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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
 

2.1 Ⱦɚɧɧɵɟ ɞɥɹ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 
 

1. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ݇𝑁 = ͺ,͸; 
2. ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ 𝛥ℎ =  Ͳ,Ͷ͹ ˏ; 
3. Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȼɏɄ) ɢ ɩɨɬɟɪɢ 

ɜɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 
 
Ɍɚɛɥɢɰɚ 2.1 – Ɍɪɟɛɨɜɚɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ȼɏɄ ɢ ɩɨɬɟɪɢ ɜɨɞɵ 

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

Ɏɢɥɶɬɪɚɰɢɹ 0 0 0 1 1 1 1 1 1 1 1 0 
ɂɫɩɚɪɟɧɢɟ 0 0 0 0 3 8 8 3 2 1 0 0 

Ʌɶɞɨɨɛɪɚɡɨɜɚɧɢɟ 1 1 1 1 -4 -3 0 0 0 1 1 1 
ɒɥɸɡɨɜɚɧɢɟ 0 0 0 0 9 23 24 0 0 0 0 0 

ȼɏɄ 140 140 140 140 140 140 140 140 140 140 140 140 
ɋɚɧ. ɩɨɩɭɫɤ 70 70 70 70 70 70 70 70 70 70 70 70 

 
2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 

ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 
 
ɉɨ ɞɚɧɧɵɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ Ⱥ.1 (ɩɪɢɥɨɠɟɧɢɟ Ⱥ) ɜɵɱɢɫɥɹɟɦ 

ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ (ɦ3/ɫ) ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ, ɡɚ ɩɟɪɢɨɞ ɦɟɠɟɧɢ (X, XI, XII ɢ I, II, III, 
IV ɦɟɫɹɰɵ) ɢ ɩɨɥɨɜɨɞɶɹ (V, VI, VII, VIII, IX ɦɟɫɹɰɵ) ɢ ɪɚɫɩɨɥɚɝɚɟɦ ɢɯ ɜ ɩɨɪɹɞɤɟ 
ɭɛɵɜɚɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ Ȼ.1 ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

 
Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ ܲሺ݉ሻ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ܲሺ݉ሻ = ݉݊ + ͳ ∙ ͳͲͲ%,                                                                                            ሺʹ.ͳሻ 

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

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦɢ 90% ɢ 50% 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɬɚɛɥɢɰɚ Ȼ.1.). 

 
2.2.1 ȼɵɛɨɪ ɪɚɫɱёɬɧɨɝɨ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ (Ɋ=50%) 

 
Ⱦɥɹ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ Ɋ=50% ɩɪɢɧɢɦɚɟɦ 1966 ɝɨɞ ɢ ɜɵɱɢɫɥɹɟɦ  

ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɸ: 
 ʙ˒ = ܳ˒.˄˃ˊܳ˒ଵଽ଺଺ = ͷͻ͸ͷͻ͸ = ͳ,                                                                                         ሺʹ.ʹሻ 
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ʙˏ = ܳˏ.˄˃ˊܳˏଵଽ଺଺ = ʹ͹Ͷͳ = Ͳ,͸͸                                                                                     ሺʹ.͵ሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɪɚɜɟɧ 1 ɞɥɹ 1966 ɝ. Ɍɚɤ ɤɚɤ ɨɞɢɧ ɢɡ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɜɟɧ 1, ɬɨ ɩɪɢɜɟɞɟɧɢɟ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɞɟɥɚɬɶ ɧɟ ɧɭɠɧɨ. 
Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɜ ɪɚɫɱɟɬɧɨɦ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2 

 
Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɯɨɞɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ 1966 ɝɨɞɚ (Ɋ=50%)  

Ɇɟɫɹɰɵ I II III IV V VI VII VIII IX X XI XII ܳ˔˓.ˆ. ܳ˄˃ˊଵଽ଺଺, ˏଷ/ܿ 6 8 8 9 502 761 801 631 283 202 40 14 272 

 

2.2.2 ȼɵɛɨɪ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (Ɋ=90%) 
 
ɉɪɢɧɢɦɚɟɦ 1953 ɝɨɞ ɛɚɡɨɜɵɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ P=90% ɢ ɫɱɢɬɚɟɦ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɹ: 
 ʙ˒ = ܳˏ.˄˃ˊܳˏଵଽସ଴ = Ͷ͹ͳͶͶͺ = ͳ,Ͳͷ,                                                                                  ሺʹ.Ͷሻ 

 ʙˏ = ܳ˒.˄˃ˊܳ˒ଵଽସ଴ = ͳʹ͵͵ = Ͳ,͵͸                                                                                      ሺʹ.ͷሻ 

 
ɉɪɨɢɡɜɨɞɢɦ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ. Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɜ ɪɚɫɱɟɬɧɨɦ 

ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 
 
Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ 1953 ɝɨɞɚ (Ɋ=90%) 

Ɋ=90% I II III IV V VI VII VIII IX X XI XII ܳ˔˓.ˆ. ܳ˄˃ˊଵଽହଽ, ˏଷ/˔ 5 5,5 5,9 13,7 275 728 757 275 203 170 23 5,3 206 ܳ˒˓ଵଽହଽ, ˏଷ/˔ 2 2 2 5 289 765 796 289 213 62 8 2 203 ܳˍˑ˓ଵଽହଽ, ˏଷ/˔ 3 3 3 7 289 765 796 289 213 85 12 3 206 

 
ɍɬɨɱɧɢɜ ɨɤɨɧɱɚɬɟɥɶɧɨ ɪɚɫɱɟɬɧɵɟ ɝɢɞɪɨɝɪɚɮɵ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ 

ɦɚɥɨɜɨɞɧɨɝɨ ɥɟɬ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ, ɧɟ ɩɪɟɜɵɲɚɸɬ ɥɢ ɜ ɤɚɤɢɟ-ɥɢɛɨ ɦɟɫɹɰɵ 
ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɚɧɚɥɨɝɢɱɧɵɯ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ. ȼ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɨɞɢɧ ɪɚɫɯɨɞ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ ɛɨɥɶɲɟ ɫɪɟɞɧɟɜɨɞɧɨɝɨ, ɩɨɷɬɨɦɭ 
ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ. Ɋɟɡɭɥɶɬɚɬɵ ɤɨɪɪɟɤɬɢɪɨɜɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4.  

 
Ɍɚɛɥɢɰɚ 2.4 – Ʉɨɪɪɟɤɬɢɪɨɜɤɚ ɪɚɫɯɨɞɨɜ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

Ɇɟɫɹɰ I II III IV V VI VII VIII IX X XI XII ܳ˔˓.ˆ. ܳˍˑ˓ଵଽ଺଺, ˏଷ/ܿ 6 8 8 9 502 761 801 631 283 202 40 14 272 ܳˍˑ˓ଵଽହଽ, ˏଷ/˔ 3 3 3 7 289 765 796 289 213 85 12 3 206 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.4 
Ɇɟɫɹɰ I II III IV V VI VII VIII IX X XI XII ܳ˔˓.ˆ. ܳˍˑ˓ଵଽ଺଺ − ܳˍˑ˓ଵଽହଽ  3 5 5 2 213 -4 5 342 70 117 28 11  

Ʉɨɪɪɟɤɬɢɪɨɜɤɚ 0 0 0 0 -1 4 -1 -1 -1 0 0 0 0 ܳˍˑ˓ଵଽ଺଺, ˏଷ/ܿ 6 8 8 9 501 765 800 630 282 202 40 14 272 

 
ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 2.4 ɜɵɩɨɥɧɹɟɦ ɩɨɫɬɪɨɟɧɢɟ ɝɢɞɪɨɝɪɚɮɚ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 

 
Ɋɢɫɭɧɨɤ 2.1 – Ƚɢɞɪɨɝɪɚɮ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɢ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 

 
2.3 ɉɨɫɬɪɨɟɧɢɟ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 

 
ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɭɸɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɱɟɣ 

ɦɨɳɧɨɫɬɢ Ƚɗɋ ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɟ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ 
ɨɩɪɟɞɟɥɟɧɚ ɜ ɯɨɞɟ ɜɨɞɧɨ - ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ.  

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ ɧɚɝɪɭɡɤɢ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ 
ɮɨɪɦɭɥɚɦ 2.6 ɢ 2.7.  

 ௧ܲ́ = ௖ܲ௠௔௫(ߙ௧́ ∙ ˊ˕˖˔ߚ + ܾ௧́ ൯,                                                                                    ሺʹ.͸ሻ  
 ௧ܲˎ = ௖ܲ௠௔௫ ∙ ˎ௧ߙ)ˎߙ ∙ ˎ˕˖˔ߚ + ܾ௧ˎ ൯,                                                                           ሺʹ.͹ሻ  
 

ɝɞɟ ߚ˔˖˕ˊ , ௧́ߙ , ܾ௧́ , ௧́ߙ , ܾ௧ˎ  - ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚɝɪɭɡɤɢ ɬɢɩɨɜɵɯ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢɤɨɜ 
ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɣɨɧɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ.  

0

100

200

300

400

500

600

700

800

900

1 3 5 7 9 11

Q ɦ3/ɫ

Ɇɟɫɹɰ
1959 (90%) 1966 (50%)



16 

ɇɚ ɨɫɧɨɜɟ ɮɨɪɦɭɥ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚɝɪɭɡɤɢ ɜ ɥɸɛɨɣ ɱɚɫ ɫɭɬɨɤ ɡɢɦɵ ɢ ɥɟɬɚ 
(ɬɚɛɥɢɰɚ Ȼ.2).  

 
2.4 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ 

ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ (ɝɪɚɮɢɤ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ) ɢ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɣ (ɝɪɚɮɢɤ ɫɪɟɞɧɢɯ ɦɨɳɧɨɫɬɟɣ). 
Ƚɨɞɨɜɨɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɨɤ ɫɬɪɨɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɚɦ ɤɨɫɢɧɭɫɚ: 
 ௧ܲ௠௔௫ = ܽ + ܾ ∙ cos   ሺʹ.ͺሻ                                                                                             ,ߙ
ߙ  = |͵Ͳ°ݐ − ͳͷ°| ∙ ͵,ͳͶ/ͳͺͲ°,                                                                              ሺʹ.ͻሻ  
 ܽ = 𝑃𝑚ೌ𝑥ˊ +𝑃𝑚ೌ𝑥ˎଶ ,                                                                                                        ሺʹ.ͳͲሻ  

 ܾ = 𝑃𝑚ೌ𝑥ˊ −𝑃𝑚ೌ𝑥ˎଶ                                                                                                          ሺʹ.ͳͳሻ  

 
Ɍɚɛɥɢɰɚ 2.5 – Ƚɨɞɨɜɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ  

t α cosα Pt.max, Ɇȼɬ Pt.ɫɪɟɞɧ, Ɇȼɬ 
1 0,262 0,966 1190 952 
2 0,785 0,707 1114 895 
3 1,308 0,259 981 796 
4 1,832 -0,258 828 682 
5 2,355 -0,706 696 583 
6 2,878 -0,966 619 526 
7 3,402 -0,966 619 526 
8 3,925 -0,709 696 583 
9 4,448 -0,261 828 682 
10 4,972 0,256 981 795 
11 5,495 0,705 1114 895 
12 6,018 0,965 1190 952 

 
ɇɚ ɨɫɧɨɜɟ ɪɚɫɱёɬɨɜ ɜɵɩɨɥɧɹɟɦ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 

ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2.2. 
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Ɋɢɫɭɧɨɤ 2.2 – Ƚɪɚɮɢɤ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ 

 
2.5 ɉɨɫɬɪɨɟɧɢɟ ɂɄɇ 
 

ɂɄɇ ɧɭɠɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɩɪɢ ɢɡɜɟɫɬɧɨɣ 
ɷɧɟɪɝɨɨɬɞɚɱɟ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧɵ ɪɚɛɨɬɵ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɣ. Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɡɢɦɧɢɯ ɢ ɥɟɬɧɢɯ 
ɫɭɬɨɤ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6 ɢ ɬɚɛɥɢɰɟ 2.7 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɍɚɛɥɢɰɚ 2.6 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ  

t P, Ɇȼɬ 
∆P, Ɇȼɬ 

∆ɗ, ɦɥɧ. ɤȼɬ·ɱ Pɤɨɨɪɞ, Ɇȼɬ 
ɗɤɨɨɪɞ, ɦɥɧ. 

ɤȼɬ·ɱ 
1 1200 25 0,025 25 0,025 
2 1175 11 0,022 36 0,047 
3 1164 9 0,027 45 0,074 
4 1155 19 0,076 64 0,15 
5 1136 8 0,04 72 0,19 
6 1128 6 0,036 78 0,226 
7 1122 6 0,042 84 0,268 
8 1116 18 0,144 102 0,412 
9 1098 11 0,099 113 0,511 

10 1087 13 0,13 126 0,641 
11 1074 8 0,088 134 0,729 
12 1066 27 0,324 161 1,053 
13 1039 23 0,299 184 1,352 
14 1016 14 0,196 198 1,548 
15 1002 122 1,83 320 3,378 
16 880 45 0,72 365 4,098 
17 835 103 1,751 468 5,849 
18 732 16 0,288 484 6,137 
19 716 41 0,779 525 6,916 
20 675 2 0,04 527 6,956 
21 673 15 0,315 542 7,271 
22 658 0 0 542 7,271 
23 658 36 0,828 578 8,099 
24 622 622 14,928 1200 23,027 
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Ɍɚɛɥɢɰɚ 2.7 – Ʉɨɨɪɞɢɧɚɬɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ  

t P, Ɇȼɬ 
∆P, Ɇȼɬ 

∆ɗ, ɦɥɧ. ɤȼɬ·ɱ Pɤɨɨɪɞ, Ɇȼɬ 
ɗɤɨɨɪɞ, ɦɥɧ. 

ɤȼɬ·ɱ 
1 609 2 0,002 2 0,002 
2 607 11 0,022 13 0,024 
3 596 10 0,03 23 0,054 
4 586 0 0 23 0,054 
5 586 12 0,06 35 0,114 
6 574 3 0,018 38 0,132 
7 571 8 0,056 46 0,188 
8 563 0 0 46 0,188 
9 563 5 0,045 51 0,233 

10 558 6 0,06 57 0,293 
11 552 0 0 57 0,293 
12 552 5 0,06 62 0,353 
13 547 15 0,195 77 0,548 
14 532 1 0,014 78 0,562 
15 531 17 0,255 95 0,817 
16 514 45 0,72 140 1,537 
17 469 18 0,306 158 1,843 
18 451 18 0,324 176 2,167 
19 433 14 0,266 190 2,433 
20 419 4 0,08 194 2,513 
21 415 12 0,252 206 2,765 
22 403 0 0 206 2,765 
23 403 2 0,046 208 2,811 
24 401 401 9,624 609 12,435 

 
ɇɚ ɨɫɧɨɜɟ ɬɚɛɥɢɰɵ 2.6 ɢ ɬɚɛɥɢɰɵ 2.7 ɜɵɩɨɥɧɹɟɦ ɩɨɫɬɪɨɟɧɢɟ ɂɄɇ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ Ȼ.1 ɢ ɪɢɫɭɧɤɟ Ȼ.2. 
 
2.6 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 

ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 
 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1959 ɝ.) ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɹ 

ɩɨɥɟɡɧɵɯ ɪɚɫɯɨɞɨɜ ɩɨ ɮɨɪɦɭɥɟ: 
 ܳ˒ˑˎ = ܳଽ଴% − ܳˋ˔˒ − ܳ˗ − ܳˎˈˇ − ܳ˛ˎ,                                                         (2.12) 
 

ɝɞɟ ܳଽ଴% – ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (ɞɥɹ 90% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ), ɦ3/ɫ; ܳˋ˔˒ – ɩɨɬɟɪɢ ɧɚ ɢɫɩɚɪɟɧɢɹ, ɦ3/ɫ; ܳ˗ – ɩɨɬɟɪɢ ɧɚ ɮɢɥɶɬɪɚɰɢɸ, ɦ3/ɫ; ܳˎˈˇ– ɩɨɬɟɪɢ ɧɚ ɥɶɞɨɨɛɪɚɡɨɜɚɧɢɟ, ɦ3/ɫ;  ܳ˛ˎ– ɩɨɬɟɪɢ ɧɚ ɲɥɸɡɵ ɢ ɪɵɛɨɩɪɨɩɭɫɤɧɵɟ ɫɨɨɪɭɠɟɧɢɹ ɜ ɦɟɫɹɰɵ, ɝɞɟ ɢɞёɬ 
ɪɵɛɚ, ɦ3/ɫ. 

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

 ʐܰ˞˕.ʒЭʠ = ݇𝑁 ∙ ܳ˒ˑˎ ∙  ʒЭʠ˒ˑˇ˅,                                                                                 ሺʹ.ͳ͵ሻܪ
 
ɝɞɟ ݇𝑁 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ݇𝑁  =  ͺ,͸; 
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 ܳ˒ˑˎ– ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; 
 .ʒЭʠ˒ˑˇ˅– ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋܪ 
˅ˇʒЭʠ˒ˑܪ  = ܼʑʐ − ܼʜʐ(ܳʜʐሺݐሻ൯ − ∆ℎ,                                                                    ሺʹ.ͳͶሻ 
 
ɝɞɟ ܼʑʐ– ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ  ʜʞʢ, ɦ; ܼʜʐ(ܳʜʐሺݐሻ൯ – ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɥɟɬɧɟɣ ɢɥɢ 
ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; ∆ℎ– ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ∆ℎ = Ͳ,Ͷ͹ ɦ. 

 
Ɇɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ: 

 ʑܰʤʙ = ݇𝑁 ∙ ܳʑʤʙ ∙  ʒЭʠ˒ˑˇ˅,                                                                                     ሺʹ.ͳͷሻܪ
 

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

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ, ɬɚɛɥɢɰɚ Ȼ.3. 
Ⱦɚɧɧɵɣ ɪɚɫɱёɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɹɰɟɜ, ɜ ɤɨɬɨɪɵɟ Ƚɗɋ 

ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɯɨɞɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ȼɏɄ. 
Ɉɩɪɟɞɟɥɹɟɦ ɢɡɛɵɬɨɤ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɩɨɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ, ɤɨɬɨɪɵɟ 

ɛɭɞɭɬ ɩɟɪɟɧɨɫɢɬɶɫɹ ɧɚ ɡɢɦɭ: 
 ˋܰˊ˄ = ∑ ˄ܰ˞˕ − ∑ ʑܰʤʙ =  ͳͺͲ ʛʑ˕                                                         ሺʹ.ͳ͸ሻ 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.8 ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɩɥɚɤɚɬɟ «ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ». 
ɇɚ ɝɪɚɮɢɤɟ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɩɪɨɜɨɞɢɦ ɥɢɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɬɚɤ, ɱɬɨɛɵ ɩɥɨɳɚɞɶ, ɡɚɤɥɸɱёɧɧɚɹ ɦɟɠɞɭ ɥɢɧɢɟɣ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ˅ܰ˘ˍ ɛɵɥɚ ɪɚɜɧɚ ˋܰˊ˄ = ͳͺͲ ʛʑ˕. 
Ɂɚ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ ɧɚɲɟɦ 

ɫɥɭɱɚɟ ɷɬɨ ɨɤɬɹɛɪɶ. ɂɡ ɝɪɚɮɢɤɚ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɜɢɞɧɨ, ɱɬɨ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɩɨɩɚɥɢ 4 ɦɟɫɹɰɚ, ɚ ɜ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ Ƚɗɋ ɪɚɛɨɬɚɟɬ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. 
 
Ɍɚɛɥɢɰɚ 2.8 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 

Ɇɟɫɹɰ ̝ܲ ˓, ʛʑ˕ ˄ܰ˞˕, Ɇȼɬ ˅ܰ˘ˍ, Ɇȼɬ ˔ܰ˖˜.ʒЭʠ, Ɇȼɬ 

1 1907 57 128 480 

2 1839 56 128 476 

3 1721 64 128 400 

4 1586 97 129 360 

5 1468 452 129 348 

6 1400 469 129 320 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.8 
Ɇɟɫɹɰ ̝ܲ ˓, ʛʑ˕ ˄ܰ˞˕, Ɇȼɬ ˅ܰ˘ˍ, Ɇȼɬ ˔ܰ˖˜.ʒЭʠ, Ɇȼɬ 

7 1400 326 129 320 

8 1467 251 129 348 

9 1585 168 129 360 

10 1720 115 129 400 

11 1838 81 128 476 

12 1907 66 128 480 

 
2.7 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ (ȼɗɊ) ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ 

ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ 
 
ɉɪɨɢɡɜɨɞɢɦ ɧɟɫɤɨɥɶɤɨ ɢɬɟɪɚɰɢɣ ȼɗɊ, ɩɟɪɟɦɟɳɚɹ ɥɢɧɢɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 

ɦɨɳɧɨɫɬɢ ɧɚ ɛɚɥɚɧɫɟ ɷɧɟɪɝɢɢ ɞɨ ɩɨɥɧɨɝɨ ɫɨɜɩɚɞɟɧɢɹ ɨɬɦɟɬɨɤ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ 
ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɪɚɫɱёɬɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɢ ɩɨɥɨɠɟɧɢɢ ɥɢɧɢɢ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ (ɬɚɛɥɢɰɚ Ȼ.4). 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
• ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ, ɞɟɤɚɛɪɹ – ˆܰ˃˓ = ͳ͵Ͷ ʛʑ˕; 
• ɭɪɨɜɟɧɶ ɦёɪɬɜɨɝɨ ɨɛɴёɦɚ – ʢʛʝ = ͵Ͳͷ,͵ͳ ˏ; 
• ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ – ܸ˒ ˑˎˈˊː = Ͷ,ʹͶ ˍˏଷ. 
ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ȼɗɊ ɧɟɨɛɯɨɞɢɦɨ ɭɛɟɞɢɬɶɫɹ ɜ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɨɪɚ 

ɯɚɪɚɤɬɟɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɱɧɨɝɨ ɫɬɨɤɚ ɜ ɫɬɜɨɪɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ. Ⱦɥɹ ɷɬɨɝɨ 
ɨɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ [3], ɪɚɜɧɵɣ: 

ߚ  = ܸ˒ ˑˎˈˊːܹ̅ = Ͷ,ʹͶ ∙ ͳͲଽͺ,͵͸ ∙ ͳͲଽ = Ͳ,ͷͳ,                                                                       ሺʹ.ͳ͹ሻ 

 
ɝɞɟ ܹ̅ – ɫɪɟɞɧɢɣ ɡɚ ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɨɛɴɟɦ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ Ƚɗɋ, ɪɚɜɧɵɣ: 

 ܹ = Σܳˆˑˇ˔˓ · ͳͲ−ଽݐ = ʹ͸ͷ · ͵͸ͷ · ʹͶ · ͵͸ͲͲͳͲ−ଽ = ͳͺ,ͳ͵ ˍˏଷ                                  ሺʹ.ͳͺሻ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ߚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɨɞɨɜɨɦɭ ɯɚɪɚɤɬɟɪɭ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
 
2.8 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ 
 
Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ – ɷɬɨ ɦɝɧɨɜɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɜ 

ɷɧɟɪɝɨɫɢɫɬɟɦɭ ɪɚɛɨɬɚɸɳɢɦɢ ɝɢɞɪɨɚɝɪɟɝɚɬɚɦɢ Ƚɗɋ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ 
ɪɚɛɨɱɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɜɩɢɫɚɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɭɸ Ƚɗɋ ɜ ɧɟ ɡɚɧɹɬɭɸ ɫɭɳɟɫɬɜɭɸɳɢɦɢ Ƚɗɋ ɩɢɤɨɜɭɸ ɢ ɩɨɥɭɩɢɤɨɜɭɸ 
ɡɨɧɭ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ. 
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Ɉɞɧɚɤɨ ɟɫɬɶ ɨɛɹɡɚɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ: ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɫɚɧɢɬɚɪɧɵɣ 
ɩɨɩɭɫɤ ɜ ɧɢɠɧɢɣ ɛɶɟɮ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɱɚɫɬɶ ɦɨɳɧɨɫɬɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
ɨɛɹɡɚɧɚ ɨɬɞɚɜɚɬɶ ɜ ɛɚɡɨɜɨɦ ɪɟɠɢɦɟ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ ɡɢɦɧɢɯ ɫɭɬɨɤ ɜ ɹɧɜɚɪɟ.  
Ɋɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ: 
 ˓ܰ˃˄ = ˄ܰ˃ˊ + ˒ܰˋˍ                                                                                                ሺʹ.ͳͻሻ 
 
ɂɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ ɜɵɬɟɤɚɟɬ ɪɚɫɱёɬ 

ɱɚɫɬɢ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɩɨ ɮɨɪɦɭɥɟ: 
 ˄ܰ˃ˊ˔˃ː.˒ˑ˒ = ݇𝑁 ∙ ܳ˔.˒ ∙ ܪ = ͺ,͸ ∙ ͹Ͳ ∙ Ͷͳ,͵ʹ = ʹͷ ʛʑ˕                                  ሺʹ.ʹͲሻ 

 
ɝɞɟ ܳ˔.˒ = 70 ɦ3/ɫ – ɪɚɫɯɨɞ ɫɚɧɢɬɚɪɧɨɝɨ ɩɨɩɭɫɤɚ; 

H = 41,32 ɦ – ɧɚɩɨɪ ɜ ɞɚɧɧɨɦ ɦɟɫɹɰɟ; ݇𝑁 = 8,6 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɛɚɡɨɜɨɣ ɦɨɳɧɨɫɬɢ, ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
 Э˄˃ˊ˔˃ː.˒ˑ˒ = ˄ܰ˃ˊ˔˃ː.˒ˑ˒ ∙ ʹͶ = ʹͷ ∙ ʹͶ = Ͳ,͸ ˏˎː ˍʑ˕ ∙ ˚                                   ሺʹ.ʹͳሻ 
 
ɉɨɥɭɱɟɧɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɪɚɡɦɟɳɚɟɬɫɹ ɜ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ.  
ȼ ɰɟɥɨɦ ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɷɧɟɪɝɨɨɬɞɚɱɚ ɡɚ ɫɭɬɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ: 
 Эˆ˃˓ = ˆܰ˃˓ ∙ ʹͶͳͲͲͲ = ͳ͵Ͷ ∙ ʹͶͳͲͲͲ = ͵,ʹʹ ˏˎː ˍʑ˕ ∙ ˚                                 ሺʹ.ʹʹሻ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɪɚɛɨɬɤɚ ɜ ɩɢɤɨɜɨɣ ɡɨɧɟ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɪɚɜɧɚ: 
 Э′˒ˋˍ = Эˆ˃˓ − Э˄˃ˊ˔˃ː.˒ˑ˒ = ͵,ʹʹ − Ͳ,͸ = ʹ,͸ʹ ˏˎː ˍʑ˕ ∙ ˚                          ሺʹ.ʹ͵ሻ 
 
ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɱɚɫɬɶ ɩɢɤɨɜɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɨɤɚɡɚɥɚɫɶ ɜ ɛɚɡɟ, ɫɥɟɞɭɟɬ 

ɡɧɚɱɟɧɢɹ ɜɵɪɚɛɨɬɤɢ ɢ ɦɨɳɧɨɫɬɢ ɞɚɧɧɨɣ ɱɚɫɬɢ ɜɵɱɟɫɬɶ ɢɡ ɩɢɤɚ ɢ ɞɨɛɚɜɢɬɶ ɤ 
ɛɚɡɨɜɨɣ ɱɚɫɬɢ. 

Ɍɨɝɞɚ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ ɞɥɹ ɹɧɜɚɪɹ ɪɚɜɧɚ: 
 ˓ܰ˃˄ = ʹͷ + ͳ͵Ͷ = ͳͷͻ ʛʑ˕  
 ˓ܰ˃˄ˆܰ˃˓ = ͳͷͻͳ͵Ͷ = ͳ,ͳͻ ൑ ͳ,ʹͲ                                                                                 ሺʹ.ʹͶሻ 

 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ (ɹɧɜɚɪɶ–ɞɟɤɚɛɪɶ) ɧɟ 

ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ ɦɨɳɧɨɫɬɶ ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ, ɱɬɨɛɵ 
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ɨɛɟɫɩɟɱɢɬɶ ɷɤɨɧɨɦɢɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ. Ⱦɥɹ ɪɟɝɢɨɧɨɜ 
ɋɢɛɢɪɢ ɢ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ ɷɬɨ ɨɝɪɚɧɢɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 1,2 ɪɚɡɚ. 

ɉɪɨɜɟɞɹ ɚɧɚɥɨɝɢɱɧɭɸ ɪɚɛɨɬɭ ɧɚ ɡɚɪɚɧɟɟ ɩɨɫɬɪɨɟɧɧɵɯ ɂɄɇ ɧɚɯɨɞɢɦ 
ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ. ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɨɞɢɦ ɜ 
ɬɚɛɥɢɰɭ Ȼ.5 ɩɪɢɥɨɠɟɧɢɹ Ȼ. 

 
2.9 Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɪɚɫɱɟɬ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ 
 

Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɟɣ ɧɚ 
ɩɨɤɪɵɬɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɜɫɟɦɢ ɭɱɚɫɬɧɢɤɚɦɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ 
ɪɚɡɦɟɳɟɧɢɟ ɪɟɡɟɪɜɨɜ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɤɨɧɤɪɟɬɧɵɦ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦ. 

ɇɚ ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɫ ɩɢɤɚ ɨɬɤɥɚɞɵɜɚɸɬɫɹ 
ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ Ƚɗɋ. ɇɢɠɟ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɰɢɣ 
ɜɩɢɫɵɜɚɸɬɫɹ ɪɚɛɨɱɢɟ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɬɚɧɰɢɢ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɤɪɢɬɟɪɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɩɪɨɜɨɞɢɬɫɹ ɥɢɧɢɹ, 
ɜɵɪɚɜɧɢɜɚɸɳɚɹ ɧɢɠɧɸɸ ɨɝɢɛɚɸɳɭɸ ɦɨɳɧɨɫɬɟɣ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɡɢɦɧɢɟ 
ɦɟɫɹɰɵ, ɩɨɩɚɜɲɢɟ ɩɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. ɗɬɚ ɥɢɧɢɹ ɞɨɥɠɧɚ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɬɟ ɠɟ 
ɦɟɫɹɰɵ, ɱɬɨ ɢ ɧɚ ɛɚɥɚɧɫɟ ɷɧɟɪɝɢɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɨɣ ɥɢɧɢɟɣ ɭɬɨɱɧɹɸɬɫɹ 
ɡɨɧɵ ɪɚɛɨɬɵ Ƚɗɋ ɧɚ ɂɄɇ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ. 

ɇɚɞ ɝɪɚɮɢɤɨɦ ɪɚɡɦɟɳɚɸɬɫɹ ɪɟɡɟɪɜɵ ɢ ɪɟɦɨɧɬɵ, ɬɚɤ ɤɚɤ ɷɬɢ ɦɨɳɧɨɫɬɢ ɧɟ 
ɭɱɚɫɬɜɭɸɬ ɜ ɩɨɤɪɵɬɢɢ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɵ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɟɡɟɪɜɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ: 
• ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɱɚɫɬɨɬɵ ɢ 

ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɜ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɚɯ. ɗɬɨɬ ɪɟɡɟɪɜ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 1% ɞɨ 
3% ɡɢɦɧɟɝɨ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ ɛɨɥɶɲɢɯ ɷɧɟɪɝɨɫɢɫɬɟɦ – 1%, ɞɥɹ ɫɪɟɞɧɢɯ 
– 2%; ɞɥɹ ɦɚɥɟɧɶɤɢɯ ɢɥɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɷɧɟɪɝɨɫɢɫɬɟɦ – 3%; 

• Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɜɵɛɢɪɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 10% ɡɢɦɧɟɝɨ 
ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ. Ɋɚɡɦɟɳɚɟɬɫɹ ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɬɨɥɶɤɨ ɧɚ Ɍɗɋ; 

• Ɋɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ. Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ 
ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ. ɟ. ɤɨɝɞɚ ɧɚ Ƚɗɋ 
ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ ɦɨɳɧɨɫɬɶ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɩɨɥɨɜɨɞɶɹ, ɧɨ ɞɨ ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ. Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɦɨɠɧɨ ɩɥɚɧɢɪɨɜɚɬɶ 
ɬɚɤɠɟ ɨɞɢɧ ɪɚɡ ɜ 6 ɥɟɬ ɫ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 60–120 ɞɧɟɣ. Ɋɚɡɦɟɫɬɢɬɶ 
ɪɟɦɨɧɬɧɵɣ ɪɟɡɟɪɜ Ɍɗɋ ɦɨɠɧɨ ɜ ɥɟɬɧɢɟ ɦɟɫɹɰɵ, ɜ ɩɪɨɜɚɥ ɧɚɝɪɭɡɤɢ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

Ɋɚɫɱɟɬɵ ɦɨɳɧɨɫɬɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ Ȼ.6: 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ Ȼ.6 ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɩɥɚɤɚɬɟ «ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ». 
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2.10 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɩɨ ɭɫɥɨɜɢɸ 
ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 

Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ – ɨɩɪɟɞɟɥɢɬɶ 
ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɠɢɦ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ, 
ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ Ȼ.7. 

ɉɨ ɞɚɧɧɵɦ ɪɚɫɱёɬɚ ɩɨɥɭɱɚɟɦ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ, ɪɚɜɧɭɸ: 
 ∑ Э = ͺͶʹ,Ͷ ˏˎː. ˍʑ˕ ∙ ˚ 

 
ɋɬɪɨɢɦ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ 

ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ, ɨɛɴɟɞɢɧёɧɧɵɣ ɫ ɦɚɥɨɜɨɞɧɵɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 
2.3. 

 
Ɋɢɫɭɧɨɤ 2.3 – Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ 
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3 Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 
 

3.1 ɉɨɫɬɪɨɟɧɢɟ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 
 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ 
ɪɢɫɭɧɤɟ 3.1, ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ. Ɍɚɤɠɟ 
ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɧɟɡɚɦɟɧɢɦɨ ɩɪɢ ɜɵɛɨɪɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ Ƚɍɏ. 

Ɇɟɬɨɞɢɤɚ ɫɨɫɬɚɜɥɟɧɢɹ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɪɢɜɟɞɟɧɚ ɜ ɦɟɬɨɞɢɱɟɫɤɨɦ 
ɩɨɫɨɛɢɢ [2], ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
 
Ɍɚɛɥɢɰɚ 3.1–Ⱦɚɧɧɵɟ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ȼȻ 
ɢ ɇȻ 

ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɪɚɫɱɟɬɧɨɣ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ 
ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ ܳː˄, ˏଷ/ܿ 

ܼː˄, ˏ 
ʜʜʞʢ, ˏ 

ʜʢʛʝ, ˏ 
˚˔˃˓ܪ , 

ɦ 
,ܪ ˏ ܳ, ˏଷ/ܿ ܪ, ˏ ܳ, ˏଷ/ܿ 

0 263 46,53 41,84 44,17 47 413,16 45 484,21 

100 264,06 45,47 40,78 43,11 46 422,14 44 478,8 

200 264,76 44,77 40,08 42,41 45 431,52 43 473,33 

300 265,21 44,32 39,63 41,96 44 441,33 42 467,79 

400 265,5 44,03 39,34 41,67 43 451,6 41 462,19 

500 265,69 43,84 39,15 41,48 42 462,35 40 456,52 

600 265,82 43,71 39,02 41,35 41 473,62 39 450,78 

700 265,91 43,62 38,93 41,26 40 485,47 38 444,96 

800 265,99 43,54 38,85 41,18 39 497,91 37 439,07 

900 266,06 43,47 38,78 41,11 38 511,02 36 433,09 

1000 266,13 43,4 38,71 41,04 37 524,83 35 427,03 

1100 266,19 43,34 38,65 40,98 36 539,41 34 420,89 

1200 266,25 43,28 38,59 40,92 35 554,82 33 414,65 

1300 266,29 43,24 38,55 40,88 34 571,14 32 408,32 

1400 266,34 43,19 38,5 40,83 33 588,44 31 401,89 

 
Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɢɫɯɨɞɹ ɢɡ ɪɟɠɢɦɧɨɝɨ 

ɩɨɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 
 

Ɍɚɛɥɢɰɚ 3.2 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ܪ௠௔௫ , ɦ ܪɪɚɫч, ɦ ܪ௠𝑖௡, ɦ ܳ௠𝑖௡, ɦଷ/ɫ ܳ௠௔௫, ɦଷ/ɫ ܪ௠𝑖௡/ܪ௠௔௫ 
45,7 41,5 39,25 70 465 0,86 
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Ɋɢɫɭɧɨɤ 3.1–Ɋɟɠɢɦɧɨɟ ɩɨɥɟ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ 
  

3.2 ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
 

ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɬɢɩɚ ɬɭɪɛɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɧɚɩɨɪɭ, 
ɬɚɤ ɱɬɨɛɵ ɡɧɚɱɟɧɢɟ ܪ௠௔௫= 45,7 ɦ ɛɵɥɨ ɛɥɢɡɤɨ ɤ ɩɪɟɞɟɥɶɧɨɦɭ ɧɚɩɨɪɭ ܪ˒˓ˈˇ 
ɜɵɛɪɚɧɧɨɝɨ ɬɢɩɚ, ɧɨ ɧɟ ɩɪɟɜɵɲɚɥɨ ɟɝɨ. 

Ɂɚɞɚɧɧɵɦ ɭɫɥɨɜɢɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɭɪɛɢɧɵ ɉɅ50-ȼ, ɉɅȾ50-ȼ60 ɢ ɊɈ45-
ȼ, ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.3: 

 
Ɍɚɛɥɢɰɚ 3.3 – ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɵɯ ɬɢɩɨɜ ɦɨɞɟɥɶɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 

ɉɚɪɚɦɟɬɪ ɉɅ50-ȼ ɉɅȾ50-ȼ60 ɊɈ45-ȼ ܪ˒˓ˈˇ, ௠𝑖௡ܪ 45 50 50 ˏ ⁄௠௔௫ܪ  0,5 0,5 0,60 ݊′ଵ   ௢௣௧ , ˑ˄/ˏ 116 113 82 

ଵܳ   ௢௣௧ , ௢௣௧ 0,916 0,910 0,921 ܳ′ଵ   ௠௔௫ˏߟ 1200 1100 1000 ˔/ˎ , ˏଷ/˔ 1,5 1,65 1,43 𝜎 ሺ ଵܳ  ௠௔௫, ሻ 0,6 0,6 0,23 ܦଵ   ௠ , ,ˏܪ 0,460 0,46 0,46 ˏ ,ˇˑˏݐ 4 5 12 ˏ ℃ 21 16 8 
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Ɋɚɫɱ. Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ
Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɋɚɧ ɩɨɩɭɫɤ
Ʌɢɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ Ʌɢɧɢɹ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ
Ʌɢɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ Ʌɢɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ
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ɉɪɢ ɪɚɫɱɟɬɚɯ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶɫɹ  ɞɢɚɦɟɬɪɚɦɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ.  
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɤɚɠɞɨɝɨ ɞɢɚɦɟɬɪɚ [2] 

ɩɨ ɮɨɪɦɭɥɟ 
 

ʡߟ = ͳ − ሺͳ − ሻˏߟ ∙ ൮ሺͳ − ሻߝ + ߝ ∙ ଵఱܦˏଵܦ√ ∙ 𝑁˓భబܪˏܪ√ ∙ ఱˏݒːݒ√ ),                          ሺ͵.ͳሻ 

 
ɝɞɟ ߟˏ, ,ˏଵܦ ,ଵܦ ;ɄɉȾ, ɞɢɚɦɟɬɪ ɢ ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ – ˏܪ ,ˏݒ ;𝑁˓ – ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵܪ  ː – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɦɨɞɟɥɶɧɨɣ ɢݒ
ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ 
ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ ݐˏ;  ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ – ߝ ;ːݐ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɩɨɬɟɪɹɦ ɢ ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 0,75. 

Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ, ɤɨɬɨɪɭɸ ɞɚɥɟɟ ɩɟɪɟɫɱɢɬɵɜɚɟɦ 
ɩɨɫɥɟ ɭɬɨɱɧɟɧɢɹ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ: 

 ˃ܰ′ = ͻ,ͺͳ ∙ ܳூ′˓ ∙ ଵଶܦ ∙ 𝑃ଵ,ହܪ ∙ ˕ߟ ∙  ሺ͵.ʹሻ                                                                   ,˓̝ˆߟ
 

ɝɞɟ ܳூ′˓  – ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɍɏ ɬɭɪɛɢɧɵ 
(ɩɪɢɥɨɠɟɧɢɟ ȼ, ɪɢɫɭɧɨɤ ȼ.1, ȼ.2, ȼ.3); ܦଵ,  .ʒ̝˓ – ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚߟ ;ʡ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵߟ ;𝑃– ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵܪ

ɑɢɫɥɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ Ƚɗɋ ɚɝɪɟɝɚɬɨɜ: 
′˃ݖ  = ˖ܰ˔˕˒˓ʒЭʠܰ′˃ ,                                                                                                            ሺ͵.͵ሻ 

 
ɝɞɟ ˖ܰ˔˕˒˓ʒЭʠ = ͳ͸͹ ʛʑ˕ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ; ˃ܰ′ – ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ. 

 
ɋɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ, ɨɤɪɭɝɥɹɟɦ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɛɵɬɶ 

ɤɪɚɬɧɨ 2 ɢɥɢ 3. Ⱦɚɥɟɟ ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ. ɉɨɩɪɚɜɤɚ ɧɚ 
ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ: 

 ∆= ˏߟ˕ߟ ,                                                                                                                        ሺ͵.Ͷሻ 

 
ɝɞɟ ߟ˕ – ɄɉȾ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ; ߟˏ – ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ. 
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ɋɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ: 
 ݊˔ = ݊ூ˓′ ∙ 𝑃ܪ√ ∙ ଵܦ∆ ,                                                                                                   ሺ͵.ͷሻ 

 
ɝɞɟ ݊ூ˓′  – ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɍɏ ɜɵɛɪɚɧɧɨɣ 

ɬɭɪɛɢɧɵ; ܦଵ,  .𝑃– ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ∆ – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹܪ
 
ɉɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ. 
Ɂɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɥɹ ɧɚɩɨɪɨɜ ܪ௠௔௫,  ௠𝑖௡ܪ ,˓𝑁ܪ

ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 ݊ூ′ = ݊˔ ∙ ܪ√ଵܦ ∙ ∆,                                                                                                              ሺ͵.͸ሻ 

 
ɝɞɟ ݊˔ – ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ; ܪ– ɧɚɩɨɪɵ ܪ௠௔௫ ,  .௠𝑖௡; ∆ – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹܪ ,𝑃ܪ

ȼɫɟ ɪɚɫɱɟɬɵ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɭɪɛɢɧ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ 3.4, 3.5 ɢ 3.6. 
 

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

ɉɚɪɚɦɟɬɪ 
Ɂɧɚɱɟɧɢɟ 

 ʡ 0,916 0,917 0,918 0,919 0,92 0,922ߟ ଵ, ɦ 3,2 3,6 4 4,5 5 5,6ܦ 6 5 4 3 2 1

˃ܰ′, ˍʑ˕ 36083 45718 56503 71590 88479 111229 2 2 3 3 4 5 ˃ݖ 1,5 1,9 2,3 3 3,7 4,6 ′˃ݖ 

˃ܰ, ˍʑ˕ 33400 41750 55667 55667 83500 83500 ∆ 1,033 1,034 1,035 1,036 1,037 1,039 ݊′˔ଵ, ˑ˄/ˏˋː 237 211 190 169 152 136 ݊˔ଵ, ˑ˄/ˏˋː 250 214,3 200 187,5 166,7 136,4 ݊′ଵு௠௔௫ , ˑ˄/ˏˋː 122 118 122 129 127 116 ݊′ଵு˓, ˑ˄/ˏˋː 126 121 126 132 131 120 ݊′ଵு௠𝑖௡ , ˑ˄/ˏˋː 116 112 116 123 121 111 
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Ɍɚɛɥɢɰɚ 3.5 –Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ܦଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ50-ȼ60 

ɉɚɪɚɦɟɬɪ 
Ɂɧɚɱɟɧɢɟ 

 ʡ 0,927 0,928 0,929 0,930 0,931 0,932ߟ ଵ, ɦ 3,2 3,6 4 4,5 5 5,6ܦ 6 5 4 3 2 1

˃ܰ′, ˍʑ˕ 37718 47788 59061 74830 92482 116134 2 2 3 3 4 5 ˃ݖ 1,4 1,8 2,2 2,8 3,5 4,4 ′˃ݖ ˃ܰ, ˍʑ˕ 33400 41750 55667 55667 83500 83500 ∆ 1,039 1,040 1,041 1,043 1,044 1,045 ݊′˔ଵ, ˑ˄/ˏˋː 232 206 186 165 149 133 ݊˔ଵ, ˑ˄/ˏˋː 250 214,3 187,5 166,7 150 136,4 ݊′ଵு௠௔௫ , ˑ˄/ˏˋː 122 117 114 114 114 116 ݊′ଵு˓, ˑ˄/ˏˋː 125 121 117 117 117 119 ݊′ଵு௠𝑖௡ , ˑ˄/ˏˋː 116 112 109 109 109 110 

 
Ɍɚɛɥɢɰɚ 3.6 –Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ܦଵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ45-ȼ 

ɉɚɪɚɦɟɬɪ 
Ɂɧɚɱɟɧɢɟ 

 ʡ 0,912 0,914 0,915 0,916 0,917 0,919ߟ ଵ, ɦ 3,15 3,6 4 4,5 5 5,6ܦ 6 5 4 3 2 1

˃ܰ′, ˍʑ˕ 32865 43020 53169 67366 83259 104668 2 2 3 4 4 6 ˃ݖ 1,6 2 2,5 3,1 3,9 5,1 ′˃ݖ ˃ܰ, ˍʑ˕ 27833 41750 41750 55667 83500 83500 ∆ 1,041 1,043 1,044 1,046 1,047 1,049 ݊′˔ଵ, ˑ˄/ˏˋː 171 150 135 120 108 97 ݊˔ଵ, ˑ˄/ˏˋː 187,5 166,7 136,4 125 115,4 100 ݊′ଵு௠௔௫ , ˑ˄/ˏˋː 90 91 83 85 88 85 ݊′ଵு˓, ˑ˄/ˏˋː 92 94 85 88 90 87 ݊′ଵு௠𝑖௡ , ˑ˄/ˏˋː 86 87 79 81 83 81 

 
Ʉ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɫɦɨɬɪɟɧɢɸ ɩɪɢɧɢɦɚɸɬɫɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ-360, 

ɉɅ50-ȼ-400, ɉɅ50-ȼ-450, ɉɅȾ50-ȼ60-360, ɉɅȾ50-ȼ60-400, ɉɅȾ50-ȼ60-450, 
ɊɈ45-ȼ-360, ɊɈ45-ȼ-400, ɊɈ45-ȼ-450. 

Ⱦɚɧɧɵɣ ɜɵɛɨɪ ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
ɞɨɥɠɧɨ ɜɵɛɢɪɚɬɶɫɹ ɤɪɚɬɧɵɦ ɞɜɭɦ ɢɥɢ ɬɪɟɦ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɝɥɚɜɧɭɸ ɫɯɟɦɭ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɫɬɶ 



29 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɢ ɫɧɢɠɚɟɬ ɡɚɬɪɚɬɵ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɟɝɨ ɪɟɦɨɧɬɚ. 

ɉɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɪɚɛɨɱɭɸ ɡɨɧɭ 
ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɧɚɣɬɢ ɪɚɫɱɟɬɧɭɸ ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɬɨɱɤɢ, ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɭɪɚɜɧɟɧɢɹ.  

Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ ݊ʜ˓′  ɫ ɭɱɟɬɨɦ 
ɨɤɪɭɝɥɟɧɧɨɝɨ ɱɢɫɥɚ ɚɝɪɟɝɚɬɨɜ ɢ ɭɬɨɱɧɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɚɝɪɟɝɚɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɟɝɨ ɭɪɚɜɧɟɧɢɹ: 

 ܳூ′ ∙ ˕ߟ = ˃ܰͻ,ͺͳ ∙ ଵଶܦ ∙ 𝑃ଵ,ହܪ ∙ ˓̝ˆߟ ,                                                                             ሺ͵.͹ሻ 

 
ɝɞɟ ܳூ′ ɢ ߟ˕– ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɢ ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ, ɩɨɞɛɨɪɨɦ 
ɤɨɬɨɪɵɯ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ; ˃ܰ – ɨɤɪɭɝɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; ܦଵ,  .ɫɪɟɞɧɢɣ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ – ˓̝ˆߟ ;𝑃 – ɞɢɚɦɟɬɪ ɢ ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵܪ

 
ɉɨɥɭɱɚɟɦ ɤɨɨɪɞɢɧɚɬɵ ɪɚɫɱёɬɧɨɣ ɬɨɱɤɢ: ߟ˕ ˋ ܳூ′. 
Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɥɢɧɢɸ 

ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɨɳɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɥɢɧɢɢ ݊ʜ௠𝑖௡′ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɚɩɨɪɭ ܪ௠௔௫, ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɧɚɯɨɞɢɦ ɬɨɱɤɭ ɢ ɫɨɟɞɢɧɹɟɦ ɟɟ ɫ ɪɚɫɱɟɬɧɨɣ.  
ɉɨɥɭɱɚɟɦ ɤɨɨɪɞɢɧɚɬɵ ɞɚɧɧɨɣ ɬɨɱɤɢ: ߟ˕ ˋ ܳூ′. Ʌɢɧɢɸ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɬɭɪɛɢɧɟ 
ɫɬɪɨɢɦ ɩɪɨɜɟɞɟɧɢɟɦ ɱɟɪɟɡ ɪɚɫɱɟɬɧɭɸ ɬɨɱɤɭ ɥɢɧɢɢ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɬɤɪɵɬɢɸ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ܽ଴. 

Ɋɚɫɱɟɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 3.7. 
 
Ɍɚɛɥɢɰɚ 3.7 – Ɋɚɫɱɟɬɧɵɟ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɨɱɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ܳூ′ ∙ ,′ூܳ ˕ߟ ˏଷ/˔ ߟ˕ ଵܳ௠௔௫′ ∙ ′ଵܳ௠௔௫ ˕ߟ  ˕ߟ 

ɉɅ50-ȼ-360 1,169 1,285 0,910 1,010 1,100 0,914 

ɉɅ50-ȼ-400 1,260 1,401 0,900 1,089 1,195 0,912 

ɉɅ50-ȼ-450 0,994 1,090 0,910 0,859 0,940 0,912 

ɉɅȾ50-ȼ60-360 1,158 1,280 0,904 1,000 1,100 0,910 

ɉɅȾ50-ȼ60-400 1,248 1,395 0,894 1,078 1,190 0,905 

ɉɅȾ50-ȼ60-450 0,985 1,080 0,909 0,851 0,945 0,904 

ɊɈ45-ȼ-360 1,153 1,280 0,905 0,996 1,125 0,885 

ɊɈ45-ȼ-400 0,932 1,055 0,885 0,805 0,930 0,865 

ɊɈ45-ȼ-450 0,980 1,100 0,890 0,847 0,975 0,870 
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3.3 ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɚɫɯɨɞɟ 
 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɛɨɱɟɣ ɡɨɧɵ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ 
ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ, ɩɪɨɩɭɫɤɚɟɦɵɣ ɜ ɧɢɠɧɢɣ ɛɶɟɮ. 

ɉɪɢɜɟɞɟɧɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ ɦɢɧɢɦɚɥɶɧɨɦ 
ɧɚɩɨɪɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

 ܳ௠௔௫.˔˃ː′ = ܳ௠𝑖௡ܦଵଶ ∙ ܼ ∙ ௠௔௫ܪ√ ∙ ∆,                                                                             ሺ͵.ͺሻ 

 ܳ௠𝑖௡.˔˃ː′ = ܳ௠𝑖௡ܦଵଶ ∙ ܼ ∙ ௠𝑖௡ܪ√ ∙ ∆,                                                                               ሺ͵.ͻሻ 

 
ɝɞɟ ܳ௠𝑖௡ – ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ; ܦଵ–ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ܪ – ɧɚɩɨɪ, ܪ௠௔௫ ɢɥɢ ܪ௠𝑖௡; ∆ – ɩɨɩɪɚɜɤɚ ɧɚ ɩɪɢɜɟɞɟɧɧɭɸ ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; ܼ– ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɚɥɶɧɵɣ ɩɨɩɭɫɤ. 

 
ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.8. 

 
Ɍɚɛɥɢɰɚ 3.8 – ɉɪɢɜɟɞɟɧɧɵɣ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ 
ɦɢɧɢɦɚɥɶɧɨɦ ɧɚɩɨɪɚɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ܳ௠௔௫.˔˃ː′  ܳ௠𝑖௡.˔˃ː′  

ɉɅ50-ȼ-360 0,785 0,848 

ɉɅ50-ȼ-400 0,636 0,687 

ɉɅ50-ȼ-450 0,502 0,542 

ɉɅȾ50-ȼ60-360 0,783 0,846 

ɉɅȾ50-ȼ60-400 0,634 0,685 

ɉɅȾ50-ȼ60-450 0,501 0,541 

ɊɈ45-ȼ-360 0,782 0,845 

ɊɈ45-ȼ-400 0,633 0,684 

ɊɈ45-ȼ-450 0,5 0,54 

 
ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɫɫɦɨɬɪɟɧɢɸ 

ɩɪɢɧɢɦɚɸɬɫɹ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅ50-ȼ-360, ɉɅ50-ȼ-400, ɉɅȾ50-ȼ60-360, ɉɅȾ50-
ȼ60-400, ɬɚɤ ɤɚɤ ɪɚɫɩɨɥɨɠɟɧɢɟ ɡɨɧ ɪɚɛɨɬɵ ɞɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ ɧɚɢɛɨɥɟɟ 
ɨɩɬɢɦɚɥɶɧɨ. 
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3.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 
 
Ɉɬɦɟɬɤɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɝɢɞɪɨɬɭɪɛɢɧɵ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɟ 

ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ܼ˓.ˍ. = ʜʐሺܳʜʐሻݖ +  ௌ,                                                                                       ሺ͵.ͳͲሻܪ
 

ɝɞɟ ݖʜʐሺܳʜʐሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɩɪɢ ɪɚɫɯɨɞɟ ܳʜʐ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ܪௌ. 
 

ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɬɪɟɯ ɫɥɭɱɚɟɜ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ 
ɇɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 

1. ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ܪ௠௔௫; 
2. ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɢ ܪ௣; 
3. ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɢ ܪ௠𝑖௡ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɦɭ ɦɨɳɧɨɫɬɢ ɧɚ 

ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ. 
ȼɵɫɨɬɭ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
ௌܪ  = ܤ − ʜʐሺܳʜʐሻͻͲͲݖ − 𝜎ܪ − ௦ܪ∆ + ∆ܼ˘.˒ˎ,                                                     ሺ͵.ͳͳሻ 

 
ɝɞɟ ܤ – ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɪɚɜɧɨɟ 10,33 ɦ ɜɨɞ. ɫɬ.; 𝜎 – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ Ƚɍɏ; ܪ – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ ݖʜʐሺܳʜʐሻ; ∆ܼ˘.˒ˎ – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɦɨɞɟɥɶɧɨɣ 
ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ.  

Ⱦɥɹ ɉɅ ɬɭɪɛɢɧ ∆ܼ˘.˒ˎ = Ͳ, ɞɥɹ ɊɈ ɢ ɉɅȾ ɬɭɪɛɢɧ ∆ܼ˘.˒ˎ =   .ʹ/଴ܤ 
Ɂɞɟɫɶ ܤ଴ – ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɚɹ 

ɩɟɪɟɫɱɢɬɚɧɚ ɫ ɦɨɞɟɥɢ ɩɨ ɮɨɪɦɭɥɟ 
଴ܤ  = ˇ଴ˏˑܤ ∙ ˇଵˏˑܦଵܦ                                                                                                 ሺ͵.ͳʹሻ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.9. 

 
Ɍɚɛɥɢɰɚ 3.9 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ 

Ɍɢɩ ɬɭɪɛɢɧɵ ܦଵ, ˏ ܳ௠௔௫ ܳ˓ ܳ௠𝑖௡ ܼʜʐ ௠௔௫ ܼʜʐ ˓ ܼʜʐ ௠𝑖௡ ܪ௦  ሺܳ௠௔௫ሻ ܪ௦  ሺܳ˓ሻ ܪ௦  ሺܳ௠𝑖௡ሻ 
ɉɅ50-ȼ-360 3,6 98 109 106 264,0 264,1 264,1 -4,27 -8,10 -6,75 
ɉɅ50-ȼ-400 4 131 147 141 264,3 264,4 264,4 -7,38 -11,80 -10,08 

ɉɅȾ50-ȼ60-360 3,6 98 109 104 264,0 264,1 2641,1 -2,68 -4,69 -3,69 
ɉɅȾ50-ȼ60-400 4 131 147 140 264,3 264,4 264,4 -4,67 -7,60 -4,55 

 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɨɬɦɟɬɤɢ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ.  
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ɂɡ ɜɫɟɯ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ ɢ ɨɬɦɟɬɨɤ ɭɫɬɚɧɨɜɤɢ ɊɄ 
ɩɪɢɧɢɦɚɟɦ ɦɢɧɢɦɚɥɶɧɭɸ ɨɬɦɟɬɤɭ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɟɫɤɚɜɢɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɭ ɬɭɪɛɢɧɵ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ, ɬ.ɟ. ɢɦɟɟɦ: 
 

ɉɅ50-ȼ-360: ܪ௦ =  −ͺ,ͳͲ ɦ  ɢ ∇ܼɪ.ɤ. = ʹͷ͸,ͲͲ ɦ. 
ɉɅ50-ȼ-400: ܪ௦ =  −ͳͳ,ͺͲ ɦ  ɢ ∇ܼɪ.ɤ. = ʹͷʹ,͸Ͳ ɦ. 
ɉɅȾ50-ȼ60-360: ܪ௦ =  −Ͷ,͸ͻ ɦ  ɢ ∇ܼɪ.ɤ. = ʹͷͻ,Ͷͳ ɦ. 
ɉɅȾ50-ȼ60-400: ܪ௦ =  −͹,͸Ͳ ɦ  ɢ ∇ܼɪ.ɤ. = ʹͷ͸,ͺͲ ɦ. 
 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɪɢɧɢɦɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɝɢɞɪɨɬɭɪɛɢɧɭ ɉɅȾ50-ȼ60-360. ɂɡ 

ɬɚɛɥɢɰɵ 3.9 ɜɢɞɧɨ, ɱɬɨ ɜɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɩɪɢ ɞɚɧɧɨɦ ɞɢɚɦɟɬɪɟ ɝɢɞɪɨɬɭɪɛɢɧɵ 
ɧɚɢɦɟɧɶɲɚɹ, ɱɬɨ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨ ɢ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɨɛɴɟɦ ɡɟɦɥɹɧɵɯ 
ɪɚɛɨɬ.  

 
3.5 ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ 

 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜɵɛɢɪɚɟɬɫɹ ɫɟɪɢɣɧɵɣ ɬɢɩ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. Ɉɫɧɨɜɧɵɟ ɤɪɢɬɟɪɢɢ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ 
ɝɟɧɟɪɚɬɨɪɚ, – ɷɬɨ ɟɝɨ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɫɨɜɩɚɞɚɬɶ ɫ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɢ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ, 
ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɫɨɜɩɚɞɚɬɶ ɫ ɦɨɳɧɨɫɬɶɸ ɬɭɪɛɢɧɵ ɢɥɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ +/–
10%.  

Ɇɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ N=41750 ɤȼɬ; 
ɋɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ n=214,3. 
 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 ܵːˑˏ = ௔ܰܿ߮ݏ݋ = Ͷͳ͹ͷͲͲ,ͺͷ = Ͷͻ ʛʑʏ,                                                                   ሺ͵.ͳ͵ሻ 

 
ɝɞɟ ܿ߮ݏ݋ = Ͳ,ͺͳ ÷ Ͳ,ͻ. 

 
ɑɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ: 
 ʹ˓ = ͸ͲͲͲ݊௖ = ͸ͲͲͲʹͳͶ,͵ = ʹͺ                                                                                   ሺ͵.ͳͶሻ 

 
ɇɚ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɟ 

ɧɚɣɞɟɧ ɝɟɧɟɪɚɬɨɪ. Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɨɩɪɟɞɟɥɟɧɵ ɩɨ 
ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ. 

 
Ɋɚɫɱёɬɧɚɹ ɦɨɳɧɨɫɬɶ: 
 ܵ௣ = ݇ ∙ ܵː,                                                                                                               ሺ͵.ͳͷሻ 
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ɝɞɟ ݇ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɚɧɧɵɣ ɫ ܿ߮ݏ݋. 
 
ɍɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ: 
 ܵ∗ = ܵːʹ݌                                                                                                                    ሺ͵.ͳ͸ሻ 

 
ɉɨɥɸɫɧɨɟ ɞɟɥɟɧɢɟ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɧɚɝɪɭɡɤɢ ɢ ɨɬ ɫɩɨɫɨɛɚ ɨɯɥɚɠɞɟɧɢɹ: 
 ߬∗ = ܣ ∙ ܵ∗𝛼 ,                                                                                                            ሺ͵.ͳ͹ሻ 
 

ɝɞɟ A ɢ ߙ – ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 
Ⱦɢɚɦɟɬɪ ɪɨɬɨɪɚ: 
𝑖ܦ  = ߬∗ ∙ ߨ݌ʹ                                                                                                              ሺ͵.ͳͺሻ 

 
ɉɪɟɞɟɥɶɧɚɹ ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ: 
˓˒ݒ  = ߨ ∙ 𝑖ܦ ∙ ݇˓˃ˊˆ ∙ ݊௖͸Ͳ                                                                                          ሺ͵.ͳͻሻ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɲɢɧɵ: 
˃ܥ  = ܴܵ∗𝛾                                                                                                                    ሺ͵.ʹͲሻ 

 
ȼɵɫɨɬɚ ɚɤɬɢɜɧɨɣ ɫɬɚɥɢ: 
 ݈˃ = ௦ܹܦ𝑖ଶ                                                                                                                     ሺ͵.ʹͳሻ 

 
ȼɵɫɨɬɚ ɚɤɬɢɜɧɨɣ ɫɬɚɥɢ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɚ 
ȼɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɜɚɥɚ: 

 ݀˅ = ͳ͵ ∙ √ ˃ܰ݊௖య                                                                                                         ሺ͵.ʹʹሻ 

 
ɉɪɢɧɢɦɚɟɦ ɫɬɚɧɞɚɪɬɧɭɸ ɜɟɥɢɱɢɧɭ.  
Ɉɛɳɚɹ ɦɚɫɫɚ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢɛɥɢɠɟɧɧɨ: 
ːˈˆܩ  = ߰ ∙ 𝑖ܦ ∙ ݈˃,                                                                                                    ሺ͵.ʹ͵ሻ 
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ɝɞɟ ߰ = ሺͶͶ ÷ ͷͲሻ ɞɥɹ ɡɨɧɬɢɱɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ. 
 
ȼɟɫ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɫ ɜɚɥɨɦ: 
˕ˑ˓ܩ  = Ͳ,ͷͷ ∙  ː                                                                                                   ሺ͵.ʹͶሻˈˆܩ
 
Ⱦɢɚɦɟɬɪ ɚɤɬɢɜɧɨɣ ɫɬɚɥɢ: 
௔ܦ  = 𝑖ܦ + ሺˑ˕ Ͳ,ͷ ˇˑ Ͳ,ͻሻ                                                                                   ሺ͵.ʹͷሻ 
 
Ɇɚɪɤɢɪɨɜɤɚ ɩɨɥɭɱɟɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-530/100-56. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ ɬɚɛɥɢɰɚ ȼ.1. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɝɟɧɟɪɚɬɨɪɚ ɋȼ=530/100-56 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ ɬɚɛɥɢɰɚ ȼ.2. 

 
3.6 Ɋɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
 
Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɫɩɢɪɚɥɶɧɵɟ ɤɚɦɟɪɵ (φ=345÷360°) ɢɦɟɸɬ ɤɪɭɝɥɵɟ 

ɩɨɩɟɪɟɱɧɵɟ ɫɟɱɟɧɢɹ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɷɥɥɢɩɬɢɱɟɫɤɢɟ ɜ ɪɚɣɨɧɟ ɡɭɛɚ, ɨɧɢ ɫɥɭɠɚɬ 
ɞɥɹ ɩɨɞɜɨɞɚ ɜɨɞɵ ɤ ɬɭɪɛɢɧɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɧɚɩɪɚɜɥɹɸɳɢɣ 
ɚɩɩɚɪɚɬ. ɉɪɢ ɫɪɟɞɧɢɯ ɢ ɜɵɫɨɤɢɯ ɧɚɩɨɪɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɫ 
ɤɪɭɝɥɵɦɢ ɫɟɱɟɧɢɹɦɢ. 

 
Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɫɬɚɬɨɪɚ ɞɥɹ ܦଵ = ͵,͸ ˏ: ܦ௔ = ͷ,ͷͷ ˏ; ܦ௕ = Ͷ,ͺ ˏ; ܦସ = ͷ,ͻ ˏ; ܴ = Ͳ,͵ͷ ˏ; ℎଵ = Ͳ,͵ͷ ˏ.  
 
ɍɝɨɥ ɨɯɜɚɬɚ:  
 ߮଴ = ͵Ͷͷ°  
 
ȼɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ Ƚɍɏ: 
 ܾ଴ = Ͳ,͵͹ͷ ∙ ଵܦ = Ͳ,͵͹ͷ ∙ ͵,͸ = ͳ,͵ͷ ˏ                                                          ሺ͵.ʹ͸ሻ 
 
ȼɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
 ܾଵ = ܾ଴ + Ͳ,Ͳʹ = ͳ,͵ͷ + Ͳ,Ͳʹ = ͳ,͵͹ ˏ                                                         ሺ͵.ʹ͹ሻ 
 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɫɩɢɪɚɥɶɧɨɣ 

ɤɚɦɟɪɵ.  
 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɫɬɚɬɨɪɚ: 
ଵܪ  = ܾଵ + ʹ ∙ ℎ = ͳ,͵͹ + ʹ ∙ Ͳ,͵ͷ = ʹ,Ͳ͹ ˏ                                                   ሺ͵.ʹͺሻ 
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Ⱦɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ, ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɜɡɹɬɚɹ ɩɨ ɝɪɚɮɢɤɭ ݒ˔˓ =  ௣൯ܪ)݂
ɪɚɜɧɚ: ߭˅˘ = ͷ,ͷ ˏ/˔. 

 
ɉɨɥɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɩɪɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɦɨɳɧɨɫɬɢ ɢ 

ɧɚɩɨɪɚ: 
 ்ܳ =  ܰͻ,ͺͳ ∙ ௣ܪ ∙ ˕˒ˑߟ = Ͷͳ͹ͷͲͻ,ͺͳ ∙ Ͷͳ,͹ͷ ∙ Ͳ,ͻʹͺ = ͳͲͻ,ͺͷ ˏଷ/˔                    ሺ͵.ʹͻሻ 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɫɩɢɪɚɥɶɧɨɝɨ ɤɚɧɚɥɚ ɤɚɦɟɪɵ: 
 ܳ𝑖 = ்ܳ ∙ ͵͸Ͳ = ͳͲͻ,ͺͷ ∙ ͵Ͷͷ͵͸Ͳ = ͳͲͷ,ʹ͹ ˏଷ/˔                                                   ሺ͵.͵Ͳሻ 

 
ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 

ܨ˅  ˘ = ܳ𝑖ɓ˅˘ = ͳͲͷ,ʹ͹ͷ,ͷ = ͳͻ,ͳͶ ˏଶ                                                                        ሺ͵.͵ͳሻ 

 
Ɋɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 

˘˅݌  = Ɏ̆ܨ˅√ = √ͳͻ,ͳͶ͵,ͳͶ = ʹ,Ͷ͹ ˏ                                                                         ሺ͵.͵ʹሻ 

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɬɭɪɛɢɧɵ ɞɨ ɰɟɧɬɪɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ˃˅˘ = ܴସ + ଶ̆˅݌√ − ଶ(ʹଵܪ) = ʹ,ͻͷ + √ʹ,Ͷ͹ଶ − (ʹ,Ͳ͹ʹ )ଶ = ͷ,ͳͻ ˏ           ሺ͵.͵͵ሻ 

 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ܴ˅˘ = ˃˅˘ + ˘˅݌ = ͷͳͻ + ʹ,Ͷ͹ = ͹,͹Ͳ ˏ                                                         ሺ͵.͵Ͷሻ 
 
Ɂɧɚɱɟɧɢɟ 𝜑௖  ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ: 
 ߮ܿ  = ˃˅˘ − √˃˅˘ଶ − ଶ˘˅݌ = ͷ,ͳͻ − √ͷ,ͳͻଶ − ʹ,Ͷ͹ଶ = Ͳ,͸ʹ                      ሺ͵.͵ͷሻ 

 
ɉɪɢ ɩɪɢɧɹɬɨɦ ɡɧɚɱɟɧɢɢ: ߮ = 𝜑˅˘ଷ଺଴ = Ͳ,ͻͷͺ; ଵ௖ = Ͳ,͸ͷʹ 

ȼ ɬɚɛɥɢɰɟ ȼ.3 ɩɪɢɥɨɠɟɧɢɹ ȼ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ, ɜɵɩɨɥɧɟɧɧɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Microsoft Excel. 
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Ɍɚɤ ɤɚɤ ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ, ɞɥɹ ɭɝɥɨɜ ߮ < ͳͷͲ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ ɷɥɥɢɩɫɚ, 
ɬɨ ɞɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɧɟ ɩɨɞɯɨɞɢɬ. ɉɨɷɬɨɦɭ ɩɨɫɬɪɨɟɧɚ ɩɥɚɜɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨ ɭɠɟ 
ɢɦɟɸɳɢɦɫɹ ɤɨɨɪɞɢɧɚɬɚɦ ܴ ɢ  ߮ ɞɨ ɤɨɨɪɞɢɧɚɬɵ ߮ = Ͳ°; ܴ଴ = ஽ଶ್ = ସ,ଶ଼ = ʹ,Ͷ ˏ. 

ɇɟɞɨɫɬɚɸɳɢɣ ɭɱɚɫɬɨɤ ɩɨɫɬɪɨɟɧ ɦɟɬɨɞɨɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɫ ɩɨɦɨɳɶɸ ɥɢɧɢɢ 
ɬɪɟɧɞɚ (ɪɢɫɭɧɨɤ 3.2). 

 

 
Ɋɢɫɭɧɨɤ 3.2– Ƚɪɚɮɢɤ ˔˒ = ݂ሺݎ𝑖ሻ 

 
ɉɭɬɟɦ ɪɚɡɛɢɟɧɢɹ ɝɪɚɮɢɤɚ ɧɚ ɢɧɬɟɪɜɚɥɵ ɫ ɲɚɝɨɦ  

𝑖 = ͳͷ° ɫɧɢɦɚɟɦ ɡɧɚɱɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ.  
Ɋɚɡɦɟɪɵ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
ଵ݌   = ʹଵܪ ∙ sin ௞ߙ ,                                                                                                      ሺ͵.͵͸ሻ 

 
ɝɞɟ ߙ௞ = ͵ͷ° 

 
Ɋɚɞɢɭɫɵ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
ଶ݌   = ܴ − ሺܴସ + ଵ݌ ∙ ሺͳ − cos ʹ௞ሻሻߙ ∙ cos ௞ߙ                                                                   ሺ͵.͵͹ሻ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɤɪɭɝɥɵɯ ɢ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 
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Ɍɚɛɥɢɰɚ 3.10 –Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
Ⱦɥɹ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ 

 ݌ ߙ ܴ 

345 5,19 2,47 7,66 
330 5,11 2,40 7,51 

315 5,03 2,33 7,36 

300 4,95 2,25 7,20 

285 4,87 2,18 7,05 

270 4,78 2,11 6,89 

255 4,70 2,03 6,73 
240 4,61 1,95 6,56 

225 4,51 1,87 6,38 

210 4,41 1,79 6,20 

195 4,31 1,71 6,02 

180 4,20 1,62 5,82 

165 4,08 1,53 5,61 
Ⱦɥɹ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ 

 ߩଵ ܴ ߩଶ 

150 
 
 
 
 

1,80 

5,39 1,29 
135 5,15 1,14 

120 4,90 099 

105 4,65 0,84 
90 4,37 0,67 
75 4,09 0,50 

60 3,78 0,31 
45 3,46 0,11 

 
Ɋɚɞɢɭɫɵ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ: 
 ݇ = ܳ௣ʹ ∙ ߨ ∙ ଵ஼                                                                                                             ሺ͵.͵ͺሻ 

 
ɍɝɨɥ ɩɨɬɨɤɚ ɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɟ (ɧɚ ɜɯɨɞɟ ɜ ɤɨɥɨɧɧɵ ɫɬɚɬɨɪɚ): 
= ߜ ݃ݐ  ܳ௣/ሺʹ ∙ ߨ ∙ ܾଵሻ݇ = ͳͲͻ,ͺͷ/ሺʹ ∙ ͵,ͳͶ ∙ ͳ,͵͹Ͳሻʹ͸,ͺ = Ͳ,Ͷ͹͸                   ሺ͵.͵ͻሻ 

 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫɬɪɨɢɦ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɫɩɢɪɚɥɶɧɭɸ ɤɚɦɟɪɭ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ ȼ.5 ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 
 
3.7 ȼɵɛɨɪ ɬɢɩɚ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ 
 
Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ) - ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɬɭɪɛɢɧ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɨɬɤɪɵɬɢɟɦ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɢ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ ɥɨɩɚɫɬɟɣ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɞɥɹ ɫɦɚɡɤɢ 
ɩɨɞɩɹɬɧɢɤɚ. ɗɬɨɬ ɤɨɦɩɥɟɤɫ ɫɨɫɬɨɢɬ ɢɡ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɪɟɝɭɥɹɬɨɪɚ 
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ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɦɚɫɥɨɯɪɚɧɢɥɢɳɚ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɧɚɫɨɫɨɜ ɞɥɹ ɩɟɪɟɤɚɱɤɢ 
ɦɚɫɥɚ. ȿё ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴёɦɨɦ ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ, 
ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɨɛɴɟɦɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ Ɇɇɍ. 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɫɩɪɚɜɨɱɧɨɦ ɩɨɫɨɛɢɢ [5] ɨɩɪɟɞɟɥɹɟɦ ɬɢɩ 
Ɇɇɍ, ɚ ɢɦɟɧɧɨ: Ɇɇɍ 1,6/1-40-2,5-2 (ɦɚɫɫɚ – 4,9 ɬ) ɜ ɤɨɬɨɪɭɸ ɜɤɥɸɱɟɧɵ: 

• Ƚɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪ ȽȺ 1,6/1-40 (ɜɦɟɫɬɢɦɨɫɬɶ 1,6 ɦ3; 1 ɫɨɫɭɞ); 
• Ɇɚɫɥɨɧɚɫɨɫɧɵɣ ɚɝɪɟɝɚɬ ɆȺ2,5-2 (ɜɦɟɫɬɢɦɨɫɬɶ 2,5 ɦ3); 
• ɇɚɫɨɫ: 3ȼ8/40ȽɌ (2 ɲɬ.; ܳ = 3,47 ɥ/ɫ; ܰ = 18 ɤȼɬ); 
• Ⱦɜɢɝɚɬɟɥɶ: 4Ⱥ180S2 (ܰ = 22 ɤȼɬ). 
 
3.8 ȼɵɛɨɪ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ [5], ɨɩɪɟɞɟɥɹɟɦ ɬɢɩ ɗȽɊ.  
ȼɵɛɢɪɚɟɦ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ ɬɢɩɚ ɗȽɊɄ-100-4 ɫ 

ɞɢɚɦɟɬɪɨɦ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ 100 ɦɦ ɢ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɤɨɥɨɧɤɨɣ 
ɱɟɬɜɟɪɬɨɝɨ ɢɫɩɨɥɧɟɧɢɹ. 

 
3.9 Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ 
 
ȼɚɥ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ. 

Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɢɦ ɫ ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ 
ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ. 

 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ: ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ ∙ ܰ݊˔ˋː˘ = Ͳ,ͲͲͻ͹Ͷ ∙ Ͷͳ͹ͷͲʹͳͶ,͵ = ͳ,ͻͲ ˍʜ ∙ ˏ                         ሺ͵.ͶͲሻ 

 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ (ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ): 
˅∗ܦ  ൒ ቆͷ,ͳ ∙ ʛˍ˓߬ˇˑ˒ ቇ଴.ଷଷ = (ͷ,ͳ ∙ ͳ,ͻͲ͵͵ )଴.ଷଷ = Ͳ,͹Ͳ ˏ,                                       ሺ͵.Ͷͳሻ 

 
ɝɞɟ ߬ɞɨɩ = ͵Ͳ ÷ ͵ͷ Ɇɉɚ – ɞɨɩɭɫɬɢɦɨɟ ɫɤɪɭɱɢɜɚɸɳɟɟ ɭɫɢɥɢɟ ɧɚ ɜɚɥɭ. 

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɚɥɚ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ 

ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ: 
ɜܦ  = Ͳ,͹Ͳ ɦ. 

 

3.10 Ɋɚɫɱёɬ ɩɨɞɲɢɩɧɢɤɚ 
 
ɉɪɢ ɪɚɫɱɟɬɟ ɩɨɞɲɢɩɧɢɤɚ ɨɩɪɟɞɟɥɹɟɦ ɟɝɨ ɪɚɡɦɟɪɵ ɢ ɩɪɨɜɟɪɹɟɦ ɩɨ 

ɤɪɢɬɟɪɢɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 
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Ɋɚɞɢɚɥɶɧɭɸ ɫɢɥɭ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ: 

 ܴ˓˃ˇ = Ͳ,ͺ ∙ ܰ݊˔ˋː˘ ∙ ଵܦ = Ͳ,ͺ ∙ Ͷͳ͹ͷͲʹͳͶ,͵ ∙ ͵,͸ = Ͷ͵,ʹͻ ˍʜ                                                 ሺ͵.Ͷʹሻ 

 
Ɋɚɫɫɦɨɬɪɢɦ ɤɨɥɶɰɟɜɨɣ ɩɨɞɲɢɩɧɢɤ. Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤ 

ɩɪɢɧɢɦɚɟɬɫɹ ݀ɩ = 0,715 ɦ; ɜɵɫɨɬɚ ɩɨɞɲɢɩɧɢɤɚ ℎ2 = 0,3 ɦ; 
 
Ⱦɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ: 
ɭɞ݌  = ܴ˓˃ˇ݀ɩ ∙ ℎ˒ = Ͷ͵,ʹͻͲ,͹ͳͷ ∙ Ͳ,͵ = ʹͲʹ ˍʞ˃                                                            ሺ͵.Ͷ͵ሻ 

 
Ⱦɨɩɭɫɬɢɦɨɟ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɹ ɞɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ: 
[ɭɞ݌]  = ʹͻ ∙ ߨ) ∙ ݊௖ ∙ ݀˒͵Ͳ ) = ʹͻ ∙ (͵,ͳͶ ∙ ʹͳͶ,͵ ∙ Ͳ,͹ͳͷ͵Ͳ ) = Ͷ͸ͷ,ͳ ˍʞ˃     ሺ͵.ͶͶሻ 

 
Ɍɨɝɞɚ: 
ɭɞ݌  < [ɭɞ݌] → ʹͲʹ < Ͷ͸ͷ,ͳ ˍʞ˃ → ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 
 
ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ. 
Ɉɩɪɟɞɟɥɢɦ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ: 
 ܴଵ =  ܴ ɪɚɞ ሺͳ +  ʹcos ߙ + ሻሻ ߙ ʹሺݏ݋ܿʹ  = = Ͷ͵,ʹͻͳ + ʹ cos ቀଷ଺଴଼ ቁ + ʹcos ሺʹ ∙ ଷ଺଴଼ ሻ = ͵͹,ͷ ɤɇ,                                               ሺ͵.Ͷͷሻ 

 
ɝɞɟ ߙ – ɰɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɝɦɟɧɬɨɜ. 

 
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ: 
ˇ˖݌  = ܴ˓˃ˇ݈˔ˈˆˏ ∙ ℎ˒ = Ͷ͵,ʹͻͲ,ʹͶ ∙ Ͳ,͵ = ͷͻͳ,Ͳ͹ ˍʞ˃,                                                    ሺ͵.Ͷ͸ሻ 

 
ɝɞɟ ݈ɫɟɝɦ - ɞɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

 ݈ɫɟɝɦ = Ͳ,ͺͷ ∙ ߨ ∙ ݀ɉܼɫɟɝɦ
= Ͳ,ͺͷ ∙ ͵,ͳͶ ∙ Ͳ,͹ͳͷͺ = Ͳ,ʹͶ ɦ                                     ሺ͵.Ͷ͹ሻ 
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Ⱦɥɹ ɫɟɝɦɟɧɬɧɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ 
ɞɨɩɭɫɤɚɟɦɨɟ [ɪɭɞ] ɪɚɜɧɨ: 

[ˇ˖݌]  = ͷͲ ∙ ߨ) ∙ ݊௖ ∙ ݀ɩ͵Ͳ ) = ͷͲ ∙ (͵,ͳͶ ∙ ʹͳͶ,͵ ∙ Ͳ,͹ͳͷ͵Ͳ ) = = ͺͲͳ,ͺ͹ ˍʞ˃,                                                                                                        ሺ͵.Ͷͺሻ 
ɭɞ݌  < [ɭɞ݌] → ͷͻͳ,Ͳ͹ < ͺͲͳ,ͺ͹ ˍʞ˃ → ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ. 
 
ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ 

ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɪɚɫɱɟɬɚɦ ɜɢɞɧɨ, ɱɬɨ ɧɢ ɜ ɨɞɧɨɦ ɢɡ ɩɨɞɲɢɩɧɢɤɨɜ 
ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ (݌ɭɞ >  Ⱦɥɹ .([ɭɞ݌]
ɭɫɬɚɧɨɜɤɢ ɜɵɛɢɪɚɟɦ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ, ɬ.ɤ. ɫɟɝɦɟɧɬɧɵɟ ɩɨɞɲɢɩɧɢɤɢ 
ɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵ, ɦɟɧɟɟ ɬɪɭɞɨɟɦɤɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ ɭɞɨɛɧɟɟ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ Ƚɗɋ.  
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4 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

4.1 ȼɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
 

Ƚɥɚɜɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɟɠɢɦɚɯ ɢ ɨɬɜɟɱɚɬɶ 
ɬɪɟɛɨɜɚɧɢɹɦ ɧɟɨɛɯɨɞɢɦɨɣ ɧɚɞɟɠɧɨɫɬɢ, ɦɚɧɟɜɪɟɧɧɨɫɬɢ, ɭɞɨɛɫɬɜɚɦ ɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɹɦ ɨɩɬɢɦɢɡɚɰɢɢ ɡɚɬɪɚɬ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɸ [9]. ɍɪɨɜɟɧɶ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧ ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ ɪɨɥɶɸ ɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɧɚɞɟɠɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 

 
4.2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ 

 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɜɵɞɚɱɭ ɦɨɳɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɜ 

ɫɟɬɶ ɧɚɩɪɹɠɟɧɢɹ, ɡɚ ɜɵɱɟɬɨɦ ɦɨɳɧɨɫɬɢ ɧɚɝɪɭɡɤɢ, ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚ ɨɬɜɟɬɜɥɟɧɢɟ 
ɨɬ ɝɟɧɟɪɚɬɨɪɚ (ɬ.ɟ. ɧɚɝɪɭɡɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ɋɇ)). Ɉɩɪɟɞɟɥɢɦ ɢɯ ɱɢɫɥɨ, ɬɢɩ 
ɢ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ. 

 ܵ˓˃˔˚ = ܲ̂ − ̝ܲ ːܿ߮ݏ݋ = Ͷͳ,͸ͷ − ͳ,͸͹Ͳ,ͺͷ = Ͷ͹,ͲͶ ʛʑʏ,                                              ሺͶ.ͳሻ 

 
ɝɞɟ ̝ܲ ː = Ͳ,Ͳͳ ∙ ̟ܲ ˔˕ = Ͳ,Ͳͳ ∙= ͳ,͸͹ ʛʑ˕ – ɦɨɳɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɫɬɚɧɰɢɢ; 
 ̟ܲ ˔˕ = ͳ͸͹ ʛʑʏ – ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ; 
߮ݏ݋ܿ  = Ͳ,ͺͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ȽȽ. 
 

ɇɚ ɞɚɧɧɵɟ ɦɨɳɧɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɢɟ ɩɨɞɨɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɢɩɚ ɌȾɐ-
80000/220. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.1. 

 
Ɍɚɛɥɢɰɚ 4.1 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-80000/220 ܵːˑˏ, ʛʑʏ 

U, ˍʑ ˍܷˊ,% ̆ܫ ˘,% ∆ܲ̆ ,ɤȼɬ ∆̱ܲ ,ɤȼɬ ˅ܷː, ɤȼ ːܷː, ˍʑ 
80 242 13,8 11,0 0,3 10,5 32 

 
ɉɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɬɨɞɨɦ ɜɪɟɦɟɧɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɢɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ̟ܲ ˔˕ = ͶͲͲͲ 
ɢ ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ ߬. 

 ߬ = (Ͳ,ͳʹͶ + ௠ܶ௔௫ͳͲସ )ଶ ∙ ͺ͹͸Ͳ = (Ͳ,ͳʹͶ + ͶͲͲͲͳͲସ )ଶ ∙ ͺ͹͸Ͳ = = ʹͶͲͷ ˚/ˆˑˇ                                                                                                           ሺͶ.ʹሻ 
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ȼɪɟɦɹ ɪɚɛɨɬɵ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: 
˄˃˓ݐ  = ͺ͹͸Ͳ − ߤ ∙ ܶ˒ ˎ − ω ∙ ܶ˅ = ͺ͹͸Ͳ − ͳ ∙ ͵Ͳ − Ͳ,Ͳʹͷ ∙ ͸Ͳ = = ͺ͹ʹͻ ˚,                                                                                                                    ሺͶ.͵ሻ 

 
ɝɞɟ  ߤ = ͳ – ɱɚɫɬɨɬɚ ɪɟɦɨɧɬɨɜ; 
 ܶ˒ ˎ = ͵Ͳ – ɜɪɟɦɹ ɩɥɚɧɨɜɵɯ ɩɪɨɫɬɨɟɜ ɛɥɨɤɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ; 
 ω - ɩɚɪɚɦɟɬɪ ɩɨɬɨɤɚ ɨɬɤɚɡɨɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɛɥɨɤɚ (0,025 ɢ 0,05 ɞɥɹ 
ɨɞɢɧɨɱɧɨɝɨ ɢ ɭɤɪɭɩɧɟɧɧɨɝɨ ɛɥɨɤɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ); 
 ܶ˅ = ͸Ͳ - ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɚɜɚɪɢɣɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɦɨɧɬɨɜ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
ɉɨɬɟɪɢ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹ̆ ˘ = ݊˕ ∙ ∆ܲ̆ ˘ ∙ ˄˃˓ݐ = ͳ ∙ Ͳ,ͳͲͷ ∙ ͺ͹ʹͻ = ͻͳ͸,ͷͷ ʛʑ˕ ∙ ˚,                      ሺͶ.Ͷሻ 

 
ɝɞɟ ݊˕ – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

 
ɇɚɝɪɭɡɨɱɧɵɟ (ɩɟɪɟɦɟɧɧɵɟ) ɩɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ: 
 ∆ܹː = ∆̞̱ܲ݊ ∙ (ܵ˓˃˔˚ܵːˑˏ )ଶ ∙ ɒ = Ͳ,͵ʹͳ ∙ (Ͷ͹,ͲͶͺͲ )ଶ ∙ ʹͶͲͷ = ʹ͸͸,Ͳͺ ʛʑ˕ ∙ ˚       ሺͶ.ͷሻ 

 
ȼɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ ɧɚ ɩɨɬɟɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɞɧɨɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 ʗ = ଵߚ ∙ ∆ܹ̆ ˘ + ଶߚ ∙ ∆ܹː = Ͳ,ͻ ∙ ͳͲ−ଶ ∙ ͻͳ͸,ͷͷ + Ͳ,ͳͳ ∙ ͳͲ−ଶ ∙ ʹ͸͸,Ͳͺ = = ͳͲ,͸Ͷ ˕˞˔. ˓˖˄/ˆˑˇ,                                                                                           ሺͶ.͸ሻ 
 

ɝɞɟ ߚଵ,  .ଶ  - ɩɨɩɪɚɜɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵߚ 
 
Ⱦɥɹ 4 ɛɥɨɤɨɜ ɜɟɥɢɱɢɧɚ ɢɡɞɟɪɠɟɤ: 
 ʗ = ʗ ∙ Ͷ = ͳͲ,͸Ͷ ∙ Ͷ = Ͷʹ,ͷ͹ ˕˞˔. ˓˖˄/ˆˑˇ                                                  ሺͶ.͹ሻ 
 
4.2.1 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (ɋɇ) 
 
ȼɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜ ɤɨɥɢɱɟɫɬɜɟ 3 ɲɬɭɤ. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɵɛɢɪɚɟɦ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɨɞɢɧ Ɍɋɇ ɞɨɥɠɟɧ 
ɩɨɤɪɵɜɚɬɶ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɜɫɟɣ ɫɬɚɧɰɢɢ. 

 



43 

ܵ˓˃˔˚ = ̝ܲ ːܿ߮ݏ݋ = ͳ,͸͹Ͳ,ͺͷ = ͳ,ͻ͸ ʛʑʏ                                                                    ሺͶ.ͳͶሻ 

 
ɉɨ ɤɚɬɚɥɨɝɭ [10], ɜɵɛɢɪɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁ-2000/13,8, ɩɚɫɩɨɪɬɧɵɟ 

ɞɚɧɧɵɟ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3. 
 

Ɍɚɛɥɢɰɚ 4.3 – ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁ-2000/13,8 Sɧɨɦ, ɆȼȺ 
ܷ, ɤȼ ˍܷˊ, % ˅ܷː, ɤȼ ːܷː, ɤȼ 

6,0 13,8 6,0 6,4 

 
4.3 ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɨɬɯɨɞɹɳɢɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ, ɦɚɪɤɢ ɩɪɨɜɨɞɨɜ 

ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ. 
 
ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɧɚ Ɋɍ 220 ɤȼ: 
 SΣ = nˆ ∙ (Pʒ − P̝ ːcosɔˆ ) = Ͷ ∙ (Ͷͳ,͸ͷ − ͳ,͸͹Ͳ,ͺͷ ) = ͳͺͺ,ͳͶ ʛʑʏ                        ሺͶ.ͳͷሻ 

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

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɫɢɫɬɟɦɵ cosɔୡ = Ͳ,ͺͷ. 
Ʉɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ 220 ɤȼ: 
 ݊ˎ = ܵΣሺ݇ ∙ ܲː ˃˕ሻ/cosɔୡ + ͳ = ͳͺͺ,ͳͶሺͳ,ʹ ∙ ͳ͵ͷሻ/Ͳ,ͺͷ + ͳ = ͳ,ͻͻ,                       ሺͶ.ͳ͸ሻ 

 
ɝɞɟ  ݇ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɢɞɟɧɢɹ ɧɚɬɭɪɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɉɪɢɧɢɦɚɟɬɫɹ ɱɢɫɥɨ ȼɅ 220 ɤȼ ɪɚɜɧɵɦ nˎ = ʹ. 
Ɋɚɛɨɱɢɣ ɬɨɤ ȼɅ 220 ɤȼ: 
ܫ˓  ˃˄ = ܵΣ݊ˎ ∙ √͵ ∙ ܷːˑˏ = ͳͺͺ,ͳͶ ∙ ͳͲଷ√͵ ∙ ʹ ∙ ʹʹͲ = ʹͶ͹ ʏ                                               ሺͶ.ͳ͹ሻ 

 
Ɋɚɫɱёɬɧɵɣ ɬɨɤ ȼɅ 220 ɤȼ: 
ܫ˓  ˃˔˚ = ʡߙ ∙ 𝑖ߙ ∙ ܫ˓ ˃˄ = ͳ,Ͳ ∙ ͳ,Ͳͷ ∙ ʹͶ͹ = ʹͷͻ ʏ,                                            ሺͶ.ͳͺሻ 
 

ɝɞɟ αi = ͳ,Ͳͷ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɱɚɫɬɢɟ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɦɚɤɫɢɦɭɦɟ 
ɧɚɝɪɭɡɤɢ [12, ɫ 91]; αɌ = ͳ,ͳ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ [12, ɬɚɛɥ. 3.13]. 
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ɋɜɵɲɟ 1 ɤȼ ɜɵɛɨɪ ɫɟɱɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ߛ = ͳ,ͳ ʏ/ˏˏଶ 

ܨ  = ܫ˓ ߥ˚˔˃ = ʹͷͻͳ,ͳ = ʹ͵ͷ ˏˏଶ                                                                               ሺͶ.ͳͻሻ 

 
ɉɨ ɜɟɥɢɱɢɧɟ ɪɚɫɱёɬɧɨɝɨ ɬɨɤɚ ɜɵɛɢɪɚɟɦ ɩɪɨɜɨɞ Ⱥɋ-500/64 Ⱦɨɩɭɫɬɢɦɵɣ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ ɫ ɭɱɟɬɨɦ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 
ɜɨɡɞɭɯɚ ̌ܫ ˑ˒ = ͻͶͷ ʏ: 

 
ɉɪɨɜɟɪɤɚ ɩɪɨɜɨɞɚ ɩɨ ɧɚɝɪɟɜɭ: 
ܫ˒  .˃˅ = S∑ሺnˎ − ͳሻ ∙ √͵ ∙ Uːˑˏ = ͳͺͺ,ͳͶሺʹ − ͳሻ ∙ √͵ ∙ ʹʹͲ = ͶͻͶ ʏ                         ሺͶ.ʹͲሻ 

ܫ˒  .˃˅ < ܫ̌ ˑ˒, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɛɪɚɧɧɵɣ ɩɪɨɜɨɞ Ⱥɋ-500/64 ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ. 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɜɨɞɚ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥ. 4.4: 

 
Ɍɚɛɥɢɰɚ 4.4 – ɉɚɪɚɦɟɬɪɵ ɜɨɡɞɭɲɧɨɣ ɥɢɧɢɢ Ⱥɋ-500/64 

ɑɢɫɥɨ ɩɪɨɜɨɞɨɜ ɜ ɮɚɡɟ ܴ଴ ܺ଴ ܤ଴ 

ɲɬ. Ɉɦ/ɤɦ Ɉɦ/ɤɦ ͳͲ−଺, ɋɦ/ɤɦ 
1 0,059 0,413 2,74 

 
4.4 ȼɵɛɨɪ ɫɯɟɦɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 

Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɬɚɧɰɢɹ ɢɦɟɟɬ ɦɨɳɧɨɫɬɶ 298 Ɇȼɬ, ɚ ɬɚɤɠɟ ɧɢɡɤɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɢɬɶ ɄɊɍɗ 220 ɤȼ.  
 ɉɪɢɧɢɦɚɟɬɫɹ ɫɯɟɦɚ ɫ ɨɞɧɨɣ ɪɚɛɨɱɟɣ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɲɢɧ 
(ɩɪɢɥɨɠɟɧɢɟ Ƚ, ɪɢɫɭɧɨɤ Ƚ.1). 
 

4.5 ȼɵɛɨɪ ɝɥɚɜɧɨɣ ɫɯɟɦɵ Ƚɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 
ɪɚɫɱёɬɚ 
 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 ʙ𝑖 = ݊ ⋅ ʙ˕ + ݐ ⋅ ʙʙʟʢЭ + ݉ ⋅ ʙʡʠʜ,                                                                   ሺͶ.ʹͳሻ 
 
ɝɞɟ ʙʙʟʢЭ- ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɄɊɍɗ (ɹɱɟɣɤɚ ɄɊɍɗ – 110,9 ɦɥɧ. ɪɭɛ.); ʙ˕- ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ʙʡʠʜ- ɪɚɫɱɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ݊ – ɤɨɥɢɱɟɫɬɜɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
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݉ – ɤɨɥɢɱɟɫɬɜɨ Ɍɋɇ; ݐ - ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɈɊɍ. 
ଵݐ  = ߙ + ߚ + ͳ = Ͷ + ʹ + ͳ = ͹,                                                                      ሺͶ.ʹʹሻ  

ଶݐ  = ߙ + ߚ + ͳ = ʹ + ʹ + ͳ = ͷ,                                                                      ሺͶ.ʹ͵ሻ  
 

ɝɞɟ α – ɤɨɥɢɱɟɫɬɜɨ ɜɜɨɞɧɵɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ; 
β – ɤɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ. 

 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ʙଵଶଶ଴ ɞɥɹ ɫɯɟɦɵ ɫ ɟɞɢɧɢɱɧɵɦɢ ɛɥɨɤɚɦɢ: 

 ʙଵଶଶ଴ = Ͷ ⋅ ͵ͷͷ,Ͷͺ + ͹ ⋅ ͳͳͲ,ͻ + ͵ ⋅ ͹ʹ,ͺͻ = ʹͶͳ͸,ͻ ˏˎː. ˓˖˄ 
 

Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ʙଶଶଶ଴ ɞɥɹ ɫɯɟɦɵ ɫ ɭɤɪɭɩɧɟɧɧɵɦɢ ɛɥɨɤɚɦɢ: 
 ʙଶଶଶ଴ = ʹ ∙ Ͷͺͷ,͵ͺ + ͷ ⋅ ͳͳͲ,ͻ + ͵ ⋅ ͹ʹ,ͺͻ = ͳ͹Ͷ͵,ͻ ˏˎː. ˓˖˄ 

 
ɉɪɢɜɟɞёɧɧɵɟ ɡɚɬɪɚɬɵ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 ʖ𝑖 = ʔː ∙ ʙ𝑖 + ʗ𝑖 ,                                                                                                   ሺͶ.ʹͶሻ 
 
ɝɞɟ ʔː – Ʉɨɷɮɮɢɰɢɟɧɬ ɧɨɪɦɚɬɢɜɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɜ 
ɷɧɟɪɝɟɬɢɤɭ ɩɨ ɩɪɢɤɚɡɭ Ɇɢɧɫɬɪɨɹ ɊɎ, ɪɚɜɧɵɣ 15 %. 
 

Зଵ = Ͳ,ͳͷ ∙ ʹͶͳ͸ͻͲͲͲͲͲ + Ͷʹͷ͹Ͳ = ͵͸ʹͷ͹͹ͷ͹Ͳ ˓˖˄./ˆˑˇ, 
 

Зଶ = Ͳ,ͳͷ ∙ ͳ͹Ͷ͵ͻͲͲͲͲͲ + ͶʹͻͺͲ = ʹ͸ͳ͸ʹ͹ͻͺͲ ˓˖˄./ˆˑˇ 
 
Ɋɚɫɫɱɢɬɚɟɦ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɜɚɪɢɚɧɬɚɦɢ: 
 P = ʖଵ − ʖଶʖଵ ∙ ͳͲͲ% = ͵͸ʹͷ͹͹ͷ͹Ͳ − ʹ͸ͳ͸ʹ͹ͻͺͲ͵͸ʹͷ͹͹ͷ͹Ͳ ∙ ͳͲͲ% = = ʹ͹,ͺͶ%                                                                                                                ሺͶ.ʹͷሻ 
 

ɉɨɫɤɨɥɶɤɭ ɪɚɡɧɢɰɚ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ ɦɟɠɞɭ ɭɤɪɭɩɧɟɧɧɵɦ ɛɥɨɤɨɦ ɢ 
ɨɞɢɧɨɱɧɵɦ ɛɥɨɤɨɦ ɦɟɧɟɟ 5%, ɚ ɢɦɟɧɧɨ 27,84%, ɜɚɪɢɚɧɬɵ ɹɜɥɹɸɬɫɹ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟ ɪɚɜɧɨɰɟɧɧɵɦɢ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɧɚɞёɠɧɨɫɬɢ ɪɚɛɨɬɵ ɢ 
ɩɪɨɫɬɨɬɵ ɫɯɟɦɵ ɜɵɛɢɪɚɟɦ ɩɟɪɜɵɣ ɜɚɪɢɚɧɬ (ɨɞɢɧɨɱɧɵɣ ɛɥɨɤ). 
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4.6 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
4.6.1 Ɋɚɫɱёɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ. 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ: 

ˆݔ  = ′′ௗݔ ∙ ܷːˑˏଶܵːˑˏ = Ͳ,ʹͲ ∙ ͳ͵,ͺଶͶͻ = Ͳ,͹͹͹ ʝˏ,                                                    ሺͶ.ʹ͸ሻ 

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

ݎ̂  = ˘ˆ߱ ∙ ʡ˃,ˆ = Ͳ,͹͹͹͵ͳͶ ∙ Ͳ,ͲͶͷ = Ͳ,Ͳͷͷ ʝˏ,                                                          ሺͶ.ʹ͹ሻ 

 
ɝɞɟ ߱ – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ, ɪɚɜɧɚɹ 314 ɪɚɞ/ɫ; ܶ˃ ,ˆ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, 
ɪɚɜɧɚɹ 0,045 ɫ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
˕ݔ  = ͳͲͲ%ˊˍݑ ∙ ܷʑʜଶܵːˑˏ = ͳͳͳͲͲ ∙ ʹͶʹଶͺͲ = ͺͲ,ͷ͵ ʝˏ,                                                   ሺͶ.ʹͺሻ 

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

ݎ̞  = ∆̱ܲ ∙ ܷʑʜଶܵːˑˏଶ = Ͳ,͵ʹ ∙ ʹ͵ͲଶͺͲଶ = ʹ,͸Ͷ ʝˏ,                                                       ሺͶ.ʹͻሻ 

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

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ȼɅ 220 ɤȼ: 
ˎ˅ݔ  = ˇ˖,ˑݔ ∙ ݈ = Ͳ,Ͷͳ͵ ∙ ͹ͷ = ͵Ͳ,ͻͺ ʝˏ,                                                         ሺͶ.͵Ͳሻ 

 
ɝɞɟ ݔˑ,˖ˇ – ɭɞɟɥɶɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ; ݈ – ɞɥɢɧɚ ȼɅ; ݊  – ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ. ˅ݎ ˎ = ˑݎ ,˖ˇ ∙ ݈ = Ͳ,Ͳͷͻ ∙ ͹ͷ = Ͷ,Ͷ͵ ʝˏ,                                                             ሺͶ.͵ͳሻ 
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ɝɞɟ ˑݎ ,˖ˇ – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɅ. 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ: 
˔ݔ  = ܷ˄ଵଶܵˍ.ˊ = ʹʹͲଶ͸ͲͲ = ͺͲ,͸͹ ʝˏ,                                                                           ሺͶ.͵ʹሻ 

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

ݎ̝  = xʠT˃ ,ʠ ∙ ω = ͺͲ,͸͹Ͳ,Ͳ͵ͷ ∙ ͵ͳͶ = ͹,͵Ͷ ʝˏ,                                                            ሺͶ.͵͵ሻ 

 
ɝɞɟ T˃ ,ʠ = Ͳ,Ͳ͵ͷ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ. 

 
ɗȾɋ ɝɟɧɟɪɚɬɨɪɨɜ: 
ˆܧ  = ′′∗ܧ ∙ ܷ˄ଶ = ͳ,ͳ͵ ∙ ͳͲ,ͷ = ͳͳ,ͺ͹ ˍʑ,                                                         ሺͶ.͵Ͷሻ 
 

ɝɞɟ ܷ˄ଶ –ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ; ܧ∗′′– ɫɜɟɪɯɩɟɪɟɯɨɞɧɚɹ ɗȾɋ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ ɫ ɞɟɦɩɮɟɪɧɨɣ ɨɛɦɨɬɤɨɣ. 
ɗȾɋ ɫɢɫɬɟɦɵ: 
˔ܧ  = ′′˔∗ܧ ∙ ܷ˄ଵ = ͳ ∙ ʹ͵Ͳ = ʹ͵Ͳ ˍʑ,                                                                   ሺͶ.͵ͷሻ 
 

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

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ: 
 ʙଵ = ܷʜʜܷʑʜ = ͳ͵,ͺʹͶʹ = Ͳ,Ͳͷ͹                                                                                  ሺͶ.͵͸ሻ 

 
4.6.2 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɉɄ 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. ɉɪɢɧɰɢɩ ɧɭɦɟɪɚɰɢɢ ɭɡɥɨɜ 
ɢɡɨɛɪɚɠёɧ ɧɚ ɪɢɫɭɧɤɟ 4.1, ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ – ɧɚ ɪɢɫɭɧɤɟ 4.2, 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ – ɧɚ ɪɢɫɭɧɤɟ 4.3. 
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Ɋɢɫɭɧɨɤ 4.1 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɡɥɚɦ 

 

 
Ɋɢɫɭɧɨɤ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɟɬɜɹɦ 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɧɟɪɚɬɨɪɚɦ 

 
ɇɚ ɪɢɫɭɧɤɚɯ 4.4 ɢ 4.5 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɬɪёɯɮɚɡɧɨɝɨ 

ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɨɜ ɢ ɄɊɍɗ 220ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
Ɋɢɫɭɧɨɤ 4.4 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɪёɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɨɜ 
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Ɋɢɫɭɧɨɤ 4.5 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220 ɤȼ 

 
ɇɚ ɪɢɫɭɧɤɟ 4.6 ɢɡɨɛɪɚɠёɧ ɪɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɬɨɤɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 

220 ɤȼ. 
 

 
Ɋɢɫɭɧɨɤ 4.6 – Ɋɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɨɞɧɨɮɚɡɧɨɝɨ ɄɁ ɧɚ ɄɊɍɗ 220 ɤȼ 

 
4.6.3 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5. 

 
Ɍɚɛɥɢɰɚ 4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɬɨɤɨɜ ɄɁ  

ȼɢɞ ɧɟɫɢɦɦɟɬɪɢɢ Ɍɢɩ ɌКЗ ˒ܫ .ˑ, ˍʏ 𝑖˖, ɤȺ 

1ɮ ɄɊɍɗ 220 ɤȼ 13,41 32,62 

3ɮ ɄɊɍɗ 220 ɤȼ 8,94 21,75 

3ɮ ȼɵɜɨɞɚ ɝɟɧɟɪɚɬɨɪɨɜ 13,8ɤȼ 11,66 32,15 

.  𝑖ଵ = ܫ˒ʹ√ .ˑ ∙ ݇˖ˇ,                                                                                                     ሺͶ.͵͹ሻ 
 
ɝɞɟ ݇˖ˇ – ɭɞɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
 

4.7 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
ɉɪɢ ɜɵɛɨɪɟ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɪɹɞɚ 

ɬɪɟɛɨɜɚɧɢɣ, ɜɵɬɟɤɚɸɳɢɯ ɢɡ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. Ⱥɩɩɚɪɚɬɵ ɢ ɩɪɨɜɨɞɧɢɤɢ ɞɨɥɠɧɵ: 
• ɞɥɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɪɚɛɨɱɢɟ ɬɨɤɢ ɛɟɡ ɱɪɟɡɦɟɪɧɨɝɨ ɩɨɜɵɲɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ; 
• ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦɭ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɢ ɬɟɩɥɨɜɨɦɭ 

ɞɟɣɫɬɜɢɸ ɬɨɤɨɜ ɄɁ; 
• ɜɵɞɟɪɠɢɜɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɫɨɡɞɚɜɚɟɦɵɟ ɫɨɛɫɬɜɟɧɧɨɣ ɦɚɫɫɨɣ ɢ 

ɦɚɫɫɨɣ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɚɩɩɚɪɚɬɨɜ, ɚ ɬɚɤɠɟ ɭɫɢɥɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɚɬɦɨɫɮɟɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɜɟɬɟɪ, ɝɨɥɨɥɟɞ); ɷɬɨ ɬɪɟɛɨɜɚɧɢɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ 
ɦɟɯɚɧɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ Ʌɗɉ ɢ Ɋɍ; 

• ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨɜɚɧɢɹɦ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ. 
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4.7.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɬɨɤɨɜ ɪɚɛɨɱɟɝɨ ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 
 

Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚɢɛɨɥɶɲɢɣ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɩɪɢ ɫɧɢɠɟɧɧɨɦ ɧɚ 5 % ɧɚɩɪɹɠɟɧɢɢ: 

˘˃ˏ.˄˃˓ ˆܫ  = ͳ,Ͳͷ ∙ Iˆ,ːˑˏ = ͳ,Ͳͷ ∙ ʹ,Ͳͷ = ʹ,ͳͷ ˍʏ                                        ሺͶ.͵ͺሻ 
 

Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 
 I˓˃˄ ୫a୶ ˕˓ = Sˆ,ːˑˏͲ,ͻͷ ∙ √͵ ∙ U˕˓,ːˑˏ = ͺͲͲ,ͻͷ ∙ √͵ ∙ ʹͶʹ = Ͳ,ͳͻͳ ˍʏ                 ሺͶ.͵ͻሻ 

 
Ɋɚɛɨɱɢɣ ɬɨɤ ɜ ɥɢɧɢɹɯ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ 220 ɤȼ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
୫a୶.˄˃˓ ˎܫ  = ∑ ܵʒЭʠ݊ˎ ∙ √͵ ∙ ܷːˑˏ = ͳͺͺ,ͳͶʹ ∙ √͵ ∙ ʹʹͲ = Ͳ,ʹͶ͹ ˍʏ                            ሺͶ.ͶͲሻ 

 
Ɋɚɫɱɟɬɧɵɣ ɬɨɤ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɞɧɨɣ ɥɢɧɢɢ: 
.ˉя˕˖.˄˃˓ ˎܫ  = ∑ ܵʒЭʠሺ݊ − ͳሻ ∙ √͵ ∙ ܷːˑˏ = ͳͺͺ,ͳͶሺʹ − ͳሻ ∙ √͵ ∙ ʹʹͲ = Ͳ,ͶͻͶ ˍʏ     ሺͶ.Ͷͳሻ 

 
4.7.2 ȼɵɛɨɪ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɝɟɧɟɪɚɬɨɪɧɨɦ 

ɧɚɩɪɹɠɟɧɢɢ 
 
4.7.2.1 ȼɵɛɨɪ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 

 
Ɋɚɡɴɟɞɢɧɢɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɬɨɤɭ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ 

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

ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 ܷːˑˏ ൒ ܷːˑˏ ˔ˋ˔˕,                                                                                               ሺͶ.Ͷʹሻ 
ˏːˑܫ  ൒  ௠௔௫,                                                                                                  ሺͶ.Ͷ͵ሻ ˄˃˓ܫ
 𝑖ˠˎ.ˇˋː ൒ 𝑖˖ˇ,                                                                                                        ሺͶ.ͶͶሻ 
ˏːˑ.ˍܤ  ൒  ሺͶ.Ͷͷሻ                                                                                                  ˚˔˃˓.ˍܤ
 
ɂɫɩɨɥɶɡɭɹ ɤɚɬɚɥɨɝ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɈȺɈ ȼɈ «ɗɥɟɤɬɪɨɚɩɩɚɪɚɬ» ɞɥɹ 

ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɛɢɪɚɟɦ ɷɥɟɝɚɡɨɜɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȽȽ-20/63/8000  
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ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɊȼɊɁ-20/8000 Ɇɍ3. Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.6. 

 
Ɍɚɛɥɢɰɚ 4.6 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

ȼɵɤɥɸɱɚɬɟɥɶ 
ȼȽȽ-20/63/8000 

Ɋɚɡɴɟɞɢɧɢɬɟɥɶ 
ɊȼɊɁ-20/8000 Ɇɍ3 U˔ˈ˕ˋ ːˑˏ = ͳ͵,ͺ ˍʑ Uːˑˏ = ʹͲ ɤȼ Uːˑˏ = ʹͲ ɤȼ Iʒ.˓˃˄ = ʹͳͷͲ ʏ Iːˑˏ = ͺͲͲͲ Ⱥ Iːˑˏ = ͺͲͲͲ Ⱥ I୬଴ = ͳͳ,͸͸ ɤȺ 𝑖ˠˎ.ˇˋː = ͳ͸Ͳ ɤȺ iˠˎ.˔˕ = ʹͷͲ ɤȺ i୷ = ͵ʹ,ͳͷ ɤȺ Iːˑˏ.ˑ˕ˍˎ = ͸͵ ɤȺ I˕.˔˕ = ͳͲͲ ɤȺ 

 tˑ˕ˍˎ = ͵ ˔. tˑ˕ˍˎ = ͵ ˔. ʑˍ.˓˃˔˚ = I୬଴ଶ ∙ (tˑ˕ˍ + t˓ˊ൯ = = ʹͷ,͹ʹ ଶ ∙ ሺͲ,Ͳͺ + Ͳ,Ͳͳሻ = = ͷ,ͶͶ ˍʏଶ ∙ ˔ 

ʑˍ.ːˑˏ = ITଶ ∙ tT = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ˍʏଶ ∙ ˔ 
ʑˍ.ːˑˏ = ITଶ ∙ tT = = ͳͲͲଶ ∙ ͵ = ͵ͲͲͲ ˍʏଶ ∙ ˔ 

 
ɉɪɨɜɟɪɤɚ ɧɚ ɚɩɟɪɢɨɞɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɜɵɤɥɸɱɚɬɟɥɹ ȼȽȽ-

20/63/8000: 
 𝑖˃𝜏 = √ʹ ∙ ˑ˒ܫ ∙ ݁− 𝜏𝑇˃ =  √ʹ ∙ ʹͷ,͹ʹ ∙ ݁− బ,బభబ,బయఱ = ʹ͹,ʹͳ ˍʏ,                         ሺͶ.Ͷ͸ሻ 
 𝑖˃.ːˑˏ = √ʹ ∙ ˎˍ˕ːˑˏ.ˑܫ ∙ ݁− 𝜏𝑇˃ =  √ʹ ∙ ͸͵ ∙ ݁− బ,బభబ,బయఱ = ͸͸,ͻͷ ˍʏ,                ሺͶ.Ͷ͹ሻ 
 𝑖˃𝜏 ൑ 𝑖˃.ːˑˏˍʏ                                                                                                     ሺͶ.Ͷͺሻ 
 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, 

ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɝɟɧɟɪɚɬɨɪɚ ɢ ɩɪ. ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɪɹɞ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɪɚɛɨɬɭ ɪɨɬɨɪɚ ɢ ɫɬɚɬɨɪɚ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. 
ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.7 

 
Ɍɚɛɥɢɰɚ 4.7 – ɉɪɢɛɨɪɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɰɟɩɹɯ ɝɟɧɟɪɚɬɨɪɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

ɂɧɬɟɪɮɟɣɫ ɩɪɢɛɨɪɚ 
ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ (ȼ·Ⱥ) 
Ʉɥɚɫɫ 

ɬɨɱɧɨɫɬɢ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶ 

 ȼ ɰɟɩɢ ɪɨɬɨɪɚ: 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ 
ɫɢɧɯɪɨɧɢɡɚɬɨɪ 

RS 485 8 0,5 ɇɉɉ «ɗɄɊȺ» 

Ⱥɧɚɥɢɡɚɬɨɪ 
ɤɚɱɟɫɬɜɚ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
RS 485 10 0,5 ɇɉɉ «ɗɄɊȺ» 

 ȼ ɰɟɩɢ ɫɬɚɬɨɪɚ: 
Ⱥɧɚɥɢɡɚɬɨɪ 

ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

RS 485 10 0,5 ɇɉɉ «ɗɄɊȺ» 

Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ 
ɚɜɬɨɦɚɬɢɤɚ 

RS 485 40 0,5 ɇɉɉ «ɗɄɊȺ» 

  ∑ = 50 ȼ·Ⱥ   
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4.7.2.2 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 

ȼɵɛɢɪɚɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɌɒɅ-20. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 
«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-20 ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 4.8. 
 
Ɍɚɛɥɢɰɚ 4.8 – ɉɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɌɒɅ-20 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ ɌɌ ɩɨ ɤɚɬɚɥɨɝɭ U˔ˈ˕ˋ < Uːˑˏ Uʒ = ͳ͵,ͺ ˍʑ Uːˑˏ = ʹͲˍʑ I˓˃˄ ୫a୶ < Iːˑˏ Iʒ.˓˃˄ = ʹͳͷͲ ʏ Iːˑˏ = ͵ͲͲͲ ʏ 

 
ȼɵɛɪɚɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-20. ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɈȺɈ 

«ɋɜɟɪɞɥɨɜɫɤɢɣ ɡɚɜɨɞ». ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɁɇɈɅ-20 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.9. 
 
Ɍɚɛɥɢɰɚ 4.9 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ Ɋɚɫɱёɬɧɵɟ ɞɚɧɧɵɟ Ⱦɚɧɧɵɟ Ɍɇ ɩɨ ɤɚɬɚɥɨɝɭ Uɫɟɬɢ < Uɧɨɦ UȽ = ͳ͵,ͺ ɤȼ Uɧɨɦ = ʹͲɤȼ 

 
Ⱦɥɹ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɰɟɩɢ 13,8 ɤȼ 

ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɉɉɇ-ɉ1–20 ɍɏɅ1 ɮɢɪɦɵ ɁȺɈ 
«ɁɗɌɈ». 

 
4.7.2.3 ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɄɊɍɗ 
 
Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɄɊɍɗ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ — ɜ ɨɞɧɨɦ ɤɨɪɩɭɫɟ 

ɫɨɜɦɟɳɟɧɵ ɫɛɨɪɧɵɟ ɲɢɧɵ, ɜɵɤɥɸɱɚɬɟɥɶ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɫ ɡɚɡɟɦɥɢɬɟɥɹɦɢ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬ ɪɚɡɦɟɪɵ ɢ 
ɩɨɜɵɲɚɟɬ ɧɚɞɟɠɧɨɫɬɶ. 

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɵɛɢɪɚɟɦ ɹɱɟɣɤɭ ɄɊɍɗ əȽȽ-220 ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɤɨɦɩɚɧɢɢ Pairon Technology. Ⱦɚɧɧɵɟ ɩɨ ɜɵɛɨɪɭ ɄɊɍɗ 220ɤȼ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 4.10. 

 
Ɍɚɛɥɢɰɚ 4.10 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨ ɜɵɛɨɪɭ ɄɊɍɗ 220ɤȼ 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
Ʉɚɬɚɥɨɠɧɵɟ ɞɚɧɧɵɟ 

əɱɟɣɤɚ əȽȽ-220ɍ 

˖ܷ˔˕ = 220 ɤȼ ːܷˑˏ = 220 ɤȼ ˓ܫ ˃˄ ௠௔௫  = 494 Ⱥ ːܫ ˑˏ =3150 Ⱥ ˒ܫ ଴ = 4,47 ɤȺ ˑܫ ˕ˍˎ.ːˑˏ. = 50 ɤȺ 𝑖௬ = 10,87 ɤȺ 
ܫ̞  = 50 ɤȺ 3 =˕ݐ ɫ 

ȼɤ.ɪɚɫɱ = I୬଴ଶ ∙ (tɨɬɤ + tɪɡ൯ = = Ͷ,Ͷ͹ ଶ ∙ ሺͲ,Ͳ͵ + Ͳ,ͲͶሻ = ͳ,Ͷ ɤȺଶ ∙ ɫ 

ȼɤ.ɧɨɦ = ITଶ ∙ tT = = ͷͲଶ ∙ ͵ = ͹ͷͲͲ ɤȺଶ ∙ ɫ 
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ɄɊɍɗ ɫɟɪɢɢ əȽȽ-220 ɫ ɬɨɤɨɦ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɫɧɨɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɫɬɚɧɰɢɢ: ɜɵɤɥɸɱɚɬɟɥɢ, ɪɚɡɴɟɞɢɧɢɬɟɥɢ ɫ ɡɚɡɟɦɥɢɬɟɥɹɦɢ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, Ɉɉɇ, ɫɨɜɦɟɳɟɧɧɵɟ ɜ ɡɚɡɟɦɥɟɧɧɨɦ 
ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɤɨɪɩɭɫɟ, ɡɚɩɨɥɧɟɧɧɨɦ ɷɥɟɝɚɡɨɦ, ɨɛɥɚɞɚɸɳɢɦ ɥɭɱɲɢɦɢ 
ɢɡɨɥɢɪɭɸɳɢɦɢ ɢ ɞɭɝɨɝɚɫɢɬɟɥɶɧɵɦɢ ɤɚɱɟɫɬɜɚɦɢ. ɒɤɚɮɵ ɭɩɪɚɜɥɟɧɢɹ ɄɊɍɗ 
ɨɫɧɚɳɟɧɵ ɰɢɮɪɨɜɵɦɢ ɬɟɪɦɢɧɚɥɚɦɢ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɪɟɚɥɢɡɨɜɚɬɶ ɫɢɫɬɟɦɭ 
«ɐɢɮɪɨɜɚɹ ɩɨɞɫɬɚɧɰɢɹ» ɫɨɝɥɚɫɧɨ ɆɗɄ 61850. ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɜ ɄɊɍɗ ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɫ 
MOU ɭɫɬɪɨɣɫɬɜɚɦɢ, ɬɚɤ ɢ ɩɨɥɧɨɫɬɶɸ ɰɢɮɪɨɜɵɦɢ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɹɱɟɣɤɢ ɄɊɍɗ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11. 

 
Ɍɚɛɥɢɰɚ 4.11– Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɹɱɟɣɤɢ ɄɊɍɗ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ ːܷˑˏ = 220 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 252 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɤȺ 50 

ɉɚɪɚɦɟɬɪɵ ɫɤɜɨɡɧɨɝɨ ɬɨɤɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɤȺ 
Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ܫௗ  = 1255 

Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɤȺ ̞ܫ  = 50 

ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɫ 3 

ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ 
50 Ƚɰ, ɤȼ 

440 

ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɝɪɨɡɨɜɨɝɨ ɢɦɩɭɥɶɫɚ, ɤȼ 900 

ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ) 
Ⱦɥɹ ɭɱɟɬɚ 0,25 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5 

Ⱦɥɹ ɡɚɳɢɬɵ 10ɪ 

ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ (ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ) 
Ⱦɥɹ ɭɱɟɬɚ 0,2 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ 0,5 

Ⱦɥɹ ɡɚɳɢɬɵ 3ɪ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, Ⱥ 

Ʌɢɧɟɣɧɨɣ ɹɱɟɣɤɢ 3150 

ɋɛɨɪɧɵɯ ɲɢɧ 4000 
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5 Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 
ɋɢɥɨɜɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɩɨɞɫɬɚɧɰɢɣ ɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɡɚɳɢɳɚɬɶ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɚɪɭɲɟɧɢɣ 
ɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ 
ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ. Ɍɚɤɠɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ 
ɨɫɧɚɳɚɬɶ ɭɫɬɪɨɣɫɬɜɚɦɢ ɚɜɬɨɦɚɬɢɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɫɬɪɨɣɫɬɜɚɦɢ 
ɩɪɨɬɢɜɨɚɜɚɪɢɣɧɨɣ ɚɜɬɨɦɚɬɢɤɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɡɚɳɢɬɵ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ, 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ Ʌɗɉ. 

 
5.1 Ɋɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ 
 
ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ, ɤɨɬɨɪɵɟ 

ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ ɪɚɫɱёɬɚ.  
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: 
ʜሺଵሻܫ  = ܵːˑˏ ˆ√͵ ∙ ܷːˑˏ = ͶͻͲͲͲ√͵ ∙ ͳ͵,ͺ = ʹ,Ͳͷ ˍʏ,                                                          ሺͷ.ͳሻ 

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

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɢɡɲɟɣ ɫɬɨɪɨɧɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ: 

ʜሺଶሻܫ  = ːܫ ˑˏሺଵሻ ∙ ːː ˕˕ܭ˘˔ܭ = ʹͲͷͲ ∙ ͳʹͷͲͲ/ͷ = Ͷ,ͳ ʏ,                                                            ሺͷ.ʹሻ 

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

Ɇɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ 
 ܵɧɨɦ,Ɍȼ = ɧɨɦ.ɪɚɬͳ,ʹʹͷͷܫ ⋅ ɧܷɨɦ.ɪɨɬ = ͳʹͷͲͳ,ʹʹͷͷ ⋅ ͳ͹Ͳ = ͳ͹͵,Ͷ ɤȼȺ,                            ሺͷ.͵ሻ 

 
ɝɞɟ  ܫɧɨɦ.ɪɨɬ

ሺଵሻ  – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ; 
ɧܷɨɦ.ɪɨɬ– ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɨɬɨɪɚ. 

 
ɉɪɢɧɢɦɚɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɜɨɡɛɭɠɞɟɧɢɹ (Ɍȼ) ɦɨɳɧɨɫɬɶɸ 200 ɤ ȼȺ 
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ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Ɍȼ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
ܫ˅  ːʡʔሺଵሻ = ܵːˑˏ ʡʑ√͵ ∙ ܷːˑˏ = ʹͲͲ√͵ ∙ ͳ͵,ͺ = ͺ,͵͹ ʏ                                                        ሺͷ.Ͷሻ 

 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Ɍȼ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 ːܫ ː ʡʑ = ܵːˑˏ ʡʑ√͵ ∙ ܷːˑˏ = ʹͲͲ√͵ ∙ Ͳ,Ͷ = ʹͺͺ,͸ͺ ʏ                                                         ሺͷ.ͷሻ 

 
ȼɵɩɨɥɧɢɦ ɩɟɪɟɫɱɟɬ ɬɨɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜɨɡɛɭɠɞɟɧɢɹ: 
ɧɨɦ,ଶܫ  = ܵɧɨɦ,Ɍȼ√͵ ∙ ɧܷɨɦ.ɪɨɬ

= ʹͲͲͲͲͲ√͵ ∙ ͳ͹Ͳ = ͸͹ͻ,ʹͶ Ⱥ,                                                 ሺͷ.͸ሻ 

ɧɨɦ,ɪɨɬଶܫ  = = ɬɬܭɧɨɦ,ଶܫ ͸͹ͻ,ʹͶ͹ͷͲ/ͷ = Ͷ,ͷ͵ Ⱥ                                                                ሺͷ.͹ሻ  
 
5.2 ɉɟɪɟɱɟɧɶ ɡɚɳɢɬ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ «ɉɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ 

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

Ɂɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ ȽȽ ɋȼ-530/100-56– 49 Ɇȼ∙Ⱥ:  
• ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ 

ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɟɝɨ ɜɵɜɨɞɚɯ; 
• Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (100%) ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
• Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ; 
• Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; 
• Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɬɨɤɨɜ ɜɧɟɲɧɢɯ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 
ɝɟɧɟɪɚɬɨɪɚ; 

• Ɂɚɳɢɬɚ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɫɬɚɬɨɪɚ; 
• Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɧɟɲɧɢɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
• Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɛɟɡ ɩɨɬɟɪɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
• Ɂɚɳɢɬɚ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɩɨɬɟɪɟ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ; 
• Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ, ɤɨɧɬɪɨɥɶ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɮɨɪɫɢɪɨɜɤɢ; 
• ɍɫɬɪɨɣɫɬɜɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɨɬɤɚɡɚ ɜɵɤɥɸɱɚɬɟɥɹ (ɍɊɈȼ) ɝɟɧɟɪɚɬɨɪɚ; 
 
Ɂɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌȾɐ-80000/220-ɍ1: 
• Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
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• 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; 

• Ʉɨɧɬɪɨɥɶ ɢɡɨɥɹɰɢɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɜɨɞɨɜ (Ʉɂȼ-220); 
• 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.  
 
ɇɚ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 220 ɤȼ: 
1) Ɉɫɧɨɜɧɵɟ ɡɚɳɢɬɵ: 

• ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɮɚɡɧɚɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɄɁ. 
2) Ɋɟɡɟɪɜɧɵɟ ɡɚɳɢɬɵ: 

• 5-ɬɢ ɫɬɭɩɟɧɱɚɬɚɹ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɦɧɨɝɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ; 
• ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɞɥɹ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɢ 

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

(ɌɇɁɇɉ); 
• ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɩɪɢ ɨɬɤɚɡɚɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɍɊɈȼ 220 ɤȼ. 
 
Ɂɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ: 
• Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɨɬ ɜɫɟɯ ɜɢɞɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ; 
• Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɩɭɫɤɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ; 
• Ɂɚɳɢɬɚ ɨɬ ɩɟɪɟɝɪɭɡɤɢ; 
• Ɋɟɥɟ ɬɨɤɚ ɨɯɥɚɠɞɟɧɢɹ. 
 
5.3 Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.1. 
 

Ɍɚɛɥɢɰɚ 5.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɉɚɪɚɦɟɬɪ 

Ƚɟɧɟɪɚɬɨɪ 

Ɍɢɩ ɋȼ-530/110-56 

Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ 
ɉɨɥɧɚɹ, ɆȼȺ 49 

Ⱥɤɬɢɜɧɚɹ, Ɇȼɬ 41,65 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 13,8 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5.1 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ ɉɚɪɚɦɟɬɪ 

Ƚɟɧɟɪɚɬɨɪ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cosφ 0,85 
ɑɚɫɬɨɬɚ, Ƚɰ 50 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 214,3 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ, Ⱥ 2050 

Ɍɨɤ ɪɨɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ, Ⱥ 1250 
ɂɧɞɭɤɬɢɜɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ (ɨ.ɟ.) 

ɋɢɧɯɪɨɧɧɨɟ  Xd 1,15 
ɉɟɪɟɯɨɞɧɨɟ  X'd 0,30 

ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ  X"d 0,20 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 

Ɍɢɩ ɌȾɐ-80000/220-ɍ1 
Ɇɨɳɧɨɫɬɶ ɧɨɦɢɧɚɥɶɧɚɹ, ɆȼȺ 80 

ɇɨɦɢɧɚɥɶɧɨɟ ɜɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 242 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 13,8 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, % 11 

Ƚɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ Yɧ/Δ 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ɫɨɛɫɬɜɟɧɧɵɯ 

ɧɭɠɞ Ƚɗɋ 

Ɍɢɩ ɌɋɁ-2000/13,8 
ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɚ 6 
ɇɨɦɢɧɚɥɶɧɨɟ ɜɵɫɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 13,8 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɢɡɲɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 0,4 

ɇɚɩɪɹɠɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, % 6,4 

ɋɯɟɦɚ ɢ ɝɪɭɩɩɚ ɫɨɟɞɢɧɟɧɢɣ Δ/Yɧ – 11 

 
5.4 Ɉɩɢɫɚɧɢɟ ɢ ɪɚɫɱɟɬ ɭɫɬɚɜɨɤ ɡɚɳɢɬ 
 
5.4.1 ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ (I∆G) 
 
ɉɪɨɞɨɥɶɧɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ 

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

Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪёɯɮɚɡɧɨɣ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ 
ɜ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɚɯ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɢ ɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦ ɬɨɤɚ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɜɵɜɨɞɚɯ. ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ: ܫɧɨɦ = ʹͲͷͲ Ⱥ. 

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

 ːܫ ˄ሺːሻ = ʙˑˇː ∙ 𝑖݂ ∙ ːܫ ˑˏ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ ʹͲͷͲ = ͳͲʹ,ͷ ʏ,                                     ሺͷ.ͺሻ 
 
ɝɞɟ ܭˑˇː – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, ɪɚɜɧɵɣ 0,5; 𝑖݂ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ, ɪɚɜɧɚɹ 0,1; ܫʜ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ. 

 
ɍɫɬɚɜɤɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɭɫɥɨɜɢɹ: 
ʠʟ.଴ܫ  ൒ ːܭ ∙ ʜʐሺʜሻܫ = ʹ ∙ Ͳ,ͷ ∙ Ͳ,ͳ ∙ ːܫ = Ͳ,ͳ ∙ ːܫ ˑˏ,                                             ሺͷ.ͻሻ 

 
ɝɞɟ ܭː – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 2. 
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ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɚɜɧɨɣ: 
ʠʟ.଴ܫ  = Ͳ,ͳͷ ∙ ʜܫ = Ͳ,ͳͷ ∙ ʹͲͷͲ = ͵Ͳ͹,ͷ ʏ                                                      ሺͷ.ͳͲሻ 
 
2) ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɡɚɳɢɬɵ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ 

ɨɩɪɟɞɟɥɹɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɨɬɫɬɪɨɣɤɢ ɡɚɳɢɬɵ ɨɬ ɬɨɤɨɜ ɧɟɛɚɥɚɧɫɚ, ɜɵɡɜɚɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɹɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɫɤɜɨɡɧɵɯ ɄɁ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɪɚɜɟɧ: 
ɧɛሺКЗሻܫ  = Кɚɩ ∙ 𝑖݂ ∙ Кɨɞɧ ∙  ɦɚɤɫ,                                                                              ሺͷ.ͳͳሻܫ

 
ɝɞɟ  Кɚɩ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ; 
 𝑖݂ = Ͳ,ͳ – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ; 
 Кɨɞɧ = Ͳ,ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɞɧɨɬɢɩɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ (0,5 – ɞɥɹ 
ɨɞɧɨɬɢɩɧɵɯ ɌɌ); ܫɦɚɤɫ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɱɟɪɟɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɧɚ ɥɢɧɟɣɧɵɯ 
ɜɵɜɨɞɚɯ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɵɣ: 

ɦɚɤɫܫ  = ′′ௗݔ′′ௗܧ ∙ ɧɨɦܫ = ͳ,ͳ͵Ͳ,ʹ ∙ ʹͲͷͲ = ͳͳͷͺʹ,ͷ Ⱥ,                                                ሺͷ.ͳʹሻ 

 
ɝɞɟ  ܧௗ′′ = ͳ,ͳ͵ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ; ݔௗ′′ = Ͳ,ʹ – ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ. 

Ɍɨɝɞɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɟɛɚɥɚɧɫɚ ɪɚɜɟɧ: 
ɧɛሺКЗሻܫ   = ʹ ∙ Ͳ,ͳ ∙ Ͳ,ͷ ∙ ͳͳͷͺʹ,ͷ = ͳͳͷͺ,ʹͷ Ⱥ                                                              
  
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɭɫɥɨɜɢɸ: 
 

Кɬ > ɧɛሺКЗሻܫ ∙ Кɧܫɬ
,                                                                                                    ሺͷ.ͳ͵ሻ 

 
ɝɞɟ  Кɧ = ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ܫɬ – ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɪɚɜɧɵɣ ܫɦɚɤɫ. 

Ɍɨɝɞɚ: 
 

Кɬ > ͳͳͷͺ,ʹͷ ∙ ʹͳͳͷͺʹ,ͷ = Ͳ,ʹ                                                                                                   
 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ Кɬ = Ͳ,͵. 
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3) ɍɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ: 
ɧɬܫ  = ɫɪ.଴ܫ

Кɬ
= Ͳ,ͳͷ ∙ ͵,ɧͲܫ = Ͳ,ͷ ∙  ɧ,                                                                         ሺͷ.ͳͶሻܫ

 
ɝɞɟ ܫɫɪ.଴ = Ͳ,ͳͷ – ɭɫɬɚɜɤɚ ɧɚɱɚɥɶɧɨɝɨ ɬɨɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ; 
 Кɬ = Ͳ,͵ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ. 
 

4) Ɍɨɪɦɨɡɧɨɣ ɬɨɤ ȼ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɬɨɱɤɭ ɢɡɥɨɦɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɫɪɚɛɚɬɵɜɚɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ɭɫɬɚɜɤɢ ȼ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɫɹ ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ: 

ܤ  ൒ ɫɪ.଴ܫ
Кɬ

= Ͳ,ͳͷ ∙ ͵,ɧͲܫ = Ͳ,ͷ ∙  ɧ                                                                             ሺͷ.ͳͷሻܫ

ɉɪɢɧɢɦɚɟɦ ɬɢɩɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ܤ = ͳ,ͷ (ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ 
ɜɵɩɨɥɧɹɟɬɫɹ) 

 
5) Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɩɪɢ ɛɨɥɶɲɢɯ ɬɨɤɚɯ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɫ ɬɨɤɨɦ 
ɫɪɚɛɚɬɵɜɚɧɢɹ: ܫɨɬɫ = ሺʹ ÷ ͳʹሻܫɧɨɦ. 

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ: 
ɨɬɫܫ  = ͸ ∙ ɧɨɦܫ = ͸ ∙ ʹͲͷͲ = ͳʹ͵ͲͲ Ⱥ                                                              ሺͷ.ͳ͸ሻ 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɝɟɧɟɪɚɬɨɪɚ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.1. 
 

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8

0,2

0,4

0,6

0,8

,ʡܫ ʜʡ ʑܫ ˑ. ˈ. 

 ʠʟͲܫ

,∆ܫ ˑ. ˈ. 

ߙ = 16,͹° 
ɋɪɚɛɚɬɵɜɚɧɢɟ

Ɍɨɪɦɨɠɟɧɢɟ

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

 
Ɋɢɫɭɧɨɤ 5.1 – Ɂɚɳɢɬɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ, 

ɨɫɬɚɧɨɜɤɭ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ-ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ ɢ ɧɚ ɩɭɫɤ 
ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ 
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5.4.2 Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ  (𝐔ۼ 
(𝐔۽)) 

 
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 (͵ܷ଴) ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɫɧɨɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɧɚɩɪɹɠɟɧɢɹ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ͵ܷ଴ ɢ ɡɚɳɢɳɚɟɬ 85% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 
ɫɬɨɪɨɧɵ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ; ͵ ଴ܷ ɜɤɥɸɱɚɟɬɫɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ͵ܷ଴ Ɍɇ ɥɢɧɟɣɧɵɯ ɜɵɜɨɞɨɜ ɝɟɧɟɪɚɬɨɪɚ, ɢɡɦɟɪɹɟɦɨɟ 
ɨɛɦɨɬɤɨɣ «ɪɚɡɨɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ». 

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

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ܷʝ Эʚ.ʠʡ. ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.2: 

 

 
Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ UɈ ɗɅ.ɋɌ 
 
ɋɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɮɚɡɵ ɫɟɬɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
 ʠ𝛴 = ʡܥ + ʠʒ + ʠШ + ʠʑʒͲ,ͲͲ͹͵ + Ͳ,ͻ + Ͳ,ͲͲͺ + Ͳ,͵ͷ = = ͳ,ʹ͸ͷ ˏˍʣ˗˃ˊ˖,                                                                                                       ሺͷ.ͳ͹ሻ 

 
ɝɞɟ ʠʒ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; ܥʡ – ɟɦɤɨɫɬɶ ɨɞɧɨɣ ɮɚɡɵ ɨɛɦɨɬɤɢ ɇɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɡɟɦɥɸ; 
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ʠШ – ɟɦɤɨɫɬɶ ɲɢɧɨɩɪɨɜɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ; ʠʑʒ – ɟɦɤɨɫɬɶ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ. 
 
ɇɚɩɪɹɠɟɧɢɟ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ 

ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɹɯ ɧɚ ɫɬɨɪɨɧɟ 220 ɤȼ: 
 ܷʝ Эʚ.ʠʡ = ʙ ∙ ܷ଴ ∙ ʠʡሺߤ଴ሻʠʡሺߤ଴ሻ + ʠΣ = Ͳ,ͷ ∙ Ͷ͸,ͷ͹ ∙ Ͳ,ͲͳʹͲ,Ͳͳʹ + ͳ,ʹ͸ͷ = = ʹͳͺ,ͺͳ ʑ,                                                                                                             ሺͷ.ͳͺሻ 
 

ɝɞɟ ʙ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ܷ଴ ɩɨ ɨɛɦɨɬɤɟ ȼɇ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; ʠʡሺߤ଴ሻ – ɟɦɤɨɫɬɶ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ɜɵɫɲɟɝɨ ɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɞɧɨɣ 
ɮɚɡɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

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

 ܷ଴ = ͳ͵ ∙ ܷʜʝʛ ʑʜ√͵ = ͳ͵ ∙ ʹͶʹ√͵ = Ͷ͸,ͷ͹ ˍʑ,                                                         ሺͷ.ͳͻሻ 

 
ɝɞɟ ܷʜʝʛ ʑʜ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ȼɇ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
 

ɋɭɦɦɚɪɧɵɣ ɟɦɤɨɫɬɧɵɣ ɬɨɤ ɫɟɬɢ 13,8 ɤȼ: 
஼ܫ  = ͳ,͹͵ ∙ ܷʚ ∙ ߱ ∙ ʠΣ = ͳ,͹͵ ∙ ͳ͵,ͺ ∙ ͵ͳͶ ∙ ͳ,ʹ͸ͷ = ͻ,Ͷͺ ʏ                      ሺͷ.ʹͲሻ 
 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 
 

˔ܷ˓ ൒ ʙːʙ˅ ∙ ܷʝ Эʚ.ʠʡ.݊˕ː ,                                                                                               ሺͷ.ʹͳሻ 

 
ɝɞɟ ʙː –ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ; ʙ˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ; ݊˕ː – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ. 

 

˔ܷ˓ ൒ ͳ,ͷͲ,ͻͷ ∙ ͵ ∙ ʹͳͺ,ͺͳଵଷ,଼√ଷ∙బ,భయ
= Ͷ,͵Ͷ ʑ 

 
ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɭɫɬɚɜɤɢ: ܷ଴ଵீ ɫ ɭɫɬɚɜɤɨɣ 5 ȼ ɞɟɣɫɬɜɭɟɬ ɫ 

ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 6,0 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɢɝɧɚɥ; ܷ଴ீ ɫ ɭɫɬɚɜɤɨɣ ɪɚɜɧɨɣ 15 ȼ ɢ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, 
ɝɚɲɟɧɢɟ ɩɨɥɟɣ ɢ ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɫɨ ɫɛɪɨɫɨɦ ɚɜɚɪɢɣɧɨ - ɪɟɦɨɧɬɧɵɯ ɡɚɬɜɨɪɨɜ. 
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2) ȼɬɨɪɨɣ ɨɪɝɚɧ – ɷɬɨ ɨɪɝɚɧ ܷ଴ଷ, ɪɟɚɝɢɪɭɸɳɢɣ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɬɪɟɬɶɟɣ ɝɚɪɦɨɧɢɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɟɣɬɪɚɥɢ ɧɚ ɜɵɜɨɞɚɯ ɝɟɧɟɪɚɬɨɪɚ. 
Ɉɧ ɡɚɳɢɳɚɟɬ ɨɤɨɥɨ 30% ɜɢɬɤɨɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 

ɍɫɬɚɜɤɚ ɞɥɹ ɨɪɝɚɧɚ ܷ଴ଷ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɨɪɦɨɠɟɧɢɹ ʙʡ ɨɬ 1 
ɞɨ 3. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɣɬɪɚɥɢ ɝɟɧɟɪɚɬɨɪɚ ɞɨ ɦɟɫɬɚ ɡɚɦɵɤɚɧɢɹ ɜ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ʙʡ ɛɭɞɟɬ ɪɚɜɧɨ: 

 ʤ = ͳʙʡ + ʹ = ͳͳ,ʹ + ʹ =  Ͳ,͵ͳ͵ ˑ. ˈ.                                                                 ሺͷ.ʹʹሻ 

 
ɉɪɢ ʙʡ = ͳ,ͳ ɪɚɛɨɬɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɢ ɡɚɳɢɳɚɟɬ 31,3 % ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɫɨ 

ɫɬɨɪɨɧɵ ɧɟɣɬɪɚɥɢ. 
Ⱦɚɧɧɚɹ ɡɚɳɢɬɚ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫɟɤɭɧɞ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

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

5.4.3 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ (𝐔૚ >), (𝐔૛ >ሻ 
 
1) ɍɫɬɚɜɤɚ ɡɚɳɢɬɵ Uʹ >ɜɵɛɢɪɚɟɬɫɹ: 
 ܷ஼ʟଶ = ͳ,Ͷ ∙ ܷːˑˏ݊ʡʜ = ͳ,Ͷ ∙ ͳ͵ͺͲͲͳ͵ͺͲͲ/ͳͲͲ = ͳͶͲ ʑ                                                      ሺͷ.ʹ͵ሻ 

 
2) ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɡɚɳɢɬɟ ɧɚ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 

ɜɬɨɪɨɣ ɨɪɝɚɧ Uͳ >, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ 
ɩɪɢ ɫɛɪɨɫɟ ɧɚɝɪɭɡɤɢ. 

ɍɫɬɚɜɤɚ Uͳ > ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ: 
 ܷ஼ʟଵ = ͳ,ʹ ∙ ܷːˑˏ݊ʡʜ = ͳ,ʹ ∙ ͳ͵ͺͲͲͳ͵ͺͲͲ/ͳͲͲ = ͳʹͲ ʑ                                                      ሺͷ.ʹͶሻ 

 
ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɬɨɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ɨɬɫɭɬɫɬɜɢɟ ɬɨɤɚ ɜ ɰɟɩɢ ɝɟɧɟɪɚɬɨɪɚ 

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

ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.4.4 Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

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

ɝɟɧɟɪɚɬɨɪɚ ɬɨɤɚɦɢ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɦɟɠɞɭɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɢ ɞɪɭɝɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɪɟɠɢɦɚɯ 
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ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɹɯ ɜ ɫɚɦɨɦ 
ɝɟɧɟɪɚɬɨɪɟ. 

 
Ɂɚɳɢɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɪɝɚɧɵ: 
1) ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ ሺܫଶʠʗʒʜሻ ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶ 

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

ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ଶʠʗʒʜ∗ܫ  = Ͳ,Ͳ͹ ∙  ʜܫ
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ ሺܫଶʞʢʠʙሻ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ܫଶ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ ɜɵɛɢɪɚɟɬɫɹ ɩɨ 
ɭɫɥɨɜɢɸ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ ɩɭɫɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɩɪɢ ݐʛʏʙʠ = ͸ͲͲ ˔. 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɬɨɤ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫ∗ଶ: 
ଶ∗ܫ  = √ʏݐ = √ ʹͲ͸ͲͲ = Ͳ,ͳͺ,                                                                                   ሺͷ.ʹͷሻ 

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

 
ɍɫɬɚɜɤɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɪɚɜɧɚ: 
ଶʞʢʠʙ∗ܫ  = ːܭଶ∗ܫ = Ͳ,ͳͺͳ,ʹ = Ͳ,ͳͷ,                                                                              ሺͷ.ʹ͸ሻ 

 
ɝɞɟ ܭː = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ. 

 
ɍɫɬɚɜɤɚ ɜ ɢɦɟɧɨɜɚɧɧɵɯ ɟɞɢɧɢɰɚɯ: 
ଶʞʢʠʙܫ  = Ͳ,ͳͷ ∙ ʜʝʛܫ = Ͳ,ͳͺ ∙ ːܫ ,                                                                        ሺͷ.ʹ͹ሻ 

 
ɝɞɟ ܫʜʝʛ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɟɧɟɪɚɬɨɪɚ. 

 
ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 

ɬɟɩɥɨɜɨɦɭ ɞɟɣɫɬɜɢɸ ɬɨɤɚ ܫ∗ଶʞʢʠʙ = Ͳ,ͳͷ:  
ʓʝʞݐ  = ʏܫ∗ଶʞʢʠʙଶ = ʹͲͲ,ͳͷଶ ≈ ͺͺͻ ˔                                                                        ሺͷ.ʹͺሻ 
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3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɭɞɚɥɟɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɪɟɠɢɦɚɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɬɨɤɚɦɢ ɩɟɪɟɝɪɭɡɤɢ ܫଶ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ 
ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɭɪɚɜɧɟɧɢɟɦ: 

ʠʟݐ  = ʏʗʝሺܫ∗ଶሻଶ = ʹͲሺܫ∗ଶሻଶ                                                                                             ሺͷ.ʹͻሻ 

 
ɂɡ ɮɨɪɦɭɥɵ (5.29): 
 ͵Ͳ = ሺܫ∗ଶሻଶ ∙       ʠʟݐ
 
Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɜ ɝɟɧɟɪɚɬɨɪɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 5.2: 
 
Ɍɚɛɥɢɰɚ 5.2 – Ⱦɨɩɭɫɬɢɦɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɨɜ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɝɟɧɟɪɚɬɨɪɟ 

Ʉɪɚɬɧɨɫɬɶ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɬɨɤɭ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ܫଶ/ܫɇ 

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ݐ, (ɫ) 20 55 80 125 220 500 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

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

 

 
Ɋɢɫɭɧɨɤ 5.3 – ɏɚɪɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɩɟɪɟɝɪɭɡɨɤ ɢ ɜɧɟɲɧɢɯ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ܫଶ 

 
ɂɫɯɨɞɹ ɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɜɪɟɦɹ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɦ: ݐˏˋː = ʹͲ ܿ, ݐˏ˃ˍ˔ = ͸ͲͲ ܿ. 
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4) Ɉɪɝɚɧ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢሺܫଶʝʡʠሻ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ 
ɜɪɟɦɟɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ܫଶɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɢ ɹɜɥɹɟɬɫɹ 
ɡɚɳɢɬɨɣ ɨɬ ɜɧɟɲɧɢɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. 

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

ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ; 
2) ɂɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ 

ɡɚɦɵɤɚɧɢɢ ɧɚ 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 ܫଶ. 
ɉɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ: ɨɛɟɫɩɟɱɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɜ 

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

 
ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ, 

ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɨɤɨɣ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ: 
ௗɜɧݔ 

′′ = ′′ௗݔ ∙ ( ɜܷɧ

ɧܷɧ
)ଶ = Ͳ,ʹ ∙ (ʹͶʹͳ͵,ͺ)ଶ = ͸ͳ,ͷ ɨ. ɟ,                                             ሺͷ.͵Ͳሻ 

∗ݔ 
ɜɥ = ɜɥݔ ∙ ܵɛ

ɛܷ
ଶ = ͵Ͳ,ͻ͹ ∙ ͶͻʹͶʹଶ = Ͳ,Ͳ͵ ɨ. ɟ.                                                     ሺͷ.͵ͳሻ 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ: 

ɬݔ   = ɤ%ͳͲͲݑ ∙ ܵɛܵɧɨɦ
= ͳͳͳͲͲ ∙ ͶͻͺͲ = Ͳ,Ͳ͸͹ ɨ. ɟ.                                                       ሺͷ.͵ʹሻ 

 
ɉɪɢ ɞɜɭɯɮɚɡɧɨɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɜ ɤɨɧɰɟ ȼɅ 220 ɤȼ: 

∗ଶɋ.Зܫ  = ͳͳ,͵ ⋅ ʹ ⋅ ௗɜɧݔ)
′′ + ɬݔ  + ∗ݔ

ɜɥ൯ = ͳͳ,͵ ⋅ ʹ ⋅ ሺ͸ͳ,ͷ + Ͳ,Ͳ͸͹ + Ͳ,Ͳ͵ሻ = = Ͳ,ͲͲ͸ ɨ. ɟ,                                                                                                            ሺͷ.͵͵ሻ 
 

ɝɞɟ ݔௗ′′  - ɫɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ; ݔȽ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ;  ݔɌ - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. 
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Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɧɚ ɫɬɨɪɨɧɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ: 
∗ଶɋ.Зܫ  = ʹ ∙ ∗ଶɋ.Зܫ ∙ ɬܭ = ʹ ∙ Ͳ,ͲͲ͸ ∙ (ʹͶʹͳ͵,ͺ) = Ͳ,ʹͳ                                        ሺͷ.͵Ͷሻ 

 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɟɡɟɪɜɧɵɦɢ ɡɚɳɢɬɚɦɢ ɥɢɧɢɢ. ȼ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɜɬɨɪɨɦɭ ɭɫɥɨɜɢɸ ܫଶɋ.З∗ = Ͳ,ʹͷ. 

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

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

  
5.4.5 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: 

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

ɍɫɬɚɜɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ: 
ʠʗʒʜܫ  = ʜܭ ∙ ʑܭʜܫ = ͳ,Ͳͷ ∙ ʜͲ,ͻͺܫ = ͳ,Ͳ͹ ∙  ʜ,                                                             ሺͷ.͵ͷሻܫ

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

 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ 6 ɫɟɤɭɧɞ. 
 
2) ɉɭɫɤɨɜɨɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ ɜɵɲɟ ɭɫɬɚɜɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɢ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɭɫɤ 
ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ. 

ɍɫɬɚɜɤɚ ɩɭɫɤɨɜɨɝɨ ɨɪɝɚɧɚ: 
ଵʞʢʠʙܫ  = ͳ,Ͳͺ ∙ ʜ    Ͳ,ͻͺܫ = ͳ,ͳ ∙  ʜ                                                                             ሺͷ.͵͸ሻܫ
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3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ ɫɪɚɛɚɬɵɜɚɟɬ ɫ ɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
ɍɫɬɚɜɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.3: 
 

Ɍɚɛɥɢɰɚ 5.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ 

Ʉɪɚɬɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ ܫ ⁄ʜܫ  

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

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɝɪɭɡɤɢ (ɫ) 3800 1200 450 340 280 160 80 3 1 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ 

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

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

ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɪɚɜɧɨɣ 0,01 ɫ. 
 

 
Ɋɢɫɭɧɨɤ 5.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  

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

ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ ȽȽ . 
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. 
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ɍɫɬɚɜɤɚ ɨɪɝɚɧɚ ɨɬɫɟɱɤɢ: 
ଵʝʡʠܫ  = ͳ,ͷ ∙ ʜͲ,ͻͺܫ = ͳ,ͷ͵ͳ ∙  ʜ                                                                                ሺͷ.͵͹ሻܫ

 
Ɍɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɭɫɤɨɦ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ሺܷʒ <ሻ. ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ: 
 ܷʠʟ = Ͳ,͸ͺ ∙ ܷʜʝʛܭʑ ∙ ݊ʡ = Ͳ,͸ͺ ∙ ͳ͵ͺͲͲͳ,Ͳ͵ ∙ ͳ͵ͺͲͲ/ͳͲͲ = ͸͸,Ͳʹ ʑ                                     ሺͷ.͵ͺሻ 

 
Ɉɬɫɟɱɤɚ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɛɥɨɱɧɵɯ 

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

 
5.4.6 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: 

.𝑃 ʠʗʒʜܫ  = ʙʜ ∙ ʑܭ˕ʜ ˓ˑܫ = ͳ,Ͳͷ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ͳ,Ͳ͹ ∙  ʜʝʛ.ʟ,                                    ሺͷ.͵ͻሻܫ

 
ɝɞɟ ܫʜʝʛ.ʟ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɨɬɨɪɚ. 
 

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

.𝑃 ʞʢʠʙܫ  = ͳ,Ͳͺ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ͳ,ͳ ∙  ʜʝʛ.ʟ                                                                ሺͷ.ͶͲሻܫ

 
3) ɂɧɬɟɝɪɚɥɶɧɵɣ ɨɪɝɚɧ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɫ ɡɚɜɢɫɢɦɨɣ ɨɬ ɬɨɤɚ ɜɵɞɟɪɠɤɨɣ 

ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɣ ɜ ɬɚɛɥɢɰɟ 5.4, ɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ 
ɝɟɧɟɪɚɬɨɪɚ, ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

 
Ɍɚɛɥɢɰɚ 5.4 – ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

Ʉɪɚɬɫɧɨɫɬɶ 
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 250 180 160 120 90 72 45 20 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɤɢ ɨɛɦɨɬɤɢ 
ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.5: 

 
Ɋɢɫɭɧɨɤ 5.5 – 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: 

.𝑃 ʞʢʠʙܫ  = ʹ,ʹ ∙ ʜʝʛ.ʟͲ,ͻͺܫ = ʹ,ʹͶͷ ∙  ʜʝʛ.ʟ                                                             ሺͷ.Ͷͳሻܫ

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

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɧɚ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 
 
5.4.7 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɝɟɧɟɪɚɬɨɪɚ ሺ𝒁૚ <ሻ, ሺ𝒁૛ <ሻ 

 
Ɂɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɨɪɝɚɧɨɜ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 

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

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

1) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɟɣɫɬɜɢɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ ɧɟ ɛɨɥɟɟ 1ɫ. ɍɤɚɡɚɧɧɚɹ ɜɵɞɟɪɠɤɚ 
ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɩɟɪɜɵɦɢ ɫɬɭɩɟɧɹɦɢ ɡɚɳɢɬ 
ɥɢɧɢɣ, ɨɬɯɨɞɹɳɢɯ ɨɬ ɲɢɧ Ƚɗɋ. 
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ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɧɚ ɲɢɧɚɯ 220 ɤȼ Ƚɗɋ 
ɨɞɧɨɝɨ ɛɥɨɤɚ. ܼଵ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɧɚɩɪɹɠɟɧɢɸ 220 ɤȼ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 

ɚ) ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ ɩɟɪɜɨɣ ɫɬɭɩɟɧɶɸ ɡɚɳɢɬ ȼɅ 220 ɤȼ Ɍɢɦɩɬɨɧɫɤɚɹ Ƚɗɋ 
– Ɍɨɦɦɨɬ: 
 ܼଵ ൑ Ͳ,ͺ ∙ ܼʡ + Ͳ,ͺܭʡ ∙ ܼଵʚ′ = Ͳ,ͺ ∙ Ͷͻ,Ͳͷ + Ͳ,ͺ͵ ∙ ͵Ͳ,ͻ͹ = ͷͳ,͸͵ ʝˏ,          ሺͷ.Ͷʹሻ 

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

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɜɵɫɲɟɣ ɫɬɨɪɨɧɟ: 

 ܼʡ = Ͳ,Ͳ͸͹ ∙ ʹͶʹͺͲ ଶ = Ͷͻ,Ͳͷ ʝˏ                                                                            
 

ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɧɨɦɢɧɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 
ɝɟɧɟɪɚɬɨɪɚ: 

 ܼଵ ˑ.ˈ. ൑ Ͳ,ͺ ∙ Ͳ,Ͳ͸͹ ∙ ͶͻͺͲ + Ͳ,ͺʹ ∙ ͶͻʹͶʹଶ ∙ ͵Ͳ,ͻ͹ = Ͳ,ͲͶ͵ ˑ. ˈ.                      
 ܼଵ ɜ ɩɟɪɜɢɱɧɵɯ Ɉɦɚɯ ɫɨɫɬɚɜɢɬ: 

 ܼଵ = ܼଵ ˑ.ˈ. ∙ ܼ˄ଵ = Ͳ,ͲͶ͵ ∙ ͵,ͺͻ = Ͳ,ͲͶ͵ ʝˏ,                                                 ሺͷ.Ͷ͵ሻ 
 
ɝɞɟ ܼ˄ – ɛɚɡɢɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɨɟ: 
 ܼ˄ଵ = ܷ˄ଵଶܵːˑˏ ˆ = ͳ͵,ͺଶͶͻ = ͵,ͺͻ ʝˏ                                                                        ሺͷ.ͶͶሻ 

 
ɍɫɬɚɜɤɚ ɧɚ ɪɟɥɟ ɛɭɞɟɬ ɪɚɜɧɚ: 
 ܼ஼ଷ ூ = ܼଵ ∙ ݊ʡ݊ʜ = Ͳ,ͳ͸͹ ∙ ଶହ଴଴ହଵଷ,଼଴,ଵ = Ͳ,͸ͳ ʝˏ                                                       ሺͷ.Ͷͷሻ 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଵ = Ͳ,͸ͳ ʝˏ. 
 
2) Ɏɭɧɤɰɢɹ ∆ܼ ɨɬɥɢɱɚɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɨɬ ɤɚɱɚɧɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɩɨ 

ɫɤɨɪɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɍɫɬɚɜɤɚ ɮɭɧɤɰɢɢ ∆ܼ, ɜ ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɧɢɦɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ, ∆ܼ = ͵Ͳ − ͷͲ ʝˏ/˔. 
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ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 0,5 ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ 
ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 1,0ɫ 
ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ, ɨɫɬɚɧɨɜ ɬɭɪɛɢɧɵ ɢ 
ɫɛɪɨɫ ȺɊɁ. 

3) ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɨɬɫɬɪɨɣɤɢ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɡɤɢ ɢ ɪɟɠɢɦɚ ɮɨɪɫɢɪɨɜɤɢ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ܷʜʝʛ√͵ ∙ ʜʏʒʟܫ = ͳ͵,ͺ ∙ ͳͲଷ√͵ ∙ ʹͲͷͲ = ͵,ͺͻ ʝˏ,                                                   ሺͷ.Ͷ͸ሻ 

 
ɝɞɟ ܫʜʏʒʟ– ɧɨɦɢɧɚɥɶɬɵɣ ɬɨɤ ɫɬɚɬɨɪɚ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ = ܼʜʏʒʟ ∙ ݊˕݊ː = ͵,ͺͻ ∙ ଶହ଴଴ହଵଷ,଼଴,ଵ = ͳͶ,Ͳͻ ʝˏ                                               ሺͷ.Ͷ͹ሻ 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ 

ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɩɪɢ ɞɜɨɣɧɨɦ ɬɨɤɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ሺʹ ∙ ʑ.ʜʝʛሻ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɡɚɠɢɦɚɯ ɫɬɚɬɨɪɚ Ͳ,ͻͷܫ ∙ ܷʜ (ɛɟɡ ɭɱɟɬɚ 
ɧɚɫɵɳɟɧɢɹ): 

ʣܫ  = ଶ∙ூʑ.ʜʝʛூʑ.ʤ.ʤ. − Ͳ,ͻͷݔௗ = ʹ ∙ ͳ,ͺ͵ − Ͳ,ͻͷͳ,ͳͷ = ʹ,͵͸,                                               ሺͷ.Ͷͺሻ 

 

ɝɞɟ 
ூʑ.ʜʝʛூʑ.ʤ.ʤ.  – ɨɬɧɨɲɟɧɢɟ ɬɨɤɨɜ ɝɟɧɟɪɚɬɨɪɚ ɜ ɧɨɦɢɧɚɥɶɧɨɦ ɢ ɯɨɥɨɫɬɨɦ ɪɟɠɢɦɚɯ; ݔௗ – ɫɢɧɯɪɨɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨ ɩɪɨɞɨɥɶɧɨɣ 

ɨɫɢ. 
 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
 ܼʜʏʒʟ.ʣ = Ͳ,ͻͷ ∙ ܷʜܫʣ = Ͳ,ͻͷ ∙ ͳʹ,͵͸ = Ͳ,Ͷ ˑ. ˈ,                                                       ሺͷ.Ͷͻሻ 

 ܼʜʏʒʟ.ʣ = ܼʜʏʒʟ.ʣ ˑ.ˈ. ∙ ܼ˄ = Ͳ,Ͷ ∙ ͵,ͺͻ ∙ ଶହ଴଴ହଵଷ,଼଴,ଵ = ͷ,͸Ͷ ʝˏ,                            ሺͷ.ͷͲሻ 

ʜʏʒʟ.ʣ߮ݏ݋ܿ  = ʜͲ,ͻͷ߮ݏ݋ܿ ∙ ʣܫ = Ͳ,ͺͷͲ,ͻͷ ∙ ʹ,͵͸ = Ͳ,͵͹ͻ                                               ሺͷ.ͷͳሻ 
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ɍɝɨɥ ɧɚɝɪɭɡɤɢ ɜ ɪɟɠɢɦɟ ɮɨɪɫɢɪɨɜɤɢ ɪɚɜɟɧ ߮ʜʏʒʟ.ʣ = ͸͹,͹͵°. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɨ: 
 ܼଶ஼ʖ = ܼʜʏʒʟ.ʣʙʜ = Ͳ,Ͷͳ,ͳ = Ͳ,͵͸ ˑ. ˈ,                                                                      ሺͷ.ͷʹሻ 

 ܼଶ஼ʖ = ܼଶ ˑ.ˈ. ∙ ܼ˄ = Ͳ,͵͸ ∙ ͵,ͺͻ = ͳ,Ͷ ʝˏ                                                       ሺͷ.ͷ͵ሻ 
 

Ɂɧɚɱɟɧɢɟ ɭɫɬɚɜɤɢ ɪɟɥɟ ɫɨɫɬɚɜɥɹɟɬ: 
 ܼଶ஼ʖ = ܼଶʠʖ ∙ ݊ʡ݊ʜ = ͳ,Ͷ ∙ ʹͷͲͲ/ͷͳ͵ͺͲͲ/ͳͲͲ = ͷ,Ͳ͹ ʝˏ                                                   ሺͷ.ͷͶሻ 

 
ɉɪɢɧɢɦɚɟɦ ɭɫɬɚɜɤɭ ܼଶ = ͷ,Ͳ͹ ʝˏ. 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɨ ɨɫɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15%.  
ɍɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɫɦɟɳɟɧɢɹ, ɜɡɵɬɵɟ ɨɬ ɩɟɪɜɢɱɧɵɯ ɜɟɥɢɱɢɧ ܼ஼ʛଵ = Ͳ,Ͳͻ ʝˏ, ܼ஼ʛଶ = Ͳ,͹͸ ʝˏ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ 

ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɪɟɡɟɪɜɧɵɯ ɡɚɳɢɬ ɥɢɧɢɣ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɞɟɣɫɬɜɭɟɬ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 7,5 ɫ – ɧɚ ɨɬɤɥɸɱɟɧɢɟ 

ɛɥɨɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ 220 ɤȼ ɢ ɜɵɤɥɸɱɚɬɟɥɟɣ Ɍɋɇ, ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 8,0 
ɫ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɝɚɲɟɧɢɟ ɩɨɥɟɣ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 5.6. 

 

 
Ɋɢɫɭɧɨɤ 5.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ 
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5.5 ȼɵɛɨɪ ɤɨɦɩɥɟɤɫɚ ɡɚɳɢɬ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 
 
ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ, ɞɥɹ ɡɚɳɢɬɵ ɛɥɨɤɚ ɝɟɧɟɪɚɬɨɪ-ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

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

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

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

 
5.6 Ɍɚɛɥɢɰɚ ɭɫɬɚɜɨɤ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 
 
ɍɫɬɚɜɤɢ ɡɚɳɢɬ ɢ ɦɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ ɜ 

ɬɚɛɥɢɰɚɯ Ⱦ.1 ɢ Ⱦ.2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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6 Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɫɬɚɜ ɫɨɨɪɭɠɟɧɢɣ ɝɢɞɪɨɭɡɥɚ 
 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɪɚɫɱёɬɨɜ ɫɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɤɥɚɫɫ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɨɪɭɠɟɧɢɹ (ȽɌɋ). 
ɑɢɫɥɨ ɩɨɫɬɨɹɧɧɨ ɩɪɨɠɢɜɚɸɳɢɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɫɬɪɚɞɚɬɶ ɩɪɢ 

ɚɜɚɪɢɢ ɧɚ Ƚɗɋ ɪɚɜɧɨ 472 ɱɟɥɨɜɟɤɚ. ɉɪɢɫɜɚɢɜɚɟɬɫɹ III ɤɥɚɫɫ ɫɨɨɪɭɠɟɧɢɹ. ˖ܰ˔˕ = ͳ͸͹ ʛʑ˕, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ III ɤɥɚɫɫɭ ɫɨɨɪɭɠɟɧɢɹ. ɋɬɚɧɰɢɹ 
ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɢɡɨɥɢɪɨɜɚɧɧɨ ɨɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ II 
ɤɥɚɫɫɭ ɫɨɨɪɭɠɟɧɢɹ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɤɨɦɩɨɧɨɜɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɜɵɫɨɬɚ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ 
ɛɭɞɟɬ ɪɚɜɧɚ 47 ɦ, Ƚɪɭɧɬ ɨɫɧɨɜɚɧɢɹ ɫɤɚɥɶɧɵɣ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɩɪɟɞɭɫɦɨɬɪɟɧ III ɤɥɚɫɫ. 

ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ Ɍɢɦɩɬɨɧɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɛɭɞɟɬ ɨɬɧɨɫɢɬɶɫɹ ɤ II ɤɥɚɫɫɭ 
ɫɨɨɪɭɠɟɧɢɣ.  

 
6.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɨɨɪɭɠɟɧɢɣ ɧɚɩɨɪɧɨɝɨ ɮɪɨɧɬɚ 
 
6.1.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ 

 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, ɜɵɱɢɫɥɟɧɧɚɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
ʒʒʞߘ  = ʜʞʢߘ + ℎ௦,                                                                                               ሺ͸.ͳሻ 
 

ɝɞɟ ℎ௦– ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 
 ℎ௦ = ∆ℎ௦௘௧ + ℎଵ% + ܽ,                                                                                            ሺ͸.ʹሻ 

 
ɝɞɟ ∆ℎ௦௘௧ – ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  ℎଵ% – ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; 

ɚ – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ܽ =  Ͳ,͹ ˏ. 
 

Ɉɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ: 
 ∆ℎ௦௘௧ = 𝑊ܭ ∙ ଶݒ ∙ ݃ܮ ∙ ݀ ∙  ௪,                                                                                  ሺ͸.͵ሻߙݏ݋ܿ

 
ɝɞɟ ݒ = ʹͲ ˏ/˔ – ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ; ܭ𝑊 – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɪɚɜɧɵɣ: 
𝑊ܭ  = ͵ ∙ ሺͳ + Ͳ,͵ ∙ ሻݒ ∙ ͳͲ−଻ = ͵ ∙ ሺͳ + Ͳ,͵ ∙ ʹͲሻ ∙ ͳͲ−଻ = ʹ,ͳͲ ∙ ͳͲ−଺    ሺ͸.Ͷሻ 

ܮ  = ͵͵ͷͲ ˏ – ɞɥɢɧɚ ɪɚɡɝɨɧɚ ɜɨɥɧɵ; ߙ௪ = Ͳ°; 
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݀ – ɫɪɟɞɧɹɹ ɝɥɭɛɢɧɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɟɪɟɞ ɩɥɨɬɢɧɨɣ: 
 ݀ = ɇɉɍߘ − ʹȾɇȺߘ = ͵ͳͲ − ʹ͸͵ʹ = ʹ͵,ͷ ɦ                                                    ሺ͸.ͷሻ 

 
ȼɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ ɜɨɥɧɵ ɜ ȼȻ ɪɚɜɧɚ: 
 ∆ℎ௦௘௧ = ʹ,ͳͲ ∙ ͳͲ−଺ ∙ ʹͲଶ ∙ ͵͵ͷͲͻ,ͺͳ ∙ ʹ͵,ͷ ∙ °Ͳݏ݋ܿ = Ͳ,Ͳͳʹ ˏ 

 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ݇𝑖 ɧɚɯɨɞɢɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ 2
gL

,

gt

: 

 ݃ ∙ ଶݒܮ = ͻ,ͺͳ ∙ ͵͵ͷͲʹͲଶ = ͺʹ,ͳ͸,                                                                                 ሺ͸.͸ሻ 

 ݃ ∙ ݒݐ = ͻ,ͺͳ ∙ ʹͳ͸ͲͲʹͲ = ͳͲͷͻͶ,ͺ,                                                                          ሺ͸.͹ሻ 

 
ɝɞɟ ݐ – ɩɟɪɢɨɞ ɞɟɣɫɬɜɢɹ ɜɟɬɪɚ, ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ͸ ˚ = ʹͳ͸ͲͲ ˔. 
 

ɉɨ ɜɟɪɯɧɟɣ ɨɝɢɛɚɸɳɟɣ ɤɪɢɜɨɣ ɝɪɚɮɢɤɚ ɫɧɢɦɚɟɦ [32, ɩɪɢɥɨɠɟɧɢɟ 1, ɪɢɫ.1] 

ɜɟɥɢɱɢɧɵ 2
hg

 ɢ 


Tg
 ɞɥɹ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 2

gL
 ɢ

gt

, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 
 

Ɍɚɛɥɢɰɚ 6.1 – Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɝɪɚɮɢɤɚ 
ɉɚɪɚɦɟɬɪ 

g ∙ Lݒଶ = ͺʹ,ͳ͸ 
g ∙ tݒ = ͳͲͷͻͶ,ͺ g ∙ ݒ̅ܶ  1,50 4,20 g ∙ ℎ̅ݒଶ  0,016 0,085 

 

ɉɪɢɧɢɦɚɟɦ ɡɧɚɱɟɧɢɹ  g∙ℎ̅௩మ = Ͳ,Ͳͳ͸  ɢ g∙்̅௩ = ͳ,ͷͲ ɢ ɨɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ 
ɜɨɥɧɵ. 

 
ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɨɥɧɵ: 
 ℎ̅ = Ͳ,Ͳͳ͸ ∙ ଶ݃ݒ = Ͳ,Ͳͳ͸ ∙ ʹͲଶͻ,ͺͳ = ͳ,͸ͷʹ ɦ                                                           ሺ͸.ͺሻ 
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ɋɪɟɞɧɢɣ ɩɟɪɢɨɞ ɜɨɥɧɵ: 
 ܶ̅ = ͳ,ͷ ∙ ݃ݒ = ͳ,ͷ ∙ ʹͲͻ,ͺͳ = ͵,Ͳͷͺ ɫ                                                                          ሺ͸.ͻሻ 

 
ɇɚɣɞɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɜɨɥɧɵ ɩɨ ɮɨɪɦɭɥɟ:  
ߣ̅  = ݃ ∙ ܶ̅ଶʹߨ = ͻ,ͺͳ ∙ ͵,Ͳͷͺଶʹ ∙ ͵,ͳͶ = ͳͶ,͸ͳ ɦ                                                             ሺ͸.ͳͲሻ 

 
ɉɪɨɜɟɪɤɚ ɧɚ ɝɥɭɛɨɤɨɜɨɞɧɨɫɬɶ: 
 ݀ ൒ ߣʹ̅ = ͳͶ,͸ͳʹ = ͹,͵Ͳ ൑ ʹ͵,ͷ,                                                                         ሺ͸.ͳͳሻ 

 ʹ͵,ͷ ൒ ͹,͵Ͳ – ɭɫɥɨɜɢɟ (6.11) ɜɵɩɨɥɧɹɟɬɫɹ, ɡɧɚɱɢɬ, ɡɨɧɚ ɝɥɭɛɨɤɨɜɨɞɧɚɹ. 
 

 ȼɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɜɨɥɧ ɝɥɭɛɨɤɨɜɨɞɧɨɣ ɡɨɧɵ: 
 ℎଵ% = ݇𝑖 ∙ ℎ̅ = ʹ,Ͳͻ ∙ Ͳ,͸ͷʹ = ͳ,͵͸Ͷ ɦ,                                                           ሺ͸.ͳʹሻ 

 
ɝɞɟ ݇𝑖 = ʹ,Ͳͻ – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɪɚɮɢɤɭ [32, ɩɪɢɥɨɠɟɧɢɟ 1, 

ɪɢɫ.2] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ 2
gL

. 

ɉɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ 
ɛɶɟɮɟ: 

 ℎ௦ = Ͳ,Ͳͳʹ + ͳ,͵͸Ͷ + Ͳ,͸ = ʹ,Ͳͺ  ɦ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɬɦɟɬɤɚ ɝɪɟɛɧɹ ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧɵ ɩɨ (6.1) ɪɚɜɧɚ: 
 ∇ʒʒʞ = ͵ͳͲ + ʹ,Ͳͺ = ͵ͳʹ,Ͳͺ ˏ  
 
Ɂɚ ɨɬɦɟɬɤɭ ɝɪɟɛɧɹ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɩɪɢɧɢɦɚɟɬɫɹ ɨɬɦɟɬɤɚ, ɜɵɱɢɫɥɟɧɧɚɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
ʒʐʞߘ  = ʜʞʢߘ + ℎ௦,                                                                                             ሺ͸.ͳ͵ሻ 
 

ɝɞɟ ℎ௦– ɩɪɟɜɵɲɟɧɢɟ ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɭɪɨɜɧɟɦ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ. 
 ℎ௦ = ∆ℎ௦௘௧ + ℎଵ% + ܽ,                                                                                          ሺ͸.ͳͶሻ 

 
ɝɞɟ ∆ℎ௦௘௧ – ɜɵɫɨɬɚ ɜɟɬɪɨɜɨɝɨ ɧɚɝɨɧɚ;  
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ℎଵ% – ɜɵɫɨɬɚ ɧɚɤɚɬɚ ɜɨɥɧ ɧɚ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ; 
ɚ – ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɡɚɩɚɫ, ܽ =  Ͳ,͸ ˏ. 
ʒʐʞߘ  = ͵ͳͲ + ͳ,ͻͺ = ͵ͳͳ,ͻͺ ˏ                                                                      ሺ͸.ͳͷሻ 
 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɨɬɦɟɬɨɤ ɩɪɢɧɢɦɚɟɦ ∇ȽȽɉ = ͵ͳͶ ɦ. 
 
6.2 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 
6.2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ 

 
Ɉɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ. 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɪɢɫɛɟɪɦɟ: 
˓ݍ  = [ℎݒ] ∙ ℎː˄,                                                                                                       ሺ͸.ͳ͸ሻ  
 

ɝɞɟ ℎː˄ − ɝɥɭɛɢɧɚ ɜɨɞɵ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɪɢɜɨɣ ɍɇȻ = f (Qɧɛ) 
ɩɪɢ  ܳˏ˃ˍ˔. ˓˃˔˚ˑ˔ː  .ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɪɢɫɛɟɪɦɟ− [ℎݒ]  ;

 
ɉɪɢɧɹɬɚ [ݒℎ] = 5 ɦ/ɫ. 
Ƚɥɭɛɢɧɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ: 
 ℎː˄ = ʹ͸͸,ͷͳ − ʹ͸͵,ͲͲ = ͵,ͷ ˏ, 
˓ݍ  = ͷ ∙ ͵,ͷ = ͳ͹,ͷͷ ˏଶ/˔. 
 
Ɉɩɪɟɞɟɥɟɧ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɧɚ ɜɨɞɨɫɥɢɜɟ: 
˅ݍ  = ͳ,ʹͷ ∙ ˓ݍ = ͳ,ʹͷ ∙ ͳ͹,ͷͷ = ʹͳ,ͻ ˏଶ/˔                                                     ሺ͸.ͳ͹ሻ  
 
ɒɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ ܤ = ∑ ܾ: 
ܤ  = ̬ܳа̭ч

о̭н݃˅ = ͳͶͺͻ,Ͷʹͳ,ͻ = ͸ͺ,Ͳͳ ɦ                                                                          ሺ͸.ͳͺሻ 

 
ɉɪɢɧɹɬɨ 6 ɩɪɨɥɟɬɨɜ ɲɢɪɢɧɨɣ ܾ = ͳʹ ˏ. 
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɜɨɞɨɫɥɢɜɧɨɝɨ ɮɪɨɧɬɚ: 
ܤ  = ͸ ∙ ͳʹ = ͹ʹ ˏ  
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6.2.2 Ɋɚɫɱёɬ ɚɜɚɪɢɣɧɨɝɨ ɜɨɞɨɫɛɪɨɫɚ (ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɜɵɩɭɫɤɨɜ) 
 
Ɂɚɞɚɟɦɫɹ ɞɢɚɦɟɬɪɨɦ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ܦ ɨɬ 1 ɞɨ 5 ɦ. ɉɪɢɧɢɦɚɟɦ ܦ = ͵,Ͳ ˏ   
 
ɉɪɢɧɹɬɚ ɨɬɦɟɬɤɚ ɰɟɧɬɪɚ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ɐɈ ɜɵɲɟ 

ɩɨɬɨɥɤɚ ɝɚɥɟɪɟɢ ɧɟ ɦɟɧɟɟ ܦ ʹ⁄ + ʹ ˏ = ͳ,ͷ + ʹ = ͵,ͷ ˏ. 
  ∇ʥʝ =  ∇˒ˑˎ˃ ˆ˃ˎˈ˓ˈˋ +  ˅˞˔ˑ˕˃ ˆ˃ˎˈ˓ˈˋ +  ͵,ͷ,                                ሺ͸.ͳͻሻ  
 ∇ʥʝ =  ʹ͸Ͷ,ͲͲ +  ͵,ͷ +  ͵,ͷ =  ʹ͹ͳ,ͲͲ ˏ  
 
ɇɚɩɨɪ ɧɚɞ ɰɟɧɬɪɨɦ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɞɨɜɵɩɭɫɤɚ ܪ: 
ܪ  = ∇ʜʞʢ + ∇ʢʛʝʹ − ∇ʥʝ = ͵ͳͲ + ͵Ͳͷ,͵ͳʹ − ʹ͹ͳ = ͵͸,͸͸ ˏ             ሺ͸.ʹͲሻ 

 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ: 
˅˅ݍ  = ܪ݃ʹ√߱ߤ = Ͳ,ͺ ∙ ͹,ͳ ∙ √ʹ ∙ ͻ,ͺͳ ∙ ͵͸,͸͸ = ͳͷʹ,͵ʹ ˏଷ/˔,                ሺ͸.ʹͳሻ 

 
 ɝɞɟ ߤ = Ͳ,ͺ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ;  ߱ - ɩɥɨɳɚɞɶ ɜɨɞɨɜɵɩɭɫɤɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 3,0 ɦ. 

 ߱ = ߨ ∙ ܴଶ = ͵,ͳͶ ∙ ͳ,ͷଶ = ͹,ͳ ˏଶ                                                                    ሺ͸.ʹʹሻ  
 
Ʉɨɥɢɱɟɫɬɜɨ ɜɨɞɨɜɵɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɩɭɫɤɚ 

ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ܳ˔˓: 
 ݊ = ˅˅ݍ˓˔ܳ = ʹͶͻ,ͳͳͷʹ,͵ʹ = ͳ,͸Ͷ                                                                                   ሺ͸.ʹ͵ሻ 

 
ɉɪɢɧɹɬɨ 2 ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 3,0 ɦ. 
 
6.2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɬɦɟɬɤɢ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ 
 
ɉɨ ɨɫɧɨɜɧɨɣ ɮɨɪɦɭɥɟ ɪɚɫɯɨɞɚ ɞɥɹ ɜɨɞɨɫɥɢɜɨɜ ɜɫɟɯ ɬɢɩɨɜ ɦɟɬɨɞɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɨɩɪɟɞɟɥɟɧ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ, ɫɧɚɱɚɥɚ 
ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ − ܪ଴ଵ, ɚ ɡɚɬɟɦ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ − ܪ଴ଶ. ܪ଴ଵˑ˔ː = ቆ ܳ˓˃˔˚ˑ˔ː݉ ∙ ܾ ∙ ݊ ∙ √ʹ݃ቇଶ ଷ⁄ = ( ͳͶͺͻ,ͶͲ.Ͷͻ ∙ ͳʹ ∙ ͸ ∙ √ʹ ∙ ͻ.ͺͳ)ଶ ଷ⁄ = = Ͷ,ͷ ɦ,                                                                                                                     ሺ͸.ʹͶሻ 
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ɝɞɟ ݉ = Ͳ,Ͷͻ − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɪɨɮɢɥɹ ɜɨɞɨɫɥɢɜɚ ɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɜɨɞɨɫɥɢɜɚ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. 

଴ଶˑ˔ːܪ  = ቆ ܳ˓˃˔˚ˑ˔ː݉ ∙ ߝ ∙ 𝜎 ∙ ܾ ∙ ݊ ∙ √ʹ݃ቇଶ ଷ⁄ = ( ͳͶͺͻ,ͶͲ.Ͷͻ ∙ Ͳ.ͻ͸ ∙ ͳʹ ∙ ͸ ∙ √ʹ ∙ ͻ.ͺͳ)ଶ ଷ⁄ = =  Ͷ,͸ʹ ˏ,                                                                                                                 ሺ͸.ʹͷሻ 
 

ɝɞɟ 𝜎 = ͳ − ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɬɨɩɥɟɧɢɹ;  
İ − ɤɨɷɮɮɢɰɢɟɧɬ ɛɨɤɨɜɨɝɨ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɭɫɥɨɜɢɣ ɜɯɨɞɚ ɩɨɬɨɤɚ ɜ 

ɩɪɨɥɟɬ. 
ߝ  = ͳ − Ͳ,ʹ ˖ߦ] + ሺ݊ − ͳሻߦ˄݊ ] ଴ଵˑ˔ːܾܪ = ͳ − Ͳ,ʹ ∙ [Ͳ,͹ + ሺ͸ − ͳሻͲ,Ͷͷ͸ ] ∙ Ͷ,ͷͳʹ = = Ͳ,ͻ͸                                                                                                                       ሺ͸.ʹ͸ሻ 
 
ɇɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɨɬɨɤɚ ɤ ɜɨɞɨɫɥɢɜɭ ଴ܸ: 
ܪ  = ଴ଶܪ − ߙ ∙ ଴ܸଶʹ ∙ ݃ = Ͷ,͸ʹ − ͳ,ͳ ∙ Ͳ,͵͸ଶʹ ∙ ͻ,ͺͳ = Ͷ,͸ͳ ˏ,                                       ሺ͸.ʹ͹ሻ 

 

଴ܸ = ܳ˓ሺ∇ʜʞʢ − ∇ˇː˃ሻ ∙ ሺܤ + ሺ݊ − ͳሻ ∙  ʐሻ,                                                    ሺ͸.ʹͺሻߜ

 
ɝɞɟ įȻ − ɬɨɥɳɢɧɚ ɛɵɤɚ. 
 

଴ܸ = ͳͶͺͻ,Ͷሺ͵ͳͲ − ʹ͸͵ሻ ∙ ሺ͹ʹ + ሺ͸ − ͳሻ ∙ ͵ሻ = Ͳ,͵͸ ˏ/˔              
 
Ɍɨɥɳɢɧɚ ɛɵɤɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɬɜɨɪɨɜ ɢ ɪɚɡɦɟɪɨɜ 

ɩɟɪɟɤɪɵɜɚɟɦɵɯ ɜɨɞɨɫɥɢɜɧɵɯ ɨɬɜɟɪɫɬɢɣ (ߜʐ = 3 ɦ - ɞɥɹ ɩɪɨɥɟɬɨɜ ɲɢɪɢɧɨɣ b ≤ 14 
ɦ). 

ɇɚɡɧɚɱɟɧ ܪ˔˕ - ɛɥɢɠɚɣɲɢɣ ɤ ɜɵɱɢɫɥɟɧɧɨɦɭ ɇ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɝɥɚɦɟɧɬɨɦ. 

˕˔ܪ  = Ͷ,ͷ ˏ  
 
Ɉɬɦɟɬɤɚ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʑ = ∇ʜʞʢ − ˕˔ܪ = ͵ͳͲ,ͲͲ − Ͷ,ͷ = ͵Ͳͷ,ͷͲ ˏ                                         ሺ͸.ʹͻሻ  
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6.2.4 ɉɪɨɜɟɪɤɚ ɧɚ ɩɪɨɩɭɫɤ ɪɚɫɱɟɬɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɩɨɜɟɪɨɱɧɨɦ 
ɪɚɫɱɟɬɧɨɦ ɫɥɭɱɚɟ 

 
Ɉɩɪɟɞɟɥɟɧ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɩɪɢ ɩɪɨɩɭɫɤɟ ɪɚɫɯɨɞɚ 

ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɫɥɭɱɚɹ (ɩɪɢ Ɏɉɍ) ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ:  
˅଴ଵ˒ˑܪ  = ቆ ܳ˓˃˔˚˒ˑ˅݉ ∙ ܤ ∙ √ʹ݃ቇଶ ଷ⁄ ,                                                                               ሺ͸.͵Ͳሻ 

˅଴ଵ˒ˑܪ  = ( 1868,2Ͳ.Ͷͻ ∙ ͹ʹ ∙ √ʹ ∙ ͻ.ͺͳ)ଶ ଷ⁄ = ͷ,ʹ͵ ˏ                
 

ȼɵɱɢɫɥɟɧ ɧɚɩɨɪ ɧɚɞ ɝɪɟɛɧɟɦ ɜɨɞɨɫɥɢɜɚ ɫ ɭɱɟɬɨɦ ɫɠɚɬɢɹ ɢ ɩɨɞɬɨɩɥɟɧɢɹ: 
˅଴ଶ˒ˑܪ  = ቆ ܳ˓˃˔˚˒ˑ˅݉ ∙ ߝ ∙ 𝜎˒ ∙ ܤ ∙ √ʹ݃ቇଶ ଷ⁄ ,                                                                  ሺ͸.͵ͳሻ 

˅଴ଶ˒ˑܪ  = ( 1868,2Ͳ.Ͷͻ ∙ Ͳ.ͻ͸ ∙ ͹ʹ ∙ √ʹ ∙ ͻ.ͺͳ)ଶ ଷ⁄ = ͷ,͵͹ ˏ                              
 
Ɋɚɫɫɱɢɬɚɧ ɧɚɩɨɪ ɧɚ ɝɪɟɛɧɟ ɜɨɞɨɫɥɢɜɚ ɛɟɡ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɩɪɢ 

ɩɪɨɩɭɫɤɟ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫɯɨɞɚ: 
˅ˑ˒ܪ  = ˒˅ܪ ˑ˅ − ߙ ∙ ܸଶʹ݃ = ͷ,͵͹ − ͳ,ͳ ∙ Ͳ,ͶͶଶʹ ∙ ͻ,ͺͳ =  ͷ,͵͸ ˏ,                                ሺ͸.͵ʹሻ 

 V଴˒ ˑ˅ = Q˓˃˔˚˒ˑ˅ሺ∇ʣʞʢ − ∇ˇː˃ሻሺB + ሺn − ͳሻɁʐሻ,                                                      ሺ͸.͵͵ሻ 

 V଴˒ ˑ˅ = ͳͺ͸ͺ,ʹሺ͵ͳʹ,ͲͲ − ʹ͸͵,ͲͲሻሺ͹ʹ + ሺ͸ − ͳሻ ∙ ͵ሻ = Ͳ,ͶͶ ˏ/˔                       
 
Ɉɩɪɟɞɟɥɟɧɚ ɪɚɫɱɟɬɧɚɹ ɨɬɦɟɬɤɚ ɮɨɪɫɢɪɨɜɚɧɧɨɝɨ ɭɪɨɜɧɹ, ɬ.ɟ. ɨɬɦɟɬɤɭ ɩɪɢ 

ɤɨɬɨɪɨɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɩɭɳɟɧ ɱɟɪɟɡ ɜɨɞɨɫɥɢɜ. 
˓ʣʞʢߘ  = ʒʑߘ + ˅ˑ˒ܪ = ͵Ͳͷ,ͷ + ͷ,Ͳ͵͸ = ͵ͳͲ,ͻ ˏ                                    ሺ͸.͵Ͷሻ  
 
ɉɪɢɧɹɬɚ ɨɬɦɟɬɤɚ Ɏɉɍ 310,9 ɦ. 
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6.2.5 ɉɨɫɬɪɨɟɧɢɟ ɨɝɨɥɨɜɤɚ ɜɨɞɨɫɥɢɜɚ ɩɨ Ʉɪɢɝɟɪ - Ɉɮɢɰɟɪɨɜɭ 
 
Ɉɱɟɪɬɚɧɢɟ ɨɝɨɥɨɜɤɚ ɫɬɪɨɢɬɫɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ Ʉɪɢɝɟɪɚ – Ɉɮɢɰɟɪɨɜɚ 

(ɬɚɛɥɢɰɚ 6.2), ɝɞɟ ɤɨɨɪɞɢɧɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ [33, ɬɚɛɥ. 6-12], ɩɟɪɟɦɧɨɠɚɸɬɫɹ 
ɧɚ ܪ˔˕ = Ͷ,ͷ ˏ. 

 
Ɍɚɛɥɢɰɚ 6.2 – ɉɪɢɜɟɞёɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɨɱɟɪɬɚɧɢɹ ɝɪɟɛɧɹ ɜɨɞɨɫɥɢɜɚ  

x y x* y* 
0 0,126 0 0,567 

0,2 0,007 0,9 0,032 

0,4 0,006 1,8 0,027 

0,6 0,060 2,7 0,270 

0,8 0,146 3,6 0,657 

1,0 0,256 4,5 1,152 

1,2 0,394 5,4 1,773 

1,4 0,564 6,3 2,538 

1,6 0,764 7,2 3,438 

1,8 0,987 8,1 4,442 

2 1,235 9 5,558 

2,2 1,508 9,9 6,786 

2,3 1,653 10,35 7,438 

2,6 2,122 11,7 9,549 

2,8 2,462 12,6 11,079 

3 2,824 13,5 12,708 

 
Ɉɝɨɥɨɜɨɤ ɩɥɨɬɢɧɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ ȿ.1 ɩɪɢɥɨɠɟɧɢɹ ȿ. 
Ɉɬɦɟɬɤɭ ɜɟɪɯɚ ɛɵɤɚ (ɝɪɟɛɧɹ ɩɥɨɬɢɧɵ) ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
 ∇ʒʐ = ∇ʒʑ + ͳ,͸ ∙ H˔˕  =  ͵Ͳͷ,ͷͲ + ͳ,͸ ∙ Ͷ,ͷ =  ͵ͳʹ,͹ ɦ                        ሺ͸.͵ͷሻ  

 
6.2.6 Ɋɚɫɱёɬ ɫɨɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ 
 
ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɫɟɱɟɧɢɢ ɩɟɪɟɞ ɜɨɞɨɫɥɢɜɨɦ: 
 ʡ଴ = ∇ʜʞʢ − ∇ˇː˃ = ͵ͳͲ,ͲͲ − ʹ͸͵,ͲͲ = Ͷ͹ˏ                                          ሺ͸.͵͸ሻ  
 
ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɡɚ ɜɨɞɨɫɥɢɜɨɦ: 
˔ݍ  = ܳ˓˃˔˚ˑ˔ːܤ + ሺ݊ − ͳሻ ∙ ˄ߜ = ͳͶͺͻ,Ͷ͹ʹ + ሺ͸ − ͳሻ ∙ ʹ = ͳͺ,ʹ ˏଶ/˔,                              ሺ͸.͵͹ሻ 

 
ɝɞɟ ߜ˄ = ݊ − ͳ = ʹ – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɛɵɱɤɨɜ. 
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Ʉɪɢɬɢɱɟɫɤɚɹ ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɜɨɞɨɩɪɨɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ: 
 ℎˍ˓ = ଶ݃య˔ݍߙ√ = √ͳ,ͳ ∙ ͳͺ,ʹଶͻ,ͺͳయ = ͵,͵Ͷ ˏ,                                                          ሺ͸.͵ͺሻ 

 
ɝɞɟ ߙ = ͳ,ͳ – ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ. 
 

ȼɵɱɢɫɥɟɧɨ ɨɬɧɨɲɟɧɢɟ: 
ߦ  బ் = ଴ܶℎˍ˓ = Ͷ͹͵,͵Ͷ = ͳͶ,Ͳ͹                                                                                   ሺ͸.͵ͻሻ 

 
Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ߮ ɨɩɪɟɞɟɥɟɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɞɥɢɧɵ ɫɥɢɜɧɨɣ ɝɪɚɧɢ.  
ɉɪɢɧɹɬɨ ɞɥɹ ɩɥɨɬɢɧɵ ɜɵɫɨɬɨɣ ɫɜɵɲɟ 40 ɦ − ɛɨɥɶɲɚɹ ɞɥɢɧɚ ɫɥɢɜɧɨɣ ɝɪɚɧɢ.  
 ߮ = Ͳ,ͻͲ  
 
ɋɨɩɪɹɠёɧɧɵɟ ɝɥɭɛɢɧɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɢɟ 

ɮɨɪɦɭɥɵ: 
 ℎ௖′ = ˅ܥ௖߮√ʹ݃ሺݍ + ଴ܪ − ℎ௖′ ሻ                                                                                 ሺ͸.ͶͲሻ 

 
ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɡɧɚɱɟɧɢɟ  ℎ௖′  ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ 

ɧɭɥɸ. 
 ℎ௖′ = ௖߮√ʹ݃ሺݍ ଴ܶ − ℎ௖′ ሻ = ͳͺ,ʹͲ,ͻ√ʹ ∙ ͻ,ͺͳ ∙ ሺͶ͹ − Ͳሻ = Ͳ,͸͹Ͳ ˏ,                     ሺ͸.Ͷͳሻ 

 
ɝɞɟ ݍ௖ - ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜ ɫɠɚɬɨɦ ɫɟɱɟɧɢɢ. 

௖ݍ  = ܤ˚˔˃˓ܳ + ሺ݊ − ͳሻ ∙ ˄ߜ = ͳͶͺͻ,Ͷ͹ʹ + ሺ͸ − ͳሻ ∙ ʹ = ͳͺ,ʹ ˏଷ/˔ ∙ ˏ                        ሺ͸.Ͷʹሻ 

 
ȼɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɩɨɞɫɬɚɜɥɟɧɨ ɧɚɣɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ℎ௖′ . 
 ℎ௖′ = ͳͺ,ʹͲ,ͻ√ʹ ∙ ͻ,ͺͳ ∙ ሺͶ͹ − Ͳ,͸͹ሻ = Ͳ,͸͹ͳ  
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Ɋɚɫɫɱɢɬɚɧɨ ℎ௖′′: 
 ℎ௖′′ = ℎ௖′ʹ [√ͳ + ͺ(ℎˍ˓/ℎ௖′ ൯ଷ − ͳ],                                                                      ሺ͸.Ͷ͵ሻ 

 ℎ௖′′ =  Ͳ,͸͹ͳʹ [√ͳ + ͺሺ͵,͵Ͷ/Ͳ,͸͹ͳሻଷ − ͳ] = ͳͲ,ʹͳ ˏ,                             
 ℎ௖′′ =  ͳͲ,ʹͳ ˏ >  ℎʜʐ =  ͵,ͷͳ ˏ  – ɜ ɇȻ ɨɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ.  
 
Ɉɬɨɝɧɚɧɧɵɣ ɩɪɵɠɨɤ ɡɚ ɩɥɨɬɢɧɨɣ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. 
ɇɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɝɥɭɛɢɧɭ ɢɥɢ 

ɩɨɝɚɫɢɬɶ ɱɚɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɝɚɫɢɬɟɥɟɣ ɷɧɟɪɝɢɢ.  
ɉɪɢɦɟɧɢɦ ɝɚɲɟɧɢɟ ɢɡɛɵɬɨɱɧɨɣ ɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɫɩɨɫɨɛɚ ɫɜɨɛɨɞɧɨ 

ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ. 
 
6.2.7 Ƚɚɲɟɧɢɟ ɷɧɟɪɝɢɢ ɫɩɨɫɨɛɨɦ ɫɜɨɛɨɞɧɨ ɨɬɛɪɨɲɟɧɧɨɣ ɫɬɪɭɢ 
 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥɟɬɚ ɫɬɪɭɢ ɨɬ ɩɥɨɬɢɧɵ ɞɨ ɜɯɨɞɚ ɜ ɜɨɞɭ ɧɢɠɧɟɝɨ ɛɶɟɮɚ 

ɜɵɱɢɫɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ: 
ܮ  =  ݇௔ݖଵ߮ଶ sin ߙʹ ቆ(ͳ + ଴ܼଵݖ) − ͳ) ͳ߮ଶ sinଶ ଴.ହ(ߙ + ͳቇ,                            ሺ͸.ͶͶሻ 

 
ɝɞɟ ݇௔ − ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ ɩɨɬɨɤɚ;  ߙ = ͵Ͳˑ ÷ ͵ͷˑ − ɭɝɨɥ ɫɯɨɞɚ ɫɬɪɭɢ ɫ ɬɪɚɦɩɥɢɧɚ, ɩɪɢɧɢɦɚɟɦ ߙ = ͵Ͳˑ. 

଴ݖ  = ∇ʜʞʢ − ∇ʢʜʐˏ˃ˍ˔ˑ˔ː = ͵ͳͲ,ͲͲ − ʹ͸͸,ͷͳ = Ͷ͵,Ͷͻ ˏ                           ሺ͸.Ͷͷሻ 
 
ȼɵɫɨɬɚ ɭɫɬɭɩɚ ɨɬ ɞɧɚ ɞɨ ɧɨɫɤɚ-ɬɪɚɦɩɥɢɧɚ:  
 ܽ = ℎː௠˄௔௫ + ሺͳ ÷ ʹ ሻˏ = ͵,ͷ͸ + ͳ,Ͳ = Ͷ,ͷ͸ ˏ,                                             ሺ͸.Ͷ͸ሻ 
 

ɝɞɟ ℎː௠˄௔௫  - ɦɚɤɫɢɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ ɜ ɇȻ. 
 ℎː௠˄௔௫ = ∇ʢʜʐˏ˃ˍ˔˒ˑ˅ − ∇ˇː˃ = ͵͸͸,ͷ͸ − ʹ͸͵,ͲͲ =  ͵,ͷ͸ ˏ                         ሺ͸.Ͷ͹ሻ 
 
Ɉɬɦɟɬɤɚ ɧɨɫɤɚ-ɬɪɚɦɩɥɢɧɚ: 
ʜʝʠߘ  = ˃ːˇߘ + ܽ = ʹ͸͵,ͲͲ + Ͷ,ͷ͸ = ʹ͸͹,ͷ͸ ˏ                                        ሺ͸.Ͷͺሻ 
 
ɋɤɨɪɨɫɬɧɨɟ ɩɚɞɟɧɢɟ (ɧɚɩɨɪ ɜɨɞɵ ɧɚ ɧɨɫɤɟ): 
ଵݖ  = ∇ʜʞʢ − ʜʝʠߘ = ͵ͳͲ,ͲͲ − ʹ͸͹,ͷ͸ = Ͷʹ,ͶͶ ˏ                                  ሺ͸.Ͷͻሻ 
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ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 ுܸ = ߮ ∙ √ʹ ∙ ݃ ∙ ଵݖ = Ͳ,ͻ ∙ √ʹ ∙ ͻ,ͺͳ ∙ Ͷʹ,ͶͶ = ʹͷ,ͻ͹ ˏ/˔                        ሺ͸.ͷͲሻ 
 
ȼɵɫɨɬɚ ɩɨɬɨɤɚ ɜɨɞɵ ɧɚ ɧɨɫɤɟ: 
 ℎு = ுݍܸ = ʹͳ,ͻʹͷ,ͻ͹ = Ͳ,ͺͶ ˏ,                                                                                ሺ͸.ͷͳሻ 

 
ɝɞɟ ݍ – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɜɨɞɨɫɥɢɜɟ. 

 
Ɂɧɚɹ ɱɢɫɥɨ Ɏɪɭɞɚ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɚɷɪɚɰɢɢ ɩɨɬɨɤɚ ݇௔. 
ɑɢɫɥɨ Ɏɪɭɞɚ: 
ݎܨ  = ுܸଶ݃ ∙ ℎு = ʹͷ,ͻ͹ଶͻ,ͺͳ ∙ Ͳ,ͺͶ = ͺͳ,ͺͷ                                                                   ሺ͸.ͷʹሻ 

 
Ɍɚɤ ɤɚɤ ݎܨ > ͵ͷ, ɬɨ ݇௔ = Ͳ,ͺͷ. 
Ⱦɚɥɶɧɨɫɬɶ ɨɬɥёɬɚ ɫɬɪɭɢ: 
ܮ  = Ͳ,ͺͷ ∙ Ͷʹ,ͶͶ ∙ Ͳ,ͻଶ ∙ sinሺ͸Ͳሻ ቆ(ͳ + (Ͷ͵,ͶͻͶʹ,ͶͶ − ͳ) ͳͲ,ͻଶ sinଶ ͵Ͳ)଴,ହ + ͳቇ = =  ͷʹ,ͳͳ ˏ 
 
Ȼɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬɥɟɬɚ ɫɬɪɭɢ ɞɥɹ ɩɥɨɬɢɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡ ɩɪɨɱɧɨɣ 

ɫɤɚɥɵ ɫɨɫɬɚɜɥɹɟɬ ܮ > Ͳ,Ͷݖ଴, ɝɞɟ ݖ଴ – ɧɚɩɨɪ, ɫɨɡɞɚɜɚɟɦɵɣ ɩɥɨɬɢɧɨɣ.  
ɉɪɨɜɟɪɟɧɨ ɭɫɥɨɜɢɟ ɞɥɹ ɩɪɨɱɧɨɣ ɫɤɚɥɵ: 
ܮ  > Ͳ,Ͷ ∙  ଴,                                                                                                             ሺ͸.ͷ͵ሻݖ
 ͷʹ,ͳͳ ˏ > Ͷ͵,Ͷͻ ∙ Ͳ,Ͷ = ͳ͹,Ͷ ˏ  
 
ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɹɦɚ ɪɚɡɦɵɜɚ ɨɛɪɚɡɭɟɬɫɹ ɧɚ ɛɟɡɨɩɚɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 

ɫɨɨɪɭɠɟɧɢɹ. 
Ƚɥɭɛɢɧɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
 ℎ𝑃 = ݐ − ℎʜʐ,                                                                                                          ሺ͸.ͷͶሻ 
 

ɝɞɟ ݀ – ɫɪɟɞɧɹɹ ɤɪɭɩɧɨɫɬɶ ɨɬɞɟɥɶɧɨɫɬɟɣ, ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɚɯ ɩɪɢɧɹɬɚ 
ɪɚɜɧɨɣ 1 ɦ. 
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ݐ = (Ͳ,ͳ + Ͳ,Ͷͷ ∙ రݎܨ√ ൯ ∙ ݎܨ√ ∙ √ℎʜʐ݀ర ∙ ℎː                                                        ሺ͸.ͷͷሻ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
ݐ  = ቀͲ,ͳ + Ͳ,Ͷͷ ∙ √ͺͳ,ͺͷర ቁ ∙ √ͺͳ,ͺͷ ∙ √͵,ͷͳͳర ∙ Ͳ,ͺͶ = ͳͷ,ͳ ˏ,                              
 ℎ𝑃 = ͳͷ,ͳ − ͵,ͷͳ = ͳͳ,ͷͻ ˏ  
 
Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɰɟɧɬɪɚ ɹɦɵ ɪɚɡɦɵɜɚ: 
ଵܮ  = ܮ + ଵߙ݃ݐݐ ,                                                                                                       ሺ͸.ͷ͸ሻ 

 
ɝɞɟ ߙଵ – ɭɝɨɥ ɜɯɨɞɚ ɫɬɪɭɢ ɜ ɜɨɞɭ. 

ଵߙ݃ݐ  = ߙଶ݃ݐ√ + ʹ ∙ ݃ሺͲ,ͷ ∙ ℎː ∙ ߙݏ݋ܿ + ܽ − ℎʜʐሻܸːଶ ∙ ߙଶݏ݋ܿ ,                                      ሺ͸.ͷ͹ሻ 

ଵߙ݃ݐ  = ଶ͵Ͳˑ݃ݐ√ + ʹ ∙ ͻ,ͺͳ ∙ ሺͲ,ͷ ∙ Ͳ,ͺͶ ∙ Ͳˑ͵ݏ݋ܿ + Ͷ,ͷ͸ − ͵,ͷͳሻʹͷ,ͻ͹ଶ ∙ ଶ͵Ͳˑݏ݋ܿ = Ͳ,͸ʹ͵,    
ଵܮ  = ͷʹ,ͳͳ + ͳͷ,ͳͲ,͸ʹ͵ = ͹͸,͵ͷ  ˏ             
 
Ⱦɥɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɹɦɵ ɪɚɡɦɵɜɚ ɜɞɨɥɶ ɬɟɱɟɧɢɹ ɧɚ ɭɪɨɜɧɟ ɞɧɚ 

ɪɟɤɢ ɪɚɜɧɚ: 
 ܾ௣ = ʹ,ͷ · ℎˍ˓ + ͵,͹ · ℎ˓ = ʹ,ͷ · ͵,͵Ͷ + ͵,͹ · ͳͳ,ͷͻ = ͷͳ,ʹ͵ ˏ                 ሺ͸.ͷͺሻ 
 
ɉɨ ɞɧɭ ɹɦɚ ɪɚɡɦɵɜɚ – ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ʹ,ͷ · ℎˍ˓, ɝɞɟ ℎˍ˓ – ɤɪɢɬɢɱɟɫɤɚɹ 

ɝɥɭɛɢɧɚ ɩɨɬɨɤɚ: 
 ʹ,ͷ · ℎˍ˓ = ʹ,ͷ ∙ ͵,͵Ͷ = ͺ,͵ͷ  ˏ                                                                          ሺ͸.ͷͻሻ 
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6.3 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
 
6.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ 

 
Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ 

ɫɨɨɪɭɠɟɧɢɹ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɭɸ ɲɢɪɢɧɭ ɫɨɨɪɭɠɟɧɢɹ ɩɨ ɨɫɧɨɜɚɧɢɸ.  
 
ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɵɥɚ ɩɪɢɧɹɬɚ ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɨ ɮɨɪɦɭɥɟ: 
ܤ  = ሺ∇ʜʞʢ − ∇˒ˑˇሻ ∙ ሺͲ,͸͹ ÷ Ͳ,͹ሻ,                                                                ሺ͸.͸Ͳሻ  
ܤ  = ሺ͵ͳͲ − ʹ͸ͳሻ ∙ ሺͲ,͸͹ ÷ Ͳ,͹ሻ = ͵ʹ,ͺ͵ ÷ ͵Ͷ,͵ ˏ  
 
6.3.2 Ɋɚɡɪɟɡɤɚ ɛɟɬɨɧɧɵɯ ɩɥɨɬɢɧ ɲɜɚɦɢ 
 
ȼ ɩɥɨɬɢɧɚɯ ɧɚ ɠɟɫɬɤɢɯ ɫɤɚɥɶɧɵɯ ɨɫɧɨɜɚɧɢɹɯ ɭɫɬɪɨɣɫɬɜɨ ɷɬɢɯ ɲɜɨɜ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɜɨɛɨɞɧɨɟ ɪɚɡɜɢɬɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɭɫɚɞɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ 
ɩɨɷɬɨɦɭ ɨɧɢ ɧɚɡɵɜɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɭɫɚɞɨɱɧɵɦɢ. ɗɬɢ ɲɜɵ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɪɚɫɩɨɥɚɝɚɸɬ ɧɚ ɪɚɜɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɩɨ ɞɥɢɧɟ ɩɥɨɬɢɧɵ, ɡɚɜɢɫɹɳɢɯ ɨɬ 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɩɥɨɬɢɧɵ ɜ ɩɟɪɢɨɞ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɲɜɨɜ ɭɜɹɡɵɜɚɟɬɫɹ ɫɨ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɬɜɟɪɫɬɢɣ ɜ ɩɥɨɬɢɧɟ, ɚ ɬɚɤɠɟ ɫ ɪɚɡɪɟɡɤɨɣ ɧɚ ɛɥɨɤɢ 
ɛɟɬɨɧɢɪɨɜɚɧɢɹ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɟɬɨɧɧɚɹ ɜɨɞɨɫɥɢɜɧɚɹ ɩɥɨɬɢɧɚ ɪɚɡɪɟɡɚɧɚ ɲɜɚɦɢ ɩɨ ɨɫɹɦ 
ɛɵɤɨɜ, ɬ.ɟ. ɲɢɪɢɧɚ ɨɞɧɨɣ ɫɟɤɰɢɢ ɦɟɠɞɭ ɲɜɚɦɢ ɪɚɜɧɚ: 

˔˄ܤ  = ܾ + ʐߜ = ͳʹ + ͵ = ͳͷ ˏ,                                                                         ሺ͸.͸ͳሻ 
 

ɝɞɟ b – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ; ߜʐ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 
 
ɒɢɪɢɧɭ ɩɨɫɬɨɹɧɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɨɫɚɞɨɱɧɵɯ ɲɜɨɜ 

ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 5 ɫɦ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɢ 1 ɫɦ ɜ ɩɪɟɞɟɥɚɯ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ. 
 
6.3.3 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. 
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.  
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Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɚɛɨɱɟɝɨ ɡɚɬɜɨɪɚ ɫɨɫɬɚɜɥɹɟɬ - 0,7 ɯ 1 ɦ.  
Ƚɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ ɩɚɡɚ ɪɟɦɨɧɬɧɨɝɨ ɡɚɬɜɨɪɚ – 0,5 ɯ 1 ɦ.  
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɡɚɬɜɨɪɚɦɢ ɩɪɢɧɢɦɚɟɦ 1 ɦ, ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ 

ɭɞɨɛɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɧɚ ɪɚɛɨɱɟɦ ɡɚɬɜɨɪɟ. 
 
6.3.4 ɍɫɬɨɢ 
 
ɇɚ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧ ɨɞɢɧ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɭɫɬɨɣ. 
Ɉɧ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɫɟɤɰɢɟɣ ɝɥɭɛɢɧɧɵɯ ɜɨɞɨɫɛɪɨɫɨɜ ɢ ɡɞɚɧɢɟɦ Ƚɗɋ, 

ɫɥɭɠɢɬ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɩɨɬɨɤɨɜ ɜɨɞɵ, ɢɞɭɳɢɯ ɱɟɪɟɡ ɝɢɞɪɨɚɝɪɟɝɚɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɜɨɞɨɫɥɢɜ. 

 
6.3.5 Ƚɚɥɟɪɟɢ ɜ ɬɟɥɟ ɩɥɨɬɢɧɵ 

 
Ɉɬɦɟɬɤɚ ɩɨɥɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɝɚɥɟɪɟɢ – ɜɵɲɟ ɨɬɦɟɬɤɢ ɩɨɞɨɲɜɵ ɧɚ 2.5÷3 

ɦ, ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ 264.00. 
ȼ ɬɟɥɟ ɩɥɨɬɢɧɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɝɚɥɟɪɟɢ. ɉɨ 

ɜɵɫɨɬɟ ɩɥɨɬɢɧɵ ɩɪɨɞɨɥɶɧɵɟ ɝɚɥɟɪɟɢ ɪɚɫɩɨɥɚɝɚɟɦ ɱɟɪɟɡ 10 ɦ, ɧɚ ɨɬɦɟɬɤɚɯ: 264 
ɦ, 277,5 ɦ, 291 ɦ. Ɋɚɡɦɟɪɵ ɝɚɥɟɪɟɣ, ɭɫɬɪɚɢɜɚɟɦɵɯ ɞɥɹ ɰɟɦɟɧɬɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɢ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɲɜɨɜ ɩɥɨɬɢɧɵ, ɫɨɡɞɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɞɪɟɧɚɠɚ, ɩɪɢɧɹɬɶ ɢɡ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ. ɋ ɭɱɟɬɨɦ ɪɚɛɨɬɚɸɳɟɣ ɬɟɯɧɢɤɢ 
3 ɯ 3,5 ɦ. Ƚɚɛɚɪɢɬɵ ɞɥɹ ɫɦɨɬɪɨɜɵɯ ɝɚɥɟɪɟɣ ɩɪɢɧɢɦɚɟɦ 2 ɯ 2,5 ɦ.  

Ɍɚɤ ɠɟ ɜ ɩɥɨɬɢɧɟ ɢɦɟɸɬɫɹ ɝɚɥɟɪɟɢ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɞɥɹ ɫɛɨɪɚ ɢ ɨɬɜɨɞɚ 
ɜɨɞɵ, ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɛɟɬɨɧɚ ɩɥɨɬɢɧɵ ɢ ɭɩɥɨɬɧɟɧɢɹ ɲɜɨɜ, ɪɚɡɦɟɳɟɧɢɹ ɄɂȺ 
ɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɤɨɦɦɭɧɢɤɚɰɢɣ. 

  
6.3.6 Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ 
 
ɒɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɜɤɥɸɱɚɟɬ ɲɢɪɢɧɭ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ, 

ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ ɢ ɦɟɫɬɨ ɞɥɹ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ. ɉɪɨɟɡɠɚɹ ɱɚɫɬɶ ɩɪɢɧɢɦɚɟɬɫɹ 
ɲɢɪɢɧɨɣ 4 ɦ, ɲɢɪɢɧɚ ɩɟɲɟɯɨɞɧɨɣ ɞɨɪɨɠɤɢ – 2 ɦ, ɲɢɪɢɧɚ ɩɭɬɟɣ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ 
– 10 ɦ. Ȼɟɡɨɩɚɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɡɥɨɜɵɦ ɤɪɚɧɨɦ ɢ ɚɜɬɨɞɨɪɨɝɨɣ 
ɩɪɢɧɢɦɚɟɬɫɹ 1 ɦ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɭɬɹɦɢ ɤɨɡɥɨɜɨɝɨ ɤɪɚɧɚ ɢ ɜɟɪɯɨɜɨɣ ɝɪɚɧɶɸ 
ɛɵɤɚ ɩɪɢɧɢɦɚɟɬɫɹ 1 ɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɢɪɢɧɚ ɩɥɨɬɢɧɵ ɩɨ ɝɪɟɛɧɸ ɩɪɢɧɢɦɚɟɬɫɹ 
ɪɚɜɧɨɣ 18 ɦ. 
 

6.3.7 Ɋɚɫɱɟɬ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɢ ɞɪɟɧɚɠɚ 
 

ɇɚ ɫɤɚɥɶɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɭɫɬɪɚɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɜɟɪɬɢɤɚɥɶɧɵɟ 
ɞɪɟɧɚɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: ɰɟɦɟɧɬɚɰɢɨɧɧɚɹ ɡɚɜɟɫɚ ɢ ɞɪɟɧɚɠ.  

 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ ɞɨ ɨɫɢ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ݈ˊ = ሺͲ,ͳͲ ÷ Ͳ,ʹͷሻ ∙  ሺ͸.͸ʹሻ                                                                                        ,˒ܤ
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ɝɞɟ ܤ˒ - ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ. 
 ݈ˊ = ሺͲ,ͳͲ ÷ Ͳ,ʹͷሻ ∙ ͵Ͷ,͵ = ͵,Ͷ͵ ÷ ͺ,ͷͺ ˏ  
 
ɉɪɢɧɢɦɚɸ ݈ˊ = ͷ ˏ. 
Ƚɥɭɛɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ: 
 ℎˊ˃˅ = Ͳ,͸ ∙ ௗܪ = Ͳ,͸ ⋅ ሺ͵ͳͲ − ʹ͸͵,ͷͷሻ = ʹ͹,ͺ͹ ˏ,                                     ሺ͸.͸͵ሻ 
 

ɝɞɟ ܪௗ − ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ. 
 

Ɍɨɥɳɢɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɯ ɞɨɩɭɫɬɢɦɨɝɨ 
ɝɪɚɞɢɟɧɬɚ ɮɢɥɶɬɪɚɰɢɢ ɱɟɪɟɡ ɡɚɜɟɫɭ: 

ˊߜ  ൒ ܪ∆ ∙ ௖௥.௠ܬ /௡ߛ ,                                                                                                ሺ͸.͸Ͷሻ  
 

ɝɞɟ ∆ܪ −ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɰɟɦɟɧɬɚɰɢɨɧɧɨɣ ɡɚɜɟɫɟ, ܬ௖௥.௠ − ɤɪɢɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɧɚɩɨɪɚ ɞɥɹ ɛɟɬɨɧɧɨɣ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ 
ɩɥɨɬɢɧɵ. 

ܪ∆  = ௗܪ − Ͳ,Ͷ ∙ ௗܪ ,                                                                                              ሺ͸.͸ͷሻ 
ܪ∆  = Ͷ͸,Ͷͷ − Ͳ,Ͷ ∙ Ͷ͸,Ͷͷ = ʹ͹,ͺ͹ ˏ,                 
ˊߜ  ൒ ʹ͹,ͺ͹ ⋅ ͳ,ʹͲʹͷ ,                                                                                         
ˊߜ  ൒ ͳ,͵Ͷ ˏ                                                                         
 
ɉɪɢɧɢɦɚɟɬɫɹ 2 ɦ.  
Ⱦɥɹ ɨɬɜɨɞɚ ɮɢɥɶɬɪɭɸɳɟɣɫɹ ɜɨɞɵ ɢ ɫɧɢɠɟɧɢɹ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɜ ɨɫɧɨɜɚɧɢɢ ɫɨɨɪɭɠɟɧɢɹ ɭɫɬɪɚɢɜɚɸɬ ɞɪɟɧɚɠɢ.  
Ƚɥɭɛɢɧɚ ɞɪɟɧɚɠɧɵɯ ɫɤɜɚɠɢɧ ɪɚɜɧɚ: 
 ℎˇ˓ = Ͳ,͸ ∙ ℎˊ˃˅ = Ͳ,͸ ⋅ ʹ͹,ͺ͹ = ͳ͸,͹ʹ ˏ                                                        ሺ͸.͸͸ሻ 
 
ȼ ɫɤɚɥɶɧɵɯ ɝɪɭɧɬɚɯ ɞɪɟɧɚɠ ɜɵɩɨɥɧɹɸɬ ɜ ɜɢɞɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɤɜɚɠɢɧ 

ɞɢɚɦɟɬɪɨɦ 200 ɦɦ ɫ ɲɚɝɨɦ 3 ɦ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɪɟɧɚɠɧɵɦɢ ɢ ɰɟɦɟɧɬɚɰɢɨɧɧɵɦɢ ɫɤɜɚɠɢɧɚɦɢ 6 ɦ. 
ɑɟɪɟɡ ɞɪɟɧɚɠɧɵɟ ɫɤɜɚɠɢɧɵ ɮɢɥɶɬɪɭɸɳɭɸɫɹ ɜɨɞɭ ɜɵɜɨɞɹɬ ɜ ɞɪɟɧɚɠɧɭɸ 

ɝɚɥɟɪɟɸ, ɚ ɨɬɜɨɞ ɜɨɞɵ ɜ ɇȻ ɨɫɭɳɟɫɬɜɥɹɸɬ ɧɚɫɨɫɚɦɢ. 
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Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ: 
˓ˇߙ  ൒ ˓ˇܪ ∙ ௖௥.௠ܬ௡ߛ ,                                                                                                        ሺ͸.͸͹ሻ 

˓ˇߙ  ൒ Ͷ͹ ∙ ͳ,ʹͲʹͷ ൒ ʹ,ʹ͸ ˏ,                                                                                            
 

ɝɞɟ ܽˇ˓ −ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ; ܪˇ −ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ. 
ˇܪ  = ∇ʜʞʢ − ∇ ˇːˑ,                                                                                            ሺ͸.͸ͺሻ  
ˇܪ  = ͵ͳͲ − ʹ͸͵ = Ͷ͹ ˏ  
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɩɨɪɧɨɣ ɝɪɚɧɢ ɞɨ ɨɫɢ ɞɪɟɧɚɠɚ ɩɪɢɧɢɦɚɟɦ 2,5 ɦ. 

 
6.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ ɩɥɨɬɢɧɭ 

 
6.4.1 ȼɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɡɚɬɜɨɪɨɜ 

 
ɉɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɚ ɜ ɩɪɨɝɪɚɦɦɟ AutoCad: 
 ܵɩɥ = ͻͶͳ,ͻͺ ɦଶ, ܵɛ = ͳʹͻͺ,ͷ͸ ɦଶ. ȼɟɫ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ 

ɜɨɞɨɫɥɢɜɧɨɣ ɱɚɫɬɢ ɩɥɨɬɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
ˎ˒ܩ  = ܵ˒ˎ ∙ ܾ ∙ ݃ ∙ ܾ˄ߛ + ˄ߜ =   ͻͶͳ,ͻͺ ∙ ͳʹ ∙ ͻ,ͺͳ ∙ ʹ,Ͷͳʹ + ͵ = ͳ͹͹Ͷʹ,͵ͺ ˍʜ/ˏ,       ሺ͸.͸ͻሻ 

 
ɝɞɟ b – ɲɢɪɢɧɚ ɩɪɨɥɟɬɚ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ; ߛɛ –  ɭɞɟɥɶɧɵɣ ɜɟɫ ɛɟɬɨɧɚ; ߜɛ – ɬɨɥɳɢɧɚ ɛɵɤɚ. 

 
ȼɟɫ ɛɵɤɚ ɛɟɡ ɭɱёɬɚ ɡɭɛɶɟɜ ɨɩɪɟɞɟɥɹɟɦ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ: 
˄ܩ  = ܵ˄ ∙ ˄ߜ ∙ ݃ ∙ ܾ˄ߛ + ˄ߜ = ͳʹͻͺ,ͷ͸ ∙ ͵ ∙ ͻ,ͺͳ ∙ ʹ,Ͷͳʹ + ͵ = ͸ͳͳͶ,͸ͷ ˍʜ/ˏ               ሺ͸.͹Ͳሻ 

 
ȼɟɫ ɩɥɨɫɤɨɝɨ ɡɚɬɜɨɪɚ ɩɨ ɮɨɪɦɭɥɟ Ȼɟɪɟɡɢɧɫɤɨɝɨ: 
 ܳˊ ≈ Ͳ,Ͳͷͷ ∙ ݂ ∙ √݂ ∙ ݃ =  Ͳ,Ͳͷͷ ∙ ͺͶ ∙ √ͺͶ ∙ ͻ,ͺͳ = Ͷͳͷ,͵ͺ ˍʜ,              ሺ͸.͹ͳሻ 
 

ɝɞɟ ݂ – ɩɥɨɳɚɞɶ ɡɚɬɜɨɪɚ, ɪɚɜɧɚɹ: 
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݂ = ሺ∇ʣʞʢ − ∇ʒʑ + Ͳ,ͷሻ ∙ ܾ = ሺ͵ͳʹ − ͵Ͳͷ,ͷ + Ͳ,ͷሻ ∙ ͳʹ = ͺͶ  ˏଶ      ሺ͸.͹ʹሻ 
 
ȼɟɫ ɡɚɬɜɨɪɚ ɩɪɢɜɨɞɹɬ ɤ 1 ɩ. ɦ. ɞɥɢɧɵ ɫɟɤɰɢɢ: 
ˊݍ  =  ܳˊܾ + ˄ߜ = Ͷͳͷ,͵ͺͳʹ + ͵ = ʹ͹,͸ͻ ˍʜ/ˏ                                                             ሺ͸.͹͵ሻ 

 
6.4.2 ɋɢɥɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ 
 
ɗɩɸɪɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɭ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫ 
ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ. 

 

ʑܶʐ = ௪ߩ ∙ ݃ ∙ ʹʑଶܪ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ Ͷͻଶʹ = ͳͳ͹͹͸,ͻͳ ˍʜ,                              ሺ͸.͹Ͷሻ 

 
ɝɞɟ ܪʑ = ∇ʜʞʢ − ∇ʞʝʓ = ͵ͳͲ,ͲͲ − ʹ͸ͳ,ͲͲ = Ͷͻ ˏ                                       ሺ͸.͹ͷሻ 

 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɫɨ 

ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 
 

ʜܶʐ = ௪ߩ ∙ ݃ ∙ ʹʜଶܪ = ͳͲͲͲ ∙ ͻ,ͺͳ ∙ ʹ,ͷͷଶʹ = ͵ͳ,ͺͻ ˍʜ,                                  ሺ͸.͹͸ሻ 

 
ɝɞɟ ܪʜ = ∇ʜʐ௠𝑖௡ − ∇˒ˑˇ = ʹ͸͵,ͷͷ − ʹ͸ͳ,ͲͲ = ʹ,ͷ ˏ                                    ሺ͸.͹͹ሻ 

 
6.4.3 Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ 
 
ɋɢɥɚ ɜɡɜɟɲɢɜɚɸɳɟɝɨ ɞɚɜɥɟɧɢɹ: 
 

ɜܹɡ = ሺ∇ʢʜʐ௠𝑖௡ − ∇˒ˑˇሻ ∙ ɩɨɞܤ ∙ ȼߛ = ሺʹ͸͵,ͷͷ − ʹ͸ͳ,ͲͲሻ ∙ ͵Ͷ,͵ ∙ ͻ,ͺͳ = = ͺͷͺ,Ͳ͵ ɤɇ,                                                                                                          ሺ͸.͹ͺሻ 
 

ɝɞɟ ܤɩɨɞ – ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ. 
 
6.4.4 ɋɢɥɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ 

 ݈௔௦ = ͷ ɦ, ݈ௗ௥ = ͸ ɦ.                                         
ௗܪ  = ∇ɇɉɍ − ∇ɇȻ௠𝑖௡ = ͵ͳͲ − ʹ͸͵,ͷͷ = Ͷ͸,Ͷͷ ɦ                                   ሺ͸.͹ͻሻ 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɋɇɢɉɚ 2.06.06-85: 
௔௦ܪ  = Ͳ,Ͷܪௗ = Ͳ,Ͷ ∙ Ͷ͸,Ͷͷ = ͳͺ,ͷͺ ɦ,                                                            ሺ͸.ͺͲሻ 
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ௗ௥ܪ = Ͳ,ͳͷܪௗ = Ͳ,ͳͷ ∙ Ͷ͸,Ͷͷ = ͸,ͻ͹ ɦ                                                          ሺ͸.ͺͳሻ 
 

ɗɩɸɪɚ ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɬɪɚɩɟɰɢɣ ɢ 
ɬɪɟɭɝɨɥɶɧɢɤɚ.  

ɉɥɨɳɚɞɶ ɷɩɸɪɵ  
 ܵɮ = ͵ͳ͵,ͷ ɦଶ,                                                         
 

ɮܹ = ܵɮ ∙ ȼߛ = ͵ͳ͵,ͷ ∙ ͻ,ͺͳ = ͵Ͳ͹ͷ,Ͷ ɤɇ                                                     ሺ͸.ͺʹሻ 
 

6.4.5 Ⱦɚɜɥɟɧɢɟ ɝɪɭɧɬɚ 
 

Ⱥɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚɧɨɫɨɜ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 ˓ː = ːߛ ∙ ℎː ∙ gଶݐ ቀͶͷ − ߮ːʹቁ = ͳ͸ ∙ ʹ ∙ ଶ݃ݐ (Ͷͷ − ʹʹʹ) == ͳͶ,ͷ͸  ˍ ʜ ˏଶ⁄ ,                                                                                                   ሺ͸.ͺ͵ሻ 
 

ɝɞɟ ːߛ = ͳ͸ ˍ ʜ ˏଷ⁄  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɧɨɫɨɜ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; ߮ː = ʹʹ – ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɧɚɧɨɫɨɜ; ℎː = ʹ ˏ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɧɚɧɨɫɨɜ. 
 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɞɚɜɥɟɧɢɹ ɧɚɧɨɫɨɜ ɧɚ 1 ɩ.ɦ: 

ːܧ  = ˓ː ∙ ℎːʹ = ͳͶ,ͷ͸ ∙ ʹʹ = ͳͶ,ͷ͸ ˍʜ                                                               ሺ͸.ͺͶሻ 

 
ȼ ɬɨɱɤɟ ɧɚ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫ ɭɱɟɬɨɦ 

ɩɪɢɝɪɭɡɚ ɟɝɨ ɜɟɫɨɦ ɧɚɧɨɫɨɜ:  
′˓ˆ݌  = ːߛ ∙ ℎː ∙ ଶ݃ݐ ቀͶͷ − ߮ˆ˓ʹ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ − ߮ˆ˓ʹ ቁ,                                ሺ͸.ͺͷሻ 

′˓ˆ݌  = ͳ͸ ∙ ʹ ∙ ଶ݃ݐ (Ͷͷ − ͵ͻʹ) − ʹ ∙ ͳͷͲ ∙ ݃ݐ (Ͷͷ − ͵ͻʹ) = −ͳ͵ͷ,ͺ ˍʞ˃    
 
ȼ ɬɨɱɤɟ ɧɚ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɫɥɨɹ ɝɪɭɧɬɚ ɬɨɥɳɢɧɨɣ hɝɪ, ɝɞɟ ɞɟɣɫɬɜɭɸɬ  

ɢ ɜɟɫ ɧɚɧɨɫɨɜ, ɢ ɜɟɫ ɝɪɭɧɬɚ, ɞɚɜɥɟɧɢɟ ɪɚɜɧɹɟɬɫɹ: 
′′˓ˆ݌  = ሺːߛ ∙ ℎː + ɀˆ˓ ∙ ℎˆ˓ሻ ∙ ଶ݃ݐ ቀͶͷ − ߮ˆ˓ʹ ቁ − ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ − ߮ˆ˓ʹ ቁ       ሺ͸.ͺ͸ሻ 
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ɍɞɟɥɶɧɵɣ ɜɟɫ ɜɡɜɟɲɟɧɧɨɝɨ ɝɪɭɧɬɚ: 
 ɀˆ˓ = ɀˆ˓˔˖˘ − ሺͳ − nሻ ∙ ɀ˅ = ʹͷ − ሺͳ − Ͳ,Ͳʹͻሻ ∙ ͻ,ͺͳ = ͳͷ,Ͷ͹ ˍʜ/ˏଷ,    ሺ͸.ͺ͹ሻ 

 ℎˆ˓ = ∇ˇːˑ − ∇˒ˑˇ = ʹ͸͵ − ʹ͸ͳ = ʹ ˏ,                                                      ሺ͸.ͺͺሻ 
′′˓ˆ݌  = ሺͳ͸ ∙ ʹ + ͳͷ,Ͷ͹ ∙ ʹሻ ∙ ଶ݃ݐ (Ͷͷ − ͵ͻʹ) − ʹ ∙ ͳͷͲ ∙ ݃ݐ (Ͷͷ − ͵ͻʹ) = = −ͳʹͺ,͹͹ ˍʞ˃ 
 
Ɍɚɤ ɤɚɤ ɛɨɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ ɢɦɟɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ ɫɥɟɞɭɟɬ ɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ: ɚɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɧɚ ɩɥɨɬɢɧɭ 
ɨɬɫɭɬɫɬɜɭɟɬ. 

 
ɉɚɫɫɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɝɪɭɧɬɚ ɫɨ ɫɬɨɪɨɧɵ ɧɢɠɧɟɝɨ ɛɶɟɮɚ: 

˓ˆ݌  = ߛ̂ ˓ ∙ ℎˆ˓ ∙ ଶ݃ݐ ቀͶͷ + ߮ˆ˓ʹ ቁ + ʹ ∙ ܿ ∙ ݃ݐ ቀͶͷ + ߮ˆ˓ʹ ቁ,                             ሺ͸.ͺͻሻ 

˓ˆ݌  = ͳͷ,ʹͻ ∙ ʹ ∙ ଶ݃ݐ (Ͷͷ + ͵ͻʹ) + ʹ ∙ ͳͷͲ ∙ ݃ݐ (Ͷͷ + ͵ͻʹ) = ͹͸͵,͵ͺ  ˍʜ/ˏଶ, 
˔˃˒ܧ  = ˓ˆ˓ ∙ ℎˆ˓ʹ = ͹͸͵,͵ͺ ∙ ʹʹ = ͹͸͵,͵ͺ ˍʜ                                                    ሺ͸.ͻͲሻ 

 
6.4.6 ȼɨɥɧɨɜɨɟ ɞɚɜɥɟɧɢɟ 
 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɜɨɥɧɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 
ɭɩɪɨɳɟɧɧɨ ɩɨ ɮɨɪɦɭɥɟ Ⱥ.Ʌ. Ɇɨɠɟɜɢɬɢɧɨɜɚ: 

 

ɜܹɨɥɧ = ͳʹ ɜߛ ∙ ℎଵ% ∙ ቆλୢߨ + ℎ଴ʹቇ,                                                                           ሺ͸.ͻͳሻ 

 

ɜܹɨɥɧ = ͳʹ ∙ ͻ,ͺͳ ∙ ͳ,͵͸Ͷ ∙ (ͳͶ,͸ͳ͵,ͳͶ + Ͳ,Ͷʹ) = ͵ʹ,Ͷͷ ɤɇ/ɦ, 
 
ɝɞɟ ℎଵ% – ɜɵɫɨɬɚ ɜɨɥɧɵ 1% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ, ℎଵ% = ͳ,͵͸Ͷ ɦ; 

λୢ – ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ, λୢ = ͳͶ,͸ͳ ɦ; 
 ℎ଴ = ߨ ∙ ℎଵ%ଶ

λୢ = ߨ ∙ ͳ,͵͸ͶଶͳͶ,͸ͳ = Ͳ,Ͷ ɦ                                                                  ሺ͸.ͻʹሻ 
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ɉɥɟɱɨ ɫɢɥɵ ɜܹɨɥɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɪɨɜɧɹ ɩɨɤɨɹ ȼȻ: 
௖ݕ  = λୢʹߨ − ͵ͅ ℎଵ% = ͳͶ,͸ͳʹߨ − ͵ͅ ∙ ͳ,͵͸Ͷ = ͳ,ͺͳ ɦ                                            ሺ͸.ͻ͵ሻ 

 

6.5 Ɉɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ 
 

Ɋɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ ɛɟɬɨɧɧɨɣ ɩɥɨɬɢɧɵ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɭ 
ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɟɪɜɨɣ ɝɪɭɩɩɵ (ɩɨ ɧɟɩɪɢɝɨɞɧɨɫɬɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ). 
Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɭɱёɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɜɜɨɞɹɬɫɹ ɤɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɨɬɢɧɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ 
ɤɪɢɬɟɪɢɹɦɢ ɩɪɨɱɧɨɫɬɢ. 

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 ɋɢɥɚ ߛ௙, ɤɇ ɉɥɟɱɨ, ɦ Ɇɨɦɟɧɬ, ɤɇ∙ɦ 

ʑܶʐ 1,0 → 11776,91 11776,91 16,33 191963,6 ʜܶʐ 1,0  31,89 31,89 -0,85 -27,1 0,95 ˄ܩ  5643,77 5808,92 -4,42 -25675,4 0,95 ˎ˒ܩ  15858,86 16855,26 -5,76 -97086,3 ܹ˅ ˊ˅ 1,0  858,03 858,03 0 0 ˗ܹ 1,0  3075,40 3075,40 9,43 28908,8 ʔː 1,2 → 14,56 17,47 2,67 43,7 ʔ˒˃˔ 0,8  763,38 610,704 -0,67 -409,17 ܹ˅ ˑˎː 1,0 → 32,45 32,45 46,4 1505,8 0,9 ˊݍ  21,52 19,37 -1389 -269,0 

 ∑ ܯ = ͻͺͺ͹͹,͸  ˍʜ ∙ ˏ, 
 ∑ ܰ = ˎ˒ܩ + ˄ܩ + ˊݍ − ܹ˅ ˊ − ˗ܹ = = ͳ͸ͺͷͷ,ʹ͸ + ͷͺͲͺ,ͻʹ + ͳͻ,͵͹ − ͺͷͺ,Ͳ͵ − ͵Ͳ͹ͷ,ͶͲ = ͳͺ͹ͷͲ,ͳ ˍʜ  ሺ͸.ͻͶሻ 

 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௬௨ = − ∑ ˇˑ˒ܤܰ + ͸ ∑ ˑˇଶ˒ܤܯ = − ͳͺ͹ͷͲ,ͳ͵Ͷ,͵ + ͸ ∙ ͻͺͺ͹͹,͸͵Ͷ,͵ଶ = −Ͷʹ,ͷ ˍʞ˃,           ሺ͸.ͻͷሻ 
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ɝɞɟ ∑  .ɲɢɪɢɧɚ ɩɨɞɨɲɜɵ ɩɥɨɬɢɧɵ – ˒ܤ ;ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɨɲɜɭ – ܯ
 

ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௨ = 𝜎௬௨ ∙ ݉௨ଶ − ߛ˅ ∙ ௗ௨ܪ ∙ ሺͳ − ݉௨ଶሻ = −Ͷʹ,ͷ ∙ Ͳଶ − ͻ,ͺͳ ∙ Ͷͻ ∙ ሺͳ − Ͳଶሻ = = −ͶͺͲ,͹ ˍʞ˃,                                                                                                       ሺ͸.ͻ͸ሻ 
 

ɝɞɟ ݉௨ – ɡɚɥɨɠɟɧɢɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; ܪௗ௨ – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ȼȻ, ɦ; ˅ߛ  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3. 
 
Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ: 
 ߬௫௬௨ = ߛ˅) ∙ ௗ௨ܪ + 𝜎௬௨൯ ∙ ݉௨ = ሺͻ,ͺͳ ∙ Ͷͻ − Ͷʹ,ͷ ሻ ∙ Ͳ = Ͳ ˍʞ˃                   ሺ͸.ͻ͹ሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௨ = 𝜎௬௨ ∙ ሺͳ + ݉௨ଶሻ + ߛ˅ ∙ ௗ௨ܪ ∙ ݉௨ଶ = −Ͷʹ,ͷ ∙ ሺͳ + Ͳଶሻ + ͻ,ͺͳ ∙ Ͷͻ ∙ Ͳଶ = = −Ͷʹ,ͷ ˍʞ˃                                                                                                           ሺ͸.ͻͺሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ʖ௨ = ߛ˅− ∙ ௗ௨ܪ = −ͻ,ͺͳ ∙ Ͷͻ = −ͶͺͲ,͹ ˍʞ˃                                                  ሺ͸.ͻͻሻ 
 
Ʉɪɚɟɜɵɟ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௬௧ = − ∑ ˇˑ˒ܤܰ − ͸ ∑ ˑˇଶ˒ܤܯ = − ͳͺ͹ͷͲ,ͳ͵Ͷ,͵ − ͸ ∙ ͻͺͺ͹͹,͸͵Ͷ,͵ଶ = −ͳͲͷͳ,ͳ ˍʞ˃,    ሺ͸.ͳͲͲሻ 

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

 
ɇɨɪɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɩɥɨɳɚɞɤɚɦ: 
 𝜎௫௧ = 𝜎௬௧ ∙ ݉௧ଶ − ߛ˅ ∙ ௗ௧ܪ ሺͳ − ݉௧ଶሻ = −ͳͲͷͳ,ͳ ∙ Ͳ,͹ଶ − ͻ,ͺͳ ∙ ʹ,ͷͷሺͳ − Ͳ,͹ଶሻ == −ͷʹ͹,ͺ ˍʞ˃,                                                                                                     ሺ͸.ͳͲͳሻ 
 

ɝɞɟ ݉௧ – ɡɚɥɨɠɟɧɢɟ ɧɢɡɨɜɨɣ ɝɪɚɧɢ ɧɚ ɭɪɨɜɧɟ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ; ܪௗ௧  – ɧɚɩɨɪ ɧɚɞ ɪɚɫɱɟɬɧɵɦ ɫɟɱɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɇȻ, ɦ; ˅ߛ  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɤɇ/ɦ3. 
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Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭ ɧɢɡɨɜɨɣ ɝɪɚɧɢ: 
 ߬௫௬௧ = ߛ˅)− ∙ ௗ௧ܪ + 𝜎௬௧൯ ∙ ݉௧ = −(ͻ,ͺͳ ∙ ʹ,ͷͷ + ሺ−ͳͲͷͳ,ͳሻ൯ ∙ Ͳ,͹ == ͹ͳͺ,ʹ ˍʞ˃                                                                                                         ሺ͸.ͳͲʹሻ 

 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ʖ௧ = 𝜎௬௧ሺͳ + ݉௧ଶሻ + ߛ˅ ∙ ௗ௧ܪ ∙ ݉௧ଶ − ͳͲͷͳ,ͳ ∙ ሺͳ + Ͳ,͹ଶሻ + ͻ,ͺͳ ∙ ʹ,ͷͷ ∙ Ͳ,͹ଶ = = −ͳͷͷ͵,ͺ ˍʞ˃                                                                                                 ሺ͸.ͳͲ͵ሻ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɝɥɚɜɧɵɟ ɧɚɩɪɹɠɟɧɢɹ: 
 𝜎ଵ௧ = ߛ˅− ∙ ௗ௧ܪ = −ͻ,ͺͳ ∙ ʹ,ͷͷ = −ʹͷ ˍʞ˃                                                   ሺ͸.ͳͲͶሻ 
 
6.6 Ʉɪɢɬɟɪɢɢ ɩɪɨɱɧɨɫɬɢ ɩɥɨɬɢɧɵ ɢ ɟё ɨɫɧɨɜɚɧɢɹ 

 
ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɪɚɫɱɟɬɨɜ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ 

ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
1) ȼɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɥɨɬɢɧɵ: 

௡ߛ   ∙ ௟௖ߛ ∙ |𝜎ଷ| ൑ ௖ߛ ∙ ܴ௕ ,                                                                                     ሺ͸.ͳͲͷሻ 
 

ɝɞɟ ߛ௡ = ͳ,ʹ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ;  ߛ௟௖ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ 
ɫɥɭɱɚɹ [36]; ߛ௖ௗ = Ͳ,ͻ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

 ܴ௕ ൒ ௡ߛ  ∙ ௟௖ߛ ∙ |𝜎ଷ|ߛ௖ = ͳ,ʹ ∙ ͳ ∙ |−ͳͷͷ͵,ͺ|Ͳ,ͻ = ʹͲ͹ͳ,ͺ ˍʜ/ˏଶ                     ሺ͸.ͳͲ͸ሻ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡ [37] ɩɪɢɧɢɦɚɟɬɫɹ ɤɥɚɫɫ ɛɟɬɨɧɚ ȼ5 ɫ ɪɚɫɱɟɬɧɵɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ ܴ௕ = ʹͺͲͲ ˍʜ/ˏʹ.  
2) ɇɚ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ: 

 𝜎௬௨ < Ͳ                                                                                                                    ሺ͸.ͳͲ͹ሻ 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 𝜎௬௨ = −Ͷʹ,ͷ ˍʞ˃, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 
 
3) ȼ ɡɨɧɟ ɜɟɪɯɨɜɨɣ ɝɪɚɧɢ ɩɥɨɬɢɧɵ: 

 |𝜎௬௨| ൒ Ͳ,ʹͷ ∙ ߛ˅ ∙  ௗ௨,                                                                                         ሺ͸.ͳͲͺሻܪ
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|−Ͷʹ,ͷ| ൑ Ͳ,ʹͷ ∙ ͻ,ͺͳ ∙ Ͷͻ, ɬ.ɟ. Ͷʹ,ͷ ˍʜ/ˏଶ ൑ ͳʹͲ,ͳ͹ ˍʜ/ˏଶ. ɉɥɨɬɢɧɚ ɧɟ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɨɥɶɤɨ ɨɞɧɨɦɭ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ. 
 
6.7 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:  
 ܴ ∙ ܨ௖ௗߛ ∙ ௟௖ߛ ൒  ௡,                                                                                                          ሺ͸.ͳͲͻሻߛ

 
ɝɞɟ ߛ௡ = ͳ,ʹͲ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɥɚɫɫɚ ɫɨɨɪɭɠɟɧɢɹ; ߛ௟௖ = ͳ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱёɬɧɨɝɨ 
ɫɥɭɱɚɹ; ߛ௖ௗ = Ͳ,ͻͲ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ 
ɫɥɭɱɚɹ. 

 ܴ = ɛܩ) + ɩɥܩ − ɜܹɡɜ − ɮܹ + ɡ൯ݍ ∙ ߮݃ݐ + ȿɩɚɫ ∙ ′௖ߛ + ܿ ∙  ɩ,                    ሺ͸.ͳͳͲሻܤ
 ܴ = ሺ͸ͳͳͶ,͸ͷ + ͳ͹͹Ͷʹ,͵ͺ − ͺͷͺ,Ͳ͵ − ͵Ͳ͹ͷ,ͶͲ + ʹ͹,͸ͻሻ ∙ ͻ͵݃ݐ + Ͳ + +ͳͷͲ ∙ ͵Ͷ,͵ = ʹͳ͵Ͳͳ,ʹ͵ ɤɇ/ɦଶ,  

 
ɝɞɟ ߮ = ͵ͻ° – ɬɚɧɝɟɧɫ ɭɝɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ; ܿ – ɫɰɟɩɥɟɧɢɟ ɞɥɹ ɝɪɭɧɬɚ, 150 ɤɇ/ɦ2. 

ɋɞɜɢɝɚɸɳɚɹ ɫɢɥɚ: 
 F = ɜܶɛ − ɧܶɛ + ɜܹɨɥɧ + ɧܧ = ͳͳ͹͹͸,ͻͳ − ͵ͳ,ͺͻ + ͵ʹ,Ͷͷ + ͳͶ,ͷ͸ = = ͳͳ͹ͻʹ,Ͳʹ ɤɇ/ɦଶ,                                                                                            ሺ͸.ͳͳͳሻ 
 ʹͳ͵Ͳͳ,ʹ͵ ∙ Ͳ,ͻͲͳͳ͹ͻʹ,Ͳʹ ∙ ͳ ൒ ͳ,ʹͲ                                                                                                   
 ͳ,͸ʹ > ͳ,ʹͲ. ɋɨɨɪɭɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ. Ɂɧɚɱɢɬ, 
ɩɥɨɬɢɧɚ ɭɫɬɨɣɱɢɜɚ ɧɚ ɫɞɜɢɝ. 
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7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɯɪɚɧɚ ɬɪɭɞɚ. Ȼɟɡɨɩɚɫɧɨɫɬɶ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 

7.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ 
 

Ɍɢɦɩɬɨɧɫɤɚɹ Ƚɗɋ ɨɬɧɨɫɢɬɫɹ ɤɨ ɜɬɨɪɨɦɭ ɤɥɚɫɫɭ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɫɥɭɠɛɵ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ.  

ȼɫɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɥɟɠɢɬ ɧɚ ɫɨɛɫɬɜɟɧɧɢɤɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 
Ɍɢɦɩɬɨɧɫɤɨɣ 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. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ «Ɉ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ» ɫɨɛɫɬɜɟɧɧɢɤ ȽɌɋ ɪɚɡɪɚɛɚɬɵɜɚɟɬ Ⱦɟɤɥɚɪɚɰɢɸ. 
Ⱦɟɤɥɚɪɚɰɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ȽɌɋ, ɢɯ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɪɢɬɟɪɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɨɟɤɬɭ, ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɢ 
ɩɪɚɜɢɥɚɦ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɢ ɦɚɫɲɬɚɛɵ ɜɨɡɦɨɠɧɵɯ ɚɜɚɪɢɣɧɵɯ 
ɫɢɬɭɚɰɢɣ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɢ ɥɢɤɜɢɞɚɰɢɸ ɹɜɥɟɧɢɣ 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɯ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 
7.2 Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 
 
Ɉɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ ɩɨɥɢɬɢɤɢ ɜ ɨɛɥɚɫɬɢ ɨɯɪɚɧɵ ɬɪɭɞɚ - ɩɪɢɡɧɚɧɢɟ ɢ 

ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɢɨɪɢɬɟɬɚ ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ ɪɚɛɨɬɧɢɤɨɜ ȽɗC ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɧɚ ȽɗC 
ɫɨɡɞɚёɬɫɹ ɫɬɪɭɤɬɭɪɧɨɟ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ. 

ɋɥɭɠɛɚ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɜɵɩɨɥɧɹɟɬ: 
• ɨɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɬ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ; 
• ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɞɡɨɪɚ ɡɚ 

ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 
• ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ 

ɬɪɟɛɨɜɚɧɢɣ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɨɩɚɫɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɨɛɴɟɤɬɚɯ; 

• ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɧɬɪɨɥɹ ɡɚ ɨɪɝɚɧɢɡɚɰɢɟɣ ɩɪɨɬɢɜɨɩɨɠɚɪɧɨɝɨ 
ɪɟɠɢɦɚ ɢ ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

• ɨɪɝɚɧɢɡɚɰɢɹ ɢ ɤɨɨɪɞɢɧɢɪɨɜɚɧɢɟ ɩɪɢɪɨɞɨɨɯɪɚɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 
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Ⱦɥɹ ɜɫɟɯ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪaɛoɬɧɢɤoɜ ɫɬɚɧɰɢɢ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ 
ɩɨɪɹɞɤɟ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɞɨɥɠɧɨɫɬɧɵɟ ɢɧɫɬɪɭɤɰɢɢ, ɞɥɹ ɪɚɛɨɱɢɯ – 
ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ.  

Ⱦɨɥɠɧɨɫɬɧɵɟ ɞɨɤɭɦɟɧɬɵ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɟɣɫɬɜɭɸɳɢɯ 
ɧoɪɦaɬɢɜɧo-ɩɪaɜoɜɵx aɤɬoɜ, a ɬaɤɠe ɧoɪɦaɬɢɜɧo – ɬexɧɢɱecɤoɣ 
ɞoɤyɦeɧɬaɰɢɢ: 

• Ɏeɞeɪaɥɶɧɵɣ ɡaɤoɧ oɬ 24.07.1998ɝ. №125-ɎɁ «Oɛ oɛɹɡaɬeɥɶɧoɦ 
cɬɪaxoɜaɧɢɢ oɬ ɧecɱacɬɧɵx cɥyɱaeɜ ɧa ɩɪoɢɡɜoɞcɬɜe ɢ ɩɪoɮeccɢoɧaɥɶɧɵx 
ɡaɛoɥeɜaɧɢɣ»; 

• Ɏeɞeɪaɥɶɧɵɣ ɡaɤoɧ oɬ 30.12.01. №197-ɎɁ «Ɍɪyɞoɜoɣ ɤoɞeɤc Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ»; 

• ɉɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, 
ɭɬɜɟɪɠɞёɧɧɵɯ ɩɪɢɤɚɡɨɦ Ɇɢɧɬɪɭɞɚ Ɋɨɫɫɢɢ ɨɬ 24.07.2013ɝ. №328ɧ; 

• ɉɪɚɜɢɥɚ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ; 
ɉɪɚɜɢɥɚ ɬɟɯɧɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ ɫɟɬɟɣ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɭɬɜɟɪɠɞёɧɧɵɯ ɩɪɢɤɚɡɨɦ Ɇɢɧɷɧɟɪɝɨ Ɋɨɫɫɢɢ ɨɬ 
19.0ɛ.2003ɝ. №229. 

 
7.3 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

 
Ɍɪeɛoɜaɧɢɹ ɤ ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ ycɬaɧaɜɥɢɜaɸɬcɹ ɜ cooɬɜeɬcɬɜɢɢ c: 
• ɉɪaɜɢɥaɦɢ ɩɪoɬɢɜoɩoɠaɪɧoɝo ɪeɠɢɦa ɜ ɪoccɢɣcɤoɣ ɮeɞeɪaɰɢɢ 

yɬɜeɪɠɞeɧɵ ɩocɬaɧoɜɥeɧɢeɦ ɩɪaɜɢɬeɥɶcɬɜa Ɋoccɢɣcɤoɣ Ɏeɞeɪaɰɢɢ oɬ 
25.05.2012 №390; 

• Ɏeɞeɪaɥɶɧɵɣ ɡaɤoɧ oɬ 22.0ɛ.2008ɝ. №123-ɎɁ «Ɍexɧɢɱecɤɢɣ ɪeɝɥaɦeɧɬ o 
ɬɪeɛoɜaɧɢɹx ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ»; 

• ɉɪaɜɢɥa ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ ɞɥɹ ɷɧeɪɝeɬɢɱecɤɢx ɩɪeɞɩɪɢɹɬɢɣ 
ɊȾ 153-34.0-03.301-00 (ȼɉɉȻ 01-02-95*). 

ȼ cooɬɜeɬcɬɜɢɢ c ɬɪeɛoɜaɧɢeɦ ɜɵɲeyɤaɡaɧɧɵx ɩɪaɜɢɥ ɪyɤoɜoɞɢɬeɥɶ 
oɪɝaɧɢɡaɰɢɢ ɧaɡɧaɱaeɬ ɥɢɰo, oɬɜeɬcɬɜeɧɧoe ɡa ɩoɠaɪɧyɸ ɛeɡoɩacɧocɬɶ, 
ɤoɬoɪoe oɛecɩeɱɢɜaeɬ coɛɥɸɞeɧɢe ɬɪeɛoɜaɧɢɣ ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ ɧa 
ȽɗC. 

ɇa ɩɪoeɤɬɢɪyeɦoɣ ȽɗC oɛɹɡaɬeɥɶɧɵ ɞɥɹ ɜɵɩoɥɧeɧɢɹ cɥeɞyɸɳɢe 
oɪɝaɧɢɡaɰɢoɧɧɵe ɦeɪoɩɪɢɹɬɢɹ ɩo oɛecɩeɱeɧɢɸ ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ: 

• oɛyɱeɧɢe ɦeɪaɦ ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ ɩyɬeɦ ɩɪoɜeɞeɧɢɹ 
ɩɪoɬɢɜoɩoɠaɪɧoɝo ɢɧcɬɪyɤɬaɠa ɢ ɩɪoxoɠɞeɧɢɹ ɩoɠaɪɧo-ɬexɧɢɱecɤoɝo 
ɦɢɧɢɦyɦa; 

• ɪaɡɪaɛoɬɤa ɢ ɜɵɩoɥɧeɧɢe ɦeɪoɩɪɢɹɬɢɣ, ɧaɩɪaɜɥeɧɧɵx ɧa ɩoɜɵɲeɧɢe 
ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ; 

• ycɬaɧoɜɥeɧɢe ɩɪoɬɢɜoɩoɠaɪɧoɝo ɪeɠɢɦa, ɧa ɬeɪɪɢɬoɪɢɢ, ɜ 
ɩɪoɢɡɜoɞcɬɜeɧɧɵx, aɞɦɢɧɢcɬɪaɬɢɜɧɵx ɢ ɜcɩoɦoɝaɬeɥɶɧɵx ɩoɦeɳeɧɢɹx; 

• ɧaɡɧaɱeɧɢe oɬɜeɬcɬɜeɧɧɵx ɥɢɰ ɡa ɩoɠaɪɧyɸ ɛeɡoɩacɧocɬɶ ɩo 
ɤɚɠɞɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦɭ yɱacɬɤy ɢ ɩoɦeɳeɧɢɸ; 
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• cooɛɳeɧɢe o ɤaɠɞoɦ ɩoɠaɪe ɜ ɦecɬɧɵe oɪɝaɧɵ ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ, 
ɧaɡɧaɱeɧɢe ɤoɦɢccɢɢ ɞɥɹ ycɬaɧoɜɥeɧɢɹ ɩɪɢɱɢɧ ɩoɠaɪa ɢ ɪaɡɪaɛoɬɤɢ 
ɩɪoɬɢɜoɩoɠaɪɧɵx ɦeɪoɩɪɢɹɬɢɣ. 

ȼ ɤaɠɞoɦ cɬɪyɤɬyɪɧoɦ ɩoɞɪaɡɞeɥeɧɢɢ ɞoɥɠɧɵ ɛɵɬɶ ɜɵɩoɥɧeɧɵ 
cɥeɞyɸɳɢe oɪɝaɧɢɡaɰɢoɧɧɵe ɦeɪoɩɪɢɹɬɢɹ ɩo oɛecɩeɱeɧɢɸ ɩoɠaɪɧoɣ 
ɛeɡoɩacɧocɬɢ: 

• oɛecɩeɱeɧɢe ɧa ɤaɠɞoɦ yɱacɬɤe coɛɥɸɞeɧɢɹ ycɬaɧoɜɥeɧɧoɝo 
ɩɪoɬɢɜoɩoɠaɪɧoɝo ɪeɠɢɦa ɢ ɜɵɩoɥɧeɧɢɹ ɦeɪoɩɪɢɹɬɢɣ, ɩoɜɵɲaɸɳɢx 
ɩoɠaɪɧyɸ ɛeɡoɩacɧocɬɶ; 

• oɛecɩeɱeɧɢe ɢcɩɪaɜɧocɬɢ ɬexɧoɥoɝɢɱecɤoɝo oɛoɪyɞoɜaɧɢɹ, ɧeɦeɞɥeɧɧoe 
ɩɪɢɧɹɬɢe ɦeɪ ɤ ycɬɪaɧeɧɢɸ ɧeɢcɩɪaɜɧocɬeɣ, ɤoɬoɪɵe ɦoɝyɬ ɩɪɢɜecɬɢ ɤ 
ɩoɠaɪy; 

• oɪɝaɧɢɡaɰɢɹ ɩoɠaɪɧo-ɬexɧɢɱecɤoɣ ɩoɞɝoɬoɜɤɢ ɩoɞɱɢɧeɧɧoɝo 
ɩeɪcoɧaɥa, oɛɹɡaɬeɥɶɧocɬɶ coɛɥɸɞeɧɢɹ ɢɦ ɩɪoɬɢɜoɩoɠaɪɧoɝo ɪeɠɢɦa ɢ 
ɜɵɩoɥɧeɧɢɹ ycɬaɧoɜɥeɧɧɵx ɬɪeɛoɜaɧɢɣ ɩoɠaɪɧoɣ ɛeɡoɩacɧocɬɢ; 

• oɛecɩeɱeɧɢe ɤoɧɬɪoɥɹ ɡa ɜɵɩoɥɧeɧɢeɦ ɬɪeɛoɜaɧɢɣ ɩoɠaɪɧoɣ 
ɛeɡoɩacɧocɬɢ ɩɪɢ ɩɪoɜeɞeɧɢɢ ɪeɦoɧɬɧɵx ɪaɛoɬ ɩeɪcoɧaɥoɦ ɩoɞɪaɡɞeɥeɧɢɣ ɢ 
ɩoɞɪɹɞɧɵɦɢ oɪɝaɧɢɡaɰɢɹɦɢ; 

• ycɬaɧoɜɥeɧɢe ɩoɪɹɞɤa ɢ oɬɜeɬcɬɜeɧɧocɬɢ ɡa coɞeɪɠaɧɢe ɜ ɢcɩɪaɜɧoɦ 
cocɬoɹɧɢɢ ɢ ɩocɬoɹɧɧoɣ ɝoɬoɜɧocɬɢ ɤ ɞeɣcɬɜɢɸ ɢɦeɸɳɢxcɹ ɩeɪɜɢɱɧɵx 
cɪeɞcɬɜ ɩoɠaɪoɬyɲeɧɢɹ. 

Kaɠɞɵɣ oɛɴeɤɬ cɬaɧɰɢɢ ocɧaɳaeɬcɹ cɢcɬeɦoɣ ɩoɠaɪɧoɣ cɢɝɧaɥɢɡaɰɢɢ, 
c ɩoɦoɳɶɸ ɤoɬoɪoɣ ocyɳecɬɜɥɹeɬcɹ ɤoɧɬɪoɥɶ ɡa ɩɪoɬɢɜoɩoɠaɪɧɵɦ 
cocɬoɹɧɢeɦ ɡaɳɢɳaeɦoɝo oɛɴeɤɬa. 

Oɛɴeɤɬaɦɢ ɜoɞɹɧoɝo ɩoɠaɪoɬyɲeɧɢɹ ɧa ȽɗC ɹɜɥɹɸɬcɹ: 
• ɝɢɞɪoɝeɧeɪaɬoɪɵ; 
ɉoɠaɪoɬyɲeɧɢe oɛɦoɬoɤ ɝɢɞɪoɝeɧeɪaɬoɪoɜ ɩɪoɢɡɜoɞɢɬcɹ 

ɪacɩɵɥeɧɧoɣ ɜoɞoɣ ɢɡ cɩeɰɢaɥɶɧɵx ycɬɪoɣcɬɜ (ɩeɪɮoɪɢɪoɜaɧɧɵx ɤoɥeɰ), 
cɦoɧɬɢɪoɜaɧɧɵx ɜɧyɬɪɢ aɝɪeɝaɬa. ɇa ɝeɧeɪaɬoɪax ycɬaɧaɜɥɢɜaɸɬcɹ ɡaɳɢɬɵ, 
ɤoɬoɪɵe aɜɬoɦaɬɢɱecɤɢ c ɞeɣcɬɜɢeɦ oɬ ɡaɳɢɬ oɬ ɜɧyɬɪeɧɧɢx ɩoɜɪeɠɞeɧɢɣ 
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ cɢɝɧaɥɢɡɢɪyɸɬ o ɧaɥɢɱɢɢ ɜoɡɝoɪaɧɢɹ. ȼɤɥɸɱeɧɢe cɢcɬeɦɵ 
ɩoɠaɪoɬyɲeɧɢɹ ɩɪoɢɡɜoɞɢɬcɹ ɞɢcɬaɧɰɢoɧɧo. ȼɤɥɸɱeɧɢe ycɬɪoɣcɬɜ 
ɩoɠaɪoɬyɲeɧɢɹ ɝɢɞɪoɝeɧeɪaɬoɪoɜ ɛɥoɤɢɪoɜaɧo ɢ ɩɪoɢɡɜoɞɢɬcɹ ɬoɥɶɤo ɩocɥe 
oɬɤɥɸɱeɧɢɹ ɝɢɞɪoɝeɧeɪaɬoɪa c oɞɧoɜɪeɦeɧɧoɣ ɩoɞaɱeɣ ɢɦɩyɥɶca ɧa ocɬaɧoɜ 
aɝɪeɝaɬa. Oɬɤɥɸɱeɧɢe cɢcɬeɦ ɩoɠaɪoɬyɲeɧɢɹ ɩɪoɢɡɜoɞɢɬcɹ aɜɬoɦaɬɢɱecɤɢ c 
ɜɵɞeɪɠɤoɣ ɜɪeɦeɧɢ.  

• cɢɥoɜɵe ɬɪaɧcɮoɪɦaɬoɪɵ; 
Ɍyɲeɧɢe ɬɪaɧcɮoɪɦaɬoɪoɜ ocyɳecɬɜɥɹeɬcɹ aɜɬoɦaɬɢɱecɤɢ c ɩycɤoɦ oɬ 

ɡaɳɢɬ ɬɪaɧcɮoɪɦaɬoɪa. Oɬ ɦaɝɢcɬɪaɥɶɧoɝo ɤoɥɶɰeɜoɝo ɜoɞoɩɪoɜoɞa 
ɩɪeɞycɦaɬɪɢɜaɸɬcɹ oɬɜeɬɜɥeɧɢɹ, ɧa ɤoɬoɪɵx ycɬaɧaɜɥɢɜaɸɬcɹ ɡaɞɜɢɠɤɢ c 
ɷɥeɤɬɪoɩɪɢɜoɞoɦ. Oɬɤɪɵɬɢe ɡaɞɜɢɠeɤ ɩɪoɢcxoɞɢɬ oɬ ɞɢɮɮeɪeɧɰɢaɥɶɧoɣ ɢ 
ɝaɡoɜoɣ ɡaɳɢɬ ɬɪaɧcɮoɪɦaɬoɪa. ɉo ɩeɪɢɦeɬɪy ɬɪaɧcɮoɪɦaɬoɪa ɧa 
ɛeɡoɩacɧoɦ ɪaccɬoɹɧɢɢ ɦoɧɬɢɪyɸɬcɹ ɤoɥɶɰeɜɵɟ ɬɪyɛoɩɪoɜoɞɵ, ɧa ɤoɬoɪɵx 
ɜeɪɬɢɤaɥɶɧo ycɬaɧaɜɥɢɜaɸɬcɹ ɞɪeɧɱeɪɧɵe oɪocɢɬeɥɢ. Kɪoɦe 
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aɜɬoɦaɬɢɱecɤoɝo ɩycɤa cɪeɞcɬɜ ɩoɠaɪoɬyɲeɧɢɹ ɩɪeɞycɦaɬɪɢɜaeɬcɹ 
ɞɢcɬaɧɰɢoɧɧɵɣ ɩycɤ c ɩoɦoɳɶɸ ɤɧoɩɤɢ c ɐɉɍ ɩɪɢ oɞɧoɜɪeɦeɧɧoɦ 
aɜɬoɦaɬɢɱecɤoɦ oɬɤɥɸɱeɧɢɢ ɬɪaɧcɮoɪɦaɬoɪa, a ɬaɤɠe ɪyɱɧɵɦ ɩycɤoɦ y 
ɦecɬa ycɬaɧoɜɤɢ.  

• ɤaɛeɥɶɧɵe cooɪyɠeɧɢɹ; 
Kaɛeɥɶɧɵe cooɪyɠeɧɢɹ ȽɗC ɞoɥɠɧɵ oɛoɪyɞoɜaɬɶcɹ cɢcɬeɦaɦɢ 

aɜɬoɦaɬɢɱecɤoɝo ɩoɠaɪoɬyɲeɧɢɹ, ɤoɬoɪɵe ɩɪeɞcɬaɜɥɹɸɬ coɛoɣ cɢcɬeɦy 
ɬɪyɛoɩɪoɜoɞoɜ, ɩo ɤoɬoɪɵɦ ɩoɞaeɬcɹ ɜoɞa ɤ oɛɴeɤɬy ɩoɠaɪa ɢ ɡaɩoɪɧo-
ɩycɤoɜɵɦɢ ycɬɪoɣcɬɜaɦɢ (Ɂɉɍ). Ⱦɥɹ ɬyɲeɧɢɹ ɩoɠaɪa ɩɪeɞycɦaɬɪɢɜaɸɬcɹ                                
cɬaɰɢoɧaɪɧɵe ycɬaɧoɜɤɢ ɞɪeɧɱeɪɧoɝo ɬɢɩa. Kaɠɞɵɣ oɛɴeɤɬ ocɧaɳaeɬcɹ 
cɢcɬeɦoɣ ɩoɠaɪɧoɝo oɛɧaɪyɠeɧɢɹ ɢ oɩoɜeɳeɧɢɹ, c ɩoɦoɳɶɸ ɤoɬoɪoɣ 
ocyɳecɬɜɥɹeɬcɹ oɛɧaɪyɠeɧɢe ɩoɠaɪa, a ɬaɤɠe aɜɬoɦaɬɢɱecɤɢɦ ɩycɤoɦ 
cɢcɬeɦɵ ɢ aɜɬoɦaɬɢɱecɤoɣ ɩoɞaɱeɣ ɜoɞɵ ɧa oɱaɝ ɩoɠaɪa. ɉɪeɞycɦaɬɪɢɜaeɬcɹ 
ɬaɤɠe ɞɢcɬaɧɰɢoɧɧoe oɬɤɪɵɬɢe ɡaɞɜɢɠeɤ c ɐɉɍ. ɉoɠaɪoɬyɲeɧɢe 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɢ oɬ ɩoɠaɪɧɵx ɤɪaɧoɜ. 

• cɬaɧɰɢoɧɧoe ɦacɥoxoɡɹɣcɬɜo. 
Ocɧoɜɧɵɦ cɪeɞcɬɜoɦ ɞɥɹ ɬyɲeɧɢɹ ɩoɠaɪa, ɜoɡɧɢɤaɸɳeɝo ɜ ɩoɦeɳeɧɢɹx 

ɦacɥocɤɥaɞoɜ, ɩoɦeɳeɧɢɣ ɪeɝeɧeɪaɰɢɢ ɦacɥa ɢ ɬɪaɧcɮoɪɦaɬoɪɧɵx ɦacɬeɪcɤɢx, 
ɹɜɥɹeɬcɹ ɝeɪɦeɬɢɡaɰɢɹ ɷɬɢx ɩoɦeɳeɧɢɣ c ɩɪeɤɪaɳeɧɢeɦ ɩɪɢɬoɤa ɜ ɧɢx cɜeɠeɝo 
ɜoɡɞyxa. ȼce ɩoɦeɳeɧɢɹ oɛoɪyɞyɸɬcɹ ɩɪɢɬoɱɧo-ɜɵɬɹɠɧoɣ ɜeɧɬɢɥɹɰɢeɣ, ɢ 
ɩɪɢ cɪaɛaɬɵɜaɧɢɢ ɢɡɜeɳaɬeɥeɣ aɜɬoɦaɬɢɱecɤɢ oɬɤɥɸɱaeɬcɹ ɜeɧɬɢɥɹɰɢɹ ɢ 
ɩoɞaeɬcɹ cɢɝɧaɥ o ɩoɠaɪe ɧa ɐɉɍ. ɍɩɪaɜɥeɧɢe ɡaɞɜɢɠɤoɣ cɥɢɜa 
ɩɪeɞɭcɦaɬɪɢɜaeɬcɹ ɞɢcɬaɧɰɢoɧɧɵɦ c ɞɭɛɥɢɪɭɸɳɢɦ ɪɭɱɧɵɦ ɩɪɢɜoɞoɦ, 
ɜɵɜeɞeɧɧɵɦ ɜ ɛeɡoɩacɧoe ɦecɬo. Oɱɢcɬɤa eɦɤocɬɢ aɜaɪɢɣɧoɝo cɥɢɜa 
ɩɪoɢɡɜoɞɢɬcɹ c ɩoɦoɳɶɸ cɬaɰɢoɧaɪɧoɝo ɧacoca. ɉoɠaɪoɬɭɲeɧɢe 
ɩɪeɞɭcɦaɬɪɢɜaeɬcɹ oɬ ɩɨɠɚɪɧɵɯ ɤɪɚɧɨɜ. 
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8 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ 
Ɍɢɦɩɬɨɧɫɤɨɝɨ Ƚɍ 

 
8.1 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
 
ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ɍɢɦɩɬɨɧɫɤɨɝɨ ɝɢɞɪɨɭɡɥɚ (Ƚɍ) ɜɵɩɨɥɧɹɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɪɚɛɨɬ: 
1) ɜɵɟɦɤɚ ɝɪɭɧɬɚ ɢ ɫɤɥɚɞɢɪɨɜɚɧɢɟ ɟɝɨ ɜ ɩɨɥɟɡɧɭɸ ɧɚɫɵɩɶ; 
2) ɨɬɫɵɩɤɚ ɩɟɪɟɦɵɱɟɤ; 
3) ɩɨɞɝɨɬɨɜɤɚ ɩɥɨɳɚɞɤɢ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɟɟ ɨɛɭɫɬɪɨɣɫɬɜɨ; 
4) ɪɚɫɱɢɫɬɤɚ ɢ ɩɥɚɧɢɪɨɜɤɚ ɬɟɪɪɢɬɨɪɢɢ; 
5) ɜɨɡɜɟɞɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɞɟɦɨɧɬɚɠ ɜɪɟɦɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ; 
6) ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɫɧɨɜɧɵɯ ɫɨɨɪɭɠɟɧɢɣ; 
7) 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: 
1) ɫɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɥɚɧɞɲɚɮɬɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ 

ɢɡɦɟɧɟɧɢɹ;  
2) ɩɨɞɝɨɬɨɜɤɚ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɜɨɞɤɚ ɥɟɫɚ ɢ ɫɚɧɚɰɢɹ 

ɬɟɪɪɢɬɨɪɢɢ;  
3) ɜɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ;  
4) ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɨɛɪɚɳɟɧɢɟ ɫ ɨɬɯɨɞɚɦɢ; 
5) ɨɩɚɫɧɨɫɬɢ ɢ ɪɢɫɤɢ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɢ ɩɟɪɫɨɧɚɥɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɨɫɬɨɹɧɢɟɦ 

ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɩɨɪɹɞɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ;  
6) ɩɟɪɟɫɟɥɟɧɢɟ ɧɚɫɟɥɟɧɢɹ ɢɡ ɡɨɧɵ ɡɚɬɨɩɥɟɧɢɹ. 
ɋɨɡɞɚɧɢɟ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɩɪɨɰɟɫɫɚɦɢ: 
1) Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨɞɧɨɝɨ, ɥɟɞɨɜɨɝɨ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɟɠɢɦɨɜ; 
2) ɂɡɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɢ ɫɟɞɢɦɟɧɬɚɰɢɢ ɧɚɧɨɫɨɜ;  
3) Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɟ ɤɚɱɟɫɬɜɚ 

ɜɨɞɵ Ɍɢɦɩɬɨɧ ɜ ɧɢɠɧɟɦ ɛɶɟɮɟ Ɍɢɦɩɬɨɧɫɤɨɝɨ Ƚɍ; 
4) Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɝɨ ɝɢɞɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɢ ɢɡɦɟɧɟɧɢɹ 

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

ȼ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɫɚɧɢɬɚɪɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɪɚɛɨɬɵ: 

1) ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɢ ɨɬ ɨɫɬɚɬɤɨɜ ɫɬɪɨɟɧɢɣ ɢ ɦɭɫɨɪɚ;  
2) ɜɵɜɨɡ ɧɟɱɢɫɬɨɬ ɢɡ ɭɛɨɪɧɵɯ, ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ;  
3) ɫɚɧɢɬɚɪɧɚɹ ɨɱɢɫɬɤɚ ɬɟɪɪɢɬɨɪɢɣ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;  
4) ɡɚɫɵɩɤɚ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɭɝɥɭɛɥɟɧɢɣ ɢ ɬɚɦɩɨɧɚɠ ɫɤɜɚɠɢɧ. 
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8.2 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɨɞɝɨɬɨɜɤɟ ɥɨɠɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ 
 
Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɜɨɞɨɯɪɚɧɢɥɢɳ: 
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. 

Ɉɫɧɨɜɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɞɚɧɧɵɣ ɩɟɪɢɨɞ: 
ɚ) Ɉɪɝɚɧɢɡɚɰɢɨɧɧɵɟ 

1) Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɩɪɟɞɟɥɶɧɨ-
ɞɨɩɭɫɬɢɦɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɉȾȼ); 

2) Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɩɪɨɟɤɬɨɜ ɧɨɪɦɚɬɢɜɨɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ 
ɢ ɥɢɦɢɬɨɜ ɧɚ ɢɯ ɪɚɡɦɟɳɟɧɢɟ (ɉɇɈɈɅɊ); 

3) Ɋɚɡɪɚɛɨɬɤɚ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɪɦɚɬɢɜɨɜ ɞɨɩɭɫɬɢɦɵɯ 
ɫɛɪɨɫɨɜ (ɇȾɋ) ɜɟɳɟɫɬɜ ɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ; 

4) ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɜɵɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ 
ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ; 

5) ɉɨɥɭɱɟɧɢɟ ɪɚɡɪɟɲɟɧɢɣ ɧɚ ɫɛɪɨɫ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɧɵɟ 
ɨɛɴɟɤɬɵ; 

6) Ɉɮɨɪɦɥɟɧɢɟ Ɋɟɲɟɧɢɹ ɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɜɨɞɧɨɝɨ ɨɛɴɟɤɬɚ ɜ 
ɩɨɥɶɡɨɜɚɧɢɟ ɜ ɰɟɥɹɯ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɢɥɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ; 

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

8) Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 
ɤɨɧɬɪɨɥɹ; 

ɛ) ɋɚɧɢɬɚɪɧɨ- ɬɟɯɧɢɱɟɫɤɢɟ 
1) Ɋɚɡɞɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɨɩɚɫɧɵɯ ɨɬɯɨɞɨɜ ɩɨ ɜɢɞɚɦ ɨɬɯɨɞɨɜ ɢ ɤɥɚɫɫɚɦ 

ɨɩɚɫɧɨɫɬɢ;  
2) Ɋɚɡɦɟɳɟɧɢɟ ɨɬɯɨɞɨɜ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢ ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨɥɢɝɨɧɚɯ; 
3) ɉɟɪɟɞɚɱɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɦɚ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɨɬɯɨɞɨɜ 

ɤɚɛɟɥɶɧɨɣ ɩɪɨɞɭɤɰɢɢ; 
4) ɉɟɪɟɞɚɱɚ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ; 
5) ɍɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɩɟɪɟɞɚɱɢ ɨɬɯɨɞɨɜ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɜ 

ɠɭɪɧɚɥɚɯ; 
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6) Ɉɪɝɚɧɢɡɚɰɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɨɪɦɚɬɢɜɨɜ 
ɉȾȼ; 

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

8) ɋɨɛɥɸɞɟɧɢɟ ɪɟɠɢɦɚ ɯɨɡɹɣɫɬɜɨɜɚɧɢɹ ɜ ɜɨɞɨɨɯɪɚɧɧɨɣ ɡɨɧɟ; 
9) ɉɟɪɟɞɚɱɚ ɯɨɡɹɣɫɬɜɟɧɧɨ ɛɵɬɨɜɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 

ɨɪɝɚɧɢɡɚɰɢɢ ɧɚ ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ; 
10) Ɉɪɝɚɧɢɡɚɰɢɹ ɫɬɨɹɧɨɤ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ ɜ ɫɩɟɰɢɚɥɶɧɨ-ɨɛɨɪɭɞɨɜɚɧɧɵɯ 

ɦɟɫɬɚɯ, ɢɦɟɸɳɢɯ ɬɜɟɪɞɨɟ ɩɨɤɪɵɬɢɟ. 
 

8.3 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: 

ɚ) Ʌɨɦ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ 
 
Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 8 22 201 01 21 5 
 M = N∙qଵ଴଴% ∙ ɏ, ˕ ,                                                                                                         ሺͺ.ͳሻ 

  
ɝɞɟ N = ͸͹ͻʹͶͷ ˏଷ – ɨɛɴɟɦ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ; q = ͳ,ͺ % – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ; ɏ = ʹ,ͷ ˕/ˏଷ – ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɚ. 

 M = ଺଻ଽଶସହ∙ଵ,଼ଵ଴଴ ∙ ʹ,ͷ = ͵Ͳͷ͸͸ ˕  

 
ɛ) Ʌɨɦ ɢ ɨɬɯɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟɡɚɝɪɹɡɧɟɧɧɵɟ ɱɟɪɧɵɟ ɦɟɬɚɥɥɵ ɜ ɜɢɞɟ 

ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ, ɧɟɫɨɪɬɢɪɨɜɚɧɧɵɟ 
 
Ʉɨɞ ɨɬɯɨɞɨɜ ɩɨ ɎɄɄɈ – 2014 4 61 010 01 20 5 
ɍɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɉɪɢɥɨɠɟɧɢɟɦ ɤ ɫɛɨɪɧɢɤɭ Ɍɢɩɨɜɵɯ ɧɨɪɦ ɩɨɬɟɪɶ ɦɚɬɟɪɢɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ (ɞɨɩɨɥɧɟɧɢɟ ɤ ɊȾɋ 82-202-96) Ɇɨɫɤɜɚ, Ƚɨɫɫɬɪɨɣ Ɋɨɫɫɢɢ, 1988ɝ.  

ɇɨɪɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɚɪɦɚɬɭɪɵ ɫɨɫɬɚɜɥɹɟɬ 1,0 %. 
 M = N∙qଵ଴଴% ∙ ɏ,˕ ,                                                                                                         ሺͺ.ʹሻ 

 
ɝɞɟ N = ͵Ͳͷ͸,͸ ˕ – ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ; q = ͳ,Ͳ % – ɭɞɟɥɶɧɵɣ ɧɨɪɦɚɬɢɜ ɨɛɪɚɡɨɜɚɧɢɹ; ɏ = ʹ,Ͳ ˕/ˏଷ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɚɪɦɚɬɭɪɵ. 

 M = ଷ଴ହ଺,଺∙ଵ,଴ଵ଴଴ ∙ ʹ,Ͳ = ͸ͳ,ͳ͵ ˕  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɛɭɞɟɬ ɨɛɪɚɡɨɜɚɧɨ 3056,6 ɬ. 
ɥɨɦɚ ɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ (ɨɬɯɨɞɵ ɛɟɬɨɧɚ ɜ ɤɭɫɤɨɜɨɣ ɮɨɪɦɟ), 61,13 ɬ. ɨɬɯɨɞɨɜ 
ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɢɞɟ ɢɡɞɟɥɢɣ, ɤɭɫɤɨɜ. Ɉɬɯɨɞɵ ɛɟɬɨɧɚ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɜɟɡɟɧɵ 
ɧɚ ɡɚɯɨɪɨɧɟɧɢɟ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɨɥɢɝɨɧ. Ɉɬɯɨɞɵ ɱɟɪɧɨɝɨ ɦɟɬɚɥɥɚ 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ, ɢɦɟɸɳɟɣ ɥɢɰɟɧɡɢɸ 
ɧɚ ɡɚɝɨɬɨɜɤɭ ɥɨɦɚ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɩɥɚɜɤɢ, ɬɚɤ ɤɚɤ 
ɱɟɪɧɵɣ ɦɟɬɚɥɥ ɹɜɥɹɟɬɫɹ ɜɬɨɪɢɱɧɵɦ ɪɟɫɭɪɫɨɦ. 

 
8.4 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɩɟɪɢɨɞ 

ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ɍɢɦɩɬɨɧɫɤɨɝɨ Ƚɍ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ 

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

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

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

 
ȼ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ Ƚɗɋ 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. 
ɋɨɝɥɚɫɧɨ ɋɉ ɨɬ 2.1.4.1110-02 «Ɂɨɧɵ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ 

ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɩɢɬɶɟɜɨɝɨ ɧɚɡɧɚɱɟɧɢɹ», ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 
ɧɟ ɭɯɭɞɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɪɟɤɢ Ɍɢɦɩɬɨɧ ɨɬ ɫɛɪɨɫɨɜ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ ɧɢɠɟ 
ɩɨ ɬɟɱɟɧɢɸ ɪɟɤɢ.  

Ɋɟɠɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɨɧ ɫɚɧɢɬɚɪɧɨɣ ɨɯɪɚɧɵ ɢɫɬɨɱɧɢɤɨɜ (ɁɋɈ) ɩɢɬɶɟɜɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɦɩɥɨɳɚɞɨɤ ɨɛɴɟɤɬɨɜ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ 
ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɚɧɉɢɇ 2.1.4.1110-02: 

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

2) ɜɵɹɜɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɫ 
ɪɚɡɪɚɛɨɬɤɨɣ ɤɨɧɤɪɟɬɧɵɯ ɜɨɞɨɨɯɪɚɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɟɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɦ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ, ɩɨɞɪɹɞɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɢ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɫ 
ɰɟɧɬɪɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɚɞɡɨɪɚ. 
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9 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
 
9.1 Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
 
Ɋɵɧɨɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ 

ɫɥɨɠɧɵɯ ɪɵɧɤɨɜ, ɬɚɤ ɤɚɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɬɨɜɚɪɨɦ, 
ɨɫɧɨɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɧɚɤɨɩɥɟɧɢɹ ɢ 
ɯɪɚɧɟɧɢɹ, ɢɦɟɧɧɨ ɩɨɷɬɨɦɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɥɸɛɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜɨɡɦɨɠɧɨ 
ɥɢɲɶ ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɧɨ ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨɫɹ ɛɚɥɚɧɫɚ ɫɩɪɨɫɚ ɢ 
ɩɪɟɞɥɨɠɟɧɢɹ. 

 
Ɉɛɴɟɦɵ ɩɪɨɞɚɠ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ ɜɢɞɧɵ ɜ ɬɚɛɥɢɰɟ 9.1. 

 
Ɍɚɛɥɢɰɚ 9.1 – Ɉɰɟɧɤɚ ɨɛɴɟɦɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ 

Ƚɨɞ 2025 2026 2027 2028 2029 

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, ʛʑ˕ 111,36 167 167 167 167 
ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɦɨɳɧɨɫɬɢ 
5050 5050 5050 5050 5050 

ȼɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ʛʑ˕ ∙ ˚ 562368 843552 843552 843552 843552 
Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 

ɧɭɠɞɵ, % 
1 1 1 1 1 

Ɋɚɫɯɨɞɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ 
ɧɭɠɞɵ, ʛʑ˕ ∙ ˚ 

5623,68 8435,52 8435,52 8435,52 8435,52 

Ɉɛɴɟɦ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ʛʑ˕ ∙˚ 
556744 835116 835116 835116 835116 

Ɍɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ,  ˓˖˄./ʛʑ˕ ∙ ˚ 
1175 1206 1235 1262 1289 

ȼɵɪɭɱɤɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ˏˎː. ˓˖˄. 657,2 1007,2 1031,4 1053,9 1076,5 

ɇȾɋ ɤ ɜɵɪɭɱɤɟ,ˏˎː. ˓˖˄. 109,0 167,8 171,9 175,6 179,4 

 
ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 9.1 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ: ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ 

ɜɵɪɭɱɤɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɚɤ ɤɚɤ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

 
9.2 Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ 
 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɤɭɳɢɯ ɪɚɫɯɨɞɨɜ ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ «ɉȺɈ 

«ɊɭɫȽɢɞɪɨ» ɨɬ 16.01.2017 №9 - «ȿɞɢɧɵɟ ɫɰɟɧɚɪɧɵɟ ɭɫɥɨɜɢɹ ɉȺɈ «ɊɭɫȽɢɞɪɨ» 
ɧɚ 2017-2042 ɝɝ. ɫ ɭɱɟɬɨɦ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

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

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

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

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

Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
• ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
• ɪɚɫɯɨɞɵ ɩɨ ɫɬɪɚɯɨɜɚɧɢɸ ɢɦɭɳɟɫɬɜɚ; 
• ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
• ɪɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ;  
• ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ; 
• ɧɚɥɨɝ ɧɚ ɜɨɞɭ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɚɤɬɢɜɚ, ɜ 

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

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɦɭɳɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ ɨɛɴɟɤɬɨɜ 
ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɰɟɥɟɣ ɫɬɪɚɯɨɜɚɧɢɹ, ɫ ɭɱɟɬɨɦ 
ɩɪɢɪɨɫɬɚ ɛɚɥɚɧɫɨɜɨɣ ɫɬɨɢɦɨɫɬɢ ɨɫɧɨɜɧɵɯ ɫɪɟɞɫɬɜ ɢ ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɚ ɢɫɬɟɤɲɢɣ ɩɟɪɢɨɞ ɨɬ ɞɚɬɵ ɩɨɫɥɟɞɧɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ): 0,2%. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (ɨɩɥɚɬɚ ɬɪɭɞɚ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ) ɩɨ Ƚɗɋ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 Ɇȼɬ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɦɨɳɧɨɫɬɢ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.2. 

 
Ɍɚɛɥɢɰɚ 9.2 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɝɢɞɪɨɭɡɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ, ˕˞˔. ˓˖˄./ʛʑ˕ ȼɟɥɢɱɢɧɚ, ˏˎː. ˓˖˄. 
Ɋɚɫɯɨɞɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 255,2 28,42 

ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 274,0 30,51 

ɂɬɨɝɨ 58,93 

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

ɫɨɩɨɫɬɚɜɢɦɚ.  
 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɪɟɦɨɧɬ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɢɫɯɨɞɹ ɢɡ ɜɟɥɢɱɢɧɵ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɭɞɟɥɶɧɵɟ ɡɧɚɧɢɹ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɜ 
ɩɪɨɰɟɧɬɚɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 9.3. 
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Ɍɚɛɥɢɰɚ 9.3 – ɍɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɨɜ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ, Ɇȼɬ 

ɗɬɚɩɵ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɨɟɤɬɚ, ɥɟɬ 
ɨɬ 1 ɞɨ 5  ɨɬ 6 ɞɨ 15 ɨɬ 16 ɞɨ 25 ɫɜɵɲɟ 25 

ɨɬ 100 Ɇȼɬ ɞɨ 399 Ɇȼɬ 0,06% 0,09% 0,14% 0,2% 

 
Ɋɚɫɫɱɢɬɵɜɚɸɬɫɹ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ ɢɫɯɨɞɹ ɢɡ ɫɬɚɜɨɤ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɟɞɢɧɵɦ ɫɰɟɧɚɪɧɵɦ ɭɫɥɨɜɢɹɦ ɊɭɫȽɢɞɪɨ, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 9.4. 

 
Ɍɚɛɥɢɰɚ 9.4 – Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɚɜɤɚ ȼɟɥɢɱɢɧɚ, ˏˎː. ˓˖˄. 
ɈȺ «ɋɈ – ȿɗɋ» 135,38˕˞˔. ˓˖˄./ʛʑ˕ 15,08 

ɇɉ ȺɌɋ (ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɬɨɪɝɨɜɨɣ 
ɫɢɫɬɟɦɵ) 0,001097˕˞˔. ˓˖˄./ʛʑ˕˚ 1,06 

ɐɎɊ (ɰɟɧɬɪ ɮɢɧɚɧɫɨɜɵɯ ɪɚɫɱɟɬɨɜ) 0,000318˕˞˔. ˓˖˄. ʛʑ˕˚ 0,31 
ɂɬɨɝɨ 16,44 

 
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 9.5. Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɩɪɢɥɨɠɟɧɢɢ ɀ ɧɚ ɪɢɫɭɧɤɟ ɀ.1. 

 
Ɍɚɛɥɢɰɚ 9.5 – Ɍɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ ɝɢɞɪɨɭɡɥɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

Ƚɨɞ 2025 2026 2027 2028 2029 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ˏˎː. ˓˖˄. 66,68 122,47 139,37 139,37 139,37 

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ, ˏˎː. ˓˖˄. 34,99 52,63 56,86 56,86 56,86 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ˏˎː. ˓˖˄. 58,93 88,39 88,39 88,39 88,39 

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ, ˏˎː. ˓˖˄. 26,24 59,20 63,97 63,97 63,97 

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ, ˏˎː. ˓˖˄. 16,44 24,66 24,66 24,66 24,66 

ɇɚɥɨɝ ɧɚ ɜɨɞɭ, ˏˎː. ˓˖˄. 4,0 6,9 6,9 6,9 6,9 

ɂɬɨɝɨ, ˏˎː. ˓˖˄. 207,33 354,28 380,17 380,17 380,17 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 9.5 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ: ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɫ ɩɨɫɥɟɞɭɸɳɢɦ «ɜɵɪɚɜɧɢɜɚɧɢɟɦ». 
ɉɨɤɚɡɚɬɟɥɢ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ. Ɉɫɧɨɜɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɹɜɥɹɸɬɫɹ: 
ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ. 

Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɝɥɹɞɧɨɫɬɢ ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɩɨ Ɍɢɦɩɬɨɧɫɤɨɦɭ ɝɢɞɪɨɭɡɥɭ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ ɧɚ ɪɢɫɭɧɤɟ 9.1. 
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Ɋɢɫɭɧɨɤ 9.1 – ɋɬɪɭɤɬɭɪɚ ɬɟɤɭɳɢɯ ɡɚɬɪɚɬ ɩɨ ɝɢɞɪɨɭɡɥɭ 

 
ɂɡ ɞɢɚɝɪɚɦɦɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɚɧɚɥɨɝɢɱɧɵɣ ɜɵɜɨɞ: ɨɫɧɨɜɧɵɦɢ ɡɚɬɪɚɬɚɦɢ 

ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ (37%) ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 
(23%). 

 
9.3 ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
 
ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɩɨɫɥɟ 

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

ɍɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚɥɨɝɢ: 
• ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ – 20%; 
• ɇȾɋ – 20%; 
• ȼɡɧɨɫɵ ɜ ɫɨɰɢɚɥɶɧɵɟ ɮɨɧɞɵ – 34%; 
• ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ – 2,2%  
• ɇɚɥɨɝ ɧɚ ɜɨɞɭ ɧɚ  1 ɬɵɫ. ɤȼɬ·ɱ – 4,8 ɪɭɛ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɥɶɝɨɬ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 9.6. 
 

Ɍɚɛɥɢɰɚ 9.6 – ɇɚɥɨɝɨɜɵɟ ɪɚɫɯɨɞɵ 
Ƚɨɞ 2029 2030 2031 2032 2033 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ˏˎː. ˓˖˄. 258,5 266,2 273,7 282,0 290,5 

ɇȾɋ, ˏˎː. ˓˖˄. 223,6 326,9 333,9 340,9 348,1 
ȼɡɧɨɫɵ ɜ ɫɨɰ. ɮɨɧɞɵ, ˏˎː. ˓˖˄. 6,4 6,4 6,4 6,4 6,4 

ɇɚɥɨɝ ɧɚ ɢɦɭɳɟɫɬɜɨ, ˏˎː. ˓˖˄. 119,1 116,0 112,9 109,9 106,8 

ɂɬɨɝɨ, ˏˎː. ˓˖˄. 607,6 715,6 726,9 739,3 751,9 

37

15
23

17
6

2

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 
ɨɬɱɢɫɥɟɧɢɹ

Ɋɚɫɯɨɞɵ ɧɚ ɫɬɪɚɯɨɜɚɧɢɟ

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ

Ɋɚɫɯɨɞɵ ɧɚ ɪɟɦɨɧɬ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ

Ɋɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ 
ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɨɦɩɚɧɢɣ

ɇɚɥɨɝ ɧɚ ɜɨɞɭ
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ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 9.6 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ: ɨɫɧɨɜɧɵɦɢ ɧɚɥɨɝɨɜɵɦɢ 
ɪɚɫɯɨɞɚɦɢ ɹɜɥɹɸɬɫɹ ɧɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ ɢ ɇȾɋ. ɇɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɧɚɥɨɝɚ ɧɚ 
ɢɦɭɳɟɫɬɜɨ 

 
9.4 Ɉɰɟɧɤɚ ɫɭɦɦɵ ɩɪɢɛɵɥɢ 
 
ɉɪɢɛɵɥɶ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɮɢɧɚɧɫɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɨɬ ɩɪɨɞɚɠɢ 

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

Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɡɚ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 9.7.  
 

Ɍɚɛɥɢɰɚ 9.7 – Ƚɨɞɨɜɚɹ ɩɪɢɛɵɥɶ ɡɚ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 
Ƚɨɞ 2026 2027 2028 2029 2030 

ȼɵɪɭɱɤɚ (ɧɟɬɬɨ), ˏˎː. ˓˖˄. 1497,2 1533,0 1569,1 1602,3 1637,9 
Ɍɟɤɭɳɢɟ ɪɚɫɯɨɞɵ, ˏˎː. ˓˖˄. 354,3 380,2 380,2 380,2 380,2 

EBIT (ɩɪɢɛɵɥɶ ɞɨ 
ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɹ), ˏˎː. ˓˖˄. 1142,9 1152,8 1188,9 1222,1 1257,7 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɧɚɥɨɝ ɧɚ 
ɩɪɢɛɵɥɶ, ˏˎː. ˓˖˄. 228,6 230,6 237,8 244,4 251,5 

NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ) 914,4 922,3 951,2 977,7 1006,2 
ɋɬɚɜɤɚ ɧɚɥɨɝɚ ɧɚ ɩɪɢɛɵɥɶ, % 20,00 20,00 20,00 20,00 20,00 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 9.7 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ: NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ) 

ɪɚɫɬɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ 
ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɩɨ ɩɪɨɟɤɬɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 9.2. 

 

 
Ɋɢɫɭɧɨɤ 9.2 – ɂɡɦɟɧɟɧɢɟ ɫɭɦɦɵ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ ɩɨ ɩɪɨɟɤɬɭ ɜ ɩɟɪɜɵɟ ɝɨɞɵ 

 
ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 9.2 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɚɧɚɥɨɝɢɱɧɵɣ ɜɵɜɨɞ: 

ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ NOPAT (ɱɢɫɬɚɹ ɩɪɢɛɵɥɶ). 
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9.5 Ɉɰɟɧɤɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ 
 
Ƚɥɚɜɧɨɣ ɰɟɥɶɸ ɨɰɟɧɤɢ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

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

 
9.5.1 Ɇɟɬɨɞɨɥɨɝɢɹ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
ɐɟɥɶɸ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ, 

ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ: 
1) ɑɢɫɬɵɣ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɣ ɞɨɯɨɞ; 
2) ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ; 
3) ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ; 
4) ɂ ɬ.ɞ. 
Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɰɟɧɡɢɨɧɧɨɣ ɜɟɪɫɢɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ProjectExpert. Ⱦɥɹ ɰɟɥɟɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɧɢɦɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɫɵɥɤɢ: 

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

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

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

 
9.5.2 Ʉɨɦɦɟɪɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ 
 
ɐɟɥɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɤɨɦɦɟɪɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɫɜɨɞɢɬɫɹ 

ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɩɪɨɟɤɬɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 9.8. 

 
Ɍɚɛɥɢɰɚ 9.8 – ɉɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȼɟɥɢɱɢɧɚ 

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, % 11,6 

ɉɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ – PB, ˏˈ˔ 114 

ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ – NPV, ɦɥɧ. ɪɭɛ. 2832,12 

ɂɧɞɟɤɫ ɩɪɢɛɵɥɶɧɨɫɬɢ – PI 1,68 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ˓˖˄./ˍʑ˕ ∙ ˚ 0,26 

ɍɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ˓˖˄./ˍʑ˕ 142559,52 

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 9.8 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ: ɨɤɭɩɚɟɦɨɫɬɶ ɩɪɨɟɤɬɚ - 9,5 

ɥɟɬ. ɑɢɫɬɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɞɨɯɨɞ ɫɨɫɬɚɜɥɹɟɬ 2,8 ɦɥɪɞ. ɪɭɛɥɟɣ. ɋɟɛɟɫɬɨɢɦɨɫɬɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – 0,26 ɪɭɛ./ɤȼɬ·ɱ, ɧɢɠɟ ɩɪɟɞɩɢɫɚɧɧɨɝɨ ȿɋɍ ɈȺɈ «ɊɭɫȽɢɞɪɨ», 
ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ƚɗɋ.  
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9.6 Ȼɸɞɠɟɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
 
ɉɨɤɚɡɚɬɟɥɢ ɛɸɞɠɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɚ ɧɚ ɞɨɯɨɞɧɭɸ ɱɚɫɬɶ ɮɟɞɟɪɚɥɶɧɨɝɨ ɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɛɸɞɠɟɬɚ. Ⱦɨɯɨɞɧɚɹ 
ɱɚɫɬɶ ɛɸɞɠɟɬɨɜ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ ɮɨɪɦɢɪɭɟɬɫɹ ɡɚ ɫɱёɬ ɧɚɥɨɝɨɜɵɯ 
ɩɨɫɬɭɩɥɟɧɢɣ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 9.9.  
 
Ɍɚɛɥɢɰɚ 9.9 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɢ 
ɪɟɝɢɨɧɚɥɶɧɵɟ ɛɸɞɠɟɬɵ 

Ƚɨɞ 2024 2025 2026 2027 2028 

ȼ Ɏɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ. ɪɭɛ. 10,5 147,1 255,6 256,7 264,6 

ȼ ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ, ɦɥɧ. ɪɭɛ. 3,1 59,8 109,9 125,2 122,1 

ɇɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ, ɦɥɧ. ɪɭɛ. 13,6 206,9 365,5 381,9 386,7 

 
Ɉɬɱɢɫɥɟɧɢɹ ɜ ɮɟɞɟɪɚɥɶɧɵɣ ɛɸɞɠɟɬ ɬɚɤɢɯ ɧɚɥɨɝɨɜ, ɤɚɤ ɇȾɋ, ɧɚɥɨɝɚ ɧɚ 

ɩɪɢɛɵɥɶ, ɨɬɱɢɫɥɟɧɢɣ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ ɢ ɜɨɞɧɨɝɨ ɧɚɥɨɝɚ, ɚ ɬɚɤɠɟ ɜ 
ɪɟɝɢɨɧɚɥɶɧɵɣ ɛɸɞɠɟɬ ɧɚɥɨɝɚ ɧɚ ɢɦɭɳɟɫɬɜɚ ɞɟɥɚɸɬ ɩɪɨɟɤɬ ɨɛɳɟɫɬɜɟɧɧɨ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ. 

Ɍɚɤɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɥɨɝɨɜɵɟ ɩɨɫɬɭɩɥɟɧɢɹ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢɡ-ɡɚ 
ɩɨɜɵɲɟɧɢɹ ɜɵɪɭɱɤɢ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɦɨɳɧɨɫɬɢ. 

 
9.7 Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 
Ⱥɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɫɤɨɥɶɤɨ ɫɢɥɶɧɨ 

ɢɡɦɟɧɢɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ ɩɪɢ ɨɩɪɟɞɟɥёɧɧɨɦ ɢɡɦɟɧɟɧɢɢ ɨɞɧɨɝɨ ɢɡ  
ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɚ. 

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

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

1) Ɉɛɴɟɦ ɢɧɜɟɫɬɢɰɢɣ; 
2) ɐɟɧɚ ɫɛɵɬɚ  
ɉɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɷɤɫɩɟɪɬɧɨ. 
ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ (PI) ɨɬ ɢɡɦɟɧɟɧɢɹ 

ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.3. 
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Ɋɢɫɭɧɨɤ 9.3 – ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ PI ɨɬ ɢɡɦɟɧɟɧɢɹ ɫɬɚɜɤɢ ɧɚɥɨɝɨɜ 

 
ɂɡ ɪɢɫɭɧɤɚ 9.3 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ 

ɢɧɜɟɫɬɢɰɢɣ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ PI. 
ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɱɢɫɬɨɝɨ ɩɪɢɜɟɞɟɧɧɨɝɨ ɞɨɯɨɞɚ (PI) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 9.4. 
 

 
Ɋɢɫɭɧɨɤ 9.4 – ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɰɟɧɵ ɫɛɵɬɚ 
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ɂɡ ɪɢɫɭɧɤɚ 9.4 ɫɥɟɞɭɟɬ ɜɵɜɨɞ: ɭɜɟɥɢɱɟɧɢɢ ɰɟɧɵ ɫɛɵɬɚ ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɜɟɥɢɱɢɧɵ PI. 

ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 9.5. 

 
Ɋɢɫɭɧɨɤ 9.5 – ɂɡɦɟɧɟɧɢɟ PI ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 

 
ȼɵɜɨɞ: ɭɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɭɦɟɧɶɲɟɧɢɟ 

ɜɟɥɢɱɢɧɵ PI, ɫɜɹɡɶ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ. 
ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɪɢɫɤ ɞɥɹ 

ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡɦɟɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ:  
1) ɍɜɟɥɢɱɟɧɢɟ ɫɬɚɜɤɢ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ  
2) ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ ɢɧɜɟɫɬɢɰɢɣ  
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10 ɗɤɫɩɥɭɚɬɚɰɢɹ ɡɚɬɜɨɪɨɜ ɜ ɡɢɦɧɟɦ ɪɟɠɢɦɟ 
 

10.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 
 

ȼ ɩepɢoɞ ɥeɞoɜɵx ɹɜɥeɧɢɣ ɧa ɷɥeɤɬpocɬaɧɰɢɹx ɜoɡɧɢɤaɸɬ paɡɥɢɱɧɵe 
ɡaɬpɭɞɧeɧɢɹ ɜ ɷɤcɩɥɭaɬaɰɢɢ: 

• ɱacɬɢɱɧaɹ ɢɥɢ ɩoɥɧaɹ ɡaɤɭɩopɤa ɜoɞoɡaɛopoɜ; 
• oɛɦepɡaɧɢe (ɩpoɦepɡaɧɢe) ɜoɞoɩoɞɜɨɞɹɳeɝo ɬpaɤɬa (ɤaɧaɥoɜ, 

ɬpɭɛoɩpoɜoɞoɜ) 
• oɛɦepɡaɧɢe ɦexaɧɢɱecɤoɝo oɛopɭɞoɜaɧɢɹ ɜoɞoɩpoɩɭcɤɧɵx ɢ 

ɜoɞocɛpocɧɵx coopɭɠeɧɢɣ (ɡaɬɜopoɜ, ɩoɞɴeɦɧɵx ɦɟɯɚɧɢɡɦɨɜ) ɢ ɞp. Ocoɛo 
cɥeɞɭeɬ oɬɦeɬɢɬɶ ɜoɡɦoɠɧocɬɶ ɡaɤɭɩopɤɢ ɩpɢeɦɧɵx oɬɜepcɬɢɣ ɬpɭɛoɩpoɜoɞoɜ 
ɬexɧɢɱecɤoɝo ɜoɞocɧaɛɠeɧɢɹ ɝɢɞpoɬɭpɛɢɧ; ɧaɢɛoɥee ɜepoɹɬeɧ ɬaɤoɣ cɥɭɱaɣ 
ɩpɢ ɡaɛope ɜoɞɵ ɢɡ cɩɢpaɥɶɧɵx ɤaɦep ɜo ɜpeɦɹ ɩpoɩɭcɤa ɲɭɝɢ ɱepeɡ ɬɭpɛɢɧɭ. 
 

10.2 Ɍɪɟɛɨɜɚɧɢɹ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ 
 
Peɠɢɦɵ ɷɤcɩɥɭaɬaɰɢɢ ɡaɬɜopoɜ ɜ ɡɢɦɧɢɣ ɩepɢoɞ ɞoɥɠɧɵ ɛɵɬɶ 

paɡpaɛoɬaɧɵ ɡaɛɥaɝoɜpeɦeɧɧo ɜ cooɬɜeɬcɬɜɢɢ c peaɥɶɧɵɦɢ ɭcɥoɜɢɹɦɢ paɛoɬɵ 
ɡaɬɜopoɜ (ɤɥɢɦaɬɢɱecɤɢɦɢ, ɝɢɞpoɥoɝɢɱecɤɢɦɢ, peɠɢɦoɦ paɛoɬɵ 
ɝɢɞpoɷɥeɤɬpocɬaɧɰɢɢ ɢ ɬ.ɞ.). Peɠɢɦaɦɢ ɷɤcɩɥɭaɬaɰɢɢ ɡaɬɜopoɜ ɦoɝɭɬ ɹɜɥɹɬɶcɹ: 

ɉocɬoɹɧɧaɹ ɝoɬoɜɧocɬɶ; 
• ɩepɢoɞɢɱecɤaɹ ɝoɬoɜɧocɬɶ (ɝoɬoɜɧocɬɶ ɡa oɩpeɞeɥeɧɧoe ɜpeɦɹ) ɜ ɥɸɛoe 

ɜpeɦɹ ɡɢɦɧeɝo ɩepɢoɞa; 
• ɤoɧcepɜaɰɢɹ ɧa ɜecɶ ɡɢɦɧɢɣ ɩepɢoɞ. 
Cɥeɞɭeɬ ɜɵɹɜɢɬɶ, c ɭɱeɬoɦ oɩɵɬa ɷɤcɩɥɭaɬaɰɢɢ ɩpoɲɥɵx ɥeɬ, 

ɧeoɛxoɞɢɦocɬɶ ɭcɬaɧoɜɤɢ ɞoɩoɥɧɢɬeɥɶɧɵx ɭcɬpoɣcɬɜ ɧa ɡɢɦɧɢɣ ɩepɢoɞ (ɜ 
cɭpoɜɵx ɤɥɢɦaɬɢɱecɤɢx ɭcɥoɜɢɹx): 

• ɬeɩɥɹɤoɜ ɬoɣ ɢɥɢ ɢɧoɣ ɤoɧcɬpɭɤɰɢɢ, ɦoɧɬɢpɭeɦɵx ɧa ɩɥocɤɢx ɡaɬɜopax 
co cɬopoɧɵ ɧɢɠɧeɝo ɛɶeɮa ɜo ɢɡɛeɠaɧɢe ɢx oɛɦepɡaɧɢɹ; 

• ɷɥeɤɬpoɧaɝpeɜaɬeɥɶɧɵx ɩpɢɛopoɜ ɜɧɭɬpɢ ɬeɩɥɹɤoɜ ɢɥɢ ɤoɧcɬpɭɤɰɢɢ 
ɡaɬɜopa, ecɥɢ oɧ ɢɦeeɬ ɡaɦɤɧɭɬɵɣ ɩpoɮɢɥɶ (ɜaɥɶɰeɜɵe, ceɤɬopɧɵe ɡaɬɜopɵ); 

• ɷɥeɤɬpoɧaɝpeɜaɬeɥeɣ ɢɥɢ ɩapoɜɵx ɤoɬɥoɜ c paɡɜoɞɹɳeɣ ceɬɶɸ ɬpɭɛ ɞɥɹ 
ɩoɞaɱɢ ɩapa ɧa oɩopɧɵe ɢ ɞpɭɝɢe ɱacɬɢ ɡaɬɜopa; 

• ɭcɬaɧoɜɤɢ ɜoɡɞɭxooɛɞɭɜa ɡaɬɜopa ɢɥɢ ɩoɬoɤooɛpaɡoɜaɬeɥeɣ ɞɥɹ 
ɩoɞɞepɠaɧɢɹ ɦaɣɧɵ (ɩoɥɵɧɶɢ) ɩepeɞ ɡaɬɜopoɦ. 

ɗɤcɩɥɭaɬaɰɢɢ ɭcɬpoɣcɬɜ ɷɥeɤɬpooɛoɝpeɜa ɦexaɧɢɱecɤoɝo oɛopɭɞoɜaɧɢɹ 
ɞoɥɠɧa ɛɵɬɶ ɩopɭɱeɧa ɷɥeɤɬpoɬexɧɢɱecɤoɦɭ ɩepcoɧaɥɭ cooɬɜeɬcɬɜɭɸɳeɣ 
ɤɜaɥɢɮɢɤaɰɢɢ, ɷɤcɩɥɭaɬɢpɭɸɳeɦɭ ɞaɧɧoe oɛopɭɞoɜaɧɢe. 

ɉpɢ ɩoɞɝoɬoɜɤe ɦexaɧɢɱecɤoɝo oɛopɭɞoɜaɧɢɹ ɤ ɷɤcɩɥɭaɬaɰɢɢ ɜ ɡɢɦɧɢɣ 
ɩepɢoɞ ɞoɥɠɧɵ ɛɵɬɶ ocɭɳecɬɜɥeɧɵ cɥeɞɭɸɳɢe ɦepoɩpɢɹɬɢɹ: 

• ɩpoɜepɤa ɝoɬoɜɧocɬɢ ɡaɬɜopoɜ ɤ paɛoɬe ɜ ɡɢɦɧɢɣ ɩepɢoɞ, ɭcɬpaɧeɧɢe 
oɛɧapɭɠeɧɧɵx ɧeɢcɩpaɜɧocɬeɣ ɢ ɞeɮeɤɬoɜ (ocoɛoe ɜɧɢɦaɧɢe ɞoɥɠɧo ɛɵɬɶ 
ɭɞeɥeɧo ɭɩɥoɬɧɢɬeɥɶɧɵɦ ɭcɬpoɣcɬɜaɦ ɢ ɦexaɧɢɡɦaɦ ɦaɧeɜpɢpoɜaɧɢɹ 
ɡaɬɜopaɦɢ); 
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• ɩpoɜepɤa ɝoɬoɜɧocɬɢ peɲeɬoɤ ɢ ɦexaɧɢɡɦoɜ ɩo ɢx oɱɢcɬɤe; oɱɢcɬɤa 
peɲeɬoɤ oɬ copa; 

• ɩpoɜepɤa ɜ ɞeɣcɬɜɢɢ ɜoɡɞɭxooɛɞɭɜɧoɣ ceɬɢ, ɩoɬoɤooɛpaɡoɜaɬeɥeɣ; 
• ɩpoɜepɤa ɢcɩpaɜɧocɬɢ ɭcɬpoɣcɬɜ oɛoɝpeɜa ɡaɬɜopoɜ, peɲeɬoɤ, ɩaɡoɜ, 

ɡaɤɥaɞɧɵx ɱacɬeɣ ɢ ɛeɬoɧa ɝɢɞpocoopɭɠeɧɢɣ; 
• ɩpoɜepɤa ɞocɬaɬoɱɧocɬɢ oɛoɝpeɜa ɩoɦeɳeɧɢɣ, ɝɞe pacɩoɥoɠeɧɵ 

ɩoɞɴeɦɧɵe ɦexaɧɢɡɦɵ ɡaɬɜopa, ɢ, ɜ cɥɭɱae ɧeoɛxoɞɢɦocɬɢ, ɭcɬaɧoɜɤa 
ɞoɩoɥɧɢɬeɥɶɧɵx ɷɥeɤɬpoɩeɱeɣ, oɛecɩeɱeɧɢe ɜoɡɦoɠɧocɬɢ ɩepeɛpocɤɢ ɬeɩɥoɝo 
ɜoɡɞɭxa ɢɡ ɦaɲɢɧɧoɝo ɡaɥa ɢ ɬ.ɩ.; 

• ɩoɞɝoɬoɜɤa cɩeɰɢaɥɶɧɵx cɦaɡoɤ ɞɥɹ ɦexaɧɢɱecɤoɝo oɛopɭɞoɜaɧɢɹ, 
ɷɤcɩɥɭaɬaɰɢɹ ɤoɬopoɝo ɛɭɞeɬ ɩpoɢcxoɞɢɬɶ ɩpɢ ɧɢɡɤɢx ɬeɦɩepaɬɭpax; 

• ɩpɢ ɧeoɛxoɞɢɦocɬɢ, coɡɞaɧɢe cɦeɧɧɵx ɛpɢɝaɞ ɩo cɛpocɭ ɥɶɞa 
ɉocɬoɹɧɧaɹ ɢ ɩepɢoɞɢɱecɤaɹ ɝoɬoɜɧocɬɶ ɡaɬɜopa ɤ ɩpoɩɭcɤɭ ɜoɞɵ ɞoɥɠɧa ɛɵɬɶ 
ɩpoɜepeɧa (ɢcɩɵɬaɧa) ɜ ɧaɬɭpɧɵx ɭcɥoɜɢɹx, ɩpɢ ɷɬoɦ ɞoɥɠɧɵ ɛɵɬɶ ɬɜepɞo 
ɭcɬaɧoɜɥeɧɵ ɜpeɦɹ ɢ ɡaɬpaɬɵ ɷɥeɤɬpoɷɧepɝɢɢ, ɧeoɛxoɞɢɦɵe ɞɥɹ oɛecɩeɱeɧɢɹ 
ɷɬoɣ ɝoɬoɜɧocɬɢ. 

Ⱦɥɹ ɷɤcɩɥɭaɬaɰɢɢ ɡaɬɜopoɜ ɜ ɡɢɦɧɢx ɭcɥoɜɢɹx  ɞoɥɠɧɵ ɛɵɬɶ 
ɩoɞɝoɬoɜɥeɧɵ: 

• ɦeɥɤɢɣ ɢɧɜeɧɬapɶ (ɥoɩaɬɵ, ɩeɲɧɢ ɢ ɩp.) ɞɥɹ cɤaɥɵɜaɧɢɹ ɥɶɞa ɢ ɭɛopɤɢ 
cɧeɝa; 

• ɧeoɛxoɞɢɦɵɣ aɜapɢɣɧɵɣ ɡaɩac ɦaɬepɢaɥoɜ ɢ ɢɧcɬpɭɦeɧɬoɜ ɩo cɩɢcɤɭ, 
ɭɬɜepɠɞeɧɧoɦɭ ɬexɧɢɱecɤɢɦ pɭɤoɜoɞɢɬeɥeɦ ȽɗC; 

• ɫɩeɰoɞeɠɞa ɞɥɹ ocɧoɜɧoɝo cocɬaɜa ɛpɢɝaɞɵ, ɜeɞɭɳeɣ ɛopɶɛɭ c 
oɛɦepɡaɧɢeɦ ɡaɬɜopoɜ; 

• ɭcɢɥeɧɧoe ocɜeɳeɧɢe ɡaɬɜopoɜ, cɥɭɠeɛɧɵx ɦocɬɢɤoɜ, ɥecɬɧɢɰ ɢ 
ɩɥoɳaɞoɤ, ɩpɢɦɵɤaɸɳɢx ɤ ɡaɬɜopaɦ. 

Ɂaɬɜopɵ ɩoɜepxɧocɬɧɵx ɜoɞocɛpocoɜ ɡaɳɢɳaɸɬcɹ oɬ cɬaɬɢɱecɤoɝo 
ɞaɜɥeɧɢɹ ɥɶɞa ɩɭɬeɦ ɩoɞɞepɠaɧɢɹ ɩepeɞ ɧɢɦɢ ɦaɣɧɵ (ɩoɥɵɧɶɢ), oɛpaɡɭeɦoɣ c 
ɩoɦoɳɶɸ ɜoɡɞɭxooɛɞɭɜa, ɩoɬoɤooɛpaɡoɜaɬeɥeɣ ɢɥɢ ɩpopɭɛɤɢ ɩpopeɡɢ c 
ɩocɥeɞɭɸɳɢɦ ee ɭɬeɩɥeɧɢeɦ (ɞocɤaɦɢ, ɳɢɬaɦɢ, cɧeɝoɦ ɢ ɞp.). ɇeoɛxoɞɢɦocɬɶ 
ɡaɳɢɬɵ ɡaɬɜopoɜ ɜoɞocɛpocoɜ oɬ cɬaɬɢɱecɤoɝo ɞaɜɥeɧɢɹ ɥɶɞa ɭcɬaɧaɜɥɢɜaeɬcɹ 
pacɱeɬoɦ ɧa ɩpoɱɧocɬɶ c ɭɱeɬoɦ ɦecɬɧɵx ɭcɥoɜɢɣ. 

ɑɬoɛɵ ɧe ɞoɩɭcɤaɬɶ ɧaɦepɡaɧɢɹ ɥɶɞa ɧa cɬepɠɧɹx, cɥeɞɭeɬ ɩpɢɦeɧɹɬɶ 
ɩepɢoɞɢɱecɤɢɣ oɛoɝpeɜ peɲeɬoɤ. ɉepɢoɞɢɱɧocɬɶ ɜɤɥɸɱeɧɢɹ ɷɥeɤɬpooɛoɝpeɜa 
oɩpeɞeɥɹeɬcɹ cɬaɧɞapɬaɦɢ ȽɗC (ɦecɬɧɵɦɢ ɩpoɢɡɜoɞcɬɜeɧɧɵɦɢ ɢɧcɬpɭɤɰɢɹɦɢ) 
ɩo ɷɤcɩɥɭaɬaɰɢɢ ɢ ɬexɧɢɱecɤoɦɭ oɛcɥɭɠɢɜaɧɢɸ ɦexaɧɢɱecɤoɝo oɛopɭɞoɜaɧɢɹ. 
 

10.3 Ɇɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ 
 
ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɚɬɜɨɪɨɜ ɡɢɦɨɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 

ɧɚɪɭɲɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɡɚɬɜɨɪɨɜ ɡɚ ɫɱɟɬ:  
• ɨɛɦɟɪɡɚɧɢɹ ɨɩɨɪɧɨɯɨɞɨɜɵɯ ɱɚɫɬɟɣ, ɚ ɬɚɤɠɟ ɭɩɥɨɬɧɟɧɢɣ; 
• ɩɪɢɦɟɪɡɚɧɢɹ ɡɚɬɜɨɪɨɜ ɤ ɢɯ ɩɨɪɨɝɚɦ; 
• ɧɚɦɟɪɡɚɧɢɹ ɥɶɞɚ ɧɚ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɛɵɤɨɜ ɢ ɭɫɬɨɟɜ; 
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• ɧɚɦɟɪɡɚɧɢɹ ɥɶɞɚ ɧɚ ɤɨɪɩɭɫɟ ɡɚɬɜɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɱɬɨ 
ɭɜɟɥɢɱɢɜɚɟɬ ɜɟɫ ɡɚɬɜɨɪɚ; 

• ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɚɥɟɞɟɣ ɧɚ ɧɢɡɨɜɨɣ ɫɬɨɪɨɧɟ ɡɚɬɜɨɪɚ, ɱɬɨ ɬɚɤɠɟ 
ɭɜɟɥɢɱɢɜɚɟɬ ɟɝɨ ɜɟɫ; 

• ɡɚɦɟɪɡɚɧɢɹ ɜɨɞɵ ɜ ɤɚɦɟɪɚɯ ɞɚɜɥɟɧɢɹ ɡɚɬɜɨɪɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 
ɢ ɫɢɫɬɟɦɚɯ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚɬɜɨɪɚɦɢ; 

• ɧɟɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɟɣ ɪɚɛɨɬɵ ɨɛɵɱɧɨɣ ɫɦɚɡɤɢ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ; 
• ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɥɶɞɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɧɚ ɡɚɬɜɨɪ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɡɚɬɜɨɪɨɜ ɡɢɦɨɣ ɜ ɪɹɞɟ 

ɫɥɭɱɚɟɜ ɩɪɢɯɨɞɢɬɫɹ: 
• ɩɪɢɧɢɦɚɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɪɵ ɩɨ ɩɪɟɞɨɯɪɚɧɟɧɢɸ ɡɚɬɜɨɪɚ ɨɬ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɥɶɞɚ ɧɚ ɧɢɯ; 
• ɭɫɢɥɢɜɚɬɶ ɬɟɩɥɨɢɡɨɥɹɰɢɸ ɨɛɲɢɜɤɢ ɡɚɬɜɨɪɚ; 
• ɨɛɨɝɪɟɜɚɬɶ ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ;  
• ɩɨɞɝɨɬɚɜɥɢɜɚɬɶ ɫɩɟɰɢɚɥɶɧɭɸ ɫɦɚɡɤɭ ɞɥɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɤɫɩɥɭɚɬɚɰɢɹ 

ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
1) ȼɨɡɞɭɯɨɨɛɞɭɜ ɨɛɲɢɜɤɢ ɡɚɬɜɨɪɚ ɭɫɬɪɚɢɜɚɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ 

ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɜ ɜɟɪɯɧɟɦ ɛɶɟɮɟ ɜɛɥɢɡɢ ɧɢɡɚ ɡɚɬɜɨɪɚ ɩɪɨɥɚɝɚɸɬ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 
ɜɨɡɞɭɲɧɭɸ ɬɪɭɛɭ ɫ ɛɨɤɨɜɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ. ȼ ɷɬɭ ɬɪɭɛɭ ɨɬ ɤɨɦɩɪɟɫɫɨɪɚ 
ɩɨɫɬɭɩɚɟɬ ɫɠɚɬɵɣ ɜɨɡɞɭɯ, ɤɨɬɨɪɵɣ ɜɵɯɨɞɢɬ ɢɡ ɬɪɭɛɵ ɱɟɪɟɡ ɛɨɤɨɜɵɟ ɨɬɜɟɪɫɬɢɹ ɢ 
ɩɨɩɚɞɚɟɬ ɜ ɜɨɞɭ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɩɭɡɵɪɶɤɨɜ. Ɍɚɤɢɟ ɩɭɡɵɪɶɤɢ, ɜɫɩɥɵɜɚɹ, 
ɧɚɫɵɳɚɸɬ ɜɟɪɬɢɤɚɥɶɧɵɣ ɫɥɨɣ ɜɨɞɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɭ 
ɨɛɲɢɜɤɢ ɡɚɬɜɨɪɚ. ɉɥɨɬɧɨɫɬɶ ɷɬɨɝɨ ɫɥɨɹ ɞɜɭɯɮɚɡɧɨɣ ɠɢɞɤɨɫɬɢ ɨɤɚɡɵɜɚɟɬɫɹ 
ɦɟɧɶɲɟ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɞɜɢɠɟɧɢɟ, ɜɨɞɵ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɨɬ ɞɧɚ ɤ ɫɜɨɛɨɞɧɨɣ, ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɬɨɤɚ ɜɞɨɥɶ ɨɛɲɢɜɤɢ ɡɚɬɜɨɪɚ. 
Ɍɚɤ ɤɚɤ ɜɨɞɚ ɭ ɞɧɚ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɬɟɩɥɚɹ, ɬɨ, ɩɨɞɧɢɦɚɹɫɶ ɜɜɟɪɯ, ɨɧɚ 
ɩɪɟɞɨɯɪɚɧɹɟɬ ɨɛɲɢɜɤɭ ɡɚɬɜɨɪɚ ɨɬ ɨɛɦɟɪɡɚɧɢɹ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɨɛɪɚɡɨɜɚɧɢɸ ɩɟɪɟɞ ɡɚɬɜɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɣɧɵ, ɫɧɢɦɚɸɳɟɣ ɫɬɚɬɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ ɥɶɞɚ ɫ ɡɚɬɜɨɪɚ. 

Ȼɨɤɨɜɵɟ ɜɵɩɭɫɤɢ ɧɚ ɜɨɡɞɭɲɧɨɣ ɬɪɭɛɟ ɭɫɬɪɚɢɜɚɸɬ ɱɟɪɟɡ 3...5 ɦ. 
ȼɨɡɞɭɯɨɜɨɞ ɪɚɛɨɬɚɟɬ ɩɟɪɢɨɞɢɱɟɫɤɢ ɱɟɪɟɡ 1...4 ɱ ɜ ɬɟɱɟɧɢɟ ɜɫɟɣ ɡɢɦɵ; 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɜɨɡɞɭɯɨɨɛɞɭɜɚ - 20 ɦɢɧ. 

2) Ɍɟɩɥɨɢɡɨɥɹɰɢɹ ɨɛɲɢɜɤɢ ɡɚɬɜɨɪɚ. Ɍɟɩɥɨɢɡɨɥɹɰɢɸ ɫɨɡɞɚɸɬ ɫ ɧɢɡɨɜɨɣ 
ɫɬɨɪɨɧɵ ɨɛɲɢɜɤɢ ɡɚɬɜɨɪɚ.  

 
Ɂɞɟɫɶ ɪɚɡɥɢɱɚɸɬ:  
• ɨɛɲɢɜɤɭ ɞɟɪɟɜɹɧɧɭɸ (ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɩɥɨɢɡɨɥɹɰɢɟɣ ɹɜɥɹɟɬɫɹ ɫɥɨɣ 

ɧɟɩɨɞɜɢɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɡɚɤɥɸɱɟɧɧɨɝɨ ɜ ɡɚɦɤɧɭɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɫɬɚɥɶɧɨɣ 
ɢ ɞɟɪɟɜɹɧɧɨɣ ɨɛɲɢɜɤɚɦɢ; ɢɧɨɝɞɚ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɛɨɝɪɟɜɚɸɬ);  

• ɩɨɤɪɵɬɢɟ ɫɬɚɥɶɧɨɣ ɨɛɲɢɜɤɢ ɫ ɧɢɡɨɜɨɣ ɟɟ ɫɬɨɪɨɧɵ ɫɥɨɟɦ ɩɟɧɨɛɟɬɨɧɚ.  
ɉɨɫɥɟɞɧɢɣ ɫɩɨɫɨɛ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ. 
3) Ɉɛɨɝɪɟɜ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɡɚɬɜɨɪɚ. 
ȼ ɭɫɥɨɜɢɹɯ ɫɭɪɨɜɨɝɨ ɡɢɦɧɟɝɨ ɤɥɢɦɚɬɚ ɩɥɨɫɤɢɟ ɡɚɬɜɨɪɵ ɦɟɧɟɟ ɩɪɢɝɨɞɧɵ, 

ɱɟɦ ɡɚɬɜɨɪɵ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɬɢɩɨɜ. ȿɫɥɢ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɧɹɬɶ ɩɥɨɫɤɢɟ 
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ɡɚɬɜɨɪɵ, ɬɨ ɨɛɹɡɚɬɟɥɶɧɨ ɧɚɞɨ ɨɬɟɩɥɹɬɶ ɢɯ ɩɚɡɵ. ɗɤɫɩɥɭɚɬɚɰɢɹ ɡɚɬɜɨɪɨɜ ɢɧɨɝɞɚ 
ɡɚɬɪɭɞɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɲɭɝɢ (ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɩɪɨɩɭɫɤɚɬɶɫɹ ɱɟɪɟɡ ɨɫɨɛɵɟ 
ɨɬɜɟɪɫɬɢɹ ɩɥɨɬɢɧɵ). ɉɪɢ ɧɚɥɢɱɢɢ ɲɭɝɢ ɫɞɜɨɟɧɧɵɟ ɩɥɨɫɤɢɟ ɡɚɬɜɨɪɵ ɩɪɢɦɟɧɹɬɶ 
ɧɟ ɫɥɟɞɭɟɬ. 

Ɋɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɨɛɨɝɪɟɜɚ ɡɚɤɥɚɞɧɵɯ ɱɚɫɬɟɣ, ɭɩɥɨɬɧɟɧɢɣ, 
ɫɬɚɥɶɧɨɣ ɨɛɲɢɜɤɢ ɢ ɬ.ɩ.: 

• ɫ ɩɨɦɨɳɶɸ ɩɨɞɨɝɪɟɬɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ, ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɩɨ 
ɬɪɭɛɚɦ, ɡɚɞɟɥɚɧɧɵɦ ɜ ɛɟɬɨɧ ɢ ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 60...120 ɦɦ ɨɬ 
ɨɛɨɝɪɟɜɚɟɦɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɱɚɫɬɢ; 

• ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɛɨɝɪɟɜɚɟɦɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɱɚɫɬɢ;  

• ɬɟɩɥɵɦ ɜɨɡɞɭɯɨɦ, ɩɨɫɬɭɩɚɸɳɢɦ ɜ ɩɚɡɵ ɡɚɬɜɨɪɚ ɢɡ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ; 

• ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɟɱɟɣ ɢɡ ɧɢɯɪɨɦɨɜɨɣ ɩɪɨɜɨɥɨɤɢ, ɧɚɦɨɬɚɧɧɨɣ 
ɧɚ ɮɚɪɮɨɪɨɜɵɟ ɢɡɨɥɹɬɨɪɵ; ɬɚɤɢɟ ɩɟɱɢ ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɞɥɢɧɭ ɢ ɪɚɡɦɟɳɚɸɬɫɹ 
ɜɧɭɬɪɢ ɲɜɟɥɥɟɪɨɜ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜɞɨɥɶ ɨɛɨɝɪɟɜɚɟɦɵɯ ɱɚɫɬɟɣ ɡɚɬɜɨɪɚ. 
Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɡɚɬɜɨɪɨɜ ɨɬɟɩɥɹɸɬ ɩɭɬɟɦ ɩɪɨɩɭɫɤɚ ɱɟɪɟɡ ɧɢɯ ɝɨɪɹɱɟɣ 
ɜɨɞɵ. 

Ɉɞɧɨɣ ɢɡ ɜɨɡɦɨɠɧɵɯ ɦɟɪ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɪɢɦɟɪɡɚɧɢɹ ɩɨɞɜɢɠɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɤ ɡɚɛɟɬɨɧɢɪɨɜɚɧɧɵɦ ɡɚɤɥɚɞɧɵɦ 
ɱɚɫɬɹɦ ɢ ɛɟɬɨɧɧɵɦ ɫɬɟɧɤɚɦ ɩɚɡɚ ɹɜɥɹɟɬɫɹ ɨɛɨɝɪɟɜ ɡɚɤɥɚɞɧɵɯ ɱɚɫɬɟɣ ɢ ɫɬɟɧɨɤ 
ɩɚɡɨɜ ɡɚɬɜɨɪɨɜ ɢ ɜɨɪɨɬ ɫ ɩɨɦɨɳɶɸ ɩɨɞɨɝɪɟɬɨɝɨ ɦɢɧɟɪɚɥɶɧɨɝɨ ɦɚɫɥɚ. 

ɂɫɬɨɱɧɢɤɨɦ ɬɟɩɥɚ ɹɜɥɹɸɬɫɹ ɬɪɭɛɵ, ɡɚɥɨɠɟɧɧɵɟ ɜ ɛɟɬɨɧ ɜ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɨɛɨɝɪɟɜɚɟɦɵɯ ɭɱɚɫɬɤɨɜ. ȼɫɟ ɬɪɭɛɵ ɫɨɟɞɢɧɹɸɬɫɹ 
ɜ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɹɬ ɬɚɤɠɟ ɦɚɫɥɹɧɵɣ ɧɚɫɨɫ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ, 
ɧɚɝɪɟɜɚɬɟɥɶ ɦɚɫɥɚ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ɉɨ ɷɬɨɣ ɫɢɫɬɟɦɟ ɰɢɪɤɭɥɢɪɭɟɬ 
ɦɚɫɥɨ, ɤɨɬɨɪɨɟ ɧɚɝɪɟɜɚɟɬɫɹ ɜ ɧɚɝɪɟɜɚɬɟɥɟ ɢ ɨɬɞɚɟɬ ɬɟɩɥɨ ɱɟɪɟɡ ɫɬɟɧɤɢ ɬɪɭɛ ɢ 
ɛɟɬɨɧ ɡɚɤɥɚɞɧɵɦ ɱɚɫɬɹɦ. 
 

10.4 ɋɩɨɫɨɛɵ ɨɛɨɝɪɟɜɚ ɡɚɬɜɨɪɨɜ 
 

Cɭɳecɬɜɭɸɳɢe cɩocoɛɵ oɛoɝpeɜa, ɬaɤɢe ɤaɤ ɢɧɞɭɤɰɢoɧɧɵɣ oɛoɝpeɜ, 
paɡɥɢɱɧɵe ɜɢɞɵ ɦacɥɹɧoɝo oɛoɝpeɜa (ɰɢpɤɭɥɹɰɢoɧɧɵɣ ɢ ɧeɰɢpɤɭɥɹɰɢoɧɧɵɣ), 
ɤaɥopɢɮepɧɵɣ oɛoɝpeɜ, ɦeɬoɞɵ, ocɧoɜaɧɧɵe ɧa ɩoɞaɱe ɷɥeɤɬpɢɱecɤoɣ 
ɦoɳɧocɬɢ ɧeɩocpeɞcɬɜeɧɧo ɤ ɷɥeɦeɧɬaɦ oɛopɭɞoɜaɧɢɹ, ɲɢɧɧɵɣ 
ɷɥeɤɬpooɛoɝpeɜ, oɛoɝpeɜ c ɢcɩoɥɶɡoɜaɧɢeɦ ɝpeɸɳɢx ɥeɧɬ ɬɢɩa ɗɇȽɅ ɢ 
ɝpeɸɳɢx ɤaɛeɥeɣ ɩocɬoɹɧɧoɝo ɢ ɩepeɦeɧɧoɝo coɩpoɬɢɜɥeɧɢɹ ɢɡɜecɬɧɵ ɞaɜɧo 
ɢ ɲɢpoɤo ɩpɢɦeɧɹɥɢcɶ ɜ ɩpaɤɬɢɤe ɝɢɞpoɷɧepɝeɬɢɱecɤoɝo cɬpoɢɬeɥɶcɬɜa ȼ 
ɧacɬoɹɳee ɜpeɦɹ ɛoɥɶɲaɹ ɱacɬɶ ɢɡ ɩpɢɦeɧɹeɦɵx paɧee cɢcɬeɦ oɛoɝpeɜa 
ɭɬpaɬɢɥa cɜoɸ aɤɬɭaɥɶɧocɬɶ, ɦopaɥɶɧo ɭcɬapeɥa, ɢɡ cɬpoɹ ɤaɤ ɩpaɜɢɥo, 
peɤoɧcɬpɭɤɰɢɢ ɷɬɢ cɢcɬeɦɵ ɧe ɩoɞɥeɠaɬ, ɜɡaɦeɧ ɜɵɲeɞɲɢx ɢɡ cɬpoɹ ɧoɜɵe 
ɜɢɞɵ oɛoɝpeɜa ɧe ɜɜoɞɹɬcɹ, a ɢcɩoɥɶɡɭɸɬcɹ ɜpeɦeɧɧɵe cxeɦɵ ɷɤcɩɥɭaɬaɰɢɢ 
oɛoɝpeɜa ɧa ocɧoɜe Ɍɗɇoɜ, ɝpeɸɳɢx ɤaɛeɥeɣ, ɬpeɛɭɸɳɢx ɩocɬoɹɧɧoɝo 
ɜɧɢɦaɧɢɹ ɢ peɦoɧɬa. ɉoɷɬoɦɭ coɡɞaɧɢe ɧoɜɵx ɬexɧoɥoɝɢɣ oɛoɝpeɜa 
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ɤoɧcɬpɭɤɰɢɣ ɜoɞoɩpoɩɭcɤɧɵx ɝɢɞpoɬexɧɢɱecɤɢx coopɭɠeɧɢɣ, 
ɩpeɞɧaɡɧaɱeɧɧɵx ɞɥɹ paɛoɬɵ ɜ paɡɥɢɱɧɵx ɩpɢpoɞɧo-ɤɥɢɦaɬɢɱecɤɢx ɭcɥoɜɢɹx, 
c ɢcɩoɥɶɡoɜaɧɢeɦ ɧoɜɵx ɦaɬepɢaɥoɜ, oɛecɩeɱɢɜaɸɳɢx ɧaɞeɠɧɭɸ, 
ɞoɥɝoɜeɱɧɭɸ ɢ ɛeɡoɩacɧɭɸ paɛoɬɭ coopɭɠeɧɢɣ, ɹɜɥɹeɬcɹ aɤɬɭaɥɶɧoɣ ɡaɞaɱeɣ. 

Cɭɳecɬɜɭɸɳɢe cɩocoɛɵ oɛoɝpeɜa, ɬaɤɢe ɤaɤ ɢɧɞɭɤɰɢoɧɧɵɣ oɛoɝpeɜ, 
paɡɥɢɱɧɵe ɜɢɞɵ ɦacɥɹɧoɝo oɛoɝpeɜa (ɰɢpɤɭɥɹɰɢoɧɧɵɣ ɢ ɧeɰɢpɤɭɥɹɰɢoɧɧɵɣ), 
ɤaɥopɢɮepɧɵɣ oɛoɝpeɜ, ɦeɬoɞɵ, ocɧoɜaɧɧɵe ɧa ɩoɞaɱe ɷɥeɤɬpɢɱecɤoɣ 
ɦoɳɧocɬɢ ɧeɩocpeɞcɬɜeɧɧo ɤ ɷɥeɦeɧɬaɦ oɛopɭɞoɜaɧɢɹ, ɲɢɧɧɵɣ 
ɷɥeɤɬpooɛoɝpeɜ, oɛoɝpeɜ c ɢcɩoɥɶɡoɜaɧɢeɦ ɝpeɸɳɢx ɥeɧɬ ɬɢɩa ɗɇȽɅ ɢ 
ɝpeɸɳɢx ɤaɛeɥeɣ ɩocɬoɹɧɧoɝo ɢ ɩepeɦeɧɧoɝo coɩpoɬɢɜɥeɧɢɹ ɢɡɜecɬɧɵ ɞaɜɧo 
ɢ ɲɢpoɤo ɩpɢɦeɧɹɥɢcɶ ɜ ɩpaɤɬɢɤe ɝɢɞpoɷɧepɝeɬɢɱecɤoɝo cɬpoɢɬeɥɶcɬɜa  

ȼ ɡɢɦɧɟɟ ɜɪɟɦɹ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɱɟɬɵɪɟ ɪɚɫɱɟɬɧɵɟ 
ɫɯɟɦɵ ɨɛɨɝɪɟɜɚ: 

• ɡɚɬɜɨɪ ɧɚɯɨɞɢɬɫɹ ɜ ɜɨɞɟ; ɬɪɟɛɭɟɬɫɹ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɟɝɨ ɨɛɥɟɞɟɧɟɧɢɟ; 
• ɡɚɬɜɨɪ ɧɚɯɨɞɢɬɫɹ ɜ ɜɨɞɟ; ɧɟɨɛɯɨɞɢɦɨ ɡɚ ɡɚɞɚɧɧɨɟ ɜɪɟɦɹ ɨɫɜɨɛɨɞɢɬɶ ɟɝɨ 

ɨɬ ɧɚɦɟɪɡɲɟɝɨ ɥɶɞɚ; 
• ɡɚɬɜɨɪ ɩɨɞɧɹɬ ɧɚɞ ɜɨɞɨɣ (ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ); ɬɪɟɛɭɟɬɫɹ 

ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɟɝɨ ɨɛɥɟɞɟɧɟɧɢɟ; 
• ɡɚɬɜɨɪ ɩɨɞɧɹɬ ɧɚɞ ɜɨɞɨɣ; ɧɟɨɛɯɨɞɢɦɨ ɡɚ ɡɚɞɚɧɧɨɟ ɜɪɟɦɹ ɨɫɜɨɛɨɞɢɬɶ ɟɝɨ 

ɨɬ ɧɚɦɟɪɡɲɟɝɨ ɥɶɞɚ. 
1) Ɇɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɥɟɞɟɧɟɧɢɹ ɡɚɬɜɨɪɚ, 

ɤɨɝɞɚ ɨɧ ɨɩɭɳɟɧ ɜ ɜɨɞɭ ɪɚɜɧɚ: 
݌  = Ͳ,ͲͲͳͳ͸ ∙ Ͳ − ଵܴߠ  ˍʑ˕/ˏଶ,                                                                            ሺͳͲ.ͳሻ 

 
ɝɞɟ ܴଵ- ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɠɞɭ ɧɚɝɪɟɜɚɬɟɥɟɦ ɢ ɚɬɦɨɫɮɟɪɨɣ; 
 .ɬɟɦɩɟɪɚɬɭɪɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ – ߠ 

 
2) Ɇɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ, ɱɬɨɛɵ ɩɨɫɥɟ ɜɤɥɸɱɟɧɢɹ ɨɛɨɝɪɟɜɚ ɨɫɜɨɛɨɞɢɬɶ 

ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɬɜɨɪɚ, ɨɩɭɳɟɧɧɨɝɨ ɜ ɜɨɞɭ ɨɬ ɫɥɨɹ ɥɶɞɚ: 
݌  = Ͳ,ͲͲͳͳ͸ ∙ ˎݍ (ͳ + ܴଶܴଵ) , ˍʑ˕/ˏଶ,                                                               ሺͳͲ.ʹሻ 

 
ɝɞɟ ݍˎ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɢɞɭɳɢɣ ɤɨ ɥɶɞɭ; ܴଶ – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɠɞɭ ɧɚɝɪɟɜɚɬɟɥɟɦ ɢ ɜɨɞɨɣ. 

 
3) Ɇɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɥɟɞɟɧɟɧɢɹ ɡɚɬɜɨɪɚ, 

ɩɨɞɧɹɬɨɝɨ ɧɚɞ ɜɨɞɨɣ, ɪɚɜɧɚ: 
݌  = Ͳ,ͲͲͳͳ͸ (ܶ − ଵܴߠ + ܶ − ௫=଴ܴସݐ ) , ˍʑ˕/ˏଶ,                                                   ሺͳͲ.͵ሻ 
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ɝɞɟ ܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɦɟɠɳɢɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ; 
 
4) Ɇɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɫɜɨɛɨɞɢɬɶ ɨɬ ɧɚɦɟɪɡɲɟɝɨ 

ɥɶɞɚ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɬɜɨɪɚ, ɩɨɞɧɹɬɨɝɨ ɧɚɞ ɜɨɞɨɣ: 
݌  = Ͳ,ͲͲͳ͸ݍˎ (ͳ + ܴଶܴଵ) , ˍʑ˕/ˏଶ                                                                      ሺͳͲ.Ͷሻ 

 
ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɡɚɬɜɨɪ ɩɨɞɧɹɬ ɧɚɞ ɜɨɞɨɣ, ɬɪɟɛɭɟɬɫɹ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɟɝɨ 

ɨɛɥɟɞɟɧɟɧɢɟ, ɢɧɞɭɤɰɢɨɧɧɵɣ ɨɛɨɝɪɟɜ ɡɚɬɜɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɧɚɝɪɟɜɚɬɟɥɟɣ, ɪɚɡɦɟɳɟɧɧɵɯ ɧɚ ɨɛɲɢɜɤɟ. Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɜɚɪɢɚɧɬɚ ɪɚɫɱёɬɚ 
ɦɨɳɧɨɫɬɢ ɨɛɨɝɪɟɜɚ ɡɚɬɜɨɪɚ, ɤɨɝɞɚ ɜɧɭɬɪɢ ɡɚɬɜɨɪɚ ɧɚɯɨɞɢɬɫɹ ɜɨɡɞɭɯ, ɢ, ɤɨɝɞɚ 
ɡɚɬɜɨɪ ɡɚɩɨɥɧɟɧ ɛɟɬɨɧɨɦ; ɧɚɝɪɟɜɚɬɟɥɢ ɢɦɟɸɬ ɪɚɡɦɟɪ ሺ݈ = Ͳ,Ͳ͹ͷ ˏሻ 

Ɋɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢɹɦɢ [38]. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 10.1 ɢ 10.2. 
 
Ɍɚɛɥɢɰɚ 10.1 – Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɨɛɨɝɪɟɜɚ ɡɚɬɜɨɪɨɜ 

  ȼɧɭɬɪɢ ɡɚɬɜɨɪɚ ɛɟɬɨɧ ȼɧɭɬɪɢ ɡɚɬɜɨɪɚ ɜɨɡɞɭɯ 
 ଵ 10 15 20 10 15 20′ߙ 
 ଶ 3,6 4,1 4,4 2,7 3,0 3,2′ߙ 
 11,6 9,0 6,4 12,2 9,6 6,8 ߙ 
 ݉ 5,23 6,35 7,15 5,16 6,12 6,95 ݈ = Ͳ,Ͳ͹ͷ ݈݉ 0,40 0,477 0,535 0,386 0,460 0,522 
 ℎ ݈݉ 0,41 0,49 0,56 0,40 0,48 0,54ݏ 
 ܿℎ ݈݉ 1,08 1,12 1,15 1,07 1,11 1,14 ݈ = Ͳ,ʹʹͷ ݈݉ 1,20 1,43 1,61 1,16 1,38 1,57 
 ℎ ݈݉ 1,51 1,97 2,40 1,44 1,86 2,30ݏ 
 ܿℎ ݈݉ 1,81 2,21 2,59 1,75 2,11 2,51 

 
Ɍɚɛɥɢɰɚ 10.2 – Ɂɚɜɢɫɢɦɨɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɢɡ ɪɚɫɱɟɬɨɜ ɨɛɨɝɪɟɜɚ ɡɚɬɜɨɪɨɜ ܲ, ʑ˕/ˏ ߙଵ, ˍˍ˃ˎ/ˏଶ ∙ ˚ ∙ ˆ˓˃ˇ 

ଵݐ − ଴ݐߠ −  ߠ

ȼɧɭɬɪɢ ɡɚɬɜɨɪɚ ɜɨɡɞɭɯ 
଴ݐ4,64 −  1,07 10 ߠ
଴ݐ 6,72 −  1,11 15 ߠ
଴ݐ 8,76 −  1,14 20 ߠ

ȼɧɭɬɪɢ ɡɚɬɜɨɪɚ ɛɟɬɨɧ 
଴ݐ 4,95 −  1,08 10 ߠ
଴ݐ 7,15 −  1,12 15 ߠ
଴ݐ 9,35 −  1,15 20 ߠ

ɇaɢɛoɥee ɩepcɩeɤɬɢɜɧɵɦ cɩocoɛoɦ ɛopɶɛɵ c oɛɥeɞeɧeɧɢeɦ ɡaɬɜopoɜ 
cɥeɞɭeɬ ɩpɢɡɧaɬɶ cɢcɬeɦɵ oɛoɝpeɜa c ɧaɝpeɜaɬeɥɹɦɢ ɢɡ aɤɬɢɜɧɵx ɝpeɸɳɢx 
ɷɥeɦeɧɬoɜ ɧa ocɧoɜe ɤoɦɩoɡɢɰɢoɧɧɵx peɡɢcɬɢɜɧɵx ɦaɬepɢaɥoɜ (KPM) 
ɇeocɩopɢɦɵɦɢ ɞocɬoɢɧcɬɜaɦɢ cɢcɬeɦ oɛoɝpeɜa ɧa ocɧoɜe KPM ɹɜɥɹɸɬcɹ 
ɜɵcoɤɢe ɭɞeɥɶɧɵe ɦoɳɧocɬɢ, paɜɧoɦepɧocɬɶ pacɩpeɞeɥeɧɢɹ ɩo ɩoɜepxɧocɬɢ ɢ 
oɛɴeɦɭ ɜɵɞeɥɹeɦoɝo ɬeɩɥa, ɷɤoɧoɦɢɱɧocɬɶ ɡa cɱeɬ ɛoɥɶɲoɣ ɬeɩɥoeɦɤocɬɢ 
ɦaɬepɢaɥa ɧaɝpeɜaɬeɥeɣ, oɛecɩeɱɢɜaɸɳeɣ aɤɤɭɦɭɥɹɰɢɸ ɬeɩɥa, ɜoɡɦoɠɧocɬɶ 
ɢcɩoɥɶɡoɜaɧɢɹ ɢɦɩɭɥɶcɧoɣ ɩoɞaɱɢ ɷɧepɝɢɢ ɞɥɹ peɝɭɥɢpoɜaɧɢɹ ɦoɳɧocɬɢ 
oɛoɝpeɜa ɢ cɤopocɬɢ paɡoɝpeɜa ɤoɧcɬpɭɤɰɢɢ ɇecɦoɬpɹ ɧa ɜce 
ɜɵɲeɩepeɱɢcɥeɧɧɵe ɞocɬoɢɧcɬɜa KPM, ɭ ɧɢx ɢɦeeɬcɹ pɹɞ ɧeɞocɬaɬɤoɜ. ɗɬo- 
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ɜɵcoɤɢe ɡɧaɱeɧɢɹ oɛɴeɦɧoɝo ɜeca, ɜɵcoɤaɹ ɜɥaɝoeɦɤocɬɶ, ɢɡ-ɡa ɱeɝo ɧeoɛxoɞɢɦa 
ɬɳaɬeɥɶɧaɹ ɜɥaɝoɢɡoɥɹɰɢɹ aɤɬɢɜɧɵx ɝpeɸɳɢx ɷɥeɦeɧɬoɜ. 

Cɥeɞɭɸɳɢɦ ɲaɝoɦ ɜ oɛɥacɬɢ coɡɞaɧɢɹ cɢcɬeɦ oɛoɝpeɜa ɧa ocɧoɜe KPM 
ɹɜɥɹeɬcɹ paɡpaɛoɬɤa ɢ ɢcɩoɥɶɡoɜaɧɢe ɧoɜoɝo ɤoɦɩoɡɢɰɢoɧɧoɝo peɡɢcɬɢɜɧoɝo 
ɧaɝpeɜaɬeɥɶɧoɝo ɦaɬepɢaɥa – ȻɂɌɗɅ, oɛecɩeɱɢɜaɸɳeɝo ɧaɞeɠɧɭɸ ɢ 
ɞoɥɝoɜeɱɧɭɸ paɛoɬɭ cɢcɬeɦ oɛoɝpeɜa ɤoɧcɬpɭɤɰɢɣ ɡaɬɜopoɜ ɢ ɞpɭɝɢx ɷɥeɦeɧɬoɜ 
ɦexaɧɢɱecɤoɝo oɛopɭɞoɜaɧɢɹ ɜoɞoɩpoɩɭcɤɧɵx ɝɢɞpoɬexɧɢɱecɤɢx coopɭɠeɧɢɣ ɜ 
oceɧɧe-ɡɢɦɧɢɣ ɩepɢoɞ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
 

Ɍɚɛɥɢɰɚ Ⱥ.1 – Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɪ. Ɍɢɦɩɬɨɧ 
Ƚɨɞɵ I II III IV V VI VII VIII IX X XI XII ܳ˔˓.ˆˑˇ 

1930 1 0,8 0,6 2,9 888 469 922 518 340 146 28  5,5 277 

1931 2,4 1,8 1,7 2,4 810 1207 259 250 249 136 57 9,1 249 

1932 3,9 0,4 0,3 9,5 405 421 850 230 604 105 31 25,1 224 

1933 9,5 1,7 1,6 3,1 771 846 469 225 222 61 49 6,8 222 

1934 1,3 1,2 1,1 2,2 631 663 809 793 825 235 32 14,2 334 

1935 2,5 2,2 1,9 6 550 890 1057 340 278 150 29 8,1 276 

1936 2,2 1,6 1,6 2,9 949 1135 249 250 249 113 33 3,9 249 

1937 2,9 2,8 2 46,9 340 1153 1197 599 421 210 65 8,3 337 

1938 0,6 0,5 0,3 8,9 1028 1380 566 315 311 66 44 5,3 310 

1939 2,7 2,5 2,1 2 380 502 1052 672 602 298 53 3,6 298 

1940 2,8 1,7 1,7 4,2 804 1580 280 285 280 97 25 5,2 281 

1941 3 3 2,8 5 890 1255 453 364 282 71 32 27,5 282 

1942 1,4 1,3 1,2 2,6 607 818 193 324 194 135 40 2,8 193 

1943 2 0,3 0 0,4 1294 1300 356 307 310 57 30 22,7 307 

1944 1 0,9 0,7 7,3 293 340 769 744 357 233 40 5,8 233 

1945 2 1,6 1,6 8,4 761 1290 890 321 322 142 73 37,2 321 

1946 2,5 2,5 2,3 1,6 1166 949 240 241 240 23 12 4,4 240 

1947 0,6 0,6 0,4 11,3 825 926 599 332 263 154 39 4,7 263 

1948 1,1 1 0,9 3,2 790 566 437 469 384 247 35 30,7 247 

1949 1,2 0,2 0,2 4,9 906 1003 485 251 251 49 34 25,9 251 

1950 2,7 2,6 1,8 0,7 744 825 219 348 219 209 31 21,8 219 

1951 6,1 5,4 4,4 12,1 814 739 197 210 197 137 36 5,3 197 

1952 1,4 1,3 0,7 3,8 518 1181 1043 284 284 44 34 11,3 284 

1953 7 3,5 2,9 3,6 833 1631 405 309 309 162 27 21 310 

1954 1,1 0,1 0,1 2,6 531 639 330 178 170 133 51 6,3 170 

1955 3,7 3,6 3,3 63,9 1165 1625 372 405 349 102 83 17 349 

1956 1,5 1,4 1,2 5,8 1153 1424 445 308 308 20 18 12,1 308 

1957 5 4,3 3,6 0,9 1039 702 205 205 205 73 11 3,6 205 

1958 2,1 1,8 1,7 3,3 461 1337 225 267 225 139 36 4 225 

1959 5 5,5 5,9 13,7 275 728 757 275 203 170 23 5,3 206 

1960 2 1,7 1,5 5,2 1117 1254 421 287 287 30 28 14,6 287 

1961 7,7 4,7 3,2 14,6 712 650 380 343 396 232 22 18,6 232 

1962 0,9 0 0 4,5 955 1074 534 372 286 130 65 5,3 286 

1963 3,2 2,5 2,5 1,2 485 1528 510 356 277 117 35 3,1 277 

1964 1,2 1,2 0,8 4 1151 1510 318 318 318 138 57 2,9 318 

1965 1,8 1,6 1,4 9,7 720 1100 299 227 227 121 7 6,1 227 

1966 6 8 8 9 502 761 801 631 283 202 40 14 272 

1967 4,4 1,6 1,4 7,1 696 713 502 242 510 178 37 7,4 242 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1 

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

1968 3,3 2,9 2,6 14,6 841 1250 437 258 258 17 15 1,7 258 

1969 1,1 1,1 0,9 5,3 583 891 940 291 273 251 21 20,2 273 

1970 8,4 1,6 1,5 13,8 1184 1477 904 373 373 81 36 26,7 373 

1971 1,2 1,1 1 4,4 1030 1210 388 281 281 138 21 19,4 281 

1972 6,6 4,4 3,9 35,6 847 918 232 232 232 227 36 4,1 232 

1973 2,8 2,7 2,4 6,1 599 1398 429 252 252 37 20 18,2 252 

1974 0,7 0,6 0,5 5,7 1154 1194 280 280 280 97 34 32,4 280 

1975 0,9 0,8 0,8 29,1 680 860 744 307 264 243 19 17 264 

1976 6,1 1,7 1,7 6,5 858 1505 340 287 287 125 15 8,1 287 

1977 3,6 3,1 1,9 5,5 911 1069 226 226 226 27 16 2,1 226 

1978 1,1 1,1 1 19,4 1067 1140 324 276 276 186 15 6,9 276 

1979 2,8 1,7 1,5 4,7 864 1203 244 244 244 89 24 2,5 244 

 
Ɍɚɛɥɢɰɚ Ⱥ.2 – ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɟ ɪɚɫɯɨɞɵ ɪ. Ɍɢɦɩɬɨɧ 

Ƚɨɞɵ I II III IV V VI VII VIII IX X XI XII ܳ˔˓.ˆˑˇ ܳ˔˓ 3,0 2,0 1,8 9,0 791,5 1044,6 511,7 334,0 305,7 131,7 33,9 11,9 265,1 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ 
 

Ɍɚɛɥɢɰɚ Ȼ.1 –ɋɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ ɜ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ ɢ ɩɟɪɢɨɞ ɩɨɥɨɜɨɞɶɹ 
Ƚɨɞɵ Q,ɫɪ. ɝɨɞ Ƚɨɞɵ 

Qɫɪ. 
ɩɨɥ. Ƚɨɞɵ 

Qɫɪ. 
ɦɟɠ 

Ɋ,% 

1970 373 1970 862 1939 52 2 

1955 349 1955 783 1937 48 4 

1937 337 1934 744 1948 46 6 

1934 334 1937 742 1972 45 8 

1945 321 1956 728 1975 44 10 

1964 318 1964 723 1961 43 12 

1938 310 1938 720 1969 43 14 

1953 310 1945 717 1934 41 16 

1956 308 1943 713 1944 41 18 

1943 307 1953 697 1966 41 20 

1939 298 1960 673 1955 40 22 

1960 287 1952 662 1950 39 24 

1976 287 1976 655 1945 38 25 

1962 286 1941 649 1967 34 27 

1952 284 1940 646 1959 33 29 

1941 282 1962 644 1978 33 31 

1940 281 1939 642 1953 32 33 

1971 281 1971 638 1931 30 35 

1974 280 1974 638 1947 30 37 

1930 277 1963 631 1935 29 39 

1963 277 1930 627 1951 29 41 

1935 276 1935 623 1962 29 43 

1978 276 1978 617 1964 29 45 

1969 273 1968 609 1954 28 47 

1966 272 1966 596 1958 27 49 

1975 264 1969 596 1971 27 51 

1947 263 1947 589 1930 26 53 

1968 258 1973 586 1942 26 55 

1973 252 1949 579 1932 25 57 

1949 251 1975 571 1963 24 59 

1931 249 1946 567 1970 24 61 

1936 249 1936 566 1974 24 63 

1948 247 1979 560 1936 23 65 

1979 244 1931 555 1976 23 67 

1967 242 1967 533 1941 21 69 

1946 240 1977 532 1965 21 71 

1944 233 1948 529 1940 20 73 

1961 232 1965 515 1933 19 75 

1972 232 1933 507 1938 18 76 

1965 227 1958 503 1979 18 78 



127 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ Ȼ.1 

Ƚɨɞɵ Q,ɫɪ. ɝɨɞ Ƚɨɞɵ 
Qɫɪ. 
ɩɨɥ. Ƚɨɞɵ 

Qɫɪ. 
ɦɟɠ 

Ɋ,% 

1977 226 1932 502 1943 16 80 

1958 225 1944 501 1949 16 82 

1932 224 1961 496 1952 14 84 

1933 222 1972 492 1957 14 86 

1950 219 1950 471 1973 13 88 

1959 206 1957 471 1960 12 90 

1957 205 1959 448 1956 9 92 

1951 197 1951 431 1968 8 94 

1942 193 1942 427 1977 8 96 

1954 170 1954 370 1946 7 98 

 
Ɍɚɛɥɢɰɚ Ȼ.2 – Ɋɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɢ ɧɚɝɪɭɡɤɢ ɜ ɥɸɛɨɣ ɱɚɫ ɫɭɬɨɤ ɡɢɦɵ ɢ ɥɟɬɚ 

 

t, ɱ Ɂɢɦɚ Ʌɟɬɨ Ɂɢɦɚ Ʌɟɬɨ 

0 2.04 ·β1 -1.03 2.04 ·β1 -1.03 732 451 

1 2.28·β1 -1.27 2.28·β1 -1.27 675 433 

2 2.3·β1 -1.30 2.3·β1 -1.30 658 419 

3 2.3·β1 -1.33 2.3·β1 -1.33 622 403 

4 2.3·β1 -1.30 2.3·β1 -1.30 658 401 

5 2.34·β1 -1.32 2.34·β1 -1.32 673 403 

6 2.36·β1 -1.30 2.36·β1 -1.30 716 415 

7 1.55·β1 -0.55 1.55·β1 -0.55 835 469 

8 0.84·β1 +0.16 0.84·β1 +0.16 1002 531 

9 0.16·β1 +0.834 0.16·β1 +0.834 1155 596 

10 0.195·β1 +0.79 0.195·β1 +0.79 1136 609 

11 0.292·β1 +0.68 0.292·β1 +0.68 1098 586 

12 0.455·β1 +0.50 0.455·β1 +0.50 1039 563 

13 0.39·β1 +0.575 0.39·β1 +0.575 1066 574 

14 0.29·β1 +0.697 0.29·β1 +0.697 1116 586 

15 0.33·β1 +0.641 0.33·β1 +0.641 1087 607 

16 0.454·β1 +0.53 0.454·β1 +0.53 1074 552 

17 0.098·β1 +0.90 0.098·β1 +0.90 1175 571 

18 1.0 1.0 1200 563 

19 0.162·β1 +0.84 0.162·β1 +0.84 1164 552 

20 0.24·β1 +0.742 0.24·β1 +0.742 1122 532 

21 0.29·β1 +0.707 0.29·β1 +0.707 1128 558 

22 0.78·β1 +0.22 0.78·β1 +0.22 1016 547 

23 1.3ɛ·β1 +0.3ɛ 1.3ɛ·β1 +0.3ɛ 880 514 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.1 – ɂɄɇ ɡɢɦɧɢɯ ɫɭɬɨɤ (ɹɧɜɚɪɶ) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɋɢɫɭɧɨɤ Ȼ.2 – ɂɄɇ ɥɟɬɧɢɯ ɫɭɬɨɤ (ɢɸɧɶ) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.3 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ȼɏɄ 

Ɇɟɫɹɰ I II III IV V VI VII VIII IX X XI XII ܳ𝑖˒˓ଽ଴%, ˏଷ/˔ 3 3 3 7 289 765 796 289 213 85 12 3 ܳʑʤʙ ,ˏଷ/˔ 140 140 140 140 140 140 140 140 140 140 140 140 ܳˋ˔˒ ,ˏଷ/˔ 0 0 0 0 3 8 8 3 2 1 0 0 ܳˎˈˇ,ˏଷ/˔ 1 1 1 1 -4 -3 0 0 0 1 1 1 ܳ˗ˋˎ˟˕˓,ˏଷ/˔ 0 0 0 1 1 1 1 1 1 1 1 0 ܳ˛ˎ , ˏଷ/˔ 0 0 0 0 9 23 24 0 0 0 0 0 ∑ ܳ˒ˑ˕ˈ˓˟, ˏଷ/˔ 1 1 1 2 9 29 33 4 3 3 2 1 ܳ˒ˑˎ.˄˞˕., ˏଷ/˔ 2 2 2 5 280 736 763 285 210 82 10 2 ܼ˅˄, ˏ 310 310 310 310 310 310 310 310 310 310 310 310 ܼː˄, ˏ 265 265 265 265 265 264 264 264 264 265 265 264,93 ʜ˒ˑˎ, ˏ 45 45 45 45 45 45 45 45 45 45 45 45 ˄ܰ˞˕, ʛʑ˕ 1 1 1 2 106 276 286 109 81 32 4 1 ˅ܰ˘ˍ, ʛʑ˕ 60 60 60 60 60 60 60 60 60 60 60 60 ˅ܰˑˇˑ˕ − ˅ܰ˘ˍ, Ɇȼɬ -59 -59 -59 -58 46 216 226 49 21 -28 -56 -59 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 
Ɍɚɛɥɢɰɚ Ȼ.4 – Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ (ɨɤɨɧɱɚɬɟɥɶɧɵɣ) 

Ɇ
ɟɫ

ɹɰ
 

Ɋɚɫɯɨɞɵ Ɉɛɴɟɦɵ ɜ-ɳɚ Ɉɬɦɟɬɤɢ ȼȻ 

ܼ ʜʐ, ˏ ʜ ˆˠ˔, ˏ ˆܰˠ˔, ʛʑ˕ ˆܰ˃˓, ʛʑ˕ ܳ ˄˞˕., ˏଷ /ܿ ܳ ˒ˑˎ.˄˞
˕., ˏଷ /ܿ ܳ ˋ˔˒, ˏଷ /ܿ ܳ ˗, ˏଷ /ܿ ܳ ˅−˜˃, ˏଷ /ܿ ܳ ˎˈˇ., ˏଷ /ܿ ܳ ˛ˎ, ˏଷ /ܿ ܳ ˆˠ˔, ˏଷ /ܿ ܳ ː˄, ˏଷ /ܿ ܳ ˅˘ˍ, ˏଷ /ܿ ܸː, ˏଷ  𝛥ܸ, ˏଷ  ܸ̱, ˏଷ  ܼ ː, ˏ  ܼ ˍ, ˏ  ܼ ˔˓, ˏ  

10 85 82 1 1 57 1 0 139 140 140 18,39 0,148 18,24 310,00 309,86 309,93 264,93 44,5 53 ɜɯɤ 

11 12 10 0 1 269 1 0 279 280 140 18,24 0,696 17,55 309,86 309,17 309,52 265,64 43,4 104 192 

12 3 2 0 0 365 1 0 367 367 140 17,55 0,946 16,60 309,17 308,18 308,68 265,83 42,4 134 254 

1 3 2 0 0 375 1 0 377 377 140 16,60 0,972 15,63 308,18 307,09 307,64 265,85 41,3 134 254 

2 3 2 0 0 298 1 0 300 300 140 15,63 0,771 14,86 307,09 306,18 306,64 265,69 40,5 104 192 

3 3 2 0 0 138 1 0 140 140 140 14,86 0,358 14,50 306,18 305,75 305,97 264,93 40,6 49 ɜɯɤ 

4 7 5 0 1 134 1 0 139 140 140 14,50 0,347 14,15 305,75 305,31 305,53 264,93 40,1 48 ɜɯɤ 

5 289 280 3 1 -150 -4 9 130 140 140 14,15 -0,389 14,54 305,31 305,80 305,56 264,93 40,2 45 ɜɯɤ 

6 765 736 8 1 -620 -3 23 116 140 140 14,54 -1,607 16,15 305,80 307,68 306,74 264,37 41,9 42 ɜɯɤ 

7 796 763 8 1 -648 0 24 115 140 140 16,15 -1,680 17,82 307,68 309,45 308,57 264,37 43,7 43 ɜɯɤ 

8 289 285 3 1 -146 0 0 139 140 140 17,83 -0,378 18,21 309,45 309,82 309,64 264,37 44,8 54 ɜɯɤ 

9 213 210 2 1 -71 0 0 139 140 140 18,21 -0,184 18,39 309,82 310,00 309,91 264,37 45,1 54 ɜɯɤ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.5 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

Ɇ
ɟɫ

ɹɰ
 ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ 

ɋɭɳ.Ƚ
ɗɋ 

N˓˃˄Nˆ˃˓< ͳ,ʹ Nɝɚɪ, 
Ɇȼɬ  

ɗɫɭɬ, ˏˎː ˍʑ˕ ∙˚ 

ɗɛ, ˏˎː ˍʑ˕ ∙˚ 

ɗɩ, ˏˎː ˍʑ˕ ∙˚ 

Nɛ, 
Ɇȼɬ  

Nɩ, 
Ɇȼɬ  

Nɪɚɛ, 
Ɇȼɬ  

Nɪɚɛ, 
Ɇȼɬ 

 

1 134 3,220 0,600 2,620 25 134 159 544 1,19 

2 104 2,500 1,368 1,13 57 41 98 540 0,94 

3 49 1,180 0,576 0,600 24 34 58 535 1,18 

4 48 1,150 0,576 0,580 24 33 57 440 1,19 

5 45 1,080 0,576 0,500 24 29 53 433 1,18 

6 42 1,010 0,600 0,410 25 25 50 431 1,19 

7 43 1,030 0,624 0,410 26 22 48 433 1,12 

8 54 1,300 0,648 0,650 27 35 62 434 1,15 

9 54 1,300 0,648 0,650 27 37 64 437 1,19 

10 53 1,270 0,648 0,620 27 36 63 533 1,19 

11 104 2,500 1,872 0,62 78 21 99 544 0,95 

12 134 3,220 0,624 2,590 26 131 157 546 1,17 

 
Ɍɚɛɥɢɰɚ Ȼ.6 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇ
ɟɫ

ɹɰ
 ɗɋ ɉɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ Ɍɗɋ ɋɭɳɟɫɬɜɭɸɳɚɹ Ƚɗɋ ௠ܲ௔௫ , ʛʑ˕ 

ːܰ˃ˆ˓, ʛʑ˕ 
˃ܰ˅˃˓, ʛʑ˕ 

˓ܰ˃˄, ʛʑ˕ 
ːܰ˃ˆ˓, ʛʑ˕ 

˓ܰˈˏ, ʛʑ˕ 
˓ܰ˃˄, ʛʑ˕ 

˃ܰ˅˃˓, ʛʑ˕ 
˓ܰˈˏ, ʛʑ˕ 

˓ܰ˃˄, ʛʑ˕ 
ːܰ˃ˆ˓, ʛʑ˕ 

˓ܰˈˏ, ʛʑ˕ 

1 1190 36 119 159 8 0 487 119 0 544 28 0 

2 1114 36 111 98 6 0 487 111 0 540 30 0 

3 981 36 98 58 4 0 388 98 0 535 32 0 

4 828 36 83 57 4 0 331 83 0 440 32 0 

5 696 36 70 53 4 0 210 70 0 433 32 0 

6 619 36 62 50 4 0 138 62 41 431 32 0 

7 619 36 62 48 4 0 138 62 41 433 32 0 

8 695 36 70 62 4 0 200 70 0 434 32 0 

9 827 36 83 64 5 27 327 83 0 437 31 91 

10 980 36 98 63 4 0 385 98 0 533 32 0 

11 1113 36 111 99 6 0 487 111 0 544 30 0 

12 1190 36 119 157 8 0 487 119 0 546 28 0 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 
 
Ɍɚɛɥɢɰɚ Ȼ.8– Ɋɟɠɢɦ ɪɚɛɨɬɵ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ 

Ɇ
ɟɫ

ɹɰ
 Ɋɚɫɯɨɞɵ Ɉɛɴɟɦɵ ɜ-ɳɚ Ɉɬɦɟɬɤɢ ȼȻ Z ʜʐ, ʛ ʜ ˆˠ˔, ʛ N ˆˠ˔, ʛʑ˕ N ˆ˃˓, ʛʑ˕ ɗ,

 
ɦɥ

ɧ.
ɤȼ

ɬ∙
ɱ 

Q ˄˞˕., ˏଷ /c ܳ ˒ˑˎ.˄˞
˕, ˏଷ /c Q ˋ˔˒, ˏଷ /c Q ˗, ˏଷ /c Q ˅−˜˃, ˏଷ /c Q ˎˈˇ., ˏଷ /c Q ˛ˎ, ˏଷ /c Q ˆˠ˔, ˏଷ /c Q ː˄, ˏଷ /c Q ˅˘ˍ, ˏଷ /c Q ˘˔, ˏଷ /c V ː, ˏଷ  ΔV, ˏଷ  V ˍ, ˏଷ  Z ː, ˏ Z ˍ, ˏ Z ˔˓, ˏ 

10 202 199 1 1 50 1 0 249 250 140 0 18,39 0,13 18,26 310,00 309,87 309,94 265,54 44,4 95 ɜɯɤ 68,4 

11 40 38 0 1 238 1 0 276 277 140 0 18,26 0,62 17,64 309,87 309,27 309,57 265,63 43,9 104 104 74,88 

12 14 13 0 0 350 1 0 363 363 140 0 17,64 0,91 16,74 309,27 308,33 308,8 265,82 43,0 134 134 96,48 

1 6 5 0 0 365 1 0 370 370 140 0 16,73 0,95 15,79 308,33 307,28 307,81 265,84 42,0 134 134 96,48 

2 8 7 0 0 287 1 0 294 294 140 0 15,79 0,74 15,05 307,28 306,41 306,85 265,68 41,2 104 104 74,88 

3 8 7 0 0 185 1 0 192 192 140 0 15,04 0,48 14,57 306,41 305,83 306,12 265,28 40,8 67 ɜɯɤ 48,24 

4 9 7 0 1 160 1 0 167 168 140 0 14,57 0,41 14,15 305,83 305,31 305,57 264,57 41 59 ɜɯɤ 42,48 

5 501 492 3 1 -250 -4 9 242 252 140 0 14,15 -0,65 14,80 305,31 306,12 305,72 265,02 40,7 85 ɜɯɤ 61,2 

6 765 736 8 1 -700 -3 23 36 60 140 0 14,80 -1,81 16,61 306,12 308,19 307,16 263,69 43,5 13 ɜɯɤ 9,36 

7 800 767 8 1 -470 0 24 297 322 140 0 16,61 -1,22 17,83 308,19 309,46 308,83 265,29 43,5 111 ɜɯɤ 79,92 

8 630 626 3 1 -215 0 0 411 412 140 0 17,83 -0,56 18,39 309,46 310,00 309,73 265,53 44,2 156 ɜɯɤ 112,32 

9 282 279 2 1 0 0 0 279 280 140 0 18,39 0 18,39 310,00 310,00 310 265,14 44,9 108 ɜɯɤ 77,76 

 
ɉɨ ɞɚɧɧɵɦ ɪɚɫɱёɬɚ ɩɨɥɭɱɢɥɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ, ɪɚɜɧɭɸ: ∑ Э = ͺͶʹ,Ͷ ˏˎː. ˍʑ˕ ∙ ˚. 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 
Ɉɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ƚɗɋ 

 

 
Ɋɢɫɭɧɨɤ ȼ.1 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɅ 50-ȼ-360 (ɤɪɚɫɧɵɣ), ɉɅ 50-ȼ-400 (ɫɢɧɢɣ), ɉɅ 50-ȼ-450 

(ɡɟɥɟɧɵɣ) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
Ɋɢɫɭɧɨɤ ȼ.2 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɉɅȾ 50-ȼ60-360 (ɤɪɚɫɧɵɣ), ɉɅȾ 50-ȼ60-400 (ɫɢɧɢɣ),              

ɉɅȾ 50-ȼ60-450 (ɡɟɥɟɧɵɣ) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 

 
 

Ɋɢɫɭɧɨɤ ȼ.3 – ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɭɪɛɢɧɵ ɊɈ 45-ȼ-360 (ɤɪɚɫɧɵɣ), ɊɈ 45-ȼ-400 (ɫɢɧɢɣ), ɊɈ 45-ȼ-450 
(ɡɟɥɟɧɵɣ) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 
Ɍɚɛɥɢɰɚ ȼ.1 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-530/100-56 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɟɥɢɱɢɧɵ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɚɹ ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ܵːˑˏ, ʛʑʏ 49 

ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ʟːˑˏ, ʛʑ˕ 41,65 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ܿ߮ݏ݋, ˑ. ˈ. 0,85 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ːܷˑˏ, ˍʑ 13,8 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ݊ːˑˏ, ˑ˄/ˏˋː 214,3 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ܺௗ , ˑ. ˈ. 1,15 

ɉɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ܺ’ௗ , ˑ. ˈ. 0,3 

ɋɜɟɪɯɩɟɪɟɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ܺ”ௗ, ˑ. ˈ. 0,2 

ɑɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ʹ28 ݌ 

 
Ɍɚɛɥɢɰɚ ȼ.2 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ ɋȼ-530/100-56 

ɗɥɟɦɟɧɬ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɋɬɚɬɨɪ 

ℎ˔˕ 1,8 5,3 ˃ܦ 4,8 ˕˔ܦ 

ȼɟɪɯɧɹɹ ɤɪɟɫɬɨɜɢɧɚ 
ℎ˅.ˍ 0,506 4,8 ˍ.˅ܦ 

ɉɨɞɩɹɬɧɢɤ  
ℎ˒ 0,828 2,07 ˒ܦ 

ɇɢɠɧɹɹ ɤɪɟɫɬɨɜɢɧɚ 
ℎː.ˍ 0,28 ܦː.ˍ 1,4 

ɇɚɞɫɬɪɨɣɤɚ  
ℎ଴ 0,4 ݀଴ 1,06 

Ʉɪɚɬɟɪ  
 0,45 ܾ 6,67 ˓ˍܦ

ɂɫɩɨɥɧɟɧɢɟ Ɂɨɧɬɢɱɧɨɟ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 

 
 

Ɋɢɫɭɧɨɤ ȼ.4 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ 50-ȼ60 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȼ 
 
Ɍɚɛɥɢɰɚ ȼ.3 – Ɋɚɫɱɟɬ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɋɄ 

φ - - - - - x x2 p2 p a R 

– ߮͵͸Ͳ°  

ܥ߮
 

ʹ∙ܴସ ∙ [͵ ] 
[Ͷ ]−( (ʹଵܪ ଶ 

√ [ͷ ] 
[͸ ]+ [͵ ] [͹ ] ଶ 

[ͺ ]+( (ʹଵܪ ଶ 

√ [ͻ ] ܴସ + [͹ ] 
[ͳͲ ]+ [ͳͳ ] ° ° - ɦ ɦ ɦ-2 ɦ ɦ2 ɦ2 ɦ ɦ ɦ 

1 2 3 4 5 6 7 8 9 10 11 12 
345 0,958 0,624 3,684 2,613 1,616 2,241 5,021 6,092 2,468 5,191 7,659 
330 0,917 0,597 3,524 2,453 1,566 2,163 4,680 5,751 2,398 5,113 7,511 
315 0,875 0,570 3,364 2,292 1,514 2,084 4,344 5,415 2,327 5,034 7,361 
300 0,833 0,543 3,203 2,132 1,460 2,003 4,013 5,084 2,255 4,953 7,208 
285 0,792 0,516 3,043 1,972 1,404 1,920 3,687 4,758 2,181 4,870 7,051 
270 0,750 0,489 2,883 1,812 1,346 1,835 3,366 4,437 2,107 4,785 6,891 
255 0,708 0,462 2,723 1,652 1,285 1,747 3,051 4,122 2,030 4,697 6,727 
240 0,667 0,434 2,563 1,492 1,221 1,656 2,741 3,812 1,953 4,606 6,558 
225 0,625 0,407 2,403 1,331 1,154 1,561 2,437 3,508 1,873 4,511 6,384 
210 0,583 0,380 2,242 1,171 1,082 1,462 2,138 3,209 1,792 4,412 6,204 
195 0,542 0,326 2,082 1,011 1,005 1,358 1,845 2,917 1,708 4,308 6,016 
180 0,500 0,299 1,922 0,851 0,922 1,248 1,558 2,629 1,621 4,198 5,820 
165 0,458 0,271 1,762 0,691 0,831 1,130 1,276 2,347 1,532 4,080 5,612 
150 0,417 0,244 1,602 0,530 0,728 1,000 1,000 2,071 1,439 3,950 5,389 

 

 
Ɋɢɫɭɧɨɤ ȼ.6 – ɋɯɟɦɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ Ɍɢɦɩɬɨɧɫɤɨɣ Ƚɗɋ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 
 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ Ƚɗɋ 
 

 
Ɋɢɫɭɧɨɤ Ƚ.1 – ɋɯɟɦɚ Ɋɍ ȼɇ 220 ɤȼ «ɫ ɨɞɧɨɣ ɪɚɛɨɱɟɣ ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɨɣ ɲɢɧ». 
 

 
  



 

141 
 

ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
 

Ɍɚɛɥɢɰɚ Ⱦ.1 – ɍɫɬɚɜɤɢ ɡɚɳɢɬ 
Ɂɚɳɢɬɵ ɍɫɬɚɜɤɢ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ɉɬɧɨɫɢɬɟɥɶɧɵɟ 

ɟɞɢɧɢɰɵ 
ɂɦɟɧɨɜɚɧɧɵɟ 

ɟɞɢɧɢɰɵ 

Ⱦɢɮ. Ɂɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ 

 ܩ∆ܫ

Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ,ܫɫɪ.Ɉ 

Ͳ,ͳͷ ∙  ɇ 0,62 Ⱥܫ

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ,ܭɌ 

Ͳ,͵ - 

ɍɫɬɚɜɤɚ 
ɧɚɱɚɥɶɧɨɝɨ 

ɬɨɪɦɨɠɟɧɢɹ, IɇɌ 
Ͳ,ͷ ∙  ɇ 2,05 Ⱥܫ

Ɍɨɪɦɨɡɧɨɣ ɬɨɤ, 
ȼ 

ͳ,ͷ ∙ ɈɌɋ ͸ܫ ɇ 6,15 Ⱥܫ ∙  ɇ 24,60 Ⱥܫ

ɁɁȽ 
ܷ଴ 

 ଶ U଴G - 15 ȼ ܷ଴ଷݐ ଵ U଴ଵG - 5 ȼݐ
Ʉɨɷɮɮɢɰɢɟɧɬ 

ɬɨɪɦɨɠɟɧɢɹ,KɌ 
1,2 - 

Ɂɉɇ ܷ > 
2ɫɬɭɩɟɧɶ UCɊଶ ͳ,Ͷ ∙ ܷɇ 140 ȼ 
1ɫɬɭɩɟɧɶ UCɊଵ ͳ,ʹ ∙ ܷɇ 120 ȼ 

Ɂɚɳɢɬɚ 
ɨɛɪɚɬɧɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧ
ɨɫɬɢ ɨɬ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵ
ɯ ɤ.ɡ. ɢ 

ɩɟɪɟɝɪɭɡɨɤ 

 ଶܫ

ɋɈ IଶɋɂȽɇ Ͳ,Ͳ͹ ∙  ɇ 0,29 Ⱥܫ
ɉɈ IଶɉɍɋɄ Ͳ,ͳͷ ∙  ɇ 0,62 Ⱥܫ

ɈɌɋ I Iଶɋ.Ɂ. Ͳ,ʹͷ ∙  ɇ 1,03 Ⱥܫ

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ 
ɩɟɪɟɝɪɭɡɨɤ 

 ଵܫ

ɋɈ IɋɂȽɇ ͳ,Ͳ͹ ∙  ɇ 4,39 Ⱥܫ
ɉɈ IଵɉɍɋɄ ͳ,ͳ ∙  ɇ 4,51 Ⱥܫ

ɈɌɋ IଵɈɌɋ ͳ,ͷ͵ͳ ∙  ɇ 6,28 Ⱥܫ

ȾɁ ܼ < 
1 ɫɬɭɩɟɧɶ ZI 1,25 0,173 Ɉɦ 
2 ɫɬɭɩɟɧɶ ZII 4,06 0,56 Ɉɦ 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ 
ɨɬ ɩɟɪɟɝɪɭɡɤɢ 

 ɪܫ
ɋɈ IP ɋɂȽɇ. ͳ,Ͳ͹ ∙  ɇɈɆ.Ɋ 4,85 Ⱥܫ
ɉɈ IP ɉɍɋɄ. ͳ,ͳ ∙  ɇɈɆ.Ɋ 4,98 Ⱥܫ

Ɉɬɫɟɱɤɚ IP ɉɍɋɄ. ʹ,ʹͶͷ ∙  ɇɈɆ.Ɋ 10,17 Ⱥܫ
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱦ 
 
Ɍɚɛɥɢɰɚ Ⱦ.2 – Ɇɚɬɪɢɰɚ ɨɬɤɥɸɱɟɧɢɣ ɡɚɳɢɬ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
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ɫɛ
ɪɨ

ɫ 
Ⱥ

ɊɁ
 

ɉ
ɭɫ

ɤ 
ɉ

ɀ
Ɍ 

ȽȽ
 

Ɉ
ɬɤ

ɥɸ
ɱɟ

ɧɢ
ɟ 

ȼ
-

22
0 

ɢ 
ȼ-

Ɍɋ
ɇ

 

ɉ
ɪɟ

ɞɭ
ɩɪ

ɟɞ
ɢɬ

ɟɥ
ɶ

ɧɵ
ɣ 

ɫɢ
ɝɧ

ɚɥ
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ 
Ⱦɢɮ. ɡɚɳɢɬɚ 
ɩɪɨɞɨɥɶɧɚɹ 

I∆G + + + +   

ɁɁȽ 
U଴ 

tଵ      + tଶ + + +    U଴ଷ t + + +    

Ɂɉɇ U > 

1 
ɫɬɭɩɟɧɶ 

tଵ + +     

2 
ɫɬɭɩɟɧɶ 

tଶ + +     

Ɂɚɳɢɬɚ ɨɛɪɚɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɬ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɤ.ɡ. ɢ ɩɟɪɟɝɪɭɡɨɤ 

Iଶ 

ɋɈ      + 
ɂɈ + +     

ɈɌɋ I 
tଵ     +  tଶ + +     

Ɂɚɳɢɬɚ ɨɬ 
ɫɢɦɦɟɬɪɢɱɧɵɯ ɤ.ɡ. 

ɢ ɩɟɪɟɝɪɭɡɨɤ 
Iଵ 

ɋɈ      + 
ɂɈ + +     

ɈɌɋ 
tଵ     +  tଶ + +     

ȾɁ Z < 

1 
ɫɬɭɩɟɧɶ 

tଶ + + +    tଵ     +  

2 
ɫɬɭɩɟɧɶ 

tଵ     +  tଶ + +     

      + 

Ɂɚɳɢɬɚ ɪɨɬɨɪɚ ɨɬ 
ɩɟɪɟɝɪɭɡɤɢ 

Iɪ 
ɋɈ + +     

ɂɈ + +     
Ɉɬɫɟɱɤɚ + +     
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ɉɊɂɅɈɀȿɇɂȿ ȿ 
 

Ʉɨɦɩɨɧɨɜɤɚ ɢ ɫɨɨɪɭɠɟɧɢɹ ɝɢɞɪɨɭɡɥɚ 
 

 
Ɋɢɫɭɧɨɤ ȿ.1 – Ɉɝɨɥɨɜɨɤ ɜɨɞɨɫɥɢɜɧɨɣ ɩɥɨɬɢɧɵ 
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Ɋɢɫɭɧɨɤ ȿ.2 – ɋɛɨɪ ɧɚɝɪɭɡɨɤ ɧɚ ɜɨɞɨɫɥɢɜɧɭɸ ɩɥɨɬɢɧɭ 
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ɉɊɂɅɈɀȿɇɂȿ ɀ 
 

Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
 

 
Ɋɢɫɭɧɨɤ ɀ.1 – ɂɡɦɟɧɟɧɢɟ ɞɟɧɟɠɧɵɯ ɩɨɬɨɤɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɭɤɪɭɩɧɟɧɧɵɯ ɷɬɚɩɨɜ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 




