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ɫɨɨɪɭɠɟɧɢɣ ɩɪɢ ɩɨɦɨɳɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɄɂȺ.» 

 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ  
ɪɚɡɞɟɥɚɦ: 
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 ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɺɬɵ ɢ ɜɵɛɨɪ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

 
1.1 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɬɨɤɚ ɜɨɞɵ 

 
1.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɱɺɬɧɵɯ ɪɚɫɯɨɞɨɜ 

 
 ɉɨ ɢɫɯɨɞɧɨɦɭ ɪɹɞɭ (ɫɦ. ɬɚɛɥ. 1.1) ɜɵɛɢɪɚɟɦ ɫɪɟɞɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ 

ɪɚɫɯɨɞɵ. Ɂɚɬɟɦ ɜɵɱɢɫɥɹɟɦ ɦɨɞɭɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ Ʉ: 

 

K =
Q

Q˔˓ (2.1) 

 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɪɢɚɰɢɢ Cv ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ Cs: 
ݒܥ  = ܭ    − 1 2݊ =  4,38

50
= 0,30 (2.2) 

ݏܥ  =
ܭ   − 3ݒܥ3݊ 1 =

0,57

50 ∙ 0,303
= 0,44 (2.3) 

 
ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɚɪɢɚɰɢɢ 

ɪɚɜɧɚ: 
ݒܿߜ  = ±  1 + ݊ 2 2ݒܥ3 − 1 ∙ 100% =

 1 + 3 ∙ 0,302 2 ∙ 49
∙ 100% = 11,35% (2.4) 

 
Ⱦɚɧɧɚɹ ɨɲɢɛɤɚ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɞɥɹ ɷɬɨɝɨ ɪɹɞɚ. 
ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɫɢɦɦɟɬɪɢɢ 

ɪɚɜɧɚ: 
 

ݏܿߜ = ± 6݊ ∙  1 + 2ݒܥ6 + ݏܥ4ݒܥ5 ∙ 100%

=

 6

50
∙  1 + 6 ∙ 0,302 + 5 ∙ 0,304

0,44
∙ 100% = 

= 72,58 %. 

(2.5) 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɚ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɢ 

ɩɪɨɜɟɪɨɱɧɨɝɨ ɫɥɭɱɚɟɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1 
 

Ɍɚɛɥɢɰɚ 2.1 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ 
P% Ɏ ɢɥɢ φ ɆS KS Q, ɦ3/ɫ 
0,5 3,13 0,93 1,93 6473 
3 2,12 0,63 1,63 5469 

 
1.1.2 Ʉɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɚɫɯɨɞɨɜ 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ ɜɵɛɨɪɚ ɪɚɫɱɺɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɡɞɟɥɢɬɶ ɝɨɞ ɧɚ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɟɪɢɨɞɚ: ɦɧɨɝɨɜɨɞɧɵɣ ɢ 
ɦɚɥɨɜɨɞɧɵɣ. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ 
ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɟ ɪɚɫɯɨɞɵ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ 
ɪɚɫɯɨɞɭ. 

Ɉɩɪɟɞɟɥɢɜ ɝɪɚɧɢɰɵ ɫɟɡɨɧɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ ɜɵɱɢɫɥɢɬɶ 
ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ, ɦɚɥɨɜɨɞɧɵɣ ɫɟɡɨɧ ɢ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ. Ɋɚɧɠɢɪɭɟɦ 
ɤɚɠɞɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ 
ɫɬɪɨɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ: 

 ܲ ݉ =
݉݊ + 1

∙ 100% (2.6) 

 
ɝɞɟ Ɋ(m) – ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ; 

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

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ, ɬɚɛɥɢɰɚ Ⱥ1. 
Ɋɚɫɱɺɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɜɵɛɨɪɚ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 
ɝɨɞɚ ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ 90% ɢ 50% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɫɪɟɞɧɢɯ ɪɚɫɯɨɞɨɜ ɡɚ ɝɨɞ, 
ɩɨɥɨɜɨɞɶɟ ɢ ɦɟɠɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1 
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Ɋɢɫɭɧɨɤ 2.1 – ɗɦɩɢɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
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1.1.3 ȼɵɛɨɪ ɪɚɫɱɺɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 

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%: 
1968 ɢ 1953 ɝɝ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. 
ȼ ɢɬɨɝɟ ɩɪɢɧɢɦɚɟɦ ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɦɟɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ 
ɛɥɢɠɟ ɤ ɟɞɢɧɢɰɟ, ɬ.ɟ. ɬɨɬ ɝɨɞ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɦɟɧɶɲɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ 
ɪɚɫɯɨɞɨɜ. 

1968: 
 

Ʉ˒ =
ܳɉɛɚɡɨɜɨɟ 50%ܳɉ1968

=
2284

2310
= 0,99 (2.7) 

 ʙˏ =
ܳɆɛɚɡɨɜɨɟ 50%ܳɆ1968

=
375

369
= 1,02 (2.8) 

 
1953: 
 

Ʉ˒ =
ܳɉɛɚɡɨɜɨɟ 50%ܳɉ1953

=
2284

2242
= 1,02 (2.9) 

 

Ʉˏ =
ܳɆɛɚɡɨɜɨɟ 50%ܳɆ1953

=
375

389
= 0,96 (2.10) 

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɛɥɢɠɟ ɤ 1 ɞɥɹ 1968 ɝ. ɉɪɢɧɢɦɚɟɦ ɟɝɨ ɜ 

ɤɚɱɟɫɬɜɟ ɪɚɫɱɺɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ. Ⱦɥɹ 1968 ɝɨɞɚ ɭɬɨɱɧɹɟɦ ɝɨɞɨɜɨɣ ɫɬɨɤ 
ɭɦɧɨɠɢɜ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɜɵɱɢɫɥɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ʙ˒ = 0,99, ʙˏ = 1,02, ɬɟɦ ɫɚɦɵɦ ɩɨɥɭɱɟɧɵ ɢɫɩɪɚɜɥɟɧɧɵɟ ɪɚɫɯɨɞɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 
ɬɚɛɥɢɰɟ 2.2. 
 
Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ (Ɋ=50%)  

Ɋ=50% I II  III IV  V VI  VII VIII IX  X XI  XII ܳ˔˓.ˆˑ .̌ 

Q1968, ɦ3/ɫ 151 129 105 160 2135 3325 1470 595 830 780 306 271 855 
Q1968(ɩɪɢɜ), ɦ3/ɫ 153 131 107 162 2111 3288 1454 604 842 792 310 275 852 
 

Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɚ ɩɨ 1968 ɝɨɞɭ 
ɩɨɥɭɱɢɥɨɫɶ ɦɟɧɶɲɟ, ɤɨɪɪɟɤɬɢɪɭɟɦ ɩɨɧɢɠɚɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ Ʉɦ, ɩɪɢɧɢɦɚɟɦ 
ɪɚɜɧɵɦ 1,011. ȼ ɬɚɛɥɢɰɟ 2.3 ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ 
ɞɚɧɧɨɝɨ ɝɨɞɚ. 
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Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɱɟɬɧɵɣ ɫɪɟɞɧɟɜɨɞɧɵɣ ɝɨɞ (Ɋ=50%)  

Ɋ=50% I II  III IV  V VI  VII VIII IX  X XI  XII ܳ˔˓.ˆˑ .̌ 

Q1968, ɦ3/ɫ 151 129 105 160 2135 3325 1470 595 830 780 306 271 855 
Q1968(ɫ ɤɨɪ), ɦ3/ɫ 154 132 108 164 2111 3288 1454 611 852 800 314 278 855 

ɋɪɟɞɧɟɝɨɞɨɜɵɟ ɪɚɫɯɨɞɵ ɫɨɲɥɢɫɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɨ 
ɩɪɢɜɟɞɟɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɩɪɨɢɡɜɟɞɟɧɚ ɜɟɪɧɨ. 

 
1.1.4 ȼɵɛɨɪ ɪɚɫɱɺɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 
Ⱦɥɹ ɡɚɞɚɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 90% ɧɚ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 

ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1980 ɝ. ȼɵɱɢɫɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ 
ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ. 

1980: 
 

Ʉ˒ =
ܳɉɛɚɡɨɜɨɟ 90%ܳɉ1940

=
1475

1475
= 1 (2.11) 

 

Ʉʛ =
ܳɆɛɚɡɨɜɨɟ 90%ܳɆ1940

=
267

267
= 1 (2.12) 

 
ɉɨɫɤɨɥɶɤɭ ɨɛɚ ɤɨɷɮɮɢɰɢɟɧɬɚ 1, ɩɪɢɜɟɞɟɧɢɟ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɧɟ 

ɬɪɟɛɭɸɬɫɹ.ɍɬɨɱɧɢɜ ɨɤɨɧɱɚɬɟɥɶɧɨ ɪɚɫɱɟɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ 
ɦɚɥɨɜɨɞɧɨɝɨ ɥɟɬ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ, ɧɟ ɩɪɟɜɵɲɚɸɬ ɥɢ ɜ ɤɚɤɢɟ-ɥɢɛɨ 
ɦɟɫɹɰɵ ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
(ɬɚɛɥ. 2.4). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɢ ɨɞɢɧ ɪɚɫɯɨɞ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɧɟ ɛɨɥɶɲɟ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ, ɩɨɷɬɨɦɭ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɜɵɩɨɥɧɹɬɶ ɧɟ ɧɭɠɧɨ. 

 
Ɍɚɛɥɢɰɚ 2.4 – ɋɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɨɜ 

Ɇɟɫɹɰ I II  III  IV  V VI  VII VIII IX  X XI  XII ܳ˔˓.ˆˑˇ. 

Q1968 154 132 108 164 2111 3288 1454 611 852 800 314 278 855 

Q1980 130 108 93 127 1125 2025 1275 540 565 530 221 92 569 

Q50% -Q90% 24 25 15 37 986 1263 179 71 287 270 93 186 286 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.4 ɫɬɪɨɢɬɫɹ ɪɚɫɱɟɬɧɵɣ ɝɢɞɪɨɝɪɚɮ (ɫɦ. ɪɢɫ. 2.2): 
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Ɋɢɫɭɧɨɤ 2.2 – Ƚɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɨɜ  

1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɨ-
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɺɬɨɜ 
 

1.2.1 Ɋɚɫɱɺɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɺɬɨɦ ɬɪɟɛɨɜɚɧɢɣ 
ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
 

Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1980 ɝ.) ɜɵɱɢɫɥɹɟɦ 
ɡɧɚɱɟɧɢɹ ɩɨɥɟɡɧɵɯ ɪɚɫɯɨɞɨɜ ɩɨ ɮɨɪɦɭɥɟ: 

 ܳ˒ˑˎ = ܳ90% − ܳˋ˔˒ − ܳ˗ − ܳˎёˇ − ܳ˛ˎ (2.13) 

 
ɝɞɟ ܳ90% – ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (ɞɥɹ 90% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ), ɦ3/ɫ; ܳˋ˔˒ – ɩɨɬɟɪɢ ɧɚ ɢɫɩɚɪɟɧɢɹ (ɩɪɢɧɢɦɚɸɬɫɹ ɤɚɤ 1% ɨɬ ɫɪɟɞɧɟɦɟɫɹɱɧɨɝɨ 

ɪɚɫɯɨɞɚ), ɦ3/ɫ; ܳ˗ – ɩɨɬɟɪɢ ɧɚ ɮɢɥɶɬɪɚɰɢɸ (ɞɥɹ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɣ ɩɪɢɧɢɦɚɸɬɫɹ ɡɚ 1% ɨɬ 
ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ), ɦ3/ɫ; ܳˎёˇ – ɩɨɬɟɪɢ ɧɚ ɥɶɞɨɨɛɪɚɡɨɜɚɧɢɟ, ɦ3/ɫ; ɜ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɪɟɤɚ ɧɟ ɡɚɦɟɪɡɚɟɬ 
ɩɪɢɧɢɦɚɟɦ ɡɚ 1% ɨɬ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ. ȼ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɪɟɤɚ 
ɡɚɦɟɪɡɚɟɬ, ɩɪɢɧɢɦɚɟɦ 2% ɨɬ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ. ȼ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɪɟɤɚ 
ɦɨɠɟɬ ɩɪɨɦɟɪɡɚɬɶ, ɩɪɢɧɢɦɚɟɦ ɡɚ 3% ɨɬ ɫɪɟɞɧɟɝɨɞɨɜɨɝɨ ɪɚɫɯɨɞɚ. 
ɉɨɥɭɱɟɧɧɵɟ ɩɨɬɟɪɢ ɪɚɫɩɪɟɞɟɥɹɟɦ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɡɧɚɤɨɦ ɧɚ ɦɟɫɹɰɵ 
ɬɚɹɧɢɹ. ܳ˛ˎ – ɩɨɬɟɪɢ ɧɚ ɲɥɸɡɵ ɢ ɪɵɛɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɜ ɦɟɫɹɰɵ, ɝɞɟ ɢɞɺɬ 
ɪɵɛɚ (ɩɪɢɧɢɦɚɟɦ ɡɚ 3% ɨɬ ɪɚɫɯɨɞɚ ɜ ɦɟɫɹɰ), ɦ3/ɫ; 

ȿɫɥɢ ɩɨɥɟɡɧɵɟ ɪɚɫɯɨɞɵ ɩɨɥɭɱɢɥɢɫɶ ɦɟɧɶɲɟ 0, ɬɨ ɫɥɟɞɭɟɬ ɭɦɟɧɶɲɢɬɶ 
ɩɨɬɟɪɢ (ɠɟɥɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɬɶ ɰɟɥɨɟ ɱɢɫɥɨ: 1%, 2%, 3% …). Ɋɚɫɱɺɬ ɩɨɥɟɡɧɵɯ 
ɪɚɫɯɨɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 2.5. 

ȼɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ 
ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 

0

500

1000

1500

2000

2500

3000

3500

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

Q, ɦ³/c

Ɇɟɫɹɰ

Ɇɚɥɨɜɨɞɧɵɣ ɝɨɞ 1980

ɋɪɟɞɧɟɜɨɞɧɜɣ ɝɨɞ 1968



13 
 
 

 ˄ܰ˞˕.ʒЭʠ = ܯ݇ ∙ ܳ˒ˑˎ ∙  ʒЭʠ˒ˑˇ˅ (2.14)ܪ

 
ɝɞɟ ݇ܯ–  ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ 

g = 9,81 ɢ ɄɉȾ ɝɢɞɪɨɚɝɪɟɝɚɬɚ η, ݇ ܯ  =  8,6 ÷ 8,8; ܳ˒ˑˎ– ɩɨɥɟɡɧɵɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; ܪʒЭʠ˒ˑˇ˅ −  ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. 
˅ˇʒЭʠ˒ˑܪ 

= ܼʑʐ − ܼʜʐ ܳʜʐ ݐ  − ∆݄ 
 
ɝɞɟ ܼʑʐ– ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ  ʜʞʢ, ɦ; ܼʜʐ ܳʜʐ ݐ   – ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɥɟɬɧɟɦɭ ɢ ɡɢɦɧɟɦɭ 

ɩɨɥɢɧɨɦɚɦ 6 ɫɬɟɩɟɧɢ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɟɡɧɵɟ ɪɚɫɯɨɞɵ ɦ; ∆݄ –  ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ (ɩɪɢɧɢɦɚɸɬɫɹ ɡɚ 1% ɨɬ 
ɩɨɥɧɨɝɨ ɧɚɩɨɪɚ), ∆݄ = 0,3 ɦ. 

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

 ʑܰʤʙ = ܯ݇ ∙ ܳʑʤʙ ∙  ʒЭʠ˒ˑˇ˅ (2.15)ܪ

 
ɝɞɟ ܳʑʤʙ – ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 
ɉɪɢ ɪɚɫɱɺɬɟ ɨɬɦɟɬɨɤ ɧɢɠɧɟɝɨ ܼʜʐ ܳʑʤʙ ݐ   ɛɶɟɮɚ ɢɫɩɨɥɶɡɭɟɦ ɡɧɚɱɟɧɢɟ 

ɪɚɫɯɨɞɨɜ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.5: 
 

Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɱɺɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ȼɏɄ ɢ ɛɵɬɨɜɨɦɭ ɫɬɨɤɭ 
Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 

Qɛɵɬ90%ˏ3/˔ 130 108 93 127 1125 2025 1275 540 565 530 221 92 

Qɜɯɤ,ˏ3/˔ 200 200 200 300 300 300 300 300 300 300 200 200 ܳˋ˔˒ ,ˏ 3/˔ 1 1 1 1 11 20 13 5 6 5 2 1 ܳˎˈˇ,ˏ3/˔ 6 6 6 -12 -18 0 0 0 0 0 6 6 ܳ˗ˋˎ˟˕˓,ˏ3/˔ 6 6 6 6 6 6 6 6 6 6 6 6 ܳ˛ˎˡˊ , ˏ
3/˔ 0 0 0 0 0 28 28 0 0 0 0 0  ܳ˒ˑ˕, ˏ 3/˔ 13 12 12 -5 -1 54 47 11 11 11 14 12 ܳ˒ˑˎ.˄˞˕., ˏ

3/˔ 117 95 81 132 1126 1971 1228 529 554 519 207 79 ܼ˅˄, ˏ 162 ܼː˄, ,ܪ 133,1 134,7 137,6 137,8 137,6 140,6 141,7 140,3 133,8 133,1 133,3 133,6 ˏ ˏ 27 28 28 27 12 2 10 20 19 20 25 28 ˄ܰ˞˕, ʛʑ˕ 28 23 20 31 114 35 107 91 93 90 44 20 ˅ܰ˘ˍ, ʛʑ˕ 46 46 47 66 43 21 39 57 56 57 45 47 ˄ܰ˞˕ − ˅ܰ˘ˍ, Ɇȼɬ -18 -23 -27 -35 72 14 68 34 37 33 -1 -27 

 



14 
 
 

1.2.2 Ȼɚɥɚɧɫ ɷɧɟɪɝɢɣ 
 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 2.5 ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ 11 ɦɟɫɹɰ – ɷɬɨ 
ɦɟɫɹɰ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ ɪɚɫɫɱɢɬɚɟɦ ɦɨɳɧɨɫɬɢ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ Ƚɗɋ (ɫɦ. ɬɚɛɥ. 2.6) 
 
Ɍɚɛɥɢɰɚ 2.6 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ 

Nɫɪ.ɫɢɫɬ, Ɇȼɬ 1128 1087 1016 933 861 820 820 861 932 1015 1087 1128 

Nɫɪ. Ɇɟɫ., Ɇȼɬ 116 112 107 97 87 78 78 87 97 107 112 116 ˄ܰ˞˕, ʛʑ˕ 28 23 20 31 114 35 107 91 93 90 44 20 ˅ܰ˘ˍ, ʛʑ˕ 46 46 47 66 43 21 39 57 56 57 45 47 ˄ܰ˞˕ − ˅ܰ˘ˍ, Ɇȼɬ -18 -23 -27 -35 72 14 68 34 37 33 -1 -27 

 
Ⱦɚɧɧɵɣ ɪɚɫɱɺɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɹɰɟɜ, ɜ ɤɨɬɨɪɵɟ 

Ƚɗɋ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɯɨɞɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ȼɏɄ.  
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.6 ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 2.3, ɧɚ ɤɨɬɨɪɨɦ ɢɡɥɢɲɤɢ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɹɟɦ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɵɬɟɫɧɟɧɢɟ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ 
ɫɢɫɬɟɦɵ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɫɝɥɚɞɢɬɶ ɫɪɟɞɧɟɦɟɫɹɱɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ.  



15 
 
 

 
Ɋɢɫɭɧɨɤ 2.3 – Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɫ ɭɱɺɬɨɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɵɬɨɜɵɯ 

ɦɨɳɧɨɫɬɟɣ 

Ɂɚ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ (ɇɨɹɛɪɶ), ɜ 
ɤɨɬɨɪɨɦ ɪɚɡɧɢɰɚ Nɛɵɬ-Nɜɯɤ ɛɭɞɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɣ. ɂɡ ɪɢɫɭɧɤɚ 2.3 ɜɢɞɧɨ, ɱɬɨ ɩɨɞ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɩɚɥɢ 4 ɦɟɫɹɰɚ, ɚ ɜ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ Ƚɗɋ ɪɚɛɨɬɚɟɬ ɩɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ.  

 
1.2.3 ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɺɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 

ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
 
ɇɚɱɚɥɨ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ – XI  ɦɟɫɹɰ. 
ȼ ɧɚɱɚɥɶɧɨɣ ɢɬɟɪɚɰɢɢ ɧɟ ɩɨɥɭɱɢɥɨɫɶ ɞɨɫɬɢɱɶ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ. ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɦ ɜɡɹɬɢɟɦ ɡɧɚɱɟɧɢɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ. 
ɉɨɫɥɟ ɢɯ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɪɚɜɟɧɫɬɜɚ ɨɬɦɟɬɨɤ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ 
ɜɚɪɢɚɧɬ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɜɟɞɺɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ 
ɬɚɛɥɢɰɚ Ⱥ2. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
– ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ, ɞɟɤɚɛɪɹ – Nɝɚɪ = 190 Ɇȼɬ; 
– ɭɪɨɜɟɧɶ ɦɺɪɬɜɨɝɨ ɨɛɴɺɦɚ –  ɍɆɈ = 157,51 ɦ; 
– ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ – Vɩɨɥɟɡɧ = 10,67 ɤɦ3. 
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Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2.7 
 

Ɍɚɛɥɢɰɚ 2.7 – Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ  ʛˈ˔ˢ˙ I II  III  IV  V VI  VII VIII IX  X XI  XII ܰˆ˃˓, ʛʑ˕ 190 153 87 ȼɏɄ ȼɏɄ ȼɏɄ ȼɏɄ ȼɏɄ ȼɏɄ 87 153 190 

 
1.2.4 Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ 
 
Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɟɣ ɧɚ 

ɩɨɤɪɵɬɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɜɫɟɦɢ ɭɱɚɫɬɧɢɤɚɦɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ 
ɪɚɡɦɟɳɟɧɢɟ ɪɟɡɟɪɜɨɜ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɤɨɧɤɪɟɬɧɵɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦ. 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 
ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɪɚɜɟɧ 2 % ɨɬ ܲݔܽ݉ݐ, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 8 
% ɨɬ ܲݔܽ݉ݐ.   

ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ, ɩɨɷɬɨɦɭ ɚɜɚɪɢɣɧɵɣ ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɧɚ Ɍɗɋ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8.  

Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ.ɟ. ɤɨɝɞɚ ɧɚ Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ 
ɦɨɳɧɨɫɬɶ.   

Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ: ˓ܨ ˈˏ˔˖˜.ʒЭʠ 
 =  

ݔܽ݉˄˃˓ܰ
6

 ∙  1 ˏˈ˔ =  
115

6
=   19 ʛʑ˕ ∙  ˏˈ˔ˆˑˇ  , (2.16) 

Ɋɟɦɨɧɬɧɚɹ ɩɥɨɳɚɞɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ:  ˓ܨ ˈˏ˒˓.ʒЭʠ 
 =  

ݔܽ݉˄˃˓ܰ
6

 ∙  1 ˏˈ˔ =  
271

6
=  45 ʛʑ˕ ∙  ˏˈ˔ˆˑˇ  ,                  (2.17) 

Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɦɨɠɧɨ ɩɥɚɧɢɪɨɜɚɬɶ, ɢɫɯɨɞɹ ɢɡ 
ɪɚɫɱɟɬɚ ɨɫɬɚɧɨɜɚ ɤɚɠɞɨɝɨ ɚɝɪɟɝɚɬɚ ɧɚ ɩɟɪɢɨɞ ɪɟɦɨɧɬɚ ɜ ɫɪɟɞɧɟɦ 1 ɪɚɡ ɜ 2 ɝɨɞɚ.  ˓ܨ ˈˏ˔˖˜.ʡЭʠ 

 =  
ݔܽ݉˄˃˓ܰ

6
 ∙  1 ˏˈ˔ =  

832

6
=  139 ʛʑ˕ ∙  ˏˈ˔ˆˑˇ  , (2.18) 

 
 
 
 

Ɍɚɛɥɢɰɚ 2.8 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
ɦɟɫɹɰ ɗɋ ɋɭɳ. Ƚɗɋ ɉɪɨɟɤɬ. Ƚɗɋ Ɍɗɋ 
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N
ɪɟ

ɦ,
 

Ɇ
ȼɬ

 

I 1218 24 115 7 
 

271 17 
 

832 67 
 

II  1174 23 110 8 
 

232 16 
 

832 67 
 

III 1099 22 120 10 
 

147 12 
 

832 67 
 

IV  1012 20 125 11 
 

96 9 
 

791 63 
 

V 937 19 120 10,4 
 

97 8,4 
 

720 57,6 11 
VI  893 18 115 9,9 

 
93 8,0 

 
685 54,8 58 

VII 893 18 115 9,8 
 

94 8,0 
 

684 54,7 58 
VIII 936 19 123 10,0 

 
108 8,8 

 
705 56,4 12 

IX  1011 20 140 11 19 123 9 
 

748 60 
 

ɏ 1098 22 125 10 
 

142 12 45 832 67 
 

XI  1174 23 115 8 
 

227 16 
 

832 67 
 

XII 1218 24 115 7 
 

271 17 
 

832 67 
 

 
Ƚɪɚɮɢɤ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4: 
 

 
Ɋɢɫɭɧɨɤ 2.4 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
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1.2.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ Ƚɗɋ 
 
Ƚɪɚɮɢɤ ɧɚɝɪɭɡɤɢ ɫɨɜɦɟɳɟɧɧɨɝɨ ɫ ɂɄɇ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ˓ܰ˃˄˅˞˕ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ ɪɢɫɭɧɨɤ Ⱥ1. ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ:  

 ˖ܰ˔˕. = ˓ܰ˃˄˅˞˕ + ˓ܰˈˊ = 271 + 17 = 288 ʛʑ˕ (2.19) 

 
ɝɞɟ ˓ܰ˃˄˅˞˕ – ɷɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ; ˓ܰˈˊ – ɪɟɡɟɪɜɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ. 

 ˓ܰˈˊ = ˓ܰˈˏ + ˃ܰ˅˃˓ + ːܰ˃ˆ˓ = 0 + 0 + 17 = 17 ʛʑ˕ (2.20) 

 
ɝɞɟ ˓ܰˈˏ – ɪɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ; ˃ܰ˅˃˓ – ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ; ːܰ˃ˆ˓ – ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ. 

 
1.2.6 ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɺɬɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 

ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ, ɨɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ ɜɵɪɚɛɨɬɤɢ 
 
Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ – ɨɩɪɟɞɟɥɢɬɶ 

ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɪɟɠɢɦɚ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: ɩɨ ɨɬɦɟɬɤɚɦ ɢ ɩɨ 

ɦɨɳɧɨɫɬɹɦ ɜ ɩɟɪɢɨɞ ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ – ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ Ⱥ3 ɢ Ⱥ4 ɩɪɢɥɨɠɟɧɢɹ Ⱥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɇɚɢɛɨɥɶɲɭɸ ɜɵɪɚɛɨɬɤɭ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɚɪɢɚɧɬ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ 
ɦɨɳɧɨɫɬɹɦ ɜ ɩɟɪɢɨɞ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (ɗ = 1276 ɦɥɧ. 
ɤȼɬ·ɱ) 

ɉɨ ɞɚɧɧɵɦ ɪɚɫɱɟɬɚɦ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɢ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɚɯ ɩɨ ɦɨɳɧɨɫɬɹɦ (ɫɦ. 
ɪɢɫ. 2.5) 
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Ɋɢɫɭɧɨɤ 2.5 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɭɫɥɨɜɢɹɯ ɦɚɥɨɣ ɢ 

ɫɪɟɞɧɟɣ ɜɨɞɧɨɫɬɹɯ. 
2 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 

 
2.1 ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɬɢɩɚ ɚɝɪɟɝɚɬɨɜ 

 
2.1.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ Ƚɗɋ ɩɨ ɧɚɩɨɪɭ 

ɢ ɪɚɫɯɨɞɭ 
 

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 
ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ «ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ» [2]. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɨɜ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 3.1 
 

Ɍɚɛɥɢɰɚ 3.1 – Ⱦɚɧɧɵɟ ɪɚɫɱɺɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ȼȻ ɢ ɇȻ ɇɚɩɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɱɟɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 

ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ 

Ƚɗɋ 

QɇȻ, ɦ3/ɫ zɇȻ
ɥɟɬɨ, ɦ zɇȻ

ɡɢɦɚ, ɦ ɇɇɉɍ, ɦ 
ɇɍɆɈ, 

ɦ 
ɇɪɚɫɱ, ɦ ɇ, ɦ Q, ɦ3/ɫ ɇ, ɦ Q, ɦ3/ɫ 

0 131,95 131,95 30 25 28 20,1 1628 18,3 1788 

50 132,69 132,87 29 24 27 19,5 1678 17,7 1759 

100 133,38 133,71 28 24 26 18,9 1732 17,1 1729 

150 134,02 134,47 27 23 26 18,3 1788 16,5 1698 

200 134,62 135,17 27 22 25 17,7 1849 15,9 1667 

250 135,17 135,81 26 22 25 17,1 1914 15,7 1656 

157,00

158,00

159,00

160,00

161,00

162,00

163,00

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

ZȼȻ, ɦ

t, ɦɟɫ

ɋɪɟɞɧɟɜɨɞɧɵɣ

Ɇɚɥɨɜɨɞɧɵɣ

ɇɉɍ

ɍɆɈ
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300 135,69 136,40 26 21 24 16,5 1983 15,3 1635 

 
ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ (ɪɢɫɭɧɨɤ 3.1) ɨɩɪɟɞɟɥɹɟɦ: 
– ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hmax = 27,5 ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 

ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɯɨɞɭ 
ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ; 

–    ɪɚɫɱɺɬɧɵɣ ɧɚɩɨɪ Hɪɚɫɱ = 18,3 ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱɺɬɧɨɝɨ 
ɧɚɩɨɪɚ; 

– ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ Hmin = 15,7 ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ. 

– ɦɢɧɢɦɚɥɶɧɵɣ ɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞɵ ɪɚɜɧɵ 150 ɢ 1788 ɦ3/ɫ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɋɢɫɭɧɨɤ 3.1 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 

 

2.1.2 ȼɵɛɨɪ ɝɢɞɪɨɬɭɪɛɢɧ ɩɨ ɝɥɚɜɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
 

Ɉɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɛɢɪɚɟɬɫɹ ɬɚ ɢɥɢ ɢɧɚɹ ɝɢɞɪɨɬɭɪɛɢɧɚ, 
ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥɶɧɵɣ ɧɚɩɨɪ ܪ˒˓ˈˇ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɚɛɨɬɚɟɬ ɬɭɪɛɢɧɚ. Ⱥ ɬɚɤɠɟ 
ɨɬɧɨɲɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɚ ɫɬɚɧɰɢɢ ݊݅݉ܪ  ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ ܪ˒˓ˈˇ, 
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ɇ, ɦ

Q, ɦ³/ɫ

ɇmin = 15,7ɦ

ɇɪ = 18,3 ɦ

Hmax = 27,5ɦ

Qmin=150 ɦ3/c Qmax=1788 ɦ3/c

Ʌɢɧɢɹ 
ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɪɚɫɯɨɞɭ 
ɫɚɧ. ɩɨɩɭɫɤɚ

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ 
ɩɨ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ
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ɩɪɢ ɤɨɬɨɪɨɦ ɦɨɠɟɬ ɝɢɞɪɨɬɭɪɛɢɧɚ, ɤɨɬɨɪɨɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 
ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

Ⱦɢɚɩɚɡɨɧɭ ɧɚɩɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɭɪɛɢɧɵ: 
 ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ ɉɅ30ɚ-ȼ 
 ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ ɉɅ30ɛ-ȼ. 
ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɨɬɧɨɲɟɧɢɟ ݊݅݉ܪ  Ɉɧɨ ɞɨɥɠɧɨ ɛɵɬɶ .(ɫɦ. 3.1) ˇˈ˓˒ܪ/

ɧɟ ɦɟɧɶɲɟ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ: 
ˇˈ˓˒ܪ݊݅݉ܪ  =

15,7

30
= 0,52 (3.1) 

 

Ⱦɨɩɭɫɬɢɦɨɟ ɨɬɧɨɲɟɧɢɟ ɞɥɹ ɉɅ30ɚ-ȼ ɢ  ɉɅ30ɛ-ȼܪ݊݅݉ܪ˒˓ˈˇ ൒ 0,5. 

Ⱦɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɜɵɛɪɚɧɧɵɟ ɬɭɪɛɢɧɵ ɩɨ ɧɚɩɨɪɚɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɸ. ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ ɜɵɛɪɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥ. 3.2 

 
Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧ. 

ɉɚɪɚɦɟɬɪ 
ɉɅ30ɚ-ȼ ɉɅ30ɛ-ȼ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɝɢɞɪɨɬɭɪɛɢɧɵ ɇɩɪɟɞ, ɦ 30 30 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɇmin/Hmax 0,5 0,5 

Ɉɩɬɢɦɚɥɶɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ n'Iopt, ɨɛ/ɦɢɧ 126 130 

Ɉɩɬɢɦɚɥɶɧɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ Q'Iopt, ɥ/ɫ 890 1270 

Ɉɩɬɢɦɚɥɶɧɵɣ ɄɉȾ ɦɨɞɟɥɢ ɦ opt 0,912 0,911 

ɉɪɢɜɟɞɟɧɧɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ QI max, ɥ/ɫ 1950 1900 

ɉɪɢɜɟɞɟɧɧɵɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ (ɊɄ) D'1, ɦ 0,460 0,46 

ɇɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ Hɦɨɞ, ɦ 4 8 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɪɢ ɢɫɩɵɬɚɧɢɢ tɦɨɞ, 
0ɋ 5 21 

 
ɉɪɨɢɡɜɨɞɢɦ ɩɨɞɛɨɪ ɜɚɪɢɚɧɬɨɜ ɬɭɪɛɢɧ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɨɦ ɜɵɲɟ 

ɞɢɚɩɚɡɨɧɟ ɧɚɩɨɪɨɜ. ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ ɷɬɢɯ ɝɢɞɪɨɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 3.2. Ɂɚɞɚɟɦɫɹ ɪɹɞɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɨɜ D1 ɢ ɞɥɹ 
ɤɚɠɞɨɝɨ ɞɢɚɦɟɬɪɚ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ (3.2-3.11): 

 
 ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ 

 ܽܰ′ = 9,81 ∙ QI ɪ
′ ∙ D1

2 ∙ Hp
1,5 ∙ η˕ ∙ ηˆ (3.2) 

 
ɝɞɟ Q'I ɪ – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 

ɬ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
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ɝ – ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. 
 ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ 

 

η˕ = 1 −  1 − ηˏ   1 − ɂ + ɂ 1ܦˏˑˇ1ܦ

5 ∙  Hˏˑˇʜ˓10 ∙  νːνˏˑˇ5   (3.3) 

 
ɝɞɟ ɦ - ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 

D1ɦɨɞ – ɞɢɚɦɟɬɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
ɇɦɨɞ – ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
D1 – ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
ɇɪ – ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ; 
νɧ, νɦɨɞ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 
ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ 
ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ; 𝜺 – ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ (𝜺 = 0,75). 

 
 ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ  

 

Z′ɚɝɪ =
Nɭɫɬ

Nɚɝɪ
 (3.4) 

 
ɝɞɟ Nɭɫɬ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ (Nɭɫɬ =288000 ɤȼɬ) 

Naɝɪ - ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ. 
Ɋɚɫɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ Z’ɚɝɪ ɨɤɪɭɝɥɹɟɬɫɹ ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ (Za) 
ɉɨɫɥɟ ɱɟɝɨ ɭɬɨɱɧɹɟɬɫɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ: 
 

ܽܰ =
˖ܰ˔˕ܼܽ  (3.5) 

 
 ɩɨɩɪɚɜɤɚ ɄɉȾ 

 ∆1=
ηɧηɦ

 (3.6) 

 
 ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ (ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɤɪɭɝɥɟɧɢɟɦ ɞɨ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɡɧɚɱɟɧɢɹ) 
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n′ =
nI˓′  Δ1 ∙ ɇɪ

D1

 (3.7) 

 
ɝɞɟ n'Iɪ - ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ ɪɚɫɱɟɬɧɨɣ 

ɬɨɱɤɟ. 
 ɩɪɢɜɟɞɟɧɧɵɟ ɦɚɤɫɢɦɚɥɶɧɚɹ, ɪɚɫɱɟɬɧɚɹ ɢ ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ 
 

nImax
′ =

n˔ˋː˘D1 ∆′ ∙ Hmin  0.5
 (3.8) 

 

nI ˓˃˔˚′ =
n˔ˋː˘D1 ∆′ ∙ H˓ 0.5

 (3.9) 

 

nImin
′ =

n˔ˋː˘D1 ∆′ ∙ Hmax  0.5
 (3.10) 

 
 ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞɺɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ 

 

Q′I p ∙ η˕ =
Na

9,81 ∙ D1
2 ∙ Hp

1,5 ∙ ηˆ ˔˓ (3.11) 

 
 
 

 
 ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ 

 

Q′I ∙ η˕ =
Na

9,81 ∙ D1
2 ∙ Hmax

1,5 ∙ ηˆ ˔˓ (3.12) 

 
 ɩɪɢɜɟɞɟɧɧɵɟ ɪɚɫɯɨɞɵ 

 

Q′Imax =
Qmin

n ∙ D1
2 ∙  Hmin ∙ Δ′ (3.13) 

 

Q′I min =
Qmin

n ∙ D1
2 ∙  Hmax ∙ Δ′ (3.14) 

 
 ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ 
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Hs = B − Zː˄ Qː˄ 
900

− σ ∙ H − ݏܪ∆ + ∆Z˘.˒ˎ, (3.15) 

 
ɝɞɟ ȼ – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ (10,33 ɦ ɜɨɞ.ɫɬ); ∆ݏܪ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɥɭɛɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɭɱɢɬɵɜɚɸɳɟɟ 

ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ σ ɩɪɢ ɦɨɞɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ, ɦɚɫɲɬɚɛɧɵɣ ɷɮɮɟɤɬ 
ɢ ɚɧɬɢɤɚɜɢɬɚɰɢɨɧɧɵɣ ɡɚɩɚɫ (1,5 ɦ); 
 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ;  
ɇ – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ Zɧɛ(Qɧɛ) –
(ɪɢɫɭɧɨɤ 1.2); 
Zɯ.ɩɥ. – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬɧɵɯ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ 
ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɞɥɹ ɬɭɪɛɢɧ ɉɅ30-ȼ Zɯ.ɩɥ.= 0 

ȼɫɟ ɪɚɫɱɺɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.3. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɢ ɭɛɪɚɧɵ 
ɜɚɪɢɚɧɬɵ ɫ Zɚɝɪ ɛɨɥɟɟ 7 ɲɬ. ɢ ɜɚɪɢɚɧɬɵ, ɪɚɫɱɟɬɧɵɟ ɬɨɱɤɢ ɤɨɬɨɪɵɯ, ɧɟɜɨɡɦɨɠɧɨ 
ɨɬɨɛɪɚɡɢɬɶ ɧɚ Ƚɍɏ. 

 
Ɍɚɛɥɢɰɚ 3.3 – ɉɚɪɚɦɟɬɪɵ ȽȺ ɞɥɹ ɪɹɞɚ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɢɚɦɟɬɪɚ ɊɄ 

ɉɚɪɚɦɟɬɪ ɉɅ30ɚ-ȼ ɉɅ30ɛ-ȼ 
D1, ɦ 6,30 7,10 7,50 8,00 6,30 7,10 7,50 8,00 
ɄɉȾ ɬ 0,929 0,930 0,930 0,931 0,927 0,928 0,928 0,929 

N'ɚɝɪ, ɤȼɬ 47841 60828 67909 77309 48934 62151 69351 78906 
z'a, ɲɬ 6,02 4,73 4,24 3,73 5,89 4,63 4,15 3,65 
z a, ɲɬ 6,00 5,00 4,00 4,00 6,00 5,00 4,00 4,00 

Nɚɝɪ, Mȼɬ 48,0 57,6 72,0 72,0 48,0 57,6 72,0 72,0 
Δ1 1,047 1,048 1,048 1,049 1,043 1,044 1,044 1,045 

nc', ɨɛ/ɦɢɧ 87,53 77,71 73,58 69,01 90,13 80,02 75,77 71,06 
nɫɢɧɯ, ɨɛ/ɦɢɧ 88,20 78,90 75,00 71,40 90,90 83,30 78,90 71,40 

nI'Hmin 137,07 138,11 138,65 140,75 141,55 146,10 146,14 141,02 
nI'Hp 126,96 127,93 128,42 130,37 131,11 135,32 135,36 130,62 

nI'Hmax 103,57 104,36 104,76 106,35 106,95 110,39 110,42 106,56 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.3 

ɉɚɪɚɦɟɬɪ ɉɅ30ɚ-ȼ ɉɅ30ɛ-ȼ 
QI'*ɄɉȾ Hp 1,47 1,39 1,55 1,36 1,64 1,55 1,74 1,53 

QI'*ɄɉȾ Hmax 0,89 0,84 0,94 0,83 0,89 0,84 0,94 0,83 
QI'ɨɝɪ Hmax 0,70 0,55 0,50 0,44 0,71 0,56 0,50 0,44 
QI'ɨɝɪ Hmin 0,93 0,73 0,66 0,58 0,93 0,74 0,66 0,58 
Hs(Hmin), ɦ -1,78 -0,49 -3,03 -0,44 -4,21 -0,68 -5,78 -0,44 

Hs(Hp), ɦ -3,55 -2,08 -5,29 -1,90 -7,21 -3,55 -9,04 -3,18 
Hs(Hmax), ɦ 1,48 -1,14 -1,96 -0,73 1,53 2,44 1,45 2,30 

 
ɇɟɨɛɯɨɞɢɦɨ ɫɨɩɨɫɬɚɜɢɬɶ ɪɚɡɥɢɱɧɵɟ ɬɭɪɛɢɧɵ ɢ ɜɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ 

ɜɚɪɢɚɧɬ. ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɬɭɪɛɢɧ ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ: 
 ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ;  
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 ɜɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ; 
 ɡɧɚɱɟɧɢɟ ɄɉȾ; 
 ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɣ ɡɨɧɵ ɧɚ ɍɏ;  
 ɧɚɥɢɱɢɟ ɤɚɬɚɥɨɠɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɢɧɯɪɨɧɧɨɣ 

ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧɵ,  
ɩɪɢ ɷɬɨɦ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ ɚɤɬɢɜɧɚɹ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɦɨɳɧɨɫɬɶ 

ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɛɨɥɟɟ ɱɟɦ ɧɚ 10%.  
Ƚɢɞɪɨɬɭɪɛɢɧɚ ɉɅ30ɚ-ȼ-800, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɣ ɞɥɹ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɚɤ ɤɚɤ ɨɧɚ ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ.  
ɂɫɯɨɞɹ ɢɡ ɨɫɧɨɜɧɵɯ ɤɪɢɬɟɪɢɟɜ ɫɪɚɜɧɟɧɢɹ, ɞɚɧɧɚɹ ɬɭɪɛɢɧɚ ɢɦɟɟɬ 

ɞɨɩɭɫɬɢɦɭɸ ɡɨɧɭ ɪɚɛɨɬɵ ɧɚ ɍɏ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, ɪɚɛɨɱɚɹ ɬɨɱɤɚ 
ɧɚɯɨɞɢɬɫɹ ɛɥɢɠɟ ɤ ɬɨɱɤɟ ɨɩɬɢɦɭɦɚ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɜɚɪɢɚɧɬɚɦɢ, ɢ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ ɬɭɪɛɢɧɚ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ = 93,1% ɢ ɟɞɢɧɢɱɧɨɣ 
ɦɨɳɧɨɫɬɶɸ ɚɝɪɟɝɚɬɚ Nɚɝɪ=72 Ɇȼɬ, ɚ ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɞɚɧɧɨɣ ɬɭɪɛɢɧɵ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨɣ Hs(Hɪ) = -1,90 ɦ.  

Ɂɨɧɚ ɪɚɛɨɬɵ ɞɥɹ ɉɅ30ɚ-ȼ-800ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɪɢɫɭɧɨɤ Ȼ.1. 
 
2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɺ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 
 

Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɟɺ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ∇ܼ˓.ˍ. = ܼː˄ ܳː˄ + Hܵ,(3.16) 
 
ɝɞɟ Zː˄ Qː˄ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ɪɚɫɯɨɞɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 

ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ (ɪɢɫɭɧɨɤ 1.2).  
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ HS ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱥɧɚɥɢɡ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ, ɬ.ɟ. ɬɪɟɛɭɸɳɢɦɢ ɧɚɢɛɨɥɶɲɟɝɨ 
ɡɚɝɥɭɛɥɟɧɢɹ ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɪɢ ɪɟɠɢɦɚ: 

 ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ Hmax ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 
 ɞɥɹ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ Hɪ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 
 ɞɥɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ Hmin ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ 

ɧɚ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɞɥɹ ɬɭɪɛɢɧɵ ɉɅ30ɚ-ȼ-800 ɩɨɫɱɢɬɚɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ 

2.13: 
ɉɪɢ ɇmax: 
 

Hs = 10,33 − 135,816

900
− 0,33 ∙ 27,5 − 1,5 + 0 = −0,726 ˏ, 
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ɉɪɢ Hɪ: 
 

Hs = 10,33 − 136,812

900
− 0,56 ∙ 18,3 − 1,5 + 0 = −1,9 ˏ, 

 
ɉɪɢ Hmin: 
 

Hs = 10,33 − 407,07

900
− 0,56 ∙ 15,7 − 1,5 + 0 = −0,44 ˏ, 

 
Ɋɚɫɱɟɬ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɩɪɢ ɤɚɠɞɨɣ ɢɡ 

ɜɵɱɢɫɥɟɧɧɵɯ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ (3.3-3.5). Ɉɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ 
ɜ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɵɯ ɬɭɪɛɢɧɚɯ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɨɬ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɞɨ 
ɨɫɢ ɩɨɜɨɪɨɬɚ ɥɨɩɚɫɬɟɣ. 

 ܼʟʙ(Hmin ) = Zː˄ Q  Hmin   + Hݏ(H݉݅݊ ), (3.17) 
 ܼʟʙ(H˓˃˔˚) = Zː˄  Q  H˓˃˔˚  + Hݏ(H˓˃˔˚), (3.18) 

  ܼʟʙ(H݉ܽݔ ) = Zː˄ Q  Hmax   + Hݏ(Hmax ), (3.19) 
 
Ⱦɥɹ ɬɭɪɛɢɧɵ ɉɅ30ɚ-ȼ-800: 
 
Zʟʙ(Hmin ) = 135,82 + (−0,73) = 135,09 ɦ, 
 
Zʟʙ(H˓˃˔˚) = 136,81 + (−1,9) = 134,91 ɦ, 
 
Zʟʙ(H݉ܽݔ ) = 136,55 + (−0,44) = 136,10 ɦ. 
 
ɂɡ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɛɢɪɚɟɬɫɹ ɬɨ, ɩɪɢ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧɚ 

ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ.  
ɉɨ ɷɬɨɦɭ ɭɫɥɨɜɢɸ ɛɵɥɚ ɜɵɛɪɚɧɚ ɦɢɧɢɦɚɥɶɧɚɹ ɨɬɦɟɬɤɚ ɭɫɬɚɧɨɜɤɢ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ Zʟʙ2 = 134,91. 
 
2.3 ȼɵɛɨɪ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 
 
ɉɨɥɭɱɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɨɡɜɨɥɹɸɬ ɧɚɦɟɬɢɬɶ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɚɪɢɚɧɬɵ ɩɚɪɚɦɟɬɪɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ. Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ 
ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ ɩɨ ɪɚɫɱɺɬɧɨɦɭ ɡɧɚɱɟɧɢɸ 
ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. ȼɵɛɢɪɚɟɦ 
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ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ1260/147-84. ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɜɵɛɪɚɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.4 

 
Ɍɚɛɥɢɰɚ 3.4 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ 1260/147-84 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɩɨɥɧɚɹ 97 ɆȼȺ 

ɚɤɬɢɜɧɚɹ 82,5 Ɇȼɬ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos φ 0,85 
ɑɚɫɬɨɬɚ 50 Ƚɰ 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 71,4 ɨɛ/ɦɢɧ 
ɑɢɫɥɨ ɮɚɡ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ (ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ) 1 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ 4060 Ⱥ 
Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 1435 Ⱥ 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɥɶɰɚɯ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 355 ȼ 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ 
(ɨ.ɟ.) 

ɫɢɧɯɪɨɧɧɨɟ  Xd 0,8 
ɩɟɪɟɯɨɞɧɨɟ  X'd 0,28 
ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ  

X"d 
0,21 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɏ2 0,21 

 
2.4 ȼɵɛɨɪ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 
ɉɨ ɧɨɦɨɝɪɚɦɦɟ [6, ɪɢɫɭɧɨɤ 10.9, ɫ 144] ɨɩɪɟɞɟɥɢɥɢ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɧɚɩɨɪɚ 27,5 ɦ ɢ D1 = 8 ɦ: Ɇɇɍ 16/1-40-20-3, ɝɞɟ:  
16 – ɨɛɴɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ ɜ ɦ3; 
1 – ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ; 
1 – ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ɤɝɫ/ɫɦ2; 
40 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ɦ3; 
3 – ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 
Ɍɚɤ ɤɚɤ ɬɭɪɛɢɧɚ ɩɨɜɨɪɨɬɧɨ-ɥɨɩɚɫɬɧɚɹ, ɬɨ ɜɵɛɢɪɚɟɬɫɹ ɗȽɊ ɞɥɹ 

ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɫ ɞɜɭɦɹ ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɨɪɝɚɧɚɦɢ. ɋɨɝɥɚɫɧɨ ɫɩɪɚɜɨɱɧɵɦ 
ɞɚɧɧɵɦ [6], ɜɵɛɢɪɚɟɦ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɬɢɩɚ ɗȽɊɄ-2ɂ1-100-4, 
ɝɞɟ: 

ɗȽɊɄ-2ɂ1 – ɬɢɩ ɩɚɧɟɥɢ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ; 
100 – ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ ɜ ɦɦ; 
4 – ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
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3 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

3.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
 

ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ 
ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɬ ɫɯɟɦɵ ɡɚɜɢɫɢɬ 
ɧɚɞɺɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɝɢɛɤɨɫɬɶ ɨɩɟɪɚɬɢɜɧɵɯ 
ɩɟɪɟɤɥɸɱɟɧɢɣ, ɭɞɨɛɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɟɧɢɹ ɜ ɞɚɥɶɧɟɣɲɟɦ. 

ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɩɨɞɫɬɚɧɰɢɟɣ ɹɜɥɹɟɬɫɹ ɉɋ «ɂɥɵɱ» 220 
ɤȼ ɫ ɪɚɫɫɬɨɹɧɢɟɦ 90 ɤɦ ɞɨ ɫɬɜɨɪɚ.  

ɇɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɟ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɟ ɫɯɟɦɵ: ɨɞɢɧɨɱɧɵɣ ɛɥɨɤ ɢ ɭɤɪɭɩɧɟɧɧɵɣ ɛɥɨɤ (ɪɢɫ. 4.1, 4.2). 

 
Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ 
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Ɋɢɫɭɧɨɤ 4.2 – ɋɯɟɦɚ ɫ ɭɤɪɭɩɧɺɧɧɵɦ ɛɥɨɤɨɦ  
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3.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ 
 

3.2.1 ȼɵɛɨɪ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ 
 

ȼɵɛɨɪ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɨɜ (ȽȽ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɚɫɱɺɬɧɨɦɭ ɡɧɚɱɟɧɢɸ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɭɪɛɢɧɵ (ɫɦ. 
ɬɚɛɥɢɰɭ 4.1). 

 
Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɚ ɋȼ 1260/147-84 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ܷːˑˏ, ˍʑ cos 𝜑 ݊ 
ɂɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ܵːˑˏ, ʛʑ˕ ܲː ˑˏ, ʛʑ˕ x ′݀′  x ′݀  x݀  

97 82,5 13,8 0,85 71,4 0,21 0,28 0,8 
 

3.2.2 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ 
ɛɥɨɤɨɦ 
 

ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɱɢɫɥɚ, ɬɢɩɚ ɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ.  

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ 
ɜ ɫɟɬɶ ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, 
ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ ɬ.ɟ. ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, 
ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 1% ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 

 ܵ˓˃˔˚ = ːܲˑˏ− ˔ܲ.ː.

cos 𝜑 =
82,5−82,5·0,01

0,85
= 96,09 ʛʑ · ʏ, (4.1)  

 
ɝɞɟ ̟ܲ ˔˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ, Ɇȼɬ; ̝ܲ .ː. – ɚɤɬɢɜɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, Ɇȼɬ; 

cos 𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ. 
ɇɚ ɞɚɧɧɵɟ ɦɨɳɧɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɤɚɬɚɥɨɝɭ ɈȺɈ 

«ɗɅȿɄɌɊɈɁȺȼɈȾ» ɜɵɛɢɪɚɟɬɫɹ ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌȾɐ-125000/220 
(ɈɈɈ «Ɍɨɥɶɹɬɬɢɧɫɤɢɣ Ɍɪɚɧɫɮɨɪɦɚɬɨɪ»).  

 Ɍ – ɬɪɟɯɮɚɡɧɵɣ; 
 Ⱦ - ɞɭɬɶɟ; 
 ɐ – ɰɢɪɤɭɥɹɰɢɹ ɦɚɫɥɚ ɩɪɢɧɭɞɢɬɟɥɶɧɚɹ; 
 125000 - ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ; 
 220 -  ɡɧɚɱɟɧɢɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ. 

 Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 
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Ɍɚɛɥɢɰɚ 4.2 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 125000/220 ܵːˑˏ, ʛʑʏ 
ܷ, ˍʑ ܷʙʖ, % ∆ ʙܲʖ, ˍʑ˕ ∆ ʤܲʤ, ˍʑ˕ ܫʤʤ, % ܷʑʜ ܷʜʜ 

125 242 13,8 11 380 135 0,5 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ mܶax  ɢ 
ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ 𝜏. 

 𝜏 =  0,124 +
ܶ݉ ݔܽ
104

 2 · 8760 =  0,124 +
4000

104
 2 · 8760 = 2405 ˚/ˆˑˇ(4.2)  

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = 8760 − ˒ܶߤ ˎ − 𝜔ܶ˅ ,(4.3)  

 
ɝɞɟ ߤ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ ,1 ɪɚɡ ɜ ɝɨɞ; ܶ˒ ˎ – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ, ɩɪɢɧɹɬɨ: ܶ˒ ˎ = 30˚; 𝜔 – ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɛɥɨɤɚ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ: 𝜔 = 0,025 ɟɞ/ɝɨɞ; ܶ˅  – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ, ܶ˅ = 60 ˚. 

˄˃˓ݐ  = 8760 − 1 · 30 − 0,025 · 60 = 8729 ˚ 
 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ ʤܹʤ = ݊ʡ · ∆ ʤܲʤ ·   (4.4) ,˄˃˓ݐ

 
ɝɞɟ ݊ʡ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɛɥɨɤɟ, ݊ʡ = 1; ∆ ʤܲʤ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; ݐ˓˃˄ – ɜɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ, ɱ. 

 ∆ ʤܹʤ = 1 · 0,135 · 8729 = 1178,35 ʛʑ˕ · ˚ 
 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ ʜܹ =

∆ܲʙʖ݊˕ ·  ܵ˓˃˔˚ܵ˕ ːˑˏ 2 · 𝜏, (4.5)  

 
ɝɞɟ ∆ ʙܲʖ – ɩɨɬɟɪɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼɬ; ݊˕ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ܵ˓˃˔˚ – ɦɨɳɧɨɫɬɶ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɆȼȺ; ܵ˕ ːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɆȼȺ; 
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𝜏 – ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɱ/ɝɨɞ. 
 ∆ ʜܹ =

0,380

1
·  96,09

125
 2 · 2405 = 540,1 ʛʑ˕ · ˚ 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ: 
 ʗ˒ = 1ߚ · ∆ ʤܹʤ + 2ߚ · ∆ ʜܹ, (4.6)  

 
ɝɞɟ ∆ ʤܹʤ – ɩɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ʛʑ˕ · ˚; ∆ ʜܹ – ɧɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ʛʑ˕ · ,1ߚ ;˚  ɫɬɨɢɦɨɫɬɶ ɩɨɬɟɪɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɏɏ ɢ ɧɚɝɪɭɡɨɱɧɵɯ ɩɨɬɟɪɶ – 2ߚ
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

1ߚ  = 0,6 · 10−2  ˕˞˔. ˓˖˄/(ʛʑ˕ · ˚) 
2ߚ  = 0,9 · 10−2 ˕˞˔. ˓˖˄/(ʛʑ˕ · ˚) 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚ 1 ɚɝɪɟɝɚɬɧɵɣ ɛɥɨɤ: 
 ʗʞ ˑˇˋːˑ˚ = 0,6 · 10−2 · 1178,35 + 0,9 · 10−2 · 540,1 = 11,93 ˕˞˔. ˓˖˄/ˆˑˇ  
 
ɂɡɞɟɪɠɤɢ ɞɥɹ ɜɫɟɣ ɫɬɚɧɰɢɢ (3 ɨɞɢɧɨɱɧɵɯ ɛɥɨɤɚ): 
 ʗʞ = 4 · ʗʞ ˑˇˋːˑ˚ = 4 · 11,93 = 47,72 ˕˞˔. ˓˖˄/ˆˑˇ                                         

(4.7)  
 
3.2.3 ȼɵɛɨɪ ɩɨɜɵɲɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɫɯɟɦɵ ɫ 

ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ 
 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɨɜ ɜ ɫɟɬɶ 
ɩɨɜɵɲɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ 
ɨɬɜɟɬɜɥɟɧɢɢ ɨɬ ɝɟɧɟɪɚɬɨɪɚ: 

 ܵ˓˃˔˚ = 2 ⋅ ːܲˑˏ− ˔ܲ.ː.

cos 𝜑 = 2 ⋅ 82,5−0,01∙82,5

0,85
= 192,18 ʛʑ · ʏ (4.8)  

 
ɇɚ ɞɚɧɧɵɟ ɦɨɳɧɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɢɟ ɩɨɞɨɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɡɚɜɨɞɚ ɈȺɈ 

«ɗɥɟɤɬɪɨɡɚɜɨɞ» ɬɢɩɚ ɌȾɐ-200000/220. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.3. 

 
Ɍɚɛɥɢɰɚ 4.3 – Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ 200000/220 ܵːˑˏ, ʛʑʏ ܷ, ˍʑ ܷʙʖ, % ∆ ʙܲʖ, ˍʑ˕ ∆ ʤܲʤ, ˍʑ˕ ܫʤʤ, % 
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ܷʑʜ ܷʜʜ 
200 242 13,8 11 660 83,9 0,088 
 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

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

 𝜏 =  0,124 +
ܶ݉ ݔܽ
104

 2 · 8760 =  0,124 +
4000

104
 2 · 8760 = 2405 ˚/ˆˑˇ(4.9) 

 
ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ: 
˄˃˓ݐ  = 8760 − 1 · 30 − 0,025 · 60 = 8729 ˚ 
 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɝɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ ʤܹʤ = 1 · 0,0839 · 8729 = 732,32 ʛʑ˕ · ˚ 
 
ɇɚɝɪɭɡɨɱɧɵɟ ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ ʜܹ =

0,660

1
·  192,18

200
 2 · 2405 = 1465,72 ʛʑ˕ · ˚ 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 1 ɭɤɪɭɩɧɟɧɧɵɣ 

ɚɝɪɟɝɚɬɧɵɣ ɛɥɨɤ: 
 ʗʞ ˖ˍ˓˖˒ː = 0,6 · 10−2 · 732,32 + 0,9 · 10−2 · 1465,72 = 17,59 ˕˞˔. ˓˖˄/ˆˑˇ  
 
ɂɡɞɟɪɠɤɢ ɞɥɹ ɜɫɟɣ ɫɬɚɧɰɢɢ (2 ɭɤɪɭɩɧɺɧɧɵɯ ɛɥɨɤɚ): 
 ʗʞ = 2 · ʗʞ ˖ˍ˓˖˒ː. = 2 · 17,59 = 35,17 ˕˞˔. ˓˖˄/ˆˑˇ (4.10)  

 
ȼ ɯɨɞɟ ɪɚɫɱɟɬɨɜ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 

ɭɫɬɚɧɨɜɤɢ ɭɤɪɭɩɧɟɧɧɵɯ ɛɥɨɤɨɜ. ɇɨɞɚɧɧɚɹ ɫɯɟɦɚ ɹɜɥɹɟɬɫɹ ɦɟɧɟɟ ɧɚɞɟɠɧɨɣ, 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ.Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɺɬɨɜ ɩɪɢɧɢɦɚɟɦ 
ɱɢɫɬɨ ɨɞɢɧɨɱɧɵɟ ɛɥɨɤɢ, ɬɚɤ ɤɚɤ ɞɚɧɧɚɹ ɫɯɟɦɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ 
ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɵɜɨɞɚ ɜ ɪɟɦɨɧɬ, ɢ ɪɚɛɨɬɚ ɩɨ ɝɪɚɮɢɤɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ɍɚɤ ɠɟ 
ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɨɥɟɟ ɦɨɳɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɬɨɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɞɨɪɨɠɟ 
ɧɟɠɟɥɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɫɯɟɦɟ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. 

 
3.2.4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
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ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɭɞɟɦ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɨɩɵɬɨɦ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɰɢɣ, ɚ ɬɚɤɠɟ ɬɟɯɧɢɱɟɫɤɢɦɢ ɪɟɝɥɚɦɟɧɬɚɦɢ. 

ɉɨɥɶɡɭɹɫɶ ɨɩɵɬɨɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɨ ɩɪɢɦɟɧɹɬɶ 
ɨɞɢɧɚɤɨɜɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. Ɍɚɤ ɤɚɤ ɧɚɥɢɱɢɟ ɨɞɢɧɚɤɨɜɵɯ 
ɭɡɥɨɜ ɞɟɥɚɟɬ ɛɨɥɟɟ ɞɟɲɟɜɵɦ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɬɚɧɰɢɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɟɦɨɧɬɧɨɝɨ 
ɡɚɩɚɫɚ. ɑɚɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɡɟɪɜɟ ɧɚ ɫɤɥɚɞɚɯ ɩɪɟɞɩɪɢɹɬɢɹ, ɚ 
ɨɬɫɸɞɚ ɫɥɟɞɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɷɤɨɧɨɦɢɢ ɧɚ ɦɟɧɶɲɟɦ ɱɢɫɥɟ ɪɟɡɟɪɜɧɵɯ ɭɡɥɨɜ. 

ɉɨɥɶɡɭɹɫɶ ɬɟɯɧɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɨɣ ɉȺɈ «ɊɭɫȽɢɞɪɨ», ɚ ɤɨɧɤɪɟɬɧɨ ɞɚɧɧɨɣ 
ɜɵɞɟɪɠɤɨɣ: «ȼ ɫɟɬɹɯ ɞɨ 35 ɤȼ ɜɤɥɸɱɢɬɟɥɶɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɨɥɠɧɵ 
ɩɪɢɦɟɧɹɬɶɫɹ ɫɭɯɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ». ȼ ɞɚɥɶɧɟɣɲɟɦ ɜɵɛɨɪɟ ɛɭɞɭɬ ɬɨɥɶɤɨ 
ɨɞɢɧɚɤɨɜɵɟ ɢ «ɫɭɯɢɟ» ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ. 

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. ܵʠʜ˔˕˃ː˙ˋˋ

= ̟ܲ ˔˕˃ːˑ˅ˎˈːː˃ˢ ∙ 𝜑ݏ݋0,01ܿ  = 288∙  0,01

0,85
 = 3,38 Ɇȼɬ          

(4.11) 

ɉɨ ɩɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ. ɉɨ ɩɨɞɯɨɞɹɳɟɣ ɦɨɳɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɌɋɁ-
4000/13,8/6,3 ɢ ɌɋɁ – 2000/6,3/0,4, 
ɝɞɟ: 

 Ɍ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ; 
 ɋ-ɫɭɯɨɣ; 
 Ɂ-ɡɚɳɢɳɺɧɧɵɣ; 
 4000/2000- ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ; 
 6,3/0,4 - ɡɧɚɱɟɧɢɟ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ; 
 13,8/6,3 - ɡɧɚɱɟɧɢɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ. 
ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ – 4000/13,8/6,3 ɢ ɌɋɁ – 

2000/6,3/0,4ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 

Ɍɚɛɥɢɰɚ 4.4 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɋɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

Ɍɢɩ ɬɪ-ɪɚ ܵːˑˏ, ʛʑʏ 
U, ɤȼ ∆P, ɤȼɬ ∆Pɯ, ɤȼɬ ∆Iɯ, % ∆Uɤ, % 

Uɜɧ Uɧɧ 
ɌɋɁ – 

4000/13,8/6,3 
4 13,8 6,3 19,5 4,6 0,5 6,5 

ɌɋɁ – 
2000/6,3/0,4 

2 6,3 0,4 11,5 3,1 0,3 5 
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3.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 
 

ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ Ɋɍ 220 ɤȼ: 
 

SΣ =
(̟ܲ ˔˕.ʒЭʠ − 0,01 ∙ ̟ܲ ˔˕.ʒЭʠ)

cos 𝜑 =
(288 − 0.01 ∙ 288)

0,85

= 335,4 ʛʑ ∙ ʏ 
(4.12) 

 
ɇɚɬɭɪɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɩɨ 1 ɰɟɩɢ 220 ɤȼ ɫɨɝɥɚɫɧɨ [18; 

ɬɚɛɥɢɰɚ 3.1] ܲː ˃˕ = 135 Ɇȼɬ. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ cosφc = 0,85. 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 220 ɤȼ: 
 
(ܲ˖˔˕.ʒЭʠ−0,01∙ܲ˖˔˕.ʒЭʠ)

(ܲː˃˕∙݇)/cosφc

+ 1 =
(288−0,01∙288)

(135∙1,2)/0,85
+ 1 = 2,5 ≈ 3, (4.13) 

 
ɝɞɟ k = 1,2 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 220 ɤȼ ɪɚɜɧɵɦ nˎ = 3. Ɋɚɛɨɱɢɣ ɬɨɤ ȼɅ 220 ɤȼ: 
˄˃˓ܫ  =

ܵΣ݊ˎ ∙  3 ∙ ܷːˑˏ =
335400

3 ∙  3 ∙ 220
= 339 ʏ (4.14) 

 
Ɋɚɫɱɺɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ: 
˚˔˃˓ܫ  = α˕ ∙ α݅ ∙ ˄˃˓ܫ = 1,0 ∙ 1,05 ∙ 339 = 356 ʏ, (4.15) 

 
ɝɞɟ αi = 1,05 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ; αɌ = 1,0 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɋɜɵɲɟ 1 ɤȼ ɜɵɛɨɪ ɫɟɱɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ j = 1,4 Ⱥ/ɦɦ2 

˚˔˃˓ܨ  =
݆˚˔˃˓ܫ =

356

1,4
= 254,12 ˏˏ2 (4.16) 

 
ɋɨɝɥɚɫɧɨ [18, ɬɚɛɥ. 3.15] ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ Ⱥɋ-300/39. Ⱦɨɩɭɫɬɢɦɵɣ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 
ɜɨɡɞɭɯɚ ̌ܫ ˑ˒ =  710 ʏ. 

ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
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ܫ˒  .˃˅ =
S  nˎ − 1 ∙  3 ∙ Uːˑˏ =

335,4

(3 − 1) ∙  3 ∙ 220
= 440,14 ʏ (4.17) 

ܫ˒  .˃˅ < ܫ̌ ˑ˒, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ Ⱥɋ-300/39 ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɜɨɞɚ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.5: 
 

Ɍɚɛɥɢɰɚ 4.5 – ɉɚɪɚɦɟɬɪɵ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ Ⱥɋ-300/39 
ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ 

ɮɚɡɟ 
 Iɞɨɩ 0ܤ 0ܺ 0ܴ

ɲɬ. Ɉɦ/ɤɦ Ɉɦ/ɤɦ 10-6 ɋɦ/ɤɦ Ⱥ 
3 0,096 0,429 2,645 710 

 
3.4 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɺɬɚ 
 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɫɢɥɨɜɵɯ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɉɨɷɬɨɦɭ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

ܭ  = ݊ ∙ ʡܭ + ݉ ∙ ʡʠʜܭ +  ʟʢ (4.18)ܭ
 
ɝɞɟ ܭʡ – ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ;  ܭʡʠʜ– ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; ܭʟʢ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ;  ݊ – ɱɢɫɥɨ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; ݉ – ɱɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɨɦ ɩɨ ɮɨɪɦɭɥɟ: 
1ܭ  = 47 213 500 ∙ 4 + 7 090 200 ∙ 3 + 7 756 800 ∙ 7 = 215 137 514 ˓˖˄. 

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɨɤɚɦɢ ɩɨ ɮɨɪɦɭɥɟ: 
 

Ʉ2 = 71 811 000 ∙ 2 + 7 090 200 ∙ 3 + 7 756 800 ∙ 5 = 214 038 109 ˓˖˄. 
 
ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɣ ɢɡ ɜɚɪɢɚɧɬɨɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɬɪɟɛɭɟɬ 

ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ: 
 ʖi = ʔː ∙ ʙi + ʗi (4.19) 
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ɝɞɟ ʔː = 0,15 – ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ  
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ ɩɨ 

ɮɨɪɦɭɥɟ: 
 

Ɂ1 =
0,15 ∙ 215 137 514 + 47,72/1000

1000
≈ 0,032 ˏˎ˓ˇ. ˓˖˄. 

 
ɉɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ ɩɨ 

ɮɨɪɦɭɥɟ: 
 

Ɂ2 =
0,15 ∙ 214 038 109 + 47,72/1000

1000
≈ 0,032 ˏˎ˓ˇ. ˓˖˄. 

 
 
 
 
 
ɇɚɣɞɟɦ ɪɚɡɧɢɰɭ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ: 
 ∆ʖ =

ʖ1−ʖ2ʖ1
∙ 100% =

0,032 −0,032 

0,032 
∙ 100% ≈ 0%.                              (4.20) 

 
ɂɡ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɜɚɪɢɚɧɬɵ ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, 

ɩɨɷɬɨɦɭ ɪɚɡɧɢɰɭ ɛɟɪɭɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨɣ 0. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɚɪɢɚɧɬɵ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɪɚɜɧɨɰɟɧɧɵ, ɢ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɭɞɟɬ ɩɪɢɦɟɧɟɧɚ ɫɯɟɦɚ ɫ 
ɨɞɢɧɨɱɧɵɦɢ ɛɥɨɤɚɦɢ. 
 

3.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɵɫɲɟɝɨ 
ɧɚɩɪɹɠɟɧɢɹ 

 
ɑɢɫɥɨ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɈɊɍ–220 ɤȼ ɪɚɜɧɨ 7 (1 ɫɥɭɠɟɛɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ, 

2 Ʌɗɉ 220 ɤȼ ɢ 4 ɛɥɨɤɚ). ɉɪɢ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɧɚɩɪɹɠɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɟ 
ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɛɵɥ ɜɵɛɪɚɧ ɜɚɪɢɚɧɬ ɫ ɞɜɭɦɹ ɪɚɛɨɱɢɦɢ ɢ ɨɛɯɨɞɧɨɣ ɫɢɫɬɟɦɚɦɢ 
ɲɢɧ (ɫɯɟɦɚ 13ɧ). ȼɵɛɪɚɧɧɚɹ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.3. 
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Ɋɢɫɭɧɨɤ 4.3 – ɋɯɟɦɚ Ɋɍ ȼɇ 220 ɤȼ 
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3.6 Ɋɚɫɱɺɬ ɬɨɤɨɜ ɬɪɺɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
ɜ ɝɥɚɜɧɨɣ ɫɯɟɦɟ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ RastrWin 
 

3.6.1 Ɋɚɫɱɺɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɨɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɧɚ ɪɢɫɭɧɤɟ 7.1. 

 
Ɋɢɫɭɧɨɤ 4.4 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɌɄɁ 

 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ: 
ˆݔ  = ′݀′ݔ ܷːˑˏ2ܵːˑˏ = 0,21 ∙ 13,8

2

125
= 0,41 ʝˏ (4.21) 

 
ɝɞɟ ݔ ′݀′  – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ܵːˑˏ – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ; ܷːˑˏ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

ˆݎ  =
𝜔ˆݔ ∙ ܶ˃ ˆ =

0,41

314 ∙ 0,045
= 0,029 ʝˏ (4.22) 

 
ɝɞɟ 𝜔 – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, ɪɚɜɧɚɹ 314 ɪɚɞ/ɫ; ܶ˃ ,ˆ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɜɧɚɹ 

0,045 ɫ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
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˕ݔ =
%ˊˍݑ

100
∙ ܷʑʜ2ܵːˑˏ =

11 ∙ 2422

100 ∙ 125
= 51,54 ʝˏ (4.23) 

 
ɝɞɟ ݑˍˊ% – ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ܷʑʜ – ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ݎ̞  =
∆ܲ݇ ∙ ܷ˄2ܵːˑˏ2

=
380 ∙ 2302

1252/100
= 1,29 ʝˏ (4.24) 

 
ɝɞɟ ܵ ːˑˏ – ɩɨɥɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ∆̱ܲ  – ɩɨɬɟɪɢ ɄɁ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ȼɅ 220 ɤȼ: 
ˎ˅ݔ  = ˇ˖,ˑݔ ∙ ݈ = 0,429 ∙ 90 = 38,61 ʝˏ (4.25) 

 
ɝɞɟ ݔˑ,˖ˇ – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ; ݈ – ɞɥɢɧɚ ȼɅ; ݊  – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ. 

ݎ˅  ˎ = ˑݎ ,˖ˇ ∙ ݈ = 0,096 ∙ 90 = 8,64 ʝˏ (4.26) 

 
ɝɞɟ ˑݎ ,˖ˇ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
˔ݔ  =

ܷ˄1
2ܵˍ.ˊ =

2302

200
= 264,50 ʝˏ (4.27) 

 
ɝɞɟ ܷ ˄1 –ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɢɫɬɟɦɵ; ܵˍ.ˊ – ɦɨɳɧɨɫɬɶ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ; 

ݎ̝  =
xʠ

T˃ ,ʠ ∙ ω =
264,50

314 ∙ 0,035
= 24,07 ʝˏ (4.28) 

 
ɝɞɟ T˃ ,ʠ = 0,035 – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ, ɪɚɜɧɚɹ 0,035 ɫ. 
ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
ˆܧ  = ′′∗ܧ ∙ ܷ˄2 = 1,13 ∙ 13,8 = 15,59 ˍʑ (4.29) 
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ɝɞɟ ܷ ˄2 –ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ܧ∗′′ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ ɫ ɞɟɦɩɮɟɪɧɨɣ ɨɛɦɨɬɤɨɣ. 
ɗȾɋ ɫɢɫɬɟɦɵ: 
˔ܧ  = ′′˔∗ܧ ∙ ܷ˄1 = 1 ∙ 230 = 230 ˍʑ (4.30) 

 
ɝɞɟ ܧ∗˔′′  – ɡɧɚɱɟɧɢɟ ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɣ ɗȾɋ ɞɥɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
˕ܭ  =

ܷːːܷ˅ː =
13,8

230
= 0,06 (4.31) 

 
3.6.2 Ɋɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɋɒ ɢ ɝɟɧɟɪɚɬɨɪɧɨɦ 

ɧɚɩɪɹɠɟɧɢɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ «RastrWin» 
 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɚɛɥɢɰɵ ɫ ɜɧɟɫɟɧɧɵɦɢ ɜ ɉɄ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 
ɞɥɹ ɪɚɫɱɟɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɢ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɲɢɧɚɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɝɥɚɜɧɵɯ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ (ɪɢɫɭɧɤɢ 4.5 – 
4.7). 

 

 
Ɋɢɫɭɧɨɤ 4.5 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 
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Ɋɢɫɭɧɨɤ 4.6 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 
 

 
Ɋɢɫɭɧɨɤ 4.7 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
ɇɚ ɪɢɫɭɧɤɚɯ 4.8 ɢ 4.9 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɚ ɬɨɤɨɜ ɬɪɺɯɮɚɡɧɨɝɨ 

ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɨɜ ɢ ɈɊɍ 220 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
Ɋɢɫɭɧɨɤ 4.8 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ 

 

 
Ɋɢɫɭɧɨɤ 4.9 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɬɨɤɨɜ ɄɁ 

 
ɇɚ ɪɢɫɭɧɤɟ 4.10 ɢɡɨɛɪɚɠɺɧ ɪɟɡɭɥɶɬɚɬ ɪɚɫɱɺɬɚ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ 

ɈɊɍ 220 ɤȼ. 
 

 
Ɋɢɫɭɧɨɤ 4.10 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ 

 
3.6.3 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɚ ɬɨɤɨɜ ɄɁ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6: 
 

Ɍɚɛɥɢɰɚ 4.6 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ 
ȼɢɞ ɧɟɫɢɦɦɟɬɪɢɢ Ɍɢɩ ɌɄɁ I˒.ˑ, ˍʏ ʙ˖ˇ i˖ 

1ɮ ɈɊɍ 220 ɤȼ 5,76 1,717 13,994 
3ɮ ɈɊɍ 220 ɤȼ 11,61 1,717 28,188 
3ɮ ȼɵɜɨɞɚ ɝɟɧɟɪɚɬɨɪɨɜ 13,8 ɤȼ 22,03 1,961 61,096 

 

i˖ = ܫ˒2  .ˑ. ∙ ʙ˖ˇ (4.32) 

 
ɝɞɟ ʙ˖ˇ – ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
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ʝʟʢ(1)ܫ
= 28,75 ˍʏ > ʝʟʢ(3)ܫ

= 19,34 ˍʏ,ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ ɬɨɤɚ 
ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220ɤȼ ɹɜɥɹɟɬɫɹ ɪɚɫɱɺɬɧɨɣ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɨɬɤɥɸɱɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. 

 
3.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɺɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ 

ɪɟɠɢɦɨɜ 
 
ɉɪɨɜɟɪɤɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɬɪɟɛɨɜɚɧɢɹɦɢ. 
Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɧɚɩɪɹɠɟɧɢɟɦ, ɨɞɧɚɤɨ ɩɪɢ 
ɫɧɢɠɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 5%, ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ, 
ɧɟɨɛɯɨɞɢɦɨ ɭɫɢɥɢɜɚɬɶ ɬɨɤ ȽȽ ɧɚ 5%. 

ʒݔܽ݉,˓ܫ  = 1,05 ∙ ܫ̂ ,ːˑˏ = 1,05 ∙ 4,06 = 4,261 ˍʏ (4.33) 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɭɞɟɬ ɪɚɜɟɧ: 
ʡʟݔܽ݉,˓ܫ  =

ܵˆ,ːˑˏ
0,95 ∙  3 ˕ܷ˓,ːˑˏ =

97 3 ∙ 242
= 0,231 ˍʏ (4.34) 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɜ ɥɢɧɢɹɯ ɫɜɹɡɢ: 
ʚЭʞݔܽ݉,˓ܫ  =

 ܵʒЭʠ݊ˎ ∙  3 ∙ ܷːˑˏ =
96,09

3 ∙  3 ∙ 220
= 0,084 ˍʏ (4.35) 

 
ɉɨ Ʌɗɉ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ (ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ 

ɢɡ ɧɢɯ): 
ˢˉʚЭʞ˕˖,˓ܫ  =

 ܵʒЭʠ
(݊ − 1) 3 ːܷˑˏ =

96,09

2 ∙  3 ∙ 220
= 0,126 ˍʏ (4.36) 

 
3.8 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: 
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Uːˑˏ ൒ Uːˑˏ.˔ (4.37) 

  
Iːˑˏ ൒ I˓˃˄,max  (4.38) 

  

Bˍ,ːˑ˓ˏ ൒ Bˍ,˓˃˔˚ (4.39) 

  ݅ˠˎ.ˇˋː ൒ ݅˖ˇ (4.40) 

 
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɈȺɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɞɥɹ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɝɟɧɟɪɚɬɨɪɧɵɣ ɤɨɦɩɥɟɤɫ ɄȺȽ-20, ɤɨɬɨɪɵɣ 
ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɝɚɡɨɜɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɬɢɩɚ ȼȽȽ-20, ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ, 
ɡɚɡɟɦɥɢɬɟɥɟɣ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. Ⱦɥɹ ɡɚɳɢɬɵ ɤɨɦɥɩɟɤɫɚ ɨɬ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ Ɉɉɇ. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɄȺȽ-20 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7.  
 
Ɍɚɛɥɢɰɚ 4.7 – ɉɚɪɚɦɟɬɪɵ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

Uːˑˏ ൒ Uːˑˏ.˔ Uːˑˏ.˔ = 13,8 ɤȼ Uːˑˏ = 20 ɤȼ 

Iːˑˏ ൒ I˓˃˄,max  I˓˃˄.max = 4058 Ⱥ Iːˑˏ = 8000 Ⱥ ݅ˠˎ.ˇˋː ൒ ݅˖ˇ i˖ˇ = 61,11 ɤȺ Iˠˎ.ˇˋː. = 230 ɤȺ 
Bˍ,ːˑ˓ˏ ൒ Bˍ,˓˃˔˚ ʑˍ.ːˑˏ = 298,79 ˍʏ2 ∙ ˔ ʑˍ.ːˑˏ = 24300 ɤȺ2∙ɫ 

 
Ƚɟɧɟɪɚɬɨɪɧɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɟɪɢɢ ɄȺȽ-20 ɫɨɫɬɨɢɬ ɢɡ 

ɷɥɟɝɚɡɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽ-20, ɪɚɡɴɟɞɢɧɢɬɟɥɹ, ɡɚɡɟɦɥɢɬɟɥɟɣ, 
ɜɫɬɪɨɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, Ɉɉɇ, ɩɨɦɟɳɟɧɧɵɯ ɜ ɨɛɳɢɣ 
ɤɨɠɭɯ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɞɤɥɸɱɟɧɢɟ ɬɨɤɨɩɪɨɜɨɞɚ.  

ɉɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɟ ɤɨɦɩɚɤɬɧɨɫɬɢ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ. ȼɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɢ 
ɜɜɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ. 
 

3.9 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 

ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɌɗɈ-220. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ 
«ɉɊɈɎɌȿɄ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɌɗɈ-220 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 4.8. 

Ɍɚɛɥɢɰɚ4.8 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɌɗɈ-220 
ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɺɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ 

U˔ˈ˕ˋ ൑ Uːˑˏ Uʒ = 220 ˍʑ Uːˑˏ = 220 ˍʑ 
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I˓˃˄ max < Iːˑˏ Iʒ.˓˃˄ = 126 ʏ Iːˑˏ = 600 ʏ 
 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɌɇɗɈ-220. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ 

«ɉɊɈɎɌȿɄ ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɌɇɗɈ-220ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.9. 

 
Ɍɚɛɥɢɰɚ 4.9 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱɺɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ 
U˔ˈ˕ˋ ൑ Uːˑˏ Uʒ = 220 ˍʑ Uːˑˏ = 220 ˍʑ 

 
ɋɨɝɥɚɫɧɨ ɉɍɗ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɡɚɳɢɳɚɸɬɫɹ ɨɝɪɚɧɢɱɢɬɟɥɹɦɢ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ. ȼɵɛɪɚɧ Ɉɉɇɩ-220/680/176 ɮɢɪɦɵ ɁȺɈ "ɉɨɥɢɦɟɪɚɩɩɚɪɚɬ". 
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3.10 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɈɊɍ-220 ɤȼ 
 

ȼɵɛɪɚɧ ɷɥɟɝɚɡɨɜɵɣ ɛɚɤɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼɗȻ-220-50/2500 ɍ1. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɁȺɈ «ɗɧɟɪɝɨɦɚɲ (ȿɤɚɬɟɪɢɧɛɭɪɝ)-ɍɪɚɥɷɥɟɤɬɪɨɬɹɠɦɚɲ». 
ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 4.10 

 
Ɍɚɛɥɢɰɚ 4.10 – ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ȼɗȻ-220-50/2500 ɍ1 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

U˔ˈ˕ˋ ːˑˏ Uːˑˏ = 220 ɤȼ Uːˑˏ = 220 ɤȼ 
I˓˃˄.݉ܽݔ  I˓˃˄.݉ܽݔ = 252 Ⱥ I˓˃˄.݉ܽݔ = 3150 Ⱥ 

iy  i˒˓.˔ˍ˅ = 0,01 ɤȺ I˕.˔˕ = 50 ɤȺ ʑˍ.˓˃˔˚, ɤȺ2∙ɫ ʑˍ.ːˑˏ = 68,24 ˍʏ2 ∙ ˔ ʑˍ.ːˑˏ = 7500 ɤȺ2∙ɫ 

 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɜɢɞɢɦɨɝɨ ɪɚɡɪɵɜɚ ɜ ɰɟɩɹɯ Ɋɍ ɛɵɥ ɜɵɛɪɚɧ ɪɚɡɴɟɞɢɧɢɬɟɥɶ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɩɨɜɨɪɨɬɧɨɝɨ ɬɢɩɚ ɊȽ-220-1000 (ɬɚɛɥɢɰɚ 4.11). Ɍɚɤɠɟ ɛɵɥɢ 
ɜɵɛɪɚɧɵ ɚɧɚɥɢɡɚɬɨɪ ɢ ɫɢɧɯɪɨɧɢɡɚɬɨɪ (ɬɚɛɥɢɰɚ 4.12). 
 
Ɍɚɛɥɢɰɚ 4.11 – ɉɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɊȽ-220-1000 

ɍɫɥɨɜɢɟ ɜɵɛɨɪɚ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

U˔ˈ˕ˋ ːˑˏ Uːˑˏ = 220 ɤȼ Uːˑˏ = 220 ɤȼ 
I˓˃˄.݉ܽݔ  Iːˑˏ = 252 Ⱥ Iːˑˏ = 1000 Ⱥ 

iy  i˒˓.˔ˍ˅ = 0,01 ɤȺ I˕.˔˕ = 31,5ɤȺ ʑˍ.˓˃˔˚, ɤȺ2∙ɫ ʑˍ.ːˑˏ = 68,24 ˍʏ2 ∙ ˔ ʑˍ.ːˑˏ = 2976,75 ɤȺ2∙ɫ 

 
Ɍɚɛɥɢɰɚ 4.12 – ɉɚɪɚɦɟɬɪɵ ɚɧɚɥɢɡɚɬɨɪɚ ɫɟɬɢ ɢ ɫɢɧɯɪɨɧɢɡɚɬɨɪɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɪɢɛɨɪɚ Ɍɢɩ ɩɪɢɛɨɪɚ Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ 
ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ 

(ȼ·Ⱥ) 
Ⱥɧɚɥɢɡɚɬɨɪ ɫɟɬɢ ȺɉɄɗ-1 0,5 0,2 
ɋɢɧɯɪɨɧɢɡɚɬɨɪ Ⱥɋ-Ɇ 0,5 35 
 
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 
55°ɋ; ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 98 % ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 35°ɋ). Ⱥɋ-Ɇ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɚɬɦɨɫɮɟɪɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɝɪɭɩɩɟ ɉ ɩɨ 
ȽɈɋɌ 15150.  
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ȼɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɮɢɪɦɨɣ ɈɈɈ «ɘɉɁ 
ɉɪɨɦɫɜɹɡɶɤɨɦɩɥɟɤɬ». ȺɉɄɗ-1 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ ɢ 
ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ 
ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɪɟɯɮɚɡɧɨɝɨ ɢ 
ɨɞɧɨɮɚɡɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɨɬ 0,4 ɞɨ 750 ɤȼ. 

ɉɪɢɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɨɧɬɪɨɥɢɪɭɟɬ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɫɨɩɨɫɬɚɜɥɹɟɬ ɫ ɧɨɪɦɚɬɢɜɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ȽɈɋɌ 13109-97), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ – ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɚɜɚɪɢɣɧɵɟ ɫɢɬɭɚɰɢɢ ɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɨɛɟɫɩɟɱɢɜ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ. ɉɨɞɤɥɸɱɟɧɢɟ ɤ 
ɫɟɬɢ ɧɚɩɪɹɠɟɧɢɟɦ ɫɜɵɲɟ 0,4 ɤȼ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ. 
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4 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 
 

4.1 Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

ȼ ɬɚɛɥɢɰɚɯ 5.1 – 5.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ Ƚɗɋ. 

 
Ɍɚɛɥɢɰɚ 5.1- ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ 1260/147-84 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɩɨɥɧɚɹ 97 ɆȼȺ 

ɚɤɬɢɜɧɚɹ 82,5 Ɇȼɬ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos φ 0,85 
ɑɚɫɬɨɬɚ 50 Ƚɰ 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 71,4 ɨɛ/ɦɢɧ 
ɑɢɫɥɨ ɮɚɡ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ (ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɟɬɜɟɣ) 1 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ 4060 Ⱥ 
Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 1435 Ⱥ 
ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɥɶɰɚɯ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 355 ȼ 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ ɩɪɨɞɨɥɶɧɨɣ 
ɨɫɢ (ɨ.ɟ.) 

ɫɢɧɯɪɨɧɧɨɟ  Xd 0,8 
ɩɟɪɟɯɨɞɧɨɟ  X'd 0,28 
ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ  X"d 0,21 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɏ2 0,21 

 
Ɍɚɛɥɢɰɚ 5.2 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-40000/220-ɍɏɅ1 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 125 ɆȼȺ 
ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 230/13,8 ɤȼ 
ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 11 % 
ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ ɍɧ/D -11 
 
Ɍɚɛɥɢɰɚ 5.3 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɌɋɁ-
4000/13,8 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ɦɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 4 ɆȼȺ 
ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 13,8/6 ɤȼ 
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ɧɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 6,5 % 
ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ D/ɍɧ-11 

4.2 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ «ɉɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ» ɩɪɢɧɹɬɵ ɤ ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɡɚɳɢɬ ɧɚ ɨɫɧɨɜɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ.   

Ɂɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ɋȼ 1260/147-84:  
−  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 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-125000/220:  
– 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;   
– 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);  
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– ɍɊɈȼ 220ɤȼ (ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ 220ɤȼ).  

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

ɧɚɩɪɹɠɟɧɢɸ;  
– Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ;  
– Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 

 
4.3 Ɋɚɫɱɺɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 

 
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɺɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɧɨɦɢɧɚɥɶɧɵɟ ɬɨɤɢ. 
ɇɚ ɝɟɧɟɪɚɬɨɪɧɨɦ ɧɚɩɪɹɠɟɧɢɢ: 
 ːܫ ˆ(1)

=
ܲː ˑˏ/ܿݏ݋𝜑 3ܷːˑˏ =

82,5/0,85 3 ∙ 13,8
= 4,06 ˍʏ (5.1) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɪɢɜɟɞɺɧɧɵɣ ɤ ɧɢɡɲɟɣ 

ɫɬɨɪɨɧɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ:    
 ːܫ ˆ(2)

=
ʙ˔˘ːܫ ˆ(1)ʙʡʡ =

1 ∙ 4060

4000/5
= 5,07 ʏ (5.2) 

 
Ⱦɥɹ ɫɯɟɦ ɫɚɦɨɜɨɡɛɭɠɞɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

ɜɨɡɛɭɠɞɟɧɢɹ: 
 ܵːˑˏ,ʡʑ =

ːܫ ˑˏ,˓ˑ˕
1,2255

∙ ܷːˑˏ,˓ˑ˕ =
1435

1,2255
∙ 355 = 416 ˍʑʏ (5.3) 

 
 

ɉɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ (Ɍȼ) ɦɨɳɧɨɫɬɶɸ 420 ɤȼȺ ɢɡ 
ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Ɍȼ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ:  
 ːܫ ˑˏ,2 =

ܵːˑˏ,ʡʑ 3ܷːˑˏ =
420 3 ∙ 355

= 683 ʏ (5.4) 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Ɍȼ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
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ːܫ ˑˏ,˓ˑ˕2 =
ʑʜ ʡʑ∙ʙ˔˘ʙʡʡܫ =

683 ∙1
1000/5

= 3,415 ʏ                                                              

(5.5) 
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4.4 Ɉɩɢɫɚɧɢɟ ɡɚɳɢɬ ɢ ɪɚɫɱɺɬ ɢɯ ɭɫɬɚɜɨɤ 
 

4.4.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (𝐈∆𝐆) 
 

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 = 4060 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:  

 
,05,01,05,0)( ɧɨɦɧɨɦɧɨɦiɈȾɇɇɇȻ IIIfɄI                                       (5.6) 

 
ɝɞɟ  ɄɈȾɇ  = 0,5 - ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ;  
fi = 0,1 - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 
 

ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 

,1,005,02)(0 ɧɨɦɧɨɦɇɇȻɫɪ IIIɄI                                                    (5.7) 

 
ɝɞɟ Ʉɇ = 2 - ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: ɧɨɦɫɪ II  15,00  

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: 

 
,max)( IɄfɄI ɈȾɇiȺɉɄɁɇȻ                                                                     (5.8) 

 
ɝɞɟ ɄȺɉ = 2 – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ;  
fi= 0,1- ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 

ɄɈȾɇ= 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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.max ɧɨɦ
d

Ƚ I
ɯ
E

I 



                                                                                               

(5.9) 
 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ: 
 

.7,21834060
21,0

13,1
5,01,02)( ȺI ɄɁɇȻ   

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 

,)(

Ɍ

ɇɄɁɇȻ
Ɍ I

ɄI
K


                                                                                             

(5.10) 
 
ɝɞɟ  Ʉɇ= 2 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ;  
IɌ =Imax=9699 Ⱥ  

Ɍɨɝɞɚ: 
 

.2,0
9,21836

27,2183



ɌK  

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

ɬɨɪɦɨɠɟɧɢɹ) ɪɚɜɧɚ: 
 

.5,0
3,0

15,0* 
Ɍ

ɫɪ
ɇɌ K

I
I                                                                                         

(5.11) 
 
4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ: 
 

.5,0
3,0

15,0* 
Ɍ

ɫɪ

K

I
ȼ (5.12) 

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

ɜɵɩɨɥɧɹɟɬɫɹ). 
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5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫ ɬɨɤɨɦ 
ɫɪɚɛɚɬɵɜɚɧɢɹ IɈɌɋ = (2÷12)·Iɧɨɦ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: IɈɌɋ = 5·Iɧɨɦ=20,3 Ⱥ. 
ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɢɜɟɞɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ.  
 

 
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. 

 
4.4.2 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 
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ɢɧɞɭɤɰɢɟɣ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ (ܷɈЭɅ.ɋɌ.) ɩɪɢ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ȼɇ. 

Ɋɚɫɱɟɬ ܷɈЭɅ.ɋɌ. ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ 
Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ. 

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

 

 
Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ܷɈЭɅ.ɋɌ. 

 
ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
Σܥ  = Ɍܥ + ɋȽ + ɋШ + ɋȼȽ = 0,0073 + 0,9 + 0,08 + 0,35 = 1,265 ɦɤɎ/ɮɚɡɭ,        
(5.13)                                                                                       

 
ɝɞɟ (0ߤ) ܶܥ – ɺɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,012 ɦɤɎ/ɮɚɡɭ;   ܥȽ – ɺɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ. ɉɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ 0,9 ɦɤɎ/ɮɚɡɭ;          
 .Ɍ – ɺɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸܥ        
ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,0073 ɦɤɎ/ɮɚɡɭ;  ܥɲ – ɺɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 0,008 
ɦɤɎ/ɮɚɡɭ;          ܥȼ.Ƚ – ɺɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 13,8 ɤȼ. ɉɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 0,35 
ɦɤɎ/ɮɚɡɭ. 

ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 
ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ: 
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(5.14)

 

 
ɝɞɟ Ʉ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ܷ0 ɩɨ ɨɛɦɨɬɤɟ 
ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɭɤɨɜɨɞɹɳɢɦɢ ɍɤɚɡɚɧɢɹɦɢ ɞɥɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɟɣɬɪɚɥɶɸ, Ʉ = 0,5; 

ɋɌ 0ߤ  – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɫɧɮɨɪɦɚɬɨɪɚ, ɋɌ 0ߤ = 0,012

ɦɤɎ
ɮɚɡɭ

; ܷ0 – ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɡɚɦɵɤɚɧɢɢ ɧɚ ɡɟɦɥɸ ɧɚ 
ɫɬɨɪɨɧɟ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 

 ܷ0 =
1

3
∙ ܷɇɈɆȼɇ  3 =

1

3
 ∙ 230 3

= 44,26 ɤȼ,                                          (5.15) 

 
ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɨɣ ɬɨɤ ɫɟɬɢ 13,8 ɤȼ: 
ܥܫ  = 1,73 ∙ ܷɅ ∙ 𝜔 ∙ ɋΣ = 1,73 ∙ 13,8 ∙ 314 ∙ 1,265 = 9,49 Ⱥ.                    
(5.16) 

 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 ܷɋɊ ൒ Ʉɇ

Ʉȼ
∙ 3∙ܷ0 ЭɅ.ɋɌ݊Ɍɇ

,                                                                                                

(5.17) 
 

)3/1,03/(8,13

9,2073

95,0

5,1




ɋɊU  

 
.1,4 ȼUɋɊ   

 
ɝɞɟ Ʉɇ = 1,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ݊Ɍɇ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ Ɍɇ; 

Ʉȼ = 0,95 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. ܷ0 ɢɦɟɟɬ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɪɟɝɭɥɢɪɭɟɦɭɸ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 5 ɞɨ 20 ȼ. 

ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ܷ01ܩ  ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɫ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ 9,0ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ܷ0ܩ ɫ ɭɫɬɚɜɤɨɣ 15 ȼ ɢ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
0,5ɫ  ɫ ɞɟɣɫɬɜɢɟɦ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɢ ɜɵɤɥɸɱɚɬɟɥɹ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ ɫɛɪɨɫ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ 
ɡɚɬɜɨɪɨɜ. 
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2) ȼɬɨɪɨɣ ɨɪɝɚɧ ܷ03ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɟɬɟɣ 
ɝɚɪɦɨɧɢɤɢ  ɜ ɧɟɣɬɪɚɥɢ ɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɢ ɡɚɳɢɳɚɟɬ ɩɨɪɹɞɤɚ 30% 
ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

Ⱦɥɹ ɨɪɝɚɧɚ ܷ03 ɭɫɬɚɜɤɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 1 
ɞɨ 3. 

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

 ʤ =
1ʙʡ+2

.                                                                                                                   (5.18) 

 
ɉɪɢ ܭʡ = 1,5 ɨɪɝɚɧ ܷ03 ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 28,6 % ɨɛɦɨɬɤɢ 

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

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

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

1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ U2> ɜɵɛɢɪɚɟɬɫɹ: 
ʟ2ܥܷ  =

1,4 ∙ ܷʜ݊ʡʜ =
1,4 ∙ 13800

13800/100
= 140 ʑ.                                                        (5.19) 

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

ɜɬɨɪɨɣ ɨɪɝɚɧ U1> ɫ ɭɫɬɚɜɤɨɣ 1,2 ∙ ܷʜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ 
ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 

U1> ɜɜɨɞɢɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɝɟɧɟɪɚɬɨɪɚ. 
ɍɫɬɚɜɤɚ U1> ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
ʟ1ܥܷ  =

1,2 ∙ ܷʜ݊ʡʜ =
1,2 ∙ 13800

13800/100
= 120 ʑ.                                                        (5.20) 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ 

ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ ɩɪɢɧɢɦɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,09 ∙  .ʜܫ
Ɂɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

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

ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ (I2) 
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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 2∗ܫ: 

2∗ܫ  =  ʜ,                                                                                                           (5.21)ܫ/2ܫ
 

ɝɞɟ 2ܫ– ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ,  ܫʜ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ 2ܫ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
ʓʝʞݐ  = 2∗ܫ/ܣ

2 ,                                                                                                         (5.22) 
 

ɝɞɟ ܣ = 30 – ɩɚɪɚɦɟɬɪ, ɡɚɞɚɧɧɵɣ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. 
Ɂɚɳɢɬɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɨɪɝɚɧɵ: 
 
1)  ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ (2ܫʠʗʒʜ) ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ 2ܫ 

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

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ:2∗ܫʠʗʒʜ =  0,05 − 2ʠʗʒʜܫ ; 0,07 = 0,07 ∙  .ʜܫ
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ (2ܫʞʢʠʙ) ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ 2ܫɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ ݐˏ˃ˍ˔ = 700 ˔. 

Ɍɨɝɞɚ: 
2∗ܫ  =  ʏݐ =  20

600
= 0,18                                                                                  

(5.23) 
 

ɍɫɬɚɜɤɚ ɪɚɜɧɚ: 
2ʞʢʠʙ∗ܫ  =

2ʙʜ∗ܫ =
0,18

1,2
= 0,152,                                                                               

(5.24) 
 
ɝɞɟ ʙʜ = 1,2 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 
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2ʞʢʠʙܫ = 0,15 ∙                                                                                                   .ʜܫ
(5.25) 
 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɩɨ ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ, ɪɚɜɧɨɝɨ 2∗ܫʞʢʠʙ = 0,15: 
ʓʝʞݐ  =

20

0,152
≈ 889 ˔ 

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ 2ܫ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

ʠʟݐ  =
20

2(2∗ܫ)
,                                                                                                              (5.26) 

 ʏʗʝ = 20 = 2∗ܫ
2 ∙  .ʠʟݐ

 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.4. 
 

Ɍɚɛɥɢɰɚ 5.4 - Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ 
ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I2/Iɧ 

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ (ɫ) 20 55 80 125 220 500 

 
ɏɚɪɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

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

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ 
ɡɚɦɵɤɚɧɢɣ (I2) 

 
ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: t ɦɢɧ. = 20 ɫ, t ɦɚɤɫ. = 600 ɫ. 
ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɢɦɢɬɢɪɭɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ 

ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɉɪɢ ɷɬɨɦ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɩɟɪɟɝɪɟɜ ɝɟɧɟɪɚɬɨɪɚ ɫɧɢɠɚɟɬɫɹ ɨɬ 
ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɞɨ 0,135 ɨɬ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɭɫɥɨɜɧɨ 
ɧɚɡɵɜɚɟɬɫɹ ɜɪɟɦɟɧɟɦ «ɩɨɥɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ» (Iɨɯɥ) ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
ɨɬ 10 ɞɨ 999 ɫ. ɗɬɨɬ ɩɚɪɚɦɟɬɪ ɜɵɫɬɚɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɭɤɚɡɚɧɢɹɦ ɡɚɜɨɞɚ-
ɢɡɝɨɬɨɜɢɬɟɥɹ (tɨɯɥ= 100ɫ). 

4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ   2ܫɈɌɋ  ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ 2ܫɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

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

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2. ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ 

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

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

ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɱɟɪɟɡ ɝɟɧɟɪɚɬɨɪ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

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

ɥɢɧɢɣ 220 ɤȼ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɟɣ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɤɨɧɰɟ ȼɅ ɢ 
ɪɚɛɨɬɟ ɜɫɟɯ ɝɟɧɟɪɚɬɨɪɨɜ. 
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.2ʠ.ʖ∗ܫ ൑ 2ʛʗʜ 2 ʙЧܫ =
1

1,3⋅2∙ ܺ݀  ˅ː′′ +ܺʡ+ܺʚ ,                                                  (5.27) 

 

ɝɞɟ  ܺ∗ˎ = ܺˎ ∙ ܵ˄ܷ˄2 = 38,61 ∙ 97

2302
= 0,071; 

 

 ܺ݀  ˅ː′′ = ܺ݀  
′′ ∙ (

ܷ˅ːܷːː)2 = 0,21 ∙ (
230

13,8
)2 = 58,33 −  ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ 
ɧɚɩɪɹɠɟɧɢɹ; 
 ܺʒ − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ; 
 ܺʡ =

ܷˍ%

100
∙ ܵ˄ܵːˑˏ =

11

100
∙ 97

125
= 0,085 − ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ 

ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 
 
ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ȼɅ 220 ɤȼ: 
.2ʠ.ʖ∗ܫ  ൑ 1

1,3⋅2∙ 58,33+0,085+0,071 = 0,007 ˑ. ˈ.                                              (5.28) 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
.2ʠ.ʖܫ  = .2ʠ.ʖ∗ܫ ∙ 2 ∙ ܷ˅ːܷːː = 0,007 ∙ 2 ∙ 230

13,8
= 0,22                                          (5.29) 

 
ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ 2ܫʠ.ʖ. = 0,22. 

ɉɨ ɬɪɟɬɶɟɦɭ ɭɫɥɨɜɢɸ: ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 
ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ 
ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ 
ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ. 

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

4.4.5 Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ(𝑰૚) 
 

Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɢ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
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1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɟɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ 
ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ. 

 
ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ʠʗʒʜܫ  =

ʑܭʜܫ∙ʜܭ =
ʜܫ∙1,05

0,98
= 1,07 ∙  ʜ,                                         (5.30)ܫ

 
ɝɞɟ ܭʜ = 1,05 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܭʑ = 0,98 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ. 

ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ݐ = 9 ˔. 
 

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

 
ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
1ʞʢʠʙܫ  =

ʜܫ∙1,08
0,98

= 1,1 ∙  ʜ.                                               (5.31)ܫ

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

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.5: 
 

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

Ʉɪɚɬɫɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ   ʜܫ

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3800 1200 500 340 250 140 80 3 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɩɟɪɟɝɪɭɡɨɤ (1ܫ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.4. 
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Ɋɢɫɭɧɨɤ 5.4 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ (1ܫ) 
 
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:  
1ʝʡʠܫ  =

ʜʝʛܫ∙1,5
0,98

= 1,531 ∙  ʜʝʛ,                                     (5.32)ܫ

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

0,68∙ܷʜʝʛܭʑ∙݊ʡ =
0,68∙13800

1,03∙100
= 91 ʑ.                                     (5.33) 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ Ɇɒȼ, ɫ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
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4.4.6 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ  𝒁૚ < ,  𝒁૛ <  
 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

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

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

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

ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 220 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. ܼ1, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 220 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ: 
 ܼ1 ൑ 0,8 ∙ ܼʡ +

ʡܭ0,8 ∙ ܼ1ʚ′ = 0,8 ∙ 48,7 +
0,8

5
∙ 38,61 = 45,1 ʝˏ,                   

(5.34) 
 

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

 ܼʡ =
0,115 ∙ 230

125

2

= 48,7 ʝˏ. 

 
ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 

ɝɟɧɟɪɚɬɨɪɚ: 
 ܼ1 ˑ.ˈ. ൑ 0,8 ∙ 0,115 ∙ 97

125
+

0,8

2
∙ 97

2302
∙ 38,61 = 0,086, 

 ܼ1ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 
 ܼ1 = ܼ1 ˑ.ˈ. ∙ ܼ˄ = 0,086 ∙ 1,963 = 0,168 ʝˏ,                                               (5.35) 
 

ɝɞɟ ܼ˄ =
ܷ˄2ܵʜʒ =

13,82

97
= 1,963. 

 
ɍɫɬɚɜɤɚ ɛɭɞɟɬ ɪɚɜɧɚ: 
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3ܥ1ܼ = ܼ1 ∙ ݊ʡ݊ʜ = 0,168 ∙ 4000

5
13,8

0,1

= 0,974 ʝˏ.                                                   (5.36) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼ1 = 1 ʝˏ. 
 
2) Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɍɫɬɚɜɤɚ ɮɭɧɤɰɢɢ ∆ܼ, ɜ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ, ∆ܼ = 30

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 3∙ܫʜʏʒʟ =
13,8∙103 3∙4060

= 1,963 ʝˏ,.                                                   (5.37) 

 
ɝɞɟܫʜʏʒʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 
ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ  2 ∙ ʑ.ʜ.  ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ 0,95ܫ ∙ ܷʜ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

ʣܫ  =

.ʑ.ʤ.ʤܫʑ.ʜʝʛܫ∙2
݀ݔ0,95− =

2∙1,44−0,95

0,8
= 2,41,                                                              (5.38) 

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

ɋ ɭɱɟɬɨɦ ɧɚɫɵɳɟɧɢɹ ɦɚɲɢɧɵ ɜɟɥɢɱɢɧɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɜ ɪɟɠɢɦɟ 
ɮɨɪɫɢɪɨɜɤɢ ɫɨɫɬɚɜɢɬ 2,5 ∙  .ʜʝʛܫ

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ =

0,95∙ܷʜܫʣ =
0,95∙1

2,5
= 0,38 ˑ. ˈ.,                                                             (5.39) 

𝜑ʜʏʒʟ.ʣݏ݋ܿ  =
𝜑ݏ݋ܿ ʜ
ʣܫ∙0,95 =

0,85

0,95∙2,5
= 0,358,                                                          (5.40) 

 
ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ 𝜑ʜʏʒʟ.ʣ = 69°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
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ܫܫʖ ܥܼ =
ܼʜʏʒʟ.ʣʙʜ =

0,38

1,2
= 0,317 ˑ. ˈ.,                                                                   

(5.41) 
ܫܫʖ ܥܼ  = ܫܫܼ  ˑ.ˈ. ∙ ܼʐ = 0,317 ∙ 13,82

97
= 0,62 ʝˏ.                                               

(5.42) 
 
 
 
Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɫɨɫɬɚɜɢɬ: 
ܫܫʖ ܥܼ  =

ܼʠ.ʖ.ܫܫ ∙݊ʡ݊ʜ =
0,62∙4000/5

13800 /100
= 3,6 ʝˏ,                                                        (5.43) 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼܫܫ = 3,6 ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 12%. ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ ܼܥʛ1 = 0,12 ʝˏ, ʛ2ܥܼ = 0,432 ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ 

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

ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ 
ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 9,0 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ ɢ ȼȽ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.5. 
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Ɋɢɫɭɧɨɤ 5.5  - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 

4.4.7 Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 
 
Ɂɚɳɢɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɥɢɤɜɢɞɚɰɢɢ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɝɪɭɡɨɤ 

ɨɛɦɨɬɨɤ ɪɨɬɨɪɚ. Ɂɚɳɢɬɚ ɜɵɩɨɥɧɟɧɚ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 

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

ܫܲ   ʠʗʒʜ. =
ʙʜ∙ܫʜʝʛ.ʟܭʑ =

ʜʝʛ.ʟܫ∙1,05
0,98

= 1,07 ∙  ʜʝʛ.ʟ.                                              (5.44)ܫ
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2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 

ܫܲ   ʞʢʠʙ. =
ʜʝʛ.ʟܫ∙1,08

0,98
= 1,1 ∙  ʜʝʛ.ʟ.                                                                     (5.45)ܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 

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

 
Ɍɚɛɥɢɰɚ 5.6 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ   ɇܫ

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) ɞɥɢɬɟɥɶɧɨ 250 180 135 115 90 72 30 20 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 

ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.6. 
 

 
Ɋɢɫɭɧɨɤ 5.6 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

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

ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ. ɍɫɬɚɜɤɚ 
ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 
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ܫܲ  ʞʢʠʙ. =
ʜʝʛ.ʟܫ∙2,2

0,98
= 2,245 ∙  ʜʝʛ.ʟ.                                                                (5.46)ܫ

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

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

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

ɗɄɊȺ 300 ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɡɚɳɢɬɵ 
ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ, ɚ ɬɚɤɠɟ ɞɥɹ 
ɡɚɳɢɬɵ ɨɬ ɚɜɚɪɢɣɧɵɯ ɭɫɥɨɜɢɣ ɜɨ ɜɧɟɲɧɢɯ ɫɢɫɬɟɦɚɯ. 

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. 
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4.5 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɩɪɟɞɫɬɚɜɥɟɧɵ  ɜ ɬɚɛɥɢɰɟ 5.7: 

 
Ɍɚɛɥɢɰɚ 5.7 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 

Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ 

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫʠʟ.ʝ 

0,15 ∙  ʜ 0,609 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 

0,3 - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, ܫʜʡ 
0,5 ∙  ʜ 2,03 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, ȼ 1,5 ∙ ʝʡʠ 5ܫ ʜ 6,09 Ⱥܫ ∙  ʜ 20,3 Ⱥܫ

ɁɁȽ 
ܷ0 

 ȼ 15 - ܩ0ܷ 2ݐ ȼ 5 - ܩ01ܷ 1ݐ

0ܷ3 
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,ܭʡ 
1,5 - 

Ɂɉɇ 
>ܷ 

2ɫɬɭɩɟɧɶ ܷܥʟ2 1,4 ∙ ܷʜ 140 ȼ 

1 
ɫɬɭɩɟɧɶ ܷܥʟ1 1,2 ∙ ܷʜ 120 ȼ 

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 2ܫ

ɋɈ 2ܫʠʗʒʜ 0,07 ∙  ʜ 0,284 Ⱥܫ

ɉɈ 2ܫʞʢʠʙ 0,15 ∙  ʜ 0,609 Ⱥܫ

ɈɌɋ I 2ܫʠ.ʖ. 0,22 ∙  ʜ 0,89 Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
 1ܫ

ɋɈ ܫʠʗʒʜ 1,07 ∙  ʜ 4,34 Ⱥܫ
ɉɈ 1ܫʞʢʠʙ 1,1 ∙  ʜ 4,464 Ⱥܫ

ɈɌɋ 1ܫʝʡʠ 1,531 ∙  ʜʝʛ 6,212 Ⱥܫ

ȾɁ ܼ < 

1 
ɫɬɭɩɟɧɶ 

0,12 ܫˏ˔ܼ ˏʝ 1 0,086 ܫܼ ∙  Ɉɦ 0,12 ܫܼ
2 

ɫɬɭɩɟɧɶ 
0,12 ܫܫˏ˔ܼ Ɉɦ 3,6 0,62 ܫܫܼ ∙  Ɉɦ 0,432 ܫܫܼ

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

ܫ˓  
ɋɈ ܲܫ  ʠʗʒʜ. 1,07 ∙  ʜʝʛ.ʟ 3,654 Ⱥܫ
ɉɈ ܲܫ  ʞʢʠʙ. 1,1 ∙  ʜʝʛ.ʟ 3,76 Ⱥܫ

Ɉɬɫɟɱɤɚ ܲܫ  ʞʢʠʙ. 2,245 ∙  ʜʝʛ.ʟ 7,667 Ⱥܫ
 



71 
 
 

 
Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.8 

Ɍɚɛɥɢɰɚ 5.8 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

Ⱦɟɣɫɬɜɢɟ 
 
 
 
 
 
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
 ɫ

ɛɪ
ɨɫ

 
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 

Ɇ
ɒ

ȼ 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶɧ

ɵɣ
 

ɫɢ
ɝɧ

ɚɥ
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ ܩ∆ܫ + + + +    

ɁɁȽ 
0ܷ 

      1ݐ
 

     + + + ݐ 03ܷ     + + + 2ݐ +

Ɂɉɇ ܷ > 

1 ɫɬɭɩɟɧɶ1ݐ + +      

2 ɫɬɭɩɟɧɶ2ݐ + +      

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

 2ܫ

ɋɈ      
 

+ 

ɂɈ + +      

ɈɌɋ I 
     1ݐ

 
      + + 3ݐ   +     2ݐ  +

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 
 1ܫ

ɋɈ      
 

+ 
ɂɈ + +      

ɈɌɋ 
     1ݐ

 
      + + 3ݐ   +     2ݐ  +

ȾɁ ܼ < 

1 
ɫɬɭɩɟɧɶ 

     + + + 2ݐ   +     1ݐ

2 
ɫɬɭɩɟɧɶ 

     1ݐ
 

      + + 3ݐ   +     2ݐ  +

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

 ɪܫ
ɋɈ      

 
+ 

ɂɈ + +      
Ɉɬɫɟɱɤɚ + +      
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5 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 

5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɫɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ 
 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɪɚɫɱɟɬɨɜ ɫɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ (ȽɌɋ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɨɫɬɚɧɨɜɥɟɧɢɟɦ 
ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ. 

ȼɵɫɨɬɚ ȽɌɋ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 20 - 50 ɦ, ɬɢɩ ɨɫɧɨɜɚɧɢɹ ɫɤɚɥɶɧɵɣ 
ɝɪɭɧɬ – ɤɥɚɫɫ III . 

Ɇɨɳɧɨɫɬɶ Ƚɗɋ (Nɭɫɬ.Ƚɗɋ = 288 Ɇȼɬ) ɩɨɩɚɞɚɟɬ ɜ ɩɪɨɦɟɠɭɬɨɤ 10-300 Ɇȼɬ – 
ɤɥɚɫɫ III . 

Ʉɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɩɪɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɚɜɚɪɢɢ ɦɟɧɟɟ 500 ɱɟɥɨɜɟɤ – ɤɥɚɫɫ III .  

 
5.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 

 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ∇ȽȽɉ ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ, 

ɜɵɱɢɫɥɟɧɧɭɸ ɩɨ ɮɨɪɦɭɥɟ: 
 
ʒʒʞ = ʜʞʢ + ݏ݄ = 162,00 + 6,37 = 168,37,(6.1) 

 
ɝɞɟh− ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ 
ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 
ݏ݄  = ݈݊ݑݎ݄ % + ݐ݁ݏ݄∆ + ܽ = 5,83 + 0,042 + 0,5 = 6,37 ˏ,      (6.2) 

 
ɝɞɟ ݄݈݊ݑݎ %− ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 1 % ɧɚ ɨɬɤɨɫ 
ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ;  ∆݄ݐ݁ݏ − ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  ܽ− ɡɚɩɚɫ ɩɪɟɜɵɲɟɧɢɹ, ɞɥɹ ɝɪɭɧɬɨɜɵɯ ɩɥɨɬɢɧ ɩɪɢɧɢɦɚɸɬ ɛɨɥɶɲɭɸ ɢɡ 
ɜɟɥɢɱɢɧ 0,5 ɦ ɢɥɢ 0,1݄1%.  

ȼɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
ݐ݁ݏ݄ ∆  = ݓ݇ 2ݓܸ ܮ∙

g∙݀ ∙ ߙݏ݋ܿ = 0,0000021 ∙ 400 ∙7400

9,81∙15
∙ cos⁡(0) = 0.0421,(6.3) 

 
ɝɞɟ ݇ݓ− ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɪɚɜɧɵɣ: ݇ݓ = 0,0000021; 

Vw= 20 ɦ/ɫ − ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 10ɦ ɧɚɞ ɭɪɨɜɧɟɦ ɜɨɞɵ, ɦ/ɫ;  
L = 7400 ɦ − ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ, ɦ;  ߙ − ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɬɪɚ 

ߙ) = 0);  
d – ɭɫɥɨɜɧɚɹ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ: 
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 ݀ =
ʜʞʢ− ˇː˃ 

2
=

162,00−132,00

2
= 15 ˏ.(6.4) 

 
Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 

ɫɥɭɱɚɹ ɞɥɹ ɷɬɨɝɨ: 
1. ȼɵɱɢɫɥɹɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ g2ݓܸܮ = 181,5 ˋ 

gݓܸܮ = 10595, ɝɞɟ t − 

ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɜɨɥɧ ɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ (t=5 ɱ). 

2. ɂɡ ɝɪɚɮɢɤɚɩɨ ɡɧɚɱɟɧɢɹɦ g2ݓܸܮ = 181,5 ˋ 
gݓܸܮ = 10595 ɨɩɪɟɞɟɥɹɸɬ 

ɩɚɪɚɦɟɬɪɵ g݄ܿ2ݓܸ݌ = 0,0235 ˋ 
gܶܿ ݓܸ݌ = 1,84. Ɂɚɬɟɦ, ɢɫɩɨɥɶɡɭɹ ɦɟɧɶɲɢɟ ɩɨɥɭɱɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɹɸɬ ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ ܶܿ ݌ = 3,751 (ɫ) ɢ ɫɪɟɞɧɸɸ ɜɵɫɨɬɭ 
ɜɨɥɧɵ ݄ܿ݌ = 0,96 (ɦ). 

 
3. ȼɵɱɢɫɥɹɸɬ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ: 
 λd

cp
=

gܶܿ ݌
ߨ2 =

9,81∙3,751

2∙3,14
= 21,97ˏ,(6.5) 

 
4. ɍɫɥɨɜɢɟ dd 5,0 ,  15 ɦ>10,98 ɦ ɜɵɩɨɥɧɹɟɬɫɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɨɧɚ 

ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
 
5. Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɨɥɧɵ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 
 ݄݈% = ݅ܭ݌݄ܿ = 0,96 ∙ 2,1 = 2,01,(6.6) 

 
ɝɞɟ ݅ܭ = 2,1− ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɡɧɚɱɟɧɢɹ 

2
wV

gL  (ɞɥɹ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ).  

6. ȼɵɫɨɬɭ ɧɚɤɚɬɚ ɜɨɥɧ 1 % ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɧɚ ɨɬɤɨɫ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ 
ɞɥɹ ɮɪɨɧɬɚɥɶɧɨ ɩɨɞɯɨɞɹɳɢɯ ɜɨɥɧ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

݈݊ݑݎ݄  % = ݊ݑݎ݇݌ݏ݇݌݇ݎ݇ ݄݈% = 1 ∙ 0,9 ∙ 1,4 ∙ 2,3 ∙ 2,01 = 5,83,(6.7) 
 

ɝɞɟ ݇ݎ = 1ɢ ݇݌ = 0,9− ɤɨɷɮɮɢɰɢɟɧɬɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬɤɨɫɚ, 
ɩɪɢɧɢɦɚɟɦɵɟ ɩɨ ɋɉ [34, ɬɚɛɥɢɰɚ 6] - ɤɚɦɟɧɧɨɟ ɤɪɟɩɥɟɧɢɟ ɨɬɤɨɫɚ; ݇݌ݏ = 1,4− ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ [34, ɬɚɛɥɢɰɚ 7]; ݇݊ݑݎ = 2,3− ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɝɪɚɮɢɤɚɦ [34, ɪɢɫ. 10] ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɝɨɫɬɢ ɜɨɥɧɵ ݀ߣ
ℎ1%

= 0,0915ɧɚ ɝɥɭɛɨɤɨɣ ɜɨɞɟ. 
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5.3 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱɺɬɵ 
 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɹɜɥɹɸɬɫɹ: 
ɨɬɦɟɬɤɢ ɇɉɍ ɢ Ɏɉɍ, ɪɚɫɱɟɬɧɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ, ɤɪɢɜɵɟ ɫɜɹɡɢ 
ɭɪɨɜɧɟɣ ɧɢɠɧɟɝɨ ɛɶɟɮɚ ɢ ɪɚɫɯɨɞɨɜ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɥɚɫɫɨɦ ȽɌɋ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɞɥɹ 
ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ – Q3%, ɞɥɹ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ –Q0,5%. 

ɉɨ ɤɪɢɜɨɣ ɫɜɹɡɢ (ɪɢɫɭɧɨɤ 1.2) ɨɩɪɟɞɟɥɹɸɬ: 
 
ɩɪɢ ɪɚɫɯɨɞɟ 𝑸ˏ˃ˍ˔.˓˃˔˚ˑ˔ː  = 5469 ɦ3/ɫ ɨɬɦɟɬɤɚ ɍɇȻ 140.30 ɦ; 
ɩɪɢ ɪɚɫɯɨɞɟ 𝑸ˏ˃ˍ˔.˓˃˔˚˒ˑ˅  = 6473 ɦ3/ɫ ɨɬɦɟɬɤɚ ɍɇȻ 140.43 ɦ. 
 
5.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɢ ɩɪɨɩɭɫɤɟ ɜɨɞɵ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɢ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ 
 

Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɩɭɫɤɚ ɩɚɜɨɞɤɚ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 
ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɩɨɪ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɩɪɢ ɨɫɧɨɜɧɨɦ ɢ ɩɨɜɟɪɨɱɧɨɦ 
ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ: 

ˑ˔ːܪ  = ʜʞʢ ߘ − ʢʜʐ  ܳˏ˃ˍ˔. ˓˃˔˚ˑ˔ː  = 162.00 – 140.30 = 21.70 ɦ> 15,7 ɦ(6.8) 

˅ˑ˒ܪ  = ʣʞʢ ߘ − ʢʜʐ(ܳˏ˃ˍ˔. ˓˃˔˚˒ˑ˅ )= 163.00 – 140.43 = 22.57 ɦ> 15,7 ɦ (6.9) 

 
ɉɚɜɨɞɨɤ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ  
Ɂɧɚɱɟɧɢɟ ܪˏˋː˕˖˓˄

= 15,7 ˏ ɨɩɪɟɞɟɥɟɧɨ ɩɨ ɪɟɠɢɦɧɨɦɭ ɩɨɥɸ(ɪɢɫɭɧɨɤ 3.1). 
Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɱɟɪɟɡ ɨɞɢɧ ɝɢɞɪɨɚɝɪɟɝɚɬ ɩɪɢ ɨɫɧɨɜɧɨɦ ܳˑ˔ː 

ˆ˃  ɢ 
ɩɨɜɟɪɨɱɧɨɦ ܳ˒ˑ˅ 

ˆ˃ ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ ɦɨɳɧɨɫɬɢ:  
 ܳˆ˃ˑ̝ː =

ܰˆ˃ [ˍʑ˕]

 ˑ˔ːܪ)∙9.81
=ߤ∙(݄∆−

288 000

4∙9.81∙ 21,7−1 ∙0,931
 = 380,84 ɦ3/ɫ                            (6.10) 

 ܳˆ˃˒ˑ ˅ =
ܰˆ˃[ˍʑ˕]

ߤ∙(݄∆− ˅ˑ˒ ܪ)∙9.81 =
288 000

4∙9.81∙ 22,57−1 ∙0,931
= 365,48ɦ3/ɫ                (6.11) 

 
ɋɨɝɥɚɫɧɨ ɋɉ 58.13330.2012 ɤɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɩɪɨɩɭɫɤɟ ɪɚɫɱɟɬɧɵɯ ɪɚɫɯɨɞɨɜ - m, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ: 
m = (n - 1) ɩɪɢ ɱɢɫɥɟ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ƚɗɋ ݊ ൑ 6; 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, m = 4-1=3 
 ܳʒЭʠˑ˔ː = 380,84∙3 = 1142,52 ɦ3/ɫ                                                              (6.12) 
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 ܳʒЭʠ˒ˑ˅ = 365,48∙3 = 1096,44 ɦ3/ɫ                                                           (6.13) 
 
Ɋɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ ɞɥɹ ɨɫɧɨɜɧɨɝɨ 

ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ ɫɨɫɬɚɜɥɹɟɬ:   
 ܳ˓˃˔˚ˑ˔ː = ܳˏ˃ˍ˔. ˓˃˔˚ˑ˔ː − ܳʒЭʠˑ˔ː − ܳܿ= 5469–1142,52–700,51= 3625,97 ɦ3/ɫ  (6.14) 

 
Qɫ = (Vɩɨ + Vɩɪ)/Ɍɫɪ, = (10,67 + 2,04) ∙10^9/18144000 = 700,51 ɦ3/ɫ   (6.15) 
 
Ⱦɥɹ ɩɨɜɟɪɨɱɧɨɝɨ: 
 ܳ˓˃˔˚˒ˑ˅ = ܳˏ˃ˍ˔. ˓˃˔˚˒ˑ˅ − ܳʒЭʠ˒ˑ˅ − ܳܿ= 6473–1096,44–700,51=4676,05 ɦ3/ɫ   (6.16) 

 
5.3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɢ ɪɚɡɦɟɪɨɜ ɞɨɧɧɵɯ ɜɨɞɨɜɵɩɭɫɤɨɜ 
 
Ɂɚɞɚɸɬɫɹ ɞɢɚɦɟɬɪɨɦ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ D ɨɬ 1 ɞɨ 5 ɦ 
D = 4,0 ɦ  
ɉɪɢɧɢɦɚɸɬ ɨɬɦɟɬɤɭ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɐɈɜɵɲɟ 

ɩɨɬɨɥɤɚ ɝɚɥɟɪɟɢ ɧɟ ɦɟɧɟɟ 
 
D / 2 + 2 ɦ =2+ 2 = 4 ɦ                        (6.17) 
 
Ɉɬɦ. ɐɈ = ɨɬɦ. ɩɨɥɚ ɝɚɥɟɪɟɢ+ɜɵɫɨɬɚ ɝɚɥɟɪɟɢ+4 = 132,00 + 3,5 + 4  (6.18) 
 
Ɉɬɦ. ɐɈ =139,5 
 
ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɇ– ɪɚɡɧɨɫɬɶ ɨɬɦɟɬɨɤ 

(ɇɉɍ + ɍɆɈ)/2 ɢ ɰɟɧɬɪɚ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɐɈ:  
 
ɇ = (162,00 + 157,51)/2 – 139,5= 159,76 – 139,5= 20,26 ɦ                       

(6.19) 
 
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ: 
˅˅ݍ  = ܪ𝜔 2݃ߤ = 0,8 ∙ 12,56∙(2∙9,81∙20,26)0,5= 200,43 ɦ3/ɫ         (6.20) 
 

ɝɞɟ ߤ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 0,8;  𝜔 - ɩɥɨɳɚɞɶ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 4,0 ɦ  
 

ω= πR^2 = 3,14∙22=12,56 ɦ2;                                                                     (6.21) 
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Ⱦɚɥɟɟ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ (ɧɟ ɦɟɧɟɟ 

2-ɯ), ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɩɭɫɤɚ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ Qɫɪ 
 
n= Qɫɪ/qɜɜ = 700,51/200,43 = 3,5         

(6.22) 
 
ɉɪɢɧɢɦɚɟɦ 4 ɨɬɜɟɪɫɬɢɣ ɞɢɚɦɟɬɪɨɦ 4,0 ɦ  
 
5.3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 
 
Ɉɩɪɟɞɟɥɹɟɦ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ  
 
qɪ = [vh]* hɧɛ= 5∙8,3 = 41,5 ɦ2/ɫ, (6.23) 
 

ɝɞɟ hɧɛ ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ɍɇȻ = f(Qɧɛ) 
ɩɪɢ  ܳˏ˃ˍ˔. ˓˃˔˚ˑ˔ː  (140,3 -132,00 = 8,3 ɦ);  

[vh] ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ, ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɝɪɭɧɬɨɜ, ɫɥɚɝɚɸɳɢɯ ɞɧɨ ɪɟɤɢ (ɩɟɫɨɤ – 2,5÷3,5 ɦ/ɫ; ɝɥɢɧɚ  3÷4 ɦ/ɫ; ɝɪɚɜɢɣ  3,5 
ɦ/ɫ; ɩɨɥɭɫɤɚɥɶɧɵɟ  3,5÷4,5 ɦ/ɫ; ɫɤɚɥɶɧɵɟ – ɛɨɥɟɟ 5ɦ/ɫ). ɉɪɢɧɢɦɚɟɦ [vh] = 5 
ɦ/ɫ.  

Ɉɩɪɟɞɟɥɹɟɦ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ  
 
qɜ= 1,25qɪ = 1,25∙41,5 = 51,88 ɦ2/ɫ                                                               

(6.24) 
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ȼ = Σb, 
ܤ  =

ܳ˓˃˔˚ˑ˔ːݍ˅  = 
3625,97

51,88
 = 69,89 ɦ                                                                           

(6.25) 
 
ɉɪɢɧɢɦɚɟɦ 5 ɩɪɨɥɟɬɨɜ ɲɢɪɢɧɨɣ b =14 ɦ 
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ȼ ɪɚɜɧɚ14∙5= 70 ɦ 
 
5.3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɫɥɢɜɟ 
 
 ɉɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɨɜ ɜɫɟɯ ɬɢɩɨɜ ɦɟɬɨɞɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, 
ɫɧɚɱɚɥɚ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ ɇ01, ɚ ɡɚɬɟɦ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ 
ɩɨɞɬɨɩɥɟɧɢɹ ɇ02 
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01ˑ˔ːܪ =   ܳ˓˃˔˚ˑ˔ːߪː∙݊ߪ ∙݉∙ܾ∙݊∙ 2݃ 2 3 
=  3625,97

1∙1∙0,49∙14∙5 2∙9.81
 2 3 

= 8,29ɦ             (6.26) 

 
ɝɞɟ m ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 

ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ (ɜ 
ɩɪɨɟɤɬɟ ɩɪɢɧɢɦɚɟɦ m = 0,49) 

 

H02ˑ˔ː =   Q˓˃˔˚ˑ˔ː
m ∙ɂ ∙σ∙b∙n∙ 2g

 2 3 
=   3625,97

0,49∙0,94∙14∙4 2∙9,81
 2 3 

= 8,63 ɦ,    (6.27) 

 
ɝɞɟ ɛn ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ (ɜ ɩɪɨɟɤɬɟ ɛn = 1);  

İ ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ ɩɨɬɨɤɚ ɜ 
ɩɪɨɥɟɬ 

ߝ  = 1 − 0,2  𝜉˖+(݊−1)𝜉˄݊ 0ܾܪ   =1 − 0,2  0,7+ 5−1 0,45

4
 9,61

14
 = 0,94   (6.28) 

 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ 

ɜɨɞɨɫɥɢɜɭ V0 
 

ɇ = ɇ02 − ߙ 0ܸ
2

2݃ ,        (6.29) 

 

0ܸ =
ܳ˓˃˔˚ˑ˔ː ʜʞʢ−ʓːˑ  ߜ 1−݊ +ܤʐ =  

3625 ,97 162,00−132,00  56+ 5−1 ∙3 ,     (6.30) 

 
0ܸ = 1,47 ˏ/˔. 

 
ɝɞɟ δȻ ɬɨɥɳɢɧɚ ɛɵɤɚ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɬɜɨɪɨɜ ɢ ɪɚɡɦɟɪɨɜ 
ɩɟɪɟɤɪɵɜɚɟɦɵɯ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ (ɜ Ʉɉ ɩɪɢɧɢɦɚɟɦ įȻ = 3 ɦ - ɞɥɹ 
ɩɪɨɥɟɬɨɜ ɲɢɪɢɧɨɣ b ≤ 14 ɦ ɢ δȻ = 4 ɦ - ɞɥɹ ɩɪɨɥɟɬɨɜ ɲɢɪɢɧɨɣ b> 14 ɦ). 

ܪ  = 02ˑ˔ːܪ − ߙ 0ܸ
2

2݃ = 8,63 − 1,1 ∙ 1,472

2∗9,81
= 8,51 , 

 

5.3.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɇɚɡɧɚɱɚɸɬ ɇɫɬ - ɛɥɢɠɚɣɲɢɣ ɤ ɜɵɱɢɫɥɟɧɧɨɦɭ ɇ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ (4; 4,5; 5,0; 5,5; 6,0; 7,0; 8,0; 9,0; 10,0; 12,0; 14,0; 16,0; 
18,0; 20,0 ɦ). 

H = 8,51 ɦ ɇɫɬ = 9 ɦ 
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∇Ƚȼ= ɇɉɍ- ɇɫɬ = 162,00-9= 153,00 ɦ         
(6.31) 

 
5.3.6 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:  

 

H01˒ˑ˅ =  Q˓˃˔˚˒ˑ˅
m ∙B ∙ 2g

 2 3 
= 4676,05

0,49∙70∙ 2∙9.81
 2 3 

=9,82 ɦ         

(6.32) 
 

H02˒ˑ˅ =   Q˓˃˔˚˒ˑ˅
m ∙ɂ∙σ˒∙B ∙ 2g

 2 3 
= 4676,05

0,49∙0,93∙70∙ 2∙9.81
 2 3 

= 10,31 ɦ         

(6.33) 
Ɋɚɫɫɱɢɬɵɜɚɸɬ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ 

ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ 
 

V0˒
ˑ˅ =

Q˓˃˔˚˒ˑ˅
(∇ʣʞʢ−∇ˇː˃)(B+(n−1)Ɂʐ =

4682,62

(163,00−132,00)(70+ 5−1 ∙3)
= 1,84 ɦ/ɫ (6.34) 

 

H˒ˑ˅ = H02
˒ˑ˅ − α∙V2

2g
 = 10,31 − 1,1∙1,84 2

2∙9,81
 = 10,12 ɦ (6.35) 

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

ɤɨɬɨɪɨɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ   
 ∇ʣʞʢ˓ = ∇ʒʑ + H˒ˑ˅ = 153,00 + 10,12 = 163,12 ɦ (6.36) 
 
ɉɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ Ɏɉɍ 163,2. 
 
5.3.7 ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
 
Ⱦɥɹ ɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɨɝɨɥɨɜɨɤ ɛɟɡɜɚɤɭɭɦɧɨɝɨ ɜɨɞɨɫɥɢɜɚ ɫ 

ɨɝɨɥɨɜɤɨɦ ɩɪɨɮɢɥɹ Ⱥ ɞɥɹ ɧɚɩɨɪɚ ɇɫɬ = 9 ɦ 
ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 6.1 ɜ 

ɤɨɨɪɞɢɧɚɬɧɨɣ ɩɥɨɫɤɨɫɬɢ XY (ɪɢɫɭɧɨɤ 6.1). 
 

Ɍɚɛɥɢɰɚ 6.1–Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 
x y x y x y x y 
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0 1,134 9 2,304 18 11,115 27 25,416 
0,9 0,324 9,9 2,889 18,9 12,321 27,9 27,117 
1,8 0,063 10,8 3,546 19,8 13,572 28,8 28,863 
2,7 0 11,7 4,275 20,7 14,877 29,7 30,645 
3,6 0,054 12,6 5,076 21,6 16,23 30,6 32,481 
4,5 0,243 13,5 5,949 22,5 17,64 31,5 34,362 
5,4 0,54 14,4 6,876 23,4 19,098 32,4 36,279 
6,3 0,9 15,3 7,857 24,3 20,601 33,3 38,241 
7,2 1,314 16,2 8,883 25,2 22,158 34,2 40,239 
8,1 1,782 17,1 9,972 26,1 23,76 35,1 42,282 
            36 44,442 

 
Ɋɢɫɭɧɨɤ 6.1 – ɉɪɨɮɢɥɶ Ⱥ 

 
ɋɨɩɪɹɠɟɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɨɞɨɛɨɹ ɦɨɠɧɨ ɨɱɟɪɬɢɬɶ 

ɩɨ ɞɭɝɟ C-D ɪɚɞɢɭɫɨɦ R. ȼɟɥɢɱɢɧɭ ɷɬɨɝɨ ɪɚɞɢɭɫɚ ɧɚɡɧɚɱɚɸɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɵɫɨɬɵ ɩɥɨɬɢɧɵ ɪɜ ɢ ɧɚɩɨɪɚ ɧɚ ɜɨɞɨɫɥɢɜɟ ɇɫɬ. 

ɇ = 9 ɦ, ɪɧ = 21 ɦ, R = 14,3÷16,8 ɦ (ɢɧɬɟɪɩɨɥɢɪɭɟɦ) ɢ ɩɨɥɭɱɚɟɦ R =14,32 
ɦ. Ⱦɥɹ ɩɥɚɜɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɜɟɪɯɧɹɹ Ⱥȼ ɢ ɧɢɠɧɹɹ CD 
ɤɪɢɜɵɟ ɜ ɬɨɱɤɟ ɫɨɩɪɹɠɟɧɢɹ ɢɦɟɥɢ ɨɛɳɭɸ ɤɚɫɚɬɟɥɶɧɭɸ. Ⱦɥɹ ɜɵɫɨɤɢɯ ɩɥɨɬɢɧ 
ɷɬɚ ɤɚɫɚɬɟɥɶɧɚɹ ɨɛɪɚɡɭɟɬ ɩɪɹɦɨɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ ȼ-ɋ. 
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ɉɨɥɭɱɟɧɧɵɣ ɝɪɚɮɢɤ ɪɚɫɩɨɥɚɝɚɟɦ ɧɚ ɱɟɪɬɟɠɟ ɩɪɢ ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɨɮɢɥɹ 
ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ (ɪɢɫɭɧɨɤ 6.2).  

 
Ɋɢɫɭɧɨɤ 6.2 – ɉɪɨɮɢɥɶ ɜɨɞɨɫɥɢɜɧɨɣ ɝɪɚɧɢ 

 
Ɉɬɦɟɬɤɭ ɜɟɪɯɚ ɛɵɤɚ (ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ) ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʐ = ∇ʒʑ + 1,6 ∙ H˔˕= 153,00 + 1,6∙9 = 167,4 ɦ (6.37) 
 
Ɉɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ∇Ƚɉ ɫ ɭɱɟɬɨɦ ɜɵɫɨɬɵ ɜɟɬɪɨɜɵɯ ɜɨɥɧ 

ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ: 
 ∇Ƚɉ = ɇɉɍ +1.1hɜ(ɨɫɧ) + ɚ = 162+1,1∙2,01+0,4 =164,61 ɦ (6.38) 
 

ɝɞɟ hɜ– ɜɵɫɨɬɚ ɜɨɥɧɵ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ  
ɚ – ɜɟɥɢɱɢɧɚ ɡɚɩɚɫɚ, ɡɚɜɢɫɢɬ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ ɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ: 

ɞɥɹ I ɤɥɚɫɫɚ - 0.8 ɦ, II  - 0.7 ɦ, III - IV - 0.4 ɦ. 
ɉɪɨɟɤɬɧɭɸ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɫɨɨɪɭɠɟɧɢɣ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 

ɩɨ ɧɚɢɛɨɥɶɲɟɣ ɨɬɦɟɬɤɟ ɢɥɢ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ, ɢɥɢ ɩɨ ɨɬɦɟɬɤɟ ɜɟɪɯɚ ɛɵɤɚ. 
Ɂɚ ɨɬɦɟɬɤɭ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɦ:∇ʒʞ = 168,37 ɦ. 

 
5.3.8 Ɋɚɫɱɟɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 
Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ: 
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݄ˍ˓ = ߙ  ∙ 2݌ܳ
ܤ)) + (݊ − 1) ∙ 2݃3(ܾߜ

=  1,1 ∙ 3625,972

((70 + (5 − 1) ∙ 3)2 ∙ 9,81

3

= 6,03 ˏ (6.39) 

 
 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 

0ܶ = ʜʞʢߘ − ʓʜʏߘ = 162 − 132 = 30 ˏ. (6.40) 
 

ȼɵɱɢɫɥɹɸɬ ɨɬɧɨɲɟɧɢɟ 𝜉
0ܶ

= 0ܶ

ℎɤɪ
=

30

6,03
= 4,98 ɢ ɨɩɪɟɞɟɥɹɸɬ ɡɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 95,0  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɫɥɢɜɧɨɣ ɝɪɚɧɢ [35, 
ɬɚɛɥɢɰɚ 9-10]. 

ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ [35, ɪɢɫ. 9.55-1] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ 𝜙  ɢ 𝜉

0ܶ
ɨɩɪɟɞɟɥɹɸɬ 𝜉ɫ = 0,35ɢ 𝜉ɫ

′′ = 2,21. 
ȼɵɱɢɫɥɹɸɬ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ: 
 

ℎܿ′ = 𝜉′ܿℎɤɪ = 0,35 ⋅ 6,03 = 2,11 ɦ, (6.41) 
 

ℎܿ′′ = 𝜉ܿ′′ℎɤɪ = 2,21 ⋅ 6,03 = 13,33  ɦ. (6.42) 
 
Ɍɚɤ ɤɚɤ ݄′′ܿ = 13,33 ˏ > ݄ʜʐ = 8,3 ˏ , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɵɠɨɤ ɨɬɨɝɧɚɧɧɵɣ. 

Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɡɚ ɩɥɨɬɢɧɨɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ, ɢ ɩɪɨɟɤɬɢɪɭɟɬɫɹ 
ɫɨɩɪɹɠɟɧɢɟ ɛɶɟɮɨɜ ɩɨ ɬɢɩɭ ɡɚɬɨɩɥɟɧɧɨɝɨ ɩɪɵɠɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɡɞɚɬɶ ɫ ɧɢɠɧɢɦ ɛɶɟɮɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɥɭɛɢɧɭ ɢɥɢ ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ 
ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ.  
 

5.3.9 Ɋɚɫɱɟɬ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɢ ɜɨɞɨɛɨɣɧɨɝɨ ɤɨɥɨɞɰɚ 
 

Ɍɨɥɳɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ ȼ.Ⱦ. 
Ⱦɨɦɛɪɨɜɫɤɨɝɨ: 

 
ɉɥɨɳɚɞɶ ɩɨɬɨɤɚ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ 
 𝜔˔ = ℎܿ′ ∙ ܤ  +  ݊ − 1 ∙ = ܾߜ 2,11 ∙  70 +  5 − 1 ∙ 3 = 
= 173,02 ˏ2,  

(6.43) 

 
ɝɞɟ  ܤ +  ݊ − 1 ∙  .ɲɢɪɢɧɚ ɜɨɞɨɛɨɣɧɨɣ ɩɥɢɬɵ –  ܾߜ

 
ɋɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ 
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ܿݒ =
ܳ˓𝜔˔ =

3625,97

173,02
= 20,96ɦ/ɫ,  (6.44) 

 
Ɍɨɥɳɢɧɚ ɩɥɢɬɵ ɜɨɞɨɛɨɹ 
˅ߜ  = ܿ′݄ ܿݒ0,15 = 0,15 ∙ 20,96 ∙  2,11 = 4,6,  (6.45) 
 
Ɋɚɫɱɺɬ ɜɨɞɨɛɨɣɧɨɝɨ ɤɨɥɨɞɰɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɟɝɨ ɝɥɭɛɢɧɵ ݀ ɢ 

ɞɥɢɧɵ ݈ˍ. ɉɨɥɧɚɹ ɷɧɟɪɝɢɹ ɩɟɪɟɞ ɜɨɞɨɛɨɣɧɵɦ ɤɨɥɨɞɰɟɦ ʡ01 = 30 ˏ, ɚ 
ɫɨɩɪɹɠɺɧɧɚɹ ɝɥɭɛɢɧɚ ݄′ܿ′ = 13,33 ˏ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɟɦ ɧɚɱɚɥɶɧɭɸ ɝɥɭɛɢɧɭ ɤɨɥɨɞɰɚ ɩɨ ɮɨɪɦɭɥɟ: 
 ݀ = ߪ ∙ ݄′ܿ′ −  ݄ʜʐ +  (6.46)  , ݖ∆
 
ɝɞɟ ∆ݖ – ɩɟɪɟɩɚɞ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɜɵɯɨɞɟ ɩɨɬɨɤɚ ɢɡ ɜɨɞɨɛɨɣɧɨɝɨ 

ɤɨɥɨɞɰɚ ɜ ɪɭɫɥɨ ɇȻ. Ɉɩɪɟɞɟɥɹɟɦ ɟɝɨ, ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɜɵɯɨɞɧɚɹ 
ɱɚɫɬɶ ɜɨɞɨɛɨɣɧɨɝɨ ɤɨɥɨɞɰɚ ɪɚɛɨɬɚɟɬ, ɤɚɤ ɩɨɞɬɨɩɥɟɧɧɵɣ ɜɨɞɨɫɥɢɜ ɫ ɲɢɪɨɤɢɦ 
ɩɨɪɨɝɨɦ 

ݖ∆  =
2ݍ

2݃ 𝜑݄ː˄ 2
− 2ݍߙ

′ܿ′݄ߪ 2݃  2

=
44,222

2 ∙ 9,81 ∙  0.95 ∙ 8,3 2
− 1,1 ∙ 44,222

2 ∙ 9,81 ∙  1,1 ∙ 13,53 2
= 

= 0,937 ˏ,  

(6.47) 

 ݀1 = 1,1 ∙ 13,33 −  8,3 + 0,937 = 5,43 ˏ 
 
ȼɵɱɢɫɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɞɨɥɠɚɬɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɪɚɡɧɢɰɚ ɦɟɠɞɭ 

ɩɨɫɥɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɢ ɩɪɟɞɵɞɭɳɢɦ ɡɧɚɱɟɧɢɟɦ ɝɥɭɛɢɧɵ ɤɨɥɨɞɰɚ ɫɬɚɧɟɬ 
ɦɟɧɶɲɟ 0,1݀ˍ. 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ 
Ɉɩɪɟɞɟɥɹɬɫɹ ɩɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ ɫ ɭɱɟɬɨɦ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɝɥɭɛɢɧɵ ɤɨɥɨɞɰɚ: 
 

0ܶ2 = ʡ01 + ݀1 = 30 + 5,43 = 35,43 ˏ,  (6.48) 
 
Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɧɨɜɵɟ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ ݄′ܿ  ɢ ݄′ܿ′ . 
 𝜉

0ܶ
= 0݄ܶˍ˓ =

35,43

6,03
= 5,88,  (6.49) 

 
ɉɪɢ 𝜑 = 0,95[35, ɬɚɛɥɢɰɚ 9-10] 
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ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ [35, ɪɢɫ. 9.55-2] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ɢ  𝜉

0ܶ
  ɨɩɪɟɞɟɥɹɸɬ  ȟc’  = 0,3 ɢ ȟc’’= 2,5 

ȼɵɱɢɫɥɹɸɬ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ:  
 
hc’=ȟc’hɤɪ = 0,3∙6,03 = 1,81 ɦ,  (6.50) 
 
hc’’=ȟc’’hɤɪ = 2,5∙6,03 = 15,08 ɦ,  (6.51) 
 
Ɉɩɪɟɞɟɥɹɸɬ ɧɨɜɭɸ ɝɥɭɛɢɧɭ ɤɨɥɨɞɰɚ ݀2  ɩɨ ɮɨɪɦɭɥɟ (6.46), ɩɨɞɫɬɚɜɥɹɹ 

ɧɨɜɨɟ ɧɚɣɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ݄′ܿ′  ɢ ɧɚɯɨɞɹɬ ∆ݖ ɩɨ ɮɨɪɦɭɥɟ (6.47): 
ݖ∆  =

44,222

2 ∙ 9,81 ∙  0,95 ∙ 8,3 2
− 1,1 ∙ 44,222

2 ∙ 9,81 ∙  1,1 ∙ 15,08 2
= 1,048 ˏ 

 ݀2 = 1,1 ∙ 15,08 −  8,3 + 1,048 = 7,24 ˏ 
 
Ɋɚɡɧɢɰɚ ɩɪɟɞɵɞɭɳɟɣ ɝɥɭɛɢɧɵ ɤɨɥɨɞɰɚ ݀1 ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɝɥɭɛɢɧɵ 

ɤɨɥɨɞɰɚ ݀2 ɫɨɫɬɚɜɥɹɟɬ ݀2 − ݀1 = 7,24 − 5,43 = 1,81 ˏ. 
 ݀2−݀1݀1

=
1,81 

5,43
= 0,33, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɫɱɺɬ ɩɪɨɞɨɥɠɚɟɬɫɹ. 

 
ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ 
Ɉɩɪɟɞɟɥɹɬɫɹ ɩɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ ɫ ɭɱɟɬɨɦ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɝɥɭɛɢɧɵ ɤɨɥɨɞɰɚ: 
 

0ܶ3 = ʡ01 + ݀2 = 30 + 7,24 = 37,24 ˏ,  (6.52) 
 
Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɧɨɜɵɟ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ ݄′ܿ  ɢ ݄′ܿ′ . 
 𝜉

0ܶ
= 0݄ܶˍ˓ =

37,24

6,03
= 6,18, 

 
ɩɪɢ𝜑 = 0,95[35, ɬɚɛɥɢɰɚ 9-10] 
ɉɨ ɝɪɚɮɢɤɭ Ɇ.Ⱦ. ɑɟɪɬɨɭɫɨɜɚ [35, ɪɢɫ. 9.55-2] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  

ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ φ ɢ  𝜉
0ܶ
  ɨɩɪɟɞɟɥɹɸɬ  ȟc’  = 0,294 ɢ ȟc’’= 2,51 

ȼɵɱɢɫɥɹɸɬ ɫɨɩɪɹɠɟɧɧɵɟ ɝɥɭɛɢɧɵ ɩɨ ɮɨɪɦɭɥɚɦ (6.50-51):  
 
hc’=ȟc’hɤɪ = 0,294∙6,03 = 1,77 ɦ 
 
hc’’=ȟc’’hɤɪ = 2,51∙6,03 = 15,14 ɦ 
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Ɉɩɪɟɞɟɥɹɸɬ ɧɨɜɭɸ ɝɥɭɛɢɧɭ ɤɨɥɨɞɰɚ ݀3ɩɨ ɮɨɪɦɭɥɟ (6.46), ɩɨɞɫɬɚɜɥɹɹ 
ɧɨɜɨɟ ɧɚɣɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ݄′ܿ′  ɢ ɧɚɯɨɞɹɬ ∆ݖ ɩɨ ɮɨɪɦɭɥɟ (6.47): 

ݖ∆  =
44,222

2 ∙ 9,81 ∙  1 ∗ 8,3 2
− 1,1 ∙ 44,222

2 ∙ 9,81 ∙  1,1 ∙ 15,14 2
= 1,051 ˏ 

 ݀3 = 1,1 ∙ 15,14 −  8,3 + 1,051 = 7,3 ˏ 
 
Ɋɚɡɧɢɰɚ ɩɪɟɞɵɞɭɳɟɣ ɝɥɭɛɢɧɵ ɤɨɥɨɞɰɚ ݀1 ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɝɥɭɛɢɧɵ 

ɤɨɥɨɞɰɚ ݀2 ɫɨɫɬɚɜɥɹɟɬ ݀3 − ݀2 = 7,3 − 7,24 = 0,06 ˏ. ݀3−݀2݀2
=

0,06 

7,24
= 0,008, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɬɨ ɩɨɫɥɟɞɧɢɣ ɷɬɚɩ ɪɚɫɱɺɬɨɜ.  

ɉɪɢɧɢɦɚɟɦ ɝɥɭɛɢɧɭ ɤɨɥɨɞɰɚ 7,3 ɦ. Ɉɬɦɟɬɤɚ ɩɨɥɚ ɜɨɞɨɛɨɹ 124,7 ɦ. 
 
Ⱦɥɢɧɚ ɜɨɞɨɛɨɹ (ɤɨɥɨɞɰɚ) 
 ݈˅ = (0,8 − 1)݈˒˓,  (6.53) 

 
ɝɞɟ ݈˒˓ – ɞɥɢɧɚ ɩɪɵɠɤɚ (ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɜɚɥɶɰɚ). 

 ݈˒˓ = 2,5 ∙  1,9 ∙ ݄′ܿ′ − ݄′ܿ  = 2,5 ∙  1,9 ∙ 13,33 − 2,11 = 58,04 ˏ,  (6.54) 
 ݈˅ = 0,85݈˒˓ = 0,85 ∙ 58,04 = 49,33 ˏ 
 
ɉɪɢɧɢɦɚɟɦ ɞɥɢɧɭ ɜɨɞɨɛɨɹ 50,00 ɦ. 
 
5.4 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɩɥɨɬɢɧɵ 
 
5.4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

 

Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 
ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ. ɇɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɵɣ ɩɪɨɮɢɥɶ ɩɥɨɬɢɧɵ, ɢɦɟɸɳɢɣ 
ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɩɨɧɢɡɭ, ɱɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 6.3. 

ɇɨ ɩɪɢ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɬɨɬ ɩɪɨɮɢɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɞɜɭɦ 
ɭɫɥɨɜɢɹɦ: 

1) ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ; 
2) ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɟɥɚ ɩɥɨɬɢɧɵ ɩɪɨɬɢɜ ɫɞɜɢɝɚ ɩɨ ɨɫɧɨɜɚɧɢɸ. 
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Ɋɢɫɭɧɨɤ 6.3 – ɋɯɟɦɚ ɬɪɟɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɩɥɨɬɢɧɵ 
 

Ȼɟɬɨɧ ɫɥɚɛɨ ɫɨɩɪɨɬɢɜɥɹɟɬɫɹ ɪɚɫɬɹɠɟɧɢɸ, ɜ ɧɺɦ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨɹɜɥɟɧɢɟ 
ɬɪɟɳɢɧ ɫ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ ɨɩɚɫɧɨɣ 
ɮɢɥɶɬɪɚɰɢɢ ɫɨ ɜɫɟɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɭɫɥɨɜɢɹ ɧɟɞɨɩɭɳɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, 
ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɩɨ ɨɫɧɨɜɚɧɢɸ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ: 

ܫ݊ܤ  =
ݓߛ˄ߛ ˎ˒݄ 1ߙ− ݊−2 ݊+ ݊−1 

,  (6.55) 

 
ɝɞɟ 1ߙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɸ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ 
ɫɱɟɬ ɭɫɬɪɨɣɫɬɜɚ ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɡɚɜɟɫ, ɞɪɟɧɚɠɟɣ ɢ ɲɩɭɧɬɨɜ, 
ɩɪɢɧɢɦɚɟɦɵɣ 0,5; ݓߛ = 10 ˍʜ ˏ3  –ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ; ߛ˄ = 24 ˍʜ ˏ3 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɛɟɬɨɧɚ  

ɇɚɡɧɚɱɚɟɦ ɨɬɦɟɬɤɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 124,70. 
ȼɵɫɨɬɚ ɩɥɨɬɢɧɵ ݄ ɪɚɜɧɚ: 
 ݄˒ˎ = ∇ʜʞʢ − ∇ʞʝʓ = 162,00 − 124,70 = 37,3 ˏ,  (6.56) 
 
ɂɡ ɭɫɥɨɜɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ ɧɚ ɫɞɜɢɝ ɩɨ ɨɫɧɨɜɚɧɢɸ ɲɢɪɢɧɚ 

ɩɨɞɨɲɜɵ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
ܫܫ݊ܤ  =

𝜑݃ݐˎ˒݄݊ߛ ݓߛ˄ߛ  ˔˄ܤ 1ߙ−݊+ = ܾ + ʐߜ = 14 + 3 = 17 ˏ,  (6.57) 

 
ɝɞɟ ݊ߛ = 1,15–ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɺɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; ݃ݐ𝜑 = 0,75 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɛɟɬɨɧɚ ɩɨ ɝɪɭɧɬɭ, ɩɪɢɧɢɦɚɟɬɫɹ ɞɥɹ 
ɝɪɚɧɢɬɚ 

Ɂɚɞɚɜɚɹɫɶ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ݊, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 
6.2,ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɩɨ ɞɜɭɦ ɮɨɪɦɭɥɚɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ܤ˒ ɢ ɫɬɪɨɢɦ ɝɪɚɮɢɤɢ 
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ɡɚɜɢɫɢɦɨɫɬɢ ܫ݊ܤ = ݂ (݊) ɢ ܫܫ݊ܤ = ݂ (݊), ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 6.4. Ɍɨɱɤɚ 
ɩɟɪɟɫɟɱɟɧɢɹ ɝɪɚɮɢɤɨɜ ɨɩɪɟɞɟɥɢɬ ɪɚɫɱɟɬɧɭɸ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ. 

 
Ɍɚɛɥɢɰɚ 6.2 –Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. ݊ ܫ˒ܤ, ɦ ܫܫ˒ܤ, ɦ 

0,1 27,42 28,60 
0,1623 27,73 27,73 

0,2 27,96 27,23 
0,3 28,69 26,00 
0,4 29,67 24,87 
0,5 30,98 23,83 
0,6 32,71 22,88 
0,7 35,09 22,00 
0,8 38,47 21,18 
0,9 43,66 20,43 
1 52,75 19,72 

 

 
Ɋɢɫɭɧɨɤ 6.4 – Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ 

 
Ƚɪɚɮɢɤɢ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɟ ݊ = 0,162, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɲɢɪɢɧɚ 

ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ɪɚɜɧɚ ܤ˒ = 27,73 ˏ, ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ, 
ɩɪɢɧɢɦɚɸ ɲɢɪɢɧɭ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ ܤ˒ = 27,7 ˏ.  

 
5.4.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɪɚɡɪɟɡɚɧɚ 

ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɲɜɚɦɢ ɩɨ ɨɫɹɦ ɛɵɤɨɜ, ɬ.ɟ. ɲɢɪɢɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ ɦɟɠɞɭ 
ɲɜɚɦɢ ɪɚɜɧɚ: 

˔˄ܤ  = ܾ + ʐߜ = 14 + 3 = 17 ˏ,  (6.58) 
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ɝɞɟ b–ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ; ߜʐ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 

ɒɢɪɢɧɭ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɲɜɨɜ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 1 ɧɚ ɪɚɫɫɬɨɹɧɢɢ 4 ɦ ɨɬ 
ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ ɢ ɝɪɟɛɧɹ, ɚ ɜɧɭɬɪɢ ɬɟɥɚ ɩɥɨɬɢɧɵ 0,2. 

 
5.4.3 Ȼɵɤɢ 

 
Ƚɨɥɨɜɧɚɹ ɱɚɫɬɶ ɛɵɤɚ ɢɦɟɟɬ ɨɛɬɟɤɚɟɦɭɸ ɜ ɩɥɚɧɟ ɮɨɪɦɭ.  
ɉɚɡɵ ɪɚɛɨɱɢɯ ɡɚɬɜɨɪɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɥɢɧɢɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ, ɛɵɤɢ 

ɜɵɞɜɢɧɭɬɵ ɜ ɜɟɪɯɧɢɣ ɛɶɟɮ. Ȼɵɤɢ ɪɚɡɛɢɜɚɸɬ ɜɟɫɶ ɜɨɞɨɫɥɢɜɧɨɣ ɮɪɨɧɬ ɧɚ 
ɨɬɞɟɥɶɧɵɟ ɜɨɞɨɫɥɢɜɧɵɟ ɨɬɜɟɪɫɬɢɹ. 

ȼ ɛɵɤɚɯ ɭɫɬɪɨɟɧɵ ɩɚɡɵ ɞɥɹ ɪɚɛɨɱɢɯ ɢ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ, ɩɨɞ 
ɡɚɳɢɬɨɣ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɸɬɫɹ ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ (ɪɢɫɭɧɨɤ 6.5). 

М Nddо

m

a c

1 2

 
Ɋɢɫɭɧɨɤ 6.5 - ɋɯɟɦɚ ɪɚɡɪɟɡɧɨɝɨ ɛɵɤɚ ɜ ɩɥɚɧɟ 

 
Ɂɚɬɜɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɩɨɤɪɵɬɭɸ ɫ 

ɜɟɪɯɨɜɨɣ ɫɬɨɪɨɧɵ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɣ ɨɛɲɢɜɤɨɣ, ɜɵɩɨɥɧɟɧɧɨɣ ɢɡ ɥɢɫɬɨɜɨɣ, 
ɫɬɚɥɢ. ɇɟɫɭɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɚɥɨɱɧɭɸ ɤɥɟɬɤɭ ɢɡ ɪɢɝɟɥɟɣ ɢ 
ɫɬɨɟɤ.  

Ɍɨɥɳɢɧɚ ɛɵɤɚ ߜʐ = 3 ɦ 
Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɫɨɫɬɚɜɥɹɟɬ - 0,7ɯ0,7 ɦ.  
Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ – 0,5ɯ0,5 ɦ.  
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ ɩɪɢɧɢɦɚɟɦ 1 ɦ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 

ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɟɦ ɡɚɬɜɨɪɟ. 
 
5.4.4 ɍɫɬɨɢ 
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɱɢɬɵɜɚɸɬɫɹ ɭɫɬɨɢ ɫɨɩɪɹɝɚɸɳɢɟ, ɭɫɬɪɚɢɜɚɟɦɵɟ ɞɥɹ 

ɫɨɩɪɹɠɟɧɢɹ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ ɫ ɛɟɪɟɝɨɦ (ɛɟɪɟɝɨɜɨɣ ɭɫɬɨɣ), ɢ ɪɚɡɞɟɥɶɧɵɟ (ɜ 
ɜɢɞɟ ɪɚɡɞɟɥɶɧɵɯ ɫɬɟɧɨɤ), ɤɨɬɨɪɵɟ ɨɬɞɟɥɹɸɬ ɜɨɞɨɫɥɢɜ ɨɬ ɡɞɚɧɢɹ Ƚɗɋ. 
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5.4.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ 

 
ɒɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɜɤɥɸɱɚɟɬ ɲɢɪɢɧɭ, ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ ɢ 

ɦɟɫɬɨ ɞɥɹ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ. ɉɪɨɟɡɠɚɹ ɱɚɫɬɶ ɩɪɢɧɢɦɚɟɬɫɹ ɲɢɪɢɧɨɣ 5 ɦ, ɲɢɪɢɧɚ 
ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ ɩɪɢɧɢɦɚɟɬɫɹ 4 ɦ, ɲɢɪɢɧɚ ɩɭɬɟɣ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ – 10 ɦ. 
Ȼɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɡɥɨɜɵɦ ɤɪɚɧɨɦ ɢ ɚɜɬɨɞɨɪɨɝɨɣ ɩɪɢɧɢɦɚɟɬɫɹ 3 
ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɭɬɹɦɢ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ ɢ ɜɟɪɯɨɜɨɣ ɝɪɚɧɶɸ ɛɵɤɚ 
ɩɪɢɧɢɦɚɟɬɫɹ 3 ɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ 25 ɦ. 

 
5.4.6 Ƚɚɥɟɪɟɢ ɢ ɞɪɟɧɚɠ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 
 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. ɉɨ 

ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɟɦ ɱɟɪɟɡ 14 ɦ. Ɉɞɧɭ ɢɡ 
ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɩɪɨɟɤɬɢɪɭɟɦ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɟɱɧɨɝɨ ɨɬɜɨɞɚ ɜɨɞɵ ɢɡ ɜɫɟɣ ɜɵɲɟɥɟɠɚɳɟɣ ɱɚɫɬɢ 
ɩɥɨɬɢɧɵ. Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ ɩɥɨɬɢɧɵ, ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɞɪɟɧɚɠɚ, ɩɪɢɧɹɬɶ ɦɢɧɢɦɚɥɶɧɵɦɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɩɪɨɜɨɡ ɢ 
ɪɚɛɨɬɭ ɛɭɪɨɜɨɝɨ, ɰɟɦɟɧɬɚɰɢɨɧɧɨɝɨ ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ 
ɭɫɬɪɚɢɜɚɟɦ ɝɚɥɟɪɟɸ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɢɡ ɪɚɡɦɟɪɨɜ 
ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɪɢɧɢɦɚɟɦ ɫ ɭɱɟɬɨɦ ɪɚɛɨɬɚɸɳɟɣ ɬɟɯɧɢɤɢ 
3ɯ3,5ɦ ɢ ɪɚɫɩɨɥɚɝɚɟɦ ɧɚ ɨɬɦ.126,70 ɦ. Ƚɚɛɚɪɢɬɵ ɞɥɹ ɫɦɨɬɪɨɜɨɣ ɝɚɥɟɪɟɢ 
ɩɪɢɧɢɦɚɟɦ 2ɯ2,5ɦ ɢ ɪɚɫɩɨɥɚɝɚɟɦ ɟɟ ɧɚ ɨɬɦ.139,70ɦ.  

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɚɞɪ, ɚ ɬɚɤɠɟ ɞɨ ɜɟɪɯɨɜɨɣ 
ɝɪɚɧɢ ɩɪɨɞɨɥɶɧɨɣ ɝɚɥɟɪɟɢ ɩɪɢɧɢɦɚɟɬɫɹ ɧɟ ɦɟɧɟɟ 2 ɦ, ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹ: 

 ˃ˇ˓ ൒ ʜ݀ ݉,˓ˍܫ݊ߛ∙ ,  (6.59) 

 
ɝɞɟ ʜ݀  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ, ʜ݀ = ∇ʜʞʢ − ∇˙ˈˏ. ˆ˃ˎˈ˓ˈˋ = 162,00 − 126,70 = ߛ݊  .ˏ 35,3  – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɺɠɧɨɫɬɢ ɞɥɹ ɬɪɟɬɶɟɝɨ ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɣ 1,15; ̱ܫ ˓,݉ – ɤɪɢɬɢɱɟɫɤɢɣ ɫɪɟɞɧɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ,̱ܫ ˓,݉ = 25. 

 ˃ˇ˓ ൒ 35,3 ∙ 1,15

25
=  1,62 ˏ. 

 
ɉɪɢɧɢɦɚɟɦ ˃ˇ˓ = 2,85 
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5.4.7 ɐɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ 
 
ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɭɫɬɪɚɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɜɟɪɬɢɤɚɥɶɧɵɟ 

ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ.  
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݈ˊ =  0,10 ÷ 0,25 ∙ ˒ܤ =  0,10 ÷ 0,25 ∙ 27,7 = 2,77 ÷ 6,93 ˏ,  (6.60) 
 

ɝɞɟ ܤ˒ - ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ, 
ɉɪɢɧɢɦɚɟɦ݈ˊ = 4,2 ˏ. 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݄ɡɚɜ = 0,6 ∙ ݀ܪ = 0,6 ⋅  162,00 − 136,81 = 15,1 ɦ,  (6.61) 
 ˆˇ ݀ܪ̍  − ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ (136,81). 
Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɯ ɞɨɩɭɫɬɢɦɨɝɨ 
ɝɪɚɞɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɱɟɪɟɡ ɡɚɜɟɫɭ: 
ˊߜ  ൒ ݎܿܬ݊ߛ∙ܪ∆ .݉ ,  (6.62) 

ɝɞɟ ∆ܪ −ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ, ݎܿܬ .݉ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ (ݎܿܬ .݉ = 15); 
ܪ∆  = ݀ܪ − 0,4 ∙ ݀ܪ = 25,2 − 0,4 ∙ 25,2 = 15,1 ˏ,  (6.63) 
ˊߜ  ൒ 15,1 ⋅ 1,15

15
 

ˊߜ  ൒ 1,2 ˏ, ɩɪɢɧɢɦɚɟɦ 2 ɦ. 
Ƚɥɭɛɢɧɭ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɪɚɜɧɚ: 
 ݄ˇ˓ = 0,6 ∙ ݄ˊ˃˅ = 0,6 ⋅ 15,1 = 9,06 ˏ,  (6.64) 
 
Ⱦɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɜɨɞɵ ɢ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɜ ɨɫɧɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɭɫɬɪɚɢɜɚɸɬ ɞɪɟɧɚɠɢ.  
ȼ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɞɪɟɧɚɠ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ 

ɞɢɚɦɟɬɪɨɦ 200 ɦɦ ɫ ɲɚɝɨɦ 3 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɪɟɧɚɠɧɵɦɢ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ 4,5 ɦ. 
ɑɟɪɟɡ ɞɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ ɮɢɥɶɬɪɭɸɳɭɸɫɹ ɜɨɞɭ ɜɵɜɨɞɹɬ ɜ 

ɰɟɦɟɧɬɚɰɢɨɧɧɭɸ ɢɥɢ ɞɪɟɧɚɠɧɭɸ ɝɚɥɟɪɟɸ, ɚ ɨɬɜɨɞ ɜɨɞɵ ɜ ɇȻ ɨɫɭɳɟɫɬɜɥɹɸɬ 
ɧɚɫɨɫɚɦɢ. 
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5.5 Ɉɛɨɫɧɨɜɚɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 
Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

 
ɇɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢ ∇ɇɉɍ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɢ ɦɢɧɢɦɚɥɶɧɵɣ 

ɭɪɨɜɟɧɶ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ.  
ɇɚɝɪɭɡɤɢ ɫɨɛɢɪɚɸɬ ɧɚ ɨɞɧɭ ɫɟɤɰɢɸ, ɚ ɩɪɢ ɫɩɥɨɲɧɨɦ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 

ɩɥɨɬɢɧɵ ɧɚɝɪɭɡɤɢ ɫɨɛɢɪɚɸɬ ɧɚ 1 ɩ. ɦ. ɞɥɢɧɵ ɫɨɨɪɭɠɟɧɢɹ. 
 
5.5.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ 

 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ AutoCad: ܵ˒ˎ = 516,51 ˏ2 , ܵ˄ = 748,78 ˏ2. ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ 

ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ˎ˒ܩ  =

˄ߜ+ܾ˄ߛ∙ܾ∙ˎ˒ܵ =   
516,51∙14∙24

14+3
= 10 211 ˍʜ/ˏ,  (6.65) 

 
ɝɞɟ ܾ – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ; ߛ˄ –  ɭɞɟɥɶɧɵɣ ɜɟɫ ɛɟɬɨɧɚ; ߜ˄ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 

 
ȼɟɫ ɛɵɤɚ ɢ ɬɨɱɤɭ ɟɝɨ ɩɪɢɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ ɠɟ ɫɩɨɫɨɛɨɦ: 
˄ܩ  =

ܵ˄ ∙ ˄ߜ ∙ ܾ˄ߛ + ˄ߜ =
748,78 ∙ 3 ∙ 24

14 + 3
= 3 171 ˍʜ/ˏ (6.66) 

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ: 
 ܳˊ ≈ 0,055 ∙ ݂1,5 ∙ ݃ =  0,055 ∙ 1471,5 ∙ 9,81 = 961,63 ˍʜ,   (6.67) 
 

ɝɞɟ  ݂ – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ, 
 ݂ =  ∇ʣʞʢ − ∇ʒʑ + 0,5 ∙ ܾ =  163,00 − 153,00 + 0,5 ∙ 14 = 

= 147ˏ2 
(6.68) 

 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɢɬɫɹ ɤ 1 ɩɨɝɨɧɧɨɦɭ ɦɟɬɪɭ: 
ˊݍ  =

˄ߜ+ܾˊܳ =
961,63

14+3
= 56,57 ˍʜ,   (6.69) 
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5.5.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ. 

 ʑܶʐ =
ʑ2ܪ∙ʑߛ

2
=

9,81∙37,32

2
= 6 824 ˍʜ,   (6.70) 

 
ɝɞɟ  ܪʑ – ɜɵɫɨɬɚ ɩɥɨɬɢɧɵ: 

ʑܪ  = ∇ʜʞʢ − ∇˒ˑˇ = 162,00 − 124,70 = 37,3 ˏ,   (6.71) 
 
ɋ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 ʜܶʐ =

ʜ2ܪ∙ʑߛ
2

=
 9,81∙9,012

2
= 398 ˍʜ,   (6.72) 

 
Ƚɞɟ  ܪʜ – ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ʜܪ  = ∇ʜʐ݉݅݊ − ∇˒ˑˇ = 133,71 − 124,70 = 9,01 ˏ,   (6.73) 
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5.5.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 

ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ: 
 ܹ˅ ˊ = ʜܪ ∙ ˇˑ˒ܤ ∙ ʑߛ = 9,01 ∙ 27,7 ∙ 9,81 = 2 448 ˍʜ,   (6.74) 
 

ɝɞɟ  ܪʜ – ɨɩɪɟɞɟɥɟɧɨ ɩɨ ɮɨɪɦɭɥɟ (6.72);  ܤ˒ˑˇ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ. 
 
5.5.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

݀ܪ  = ∇ʜʞʢ − ∇ʜʐ݉݅݊ = 162,00 − 133,71 = 28,29 ˏ,   (6.75) 
ݏܽܪ  = ݀ܪ0,3 = 0,3 ∙ 28,29 = 8,49 ˏ,   (6.76) 

ݎ݀ܪ  = ݀ܪ0,05 = 0,05 ∙ 28,29 = 1,41 ˏ,   (6.77) 
 ˗ܹ = ܵˠ˒ ∙ ʑߛ = 117,9  ∙ 9,81 = 1170,33 ˍʜ,   (6.78) 
 

ɝɞɟܵˠ˒ = (28,29 + 8,49) ∙ 0,5 ∙ 4,2 + (8,49 + 1,41) ∙ 0,5 ∙ 6 + 1,41 ∙ (27,7 − 4,2 −−6) ∙ 0,5 =  77,24 + 29,7 + 12,34 =  119,3 ɦ2 
 
ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫ 

ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɨɣ ɜ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.6. 

 
Ɋɢɫɭɧɨɤ 6.6 – ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 
5.5.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 
Ⱦɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɝɪɚɧɶ: 
 



94 
 
 

ː݌ = ːߛ ∙ ݄ː ∙ 2݃ݐ  45 − 𝜑
2ː
 ,   (6.79) 

 
ɝɞɟ ːߛ  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; ݄ː – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ, ݄ː = 2 ˏ; 𝜑ː – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ, 𝜑ː = 20; 

ː݌  = 7,133 ∙ 2 ∙ 2݃ݐ  45 − 20

2
 = 7 ˍʜ/ˏ2, 

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1ɩ.ɦ. 
ːܧ  =

˓ː∙݄ː
2

=
7∙2
2

= 7 ˍʜ,   (6.80) 

 
Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ȼȻ: 
1݌  = ːߛ ∙ ݄ː ∙ 2݃ݐ  45 − 𝜑ˆ˓

2
 − 2 ∙ ܿ ∙ ݃ݐ  45 − 𝜑ˆ˓

2
 ,   (6.81) 

1݌  = 7,133 ∙ 2 ∙ 2݃ݐ  45 − 37

2
 − 2 ∙ 110 ∙ ݃ݐ  45 − 37

2
 = −106,14 ˍʜ/ˏ2 

 
ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɨɣ ݄ˆ˓, ɝɞɟ ɞɟɣɫɬɜɭɟɬ ɜɟɫ 

ɧɚɧɨɫɨɜ ɢ ɜɟɫ ɝɪɭɧɬɚ, ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ: 
2݌  = (ːߛ ∙ ݄ː + ɀˆ˓ ∙ ݄ˆ˓) ∙ 2݃ݐ  45 − 𝜑ˆ˓

2
 − 2 ∙ ܿ ∙ ݃ݐ  45 − 𝜑ˆ˓

2
 ,   (6.82) 

2݌  =  7,133 ∙ 2 + 18,24 ∙ 7,3 ∙ 2݃ݐ  45 − 37

2
 − 2 ∙ 110 ∙ ݃ݐ  45 − 37

2
 = 

= −17,55ˍʜ/ˏ2, 
 

ɝɞɟ ɀˆ˓ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ɀˆ˓ = ɀˆ˓˔˖˘ −  1 − n ∙ ɀ˅ = 28 −  1 − 0,005 ∙ 9,81 =              
= 18,24 ˍʜ/ˏ3, 

(6.83) 

 
ɝɞɟ n – ɩɨɪɢɫɬɨɫɬɶ ɫɭɯɨɝɨ ɝɪɭɧɬɚ, ɞɥɹ ɝɪɚɧɢɬɚ n = 0,005; 

c – ɫɰɟɩɥɟɧɢɟ ɝɪɭɧɬɚ, ɪɚɜɧɨɟ 110 ɤɉɚ. 
 
ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɝɪɭɧɬɚ ɧɚ 1 

ɩ.ɦ: 
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ʔ˃ =
2݌+1݌

2
݄ˆ˓ =

−106,14−17,55

2
7,3 = −451,5 ˍʜ, (6.84) 

 
Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨ, ɬɨ ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 

ɧɚ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ. 
ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
ȿɫɥɢ ɡɚ ɩɥɨɬɢɧɨɣ ɭɫɬɪɨɟɧ ɜɨɞɨɛɨɣ, ɩɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ 
˔˃˒ܧ  = 0 ˍʜ, 
 
5.5.6 ȼɨɥɧɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 

 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 
 ܹ˅ ˑˎː =

1

2
ߛ˅ ∙ ݄1% ∙  λdߨ +

݄0

2
 , (6.85) 

 ܹ˅ ˑˎː =
1

2
∙ 9,81 ∙ 2,01 ∙ ߨ21,97  +

0,58

2
 = 71,8 ˍʜ/ˏ 

 
ɝɞɟ  ݄1% – ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, ݄1% = 2,01 ˏ; λd  – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ, λd = 21,97 ˏ; 

 ݄0 =
1%݄∙ߨ

2λd

=
2,012∙ߨ

21,97
= 0,58 ˏ, (6.86) 

 
ɉɥɟɱɨ ɫɢɥɵ ܹ˅ ˑˎː ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ȼȻ: 
ݕܿ  =

λd

ߨ2 − 3

8
݄1% =

21,97

ߨ2 − 3

8
∙ 2,01 = 2,74  ˏ, (6.87) 

 
5.6 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 

 
5.6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ 

 
Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 

ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɭɱɺɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ 
ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ. 
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ɂɫɯɨɞɹ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɜ ɪɚɫɱɟɬɟ ɩɥɨɬɢɧɵ ɫɠɢɦɚɸɳɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɫɨ ɡɧɚɤɨɦ «–», ɚ ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɫɨ ɡɧɚɤɨɦ «+».  

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ 6.3, ɜ ɤɨɬɨɪɭɸ ɜɧɟɫɟɧɵ ɜɫɟ 
ɧɚɝɪɭɡɤɢ, ɭɦɧɨɠɟɧɧɵɟ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ. 

Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ AutoCAD. 

 
 

Ɍɚɛɥɢɰɚ 6.3 – Ɉɫɧɨɜɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɝɪɭɡɤɢ ݂ߛ  ɇɚɩɪɚɜɥɟɧɢɟ 
ɫɢɥɵ 

ɋɢɥɚ, ɤɇ ɋɢɥɚ݂ߛ , ɤɇ ɉɥɟɱɨ, ɦ 
Ɇɨɦɟɧɬ, 

ɤɇ∙ɦ ʑܶʐ 1  6824 6824 12,43 84848,6 ʜܶʐ 1  398 398 -3,00 -1195,9 0,95 ˎ˒ܩ  10211 9700 -4,58 -44389,2 0,95 ˄ܩ  3171 3013 -6,72 -20232,2 ܹ˅ ˊ 1  2448 2448 0,00 0,0 ˗ܹ 1  1170,1 1170,1 9,48 11087,3 ʔː 1,2  7 8,4 7,97 66,9 ܹ˅ ˑˎː 1  71,8 71,8 27,26 1957,3 0,9 ˊݍ  56,57 50,91 -9,98 -508,3 

 31634,5 ܯ      

  ܰ = ˎ˒ܩ + ˄ܩ + ˊݍ − ܹ˅ ˊ − ˗ܹ, (6.88) 
  ܰ = 9 700 + 3 013 + 50,91 − 2 448 − 1170,1 = 9 145,23 ˍʜ 

 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
ݑݕߪ  = − ˒ܤܰ +

6 2˒ܤܯ  = − 9 145,23

27,7
+

6∙31634 ,5

27,72
= −82,78 ˍʞ˃, (6.89) 

 
ɝɞɟ  ܯ – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɨɲɜɭ; ܤ˒ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
ݑݔߪ  = ݑݕߪ ∙ 2ݑ݉ − ݓߛ ∙ ݑ݀ܪ ∙  1 −  (6.90) = 2ݑ݉
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= −82,78 ∙ 02 − 9,81 ∙ 28,29 ∙  1 − 02 = −277,5 ˍʞ˃, 
 

ɝɞɟ ݉ݑ  – ɡɚɥɨɠɟɧɢɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; ݑ݀ܪ  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ȼȻ, ɦ; ݓߛ  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3. 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 𝜏ݑݕݔ = ݓߛ  ∙ ݑ݀ܪ + ∙ ݑݕߪ ݑ݉ =  9,81 ∙ 28,29 − 82,78 ∙ 0 = 0 ˍʞ˃ (6.91) 
 
 
Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
1ߪ 

ݑ = ݑݕߪ ∙  1 + + 2ݑ݉ ݓߛ ∙ ݑ݀ܪ ∙ 2ݑ݉ = −82,78 ∙  1 + 02 + 9,81 ∙
28,29 ∙ 02 = −82,78  ˍʞ˃, 

(6.92) 

ݑʖߪ  = ݓߛ− ∙ ݑ݀ܪ = −10 ∙ 28,29 = −282,9 ˍʞ˃.  (6.93) 
 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
ݐݕߪ  = − ˒ܤܰ − 6 2˒ܤܯ  = − 9 145,23

27,7
− 6∙31634 ,5

27,72
= −577,53 ˍʞ˃, (6.94) 

 
ɝɞɟ  ܯ – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɨɲɜɭ; ܤ˒ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ; ܰ – ɫɭɦɦɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɥɨɬɢɧɭ. 

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
ݐݔߪ  = ݐݕߪ ∙ 2ݐ݉ − ݓߛ ∙ ݐ݀ܪ  1 − = 2ݐ݉ −577,53 ∙ 0,742 − 9,81 ∙ 1,71 ∙ 1 − 0,742 = −323,84 ˍʞ˃,  

(6.95) 

 
ɝɞɟ ݉ݐ  – ɡɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; ݐ݀ܪ  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɇȻ, ɦ; ݓߛ  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3. 

Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 𝜏ݐݕݔ = ݓߛ − ∙ ݐ݀ܪ + ∙ ݐݕߪ ݐ݉ = − 9,81 ∙ 1,71 +  −577,53   ∙

0,74 = 414,96 ˍʞ˃,  
(6.96) 
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ݐ݉ =
27,7

37,3
= 0,74 

 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
ݐʖߪ  = 1 ݐݕߪ + + 2ݐ݉ ݓߛ ∙ ݐ݀ܪ ∙ 2ݐ݉ = −577,53 ∙  1 + 0,742 +

+9,81 ∙ 1,71 ∙ 0,742 = −884,59 ˍʞ˃,  
(6.97) 

 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
1ߪ 

ݐ = ݓߛ− ∙ ݐ݀ܪ = −10 ∙ 1,71 = −17,1 ˍʞ˃,  (6.98) 
 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 6.4: 

Ɍɚɛɥɢɰɚ 6.4 - Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɥɨɬɢɧɭ 

ɇɚɩɪɹɠɟɧɢɟ ɇɚɩɨɪɧɚɹ ɝɪɚɧɶ ɇɢɡɨɜɚɹ ɝɪɚɧɶ ݕߪ ݔߪ 577,53- 82,78-   -282,90 -323,84 𝜏ݕݔ  884,59- 282,90- 3ߪ 17,10- 82,78- 1ߪ 414,96 0 

 
5.6.2 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟɺ ɨɫɧɨɜɚɧɢɹ 
 
ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɪɚɫɱɟɬɨɜ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
 
1. ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 
ߛ݊   ∙ ݈ܿߛ ∙ |3ߪ| ൑ ߛܿ ∙ ܴܾ ,  (6.99) 
 

ɝɞɟ ݊ߛ = 1,15 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ;  ݈ܿߛ = 1 – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɺɬɧɨɝɨ 
ɫɥɭɱɚɹ; ݀ܿߛ = 0,9 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

 ܴܾ ൒ ݊ߛ ݈ܿߛ∙  3ߪ ∙
ݔܽ݉ ܿߛ  =

1,15∙0,9∙884,59

1
= 915,5 ˍʜ/ˏ2,  (6.100) 

 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬ.ɤ.: 
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915,5 ˍʜ/ˏ2 ൑ 2800 ˍʜ/ˏ2 

 
ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ5 

ɫ ɪɚɫɱɟɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ ܴܾ = 2800 ˍʜ/ˏ2, ɤɨɬɨɪɵɣ 
ɧɟɨɛɯɨɞɢɦɨ ɭɥɨɠɢɬɶ ɜ ɡɨɧɟ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɫɠɢɦɚɸɳɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ.  

 
2. ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ: 
ݑݕߪ  < 0,  (6.101) 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ݑݕߪ = −83,26 ˍʞ˃, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ.  
 
 
 
3. ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 
ݑݕߪ    ൒ 0,25 ∙ ݓߛ ∙ ݑ݀ܪ ,  (6.102) 
  −82,78 ൒ 0,25 ∙ 10 ∙ 28,29 
 
ɬ.ɟ. 82,78 ˍʜ/ˏ2 > 70,725 ˍʜ/ˏ2 ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
5.6.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɬɢɧɵ 
 
ɍɫɬɨɣɱɢɜɨɫɬɶ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɧɚ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɫɧɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ 
ɫɨɨɪɭɠɟɧɢɹ. ɉɥɨɬɢɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɫɞɜɢɝ ɩɨ ɩɟɪɜɨɦɭ ɩɪɟɞɟɥɶɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ – ɩɨ ɩɨɬɟɪɟ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 

ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɮɨɪɦɟ ɫɞɜɢɝɚ ɩɥɨɬɢɧɚ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ, ɟɫɥɢ 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ:  

݈ܿߛ∙ܨ݀ܿߛ∙ܴ  ൒ ߛ݊ ,  (6.103) 

 
ɝɞɟ ݊ߛ = 1,15 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; ݈ܿߛ = 1 – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɺɬɧɨɝɨ 
ɫɥɭɱɚɹ; ݀ܿߛ = 0,95 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ. 
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ܴ = ˄ܩ  + ˎ˒ܩ − ܹ˅ ˊ˅ − ˗ܹ + ∙ ˊݍ 𝜑݃ݐ + ʔ˒˃˔ ∙ ߛܿ ′ + ܿ ∙ ˒ܤ = 
=  3013 + 9700 − 1591 − 1170,1 + 50,91 ∙ 0,75 + 0 ∙ 0,7 +

+110 ∙ 27,7 = 9 905,92 ˍʜ/ˏ2,  
(6.104) 

 
ɝɞɟ ݃ݐ𝜑 – ɬɚɧɝɟɧɫ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɞɥɹ ɝɪɚɧɢɬɚ 0,75; ܿ – ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɝɪɭɧɬɚ, 110 ɤɇ/ɦ2;  ܤ˒ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 27,7 ɦ. 

ɋɞɜɢɝɚɸɳɚɹ ɫɢɥɚ: 
 
F = ܶ˅ ˄ − ܶː ˄ + ܹ˅ ˑˎː + ːܧ = 6824 − 398 + 71,8 + 8,4 = 

= 6 506
ˍʜˏ

2
,  

(6.105) 

 
9 905,92 ∙ 0,95

6 506 ∙ 1
൒ 1,15 

 
1,45 > 1,15, ɩɨɷɬɨɦɭ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ.  
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6 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
 

6.1 Ɉɛɴɺɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 
 

ȼ ɞɚɧɧɨɣ ɱɚɫɬɢ ɩɪɨɢɡɜɟɞɺɧ ɪɚɫɱɺɬ ɨɫɧɨɜɧɵɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, 
ɜɫɟɯ ɡɚɬɪɚɬ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɡɜɟɞɟɧɧɵɯ 
ɪɚɫɱɺɬɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɡɛɨɪ ɩɪɨɟɤɬɚ ɢ ɞɟɥɚɟɬɫɹ ɜɵɜɨɞ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ. 
 

6.1.1 Ɉɰɟɧɤɚ ɨɛɴɺɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ Ƚɗɋ ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɷɬɚɩɨɜ, 
ɤɨɬɨɪɵɟ ɨɯɜɚɬɵɜɚɸɬ ɛɨɥɶɲɨɣ ɫɩɟɤɬɪ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɪɚɛɨɬ, ɧɚɱɢɧɚɹ ɫɨɡɞɚɧɢɟɦ 
ɤɨɬɥɨɜɚɧɚ ɢ ɡɚɤɚɧɱɢɜɚɹ ɭɫɬɚɧɨɜɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 7.1 
 
Ɍɚɛɥɢɰɚ 7.1 – Ɉɰɟɧɤɚ ɨɛɴɺɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 
ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

ȿɞɢɧɢɰɚ 
ɢɡɦɟɪɟɧɢɹ 

Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 
2023 2024 2025 2026 2027 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ 
ɦɨɳɧɨɫɬɶ 

Ɇȼɬ 288 288 288 288 288 

ɑɢɫɥɨ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 

ɑɚɫɵ 4430 4430 4430 4430 4430 

ȼɵɪɚɛɨɬɤɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ 

ɝɨɞ 
Ɇȼɬ·ɱ 1275840 1275840 1275840 1275840 1275840 

Ɋɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ 

% 1 1 1 1 1 

Ɋɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ 

Ɇȼɬ·ɱ 12758,4 12758,4 12758,4 12758,4 12758,4 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚ 

ɝɨɞ 
ʛȼɬ·ɱ 1263081,6 1263081,6 1263081,6 1263081,6 1263081,6 

Ɍɚɪɢɮ ɧɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

ɪɭɛ/Ɇȼɬ·ɱ 264589,0 271204,0 276899,0 282714,0 288651,0 

ȼɵɪɭɱɤɚ ɨɬ 
ɪɟɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɦɥɧ.ɪɭɛ 334197,5 342552,8 349746,0 357090,9 364589,8 
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ɇȾɋ ɤ ɜɵɪɭɱɤɟ ɦɥɧ.ɪɭɛ 55699,6 57092,1 58291,0 59515,1 60765,0 
Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ ɭɜɟɪɟɧɧɵɣ ɪɨɫɬ ɜɵɪɭɱɤɢ, ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɨɛɴɟɦɟ 

ɪɟɚɥɢɡɚɰɢɢ. ɑɬɨ ɧɟ ɦɨɠɟɬ ɧɟ ɩɪɢɞɚɬɶ ɭɜɟɪɟɧɧɨɫɬɢ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɚɧɧɨɝɨ 
ɩɪɨɟɤɬɚ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɜɜɟɞɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɝɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɦɨɳɧɨɫɬɶ. 
  

6.1.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ 
«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ. Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨɫɱɢɬɚɧɵ ɫ ɭɱɺɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɧɢɮɢɰɢɪɨɜɚɧɢɹ 
ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɪɨɝɧɨɡɨɜ ɧɚ ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɢ ɞɨɥɝɨɫɪɨɱɧɵɣ ɷɬɚɩ ɠɢɡɧɢ 
ɩɪɨɟɤɬɚ ɤɨɦɩɚɧɢɢ ɈȺɈ «ɊɭɫȽɢɞɪɨ», ɚ ɬɚɤɠɟ ɜɫɟɦ ɞɨɱɟɪɧɢɦ ɨɪɝɚɧɢɡɚɰɢɹɦ ɢ 
ɡɚɜɢɫɢɦɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ȾɁɈɈȺɈ «ɊɭɫȽɢɞɪɨ». 

ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɟɪɟɱɟɧɶ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɭɫɥɨɜɢɣ ɢ ɞɨɩɭɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ 
ɪɚɫɱɺɬɨɜ ɜ ɪɚɦɤɚɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɝɧɨɡɧɵɯ ɞɨɤɭɦɟɧɬɨɜ. 

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɜɥɢɹɸɬ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ, ɬɚɤ ɤɚɤ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɬ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɞɭɤɰɢɢ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɬɟɤɭɳɢɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
 ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
 ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
 ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
 ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ; 
 ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
 ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, ɜ 

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

ɬ.ɞ.) Ƚɗɋ ɨɩɪɟɞɟɥɹɟɦ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ (ɬɚɛɥɢɰɚ 7.2). 
  

Ɍɚɛɥɢɰɚ 7.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇȼɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 

Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2  73,50 
ɉɪɨɱɢɟ 274,0  78,91 

ɂɬɨɝɢ ɩɨ Ƚɗɋ - 152,41 
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 Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ 
ɧɚ ɪɟɦɨɧɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.3 
 
Ɍɚɛɥɢɰɚ 7.3 – ɍɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ 

ɗɬɚɩ ɩɪɨɟɤɬɚ, ɝɨɞ ȼɟɥɢɱɢɧɚ, % 
Ɉɬ 1 ɞɨ 5 0,06 
Ɉɬ 6 ɞɨ 16 0,09 
Ɉɬ 17 ɞɨ 26 0,14 
ɋɜɵɲɟ 26 0,2 

 
ɍɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɟɞɢɧɵɦɢ ɫɰɟɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɉȺɈ «ɊɭɫȽɢɞɪɨ». Ⱦɚɧɧɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.4 
 
Ɍɚɛɥɢɰɚ 7.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ɬɵɫ.ɪɭɛ/Ɇȼɬ ɋɭɦɦɚ, ɦɥɧ.ɪɭɛ. 
ɈȺɈ «ɋɈ-ȿɗɋ» 135,38 38,99 

ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ 
ɬɨɪɝɨɜɨɣ ɫɢɫɬɟɦɵ) 0,001097 2,73 

ɐɊɎ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ 
ɪɚɫɱɟɬɨɜ) 0,000318 0,79 

ɂɬɨɝɨ - 42,51 
 
ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɬɵɫ. ɤȼɬ*ɱ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɚɥɨɝɨɜɵɦ 

ɤɨɞɟɤɫɨɦ ɊɎ ɞɥɹ ɪɟɤɢ ɫɨɫɬɚɜɥɹɟɬ 4,8 ɪɭɛ. 
Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 7.5. 
 
Ɍɚɛɥɢɰɚ 7.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ, ɦɥɧ.ɪɭɛ 

302,44 972,66 125,93 125,93 125,93 

Ɋɚɫɯɨɞɵ ɧɚ 
ɫɬɪɚɯɨɜɚɧɢɟ, ɦɥɧ.ɪɭɛ 

105,91 105,29 103,40 102,19 100,98 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, ɦɥɧ.ɪɭɛ 

88,91 152,41 152,41 152,41 152,41 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɨɧɞɨɜ, ɦɥɧ.ɪɭɛ 

6,62 6,58 6,46 9,58 9,47 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɤɨɦɩɚɧɢɣ, ɦɥɧ.ɪɭɛ 
24,50 42,51 42,51 42,51 42,51 
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ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ɦɥɧ.ɪɭɛ 4,98 11,94 11,94 11,94 11,94 

ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ 533,36 1291,39 442,66 444,57 443,25 
 
ɉɨɜɵɲɟɧɢɟ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɢɨɞ ɫ 2023-2024 ɝɨɞɵ ɦɨɠɧɨ 

ɨɛɴɹɫɧɢɬɶ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɯɨɞɨɜ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɫɬɨɢɦɨɫɬɶ 
ɢɦɭɳɟɫɬɜɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɡɚɤɭɩɚɟɬɫɹ ɢ ɦɨɧɬɢɪɭɟɬɫɹ ɧɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, 
ɩɨɞɤɥɸɱɚɟɬɫɹ ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ). Ⱦɚɥɶɧɟɣɲɢɣ ɩɟɪɢɨɞ ɧɚɱɢɧɚɟɬɫɹ 
ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ ɢ ɡɚɬɪɚɬɵ ɫɧɢɠɚɸɬɫɹ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ (ɪɢɫɭɧɨɤ 7.1). 

 
Ɋɢɫɭɧɨɤ 7.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ, % 

 ɇɟɥɶɡɹ ɧɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɪɢɯɨɞɢɬɶɫɹ ɧɚ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɷɬɨ ɨɛɴɹɫɧɹɟɬ ɮɚɤɬ ɡɚɩɭɫɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɚ ɡɧɚɱɢɬ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɩɭɫɤɨɜɵɟ ɪɚɛɨɬɵ, ɧɚɫɬɪɨɣɤɢ, ɧɚɥɚɞɤɢ 
ɢ ɩɪɨɱɟɟ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɤɚɪɬɢɧɚ ɩɨɦɟɧɹɟɬɫɹ, ɢ ɛɨɥɶɲɭɸ ɞɨɥɸ ɡɚɬɪɚɬ ɛɭɞɟɬ 
ɡɚɧɢɦɚɬɶ ɚɦɨɪɬɢɡɚɰɢɹ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɤɚɩɢɬɚɥɨɺɦɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
 

6.1.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɨɤɚɡɵɜɚɸɬ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ Ƚɗɋ. ɇɚɥɨɝɨɨɛɥɨɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 
ɫɪɟɞɫɬɜɨɦ ɧɚɩɨɥɧɟɧɢɹ ɛɸɞɠɟɬɚ ɤɪɚɹ ɢ ɫɬɪɚɧɵ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɇɚɥɨɝɨɜɵɦ Ʉɨɞɟɤɫɨɦ ɊɎ 

 ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
 ɇȾɋ – 20%; 
 ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
 ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  

28%

23%

34%

2%

10%
3%

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ 
ɤɨɦɩɚɧɢɣ

ɇɚɥɨɝ ɧɚ ɜɨɞɭ
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 ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ 1 ɬɵɫ. ɤȼɬ.ɱ – 4,8 ɪɭɛ. 
 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 7.6. 
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Ɍɚɛɥɢɰɚ 7.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2028 2029 2030 2031 2032 
ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɧ.ɪɭɛ 424,75 439,35 453,46 467,13 484,05 
ɇȾɋ, ɦɥɧ.ɪɭɛ 273,59 550,24 563,79 576,91 589,61 
ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ, ɦɥɧ.ɪɭɛ 31,58 31,58 31,58 31,58 31,58 
ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ɦɥɧ.ɪɭɛ 229,34 226,57 223,80 221,03 218,26 
ɂɬɨɝɨ, ɦɥɧ.ɪɭɛ 959,26 1247,74 1272,62 1296,64 1323,50 

 
Ƚɨɫɭɞɚɪɫɬɜɨ ɨɤɚɡɵɜɚɟɬ ɫɟɪɶɟɡɧɨɟ ɧɚɥɨɝɨɜɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɜɨɡɪɨɫɥɨ ɫ 

ɪɨɫɬɨɦ ɇȾɋ ɜ 2019 ɝɨɞɭ. ɑɬɨ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɜ ɬɚɛɥɢɰɟ 7.6.  
 
6.2 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ 

ɦɨɳɧɨɫɬɢ 
 ɉɪɢɛɵɥɶ, ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɨɦɩɚɧɢɢ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɰɟɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ. 

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɩɟɪɜɵɯ ɥɟɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 7.7. 
 

Ɍɚɛɥɢɰɚ 7.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ƚɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

2023 2024 2025 2026 2027 
ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ɦɥɪɞ.ɪɭɛ 1,15 2,37 2,46 2,54 2,61 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ɦɥɪɞ.ɪɭɛ 0,53 1,29 0,44 0,44 0,44 
EBIT (ɩɪɢɛɵɥɶ ɞɨ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ɦɥɪɞ.ɪɭɛ 0,52 1,02 1,96 2,04 2,12 
ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɦɥɪɞ.ɪɭɛ 0,10 0,19 0,38 0,39 0,41 
NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ), ɦɥɪɞ.ɪɭɛ 0,42 0,83 1,58 1,64 1,71 
ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, % 20,00 20,00 20,00 20,00 20,00 
 
 Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɩɪɟɞɫɬɚɜɢɦ ɝɪɚɮɢɤ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɫ ɧɚɱɚɥɚ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɪɢɫɭɧɨɤ 7.2). Ʉɚɤ ɜɢɞɧɨ ɩɨɫɥɟ ɜɜɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɟɪɜɨɝɨ 
ɝɢɞɪɨɚɝɪɟɝɚɬɚ (2022-2025 ɝ) ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ, ɩɪɨɟɤɬ 
ɧɚɱɢɧɚɟɬ ɫɟɛɹ ɨɤɭɩɚɬɶ. Ⱦɚɥɶɧɟɣɲɢɣ ɜɜɨɞ ɦɨɳɧɨɫɬɟɣ ɥɢɲɶ ɧɚɪɚɳɢɜɚɟɬ 
ɩɪɢɛɵɥɶ. 
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Ɋɢɫɭɧɨɤ 7.2 – ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɩɪɢɛɵɥɢ ɩɨ ɩɪɨɟɤɬɭ, ɦɥɪɞ. ɪɭɛ. 

 Ɉɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɫɜɹɡɚɧ ɫ 
ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɦɢ ɪɚɛɨɬɚɦɢ. Ɂɚɬɟɦ ɩɨɫɥɟ ɜɵɯɨɞɚ Ƚɗɋ ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ 
ɪɚɫɬɺɬ ɨɛɴɺɦ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɱɢɫɬɨɣ 
ɩɪɢɛɵɥɢ. Ⱦɚɥɶɧɟɣɲɢɣ ɪɨɫɬ, ɫɜɹɡɚɧ ɫ ɬɚɪɢɮɨɦ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɦɨɳɧɨɫɬɶ 
ɫɨɝɥɚɫɧɨ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ. 
 

6.2.1 Ⱥɧɚɥɢɡ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ 
 

ɇɚ ɪɢɫɭɧɤɟ 7.3 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ Cash-Flow ɫ ɭɤɚɡɚɧɢɟɦ ɭɤɪɭɩɧɟɧɧɵɯ 
ɷɬɚɩɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɬɚɧɰɢɢ 

 
Ɋɢɫɭɧɨɤ 7.3 – Ƚɪɚɮɢɤ Cash-Flow 

1,58
1,68
1,78
1,88
1,98
2,08
2,18
2,28
2,38
2,48

2025 2027 2029 2031 2033 2035 2037 2039 2041 2043 2045 2047 2049

NOPAT (ɱɢɫɬɚɹ 
ɩɪɢɛɵɥɶ), ɦɥɪɞ.

ɪɭɛ.

Ƚɨɞ

2021

2022
2023

2024
2025

2026
2027

2028
2029

2030
2031

2032
2033

2034
2035

2036
2037

2038
2039

2040
2041

-15
-13
-11
-9
-7
-5
-3
-1
1
3
5
7
9

11
13
15
17
19
21
23
25 Ʉɷɲ-

Ɏɥɨ, ɦɥɪɞ.ɪɭɛ.

Ƚɨɞ

ɉɪɨɟɤɬ ɨɤɭɩɢɥɫɹ

ɗɤɫɩɥɭɚɬɚɰɢɹ

Ɉɤɨɧɱɚɧɢɟ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ
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ɋɬɪɨɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 3 ɥɟɬ. Ʉɚɤ ɜɢɞɧɨ ɩɟɪɜɵɟ ɱɚɫɬɶ 
ɝɪɚɮɢɤɚ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɫɬɨɪɨɧɟ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɨɫɨɛɟɧɧɨɫɬɶɸ Ƚɗɋ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ, ɚ ɢɦɟɧɧɨ ɤ ɜɵɫɨɤɢɦ ɭɞɟɥɶɧɵɦ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹɦ. Ʉɚɤ ɜɢɞɧɨ ɩɨ ɝɪɚɮɢɤɭ ɱɟɪɟɡ 7 ɥɟɬ ɩɪɨɟɤɬ ɩɨɥɧɨɫɬɶɸ 
ɩɨɤɪɨɟɬ ɡɚɬɪɚɬɵ ɧɚ ɟɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ. 

 
6.3 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 

 
Ƚɥɚɜɧɚɹ ɰɟɥɶ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 

ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɡɚɤɚɡɱɢɤɚ. (ȼɵɞɟɪɠɤɚ ɢɡ ɉɪɢɥɨɠɟɧɢɹ ɤ 
ɩɪɢɤɚɡɭ ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ 
ɈȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.») 

 
6.3.1 Ɇɟɬɨɞɨɥɨɝɢɹ, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, ɤ ɬɚɤɢɦ 

ɩɨɤɚɡɚɬɟɥɹɦ ɨɬɧɨɫɹɬɫɹ: 

1. ɑɢɫɬɵɣ, ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ (NPV); 
2. ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ (PI); 
3. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ (PP). 
Ɋɚɫɱɺɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ: 

a) «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; 

b) «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; 

c) ɉɪɢɥɨɠɟɧɢɟ ɤ ɩɪɢɤɚɡɭ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 – 
«ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» ɧɚ 2017-2042 ɝɝ.». 

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

Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

1) ɉɟɪɢɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ Ƚɗɋ ɫɨɫɬɚɜɥɹɟɬ 20 ɥɟɬ, 
ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɨɤɭ ɫɥɭɠɛɵ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
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2) ɂɫɩɨɥɶɡɭɟɦɚɹ ɩɪɢ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɹ ɨɬɪɚɠɚɟɬ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ, ɫɥɨɠɢɜɲɭɸɫɹ ɜ 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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6.3.2 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 

Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɬɪɚɠɟɧɚ ɜ ɩɨɤɚɡɚɬɟɥɹɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 
ɬɚɛɥɢɰɟ 7.8. 
 
Ɍɚɛɥɢɰɚ 7.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɉɟɱɨɪɨ-
ɂɥɵɱɫɤɨɣ Ƚɗɋ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 11,60 

Ⱦɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ – 
DPB, ɦɟɫ 

241 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ. ɪɭɛ 1 640 
ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI, ɪɭɛ 1,13 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ – IRR, % 13,09 
ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥ. ɷɧɟɪɝɢɢ, ɪɭɛ/ɤȼɬ·ɱ 0,18 
ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ/ɤȼɬ 150947,1 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ $/ɤȼɬ 1886,8 
 

ɋɭɞɹ ɩɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ, ɱɬɨ ɩɪɨɟɤɬ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɤɨɪɨɬɤɢɣ ɫɪɨɤ, ɬɚɤɠɟ ɧɟ ɫɬɨɢɬ 
ɭɩɭɫɤɚɬɶ ɮɚɤɬ ɯɨɪɨɲɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɨɯɨɞɧɨɫɬɢ, ɱɬɨ ɞɟɥɚɟɬ ɞɚɧɧɵɣ ɩɪɨɟɤɬ 
ɛɨɥɟɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɞɥɹ ɜɥɨɠɟɧɢɹ ɢɧɜɟɫɬɢɰɢɣ. 

 
6.3.3 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɵ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ ɱɚɫɬɶ 
ɛɸɞɠɟɬɨɜ ɪɚɡɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱɺɬ ɧɚɥɨɝɨɜɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.9. 
 
Ɍɚɛɥɢɰɚ 7.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬɵ 

Ƚɨɞ 2023 2024 2025 2026 2027 
ȼ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 424,75 439,35 453,46 467,13 484,05 
ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ.ɪɭɛ 273,59 550,24 563,79 576,91 589,61 
ɇɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ, ɦɥɧ.ɪɭɛ 31,58 31,58 31,58 31,58 31,58 

 
Ʉɚɤ ɜɢɞɧɨ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɧɚɥɨɝɨɜɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 

ɜɜɨɞɨɦ ɧɨɜɵɯ ɦɨɳɧɨɫɬɟɣ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɞɚɠɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ. 
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6.4 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 

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

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

1) Ɉɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ (ɪɢɫɭɧɨɤ 7.4); 
2) ɐɟɧɵ ɫɛɵɬɚ (ɪɢɫɭɧɨɤ 7.5); 
3) ɋɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ 7.6, 7.7). 
 

 
Ɋɢɫɭɧɨɤ 7.4 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ 

 
Ɋɢɫɭɧɨɤ 7.5 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 
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Ɋɢɫɭɧɨɤ 7.6 – ɋɭɦɦɚ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

 
Ɋɢɫɭɧɨɤ 7.7 – ɋɭɦɦɚ NPV ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

 
ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ: 
 
 ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɺɦɚ ɢɧɜɟɫɬɢɰɢɣ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɞɨɯɨɞɧɨɫɬɢ ɩɪɨɟɤɬɚ; 
 ɍɜɟɥɢɱɟɧɢɟ ɰɟɧɵ ɫɛɵɬɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɨɯɨɞɧɨɫɬɢ 

ɩɪɨɟɤɬɚ; 
 ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɞɨɯɨɞɧɨɫɬɢ ɩɪɨɟɤɬɚ; 
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Ɇɚɤɫɢɦɚɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɧɞɟɤɫ ɞɨɯɨɞɧɨɫɬɢ ɨɤɚɡɵɜɚɟɬ ɫɬɚɜɤɚ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɢ ɰɟɧɚ ɫɛɵɬɚ ɩɪɨɞɭɤɰɢɢ.  
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7 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 
ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɝɨ Ƚɍ. ɉɪɨɬɢɜɨɩɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɨɯɪɚɧɚ ɬɪɭɞɚ 
 

7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 
ɉɟɱɨɪɨ-ɂɥɵɱɫɤɚɹ Ƚɗɋ, ɫɨɝɥɚɫɧɨ ɩɪɨɟɤɬɭ, ɨɬɧɨɫɢɬɫɹ ɤɨ ɬɪɟɬɶɟɦɭ ɤɥɚɫɫɭ 

ɩɨ ɤɚɩɢɬɚɥɶɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɞɧɨɣ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɫɥɭɠɛɵ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ.  

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ Ƚɗɋ 
ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ (ɄɂȺ) 
ɞɥɹ ɨɬɫɥɟɠɢɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɪɟɠɢɦɚ, ɫɟɣɫɦɨɤɨɧɬɪɨɥɹ. Ɍɚɤɠɟ 
ɜ ɫɨɫɬɚɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɞɨɥɠɧɨ ɛɵɬɶ ɜɜɟɞɟɧɨ ɫɩɟɰɢɚɥɶɧɨɟ 
ɩɨɞɪɚɡɞɟɥɟɧɢɟ (ɫɥɭɠɛɚ ɦɨɧɢɬɨɪɢɧɝɚ), ɡɚɞɚɱɟɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɫ 
ɩɨɦɨɳɶɸ ɄɂȺ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɢ ɨɰɟɧɤɚ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɌɋ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɜɟɥɢɱɢɧ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. 

Ɉɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɨɛɳɢɯ ɬɪɟɛɨɜɚɧɢɣ: 

 ɨɛɟɫɩɟɱɟɧɢɟ ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ ɪɢɫɤɚ ɚɜɚɪɢɣ 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 ɬɟɯɧɢɱɟɫɤɢɦɢ 
ɫɪɟɞɫɬɜɚɦɢ ɜ ɰɟɥɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɡɚ ɢɯ ɫɨɫɬɨɹɧɢɟɦ, ɨɛɟɫɩɟɱɟɧɢɟ 
ɧɟɨɛɯɨɞɢɦɨɣ ɤɜɚɥɢɮɢɤɚɰɢɢ ɪɚɛɨɬɧɢɤɨɜ, ɨɛɫɥɭɠɢɜɚɸɳɢɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɟ 
ɫɨɨɪɭɠɟɧɢɟ; 

 ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɞɟɣɫɬɜɢɹ (ɛɟɡɞɟɣɫɬɜɢɟ), ɤɨɬɨɪɵɟ ɩɨɜɥɟɤɥɢ ɡɚ 
ɫɨɛɨɣ ɫɧɢɠɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɧɢɠɟ 
ɞɨɩɭɫɬɢɦɨɝɨ ɭɪɨɜɧɹ. 

 
7.2 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 
ɉɪɚɜɢɥɚ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 

ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɢ 
ɹɜɥɹɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦɢ ɞɥɹ ɜɫɟɯ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬɧɢɤɨɜ (ɂɌɊ), 
ɪɚɛɨɱɢɯ ɢ ɫɥɭɠɚɳɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ, ɚ ɬɚɤɠɟ 
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ɪɟɦɨɧɬɧɵɯ, ɧɚɥɚɞɨɱɧɵɯ, ɫɬɪɨɢɬɟɥɶɧɵɯ, ɦɨɧɬɚɠɧɵɯ ɢ ɞɪɭɝɢɯ ɨɪɝɚɧɢɡɚɰɢɣ, 
ɜɵɩɨɥɧɹɸɳɢɯ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɪɟɦɨɧɬ (ɦɨɞɟɪɧɢɡɚɰɢɸ, ɪɟɤɨɧɫɬɪɭɤɰɢɸ), ɧɚɥɚɞɤɭ 
ɢ ɢɫɩɵɬɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ 
ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ.  

Ɉɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɩɨɠɚɪɧɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɰɟɯɨɜ, 
ɥɚɛɨɪɚɬɨɪɢɣ, ɦɚɫɬɟɪɫɤɢɯ ɫɤɥɚɞɨɜ ɢ ɞɪɭɝɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɩɪɟɞɩɪɢɹɬɢɣ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɷɬɢɯ 
ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɢɥɢ ɞɨɥɠɧɨɫɬɧɵɯ ɥɢɰ, ɢɫɩɨɥɧɹɸɳɢɯ ɢɯ 
ɨɛɹɡɚɧɧɨɫɬɢ. 

ɉɟɪɫɨɧɚɥ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ ɧɟɫɟɬ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɢ 
ɫɬɪɨɹɳɢɯɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɫɨɝɥɚɫɧɨ «ɉɨɥɨɠɟɧɢɸ ɨɛ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɪɚɛɨɬɧɢɤɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ». 

Ʌɢɰɚ, ɜɢɧɨɜɧɵɟ ɜ ɧɚɪɭɲɟɧɢɢ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɚɜɢɥ ɩɨɠɚɪɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɞɟɣɫɬɜɢɹ ɢɥɢ ɛɟɡɞɟɣɫɬɜɢɹ ɢ ɢɯ 
ɩɨɫɥɟɞɫɬɜɢɣ ɧɟɫɭɬ ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ ɢɥɢ ɭɝɨɥɨɜɧɭɸ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ. 

ɋɢɫɬɟɦɚ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ƚɗɋ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 
 ɨɯɪɚɧɧɨ-ɩɨɠɚɪɧɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ (ɫɨɤɪɚɳɟɧɧɨ Ɉɉɋ); 
 ɫɢɫɬɟɦɵ ɞɥɹ ɨɩɨɜɟɳɟɧɢɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɷɜɚɤɭɚɰɢɢ ɧɚ 

ɫɥɭɱɚɣ ɩɨɠɚɪɚ; 
 ɫɪɟɞɫɬɜɚ ɩɟɪɜɢɱɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 
 ɫɢɫɬɟɦɵ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 
 ɫɪɟɞɫɬɜɚ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ; 
 ɫɩɟɰɢɚɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɨɠɚɪɨɬɭɲɟɧɢɹ; 
 ɫɢɫɬɟɦɵ ɢ ɫɪɟɞɫɬɜɚ ɭɞɚɥɟɧɢɹ ɞɵɦɚ; 
 ɡɚɜɟɫɵ, ɡɚɧɚɜɟɫɵ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɟ; 
 ɫɪɟɞɫɬɜɚ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɟɦɨɜ ɩɪɨɬɢɜɨɩɨɠɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ; 
ɋɢɫɬɟɦɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜɵɩɨɥɧɹɸɬ ɨɞɧɭ ɢɡ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 
 ɢɫɤɥɸɱɟɧɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɚ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɸɞɟɣ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɚɬɟɪɢɚɥɶɧɵɯ ɰɟɧɧɨɫɬɟɣ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɸɞɟɣ ɢ ɦɚɬɟɪɢɚɥɶɧɵɯ 

ɰɟɧɧɨɫɬɟɣ ɨɞɧɨɜɪɟɦɟɧɧɨ. 
ȼɫɟ ɩɨɦɟɳɟɧɢɹ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɦɟɳɟɧɢɹ ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Ƚɗɋ ɞɨɥɠɧɵ 

ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ. 
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7.3 Ɉɯɪɚɧɚ ɬɪɭɞɚ 
 
Ɉɯɪɚɧɚ ɬɪɭɞɚ – ɷɬɨ ɫɢɫɬɟɦɚ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ, 

ɬɟɯɧɢɱɟɫɤɢɯ, ɷɤɨɧɨɦɢɱɟɫɤɢɯ, ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ 
ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɛɟɡɨɩɚɫɧɨɫɬɶ ɡɞɨɪɨɜɶɹ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɱɟɥɨɜɟɤɚ ɜ ɩɪɨɰɟɫɫɟ ɬɪɭɞɚ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ: 

 ɜɨɩɪɨɫɵ ɩɫɢɯɨɮɢɡɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɭɫɥɨɜɢɹɦ ɬɪɭɞɚ; 
 ɜɨɩɪɨɫɵ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ ɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɡɚɳɢɬɧɵɟ 
ɦɟɪɵ ɢ ɡɚɳɢɬɧɵɟ ɫɪɟɞɫɬɜɚ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɚɯ; 

 ɜɨɩɪɨɫɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
 ɜɨɩɪɨɫɵ ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɚɧɢɬɚɪɢɢ. 
ɉɪɚɜɢɥɚ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɧɨɪɦɚɬɢɜɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ. Ɋɚɛɨɬɨɞɚɬɟɥɶ ɨɛɹɡɚɧ ɫɨɡɞɚɬɶ ɞɥɹ ɪɚɛɨɬɧɢɤɨɜ 
ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɦɩɥɟɤɫ 
ɬɪɟɛɨɜɚɧɢɣ: 

 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɚɧɞɚɪɬɨɜ ɢ ɞɪɭɝɨɣ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ; 

 ɫɨɛɥɸɞɟɧɢɟ ɫɪɨɤɨɜ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɪɟɦɨɧɬɨɜ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 ɫɨɛɥɸɞɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɢ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 
ɨɫɧɚɳɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɨɮɢɫɧɵɯ ɩɨɦɟɳɟɧɢɣ; 

 ɭɫɬɚɧɨɜɤɚ ɧɟɨɛɯɨɞɢɦɵɯ ɡɚɳɢɬɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ, ɜɟɧɬɢɥɹɰɢɢ, ɩɨɞɞɟɪɠɚɧɢɟ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ; 
 ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɭɫɬɪɚɧɟɧɢɟ ɩɵɥɢ ɢ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɧɢɤɨɜ ɫɩɟɰɨɞɟɠɞɨɣ ɢ ɫɩɟɰɨɛɭɜɶɸ, ɚ ɬɚɤɠɟ 

ɞɪɭɝɢɦɢ ɫɪɟɞɫɬɜɚɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɩɟɰɢɮɢɤɨɣ 
ɩɪɨɢɡɜɨɞɫɬɜɚ; 

 ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɧɢɤɨɜ ɚɤɬɭɚɥɶɧɵɦɢ ɢɧɫɬɪɭɤɰɢɹɦɢ ɩɨ ɌȻ, 
ɧɚɝɥɹɞɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ; 

 ɫɨɡɞɚɧɢɟ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ 
ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɫɢɫɬɟɦ ɫɢɝɧɚɥɢɡɚɰɢɢ, ɪɚɡɦɟɳɟɧɢɟ ɡɧɚɤɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɬ.ɞ. 

Ɏɢɡɢɱɟɫɤɢɟ ɨɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ 
ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ: 

 ɞɜɢɠɭɳɢɟɫɹ ɦɚɲɢɧɵ ɢ ɦɟɯɚɧɢɡɦɵ; 
 ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ; 
 ɩɨɜɵɲɟɧɧɚɹ ɢɥɢ ɩɨɧɢɠɟɧɧɚɹ ɜɥɚɠɧɨɫɬɶ; 
 ɩɨɜɵɲɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ; 
 ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢɡɥɭɱɟɧɢɣ; 
 ɨɬɫɭɬɫɬɜɢɟ ɢɥɢ ɧɟɞɨɫɬɚɬɨɤ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɜɟɬɚ; 
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 ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɨɫɜɟɳɟɧɧɨɫɬɶ ɪɚɛɨɱɟɣ ɡɨɧɵ; 
 ɩɨɜɵɲɟɧɧɚɹ ɹɪɤɨɫɬɶ ɫɜɟɬɚ; 
 ɩɨɧɢɠɟɧɧɚɹ ɤɨɧɬɪɚɫɬɧɨɫɬɶ; 
 ɩɨɜɵɲɟɧɧɚɹ ɩɭɥɶɫɚɰɢɹ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ; 
 ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɵɫɨɬɟ; 
 ɩɨɜɵɲɟɧɧɚɹ ɢɥɢ ɩɨɧɢɠɟɧɧɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɜɨɡɞɭɯɚ; 
 ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ; 
 ɩɨɜɵɲɟɧɧɚɹ   ɡɚɩɵɥɟɧɧɨɫɬɶ ɢ ɡɚɝɚɡɨɜɚɧɧɨɫɬɶ ɜɨɡɞɭɯɚ ɪɚɛɨɱɟɣ ɡɨɧɵ; 
 ɩɨɜɵɲɟɧɧɨɟ ɢɥɢ ɩɨɧɢɠɟɧɧɨɟ ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɪɚɛɨɱɟɣ 

ɡɨɧɟ; 
 ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ; 
 ɩɨɜɵɲɟɧɧɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ; 
 ɩɨɜɵɲɟɧɧɚɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ; 
 ɩɪɹɦɚɹ ɢ ɨɬɪɚɠɟɧɧɚɹ ɛɥɺɫɤɨɫɬɶ; 
 ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɣ ɪɚɞɢɚɰɢɢ; 
 ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɢɧɮɪɚɤɪɚɫɧɨɣ ɪɚɞɢɚɰɢɢ. 
Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɨɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɜɤɥɸɱɚɸɬ 

ɫɥɟɞɭɸɳɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ: 
 ɩɚɬɨɝɟɧɧɵɟ ɦɢɤɪɨɨɪɝɚɧɢɡɦɵ (ɛɚɤɬɟɪɢɢ, ɜɢɪɭɫɵ, ɝɪɢɛɵ, 

ɩɪɨɫɬɟɣɲɢɟ) ɢ ɩɪɨɞɭɤɬɵ ɢɯ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ; 
 ɨɩɚɫɧɵɟ ɫɜɨɣɫɬɜɚ ɦɢɤɪɨ- ɢ ɦɚɤɪɨɨɪɝɚɧɢɡɦɨɜ. 
ɉɫɢɯɨɮɢɡɢɱɟɫɤɢɟ ɨɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ ɩɨ 

ɯɚɪɚɤɬɟɪɭ ɞɟɣɫɬɜɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ: 
 ɮɢɡɢɱɟɫɤɢɟ ɩɟɪɟɝɪɭɡɤɢ (ɫɬɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ); 
 ɧɟɪɜɧɨ-ɩɫɢɯɢɱɟɫɤɢɟ ɩɟɪɟɝɪɭɡɤɢ (ɭɦɫɬɜɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢ 

ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ, ɦɨɧɨɬɨɧɧɨɫɬɶ ɬɪɭɞɚ, ɷɦɨɰɢɨɧɚɥɶɧɵɟ ɩɟɪɟɝɪɭɡɤɢ, ɭɬɨɦɥɟɧɢɟ, 
ɷɦɨɰɢɨɧɚɥɶɧɵɣ ɫɬɪɟɫɫ, ɷɦɨɰɢɨɧɚɥɶɧɚɹ ɩɟɪɟɝɪɭɡɤɚ). 

Ɉɞɢɧ ɢ ɬɨɬ ɠɟ ɨɩɚɫɧɵɣ ɢ ɜɪɟɞɧɵɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɮɚɤɬɨɪ ɩɨ ɩɪɢɪɨɞɟ 
ɫɜɨɟɝɨ ɞɟɣɫɬɜɢɹ ɦɨɠɟɬ ɨɬɧɨɫɢɬɶɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɤ ɪɚɡɥɢɱɧɵɦ ɝɪɭɩɩɚɦ, 
ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɜɵɲɟ. 

Ⱦɨɩɭɫɤɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɟɞɟɧɢɹ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ 
ɬɪɭɞɚ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɩɢɫɢ ɢɥɢ ɥɸɛɨɝɨ 
ɞɪɭɝɨɝɨ ɫɩɨɫɨɛɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɥɢɱɧɨɫɬɶ ɪɚɛɨɬɧɢɤɚ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. 
 

7.4 Ɉɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 

7.4.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 

ɉɟɱɨɪɨ-ɂɥɵɱɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ʉɨɦɢ ɧɚ ɪɟɤɟ 
ɂɥɵɱ ɜ 68,82 ɤɦ ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɫɟɥɚ ȿɪɟɦɟɟɜɨ.   



118 
 
 

ɂ́ɥɵɱ — ɪɟɤɚ ɜ Ɋɨɫɫɢɢ, ɩɪɨɬɟɤɚɟɬ ɩɨ ɬɟɪɪɢɬɨɪɢɢ Ɍɪɨɢɰɤɨ-ɉɟɱɨɪɫɤɨɝɨ 
ɪɚɣɨɧɚ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ, ɩɪɚɜɵɣ ɩɪɢɬɨɤ ɪɟɤɢ ɉɟɱɨɪɵ. Ȼɟɪɺɬ ɫɜɨɺ ɧɚɱɚɥɨ ɜ 
ɡɚɩɚɞɧɵɯ ɨɬɪɨɝɚɯ ɋɟɜɟɪɧɨɝɨ ɍɪɚɥɚ ɢɡ ɛɨɥɨɬɚ ɧɚ ɜɨɫɬɨɱɧɵɯ ɫɤɥɨɧɚɯ ɯɪɟɛɬɚ 
Ɍɢɦɚɢɡ. Ⱦɥɢɧɚ — 411 ɤɦ, ɩɥɨɳɚɞɶ ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ — 16 000 ɤɦ². 

ɋɪɟɞɧɟɝɨɞɨɜɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ884 ɦ³/ɫ (47 ɤɦ ɨɬ ɭɫɬɶɹ). ɉɢɬɚɧɢɟ 
ɫɦɟɲɚɧɧɨɟ: ɫɧɟɝɨɜɨɟ ɫɨɫɬɚɜɥɹɟɬ 55 %, ɞɨɠɞɟɜɨɟ – 25 %, ɩɨɞɡɟɦɧɨɟ – 20 %. 

ɉɨɥɨɜɨɞɶɟ ɧɚɱɢɧɚɟɬɫɹ ɜ ɤɨɧɰɟ ɚɩɪɟɥɹ — ɧɚɱɚɥɟ ɦɚɹ, ɦɚɤɫɢɦɭɦ — ɜ 
ɫɟɪɟɞɢɧɟ ɦɚɹ ɜ ɫɪɟɞɧɟɦ ɬɟɱɟɧɢɢ ɢ ɧɢɡɨɜɶɹɯ ɜɩɥɨɬɶ ɞɨ ɩɟɪɜɵɯ ɱɢɫɟɥ ɢɸɧɹ. 
Ʌɟɬɨɦ ɢ ɡɢɦɨɣ — ɦɟɠɟɧɶ. Ʌɟɬɧɹɹ ɦɟɠɟɧɶ — ɫ ɫɟɪɟɞɢɧɵ ɢɸɥɹ ɩɨ ɚɜɝɭɫɬ, ɱɚɫɬɨ 
ɩɪɟɪɵɜɚɟɬɫɹ ɞɨɠɞɟɜɵɦɢ ɩɚɜɨɞɤɚɦɢ.Ɂɚɦɟɪɡɚɟɬ ɜ ɧɚɱɚɥɟ ɧɨɹɛɪɹ, ɜɫɤɪɵɜɚɟɬɫɹ ɜ 
ɤɨɧɰɟ ɚɩɪɟɥɹ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɜɨɞɵ ɧɚ ɪɟɤɟ ɜ ɤɨɧɰɟ ɦɚɹ, ɚ ɧɚɢɦɟɧɶɲɢɣ 
ɭɪɨɜɟɧɶ- ɫɨ ɜɬɨɪɨɣ ɞɟɤɚɞɵ ɹɧɜɚɪɹ. ɉɟɪɢɨɞ ɨɬɤɪɵɬɨɝɨ ɪɭɫɥɚ ɞɥɢɬɫɹ ɨɤɨɥɨ 6 
ɦɟɫɹɰɟɜ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɦɚɤɫɢɦɭɦɚ (20-22,8°ɋ) ɜ ɬɪɟɬɶɟɣ 
ɞɟɤɚɞɟ ɢɸɥɹ. 

Ʉɥɢɦɚɬ ɭɦɟɪɟɧɧɨ-ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ, ɥɟɬɨ ɤɨɪɨɬɤɨɟ ɢ ɭɦɟɪɟɧɧɨ-ɯɨɥɨɞɧɨɟ, 
ɡɢɦɚ ɦɧɨɝɨɫɧɟɠɧɚɹ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɚɹ ɢ ɭɦɟɪɟɧɧɨ-ɫɭɪɨɜɚɹ. 

Ƚɨɞɨɜɚɹ ɚɦɩɥɢɬɭɞɚ ɫɨɫɬɚɜɥɹɟɬ 35,5°ɋ. ɋɚɦɵɦ ɬɟɩɥɵɦ ɦɟɫɹɰɟɦ ɝɨɞɚ 
ɹɜɥɹɟɬɫɹ ɢɸɥɶ (ɫɪɟɞɧɹɹ ɦɟɫɹɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ +16,0°ɋ), ɫɚɦɵɦ ɯɨɥɨɞɧɵɦ 
ɦɟɫɹɰɟɦ – ɹɧɜɚɪɶ (-19,5°ɋ). ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɨ ɞɚɧɧɵɦ 
ɦɟɬɟɨɫɬɚɧɰɢɢ ɉɟɱɨɪɚ ɪɚɜɧɚ -2,7°ɋ. ɑɢɫɥɨ ɞɧɟɣ ɫɨ ɫɪɟɞɧɟɣ ɫɭɬɨɱɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ ɜɵɲɟ ɧɭɥɹ ɝɪɚɞɭɫɨɜ ɫɨɫɬɚɜɥɹɟɬ 162. 

ȼɨɞɚ ɜ ɪɟɤɟ ɦɚɥɨɦɢɧɟɪɚɥɢɡɨɜɚɧɧɚɹ, ɦɹɝɤɚɹ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɝɨɞɚ. 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɭɪɨɜɧɹ ɦɢɧɟɪɚɥɢɡɚɰɢɢ – ɦɟɧɟɟ 200 ɦɝ/ɥ, ɡɧɚɱɟɧɢɹ 
ɠɟɫɬɤɨɫɬɢ – ɦɟɧɟɟ 2 ɦɝ·ɷɤɜ. /ɥ. 

 Ʉɚɤ ɢ ɜ ɞɪɭɝɢɯ ɪɟɤɚɯ ɪɚɣɨɧɚ, ɜ ɪ. ɂɥɵɱ ɩɨɜɵɲɟɧɨ ɡɚɝɪɹɡɧɟɧɢɟ 
ɫɨɟɞɢɧɟɧɢɹɦɢ ɦɟɞɢ, ɠɟɥɟɡɚ, ɬɪɭɞɧɨɨɤɢɫɥɹɟɦɵɦɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ 
ɩɨ ɏɉɄ, ɱɬɨ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɪɨɞɧɵɦɢ ɮɚɤɬɨɪɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪ. 
ɂɥɵɱ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɫɨɟɞɢɧɟɧɢɹɦɢ ɰɢɧɤɚ.  

Ɋɚɫɬɢɬɟɥɶɧɨɫɬɶ ɬɟɪɪɢɬɨɪɢɢ ɜ ɪɚɣɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ 
Ƚɗɋ ɛɨɝɚɬɚ ɪɚɡɧɨɨɛɪɚɡɢɟɦ. Ȼɟɪɟɝɚɦ ɪɟɤɢ ɩɥɨɬɧɨ ɩɨɤɪɵɬɵ ɯɜɨɣɧɵɦ ɥɟɫɨɦ. 
Ɉɬɦɟɱɚɸɬɫɹ ɢɡɪɟɞɤɚ ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɡɚɛɨɥɨɱɟɧɧɵɟ ɬɟɪɪɢɬɨɪɢɢ ɜɛɥɢɡɢ ɪɟɤɢ.  

Ɋɚɫɬɟɧɢɹ ɡɞɟɫɶ – ɹɪɤɢɣ ɩɪɢɦɟɪ ɤɨɧɬɚɤɬɚ ɟɜɪɨɩɟɣɫɤɨɣ ɢ ɫɢɛɢɪɫɤɨɣ ɮɥɨɪɵ. 
ȼ ɠɢɜɨɩɢɫɧɨɦ ɭɝɨɥɤɟ Ɋɨɫɫɢɢ ɩɪɨɢɡɪɚɫɬɚɟɬ ɰɟɥɵɯ 659 ɟɟ ɫɨɫɭɞɢɫɬɵɯ ɜɢɞɨɜ ɢ 
409 ɬɢɩɨɜ ɥɢɲɚɣɧɢɤɨɜ. Ⱦɪɟɜɧɟɣɲɢɟ ɝɨɪɵ ȿɜɪɨɩɵ ɧɚɤɨɩɢɥɢ ɪɟɤɨɪɞɧɨ ɦɧɨɝɨ 
ɡɟɥɟɧɨɝɨ ɛɨɝɚɬɫɬɜɚ. Ʌɟɫ, ɜ ɨɫɧɨɜɧɨɦ, ɬɚɟɠɧɵɣ. ɇɚ ɧɢɡɦɟɧɧɨɫɬɹɯ ɢ ɧɢɠɧɢɯ 
ɫɬɪɚɬɚɯ ɩɪɟɞɝɨɪɢɣ ɞɨɦɢɧɢɪɭɟɬ ɫɨɫɧɚ ɢ ɛɟɪɟɡɚ (ɥɨɤɚɥɶɧɨ). ȼɵɲɟ (ɜɨɫɬɨɱɧɟɟ) 
ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɱɚɳɟɣ ɹɜɥɹɟɬɫɹ ɬɟɦɧɨɯɜɨɣɧɚɹ (ɟɥɶ ɢ ɤɟɞɪ ɫɢɛɢɪɫɤɢɣ ɫ 
ɩɪɢɦɟɫɶɸ ɜɫɟ ɬɟɯ ɠɟ ɛɟɪɟɡɨɜɵɯ ɤɨɥɨɤ). 

ȼ ɪɚɣɨɧɟ ɩɥɨɳɚɞɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɝɨ Ƚɍ ɨɛɢɬɚɟɬ 291 
ɜɢɞɚ ɨɯɨɬɧɢɱɶɢɯ ɪɟɫɭɪɫɨɜ. ɂɡ ɧɢɯ 49 ɜɢɞɨɜ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, 242 ɜɢɞɚ ɩɬɢɰ. 
Ⱦɨɦɢɧɢɪɭɸɳɢɦɢ ɜɢɞɚɦɢ ɹɜɥɹɸɬɫɹ: ɛɟɥɤɚ, ɡɚɹɰ-ɛɟɥɹɤ, ɛɨɛɪ, ɦɟɞɜɟɞɶ ɛɭɪɵɣ, 
ɤɭɧɢɰɚ ɥɟɫɧɚɹ ɢ ɪɨɫɨɦɚɯɚ.ɑɭɬɶ ɦɟɧɶɲɢɣ ɩɪɨɰɟɧɬ ɡɚɧɢɦɚɸɬ ɩɭɲɧɵɟ ɩɨɩɭɥɹɰɢɢ 
– ɝɨɪɧɨɫɬɚɣ, ɫɨɛɨɥɶ, ɜɵɞɪɚ ɢ ɥɚɫɤɚ. ȿɳɟ ɦɟɧɶɲɟ ɥɨɫɹ (ɜ ɫɜɨɟ ɜɪɟɦɹ ɨɧ 
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ɯɢɳɧɢɱɟɫɤɢ ɢɫɬɪɟɛɥɹɥɫɹ, ɜɨɤɪɭɝ ɟɳɟ ɞɨ Ɋɟɜɨɥɸɰɢɢ ɫɥɨɠɢɥɨɫɶ ɦɧɨɝɨ 
ɨɯɨɬɧɢɱɶɢɯ ɞɟɪɟɜɭɲɟɤ). 

 ɉɬɢɰɵ ɉɟɱɟɪɨ-ɂɥɵɱɫɤɨɝɨ ɡɚɩɨɜɟɞɧɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 242 ɝɪɭɩɩɚɦɢ. 165 
– ɝɧɟɡɞɹɳɢɟɫɹ. 25 – ɩɪɨɥɟɬɧɵɟ. 52 – ɡɚɥɟɬɧɵɟ. ɉɪɟɨɛɥɚɞɚɸɳɢɟ ɜɢɞɵ – ɛɨɥɶɲɨɣ 
ɜɟɪɟɬɟɧɧɢɤ, ɛɨɥɶɲɚɹ ɜɵɩɶ, ɦɚɥɚɹ ɜɵɩɶ, ɫɨɥɨɜɟɣ ɨɛɵɤɧɨɜɟɧɧɵɣ ɢ ɞɪɨɡɞ ɱɟɪɧɵɣ. 
ȼɫɬɪɟɱɚɸɬɫɹ ɬɚɤɠɟ ɰɚɩɥɹ ɛɨɥɶɲɚɹ ɛɟɥɚɹ, ɤɚɡɚɪɤɚ ɛɟɥɨɳɟɤɚɹ, ɳɭɪɤɚ ɡɨɥɨɬɢɫɬɚɹ 
ɢ ɩɨɪɭɱɟɣɧɢɤ.       

ɉɨɞ ɨɫɨɛɨɣ ɨɯɪɚɧɨɣ ɛɟɥɤɚ-ɥɟɬɹɝɚ, ɤɚɛɚɪɝɚ, ɦɚɧɭɥ ɢ ɧɨɪɤɚ. ɉɨɷɬɨɦɭ, 
ɧɚɱɢɧɚɹ ɫ ɩɟɪɜɨɝɨ ɝɨɞɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɟɪɢɨɞɚ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɦɨɧɢɬɨɪɢɧɝ ɱɢɫɥɟɧɧɨɫɬɢ ɤɪɚɫɧɨɤɧɢɠɧɵɯ 
ɢ ɪɟɞɤɢɯ ɜɢɞɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɜɨɡɞɟɣɫɬɜɢɹ 
ɨɛɴɟɤɬɨɜ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ ɧɚ ɤɪɚɫɧɨɤɧɢɠɧɵɟ ɢ ɪɟɞɤɢɟ ɜɢɞɵ 
ɠɢɜɨɬɧɵɯ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɤɨɦɩɟɧɫɚɰɢɢ ɭɳɟɪɛɚ ɷɬɢɦ 
ɜɢɞɚɦ ɨɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝɢɞɪɨɭɡɥɚ. 

 ȼɨɞɧɵɟ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ ɪɟɤɢ ɂɥɵɱ ɧɚ ɭɱɚɫɬɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ 17 ɜɢɞɚɦɢ, ɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ: ɥɨɫɨɫɺɜɵɟ 
(ɫɺɦɝɚ, ɧɟɥɶɦɚ, ɫɢɝ), ɯɚɪɢɭɫ, ɬɚɣɦɟɧɶ, ɩɨɞɤɚɦɟɧɳɢɤ, ɦɢɧɨɝɚ, ɨɫɟɬɪ ɫɢɛɢɪɫɤɢɣ ɢ 
ɞɪ.  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 ɂɥɵɱ  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. ɂɥɵɱ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɡɚɝɪɹɡɧɹɸɳɢɯ  ɜɟɳɟɫɬɜ 
ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦɢ ɉȾɄ. 

ȼɨɡɞɟɣɫɬɜɢɟ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ Ƚɗɋ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ 
ɨɤɚɡɵɜɚɬɶɫɹ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɜ ɩɟɪɢɨɞ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɫɬɚɧɰɢɢ. 

 
7.4.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɝɨ Ƚɍ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɜɢɞɵ ɪɚɛɨɬ: 
 ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; 
 ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
 ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
 ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
 ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ; 
 ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
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 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 ɂɥɵɱ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ; 
4.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɹ 

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

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

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

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

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

 - ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɢɫɤɥɸɱɚɸɳɢɟ ɡɚɬɨɩɥɟɧɢɟ ɢ ɩɨɞɬɨɩɥɟɧɢɟ 
ɨɫɬɚɜɥɹɟɦɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɪɟɞɩɪɢɹɬɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɨɪɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɢ ɛɵɬɚ ɧɚɫɟɥɟɧɢɹ; 

- ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɞɪɟɧɢɪɨɜɚɧɢɸ ɟɫɬɟɫɬɜɟɧɧɨɝɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɬɨɤɚ ɫ ɫɨɛɫɬɜɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ ɢɧɠɟɧɟɪɧɨɣ ɡɚɳɢɬɵ; 
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       ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ 
ɫɜɹɡɚɧɨ ɫ ɪɚɛɨɬɨɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɛɨɬ. 

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

ɜɨɞɨɯɪɚɧɢɥɢɳ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ɋɉ № 3907-85 «ɋɚɧɢɬɚɪɧɵɟ ɩɪɚɜɢɥɚ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɯɪɚɧɢɥɢɳ», ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɤɨɬɨɪɵɦɢ: 

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

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

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

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

ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɟɪɟɫɟɥɟɧɢɢ 
ɠɢɬɟɥɟɣ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ.  

- ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ, ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ 
ɜɵɧɨɫɢɦɵɯ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ, ɩɨɞɥɟɠɚɬ ɭɞɚɥɟɧɢɸ ɦɨɫɬɵ, ɬɟɥɟɝɪɚɮɧɵɟ 
ɫɬɨɥɛɵ, ɮɭɧɞɚɦɟɧɬɵ ɢ ɞɪɭɝɢɟ ɫɨɨɪɭɠɟɧɢɹ. 

- Ɉɫɬɚɜɲɢɣɫɹ ɫɬɪɨɢɬɟɥɶɧɵɣ ɦɭɫɨɪ, ɫɨɥɨɦɚ, ɝɧɢɥɚɹ ɞɪɟɜɟɫɢɧɚ ɢ ɞɪ. 
ɫɠɢɝɚɸɬɫɹ ɧɚ ɦɟɫɬɟ. 

- Ɇɟɬɚɥɥɢɱɟɫɤɢɣ ɥɨɦ ɫɨɛɢɪɚɟɬɫɹ ɢ ɜɵɜɨɡɢɬɫɹ ɡɚ ɩɪɟɞɟɥɵ ɬɟɪɪɢɬɨɪɢɢ 
ɡɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ. 

- ȼɵɝɪɟɛɚ ɭɛɨɪɧɵɯ ɩɨɫɥɟ ɜɵɜɨɡɚ ɨɬɯɨɞɨɜ ɞɟɡɢɧɮɢɰɢɪɭɸɬɫɹ ɫɭɯɢɦɢ 
ɩɪɟɩɚɪɚɬɚɦɢ ȾɌɋ ɄȽ ɢɥɢ ɯɥɨɪɧɨɣ ɢɡɜɟɫɬɶɸ ɢ ɡɚɫɵɩɚɸɬɫɹ ɱɢɫɬɵɦ ɝɪɭɧɬɨɦ. 

- ɇɟɱɢɫɬɨɬɵ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɟ ɨɬɛɪɨɫɵ ɜɵɜɨɡɹɬɫɹ ɡɚ ɩɪɟɞɟɥɵ 
ɬɟɪɪɢɬɨɪɢɢ ɡɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ. 

- Ɉɱɢɫɬɧɵɟ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɟ ɫɨɨɪɭɠɟɧɢɹ, ɫɜɚɥɤɢ, ɩɨɥɹ ɚɫɫɟɧɢɡɚɰɢɢ, 
ɨɪɨɲɟɧɢɹ ɢ ɮɢɥɶɬɪɚɰɢɢ, ɩɨɩɚɞɚɸɳɢɟ ɜ ɡɨɧɭ ɫɚɧɢɬɚɪɧɨɣ ɨɱɢɫɬɤɢ, ɩɨɞɥɟɠɚɬ 
ɡɚɤɪɵɬɢɸ. 

- ɇɚɜɨɡ, ɧɚɜɨɡɧɵɟ ɫɬɨɤɢ ɢ ɦɭɫɨɪ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 
ɨɛɟɡɡɚɪɚɠɢɜɚɸɬɫɹ, ɩɨɫɥɟ ɱɟɝɨ ɜɵɜɨɡɹɬɫɹ ɧɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ ɩɨɥɹ. 

- ɉɨɱɜɚ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɩɨɦɟɳɟɧɢɣ, ɡɚɝɨɧɨɜ ɩɪɨɠɢɝɚɟɬɫɹ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɝɨɪɸɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɨɪɨɲɚɟɬɫɹ ɪɚɫɬɜɨɪɚɦɢ ɞɜɭɪɟɬɢ 
ɨɫɧɨɜɧɨɣ ɫɨɥɢ ɝɢɩɨɯɥɨɪɢɬɚ ɤɚɥɶɰɢɹ ɢɥɢ ɯɥɨɪɧɨɣ ɢɡɜɟɫɬɢ, ɫɨɞɟɪɠɚɳɟɣ ɧɟ 
ɦɟɧɟɟ 5% ɚɤɬɢɜɧɨɝɨ ɯɥɨɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɫɥɨɣ ɩɨɱɜɵ ɝɥɭɛɢɧɨɣ ɞɨ ɱɢɫɬɨɝɨ 
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ɜɵɜɨɡɢɬɫɹ ɡɚ ɩɪɟɞɟɥɵ ɬɟɪɪɢɬɨɪɢɢ ɡɚɬɨɩɥɟɧɢɹ ɢ ɡɚɤɚɩɵɜɚɟɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɫɤɨɬɨɦɨɝɢɥɶɧɢɤɚ ɧɚ ɝɥɭɛɢɧɭ ɧɟ ɦɟɧɟɟ 2ɦ. 

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

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;      
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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. 

 
7.4.4 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: 

1. Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ (ɤɨɞ ɨɬɯɨɞɨɜ 
ɩɨ ɎɄɄɈ – 2014 ɝ. 82220101215): 

ܯ  =
ݍ∙ܰ

100%
=

140000 ∙1,8

100%
∙ 2,5 = 6300 ˕,  (8.1) 

ɝɞɟ    ܰ- ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ, ɦ3 (140000 ɦ3) ݍ- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,8= ݍ%) ߩ- ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ, ɬ/ɦ3 (2,5= ߩ ɬ/ɦ3) 
 
2. Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 

ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ (ɤɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 ɝ. 
46101001205): 

ܯ  =
ݍ∙ܰ

100%
=

200 ∙1,0

100%
∙ 2,0 = 4 ˕,  (8.2) 

 
ɝɞɟ   ܰ- ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ, ɬ (95 ɬ) ݍ- ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ, % (1,0= ݍ%) ߩ- ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ, ɬ/ɦ3 (2,0= ߩ ɬ/ɦ3) 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 6300 ɬ ɥɨɦɚ 

ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 4 ɬ ɨɬɯɨɞɨɜ ɱɟɪɧɵɯ 
ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɡɟɧɵ ɧɚ 
ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ ɦɟɬɚɥɥɚ 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɢɦɟɸɳɟɣ ɥɢɰɟɧɡɢɸ 
ɧɚ ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, ɬɚɤ ɤɚɤ 
ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
7.4.5 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ 

ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
 ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɝɨ Ƚɍ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶɫɹ: 
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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 ȽЭɋ ɨɫɧɨɜɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ ɩɨ ɨɯɪɚɧɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɹɜɥɹɸɬɫɹ: 

1. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɜɨɞɧɵɦ ɪɟɠɢɦɨɦ ɜɨɞɨɬɨɤɚ; 
2. Ɉɱɢɫɬɤɚ ɜɨɞɵ, ɫɛɪɚɫɵɜɚɟɦɨɣ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 
3. Ɉɛɟɫɩɟɱɟɧɢɟ ɭɫɥɨɜɢɹ ɧɟɩɨɩɚɞɚɧɢɹ ɦɚɫɟɥ ɢ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɹɸɳɢɯ 

ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɣ ɨɛɴɟɤɬ; 
4. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɦɨɧɬɨɜ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɧɟɩɨɩɚɞɚɧɢɟ 

ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ. 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 68,82 ɤɦ ɨɬ Ƚɗɋ ɧɚɯɨɞɢɬɫɹ ɧɚɫɟɥɟɧɧɵɣ 

ɩɭɧɤɬ – ɫɟɥɨ ȿɪɟɦɟɟɜɨ, ɫɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.2.1/2.1.11200-03 «ɋɚɧɢɬɚɪɧɨ-
ɡɚɳɢɬɧɵɟ ɡɨɧɵ ɢ ɫɚɧɢɬɚɪɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɢɧɵɯ 
ɨɛɴɟɤɬɨɜ», ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɨɣ ɡɨɧɵ: ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ (ɜɵɛɪɨɫɵ ɜ 
ɚɬɦɨɫɮɟɪɭ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɨɜ) ɢ ɮɢɡɢɱɟɫɤɢɯ 
(ɲɭɦ, ɢɧɮɪɚɡɜɭɤ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ) ɮɚɤɬɨɪɨɜ. 

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

Ɋɟɠɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ (ɁɋɈ) 
ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫɟɥɚ ȿɪɟɦɟɟɜɨ, ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɦɩɥɨɳɚɞɨɤ ɨɛɴɟɤɬɨɜ 
ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɣ 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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8 Ʉɨɧɬɪɨɥɶ ɡɚ ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɨɨɪɭɠɟɧɢɣ ɩɪɢ ɩɨɦɨɳɢ 
ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɄɂȺ 
 

8.1 Ɉɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ, ɧɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ 
ɤɨɧɬɪɨɥɸ ɡɚ ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɨɨɪɭɠɟɧɢɣ 

 
ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɜɤɥɸɱɚɟɬ 

ɨɰɟɧɤɭ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɨɪɭɠɟɧɢɣ, 
ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɨɜ ɜ ɫɨɨɪɭɠɟɧɢɹɯ, ɢɯ ɨɫɧɨɜɚɧɢɹɯ ɢ 
ɛɟɪɟɝɨɜɵɯ ɩɪɢɦɵɤɚɧɢɹɯ. 

ɇɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ (ɇȾɋ) – ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɜɧɭɬɪɟɧɧɢɯ ɫɢɥɨɜɵɯ ɮɚɤɬɨɪɨɜ (ɧɚɩɪɹɠɟɧɢɣ) ɢ ɞɟɮɨɪɦɚɰɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ 
ɮɢɡɢɱɟɫɤɢɯ ɬɟɥɚɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ. 

ɇȾɋ ɩɨɥɧɨɫɬɶɸ ɨɩɢɫɵɜɚɟɬ ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɟɝɨ 
ɩɪɨɱɧɨɫɬɧɨɣ ɧɚɞɟɠɧɨɫɬɢ. 

ȼ ɬɚɛɥɢɰɟ 9.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɧɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɤɨɧɬɪɨɥɸ ɡɚ ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɨɨɪɭɠɟɧɢɣ: 

 
Ɍɚɛɥɢɰɚ 9.1 – Ɉɫɧɨɜɧɵɟ ɧɨɪɦɵ ɢ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɤɨɧɬɪɨɥɸ ɡɚ 
ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɨɨɪɭɠɟɧɢɣ 

ɇɨɪɦɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɞɨɤɭɦɟɧɬ Ɍɪɟɛɨɜɚɧɢɟ  

ɋɈ 153-34.20.501-2003  
«ɉɪɚɜɢɥɚ ɬɟɯɧɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɫɟɬɟɣ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ» 

ɩ.3.1.30. ɇɚ ɛɟɬɨɧɧɵɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɨɨɪɭɠɟɧɢɹɯ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɢɯ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɧɚɬɭɪɧɵɟ 
ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɧɚɩɪɹɠɟɧɧɵɦ ɢ 
ɬɟɪɦɨɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɩɥɨɬɢɧɵ ɢ ɟɟ 
ɨɫɧɨɜɚɧɢɹ. 

ɋɌɈ 70238424.27.140.035-2009 
«Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɦɨɧɢɬɨɪɢɧɝ ɢ ɨɰɟɧɤɚ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ 

ɫɨɨɪɭɠɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɇɨɪɦɵ 
ɢ ɬɪɟɛɨɜɚɧɢɹ» 

ɩ.8.3.6.1. ɇɚ ɛɟɬɨɧɧɵɯ ɫɨɨɪɭɠɟɧɢɹɯ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɤɨɧɬɪɨɥɶ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɨɨɪɭɠɟɧɢɹ ɢ 
ɨɫɧɨɜɚɧɢɹ, ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɤɚɤ ɦɚɬɟɪɢɚɥɚ. 

 
8.2 Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɢɤɢ ɤɨɧɬɪɨɥɹ ɡɚ ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 

ɫɨɨɪɭɠɟɧɢɣ 
 
8.2.1 Ʉɥɚɫɫɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ 
 
ɋɩɟɰɢɮɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɰɟɧɤɢ ɇȾɋ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɟɪɟɫɱɟɬɟ 

ɢɡɦɟɪɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɡɚɤɥɚɞɧɨɣ ɄɂȺ ɞɟɮɨɪɦɚɰɢɣ ɜ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ, ɩɪɟɞɩɨɥɚɝɚɸɳɟɝɨ ɫɩɥɨɲɧɨɫɬɶ, ɨɞɧɨɪɨɞɧɨɫɬɶ 
ɢ ɢɡɨɬɪɨɩɧɨɫɬɶ ɛɟɬɨɧɧɨɝɨ ɦɚɫɫɢɜɚ. 
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ɇɚɛɥɸɞɟɧɢɹ ɡɚ ɧɚɩɪɹɠɟɧɢɹɦɢ ɜ ɛɟɬɨɧɟ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɬɟɥɟɬɟɧɡɨɦɟɬɪɨɜ (ɉɅȾɋ-400), ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɝɪɭɩɩɚɦɢ ɢɡ 3-ɯ, 4-ɯ, 5-ɬɢ ɢ 9-ɬɢ 
ɲɬɭɤ – «ɪɨɡɟɬɨɤ» (ɪɢɫɭɧɨɤ 9.1). Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɜɵɱɢɫɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɢɡɦɟɪɟɧɧɨɣ ɬɟɥɟɬɟɧɡɨɦɟɬɪɨɦ. 

 

 
Ɋɢɫɭɧɨɤ 9.1 – Ɋɨɡɟɬɤɚ ɢɡ ɬɪɺɯ ɩɪɢɛɨɪɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɚɹ ɜ ɛɟɬɨɧɟ 

 
ȼɵɱɢɫɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɛɟɬɨɧɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɢɡɦɟɪɟɧɧɨɣ ɱɚɫɬɨɬɵ (ɩɟɪɢɨɞɚ) ɤɨɥɟɛɚɧɢɣ ɫɬɪɭɧɵ ɬɟɥɟɬɟɧɡɨɦɟɬɪɚ. 
ɉɟɪɟɫɱɟɬ ɨɬ ɱɚɫɬɨɬɵ (ɩɟɪɢɨɞɚ) ɤ ɞɟɮɨɪɦɚɰɢɹɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
ɩɟɪɟɫɱɟɬɚ ɭɤɚɡɚɧɧɨɣ ɜ ɩɚɫɩɨɪɬɟ ɩɪɢɛɨɪɚ.  

ȼɵɱɢɫɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ:  

 
ˋˊˏ = ܽ ∙ 2ݔ + ܾ ∙ ݔ + ܿ, (9.1) 
 

ɝɞɟ ݔ – ɱɚɫɬɨɬɚ; 
a, b, c – ɤɨɷɮɮɢɰɢɟɧɬɵ ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɨɪɚ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢɦɟɟɬ 
ɫɜɨɸ ɫɩɟɰɢɮɢɤɭ, ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. Ɍɟɥɟɬɟɧɡɨɦɟɬɪ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɤɚɤɨɣ-ɥɢɛɨ ɬɨɱɤɟ ɛɟɬɨɧɧɨɝɨ ɦɚɫɫɢɜɚ, ɪɟɝɢɫɬɪɢɪɭɟɬ ɜɫɟ 
ɞɟɮɨɪɦɚɰɢɢ ɛɟɬɨɧɚ ɧɚ ɞɥɢɧɟ ɫɜɨɟɣ ɛɚɡɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫɜɨɟɣ ɨɫɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɦɟɪɟɧɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ˋˊˏ ɜ ɨɛɳɟɦ 
ɫɥɭɱɚɟ ɪɚɜɧɚ: 

 
ˋˊˏ = ˅˔ + ˘ˋˏ + ݊ ∙ 0 + ˒ + ݌ , (9.2) 
 

ɝɞɟ  ɜ ɫ − ɞɟɮɨɪɦɚɰɢɢ, ɜɵɡɜɚɧɧɵɟ ɜɧɟɲɧɢɦɢ ɫɢɥɚɦɢ; 
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˘ˋˏ −ɞɟɮɨɪɦɚɰɢɢ, ɜɵɡɜɚɧɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, 
ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɢ ɝɢɞɪɚɬɚɰɢɸ ɰɟɦɟɧɬɚ; ݊ ∙ 0 − ɱɚɫɬɶ ɫɜɨɛɨɞɧɨɣ ɨɛɴɟɦɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ ɫɥɭɱɚɟ 
ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ ɩɨ ɨɛɴɟɦɭ ɦɚɫɫɢɜɚ; 

˒ −ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɡɭɱɟɫɬɢ; 
݌ −ɞɟɮɨɪɦɚɰɢɢ, ɜɵɡɵɜɚɟɦɵɟ ɜ ɛɟɬɨɧɟ ɪɟɚɤɬɢɜɧɵɦ ɞɟɣɫɬɜɢɟɦ ɬɟɥɚ 

ɬɟɥɟɬɟɧɡɨɦɟɬɪɚ, ɜɫɥɟɞɫɬɜɢɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɠɟɫɬɤɨɫɬɟɣ ɬɟɧɡɨɦɟɬɪɚ ɢ ɛɟɬɨɧɚ. 
ɂɡɦɟɪɟɧɧɚɹ ɬɟɧɡɨɦɟɬɪɨɦ ɞɟɮɨɪɦɚɰɢɹ ɧɟ ɦɨɠɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ, ɬ.ɤ. ɨɧɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ, ɩɨɦɢɦɨ 
ɞɟɮɨɪɦɚɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ, ɬɚɤɠɟ ɢ ɧɟ ɫɜɹɡɚɧɧɵɟ 
ɫ ɧɢɦɢ ɞɟɮɨɪɦɚɰɢɢ, ɨɫɧɨɜɧɨɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɫɜɨɛɨɞɧɚɹ ɨɛɴɟɦɧɚɹ 
ɞɟɮɨɪɦɚɰɢɹ 0 . ɋɜɨɛɨɞɧɚɹ ɨɛɴɟɦɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɬɟɧɡɨɦɟɬɪɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɫɩɟɰɢɚɥɶɧɨɦ, ɜɵɞɟɥɟɧɧɨɦ ɦɚɫɫɢɜɟ, 
ɧɟɧɚɩɪɹɠɟɧɧɨɦ ɨɛɪɚɡɰɟ («ɭɫɚɞɨɱɧɨɦ ɤɨɧɭɫɟ») ɢ ɪɚɜɧɹɟɬɫɹ:  

 
ˍ = 0 + ˘ˋˏ + ݌  (9.

3) 
 

ȼɵɱɢɬɚɹ ɢɡ ɢɡɦɟɪɟɧɧɨɣ ɬɟɧɡɨɦɟɬɪɨɦ ɫɭɦɦɚɪɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ˋˊˏ 
ɞɟɮɨɪɦɚɰɢɸ, ɢɡɦɟɪɟɧɧɭɸ ɬɟɧɡɨɦɟɬɪɨɦ ɜ ɤɨɧɭɫɟ ˍ, ɩɨɥɭɱɚɟɦ ɫɭɦɦɭ 
ɞɟɮɨɪɦɚɰɢɣ (ɭɩɪɭɝɢɯ ɢ ɩɨɥɡɭɱɟɫɬɢ) ′ , ɫɜɹɡɚɧɧɵɯ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɜ ɛɟɬɨɧɟ 
ɧɚɩɪɹɠɟɧɢɹɦɢ  

 
 = ˋˊˏ − ˍ = ˅˔ + (݊ − 1) ∙ 

0
+ ˒, (

9.4) 
 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥɵ (2.4), ɞɟɮɨɪɦɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɭɩɪɭɝɨɣ 

ɞɟɮɨɪɦɚɰɢɢ  ˖˒˓, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɞɟɣɫɬɜɭɸɳɢɦ ɧɚɩɪɹɠɟɧɢɹɦ, ɢ 
ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɡɭɱɟɫɬɢ ˒. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɤɥɸɱɢɬɶ ɞɟɮɨɪɦɚɰɢɸ ɩɨɥɡɭɱɟɫɬɢ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡɦɟɪɢɬɶ ɞɟɮɨɪɦɚɰɢɸ 
ɩɨɥɡɭɱɟɫɬɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɢ ɟɟ ɢɫɤɥɸɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɫɩɟɰɢɚɥɶɧɵɦ ɪɚɫɱɟɬɨɦ. ɋ ɧɟɤɨɬɨɪɨɣ ɭɫɥɨɜɧɨɫɬɶɸ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 
ɪɚɛɨɬɚ ɛɟɬɨɧɚ ɹɜɥɹɟɬɫɹ ɭɩɪɭɝɨɣ, ɬ. ɟ. ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɡɭɱɟɫɬɢ ɪɚɜɧɵ ɧɭɥɸ, 
ɬɨɝɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɟɮɨɪɦɚɰɢɹ  = ˋˊˏ − ˍ. 

ɉɟɪɟɯɨɞ ɨɬ ɞɟɮɨɪɦɚɰɢɣ ɤ ɧɚɩɪɹɠɟɧɢɹɦ, ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɭɩɪɭɝɨɣ 
ɪɚɛɨɬɵ ɛɟɬɨɧɚ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ Ƚɭɤɚ ɞɥɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ 
ɜɢɞɚ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.  

ȼ ɩɥɢɬɟ ɡɞɚɧɢɹ Ƚɗɋ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɨɛɨɥɨɱɤɟ ɧɚɩɨɪɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ 
ɭɫɬɚɧɨɜɥɟɧɵ ɨɞɢɧɨɱɧɵɟ ɬɟɥɟɬɟɧɡɨɦɟɬɪɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɛɟɬɨɧɚ ɜ 
ɞɜɭɯ ɢɥɢ ɬɪɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ʉɚɠɞɚɹ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɬɨɱɤɚ ɢɦɟɟɬ ɬɟɥɟɬɟɧɡɨɦɟɬɪ 
ɜ ɧɟɧɚɩɪɹɠɟɧɧɨɦ ɨɛɪɚɡɰɟ («ɤɨɧɭɫɟ»). ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɜɵɱɢɫɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɯɟɦɟ ɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ ɩɨ ɮɨɪɦɭɥɟ:  
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 = ܧ ∙ , (

9.5) 
 

ɝɞɟ E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɛɟɬɨɧɚ. 
ȼ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɟ ɬɟɥɟɬɟɧɡɨɦɟɬɪɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɩɨ ɫɯɟɦɟ, 

ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɣ ɞɥɹ ɪɟɲɟɧɢɹ ɩɥɨɫɤɨɣ ɡɚɞɚɱɢ. ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɫɯɟɦɟ ɜ ɤɚɠɞɨɣ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɬɨɱɤɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɱɟɬɵɪɟ ɪɚɛɨɱɢɯ ɬɟɧɡɨɦɟɬɪɚ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɨɞ ɭɝɥɨɦ 45° ɞɪɭɝ ɤ ɞɪɭɝɭ (ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ 
«ɪɨɡɟɬɤɚ» ɬɢɩɚ «ɜɟɟɪ») ɢ ɞɜɭɯ ɢɥɢ ɨɞɧɨɝɨ ɩɪɢɛɨɪɚ ɜ «ɤɨɧɭɫɟ». ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ, 
ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɧɚ ɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜ 
ɩɥɨɫɤɨɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɛɨɪɨɜ, ɤ ɱɟɬɵɪɟɦ ɪɚɛɨɱɢɦ ɬɟɧɡɨɦɟɬɪɚɦ ɞɨɛɚɜɥɟɧ 
ɩɹɬɵɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɩɥɨɫɤɨɫɬɢ «ɪɨɡɟɬɤɢ». 

ɇɚɥɢɱɢɟ ɜ ɪɨɡɟɬɤɟ ɱɟɬɜɟɪɬɨɝɨ ɩɪɢɛɨɪɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 
ɩɨɤɚɡɚɧɢɹ ɬɟɧɡɨɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɹ ɢɡɜɟɫɬɧɨɟ ɭɫɥɨɜɢɟ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ: 

 
ˆ + ˅ = ˄ + ˒. (

9.6) 
 
ɇɚɥɢɱɢɟ ɜ ɪɨɡɟɬɤɟ ɩɹɬɨɝɨ ɩɪɢɛɨɪɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɜɢɞ 

ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ȿɫɥɢ ɞɟɮɨɪɦɚɰɢɹ, ɢɡɦɟɪɹɟɦɚɹ ɷɬɢɦ ɩɪɢɛɨɪɨɦ (ɫ 
ɭɱɟɬɨɦ ɩɨɤɚɡɚɧɢɣ ɩɪɢɛɨɪɚ ɜ «ɤɨɧɭɫɟ») ɪɚɜɧɚ «ɧɭɥɸ», ɬɨ ɢɦɟɟɦ ɫɥɭɱɚɣ ɩɥɨɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ, ɟɫɥɢ ɧɟɬ – ɬɨ ɫɥɭɱɚɣ ɨɛɴɟɦɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.   

Ʉɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ, ɜ ɫɥɭɱɚɟ ɩɥɨɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 
ɧɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɝ ɢ ɜ ɢ ɤɚɫɚɬɟɥɶɧɨɟ   ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
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9.7) 

 
Ƚɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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(
9.8) 

ɍɝɨɥ   ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɹɦɢ 1  ɢ 2  ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ: 
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ɜɝ
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


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(
9.9) 

ɉɪɚɤɬɢɤɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɧɚɛɥɸɞɚɟɦɵɯ ɜ ɦɚɫɫɢɜɧɵɯ 
ɛɟɬɨɧɧɵɯ ɫɨɨɪɭɠɟɧɢɹɯ ɬɪɟɳɢɧ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɢɥɢ 
ɜɟɪɬɢɤɚɥɶɧɨ, ɬ.ɟ. ɜɵɡɜɚɧɵ ɧɨɪɦɚɥɶɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɝ  ɢ ɜ .  

ɍɱɢɬɵɜɚɹ ɷɬɨ, ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɱɢɫɥɟɧɢɟɦ ɥɢɲɶ 
ɧɨɪɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɝ  ɢ ɜ , ɤɚɤ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɫɭɠɞɟɧɢɹ ɨ 
ɦɨɧɨɥɢɬɧɨɫɬɢ ɛɟɬɨɧɚ. 

ȼ ɫɥɭɱɚɟ ɨɛɴɺɦɧɨɝɨ ɧɚɩɪɹɠɺɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ: 
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(
9.10) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ ɩɨ ɢɡɦɟɪɟɧɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɵɦ 
ɞɟɮɨɪɦɚɰɢɹɦ, ɤɚɤ ɷɬɨ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥ (9.5, 9.7, 9.10) ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɦɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ E ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɩɟɪɟɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ Ȟ (ɤɨɷɮɮɢɰɢɟɧɬ 
ɉɭɚɫɫɨɧɚ).  

Ʉɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ Ȟ, ɤɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ, ɢɡɦɟɧɹɟɬɫɹ ɜ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɩɪɟɞɟɥɚɯ. ɋ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ 
ɬɨɱɧɨɫɬɶɸ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬ Ȟ ɩɨɫɬɨɹɧɧɵɦ ɢ ɪɚɜɧɵɦ 0,16. ɉɨɫɥɟ 
ɩɨɞɫɬɚɧɨɜɤɢ ν=0,16 ɜ ɮɨɪɦɭɥɵ (9.7, 9.10), ɨɧɢ ɩɪɢɧɢɦɚɸɬ ɜɢɞ: 

 
)](20,086,0[ ɜɝɝɝ E    

 
)](20,086,0[ ɜɝɜɜ E    

 
)](2[43,0 ɜɝɛE    

 

(
9.11) 

)](20,086,0[ ɩɪɜɝɝɝ E    

 
)](20,086,0[ ɩɪɜɝɜɜ E    

 
)](20,086,0[ ɩɪɜɝɩɪɩɪ E    

(
9.12) 
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ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɮɨɪɦɭɥɚɦ (9.11, 9.12) ɜ ɤɚɤɨɣ-ɥɢɛɨ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ «t» ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟɜɟɪɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɧɭɸ ɜɟɥɢɱɢɧɭ 
ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ, ɢɡɦɟɪɟɧɧɵɯ ɜ ɷɬɨɬ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ E=f(t), ɬ.ɤ. ɪɨɫɬ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ ɩɪɨɢɫɯɨɞɢɥ ɩɪɢ 
ɩɟɪɟɦɟɧɧɨɦ «ȿ». ɑɬɨɛɵ ɭɱɟɫɬɶ ɢɡɦɟɧɟɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɛɟɬɨɧɚ, 
ɜɵɱɢɫɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɨɛɵɱɧɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɦɟɬɨɞɨɦ 
«ɫɬɭɩɟɧɟɤ». 

ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɤɪɢɜɚɹ ɞɟɮɨɪɦɚɰɢɢ – ɜɪɟɦɹ, 
ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɬɟɧɡɨɦɟɬɪɨɜ, ɡɚɦɟɧɹɟɬɫɹ ɫɬɭɩɟɧɱɚɬɨɣ ɥɢɧɢɟɣ, 
ɩɪɢɱɟɦ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ɛɟɪɭɬɫɹ ɛɨɥɟɟ ɤɨɪɨɬɤɢɦɢ (1-3 ɞɧɹ) ɜ ɦɨɥɨɞɨɦ 
ɜɨɡɪɚɫɬɟ ɛɟɬɨɧɚ (ɞɨ 3-4 ɦɟɫɹɰɟɜ) ɢ ɛɨɥɟɟ ɞɥɢɧɧɵɦɢ (7-10 ɞɧɟɣ) ɜ ɞɚɥɶɧɟɣɲɟɦ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ “i” ɭɩɪɭɝɚɹ 
ɞɟɮɨɪɦɚɰɢɹ ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ “ΔEi”, ɪɚɜɧɭɸ ɪɚɡɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ ɜ 
ɤɨɧɰɟ ɢ ɧɚɱɚɥɟ ɢɧɬɟɪɜɚɥɚ, ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɡɧɚɱɟɧɢɢ ɦɨɞɭɥɹ Ei, ɪɚɜɧɨɦ 
ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ ɦɨɞɭɥɟɣ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɢɧɬɟɪɜɚɥɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɩɪɟɞɟɥɚɯ “i” ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ “Δ i”, ɪɚɜɧɭɸ, ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɨɞɧɨɨɫɧɨɝɨ 
ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ      

 
Δ i = ΔEi*Ei (

9.13) 
 
Ɉɛɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɤ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ “t”, ɫɨɞɟɪɠɚɳɟɦ “n” ɢɧɬɟɪɜɚɥɨɜ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɭɦɦɚ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɪɢɪɚɳɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɡɚ ɜɫɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ, ɬ.ɟ.   

 







ni

i
it

1

  

 

(
9.14) 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɝɪɭɩɩɟ ɩɪɢɛɨɪɨɜ ɢɡ 5 ɲɬ. ɬɟɥɟɬɟɧɡɨɦɟɬɪɨɜ ɜɵɱɢɫɥɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: 

1. ɂɡ ɢɡɦɟɪɟɧɧɨɣ ɤɚɠɞɵɦ ɪɚɛɨɱɢɦ ɬɟɥɟɬɟɧɡɨɦɟɬɪɨɦ ɫɭɦɦɚɪɧɨɣ 
ɞɟɮɨɪɦɚɰɢɢ “Eɢɡɦ(t)” ɜɵɱɢɬɚɟɬɫɹ ɞɟɮɨɪɦɚɰɢɹ “Eɤ(t)”, ɢɡɦɟɪɟɧɧɚɹ 
ɬɟɥɟɬɟɧɡɨɦɟɬɪɨɦ ɜ «ɤɨɧɭɫɟ», ɬ.ɟ. ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɚɫɬɶ ɞɟɮɨɪɦɚɰɢɣ “E(t)”, 
ɫɜɹɡɚɧɧɚɹ ɫ ɧɚɩɪɹɠɟɧɢɹɦɢ. 

2. ɉɪɨɜɟɪɹɟɬɫɹ ɫɨɛɥɸɞɟɧɢɟ ɭɫɥɨɜɢɣ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɭɩɪɭɝɢɯ 
ɞɟɮɨɪɦɚɰɢɣ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɫɭɦɦ ȿɝ+ȿɜ ɢ ȿɛ+ȿɩ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɫɢɥɭ ɪɚɡɥɢɱɧɵɯ ɩɪɢɱɢɧ ɦɟɠɞɭ ɷɬɢɦɢ ɫɭɦɦɚɦɢ ɢɦɟɟɬɫɹ 
ɧɟɤɨɬɨɪɚɹ ɪɚɡɧɢɰɚ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɷɬɚ ɪɚɡɧɢɰɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 25% ɨɬ ɥɸɛɨɣ ɢɡ 
ɫɭɦɦ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɪɚɜɧɢɜɚɧɢɟ ɫɭɦɦ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɨɩɪɚɜɨɤ ɜ ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɪɚɡɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɪɚɡɧɢɰɚ ɦɟɠɞɭ 
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ɫɭɦɦɚɦɢ ȿɝ+ȿɜ = ȿɛ+ȿɩ ɛɨɥɶɲɟ 25%, ɬɨ ɭɪɚɜɧɢɜɚɧɢɟ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢ 
ɞɚɥɶɧɟɣɲɟɟ ɜɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɧɟɭɪɚɜɧɟɧɧɵɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ. 

3. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚ ɩɪɜɝ ȿȿȿ  //  ɢɥɢ, ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɞɟɮɨɪɦɚɰɢɢ 
ɧɟ ɢɫɩɪɚɜɥɹɥɢɫɶ, ɩɪɜɝ ȿȿȿ   

4. Ɉɩɪɟɞɟɥɹɟɬɫɹ )(2,0 //
ɩɪɜɝ ȿȿȿ   ɢɥɢ ɩɪɜɝ ȿȿȿ )(2,0  , ɚ ɬɚɤɠɟ 

)(86,0 //
ɩɪɜɝ ȿȿȿ   ɢɥɢ ɩɪɜɝ ȿȿȿ )(86,0   

5. ɋɭɦɦɢɪɭɹ )(2,0 //
ɩɪɜɝ ȿȿȿ  ɢ )(86,0 //

ɩɪɜɝ ȿȿȿ  ɢɥɢ ɩɪɜɝ ȿȿȿ )(2,0   ɢ 
ɩɪɜɝ ȿȿȿ )(86,0  , ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɟɮɨɪɦɚɰɢɢ //

ɝȿ , //
ɜȿ  ɢ //

ɩɪȿ  ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɬɪɟɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɩɨ ɞɪɭɝɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɡɚ ɫɱɟɬ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɉɭɚɫɫɨɧɚ. 

6. ȼ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢɪɚɳɟɧɢɹ 
ɞɟɮɨɪɦɚɰɢɣ //

ɝȿ , //
ɜȿ , //

ɩɪȿ , ɩɭɬɟɦ ɜɵɱɢɬɚɧɢɹ ɢɡ ɤɚɠɞɨɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɩɪɟɞɵɞɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ. 

7. ɉɭɬɟɦ ɭɦɧɨɠɟɧɢɹ ɩɪɢɪɚɳɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ (ɫɦ. ɜɵɲɟ) ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢɪɚɳɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ 

ɝ , ɜ , ɩɪ   ɜ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ. 
8. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɨɥɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝ , ɜ , ɩɪ  ɞɟɣɫɬɜɭɸɳɟɟ ɜ ɛɟɬɨɧɟ ɜ 

ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ “t”, ɩɭɬɟɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɩɪɢɪɚɳɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɣ ɡɚ 
ɤɚɠɞɵɣ ɢɧɬɟɪɜɚɥ.  

ɉɨ ɜɵɱɢɫɥɟɧɧɵɦ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 
ɭɩɪɭɝɨɣ ɪɚɛɨɬɵ ɛɟɬɨɧɚ ɫɬɪɨɹɬɫɹ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜɨ ɜɪɟɦɟɧɢ 
ɞɥɹ ɢɯ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ.  

ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɛɟɬɨɧ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɟɦ, ɧɚɪɹɞɭ ɫ 
ɭɩɪɭɝɢɦɢ ɞɟɮɨɪɦɚɰɢɹɦɢ, ɜɨɡɧɢɤɚɸɬ ɢ ɪɚɡɜɢɜɚɸɬɫɹ ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɡɭɱɟɫɬɢ. 
ɗɬɢ ɞɟɮɨɪɦɚɰɢɢ ɦɨɝɭɬ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɢɡɦɟɧɢɬɶ ɧɚɩɪɹɠɟɧɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɭɩɪɭɝɨɣ ɪɚɛɨɬɵ ɛɟɬɨɧɚ. ɉɨɷɬɨɦɭ ɜ 
ɪɟɲɟɧɢɢ ɭɩɪɭɝɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɫɬɢ ɩɨɩɪɚɜɤɭ ɧɚ ɩɨɥɡɭɱɟɫɬɶ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɫ ɭɱɟɬɨɦ ɩɨɥɡɭɱɟɫɬɢ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ 
ɦɟɬɨɞɵ. ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɦɟɬɨɞ ɤɪɢɜɵɯ ɪɟɥɚɤɫɚɰɢɣ. Ⱦɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɨɞɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɤɪɢɜɵɯ 
ɪɟɥɚɤɫɚɰɢɢ. Ʉɪɢɜɵɟ ɪɟɥɚɤɫɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɨɩɵɬɧɵɦ ɢɥɢ ɪɚɫɱɟɬɧɵɦ 
ɩɭɬɟɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ ɩɨɥɡɭɱɟɫɬɢ. Ʉɪɢɜɭɸ 
ɪɟɥɚɤɫɚɰɢɢ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɭɧɢɮɢɰɢɪɨɜɚɧɧɭɸ ɢ (ɫ ɧɟɤɨɬɨɪɵɦ 
ɞɨɩɭɳɟɧɢɟɦ) ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ. 

 
8.2.2 Ʉɨɧɬɪɨɥɶ ɧɚɩɪɹɠɟɧɢɣ ɜ ɛɟɬɨɧɟ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ ɡɚɤɥɚɞɧɨɣ 

ɄɂȺ 
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ɉɪɢ ɢɫɬɟɱɟɧɢɢ ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɄɂȺ (ɨɤɨɥɨ 20 ɥɟɬ) ɢ (ɢɥɢ) 
ɧɚɪɭɲɟɧɢɢ ɪɚɛɨɬɵ ɡɚɤɥɚɞɧɵɯ ɞɚɬɱɢɤɨɜ ɄɂȺ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ 
ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɚɬɱɢɤɢ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ. 
ɇɚɩɪɢɦɟɪ, ɞɚɬɱɢɤɢ ɨɬ ɤɨɦɩɚɧɢɢ ɈɈɈ «ȽɟɨɤɨɧɊɭɫ» -ɤɨɦɩɚɧɢɢ ɥɢɞɟɪɚ ɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɪɟɞɫɬɜ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɥɹ ȽɌɋ. 

Ʉɨɦɩɚɧɢɹ ɩɪɟɞɥɚɝɚɟɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɢɡɦɟɪɢɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɣ:  
 Ɇɨɞɟɥɶ 4300. ɋɤɜɚɠɢɧɧɵɣ ɞɚɬɱɢɤ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ; 
 Ɇɨɞɟɥɶ 4350. Ⱦɜɭɯɨɫɧɵɣ ɞɚɬɱɢɤ ɧɚɩɪɹɠɟɧɢɹ; 
 Ɇɨɞɟɥɶ 4370. Ȼɟɬɨɧɧɵɣ ɞɚɬɱɢɤ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ. 

 
ɋɤɜɚɠɢɧɧɵɣ ɞɚɬɱɢɤ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ (Ɇɨɞɟɥɶ 4300) 
 
Ɇɨɞɟɥɶ 4300 ɫɬɚɧɞɚɪɬɧɨɝɨ ɢɡɦɟɪɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɫɤɜɚɠɢɧ 

ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɤɚɥɶɧɨɣ ɩɨɪɨɞɟ, ɢ ɦɨɠɟɬ 
ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɜ ɫɤɜɚɠɢɧɵ ɧɚ ɝɥɭɛɢɧɭ ɞɨ 100 ɮɭɬɨɜ (ɨɤɨɥɨ 30 ɦ). Ⱦɚɬɱɢɤ 
ɧɚɩɪɹɠɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɤɨɥɶɰɟɜɨɝɨ ɞɢɧɚɦɨɦɟɬɪɚ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɢɥɵ, 
ɩɥɨɬɧɨ ɜɬɢɫɧɭɬɨɝɨ ɩɨɩɟɪɟɤ ɨɞɧɨɝɨ ɞɢɚɦɟɬɪɚ ɜ ɫɤɜɚɠɢɧɟ ɢ ɜɢɛɪɢɪɭɸɳɟɝɨ 
ɩɪɨɜɨɞɚ, ɜɬɢɫɧɭɬɨɝɨ ɫ ɧɚɬɹɠɟɧɢɟɦ ɩɨɩɟɪɟɤ ɞɪɭɝɨɝɨ ɞɢɚɦɟɬɪɚ ɜ ɞɚɬɱɢɤɟ 
ɧɚɩɪɹɠɟɧɢɹ (ɪɢɫɭɧɨɤ 9.2). ɂɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫɤɚɥɶɧɨɣ ɩɨɪɨɞɟ ɜɵɡɵɜɚɟɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɢɡɦɟɧɟɧɢɟ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ ɜɢɛɪɚɰɢɢ ɧɚɬɹɧɭɬɨɝɨ 
ɩɪɨɜɨɞɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɵɯɨɞɧɵɦ ɡɧɚɱɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɫɱɢɬɵɜɚɟɬɫɹ ɜɬɨɪɢɱɧɵɦ 
ɩɪɢɛɨɪɨɦ GK403 - ɛɥɨɤɚ ɫɱɢɬɵɜɚɧɢɹ. 

 
Ɋɢɫɭɧɨɤ 9.2 – ȼɧɟɲɧɢɣ ɜɢɞ ɫɤɜɚɠɢɧɧɨɝɨ ɞɚɬɱɢɤɚ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ 

 
ȼɢɛɪɚɰɢɨɧɧɵɣ ɫɬɪɭɧɧɵɣ ɬɟɧɡɨɦɟɬɪ ɜ ɨɫɧɨɜɧɨɦ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɢɡɦɟɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɤɚɥɶɧɵɯ 
ɩɨɪɨɞɚɯ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɫɬɪɭɧɧɨɝɨ ɞɚɬɱɢɤɚ, 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɬɨɥɫɬɨɫɬɟɧɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɤɨɥɶɰɚ, 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɦɟɳɟɧɧɨɝɨ ɜ ɛɭɪɨɜɭɸ ɫɤɜɚɠɢɧɭ ɜ ɫɛɨɪɤɟ ɫ ɤɥɢɧɨɦ ɢ 
ɨɩɨɪɧɨɣ ɩɥɢɬɨɣ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.3. 
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Ɋɢɫɭɧɨɤ 9.3 – ȼɢɛɪɚɰɢɨɧɧɵɣ ɫɬɪɭɧɧɵɣ ɬɟɧɡɨɦɟɬɪ 
 
Ⱦɜɭɯɨɫɧɵɣ ɞɚɬɱɢɤ ɧɚɩɪɹɠɟɧɢɹ (Ɇɨɞɟɥɶ 4350) 
 
Ɇɨɞɟɥɶ 4350 ɞɜɭɯɨɫɧɨɝɨ ɞɚɬɱɢɤɚ ɧɚɩɪɹɠɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɢɡɦɟɧɟɧɢɹ ɫɠɢɦɚɸɳɟɝɨ ɭɫɢɥɢɹ ɜ ɛɟɬɨɧɟ. Ɍɪɢ ɢɥɢ ɲɟɫɬɶ ɞɚɬɱɢɤɨɜ, 
ɨɪɢɟɧɬɢɪɭɟɦɵɯ ɫ ɲɚɝɨɦ 60°, ɩɨɡɜɨɥɹɸɬ ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɢɡɦɟɧɹɬɶɫɹ, 
ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɢɡɦɟɪɢɬɶ ɜ ɩɥɨɫɤɨɫɬɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ ɨɫɢ 
ɞɚɬɱɢɤɚ ɧɚɩɪɹɠɟɧɢɹ. Ⱦɚɬɱɢɤ ɧɚɩɪɹɠɟɧɢɹ ɫɨɫɬɨɢɬ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɫɬɚɥɶɧɨɝɨ 
ɰɢɥɢɧɞɪɚ, ɤɨɬɨɪɵɣ ɡɚɥɢɜɚɟɬɫɹ ɠɢɞɤɢɦ ɫɬɪɨɢɬɟɥɶɧɵɦ ɪɚɫɬɜɨɪɨɦ ɜ ɫɤɜɚɠɢɧɟ 
ɪɚɡɦɟɪɨɦ BX (60 ɦɦ) (ɪɢɫɭɧɨɤ 9.4) 

 
Ɋɢɫɭɧɨɤ 9.4 – ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɞɜɭɯɨɫɧɨɝɨ ɞɚɬɱɢɤɚ ɧɚɩɪɹɠɟɧɢɹ 

 
Ȼɟɬɨɧɧɵɣ ɞɚɬɱɢɤ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ (Ɇɨɞɟɥɶ 4370) 
 
Ʉɨɧɫɬɪɭɤɰɢɹ ɞɚɧɧɨɝɨ ɞɚɬɱɢɤɚ ɩɨɡɜɨɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɫɩɪɢɧɹɬɶ 

ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɨɤɪɭɠɚɸɳɟɝɨ ɛɟɬɨɧɚ. Ⱦɚɬɱɢɤ ɫɨɫɬɨɢɬ ɢɡ ɝɥɚɞɤɨɫɬɟɧɧɨɣ 
ɩɨɪɢɫɬɨɣ ɩɥɚɫɬɢɤɨɜɨɣ ɬɪɭɛɤɢ, ɫ ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɩɨ ɛɨɤɚɦ ɮɥɚɧɰɚɦɢ (ɪɢɫɭɧɨɤ 
9.5). 
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Ɋɢɫɭɧɨɤ 9.5 – ȼɧɟɲɧɢɣ ɜɢɞ ɛɟɬɨɧɧɨɝɨ ɞɚɬɱɢɤɚ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ 

 
Ȼɟɬɨɧɧɵɣ ɬɟɧɡɨɦɟɬɪ ɦɨɞɟɥɢ 4370 ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɨɬɤɨɝɨ ɜɢɛɪɢɪɭɸɳɟɝɨ 

ɫɬɪɭɧɧɨɝɨ ɬɟɧɡɨɞɚɬɱɢɤɚ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɨɝɨ ɫ ɞɥɢɧɧɵɦ ɛɟɬɨɧɧɵɦ 
ɰɢɥɢɧɞɪɨɦ. ɗɬɨɬ ɛɟɬɨɧɧɵɣ ɰɢɥɢɧɞɪ ɢɦɟɟɬ ɬɟ ɠɟ ɫɜɨɣɫɬɜɚ, ɱɬɨ ɢ ɨɤɪɭɠɚɸɳɢɣ 
ɛɟɬɨɧ, ɧɨ ɨɬɞɟɥɟɧ ɨɬ ɧɟɝɨ ɝɥɚɞɤɨɫɬɟɧɧɨɣ ɩɨɪɢɫɬɨɣ ɩɥɚɫɬɢɤɨɜɨɣ ɬɪɭɛɤɨɣ. ɇɚ 
ɫɜɨɢɯ ɤɨɧɰɚɯ ɨɧ ɫɨɟɞɢɧɟɧ ɫ ɨɤɪɭɠɚɸɳɢɦ ɛɟɬɨɧɨɦ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɮɥɚɧɰɟɜ, 
ɨɫɧɚɳɟɧɧɵɯ ɫɟɤɰɢɹɦɢ ɚɪɦɚɬɭɪɵ ɞɥɹ ɥɭɱɲɟɝɨ ɫɰɟɩɥɟɧɢɹ.  

ɇɚ ɪɢɫɭɧɤɟ 9.6 ɩɨɤɚɡɚɧɨ ɫɬɪɨɟɧɢɟ ɛɟɬɨɧɧɨɝɨ ɞɚɬɱɢɤɚ ɢɡɦɟɪɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɣ. 

 

 
Ɋɢɫɭɧɨɤ 9.6 – ɋɬɪɨɟɧɢɟ ɛɟɬɨɧɧɨɝɨ ɞɚɬɱɢɤɚ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ 

 
ȼɢɛɪɢɪɭɸɳɢɣ ɫɬɪɭɧɧɵɣ ɬɟɧɡɨɞɚɬɱɢɤ ɢɡɦɟɪɹɟɬ ɧɚɝɪɭɡɤɭ, ɨɤɚɡɵɜɚɟɦɭɸ ɧɚ 

ɜɧɭɬɪɟɧɧɢɣ ɛɟɬɨɧɧɵɣ ɰɢɥɢɧɞɪ ɧɚɩɪɹɠɟɧɢɹɦɢ ɜ ɨɤɪɭɠɚɸɳɟɦ ɛɟɬɨɧɟ. ɗɬɚ 
ɧɚɝɪɭɡɤɚ, ɪɚɡɞɟɥɟɧɧɚɹ ɧɚ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɰɢɥɢɧɞɪɚ, 
ɞɚɟɬ ɧɚɩɪɹɠɟɧɢɟ ɜɨ ɜɫɟɦ ɨɤɪɭɠɚɸɳɟɦ ɛɟɬɨɧɟ. 

 
8.3 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ, ɤɚɤ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɤɨɧɬɪɨɥɹ ɧɚɩɪɹɠɟɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
 

ɉɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ – ɷɬɨ ɬɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɟɝɨ 
ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɢ ɯɢɦɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ. 

Ɂɧɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɦɧɨɝɢɯ 
ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɇɚɩɪɢɦɟɪ, 

Ɉɩɨɪɧɚɹ 
ɩɥɚɫɬɢɧɚ 
("ɚɧɤɟɪ") 

ȼɢɛɪɚɰɢɨɧɧɵɣ ɫɬɪɭɧɧɵɣ  
ɬɟɧɡɨɞɚɬɱɢɤ 

Ɂɚɩɨɥɧɹɟɬɫɹ ɫɜɟɠɟɭɥɨɠɟɧɧɵɦ  
ɛɟɬɨɧɨɦ ɢɡ ɬɨɣ ɠɟ ɤɨɧɫɬɪɭɤɰɢɢ 

Ɍɟɧɡɨɞɚɬɱɢɤ Ɋɚɫɳɟɩɥɹɸɳɢɣ  
ɦɚɬɟɪɢɚɥ Ⱥɧɤɟɪɧɵɣ ɛɨɥɬ 

600ɦɦ 76ɦɦ 
66ɦɦ 
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ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɟɬɨɧɚ, ɢɦɟɸɳɟɝɨ ɧɟɞɨɫɬɚɬɨɱɧɵɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ, ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɫɧɢɠɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɤɚɱɟɫɬɜ ɢ ɩɨɹɜɥɟɧɢɸ ɬɪɟɳɢɧ. 

ɉɪɨɱɧɨɫɬɶ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɨɰɟɧɢɜɚɟɬɫɹ:  
 ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɶɸ;  
 ɫɬɟɩɟɧɶɸ ɧɟɦɨɧɨɥɢɬɧɨɫɬɢ;  
 ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ;  
 ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚɝɪɭɡɤɚɦɢ. 
ɉɪɨɟɤɬɧɵɦɢ ɞɚɧɧɵɦɢ ɛɵɥɚ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɡɨɧɚɥɶɧɚɹ ɭɤɥɚɞɤɚ ɛɟɬɨɧɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɥɚɫɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɝɪɭɠɟɧɧɨɫɬɢ ɡɨɧɵ ɢ 
ɩɨɞɜɟɪɠɟɧɧɨɫɬɢ ɟɟ ɜɨɡɞɟɣɫɬɜɢɹɦ ɜɧɟɲɧɟɣ ɫɪɟɞɵ. ȼɨ ɜɫɟɯ ɡɨɧɚɯ (ɪɢɫɭɧɨɤ 9.7) 
ɛɟɬɨɧ ɩɪɟɠɞɟ ɜɫɟɝɨ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɹɦ ɩɪɨɱɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɢɯ ɧɚɩɪɹɠɟɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ. 

 
Ɋɢɫɭɧɨɤ 9.7 – ɋɯɟɦɚ ɡɨɧɚɥɶɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɚɪɨɤ ɛɟɬɨɧɚ 

ɚ – ɝɥɭɯɚɹ ɩɥɨɬɢɧɚ, ɛ – ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ, ɜ – ɡɞɚɧɢɟ Ƚɗɋ, ɝ – ɲɥɸɡ 
ɡɨɧɚ 1 – ɨɩɪɟɞɟɥɹɸɳɟɟ ɬɪɟɛɨɜɚɧɢɟ ɩɨ ɩɪɨɱɧɨɫɬɢ ɢɥɢ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ (ɞɥɹ ɫɭɪɨɜɵɯ 

ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ); ɡɨɧɚ 2 – ɨɩɪɟɞɟɥɹɸɳɚɹ ɬɪɟɛɨɜɚɧɢɟ ɩɨ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɢ; ɡɨɧɚ 3 – 
ɨɩɪɟɞɟɥɹɸɳɚɹ ɬɪɟɛɨɜɚɧɢɟ ɩɨ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ; ɡɨɧɚ 4 – ɨɩɪɟɞɟɥɹɸɳɚɹ ɬɪɟɛɨɜɚɧɢɟ ɩɨ 

ɩɪɨɱɧɨɫɬɢ ɢ ɦɢɧɢɦɚɥɶɧɨɦɭ ɬɟɩɥɨɜɵɞɟɥɟɧɢɸ; ɡɨɧɚ 5 – ɫɩɟɰɢɚɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ 
 
ɇɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɟ ɡɨɧɵ ɩɥɨɬɢɧɵ, ɝɞɟ ɧɚɛɥɸɞɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɟ 

ɫɠɢɦɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ – ɷɬɨ ɡɨɧɚ ɧɢɡɨɜɨɝɨ ɤɥɢɧɚ ɢ ɡɨɧɚ ɩɟɪɜɨɝɨ ɫɬɨɥɛɚ, 
ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɬɚɤɢɯ ɡɨɧ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ: 

 
݉ܽݔ ൑ ݌ܴ ܿ݀ ∙ܿ݀ܽ

݊ ∙1ܿ ,   (9.15) 
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ɝɞɟ 
1ܿ  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɣ ɧɚɝɪɭɡɨɤ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ, ɩɪɢ 

ɪɚɫɱɟɬɚɯ ɩɨ ɩɪɟɞɟɥɶɧɵɦ ɫɨɫɬɨɹɧɢɹɦ ɩɟɪɜɨɣ ɝɪɭɩɩɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ 
ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ – 1,00; 

݉ܽݔ  – ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ (ɫɠɢɦɚɸɳɟɝɨ) ɧɚɩɪɹɠɟɧɢɹ; 
ܿ݀  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɫɨɨɪɭɠɟɧɢɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ, 

ɩɪɢ ɨɫɧɨɜɧɨɦ ɫɨɱɟɬɚɧɢɢ ɧɚɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ – 0,90; 
ܿ݀ܽ  – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɞɥɹ ɚɪɨɱɧɵɯ 

ɩɥɨɬɢɧ, ɩɪɢɧɢɦɚɟɦɵɣ ܽ݀ܿߛ = 0,9 − ɩɪɢ ɫɠɚɬɢɢ. 
݊ = 1,25 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɞɥɹ ɫɨɨɪɭɠɟɧɢɹ I 

ɤɥɚɫɫɚ (ɫɬɟɩɟɧɶ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ). ܴ݌– ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧɚ ɩɪɢ ɫɠɚɬɢɢ ɞɥɹ ɩɪɟɞɟɥɶɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ. 

Ⱦɚɥɟɟ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ, ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ ɭɫɥɨɜɢɸ 
ɩɪɨɱɧɨɫɬɢ ɩɨ ɩɪɟɞɟɥɶɧɵɦ ɫɨɫɬɨɹɧɢɹɦ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ 
ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɧɚɬɭɪɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɧɚɩɪɹɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɦɢ ɫ ɞɚɬɱɢɤɨɜ 
ɄɂȺ. ȿɫɥɢ ɜɟɥɢɱɢɧɵ ɧɚɬɭɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɟ ɩɪɟɜɨɫɯɨɞɹɬ ɞɨɩɭɫɬɢɦɵɟ, 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɚ ɞɥɹ ɫɚɦɵɯ ɧɚɝɪɭɠɟɧɧɵɯ 
ɡɨɧ ɩɥɨɬɢɧɵ ɜɵɩɨɥɧɹɟɬɫɹ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

ȼɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɺɬɵ 
 
Ɍɚɛɥɢɰɚ Ⱥ.1 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ 
ɫɪɟɞɧɟɝɨɞɨɜɵɯ, ɫɪɟɞɧɟɩɨɥɨɜɨɞɧɵɯ ɢ ɫɪɟɞɧɟɦɟɠɟɧɧɵɯ ɪɚɫɯɨɞɨɜ 
m P, % Ƚɨɞɵ Qɝɨɞ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥɨɜ, ɦ3/ɫ Ƚɨɞɵ Qɦɟɠɟɧ, ɦ3/ɫ 
1 2 1961 1502 1961 3955 1961 684 
2 4 1985 1298 1985 3702 1985 497 
3 6 1975 1181 1967 3478 1983 493 
4 8 1966 1181 1975 3328 1984 489 
5 10 1984 1171 1966 3300 1951 489 
6 12 1976 1171 1976 3218 1976 488 
7 14 1967 1170 1984 3215 1964 485 
8 16 1950 1157 1963 3212 1950 483 
9 18 1951 1153 1950 3178 1962 483 
10 20 1964 1134 1951 3143 1982 477 
11 22 1962 1128 1989 3112 1966 474 
12 24 1983 1125 1964 3078 1952 474 
13 25 1989 1124 1962 3062 1969 468 
14 27 1963 1117 1949 3033 1975 466 
15 29 1982 1110 1983 3018 1989 462 
16 31 1949 1089 1982 3008 1965 461 
17 33 1952 1042 1977 2908 1995 456 
18 35 1977 1042 1952 2747 1996 443 
19 37 1965 1031 1965 2740 1949 442 
20 39 1969 1019 1969 2670 1960 420 
21 41 1996 974 1996 2567 1977 420 
22 43 1995 934 1993 2492 1963 418 
23 45 1993 889 1948 2425 1967 401 
24 47 1948 877 1995 2368 1953 389 
25 49 1968 855 1968 2310 1994 381 
26 51 1953 852 1994 2258 1968 369 
27 53 1994 850 1953 2242 1948 362 
28 55 1992 818 1992 2198 1992 358 
29 57 1960 813 1947 2173 1993 355 
30 59 1947 779 1959 2140 1959 317 
31 61 1959 773 1981 2122 1947 315 
32 63 1981 755 1954 2078 1958 308 
33 65 1954 748 1990 2007 1979 304 
34 67 1990 724 1988 1993 1954 304 
35 69 1988 709 1960 1990 1981 300 
36 71 1972 700 1972 1953 1974 297 
37 73 1979 633 1978 1647 1987 297 
38 75 1974 627 1979 1620 1990 296 
39 76 1978 624 1974 1618 1973 292 
40 78 1958 616 1971 1607 1978 282 
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41 80 1973 608 1955 1580 1972 282 
42 82 1971 602 1973 1557 1988 281 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 
m P, % Ƚɨɞɵ Qɝɨɞ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥɨɜ, ɦ3/ɫ Ƚɨɞɵ Qɦɟɠɟɧ, ɦ3/ɫ 
43 84 1955 582 1970 1552 1986 277 
44 86 1987 582 1958 1542 1971 267 
45 88 1957 578 1957 1513 1980 267 
46 90 1980 569 1980 1475 1957 267 
47 92 1991 561 1991 1450 1991 265 
48 94 1986 551 1987 1437 1956 257 
49 96 1956 550 1956 1430 1955 249 
50 98 1970 532 1986 1372 1970 192 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.2 – ɋɪɚɛɨɬɤɚ ɢ ɧɚɩɨɥɧɟɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ (ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ) 

Ɇɟɫɹɰ 
Ɋɚɫɯɨɞɵ, ɦ³/ɫ Ɉɛɴɟɦɵ, ɤɦ³ Ɉɬɦɟɬɤɢ, ɦ 

H, ɦ 
N, 

Ɇȼɬ 
Nɝɚɪ, 
Ɇȼɬ Qɩɨɥɟɡɧ Qɜɞɯɪ QȽɗɋ Qɜɯɤ Qɯ.ɫɛ. QɇȻ Vɧɚɱ ∆V Vɤɨɧ Zɜɛ ɧɚɱ Zɜɛ ɤɨɧ Zɜɛ ɫɪ Zɧɛ 

XI  207 612 819 200 0 825 26,14 1,59 24,55 162,00 161,52 161,76 140,06 21,17 153 153 

XII 79 1012 1091 200 0 1097 24,55 2,62 21,93 161,52 160,82 161,17 140,90 19,74 190 190 

I 117 1032 1149 200 0 1155 21,93 2,67 19,26 160,82 159,82 160,32 141,04 18,76 190 190 

II  95 865 960 200 0 966 19,26 2,24 17,01 159,82 158,57 159,20 140,55 18,12 153 153 

III  80 430 510 200 0 516 17,01 1,11 15,90 158,57 157,81 158,19 138,37 19,30 87 87 

IV  132 162 294 300 0 300 15,90 0,42 15,48 157,81 157,51 157,66 135,69 21,45 56 ȼɏɄ 

V 1126 -832 294 300 0 300 15,48 -2,16 17,64 157,51 158,96 158,23 135,69 22,02 57 ȼɏɄ 

VI  1971 -1705 266 300 0 300 17,64 -4,42 22,05 158,96 160,85 159,90 135,69 23,69 55 ȼɏɄ 

VII 1228 -962 266 300 0 300 22,05 -2,49 24,55 160,85 161,52 161,19 135,69 24,97 58 ȼɏɄ 

VIII 529 -235 294 300 0 300 24,55 -0,61 25,16 161,52 161,69 161,60 135,69 25,39 66 ȼɏɄ 

IX  554 -259 294 300 0 300 25,16 -0,67 25,83 161,69 161,90 161,79 135,69 25,58 66 ȼɏɄ 

X 519 -120 399 300 0 405 25,83 -0,31 26,14 161,90 162,00 161,95 136,66 24,77 87 87 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 

 
Ɋɢɫɭɧɨɤ Ⱥ.1 – ɪɚɛɨɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɧɚ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ ɧɚɝɪɭɡɤɢ ɢ ɂɄɇ (ɹɧɜɚɪɶ) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.3 – Ɋɚɫɱɺɬ ɜɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɧɟɦ ɩɨ ɜɨɞɧɨɫɬɢ ɝɨɞɭ (ɪɚɛɨɬɚ Ƚɗɋ ɩɨ ɦɨɳɧɨɫɬɹɦ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ) 

Ɇɟɫɹɰ 
Ɋɚɫɯɨɞɵ, ɦ³/ɫ Ɉɛɴɟɦɵ, ɤɦ³ Ɉɬɦɟɬɤɢ, ɦ H, ɦ N, 

Ɇȼɬ 
Nɝɚɪ, 
Ɇȼɬ 

ɗ, ɦɥɧ. 
ɤȼɬɱ 

Qɩɨɥ Qɜɞɯɪ QȽɗɋ Qɜɯɤ Qɯ.ɫɛ. QɇȻ Vɧɚɱ ∆V Vɤɨɧ Zɜɛ ɧɚɱ Zɜɛ ɤɨɧ Zɜɛ ɫɪ Zɧɛ 
  

XI  299 521 820 200 0 826 26,1 1,4 24,8 162,00 161,58 161,79 140,07 21,2 153 153 110 
XII 263 822 1086 200 0 1091 24,8 2,1 22,7 161,58 161,02 161,30 140,89 19,9 190 190 137 
I 142 990 1131 200 0 1137 22,7 2,6 20,1 161,02 160,19 160,60 141,00 19,1 190 190 137 
II  120 811 930 200 0 936 20,1 2,1 18,0 160,19 159,16 159,67 140,46 18,7 153 153 110 
III  95 397 492 200 0 498 18,0 1,0 17,0 159,16 158,54 158,85 138,23 20,1 87 87 63 
IV 168 574 742 300 0 748 17,0 1,5 15,5 158,54 157,51 158,02 138,92 18,6 121 ȼɏɄ 87 
V 2102 -1000 1102 300 0 1108 15,5 -2,6 18,1 157,51 159,21 158,36 140,29 17,5 170 ȼɏɄ 123 
VI  3221 -1520 1701 300 0 1735 18,1 -3,9 22,0 159,21 160,84 160,02 141,46 18,0 270 ȼɏɄ 194 
VII 1405 -900 505 300 0 539 22,0 -2,3 24,3 160,84 161,46 161,15 137,69 22,9 102 ȼɏɄ 73 
VIII 599 -200 399 300 0 404 24,3 -0,5 24,9 161,46 161,60 161,53 136,65 24,4 85 ȼɏɄ 62 
IX 838 -100 737 300 0 743 24,9 -0,3 25,1 161,60 161,68 161,64 138,90 22,2 144 ȼɏɄ 104 
X 787 -394 393 300 0 398 25,1 -1,0 26,1 161,68 162,00 161,84 136,60 24,7 85 87 61 

 
ɗɝɨɞ = 1261 ɦɥɧ.ɤȼɬ·ɱ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɍɚɛɥɢɰɚ Ⱥ.4 – Ɋɚɫɱɺɬ ɜɨɞɧɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɧɟɦ ɩɨ ɜɨɞɧɨɫɬɢ ɝɨɞɭ (ɪɚɛɨɬɚ Ƚɗɋ ɩɨ ɨɬɦɟɬɤɚɦ 
ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ) 

Ɇɟɫ. 
Ɋɚɫɯɨɞɵ, ɦ³/ɫ Ɉɛɴɟɦɵ, ɤɦ³ Ɉɬɦɟɬɤɢ, ɦ 

H, ɦ 
N, 

Ɇȼɬ 
Nɝɚɪ, 
Ɇȼɬ 

ɗ, 
ɦɥɧ. 
ɤȼɬɱ 

ɨɬɦ. 
ɦɚɥ. 
ɝɨɞɚ Qɩɨɥ Qɜɞɯɪ QȽɗɋ Qɜɯɤ Qɯ.ɫɛ. QɇȻ Vɧɚɱ ∆V Vɤɨɧ Zɜɛ ɧɚɱ Zɜɛ ɤɨɧ Zɜɛ ɫɪ Zɧɛ 

XI  299 612 911 200 0 917 26,1 1,6 24,6 162,00 161,52 161,76 140,40 20,8 167 153 120 162,00 
XII 263 1012 1275 200 0 1281 24,6 2,6 21,9 161,52 160,82 161,17 141,28 19,4 217 190 156 161,52 
I 142 1032 1174 200 0 1179 21,9 2,7 19,3 160,82 159,82 160,32 141,09 18,7 193 190 139 160,82 
II  120 865 985 200 0 990 19,3 2,2 17,0 159,82 158,57 159,20 140,62 18,0 156 153 113 159,82 
III  95 430 525 200 0 531 17,0 1,1 15,9 158,57 157,81 158,19 138,47 19,2 89 87 64 158,57 
IV 168 163 332 300 0 337 15,9 0,4 15,5 157,81 157,51 157,66 136,05 21,1 62 ȼɏɄ 44 157,81 
V 2102 -1300 802 300 0 808 15,5 -3,4 18,8 157,51 159,62 158,57 139,21 18,8 133 ȼɏɄ 96 157,51 
VI  3221 -1700 1521 300 0 1555 18,8 -4,4 23,3 159,62 161,18 160,40 141,22 18,7 250 ȼɏɄ 180 158,96 
VII 1405 -1000 405 300 0 439 23,3 -2,6 25,8 161,18 161,90 161,54 136,94 24,1 86 ȼɏɄ 62 160,85 
VIII 599 -114 485 300 0 490 25,8 -0,3 26,1 161,90 162,00 161,95 137,34 24,1 103 ȼɏɄ 74 161,52 
IX 838 0 838 300 0 843 26,1 0,0 26,1 162,00 162,00 162,00 139,37 22,1 163 ȼɏɄ 117 161,69 
X 787 0 787 300 0 792 26,1 0,0 26,1 162,00 162,00 162,00 139,14 22,3 155 87 111 161,90 

 
ɗɝɨɞ = 1276 ɦɥɧ.ɤȼɬ·ɱ 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
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Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ30ɚ-ȼ-800 ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
 

Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 

 
Ɋɢɫɭɧɨɤ ȼ.1 – ɋɛɨɪ ɧɚɝɪɭɡɨɤ ɧɚ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
 

 
Ɋɢɫɭɧɨɤ Ƚ.1 – Ʉɚɥɟɧɞɚɪɧɵɣ ɩɥɚɧ ɉɟɱɨɪɨ-ɂɥɵɱɫɤɨɝɨ Ƚɍ 




