
 
 

ɒɤɨɥɚ  ɂɧɠɟɧɟɪɧɚɹ ɲɤɨɥɚ ɷɧɟɪɝɟɬɢɤɢ 

ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ 13.04.01 Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 

Ɉɬɞɟɥɟɧɢɟ ɲɤɨɥɵ (ɇɈɐ) ɂ.ɇ. Ȼɭɬɚɤɨɜɚ 

 

 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 

Ɍɟɦɚ ɪɚɛɨɬɵ 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɜɥɚɠɧɨɫɬɶɸ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ 
ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ 

ɍȾɄ 681.51:536.581:681.542.4 

ɋɬɭɞɟɧɬ 

Ƚɪɭɩɩɚ ɎɂɈ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

5ȻɆ74 Ɍɢɦɨɲɟɧɤɨ ȿɜɝɟɧɢɹ Ʌɟɨɧɢɞɨɜɧɚ   

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ     
Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ 

ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 
ɡɜɚɧɢɟ 

ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ ɇɈɐ  
ɂ.ɇ. Ȼɭɬɚɤɨɜɚ ɂɒɗ 

Ʉɚɰ Ɇɚɪɤ 
Ⱦɚɜɵɞɨɜɢɱ 

ɤ.ɮ.-ɦ.ɧ.   

 

 

ɄɈɇɋɍɅɖɌȺɇɌɕ ɉɈ ɊȺɁȾȿɅȺɆ: 
ɉɨ ɪɚɡɞɟɥɭ «Ɏɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ» 

Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ 
ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 

ɡɜɚɧɢɟ 
ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ ɈɋȽɇ ɒȻɂɉ 
Ʉɢɫɟɥɟɜɚ ȿɥɟɧɚ 
ɋɬɚɧɢɫɥɚɜɨɜɧɚ 

ɤ.ɷ.ɧ.   

ɉɨ ɪɚɡɞɟɥɭ «ɋɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ» 

Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ 
ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 

ɡɜɚɧɢɟ 
ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ ɈɈȾ ɒȻɂɉ 
Ʉɭɥɢɤɨɜɚ Ɉɥɶɝɚ 
Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 

ɤ.ɬ.ɧ.   

 

ȾɈɉɍɋɌɂɌɖ Ʉ ɁȺɓɂɌȿ: 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ɈɈɉ ɎɂɈ 

ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 
ɡɜɚɧɢɟ 

ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

ɉɪɨɮɟɫɫɨɪ ɂɒɎȼɉ 
ɋɬɪɢɠɚɤ ɉɚɜɟɥ 
Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 

ɞ.ɮ.-ɦ.ɧ., 
ɩɪɨɮɟɫɫɨɪ 
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ɉɥɚɧɢɪɭɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɫɜɨɟɧɢɹ 

 

Ʉɨɞ Ɋɟɡɭɥɶɬɚɬ ɨɛɭɱɟɧɢɹ* 
Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ,  ɋɍɈɋ, ɤɪɢɬɟɪɢɟɜ ȺɂɈɊ, 

ɢ/ɢɥɢ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɯ ɫɬɨɪɨɧ 

Ɉɛɳɢɟ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞɝɨɬɨɜɤɢ 

ɪɚɫɱɟɬɧɨ-ɩɪɨɟɤɬɧɚɹ ɢ ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ: 
Ɋ1 ɩɪɢɦɟɧɹɬɶ ɩɟɪɟɞɨɜɵɟ ɡɧɚɧɢɹ ɢ 

ɞɨɫɬɢɠɟɧɢɹ ɞɥɹ ɮɨɪɦɭɥɢɪɨɜɚɧɢɹ 
ɡɚɞɚɧɢɣ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɟɤɬɧɵɯ 
ɪɟɲɟɧɢɣ, ɩɪɨɟɤɬɢɪɨɜɚɬɶ 
ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɢ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɟ, ɪɚɡɪɚɛɚɬɵɜɚɬɶ 
ɩɪɨɟɤɬɧɵɟ ɪɟɲɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɦɨɞɟɪɧɢɡɚɰɢɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-11**, ɍɄ-2, ɉɄ-1, 

ɉɄ-2), Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩ.2.1)ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ 
FEANI, ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ (40.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɢ ɨɩɵɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦ ɪɚɡɪɚɛɨɬɤɚɦ», 20.001 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɨɛɴɟɤɬɚɦɢ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 20.014 «Ɋɚɛɨɬɧɢɤ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 16.005 «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɤɨɬɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ», 16.012 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɨɜ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ, 
ɠɢɞɤɨɦ ɬɨɩɥɢɜɟ ɢ ɷɥɟɤɬɪɨɧɚɝɪɟɜɟ», 16.065 «ɂɧɠɟɧɟɪ-

ɩɪɨɟɤɬɢɪɨɜɳɢɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɤɨɬɟɥɶɧɵɯ, 
ɰɟɧɬɪɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ ɢ ɦɚɥɵɯ 
ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɟɣ», 20.022 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨɜɵɦɢ ɫɟɬɹɦɢ», 20.023 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɚɫɱɟɬɭ ɪɟɠɢɦɨɜ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.024 

«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɟɦɨɧɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ 
ɚɪɦɚɬɭɪɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.025 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɚɪɦɚɬɭɪɵ 
ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16.014 «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16.064 

«ɂɧɠɟɧɟɪ-ɩɪɨɟɤɬɢɪɨɜɳɢɤ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 19.011 

«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɛɚɥɚɧɫɚɦɢ ɢ ɩɨɫɬɚɜɤɚɦɢ 
ɝɚɡɚ») 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ: 
Ɋ2 ɢɧɬɟɝɪɢɪɨɜɚɬɶ ɡɧɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɟɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, 
ɨɛɟɫɩɟɱɟɧɢɸ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, 
ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɪɟɦɨɧɬɚ ɢ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ, 
ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ ɢ 
ɬɟɩɥɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-1, ɍɄ-2, ɉɄ-3, ɉɄ-

4, ɉɄ-5), Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩ. 2.2), ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ 
FEANI , ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ (40.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɢ ɨɩɵɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦ ɪɚɡɪɚɛɨɬɤɚɦ», 20.001 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɨɛɴɟɤɬɚɦɢ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 20.014 «Ɋɚɛɨɬɧɢɤ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 16.005 «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɤɨɬɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ», 16.012 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɨɜ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ, 
ɠɢɞɤɨɦ ɬɨɩɥɢɜɟ ɢ ɷɥɟɤɬɪɨɧɚɝɪɟɜɟ»,  20.022 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨɜɵɦɢ ɫɟɬɹɦɢ», 20.023 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɚɫɱɟɬɭ ɪɟɠɢɦɨɜ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.024 

                                           
1 ** - ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɤɨɦɩɟɬɟɧɰɢɢ ɢɡ ɋɍɈɋ Ɍɉɍ (ɞɥɹ 2017 ɝ. ɩɪɢɟɦɚ - ɩɪɢɤɚɡ № 2226 ɨɬ 01.03.2017 ɝ).  
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«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɟɦɨɧɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ 
ɚɪɦɚɬɭɪɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.025 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɚɪɦɚɬɭɪɵ 
ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16. «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16.064 
«ɂɧɠɟɧɟɪ-ɩɪɨɟɤɬɢɪɨɜɳɢɤ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 19.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɛɚɥɚɧɫɚɦɢ ɢ ɩɨɫɬɚɜɤɚɦɢ 
ɝɚɡɚ») 

Ɋ3  ɩɪɢɦɟɧɹɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɢ 
ɫɪɟɞɫɬɜɚ ɩɪɚɤɬɢɱɟɫɤɨɣ ɢɧɠɟɧɟɪɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ, 
ɬɟɩɥɨɬɟɯɧɢɤɟ ɢ ɬɟɩɥɨɬɟɯɧɨɥɨɝɢɹɯ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-1, ɍɄ-2, ɉɄ-5, ɉɄ-

6), Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩɩ. 1.6, 2.3), ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ 
FEANI, ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ (40.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɢ ɨɩɵɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦ ɪɚɡɪɚɛɨɬɤɚɦ», 20.001 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɨɛɴɟɤɬɚɦɢ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 20.014 «Ɋɚɛɨɬɧɢɤ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 16.005 «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɤɨɬɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ», 16.012 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɨɜ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ, 
ɠɢɞɤɨɦ ɬɨɩɥɢɜɟ ɢ ɷɥɟɤɬɪɨɧɚɝɪɟɜɟ»,  20.022 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨɜɵɦɢ ɫɟɬɹɦɢ», 20.023 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɚɫɱɟɬɭ ɪɟɠɢɦɨɜ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.024 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɟɦɨɧɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ 
ɚɪɦɚɬɭɪɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.025 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɚɪɦɚɬɭɪɵ 
ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16. «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16.064 
«ɂɧɠɟɧɟɪ-ɩɪɨɟɤɬɢɪɨɜɳɢɤ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ»,  19.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɛɚɥɚɧɫɚɦɢ ɢ ɩɨɫɬɚɜɤɚɦɢ 
ɝɚɡɚ») 

Ɋ4 
(Ɋ6) 

ɩɪɢɦɟɧɹɬɶ ɡɧɚɧɢɹ ɧɟɬɟɯɧɢɱɟɫɤɢɯ 
ɨɝɪɚɧɢɱɟɧɢɣ ɢɧɠɟɧɟɪɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɪɚɡɪɚɛɚɬɵɜɚɬɶ 
ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɩɟɪɫɨɧɚɥɚ ɢ 
ɧɚɫɟɥɟɧɢɹ, ɩɪɟɞɨɬɜɪɚɳɚɬɶ 
ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-1, ɍɄ-2, ɉɄ-9), 

Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩ. 1.1), ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ FEANI, 
ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ (40.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɢ ɨɩɵɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦ ɪɚɡɪɚɛɨɬɤɚɦ», 20.001 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɨɛɴɟɤɬɚɦɢ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 20.014 «Ɋɚɛɨɬɧɢɤ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 16.005 «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɤɨɬɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ», 16.012 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɨɜ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ, 
ɠɢɞɤɨɦ ɬɨɩɥɢɜɟ ɢ ɷɥɟɤɬɪɨɧɚɝɪɟɜɟ»,  20.022 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨɜɵɦɢ ɫɟɬɹɦɢ», 20.023 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɚɫɱɟɬɭ ɪɟɠɢɦɨɜ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.024 

«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɟɦɨɧɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ 
ɚɪɦɚɬɭɪɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.025 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɚɪɦɚɬɭɪɵ 
ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16. «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16.064 
«ɂɧɠɟɧɟɪ-ɩɪɨɟɤɬɢɪɨɜɳɢɤ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ»,  19.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɛɚɥɚɧɫɚɦɢ ɢ ɩɨɫɬɚɜɤɚɦɢ 
ɝɚɡɚ») 



4 

 

ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ: 
Ɋ5 
(Ɋ4) 

ɩɪɢɦɟɧɹɬɶ ɝɥɭɛɨɤɢɟ ɡɧɚɧɢɹ ɞɥɹ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ 
ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɢɧɠɟɧɟɪɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɵɹɜɥɹɬɶ ɩɪɢɨɪɢɬɟɬɵ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɜɵɛɢɪɚɬɶ ɢ ɫɨɡɞɚɜɚɬɶ 
ɤɪɢɬɟɪɢɢ ɨɰɟɧɤɢ, ɩɪɢɦɟɧɹɬɶ 
ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɨɞɢɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɪɢɬɢɱɟɫɤɢ 
ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ, ɩɭɛɥɢɱɧɨ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɢ ɨɛɫɭɠɞɚɬɶ ɪɟɡɭɥɶɬɚɬɵ 
ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-1, ɍɄ-2, ɉɄ-7), 

Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩɩ.2.4, 2.5), ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ 
FEANI, ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ (20.001 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɨɛɴɟɤɬɚɦɢ 
ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 20.014 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɪɝɚɧɢɡɚɰɢɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 16.005 

«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ», 20.022 «Ɋɚɛɨɬɧɢɤ ɩɨ ɨɩɟɪɚɬɢɜɧɨɦɭ 
ɭɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨɜɵɦɢ ɫɟɬɹɦɢ», 20.025 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɚɪɦɚɬɭɪɵ 
ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16. «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 19.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɛɚɥɚɧɫɚɦɢ ɢ ɩɨɫɬɚɜɤɚɦɢ 
ɝɚɡɚ») 

ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɭɩɪɚɜɥɟɧɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ: 
Ɋ6 

(Ɋ5) 
ɪɭɤɨɜɨɞɢɬɶ ɤɨɥɥɟɤɬɢɜɨɦ 
ɫɩɟɰɢɚɥɢɫɬɨɜ ɪɚɡɥɢɱɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɢ ɤɜɚɥɢɮɢɤɚɰɢɣ, 
ɞɟɣɫɬɜɨɜɚɬɶ ɜ ɧɟɫɬɚɧɞɚɪɬɧɵɯ 
ɫɢɬɭɚɰɢɹɯ, ɩɪɢɧɢɦɚɬɶ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɭɩɪɚɜɥɟɧɱɟɫɤɢɟ 
ɪɟɲɟɧɢɹ ɢ ɧɟɫɬɢ ɡɚ ɧɢɯ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ 
ɪɚɛɨɬ, ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɧɚɪɭɲɟɧɢɣ  

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-2, ɍɄ-3, ɍɄ-4, ɍɄ-

5, ɈɄ-2, ɉɄ-8, ɉɄ-10), Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩ. 1.1), 
ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ 
EUR-ACE ɢ FEANI, ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ 
ɫɬɚɧɞɚɪɬɨɜ (40.011 «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ ɢ ɨɩɵɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦ 
ɪɚɡɪɚɛɨɬɤɚɦ», 20.001 «Ɋɚɛɨɬɧɢɤ ɩɨ ɨɩɟɪɚɬɢɜɧɨɦɭ 
ɭɩɪɚɜɥɟɧɢɸ ɨɛɴɟɤɬɚɦɢ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 20.014 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɟɩɥɨɦɟɯɚɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», 16.005 «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɤɨɬɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ», 16.012 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɥɨɜ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɦ, 
ɠɢɞɤɨɦ ɬɨɩɥɢɜɟ ɢ ɷɥɟɤɬɪɨɧɚɝɪɟɜɟ»,  20.022 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɨɩɟɪɚɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨɜɵɦɢ ɫɟɬɹɦɢ», 20.023 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɚɫɱɟɬɭ ɪɟɠɢɦɨɜ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.024 
«Ɋɚɛɨɬɧɢɤ ɩɨ ɪɟɦɨɧɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ 
ɚɪɦɚɬɭɪɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 20.025 «Ɋɚɛɨɬɧɢɤ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɚɪɦɚɬɭɪɵ 
ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16. «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ», 16.064 
«ɂɧɠɟɧɟɪ-ɩɪɨɟɤɬɢɪɨɜɳɢɤ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ»,  19.011 
«ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɛɚɥɚɧɫɚɦɢ ɢ ɩɨɫɬɚɜɤɚɦɢ 
ɝɚɡɚ») 

ɩɟɞɚɝɨɝɢɱɟɫɤɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ: 
Ɋ7  ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɟɞɚɝɨɝɢɱɟɫɤɭɸ 

ɞɟɹɬɟɥɶɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɉɄ-11), Ʉɪɢɬɟɪɢɣ 5 
ȺɂɈɊ (ɩɩ.1.1, 1.2, 1.5), ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ FEANI, 
ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɫɬɚɧɞɚɪɬɚ 01.004 «ɉɟɞɚɝɨɝ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ 
ɨɛɪɚɡɨɜɚɧɢɹ», ɭɬɜɟɪɠɞɟɧɧɵɣ ɩɪɢɤɚɡɨɦ Ɇɢɧɢɫɬɟɪɫɬɜɚ 
ɬɪɭɞɚ ɢ ɫɨɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 8 
ɫɟɧɬɹɛɪɹ 2015 ɝ. № 608ɧ (ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ Ɇɢɧɢɫɬɟɪɫɬɜɨɦ 
ɸɫɬɢɰɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 24 ɫɟɧɬɹɛɪɹ 2015 ɝ., 
ɪɟɝɢɫɬɪɚɰɢɨɧɧɵɣ № 38993) 
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ɍɧɢɜɟɪɫɚɥɶɧɵɟ ɤɨɦɩɟɬɟɧɰɢɢ 

Ɋ8  ɦɵɫɥɢɬɶ ɚɛɫɬɪɚɤɬɧɨ, ɨɛɨɛɳɚɬɶ, 
ɚɧɚɥɢɡɢɪɨɜɚɬɶ, ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ, ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɹ 
ɜ ɫɥɨɠɧɵɯ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱɚɯ ɫ 
ɬɟɯɧɢɱɟɫɤɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ ɢ 
ɧɟɞɨɫɬɚɬɤɨɦ ɢɧɮɨɪɦɚɰɢɢ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-1, ɈɄ-1, ɈɄ-2), 

Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩ. 1.3), ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ FEANI 

Ɋ9 ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɜɨɪɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, 
ɫɚɦɨɪɚɡɜɢɜɚɬɶɫɹ, 
ɫɚɦɨɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ (ɍɄ-6, ɈɄ-3), Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩ. 1.4), 
ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ 
EUR-ACE ɢ FEANI 

Ɋ10 ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɨɫɬɪɚɧɧɵɣ ɹɡɵɤ ɞɥɹ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɫɮɟɪɟ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-4, ɍɄ-5, ɈɉɄ-3), 

Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩ. 1.5), ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ FEANI 
ɉɪɨɮɢɥɶ 4 

Ɋ14 ɩɪɢɦɟɧɹɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɢ 
ɫɪɟɞɫɬɜɚ ɩɪɚɤɬɢɱɟɫɤɨɣ ɢɧɠɟɧɟɪɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ 
ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ ɢ ɬɟɩɥɨɬɟɯɧɢɤɟ 

Ɍɪɟɛɨɜɚɧɢɹ ɎȽɈɋ ȼɈ, ɋɍɈɋ Ɍɉɍ (ɍɄ-1, ɍɄ-2, ɉɄ-6, ɉɄ-

10), Ʉɪɢɬɟɪɢɣ 5 ȺɂɈɊ (ɩ. 1.5), ɫɨɝɥɚɫɨɜɚɧɧɵɣ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ EUR-ACE ɢ 
FEANI, ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɫɬɚɧɞɚɪɬɨɜ (40.012 
ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɵɣ ɫɬɚɧɞɚɪɬ «ɋɩɟɰɢɚɥɢɫɬ ɩɨ ɦɟɬɪɨɥɨɝɢɢ», 
40.057 ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɵɣ ɫɬɚɧɞɚɪɬ «ɋɩɟɰɢɚɥɢɫɬ ɩɨ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦ ɫɢɫɬɟɦɚɦ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ», 40.061 Ɉɩɟɪɚɬɨɪ-ɧɚɥɚɞɱɢɤ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɥɢɧɢɣ 
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ɒɤɨɥɚ  ɂɧɠɟɧɟɪɧɚɹ ɲɤɨɥɚ ɷɧɟɪɝɟɬɢɤɢ 

ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ 13.04.01 Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɢ ɬɟɩɥɨɬɟɯɧɢɤɚ 

Ɉɬɞɟɥɟɧɢɟ ɲɤɨɥɵ (ɇɈɐ) ɂ.ɇ. Ȼɭɬɚɤɨɜɚ 

 

 

ɍɌȼȿɊɀȾȺɘ: 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ɈɈɉ  
_____ _______ ɉ.Ⱥ. ɋɬɪɢɠɚɤ 
(ɉɨɞɩɢɫɶ)      (Ⱦɚɬɚ)            (Ɏ.ɂ.Ɉ.) 

 

ɁȺȾȺɇɂȿ 

ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ȼ ɮɨɪɦɟ: 
ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

(ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ) 
ɋɬɭɞɟɧɬɭ: 

Ƚɪɭɩɩɚ ɎɂɈ 

5ȻɆ74 Ɍɢɦɨɲɟɧɤɨ ȿɜɝɟɧɢɢ Ʌɟɨɧɢɞɨɜɧɟ 

Ɍɟɦɚ ɪɚɛɨɬɵ:  
Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɜɥɚɠɧɨɫɬɶɸ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ 

ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɞɢɪɟɤɬɨɪɚ (ɞɚɬɚ, ɧɨɦɟɪ) 06.05.2019 №3502  

 

ɋɪɨɤ ɫɞɚɱɢ ɫɬɭɞɟɧɬɨɦ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ: 2.06.2019 

 

ɌȿɏɇɂɑȿɋɄɈȿ ɁȺȾȺɇɂȿ: 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɪɚɛɨɬɟ  

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ ɢ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ 
ɪɟɝɭɥɹɬɨɪɚ. ɐɢɤɥ ɪɚɛɨɬɵ ɤɚɦɟɪɵ ɧɟɩɪɟɪɵɜɧɵɣ. 
ȼɟɥɢɱɢɧɚ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚɦɟɪɟ ɞɨɥɠɧɵ 

ɢɡɦɟɧɹɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ 30 % ɨɬ ɛɚɡɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ 
ɫɬɟɩɟɧɢ ɡɚɬɭɯɚɧɢɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɟ ɦɟɧɟɟ 0,95. 
ȼ ɤɚɱɟɫɬɜɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɥɟɪ. 
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ɉɟɪɟɱɟɧɶ ɩɨɞɥɟɠɚɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɸ, 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɪɚɡɪɚɛɨɬɤɟ 
ɜɨɩɪɨɫɨɜ  
 

1) ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɩɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɢɫɬɨɱɧɢɤɚɦ 
(ɬɟɯɧɨɥɨɝɢɹ ɨɛɴɟɤɬɚ, ɫɬɪɭɤɬɭɪɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɤɨɧɬɪɨɥɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ); 
2) ɩɪɨɟɤɬɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ; 
3)ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ ɤɚɦɟɪɟ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ  
4)ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ;  
5)ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɸɳɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɤɚɱɟɫɬɜɨ 
ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ;  
6) ɨɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɵ 

7) ɮɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 
ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ; 
8) ɫɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ; 
9) ɡɚɤɥɸɱɟɧɢɟ ɩɨ ɪɚɛɨɬɟ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 
1) ɫɯɟɦɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ 

2) ɫɯɟɦɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 

Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ ɪɚɡɞɟɥɚɦ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

(ɫ ɭɤɚɡɚɧɢɟɦ ɪɚɡɞɟɥɨɜ) 

Ɋɚɡɞɟɥ 
Ʉɨɧɫɭɥɶɬɚɧɬ 

Ɉɫɧɨɜɧɨɣ ɪɚɡɞɟɥ 
Ʉɚɰ Ɇɚɪɤ Ⱦɚɜɵɞɨɜɢɱ 

Ⱦɨɰɟɧɬ ɇɈɐ ɂ.ɇ. Ȼɭɬɚɤɨɜɚ ɂɒɗ 

Ɏɢɧɚɧɫɨɜɵɣ ɦɟɧɟɞɠɦɟɧɬ, 
ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ 

ɪɟɫɭɪɫɨɫɛɟɪɟɠɟɧɢɟ 

Ʉɢɫɟɥɟɜɚ ȿɥɟɧɚ ɋɬɚɧɢɫɥɚɜɨɜɧɚ 

Ⱦɨɰɟɧɬ ɈɋȽɇ ɒȻɂɉ 

ɋɨɰɢɚɥɶɧɚɹ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ 
Ʉɭɥɢɤɨɜɚ Ɉɥɶɝɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ 

Ⱦɨɰɟɧɬ ɈɈȾ ɒȻɂɉ 

ɇɚɡɜɚɧɢɹ ɪɚɡɞɟɥɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɩɢɫɚɧɵ ɧɚ ɪɭɫɫɤɨɦ ɢ ɢɧɨɫɬɪɚɧɧɨɦ ɹɡɵɤɚɯ: 
Ɉɛɡɨɪ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬ 

 

Ⱦɚɬɚ ɜɵɞɚɱɢ ɡɚɞɚɧɢɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɜɵɩɭɫɤɧɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɨ ɥɢɧɟɣɧɨɦɭ ɝɪɚɮɢɤɭ 

 

 

Ɂɚɞɚɧɢɟ ɜɵɞɚɥ ɪɭɤɨɜɨɞɢɬɟɥɶ: 
Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ 

ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 
ɡɜɚɧɢɟ 

ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ ɇɈɐ 

ɂ.ɇ. Ȼɭɬɚɤɨɜɚ ɂɒɗ 
Ʉɚɰ. Ɇ.Ⱦ. ɤ.ɮ.-ɦ.ɧ.  11.01.19 

 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ɫɬɭɞɟɧɬ: 
Ƚɪɭɩɩɚ ɎɂɈ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

5ȻɆ74 Ɍɢɦɨɲɟɧɤɨ ȿɜɝɟɧɢɹ Ʌɟɨɧɢɞɨɜɧɚ   
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Ɋɟɮɟɪɚɬ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ 135 ɫ., 38 ɪɢɫ., 33 ɬɚɛɥ., 67 

ɢɫɬɨɱɧɢɤɨɜ, 4 ɩɪɢɥɨɠɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ⱥɋɍ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɜɥɚɠɧɨɫɬɢ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɥɢɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ, 

ɤɥɢɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ ɬɟɩɥɚ-ɜɥɚɝɢ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɜɥɚɠɧɨɫɬɶɸ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɢɡɜɨɞɢɥɫɹ ɜɵɛɨɪ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ, ɚɧɚɥɢɡ 

ɢ ɜɵɛɨɪ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ. ɉɨ ɤɪɢɜɵɦ ɪɚɡɝɨɧɚ ɩɨɥɭɱɟɧɵ ɩɟɪɟɞɚɬɨɱɧɵɟ 

ɮɭɧɤɰɢɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ, ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɢ ɰɢɮɪɨɜɨɝɨ ɪɟɝɭɥɹɬɨɪɨɜ. Ɍɚɤ ɠɟ 

ɪɚɡɪɚɛɨɬɚɧɵ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɢ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɵ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɧɟɦɨɫɯɟɦɚ, ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. 

Ȼɥɚɝɨɞɚɪɹ ɭɫɥɨɜɢɹɦ, ɜɨɫɫɨɡɞɚɜɚɟɦɵ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɤɥɢɦɚɬɢɱɟɫɤɨɣ 

ɤɚɦɟɪɟ, ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ, ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɨɩɪɟɞɟɥɟɧ ɨɫɬɚɬɨɱɧɵɣ 

ɪɟɫɭɪɫ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ. 
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ȼɜɟɞɟɧɢɟ 

ɉɪɨɦɵɲɥɟɧɧɵɟ ɤɨɦɩɚɧɢɢ, ɚ ɬɚɤɠɟ ɰɟɧɬɪɵ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɜɟɞɟɧɢɸ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɞɨɥɠɧɵ ɩɪɨɜɟɫɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ 

ɷɤɫɩɟɪɢɦɟɧɬɵ ɜ ɭɫɥɨɜɢɹɯ, ɩɪɢɛɥɢɠɟɧɧɵɯ ɤ ɪɟɚɥɶɧɵɦ. Ɍɚɤɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɨɛɴɹɫɧɹɟɬɫɹ ɩɨɬɪɟɛɧɨɫɬɶɸ ɜ ɭɥɭɱɲɟɧɢɢ ɤɚɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɩɪɨɞɭɤɰɢɢ, ɝɨɬɨɜɹɳɟɣɫɹ ɤ ɜɵɩɭɫɤɭ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɫɨɡɞɚɧɵ ɤɚɦɟɪɵ, ɤɨɬɨɪɵɟ 

ɫɩɨɫɨɛɧɵ ɢɦɢɬɢɪɨɜɚɬɶ ɥɸɛɵɟ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ. 

Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɩɨɡɜɨɥɹɸɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɜɨɡɞɟɣɫɬɜɢɟ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɨ ɜɨɫɩɪɨɢɡɜɟɫɬɢ 

ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 

ɪɟɠɢɦ, ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɟ ɢɡɥɭɱɟɧɢɟ, ɢɡɦɟɧɢɬɶ ɢ ɩɨɞɞɟɪɠɚɬɶ ɩɚɪɚɦɟɬɪɵ 

ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ, ɚ ɬɚɤɠɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɢ 

ɚɝɪɟɫɫɢɜɧɵɟ ɜɟɳɟɫɬɜɚ. Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ 

ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɢ ɞɪɭɝɢɯ ɫɮɟɪɚɯ 

ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ.  Ɋɚɛɨɬɚ ɜɫɟɯ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɰɟɧɬɪɨɜ 

ɩɨɫɬɪɨɟɧɚ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɚɯ, ɱɬɨ ɞɟɥɚɟɬ ɩɪɢɦɟɧɟɧɢɟ 

ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɤɚɦɟɪ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦ.  

ɉɪɨɢɡɜɨɞɫɬɜɨɦ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɤɚɦɟɪ ɡɚɧɢɦɚɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɮɢɪɦ: ɜ Ɋɨɫɫɢɢ ɡɚɜɨɞ ɉɚɬɪɢɨɬ, ɋɆ Ʉɥɢɦɚɬ, Ɇɢɪ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɋɒȺ – 

BINDER, Top Rank –Ʉɢɬɚɣ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ [1,2]. 

Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɮɢɪɦɵ, ɧɚɩɪɢɦɟɪ 

Ƚɟɨɥɢɫ, ɈɈɈ «Ʉɥɢɦɚɬ», Ɏɢɪɦɚ ɗɥɬɟɩ  ɢ ɬ.ɞ [1]. ɗɬɨ ɜɫɟɝɨ ɥɢ ɦɚɥɚɹ ɦɚɫɬɶ ɮɢɪɦ 

ɢ ɡɚɜɨɞɨɜ, ɤɨɬɨɪɵɟ ɩɨɞɜɟɪɝɚɸɬ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɢɫɩɵɬɚɧɢɹɦ ɜɵɩɭɫɤɚɟɦɭɸ 

ɩɪɨɞɭɤɰɢɸ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɚɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ 

ɭɩɪɚɜɥɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ ɢ ɩɪɨɜɟɞɟɧ 

ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɟɤ ɪɟɝɭɥɹɬɨɪɨɜ. Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ 

ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɬɟɯɧɨɥɨɝɢɢ ɨɛɴɟɤɬɚ, ɫɬɪɭɤɬɭɪɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɤɨɧɬɪɨɥɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ 

ɜ ɭɱɟɛɧɨɣ ɪɚɛɨɬɟ.  

 

1 ɋɜɟɞɟɧɢɹ ɨ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɤɚɦɟɪɚɯ 

Ʉɨɧɫɬɪɭɤɰɢɸ ɬɢɩɨɜɨɣ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 

ɜɢɞɟ ɱɟɬɵɪɟɯ ɱɚɫɬɟɣ: 

− ɪɚɛɨɱɢɣ ɨɛɴɟɦ; 

− ɳɢɬ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; 

− ɩɚɪɨɝɟɧɟɪɚɬɨɪ; 

−  ɮɪɟɨɧɨɜɵɣ ɨɫɭɲɢɬɟɥɶ. 

Ɋɚɛɨɱɢɣ ɨɛɴɟɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɲɤɚɮ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɜɫɬɪɨɟɧ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤ. ɒɤɚɮ ɨɫɧɚɳɟɧ ɫɩɟɰɢɚɥɶɧɨɣ ɪɚɫɩɚɲɧɨɣ ɞɜɟɪɶɸ ɫɨ 

ɫɦɨɬɪɨɜɵɦ ɨɤɧɨɦ. ȼ ɳɢɬɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɨ 

ɨɫɧɨɜɧɨɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ.  ɏɨɥɨɞɢɥɶɧɵɣ ɚɝɪɟɝɚɬ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɨɯɥɚɠɞɟɧɢɟ ɜɧɭɬɪɢ ɪɚɛɨɱɟɝɨ ɨɛɴɟɦɚ. Ɏɪɟɨɧɨɜɵɣ ɨɫɭɲɢɬɟɥɶ – ɭɫɬɪɨɣɫɬɜɨ, 

ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɞɟɪɠɚɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɭɪɨɜɧɹ ɜɥɚɠɧɨɫɬɢ. Ɍɚɤ ɠɟ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɞɥɹ ɱɟɝɨ ɪɚɡɪɚɛɨɬɚɧɚ ɤɥɢɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

 ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɣ ɫɩɟɤɬɪ ɜɵɛɨɪɚ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɤɚɦɟɪ, ɤɨɬɨɪɵɟ 

ɫɩɨɫɨɛɧɵ ɢɦɢɬɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɤɚɦɟɪɵ 

ɫɩɨɫɨɛɧɵ ɜɨɫɫɨɡɞɚɜɚɬɶ ɭɫɥɨɜɢɹ ɜɨɡɞɟɣɫɬɜɢɟ ɫɨɥɧɰɚ, ɝɥɭɛɨɤɨɝɨ ɜɚɤɭɭɦɚ, 

ɫɨɥɹɧɨɝɨ ɬɭɦɚɧɚ. ɇɨ ɫɚɦɵɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɤɚɦɟɪɵ ɬɟɩɥɚ, 

ɬɟɩɥɚ-ɯɨɥɨɞɚ, ɬɟɩɥɚ-ɯɨɥɨɞɚ-ɜɥɚɝɢ, ɬɟɩɥɚ-ɜɥɚɝɢ, ɛɚɪɨɤɚɦɟɪɚ ɢ ɲɢɪɨɤɨɣ 

ɪɚɡɦɨɪɨɡɤɢ. 

ȼ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɚ ɧɚɭɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 18.1 «Ɋɚɡɜɢɬɢɟ 

ɦɟɬɨɞɨɜ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ 

ɢɫɫɥɟɞɨɜɚɧɢɹ», 18.3 «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɤɥɢɦɚɬɢɱɟɫɤɨɣ 

ɫɬɨɣɤɨɫɬɢ» [3] ɪɚɛɨɬɚɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ 

ɰɟɧɬɪɨɜ. Ɉɞɧɨɣ ɢɡ ɨɛɥɚɫɬɟɣ ɤɨɬɨɪɨɣ ɨɧɢ ɡɚɧɢɦɚɸɬɫɹ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
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ɦɟɬɨɞɢɤ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɫɬɚɪɟɧɢɟ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɟɫɬɟɫɬɜɟɧɧɵɯ ɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ ɫɜɟɬɨɩɨɝɨɞɵ.    

Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɫɨɥɹɧɨɝɨ ɬɭɦɚɧɚ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 

ɢɫɩɵɬɚɧɢɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɨɜ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ 

ɜɢɞɚɦɢ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ. ȼɧɭɬɪɢ ɤɚɦɟɪɵ ɜɨɫɫɨɡɞɚɸɬɫɹ ɭɫɥɨɜɢɹ 

ɢɧɬɟɧɫɢɜɧɨɝɨ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɟɣɬɪɚɥɶɧɵɦ ɫɨɥɹɧɵɦ ɬɭɦɚɧɨɦ [4].   

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɭɫɬɪɨɣɫɬɜɚ, ɪɚɡɦɟɪɨɜ, ɤɚɱɟɫɬɜɚ ɜɚɤɭɭɦɚ ɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɚɦɟɪɵ ɝɥɭɛɨɤɨɝɨ ɜɚɤɭɭɦɚ ɦɨɝɭɬ 

ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɥɸɛɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɢɥɢ ɩɪɨɢɡɜɨɞɫɬɜɟ. ɇɚɢɛɨɥɟɟ 

ɜɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɫɱɢɬɚɸɬɫɹ ɤɚɦɟɪɵ ɫ ɛɨɥɶɲɢɦ ɪɚɡɦɟɪɨɦ ɪɚɛɨɱɟɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ, ɜ ɬɨɠɟ ɜɪɟɦɹ, ɢɫɩɨɥɶɡɭɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɢɡɤɨɝɨ ɜɚɤɭɭɦɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɯ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɜɵɫɭɲɢɜɚɧɢɹ ɜɫɟɜɨɡɦɨɠɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɨɫɫɨɡɞɚɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɪɚɤɟɬɨɫɬɪɨɟɧɢɢ, 

ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɞɟɪɠɚɧɢɹ ɩɥɚɡɦɵ ɞɥɹ ɱɚɫɬɢɰ, ɜ ɭɫɥɨɜɢɹɯ 

ɭɫɤɨɪɟɧɢɹ ɡɚɪɹɠɟɧɧɨɫɬɢ ɦɨɥɟɤɭɥ [5]. 

Ʉɚɦɟɪɵ ɬɢɩɚ ɬɟɩɥɚ-ɯɨɥɨɞɚ ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ, 

ɢɫɩɵɬɚɬɟɥɶɧɵɦɢ. ȼ ɧɢɯ ɦɨɠɧɨ ɫɨɡɞɚɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɭɫɥɨɜɢɹ. Ɋɚɛɨɬɚ ɫ 

ɦɚɬɟɪɢɚɥɚɦɢ ɦɨɠɟɬ ɜɟɫɬɢɫɶ ɩɪɢ ɨɫɨɛɨ ɧɢɡɤɢɯ ɢ ɩɪɢ ɫɜɟɪɯɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɷɬɢɯ ɤɚɦɟɪ: 

− ɤɚɦɟɪɵ ɬɟɩɥɚ, ɯɨɥɨɞɚ, ɜɥɚɝɢ; 

− ɤɚɦɟɪɵ ɬɟɩɥɚ, ɜɥɚɝɢ; 

− ɤɚɦɟɪɵ ɯɨɥɨɞɚ, ɜɥɚɝɢ. 

ɋɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ ɤɚɦɟɪ ɬɟɩɥɚ ɯɨɥɨɞɚ, ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɬɚɧɨɜɢɬɫɹ 

ɬɨɥɶɤɨ ɲɢɪɟ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɩɨɞɨɛɧɵɟ ɭɫɬɚɧɨɜɤɢ ɧɚɲɥɢ ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ 

ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɨɬɪɚɫɥɟɣ, ɤɨɬɨɪɵɟ ɭɠɟ ɧɟ ɦɨɝɭɬ ɨɛɨɣɬɢɫɶ ɛɟɡ 

ɩɨɞɨɛɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ƚɥɚɜɧɨɟ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟ ɤɚɦɟɪ ɬɟɩɥɚ-ɯɨɥɨɞɚ-ɜɥɚɝɢ – ɷɬɨ ɤɨɧɬɪɨɥɶ 

ɭɪɨɜɧɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɢ ɟё ɪɟɝɭɥɢɪɨɜɤɚ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɟɞɩɪɢɹɬɢɣ ɧɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɧɭɠɞɚɟɬɫɹ ɜ ɭɫɬɚɧɨɜɤɚɯ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ. Ƚɥɚɜɧɚɹ ɩɪɢɱɢɧɚ ɬɚɤɨɣ 
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ɧɭɠɞɵ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɫɬɚɧɞɚɪɬɚɯ ɤɚɱɟɫɬɜɚ, ɞɨɫɬɢɱɶ ɤɨɬɨɪɵɯ ɛɟɡ 

ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ. 

Ɍɟɩɥɨ-ɯɨɥɨɞ-ɜɥɚɝɚ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 

ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɢɦɟɬɶ ɛɨɥɶɲɨɣ ɞɢɚɩɚɡɨɧ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɬɟɩɥɨ-ɯɨɥɨɞ-

ɜɥɚɝɚ ɹɜɥɹɸɬɫɹ, ɩɨ ɫɜɨɟɣ ɫɭɬɢ, ɭɧɢɜɟɪɫɚɥɶɧɵɦ, ɨɛɴɟɞɢɧɹɹ ɫɪɚɡɭ ɞɜɚ ɜɢɞɚ 

ɤɚɦɟɪ: ɯɨɥɨɞ-ɜɥɚɝɚ ɢ ɬɟɩɥɨ-ɜɥɚɝɚ. ɋɬɨɢɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɜɚɪɢɚɧɬ 

ɢɦɟɟɬ ɟɳɟ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ: ɬɚɤɢɟ ɤɚɦɟɪɵ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 

ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɛɸɞɠɟɬɧɵɦɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɤɭɩɤɨɣ ɞɜɭɯ 

ɪɚɡɧɵɯ ɤɚɦɟɪ [6]. 

Ʉɚɦɟɪɵ ɬɟɩɥɚ ɢ ɜɥɚɝɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ 

ɜɥɚɝɨɭɫɬɨɣɱɢɜɨɫɬɶ. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɥɭɱɟɧɢɟ ɢ 

ɩɨɞɞɟɪɠɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɩɨ ɡɚɞɚɧɧɵɦ 

ɩɪɨɝɪɚɦɦɚɦ (ɰɢɤɥɢɱɟɫɤɢɟ ɪɟɠɢɦɵ ɩɨ ȽɈɋɌ 20.57.406-81). 

Ʉɚɦɟɪɵ ɨɬɥɢɱɚɸɬɫɹ ɝɚɛɚɪɢɬɧɵɦɢ ɪɚɡɦɟɪɚɦɢ, ɬɨɱɧɨɫɬɶɸ ɩɨɞɞɟɪɠɚɧɢɹ 

ɪɟɠɢɦɚ, ɞɢɚɩɚɡɨɧɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ʉɚɦɟɪɚ ɬɟɩɥɨ-ɜɥɚɝɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ 

ɜ ɞɢɚɩɚɡɨɧɟ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɢ – ɨɬ ɟɫɬɟɫɬɜɟɧɧɨɣ 10…98 %, ɜ ɞɢɚɩɚɡɨɧɟ 

ɬɟɦɩɟɪɚɬɭɪ 30…100 °ɋ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɤɚɦɟɪɚ ɬɟɩɥɚ-ɜɥɚɝɢ. Ⱦɚɧɧɵɟ 

ɤɚɦɟɪɵ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɧɵɟ, ɬɚɤ ɢ ɜɥɚɠɧɨɫɬɧɵɟ 

ɢɫɩɵɬɚɧɢɹ.  
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2 ɉɨɥɭɱɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜ ɤɚɦɟɪɟ 

ɉɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚɦɟɪɟ «Ɍɟɩɥɨ-ɜɥɚɝɚ» ɢ «Ɍɟɩɥɨ-

ɯɨɥɨɞ-ɜɥɚɝɚ» ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ ɟɟ ɢɡɦɟɧɟɧɢɟ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ 

ɜɨɡɞɭɯɚ. 

ɉɪɢ ɪɭɱɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɩɪɨɫɬɵɦ ɢ ɭɞɨɛɧɵɦ ɫɩɨɫɨɛɨɦ 

ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɩɨ I-d ɞɢɚɝɪɚɦɦɟ (ɩɫɢɯɨɦɟɬɪɢɱɟɫɤɚɹ ɞɢɚɝɪɚɦɦɚ) [7]   

(ɪɢɫɭɧɨɤ 1). 

 

Ɋɢɫɭɧɨɤ 1 – ȼɧɟɲɧɢɣ ɜɢɞ I-d ɞɢɚɝɪɚɦɦɵ 

 

ȼɟɥɢɱɢɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ 

ɩɫɢɯɨɦɟɬɪɢɱɟɫɤɨɣ ɬɚɛɥɢɰɟ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɚɫɱɟɬɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 0… 90 °C. 

ɉɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɭɩɪɚɜɥɟɧɢɢ ɩɚɪɚɦɟɬɪɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɜɥɚɠɧɨɫɬɢ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɩɨɞɚɜɚɟɦɨɣ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɬɧɨɫɢɬɟɥɶɧɭɸ 

ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɰɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɞɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɦɨɠɟɬ ɛɵɬɶ 

ɨɰɟɧɟɧɚ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɟё ɬɟɦɩɟɪɚɬɭɪɚ ܶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɱɤɢ ɪɨɫɵ ௗܶ, ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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ܪܴ = ௦ܲሺ ௗܶሻ௦ܲሺܶሻ ∙ ͳͲͲ, (1) 

ɝɞɟ Ps(Ɍ) — ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

 

Ɉɬɧɨɫɢɬɟɥɶɧɭɸ ɜɥɚɠɧɨɫɬɶ ɬɚɤ ɠɟ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɪɢɛɥɢɠɟɧɧɨ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [7]: ܴܪ ≈ ͳͲͲ − ͷ ∙ ሺܶ − ʹͷ ∙ ௗܶሻ,  

ɝɞɟ Ɍ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ௗܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɱɤɢ ɪɨɫɵ.  
 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [8]:  = ௦ܲሺݐ′ሻ − 𝐴 ∙  ∙ ሺݐ − ሻ′ݐ ∙ ሺͳ + ܽ′ ∙  ሻ, (2)′ݐ

ɝɞɟ ௦ܲሺݐ′ሻ– ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɧɚɞ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɜɨɞɵ, ɢɦɟɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɭ ݐ′, ɝɉɚ; Ⱥ – ɩɫɢɯɨɦɟɬɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ 
ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ ɫ ɢɡɜɟɫɬɧɵɦ ɫɬɚɧɞɚɪɬɨɦ ɟɟ ɫɭɯɨɣ ɱɚɫɬɢ, 0ɋ-1;   – ɨɛɳɟɟ 
ɞɚɜɥɟɧɢɟ ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɝɉɚ; ݐ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ, 0ɋ; ݐ′ – 

ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɞɟɥɚ ɮɚɡ, 0ɋ; ܽ′ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ 
ɮɚɡɵ ɜɨɞɵ ɜ ɩɚɪ, 0ɋ-1. 

 

ɇɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɫɢɯɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ Ⱥ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ: 

− 0,795∙10-6 – ɩɪɢ ɟɫɬɟɫɬɜɟɧɧɨɦ ɞɜɢɠɟɧɢɢ ɜɨɡɞɭɯɚ; 

− 0,662∙10-6 – ɩɪɢ ɩɪɢɧɭɞɢɬɟɥɶɧɨɦ ɨɛɞɭɜɟ ɫ ɧɨɦɢɧɚɥɶɧɨɣ 

ɫɤɨɪɨɫɬɶɸ 2 ɦ/ɫ; 

ɉɪɢ ɪɚɫɱёɬɚɯ ɩɫɢɯɪɨɦɟɬɪɢɱɟɫɤɢɯ ɬɚɛɥɢɰ ɩɪɢɧɢɦɚɸɬ ܽ′ = 0,00115 °C-1 

ɢɫɯɨɞɹ ɢɡ ɫɜɨɣɫɬɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɩɨ ȽɈɋɌ 6709-72 ɢ ɫɨɫɬɚɜɚ ɫɭɯɨɝɨ 

ɜɨɡɞɭɯɚ ɩɨ ȽɈɋɌ 4401-81. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɹ (3) ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ Ps(Ɍ) 

ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɟɬɨɞɢɤ Ⱥɪɞɟɧɚ–Ȼɚɤɚ [9], Ƚɨɮɮɚ-Ƚɪɚɬɱɚ  [10], Ⱦ. Ɂɨɧɬɚɝɚ [11]. 

Ɇɟɬɨɞɢɤɚ Ⱥɪɞɟɧɚ–Ȼɚɤɚ [11] ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɪɚɠɟɧɢɣ: 

௦ܲሺܶሻ = .ͳͳʹͳ ∙ expሺሺͳͺ.ͺ − ܶ/ʹ͵Ͷ.ͷሻ ∙ ܶʹͷ.ͳͶ + ܶ ሻ, (3) 

ɝɞɟ T — ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɝɪɚɞɭɫɚɯ ɐɟɥɶɫɢɹ, ௦ܲ — ɞɚɜɥɟɧɢɟ ɜ ɝɉɚ.  
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Ⱦɥɹ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɠɢɞɤɨɣ ɮɚɡɵ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɪɭɝɚɹ ɮɨɪɦɭɥɚ: 

௦ܲሺܶሻ = .ͳͳʹͳ ∙ expሺሺʹ͵.Ͳ͵ − ܶ/͵͵͵.ሻ ∙ ܶʹͻ.ͺʹ + ܶ ሻ.  

Ɇɨɞɟɥɶ Ƚɨɮɮɪɚ-Ƚɪɚɬɱɚ ɨɩɢɫɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɨɦ 

ɧɚɫɵɳɟɧɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: log ݁∗ =−.ͻͲʹͻͺ ∙ ( ௦ܶ௧ܶ − ͳ) + ͷ.ͲʹͺͲͺ ∙ log ( ௦ܶ௧ܶ) − ͳ.͵ͺͳ ∙ ͳͲ− ∙ 
∙ (ͳͲଵଵ.ଷସସ∙ቀଵ− ೞ்்ቁ − ͳ) + ͺ.ͳ͵ʹͺ ∙ ͳͲ−ଷ ∙ (ͳͲ−ଷ.ସଽଵସଽ∙ቀ ೞ்்−ଵቁ − ͳ) + ∗௦௧݈݁݃ ,  

ɝɞɟ ݁∗ – ɧɚɫɵɳɟɧɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ (ɝɉɚ); Ɍ – ɚɛɫɨɥɸɬɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɤɟɥɶɜɢɧɚɯ;  ܶ ௦௧ – ɬɨɱɤɚ ɤɢɩɟɧɢɹ ɩɪɢ 1 ɚɬɦ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 
37315 Ʉ; ݁௦௧∗ – ɧɚɫɵɳɟɧɧɨɟ ɞɚɜɟɲɧɢɟ ɜ ɬɨɱɤɟ ɤɢɩɟɧɢɹ. 
 

ȼɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɭɩɪɨɳɟɧɧɨɣ ɮɨɪɦɭɥɵ ɪɚɫɱɟɬɚ ɞɚɜɥɟɧɢɹ 

ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɹɧɨɝɨ ɩɚɪɚ: ܲ = ܲ ∙ exp ( ܽ ∙ ߚݐ +   ,(ݐ

ɝɞɟ ܲ=6,1121 ɝɉɚ, ܽ=17,5043 0ɋ, 0 241,2=ߚɋ, ݐ– ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɨɫɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ, 0ɋ. 
 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɩɨɦɢɦɨ ɡɧɚɱɟɧɢɣ ɩɚɪɰɢɚɥɶɧɨɝɨ 

ɞɚɜɥɟɧɢɹ ɢ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜɥɚɠɧɨɝɨ ɬɟɪɦɨɦɟɬɪɚ. Ɂɧɚɱɟɧɢɟ ɷɬɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ [12]: 

ˎ˅ݐ = ݐ ∙ atan (Ͳ.ͳͷͳͻ ∙ ሺܴܪ%+ ͺ.͵ͳ͵ͷͻሻଵଶ) + atanሺݐ + ሻ%ܪܴ −− atanሺܴܪ%− ͳ.͵͵ͳሻ + Ͳ.ͲͲ͵ͻͳͺ͵ͺ ∙ ଷଶ%ܪܴ ∙∙ atanሺͲ.Ͳʹ͵ͳͲͳ ∙ ሻ%ܪܴ − Ͷ.ͺͲ͵ͷ, (4) 

ɝɞɟ ݐ – ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɯɨɝɨ ɬɟɪɦɨɦɟɬɪɚ. 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɱɟɬ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɜɥɚɠɧɨɫɬɢ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɣ [1–4].  ɇɚ ɨɫɧɨɜɚɧɢɟ 

ɷɬɢɯ ɜɵɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧɚ ɫɥɟɞɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ܴܪሺݐሻ = ܲሺݐ′ሻ − 𝐴 ∙ ܲ ∙ ሺݐ − ሻݐሻܲሺ′ݐ ∙ ͳͲͲ, (5) 

ɝɞɟ ݐ–ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɯɨɝɨ ɬɟɪɦɨɦɟɬɪɚ, ݐ′– ɬɟɦɩɟɪɚɬɭɪɚ ɦɨɤɪɨɝɨ ɬɟɪɦɨɦɟɬɪɚ. 
 

ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ MathCad. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɞɚɧɧɵɯ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɜɥɚɠɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɪɢɫɭɧɤɢ 2, 3). 

ɇɚ ɪɢɫɭɧɤɚɯ 2–3 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ 

ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɪɚɡɧɢɰɵ ɬɟɦɩɟɪɚɬɭɪ ɫɭɯɨɝɨ ɢ ɜɥɚɠɧɨɝɨ ɬɟɪɦɨɦɟɬɪɨɜ. 

 

Ɋɢɫɭɧɨɤ 2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɨɬ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 

ɫɭɯɨɝɨ ɢ ɜɥɚɠɧɨɝɨ ɬɟɪɦɨɦɟɬɪɨɜ 
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Ɋɢɫɭɧɨɤ 3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɢɡɦɟɧɟɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ 

 

Ɉɫɧɨɜɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɥɚɠɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɟɦ 

ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ ɪɚɡɧɢɰɵ ɩɨɤɚɡɚɧɢɣ ɫɭɯɨɝɨ ɢ ɜɥɚɠɧɨɝɨ ɬɟɪɦɨɦɟɬɪɨɜ, ɬɟɦ 

ɜɵɲɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɮɨɪɦɭɥɵ 5 ɡɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɭ ɫɭɯɨɝɨ ɢ ɦɨɤɪɨɝɨ ɬɟɪɦɨɦɟɬɪɚ ɢɥɢ ɠɟ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɧɢɦɢ, ɥɟɝɤɨ 

ɪɚɫɫɱɢɬɚɬɶ ɢ ɨɬɫɥɟɞɢɬɶ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. 

 ȼ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ ɱɬɨ, ɪɚɡɧɨɫɬɶ ɩɨɤɚɡɚɧɢɣ ɫɭɯɨɝɨ ɢ 

ɜɥɚɠɧɨɝɨ ɬɟɪɦɨɦɟɬɪɚ ɪɚɜɧɚ 5 0ɋ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɢɫɭɧɤɚ 3 ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 

ɩɪɢ ɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɦɨɠɟɬ ɢɦɟɬɶ ɡɧɚɱɟɧɢɟ ɜ 

ɞɢɚɩɚɡɨɧɟ 68…83 %. 
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3 Ʉɨɧɫɬɪɭɤɰɢɹ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ  

Ʉɥɢɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɤɚɪɤɚɫɟ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɠɟɫɬɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ 

ɜɫɟ ɫɬɟɧɤɢ ɤɚɦɟɪɵ ɭɤɪɟɩɥɟɧɵ ɫɥɨɟɦ ɬɟɩɥɨɢɡɨɥɹɰɢɢ. ȼɧɭɬɪɟɧɧɢɟ ɫɬɟɧɤɢ 

ɤɚɦɟɪɵ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɡɟɪɤɚɥɶɧɨɣ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ. Ʉɚɦɟɪɚ ɨɫɧɚɳɟɧɚ 

ɞɜɟɪɰɟɣ ɫɨ ɫɦɨɬɪɨɜɵɦ ɨɤɧɨɦ. Ƚɟɪɦɟɬɢɱɧɨɫɬɶ ɤɚɦɟɪɵ ɞɨɫɬɢɝɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɞɜɟɪɧɨɝɨ ɭɩɥɨɬɧɢɬɟɥɹ ɢ ɧɚɥɢɱɢɟɦ ɭ ɪɭɱɤɢ ɡɚɠɢɦɚ. ɋɦɨɬɪɨɜɨɟ 

ɨɤɧɨ ɢɡɝɨɬɨɜɥɟɧɨ ɢɡ ɡɚɤɚɥɟɧɧɨɝɨ ɫɬɟɤɥɨɩɚɤɟɬɚ. 

Ʌɢɰɟɜɚɹ ɩɚɧɟɥɶ ɤɚɦɟɪɵ ɨɫɧɚɳɟɧɚ ɦɨɧɢɬɨɪɨɦ. ɇɚ ɞɢɫɩɥɟɟ 

ɨɬɨɛɪɚɠɚɟɬɫɹ ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ: ɬɟɦɩɟɪɚɬɭɪɚ, ɜɥɚɠɧɨɫɬɶ 

ɢ ɜɪɟɦɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ.   

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ, ɚ ɜ 

ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɟɟ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 4 – ȼɧɟɲɧɢɣ ɜɢɞ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ 

 

Ɍɚɛɥɢɰɚ 1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɦɟɪɵ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

Ɉɛɴɟɦ ɤɚɦɟɪɵ 100 ɥ 

Ⱦɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɹ ɜɥɚɠɧɨɫɬɢ 10 … 98 % RH 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɜɥɚɠɧɨɫɬɢ <5 % RH 

Ɍɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɜɥɚɠɧɨɫɬɢ ± 3 % RH 

Ⱦɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ 10 … 120 0ɋ 

Ⱦɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɜɥɚɠɧɨɫɬɢ  30 … 80 0ɋ 

Ɍɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ  ± 1 0ɋ 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ < 4 0ɋ 
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4 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɜɥɚɠɧɨɫɬɶɸ ɢ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ 

ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɞɨɥɠɧɵ ɢɦɟɬɶ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɞɢɤɬɭɸɳɢɣɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɬɟɯɧɨɥɨɝɢɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. ɍɫɥɨɜɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 

ɧɟɨɛɯɨɞɢɦɵɦ, ɧɨ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɚɢɥɭɱɲɟɝɨ ɩɪɨɰɟɫɫɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɟɪɟɯɨɞɧɨɦɭ ɩɪɨɰɟɫɫɭ ɹɜɥɹɸɬɫɹ: 

− ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɤɥɨɧɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ ɞɨɥɠɧɨ 

ɛɵɬɶ ɧɚɢɦɟɧɶɲɢɦ; 

− ɡɚɬɭɯɚɧɢɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɨɥɠɧɵ ɢɦɟɬɶ ɢɧɬɟɧɫɢɜɧɵɣ ɯɚɪɚɤɬɟɪ;     

− ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɨɥɠɧɚ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɚ. 

Ʉɚɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɡɚɬɭɯɚɸɳɟɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɬɭɯɚɧɢɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ʉɪɢɬɟɪɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɬɭɯɚɧɢɹ ɞɥɹ ɞɚɧɧɨɣ Ⱥɋɍ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ — ɷɬɨ 

ɫɬɟɩɟɧɶ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ. Ɉɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ 

ɫɨɞɟɪɠɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 0,75…0,9 [13]. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɡɧɚɱɟɧɢɹ ɛɨɥɶɲɟ 0,9 

ɩɪɢ ɯɨɪɨɲɟɦ ɡɧɚɱɟɧɢɢ ɤɨɥɟɛɚɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɡɚɜɵɲɟɧɢɟ ɨɬɤɥɨɧɟɧɢɹ 

ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ, ɚ ɩɪɢ ɡɧɚɱɟɧɢɢ ɦɟɧɶɲɟ 0,75 ɫɢɫɬɟɦɚ ɛɭɞɟɬ ɢɦɟɬɶ 

ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɫɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɞɥɹ ɪɚɫɱɟɬɚ 

ɩɚɪɚɦɟɬɪɚ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɚ ɩɪɢɧɹɬɨ ɡɧɚɱɟɧɢɟ ȥ=0,75. 

Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɩɟɪɟɯɨɞɧɨɦɭ ɩɪɨɰɟɫɫɭ 

ɹɜɥɹɟɬɫɹ, ɫɨɨɬɜɟɬɫɬɜɢɟ ɡɚɹɜɥɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 2, ɪɟɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɦ. 

Ɍɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɜɥɚɠɧɨɫɬɢ ± 3 % ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ (RH), 

ɬɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ± 1 0ɋ.  

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɞɨɥɠɧɚ 

ɫɨɫɬɚɜɥɹɬɶ ɛɨɥɟɟ 4 0ɋ, ɚ ɜɥɚɠɧɨɫɬɢ 5 % RH. ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 

ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ. 
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5 Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ 

ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ  

 
5.1 ȼɵɛɨɪ ɫɯɟɦɵ ɢ ɡɚɤɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɜɥɚɠɧɨɫɬɶɸ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɟ. 

 

 

Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ Ⱥɋɍ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ: 

1 – ɪɟɡɟɪɜɭɚɪ ɫ ɜɨɞɨɣ, 2 – ɚɧɚɥɢɡɚɬɨɪ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ, 3 – ɤɥɚɩɚɧ ɫ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, 4 – ɪɟɡɟɪɜɭɚɪ ɩɨɞɝɨɬɨɜɤɢ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ, 5 – 

ɧɚɝɧɟɬɚɬɟɥɶ ɜɨɡɞɭɯɚ, 6 – ɩɶɟɡɨɦɟɬɪ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ, 7  – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ, 
8 – ɚɧɚɥɢɡɚɬɨɪ ɭɪɨɜɧɹ, 9 – ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ, 10 – ɝɪɟɸɳɢɣ ɤɚɛɟɥɶ, 11 – 

ɤɥɢɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ, 12 – ɞɪɟɧɚɠɧɵɣ ɧɚɫɨɫ, 13 – ɪɟɡɟɪɜɭɚɪ ɩɨɞɝɨɬɨɜɤɢ 
ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ, 14 – ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, 15 – ɧɚɝɧɟɬɚɬɟɥɶ ɜɨɡɞɭɯɚ, 16 

– ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ. 
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ɂɡ ɪɟɡɟɪɜɭɚɪɚ (1) ɜ ɪɟɡɟɪɜɭɚɪ ɩɨɞɝɨɬɨɜɤɢ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ (4) ɫ 

ɩɨɦɨɳɶɸ ɤɥɚɩɚɧɚ (3) ɩɨɫɬɭɩɚɟɬ ɜɨɞɚ. ɋ ɩɨɦɨɳɶɸ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɶɟɡɨɦɟɬɪɚ 

(6) ɢ ɧɚɝɧɟɬɚɬɟɥɹ ɜɨɡɞɭɯɚ ɝɟɧɟɪɢɪɭɟɬɫɹ ɜɥɚɠɧɵɣ ɜɨɡɞɭɯ, ɤɨɬɨɪɵɣ ɩɨ 

ɬɪɭɛɨɩɪɨɜɨɞɭ ɩɨɞɚɟɬɫɹ ɜ ɤɥɢɦɚɬɢɱɟɫɤɭɸ ɤɚɦɟɪɭ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɥɚɠɧɨɝɨ 

ɜɨɡɞɭɯɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɝɪɟɸɳɢɦ ɤɚɛɟɥɟɦ. Ɍɚɤ ɠɟ ɤɚɛɟɥɟɦ ɩɨɤɪɵɬ 

ɬɪɭɛɨɩɪɨɜɨɞ, ɨɧ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɧɞɟɧɫɚɬɚ.  

Ⱦɪɟɧɚɠɧɵɣ ɧɚɫɨɫ ɭɞɚɥɹɟɬ ɤɨɧɞɟɧɫɚɬ ɢɡ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ.  

ȼ ɪɟɡɟɪɜɭɚɪɟ ɩɨɞɝɨɬɨɜɤɢ ɧɚɝɪɟɬɨɝɨ (13) ɪɚɫɩɨɥɨɠɟɧ ɧɚɝɧɟɬɚɬɟɥɶ 

ɜɨɡɞɭɯɚ (15), ɤɨɬɨɪɵɣ ɫɨɡɞɚɟɬ ɧɚɩɪɚɜɥɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɜɨɡɞɭɯɚ. ȼɨɡɞɭɯ 

ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɨɫɬɭɩɚɟɬ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɜ 

ɤɥɢɦɚɬɢɱɟɫɤɭɸ ɤɚɦɟɪɭ ɱɟɪɟɡ ɬɪɭɛɨɩɪɨɜɨɞ. Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ 

ɞɚɜɥɟɧɢɹ ɜ ɤɚɦɟɪɟ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɰɢɪɤɭɥɹɰɢɢ, ɜɨɡɞɭɯ, ɧɚɝɧɟɬɚɟɦɵɣ ɜ ɤɚɦɟɪɭ, 

ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɜɟɫɶ ɨɛɴɟɦ ɩɨɞɚёɬɫɹ ɨɛɪɚɬɧɨ ɜ ɪɟɡɟɪɜɭɚɪɵ ɩɨɞɝɨɬɨɜɤɢ ɜɨɡɞɭɯɚ. 

 

5.2 Ɉɛɡɨɪ ɢ ɜɵɛɨɪ ɫɬɪɭɤɬɭɪɵ ȺɋɊ ɜɥɚɠɧɨɫɬɢ  

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ ɩɪɢɦɟɧɹɸɬ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɢ ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ [14]. ɉɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɢɡɦɟɧɟɧɢɸ ɩɨɞɥɟɠɚɬ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɬɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɪɚɫɯɨɞɟ. ɉɪɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɯɚ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ, ɜɚɪɶɢɪɭɟɬɫɹ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɟ 

ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ.  

Ɂɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɡɧɚɱɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɪɟɝɭɥɢɪɭɟɬɫɹ 

ɨɞɧɢɦ ɢɡ ɞɜɭɯ ɫɩɨɫɨɛɨɜ: ɩɪɹɦɨɟ ɢɥɢ ɤɨɫɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. ɉɪɢ ɤɨɫɜɟɧɧɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɪɨɫɵ ɩɨɫɥɟ 

ɤɚɦɟɪɵ ɨɪɨɲɟɧɢɹ, ɚ ɩɪɢ ɩɪɹɦɨɦ – ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ 

ɜɨɡɞɭɯɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɨɛɴɟɦɟ [15]. ɇɚ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ 

ɤɨɦɛɢɧɚɰɢɸ ɞɚɧɧɵɯ ɞɜɭɯ ɦɟɬɨɞɨɜ. 
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ɉɪɹɦɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɪɢ 

ɩɨɦɨɳɢ ɪɟɝɭɥɹɬɨɪɚ ɜɥɚɠɧɨɫɬɢ, ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɤɨɬɨɪɨɝɨ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɧɭɬɪɢ ɨɛɴɟɤɬɚ [14]. Ɋɟɝɭɥɹɬɨɪ ɜɥɚɠɧɨɫɬɢ 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɡɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ. ȺɋɊ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɷɬɨɦ 

ɦɟɬɨɞɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɡɧɚɱɟɧɢɟ 

ɜɥɚɠɧɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɢ ɩɟɪɟɦɟɧɧɵɯ ɜɥɚɝɨɜɵɞɟɥɟɧɢɹɯ ɜ ɨɛɴɟɤɬɟ. 

Ʉɨɫɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɥɚɠɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɬɨɥɶɤɨ ɨɞɧɢɯ ɬɟɪɦɨɪɟɝɭɥɹɬɨɪɨɜ [16]. Ɋɟɝɭɥɹɬɨɪ ɜɥɚɠɧɨɫɬɢ ɩɪɢ ɷɬɨɦ 

ɨɬɫɭɬɫɬɜɭɟɬ. Ɍɚɤɨɣ ɦɟɬɨɞ ɛɭɞɟɬ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɡɧɚɱɟɧɢɢ 

ɜɥɚɝɨɜɵɞɟɥɟɧɢɹ ɜ ɨɛɫɥɭɠɢɜɚɟɦɨɦ ɨɛɴɟɤɬɟ. ɗɬɨɬ ɩɪɢɧɰɢɩ ɩɨɥɭɱɢɥ ɛɨɥɶɲɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɯɨɬɶ ɢ ɬɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɜɥɚɠɧɨɫɬɢ ɭ ɧɟɝɨ ɫɧɢɠɚɟɬɫɹ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɹɦɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ. 

ɋɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɹɦɨɝɨ ɢ ɤɨɫɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ ɦɟɬɨɞɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ [17]. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɪɟɞɥɨɠɟɧɧɵɟ ɜɚɪɢɚɧɬɵ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɹɦɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɥɚɠɧɨɫɬɢ ɢ 

ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ.  

ɂɡɦɟɧɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɢɫɬɟɦɚɯ 

ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ. ɇɚ ɩɪɢɦɟɪɟ ɷɬɢɯ ɫɢɫɬɟɦ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ 

ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɫɯɟɦ ɭɩɪɚɜɥɟɧɢɹ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɜɥɚɠɧɨɫɬɢ ɦɨɠɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɥɸɛɨɦɭ ɢɡ ɫɢɝɧɚɥɨɜ (ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢɥɢ ɬɨɱɤɢ 

ɪɨɫɵ) ɧɟɫɤɨɥɶɤɢɦɢ ɫɩɨɫɨɛɚɦɢ. ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɨɡɦɨɠɧɵɟ ɫɯɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ.  
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Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ ɜ ɫɢɫɬɟɦɚɯ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ 

ɜɨɡɞɭɯɚ: 

1– ɟɦɤɨɫɬɶ ɤɚɦɟɪɵ ɭɜɥɚɠɧɟɧɢɹ; 2 – ɧɚɫɨɫ; 3 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 4 – ɡɚɞɜɢɠɤɚ; 5 
– ɫɦɟɫɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ ɯɨɥɨɞɧɨɣ ɢ ɨɛɪɚɬɧɨɣ ɜɨɞɵ; 6 – ɡɚɫɥɨɧɤɚ; 7 – ɩɚɪɨɜɨɣ 

ɭɜɥɚɠɧɢɬɟɥɶ; 8 – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ. 
 

ɇɚ ɫɯɟɦɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 6ɚ, ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɜ ɤɚɦɟɪɭ 

ɭɜɥɚɠɧɟɧɢɹ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. Ɂɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɧɚɝɪɟɜɚ, ɜɨɞɵ ɡɚɜɢɫɢɬ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɩɟɪɜɢɱɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. ɇɚ ɫɯɟɦɟ 6ɛ ɨɬɫɭɬɫɬɜɭɟɬ 

ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɢ ɭɩɪɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɫɦɟɫɢɬɟɥɶɧɨɝɨ 

ɤɥɚɩɚɧɚ ɯɨɥɨɞɧɨɣ ɢ ɨɛɪɚɬɧɨɣ ɜɨɞɵ. ɇɚ ɫɯɟɦɟ 6ɜ ɩɨɤɚɡɚɧɨ ɭɩɪɚɜɥɟɧɢɟ 

ɩɪɨɰɟɫɫɨɦ ɫɦɟɲɢɜɚɧɢɹ ɫɭɯɨɝɨ ɢ ɭɜɥɚɠɧɟɧɧɨɝɨ ɜɨɡɞɭɯɚ. ȿɫɬɶ ɞɜɚ ɪɚɡɥɢɱɧɵɯ 

ɜɚɪɢɚɧɬɚ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɫɯɟɦɵ: ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɢɜɨɞɢɬ ɜ 

ɞɟɣɫɬɜɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɜ 

ɞɟɣɫɬɜɢɟ ɨɞɧɭ ɡɚɫɥɨɧɤɭ ɊɈ1 ɢɥɢ ɠɟ ɫɩɚɪɟɧɧɵɟ ɡɚɫɥɨɧɤɢ  ɊɈ1 ɢ ɊɈ2 

ɢɡɦɟɧɹɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɨɜ ɫɭɯɨɝɨ ɢ ɜɥɚɠɧɨɝɨ  ɜɨɡɞɭɯɚ. ɇɚ ɫɯɟɦɟ      6ɝ 

ɩɪɢɜɟɞɟɧɚ ɫɢɫɬɟɦɚ ɩɚɪɨɜɨɝɨ ɭɜɥɚɠɧɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɪɚɛɨɬɚɟɬ ɩɨ ɩɪɢɧɰɢɩɭ 

ɛɚɪɛɨɬɚɠɚ. ɍɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɸ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɢɡɦɟɧɹɟɬ ɡɧɚɱɟɧɢɟ ɬɨɱɤɢ ɪɨɫɵ 

ɜɨɡɞɭɯɚ.   

ɍ ɜɫɟɯ ɩɪɢɜɟɞɟɧɧɵɯ ɫɯɟɦɭ ɫɭɳɟɫɬɜɭɸɬ ɤɚɤ ɫɜɨɢ ɞɨɫɬɨɢɧɫɬɜɚ, ɬɚɤ ɢ 

ɫɜɨɢ ɧɟɞɨɫɬɚɬɤɢ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɭ ɫɯɟɦɵ 6ɚ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
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ɭɫɬɪɨɣɫɬɜɨ – ɧɚɝɪɟɜɚɬɟɥɶ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɯɟɦɵ 6ɛ ɧɟɨɛɯɨɞɢɦɵ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟɡɟɪɜɭɚɪɵ ɞɥɹ ɯɨɥɨɞɧɨɣ ɢ ɝɨɪɹɱɟɣ ɜɨɞɵ. Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɞɨɝɪɟɜ ɝɨɪɹɱɟɣ ɜɨɞɵ ɫ ɰɟɥɶɸ ɩɨɞɞɟɪɠɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɫɯɟɦɵ 6ɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ 

ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɜɵɪɚɛɚɬɵɜɚɬɶ ɫɭɯɨɣ ɢ ɜɥɚɠɧɵɣ ɜɨɡɞɭɯ. Ⱦɥɹ ɫɯɟɦɵ 

6ɝ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɧɚɥɢɱɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɡɚɬɪɚɬɚɦ. Ɉɫɧɨɜɧɵɦ ɚɪɝɭɦɟɧɬɨɦ ɩɪɢ ɜɵɛɨɪɟ 

ɹɜɥɹɟɬɫɹ ɫɬɨɢɦɨɫɬɶ ɢɫɩɨɥɧɟɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɯɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɹɜɥɹɸɬɫɹ 

ɥɢ ɨɧɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦɢ ɞɥɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. ȼɬɨɪɵɦ 

ɮɚɤɬɨɪɨɦ ɜɵɫɬɭɩɚɟɬ ɫɥɨɠɧɨɫɬɶ ɢɫɩɨɥɧɟɧɢɹ ɫɯɟɦɵ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɚɧɨɜɤɢ 

ɛɵɥɨ ɪɟɲɟɧɨ ɜɵɛɪɚɬɶ ɫɯɟɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ 6ɜ.  Ɍɚɤɨɣ ɜɵɛɨɪ ɫɞɟɥɚɧ ɢɡ-ɡɚ ɛɨɥɟɟ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɫɯɟɦɵ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ.  

 

5.3 Ɉɛɡɨɪ ɢ ɜɵɛɨɪ ɫɬɪɭɤɬɭɪɵ Ⱥɋɍ ɬɟɦɩɟɪɚɬɭɪɵ  

ɇɚ ɪɢɫɭɧɤɟ 7 ɩɪɢɜɟɞɟɧɵ ɫɚɦɵɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɫɯɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɢɫɬɟɦɚɯ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ.  
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Ɋɢɫɭɧɨɤ 7 – ɋɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ 

ɭɫɬɚɧɨɜɤɚɯ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ: 

ɚ – ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɜ ɜɨɡɞɭɯɨɜɨɞɟ; ɛ – ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɜ ɩɨɦɟɳɟɧɢɢ; 
ɜ – ɫ ɤɚɥɨɪɢɮɟɪɨɦ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ; ɝ – ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ 

ɜɨɡɞɭɲɧɵɦ ɤɥɚɩɚɧɨɦ; ɞ – ɫ ɞɜɭɦɹ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɦɢ ɢ ɜɨɡɞɭɲɧɵɦ 
ɤɥɚɩɚɧɨɦ; ɟ – ɫɨ ɫɦɟɫɢɬɟɥɶɧɨ-ɪɟɝɭɥɢɪɭɸɳɢɦ ɜɨɡɞɭɲɧɵɦ ɤɥɚɩɚɧɨɦ. 

 

ɉɪɢ ɪɚɡɦɟɳɟɧɢɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ 

ɜɨɡɞɭɯɨɜɨɞɟ (ɪɢɫɭɧɨɤ 7ɚ) ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɨɡɞɭɯɚ, ɤɨɬɨɪɨɟ ɩɨɫɬɭɩɚɟɬ ɜ ɤɨɧɞɢɰɢɨɧɢɪɭɟɦɨɟ ɩɨɦɟɳɟɧɢɟ. ɉɪɢ ɞɚɧɧɨɦ 

ɫɩɨɫɨɛɟ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɟ ɪɟɝɭɥɢɪɭɟɬɫɹ, ɢ ɨɬɤɥɨɧɟɧɢɹ ɟɟ ɡɧɚɱɟɧɢɹ ɧɟ 

ɫɩɨɫɨɛɧɵ ɜɵɡɜɚɬɶ ɢɡɦɟɧɟɧɢɣ ɩɨɥɨɠɟɧɢɹ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ. 
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Ɋɟɝɭɥɹɬɨɪ, ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ 

ɨɛɫɥɭɠɢɜɚɟɦɨɦ ɩɨɦɟɳɟɧɢɢ, ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 

ɭɫɬɚɜɤɢ ɜɵɪɚɛɚɬɵɜɚɟɬ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɪɟɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ, 

ɤɨɬɨɪɵɣ ɢɡɦɟɧɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɶ 

(ɪɢɫɭɧɨɤ 7ɛ). 

ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ – 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɨɯɥɚɞɢɬɟɥɹ ɢ ɤɚɥɨɪɢɮɟɪɚ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɟ 

ɪɚɛɨɬɚɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ (ɪɢɫɭɧɨɤ 7ɜ). Ɉɯɥɚɞɢɬɟɥɶ ɜɤɥɸɱɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ 

ɭɫɥɨɜɢɢ, ɱɬɨ ɜɟɧɬɢɥɶ, ɤɨɬɨɪɵɣ ɪɟɝɭɥɢɪɭɟɬ ɩɨɞɚɱɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɩɨɥɧɨɫɬɶɸ 

ɡɚɤɪɵɬ. Ⱦɚɧɧɵɣ ɬɢɩ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɪɟɥɟɣɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ. 

ɋɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɤɥɚɩɚɧɚ 

ɢ ɪɟɝɭɥɹɬɨɪɚ (ɪɢɫɭɧɨɤ 7ɝ), ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ 

ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɨɛɴɟɦɨɦ ɧɚɝɪɟɬɨɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ 

ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɢɡɦɟɧɟɧɢɢ ɩɨɥɨɠɟɧɢɹ 

ɤɥɚɩɚɧɨɜ ɫɪɚɡɭ ɠɟ ɦɟɧɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ 

ɨɛɥɚɞɚɟɬ ɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɡɚɩɚɡɞɵɜɚɧɢɹ. 

Ɍɚɤ ɠɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ 

ɪɢɫɭɧɤɟ 7ɞ. Ɉɧɢ ɫɨɫɬɨɹɬ ɢɡ ɪɟɝɭɥɹɬɨɪɚ ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ, 

ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɹ, ɤɚɥɨɪɢɮɟɪɚ, ɪɟɝɭɥɢɪɭɸɳɢɯ ɜɟɧɬɢɥɟɣ ɢ ɤɥɚɩɚɧɨɜ. 

Ȼɥɚɝɨɞɚɪɹ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɧɚɝɪɟɬɵɦ ɢ ɨɯɥɚɠɞɟɧɧɵɦ 

ɜɨɡɞɭɯɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. Ɋɟɝɭɥɢɪɭɸɳɢɟ 

ɜɟɧɬɢɥɢ ɩɪɢɯɨɞɹɬ ɜ ɞɜɢɠɟɧɢɟ ɬɨɥɶɤɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧɚɤɚ    ɨɬɤɥɨɧɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨɡɞɭɯɨɜɨɞɟ. 

ɋɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ 7ɟ ɫɨɞɟɪɠɢɬ ɤɚɥɨɪɢɮɟɪ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ ɢ 

ɫɦɟɫɢɬɟɥɶɧɨ-ɪɟɝɭɥɢɪɭɸɳɢɟ ɤɥɚɩɚɧɚ. ȼɤɥɸɱɟɧɢɟ ɤɚɥɨɪɢɮɟɪɚ ɩɪɨɢɫɯɨɞɢɬ 

ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ 

ɢɡɦɟɧɟɧɢɟɦ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɢ ɩɪɢɬɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ.  

ɋɚɦɨɣ ɨɩɬɢɦɚɥɶɧɨɣ ɫɯɟɦɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɹɜɥɹɟɬɫɹ, 

ɫɯɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɤɚɥɨɪɢɮɟɪɚ, ɪɟɝɭɥɹɬɨɪɚ ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ, 
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ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɹ, ɪɟɝɭɥɢɪɭɸɳɢɯ ɜɟɧɬɢɥɟɣ ɢ ɤɥɚɩɚɧɨɜ. Ⱦɚɧɧɚɹ ɫɯɟɦɚ 

ɩɨɡɜɨɥɹɟɬ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɩɨɞɞɟɪɠɚɬɶ ɡɧɚɱɟɧɢɟ ɪɟɝɭɥɢɪɭɟɦɨɝɨ 

ɩɚɪɚɦɟɬɪɚ ɢ ɩɪɢ ɟɝɨ ɨɬɤɥɨɧɟɧɢɢ ɨɬ ɭɫɬɚɜɤɢ ɧɟɦɟɞɥɟɧɧɨ ɜɵɪɚɛɨɬɚɬɶ 

ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɢ ɨɧɚ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɣ ɜ ɪɟɚɥɢɡɚɰɢɢ. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɨɣ ɫɯɟɦɵ ɛɭɞɟɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ⱥɋɍ 

ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ. 

 

5.4 ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ  

ȼ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɩɨɞɥɟɠɚɬ ɞɜɚ 

ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚ: ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ. 

ɉɨɷɬɨɦɭ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɞɜɭɯɤɨɧɬɭɪɧɨɣ. Ʉɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɢɦ ɡɚɩɚɡɞɵɜɚɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɤɨɧɬɭɪɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ.  ɂɫɩɨɥɶɡɭɹ ɷɬɨ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɤɚɫɤɚɞɧɨɣ (ɫɦ. ɝɥɚɜɵ 6.2, 6.3). ɉɪɢɦɟɧɟɧɢɟ 

ɬɚɤɢɯ ɫɢɫɬɟɦ ɷɮɮɟɤɬɢɜɧɨ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɡɚɩɚɡɞɵɜɚɧɢɟ ɜ ɤɨɧɬɭɪɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɫɧɨɜɧɨɣ ɜɟɥɢɱɢɧɵ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɤɨɧɬɭɪɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ [18]. 

Ɋɚɡɥɢɱɚɸɬ ɞɜɚ ɜɢɞɚ ɤɚɫɤɚɞɧɵɯ ɫɢɫɬɟɦ – ɫɢɫɬɟɦɵ ɫ ɞɜɭɦɹ ɪɟɝɭɥɹɬɨɪɚɦɢ 

(ɤɨɪɪɟɤɬɢɪɭɸɳɢɦ ɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ) ɢ ɫɢɫɬɟɦɵ ɫ ɜɜɨɞɨɦ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ 

ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ [19]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɬɢɩɨɜ ɤɚɫɤɚɞɧɵɯ ɫɢɫɬɟɦ 

ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɫɨ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ ɪɟɝɭɥɹɬɨɪɨɦ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢɧɰɢɩ 

ɞɟɤɨɦɩɨɡɢɰɢɢ. ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɨɫɧɨɜɧɨɝɨ ɤɨɧɬɭɪɚ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 

ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɤɨɧɬɭɪɚ, ɬɨ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 

ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɨɛɵɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɧɚɫɬɪɨɣɤɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ 

ɪɟɝɭɥɹɬɨɪɚ, ɚ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚɫɬɪɨɣɤɢ ɨɫɧɨɜɧɨɝɨ 

ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ.  
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ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ⱥɋɍ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 8. 

 

Ɋɢɫɭɧɨɤ 8 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ⱥɋɍ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ: 

Wɪɤ(Ɋ) – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ, Wɪɫ(Ɋ) – 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ, Wɞɬ(Ɋ) – 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ, Wɞɜ(Ɋ) – ɩɟɪɟɞɚɬɨɱɧɚɹ 
ɮɭɧɤɰɢɹ ɞɚɬɱɢɤɚ ɜɥɚɠɧɨɫɬɢ, Wɬ(Ɋ) – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, Wɜ(Ɋ) – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ. 
 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɨɞɟɪɠɢɬ ɞɜɚ ɤɨɧɬɭɪɚ. ɉɟɪɜɵɣ – ɤɨɧɬɭɪ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɜɬɨɪɨɣ – ɜɥɚɠɧɨɫɬɢ. Ʉɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɨɢɬ ɢɡ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɬɱɢɤɚ 

ɬɟɦɩɟɪɚɬɭɪɵ.  Ʉɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɢɬ ɞɚɬɱɢɤ ɜɥɚɠɧɨɫɬɢ ɢ ɨɛɴɟɤɬ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ ɜɥɚɠɧɨɫɬɢ. Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɜɥɚɠɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɣ ɪɟɝɭɥɹɬɨɪ. ȿɝɨ ɡɚɞɚɱɚ ɩɨɞɞɟɪɠɢɜɚɬɶ ɡɧɚɱɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɧɚ 

ɨɩɪɟɞɟɥɟɧɧɨɦ ɡɧɚɱɟɧɢɢ. Ʉɨɪɪɟɤɬɢɪɭɸɳɢɣ ɪɟɝɭɥɹɬɨɪ ɩɨɞɞɟɪɠɢɜɚɟɬ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ.   

ɂɫɩɨɥɶɡɭɹ ɩɪɚɜɢɥɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɯɟɦ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ 

ɫɨɟɞɢɧɟɧɢɢ ɡɜɟɧɶɟɜ, ɩɨɥɭɱɚɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɧɭɸ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ (ɪɢɫɭɧɨɤ 

9) [19]. 
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Ɋɢɫɭɧɨɤ 9 – ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɫɯɟɦɚ Ⱥɋɍ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ: 

*( ) ( ) ( )ȼ Ⱦȼ ȼW ɪ W ɪ W ɪ=  , *( ) ( ) ( )Ɍ ȾɌ ɌW ɪ W ɪ W ɪ=  , *( )ȼW ɪ  – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 
ɤɨɧɬɭɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ, *( )ɌW ɪ  – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɤɨɧɬɭɪɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 
 

5.5 Ɋɚɡɪɚɛɨɬɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ — ɷɬɨ ɨɫɧɨɜɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɞɨɤɭɦɟɧɬ, 

ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪ ɢ ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɤɚɤ ɢ 

ɨɫɧɚɳɟɧɧɨɫɬɶ, ɟɟ ɫɪɟɞɫɬɜɚɦɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɩɪɢɛɨɪɚɦɢ. ɇɚ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɟ ɩɨɤɚɡɵɜɚɟɬɫɹ ɭɩɪɨɳɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɛɴɟɤɬɨɜ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɩɪɢɛɨɪɨɜ, ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ 

ɢɡɨɛɪɚɠɚɸɬɫɹ ɭɫɥɨɜɧɵɦɢ ɨɛɨɡɧɚɱɟɧɢɹɦɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ 

ɫɬɚɧɞɚɪɬɚɦɢ, ɚ ɬɚɤɠɟ ɥɢɧɢɢ ɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦɢ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ȺɋɊ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɥɢɫɬɟ ɫ ɲɢɮɪɨɦ ɎɘɊȺ.421000.009 ɋ2. 

ɂɡ ɪɟɡɟɪɜɭɚɪɚ ɫ ɜɨɞɨɣ (Ⱥ4) ɜ ɤɚɦɟɪɭ ɩɨɞɝɨɬɨɜɤɢ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ (Ⱥ1) 

ɩɨɫɬɭɩɚɟɬ ɜɨɞɚ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɭɪɨɜɧɹ ɜɨɞɵ ɤɪɢɬɢɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɚɬɱɢɤ 

LE1 ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ɉɅɄ. ɂɡ Ⱥ4 ɜ Ⱥ1 ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɩɪɢ ɩɨɦɨɳɢ ɤɥɚɩɚɧɚ. 

ɋ ɩɨɦɨɳɶɸ ɉɅɄ ɨɩɟɪɚɬɨɪ ɭɩɪɚɜɥɹɟɬ ɩɪɢɜɨɞɨɦ ɤɥɚɩɚɧɚ Ɇ1, ɨɬɤɪɵɜɚɹ ɢɥɢ 

ɡɚɤɪɵɜɚɹ ɟɝɨ. 

ȼ ɤɚɦɟɪɟ ɩɨɞɝɨɬɨɜɤɟ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ ɭɫɬɚɧɨɜɥɟɧɵ ɞɚɬɱɢɤ 

ɬɟɦɩɟɪɚɬɭɪɵ Ɍȿ1, ɞɚɬɱɢɤ ɭɪɨɜɧɹ LE2 ɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɩɶɟɡɨɦɟɬɪ. Ⱦɚɬɱɢɤ 

ɭɪɨɜɧɹ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ȺɊɆ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɜɨɞɵ ɜ 
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ɪɟɡɟɪɜɭɚɪɟ. Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɞɚёɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɟɤɭɳɟɦ ɡɧɚɱɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ.   

ɍɩɪɚɜɥɟɧɢɟ ɜɤɥɸɱɟɧɢɟɦ ɢɥɢ ɜɵɤɥɸɱɟɧɢɟɦ ɭɥɶɬɪɨɡɜɭɤɨɝɨɜɨ 

ɩɶɟɡɨɦɟɬɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ȺɊɆ. ɗɬɨ ɨɫɧɨɜɧɨɣ ɷɥɟɦɟɧɬ, ɤɨɬɨɪɵɣ 

ɜɵɪɚɛɚɬɵɜɚɟɬ ɜɥɚɠɧɵɣ ɩɚɪ. 

Ɍɪɭɛɨɩɪɨɜɨɞ ɦɟɠɞɭ Ⱥ1 ɢ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɨɣ (Ⱥ2) ɨɫɧɚɳɟɧ 

ɤɥɚɩɚɧɨɦ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ (Ɇ2), ɞɚɬɱɢɤɨɦ ɬɟɦɩɟɪɚɬɭɪɵ Ɍȿ3 ɢ ɝɪɟɸɳɢɦ 

ɤɚɛɟɥɟɦ. Ɍȿ3 ɫ ɩɨɦɨɳɶɸ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɬɨɤɨɜɨɝɨ ɫɢɝɧɚɥɚ ɩɟɪɟɞɚɟɬ 

ɞɚɧɧɵɟ ɨ ɡɧɚɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɞɚɧɧɵɯ 

ɩɪɨɢɫɯɨɞɢɬ ɜɤɥɸɱɟɧɢɟ ɢɥɢ ɜɵɤɥɸɱɟɧɢɟ ɝɪɟɸɳɟɝɨ ɤɚɛɟɥɹ. Ɉɧ ɩɨɞɞɟɪɠɢɜɚɟɬ 

ɨɩɪɟɞɟɥɟɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɟɩɹɬɫɬɜɭɹ ɨɛɪɚɡɨɜɚɧɢɸ ɤɨɧɞɟɧɫɚɬɚ.  

Ʉɚɦɟɪɚ ɩɨɞɝɨɬɨɜɤɢ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ (Ⱥ3) ɨɫɧɚɳɟɧɚ ɞɚɬɱɢɤɨɦ 

ɬɟɦɩɟɪɚɬɭɪɵ Ɍȿ2 ɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ. ɇɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ 

ɧɚɝɪɟɜɚɟɬ ɜɨɡɞɭɯ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɭɸ ɮɢɤɫɢɪɭɟɬ Ɍȿ2. 

Ɂɚɬɟɦ ɜɨɡɞɭɯ ɩɨɫɬɭɩɚɟɬ ɜ ɤɥɢɦɚɬɢɱɟɫɤɭɸ ɤɚɦɟɪɭ. ɉɨɞɚɱɚ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɭ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɥɚɩɚɧɚ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ Ɇ3.  

Ʉɥɢɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ Ⱥ2 ɨɫɧɚɳɟɧɚ ɞɚɬɱɢɤɨɦ ɜɥɚɠɧɨɫɬɢ Ɇȿ1, ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɩɨɤɚɡɚɧɢɣ ɤɨɬɨɪɨɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɧɚ Ɇ2 ɢ 

ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɦɵɤɚɧɢɟ/ɡɚɦɵɤɚɧɢɟ ɰɟɩɢ ɩɢɬɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 

ɩɶɟɡɨɦɟɬɪɚ.  

Ɍɚɤ ɠɟ ɜ ɤɚɦɟɪɟ ɪɚɫɩɨɥɨɠɟɧɨ ɞɜɚ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɚɬɱɢɤ Ɍȿ4 

ɪɚɫɩɨɥɨɠɟɧ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɚɦɟɪɵ, ɚ Ɍȿ5 ɜ ɧɢɠɧɟɣ. Ⱦɚɬɱɢɤɢ ɩɟɪɟɞɚɸɬ 

ɩɨɤɚɡɚɧɢɹ ɜ ɉɅɄ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɩɨɤɚɡɚɧɢɣ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ 

ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɧɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ Ɇ3, Ɇ4 – ɨɬɤɪɵɬɶ/ɡɚɤɪɵɬɶ ɢ 

ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɧɚ ɪɚɡɦɵɤɚɧɢɟ ɢɥɢ ɡɚɦɵɤɚɧɢɟ ɰɟɩɢ ɩɢɬɚɧɢɹ 

ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ. 

ɇɚɫɨɫ Ɇ5 ɨɬɤɚɱɢɜɚɟɬ ɞɪɟɧɚɠ ɢɡ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ. ɉɨ ɫɢɝɧɚɥɭ ɫ 

ɞɚɬɱɢɤɚ PDS1 ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɫɨɫɬɨɹɧɢɢ ɪɚɛɨɬɵ ɧɚɫɨɫɚ. ȿɫɥɢ ɩɪɨɢɡɨɲɥɚ 

ɚɜɚɪɢɹ. 

ȼɫɟ ɫɢɝɧɚɥɵ ɩɨɞɥɟɠɚɬ ɞɢɫɩɟɬɱɟɪɢɡɚɰɢɢ ɧɚ ȺɊɆ ɨɩɟɪɚɬɨɪɚ.  
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5.6 ɉɪɨɟɤɬɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɢɡɦɟɪɹɟɦɨɣ ɫɪɟɞɵ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɰɟɫɫɚ ɢɡɦɟɪɟɧɢɹ. 

ɋɨɜɨɤɭɩɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ȺɋɊ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɟɪɢɣɧɨ 

ɜɵɩɭɫɤɚɟɦɵɯ ɫɪɟɞɫɬɜɚɯ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɫɱɢɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɜɫɟɯ ɮɭɧɤɰɢɣ ȺɋɊ. 

 

 5.6.1 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɨɫɧɨɜɧɨɣ 

ɡɚɞɚɱɟɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɜɟɪɞɵɯ, ɠɢɞɤɢɯ ɢ 

ɝɚɡɨɨɛɪɚɡɧɵɯ ɫɪɟɞ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɱɚɳɟ ɜɫɟɝɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (Ɍɉɋ) ɢ ɬɟɪɦɨɷɥɟɤɬɪɢ-

ɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ (Ɍɗɉ). Ɍɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ ɠɢɞɤɢɯ ɧɟɚɝɪɟɫɫɢɜɧɵɯ ɢ ɚɝɪɟɫɫɢɜɧɵɯ 

ɫɪɟɞ, ɚ ɬɚɤɠɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɜɟɪɞɵɯ ɬɟɥ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɢɦ ɞɜɚ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɢɩɚ ȾɌɋ155.ɂ 

ɮɢɪɦɵ Ɉɜɟɧ ɢ ɌɋɆɍ-16-S ɩɪɨɢɡɜɨɞɫɬɜɚ ɗɌɄ ɩɪɢɛɨɪ [20,21]. ȼ ɬɚɛɥɢɰɟ 2 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɢɯ ɞɚɬɱɢɤɨɜ.  

 

Ɍɚɛɥɢɰɚ 2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɍɉɋ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ɍɢɩ ɞɚɬɱɢɤɚ 

ȾɌɋ155.ɂ ɌɋɆɍ-16-S 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɹɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪ, ͦ ɋ -50…+500 -50…+150 

Ɂɚɳɢɳɟɧɧɨɫɬɶ ɨɬ ɜɥɚɝɢ ɢ ɩɵɥɢ IP65 IP65 

ɉɨɤɚɡɚɬɟɥɶ ɬɟɩɥɨɜɨɣ ɢɧɟɪɰɢɢ, ɫ 10…30  20  

ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ, ɦȺ 4…20  4…20 
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ȼ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ ɪɚɛɨɬɟ ɛɭɞɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɌɋɆɍ-16-S, ɨɧ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

 

5.6.2 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɭɪɨɜɧɹ 

Ⱦɚɬɱɢɤɢ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɤɨɧɬɪɨɥɹ ɭɪɨɜɧɹ 

ɠɢɞɤɨɫɬɟɣ ɜ ёɦɤɨɫɬɹɯ ɢɥɢ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. ɉɨ ɮɭɧɤɰɢɨɧɚɥɭ ɞɚɬɱɢɤɢ ɭɪɨɜɧɹ 

ɞɟɥɹɬɫɹ ɧɚ ɭɪɨɜɧɟɦɟɪɵ ɢ ɫɢɝɧɚɥɢɡɚɬɨɪɵ.  

ɍɪɨɜɧɟɦɟɪɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɭɪɨɜɧɹ 

ɠɢɞɤɨɫɬɟɣ, ɚ ɫɢɝɧɚɥɢɡɚɬɨɪɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɞɚɧɧɨɝɨ 

ɩɨɥɨɠɟɧɢɹ ɭɪɨɜɧɹ (ɡɚɩɨɥɧɟɧɢɟ/ɨɩɭɫɬɨɲɟɧɢɟ) ɠɢɞɤɨɫɬɢ ɜ ёɦɤɨɫɬɢ. ȼ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɛɭɞɟɬ ɫɢɝɧɚɥɢɡɚɬɨɪɵ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ, ɬɚɤ ɤɚɤ ɞɥɹ 

ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɨɥɶɤɨ ɨɬɤɥɨɧɟɧɢɟ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ ɜ 

ɪɟɡɟɪɜɭɚɪɟ ɨɬ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

ȼ ɬɚɛɥɢɰɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɝɧɚɥɢɡɚɬɨɪɨɜ ɭɪɨɜɧɹ 

ɠɢɞɤɨɫɬɢ ɮɢɪɦ Ɉɜɟɧ ɢ Ɇɚɝɧɢɬɨ-Ʉɨɧɬɚɤɬ [22,23].   

 

Ɍɚɛɥɢɰɚ 3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ  
Ɍɢɩ ɞɚɬɱɢɤɚ 

Ⱥɍɀ-2 «ȼɟɧɟɰɢɹ» ɉȾɍ-1.1 

Ⱦɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ,  ͦɋ -30…+50  +105 

ɋɬɟɩɟɧɶ ɡɚɳɢɬɵ IP68 IP68 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 12 120  

ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɇɈ/ɇɁ ɇɈ/ɇɁ 

Ʉɨɥɢɱɟɫɬɜɨ ɫɢɝɧɚɥɢɡɢɪɭɟɦɵɯ ɭɪɨɜɧɟɣ 1 1–2 

ɋɬɨɢɦɨɫɬɶ, ɪɭɛ. 529 1500 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɭɪɨɜɧɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɪɟɲɟɧɨ ɚɧɚɥɢɡɚɬɨɪ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ Ⱥɍɀ-2 «ȼɟɧɟɰɢɹ». 
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5.6.3 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɥɚɠɧɨɫɬɢ 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɜɥɚɠɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɪɟɞɫɬɜɨ ɢɡɦɟɪɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ 

ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɦɟɪɹɟɦɨɣ ɫɪɟɞɵ, ɢɡ-ɡɚ ɷɬɨɝɨ ɬɚɤɢɟ 

ɞɚɬɱɢɤɢ ɜɦɟɫɬɟ ɫ ɜɥɚɠɧɨɫɬɶɸ ɦɨɝɭɬ ɢɡɦɟɪɹɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɭ. 

Ⱦɥɹ ɜɵɛɨɪɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɥɚɠɧɨɫɬɢ 

ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɬɪɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɚ, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɯ ɩɨ 

ɫɜɨɢɦ ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. ɗɬɨ ɢɡɦɟɪɢɬɟɥɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɜɥɚɠɧɨɫɬɢ ȾȼɌ-0.3Ɍ, KFTF ɢ ɉȼɌ100 [24,25,26]. 

ȼ ɬɚɛɥɢɰɟ 4 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɩɨ ɤɨɬɨɪɵɦ ɜɵɛɢɪɚɥɫɹ 

ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ. 

 

Ɍɚɛɥɢɰɚ 4 – ɋɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɜɥɚɠɧɨɫɬɢ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 

Ɍɢɩ ɞɚɬɱɢɤɚ 

KFTF ȾȼɌ-0.3Ɍɗ.ɄɅ ɉɌȼ100 

ɉɨɝɪɟɲɧɨɫɬɶ 

ɢɡɦɟɪɟɧɢɹ 

ɜɥɚɠɧɨɫɬɢ, % 

±  2  ±  2  ±  2,5  

ɉɪɟɞɟɥɵ 

ɢɡɦɟɪɟɧɢɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɜɥɚɠɧɨɫɬɢ, % 

0… 95  0… 98  0… 98 

ɋɬɨɢɦɨɫɬɶ, ɪɭɛ. 11 300 3000 7200  

 

ɂɫɯɨɞɹ ɢɡ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɰɟɧɨɜɨɝɨ ɤɪɢɬɟɪɢɹ, ɛɵɥ ɜɵɛɪɚɧ 

ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ ȾȼɌ-0.3Ɍɗ.ɄɅ. 
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5.6.4 ȼɵɛɨɪ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ȼ ɤɚɱɟɫɬɜɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɟ ɪɟɥɟ, ɪɟɝɭɥɹɬɨɪ ɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɥɨɝɢɱɟɫɤɢɣ 

ɤɨɧɬɪɨɥɥɟɪ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɥɟɪ.  

ɇɚ ɪɵɧɤɟ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɣ ɜɵɛɨɪ ɉɅɄ ɪɚɡɥɢɱɧɵɯ ɮɢɪɦ: 

ɡɚɪɭɛɟɠɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ Siemens, Mitsubishi, Schneider Electric, Omron ɢ 

ɨɬɟɱɟɫɬɜɟɧɧɵɟ Ɉɜɟɧ, ɗɥɟɦɟɪ, Ɍɟɤɨɧ ɢ ɞɪ. ɍ ɜɫɟɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɫɭɳɟɫɬɜɭɸɬ 

ɪɚɡɥɢɱɧɵɟ ɥɢɧɟɣɤɢ ɉɅɄ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɨ ɫɬɨɢɦɨɫɬɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, 

ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɪ. ɇɨ ɨɫɧɨɜɧɵɦ ɚɪɝɭɦɟɧɬɨɦ ɩɪɢ ɜɵɛɨɪɟ ɤɨɧɬɪɨɥɥɟɪɚ ɹɜɥɹɟɬɫɹ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɬɪɨɥɥɟɪɚ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɟ. 

ȼɵɛɨɪ ɩɪɨɢɫɯɨɞɢɥ ɦɟɠɞɭ ɤɨɧɬɪɨɥɥɟɪɨɦ ɆɁɌȺ Ɇɋ120 ɮɢɪɦɵ 

Ʉɨɧɬɚɪɴ ɢ ɤɨɧɬɪɨɥɥɟɪɚɦɢ ɉɅɄ-63 ɢ ɉɅɄ-100 ɮɢɪɦɵ Ɉɜɟɧ [27,28,29].  ȼ 

ɬɚɛɥɢɰɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɬɪɨɥɥɟɪɨɜ. 

 

Ɍɚɛɥɢɰɚ 5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɬɪɨɥɥɟɪɨɜ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ɍɢɩɵ ɉɅɄ 

ɆɁɌȺ Ɇɋ12.3 ɉɅɄ-63 ɉɅɄ-100 

ɇɚɩɪɹɠɟɧɢɟ 
ɩɢɬɚɧɢɹ, ȼ 

24 220 220 

ɉɨɬɪɟɛɥɹɟɦɚɹ 
ɦɨɳɧɨɫɬɶ, ȼɬ 

7 18 10 

ȼɯɨɞɵ 
8 ɚɧɚɥɨɝɨɜɵɯ+ 4 

ɞɢɫɤɪɟɬɧɵɯ 

8 ɚɧɚɥɨɝɨɜɵɯ+ 8 
ɞɢɫɤɪɟɬɧɵɯ 

8 

ɞɢɫɤɪɟɬɧɵɯ  

ȼɵɯɨɞɵ 
4 ɚɧɚɥɨɝɨɜɵɯ + 8 

ɪɟɥɟ 

1 ɪɟɥɟ + 5 ɩɨ 
ɜɵɛɨɪɭ 

12 

ɞɢɫɤɪɟɬɧɵɯ  

ɂɧɬɟɪɮɟɣɫ RS485, RS232 RS485, RS232 
RS485, 

RS232 

ɉɚɦɹɬɶ 77 ɤɛɚɣɬ 64 ɤɛɚɣɬ  8 Ɇɛɚɣɬ 
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ɆɁɌȺ Ɇɋ12.3 ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɜɚɪɢɚɧɬɨɦ. Ⱦɚɧɧɵɣ 

ɤɨɧɬɪɨɥɥɟɪ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɟɣ ɩɚɦɹɬɶɸ ɢ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɵɯɨɞɨɜ ɢ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɚɥɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

 

5.6.5 ȼɵɛɨɪ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

Ⱦɥɹ ɩɪɢɜɟɞɟɧɢɹ ɜ ɞɜɢɠɟɧɢɟ ɤɥɚɩɚɧɨɜ ɢ ɭɩɪɚɜɥɟɧɢɹ ɷɬɢɦ ɞɜɢɠɟɧɢɟɦ 

ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞ. Ɋɚɡɥɢɱɚɸɬ ɧɟɫɤɨɥɶɤɨ 

ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ: ɜɪɚɳɚɬɟɥɶɧɵɟ, ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ, 

ɩɨɡɢɰɢɨɧɧɵɟ ɢ ɬ.ɞ. 

Ⱦɥɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɨɞɨɣɞɟɬ ɷɤɨɧɨɦɢɱɧɵɣ, ɤɨɦɩɚɤɬɧɵɣ ɢ 

ɩɪɨɫɬɨɣ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞ.  

ɉɨɞɯɨɞɹɳɢɦ ɭɫɥɨɜɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɨɡɢɰɢɨɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ. 

Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɡɚɩɨɪɧɨɣ ɚɪɦɚɬɭɪɨɣ 

ɦɚɥɵɯ ɝɚɛɚɪɢɬɨɜ HQ – 006 ɤɨɪɟɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ AMV 23 ɮɢɪɦɵ Danfoss 

(ɬɚɛɥɢɰɚ 6) [30,31]. 

 

Ɍɚɛɥɢɰɚ 6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ɍɢɩɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

HQ - 006 AMV 23 

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ 24 24 

ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ, ȼɬ 
2  2,15  

ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ, ɦȺ 4…20  4…20  

ȼɪɟɦɹ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ 

ɲɬɨɤɚ ɧɚ 1 ɦɦ, ɫ 
160 150 

ɋɬɟɩɟɧɶ ɡɚɳɢɬɵ IP67 IP54 
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ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɞɥɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɜɵɛɪɚɧ AMV 

23, ɬɚɤ ɤɚɤ ɨɧ ɨɛɥɚɞɚɟɬ ɦɟɧɶɲɟɦ ɜɪɟɦɟɧɟɦ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɲɬɨɤɚ ɢ ɹɜɥɹɟɬɫɹ 

ɛɨɥɟɟ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɦ. 

 

  5.6.6 ȼɵɛɨɪ ɧɚɫɨɫɚ  

ɇɚɫɨɫ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɨɬɤɚɱɤɢ ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ ɜ 

ɪɟɡɟɪɜɭɚɪ ɫ ɜɨɞɨɣ. Ɍɚɤ ɤɚɤ ɨɛɴɟɦ ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɛɭɞɟɬ ɧɟ ɛɨɥɶɲɨɣ, 

ɬɨ ɢ ɧɚɫɨɫ ɧɟɨɛɯɨɞɢɦ ɤɨɦɩɚɤɬɧɵɣ ɢ ɧɟ ɞɨɪɨɝɨɣ. ɋɚɦɵɦ ɩɨɞɯɨɞɹɳɢɦ ɬɢɩɨɦ 

ɧɚɫɨɫɨɜ ɹɜɥɹɟɬɫɹ ɜɢɛɪɚɰɢɨɧɧɵɣ. Ⱦɚɧɧɵɣ ɬɢɩ ɩɪɨɫɬ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɨɛɥɚɞɚɟɬ 

ɦɚɥɵɦɢ ɪɚɡɦɟɪɚɦɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɞɜɚ ɬɢɩɚ ɧɚɫɨɫɨɜ: Ɇɚɥɵɲ-Ɇ ɮɢɪɦɵ Ɍɨɩɨɥɶ ɢ Ɋɭɱɟёɤ-

1Ɇ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɈɅɖɋȺ. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7 [32,33]. 

 

Ɍɚɛɥɢɰɚ 7 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɜɧɢɜɚɟɦɵɯ ɧɚɫɨɫɨɜ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ɍɢɩɵ ɧɚɫɨɫɨɜ 

Ɇɚɥɵɲ–Ɇ Ɋɭɱɟёɤ-1Ɇ 

Ɇɨɳɧɨɫɬɶ, ȼɬ 240 225 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 25 ɥ/ɦɢɧ 432 ɥ/ɱ 

ȼɵɫɨɬɚ ɩɨɞɴёɦɚ 

ɦɚɤɫɢɦɚɥɶɧɚɹ, ɦ 
60 ɦ 60  

Ƚɥɭɛɢɧɚ ɩɨɝɪɭɠɟɧɢɹ, ɦ 3  10 

ɐɟɧɚ, ɪɭɛ. 2190 1900 

 

ɇɚɫɨɫ Ɋɭɱɟɟɤ-1Ɇ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɦ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɞɪɭɝɢɦ ɧɚɫɨɫɨɦ. 

 

5.6.7 ȼɵɛɨɪ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ 

ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɬɢɩɨɦ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɹɜɥɹɸɬɫɹ 

Ɍɗɇɵ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɜɨɡɞɭɲɧɵɟ Ɍɗɇɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
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ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɤɚɧɚɥɶɧɵɯ ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪɚɯ ɢ ɩɪɢɬɨɱɧɵɯ 

ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. ɇɚɝɪɟɜ ɫɪɟɞ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɤɨɧɜɟɤɰɢɢ, 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɢɡɥɭɱɟɧɢɹ 

ȼ ɬɚɛɥɢɰɟ 8 ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɜɚ ɬɢɩɚ ɜɨɡɞɭɲɧɵɯ Ɍɗɇɨɜ ɪɚɡɧɵɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. 

 

Ɍɚɛɥɢɰɚ 8 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɍɗɇɨɜ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɍɢɩɵ Ɍɗɇɨɜ 

200Ⱥ13/2Ɍ.220Ɏ2R30 
ɜɨɡɞɭɲɧɵɣ Ɍɗɇ ɞɥɹ 

ɤɪɭɝɥɵɯ ɤɚɧɚɥɨɜ 

Ɇɚɬɟɪɢɚɥ ɨɛɨɥɨɱɤɢ ɍɝɥɟɪɨɞɢɫɬɚɹ ɫɬɚɥɶ ɍɝɥɟɪɨɞɢɫɬɚɹ ɫɬɚɥɶ 

Ⱦɥɢɧɚ, ɫɦ 200 0,267  

Ɇɨɳɧɨɫɬɶ, ɤȼɬ 2,5  2  

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ 220  230  

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ 

ɨɛɨɥɨɱɤɟ, 0ɋ 
450…600 500 

ɐɟɧɚ, ɪɭɛ. 1800 1150 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɛɵɥ ɜɵɛɪɚɧ ɜɨɡɞɭɲɧɵɣ Ɍɗɇ ɞɥɹ ɤɪɭɝɥɵɯ ɤɚɧɚɥɨɜ 

ɮɢɪɦɵ Irca [34]. 

 

5.6.8 ȼɵɛɨɪ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɶɟɡɨɦɟɬɪɚ 

ȼɫɟ ɭɜɥɚɠɧɢɬɟɥɢ ɪɚɛɨɬɚɸɬ ɩɨ ɞɜɭɦ ɨɫɧɨɜɧɵɦ ɩɪɢɧɰɢɩɚɦ: 

ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɟ ɭɜɥɚɠɧɟɧɢɟ.  ɉɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ 

ɭɜɥɚɠɧɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɲɟɧɢɟ ɜɨɡɞɭɯɚ ɫ ɜɨɞɹɧɵɦ ɩɚɪɨɦ, ɤɨɬɨɪɵɣ 

ɜɵɞɟɥɢɥ ɭɜɥɚɠɧɢɬɟɥɶ. ɉɪɢɧɰɢɩ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɭɜɥɚɠɧɟɧɢɹ ɨɫɧɨɜɚɧ ɧɚ 

ɟɫɬɟɫɬɜɟɧɧɨɦ ɢɫɩɚɪɟɧɢɢ ɜɨɞɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɋɭɬɶ ɪɚɛɨɬɵ ɬɚɤɢɯ 

ɭɜɥɚɠɧɢɬɟɥɟɣ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɡɧɨɫɬɢ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɩɚɪɚ, 

ɜɵɪɚɛɚɬɵɜɚɸɳɟɝɨɫɹ ɧɚɞ ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɞɚɜɥɟɧɢɹ ɨɤɪɭɠɚɸɳɟɝɨ 

ɜɨɡɞɭɯɚ.  
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Ȼɨɥɟɟ ɥɟɝɤɢɦ ɜ ɪɟɚɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɜɨɫɫɨɡɞɚɧɢɟ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 

ɭɜɥɚɠɧɢɬɟɥɹ.  ȼ ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɬɚɤɢɯ ɭɜɥɚɠɧɢɬɟɥɟɣ ɥɟɠɢɬ ɦɟɦɛɪɚɧɚ 

(ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɢɡɥɭɱɚɬɟɥɶ). ɗɬɨɬ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɢɛɨɪ, ɤɨɬɨɪɵɣ ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɜɢɛɪɢɪɭɟɬ ɧɚ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɱɚɫɬɨɬɟ. ɉɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɜɨɥɧ, ɜɨɞɚ ɦɟɯɚɧɢɱɟɫɤɢɦ ɨɛɪɚɡɨɦ 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɜɨɞɹɧɨɣ ɬɭɦɚɧ – ɜɨɡɞɭɯ ɧɚɫɵɳɚɟɬɫɹ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ 

ɱɚɫɬɢɱɤɚɦɢ ɜɨɞɵ. 

ȼ ɬɚɛɥɢɰɟ 9 ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɜɚ ɫɪɚɜɧɢɜɚɟɦɵɯ ɬɢɩɚ ɦɟɦɛɪɚɧ: M25ɋ001 

ɩɪɨɢɡɜɨɞɫɬɜɚ Ʉɨɪɟɢ ɢ ɦɟɦɛɪɚɧɚ ɞɥɹ ɭɜɥɚɠɧɢɬɟɥɹ ɜɨɡɞɭɯɚ ɤɨɦɩɚɧɢɢ Solbat 

Company. 

 

Ɍɚɛɥɢɰɚ 9 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɢɡɥɭɱɚɬɟɥɟɣ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɍɢɩɵ ɩɶɟɡɨɦɟɬɪɨɜ 

M25ɋ001 
Ɇɟɦɛɪɚɧɚ ɞɥɹ 

ɭɜɥɚɠɧɢɬɟɥɹ ɜɨɡɞɭɯɚ 

Ⱦɢɚɦɟɬɪ, ɦɦ 25  20  

Ɋɟɡɨɧɚɧɫɧɚɹ ɱɚɫɬɨɬɚ, 

ɆȽɰ 
1,70 +/- 0,05 1,70  

Ɋɟɡɨɧɚɧɫɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ 
2 < 2  

Ɋɚɫɩɵɥɹɟɦɵɣ ɨɛɴɟɦ 

(ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ), 

ɦɥ/ɱ 

500 350 

 

ɇɚɢɛɨɥɶɲɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɤɚɡɚɥɚ ɦɟɦɛɪɚɧɚ M25ɋ001 [35]. 

 

5.6.9 ȼɵɛɨɪ ɝɪɟɸɳɟɝɨ ɤɚɛɟɥɹ  

Ƚɪɟɸɳɢɣ ɤɚɛɟɥɶ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ 

ɤɨɧɞɟɧɫɚɬɚ ɜ ɬɪɭɛɟ ɩɨɞɚɱɢ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɭ, ɚ ɬɚɤɠɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɪɟɡɟɪɜɭɚɪɚ ɩɨɞɝɨɬɨɜɤɢ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ.  
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ȼ ɬɚɛɥɢɰɟ 10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɟɸɳɢɯ 

ɤɚɛɟɥɟɣ ɨɞɧɨɣ ɰɟɧɨɜɨɣ ɤɚɬɟɝɨɪɢɢ. 

 

Ɍɚɛɥɢɰɚ 10 –Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɪɟɸɳɢɯ ɤɚɛɟɥɟɣ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɍɢɩɵ ɤɚɛɟɥɟɣ 

HEATUS PerfectJet 01 

FINE KOREA  GRX/RGS 

40-2CR 
 

ɇɚɩɪɹɠɟɧɢɟ, ȼ 220  220  

Ɇɨɳɧɨɫɬɶ, ȼɬ 13  40  

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɟɣɫɬɜɢɹ, 0ɋ 

85  90  

Ɇɢɧɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ 
ɢɡɝɢɛɚ, ɦɦ 

30  25  

 

ȼ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɝɨ ɤɚɛɟɥɹ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ HEATUS PerfectJet 

01. Ⱦɚɧɧɵɣ ɤɚɛɟɥɶ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɦ [36]. 

 

5.6.10 ȼɵɛɨɪ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ 

Ⱦɚɬɱɢɤɢ ɩɟɪɟɩɚɞɚ   ɢɡɦɟɪɹɸɬ ɩɟɪɟɩɚɞɵ ɞɚɜɥɟɧɢɹ ɢ ɩɨɤɚɡɵɜɚɸɬ 

ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɧɬɪɨɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɗɬɨ 

ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɨɪɭ ɩɨɞɞɟɪɠɢɜɚɬɶ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɜɵɛɪɚɧ 

ɞɚɬɱɢɤ KPI 35 ɮɢɪɦɵ Danfoss [37]. Ⱦɚɧɧɵɣ ɞɚɬɱɢɤ ɛɭɞɟɬ ɫɢɝɧɚɥɢɡɢɪɨɜɚɬɶ ɨ 

ɪɚɛɨɬɟ ɧɚɫɨɫɚ.  

ȼ ɬɚɛɥɢɰɟ 11 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ KPI 

35. 

 

Ɍɚɛɥɢɰɚ 11 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ KPI 35 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ  

Ⱦɢɚɩɚɡɨɧ ɧɚɫɬɪɨɣɤɢ, ɛɚɪ 0,2…8  

ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ, ɛɚɪ 0.5…1,5  
Ɋɚɛɨɱɚɹ ɫɪɟɞɚ ɜɨɞɚ, ɜɨɡɞɭɯ, ɦɚɫɥɨ 

Ɇɚɤɫ. Ⱦɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɪɚɛɨɱɟɣ ɫɪɟɞɵ, 0ɋ 

100  
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5.6.11 ȼɵɛɨɪ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ 

ȺɊɆ ɫɨɟɞɢɧɹɟɬ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɟ ɫɪɟɞɫɬɜɚ, ɤɨɬɨɪɵɟ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɟɥɨɜɟɤɚ ɫ ɤɨɦɩɶɸɬɟɪɨɦ. Ɉɧɨ ɩɪɟɞɨɫɬɚɜɥɹɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɜɜɨɞɚ ɢ ɜɵɜɨɞɚ ɢɧɮɨɪɦɚɰɢɢ.  

Ɉɪɝɚɧɢɡɚɰɢɹ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɚɦ 

ɫɟɬɟɣ Modɢus /Ethernet TCP/IP, ɩɨɥɟɜɨɣ ɲɢɧɵ Modbus ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɟɬɢ 

Ethernet.  

ȼ ɬɚɛɥɢɰɟ 12 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɨɭɬɛɭɤɨɜ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ. 

 

Ɍɚɛɥɢɰɚ 12 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɨɭɬɛɭɤɨɜ  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ  

Ɍɢɩɵ ɧɨɭɬɛɭɤɨɜ 

Acer Extensa 

EX2519-C298 
HP 255 G6 

ASUS ViviBook 

Max D541Na-

GQ335T 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ 
ɩɪɨɰɟɫɫɨɪɚ 

Intel AMD Intel 

Ʉɨɥɢɱɟɫɬɜɨ ɹɞɟɪ 
ɩɪɨɰɟɫɫɨɪɚ 

2 2 4 

ɑɚɫɬɨɬɚ 
ɩɪɨɰɟɫɫɨɪɚ, ȽȽɰ 

1.6 1.5 1.1  

ɑɚɫɬɨɬɚ 
ɨɩɟɪɚɬɢɜɧɨɣ 
ɩɚɦɹɬɢ, ɆȽɰ 

1600  1866  1600  

Ɉɛɴɟɦ ɠɟɫɬɤɨɝɨ 
ɞɢɫɤɚ, ȽȻ 

500 500  500  

 

ȼɵɛɢɪɚɟɬɫɹ ɧɨɭɬɛɭɤ HP 255 G6, ɩɨɬɨɦɭ ɱɬɨ ɤɨɦɩɶɸɬɟɪ ɢɦɟɟɬ ɥɭɱɲɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [38].  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɛɪɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɡɚɤɚɡɧɚɹ 

ɫɩɟɰɢɮɢɤɚɰɢɹ, ɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ƚ. 
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5.7 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɨɥɠɧɚ ɨɩɪɟɞɟɥɹɬɶ ɩɨɥɧɵɣ 

ɫɨɫɬɚɜ ɩɪɢɛɨɪɨɜ, ɚɩɩɚɪɚɬɨɜ ɢ ɭɫɬɪɨɣɫɬɜ (ɚ ɬɚɤɠɟ ɫɜɹɡɟɣ ɦɟɠɞɭ ɧɢɦɢ), 

ɞɟɣɫɬɜɢɟ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɲɟɧɢɟ, ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɡɚɳɢɬɵ, ɢɡɦɟɪɟɧɢɹ 

ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɫɥɭɠɚɬ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɞɪɭɝɢɯ 

ɞɨɤɭɦɟɧɬɨɜ ɩɪɨɟɤɬɚ (ɦɨɧɬɚɠɧɵɯ ɬɚɛɥɢɰ ɳɢɬɨɜ ɢ ɩɭɥɶɬɨɜ, ɫɯɟɦ ɜɧɟɲɧɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɢ ɞɪ.). ɇɚ ɫɯɟɦɟ ɢɡɨɛɪɚɠɚɸɬɫɹ ɜɫɟ ɷɥɟɦɟɧɬɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɳɢɬɟ, ɚ ɬɚɤɠɟ ɩɪɢɧɰɢɩ ɢɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ [39]. 

ɉɢɬɚɧɢɟ ɳɢɬɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬ ɞɜɭɯɮɚɡɧɨɣ 

ɰɟɩɢ ɫ ɩɟɪɟɦɟɧɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 220 ȼ. Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ 

ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 220 ȼ ɜ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 24 ȼ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɡɦɟɫɬɢɬɶ ɛɥɨɤ ɩɢɬɚɧɢɹ. ɋɢɝɧɚɥɵ ɫ ɩɨɥɟɜɵɯ ɞɚɬɱɢɤɨɜ ɞɨɥɠɧɵ ɩɨɫɬɭɩɚɬɶ ɧɚ 

ɤɨɧɬɪɨɥɥɟɪ Ɇɋ 12.3 ɢ ɦɨɞɭɥɶ ɪɚɫɲɢɪɟɧɢɹ Ɇȿ16.1 ɱɟɪɟɡ ɤɥɟɦɦɧɵɟ ɫɛɨɪɤɢ. 

Ɉɩɢɫɚɧɢɟ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ: 

1) ɢɡɭɱɟɧɢɟ ɫɯɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɡ ɡɚɤɚɡɧɨɣ ɫɩɟɰɢɮɢɤɚɰɢɢ; 

2) ɜɵɛɨɪ ɫɯɟɦɵ ɩɢɬɚɧɢɹ; 

3) ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɞɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜ; 

4) ɢɡɝɨɬɨɜɥɟɧɢɟ ɱɟɪɬɟɠɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ. 

ɋɯɟɦɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɥɢɫɬɟ ɫ ɲɢɮɪɨɦ 

ɎɘɊȺ.42100.009 ɗ3. 

ɉɢɬɚɧɢɟ ɳɢɬɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɞɜɭɯɮɚɡɧɨɣ ɰɟɩɢ ɫ 

ɩɟɪɟɦɟɧɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 220 ȼ. Ⱦɥɹ ɡɚɳɢɬɵ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ ɨɬ ɩɟɪɟɝɪɭɡɨɤ ɢ 

ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɤɥɸɱɚɬɟɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ. 
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6 Ɋɚɫɱɟɬ ȺɋɊ ɜɥɚɠɧɨɫɬɢ 

6.1 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɪɢɜɵɯ ɪɚɡɝɨɧɚ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɴɟɤɬɚ 

ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɩɭɬɹɦɢ [13].  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ. ɋɭɬɶ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢɜɨɞɹɬ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ,  ɡɚɬɟɦ ɧɚ ɧɟɝɨ ɩɨɞɚɸɬ 

ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɜɨɡɦɭɳɟɧɢɟ,  ɢ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ 

ɪɟɝɢɫɬɪɢɪɭɸɬ ɢɡɦɟɧɟɧɢɟ ɜɵɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ ɞɨ ɩɪɢɯɨɞɚ ɟɟ ɤ ɧɨɜɨɦɭ 

ɭɫɬɚɧɨɜɢɜɲɟɦɭɫɹ ɡɧɚɱɟɧɢɸ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ ɪɚɡɝɨɧɚ ɩɪɢ ɬɪɟɯ ɡɧɚɱɟɧɢɹɯ ɜɥɚɠɧɨɫɬɢ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 10. 

 

 

Ɋɢɫɭɧɨɤ 10 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ ɪɚɡɝɨɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ, 

ɩɪɢ ɜɨɡɦɭɳɟɧɢɢ ɪɚɫɯɨɞɨɦ ɜɨɞɵ: 

ɚ – 35 ɝ/ɥ; ɛ – 175 ɝ/ɥ; ɜ – 350 ɝ/ɥ. 
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ɍɫɪɟɞɧɟɧɧɚɹ ɤɪɢɜɚɹ ɪɚɡɝɨɧɚ ɜɥɚɠɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɦɟɬɨɞɢɤɟ [40], 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11. 

 

 

Ɋɢɫɭɧɨɤ 11 – ɍɫɪɟɞɧɟɧɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɤɪɢɜɚɹ ɪɚɡɝɨɧɚ ɜɥɚɠɧɨɫɬɢ ɩɪɢ 

ɜɨɡɦɭɳɟɧɢɢ ɪɚɫɯɨɞɨɦ ɜɨɞɵ  

 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɟɧɚ ɭɫɪɟɞɧɟɧɧɚɹ ɤɪɢɜɚɹ ɪɚɡɝɨɧɚ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɜɨɡɦɭɳɟɧɢɢ ɪɚɫɯɨɞɨɦ ɜɨɞɵ (ɪɢɫɭɧɨɤ 12). 

 

 

Ɋɢɫɭɧɨɤ 12 – ɍɫɪɟɞɧɟɧɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɤɪɢɜɚɹ ɪɚɡɝɨɧɚ ɬɟɦɩɟɪɚɬɭɪɵ 
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 6.2 ɉɨɥɭɱɟɧɢɟ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɩɨ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ ɨɛɴɟɤɬɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ ɬɚɤɢɟ, ɤɚɤ: ɝɪɚɮɢɱɟɫɤɢɣ 

ɢ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɦɟɬɨɞɵ [25]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ ɜɵɛɢɪɚɟɬɫɹ ɜɢɞ ɩɟɪɟɞɚɬɨɱɧɨɣ 

ɮɭɧɤɰɢɢ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɞɥɹ ɤɪɢɜɨɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɚɩɟɪɢɨɞɢɱɟɫɤɨɟ ɡɜɟɧɨ ɫ ɡɚɩɚɡɞɵɜɚɧɢɟɦ: 𝑊ሺܲሻ = ݇ሺܶܲ + ͳሻ ݁−𝑃𝜏, (6) 

ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ, Ɋ – ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ, τ – ɜɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ, 

Ɍ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ. 
 

ɉɪɨɢɡɜɨɞɢɬɫɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɤɪɢɜɨɣ ɩɨ ɦɟɬɨɞɭ Ɉɪɦɚɧɚ. Ⱦɚɧɧɵɣ 

ɦɟɬɨɞ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ 

ɨɩɪɟɞɟɥɢɬɶ ɞɜɟ ɞɨɦɢɧɢɪɭɸɳɢɟ ɩɨɫɬɨɹɧɧɵɟ ɨɛɴɟɤɬɚ [41]. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɹ 

t7 ɩɨ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɯɨɞɧɨɣ ɮɭɧɤɰɢɢ h(t), ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɤɨɪɧɟɦ 

ɭɪɚɜɧɟɧɢɹ h(t7) ɢ ɜɪɟɦɹ t4 ɢ h(t4). Ɂɚɬɟɦ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ Ɍ ɢ 

ɜɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ τ: 𝜏 = Ͳ,ͷሺ͵ݐସ − ܶ  ,ሻݐ = ݐ − 𝜏ͳ.ʹ = ͳ.ʹͷሺݐ −   .ସሻݐ
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Ɋɢɫɭɧɨɤ 13 – Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɨɛɴɟɤɬɚ 

 

Ɉɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɨ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ:  𝜏 = Ͳ,ͷሺ͵ ∙ ʹͷ − ʹ,Ͷሻ = ,͵;  ܶ = ͳ,ʹͷሺʹ,Ͷ − ʹͷሻ = Ͷ,ͷ.  

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɨɛɴɟɤɬɚ: ݇ = 𝑦ሺ∞ሻ = Ͳ,Ͷ͵.  

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢɦɟɟɬ ɜɢɞ: 𝑊ሺܲሻ = Ͳ,Ͷ͵ሺͶ,ͷܲ + ͳሻ ݁−,ଷ𝑃. (7) 

 

6.3 ɉɨɥɭɱɟɧɢɟ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɩɨ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ ɨɛɴɟɤɬɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɉɨɥɭɱɟɧɢɟ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɚɤ ɠɟ 

ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɦɟɬɨɞɭ Ɉɪɦɚɧɚ [41]. 
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Ɋɢɫɭɧɨɤ 14 – Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɨɛɴɟɤɬɚ 

 

Ɉɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɢ ɜɪɟɦɟɧɢ ɡɚɩɚɡɞɵɜɚɧɢɹ 

ɩɨ ɤɪɢɜɨɣ ɪɚɡɝɨɧɚ:   𝜏 = Ͳ,ͷሺ͵ ∙ ʹͻ,ʹ − ͷ͵,ͺሻ = ͳ,ͻ;  ܶ = ͳ,ʹͷሺͷ͵,ͺ − ʹͻ,ʹሻ = ͵Ͳ,ͷ.  

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɨɛɴɟɤɬɚ: ݇ = 𝑦ሺ∞ሻ = Ͳ,ͺͶ.  

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢɦɟɟɬ ɜɢɞ: 𝑊ሺܲሻ = Ͳ,ͺͶሺ͵Ͳ,ͷܲ + ͳሻ ݁−ଵ,ଽ𝑃. (8) 
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7 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɫɧɹɬɢɟ ɫɬɚɬɢɱɟɫɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

 
7.1 ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɬɟɦɩɟɪɚɬɭɪɵ 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 15. 

 

Ɋɢɫɭɧɨɤ 15 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɬɟɧɞɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ: 

Ɋɍ – ɪɟɝɭɥɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɂɇ – ɢɫɬɨɱɧɢɤ ɧɚɝɪɟɜɚ, Ɉɍ – ɨɛɴɟɤɬ 
ɭɩɪɚɜɥɟɧɢɹ, ɂɉ1, ɂɉ2 – ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ. 

 

ɋ ɩɨɦɨɳɶɸ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɡɚɞɚɟɬɫɹ ɡɧɚɱɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɞɨ ɤɨɬɨɪɨɣ ɧɚɝɪɟɜɚɟɬɫɹ ɂɇ. ɋ ɩɨɦɨɳɶɸ ɢɫɬɨɱɧɢɤɚ ɧɚɝɪɟɜɚ ɜ 

ɨɛɴɟɤɬɟ ɤɨɧɬɪɨɥɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɞɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. Ɂɧɚɱɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫɧɢɦɚɸɬɫɹ ɨɛɪɚɡɰɨɜɵɦ ɢ ɩɨɜɟɪɹɟɦɵɦ ɢɡɦɟɪɢɬɟɥɶɧɵɦ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɌɋɆɍ-16-S. ɇɚ ɪɢɫɭɧɤɟ 

16 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɢɡɦɟɧɟɧɢɹ 

ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

 



53 

 

 
Ɋɢɫɭɧɨɤ 16 – Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 
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ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɟɦɩɟɪɚɬɭɪɵ: 

( ) 0,03.
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7.2 ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɜɥɚɠɧɨɫɬɢ  

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɥɚɠɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 17. 

 

Ɋɢɫɭɧɨɤ 17 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɬɟɧɞɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ: 

Ɋɍ – ɪɟɝɭɥɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, ɂɆ – ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ, Ɉɍ – 

ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ, ɂɉ1, ɂɉ2 – ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ. 
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ɋ ɩɨɦɨɳɶɸ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɜɥɚɠɧɨɫɬɢ. ɂɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ (ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɩɶɟɡɨɦɟɬɪ) 

ɜɵɪɚɛɚɬɵɜɚɟɬ ɭɜɥɚɠɧɟɧɧɵɣ ɜɨɡɞɭɯ, ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɜ Ɉɍ. Ɂɧɚɱɟɧɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜ ɨɛɴɟɦɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɮɢɤɫɢɪɭɸɬɫɹ 

ɨɛɪɚɡɰɨɜɵɦ ɢ ɩɨɜɟɪɹɟɦɵɦ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɜɥɚɠɧɨɫɬɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ȾȼɌ-0.3Ɍɗ. 

ɇɚ ɪɢɫɭɧɤɟ 18 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ 

ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ.  

 

 
Ɋɢɫɭɧɨɤ 18 – Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɥɚɠɧɨɫɬɢ 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɥɚɠɧɨɫɬɢ: 
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8 Ɋɚɫɱɟɬ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɢɪɭɸɳɢɯ 

ɭɫɬɪɨɣɫɬɜ 

 
8.1 Ɉɛɡɨɪ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɚ 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ 

ɪɟɝɭɥɹɬɨɪɚ: ɚɧɚɥɢɬɢɱɟɫɤɢɟ [42], ɝɪɚɮɢɱɟɫɤɢɟ [43] ɢ ɧɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɵɯ 

ɦɟɬɨɞɢɤ [42]. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɪɨɟɧɢɟ 

ɨɛɥɚɫɬɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ. ɉɨɬɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɪɨɟɧɢɟ ɜ ɷɬɢɯ ɠɟ ɤɨɨɪɞɢɧɚɬɚɯ ɧɨɜɨɣ ɨɛɥɚɫɬɢ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ, 

ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɤɪɢɬɟɪɢɸ. Ɉɬɬɚɥɤɢɜɚɹɫɶ ɨɬ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɚɜɢɥ, ɜɵɛɢɪɚɸɬɫɹ ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ 

ɪɟɝɭɥɹɬɨɪɚ. ɉɪɢɦɟɪɨɦ ɬɚɤɨɝɨ ɩɪɚɜɢɥɚ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɪɟɤɨɦɟɧɞɚɰɢɹ Ⱥɫɬɪɟɦɚ 

ɢ ɏɚɝɥɭɧɞɚ [42]. Ɋɟɤɨɦɟɧɞɚɰɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɡɧɚɱɟɧɢɟ 

ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɞɨɥɠɧɨ ɢɦɟɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɷɬɨ 

ɨɛɟɫɩɟɱɢɬ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɨɛɟɫɩɟɱɟɧɢɢ ɞɨɫɬɢɠɟɧɢɹ 

ɡɧɚɱɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɡ ɤɪɢɬɟɪɢɟɜ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ: ɡɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɮɚɡɟ ɢ ɩɨ ɦɨɞɭɥɸ, ɡɚɞɚɧɧɚɹ ɫɬɟɩɟɧɶ 

ɭɫɬɨɣɱɢɜɨɫɬɢ [44] ɢ ɞɪ. Ʉ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɨɬɧɨɫɹɬɫɹ ɱɚɫɬɨɬɧɵɟ ɦɟɬɨɞɵ 

ɧɚɯɨɠɞɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ. Ɇɟɬɨɞɵ ɪɚɫɱɟɬɚ ɩɨ ɱɚɫɬɨɬɧɵɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɞɥɹ ɪɚɫɱɟɬɚ ɪɟɚɥɶɧɨ ɩɪɢɦɟɧɹɟɦɵɯ 

ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ɉɧɢ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɢɬɵɜɚɬɶ ɜɟɥɢɱɢɧɵ 

ɫɥɭɱɚɣɧɵɯ ɲɭɦɨɜ. 

Ɇɟɬɨɞɵ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɦɟɬɨɞɚɯ, ɩɨɥɭɱɢɥɢ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɡ-ɡɚ ɫɜɨɟɣ ɩɪɨɫɬɨɬɵ. ɉɪɢɦɟɪɨɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ 

Ɇɟɬɨɞ-ɇɢɤɨɥɶɫɚ [45], ɧɨ ɭ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɳɟɫɬɜɭɸɬ 

ɧɟɞɨɫɬɚɬɤɢ. Ɉɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɛɨɥɶɲɨɟ 

ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɇɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɚɜɢɥ ɦɨɠɧɨ ɬɚɤ ɠɟ 
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ɫɱɢɬɚɬɶ ɬɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɦɟɧɶɲɟɧɢɹ ɩɨɪɹɞɤɚ ɦɨɞɟɥɢ, ɚ ɷɬɨ 

ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɟɞɟɬ ɤ ɨɲɢɛɤɟ, ɤɨɬɨɪɚɹ ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɧɚɫɬɪɨɣɤɢ 

ɫɢɫɬɟɦɵ. 

Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɚ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ 

ɦɟɬɨɞɨɦ ɪɚɫɲɢɪɟɧɧɵɯ ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɵɯ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

(ɊȺɎɑɏ). Ɋɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɝɪɚɧɢɰɵ ɡɚɞɚɧɧɨɝɨ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɥɢ ɠɟ ɡɚɞɚɧɧɨɣ ɫɬɟɩɟɧɢ 

ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɚ 

[46]. 

 

8.2 Ɉɩɪɟɞɟɥɟɧɢɟ Ɉɉɇ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɢ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ 

ɪɟɝɭɥɹɬɨɪɨɜ  

Ɂɚɞɚɱɚ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɫɜɹɡɚɧɚ ɫ ɩɨɢɫɤɨɦ 

ɷɤɫɬɪɟɦɭɦɚ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ 

ɩɚɪɚɦɟɬɪɨɜ.  

Ⱥɋɍ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɨɣ ɹɜɥɹɟɬɫɹ ɤɚɫɤɚɞɧɨɣ ɫ ɤɨɪɪɟɤɬɢɪɭɸɳɢɦ ɢ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ ɪɟɝɭɥɹɬɨɪɚɦɢ. ɉɪɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɪɚɫɱёɬɚ ɩɨ ɤɨɧɬɭɪɚɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ [19]. 
Ɍɚɤ ɤɚɤ ɩɪɢɦɟɧɟɧɢɟ ɩɟɪɜɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɪɢɬɟɪɢɹ ɤ ɤɨɥɟɛɚɬɟɥɶɧɨɦɭ 

ɩɟɪɟɯɨɞɧɨɦɭ ɩɪɨɰɟɫɫɭ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɬɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɬɨɪɵɦ ɢɧɬɟɝɪɚɥɶɧɵɦ 

ɤɪɢɬɟɪɢɟɦ.  
 

8.2.1 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 9 ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɡɚɩɢɫɵɜɚɟɬɫɹ ɤɚɤ: 
16,9 16,90,84 0,025

( ) ( ) ( ) ( ) 0,03 .
30,75 1 30,75 1

p p

ɨɛ ȾɌ ȾɊ Ɍ
e e

W ɪ W ɪ W ɪ W ɪ
ɪ ɪ

−  −  
=   =  =

 +  +
 (11) 

Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ ɦɟɬɨɞɨɦ ɊȺɎɑɏ. 



57 

 

Ɂɚɦɟɧɚ P ɧɚ ɤɨɦɩɥɟɤɫɧɭɸ ɩɟɪɟɦɟɧɧɭɸ ( ) ( )ɪ m i= −  − . 

ɇɚɫɬɪɨɟɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ [47]: 

( )
( ) ( ) ( )


,Im1

,

1
1

2

2

1

mm
mAɌ

k
ɨɛ

ɨɛɢ

ɪ +
−

= ,  

( )
( ) ( ) ( )( )


,Im,Re

,

1
112

1

mmm
mA

k ɨɛɨɛ
ɨɛ

ɪ +
−

= ,  

ɝɞɟ ( ),Re mɨɛ  ɢ ( ),Im mɨɛ  ɪɚɫɲɢɪɟɧɧɵɟ ȼɑɏ ɢ Ɇɑɏ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɨɛɴɟɤɬɚ, 
( ) ( ) ( ) ,Im,Re, 111 mmmA ɨɛɨɛɨɛ +=  – ɪɚɫɲɢɪɟɧɧɚɹ Ⱥɑɏ ɨɛɴɟɤɬɚ. 

 

Ɂɚɞɚɟɦ ɫɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 0,75 = , ɬɨɝɞɚ ɫɬɟɩɟɧɶ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ:  

1 1
ln(1 ) ln(1 0,75) 0,221.

2 2
m 

 
= −  − = −  − =

 
  

ȼ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɩɪɢɜɟɞɟɧ ɪɚɫɱɟɬ Ɉɉɇ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɞɚɧɧɵɯ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ( ) ( )( )ɪ
ɪ

ɢ

k
f k

Ɍ
 =  

(ɪɢɫɭɧɨɤ 19).  

 

Ɋɢɫɭɧɨɤ 19 – Ƚɪɚɧɢɰɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

 

ɇɚ ɝɪɚɧɢɰɟ ɡɚɞɚɧɧɨɝɨ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚɯɨɞɢɦ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ, ɦɢɧɢɦɢɡɢɪɭɸɳɢɯ ɩɪɢɧɹɬɵɣ ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, 

ɚ ɢɦɟɧɧɨ ɦɢɧɢɦɭɦɭ ɜɬɨɪɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɪɢɬɟɪɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɱɤɚ 
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ɪɚɜɧɚɹ 









u

p

T

k
max95,0  ɜ ɫɬɨɪɨɧɭ ɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ, ɬɨ ɟɫɬɶ ɩɪɚɜɟɟ 

ɦɚɤɫɢɦɭɦɚ. 

ɂɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 19 ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ max ቀ𝑘�்̀�ቁ = ʹ,ͻ, ɬɨɝɞɚ 

ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ 

ɉɂ-ɪɟɝɭɥɹɬɨɪɚ: 

0,95 max( ) 0,95 2,97 2,82;

58;

58
20,57 .

/ 2,82

p

u

p

p

u

p u

k

T

k

k
T

k T

 =  =

=

= = =

 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ ɡɚɩɢɫɵɜɚɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 

1 58
( ) 1 58

20,57
Ɋɋ Ɋ

И

W ɪ k
T ɪ ɪ

 
=  + = +   

. (12) 

 

8.2.2 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 

20 [47]. 

 

Ɋɢɫɭɧɨɤ 20 – ɉɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ: 

 
*

*

( ) ( )
( )

1 ( ) ( )

ɪɫ Ɍ
ɷ

ɪɫ ȼ

W ɪ W ɪ
W ɪ

W ɪ W ɪ


=
+ 

, ( )ɷW ɪ  – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ. 

 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɡɚɩɢɫɵɜɚɟɬɫɹ ɤɚɤ: 
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*

*

( ) ( )
( )

1 ( ) ( )

ɪɫ Ɍ
ɷ

ɪɫ ȼ

W ɪ W ɪ
W ɪ

W ɪ W ɪ


=
+ 

,  

16,9

6,3

58 0,025
(58 )

20,57 30,75 1
( )

58 0,09
1 (58 )

20,57 46,75 1

p

ɷ p

e

ɪ ɪ
W ɪ

e

ɪ ɪ

− 

− 


+ 

  +=


+ + 
  +

. (13) 

 

Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ ɦɟɬɨɞɨɦ ɊȺɎɑɏ 

[48]. 

Ɂɚɦɟɧɢɦ P ɧɚ ɤɨɦɩɥɟɤɫɧɭɸ ɩɟɪɟɦɟɧɧɭɸ ( ) ( )ɪ m i= −  − . 

ɇɚɫɬɪɨɟɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ: 

( )
( ) ( ) ( )


,Im1

,

1 2

2
mm

mAɌ
k

ɨɛɊ
ɨɛɊɢ

ɪ +
−

= ,  

( )
( ) ( ) ( )( )


,Im,Re

,

1
2

mmm
mA

k ɨɛɊɨɛɊ
ɨɛɊ

ɪ +
−

= ,  

ɝɞɟ ( ),Re mɨɛ  ɢ ( ),Im mɨɛ  ɪɚɫɲɢɪɟɧɧɵɟ ȼɑɏ ɢ Ɇɑɏ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɨɛɴɟɤɬɚ, 
( ) ( ) ( ) ,Im,Re, mmmA ɨɛPɨɛPɨɛP +=  – ɪɚɫɲɢɪɟɧɧɚɹ Ⱥɑɏ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɨɛɴɟɤɬɚ. 

 

Ɂɚɞɚɟɦ ɫɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 0,75 = , ɬɨɝɞɚ ɫɬɟɩɟɧɶ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ 

0,221m = .  

ȼ ɩɪɢɥɨɠɟɧɢɢ ȼ ɩɪɢɜɟɞɟɧ ɪɚɫɱɟɬ Ɉɉɇ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɞɚɧɧɵɯ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ( ) ( )( )ɪ
ɪ

ɢ

k
f k

Ɍ
 =  

(ɪɢɫɭɧɨɤ 21).  
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Ɋɢɫɭɧɨɤ 21 – Ƚɪɚɧɢɰɚ ɡɚɩɚɫɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

 

Ɉɬɤɭɞɚ ɧɚɯɨɞɢɦ ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ 

ɪɟɝɭɥɹɬɨɪɚ: Ʉɪ=0,21, 2,38ɢɌ =  ɫ.   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɢɦɟɟɬ ɜɢɞ: 

1 1 0,21
( ) 1 0,21 1 0,21 .

2,38 2,38
КɊ Ɋ

И

W ɪ k
T ɪ ɪ ɪ

   
=  + =  + = +       

 (14) 

 

8.3 ɉɨɫɬɪɨɟɧɢɟ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ 

ɫɢɫɬɟɦɵ ɩɨ ɤɚɧɚɥɭ ɡɚɞɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɨ ɭɩɪɚɜɥɹɸɳɟɦɭ 

ɜɨɡɞɟɣɫɬɜɢɸ ɪɚɜɧɚ [48]: 

( )
1

ɤɪ Э
ɡɫ

ɤɪ Э

W W
W ɪ

W W


=

+ 
. (15) 

Ɇɟɬɨɞɨɦ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ɗɬɨɬ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɱɬɨ 

ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɟɞɢɧɢɱɧɨɦ ɫɬɭɩɟɧɱɚɬɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫɜɹɡɶ 

ɦɟɠɞɭ ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɢ ɜɟɳɟɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɜɢɞ [48]:  
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( ) ( ) ( ). .

0

Re ( )2
sin

ɡ ɫW i
y t t d


 

 



=  .  

ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɟɞɫɬɚɜɥɟɧ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɨ 

ɤɚɧɚɥɭ ɡɚɞɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɛɵɥɚ 

ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ⱦɚɧɧɚɹ ɨɰɟɧɤɚ ɩɨɡɜɨɥɢɬ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ ɨ ɬɨɦ, ɧɚɫɤɨɥɶɤɨ ɫɢɫɬɟɦɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɪɟɞɴɹɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, 

ɩɪɢ ɩɪɟɞɴɹɜɥɟɧɧɵɯ ɤ ɫɢɫɬɟɦɟ ɨɝɪɚɧɢɱɟɧɢɹɯ.  

 

 

Ɋɢɫɭɧɨɤ 22 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɩɨ ɤɚɧɚɥɭ ɡɚɞɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

 

ɉɨ ɪɢɫɭɧɤɭ 22 ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɹɦɵɟ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ (ɬɚɛɥɢɰɚ 13). 

 

Ɍɚɛɥɢɰɚ 13 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɉɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ Ɂɚɞɚɧɧɨɟ  Ɋɚɫɱɟɬɧɨɟ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɨɲɢɛɤɚ  Ⱥ1=0,12 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ  𝜎 = ͳʹ% 

ɋɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 𝜓 = Ͳ,ͷ 𝜓 = Ͳ,ͷ 

ɋɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ  ߝ˔˕ = Ͳ 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ  ݐ𝑝 = ͳͷͺ˔ 
Ⱦɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ  ߜ = Ͳ,Ͳͷ 
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ɉɨɫɤɨɥɶɤɭ ɪɚɫɱɟɬɧɵɣ ɢ ɡɚɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɫɨɜɩɚɞɚɟɬ, ɬɨ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɱɬɨ Ɉɉɇ ɪɟɝɭɥɹɬɨɪɨɜ ɨɩɪɟɞɟɥɟɧɵ ɜɟɪɧɨ.  

 

8.4 Ɉɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨ ɤɚɧɚɥɭ 

ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɫɨ ɫɬɨɪɨɧɵ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ 

Ɋɚɫɫɦɨɬɪɟɧɢɸ ɩɨɞɥɟɠɢɬ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɩɪɢ ɜɨɡɦɭɳɟɧɢɢ f, 

ɤɨɬɨɪɨɟ ɢɞɟɬ ɩɨ ɤɚɧɚɥɭ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɫɢɫɬɟɦɵ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ [48]:  𝑊ሺܲሻ = 𝑊эሺܲሻͳ +𝑊эሺܲሻ ∙ 𝑊𝑝ሺܲሻ. (16) 

ɇɚ ɪɢɫɭɧɤɟ 23 ɩɪɟɞɫɬɚɜɥɟɧ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɨ 

ɤɚɧɚɥɭ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ⱦɚɧɧɚɹ ɨɰɟɧɤɚ ɩɨɡɜɨɥɢɬ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɧɚɫɤɨɥɶɤɨ ɫɢɫɬɟɦɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɪɟɞɴɹɜɥɟɧɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɢ ɩɪɟɞɴɹɜɥɟɧɧɵɯ ɤ ɫɢɫɬɟɦɟ ɨɝɪɚɧɢɱɟɧɢɹɯ.  

 

 

Ɋɢɫɭɧɨɤ 23 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɜ ɫɢɫɬɟɦɟ ɩɨ ɤɚɧɚɥɭ ɪɟɝɭɥɢɪɭɸɳɟɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ 
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ɉɪɢ ɩɨɦɨɳɢ ɝɪɚɮɢɤɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɹɦɵɟ ɤɪɢɬɟɪɢɢ ɤɚɱɟɫɬɜɚ 

(ɬɚɛɥɢɰɚ 14). 

 

Ɍɚɛɥɢɰɚ 14 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɉɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ Ɂɚɞɚɧɧɨɟ Ɋɚɫɱɟɬɧɨɟ  

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɨɲɢɛɤɚ  Ⱥ1=0,54  

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ  𝜎 = ͷͶ% 

ɋɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 𝜓 = Ͳ,ͷ 𝜓 = Ͳ,ͷ 

ɋɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ  ߝ˔˕ = Ͳ 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ  ݐ𝑝 = ʹͺ,ͺ˔ 
Ⱦɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ  ߜ = Ͳ,Ͳͷ 

 

ɉɨɫɤɨɥɶɤɭ ɪɚɫɱɟɬɧɵɣ ɢ ɡɚɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɫɨɜɩɚɞɚɟɬ, ɬɨ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɱɬɨ Ɉɉɇ ɪɟɝɭɥɹɬɨɪɨɜ ɨɩɪɟɞɟɥɟɧɵ ɜɟɪɧɨ. 

 

8.5 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ Ⱥɋɍ ɜɥɚɠɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ ɚɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ 

ɩɪɨɰɟɫɫɨɜ ɜ ɡɚɦɤɧɭɬɨɣ Ⱥɋɍ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ 

ɪɟɝɭɥɹɬɨɪɨɜ.  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɥɚɛɨɪɚɬɨɪɧɨɝɨ 

ɩɪɚɤɬɢɤɭɦɚ «Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ Ɍɗɋ».  

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ ɜ ɤɚɫɤɚɞɧɨɣ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɨɞɩɪɨɝɪɚɦɦɚ 

RAFK1 (ɪɢɫɭɧɨɤ 24). 
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Ɋɢɫɭɧɨɤ 24 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ ASU 

 

ɇɚ ɪɢɫɭɧɤɟ 25 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɩɚɪɚɦɟɬɪɵ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ 

ɪɟɝɭɥɹɬɨɪɚ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɜɟɥɢɱɢɧɵ ɉ-

ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚ 17 % ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɡɧɚɱɟɧɢɟ ɂ-

ɫɨɫɬɚɜɥɹɸɳɟɣ ɪɚɜɧɨ ɡɧɚɱɟɧɢɸ, ɩɨɥɭɱɟɧɧɨɦɭ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɩɭɬɟɦ.  

 

Ɋɢɫɭɧɨɤ 5 

 

ɚ ɛ 

 Ɋɢɫɭɧɨɤ 25 – ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ: ɚ – Ʉɪ=68, ɛ – Ʉɪ=48 
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Ɍɚɛɥɢɰɚ 15 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɉɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ ɂɫɯɨɞɧɨɟ 

(Ʉɪ=58) 

Ʉɪ=68 Ʉɪ=48 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ 

ɨɲɢɛɤɚ 

Ⱥ1=0,12 Ⱥ1=0,05 Ⱥ1=0,175 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 𝜎 = ͳʹ% 𝜎 = ͷ% 𝜎 = ͳ,ͷ% 

ɋɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 𝜓 = Ͳ,ͷ 𝜓 = ͳ 𝜓 = Ͳ,ͷ 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ݐ𝑝 = ͳͷͺ˔ ݐ𝑝 = ʹͷͲ˔ ݐ𝑝 = ͵Ͳ˔ 
 

ɇɚ ɪɢɫɭɧɤɟ 26 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɩɚɪɚɦɟɬɪɵ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ 

ɪɟɝɭɥɹɬɨɪɚ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɜɟɥɢɱɢɧɵ ɂ-

ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɡɧɚɱɟɧɢɢ ɉ-

ɫɨɫɬɚɜɥɹɸɳɟɣ.  

 

Ɋɢɫɭɧɨɤ 6 

ɚ ɛ 

 Ɋɢɫɭɧɨɤ 26 – ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ: ɚ– Ʉɪ / Ɍɢ =3,82, ɛ – Ʉɪ / Ɍɢ =1,82 
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Ɍɚɛɥɢɰɚ 16 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɉɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ ɂɫɯɨɞɧɨɟ (Ʉɪ / 

Ɍɢ =2,82) 

Ʉɪ / Ɍɢ 

=3,82 

 Ʉɪ / Ɍɢ 

=1,82 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ 

ɨɲɢɛɤɚ 

Ⱥ1=0,12 Ⱥ1=0,165 Ⱥ1=0,063 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 𝜎 = ͳʹ% 𝜎 = ͳ,ͷ% 𝜎 = ,͵% 

ɋɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 𝜓 = Ͳ,ͷ 𝜓 = Ͳ,ͷ 𝜓 = ͳ 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ݐ𝑝 = ͳͷͺ˔ ݐ𝑝 = ͵͵Ͳ˔ ݐ𝑝 = ʹͷͺ˔ 
 

ɇɚ ɪɢɫɭɧɤɟ 27 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɤɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɩɪɢ ɧɟɢɡɦɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ ɉ-

ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ ɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɡɧɚɱɟɧɢɢ ɂ-

ɫɨɫɬɚɜɥɹɸɳɟɣ.  

 

ɚ ɛ 

Ɋɢɫɭɧɨɤ 27 – ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ: ɚ– Ʉɪ=0,31 ɛ – Ʉɪ=0,11 
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Ɍɚɛɥɢɰɚ 17 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɉɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ ɂɫɯɨɞɧɨɟ 

(Ʉɪ=0,21) 

Ʉɪ=0,31 Ʉɪ=0,11 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ 

ɨɲɢɛɤɚ 

Ⱥ1=0,12 Ⱥ1=0,094 Ⱥ1=0,13 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 𝜎 = ͳʹ% 𝜎 = ͻ,Ͷ% 𝜎 = ͳ͵% 

ɋɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 𝜓 = Ͳ,ͷ 𝜓 = ͳ 𝜓 = Ͳ,ͻͷ 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ݐ𝑝 = ͳͷͺ˔ ݐ𝑝 = ʹ͵ͷ˔ ݐ𝑝 = ͵ͳͷ˔ 
 

ɇɚ ɪɢɫɭɧɤɟ 28 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɩɚɪɚɦɟɬɪɨɜ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɩɪɢ ɧɟɢɡɦɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ ɂ-

ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ ɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɡɧɚɱɟɧɢɢ ɉ-

ɫɨɫɬɚɜɥɹɸɳɟɣ. 

 

ɚ ɛ 

Ɋɢɫɭɧɨɤ 28 – ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ: ɚ – Ʉɪ / Ɍɢ =0,0984, ɛ – Ʉɪ / Ɍɢ =0,0784 
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Ɍɚɛɥɢɰɚ 18 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 

ɉɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ ɂɫɯɨɞɧɨɟ (Ʉɪ / 

Ɍɢ =0,0884) 

Ʉɪ / Ɍɢ 

=0,0984 

 Ʉɪ / Ɍɢ 

=0,0784 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ 

ɨɲɢɛɤɚ 

Ⱥ1=0,12 Ⱥ1=0,225 Ⱥ1=0,002 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 𝜎 = ͳʹ% 𝜎 = ʹʹ,ͷ% 𝜎 = Ͳ,ʹ% 

ɋɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 𝜓 = Ͳ,ͷ 𝜓 = Ͳ, 𝜓 = ͳ 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ݐ𝑝 = ͳͷͺ˔ ݐ𝑝 = ͵ͳ˔ ݐ𝑝 = ʹͺͶ˔ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɬɨɥɶɤɨ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɧɵɦ ɫɩɨɫɨɛɨɦ 

ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ ɡɚɞɚɧɧɭɸ ɫɬɟɩɟɧɶ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ ɢ ɦɢɧɢɦɚɥɶɧɨɟ 

ɜɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ ɩɪɢɜɨɞɹɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɦɟɧɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ.  

 

8. 6 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɰɢɮɪɨɜɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɉɨɪɹɞɨɤ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɰɢɮɪɨɜɵɯ ɪɟɝɭɥɹɬɨɪɨɜ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɨɣ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦɵ ɇɐ ɢ ɬɪɟɛɨɜɚɧɢɹɦ, 

ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɤ ɤɚɱɟɫɬɜɭ ɟɟ ɪɚɛɨɬɵ.  

ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɇɐɍ, ɫɯɟɦɚ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 29. ɐɢɮɪɨɜɨɣ ɪɟɝɭɥɹɬɨɪ ɜ ɫɯɟɦɟ ɇɐɍ ɫɨɫɬɨɢɬ ɢɡ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ Ⱥɐɉ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ȼɍ ɢ ɰɢɮɪɨ-ɚɧɚɥɨɝɨɜɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɐȺɉ. ȼ ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ȼɍ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɜɵɱɢɫɥɟɧɢɟ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɞɥɹ ɤɚɠɞɨɝɨ 

ɨɱɟɪɟɞɧɨɝɨ ɲɚɝɚ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɢɧɬɟɪɜɚɥɨɦ ɤɜɚɧɬɨɜɚɧɢɹ Ɍ. ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ȼɍ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨ ɡɚɞɚɧɧɨɦɭ ɡɚɤɨɧɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɱɢɫɟɥ   ɨɲɢɛɤɢ ߝ[kT] ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɱɢɫɟɥ µ[kT], ɨɩɪɟɞɟɥɹɸɳɢɯ 

ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɐɢɮɪɨ-ɚɧɚɥɨɝɨɜɵɣ 
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ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɐȺɉ ɩɪɟɨɛɪɚɡɭɟɬ ɱɢɫɥɨɜɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ µ[kT] ɜ 

ɧɟɩɪɟɪɵɜɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ µ(t). ȼ ɚɧɚɥɨɝɨɜɨ-

ɰɢɮɪɨɜɨɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ Ⱥɐɉ ɨɲɢɛɤɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ߝሺݐሻ, ɪɚɜɧɚɹ ɪɚɡɧɨɫɬɢ 

ɦɟɠɞɭ ɡɚɞɚɧɢɟɦ ݏሺݐሻ ɢ ɬɟɤɭɳɢɦ ɡɧɚɱɟɧɢɟɦ ɭ(t) ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ, 

ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɱɢɫɥɨɜɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ߝ[kT].  ɇɚ ɫɯɟɦɟ ɫɢɫɬɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ 𝑣ሺݐሻ – ɜɨɡɦɭɳɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɨɛɴɟɤɬ.  

 

Ɋɢɫɭɧɨɤ 29 – ɋɯɟɦɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɰɢɮɪɨɜɵɦ ɪɟɝɭɥɹɬɨɪɨɦ  

 

ȼ ɨɫɧɨɜɭ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɤɚɱɟɫɬɜɭ ɪɚɛɨɬɵ ȺɋɊ, ɩɨɥɨɠɢɦ 

ɫɥɟɞɭɸɳɟɟ [19]: 

- ɫɢɫɬɟɦɚ ɫ ɰɢɮɪɨɜɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɞɨɥɠɧɚ ɢɦɟɬɶ ɡɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɧɟ ɧɢɠɟ ɡɚɞɚɧɧɨɝɨ; 

- ɪɟɝɭɥɢɪɭɟɦɚɹ ɜɟɥɢɱɢɧɚ ɧɟ ɞɨɥɠɧɚ ɢɦɟɬɶ ɩɭɥɶɫɚɰɢɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 

ɤɜɚɧɬɨɜɚɧɢɟɦ; 

- ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɰɢɮɪɨɜɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɦɢɧɢɦɭɦ ɜɬɨɪɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɪɢɬɟɪɢɹ 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ ɰɢɮɪɨɜɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɨɝɪɚɦɦɚ RAFC1S. Ɉɧɚ ɧɚɯɨɞɢɬɫɹ ɜ ɤɚɬɚɥɨɝɟ ɩɪɨɝɪɚɦɦɵ 

ASU. ɇɚ ɪɢɫɭɧɤɟ 30 ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ ɫ ɧɟɤɨɬɨɪɵɦɢ ɪɚɫɱɟɬɧɵɦɢ 

ɡɧɚɱɟɧɢɹɦɢ. 
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Ɋɢɫɭɧɨɤ 30 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ RAFC1S 

 

ɋ ɩɨɦɨɳɶɸ RAFC1S ɛɵɥ ɩɨɥɭɱɟɧ ɩɪɢɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɫ ɜɨɡɦɭɳɟɧɢɟɦ, 

ɢɞɭɳɢɦ ɫɨ ɫɬɨɪɨɧɵ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ. 

ɇɚ ɪɢɫɭɧɤɟ 31 ɩɪɟɞɫɬɚɜɥɟɧ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɫɢɫɬɟɦɵ ɫ ɰɢɮɪɨɜɵɦ 

ɪɟɝɭɥɹɬɨɪɨɦ. 

 

 

Ɋɢɫɭɧɨɤ 31 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɫɢɫɬɟɦɵ ɫ ɰɢɮɪɨɜɵɦ ɪɟɝɭɥɹɬɨɪɨɦ 
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ȼ ɬɚɛɥɢɰɟ 19 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɟɯɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɫ ɰɢɮɪɨɜɵɦ ɪɟɝɭɥɹɬɨɪɨɦ. 

 

Ɍɚɛɥɢɰɚ 19 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɨɲɢɛɤɚ Ⱥ1=0,0042 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 𝜎 = Ͳ,Ͷʹ% 

ɋɬɟɩɟɧɶ ɡɚɬɭɯɚɧɢɹ 𝜓 = Ͳ,ͻ 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ݐ𝑝 = ͳͳ˔ 
 

ɋ ɩɨɦɨɳɶɸ ɊȺɎɑɏ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞɧɵɣ 

ɩɪɨɰɟɫɫ, ɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ RAFC1S ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ Ɉɉɇ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɞɥɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɤ ɪɟɚɥɶɧɨɦɭ.  ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɪɢɫɭɧɤɚ 31 ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ ɫ ɰɢɮɪɨɜɵɦ ɪɟɝɭɥɹɬɨɪɨɦ 

ɢɦɟɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ ɫɚɦ ɩɪɨɰɟɫɫ ɧɨɫɢɬ ɡɚɬɭɯɚɸɳɢɣ 

ɯɚɪɚɤɬɟɪ.  
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9 Ɋɚɡɪɚɛɨɬɤɚ ɦɧɟɦɨɫɯɟɦɵ ɞɥɹ Ⱥɋɍ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɧɟɦɨɫɯɟɦɵ ɜɵɛɪɚɧɚ ɩɪɨɝɪɚɦɦɚ Simple SCADA. 

Ⱦɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɱɟɥɨɜɟɤɨ-

ɦɚɲɢɧɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ. 

ɉɪɨɝɪɚɦɦɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɢɡɭɚɥɢɡɨɜɚɬɶ ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 

ɱɟɪɟɡ ɪɚɛɨɱɭɸ ɨɛɨɥɨɱɤɭ Windows.  

ȼɧɟɲɧɢɣ ɜɢɞ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɧɟɦɨɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 32. 

 

 

Ɋɢɫɭɧɨɤ 32 – ɋɤɪɢɧɲɨɬ ɦɧɟɦɨɫɯɟɦɵ  

 

ȼ ɩɨɥɟ «Ɋɟɠɢɦ ɢɫɩɵɬɚɧɢɣ» ɜɵɛɢɪɚɟɬɫɹ ɪɟɠɢɦ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɪɚɛɨɬɚ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ.  ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɝɨ 

ɪɟɠɢɦɚ, ɩɪɨɢɫɯɨɞɢɬ ɨɬɤɪɵɬɢɟ ɡɚɞɜɢɠɟɤ ɢ ɜɤɥɸɱɟɧɢɟ ɧɚɫɨɫɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɧɬɭɪɚ. ɉɪɢ ɨɬɤɪɵɬɢɢ ɡɚɞɜɢɠɟɤ, ɜɤɥɸɱɟɧɢɢ ɧɚɫɨɫɚ 

ɜɵɛɪɚɧɧɨɝɨ ɤɨɧɬɭɪɚ, ɧɚ ɦɧɟɦɨɫɯɟɦɟ ɨɧɢ ɧɚɱɢɧɚɸɬ ɦɢɝɚɬɶ ɡɟɥɟɧɵɦ ɰɜɟɬɨɦ. 

Ɍɚɤ ɠɟ ɨɩɟɪɚɬɨɪ ɦɨɠɟɬ ɡɚɞɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ. 
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10 Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɧɨɫɚ ɢɡɨɥɹɰɢɢ ɨɬ ɢɡɦɟɧɟɧɢɹ 

ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ ɩɨɦɨɳɶɸ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɤɚɦɟɪɵ 

Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɩɨɡɜɨɥɹɸɬ ɜɨɫɫɨɡɞɚɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɞɢɚɩɚɡɨɧɵ 

ɬɟɦɩɟɪɚɬɭɪ, ɤɨɬɨɪɵɟ ɜɨɡɦɨɠɧɵ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɫɫɥɟɞɭɟɦɵɯ 

ɨɛɴɟɤɬɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɥɢɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ ɫɩɨɫɨɛɧɚ ɜɨɫɫɨɡɞɚɜɚɬɶ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɞɢɚɩɚɡɨɧɟ 10 0ɋ … 120 0ɋ ɢ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ 

ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ 98 %. Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɤɚɦɟɪɵ ɫ ɬɚɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ ɫɥɟɞɭɸɳɢɟ ɬɟɫɬɵ: 

− ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ (ɜɨɡɞɟɣɫɬɜɢɟ ɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ); 

− ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɯɨɥɨɞɨɫɬɨɣɤɨɫɬɢ (ɜɨɡɞɟɣɫɬɜɢɟ ɧɢɡɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ); 

− ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɥɚɝɨɫɬɨɣɤɨɫɬɢ (ɜɨɡɞɟɣɫɬɜɢɟ ɜɵɫɨɤɨɣ 

ɜɥɚɠɧɨɫɬɢ); 

− ɫɢɥɶɧɵɣ ɢɡɧɨɫ ɢɥɢ ɫɬɚɪɟɧɢɟ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɤɥɢɦɚɬɢɱɟɫɤɨɣ 

ɤɚɦɟɪɵ ɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɫɬɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɩɪɟɞɦɟɬ 

ɫɬɚɪɟɧɢɹ ɢ ɫɢɥɶɧɨɝɨ ɢɡɧɨɫɚ.  Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɬɟɪɦɢɱɟɫɤɢɣ ɢɡɧɨɫ 

ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɢɡɨɥɹɰɢɹ ɤɚɛɟɥɹ. Ɉɞɧɚɤɨ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɟ ɤɚɛɟɥɢ ɨɛɥɚɞɚɸɬ 

ɜɵɫɨɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ.  

ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɚɪɟɧɢɹ ɢɡɨɥɹɰɢɢ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɬɨɥɶɤɨ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

ɇɚɞɟɠɧɨɫɬɶ ɢ ɛɟɫɩɟɪɟɛɨɣɧɚɹ ɪɚɛɨɬɚ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ   ɡɚɜɢɫɹɬ ɨɬ 

ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɥɢɧɢɢ. ȼ ɨɫɨɛɟɧɧɨɫɬɢ ɷɬɨ 

ɜɵɪɚɠɚɟɬɫɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɛɟɥɟɣ ɜ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɚɲɟɣ 

ɫɬɪɚɧɵ. ȼ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɬɟɩɥɨɜɵɟ ɫɜɨɣɫɬɜɚ ɢɡɨɥɹɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ 

ɦɟɧɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɝɨɞɚ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɩɪɨɢɫɯɨɞɢɬ ɧɚɝɪɟɜ 

ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɢɡ-ɡɚ ɩɨɬɟɪɶ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɠɢɥɟ ɢ ɢɡɨɥɢɪɭɸɳɢɯ 

ɷɥɟɦɟɧɬɚɯ. ɉɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɥɵ ɤ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ 
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ɡɚɩɭɫɤɚɟɬɫɹ ɩɪɨɰɟɫɫ ɢɧɬɟɧɫɢɜɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɢɡɧɨɫɚ, ɱɬɨ ɜ ɩɨɫɥɟɞɫɬɜɢɢ 

ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɛɨɸ ɢɡɨɥɹɰɢɢ.  

Ɉɬɤɚɡ ɤɚɛɟɥɹ – ɜɪɟɦɹ ɨɬ ɜɪɟɦɟɧɢ ɜɫɬɪɟɱɚɸɳɟɟɫɹ ɹɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ 

ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɦɚɬɟɪɢɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ. ɉɨɦɢɦɨ ɬɨɝɨ, ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɯɨɞɢɬɫɹ ɞɨɫɬɚɬɨɱɧɨɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ, 

ɩɪɨɪɚɛɨɬɚɜɲɢɯ ɛɨɥɟɟ 30 ɥɟɬ [49]. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ 

ɨɬɤɚɡɚ. 

ȼ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ 

ɤɚɛɟɥɟɣ ɩɪɢɜɨɞɹɬ: ɜɥɢɹɧɢɟ ɧɚ ɢɡɨɥɹɰɢɸ ɤɚɛɟɥɹ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɜɪɟɠɞɟɧɢɹ. Ⱦɚɧɧɵɟ ɨ ɤɨɥɢɱɟɫɬɜɟ 

ɤɚɛɟɥɟɣ, ɤɨɬɨɪɵɟ ɜɵɯɨɞɹɬ ɢɡ ɫɬɪɨɹ ɢɡ-ɡɚ ɩɟɪɟɝɪɟɜɚ, ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɇɨ ɬɟɦ ɧɟ ɦɟɧɟɟ ɬɟɦɩɟɪɚɬɭɪɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɣ 

ɩɪɢɜɨɞɢɬ ɤ ɢɡɧɨɫɭ ɩɨɥɢɦɟɪɧɨɣ ɢɡɨɥɹɰɢɢ. Ʉɚɛɟɥɢ ɫɩɨɫɨɛɧɵ ɩɨɞɜɟɪɝɚɬɶɫɹ 

ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɩɟɪɟɝɪɭɡɤɚɦ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɚɜɚɪɢɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ.  

ɉɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɵɣ ɬɟɩɥɨɜɨɣ ɢɡɧɨɫ ɢɡɨɥɹɰɢɢ 

ɤɚɛɟɥɟɣ ɢ ɢɯ ɩɨɫɬɟɩɟɧɧɵɣ ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ. 

ɇɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɞɧɢɦ ɢɡ 

ɤɪɢɬɟɪɢɟɜ ɜɵɛɨɪɚ ɫɟɱɟɧɢɹ ɠɢɥ ɤɚɛɟɥɹ ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɢɟ ɧɚɝɪɟɜɚ ɞɨɩɭɫɬɢɦɵɦ 

ɞɥɢɬɟɥɶɧɵɦ ɬɨɤɨɦ. ɉɪɢ ɷɬɨɦ ɜ ɪɚɫɱɟɬɧɵɯ ɮɨɪɦɭɥɚɯ ɩɪɢ ɪɚɫɱɟɬɚɯ ɢɫɩɨɥɶɡɭɸɬ 

ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɤɚɛɟɥɹ [50]. ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɤɚɛɟɥɢ ɜɥɢɹɸɬ ɫɥɭɱɚɣɧɵɟ ɫɨɱɟɬɚɧɢɹ 

ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɜɪɟɦɹ ɨɬ ɜɪɟɦɟɧɢ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ 

ɨɰɟɧɤɟ ɨɫɬɚɬɨɱɧɨɝɨ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɛɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɭɳɟɫɬɜɭɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɪɟɠɢɦɨɜ ɫɢɥɨɜɵɯ 

ɤɚɛɟɥɟɣ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɤɚɛɟɥɢ ɫɨ ɜɫɬɪɨɟɧɧɵɦɢ 

ɨɩɬɨɜɨɥɨɤɨɧɧɵɦɢ ɩɪɨɞɨɥɶɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ [49]. ɋɨɜɪɟɦɟɧɧɵɟ 

ɚɩɩɚɪɚɬɧɵɟ ɢ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɉɌɋ-1000 ɪɨɫɫɢɣɫɤɨɣ 

ɮɢɪɦɵ ɋɟɞɚɬɷɤ, ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɥɸɛɨɦ ɦɟɫɬɟ ɩɨ 

ɜɫɟɣ ɞɥɢɧɟ ɤɚɛɟɥɹ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɞɚɧɧɵɯ ɫɢɫɬɟɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɨɡɦɨɠɧɨɫɬɶ 
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ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɬɨɥɶɤɨ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɤɚɛɟɥɹ. ɋɚɦɚɹ ɧɚɝɪɟɬɚɹ 

ɬɨɱɤɚ ɤɚɛɟɥɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɥɵ, ɢ ɢɦɟɧɧɨ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ 

ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɢɫɯɨɞɢɬ ɬɟɩɥɨɜɨɣ ɢɡɧɨɫ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ.  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɪɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɫɚɦɨɣ ɧɚɝɪɟɬɨɣ ɬɨɱɤɢ ɤɚɛɟɥɹ 

ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɤɨɫɜɟɧɧɵɦ ɦɟɬɨɞɨɦ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɫɩɨɫɨɛɚ ɤɨɫɜɟɧɧɨɝɨ 

ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɥɵ ɤɚɛɟɥɹ [49]. ɉɟɪɜɵɣ ɦɟɬɨɞ 

ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɠɢɥɵ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɚɩɩɚɪɚɬɧɵɟ ɡɚɬɪɚɬɵ. 

ȼɬɨɪɨɣ ɦɟɬɨɞ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɬɪɟɛɭɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɛɚɡɵ, ɧɨ ɨɧ 

ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɟɧ ɜ ɩɥɚɧɟ ɚɩɩɚɪɚɬɧɵɯ ɡɚɬɪɚɬ.  

  

10.1 ȼɵɛɨɪ ɨɛɴɟɤɬɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɚ ɬɢɩɚ ɨɫɧɨɜɧɨɣ ɢɡɨɥɹɰɢɢ – ɉȼɏ ɢ ɋɉɗ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɚɧɧɵɟ ɬɢɩɵ ɢɡɨɥɹɰɢɣ ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢ ɧɚɞɟɠɧɵɦɢ.  

 ɉȼɏ ɢɡɨɥɹɰɢɹ – ɷɬɨ ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɜɢɞɨɜ 

ɢɡɨɥɹɰɢɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɨɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɪɨɤɥɚɞɤɢ, ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɣ. ɉȼɏ ɧɟ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɨɷɬɨɦɭ ɧɚ ɨɬɤɪɵɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɛɵɱɧɨ 

ɦɨɧɬɢɪɭɟɬɫɹ ɜ ɬɪɭɛɚɯ. 

ɋɉɗ ɢɡɨɥɹɰɢɹ ɫɯɨɠɚ ɫ ɉȼɏ ɩɥɚɫɬɢɤɚɬɨɦ. ɂɡɨɥɹɰɢɹ ɢɡ ɫɲɢɬɨɝɨ 

ɩɨɥɢɷɬɢɥɟɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɨɞɧɨɠɢɥɶɧɵɯ ɢ ɬɪɟɯɠɢɥɶɧɵɯ ɤɚɛɟɥɹɯ. 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɋɉɗ ɩɟɪɟɞ ɉȼɏ: ɦɟɧɶɲɚɹ ɬɨɥɳɢɧɚ ɞɢɷɥɟɤɬɪɢɤɚ ɩɪɢ ɪɚɜɧɨɦ 

ɪɚɛɨɱɟɦ ɧɚɩɪɹɠɟɧɢɢ ɧɚ ɥɢɧɢɢ. Ⱦɚɧɧɵɣ ɬɢɩ ɢɡɨɥɹɰɢɢ ɫɩɨɫɨɛɟɧ ɫɨɯɪɚɧɹɬɶ ɫɜɨɢ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɬɟɦɩɟɪɚɬɭɪɟ 

ɩɥɚɜɥɟɧɢɹ.  

ȼ ɬɚɛɥɢɰɟ 20 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɪɚɧɧɵɯ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɛɟɥɟɣ. 
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Ɍɚɛɥɢɰɚ 20 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɛɟɥɟɣ [51,52] 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Ɍɢɩ ɤɚɛɟɥɹ 

Ⱥɉɜɉ 1ɯ120 ȼɜɝ 1ɯ70 

Ⱦɢɚɦɟɬɪ ɠɢɥɵ 13,5 ɦɦ 10,2 ɦɦ 

Ɇɚɬɟɪɢɚɥ ɠɢɥɵ ɚɥɸɦɢɧɢɣ ɦɟɞɶ 

Ɇɚɬɟɪɢɚɥ ɢɡɨɥɹɰɢɢ ɋɉɗ ɉȼɏ  

ɇɚɪɭɠɧɚɹ ɬɨɥɳɢɧɚ ɢɡɨɥɹɰɢɢ 3,4 ɦɦ 1,4 ɦɦ 

Ɍɨɥɳɢɧɚ ɷɤɪɚɧɚ 0,6 ɦɦ – 

Ɇɚɬɟɪɢɚɥ ɧɚɪɭɠɧɨɣ 

ɢɡɨɥɹɰɢɢ/ɬɨɥɳɢɧɚ 
ɩɨɥɢɷɬɢɥɟɧ ɉȼɏ ɩɥɚɫɬɢɤɚɬ 

Ɍɨɥɳɢɧɚ ɨɛɨɥɨɱɤɢ 2,5 ɦɦ 1,7 ɦɦ 

Ⱦɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, 0ɋ 70/160 70/160 

Ⱦɨɩɭɫɬɢɦɚɹ ɜɥɚɠɧɨɫɬɶ 98 % 98 % 

ɋɪɨɤ ɫɥɭɠɛɵ 30 ɥɟɬ 30 ɥɟɬ 

ȼɢɞ ɫɟɱɟɧɢɹ 

 
 

 

10.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɧɚɝɪɟɜɚ ɤɚɛɟɥɹ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɧɚɝɪɟɜɚ ɤɚɛɟɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ MatLab. ȼ ɬɚɛɥɢɰɟ 21 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ 

ɧɟɨɛɯɨɞɢɦɵ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 21 – ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɪɟɞɵ 

Ɇɚɬɟɪɢɚɥ ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ Ɍɟɩɥɨɟɦɤɨɫɬɶ ɉɥɨɬɧɨɫɬɶ 

Ɇɟɞɶ 5∙107 ɋɦ/ɦ 400 ȼɬ/(ɦ∙Ʉ) 393Ⱦɠ/(ɤɝ∙Ʉ) 8920 ɤɝ/ɦ3 

ɋɉɗ  0,235 ȼɬ/(ɦ∙Ʉ) 2350 Ⱦɠ/(ɤɝ∙Ʉ) 930 ɤɝ/ɦ3 

ɉȼɏ  0,19 ȼɬ/(ɦ∙Ʉ) 2140 Ⱦɠ/(ɤɝ∙Ʉ) 1500 ɤɝ/ɦ3 

ȼɨɡɞɭɯ  2,59ȼɬ/(ɦ∙Ʉ) 1005 Ⱦɠ/(ɤɝ∙Ʉ) 1,205 ɤɝ/ɦ3 
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɪɢɧɢɦɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

− ɤɚɛɟɥɶ ɢɦɟɟɬ ɢɞɟɚɥɶɧɭɸ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɤɨɧɫɬɪɭɤɰɢɸ; 

− ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɩɨ ɫɟɱɟɧɢɸ ɩɪɨɜɨɞɚ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ; 

− ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɤɚɛɟɥɹ ɧɟ ɢɡɦɟɧɹɸɬɫɹ 

ɩɨ ɟɝɨ ɞɥɢɧɟ; 

− ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɩɥɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɜɧɨɦɟɪɧɨ; 

−  ɧɚ ɝɪɚɧɢɰɟ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɢɦɨ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ 

ɬɪɟɬɶɟɝɨ ɪɨɞɚ. 

Ɍɚɤ ɠɟ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɂɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [53]:  𝜆 = 𝜆 ∙ ሺͳ + ܾ ∙  ,ሻݐ
ɝɞɟ  𝜆 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɟɳɟɫɬɜɚ; b – ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ. 
 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ.  

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɜ ɠɢɥɟ ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ⱦɠɨɭɥɹ-Ʌɟɧɰɚ: ܳ = ଶܫ ∙ ܴ, 
ɝɞɟ I – ɫɢɥɚ ɬɨɤɚ, R – ɫɨɩɪɨɬɢɜɥɟɧɢɟ. 
 

Ɉɛɴёɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ:  ݍ =  ,𝐶௨ߛଶߜ
ɝɞɟ ߜ = 𝐼ௌ – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, S – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ. 
 

ȼ ɫɟɱɟɧɢɢ ɤɚɛɟɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ Ɏɭɪɶɟ: 𝜕ݐ𝜕𝜏 = ߙ ∙ ∇ଶݐ + ͳܿ ∙  ∙  ,ݍ
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ɝɞɟ t – ɬɟɦɩɟɪɚɬɭɪɚ, ߙ = 𝜆˔∙𝑝 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, 𝜏 – 

ɜɪɟɦɹ,  – ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ. 

 

ɋ ɭɱɟɬɨɦ ɨɫɟɜɨɣ ɫɢɦɦɟɬɪɢɢ ɭɪɚɜɧɟɧɢɟ Ɏɭɪɶɟ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:  𝜕ݐ𝜕𝜏 =  𝜆ܿ ∙  ∙ ͳݎ ∙ 𝜕 ቀݎ ∙ ݎ��ቁݎ��ݐ�� + ͳܿ ∙  ∙ ߛଶߜ . (17) 

ȼ ɥɟɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ 17 ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɛɪɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɨɛɴɟɦɚ, ɤɨɬɨɪɨɟ ɧɚɯɨɞɢɬɫɹ ɧɚ 

ɪɚɫɫɬɨɹɧɢɢ r ɨɬ ɨɫɢ ɤɚɛɟɥɹ. 

ȼ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ 17 ɫɨɞɟɪɠɢɬɫɹ ɞɜɚ ɫɥɚɝɚɟɦɵɯ. ɉɟɪɜɨɟ 

ɫɥɚɝɚɟɦɨɟ ɨɩɪɟɞɟɥɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɢɬɶ ɬɟɩɥɨ ɫ ɩɨɦɨɳɶɸ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɩɨɪɚ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɷɥɟɦɟɧɬɚɪɧɵɦɢ ɨɛɴɟɦɚɦɢ ɧɚ ɦɚɥɵɯ 

ɩɪɨɦɟɠɭɬɤɚɯ ɨɬ ɨɫɢ ɤɚɛɟɥɹ.  ȼɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɨɩɢɫɵɜɚɟɬ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɜ 

ɷɥɟɦɟɧɬɚɪɧɨɦ ɨɛɴɟɦɟ, ɩɨ ɤɨɬɨɪɨɦɭ ɩɪɨɬɟɤɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ.   

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɞɥɹ ɤɚɛɟɥɹ ɫ ɉȼɏ ɢɡɨɥɹɰɢɟɣ. 

ɉɟɪɜɵɦ ɞɟɣɫɬɜɢɟɦ ɜɵɞɟɥɹɸɬɫɹ 3 ɨɫɧɨɜɧɵɟ ɨɛɥɚɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɞɢɭɫɚ 

ɤɚɛɟɥɹ:  

– ɬɨɤɨɩɪɨɜɨɞɹɳɚɹ ɠɢɥɚ (0 < r < r1); 

– ɢɡɨɥɹɰɢɹ ɢɡ ɉȼɏ (r1< r < r2); 

– ɜɧɟɲɧɹɹ ɢɡɨɥɹɰɢɹ ɤɚɛɟɥɹ (r2 < r < r3); 

– ɝɪɭɧɬ (ɩɟɫɱɚɧɨ-ɝɪɚɜɢɣɧɚɹ ɫɦɟɫɶ) (r3 < r < r4). 

ɇɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟ r ɧɚɯɨɞɢɬɫɹ ɧɚ ɨɫɢ ɤɚɛɟɥɹ, r4 ɥɟɠɢɬ ɧɚ ɝɪɚɧɢɰɟ 

ɪɚɫɱёɬɧɨɣ ɨɛɥɚɫɬɢ. 

ȼ ɦɨɞɟɥɢ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɜɵɪɚɠɚɟɬɫɹ ɤɭɫɨɱɧɨ-ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ    ߜ = ݂ሺݎሻ: 
ߜ = { 

ˉߜ  = ˉܫܵ̄ ,Ͳ < ݎ ≤ ˋߜ,ଵݎ = Ͳ,ݎଵ < ݎ ≤ ˋߜ,ଶݎ = Ͳ,ݎଷ < .ݎ  (18) 
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ɋɨɝɥɚɫɧɨ ɫ ɩɪɢɧɹɬɵɦɢ ɞɨɩɭɳɟɧɢɹɦɢ, ɧɚ ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɟ ɪɚɫɱɟɬɧɨɣ 

ɨɛɥɚɫɬɢ ɩɪɢɧɢɦɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɪɢ ɪɚɫɱɟɬɚɯ ɷɬɨ 

ɡɧɚɱɟɧɢɟ ɫɨɫɬɚɜɢɥɨ 20 ºɋ.   ɋɨɝɥɚɫɧɨ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ ɬɪɟɬɶɟɝɨ ɪɨɞɚ, 

ɬɟɩɥɨɨɬɞɚɱɚ ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɢ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ:  ܳˑ˕ˇ = ߙ ∙ ʹ𝜋ݐ)ݎ −  .(˓˔ݐ
Ɋɟɲɟɧɢɟ ɜɵɪɚɠɟɧɢɹ 17 ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ, ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ 

ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɩɨɥɟ ɞɥɹ ɜɵɞɟɥɟɧɧɵɯ ɯɚɪɚɤɬɟɪɧɵɯ ɨɛɥɚɫɬɟɣ ɫ ɭɱɟɬɨɦ 

ɭɪɚɜɧɟɧɢɹ 18, ɡɚɩɢɫɵɜɚɟɬɫɹ ɤɚɤ:  

ሻݎሺݐ = {  
  − ߛଶ̄̄ߜ ∙ 𝜆ˉ ∙ ଶͶݎ + 𝐶ଵ ∙ lnሺݎሻ + 𝐶ଶ,Ͳ ≤ ݎ ≤ ଵ,𝐶ଷݎ ∙ lnሺݎሻ + 𝐶ସݎଵ ≤ ݎ ≤ ଶ,𝐶ହݎ ∙ lnሺݎሻ + 𝐶,ݎଶ ≤ ݎ ≤ ଷ,𝐶ݎ ∙ lnሺݎሻ + 𝐶଼,ݎଷ ≤ ݎ ≤ ,ସݎ

 (19) 

ɝɞɟ ɋ1 – ɋ8 – ɩɨɫɬɨɹɧɧɵɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɸɳɢɟɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɭɫɥɨɜɢɣ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. 

 

ɇɚ ɜɧɭɬɪɟɧɧɢɯ ɝɪɚɧɢɰɚɯ (r1 ɢ r2) ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ 

ɱɟɬɜɟɪɬɨɝɨ ɪɨɞɚ, ɧɚ ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɟ (r4) – ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɬɪɟɬɶɟɝɨ ɪɨɞɚ. 

Ⱥ ɧɚ ɝɪɚɧɢɰɟ r=0 ɩɪɢɦɟɧɹɟɬɫɹ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɜɬɨɪɨɝɨ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ 

(ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɪɚɜɧɹɟɬɫɹ 0). 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 19 ɫ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ:  

ሻݎሺݐ =

{  
   
  
   
   
˓˔ݐ  + ߛଶ̄̄ߜ ∙ ܵˉʹ𝜋 ∙ ݎ ∙ ߙ ݎ, = ,ସݎ

ହሻݎሺݐ + ߛଶ̄̄ߜ ∙ ܵˉʹ𝜋 ∙ ݎ ∙ 𝜆˔ ∙ ln ቀݎହݎ ቁ,ݎଷ ≤ ݎ ≤ ,ସݎ
ସሻݎሺݐ + ߜ ଶ̄̄ߛ ∙ ܵˉʹ𝜋 ∙ ݎ ∙ 𝜆˒ ∙ ln ቀݎସݎ ቁ,ݎଶ ≤ ݎ ≤ ,ଷݎ
ଶሻݎሺݐ + ߛଶ̄̄ߜ ∙ ܵˉʹ𝜋 ∙ ݎ ∙ 𝜆˒ ∙ ln ቀݎଶݎ ቁ,ݎଵ ≤ ݎ ≤ ଵሻݎሺݐ,ଶݎ + ߜ ଶ̄̄ߛ ∙ Ͷ𝜆ˉ ∙ ሺݎଵଶ − ,ଶሻݎ Ͳ ≤ ݎ ≤ ,ଵݎ

 (20) 
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ɝɞɟ 𝜆˔ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, 𝜆˒ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɉȼɏ, 𝜆ˉ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɠɢɥɵ. 
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ 20 ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Matlab 

ɩɨɥɭɱɟɧ ɩɪɨɮɢɥɶ ɬɟɦɩɟɪɚɬɭɪ ɜ ɫɟɱɟɧɢɢ ɤɚɛɟɥɹ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.   
  

 
 

ɚ ɛ 

Ɋɢɫɭɧɨɤ 33 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɟɱɟɧɢɢ ɤɚɛɟɥɟɣ ɢ 

ɨɤɪɭɠɚɸɳɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ:  

ɚ – ɤɚɛɟɥɶ ɫ ɋɉɗ ɢɡɨɥɹɰɢɟɣ, ɛ – ɤɚɛɟɥɶ ɫ ɉȼɏ ɢɡɨɥɹɰɢɟɣ  
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɟɣ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ⱦɚɧɧɨɣ ɡɧɚɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɧɨɫɚ 

ɢɡɨɥɹɰɢɢ.  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɡɧɚɱɟɧɢɢ ɫɢɥɵ ɬɨɤɚ, 

ɩɪɨɬɟɤɚɸɳɟɦ ɜ ɤɚɛɟɥɟ, ɢɡɦɟɧɹɥɨɫɶ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɩɪɨɢɫɯɨɞɢɥɨ ɭɜɟɥɢɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡɨɥɹɰɢɢ. ȼ ɫɪɟɞɧɟɦ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 10 0ɋ ɬɟɦɩɟɪɚɬɭɪɚ ɉȼɏ ɢɡɨɥɹɰɢɢ ɭɜɟɥɢɱɢɜɚɥɚɫɶ 

ɧɚ 3,4 0ɋ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɋɉɗ ɢɡɨɥɹɰɢɢ ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɧɚ 5,8 0ɋ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
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10.3 Ɉɰɟɧɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɚɛɟɥɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɨɥɹɰɢɢ 

Ɇɨɞɟɥɶ ɫɬɚɪɟɧɢɹ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɷɬɢɯ ɰɟɥɹɯ, 

ɞɨɥɠɧɚ ɡɚɜɢɫɟɬɶ ɨɬ ɜɨɡɞɟɣɫɬɜɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɚ ɬɚɤɠɟ 

ɛɵɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɞɥɹ ɤɚɛɟɥɹ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ ɫɲɢɬɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɢ ɟɝɨ 

ɪɚɛɨɱɟɝɨ ɞɢɚɩɚɡɨɧɚ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ ɦɨɞɟɥɢ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɬɚɬɨɱɧɨɝɨ ɪɟɫɭɪɫɚ ɢɡɨɥɹɰɢɢ ɢɡ ɫɲɢɬɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɪɟɲɟɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɞɟɥɶ, ɩɪɟɞɥɨɠɟɧɧɭɸ ɜ [54]: 𝜏˓ = А ∙ Е−𝑛 ∙ ݁𝑊𝑎𝑘் , (21) 

ɝɞɟ 𝜏˓ – ɫɪɨɤ ɫɥɭɠɛɵ ɢɡɨɥɹɰɢɢ; Ⱥ – ɩɨɫɬɨɹɧɧɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɫɬɪɭɤɬɭɪɵ  
ɜɟɳɟɫɬɜɚ; ȿ – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ; n – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɜɢɞɚ ɢɡɨɥɹɰɢɢ, ɪɨɞɚ ɢ ɜɟɥɢɱɢɧɵ 
ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ; 𝑊𝑎 – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ; k – 

ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ; Ɍ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 
 

ȼɵɛɪɚɧɧɚɹ ɦɨɞɟɥɶ ɪɚɫɫɱɢɬɵɜɚɟɬ ɫɬɟɩɟɧɶ ɫɬɚɪɟɧɢɹ ɪɚɡɪɹɞɨɜ [54,55] ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɢɡɨɥɹɰɢɢ. Ɇɨɳɧɨɫɬɶ ɜ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɡɚɬɪɚɬɵ 

ɷɧɟɪɝɢɢ ɧɚ ɪɚɡɪɭɲɟɧɢɟ ɞɢɷɥɟɤɬɪɢɤɚ, ɱɬɨ ɜ ɥɭɱɲɟɣ ɫɬɟɩɟɧɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɪɚɡɪɭɲɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɱɚɫɬɢɱɧɵɯ ɪɚɡɪɹɞɨɜ ɧɚ ɢɡɨɥɹɰɢɸ. 

Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ (21) ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɬɚɬɨɱɧɨɝɨ ɪɟɫɭɪɫɚ 

ɤɚɛɟɥɹ ɫ ɋɉɗ ɢɡɨɥɹɰɢɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɟɢɡɜɟɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ. 

ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ 

ɢɡɨɥɹɰɢɢ, ɫɨɝɥɚɫɧɨ [56] ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɨɬ 84 ɞɨ 104 ɄȾɠ/Ɇɨɥɶ.  

Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɪɨɤɚ ɫɥɭɠɛɵ ɩɪɢɦɟɦ ɯɭɞɲɢɣ ɜɨɡɦɨɠɧɵɣ ɜɚɪɢɚɧɬ, ɤɨɝɞɚ 

ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɦɨɥɟɤɭɥ ɦɚɬɟɪɢɚɥɚ ɢɡɨɥɹɰɢɢ ɬɪɟɛɭɟɬɫɹ ɧɚɢɦɟɧɶɲɚɹ ɷɧɟɪɝɢɹ 

ɚɤɬɢɜɚɰɢɢ, ɬɨ ɟɫɬɶ ɩɪɢɦɟɦ ɞɥɹ ɪɚɫɱɟɬɚ ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ ɪɚɜɧɭɸ              

84 ɄȾɠ/Ɇɨɥɶ. 

Ɉɞɧɚɤɨ, ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜ ɪɚɫɱɟɬɚɯ, ɬɪɟɛɭɟɬɫɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɮɨɪɦɭɥɭ ɦɨɞɟɥɢ ɫɬɚɪɟɧɢɹ, ɢɫɩɨɥɶɡɭɹ ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɝɚɡɨɜɭɸ 

ɩɨɫɬɨɹɧɧɭɸ (R), ɬɚɤ ɤɚɤ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɡɚɞɚɧɚ ɞɥɹ ɨɞɧɨɝɨ ɦɨɥɹ 

ɜɟɳɟɫɬɜɚ: 
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𝜏˓ = А ∙ Е−𝑛 ∙ ݁𝑊𝑎ோ் . (22) 

ɉɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɨɥɹɰɢɢ 

ɤɚɛɟɥɹ ɨɩɪɟɞɟɥɟɧ ɫɨɝɥɚɫɧɨ [54]. Ⱦɥɹ ɤɚɛɟɥɟɣ ɫ ɢɡɨɥɹɰɢɟɣ ɢɡ ɫɲɢɬɨɝɨ 

ɩɨɥɢɷɬɢɥɟɧɚ ɢ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ ɩɪɢɦɟɦ n=4. 

ɉɨɫɬɨɹɧɧɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɫɬɪɭɤɬɭɪɵ ɜɟɳɟɫɬɜɚ ɬɪɟɛɭɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɞɧɚɤɨ ɞɥɹ ɪɚɫɱɟɬɚ ɛɵɥɚ ɩɪɢɧɹɬɚ: 

Ⱥ =1022 

Ɂɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Elcut. ɇɚ ɪɢɫɭɧɤɟ 34 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ ɢɫɫɥɟɞɭɟɦɵɯ ɤɚɛɟɥɟɣ. Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɩɪɢɧɢɦɚɥɨɫɶ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ. 

  

 

  

ɚ ɛ 

 

Ɋɢɫɭɧɨɤ 34 – ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ: ɚ – ɢɡɨɥɹɰɢɹ ɉȼɏ, ɛ – 

ɋɉɗ ɢɡɨɥɹɰɢɹ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɣ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɨɤɚ 

ɫɥɭɠɛɵ ɉȼɏ ɢ ɋɉɗ ɢɡɨɥɹɰɢɢ. ɇɚ ɪɢɫɭɧɤɚɯ 35, 36 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 

ɫɪɨɤɚ ɫɥɭɠɛɵ ɢɡɨɥɹɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ 

ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 
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Ɋɢɫɭɧɨɤ 35 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɪɨɤɚ ɫɥɭɠɛɵ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ ɢɡ 

ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 

 

Ɋɢɫɭɧɨɤ 36 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɪɨɤɚ ɫɥɭɠɛɵ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ ɢɡ ɫɲɢɬɨɝɨ 

ɩɨɥɢɷɬɢɥɟɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɦ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫɪɨɤ ɫɥɭɠɛɵ 

ɢɡɨɥɹɰɢɢ ɢɡ ɫɲɢɬɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɢɡɨɥɹɰɢɢ ɢɡ 

ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ.  

ɉɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɪɨɤ ɫɥɭɠɛɵ ɢɡɨɥɹɰɢɢ 

ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɢ ɫɤɨɪɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɢɡ ɤɨɬɨɪɨɝɨ 

ɢɡɝɨɬɨɜɥɟɧɚ ɢɡɨɥɹɰɢɹ, ɞɨɫɬɚɬɨɱɧɚ ɦɚɥɚ. ɇɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
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ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɵɲɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ 

ɫɪɨɤɚ ɫɥɭɠɛɵ ɢɡɨɥɹɰɢɢ. Ⱦɥɹ ɤɚɛɟɥɟɣ ɫ ɋɉɗ ɢɡɨɥɹɰɢɟɣ ɷɬɨ ɡɧɚɱɟɧɢɟ 

ɫɨɫɬɚɜɥɹɟɬ 90 0ɋ, ɚ ɞɥɹ ɉȼɏ ɢɡɨɥɹɰɢɢ 70 0ɋ. 

ɉɨɦɢɦɨ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɛɟɥɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ 

ɞɪɭɝɢɯ ɞɟɫɬɪɭɤɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɣ ɬɚɤ ɠɟ ɜɧɨɫɹɬ ɫɜɨɣ ɜɤɥɚɞ ɜ 

ɫɜɨɟɜɪɟɦɟɧɧɵɣ ɢɡɧɨɫ ɢɡɨɥɹɰɢɢ, ɫɨɤɪɚɳɚɹ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɛɟɥɹ. 
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Ɂɚɤɥɸɱɟɧɢɟ 

Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɚɧɧɚɹ Ⱥɋɍ ɜɥɚɠɧɨɫɬɶɸ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ ɤɥɢɦɚɬɢɱɟɫɤɨɣ 

ɤɚɦɟɪɟ.  

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɩɪɨɢɡɜɟɞɟɧ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɩɨ ɬɟɦɚɬɢɤɟ 

ɪɚɛɨɬɵ, ɪɚɡɪɚɛɨɬɚɧɵ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɵ. 

ɉɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɞɥɹ ɫɯɟɦɵ ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɧɟɝɨ 

ɪɚɡɪɚɛɨɬɚɧɚ ɡɚɤɚɡɧɚɹ ɫɩɟɰɢɮɢɤɚɰɢɹ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ ɡɧɚɱɟɧɢɢ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ 

ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ. ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ASU ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ 

ɩɪɚɜɢɥɶɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ Ɉɉɇ ɪɟɝɭɥɹɬɨɪɨɜ. Ⱦɚɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɧɵɦ ɦɟɬɨɞɨɦ ɫɩɨɫɨɛɧɵ 

ɨɛɟɫɩɟɱɢɬɶ ɡɚɞɚɧɧɭɸ ɫɬɟɩɟɧɶ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ɍɚɤ ɠɟ ɫ ɩɨɦɨɳɶɸ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ 

ɧɚɫɬɪɨɣɤɢ ɰɢɮɪɨɜɨɝɨ ɪɟɝɭɥɹɬɨɪɚ. 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɨɡɞɚɧɚ ɦɧɟɦɨɫɯɟɦɚ, ɩɨɡɜɨɥɹɸɳɚɹ 

ɭɩɪɚɜɥɹɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. 

ɂɫɩɨɥɶɡɭɹ ɭɫɥɨɜɢɹ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɚ ɜɨɫɫɨɡɞɚɜɚɬɶ ɪɚɡɪɚɛɨɬɚɧɧɚɹ 

ɤɥɢɦɚɬɢɱɟɫɤɚɹ ɤɚɦɟɪɚ, ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 

ɨɩɪɟɞɟɥɟɧ ɨɫɬɚɬɨɱɧɵɣ ɪɟɫɭɪɫ ɤɚɛɟɥɟɣ ɫ ɉȼɏ ɢ ɋɉɗ ɢɡɨɥɹɰɢɟɣ. 
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Automated control system of humidity and temperature in the climate chamber 

 

 

 

 

 

 

 

ɋɬɭɞɟɧɬ: 
Ƚɪɭɩɩɚ ɎɂɈ ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

5ȻM74 Ɍɢɦɨɲɟɧɤɨ ȿɜɝɟɧɢɹ Ʌɟɨɧɢɞɨɜɧɚ   

 

Ʉɨɧɫɭɥɶɬɚɧɬ ɲɤɨɥɵ ɨɬɞɟɥɟɧɢɹ (ɇɈɐ) ɂ.ɇ.Ȼɭɬɚɤɨɜɚ: 
Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 

ɡɜɚɧɢɟ 

ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ Ʉɚɰ Ɇ.Ⱦ. ɤ.ɮ.-ɦ.ɧ.   

 

Ʉɨɧɫɭɥɶɬɚɧɬ – ɥɢɧɝɜɢɫɬ ɨɬɞɟɥɟɧɢɹ (ɇɈɐ) ɲɤɨɥɵ Ɉɂə: 
Ⱦɨɥɠɧɨɫɬɶ ɎɂɈ ɍɱɟɧɚɹ ɫɬɟɩɟɧɶ, 

ɡɜɚɧɢɟ 

ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ⱦɨɰɟɧɬ 
ɑɟɪɟɦɢɫɢɧɚ ɏɚɪɪɟɪ  

ɂ.Ⱥ. 
ɤ.ɮ.ɧ., ɞɨɰɟɧɬ   

 



122 

 

Introduction 

Industrial companies, as well as centers for the development and study of 

research activities, should conduct preliminary experiments in conditions close to 

the real ones. This demand is explained by the need to improve the quality 

characteristics of the products being prepared for release. Imitating any climatic 

conditions chambers have been created for these purposes. 

Climatic chambers allow you to simulate the effects of the environment. It 

allows you to reproduce the necessary environmental conditions as accurately as 

possible. It can be  temperature conditions, ultraviolet radiation, changing and 

maintaining the parameters of air humidity. Climatic chambers are widely used in 

many industries, engineering and other fields of human activity. The work of all 

research centers is built on the most accurate results, which makes the use of climate 

chambers very relevant [1]. 

A large number of firms are engaged in the production of climate chambers: 

Patriot plant, SM Climate, Equipment World in Russia, BINDER in the USA, Top 

Rank in China and many others. 

Climatic chambers are used by various companies, for example Geolis, 

Climate LLC, Eltep Company, etc. This is just a small part of firms and factories 

that subject products to climatic testing. 

In this paper, an automated humidity and temperature control system for the 

climate chamber was designed and the controller settings parameters were 

calculated. For the development, an analytical review of the object technology, 

automation structure, technical means of control and management was made. 

The results of the work can be applied in scientific research and in academic 

work. 
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 Information about climate chambers 

The design of a typical climate chamber can be represented in four parts: 

− working volume; 

− automatic control panel; 

− steam generator; 

− freon dryer. 

The working volume is a cabinet with a built-in heat exchanger. The cabinet 

is equipped with a special door with a viewing window. The main electrical 

equipment is located in the automatic control panel. The cooling unit provides 

cooling inside the working volume. Freon dryer is a device that maintains a certain 

level of humidity. 

 There is a wide range of climate chambers that can simulate various climatic 

conditions. For example, chambers are able to create the conditions of exposure to 

the sun, high vacuum, salt fog. However, the most common are chambers of heat, 

heat-cold, heat-cold-humidity, heat-humidity, pressure chamber and wide defrost. 

Climatic salt fog chambers are designed to test the corrosion resistance of 

metals treated with various types of protective coatings. Inside the chamber, the 

conditions for intense corrosive attack with neutral salt fog are created [2]. 

A salt fog chamber is an economically viable solution, since it allows to carry 

out qualification tests without the regular involvement of outside organizations. 

Depending on the type of device, size, quality of vacuum and additional 

equipment, deep vacuum chambers can be used in almost any enterprise or 

production. The most popular are chambers with a large size of the working space 

and, at the same time, using a low vacuum. Thus, they are used for drying all kinds 

of materials, to create outer space in rocket production, conducting plasma 

confinement experiments for particles under accelerated molecular charge 

conditions [3]. 
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Heat-cold chambers are flexible. They can create a variety of conditions. 

Work with materials can be carried out at extremely low and at extremely high 

temperatures. There are various modifications of these chambers: 

− heat-cold-humidity chambers; 

− heat-humidity chambers; 

− cold-humidity chambers. 

Scope of application of heat-cold chambers becomes only wider every year. 

Now, such installations have found their application in most modern industries, 

which cannot operate without such equipment. 

The main purpose of the heat-cold-humidity chambers is to control the 

temperature level. Most companies currently need installations of this type. The 

main reason for this need lies in modern quality standards, which are almost 

impossible to achieve without climate equipment. 

Heat-cold-humidity in the climate chamber can act as the set parameters and 

have a large range. The equipment of heat-cold-humidity chambers is universal, that 

combine at once two types of chambers: cold-humidity and heat-humidity. It is also 

worth noting that this option is also of economic importance: such climate chambers 

are more budgetary, compared with the purchase of two different chambers [4]. 

Heat-humidity chambers are used for humidity resistance tests. It provides 

automatic receipt and maintenance of temperature and relative humidity for a given 

program. 

Chambers differ in overall dimensions, accuracy of maintenance of the 

mode, range of characteristics. The heat-humidity chamber provides operation in the 

range of high humidity - from the natural 10 ... 98%, in the temperature range from 

30 ... 100 ° ɋ. 
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 Humidity Information 

Atmospheric air consists of the water part and the dry part (nitrogen, oxygen, 

inert gases). The dry part of the air is almost constant, and the amount of water vapor 

is not constant, it depends on local climatic conditions and the season. 

In heat-humidity and heat-cold-humidity climate chambers the amount of 

water vapor that is contained in the air changes. The quantitative content of dry air 

remains constant. In all processes that are associated with the drying and 

humidification of air, when calculating the processes using such unit of 

measurement of humidity as humidity content. It shows the amount of water vapor 

in one kilogram of dry air. 

Relative humidity is a physical quantity that indicates the degree of air 

saturation with water vapor [5]. It is calculated as the ratio of the humidity content 

in a given state to the humidity content at full saturation at the same pressure and 

temperature values. 

When calculating the heat-humidity state of humid air, there is such a thing 

as enthalpy. It is the sum of the enthalpies of the dry part of the air and the enthalpy 

of water vapor. 

 The simplest and most convenient method for determining the change in the 

state of atmospheric air is the calculation according to the I-d diagram (psychometric 

diagram) [5]. The I-d diagram appearance is shown in Figure 1. 

The coordinates of the diagram contain the dependences of the basic 

parameters of humid air: air temperature, humidity content, enthalpy and relative 

humidity [5]. 

The diagram is used both to determine the parameters of humid air, and to 

build changes in its state under various influences. Also the I-d diagram can display 

the dew point temperature and the temperature of the wet thermometer. These 

parameters are widely used in the calculations of air conditioning and ventilation. 
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The dew point temperature is the necessary temperature that must be reached 

in order for unsaturated air to become saturated, while maintaining a constant 

humidity content. 

The temperature of wet steam is the temperature that humid air is ready to 

receive, when it reaches a state of saturation, this process occurs at a constant value 

of air enthalpy. 

 

 

Figure 1 – The I-d diagram appearance 

 

Temperature dependence of the relative humidity 

Equivalent definition is the ratio of the mass fraction of water vapor in the 

air to the maximum possible at a given temperature. Measured as a percentage and 

is determined by the formula:  ܴܪ = ଶܱሻܪሺ∗ଶܱሻܪሺ ∙ ͳͲͲ,  

where RH is the relative humidity,ሺܪଶܱ) is the partial pressure of water 

vapor in the mixture, ∗ሺܪଶܱሻis the equilibrium pressure of the saturated steam. 

The partial pressure of water vapor is calculated using the following formula:  = ܲሺݐ′ሻ − 𝐴 ∙  ∙ ሺݐ − ሻ′ݐ ∙ ሺͳ + ܽ′ ∙  ሻ, (23)′ݐ
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where ܲሺݐ′ሻ is the pressure of saturated water vapor above the flat surface 

of water having a temperature t ', hPa; A is the psychometric coefficient for the 

vapor-gas mixture with a known standard of its dry part, 0ɋ-1; p is the total pressure 

of the vapor-gas mixture, hPa; t is the temperature of the vapor-gas mixture, 0ɋ; ݐ′  
is the phase temperature, °C; ܽ ′  is the coefficient taking into account the temperature 

dependence of the specific heat of the phase transformation of the condensed phase 

of water into steam, 0ɋ-1. 

The nominal value of the psychrometric coefficient A are: 

A = 0.795 ∙ 10-6 – with the natural movement of air; 

A = 0.662 ∙ 10-6 – with forced blowing at a nominal speed of 2 m/s; 

When calculating psychrometric tables take a = 0.00115 ° C-1 based on the 

properties of distilled water and the composition of dry air. 

The pressure of saturated water vapor increases strongly with increasing 

temperature. Therefore, during isobaric cooling of air with a constant concentration 

of steam, a moment (dew point) occurs when the steam is saturated. At the same 

time, the “extra” vapor is condensed in the form of fog, dew or ice crystals. 

The relative humidity of an air / water mixture can be assessed if its 

temperature (T) and dew point temperature (T_d) are known, using the following 

formula: ܴܪ = ௦ܲሺ ௗܶሻ௦ܲሺܶሻ ∙ ͳͲͲ, (24) 

where Ps(Ɍ) is the saturated vapor pressure for the corresponding 

temperature, which can be calculated using the Arden Buck equation [6]: 

Arden Buck Method: 

௦ܲሺܶሻ = .ͳͳʹͳ ∙ expሺሺͳͺ.ͺ − ܶ/ʹ͵Ͷ.ͷሻ ∙ ܶʹͷ.ͳͶ + ܶ ሻ, (25) 

where T is the temperature in degrees Celsius, Ps is the pressure in hPa. 

For negative temperatures in the absence of a liquid phase, a different Buck 

formula is used: 
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௦ܲሺܶሻ = .ͳͳʹͳ ∙ expሺሺʹ͵.Ͳ͵ − ܶ/͵͵͵.ሻ ∙ ܶʹͻ.ͺʹ + ܶ ሻ.  

For more accurate calculations, you should use the Hoff-Gratch models or 

more modern ones: A. Wechsler, ITS-90 [12], D. Zontag [7]. 

Goffre-Gratch model 

This method is designed to estimate the water vapor pressure saturation at a 

specific temperature. The original experimental correlation of Goff-Gratch (1946) is 

as follows: log ݁∗ =  −.ͻͲʹͻͺ ∙ ቀ ೞ்் − ͳቁ + ͷ.ͲʹͺͲͺ ∙ log ቀ ೞ்்ቁ − ͳ.͵ͺͳ ∙ ͳͲ− ∙(ͳͲଵଵ.ଷସସ∙ቀଵ−𝑇ೞ𝑇 ቁ − ͳ) + ͺ.ͳ͵ʹͺ ∙ ͳͲ−ଷ ∙ (ͳͲ−ଷ.ସଽଵସଽ∙ቀ𝑇ೞ𝑇 −ଵቁ − ͳ) + ∗௦௧݈݁݃ where, 

e  *  is the saturated pressure of water vapor (hPa); T is the absolute air temperature 

in kelvins; Tst is the boiling point at 1 atm and a temperature of 37315 K; ݁௦௧∗  is the 

saturated at the boiling point. 

It is possible to use the missing formula for calculating the pressure of 

saturated water vapor: ܲ = ܲ ∙ expሺ ܽ ∙ ߚݐ +   ሻݐ

where P0 = 6.1121 hPa, a = 17.5043 ° C, β = 241.2 ° C, t is the temperature 

of the flat surface of the water, ° C. 

The expanded formula contains a large number of elements; therefore, it is 

more expedient to use a simplified formula. 

Relative humidity can also be calculated approximately by the following 

formula: ܴܪ ≈ ͳͲͲ − ͷ ∙ ሺܶ − ʹͷ ∙ ௗܶሻ, 
where T is the absolute temperature, Td is the dew point temperature. 

Also, relative humidity can be estimated by the psychometric table. Figure 1 

shows a fragment of the psychrometric table. The row heading is the temperature of 

the dry thermometer, the column headings are the difference of the readings of the 

dry and wet thermometers. 
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This method is suitable for calculating relative humidity with a temperature 

range of 0 – 90 ° C. 

 

Dry-bulb 

temperature, 

° C 

Psychometric difference, ° C 

0 1 2 3 4 5 6 7 8 9 10 

20 100 90 81 72 64 56 48 40 32 25 18 

21 100 91 82 73 65 57 49 42 34 27 20 

22 100 91 83 74 66 58 50 43 36 29 23 

23 100 91 83 75 67 59 52 45 38 31 25 

Figure 1 – The psychometric table fragment 

 

Mathematical formulation of the problem 

To solve this problem, in addition to the partial pressure and air saturation 

pressure, it is necessary to determine the temperature of the wet thermometer. The 

value of this physical quantity is determined by the following expression: ݐ˅ˎ = ݐ ∙ atan (Ͳ.ͳͷͳͻ ∙ ሺܴܪ% + ͺ.͵ͳ͵ͷͻሻଵଶ) + atanሺݐ + ሻ%ܪܴ
− atanሺܴܪ% − ͳ.͵͵ͳሻ + Ͳ.ͲͲ͵ͻͳͺ͵ͺ ∙ ∙ଷଶ%ܪܴ atanሺͲ.Ͳʹ͵ͳͲͳ ∙ ሻ%ܪܴ − Ͷ.ͺͲ͵ͷ, (26) 

where tc is the temperature of the dry thermometer. 

In this paper, the calculation of the dependence of temperature on relative 

humidity will be carried out using expressions [1–4]. Numerical values were 

obtained in the program MathCad. 

Figures 2 and 3 show the change in relative humidity with variation of the 

temperature difference between dry and wet thermometers. 
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Figure 2 – Dependence of humidity changes on the difference between dry 

and wet thermometers 

   

 

Figure 3 – Dependence of temperature change on changes in relative 

humidity 
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Climate chamber design 

The climate chamber is based on a frame that provides rigidity to the 

structure. To reduce heat exchange with the environment, all the walls of the 

chamber are reinforced with a layer of thermal insulation. The inner walls of the 

chamber are made of mirror stainless steel. The camera is equipped with a door with 

a viewing window. The tightness of the chamber is achieved through the use of a 

door seal and the presence of a clip on the handle. The viewing window is made of 

tempered glass. 

The front panel of the chamber is equipped with a monitor. The display 

shows the main technological parameters: temperature, humidity and the duration of 

the experiment. 

Figure 4 shows the climate chamber appearance, and Table 1 shows its main 

technical characteristics. 

 

 

Figure 4 – The climate chamber appearance 

 

Table 1 – Chamber specifications 

Parameter Value 

Chamber volume 100 l 

Range of humidity values 10 – 98 % RH 

Irregularity in maintaining humidity <5 % RH 

Humidity maintenance accuracy ±3 % RH 

Temperature range -30 – 120 0ɋ 

Temperature range to maintain humidity 30 – 80 0ɋ 

Accuracy of temperature maintenance ± 1 0ɋ 

Irregularity of temperature maintenance < 4 0ɋ 
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ɉɪɢɥɨɠɟɧɢɟ Ȼ  

 Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ 

Ɍɚɛɥɢɰɚ 1 – Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɦ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ 

Ȧ, ɫ-1 𝐾𝑃 
К˓௨ܶ  

0.058 47.5 2.93197 

0.059 49.015 2.95439 

0.06 50.51 2.97317 

0.061 51.982 2,9832 

0.062 53.432 2.99937 

0.063 54.858 3.00657 

0.064 56.259 3.0097 

0.065 57.635 3.00868 

0.066 58.985 3.0034 

0.067 60.308 2.99377 

0.068 61.603 2.97971 

0.069 62.869 2.96113 

0.07 64.107 2.93795 

 

 

 

 

 

 

 

 

 

 

 



134 

 

ɉɪɢɥɨɠɟɧɢɟ ȼ   

Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ 

Ɍɚɛɥɢɰɚ 1 – ɉɚɪɚɦɟɬɪɵ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɪɟɝɭɥɹɬɨɪɚ  

Ȧ, ɫ-1 𝐾𝑃 
К˓௨ܶ  

0.02 -2.752 0.00212 

0.03 -2.151 0.01324 

0.04 -1.627 0.03005 

0.06 -0.748 0.06678 

0.07 -0.383 0.08124 

0.08 -0.071 0.09042 

0.085 0.062 0.09261 

0.09 0.181 0.09307 

0.095 0.284 0.09173 

0.1 0.37 0.08859 

0.105 0.441 0.08367 

0.11 0.495 0.07703 

0.115 0.533 0.06878 

0.12 0.555 0.05905 
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ɉɪɢɥɨɠɟɧɢɟ Ƚ  

 Ɂɚɤɚɡɧɚɹ ɫɩɟɰɢɮɢɤɚɰɢɹ 

Ɍɚɛɥɢɰɚ 1 – Ɂɚɤɚɡɧɚɹ ɫɩɟɰɢɮɢɤɚɰɢɹ ɩɪɢɛɨɪɨɜ ɢ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɉɨɡ. ɇɚɢɦɟɧɨɜɚɧɢɟ, ɬɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢɛɨɪɨɜ 
ɢ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

Ɍɢɩ ɢ ɦɚɪɤɚ 
ɩɪɢɛɨɪɚ 

Ʉɨɥ 

1 2 3 4 

TE1…TE4 

Ɍɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 
ɩɨɝɪɭɠɚɟɦɵɣ, ɇɋɏ 50Ɇ, ɦɨɧɬɚɠɧɚɹ ɞɥɢɧɚ  
500 ɦɦ, ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɹɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪ -
50… +150 °ɋ, ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ 4…20 ɦȺ. 
ɗɌɄ-ɉɪɢɛɨɪ, ɝ. Ɇɨɫɤɜɚ. 

ɌɋɆɍ-16-

S 
4 

LE1,LE2 

Ⱥɧɚɥɢɡɚɬɨɪ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ Ⱦɢɚɩɚɡɨɧ ɪɚɛɨ-

ɱɢɯ ɬɟɦɩɟɪɚɬɭɪ -30..50 °ɋ. ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ 
ɇɈ/ɇɁ ɋɬɟɩɟɧɶ ɡɚɳɢɬɵ IP68. 

Ɇɚɝɧɢɬɨ-Ʉɨɧɬɚɤɬ, ɝ. Ɇɨɫɤɜɚ 

Ⱥɍɀ-2 

«ȼɟɧɟɰɢɹ» 
2 

ME1 

Ⱦɚɬɱɢɤ ɜɥɚɠɧɨɫɬɢ. Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ: 
0…98%.  ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ 4…20 ɦȺ.  Ⱦɨɩɭɫ-

ɤɚɟɦɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ±2%. 
 ɈɈɈ «Ɋɷɥɫɢɛ» ɝ. ɇɨɜɨɫɢɛɢɪɫɤ 

ȾȼɌ-

0.3Ɍɗ.ɄɅ 
1 

PDS1 

Ɋɟɥɟ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ Ⱦɢɚɩɚɡɨɧɵ ɞɚɜɥɟɧɢɹ: 
 -0,2…28 ɛɚɪ. Ʉɥɚɫɫ ɡɚɳɢɬɵ IP44 

 Danfoss, Ⱦɚɧɢɹ 

KPI 35 1 

M1…M4 

ɗɥɟɤɬɪɨɩɪɢɜɨɞ AMV 23 ɉɨɬɪɟɛɥɹɟɦɚɹ 

ɦɨɳɧɨɫɬɶ, 7 BA.  ɉɢɬɚɧɢɟ 220 ȼ, ɭɩɪɚɜɥɹɸɳɢɣ 
ɫɢɝɧɚɥ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ 24 ȼ.  IP54 

 Danfoss, Ⱦɚɧɢɹ 

AMV 23 4 

M5 

ɇɚɫɨɫ ɩɨɝɪɭɠɧɨɣ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɶ 23 ɥ/ɱ, ɞɢɚɦɟɬɪ 50 ɦɦ, ɩɢɬɚɧɢɟ 24 ȼ. 
ɈɈɈ «Ɉɥɶɫɚ», ɝ. ɇɨɜɨɫɢɛɢɪɫɤ. 

Ɋɭɱɟɟɤ-1Ɇ 1 

 

ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɥɟɪ 
Ɇɋ12.3.  Ⱥɧɚɥɨɝɨɜɵɟ ɜɯɨɞɵ: 8. Ⱦɢɫɤɪɟɬɧɵɟ 
ɜɯɨɞɵ: 4. Ⱥɧɚɥɨɝɨɜɵɟ ɜɵɯɨɞɵ: 4. Ⱦɢɫɤɪɟɬɧɵɟ 
ɜɵɯɨɞɵ: 8. ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 24 ȼ. 

 Ʉɨɧɬɚɪɶ,  ɝ. Ɇɨɫɤɜɚ  

ɆɁɌȺ 
Ɇɋ12.3 

1 

 

Ɇɨɞɭɥɶ ɞɢɫɤɪɟɬɧɨɝɨ ɜɜɨɞɚ ɜɵɜɨɞɚ. 

Ⱦɢɫɤɪɟɬɧɵɟ ɜɯɨɞɵ:16. Ⱦɢɫɤɪɟɬɧɵɟ ɜɵɜɨɞɵ: 4  

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ  220ȼ.  

 Ʉɨɧɬɚɪɶ, ɝ. Ɇɨɫɤɜɚ 

Ɇȿ16.1 1 

 

 

 



136 

 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 

ɉɨɡ. ɇɚɢɦɟɧɨɜɚɧɢɟ, ɬɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢɛɨɪɨɜ ɢ 
ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

Ɍɢɩ ɢ ɦɚɪɤɚ 
ɩɪɢɛɨɪɚ 

Ʉɨɥ 

1 2 3 4 

 

ɇɨɭɬɛɭɤ HP 255 G6 15.6" ɇɨɭɬɛɭɤ HP 255 G6 
ɱɟɪɧɵɣ. Ʉɨɥɢɱɟɫɬɜɨ ɹɞɟɪ ɩɪɨɰɟɫɫɨɪɚ 2. ɑɚɫɬɨɬɚ 
ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ 1866 ɆȽɰ. Ɉɛɴɟɦ ɠɟɫɬɤɨɝɨ 
ɞɢɫɤɚ 500 ȽȻ. 
ɋɬɪɚɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶ Ʉɢɬɚɣ 

HP 255 G6 

15.6 255 G6 
1 

 

ȼɨɡɞɭɲɧɵɣ Ɍɗɇ ɞɥɹ ɤɪɭɝɥɵɯ ɤɚɧɚɥɨɜ ɦɨɳɧɨɫɬɶ 
2 ɤȼɬ, ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɫɟɬɢ 220 ȼ. 
Irca ɝ. Ɇɨɫɤɜɚ.  

 1 

 

ɍɥɶɬɪɚɡɜɭɤɨɜɚɹ ɦɟɦɛɪɚɧɚ, ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 
24 ȼ, ɪɚɛɨɱɚɹ ɫɪɟɞɚ-ɜɨɞɚ. 
ɋɬɪɚɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶ Ʉɨɪɟɹ. 

M25ɋ001 1 

 

Ƚɪɟɸɳɢɣ ɤɚɛɟɥɶ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ    
85 ɨɋ, ɦɨɳɧɨɫɬɶ 13 ȼɬ/ɦ, ɞɥɢɧɚ 2 ɦ. 
Young Chang Silicone, ɘɠɧɚɹ Ʉɨɪɟɹ   

HEATUS 

PerfectJet  
1 
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ɢɥ
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