଴,ଷ଼଴ଵ ∙ ቀ଼ଵ,ଽ଺ଵଶହ ቁଶ ∙ ʹͶͲͷ = ͵ͻʹ,ͻ ʛʑ˕ ∙ ˚.                 (4.5) 

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

ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ 220 ɤȼ: 
 ʗ˒ˑ˕ଶଶ଴ = Ͳ,͸ ∙ ͳͲ−ଶ ∙ ͹ͺͷ,͸ͳ + Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͵ͻʹ,ͻ = ͺ,ʹͷ ˕˞˔. ˓˖˄./ˆˑˇ. 
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Ⱦɥɹ ɱɟɬɵɪɟɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 ʗ˒ˑ˕ଶଶ଴ = Ͷ ∙ ͺ,ʹͷ = ͵͵,Ͳ ˕˞˔. ˓˖˄./ˆˑˇ. 

 
4.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ 

ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ 
 

ɇɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ: 
 S˓˃˔˚ = ʹ ∙ ሺʟʒ ːˑˏ−ʟ˔.ː.ሻୡ୭ୱφʒ = ʹ ∙ ሺ଻ଶ,ହ−଻ଶ,ହ∙଴,଴ଵሻ଴,଼ହ = ͳ͸ͺ,ͺͺ ʛʑ ∙ ʏ.                           (4.7) 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈɈɈ "Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ" [6] ɜɵɛɢɪɚɟɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-200000/220-ɍ1. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.3. 
 
Ɍɚɛɥɢɰɚ 4.3 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-200000/220-ɍ1 Sɧɨɦ, 

ɆȼȺ 
Uɇ, ɤȼ Uɤ, % ∆Pɤ, ɤȼɬ ∆Pɯɯ, ɤȼɬ Iɯ,% Uȼɇ Uɇɇ 

200 242 13,8 11 580 90 0,4 
 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

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

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

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

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

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆W˘˘ = nʡ ∙ ∆P̆ ˘ ∙ t˓˃˄ = ʹ ∙ Ͳ,ͻ ∙ ͺ͹ʹͻ = ͳͷ͹ͳʹ,ʹ ʛʑ˕ ∙ ˚,                (4.10) 
            

ɝɞɟ nɌ – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
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∆Wː = ∆ʟˍ୬˕ ∙ ቀ ୗ˓˃˔˚ୗ˕ ːˑˏቁଶ ∙ τ;                                                                              (4.11) 

 ∆Wː = ଴,ହ଼଴ଵ ∙ ቀଵ଺ଷ,ଽଶଶ଴଴ ቁଶ ∙ ʹͶͲͷ = ͻ͵͹,Ͳʹ ʛʑ˕ ∙ ˚. 

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

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

Ⱦɥɹ ɞɜɭɯ ɛɥɨɤɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 
 ʗ˒ˑ˕ଶଶ଴ = ʹ ∙ ͳͲʹ,͹ͳ = ʹͲͷ,Ͷʹ ˕˞˔. ˓˖˄./ˆˑˇ. 

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

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

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

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

ɉɨ ɤɚɬɚɥɨɝɭ ȺɈ «Ƚɪɭɩɩɚ «ɋȼɗɅ»» [7] ɩɨɞɨɛɪɚɧɵ 3 ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɌɋɁ-3200/20, ɫɬɨɢɦɨɫɬɶɸ ɤɚɠɞɵɣ 1589 ɬɵɫ. ɪɭɛɥɟɣ. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 
Ɍɚɛɥɢɰɚ 4.4– Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ 3200/20 Sɧɨɦ, Ɇȼ∙Ⱥ 

Uɇ, ɤȼ Uɤ, % 
Iɯɯ , % Uȼɇ Uɇɇ 

3,2 20 0,4 6 0,3 
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4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜ ɫɢɫɬɟɦɭ: 
 S˔ː = ʟ˖˔˕−୔˔.ː.ୡ୭ୱφ = ଶ଼ଷ−଴,଴ଵ∙ଶ଼ଷ଴,଼ହ = ͵ʹͻ,͸ͳ ʛʑ ∙ ʏ.                                            (4.14) 

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

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

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 I˓˃˄ = ୗ∑୬ˎ∙√ଷ∙୙ːˑˏ = ଷଶଽ,଺ଵ  ଷ∙√ଷ∙ଶଶ଴ = Ͳ,ʹͺͺ ˍʏ.                                                     (4.16) 

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ȼɅ ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ ɪɚɜɟɧ: 
 I˓˃˔˚ = αʡ ∙ α୧ ∙ I˓˃˄ = ͳ,Ͳͷ ∙ ͳ,ͳ ∙ Ͳ,ʹͺͺ = Ͳ,͵͵ͳ ʏ,                 (4.17)     
   

ɝɞɟ α୧ −ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ, ɪɚɜɧɵɣ ͳ,Ͳͷ; αʡ −ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɪɚɜɧɵɣ 1,1. 

Ⱦɥɹ ɥɢɧɢɢ ɧɚɩɪɹɠɟɧɢɟɦ 220ɤȼ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ – 240/32.  
Ⱦɨɩɭɫɬɢɦɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ Iˇˑ˒ = ͸Ͳͷ ˍʏ. 
ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
 I˒.˃˅ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙୙ːˑˏ = ଷଶଽ,଺ଵ  ଶ∙√ଷ∙ଶଶ଴ = Ͳ,Ͷ͵͵ ʏ.                                     (4.18) 

 
Ⱦɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ:  

 Iˇˑ˒ > I˒.˃˅;                                             (4.19) 
 ͸Ͳͷ ˍʏ > Ͷ͵͵  ˍʏ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. 
ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ Ⱥɋ–240/32 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 

 
Ɍɚɛɥɢɰɚ 4.5 – ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ–240/32 

ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ 
ɮɚɡɟ 

r0 Ɉɦ/ɤɦ x0 Ɉɦ/ɤɦ b0 ɋɦ/ɤɦ 

1 0,121 0,435 2,60·10-4 
 

4.4 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
 

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

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
 ʙ = n ∙ ʙʡ + m ∙ ʙʡ˔.ː. + t ∙ ʙˑ˓˖,                                                                      (4.20) 
 

ɝɞɟ     ʙʡ – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ (25970 ɬɵɫ. ɪɭɛ.); ʙʡ˔.ː.– ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (1900 ɬɵɫ. ɪɭɛ.); ʙʝʟʢ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɈɊɍ; n – ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; m – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
t – ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɈɊɍ. 
ɋɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɈɊɍ ɩɪɢɧɢɦɚɟɬɫɹ ʙˑ˓˖ = 15 ɦɥɧ. ɪɭɛɥɟɣ. 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɨɦ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ:  
 
Ʉଵ = Ͷ ∙ ʹͷͻ͹Ͳ + ͳͻͲͲ + ͻ ∙ ͳͷͲͲͲ = ʹͶͲ͹ͺͲ ˕˞˔. ˓˖˄.           

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ: 
 
Ʉଶ = ʹ ∙ ͸ͺ͹ͳͷ + ͳͻͲͲ + ͹ ∙ ͳͷͲͲͲ = ʹͶͶ͵͵Ͳ ˕˞˔. ˓˖˄.  

 
ȼɚɪɢɚɧɬ, ɭ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ, 

ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ. 
 

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

      
ɝɞɟ     ʔː– ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɪɚɜɧɵɣ 0,15.  
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ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ: 
 

Ɂଵ = Ͳ,ͳͷ ∙ ʹͶͲ͹ͺͲ + ͵͵ = ͵͸ͳͷͲ ˕˞˔. ˓˖˄.                  
 
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ: 
 
Ɂଶ = Ͳ,ͳͷ ∙ ʹͶͶ͵͵Ͳ + ʹͲͷ,Ͷʹ = ͵͸ͺͷͶ,ͻʹ ˕˞˔. ˓˖˄. 
 
Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɡɚɬɪɚɬɚɦɢ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ ɢ ɭɤɪɭɩɧɟɧɧɵɦ 

ɛɥɨɤɨɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  
 ʟ = ʖమ−ʖభʖమ ∙ ͳͲͲ% = ଷ଺଼ହସ,ଽଶ−ଷ଺ଵହ଴ଷ଺଼ହସ,ଽଶ ∙ ͳͲͲ% = ͳ,ͻͳ%.                                (4.22) 

 
4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 
 

ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚɩɪɹɠɟɧɢɟɦ 220 
ɤȼ ɪɚɜɧɨ 7. ɋɪɟɞɢ ɧɢɯ 3 ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ 220 ɤȼ ɢ 4 ɛɥɨɤɚ. 

 ɉɪɢ ɞɚɧɧɨɦ ɱɢɫɥɟ ɩɪɢɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ 
ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɛɢɪɚɟɦ ɜɚɪɢɚɧɬ ɫ ɞɜɭɦɹ 
ɪɚɛɨɱɢɦɢ ɢ ɨɞɧɨɣ ɨɛɯɨɞɧɨɣ ɫɢɫɬɟɦɨɣ ɲɢɧ [8]. ȼɵɛɪɚɧɧɚɹ ɫɯɟɦɚ Ɋɍ – 220 ɤȼ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1. 
 

 
 

Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ Ɋɍ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 220 ɤȼ: 2 ɋɒ ɫ Ɉɋɒ 
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4.6 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɝɥɚɜɧɨɣ 
ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RastrWin 
 

4.6.1 Ɋɚɫɱɟɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 xʒ = x′ୢ′ ∙ ୙ːˑˏమୗ ːˑˏ = Ͳ,ʹ͵ ∙ ଵଷ,଼మ଼ହ,ହ  = Ͳ,͹ͻ ʝˏ;                                                     (4.23) 

 rʒ = ୶ʒ𝜔∙ ʒ் = ଴,଻ଽଷଵସ,ଵ଺∙଴,଴ସହ = Ͳ,Ͳͷ͸ ʝˏ, 

 
ɝɞɟ  x′ୢ′ − ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɩɪɨɞɨɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ʒܶ −ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɞɥɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɚɹ 0,045 ɫ. 

Ɂɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ: 
 Eʒ = E∗" ∙ U˄ = ͳ,ͳ͵ ∙ ͳ͵,ͺ = ͳͷ,ͷͻ ˍʑ.                                     (4.24) 
    
ɂɧɞɭɤɬɢɜɧɨɟ ɢ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 xʡ = ୙ʙ%∙୙ʑʜమଵ଴଴∙ୗːˑˏ = ଵଵ∙ଶସଶమଵ଴଴∙ଵଶହ = ͷͳ,ͷͶ ʝˏ;                                                             (4.25) 

 rʡ = ∆̱ܲ ∙ ୙ʑʜమୗːˑˏమ = Ͳ,͵ͺ ∙ ଶସଶమଵଶହమ = ͳ,Ͷʹ ʝˏ.                                                            (4.26) 

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

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

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

   
ɗȾɋ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ʔʠ = ʔ∗ʠ ∙ U˄ = ͳ,Ͳ ∙ ʹ͵Ͳ = ʹ͵Ͳ ˍʑ.                                                                      (4.31)
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Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɪɚɜɟɧ: 
 kʡ = ୙ʜʜ୙ʑʜ = ଵଷ,଼ଶସଶ = Ͳ,Ͳͷ͹.                                                                                (4.32)

        
4.6.2 ȼɧɟɫɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢ ɪɚɫɱɟɬ 

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

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

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

 

 
Ɋɢɫɭɧɨɤ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.3– ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.4 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 



49 
 

 
Ɋɢɫɭɧɨɤ 4.5 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɞɥɹ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ 

 

 
Ɋɢɫɭɧɨɤ 4.6 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɝɟɧɟɪɚɬɨɪɟ 

 

 
Ɋɢɫɭɧɨɤ 4.7 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɈɊɍ 

 
ȼ ɬɚɛɥɢɰɟ 4.6 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɜ ɬɨɱɤɚɯ ɄɁ. 

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

Ɍɢɩ ɄɁ ɉ1 I˒.଴, ɤȺ i˖ˇ, ɤȺ 
1ɮ 9 18,48 47,04 
3ɮ 1 11,5 29,27 
3ɮ 9 12,43 31,64 

 
4.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

 
ɇɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɪɚɛɨɬɟ ɫ 

ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: 
            Iˆ,˓˃˄ ୫ୟ୶ = ͳ,Ͳͷ ∙ ௌːˑˏ√ଷ∙௎ʒ ːˑˏ = ͳ,Ͳͷ ∙ ଼ହ,ହ√ଷ∙ଵଷ,଼ = ͵,͹ͷ͸ ˍʏ.                                     (4.33) 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 I˓˃˄ ୫ୟ୶ ሺʟʢʑʜሻ = ୗˆ,ːˑˏ√ଷ∙୙˕,ːˑˏ = ଼ହ,ହ√ଷ∙ଶସଶ = Ͳ,ʹͲͶ ˍʏ.                                           (4.34) 
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Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɧɚɩɪɹɠɟɧɢɟɦ 220ɤȼ: 
 I˓˃˄.௠௔௫ = ୗ∑୬ˎ∙√ଷ∙୙ːˑˏ = ଷସଶଷ∙√ଷ∙ଶଶ଴ = Ͳ,ʹͻͻ ˍʏ.                                                  (4.35) 

  
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 

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

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

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

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

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ–20 ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɉɁ–2-20/12500ɇ ɍ3. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7.  

 
Ɍɚɛɥɢɰɚ 4.7 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ-20 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɉɁ–2-20/12500ɇ ɍ3 U˔ˈ˕ˋ ːˑˏ = ͳ͵,ͺ ˍʑ Uːˑˏ = ʹͲ ɤȼ Uːˑˏ = ʹͲ ɤȼ Iʒ.˓˃˄ = ͵͹ͷ͸ ʏ Iːˑˏ = ͷͲͲͲ Ⱥ Iːˑˏ = ͳʹͷͲͲ Ⱥ I୬଴ = ͳͳ,ͷ ɤȺ Iːˑˏ.ˑ˕ˍˎ = ͸͵ ɤȺ i˒˓.˔ˍ˅ = ͶͳͲ ɤȺ i୷ = ʹͻ,ʹ͹ ɤȺ i˒˓.˔ˍ˅ = ͳ͸ͳ ɤȺ I˕.˔˕ = ͳ͸Ͳ ɤȺ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͳͳ,ͷ ଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͷ,ʹͻ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͸͵ଶ ∙ ͵ = ͳͳͻͲ͹ ˍʏଶ ∙ ˔ 
ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͳ͸Ͳଶ ∙ ͵ = ͳ͸ͺͲͲ ˍʏଶ ∙ ˔ 

 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

4.8. 
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Ɍɚɛɥɢɰɚ 4.8 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɪɢɛɨɪɚ 
Ɍɢɩ ɩɪɢɛɨɪɚ 

ɂɧɬɟɪɮɟɣɫ 
ɩɪɢɛɨɪɚ 

Ʉɥɚɫɫ 
ɬɨɱɧɨɫɬɢ 

ɉɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 

 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ 

ɫɟɬɢ 
ȺɉɄɗ-1 RS485 0,5 8 

 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ 

ɫɟɬɢ 
ȺɉɄɗ-1 RS485 0,5 8 

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

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

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

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

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

4.9 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ Ɍɒ–20. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ ȼɈ 

«ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» [9]. ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ Ɍɒ-20 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 4.9. 
 
Ɍɚɛɥɢɰɚ 4.9 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ Ɍɒ-20 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳ͵,ͺ ˍʑ Uːˑˏ = ʹͲ ˍʑ I˓˃˄ ୫ୟ୶ < Iːˑˏ Iʒ.˓˃˄ = ͵͹ͷ͸ ʏ Iːˑˏ = ͺͲͲͲ ʏ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɇɈɅ-ɋɗɓ 20. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ 

«ȽɄ «ɗɥɟɤɬɪɨɳɢɬ»-ɌɆ ɋɚɦɚɪɚ» [12]. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɇɈɅ-ɋɗɓ-20 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 
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Ɍɚɛɥɢɰɚ 4.10 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ UȽ = ͳ͵,ͺ ɤȼ Uɧɨɦ = ʹͲɤȼ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 13,8 ɤȼ 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ – ɉ1-15/18/10/2ɍɏɅ1 
ɮɢɪɦɵ ɁȺɈ «ɁɗɌɈ» [13]. 
 

4.10 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɈɊɍ 
 
4.10.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 

 
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ȺɈ «ɍɗɌɆ» [14] ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ 

ɛɚɤɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼɗȻ-220 ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊɉȾ-220/1250 ɍɏɅ1.  
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11.   
 

Ɍɚɛɥɢɰɚ 4.11 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 

Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼɗȻ-220 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊɉȾ-220/1250 ɍɏɅ1 Uɫɟɬɢ ɧɨɦ = ʹʹͲ ɤȼ Uɧɨɦ = ʹʹͲ ɤȼ Uɧɨɦ = ʹʹͲ ɤȼ Iɪɚɛ ୫ୟ୶ = ͶͶͻ Ⱥ Iɧɨɦ = ʹͷͲͲ Ⱥ Iɧɨɦ = ͳʹͷͲ Ⱥ I୬଴ = ͳʹ,Ͷ͵ ɤȺ Iːˑˏ.ˑ˕ˍˎ = ͷͲ ˍʏ I˕.˔˕ = ʹͷ ˍʏ i୷ = ͵ͳ,͸Ͷ ˍʏ i˒˓.˔ˍ˅ = ͳʹͷ ˍʏ i˒˓.˔ˍ˅ = ͸Ͷ ˍʏ ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ) = = ͳʹ,Ͷ͵ଶ ∙ ሺͲ,Ͳ͵ + Ͳ,Ͳͳሻ = = ͸,ͳͺ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = I୘ଶ ∙ t୘ = = ʹͷଶ ∙ ͵ = ͳͺ͹ͷ ˍʏଶ ∙ ˔ 

 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 4.12. 
 
Ɍɚɛɥɢɰɚ 4.12 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 220 ɤȼ 
ɧɚ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɹɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

Ɍɢɩ ɩɪɢɛɨɪɚ 
ɂɧɬɟɪɮɟɣɫ 

ɩɪɢɛɨɪɚ 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 
ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ-1 RS485 0,5 8 

 
 
 
 



53 
 

4.10.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɤɥɸɱɚɬɟɥɶ ȼɗȻ-220 ɭɤɨɦɩɥɟɤɬɨɜɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɬɨɤɚ ɌȼȽ-220. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ ȺɈ «ɍɗɌɆ» [14]. ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ Ɍȼ–220–
2000/5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.13. 

 
Ɍɚɛɥɢɰɚ 4.13 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ Uɫɟɬɢ = ʹʹͲ ɤȼ Uɧɨɦ = ʹʹͲ ɤȼ Iɪɚɛ ୫ୟ୶ < Iɧɨɦ Iɪɚɛ ୫ୟ୶ = ͶͶͻ Ⱥ Iɧɨɦ = ͸ͲͲ Ⱥ 

 
ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈȽ-220-ɍ1. ɉɪɨɢɡɜɨɞɢɬɟɥɶ 

ɎȽɍɉ «ɉɈ ɆɁ Ɇɨɥɧɢɹ» [15]. ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈȽ-
220 –ɍ1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.14. 

 
Ɍɚɛɥɢɰɚ 4.14 – ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ Uɫɟɬɢ = ʹʹͲ ɤȼ Uɧɨɦ = ʹʹͲ ɤȼ 
 
ȼ ɈɊɍ ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ-ɉ-220 ɍɏɅ1 ɮɢɪɦɵ ɁȺɈ «ɁɗɌɈ» [13]. 
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5 ɍɫɬɪɨɣɫɬɜɚ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ 
 

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

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

5.1 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

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

 Ɂɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-850/190-48: −   ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ 
ɜ ɨɛɦɨɬɤɚɯ 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 ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ; −Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; − Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; −Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; − ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ. 

 Ɂɚɳɢɬɚ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 125000/220-ɍ: − Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; − ɍɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɨɯɜɚɬɵɜɚɸɳɟɟ 
ɨɛɦɨɬɤɭ ȼɇ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ); − Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɧɚ 
ɡɟɦɥɸ ɫɟɬɢ 220ɤȼ; − Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; − Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ 13,8ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ; − Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɛɥɨɤɚ; − Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ − ɡɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ 
ɨɯɥɚɠɞɟɧɢɹ; 
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 Ɂɚɳɢɬɵ ȼɅ ɧɚɩɪɹɠɟɧɢɟɦ 220ɤȼ: − Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ); − Ɍɪɟɯɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ); − 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ; − Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ (ɨɬ ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ); −ɍɊɈȼ 220ɤȼ (ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 220ɤȼ). 

 Ɂɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ: − Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; −Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 
ɧɚɩɪɹɠɟɧɢɸ; − Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; − Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 

 
5.2 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
ːˆሺଵሻܫ  = ୔ːˑˏ/ୡ୭ୱφ√ଷ∙୙ːˑˏ = ଻ଶ,ହ∙ଵ଴య/଴,଼ହ√ଷ∙ଵଷ,଼ = ͵ͷ͸ͺ,Ͷͷ ʏ,                                                       (5.1) 

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

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɵ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 

ːˆሺଶሻܫ  = ூːˆሺభሻ∙ʙ˔˘ʙ˕˕ = ଷହ଺଼,ସହ∙ଵସ଴଴଴/ହ = Ͷ,Ͷ͸ ʏ,                                                                   (5.2) 

 
ɝɞɟ  ܫːˆሺଵሻ − ɧɨɦɢɧɚɥɶɧɚɹ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, Ⱥ; ʙ˔˘ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ; ʙ˕˕ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 

ȼɵɛɢɪɚɟɦ ɝɟɧɟɪɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ, ɞɥɹ ɱɟɝɨ ɩɪɨɢɡɜɨɞɢɦ ɫɥɟɞɭɸɳɢɣ 
ɪɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɬɨɤɚ ɢ ɦɨɳɧɨɫɬɢ: 

ːˑˏ,˓ˑ˕ሺଵሻܫ   = ூːˑˏ,˓ˑ˕ଵ,ଶଶହହ = ଵଶଵହଵ,ଶଶହହ = ͻͻͳ,Ͷ͵ ʏ,                                                               (5.3) 

 
ɝɞɟ  ܫːˑˏ,˓ˑ˕ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ, Ⱥ. 
 
 ܵːˑˏ,˅ˆଵ = √͵ ∙ ːˑˏ,˓ˑ˕ሺଵሻܫ ∙ ːܷˑˏ,˓ˑ˕ = √͵ ∙ ͻͻͳ,Ͷ͵ ∙ ʹͺͷ = Ͷͺͻ,Ͷ ˍʑʏ,      (5.4) 
 
ɝɞɟ  ːܷˑˏ,˓ˑ˕ − ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɨɬɨɪɚ, ȼ; 
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ːˑˏ,˓ˑ˕ሺଵሻܫ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ, (ɮɨɪɦɭɥɚ 5.3). 
ɉɪɢɧɢɦɚɟɦ ɝɟɧɟɪɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ ɦɨɳɧɨɫɬɶɸ 500 ɤȼȺ. 
ɉɟɪɟɫɱɟɬ ɬɨɤɚ ɝɟɧɟɪɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
ːˑˏ,ଶܫ  = ௌːˑˏ,˅ˆభ௎ːˑˏ,˓ˑ˕ = ହ଴଴ଶ଼ହ = ͳ͹ͷͶ,͵ͻ ʏ,                                                                      (5.5) 

 
ɝɞɟ  ܵːˑˏ,˅ˆଵ − ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ, ɤȼȺ. 

ːˑˏ,˓ˑ˕ଶܫ  = ூːˑˏ,మ௄˕˕ = ଵ଻ହସ,ଷଽଶ଴଴଴/ହ = Ͷ,͵ͻ ʏ,                                                                         (5.6) 

 
ɝɞɟ  ܫːˑˏ,ଶ − ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ, Ⱥ; ܭ˕˕ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 
 

5.3 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 
 

5.3.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ 
 

ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɡɚɳɢɬɨɣ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 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 : ܫːˑˏ. = ͵ͷ͸ͺ,Ͷͷ ʏ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ: 𝜂ʡʡ = ͶͲͲͲ/ͷ ʏ. 
1) ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

ɩɪɢ ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ܫ˔˓.଴ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ. 

Ɍɨɤ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 
ː˄ሺːሻܫ  = ʙˑˇː ∙ 𝑖݂ ∙ .ˏːˑܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ .ˏːˑܫ = Ͳ,Ͳͷ ∙  ːˑˏ,                                   (5.7)ܫ

 
ɝɞɟ ʙˑˇː = Ͳ,ͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ, 𝑖݂ = Ͳ,ͳ − ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 
ː˄ሺːሻܫ  = Ͳ,Ͳͷ ∙ ͵ͷ͸ͺ,Ͷͷ = ͳ͹ͺ,Ͷʹ ʏ. 
 

ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 
଴.˓˔ܫ  ൒ ʙʜ ∙  ː˄ሺːሻ,                                                                                            (5.8)ܫ
 

ɝɞɟ ʙʜ = ʹ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; 
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ː˄ሺːሻܫ − ɬɨɤ ɧɟɛɚɥɚɧɫɚ, Ⱥ. 
଴.˓˔ܫ  ൒ ͵ͷ͸,ͺͶ ʏ. 
 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: 
 Iɫɪ.଴ = Ͳ,ͳͷ ∙ Iɧɨɦ. = Ͳ,ͳͷ ∙ ͵ͷ͸ͺ,Ͷͷ = ͷ͵ͷ,ʹ͹ Ⱥ.                                                 (5.9) 

 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ܭɌ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ 

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

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

ː˄ሺˍˊሻܫ  = ʙ˃˒ ∙ ʙˑˇː ∙ 𝑖݂ ∙  (5.10)                                                                             ,˔ˍ˃ˏܫ
 
ɝɞɟ ʙ˃˒ −ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɥɢɱɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɜɧɵɣ 2; ܫˏ˃ˍ˔. − ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 
ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɩɪɢ 
ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ: 

.˔ˍ˃ˏܫ  = ா ′̂′௫೏′′ ∙ Iɧɨɦ. = ଵ଴,ଶଷ ∙ ͵ͷ͸ͺ,Ͷͷ = ͳͷͷͳͷ Ⱥ,                                             (5.11) 

 
ɝɞɟ  ܧௗ"  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɨɟ 1; 
"ௗݔ   – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ: 
 

ː˄ሺˍˊሻܫ  = ʹ ∙ Ͳ,ͷ ∙ Ͳ,ͳ ∙ ͳͷͷͳͷ = ͳͷͷͳ,ͷ ʏ.             
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 
 K˕ >  ୍ː˄ሺˍˊሻ∙Kː୍˕ ,                                                                                                     (5.12) 

 
ɝɞɟ ܭː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 2; 

ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ;  Iː˄ሺˍˊሻ – ˕ܫ  − ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ. 
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˕ܭ  > ଵହହଵ,ହ∙ଶଵହହଵହ ; 

 
˕ܭ  > Ͳ,ʹ. 
 
 ɉɪɢɧɢɦɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ܭ˕ = Ͳ,͵ͷ. 

3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ 
ɛɟɡ ɬɨɪɦɨɠɟɧɢɹ). 

ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ: 
˕ːܫ  = ூ∗˔˓ʙ˕ = ଴,ଵହ଴,ଷହ = Ͳ,Ͷ͵,                                                                                   (5.13) 

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ɬɨɪɦɨɡɧɨɝɨ ɬɨɤɚ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
 ʑ ൒ ூ∗˔˓ʙʡ ;                                                                                                         (5.14) 

 ʑ ൒ Ͳ,Ͷ͵. 
 

ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ʑ = ͳ,ͷ. 
ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ. 
 

 
Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 

ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 
 

Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɝɚɲɟɧɢɟ 
ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ. 

 
  



59 
 

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

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

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

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ U0 ɢ ɡɚɳɢɳɚɟɬ 85% 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 ˠˎ.˔˕.ሻ ɩɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɚɧɢɢ ɧɚ 
ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ ȼɇ. Ɋɚɫɱɟɬ ˑܷ ˠˎ.˔˕. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 5.2. 

 

 
Ɋɢɫɭɧɨɤ 5.2 - ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
 ʠʒ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ, 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,82 ɦɤɎ/ɮɚɡɭ; ʠʡ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,00733 ɦɤɎ/ɮɚɡɭ; ʠШ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 
0,008 ɦɤɎ/ɮɚɡɭ; ʠ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɫɨ ɫɬɨɪɨɧɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ, 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,35 ɦɤɎ/ɮɚɡɭ. 
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ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
Σܥ  = ʠˆ + ˕ܥ + ʠ˛ + ʠ˅ˆ,                                                                                (5.15) 
Σܥ  = Ͳ,ͺʹ + Ͳ,ͲͲ͹͵͵ + Ͳ,ͲͲͺ + Ͳ,͵ͷ = ͳ,ͳͺͷ ˏˍʣ/˗˃ˊ˖. 
 
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ 13,8 ɤȼ: 
˔ܫ  = ͳ,͹͵ ∙ ˎܷ ∙ 𝜔 ∙ ʠΣ = ͳ,͹͵ ∙ ͳ͵,ͺ ∙ ͵ͳͶ ∙ ͳ,ͳͺͷ = ͺ,ͺͺ ʏ,                      (5.16)  
 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 220 ɤȼ: 
 ˑܷ ˠˎ.˔˕ = ʙ ∙ ଴ܷ ∙ ʠ˕ሺఓబሻʠ˕ሺఓబሻ+ʠΣ,                                                                        (5.17) 

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

ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 ଴ܷ = ଵଷ ∙ ௎ːˑˏ ˅ː√ଷ = ଵଷ ∙ ଶସଶ√ଷ = Ͷ͸,ͷ͹ ˍʑ.                                                           (5.18) 

 
Ɍɨɝɞɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 220ɤȼ: 
 ˑܷ ˠˎ.˔˕. = Ͳ,ͷ ∙ Ͷ͸ͷ͹Ͳ ∙ ଴,଴ଵଶ଴,଴ଵଶ+ଵ,ଵ଼ହ = ʹ͵͵,Ͷ͵ ʑ.                                              (5.19) 

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ 

ɜɵɪɚɠɟɧɢɹ: 
 ˔ܷ˓ ൒ ʙːʙ˅ ∙ ଵ௡˕ː ∙ ଴ܷ Эˎ.ʠ˕;                                                                                           (5.20) 

 ˔ܷ˓ ൒ ଵ,ହ଴,ଽହ ∙ ଵ∙ଶଷଷ,ସଷభయ,ఴ√య∙బ,భయ ; 
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˔ܷ˓ ൒ ͳ,ͷͶ ʑ, 
 

ɝɞɟ ʙʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ݊˕ː – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; ʙʑ = Ͳ,ͻͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. ଴ܷ ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ:  
 ଴ܷଵீ ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ;  
 ଴ܷீ ɫ ɭɫɬɚɜɤɨɣ 15 ȼ ɢ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5ɫ ɫ ɞɟɣɫɬɜɢɟɦ ɧɚ 

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ 
ɜɵɤɥɸɱɚɬɟɥɹ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

ȼɬɨɪɨɣ ɨɪɝɚɧ ଴ܷଷ ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ ɢ ɜ ɧɟɣɬɪɚɥɟ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% ɜɢɬɤɨɜ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. Ⱦɥɹ ɨɪɝɚɧɚ ଴ܷଷ ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ 
ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 ɞɨ 3. 

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

 ʤ = ଵʙʡ+ଶ = ଵଵ,ଶ+ଶ = Ͳ,͵ͳ͵ ˑ. ˈ.                                                                                         (5.21) 

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

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

ɜɵɤɥɸɱɚɬɟɥɹ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-
ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

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

 
ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 ˔ܷ˓ଶ = ଵ,ସ∙௎ː௡˕ː = ଵ,ସ∙ଵଷ଼଴଴ଵଷ଼଴଴/ଵ଴଴ = ͳͶͲ ʑ.                                                            (5.22) 

 
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. Ɉɪɝɚɧ U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 

 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ: 
 ˔ܷ˓ଵ = ଵ,ଶ∙௎ː௡˕ː = ଵ,ଶ∙ଵଷ଼଴଴ଵଷ଼଴଴/ଵ଴଴ = ͳʹͲ ʑ.                                                                 (5.23) 
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ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 
ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ Ͳ,Ͳͻ ∙  .ʜܫ

Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ, 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: 
ଶ∗ܫ  = ூమூː,                                                                                                                    (5.24) 

 
ɝɞɟ ܫଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ; ܫː– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 

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

˒ˑˇݐ  = ஺ூ∗మమ ,                                                                                                     (5.25) 

 
ɝɞɟ ܣ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ, ɪɚɜɧɵɣ 20. 

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). ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 

ଶ˔ˋˆː∗ܫ  = Ͳ,Ͳ͹;  
 

ଶ˔ˋˆːܫ  = Ͳ,Ͳ͹ ∙  ː.                                                                                                   (5.26)ܫ
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶ˒˖˔ˍሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ܫଶɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ ݐˏ˃ˍ˔ = ͸ͲͲ ˔. 

ɉɪɢ ɷɬɨɦ: 
ଶ∗ܫ  = √ʏ௧ = √ ଶ଴଺଴଴ = Ͳ,ͳͺ.                                                                                   (5.27) 
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ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
ˍ˔˖˒ଶ∗ܫ  = ூ∗మʙː = ଴,ଵ଼ଵ,ଶ = Ͳ,ͳͷ,                                                                               (5.28) 

 
ɝɞɟ ʙː = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
ଶʞʢʠʙܫ  = Ͳ,ͳͷ ∙  ː.                                                                                                  (5.29)ܫ

 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 

ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ: 
ʓʝʞݐ  = ଶ଴଴,ଵହమ ≈ ͺͺͲ ˔. 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

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

˓˔ݐ  = ଶ଴ሺூ∗మሻమ,                                                                                                           (5.30) 

 ʏˋˑ = ʹͲ = ଶଶ∗ܫ ∙  (5.31)                                                                                    .˓˔ݐ
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.1. 
 

Ɍɚɛɥɢɰɚ 5.1 - 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) 20 55 80 125 220 500 
 
ɏɚɪɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.3. 
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Ɋɢɫɭɧɨɤ 5.3- ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
 

ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ t ɦɢɧ = 20 ɫ, t ɦɚɤɫ = 600 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  ሺܫଶˑ˕˔ሻ 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 ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɹɯ; 
3. ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 

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

ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 

ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: 
ɚ) ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ 

ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ: 
.ଶʠ.ʖ∗ܫ  ൑ ூమ ˏˋːሺమሻʙ˚ = ଵଵ,ଷ⋅ଶ∙(𝑋೏ ˅ː′′ +𝑋˕+𝑋ˎ),                                                                      (5.32) 
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.ଶʠ.ʖ∗ܫ ൑ ͳͳ,͵ ⋅ ʹ ∙ ሺ͹Ͳ,͹͵ + Ͳ,ͲͻͶ + Ͳ,Ͳͷሻ = Ͳ,ͲͲͷͶʹ͸͹ˑ. ˈ., 
 
ɝɞɟ  ܺˆ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ; 
 ܺ˕ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ; ܺௗ′′ −  ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ. 

 ܺ∗ˎ = ܺˎ ∙ ௌ˄௎మ˄ = ͵Ͳ,͸͹ ∙ ͺͷ,ͷଶଷ଴మ = Ͳ,Ͳͷ ɨ.ɟ.,                                                    (5.33) 

 ܺௗ ˅ː′′ = ܺௗ ′′ ∙ ሺ௎˅ː௎ːːሻଶ = Ͳ,ʹ͵ ∙ ቀଶସଶଵଷ,଼ቁଶ = ͹Ͳ,͹͵,                                             (5.34) 

 ܺ˕ = ௎ˍ%ଵ଴଴ ∙ ௌ˄ௌːˑˏ = ଵଷ,଼ଵ଴଴ ∙ ଼ହ,ହଵଶହ = Ͳ,ͲͻͶ.                                                           (5.35) 

 
ɛ) ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ, 

ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤȼ: 
.ଶʠ.ʖ∗ܫ  ൑ ூమ ˏˋːሺమሻʙ˚ = ଵଵ,ଷ⋅ଶ∙(𝑋೏ ˅ː′′ +𝑋˕) = ଵଵ,ଷ⋅ଶ∙ሺ଻଴,଻ଷ+଴,଴ଽସሻ = Ͳ,ͲͲͷͶ͵Ͳ͸ ˑ. ˈ.         (5.36) 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
.ଶʠ.ʖܫ  = .ଶʠ.ʖ∗ܫ ∙ ʹ ∙ ௎˅ː௎ːː = Ͳ,ͲͲͷͶ͵Ͳ͸ ∙ ʹ ∙ ଶସଶଵଷ,଼ = Ͳ,ͳͻ ˑ. ˈ.                             (5.37) 

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

 
5.3.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ሺ𝑰૚ሻ 

 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ ɨɛɦɨɬɨɤ 

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

1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɟɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. 
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ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ːˆˋ˔ܫ  = ௄ʜ∙ூʜ௄ʑ = ଵ,଴ହ∙ூʜ଴,ଽ଼ = ͳ,Ͳ͹ ∙  ʜ,                                                                  (5.38)ܫ

 
ɝɞɟ  ܭː = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭ˅ = Ͳ,ͻͺ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ݐ = Ͳ,ͻ ˔. 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 

ˍ˔˖˒ଵܫ  = ଵ,଴଼∙ூː଴,ଽ଼ = ͳ,ͳ ∙  ː.                                                                                 (5.39)ܫ

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

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.2. 
 

Ɍɚɛɥɢɰɚ 5.2 - ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

 

Ʉɪɚɬɫɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, ܫ ⁄ʜܫ  

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, ɫ 

3800 1200 450 340 280 160 80 3 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

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

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬɤɥɸɱɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɧɢɦɚɟɬɫɹ 

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
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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:  
˔˕ଵˑܫ  = ଵ,ହ∙ூːˑˏ଴,ଽ଼ = ͳ.ͷ͵ ∙  ːˑˏ,                                                                               (5.40)ܫ

 
  Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ሺ ʒܷ <ሻ.  

ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
 ˔ܷ˓ = ଴,଺଼∙௎ːˑˏ௄˅∙௡˕ = ଴,଺଼∙ଵଷ଼଴଴ଵ,଴ଷ∙ଵଷ଼଴଴/ଵ଴଴,଴ = ͸͸ ʑ.                                                       (5.41) 

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

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

 
5.3.6 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 
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ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ 
ɡɚɳɢɬ ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 

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

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ: 
 ܼଵ ൑ Ͳ,ͺ ∙ ܼ˕ + ଴,଼௄˕ ∙ ܼଵˎ′ = Ͳ,ͺ ∙ ͸Ͷ,͸ͷ + ଴,ସ଼ ∙ ͵ʹ,ͷͷ = ͷͺ,ʹͷ ʝˏ,               (5.42) 

 
ɝɞɟ  ܭ˕ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɥɢɧɢɣ; ܼ˕ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ  
220 ɤȼ. 

 ܼ˕ = ଵଷ,଼∙ଶସଶଵ଴଴∙ଵଶହ ଶ = ͸Ͷ,͸ͷ ʝˏ.                                                                           (5.43) 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ: 
 ܼଵˎ′ = ˎଶݔ√ + ଶݎˎ = √͵Ͳ,͸͹ଶ + ͳͲ,ͺͻଶ = ͵ʹ,ͷͷ ʝˏ.                                     (5.44) 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ ଵଷ,଼ଵ଴଴ ∙ ଼ହ,ହଵଶହ + ଴,ସ଼ ∙ ଼ହ,ହଶସଶమ ∙ ͵ʹ,ͷͷ = Ͳ,Ͳͺͷ ɨ.ɟ.,                                      (5.45) 

 ܼଵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,Ͳͺͷ ∙ ʹ,ʹ͵ = Ͳ,ͳͻ ʝˏ,                                                     (5.46) 
 ܼ˄ = ௎మ˄ௌːˆ = ଵଷ,଼మ଼ହ,ହ = ʹ,ʹ͵,                                                                              (5.47) 

 
ɝɞɟ  ܼ˄ − ɛɚɡɢɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. 

ɍɫɬɚɜɤɚ ɧɚ ɪɟɥɟ ɪɚɜɧɚ: 
 ܼଵ˔ˊ = ܼଵ ∙ ௡˕௡ː = Ͳ,ͳͻ ∙ రబబబఱభయ,ఴబ,భ = ͳ,ͳ ʝˏ.                                                            (5.48) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ = ͳ,ͳ ʝˏ. 
1) 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 ʝˏ˔ˈˍ. 
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2) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼː˃ˆ˓ = ௎ːˑˏ√ଷ∙ூː˃ˆ˓ = ଵଷ,଼∙ଵ଴య√ଷ∙ଷହ଺଼,ସହ = ʹ,ʹ͵ ʝˏ,                                                        (5.49) 

 
ɝɞɟ  ܫː˃ˆ˓ – ɧɨɦɢɧɚɥɶɧɵɣ 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∙𝐼˅.ːˑˏ𝐼˅.˘.˘. −଴,ଽହ௫೏ = ଶ∙ଵ,ଽଽ−଴,ଽହ଴,଼଻ = ͵,͹Ͷ ˑ. ˈ.,                                                      (5.50) 

 
ɝɞɟ ܫ˅.˘.˘. – ɬɨɤ ɪɨɬɨɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, Ⱥ; ݔௗ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ 
ɨɫɢ. 

ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ ʹ,ͷ ∙ ʣܫ ːˑˏ. ɉɪɢɧɢɦɚɟɦܫ = ʹ,ͷ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 

 ܼː˃ˆ˓.˗∗ = ଴,ଽହ∙௎ːூʣ = ଴,ଽହ∙ଵଶ,ହ = Ͳ,ʹͻ ˑ. ˈ.,                                                         (5.51) 

 ܼː˃ˆ˓.˗ = ܼː˃ˆ˓.˗∗ ∙ ܼ˄ = Ͳ,ʹͻ ∙ ʹ,ʹ͵ = Ͳ,͸ͷ,                                                (5.52) 
˗.˓ˆ˃𝜑 ːݏ݋ܿ  = ௖௢௦𝜑ː଴,ଽହ∙ூʣ = ଴,଼ହ଴,ଽହ∙ଶ,ହ = Ͳ,͵ͷͺ.                                                        (5.53) 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜ˃ˆ˓.ʣ = ͸ͻ,Ͳʹ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 ܼ˔ ʖூூ∗ = ௓ː˃ˆ˓.˗∗ʙː = ଴,ଶଽଵ,ଵ = Ͳ,ʹ͸ ˑ. ˈ.,                                                              (5.54) 

 ܼ˔ ʖூூ = ܼூூ ˑ.ˈ. ∙ ܼʐ = Ͳ,ʹ͸ ∙ ଵଷ,଼మ଼ହ,ହ = Ͳ,ͷͺ ʝˏ.                                               (5.55) 

 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
 ܼ஼ ʖூூ = ௓ʠ.ʖ.𝐼𝐼∙௡ʡ௡ʜ = ଴,ହ଼∙ସ଴଴଴/ହଵଷ଼଴଴/ଵ଴଴ = ͵,͵͸ ʝˏ.                                                         (5.56) 
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ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼூூ = ͵,͵͸ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼ஼ʛଵ =Ͳ,ͳͷ ∙ Ͳ,ͳͻ = Ͳ,Ͳ͵ ʝˏ, ܼ஼ʛଶ = Ͳ,ͳͷ ∙ Ͳ,ͷͺ = Ͳ,Ͳͻ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, 

220 ɤȼ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɟɣ 0,4 ɤȼ 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 

 
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: 
.௉ ˔ˋˆːܫ  = ʙː∙ூːˑˏ.˓௄˅ = ଵ,଴ହ∙ூːˑˏ.˓଴,ଽ଼ = ͳ,Ͳ͹ ∙  ːˑˏ.˓.                                                 (5.57)ܫ

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
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.ˍ˔˖˒ ௉ܫ = ଵ,଴଼∙ூːˑˏ.˓଴,ଽ଼ = ͳ,ͳ ∙  ːˑˏ.˓.                                                                     (5.58)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 5.3. 
 

Ɍɚɛɥɢɰɚ 5.3 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ, ɫ 

ɞɥɢɬɟɥɶɧɨ 250 180 160 120 90 72 45 20 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 
 

 
Ɋɢɫɭɧɨɤ 5.6 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

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

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

.ˍ˔˖˒ ௉ܫ  = ଶ,ଶ∙ூːˑˏ.˓଴,ଽ଼ = ʹ,ʹͶͷ ∙  ːˑˏ.˓.           (5.59)ܫ

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

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

ɛɵɥɨ ɜɵɛɪɚɧɨ ɤɨɦɩɥɟɤɫɧɨɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɨɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɡɚɳɢɬɵ, ɭɩɪɚɜɥɟɧɢɹ, ɢɡɦɟɪɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ 
ɝɟɧɟɪɚɬɨɪɨɜ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ ɇɉɉ «ɗɄɊȺ» [16]. 
 

5.5 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 

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

6.1 Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ 
 

ɂɫɯɨɞɹ ɢɡ ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɜɵɫɨɬɵ 
ɫɨɨɪɭɠɟɧɢɹ ɢ ɬɢɩɚ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ (ɫɤɚɥɶɧɨɟ ɨɫɧɨɜɚɧɢɟ, ɝɪɚɧɢɬ) ɨɩɪɟɞɟɥɹɟɦ 
ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɋɉ 58.13330.2012. 

1) ɉɨ ɜɵɫɨɬɟ (40 ɦ) ɢ ɝɪɭɧɬɭ ɨɫɧɨɜɚɧɢɹ (ɝɪɚɧɢɬ)– II ɤɥɚɫɫ; 
2) ɉɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ (Nɭɫɬ = 283 Ɇȼɬ) – III  ɤɥɚɫɫ; 
3) ɉɨ ɱɢɫɥɭ ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ ɧɢɠɟ ɫɬɜɨɪɚ ɩɥɨɬɢɧɵ – II 

ɤɥɚɫɫ. 
ɇɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɧɚɯɨɞɢɬɫɹ ɩɨɫёɥɨɤ Ɉɪɨɧɝɨɣ, ɫ ɧɚɫɟɥɟɧɢɟɦ 1061 ɱɟɥɨɜɟɤ 

ɜ 26 ɤɦ ɨɬ ɫɬɜɨɪɚ.  
ɉɨ ɧɚɢɛɨɥɶɲɟɦɭ ɤɥɚɫɫɭ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɨɬɧɨɫɢɦ ɞɚɧɧɨɟ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɤɨ II ɤɥɚɫɫɭ. 
 
6.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ 

 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɝɥɭɯɨɣ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 

 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 ∇ʒʒʞ = ∇ʜʞʢ + ℎ௦,                                                                                      (6.1) 
 

ɝɞɟ hୱ −ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ 
ɛɶɟɮɟ. 

 hୱ = ℎ௥௨௡ ଵ% + ∆ℎ௦௘௧ + ܽ,                                                                              (6.2) 
 
ɝɞɟ  ℎ௥௨௡ ଵ% − ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1% ɧɚ ɨɬɤɨɫ 
ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ; ∆ℎ௦௘௧ −ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ, (ɮɨɪɦɭɥɚ 6.3); ܽ − ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ɩɪɢɧɹɬ ɪɚɜɧɵɦ 0,6 ɞɥɹ II ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ. 

 ∆ℎ௦௘௧ = ݇௪ ∙ ௩మೢ ∙௅𝑔∙ௗ  (6.3)                                                                                    ,ܽݏ݋ܿ

 
ɝɞɟ  ݇௪− ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɹɥɚ ɪɚɜɧɵɦ ʹ,ͳ ∙ ͳͲ−଺; ݒ௪− ɪɚɫɱёɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10 ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɜɨɞɵ, ɩɪɢɧɹɥɚ 
ɪɚɜɧɨɣ ʹͲ ˏ/˔; 

L − ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ܮ = ͵ͺͶͲ ˏ; 
α− ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɬɪɚ, ߙ = Ͳ; ݃ − ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ,ˏ/ܿଶ; 
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݀− ɭɫɥɨɜɧɚɹ ɪɚɫɱёɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɦ. 
 ݀ = ∇ʜʞʢ−∇ˇːˑଶ = ହହ଼−ହଵ଼ଶ = ʹͲ ˏ,                                                                  (6.4) 

 ∆ℎ௦௘௧ = ʹ,ͳ ∙ ͳͲ−଺ ∙ ଶ଴మ∙ଷ଼ସ଴ଽ,଼ଵ∙ଶ଴ = Ͳ,Ͳͳ͸Ͷ ˏ.  

 

ȼɵɱɢɫɥɹɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ 
𝑔௅௩మೢ  ɢ 𝑔௧௩ˏ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 𝑔௅௩మೢ = ଽ,଼ଵ∙ଷ଼ସ଴ଶ଴మ = ͻͶ,ͳ͹͸ = ͻͶ,                                                                                      (6.5) 

 𝑔௧௩ˏ = ଽ,଼ଵ∙ଶଵ଺଴଴ଶ଴ = ͳͲͷͻͶ,ͺ = ͳͲͷͻͷ,                                                                          (6.6) 

 
ɝɞɟ  ݐ −ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɪɚɜɧɵɣ 6 ɱ. 

ɂɡ ɝɪɚɮɢɤɚ [18, ɩɪɢɥɨɠɟɧɢɟ 1, ɪɢɫ.1] ɨɩɪɟɞɟɥɹɟɦ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 
 

1) 
𝑔ℎ̅௩మೢ = Ͳ,Ͳͳ͹ ˋ 𝑔்̅௩ೢ = ͳ,ͷͷ; 

 

2) 
𝑔ℎ̅௩మೢ = Ͳ,Ͳͺ ˋ 𝑔்̅௩ೢ = Ͷ. 

 
Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɩɟɪɢɨɞɚ ܶ̅ ɢ ɫɪɟɞɧɟɣ ɜɵɫɨɬɵ ɜɨɥɧɵ ℎ̅ 

ɢɫɩɨɥɶɡɭɟɦ ɦɟɧɶɲɢɟ, ɢɡ ɜɵɲɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ: 
 ܶ̅ = ௠𝑖௡∙௩𝑔 = ଵ,ହହ∙ଶ଴ଽ,଼ଵ = ͵,ͳ͸ ˔,                                                                          (6.7) 

 ℎ̅ = ௠𝑖௡∙௩మ𝑔 = ଴,଴ଵ଻∙ଶ଴మଽ,଼ଵ = Ͳ,͸ͻ ˏ.                                                                       (6.8) 

 
ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ℎଵ% = ݇𝑖 ∙ ℎ̅ = ʹ,Ͳ͹ ∙ Ͳ,͸ͻ = ͳ,Ͷ͵ ɦ,                                                              (6.9) 
 

ɝɞɟ ܭ𝑖− ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɝɪɚɮɢɤɭ [18, ɩɪɢɥɨɠɟɧɢɟ 1, 
ɪɢɫ.2], ܭ𝑖=2,07. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ: 
ௗ̅̅ߣ  ̅ = 𝑔்̅మଶగ = ଽ,଼ଵ∙ଷ,ଵ଺మଶ∙ଷ,ଵସ = ͳͷ,͸ ˏ.                                                                     (6.10) 
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ȼɵɩɨɥɧɹɟɦ ɩɪɨɜɟɪɤɭ ɧɚ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɶ: 
 ݀ ൒ ఒ̅ଶ,                                                                                                             (6.11) 

 ʹͲ ൒ ଵହ,଺ଶ ՜ ʹͲ ൒ ͹,ͺ; ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
 
ȼɵɫɨɬɚ ɧɚɛɟɝɚ ɜɨɥɧ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɨɬɤɨɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ: 

 
 ℎ݊ݑݎ݇∙݌ݏ݇∙݌݇∙ݎ݇ = %1݊ݑݎ∙ℎ1%=  ͳ ∙ Ͳ,ͻ ∙ ͳ,ͷ ∙ ͳ,ʹ ∙ ͳ,Ͷ͵ = ͸,Ͳ͵ ˏ, 
 
ɝɞɟ  ݇ݎ ɢ ݇݌ - ɤɨɷɮɮɢɰɢɟɧɬɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ, 
ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɋɉ [17], ݇0,9 = ݌݇ ,1 = ݎ ɞɥɹ ɨɬɤɨɫɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ, 
ɭɤɪɟɩɥɟɧɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɩɥɢɬɚɦɢ; 
 ;ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɋɇɢɉ [17], ɪɚɜɟɧ 1,5 – ݌ݏ݇  
  .ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ [18], ɪɚɜɟɧ 1,2 – ݊ݑݎ݇  

Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʒʞ = ∆ℎ௦௘௧ + ℎ௥௨௡ ଵ% + ܽ + ∇ʜʞʢ;                                                        (6.12) 

 ∇ʒʒʞ = Ͳ,Ͳͳ͸Ͷ + ͸,Ͳ͵ + Ͳ,͸ + ͷͷͺ = ͷ͸Ͷ,͸Ͷ ˏ. 
 

6.3 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 

Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɩɪɢ ɩɨɥɧɵɯ 
ɨɬɤɪɵɬɢɹɯ ɜɫɟɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɫɨɨɪɭɠɟɧɢɣ: 

 ܳ˓.ˑ˔ː = ܳˏ˃ˍ˔.ˑ˔ː − ܳʒЭʠ − ܳ˃˅˃˓.˅ˑˇˑ˔˄˓ˑ˔ = ܳଵ% − ሺ݊ − ͳሻ ∙ ܳଵ˃ˆ˓ − ܸ˒ ˑˎݐ˔˓ = = Ͷ͸͸ͻ − ሺͶ − ͳሻ ∙ ʹͷͲ,͹ͷ − ଽ,ସଶ∙ଵ଴వ଻∙ଷ଴∙ଶସ∙଺଴∙଺଴ = ͵͵ͻ͹,ͷ͹ ˏଷ ˔⁄ ,                                 (6.13) 

 
ɝɞɟ  (n-1) - ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɩɭɫɤɟ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɩɪɢ  n൑6; 

n – ɱɢɫɥɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ; ܳˏ˃ˍ˔.ˑ˔ː −ɦɚɤɫɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ሺܳଵ%ሻ; ܳ˃˅.˅ − ɪɚɫɯɨɞ ɱɟɪɟɡ ɚɜɚɪɢɣɧɵɣ ɜɨɞɨɫɛɪɨɫ, ˏଷ ˔⁄ ; ܳଵ˃ˆ˓ − ˓˃˔˘ˑˇ ˚ˈ˓ˈˊ ˑˇˋː ˆˋˇ˓ˑ˃ˆ˓ˈˆ˃˕, ˏଷ ˔⁄ ; ܸ˒ ˑˎ − ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɦ3; ݐ˔˓ − ɜɪɟɦɹ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɫ. 
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ɒɢɪɢɧɭ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɨɩɪɟɞɟɥɹɟɦ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: 
ܤ  = ொ˓.ˑ˔ː.௤𝐵 ;                                                                                                       (6.14) 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ ɪɚɜɟɧ: 
஻ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ ͷͳ,͵ = ͸Ͷ,ͳ͵ ˏଶ/˔.                                                             (6.15) 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 

˓ݍ  = [ℎݒ] ∙ ℎʜʐ = ͷ ∙ ͳͲ,ʹ͸ = ͷͳ,͵ ˏଶ/˔,                                                       (6.16) 
 

ɝɞɟ [ݒℎ] − ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɝɪɭɧɬɨɜ,  ɞɥɹ ɝɪɚɧɢɬɚ h =5 ɦ/ɫ; 
 ℎʜʐ −ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ. 
 
 ℎʜʐ = ∇ʢʜʐ −  ∇ˇːˑ = ͷʹͺ,ʹ͸ − ͷͳͺ = ͳͲ,ʹ͸ ˏ;                                    (6.17) 
ܤ  = ͵͵ͻ͹,ͷ͹ ͸Ͷ,ͳ͵ = ͷʹ,ͻͺ ˏ. 
 

ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, ɤɪɨɦɟ ɬɨɝɨ, ܤ = ܾ ∙ ݊, ɝɞɟ ݊ −ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ, b  − ɫɬɚɧɞɚɪɬɧɚɹ ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ. 
ɉɪɢɧɢɦɚɸ ɲɢɪɢɧɭ ɩɪɨɥɟɬɚ ܤ = ͸Ͳ ˏ, ݊ = ͸, ܾ = ͳͲ ˏ. 
 
6.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 

 
 Ɍɨɥɳɢɧɚ ɛɵɤɚ ɩɨ Ȼɟɪɟɡɢɧɫɤɨɦɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 
 Ɂʐ ൒ ሺͲ,ͳʹ ÷ Ͳ,ͳ͸ሻ ∙ ܾ = ሺͲ,ͳʹ ÷ Ͳ,ͳ͸ሻ ∙ ͳͲ = ሺͳ,ʹ ÷ ͳ,͸ ሻ ˏ.                     (6.18) 
 
 ɉɪɢɧɢɦɚɸ ɪɚɡɪɟɡɧɨɣ ɛɵɤ ɫ ɬɨɥɳɢɧɨɣ Ɂʐ = ͵ ˏ. 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
଴ଵܪ  = ( ொ˓.ˑ˔ː௠஻√ଶ𝑔)ଶ/ଷ = ቀ ଷଷଽ଻,ହ଻଴,ସଽ∙଺଴∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͺ,ͺͲ ˏ,                                             (6.19) 

 
ɝɞɟ m  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ, ɞɥɹ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɣ 0,49. 
଴ଶܪ  = ( ொ˓௠ఌ𝜎೙஻√ଶ𝑔)ଶ/ଷ = ቀ ଷଷଽ଻,ହ଻଴,ସଽ∙଴,ଽଵ∙ଵ∙଺଴∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͻ,͵Ͷ ˏ,                              (6.20) 



77 
 

ɝɞɟ 𝜎௡ −ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ =1; ߝ − ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ. 
ߝ  = ͳ − Ͳ,ʹ 𝜉˖+ሺ௡−ଵሻ∙𝜉బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ଴,଻+ሺ଺−ଵሻ∙଴,ସହ଺ ∙ ଼,଼଴ଵ଴ = Ͳ,ͻͳ,                 (6.21) 

 
ɝɞɟ  𝜉˖ − ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ, ɩɪɢɧɢɦɚɟɬɫɹ 0,7; 
 𝜉଴ − ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ ɢ ɨɬ ɮɨɪɦɵ 
ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ, ɩɪɢɧɢɦɚɟɦ 0,45. 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ: 
ܪ  = ଴ଶܪ − 𝛼௩బమଶ𝑔 = ͻ,͵Ͷ − ଵ,ଵ∙ଵ,ଵଷమଶ∙ଽ,଼ଵ = ͻ,ʹ͹ ˏ,                                                              (6.22) 

 
ɝɞɟ ߙ − ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɪɚɜɧɵɣ 1,1. 
଴ݒ  = ொ˓ሺ∇ʜʞʢ − ∇ˇːˑሻሺ஻+ሺ௡−ଵሻఋʐሻ = ଷଷଽ଻,ହ଻ ሺହହ଼−ହଵ଼ሻሺ଺଴+ሺ଺−ଵሻ∙ଷሻ = ͳ,ͳ͵ ˏ̝

,                  (6.23) 

 
ɝɞɟ Ɂʐ – ɩɪɢɧɹɬɚɹ ɬɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ. 
 Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɨɤɪɭɝɥɹɟɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ ܪ˔˕ = ͳͲ ˏ. 

Ɉɩɪɟɞɟɥɹɟɦ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ: 
 

 ∇ʒʑ = ∇ʜʞʢ − ˕˔ܪ = ͷͷͺ − ͳͲ = ͷͶͺ ˏ.                                                  (6.24) 
 
 Ɉɬɦɟɬɤɚ ɜɟɪɯɚ ɛɵɤɚ ɪɚɜɧɚ: 
 
 ∇ʒʐ = ∇ʒʑ + ͳ,͸ ∙ ˕˔ܪ = ͷͶͺ + ͳ,͸ ∙ ͳͲ = ͷ͸Ͷ ˏ.                                    (6.25) 
 

ɋɪɚɜɧɢɜɚɹ ɨɬɦɟɬɤɢ ɜɟɪɯɚ ɛɵɤɚ (∇ʒʐ=564ɦሻ ɢ ɨɬɦɟɬɤɢ ɝɪɭɧɬɨɜɨɣ 
ɩɥɨɬɢɧɵ(∇ʒʒʞ=564,64ɦ), ɜɵɛɢɪɚɟɦ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɪɚɜɧɚ ∇ʒʞ = ͷ͸Ͷ,͸Ͷ ˏ. 

 
6.3.3 ɉɨɫɬɪɨɟɧɢɟ ɨɝɨɥɨɜɤɚ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ  

 
Ɉɩɪɟɞɟɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɚ ɩɨ Ʉɪɢɝɟɪɭ-Ɉɮɢɰɟɪɨɜɭ. 

Ⱦɚɥɟɟ ɬɚɛɥɢɱɧɵɟ ɤɨɨɪɞɢɧɚɬɵ [19, ɬɚɛɥ. 6-12] ݕ ˋ ݔ ɭɦɧɨɠɚɟɦ ɧɚ ܪ˔˕ = ͳͲ ˏ, 
ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.1. ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɫɬɪɨɢɦ 
ɤɪɢɜɭɸ, ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 6.1.  
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Ɍɚɛɥɢɰɚ 6.1 –Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
x y ݔ ∙ ˕˔ܪ ݕ  ∙  ˕˔ܪ
0 0,126 0 1,26 

0,1 0,036 1 0,36 
0,2 0,007 2 0,07 
0,3 0 3 0 
0,4 0,006 4 0,06 
0,5 0,027 5 0,27 
0,6 0,06 6 0,6 
0,7 0,1 7 1 
0,8 0,146 8 1,46 
0,9 0,198 9 1,98 
1 0,256 10 2,56 

1,1 0,321 11 3,21 
1,2 0,394 12 3,94 
1,3 0,475 13 4,75 
1,4 0,564 14 5,64 
1,5 0,661 15 6,61 
1,6 0,764 16 7,64 
1,7 0,873 17 8,73 
1,8 0,987 18 9,87 
1,9 1,108 19 11,08 

 

 
Ɋɢɫɭɧɨɤ 6.1 – Ɉɝɨɥɨɜɨɤ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 

 

6.3.4 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɨɬɦɟɬɤɟ Ɏɉɍ 
 ܳ˓.˒ˑ˅ = ܳˏ˃ˍ˔.˒ˑ˅ − ܳʒЭʠ − ܳ˃˅ = ܳ଴,ଵ% − ݊˃ˆ˓ ∙ ܳʒʏ − ௏˒ ˑˎ௧˔˓ ,                        (6.26) 

ɝɞɟ ܳʒʏ– ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɚɝɪɟɝɚɬ, ɪɚɜɧɵɣ ʹͷͲ,͹ͷ ˏయ̝
; ݊˃ˆ˓ = Ͷ – ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ; 
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ܸ˒ ˑˎ – ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ, ɪɚɜɟɧ 9,42 ɤɦ3; ݐ˔˓– ɜɪɟɦɹ ɫɪɚɛɨɬɤɢ 7 ɦɟɫɹɰɟɜ; ܳˏ˃ˍ˔.˒ˑ˅ = ܳ଴,ଵ% = ͷͶʹͳ ˏయ̝
. 

 ܳ˓.˒ˑ˅ = ͷͶʹͳ − Ͷ ∙ ʹͷͲ,͹ͷ − ଽ,ସଶ⋅ଵ଴వ଻∙ଷ଴∙ଶସ∙ଷ଺଴଴ = ͵ͺͻͺ,ͺʹ ˏయ̝.  
 

ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ 
01H : 

଴ܪ  = ሺ ொ˓.˒ˑ˅ఌ∙𝜎˒∙௠∙஻∙√ଶ𝑔ሻଶ/ଷ = ሺ ଷ଼ଽ଼,଼ଶଵ∙ଵ∙଴,ସଽ∙଺଴∙√ଶ∙ଽ,଼ଵሻଶ/ଷ = ͻ,͸Ͷ ˏ,                                   (6.27) 

 ˆˇˈ σ ɢ ε – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɪɚɜɧɵɟ 1; 
m =0,49 − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 

ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ; 
ȼ – ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɚ, ɦ. 
ɋ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ

02H : 
˅଴ଶ˒ˑܪ  = ቀ ଷ଼ଽ଼,଼ଶ଴,ଽଵ∙ଵ∙଴,ସଽ∙଺଴∙√ଶ∙ଽ,଼ଵቁଶ/ଷ = ͳͲ,ʹ͹ ˏ;                                                  (6.28) 

ߝ  = ͳ − Ͳ,ʹ ∙ 𝜉˖+ሺ௡−ଵሻ𝜉బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ∙ ଴,଻+ሺ଺−ଵሻ଴,ସହ଺ ∙ ଽ,଺ସଵ଴ = Ͳ,ͻͳ,              (6.29) 

 
ɝɞɟ    ɭ = 0,7− ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɛɨɤɨɜɵɯ ɭɫɬɨɟɜ; 

0 =0,45− ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɛɵɤɚ ɜ ɩɥɚɧɟ, ɬ. ɟ. 
ɜɟɥɢɱɢɧɵ a  ɢ ɨɬ ɮɨɪɦɵ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɛɵɤɚ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ 
ɪɚɫɯɨɞɚ: 
˅ˑ˒ܪ  = ˅଴ଶ˒ˑܪ − 𝛼௏బ˒ˑ˅మଶ𝑔 = ͳͲ,ʹ͹ − ଵ,ଵ∙ଵ,ଷ଼మଶ∙ଽ,଼ଵ = ͳͲ,ͳ͸ ˏ;                                     (6.30) 

                                                                      ଴ܸ = ொ˓.˒ˑ˅ሺ∇ʣʞʢ−∇ˇː˃ሻ∙ሺ஻+ሺ௡˃ˆ˓−ଵሻ∙ఋ˄ሻ = ଷ଼ଽ଼,଼ଶሺହହଽ−ହଵ଼ሻ∙ሺ଺଴+ሺସ−ଵሻ∙ଷሻ = ͳ,͵ͺ ˏ̝
.                 (6.31) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɪɚɫɱɟɬɧɭɸ ɨɬɦɟɬɤɭ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɩɨɞɩɨɪɧɨɝɨ ɭɪɨɜɧɹ 

(Ɏɉɍ): 
 ∇ʣʞʢ˓ = ∇ʒʑ + ˅ˑ˒ܪ = ͷͶͺ + ͳͲ,ͳ͸ = ͷͷͺ,ͳ͸ ˏ.                                      (6.32) 
 
Ɋɚɫɱɟɬɧɚɹ ɨɬɦɟɬɤɚ ʣʞʢ = ͷͷͺ,ͳ͸ ɦ ɧɟ ɩɪɟɜɵɲɚɟɬ ɨɬɦɟɬɤɭ ɡɚɞɚɧɧɨɝɨ 

ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɩɨɞɩɨɪɧɨɝɨ ɭɪɨɜɧɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɞɚɧɧɨɣ ɨɬɦɟɬɤɢ  ʣʞʢ = ͷͷͻ ˏ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ.  



80 
 

6.3.5 ɉɪɨɩɭɫɤ ɪɚɫɯɨɞɨɜ ɱɟɪɟɡ ɞɨɧɧɵɣ ɜɨɞɨɫɛɪɨɫ 
 

Ⱥɜɚɪɢɣɧɵɣ ɞɨɧɧɵɣ ɜɨɞɨɫɛɪɨɫ ɭɫɬɪɚɢɜɚɟɦ ɪɹɞɨɦ ɫ ɨɫɧɨɜɧɵɦ 
ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɜɨɞɨɫɛɪɨɫɨɦ, ɞɥɹ ɩɪɨɩɭɫɤɚ ɚɜɚɪɢɣɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɞɵ: 

 ܳ˃˅ = ௏˒ ˑˎ௧˔˓ = ଽ,ସଶ⋅ଵ଴వ଻∙ଷ଴∙ଶସ∙ଷ଺଴଴ = ͷͳͻ,ͳͺ ˏయ̝
 ,                                                       (6.33) 

 
ɝɞɟ  ܸ˒ ˑˎ= 9,42 ɤɦ3 – ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ;  ݐ˔˓ – ɜɪɟɦɹ ɫɪɚɛɨɬɤɢ 7 ɦɟɫɹɰɟɜ; ߜ˄ −ɲɢɪɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ. 

ɇɚɡɧɚɱɚɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɜɵɫɨɬɭ ɨɬɜɟɪɫɬɢɣ ℎˑ˕˅ = ͵ ˏ. 
 Ɉɩɪɟɞɟɥɹɟɦ ɩɥɨɳɚɞɶ ɨɞɧɨɝɨ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ωɜɨ: 
 

 𝜔˅ˑ = ொ˃˅ఓ√ଶ𝑔ு˅ˑ = ହଵଽ,ଵ଼଴,଼ଵ√ଶ∙ଽ,଼ଵ∙ଷ଺,ହ = ʹ͵,ͻͷ ˏଶ,                                                            (6.34) 

 ˆˇˈ 𝜔ɜɨ – ɩɥɨɳɚɞɶ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ, ˏଶ; ߤ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɜ ɩɪɟɞɟɥɚɯ 0,8÷0,82. ܪɜɨ – ɧɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ; 
= ȼɈߘ − ɇɉɍߘ = ɜɨܪ  ͷͷͺ − ͷʹͳ,ͷ =  ͵͸,ͷ ˏ;                                                 (6.35) 
ɉɈ + ℎ˅ˑଶߘ = ȼɈߘ   =  ͷʹͲ +  ଷଶ =  ͷʹͳ,ͷ ˏ;                                                      (6.36) 

 
ɝɞɟ  ߘȼɈ – ɨɬɦɟɬɤɚ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɜɨɞɨɫɛɪɨɫɧɨɝɨ ɨɬɜɟɪɫɬɢɹ, 
       hɜɨ - ɜɵɫɨɬɚ ɨɬɜɟɪɫɬɢɹ ɩɪɢɧɹɬɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 3 ɦ. ʝ˕ˏˈ˕ˍ˃ ɩɨɪɨɝɚ ɨɬɜɟɪɫɬɢɹ ɪɚɜɧɚ: 
= ɞɧɨ + hɩߘ = ɉɈߘ  ͷͳͺ + ʹ =  ͷʹͲ ˏ,                                                          (6.37) 
 
ɝɞɟ  hɩ = 2 ɦ – ɜɵɫɨɬɚ ɩɨɪɨɝɚ, ɦ. 
    Ɉɩɪɟɞɟɥɹɟɦ ɲɢɪɢɧɭ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ: 

 

   ܾ˅ˑ′ = 𝜔˅ˑℎ˅ˑ = ଶଷ,ଽହ ଷ = ͹,ͻͺ ˏ.                                                                     (6.38) 
 

ɉɪɢɧɢɦɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɞɨɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ n = 2.  
ɒɢɪɢɧɚ ɨɞɧɨɝɨ ɞɨɧɧɨɝɨ ɜɨɞɨɫɛɪɨɫɚ: 
 ܾ˅ˑ = ௕˅ˑ′ଶ = ଻,ଽ଼ଶ = ͵,ͻͻ ˏ.                                                                           (6.39) 

 
    Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɸ ɲɢɪɢɧɭ ɨɞɧɨɝɨ ɞɨɧɧɨɝɨ ɜɨɞɨɫɛɪɨɫɚ bɜɨ = 4 ɦ. 
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Ⱦɨɧɧɵɣ ɜɨɞɨɫɛɪɨɫ ɭɫɬɪɚɢɜɚɟɦ ɪɹɞɨɦ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ, ɬɨɝɞɚ ɲɢɪɢɧɚ 
ɩɨɬɨɤɚ ɧɚ ɜɨɞɨɛɨɟ: 
஻ܤ  = ݊ ∙ ܾ + ሺ݊ − ͳሻߜ˄ + ݊˅ˑ ∙ ܾ˅ˑ + ߜ ∙ ݊,                                                (6.40) 
 
ɝɞɟ  ݊–ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ; 

b– ɲɢɪɢɧɚ ɩɪɨɥɟɬɨɜ; ߜ˄– ɬɨɥɳɢɧɚ ɛɵɤɚ; ݊˅ˑ– ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ; ܾ˅ˑ– ɲɢɪɢɧɚ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ. 
஻ܤ   = ͸ ∙ ͳͲ + ሺ͸ − ͳሻ ∙ ͵ + ʹ ∙ Ͷ + ͵ ∙ ͸ = ͳͲͳ ˏ.   
    

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɵɠɨɤ: 
 ܳ = ܳ˓.ˑ˔ː + ܳ˃˅ = ͵͵ͻ͹,ͷ͹ + ͷͳͻ,ͳͺ = ͵ͻͳ͸,͹ͷ ˏయ̝

.                                (6.41) 

 
 Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɩɪɢ ɩɨɥɧɨɦ ɨɬɤɪɵɬɢɢ ɜɫɟɯ ɨɬɜɟɪɫɬɢɣ: 
 

 ℎˍ˓ = √ 𝛼ொమ஻𝐵మ∙𝑔య = √ଵ,ଵ∙ଷଽଵ଺,଻ହ మଵ଴ଵమ∙ଽ,଼ଵయ = ͷ,ͷʹ ˏ,                                                           (6.42) 

 
ɝɞɟ  ߙ = ͳ,ͳ −ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ. 

Ɉɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 𝜑 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ 
ɫɥɢɜɧɨɣ ɝɪɚɧɢ [20, ɬɚɛɥɢɰɚ 9-10]. ɉɪɢ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɛɨɥɟɟ 40 ɦ, ɩɪɢɧɢɦɚɟɦ 
ɧɚɢɛɨɥɶɲɭɸ ɞɥɢɧɭ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 𝜑 = Ͳ,ͻ. 

ɉɟɪɜɚɹ ɫɨɩɪɹɠɟɧɧɚɹ ɝɥɭɛɢɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ: 
 ℎ௖ሺଵሻ′ = ௤𝜑√ଶ𝑔∙ሺʜʞʢ−ˇːˑ−଴ሻ = ଷ଼,଻଼଴,ଽ√ଶ∙ଽ,଼ଵሺହହ଼−ହଵ଼−଴ሻ = ͳ,ͷ͵ͺ ˏ.                        (6.43) 

 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ: 

ݍ  = ொʑ˒ˑˎːˑˈ = ଷଽଵ଺,଻ହ  ଵ଴ଵ = ͵ͺ,͹ͺ ˏమଶ .                                                                 (6.44) 

 
ɍɬɨɱɧɹɟɦ ɜɟɥɢɱɢɧɭ ɩɟɪɜɨɣ ɫɨɩɪɹɠɟɧɧɨɣ ɝɥɭɛɢɧɵ ℎ௖ଵ′ : 

 ℎ௖ሺଶሻ′ = ௤𝜑√ଶ𝑔∙ቀʜʞʢ−ˇːˑ−ℎ೎ሺభሻ′ ቁ = ଷ଼,଻଼଴,ଽ√ଶ∙ଽ,଼ଵ∙ሺହହ଼−ହଵ଼−ଵ,ହଷ଼ሻ = ͳ,ͷ͸ͻ ˏ.         (6.45) 
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Ɋɚɫɫɱɢɬɵɜɚɟɦ ɜɬɨɪɭɸ ɫɨɩɪɹɠɟɧɧɭɸ ɝɥɭɛɢɧɭ: 
 ℎ௖′′ = ℎ௖ሺଶሻ′ʹ ∙ ቌ√ͳ + ͺ ∙ ቆ ℎˍ˓ℎ௖ሺଶሻ′ ቇଷ − ͳቍ = ͳ,ͷ͸ͻʹ ∙ ቌ√ͳ + ͺ ∙ ( ͷ,ͷʹͳ,ͷ͸ͻ)ଷ − ͳቍ = = ͳ͵,ͺͺ ˏ.                                                                                                                  (6.46) 
 

Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɦ ɫɪɚɜɧɟɧɢɟ ɜɬɨɪɨɣ ɫɨɩɪɹɠɟɧɧɨɣ ɝɥɭɛɢɧɵ ɢ ɝɥɭɛɢɧɵ 
ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ: 
 ℎː˄ = ∇ʜʐ − ˇːˑ = ͷʹͺ − ͷͳͺ = ͳͲ ˏ.                                                      (6.47) 
 ͳ͵,ͺͺ > ͳͲ ՜ ℎ௖′′ >  ℎː˄ .  

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɵɠɨɤ ɧɟ ɡɚɬɨɩɥɟɧ, ɬɪɟɛɭɸɬɫɹ ɭɫɬɚɧɨɜɤɚ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɝɚɫɢɬɟɥɹ ɷɧɟɪɝɢɢ ɩɪɢɧɢɦɚɟɦ 
ɜɨɞɨɛɨɣɧɭɸ ɫɬɟɧɤɭ.  
 

6.3.6 Ɋɚɫɱɟɬ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 
  

Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ: 
 ℎ˔˕ = 𝜎 ∙ ℎ௖′′ − ˕˔ܪ = ͳ,ͳ ∙ ͳ͵,ͺͺ − ͺ,ͳͻ = ͹,Ͳͺ ˏ,                                      (6.48) 
 
ɝɞɟ  Hɫɬ – ɧɚɩɨɪ ɧɚɞ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ. 
˕˔ܪ  = ሺ ௤௠√ଶ𝑔ሻଶ/ଷ − ௔∙௤మଶ𝑔(𝜎ℎ೎" )మ = ቀ ଷ଼,଻଼଴,ଷହ√ଶ∙ଽ,଼ଵቁమయ − ଵ,ଵ∙ଷ଼,଻଼మଶ∙ଽ,଼ଵ∙ሺଵ,ଵ∙ଵଷ,଼଼ሻమ = ͺ,ͳͻ ˏ, (6.49) 

 
ɝɞɟ     q – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ; 𝜎- ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ, ɪɚɜɧɵɣ 1,1; 

m – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ, 
ɩɪɢɧɢɦɚɟɬɫɹ m = 0,35. 

 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɬɨɥɳɢɧɭ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɡɚ ɩɥɨɬɢɧɨɣ: 
˅ߜ  = Ͳ,ͳͷ ∙ ௖ݒ ∙ √ℎ௖′ = Ͳ,ͳͷ ∙  ʹͶ,͹ʹ ∙ √ͳ,ͷ͸ͻ = Ͷ,͸Ͷ ˏ,                            (6.50) 

௖ݒ  = ௤˅ℎ೎′ = ଷ଼,଻଼ଵ,ହ଺ଽ = ʹͶ,͹ʹ ˏ̝.                                                                             (6.51) 

 
ɉɪɢɧɢɦɚɟɦ ɬɨɥɳɢɧɭ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ 3 ɦ ɢ ɭɤɪɟɩɥɹɟɦ ɩɥɢɬɭ ɚɧɤɟɪɚɦɢ 

ɜ ɫɤɚɥɭ.  
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Ⱦɥɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɩɪɢ ɧɚɥɢɱɢɢ ɧɚ ɧɟɣ ɝɚɫɢɬɟɥɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ݈˅ = Ͳ,ͺ ∙ ݈˒˓,                                                                                                 (6.52) 
 

ɝɞɟ ݈˒˓ −ɞɥɢɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ. 
 ݈˒˓ = ʹ,ͷ ∙ ሺͳ,ͻ ∙ ℎ௖′′ − ℎ௖′ ሻ;                                                                              (6.53) 
 ݈˅ = Ͳ,ͺ ∙ ʹ,ͷ ∙ ሺͳ,ͻ ∙ ͳ͵,ͺͺ − ͳ,ͷ͸ͻሻ = Ͷͻ,Ͷͳ ˏ. 

 
ȼɵɩɨɥɧɹɟɦ ɩɪɨɜɟɪɤɭ ɫɨɩɪɹɠɟɧɢɹ ɛɶɟɮɨɜ ɡɚ ɫɬɟɧɤɨɣ:  

 
T0 = Hɫɬ + hɫɬ = ͺ,ͳͻ + ͹,Ͳͺ = ͳͷ,ʹ͹ ˏ.                                                        (6.54) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɩɟɪɜɭɸ ɢ ɜɬɨɪɭɸ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 

 ℎ௖ଵ′ = ௤೎𝜑∙√ଶ∙𝑔∙ሺ బ்−ℎ೎భ′ ሻ = ଷ଼,଻଼଴,ଽ∙√ଶ∙ଽ,଼ଵ∙ሺଵହ,ଶ଻−଴ሻ = ʹ,Ͷͻ ˏ;                                       (6.55) 

   ℎ௖,ଶ" = ℎ௖,ଵ′ʹ ∙ ቌ√ͳ + ͺ ∙ ቆℎˍ˓ℎ௖,ଵ′ ቇଷ − ͳቍ = ʹ,Ͷͻʹ ∙ ቌ√ͳ + ͺ ∙ (ͷ,ͷʹʹ,Ͷͻ)ଷ − ͳቍ = = ͳͲ,ͶͶ ˏ.                                                                                                                      (6.56) 
 

ɋɪɚɜɧɢɜɚɹ ɩɟɪɜɭɸ ɢ ɜɬɨɪɭɸ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ ɩɨɥɭɱɚɟɦ  ͳͲ,ͶͶ > ͳͲ ՜ ℎ௖,ଶ" > ℎː˄ ɢ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɩɪɵɠɨɤ ɨɬɨɝɧɚɧɧɵɣ, ɧɟɨɛɯɨɞɢɦɚ 
ɭɫɬɚɧɨɜɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ. 
 

6.3.7 Ɋɚɫɱɟɬ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 
 

Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚɞ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ ɩɨ ɮɨɪɦɭɥɟ (6.49): 
˕˔ܪ  = ( ௤௠√ଶ𝑔)ଶ ଷ⁄ − ௔௤మଶ𝑔(𝜎ℎ೎′′)మ = ቀ ଷ଼,଻଼଴,ଷହ√ଶ∙ଽ,଼ଵቁమయ − ଵ,ଵ∙ଷ଼,଻଼మଶ∙ଽ,଼ଵ∙ሺଵ,ଵ∙ଵ଴,ସସሻమ = ͹,ͻͳ ˏ. 

 
ȼɵɫɨɬɭ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ (6.48): 

 ℎ˔˕ = 𝜎ℎ௖′′ − ˕˔ܪ = ͳ,ͳ ∙ ͳͲ,ͶͶ − ͹,ͻͳ = ͵,ͷ͹ ˏ. 
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Ɍɨɥɳɢɧɚ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɩɟɪɟɞ ɜɬɨɪɨɣ ɫɬɟɧɤɨɣ ɢ ɫɤɨɪɨɫɬɶ 
ɩɨɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ (6.50) ɢ (6.51): 

˅ߜ  = Ͳ,ͳͷ ∙ ௖ݒ ∙  √ℎ௖′ = Ͳ,ͳͷ ∙  ͳͷ,ͷ͹ ∙ √ʹ,Ͷͻ = ͵,͸ͻ ˏ; 
௖ݒ  = ௤˅ℎ೎′ = ଷ଼,଻଼ଶ,ସଽ = ͳͷ,ͷ͹ ˏ̝

. 

 
ɉɪɢɧɢɦɚɸ ɬɨɥɳɢɧɭ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ 2 ɦ ɢ ɭɤɪɟɩɥɹɸ ɩɥɢɬɭ 

ɚɧɤɟɪɚɦɢ ɜ ɫɤɚɥɭ. 
Ⱦɥɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɩɨ ɮɨɪɦɭɥɟ (6.52): 
 ݈˅ = Ͳ,ͺ ∙ ʹ,ͷሺͳ,ͻ ∙ ͳͲ,ͶͶ − ʹ,Ͷͻሻ = ͵Ͷ,͸ͻ ˏ. 

 
6.3.8 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɩɨɫɥɟ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɢ 

 
Ɉɩɪɟɞɟɥɢɦ ɩɟɪɜɭɸ ɢ ɜɬɨɪɭɸ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ:  
 ℎ௖ሺଵሻ′ = ௤𝜑√ଶ𝑔(ℎ˔˕+ʜ˔˕−ℎ೎′ ) = ଷ଼,଻଼଴,ଽ∙√ଶ∙ଽ,଼ଵ∙ሺଷ,ହ଻+଻,ଽଵ−଴ሻ = ʹ,ͺ͹ ˏ;                            (6.57) 

 ℎ௖ሺଶሻ′ = ଷ଼,଻଼଴,ଽ∙√ଶ∙ଽ,଼ଵ∙ሺଷ,ହ଻+଻,ଽଵ−ଶ,଼଻ሻ = ͵,͵ʹ ˏ; 

 ℎ′′௖ = ℎ೎′ଶ ∙ ቆ√ͳ + ͺ ∙ ቀℎˍ˓ℎ೎′ ቁଷ − ͳቇ =  ଷ,ଷଶଶ ∙ ቆ√ͳ + ͺ ∙ ቀହ,ହଶଷ,ଷଶቁଷ − ͳቇ =  ͺ,ͷͶ ˏ. 

 
Ɍɚɤ ɤɚɤ ℎ′′௖ < ℎʜʐ ɩɪɵɠɨɤ ɡɚɬɨɩɥɟɧɧɵɣ. 
 
6.3 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 

 
6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

 
Ɍɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ ɦɢɧɢɦɚɥɶɧɭɸ 

ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ. ɂɡ ɭɫɥɨɜɢɹ ɧɟɞɨɩɭɳɟɧɢɹ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ: 
௡ǀܤ  = ℎ√ 𝜌˄𝜌ೢሺଵ−௡ሻ+௡ሺଶ−௡ሻ−௔భ,                                                                                    (6.58) 

 
ɝɞɟ ܽଵ −ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɸ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ 
ɫɱɟɬ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɡɚɜɟɫ, ɞɪɟɧɚɠɟɣ ɢ ɲɩɭɧɬɨɜ ɜ ɭɫɥɨɜɢɹɯ 
ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ 0,5; 
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𝜌௪ −ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ, ɪɚɜɧɚɹ 1000 ˏଷ ˍˆ⁄ ; 𝜌˄ −ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɪɚɜɧɚɹ 2400 ˏଷ ˍˆ⁄ . 
 
ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: 
 ℎ = ∇ʜʞʢ − ∇˒ˑˇ = ͷͷͺ − ͷͳͷ = Ͷ͵ ˏ;                                                  (6.59) 

 ∇˒ˑˇ = ∇ˇː˃ − ˅ߜ = ͷͳͺ − ͵ = ͷͳͷ ˏ,                                                            (6.60) 
 
ɝɞɟ  ߜ˅ – ɬɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ. 

ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɫɞɜɢɝɭ ɩɨ ɨɫɧɨɜɚɧɢɸ, 
ɨɩɪɟɞɟɥɹɸ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ: 
 ʑ௡୍୍ = ఊ೙ℎ௧𝑔𝜑∙ሺ 𝜌˄𝜌ೢ+௡−𝛼భሻ,                                                                                                     (6.61) 

 
ɝɞɟ ݃ݐ𝜑 = Ͳ,͹͸ − ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɛɟɬɨɧɚ ɩɨ ɝɪɭɧɬɭ [21], ɩɪɢɧɢɦɚɟɦɵɣ 
ɞɥɹ ɫɤɚɥɵ (𝜑 = ͵͹°ሻ; ߛ௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɞɥɹ 2 ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ ɪɚɜɧɵɦ 1,2. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ n ɩɪɢɪɚɜɧɢɜɚɟɦ ܤ௡ூ  ɢ ܤ௡ூூ, ɫɜɨɞɢɦ ɪɟɡɭɥɶɬɚɬɵ ɜ ɬɚɛɥɢɰɭ 6.2 
ɢ ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 
6.2.  
 
Ɍɚɛɥɢɰɚ 6.2– Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

n 0,1 0,13 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 
B' 31,61 31,78 32,23 33,08 34,21 35,71 37,71 40,45 44,35 50,33 
B'' 33,95 33,45 32,33 30,86 29,52 28,29 27,16 26,11 25,15 24,25 

 
Ɍɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ ɨɩɪɟɞɟɥɹɟɬ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ 

ɩɥɨɬɢɧɵ. 
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Ɋɢɫɭɧɨɤ 6.2 – Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

 
ɒɢɪɢɧɚ ɩɨɞɨɲɜɵ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ ɪɚɜɧɚ ܤ = ͵͵ ɦ. ɉɨ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɪɚɫɱɟɬɚɦ ɜɢɞɧɨ, ɱɬɨ ɩɪɨɜɟɪɤɚ ɧɚ ɫɞɜɢɝ ɢɦɟɟɬ ɛɨɥɶɲɨɣ ɡɚɩɚɫ. 
ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ ܤ = ͵ʹ ɦ. 
 

6.3.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɲɜɚɦɢ 
 

ȼ ɩɥɨɬɢɧɚɯ ɲɜɵ ɭɫɬɪɚɢɜɚɸɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɧɨɥɢɬɧɨɫɬɢ ɫɟɤɰɢɣ 
ɩɥɨɬɢɧɵ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ. ɉɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚ ɩɪɨɱɧɵɯ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɢɯ ɪɚɡɪɟɡɤɭ ɩɨɩɟɪɟɱɧɵɦɢ ɦɟɠɫɟɤɰɢɨɧɧɵɦɢ ɲɜɚɦɢ; ɲɜɵ 
ɩɪɢɧɢɦɚɟɦ ɲɢɪɢɧɨɣ 1 ɫɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 5 ɦ ɨɬ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ ɢ ɝɪɟɛɧɹ, ɚ ɜɧɭɬɪɢ 
ɩɥɨɬɢɧɵ 0,3 ɫɦ. 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɟɤɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɜɵɛɪɚɟɦ ɪɚɜɧɵɦ ɲɢɪɢɧɟ ɫɟɤɰɢɢ 
ɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɟ: 

 ݈௖ = ܾ + ˄ߜ = ͳͲ + ͵ = ͳ͵ ˏ.                                                                     (6.62) 
 
6.3.3 Ȼɵɤɢ 

 
Ȼɵɤɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɞɥɹ ɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ɧɚ ɩɪɨɥɟɬɵ ɢ ɞɥɹ 

ɭɫɬɚɧɨɜɤɢ ɨɫɧɨɜɧɵɯ ɢ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. Ȼɵɤɢ ɛɭɞɭɬ ɜɵɞɜɢɧɭɬɵ ɜ 
ɜɟɪɯɧɢɣ ɛɶɟɮ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɤɪɚɧɚ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɥɨɳɚɞɤɢ ɯɪɚɧɟɧɢɹ ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ. Ɋɚɡɦɟɪɵ ɛɵɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.3. 

 

24.00
26.00
28.00
30.00
32.00
34.00
36.00
38.00
40.00
42.00
44.00
46.00
48.00
50.00

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9

ȼ, Ɇ

N



87 
 

 
Ɋɢɫɭɧɨɤ 6.3 – Ɋɚɡɦɟɪɵ ɛɵɤɚ 

 
 Ɍɨɥɳɢɧɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ߜ˄ = ͵ ˏ. ɉɚɡɵ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ 
ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦɢ ܽ = ܿ = Ͳ,ͷ ˏ, ɩɚɡɵ ɪɚɛɨɱɢɯ ɡɚɬɜɨɪɨɜ ݊ = ݉ = Ͳ,͹ ˏ. ɉɚɡɵ 
ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɪɚɡɦɟɳɚɟɦ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 1 ɦ ɨɬ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ. 
 

6.3.4 ɍɫɬɨɢ 
 
 ɍɫɬɨɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɳɢɬɵ ɡɟɦɥɹɧɨɣ ɩɥɨɬɢɧɵ ɢɥɢ 
ɛɟɪɟɝɚ ɨɬ ɪɚɡɦɵɜɚ ɜɨɞɨɣ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ. ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨ Ƚɗɋ 
ɭɫɬɪɚɢɜɚɟɦ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ, ɤɨɬɨɪɵɣ ɨɬɞɟɥɹɟɬ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɨɬ 
ɫɬɚɧɰɢɨɧɧɨɣ ɱɚɫɬɢ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɭɫɬɪɚɢɜɚɟɦ ɫɨɩɪɹɝɚɸɳɢɣ ɭɫɬɨɣ, ɤɨɬɨɪɵɣ 
ɫɥɭɠɢɬ ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɫ ɝɪɭɧɬɨɜɨɣ. 

 
6.3.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 

 
Ⱦɪɟɧɚɠ ɭɬɪɚɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ. Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ 

ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɦ 30 ɫɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɪɟɧ 3 ɦ.  
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ 

ɦɟɧɟɟ 2 ɦ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ: 
 ܽˇ˓ ൒ ு೘ೌೣ∙ఊ೙ூˍ˓,೘ ,                                                                                                (6.63) 

 
ɝɞɟ ܪௗ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ; 
௡ߛ  − ɤɨɷɮɮɢɰɢɟɧɬ; 
௠,˓ˍܫ  − ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ, ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
ɪɚɜɟɧ 25. 
 
 H௠௔௫ = ∇ʜʞʢ − ∇ʓʜʝ = ͷͷͺ − ͷͳͺ = ͶͲ ˏ.                                           (6.64) 
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 Ɇɢɧɢɦɚɥɶɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɞɪɟɧɚɠɚ: 
 

 ܽˇ˓ ൒ ସ଴⋅ଵ,ଶଶହ = ͳ,ͻʹ ˏ.                                                                               

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɞɪɟɧɚɠɧɨɣ ɫɤɜɚɠɢɧɵ 

ɩɪɢɧɢɦɚɟɦ 2 ɦ, ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ܽˇ˓ ൒ ʹ ˏ. 
 
6.3.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 

 
ȼ ɬɟɥɟ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɭɫɬɪɚɢɜɚɟɦ ɫɦɨɬɪɨɜɵɟ ɩɪɨɞɨɥɶɧɵɟ ɢ 

ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. ɒɚɝ ɫɦɨɬɪɨɜɵɯ ɝɚɥɟɪɟɣ ɩɨ ɜɵɫɨɬɟ ͳͲ ˏ. 
 Ɋɚɡɦɟɪɵ ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɩɪɢɧɢɦɚɸɬɫɹ: 
 ɋɦɨɬɪɨɜɚɹ ɝɚɥɟɪɟɹ – 2,0 ˘ 2,5 ɦ; 
 ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɝɚɥɟɪɟɹ ɢ ɞɥɹ ɞɪɟɧɚɠɚ – 3,0 ˘ 3,5 ɦ. 
 
6.3.7 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɞɡɟɦɧɨɝɨ ɤɨɧɬɭɪɚ 

ɩɥɨɬɢɧɵ  
 

ȼ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɢɧɵ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɚɫɯɨɞɚ 
ɭɫɬɪɚɢɜɚɟɦ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɡɚɜɟɫɭ. 

Ɍɨɥɳɢɧɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
˅˃ˊߜ  > ∆ுˊఊ೙௃ˍ˓,೘ ,                                                                                                   (6.65) 

 
ɝɞɟ     ∆ܪˊ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ; ߛ௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ; ܬˍ˓,௠ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɧɚ ɡɚɜɟɫɟ, ɜ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɪɚɜɧɵɣ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɣ 15. 

Ɉɬɧɨɲɟɧɢɟ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ: 
 ுˊு೘ೌೣ = Ͳ,Ͷ;                                                                                                    (6.66) 

 
 Ɉɬɤɭɞɚ ܪˊ = Ͳ,Ͷ ∙ ௠௔௫ܪ = Ͳ,Ͷ ∙ ͵͸,͹͹ = ͳͶ,͹ͳ ˏ; 

௠௔௫ܪ  = ∇ʜʞʢ − ∇ʢʜʐˏˋː = ͷͷͺ − ͷʹͳ,ʹ͵ = ͵͸,͹͹ ˏ,                             (6.67) 
 

ɝɞɟ  ∇ʢʜʐˏˋː-ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ, 
ɪɚɜɧɵɣ 521,23 ɦ. 

Ɍɨɝɞɚ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ ɪɚɜɧɵ: 
ˊܪ∆  = ௠௔௫ܪ − ˊܪ = ͵͸,͹͹ − ͳͶ,͹ͳ = ʹʹ,Ͳ͸ ˏ.                                             (6.68) 

  



89 
 

 Ɉɩɪɟɞɟɥɹɟɦ ɬɨɥɳɢɧɭ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
˅˃ˊߜ  ൒ ଶଶ,଴଺∙ଵ,ଶଵହ > ͳ,͹͸ ˏ. 

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 

 ݈ଵ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻ ∙ B˒ = ሺͲ,Ͳͷ ÷ Ͳ,ͳሻ ∙ ͵ʹ = ሺͳ,͸ ÷ ͵,ʹሻ ˏ,                    (6.69) 
 
ɝɞɟ  B˒ − ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 

ɉɪɢɧɢɦɚɟɦ ݈ଵ = ͵ ˏ. Ɋɚɫɫɬɨɹɧɢɟ ݈ଶ ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɟ ɪɚɞɢɭɫɚ 
ɰɟɦɟɧɬɚɰɢɢ ɢ ɧɟ ɦɟɧɟɟ 4 ɦ, ɩɪɢɧɢɦɚɟɦ ݈ଶ = ͷ ˏ. 

ɋɯɟɦɚ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
6.4. 

    

 
Ɋɢɫɭɧɨɤ 6.4- ɋɯɟɦɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ 

 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɝɥɭɛɢɧɭ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 

 ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ H௠௔௫ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙ ͵͸,͹͹ = ሺͳͺ,͵ͻ ÷ ʹͻ,Ͷʹሻ ˏ.  (6.70) 
 

ɉɪɢɧɢɦɚɟɦ ɝɥɭɛɢɧɭ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ℎˊ˃˅ = ʹͲ ˏ. 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 

 ℎˇ˓ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙ ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙ ʹͲ = ሺͳͲ ÷ ͳͶሻ ˏ.                         (6.71) 
                 

ɉɪɢɧɢɦɚɟɦ ɝɥɭɛɢɧɭ ɞɪɟɧɚɠɚ ℎˇ˓ = ͳʹ ˏ. Ⱦɢɚɦɟɬɪ ɫɤɜɚɠɢɧ ɞɥɹ ɞɪɟɧɚɠɚ 
ɩɪɢɧɢɦɚɟɦ 0,2 ɦ. ɫ ɲɚɝɨɦ 2 ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɰɟɦɟɧɬɧɨɣ ɡɚɜɟɫɵ ɞɨ ɨɫɢ 
ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɦ 4 ɦ. 
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6.3.8 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
 

Ⱦɥɹ ɝɚɲɟɧɢɹ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɜɨɞɧɨɝɨ ɩɨɬɨɤɚ ɭɫɬɪɚɢɜɚɟɦ 2 
ɜɨɞɨɛɨɣɧɵɟ ɫɬɟɧɤɢ, ɪɚɫɱɟɬ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧ ɜ ɩ.ɩ. 6.3.6 ɢ 6.3.7. Ⱦɥɹ ɡɚɳɢɬɵ 
ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɨɬ ɪɚɡɦɵɜɚ ɩɨɬɨɤɨɦ, ɫɛɪɚɫɵɜɚɟɦɵɦ ɱɟɪɟɡ ɩɥɨɬɢɧɭ, ɭɫɬɪɚɢɜɚɟɦ 
2 ɜɨɞɨɛɨɣɧɵɟ ɩɥɢɬɵ, ɪɚɫɱɟɬɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɩ.ɩ. 6.3.6 ɢ 6.3.7 ɢ ɪɢɫɛɟɪɦɭ. 

Ɂɚ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɫɬɟɧɤɨɣ ɧɚɡɧɚɱɚɟɦ ɪɢɫɛɟɪɦɭ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ: 

 Ⱦɥɢɧɚ ɪɢɫɛɟɪɦɵ: 
 ݈˓ = ሺͲ,Ͷ ÷ Ͳ,ͷሻ ∙ ݈˅ = ሺͲ,Ͷ ÷ Ͳ,ͷሻ ∙ ͵Ͷ,͸ͻ = ሺͳ͵,ͺͺ ÷ ͳ͹,͵ͷሻ ˏ,              (6.72) 

 
ɝɞɟ  ݈˅ −ɞɥɢɧɚ ɜɨɞɨɛɨɹ ɡɚ ɜɬɨɪɨɣ ɫɬɟɧɤɨɣ. 
 

ɉɪɢɧɢɦɚɟɦ ɞɥɢɧɭ ɪɢɫɛɟɪɦɵ ݈˓ = ͳͷ ˏ. 
 Ɍɨɥɳɢɧɚ ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɪɢɫɛɟɪɦɵ: 
˓ߜ  = Ͳ,ͷ ∙ ˅ߜ = Ͳ,ͷ ∙ ʹ = ͳ ˏ,                                                                             (6.73) 
 

ɝɞɟ  ߜ˅ − ɬɨɥɳɢɧɚ ɜɬɨɪɨɣ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ. 
 

6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɹɟɦ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ:  
 ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ∇ʜʞʢ = ͷͷͺ,ͲͲ ˏ; 
 ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ∇ʢʜʐ௠𝑖௡ = ͷʹͳ,ʹ͵ ˏ;  
 ɩɪɢ ɪɚɫɯɨɞɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɱɚɫɬɧɢɤɚɦɢ ȼɏɄ ܳ˅˘ˍ = ͷͲͲ ˏଷ/ܿ. 

 
6.4.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 

 
Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɵ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɨɱɤɚ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɫɢɥɵ ܩ˒ˎ , ɨɩɪɟɞɟɥɹɟɦɵɟ 
ɜ ɩɪɨɝɪɚɦɦɟ AutoCAD. ɉɥɨɳɚɞɶ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ܵ˒ˎ = ͷͻͳ,ͻ͸ ˏଶ. 

ȼɟɫ 1 ɩ.ɦ. ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ: 
ˎ˒ܩ  = ௌ˒ˎ∙௕∙𝑔∙ఘ˄௕+ఋʐ = ହଽଵ,ଽ଺∙ଵ଴∙ଽ,଼ଵ∙ଶସ଴଴ଵ଴+ଷ = ͳͲ͹ʹͲ,ͺͷ ˍʜ/ˏ,                                (6.74) 

 
ɝɞɟ  ܵ˒ˎ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ, ˏଶ; 
 ܾ −ɲɢɪɢɧɚ ɩɪɨɥёɬɚ, ɦ; ߜʐ −ɬɨɥɳɢɧɚ ɛɵɤɚ, ɦ; 𝜌˄ −ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɤɝ/ ɦ3. 
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Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɟɦ ɜɟɫ ɛɵɤɚ ɢ ɟɝɨ ɰɟɧɬɪ ɬɹɠɟɫɬɢ: 
ʐܩ  = ௌ˄ ∙𝑔∙ఋʐ∙ఘ˄௕+ఋʐ = ଵଵସଷ,ଶ∙ଽ,଼ଵ∙ଷ∙ଶସ଴଴ଵ଴+ଷ = ͸ʹͳͳ,ʹ͹ ˍʜˏ

,                                           (6.75) 

 
ɝɞɟ  ܵ˄ = ͳͳͶ͵,ʹ ˏଶ − ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɵɤɚ. 

ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ɋ. Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 ܳˊ ≈ Ͳ,Ͳͷͷ݂√݂݃ ≈ Ͳ,Ͳͷͷ ∙ ͳͳͷ ∙ √ͳͳͷ ∙ ͻ,ͺͳ = ͸͸ͷ,͵ͻ ˍʜ,                   (6.76) 
 

ɝɞɟ    ݂ −ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ, ˏଶ. 
 ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺͷͷͻ − ͷͶͺ + Ͳ,ͷሻ ∙ ͳͲ = ͳͳͷ ˏଶ.          (6.77) 
 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɦ ɤ 1 ɩ.ɦ. ɞɥɢɧɵ ɫɟɤɰɢɢ: 
ˊݍ  = ொˊ௕+ఋʐ = ଺଺ହ,ଷଽଵ଴+ଷ = ͷͳ,ͳͺ ˍʜ.                                                                    (6.78) 

 
6.4.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ: 
 ɋɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 
 ˅ܹ˄ = ఘೢ∙𝑔∙ℎభమଶ = ଵ଴଴଴∙ଽ,଼ଵ∙ସଷమଶ = ͻͲ͸ͻ,͵ͷ ˍʜ;                                                     (6.79) 

 
 ℎଵ = ∇ʜʞʢ − ∇˒ˑˇ = ͷͷͺ − ͷͳͷ = Ͷ͵ ˏ.                                                 (6.80) 
 

 ɋɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ːܹ˄ = ఘೢ∙𝑔∙ℎమమଶ = ଵ଴଴଴∙ଽ,଼ଵ∙଺,ଶଷమଶ = ͳͻͲ,͵ͺ ˍʜ;                                                     (6.81) 

 ℎଶ = ∇ʢʜʐˏˋː − ∇˒ˑˇ = ͷʹͳ,ʹ͵ − ͷͳͷ = ͸,ʹ͵ ˏ.                                      (6.82) 
 

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

 ܹː = 𝜌௪ ∙ ݃ ∙ ܵˠ˒ː = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳͺ,͸Ͷ = ͳͺʹ,ͺ͸ ˍʜ,                                (6.83) 
 

ɝɞɟ  ܵˠ˒ː=18,64 ɦ2 – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɟɥɚ ɞɚɜɥɟɧɢɹ. 
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6.6.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɫɢɥɭ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ܹ˅ ˊ˅ = ܵˠ˒ ∙ 𝜌௪ ∙ ݃ = ͳͻͻ,͵͸ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ = ͳͻͷͷ,͹ʹ ˍʜ,                      (6.84) 
 

ɝɞɟ ܵˠ˒ = ͳͻͻ,͵͸ ˏଶ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ. 
 

6.6.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ  
 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɫɬɪɨɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [20]. ɇɚɩɨɪ 

ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ ɪɚɜɟɧ ܪˊ = ͳͶ,͹ͳ ˏ. 
Ɉɩɪɟɞɟɥɹɟɦ ɧɚɩɨɪ ɧɚ ɞɪɟɧɚɠɟ: 
 
˓ˇܪ  = ʜௗ ∙ Ͳ,ͳͷ = ͵͸,͹͹ ∙ Ͳ,ͳͷ = ͷ,ͷʹ ˏ.                                                   (6.85) 
 
ɗɩɸɪɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɩɨ ɩɨɞɨɲɜɟ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 6.5.  

 
Ɋɢɫɭɧɨɤ 6.5 - ɗɩɸɪɚ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɩɨ ɩɨɞɨɲɜɟ ɩɥɨɬɢɧɵ 

 
Ɏɢɥɶɬɪɚɰɢɨɧɧɨɟ ɞɚɜɥɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɩɨɞɨɲɜɭ, ɧɚɯɨɞɢɦ ɩɨ 

ɮɨɪɦɭɥɟ: 
 ˗ܹ = 𝜌௪ ∙ ݃ ∙ ܵˠ˒ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳͻ͹,͸͵ = ͳͻ͵ͺ,͹ͷ ˍʜ,                          (6.86) 
 

ɝɞɟ  ܵˠ˒ − ɩɥɨɳɚɞɶ ɷɩɸɪɵ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ 
ɩɨɞɨɲɜɭ ɩɥɨɬɢɧɵ, ɪɚɜɧɚ ͳͻ͹,͸͵ ˏଶ. 

 
6.6.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ʟː = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ° − 𝜑ଶː ቁ = ͳͲ ∙ ʹ ∙ ଶ݃ݐ ቀͶͷ° − ଶ଴ଶ ቁ = ͻ,ͺͳ ˍʞ˃,         (6.87) 

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

Ɉɩɪɟɞɟɥɹɟɦ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɭɸ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ: 
 Eː = ˓ː∙୦ːଶ = ଽ,଼ଵ∙ଶଶ = ͻ,ͺͳ ˍʜ.                                                                      (6.88) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
′˓ˆ݌  = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ° − 𝜑ˆ˓ଶ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ° − 𝜑ˆ˓ଶ ቁ,                                 (6.89) 

 
ɝɞɟ  𝜑ˆ˓ = ͵͸°– ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɫɤɚɥɶɧɨɝɨ ɝɪɭɧɬɚ; 
 ܿ = ͳͲ͵ – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ. 
′˓ˆ݌  = ͳͲ ∙ ʹ ∙ ଶ݃ݐ ቀͶͷ° − ଷ଺ଶ ቁ − ʹ ∙ ͳͲ͵ ∙ ݃ݐ ቀͶͷ° − ଷ଺ଶ ቁ = −ͻͻ,͹͹ ˍʞ˃. 

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

ɧɚɧɨɫɨɜ, ɢ ɜɟɫ ɝɪɭɧɬɚ, ɞɚɜɥɟɧɢɟ ɪɚɜɧɹɟɬɫɹ: 
′′˓ˆ݌  = ሺːߛ ∙ ℎː + ߛ̂ ˓˅ˊ˅ ∙ ℎˆ˓ሻ݃ݐଶ ቀͶͷ° − 𝜑ˆ˓ଶ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ° − 𝜑ˆ˓ଶ ቁ;        (6.90) 

ߛ̂                              ˓˅ˊ˅ = ߛ̂ ˓ − ሺͳ − ݊଴ሻߛ௪ = ʹͶ − ሺͳ − Ͳ,ͲͲʹሻ ∙ ͳͲ = ͳͶ,Ͳʹ ˍʜ/ˏଷ,      (6.91) 
                                                                                             

ɝɞɟ ̂ߛ ˓ = ʹͶ  ˍʜ/ˏଷ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɝɪɭɧɬɚ; 
 ݊଴ = Ͳ,ͲͲʹ − ɩɨɪɢɫɬɨɫɬɶ ɫɤɚɥɵ; 
௪ߛ  = ͳͲ  ˍʜ/ˏଷ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ. 
′′˓ˆ݌  = ሺͳͲ ∙ ʹ + ͳͶ,Ͳʹ ∙ ʹሻ ∙ ଶ݃ݐ (Ͷͷ° − ͵͸ʹ) − ʹ ∙ ͳͲ͵ ∙ ݃ݐ (Ͷͷ° − ͵͸ʹ) = = −ͻʹ,Ͷͻ ˍʞ˃. 
 

Ɂɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ: 
˅˃ܧ  = ௣ˆ˓′ +௣ˆ˓′′ଶ ∙ ℎˆ˓ = −ଽଽ,଻଻+ሺ−ଽଶ,ସଽሻଶ ∙ ͵ = −ʹͺͺ,͵ͻ ˍʜ.                                  (6.92) 
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ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ܧ˃˅ ɨɬɪɢɰɚɬɟɥɶɧɨɟ, ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɫɤɚɥɶɧɨɝɨ 
ɝɪɭɧɬɚ ɧɟ ɭɱɢɬɵɜɚɟɦ.  

 
6.6.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 

 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɭɸ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɹ 

ɮɨɪɦɭɥɭ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 

 ܹ˅ ˑˎː = Ͳ,ͷ ∙ 𝜌௪ ∙ ݃ ∙ ℎଵ% ቀλ̅గ + ℎబଶ ቁ,                                                             (6.93) 

 
ɝɞɟ  ℎଵ% = ͳ,Ͷ͵ ˏ − ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ; 
  ɉ̅ = ͳͷ,͸ ˏ − ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ. 

 ܹ˅ ˑˎː = Ͳ,ͷ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͳ,Ͷ͵ ∙ ቀଵହ,଺ଷ,ଵସ + ଴,ସଵଶ ቁ = ͵͸,ʹ͹ ˍʜ;      

                      ℎ଴ = గ∙ℎభ%మλ̅ = ଷ,ଵସ∙ଵ,ସଷమଵହ,଺ = Ͳ,Ͷͳ ˏ.                                                                    (6.94) 

 
Ʌɢɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ܹ˅ ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ∇ʜʞʢ ɧɚ ɜɟɥɢɱɢɧɭ: 
௖ݕ  = λ̅ଶగ − ଷ଼ ℎଵ% = ଵହ,଺ଶ∙ଷ,ଵସ − ଷ଼ ∙ ͳ,Ͷ͵ = ͳ,ͻͷ ˏ.                                              (6.95) 

 
Ɉɞɧɚ ɜɟɪɲɢɧɚ ɬɪɟɭɝɨɥɶɧɢɤɚ ɷɩɸɪɵ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɥɟɠɚɳɚɹ ɧɚ 

ɨɫɧɨɜɚɧɢɢ, ɪɚɫɩɨɥɨɠɟɧɚ ɧɟ ɜɵɲɟ ͳ,ͷ͹ ˏ ɧɚɞ ∇ʜʞʢ, ɚ ɞɪɭɝɚɹ  ɧɟ ɧɢɠɟ ∇ʜʞʢ ɧɚ ͳͳ,ͶͶ ˏ. 
 

6.6.7 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 

ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɝɪɚɧɹɯ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɧɚ 
ɨɬɦɟɬɤɟ ɩɨɞɨɲɜɵ. 

ȼ ɬɚɛɥɢɰɟ 6.3 ɩɪɢɜɟɞɟɧɵ ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ ɧɚɝɪɭɡɤɢ. 
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Ɍɚɛɥɢɰɚ 6.3 –ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɚ 
 

ɇɚɩɪɚɜɥɟɧɢɟ 
ɫɢɥɵ 

Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ 
ɜɨɡɞɟɣɫɬɜɢɣ 

ɋɢɥɚ, ɤɇ 
ɉɥɟɱɨ, 

ɦ 
Ɇɨɦɟɧɬ, ɤɇɦ ܹ˅ ˄ 1  ͻͲ͸ͻ,͵ͷ  ͳͶ,͵͵ ͳʹͻͻ͸͵,͹ͻ ܹː ˄ 1  ͳͻͲ,͵ͺ  ʹ,Ͳͺ −͵ͻͷ,ͻͻ ܹ˒ ˓ 1  ͳͺʹ,ͺ͸ ͳʹ,ͻͶ ʹ͵͸͸,ʹͳ 0,95 ˄ܩ  ͷͻͲͲ,͹ͳ ͺ,ͺͷ −ͷʹʹʹͳ,ʹͷ 0,95 ˎ˒ܩ  ͳͲͳͺͶ,ͺͳ  ͷ,͹͵ −ͷͺ͵ͷͺ,ͻͷ ܹ˅ ˊ˅ 1  ͳͻͷͷ,͹ʹ Ͳ Ͳ ܹ̠  1  ͳͻ͵ͺ,͹ͷ  ͺ,ͺ͵ ͳ͹ͳͳͻ,ͳ͸ ܧː 1,2  ͳͳ,͹͹  ͵,͹ͳ Ͷ͵,͸͹ ܹ˅ ˑˎː 1  ͵͸,ʹ͹  ͳ,ͻ͹ ͹ͳ,Ͷͷ 0,9 ˊݍ  Ͷ͸,Ͳ͸  ͳʹ,ͻͲ −ͷͻͶ,ͳ͹ 

ɋɭɦɦɚ ∑ܰ ՛՝= ͳʹͶͳͻ,ͻ͹ ܯ∑ = ͵͹ͻͻ͵,ͻͳ 

 
Ɋɚɫɱёɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ 

ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ ɧɚ ɨɬɦɟɬɤɟ ɩɨɞɨɲɜɵ: 
 

 Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜎௬௨ = − NB + ͸∙∑ MBʹ = − ଵଶସଵଽ,ଽ଻ଷଶ + ଺∙ଷ଻ଽଽଷ,ଽଵଷଶమ = −ͳ͸ͷ,ͷͲ ˍʞ˃,                         (6.96)   

     
ɝɞɟ  N – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; M – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɟɪɟɞɢɧɵ ɩɨɞɨɲɜɵ; B – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − 𝜌௪ ∙ ݃ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶ ሻ,                                                        (6.97) 
 

ɝɞɟ  𝜌௪– ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ, H୳ୢ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, 
 m୳ = ctan αଵ, 

Ɍɚɤ ɤɚɤ ɭ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɧɚɩɨɪɧɚɹ ɝɪɚɧɶ ɜɟɪɬɢɤɚɥɶɧɚ, ɬɨ m୳ = Ͳ. 
 H୳ୢ = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞ = ͷͷͺ − ͷͳͷ = Ͷ͵ ˏ,                                       (6.98) 
 𝜎௫௨ = −ͳ͸ͷ,ͷͲ ∙ Ͳଶ − ͳͲͲͲ ∙ ͻ,ͺͳ ∙ Ͷ͵ ∙ ሺͳ − Ͳଶሻ = −Ͷʹͳ,ͺ͵ ˍʞ˃. 
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Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜏௫௬௨ = (𝜌௪ ∙ ݃ ∙ ௗ௨ܪ + 𝜎௬௨) ∙ ݉௨ = ሺͳͲͲͲ ∙ ͻ,ͺͳ ∙ Ͷ͵ − ͳ͸ͷ,ͷͲሻ ∙ Ͳ = Ͳ.    (6.99) 
      
Ƚɥɚɜɧɨɟ ɦɢɧɢɦɚɥɶɧɨɟ ɫɠɢɦɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ: 
 

 𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + ݉௨ଶሻ + 𝜌௪ ∙ ݃ ∙ ௗ௨ܪ ∙ ݉௨ଶ,                                                           (6.100) 
 

 𝜎ଵ௨ = −ͳ͸ͷ,ͷͲ ∙ ሺͳ + Ͳሻ + ͻ,ͺͳ ∙ ͳͲͲͲ ∙ Ͷ͵ ∙ Ͳ = −ͳ͸ͷ,ͷͲ ˍʞ˃.                                
 

Ƚɥɚɜɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɠɢɦɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ: 
 𝜎ଷ௨ = −𝜌௪ ∙ ݃ ∙ ௗ௨ܪ = −ͳͲ ∙ Ͷ͵ = −Ͷʹͳ,ͺ͵ ˍʞ˃.                                             (6.101) 

 
 ɇɢɡɨɜɚɹ ɝɪɚɧɶ: 

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
  𝜎௬௧ = − ே஻ − ଺∙∑ ெ஻మ = − ଵଶସଵଽ,ଽ଻ଷଶ − ଺∙ଷ଻ଽଽଷ,ଽଵଷଶమ = −͸ͳͲ,͹Ͷ ˍʞ˃.                     (6.102) 

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 

  𝜎௫௧ = 𝜎௬௧ ∙ ݉௧ଶ − 𝜌௪ ∙ ݃ ∙ ௗ௧ܪ ∙ ሺͳ − ݉௧ଶሻ,                                                               (6.103) 
 

ɝɞɟ m୲ = ctan αଶ = Ͳ,͸ͷ;  
 αଶ −ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɩɨɞɨɲɜɨɣ, αଶ = ͷ͹°; H୲ୢ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱёɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 

ௗ௧ܪ  = ʢʜʐ௠𝑖௡ߘ − ˞˅˛ˑˇˑ˒ߘ = ͷʹͳ,ʹ͵ − ͷͳͷ = ͸,ʹ͵ ˏ;                       (6.104) 
 𝜎௫௧ = −͸ͳͲ,͹Ͷ ∙ Ͳ,͸ͷଶ − ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͸,ʹ͵ ∙ ሺͳ − Ͳ,͸ͷଶሻ = −ʹͻ͵,͵͵ ˍʞ˃.               
 
Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 
 𝜏௫௬௧ = −(𝜌௪ ∙ ݃ ∙ ௗ௧ܪ + 𝜎௬௧) ∙ ݉௧;                                                                             (6.105) 
 
 𝜏௫௬௧ = −ሺͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͸,ʹ͵ − ͸ͳͲ,͹Ͷሻ ∙ Ͳ,͸ͷ = ͵ͷ͹,ʹ͸ ɤɉɚ.          

 
Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɟ: 
 𝜎ଷ௧ = 𝜎௬௧ ∙ ሺͳ + ݉௧ଶሻ + 𝜌௪ ∙ ݃ ∙ ௗ௧ܪ ∙ ݉௧ଶ;                                                               (6.106) 
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𝜎ଷ௧ = −͸ͳͲ,͹Ͷ ∙ ሺͳ + Ͳ,͸ͷଶሻ + ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͸,ʹ͵ ∙ Ͳ,͸ͷଶ = −ͺͶʹ,ͻ͸ ˍʞ˃; 
  𝜎ଵ௧ = −𝜌௪ ∙ ݃ ∙ ௗ௧ܪ = −ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͸,ʹ͵ = −͸ͳ,ͳʹ ˍʞ˃.                        (6.107) 
 
ȼɫɟ ɪɚɫɱёɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.4. 

 
Ɍɚɛɥɢɰɚ 6.4 - Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɝɪɚɧɹɯ ɩɥɨɬɢɧɵ 

Ƚɪɚɧɶ ɇɚɩɪɹɠɟɧɢɟ Ɂɧɚɱɟɧɢɟ, ɤɉɚ 

ȼɟɪɯɨɜɚɹ 

𝜎௬௨ −ͳ͸ͷ,ͷͲ 𝜎௫௨ −Ͷʹͳ,ͺ͵  𝜏௫௬௨  0 𝜎ଵ௨ −ͳ͸ͷ,ͷͲ 𝜎ଷ௨ −Ͷʹͳ,ͺ͵ 

ɇɢɡɨɜɚɹ 

𝜎௬௧ −͸ͳͲ,͹Ͷ 𝜎௫௧ −ʹͻ͵,͵͵ 𝜏௫௬௧  ͵ͷ͹,ʹ͸ 𝜎ଵ௧ −͸ͳ,ͳʹ 𝜎ଷ௧ −ͺͶʹ,ͻ͸ 

 
6.6.8 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

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

 ɀ୬  ∙ ɀ୪ୡ ∙ |σଷ| ൑ ɀୡୢ ∙ Rୠ ,                                                                       (6.108) 
 

ɝɞɟ  ɀ୬ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ, ɀ୪ୡ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ 
[22], ɀ୪ୡ = ͳ; 

  ɀୡୢ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ, ɀୡୢ = Ͳ,ͻ; 
    Rୠ = ʹͺͲͲ ʛʞ˃ −ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɫɠɚɬɢɸ ɤɥɚɫɫɚ ȼ5. 
 

ȼ ɩɪɨɟɤɬɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɡɧɚɱɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ – ɛɟɬɨɧ 
ɤɥɚɫɫɚ B5 [23]. ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɤɭ ɛɟɬɨɧɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ:  

 ͳ,ʹ ∙ ͳ ∙ |−ͺͶʹ,ͻ͸| ൑ Ͳ,ͻ ∙ ʹͺͲͲ ʛʞ˃,                                                          
 ͳͲͳͳ,ͷͷ ʛʞ˃ < ʹͷʹͲ ʛʞ˃, ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ. 
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2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ: 
 𝜎௬௨ < Ͳ ,                                                                                                         (6.109) 

 −ͳ͸ͷ,ͷͲ ˍʜ/ˏଶ < Ͳ- ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 
 

3. Ɂɚɩɚɫ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ: 
 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ 𝜌௪ ∙ ݃ ∙  ௗ௨,                                                                                         (6.110)ܪ

 
 |−ͳ͸ͷ,ͷͲ| ൒ Ͳ,ʹͷ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ ∙ Ͷ͵, 

 ͳ͸ͷ,ͷͲ  ˍʜ/ˏଶ > ͳͲͷ,Ͷ͸ ˍʜ/ˏଶ. 

 

ȼɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɹɸɬɫɹ, ɫɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ 
ɩɪɨɱɧɨɫɬɢ. 
 

6.9 Ɋɚɫɱёɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ  
 

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

  ோ∙ఊ೎೏ி∙ఊ೗೎ ൒  ௡;                                                                                                    (6.111)ߛ

                                 ܴ = ɩɥܩ) + Бܩ + ɩܹɪ − ɜܹɡɜ − ɮܹ + (ɡݍ ∙ tan 𝜑 + ܿ ∙ 𝜔;                          (6.112) 
 
ɝɞɟ ݊ܽݐ𝜑 = Ͳ,͹ʹ– ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɫɤɚɥɵ ɨɫɧɨɜɚɧɢɹ; 

  ܿ = ͳͲ͵ ɤɇ/ɦଶ– ɫɰɟɩɥɟɧɢɟ ɫɤɚɥɵ, 
  𝜔 −ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱёɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ, ߛ௖ௗ = Ͳ,ͻͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ߛ௟௖ = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ. 

 ܴ = ሺͳͲͳͺͶ,ͺͳ + ͷͻͲͲ,͹ͳ + ͳͺʹ,ͺ͸ − ͳͻͷͷ,͹ʹ − ͳͻ͵ͺ,͹ͷ + Ͷ͸,Ͳ͸ሻ ∙                ∙ Ͳ,͹ʹ + ͳͲ͵ ∙ ͵ʹ = ͳʹʹ͵ͺ,͵ͺ ˍʜ/ˏ; 
 𝜔 = ɩܤ ∙ ͳ = ͵ʹ ɦଶ;                                                                                    (6.113) 
ܨ  = ɜܹɛ − ɧܹɛ + ɜܹɨɥ + ɧܧ = ͻͲ͸ͻ,͵ͷ − ͳͻͲ,͵ͺ + ͵͸,ʹ͹ + ͳͳ,͹͹ = = ͺͻʹ͹,Ͳͳ ɤɇ

ɦ
;                                                                                                       (6.114) 
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ɍɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
 ଵଶଶଷ଼,ଷ଼∙଴,ଽହ଼ଽଶ଻,଴ଵ∙ଵ = ͳ,͵Ͳ. 

 ͳ,͵Ͳ > ͳ,ʹ  – ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ.  
    

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

7.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

ɋɟɥɟɧɝɢɧɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɫɩɭɛɥɢɤɟ Ȼɭɪɹɬɢɹ ɧɚ ɪɟɤɟ ɋɟɥɟɧɝɚ 
ɜ 20 ɤɦ ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɩɨɫɟɥɤɚ Ɉɪɨɧɝɨɣ. ɉɪɢ ɜɩɚɞɟɧɢɢ ɜ Ȼɚɣɤɚɥ ɪɟɤɚ 
ɨɛɪɚɡɭɟɬ ɨɛɲɢɪɧɭɸ ɞɟɥɶɬɭ. Ⱦɟɥɶɬɚ ɋɟɥɟɧɝɢ ɫ ɟɟ ɪɚɫɬɢɬɟɥɶɧɨɫɬɶɸ ɢ ɧɚɧɨɫɚɦɢ — 
ɫɜɨɟɨɛɪɚɡɧɵɣ ɩɪɢɪɨɞɧɵɣ ɮɢɥɶɬɪ, ɞɥɹ ɪɟɱɧɵɯ ɜɨɞ ɩɟɪɟɞ ɢɯ ɩɨɩɚɞɚɧɢɟɦ ɜ Ȼɚɣɤɚɥ. 
ȼɨɞɚ ɋɟɥɟɧɝɢ, ɪɚɧɟɟ ɨɬɥɢɱɚɜɲɚɹɫɹ ɱɢɫɬɨɬɨɣ ɢ ɩɪɨɡɪɚɱɧɨɫɬɶɸ, ɜɫɟ ɛɨɥɶɲɟ 
ɡɚɝɪɹɡɧɹɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɢ ɛɵɬɨɜɵɦɢ ɫɬɨɤɚɦɢ. 

Ⱦɟɥɶɬɚ ɫɥɭɠɢɬ ɞɨɦɨɦ ɢ ɩɪɢɸɬɨɦ ɞɥɹ 298 ɜɢɞɨɜ ɩɬɢɰ, ɢɡ ɤɨɬɨɪɵɯ 70 - 
ɨɯɪɚɧɹɟɦɵɟ ɜɢɞɵ, ɡɚɧɟɫɟɧɧɵɟ ɜ Ʉɪɚɫɧɭɸ ɤɧɢɝɭ. Ʉ ɧɚɢɛɨɥɟɟ ɪɟɞɤɢɦ ɜɢɞɚɦ ɩɬɢɰ, 
ɨɛɢɬɚɸɳɢɯ ɜ ɞɟɥɶɬɟ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ: ɱɟɪɧɨɝɨ ɢ ɞɚɭɪɫɤɨɝɨ ɠɭɪɚɜɥɟɣ, ɨɪɥɚɧɚ-
ɛɟɥɨɯɜɨɫɬɚ, ɫɚɩɫɚɧɚ, ɚɡɢɚɬɫɤɨɝɨ ɛɟɤɚɫɨɜɢɞɧɨɝɨ ɜɟɪɟɬɟɧɧɢɤɚ, ɫɟɪɨɳɟɤɭɸ 
ɩɨɝɚɧɤɭ, ɛɨɥɶɲɭɸ ɜɵɩɶ, ɱɟɪɧɭɸ ɤɪɹɤɜɭ, ɨɪɥɚ-ɤɚɪɥɢɤɚ, ɭɫɚɬɚɹ ɫɢɧɢɰɚ. Ɍɚɤɠɟ 
ɡɞɟɫɶ ɨɛɢɬɚɸɬ ɦɧɨɝɢɟ ɜɢɞɵ ɪɵɛ: ɩɪɟɨɛɥɚɞɚɟɬ ɡɞɟɫɶ ɨɤɭɧɶ, ɩɥɨɬɜɚ, ɹɡɶ ɢ ɳɭɤɚ. ɋ 
ɧɚɫɬɭɩɥɟɧɢɟɦ ɨɫɟɧɢ ɋɟɥɟɧɝɭ ɩɨɫɟɳɚɟɬ ɝɨɬɨɜɹɳɢɣɫɹ ɤ ɧɟɪɟɫɬɭ ɛɚɣɤɚɥɶɫɤɢɣ 
ɨɦɭɥɶ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɨɛɴɟɤɬɨɦ ɥɨɜɥɢ. Ɇɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɬɚɤɠɟ 
ɧɚɥɢɦɚ, ɝɨɥɶɹɧɚ, ɯɚɪɢɭɫɚ, ɫɚɡɚɧɚ, ɫɨɦɚ, ɤɚɪɚɫɹ, ɫɢɛɢɪɫɤɭɸ ɩɥɨɬɜɭ, ɢɡ 
ɡɟɦɧɨɜɨɞɧɵɯ – ɫɢɛɢɪɫɤɭɸ ɢ ɨɫɬɪɨɦɨɪɞɭɸ ɥɹɝɭɲɤɭ.  

Ɏɥɨɪɚ ɞɟɥɶɬɵ ɪɟɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɨɛɳɟɫɬɜɚ ɩɥɚɜɚɸɳɢɯ ɢ 
ɩɪɢɤɪɟɩɥёɧɧɵɯ ɤɨ ɞɧɭ ɪɚɫɬɟɧɢɣ. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɵ ɤɭɫɬɚɪɧɢɤɨɜɵɟ ɜɢɞɵ ɢɜ, 
ɜɫɬɪɟɱɚɟɬɫɹ ɱɟɪёɦɭɯɚ, ɲɢɩɨɜɧɢɤ, ɛɨɹɪɵɲɧɢɤ. ɋɟɦɟɣɫɬɜɨ ɤɭɜɲɢɧɤɨɜɵɯ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɭɛɵɲɤɢ ɦɚɥɚɹ ɢ ɠɟɥɬɚɹ, ɚ ɬɚɤɠɟ ɤɭɜɲɢɧɤɚ ɱɟɬɵɪɟɯɭɝɨɥɶɧɚɹ.  

ɀɢɜɨɬɧɵɣ ɦɢɪ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɡɧɨɨɛɪɚɡɟɧ, ɡɞɟɫɶ ɨɛɢɬɚɟɬ 29 ɜɢɞɨɜ ɦɥɟɤɨɩɢɬɚɸɳɢɯ. Ɉɛɵɱɧɵɦɢ ɜɢɞɚɦɢ 
ɫɱɢɬɚɸɬɫɹ: ɨɧɞɚɬɪɚ, ɫɢɛɢɪɫɤɚɹ ɤɨɫɭɥɹ, ɥɢɫɢɰɚ, ɛɚɪɫɭɤ. Ɍɚɤɠɟ, ɨɬɦɟɱɟɧ ɪɨɫɬ 
ɱɢɫɥɟɧɧɨɫɬɢ ɚɦɟɪɢɤɚɧɫɤɨɣ ɧɨɪɤɢ. ɇɟɪɟɞɤɨ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɡɚɣɰɚ-ɛɟɥɹɤɚ, 
ɤɨɥɨɧɤɚ, ɝɨɪɧɨɫɬɚɹ, ɥɚɫɤɭ, ɥɟɬɭɱɢɯ ɦɵɲɟɣ, ɡɟɦɥɟɪɨɟɤ ɢ ɦɵɲɟɜɢɞɧɵɯ ɝɪɵɡɭɧɨɜ.  

ȼɥɢɹɧɢɟ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ ɜ 
ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɜ ɩɟɪɢɨɞ ɩɨɫɥɟɞɭɸɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

 
7.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ  
 

ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɚ ɬɚɤɠɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɜɥɢɹɧɢɹ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

ȼ ɯɨɞɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɋɟɥɟɧɝɢɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɛɭɞɭɬ ɜɵɩɨɥɧɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɪɚɛɨɬ: 

 ȼɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; 
 Ɉɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
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 ɉɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
 Ɋɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
 ȼɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ; 
 ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
 ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɫɟɥɤɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  
ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɋɟɥɟɧɝɢɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ: 
 ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜɢɞɨɢɡɦɟɧɟɧɢɹ ɥɚɧɞɲɚɮɬɨɜ, ɢɡɦɟɧɟɧɢɹ 

ɤɥɢɦɚɬɚ;  
 ɉɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɜɨɞɤɚ ɥɟɫɚ ɢ ɫɚɧɚɰɢɹ 

ɬɟɪɪɢɬɨɪɢɢ;  
 ȼɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɬɚɩɟ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ;  
 Ɉɩɚɫɧɨɫɬɢ ɢ ɪɢɫɤɢ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɟɪɫɨɧɚɥɚ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ 

ɫɨɫɬɨɹɧɢɟɦ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɪɹɞɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ. 

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

 Ɉɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɨɬ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ ɢ ɦɭɫɨɪɚ;  
 ȼɵɜɨɡ ɧɟɱɢɫɬɨɬ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ;  
 ɋɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;  
 Ɂɚɫɵɩɤɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɭɝɥɭɛɥɟɧɢɣ. 
Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɨɱɢɫɬɤɭ ɥɨɠɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ 

ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. 
ȼɥɢɹɧɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɫɜɹɡɚɧɨ ɫ 

ɪɚɛɨɬɨɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. 
 
7.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

 
ɉɥɨɳɚɞɶ ɡɚɬɨɩɥɟɧɢɹ ɬɟɪɪɢɬɨɪɢɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɋɟɥɟɧɝɢɧɫɤɨɝɨ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɫɨɫɬɚɜɥɹɟɬ 385 ɤɦ2. Ɉɛɴɟɦ ɝɪɭɧɬɚ, ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɩɪɚɜɨɛɟɪɟɠɧɨɣ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ, ɫɨɫɬɚɜɥɹɟɬ 675000 ɦ3. ɇɚ ɬɟɪɪɢɬɨɪɢɢ 
ɡɚɬɨɩɥɟɧɢɹ ɧɟ ɢɦɟɟɬɫɹ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ ɢ ɫɨɰɢɚɥɶɧɨ-ɤɭɥɶɬɭɪɧɵɯ ɨɛɴɟɤɬɨɜ. 
Ƚɥɚɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɜɨɞɨɯɪɚɧɢɥɢɳ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ɋɉ ɨɬ 1.07.1985 № 3907-85 «ɋɚɧɢɬɚɪɧɵɟ 
ɩɪɚɜɢɥɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ». 

Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɩɨɞɝɨɬɨɜɤɢ 
ɥɨɠɚ: 

 ɋɨɡɞɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɩɪɟɞɟɥɶɧɨ-
ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ;  
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 ɋɨɡɞɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ 
ɢ ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ; 

 ɋɨɡɞɚɧɢɟ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ 
ɫɛɪɨɫɨɜ ɜɟɳɟɫɬɜ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 

 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ; 

 Ɋɚɫɱɟɬ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɜɧɟɫɟɧɢɟ ɩɥɚɬɵ ɡɚ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ; 

 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 
ɤɨɧɬɪɨɥɹ. 

 
7.4 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

 
ȼɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɋɟɥɟɧɝɢɧɫɤɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɛɭɞɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɩɪɢ 
ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ, ɬɚɤɢɯ ɤɚɤ: 

 Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ. Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 
8 22 201 01 21 5. 

ܯ  = ே∙௤ଵ଴଴% ∙ 𝜌 = ଵଵହସ଺ଷ∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ͷͳͻ͸ ˕,                                                         (7.1) 

 
ɝɞɟ     ܰ- ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3; ݍ- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, %; 𝜌- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3. 

 Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɜ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬɫɹ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ 
ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ. Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 
4 61 010 01 20 5 

ܯ  = ே∙௤ଵ଴଴% ∙ 𝜌 = ଵ଴ଷଽ∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ʹͳ ˕.                                                                           (7.2) 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɛɭɞɟɬ 

ɨɛɪɚɡɨɜɚɧɨ 5196 ɬ ɥɨɦɚ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ ɢ 21 ɬ ɨɬɯɨɞɨɜ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ 
ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɡɟɧɵ ɧɚ ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, ɬɚɤ ɤɚɤ 
ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
7.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 

 ȼ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɋɟɥɟɧɝɢɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 

 ɋɛɪɨɫɨɦ ɞɪɟɧɚɠɧɵɯ, ɞɨɠɞɟɜɵɯ ɢ ɬɚɥɵɯ ɜɨɞ; 
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 ȼɵɛɪɨɫɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ: ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɞɢɡɟɥɶ- 
ɝɟɧɟɪɚɬɨɪɨɜ, ɫɜɚɪɨɱɧɵɯ ɢ ɨɤɪɚɫɨɱɧɵɯ ɪɚɛɨɬ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɩɟɪɢɨɞ ɬɟɤɭɳɢɯ ɢ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ; 

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

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

ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɨɫɧɨɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɩɨ 
ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ: 

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

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

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 20 ɤɦ ɨɬ Ƚɗɋ ɧɚɯɨɞɢɬɫɹ ɩɨɫɟɥɨɤ 

Ɉɪɨɧɝɨɣ, ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.2.1/2.1.11200-03 «ɋɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɵɟ ɡɨɧɵ ɢ 
ɫɚɧɢɬɚɪɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɧɵɯ ɨɛɴɟɤɬɨɜ», 
ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɚɧɢɬɚɪɧɨ-
ɡɚɳɢɬɧɨɣ ɡɨɧɵ: ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. 

Ɍɚɤɠɟ, ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.1.4.1110-02 «Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ», ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 
ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ ɋɟɥɟɧɝɚ ɨɬ ɫɛɪɨɫɨɜ ɋɟɥɟɧɝɢɧɫɤɨɣ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɪɟɤɢ.  

 
7.6 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ  

 
ɋɬɚɧɰɢɨɧɧɵɟ ɩɨɦɟɳɟɧɢɹ, ɩɨɞɥɟɠɚɳɢɟ ɨɫɧɚɳɟɧɢɸ ɩɨɠɚɪɧɨɣ 

ɫɢɝɧɚɥɢɡɚɰɢɟɣ, ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɞɚɬɱɢɤɚɦɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɠɚɪɚ ɢ 
ɫɢɫɬɟɦɚɦɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɪɢɟɦ ɨɬ ɞɚɬɱɢɤɨɜ ɫɢɝɧɚɥɨɜ ɢ ɮɨɪɦɢɪɭɸɬ 
ɧɟɨɛɯɨɞɢɦɵɟ ɫɢɝɧɚɥɵ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɢɝɧɚɥɵ ɧɚ ɰɟɧɬɪɚɥɶɧɵɣ ɩɭɧɤɬ 
ɭɩɪɚɜɥɟɧɢɹ ɨ ɩɨɠɚɪɟ ɫ ɭɤɚɡɚɧɢɟɦ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɫɬɚ [25].  

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɨɦɟɳɟɧɢɹ, ɩɨɞɥɟɠɚɳɢɟ ɨɫɧɚɳɟɧɢɸ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ 
ɩɨɠɚɪɨɬɭɲɟɧɢɟɦ, ɞɨɥɠɧɵ ɢɦɟɬɶ ɞɚɬɱɢɤɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɨɠɚɪɚ ɢ ɫɢɫɬɟɦɵ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɪɢɟɦ ɨɬ ɞɚɬɱɢɤɨɜ ɫɢɝɧɚɥɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ 
ɫɢɝɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ ɡɚɩɨɪɧɨ-ɩɭɫɤɨɜɵɦɢ ɨɪɝɚɧɚɦɢ ɩɨɞɚɱɢ ɜɨɞɵ, 
ɜɟɧɬɢɥɹɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, ɚ ɬɚɤɠɟ ɫɢɝɧɚɥɨɜ ɧɚ ɐɉɍ ɨ ɩɨɠɚɪɟ ɫ ɭɤɚɡɚɧɢɟɦ 
ɤɨɧɤɪɟɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢɦɟɧɹɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɞɚɬɱɢɤɨɜ: ɪɟɚɝɢɪɭɸɬ 
ɧɚ ɩɨɹɜɥɟɧɢɟ ɞɵɦɚ, ɪɟɚɝɢɪɭɸɬ ɧɚ ɞɵɦ ɢ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɪɟɚɝɢɪɭɸɬ ɧɚ 
ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ 
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ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɷɬɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ. Ɋɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɪɟɞɩɪɢɹɬɢɣ, ɧɚɱɚɥɶɧɢɤɢ ɰɟɯɨɜ, ɩɨɞɫɬɚɧɰɢɣ, ɥɚɛɨɪɚɬɨɪɢɣ, 
ɦɚɫɬɟɪɫɤɢɯ, ɫɤɥɚɞɨɜ ɢ ɬ.ɩ., ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ ɞɨɥɠɧɨɫɬɧɵɟ ɥɢɰɚ, ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɡɚ 
ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɨɛɹɡɚɧɵ:  

 Ɉɛɟɫɩɟɱɢɬɶ ɧɚ ɜɜɟɪɟɧɧɵɯ ɢɦ ɭɱɚɫɬɤɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɛɥɸɞɟɧɢɟ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ ɜɵɩɨɥɧɟɧɢɟ ɜ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɪɨɤɢ ɦɟɪɨɩɪɢɹɬɢɣ, 
ɩɨɜɵɲɚɸɳɢɯ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ; 

 Ɉɛɟɫɩɟɱɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɢ ɩɪɨɟɤɬɧɵɦɢ ɪɟɲɟɧɢɹɦɢ. 
ɇɟɦɟɞɥɟɧɧɨ ɩɪɢɧɢɦɚɬɶ ɦɟɪɵ ɤ ɭɫɬɪɚɧɟɧɢɸ ɨɛɧɚɪɭɠɟɧɧɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɠɚɪɭ; 

 Ɉɪɝɚɧɢɡɨɜɚɬɶ ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɩɨɞɝɨɬɨɜɤɭ ɩɨɞɱɢɧɟɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ ɢ ɬɪɟɛɨɜɚɬɶ ɨɬ ɧɟɝɨ ɫɨɛɥɸɞɟɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɪɟɠɢɦɚ ɢ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ; 

 Ɉɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɩɟɪɫɨɧɚɥɨɦ ɰɟɯɚ ɢ ɩɨɞɪɹɞɧɵɦɢ 
ɨɪɝɚɧɢɡɚɰɢɹɦɢ. ɍɫɬɚɧɨɜɢɬɶ ɪɟɠɢɦ ɭɛɨɪɤɢ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɩɨɦɟɳɟɧɢɣ, ɚ ɬɚɤɠɟ 
ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɫɟɬɢ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɞɟɠɭɪɧɨɝɨ 
ɨɫɜɟɳɟɧɢɹ, ɫɢɫɬɟɦɵ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 
ɧɟɩɪɟɪɵɜɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ; 

 ɍɫɬɚɧɨɜɢɬɶ ɩɨɪɹɞɨɤ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɞɟɪɠɚɧɢɟ ɜ ɢɫɩɪɚɜɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɩɨɫɬɨɹɧɧɨɣ ɝɨɬɨɜɧɨɫɬɢ ɤ ɞɟɣɫɬɜɢɸ ɢɦɟɸɳɢɯɫɹ ɧɚ ɭɱɚɫɬɤɟ ɫɪɟɞɫɬɜ 
ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 

ȼ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ ɪɢɫɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɨɠɚɪɚɦɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɪɵ: 

 ȼɫɟ ɩɨɦɟɳɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɦɟɳɟɧɢɹ ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Ƚɗɋ 
ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

 Ⱦɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ ɪɟɝɭɥɹɪɧɵɟ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɢɫɩɪɚɜɧɨɫɬɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ, 
ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɨɩɨɜɟɳɟɧɢɹ, ɫɜɹɡɢ ɢ ɞɪɭɝɢɯ ɫɢɫɬɟɦ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ 
ɡɚɳɢɬɵ. 

 Ʉɭɪɟɧɢɟ ɪɚɡɪɟɲɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɫɩɟɰɢɚɥɶɧɨ ɨɬɜɟɞɟɧɧɵɯ ɞɥɹ ɷɬɨɝɨ 
ɦɟɫɬɚɯ, ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɪ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɗɬɢ ɦɟɫɬɚ 
ɞɨɥɠɧɵ ɢɦɟɬɶ ɭɤɚɡɚɬɟɥɶɧɵɟ ɡɧɚɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

 Ɉɝɧɟɜɵɟ ɪɚɛɨɬɵ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɫ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɦɢ; 

 ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɟɣɫɬɜɭɸɳɢɯ ɉɪɚɜɢɥ ɞɥɹ ɤɚɠɞɨɝɨ ɰɟɯɚ, ɥɚɛɨɪɚɬɨɪɢɢ, 
ɦɚɫɬɟɪɫɤɨɣ, ɫɤɥɚɞɚ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɩɨɦɟɳɟɧɢɣ ɢ ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ 
ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɧɤɪɟɬɧɚɹ ɢɧɫɬɪɭɤɰɢɹ ɨ ɦɟɪɚɯ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɜɵɜɟɲɢɜɚɟɬɫɹ ɧɚ ɜɢɞɧɨɦ ɦɟɫɬɟ; 
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 ɉɪɨɜɟɞɟɧɢɟ ɢɧɫɬɪɭɤɬɚɠɟɣ ɩɟɪɫɨɧɚɥɚ ɩɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɫ ɩɪɨɜɟɪɤɨɣ ɡɧɚɧɢɣ ɩɪɚɜɢɥ ɪɚɛɨɬɧɢɤɨɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɦ ɜɨɞɹɧɵɦ ɩɨɠɚɪɨɬɭɲɟɧɢɟɦ ɧɚ Ƚɗɋ ɨɫɧɚɳɟɧɵ: 
 ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ; 
 ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɵ; 
 ɤɚɛɟɥɶɧɵɟ ɫɟɤɰɢɢ; 
 ɪɟɚɤɬɨɪɵ; 
 ɩɨɞɩɭɥɶɬɨɜɵɟ ɩɨɦɟɳɟɧɢɹ; 
 ɩɨɦɟɳɟɧɢɹ ɦɚɫɥɨɯɨɡɹɣɫɬɜɚ. 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɸɬɫɹ ɝɥɚɜɧɵɦɢ ɨɛɴɟɤɬɚɦɢ 

ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, ɩɨɷɬɨɦɭ ɬɭɲɟɧɢɟ ɢɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ 
ɩɭɫɤɨɦ ɨɬ ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɭɫɤ ɫɢɫɬɟɦɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɢ ɝɚɡɨɜɵɦɢ ɡɚɳɢɬɚɦɢ. ɉɨ 
ɩɟɪɢɦɟɬɪɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ 
ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɧɚ ɤɨɬɨɪɵɯ ɜɟɪɬɢɤɚɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɪɟɧɱɟɪɧɵɟ 
ɨɪɨɫɢɬɟɥɢ. Ɍɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɟɦɤɨɫɬɢ, ɤɭɞɚ ɛɭɞɟɬ 
ɫɥɢɜɚɬɶɫɹ ɜɨɞɧɨ-ɦɚɫɥɹɧɚɹ ɫɦɟɫɶ, ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬɫɹ ɜɨ ɜɪɟɦɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ. 
ȼ ɷɬɨɦ ɦɚɫɥɨɫɛɨɪɧɢɤɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɵ ɢ 
ɦɚɫɥɚ. ȼɨɞɚ, ɩɨɫɬɭɩɢɜɲɚɹ ɜ ɦɚɫɥɨɫɛɨɪɧɢɤ, ɫɥɢɜɚɟɬɫɹ ɜ ɧɢɠɧɢɣ ɛɶɟɮ, ɨɬɞɟɥɟɧɧɨɟ 
ɦɚɫɥɨ ɡɚɞɟɪɠɢɜɚɟɬɫɹ, ɚ ɡɚɬɟɦ ɫɥɢɜɚɟɬɫɹ ɜ ɦɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ Ƚɗɋ.  

Ʉɚɛɟɥɶɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɨɛɨɪɭɞɨɜɚɬɶɫɹ 
ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɫɢɫɬɟɦɭ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɨɞɚɟɬɫɹ ɜɨɞɚ ɤ ɨɛɴɟɤɬɭ ɩɨɠɚɪɚ ɢ ɡɚɩɨɪɧɨ-
ɩɭɫɤɨɜɵɯ ɭɫɬɪɨɣɫɬɜ (Ɂɉɍ).  

Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɪɚɫɩɵɥɟɧɧɨɣ ɜɨɞɨɣ, ɞɟɣɫɬɜɢɟ ɡɚɩɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɡɚɩɭɫɤɨɦ ɨɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ, ɥɢɛɨ ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɪɚɛɚɬɵɜɚɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɢ ɫɩɟɰɢɚɥɶɧɵɯ 
ɞɚɬɱɢɤɨɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ ɜɧɭɬɪɢ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ ɩɟɧɧɵɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɨɝɧɟɬɭɲɢɬɟɥɟɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. Ⱦɥɹ 
ɩɨɞɚɱɢ ɜɨɞɵ ɞɥɹ ɬɭɲɟɧɢɹ ɩɨɠɚɪɚ ɜɨɤɪɭɝ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ 
ɤɨɥɶɰɟɜɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜ ɧɢɯ ɪɚɫɩɵɥɢɬɟɥɹɦɢ. Ɋɚɫɩɵɥɟɧɧɚɹ 
ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜɨɞɚ ɝɚɫɢɬ ɩɥɚɦɹ. ȿɫɥɢ ɩɪɨɢɡɨɲɥɨ ɨɱɚɝɨɜɨɟ ɜɨɡɝɨɪɚɧɢɟ ɨɛɦɨɬɤɢ, 
ɩɨɠɚɪ ɬɭɲɚɬ ɫ ɩɨɦɨɳɶɸ ɭɝɥɟɤɢɫɥɨɬɧɵɯ ɪɭɱɧɵɯ ɨɝɧɟɬɭɲɢɬɟɥɟɣ. ɋɢɫɬɟɦɚ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ ɞɨɥɠɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɨɬɜɨɞ 
ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɜɨɞɵ ɜ ɞɪɟɧɚɠɧɭɸ ɫɢɫɬɟɦɭ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɨɞɨɡɚɛɨɪɵ ɢɡ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢɥɢ ɧɚɫɨɫɧɵɟ ɭɫɬɚɧɨɜɤɢ.  
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7.7 Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
 

ȼɫɟ ɫɨɬɪɭɞɧɢɤɢ Ƚɗɋ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɧɢɤɢ ɩɨɞɪɹɞɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ, 
ɩɪɢɜɥɟɤɚɟɦɵɯ ɞɥɹ ɪɚɛɨɬ ɧɚ ɬɟɪɪɢɬɨɪɢɸ Ƚɗɋ, ɞɨɥɠɧɵ ɡɧɚɬɶ ɢ ɜɵɩɨɥɧɹɬɶ 
ɬɪɟɛɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ (ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ). Ⱦɨ ɧɚɱɚɥɚ ɪɚɛɨɬɵ 
ɪɭɤɨɜɨɞɢɬɟɥɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɞɨɥɠɧɵ ɩɪɨɜɟɪɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ 
ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɩɪɟɞɫɬɨɹɳɟɣ ɪɚɛɨɬɟ. ɉɟɪɟɞ ɧɚɱɚɥɨɦ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ, ɫɨɬɪɭɞɧɢɤ ɨɛɹɡɚɧ ɩɨɥɭɱɢɬɶ ɢɧɫɬɪɭɤɬɚɠɢ ɩɨ ɛɟɡɨɩɚɫɧɨɦɭ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɪɚɛɨɬɵ, ɩɪɨɣɬɢ ɧɟɨɛɯɨɞɢɦɭɸ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɚ 
ɬɚɤɠɟ ɩɪɨɜɟɪɢɬɶ ɫɜɨɟ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɧɚ ɧɚɥɢɱɢɟ ɢ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɫɪɟɞɫɬɜ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ, ɨɝɪɚɠɞɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, ɫɪɟɞɫɬɜ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ 
ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ [24]. 

ɉɨɞɪɚɡɞɟɥɟɧɢɹ Ƚɗɋ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɢɫɩɵɬɚɧɧɵɦɢ, ɝɨɬɨɜɵɦɢ ɤ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɧɨɦɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. ɋɨɬɪɭɞɧɢɤ ɨɛɹɡɚɧ ɡɧɚɬɶ, 
ɜɵɩɨɥɧɹɬɶ ɢ ɧɟɫɬɢ ɩɟɪɫɨɧɚɥɶɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɧɚɪɭɲɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ 
ɧɨɪɦɚɬɢɜɧɵɯ ɚɤɬɨɜ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ 
ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɨɦɭ ɩɪɨɜɟɞɟɧɢɸ ɪɚɛɨɬ, 
ɦɟɬɨɞɚɦ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɪɢ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ, ɪɚɡɪɚɛɨɬɤɚ ɢ 
ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ, ɚ ɬɚɤɠɟ ɫɚɧɢɬɚɪɧɨ-
ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ ɢ ɫɧɢɠɟɧɢɸ ɬɪɚɜɦɚɬɢɡɦɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɗɤɫɩɥɭɚɬɢɪɭɟɦɵɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɫɥɟɞɭɸɳɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɬɪɭɞɚ: 

 ɩɪɨɯɨɞɵ ɩɨ ɫɨɨɪɭɠɟɧɢɹɦ ɢ ɧɚ ɜɵɫɨɬɟ, ɩɟɪɟɯɨɞɧɵɟ ɦɨɫɬɤɢ ɫ ɨɞɧɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ ɤ ɞɪɭɝɨɦɭ ɞɨɥɠɧɵ ɢɦɟɬɶ ɨɝɪɚɠɞɟɧɢɟ; 

 ɫɨɨɪɭɠɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɫɩɚɫɚɬɟɥɶɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɧɚ 
ɜɨɡɦɨɠɧɵɟ ɩɚɞɟɧɢɹ ɩɟɪɫɨɧɚɥɚ ɜ ɜɨɞɭ; 

 ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɛɟɡ ɩɨɫɬɨɹɧɧɨɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ ɞɨɥɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɝɪɭɩɩɨɣ ɧɟ ɦɟɧɟɟ 2-ɯ ɱɟɥɨɜɟɤ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢ ɤɚɠɞɨɝɨ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɪɚɡɪɚɛɨɬɚɧɚ ɢɧɫɬɪɭɤɰɢɹ ɩɨ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɛɨɬ. 

ɇɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧ ɤɚɛɢɧɟɬ 
ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɦɚɬɟɪɢɚɥɚɦɢ ɩɨ ɬɟɦɚɬɢɤɟ ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ 
ɛɟɡɨɩɚɫɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ. ɇɚ ɤɚɠɞɨɦ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɞɨɥɠɧɵ ɛɵɬɶ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ ɞɨɥɠɧɨɫɬɧɵɟ ɢɧɫɬɪɭɤɰɢɢ ɢ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɜ 
ɧɟɨɛɯɨɞɢɦɨɦ ɨɛɴɟɦɟ. Ɉɪɝɚɧɢɡɚɰɢɹ Ƚɗɋ ɧɟɫɟɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɫɬɨɹɧɢɟ 
ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ Ƚɗɋ ɢ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɤɨɧɬɪɨɥɶ ɫɨɛɥɸɞɟɧɢɹ 
ɬɪɟɛɨɜɚɧɢɣ ɧɚɫɬɨɹɳɟɝɨ ɫɬɚɧɞɚɪɬɚ, ɬɪɟɛɨɜɚɧɢɣ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, 
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ɩɪɨɜɟɞɟɧɢɟɦ ɢɧɫɬɪɭɤɬɚɠɟɣ ɢ ɬɪɟɧɢɪɨɜɨɤ ɞɥɹ ɨɬɪɚɛɨɬɤɢ ɧɚɜɵɤɨɜ ɩɨ ɷɜɚɤɭɚɰɢɢ 
ɪɚɛɨɬɧɢɤɨɜ ɜ ɫɥɭɱɚɟ ɩɨɹɜɥɟɧɢɹ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ.  

ɇɚ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɞɨɥɠɟɧ ɛɵɬɶ ɨɪɝɚɧɢɡɨɜɚɧ ɭɱɚɫɬɨɤ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, 
ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɦ ɰɟɧɬɪɨɦ ɩɨ ɪɚɛɨɬɟ ɫ ɩɟɪɫɨɧɚɥɨɦ. 
Ɉɪɝɚɧɢɡɚɰɢɹ Ƚɗɋ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɤɨɧɬɪɨɥɶ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɩɪɨɜɟɪɤɢ: 

 ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɚɤ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɝɨ, ɬɚɤ ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ 
ɪɟɦɨɧɬɟ ɢɥɢ ɜ ɪɟɡɟɪɜɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ ɬɪɟɛɨɜɚɧɢɹɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ; 

 ɡɧɚɧɢɣ ɫɨɬɪɭɞɧɢɤɚɦɢ ɫɯɟɦ ɩɭɬɟɣ ɷɜɚɤɭɚɰɢɢ, ɫɯɟɦ ɪɚɡɦɟɳɟɧɢɹ 
ɛɟɡɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɧɚɜɵɤɨɜ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɩɪɚɤɬɢɤɟ; 

 ɡɧɚɧɢɣ ɪɚɛɨɬɧɢɤɚɦɢ ɫɪɟɞɫɬɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ, ɫɪɟɞɫɬɜ 
ɤɨɥɥɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ ɢ ɫɢɫɬɟɦ ɚɜɬɨɧɨɦɧɵɯ ɭɫɬɚɧɨɜɨɤ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ, 
ɧɚɜɵɤɨɜ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɩɨ ɧɚɡɧɚɱɟɧɢɸ; 

Ʉɚɠɞɵɣ ɪɚɛɨɬɧɢɤ ɫɬɚɧɰɢɢ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɭɱɟɧ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɬɪɭɞɚ 
ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɷɥɟɤɬɪɨ-, ɩɨɠɚɪɨ-, 
ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ, ɩɪɨɣɬɢ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ, 
ɪɚɛɨɬɧɢɤɭ, ɩɪɨɲɟɞɲɟɦɭ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, ɜɵɞɚɟɬɫɹ 
ɭɞɨɫɬɨɜɟɪɟɧɢɟ ɨ ɩɪɨɜɟɪɤɟ ɡɧɚɧɢɣ. 
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8 Ɍɟɯɧɢɤɨ-ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
 

8.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 

Ɉɛɴɟɦɵ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɋɟɥɟɧɝɢɧɫɤɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.1. 

 
Ɍɚɛɥɢɰɚ 8.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ȿɞɢɧɢɰɚ 

ɢɡɦɟɪɟɧɢɹ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2022 2023 2024 2025 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 283 283 283 283 

ɑɢɫɥɨ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɑɚɫɵ 4000 4000 4000 4000 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇȼɬ∙ɱ 1132000 1132000 1132000 1132000 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

% 1 1 1 1 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

Ɇȼɬ∙ɱ 11320 11320 11320 11320 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɇȼɬ∙ɱ 1120680 1120680 1120680 1120680 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɭɛ/Ɇȼɬ∙ɱ 1077 1110 1143 1175 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɦɥɧ.ɪɭɛ. 1206,97 1243,95 1280,94 1316,80 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 201,16 207,33 213,49 219,47 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȿɞɢɧɵɦɢ ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ» [26] 

ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɜɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
 

8.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ.) [26] ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ. ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɤɨɦɩɚɧɢɢ.  

Ɍɟɤɭɳɢɦɢ ɪɚɫɯɨɞɚɦɢ ɩɨ ɝɢɞɪɨɭɡɥɭ ɹɜɥɹɸɬɫɹ: 
- ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
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- ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
- ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
- ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
- ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
- ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɱɢɫɥɟɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ 0,08%. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 

ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.2. 
 

Ɍɚɛɥɢɰɚ 8.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɋɟɥɟɧɝɢɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇȼɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 53,37 

ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ 274 764,57 

ɂɬɨɝɨ ɩɨ Ƚɗɋ 529,2 817,94 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 

ɮɨɪɦɢɪɭɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɧɜɟɫɬɢɰɢɣ. ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɡɚɬɪɚɬ ɧɚ 
ɪɟɦɨɧɬ ɜ ɩɪɨɰɟɧɬɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.3. 
 
Ɍɚɛɥɢɰɟ 8.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 

ɗɬɚɩɵ ȼɟɥɢɱɢɧɚ 
Ɉɬ 1 ɞɨ 5 0,06 
Ɉɬ 6 ɞɨ 15 0,09 

Ɉɬ 16 ɞɨ 25 0,14 
ɋɜɵɲɟ 25 0,2 

 
Ɂɚɬɪɚɬɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɨɩɪɟɞɟɥɟɧɵ ɢɫɯɨɞɹ ɢɡ 

ɫɬɚɜɨɤ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦɢ ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ». 
Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ 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 38,31 

ɈȺɈ "ȺɌɋ" (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097 ɬɵɫ.ɪɭɛ./Ɇȼɬ∙ɱ 2,68 
ɈȺɈ "ɐɎɊ" (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318 ɬɵɫ.ɪɭɛ./Ɇȼɬ∙ɱ 0,78 

ɂɬɨɝɨ 41,77 
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ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ ɤɨɞɟɤɫɨɦ ɊɎ [27] ɞɥɹ ɪɟɤɢ 
ɋɟɥɟɧɝɚ ɫɨɫɬɚɜɥɹɟɬ 13,2 ɪɭɛ. ɧɚ 1 ɬɵɫ. ɤȼɬ∙ɱ. Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ Ƚɗɋ ɜ 
ɩɟɪɜɨɧɚɱɚɥɶɧɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ( ɫ 2022 ɩɨ 2025 ɝɝ.) ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 8.5. 

 
Ɍɚɛɥɢɰɚ 8.5– Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ Ƚɗɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2022 2023 2024 2025 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 366,70 726,24 764,57 764,57 

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ. 43,46 76,15 71,72 64,38 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ. 112,31 149,74 149,74 149,74 
Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 

ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ. 54,33 95,19 89,65 80,48 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ. 31,33 41,77 41,77 41,77 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 21,52 32,28 32,28 32,28 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 629,63 1121,37 1149,73 1133,21 

 
 Ⱥɧɚɥɢɡɢɪɭɹ ɬɚɛɥɢɰɭ 8.5. ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɟ ɡɚɬɪɚɬɵ 
ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɢɫɱɢɫɥɟɧɢɹ, ɞɚɥɟɟ ɪɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɢ 
ɦɚɥɚɹ ɱɚɫɬɶ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɧɚɥɨɝ ɧɚ ɜɨɞɭ.  
 

8.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 

ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 
ɨɤɨɧɱɚɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ 
ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ.  

ɍɱɢɬɵɜɚɟɦ 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 – 13,2 ɪɭɛ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ ɫ 2022 ɩɨ 2026 ɝɝ. ɩɪɢ 

ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.6. 
 

Ɍɚɛɥɢɰɚ 8.6– ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɫ 2022 ɩɨ 2026 ɝɝ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ  

2022 2023 2024 2025 2026 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 188,57 271,82 276,72 293,54 309,89 

ɇȾɋ, ɦɥɧ.ɪɭɛ.     445,86 
ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, 

ɦɥɧ.ɪɭɛ. 13,52 13,52 13,52 13,52 13,52 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ. 71,31 165,66 168,56 151,74 134,92 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 273,4 451 458,8 458,8 904,19 
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ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɝɨ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɧɚɥɨɝ ɧɚ 
ɩɪɢɛɵɥɶ ɢ ɇȾɋ ɫɨɫɬɚɜɥɹɸɬ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɡɚɬɪɚɬ.  ȿɠɟɝɨɞɧɨ ɩɪɨɢɫɯɨɞɢɬ 
ɭɜɟɥɢɱɟɧɢɟ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, ɇȾɋ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢ ɡɚɬɪɚɬɵ. 
ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ ɞɨɫɬɢɝɚɟɬ ɩɢɤɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɜ 2024 ɝɨɞɭ, ɞɚɥɟɟ ɩɨɫɬɟɩɟɧɧɨ 
ɢɞɟɬ ɧɚ ɫɩɚɞ. 

 
8.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 

ɦɨɳɧɨɫɬɢ 
 

ɉɪɢɛɵɥɶ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɢɡɜɨɞɢɦɨɣ 
ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ. Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɫ 
2022 ɩɨ 2025 ɝ.ɝ.) ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 8.7. Ⱦɢɧɚɦɢɤɚ ɫɭɦɦɵ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.1. 
 
Ɍɚɛɥɢɰɚ 8.7 - Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2022 2023 2024 2025 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 1697,46 2332,09 2405,7 2472,43 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 629,63 1121,37 1149,73 1133,21 

EBITDA (ɜɚɥɨɜɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 1673,25 2299,82 2373,43 2440,16 

EBIT (ɞɨ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 1153,58 1345,69 1391,13 1474,68 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 
ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 213,06 269,14 278,23 294,94 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 940,52 1076,55 1112,9 1179,74 

ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, % 20 20 20 20 

 

 
Ɋɢɫɭɧɨɤ 8.1-Ⱦɢɧɚɦɢɤɚ ɫɭɦɦɵ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ 
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Ɋɨɫɬ ɩɪɢɛɵɥɢ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ 
ɦɟɪɟ ɜɜɨɞɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ. Ɍɚɤɠɟ ɪɨɫɬ ɩɪɢɛɵɥɢ ɨɛɭɫɥɨɜɥɟɧ 
ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɪɭɱɤɢ ɨɬ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ.  
 

8.5  Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 
 

Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɢɬɨɝɨɜɨɣ ɫɬɪɨɤɟ ɜɤɥɚɞɤɢ 
Ʉɗɒ-ɎɅɈ. Ƚɪɚɮɢɤ Ʉɗɒ-ɎɅɈ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8.2. 

 

Ɋɢɫɭɧɨɤ 8.2-Ƚɪɚɮɢɤ Ʉɗɒ-ɎɅɈ 
 

ɇɚ ɝɪɚɮɢɤɟ ɨɛɨɡɧɚɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 
1- ɇɚɱɚɥɨ ɡɟɦɟɥɶɧɵɯ ɪɚɛɨɬ; 
2- ɇɚɱɚɥɨ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ; 
3- ɇɚɱɚɥɨ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ; 
4- ɇɚɱɚɥɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɈɊɍ; 
5- ɇɚɱɚɥɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ʌɗɉ; 
6- ɇɚɱɚɥɨ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɩɭɫɤ ɩɟɪɜɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; 
7- ɉɭɫɤ ɜɬɨɪɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; 
8- ɉɭɫɤ ɬɪɟɬɶɟɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; 
9- ɉɭɫɤ ɱɟɬɜɟɪɬɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ; 
10- Ɉɤɭɩɚɟɦɨɫɬɶ ɩɪɨɟɤɬɚ. 
ȼɜɨɞ ɜ ɪɚɛɨɬɭ ɩɟɪɜɨɝɨ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɚɩɪɟɥɟ 2022 ɝɨɞɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ ɷɬɨɝɨ ɦɨɦɟɧɬɚ ɧɚɱɢɧɚɟɬɫɹ ɜɵɪɚɛɨɬɤɚ ɢ ɩɪɨɞɚɠɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɉɪɢɛɵɥɶ ɧɚɱɢɧɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ. Ʉ ɤɨɧɰɭ 2026 ɝɨɞɚ ɩɪɨɟɤɬ 
ɨɤɭɩɚɟɬɫɹ. 
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8.6 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 

Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ 
(ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.). 

 
8.6.1 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 
4. ɂ ɬ.ɞ. 
Ɋɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ: 
ɚ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 

ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ», ɭɬɜɟɪɠɞɟɧɧɵɯ 
ɩɪɢɤɚɡɨɦ ɈȺɈ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 07.02.2000ɝ. № 54 ɧɚ ɨɫɧɨɜɚɧɢɢ 
Ɂɚɤɥɸɱɟɧɢɹ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɵ Ɋɨɫɫɢɢ ɨɬ 26.05.1999ɝ. №24-16-1/20-113; 

ɛ) «Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ ɢ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ ɧɚ ɫɬɚɞɢɢ 
ɩɪɟɞɌɗɈ ɢ ɌɗɈ», Ɇɨɫɤɜɚ, 2008 ɝ., ɭɬɜɟɪɠɞɟɧɧɵɦɢ ɊȺɈ «ȿɗɋ Ɋɨɫɫɢɢ» ɨɬ 
31.03.2008ɝ № 155 ɢ Ƚɥɚɜɝɨɫɷɤɫɩɟɪɬɢɡɨɣ Ɋɨɫɫɢɢ ɨɬ 26.05.99ɝ. №24-16-1/20-113. 

ɜ) ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.). 

Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems.  

 
8.6.2 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 

ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.7. 
 
Ɍɚɛɥɢɰɚ 8.7 - ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «ɋɟɥɟɧɝɢɧɫɤɚɹ 
Ƚɗɋ ɧɚ ɪɟɤɟ ɋɟɥɟɧɝɚ» 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, % 11,6 
Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ -DPV,ɦɟɫ 93 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ-NPV, ɦɥɧ.ɪɭɛ. 7271,73 
ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ - PI 1,94 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 20,04 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉȼɬ∙ɱ 1,26 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉȼɬ 44717,31 
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8.6.3 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 

ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ʉ ɩɪɢɬɨɤɚɦ 
ɛɸɞɠɟɬɧɵɯ ɫɪɟɞɫɬɜ ɨɬɧɨɫɢɬɫɹ ɩɪɢɬɨɤɢ ɨɬ ɧɚɥɨɝɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ.  

ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɟ 
ɛɸɞɠɟɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8.8. 
 
Ɍɚɛɥɢɰɚ 8.8– ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2022 2023 2024 2025 
ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, 

ɦɥɧ.ɪɭɛ. 223,61 317,62 322,51 339,34 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, 
ɦɥɧ.ɪɭɛ. 71,31 165,66 168,56 151,74 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.ɪɭɛ. 294,92 483,28 491,08 491,08 

 
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɪɭɱɤɢ ɪɚɫɬɭɬ ɢ ɧɚɥɨɝɨɜɵɟ ɜɵɩɥɚɬɵ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ 

ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ. 
 
8.7 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

 
Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɉɨɞ ɚɧɚɥɢɡɨɦ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ ɩɨɧɢɦɚɟɬɫɹ ɨɰɟɧɤɚ 
ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɢɫɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɧɚ ɟɝɨ 
ɤɨɧɟɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
ɜɟɥɢɱɢɧɵ ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɫɥɟɞɭɸɳɢɦ ɢɡɦɟɧɟɧɢɹɦ: 

 ɋɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
 Ɉɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ; 
 Ɉɛɴёɦ ɫɛɵɬɚ; 
 ɋɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. 

ȼɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ ɞɢɧɚɦɢɤɢ 
ɢɡɦɟɧɟɧɢɹ PI ɧɚ ɪɢɫɭɧɤɟ 8.3-8.5. 
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Ɋɢɫɭɧɨɤ 8.3-Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ PI ɨɬ ɫɬɚɜɤɢ ɧɚɥɨɝɚ 
 

ɇɚ ɝɪɚɮɢɤɟ ɩɨɤɚɡɚɧɚ ɨɛɪɚɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɚɜɤɢ ɧɚɥɨɝɚ 
ɜɟɥɢɱɢɧɚ PI ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɧɚɨɛɨɪɨɬ. 

 

 
Ɋɢɫɭɧɨɤ 8.4-Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ PI ɨɬ ɰɟɧɵ ɫɛɵɬɚ 

 
Ɂɞɟɫɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɹɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɰɟɧɵ ɫɛɵɬɚ 

ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 
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Ɋɢɫɭɧɨɤ 8.5-Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ PI ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
 

ɇɚ ɝɪɚɮɢɤɟ ɩɨɤɚɡɚɧɚ ɨɛɪɚɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɢɧɞɟɤɫɚ 
ɩɪɢɛɵɥɶɧɨɫɬɢ PI ɨɬ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɚɜɤɢ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɜɟɥɢɱɢɧɚ ɢɧɞɟɤɫɚ ɩɪɢɛɵɥɶɧɨɫɬɢ PI ɭɦɟɧɶɲɚɟɬɫɹ. 
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9 ɋɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ ɤ ɦɨɧɢɬɨɪɢɧɝɭ, ɞɢɚɝɧɨɫɬɢɤɟ ɢ 
ɭɩɪɚɜɥɟɧɢɸ ɫɨɫɬɨɹɧɢɟɦ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ 
 

Ɇɨɧɢɬɨɪɢɧɝ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ 
ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɯ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɜɚɪɢɣɧɵɯ 
ɫɢɬɭɚɰɢɣ ɢ ɫɨɡɞɚɧɢɹ ɭɫɥɨɜɢɣ ɞɥɹ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

ɋɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ ɤ ɦɨɧɢɬɨɪɢɧɝɭ, ɞɢɚɝɧɨɫɬɢɤɟ ɢ ɭɩɪɚɜɥɟɧɢɸ 
ɫɨɫɬɨɹɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ȽɌɋ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɜɨɟɜɪɟɦɟɧɧɨ 
ɨɛɧɚɪɭɠɢɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɞɟɮɟɤɬɨɜ ɢ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɩɨɫɥɟɞɭɸɳɟɟ ɢɯ ɪɚɡɜɢɬɢɟ, 
ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɛɭɞɭɬ ɦɢɧɢɦɢɡɢɪɨɜɚɧɵ ɪɢɫɤɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɱɪɟɡɜɵɱɚɣɧɵɯ 
ɫɢɬɭɚɰɢɣ. 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɢɤɭ 
ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɢ ɱɟɥɨɜɟɱɟɫɤɢɯ 
ɪɟɫɭɪɫɨɜ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɚɬɶ ɞɨɫɬɨɜɟɪɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɨɫɬɨɹɧɢɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ.  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ 
ɨɫɧɚɳɚɬɶ ɤɚɠɞɵɣ ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɣ ɨɛɴɟɤɬ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɦɢ 
ɢɡɦɟɪɢɬɟɥɶɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

 
9.1 Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ 

 
 ɋɢɫɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 

- ɫɨɜɨɤɭɩɧɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɞɪɭɝɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ 
ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɨɥɭɱɟɧɢɟ, ɩɟɪɟɞɚɱɭ, ɫɛɨɪ ɢ ɨɛɪɚɛɨɬɤɭ 
ɢɧɮɨɪɦɚɰɢɢ ɪɟɝɭɥɹɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɹ; 

 Ɇɨɧɢɬɨɪɢɧɝ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ - ɫɢɫɬɟɦɚ ɪɟɝɭɥɹɪɧɵɯ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɢ ɜɢɡɭɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ 
ɡɚ ɩɨɤɚɡɚɬɟɥɹɦɢ ɪɚɛɨɬɵ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɣ, ɡɚ ɩɪɨɹɜɥɟɧɢɟɦ 
ɢ ɪɚɡɜɢɬɢɟɦ ɨɩɚɫɧɵɯ ɞɥɹ ɫɨɨɪɭɠɟɧɢɣ ɬɟɯɧɨɝɟɧɧɵɯ ɢ ɩɪɢɪɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ 
ɹɜɥɟɧɢɣ, ɩɪɨɜɨɞɢɦɵɯ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɪɨɝɪɚɦɦɟ ɫ ɰɟɥɶɸ ɨɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɣ, ɫɜɨɟɜɪɟɦɟɧɧɨɣ 
ɪɚɡɪɚɛɨɬɤɢ ɢ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ; 

 Ɍɟɯɧɢɱɟɫɤɚɹ ɞɢɚɝɧɨɫɬɢɤɚ - ɨɛɥɚɫɬɶ ɡɧɚɧɢɣ, ɨɯɜɚɬɵɜɚɸɳɚɹ ɬɟɨɪɢɸ, 
ɦɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ; 

 ɋɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ - ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɪɟɞɫɬɜ, 
ɨɛɴɟɤɬɚ ɢ ɢɫɩɨɥɧɢɬɟɥɟɣ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɩɨ 
ɩɪɚɜɢɥɚɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ; 

 Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ (ɤɨɧɬɪɨɥɹ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ) - ɫɬɟɩɟɧɶ ɨɛɴɟɤɬɢɜɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ (ɤɨɧɬɪɨɥɹ) ɞɟɣɫɬɜɢɬɟɥɶɧɨɦɭ ɬɟɯɧɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ 
ɨɛɴɟɤɬɚ; 
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 Ʉɨɦɩɥɟɤɫɧɵɣ ɚɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ 
- ɚɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɝɨɞɢɱɧɵɯ 
(ɦɧɨɝɨɥɟɬɧɢɯ) ɰɢɤɥɨɜ ɧɚɛɥɸɞɟɧɢɣ ɩɭɬɟɦ ɨɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɟɝɨ 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɪɢɬɟɪɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɨɪɦɚɦ ɢ ɩɪɨɟɤɬɭ, 
ɯɚɪɚɤɬɟɪɚ (ɬɟɧɞɟɧɰɢɢ) ɢɯ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ, ɚɞɟɤɜɚɬɧɨɫɬɢ ɪɟɚɤɰɢɢ 
ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. 

 
9.2 Ɉɫɧɨɜɧɵɟ ɞɟɣɫɬɜɭɸɳɢɟ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ 

 
Ɇɨɧɢɬɨɪɢɧɝ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɨɥɠɟɧ ɩɪɨɜɨɞɢɬɶɫɹ 

ɧɚ ɜɫɟɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ɩɨɜɪɟɠɞɟɧɢɹ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɱɪɟɡɜɵɱɚɣɧɨɣ ɫɢɬɭɚɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ 
ɨɬ 21.07.1997 № 117-ɎɁ. 

 Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ 21.07.1997 N 117-ɎɁ (ɪɟɞ. ɨɬ 29.07.2018) "Ɉ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ"; 

ɋɨɛɫɬɜɟɧɧɢɤ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢ (ɢɥɢ) ɷɤɫɩɥɭɚɬɢɪɭɸɳɚɹ 
ɨɪɝɚɧɢɡɚɰɢɹ ɨɛɹɡɚɧɵ: 

 ɨɛɟɫɩɟɱɢɜɚɬɶ ɤɨɧɬɪɨɥɶ (ɦɨɧɢɬɨɪɢɧɝ) ɡɚ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɨɫɬɨɹɧɢɹ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɩɪɢɪɨɞɧɵɯ ɢ ɬɟɯɧɨɝɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɰɟɧɤɭ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɟɝɭɥɹɪɧɭɸ ɨɰɟɧɤɭ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɢ ɚɧɚɥɢɡ ɩɪɢɱɢɧ ɟɟ ɫɧɢɠɟɧɢɹ; 

 ɪɚɡɜɢɜɚɬɶ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɨɪɭɠɟɧɢɹ. 

 Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ "Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɝɥɚɦɟɧɬ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ 
ɢ ɫɨɨɪɭɠɟɧɢɣ" ɨɬ 30.12.2009 N 384-ɎɁ. ɋɬɚɬɶɹ 16. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɨɛɟɫɩɟɱɟɧɢɸ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ; 

  ɪɚɫɱɟɬɧɵɟ ɦɨɞɟɥɢ (ɜ ɬɨɦ ɱɢɫɥɟ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ, ɨɫɧɨɜɧɵɟ 
ɩɪɟɞɩɨɫɵɥɤɢ ɪɚɫɱɟɬɚ) ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɫɧɨɜɚɧɢɹ ɞɨɥɠɧɵ ɨɬɪɚɠɚɬɶ 
ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ, ɨɬɜɟɱɚɸɳɢɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɪɚɫɱɟɬɧɨɣ ɫɢɬɭɚɰɢɢ.  

 ɋɌɈ 70238424.27.140.035-2009. Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɇɨɧɢɬɨɪɢɧɝ 
ɢ ɨɰɟɧɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ; 

 ɨɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɦɢ 
ɫɨɨɪɭɠɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ: ɤɨɦɩɥɟɤɫɧɨɟ ɢɡɭɱɟɧɢɟ ɢɯ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɪɚɛɨɬɵ; ɩɪɨɜɟɪɤɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɟɤɬɧɵɦ ɩɪɟɞɩɨɫɵɥɤɚɦ, 
ɤɪɢɬɟɪɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ; ɨɛɴɟɤɬɢɜɧɚɹ ɨɰɟɧɤɚ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ 
ɭɤɚɡɚɧɧɵɯ ɡɚɞɚɱ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɫɨɨɪɭɠɟɧɢɹ ɞɨɥɠɧɵ ɨɫɧɚɳɚɬɶɫɹ ɤɨɧɬɪɨɥɶɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ɄɂȺ). ȼ ɩɪɨɟɤɬɚɯ ɫɨɨɪɭɠɟɧɢɣ I, II ɢ III ɤɥɚɫɫɨɜ 
ɫɨɛɥɸɞɟɧɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɭɫɬɚɧɨɜɤɟ ɄɂȺ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɧɚɛɥɸɞɟɧɢɣ ɢ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ. 
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 ɋɌɈ 17330282.27.140.004-2008. Ʉɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɟ 
ɫɢɫɬɟɦɵ ɢ ɚɩɩɚɪɚɬɭɪɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ Ƚɗɋ. ɍɫɥɨɜɢɹ ɫɨɡɞɚɧɢɹ. 
ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ; 

 ȺɋɈ ɄɂȺ (ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɨɩɪɨɫɚ ɤɨɧɬɪɨɥɶɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ) – ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
ɉɪɨɝɪɚɦɦɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ȺɋɈ ɄɂȺ ɫɨɡɞɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɞɚɬɱɢɤɨɜ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢ ɧɚ ɨɫɧɨɜɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ. 

 
9.3 ɋɨɜɪɟɦɟɧɧɵɟ ɜɚɪɢɚɧɬɵ ɞɥɹ ɜɟɞɟɧɢɹ ɦɨɧɢɬɨɪɢɧɝɚ, ɞɢɚɝɧɨɫɬɢɤɢ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɨɹɧɢɟɦ ȽɌɋ 
 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɩɪɨɜɟɞɟɧɢɟ ɞɢɚɝɧɨɫɬɢɤɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ ɦɟɬɨɞɨɜ ɩɪɨɜɟɞɟɧɢɹ ɧɚɛɥɸɞɟɧɢɣ ɫ 
ɩɪɨɝɪɟɫɫɢɪɭɸɳɢɦ ɪɚɡɜɢɬɢɟɦ ɬɨɱɧɵɯ ɧɚɭɤ ɢ ɬɟɯɧɨɥɨɝɢɣ. 

Ʉ ɫɨɜɪɟɦɟɧɧɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɜɟɞɟɧɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɦɨɠɧɨ 
ɨɬɧɟɫɬɢ ɫɥɟɞɭɸɳɢɟ ɛɥɨɤɢ: 

 ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ (ɂȾɋ); 
 Ʉɗ-ɦɨɞɟɥɢ; 
 BIM – ɦɨɞɟɥɢ; 
 Ɇɟɬɨɞɵ Data Mining (ɚɞɚɩɬɚɰɢɹ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ) ɞɥɹ ɚɧɚɥɢɡɚ 

ɫɨɫɬɨɹɧɢɣ, ɦɟɬɨɞ ɝɪɭɩɩɨɜɨɝɨ ɭɱɟɬɚ ɚɪɝɭɦɟɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɟ ɜɵɹɜɢɬɶ ɲɚɛɥɨɧɵ 
ɩɨɜɟɞɟɧɢɹ ɢ ɩɨɫɬɪɨɢɬɶ ɦɨɞɟɥɢ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ; 

 Ʉɨɦɩɥɟɤɫɧɚɹ ɜɢɪɬɭɚɥɶɧɚɹ PLM- ɦɨɞɟɥɶ. 
Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɦ ɪɚɫɫɦɨɬɪɟɧɢɟ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. 
 
9.3.1 ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ  

 
ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ (ɂȾɋ), ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɭɸ ɩɥɚɬɮɨɪɦɭ, ɜ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɛɨɪ ɢ ɚɧɚɥɢɡ 
ɞɚɧɧɵɯ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ. 

ɗɬɚ ɩɥɚɬɮɨɪɦɚ ɩɨɡɜɨɥɹɟɬ ɱɚɫɬɢɱɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɫɛɨɪ ɢ ɨɛɪɚɛɨɬɤɭ 
ɞɚɧɧɵɯ ɢ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɢɧɠɟɧɟɪɭ-ɝɢɞɪɨɬɟɯɧɢɤɭ ɲɢɪɨɤɢɣ ɧɚɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ 
ɞɥɹ ɚɧɚɥɢɡɚ ɢɧɮɨɪɦɚɰɢɢ. 

Ɉɫɧɨɜɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɩɥɚɬɮɨɪɦɵ ɂȾɋ ɹɜɥɹɸɬɫɹ: 
 ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɩɪɨɫɚ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɤɨɧɬɪɨɥɶɧɨ-

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɝɪɚɦɦɨɣ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ; 
 ɪɭɱɧɨɣ ɜɜɨɞ ɞɚɧɧɵɯ ɡɚɦɟɪɨɜ; 
 ɩɪɨɢɡɜɟɞɟɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɵɯ ɮɢɡɢɱɟɫɤɢɯ 

ɜɟɥɢɱɢɧ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ; 
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 ɪɚɫɱɟɬ ɤɪɢɬɟɪɢɟɜ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɫɪɚɜɧɟɧɢɟ ɮɚɤɬɢɱɟɫɤɢɯ 
ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɟɣ ɫɨɫɬɨɹɧɢɹ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɷɬɢɯ ɤɪɢɬɟɪɢɟɜ; 

 ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɩɨɞɚɱɚ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɢ 
ɩɪɟɜɵɲɟɧɢɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɤɪɢɬɟɪɢɟɜ; 

 ɜɟɞɟɧɢɟ ɠɭɪɧɚɥɨɜ ɜɢɡɭɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ; 
 ɫɨɫɬɚɜɥɟɧɢɟ ɢ ɜɟɞɟɧɢɟ ɨɬɱɟɬɧɵɯ ɬɚɛɥɢɰ; 
 ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ, ɷɩɸɪ, ɜɟɤɬɨɪɧɵɯ ɩɨɥɟɣ ɢ ɩɪ. 
ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɂȾɋ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 3D-

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɨɞɟɥɢ, ɚ ɬɚɤɠɟ ɪɚɡɦɟɳɟɧɢɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ ɮɨɪɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ.  

Ɉɫɧɨɜɧɵɟ ɷɬɚɩɵ ɩɪɢ ɪɚɛɨɬɟ ɂȾɋ ɧɚ ɨɛɴɟɤɬɟ ɧɚɛɥɸɞɟɧɢɹ: 
 ɪɚɡɪɚɛɨɬɤɚ ɢ ɫɨɡɞɚɧɢɟ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɫɨɨɪɭɠɟɧɢɹ; 
 ɡɚɩɨɥɧɟɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ ɢɦɟɸɳɟɣɫɹ ɄɂȺ, ɫ ɩɪɢɜɹɡɤɨɣ ɤ ɬɪɟɯɦɟɪɧɨɣ 

ɦɨɞɟɥɢ, ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ, ɯɨɞ ɢ ɩɨɪɹɞɨɤ ɩɟɪɟɫɱɟɬɚ ɡɚɦɟɪɨɜ ɜ ɮɢɡɢɱɟɫɤɢɟ 
ɜɟɥɢɱɢɧɵ; 

 ɫɨɡɞɚɧɢɟ ɷɤɪɚɧɧɵɯ ɮɨɪɦ ɞɥɹ ɪɭɱɧɨɝɨ ɜɜɨɞɚ ɞɚɧɧɵɯ, ɪɚɫɩɢɫɚɧɢɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɩɪɨɫɚ, ɲɚɛɥɨɧɵ ɨɬɱɟɬɧɵɯ ɮɨɪɦ; 

 ɩɨɞɝɨɬɚɜɥɢɜɚɟɬɫɹ ɪɚɫɱɟɬ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɤɥɚɪɚɰɢɟɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɚ ɢ ɞɨɫɬɚɜɤɚ ɫɨɨɛɳɟɧɢɣ 
ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɨɛ ɢɡɦɟɧɟɧɢɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

ɇɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɉɄ 
ANSIS, NASTRAN, ABAQUS, SCAD, ɢɡ ɨɬɟɱɟɫɬɜɟɧɧɵɯ - ɉɄ «Ʌɢɪɚ», 
«ɋɌȺȾɂɈ», ɜɜɢɞɭ ɢɯ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɫɟɬɤɢ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɪɟɲɟɧɢɹ ɨɝɪɨɦɧɨɝɨ ɱɢɫɥɚ 
ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɡɚɞɚɧɢɹ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɫɩɨɥɶɡɭɸɬ ɂȾɋ Ⱦɟɞɚɥ ɢ ɂȾɋ Ȼɢɧɝ. 
ɉɥɚɬɮɨɪɦɚ ɂȾɋ Ⱦɟɞɚɥ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɍɫɬɶ-ɂɥɢɦɫɤɨɣ Ƚɗɋ, 

ɑɢɪɤɟɣɫɤɨɣ Ƚɗɋ, Ȼɭɪɟɣɫɤɨɣ Ƚɗɋ.  Ɇɨɞɟɥɶ ɑɢɪɤɟɣɫɤɨɣ Ƚɗɋ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 
ɤɨɦɩɥɟɤɫɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9.1.  
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Ɋɢɫɭɧɨɤ 9.1 – 3D ɦɨɞɟɥɶ ɑɢɪɤɟɣɫɤɨɣ Ƚɗɋ 

 
9.3.2 BIM – ɦɨɞɟɥɶ 

 
Building Information Modeling (BIM) – ɜ ɩɟɪɟɜɨɞɟ ɧɚ ɪɭɫɫɤɢɣ: 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɹ. ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɥɟɤɫ 
ɦɟɪɨɩɪɢɹɬɢɣ ɢ ɪɚɛɨɬ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɠɢɡɧɟɧɧɵɦ ɰɢɤɥɨɦ ɫɨɨɪɭɠɟɧɢɹ, ɧɚɱɢɧɚɹ 
ɨɬ ɩɪɨɟɤɬɚ ɢ ɡɚɤɚɧɱɢɜɚɹ ɞɟɦɨɧɬɚɠɟɦ. BIM ɬɟɯɧɨɥɨɝɢɢ ɨɯɜɚɬɵɜɚɸɬ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɷɤɫɩɥɭɚɬɚɰɢɸ, ɪɟɦɨɧɬ ɫɨɨɪɭɠɟɧɢɹ. 

BIM-ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬ ɫɛɨɪ ɢ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɨɛ 
ɚɪɯɢɬɟɤɬɭɪɧɨ–ɩɥɚɧɢɪɨɜɨɱɧɵɯ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ, ɷɤɨɧɨɦɢɱɟɫɤɢɯ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɨɛɴɟɤɬɚ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ 
ɟɞɢɧɨɦ ɢɧɮɨɪɦɚɰɢɨɧɧɨɦ ɩɨɥɟ (BIM – ɦɨɞɟɥɢ). ȼɫɟ ɞɚɧɧɵɟ, ɡɚɥɨɠɟɧɧɵɟ ɜ 
ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ, ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɜɡɚɢɦɨɡɚɜɢɫɢɦɵ.  

Ɍɟɯɧɨɥɨɝɢɢ BIM ɨɫɧɨɜɚɧɵ ɧɚ ɜɢɪɬɭɚɥɶɧɨɣ 3D-ɦɨɞɟɥɢ, ɤɨɬɨɪɨɣ ɡɚɞɚɧɵ 
ɪɟɚɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɢ ɨɩɪɟɞɟɥɢɬɶ 
ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɟɳɟ ɞɨ ɧɚɱɚɥɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɧɚ 
ɨɛɴɟɤɬɟ. ɍɩɪɚɜɥɟɧɢɟ ɞɚɧɧɵɦɢ ɦɨɞɟɥɢ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɫɪɨɤɢ ɪɟɚɥɢɡɚɰɢɢ 
ɩɪɨɟɤɬɚ, ɭɩɪɨɳɚɟɬ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɝɨ ɨɛɴɟɤɬɚ ɢ ɩɪɨɞɥɟɜɚɟɬ ɫɪɨɤ 
ɟɝɨ ɫɥɭɠɛɵ. ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɦɟɧɹɟɬ ɫɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢ ɤɨɧɮɢɝɭɪɚɰɢɸ 
ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɨɛɴɟɤɬɚ. Ʉ 3D ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ɞɨɛɚɜɥɹɸɬɫɹ ɜɪɟɦɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ. Ɍɨɝɞɚ ɟɟ ɧɚɡɵɜɚɸɬ 4D ɦɨɞɟɥɶɸ BIM. 

Ɉɫɧɨɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ BIM – ɦɨɞɟɥɢ ɫɥɟɞɭɸɳɢɟ: 
 3D ɦɨɞɟɥɶ – ɷɬɨ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɯɪɚɧɢɥɢɳɟ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ 

ɞɚɧɧɵɯ ɨ ɡɞɚɧɢɢ. ɉɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɢ ɷɮɮɟɤɬɢɜɧɨ ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ 
ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ, ɩɪɨɫɥɟɠɢɜɚɹ ɪɟɡɭɥɶɬɚɬ; 
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 ɫɧɢɠɟɧɢɟ ɜɟɪɨɹɬɧɵɯ ɨɲɢɛɨɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ BIM ɬɟɯɧɨɥɨɝɢɢ, 
ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɜɵɹɜɢɬɶ ɧɟɫɬɵɤɨɜɤɢ ɜ ɢɧɠɟɧɟɪɧɵɯ ɫɢɫɬɟɦɚɯ ɢ ɤɨɦɦɭɧɢɤɚɰɢɹɯ ɜ 
ɪɚɦɤɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ;  

 ɭɩɪɚɜɥɟɧɢɟ ɢ ɤɨɧɬɪɨɥɶ ɧɟɨɛɯɨɞɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ; 

 ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɜɵɝɪɭɡɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɵɫɤɚɧɢɣ ɢ ɢɫɩɵɬɚɧɢɣ, 
ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɨɬɱɟɬɨɜ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɨɣ 
ɬɟɯɧɢɤɨɣ, ɩɨɥɶɡɭɹɫɶ ɜɜɟɞɟɧɧɵɦɢ ɜ ɦɚɲɢɧɭ ɩɪɨɟɤɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ.  

ȼɩɟɪɜɵɟ ɜ Ɋɨɫɫɢɢ ɜ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɬɟɯɧɨɥɨɝɢɹ BIM 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɧɚ ɇɢɠɧɟ-Ȼɭɪɟɣɫɤɨɣ Ƚɗɋ (ɪɢɫɭɧɤɢ 9.2), ɢɦɟɧɧɨ ɡɞɟɫɶ ɫ 2016 ɝ. 
ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɨɟɤɬ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɍɧɢɤɚɥɶɧɨɫɬɶ ɷɬɨɝɨ 
ɩɪɨɟɤɬɚ ɜ ɬɨɦ, ɱɬɨ ɜɧɟɞɪɟɧɢɟ BIM ɧɚ ɇɢɠɧɟ-Ȼɭɪɟɣɫɤɨɣ Ƚɗɋ ɩɪɨɢɫɯɨɞɢɥɨ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɫɬɚɧɰɢɢ. ɉɨɷɬɨɦɭ ɜɫɟ ɬɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, 
ɤɨɬɨɪɵɟ ɞɚɟɬ ɞɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɧɚ ɩɪɨɟɤɬɟ ɜ ɡɧɚɱɢɬɟɥɶɧɨ 
ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɷɬɨ ɦɨɝɥɨ ɛɵɬɶ. 
 

 
Ɋɢɫɭɧɨɤ 9.2 – ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɇɢɠɧɟ-Ȼɭɪɟɣɫɤɨɣ Ƚɗɋ 

 
9.3.3 Ɇɟɬɨɞɵ Data Mining ɢ ɆȽɍȺ 

 
Data Mining – ɷɬɨ ɬɟɯɧɨɥɨɝɢɹ ɚɧɚɥɢɡɚ ɢɧɮɨɪɦɚɰɢɢ ɫ ɰɟɥɶɸ ɧɚɯɨɠɞɟɧɢɹ ɜ 

ɭɠɟ ɧɚɤɨɩɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɟɦ ɞɚɧɧɵɯ ɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɵɯ, ɧɨ ɩɪɚɤɬɢɱɟɫɤɢ 
ɩɨɥɟɡɧɵɯ ɡɧɚɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ 
ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɷɬɨ ɤɨɦɩɥɟɤɫ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɢɡɜɥɟɤɚɬɶ ɢɡ ɞɚɧɧɵɯ ɧɟɨɱɟɜɢɞɧɵɟ ɡɧɚɧɢɹ. ȼ ɨɫɧɨɜɭ ɫɨɜɪɟɦɟɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ Data Mining ɩɨɥɨɠɟɧɚ ɤɨɧɰɟɩɰɢɹ ɲɚɛɥɨɧɨɜ, ɨɬɪɚɠɚɸɳɢɯ 
ɮɪɚɝɦɟɧɬɵ ɦɧɨɝɨɚɫɩɟɤɬɧɵɯ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɣ ɜ ɞɚɧɧɵɯ. ɗɬɢ ɲɚɛɥɨɧɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɫɜɨɣɫɬɜɟɧɧɵɟ ɩɨɞɜɵɛɨɪɤɚɦ ɞɚɧɧɵɯ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɤɨɦɩɚɤɬɧɨ ɜɵɪɚɠɟɧɵ ɜ ɩɨɧɹɬɧɨɣ ɱɟɥɨɜɟɤɭ ɮɨɪɦɟ.   
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Ⱥɥɝɨɪɢɬɦɵ Data Mining ɩɨɡɜɨɥɹɸɬ ɷɮɮɟɤɬɢɜɧɨ ɨɫɭɳɟɫɬɜɢɬɶ 
ɤɥɚɫɬɟɪɢɡɚɰɢɸ ɨɛɴɟɤɬɨɜ, ɜɵɹɜɢɬɶ ɧɟɤɨɬɨɪɵɟ ɲɚɛɥɨɧɵ ɜ ɩɨɜɟɞɟɧɢɢ ɨɛɴɟɤɬɨɜ 
(ɧɟɨɛɹɡɚɬɟɥɶɧɨ ɩɟɪɢɨɞɢɱɟɫɤɢɟ) ɢ ɧɚ ɢɯ ɨɫɧɨɜɟ ɞɟɥɚɬɶ ɩɪɨɝɧɨɡɵ. 

Ⱦɪɭɝɚɹ ɜɨɡɦɨɠɧɨɫɬɶ – ɦɟɬɨɞ ɝɪɭɩɩɨɜɨɝɨ ɭɱёɬɚ ɚɪɝɭɦɟɧɬɨɜ (ɆȽɍȺ), 
ɩɨɡɜɨɥɹɸɳɢɣ ɷɮɮɟɤɬɢɜɧɨ ɫɬɪɨɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɆȽɍȺ ɬɪɟɛɭɟɬ ɛɚɡɵ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, 
ɤɨɬɨɪɭɸ ɬɚɤɠɟ ɭɞɨɛɧɟɟ ɪɚɫɩɨɥɚɝɚɬɶ ɧɚ ɭɞɚɥёɧɧɨɦ ɫɟɪɜɟɪɟ. 

Ⱦɚɧɧɵɣ ɛɥɨɤ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɞɚɩɬɚɰɢɢ ɦɨɞɟɥɟɣ ɤ ɧɨɜɵɦ ɭɫɥɨɜɢɹɦ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ. 

 
9.3.4 PLM - ɭɩɪɚɜɥɟɧɢɹ ɠɢɡɧɟɧɧɵɦ ɰɢɤɥɨɦ ɫɨɨɪɭɠɟɧɢɹ 
 
PLM (Product Lifecycle Management) – ɩɪɨɝɪɚɦɦɚ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɧɚ 

ɨɛɴɟɞɢɧɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɟɞɩɪɢɹɬɢɹ ɜ ɟɞɢɧɨɦ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɪɟɚɥɢɡɚɰɢɸ ɰɢɤɥɚ - ɨɬ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɟɤɬɚ ɞɨ 
ɨɤɨɧɱɚɧɢɹ ɟɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɭɬɢɥɢɡɚɰɢɢ. ɋ ɩɨɦɨɳɶɸ PLM 
ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɢ ɨɛɟɫɩɟɱɢɬɶ ɛɵɫɬɪɵɣ ɢ ɛɟɡɨɩɚɫɧɵɣ ɞɨɫɬɭɩ ɤ ɢɧɮɨɪɦɚɰɢɢ 
ɨ ɩɪɨɞɭɤɰɢɢ ɜɫɟɦ, ɤɬɨ ɜ ɧɟɣ ɧɭɠɞɚɟɬɫɹ, - ɤɨɧɫɬɪɭɤɬɨɪɚɦ, ɬɟɯɧɨɥɨɝɚɦ, 
ɢɧɠɟɧɟɪɚɦ, ɫɨɬɪɭɞɧɢɤɚɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɚɪɬɧɟɪɚɦ.  

Ɍɟɯɧɨɥɨɝɢɹ PLM ɫɨɞɟɪɠɢɬ: 
 ɛɚɡɨɜɵɟ ɫɬɚɧɞɚɪɬɵ ɢ ɬɟɯɧɨɥɨɝɢɢ; 
 ɢɧɫɬɪɭɦɟɧɬɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ, ɢɧɠɟɧɟɪɧɵɯ 

ɪɚɫɱɟɬɨɜ, ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɨɦ, ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɬ. ɞ.; 

 ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ (ɞɥɹ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ, ɭɩɪɚɜɥɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɟɣ, ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ ɢ ɞɪ.); 

 ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɪɢɥɨɠɟɧɢɹ (ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ, 
ɜɟɪɫɢɹɦɢ, ɡɧɚɧɢɹɦɢ ɢ ɩɪ.); 

 ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ ɨɬɪɚɫɥɟɜɨɟ ɉɈ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, PLM - ɧɟɤɨɬɨɪɚɹ ɤɨɧɰɟɩɰɢɹ ɞɥɹ ɨɛɴɟɞɢɧɟɧɢɹ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɡɪɚɛɨɬɨɤ ɜ ɟɞɢɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɟ ɪɟɲɟɧɢɟ. 
Ɉɫɧɨɜɭ ɬɚɤɨɝɨ ɪɟɲɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɢɧɠɟɧɟɪɧɵɦɢ 

ɞɚɧɧɵɦɢ (Product Data Management, PDM), ɤɨɬɨɪɚɹ ɫɜɹɡɵɜɚɟɬ ɜɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ 
ɤɨɦɩɨɧɟɧɬɵ, ɚ ɬɚɤɠɟ ɫɥɭɠɢɬ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɞɪɭɝɢɦɢ ɤɨɪɩɨɪɚɬɢɜɧɵɦɢ 
ɩɪɢɥɨɠɟɧɢɹɦɢ. 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɪɟɲɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɦɧɨɝɢɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ. ȼɧɟɞɪɟɧɢɟ PLM 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ, ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɨɜ ɢ 
ɜɪɟɦɟɧɢ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɤɚɱɟɫɬɜɚ ɩɪɨɟɤɬɧɨ-
ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɛɨɬ, ɫɨɤɪɚɳɟɧɢɟ ɨɲɢɛɨɤ. Ⱥ ɷɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɥɢɹɟɬ ɧɚ 
ɮɢɧɚɧɫɨɜɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɦɩɚɧɢɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚ ɩɨɜɵɲɟɧɢɟ ɩɪɢɛɵɥɶ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɬɟɯɧɨɥɨɝɢɢ PLM: 
 ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ; 
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 ɫɨɤɪɚɳɟɧɢɟ ɫɪɨɤɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ; 
 ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɞɭɤɰɢɢ 
 ɩɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɡɚɳɢɬɵ ɞɚɧɧɵɯ ɨɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ 

ɞɨɫɬɭɩɚ; 
 ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɨɛɫɬɜɟɧɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ ɜ 

ɪɚɦɤɚɯ ɟɞɢɧɨɝɨ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ; 
Ʉɨɦɩɥɟɤɫɧɨɟ ɪɟɲɟɧɢɟ ɪɟɚɥɢɡɨɜɚɧɨ ɧɚ ɛɚɡɟ ɩɪɨɞɭɤɬɨɜ ɦɢɧɫɤɨɣ ɤɨɦɩɚɧɢɢ 

"ɂɧɬɟɪɦɟɯ", ɬɚɤɢɯ, ɤɚɤ Search, Cadmech, Cadmech Desktop, TechCard, AVS ɢ 
ImBase. 

 
9.4 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ 

 
9.4.1 ɉɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɦɨɧɢɬɨɪɢɧɝɚ ȽɌɋ 
 
Ɉɞɧɢɦ ɢɡ ɩɪɢɦɟɪɨɜ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɜɨɞɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ (ɋɉȽɍȼɄ) ɜ ɜɢɞɟ 
ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɟɣɫɬɜɢɣ.  

1. ɋɨɡɞɚɧɢɟ ɫɟɬɟɜɨɣ ɫɢɫɬɟɦɵ ɫɛɨɪɚ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɩɟɪɜɢɱɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚ ɨɫɧɨɜɟ ɜɟɛ-ɤɚɦɟɪ ɢ ɪɚɞɢɨɦɨɞɟɦɨɜ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɩɟɪɟɞɚɜɚɟɦɨɣ ɱɟɪɟɡ ɦɨɛɢɥɶɧɭɸ ɫɜɹɡɶ ɧɚ ɭɞɚɥёɧɧɵɣ ɫɟɪɜɟɪ, ɝɞɟ ɛɭɞɟɬ 
ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɨɛɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɢ.  

ɗɬɨ ɩɨɡɜɨɥɢɬ ɨɪɝɚɧɢɡɨɜɚɬɶ ɧɟɩɪɟɪɵɜɧɵɣ ɩɪɨɰɟɫɫ ɧɚɛɥɸɞɟɧɢɹ, 
ɫɜɨɟɜɪɟɦɟɧɧɨ ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɹ, ɫɧɢɡɢɬɶ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɪɢ 
ɢɧɮɨɪɦɚɬɢɡɚɰɢɢ, ɬ. ɤ. ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɞɚɥёɧɧɨɝɨ ɫɟɪɜɟɪɚ ɩɨɡɜɨɥɢɬ ɧɟ 
ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɗȼɆ ɧɚ ɤɚɠɞɵɣ ɨɛɴɟɤɬ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɞɢɨɦɨɞɟɦɨɜ ɩɨɜɵɫɢɬ 
ɬɨɱɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ.  

2. Ɋɚɡɪɚɛɨɬɤɚ ɤɨɦɩɥɟɤɫɚ ɦɨɞɟɥɟɣ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ 
ɫɭɞɨɯɨɞɧɵɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ (ɋȽɌɋ) ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚ ɢɯ ɨɫɧɨɜɟ 
ɡɚɤɨɧɨɜ ɢɡɦɟɧɟɧɢɹ ɢ ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɤɪɢɬɟɪɢɟɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɋȽɌɋ. 

 Ɇɨɞɟɥɢ ɛɭɞɭɬ ɜɤɥɸɱɟɧɵ ɜ ɤɨɧɬɭɪ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɧɟɩɪɟɪɵɜɧɨ ɭɬɨɱɧɹɬɶɫɹ 
ɩɨ ɟɝɨ ɪɟɡɭɥɶɬɚɬɚɦ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɩɨɤɚɡɚɬɟɥɶɧɵɣ ɪɹɞ ɧɚɛɥɸɞɟɧɢɣ. 
Ɋɚɫɩɨɥɨɠɟɧɢɟ ɦɨɞɟɥɟɣ ɧɚ ɭɞɚɥёɧɧɨɦ ɫɟɪɜɟɪɟ ɩɨɡɜɨɥɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ 
ɬɪɭɞɨёɦɤɢɟ ɢ ɬɨɱɧɵɟ ɚɥɝɨɪɢɬɦɵ.  

3. Ɏɨɪɦɚɥɢɡɚɰɢɹ ɡɚɤɨɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɟɦ ɋȽɌɋ 
ɧɚ ɨɫɧɨɜɟ ɩɪɨɝɧɨɡɧɵɯ ɦɨɞɟɥɟɣ. 

ɗɬɨ ɩɨɡɜɨɥɢɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɨɛɨɫɧɨɜɚɧɧɵɟ ɩɥɚɧɵ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ 
ɪɚɛɨɬ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ ɧɚɞёɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɋȽɌɋ.  

 
9.4.2 ɋɟɬɶ LoRaWAN 
 
LoRaWAN —ɪɚɫɲɢɮɪɨɜɵɜɚɟɬɫɹ ɤɚɤ Low-power Wide-area Network — 

«ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɚɹ ɫɟɬɶ ɞɚɥɶɧɟɝɨ ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢɹ». ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɶ ɲɥɸɡɨɜ, ɩɟɪɟɫɵɥɚɸɳɢɯ ɫɨɨɛɳɟɧɢɹ ɦɟɠɞɭ ɨɤɨɧɟɱɧɵɦɢ 



125 
 

ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɰɟɧɬɪɚɥɶɧɵɦ ɫɟɪɜɟɪɨɦ. ɋɟɬɶ ɹɜɥɹɟɬɫɹ ɛɟɫɩɪɨɜɨɞɧɨɣ ɢ ɢɦɟɟɬ 
ɲɢɪɨɤɢɣ ɪɚɞɢɭɫ ɨɯɜɚɬɚ, ɨɫɧɨɜɧɨɣ ɩɥɸɫ ɬɚɤɢɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ ɧɢɡɤɨɟ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ. 

ɋɟɬɶ ɢɦɟɟɬ ɱɟɬɵɪɟ ɤɥɸɱɟɜɵɯ ɷɥɟɦɟɧɬɚ: 
1) ɍɫɬɪɨɣɫɬɜɚ - ɤɨɧɟɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɤɨɬɨɪɵɟ ɨɬɩɪɚɜɥɹɸɬ ɢ ɩɨɥɭɱɚɸɬ 

ɫɨɨɛɳɟɧɢɹ ɜ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ LoRA; 
2) ɒɥɸɡɵ - ɲɥɸɡ ɪɚɛɨɬɚɟɬ ɤɚɤ ɪɟɬɪɚɧɫɥɹɬɨɪ ɢ ɟɝɨ ɡɚɞɚɱɚ ɨɬɩɪɚɜɥɹɬɶ ɜɫɟ 

ɫɨɨɛɳɟɧɢɹ ɨɬ ɤɨɧɟɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɩɟɪɟɞɚɜɚɬɶ ɢɯ ɧɚ ɫɟɪɜɟɪ ɫɟɬɢ ɢ ɨɛɪɚɬɧɨ; 
3) ɋɟɬɟɜɨɣ ɫɟɪɜɟɪ - ɡɚɧɢɦɚɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟɦ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɫɟɬɢ LoRA; 
4) ɋɟɪɜɟɪ ɩɪɢɥɨɠɟɧɢɣ - ɜɫɟ ɭɫɬɪɨɣɫɬɜɚ ɨɬɩɪɚɜɥɹɸɬ ɫɨɨɛɳɟɧɢɟ ɫ payload ɜ 

ɤɨɧɟɱɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɤɥɢɟɧɬɚ. 
Ɍɨɩɨɥɨɝɢɹ ɫɟɬɢ ɢɦɟɟɬ ɬɢɩ «ɡɜɟɡɞɚ» (ɡɜɟɡɞɚ — ɛɚɡɨɜɚɹ ɬɨɩɨɥɨɝɢɹ 

ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ, ɜ ɤɨɬɨɪɨɣ ɜɫɟ ɭɫɬɪɨɣɫɬɜɚ ɫɟɬɢ ɩɪɢɫɨɟɞɢɧɟɧɵ ɤ 
ɰɟɧɬɪɚɥɶɧɨɦɭ ɭɡɥɭ, ɨɛɪɚɡɭɹ ɮɢɡɢɱɟɫɤɢɣ ɫɟɝɦɟɧɬ ɫɟɬɢ) ɫ ɫɟɬɟɜɵɦ ɫɟɪɜɟɪɨɦ, 
ɫɨɟɞɢɧɹɸɳɢɦ ɧɟɫɤɨɥɶɤɨ ɲɥɸɡɨɜ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɨɟɞɢɧɹɸɬɫɹ ɫ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɨ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɢ LoRA. ɋɜɹɡɶ ɹɜɥɹɟɬɫɹ ɞɜɭɧɚɩɪɚɜɥɟɧɧɨɣ, ɧɨ 
ɩɪɟɨɛɥɚɞɚɸɳɢɣ ɬɢɩ ɫɜɹɡɢ ɩɪɢɧɹɬɢɟ ɞɚɧɧɵɯ ɨɬ ɤɨɧɟɱɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

ɒɥɸɡɵ ɞɟɣɫɬɜɭɸɬ ɤɚɤ ɦɨɫɬ ɦɟɠɞɭ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɟɬɶɸ LoRA ɢ IP ɫɟɬɶɸ. 
ɒɥɸɡɵ ɪɚɛɨɬɚɸɬ ɤɚɤ ɛɟɫɩɪɨɜɨɞɧɵɟ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ. 
ɉɨɫɤɨɥɶɤɭ ɲɥɸɡ ɢɦɟɟɬ ɛɟɫɩɪɨɜɨɞɧɨɣ ɢɧɬɟɪɮɟɣɫ LoRA, ɨɧ ɞɨɥɠɟɧ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɫɜɹɡɢ (ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɬɱɢɤɚ 25 ɦȼɬ ɫ ɱɚɫɬɨɬɧɵɦ 
ɩɥɚɧɨɦ 864-870 ɆȽɰ), ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɤɚɧɚɥɨɜ ɢ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 
ɋɟɧɫɨɪɵ LoRaWAN ɦɨɝɭɬ ɩɟɪɟɞɚɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɧɚ ɞɢɫɬɚɧɰɢɢ 15 ɤɦ, 
ɨɛɟɫɩɟɱɢɜɚɹ ɫɤɨɪɨɫɬɶ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɨɬ 300 ɛɢɬ/ɫɟɤ ɞɨ 100 ɤɛɢɬ/ɫɟɤ. 

ɋɟɬɟɜɨɣ ɫɟɪɜɟɪ ɫɨ ɜɫɟɦɢ ɤɨɧɟɱɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɣ ɧɚɫɬɪɨɟɧ ɤɚɤ 
ɧɟɨɬɴɟɦɥɟɦɚɹ ɱɚɫɬɶ ɩɪɢɥɨɠɟɧɢɹ ɢ ɩɨɞɤɥɸɱɟɧ ɤ ɛɚɡɨɜɵɦ ɫɬɚɧɰɢɹɦ. ɋɟɬɟɜɨɣ 
ɫɟɪɜɟɪ ɛɵɜɚɟɬ ɜɫɬɪɨɟɧ ɜ ɲɥɸɡ ɢɥɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɜɵɞɟɥɟɧɧɨɦ ɫɟɪɜɟɪɟ ɜɦɟɫɬɟ 
ɫ ɉɈ ɞɢɫɩɟɬɱɟɪɚ. ɋɟɬɟɜɨɣ ɫɟɪɜɟɪ ɩɨɥɭɱɚɟɬ ɫɨɨɛɳɟɧɢɹ ɨɬ ɭɫɬɪɨɣɫɬɜ, ɭɩɪɚɜɥɹɟɬ 
ɢɯ ɚɭɬɟɧɮɢɤɚɰɢɟɣ, ɦɚɪɲɪɭɬɢɡɚɰɢɟɣ ɞɚɧɧɵɯ ɢ ɭɩɪɚɜɥɟɧɢɟɦ ɲɥɸɡɚɦɢ. ɋɟɬɟɜɨɣ 
ɫɟɪɜɟɪ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɵɛɢɪɚɟɬ ɥɭɱɲɢɣ ɲɥɸɡ ɞɥɹ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɞɚɧɧɵɯ ɨɬ 
ɭɫɬɪɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɢɫɤɥɸɱɚɟɬ ɞɭɛɥɢɤɚɬɵ ɫɨɨɛɳɟɧɢɣ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɨɝɨ ɞɨɫɬɭɩɚ ɢ ɢɫɤɚɠɟɧɢɹ, ɥɢɛɨ 
ɩɟɪɟɯɜɚɬɚ ɞɚɧɧɵɯ, ɩɟɪɟɞɚɜɚɟɦɵɯ ɨɤɨɧɟɱɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɜ ɫɟɬɹɯ 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɨɛɹɡɚɬɟɥɶɧɨɟ ɞɜɭɯɭɪɨɜɧɟɜɨɟ ɲɢɮɪɨɜɚɧɢɟ ɞɚɧɧɵɯ ɞɜɭɦɹ 
ɪɚɡɧɵɦɢ AES-128 ɤɥɸɱɚɦɢ ɩɨ RFC-4493. Ɉɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɥɧɚɹ 
ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɶ ɞɚɧɧɵɯ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɜɫɟɯ ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɯ ɜ ɰɟɩɨɱɤɟ 
ɭɫɬɪɨɣɫɬɜ, ɩɨɷɬɨɦɭ ɫɨɞɟɪɠɢɦɨɟ ɩɚɤɟɬɚ ɞɨɫɬɭɩɧɨ ɬɨɥɶɤɨ ɤɨɧɟɱɧɨɣ ɬɨɱɤɟ ɢ 
ɩɪɢɥɨɠɟɧɢɸ ɫɟɪɜɢɫ-ɩɪɨɜɚɣɞɟɪɚ.  

Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɟɬɟɣ LoRaWAN: 
 ɫɨɜɦɟɫɬɢɦɵ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɫɟɬɹɦɢ/ɬɟɯɧɨɥɨɝɢɹɦɢ ɛɟɫɩɪɨɜɨɞɧɨɣ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ; 
 ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶɸ; 
 ɫɩɨɫɨɛɧɵ ɨɛɫɥɭɠɢɜɚɬɶ ɞɟɫɹɬɤɢ ɢ ɫɨɬɧɢ ɬɵɫɹɱ ɭɫɬɪɨɣɫɬɜ; 
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 ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɶɲɭɸ ɡɨɧɭ ɨɯɜɚɬɚ ɢ ɦɚɥɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ 
ɨɤɨɧɟɱɧɵɯ ɭɫɬɪɨɣɫɬɜ; 

 ɩɨɡɜɨɥɹɸɬ ɩɨɞɤɥɸɱɚɬɶ ɨɱɟɧɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɧɟɲɧɢɯ ɤɚɤ 
ɞɚɬɱɢɤɨɜ, ɬɚɤ ɢ ɤɨɧɬɪɨɥɥɟɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 ɧɢɡɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ; 
 ɪɚɫɫɬɨɹɧɢɟ ɩɟɪɟɞɚɱɢ (ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɧɟɲɧɢɯ ɩɨɦɟɯ, 25 ɤɢɥɨɦɟɬɪɨɜ 

ɛɟɡ ɩɨɬɟɪɶ); 
 ɦɚɥɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɫɢɝɧɚɥɚ ɤ ɩɨɦɟɯɚɦ, ɫɥɚɛɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɭɫɥɨɜɢɹ ɩɪɢɟɦɚ\ɩɟɪɟɞɚɱɢ; 
 ɧɟ ɧɭɠɧɨ ɩɨɥɭɱɚɬɶ ɥɢɰɟɧɡɢɸ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɉɚɪɚɦɟɬɪɵ 

ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɥɧɨɫɬɶɸ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɪɚɡɪɟɲɟɧɧɵɯ 
ɞɢɚɩɚɡɨɧɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ; 

 ɛɟɡɨɩɚɫɧɨɫɬɶ ɫɟɬɢ. 
ȼɨɡɦɨɠɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɫɟɬɟɣ LoRaWAN: 
 ɫɱɢɬɵɜɚɧɢɟ ɩɨɤɚɡɚɧɢɣ ɞɚɬɱɢɤɨɜ; 
 ɤɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɟɦɤɨɫɬɟɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ; 
 ɦɨɧɢɬɨɪɢɧɝ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɭɦɟɧɶɲɟɧɢɟ ɩɪɨɫɬɨɹ, 

ɤɨɧɬɪɨɥɶ ɩɚɪɚɦɟɬɪɨɜ, ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɫɨɧɚɥɚ); 
 ɭɦɧɨɟ ɨɫɜɟɳɟɧɢɟ (ɭɞɚɥɟɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ, ɤɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ); 
 ɫɛɨɪ ɞɚɧɧɵɯ ɨ ɫɨɫɬɨɹɧɢɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɡɚɝɪɹɡɧɟɧɢɟ, ɲɭɦ, 

ɞɨɠɞɶ, ɜɟɬɟɪ ɢ ɩɪ.); 
 ɩɨɠɚɪɧɚɹ, ɨɯɪɚɧɧɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ; 
 ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɡɞɚɧɢɣ (ɤɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɥɚɠɧɨɫɬɢ, 

ɭɩɪɚɜɥɟɧɢɟ ɜɨɪɨɬɚɦɢ, ɠɚɥɸɡɢ). 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɪɟɲɚɬɶ ɪɹɞ ɫɥɨɠɧɟɣɲɢɯ ɡɚɞɚɱ: 
ɪɚɡɪɚɛɨɬɤɚ ɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɦɨɧɢɬɨɪɢɧɝɚ ɞɟɮɨɪɦɚɰɢɣ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɰɟɧɨɱɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɨɢɡɦɟɪɢɦɵɯ 
ɨɰɟɧɨɤ ɞɥɹ ɩɟɪɟɦɟɧɧɵɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɝɪɚɧɢɰɚɦɢ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ, ɨɰɟɧɤɚ 
ɚɞɟɤɜɚɬɧɨɫɬɢ ɫɨɡɞɚɜɚɟɦɵɯ ɩɪɨɝɧɨɡɧɵɯ ɦɨɞɟɥɟɣ ɫɨɨɪɭɠɟɧɢɣ. ɉɪɢɦɟɧɟɧɢɟ 
ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ ɧɚ ɧɨɜɵɣ ɭɪɨɜɟɧɶ ɤɨɧɬɪɨɥɹ ɢ ɨɰɟɧɤɢ 
ɫɨɫɬɨɹɧɢɹ ȽɌɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɛɟɡɨɩɚɫɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ȽɌɋ, ɚ ɬɚɤɠɟ 
ɦɢɧɢɦɢɡɚɰɢɸ ɪɢɫɤɨɜ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɑɋ. ȼ ɰɟɥɨɦ, ɫɨɜɪɟɦɟɧɧɵɣ ɩɨɞɯɨɞ – ɷɬɨ 
ɤɨɦɩɥɟɤɫɧɵɣ ɩɨɞɯɨɞ ɤ ɞɢɚɝɧɨɫɬɢɤɟ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɹ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɫɟɯ 
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɢɥɢ ɱɚɫɬɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɛɥɨɤɨɜ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ. ȼɵɛɨɪ 
ɩɪɢɦɟɧɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɛɥɨɤɚ ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ȽɌɋ ɢ ɧɟɨɛɯɨɞɢɦɨɦ ɭɪɨɜɧɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ.  
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɞɚɧɧɨɦ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɪɚɫɫɱɢɬɚɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɩɨɤɚɡɚɬɟɥɢ, 
ɜɵɛɪɚɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɩɚɪɚɦɟɬɪɵ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ ɋɟɥɟɧɝɚ, 
ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɫɨɨɪɭɠɟɧɢɟɦ II  ɤɥɚɫɫɚ. 

ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ 
ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɚɜɧɚɹ 283 Ɇȼɬ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ 
ɜɵɪɚɛɨɬɤɚ 1,931 ɦɥɪɞ. ɤȼɬ·ɱ. Ɍɚɤɠɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɤɚɤ 
ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɪɚɜɧɵɣ 9,3 ɤɦ3, ɭɪɨɜɟɧɶ ɦɟɪɬɜɨɝɨ ɨɛɴɟɦɚ, 
ɨɬɦɟɬɤɚ ɤɨɬɨɪɨɝɨ 550,02 ɦ. Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɫɱɟɬɚ ɛɵɥɨ ɩɨɫɬɪɨɟɧɨ 
ɪɟɠɢɦɧɨɟ ɩɨɥɟ (ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ), ɩɨ ɤɨɬɨɪɨɦɭ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɧɚɩɨɪɵ: 

 ɦɚɤɫɢɦɚɥɶɧɵɣ – 37,37 ɦ; 
 ɪɚɫɱɟɬɧɵɣ – 31,10 ɦ; 
 ɦɢɧɢɦɚɥɶɧɵɣ – 25,70 ɦ. 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɜɵɛɪɚɧɚ ɝɢɞɪɨɬɭɪɛɢɧɚ ɉɅ 40ɚ-ȼ-600, ɫ 
ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 6 ɦ. ȼɵɛɪɚɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɝɢɞɪɨɬɭɪɛɢɧ - 4. ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɨɣ 
ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɫ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 125 
ɨɛ/ɦɢɧ ɛɵɥ ɩɨɞɨɛɪɚɧ ɫɟɪɢɣɧɵɣ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-850/190-48 ɫ ɧɨɦɢɧɚɥɶɧɨɣ 
ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ 72,5 Ɇȼɬ.  
 Ⱦɚɥɟɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɝɥɚɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ 
ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ ɢ ɩɪɢɧɹɬɚ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫ ɞɜɭɦɹ 
ɫɢɫɬɟɦɚɦɢ ɫɛɨɪɧɵɯ ɲɢɧ ɢ ɨɞɧɨɣ ɨɛɯɨɞɧɨɣ. ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɢ ɤɚɬɚɥɨɝɚɦ 
ɛɵɥɨ ɩɨɞɨɛɪɚɧɨ ɫɥɟɞɭɸɳɟɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: ɛɥɨɱɧɵɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ: ɌȾɐ–125000/220-ɍ1, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ: 
ɌɋɁ-3200/20, ɞɥɹ ȼɅɗɉ – ɫɬɚɥɟɚɥɸɦɢɧɟɜɵɟ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ–240/32.   
 ɉɨɫɥɟ ɜɵɛɨɪɚ ɨɫɧɨɜɧɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ 
ɨɛɹɡɚɬɟɥɶɧɵɣ ɩɟɪɟɱɟɧɶ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɉɍɗ.  

Ʉɨɦɩɨɧɨɜɤɚ ɝɢɞɪɨɭɡɥɚ - ɪɭɫɥɨɜɚɹ. ȼ ɫɨɫɬɚɜ ɋɟɥɟɧɝɢɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ 
ɜɯɨɞɹɬ: 

– ɜɨɞɨɫɛɪɨɫɧɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɜɨɞɨɫɥɢɜɨɦ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ; 

– ɩɪɚɜɨɛɟɪɟɠɧɚɹ ɝɪɭɧɬɨɜɚɹ ɩɥɨɬɢɧɚ; 
– ɫɬɚɧɰɢɨɧɧɚɹ ɱɚɫɬɶ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ; 
– ɥɟɜɨɛɟɪɟɠɧɚɹ ɝɥɭɯɚɹ ɛɟɬɨɧɧɚɹ ɩɥɨɬɢɧɚ. 

 ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɵ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ 
ɯɚɪɚɤɬɟɪɧɵɟ ɨɬɦɟɬɤɢ ɩɥɨɬɢɧɵ: 

– ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ – 32 ɦ; 
– ɨɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ – 515 ɦ;  
– ɱɢɫɥɨ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ – 6; 
– ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ ɜ ɫɜɟɬɭ – 10 ɦ; 
– ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ – 564,64 ɦ; 
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– ɲɢɪɢɧɚ ɝɪɟɛɧɹ – 24,73 ɦ. 
Ⱦɥɹ ɝɚɲɟɧɢɹ ɷɧɟɪɝɢɢ ɜɨɞɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ 

ɩɥɨɬɢɧɭ, ɩɪɢɦɟɧɹɸɬɫɹ ɝɚɫɢɬɟɥɢ ɷɧɟɪɝɢɢ – 2 ɜɨɞɨɛɨɣɧɵɟ ɫɬɟɧɤɢ.  Ɍɚɤɠɟ ɜ ɷɬɨɦ 
ɪɚɡɞɟɥɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɨɩɪɟɞɟɥɢɥɢ, ɱɬɨ ɜɵɛɪɚɧɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ 
ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ 
ɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ, ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ. ɉɥɨɬɢɧɚ 
ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ. 
 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɪɚɫɫɦɨɬɪɟɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ. Ɍɚɤɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ ɜɨɡɜɟɞɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɭɡɥɚ.  
 ɉɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
 – ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – 7 ɥɟɬ 9 ɦɟɫɹɰɟɜ;  

– ɫɟɛɟɫɬɨɢɦɨɫɬɶ – 1,26 ɪɭɛ/ɤȼɬ·ɱ; 
– ɢɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ –1,94; 
– ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ – 44717,31 ɬɵɫ. ɪɭɛ./ɤȼɬ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɋɟɥɟɧɝɢɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 
1. ɋɢɫɬɟɦɧɵɣ ɨɩɟɪɚɬɨɪ ȿɗɋ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]// Ɏɢɥɢɚɥ ȺɈ «ɋɈ 

ȿɗɋ» ɈȾɍ ɋɢɛɢɪɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://so-ups.ru/index.php?id=odu_siberia. 
2. ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ: ɍɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ ɤ ɤɭɪɫɨɜɨɦɭ 

ɢ ɞɢɩɥɨɦɧɨɦɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ / ɫɨɫɬ. Ⱥ.ɘ. 
Ⱥɥɟɤɫɚɧɞɪɨɜɫɤɢɣ, ȿ.ɘ. Ɂɚɬɟɟɜɚ, Ȼ.ɂ. ɋɢɥɚɟɜ; ɋɒɎ ɄȽɌɍ. – ɋɚɹɧɨɝɨɪɫɤ, 2005. 
– 114 ɫ. 

3. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨɣ ɷɧɟɪɝɢɢ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ ɜ ɡɚɞɚɱɚɯ ɢ 
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Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ɋɹɞ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɪɟɤɨɣ ɋɟɥɟɧɝɚ 
Ƚɨɞɵ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ. ɝɨɞ 
1939 133 131 142 608 2496 2244 2714 1341 735 624 395 174 978 
1940 179 163 147 585 1793 2607 1703 1485 1130 750 498 229 939 
1941 190 172 155 719 2490 3465 2221 1537 1303 908 687 248 1175 
1942 153 149 161 393 1616 3318 2111 1839 972 703 442 204 1005 
1943 134 134 149 656 1872 2710 1822 1405 782 545 395 172 898 
1944 137 133 144 487 1801 2830 2245 1329 924 624 422 188 939 
1945 115 114 137 908 1866 1343 1172 1169 624 466 340 152 701 
1946 291 235 218 624 1468 3460 2234 1962 1872 1382 798 392 1245 
1947 158 142 158 585 2078 3239 3179 1798 1098 735 472 205 1154 
1948 126 125 142 585 1768 2700 2166 1337 750 608 371 158 903 
1949 136 133 142 561 2018 2828 2108 1294 845 577 395 174 934 
1950 139 133 150 332 2729 2607 1672 1423 924 545 406 174 936 
1951 112 111 134 561 1946 1330 1265 973 513 458 340 147 658 
1952 144 139 156 442 2335 3555 2880 1709 987 561 415 180 1125 
1953 126 123 142 408 1904 2149 1393 1059 719 498 378 164 755 
1954 155 119 158 393 921 3366 2588 1435 1035 577 452 199 950 
1955 142 126 147 442 2160 1880 1226 1133 940 624 427 193 787 
1956 166 104 93 529 2068 3097 2188 1360 1109 790 463 215 1015 
1957 205 212 185 452 1234 3255 1928 1806 1070 793 449 218 984 
1958 205 190 112 502 1907 3378 3868 2240 1338 822 553 269 1282 
1959 155 145 315 820 3805 4075 3690 2150 1270 915 610 237 1516 
1960 158 166 213 770 2845 3397 3430 2027 1272 719 479 196 1306 
1961 324 269 226 861 3666 3065 2332 1842 1359 766 569 395 1306 
1962 142 134 153 585 2351 1730 1294 1175 711 513 466 239 791 
1963 134 104 142 371 1352 2520 1537 1123 569 545 521 207 760 
1964 115 134 150 434 2515 3480 3170 1955 820 704 412 182 1173 
1965 232 223 174 513 2163 1810 1427 1168 1161 829 577 438 893 
1966 166 188 142 506 1563 3920 2774 1502 893 624 419 188 1074 
1967 177 174 174 608 1593 1343 1741 1931 1224 837 472 220 875 
1968 117 122 153 577 2368 1411 1463 921 640 496 401 188 738 
1969 174 152 149 529 2645 4124 2809 1438 1166 967 585 300 1253 
1970 174 145 115 608 2340 3105 2198 1548 1090 853 498 205 1073 
1971 145 134 145 545 2251 3280 3370 2000 1145 840 411 153 1202 
1972 174 126 134 640 2199 2433 1629 1264 877 624 406 190 891 
1973 158 145 153 735 1773 4108 2441 1514 924 624 444 207 1102 
1974 119 119 142 735 1570 1169 1204 942 613 469 340 150 631 
1975 112 119 144 403 1180 3713 1967 1237 701 731 447 142 908 
1976 180 204 204 450 2218 1942 1561 1303 837 1000 431 221 879 
1977 215 210 212 798 1833 2555 1845 1637 891 863 556 262 990 
1978 185 198 177 689 1528 2049 1476 1327 676 583 403 153 787 
1979 186 171 153 458 1924 2770 1733 1212 968 752 632 223 932 
1980 171 163 171 433 2272 2296 1746 1147 886 592 442 185 875 
1981 169 144 144 615 2299 1864 1400 1049 831 583 370 198 806 
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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 
1982 174 142 163 602 1841 1548 1223 1141 728 793 496 174 752 
1983 182 153 152 396 1839 2537 1967 1608 998 861 553 250 958 
1984 180 161 158 409 1795 3313 2457 1995 1098 777 482 190 1085 
1985 185 169 180 501 1995 2555 2078 1476 975 709 485 234 962 
1986 172 166 160 498 2180 1913 1709 1375 858 701 427 191 863 
1987 209 175 174 450 2220 3850 3521 1980 1415 1142 542 256 1328 
1988 215 175 193 645 1861 3117 2278 1836 1100 765 543 265 1083 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 – ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (1 ɢɬɟɪɚɰɢɹ) 
№ ɦɟɫ Qɛɵɬ Qɥёɞ Qɢɫɩ Qɮɢɥɶɬ Qɩɛ Qɧɛ Qɜɨɞɨɯɪ Qɜɯɤ Qɯɫ Qɝɷɫ 

10 664 0 3 8 653 663 2 500 0 655 
11 452 15 2 8 427 809 374 500 0 801 
12 159 15 1 8 135 919 776 500 0 911 
1 130 15 1 8 106 960 846 500 0 952 
2 149 15 1 8 125 915 782 500 0 907 
3 204 0 1 8 195 804 601 500 0 796 
4 549 -23 3 8 561 701 132 500 0 693 
5 1743 -37 9 8 1763 500 -1271 500 0 492 
6 1466 0 7 8 1451 500 -959 500 0 492 
7 1158 0 6 8 1144 500 -652 500 0 492 
8 1081 0 5 8 1068 500 -576 500 0 492 
9 678 0 3 8 667 500 -175 500 0 492 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1  

Ɉɛɴɟɦɵ ɍɪɨɜɧɢ ɜɨɞɵ ɇȽɗɋ, ɦ NȽɗɋ, Ɇȼɬ NȽȺɊ, Ɇȼɬ 
ɗ, ɦɥɧ 
ɤȼɬ ɱ Vɧɚɱ dV Vɤɨɧ Zɧ(ȼȻ) Zɤ(ȼȻ) Zcɪ(ȼȻ) Zɧɛ 

17,00 0,01 16,99 558,00 558,00 558,00 522,54 35,13 202 202 146 
16,99 0,97 16,03 558,00 557,48 557,74 523,10 34,32 242 242 174 
16,03 2,01 14,01 557,48 556,38 556,93 523,47 33,14 266 266 191 
14,01 2,19 11,82 556,38 555,03 555,70 523,59 31,79 266 266 192 
11,82 2,03 9,79 555,03 553,25 554,14 523,46 30,36 242 242 175 
9,79 1,56 8,24 553,25 551,16 552,21 523,09 28,80 202 202 145 
8,24 0,34 7,89 551,16 550,59 550,88 522,70 27,85 170 170 122 
7,89 -3,29 11,19 550,59 554,55 552,57 521,23 31,02 134 

ɉɨ ȼɏɄ 

97 
11,19 -2,49 13,67 554,55 556,18 555,37 521,23 33,82 146 105 
13,67 -1,69 15,36 556,18 557,13 556,65 521,23 35,11 152 109 
15,36 -1,49 16,86 557,13 557,93 557,53 521,23 35,98 156 112 
16,86 -0,45 17,31 557,93 558,16 558,04 521,78 35,94 155 112 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.2 – ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (2 ɢɬɟɪɚɰɢɹ) 

№ ɦɟɫ Qɛɵɬ Qɥёɞ Qɢɫɩ Qɮɢɥɶɬ Qɩɛ Qɧɛ Qɜɨɞɨɯɪ Qɜɯɤ Qɯɫ Qɝɷɫ 
10 664 0 3 8 653 673 12 500 0 665 
11 452 15 2 8 427 822 387 500 0 814 
12 159 15 1 8 135 934 791 500 0 926 
1 130 15 1 8 106 974 860 500 0 966 
2 149 15 1 8 125 932 799 500 0 924 
3 204 0 1 8 195 827 624 500 0 819 
4 549 -23 3 8 561 729 160 500 0 721 
5 1743 -37 9 8 1763 500 -1271 500 0 492 
6 1466 0 7 8 1451 500 -959 500 0 492 
7 1158 0 6 8 1144 500 -652 500 0 492 
8 1081 0 5 8 1068 500 -576 500 0 492 
9 678 0 3 8 667 500 -175 500 0 492 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.2  

Vɧɚɱ dV Vɤɨɧ Zɧ(ȼȻ) Zɤ(ȼȻ) Zcɪ(ȼȻ) Zɧɛ ɇȽɗɋ, ɦ NȽɗɋ, Ɇȼɬ NȽȺɊ, Ɇȼɬ 
ɗ, ɦɥɧ ɤȼɬ 

ɱ 
17,00 0,03 16,97 558,00 557,98 557,99 522,59 35,09 205 205 148 
16,97 1,00 15,97 557,98 557,45 557,72 523,15 34,25 245 245 177 
15,97 2,05 13,92 557,45 556,32 556,89 523,51 33,05 269 269 194 
13,92 2,23 11,69 556,32 554,93 555,63 523,64 31,67 269 269 194 
11,69 2,07 9,62 554,93 553,05 553,99 523,51 30,16 245 245 177 
9,62 1,62 8,00 553,05 550,77 551,91 523,17 28,42 205 205 147 
8,00 0,41 7,58 550,77 550,02 550,39 522,81 27,26 173 173 125 
7,58 -3,29 10,88 550,02 554,30 552,16 521,23 30,61 133 

ɉɨ ȼɏɄ 

95 
10,88 -2,49 13,36 554,30 556,00 555,15 521,23 33,60 145 105 
13,36 -1,69 15,05 556,00 556,95 556,48 521,23 34,93 151 109 
15,05 -1,49 16,55 556,95 557,76 557,36 521,23 35,81 155 112 
16,55 -0,45 17,00 557,76 558,00 557,88 521,78 35,78 155 111 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.3 – ɋɪɚɛɨɬɤɚ-ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ  

№ ɦɟɫ Qɛɵɬ Qɥёɞ Qɢɫɩ Qɮɢɥɶɬ Qɩɨɥɟɡɧ Qɧɛ Qɜɨɞɨɯɪ Qɜɯɤ Qɯɫ Qɝɷɫ 
10 728 0 3 8 716 755 31 633 0 747 
11 496 15 2 8 471 835 356 633 0 827 
12 175 15 1 8 151 885 726 633 0 877 
1 142 15 1 8 118 1028 902 633 0 1020 
2 206 15 1 8 182 954 764 633 0 946 
3 235 0 1 8 226 832 598 633 0 824 
4 602 -23 3 8 615 879 256 633 0 871 
5 1881 -37 9 8 1901 638 -1271 633 0 630 
6 2754 0 7 8 2739 1147 -1600 633 0 1139 
7 2054 0 6 8 2040 2116 -582 633 650 1458 
8 1379 0 5 8 1366 1907 -166 633 699 1200 
9 751 0 4 8 739 733 -14 633 0 725 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.3 

ɨɛɴɟɦɵ ɭɪɨɜɧɢ ɇȽɗɋ, ɦ 
NȽɗɋ, 
Ɇȼɬ 

ɗ,ɦɥɧ.ɤȼɬ∙ɱ Vɧɚɱ dV Vɤɨɧ Zɧ(ȼȻ) Zɤ(ȼȻ) Zcɪ(ȼȻ) Zɧɛ 
17,00 0,08 16,92 558,00 557,96 557,98 526,35 31,23 205 147,88 
16,92 0,92 16,00 557,96 557,47 557,71 526,73 30,58 223 160,25 
16,00 1,88 14,12 557,47 556,43 556,95 526,96 29,60 228 164,50 
14,12 2,34 11,78 556,43 554,99 555,71 527,51 27,81 250 179,71 
11,78 1,98 9,80 554,99 553,25 554,12 527,24 26,49 221 158,82 
9,80 1,55 8,25 553,25 551,18 552,22 526,72 25,10 182 131,03 
8,25 0,66 7,58 551,18 550,02 550,60 526,93 23,27 178 128,39 
7,58 -3,29 10,88 550,02 554,30 552,16 524,98 26,78 149 106,95 
10,88 -4,15 15,02 554,30 556,94 555,62 527,09 28,13 282 202,93 
15,02 -1,51 16,53 556,94 557,76 557,35 534,94 22,01 282 203,32 
16,53 -0,43 16,96 557,76 557,98 557,87 530,72 26,75 282 203,33 
16,96 -0,04 17,00 557,98 558,00 557,99 526,23 31,36 200 143,98 
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Ɋɢɫɭɧɨɤ Ȼ.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɋɟɥɟɧɝɢɧɫɤɨɣ Ƚɗɋ 
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Q, ɦ3/ɫ

ɩɪɢ ɇɉɍ = 558 ɦ ɩɪɢ Zɜɛ1 = 555,63 

ɩɪɢ ɍɆɈ = 550,02 ɦ Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɯɨɞɭ

ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ

Hmax= 37,37 ɦ

ɇɪ= 31,1ɦ

ɇmin=25,7 ɦ

Qmin = 250 ɦ3/ɫ
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 
 

 
Ɋɢɫɭɧɨɤ ȼ.1 – Ɂɨɧɚ ɪɚɛɨɬɵ ɉɅ40ɛ-475 
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Ɋɢɫɭɧɨɤ ȼ.2 – Ɂɨɧɚ ɪɚɛɨɬɵ ɉɅ40ɚ-600 



 
 

 

 
Ɋɢɫɭɧɨɤ ȼ.3 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɢ ɬɭɪɛɢɧɵ ɉɅ 40ɚ-ȼ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
Ɍɚɛɥɢɰɚ Ƚ.1 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢ
ɟ 

Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵ

ɟ ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ 

Ͳ,ͳͷ ∙  ʜ 0,67 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ Ͳ,͵ͷ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 
Ͳ,ͷ ∙  ʜ 2,23 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙  ʜ 6,69 Ⱥܫ

ɁɁȽ 
଴ܷ 

ଶ ଴ܷீݐ ଵ ଴ܷଵீ - 5 ȼݐ  - 15 ȼ 

଴ܷଷ 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 
1,2 - 

Ɂɉɇ ܷ > 

2ɫɬɭɩɟɧɶ  ஼ܷʟଶ ͳ,Ͷ ∙ ܷʜ 140 ȼ 

1 ɫɬɭɩɟɧɶ  ஼ܷʟଵ ͳ,ʹ ∙ ܷʜ 120 ȼ 

Ɂɚɳɢɬɚ 
ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥ
ɶɧɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱ
ɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ ܫଶʠʗʒʜ Ͳ,Ͳ͹ ∙  ʜ 0,31 Ⱥܫ

ɉɈ ܫଶʞʢʠʙ Ͳ,ͳͷ ∙  ʜ 0,67 Ⱥܫ

ɈɌɋ I ܫଶʠ.ʖ. Ͳ,ͳͻ ∙  ʜ 0,85 Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵ

ɯ ɤ.ɡ. ɢ 
ɩɟɪɟɝɪɭɡɨɤ 

 ଵܫ

ɋɈ ܫʠʗʒʜ ͳ,Ͳ͹ ∙  ʜ 4,77 Ⱥܫ
ɉɈ ܫଵʞʢʠʙ ͳ,ͳ ∙  ʜ 4,91 Ⱥܫ

ɈɌɋ ܫଵʝʡʠ ͳ,ͷ͵ ∙  ʜ 6,82 Ⱥܫ

ȾɁ ܼ < 
1 ɫɬɭɩɟɧɶ ܼூ 0,085 Ͳ,͵ͺ ʝˏ 

2 ɫɬɭɩɟɧɶ ܼூூ 0,26 1,16 Ɉɦ 

Ɂɚɳɢɬɚ 
ɪɨɬɨɪɚ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ 
ܫ˓  

ɋɈ ܫ௉ ʠʗʒʜ. ͳ,Ͳ͹ ∙ ːܫ ˑˏ.˓ 4,70 Ⱥ 
ɉɈ ܫ௉ ʞʢʠʙ. ͳ,ͳ ∙ ːܫ ˑˏ.˓ 4,83 Ⱥ 

Ɉɬɫɟɱɤɚ ܫ௉ ʞʢʠʙ. ʹ,ʹͷ ∙ ːܫ ˑˏ.˓ 9,86 Ⱥ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ƚ 
 

Ɍɚɛɥɢɰɚ Ƚ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ/
Ƚ 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 ɬ
ɭɪ

ɛɢ
ɧɵ

 ɢ
 

ɫɛ
ɪɨ

ɫ 
Ⱥ

ɊɁ
 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ-
22

0 
ɢ 

ȼ-
Ɍɋ

ɇ
 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵ
ɣ 

ɫɢ
ɝɧ

ɚɥ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

Ɇ
ɒ

ȼ
 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ + + + +    

ɁɁȽ 
଴ܷ 

     + + + ଶݐ  +      ଵݐ

଴ܷ ݐ + + +     

Ɂɉɇ >ܷ 

1 ɫɬɭɩɟɧɶݐଵ + +      

2 ɫɬɭɩɟɧɶݐଶ + +      

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ      +  

ɂɈ + +      

ɈɌɋ I 
      + + ଷݐ   +     ଶݐ  +      ଵݐ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ      +  

ɂɈ + +      

ɈɌɋ 
      + + ଶݐ +  +     ଵݐ

ȾɁ <ܼ 

1 
ɫɬɭɩɟɧɶ 

     + + + ଶݐ   +     ଵݐ

2 
ɫɬɭɩɟɧɶ 

      + + ଶݐ +  +     ଵݐ

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ       + 
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