
 
 

Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ  

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
ȺɆɍɊɋɄɂɃ ȽɈɋɍȾȺɊɋɌȼȿɇɇЫɃ ɍɇɂȼȿɊɋɂɌȿɌ 

(ɎȽȻɈɍ ȼɈ «ȺɦȽɍ») 
 
 
Ɏɚɤɭɥɶɬɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ                                                                                       
Ʉɚɮɟɞɪɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ  
ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ: 15.03.04 «Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ  
ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜ» 
ɇɚɩɪɚɜɥɟɧɧɨɫɬɶ (ɩɪɨɮɢɥɶ) ɩɪɨɝɪɚɦɦɵ «Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ  
ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜ ɜ ɷɧɟɪɝɟɬɢɤɟ» 
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Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɳɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

ȺɆɍɊɋɄɂɃ ȽɈɋɍȾȺɊɋɌȼȿɇɇЫɃ ɍɇɂȼȿɊɋɂɌȿɌ 

(ɎȽȻɈɍ ȼɉɈ «ȺɦȽɍ») 

 
Ɏɚɤɭɥɶɬɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ 
Ʉɚɮɟɞɪɚ  ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ 
ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɝɨɬɨɜɤɢ: 15.03.04 « Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫ-
ɫɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜ» 
ɇɚɩɪɚɜɥɟɧɧɨɫɬɶ (ɩɪɨɮɢɥɶ) ɩɪɨɝɪɚɦɦɵ «Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ  
ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜ ɜ ɷɧɟɪɝɟɬɢɤɟ» 
 

                                                              ɍɌȼȿɊɀȾȺɘ 
                                                                           Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

__________ Ⱥ.Ⱥ. Ɉɫɬɚɩɟɧɤɨ 
                                                                                                 (ɩɨɞɩɢɫɶ) 

«___» ____________ 2017 ɝ. 

ɁȺȾȺɇɂȿ 

 

Ʉ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ  ɪɚɛɨɬɟ  ɫɬɭɞɟɧɬɚ:                                              

ɝɪ. 341-ɡɫɛ Пɚɜɥɨɜɚ Дɦɢɬɪɢя Ⱥɧɞɪɟɟɜɢɱɚ 

1. Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɡɪɹɠɟɧɢɹ ɜ 

ɬɨɩɤɟ ɤɨɬɥɚ Ɋɚɣɱɢɯɢɧɫɤɨɣ ȽɊɗɋ. 

2. ɋɪɨɤ ɫɞɚɱɢ ɫɬɭɞɟɧɬɨɦ ɡɚɤɨɧɱɟɧɧɨɝɨ ɩɪɨɟɤɬɚ:      08.02.2017  

3. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɤ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ: ________________ 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

4. ɋɨɞɟɪɠɚɧɢɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ  ɪɚɛɨɬɵ: 1) ɢɡɭɱɟɧɢɟ ɨɛɴɟɤɬɚ ɚɜ-

ɬɨɦɚɬɢɡɚɰɢɢ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ; 3) ɪɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɚɜɬɨɦɚɬɢ-

ɡɚɰɢɢ; 4) ɜɵɛɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ; 5) ɪɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ; 6) 

ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ.  
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5. ɉɟɪɟɱɟɧɶ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɥɨɠɟɧɢɹ:  

Ʌɢɫɬ 1:  ɋɯɟɦɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ; 

Ʌɢɫɬ 2:  ɋɯɟɦɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ; 

Ʌɢɫɬ 3: ɍɫɬɪɨɣɫɬɜɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ; 

Ʌɢɫɬ 4:  ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ; 

Ʌɢɫɬ 5:  ɍɫɬɪɨɣɫɬɜɨ ɢ ɫɯɟɦɵ ɩɨɞɤɥɸɱɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ; 

Ʌɢɫɬ 6:   ɋɯɟɦɵ ɩɨɞɤɥɸɱɟɧɢɹ ɛɥɨɤɨɜ ɭɩɪɚɜɥɟɧɢɹ ɢ ɢɧɞɢɤɚɰɢɢ; 

Ʌɢɫɬ 7: ɗɫɤɢɡ ɩɚɧɟɥɢ ɥɢɰɟɜɨɣ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ; 

Ʌɢɫɬ 8: Ʉɨɧɬɪɨɥɥɟɪ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɥɨɝɢɱɟɫɤɢɣ. ɋɯɟɦɵ ɩɨɞɤɥɸɱɟɧɢɹ ɢ ɨɫ-

ɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; 

Ʌɢɫɬ 9: ɋɯɟɦɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ;  

Ʌɢɫɬ 10: ɉɟɪɟɱɧɢ ɫɢɝɧɚɥɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ; 

Ʌɢɫɬ 11: ɗɤɪɚɧɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

6. Ⱦɚɬɚ ɜɵɞɚɱɢ ɡɚɞɚɧɢɹ ___13.04.2016___ 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: Ȼɟɡɪɭɤɨɜ Нɢɤɨɥɚɣ 
Сɟɪɝɟɟɜɢɱ, ɞɨɰɟɧɬ, ɤɚɧɞ. ɬɟɯ. ɧɚɭɤ.  
(ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ)  

 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ (ɞɚɬɚ): 13.04.2016     

                                                                             (ɩɨɞɩɢɫɶ ɫɬɭɞɟɧɬɚ) 
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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɞɟɪɠɢɬ 103 ɫɬɪɚɧɢɰs, 12 ɮɨɪɦɭɥ, 

46 ɪɢɫɭɧɤɨɜ, 16 ɬɚɛɥɢɰ, 6 ɩɪɢɥɨɠɟɧɢɣ, 29 ɢɫɬɨɱɧɢɤɨɜ. 

 

ɉȺɊɈȽȿɇȿɊȺɌɈɊ, ȾɕɆɈɋɈɋ, ɇȺɉɊȺȼɅəɘɓɂɃ ȺɉɉȺɊȺɌ, ɉɊȿ-

ɈȻɊȺɁɈȼȺɌȿɅɖ ɑȺɌɈɌɕ, ȻɅɈɄ ɍɉɊȺȼɅȿɇɂə, ɉɊɈȽɊȺɆɆɂɊɍȿɆɕɃ 

ɅɈȽɂɑȿɋɄɂɃ ɄɈɇɌɊɈɅɅȿɊ, SCADA-ɋɂɋɌȿɆȺ 

 

ɐɟɥɶ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭ-

ɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ Ɋɚɣɱɢɯɢɧɫɤɨɣ 

ȽɊɗɋ. 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɨɛɴɟɤɬ ɚɜɬɨɦɚ-

ɬɢɡɚɰɢɢ, ɫɯɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɜɵɛɪɚɧɵ 

ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɪɚɡɪɚɛɨɬɚɧɵ: 

ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ; 

ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɣ; 

ɷɫɤɢɡ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ; 

ɭɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ; 

SCADA-ɫɢɫɬɟɦɚ. 
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ɇɈɊɆȺɌɂȼɇɕȿ ɋɋɕɅɄɂ 

ȼ ɧɚɫɬɨɹɳɟɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɫɵɥɤɢ ɧɚ ɫɥɟɞɭɸɳɢɟ 

ɫɬɚɧɞɚɪɬɵ ɢ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ: 

ȽɈɋɌ 2.102-2013 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. ȼɢɞɵ 

ɢ ɤɨɦɩɥɟɤɬɧɨɫɬɶ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɞɨɤɭɦɟɧɬɨɜ;  

ȽɈɋɌ 2.103-68 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. ɋɬɚɞɢɢ 

ɪɚɡɪɚɛɨɬɤɢ;  

ȽɈɋɌ 2.104-2006 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɫ-

ɧɨɜɧɵɟ ɧɚɞɩɢɫɢ;  

ȽɈɋɌ 2.105-95 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɟɤɫɬɨɜɵɦ ɞɨɤɭɦɟɧɬɚɦ; 

ȽɈɋɌ 2.106-96 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɍɟɤɫɬɨ-

ɜɵɟ ɞɨɤɭɦɟɧɬɵ;  

ȽɈɋɌ 2.109-73 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɫɧɨɜ-

ɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɱɟɪɬɟɠɚɦ;  

ȽɈɋɌ 2.111-68 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. ɇɨɪɦɨ-

ɤɨɧɬɪɨɥɶ;   

ȽɈɋɌ 2.121-73 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɍɟɯɧɨɥɨ-

ɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ;  

ȽɈɋɌ 2.201-80 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɛɨɡɧɚ-

ɱɟɧɢɟ ɢɡɞɟɥɢɣ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɞɨɤɭɦɟɧɬɨɜ;  

ȽɈɋɌ 2.301-68 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɏɨɪɦɚ-

ɬɵ;  

ȽɈɋɌ 2.321-84 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɛɨɡɧɚ-

ɱɟɧɢɹ ɛɭɤɜɟɧɧɵɟ;   

ȽɈɋɌ 2.701-2008 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. ɋɯɟ-

ɦɵ. ȼɢɞɵ ɢ ɬɢɩɵ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɜɵɩɨɥɧɟɧɢɸ;   

ȽɈɋɌ 3.1116-79 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. ɇɨɪɦɨ-

ɤɨɧɬɪɨɥɶ; 
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ȽɈɋɌ 2.702-2011 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. ɉɪɚ-

ɜɢɥɚ ɜɵɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ; 

ȽɈɋɌ 2.709-89 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɛɨɡɧɚ-

ɱɟɧɢɹ ɭɫɥɨɜɧɵɟ ɩɪɨɜɨɞɨɜ ɢ ɤɨɧɬɚɤɬɧɵɯ ɫɨɟɞɢɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɱɚɫɬɤɨɜ ɰɟɩɟɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦɚɯ; 

ȽɈɋɌ 2.710-81 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɛɨɡɧɚ-

ɱɟɧɢɹ ɛɭɤɜɟɧɧɨ-ɰɢɮɪɨɜɵɟ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦɚɯ; 

ȽɈɋɌ 2.721-74 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɛɨɡɧɚ-

ɱɟɧɢɹ ɭɫɥɨɜɧɵɟ ɝɪɚɮɢɱɟɫɤɢɟ ɜ ɫɯɟɦɚɯ. Ɉɛɨɡɧɚɱɟɧɢɹ ɨɛɳɟɝɨ ɩɪɢɦɟɧɟɧɢɹ; 

ȽɈɋɌ 19.701-90 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. ɋɯɟɦɵ 

ɚɥɝɨɪɢɬɦɨɜ, ɩɪɨɝɪɚɦɦ,  ɞɚɧɧɵɯ ɢ ɫɢɫɬɟɦ; 

ȽɈɋɌ 21.404-85 ɋɢɫɬɟɦɚ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɉɛɨɡɧɚɱɟɧɢɹ ɭɫɥɨɜ-

ɧɵɟ ɩɪɢɛɨɪɨɜ ɢ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜ ɫɯɟɦɚɯ; 

ȽɈɋɌ 34.602-89 ȿɞɢɧɚɹ ɫɢɫɬɟɦɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɍɟɯɧɢ-

ɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɫɨɡɞɚɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ; 

ȽɈɋɌ 15150-69 Ɇɚɲɢɧɵ, ɩɪɢɛɨɪɵ ɢ ɞɪɭɝɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɢɡɞɟɥɢɹ. ɂɫɩɨɥ-

ɧɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɪɚɣɨɧɨɜ. Ʉɚɬɟɝɨɪɢɢ, ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚ-

ɰɢɢ, ɯɪɚɧɟɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɜ ɱɚɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨ-

ɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ; 

ɈɋɌ 36.13-90 ɓɢɬɵ ɢ ɩɭɥɶɬɵ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ. 
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ɈɉɊȿȾȿɅȿɇɂə, ɈȻɈɁɇȺɑȿɇɂə, ɋɈɄɊȺɓȿɇɂə 

Ⱥɋɍ Ɍɉ – ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 

ɩɪɨɰɟɫɫɨɦ 

ȼɄɊ – ɜɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ 

Ⱦɋ – ɞɵɦɨɫɨɫ; 

ɇȺ – ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ; 

ɉɑ – ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ; 

Ɍɉ – ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 

ɓɍ – ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ 
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ȼȼȿȾȿɇɂȿ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɨɡɞɚɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ Ɋɚɣɱɢɯɢɧ-

ɫɤɨɣ ȽɊɗɋ. ɋɢɫɬɟɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɭɱɧɨɝɨ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɵɦɨɫɨɫɨɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɫ ɰɟɥɶɸ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨ-

ɹɧɧɨɝɨ ɪɚɡɪɟɠɟɧɢɹ 20-30 ɉɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɚɤɟɥɚ ɢ ɧɟɞɨɩɭ-

ɳɟɧɢɹ ɜɵɛɢɜɚɧɢɹ ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ ɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. Ɉɫɧɨɜɧɨɣ ɭɩɨɪ ɫɞɟɥɚɧ 

ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɱɚɫɬɨɬɧɨɝɨ ɪɟ-

ɝɭɥɢɪɨɜɚɧɢɹ ɞɵɦɨɫɨɫɨɜ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɟɞɥɚɝɚɟɦɚɹ ɫɢɫɬɟɦɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɚɥɢɡɚɰɢɢ ɢ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɫɩɨɫɨɛɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɧɚɩɪɚɜ-

ɥɹɸɳɢɟ ɚɩɩɚɪɚɬɵ ɞɵɦɨɫɨɫɨɜ. 
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1 ɈȻɔȿɄɌ ȺȼɌɈɆȺɌɂɁȺɐɂɂ ɂ ɉɈɋɌȺɇɈȼɄȺ ɁȺȾȺɑɂ 

1.1  ɉɚɪɨɝɟɧɟɪɚɬɨɪ 

Ɋɚɣɱɢɯɢɧɫɤɚɹ ȽɊɗɋ – ɫɬɚɪɟɣɲɟɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɩɪɟɞɩɪɢɹɬɢɟ Ⱥɦɭɪɫɤɨɣ 

ɨɛɥɚɫɬɢ, ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɫɟɥɤɟ ɉɪɨɝɪɟɫɫ. 

Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɬɚɧɰɢɢ: 2 ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɬɢɩɚ ɐɄɌɂ-75-39Ɏ ɫɬ. 

№ 3 ɢ ɫɬ. № 4, 4 ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɬɢɩɚ ȻɄɁ-220-100Ɏ ɫɬ. № 6-9, ɬɭɪɛɨɚɝɪɟɝɚɬ ɬɢɩɚ 

Ʉ-12-29 ɫɬ. № 4, ɬɭɪɛɨɚɝɪɟɝɚɬ ɬɢɩɚ Ɋ-7-29/7 ɫɬ. № 5, ɬɭɪɛɨɚɝɪɟɝɚɬ ɬɢɩɚ Ʉ-50-90 

ɫɬ. № 6, ɬɭɪɛɨɚɝɪɟɝɚɬ ɬɢɩɚ ɉ-33/50-90/8 ɫɬ. № 7. Ɍɨɩɥɢɜɨɦ ɞɥɹ Ɋɚɣɱɢɯɢɧɫɤɨɣ 

ȽɊɗɋ ɫɥɭɠɢɬ ɛɭɪɵɣ ɭɝɨɥɶ Ɋɚɣɱɢɯɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ.   

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɜ ɬɨɩɤɟ 

ɤɨɬɥɨɚɝɪɟɝɚɬɚ ȻɄɁ-220-100Ɏ. 

Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ȻɄɁ-220-100Ɏ  –  ɜɟɪɬɢɤɚɥɶɧɨ-ɜɨɞɨɬɪɭɛɧɵɣ ɨɞɧɨɛɚ-

ɪɚɛɚɧɧɵɣ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɫɠɢɝɚɧɢɹ ɭɝɥɹ (ɫ ɠɢɞɤɢɦ ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ). ȼ 

ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɥɫɹ: ɞɟɦɨɧɬɢɪɨɜɚɧɵ ɬɪɭɛɵ «ȼɟɧɬɭɪɢ» 

(ɝɚɡɨɯɨɞɵ ɫɩɪɹɦɥɟɧɵ), ɡɚɦɟɧɟɧɵ ɝɨɪɟɥɤɢ ɧɚ ɝɚɡɨɦɚɡɭɬɧɵɟ, ɜɵɩɨɥɧɟɧɚ ɪɟɰɢɪ-

ɤɭɥɹɰɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɞɟɦɨɧɬɢɪɨɜɚɧɚ ɫɢɫɬɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ (ɦɟɥɶɧɢ-

ɰɵ, ɫɟɩɚɪɚɬɨɪ ɩɵɥɢ, ɰɢɤɥɨɧ, ɩɵɥɟɩɢɬɚɬɟɥɢ, ɦɟɥɶɧɢɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ), ɞɟɦɨɧɬɢ-

ɪɨɜɚɧɚ ɫɢɫɬɟɦɚ ɠɢɞɤɨɝɨ ɲɥɚɤɨɭɞɚɥɟɧɢɹ. ɇɚ ɤɨɬɟɥ ɭɫɬɚɧɨɜɥɟɧ ɜɟɧɬɢɥɹɬɨɪ ɪɟ-

ɰɢɪɤɭɥɹɰɢɢ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ȼȽȾɇ-17. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ:  

1.  Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – 220 ɬ/ɱ; 

2.  Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɛɚɪɚɛɚɧɟ – 100 ɤɝɫ/ɫɦ2; 

3.  Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ – 510 ℃; 

4.  Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ – 215 ℃. 

Ʉɨɦɩɨɧɨɜɤɚ ɤɨɬɥɚ ɜɵɩɨɥɧɟɧɚ ɩɨ ɉ – ɨɛɪɚɡɧɨɣ ɫɯɟɦɟ ɫ ɞɜɭɯ ɫɬɭɩɟɧɱɚɬɨɣ 

ɫɢɫɬɟɦɨɣ ɢɫɩɚɪɟɧɢɹ. Ɍɨɩɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɵɣ ɜɨɫɯɨɞɹɳɢɣ ɝɚɡɨɯɨɞ. 

Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɩɨɥɭɨɬɤɪɵɬɨɝɨ ɬɢɩɚ, ɢɦɟɸɳɚɹ ɪɟɠɢɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɩɪɢ-

ɦɟɪɧɨ ɧɚ ¼ ɜɵɫɨɬɟ ɬɨɩɤɢ (ɫɱɢɬɚɹ ɨɬ ɩɨɞɚ) ɫ ɫɟɱɟɧɢɟɦ ɩɟɪɟɠɢɦɚ ɨɤɨɥɨ 50% ɝɨ-

ɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɬɨɩɤɢ. 
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ɇɢɠɟ ɩɟɪɟɠɢɦɚ ɢɦɟɟɬɫɹ ɜɨɫɶɦɢɝɪɚɧɧɵɣ ɩɪɟɞɩɨɬɨɤ. ɉɪɟɞɩɨɬɨɤ ɜɵɩɨɥɧɟɧ 

ɢɡ ɬɪɭɛ dɧ×S=60×5,5 ɦɦ, ɦɚɬɟɪɢɚɥ ɋɬ.20, ɫ ɲɚɝɚɦɢ 64 ɦɦ ɢ 90 ɦɦ ɧɚ ɭɝɥɨɜɵɯ 

ɝɪɚɧɹɯ. ȼɫɟ ɫɬɟɧɵ ɟɝɨ ɨɲɢɩɨɜɚɧɵ ɢ ɭɬɟɩɥɟɧɵ. 

Ʉɚɦɟɪɚ ɨɯɥɚɠɞɟɧɢɹ (ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɬɨɩɤɢ) ɢɦɟɟɬ ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɫɟɱɟɧɢɟ ɫ 

ɪɚɡɦɟɪɚɦɢ 6656×7168 (ɩɨ ɮɪɨɧɬɭ) ɢ ɷɤɪɚɧɢɪɨɜɚɧɚ ɬɪɭɛɚɦɢ dɧ×S=60×4 ɦɦ, ɦɚ-

ɬɟɪɢɚɥ ɋɬ.20, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɲɚɝɨɦ 64 ɦɦ. 

Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɜɵɩɨɥɧɟɧɚ ɢɡ 12 ɬɪɚɧɫɩɨɪɬɚɛɟɥɶɧɵɯ ɛɥɨɤɨɜ, ɤɚɠɞɵɣ ɢɡ 

ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɤɨɧɬɭɪ.  ɉɚɪɨɜɨɞɹɧɚɹ 

ɫɦɟɫɶ ɢɡ ɜɟɪɯɧɢɯ ɤɚɦɟɪ ɛɨɤɨɜɵɯ ɢ ɮɪɨɧɬɨɜɵɯ ɷɤɪɚɧɨɜ ɨɬɜɨɞɢɬɫɹ ɜ ɛɚɪɚɛɚɧ ɢ 

ɜɵɧɨɫɧɵɟ ɰɢɤɥɨɧɵ ɬɪɭɛɚɦɢ dɧ×S=133×8 ɦɦ, ɦɚɬɟɪɢɚɥ ɋɬ.20, ɚ ɢɡ ɡɚɞɧɟɝɨ 

ɷɤɪɚɧɚ ɬɪɭɛɚɦɢ dɧ×S=133×8 ɦɦ, ɦɚɬɟɪɢɚɥ ɋɬ.20 ɢ     dɧ×S=133×10 ɦɦ, ɦɚɬɟɪɢ-

ɚɥ ɋɬ.20. ɉɨɞɜɨɞ ɤɨɬɥɨɜɨɣ ɜɨɞɵ ɤ ɧɢɠɧɢɦ ɤɚɦɟɪɚɦ ɷɤɪɚɧɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɜɨɞɨɩɨɞɜɨɞɹɳɢɦɢ ɬɪɭɛɚɦɢ dɧ×S=133×8 ɦɦ, ɦɚɬɟɪɢɚɥ ɋɬ.20 ɢɡ ɛɚɪɚɛɚɧɚ ɤɨɬɥɚ.   

ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɚɦɟɪɵ ɨɯɥɚɠɞɟɧɢɹ ɬɪɭɛɵ ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ ɨɛɪɚɡɭɸɬ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɜɵɫɬɭɩ, ɤɨɬɨɪɵɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢ-

ɤɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɱɚɫɬɢɱɧɨɝɨ ɡɚɬɟɦɧɟɧɢɹ 

ɲɢɪɦ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ.  

ȼ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɱɚɫɬɢ ɬɨɩɤɢ ɪɚɫɩɨɥɨɠɟɧ ɩɚɪɨɩɟɪɟɝɪɟɜɚ-

ɬɟɥɶ. ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɤɨɬɥɚ ɪɚɞɢɚɰɢɨɧɧɨ-ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɢɩɚ. Ɋɚɞɢɚɰɢɨɧ-

ɧɭɸ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɩɨɬɨɥɨɱɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ. ɉɨɥɭɪɚɞɢɚɰɢɨɧɧɵɣ ɩɚ-

ɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧ ɲɢɪɦɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩ-

ɤɢ ɧɚɞ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɜɵɫɬɭɩɨɦ ɡɚɞɧɟɝɨ ɷɤɪɚɧɚ. Ʉɨɧɜɟɤɬɢɜɧɵɟ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ  ɧɚɯɨɞɹɬɫɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɜɨɪɨɬɧɨɦ ɝɚɡɨɯɨɞɟ ɤɨɬ-

ɥɚ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɜɩɪɵɫ-

ɤɚ ɫɨɛɫɬɜɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɜ ɩɚɪɨɨɯɥɚɞɢɬɟɥɢ I ɢ II ɫɬɭɩɟɧɢ.  

Ʉɨɬɟɥ ɨɛɨɪɭɞɨɜɚɧ ɞɜɭɦɹ ɞɭɬɶɟɜɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ Ⱦȼɇ-20, ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɶɸ 119×103 ɦ3/ɱ ɢ ɞɜɭɦɹ ɞɵɦɨɫɨɫɚɦɢ Ⱦ-22×2 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 

180×103 ɦ3/ɱ. 
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Ɋɢɫɭɧɨɤ 1  – ɉɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɤɨɬɥɨɚɝɪɟɝɚɬɚ 
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1.2  Ⱦɵɦɨɫɨɫ 

Ⱦɵɦɨɫɨɫ Ⱦɇ22ɯ2 – ɞɜɭɫɬɨɪɨɧɧɟɝɨ ɜɫɚɫɵɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɞɚɥɟ-

ɧɢɹ ɝɚɡɨɜ ɢɡ ɬɨɩɨɤ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɯ ɤɨɬɥɨɜ. ɗɤɫɩɥɭɚɬɚɰɢɹ ɬɹɝɨɞɭɬɶɟɜɨɣ ɦɚɲɢ-

ɧɵ Ⱦɇ22ɯ2 ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɧɟɚɝɪɟɫɫɢɜɧɵɯ ɝɚɡɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 

ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɧɟ ɛɨɥɟɟ ɞɜɭɯ ɝɪɚɦɦɨɜ ɧɚ ɤɭɛɢɱɟɫɤɢɣ ɦɟɬɪ, ɫɨ ɫɤɥɨɧɧɨɫɬɶɸ ɤ 

ɧɚɥɢɩɚɧɢɸ ɢ ɚɛɪɚɡɢɜɧɨɫɬɶɸ ɫɯɨɞɧɨɣ ɫ ɨɝɨɥɟɧɧɵɦɢ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ. Ɍɹɝɨɞɭ-

ɬɶɟɜɵɟ ɦɚɲɢɧɵ Ⱦɇ22ɯ2 ɞɨɥɠɧɵ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɦ ɪɟ-

ɠɢɦɟ ɪɚɛɨɬɵ ɜ ɩɨɦɟɳɟɧɢɢ ɢɥɢ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɦɟɳɚɟɦɨɝɨ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɧɟ ɛɨɥɟɟ ɞɜɭɯɫɨɬ ɩɹɬɢɞɟɫɹɬɢ ɝɪɚɞɭ-

ɫɨɜ ɐɟɥɶɫɢɹ.  

Ɍɚɛɥɢɰɚ 1 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɹɝɨɞɭɬɶɟɜɨɣ ɦɚɲɢ-

ɧɵ Ⱦɇ22ɯ2 

Ɇɚɪɤɚ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɹ 

Ɇɨɳ-
ɧɨɫɬɶ, 
ɤȼɬ 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟ-
ɧɢɹ, 
ɨɛ/ɦɢɧ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ, ɦ3/ɱɚɫ 

ɉɨɥɧɨɟ 
ɞɚɜɥɟɧɢɟ, 
ɉɚ t=200 
ɝɪɚɞ 

Ɇɚɫ-
ɫɚ, ɤɝ 

ȾȺɁɈ4-450ɏ-
10Ɇ 

250 600 229 2000 16100 

ȾȺɁɈ4-450ɍɄ-
8Ɇ 

400 750 285 3150 16100 
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Ɋɢɫɭɧɨɤ 2 – Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ ɭɫɬɪɨɣɫɬɜɨ ɬɹɝɨɞɭɬɶɟɜɨɣ ɦɚɲɢɧɵ Ⱦɇ22ɯ2: 

1 – ɯɨɞɨɜɚɹ ɱɚɫɬɶ; 

2 – ɜɫɚɫɵɜɚɸɳɢɣ ɤɚɪɦɚɧ;  

3 – ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ;  

4 – ɤɨɪɩɭɫ;  

5 – ɤɨɥɥɟɤɬɨɪ;  

6 – ɨɫɟɜɨɣ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ;  

7 – ɪɚɦɚ ɞɜɢɝɚɬɟɥɹ;  

8 – ɨɩɨɪɚ;  

9 – ɞɜɢɝɚɬɟɥɶ.  

ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ ȾȺɁɈ4 ɩɪɟɞɧɚɡɧɚɱɟɧɵ 

ɞɥɹ ɩɪɢɜɨɞɚ ɦɟɯɚɧɢɡɦɨɜ, ɧɟ ɬɪɟɛɭɸɳɢɯ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

(ɧɚɫɨɫɵ, ɜɟɧɬɢɥɹɬɨɪɵ, ɞɵɦɨɫɨɫɵ ɢ ɞɪ.). Ⱦɜɢɝɚɬɟɥɢ ɫɟɪɢɢ ȾȺɁɈ4 ɢɦɟɸɬ ɡɚɤɪɵ-

ɬɨɟ ɨɛɞɭɜɚɟɦɨɟ ɢɫɩɨɥɧɟɧɢɟ (ɫɬɟɩɟɧɶ ɡɚɳɢɬɵ IP44) ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɛɨɬɵ 

ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ ɢ ɜ ɩɨɦɟɳɟɧɢɹɯ ɫ ɩɨɜɵɲɟɧɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɢ ɡɚɩɵɥɟɧɧɨ-

ɫɬɶɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ + 40 ɞɨ – 40 °ɋ. 
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Ʉɨɧɫɬɪɭɤɰɢɹ ɞɜɢɝɚɬɟɥɹ ɜɵɩɨɥɧɟɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɨɛɦɨɬɤɚ, ɦɚɝɧɢɬɨ-

ɩɪɨɜɨɞ ɢ ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɚɤɬɚ ɩɨɥɧɨɫɬɶɸ ɢɞɟɧɬɢɱɧɵ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦ Ⱥ4, ɩɪɢ ɷɬɨɦ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɟɣ ɫɟɪɢɢ ȾȺɁɈ4 ɫɧɢɠɚɟɬɫɹ 

ɧɚ ɨɞɧɭ ɫɬɭɩɟɧɶ. ɉɟɪɟɯɨɞ ɨɬ ɡɚɳɢɳɟɧɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟ-

ɥɟɣ ɫɟɪɢɢ Ⱥ4 ɤ ɨɛɞɭɜɚɟɦɨɣ ɫɟɪɢɢ ȾȺɁɈ4 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɡɚɦɟɧɵ ɜɟɧɬɢ-

ɥɹɰɢɨɧɧɨɝɨ ɤɨɠɭɯɚ ɦɚɲɢɧ ɫɟɪɢɢ Ⱥ4 ɧɚ ɬɪɭɛɱɚɬɵɣ ɨɯɥɚɞɢɬɟɥɶ ɜ ɫɟɪɢɢ ȾȺɁɈ4, 

ɤɨɬɨɪɵɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫɜɟɪɯɭ ɧɚ ɫɬɚɧɢɧɭ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɬɚɤɠɟ ɭɫɬɚɧɚɜɥɢɜɚ-

ɸɬ ɜɟɧɬɢɥɹɬɨɪ ɢ ɤɨɠɭɯ ɜɧɟɲɧɟɝɨ ɰɢɤɥɚ ɜɟɧɬɢɥɹɰɢɢ. 

ȼ ɞɜɢɝɚɬɟɥɹɯ ɫɟɪɢɢ ȾȺ304 ɩɪɢɦɟɧɟɧɚ ɢɡɨɥɹɰɢɹ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɬɢɩɚ 

«ɦɨɧɨɥɢɬ-2». Ʉɚɬɭɲɤɢ ɢɡɨɥɢɪɭɸɬ ɧɟɩɪɨɩɢɬɚɧɧɨɣ ɫɥɸɞɢɧɢɬɨɜɨɣ ɥɟɧɬɨɣ ɢ 

ɭɤɥɚɞɵɜɚɸɬ ɜ ɫɬɚɬɨɪ. Ɉɛɦɨɬɚɧɧɵɣ ɫɬɚɬɨɪ ɩɨɝɪɭɠɚɸɬ ɜ ɤɨɬɟɥ ɢ ɩɪɨɩɢɬɵɜɚɸɬ 

ɜɚɤɭɭɦ-ɧɚɝɧɟɬɚɬɟɥɶɧɵɦ ɦɟɬɨɞɨɦ ɜ ɷɩɨɤɫɢɞɧɨɦ ɤɨɦɩɚɭɧɞɟ, ɩɨɫɥɟ ɱɟɝɨ ɡɚɩɟɤɚɸɬ 

ɜ ɩɟɱɢ. 

Ʉɨɪɨɬɤɨɡɚɦɤɧɭɬɭɸ ɨɛɦɨɬɤɭ ɪɨɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ȾȺɁɈ4 ɜɵɩɨɥɧɹɸɬ  

ɫɜɚɪɧɨɣ ɢɡ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɬɟɪɠɧɟɣ ɢ ɚɥɸɦɢɧɢɟɜɵɯ ɤɨɪɨɬɤɨɡɚ-

ɦɤɧɭɬɵɯ ɤɨɥɟɰ. Ɉɛɦɨɬɤɚ ɪɨɬɨɪɚ – ɞɜɭɯɫɥɨɣɧɚɹ ɫɬɟɪɠɧɟɜɚɹ ɜɨɥɧɨɜɚɹ. 

ɋɟɪɞɟɱɧɢɤ ɫɬɚɬɨɪɚ ɡɚɩɪɟɫɫɨɜɚɧ ɜ ɫɬɚɧɢɧɟ ɦɟɠɞɭ ɞɜɭɦɹ ɧɚɠɢɦɧɵɦɢ ɲɚɣ-

ɛɚɦɢ ɢ ɡɚ ɤɪɟɩɥɟɧ ɫ ɩɨɦɨɳɶɸ ɭɩɨɪɧɵɯ ɲɩɨɧɨɤ ɢ ɫɜɚɪɧɵɯ ɲɜɨɜ. ɉɚɡɵ ɫɬɚɬɨɪɚ 

ɨɬɤɪɵɬɵɟ. 

ɋɟɪɞɟɱɧɢɤ ɪɨɬɨɪɚ ɡɚɩɪɟɫɫɨɜɚɧ ɦɟɠɞɭ ɞɜɭɦɹ ɧɚɠɢɦɧɵɦɢ ɲɚɣɛɚɦɢ ɢ ɡɚ-

ɤɪɟɩɥɟɧ ɩɪɢɡɦɚɬɢɱɟɫɤɨɣ ɢ ɤɨɥɶɰɟɜɨɣ ɲɩɨɧɤɚɦɢ. ɋɟɪɞɟɱɧɢɤɢ ɪɨɬɨɪɨɜ ɢɦɟɸɬ 

ɪɚɞɢɚɥɶɧɵɟ (ɚɧɚɥɨɝɢɱɧɨ ɫɬɚɬɨɪɭ) ɢ ɚɤɫɢɚɥɶɧɵɟ ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ ɤɚɧɚɥɵ. 

ȼ 10- ɢ 12-ɩɨɥɸɫɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɯ ɫ ɜɵɫɨɬɨɣ ɨɫɢ ɜɪɚɳɟɧɢɹ 450 ɦɦ ɚɤɫɢ-

ɚɥɶɧɵɟ ɤɚɧɚɥɵ ɨɛɪɚɡɨɜɚɧɵ ɪɟɛɪɚɦɢ ɜ ɫɜɚɪɧɵɯ ɜɚɥɚɯ, ɜ ɨɫɬɚɥɶɧɵɯ ɚɫɢɧɯɪɨɧɧɵɯ 

ɞɜɢɝɚɬɟɥɹɯ ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ ɨɬɜɟɪɫɬɢɹ ɜɵɩɨɥɧɟɧɵ ɜ ɥɢɫɬɚɯ ɫɟɪɞɟɱɧɢɤɚ ɢ 

ɧɚɠɢɦɧɵɯ ɲɚɣɛɚɯ. 

ɉɨɞɲɢɩɧɢɤɨɜɵɟ ɳɢɬɵ ɜɵɩɨɥɧɟɧɵ ɥɢɬɵɦɢ ɢɡ ɱɭɝɭɧɚ Ⱦɜɢɝɚɬɟɥɢ ɢɦɟɸɬ 

ɨɞɧɨɪɹɞɧɵɟ ɩɨɞɲɢɩɧɢɤɢ ɤɚɱɟɧɢɹ. ɋɨ ɫɬɨɪɨɧɵ ɪɚɛɨɱɟɝɨ ɤɨɧɰɚ ɜɚɥɚ ɭɫɬɚɧɨɜɥɟɧ 

ɪɨɥɢɤɨɜɵɣ ɩɨɞɲɢɩɧɢɤ, ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ — ɲɚɪɢɤɨɜɵɣ. 

ɋɦɚɡɤɚ ɩɨɞɲɢɩɧɢɤɨɜ ɤɨɧɫɢɫɬɟɧɬɧɚɹ. 
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Ʉɨɪɨɛɤɚ ɜɵɜɨɞɨɜ ɫɬɚɬɨɪɚ –  ɲɬɚɦɩɨɜɚɧɧɚɹ ɢɡ ɬɨɧɤɨɥɢɫɬɨɜɨɣ ɫɬɚɥɢ, ɪɚɡɴ-

ɟɦɧɚɹ ɢ ɞɨɩɭɫɤɚɟɬ ɤɚɤ ɫɭɯɭɸ ɪɚɡɞɟɥɤɭ ɬɚɤ ɢ ɡɚɥɢɜɤɭ ɤɨɦɩɚɭɧɞɧɨɣ ɦɚɫɫɨɣ ɤɨɧ-

ɰɨɜ ɩɨɞɜɨɞɢɦɨɝɨ ɫɢɥɨɜɨɝɨ ɤɚɛɟɥɹ. 

ȼ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɯ ȾȺ304 ɜɟɧɬɢɥɹɰɢɹ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɜɧɭɬɪɟɧɧɸɸ ɢ 

ɜɧɟɲɧɸɸ. ȼɧɭɬɪɟɧɧɹɹ ɫɢɫɬɟɦɚ ɜɟɧɬɢɥɹɰɢɢ ɢɞɟɧɬɢɱɧɚ ɫɢɫɬɟɦɚɦ, ɩɪɢɧɹɬɵɦ ɜ 

ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɫɟɪɢɣ Ⱥ4, ȺɄ4, ɩɪɢ ɷɬɨɦ ɰɢɪɤɭɥɹɰɢɹ ɜɨɡɞɭɯɚ ɨɫɭ-

ɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɡɚɦɤɧɭɬɨɦɭ ɰɢɤɥɭ. ɇɚɝɪɟɬɵɣ ɜɨɡɞɭɯ ɨɯɥɚɠɞɚɟɬɫɹ, ɩɪɨɯɨɞɹ 

ɦɟɠɞɭ ɬɪɭɛɤɚɦɢ ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɹ. ȼɨɡɞɭɯ ɜɨ ɜɧɟɲɧɸɸ ɫɢɫɬɟɦɭ ɡɚɛɢɪɚɟɬɫɹ 

ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɫ ɩɨɦɨɳɶɸ ɜɧɟɲɧɟɝɨ ɜɟɧɬɢɥɹɬɨɪɚ, ɩɪɨɯɨɞɢɬ ɩɨ ɬɪɭɛɤɚɦ 

ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɹ ɢ ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

ɉɭɫɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ ɩɪɹɦɨɣ, ɨɛɟɫɩɟɱɢ-

ɜɚɟɬɫɹ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɫɟɬɢ ɢ ɩɪɢ ɫɧɢɠɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ ɡɚ 

ɜɪɟɦɹ ɩɭɫɤɚ ɞɨ 0,8 Uɧɨɦ. 

ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɢɡ 

ɭɫɥɨɜɢɣ ɞɜɭɯ ɩɭɫɤɨɜ ɫ ɢɧɬɟɪɜɚɥɨɦ 5 ɦɢɧ ɢɡ ɯɨɥɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɥɢ ɨɞɧɨɝɨ 

ɩɭɫɤɚ ɢɡ ɝɨɪɹɱɟɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɢ ɫɪɟɞɧɟɦ ɦɨɦɟɧɬɟ 

ɫɬɚɬɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɡɚ ɜɪɟɦɹ ɩɭɫɤɚ, ɪɚɜɧɨɦ 0,3Ɇɧɨɦ, ɞɨɥɠɧɵ ɫɨɨɬɜɟɬ-

ɫɬɜɨɜɚɬɶ ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥ. 2. Ⱦɥɹ ɷɬɢɯ ɭɫɥɨɜɢɣ ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɩɨɫɥɟɞɭɸ-

ɳɢɦɢ ɩɭɫɤɚɦɢ – ɧɟ ɦɟɧɟɟ 3 ɱ. 

Ʉɨɥɢɱɟɫɬɜɨ ɩɭɫɤɨɜ – ɧɟ ɦɟɧɟɟ 2000 ɡɚ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɧɨ ɧɟ ɛɨɥɟɟ 

250 ɜ ɝɨɞ. ɉɪɢ ɫɪɟɞɧɟɦ ɦɨɦɟɧɬɟ ɫɬɚɬɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɡɚ ɜɪɟɦɹ ɩɭɫɤɚ, 

ɪɚɜɧɨɦ 0,3Ɇɧɨɦ, ɢ ɦɨɦɟɧɬɟ ɢɧɟɪɰɢɢ ɦɟɯɚɧɢɡɦɚ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɦ 10% ɡɧɚɱɟ-

ɧɢɹ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ, ɞɨɩɭɫɬɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɭɫɤɨɜ ɜ ɝɨɞ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 500 ɩɪɢ ɨɛɳɟɦ ɱɢɫɥɟ ɩɭɫɤɨɜ ɡɚ ɜɪɟɦɹ ɷɤɫɩɥɭ-

ɚɬɚɰɢɢ, ɪɚɜɧɨɦ 10000. 
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Ɍɚɛɥɢɰɚ 2 – ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ ɬɹɝɨɞɭɬɶɟɜɨɣ ɦɚ-

ɲɢɧɵ Ⱦɇ22ɯ2 
Ɍɢ

ɩ 
ɞɜ
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ɹ 

Ɇ
ɨɳ
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ɫɬ
ɚɬ

ɨɪ
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M
ɦɚ

ɤɫ
/ M

ɧɨ
ɦ 

M
ɩɭ

ɫɤ
/ M

ɧɨ
ɦ 

I ɩ
ɭɫ

ɤ/
 I

ɧɨ
ɦ 

Ɇɚɯɨɜɵɣ 
ɦɨɦɟɧɬ, ɤɝɦ2 

ɪɨ
ɬɨ

ɪɚ
 

ɞɨ
ɩɭ

ɫɬ
ɢɦ

ɵ
ɣ 

ɦɟ
ɯɚ

ɧɢ
ɡɦ

ɚ 

ȾȺ304-

450ɏ-

10Ɇɍ1 

250 600 6000 92,5 0,78 33 2,3 1,3 6 152 6000 

ȾȺ304-

450ɍɄ-

8Ɇɍ1 

400 750 6000 93,8 0,81 50,5 2,3 1,2 6 172 5200 

  

1.3 ɋɬɪɭɤɬɭɪɚ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 3.  

ɇɚ ɜɯɨɞ ɪɟɝɭɥɹɬɨɪɚ (ɂɍ) ɩɨɞɚɟɬɫɹ ɫɢɝɧɚɥ ɩɨ ɪɚɡɪɟɠɟɧɢɸ ɜ ɬɨɩɤɟ ɢ ɫɢɝɧɚɥ 

ɡɚɞɚɬɱɢɤɚ. 

ȼɵɪɟɡɤɚ ɨɬɛɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨ ɪɚɡɪɟɠɟɧɢɸ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ ɬɨɩɤɢ 

ɜɵɩɨɥɧɟɧɚ ɜ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɩɟɪɟɞ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ 

ɝɚɡɨɯɨɞɨɦ, ɡɚɬɟɦ ɪɚɡɪɹɠɟɧɢɟ ɭɫɪɟɞɧɹɟɬɫɹ ɩɭɬɟɦ ɨɛɴɟɞɢɧɟɧɢɹ ɢɦɩɭɥɶɫɧɵɯ 

ɥɢɧɢɣ ɜ ɨɞɧɭ ɢ ɩɨɞɚɟɬɫɹ ɧɚ ɂɉ, ɫɢɝɧɚɥ ɤɨɬɨɪɨɝɨ ɩɪɢɧɢɦɚɟɬ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 

ɛɥɨɤ ɪɟɝɭɥɹɬɨɪɚ. 

Ɂɧɚɱɟɧɢɟ ɪɚɡɪɟɠɟɧɢɹ, ɩɨɞɞɟɪɠɢɜɚɟɦɨɟ ɪɟɝɭɥɹɬɨɪɨɦ ɦɨɠɟɬ ɛɵɬɶ 

ɢɡɦɟɧɟɧɨ ɡɚɞɚɬɱɢɤɨɦ ɜ ɞɢɚɩɚɡɨɧɟ ±10 ɤɝɫ/ɦ2 (100 ɉɚ). ɐɟɧɚ ɨɞɧɨɝɨ ɞɟɥɟɧɢɹ 

ɡɚɞɚɬɱɢɤɚ 0,2 ɤɝɫ/ɦ2. 

Ɋɟɝɭɥɹɬɨɪ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɧɚɩɪɚɜɥɹɸɳɢɟ ɚɩɩɚɪɚɬɵ ɨɛɨɢɯ ɞɵɦɨɫɨɫɨɜ 

ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢɯ ɯɨɞɚ, ɪɟɚɥɢɡɨɜɚɧɧɭɸ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ ɅɈ2, 

ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɪɟɥɟɣɧɵɣ (ɚɧɚɥɨɝɨ - 

ɪɟɥɟɣɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ), ɪɢɫ. 4.  
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ɂɍ
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ɂɆ`Ȼ`

ɍɉ`Ȼ`

Ⱦɋ`Ȼ`

Ⱦɋ`Ⱥ`

ɍɉ`Ⱥ`

ɂɆ`Ⱥ`

 

Ɉɬɛɨɪ
ɫɩɪɚɜɚ

Ɉɬɛɨɪ
ɫɥɟɜɚ

 

Ɋɢɫɭɧɨɤ 3 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
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Ɋɢɫɭɧɨɤ 4 – ɋɢɫɬɟɦɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɯɨɞɚ ɞɵɦɨɫɨɫɨɜ 

ɇɚ ɛɥɨɤ ɅɈ2  ɩɨɞɚɸɬɫɹ ɢ ɫɪɚɜɧɢɜɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɬɨɤɨɜɵɟ ɫɢɝɧɚɥɵ ɩɨ 

ɩɨɥɨɠɟɧɢɸ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ Ⱦɋ ɨɬ ɛɥɨɤɨɜ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɨɥɨɠɟɧɢɹ 

(ȻɋɉɌ), ɜɫɬɪɨɟɧɧɵɯ ɜ ɂɆ (ɆɗɈ). ȼ ȺɋɊ ɪɟɚɥɢɡɨɜɚɧɚ ɲɚɝɨɜɚɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ 
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ɯɨɞɚ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ, ɩɪɢ ɤɨɬɨɪɨɣ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɪɟɝɭɥɹɬɨɪ 

ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɞɵɦɨɫɨɫɚ, ɩɪɨɜɨɞɹ 

ɩɨɨɱɟɪɟɞɧɭɸ ɩɟɪɟɫɬɚɧɨɜɤɭ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ.  

ȼ ɫɯɟɦɟ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɜɵɩɨɥɧɟɧɚ ɛɥɨɤɢɪɨɜɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɪɚɛɨɬɭ 

ɨɞɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɪɢ ɩɟɪɟɜɨɞɟ 

ɞɪɭɝɨɝɨ ɧɚ ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ, ɚ ɩɨɫɥɟ ɟɝɨ ɜɤɥɸɱɟɧɢɹ ɜ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɭɫɬɪɚɧɹɸɳɚɹ ɪɚɡɧɢɰɭ ɜ ɩɨɥɨɠɟɧɢɟ ɧɚɩɪɚɜɥɹɸɳɢɯ 

ɚɩɩɚɪɚɬɨɜ ɩɨ ɍɉ . 

1.4 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ  

1.4.1 ɇɟɞɨɫɬɚɬɤɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ 

Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɫɚɦ ɫɩɨɫɨɛ ɪɟ-

ɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɞɵɦɨɫɨɫɨɜ. ȿɝɨ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɤɪɚɣɧɟ ɧɢɡɤɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ɍɱɢɬɵɜɚɹ, ɱɬɨ 

ɪɟɱɶ ɢɞɟɬ ɨ ɩɪɢɜɨɞɚɯ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ, ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɣ ɷɤɨ-

ɧɨɦɢɢ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɜɚɪɢɚɧɬ ɱɚɫɬɨɝɨ ɪɟ-

ɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ. 

 ɉɨɦɢɦɨ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ, ɜɧɟɞɪɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ 

ɩɨɡɜɨɥɢɬ  

ɨɪɝɚɧɢɡɨɜɚɬɶ ɩɥɚɜɧɵɟ ɩɭɫɤɢ ɢ ɨɫɬɚɧɨɜɵ ɦɚɲɢɧ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬ 

ɧɚɝɪɭɡɤɢ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɥɢɧɢɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɜɵɫɢɬ 

ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɨɰɟɫɫɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ (ɬɨɱɧɨɫɬɶ ɢ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ). 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɫɭɳɟɫɬɜɭɸɳɚɹ ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɞɟ-

ɦɨɧɬɢɪɨɜɚɧɚ. Ɉɧɚ ɞɨɥɠɧɚ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɢ ɪɟɡɟɪɜɧɨɣ ɩɨɞɫɢɫɬɟɦɵ ɢ ɧɟɡɚ-

ɦɟɞɥɢɬɟɥɶɧɨ ɜɤɥɸɱɚɬɶɫɹ ɜ ɪɚɛɨɬɭ ɜ ɫɥɭɱɚɟ ɨɬɤɚɡɚ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɢɥɢ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬ ɩɨ ɟɝɨ ɧɚɥɚɞɤɟ ɢ ɧɚɫɬɪɨɣɤɟ.  
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1.4.2 ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɵɦɨɫɨɫɨɜ 

ɉɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ Pɷɥ, ɩɨɞɜɨɞɢɦɨɣ ɤ 

ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɞɜɢɝɚɬɟɥɸ ɞɵɦɨɫɨɫɚ, ɜ ɩɨɥɟɡɧɭɸ ɦɨɳɧɨɫɬɶ Pɩɨɥ, ɨɬɞɚɜɚɟɦɭɸ 

ɞɵɦɨɜɵɦ ɝɚɡɨɦ ɢ ɪɚɫɯɨɞɭɟɦɭɸ ɧɚ ɫɨɡɞɚɧɢɟ ɪɚɡɪɟɠɟɧɢɹ ɜ ɬɨɩɤɟ, ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫ.5 

 

Ɋɢɫɭɧɨɤ 5 – ɉɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ  

ɇɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɧɟɪɝɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɬɟɪɹɦɢ. Ɋɚɫ-

ɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬɢ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɭɩɪɚɜɥɟɧɢɢ. 

1) ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɫɟɬɢ.  

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɫɩɨɫɨɛɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɚ ɫɪɟɞɵ:  

ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ  – ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚ ɫɬɨɪɨɧɟ «ɩɪɢɟɦɧɢɤɚ». ȼ ɧɚɲɟɦ 

ɫɥɭɱɚɟ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɬɨɤɭ ɞɵɦɨɜɵɯ ɝɚɡɨɜ; 

ɞɨɡɢɪɨɜɚɧɢɟ – ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚ ɫɬɨɪɨɧɟ «ɢɫɬɨɱɧɢɤɚ». ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ – 

ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɵɦɨɫɨɫɚ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɱɚɫɬɨɬɭ ɜɪɚ-

ɳɟɧɢɹ ɪɨɬɨɪɚ. 

ɉɪɢɜɟɞɟɦ ɚɧɚɥɨɝɢɸ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɶɸ (ɪɢɫ. 6).  

 

Ɋɢɫɭɧɨɤ 6 – Ⱦɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɢ ɞɨɡɢɪɨɜɚɧɢɟ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ 
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ɉɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɬɨɤ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ-

ɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ,  ɩɪɢ ɞɨɡɢɪɨɜɚɧɢɢ – ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ. 

ȼ ɫɥɭɱɚɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɗȾɋ ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɨɹɧɧɚ ɢ ɪɚɜɧɚ ɩɪɨɢɡɜɟɞɟ-

ɧɢɸ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ (ɩɪɢ ɧɭɥɟɜɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ) ɧɚ ɫɨ-

ɩɪɨɬɢɜɥɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɹ: 

.ɢɫɬ ɦɚɤɫ ɩɨɬɪE I R const 
         (1) 

Ɇɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ: 
.ɢɫɬ ɢɫɬ ɦɚɤɫ ɩɨɬɪ ɦɚɤɫP E I I R I P I   
       (2) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɚɹ ɢɫɬɨɱɧɢɤɨɦ, ɪɚɜɧɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɬɨɤɭ: 
* *.ɢɫɬP I            (3)

 
ɉɪɢ ɞɨɡɢɪɨɜɚɧɢɢ ɗȾɋ ɢɫɬɨɱɧɢɤɚ ɢɡɦɟɧɹɟɬɫɹ: 

.ɢɫɬ ɩɨɬɪE IR var 
         (4) 

Ɇɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ: 
2.ɢɫɬ ɢɫɬ ɩɨɬɪP E I R I  

         (5) 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ ɤɜɚɞɪɚɬɭ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɬɨɤɚ: 
* *2.ɢɫɬP I            (6)

 
ɇɚ ɪɢɫ. 7 ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɨɬ ɨɬɧɨɫɢɬɟɥɶ-

ɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɢ ɞɨɡɢɪɨɜɚɧɢɢ. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɩɨɬɟɪɶ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ I* = 0,5 ɢ 

ɫɨɫɬɚɜɥɹɟɬ 25%. 

ȼ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɫɟɬɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɫɨɡɞɚɸɳɟɝɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ 

(ɧɚɩɨɪɚ), ɞɨɡɢɪɨɜɚɧɢɟ – ɢɡɦɟɧɟɧɢɟɦ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ (ɪɢɫ. 8).  
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Ɋɢɫɭɧɨɤ 7 – ɋɧɢɠɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɩɪɢ 

ɞɨɡɢɪɨɜɚɧɢɢ 

 

Ɋɢɫɭɧɨɤ 8 – Ⱦɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɢ ɞɨɡɢɪɨɜɚɧɢɟ ɜ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɫɟɬɢ 

ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɧɚɩɨɪɟ ɧɚ ɞɵɦɨɫɨɫɟ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɧɟɜɦɚɬɢɱɟɫɤɚɹ 

ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɪɚɫɯɨɞɭ: 
* *

ɩɧɟɜɦP Q            (7)
 

(ɜ ɪɟɚɥɶɧɨɫɬɢ ɫ ɪɨɫɬɨɦ ɪɚɫɯɨɞɚ ɧɚɩɨɪ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɚɟɬɫɹ). 

ȼ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɪɚɫɯɨɞ ɢ ɧɚɩɨɪ 

ɰɟɧɬɪɨɛɟɠɧɨɣ ɦɚɲɢɧɵ ɪɚɜɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɢ ɟɟ ɤɜɚɞɪɚɬɭ ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ: 
* *,Q             (8)

 
* *2.H             (9)

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɪɚɧɚ ɤɭɛɭ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɫɬɢ 

ɢɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ: 
* *3.ɩɧɟɜɦP Q                    (10)
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ɇɚ ɪɢɫ. 9 ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɞɵɦɨɫɨɫɚ ɨɬ 

ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɢ ɞɨɡɢɪɨɜɚɧɢɢ. 
 

 

Ɋɢɫɭɧɨɤ 9 – ɋɧɢɠɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢɫɬɨɱɧɢɤɚ ɜ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɫɟɬɢ ɩɪɢ 

ɞɨɡɢɪɨɜɚɧɢɢ 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɩɨɬɟɪɶ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ Q* = 0,58 ɢ 

ɫɨɫɬɚɜɥɹɟɬ 38,5%. 

2) ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɞɵɦɨɫɨɫɟ. 

ɇɚ ɪɢɫ.10 ɩɨɤɚɡɚɧɵ ɤɚɱɟɫɬɜɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɧɚɩɨɪɚ,  

ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɢ ɄɉȾ ɰɟɧɬɪɨɛɟɠɧɨɣ ɦɚɲɢɧɵ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫ-

ɯɨɞɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ.  

ɉɪɢ ɫɧɢɠɟɧɢɢ ɪɚɫɯɨɞɚ ɞɨ ɧɭɥɹ ɄɉȾ ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɧɭɥɹ, ɚ ɩɨ-

ɬɪɟɛɥɹɟɦɚɹ ɦɚɲɢɧɨɣ ɦɨɳɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ. 

ȼ ɫɥɭɱɚɟ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɦɟɟɬ ɦɟɫɬɨ ɫɟɦɟɣɫɬɜɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

(ɞɥɹ ɪɚɡɧɵɯ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ), ɪɢɫ. 11.  
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Ɋɢɫɭɧɨɤ 10 – Ɂɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɧɚɩɨɪɚ, ɦɨɳɧɨɫɬɢ ɢ ɄɉȾ 

ɰɟɧɬɪɨɛɟɠɧɨɣ ɦɚɲɢɧɵ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɱɚɫɬɨɬɟ 

ɜɪɚɳɟɧɢɹ 

 

Q* 

H*(Q*) 

P*(Q*) 

1 

1 

H*, P*
 

0 

 

Q* 1 

ɦɚɤɫ 
 

 

0 

 

Ɋɢɫɭɧɨɤ  11 – Ɂɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɧɚɩɨɪɚ, ɦɨɳɧɨɫɬɢ ɢ ɄɉȾ 

ɰɟɧɬɪɨɛɟɠɧɨɣ ɦɚɲɢɧɵ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɪɢ ɱɚɫɬɨɬɧɨɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɱɚɫɬɨɬɵ ɄɉȾ ɧɚɫɨɫɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ, ɚ ɩɨɬɪɟɛ-

ɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɚɞɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ ɧɭɥɹ. 

3) ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɞɜɢɝɚɬɟɥɟ. 

ɇɚ ɪɢɫ.12 ɩɨɤɚɡɚɧɚ ɩɪɢɦɟɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɄɉȾ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ  

ɨɬ ɧɚɝɪɭɡɤɢ. 
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Ɋɢɫɭɧɨɤ 12 –  ɉɪɢɦɟɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɄɉȾ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɨɬ 

ɧɚɝɪɭɡɤɢ 

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɧɚɝɪɭɡɤɢ ɞɨ 50%, ɱɬɨ ɜ ɫɥɭɱɚɟ ɧɟɪɟɝɭɥɢɪɭɟɦɨɝɨ ɩɪɢɜɨɞɚ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɚ ɞɨ ɧɭɥɹ, ɄɉȾ ɞɜɢɝɚɬɟɥɹ ɭɦɟɧɶɲɚɟɬɫɹ ɧɟɡɧɚ-

ɱɢɬɟɥɶɧɨ. ɉɨɷɬɨɦɭ ɨɫɧɨɜɧɨɣ ɷɮɮɟɤɬ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɫɜɹɡɚɧ ɧɟ ɫɨ ɫɧɢɠɟɧɢɟɦ 

ɩɨɬɟɪɶ ɜ ɞɜɢɝɚɬɟɥɟ, ɚ ɫɨ ɫɧɢɠɟɧɢɟɦ ɪɚɡɜɢɜɚɟɦɨɣ ɢɦ ɦɨɳɧɨɫɬɢ.  

ȼ ɪɟɝɭɥɢɪɭɟɦɨɦ ɩɪɢɜɨɞɟ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɹ 

«ɩɪɚɜɢɥɶɧɵɣ» ɡɚɤɨɧ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɚ ɬɚ-

ɤɢɯ ɡɚɤɨɧɚ (ɪɢɫ. 13): 

U/f = const,  ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɨɫɬɨɹɧɧɭɸ ɩɟɪɟɝɪɭɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ;  

U/f2 = const –  ɞɥɹ ɦɟɯɚɧɢɡɦɨɜ ɫ «ɜɟɧɬɢɥɹɬɨɪɧɨɣ» ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɭ ɤɨ-

ɬɨɪɵɯ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɤɜɚɞɪɚɬɭ ɫɤɨɪɨɫɬɢ.  
 

0 0.5 1 
0 

0.5 

1 

f* 

U* 

U/f = const 

U/f 2 =const 

 

Ɋɢɫɭɧɨɤ 13 – Ɂɚɤɨɧɵ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
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Ɇɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɱɚɫɬɨɬɧɨɦ 

ɭɩɪɚɜɥɟɧɢɢ ɩɨ ɡɚɤɨɧɚɦ U/f = const ɢ U/f2 = const ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɢɯ ɧɚɝɪɭɡɨɤ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ.14 

ɍ ɞɵɦɨɫɨɫɚ, ɤɚɤ ɰɟɧɬɪɨɛɟɠɧɨɣ ɦɚɲɢɧɵ, ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɜɚɞɪɚ-

ɬɢɱɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ, ɩɨɷɬɨɦɭ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɤɨɧ U/f2 

= const, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɫɧɢɠɟɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɡɚɤɨɧɨɦ  U/f = const ɧɚɩɪɹ-

ɠɟɧɢɹ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, – ɫɧɢɠɟɧɢɟ ɩɨɬɟɪɶ. 

 

Ɋɢɫɭɧɨɤ 14 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɪɢ 

ɱɚɫɬɨɬɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɩɨ ɡɚɤɨɧɚɦ U/f = const ɢ U/f2 = const 

ȼ ɰɟɥɨɦ ɫɧɢɠɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɭɩɪɚɜɥɟ-

ɧɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ: 

 ɫɧɢɠɟɧɢɟ ɩɨɬɟɪɶ ɜ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɫɟɬɢ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – ɜ ɝɚɡɨɜɨɦ 

ɬɪɚɤɬɟ); 

 ɭɜɟɥɢɱɟɧɢɹ ɄɉȾ ɞɵɦɨɫɨɫɚ; 

ɭɜɟɥɢɱɟɧɢɹ ɄɉȾ ɞɜɢɝɚɬɟɥɹ ɡɚ ɫɱɟɬ ɩɪɚɜɢɥɶɧɨ ɜɵɛɪɚɧɧɨɝɨ ɡɚɤɨɧɚ ɱɚɫɬɨɬ-

ɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ɉɛɳɟɟ ɭɦɟɧɶɲɟɧɢɟ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɩɨ ɪɚɡɧɵɦ ɨɰɟɧɤɚɦ ɦɨɠɟɬ 

ɞɨɫɬɢɝɚɬɶ 60% ɢ ɛɨɥɟɟ (ɪɢɫ. 15).  
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Ɋɢɫɭɧɨɤ  15 – Ɉɛɳɟɟ ɭɦɟɧɶɲɟɧɢɟ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ 

1.4.3 Ɂɚɞɚɱɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

Ɂɚɞɚɱɚɦɢ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɸɬɫɹ: 

1) ɪɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɪɟɚɥɢɡɭɸɳɢɯ ɤɚɤ ɬɪɚ-

ɞɢɰɢɨɧɧɵɣ ɫɩɨɫɨɛ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɧɚɩɪɚɜɥɹɸ-

ɳɢɟ ɚɩɩɚɪɚɬɵ, ɬɚɤ ɢ ɱɚɫɬɨɬɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɭɬɶɟɜɵɯ ɜɟɧ-

ɬɢɥɹɬɨɪɨɜ; 

2) ɨɛɡɨɪ ɪɵɧɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ ɧɚɩɪɹɠɟɧɢɹ ɩɢ-

ɬɚɧɢɹ 6ɤȼ ɢ ɜɵɛɨɪ ɬɢɩɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ; 

3) ɜɵɛɨɪ ɤɨɦɦɭɬɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ, ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɪɚɡɪɟɠɟɧɢɹ, ɨɪɝɚɧɨɜ ɢɧɞɢɤɚɰɢɢ ɢ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; 

4) ɜɵɛɨɪ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ; 

5) ɪɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ (ɫɯɟɦɵ ɫɨ-

ɟɞɢɧɟɧɢɣ); 

6) ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ: ɩɪɨɬɨɬɢɩɨɜ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 

ɉɅɄ ɢ SCADA-ɫɢɫɬɟɦɵ.  
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2 ɊȺɁɊȺȻɈɌɄȺ ɋɌɊɍɄɌɍɊɇɈɃ ɋɏȿɆɕ ȺȼɌɈɆȺɌɂɁȺɐɂɂ 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 2.702-2011– ɷɬɨ ɫɯɟɦɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ 

ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɢɯ ɧɚɡɧɚɱɟɧɢɟ ɢ 

ɜɡɚɢɦɨɫɜɹɡɢ. Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɱɚɫɬɨ ɫɨɫɬɚɜɥɹɸɬ ɫɤɟɥɟɬɧɵɟ 

ɫɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ Ɍɉ ɞɚɧɧɨɝɨ ɨɛɴɟɤɬɚ ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ ɫɜɹɡɟɣ 

ɦɟɠɞɭ ɳɢɬɚɦɢ ɢ ɩɭɥɶɬɚɦɢ ɭɩɪɚɜɥɟɧɢɹ, ɚɝɪɟɝɚɬɚɦɢ, ɨɩɟɪɚɬɨɪɫɤɢɦɢ ɪɚɛɨɱɢɦɢ 

ɩɨɫɬɚɦɢ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɩɪɨɟɤɬɧɵɦ ɞɨɤɭɦɟɧɬɨɦ, ɜ 

ɤɨɬɨɪɨɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɨɩɬɢɦɚɥɶɧɵɟ ɤɚɧɚɥɵ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɢ ɨɩɟɪɚɬɨɪɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɧɢɯ ɨɬɪɚɠɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ Ɍɉ ɢ ɌɋȺ ɩɪɢ 

ɫɨɡɞɚɧɢɢ ɥɨɤɚɥɶɧɵɯ ɫɢɫɬɟɦ ɤɨɧɬɪɨɥɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɜ ɨɛɳɟɦ ɜɢɞɟ ɨɬɪɚɠɚɟɬ ɢɫɩɨɥɶɡɭɟɦɵɣ ɤɨɦɩɥɟɤɫ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɩɪɢɧɰɢɩ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɩɟɪɚɬɢɜɧɵɦ 

ɩɟɪɫɨɧɚɥɨɦ. 

ɇɚ ɪɢɫ. 16 ɩɨɤɚɡɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ  

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ. 

ɇɚ ɪɢɫ. 16 ɨɛɨɡɧɚɱɟɧɵ: 

SCADA  – ɫɢɫɬɟɦɚ ɫɛɨɪɚ ɞɚɧɧɵɯ, ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɫɭɩɟɪɜɢɡɨɪɧɨɝɨ ɭɩɪɚɜ-

ɥɟɧɢɹ ɧɚ ɛɚɡɟ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ; 

ɉɅɄ – ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɥɟɪ, ɜɵɩɨɥɧɹɸɳɢɣ ɩɪɨ-

ɝɪɚɦɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ; 

ɓɍ – ɳɢɬ ɭɩɪɚɜɥɟɧɢɹ, ɧɚ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧɵ: 

Ȼɍ1-1, Ȼɍ2-1 – ɛɥɨɤɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ. ɉɨɡɜɨɥɹɸɬ 

ɩɪɨɢɡɜɨɞɢɬɶ ɩɟɪɟɤɥɸɱɟɧɢɟ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɪɭɱɧɨɣ/ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ) ɢ 

ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɡɚɞɚɧɢɟ ɩɨ ɱɚɫɬɨɬɟ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ; 

ɉɊɍ1, ɉɊɍ2 – ɩɟɪɟɤɥɸɱɚɬɟɥɢ ɪɟɠɢɦɚ ɪɚɛɚɬɵ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɪɚɡɪɟɠɟɧɢɹ (ɱɚɫɬɨɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟ/ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ); 
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ȻɄȼ
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ɉɊɍ-2

ɂɉɊɂɊ

SCADA

 

Ɋɢɫɭɧɨɤ 16 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

Ȼɍ1-2, Ȼɍ2-2 – ɛɥɨɤɢ ɭɩɪɚɜɥɟɧɢɹ ɧɚɩɪɚɜɥɹɸɳɢɦɢ ɚɩɩɚɪɚɬɚɦɢ ɞɵɦɨɫɨ-

ɫɨɜ. ɉɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɟɪɟɤɥɸɱɟɧɢɟ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɪɭɱ-

ɧɨɣ/ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ) ɢ ɮɨɪɦɢɪɨɜɚɬɶ ɫɢɝɧɚɥɵ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ 

(ɛɨɥɶɲɟ/ɦɟɧɶɲɟ); 

ɉɊɍ-1, ɉɊɍ-2 – ɩɟɪɟɤɥɸɱɚɬɟɥɢ ɪɟɠɢɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɞɵɦɨɫɨ-

ɫɨɜ (ɩɢɬɚɧɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɫɟɬɢ 6ɤȼ ɢɥɢ ɨɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ); 

ɢɧɞɢɤɚɬɨɪɵ ɩɨɥɧɨɝɨ ɨɬɤɪɵɬɢɹ/ɡɚɤɪɵɬɢɹ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɞɵɦɨ-

ɫɨɫɨɜ; 

ɂɉ1,ɂɉ2 – ɢɧɞɢɤɚɬɨɪɵ ɩɨɥɨɠɟɧɢɹ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ; 

ɂɊ – ɢɧɞɢɤɚɬɨɪ ɪɚɡɪɟɠɟɧɢɹ; 

ɋɄȾɋ1,2 – ɫɢɫɬɟɦɵ ɤɨɦɦɭɬɚɰɢɢ ɞɵɦɨɫɨɫɨɜ ɧɚ ɛɚɡɟ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɵ-

ɤɥɸɱɚɬɟɥɟɣ ɧɚɝɪɭɡɤɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɞɤɥɸɱɚɬɶ ɞɜɢɝɚɬɟɥɢ ɞɵɦɨɫɨɫɨɜ ɧɟɩɨ-

ɫɪɟɞɫɬɜɟɧɧɨ ɤ ɫɟɬɢ 6ɤȼ ɢɥɢ ɤ ɜɵɯɨɞɚɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ; 
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ɉɑ1, ɉɑ2 – ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ; 

Ⱦɋ1, Ⱦɋ2 – ɞɵɦɨɫɨɫɵ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ: 

ɗȾ – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ; 

ɇȺ – ɧɚɩɪɚɜɥɹɸɳɢɟ ɚɩɩɚɪɚɬɵ; 

 ɆɗɈ1, ɆɗɈ2 – ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɨɞɧɨɨɛɨɪɨɬɧɵɟ ɧɚɩɪɚɜ-

ɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɞɵɦɨɫɨɫɨɜ, ɜɤɥɸɱɚɸɳɢɟ: 

ɗȾ – ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ; 

ȻɋɉɌ – ɛɥɨɤɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɨɥɨɠɟɧɢɹ ɬɨɤɨɜɵɟ; 

ȻɄȼ – ɛɥɨɤɢ ɤɨɧɰɟɜɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ; 

ɉȻɊ1, ɉȻɊ2 – ɩɭɫɤɚɬɟɥɢ ɛɟɫɤɨɧɬɚɤɬɧɵɟ ɪɟɜɟɪɫɢɜɧɵɟ; 

ɂɉɊ – ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɪɚɡɪɟɠɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ: 

– ɧɟɡɚɜɢɫɢɦɨɟ ɩɟɪɟɤɥɸɱɟɧɢɟ ɪɟɠɢɦɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ (ɱɚɫɬ-

ɧɨɟ ɭɩɪɚɜɥɟɧɢɟ/ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ) ɩɨ ɤɚɠɞɨɦɭ ɞɵɦɨɫɨɫɭ; 

 – ɩɟɪɟɤɥɸɱɟɧɢɟ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɪɭɱɧɨɣ/ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ) ɩɨ ɤɚɠɞɨ-

ɦɭ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɚɜɥɹɸɳɟɦɭ ɚɩɩɚɪɚɬɭ; 

 – ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɚɜɥɹɸɳɢɦɢ ɚɩ-

ɩɚɪɚɬɚɦɢ; 

 – ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɡɪɟɠɟɧɢɹ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɩɪɟɨɛɪɚ-

ɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɢɥɢ ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ ɩɨ ɤɚɠɞɨɦɭ ɤɚɧɚɥɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɵɦɨɫɨɫɨɦ; 

 – ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɩɨɥɨɠɟɧɢɹ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ/ 

ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɵɦɨɫɨɫɨɜ. 
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3 ȼɕȻɈɊ ɌȿɏɇɂɑȿɋɄɂɏ ɋɊȿȾɋɌȼ 

3.1 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ 

3.1.1 Ɍɢɩɵ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ 

Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɛɨɪɨɬɨɜ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɜɢɞɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨ-

ɬɵ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɦɟɠɞɭ ɩɢɬɚɸɳɟɣ ɫɟɬɶɸ 50 Ƚɰ 6 ɤȼ ɢ ɫɬɚɬɨɪɨɦ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ [9]. 

1) ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɫ ɜɯɨɞɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ, ɩɨɧɢɠɚɸɳɢɦ 

ɧɚɩɪɹɠɟɧɢɟ ɫ 6 ɤȼ ɞɨ 0,4 ɤȼ ɢɥɢ 0,69 ɤȼ, ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɬɪɚɧɡɢɫɬɨɪɧɵɦ ɩɪɟ-

ɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɜɵɯɨɞɧɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ, ɩɨ-

ɜɵɲɚɸɳɢɦ ɧɚɩɪɹɠɟɧɢɟ ɜ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɞɨ 6 ɤȼ, ɪɢɫ. 17. 

 

Ɋɢɫɭɧɨɤ 17 – ɋɯɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɬɪɚɧɡɢɫɬɨɪɧɵɦ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
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ɇɢɡɤɨɜɨɥɶɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɢɦɟɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɭɸ 

ɫɬɪɭɤɬɭɪɭ, ɫɬɪɨɢɬɫɹ ɧɚ ɛɚɡɟ ɬɪɟɯɮɚɡɧɵɯ ɬɪɚɧɡɢɫɬɨɪɧɨ-ɞɢɨɞɧɵɯ ɦɨɫɬɨɜ ɢ ɮɨɪ-

ɦɢɪɭɟɬ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɡɚ ɫɱɟɬ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ 

ɦɨɞɭɥɹɰɢɢ. ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɢɦɟɟɬ ɫɥɨɠɧɵɣ 

ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɞɨɥɟɣ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ,  

ɩɨɷɬɨɦɭ ɦɟɠɞɭ ɜɵɯɨɞɨɦ ɧɢɡɤɨɜɨɥɶɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɢ ɜɵɯɨɞɧɵɦ 

ɩɨɜɵɲɚɸɳɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɨɛɹɡɚɬɟɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɢɥɨɜɨɣ «ɫɢɧɭɫ-

ɧɵɣ» LC-ɮɢɥɶɬɪ, ɤɨɬɨɪɵɣ ɭɫɬɪɚɧɹɟɬ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɩɭɥɶɫɚɰɢɢ ɧɚɩɪɹɠɟɧɢɹ 

ɧɚ ɜɯɨɞɟ ɩɨɜɵɲɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

2) ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɫ ɜɯɨɞɧɵɦ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɦ ɫɨɝɥɚɫɭɸɳɢɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ ɜɵɯɨɞɧɵɦ ɦɧɨɝɨɭɪɨɜɧɟɜɵɦ ɬɪɚɧɡɢɫɬɨɪɧɵɦ ɢɧɜɟɪɬɨɪɨɦ. 

Ɇɧɨɝɨɭɪɨɜɧɟɜɵɣ ɬɪɚɧɡɢɫɬɨɪɧɵɣ ɢɧɜɟɪɬɨɪ ɫɨɞɟɪɠɢɬ ɜ ɤɚɠɞɨɣ ɜɵɯɨɞɧɨɣ ɮɚɡɟ 

ɧɟɫɤɨɥɶɤɨ ɬɪɚɧɡɢɫɬɨɪɧɨ-ɞɢɨɞɧɵɯ ɹɱɟɟɤ (ɇ-ɦɨɫɬɨɜ), ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɵ ɩɨɫɥɟ-

ɞɨɜɚɬɟɥɶɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ.  

 

Ɋɢɫɭɧɨɤ 18 – ɋɯɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɫ ɜɵɯɨɞɧɵɦ ɦɧɨɝɨɭɪɨɜɧɟɜɵɦ 

ɬɪɚɧɡɢɫɬɨɪɧɵɦ ɢɧɜɟɪɬɨɪɨɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɜ ɜɵɯɨɞɧɨɣ ɮɚɡɟ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɮɨɪɦɢɪɭɟɦɨɝɨ 

ɨɞɧɨɣ ɹɱɟɣɤɨɣ ɧɚɩɪɹɠɟɧɢɹ ɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢɫ-

ɩɨɥɶɡɭɟɦɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ, ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɞɜɭɯ ɞɨ ɩɹɬɢ. Ʉɚɠɞɚɹ ɹɱɟɣɤɚ ɩɨɥɭɱɚɟɬ 

ɩɢɬɚɧɢɟ ɨɬ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɬɪɟɯɮɚɡɧɨɣ ɨɛɦɨɬɤɢ ɜɯɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ  

ɮɨɪɦɢɪɭɟɬ ɱɚɫɬɶ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɟ ɡɚ ɫɱɟɬ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɲɢɪɨɬɧɨ-

ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɢ. Ɂɚ ɫɱɟɬ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɦɨɞɭɥɢɪɨ-
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ɜɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬɞɟɥɶɧɵɯ ɹɱɟɟɤ ɢ ɫɭɦɦɢɪɨɜɚɧɢɹ ɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɟɨɛɪɚɡɨ-

ɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɮɨɪɦɢɪɭɟɬ ɧɚɩɪɹɠɟɧɢɟ, ɛɥɢɡɤɨɟ ɩɨ ɮɨɪɦɟ ɤ ɫɢɧɭɫɨɢɞɚɥɶɧɨɦɭ. 

ɋɨɩɨɫɬɚɜɥɹɹ ɦɟɠɞɭ ɫɨɛɨɣ ɞɜɚ ɜɢɞɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ  ɦɨɠɧɨ ɜɵ-

ɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɨɬɥɢɱɢɹ, ɜɥɢɹɸɳɢɟ ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚ-

ɡɚɬɟɥɢ ɢ ɫɬɨɢɦɨɫɬɶ ɉɑ.  

ɉɪɢ ɧɚɥɢɱɢɢ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɹɱɟɟɤ ɜ ɤɚɠɞɨɣ ɮɚɡɟ ɩɪɟɨɛɪɚ-

ɡɨɜɚɬɟɥɹ ɜɬɨɪɨɝɨ ɬɢɩɚ ɤɚɠɞɚɹ ɨɬɞɟɥɶɧɚɹ ɹɱɟɣɤɚ ɮɨɪɦɢɪɭɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟ-

ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɩɪɨɩɭɫɤɚɟɬ ɱɟɪɟɡ ɫɟɛɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɛɨɥɶɲɨɣ ɬɨɤ, ɪɚɜɧɵɣ ɬɨɤɭ ɮɚɡɵ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ɗɬɨ ɩɨɡ-

ɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɉɑ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɢɟ ɬɪɚɧɡɢɫɬɨɪ-

ɧɨ-ɞɢɨɞɧɵɟ ɦɨɞɭɥɢ. ȼ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɩɟɪɜɨɝɨ ɬɢɩɚ ɬɚɤɠɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨ-

ɜɚɬɶ ɦɨɞɭɥɢ ɫ ɧɟɛɨɥɶɲɢɦ ɞɨɩɭɫɬɢɦɵɦ ɧɚɩɪɹɠɟɧɢɟɦ, ɧɨ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶ-

ɲɢɣ ɬɨɤ, ɩɨɫɤɨɥɶɤɭ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɜ ɡɜɟɧɟ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɩɭɫɤɚɟɬ 

ɱɟɪɟɡ ɫɟɛɹ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɩɪɢ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟɦ ɧɚɩɪɹɠɟɧɢɢ 

ɢ ɛɨɥɶɲɟɦ ɬɨɤɟ. 

ɋɬɨɢɦɨɫɬɶ ɬɪɚɧɡɢɫɬɨɪɧɨ-ɞɢɨɞɧɵɯ ɦɨɞɭɥɟɣ ɜ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟɣ ɫɬɟ-

ɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɱɟɦ ɨɬ ɜɟɥɢɱɢɧɵ ɬɨɤɚ. ɉɨɷɬɨɦɭ ɫɬɨ-

ɢɦɨɫɬɶ ɤɨɦɩɥɟɤɬɚɰɢɢ ɨɞɧɨɣ ɹɱɟɣɤɢ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɉɑ ɜɬɨɪɨɝɨ ɬɢɩɚ ɦɨɠɟɬ 

ɛɵɬɶ ɛɥɢɡɤɚ ɤ ɫɬɨɢɦɨɫɬɢ ɜɫɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɩɟɪɜɨɝɨ, ɜɵɩɨɥɧɟɧɧɨ-

ɝɨ ɧɚ ɬɪɚɧɡɢɫɬɨɪɚɯ ɬɨɝɨ ɠɟ ɤɥɚɫɫɚ. ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ ɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɜɬɨɪɨɝɨ ɬɢɩɚ ɧɭɠɧɨ ɫɨɟɞɢɧɢɬɶ ɧɟɫɤɨɥɶɤɨ 

ɹɱɟɟɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɬɨɢɦɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɤɨɦɩɥɟɤɬɭɸɳɢɯ ɉɑ 

ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɫɢɬɶ ɫɬɨɢɦɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɤɨɦɩɥɟɤɬɭɸɳɢɯ 

ɩɟɪɜɨɝɨ ɬɢɩɚ. ɋ ɪɨɫɬɨɦ ɦɨɳɧɨɫɬɢ ɉɑ ɩɟɪɜɨɝɨ ɬɢɩɚ ɩɪɢɯɨɞɢɬɫɹ ɫɨɟɞɢɧɹɬɶ 

ɹɱɟɣɤɢ ɩɚɪɚɥɥɟɥɶɧɨ ɢ ɪɚɡɧɢɰɚ ɜ ɫɬɨɢɦɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɭɦɟɧɶɲɚɟɬɫɹ.  

ȼ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɱɚɫɬɨɬɵ ɉɑ ɜɬɨɪɨɝɨ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɜɯɨɞ-

ɧɵɟ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɧɚ ɩɨɥɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɱɚɫɬɨɬɵ. Ɍɚɤɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɭɸ ɫɬɨɢɦɨɫɬɶ ɢ ɧɟ ɦɨɝɭɬ 

ɛɵɬɶ ɡɚɦɟɧɟɧɵ ɧɚ ɨɛɵɱɧɵɟ ɫɟɪɢɣɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ. ȼ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɉɑ 

ɜɬɨɪɨɝɨ ɬɢɩɚ  ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɉɑ ɧɚ ɩɨɥ-
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ɧɭɸ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɧɨ ɷɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɨ-

ɫɬɵɟ, ɫɟɪɢɣɧɵɟ ɬɪɟɯɮɚɡɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɫɬɨɢ-

ɦɨɫɬɶɸ. Ɉɬɦɟɱɟɧɧɵɟ ɜɵɲɟ ɨɬɥɢɱɢɹ ɞɜɭɯ ɬɢɩɨɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɩɪɢ-

ɜɨɞɹɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɚɡɧɢɰɟ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ 

ɦɟɧɶɲɟ ɭ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɩɟɪɜɨɝɨ ɬɢɩɚ ɬɨɣ ɠɟ ɦɨɳɧɨɫɬɢ. Ɉɞɧɚɤɨ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨ-

ɜɚɧɢɹ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɫɯɟɦ ɨɝɪɚɧɢɱɟɧ ɫɨɨɬɧɨɲɟɧɢɟɦ (1:2), ɩɨɫɤɨɥɶɤɭ 

ɨɛɵɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɩɥɨɯɨ ɪɚɛɨɬɚɸɬ ɧɚ ɧɢɡɤɨɣ ɱɚɫɬɨɬɟ.  

3.1.2 Ɉɛɡɨɪ ɪɵɧɤɚ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɪɭɝ ɪɚɰɢɨɧɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱ-

ɧɵɯ ɫɯɟɦ ɢ ɜɢɞɨɜ ȼɉɑ ɫ ɚɜɬɨɧɨɦɧɵɦɢ ɢɧɜɟɪɬɨɪɚɦɢ ɬɨɤɚ (ȺɂɌ) ɢ ɧɚɩɪɹɠɟɧɢɹ 

(Ⱥɂɇ) ɜ ɰɟɥɨɦ ɨɩɪɟɞɟɥɢɥɫɹ, ɧɨ ɩɪɨɰɟɫɫ ɢɯ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɧɟɩɪɟɪɵɜɧɨ 

ɩɪɨɞɨɥɠɚɟɬɫɹ ɜ ɫɜɹɡɢ ɫ ɩɨɹɜɥɟɧɢɟɦ ɧɨɜɵɯ ɫɢɥɨɜɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɷɥɟ-

ɦɟɧɬɨɜ. ȼ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɩɪɨɞɭɤɰɢɹ ɬɚɤɢɯ ɮɢɪɦ, ɤɚɤ 

ABB, Siemens, Allen-Bradley, Toshiba, Mitsubishi, Robicon, Ansaldo, Alstom, 

ESTEL, GE, Hyundai ɢ ɞɪɭɝɢɯ [8].  

Ɍɨɩɨɥɨɝɢɹ ɢ ɩɪɢɧɰɢɩɵ ɭɩɪɚɜɥɟɧɢɹ ɢɧɜɟɪɬɨɪɚɦɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɩɪɟ-

ɞɟɥɹɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɦɢ ɫɢɥɨɜɵɦɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɧɨɜɨɝɨ 

ɬɢɩɚ (IGBT, GTO, IGCT, SGCT), ɚ ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɒɂɆ (ɲɢɪɨɬɧɨ-

ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɢ). ɇɚɩɪɢɦɟɪ, ɒɂɆ ɫɨ «ɫɥɟɠɟɧɢɟɦ» (ɪɟɥɟɣɧɨɝɨ ɬɢɩɚ), 

ɩɪɨɝɪɚɦɦɧɚɹ ɒɂɆ ɫ ɢɡɛɢɪɚɬɟɥɶɧɵɦ ɩɨɞɚɜɥɟɧɢɟɦ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ, ɦɧɨɝɨ-

ɭɪɨɜɧɟɜɚɹ ɒɂɆ, ɒɂɆ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ɚɦɩɥɢɬɭɞɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɢ 

ɞɪɭɝɢɟ. 

ɋɬɪɟɦɥɟɧɢɟ ɩɨɥɭɱɚɬɶ ɧɚ ɜɵɯɨɞɟ ɢɧɜɟɪɬɨɪɨɜ ɬɨɤ ɢ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɩɢɬɚ-

ɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, 

ɨɩɪɟɞɟɥɢɥɨ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɧɟɫɤɨɥɶɤɨ ɩɨɞɯɨɞɨɜ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɤ ɩɨɫɬɪɨ-

ɟɧɢɸ ɢɧɜɟɪɬɨɪɨɜ [10]. ɇɚɩɪɢɦɟɪ, ɢɡɜɟɫɬɧɵ ɢɧɜɟɪɬɨɪɵ ɫ ɬɪɟɦɹ ɭɪɨɜɧɹɦɢ 

ɧɚɩɪɹɠɟɧɢɹ (3-level) ɢ ɤɨɦɦɭɬɚɰɢɟɣ ɜ «ɡɜɟɡɞɭ» (ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɧɭɥɟɜɨɣ ɬɨɱ-

ɤɨɣ ɢɥɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ (Neutral-Point Clamped – NPC)), ɥɢɛɨ ɫ ɱɟ-
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ɬɵɪɶɦɹ ɭɪɨɜɧɹɦɢ ɧɚɩɪɹɠɟɧɢɹ (4-level). ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɜ ɭɥɭɱɲɟɧɢɢ ɮɨɪ-

ɦɵ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢɧɜɟɪɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɢɯ ɦɧɨɝɨɭɪɨɜɧɟ-

ɜɵɦɢ (multi–level). ȼɉɑ ɫ ɬɚɤɢɦɢ ɢɧɜɟɪɬɨɪɚɦɢ ɜ ɪɚɡɥɢɱɧɵɯ ɦɨɞɢɮɢɤɚɰɢɹɯ ɜɵ-

ɩɭɫɤɚɸɬ Robicon, Toshiba, Mitsubishi Electric, GE. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɢɛɨɥɟɟ 

ɫɥɨɠɧɵɦ ɷɥɟɦɟɧɬɨɦ ȼɉɑ ɹɜɥɹɟɬɫɹ ɜɯɨɞɧɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ . 

ȼ ɪɚɛɨɬɟ [10] ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɫɨ-

ɡɞɚɧɢɹ ɧɚɞɟɠɧɵɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɵɯɨɞɧɨɣ 

ɱɚɫɬɨɬɨɣ. ɗɬɨ ɨɛɟɫɩɟɱɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɚɜɬɨɧɨɦɧɨɝɨ ɢɧ-

ɜɟɪɬɨɪɚ ɫ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɢ ɫɢɫɬɟɦɨɣ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ; ɨɛɟɫɩɟɱɟɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɟɣɫɬɜɭɸɳɢɦ ɫɬɚɧɞɚɪɬɚɦ; 

ɨɩɬɢɦɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɜɟɧɬɢɥɟɣ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɧɟɫɤɨɥɶɤɢɯ ɫɢɥɨɜɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɧɨɜɨɝɨ 

ɩɨɤɨɥɟɧɢɹ; ɞɢɚɝɧɨɫɬɢɤɚ ɜɟɧɬɢɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɨɛɟɫɩɟɱɢ-

ɜɚɸɳɚɹ ɩɪɟɜɟɧɬɢɜɧɵɣ ɤɨɧɬɪɨɥɶ ɫɢɥɨɜɨɣ ɫɯɟɦɵ; ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɮɭɧɤɰɢɣ 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ; ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɫɬ-ɤɨɧɬɪɨɥɹ ɷɥɟɦɟɧɬɨɜ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜɵɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ; ɫɬɢɦɭɥɢɪɨɜɚ-

ɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ, ɫɨ-

ɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɫɢɥɨɜɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ.  

Ⱥȼɋ ɏɨɥɞɢɧɝ ɫɨɨɛɳɚɟɬ ɨ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚ-

ɬɟɥɹɯ ɱɚɫɬɨɬɵ ɫɟɪɢɢ ȺȼS−DRIVE ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɚɫɢɧɯɪɨɧɧɵɯ ɢ 

ɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɫɚɦɵɦ ɠɟɫɬɤɢɦ ɬɪɟɛɨɜɚɧɢ-

ɹɦ ɫɬɚɧɞɚɪɬɚ IEEE 519 1992 ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɢɫɤɚɠɟɧɢɹ ɬɨɤɚ ɢ 

ɧɚɩɪɹɠɟɧɢɹ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ABS-DRIVE ɪɚɫɫɱɢɬɚɧɵ ɧɚ ɪɚɛɨɬɭ ɫ 

ɫɢɧɯɪɨɧɧɵɦɢ ɢ ɚɫɢɧɯɪɨɧɧɵɦɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɦɨɳɧɨɫɬɶɸ ɞɨ 5 000 ɤȼɬ ɢ 

ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ. 

ɋɬɪɭɤɬɭɪɧɨ ɱɚɫɬɨɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫɨɫɬɨɹɬ ɢɡ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɝɨ 

ɜɯɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɫɟɤɰɢɣ ɫɢɥɨɜɵɯ ɹɱɟɟɤ ɢ ɫɟɤɰɢɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɧɨ-

ɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚ ɧɚɩɪɹɠɟɧɢɹ 6 ɢ 6,6 ɤȼ ɢɫɩɨɥɶɡɭɸɬɫɹ 15, 18 ɢɥɢ 21 ɹɱɟɣɤɚ, 

ɫɨɟɞɢɧɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ 5, 6 ɢɥɢ 7 ɲɬɭɤ ɜ ɤɚɠɞɨɣ ɮɚɡɟ. ɇɚ ɧɚɩɪɹɠɟ-

ɧɢɹ 10 ɢ 11 ɤȼ ɢɫɩɨɥɶɡɭɸɬɫɹ 24 ɢɥɢ 27 ɹɱɟɟɤ, ɫɨɟɞɢɧɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ 



37 
 

8 ɢɥɢ 9 ɲɬɭɤ ɜ ɤɚɠɞɨɣ ɮɚɡɟ. Ȼɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɦɧɨɝɨɨɛɦɨɬɨɱɧɨɝɨ 

ɜɯɨɞɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ «ɦɧɨɝɨɹɱɟɢɫɬɨɣ» ɫɬɪɭɤɬɭɪɟ ɫɢɥɨɜɨɣ ɫɯɟɦɵ ɩɨ-

ɬɪɟɛɥɹɟɦɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ ɬɨɤ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɫɢɧɭɫɨɢɞɚɥɶɧɭɸ 

ɮɨɪɦɭ [10], ɱɬɨ ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 13109-97 ɤ ɤɚɱɟɫɬɜɭ ɫɟɬɢ ɢ ȽɈɋɌ 

Ɋ 51524-99 ɩɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɷɥɟɤ-

ɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɩɪɟɜɵɲɚɟɬ 95 % ɜɨ ɜɫɟɦ ɫɤɨɪɨɫɬɧɨɦ ɞɢɚɩɚɡɨɧɟ ɛɟɡ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɹ ɜɧɟɲɧɢɯ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɝɪɭɡɤɢ ɩɨ 

ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ, ɜɵɤɥɸɱɚɬɟɥɟɣ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ. 

ɉɪɢɜɨɞɵ ABS-DRIVE ɩɪɟɞɨɬɜɪɚɳɚɸɬ «ɩɟɪɟɤɪɟɫɬɧɵɟ ɢɫɤɚɠɟɧɢɹ», ɜɨɡɧɢɤɚɸ-

ɳɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɞɪɭɝɢɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ, ɜɵ-

ɩɪɹɦɢɬɟɥɶɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɬɚɤ ɞɚɥɟɟ, ɩɨɞɤɥɸɱɟɧɧɵɦɢ ɤ ɬɨɣ ɠɟ ɫɟɬɢ ɷɥɟɤ-

ɬɪɨɫɧɚɛɠɟɧɢɹ. 

ȼɵɫɨɤɨɜɨɥɶɬɧɵɟ ɦɧɨɝɨɭɪɨɜɧɟɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ (ɉɑȼɆ) 

ɮɢɪɦɵ ɁȺɈ «ɗɅȿɄɌɊɈɌȿɄɋ» ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɛɟɫɫɬɭɩɟɧɱɚɬɨɝɨ ɪɟɝɭɥɢɪɨ-

ɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ ɪɚɡɥɢɱ-

ɧɵɯ ɩɪɢɜɨɞɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. ȼ ɫɨɫɬɚɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɫɟɪɢɢ ɉɑȼɆ 

ɜɯɨɞɢɬ ɜɯɨɞɧɨɣ ɫɭɯɨɣ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, ɦɧɨɝɨɭɪɨɜɧɟɜɵɣ ɜɵ-

ɫɨɤɨɜɨɥɶɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɢ ɲɤɚɮ ɭɩɪɚɜɥɟɧɢɹ ɢ ɡɚɳɢɬɵ. ɍɩɪɚɜ-

ɥɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ ɫɤɚɥɹɪɧɨɟ – ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ U/f, ɡɚɞɚɜɚɟɦɨɣ 8 ɬɨɱɤɚɦɢ. Ɋɟ-

ɝɭɥɢɪɨɜɚɧɢɟ ɩɪɹɦɨɟ ɱɚɫɬɨɬɧɨɟ ɢɥɢ ɉɂȾ-ɪɟɝɭɥɢɪɨɜɚɧɢɟ. Ɂɚɹɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɩɪɟɢɦɭɳɟɫɬɜɚ: ɩɨɞɤɥɸɱɟɧɢɟ ɧɚɩɪɹɦɭɸ ɤ ɫɟɬɢ 6000 ȼ; ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɦɨɳɧɨɫɬɢ (0,95) ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ; ɄɉȾ ɧɟ ɦɟɧɟɟ 0,98; ɫɢɧɭɫɨɢ-

ɞɚɥɶɧɚɹ ɮɨɪɦɚ ɜɯɨɞɧɨɝɨ ɢ ɜɵɯɨɞɧɨɝɨ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ; ɢɫɤɥɸɱɟɧɚ ɭɫɬɚɧɨɜɤɚ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɮɢɥɶɬɪɨɜ; ɪɟɚɥɢɡɭɟɬɫɹ 

ɮɭɧɤɰɢɹ «ɩɨɞɯɜɚɬɚ» ɩɪɢ ɝɥɭɛɨɤɢɯ ɢ ɞɥɢɬɟɥɶɧɵɯ ɫɧɢɠɟɧɢɹɯ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ 

ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 

ȼɵɫɨɤɨɜɨɥɶɬɧɵɟ ɱɚɫɬɨɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ PowerFlex 7000 ɩɪɨɢɡɜɨɞɢɬ 

Rockwell Automation ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɚɫɢɧɯɪɨɧɧɵɦɢ ɢ ɫɢɧ-

ɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɧɚɩɪɹɠɟɧɢɟɦ 2,4…10,0 ɤȼ ɜ ɞɢɚɩɚɡɨɧɟ ɦɨɳɧɨɫɬɟɣ 

250…24000 ɤȼɬ. 
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ȼɵɫɨɤɨɜɨɥɶɬɧɵɟ ɱɚɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɵɟ ɩɪɢɜɨɞɵ HYUNDAI ɫɟɪɢɢ 

N5000 ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 

ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ ɦɨɳɧɨɫɬɶɸ 155…3930 

ɤȼɬ ɫ ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 3, 6 ɢ 10 ɤȼ. Ⱦɚɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɨɛɨɪɭ-

ɞɨɜɚɧɵ ɩɨɥɧɵɦ ɜɟɤɬɨɪɧɵɦ ɤɨɧɬɪɨɥɟɦ. ȼɟɤɬɨɪɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ 

ɭɩɪɚɜɥɹɬɶ ɞɜɢɝɚɬɟɥɟɦ, ɤɨɝɞɚ ɧɟɬ ɱɟɬɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɦɨɦɟɧɬɨɦ ɧɚ ɜɚɥɭ 

ɢ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ. ɗɬɨɬ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɪɚɫɲɢɪɟɧ-

ɧɵɣ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɦɨɦɟɧɬɚɯ ɢɥɢ ɞɚɠɟ 

ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɩɟɪɟɝɪɭɡɤɚɯ ɞɨ 150-200 % ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɤɬɨɪɧɵɣ ɦɟɬɨɞ ɪɚɛɨɬɚɟɬ ɨɩɬɢɦɚɥɶɧɨ, ɟɫɥɢ ɜɜɟɞɟɧɵ 

ɩɪɚɜɢɥɶɧɨ ɩɚɫɩɨɪɬɧɵɟ ɜɟɥɢɱɢɧɵ ɞɜɢɝɚɬɟɥɹ ɢ ɭɫɩɟɲɧɨ ɩɪɨɲɥɨ ɟɝɨ ɚɜɬɨɬɟɫɬɢ-

ɪɨɜɚɧɢɟ. ȼɟɤɬɨɪɧɵɣ ɦɟɬɨɞ ɪɟɚɥɢɡɭɟɬɫɹ ɩɭɬɟɦ ɫɥɨɠɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɪɨɢɡɜɨɞɢ-

ɦɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɵɯɨɞɧɨɦ ɬɨɤɟ, ɱɚ-

ɫɬɨɬɟ ɢ ɧɚɩɪɹɠɟɧɢɢ. ȼ ɢɧɜɟɪɬɨɪɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɛɢɩɨɥɹɪɧɵɟ ɬɪɚɧɡɢɫɬɨɪɵ ɫ 

ɢɡɨɥɢɪɨɜɚɧɧɵɦ ɡɚɬɜɨɪɨɦ (ȻɌɂɁ ɢɥɢ IGBT) ɫ ɦɧɨɝɨɭɪɨɜɧɟɜɨɣ ɒɂɆ-

ɦɨɞɭɥɹɰɢɟɣ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɝɚɪɦɨɧɢɤ (ɦɟɧɟɟ 4 %). 

ȼ ɪɚɛɨɬɚɯ [7, 12, 24] ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɥɟɤɬɪɨɦɚɝ-

ɧɢɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɩɟɪɟɤɥɸɱɟɧɢɹɯ ɜ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɬɢɪɢɫɬɨɪɧɵɯ ɢɧɜɟɪ-

ɬɨɪɚɯ. ɉɪɟɞɥɚɝɚɸɬɫɹ ɫɩɨɫɨɛɵ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɤɨɦɦɭɬɚɰɢɹɯ.  

Ɉɛɳɢɟ ɜɨɩɪɨɫɵ ɬɟɨɪɢɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚ-

ɧɢɡɦɨɜ ɪɚɫɫɦɨɬɪɟɧɵ ɜ ɪɚɛɨɬɚɯ [10, 12, 24]. 

Ɉɩɵɬ ɩɪɢɦɟɧɟɧɢɹ, ɤɚɤ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɱɚɫɬɨɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɬɚɤ 

ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɫɦɨɬɪɟɧ ɜ ɪɚɛɨɬɚɯ [13, 12]. ȼ ɨɫ-

ɧɨɜɧɨɦ, ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɷɧɟɪɝɨɫɛɟɪɟɠɟ-

ɧɢɹ. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɩɨɡɜɨɥɹɸɬ ɚɧɚɥɢ-

ɡɢɪɨɜɚɬɶ ɩɭɫɤɨɜɵɟ ɢ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɨɬɫɥɟɠɢɜɚɬɶ 

ɢɡɦɟɧɟɧɢɹ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜ ɬɟɱɟɧɢɟ ɫɪɨɤɚ ɢɯ ɷɤɫɩɥɭɚɬɚ-

ɰɢɢ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɪɟɫɭɪɫ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɢɫɩɨɥɧɢ-

ɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜ ɰɟɥɨɦ.  
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Ɉɛɡɨɪ ɫɨɜɪɟɦɟɧɧɨɝɨ ɪɨɫɫɢɣɫɤɨɝɨ ɪɵɧɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɞɥɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɩɪɢɜɟɞɟɧ ɜ ɪɚɛɨɬɚɯ [12, 24]. ȼ ɫɬɪɚɧɚɯ ɋɇȽ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ 

ɨɪɢɝɢɧɚɥɶɧɵɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɹɜɥɹɸɬɫɹ ɈȺɈ «ɗɥɟɤɬɪɨɜɵ-

ɩɪɹɦɢɬɟɥɶ», «Ɍɪɢɨɥ». 

ɈȺɈ «ɗɥɟɤɬɪɨɜɵɩɪɹɦɢɬɟɥɶ» ɜɵɩɭɫɤɚɟɬ ɧɨɜɭɸ ɫɟɪɢɸ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɫɯɟɦɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɉɑ «Ɉɦɟɝɚ». ȼɯɨɞɧɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɟɨɛɪɚ-

ɡɭɟɬ ɜɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (3 ɮɚɡɵ, 6000 ȼ) ɜ ɩɨɧɢɠɟɧɧɨɟ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

(3 ɮɚɡɵ, 380 ȼ). ɋɢɥɨɜɚɹ ɱɚɫɬɶ ɉɑ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ IGBT ɢ ɞɢɨɞɧɨ -

ɬɢɪɢɫɬɨɪɧɵɯ ɦɨɞɭɥɹɯ, ɜɵɩɭɫɤɚɟɦɵɯ ɈȺɈ «ɗɥɟɤɬɪɨɜɵɩɪɹɦɢɬɟɥɶ». ɋɟɪɢɹ ɱɚ-

ɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ Ɋɗɇ2ȼ ɧɚ ɛɚɡɟ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ 

ɫɯɟɦɵ (ɦɨɳɧɨɫɬɶ – 160…3200 ɤȼɬ) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɯ ɢ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɩɢɬɚɧɢɹ 3, 6, 

10 ɤȼ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɤɨɦɩɥɟɤɬɭɸɬɫɹ ɜɯɨɞɧɵɦ (ɫɟɬɟɜɵɦ) ɩɨɧɢɠɚɸ-

ɳɢɦ ɢ ɜɵɯɨɞɧɵɦ ɩɨɜɵɲɚɸɳɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ. Ⱦɥɹ ɧɚɪɚɳɢɜɚɧɢɹ ɦɨɳɧɨ-

ɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ Ɋɗɇ2ȼ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɝɪɭɩɩɵ 

ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. ȼ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ Ɋɗɇ2ȼ ɩɨɥɧɨɫɬɶɸ ɪɟ-

ɲɟɧɵ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɜɨɩɪɨɫɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɡɚɳɢɬɵ ɜɵɫɨɤɨɜɨɥɶɬɧɨɣ ɱɚɫɬɢ, 

ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɝɪɭɩɩɨɣ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɩɪɟɨɛɪɚ-

ɡɨɜɚɬɟɥɟɣ, ɪɚɛɨɬɵ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɭɸ ɧɚɝɪɭɡɤɭ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɑ Ɍɪɢɨɥ ȺɌ03 ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɵɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ (400 - 2500 ɤȼɬ), 

ɨɫɧɚɳɟɧɧɵɦɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɚɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ. ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ 

Ɍɪɢɨɥ ȺɌ03 ɜɵɩɨɥɧɟɧɵ ɩɨ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɫɯɟɦɟ ɢ ɜ ɧɢɯ ɪɟɚɥɢɡɨɜɚɧɵ 

ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɒɂɆ-ɭɩɪɚɜɥɟɧɢɹ. 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɢɡɜɟɫɬɧɵɯ ɫɯɟɦ ɉɑ ɚɜɬɨɪɵ ɫɬɚɬɶɢ [7] ɫɱɢɬɚɸɬ, ɱɬɨ 

ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ «ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɚɹ» ɫɯɟɦɚ, ɫɨɞɟɪɠɚɳɚɹ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɟ ɷɥɟɦɟɧɬɵ: ɩɨɧɢɠɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ – ɧɢɡɤɨ-

ɜɨɥɶɬɧɵɣ ɜɵɩɪɹɦɢɬɟɥɶ - ɢɧɜɟɪɬɨɪ - ɩɨɜɵɲɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ - ɷɥɟɤɬɪɨɞɜɢ-

ɝɚɬɟɥɶ. Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨɞɨɛɧɨɝɨ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
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ɩɪɢɦɟɧɹɬɶ ɫɬɚɧɞɚɪɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɨɟ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟ-

ɫɬɜɨɦ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ.  

ɂɡ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɪɚɡɪɚɛɨɬɨɤ ɧɭɠɧɨ ɜɵɞɟɥɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɉɑɂɇ, 

ɢɧɠɟɧɟɪɧɨɣ ɤɨɦɩɚɧɢɢ «Ɍɟɯɧɨɪɨɫ» (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ). ȼɵɫɨɤɨɜɨɥɶɬɧɵɟ ɩɪɟɨɛ-

ɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɫɟɪɢɢ ɉɑɂɇ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɫ ɩɪɢɜɨɞɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɧɚɩɪɹɠɟɧɢɟɦ 6 ɢ 10 ɤȼ ɢ 

ɦɨɳɧɨɫɬɶɸ ɨɬ 1 ɞɨ 10 Ɇȼɬ.  

Ⱥɧɚɥɢɡɢɪɭɹ ɩɪɢɜɟɞɟɧɧɭɸ ɥɢɬɟɪɚɬɭɪɭ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1. ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɢɧ-

ɫɬɜɨ ȼɑɉ ɢɦɟɸɬ ɬɢɩɨɜɵɟ ɫɬɪɭɤɬɭɪɵ ɫ ɢɧɜɟɪɬɨɪɚɦɢ ɬɨɤɚ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ; 

2. ɉɪɢɜɟɞɟɧɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ȼɑɉ ɜ ɨɫɧɨɜɧɨɦ 

ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ ɫ ɢɧɜɟɪɬɨɪɚɦɢ ɬɨɤɚ, ɬɚɤ ɢ ɫ ɢɧɜɟɪɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɹ.  

3. ɉɪɨɛɥɟɦɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ȼɑɉ ɫ ɞɜɢɝɚɬɟɥɟɦ ɢ ɩɢɬɚ-

ɸɳɟɣ ɫɟɬɶɸ ɪɟɲɚɟɬɫɹ ɜɵɛɨɪɨɦ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ 

ɢɦ ɫ ɩɨɦɨɳɶɸ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɒɂɆ, ɩɪɢ ɤɨɬɨɪɨɣ ɞɨɛɢɜɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɫɢ-

ɧɭɫɨɢɞɚɥɶɧɵɯ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ. 

4. ɋɭɳɟɫɬɜɭɟɬ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɠɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɢ ɩɨ-

ɫɬɚɜɥɹɟɦɵɯ ɩɨɞ ɡɚɤɚɡ ȼɉɑ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦɢ ɢ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢ-

ɝɚɬɟɥɹɦɢ. ɑɚɳɟ ɜɫɟɝɨ ɷɬɨ ɩɪɨɞɭɤɰɢɹ ɢɧɨɫɬɪɚɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. ɋɪɚɜɧɟɧɢɟ 

ȼɑɉ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɢɦɩɨɪɬɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɦɩɨɪɬɧɵɟ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ, ɜ ɰɟɥɨɦ, ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɧɚɞɟɠɧɵɦɢ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜ ɛɨɥɶ-

ɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɨɧɢ ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɢɡɛɵɬɨɱɧɵɦɢ, ɢ ɢɦɟɸɬ ɛɨɥɟɟ 

ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ. Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɉɑ ɭɫɬɭɩɚɸɬ ɢɦɩɨɪɬ-

ɧɵɦ ɩɨ ɤɚɱɟɫɬɜɭ ɢ ɧɚɞɟɠɧɨɫɬɢ, ɜɵɢɝɪɵɜɚɹ ɜ ɫɬɨɢɦɨɫɬɢ. 

5. ȼɨɡɪɨɫɲɟɟ ɜɧɢɦɚɧɢɟ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɫɢɥɨɜɨɣ ɷɥɟɤɬɪɨ-

ɧɢɤɢ ɤ ɩɪɨɛɥɟɦɚɦ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ȼɑɉ ɩɨɡɜɨɥɹɟɬ ɧɚɞɟɹɬɶɫɹ, ɱɬɨ ɪɚɡɪɵɜ ɜ ɤɚ-

ɱɟɫɬɜɟ ɢ ɧɚɞɟɠɧɨɫɬɢ ɢɦɩɨɪɬɧɵɯ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɛɭɞɟɬ 

ɧɟɭɤɥɨɧɧɨ ɫɨɤɪɚɳɚɬɶɫɹ. ɇɚɩɪɢɦɟɪ, ɦɨɫɤɨɜɫɤɚɹ ɤɨɦɩɚɧɢɹ «Ʌ-ɋɬɚɪɬ» ɡɚɧɢɦɚɟɬ-

ɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ȼɑɉ, ɤɨɬɨɪɵɟ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢ-
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ɨɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɧɟ ɭɫɬɭɩɚɸɬ ɚɧɚɥɨɝɢɱɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ ɹɩɨɧɫɤɢɯ ɢ ɟɜɪɨɩɟɣ-

ɫɤɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɚ ɩɨ ɪɹɞɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɟɜɨɫɯɨɞɹɬ ɢɯ.  

ȼ ɬɚɛɥɢɰɟ 3 ɩɪɢɜɟɞɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ 

ɱɚɫɬɨɬɵ, ɜɵɩɭɫɤɚɟɦɵɯ ɜ Ɋɨɫɫɢɢ. 

Ɍɚɛɥɢɰɚ 3 – ȼɵɫɨɤɨɜɨɥɶɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ 

 

Ɇɚɪɤɚ ɉɪɨɢɡɜɨɞɢɬɟɥɶ ɋɯɟɦɚ Ⱦɢɚɩɚɡɨɧ 
ɦɨɳɧɨɫɬɟɣ 

Ʉɨɷɮɮɢ-
ɰɢɟɧɬ 
ɦɨɳɧɨɫɬɢ 
ɩɨ ɜɯɨɞɭ 

Ȼɚɣɩɚɫ ɩɪɟɨɛ-
ɪɚɡɨɜɚɬɟɥɹ 

ȼɑɊɉ ɇɌɐ «ɉɪɢ-
ɜɨɞɧɚɹ ɬɟɯɧɢ-
ɤɚ», Ɇɨɫɤɜɚ 

ɫ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ 
IGBT-ɹɱɟɣɤɚɦɢ 

250 – 5000 
ɤȼɬ 

0,96 ɧɟɬ 

Ƚɟɪɤɭ-
ɥɟɫ 

ɇɉɉ «ɂɡɦɟ-
ɪɢɬɟɥɶɧɵɟ 
ɬɟɯɧɨɥɨɝɢɢ 
ɋɉɛ», ɋɚɧɤɬ–
ɉɟɬɟɪɛɭɪɝ 
 

ɫ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ 
IGBT-ɹɱɟɣɤɚɦɢ 

180 – 7100 
ɤȼɬ 

0,97 ɞɚ 

ɗɪɚɬɨɧ 
– ȼ 

ɁȺɈ «ɗɊȺ-
ɋɂȻ», ɇɨɜɨ-
ɫɢɛɢɪɫɤ 

ɫ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ 
IGBT-ɹɱɟɣɤɚɦɢ 

ɞɨ 5000 ɤȼɬ 0,95 ɞɚ 

ABS-
Drive 

ɈȺɈ 
«ȼɇɂɂɊ», ɑɟ-
ɛɨɤɫɚɪɵ 

ɫ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ 
IGBT-ɹɱɟɣɤɚɦɢ 

280 – 8000 
ɤȼɬ 

0,96 ɞɚ 

CTA-
B8.VC 

ɁȺɈ "ɗɥɟɤɬɪɨ-
ɬɟɤɫ" 

ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪ-
ɧɵɣ 

200 ɤȼɬ – 
1000ɤȼɬ 

0,9 ɧɟɬ 

ɋɌȺ-
B9.HVI 

ɁȺɈ "ɗɥɟɤɬɪɨ-
ɬɟɤɫ" 

ɫ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ 
IGBT-ɹɱɟɣɤɚɦɢ 

315 – 8000 
ɤȼɬ 

0,97 ɞɚ 

ɉɑɂɇ «Ɍɟɯɧɨɪɨɫ» 
(ɋɚɧɤɬ-
ɉɟɬɟɪɛɭɪɝ) 

ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪ-
ɧɵɣ 

1000 ɤȼɬ – 
10000ɤȼɬ 

ɧɟɬ 
ɞɚɧɧɵɯ 

ɧɟɬ ɞɚɧɧɵɯ 

Ɋɗɇ2ȼ ɈȺɈ «ɗɥɟɤ-
ɬɪɨɜɵɩɪɹɦɢ-
ɬɟɥɶ», ɋɚɪɚɧɫɤ 

ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪ-
ɧɵɣ 

160–3200 
ɤȼɬ 

ɧɟɬ 
ɞɚɧɧɵɯ 

ɧɟɬ ɞɚɧɧɵɯ 

Ɍɪɢɨɥ 
ȺɌ03 

Ʉɨɪɩɨɪɚɰɢɹ 
«Ɍɪɢɨɥ», 
Ɇɨɫɤɜɚ 

ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪ-
ɧɵɣ 

400 - 2500 
ɤȼɬ 

0,95 ɧɟɬ 

3.1.3 ȼɵɛɨɪ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ  

ȼɵɛɨɪ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨ-

ɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ, ɭɱɢɬɵɜɚɹ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɷɬɨ ɞɨɫɬɚɬɨɱɧɨ ɞɨ-

ɪɨɝɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɢ ɷɬɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɢ ɩɨɫɬɚɜɳɢɤɢ ɧɢ ɜ ɨɞɧɨɦ ɢɡ ɢɡ-

ɜɟɫɬɧɵɯ ɫɥɭɱɚɟɜ ɧɟ ɭɤɚɡɵɜɚɸɬ ɟɝɨ ɨɤɨɧɱɚɬɟɥɶɧɭɸ ɰɟɧɭ. ɐɟɧɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
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ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɬɚɰɢɢ ɢ ɭɫɥɨɜɢɣ ɩɨɫɬɚɜɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɝɨɜɨɪɨɜ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɡɞɟɫɶ ɭɤɚɠɟɦ ɥɢɲɶ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ: 

1)  ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɫɬɪɨɟɧ ɩɨ ɫɯɟɦɟ ɫ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ IGBT-ɹɱɟɣɤɚɦɢ. Ɉɫɧɨɜɚɧɢɟɦ ɞɥɹ ɞɚɧɧɨɝɨ ɜɵɛɨɪɚ, ɧɟɫɦɨɬɪɹ 

ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɰɟɧɭ, ɹɜɥɹɸɬɫɹ: 

ɩɨɥɧɵɣ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɛɟɡ ɫɧɢɠɟɧɢɹ ɄɉȾ ɢ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɭɯɭɞɲɟɧɢɹ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɜɵɯɨɞɧɨɝɨ ɬɨɤɚ ɧɚ 

ɩɨɧɢɠɟɧɧɵɯ ɱɚɫɬɨɬɚɯ; 

ɥɭɱɲɢɟ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; 

ɨɫɧɚɳɟɧɢɟ ɬɚɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫɢɫɬɟɦɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɤɥɸɱɟ-

ɧɢɹ ɛɚɣɩɚɫɚ; 

ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪ-

ɧɵɦɢ ɉɑ; 

2) ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɛɵɬɶ ɫɧɚɛɠɟɧ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɜɵɤɥɸɱɚɬɟ-

ɥɹɦɢ ɢ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɤɥɸɱɟɧɢɹ ɛɚɣɩɚɫɚ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬɫɹ ɜ 

ɪɚɛɨɬɭ ɫɚɦɢɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɜ ɫɥɭɱɚɟ ɚɜɚɪɢɢ ɢɥɢ ɩɨ ɤɨɦɚɧɞɟ ɨɛɳɟɣ ɫɢɫɬɟ-

ɦɵ ɭɩɪɚɜɥɟɧɢɹ. ɗɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɫɬɢɬ ɩɨɫɬɪɨɟɧɢɟ ɫɯɟɦɵ; 

3) ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɞɨɩɭɫɤɚɬɶ ɭɩɪɚɜɥɟɧɢɟ ɱɚɫɬɨɬɨɣ ɫ ɩɨɦɨɳɶɸ 

ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ 4-20 ɦȺ. ȼɫɟ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɷɬɭ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɪɟɚɥɢɡɭɸɬ. 

ɋɨɩɪɹɠɟɧɢɟ ɭɩɪɚɜɥɹɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟ-

ɧɢɹ ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ ɛɭɞɟɬ ɪɟɚɥɢɡɨɜɚɧɨ ɫ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɢɯ 

ɫɢɝɧɚɥɨɜ: 

ɩɭɫɤ ɜ ɪɟɠɢɦɟ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɞɢɫɤɪɟɬɧɵɣ ɜɵɯɨɞ ɚɩɩɚɪɚɬɭɪɵ 

ɭɩɪɚɜɥɟɧɢɹ); 

ɡɚɞɚɧɢɟ ɱɚɫɬɨɬɵ (4-20 ɦȺ); 

ɨɬɤɥɸɱɟɧɢɟ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɛɚɣɩɚɫ (ɞɢɫɤɪɟɬɧɵɣ ɜɵɯɨɞ ɚɩɩɚɪɚɬɭɪɵ 

ɭɩɪɚɜɥɟɧɢɹ); 

ɚɜɚɪɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɛɚɣɩɚɫ (ɞɢɫɤɪɟɬɧɵɣ ɜɯɨɞ ɚɩɩɚɪɚ-

ɬɭɪɵ ɭɩɪɚɜɥɟɧɢɹ). 
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ȼ ɤɚɱɟɫɬɜɟ ɜɚɪɢɚɧɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ 

«Ƚɟɪɤɭɥɟɫ» ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ «ɇɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ɂɁ-

ɆȿɊɂɌȿɅɖɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɋɉɛ» [4]. 

ɂɫɯɨɞɹ ɢɡ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ  ɞɜɢɝɚɬɟ-

ɥɹ ɞɵɦɨɫɨɫɚ ɜɵɛɟɪɟɦ ɦɨɞɟɥɶ Ƚɟɪɤɭɥɟɫ ɉɑ-ɌɌɉɌɊ-48-6ɤ 6ɤȼ, 500ɤȼɬ, 48Ⱥ. 

ȼ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ ɱɚɫɬɨɬɵ ɫɟɪɢɢ «Ƚɟɪɤɭɥɟɫ» ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢɧɜɟɪɬɨɪɧɵɯ ɹɱɟɟɤ ɢ ɮɚɡɨɪɟɝɭɥɢɪɭɟɦɚɹ ɦɧɨɝɨ-

ɭɪɨɜɧɟɜɚɹ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɚɹ ɦɨɞɭɥɹɰɢɹ (PWM). 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɫɬɭɩɚɟɬ ɧɚ ɮɚɡɨɫɞɜɢɝɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, 

ɢɦɟɸɳɢɣ 3N ɜɬɨɪɢɱɧɵɯ ɬɪёɯɮɚɡɧɵɯ ɨɛɦɨɬɨɤ 690 ȼ (ɝɞɟ N - ɤɨɥɢɱɟɫɬɜɨ ɢɧɜɟɪ-

ɬɨɪɧɵɯ ɹɱɟɟɤ ɜ ɤɚɠɞɨɣ ɮɚɡɟ). Ʉɚɠɞɚɹ ɜɬɨɪɢɱɧɚɹ ɨɛɦɨɬɤɚ ɧɚɝɪɭɠɟɧɚ ɧɚ ɨɬɞɟɥɶ-

ɧɭɸ ɢɧɜɟɪɬɨɪɧɭɸ ɹɱɟɣɤɭ, ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɭɩɪɚɜɥɹɟɦɵɣ H-ɦɨɫɬ. 

ȼɵɯɨɞ ɩɟɪɜɵɯ ɢɧɜɟɪɬɨɪɧɵɯ ɹɱɟɟɤ ɮɚɡɵ ɫɨɟɞɢɧɹɟɬɫɹ “Y”,  ɜɵɯɨɞ ɩɨɫɥɟɞ-

ɧɢɯ ɹɱɟɟɤ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɧɚɝɪɭɡɤɟ. ɋɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɮɚɡɨɫɞɜɢɝɚɸɳɟɝɨ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɢɧɜɟɪɬɨɪɧɵɯ ɹɱɟɟɤ ɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫ. 19. 

 

Ɋɢɫɭɧɨɤ 19 – ɋɯɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ «Ƚɟɪɤɭɥɟɫ» 

ȼ ɫɨɫɬɚɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɫɟɪɢɢ «Ƚɟɪɤɭɥɟɫ» ɜɯɨɞɹɬ: ɲɤɚɮ ɮɚ-

ɡɨɫɞɜɢɝɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɲɤɚɮ ɢɧɜɟɪɬɨɪɚ ɢ ɲɤɚɮ ɭɩɪɚɜɥɟɧɢɹ. Ɍɚɤɠɟ ɜ 

ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹ (ɨɩɰɢɨɧɚɥɶɧɨ) ɦɨ-
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ɝɭɬ ɜɯɨɞɢɬɶ ɲɤɚɮɵ ɛɚɣɩɚɫɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫ ɪɭɱɧɵɦ ɢɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ 

ɩɟɪɟɤɥɸɱɟɧɢɟɦ, ɲɤɚɮ ɪɟɚɤɬɨɪɚ ɫɢɧɯɪɨɧɢɡɢɪɭɸɳɟɝɨ ɛɚɣɩɚɫɚ, ɫɢɫɬɟɦɚ ɜɨɡɛɭɠ-

ɞɟɧɢɹ, ɛɥɨɤ-ɦɨɞɭɥɶ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ.  

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɨɬɪɟɛɭɟɬɫɹ ɲɤɚɮ ɛɚɣɩɚɫɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫ ɚɜɬɨɦɚɬɢ-

ɱɟɫɤɢɦ ɩɟɪɟɤɥɸɱɟɧɢɟɦ. 

ɒɤɚɮ ɛɚɣɩɚɫɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɩɪɟ-

ɪɵɜɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɭɜɟɥɢɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦɵ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɟɢɫɩɪɚɜɟɧ, ɨɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɡɚɩɭɫɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɧɚ ɱɚ-

ɫɬɨɬɟ ɫɟɬɢ.  

ȼɯɨɞ ɲɤɚɮɚ (ɪɢɫ. 20) ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɜɵɫɨɤɨɜɨɥɶɬɧɨɦɭ ɬɪɟɯɮɚɡɧɨɦɭ 

ɧɚɩɪɹɠɟɧɢɸ, ɤɨɬɨɪɨɟ ɱɟɪɟɡ ɤɨɧɬɚɤɬɨɪ KM1 (ɢɥɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ QS1) ɩɨɞɤɥɸ-

ɱɚɟɬɫɹ ɤ ɮɚɡɨɫɞɜɢɝɚɸɳɟɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ. ȼɵɯɨɞ ɲɤɚɮɚ ɛɚɣɩɚɫɧɨɝɨ ɩɟɪɟ-

ɤɥɸɱɟɧɢɹ ɨɬ ɲɤɚɮɚ ɢɧɜɟɪɬɨɪɚ ɱɟɪɟɡ ɤɨɧɬɚɤɬɨɪ KM2 (ɢɥɢ ɪɚɡɴɟɞɢɧɢɬɟɥɶ QS22) 

ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ.  

ɒɤɚɮ ɛɚɣɩɚɫɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢɦɟɟɬ ɨɛɜɨɞɧɨɣ ɤɨɧɬɚɤɬɨɪ ɄɆ3 (ɢɥɢ 

ɪɚɡɴɟɞɢɧɢɬɟɥɶ QS21), ɩɟɪɟɤɥɸɱɚɸɳɢɣ ɧɚ ɱɚɫɬɨɬɭ ɫɟɬɢ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɤɨɧ-

ɬɚɤɬɨɪɚ (ɪɚɡɴɟɞɢɧɢɬɟɥɹ), ɜ ɫɥɭɱɚɟ ɤɚɤɨɣ-ɥɢɛɨ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɱɚɫɬɨɬɵ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɩɟ-

ɪɟɤɥɸɱɢɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɧɚ ɩɢɬɚɧɢɟ ɨɬ ɫɟɬɢ. ȼɧɭɬɪɢ ɲɤɚɮɚ ɛɚɣɩɚɫɧɨɝɨ ɩɟ-

ɪɟɤɥɸɱɟɧɢɹ ɤɨɧɬɚɤɬɨɪɵ KɆ2 ɢ KɆ3 ɨɛɥɚɞɚɸɬ ɮɭɧɤɰɢɟɣ ɜɡɚɢɦɨɛɥɨɤɢɪɨɜɤɢ 

ɱɟɪɟɡ ɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ (ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɛɥɨɤɢɪɨɜɤɚ), ɪɚɡɴɟɞɢɧɢɬɟɥɢ QS21, 

QS22 ɫɛɥɨɤɢɪɨɜɚɧɵ ɦɟɯɚɧɢɱɟɫɤɢ ɞɥɹ ɧɟɞɨɩɭɳɟɧɢɹ ɩɨɞɚɱɢ ɫɟɬɟɜɨɝɨ ɧɚɩɪɹɠɟ-

ɧɢɹ ɧɚ ɜɵɯɨɞ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ. 

ȼ ɲɤɚɮɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɛɚɣɩɚɫɧɨɝɨ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢɦɟɸɬɫɹ ɪɚɡɴɟɞɢɧɢ-

ɬɟɥɢ QS1, QS2 ɞɥɹ ɢɡɨɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬ ɜɵɫɨ-

ɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɫɨɡɞɚɧɢɹ ɜɢɞɢɦɨɝɨ ɪɚɡɪɵɜɚ ɰɟɩɢ, ɤɨɝɞɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ 

ɪɚɛɨɬɚɟɬ ɧɚ ɱɚɫɬɨɬɟ ɫɟɬɢ. 
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Ɋɢɫɭɧɨɤ 20 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɲɤɚɮɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɛɚɣɩɚɫɧɨɝɨ 

ɩɟɪɟɤɥɸɱɟɧɢɹ 

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɰɟɩɟɣ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 

21.  

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɦɟɟɬ: 

16 ɞɢɫɤɪɟɬɧɵɯ ɜɯɨɞɨɜ ɫ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɪɚɡɜɹɡɤɨɣ; 

3 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɚ ɧɚɩɪɹɠɟɧɢɹ ɢɥɢ ɬɨɤɚ; 

4 ɚɧɚɥɨɝɨɜɵɯ ɜɵɯɨɞɨɜ (ɢɡɨɥɢɪɨɜɚɧɧɵɯ);  

21 ɞɢɫɤɪɟɬɧɵɣ ɜɵɯɨɞ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɞɢɧ ɷɥɟɤɬɪɨɧɧɵɣ ɤɥɸɱ ɢ 20 ɪɟɥɟ ɫ 

ɩɟɪɟɤɥɸɱɚɸɳɢɦɢ ɤɨɧɬɚɤɬɚɦɢ. 

ȼɫɟ ɜɯɨɞɵ ɢ ɜɵɯɨɞɵ ɩɪɨɝɪɚɦɦɧɨ ɤɨɧɮɢɝɭɪɢɪɭɸɬɫɹ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɪɚɡ-

ɥɢɱɧɵɯ ɮɭɧɤɰɢɣ.  
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Ɋɢɫɭɧɨɤ 21 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɰɟɩɟɣ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 
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3.2 Ɇɟɯɚɧɢɡɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɨɞɧɨɨɛɨɪɨɬɧɵɟ ɩɪɢɜɨɞɨɜ 
ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ 

Ⱦɥɹ ɩɪɢɜɟɞɟɧɢɹ ɜ ɞɜɢɠɟɧɢɟ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɞɵɦɨɫɨɫɨɜ ɜɵɛɟ-

ɪɟɦ ɦɟɯɚɧɢɡɦɵ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɨɞɧɨɨɛɨɪɨɬɧɵɟ (ɆɗɈ) ɦɨɞɢɮɢɤɚɰɢɢ ɆɗɈ-

250/63-0,63-99Ʉ [11], ɨɫɧɚɳɟɧɧɵɟ ɛɥɨɤɨɦ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɨɥɨɠɟɧɢɹ ɬɨɤɨɜɵɦɢ 

(ȻɋɉɌ) ɫ ɜɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ 4-20 ɦȺ. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɦɟɯɚɧɢɡɦɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4, ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ – ɧɚ ɪɢɫ. 22. 

Ɇɟɯɚɧɢɡɦɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɪɟɝɭɥɢɪɭɸɳɢɯ, ɡɚɩɨɪɧɨ-

ɪɟɝɭɥɢɪɭɸɳɢɯ ɢ ɡɚɩɨɪɧɵɯ ɨɪɝɚɧɨɜ ɜ ɫɢɫɬɟɦɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ (Ⱥɋɍ Ɍɉ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɦɚɧɞɧɵɦɢ ɫɢɝɧɚ-

ɥɚɦɢ ɭɩɪɚɜɥɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ɍɚɛɥɢɰɚ 4 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɆɗɈ-250/63-0,63-99Ʉ 

ɇɨɦɢɧɚɥɶɧɵɣ 
ɤɪɭɬɹɳɢɣ ɦɨ-
ɦɟɧɬ ɧɚ ɜɵ-
ɯɨɞɧɨɦ ɜɚɥɭ, 
ɇɦ 

ɇɨɦɢɧɚɥɶɧɨɟ 
ɜɪɟɦɹ ɩɨɥɧɨ-
ɝɨ ɯɨɞɚ ɜɵ-
ɯɨɞɧɨɝɨ ɜɚɥɚ, 
ɫɟɤ 

ɇɨɦɢ-
ɧɚɥɶɧɵɣ 
ɩɨɥɧɵɣ 
ɯɨɞ ɜɵɯɨɞ-
ɧɨɝɨ ɜɚɥɚ, 
ɨɛ. 

ɉɨɬɪɟɛ-
ɥɹɟɦɚɹ ɦɨɳ-
ɧɨɫɬɶ, ȼɬ ɧɟ 
ɛɨɥɟɟ 

Ɍɢɩ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɹ 

250 
 

63 0,63 260 
 

ɁȾɋɌɊ-135-4.0-180, 
180 ɨɛ/ɦɢɧ, 380 ȼ, 60 
Ƚɰ, 1,65 Ⱥ 

 

 

Ɋɢɫɭɧɨɤ 22 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɆɗɈ-250/63-0,63-99Ʉ 
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3.3 ɂɡɦɟɪɢɬɟɥɶɧɵɣ  ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɪɚɡɪɟɠɟɧɢɹ 

ȼ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɪɚɡɪɟɠɟɧɢɹ ɜɵɛɟɪɟɦ ɩɪɟɨɛ-

ɪɚɡɨɜɚɬɟɥɶ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɞɚɜɥɟɧɢɹ-ɪɚɡɪɟɠɟɧɢɹ ɋɚɩɮɢɪ-22Ɇ-Ⱦɂȼ [15] ɦɨɞɟɥɢ 

2310 ɫ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɪɟɧɢɹ 0,2 ɤɉɚ ɫ ɩɪɟɞɟɥɨɦ ɞɨɩɭɫɤɚɟɦɨɣ ɨɫɧɨɜɧɨɣ ɩɨ-

ɝɪɟɲɧɨɫɬɢ 0,5% ɢ ɜɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ 4-20 ɦȺ, ɪɢɫ. 23. 

 

Ɋɢɫɭɧɨɤ 23 – ɋɯɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɋɚɩɮɢɪ-22Ɇ-Ⱦɂȼ 

Ɍɟɧɡɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 4 ɦɟɦɛɪɚɧɧɨ-ɪɵɱɚɠɧɨɝɨ ɬɢɩɚ ɪɚɡɦɟɳɟɧ ɜɧɭɬɪɢ 

ɨɫɧɨɜɚɧɢɹ 9 ɜ ɡɚɦɤɧɭɬɨɣ ɩɨɥɨɫɬɢ 11, ɡɚɩɨɥɧɟɧɧɨɣ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɨɣ ɠɢɞ-

ɤɨɫɬɶɸ, ɢ ɨɬɞɟɥɟɧ ɨɬ ɢɡɦɟɪɹɟɦɨɣ ɫɪɟɞɵ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɝɨɮɪɢɪɨɜɚɧɧɵɦɢ 

ɦɟɦɛɪɚɧɚɦɢ 8. Ɇɟɦɛɪɚɧɵ 8 ɩɪɢɜɚɪɟɧɵ ɩɨ ɧɚɪɭɠɧɨɦɭ ɤɨɧɬɭɪɭ ɤ ɨɫɧɨɜɚɧɢɸ 9 ɢ 

ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɰɟɧɬɪɚɥɶɧɵɦ ɲɬɨɤɨɦ 6, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ ɤɨɧɰɨɦ ɪɵ-

ɱɚɝɚ ɬɟɧɡɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 4 ɫ ɩɨɦɨɳɶɸ ɬɹɝɢ 5. Ɏɥɚɧɰɵ 10 ɭɩɥɨɬɧɟɧɵ ɩɪɨ-

ɤɥɚɞɤɚɦɢ 3. ȼɨɡɞɟɣɫɬɜɢɟ ɢɡɦɟɪɹɟɦɨɣ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ ɩɨɞɚɟɬɫɹ ɜ ɤɚɦɟɪɭ 7, ɜ 

(ɤɚɦɟɪɚ 12 ɫɨɨɛɳɟɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɚɬɦɨɫɮɟɪɨɣ) ɜɵɡɵɜɚɟɬ ɩɪɨɝɢɛ ɦɟɦɛɪɚɧ 8, 

ɢɡɝɢɛ ɦɟɦɛɪɚɧɵ ɬɟɧɡɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 4 ɢ ɢɡɦɟɧɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɧɡɨɪɟ-

ɡɢɫɬɨɪɨɜ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɨɬ ɬɟɧɡɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɟɪɟɞɚɟɬɫɹ ɢɡ ɢɡɦɟ-

ɪɢɬɟɥɶɧɨɝɨ ɛɥɨɤɚ ɜ ɷɥɟɤɬɪɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 1 ɩɨ ɩɪɨɜɨɞɚɦ ɱɟɪɟɡ ɝɟɪɦɨɜɜɨɞ 2.  
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ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɛɥɨɤ ɜɵɞɟɪɠɢɜɚɟɬ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɟ ɨɞɧɨɫɬɨ-

ɪɨɧɧɟɣ ɩɟɪɟɝɪɭɡɤɢ ɪɚɛɨɱɢɦ ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ. ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɟɦ, 

ɱɬɨ ɩɪɢ ɬɚɤɨɣ ɩɟɪɟɝɪɭɡɤɟ ɨɞɧɚ ɢɡ ɦɟɦɛɪɚɧ 8 ɥɨɠɢɬɫɹ ɧɚ ɩɪɨɮɢɥɢɪɨɜɚɧɧɭɸ ɩɨ-

ɜɟɪɯɧɨɫɬɶ ɨɫɧɨɜɚɧɢɹ 9. 

ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɴɟɦɚ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɜɵɯɨɞ-

ɧɵɦ ɫɢɝɧɚɥɨɦ 4-20 ɦA ɩɨ ɱɟɬɵɪɟɯɩɪɨɜɨɞɧɨɣ ɥɢɧɢɟɣ ɫɜɹɡɢ, ɤɨɬɨɪɚɹ ɢ ɛɭɞɟɬ ɢɫ-

ɩɨɥɶɡɨɜɚɧɚ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 24. 

 

Ɋɢɫɭɧɨɤ 24 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɋɚɩɮɢɪ-22Ɇ-Ⱦɂȼ 

3.4 ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɥɨɝɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɥɟɪ 

Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ 

ɜɵɛɟɪɟɦ ɫɨɜɪɟɦɟɧɧɵɣ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɤɨɧɬɪɨɥɥɟɪ SIMATIC S7 1200 ɮɢɪɦɵ 

Siemens [1].  

Ʉɨɦɩɚɤɬɧɵɣ ɦɨɞɭɥɶɧɵɣ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɤɨɧɬɪɨɥɥɟɪ, ɩɨɥɧɨɫɬɶɸ ɨɬɜɟ-

ɱɚɸɳɢɣ ɬɪɟɛɨɜɚɧɢɹɦ ɤɨɧɰɟɩɰɢɢ Totally Integrated Automation: 

ɲɢɪɨɤɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 

ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ; 

ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɧɢɡɤɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɭɪɨɜɧɹ ɫɥɨɠɧɨɫɬɢ; 

ɩɨɫɬɪɨɟɧɢɟ ɥɨɤɚɥɶɧɵɯ ɭɡɥɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɪɚɛɨɬɚ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɥɟɤɫ-

ɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɬɪɭɤɬɭɪ ɭɩɪɚɜɥɟɧɢɹ ɫ  ɢɧɬɟɧɫɢɜɧɵɦ ɫɟɬɟɜɵɦ ɨɛɦɟɧɨɦ 

ɞɚɧɧɵɦɢ; 

ɪɚɛɨɬɚ ɜ ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ ɜɪɟɦɟɧɢ, ɦɨɳɧɵɟ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɜɨɡ-

ɦɨɠɧɨɫɬɢ; 

ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɦɨɞɭɥɟɣ ɢ ɩɥɚɬ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ; 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɪɨɫɬɚɹ ɭɫɬɚɧɨɜɤɚ, ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ; 
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ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɚɧɞɚɪɬɨɜ ȽɈɋɌ-Ɋ, VDE, UL, CSA ɢ FM 

(ɤɥɚɫɫ I, ɤɚɬɟɝɨɪɢɹ 2; ɨɩɚɫɧɵɟ ɡɨɧɵ ɝɪɭɩɩ A, B, C ɢ D, T4A). ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟ-

ɧɢɹ ɤɚɱɟɫɬɜɨɦ ɩɪɨɞɭɤɰɢɢ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɚ ɩɨ ISO 9001; 

ɦɨɳɧɚɹ ɫɢɫɬɟɦɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ ɢ ɬɟɯɧɢɱɟɫɤɨɣ 

ɞɢɚɝɧɨɫɬɢɤɢ. 

ȼ ɫɨɫɬɚɜɟ ɤɨɧɬɪɨɥɥɟɪɚ ɡɚɞɟɣɫɬɜɭɟɦ:  

ɦɨɞɭɥɶ CPU 1215ɋ  ɦɨɞɢɮɢɤɚɰɢɢ 6ES7 215-1BG31-0XB0, ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.5, ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ – ɧɚ ɪɢɫ. 25; 

ɫɢɝɧɚɥɶɧɵɣ ɦɨɞɭɥɶ ɞɢɫɤɪɟɬɧɨɝɨ ɜɜɨɞɚ-ɜɵɜɨɞɚ SM 1223 ɦɨɞɢɮɢɤɚɰɢɢ 

6ES7 223-1PH30-0XB0, ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 6, ɫɯɟɦɚ 

ɩɨɞɤɥɸɱɟɧɢɹ – ɧɚ ɪɢɫ. 26; 

ɫɢɝɧɚɥɶɧɵɣ ɦɨɞɭɥɶ ɚɧɚɥɨɝɨɜɨɝɨ ɜɜɨɞɚ SM 1231 ɦɨɞɢɮɢɤɚɰɢɢ 6ES7 231-

4HF30-0XB01, ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 7, ɫɯɟɦɚ ɩɨɞ-

ɤɥɸɱɟɧɢɹ – ɧɚ ɪɢɫ. 27. 

Ɍɚɛɥɢɰɚ 5 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ CPU 1215ɋ  

ɦɨɞɢɮɢɤɚɰɢɢ 6ES7 215-1BG31-0XB0 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɢɬɚɧɢɟ ~230ȼ, 150 ɦȺ ɫɨ ɜɫɟɦɢ ɜɚɪɢɚɧɬɚɦɢ 

ɪɚɫɲɢɪɟɧɢɹ 
Ɋɚɛɨɱɚɹ ɩɚɦɹɬɶ 100Ʉɛɚɣɬ 
ȼɫɬɪɨɟɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ =24 ȼ, 400 ɦȺ 
ɗɧɟɪɝɨɧɟɡɚɜɢɫɢɦɚɹ ɩɚɦɹɬɶ 10Ʉɛɚɣɬ 
Ɂɚɝɪɭɠɚɟɦɚɹ ɩɚɦɹɬɶ 4Ɇɛɚɣɬ 
Ʉɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɢɧɬɟɪɮɟɣɫ PROFINET, 10/100 Ɇɛɢɬ/ɫ, 2x RJ45 
ȼɫɬɪɨɟɧɧɵɟ ɤɚɧɚɥɵ ɜɜɨɞɚ-ɜɵɜɨɞɚ 
ɞɢɫɤɪɟɬɧɵɟ ɜɯɨɞɵ: 
ɞɢɫɤɪɟɬɧɵɟ ɜɵɯɨɞɵ: 
ɚɧɚɥɨɝɨɜɵɟ ɜɯɨɞɵ: 
ɚɧɚɥɨɝɨɜɵɟ ɜɵɯɨɞɵ: 

 
14 
10 (2x5 ɪɟɥɟ) 
2 (0-10 ȼ) 
2 (0-20ɦȺ) 

Ɋɚɫɲɢɪɟɧɢɟ: 
SB/CB/BB 
CM/CP 
SM 

 
1 
3 
8 

 

• SM 
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Ɋɢɫɭɧɨɤ 25 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ CPU 1215ɋ  ɦɨɞɢɮɢɤɚɰɢɢ  

6ES7 215-1BG31-0XB0 

Ɍɚɛɥɢɰɚ 6 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ SM 1223 

ɦɨɞɢɮɢɤɚɰɢɢ 6ES7 223-1PH30-0XB0 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɢɬɚɧɢɟ ɜɯɨɞɧɵɯ/ɜɵɯɨɞɧɵɯ ɰɟɩɟɣ =24 ȼ, 4 ɦȺ ɧɚ ɜɯɨɞɧɨɣ ɤɚɧɚɥ, 11 

ɦȺ ɧɚ ɨɞɧɭ ɨɛɦɨɬɤɭ ɪɟɥɟ 
Ⱦɢɫɤɪɟɬɧɵɟ ɜɯɨɞɵ: 
 

8 (2x4) 
 

Ⱦɢɫɤɪɟɬɧɵɟ ɜɵɯɨɞɵ 10 (2x4 ɪɟɥɟ) 
 

 

Ɋɢɫɭɧɨɤ 26 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɦɨɞɭɥɹ SM 1223 ɦɨɞɢɮɢɤɚɰɢɢ  

6ES7 223-1PH30-0XB0 
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Ɍɚɛɥɢɰɚ 7 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ SM 1231 

ɦɨɞɢɮɢɤɚɰɢɢ 6ES7 231-4HF30-0XB0 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɉɢɬɚɧɢɟ ɜɯɨɞɧɵɯ/ɜɵɯɨɞɧɵɯ ɰɟɩɟɣ =24 ȼ, 45ɦȺ 
Ⱥɧɚɥɨɝɨɜɵɟ ɜɯɨɞɵ: 
 

8 ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɜɯɨɞɚ, 12 ɛɢɬ 
+ ɡɧɚɤ. ɇɚɫɬɪɨɣɤɚ ɤɚɠɞɨɣ ɩɚɪɵ ɤɚ-
ɧɚɥɨɜ ɧɚ ɢɡɦɟɪɟɧɢɟ ɭɧɢɮɢɰɢɪɨ-
ɜɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɧɚɩɪɹɠɟɧɢɹ ɢɥɢ 
ɫɢɥɵ ɬɨɤɚ 
±10 ȼ/ ±2.5 ȼ/ ±5 ȼ, 9 ɆɈɦ 
0 -20 ɦȺ, 280 Ɉɦ 

 

 

Ɋɢɫɭɧɨɤ 27 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɦɨɞɭɥɹ SM 1231 ɦɨɞɢɮɢɤɚɰɢɢ                   

6ES7 231-4HF30-0XB01-4HD30-0XB0 

3.5 Ȼɥɨɤɢ ɭɩɪɚɜɥɟɧɢɹ 

Ⱦɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɪɭɱɧɨɣ/ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ) ɢ ɭɩɪɚɜ-

ɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ ɜɵɛɟɪɟɦ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 

ȻɊɍ-7 [2]. 

ȻɊɍ-7 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɩɪɨɦɵɲɥɟɧɧɨɣ ɚɜɬɨ-

ɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɷɧɟɪɝɟɬɢɤɟ, ɦɟɬɚɥɥɭɪɝɢɢ, ɯɢɦɢɱɟ-

ɫɤɨɣ, ɩɢɳɟɜɨɣ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɧɚɪɨɞɧɨɦ ɯɨɡɹɣɫɬɜɟ ɢ ɫɨ-

ɞɟɪɠɢɬ: 



53 
 

ɛɥɨɤ ɪɭɱɧɨɝɨ ɡɚɞɚɬɱɢɤɚ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ; 

ɰɢɮɪɨɜɨɣ ɢɧɞɢɤɚɬɨɪ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɫɢɝɧɚɥɚ ɩɨɥɨɠɟɧɢɹ 

ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,0 ɞɨ 100,0 % ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ; 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɪɢ ɩɢɬɚɧɢɢ ɨɬ ɫɟɬɢ 220ȼ – ɧɟ 

ɛɨɥɟɟ 7ȼȺ. 

Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɭɱɧɨɝɨ ɢɥɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɩɟɪɟ-

ɤɥɸɱɟɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɰɟɩɟɣ ɪɟɝɭɥɹɬɨɪɚ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟ-

ɧɢɹ ɧɚ ɪɭɱɧɨɟ ɢ ɨɛɪɚɬɧɨ. ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɭɥɶɬɚɯ ɭɩɪɚɜɥɟɧɢɹ, ɦɧɟɦɨɳɢɬɚɯ, 

ɦɧɟɦɨɫɯɟɦɚɯ ɢ ɬ.ɩ. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɛɥɨɤɨɜ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡ-

ɦɨɠɧɨɫɬɶ ɧɚɛɥɸɞɟɧɢɹ ɧɚ ɩɟɪɟɞɧɟɣ ɩɚɧɟɥɢ ɡɚ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɡɚɞɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ. ɋɯɟɦɚ ɩɨɞ-

ɤɥɸɱɟɧɢɹ ɛɥɨɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 28. 

Ⱦɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɪɭɱɧɨɣ/ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ) ɢ ɭɩɪɚɜ-

ɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɞɵɦɨɫɨɫɨɜ ɜ ɪɭɱɧɨɦ ɪɟɠɢ-

ɦɟ ɜɵɛɟɪɟɦ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ Ȼɍ-21 [3]. 

Ȼɍ-21 ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɯɟɦɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɤɚɱɟɫɬɜɟ ɛɥɨɤɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɫɩɨɦɨɝɚ-

ɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɤ ɪɟɝɭɥɢɪɭɸɳɢɦ ɩɪɢɛɨɪɚɦ. 

ɋ ɩɨɦɨɳɶɸ Ȼɍ21 ɜɵɩɨɥɧɹɟɬɫɹ ɩɟɪɟɤɥɸɱɟɧɢɟ ɜɢɞɚ ɭɩɪɚɜɥɟɧɢɹ ɰɟɩɹɦɢ 

ɧɚɝɪɭɡɤɢ ɪɟɥɟɣɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɧɚ ɪɭɱɧɨɟ, ɥɢɛɨ  ɨɬ ɜɧɟɲɧɢɯ 

ɩɪɢɛɨɪɨɜ, ɮɢɤɫɢɪɭɟɦɨɟ ɫ ɩɨɦɨɳɶɸ ɝɚɥɟɬɧɨɝɨ ɩɟɪɟɤɥɸɱɚɬɟɥɹ. Ɋɭɱɧɨɟ ɭɩɪɚɜɥɟ-

ɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɧɨɩɨɱɧɨɝɨ ɩɟɪɟɤɥɸɱɚɬɟɥɹ «Ȼɨɥɶɲɟ»/ «Ɇɟɧɶ-

ɲɟ» ɫ ɫɚɦɨɜɨɡɜɪɚɬɨɦ.  ɂɦɟɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɛɥɨɤɢɪɨɜɤɚ ɨɬ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 

ɜɤɥɸɱɟɧɢɹ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ «Ȼɨɥɶɲɟ»/«Ɇɟɧɶɲɟ». ɋɜɟɬɨɜɚɹ ɫɢɝɧɚɥɢɡɚɰɢɹ ɨɫɭ-

ɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ ɢɧɞɢɤɚɬɨɪɚɦɢ ɫ ɤɧɨɩɤɨɣ ɜɵɤɥɸɱɟɧɢɹ ɢɧɞɢɤɚɰɢɢ. ɋɯɟɦɚ 

Ȼɍ21 ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 29. 
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Ɋɢɫɭɧɨɤ 28 – ȼɧɟɲɧɢɟ ɰɟɩɢ ȻɊɍ-7 
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Ɋɢɫɭɧɨɤ 29 – ȼɧɟɲɧɢɟ ɰɟɩɢ Ȼɍ-21 

3.6 Ȼɥɨɤɢ ɢɧɞɢɤɚɰɢɢ ɚɧɚɥɨɝɨɜɵɯ ɜɟɥɢɱɢɧ 

Ⱦɥɹ ɢɧɞɢɤɚɰɢɢ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɧɨɣ ɱɚɫɬɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɢ 

ɩɨɥɨɠɟɧɢɹ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɞɵɦɨɫɨɫɨɜ ɡɚɞɟɣɫɬɜɭɟɦ ɢɧɞɢɤɚɬɨɪɵ ɬɨ-

ɤɨɜɨɣ ɩɟɬɥɢ ɂɌɉ 11 («Ɉɜɟɧ») [22], ɪɢɫ. 30. 

 

 

Ɋɢɫɭɧɨɤ 30 – ɂɧɞɢɤɚɬɨɪ ɬɨɤɨɜɨɣ ɩɟɬɥɢ 

ɉɪɢɛɨɪ ɂɌɉ11 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢ ɢɧɞɢɤɚɰɢɢ ɮɢɡɢɱɟɫɤɢɯ ɜɟ-

ɥɢɱɢɧ, ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɣ ɜ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɢɝɧɚɥ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɨɬ 4 ɞɨ 

20 ɦȺ. 

Ɉɧ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɫɨɫɬɚɜɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɢɥɢ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɝɨ ɢɧɞɢɤɚɬɨɪɚ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɛɨɪɚ ɂɌɉ11: 

ɢɡɦɟɪɟɧɢɟ ɡɧɚɱɟɧɢɣ ɞɚɬɱɢɤɨɜ ɫ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɦ ɫɢɝɧɚɥɨɦ ɬɨɤɚ ɨɬ 4 ɞɨ 

20 ɦȺ; 

ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɢɡɦɟɪɟɧɧɨɝɨ ɡɧɚɱɟɧɢɟ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ 4 ɞɨ 20 ɦȺ; 
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ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɹɬɶ ɤɜɚɞɪɚɬɧɵɣ ɤɨɪɟɧɶ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫɯɨɞɚ; 

ɫɝɥɚɠɢɜɚɟɬ ɩɭɥɶɫɚɰɢɢ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɫɱɟɬ ɜɫɬɪɨɟɧɧɵɯ, 

ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɰɢɮɪɨɜɵɯ ɮɢɥɶɬɪɨɜ; 

ɡɚɳɢɳɚɟɬ ɧɚɫɬɪɨɣɤɢ ɩɚɪɨɥɟɦ ɨɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɵɯ ɢɡɦɟɧɟɧɢɣ; 

ɢɧɞɢɤɚɰɢɹ ɚɜɚɪɢɢ ɜ ɫɥɭɱɚɟ ɜɵɯɨɞɚ ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɡɚ ɩɪɟɞɟɥɵ ɨɬ 4 

ɞɨ 20 ɦȺ; 

ɩɢɬɚɧɢɟ ɨɬ ɬɨɤɨɜɨɣ ɩɟɬɥɢ (2-ɯ ɩɪɨɜɨɞɧɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ). 

Ⱦɥɹ ɢɧɞɢɤɚɰɢɢ ɡɧɚɱɟɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɩɚɪɨɝɟɧɟɪɚ-

ɬɨɪɚ ɩɪɢɦɟɧɢɦ ɢɡɦɟɪɢɬɟɥɶ ɰɢɮɪɨɜɨɣ ɨɞɧɨɤɚɧɚɥɶɧɵɣ Ɉɜɟɧ ɂȾɐ1 [22], ɪɢɫ. 31.  

 

Ɋɢɫɭɧɨɤ 31 – ɂɡɦɟɪɢɬɟɥɶ ɰɢɮɪɨɜɨɣ ɨɞɧɨɤɚɧɚɥɶɧɵɣ  

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɨɪɚ: 

ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɥɢ ɞɪɭɝɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ (ɞɚɜɥɟɧɢɹ, 

ɜɥɚɠɧɨɫɬɢ, ɪɚɫɯɨɞɚ, ɭɪɨɜɧɹ ɢ ɬ.ɩ.) ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɨɜ c ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɦ 

ɜɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɬɨɤɚ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ; 

ɤɪɭɩɧɵɣ 4-ɪɚɡɪɹɞɧɵɣ ɰɢɮɪɨɜɨɣ ɢɧɞɢɤɚɬɨɪ, ɪɚɡɦɟɪ ɰɢɮɪ 40x20 ɦɦ; 

ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɢɡɦɟɪɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɧɭɠɧɵɟ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ; 

2 ɜɵɯɨɞɚ ɬɢɩɚ Ʉ (ɬɪɚɧɡɢɫɬɨɪ) ɞɥɹ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɨ ɉ- ɢ U-ɨɛɪɚɡɧɨɣ ɥɨɝɢ-

ɤɟ. 

ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɟ ɛɨɥɟɟ 2ȼȺ. 

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɂȾɐ1 ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 32. 
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Ɋɢɫɭɧɨɤ 32 – ɋɯɟɦɚ ɜɧɟɲɧɢɯ ɰɟɩɟɣ ɂȾɐ1 

Ⱦɥɹ ɩɢɬɚɧɢɹ ɂȾɐ1, ɚ ɬɚɤɠɟ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɧɟɦɭ ɫɢɝɧɚɥɶɧɵɯ ɥɚɦɩ ɡɚ-

ɞɟɣɫɬɜɭɟɦ ɛɥɨɤ ɩɢɬɚɧɢɹ Ȼɉ15Ȼ-Ⱦ2-24  ɦɨɳɧɨɫɬɶɸ 15 ȼɬ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɬɨ-

ɤɨɦ ɧɚɝɪɭɡɤɢ 0,63 Ⱥ. 

3.7 ɍɫɬɪɨɣɫɬɜɚ ɤɨɦɦɭɬɚɰɢɢ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ 

Ⱦɥɹ ɤɨɦɦɭɬɚɰɢɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɰɟɩɟɣ ɡɚɞɟɣɫɬɜɭɟɦ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 

ɪɟɥɟ ɫɟɪɢɢ RP [23], ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɟɧɵ ɜ ɪɢɫɭɧɤɚɯ 33-35. 

Ɋɢɫɭɧɨɤ 33 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɟɥɟ 

 

Ɋɢɫɭɧɨɤ 34 – ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɬɚɤɬɨɜ 

 



58 
 

Ɋɢɫɭɧɨɤ 35 – ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɚɬɭɲɤɢ 

 

Ⱦɥɹ ɧɚɲɢɯ ɰɟɥɟɣ ɜɵɛɪɚɧɵ  ɪɟɥɟ  RP 407 ȺL  ɫ ɤɚɬɭɲɤɚɦɢ 220 ȼ ɩɟɪɟɦɟɧ-

ɧɨɝɨ ɬɨɤɚ ɢ ɫɜɟɬɨɞɢɨɞɧɵɦ ɢɧɞɢɤɚɬɨɪɨɦ. 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ ɜɵɛɟɪɟɦ [22] 

ɤɧɨɩɤɢ ɫ LED ɩɨɞɫɜɟɬɤɨɣ, ɡɟɥɟɧɵɟ, 220V AC/DC, 1NO MTB2-BW3363  – 

ɞɥɹ ɩɟɪɟɜɨɞɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɜ ɪɟɠɢɦɵ «ɑɚɫɬɨɬɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ» ɢ «Ȼɚɣ-

ɩɚɫ», ɪɢɫ. 36; 

ɤɧɨɩɤɚ ɝɪɢɛɨɜɢɞɧɚɹ ɬɹɧɢ-ɬɨɥɤɚɣ, 1NC, ɤɪɚɫɧɵɣ, Ø40 ɦɦ, MTB2-BTZ124 

– ɞɥɹ ɷɤɫɬɪɟɧɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ ɞɵɦɨɫɨɫɚ, ɪɢɫ. 36. 

 

Ɋɢɫɭɧɨɤ 36 – Ʉɧɨɩɤɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ 

Ⱦɥɹ ɢɧɞɢɤɚɰɢɢ ɞɨɫɬɢɠɟɧɢɹ ɧɚɩɪɚɜɥɹɸɳɢɦɢ ɚɩɩɚɪɚɬɚɦɢ ɞɵɦɨɫɨɫɨɜ 

ɤɪɚɣɧɢɯ ɩɨɥɨɠɟɧɢɣ, ɫɢɝɧɚɥɨɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ «Ɋɚɛɨɬɚ», «ɇɟɢɫɩɪɚɜ-

ɧɨɫɬɶ», «Ⱥɜɚɪɢɹ», ɫɢɝɧɚɥɨɜ ɨ ɜɵɯɨɞɟ ɪɚɡɪɟɠɟɧɢɹ ɢɡ ɪɚɡɪɟɲɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 

ɩɪɢɦɟɧɢɦ 

ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ, ɡɟɥɟɧɵɟ, 220V AC/DC MTB2-BV633, (ɧɚɩɪɚɜɥɹɸɳɢɣ 

ɚɩɩɚɪɚɬ ɨɬɤɪɵɬ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɜ ɪɟɠɢɦɟ «Ɋɚɛɨɬɚ»), ɪɢɫ. 34; 

ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ, ɤɪɚɫɧɵɟ, 220V AC/DC MTB2-BV634, (ɫɢɝɧɚɥ ɩɪɟɨɛ-

ɪɚɡɨɜɚɬɟɥɹ «Ⱥɜɚɪɢɹ»), ɪɢɫ. 34; 

ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ, ɠɟɥɬɵɟ, 220V AC/DC MTB2-BV635, (ɫɢɝɧɚɥ ɩɪɟɨɛɪɚ-

ɡɨɜɚɬɟɥɹ «ɇɟɢɫɩɪɚɜɧɨɫɬɶ»), ɪɢɫ. 34; 

ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ ɜ ɫɛɨɪɟ, ɡɟɥɟɧɵɟ, 24V AC/DC MTB2-BV613 (ɜɵɯɨɞ 

ɪɚɡɪɟɠɟɧɢɹ ɢɡ ɪɚɡɪɟɲɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ), ɪɢɫ. 34; 
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ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ ɜ ɫɛɨɪɟ, ɤɪɚɫɧɵɟ, 24V AC/DC MTB2-BV614 (ɜɵɯɨɞ 

ɪɚɡɪɟɠɟɧɢɹ ɢɡ ɪɚɡɪɟɲɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ), ɪɢɫ. 34. 

 

Ɋɢɫɭɧɨɤ 34 – ɋɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ 

Ⱦɥɹ ɤɨɦɦɭɬɚɰɢɢ ɰɟɩɟɣ ɦɟɯɚɧɢɡɦɨɜ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɞɵɦɨɫɨɫɨɜ 

ɜɵɛɟɪɟɦ ɩɭɫɤɚɬɟɥɶ ɛɟɫɤɨɧɬɚɤɬɧɵɣ ɪɟɜɟɪɫɢɜɧɵɣ ɉȻɊ 3Ⱥ [16]. 

ɉɭɫɤɚɬɟɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ (ɜ ɞɚɥɶɧɟɣɲɟɦ- ɦɟɯɚɧɢɡɦ), ɜ ɩɪɢɜɨɞɟ ɤɨɬɨɪɵɯ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɟɯɮɚɡɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɬɢɩɨɜ ȺɈɅ, 4Ⱥ, ȾɋɊ ɢ ȾɋɌɊ, ɷɤɫ-

ɩɥɭɚɬɢɪɭɟɦɵɟ ɜɧɟ ɠɢɥɵɯ ɞɨɦɨɜ ɢ ɧɟ ɫɜɹɡɚɧɧɵɟ ɫ ɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɫɟɬɹɦɢ.  

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ: ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨ-

ɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ (ȺɋɍɌɉ), ȺɋɍɌɉ ɞɥɹ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ (Ⱥɗɋ), 

ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɢɬɚɧɢɟ ɩɭɫɤɚɬɟɥɹ - ɬɪɟɯɮɚɡɧɚɹ ɫɟɬɶ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫ 

ɧɨɦɢɧɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 380,400 ɢɥɢ 415 ȼ ɱɚɫɬɨɬɨɣ 50 ɢɥɢ 60 Ƚɰ; 

ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɭɫɤɚɬɟɥɟɦ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɢɝɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ, 

ɧɟ ɛɨɥɟɟ 5 ȼɬ; 

ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɭɫɤɚɬɟɥɹ –  750±100 Ɉɦ; 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɨɦɦɭɬɢɪɭɟɦɵɣ ɬɨɤ  –  3Ⱥ; 

ɧɚɩɪɹɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɰɟɩɟɣ ɭɩɪɚɜɥɟɧɢɹ 26±2 ȼ. ɂɫɬɨɱɧɢɤ ɞɨ-

ɩɭɫɤɚɟɬ ɬɚɤɠɟ ɩɨɞɤɥɸɱɟɧɢɟ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɤɥɟɦɦɚɦɢ 8 ɢ 10. Ɇɚɤɫɢ-

ɦɚɥɶɧɵɣ ɬɨɤ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɧɚɝɪɭɡɤɨɣ, ɧɟ ɞɨɥɠɟɧ ɛɵɬɶ ɛɨɥɟɟ 100 ɦȺ.  

ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɩɭɫɤɚɬɟɥɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 37. 
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Ɋɢɫɭɧɨɤ 37 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɉȻɊ 3Ⱥ 

3.8 Эɫɤɢɡ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɲɤɚɮɚ ɭɩɪɚɜɥɟɧɢɹ 

ɇɚ ɪɢɫ. 38 ɩɨɤɚɡɚɧ ɷɫɤɢɡ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɲɤɚɮɚ ɭɩɪɚɜɥɟɧɢɹ 

ɇȺ

%

ɉɨɥɨɠɟɧɢɟ

Ɉɬɤɪ.Ɂɚɤɪ.

ɍɩɪɚɜɥɟɧɢɟ

ɉЧ ɇȺ

Дыɦɨɫɨɫ 2Раɡɪɟɠɟɧɢɟ

ɉɚ
ȼɤɥ Ȼɚɣɩɚɫ

Ɋɚɛ. ɇɟɢɫɩ. Ɉɬɤɚɡ
ɉЧ

Чɚɫɬɨɬɚ

Ɂɚɞɚɧɢɟ

Ƚц

Дыɦɨɫɨɫ 1
Ȼɚɣɩɚɫ ȼɤɥ

Ɋɚɛ. ɇɟɢɫɩ. Ɉɬɤɚɡ

Чɚɫɬɨɬɚ

Ɂɚɞɚɧɢɟ

Ƚц %

ɉɨɥɨɠɟɧɢɟ

Ɉɬɤɪ.Ɂɚɤɪ.

ɍɩɪɚɜɥɟɧɢɟ

 

Ɋɢɫɭɧɨɤ 38 – ɗɫɤɢɡ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɲɤɚɮɚ ɭɩɪɚɜɥɟɧɢɹ 
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ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɨɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɛɵɥɚ ɦɢɧɢɦɢɡɚɰɢɹ ɨɪɝɚɧɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ, ɚ ɬɚɤɠɟ ɩɨɹɫɧɹɸɳɢɯ ɧɚɞɩɢɫɟɣ. 

ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɫɜɟɪɯɭ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɥɢɰɟɜɚɹ ɩɚ-

ɧɟɥɶ ɩɪɢɛɨɪɚ ɂȾɐ1, ɢɧɞɢɰɢɪɭɸɳɟɝɨ ɪɚɡɪɟɠɟɧɢɟ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɩɚɪɨ-

ɝɟɧɟɪɚɬɨɪɚ ɜ ɉɚ, ɚ ɬɚɤɠɟ ɞɜɟ ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ. Ɂɟɥɟɧɚɹ ɥɚɦɩɚ ɫɜɟɬɢɬɫɹ ɩɪɢ 

ɧɚɯɨɠɞɟɧɢɢ ɪɚɡɪɟɠɟɧɢɹ ɜ ɪɚɡɪɟɲɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɤɪɚɫɧɚɹ – ɩɪɢ ɜɵɯɨɞɟ ɢɡ 

ɞɢɚɩɚɡɨɧɚ. 

ȼ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɱɚɫɬɹɯ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɪɢɛɨɪɵ ɢ ɨɪɝɚ-

ɧɵ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɞɵɦɨɫɨɫɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ (ɞɥɹ ɤɚɠɞɨɝɨ ɞɵɦɨɫɨɫɚ): 

ɞɜɟ ɡɟɥɟɧɵɟ ɤɧɨɩɤɢ ɫ ɩɨɞɫɜɟɬɤɨɣ ɞɥɹ ɩɟɪɟɜɨɞɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɜ 

ɪɟɠɢɦ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɜɤɥɸɱɟɧɢɹ ɛɚɣɩɚɫɚ ɫ ɩɢɬɚɧɢɟɦ ɞɵɦɨɫɨɫɚ ɧɟɩɨ-

ɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɫɟɬɢ 6 ɤȼ; 

ɤɪɚɧɧɚɹ ɝɪɢɛɨɜɢɞɧɚɹ ɤɧɨɩɤɚ ɫ ɮɢɤɫɚɰɢɟɣ (ɬɢɩɚ ɬɹɧɢ-ɬɨɥɤɚɣ) ɞɥɹ ɧɟɦɟɞ-

ɥɟɧɧɨɣ ɨɫɬɚɧɨɜɤɢ ɞɵɦɨɫɨɫɚ; 

ɤɪɚɫɧɚɹ ɢ ɡɟɥɟɧɚɹ ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ, ɡɚɝɨɪɚɸɳɢɟɫɹ ɩɪɢ ɩɨɥɧɨɦ ɡɚɤɪɵ-

ɬɢɢ ɢ ɩɨɥɧɨɦ ɨɬɤɪɵɬɢɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ; 

ɡɟɥɟɧɚɹ, ɠɟɥɬɚɹ ɢ ɤɪɚɫɧɚɹ ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ, ɡɚɝɨɪɚɸɳɢɟɫɹ ɩɪɢ ɧɨɪ-

ɦɚɥɶɧɨɣ ɪɚɛɨɬɟ, ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢ ɚɜɚɪɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ; 

ɥɢɰɟɜɵɟ ɩɚɧɟɥɢ ɞɜɭɯ ɩɪɢɛɨɪɨɜ ɂɌɉ1, ɢɧɞɢɰɢɪɭɸɳɢɟ ɩɨɥɨɠɟɧɢɟ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜ % ɢ ɜɵɯɨɞɧɭɸ ɱɚɫɬɨɬɭ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɜ 

Ƚɰ; 

ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ Ȼɍ21, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɢɡɦɟɧɹɟɬɫɹ ɪɟɠɢɦ ɭɩɪɚɜɥɟ-

ɧɢɹ ɧɚɩɪɚɜɥɹɸɳɢɦ ɚɩɩɚɪɚɬɨɦ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɢɦ ɜ ɪɭɱɧɨɦ ɪɟɠɢ-

ɦɟ; 

ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ȻɊɍ-7, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɢɡɦɟɧɹɟɬɫɹ ɪɟɠɢɦ ɭɩɪɚɜɥɟ-

ɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɢɦ ɜ ɪɭɱɧɨɦ ɪɟɠɢ-

ɦɟ. 
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4 ɊȺɁɊȺȻɈɌɄȺ ɉɊɂɇɐɂɉɂȺɅɖɇɈɃ ɗɅȿɄɌɊɂɑȿɋɄɈɃ ɋɏȿɆɕ  

4.1 Эɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɣ ɢ ɟɟ ɫɩɟɰɢɮɢɤɚɰɢɹ 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ (ɫɨɟɞɢɧɟɧɢɣ) ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧɚ ɧɚ 

ɪɢɫ. 39, ɫɩɟɰɢɮɢɤɚɰɢɹ – ɜ ɬɚɛɥ. 8. 

Ɍɚɛɥɢɰɚ 8 – ɋɩɟɰɢɮɢɤɚɰɢɹ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

A1 Ⱦɚɬɱɢɤ ɞɚɜɥɟɧɢɹ-ɪɚɡɪɟɠɟɧɢɹ ɋɚɩɮɢɪ-22Ɇ-Ⱦɂȼ 1

ɉɨɡɢɰɢɹ ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥ. ɉɪɢɦɟɱɚɧɢɟ

A2 Ȼɥɨɤ ɩɢɬɚɧɢɹ Ȼɉ15Ȼ-Ⱦ2-24  1

A3 CPU 1215ɋ  6ES7 215-1BG31-0XB0

A4 SM 1223 6ES7 223-1PH30-0XB0

1

1

A5 SM 1231 6ES7 231-4HF30-0XB0 1

A6 ɂɡɦɟɪɢɬɟɥɶ ɰɢɮɪɨɜɨɣ ɨɞɧɨɤɚɧɚɥɶɧɵɣ ɂȾɐ1 1

HL1

HL2

Ʌɚɦɩɚ ɫɢɝɧɚɥɶɧɚɹ MTB2-BV613, 24 ȼ 1 Ɂɟɥɟɧɚɹ

Ʌɚɦɩɚ ɫɢɝɧɚɥɶɧɚɹ MTB2-BV614, 24 ȼ 1 Ʉɪɚɫɧɚɹ

A7,A9, 
A11,A13

ɂɧɞɢɤɚɬɨɪ ɬɨɤɨɜɨɣ ɩɟɬɥɢ ɂɌɉ 11 4

A8,A10 Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ȻɊɍ-7 2

A12,A14 Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ Ȼɍ21 2

SB1,SB3 2Ʉɧɨɩɤɚ ɝɪɢɛɨɜɢɞɧɚɹ ɬɹɧɢ-ɬɨɥɤɚɣ MTB2-BTZ124 Ʉɪɚɫɧɚɹ

SB2,SB4,S
B5,SB6

Ʉɧɨɩɤɚ ɫ LED ɩɨɞɫɜɟɬɤɨɣ, MTB2-BW3363  4 Ɂɟɥɟɧɚɹ

K1-K20 Ɋɟɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɟ  RP 407 ȺL, 220 ȼ 20

A15,A16 ɉɭɫɤɚɬɟɥɶ ɛɟɫɤɨɧɬɚɤɬɧɵɣ ɪɟɜɟɪɫɢɜɧɵɣ ɉȻɊ 3Ⱥ 2

HL7,HL9, 
HL12,HL15

Ʌɚɦɩɚ ɫɢɝɧɚɥɶɧɚɹ MTB2-BV633, 220 ȼ 4 Ɂɟɥɟɧɚɹ

HL10,HL13 Ʌɚɦɩɚ ɫɢɝɧɚɥɶɧɚɹ MTB2-BV635, 220 ȼ 2 ɀɟɥɬɚɹ

HL8,HL11, 
HL14,HL16

Ʌɚɦɩɚ ɫɢɝɧɚɥɶɧɚɹ MTB2-BV634, 220 ȼ 4 Ʉɪɚɫɧɚɹ

A17,A18 ɆɗɈ-250/63-0,63-99Ʉ 2

A19,A20 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ Ƚɟɪɤɭɥɟɫ ɉɑ-ɌɌɉɌɊ-48-6ɤ 2

SF1,SF2 ȼɵɤɥɸɱɚɬɟɥɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ȼȺ47-29-1Ɋ 1Ⱥ 2

SF3,SF4 ȼɵɤɥɸɱɚɬɟɥɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ȼȺ47-29-1Ɋ 5Ⱥ 2

R1,R2 Ɋɟɡɢɫɬɨɪ MO-25, 0.25 ȼɬ, 510 Ɉɦ 2

 

Ɋɚɫɱɟɬ ɢ ɜɵɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɩ. 4.2.  
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4.2 Ɋɚɫɱɟɬ ɢ ɜɵɛɨɪ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬɵ 

ɉɪɟɞɭɫɦɨɬɪɢɦ ɪɚɡɞɟɥɶɧɭɸ ɡɚɳɢɬɭ ɰɟɩɟɣ ɤɨɦɦɭɬɢɪɭɸɳɟɣ ɢ ɫɢɝɧɚɥɶɧɨɣ 

ɚɩɩɚɪɚɬɭɪɵ (ɤɪɨɦɟ ɉȻɊ), ɰɟɩɟɣ ɩɪɢɛɨɪɨɜ ɢ ɰɟɩɟɣ ɉȻɊ. 

ȼ ɰɟɩɹɯ ɤɨɦɦɭɬɢɪɭɸɳɟɣ ɢ ɫɢɝɧɚɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɧɚɯɨɞɹɬɫɹ 20 ɷɥɟɤ-

ɬɪɨɦɚɝɧɢɬɧɵɯ ɪɟɥɟ ɫ ɤɚɬɭɲɤɚɦɢ ɧɚɩɪɹɠɟɧɢɟɦ 220 ȼ ɦɨɳɧɨɫɬɢ 1,2 ȼȺ ɢ 16 

ɫɢɝɧɚɥɶɧɵɯ ɥɚɦɩ, ɩɨɬɪɟɛɥɹɸɳɢɯ ɬɨɤ 20ɦȺ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ 

ɰɟɩɟɣ: 

1,2
20 16 0,02 0,43 .

220ɦɚɤɫI A    
              (11) 

Ⱦɥɹ ɡɚɳɢɬɵ ɰɟɩɟɣ ɤɚɬɭɲɟɤ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɟɥɟ ɢ ɫɢɝɧɚɥɶɧɵɯ ɥɚɦɩ ɡɚ-

ɞɟɣɫɬɜɭɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼȺ47-29-1Ɋ 1Ⱥ ɧɚ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ 1 

Ⱥ., ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ B [18]. 

ȼ ɰɟɩɹɯ ɩɪɢɛɨɪɨɜ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ: ɉɅɄ (ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɬɪɟɛ-

ɥɹɟɦɵɣ ɬɨɤ 150ɦȺ), ɛɥɨɤ ɩɢɬɚɧɢɹ  Ȼɉ15Ȼ-Ⱦ2-24  ɦɨɳɧɨɫɬɶɸ 15 ȼɬ ɢ 2 ɩɪɢɛɨɪɚ 

ȻɊɍ-7 ɫ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɶɸ 7ȼȺ. Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨ-

ɬɪɟɛɥɹɟɦɵɣ ɬɨɤ ɰɟɩɟɣ: 

15 7
0,15 2 0,28 .

220 220ɦɚɤɫI A    
               (12) 

Ⱦɥɹ ɡɚɳɢɬɵ ɰɟɩɟɣ ɩɪɢɛɨɪɨɜ ɡɚɞɟɣɫɬɜɭɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ 

ȼȺ47-29-1Ɋ 1Ⱥ ɧɚ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ 1 Ⱥ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ B[18]. 

Ⱦɥɹ ɡɚɳɢɬɵ ɰɟɩɟɣ ɉȻɊ 3Ⱥ ɢ ɆɗɈ ɡɚɞɟɣɫɬɜɭɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚ-

ɬɟɥɢ ȼȺ47-29-3Ɋ 5Ⱥ ɧɚ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ 5 Ⱥ., ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ 

B[18]. 
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5 ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈȽɈ ɈȻȿɋɉȿɑȿɇɂə 

5.1 ȼɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ 

ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɉɅɄ CPU 1215ɋ  ɢ ɪɚɡɪɚɛɨɬɤɚ SCADA-ɫɢɫɬɟɦɵ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɪɟɞɟ Totally Integrated Automation Portal (TIA Portal) ɤɨɦɩɚɧɢɢ 

Siemens. TIA Portal – ɟɞɢɧɚɹ ɩɪɨɝɪɚɦɦɧɚɹ ɩɥɚɬɮɨɪɦɚ, ɨɛɴɟɞɢɧɹɸɳɚɹ ɜɫɟ, ɱɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɪɚɛɨɬɵ ɫɨ ɜɫɟɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ Siemens ɧɚ ɜɫɟɯ 

ɷɬɚɩɚɯ ɪɚɛɨɬɵ ɫ ɩɪɨɟɤɬɨɦ: 

ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɟɤɬɨɜ ɞɥɹ ɤɨɧɬɪɨɥɥɟɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɪɚɫɩɪɟɞɟɥёɧɧɨɝɨ ɜɜɨ-

ɞɚ-ɜɵɜɨɞɚ; 

ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɱɟɥɨɜɟɤɨ-ɦɚɲɢɧɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɢ SCADA ɫɢ-

ɫɬɟɦ;  

ɩɚɪɚɦɟɬɪɢɪɨɜɚɧɢɟ ɫɟɬɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɦɨɞɭɥɟɣ ɫɜɹɡɢ, ɨɬɥɚɞɤɚ ɩɪɨ-

ɝɪɚɦɦɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤ ɠɟ ɜɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɪɢɜɨɞɨɜ. 

ȼɨ ɝɥɚɜɭ ɭɝɥɚ ɩɪɨɞɭɤɬɚ TIA Portal ɩɨɫɬɚɜɥɟɧɚ ɩɪɨɫɬɨɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɨɞɭɤɬɚ (Usability). ɉɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɪɢ-

ɡɜɚɧ ɨɛɥɟɝɱɢɬɶ ɩɨɥɶɡɨɜɚɬɟɥɸ ɪɚɛɨɬɭ ɫ ɩɥɚɬɮɨɪɦɨɣ, ɚ ɟɝɨ ɭɧɢɮɢɤɚɰɢɹ ɢ ɫɬɚɧ-

ɞɚɪɬɢɡɚɰɢɹ ɭɩɪɨɳɚɸɬ ɪɚɛɨɬɭ ɫ ɪɚɡɧɨɨɛɪɚɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. ɗɬɨ ɧɨɜɨɟ ɫɥɨɜɨ 

ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. Ɉɫɧɨɜɧɨɣ ɭɩɨɪ ɫɞɟɥɚɧ ɧɚ ɧɚɝɥɹɞ-

ɧɨɫɬɶ, ɢɧɬɭɢɬɢɜɧɭɸ ɩɨɧɹɬɧɨɫɬɶ ɢ ɨɬɫɭɬɫɬɜɢɟ ɦɧɨɝɨɤɪɚɬɧɨ ɜɥɨɠɟɧɧɵɯ ɫɬɪɭɤɬɭɪ 

[21]. 

Ɉɞɧɚɤɨ TIA Portal  – ɤɨɦɦɟɪɱɟɫɤɢɣ ɩɪɨɞɭɤɬ, ɰɟɧɚ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 

ɧɟɫɤɨɥɶɤɨ ɫɨɬɟɧ ɟɜɪɨ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɪɫɢɢ) ɢ  ɜ ɧɚɲɟɦ ɪɚɫɩɨɪɹɠɟɧɢɢ ɟɝɨ 

ɧɟɬ. ɉɨɷɬɨɦɭ ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɬɨɬɢɩ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟ-

ɱɟɧɢɹ, ɫɨɡɞɚɧɧɵɣ ɜ ɛɟɫɩɥɚɬɧɵɯ ɫɪɟɞɚɯ ɪɚɡɪɚɛɨɬɤɢ  CoDeSys ɤɨɦɩɚɧɢɢ Smart 

Software Solution (3S) [19] ɢ Trace Mode (ɛɚɡɨɜɨɣ ɜɟɪɫɢɢ) ɪɨɫɫɢɣɫɤɨɣ ɮɢɪɦɵ 

Adastra [20]. Ⱦɥɹ ɷɦɭɥɹɰɢɢ ɤɨɧɬɪɨɥɥɟɪɚ ɛɭɞɟɬ ɡɚɞɟɣɫɬɜɨɜɚɧ ɩɪɨɝɪɚɦɦɧɵɣ ɷɦɭ-

ɥɹɬɨɪ PLCWinNT, ɜɯɨɞɹɳɢɣ ɜ ɫɨɫɬɚɜ ɩɚɤɟɬɚ CoDeSys. Ɉɛɦɟɧ ɦɟɠɞɭ ɤɨɧɬɪɨɥ-

ɥɟɪɨɦ ɢ SCADA-ɫɢɫɬɟɦɨɣ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɨ ɩɪɨɬɨɤɨɥɭ OPC. Ɋɚɡɪɚɛɨ-

ɬɚɧɧɵɣ ɩɪɨɬɨɬɢɩ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ ɛɵɬɶ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧ ɜ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
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5.2 ɋɬɪɭɤɬɭɪɚ ɢ ɧɚɡɧɚɱɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

ȼ ɫɨɫɬɚɜ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜɯɨɞɹɬ: 

ɭɩɪɨɳɟɧɧɚɹ ɦɨɞɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɜɤɥɸɱɚɸɳɚɹ ɦɨɞɟɥɢ 

ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɡɚɞɟɣɫɬɜɨɜɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: ɞɵɦɨɫɨɫɨɜ ɢ ɢɯ ɧɚɩɪɚɜ-

ɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ, ɳɢɬɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

ɭɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɉɅɄ; 

SCADA-ɫɢɫɬɟɦɚ. 

Ɇɨɞɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɭɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɉɅɄ 

ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɜɢɪɬɭɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɥɟ-

ɪɚ PLCWinNT ɫ ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ ɜ CoDeSys. 

SCADA-ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɧɢɬɨɪ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ Trace Mode. 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɩɨɡɜɨɥɹɟɬ ɨɩɪɨɛɨɜɚɬɶ ɜɫɟ ɪɟɠɢɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɞɵɦɨɫɨɫɚɦɢ, ɜɤɥɸɱɚɹ 

ɪɭɱɧɨɟ (ɦɟɫɬɧɨɟ) ɭɩɪɚɜɥɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɨɪɝɚɧɨɜ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɳɢɬɚ 

ɭɩɪɚɜɥɟɧɢɹ; 

ɪɭɱɧɨɟ (ɞɢɫɬɚɧɰɢɨɧɧɨɟ) ɭɩɪɚɜɥɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɦɨ-

ɧɢɬɨɪɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ; 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɡɪɟɠɟɧɢɹ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɤɚɤ ɧɚ ɩɪɟɨɛ-

ɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ, ɬɚɤ ɢ ɧɚ ɧɚɩɪɚɜɥɹɸɳɢɟ ɚɩɩɚɪɚɬɵ. 

5.3 ȼɯɨɞɧɵɟ ɢ ɜɵɯɨɞɧɵɟ ɩɟɪɟɦɟɧɧɵɟ 

ȼ ɬɚɛɥɢɰɚɯ 9 – 15 ɩɪɢɜɟɞɟɧɵ ɩɟɪɟɱɧɢ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 

ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɯ ɜ ɨɛɦɟɧɟ ɫ ɚɩɩɚɪɚɬɭɪɨɣ ɢ SCADA-

ɫɢɫɬɟɦɨɣ.  

Ɍɚɛɥɢɰɚ 9 – ɉɟɪɟɱɟɧɶ ɜɯɨɞɧɵɯ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ  ɉɨɹɫɧɟɧɢɟ 
1 2 

pch1_reg_mode ɉɑ 1 ɜ ɪɟɝɭɥɢɪɭɸɳɟɦ ɪɟɠɢɦɟ 
pch2_reg_mode ɉɑ 2 ɜ ɪɟɝɭɥɢɪɭɸɳɟɦ ɪɟɠɢɦɟ 
pch1_dir_mode ɉɑ 1 ɜ ɩɪɹɦɨɦ ɪɟɠɢɦɟ 
pch2_dir_mode ɉɑ 2 ɜ ɩɪɹɦɨɦ ɪɟɠɢɦɟ 
na1_closed ɇȺ 1 ɡɚɤɪɵɬ 
na1_opened ɇȺ 1 ɨɬɤɪɵɬ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 9 

1 2 
pch1_normal ɉɑ 1 ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɚ 
pch1_alarm  ɉɑ 1 ɜ ɪɟɠɢɦɟ ɧɟɢɫɩɪɚɜɧɨɫɬɶ 
pch1_fail ɉɑ 1 ɜ ɪɟɠɢɦɟ ɚɜɚɪɢɹ 
pch2_normal ɉɑ 2 ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɚ 
pch2_alarm ɉɑ 2 ɜ ɪɟɠɢɦɟ ɧɟɢɫɩɪɚɜɧɨɫɬɶ 
pch2_fail ɉɑ 2 ɜ ɪɟɠɢɦɟ ɚɜɚɪɢɹ 
na2_closed ɇȺ 2 ɡɚɤɪɵɬ 
na2_opened ɇȺ 2 ɨɬɤɪɵɬ 
pch1_auto_mode ɉɑ 1 ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
pch2_auto_mode ɉɑ 2 ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
na1_auto_mode ɇȺ1 ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
na2_auto_mode ɇȺ2 ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 

 

Ɍɚɛɥɢɰɚ 10 – ɉɟɪɟɱɟɧɶ ɜɯɨɞɧɵɯ ɚɧɚɥɨɝɨɜɵɯ ɫɢɝɧɚɥɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɨɹɫɧɟɧɢɟ ȿɞɢɧɢ-
ɰɵ ɢɡ-
ɦɟɪɟ-
ɧɢɹ 

ɉɪɟɞɟɥɵ Ɍɢɩ ɫɢɝ-
ɧɚɥɚ 

pch1_freq ɜɵɯɨɞɧɚɹ ɱɚɫɬɨɬɚ ɉɑ 1 % 0…100 (4-20)ɦȺ 
pch2_freq ɜɵɯɨɞɧɚɹ ɱɚɫɬɨɬɚ ɉɑ 2  % 0…100 (4-20)ɦȺ 
na1_poz ɩɨɥɨɠɟɧɢɟ ɇȺ 1  % 0…100 (4-20)ɦȺ 
na2_poz ɩɨɥɨɠɟɧɢɟ ɇȺ 2  % 0…100 (4-20)ɦȺ 
upress ɪɚɡɪɟɠɟɧɢɟ ɜ ɬɨɩɤɟ, 

ɤɉɚ 
ɉɚ –100…100 (4-20)ɦȺ 

pch1_ref_freq_real ɉɑ 1 - ɡɚɞɚɧɧɚɹ ɱɚɫɬɨɬɚ 
ɪɟɚɥɶɧɚɹ (ɜɵɯɨɞ ȻɊɍ 7–
1) 

% 0…100 (4-20)ɦȺ 

pch2_ref_freq_real ɉɑ 2 - ɡɚɞɚɧɧɚɹ ɱɚɫɬɨɬɚ 
ɪɟɚɥɶɧɚɹ (ɜɵɯɨɞ ȻɊɍ 7–
2) 

% 0…100 (4-20)ɦȺ 

 

Ɍɚɛɥɢɰɚ 11 – ɉɟɪɟɱɟɧɶ ɜɵɯɨɞɧɵɯ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ  ɉɨɹɫɧɟɧɢɟ 
1 2 

pch1_do_stop ɉɑ 1 – ɫɬɨɩ 
pch1_do_reg_mode ɉɑ 1 - ɜ ɪɟɝɭɥɢɪɭɸɳɢɣ ɪɟɠɢɦ 
pch2_do_stop ɉɑ 2 - ɫɬɨɩ 
pch2_do_reg_mode ɉɑ 2 - ɜ ɪɟɝɭɥɢɪɭɸɳɢɣ ɪɟɠɢɦ 
pch1_do_dir_mode ɉɑ 1 - ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 11 

1 2 
pch2_do_dir_mode ɉɑ 2 - ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ 
na1_close ɇȺ1 - ɡɚɤɪɵɜɚɬɶ 
na1_open ɇȺ1 - ɨɬɤɪɵɜɚɬɶ 
na2_close ɇȺ2 - ɡɚɤɪɵɜɚɬɶ 
na2_open ɇȺ2 - ɨɬɤɪɵɜɚɬɶ 

 

Ɍɚɛɥɢɰɚ 12 – ɉɟɪɟɱɟɧɶ ɜɵɯɨɞɧɵɯ ɚɧɚɥɨɝɨɜɵɯ ɫɢɝɧɚɥɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɨɹɫɧɟɧɢɟ ȿɞɢɧɢ-
ɰɵ ɢɡ-
ɦɟɪɟ-
ɧɢɹ 

ɉɪɟɞɟɥɵ Ɍɢɩ ɫɢɝ-
ɧɚɥɚ 

pch1_ref_freq ɉɑ 1 - ɡɚɞɚɧɧɚɹ ɱɚɫɬɨɬɚ ɨɬ 
ɤɨɧɬɪɨɥɥɟɪɚ 

% 0…100 (4-20)ɦȺ 

pch2_ref_freq ɉɑ 2 - ɡɚɞɚɧɧɚɹ ɱɚɫɬɨɬɚ ɨɬ 
ɤɨɧɬɪɨɥɥɟɪɚ 

% 0…100 (4-20)ɦȺ 

 

Ɍɚɛɥɢɰɚ 13 – ɉɟɪɟɱɟɧɶ ɜɯɨɞɧɵɯ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɨɜ, ɩɪɢɧɢɦɚɟɦɵɯ ɩɨ  

ɢɧɬɟɪɮɟɣɫɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ  ɉɨɹɫɧɟɧɢɟ 
1 2 

pch1_do_stop_from_scada ɉɑ 1 - ɫɬɨɩ 
pch1_do_reg_mode_from_scada ɉɑ 1 - ɜ ɪɟɝɭɥɢɪɭɸɳɢɣ ɪɟɠɢɦ 
pch2_do_stop_from_scada ɉɑ 2 - ɫɬɨɩ 
pch2_do_reg_mode_from_scada ɉɑ 2 - ɜ ɪɟɝɭɥɢɪɭɸɳɢɣ ɪɟɠɢɦ 
pch1_do_dir_mode_from_scada ɉɑ 1 - ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ 
pch2_do_dir_mode_from_scada ɉɑ 2 - ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ 
na1_close_from_scada ɇȺ 1 - ɡɚɤɪɵɜɚɬɶ 
na1_open_from_scada ɇȺ 1 - ɨɬɤɪɵɜɚɬɶ 
na2_close_from_scada ɇȺ 2 - ɡɚɤɪɵɜɚɬɶ 
na2_open_from_scada ɇȺ 2 - ɨɬɤɪɵɜɚɬɶ 
na1_do_auto_mode_from_scada ɇȺ 1 - ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ 
na2_do_auto_mode_from_scada ɇȺ 2 - ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ 
pch1_do_auto_mode_from_scada ɉɑ 1 - ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ 
pch2_do_auto_mode_from_scada ɉɑ 2 - ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ 
pch1_ref_freq_plus_from_scada ɉɑ 1 - ɭɜɟɥɢɱɢɬɶ ɡɚɞɚɧɧɭɸ ɱɚɫɬɨɬɭ 
pch1_ref_freq_minus_from_scada ɉɑ 1 - ɭɦɟɧɶɲɢɬɶ ɡɚɞɚɧɧɭɸ ɱɚɫɬɨɬɭ 
pch2_ref_freq_plus_from_scada ɉɑ 2 - ɭɜɟɥɢɱɢɬɶ ɡɚɞɚɧɧɭɸ ɱɚɫɬɨɬɭ 
pch2_ref_freq_minus_from_scada ɉɑ 2 - ɭɦɟɧɶɲɢɬɶ ɡɚɞɚɧɧɭɸ ɱɚɫɬɨɬɭ 
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Ɍɚɛɥɢɰɚ 14 – ɉɟɪɟɱɟɧɶ ɜɵɯɨɞɧɵɯ ɞɢɫɤɪɟɬɧɵɯ ɫɢɝɧɚɥɨɜ, ɩɟɪɟɞɚɜɚɟɦɵɯ ɩɨ  

ɢɧɬɟɪɮɟɣɫɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ  ɉɨɹɫɧɟɧɢɟ 
pch1_reg_mode_to_scada ɉɑ 1 ɜ ɪɟɝɭɥɢɪɭɸɳɟɦ ɪɟɠɢɦɟ 
pch2_reg_mode_to_scada ɉɑ 2 ɜ ɪɟɝɭɥɢɪɭɸɳɟɦ ɪɟɠɢɦɟ 
pch1_dir_mode_to_scada ɉɑ 1 ɜ ɩɪɹɦɨɦ ɪɟɠɢɦɟ 
pch2_dir_mode_to_scada ɉɑ 2 ɜ ɩɪɹɦɨɦ ɪɟɠɢɦɟ 
na1_closed_to_scada ɇȺ 1 ɡɚɤɪɵɬ 
na1_opened_to_scada ɇȺ 1 ɨɬɤɪɵɬ 
pch1_normal_to_scada ɉɑ 1 ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɚ 
pch1_alarm_to_scada ɉɑ 1 ɜ ɪɟɠɢɦɟ ɧɟɢɫɩɪɚɜɧɨɫɬɶ 
pch1_fail_to_scada ɉɑ 1 ɜ ɪɟɠɢɦɟ ɚɜɚɪɢɹ 
pch2_normal_to_scada ɉɑ 2 ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɚ 
pch2_alarm_to_scada ɉɑ 2 ɜ ɪɟɠɢɦɟ ɧɟɢɫɩɪɚɜɧɨɫɬɶ 
pch2_fail_to_scada ɉɑ 2 ɜ ɪɟɠɢɦɟ ɚɜɚɪɢɹ 
na2_closed_to_scada ɇȺ 2 ɡɚɤɪɵɬ 
na2_opened_to_scada ɇȺ 2 ɨɬɤɪɵɬ 
pch1_auto_mode_to_scada ɉɑ 1 ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
pch2_auto_mode_to_scada ɉɑ 2 ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
na1_auto_mode_to_scada ɇȺ 1 ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
na2_auto_mode_to_scada ɇȺ 2 ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 

 

Ɍɚɛɥɢɰɚ 15 – ɉɟɪɟɱɟɧɶ ɜɵɯɨɞɧɵɯ ɚɧɚɥɨɝɨɜɵɯ ɫɢɝɧɚɥɨɜ, ɩɟɪɟɞɚɜɚɟɦɵɯ ɩɨ  

ɢɧɬɟɪɮɟɣɫɭ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɉɨɹɫɧɟɧɢɟ ȿɞɢɧɢ-
ɰɵ ɢɡ-
ɦɟɪɟɧɢɹ 

ɉɪɟɞɟɥɵ 

pch1_freq_to_scada ȼɵɯɨɞɧɚɹ ɱɚɫɬɨɬɚ ɉɑ 
1 

% 0…100 

pch2_freq_to_scada ȼɵɯɨɞɧɚɹ ɱɚɫɬɨɬɚ ɉɑ 
1 

% 0…100 

na1_poz_to_scada ɉɨɥɨɠɟɧɢɟ ɇȺ 1 % 0…100 
na2_poz_to_scada ɉɨɥɨɠɟɧɢɟ ɇȺ 2 % 0…100 
upress_to_scada Ɋɚɡɪɟɠɟɧɢɟ ɉɚ –100…100 
pch1_ref_freq_to_scada  Ɂɚɞɚɧɧɚɹ ɱɚɫɬɨɬɚ ɉɑ 1 % 0…100 
pch2_ref_freq_to_scada Ɂɚɞɚɧɧɚɹ ɱɚɫɬɨɬɚ ɉɑ 2 % 0…100 

 

ȼ ɩɪɨɝɪɚɦɦɧɨɦ ɩɪɨɬɨɬɢɩɟ ɜɫɟ ɩɟɪɟɦɟɧɧɵɟ ɨɛɴɹɜɥɟɧɵ ɤɚɤ ɝɥɨɛɚɥɶɧɵɟ, 

ɞɢɫɤɪɟɬɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢɦɟɸɬ ɬɢɩ BOOL, ɚɧɚɥɨɝɨɜɵɟ – ɬɢɩ REAL. 
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5.4 ɉɪɨɝɪɚɦɦɧɚɹ ɦɨɞɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɳɢɬɚ 
ɭɩɪɚɜɥɟɧɢɹ 

ɉɪɨɝɪɚɦɦɧɚɹ ɦɨɞɟɥɶ ɫɨɞɟɪɠɢɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ, ɩɪɨɝɪɚɦɦɧɨ ɢɦɢ-

ɬɢɪɭɸɳɢɟ ɬɨɩɤɭ ɤɚɤ ɨɛɴɟɤɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ (topka), ɪɚɛɨɬɭ ɞɵɦɨɫɨ-

ɫɚ ɜ ɰɟɥɨɦ (DS), ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ (NA) ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ 

PCH), ɚ ɬɚɤɠɟ ɩɪɨɝɪɚɦɦɭ MODEL, ɭɩɪɚɜɥɹɸɳɭɸ ɷɤɡɟɦɩɥɹɪɚɦɢ ɮɭɧɤɰɢɨɧɚɥɶ-

ɧɵɯ ɛɥɨɤɨɜ ɢ ɨɛɫɥɭɠɢɜɚɸɳɭɸ ɷɤɪɚɧ ɜɢɡɭɚɥɢɡɚɰɢɢ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ. 

 Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ topka ɫɨɫɬɚɜɥɟɧ ɧɚ ɹɡɵɤɟ FBD (ɪɢɫ. 40).  ȼɯɨɞɧɵ-

ɦɢ ɫɢɝɧɚɥɚɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɜɭɯ ɞɵɦɨɫɨɫɨɜ ɢ ɨɛɳɚɹ ɩɪɨɢɡɜɨ-

ɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ. ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ – ɡɧɚɱɟɧɢɟ ɪɚɡɪɟɠɟɧɢɹ ɜ 

ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ. Ⱦɢɧɚɦɢɤɚ ɨɛɴɟɤɬɚ ɨɩɢɫɵɜɚɟɬɫɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ 

ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ, ɪɚɜɧɨɣ 10 ɫɟɤ. 

ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɡɪɟɠɟɧɢɹ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ 30 ɉɚ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ DS ɧɚɩɢɫɚɧ ɧɚ ɹɡɵɤɟ ST. Ɉɧ ɜɵɱɢɫɥɹɟɬ ɷɮɮɟɤɬɢɜ-

ɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɵɦɨɫɨɫɚ ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɱɚɫɬɨɬɵ ɩɢɬɚɧɢɹ 

ɞɜɢɝɚɬɟɥɹ ɢ ɩɨɥɨɠɟɧɢɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. Ʉɨɞ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɛɥɨɤɚ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɉɪɢɥɨɠɟɧɢɢ Ⱥ. 

 

Ɋɢɫɭɧɨɤ 40 – Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ topka 
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Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ NA ɧɚɩɢɫɚɧ ɧɚ ɹɡɵɤɟ ST. ɇɚ ɟɝɨ ɜɯɨɞɵ ɩɨɞɚɸɬɫɹ 

ɫɢɝɧɚɥɵ ɧɚ ɨɬɤɪɵɬɢɟ ɢ ɡɚɤɪɵɬɢɟ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. Ȼɥɨɤ ɮɨɪɦɢɪɭɟɬ 

ɫɢɝɧɚɥɵ ɨ ɩɨɥɨɠɟɧɢɢ ɢ ɫɨɫɬɨɹɧɢɢ (ɨɬɤɪɵɬ/ɡɚɤɪɵɬ) ɚɩɩɚɪɚɬɚ. ȼɪɟɦɹ ɩɨɥɧɨɝɨ 

ɯɨɞɚ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ 63 ɫɟɤ. Ʉɨɞ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɛɥɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɉɪɢ-

ɥɨɠɟɧɢɢ Ȼ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ PCH ɧɚɩɢɫɚɧ ɧɚ ɹɡɵɤɟ ST. ȼɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ 

ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ ɡɚɞɚɧɧɚɹ ɱɚɫɬɨɬɚ, ɫɢɝɧɚɥɵ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɩɪɟɨɛɪɚ-

ɡɨɜɚɬɟɥɹ ɢ ɟɝɨ ɨɫɬɚɧɨɜɤɢ, ɚ ɬɚɤɠɟ «ɮɢɤɬɢɜɧɵɟ» ɫɢɝɧɚɥɵ ɜɜɨɞɚ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ 

ɢ ɚɜɚɪɢɢ. Ȼɥɨɤ ɮɨɪɦɢɪɭɟɬ ɜɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ: «ɚɧɚ-

ɥɨɝɨɜɵɣ» ɫɢɝɧɚɥ ɬɟɤɭɳɟɣ ɱɚɫɬɨɬɵ, ɞɢɫɤɪɟɬɧɵɟ ɫɢɝɧɚɥɵ ɨ ɪɟɠɢɦɟ ɪɚɛɨɬɵ, ɧɟ-

ɢɫɩɪɚɜɧɨɫɬɢ ɢ ɨɬɤɚɡɟ. ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɛɥɨɤɚ ɩɨɫɬɪɨɟɧ ɩɨ ɩɪɢɧɰɢɩɭ ɤɨɧɟɱɧɨ-

ɝɨ ɚɜɬɨɦɚɬɚ. ɋɨɫɬɨɹɧɢɹ ɚɜɬɨɦɚɬɚ: ɨɫɬɚɧɨɜ, ɱɚɫɬɨɬɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɩɪɹɦɨɟ 

ɜɤɥɸɱɟɧɢɟ ɞɜɢɝɚɬɟɥɹ. ȼ ɤɨɞɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɥɚɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ, ɚɜ-

ɬɨɦɚɬɢɱɟɫɤɢɣ «ɩɨɞɯɜɚɬ» ɱɚɫɬɨɬɵ ɩɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɪɟɠɢɦɚ ɩɪɹɦɨɝɨ ɜɤɥɸɱɟɧɢɹ ɜ 

ɪɟɝɭɥɢɪɭɸɳɢɣ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞ ɜ ɪɟɠɢɦ ɩɪɹɦɨɝɨ ɜɤɥɸɱɟɧɢɹ ɩɪɢ ɨɬ-

ɤɚɡɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ PCH ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɉɪɢɥɨɠɟɧɢɢ 

ȼ. 

Ʉɨɞ ɩɪɨɝɪɚɦɦɵ MODEL ɩɪɢɜɟɞɟɧ ɜ ɉɪɢɥɨɠɟɧɢɢ Ƚ. ɉɪɨɝɪɚɦɦɚ ɨɩɟɪɢɪɭ-

ɟɬ:  

ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɛɢɬɨɜɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɮɢɤɫɢɪɭɸɳɢɯ ɫɨɫɬɨɹɧɢɟ 

ɤɧɨɩɨɤ, ɫɢɝɧɚɥɶɧɵɯ ɥɚɦɩ, ɪɟɥɟ ɢ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ; 

«ɚɧɚɥɨɝɨɜɵɦɢ» ɩɟɪɟɦɟɧɧɵɦɢ, ɯɪɚɧɹɳɢɦɢ ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɨɜ ɡɚɞɚɧɢɹ ɱɚ-

ɫɬɨɬɵ, ɜɜɟɞɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɨɜ ɭɩɪɚɜɥɟɧɢɹ ȻɊɍ7; 

ɷɤɡɟɦɩɥɹɪɚɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ NA, PCH, DS (ɩɨ ɞɜɚ ɤɚɠɞɨɝɨ ɬɢ-

ɩɚ); 

ɷɤɡɟɦɩɥɹɪɨɦ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɛɥɨɤɚ topka; 

«ɮɢɤɬɢɜɧɵɦɢ» ɫɢɝɧɚɥɚɦɢ ɨɛɳɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹ-

ɬɨɪɨɜ ɢ ɜɜɨɞɚ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɢ ɨɬɤɚɡɨɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɩɟɪɟɦɟɧɧɵɟ ɨɛɴɹɜɥɟɧɵ ɤɚɤ ɥɨɤɚɥɶɧɵɟ ɢ ɨɬɧɨɫɹɬɫɹ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɤ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ ɢ ɚɩɩɚɪɚɬɭɪɵ ɭɩɪɚɜɥɟɧɢɹ. ɉɨɦɢɦɨ ɧɢɯ ɩɪɨ-
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ɝɪɚɦɦɚ  MODEL ɨɛɪɚɛɚɬɵɜɚɟɬ ɢ ɝɥɨɛɚɥɶɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɨɩɢɫɵɜɚɸɳɢɟ ɜɯɨɞɵ 

ɢ ɜɵɯɨɞɵ ɤɨɧɬɪɨɥɥɟɪɚ. ȼ ɰɟɥɨɦ ɡɚɞɚɱɟɣ ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ 

ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɤɨɧɬɪɨɥɥɟɪɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɪɚɛɨɬɤɢ ɟɝɨ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚ-

ɥɨɜ, ɩɨɜɟɞɟɧɢɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɞɟɣɫɬɜɢɣ ɫ ɜɢɡɭɚɥɶɧɨɣ ɢɦɢɬɚɰɢɟɣ ɳɢɬɚ 

ɭɩɪɚɜɥɟɧɢɹ. ɗɤɪɚɧ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɢɦɢɬɢɪɭɸɳɢɣ ɥɢɰɟɜɭɸ ɩɚɧɟɥɶ ɳɢɬɚ ɩɨɤɚɡɚɧ 

ɧɚ ɪɢɫ. 41. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɷɤɪɚɧɚ ɩɨɥɧɨɫɬɶɸ ɚɧɚɥɨɝɢɱɧɵ ɮɭɧɤ-

ɰɢɨɧɚɥɶɧɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɜ 

ɧɢɠɧɟɣ ɱɚɫɬɢ ɷɤɪɚɧɚ (ɜɧɟ ɤɨɧɬɭɪɚ ɳɢɬɚ) ɪɚɡɦɟɳɟɧɵ ɤɧɨɩɤɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɜɜɨ-

ɞɢɬɶ ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ: ɢɡɦɟɧɹɬɶ ɫɭɦɦɚɪɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭ-

ɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ, ɮɨɪɦɢɪɨɜɚɬɶ ɫɢɝɧɚɥɵ ɨ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɢ ɨɬɤɚɡɚɯ ɩɪɟɨɛ-

ɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ. Ɉɪɝɚɧɵ ɢɧɞɢɤɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɹɡɚɧɵ ɢɫɤɥɸɱɢ-

ɬɟɥɶɧɨ ɤ ɥɨɤɚɥɶɧɵɦ ɩɟɪɟɦɟɧɧɵɦ ɩɪɨɝɪɚɦɦɵ MODEL, ɱɬɨ ɝɚɪɚɧɬɢɪɭɟɬ ɚɞɟɤ-

ɜɚɬɧɨɫɬɶ ɩɨɜɟɞɟɧɢɹ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 

 

 Ɋɢɫɭɧɨɤ 41 – ɗɤɪɚɧ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɢɦɢɬɢɪɭɸɳɢɣ ɥɢɰɟɜɭɸ ɩɚɧɟɥɶ ɓɍ  
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5.5 ɉɪɨɝɪɚɦɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɉɪɨɝɪɚɦɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɪɨɟɤɬɚ 

CoDeSys: 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ NA_CONTROL, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 

ɧɚɩɪɚɜɥɹɸɳɢɦ ɚɩɩɚɪɚɬɨɦ ɞɵɦɨɫɨɫɚ; 

ɩɪɨɝɪɚɦɦɚ CONTROL, ɪɟɚɥɢɡɭɸɳɚɹ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɜ ɰɟɥɨɦ; 

ɩɪɨɝɪɚɦɦɚ PLC_PRG, ɹɜɥɹɸɳɚɹɫɹ «ɬɨɱɤɨɣ ɜɯɨɞɚ», ɢɡ ɤɨɬɨɪɨɣ ɜɵɡɵɜɚɸɬ-

ɫɹ ɩɪɨɝɪɚɦɦɵ MODEL ɢ CONTROL. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ NA_CONTROL ɧɚɩɢɫɚɧ ɧɚ ɹɡɵɤɟ ST, ɟɝɨ ɤɨɞ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɉɪɢɥɨɠɟɧɢɢ Ⱦ. Ȼɥɨɤ ɜ ɨɫɧɨɜɧɨɦ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɞɵɦɨɫɨɫɚ ɜ ɡɚɞɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ (ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ-

ɥɨɠɟɧɢɹ). ȼɯɨɞɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ: 

ɡɚɞɚɧɧɨɟ ɢ ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ;  

ɡɨɧɚ ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ; 

ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɜɤɥɸɱɟɧɢɹ ɩɪɢɜɨɞɚ; 

ɫɢɝɧɚɥɵ ɨ ɞɨɫɬɢɠɟɧɢɢ ɧɚɩɪɚɜɥɹɸɳɢɦ ɚɩɩɚɪɚɬɨɦ ɤɨɧɟɱɧɵɯ ɩɨɥɨɠɟɧɢɣ 

(ɡɚɤɪɵɬ/ɨɬɤɪɵɬ). 

ȼɵɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ ɤɨɦɚɧɞɵ ɧɚ ɨɬɤɪɵɬɢɟ ɢ ɡɚɤɪɵɬɢɟ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ.  

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɛɥɨɤɚ ɩɨɫɬɪɨɟɧ ɩɨ ɩɪɢɧɰɢɩɭ ɤɨɧɟɱɧɨɝɨ ɚɜɬɨɦɚɬɚ. ɋɨ-

ɫɬɨɹɧɢɹ ɚɜɬɨɦɚɬɚ: ɨɬɤɪɵɬɢɟ, ɡɚɤɪɵɬɢɟ, ɨɫɬɚɧɨɜ. ɉɟɪɟɯɨɞ ɢɡ ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ 

ɞɪɭɝɨɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɹ ɨɲɢɛɤɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ ɚɩɩɚɪɚɬɚ ɜ ɬɟɤɭɳɟɦ ɫɨɫɬɨɹɧɢɢ, ɨɬɫɱɢɬɵɜɚɟɦɨɝɨ 

ɫɩɟɰɢɚɥɶɧɵɦ ɬɚɣɦɟɪɨɦ. Ɍɟɦ ɫɚɦɵɦ ɢɫɤɥɸɱɚɟɬɫɹ ɧɟɞɨɩɭɫɬɢɦɨ ɱɚɫɬɵɟ ɤɨɦɦɭ-

ɬɚɰɢɢ ɩɪɢɜɨɞɚ ɚɩɩɚɪɚɬɚ. 

ɉɪɨɝɪɚɦɦɚ CONTROL ɧɚɩɢɫɚɧɚ ɧɚ ɹɡɵɤɟ ST, ɟɟ ɤɨɞ ɩɪɢɜɟɞɟɧ ɜ ɉɪɢɥɨ-

ɠɟɧɢɢ E. ɉɪɨɝɪɚɦɦɚ ɪɟɲɚɟɬ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɡɪɟɠɟɧɢɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɬɨɩɤɢ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɩɪɟ-

ɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɚɜɥɹɸɳɢɟ ɚɩɩɚɪɚɬɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɪɟɠɢɦɟ ɚɜɬɨ-

ɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; 
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ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɫɨ SCADA-ɫɢɫɬɟɦɨɣ; 

ɭɩɪɚɜɥɟɧɢɟ ɧɚɩɪɚɜɥɹɸɳɢɦɢ ɚɩɩɚɪɚɬɚɦɢ ɫ ɩɨɦɨɳɶɸ ɷɤɡɟɦɩɥɹɪɨɜ ɮɭɧɤ-

ɰɢɨɧɚɥɶɧɨɝɨ ɛɥɨɤɚ NA_CONTROL ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ; 

 ɭɩɪɚɜɥɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ. 

5.6 SCADA-ɫɢɫɬɟɦɚ 

5.6.1 ɂɧɮɨɪɦɚɰɢɨɧɧɵɣ ɨɛɦɟɧ 

Ⱦɥɹ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ ɦɟɠɞɭ ɉɅɄ ɢ SCADA ɫɢɫɬɟɦɨɣ ɦɨɝɭɬ ɛɵɬɶ ɡɚ-

ɞɟɣɫɬɜɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ ɢɧɬɟɪɮɟɣɫɵ, ɜ ɬɨɦ ɱɢɫɥɟ Ethernet. ɉɪɨɝɪɚɦɦɧɵɣ ɫɢɦɭ-

ɥɹɬɨɪ ɢɫɩɨɥɶɡɭɟɬ ɩɪɨɬɨɤɨɥ OPC. ȼ ɨɩɰɢɹɯ ɩɪɨɟɤɬɚ CoDeSys ɩɪɨɝɪɚɦɦɵ ɉɅɄ 

ɜɫɟ ɝɥɨɛɚɥɶɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɛɦɟɧɚ ɫɨ SCADA-ɫɢɫɬɟɦɨɣ, 

ɛɵɥɢ ɜɤɥɸɱɟɧɵ ɜ «ɫɢɦɜɨɥɶɧɵɣ ɮɚɣɥ» ɢ ɫɬɚɥɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɬɟɝɚɦɢ OPC ɫɟɪ-

ɜɟɪɚ CoDeSys. 

ȼ ɩɪɨɟɤɬɟ Trace Mode ɜ ɪɚɡɞɟɥɟ «ɂɫɬɨɱɧɢɤɢ/ɩɪɢɟɦɧɢɤɢ» ɛɵɥɢ ɫɤɨɧɮɢɝɭ-

ɪɢɪɨɜɚɧɵ ɞɜɟ ɝɪɭɩɩɵ ɬɟɝɨɜ: OPC_Read ɢ OPC_Write, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɱɬɟ-

ɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢɡ ɤɨɧɬɪɨɥɥɟɪɚ ɢ ɡɚɩɢɫɢ ɩɟɪɟɦɟɧɧɵɯ ɜ ɤɨɧɬɪɨɥɥɟɪ ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ. ɉɟɪɟɱɧɢ ɤɚɧɚɥɨɜ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 42, 43. ɉɟɪɟɱɧɢ ɩɟɪɟɦɟɧɧɵɯ ɩɨɥɧɨ-

ɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɚɛɥɢɰɚɦ 13,14,15. 
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Ɋɢɫɭɧɨɤ 42 – Ʉɚɧɚɥɵ OPC_Read 
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Ɋɢɫɭɧɨɤ 43 – Ʉɚɧɚɥɵ OPC_Write 

ȼɫɟ «ɚɧɚɥɨɝɨɜɵɟ» ɜɟɥɢɱɢɧɵ, ɩɨɫɬɭɩɚɸɳɢɟ ɜ SCADA-ɫɢɫɬɟɦɭ, ɩɪɨɯɨɞɹɬ 

ɨɛɪɚɛɨɬɤɭ ɜ ɤɚɧɚɥɚɯ ɦɨɧɢɬɨɪɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Ⱦɥɹ ɫɢɝɧɚɥɨɜ ɩɨ ɱɚɫɬɨɬɟ ɩɢ-

ɬɚɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɞɵɦɨɫɨɫɨɜ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɞɥɹ ɨɬɨɛɪɚɠɟ-

ɧɢɹ ɢɯ ɜ ɝɟɪɰɚɯ, ɪɢɫ. 44. 
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Ɋɢɫɭɧɨɤ 44 – Ʉɚɧɚɥɵ ɚɧɚɥɨɝɨɜɵɯ ɜɟɥɢɱɢɧ ɢ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɩɨ  

ɱɚɫɬɨɬɟ 

5.6.2 ɗɤɪɚɧ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɗɤɪɚɧ ɦɨɧɢɬɨɪɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 43.ȼ ɰɟɥɨɦ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɷɤɪɚɧɚ ɩɨɜɬɨɪɹɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɳɢɬɚ 

ɭɩɪɚɜɥɟɧɢɹ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ: 

ɭɤɚɡɚɧɢɟ ɪɚɡɪɟɲɟɧɢɹ ɢɥɢ ɡɚɩɪɟɬɚ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɨɩɟɪɚɰɢɣ ɩɟɪɟɜɨɞɚ ɩɪɟ-

ɨɛɪɚɡɨɜɚɬɟɥɟɣ ɜ ɪɟɠɢɦɵ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɩɪɹɦɨɝɨ ɩɨɞɤɥɸɱɟɧɢɹ 

ɞɜɢɝɚɬɟɥɟɣ ɞɵɦɨɫɨɫɨɜ ɤ ɫɟɬɢ, ɚ ɬɚɤɠɟ ɪɭɱɧɨɝɨ (ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ) ɭɩɪɚɜɥɟɧɢɹ 

ɜɵɯɨɞɧɨɣ ɱɚɫɬɨɬɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɩɟɪɟɜɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ 

ɪɟɠɢɦ; 

ɭɤɚɡɚɧɢɟ ɪɚɡɪɟɲɟɧɢɹ ɢɥɢ ɡɚɩɪɟɬɚ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɨɩɟɪɚɰɢɣ ɪɭɱɧɨɝɨ (ɞɢ-

ɫɬɚɧɰɢɨɧɧɨɝɨ) ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɩɟɪɟɜɨɞɚ 

ɭɩɪɚɜɥɟɧɢɹ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ; 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɝɪɚɮɢɤɚ (ɬɪɟɧɞɚ) ɢɡɦɟɧɟɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɭɩɪɚɜ-

ɥɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 45 – ɗɤɪɚɧ ɦɨɧɢɬɨɪɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ Trace Mode 

ɇɚɫɬɪɨɣɤɚ ɩɪɢɜɹɡɨɤ ɷɤɪɚɧɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 46. 
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Ɋɢɫɭɧɨɤ 46 – ɉɪɢɜɹɡɤɢ ɷɤɪɚɧɚ ɦɨɧɢɬɨɪɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ  

5.7 Ɋɟɡɭɥɶɬɚɬɵ ɚɩɪɨɛɚɰɢɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ 

Ɋɟɡɭɥɶɬɚɬɵ ɚɩɪɨɛɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜ ɰɟɥɨɦ ɩɨɥɨɠɢɬɟɥɶ-

ɧɵ: ɫɢɫɬɟɦɚ ɭɫɩɟɲɧɨ ɪɟɲɚɟɬ ɡɚɞɚɱɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟ-

ɧɢɹ  ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɚɜ-

ɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɞɵɦɨɫɨɫɨɜ, ɩɪɨɢɡɜɨɞɢɬ ɩɟɪɟɤɥɸɱɟɧɢɟ ɪɟɠɢɦɨɜ ɩɨ ɤɨɦɚɧ-

ɞɚɦ  ɫ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɷɤɪɚɧɚ SCADA-ɫɢɫɬɟɦɵ, ɤɨɪɪɟɤɬɧɨ ɨɬɨɛɪɚɠɚɟɬ ɢɧ-
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ɮɨɪɦɚɰɢɸ ɨɛ ɭɩɪɚɜɥɹɟɦɨɦ ɩɪɨɰɟɫɫɟ ɢ ɪɟɠɢɦɚɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚ-

ɧɢɹ. 

ȼ ɦɟɫɬɟ ɫ ɬɟɦ ɬɪɟɛɭɸɬ ɞɨɪɚɛɨɬɤɢ ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ: 

1) ɚɞɟɤɜɚɬɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟ-

ɧɢɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɩɬɢɦɚɥɶɧɚɹ ɧɚɫɬɪɨɣɤɚ 

ɪɟɝɭɥɹɬɨɪɚ; 

2) ɩɨɞɚɜɥɟɧɢɟ ɩɭɥɶɫɚɰɢɣ ɫɢɝɧɚɥɚ ɩɨ ɪɚɡɪɟɠɟɧɢɸ ɧɚɫɬɪɨɣɤɨɣ ɮɢɥɶɬɪɚɰɢɢ 

ɜɯɨɞɧɨɝɨ ɤɚɧɚɥɚ; 

3) ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɭɞɚɪɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɪɟɠɟɧɢɹ ɩɪɢ ɩɥɚɧɨɜɨɦ 

ɩɟɪɟɯɨɞɟ ɜ ɪɟɠɢɦ ɩɪɹɦɨɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɞɵɦɨɫɨɫɨɜ.  
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6 ȻȿɁɈɉȺɋɇɈɋɌɖ ɂ ɗɄɈɅɈȽɂɑɇɈɋɌɖ 

6.1 Ɍɪɟɛɨɜɚɧɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɵ ɬɪɭɞɚ ɧɚ 
ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɨɩɟɪɚɬɨɪɚ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ 

ɞɥɹ ɪɭɱɧɨɝɨ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɵɦɨɫɨɫɨɜ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɫ ɰɟɥɶɸ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɡɪɟɠɟɧɢɹ 20-30 ɉɚ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɚɤɟɥɚ ɢ ɧɟɞɨɩɭɳɟɧɢɹ ɜɵɛɢɜɚɧɢɹ ɬɨɩɨɱɧɵɯ ɝɚɡɨɜ 

ɢɡ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɚɧɧɭɸ ɫɢɫɬɟɦɭ ɜ ɤɚɱɟɫɬɜɟ 

ɷɥɟɦɟɧɬɚ ɟɞɢɧɨɣ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɨɝɟɧɟɪɚɬɨ-

ɪɚ. 

Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɟɞɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɚɪɚ-

ɦɟɬɪɨɜ ɡɚ ɜɢɡɭɚɥɶɧɨɣ ɢɦɢɬɚɰɢɟɣ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɷɤɪɚɧɟ 

ɦɨɧɢɬɨɪɚ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ TraceMode. 

ȼ ɷɬɨɣ ɫɜɹɡɢ, ɫɨɡɞɚɧɢɟ ɛɟɡɨɩɚɫɧɵɯ ɢ ɤɨɦɮɨɪɬɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɞɥɹ ɨɩɟ-

ɪɚɬɨɪɚ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ ɧɟɩɪɟɪɵɜɧɵɣ ɤɨɧɬɪɨɥɶ ɡɚ ɩɚɪɚɦɟɬ-

ɪɚɦɢ ɪɚɡɪɹɠɟɧɢɹ ɜ ɬɨɩɤɟ ɧɚ ɷɤɪɚɧɟ ɦɨɧɢɬɨɪɚ, ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 

ɷɥɟɦɟɧɬɚ ɟɞɢɧɨɣ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɨɝɟɧɟɪɚɬɨ-

ɪɚ. ɉɪɢ ɷɬɨɦ, ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɪɟɝɥɚɦɟɧɬɭ, ɨɩɟɪɚɬɨɪ  ɞɨɥɠɟɧ ɢɦɟɬɶ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɟɣɬɢ ɧɚ ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 

ɞɵɦɨɫɨɫɨɜ, ɢɡɦɟɧɹɹ ɫɭɦɦɚɪɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ, 

ɮɨɪɦɢɪɨɜɚɬɶ ɫɢɝɧɚɥɵ ɨ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɢ ɨɬɤɚɡɚɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ, ɫ 

ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɞɟɣɫɬɜɭɸɬ ɰɟɥɵɣ ɪɹɞ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨ-

ɤɭɦɟɧɬɨɜ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɯ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɢ ɨɯɪɚɧɵ ɬɪɭɞɚ 

ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɩɟɪɫɨɧɚɥɶɧɵɦɢ ɷɥɟɤɬɪɨɧɧɨ-

ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɦɚɲɢɧɚɦɢ (ɉɗȼɆ) ɧɚ ɨɛɴɟɤɬɚɯ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɢ ɨɯɪɚɧɵ 

ɬɪɭɞɚ ɧɚ ɩɨɞɨɛɧɵɯ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɨɬɪɚɠɟɧɵ ɜ ɉɪɢɤɚɡɟ Ɇɢɧɬɪɭɞɚ Ɋɨɫɫɢɢ ɨɬ 

17.08.2015 № 551ɧ «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ ɉɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɬɟɩɥɨɜɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ» [25], ɜ ɬɢɩɨɜɨɣ ɂɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɞɥɹ 
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ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɟɪɫɨɧɚɥɶɧɵɦɢ ɷɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɦɚɲɢɧɚɦɢ 

(ɉɗȼɆ) ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ (ɊȾ 153-34.0-03.2.98-2001) [26], ɜ ɫɚɧɢɬɚɪɧɨ-

ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɚɜɢɥɚɯ ɢ ɧɨɪɦɚɬɢɜɚɯ ɋɚɧɉɢɇ 2.2.4.3359-16 "ɋɚɧɢɬɚɪ-

ɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɮɢɡɢɱɟɫɤɢɦ ɮɚɤɬɨɪɚɦ ɧɚ ɪɚɛɨɱɢɯ ɦɟ-

ɫɬɚɯ", ɭɬɜɟɪɠɞɟɧɧɵɟ ɩɨɫɬɚɧɨɜɥɟɧɢɟɦ Ƚɥɚɜɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ 

ɜɪɚɱɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 21.06.2016 N 81 [27], ɜ ɫɚɧɢɬɚɪɧɨ-

ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɚɜɢɥɚɯ ɢ ɧɨɪɦɚɬɢɜɚɯ ɋɚɧɉɢɇ 2.2.2/2.4.1340-03 «Ƚɢɝɢɟ-

ɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɫɨɧɚɥɶɧɵɦ ɷɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɦɚɲɢɧɚɦ ɢ 

ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬɵ», ɭɬɜɟɪɠɞɟɧɧɵɟ ɩɨɫɬɚɧɨɜɥɟɧɢɟɦ Ƚɥɚɜɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧ-

ɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ ɜɪɚɱɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 03.06.2003 N 118 [28] ɢ ɪɹɞɟ 

ɞɪɭɝɢɯ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ. 

ɇɨ ɩɪɢ ɷɬɨɦ, ɨɫɧɨɜɧɵɦ ɧɨɪɦɚɬɢɜɧɵɦ ɩɪɚɜɨɜɵɦ ɚɤɬɨɦ, ɝɞɟ ɨɬɪɚɠɟɧɵ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɚɛɨɬɨɞɚɬɟɥɹɦ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɵɯ ɭɫɥɨɜɢɣ ɢ ɨɯɪɚɧɵ 

ɬɪɭɞɚ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɹɜɥɹɟɬɫɹ Ɍɪɭɞɨɜɨɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɢ ɜ 

ɱɚɫɬɧɨɫɬɢ ɫɬɚɬɶɹ 212, ɜ ɤɨɬɨɪɨɣ ɢɡɥɨɠɟɧɵ ɷɬɢ ɨɛɹɡɚɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɚɛɨ-

ɬɨɞɚɬɟɥɹɦ [29]. 

ɂɡ ɫɨɞɟɪɠɚɧɢɹ ɷɬɨɣ ɫɬɚɬɶɢ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɩɪɟɞɩɪɢɹɬɢɣ ɢ 

ɨɪɝɚɧɢɡɚɰɢɣ ɜɨɡɥɨɠɟɧɚ ɨɛɹɡɚɧɧɨɫɬɶ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬɧɢɤɨɜ 

ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɦɢ ɡɞɚɧɢɣ, ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ ɢ ɩɪɢɦɟɧɹɟɦɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɫɵɪɶɹ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɟɫɩɟɱɟɧɢɟɦ ɢɯ 

ɫɪɟɞɫɬɜɚɦɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɢ ɤɨɥɥɟɤɬɢɜɧɨɣ ɡɚɳɢɬɵ, ɨɪɝɚɧɢɡɚɰɢɟɣ ɢ ɩɪɨɜɟɞɟ-

ɧɢɟɦ ɨɛɭɱɟɧɢɹ ɛɟɡɨɩɚɫɧɵɦ ɦɟɬɨɞɚɦ ɢ ɩɪɢɟɦɚɦ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɢ ɨɤɚɡɚɧɢɸ 

ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɨɫɬɪɚɞɚɜɲɢɦ, ɩɪɨɜɟɞɟɧɢɸ ɢɧɫɬɪɭɤɬɚɠɟɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ, 

ɫɬɚɠɢɪɨɜɤɢ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɢ ɩɪɨɜɟɪɤɢ ɡɧɚɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɨɯɪɚɧɵ ɬɪɭɞɚ, ɨɪ-

ɝɚɧɢɡɚɰɢɢ ɨɛɹɡɚɬɟɥɶɧɵɯ ɦɟɞɢɰɢɧɫɤɢɯ ɨɫɦɨɬɪɨɜ ɢ ɩɫɢɯɢɚɬɪɢɱɟɫɤɢɯ ɨɫɜɢɞɟ-

ɬɟɥɶɫɬɜɨɜɚɧɢɣ ɢ ɪɹɞ ɞɪɭɝɢɯ ɨɛɹɡɚɬɟɥɶɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ.  

6.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ 

ɍɫɥɨɜɢɹ ɬɪɭɞɚ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɨɩɟɪɚɬɨɪɚ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ ɛɭɞɭɬ ɫɤɥɚ-

ɞɵɜɚɬɶɫɹ ɢɡ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɪɟɞɵ ɢ ɬɪɭɞɨɜɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 
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ɨɬɧɨɫɹɬɫɹ ɤ ɤɚɬɟɝɨɪɢɢ ɪɚɛɨɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɩɚɫɧɵɦɢ ɢ ɜɪɟɞɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 

ɬɪɭɞɚ [25,27]. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦɢ ɨɩɚɫɧɵɦɢ ɢ ɜɪɟɞɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɧɚ ɬɚɤɢɯ 

ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: 

– ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɹɯ ɩɢɬɚɧɢɹ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɉɄ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɷɥɟɤɬɪɨɬɪɚɜɦɟ ɨɩɟɪɚɬɨɪɚ ɩɪɢ ɨɬɫɭɬ-

ɫɬɜɢɢ ɡɚɡɟɦɥɟɧɢɹ ɢɥɢ ɡɚɧɭɥɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ;  

– ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨ-

ɥɟɣ ɨɬ ɬɨɤɨɜ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ 50 Ƚɰ ɨɬ ɉɄ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, 

ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ, ɫɢɥɨɜɵɯ ɤɚɛɟɥɟɣ; 

– ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɚɧɢɬɚɪɧɵɦ ɧɨɪɦɚɦ ɜɢɡɭɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɢɫ-

ɩɥɟɟɜ, (ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɧɟɫɬɚɛɢɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ) ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɧɚ ɞɢɫɩɥɟɣ 

ɩɨɜɵɲɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ 

ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ 50 Ƚɰ, ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɩɪɹɦɨɣ ɢ ɨɬɪɚɠɟɧɧɨɣ 

ɛɥɟɫɬɤɨɫɬɢ, ɩɨɜɵɲɟɧɧɚɹ ɹɪɤɨɫɬɶ ɫɜɟɬɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ 

ɩɭɥɶɫɚɰɢɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɪɤɨɫɬɢ; 

– ɢɡɛɵɬɨɱɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɬɨɤɢ ɫɢɧɟ-ɮɢɨɥɟɬɨɜɨɝɨ ɫɜɟɬɚ ɨɬ ɷɤɪɚɧɚ 

ɞɢɫɩɥɟɹ ɜ ɜɢɞɢɦɨɦ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ, ɫɧɢɠɚɸɳɢɟ ɱɟɬ-

ɤɨɫɬɶ ɜɨɫɩɪɢɹɬɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɝɥɚɡɨɦ; 

– ɩɨɧɢɠɟɧɧɵɣ ɢɥɢ ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɨɫɜɟɳɟɧɧɨɫɬɢ; 

– ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ; 

– ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɡɚɩɵɥɟɧɧɨɫɬɢ ɜɨɡɞɭɯɚ ɪɚɛɨɱɟɣ ɡɨɧɵ ɨɬ ɜɧɟɲɧɢɯ 

ɢɫɬɨɱɧɢɤɨɜ; 

– ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɨɪɦɚɦ ɩɚɪɚɦɟɬɪɵ ɦɢɤɪɨɤɥɢɦɚɬɚ ɜɨɡɞɭɯɚ ɪɚɛɨɱɟɣ 

ɡɨɧɵ; 

– ɧɚɪɭɲɟɧɢɟ ɧɨɪɦ ɩɨ ɚɷɪɨɢɨɧɧɨɦɭ ɫɨɫɬɚɜɭ ɜɨɡɞɭɯɚ; 

– ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ ɨɬ ɪɚɛɨɬɚɸɳɢɯ ɜɟɧɬɢɥɹɬɨɪɚ ɨɯɥɚɠɞɟɧɢɹ 

ɉɄ ɢ ɩɪɢɧɬɟɪɚ; 

– ɩɨɜɵɲɟɧɧɵɟ ɡɪɢɬɟɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɢ ɚɞɢɧɚɦɢɹ ɝɥɚɡɧɵɯ ɦɵɲɰ, ɜ ɫɥɟɞ-

ɫɬɜɢɢ ɢɯ ɦɚɥɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɩɪɢ ɜɵɫɨɤɨɦ ɫɬɚɬɢɱɟɫɤɨɦ ɡɪɢɬɟɥɶɧɨɦ ɧɚɩɪɹɠɟ-

ɧɢɢ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ; 
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– ɦɨɧɨɬɨɧɧɨɫɬɶ ɬɪɭɞɚ; 

– ɩɨɜɵɲɟɧɧɨɟ ɭɦɫɬɜɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɩɟɪɟɪɚɛɚ-

ɬɵɜɚɟɦɨɣ ɢ ɭɫɜɚɢɜɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ; 

– ɮɢɡɢɱɟɫɤɨɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ ɦɵɲɰ ɩɨɡɜɨɧɨɱɧɢɤɚ, ɧɨɝ, ɪɭɤ, ɲɟɢ, ɝɥɚɡ; 

– ɩɨɜɵɲɟɧɧɨɟ ɧɟɪɜɧɨ-ɷɦɨɰɢɨɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 

Ⱦɥɢɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɞɚɧɧɵɯ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɨɩɟɪɚ-

ɬɨɪɚ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɨɬɤɥɨɧɟɧɢɹɦ ɜ ɫɨɫɬɨɹɧɢɢ ɟɝɨ ɡɞɨɪɨɜɶɹ. 

ɗɬɢ ɨɬɤɥɨɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɧɵ ɫɨ ɫɧɢɠɟɧɢɟɦ ɨɫɬɪɨɬɵ ɡɪɟɧɢɹ ɢ ɡɚɩɚɫɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɚɤɤɨɦɨɞɚɰɢɢ, ɪɚɡɜɢɬɢɹ ɛɥɢɡɨɪɭɤɨɫɬɢ, ɧɚɪɭɲɟɧɢɹ ɛɢɧɨɤɭɥɹɪɧɨ-

ɝɨ ɡɪɟɧɢɹ. ɇɟ ɢɫɤɥɸɱɚɸɬɫɹ ɮɢɡɢɱɟɫɤɢɟ ɧɟɞɨɦɨɝɚɧɢɹ, ɫɨɧɥɢɜɨɫɬɶ, ɝɨɥɨɜɧɵɟ ɛɨ-

ɥɢ ɜ ɨɛɥɚɫɬɢ ɧɚɞɛɪɨɜɢɣ, ɡɚɬɵɥɨɱɧɨɣ ɢ ɬɟɦɟɧɧɨɣ ɨɛɥɚɫɬɹɯ, ɨɧɟɦɟɧɢɟ ɤɨɧɟɱɧɨ-

ɫɬɟɣ, ɭɫɬɚɥɨɫɬɶ ɢ ɬ.ɩ.. ȼ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɧɟ ɢɫɤɥɸɱɚɸɬɫɹ ɩɫɢɯɢɱɟɫɤɢɟ ɪɚɫ-

ɫɬɪɨɣɫɬɜɚ ɢ ɧɟɪɜɧɨ-ɫɨɦɚɬɢɱɟɫɤɢɟ ɧɚɪɭɲɟɧɢɹ, ɪɨɫɬ ɱɢɫɥɚ ɨɲɢɛɨɤ, ɫɧɢɠɟɧɢɟ ɫɨ-

ɫɪɟɞɨɬɨɱɟɧɧɨɫɬɢ. 

6.3 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɨɞɛɨɪɭ ɩɟɪɫɨɧɚɥɚ 

Ɉɬɤɥɨɧɟɧɢɹ ɜ ɫɨɫɬɨɹɧɢɢ ɡɞɨɪɨɜɶɹ ɨɩɟɪɚɬɨɪɚ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɸɬ ɫ ɭɜɟɥɢɱɟ-

ɧɢɟɦ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɧɚ ɉɗȼɆ, ɩɨɷɬɨɦɭ, ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɞɨɤɭɦɟɧɬɵ 

[25,26,27,28] ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɫɨɧɚɥɭ, ɤɨɬɨɪɵɣ 

ɦɨɠɟɬ ɛɵɬɶ ɞɨɩɭɳɟɧ ɢɥɢ ɧɟ ɞɨɩɭɳɟɧ ɤ ɜɵɩɨɥɧɟɧɢɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. ȼ ɱɚɫɬɧɨ-

ɫɬɢ, ɤ ɬɚɤɨɣ ɪɚɛɨɬɟ ɧɟ ɞɨɩɭɫɤɚɸɬɫɹ ɥɢɰɚ ɦɨɥɨɠɟ 18 ɥɟɬ, ɥɢɰɚ ɧɟ ɩɪɨɲɟɞɲɢɟ 

ɨɛɹɡɚɬɟɥɶɧɵɣ ɦɟɞɢɰɢɧɫɤɢɣ ɨɫɦɨɬɪ ɢɥɢ ɢɦɟɸɳɢɟ ɦɟɞɢɰɢɧɫɤɢɟ ɩɪɨɬɢɜɨɩɨɤɚɡɚ-

ɧɢɹ, ɠɟɧɳɢɧɵ ɜɨ ɜɪɟɦɹ ɛɟɪɟɦɟɧɧɨɫɬɢ ɢ ɜ ɩɟɪɢɨɞ ɤɨɪɦɥɟɧɢɹ ɪɟɛɟɧɤɚ ɝɪɭɞɶɸ 

[26,27]. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɫɨɧɚɥɭ, ɞɨɩɭɳɟɧɧɨɦɭ ɤ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɨɩɟɪɚɬɨɪɨɜ, 

ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɨ ɩɪɨɯɨɠɞɟɧɢɢ ɫɩɟɰɢɚɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɨ ɨɯɪɚɧɟ 

ɬɪɭɞɚ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɹɬ: 

– ɩɫɢɯɨɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ ɧɚ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɭɸ ɩɪɢɝɨɞ-

ɧɨɫɬɶ; 

– ɜɜɨɞɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ; 

– ɩɟɪɜɢɱɧɵɣ ɢ ɩɨɜɬɨɪɧɵɣ ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ; 
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– ɨɛɭɱɟɧɢɟ ɩɪɢɧɰɢɩɚɦ ɪɚɛɨɬɵ ɫ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɨɣ, ɫɩɟɰɢɚɥɶɧɨɟ 

ɨɛɭɱɟɧɢɟ ɩɨ ɪɚɛɨɬɟ ɧɚ ɉɗȼɆ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɤɪɟɬɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ; 

– ɚɬɬɟɫɬɚɰɢɹ ɩɨ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɫ ɩɪɢɫɜɨɟɧɢɟɦ, ɤɚɤ ɦɢɧɢɦɭɦ, I ɤɜɚ-

ɥɢɮɢɤɚɰɢɨɧɧɨɣ ɝɪɭɩɩɵ, ɞɥɹ ɨɩɟɪɚɬɨɪɨɜ, ɡɚɧɹɬɵɯ ɪɟɦɨɧɬɨɦ ɢ ɧɚɥɚɞɤɨɣ ɉɗȼɆ 

ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ - III ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɝɪɭɩɩɵ; 

– ɨɛɭɱɟɧɢɟ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɩɪɢɟɦɚɦ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɩɨɦɨɳɢ ɩɨɫɬɪɚ-

ɞɚɜɲɢɦ ɨɬ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ [26,27]. 

6.4 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɷɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɦɚɲɢɧɚɦ ɢ 
ɩɨɦɟɳɟɧɢɹɦ 

Ɍɪɟɛɨɜɚɧɢɹ ɛɭɞɭɬ ɧɟ ɩɨɥɧɵɦɢ, ɟɫɥɢ ɧɟ ɭɤɚɡɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ, 

ɤɨɬɨɪɵɟ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɦɟɛɟɥɢ ɢ ɩɨɦɟɳɟɧɢɸ, ɜ ɤɨɬɨɪɨɦ ɨɪ-

ɝɚɧɢɡɨɜɚɧɨ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɨɩɟɪɚɬɨɪɚ.  

ȼɨ-ɩɟɪɜɵɯ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɪɚɛɨɬɟ ɨɩɟɪɚɬɨɪɚ ɉɗȼɆ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬ-

ɫɬɜɨɜɚɬɶ ɧɨɪɦɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɟɪɬɢ-

ɮɢɤɚɬɨɦ ɢ ɝɢɝɢɟɧɢɱɟɫɤɢɦ ɡɚɤɥɸɱɟɧɢɟɦ. 

ȼɨ-ɜɬɨɪɵɯ, ɞɨɩɭɫɬɢɦɵɟ ɭɪɨɜɧɢ ɡɜɭɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɭɪɨɜɧɟɣ ɡɜɭɤɚ, ɭɪɨɜ-

ɧɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ, ɫɨɡɞɚɜɚɟɦɵɯ ɉɗȼɆ, ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ ɡɧɚ-

ɱɟɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɋɚɧɉɢɇ 2.2.4.3359-16 [28].Ʉɨɧɫɬɪɭɤɰɢɹ ɉɄ ɞɨɥɠɧɚ 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɨɪɨɬɚ ɤɨɪɩɭɫɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ ɫ ɮɢɤɫɚɰɢɟɣ ɜ ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɢ ɞɨɥɠɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɪɟɝɭ-

ɥɢɪɨɜɚɧɢɟ ɹɪɤɨɫɬɢ ɢ ɤɨɧɬɪɚɫɬɧɨɫɬɢ [25]. 

Ɋɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɩɨɦɟɳɟɧɢɢ ɨɩɟɪɚɬɨɪɚ ɦɟɛɟɥɶ, ɨɪɝɬɟɯɧɢɤɚ ɢ ɞɪɭɝɨɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ, ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɷɪɝɨɧɨɦɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɜɤɥɸɱɚɹ 

ɢɯ ɨɤɪɚɫɤɭ ɢ ɤɨɧɫɬɪɭɤɰɢɸ, ɩɪɢ ɷɬɨɦ ɉɗȼɆ ɫɥɟɞɭɟɬ ɪɚɫɩɨɥɚɝɚɬɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 

ɧɟ ɦɟɧɟɟ 1,5 ɦ ɨɬ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɢɫɤɥɸɱɢɬɶ ɩɨɩɚɞɚɧɢɟ ɩɪɹɦɵɯ ɫɨɥ-

ɧɟɱɧɵɯ ɥɭɱɟɣ ɧɚ ɟɝɨ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɩɨɦɟɳɟɧɢ-

ɹɦ, ɝɞɟ ɛɭɞɭɬ ɨɪɝɚɧɢɡɨɜɚɧɵ ɪɚɛɨɱɢɟ ɦɟɫɬɚ ɨɩɟɪɚɬɨɪɨɜ ɉɗȼɆ, ɜɵɞɟɥɢɦ ɧɚɢɛɨ-

ɥɟɟ ɡɧɚɱɢɦɵɟ ɢɡ ɧɢɯ. 
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ȼɨ-ɩɟɪɜɵɯ, ɞɚɧɧɵɟ ɩɨɦɟɳɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɫɥɟɞɭɸɳɢɦɢ 

ɫɢɫɬɟɦɚɦɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ: 

– ɨɫɜɟɳɟɧɢɹ (ɟɫɬɟɫɬɜɟɧɧɨɟ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɨɟ, ɨɛɳɟɟ ɢɥɢ ɤɨɦɛɢɧɢɪɨɜɚɧ-

ɧɨɟ), ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɫɨɡɞɚɧɢɟ ɫɜɟɬɨɜɨɣ ɫɪɟɞɵ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɨɩɟɪɚɬɨɪɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ [25,27]; 

– ɜɟɧɬɢɥɹɰɢɢ, ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɨɬɨɩɥɟɧɢɹ, ɫɨɡɞɚɸɳɢɦɢ ɨɩɬɢɦɚɥɶ-

ɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɢɤɪɨɤɥɢɦɚɬɚ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɜ ɯɨɥɨɞɧɵɣ ɢ ɬɟɩɥɵɣ ɩɟɪɢɨɞ 

ɝɨɞɚ ɞɥɹ ɤɚɬɟɝɨɪɢɢ ɪɚɛɨɬ 1ɚ ɢ 1ɛ [25,27]; 

– ɭɫɬɪɨɣɫɬɜɚɦɢ ɡɚɳɢɬɵ ɨɬ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ (ɡɚɳɢɬɧɵɦ 

ɡɚɡɟɦɥɟɧɢɟɦ, ɡɚɧɭɥɟɧɢɟɦ), ɡɚɳɢɬɧɵɦ ɨɬɤɥɸɱɟɧɢɟɦ –ɍɁɈ. 

Ⱦɥɹ ɜɧɭɬɪɟɧɧɟɣ ɨɬɞɟɥɤɢ ɢɧɬɟɪɶɟɪɚ ɩɨɦɟɳɟɧɢɣ, ɝɞɟ ɪɚɫɩɨɥɨɠɟɧɵ ɉɗȼɆ, 

ɞɨɥɠɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɢɮɮɭɡɧɨ ɨɬɪɚɠɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɨɬɪɚɠɟɧɢɹ ɞɥɹ ɩɨɬɨɥɤɚ - 0,7 - 0,8; ɞɥɹ ɫɬɟɧ - 0,5 - 0,6; ɞɥɹ ɩɨɥɚ - 0,3 - 0,5 [25]. 

ȼɨ-ɜɬɨɪɵɯ, ɫɨɞɟɪɠɚɧɢɟ ɜɪɟɞɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧ-

ɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, ɜ ɤɨɬɨɪɵɯ ɪɚɛɨɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɗȼɆ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜ-

ɧɨɣ (ɞɢɫɩɟɬɱɟɪɫɤɢɟ, ɨɩɟɪɚɬɨɪɫɤɢɟ, ɪɚɫɱɟɬɧɵɟ, ɤɚɛɢɧɵ ɢ ɩɨɫɬɵ ɭɩɪɚɜɥɟɧɢɹ, ɡɚ-

ɥɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɞɪ.), ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢ-

ɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ ɧɚɫɟɥɟɧɧɵɯ 

ɦɟɫɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɝɢɝɢɟɧɢɱɟɫɤɢɦɢ ɧɨɪɦɚɬɢɜɚɦɢ.  ȼ ɷɬɢɯ 

ɩɨɦɟɳɟɧɢɹɯ ɩɪɨɜɨɞɢɬɫɹ ɟɠɟɞɧɟɜɧɚɹ ɜɥɚɠɧɚɹ ɭɛɨɪɤɚ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɟ ɩɪɨ-

ɜɟɬɪɢɜɚɧɢɟ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɱɚɫɚ ɪɚɛɨɬɵ ɧɚ ɉɗȼɆ. 

6.5 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɪɟɠɢɦɭ ɬɪɭɞɚ ɢ ɨɬɞɵɯɚ ɨɩɟɪɚɬɨɪɚ 

ɉɪɚɜɢɥɶɧɨ ɨɪɝɚɧɢɡɨɜɚɧɧɵɣ ɩɪɨɰɟɫɫ ɬɪɭɞɚ ɢ ɨɬɞɵɯɚ ɨɩɟɪɚɬɨɪɚ ɉɗȼɆ 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɱɟɥɨɜɟɤɚ 

ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɨɡɞɚɧɢɸ ɤɨɦɮɨɪɬɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ.  Ɉɫɧɨɜ-

ɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɪɝɚɧɢɡɚɰɢɢ ɪɟɠɢɦɚ ɬɪɭɞɚ ɢ ɨɬɞɵɯɚ ɪɚɛɨɬɧɢɤɨɜ ɨɪɝɚɧɢɡɚɰɢɣ 

ɢɡɥɨɠɟɧɵ ɜ Ɍɪɭɞɨɜɨɦ ɤɨɞɟɤɫɟ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɝɞɟ ɭɤɚɡɚɧɨ, ɱɬɨ ɪɟɠɢɦ 

ɬɪɭɞɚ ɢ ɨɬɞɵɯɚ ɪɚɛɨɬɧɢɤɨɜ ɨɪɝɚɧɢɡɭɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɭɞɨɜɵɦ ɡɚɤɨɧɨɞɚ-

ɬɟɥɶɫɬɜɨɦ ɢ ɢɧɵɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɩɪɚɜɨɜɵɦɢ ɚɤɬɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɧɨɪɦɵ 

ɬɪɭɞɨɜɨɝɨ ɩɪɚɜɚ. 
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɊȾ 153-34.0-03.2.98-

2001, ɪɟɠɢɦ ɬɪɭɞɚ ɢ ɨɬɞɵɯɚ ɨɩɟɪɚɬɨɪɚ ɉɗȼɆ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɛɨɬɨɞɚɬɟɥɟɦ 

ɩɨ ɜɡɚɢɦɧɨɣ ɞɨɝɨɜɨɪɟɧɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɌɄ ɊɎ ɢ Ʉɨɥɥɟɤɬɢɜɧɵɦ ɞɨɝɨɜɨ-

ɪɨɦ ɦɟɠɞɭ ɪɚɛɨɬɧɢɤɚɦɢ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɪɚɛɨɬɨɞɚɬɟɥɟɦ ɢ ɡɚɤɪɟɩɥɹɟɬɫɹ ɬɪɭɞɨ-

ɜɵɦ ɞɨɝɨɜɨɪɨɦ. 

ȼɪɟɦɹ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɨɬɞɵɯ ɢ ɥɢɱɧɵɟ ɧɚɞɨɛɧɨɫɬɢ 

ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 14 % ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ, ɩɪɢ ɷɬɨɦ ɞɨɥɹ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧ-

ɧɵɯ ɩɟɪɟɪɵɜɨɜ ɧɚ ɨɬɞɵɯ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 8-10 % ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɪɵɜɚ ɞɥɹ ɩɪɢɟɦɚ ɩɢɳɢ ɨɩɪɟɞɟɥɹɟɬɫɹ Ɍɪɭɞɨɜɵɦ 

ɤɨɞɟɤɫɨɦ ɢ ɩɪɚɜɢɥɚɦɢ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɭɞɨɜɨɝɨ ɪɚɫɩɨɪɹɞɤɚ ɨɪɝɚɧɢɡɚɰɢɢ, ɧɨ ɧɟ 

ɦɟɧɟɟ 30 ɦɢɧɭɬ ɢ ɧɟ ɛɨɥɟɟ 2 ɱɚɫɨɜ ɜ ɫɦɟɧɭ. 

Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɪɟɠɢɦ ɬɪɭɞɚ ɢ ɨɬɞɵɯɚ ɞɥɹ ɨɩɟɪɚɬɨɪɚ ɉɗȼɆ ɩɪɢɜɟɞɟɧ ɜ 

ɩɪɢɥɨɠɟɧɢɢ 3 [27] ɢ ɜ ɩɪɢɥɨɠɟɧɢɢ 7 [25]. 

ɋɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɧɚ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɟ ɩɟɪɟɪɵɜɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɭɫɬɚ-

ɧɚɜɥɢɜɚɬɶ ɜ ɡɚɜɢɫɢɦɨ ɨɬ ɤɚɬɟɝɨɪɢɢ ɬɪɭɞɨɜɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɭɪɨɜɧɹ ɧɚɝɪɭɡɤɢ ɡɚ 

ɪɚɛɨɱɭɸ ɫɦɟɧɭ ɩɪɢ ɪɚɛɨɬɟ ɨɩɟɪɚɬɨɪɚ ɡɚ ɉɗȼɆ.  

ɇɢɠɟ, ɜ ɬɚɛɥɢɰɟ 16, ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɦ-

ɦɚɪɧɨɝɨ ɜɪɟɦɟɧɢ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɩɟɪɟɪɵɜɨɜ ɞɥɹ ɨɩɟɪɚɬɨɪɨɜ ɉɗȼɆ [1]. 

Ɍɚɛɥɢɰɚ 16 – ɋɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɩɟɪɟɪɵɜɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ, ɜɢɞɚ ɢ ɤɚɬɟɝɨɪɢɢ ɬɪɭɞɨɜɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɫ 

ɉɗȼɆ 

Ʉɚ-
ɬɟɝɨɪɢɹ ɪɚ-

ɛɨɬɵ ɫ 
ɉɗȼɆ 

ɍɪɨɜɟɧɶ ɧɚɝɪɭɡɤɢ ɡɚ ɪɚɛɨɱɭɸ ɫɦɟɧɭ 
ɩɪɢ ɜɢɞɚɯ ɪɚɛɨɬ ɫ ɉɗȼɆ 

ɋɭɦɦɚɪɧɨɟ ɜɪɟɦɹ ɪɟɝɥɚ-
ɦɟɧɬɢɪɨɜɚɧɧɵɯ ɩɟɪɟɪɵɜɨɜ, ɦɢɧ 

ɝɪɭɩɩɚ Ⱥ, 
ɤɨɥɢɱɟɫɬɜɨ ɡɧɚ-

ɤɨɜ 

ɝɪɭɩɩɚ Ȼ, 
ɤɨɥɢɱɟɫɬɜɨ ɡɧɚ-

ɤɨɜ 

ɝɪɭɩ
ɩɚ ȼ, ɱ 

ɩɪɢ 8-
ɱɚɫɨɜɨɣ ɫɦɟɧɟ 

ɩɪɢ 12-
ɱɚɫɨɜɨɣ ɫɦɟɧɟ 

I ɞɨ 20000 ɞɨ 15000 ɞɨ 2 50 80 
II ɞɨ 40000 ɞɨ 30000 ɞɨ 4 70 110 
III ɞɨ 60000 ɞɨ 40000 ɞɨ 6 90 140 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ ɫ ȼȾɌ ɛɟɡ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨ-

ɝɨ ɩɟɪɟɪɵɜɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 1 ɱ. ɉɪɢ ɪɚɛɨɬɟ ɫ ɉɗȼɆ ɜ ɧɨɱɧɭɸ ɫɦɟɧɭ (ɫ 

22 ɞɨ 6 ɱ), ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɤɚɬɟɝɨɪɢɢ ɢ ɜɢɞɚ ɬɪɭɞɨɜɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɩɪɨɞɨɥɠɢ-

ɬɟɥɶɧɨɫɬɶ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɯ ɩɟɪɟɪɵɜɨɜ ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɢɜɚɬɶ ɧɚ 30 % [25]. 
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ɂɧɞɢɜɢɞɭɚɥɶɧɵɣ ɩɨɞɯɨɞ ɜ ɨɝɪɚɧɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɧɚ ɉɄ, ɤɨɪɪɟɤ-

ɰɢɹ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɪɵɜɨɜ ɞɥɹ ɨɬɞɵɯɚ ɢɥɢ ɫɦɟɧɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚ ɞɪɭɝɭɸ, ɧɟ 

ɫɜɹɡɚɧɧɭɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɄ, ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɥɭɱɚɹɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɭ ɪɚ-

ɛɨɬɚɸɳɢɯ ɧɚ ɉɄ ɡɪɢɬɟɥɶɧɨɝɨ ɞɢɫɤɨɦɮɨɪɬɚ ɢ ɞɪɭɝɢɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɫɭɛɴɟɤ-

ɬɢɜɧɵɯ ɨɳɭɳɟɧɢɣ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɨɛɥɸɞɟɧɢɟ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ, ɷɪɝɨɧɨ-

ɦɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɪɟɠɢɦɚ ɬɪɭɞɚ ɢ ɨɬɞɵɯɚ [27]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɛɥɸɞɟɧɢɟ ɢɡɥɨɠɟɧɧɵɯ ɜɵɲɟ ɧɨɪɦ ɢ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡ-

ɨɩɚɫɧɨɫɬɢ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ ɨɩɟɪɚɬɨɪɚ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ Ɋɚɣɱɢ-

ɯɢɧɫɤɨɣ ȽɊɗɋ, ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧɚ ɛɟɡɨɩɚɫɧɚɹ ɪɚɛɨɬɚ ɜɫɟɝɨ 

ɩɪɟɞɩɪɢɹɬɢɹ.  
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɢɡɭɱɟɧ ɨɛɴɟɤɬ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɪɚɫɫɦɨɬɪɟɧɚ ɫɬɪɭɤɬɭɪɚ ɫɭɳɟɫɬɜɭɸɳɟɣ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɜɵɹɜɥɟɧɵ ɟɟ ɧɟɞɨɫɬɚɬɤɢ, ɩɨɫɬɚɜɥɟɧɵ ɡɚɞɚɱɢ ɟɟ ɦɨɞɟɪɧɢ-

ɡɚɰɢɢ; 

– ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ; 

– ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɪɚɡɪɚɛɨɬɚɧɚ 

ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɢɯ ɫɨɟɞɢɧɟɧɢɣ; 

– ɩɪɟɞɥɨɠɟɧ ɷɫɤɢɡ ɥɢɰɟɜɨɣ ɩɚɧɟɥɢ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ; 

– ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɧɚɹ ɦɨɞɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɪɨɬɨ-

ɬɢɩ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟɧɢɹ; 

– ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɫɢɫɬɟɦɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɫɭɩɟɪɜɢɡɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; 

– ɞɚɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɚɫɧɵɯ ɢ ɜɪɟɞɧɵɯ ɮɚɤɬɨɪɨɜ ɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ 

ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



90 
 

ȻɂȻɅɂɈȽɊȺɎɂɑȿɋɄɂɃ ɋɉɂɋɈɄ 
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23_11451_siemens_simatic_s7_1200_programmiruemyy_kontroller.pdf.- 10.05.2016 

2 ȻɊɍ-7 ȻɊɍ-7Ʉ1 Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɉɊɆɄ.422419.002 Ɋɗ 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].- Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://zelaz.ru/files/device /rukovodstvo 

_bru-7.pdf. – 30.06.2016 

3 Ȼɍ21 Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].- Ɋɟɠɢɦ ɞɨ-

ɫɬɭɩɚ: http://kubankipservice.pro/download/documentation/Pasport_na_BU 21.pdf. – 

6.05.2016 

4 ȼɵɫɨɤɨɜɨɥɶɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɫɟɪɢɢ «Ƚɟɪɤɭɥɟɫ». Ɋɭɤɨɜɨɞ-

ɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɈɈɈ «ɇɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ɂɁɆȿ-

ɊɂɌȿɅɖɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɋɉɛ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].- Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://it-spb.ru/produktsiya/vysokovoltnyy-preobrazovatel-chastoty-gerkules.- 

10.07.2016 

5 ȽɈɋɌ 19.701–90. ɋɯɟɦɵ ɚɥɝɨɪɢɬɦɨɜ, ɩɪɨɝɪɚɦɦ, ɞɚɧɧɵɯ ɢ ɫɢɫɬɟɦ. – Ɇ.: 

ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1992. – 23 ɫ. 

6 ȽɈɋɌ 21.404–85. Ɉɛɨɡɧɚɱɟɧɢɹ ɭɫɥɨɜɧɵɟ ɩɪɢɛɨɪɨɜ ɢ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢ-

ɡɚɰɢɢ ɜ ɫɯɟɦɚɯ. – Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1986. – 8 ɫ. 

7 Ƚɪɢɧɲɬɟɣɧ, Ȼ.ɂ. Ɉɩɵɬ ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɹ ɬɢɪɢɫɬɨɪɧɵɯ ɩɪɟɨɛɪɚ-

ɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɞɥɹ ɩɭɫɤɚ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɦɨɳɧɵɯ ɫɢɧ-

ɯɪɨɧɧɵɯ ɦɚɲɢɧ // Ⱥ.Ɇ. Ʉɨɥɨɤɨɥɤɢɧ, Ⱥ.ɇ. Ɍɚɪɚɫɨɜ, ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ. 

2005. № 8.- ɋ. 45-53. 

8 Ƚɭɡɟɟɜ Ȼ.ȼ., ɏɚɤɢɦɶɹɧɨɜ Ɇ.ɂ. ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɜɵɫɨɤɨ-

ɜɨɥɶɬɧɵɟ  ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɚɫɢɧɯɪɨɧɧɵɯ ɢ ɫɢɧ-

ɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ// ɗɥɟɤɬɪɨɧɧɵɣ ɧɚɭɱɧɵɣ ɠɭɪɧɚɥ «ɇɟɮɬɟɝɚɡɨɜɨɟ ɞɟɥɨ», 

2011, № 3 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].- Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  http://www.ogbus.ru.- 

11.08.2016 

http://s79292.cdn3.setup.ru/u/73/a30325a355fde624c7f9420ca7e5e6/
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9 ɂɜɚɧɰɨɜ ȼ.ȼ. ɐɟɧɵ ɢ ɫɪɨɤɢ ɨɤɭɩɚɟɦɨɫɬɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɱɚɫɬɨɬɧɨ-

ɪɟɝɭɥɢɪɭɟɦɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɚɲɢɧ (ɞɵɦɨɫɨɫɨɜ ɢ ɜɟɧɬɢɥɹɬɨ-

ɪɨɜ).-  ɋɚɣɬ ɤɨɦɩɚɧɢɢ «ɗɪɚɫɢɛ». [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].- Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://www.erasib.ru/staty/price-ROI-cement-fan/. – 20.07.2016 

10 Ʌɚɡɚɪɟɜ Ƚ.Ȼ. ȼɵɫɨɤɨɜɨɥɶɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɞɥɹ ɱɚɫɬɨɬɧɨ-

ɪɟɝɭɥɢɪɭɟ- ɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɉɨɫɬɪɨɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦ // ɇɨɜɨɫɬɢ 

ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ. 2005. № 2 (32). C. 30-36. [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].- Ɋɟɠɢɦ ɞɨɫɬɭ-

ɩɚ: http://www.news.elteh.ru/arh/2005/32/10.php. – 10.09.2016 

11 Ɇɟɯɚɧɢɡɦɵ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɨɞɧɨɨɛɨɪɨɬɧɵɟ ɆɗɈ(Ɏ). 

Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ əɅȻɂ.421321.073 Ɋɗ // ɈȺɈ ȺȻɋ ɁɗɂɆ Ⱥɜɬɨ-

ɦɚɬɢɡɚɰɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].- Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: www.zeim.ru/ 

production/docs/re/53.pdf. -12.09.2016 

12 Ɇɭɯɚɦɚɞɟɟɜ Ⱥ.Ɋ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɢ ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɧɨɝɨ 

ɩɭɫɤɚ ɞɥɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ // ɗɧɟɪɝɟɬɢɤɚ Ɍɚɬɚɪɫɬɚɧɚ. 2010. 

№ 17. ɋ. 44-53. 

13 ɇɚɪɨɞɧɢɰɤɢɣ Ⱥ.Ƚ. ɑɚɫɬɨɬɧɨ ɪɟɝɭɥɢɪɭɟɦɵɟ ɩɪɢɜɨɞɵ ɢ ɷɧɟɪɝɨɪɚɫɩɪɟɞɟ-

ɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ // ɐɟɦɟɧɬ ɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ. 2008. № 4. ɋ. 38-41.  

14 ɈɋɌ 36.13-90. ɓɢɬɵ ɢ ɩɭɥɶɬɵ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ. – Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1990. – 53 ɫ.  

15 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɋɚɩɮɢɪ-22Ɇ. Ɍɟɯɧɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ 

ɢ ɢɧɫɬɪɭɤɰɢɹ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ 08906128 Ɋɗ// ɁȺɈ «Ɇɚɧɨɦɟɬɪ» [ɗɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ].- Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://priborika.ru/omishop/01/0115/011500/s22m_ 

perekl.pdf.- 10.10.2016 

16 ɉɭɫɤɚɬɟɥɶ ɛɟɫɤɨɧɬɚɤɬɧɵɣ  ɪɟɜɟɪɫɢɜɧɵɣ ɉȻɊ-3. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫ-

ɩɥɭɚɬɚɰɢɢ əɅȻɂ.421235.001 Ɋɗ// ɈȺɈ ȺȻɋ ɁɗɂɆ. www.zeim.ru/production/ 

docs/d/13389.pdf.  

17 ɊɆ 4-51-90. ɉɪɢɧɰɢɩɵ ɤɨɦɩɨɧɨɜɤɢ ɳɢɬɨɜ ɢ ɩɭɥɶɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. – Ɇ.: 

ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1990. – 28 ɫ.  

18 ɋɚɣɬ ɝɪɭɩɩɵ ɤɨɦɩɚɧɢɢ IEK [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ].- ɤɚɬɚɥɨɝ ɩɪɨɞɭɤ-

ɰɢɢ. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.iek.ru/. – 12.10.2016 
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19 ɋɚɣɬ ɤɨɦɩɚɧɢɢ 3S-Smart Software Solutions GmbH & CODESYS/ 

https://www.codesys.com/. – 16.11.2016 

20 ɋɚɣɬ ɤɨɦɩɚɧɢɢ AdAstrA Research Group Ltd [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.adastra.ru. – 18.11.2016 

21 ɋɚɣɬ ɤɨɦɩɚɧɢɢ ɈɈɈ  ɉɪɨɦɷɧɟɪɝɨ Ⱥɜɬɨɦɚɬɢɤɚ Ⱥɜɬɨɪɢɡɨɜɚɧɧɵɣ ɞɢɫ-

ɬɪɢɛɶɸɬɨɪ Siemens ɜ Ɋɨɫɫɢɢ  https://www.siemens-pro.ru/soft/tia-portal.html. 

22 ɋɚɣɬ ɤɨɦɩɚɧɢɢ ɈɈɈ «Ɉȼȿɇ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ɤɚɬɚɥɨɝ ɩɪɨɞɭɤ-

ɰɢɢ. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http:// ww.owen.ru. – 20.11.2016 

23 ɋɚɣɬ ɤɨɦɩɚɧɢɢ ɈɈɈ «Ɋɨɫɫɢɣɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɚɹ ɤɨɦɩɚɧɢɹ 

KIPPRIBOR» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. - ɤɚɬɚɥɨɝ ɩɪɨɞɭɤɰɢɢ. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://kippribor.ru/. – 29.12.2016 

24 ɒɤɟɪɞɢɧ Ⱦ.Ƚ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɜ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɦ ɩɪɢɜɨɞɟ 

ɧɚɫɨɫɨɜ // ȼɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɫɚɧɢɬɚɪɧɚɹ ɬɟɯɧɢɤɚ. 2004. №7. ɋ. 29-32.   

25 ɋɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɚɜɢɥɚ ɢ ɧɨɪɦɚɬɢɜɵ ɋɚɧɉɢɇ 

2.2.2/2.4.1340-03 " «Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɟɪɫɨɧɚɥɶɧɵɦ ɷɥɟɤɬɪɨɧɧɨ-

ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɦɚɲɢɧɚɦ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬɵ»», ɭɬɜɟɪɠɞɟɧɧɵɟ ɩɨɫɬɚɧɨɜ-

ɥɟɧɢɟɦ Ƚɥɚɜɧɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ ɜɪɚɱɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

ɨɬ 03.06.2003 N 118 (ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ Ɇɢɧɢɫɬɟɪɫɬɜɨɦ ɸɫɬɢɰɢɢ Ɋɨɫɫɢɣɫɤɨɣ 

Ɏɟɞɟɪɚɰɢɢ 10.06.2003, ɪɟɝɢɫɬɪɚɰɢɨɧɧɵɣ ɧɨɦɟɪ 4673);[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.consultant.ru/cons/cgi/online.cgi?req=doc; base=LAW; 

n=41812#0. – 22.12.2016 

26  ɉɪɢɤɚɡ Ɇɢɧɬɪɭɞɚ Ɋɨɫɫɢɢ ɨɬ 17.08.2015 № 551ɧ «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ 

ɉɪɚɜɢɥ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɩɥɨɜɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ» (Ɂɚɪɟɝɢ-

ɫɬɪɢɪɨɜɚɧɨ ɜ Ɇɢɧɸɫɬɟ Ɋɨɫɫɢɢ 05.10.2015 № 39138).[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-

ɫɭɪɫ]http://www.consultant.ru/cons/cgi/online.cgi?req=doc;base=LAW;n=41812#0 – 

24.12.2016 

27 Ɍɢɩɨɜɚɹ ɂɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɟɪɫɨɧɚɥɶ-

ɧɵɦɢ ɷɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɦɚɲɢɧɚɦɢ (ɉɗȼɆ) ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ 

(ɊȾ 153-34.0-03.2.98-2001).[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
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http://www.consultant.ru/cons/cgi/online.cgi?req=doc;base=LAW;n=41812#0. – 

25.12.2016 

28 ɋɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɚɜɢɥɚ ɢ ɧɨɪɦɚɬɢɜɵ ɋɚɧɉɢɇ 

2.2.4.3359-16 "ɋɚɧɢɬɚɪɧɨ-ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɮɢɡɢɱɟɫɤɢɦ ɮɚɤ-

ɬɨɪɚɦ ɧɚ ɪɚɛɨɱɢɯ ɦɟɫɬɚɯ", ɭɬɜɟɪɠɞɟɧɧɵɟ ɩɨɫɬɚɧɨɜɥɟɧɢɟɦ Ƚɥɚɜɧɨɝɨ ɝɨɫɭɞɚɪ-

ɫɬɜɟɧɧɨɝɨ ɫɚɧɢɬɚɪɧɨɝɨ ɜɪɚɱɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 21.06.2016 N 81 (ɡɚɪɟ-

ɝɢɫɬɪɢɪɨɜɚɧɨ Ɇɢɧɢɫɬɟɪɫɬɜɨɦ ɸɫɬɢɰɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 08.08.2016, ɪɟ-

ɝɢɫɬɪɚɰɢɨɧɧɵɣ ɧɨɦɟɪ 43153). [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. - Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://mooml.com/. – 1.02.2017 

29 «Ɍɪɭɞɨɜɨɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ» ɨɬ 30.12.2001 Ɏɟɞɟɪɚɥɶɧɵɣ 

ɡɚɤɨɧ № 197-ɎɁ (ɫ ɢɡɦ. ɢ ɞɨɩ.). ɞɨɤɭɦɟɧɬ ɩɪɟɞɫɬɚɜɥɟɧ Ʉɨɧɫɭɥɶɬɚɧɬɉɥɸɫ.  Ɋɟ-

ɠɢɦ ɞɨɫɬɭɩɚ: www.consultant.ru. – 12.12.2016 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ DS (ɞɵɦɨɫɨɫ) 
FUNCTION_BLOCK DS 
VAR_INPUT 
 freq:REAL; (*ɱɚɫɬɨɬɚ ɉЧ*) 
 na_poz:REAL; (*ɩɨɥɨɠɟɧɢɟ ɇА*) 
END_VAR 

VAR_OUTPUT 
 Q:REAL; 
END_VAR 
Q:=freq*na_poz/100; 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ NA (ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ) 
FUNCTION_BLOCK NA 
VAR_INPUT 
 open,close:BOOL; 
END_VAR 
VAR_OUTPUT 

 Pol:REAL; 
 op_ed,cl_ed:BOOL; 
END_VAR 
VAR 
 Polog:REAL; 
 Integ:INTEGRAL; 
 opened, closed:BOOL; 
END_VAR 

IF open AND NOT close AND NOT opened THEN 
 Integ(IN:=2,TM:=10); 
ELSIF close  AND NOT open AND NOT closed THEN 
 Integ(IN:=-2,TM:=10); 
END_IF 
Polog:=Integ.OUT+100; 
IF Polog >= 100 THEN 
 Polog:=100; 
 opened:=TRUE; 
ELSIF Polog <= 0 THEN 
 Polog:=0; 
 closed:=TRUE; 
ELSE 
 opened:=FALSE; 
 closed:=FALSE; 
END_IF 
Pol:=Polog; 
op_ed:=opened; 
cl_ed:=closed; 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ PCH (ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ) 
FUNCTION_BLOCK PCH 
VAR_INPUT 
 ref_freq:REAL; 
 do_reg_mode, do_dir_mode, stop:BOOL; 
 do_alarm, do_fail:BOOL; 

END_VAR 
VAR_OUTPUT 
 freq:REAL; 
 reg_mode, dir_mode:BOOL; 
 normal,alarm, fail:BOOL; 
END_VAR 
VAR 
 PCH_freq:REAL; 

 Integ:INTEGRAL; 
 mode:BYTE:=1; (*0 - ɫɬɨɩ, 1 - ɱɚɫɬɨɬɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, 2 - 
ɩɪɹɦɨɟ ɜɤɥɸɱɟɧɢɟ*) 
 error:REAL; 
 freq_begin: REAL:=53; 
END_VAR  
 
CASE mode OF 
0:  
 PCH_freq:=0; 
 Integ(RESET:=TRUE); 
 IF do_reg_mode THEN 
  mode:=1; 
 ELSIF do_dir_mode THEN 
  mode:=2; 
 END_IF 
 freq:=0; 
 reg_mode:=FALSE; 
 dir_mode:=FALSE; 
 normal:=FALSE; 
 alarm:=do_alarm; 
 fail:=do_fail; 
 freq_begin:=0; 
1: 
 error:=ref_freq - PCH_freq; 
 IF error >0.01 AND PCH_freq < 100 THEN 
  Integ(IN:=2,TM:=10, RESET:=FALSE); 
 ELSIF error < -0.01 AND PCH_freq > 0 THEN 
  Integ(IN:=-2,TM:=10, RESET:=FALSE); 
 END_IF 
 PCH_freq:=Integ.OUT+freq_begin; 
 IF PCH_freq > 100 THEN 
  PCH_freq:=100; 
 ELSIF PCH_freq < 0 THEN 
  PCH_freq:=0; 
 END_IF 
 freq:=PCH_freq; 
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 reg_mode:=TRUE; 
 dir_mode:=FALSE; 
 normal:=TRUE; 
 alarm:=do_alarm; 
 fail:=do_fail; 
 IF (do_dir_mode AND NOT do_reg_mode) OR do_fail THEN 
  mode:=2; 
 ELSIF stop THEN 
  mode:=0; 
 END_IF 
2: 
 Integ(RESET:=TRUE); 
 PCH_freq:=0; 
 freq:=100; 
 reg_mode:=FALSE; 
 dir_mode:=TRUE; 
 normal:=FALSE; 
 alarm:=do_alarm; 
 fail:=do_fail; 
 freq_begin:=100; 
 IF (do_reg_mode) AND (NOT do_dir_mode) AND (NOT do_fail) THEN 
  mode:=1; 
 ELSIF stop THEN 
  mode:=0; 
 END_IF 
END_CASE 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 

ɉɪɨɝɪɚɦɦɚ MODEL (ɦɨɞɟɥɶ ɚɩɩɚɪɚɬɭɪɵ) 
PROGRAM MODEL 
VAR 
(*ЩɂɌ ɍɉɊАȼЛЕɇɂə*) 
HL1, HL2:BOOL; (*ɢɧɞɢɤɚɰɢɹ ɪɚɡɪɟɠɟɧɢɹ - ɧɨɪɦɚ, ɜɵɯɨɞ ɡɚ ɩɪɟɞɟɥɵ*) 
SB1, SB3: BOOL; (*ɤɧɨɩɢɤ ɨɫɬɚɧɨɜɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ*) 
K1,K4:BOOL; (*ɪɟɥɟ ɨɫɬɚɧɨɜɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ*) 
 
SB2:BOOL; (*ɤɧɨɩɤɚ ɫ ɩɨɞɫɜɟɬɤɨɣ ɩɟɪɟɜɨɞɚ ɉЧ1 ɜ ɪɟɝɭɥɢɪɭɸщɢɣ ɪɟ-
ɠɢɦ*) 
K3_HL3:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɩɟɪɟɜɨɞɚ ɉЧ1 ɜ ɪɟɝɭɥɢɪɭɸщɢɣ ɪɟɠɢɦ*) 
K2:BOOL; (*ɪɟɥɟ ɤɨɦɚɧɞɵ ɩɟɪɟɜɨɞɚ ɉЧ1 ɜ ɪɟɝɭɥɢɪɭɸщɢɣ ɪɟɠɢɦ*) 
 
SB4:BOOL; (*ɤɧɨɩɤɚ ɫ ɩɨɞɫɜɟɬɤɨɣ ɩɟɪɟɜɨɞɚ ɉЧ2 ɜ ɪɟɝɭɥɢɪɭɸщɢɣ ɪɟ-
ɠɢɦ*) 
K6_HL4:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɩɟɪɟɜɨɞɚ ɉЧ2 ɜ ɪɟɝɭɥɢɪɭɸщɢɣ ɪɟɠɢɦ*) 
K5:BOOL; (*ɪɟɥɟ ɤɨɦɚɧɞɵ ɩɟɪɟɜɨɞɚ ɉЧ2 ɜ ɪɟɝɭɥɢɪɭɸщɢɣ ɪɟɠɢɦ*) 
 
SB5:BOOL; (*ɤɧɨɩɤɚ ɫ ɩɨɞɫɜɟɬɤɨɣ ɩɟɪɟɜɨɞɚ ɉЧ1 ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ*) 
K8_HL5:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɩɟɪɟɜɨɞɚ ɉЧ1 ɜ ɩɪɹɦɨɣ  ɪɟɠɢɦ*) 
K7:BOOL; (*ɪɟɥɟ ɤɨɦɚɧɞɵ ɩɟɪɟɜɨɞɚ ɉЧ1 ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ*) 
 
SB6:BOOL; (*ɤɧɨɩɤɚ ɫ ɩɨɞɫɜɟɬɤɨɣ ɩɟɪɟɜɨɞɚ ɉЧ2 ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ*) 
K10_HL6:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɩɟɪɟɜɨɞɚ ɉЧ2 ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ*) 
K9:BOOL; (*ɪɟɥɟ ɤɨɦɚɧɞɵ ɩɟɪɟɜɨɞɚ ɉЧ2 ɜ ɩɪɹɦɨɣ ɪɟɠɢɦ*) 
 
K11_HL7:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɇА1 ɡɚɤɪɵɬ*) 
K12_HL8:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɇА1 ɨɬɤɪɵɬ*) 
 
K13_HL9:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɉЧ1 ɜ ɪɚɛɨɬɟ*) 
K14_HL10:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɉЧ1 ɧɟɢɫɩɪɚɜɧɨɫɬɶ*) 
K15_HL11:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɉЧ1 ɚɜɚɪɢɹ*) 
 
K16_HL12:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɉЧ2 ɜ ɪɚɛɨɬɟ*) 
K17_HL13:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɉЧ2 ɧɟɢɫɩɪɚɜɧɨɫɬɶ*) 
K18_HL14:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɉЧ2 ɚɜɚɪɢɹ*) 
 
K19_HL15:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɇА2 ɡɚɤɪɵɬ*) 
K20_HL16:BOOL; (*ɪɟɥɟ, ɥɚɦɩɚ ɇА2 ɨɬɤɪɵɬ*) 
 
bu21_1_auto:BOOL:=FALSE; 
bu21_1_close, bu21_1_open, bu21_1_closing, bu21_1_opening:BOOL; 
 
bru7_1_disp:REAL; 
bru7_1_man:REAL:=53; 
bru7_1_auto:BOOL:=FALSE; 
 
bu21_2_auto:BOOL:=FALSE; 
bu21_2_close, bu21_2_open, bu21_2_closing, bu21_2_opening:BOOL; 
 
bru7_2_disp:REAL; 
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bru7_2_man:REAL:=53; 
bru7_2_auto:BOOL:=FALSE; 
 
pch1, pch2: PCH; 
na1, na2:NA; 
ds1,ds2:DS; 
TP:topka; 
(*ɂɦɢɬɚɰɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɢ ɨɬɤɚɡɨɜ ɉЧ*) 
Qv:REAL:=50; 
pch1_do_alarm, pch1_do_fail, pch2_do_alarm, pch2_do_fail:BOOL; 
 
END_VAR 
 
IF upress < 40 AND upress > 20 THEN 
 HL1:=TRUE; 
 HL2:=FALSE; 
ELSE 
 HL2:=TRUE; 
 HL1:=FALSE; 
END_IF 
IF bu21_1_auto THEN 
 na1_auto_mode:=TRUE; 
 bu21_1_closing:=na1_close AND NOT na1_open; 
 bu21_1_opening:=na1_open AND NOT na1_close; 
ELSE 
 na1_auto_mode:=FALSE; 
 bu21_1_closing:=bu21_1_close AND NOT bu21_1_open; 
 bu21_1_opening:=bu21_1_open AND NOT bu21_1_close; 
END_IF 
IF bru7_1_auto THEN 
 pch1_auto_mode:=TRUE; 
 bru7_1_disp:=pch1_ref_freq; 
 bru7_1_man:=pch1_ref_freq; 
ELSE 
 pch1_auto_mode:=FALSE; 
 bru7_1_disp:=bru7_1_man; 
END_IF 
 
IF bu21_2_auto THEN 
 na2_auto_mode:=TRUE; 
 bu21_2_closing:=na2_close AND NOT na2_open; 
 bu21_2_opening:=na2_open AND NOT na2_close; 
ELSE 
 na2_auto_mode:=FALSE; 
 bu21_2_closing:=bu21_2_close AND NOT bu21_2_open; 
 bu21_2_opening:=bu21_2_open AND NOT bu21_2_close; 
END_IF 
IF bru7_2_auto THEN 

 pch2_auto_mode:=TRUE; 
 bru7_2_disp:=pch2_ref_freq; 
 bru7_2_man:=pch2_ref_freq; 
ELSE 
 pch2_auto_mode:=FALSE; 



100 
 

 bru7_2_disp:=bru7_2_man; 
END_IF 
pch1_ref_freq_real:=bru7_1_disp; 
pch2_ref_freq_real:=bru7_2_disp; 
 
pch1(ref_freq:=bru7_1_disp, do_reg_mode:=K2,do_dir_mode:=K7, 
stop:=K1, do_alarm:=pch1_do_alarm, do_fail:=pch1_do_fail); 
pch1_freq:=pch1.freq; 
pch2(ref_freq:=bru7_2_disp, do_reg_mode:=K5,do_dir_mode:=K9, 
stop:=K4, do_alarm:=pch2_do_alarm, do_fail:=pch2_do_fail); 
pch2_freq:=pch2.freq; 
na1(open:=bu21_1_opening, close:=bu21_1_closing); 
na1_poz:=na1.Pol; 
na2(open:=bu21_2_opening, close:=bu21_2_closing); 
na2_poz:=na2.Pol; 
 
K1:= SB1 OR pch1_do_stop; 
K2:= SB2 OR (pch1_do_reg_mode AND bru7_1_auto); 
K3_HL3:=pch1.reg_mode;pch1_reg_mode:=K3_HL3; 
K4:= SB3 OR pch2_do_stop; 
K5:= SB4 OR (pch2_do_reg_mode AND bru7_2_auto); 
K6_HL4:=pch2.reg_mode; pch2_reg_mode:=K6_HL4; 
K7:= SB5 OR (pch1_do_dir_mode AND bu21_1_auto); 
K8_HL5:=pch1.dir_mode; pch1_dir_mode:=K8_HL5; 
K9:= SB6 OR (pch2_do_dir_mode AND bu21_2_auto); 
K10_HL6:=pch2.dir_mode; pch2_dir_mode:=K10_HL6; 
K11_HL7:=na1.cl_ed; na1_closed:=K11_HL7; 
K12_HL8:=na1.op_ed; na1_opened:=K12_HL8; 
K13_HL9:=pch1.normal; pch1_normal:=K13_HL9; 
K14_HL10:=pch1.alarm; pch1_alarm:=K14_HL10; 
K15_HL11:=pch1.fail; pch1_fail:=K15_HL11; 
K16_HL12:=pch2.normal; pch2_normal:=K16_HL12; 
K17_HL13:=pch2.alarm; pch2_alarm:=K17_HL13; 
K18_HL14:=pch2.fail; pch2_fail:=K18_HL14; 
K19_HL15:=na2.cl_ed; na2_closed:=K19_HL15; 
K20_HL16:=na2.op_ed; na2_opened:=K20_HL16; 
ds1(freq:=pch1.freq,na_poz:=na1.Pol); 
ds2(freq:=pch2.freq,na_poz:=na2.Pol); 
tp(Qds1:=ds1.Q, Qds2:=ds2.Q, Qv:=Qv); 
upress:=tp.P; 
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ɉɊɂɅɈɀȿɇɂȿ Ⱦ 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ NA_CONTROL (ɭɩɪɚɜɥɟɧɢɟ ɧɚɩɪɚɜɥɹɸɳɢɦ ɚɩɩɚɪɚɬɨɦ) 
FUNCTION_BLOCK NA_CONTROL 
VAR_INPUT 
 na_ref_poz:REAL; 
 na_poz:REAL; 
 dead_zone:REAL; 

 minimal_time:TIME; 
 na_opened, na_closed:BOOL; 
END_VAR 
VAR_OUTPUT 
 open:BOOL; 
 close:BOOL; 
END_VAR 
VAR 

 timer:TON; 
 error:REAL; 
 state:BYTE:=0; (*1 - opening, 2 - closing, 0 - stoping*) 
END_VAR 
error:=na_ref_poz - na_poz; 
timer(IN:=TRUE, PT:=minimal_time); 
CASE state OF 
0:   open:=FALSE; 
 close:=FALSE; 
 IF error>dead_zone AND (NOT na_opened) AND timer.Q THEN 
  timer(IN:=FALSE); 
  state:=1; 
 ELSIF error<-dead_zone AND (NOT na_closed) AND  timer.Q THEN 
  timer(IN:=FALSE); 
  state:=2; 
 END_IF 
1:   open:=TRUE; 
 close:=FALSE; 
 IF (ABS(error)<dead_zone OR na_opened) AND timer.Q THEN 
  timer(IN:=FALSE); 
  state:=0; 
 END_IF 
 IF (error<-dead_zone) AND timer.Q THEN 
  timer(IN:=FALSE); 
  state:=2; 
 END_IF 
2:   open:=FALSE; 
 close:=TRUE; 
 IF (ABS(error)<dead_zone OR na_closed) AND timer.Q THEN 
  timer(IN:=FALSE); 
  state:=0; 
 END_IF 
 IF (error>dead_zone) AND timer.Q THEN 
  timer(IN:=FALSE); 
  state:=1; 
 END_IF 
END_CASE



 
 

ɉɊɂɅɈɀȿɇɂȿ ȿ 

ɉɪɨɝɪɚɦɦɚ CONTROL (ɭɩɪɚɜɥɟɧɢɟ) 

PROGRAM CONTROL 
VAR 
 NC1,NC2:NA_CONTROL; 
 PIDreg:PID; 
 ref:REAL:=100; 
 yman:REAL; 
 man:BOOL; 
END_VAR 
 
(*ɊЕȽɍЛɂɊɈȼАɇɂЕ*) 
yman:=(pch1_freq*na1_poz + pch2_freq*na2_poz)/200; 
man:=pch1_normal AND pch1_auto_mode AND pch1_do_auto_mode_from_scada; 
man:=man OR (pch2_normal AND pch2_auto_mode AND pch2_do_auto_mode_from_scada); 
man:=man OR (pch1_dir_mode AND na1_auto_mode AND na1_do_auto_mode_from_scada); 
man:=man OR (pch2_dir_mode AND na2_auto_mode AND na2_do_auto_mode_from_scada); 
man:= NOT man; 
PIDreg(ACTUAL:=upress, SET_POINT:=30,KP:=0.1,TN:=10,TV:=0, Y_MANUAL:=yman,Y_OFFSET:=55,Y_MIN:=0,  

  Y_MAX:=100,MANUAL:=man); 
ref:=PIDreg.Y; 
 
(*ɁАɉɂɋɖ ȼ SCADA*) 
pch1_reg_mode_to_scada:=pch1_reg_mode; 
pch1_dir_mode_to_scada:=pch1_dir_mode; 
pch1_auto_mode_to_scada:=pch1_auto_mode; 
pch1_normal_to_scada:=pch1_normal; 
pch1_alarm_to_scada:=pch1_alarm; 
pch1_fail_to_scada:=pch1_fail; 
pch1_freq_to_scada:=pch1_freq; 
pch1_ref_freq_to_scada:=pch1_ref_freq_real; 
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pch2_reg_mode_to_scada:=pch2_reg_mode; 
pch2_dir_mode_to_scada:=pch2_dir_mode; 
pch2_auto_mode_to_scada:=pch2_auto_mode; 
pch2_normal_to_scada:=pch2_normal; 
pch2_alarm_to_scada:=pch2_alarm; 
pch2_fail_to_scada:=pch2_fail; 
pch2_freq_to_scada:=pch2_freq; 
pch2_ref_freq_to_scada:=pch2_ref_freq_real; 
 
na1_closed_to_scada:=na1_closed; 
na1_opened_to_scada:=na1_opened; 
na1_poz_to_scada:=na1_poz; 
na1_auto_mode_to_scada:=na1_auto_mode; 
 
na2_closed_to_scada:=na2_closed; 
na2_opened_to_scada:=na2_opened; 
na2_poz_to_scada:=na2_poz; 
na2_auto_mode_to_scada:=na2_auto_mode; 
 
upress_to_scada:=upress; 
 
(*ЧɌЕɇɂЕ ɂɁ SCADA ɂ ȼɕɉɈЛɇЕɇɂЕ*) 
pch1_do_stop:=pch1_do_stop_from_scada; 
pch1_do_reg_mode:=pch1_do_reg_mode_from_scada AND pch1_auto_mode; 
pch1_do_dir_mode:=pch1_do_dir_mode_from_scada AND na1_auto_mode; 
 
pch2_do_stop:=pch2_do_stop_from_scada; 
pch2_do_reg_mode:=pch2_do_reg_mode_from_scada AND pch2_auto_mode; 
pch2_do_dir_mode:=pch2_do_dir_mode_from_scada AND na2_auto_mode; 
 
(*ɍɩɪɚɜɥɟɧɢɟ ɧɚɩɪɚɜɥɹɸщɢɦɢ ɚɩɩɚɪɚɬɚɦɢ*) 
IF pch1_normal AND na1_auto_mode AND  na1_do_auto_mode_from_scada AND pch1_auto_mode AND 
   pch1_do_auto_mode_from_scada THEN 
 (*ɭɯɨɞ ɧɚ 100%*) 
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 NC1(na_ref_poz:=101, na_poz:=na1_poz, dead_zone:=0.4, minimal_time:=T#500ms, 
na_opened:=na1_opened, na_closed:=na1_closed); 

 na1_open:=NC1.open; 
 na1_close:=NC1.close; 
ELSIF pch1_dir_mode AND na1_auto_mode AND  na1_do_auto_mode_from_scada THEN 
 (*ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ*) 
 NC1(na_ref_poz:=ref,na_poz:=na1_poz, dead_zone:=0.4,minimal_time:=T#500ms,na_opened:=  

    na1_opened, na_closed:=na1_closed); 
 na1_open:=NC1.open; 
 na1_close:=NC1.close; 
ELSIF na1_auto_mode AND NOT na1_do_auto_mode_from_scada THEN 
 (*ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɢɡ SCADA*) 
 NC1(na_ref_poz:=na1_poz,na_poz:=na1_poz,dead_zone:=0.4,minimal_time:=T#500ms,na_opened:=  

na1_opened,na_closed:=na1_closed); 
 na1_open:=na1_open_from_scada; 
 na1_close:=na1_close_from_scada; 
ELSE 
 (*ɦɟɫɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟɦ*) 
 NC1(na_ref_poz:=na1_poz,na_poz:=na1_poz, dead_zone:=0.4,minimal_time:=T#500ms,na_opened:=  

na1_opened,na_closed:=na1_closed); 
 na1_open:=FALSE; 
 na1_close:ё=FALSE; 
END_IF 
 
IF pch2_normal AND na2_auto_mode AND  na2_do_auto_mode_from_scada AND pch2_auto_mode AND  
   pch2_do_auto_mode_from_scada THEN 
 (*ɭɯɨɞ ɧɚ 100%*) 
 NC2(na_ref_poz:=101, na_poz:=na2_poz, dead_zone:=0.4,minimal_time:=T#500ms,na_opened:=  
     na2_opened,na_closed:=na2_closed); 
 na2_open:=NC2.open; 
 na2_close:=NC2.close; 
ELSIF pch2_dir_mode AND  na2_auto_mode AND  na2_do_auto_mode_from_scada THEN 
 (*ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ*) 
 NC2(na_ref_poz:=ref,na_poz:=na2_poz, dead_zone:=0.4,minimal_time:=T#500ms,na_opened:=  
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     na2_opened,na_closed:=na2_closed); 
 na2_open:=NC2.open; 
 na2_close:=NC2.close; 
ELSIF na2_auto_mode AND NOT na2_do_auto_mode_from_scada THEN 
 (*ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɢɡ SCADA*) 
 NC2(na_ref_poz:=na2_poz,na_poz:=na2_poz, dead_zone:=0.4,minimal_time:=T#500ms,na_opened:=  
     na2_opened,na_closed:=na2_closed); 
 na2_open:=na2_open_from_scada; 
 na2_close:=na2_close_from_scada; 
ELSE 
 (*ɦɟɫɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟɦ*) 
 NC2(na_ref_poz:=na2_poz,na_poz:=na2_poz, dead_zone:=0.4,minimal_time:=T#500ms,na_opened:=  

na2_opened,na_closed:=na2_closed); 
 na2_open:=FALSE; 
 na2_close:=FALSE; 
END_IF 
 
IF pch1_auto_mode AND pch1_do_auto_mode_from_scada THEN 
 (*ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ*) 
 pch1_ref_freq:=ref; 
ELSIF pch1_auto_mode AND NOT pch1_do_auto_mode_from_scada THEN 
 (*ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɢɡ SCADA*) 
 IF pch1_ref_freq_plus_from_scada THEN 
  pch1_ref_freq:=pch1_ref_freq_real +0.2;  

IF pch1_ref_freq > 100 THEN  
pch1_ref_freq:=100;  

END_IF 
 ELSIF pch1_ref_freq_minus_from_scada THEN 
  pch1_ref_freq:=pch1_ref_freq_real -0.2;  

IF pch1_ref_freq < 0 THEN  
pch1_ref_freq:=0;  

END_IF 
 ELSE 
  pch1_ref_freq:=pch1_ref_freq_real; 
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 END_IF 
ELSE 
 (*ɦɟɫɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟ*) 
 pch1_ref_freq:=pch1_ref_freq_real; 
END_IF 
 
IF pch2_auto_mode AND  pch2_do_auto_mode_from_scada THEN 
 (*ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ*) 
 pch2_ref_freq:=ref; 
ELSIF pch2_auto_mode AND NOT pch2_do_auto_mode_from_scada THEN 
 (*ɪɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɢɡ SCADA*) 
 IF pch2_ref_freq_plus_from_scada THEN 
  pch2_ref_freq:=pch2_ref_freq_real +0.2;  

IF pch2_ref_freq > 100 THEN  
pch2_ref_freq:=100;  

END_IF 
 ELSIF pch2_ref_freq_minus_from_scada THEN 
  pch2_ref_freq:=pch2_ref_freq_real -0.2;  

IF pch2_ref_freq < 0 THEN  
pch2_ref_freq:=0;  

END_IF 
 ELSE 
  pch2_ref_freq:=pch2_ref_freq_real; 
 END_IF 
ELSE 
 (*ɦɟɫɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟ*) 
 pch2_ref_freq:=pch2_ref_freq_real; 
END_IF 
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