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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɑɢɧɟɬɫɤɨɣ 
Ƚɗɋ ɧɚ ɪɟɤɟ ɂɧɹ. ɇɚɜɟɞёɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢ ɡɚɳɢɬɚ ɨɬ ɧɟɝɨ». 

 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ  
ɪɚɡɞɟɥɚɦ: 
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ɩɨɞɩɢɫɶ, ɞɚɬɚ 
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ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ 
 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

Ʉɨɦɩɨɧɨɜɤɚ ɫɨɨɪɭɠɟɧɢɹ ɢ ɝɢɞɪɨɭɡɥɚ ________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

_______________ 
ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ 
 
 

 
________ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
_______________ 

ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 
2.1 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɩɨ 

ɜɨɞɧɨɫɬɢ ɝɨɞɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 
 
ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞɢɤɭ ɜɵɛɨɪɚ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ  ɧɭɠɧɨ ɪɚɡɞɟɥɢɬɶ 

ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɦɧɨɝɨɜɨɞɧɵɣ (ɩɨɥɨɜɨɞɶɟ) ɢ ɦɚɥɨɜɨɞɧɵɣ 
(ɦɟɠɟɧɶ). ɋɱɢɬɚɟɦ, ɱɬɨ ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɟ 
ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ ɪɚɫɯɨɞɭ. Ɍɨɝɞɚ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ 
ɫɨɫɬɚɜɹɬ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ. 

Ɏɨɪɦɭɥɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 P = ୫୬+ଵ ∙ ͳͲͲ%,                                                                                                            (2.1)          

 
ɝɞɟ m-ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɱɥɟɧɚ ɪɹɞɚ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ, ɪɚɧɠɢɪɨɜɚɧɧɨɝɨ 
ɜ ɭɛɵɜɚɸɳɟɦ ɩɨɪɹɞɤɟ; 

n-ɨɛɳɟɟ ɱɢɫɥɨ ɱɥɟɧɨɜ ɪɹɞɚ. 
Ɂɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɩɪɢ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 50% ɢ 90% ɩɪɢɧɢɦɚɟɦ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ Ȼ.1 ɩɪɢɥɨɠɟɧɢɟ Ȼ 
 
2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ (P=50%) 
 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 

ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɵɣ ɝɨɞ. ɉɨ ɤɪɢɜɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɝɨɞɨɜɵɯ ɪɚɫɯɨɞɨɜ 
ɨɩɪɟɞɟɥɹɟɦ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ ɫɩɪɚɜɚ ɢ ɫɥɟɜɚ ɨɬ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 50% 
(1972 ɢ 1935 ɝɨɞɵ ) ɢ ɜɵɫɱɢɬɵɜɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ: 

1935 ɝɨɞ: 
 ʙ˒ = ொ˄˃ˊ.˒ˑˎொ˒భవయఱ = ଵଶଷଷଵଶ଺଼ = Ͳ,ͻ͹,                                                                           (2.2)            

 ʙˏ = ொ˄˃ˊ.ˏˈˉொˏభవయఱ = ଷ଴ଽଶ଻ଵ = ͳ,ͳͶ.                                                                            (2.3)           

 
 1972ɝɨɞ 
   ʙ˒ = ொ˄˃ˊ.˒ˑˎொ˒భవళమ = ଵଶଷଷଵଶଵ଼ = ͳ,Ͳͳ,                                                                           (2.4) 

  ʙˏ = ொ˄˃ˊ.ˏˈˉொˏభవళమ = ଷ଴ଽଷ଴ଽ = ͳ.                                                                                 (2.5) 

 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɛɢɪɚɟɦ 1972 ɝɨɞ, ɬɚɤ ɤɚɤ ɩɨɥɭɱɢɥɨɫɶ, ɱɬɨ 

ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɠɟɧɢ ɪɚɜɟɧ 1, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɟɪɟɦ 1972 ɝɨɞ ɜ ɤɚɱɟɫɬɜɟ 
ɪɚɫɱɟɬɧɨɝɨ ɛɟɡ ɤɨɪɪɟɤɬɢɪɨɜɨɤ.  

Ɋɚɫɯɨɞɵ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1 
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Ɍɚɛɥɢɰɚ 2.1– Ɋɚɫɯɨɞɵ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 

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

1972 200 200 210 1900 1790 850 820 730 490 460 380 220 688 

 
2.3 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (P=90%) 
 
Ⱦɥɹ 1982 ɝɨɞɚ (90%): 
 ʙ˒ = ொ˄˃ˊ.ఱభொ˒ఴమ = ଽସସଽହ଺ = Ͳ,ͻͻ,                                                                              (2.6) 

 ʙˏ = ொ˄˃ˊ.రయொˏఴమ = ଶ଺ଷଶ଼ହ = Ͳ,ͻʹ.                                                                             (2.7) 

 
Ɍɚɤ ɤɚɤ ɩɨɥɭɱɢɥɨɫɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɨɜɨɞɶɹ ɢ ɦɟɠɟɧɢ ɨɛɚ 

ɩɨɧɢɠɚɸɳɢɟ ɬɨ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɞɟɥɚɬɶ ɧɟɥɶɡɹ. 
Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ, ɧɟ ɩɪɟɜɵɲɚɸɬ ɥɢ ɜ ɤɚɤɢɟ-ɥɢɛɨ ɦɟɫɹɰɵ 

ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ. 
Ɋɚɫɯɨɞɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2 

 
Ɍɚɛɥɢɰɚ 2.2– Ɋɚɫɯɨɞɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ƚɨɞ I II  III  IV  V VI  VII VIII IX  X XI  XII 
Qɫɪ. 
ɝɨɞ 

1982 186 187 190 1250 1340 830 730 630 453 430 355 191 564 

 
ɉɨ ɞɚɧɧɵɦ ɢɡ ɬɚɛɥɢɰ ɩɨɫɬɪɨɢɦ ɝɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ 

ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 
Ɋɢɫɭɧɨɤ 2.1 – Ƚɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
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2.4 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ 
ɢɧɬɟɝɪɚɥɶɧɨɣ ɤɪɢɜɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɡɢɦɧɟɝɨ ɢ ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ 

 
ɋɬɜɨɪ ɑɢɧɟɬɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɋɢɛɢɪɫɤɨɦ ɈȾɍ, Ⱥɥɬɚɣɫɤɨɦ 

ɊȾɍ. 
ɋɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɤɚɠɞɨɝɨ ɊȾɍ ɧɚ ɫɚɣɬɟ ɧɟ ɩɪɢɜɨɞɢɬɫɹ, 

ɩɨɷɬɨɦɭ, ɧɭɠɧɨ ɜɵɹɫɧɢɬɶ ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɊȾɍ, ɧɚ ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ, ɦɟɧɶɲɟ ɈȾɍ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ɢɯ ɝɨɞɨɜɵɯ ɜɵɪɚɛɨɬɨɤ, ɚ 
ɡɚɬɟɦ ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɈȾɍ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ: 

 k = Эˑˇ˖ Э˓ˇ˖ = ଶ଴ହଶ଼ଵ,ଽ
 ଺ଽସଷ,ଽ = ʹͻ,͸.                                                                          (2.8) 

 
Ɂɚɬɟɦ ɜɵɪɚɛɨɬɤɭ ɜ ɈȾɍ ɡɚ ɤɚɠɞɵɣ ɱɚɫ ɞɟɥɢɦ ɧɚ k 
 
Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ ɡɢɦɧɟɝɨ 

ɩɟɪɢɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 
 

Ɍɚɛɥɢɰɚ 2.3 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ 
ɡɢɦɧɟɝɨ ɩɟɪɢɨɞɚ 

t, ɱɚɫɵ P, Ɇȼɬ P, ɪɚɧɠ, 
Ɇȼɬ ∆P, Ɇȼɬ 

∆ɗ, 
Ɇɥɧ.ɤȼɬ∙ɱ 

∆P ɤɨɨɪɞ, 
Ɇɜɬ 

∆ɗ ɤɨɨɪɞ, 
Ɇɥɧ.ɤȼɬ∙ɱ 

1 920 1031 2 0,002 2 0,002 
2 910 1029 0 0 2 0,002 
3 907 1029 0 0 2 0,002 
4 910 1029 1 0,004 3 0,006 
5 907 1028 3 0,015 6 0,021 
6 916 1025 3 0,018 9 0,039 
7 941 1022 3 0,021 12 0,06 
8 976 1019 4 0,032 16 0,092 
9 1002 1015 7 0,063 23 0,155 
10 1029 1008 0 0 23 0,155 
11 1031 1008 1 0,011 24 0,166 
12 1029 1007 3 0,036 27 0,202 
13 1025 1004 2 0,026 29 0,228 
14 1022 1002 16 0,224 45 0,452 
15 1007 986 0 0 45 0,452 
16 1008 986 10 0,16 55 0,612 
17 1008 976 35 0,595 90 1,207 
18 1019 941 21 0,378 111 1,585 
19 1029 920 4 0,076 115 1,661 
20 1028 916 6 0,12 121 1,781 
21 1015 910 0 0 121 1,781 
22 1004 910 3 0,066 124 1,847 
23 986 907 0 0 124 1,847 
24 986 907 907 21,768 1031 23,615 
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Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ ɥɟɬɧɟɝɨ 
ɩɟɪɢɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4. 
 
Ɍɚɛɥɢɰɚ 2.4 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɞɥɹ 
ɥɟɬɧɟɝɨ ɩɟɪɢɨɞɚ 

t, ɱɚɫɵ P, Ɇȼɬ 
P, ɪɚɧɠ, 

Ɇȼɬ ∆P, Ɇȼɬ 
∆ɗ, 

Ɇɥɧ.ɤȼɬ*ɱ 
∆P ɤɨɨɪɞ, 

Ɇɜɬ 
∆ɗ ɤɨɨɪɞ, 
Ɇɥɧ.ɤȼɬ*ɱ 

1 673 747 1 0,001 1 0,001 
2 652 746 5 0,01 6 0,011 
3 647 741 0 0 6 0,011 
4 639 741 1 0,004 7 0,015 
5 635 740 2 0,01 9 0,025 
6 637 738 1 0,006 10 0,031 
7 648 737 1 0,007 11 0,038 
8 674 736 1 0,008 12 0,046 
9 700 735 6 0,054 18 0,1 
10 729 729 0 0 18 0,1 
11 746 729 1 0,011 19 0,111 
12 747 728 1 0,012 20 0,123 
13 741 727 1 0,013 21 0,136 
14 741 726 18 0,252 39 0,388 
15 740 708 8 0,12 47 0,508 
16 738 700 26 0,416 73 0,924 
17 737 674 1 0,017 74 0,941 
18 735 673 21 0,378 95 1,319 
19 736 652 4 0,076 99 1,395 
20 729 648 1 0,02 100 1,415 
21 726 647 8 0,168 108 1,583 
22 727 639 2 0,044 110 1,627 
23 728 637 2 0,046 112 1,673 
24 708 635 635 15,24 747 16,913 
 
ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɧɚ 

ɪɢɫɭɧɤɚɯ Ȼ.1 ɢ Ȼ.2. 
 

2.5 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 
ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɢɡ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ P(t), ɩɨɫɬɪɨɢɦ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ: 

 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɢ ɫɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɨɫɢɬ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɞɥɹ ɪɚɛɨɱɟɝɨ ɞɧɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ௧ܲ௠௔௫ = ܽ + ሺܾ ∙ cos|͵Ͳ° ∙ ݐ − ͳͷ°|ሻ.                                                            (2.9) 
 

ɝɞɟ t - ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ (1- ɹɧɜɚɪɶ, 2- ɮɟɜɪɚɥɶ ɢ ɬ. ɞ.);  
а,b - ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ:    
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ܽ = ௉య೘𝑎𝑥+௉ˎ೘𝑎𝑥ଶ = ଵ଴ଷଵ+଻ସ଻ଶ = ͺͺͻ,                                                              (2.10) 

 ܾ = ௉య೘𝑎𝑥−௉ˎ೘𝑎𝑥ଶ = ଵ଴ଷଵ−଻ସ଻ଶ = ͳͶʹ,                                                              (2.11) 

 ܽ = ௉య̝˓+௉ˎ˔˓ଶ = ଽ଼ସ+଻଴ହଶ = ͺͶͷ,                                                                     (2.12) 

 ܾ = ௉య̝˓−௉ˎ˔˓ଶ = ଽ଼ସ−଻଴ହଶ = ͳͶͲ.                                                                        (2.13) 

 
ɝɞɟ ଷܲ௠௔௫ − ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨ ɞɚɧɧɵɦ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɡɢɦɧɟɝɨ ɦɟɫɹɰɚ; ܲˎ௠௔௫ − ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨ ɞɚɧɧɵɦ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɥɟɬɧɟɝɨ 
ɦɟɫɹɰɚ; 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.5. 

 
Ɍɚɛɥɢɰɚ 2.5 − Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

Ɇɟɫɹɰ ɫos (30∙t-15)∙ (3,14/180) Pt(max) Pt(ɫɪɟɞɧɟɟ) 
1 0,97 1027 981 
2 0,71 989 944 
3 0,26 926 881 
4 -0,26 852 809 
5 -0,71 788 746 
6 -0,97 752 709 
7 -0,97 752 709 
8 -0,71 788 746 
9 -0,26 852 809 
10 0,26 926 881 
11 0,71 989 944 
12 0,97 1027 981 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ ɧɚɝɪɭɡɨɤ 

ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4. 
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Ɋɢɫɭɧɨɤ 2.4 − Ƚɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɢɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
2.6 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɢ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 

ȼХɄ  
 

Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1940) ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ 
ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 

  ʒܰЭʠ = 𝑘ே ∙ ܳ˒˓ଽ଴% ∙  ˠ˔,                                                                          (2.14)ˆܪ
 

ɝɞɟ kN  – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, kN = 8,8; ܳ˒˓ଽ଴%-ɩɨɥɟɡɧɵɣ ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; ܪˆˠ˔ −  ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. 
˔ˠˆܪ  = ܼʑʐ − ܼʜʐ(ܳʜʐሺݐሻ) − ∆ℎ,                                                               (2.15) 
 

ɝɞɟ ܼʑʐ − ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ ɇɉɍ, ɦ ܼʜʐ(ܳʜʐሺݐሻ) − ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɦ ɛɵɬɨɜɵɦ ɪɚɫɯɨɞɚɦ ɜɨɞɵ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɥɟɬɧɟɣ ɢɥɢ ɡɢɦɧɟɣ 
ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; ∆ℎ - ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ∆ℎ = Ͳ,͹ ɦ. 

Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ 
ȼɏɄ ɩɨ ɮɨɪɦɭɥɟ:  

 ʑܰʤʙ = 𝑘ே ∙ ܳʑʤʙ ∙  ʒЭʠ,                                                                              (2.16)ܪ
 

ɝɞɟ ܳʑʤʙ −ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 

Ⱦɚɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɟɡɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6 
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Ɍɚɛɥɢɰɚ 2.6 − Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɥɟɡɧɨɝɨ ɪɚɫɯɨɞɚ. 
Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 
Q ɛɵɬ, ˏଷ/ܿ 

186 187 190 1250 1340 830 730 630 453 430 355 191 

Q ɢɫɩ, ˏଷ/ܿ 0 0 0 13 13 8 7 6 4 4 0 0 
Q ɮ, ˏ ଷ/ܿ 6 6 6 6 6 6 6 6 6 6 6 6 

Q ɥɟɞ, ˏଷ/ܿ 11 5 5 -35 -8 0 0 0 0 0 11 11 
Q ɫɭɦɦ, ˏଷ/ܿ 16 11 11 -17 11 14 13 12 10 10 16 16 

Q 
ɛɵɬ.ɩɨɥ, ˏଷ/ܿ 

170 176 179 1267 1329 816 717 618 443 420 339 175 

 
Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 2.7. 
 

Ɍɚɛɥɢɰɚ 2.7 − Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 
Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 
Q ɜɯɤ, ˏଷ/ܿ 

350 350 350 400 400 400 400 400 350 350 350 350 

Zɜɛ, ɦ 441 441 441 441 441 441 441 441 441 441 441 441 
Zɧɛ, 

ɦ 
392,3 392,3 392,3 392,1 392,1 392,1 392,1 392,1 391,9 391,9 392,3 392,3 

ɇ,ɦ 48,7 48,7 48,7 48,9 48,9 48,9 48,9 48,9 49,1 49,1 48,7 48,7 
Nɜɯɤ, 
Ɇȼɬ 150 150 150 172 172 172 172 172 151 151 150 150 

 
Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɩɪɢ ɍȼȻ ɪɚɜɧɨɦ ɇɉɍ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 2.8. 
 

Ɍɚɛɥɢɰɚ 2.8 − Ɋɟɠɢɦ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ ɩɪɢ ɍȼȻ ɪɚɜɧɨɦ ɇɉɍ 
Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 
Q ɩɨɥ, ˏଷ/ܿ 

170 176 179 1267 1329 816 717 618 443 420 339 175 

Zɜɛ, ɦ 441 441 441 441 441 441 441 441 441 441 441 441 
Zɧɛ, ɦ 391,2 391,2 391,2 395,8 396,0 394,1 393,6 393,2 392,4 392,2 392,3 391,2 
ɇ,ɦ 49,8 49,8 49,8 45,2 45,0 46,9 47,4 47,8 48,6 48,8 48,7 49,8 
N ɛɵɬ, 
Ɇȼɬ 

74 77 78 504 526 337 299 260 190 180 145 76 

 
Ⱦɚɧɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 2.9. 
 
 
 
 
 
 



19 

 

Ɍɚɛɥɢɰɚ 2.9 − Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 
Ɇɟɫɹɰ ̝ܲ ˓, ʛ˅˕ ˄ܰ˞˕, ʛ˅˕ ˅ܰ˘ˍ, ʛ˅˕ ˔ܰ˖˜.ʒЭʠ, ʛ˅˕ 

1 981 74 150 21 
2 944 77 150 20 
3 881 78 150 18 
4 809 504 172 17 
5 746 526 172 16 
6 709 337 172 14 
7 709 299 172 14 
8 746 260 172 16 
9 809 190 151 17 
10 881 180 151 18 
11 944 145 150 20 
12 981 76 150 21 
 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɩɥɚɤɚɬɟ 

«ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɑɢɧɟɬɫɤɨɣ Ƚɗɋ ɧɚ ɪɟɤɟ ɂɧɹ». 
 

2.7 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 
ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

 
Ɋɚɫɱɟɬ ɧɚɱɢɧɚɟɦ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚɩɨɥɧɟɧɨ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɧɟɦ ɪɚɜɟɧ ∇ɇɉɍ = 441 ɦ. Ɇɟɫɹɰɟɦ, ɜ ɤɨɬɨɪɵɣ 
ɧɚɱɢɧɚɟɬɫɹ ɫɪɚɛɨɬɤɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɟɪɜɵɣ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ 
ɤɨɬɨɪɨɦ ɦɨɳɧɨɫɬɶ ȼɏɄ ɩɪɟɜɵɲɚɟɬ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɨ ɜɨɞɨɬɨɤɭ, 
ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɷɬɨ ɧɨɹɛɪɶ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɫɱɟɬ ɫɪɚɛɨɬɤɢ ɢ 
ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟ ɩɨɥɭɱɚɟɬɫɹ ɢɡ-ɡɚ ɬɨɝɨ ɱɬɨ ɨɧɨ ɩɟɪɟɩɨɥɧɹɟɬɫɹ. 
ɉɨɫɥɟ ɩɨɜɵɲɟɧɢɹ ʒܰ˃˓ ɩɨɥɭɱɚɟɦ ɜɟɪɧɵɣ ɪɚɫɱɟɬ. Ʉɨɧɟɱɧɵɣ ɜɚɪɢɚɧɬ ɫɪɚɛɨɬɤɢ 
ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɜ ɬɚɛɥɢɰɟ Ȼ.2. 

Ɉɩɪɟɞɟɥɹɟɦ ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
 ʞܸʝʚʔʖʜ = ʜܸʞʢ − ʢܸʛʝ = ͳͶ − ͸,ͷ = ͹,ͷ ˍˏଷ.                                        (2.17) 

 
ɉɪɨɜɟɞɹ ȼɗɊ ɪɟɠɢɦɚ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɵɣ ɝɨɞ ɩɨɥɭɱɢɥɢ ɨɬɦɟɬɤɭ  ∇ʢʛʝ == Ͷ͵Ͳ,͸ ˏ ɢ ɪɚɫɫɱɢɬɚɥɢ ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɢɥ ʞܸʝʚʔʖʜ = ͹,ͷ ˍˏଷ.  
 
2.8 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 

ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 
 
ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɨɢɡɜɨɞɹɬɫɹ ɞɥɹ ɬɨɝɨ 

ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 
Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɪɟɠɢɦɵ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɨ ɦɨɳɧɨɫɬɹɦ ɜ 

ɩɟɪɢɨɞ ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɚ ɩɨ ɪɟɠɢɦɭ ɭɪɨɜɧɹ ɜ 
ɪɚɫɱёɬɧɨɦ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɜɵɪɚɛɨɬɤɚ ɜ ɪɟɠɢɦɟ ɩɨ 
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ɦɨɳɧɨɫɬɹɦ ɨɤɚɡɚɥɚɫɶ ɛɨɥɶɲɟ, ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɪɚɜɧɹɟɬɫɹ – 2,28 
ɦɥɪɞ.ɤȼɬ∙ ˚. Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɜɟɞɟɧ ɧɚ 
ɪɢɫɭɧɤɟ 2.5, ɬɚɛɥɢɰɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɜ ɬɚɛɥɢɰɟ Ȼ.3.  

 
Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 

 
2.9 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ Ƚɗɋ 
 
Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ – ɷɬɨ ɦɝɧɨɜɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜ 

ɷɧɟɪɝɨɫɢɫɬɟɦɭ ɪɚɛɨɬɚɸɳɢɦɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ Ƚɗɋ. 
Ɉɞɧɚɤɨ ɟɫɬɶ ɨɛɹɡɚɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ: ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɚɧɢɬɚɪɧɵɣ 

ɩɨɩɭɫɤ ɜ ɧɢɠɧɢɣ ɛɶɟɮ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɱɚɫɬɶ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ 
ɨɛɹɡɚɧɚ ɨɬɞɚɜɚɬɶ ɜ ɛɚɡɨɜɨɦ ɪɟɠɢɦɟ. 

 
Ɋɚɫɱёɬ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ ɹɧɜɚɪɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ˄ܰ˃ˊ.ˢː˅ = ௄𝑁∙ொ˔.˒∙ுଵ଴଴଴ = ଼,଼∙ଵ଻ହ∙ସଶ,ହଵ଴଴଴ = ͸͸ ʛ˅˕.                                             (2.18) 

 
ɋɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ ɹɧɜɚɪɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 Э˄˃ˊ.ˢː˅ = ˄ܰ˃ˊ.ˢː˅ ∙ ʹͶ = ͸͸ ∙ ʹͶ = ͳ,ͷͺ ˏˎː ʙ˅˕ ∗ ˚.                           (2.19) 
 
Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɷɧɟɪɝɨɨɬɞɚɱɚ ɡɚ ɫɭɬɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 
 Эˆ˃˓.ˢː˅ = ˆܰ˃˓.ˢː˅ ∙ ʹͶ = ͵ͳͺ ∙ ʹͶ = ͹,͸͵ ˏˎː ʙ˅˕ ∗ ˚.                         (2.20) 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɛɨɬɤɚ ɜ ɩɢɤɨɜɨɣ ɡɨɧɟ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɪɚɜɧɚ: 
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Э˒ˋˍ.ˢː˅ = Эˆ˃˓.ˢː˅ − Э˄˃ˊ.ˢː˅ = ͹,͵ͻ − ͳ,ͷͺ = ͸,Ͳͷ ˏˎː ʙ˅˕ ∗ ˚.           (2.21) 
 
ɂɡ ɂɄɇ ɧɚɯɨɞɢɦ ɩɢɤɨɜɭɸ ɦɨɳɧɨɫɬɶ: ˒ܰˋˍ.ˢː˅ = ʹ͸͵ ʛ˅˕.  
 
Ɍɨɝɞɚ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɞɥɹ ɹɧɜɚɪɹ ɪɚɜɧɚ: 
 ˓ܰ˃˄.ˢː˅ = ˄ܰ˃ˊ.ˢː˅ + ˒ܰˋˍ.ˢː˅ = ͸͸ + ʹ͸͵ = ͵ʹͻ ʛ˅˕.                            (2.22) 
 
Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɞɥɹ 

ɨɫɬɚɜɲɢɯɫɹ ɦɟɫɹɰɟɜ ɝɨɞɚ. Ɋɚɫɱёɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.10. 
 

Ɍɚɛɥɢɰɚ 2.10 −  Ɋɚɫɱёɬ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ 
Ɇɟɫɹɰ 1 2 3 4 5 6 7 8 9 10 11 12 ˆܰ˃˓, ʛ˅˕ 318 282 221 140 153 162 165 168 148 221 282 318 Эˆ˃˓, ˏˎː ʙ˅˕∗ ˚ 

7,63 6,77 5,3 3,37 3,68 3,88 3,96 4,02 3,56 5,30 6,77 7,63 

˄ܰ˃ˊ, ʛ˅˕ 66 61,7 58,7 71 77,7 81,9 83,6 84,9 75,2 73,6 71,7 69 Э˄˃ˊ, ˏˎː ʙ˅˕∗ ˚ 
1,58 1,48 1,41 1,7 1,86 1,96 2,01 2,04 1,8 1,77 1,72 1,66 

˒ܰˋˍ, ʛ˅˕ 263 231 173 100 92 90 94 95 89 158 221 260 Э˒ˋˍ, ˏˎː ʙ˅˕∗ ˚ 
6,05 5,29 3,9 1,66 1,82 1,92 1,96 1,99 1,75 3,54 5,05 5,98 

˓ܰ˃˄, ʛ˅˕ 329 292 231 171 170 172 178 180 164 231 292 329 

 
2.10 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ. Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɢ 

ɩɥɚɧɢɪɨɜɚɧɢɟ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢ ɪɚɫɱɟɬ ɛɚɥɚɧɫɚ 
ɦɨɳɧɨɫɬɢ 

 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɭɱɢɬɵɜɚɟɦ ɫɥɟɞɭɸɳɟɟ: ɚɜɚɪɢɣɧɵɣ 

ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 10 % ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ – 3 % ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɧɟɨɛɯɨɞɢɦɵɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɜ ɰɟɥɨɦ ɞɥɹ ɹɧɜɚɪɹ: 
  ܲː ˃ˆ˓.Эʠ = ௠ܲ௔௫.Эʠ ∙ Ͳ.Ͳ͵ = ͳͲʹ͹ ∙ Ͳ,Ͳ͵ = ͵ͳ ʛ˅˕.                                   (2.23) 
 
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɢ 

ɫɭɳɟɫɬɜɭɸɳɢɦɢ Ƚɗɋ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɯ ɦɚɤɫɢɦɚɥɶɧɵɦ ɪɚɛɨɱɢɦ 
ɦɨɳɧɨɫɬɹɦ, ɬɨɝɞɚ: 

 ܲː ˃ˆ˓.˒˓ˑˈˍ ʒЭʠ = ͳͲ ʛ˅˕,                                                                              
 ܲː ˃ˆ˓.˔˖˜ ʒЭʠ = ͳ ʛ˅˕.                                                                                   
 
Ɉɫɬɚɜɲɭɸɫɹ ɱɚɫɬɶ ɪɟɡɟɪɜɚ ɪɚɫɩɪɟɞɟɥɹɟɦ ɧɚ Ɍɗɋ: 
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ܲː ˃ˆ˓.ʡЭʠ = ʹͲ ʛ˅˕.                                                                                      
 
Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɞɥɹ ɹɧɜɚɪɹ: 
 ܲ˃ ˅˃˓.Эʠ = ௠ܲ௔௫.Эʠ ∙ Ͳ,ͳ = ͳͲʹ͹ ∗ Ͳ,ͳ = ͳͲ͵ ʛ˅˕.                                    (2.24) 
 
Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɪɚɡɦɟɳɚɟɬɫɹ ɧɚ Ɍɗɋ, ɩɨɷɬɨɦɭ ɩɪɢ ɪɚɫɱёɬɟ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɨɧ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ 0.  
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɪɟɦɨɧɬɧɨɝɨ ɪɟɡɟɪɜɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɪɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ ɢ Ɍɗɋ, ɚ ɬɚɤɠɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

ܨ˓  ˈˏ.˔˖˜ ʒЭʠ = ே˓˃˄.˔˖˜ ʒЭʠ଺ = ଶଵ଺ = Ͷ ʛ˅˕,                                                      (2.25) 

ܨ˓  ˈˏ.˒˓ˑˈˍ˕ ʒЭʠ = ே˓˃˄.˒˓ˑˈˍ˕ ʒЭʠ଺ = ଷଶଽ଺ = ͷͷ ʛ˅˕,                                           (2.26) 

ܨ˓  ˈˏ.ʡЭʠ = ே˓˃˄.ʡЭʠ଺ = ଺଻଻଺ = ͳͳ͵ ʛ˅˕.                                                          (2.27) 

 
Ɋɟɦɨɧɬ Ɍɗɋ ɪɚɡɦɟɳɚɟɬɫɹ ɧɚ ɞɜɚ ɦɟɫɹɰɚ, ɜ ɩɟɪɢɨɞ ɩɪɨɜɚɥɚ ɝɪɚɮɢɤɚ 

ɧɚɝɪɭɡɤɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 ˖ܰ˔˕.ʒЭʠ = ˓ܰ˃˄ʒЭʠ + ˓ܰˈˊʒЭʠ = ͵ʹͻ + ͳͲ = ͵͵ͻʛʑ˕.                                          (2.28) 
 
Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.11 
 

Ɍɚɛɥɢɰɚ 2.11 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫɹɰ 
ɗɋ ɋɭɳ Ƚɗɋ ɉɪɨɟɤɬ Ƚɗɋ Ɍɗɋ 
Ptmax Nɚɜ Nɧ Nɪɚɛ Nɧ Nɪ Nɪɚɛ Nɧ Nɪ Nɪɚɛ Nɚɜ Nɧ Nɪ 

1 1027 103 31 21 1   324 10   682 103 20   
2 989 99 30 20 1   290 9   679 99 20   
3 926 93 28 18 1   228 7   680 93 20   
4 852 85 26 17 1   165 5   670 85 20   
5 788 79 24 16 0,5   163 5   609 79 18   
6 752 75 23 14 0,4   177 5   561 75 17 57 
7 752 75 23 14 0,4   176 5   562 75 17 57 
8 788 79 24 16 0,5   181 5   591 79 18   
9 852 85 26 17 1 4 163 5 54 672 85 20   
10 926 93 28 18 1   228 7   680 93 20   
11 989 99 30 20 1   290 9   679 99 20   
12 1027 103 31 21 1   324 10   682 103 20   
 

Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɩɥɚɤɚɬɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɑɢɧɟɬɫɤɨɣ 
Ƚɗɋ ɧɚ ɪɟɤɟ ɂɧɹ». 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
 
3.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ 
ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 3.1. 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ 
ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ [1]. 

Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
 

Ɍɚɛɥɢɰɚ 3.1 – Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ. 

Ʉɪɢɜɵɟ ɫɜɹɡɢ 
ɇȻ ɞɥɹ ɡɢɦɵ ɢ 

ɥɟɬɚ 

ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɢ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɪɚɫɱɟɬɭ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 

ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ 
Qɧɛ, 
ɦ3/ɫ 

Zɧɛ, 
ɦ 

Hɧɩɭ, 
ɦ 

ɇɭɦɨ, 
ɦ 

ɇzɜɛ1, 
ɦ 

ɇ, ɦ Q, ɦ3/ɫ ɇ, ɦ Q, ɦ3/ɫ 

0 390 50,3 33,9 46 30 1284 30 175 
100 390,6 49,7 33,3 45,4 32 1204 32 175 
200 391,1 49,2 32,8 44,9 34 1133 34 175 
300 391,6 48,7 32,2 44,4 36 1070 36 175 
400 392,1 48,2 31,7 43,9 38 1014 38 175 
500 392,6 47,7 31,2 43,4 40 963 40 175 
600 393,1 47,2 30,8 42,9 42 917 42 175 
700 393,6 46,7 30,3 42,4 44 876 44 175 
800 394 46,3 29,9 42 46 837 46 175 
900 394,4 45,9 29,5 41,6 48 803 48 175 
1000 394,8 45,5 29,1 41,2 50 770 50 175 
1100 395,2 45,1 34,7 40,9 52 741 52 175 
1200 395,6 44,7 34,3 40,5 54 713 54 175 
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Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ ɑɢɧɟɬɫɤɨɣ Ƚɗɋ 

 
3.2 ȼɵɛɨɪ ɬɢɩɚ ɢ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ 

 
Ƚɢɞɪɨɬɭɪɛɢɧɚ ɜɵɛɪɚɧɚ, ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɚ 

ɫɬɚɧɰɢɢ ɢ ɨɬɧɨɲɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ ɬɭɪɛɢɧɵ. 
ɉɪɢ ɷɬɨɦ ɟɫɥɢ ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɛɨɥɶɲɟ, ɡɧɚɱɢɬ, ɞɚɧɧɵɣ ɬɢɩ 
ɬɭɪɛɢɧɵ ɧɟ ɩɨɞɯɨɞɢɬ. 

Ⱦɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɉɅ50-ȼ ɢ ɉɅȾ50-ȼ͸Ͳ଴ ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.2. 

 
Ɍɚɛɥɢɰɚ 3.2 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɞɟɥɶɧɵɯ ɜɵɛɢɪɚɟɦɵɯ ɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪ ɉɅȾ50-ȼ ɉɅȾ50-600 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hɩɪɟɞ 50 50 
Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Hmin/Hmax 0,5 0,5 

Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ 
ɜɪɚɳɟɧɢɹ 

n’1ɨ,ɦɢɧ-1 116 113 

Ɉɩɬɢɦɚɥɶɧɵɣ ɄɉȾ ɦɨɞɟɥɢ ηɦɨ 0,916 0,91 
ɉɪɢɜɟɞɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɪɚɫɯɨɞ 
Q'1max, ɦ3/ɫ 1,5 1,65 

Ʉɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ σ ɩɪɢ Q'1max 0,6 0,6 
ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ ɊɄ D'1ɦ, ɦ 0,460 0,350 
ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ Hɦ, ɦ 12 16 

Ɍɟɦɩɟɪɚɬɭɪɚ ݐˏˑˇ, ଴ ܥ  21 16 
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ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ : 
  𝜂ː˕ = ͳ − ሺͳ − 𝜂ˏሻ ∙ [ሺͳ − ሻߝ + ߝ ∙ √஽భˏ஽భఱ ∙ √ʜˏʜ𝑁˓భబ ∙ √௩ː௩ˏఱ ],                             (3.1)             

 
ɝɞɟ ηː,ηˏ - ɄɉȾ ɧɚɬɭɪɧɨɣ ɢ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ. ߝ – Ʉɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ ɢ ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 0,75 ɞɥɹ ɉɅ- ɢ ɉɅȾ-ɬɭɪɛɢɧ. 

 ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ - ,ˏݒ,ːݒ  1ɦ  –  ɞɢɚɦɟɬɪɵ ɧɚɬɭɪɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɪɚɛɨɱɢɯ ɤɨɥɟɫ. ʜே˓, ʜˏ –  ɪɚɫɱɟɬɧɵɣ  ɧɚɩɨɪܦ ,1ܦ 
ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ. 

Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
 ˃ܰˆ˓ = ͻ,ͺͳ ∙ ܳ˓.˕. ∙ ଵଶܦ ∙ ௣ଵ,ହܪ ∙ 𝜂˕,                                                                       (3.2) 
 

ɝɞɟ ܳ’ɪ.ɬ. – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 𝜂ɫɪ – ɫɪɟɞɧɢɣ ɄɉȾ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. 
ɉɪɢɜɟɞɟɧɧɨɟ ɱɢɫɥɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ: 

 ܼ′˃ˆ˓ = ே˖˔˕ே′˃ˆ˓ ;                                                                                                  (3.3) 

 
ɝɞɟ ˖ܰ˔˕ʒЭʠ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ. 

Ɉɬɫɸɞɚ ɭɬɨɱɧɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
Ɋɚɫɱɟɬɧɚɹ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

 ݊ଵ˔′ = ݊ଵ˓′ ∙ √ʜே˓ ∙ ∆˓ ∙ ଵ஽భ,                                                                              (3.4) 

 
ɝɞɟ ݊ଵ˔′  – ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ 
(ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ). 

Ɋɚɫɱɟɬɧɚɹ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 
ɫɬɚɧɞɚɪɬɧɵɦ ɪɹɞɨɦ. 

ɉɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɞɥɹ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ, ɪɚɫɱɟɬɧɨɝɨ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɨɜ ɩɨ ɮɨɪɦɭɥɚɦ: 

 ݊ூ ௠௔௫′ = ௡˔ˋː˘஽భ(∆˓ு೘𝑖೙)బ,ఱ,                               (3.5) 

 ݊ூ ˓˃˔˚′ = ௡˔ˋː˘஽భ(∆˓ு˓)బ,ఱ,                                 (3.6) 

 

Ɍ
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݊ூ ௠𝑖௡′ = ௡˔ˋː˘஽భ(∆˓ு೘𝑎𝑥)బ,ఱ.                            (3.7) 

 
Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɚɯ ɞɥɹ ɬɭɪɛɢɧ 

ɉɅ50-ȼ ɢ ɉɅȾ50-ȼ͸Ͳ଴ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɚɯ 3.3 ɢ 3.4. 
 

Ɍɚɛɥɢɰɚ 3.3 – Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɚɯ ɞɥɹ 
ɬɭɪɛɢɧɵ ɉɅ50-ȼ 

D1, ɦ 5 5,3 6 6,3 6,7 7,1 
ɄɉȾ ɬɭɪɛɢɧɵ 0,928 0,929 0,93 0,93 0,931 0,931 

N' ɚɝɪ, ɤȼɬ 90077 101265 129928 143309 162173 182208 

Za
’, ɲɬ 3,76 3,35 2,61 2,37 2,09 1,86 

Za ɲɬ 4 4 3 3 3 2 

Nɚɝɪ, ɤȼɬ 84750 84750 113000 113000 113000 169500 
Δ 1,046 1,046 1,047 1,048 1,048 1,049 

n'ɫ1, ɨɛ/ɦɢɧ 153 144 128 122 114 108 
nɫ1, ɨɛ/ɦɢɧ 150 150 130,4 125 115,4 107,1 

nIHmin, ɨɛ/ɦɢɧ 122,8 130,1 128 128,8 126,4 124,3 

nIHɪ, ɨɛ/ɦɢɧ 113,7 120,5 118,5 119,3 117,1 115,1 

nIHmax, ɨɛ/ɦɢɧ 104,5 110,7 108,9 109,6 107,6 105,7 

 
Ɍɚɛɥɢɰɚ 3.4 – Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɚɯ ɞɥɹ 
ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ͸Ͳ଴ 

D1, ɦ 4,75 5 5,6 6 6,3 
ɄɉȾ ɬɭɪɛɢɧɵ 0,917 0,917 0,919 0,919 0,92 

N' ɚɝɪ, ɤȼɬ 89799 99554 125027 143626 158425 

Za
’, ɲɬ 3,78 3,41 2,71 2,36 2,14 

Za ɲɬ 4 4 3 3 3 

Nɚɝɪ, ɤȼɬ 84750 84750 113000 113000 113000 
Δ 1,06 1,06 1,07 1,07 1,07 

n'ɫ1, ɨɛ/ɦɢɧ 158,3 150,4 134,3 125,4 119,5 
nɫ1, ɨɛ/ɦɢɧ 166,7 150 136,4 125 120 

nIHmin, ɨɛ/ɦɢɧ 128,5 121,7 123,8 121,6 122,5 

nIHɪ, ɨɛ/ɦɢɧ 119 112,7 114,7 112,6 113,5 

nIHmax, ɨɛ/ɦɢɧ 109,3 103,5 105,4 103,4 104,2 

 
Ʉ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɫɦɨɬɪɟɧɢɸ ɩɪɢɧɢɦɚɸɬɫɹ ɜɫɟ ɬɭɪɛɢɧɵ. 
 

ɇɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɪɚɛɨɱɭɸ ɡɨɧɭ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ. Ⱦɥɹ ɷɬɨɝɨ 
ɧɭɠɧɨ ɧɚɣɬɢ ɪɚɫɱɟɬɧɭɸ ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɱɤɢ, ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɢ 
ɩɨɦɨɳɢ ɭɪɚɜɧɟɧɢɹ: 
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ܳଵ̀ ∙ 𝜂˕ = ே˃ˆ˓ଽ,଼ଵ∙஽భమ∙ு𝑁˓∙√ு𝑁˓∙𝜂ˆ̝˓, (3.8) 

 ܳଵ௠௔௫` ∙ 𝜂˕ = ே˃ˆ˓ଽ,଼ଵ∙஽భమ∙ு೘𝑎𝑥∙√ு೘𝑎𝑥∙𝜂ˆ̝˓.                                                             (3.9)               

  
ɉɪɚɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ ɩɪɢ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ ɟɝɨ 

ɩɚɪɚɦɟɬɪɚɯ, ɚ ɥɟɜɚɹ ɱɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ ݊ூு௣′ , 
ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ܳூ′ ɢ 𝜂˕ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ 
ɭɤɚɡɚɧɧɨɝɨ ɪɚɜɟɧɫɬɜɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɥɢɧɢɸ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɚɝɪɟɝɚɬɚ, ɤɨɬɨɪɚɹ ɫɬɪɨɢɬɫɹ 
ɚɧɚɥɨɝɢɱɧɨ, ɧɨ ɩɪɢ ܪ௠௔௫. 

 
3.3 ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɩɨ 

ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ 
 

ɉɪɢ ɜɵɛɨɪɟ ɨɫɧɨɜɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ. Ⱦɥɹ ɷɬɨɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɥɢɧɢɸ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɫ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
ɩɟɪɟɫɱɢɬɚɬɶ ɜ ɤɨɨɪɞɢɧɚɬɵ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ܳூ′ ɢ ݊ூ′ ɞɥɹ 
ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɧɚɩɨɪɚ ܪ௠௔௫ ɢ ܪ௠𝑖௡. ɉɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

 

 ܳூ̀ = ொ೘𝑖೙௓𝑎∙஽భమ∙√∆𝑝ு ,                                                                                          (3.10) 

 
ɝɞɟ ܳ௠𝑖௡ – ɷɬɨ ɦɢɧɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞ ȼɏɄ ɪɚɜɧɵɣ 175 ˏଷ/ܿ 

Ⱦɚɧɧɵɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ ɦɢɧɢɦɚɥɶɧɨɦ 
ɧɚɩɨɪɚɯ, ɞɥɹ ɪɚɡɧɵɯ ɬɭɪɛɢɧ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.5. 
 
Ɍɚɛɥɢɰɚ 3.5 – ɉɪɢɜɟɞɟɧɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ 
ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɚɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Q’max.ɫɚɧ Q’min.ɫɚɧ 
ɉɅ50-ȼ-500 0,98 1,15 
ɉɅ50-ȼ-530 0,87 1,02 
ɉɅ50-ȼ-600 0,68 0,8 
ɉɅ50-ȼ-630 0,61 0,72 
ɉɅ50-ȼ-670 0,54 0,64 
ɉɅ50-ȼ-710 0,48 0,57 

ɉɅȾ50-ȼ600-475 1,07 1,26 
ɉɅȾ50-ȼ600-500 0,97 1,14 
ɉɅȾ50-ȼ600560 0,77 0,9 
ɉɅȾ50-ȼ600-600 0,67 0,79 
ɉɅȾ50-ȼ600-630 0,61 0,71 
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ɉɨɫɬɪɨɢɦ ɡɨɧɭ ɪɚɛɨɬɵ ɜɫɟɯ ɬɭɪɛɢɧ (ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.1 ɢ ȼ.2). 
 

3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɟё ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ 
  

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ. 
ˍ˓ݖߘ  = ʜʐሺܳʜʐሻݖߘ +  ௦,      (3.11)ܪ
 

ɝɞɟ ݖߘʜʐሺܳʜʐሻ– ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɫɯɨɞɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ; ܪ௦– ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɞɥɹ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ: 
௦ܪ  = ͳͲ,͵ − ∇ʜʐଽ଴଴ − 𝜎 ∙ ܪ − ͳ,ͷ,   (3.12) 

 
ɂɡ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ܪ௦ ɜɵɛɢɪɚɸɬ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ, 

ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɬɭɪɛɢɧ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ 
ɪɚɛɨɬɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧ ɉɅ50-ȼ ɢ ɉɅȾ50-ȼ600, 
ɪɚɡɧɵɯ ɞɢɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.6 – 3.16. 

 
Ɍɚɛɥɢɰɚ 3.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-500 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ, ɦ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

113,7 0,6 391,33 -16,31 375,01 
104,5 0,305 391,06 -5,89 385,07 
122,8 0,5 391,18 -8,85 382,33 

 
Ɍɚɛɥɢɰɚ 3.7 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-530 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ, ɦ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

120,5 0,42 391,30 -8,45 382,85 
110,7 0,295 391,14 -5,38 385,76 
130,1 0,38 391,18 -4,35 386,83 

 

Ɍɚɛɥɢɰɚ 3.8 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-600 
nc, 

ɨɛ/ɦɢɧ 
ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

118,5 0,46 391,72 -10,20 381,52 
108,9 0,307 391,48 -6,00 385,48 
128,0 0,425 391,54 -6,04 385,50 
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Ɍɚɛɥɢɰɚ 3.9 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-630 
nc, 

ɨɛ/ɦɢɧ 
ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

119,3 0,37 391,72 -6,27 385,45 
109,6 0,225 391,49 -1,75 389,74 
128,8 0,34 391,56 -2,85 388,71 

 
Ɍɚɛɥɢɰɚ 3.10 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-670 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

117,1 0,285 391,71 -2,55 389,15 
107,6 0,180 391,53 0,58 392,11 
126,4 0,260 391,59 0,15 391,74 

 
Ɍɚɛɥɢɰɚ 3.11 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅ50-ȼ-710 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

115,1 0,6 392,55 -16,31 376,24 
105,7 0,5 392,25 -15,99 376,26 
124,3 0,37 392,34 -3,98 388,36 

 
Ɍɚɛɥɢɰɚ 3.12 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ600-
475 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

119,0 0,65 391,37 -16,72 374,65 
109,3 0,33 391,19 -5,41 385,78 
128,5 0,607 391,27 -11,08 380,20 

 
Ɍɚɛɥɢɰɚ 3.13 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ600-
500 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

112,7 0,48 391,34 -9,20 382,15 
103,5 0,28 391,16 -2,72 388,43 
121,7 0,44 391,25 -4,72 386,53 

 
Ɍɚɛɥɢɰɚ 3.14 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ600-
560 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

114,7 0,575 391,56 -13,12 378,44 
105,4 0,315 391,35 -1,76 389,59 
123,8 0,358 391,44 -11,16 390,30 
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Ɍɚɛɥɢɰɚ 3.15 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ600-
600 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

112,6 0,42 391,74 -6,20 385,54 
103,4 0,235 391,55 -0,02 389,59 
121,6 0,358 391,58 -1,27 390,30 

 
Ɍɚɛɥɢɰɚ 3.16 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɬɭɪɛɢɧɵ ɉɅȾ50-ȼ600-
630 

nc, 
ɨɛ/ɦɢɧ 

ϭ ݖߘʜʐ ܪ௦, ɦ ݖߘ˓ˍ, ɦ 

113,5 0,33 391,73 -2,16 389,57 
104,2 0,185 391,54 2,68 394,24 
122,5 0,31 391,54 0,64 391,18 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɜɵɛɪɚɧɚ ɬɭɪɛɢɧɚ ɉɅ50-ȼ-630 ɩɨɬɨɦɭ ɱɬɨ ɭ 

ɧɟɟ ɫɚɦɚɹ ɨɩɬɢɦɚɥɶɧɚɹ ɡɨɧɚ ɪɚɛɨɬɚ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ ɬɭɪɛɢɧɟ ɫ 
ɛɨɥɶɲɢɦ ɄɉȾ, ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɩɪɢɟɦɥɟɦɚɹ ɜɵɫɨɬɚ 
ɨɬɫɚɫɵɜɚɧɢɹ. 

 
3.5 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
 
ɑɬɨɛɵ ɜɵɛɪɚɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɟɝɨ ɧɨɦɢɧɚɥɶɧɭɸ 

ɦɨɳɧɨɫɬɶ ɢ ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ. 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 

 Sː = Naୡ୭sφ = ଵଵଷ଴,଼ହ = ͳ͵ʹ,ͻͶ ʛ˅˕,                                                                 (3.13) 

 
ɑɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 

 ʹP = ଶ∙୤∙଺଴୬˔ˋː˘ = ଶ∙ହ଴∙଺଴ଵଶହ = Ͷͺ.                                                                           (3.14) 

 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɦ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ: ɋȼ 1130/140-48, 

ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.17. 
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Ɍɚɛɥɢɰɚ 3.17 – ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ 1130/140-48 
Ɍɢɩ ɋȼ-1130/140-48 

ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɩɨɥɧɚɹ 141 ɆȼȺ 

ɚɤɬɢɜɧɚɹ 120 Ɇȼɬ 

ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ 

ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos φ 0,85 

ɱɚɫɬɨɬɚ 50 Ƚɰ 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 125 ɨɛ/ɦɢɧ 

ɱɢɫɥɨ ɮɚɡ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ (ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ) 1 

ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ 5899 Ⱥ 

ɬɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 1546 Ⱥ 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɥɶɰɚɯ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 217 ȼ 

ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɨ.ɟ.) 

ɫɢɧɯɪɨɧɧɨɟ  Xd 1,084 

ɩɟɪɟɯɨɞɧɨɟ  X'd 0,332 

ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ  X"d 0,205 

ɟɦɤɨɫɬɶ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 0,91 ɦɤɎ/ɮɚɡɭ 

 
3.6 Ɋɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɛɟɬɨɧɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ, ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ. 
ɍɝɨɥ ɨɯɜɚɬɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 𝜑˔˒ = ʹʹͷ଴ ɜɡɹɬɵɣ ɢɡ Ƚɍɏ (ɩɪɢɥɨɠɟɧɢɟ 

ȼ ɪɢɫɭɧɨɤ ȼ.3) 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 r˅˘ = ͳ,͹͵ͻ ∙ Dଵ = ͳ,͹͵ͻ ∗ ͸,͵ = ͳͲ,ͻ͸ ˏ,                                                (3.15) 
 
Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: Dː˃˓ = ͳͲ,ͳ ˏ,                           
௔ݎ  = Dː˃˓ଶ = ͷ,Ͳͷ ˏ.                                                                                      (3.16) 

 
Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɯɨɞɧɵɯ ɤɪɨɦɨɤ ɫɬɚɬɨɪɚ: D˅ː = ͺ,ͺͷ ˏ,                           

 rୠ = D˅ːଶ = Ͷ,Ͷʹͷ ˏ.                                                                                    (3.17) 

 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
 B˔˕ = b଴ + Ͳ,ͲͲ͵͵ ∙ Dଵ = ʹ,ʹͲͷ + Ͳ,ͲͲ͵͵ ∗ ͸,͵ = ʹ,ʹ͵ ˏ,                     (3.18) 

 
ɝɞɟ b଴ = Ͳ,͵ͷ ∙ ͸,͵ = ʹ,ʹͲͷ ˏ.                                                                              
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Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɩɪɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ 
ɧɚɩɨɪɚ ɢ ɦɨɳɧɨɫɬɢ: 

 Q଴ = Nଽ,଼ଵ∙Hp∙ηˑ˒˕ = ଵଵଷ଴଴଴ଽ,଼ଵ∙ସଵ,଺∙଴,ଽଷ = ʹͻ͹,͹͸ ˏయ̝.                                              (3.19) 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɤɚɦɟɪɵ: 
 Q୧ = ୕బ∙φଷ଺଴ = ଶଽ଻,଻଺∙ଶଶହଷ଺଴ = ͳͺ͸,Ͳͻ ˏయ̝.                                                           (3.20) 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɜɯɨɞɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ: 
 F˅˘ = ୕iv˅˘ = ଵ଼଺,଴ଽହ,଼ହ = ͵ͳ,ͺͳ ˏଶ.                                                                    (3.21) 

 
ȼɵɫɨɬɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɤɜɚɞɪɚɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ: 
 b˅˘ = b଴ሺrୟ − rୠሻ + ሺr˅˘ − rୟሻb˅˘ − ሺୠ˅˘−ୠబሻమଶ tanͳͷ଴.                              (3.22) 

 
Ɋɟɲɢɜ ɞɚɧɧɨɟ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɨɥɭɱɢɦ: b˅˘ = ͹,ͺ ˏ; 
 ܽ˅˘ = ݎ˅ ˘ − ௔ݎ = ͳͲ,ͻ͸ − ͷ,Ͳͷ = ͷ,ͻͳ.                                                      (3.23) 
 
Ⱦɥɢɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ: 
 
L = 4,828∙ Dଵ = Ͷ,ͺʹͺ ∙ ͸,͵ = ͵Ͳ,Ͷʹ ˏ.                                                     (3.24) 
 
ɒɢɪɢɧɚ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ ɧɚ ɜɵɯɨɞɟ: 

ଵܤ  = ʹ,ͻͳ͹ ∙ ଵܦ = ʹ,ͻͳ͹ ∙ ͸,͵ = ͳͺ,͵ͺ ˏ.                                                 (3.25) 
 
Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɬɢɱɟɫɤɢɦ 

ɦɟɬɨɞɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.18. 
 

Ɍɚɛɥɢɰɚ 3.18 – Ɋɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
ɫ ȼɯ 1 2 3 4 5 6 7 8 9 10 ȼɵɯ 

ri 10,96 10,36 9,77 9,17 8,58 7,99 7,39 6,8 6,21 5,61 5,02 4,43 

ai 5,91 5,31 4,72 4,13 3,53 2,94 2,34 1,75 1,16 0,56 
-

0,03 
-0,63 

mi 5,58 4,52 3,56 2,72 2 1,38 0,88 0,49 0,21 0,05 0 0,06 

bi 7,79 6,72 5,77 4,93 4,2 3,59 3,08 2,7 2,42 2,26 2,21 2,27 

rk 6,55 6,26 6 5,78 5,58 5,42 5,29 5,18 5,11 5,06 5,05 5,07 

rk/ra 1,3 1,24 1,19 1,15 1,11 1,07 1,05 1,03 1,01 1 1 1 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.18 
ɫ ȼɯ 1 2 3 4 5 6 7 8 9 10 ȼɵɯ 

ln(rk/ra) 0,26 0,22 0,17 0,14 0,1 0,07 0,05 0,03 0,01 0 0 0 
ri/ra 2,17 2,05 1,93 1,82 1,7 1,58 1,46 1,35 1,23 1,11 0,99 0,88 

ln(ri/ra) 0,78 0,72 0,66 0,6 0,53 0,46 0,38 0,3 0,21 0,11 -0,01 -0,13 

bi*ln(ri/ra) 6,03 4,83 3,81 2,94 2,23 1,65 1,18 0,8 0,5 0,24 -0,01 -0,3 

rk*ctgy 24,4 23,4 22,4 21,6 20,8 20,2 19,7 19,3 19,1 18,9 18,8 18,9 

rk*ctgy*ln(rk/ra) 6,33 5,02 3,88 2,91 2,11 1,42 0,91 0,5 0,21 0,06 0 0,06 

Ji 5,58 4,62 3,79 3,05 2,41 1,9 1,44 1,08 0,79 0,52 0,28 0 
ɮɢi 225 186 153 123 97 77 58 44 32 21 11 0 

 
 

ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɟɱɟɧɢɹɦ ɫɩɢɪɚɥɢ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ φ˔˒ = fሺr୧ሻ. Ƚɪɚɮɢɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.2. 

 
Ɋɢɫɭɧɨɤ 3.2 – Ƚɪɚɮɢɤ φ˔˒ = fሺr୧ሻ 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɜɨɞɚ: 
′ܤ  = ʹ,ͻʹͺ ∙ ଵܦ = ʹ,ͻʹͺ ∙ ͸,͵ = ͳͺ,Ͷͷ ˏ.                                                 (3.26) 
 
Ɍɚɤ ɤɚɤ ɲɢɪɢɧɚ ɩɨɞɜɨɞɚ 7<′ܤ (ɦ), ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ 

ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɛɵɱɨɤ, ɬɨɥɳɢɧɭ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɢɛɥɢɠɟɧɧɨ ɧɚɡɧɚɱɢɬɶ ɢɡ 
ɜɵɪɚɠɟɧɢɹ: 

 

b = 1+ ொ೘𝑎𝑥ସ଴଴ = ଶଽ଻,଺ଵସ଴଴ = ͳ,͹Ͷ ˏ.                                                                    (3.27) 

 
ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɞɚɧɧɵɦ ɩɨɫɬɪɨɢɦ ɫɩɢɪɚɥɶɧɭɸ ɤɚɦɟɪɭ, ɤɨɬɨɪɚɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ȼ.4 ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 
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3.7 Ɋɚɫɱɟɬ ɜɚɥɚ ɢ ɩɨɞɲɢɩɧɢɤɨɜ 
 
Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ. 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ: 
 ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ ∙ ே௡˔ˋː˘ =  Ͳ,ͲͲͻ͹Ͷ ∙ ଵଵଷ଴଴଴ଵଶହ = ͺ,ͺͲ,                                   (3.28) 
 
ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 
˅∗ܦ  ൒ (ͷ,ͳ ∙ ெˍ˓[𝜏ˇˑ˒])଴,ଷଷ = ቀͷ,ͳ ∙ ଼,଼଴ଷସ ቁ଴,ଷଷ = ͳ,ͳͲ ˏ,                                     (3.29) 

 
ɝɞɟ [𝜏ɞɨɩ] = 33-35 Ɇɩɚ – ɷɬɨ ɞɨɩɭɫɬɢɦɨɟ ɫɤɪɭɱɢɜɚɸɳɟɟ ɭɫɢɥɢɟ ɧɚ ɜɚɥɭ. 

ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ ɩɪɢɧɢɦɚɟɦ ܦȼ = 1,1 ɦ. 
Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɟɝɨ ɪɚɡɦɟɪɚ ɢ ɩɪɨɜɟɪɤɟ ɩɨ 

ɤɪɢɬɟɪɢɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ: 
 R˓˃ˇ = Ͳ,ͺ ∙ N୬˔ˋː˘∙Dభ = Ͳ,ͺ ∙ ଵଵଷ଴଴଴ଵଶହ∙଺,ଷ = ͳͳͶ,͹ͻ ˍʜ.                                       (3.30) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ݀˒, ɫ ɭɱёɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɨɛɵɱɧɨ 

ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 15-20 ɦɦ ɛɨɥɶɲɟ ܦ˅, ɩɪɢɧɢɦɚɟɦ ݀˒=1,12 ɦ 
Ⱦɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ: 

 p˖ˇ = ୖ˓˃ˇୢ˒∙୦˒ = ଵଵସ,଻ଽଵ,ଵଶ∙଴,ସ = ʹͷ͸,ʹ͵ ˍʞ˃,                                                           (3.31) 

 [p˖ˇ] = ʹͻ ∙ ቀπ∙୬c∙ୢ˒ଷ଴ ቁ = ʹͻ ∙ ቀଷ,ଵସ∙ଵଶହ∙ଵ,ଵଶଷ଴ ቁ = Ͷʹͷ,ͳ͸ ˍʞ˃.                        (3.32) 

 
Ɍɚɤ ɤɚɤ ɭɫɥɨɜɢɟ ݌ɭɞ < [݌ɭɞ] ɜɵɩɨɥɧɹɟɬɫɹ, ɢ ɩɨɞɲɢɩɧɢɤ ɩɨɞɯɨɞɢɬ. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɩɪɢ 

ɞɢɚɦɟɬɪɟ ɜɚɥɚ ܦȼ = 1,1 ɦ, ɩɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ɫɟɝɦɟɧɬɨɜ: ܼɫɟɝɦ = 8. 
ɍɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 

 ܴଵ = ோ˓˃ˇሺଵ+ଶ௖௢௦𝛼+ଶୡ୭s ሺଶ𝛼ሻሻ = ଵଵସ,଻ଽሺଵ+ଶୡ୭s ሺସହሻ+ଶୡ୭s ሺଶ∙ସହሻ = Ͷ͹,ͷͷˍʞ˃,                   (3.33) 

 
ɝɞɟ, ߙ – ɰɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɝɦɟɧɬɨɜ, ɪɚɜɧɵɣ: 
 α = ଷ଺଴°୸˔ˈˆˏ = ଷ଺଴°଼ = Ͷͷ°.                                                                                (3.34) 
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Ⱦɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ: 
 l˔ˈˆˏ = ଴,଼଻∙π∙ୢ˒୸˔ˈˆˏ = ଴,଼଻∙ଷ,ଵସ∙ଵ,ଵଶ଼ = Ͳ,͵ͺ ˏ.                                                     (3.35) 

 
ɍɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɢ ɞɨɩɭɫɬɢɦɨɟ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɫɟɝɦɟɧɬ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 
ˇ˖݌  = ோభ௟˔ˈˆˏ∙ℎ˒ = ସ଻,ହହ଴,ଷ଼∙଴,ସ = ʹͻͶ,Ͳͳˍʞ˃,                                                         (3.36) 

[ˇ˖݌]  = ͷͲ ∙ ቀగ∙௡೎∙ௗ˒ଷ଴ ቁ = ͷͲ ∙ ቀଷ,ଵସ∙ଵଶହ∙ଵ,ଵଶଷ଴ ቁ = ͹͵͵,ͲͶ ˍʞ˃.                        (3.37) 

 
ɍɫɥɨɜɢɟ ݌˖ˇ ൑  .ɫɨɛɥɸɞɚɟɬɫɹ, ɜɵɛɢɪɚɟɦ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ [ˇ˖݌]
 
3.8 ȼɵɛɨɪ ɬɢɩɚ ɢ ɪɚɡɦɟɪɨɜ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ 

ɗɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
ɂɡ ɧɨɦɨɝɪɚɦɦɵ [2] ɜɵɛɢɪɚɟɦ ɬɢɩɨɜɭɸ ɦɚɫɥɨɧɚɩɨɪɧɭɸ ɭɫɬɚɧɨɜɤɭ  
Ɇɇɍ12,5/1-40-12,5-2 ɫ ɨɛɴɟɦɨɦ ɤɨɬɥɚ 12,5 ˏଷ, ɢɫɩɨɥɧɟɧɢɟ 

ɨɞɧɨɤɨɬɟɥɶɧɨɟ, ɞɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 4 Ɇɩɚ (40ɤɝɫ/˔ˏଶሻ, ɢɦɟɟɬ 
ɫɥɢɜɧɨɣ ɛɚɤ ɨɛɴɟɦɨɦ 12,5 ˏଷ ɫ ɞɜɭɦɹ ɧɚɫɨɫɚɦɢ. 

ɗɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɜɵɛɢɪɚɟɦ ɬɢɩɚ ɗȽɊɄ-150-4 ɫ 
ɞɢɚɦɟɬɪɨɦ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 150 ɦɦ. 
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 
4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
 
ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɯɟɦɵ Ƚɗɋ ɫɬɪɨɹɬɫɹ ɩɨ ɛɥɨɱɧɨɦɭ ɩɪɢɧɰɢɩɭ. ȼɫɟ 

ɝɟɧɟɪɚɬɨɪɵ ɫɨɟɞɢɧɹɸɬɫɹ ɜ ɛɥɨɤɢ ɫ ɩɨɜɵɲɚɸɳɢɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ, 
ɩɚɪɚɥɥɟɥɶɧɚɹ ɪɚɛɨɬɚ ɛɥɨɤɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɜɵɫɨɤɨɦ ɧɚɩɪɹɠɟɧɢɢ, ɝɞɟ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɩɪɢɦɟɧɟɧɢɟ 
ɩɨɥɭɱɢɥɢ ɩɪɨɫɬɵɟ ɛɥɨɤɢ, ɜ ɤɨɬɨɪɵɯ ɤɚɠɞɨɦɭ ɝɟɧɟɪɚɬɨɪɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɜɵɲɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɚ ɬɚɤɠɟ ɭɤɪɭɩɧёɧɧɵɟ ɛɥɨɤɢ ɫ ɧɟɫɤɨɥɶɤɢɦɢ 
ɝɟɧɟɪɚɬɨɪɚɦɢ, ɩɪɢɫɨɟɞɢɧёɧɧɵɦɢ ɤ ɨɛɳɟɦɭ ɬɪёɯɮɚɡɧɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɢɥɢ 
ɝɪɭɩɩɟ ɢɡ ɨɞɧɨɮɚɡɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɞɥɹ 
ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɩɨɥɧɹɸɬɫɹ ɨɬɜɟɬɜɥɟɧɢɹ. 

Ⱦɥɹ ɑɢɧɟɬɫɤɨɣ Ƚɗɋ ɫ ɱɢɫɥɨɦ ɚɝɪɟɝɚɬɨɜ, ɪɚɜɧɨɦɭ 3, ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɧɚɞɟɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬ – ɫɯɟɦɭ ɫ 
ɨɞɢɧɨɱɧɵɦɢ ɢ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ. 

ȼ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɞɫɬɚɧɰɢɢ 220 ɤȼ. ɉɨ ɤɚɪɬɟ-ɫɯɟɦɟ 
ɪɚɡɦɟɳɟɧɢɹ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɛɥɢɠɚɣɲɟɣ ɹɜɥɹɟɬɫɹ 
ɉɋ «Ɋɭɛɰɨɜɫɤɚɹ» 220 ɤȼ ɫ ɪɚɫɫɬɨɹɧɢɟɦ 134 ɤɦ. 

 
4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ 
 
4.2.1 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ 

ɛɥɨɤɨɦ 
 
ɉɨ ɤɚɬɚɥɨɝɭ ɈȺɈ «ɗɅȿɄɌɊɈɁȺȼɈȾ» ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-200000/220.  
 Ɍ – ɬɪɟɯɮɚɡɧɵɣ; 
 Ⱦ - ɞɭɬɶɟ; 
 ɐ – ɰɢɪɤɭɥɹɰɢɹ ɦɚɫɥɚ ɩɪɢɧɭɞɢɬɟɥɶɧɚɹ; 
 200000 ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ; 
 220 -  ɡɧɚɱɟɧɢɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ. 

 
ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1: 
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Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-200000/220 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ Ɇȼ∙Ⱥ 200 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɫɲɟɣ 

ɨɛɦɨɬɤɢ 
Uɜɧ ɤȼ 242 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɢɡɲɟɣ 
ɨɛɦɨɬɤɢ 

Uɧɧ ɤȼ 13,8 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Uɤ % 10,85 

ɉɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Δܲ к ɤȼɬ 580 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ Δܲ х ɤȼɬ 200 

Ɍɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ܫ х % 0,4 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. 
 𝜏 = ሺͲ,ͳʹͶ + ೘்𝑎𝑥ଵ଴ర ሻଶ ∙ ͺ͹͸Ͳ = ሺͲ,ͳʹͶ + ସ଴଴଴ଵ଴ర ሻଶ ∙ ͺ͹͸Ͳ = ʹͶͲͷ ˚ˆˑˇ.           (4.1) 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɨɜ ɜ ɬɟɱɟɧɢɢ ɨɞɧɨɝɨ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ߤ ∙ ܶ˒ .˓. − ݓ ∙ ܶ˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = ͺ͹ʹͻ ˚. (4.2) 
 

ɝɞɟ  ߤ = ͳ −ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ ɜ ɝɨɞ; ܶ˒ .˓. = ͵Ͳ − ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ; ݓ = Ͳ,Ͳʹͷ − ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɛɥɨɤɚ; ܶ˅ = ͸Ͳ − ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ ɜɨɫɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɚɛɨɬ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɱɚɫɚɯ. 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ்݊ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ∙ Ͳ,ʹ ∙ ͺ͹ʹͺ,ͷ = ͳ͹Ͷͷ,͹ ʛʑ˕ ∙ ˚,  
 

ɝɞɟ ்݊ − ˚ˋ˔ˎˑ ˒˃˓˃ˎˎˈˎ˟ːˑ ˓˃˄ˑ˕˃ˡ˜ˋ˘ ˕˓˃ː˔˗ˑ˓ˏ˃˕ˑ˓ˑ˅  
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ = ∆௉̱ ˊ௡𝑇 ∙ ሺௌ˓˃˔˚ௌːˑˏ ሻଶ ∙ 𝜏 = ଴,ହ଼ଵ ∙ ቀଵଷଽ,଻଺ଶ଴଴ ቁଶ ∙ ʹͶͲͷ,ʹͻ = ͸ͺͳ,ʹͶ ʛʑ˕ ∙ ˚.       (4.3) 

 
ɂɡɞɟɪɠɤɢ: 
 ʗሺଵሻ = ሺ∆ܹ̆ ˘ + ∆ܹː ሻ ∙ ߛ = ሺͳ͹Ͷͷ,͹ + ͸ͺͳ,ʹͶሻ ∙ Ͳ,ͲͲͻ = ʹͳ,ͺ ˕˞˔ ˓˖˄. (4.4) 
 ʗଵ = ݊ ∙ ʗሺଵሻ = ͵ ∙ ʹͳ,ͺ = ͸ͷ,ͷ͵ ˕˞˔ ˓˖˄.                                                 (4.5) 
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4.2.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ 
ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ 

 
ɉɨ ɤɚɬɚɥɨɝɭ ɈȺɈ «ɗɅȿɄɌɊɈɁȺȼɈȾ» ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-200000/220. ȼ ɫɯɟɦɟ ɫ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌȾɐ-200000/220 ɢ ɌȾɐ 400000/220. 

ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 400000/220 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.2. 

 
Ɍɚɛɥɢɰɚ 4.2 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-400000/220 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɧɨɦ Ɇȼ∙Ⱥ 400 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɫɲɟɣ 

ɨɛɦɨɬɤɢ 
Uɜɧ ɤȼ 242 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɢɡɲɟɣ 
ɨɛɦɨɬɤɢ 

Uɧɧ ɤȼ 13,8 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Uɤ % 1 
ɉɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ Δܲɤ ɤȼɬ 880 

ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ Δܲɯ ɤȼɬ 330 
Ɍɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ܫɯ % 0,3 

 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ்݊ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ∙ Ͳ,͵͵ ∙ ͺ͹ʹͺ,ͷ = ʹͺͺͲ,Ͷ ʛʑ˕ ∙ ˚,                   (4.6) 
 

ɝɞɟ ்݊ − ˚ˋ˔ˎˑ ˒˃˓˃ˎˎˈˎ˟ːˑ ˓˃˄ˑ˕˃ˡ˜ˋ˘ ˕˓˃ː˔˗ˑ˓ˏ˃˕ˑ˓ˑ˅  
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ = ∆௉̱ ˊ௡𝑇 ሺௌ˓˃˔˚ௌːˑˏ ሻଶ ∙ 𝜏 = ଴,଼଼ଵ ቀଶ଻ଽ,ହଷସ଴଴ ቁଶ ∙ ʹͶͲͷ,ʹͻ = ͳͲ͵͵,͹ ʛʑ˕ ∙ ˚.           (4.7) 

 
ɂɡɞɟɪɠɤɢ: 
 ʗሺଶሻ = ሺ∆ܹ̆ ˘ + ∆ܹː ሻ ∙ ߛ = ሺʹͺͺͲ,Ͷ + ͳͲ͵͵,͹ሻ ∙ Ͳ,ͲͲͻ = ͵ͷ,ʹ ˕˞˔ ˓˖˄, (4.8) 
 ʗଶ = ݊ ∙ ʗሺଶሻ = ͳ ∙ ͵ͷ,ʹ͵ = ͵ͷ,ʹ͵ ˓˖˄.                                                       (4.9) 
 
Ⱦɥɹ ɌȾɐ-200000/220: 
ɂɡɞɟɪɠɤɢ: 
 ʗଷ = ݊ ∙ ʗሺଵሻ = ͳ ∙ ʹͳ,ͺͶ = ʹͳ,ͺͶ ˕˞˔ ˓˖˄.                                             (4.10) 
 
ɂɡɞɟɪɠɤɢ ɞɥɹ ɞɜɭɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
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ʗସ = ʗଷ + ʗଶ = ʹͳ,ͺͶ + ͵ͷ,ʹ͵ = ͷ͹,Ͳ͹ ˕˞˔ ˓˖˄.                                  (4.11) 
 
4.2.3 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜ 

ɫɥɭɱɚɟ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ, ɜɫɟ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɧɵ ɦɨɝɥɢ ɜɨɡɥɚɝɚɬɶɫɹ ɧɚ ɨɞɢɧ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ.  ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɭɫɥɨɜɢɹ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɪɚɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɫɬɚɧɰɢɢ ɢ ɩɨɫɥɟ ɱɟɝɨ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

 ʠܲʜ̝̞˃ː˙ˋˋ = ̟ܲ ˔˕˃ːˑ˅ˎˈːː˃ˢ ∙ Ͳ,Ͳͳ=339∙ Ͳ,Ͳͳ=3,39 Ɇȼɬ.                              (4.12) 
ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ 

ɧɭɠɞ. ɉɨ ɩɨɞɯɨɞɹɳɟɣ ɦɨɳɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌɋɁ – 
4000/13,8/6,3  

ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ – 4000/13,8/6,3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
4.3. 

 
Ɍɚɛɥɢɰɚ 4.3 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɌɋɁ – 4000/13,8/6,3  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ 
ɌɋɁ – 

4000/13,8/6,3 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ 

ɦɨɳɧɨɫɬɶ ܵːˑˏ, ʛʑʏ 4,0 

ȼɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɜɵɫ, ɤȼ 13,8 
ɇɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ Uɧɢɡ, ɤȼ 6 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ 

∆Uɤ, % 6 

 
4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ Ɋɍ ȼɇ 
 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ ɪɚɫɩɪɟɞɭɫɬɪɨɣɫɬɜɨ: 
 ܵΣ = ቀʟʒЭʠ−ʟ˔.ː.௖௢௦𝜑ˆ ቁ = ଷଷଽ−ଷ,ଷଽ଴,଼ହ = ͵ͻͶ,ͺ ʛʑ ∙ ʏ.                                               (4.13) 

 
ɇɚɬɭɪɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ 1 ɰɟɩɢ 220 ɤȼ ܲː ˃˕ = ͳ͵ͷ Ɇȼɬ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ cosφୡ = Ͳ,ͺͷ. 
 ܵ˒˓ˈˇ = ଵ,ଶ∙௉˒ ˓ˈˇ௖௢௦𝜑ˆ = ଵ,ଶ∙ଵଷହ଴,଼ହ = ͳͻͲ,͸ ʛʑ ∙ ʏ.                                                  (4.14) 

 
ɑɢɫɥɨ ɨɬɯɨɞɹɳɢɯ ȼɅ: 
 ݊ˎ = ௌΣௌ˒˓ˈˇ + ͳ = ଷଽସ,଼ସଵଽ଴,଺ + ͳ = ͵.                                                                  (4.15) 

Ɋɚɛɨɱɢɣ ɬɨɤ ɥɢɧɢɢ: 
ܫ˓  ˃˄ = ௌΣ௡ˎ∙√ଷ∙௎ːˑˏ = ଷଽସ,଼ଷ∙√ଷ∙ଶଶ଴ = ͵Ͷͷ,Ͷ ʏ.                                                        (4.16) 
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Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ: 
ܫ˓  ˃˔˚ = α˕ ∙ α𝑖 ∙ ܫ˓ ˃˄ = ͳ,Ͳ ∙ ͳ,Ͳͷ ∙ ͵Ͷͷ,Ͷ = ͵͸ʹ,͹ ʏ.                                  (4.17) 
 

ɝɞɟ α˕ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ; α𝑖 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ ɧɚɝɪɭɡɤɢ. 
 
ɉɨɫɥɟɚɜɚɪɢɣɧɵɣ ɬɨɤ: 
ܫ˒  .˃˅. = ௌΣሺ௡ˎ−ଵሻ∙√ଷ∙௎ːˑˏ = ଷଽସ,଼ሺଷ−ଵሻ∙√ଷ∙ଶଶ଴ = ͷͳͺ,ͳ ʏ.                                           (4.18) 

 
ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ: 
 ɣܨ ˍ = ூ˓ ˃˔˚௃ˠˍ = ଷ଺ଶ,଻ଵ,ଵ = ͵ʹͻ,͹ ˏˏଶ,                                                                  (4.19) 

 
ɝɞɟ ܬˠˍ − ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 

ɉɨ ɷɤɨɧɨɦɢɱɟɫɤɨɦɭ ɫɟɱɟɧɢɸ ɢ ɬɨɤɭ ˒ܫ .˃˅. ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɨɜɨɞ ɦɚɪɤɢ Ⱥɋ-
330/30. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4: 

 
Ɍɚɛɥɢɰɚ 4.4 – ɉɚɪɚɦɟɬɪɵ ɩɪɨɜɨɞɚ ɦɚɪɤɢ Ⱥɋ-330/30 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ Ɂɧɚɱɟɧɢɟ 
ɍɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ rɭɞ Ɉɦ/ɤɦ 0,0283 

ɍɞɟɥɶɧɨɟ ɪɟɚɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

xɭɞ Ɉɦ/ɤɦ 0,308 

ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ Iɞɨɩ Ⱥ 730 

 
4.4 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 

ɫɪɚɜɧɟɧɢɹ ɜɚɪɢɚɧɬɨɜ 
 
Ⱦɥɹ  ɬɨɝɨ  ɱɬɨɛɵ  ɜɵɛɪɚɬɶ  ɫɯɟɦɭ  ɢɡ  ɜɚɪɢɚɧɬɨɜ,  ɧɟɨɛɯɨɞɢɦɨ  ɩɪɨɢɡɜɟɫɬɢ 

ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ  ɨɛɨɫɧɨɜɚɧɢɟ.  ɂɡ  ɞɜɭɯ  ɜɚɪɢɚɧɬɨɜ  ɜɵɛɢɪɚɟɬɫɹ  ɬɚɤɨɣ,  
ɭ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɛɭɞɭɬ ɦɟɧɶɲɟ.  

1)Ⱦɥɹ  ɩɟɪɜɨɝɨ  ɜɚɪɢɚɧɬɚ  ɩɪɢ  ɤɨɥɢɱɟɫɬɜɟ  ɩɪɢɫɨɟɞɢɧɟɧɢɢ n=6 
ɩɪɢɧɢɦɚɟɦ  ɫɯɟɦɭ  Ɋɍ  ɨɞɢɧɨɱɧɨɝɨ ɛɥɨɤɚ.  

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ: 
 ʙ = ʙʡଵ ∙ ݊ + ʙʠʜ ∙ ݉ + ʙʟʢ ∙ ݐ = ͹ͷͻ,ͷͻ ∙ ͵ + ͹Ͷ,ͻͻ ∙ ͵ + ͺʹ,Ͳͷ ∙ ͺ =͵,ͳ͸ ˏˎ˓ˇ. ˓˖˄,                                                                                                     (4.20) 
  

 ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
Kt- ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
m – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
Kɫɧ- ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 



41 

 

Ʉɪɭ – ɫɬɨɢɦɨɫɬɶ ɹɱɟɣɤɢ ɈɊɍ; 
t – ɱɢɫɥɨ ɹɱɟɟɤ. 
2)Ⱦɥɹ  ɜɬɨɪɨɝɨ  ɜɚɪɢɚɧɬɚ  ɩɪɢɧɢɦɚɟɦ  ɫɯɟɦɭ  Ɋɍ  ɭɤɪɭɩɧɟɧɧɨɝɨ ɛɥɨɤɚ.  
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ: 
 ʙ = ʙʡଶ ∙ ݊ + ʙʡଵ ∙ ݊ + ʙʠʜ ∙ ݉ + ʙʟʢ ∙ ݐ = ͳͶ͸ͳ,Ͷͺ ∙ ͳ + ͹ͷͻ,ͷͻ ∙ ͳ +͹Ͷ,ͻͻ ∙ ͵ + ͺʹ,Ͳͷ ∙ ͹ = ͵,Ͳʹ ˏˎ˓ˇ. ˓˖˄.                                                              (4.21) 
 
ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɷɥ.ɭɫɬɚɧɨɜɨɤ ɬɪɟɛɭɟɬ ɧɚɢɦɟɧɶɲɟɝɨ 

ɱɢɫɥɚ ɩɨɥɧɵɯ  ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ: 
 
Ⱦɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ: 
 ʖଵ = ʔ ∙ ʙ + ʗଵ,                                                                                           (4.22) 
 ʖଵ = Ͳ,ͳͷ ∙ ͵ͳ͸Ͳ + Ͳ,Ͳ͸ͷͷ͵Ͳ = Ͷ͹Ͷ,͹ ˏˎː. ˓˖˄  
 

ɝɞɟ ʗଵ = Ͳ,Ͳ͸ͷͷ͵Ͳ ˏˎː. ˓˖˄ 
Ⱦɥɹ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ: 
 ʖଶ = ʔ ∙ ʙ + ʗସ,                                                                                          (4.23) 
 ʖଶ = Ͳ,ͳͷ ∙ ͵ͲʹͲ + Ͳ,Ͳͷ͹Ͳ͹Ͳ = Ͷͷ͵,ͳ ˏˎː. ˓˖˄.                                     
 
ɇɚɣɞɟɦ ɪɚɡɧɢɰɭ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ: 
 ∆ʖ = ʖభ−ʖమʖభ ∙ ͳͲͲ% = Ͷ,Ͷ%.                                                                        (4.24) 

 
ɉɪɢɧɢɦɚɟɦ ɜɚɪɢɚɧɬ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ, ɬ.ɤ. ɷɬɨɬ ɜɚɪɢɚɧɬ ɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɟɧ ɬɟɯɧɢɱɟɫɤɢ, ɱɟɦ ɜɚɪɢɚɧɬ №2. 
 
4.5 ȼɵɛɨɪ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
 
ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ 6, 3 ɥɢɧɢɢ ɢ 3 ɛɥɨɤɚ. Ȼɵɥɚ ɜɵɛɪɚɧɚ ɫɯɟɦɚ ɫ ɞɜɭɦɹ 

ɪɚɛɨɱɢɦɢ ɢ ɨɛɯɨɞɧɨɣ ɫɢɫɬɟɦɨɣ ɲɢɧ. ɋɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1.  
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Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ Ɋɍ ɫ ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ ɢ ɨɛɯɨɞɧɨɣ ɫɢɫɬɟɦɨɣ ɲɢɧ 

 
4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɞɥɹ ɜɵɛɨɪɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɚɩɩɚɪɚɬɨɜ 
 

ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ. ɇɚ ɪɢɫɭɧɤɟ 4.2 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ. ɇɚ ɪɢɫɭɧɤɟ 4.3 ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ. ȼɫɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰ ɩɪɨɝɪɚɦɦɵ 
«RastrWin», ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ.  

 

 
 Ɋɢɫɭɧɨɤ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 
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Ɋɢɫɭɧɨɤ 4.4 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
ɇɚ ɪɢɫɭɧɤɟ 4.5 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ Ʉɏ ɧɚ 

ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ 
 

 
 Ɋɢɫɭɧɨɤ  4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ Ʉɏ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ 
 

ɇɚ ɪɢɫɭɧɤɚɯ 4.6 ɢ 4.7 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɞɧɨɮɚɡɧɨɝɨ ɢ ɬɪɟɯɮɚɡɧɨɝɨ 
ɄɁ ɧɚ ɋɒ 220 ɤȼ. 

 

 
 Ɋɢɫɭɧɨɤ 4.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɋɒ 220 ɤȼ 

 

 
 Ɋɢɫɭɧɨɤ 4.7 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɋɒ 220 ɤȼ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 
 

Ɍɚɛɥɢɰɚ 4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
Ɍɢɩ ɄɁ ɇɨɦɟɪ ɭɡɥɚ Iɩɨ, ɤȺ iɭ, ɤȺ 

3 ɮ 1 32,63 90,67  
3 ɮ 3 15,13 36,74  
1 ɮ 3 22,40 54,40 

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

ɬɪɟɛɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ  ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɨɞɧɢɤɨɜ.  
 
Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5% ɧɚɩɪɹɠɟɧɢɢ: 
 Iˆ,˓˃˄ ୫ୟ୶ = ͳ,Ͳͷ ∙ Iˆ,ːˑˏ,                                                                              (4.25) 
 Iˆ,˓˃˄ ୫ୟ୶ = ͳ,Ͳͷ ∙ ͷ,ͻͳ = ͸,ʹ ˍʏ.                                                               (4.26) 
 
Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
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 I˓˃˄ ୫ୟ୶ ሺʟʢʑʜሻ = ୗˆ,ːˑˏ√ଷ∙U˕,ːˑˏ = ଵସଵ√ଷ∙ଶସଶ = Ͳ,͵͵͸ ˍʏ.                                                (4.27) 

 
Ɋɚɛɨɱɢɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220ɤȼ: 
 I˓˃˄.௠௔௫ = ୗ∑ሺ୬ˎሻ∙√ଷ∙Uːˑˏ = ଷଽସ,଼ସଷ∙√ଷ∙ଶଶ଴ = Ͳ,͵Ͷͷ ˍʏ.                                                 (4.28) 

  
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ 

ɨɞɧɨɣ ɢɡ ɥɢɧɢɢ ɫɜɹɡɢ: 
 I˓˃˄.˖˕ˉ = ୗ∑ሺ୬ˎ−ଵሻ∙√ଷ∙Uːˑˏ = ଷଽସ,଼ସሺଷ−ଵሻ∙√ଷ∙ଶଶ଴  = Ͳ,ͷͳͺ ˍʏ.                                      (4.29) 

 
4.8 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 

ɧɚɩɪɹɠɟɧɢɢ 13,8 ɤȼ 
 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

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

 
ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 

ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 
 Uːˑˏ ൒ Uːˑˏ.˔.  

  Iːˑˏ ൒ I˓˃˄,୫ୟ୶ .  
  Bˍ,ːˑ˓ˏ ൒ Bˍ,˓˃˔˚.  

 
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɞɥɹ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ-15 ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊɁ-20/8000 ɍ3. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 4.6 ɢ 4.7.  
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Ɍɚɛɥɢɰɚ 4.6 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽ-15 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ U˔ˈ˕ˋ ːˑˏ = ͳ͵,ͺ ɤȼ Uːˑˏ = ͳͷ ɤȼ Iˆ.˓˃˄ = ͸ʹͲͲ Ⱥ Iːˑˏ = ͸͵ͲͲ Ⱥ I୬଴ = ͵ʹ,͸͵ ɤȺ ˒ܫ ଴ = ͷͲ ˍʏ i୷ = ͻͲ,͸͹ ɤȺ I˖ = ͳ͵Ͳ ɤȺ ʑˍ.˓˃˔˚ = ௡଴ଶܫ ∙ ˍ˕ˑݐ) + (ˊ˓ݐ = = ͵ʹ,͸͵ଶ ∙ ሺͲ,Ͳ͹ + Ͳ,Ͳͳሻ = = ͸ͷ͹,͹ ˍʏʹ ∙ ˔ 

ʑˍ.˓˃˔˚ = ͸͵ଶ ∙ ͵ = = ͳͳͻͲ͹ ɤȺ2∙ɫ 

 
Ɍɚɛɥɢɰɚ 4.7 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɊȼɊɁ-
20/8000 
 
 
 
 
 

 
 
 
 

 
4.9 ȼɵɛɨɪ ɫɢɧɯɪɨɧɢɡɚɬɨɪɨɜ ɢ ɚɧɚɥɢɡɚɬɨɪɨɜ 
 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ  
 

Ɍɚɛɥɢɰɚ 4.8 – ɉɪɢɛɨɪɵ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɪɢɛɨɪɚ 
Ɍɢɩ ɩɪɢɛɨɪɚ ɂɧɬɟɪɮɟɣɫ 

ɩɪɢɛɨɪɚ 
Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ∙ ʏሻ 
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 8 
 ∑ = ʹ͸ ܤ ∙ ʏ 

 
ȼɵɛɪɚɧ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɪɨɫɫɢɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ɈɈɈ «Ⱥɋɍ-ȼɗɂ», 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɫɢɧɯɪɨɧɢɡɚɬɨɪ ɬɢɩɚ Ⱥɋ-Ɇ. ɉɪɟɞɧɚɡɧɚɱɟɧ 
ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɦɟɬɨɞɨɦ ɬɨɱɧɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɟɬɶ ɫɢɧɯɪɨɧɧɨɝɨ ɤɨɦɩɟɧɫɚɬɨɪɚ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɜɵɛɟɝɚ. Ⱥɋ-Ɇ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɦ 
ɢɫɩɨɥɧɟɧɢɢ ɍ ɤɚɬɟɝɨɪɢɢ ɪɚɡɦɟɳɟɧɢɹ 4 ɩɨ ȽɈɋɌ 15150 (ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɬ 1 ɞɨ 45°ɋ; ɜɟɪɯɧɟɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ U˔ˈ˕ˋ ːˑˏ = ͳ͵,ͺ ɤȼ Uːˑˏ = ʹͲ ɤȼ Iˆ.˓˃˄ = ͸,ʹ ɤȺ Iːˑˏ = ͺ ˍȺ I୬଴ = ͵ʹ,͸͵ ɤȺ I˒଴ = ͳͲͲ ɤȺ i୷ = ͻͲ,͸͹ ɤȺ I˖ = ʹͷͲ ɤȺ ʑˍ.˓˃˔˚ = ௡଴ଶܫ ∙ ˍ˕ˑݐ) + (ˊ˓ݐ = = ͵ʹ,͸͵ଶ ∙ ሺͲ,Ͳ͹ + Ͳ,Ͳͳሻ = = ͸ͷ͹,͹ ˍʏʹ ∙ ˔ 

ˎˍ˕ˑݐ = ͵ ˔ ʑˍ.˓˃˔˚ = ͳͲͲଶ ∙ ͵ = = ͵ͲͲͲͲˍʏʹ ∙ ˔ 
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55°ɋ; ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 98 % ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 35°ɋ). Ⱥɋ-Ɇ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɚɬɦɨɫɮɟɪɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɝɪɭɩɩɟ ɉ ɩɨ 
ȽɈɋɌ 15150.  

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

 
4.10 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 

 
ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ-20-1. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 
«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ».  

Ⱦɚɧɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-20-1 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9. 
 
Ɍɚɛɥɢɰɚ 4.9 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-20-1 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ ˔ܷˈ˕ˋ < ܷːˑˏ ˔ܷˈ˕ˋ = ͳ͵,ͺ ˍʑ ˔ܷˈ˕ˋ = ʹͲ ˍʑ ˓ܫ ˃˄.௠௔௫ < ːܫ ˑˏ ˓ܫ ˃˄.௠௔௫ = ͸ʹͲͲ ʏ ːܫ ˑˏ = ͺͲͲͲ ʏ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-20. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ».  
Ⱦɚɧɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɛɨɪɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɁɇɈɅ-20 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.10. 
 
Ɍɚɛɥɢɰɚ  4.10 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ ˔ܷˈ˕ˋ < ܷːˑˏ ˔ܷˈ˕ˋ = ͳ͵,ͺ ˍʑ ˔ܷˈ˕ˋ = ʹͲ ˍʑ 

 
4.11 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɈɊɍ 
 
4.11.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ  ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

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

ȼɵɛɢɪɚɟɦ ɜɵɤɥɸɱɚɬɟɥɶ ȼɗȻ-220 ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȽ-220/1000 ɍɏɅ1. 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

Ɋɚɫɱɟɬɧɵɟ ɢ ɤɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɵɛɨɪɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɊȽ-220/1000 
ɍɏɅ1 ɢ ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ȼɗȻ-220 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 4.11 ɢ 4.12. 
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Ɍɚɛɥɢɰɚ 4.11 – ɉɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɊȽ-220/1000 ɍɏɅ1 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ U˔ˈ˕ˋ ːˑˏ = ʹʹͲ ɤȼ Uːˑˏ = ʹʹͲ ɤȼ Iːˑˏ = ͵͵͸ Ⱥ Iːˑˏ = ͳͲͲͲ Ⱥ i˒଴ = ͳͷ,ͳ͵ ɤȺ I˒଴ = ͵ͳ,ͷ ɤȺ I˖ = ͵͸,͹͵ ɤȺ I˖ = ͺͲ ˍʏ ʑˍ.ːˑˏ = ͳͺ,͵ͳ ˍʏʹ ∙ ˔ ʑˍ.ːˑˏ = ʹͻ͹͸,͹ͷ ɤȺ2∙ɫ 

 
Ɍɚɛɥɢɰɚ 4.12 – ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ȼɗȻ-220 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ U˔ˈ˕ˋ ːˑˏ = ʹʹͲ ɤȼ Uːˑˏ = ʹʹͲ ɤȼ Iːˑˏ = ͵͵͸ Ⱥ Iːˑˏ = ʹͷͲͲ Ⱥ i˒଴ = ͳͷ,ͳ͵ ɤȺ I˒଴ = ͷͲ ɤȺ I˖ = ͵͸,͹͵ ɤȺ I˖ = ͳʹͷ ˍʏ ʑˍ.ːˑˏ = ͳͺ,͵ͳ ˍʏʹ ∙ ˔ ʑˍ.ːˑˏ = ͹ͷͲͲ ɤȺ2∙ɫ 

 
4.11.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 

ȼɵɤɥɸɱɚɬɟɥɶ ȼɗȻ- 220 ɭɤɨɦɩɥɟɤɬɨɜɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɬɨɤɚ ɌɈȽɎ-220-
ɍɏɅ1.  

 
Ⱦɚɧɧɵɟ ɞɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɈȽɎ-220-ɍɏɅ1 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 

10.3. 
 
Ɍɚɛɥɢɰɚ 10.3 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ ˔ܷˈ˕ˋ < ܷːˑˏ ˔ܷˈ˕ˋ = ʹʹͲ ˍʑ ˔ܷˈ˕ˋ = ʹʹͲ ˍʑ ˓ܫ ˃˄.௠௔௫ < ːܫ ˑˏ ˓ܫ ˃˄.௠௔௫ = ͵͵͸ ʏ ːܫ ˑˏ = ͸ͲͲ ʏ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈȽ-220. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ 

«ɁȿɌɈ». 
Ⱦɚɧɧɵɟ ɩɨ ɤɨɬɨɪɵɦ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɈȽɎ-220-ɍɏɅ1 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 10.4. 
 
Ɍɚɛɥɢɰɚ 10.4 – ɜɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ ˔ܷˈ˕ˋ < ܷːˑˏ ˔ܷˈ˕ˋ = ʹʹͲ ˍʑ ˔ܷˈ˕ˋ = ʹʹͲ ˍʑ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɰɟɩɢ 220 ɤȼ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ  ɧɚɩɪɹɠɟɧɢɹ 

Ɉɉɇ-220ɍɏɅ1.  
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
 ɋɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɞɫɬɚɧɰɢɣ 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 ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ «ɉɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ» ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ.   

Ɂɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-1130/140-48– 141 Ɇȼ∙Ⱥ:  
−  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 ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ;  

− Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ;  
− Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ;  
− Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ;  
− Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ;  
− ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ.  
Ɂɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-200000/220:  
– Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ;  
– ɍɫɬɪɨɣɫɬɜɨ ɜɵɛɨɪɚ ɩɨɜɪɟɠɞɟɧɧɨɣ ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 

ɨɯɜɚɬɵɜɚɸɳɟɟ ɨɛɦɨɬɤɭ ȼɇ (Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ);  

– Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɧɚ 
ɡɟɦɥɸ ɜ ɫɟɬɢ 220 ɤȼ;  

– Ɋɟɡɟɪɜɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
– Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ 13,8 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ;  
– Ʉɨɧɬɪɨɥɶ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɭɫɤɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɛɥɨɤɚ;   
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– Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ – ɡɚɳɢɬɚ ɨɬ ɩɨɬɟɪɢ 
ɨɯɥɚɠɞɟɧɢɹ;  

– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɟɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  
Ɂɚɳɢɬɵ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 220 ɤȼ:  
– Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ–ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ);  
Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ:  
– Ɍɪɟɯɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ (ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ);  
– 4-ɯ ɫɬɭɩɟɧɱɚɬɚɹ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 

(ɌɇɁɇɉ); 
– Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ (ɨɬ ɛɥɢɡɤɢɯ ɦɟɠɞɭɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ);  
– ɍɊɈȼ 220 ɤȼ (ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ 

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

ɧɚɩɪɹɠɟɧɢɸ;  
– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ;  
– Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
  
5.2 Ɋɚɫɱёɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 

 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱёɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ. 
 ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ: 
 ːܫ ˆሺଵሻ = ௌːˑˏ√ଷ∙௎ːˑˏ = ଵସଵ√ଷ∙ଵଷ,଼ = ͷ,ͻ  ˍʏ                                                                  (5.1)       

                                                         
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:    
 ːܫ ˆሺଶሻ = ூː ˆሺభሻ∙௄˔˘௄˕˕ = ହଽ଴଺,ସ∙ଵ଺଴଴଴/ହ = Ͷ,ͻʹ ʏ                                                                   (5.2)         

 
Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
 ܵːˑˏ,ʡʑ = ூː ˑˏ,˓ˑ˕ଵ,ଶଶହହ ∙ ܷːˑˏ,˓ˑ˕ = ଵହସ଺ଵ,ଶଶହହ ∙ ʹͳ͹ = ʹ͹͵,ͺ ˍʑʏ                                (5.3) 

 
ɉɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ ɦɨɳɧɨɫɬɶɸ 280 ɤȼȺ. 
ȼɵɩɨɥɧɢɦ ɩɟɪɟɫɱёɬ ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
ʑʜ ʡʔ ܫ  = ௌːˑˏ,ʡʑ√ଷ⋅௎ːˑˏ,˓ˑ˕ = ଶ଼଴∙ଵ଴య√ଷ⋅ଶଵ଻ = ͹Ͷͷ ʏ                                                           (5.4) 

ʜʜ ʡʔܫ  = ூʑʜ ʡʔ௄˕˕ = ଻ସହ଻ହ଴/ହ = Ͷ,ͻ͹ ʏ                                                                    (5.5) 
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5.3 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɟɬ ɢɯ ɭɫɬɚɜɨɤ 
 
5.3.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ (ܫɫ.ɡ. < 0,2∙ܫɧɨɦ) ɡɚɳɢɬɨɣ ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ 
ɄɁ 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: ܫɧɨɦ = 5906,4 Ⱥ.  

1)ɇɚɱɚɥɶɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɩɪɢ 
ɦɚɥɵɯ ɬɨɪɦɨɡɧɵɯ ɬɨɤɚɯ. ȼɟɥɢɱɢɧɚ ܫɫɪ0 ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ:  

ʜʐሺʜሻܫ  = ʙʝʓʜ ∙ 𝑖݂ ∙ ʜܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ʜܫ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ͷͻͲ͸,Ͷ = ʹͻͷ,͵ ʏ         (5.6) 
 
ɝɞɟ  КɈДɇ  = 0,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  
        fi = 0,1 – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 
 

ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
ʠʟ.଴ܫ  ൒ ʜܭ ∙ ʜʐሺʜሻܫ = ʹ ∙ Ͳ,Ͳͷ ∙ ʜܫ = Ͳ,ͳ ∙  ʜ,                                                 (5.7)ܫ

 
ɝɞɟ Кɇ = 2 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: 
 
ʠʟ.ʝܫ  = Ͳ,ͳͷ ∙ ʜܫ = Ͳ,ͳͷ ∙ ͷͻͲ͸,Ͷ = ͺͺ͸  ʏ.                                                  (5.8) 
 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ Ʉɬ ɨɩɪɟɞɟɥɹɟɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ 

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

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 
ɡɚɦɵɤɚɧɢɢ ɪɚɜɟɧ: 

ʜʐሺʙʖሻܫ  = ʙʏʞ ∙ 𝑖݂ ∙ ʙʝʓʜ ∙  ʛʏʙʠ,                                                                   (5.9)ܫ
 

ɝɞɟ КАɉ = 2 – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  
 fi  = 0,1- ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 
КɈДɇ = 0,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (0,5- ɞɥɹ      
ɨɞɧɨɬɢɩɧɵɯ ɌɌ, 1,0 ɞɥɹ ɪɚɡɧɵɯ ɌɌ); 
Imax – ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ 

ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ: 
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௠௔௫ܫ = ா"̂𝑋೏" ∙ ːܫ ˑˏ.                                                                                           (5.10) 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ: 
ʜʐሺʙʖሻܫ   = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ଵ,ଵଷ଴,ଶ଴ହ ∙ ͷͻͲ͸,Ͷ = ͵ʹͷͷ,͹ ʏ.                                    (5.11) 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
˕ܭ  > ூʜʐሺʙʖሻ∙௄ːூʡ ,                                                                                              (5.12) 

 
ɝɞɟ  Кɇ  = 2 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  
          IɌ  = Imax = 32557 Ⱥ   

Ɍɨɝɞɚ: 
ʡܭ  > ͵ʹͷͷ,͹ ∙ ʹ͵ʹͷͷ͹ , 
ʡܭ  > Ͳ,ʹ,  

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Ʉɬ = 0,3. 
3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ (ɭɜɟɥɢɱɢɜɚɟɬ ɡɨɧɭ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɛɟɡ 

ɬɨɪɦɨɠɟɧɢɹ) ɪɚɜɧɚ: 
ʜʡܫ  = ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ.                                                                                (5.13) 

 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
ܤ  ൒ ூ∗ʠʟʙʡ = ଴,ଵହ଴,ଷ = Ͳ,ͷ.                                                                                   (5.14) 

 
ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ȼ = 1,5 (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 

ɜɵɩɨɥɧɹɟɬɫɹ). 
5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫ ɬɨɤɨɦ 
ɫɪɚɛɚɬɵɜɚɧɢɹ IɈɌɋ = (5÷6)·Iɧɨɦ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ:  
 
IɈɌɋ = 5·Iɧɨɦ =5·5906= 29531 Ⱥ                                                               (5.15) 
 
ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ.  
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 ʠʟͲܫ

,∆ܫ ˑ. ˈ. 

ߙ = 16,͹° 
ɋɪɚɛɚɬɵɜɚɧɢɟ

Ɍɨɪɦɨɠɟɧɢɟ

ɋɪɚɛɚɬɵɜɧɢɟ 
ɩɪɢ 1ܫ <  ɢ ܤ
ɩɪɢ 2ܫ <  ܤ

 
Ɋɢɫɭɧɨɤ 5.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ 

ɝɟɧɟɪɚɬɨɪɚ 
 

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

 
5.3.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ  

(UN (UO)) 
 
Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 100% ɨɯɜɚɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ, 

ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɪɟɠɢɦɟ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤɚ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. 

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

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

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

Ɋɚɫɱɟɬ ܷʝ Эʚ.ʠʡ. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɟɣ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.2. 
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Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ܷʝ Эʚ.ʠʡ. 
 

ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
Σܥ  = ʡܥ + ʠʒ + ʠʧ + ʠʑʒ = Ͳ,ͲͲ͹ + Ͳ,ͻ + Ͳ,ͲͲͺ + Ͳ,͵ͷ = ͳ,ʹ͸ͷ ˏˍʣ/˗˃ˊ˖,                                                                                                            (5.16)          

 
ɝɞɟ (0ߤ) ܶܥ – ёɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,015 ɦɤɎ/ɮɚɡɭ;   ܥȽ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ. 
ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,9 ɦɤɎ/ɮɚɡɭ;          ܥɌ – ёɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ. 
ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,007 ɦɤɎ/ɮɚɡɭ;  ܥɲ – ёɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 
0,008 ɦɤɎ/ɮɚɡɭ;          
 ȼ.Ƚ – ёɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 13,8 ɤȼ. ɉɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 0,35ܥ        
ɦɤɎ/ɮɚɡɭ. 

ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 
ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ: 
 ܷʝ Эʚ.ʠʡ = ʙ ∙ ܷ଴ ∙ ʠʡሺఓబሻʠʡሺఓబሻ+ʠΣ = Ͳ,ͷ ∙ Ͷ͸ͷ͹ʹ,ͻ ∙ ଴,଴ଵଶ଴,଴ଵଶ+ଵ,ଶ଺ହ = ʹͳͺ,ͺ ʑ.       (5.17)

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

 ܷ଴ = ଵଷ ∙ ܷʜʝʛ ʑʜ √͵ = ଵଷ⁄ ∙ ଶସଶ√ଷ = Ͷ͸,͸ ˍʑ,                                                 (5.18) 

 
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 13,8 ɤȼ: 
஼ܫ  = ͳ,͹͵ ∙ ܷʚ ∙ 𝜔 ∙ ʠΣ = ͳ,͹͵ ∙ ͳ͵,ͺ ∙ ͵ͳͶ ∙ ͳ,ʹ͸ͷ = ͻ,Ͷͺ ʏ.                   (5.19) 

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 ܷʠʟ ൒ ʙʜʙʑ ∙ ௎బ Эʚ.ʠʡ௡ʡʜ ,                                                                                                 (5.20) 

 ܷʠʟ ൒ ଵ,ହ଴,ଽହ ∙ ଷ∙ଶଵ଼,଼భయ,ఴ√య∙బ,భ/య ,                                                                                        

 ܷʠʟ ൒ ͳ,Ͷͷ, 
 

ɝɞɟ ʙʜ = ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ݊ʡʜ – 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 
0,5 ɫ  ɫ ɞɟɣɫɬɜɢɟɦ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɜɵɤɥɸɱɚɬɟɥɹ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ. 

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

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

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

 ʤ = ଵʙʡ+ଶ.                                                                                                                   (5.21) 

 
ɉɪɢ ܭʡ = ͳ,ʹ ɨɪɝɚɧ ܷ଴ଷ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 30,3 % ɨɛɦɨɬɤɢ 

ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
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Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ 
ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 

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

 
1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 
 ܷ஼ʟଶ = ଵ,ସ∙௎ʜ௡ʡʜ = 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. 

U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ܷ஼ʟଵ = ଵ,ଶ∙௎ʜ௡ʡʜ = ଵ,ସ∙ଵଷ଼଴଴ଵଷ଼଴଴/ଵ଴଴ = ͳʹͲ ʑ.                                                                  (5.23) 

 
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 

ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.3.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 

ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ ɝɟɧɟɪɚɬɨɪɟ. 
Ɂɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫ∗ଶ: 

ଶ∗ܫ  =  ʜ,                                                                                                           (5.24)ܫ/ଶܫ
 

ɝɞɟ ܫଶ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ,  ܫʜ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ ܫଶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
ʓʝʞݐ  = ଶଶ∗ܫ/ܣ ,                                                                                                         (5.25) 
 

ɝɞɟ ܣ = ʹͲ – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 
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Ɂɚɳɢɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɨɪɝɚɧɵ : 
1)ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺܫଶʠʗʒʜሻ ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ 

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

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: ܫ∗ଶʠʗʒʜ = ሺͲ,Ͳͷ − Ͳ,Ͳ͹ሻ, ܫଶʠʗʒʜ = Ͳ,Ͳ͹ ∙  .ʜܫ
2)ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶʞʢʠʙሻ 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 ˔. 

Ɍɨɝɞɚ: 
ଶ∗ܫ  = √ʏ௧ = √ ଶ଴଺଴଴ = Ͳ,ͳͺ                                                                                 (5.26) 

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

 
ɝɞɟ ʙʜ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

ଶʞʢʠʙܫ  = Ͳ,ͳͷ ∙  ʜ.                                                                                                 (5.28)ܫ
 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɩɨ ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ ܫ∗ଶʞʢʠʙ = Ͳ,ͳͷ: 
ʓʝʞݐ  = ଶ଴଴,ଵହమ ≈ ͺͺͻ˔                                                                                    (5.29) 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

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

ʠʟݐ  = ଵ଺ሺூ∗మሻమ,                                                                                                             (5.30) 

 ʏʗʝ = ͳ͸ = ଶଶ∗ܫ ∙  ʠʟ.                                                                                 (5.31)ݐ
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.1. 
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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 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

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

 
Ɋɢɫɭɧɨɤ 5.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
 
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  ሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

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

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
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2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ 
ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ɲɢɧɚɯ ȼɇ ɛɥɨɤɚ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ BɅ. 

3. ɂɡ ɭɫɥɨɜɢɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɫ 
ɡɚɳɢɬɚɦɢ BJI. 

ɉɨ ɩɟɪɜɨɦɭ ɭɫɥɨɜɢɸ: ɜɵɛɨɪ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɤɪɢɜɨɣ 
ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: 
ɩɨ ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ ɤɨɧɰɟ 

ɥɢɧɢɣ 220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ 
ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ. 

ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, 
ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ: 

 ܺௗ ˅ː′′ = ܺௗ ′′ ∙ ሺ௎˅ː௎ːːሻଶ = Ͳ,ʹͲͷ ∙ ሺଶସଶଵଷ,଼ሻଶ = ͸͵,                                               (5.32) 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 
 ܺʡ = ௎ˍ%ଵ଴଴ ∙ ௌ˄ௌːˑˏ = ଵ଴,଼ହଵ଴଴ ∙ ଵସଵଶ଴଴ = Ͳ,Ͳ͹͸,                                                          (5.33) 

.ଶʠ.ʖ∗ܫ  ൑ ூమʛʗʜሺమሻʙʦ = ଵଵ,ଷ⋅ଶ∙(𝑋೏ ˅ː′′ +𝑋ʡ+𝑋ʚ),                                                            (5.34) 

 

ɝɞɟ  ܺˎ = ܺˎ ∙ ௌ˄௎మ˄ = Ͷͳ,͵ ∙ ଵସଵଶସଶమ = Ͳ,Ͳͻͻ,                                                            (5.35) 

 
ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ȼɅ 220 ɤȼ: 
.ଶʠ.ʖ∗ܫ  ൑ ଵଵ,ଷ⋅ଶ∙ሺ଺ଷ+଴,଴଻଺+଴,଴ଽଽሻ = Ͳ,ͲͲ͸ͳ ˑ. ˈ.                                               (5.36) 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
.ଶʠ.ʖܫ  = .ଶʠ.ʖ∗ܫ ∙ ʹ ∙ ௎˅ː௎ːː = Ͳ,ͲͲ͸ͳ ∙ ʹ ∙ ଶସଶଵଷ,଼ = Ͳ,ʹͳ                                        (5.37) 

 
ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ ܫଶʠ.ʖ. = Ͳ,ʹͳ. 

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. 
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Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɒɋȼ 220 
ɤȼ, 7,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ 
ɩɨɥɟɣ. 

 
5.3.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤሺ𝑰૚ሻ 

 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 

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

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

 
ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ʠʗʒʜܫ  = ௄ʜ∙ூʜ௄ʑ = ଵ,଴ହ∙ூʜ଴,ଽ଼ = ͳ,Ͳ͹ ∙  ʜ,                                                                  (5.38)ܫ

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

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

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
ଵʞʢʠʙܫ  = ଵ,଴଼∙ூʜ଴,ଽ଼ = ͳ,ͳ ∙  ʜ.                                                                                (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 

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

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ ሺܫଵሻ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
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Ɋɢɫɭɧɨɤ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

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

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

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ:  
ଵʝʡʠܫ  = ଵ,ସ∙ூʜʝʛ଴,ଽ଼ = ͳ,Ͷʹͻ ∙  ʜʝʛ,                                                                       (5.40)ܫ

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ܷʒ <. 
 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ: 
 ܷʠʟ = ଴,଺଼∙௎ʜʝʛ௄ʑ∙௡ʡ = ଴,଺଼∙ଵଷ଼଴଴ଵ,଴ଷ∙ଵଷ଼ = ͸͸ ʑ.                                                               (5.41) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, 7,5 ɫ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ 
ɩɨɥɟɣ. 
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5.3.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺ𝒁૚ <ሻ, ሺ𝒁૛ <ሻ 
 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 

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

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

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 500 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. ܼଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 220 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ ɑɢɧɟɬɫɤɨɣ Ƚɗɋ – 
Ɋɭɛɰɨɜɫɤɚɹ: 

 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + ଴,଼௄ʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ ͵ͳ,͹͹ + ଴,ଷ଼ ∙ Ͷͳ,ͶͶ = ͵͸,Ͷ͹ ʝˏ,             (5.42) 

 
ɝɞɟ ܭʡ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ, ɱɬɨ ɥɢɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵ; ܼʡ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɩɚɪɹɠɟɧɢɸ ɫɬɨɪɨɧɵ 
220 ɤȼ; 

 ܼʡ = ଴,ଵ଴଼ହ∙ଶସଶଶ଴଴ ଶ = ͵ͳ,͹͹ ʝˏ.                                                                      (5.44) 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,ͳͲͺͷ ∙ ଵସଵଶ଴଴ + ଴,ଷ଼ ∙ ଵସଵଶସଶమ ∙ Ͷͳ,ͶͶ = Ͳ,Ͳͺͺ,  
 ܼଵɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ = Ͳ,Ͳͺͺ ∙ ͳ,͵ͷ = Ͳ,ͳͳͻ ʝˏ,                                                 (5.45) 
 

ɝɞɟ ܼ˄ = ௎మ˄ௌʜʒ = ଵଷ,଼మଵସଵ = ͳ,͵ͷ.                                                                                  (5.46) 

 
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼଵ஼ଷ = ܼଵ ∙ ௡ʡ௡ʜ = Ͳ,ͳͳͻ ∙ లబబబఱభయ,ఴబ,భ = ͳ,Ͳ͵ ʝˏ.                                                     (5.47) 
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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 − ͷͲ ʝˏ˔ˈˍ. 

2) ɉɪɢɧɢɦɚɟɦ ∆ܼ = ͶͲ ʝˏ˔ˈˍ 
3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 

ɭɫɥɨɜɢɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ௎ʜʝʛ√ଷ∙ூʜʏʒʟ = ଵଷ,଼∙ଵ଴య√ଷ∙ହଽ଴଺,ହ = ͳ,͵ͷ ʝˏ,                                                      (5.48) 

 
ɝɞɟܫʜʏʒʟ – 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∙𝐼ʑ.ʜʝʛ𝐼ʑ.ʤ.ʤ. −଴,ଽହ௫೏ = మ∙భఱరలఴభర −଴,ଽହଵ,଴଼ସ = ʹ,͸͵,                                                               (5.49) 

 
ɝɞɟ ܫʑ.ʤ.ʤ. – 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 ∙  .ʜʝʛܫ

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ = ଴,ଽହ∙௎ʜூʣ = ଴,ଽହ∙ଵଶ,ହ = Ͳ,͵ͺ ˑ. ˈ.,                                                             (5.50) 

𝜑 ʜʏʒʟ.ʣݏ݋ܿ  = ௖௢௦𝜑ʜ଴,ଽହ∙ூʣ = ଴,଼ହ଴,ଽହ∙ଶ,ହ = Ͳ,͵ͷͺ,                                                          (5.51) 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = ͸ͻ,Ͳʹ°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 ܼ஼ ʖூூ = ௓ʜʏʒʟ.ʣʙʜ = ଴,ଷ଼ଵ,ଵ = Ͳ,͵ͷ ˑ. ˈ.,                                                                  (5.52) 

 ܼ஼ ʖூூ = ܼூூ ˑ.ˈ. ∙ ܼʐ = Ͳ,͵ͷ ∙ ଵଷ,଼మଵସଵ = Ͳ,Ͷ͸͹ ʝˏ.                                              (5.53) 
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Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
 ܼ஼ ʖூூ = ௓ʠ.ʖ.𝐼𝐼∙௡ʡ௡ʜ = ଴,ସ଺଻∙଺଴଴଴/ହଵଷ଼଴଴/ଵ଴଴ = Ͷ,Ͳ͸ ʝˏ,                                                     (5.54) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼூூ = Ͷ,ͳ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

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

ɧɚɢɛɨɥɶɲɟɣ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

Ɇɒȼ, 7,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ 
Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 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: 
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1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɟɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ 
ɨɪɝɚɧɚ: 

.௉ ʠʗʒʜܫ  = ʙʜ∙ூʜʝʛ.ʟ௄ʑ = ଵ,଴ହ∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ.                                              (5.55)ܫ

 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

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

.௉ ʞʢʠʙܫ  = ଵ,଴଼∙ூʜʝʛ.ʟ଴,ଽ଼ = ͳ,ͳ ∙  ʜʝʛ.ʟ.                                                                    (5.56)ܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

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

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

.௉ ʞʢʠʙܫ  = ଶ,ଵ∙ூʜʝʛ.ʟ଴,ଽ଼ = ʹ,ͳͶ͵ ∙  ʜʝʛ.ʟ.                                                                (5.57)ܫ

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

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

ȼɢɬɢɦɫɤɚɹ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɫɨɜɪɟɦɟɧɧɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ 
ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɪɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨ– 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ «ɗɄɊȺ». 

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

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

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

ɬɚɛɥɢɰɚɯ Ƚ.1 ɢ Ƚ.2. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɝɢɞɪɨɭɡɥɚ 
 
6.1 ɇɚɡɧɚɱɟɧɢɟ ɤɥɚɫɫɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ. 
 
Ʉɥɚɫɫ ȽɌɋ ɧɚɡɧɚɱɚɸɬ ɩɨ [3]. 
ɉɨ ɜɵɫɨɬɟ ɫɨɨɪɭɠɟɧɢɹ (56ɦ) ɢ ɬɢɩɭ ɝɪɭɧɬɚ (ɫɤɚɥɶɧɵɣ) – II  ɤɥɚɫɫ, ɩɨ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ (339Ɇȼɬ) – II  ɤɥɚɫɫ, ɉɨ ɩɨɫɥɟɞɫɬɜɢɹɦ ɜɨɡɦɨɠɧɨɣ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɚɜɚɪɢɢ (ɱɢɫɥɨ ɥɸɞɟɣ ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɩɪɢ 
ɜɨɡɦɨɠɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɚɜɚɪɢɢ ɛɨɥɟɟ 3000) – I ɤɥɚɫɫ.  

ɉɪɢɧɢɦɚɟɦ ɤɥɚɫɫ, ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɨɦɭ ɤɥɚɫɫɭ – I 
ɤɥɚɫɫ ȽɌɋ. 

 
6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ. 
 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ: 
 ∇ʒʒʞ = ∇ʜʞʢ + ℎ௦,                                                                                     (6.1)  
 

ɝɞɟ ℎ௦ – ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ 
 ℎ௦ = ℎ௥௨௡ଵ% + ∆ℎ௦௘௧ + ܽ,                                                                             (6.2) 

 
ɝɞɟ ℎ௥௨௡ଵ% −ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1%; ∆ℎ௦௘௧ −ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ; ܽ −ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, a = 0,8 ɦ. 

ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = 𝑘௪ ∙ ௏మ∙௅௚∙ௗ ∙  (6.3)                                                                                        ,ܽݏ݋ܿ

 
ɝɞɟ 𝑘௪ − ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɱɟɬɧɨɣ ɫɤɨɪɨɫɬɢ 
ɜɟɬɪɚ, 𝑘௪ = ʹ,Ͷ͸ ∙ ͳͲ−଺; 

V- ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɭɪɨɜɧɟɦ ɜɨɞɵ, ɦ/ɫ; 
L- ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɦ; ܽ − ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɬɪɚ, ܽ = Ͳ 
d − ɭɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɵ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ. 
ɍɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɩɪɢ ɇɉɍ: 
 ݀ = ∇ʜʞʢ−∇ʓʜʏଶ = ସସଵ−ଷଽ଴ଶ = ʹͷ,ͷ ˏ.                                                                   (6.4) 

 
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɩɪɢ ɇɉɍ ɩɨ ɮɨɪɦɭɥɟ: ∆ℎ௦௘௧ = ʹ,Ͷ͸ ∙ ͳͲ−଺ ∙ ଶସమ∙ଵ଴଴଴ଽ,଼ଵ∗ଶହ,ହ = Ͳ,ͲͲͷ͹.                                                            



67 

 

Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 
ɩɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɟɜ. 

ȼɵɱɢɫɥɢɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ:  ௚∙௧௏ ,  ௚∙௅௏మ , 
           
ɝɞɟ t – ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, t = 6 ɱ. 

Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɩɨ ɮɨɪɦɭɥɚɦ (1.6) ɢ (1.7): 
 ௚∙௅௏మ = ଽ,଼ଵ∙ଵ଴଴଴ଶସమ = ͳ͹,Ͳ͵,                                                                                   (6.5) 

 ௚∙௧௏ = ଽ,଼ଵ∙ଶଵ଺଴଴ଵହ = ͺͺʹͻ.                                                                                 (6.6) 

 
Ⱦɚɥɟɟ ɩɨ ɝɪɚɮɢɤɭ ɩɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ 

ɡɨɧɵ ɫ ɝɥɭɛɢɧɨɣ , dd    ) ɢ ɡɧɚɱɟɧɢɹɦ ௚∙௧௏  ˋ ௚∙௅௏మ   ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ  ɢ  ௚∙ℎ̅௏మ  ˋ ௚∙்̅௏ . 

ɂɫɩɨɥɶɡɭɹ ɦɟɧɶɲɢɟ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɢɦ ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ 
ɜɨɥɧɵ ܶ̅ ɢ ɫɪɟɞɧɸɸ ɜɵɫɨɬɭ ɜɨɥɧɵ ℎ̅ . 

Ⱦɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: ௚∙ℎ̅ ௏మ  = 0,008; 
௚∙ℎ̅ ௏మ  = 0,078;  

௚∙்̅௏ = 0,95;  ௚∙்̅௏  = 3,91. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ: 
                                                                                                                                                    ℎ̅= 

଴,଴଴଼ଷ∙௏మ௚ = ଴,଴ଵ଼∙ଶସమଽ,଼ଵ = Ͳ,Ͷ͹ ˏ,                                                                  (6.7) 

 ܶ̅= 
଴,ଽ଼ହ∙௏௚ = ଴,ଽ଼ହ∗ଶସଽ,଼ଵ = ʹ,͵ʹ ˔.                                                                       (6.8) 

 
ȼɵɱɢɫɥɢɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ: 
ௗ̅̅ߣ  ̅ = ்̅మ∙௚ଶ∙గ = ଶ,ସଵమ∙ଽ,଼ଵଶ∙ଷ,ଵସ = ͺ,Ͷ͵ ˏ,                                                                           (6.9)  

 
ɉɪɨɜɟɪɹɟɦ ɭɫɥɨɜɢɟ: 
 ݀ > Ͳ,ͷ ∙ ௗ̅̅ߣ ̅.                                                                                                     (6.10) 
 
25,5 > 4,215 ɬ.ɟ. ɭɫɥɨɜɢɟ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ. 
Ɉɩɪɟɞɟɥɢɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ℎଵ% = ℎ̅ ∙ 𝑖ܭ ,                                                                                                (6.11) 
 

ɝɞɟ ܭ𝑖- ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ [4, ɩɪɢɥɨɠɟɧɢɟ 1, ɪɢɫ 2] ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ௚∙௅௏మ : 
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ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɩɪɢ ܭ𝑖 = 2,1 ɩɨ ɮɨɪɦɭɥɟ (6.14): 
 ℎଵ% = Ͳ,Ͷ͹ ∙ ʹ,Ͳͻ = Ͳ,ͻͺ ˏ 

 
ȼɵɫɨɬɭ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɨɬɤɨɫ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɮɪɨɧɬɚɥɶɧɨ 

ɩɨɞɯɨɞɹɳɢɯ ɜɨɥɧ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎ௥௨௡ଵ% = 𝑘௥ ∙ 𝑘௣ ∙ 𝑘௦௣ ∙ 𝑘௥௨௡ ∙ ℎଵ%.                                                             (6.12) 
 

ɝɞɟ 𝑘௥ ɢ 𝑘௣ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ. 𝑘௥ = ͳ, 𝑘௣ = Ͳ,ͻ ɞɥɹ ɨɬɤɨɫɚ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ, ɭɤɪɟɩɥɟɧɧɨɝɨ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɩɥɢɬɚɦɢ; 𝑘௦௣ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ݉ = 𝜑݃ݐܿ = ͳ,ͷ ɢ V= 24 ɦ/c, =1,4; 𝑘௥௨௡ = ʹ,ʹ͹ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɨɥɨɝɨɫɬɢ ɜɨɥɧɵ; 

 ఒ೏̅̅̅̅ℎభ% = ଼,ସଷ଴,ଽ଼ = ͺ,ͻ,                                                                                          (6.13) 

 
 ℎ௥௨௡ଵ% = ͳ ∙ Ͳ,ͻ ∙ ͳ,Ͷ ∙ ʹ,ʹ͹ ∙ Ͳ,ͻͺ = ʹ,ͺ.                                                 (6.14) 
 
Ɋɚɫɫɱɢɬɵɜɚɸɬ ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 

ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɩɨ ɮɨɪɦɭɥɟ (6.2): 
 ℎ௦ = Ͳ,ͲͲͷ͹ + ʹ,ͺ + Ͳ,ͺ = ͵,͸ͳ ˏ.  
 
Ɉɩɪɟɞɟɥɹɸɬ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɨ ɮɨɪɦɭɥɟ (6.1): 
 ∇ʒʒʞ = ͶͶͳ + ͵,͸ͳ = ͶͶͶ,͸ͳ ɦ. 
 
6.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɩɭɫɤɚ ɩɚɜɨɞɤɚ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 

ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ ɫɥɭɱɚɟ: 
ˑ˔ːܪ  = ∇ʜʞʢ − ʢʜʐ(ܳˏ˃ˍ˔.˓˃˔˚ˑ˔ː ) = ͶͶͳ.ͲͲ − ͵ͻ͹.ͲͲ = ͶͶ,ͲͲ ˏ.          (6.15) 
˅ˑ˒ܪ  = ∇ʣʞʢ − ʢʜʐ(ܳˏ˃ˍ˔.˓˃˔˚˒ˑ˅ ) = ͶͶʹ.ͲͲ − ͵ͻ͹,͵ = ͶͶ,͹ ɦ.              (6.16) 
 
ɉɚɜɨɞɨɤ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ ɬɚɤ ɤɚɤ ɧɚɩɨɪ ܪˑ˔ː ɢ  ܪ˒ˑ˅ ɛɨɥɶɲɟ ܪˏˋː˕˖˓˄ 



69 

 

Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ ɩɪɢ ɨɫɧɨɜɧɨɦ ܳʒʏˑ˔ː ɢ 
ɩɨɜɟɪɨɱɧɨɦ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ: 

 ܳʒʏˑ˔ː = ேʒʏଽ,଼ଵ∙ሺுˑ˔ː−∆ℎሻ∙𝜂 = ଵଵଷ଴଴଴ଽ,଼ଵ∙ሺସସ,଴଴−଴,଻ሻ∙଴,ଽ଴ଶ = ʹͻͶ,ͻ ˏయ௖ .                            (6.17) 

 ܳʒʏ˒ˑ˅ = ேʒʏଽ,଼ଵ∙ሺு˒ˑ˅−∆ℎሻ∙𝜂 = ଵଵଷ଴଴଴ଽ,଼ଵ∙ሺସସ,଻−଴,଻ሻ∙଴,ଽ଴ଶ = ʹͻͲ,ʹ ˏయ̝.                              (6.18) 

 
ɋɨɝɥɚɫɧɨ ɋɉ 58.13330.2012 [5] ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ – m, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ: 
 
m = (n-1) = (3-1) = 2                                                                                   (6.19) 

 
ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
 ܳʒЭʠˑ˔ː = ܳʒʏˑ˔ː ∙ m = ʹͻͶ,ͻ ∙ ʹ = ͷͺͻ,ͺ ˏయ௖ .                                                   (6.20) 

 ܳʒЭʠ˒ˑ˅ = ܳʒʏ˒ˑ˅ ∙ m = ʹͻͲ,ʹ ∙ ʹ = ͷͺͲ,Ͷ 
ˏయ௖ .                                                   (6.21) 

 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ 

ɫɨɫɬɚɜɥɹɟɬ:  
 ܳ˓˃˚ˑ˔ː = ܳˏ˃ˍ˔.˓˃˔˚ˑ˔ː − ܳʒЭʠˑ˔ː − ܳ˔ = ͵ͻͳͳ − ͷͺͻ,ͺ − ͹͸Ͳ,͹ = ʹͷͷ͹ ˏయ௖ .      (6.22) 

  ܳ˓˃˚˒ˑ˅ = ܳˏ˃ˍ˔.˓˃˔˚˒ˑ˅ − ܳʒЭʠ˒ˑ˅ − ܳ˔ = Ͷ͸ͷͲ − ͷͺͲ,Ͷ − ͹͸Ͳ,͹ = ͵͵Ͳͷ ˏయ௖ ,      (6.23) 

 

ɝɞɟ  ܳ˔˓ = ሺ௏˒ ˑ+௏˒ ˓ሻ்̝ ˓ = ሺ଻,ହ+ସ,ଷଷሻ∙ଵ଴వଵହହହଶ଴଴଴ = ͹͸Ͳ,͹ ˏଷ/ܿ.                                     (6.24) 

 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
ܤ  = ொ˓˃˔˚ˑ˔ː௤˅ = ଶହହ଻ସଷ,଺ଷ = ͷͺ,͸ ˏ,                                                                                   (6.25) 

 
ɝɞɟ ݍ˅- ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ ͵ͷ = Ͷ͵,͹ͷ ˏయ௖ ,                                                             (6.26) 

 
ɝɞɟ ݍ˓ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 
˓ݍ  = [ℎݒ] ∙ ℎʜʐˑ˔ː = ͷ ∙ ͹,ͲͲ = ͵ͷ ˏయ௖ ,                                                            (6.27)  
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 ℎʜʐˑ˔ː = ∇ʢʜʐ − ∇ʓʜʏ = ͵ͻ͹,ͲͲ − ͵ͻͲ.ͲͲ = ͹ ˏ.                                   (6.28) 
 

ɝɞɟ [ݒℎ] = ͷ ௖ˏ −ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ ɞɥɹ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ. 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ B ɞɨɥɠɧɚ ɛɵɬɶ ɰɟɥɵɦ ɱɢɫɥɨɦ, ɩɨɷɬɨɦɭ 

ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ: 
 
B = b∙ ݊                                                                                                        (6.29) 
 

ɝɞɟ n – ɱɢɫɥɨ ɩɪɨɥɟɬɨɜ. 
Ɉɤɪɭɝɥɹɟɦ B ɞɨ 60 ɦɟɬɪɨɜ, ɩɪɢɧɢɦɚɟɦ n = 5 ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɥɟɬɨɜ ɩɨ 12 

ɦɟɬɪɨɜ. 
 
6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ, ɨɩɪɟɞɟɥɢɦ ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ 

ɜɨɞɨɫɥɢɜɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬ.ɟ. ɛɟɡ ɭɱɟɬɚ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ 
ɩɨɞɬɨɩɥɟɧɢɹ ɜɨɞɨɫɥɢɜɚ: 

଴ଵܪ  = ሺ ொ˓௠∙஻∙√ଶ∙௚ሻଶ/ଷ = ሺ ଶହହ଻଴,ସଽ∙଺଴∙√ଶ∙ଽ,଼ଵሻଶ/ଷ = ͹,ʹͺ ˏ,                                    (6.30) 

 
ɝɞɟ m – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜɨɞɨɫɥɢɜɚ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ, 

ɩɪɢɧɢɦɚɟɦ ɨɱɟɪɬɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɫɬɟɧɤɢ Ʉɪɢɝɟɪɚ-Ɉɮɢɰɟɪɨɜɚ ɬɢɩɚ Ⱥ, m = 0,49 
ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɫ ɭɱɟɬɨɦ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ, 

ɩɨɥɧɵɣ ɧɚɩɨɪ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
଴ଶܪ  = ሺ ொ˓௠∙ఌ∙𝜎˒∙஻∙√ଶ∙௚ሻଶ/ଷ = ሺ ଶହହ଻଴,ସଽ∙଴,ଽହ∙ଵ∙଺଴∙√ଶ∙ଽ,଼ଵሻଶ/ଷ = ͹,ͷͳ ˏ,                    (6.31) 

 
ɝɞɟ 𝜎˒ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ, ɩɪɢɧɢɦɚɟɬɫɹ 𝜎˒=1. 

 ,ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ  ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ – ߝ  
ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

ߝ  = ͳ − Ͳ,ʹ ∙ 𝜉+ሺ௡−ଵሻ𝜉బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ଴,଻+ሺହ−ଵሻ଴,ସହହ ∙ ଻,ଶ଼ଵଶ = Ͳ,ͻͷ.              (6.32) 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ 

ɜɨɞɨɫɥɢɜɭ ݒ଴: 
 ʜ = ʜ଴ଶ − 𝛼௏బమଶ௚ = ͹,ͷͳ − ଵ,ଵ∗଴,଻మଶ∗ଽ,଼ଵ = ͹,Ͷͺ ˏ,                                                (6.33) 

 ଴ܸ = ொ˓˃˔˚ˑ˔ːሺ∇ʜʞʢ−∇ʓːˑሻሺ஻+ሺ௡−ଵሻఋ˄ሻ = ଶହହ଻ሺସସଵ.଴଴−ଷଽ଴.଴଴ሻ∙ሺ଺଴+ሺହ−ଵሻ∙ଷሻ = Ͳ,͹ ௖ˏ .             (6.34)  
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 ɝɞɟ ߜ˄ = ͵ ˏ − ˕ˑˎ˜ˋː˃ ˄˞ˍ˃. 

Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ:  
 ∇ʒʑ = ∇ʜʞʢ − ʜ˔˕ = ͶͶͳ − ͺ = Ͷ͵͵,ͲͲ ˏ.                                            (6.35) 
 

ɝɞɟ ʜ˔˕ − ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɨɪɚ. ʜ˔˕ = ͺ ˏ  
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɵɤɚ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʐ =  ∇ʒʑ + ͳ,͸ ∙ ˕˔ܪ = Ͷ͵͵.ͲͲ + ͳ,͸ ∙ ͺ = ͶͶͷ,ͺ ˏ.                            (6.36) 
 
6.5 ɉɪɨɜɟɪɤɚ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 
 
Ɉɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ 

ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ (ɩɪɢ Ɏɉɍ) ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
  H଴ଵ˒ˑ˅ = ( ୕˓˃˔˚˒ˑ˅୫∙B∙√ଶ୥)ଶ ଷ⁄ = ቀ ଷଷ଴ହ ଴,ସଽ∙଺଴∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͺ,͸Ͷ ˏ.                              (6.37) 

 H଴ଶ˒ˑ˅ =  ( ୕˓˃˔˚˒ˑ˅୫∙க∙σ˒∙B∙√ଶ୥)ଶ ଷ⁄ = ቀ ଷଷ଴ହ ଴,ସଽ∙଴,ଽଶ଼∙଺଴∙√ଶ∙ଽ,଼ଵቁଶ ଷ⁄ = ͻ,Ͳͺ ˏ.              (6.38) 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ: 
ߝ  = ͳ − Ͳ,ʹ ∙ 𝜉+ሺ௡−ଵሻ𝜉బ௡ ∙ ுబభ௕ = ͳ − Ͳ,ʹ ଴,଻+ሺହ−ଵሻ଴,ସହହ ∙ ଼,଺ସଵଶ = Ͳ,ͻʹͺ.            (6.39) 

 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ 

ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 
 ଴ܸ = ୕˓˃˔˚˒ˑ˅ሺ∇ʣʞʢ−∇ˇː˃ሻሺB+ሺ୬−ଵሻஔʐ = ଷଷ଴ହሺସସଶ−ଷଽ଴ሻሺ଺଴+ሺହ−ଵሻ∗ଷሻ = Ͳ,ͺͺ ˏ̝.                    (6.40) 

 H˒ˑ˅ = H଴ଶ˒ˑ˅ − α∙௏బమଶ୥ = ͻ,Ͳͺ − ଵ,ଵ∙଴,଼଼మଶ∗ଽ,଼ଵ = ͻ ˏ.                                           (6.41) 

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

ɤɨɬɨɪɨɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ   
 ∇ʣʞʢ˓ = ∇ʒʑ + H˒ˑ˅ = Ͷ͵͵,ͲͲ + ͻ = ͶͶʹ,ͲͲ ˏ.                                   (6.42) 
 
Ɋɚɫɱɟɬɧɚɹ ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɚɞɚɧɧɵɣ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 
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6.6 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 6.1. Ɉɝɨɥɨɜɨɤ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 
6.1. 

 
Ɍɚɛɥɢɰɚ 6.1 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɝɨɥɨɜɤɚ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ 
№ ɬɨɱɤɢ X Y № ɬɨɱɤɢ X Y 

1 0 1,0 21 16 9,9 
2 0,8 0,3 22 16,8 11,0 
3 1,6 0,1 23 17,6 12,1 
4 2,4 0,0 24 18,4 13,2 
5 3,2 0,0 25 19,2 14,4 
6 4 0,2 26 20 15,7 
7 4,8 0,5 27 20,8 17,0 
8 5,6 0,8 28 21,6 18,3 
9 6,4 1,2 29 22,4 19,7 

10 7,2 1,6 30 23,2 21,1 
11 8 2,0 31 24 22,6 
12 8,8 2,6 32 24,8 24,1 
13 9,6 3,2 33 25,6 25,7 
14 10,4 3,8 34 26,4 27,2 
15 11,2 4,5 35 27,2 28,9 
16 12 5,3 36 28 30,5 
17 12,8 6,1 37 28,8 32,2 
18 13,6 7,0 38 29,6 34,0 
19 14,4 7,9 39 30,4 35,8 
20 15,2 8,9 40 31,2 37,6 

   41 32 39,5 
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Ɋɢɫɭɧɨɤ 6.1 – Ɉɝɨɥɨɜɨɤ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɩɪɨɮɢɥɹ ɬɢɩɚ Ⱥ 

 
6.7 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 
ȼɵɱɢɫɥɹɟɦ ɩɨɥɧɭɸ ɭɞɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 ʡ଴ = ∇ʜʞʢ − ∇ʓʜʏ = ͶͶͳ − ͵ͻͲ = ͷͳ ˏ.                                             (6.43) 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɢɩɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɵɠɤɚ ɜɵɱɢɫɥɹɟɦ ɤɪɢɬɢɱɟɫɤɭɸ 

ɝɥɭɛɢɧɭ ɩɨɬɨɤɚ: 
 ℎˍ˓ = √ ௔ொమ˓ሺ஻+ሺ௡−ଵሻ∙ఋ˄ሻమ௚య = √ ଵ,ଵ∙ଶହହ଻మሺ଺଴+ሺହ−ଵሻ∙ଷሻమ∙ଽ,଼ଵయ = ͷ,ʹͳ ˏ.                              (6.44) 

 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 ℎ௖′ = ௤೎𝜑√ଶ௚( బ்−ℎ೎′ ) = ଷହ,ହ଴,ଽ√ଶ∙ଽ,଼ଵ∙ሺହଵ−଴ሻ = ͳ,ʹͷ ˏ.                                            (6.45) 
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ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ଴ܶ = ͷͳ > ͶͲ ˏ, ɩɨɷɬɨɦɭ ɩɪɢɧɢɦɚɟɦ φ = 0.9. 
 ℎ௖′ = ௤೎𝜑√ଶ௚( బ்−ℎ೎′ ) = ଷହ,ହ଴,ଽ√ଶ∙ଽ,଼ଵ∙ሺହଵ−ଵ,ଶହሻ = ͳ,ʹ͸ ˏ.         
                             

ɝɞɟ ݍ˔ − ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɛɨɟ 
˔ݍ  = ொ˓˃˔˚ˑ˔ː஻+ሺ௡−ଵሻఋ˄ = ଶହହ଻଺଴+ሺହ−ଵሻ∙ଷ = ͵ͷ,ͷ ˏయ̝.                                                       (6.46) 

 ℎ௖′′ = ℎ೎′ଶ [√ͳ + ͺ(ℎˍ˓/ℎ௖′ )ଷ − ͳ] = ଵ,ଶ଺ଶ [√ͳ + ͺ ቀହ,ଶଵଵ,ଶ଺ቁଷ − ͳ] = ͳͶ,ͻ͸ ˏ (6.47) 

 ℎ௖′′ = 14,96 ɦ > hɇȻ = 7,00 ɦ  – ɜ ɇȻ ɨɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ.  
Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɧɟ ɞɨɩɭɫɬɢɦ, ɢ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ 

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

 
6.8 Ƚɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ 
 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɜ ɤɨɧɰɟ ɜɨɞɨɫɥɢɜɚ ɭɫɬɪɚɢɜɚɸɬ ɜɵɫɨɤɢɣ 

ɭɫɬɭɩ ɫ ɧɨɫɤɨɦ-ɬɪɚɦɩɥɢɧɨɦ. ɋɬɪɭɹ, ɫɯɨɞɹɳɚɹ ɫ ɧɨɫɤɚ-ɬɪɚɦɩɥɢɧɚ, ɨɬɥɟɬɚɟɬ ɧɚ 
ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɜɨɞɨɫɛɪɨɫɚ. ȼ ɦɟɫɬɟ ɩɚɞɟɧɢɹ ɧɚ ɞɧɟ ɨɛɪɚɡɭɟɬɫɹ ɹɦɚ 
ɪɚɡɦɵɜɚ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ – ɨɛɟɫɩɟɱɢɬɶ ɨɬɛɪɨɫ ɫɬɪɭɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ, ɛɟɡɨɩɚɫɧɨɟ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɞɪɭɝɢɯ ɫɨɨɪɭɠɟɧɢɣ. 

ȼɵɫɨɬɚ ɨɬ ɞɧɚ, ɞɨ ɧɨɫɤɚ: 
 ܽ = ℎː˄ + ሺͳ − ʹሻˏ = ͹,͵ + ͳ,ʹ = ͺ,ͷˏ,                                                  (6.48) 
 
Ɉɬɦɟɬɤɚ ɧɨɫɤɚ: 
 ∇ʜʝʠ = ∇ʓʜʏ + ܽ = ͵ͻͲ + ͺ,ͷ = ͵ͻͺ,ͷ ˏ.                                            (6.49) 
 
ɋɤɨɪɨɫɬɧɨɟ ɩɚɞɟɧɢɟ (ɧɚɩɨɪ ɜɨɞɵ ɧɚ ɧɨɫɤɟ): 
 ܼː = ∇ʜʞʢ − ∇ʜʝʠ = ͶͶͳ − ͵ͻͺ,ͷ = Ͷʹ,ͷ  ˏ.                                       (6.50) 
 
ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 ܸː = 𝜑 ∙ √ʹ ∙ ݃ ∙ ܼː = Ͳ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ Ͷʹ,ͷ = ʹͷ,ͻͺ ˏ̝.                             (6.51) 



75 

 

ɝɞɟ 𝜑- ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,9 
ȼɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 ℎː = ௤௏ː = ଷହ,ହଶହ,ଽ଼ = ͳ,͵͹ ˏ.                                                                            (6.52) 

 

ɝɞɟ ݍ = ொ˓˃˔˚.ˏ˃˘.ˑ˔ː஻+ሺ௡−ଵሻ∙ఋ˄ = ଶହହ଻଺଴∙ሺହ−ଵሻ∙ଷ = ͵ͷ,ͷ ˏଷ/˔.                                                        (6.53) 

 
ɑɢɫɥɨ Ɏɪɭɞɚ: 
ݎܨ  = ௏ːమ௚∙ℎː = ଶହ,ଽ଼మଽ,଼ଵ∙ଵ,ଷ଻ = ͷͲ,͵ͺ.                                                                     (6.54) 

 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ: 
ܮ  = ௔ܭ ∙ ܼː ∙ 𝜑ଶ ∙ ܽʹ𝑖݊ݏ ∙ ሺͳ + √ͳ + ሺ௭బ௭ː − ͳሻ ∙ ଵ𝜑మ∙௦𝑖௡మ௔ሻ = Ͳ,ͻ ∙ Ͷʹ,ͷ ∙ Ͳ,ͻଶ 𝑖݊͸Ͳ଴ݏ∙ ∙ ቆͳ + √ͳ + ቀ ସସସଶ,ହ − ͳቁ ∙ ଵ଴,ଽమ∙௦𝑖௡మଷ଴బቇ = ͷͷ,ͻͳ ˏ,                                    (6.55) 

 
ɝɞɟ ܼ଴ = ∇ʜʞʢ − ∇ʜʐ = ͶͶͳ,ͲͲ − ͵ͻ͹ = ͶͶ ˏ.                                               (6.56)  
 

ɉɨɥɭɱɟɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬɥɟɬɚ ɫɬɪɭɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɛɟɡɨɩɚɫɧɵɦ, ɬ.ɤ. 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ L > 0,4ܼ ଴ 

Ƚɥɭɛɢɧɚ ɪɚɡɦɵɜɚ: 
˓ܪ  = ݐ − ℎː˄,                                                                                               (6.57) 
 

ɝɞɟ t=(0,1+0,45∙ రݎܨ√ ሻ ∙ ݎܨ√ ∙ √ℎː˄ௗర ∙ ℎː = ሺͲ,ͳ + Ͳ,Ͷͷ ∙ √ͷͲ,͵ͺర ሻ ∙ √ͷͲ,͵ͺ ∙ √଻ଵర ∙ͳ,͵͹ = ʹͲ,Ͷͻ                                                                                                         (6.58) 
 

˓ܪ  = ʹͲ,Ͷͻ − ͹ = ͳ͵,Ͷͻ ˏ.                                                                       (6.59) 
 
ɐɟɧɬɪ ɹɦɵ: 
ଵܮ  = ܮ + ௧௧௚௔భ,                                                                                              (6.60) 

 

ɝɞɟ,ܽ݃ݐଵ = ଶܽ݃ݐ√ + ଶ∙௚∙ሺ଴,ହ∙ℎː∙௖௢௦ଷ଴బ+௔−ℎː˄ሻ௏ːమ∙௖௢௦మ௔௔ =                                                        = ଶ͵Ͳ଴݃ݐ√ + ଶ∙ଽ,଼ଵ∙ሺ଴,ହ∙ଵ,ଷ଻∙௖௢௦ଷ଴బ+଼,ହ−଻ଶହ,ଽ଼మ∙௖௢௦మଷ଴బ = Ͳ,͸Ͷ͵,                                                        (6.61) 
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ଵܮ = ͷͷ,ͻͳ + ଶ଴,ସଽ଴,଺ସଷ = ͺ͹,͹Ͷ ˏ,                                                                   (6.62) 

 
Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɚɜɧɟɧɢɟ 

ɪɚɡɦɵɬɨɝɨ ɪɭɫɥɚ ɪɚɜɧɚ: 
 ܾ௣ = ʹ,ͷ ∙ ℎˍ˓ + ͵,͹ ∙ ௣ܪ = ʹ,ͷ ∙ ͷ,ʹͳ + ͵,͹ ∙ ͳ͵,Ͷͻ = ͸ʹ,ͻͷ ˏ.               (6.63) 
 
ɉɨ ɞɧɭ ɹɦɚ ɪɚɡɦɵɜɚ – ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ 2,5∙ ℎˍ˓ 

 
6.9 Ɋɚɫɱɟɬ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɜɵɩɭɫɤɨɜ 
 
ɋɪɟɞɧɢɣ ɪɚɫɯɨɞ ɜ ɩɟɪɢɨɞ, ɤɨɝɞɚ ɫɛɪɨɫ ɜɨɞɵ ɱɟɪɟɡ ɨɫɧɨɜɧɨɣ ɨɬɫɭɬɫɬɜɭɟɬ, 

ɨɩɪɟɞɟɥɹɟɦ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

 ܳ˔˓ = ሺ௏˒ ˑ+௏˒ ˓ሻ்̝ ˓ = ሺ଻,ହ+ସ,ଷଷሻ∙ଵ଴వଵହହହଶ଴଴଴ = ͹͸Ͳ,͹ ˏయ௖ ,                                                 (6.64) 

 
ɝɞɟ ̝ܶ ˓ − ɩɟɪɢɨɞ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɞɨ ɨɬɦɟɬɤɢ ɍɆɈ. 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 4 ɦ. 
Ɉɬɦɟɬɤɭ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɐɈ ɩɪɢɧɢɦɚɸɬ ɜɵɲɟ 

ɩɨɥɨɥɤɚ ɝɚɥɟɪɟɢ ɧɟ ɦɟɧɟɟ D/2 + 2 ɦ = 4/2 + 2 = 4 ɦ. 
 
 ∇ʥʝ = ∇˒ˑˎ˃ ˆ˃ˎˈ˓ˈˋ + ˅˞˔ˑ˕˃ ˆ˃ˎˈ˓ˈˋ + Ͷ = ͵ͻͲ.ͲͲ + ͵,ͷ + Ͷ =͵ͻ͹,ͷͲ ˏ.                                                                                                               (6.65) 
 
Ɂɚ ɨɬɦɟɬɤɭ ɩɨɥɚ ɝɚɥɟɪɟɢ ɩɪɢɧɹɬɚ ɨɬɦɟɬɤɚ ɞɧɚ. 
ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ: 
 

ܪ  = ሺ∇ʜʞʢ+∇ʢʛʝሻଶ − ∇ʥʝ = ሺସସଵ.଴଴+ସଷ଴,଺ሻଶ − ͵ͻ͹,ͷͲ = ͵ͺ,ͺ ˏ.                (6.66) 

 
Ɉɩɪɟɞɟɥɹɸɬ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ: 
˅˅ݍ  = 𝜔ܪ݃ʹ√ߤ = ͳʹ,ͷ͸ ∙ Ͳ,ͺ√ʹ ∙ ͻ,ͺͳ ∙ ͵ͺ,ͺ = ʹ͹ͷ,͸,                           (6.67) 

 
ɝɞɟ ߤ − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 0,8; 𝜔 − ɩɥɨɳɚɞɶ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 4ɦ. 
 𝜔 = ଶܴߨ = ͵,ͳͶ ∙ ʹଶ = ͳʹ,ͷ͸ ˏଶ.                                                              (6.68) 
 

Ɉɩɪɟɞɟɥɹɸɬ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 
ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ܳ˔˓: 
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 ݊ = ொ˔˓௤˅˅ = ଻଺଴,଻ଶ଻ହ,଺ = ʹ,͹͸.                                                                               (6.69) 

 
ɉɪɢɧɢɦɚɟɦ 3 ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 4 ɦ. 
 
6.10 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 
 
6.10.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 
 
Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 

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

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

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

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

Ɂɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ m= 0,67÷0,7. 
ȼɵɫɨɬɚ ɩɥɨɬɧɵ h ɪɚɜɧɚ: 
 ℎ = ∇ʜʞʢ − ∇˒ˑˇ = ͶͶͳ,ͲͲ − ͵ͺ͹,ͲͲ = ͷͶ ˏ.                                     (6.70) 
 
Ɉɬɦɟɬɤɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɪɚɜɧɚ: 
 ∇˒ˑˇ = ∇ˇː˃ − ˅ߜ) + ሺʹ ÷ ͵ሻ),                                                                (6.71) 
 

ɝɞɟ ߜ˅ = Ͳ; ∇ˇː˃ = ͵ͻͲ,ͲͲ ˏ. 
Ɉɩɪɟɞɟɥɢɦ ɨɬɦɟɬɤɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ: 
 ∇˒ˑˇ = ͵ͻͲ,ͲͲ − ͵ = ͵ͺ͹,ͲͲ ˏ,  
௡ܤ  = Ͳ,͹ ∙ ℎ = Ͳ,͹ ∙ ͷͶ = ͵͹,ͺ ˏ.                                                               (6.72) 
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6.10.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ȼɨ ɢɡɛɟɠɚɧɢɟ ɧɟɞɨɩɭɫɬɢɦɨ ɛɨɥɶɲɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɹɯ 

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

ɍɩɥɨɬɧɟɧɢɟ ɲɜɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɲɩɨɧɨɤ. 
ɉɥɨɬɢɧɚ ɪɚɡɪɟɡɚɟɬɫɹ ɩɨ ɞɥɢɧɟ ɩɨɫɬɨɹɧɧɵɦɢ ɲɜɚɦɢ ɧɚ ɨɬɞɟɥɶɧɵɟ ɫɟɤɰɢɢ. 
ɒɢɪɢɧɚ ɫɟɤɰɢɢ: 
 ܵ = ˄ߜ + ܾ = ͵ + ͳʹ = ͳͷ ˏ,                                                                     (6.73) 
 

ɝɞɟ ߜ˄ − ˕ˑˎ˜ˋː˃ ˄˞ˍ˃; 
b- ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ. 
Ɋɚɡɪɟɡ ɞɟɥɚɟɬɫɹ ɩɨ ɛɵɤɭ. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɲɜɵ ɞɥɹ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɢɦɚɸɬɫɹ 

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

 
6.10.3 Ȼɵɤɢ 
 
Ɉɝɨɥɨɜɨɤ ɛɵɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɥɭɤɪɭɝɥɵɦ ɞɥɹ ɥɭɱɲɟɝɨ ɨɛɬɟɤɚɧɢɹ 

ɩɨɬɨɤɨɦ. Ɍɨɥɳɢɧɭ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɩɪɢɧɢɦɚɟɦ 3 (ɩɭɧɤɬ 6.4). Ɇɢɧɢɦɚɥɶɧɚɹ 
ɬɨɥɳɢɧɚ ɦɟɠɞɭ ɩɚɡɚɦɢ 0,8ɦ. ɒɢɪɢɧɚ ɛɵɤɚ ɩɨ ɝɪɟɛɧɸ 20,6 ɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɪɨɟɡɞɚ ɬɪɚɧɫɩɨɪɬɚ ɢ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. 

 
6.10.4 Ɋɚɡɞɟɥɶɧɵɟ ɭɫɬɨɢ 
 
Ⱦɥɹ ɨɬɞɟɥɟɧɢɹ ɜɨɞɨɫɥɢɜɚ ɨɬ ɡɞɚɧɢɹ Ƚɗɋ ɢ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ, 

ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɭɫɬɨɢ.  
 
6.10.5 Ⱦɪɟɧɚɠ ɬɟɥɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ 
 
ȼɞɨɥɶ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ ɞɪɟɧɚɠɢ ɜ ɜɢɞɟ 

ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ (ɞɪɟɧ), ɢɦɟɸɳɢɯ ɜɵɯɨɞɵ ɜ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ. 
Ⱦɢɚɦɟɬɪ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɩɪɢɧɢɦɚɟɦ 20 ɫɦ. 

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

 ܽˇ˓ ൒ ு೏∙ఊ೙ூ̱ ˓.೘ = ሺʜʞʢ−ˑ˕ˏ.˒ˑˎ˃ ˆ˃ˎˈ˓ˈˋሻ∙ఊ೙ூˍ˓.೘ = ሺସସଵ−ଷଽ଴ሻ∙ଵ,ଶହଶହ = ʹ,ͷͷ ,                 (6.74) 
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ɝɞɟ ܪௗ = ሺʜʞʢ − ˑ˕ˏ. ˒ˑˎ˃ ˆ˃ˎˈ˓ˈˋሻ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ, 
ɨɬɦɟɬɤɚ ɩɨɥɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɝɚɥɟɪɟɢ - ɜɵɲɟ ɨɬɦɟɬɤɢ ɩɨɞɨɲɜɵ ɧɚ 3 ɦ, 
ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ 390.00 ߛ௡ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ; ̱ܫ ˓.௠ −ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ. 

ɉɪɢɧɢɦɚɟɦ ܽˇ˓= 3.0 ɦ. 
 
6.10.6 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ 

ɝɚɥɟɪɟɢ. ɉɨ ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɸɬ ɱɟɪɟɡ 15ɦ, ɨɞɧɭ ɢɡ 
ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɫɥɟɞɭɟɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ 
ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ 
ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ. 

Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ ɧɚ ɨɬɦ.390.00, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɢɪɨɜɚɧɢɹ 
ɨɫɧɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ ɩɥɨɬɢɧɵ, ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɞɪɟɧɚɠɚ, ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɦɢɧɢɦɚɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɩɪɨɜɨɡ ɢ ɪɚɛɨɬɭ ɛɭɪɨɜɨɝɨ, ɰɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɞɪɭɝɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚɡɧɚɱɚɟɦ ɲɢɪɢɧɨɣ – 3,5ɦ, ɜɵɫɨɬɨɣ – 3ɦ. 

Ƚɚɥɟɪɟɢ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ 
ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ 
ɤɨɦɦɭɧɢɤɚɰɢɣ ɧɚ ɨɬɦ.405.00 ɢ 420.00 ɧɚɡɧɚɱɚɟɦ ɲɢɪɢɧɨɣ – 1.5ɦ, ɜɵɫɨɬɨɣ – 
2,5ɦ. 

 
6.10.7 ɉɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɫɧɨɜɚɧɢɢ 
 
ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ ɭɫɬɪɚɢɜɚɟɦ ɜɟɪɬɢɤɚɥɶɧɭɸ ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ 

ɡɚɜɟɫɭ ɢ ɞɪɟɧɚɠ.  
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
ଵܮ  = ሺͲ,Ͳͷ ÷ ͳሻ ∙  (6.75)                                                                                    ,ܤ
 

ɝɞɟ B – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
ଵܮ  = Ͳ,Ͳ͹ ∙ ͵͹,ͺ = ʹ,͸ͷ ˏ. 

 
ɉɪɢɧɢɦɚɟɦ ܮଵ = 4 ɦ.  
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ˃˅ = ሺͲ,ͷ ÷ Ͳ,ͺሻ ∙  (6.76)                                                                                ,ܪ
 

ɝɞɟ ܪ = ∇ʜʞʢ − ∇ʜʐ௠𝑖௡ = ͶͶͳ − ͵ͻͲ,ͻͷ = ͷͲ,Ͳͷ ˏ,                                     (6.77) 
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∇ʜʐ௠𝑖௡ − ˑ˕ˏˈ˕ˍ˃ ˅ ʜʐ ˒˓ˋ ܳ˔˃ː  
ɉɪɢɧɢɦɚɟɦ: 
 ℎˊ˃˅ = Ͳ,͸ͷ ∙ ͷͲ,Ͳͷ = ͵ʹ,ͷ ˏ.  
 
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɚ: 
 ℎˇ˓ = ሺͲ,ͷ ÷ Ͳ,͹ሻ ∙ ℎˊ˃˅.                                                                             (6.78) 
 
ɉɪɢɧɢɦɚɟɦ: 
 ℎˇ˓ = Ͳ,ͷͷ ∙ ͵ʹ,ͷ = ͳͺ ˏ.  
 
Ⱦɢɚɦɟɬɪ ɫɤɜɚɠɢɧ ɞɥɹ ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɦ 0,2ɦ, ɫ ɲɚɝɨɦ 2ɦ. 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 

˅˃ˊߜ  = ∆ு∙ఊ௃ˍ˓ ,                                                                                                  (6.79) 

 
ɝɞɟ ∆ܪ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ, ∆ܪ = ௗܪ − ௔௦ܪ = ͷͲ,Ͳͷ − ʹͲ,Ͳʹ = ͵Ͳ,Ͳ͵ ˏ.          (6.80) 
˅˃ˊߜ  = ଷ଴,଴ଷ∙ଵ,ଶହଵହ = ʹ,ͷ ˏ.  

 
Ɋɚɫɫɬɨɹɧɢɟ ܮଶ ɨɬ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ  

ɩɪɢɧɢɦɚɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ, ܮଶ = ͹ ˏ.  
 
6.11 ɋɬɚɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɥɨɬɢɧɵ 
 
6.11.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 
 
Ɋɚɫɱɟɬɵ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 

ɜɵɩɨɥɧɹɸɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ. ȼ ɫɨɫɬɚɜ 
ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɜɯɨɞɹɬ ɧɚɝɪɭɡɤɢ ɩɨɫɬɨɹɧɧɵɟ, ɜɪɟɦɟɧɧɵɟ, ɞɥɢɬɟɥɶɧɵɟ ɢ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ. ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ ɞɨɥɠɧɵ ɩɪɢɧɢɦɚɬɶɫɹ ɜ ɧɚɢɛɨɥɟɟ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ, ɧɨ ɜɨɡɦɨɠɧɵɯ ɫɨɱɟɬɚɧɢɹɯ. 

 
6.11.2 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ  
 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɬɢɧɵ ɢ ɛɵɤɚ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ 

AutoCad: ܵ˒ˎ = ͳͳͳ͸,͹ ˏଶ, ܵ˄ = ͳͷʹͺ ˏଶ  
ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 
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ˎ˒ܩ = ௌ˒ˎ∙௕∙௚∙ఘ˄௕+ఋ˄ = ଵଵଵ଺,଻∙ଵଶ∙ଽ,଼ଵ∙ଶସ଴଴ଵଶ+ଷ = ʹͳͲ͵͵,ʹ͹ ˍʜˏ.                                   (6.81) 

 
ȼɟɫ ɛɵɤɚ: 
˄ܩ  = ௌ˄∙ఋ˄∙௚∙ఘ˄௕+ఋ˄ = ଵହଶ଼∙ଷ∙ଽ,଼ଵ∙ଶସ଴଴ଵଶ+ଷ = ͹ͳͻͷ,Ͳͷ ˍʜˏ.                                           (6.82) 

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ: 
 ܳˊ = Ͳ,Ͳͷͷ ∙ ݂ ∙ √݂ ∙ ݃,                                                                               (6.83) 
 

ɝɞɟ f – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ: ݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺͶͶʹ,ͲͲ − Ͷ͵͵,ͲͲ +Ͳ,ͷሻ ∙ ͳʹ = ͳͳͶ ˏଶ.                                                                                               (6.84) 
 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
 ܳˊ = Ͳ,Ͳͷͷ ∙ ͳͳͶ ∙ √ͳͳͶ ∙ ͻ,ͺͳ = ͸ͷ͸,͹͵ ˍʜ,  
 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩ.ɦ: 
 ܳˊ˓ ˃˔˚ = ொˊ௕+ఋ˄ = ଺ହ଺,଻ଷଵଶ+ଷ = Ͷ͵,͹ͺ ˍʜˏ.                                                              (6.85) 

 
6.11.3 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ 

ɫɬɨɪɨɧɵ ȼȻ: 
 ܶ˅ = ௚∙ுమ˅∙ఘ˅ଶ = ଽ,଼ଵ∙ହସమ∙ଵ଴଴଴ଶ = ͳͶ͵Ͳʹ,ͻͺ ˍʜˏ,                                                 (6.86) 

 
ɝɞɟ ܪ˅ = ∇ʜʞʢ − ∇˒ˑˇˑ˛˅˞ = ͶͶͳ,ͲͲ − ͵ͺ͹,ͲͲ = ͷͶ ˏ.                             (6.87) 
 

ɋɨ ɫɬɨɪɨɧɵ ɇȻ: 
  ܶː = ௚∙ுమː∙ఘ˅ଶ = ଽ,଼ଵ∙ଷ,ଽହమ∙ଵ଴଴଴ଶ = ͹͸,ͷ͵ ˍʜˏ,                                                     (6.88) 

 
ɝɞɟ ܪː = ∇ʢʜʐ௠𝑖௡  − ∇˒ˑˇˑ˛˅˞ = ͵ͻͲ,ͻͷ − ͵ͺ͹,ͲͲ = ͵,ͻͷ ˏ                     (6.89) 
 

6.11.4 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɋɢɥɭ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
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ܹ˅ ˊ˅ = ௪ߩ ∙ ݃ ∙ ܤ ∙ ሺ∇ʢʜʐ௠𝑖௡  − ∇˒ˑˇˑ˛˅˞ሻ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͵͹,ͺ ∙ሺ͵ͻͲ,ͻͷ − ͵ͺ͹ሻ = ଵସ଺ଵ,଼ଵˍʜˏ .                                                                                 (6.90) 

 
6.11.5 ȼɨɥɧɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
 ܹ˅ ˑˎː = Ͳ,ͷ ∙ ˅ߩ ∙ ݃ ∙ ℎଵ% ቀఒ೏̅̅̅̅గ + ℎబଶ ቁ = Ͳ,ͷ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ ∙ Ͳ,ͻͺ ∙ ቀ଼,ସଷଷ,ଵସ + ଴,ଷ଺ଶ ቁ =ͳ͵,͹͹ ˍʜ,                                                                                                               (6.91) 
 

ɝɞɟ ℎ଴ ɩɨ ɮɨɪɦɭɥɟ: 
 ℎ଴ = గ∙ℎభ%మఒ೏ = ଷ,ଵସ∙଴,ଽ଼మ଼,ସଷ = Ͳ,͵͸ ˏ.                                                                 (6.92) 

 
Ʌɢɧɢɹ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ܹ˅ ˑˎː ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɭɪɨɜɧɹ ɩɨɤɨɹ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɧɚ ɜɟɥɢɱɢɧɭ: 
௖ݕ  = ఒ̅ଶగ − ଷ଼ ℎଵ% = ଼,ସଷଶ∙ଷ,ଵସ − ଷ଼ ∙ Ͳ,ͻͺ = Ͳ,ͻ͹ ˏ.                                             (6.93) 

 
6.11.6 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 
 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ ɫɬɪɨɢɬɫɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ ɋɇɢɉ [6]. 
ௗܪ  = ∇ʜʞʢ − ∇ʢʜʐ௠𝑖௡ = ͶͶͳ,ͲͲ − ͵ͻͲ,ͻͷ = ͷͲ,Ͳͷ ˏ,                        (6.94) 
௔௦ܪ  = Ͳ,Ͷ ∙ ௗܪ = Ͳ,Ͷ ∙ ͷͲ,Ͳͷ = ʹͲ,Ͳʹ ˏ,                                                   (6.95) 
ௗ௥ܪ  = Ͳ,ʹ ∙ ௗܪ = Ͳ,ʹ ∙ ͷͲ,Ͳͷ = ͳͲ,Ͳͳ ˏ.                                                   (6.96) 
 
ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɞɨɲɜɭ ɫɨɨɪɭɠɟɧɢɹ: 
 ˗ܹ = ௪ߩ ∙ ݃ ∙ ܵ˗ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͵͹ͻ,Ͷ = ͵͹ʹͳ,ͻ ˍʜ.                              (6.97) 
 
6.11.7 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ ɩɨ ɮɨɪɦɭɥɟ: 
 ܲː = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ଶː ቁ = ͳͲ ∙ ͵ ∙ ଶ݃ݐ ቀͶͷ − ଶ଴ଶ ቁ = ͳͶ,͹ͳ ˍʞ˃,        (6.98) 

 
ɝɞɟ ːߛ − ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ːߛ = ͳͲ ˍʜ/ˏଷ,  ℎː − ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ℎː = ͵ ˏ, 𝜑ː − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, 𝜑ː = ʹͲ଴. 
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Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ: 
ːܧ  = ௉ː ℎːଶ = ଵସ,଻ଵ∙ଷଶ = ʹʹ,Ͳ͹ ˍʜ.                                                                  (6.99) 

Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

ȼ ɬɨɱɤɟ, ɧɚ ɝɪɚɧɢɰɟ ɫɥɨɹ ɧɚɧɨɫɨɜ ɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɝɪɭɧɬɚ, ɛɨɤɨɜɨɟ ɝɪɭɧɬɚ 
ɨɩɪɟɞɟɥɹɸɬ ɞɜɚɠɞɵ: ɫɱɢɬɚɹ ɷɬɭ ɬɨɱɤɭ ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɜɟɪɯɧɟɦɭ ɫɥɨɸ, ɚ ɡɚɬɟɦ 
ɧɢɠɧɟɦɭ. Ƚɪɭɧɬ ɨɛɥɚɞɚɟɬ ɫɰɟɩɥɟɧɢɟɦ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ௖ܲ. 

 ௖ܲ = ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ = ʹ ∙ ͳͷͲ ∙ ݃ݐ ቀͶͷ − ଷ଺,ହଶ ቁ = ͳͷͳ,ʹͳ ˍʞ˃,      (6.100) 

 ܲ̂ ˓′ = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ௖ܲ = ͳͲ ∙ ͵ ∙ ଶ݃ݐ ቀͶͷ − ଷ଺,ହଶ ቁ − ͳͷͳ,ʹͳ =−ͳͶ͵,ͷͻ ˍʞ˃,                                                                                                      (6.101) 
 ܲ̂ ˓′′ = (ːߛ ∙ ℎː + ߛ̂ ˓˅́ ∙ ℎˆ˓) ∙ ଶ݃ݐ ቀͶͷ − 𝜑ˆ˓ଶ ቁ − ௖ܲ = ሺͳͲ ∙ ͵ + ͳ͸,ʹ͹ ∙ ͵ሻ ଶ݃ݐ∙ ቀͶͷ − ଷ଺,ହଶ ቁ − ͳͷͳ,ʹͳ = −ͳͳͳ,Ͷͻ ˍʞ˃,                                                       (6.102) 

 
ɝɞɟ ̂ߛ ˓˅́  ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

ߛ̂  ˓˅́ = ߛ̂ ˓ − ሺͳ − ݊଴ሻ ௪ܲ ∙ ݃ = ʹ͸ − ሺͳ − Ͳ,ͳͳሻ ∙ ͳͲͲͲ ∙ ͻ,ͺͳ = ͳ͸,ʹ͹ ˍʜˏయ, 
(4.103) 

 
ɝɞɟ ܿ − ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ, ɪɚɜɧɨɟ 150 ɤɉɚ. ̂ߛ ˓ −ɭɞɟɥɶɧɵɣ ɜɟɫ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɩɪɢɧɢɦɚɟɦ 26 ˍʜˏయ; ݊଴ − ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ݊଴ = Ͳ,ͳͳ ℎˆ˓ = 3 ɦ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɝɪɭɧɬɚ. 

ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 1 
ɩ.ɦ. ɞɥɢɧɵ ɩɥɨɬɢɧɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɥɨɳɚɞɢ ɷɩɸɪɵ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ: 

˕ˍ˃ܧ  = ܵˠ˒ = ቀ௉ˆ˓′+௉ˆ˓′′ଶ ቁ ℎˆ˓ = ቀ−ଵସଷ,ହଽ−ଵଵଵ,ସଽଶ ቁ ͵ = −͵ͺʹ,͸ʹ ˍʜˏ.           (6.104) 

 
Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɮɨɪɦɭɥɟ ɜɵɲɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ, ɬɨ 

ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ. 
ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫɨ ɫɬɨɪɨɧɵ ɇȻ ɨɬɫɭɬɫɬɜɭɟɬ. 
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6.12 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
6.12.1 Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 

ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
Ɋɚɫɱɟɬ ɩɥɨɬɢɧɵ ɛɭɞɟɦ ɜɟɫɬɢ ɛɟɡ ɭɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ 
ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ. 

ȼɫɟ ɧɚɩɪɹɠɟɧɢɹ ɫɱɢɬɚɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 
ɩɨɞɨɲɜɵ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɜ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ 
ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɡɧɚɤɨɦ «-», ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɫɨ ɡɧɚɤɨɦ «+». 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ 6.2 ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɦ ɜɫɟ 
ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 

ȼ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɧɚɝɪɭɡɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ  ɧɚ ɪɢɫɭɧɤɟ Ⱦ.1 ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ⱦ. 

Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.2. 
 

Ɍɚɛɥɢɰɚ 6.2 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 
Ɉɛɨɡɧɚɱɟɧɢɟ 

ɫɢɥɵ 
 ௙ ɇɚɩɪɚɜɥɟɧɢɟߛ

ɫɢɥɵ 
ɋɢɥɚ, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, Ʉɧ∙ ˏ ܶ˅  1 ՜ 14302,98 18 257453,64 ܶː  1 ՚ 76,53 -1,32 -101,02 0,95 ˎ˒ܩ ՝ 19981,61 -5,78 -115493,7 0,95 ˄ܩ ՝ 6835,3 -6,43 -43950,94 ܳˊ 0,9 ՝ 39,40 -14,47 -579,15 ܹ˅ ˊ˅ 1 ՛ 1461,81 0 0 ˗ܹ 1 ՛ ͵͹ʹͳ,ͻ 9,25 34427,58 ܧː 1,2 ՜ 26,48 4 105,94 ܹ˅ ˑˎː 1 ՜ 13,77 53,03 730,22 

   ∑՝՛= ʹͳ͸͹ʹ,͸  ∑M=132601,58 
 
Ɋɚɫɱɟɬ ɤɪɚɟɜɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɥɭɱɚɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ 

ɫɟɱɟɧɢɢ ɩɥɨɬɢɧɵ (ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 1 ɩɨɝɨɧɧɵɣ ɦɟɬɪ ɞɥɢɧɵ) ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦ: 

Ⱦɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜎   ௬௨ = − ே஻ + ଺∙∑ெ஻మ = − ଶଵ଺଻ଶ,଺ଷ଻,଼ + ଺∙ଵଷଶ଺଴ଵ,ହ଼ଷ଻,଼మ = −ͳ͸,ͷʹ ˍʜˏమ,                       (6.105) 

 
ɝɞɟ N - ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 

M – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ; 
B – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
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𝜎௫௨ = 𝜎   ௬௨ ∙ ݉௨ଶ − ௪݌ ∙ ݃ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ = −ͳ͸,ͷʹ ∙ Ͳ − ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͷͶ ∙ሺͳ − Ͳሻ = −ͷʹͻ,͹Ͷ ˍʜˏమ,                                                                                        (6.106) 

 
ɝɞɟ ܪௗ௨ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ: 
ௗ௨ܪ  = ∇ʜʞʢ − ∇˒ˑˇ = ͶͶͳ − ͵ͺ͹ = ͷͶ ˏ                                             (6.107) 
 ݉௧ =  ଵ,                                                                                                (6.108)ߙ݃ݐ

 
ɝɞɟ ߙଵ − ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɨɪɧɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. Ɍɚɤ ɤɚɤ ɭ ɜɨɞɨɫɥɢɜɧɨɣ 
ɩɥɨɬɢɧɵ ɧɚɩɨɪɧɚɹ ɝɪɚɧɶ ɜɟɪɬɢɤɚɥɶɧɚɹ, ɬɨ ߙ݃ݐଵ = Ͳ. 
 𝜏௫௬௨ = ௪ߛ) ∙ ௗ௨ܪ + 𝜎   ௬௨ )݉௨ = Ͳ.                                                                (6.109) 

 
Ƚɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 
 𝜎ଵ௨ = 𝜎   ௬௨ ∙ ሺͳ + ݉௨ଶሻ + ௪݌ ∙ ݃ ∙ ௗ௨ܪ ∙ ݉௨ଶ = −ͳ͸,ͷʹ ∙ ሺͳ + Ͳሻ + ͳͲͲͲ ∙ ͻ,ͺͳ ∙ͷͶ ∙ Ͳ = −ͳ͸,ͷʹ ˍʜ/ˏଶ.                                                                                     (6.110) 
 
Ƚɥɚɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ: 
 𝜎ଷ௨ = ௪݌− ∙ ݃ ∙ ௗ௨ܪ = −ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ͷͶ = −ͷʹͻ,͹Ͷ ˍʜ/ˏଶ.                 (6.111) 
 
Ⱦɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 𝜎   ௬௧ = − ே஻ − ଺∙∑ெ஻మ = − ଶଵ଺଻ଶ,ହଽଷ଻,଼ − ଺∙ଵଷଶ଺଴ଵ,ହ଼ଷ଻,଼మ = −ͳͳ͵Ͳ,ͳ͹ ˍʜ/ˏଶ          (6.112) 

 𝜎௫௧ = 𝜎   ௬௧ ∙ ݉௧ଶ − ௪ߛ ∙ ௗ௧ܪ ∙ ሺͳ − ݉௧ଶሻ = −ͳͳ͵Ͳ,ͳ͹ ∙ Ͳ,͹ଶ − ͻ,ͺͳ ∙ ͵,ͻͷ ∙ሺͳ − Ͳ,͹ଶሻ = −ͷ͹͵,ͷͷ ˍʜˏమ,                                                                                   (6.113) 

 
ɝɞɟ ܪௗ௧ − ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɇȻ: 
ௗ௧ܪ  = ∇ʢʜʐ௠𝑖௡ − ∇˒ˑˇ = ͵ͻͲ,ͻͷ − ͵ͺ͹,ͲͲ = ͵,ͻͷ ˏ                          (6.114) 
 ݉௧ = ଶߙ݃ݐ = Ͳ,͹,                                                                                      (6.115) 

 
ɝɞɟ ߙଶ − ɭɝɨɥ ɦɟɠɞɭ ɧɢɡɨɜɨɣ ɝɪɚɧɶɸ ɢ ɜɟɪɬɢɤɚɥɶɸ. 

Ʉɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɳɚɞɤɟ: 
 𝜏௫௬௧ = ௪ߛ)− ∙ ௗ௧ܪ + 𝜎   ௬௧ )݉௧ = −ሺͻ,ͺͳ ∙ ͵,ͻͷ − ͳͳ͵Ͳ,ͳ͹ሻ ∙ Ͳ,͹ = ͹͸͵,Ͳ ˍʜˏమ.                    

(6.116) 
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Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎 ௧́ = 𝜎   ௬௧ ∙ ሺͳ + ݉௧ଶሻ + ௪ߛ ∙ ௗ௧ܪ ∙ ݉௧ଶ = −ͳͳ͵Ͳ,ͳ͹ ∙ ሺͳ + Ͳ,͹ଶሻ + ͻ,ͺͳ ∙ ͵,ͻͷ ∙Ͳ,͹ଶ = −ͳ͸͸Ͷ,ͻ͹ ˍʜˏమ,                                                                                           (6.117) 𝜎ଵ௧ = ௪ߛ− ∙ ௗ௧ܪ = −ͻ,ͺͳ ∙ ͵,ͻͷ = −͵ͺ,͹ͷ ˍʜˏమ.                                           (6.118) 

ȼ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɧɚɝɪɭɡɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ  ɧɚ ɪɢɫɭɧɤɟ ȿ.1 ɜ 
ɩɪɢɥɨɠɟɧɢɢ ȿ. 

 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.3 
 

Ɍɚɛɥɢɰɚ 6.3 – Ɋɚɫɱɟɬ ɧɚɩɪɹɠɟɧɢɣ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɛɶɟɮɨɜ 
ɋɨ ɫɬɨɪɨɧɵ ȼȻ Ɂɧɚɱɟɧɢɟ, ˍʜ/ˏଶ ɋɨ ɫɬɨɪɨɧɵ ɇȻ Ɂɧɚɱɟɧɢɟ, ˍʜ/ˏଶ 𝜎   ௬௨  -16,52 𝜎   ௬௧  −ͳͳ͵Ͳ,ͳ͹  𝜎   ௫௨  −ͷʹͻ,͹Ͷ 𝜎   ௫௧  −ͷ͹͵,ͷͷ 𝜏௫௬௨  0 𝜏௫௬௧  ͹͸͵,Ͳ 𝜎ଵ௨ −ͳ͸,ͷʹ 𝜎ଵ௧ −͵ͺ,͹ͷ 𝜎௨́ −ͷʹͻ,͹Ͷ 𝜎 ௧́ −ͳ͸͸Ͷ,ͻ͹ 

 
6.12.2 Ʉɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɫɨɨɪɭɠɟɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

1)ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ: 

 𝜎   ௬௨ < Ͳ,                                                                                                     (6.119) 
 −ͳ͸,ͷʹ ˍʜˏమ < Ͳ.  
 
2) ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
 |𝜎   ௬௨ | ൒ Ͳ,ʹͷ ∙ ௪ߛ ∙  ௗ௨,                                                                              (6.120)ܪ
 ͳ͸,ͷʹ ˍʜˏమ ൒ Ͳ,ʹͷ ∙ ͻ,ͺͳ ∙ ͷͶ = ͳ͵ʹ,Ͷ͵ ˍʜˏమ.  
 
3) ɉɪɨɱɧɨɫɬɶ ɧɚ ɫɠɚɬɢɟ: 
ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
௡ߛ  ∙ ଵ௖ߛ ∙ 𝜎ଷ ൑ ௖ௗߛ ∙ ܴ௕ ,                                                                              (6.121) 
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ɝɞɟ ߛ௡ = ͳ,ʹͷ − ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; ߛଵ௖ − ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ; ߛ௖ௗ = Ͳ,ͻ − ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ; ܴ௕ − ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ, ɢɫɯɨɞɹ ɢɡ ɤɥɚɫɫɚ ɛɟɬɨɧɚ 
B10, ɩɪɢɧɢɦɚɟɦ ܴ௕ = ͹ͷͲͲ ˍʜˏమ. 

 
1,25∙ ͳ ∙ |−ͳ͸͸Ͷ,ͻ͹| ൑ Ͳ,ͻ ∙ ͹ͷͲͲ, 
 
2081,21൑ ͸͹ͷͲ. 
 
6.12.3 Ɋɚɫɱɟɬ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 ோ∙ఊ೎೏ி∙ఊభ೎ ൒  ௡,                                                                                                  (6.122)ߛ

 ܴ = ˎ˒ܩ) + ˄ܩ − ܹ˅ ˊ˅ − ˗ܹ + ܳˊ) ∙ 𝜑݊ܽݐ + ܿ ∙ 𝜔 = ሺͳͻͻͺͳ,͸ͳ + ͸ͺ͵ͷ,ʹͻ −ͳͶ͸ͳ,ͺͳ − ͵͹ʹͳ,ͻ + ͵ͻ,ͶͲሻ ∙ Ͳ,͹Ͷ + ͳͷͲ ∙ ͵͹,ͺ = ʹͳ͹Ͳ͹,͹ʹ ˍʜˏ,                    (6.123) 

 
ɝɞɟ 𝜑 = ͵͸,ͷ଴ − ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; 

c = 150 ̱
ʜˏమ − ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ; 𝜔 − ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ 

1 ɩ.ɦ.: 
 𝜔 = ௡ܤ ∙ ͳ = ͵͹,ͺ ˏଶ,                                                                               (6.124) 
ܨ  = ܶ˅ − ܶː + ܹ˅ ˑˎ + ːܧ = ͳͶ͵Ͳʹ,ͻͺ − ͹͸,ͷ͵ + ͳ͵,͹͹ + ʹ͸,Ͷͺ =ͳͶʹ͸͹ ˍʜˏమ .                                                                                                            (6.125) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɥɨɜɢɟ ɧɚ ɫɞɜɢɝ: 
 ଶଵ଻଴଻,଻ଶ∙଴,ଽଵସଶ଺଻∙ଵ = ͳ,͵͹,  
 
1,37൒ ͳ,ʹͷ. 
 
Ⱥɧɚɥɢɡɢɪɭɹ ɪɚɫɫɱɢɬɚɧɧɵɟ ɞɚɧɧɵɟ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɜɵɛɪɚɧɧɵɣ 

ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ, ɚ ɬɚɤɠɟ 
ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɧɵɦ. Ɂɚɩɚɫ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɩɥɨɬɢɧɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɟ 
ɭɫɬɨɣɱɢɜɨɫɬɶ. 
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7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 
7.1 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 
Ɉɫɧɨɜɧɵɦ ɞɨɤɭɦɟɧɬɨɦ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɞɟɣɫɬɜɢɹ ɩɟɪɫɨɧɚɥɚ ɩɪɢ 

ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɪɢɛɵɜɚɸɳɢɦɢ ɩɨɠɚɪɧɵɦɢ 
ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ, ɭɫɥɨɜɢɹ ɜɜɟɞɟɧɢɹ ɫɢɥ ɢ ɫɪɟɞɫɬɜ ɧɚ ɬɭɲɟɧɢɟ ɩɨɠɚɪɚ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɩɥɚɧ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ 
ɩɥɚɧɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɞɨɥɠɧɵ ɞɨɜɨɞɢɬɶɫɹ ɞɨ ɪɚɛɨɬɧɢɤɨɜ ɜɨ ɜɪɟɦɹ ɡɚɧɹɬɢɣ ɩɨ 
ɩɨɠɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɦɭ ɦɢɧɢɦɭɦɭ ɢ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢɧɫɬɪɭɤɬɚɠɟɣ. 

ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɧɚɪɭɲɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɟɫɭɬ: 
·      ɥɢɰɚ, ɭɩɨɥɧɨɦɨɱɟɧɧɵɟ ɜɥɚɞɟɬɶ, ɩɨɥɶɡɨɜɚɬɶɫɹ ɢɥɢ ɪɚɫɩɨɪɹɠɚɬɶɫɹ 

ɢɦɭɳɟɫɬɜɨɦ ɜ ɬɨɦ ɱɢɫɥɟ ɪɭɤɨɜɨɞɢɬɟɥɢ ɨɪɝɚɧɢɡɚɰɢɣ (ɝɢɞɪɨɝɟɧɟɪɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ, ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ); 

·      ɥɢɰɚ, ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨɪɹɞɤɟ ɧɚɡɧɚɱɟɧɧɵɟ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɡɚ 
ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

·      ɞɨɥɠɧɨɫɬɧɵɟ ɥɢɰɚ ɜ ɩɪɟɞɟɥɚɯ ɢɯ ɤɨɦɩɟɬɟɧɰɢɢ. 
Ɋɭɤɨɜɨɞɢɬɟɥɢ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɣ ɨɪɝɚɧɢɡɚɰɢɢ ɨɛɹɡɚɧɵ: 
·      ɫɨɛɥɸɞɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɹɬɶ 

ɩɪɟɞɩɢɫɚɧɢɹ, ɩɨɫɬɚɧɨɜɥɟɧɢɹ ɢ ɢɧɵɟ ɡɚɤɨɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɞɨɥɠɧɨɫɬɧɵɯ ɥɢɰ 
ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɵ; 

·      ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɦɟɪɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ; 

·      ɩɪɨɜɨɞɢɬɶ ɩɪɨɬɢɜɨɩɨɠɚɪɧɭɸ ɩɪɨɩɚɝɚɧɞɭ, ɚ ɬɚɤɠɟ ɨɛɭɱɚɬɶ ɫɜɨɢɯ 
ɪɚɛɨɬɧɢɤɨɜ ɦɟɪɚɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

·      ɫɨɞɟɪɠɚɬɶ ɜ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɢɫɬɟɦɵ ɢ ɫɪɟɞɫɬɜɚ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ ɡɚɳɢɬɵ, ɜɤɥɸɱɚɹ ɩɟɪɜɢɱɧɵɟ ɫɪɟɞɫɬɜɚ ɬɭɲɟɧɢɹ ɩɨɠɚɪɨɜ, ɧɟ 
ɞɨɩɭɫɤɚɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟ ɩɨ ɧɚɡɧɚɱɟɧɢɸ; 

·      ɨɤɚɡɵɜɚɬɶ ɫɨɞɟɣɫɬɜɢɟ ɩɨɠɚɪɧɨɣ ɨɯɪɚɧɟ ɩɪɢ ɬɭɲɟɧɢɢ ɩɨɠɚɪɨɜ, 
ɭɫɬɚɧɨɜɥɟɧɢɢ ɩɪɢɱɢɧ ɢ ɭɫɥɨɜɢɣ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ 
ɜɵɹɜɥɟɧɢɢ ɥɢɰ, ɜɢɧɨɜɧɵɯ ɜ ɧɚɪɭɲɟɧɢɢ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɨɜ; 

·      ɩɪɟɞɨɫɬɚɜɥɹɬɶ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨɪɹɞɤɟ ɩɪɢ ɬɭɲɟɧɢɢ ɩɨɠɚɪɨɜ ɧɚ 
ɬɟɪɪɢɬɨɪɢɹɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɧɟɨɛɯɨɞɢɦɵɟ ɫɢɥɵ ɢ ɫɪɟɞɫɬɜɚ; 

·      ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨ ɫɨɨɛɳɚɬɶ ɜ ɩɨɠɚɪɧɭɸ ɨɯɪɚɧɭ ɨ ɜɨɡɧɢɤɲɢɯ 
ɩɨɠɚɪɚɯ, ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɢɦɟɸɳɢɯɫɹ ɫɢɫɬɟɦ ɢ ɫɪɟɞɫɬɜ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɣ 
ɡɚɳɢɬɵ, ɨɛ ɢɡɦɟɧɟɧɢɢ ɫɨɫɬɨɹɧɢɹ ɞɨɪɨɝ ɢ ɩɪɨɟɡɞɨɜ; 

ɇɚ ɤɚɠɞɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɚ ɫɥɟɞɭɸɳɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ: 

·      ɨɛɳɚɹ ɢɧɫɬɪɭɤɰɢɹ ɨ ɦɟɪɚɯ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ; 

·      ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɭɱɚɫɬɤɨɜ, ɥɚɛɨɪɚɬɨɪɢɣ, ɦɚɫɬɟɪɫɤɢɯ, ɫɤɥɚɞɨɜ, ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 

·      ɢɧɫɬɪɭɤɰɢɹ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɭɫɬɚɧɨɜɨɤ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 
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·      ɢɧɫɬɪɭɤɰɢɹ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɭɫɬɚɧɨɜɨɤ ɩɨɠɚɪɧɨɣ ɫɢɝɧɚɥɢɡɚɰɢɢ; 
·      ɩɥɚɧ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 
·      ɩɥɚɧɵ ɢ ɝɪɚɮɢɤɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɬɪɟɧɢɪɨɜɨɤ, 

ɨɛɭɱɟɧɢɹ ɢ ɩɪɨɜɟɪɤɢ ɡɧɚɧɢɣ ɩɟɪɫɨɧɚɥɚ, ɬɟɯɧɢɱɟɫɤɨɝɨ ɧɚɞɡɨɪɚ ɡɚ ɫɢɫɬɟɦɚɦɢ 
ɩɨɠɚɪɧɨɣ ɡɚɳɢɬɵ. 

Ʉɚɠɞɵɣ ɪɚɛɨɬɚɸɳɢɣ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɨɛɹɡɚɧ ɡɧɚɬɶ ɢ ɫɨɛɥɸɞɚɬɶ 
ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, ɜ ɞɪɭɝɢɯ 
ɩɨɦɟɳɟɧɢɹɯ ɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ, ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɠɚɪɚ ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɚɬɶ 
ɜɵɲɟɫɬɨɹɳɟɦɭ ɪɭɤɨɜɨɞɢɬɟɥɸ ɢɥɢ ɨɩɟɪɚɬɢɜɧɨɦɭ ɩɟɪɫɨɧɚɥɭ ɨ ɦɟɫɬɟ ɩɨɠɚɪɚ, 
ɩɪɢɧɹɬɶ ɜɨɡɦɨɠɧɵɟ ɦɟɪɵ ɤ ɫɩɚɫɟɧɢɸ ɥɸɞɟɣ, ɢɦɭɳɟɫɬɜɚ ɢ ɩɪɢɫɬɭɩɢɬɶ ɤ 
ɥɢɤɜɢɞɚɰɢɢ ɩɨɠɚɪɚ ɢɦɟɸɳɢɦɢɫɹ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɫ ɫɨɛɥɸɞɟɧɢɟɦ 
ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ȼɫɟ ɪɚɛɨɬɧɢɤɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɥɢɰɚ, ɩɪɢɧɹɬɵɟ ɧɚ 
ɜɪɟɦɟɧɧɭɸ ɪɚɛɨɬɭ, ɭɱɚɳɢɟɫɹ ɢ ɫɬɭɞɟɧɬɵ, ɩɪɨɯɨɞɹɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ 
ɨɛɭɱɟɧɢɟ (ɩɪɚɤɬɢɤɭ), ɞɨɥɠɧɵ ɞɨɩɭɫɤɚɬɶɫɹ ɤ ɪɚɛɨɬɟ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ 
ɜɜɨɞɧɨɝɨ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɢɧɫɬɪɭɤɬɚɠɚ, ɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɩɟɰɢɮɢɤɢ ɪɚɛɨɬɵ 
ɩɪɨɯɨɞɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɭɱɟɧɢɟ ɩɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ ɢ ɬɭɲɟɧɢɸ 
ɜɨɡɦɨɠɧɵɯ ɩɨɠɚɪɨɜ ɜ ɩɨɪɹɞɤɟ, ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɩɨɦɟɳɟɧɢɣ 
ɢ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ ɤɨɧɤɪɟɬɧɵɟ ɢɧɫɬɪɭɤɰɢɢ ɨ ɦɟɪɚɯ 
ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɜɵɜɟɲɢɜɚɸɬɫɹ ɧɚ ɜɢɞɧɨɦ ɦɟɫɬɟ. ɂɧɫɬɪɭɤɰɢɢ 
ɞɨɥɠɧɵ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɫɦɚɬɪɢɜɚɬɶɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ, ɢɡɦɟɧɟɧɢɣ ɬɪɟɛɨɜɚɧɢɣ ɬɟɯɧɢɱɟɫɤɢɯ 
ɪɟɝɥɚɦɟɧɬɨɜ ɢ ɫɬɚɧɞɚɪɬɨɜ, ɩɪɟɞɩɢɫɚɧɢɣ ɨɪɝɚɧɨɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɩɨɠɚɪɧɨɝɨ 
ɧɚɞɡɨɪɚ, ɧɨ ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ 3 ɝɨɞɚ. 

 
7.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 
Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ 
ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɦ ɩɪɢɟɦɚɦ ɪɚɛɨɬ, 
ɜɵɹɜɥɟɧɢɟ ɢ ɭɫɬɪɚɧɟɧɢɟ ɩɪɢɱɢɧ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ, ɩɨɜɵɲɟɧɢɟ 
ɤɭɥɶɬɭɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɪɚɡɪɚɛɨɬɤɚ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-
ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ ɢ 
ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɬɪɚɜɦɚɬɢɡɦɚ ɢ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ.  

ȼ ɝɟɧɟɪɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɹɯ ɪɭɤɨɜɨɞɫɬɜɨ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ 
ɨɪɝɚɧɢɡɚɰɢɸ ɪɚɛɨɬɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɧɚ ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɤɨɦɩɚɧɢɢ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɜɨɡɥɚɝɚɸɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɹ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɪɭɤɨɜɨɞɢɬɟɥɹ ɤɨɦɩɚɧɢɢ, ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ 
(ɮɢɥɢɚɥɨɜ) ɤɨɦɩɚɧɢɢ. 

ɇɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɜɨɡɥɚɝɚɟɬɫɹ 
ɩɟɪɫɨɧɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɢ ɨɛɳɟɟ ɪɭɤɨɜɨɞɫɬɜɨ, ɧɚ ɬɟɯɧɢɱɟɫɤɢɯ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ - ɨɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɬɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 
ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ. 
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ɇɚɞɡɨɪ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɩɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ (ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ) ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɚɧɢɬɚɪɢɢ ɝɟɧɟɪɢɪɭɸɳɢɦɢ ɤɨɦɩɚɧɢɹɦɢ, ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɦɢ 
ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɢ ɩɟɪɫɨɧɚɥɨɦ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɨɫɭɳɟɫɬɜɥɹɸɬ ɨɪɝɚɧɵ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ, ɭɩɨɥɧɨɦɨɱɟɧɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛɥɚɫɬɹɯ 
ɞɟɹɬɟɥɶɧɨɫɬɢ. Ɉɛɳɟɫɬɜɟɧɧɵɣ ɤɨɧɬɪɨɥɶ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɨɯɪɚɧɵ ɬɪɭɞɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɮɫɨɸɡɧɵɦɢ ɨɪɝɚɧɚɦɢ. 

ɇɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɨɪɝɚɧɢɡɚɰɢɸ ɪɚɛɨɬɵ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɞɨɥɠɧɵ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɟɯɧɢɱɟɫɤɢɣ ɪɭɤɨɜɨɞɢɬɟɥɶ Ƚɗɋ, ɪɭɤɨɜɨɞɢɬɟɥɢ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɱɚɫɬɤɨɜ. ɇɚɡɜɚɧɧɵɟ ɥɢɰɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɜɨɢɦɢ 
ɞɨɥɠɧɨɫɬɧɵɦɢ ɢɧɫɬɪɭɤɰɢɹɦɢ ɨɛɹɡɚɧɵ ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɜɟɞɟɧɢɟ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɨɡɞɚɧɢɸ ɛɟɡɨɩɚɫɧɵɯ 
ɭɫɥɨɜɢɣ ɬɪɭɞɚ, ɢɧɫɬɪɭɤɬɚɠ ɢ ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɪɚɛɨɬɵ 
ɢ ɤɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɜɫɟɯ 
ɧɚɩɪɹɠɟɧɢɣ ɩɟɪɫɨɧɚɥ ɢ ɞɪɭɝɢɟ ɥɢɰɚ, ɡɚɧɹɬɵɟ ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɷɬɢɯ 
ɭɫɬɚɧɨɜɨɤ, ɩɪɨɜɨɞɹɳɢɟ ɜ ɧɢɯ ɨɩɟɪɚɬɢɜɧɵɟ ɩɟɪɟɤɥɸɱɟɧɢɹ, ɨɪɝɚɧɢɡɭɸɳɢɟ ɢ 
ɜɵɩɨɥɧɹɸɳɢɟ ɫɬɪɨɢɬɟɥɶɧɵɟ, ɦɨɧɬɚɠɧɵɟ, ɧɚɥɚɞɨɱɧɵɟ, ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ, 
ɢɫɩɵɬɚɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ, ɨɛɹɡɚɧɵ ɜɵɩɨɥɧɹɬɶ ɬɪɟɛɨɜɚɧɢɹ ɧɨɪɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ, 
ɞɟɣɫɬɜɭɸɳɢɯ ɜɜɟɞɟɧɧɵɯ ɭɩɨɥɧɨɦɨɱɟɧɧɵɦɢ ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɜɥɚɫɬɢ 
ɩɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ (ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ), ɋɬɚɧɞɚɪɬɚ, ɋɌɈ Ƚɗɋ (ɦɟɫɬɧɵɯ 
ɢɧɫɬɪɭɤɰɢɣ). 

ɗɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɬɟɯɧɢɱɟɫɤɢ ɢɫɩɪɚɜɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ, 
ɢ ɛɵɬɶ ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɢɫɩɵɬɚɧɧɵɦɢ, ɝɨɬɨɜɵɦɢ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɡɚɳɢɬɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ ɫɪɟɞɫɬɜɚɦɢ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ ɢ ɧɨɪɦɚɦɢ. 

Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɪɚɛɨɬ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɹɜɥɹɸɬɫɹ: 

 Ɉɮɨɪɦɥɟɧɢɟ ɪɚɛɨɬ ɧɚɪɹɞɨɦ-ɞɨɩɭɫɤɨɦ, ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɢɥɢ 
ɩɟɪɟɱɧɟɦ ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɩɨɪɹɞɤɟ ɬɟɤɭɳɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

 ȼɵɞɚɱɚ ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɢ ɧɚ ɞɨɩɭɫɤ ɤ 
ɪɚɛɨɬɟ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɩɭɧɤɬɚ 5.14 ɉɪɚɜɢɥ; 

 Ⱦɨɩɭɫɤ ɤ ɪɚɛɨɬɟ; 
 ɇɚɞɡɨɪ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ; 
 Ɉɮɨɪɦɥɟɧɢɟ ɩɟɪɟɪɵɜɚ ɜ ɪɚɛɨɬɟ, ɩɟɪɟɜɨɞ ɧɚ ɞɪɭɝɨɟ ɦɟɫɬɨ, 

ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ 
 

7.3 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 
Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɫɥɭɠɛɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɑɢɧɟɬɫɤɨɣ Ƚɗɋ 

ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. 
ɉɨɫɥɟɞɫɬɜɢɹ ɚɜɚɪɢɢ ɧɚ Ƚɗɋ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɪɵɜ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ, ɦɨɝɭɬ 
ɛɵɬɶ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɦɢ ɞɥɹ ɪɟɝɢɨɧɚ. 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɨɬ 21 ɢɸɥɹ 1997 ɝɨɞɚ N 117-Ɏ3 
«Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ», ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ 
ɨɛɳɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

 ɨɛɟɫɩɟɱɟɧɢɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ ɪɢɫɤɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ; 

 ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɟɤɥɚɪɚɰɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɣ; 

 ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɮɟɞɟɪɚɥɶɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ ɜ ɨɛɥɚɫɬɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ; 

 ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ; 
 ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɦɟɪ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɢɯ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɫɧɚɳɟɧɢɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɫɪɟɞɫɬɜɚɦɢ ɜ ɰɟɥɹɯ 
ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɡɚ ɢɡ ɫɨɫɬɨɹɧɢɟɦ, ɨɛɟɫɩɟɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɢ ɪɚɛɨɬɧɢɤɨɜ, ɨɛɫɥɭɠɢɜɚɸɳɢɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ; 

 ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɤɨɦɩɥɟɤɫɚ 
ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɪɢɫɤɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɹɯ; 

 ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɞɟɣɫɬɜɢɟ (ɛɟɡɞɟɣɫɬɜɢɟ), ɤɨɬɨɪɵɟ ɩɨɜɥɟɤɥɢ ɡɚ 
ɫɨɛɨɣ ɫɧɢɠɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɣ ɧɢɠɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ. 
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8 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
8.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

 

Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɡɚɝɪɹɡɧɟɧɢɹ ɪɟɤɢ ɂɧɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɫɬɜɨɪɟ ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɭɞɨɛɪɟɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ ɫɟɥɶɫɤɨɦ 
ɯɨɡɹɣɫɬɜɟ. Ⱦɚɧɧɵɟ ɜɟɳɟɫɬɜɚ ɜɫɟɝɞɚ ɩɨɩɚɞɚɸɬ ɜ ɛɥɢɡɥɟɠɚɳɢɟ ɜɨɞɨɬɨɤɢ, ɷɬɨ 
ɩɪɨɢɫɯɨɞɢɬ ɞɚɠɟ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɬɟɯɧɨɥɨɝɢɣ ɜɧɟɫɟɧɢɹ ɭɞɨɛɪɟɧɢɣ ɩɨɫɪɟɞɫɬɜɨɦ 
ɞɨɠɞɟɜɵɯ, ɬɚɥɵɯ ɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɟɥɶɡɹ ɪɚɡɜɨɞɢɬɶ ɩɪɨɦɵɫɥɨɜɵɟ 
ɜɢɞɵ ɪɵɛ ɩɨ ɫɨɫɟɞɫɬɜɭ ɫ ɯɢɦɢɱɟɫɤɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦɢ ɩɨɥɹɦɢ. 

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

Ɋɚɫɬɢɬɟɥɶɧɵɣ ɩɨɤɪɨɜ ɜ ɪɚɣɨɧɟ ɫɬɜɨɪɚ: ɫɤɥɨɧɵ ɝɨɪ ɩɨɤɪɵɬɵ ɩɢɯɬɨɜɵɦɢ ɢ 
ɨɫɢɧɨɜɨ-ɩɢɯɬɨɜɵɦɢ ɜɵɫɨɤɨɬɪɚɜɧɵɦɢ ɥɟɫɚɦɢ ɫ ɭɱɚɫɬɢɟɦ ɜ ɬɪɚɜɹɧɨɦ ɩɨɤɪɨɜɟ 
ɧɟɦɨɪɚɥɶɧɨɝɨ ɲɢɪɨɤɨɬɪɚɜɶɹ ɢ ɯɨɪɨɲɨ ɜɵɪɚɠɟɧɧɵɦ ɩɨɞɥɟɫɤɨɦ. ȼ ɩɨɞɥɟɫɤɟ 
ɨɫɢɧɨɜɨ-ɩɢɯɬɨɜɵɯ ɥɟɫɨɜ ɝɨɫɩɨɞɫɬɜɭɸɬ ɱɟɪɟɦɭɯɚ, ɬɚɜɨɥɝɚ ɫɪɟɞɧɹɹ, ɪɹɛɢɧɚ, 
ɦɚɥɢɧɚ, ɫɦɨɪɨɞɢɧɚ ɤɨɥɨɫɢɫɬɚɹ  ɢ ɱɟɪɧɚɹ. ɇɚ ɝɪɚɧɢɰɟ ɫ ɫɭɛɚɥɶɩɢɣɫɤɢɦ ɩɨɹɫɨɦ 
ɪɚɡɜɢɬɵ ɤɟɞɪɨɜɵɟ ɪɟɞɤɨɥɟɫɬɶɹ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɞɟɥɶɧɵɟ ɝɪɭɩɩɵ 
ɞɟɪɟɜɶɟɜ, ɩɟɪɟɦɟɠɚɸɳɢɟɫɹ ɭɱɚɫɬɤɚɦɢ ɫɭɛɚɥɶɩɢɣɫɤɢɯ ɥɭɝɨɜ. ȼ ɞɨɥɢɧɚɯ ɪɟɤ, ɩɨ 
ɫɭɯɢɦ ɫɤɥɨɧɚɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɬɟɩɧɵɟ ɤɭɫɬɚɪɧɢɤɨɜɵɟ ɮɨɪɦɚɰɢɢ; ɜ 
ɩɪɢɪɭɫɥɨɜɨɣ ɱɚɫɬɢ ɪɚɡɜɢɬɵ ɞɨɥɢɧɧɵɟ ɨɫɬɟɩɧɟɧɧɵɟ ɪɚɡɧɨɬɪɚɜɧɨ-ɡɥɚɤɨɜɵɟ ɥɭɝɚ. 

ȼ ɪɚɣɨɧɟ ɩɥɨɳɚɞɤɢ  ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɑɢɧɟɬɫɤɨɝɨ Ƚɍ ɨɛɢɬɚɟɬ: ɦɚɪɚɥ, ɥɨɫɶ, 
ɦɟɞɜɟɞɶ, ɪɵɫɶ, ɢɡ ɤɭɧɶɢɯ ɷɬɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɨɛɨɥɶ, ɢɡ ɝɪɵɡɭɧɨɜ – 
ɨɛɵɤɧɨɜɟɧɧɚɹ ɛɟɥɤɚ, ɡɚɹɰ-ɛɟɥɹɤ, ɚɡɢɚɬɫɤɢɣ ɛɭɪɭɧɞɭɤ, ɚ ɬɚɤɠɟ ɬɚɤɢɟ 
ɷɜɪɢɬɨɩɧɵɟ ɜɢɞɵ, ɤɚɤ ɝɨɪɧɨɫɬɚɣ, ɤɨɥɨɧɨɤ, ɥɢɫɢɰɚ, ɜɨɥɤ. ɂɡ ɦɟɥɤɢɯ 
ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɜ ɥɟɫɧɵɯ ɭɱɚɫɬɤɚɯ, ɩɟɪɟɥɟɫɤɚɯ ɫ ɤɭɫɬɚɪɧɢɤɚɦɢ ɞɨɦɢɧɢɪɭɸɬ 
ɨɛɵɤɧɨɜɟɧɧɚɹ ɢ ɤɪɚɫɧɚɹ ɩɨɥɟɜɤɢ, ɥɟɫɧɚɹ ɦɵɲɶ, ɟɫɬɶ ɜɨɫɬɨɱɧɨɚɡɢɚɬɫɤɚɹ ɦɵɲɶ, 
ɭɡɤɨɱɟɪɟɩɧɚɹ, ɤɪɚɫɧɨ-ɫɟɪɚɹ ɢ ɬɟɦɧɚɹ ɩɨɥɟɜɤɢ. ȼ ɥɟɫɧɵɯ ɛɟɪɟɡɨɜɨ-
ɥɢɫɬɜɟɧɧɢɱɧɵɯ ɧɢɡɤɨɝɨɪɶɹɯ ɝɧɟɡɞɹɬɫɹ ɱɟɪɧɵɣ ɤɨɪɲɭɧ, ɨɛɵɤɧɨɜɟɧɧɵɣ ɤɚɧɸɤ, 
ɩɟɪɟɩɟɥɹɬɧɢɤ, ɨɛɵɤɧɨɜɟɧɧɚɹ ɩɭɫɬɟɥɶɝɚ, ɱɟɝɥɨɤ, ɜɨɪɨɧ, ɞɥɢɧɧɨɯɜɨɫɬɚɹ ɧɟɹɫɵɬɶ, 
ɭɲɚɫɬɚɹ ɫɨɜɚ, ɨɛɵɤɧɨɜɟɧɧɚɹ ɢ ɝɥɭɯɚɹ ɤɭɤɭɲɤɢ, ɛɨɥɶɲɚɹ ɝɨɪɥɢɰɚ, ɤɥɢɧɬɭɯ, 
ɜɟɪɬɢɲɟɣɤɚ, ɞɹɬɥɵ – ɠɟɥɧɚ, ɫɟɞɨɣ, ɩɟɫɬɪɵɣ, ɛɟɥɨɫɩɢɧɧɵɣ ɢ ɦɚɥɵɣ.  

ɂɡ ɪɟɫɭɪɫɧɵɯ ɜɢɞɨɜ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɫɨɯɪɚɧɟɧɢɟ ɤɨɫɭɥɢ, ɥɨɫɹ, ɞɨ 
ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ ɦɚɪɚɥɚ, ɛɨɛɪɚ, ɚɦɟɪɢɤɚɧɫɤɨɣ ɧɨɪɤɢ, ɬɟɬɟɪɟɜɚ, ɫɟɪɨɣ 
ɤɭɪɨɩɚɬɤɢ.  
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ȼɨɡɞɟɣɫɬɜɢɟ ɑɢɧɟɬɫɤɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ ɜ 
ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɚɧɰɢɢ. 

 
8.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɑɢɧɟɬɫɤɨɝɨ Ƚɍ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɪɚɛɨɬ: 
-  ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ 120 000 ˏ ଷ; 
-  ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
-  ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
-  ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
-  ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ; 
- ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
- ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɨɫɟɥɤɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  
ȼ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ 

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

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

ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɩɪɨɰɟɫɫɚɦɢ: 

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

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

ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɂɧɢ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɑɢɧɟɬɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ; 
4.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɹ 

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

Ɋɵɛɨɨɯɪɚɧɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ: 
- ɪɚɫɱɟɬ ɜɨɡɦɨɠɧɨɝɨ ɭɳɟɪɛɚ ɪɵɛɧɨɦɭ ɯɨɡɹɣɫɬɜɭ ɨɬ ɫɨɡɞɚɧɢɹ 

ɜɨɞɨɯɪɚɧɢɥɢɳɚ;  
- ɜɵɛɨɪ ɜɢɞɨɜ ɪɵɛ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɦɵɫɥɨɜɵɯ ɫɬɚɞ, ɢɫɯɨɞɹ ɢɡ 

ɩɪɢɪɨɞɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɛɭɞɭɳɟɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɟɝɨ ɤɨɪɦɧɨɫɬɢ; 
 - ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɚ ɰɟɧɧɵɯ 

ɩɪɨɦɵɫɥɨɜɵɯ ɪɵɛ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ;  
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- ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɵɛɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ. 

 
8.3  Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ  
 
Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɜɨɞɨɯɪɚɧɢɥɢɳ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ɋɬɚɧɞɚɪɬɪɦ ɨɪɝɚɧɢɡɚɰɢɢ 
«Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ. Ɉɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɇɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ» (ɞɚɥɟɟ – ɫɬɚɧɞɚɪɬ) 
ɪɚɡɪɚɛɨɬɚɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɨɬ 27.12. 2002 
№ 184 – ɎɁ «Ɉ ɬɟɯɧɢɱɟɫɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ»., ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ 
ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ: 

- ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɚɧɢɬɚɪɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ ɜ ɡɨɧɟ ɜɨɞɨɯɪɚɧɢɥɢɳ;  

- ɦɚɬɟɪɢɚɥɵ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɢ ɡɨɧɵ ɟɝɨ ɜɥɢɹɧɢɹ;  

- ɩɪɨɝɧɨɡɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɨɣ, ɩɚɪɚɡɢɬɨɥɨɝɢɱɟɫɤɨɣ 
ɨɛɫɬɚɧɨɜɤɢ, ɜɤɥɸɱɚɹ ɨɠɢɞɚɟɦɨɟ ɢɡɦɟɧɟɧɢɟ ɜɵɩɥɨɞɚ ɝɧɭɫɚ ɜ ɫɜɹɡɢ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɟɥɤɨɜɨɞɧɵɯ ɡɚɬɨɩɥɟɧɢɣ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ;  

- ɩɪɨɝɧɨɡ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɩɨɫɥɟ ɫɨɡɞɚɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɋɚɛɨɬɵ ɩɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳ ɞɨɥɠɧɵ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ: 

 - ɨɪɝɚɧɢɡɚɰɢɸ ɩɨɥɢɝɨɧɨɜ ɩɨ ɡɚɯɨɪɨɧɟɧɢɸ ɨɬɯɨɞɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ 
ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɟ;  

- ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɡɚɫɬɪɨɣɤɢ (ɩɨɫɥɟ ɜɵɧɨɫɚ ɫɬɪɨɟɧɢɣ ɧɚɫɟɥɟɧɧɵɯ 
ɩɭɧɤɬɨɜ) ɨɬ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɭɫɨɪɚ ɢ ɞɪɭɝɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ 
ɡɚɝɪɹɡɧɟɧɢɣ;  

- ɫɚɧɢɬɚɪɧɚɹ ɨɛɪɚɛɨɬɤɚ ɦɟɫɬ ɦɚɫɫɢɜɧɨɝɨ ɢ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ;  
- ɩɨɞɝɨɬɨɜɤɚ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɜɧɨɜɶ 

ɫɨɨɪɭɠɚɟɦɵɯ ɜɨɞɨɡɚɛɨɪɨɜ; 
 ɨɱɢɫɬɤɚ ɨɬ ɞɪɟɜɟɫɧɨɣ ɢ ɤɭɫɬɚɪɧɢɤɨɜɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ; 

Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɞɚɧɧɵɣ ɩɟɪɢɨɞ:  
1 Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ:        

 1.1 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɩɪɟɞɟɥɶɧɨ-
ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɉȾȼ) ;    
 1.2 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɨɛɪɚɡɨɜɚɧɢɹ 
ɨɬɯɨɞɨɜ ɢ ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ (ɉɇɈɈɅɊ);     
 1.3 Ɋɚɡɪɚɛɨɬɤɚ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ 
ɫɛɪɨɫɨɜ (ɇȾɋ) ɜɟɳɟɫɬɜ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ;   
 1.4 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ;          
 1.5 ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɫɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ 
ɨɛɴɟɤɬɵ;   
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1.6 Ɉɮɨɪɦɥɟɧɢɟ Ɋɟɲɟɧɢɹ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɜ 
ɩɨɥɶɡɨɜɚɧɢɟ ɜ ɰɟɥɹɯ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɢɥɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ;    
 1.7 Ɋɚɫɱɟɬ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɜɧɟɫɟɧɢɟ ɩɥɚɬɵ ɡɚ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ;        1.8
 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. 

2 ɋɚɧɢɬɚɪɧɨ- ɬɟɯɧɢɱɟɫɤɢɟ:       
 2.1 Ɋɚɡɞɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɩɨ ɜɢɞɚɦ ɨɬɯɨɞɨɜ ɢ 
ɤɥɚɫɫɚɦ ɨɩɚɫɧɨɫɬɢ;          
 2.2 Ɋɚɡɦɟɳɟɧɢɟ ɨɬɯɨɞɨɜ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨɥɢɝɨɧɚɯ ;   
 2.3 ɉɟɪɟɞɚɱɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɦɚ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, 
ɨɬɯɨɞɨɜ ɤɚɛɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ;        
 2.4 ɉɟɪɟɞɚɱɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ;        
 2.5 ɍɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɩɟɪɟɞɚɱɢ ɨɬɯɨɞɨɜ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ 
ɜ ɠɭɪɧɚɥɚɯ;           

2.6 Ɉɪɝɚɧɢɡɚɰɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ  ɧɨɪɦɚɬɢɜɨɜ 
ɉȾȼ  

2.7 Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɫɬɨɱɧɵɯ , 
ɞɪɟɧɚɠɧɵɯ ɢ ɩɪɢɪɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ;      

2.8 ɋɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ;  
 2.9 ɉɟɪɟɞɚɱɚ ɯɨɡɹɣɫɬɜɟɧɧɨ ɛɵɬɨɜɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ;     2.10 Ɉɪɝɚɧɢɡɚɰɢɹ 
ɫɬɨɹɧɨɤ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɫɩɟɰɢɚɥɶɧɨ- ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɦɟɫɬɚɯ , ɢɦɟɸɳɢɯ 
ɬɜɟɪɞɨɟ ɩɨɤɪɵɬɢɟ . 

 
8.4 Ɉɬɯɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɛɨɥɶɲɨɣ 

ɨɛɴɟɦ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ, ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ: 

Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ: 
 M = N∙qଵ଴଴% ∙ ρ = ହଶଷଵସଷ∙ଵ,଼ଵ଴଴% ∙ ʹ,ͷ = ʹ͵ͷͶͳ ˕,                                                   (8.1) 

 
ɝɞɟ N- ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 (523143 ɦ3) q- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (q =1,8%) ρ- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (ρ =2,5 ɬ/ɦ3) 
 

Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 
ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ 

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

 M = N∙qଵ଴଴% = ଼଴∙ଵ,଴ଵ଴଴% ∙ ʹ,Ͳ = ͳ,͸ ˕                                                                     (8.2) 

 
ɝɞɟ N- ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ (80 ɬ); q- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (q =1,0%); ρ- ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3 (ρ =2,0 ɬ/ɦ3). 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 23541 ɬ ɥɨɦɚ 
ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 1,6 ɬ ɨɬɯɨɞɨɜ ɱɟɪɧɵɯ 
ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɡɟɧɵ ɧɚ 
ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ ɦɟɬɚɥɥɚ 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɢɦɟɸɳɟɣ ɥɢɰɟɧɡɢɸ 
ɧɚ ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, ɬɚɤ ɤɚɤ 
ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
8.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 

 ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɑɢɧɟɬɫɤɨɝɨ Ƚɍ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 

1) ɋɛɪɨɫɨɦ ɫɬɨɱɧɵɯ (ɞɪɟɧɚɠɧɵɯ, ɞɨɠɞɟɜɵɯ ɢ ɬɚɥɵɯ) ɜɨɞ; 
2) ȼɵɛɪɨɫɚɦɢ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ: ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ ɞɢɡɟɥɶ- 

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

3) Ɉɛɪɚɡɨɜɚɧɢɟɦ ɨɬɯɨɞɨɜ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɟɯɨɛɫɥɭɠɢɜɚɧɢɢ ɢ 
ɬɟɤɭɳɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ; 

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

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

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

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

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
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 ɂɧɹ ɨɬ ɫɛɪɨɫɨɜ ɑɢɧɟɬɫɤɨɣ 
Ƚɗɋ ɧɢɠɟ ɩɨ ɬɟɱɟɧɢɸ ɪɟɤɢ.  
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Ɋɟɠɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ (ɁɋɈ) 
ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɨɫɟɥɤɚ ɑɢɧɟɬɚ, ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɦɩɥɨɳɚɞɨɤ ɨɛɴɟɤɬɨɜ 
ɑɢɧɟɬɫɤɨɣ Ƚɗɋ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɚɧɉɢɇ 2.1.4.1110-02 : 

- ɜ ɩɟɪɜɨɦ ɩɨɹɫɟ ɁɋɈ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɫɩɭɫɤ ɥɸɛɵɯ ɫɬɨɱɧɵɯ ɜɨɞ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɫɬɨɱɧɵɯ ɜɨɞ ɜɨɞɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ; 

- ɜɵɹɜɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɫ 
ɪɚɡɪɚɛɨɬɤɨɣ ɤɨɧɤɪɟɬɧɵɯ ɜɨɞɨɨɯɪɚɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ , ɨɛɟɫɩɟɱɟɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɦ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ, ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɢ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɫ 
ɰɟɧɬɪɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɞɡɨɪɚ; 
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9 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ  
 

9.1 Ɉɰɟɧɤɚ ɨɛɴёɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 

Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 9.1 
 
Ɍɚɛɥɢɰɚ 9.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2024 2025 2026 2027 2028 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ 

ɦɨɳɧɨɫɬɶ 
Ɇȼɬ 306 339 339 339 339 

ɑɢɫɥɨ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɑɚɫɵ 6737 6737 6737 6737 6737 ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 
ȼɵɪɚɛɨɬɤɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
Ɇȼɬ*ɱ 2035458 2220500 2220500 2220500 2220500 

Ɋɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ % 1 1 1 1 1 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
Ɋɚɫɯɨɞ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ɇȼɬ*ɱ 20355 22205 22205 22205 22205 
ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
Ɇȼɬ*ɱ 2015103 2198295 2198295 2198295 2198295 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

Ɍɚɪɢɮ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

ɪɭɛ/ 
Ɇȼɬ*ɱ 

1143 1175 1206 1235 1262 

ȼɵɪɭɱɤɚ ɨɬ 
ɪɟɚɥɢɡɚɰɢɢ ɦɥɧ.ɪɭɛ. 2303,3 2583 2651,1 2714,9 2774,2 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 383,9 430,5 441,9 452,5 462,3 
 
Ⱥɧɚɥɢɡɢɪɭɹ ɬɚɛɥɢɰɭ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚɜɢɫɢɬ ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɬɚɪɢɮɚ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 
 Ⱦɢɧɚɦɢɤɚ ɜɵɪɭɱɤɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9.1. 
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Ɋɢɫɭɧɨɤ 9.1 – Ƚɪɚɮɢɤ ɞɢɧɚɦɢɤɢ ɜɵɪɭɱɤɢ ɨɬ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɦɥɧ. ɪɭɛ. 

 
9.2Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 

 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ȿɞɢɧɵɯ 

ɫɰɟɧɚɪɧɵɯ ɭɫɥɨɜɢɣ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042ɝɝ. (ɩɪɢɤɚɡ «ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9) ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɧɢɮɢɤɚɰɢɢ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɝɨɪɢɡɨɧɬ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɜɫɟɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», 
ɞɨɱɟɪɧɢɦɢ ɢ ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɞɨɱɟɪɧɢɦɢ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɛɳɟɫɬɜɚɦɢ ȾɁɈɈȺɈ «ɊɭɫȽɢɞɪɨ». 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɟɱɟɧɶ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɣ ɢ ɞɨɩɭɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɩɨɞɝɨɬɨɜɤɢ ɪɚɫɱɟɬɨɜ ɜ ɪɚɦɤɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ 
ɫɪɟɞɧɟɫɪɨɱɧɭɸ ɢ ɞɨɥɝɨɫɪɨɱɧɭɸ ɩɟɪɫɩɟɤɬɢɜɭ, ɜɤɥɸɱɚɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ 
ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ. 

Ɂɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɦɢ 
ɪɚɫɯɨɞɚɦɢ, ɷɬɨ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɪɚɛɨɬ ɢɥɢ ɭɫɥɭɝ. 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɬɚɤ ɤɚɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ 
ɩɪɨɞɭɤɰɢɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɨɜ, 
ɨɤɚɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
 ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
 ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
 ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
 ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
 ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 

2000

2500

3000

3500

4000

4500

2020 2025 2030 2035 2040 2045 2050

ȼɵ
ɪɭ

ɱɤ
ɚ,

 ɦ
ɥɧ

.ɪ
ɭɛ

 

Ƚɨɞ 



100 

 

 ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɨɪɦɨɣ ɚɦɨɪɬɢɡɚɰɢɢ. 
Ɋɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɪɚɡɦɟɪɟ (ɨɬ ɫɭɦɦɵ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ 
ɨɛɴɟɤɬɨɜ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɰɟɥɟɣ ɫɬɪɚɯɨɜɚɧɢɹ, 
ɫ ɭɱɟɬɨɦ ɩɪɢɪɨɫɬɚ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚ ɢɫɬɟɤɲɢɣ ɩɟɪɢɨɞ ɨɬ ɞɚɬɵ ɩɨɫɥɟɞɧɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ): 0,08%. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.2. 
 

Ɍɚɛɥɢɰɚ 9.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ  

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɋɬɚɜɤɚ, 

ɬɵɫ.ɪɭɛ/Ɇɜɬ 
 ɋɭɦɦɚ, 
ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 85,2 

ɉɪɨɱɢɟ 274 91,5 

ɂɬɨɝɨ ɩɨ Ƚɗɋ - 176,7 

 
ɂɡ ɬɚɛɥɢɰɵ 9.2 ɜɢɞɧɨ, ɱɬɨ ɞɨɥɹ ɩɪɨɱɢɯ ɪɚɫɯɨɞɨɜ ɢ ɡɚɬɪɚɬ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 

ɫɨɩɨɫɬɚɜɢɦɚ 
ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.3. 
 

Ɍɚɛɥɢɰɟ 9.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ ɩɪɨɰɟɧɬɚɯ 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, 
Ɇȼɬ 

ɗɬɚɩɵ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɨɟɤɬɚ, ɥɟɬ 

ɨɬ 1 ɞɨ 5 
ɨɬ 6 ɞɨ 

15 
ɨɬ 16 
ɞɨ 25 

ɫɜɵɲɟ 
25 

ɨɬ 100 Ɇȼɬ ɞɨ 399 Ɇȼɬ 0,06% 0,09% 0,14% 0,20% 

 
Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 9.4. 
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Ɍɚɛɥɢɰɚ 9.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ  ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

ɈȺɈ «ɋɈ – ȿɗɋ» 135,38ɬɵɫ.ɪɭɛ/Ɇɜɬ 45,2 
ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ 

ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0.001097ɬɵɫ.ɪɭɛ/Ɇɜɬ ∙ ɱ 3,17 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ 
ɪɚɫɱɟɬɨɜ) 0.000318ɬɵɫ.ɪɭɛ/Ɇɜɬ ∙ ɱ 0,92 

ɂɬɨɝɨ 49,3 
 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ*ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 
ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ ɂɧɹ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 

Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 9.5. 

 
Ɍɚɛɥɢɰɚ 9.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2024 2025 2026 2027 2028 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ. 39,6 74,5 117,5 117,5 117,5 

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, 
ɦɥɧ.ɪɭɛ. 30,2 59,6 88,5 87,4 86,2 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɦɥɧ.ɪɭɛ. 162 176,7 176,7 176,7 176,7 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, 

ɦɥɧ.ɪɭɛ. 
1,9 3,7 8,3 8,2 8,1 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, 

ɦɥɧ.ɪɭɛ. 
45,2 49,3 49,3 49,3 49,3 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ. 11,5 13,9 13,9 13,9 13,9 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 290,4 377,7 453,9 452,9 451,7 

 
Ⱥɧɚɥɢɡɢɪɭɹ ɬɚɛɥɢɰɭ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 

ɡɚɜɢɫɹɬ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɪɚɫɯɨɞɨɜ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɢ ɪɚɫɯɨɞɨɜ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ ɧɚ ɪɢɫɭɧɤɟ 9.2.  
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Ɋɢɫɭɧɨɤ 9.2 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɪɨɰɟɧɬɚɯ 

 
ɇɚ ɞɢɚɝɪɚɦɦɟ ɜɢɞɧɨ, ɧɚɢɛɨɥɶɲɢɦɢ ɹɜɥɹɸɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, 

ɩɨɬɨɦɭ ɱɬɨ ɧɚ Ƚɗɋ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ. 

 
9.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

ɡɚɜɟɪɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ƚɗɋ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɬɱɢɫɥɹɟɬɫɹ ɜ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ.  

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
 ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
 ɇȾɋ – 20%; 
 ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
 ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
 ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ*ɱ – 4,8 ɪɭɛ. 

ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 9.6. 

 
Ɍɚɛɥɢɰɚ 9.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2029 2030 2031 2032 2033 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ. 537,9 552,5 566,8 583,7 601,6 

ɇȾɋ, ɦɥɧ.ɪɭɛ. 639,8 653,8 667,7 681,9 696,1 

ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ 
ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ. 28,1 28,1 28,1 28,1 28,1 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, 
ɦɥɧ.ɪɭɛ. 195,7 193,1 190,6 187,9 185,4 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ. 1401,5 1427,8 1453,2 1481,7 1511,3 

26% 

19% 39% 

2% 11% 

3% 1

2

3

4

5

6

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ 
Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ 
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ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ (ɬɚɛɥɢɰɚ 1.6) ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɬɨɦ, ɱɬɨ ɪɨɫɬ ɧɚɥɨɝɨɜɵɯ ɪɚɫɯɨɞɨɜ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɭɜɟɥɢɱɟɧɢɹ ɇȾɋ ɢ ɧɚɥɨɝɚ 
ɧɚ ɩɪɢɛɵɥɶ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 
ɞɢɚɝɪɚɦɦɵ ɧɚ ɪɢɫɭɧɤɟ 9.3. 

 

 
Ɋɢɫɭɧɨɤ 9.3– ɋɬɪɭɤɬɭɪɚ ɧɚɥɨɝɨɜ ɜ ɩɪɨɰɟɧɬɚɯ 

 
ɉɨ ɞɢɚɝɪɚɦɦɟ ɜɢɞɧɨ, ɱɬɨ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɧɚɥɨɝɨɜɵɯ ɪɚɫɯɨɞɨɜ ɡɚɧɢɦɚɟɬ 

ɧɚɥɨɝ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ (ɇȾɋ) ɢ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ. 
 
9.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 

ɦɨɳɧɨɫɬɢ 
 
ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɟё ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 9.7. 
ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɩɨ ɩɪɨɟɤɬɭ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.4. Ⱥɧɚɥɢɡ 
ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 9.5. 

 
Ɍɚɛɥɢɰɚ 9.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2026 2027 2028 2029 2030 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɧ.ɪɭɛ. 2994,4 3066 3138,2 3204,5 3275,7 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɧ.ɪɭɛ. 453,7 452,9 451,7 450,5 449,2 
EBIT(ɩɪɢɛɵɥɶ ɨɬ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɧ.ɪɭɛ. 3593,3 3679,2 3765,8 3845,4 3930,8 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, 
ɦɥɧ.ɪɭɛ. 718,7 735,8 753,2 769,1 786,2 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɧ.ɪɭɛ. 2874,7 2943,4 3012,7 3076,4 3144,7 
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ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ ɠɢɡɧɢ ɩɪɨɟɤɬɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɵɣ 

ɪɨɫɬ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ. 
 

 
Ɋɢɫɭɧɨɤ 9.4 – ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɩɨ ɩɪɨɟɤɬɭ, ɦɥɧ. ɪɭɛ. 

 

 
Ɋɢɫɭɧɨɤ 9.5 – Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ, ɦɥɧ.ɪɭɛ. 
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ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɜɧɚɱɚɥɟ ɩɪɨɟɤɬ ɭɛɵɬɨɱɧɵɣ, ɬɚɤ ɤɚɤ ɧɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɨɛɨɪɭɞɨɜɚɧɢɟ, ɢ ɡɚɪɩɥɚɬɵ  ɧɟɨɛɯɨɞɢɦɵ ɞɟɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɨ 
ɩɪɢɛɵɥɢ ɟɳɟ ɧɟɬ. 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɧɚɱɚɥɨɫɶ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ, 
ɩɪɨɟɤɬ ɧɚɱɢɧɚɟɬ ɩɪɢɧɨɫɢɬɶ ɩɪɢɛɵɥɶ ɢ ɩɨɤɪɵɜɚɬɶ ɩɪɟɞɵɞɭɳɢɟ ɡɚɬɪɚɬɵ. ɉɪɨɟɤɬ 
ɨɤɭɩɢɬɫɹ ɜ 2029 ɝɨɞɭ, ɬ.ɟ. ɱɟɪɟɡ 8 ɥɟɬ ɩɨɫɥɟ ɧɚɱɚɥɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

 
9.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 

  
Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ Ɂɚɤɚɡɱɢɤɚ 
(ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ 
ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042ɝɝ.»)  

 
9.6 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɬɚɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ 
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 2017-2042ɝɝ.» 

Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert, ɮɢɪɦɵ ExpertSystems.  

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɞɥɹ ɑɢɧɟɬɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 30 ɥɟɬ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɧɚ 1 ɤɜ. 2021 ɝɨɞɚ. 

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

ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ 
ɪɚɫɱёɬ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.8. 

 
Ɍɚɛɥɢɰɚ 9.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ «ɑɢɧɟɬɫɤɨɣ Ƚɗɋ 
ɧɚ ɪɟɤɟ ɂɧɹ»  

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,6 

ɉɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ - DPB, ɦɟɫ 97 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ.ɪɭɛ 6440 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ. 1,81 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ - IRR, % 18,75 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ.ɷɧɟɪɝɢɢ, ɪɭɛ/Ʉɜɬ*ɱ 0.15 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/Ʉɜɬ 135509 

 
ɉɪɨɟɤɬ ɨɤɭɩɚɟɬɫɹ ɡɚ ɫɪɨɤ ɜ 97 ɦɟɫɹɰɟɜ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɧ ɨɤɭɩɢɬɫɹ 

ɡɚɞɨɥɝɨ ɞɨ ɨɤɨɧɱɚɧɢɹ ɫɪɨɤɚ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ 30 ɥɟɬ. 
ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 1,81- ɷɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ Ƚɗɋ ɹɜɥɹɟɬɫɹ 
ɞɨɫɬɚɬɨɱɧɨ ɩɪɢɛɵɥɶɧɨɣ ɢ ɩɟɪɫɩɟɤɬɢɜɧɨɣ. 

 
9.8 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 9.9. 

 
Ɍɚɛɥɢɰɚ 9.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 2028 2029 2030 2031 2032 

ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 1167,7 1219,7 1248,5 1276,5 1307,6 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.Ɋɭɛɥɟɣ 198,3 195,7 193,1 190,5 187,9 

ɂɬɨɝɨ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ, ɦɥɧ.Ɋɭɛɥɟɣ 1365,9 1415,4 1441,6 1467,1 1495,5 

 
ɂɡ ɬɚɛɥɢɰɵ 9.9 ɜɢɞɧɨ, ɱɬɨ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɧɚɥɨɝɨɜɵɯ ɩɨɫɬɭɩɥɟɧɢɣ 

ɫɨɫɬɚɜɥɹɸɬ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɫɤɥɚɞɵɜɚɸɳɢɟɫɹ ɢɡ ɜɨɞɧɨɝɨ 
ɧɚɥɨɝɚ, ɧɚɥɨɝɚ ɧɚ ɞɨɛɚɜɥɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ, ɜɡɧɨɫɨɜ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɢ 
ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ. Ɇɟɧɶɲɭɸ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɸɬ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɪɟɝɢɨɧɚɥɶɧɵɣ 
ɛɸɞɠɟɬ, ɩɨɬɨɦɭ ɱɬɨ ɨɧɚ ɮɨɪɦɢɪɭɟɬɫɹ ɢɡ ɧɚɥɨɝɚ ɧɚ ɢɦɭɳɟɫɬɜɨ. 
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9.9 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 

Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɢɫɤɨɜ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ - ɦɟɬɨɞ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɢɧɚɧɫɨɜɨɣ 
ɦɨɞɟɥɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɤɚɡɚɬɟɥɶ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢɱɢɧɵ 
ɩɪɨɝɧɨɡɧɨɝɨ ɬɚɪɢɮɚ ɤ ɢɡɦɟɧɟɧɢɹɦ: 

ɚ) ɋɬɚɜɤɢ ɧɚɥɨɝɨɜ; 
ɛ) ɐɟɧɵ ɫɛɵɬɚ; 
ɜ) ɋɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ;  
 
Ⱥɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ PI ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: ɫɬɚɜɤɟ ɧɚɥɨɝɨɜ, ɰɟɧɟ 

ɫɛɵɬɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ -10 ɞɨ 10%. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 9.6 – 9.8. 

 
Ɋɢɫɭɧɨɤ 9.6 – ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ PI ɨɬ ɫɬɚɜɤɢ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ 

 
ɂɡ ɪɢɫɭɧɤɚ 9.6 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɧɢɠɟɧɢɢ ɫɬɚɜɤɢ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ 

ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɩɪɢɛɵɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɬ.ɤ. ɭɛɵɥɶ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ 
ɫɧɢɠɚɟɬɫɹ.  ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɚɜɤɢ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɭɛɵɥɶ ɫɪɟɞɫɬɜ 
ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɫɧɢɠɟɧɢɟ ɩɪɢɛɵɥɢ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɢɧɞɟɤɫɚ 
ɩɪɢɛɵɥɶɧɨɫɬɢ. 

ɂɡɦɟɧɟɧɢɟ ɢɧɞɟɤɫɚ ɩɪɢɛɵɥɶɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ 
ɫɛɵɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.7 
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Ɋɢɫɭɧɨɤ 9.7 – ɂɡɦɟɧɟɧɢɟ ɢɧɞɟɤɫɚ ɩɪɢɛɵɥɶɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
ɂɡ ɪɢɫɭɧɤɚ 9.7 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɧɢɠɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ, ɩɪɨɢɫɯɨɞɢɬ 

ɫɧɢɠɟɧɢɟ ɩɪɢɛɵɥɶɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɬ.ɤ. ɭɜɟɥɢɱɟɧɢɟ ɫɪɟɞɫɬɜ ɡɚ ɫɱɟɬ ɩɪɨɞɚɠɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ ɫɧɢɠɚɟɬɫɹ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ 
ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɩɪɢɛɵɥɢ ɨɬ ɩɪɨɞɚɠɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɪɚɫɬɟɬ ɩɨɥɭɱɚɟɦɚɹ ɩɪɢɛɵɥɶ, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɧɞɟɤɫɚ 
ɩɪɢɛɵɥɶɧɨɫɬɢ. 

ɂɡɦɟɧɟɧɢɟ ɢɧɞɟɤɫɚ ɩɪɢɛɵɥɶɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.8 

 

 
Ɋɢɫɭɧɨɤ 9.8 – ɂɡɦɟɧɟɧɢɟ ɢɧɞɟɤɫɚ ɩɪɢɛɵɥɶɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
 

ɂɡ ɪɢɫɭɧɤɚ 9.8 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɪɟɞɫɬɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɨɬ ɩɪɨɞɚɠɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
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10 ɇɚɜɟɞёɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢ ɡɚɳɢɬɚ ɨɬ ɧɟɝɨ 
 
ɇɚɜɟɞёɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ – ɷɬɨ ɧɚɩɪɹɠɟɧɢɟ ɛɨɥɶɲɟ 25 ȼ ɜɨɡɧɢɤɚɸɳɟɟ ɧɚ 

ɨɬɤɥɸɱɟɧɧɨɦ ɩɪɨɜɨɞɧɢɤɟ ɩɪɢ ɟɝɨ ɧɚɯɨɠɞɟɧɢɢ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɞɪɭɝɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɤɨɬɨɪɵɣ ɜɤɥɸɱɟɧ. 

ɇɚɜɟɞɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: 
 ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɚɹ ˔ܷ˕˃˕; 
 ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ܷˏ˃ˆː. 
 
ɂ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɢɯ: 
 
 ܷː˃˅ˈˇ = ˔ܷ˕˃˕ + ܷˏ˃ˆː.                                                                              (10.1) 
 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɚɬɢɱɟɫɤɨɣ ɢ ɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚɜɟɞɟɧɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ȼɅ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 10.1. 
 

 
Ɋɢɫɭɧɨɤ 10.1 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɚɬɢɱɟɫɤɨɣ ɢ ɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɧɚɜɟɞɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ȼɅ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɪɨɞɭ ɤɚɠɞɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ  ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. 
ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɜɟɞɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɪɨɜɨɞɚɯ 

ɨɬɤɥɸɱɟɧɧɨɣ ȼɅ ɨɛɭɫɥɨɜɥɟɧɚ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɷɬɢ ɩɪɨɜɨɞɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ ɫɨɫɟɞɧɟɣ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɪɚɛɨɬɟ ɥɢɧɢɢ. 

ȼɵɪɚɠɟɧɢɟ ɷɬɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ:  
 ˔ܷ˕˃˕ = 𝑘ܷ˓˃˄,                                                                                              (10.2) 
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ɝɞɟ k - ɤɨɷɮɮɢɰɢɟɧɬ ɟɦɤɨɫɬɧɨɣ ɫɜɹɡɢ ɥɢɧɢɣ — ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ 
ɞɚɧɧɵɯ ȼɅ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɭɫɥɨɜɢɣ ɩɨ ɬɪɚɫɫɟ ɜ 
ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɨɬɪɟɡɤɟ ɜɪɟɦɟɧɢ ɢɡɦɟɪɟɧɢɣ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ȼɅ 110 ɤȼ 
ɤɨɷɮɮɢɰɢɟɧɬ Ʉ ɦɨɠɟɬ ɤɨɥɟɛɚɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,13 Ⱦɨ 0,18); ܷ˓˃˄ −  ɪɚɛɨɱɟɟ (ɮɚɡɧɨɟ) ɧɚɩɪɹɠɟɧɢɟ ɜɥɢɹɸɳɟɣ ɥɢɧɢɢ. 

Ʉɚɤ ɜɢɞɢɦ, ɜɵɪɚɠɟɧɢɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ˔ܷ˕˃˕ ɧɟ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ 
ɩɟɪɟɦɟɧɧɵɯ ɜɟɥɢɱɢɧ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɪɹɦɭɸ, ɩɚɪɚɥɥɟɥɶɧɭɸ ɨɫɢ ɚɛɫɰɢɫɫ — ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɥɢɧɢɸ (ɫɦ. ɪɢɫɭɧɨɤ. 1). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɜɟɞɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
ɨɬɤɥɸɱɟɧɧɨɦ ɩɪɨɜɨɞɟ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɪɚɛɨɱɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɥɢɹɸɳɟɣ ɥɢɧɢɢ 
ɢ ɧɟ ɡɚɜɢɫɢɬ ɧɢ ɨɬ ɡɧɚɱɟɧɢɹ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɧɟɣ ɬɨɤɚ, ɧɢ ɨɬ ɩɪɨɬɹɠɟɧɧɨɫɬɢ 
ɨɬɤɥɸɱɟɧɧɨɝɨ ɩɪɨɜɨɞɚ ɢ ɫɨɯɪɚɧɹɟɬɫɹ ɨɞɢɧɚɤɨɜɨɣ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɨɬɤɥɸɱɟɧɧɨɣ 
ȼɅ. 

Ɂɚɡɟɦɥɟɧɢɟ ɥɢɧɢɢ ɜ ɥɸɛɨɦ ɦɟɫɬɟ (ɜɤɥɸɱɟɧɢɟ ɡɚɡɟɦɥɹɸɳɢɯ ɧɨɠɟɣ ɢɥɢ 
ɭɫɬɚɧɨɜɤɚ ɩɟɪɟɧɨɫɧɨɝɨ ɡɚɡɟɦɥɟɧɢɹ) ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɧɨɫɭ ɧɚ ɡɚɡɟɦɥɟɧɧɵɣ 
ɩɪɨɜɨɞ ɩɨɬɟɧɰɢɚɥɚ ɡɟɦɥɢ, ɢ ɫɬɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɧɟɦ 
ɫɧɢɠɚɟɬɫɹ ɞɨ ɩɨɬɟɧɰɢɚɥɚ «ɡɟɦɥɢ» (ɬ.ɟ. ɞɨ ɧɭɥɹ) ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɩɪɨɜɨɞɚ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ܷˏ˃ˆː ɩɨ ȼɅ ɩɪɢ ɡɚɡɟɦɥɟɧɢɢ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 10.2. 
 

 
Ɋɢɫɭɧɨɤ 10.2 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ܷˏ˃ˆː ɩɨ ȼɅ ɩɪɢ ɡɚɡɟɦɥɟɧɢɢ 

 
ɇɚ ɪɢɫɭɧɤɟ 10.2 ɜɢɞɢɦ, ɱɬɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɢ ɷɬɨɦ 

ɧɢɤɭɞɚ «ɧɟ ɭɲɥɚ ɢ ɞɚɠɟ ɧɟ ɭɦɟɧɶɲɢɥɚɫɶ — ɨɧɚ ɩɪɨɫɬɨ ɩɟɪɟɦɟɫɬɢɥɚɫɶ 
ɩɚɪɚɥɥɟɥɶɧɨ ɫɚɦɨɣ ɫɟɛɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɩɸɪɵ ɧɚ ɪɢɫɭɧɤɟ 1 ɢ ɩɪɨɲɥɚ ɱɟɪɟɡ 
ɦɟɫɬɨ ɭɫɬɚɧɨɜɤɢ ɡɚɡɟɦɥɟɧɢɹ, ɬ. ɟ. ɜ ɷɬɨɣ ɬɨɱɤɟ (ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ ɡɚɡɟɦɥɟɧɢɹ) 
ɡɧɚɱɟɧɢɹ ɢ ɫɬɚɬɢɱɟɫɤɨɣ, ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚɜɟɞɟɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɧɢɦɚɸɬ ɩɨɬɟɧɰɢɚɥ ɡɟɦɥɢ — ɧɨɥɶ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɚɫɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɢɹ ɫɬɚɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɧɚɜɟɞɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɭɫɬɪɚɧɹɟɬɫɹ ɩɪɢ ɡɚɡɟɦɥɟɧɢɢ ɨɬɤɥɸɱɟɧɧɨɣ 
ȼɅ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɉɪɚɜɢɥ ɢ ɦɟɪɵ ɡɚɳɢɬɵ ɨɬ ɧɟɟ 
ɩɨɥɧɨɫɬɶɸ ɜɩɢɫɵɜɚɸɬɫɹ ɜ ɫɬɚɧɞɚɪɬɧɵɟ ɭɫɬɚɧɨɜɤɢ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ. 
ɉɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɫɦɨɬɪɟɧɢɟ ɮɢɡɢɤɢ ɩɪɨɹɜɥɟɧɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ, ɚ ɨɫɬɚɧɨɜɢɬɶɫɹ ɧɚ ɚɧɚɥɢɡɟ ɮɢɡɢɤɢ ɢ 
ɯɚɪɚɤɬɟɪɚ ɩɪɨɹɜɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚɜɟɞɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɉɪɨɯɨɠɞɟɧɢɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɩɨ ɩɪɨɜɨɞɚɦ ɜɥɢɹɸɳɟɣ ȼɅ ɩɨɪɨɠɞɚɟɬ ɜɨɤɪɭɝ ɧɢɯ 
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ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. Ɇɚɝɧɢɬɧɵɟ ɫɢɥɨɜɵɟ ɥɢɧɢɢ ɷɬɨɝɨ ɩɨɥɹ, ɩɟɪɟɫɟɤɚɹ 
ɩɪɨɜɨɞɚ ɨɬɤɥɸɱɟɧɧɨɣ ȼɅ, ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɧɚ ɧɢɯ 
ɷɥɟɤɬɪɨɞɜɢɠɭɳɟɣ ɫɢɥɵ (ɗȾɋ) ɜɡɚɢɦɨɢɧɞɭɤɰɢɢ ȿ (ɩɪɨɞɨɥɶɧɨɣ ɗȾɋ). 

Ⱦɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɗȾɋ, ɧɚɜɟɞɟɧɧɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ 
ɩɨɥɟɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ. 

ܧ  = ܯ ∙ ܮ ∙  (10.3)                                                                                                ,ܫ
 

ɝɞɟ Ɇ − ɜɡɚɢɦɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɦɟɠɞɭ ɪɚɛɨɱɢɦ ɢ ɨɬɤɥɸɱɟɧɧɵɦ ɩɪɨɜɨɞɚɦɢ;  
L − ɞɥɢɧɚ ɩɨɞɜɟɪɠɟɧɧɨɝɨ ɜɥɢɹɧɢɸ (ɨɬɤɥɸɱɟɧɧɨɝɨ) ɭɱɚɫɬɤɚ ɩɪɨɜɨɞɚ, ɤɦ; 
I − ɬɨɤ ɜɥɢɹɸɳɟɣ ɥɢɧɢɢ. 
 
ɇɚɩɪɹɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɟɦɥɢ ɜ ɬɨɱɤɟ ɯ ɛɭɞɟɬ ɪɚɜɧɨ: 
 ܷ = − ா∙௫௅ + ாଶ.                                                                                             (10.4) 

 
ɝɞɟ x – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɱɚɥɚ ɥɢɧɢɢ ɞɨ ɬɨɱɤɢ x. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɧɞɭɤɬɢɜɧɨɣ ɫɜɹɡɢ Ɇ ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɤɨɪɢɞɨɪɚ 

ɥɢɧɢɣ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ ɢ ɹɜɥɹɟɬɫɹ 
ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɜɟɞɟɧɧɚɹ ɗȾɋ ȿ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɥɢɧɢɢ ɡɚɜɢɫɢɬ 
ɬɨɥɶɤɨ ɨɬ ɡɧɚɱɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɜɥɢɹɸɳɟɣ ɥɢɧɢɢ I ɢ ɞɥɢɧɵ ɭɱɚɫɬɤɚ 
ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɥɟɞɨɜɚɧɢɹ ȼɅ L ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɭɪɨɜɧɹ ɪɚɛɨɱɢɯ ɧɚɩɪɹɠɟɧɢɣ 
ɤɚɠɞɨɣ ɢɡ ɥɢɧɢɣ. 

ɍɝɨɥ ɧɚɤɥɨɧɚ ߙ ɩɪɹɦɨɣ ܷˏ˃ˆː ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: 
ߙ݃ݐ  = ா௅ = ெ∙௅∙ூ௅ = ܯ ∙  (10.5)                                                                              ܫ

 
Ɉɬɫɸɞɚ ߙ = ߙ ݃ݐܿݎܽ = ܯ ݃ݐܿݎܽ ∙  ɬ.ɟ. ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɪɹɦɨɣ ,ܫ

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɬɨɤɨɦ ɧɚɝɪɭɡɤɢ ɜɥɢɹɸɳɟɣ ɥɢɧɢɢ — ɱɟɦ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɟ 
ɬɨɤɚ ɜɨ ɜɥɢɹɸɳɟɣ ɥɢɧɢɢ I, ɬɟɦ ɛɨɥɶɲɟ ɤɪɭɬɢɡɧɚ ɷɩɸɪɵ ɧɚɜɟɞɟɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. 

ɉɨ ɫɭɬɢ, tgߙ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɗȾɋ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɩɪɨɜɨɞɚ, ȼ/ɤɦ: 
଴ܧ  = ா௅ = ܯ ∙  (10.6)                                                                                             ܫ

 
Ɋɚɫɫɦɨɬɪɢɦ ɪɹɞ ɩɪɢɦɟɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚɜɟɞɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ  ɧɚ ɨɬɤɥɸɱɟɧɧɨɣ ȼɅ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɱɢɫɥɚ ɢ ɦɟɫɬ ɭɫɬɚɧɨɜɤɢ ɡɚɳɢɬɧɵɯ ɡɚɡɟɦɥɟɧɢɣ ɧɚ ɥɢɧɢɢ ɛɟɡ ɪɚɡɞɟɥɟɧɢɹ ɟɟ ɧɚ 
ɭɱɚɫɬɤɢ. 

ɇɭɥɟɜɚɹ ɬɨɱɤɚ ɷɩɸɪɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚɜɟɞɟɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɟɫɬɨ ɭɫɬɚɧɨɜɤɢ ɡɚɡɟɦɥɟɧɢɹ, 
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ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɬɚɸɳɢɯ ɥɸɞɟɣ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɬ ɩɨɪɚɠɟɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɨɛɟɫɩɟɱɟɧɚ. ɇɨ ɨɛɵɱɧɨ ɥɢɧɢɢ ɜɵɫɨɤɨɝɨ ɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɜɵɜɨɞɹɬ ɜ ɪɟɦɨɧɬ, ɡɚɱɚɫɬɭɸ, ɬɨɥɶɤɨ ɩɪɢ ɧɚɤɨɩɥɟɧɢɢ ɫɟɪɢɢ 
ɞɟɮɟɤɬɨɜ ɢ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɧɚ ɫɪɨɤ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɫɜɟɬɨɜɨɝɨ ɞɧɹ. Ɉɛɴɟɦ 
ɪɚɛɨɬ ɩɪɢ ɷɬɨɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɧɚɱɢɬɟɥɟɧ ɢ ɨɞɧɨɣ ɛɪɢɝɚɞɟ ɡɚ ɪɚɡɪɟɲɟɧɧɨɟ ɜɪɟɦɹ 
ɜɵɩɨɥɧɢɬɶ ɟɝɨ ɩɪɨɫɬɨ ɧɟɜɨɡɦɨɠɧɨ. 

Ⱦɨɩɭɫɬɢɦ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦɢ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɦɢ ɧɟɨɛɯɨɞɢɦ ɞɨɩɭɫɤ ɞɜɭɯ 
ɛɪɢɝɚɞ  ɧɚ ɪɚɛɨɱɢɟ ɦɟɫɬɚ N.1 ɢ N.2 (ɪɢɫɭɧɨɤ 10.3).  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ܷˏ˃ˆː ɩɨ ȼɅ ɩɪɢ ɡɚɡɟɦɥɟɧɢɢ ɜ ɞɜɭɯ ɬɨɱɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɧɚ ɪɢɫɭɧɤɟ 10.3. 

 

 
Ɋɢɫɭɧɨɤ 10.3 −  Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ܷˏ˃ˆː ɩɨ ȼɅ ɩɪɢ ɡɚɡɟɦɥɟɧɢɢ ɜ ɞɜɭɯ ɬɨɱɤɚɯ 

 
Ɍɟɩɟɪɶ ɧɚ ɜɵɜɟɞɟɧɧɨɦ ɜ ɪɟɦɨɧɬ ɭɱɚɫɬɤɟ ȼɅ − ɭɠɟ ɞɜɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚ ɢ 

ɞɜɚ ɡɚɳɢɬɧɵɯ ɡɚɡɟɦɥɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɷɬɢɯ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ. ɇɨ ɬɨɱɟɤ 
ɧɭɥɟɜɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜ ɨɛɨɢɯ ɦɟɫɬɚɯ ɡɚɡɟɦɥɟɧɢɹ ɧɟ ɛɭɞɟɬ. Ɉɧɚ ɩɟɪɟɦɟɫɬɢɬɫɹ, 
ɩɪɢɦɟɪɧɨ, ɧɚ ɫɟɪɟɞɢɧɭ ɭɱɚɫɬɤɚ ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɧɚ ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧɨ 
ɡɚɡɟɦɥɟɧɢɟ. 

ɂɡ ɪɢɫɭɧɤɚ 10.3 ɜɢɞɧɨ, ɱɬɨ ɜ ɬɨɱɤɚɯ N.1 ɢ N.2 (ɜ ɦɟɫɬɚɯ ɭɫɬɚɧɨɜɤɢ 
ɡɚɡɟɦɥɟɧɢɹ) ɟɫɬɶ ɧɚɩɪɹɠɟɧɢɟ ɢ ɩɟɪɜɚɹ ɛɪɢɝɚɞɚ ɢ ɜɬɨɪɚɹ ɛɪɢɝɚɞɚ, ɦɝɧɨɜɟɧɧɨ 
ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɞ ɷɬɢɦ ɧɚɩɪɹɠɟɧɢɟɦ. Ʉɚɤɨɜɨ ɟɝɨ ɡɧɚɱɟɧɢɟ, ɧɟɥɶɡɹ ɭɬɜɟɪɠɞɚɬɶ 
ɨɞɧɨɡɧɚɱɧɨ. ɇɨ ɷɬɨ ɧɚɩɪɹɠɟɧɢɟ ɫ ɪɚɜɧɨɣ ɫɬɟɩɟɧɶɸ ɜɟɪɨɹɬɧɨɫɬɢ ɦɨɠɟɬ 
ɨɤɚɡɚɬɶɫɹ ɤɚɤ ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɨɝɨ, ɬɚɤ ɢ ɫɦɟɪɬɟɥɶɧɨ ɨɩɚɫɧɵɦ. 

Ⱦɨɩɭɫɬɢɦ, ɬɟɩɟɪɶ ɧɚ ɥɢɧɢɸ ɞɨɩɭɫɤɚɟɬɫɹ ɟɳɟ ɨɞɧɚ (ɬɪɟɬɶɹ) ɛɪɢɝɚɞɚ ɧɚ 
ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɜ N.3 (ɪɢɫɭɧɨɤ 10.4). ȿɫɬɟɫɬɜɟɧɧɨ, ɢ ɷɬɚ ɛɪɢɝɚɞɚ ɧɟ ɫɬɚɧɟɬ 
ɪɚɛɨɬɚɬɶ, ɧɟ ɭɫɬɚɧɨɜɢɜ ɡɚɡɟɦɥɟɧɢɹ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ܷˏ˃ˆː ɩɨ ȼɅ ɩɪɢ ɡɚɡɟɦɥɟɧɢɢ ɜ ɬɪɟɯ ɬɨɱɤɚɯ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 10.4. 
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Ɋɢɫɭɧɨɤ 10.4 −  Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ܷˏ˃ˆː ɩɨ ȼɅ ɩɪɢ ɡɚɡɟɦɥɟɧɢɢ ɜ ɬɪɟɯ ɬɨɱɤɚɯ 

 
ɇɚ ɪɢɫɭɧɤɟ ɜɢɞɢɦ, ɱɬɨ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɩɟɪɜɨɣ ɛɪɢɝɚɞɵ ɧɚɩɪɹɠɟɧɢɟ 

ɜɨɡɪɨɫɥɨ.  
ɇɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɜɬɨɪɨɣ ɛɪɢɝɚɞɵ ɧɚɩɪɹɠɟɧɢɟ ɫɧɢɡɢɥɨɫɶ, ɧɨ ɧɟ ɢɡɜɟɫɬɧɨ 

ɫɬɚɥɨ ɥɢ ɨɧɨ ɛɟɡɨɩɚɫɧɵɦ. 
Ɍɪɟɬɶɹ ɛɪɢɝɚɞɚ ɬɚɤɠɟ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚɜɟɞɟɧɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ. 
ȼɩɨɥɧɟ ɜɨɡɦɨɠɧɨ, ɱɬɨ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɬɪɟɡɨɤ ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɫɟɯ ɬɪɟɯ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɛɭɞɟɬ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ, ɧɨ ɧɟ 
ɢɫɤɥɸɱɟɧɚ ɜɟɪɨɹɬɧɨɫɬɶ ɪɟɡɤɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɬɨɤɚ ɜɥɢɹɸɳɟɣ ɥɢɧɢɢ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ, ɧɚɩɪɢɦɟɪ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɬɨɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ 
ɩɪɟɜɵɲɚɟɬ ɪɚɛɨɱɢɣ ɬɨɤ ɧɚɝɪɭɡɤɢ ɥɢɧɢɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɜɟɞɟɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɬɨɠɟ ɭɜɟɥɢɱɢɬɫɹ ɢ ɜɨɡɪɚɫɬɟɬ ɨɩɚɫɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 
ɬɨɤɨɦ (ɪɢɫɭɧɨɤ 10.5). 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ܷˏ˃ˆː ɩɨ ȼɅ ɩɪɢ ɄɁ ɧɚ ɫɨɫɟɞɧɟɣ ɥɢɧɢɢ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 10.5. 

 

 
Ɋɢɫɭɧɨɤ 10.5 − Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ܷˏ˃ˆː ɩɨ ȼɅ ɩɪɢ ɄɁ ɧɚ ɫɨɫɟɞɧɟɣ ɥɢɧɢɢ 

 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɫɥɭɱɚɹ, ɜ ɨɞɧɨɦ ɱɟɥɨɜɟɤ ɩɨɩɚɞɚɟɬ ɩɨɞ ɪɚɛɨɱɟɟ 

ɧɚɩɪɹɠɟɧɢɟ  ɜɵɲɟ ɬɵɫɹɱɢ ɜɨɥɶɬ, ɜ ɞɪɭɝɨɦ ɩɨɞ ɧɚɜɟɞɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 
ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɱɟɥɨɜɟɤ ɟɳɟ ɞɨ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɫ ɬɨɤɨɜɟɞɭɳɢɦɢ ɱɚɫɬɹɦɢ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɩɨɪɚɠɚɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ, ɬ.ɤ. ɩɪɨɛɢɜɚɟɬɫɹ 
ɜɨɡɞɭɲɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɢ ɩɨɫɬɪɚɞɚɜɲɟɝɨ ɨɬɛɪɚɫɵɜɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɭɞɚɪɨɦ, 
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ɩɪɢ ɷɬɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɬɤɥɸɱɚɟɬɫɹ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɲɚɧɫ 
ɜɵɠɢɜɚɧɢɹ. 

 ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɠɟ ɩɨɞ ɧɚɜɟɞɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɱɟɥɨɜɟɤ ɭɫɩɟɜɚɟɬ 
ɭɯɜɚɬɢɬɶɫɹ ɪɭɤɚɦɢ ɡɚ ɩɪɨɜɨɞɧɢɤ, ɧɨ ɨɬɩɭɫɬɢɬɶ ɟɝɨ ɭɠɟ ɧɟ ɦɨɠɟɬ ɢɡ-ɡɚ 
ɫɭɞɨɪɨɠɧɨɝɨ ɫɨɤɪɚɳɟɧɢɹ ɦɵɲɰ ɪɭɤ, ɧɢɤɚɤɢɟ ɡɚɳɢɬɵ ɧɟ ɫɦɨɝɭɬ ɩɨɱɭɜɫɬɜɨɜɚɬɶ 
ɷɬɨɝɨ, ɩɨɬɨɦɭ ɱɬɨ ɜ ɥɢɧɢɢ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɛɨɬɟ ɬɨɤ ɧɟ ɭɜɟɥɢɱɢɬɫɹ, ɢ 
ɡɚɳɢɬɵ ɧɟ ɫɪɚɛɨɬɚɸɬ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɧɚɜɟɞɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɛɭɞɟɬ 
ɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɱɟɥɨɜɟɤɚ, ɩɨɤɚ ɧɟ ɛɭɞɭɬ ɩɪɢɧɹɬɵ ɦɟɪɵ ɩɨ ɨɫɜɨɛɨɠɞɟɧɢɸ 
ɩɨɫɬɪɚɞɚɜɲɟɝɨ ɨɬ ɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ.  

ɑɟɥɨɜɟɤ, ɨɤɚɡɵɜɚɸɳɢɣ ɩɨɦɨɳɶ ɩɨɫɬɪɚɞɚɜɲɟɦɭ,  ɞɨɥɠɟɧ ɩɨɦɧɢɬɶ, ɱɬɨ 
ɫɚɦ ɦɨɠɟɬ ɩɨɩɚɫɬɶ ɩɨɞ ɞɟɣɫɬɜɢɟ ɧɚɜɟɞɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɷɬɨɦɭ ɧɭɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɨɥɢɪɭɸɳɢɟ ɫɪɟɞɫɬɜɚ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɫɜɨɛɨɞɢɬɶ ɱɟɥɨɜɟɤɚ 
ɧɟɨɛɯɨɞɢɦɨ ɱɚɫɬɶ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, ɡɚ ɤɨɬɨɪɭɸ ɞɟɪɠɢɬɫɹ ɩɨɫɬɪɚɞɚɜɲɢɣ, 
ɫɨɟɞɢɧɢɬɶ ɫ ɡɟɦɥɟɣ, ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɹɜɥɹɟɬɫɹ ɧɚɛɪɨɫ 
ɡɚɡɟɦɥɟɧɢɹ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚɜɟɞɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɤɪɚɬɢɥɨɫɶ, 
ɩɨɫɬɪɚɞɚɜɲɢɣ ɩɟɪɟɫɬɚɟɬ ɫɭɞɨɪɨɠɧɨ ɫɠɢɦɚɬɶ ɩɪɨɜɨɞɧɢɤ, ɢ ɩɚɞɚɟɬ, ɩɪɢ ɷɬɨɦ 
ɜɨɡɦɨɠɧɚ ɦɟɯɚɧɢɱɟɫɤɚɹ ɬɪɚɜɦɚ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ ɦɟɪɵ ɩɨ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɩɚɞɟɧɢɹ ɩɨɫɬɪɚɞɚɜɲɟɝɨ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

ȺɇȺɅɂɁ ɂɋХɈȾɇɕХ ȾȺɇɇɕХ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɪɟɤɢ ɂɧɹ 

Ƚɨɞɵ I II  III  IV  V VI  VII VIII IX  X XI  XII 
Qɫɪ. 
ɝɨɞ 

1947 290 257 246 2560 3080 1800 1130 1090 820 530 253 267 1027 
1958 220 211 216 2100 2200 1710 1840 1220 760 637 421 259 983 
1969 180 161 173 1710 3030 1970 1160 1000 780 791 411 264 969 
1966 220 218 206 1710 2780 1610 1180 780 510 391 243 213 838 
1938 220 211 201 2040 1950 1230 1230 1110 820 708 479 259 872 
1973 220 197 201 2210 1990 1220 1240 850 570 459 288 222 806 
1941 230 219 214 1480 2850 1390 930 850 650 591 322 247 831 
1961 240 230 235 2510 1640 1250 990 1040 840 640 340 297 854 
1937 240 212 206 1240 3000 1320 950 810 570 567 402 253 814 
1960 200 193 196 1420 2220 1230 1270 1000 730 551 372 286 806 
1970 220 205 221 2190 1700 1420 900 870 700 665 331 258 807 
1957 210 183 188 1920 1710 1500 970 920 720 616 540 288 814 
1936 190 176 172 1230 1880 1400 1410 840 710 502 333 254 758 
1959 200 199 205 1970 1980 1140 930 740 570 419 254 219 736 
1971 210 197 205 2110 1890 980 990 780 500 394 236 189 723 
1954 190 186 180 1170 2140 1200 1420 800 710 486 371 253 759 
1950 210 198 207 1280 2390 1460 800 740 590 459 215 219 731 
1946 190 183 184 1670 2060 1120 870 930 700 740 457 306 784 
1948 240 221 257 1930 2000 830 920 730 550 545 317 243 732 
1975 180 172 178 1780 1540 1490 890 700 450 490 279 187 695 
1952 190 180 179 1370 2110 1080 960 870 560 459 232 221 701 
1935 210 194 195 1290 2460 740 1150 700 460 387 231 218 686 
1942 250 219 214 1470 2110 830 980 950 560 646 357 291 740 
1939 270 237 222 1840 1900 930 860 730 480 426 232 218 695 
1949 240 223 203 1810 2080 800 830 720 560 483 229 233 701 
1972 200 2000 2100 1900 1790 850 820 730 490 460 380 220 995 
1979 210 197 208 1450 1930 1090 780 720 650 521 460 288 709 
1977 200 183 193 1490 1700 920 910 780 640 585 396 214 684 
1956 180 167 173 1780 1420 930 940 720 650 545 402 224 678 
1978 200 197 215 1240 1550 1070 1050 760 520 446 306 208 647 
1962 250 234 240 1580 1680 780 840 770 430 400 221 211 636 
1976 190 162 176 950 1780 1030 930 930 560 650 291 216 655 
1943 220 208 196 1740 1550 910 760 630 460 373 199 185 619 
1964 230 181 185 1290 1990 740 730 670 470 379 244 210 610 
1944 180 165 192 1700 1390 720 770 780 570 486 223 188 614 
1965 200 191 199 1560 1520 850 760 660 630 545 307 258 640 
1967 190 178 189 990 1360 850 920 1180 600 527 277 213 623 
1968 180 169 319 1880 1000 850 900 630 440 385 224 210 599 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

Ƚɨɞɵ I II  III  IV  V VI  VII VIII IX  X XI  XII 
Qɫɪ. 
ɝɨɞ 

1980 220 195 207 1610 1460 770 680 680 540 432 305 251 613 
1940 210 171 193 1400 1600 800 750 640 590 471 257 271 613 
1934 200 179 183 1220 1730 850 700 670 600 622 284 223 622 
1953 210 187 211 1050 1570 1070 830 600 420 378 221 194 578 
1955 210 186 189 1610 1140 950 770 620 480 508 270 223 596 
1963 200 193 278 1430 1180 930 870 620 510 450 491 270 619 
1982 190 186 187 1250 1340 830 730 630 453 430 355 191 564 
1951 190 184 174 710 1630 910 930 540 400 372 223 210 539 
1974 190 172 188 1000 1320 1080 760 560 440 603 253 198 564 
1933 200 186 180 1170 1130 910 780 690 500 440 193 204 549 
1981 200 186 187 680 1270 710 700 470 410 373 258 209 471 
1945 190 177 160 870 900 790 720 480 400 345 221 206 455 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɈȾɇɈ-ɗɇȿɊȽȿɌɂЧȿɋɄɂȿ ɊȺɋЧȿɌɕ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 – ɋɪɟɞɧɟɝɨɞɨɜɵɟ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ ɦɟɠɟɧɢ ɢ ɩɚɜɨɞɤɚ 

Ƚɨɞɵ 
Qɫɪ. 
ɝɨɞ 

m p Ƚɨɞ 
Qɫɪ 
ɩɨɥ 

Ƚɨɞ 
ɋɪ. 
ɦɟɠ 

1947 103 1 2 1947 193 1938 41 
1958 98 2 4 1958 181 1961 40 
1969 97 3 6 1969 177 1946 39 
1938 87 4 8 1966 161 1969 39 
1961 86 5 10 1938 151 1957 39 
1966 84 6 12 1973 150 1958 39 
1941 83 7 14 1941 150 1947 38 
1937 81 8 16 1961 149 1970 37 
1957 81 9 18 1937 146 1942 36 
1960 81 10 20 1960 143 1979 36 
1970 81 11 22 1970 142 1960 36 
1973 80 12 24 1957 140 1941 35 
1946 78 13 25 1936 135 1937 35 
1936 76 14 27 1959 135 1977 34 
1954 76 15 29 1971 135 1963 34 
1942 74 16 31 1954 135 1954 34 
1959 74 17 33 1950 133 1948 34 
1948 73 18 35 1946 133 1956 33 
1950 73 19 37 1948 128 1936 33 
1971 72 20 39 1975 128 1965 33 
1979 71 21 41 1952 128 1934 33 
1939 70 22 43 1935 1268 1976 32 
1949 70 23 45 1942 127 1967 31 
1952 70 24 47 1939 125 1949 31 
1972 69 25 49 1949 1248 1940 309 
1935 68 26 51 1972 1218 1972 309 
1956 68 27 53 1979 119 1973 31 
1975 68 28 55 1977 116 1980 31 
1977 68 29 57 1956 116 1950 30 
1976 66 30 59 1978 113 1978 30 
1978 65 31 61 1962 113 1939 30 
1962 64 32 63 1976 112 1955 30 
1965 64 33 65 1943 112 1959 30 
1934 62 34 67 1964 108 1974 29 
1963 62 35 69 1944 107 1952 29 
1967 62 36 71 1965 107 1944 29 
1940 61 37 73 1967 106 1966 29 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 

Ƚɨɞɵ 
Qɫɪ. 
ɝɨɞ 

m p Ƚɨɞ 
Qɫɪ 
ɩɨɥ 

Ƚɨɞ 
ɋɪ. 
ɦɟɠ 

1943 61 38 75 1968 105 1982 285 
1944 61 39 76 1980 104 1962 28 
1964 61 40 78 1940 104 1975 28 
1980 61 41 80 1934 103 1971 28 
1955 60 42 82 1953 102 1968 28 
1968 60 43 84 1955 102 1933 27 
1953 58 44 86 1963 101 1964 27 
1974 56 45 88 1982 956 1935 271 
1982 560 46 90 1951 944 1943 263 
1933 55 47 92 1974 94 1981 26 
1951 54 48 94 1933 94 1953 26 
1981 47 49 96 1981 77 1951 25 
1945 45 50 98 1945 75 1945 24 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

Ɋɢɫɭɧɨɤ Ȼ.1 – Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ 

 

ɑɚɫ 

P, Ɇɜɬ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

 

Ɋɢɫɭɧɨɤ Ȼ.2 – Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.2 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫɹɰ 
Qɛɵɬ 90%, 

ɦ3/ɫ 
Qɩɨɥɟɡɧ, 

ɦ3/ɫ 

Qɮ, 
ɦ3/ɫ 

Qɥ, 
ɦ3/ɫ 

Qɢ, 
ɦ3/ɫ 

Qɬɭɪɛ, 
ɦ3/ɫ 

QȼɏɄ, 
ɦ3/ɫ 

QɇȻ, 
ɦ3/ɫ 

Vɧɚɱ,  
ɤɦ3 

∆V, 
ɤɦ3 

Vɤɨɧ, 
ɤɦ3 

Zɧɚɱ, 
ɦ 

Zɤɨɧ, 
ɦ 

Zɫɪ, 
ɦ 

ZɇȻ, 
ɦ 

H, 
ɦ 

NȽɗɋ, 
Ɇȼɬ 

Nɝɚɪ, 
Ɇȼɬ 

10 430 420 5 0 4 4 350 424 14 0,3 13,7 441,0 440,7 440,8 392,4 47,8 221 221 
11 355 339 5 11 0 11 350 339 13,7 0,9 12,8 440,7 439,8 440,2 393,0 46,5 282 282 
12 191 175 5 11 0 11 350 175 12,8 1,7 11,1 439,8 438,0 438,9 393,4 44,8 318 318 
1 186 170 5 11 0 11 350 170 11,1 1,8 9,4 438,0 435,5 436,8 393,6 42,5 318 318 
2 187 176 5 5 0 5 350 176 9,4 1,6 7,7 435,5 432,8 434,2 393,4 40,1 282 282 
3 190 179 5 5 0 5 350 179 7,7 1,3 6,5 432,8 430,6 431,7 392,9 38,1 221 221 
4 1250 1267 5 -35 13 -22 400 1280 6,5 -2,3 8,7 430,6 434,5 432,6 391,5 40,4 140 ȼɏɄ 
5 1340 1329 5 -8 13 5 400 1342 8,7 -2,5 11,2 434,5 438,1 436,3 391,5 44,1 153 ȼɏɄ 
6 830 816 5 0 8 8 400 824 11,2 -1,1 12,3 438,1 439,3 438,7 391,5 46,5 162 ȼɏɄ 
7 730 717 5 0 7 7 400 724 12,3 -0,8 13,2 439,3 440,1 439,7 391,5 47,5 165 ȼɏɄ 
8 630 618 5 0 6 6 400 624 13,2 -0,6 13,7 440,1 440,7 440,4 391,5 48,2 168 ȼɏɄ 
9 453 443 5 0 4 4 350 447 13,7 -0,3 14 440,7 441,0 440,9 391,3 48,8 148 ȼɏɄ 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.3 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫɹɰ 
Qɛɵɬ90%, 

ɦ3/ɫ 
Q ɩɨɥɟɡɧ, 

ɦ3/ɫ 
Qɮ, 
ɦ3/ɫ 

Qɥ, 
ɦ3/ɫ 

Qɢ, 
ɦ3/ɫ 

Qɬɭɪɛ, 
ɦ3/ɫ 

QȼɏɄ, 
ɦ3/ɫ 

QɇȻ, 
ɦ3/ɫ 

Vɧɚɱ, 
ɤɦ3 

∆V, 
ɤɦ3 

Vɤɨɧ, 
ɤɦ3 

Zɧɚɱ, 
ɦ 

Zɤɨɧ, 
ɦ 

Zɫɪ, 
ɦ 

ZɇȻ, 
ɦ 

H, 
ɦ 

NȽɗɋ, 
Ɇȼɬ 

Nɝɚɪ, 
Ɇȼɬ 

ɗ, ɦɥɧ. 
Ʉɜɬ∙ɱ 

10 460 448 7 0 5 553 350 1013 14 0,3 13,7 441,0 440,7 440,8 394,1 46,1 224 221 162 

11 380 358 7 11 4 707 350 1087 13,7 0,9 12,8 440,7 439,8 440,2 394,3 45,3 282 282 203 

12 220 200 7 11 2 834 350 1054 12,8 1,7 11,1 439,8 438,0 438,9 394,2 44,0 323 318 233 

1 200 180 7 11 2 858 350 1058 11,1 1,8 9,4 438,0 435,5 436,8 394,2 41,9 316 318 228 

2 200 186 7 5 2 830 350 1030 9,4 1,7 7,7 435,5 432,7 434,1 394,1 39,3 287 282 207 

3 210 196 7 5 2 649 350 859 7,7 1,2 6,5 432,7 430,6 431,7 393,6 37,4 213 221 154 

4 1900 1909 7 -35 19 504 400 2404 6,5 -3,7 10,2 430,6 436,8 433,7 396,1 36,9 164 145 118 

5 1790 1773 7 -8 18 423 400 2213 10,2 -3,5 13,7 436,8 440,7 438,7 395,8 42,2 157 163 113 

6 850 835 7 0 9 775 400 1625 13,7 -0,2 13,9 440,7 440,9 440,8 394,8 45,2 308 167 222 

7 820 805 7 0 8 765 400 1585 13,9 -0,1 14,0 440,9 441,0 440,9 394,8 45,5 306 167 220 

8 730 716 7 0 7 711 400 1441 14,0 0,0 14,0 441,0 441,0 441,0 394,5 45,8 287 168 206 

9 490 478 7 0 5 475 350 965 14,0 0,0 14,0 441,0 441,0 441,0 393,3 47,0 197 149 142 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

ɈɋɇɈȼɇɈȿ ɂ ȼɋɉɈɆɈȽȺɌȿɅɖɇɈȿ ɈȻɈɊɍȾɈȼȺɇɂȿ 

 

Ɋɢɫɭɧɨɤ ȼ.1 – Ƚɥɚɜɧɚɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ: ɤɪɚɫɧɵɣ – ܦଵ = ͷ ˏ, ɠɟɥɬɵɣ – ܦଵ = ͷ,͵ ˏ, 
ɡɟɥɟɧɵɣ – ܦଵ = ͸ ˏ, ɫɢɧɢɣ – ܦଵ = ͸,͵ˏ, ɮɢɨɥɟɬɨɜɵɣ– ܦଵ = ͸,͹ ˏ, ɱɟɪɧɵɣ – ܦଵ = ͹,ͳ ˏ 
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Ɋɢɫɭɧɨɤ ȼ.2 – Ƚɥɚɜɧɚɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ50-ȼ͸Ͳ଴: ɤɪɚɫɧɵɣ – ܦଵ = Ͷ,͹ͷ ˏ, ɠɟɥɬɵɣ – ܦଵ = ͷ ˏ, ɡɟɥɟɧɵɣ – ܦଵ = ͷ,͸ ˏ, ɫɢɧɢɣ – ܦଵ = ͸ˏ, ɮɢɨɥɟɬɨɜɵɣ– ܦଵ = ͸,͵ ˏ 
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Ɋɢɫɭɧɨɤ ȼ.3 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ 
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Ɋɢɫɭɧɨɤ ȼ.4 – ɋɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ ɜɢɞ ɫɜɟɪɯɭ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

ɊȿɅȿɃɇȺə ɁȺЩɂɌȺ ɂ ȺȼɌɈɆȺɌɂɄȺ 
 

Ɍɚɛɥɢɰɚ Ƚ.1 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵ

ɟ ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ 

Ͳ,ͳͷ ∙  ʜ 0,74 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ Ͳ,͵ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 
Ͳ,ͷ ∙  ʜ 2,46 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ ͳ,ͷ ∙  ʜ 7,38 Ⱥܫ

ɁɁȽ 
ܷ଴ 

 ଶ ܷ଴ீ - 15 ȼ ܷ଴ଷݐ ଵ ܷ଴ଵீ - 5 ȼݐ
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 
1,2 - 

Ɂɉɇ ܷ > 
2ɫɬɭɩɟɧɶ ܷ஼ʟଶ ͳ,Ͷ ∙ ܷʜ 140 ȼ 

1 ɫɬɭɩɟɧɶ ܷ஼ʟଵ ͳ,ʹ ∙ ܷʜ 120 ȼ 
Ɂɚɳɢɬɚ 

ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶ

ɧɨɫɬɢ ɨɬ 
ɧɟɫɢɦɦɟɬɪɢɱɧ

ɵɯ ɤ.ɡ. ɢ 
ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ ܫଶʠʗʒʜ Ͳ,Ͳ͹ ∙  ʜ 0,34 Ⱥܫ

ɉɈ ܫଶʞʢʠʙ Ͳ,ͳͷ ∙  ʜ 0,74 Ⱥܫ

ɈɌɋ I ܫଶʠ.ʖ. Ͳ,ʹͳ ∙  ʜ 1,03 Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ 
ɩɟɪɟɝɪɭɡɨɤ 

 ଵܫ

ɋɈ ܫʠʗʒʜ ͳ,Ͳ͹ ∙  ʜ 5,26 Ⱥܫ
ɉɈ ܫଵʞʢʠʙ ͳ,ͳ ∙  ʜ 5,41 Ⱥܫ

ɈɌɋ ܫଵʝʡʠ ͳ,Ͷʹͻ ∙  ʜʝʛ 7,03 Ⱥܫ

ȾɁ ܼ < 
1 ɫɬɭɩɟɧɶ ܼூ 0,09 Ͳ,ͳʹ ʝˏ 
2 ɫɬɭɩɟɧɶ ܼூூ 0,35 0,47 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ 
ɨɬ ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ ܫ௉ ʠʗʒʜ. ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ 4,6 Ⱥܫ
ɉɈ ܫ௉ ʞʢʠʙ. ͳ,ͳ ∙  ʜʝʛ.ʟ 4,73 Ⱥܫ

Ɉɬɫɟɱɤɚ ܫ௉ ʞʢʠʙ. ʹ,ͳͶ͵ ∙  ʜʝʛ.ʟ 9,21 Ⱥܫ
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ƚ 
 
Ɍɚɛɥɢɰɚ Ƚ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

Ɂɚɳɢɬɵ 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ/
Ƚ 

Ƚɚ
ɲ

ɟɧ
ɢɟ

 ɩ
ɨɥ

ɟɣ
 

Ɉ
ɫɬ

ɚɧ
ɨɜ

 ɬ
ɭɪ

ɛɢ
ɧɵ

 ɢ
 

ɫɛ
ɪɨ

ɫ 
Ⱥ

ɊɁ
 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ
-2

20
 ɢ

 ȼ
-

Ɍɋ
ɇ

 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ɒ
ɋȼ

 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵɣ
 

ɫɢ
ɝɧ

ɚɥ
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ + + + +    

ɁɁȽ 
ܷ଴ 

      ଵݐ
 

     + + + ݐ ଶ + + +     ܷ଴ଷݐ +

Ɂɉɇ ܷ > 
1 ɫɬɭɩɟɧɶݐଵ + +      

2 ɫɬɭɩɟɧɶݐଶ + +      

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ      
 

+ 
ɂɈ + +      

ɈɌɋ I 
     ଵݐ

 
      + + ଷݐ   +     ଶݐ  +

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
 ଵܫ

ɋɈ      
 

+ 
ɂɈ + +      

ɈɌɋ 
     ଵݐ

 
      + + ଷݐ   +     ଶݐ  +

ȾɁ ܼ < 

1 
ɫɬɭɩɟɧɶ 

     + + + ଶݐ   +     ଵݐ

2 
ɫɬɭɩɟɧɶ 

     ଵݐ
 

      + + ଷݐ   +     ଶݐ  +

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ      

 
+ 

ɂɈ + +      
Ɉɬɫɟɱɤɚ + +      
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

ɇȺȽɊɍɁɄɂ ɇȺ ȼɈȾɈɋɅɂȼɇɍɘ ɉɅɈɌɂɇɍ 
 

 

 
Ɋɢɫɭɧɨɤ Ⱦ.1 – ɇɚɝɪɭɡɤɢ ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 

 

 

 

 

 



133 

 

ɉɊɂɅɈɀȿɇɂȿ ȿ 
 

ɗɉɘɊɕ ȼ ɄɈɇɌȺɄɌɇɈɆ ɋȿЧȿɇɂɂ «ɈɋɇɈȼȺɇɂȿ – ȻȿɌɈɇ» 
 

 

Ɋɢɫɭɧɨɤ ȿ.1 – ɗɩɸɪɵ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɨɧɬɚɤɬɧɨɦ ɫɟɱɟɧɢɢ «ɨɫɧɨɜɚɧɢɟ – ɛɟɬɨɧ» 






