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ɋɬɭɞɟɧɬɭ Ɍɚɪɚɫɨɜɭ ȿɝɨɪɭ ȼɥɚɞɢɦɢɪɨɜɢɱɭ. 

Ƚɪɭɩɩɚ Ɏɗ 1304Ȼ. ɋɩɟɰɢɚɥɶɧɨɫɬɶ 13.03.02.05 ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 
ɢ ɫɟɬɢ. 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɂɫɫɥɟɞɨɜɚɧɢɟ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ ɧɚ 
ɫɬɟɧɞɟ ɒɗ 2607 048». 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 17238/c ɨɬ 16.12.2016ɝ. 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊɘ.Ⱥ. ȿɪɲɨɜ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ 

«ɗɋɢɗɗɋ» ɉɂ ɋɎɍ. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: 
1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 
    ȼɜɟɞɟɧɢɟ; 
1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ; 
2. ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ; 
3. ɋɨɫɬɚɜɥɟɧɢɟ ɢ ɪɚɫɱёɬ ɩɚɪɚɦɟɬɪɨɜ ɦɚɲɢɧɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ;  
4. Ɋɚɫɱёɬ ɪɟɠɢɦɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ TKZ-

3000; 
5. Ɋɚɫɱёɬ ɭɫɬɚɜɨɤ ɡɚɳɢɬ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɪɢ ɜɧɟɲɧɢɯ 

ɄɁ; 
6. ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɨɩɪɨɛɨɜɚɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɨɤɨɜɵɯ ɡɚɳɢɬ ɧɚ ȼɇ ɢ 

ɇɇ ɧɚ ɛɚɡɟ ɲɤɚɮɚ ɒɗ 2607 048; 
7. ɋɨɡɞɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ȾɁ, ɆɌɁ ɢ ɌɁɇɉ ɜ ɩɪɨɝɪɚɦɦɟ Matlab; 
8. ɋɨɡɞɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɫɟɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Matlab; 
9. ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ȼɇ ɢ ɆɌɁ ɇɇ ɜ ɩɪɨɝɪɚɦɦɟ 

Matlab; 
      Ɂɚɤɥɸɱɟɧɢɟ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 
ɑɟɪɬёɠ №1  ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ; 
ɑɟɪɬёɠ №2  Ɇɚɲɢɧɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ; 
ɑɟɪɬёɠ №3  Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ȾɁ ɜ ɩɪɨɝɪɚɦɦɟ Matlab; 
ɑɟɪɬёɠ №4  Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɌɁɇɉ ɜ ɩɪɨɝɪɚɦɦɟ Matlab; 
ɑɟɪɬёɠ №5  Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ ɌɁɇɉ ɬɟɪɦɢɧɚɥɚ 

Ȼɗ2704 016; 
ɑɟɪɬёɠ №6  Ɇɨɞɟɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Matlab. 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                           ___________                     ɘ.Ⱥ. ȿɪɲɨɜ 
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Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ        __________                     ȿ.ȼ. Ɍɚɪɚɫɨɜ 
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ɊȿɎȿɊȺɌ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ «ɂɫɫɥɟɞɨɜɚɧɢɸ 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ ɧɚ 
ɫɬɟɧɞɟ ɒɗ 2607 048» ɫɨɞɟɪɠɢɬ 89 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 5 
ɩɪɢɥɨɠɟɧɢɣ, 13 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 

ɊȿɅȿɃɇȺə ɁȺɓɂɌȺ, ɌɈɄɈȼȺə ɁȺɓɂɌȺ ɇɍɅȿȼɈɃ 
ɉɈɋɅȿȾɈȼȺɌȿɅɖɇɈɋɌɂ, ɆȺɒɂɇɇȺə ɋɏȿɆȺ, TKZ-3000, ɍɋɌȺȼɄɂ, 
ɆɈȾȿɅɖ, MATLAB , ɈɉɊɈȻɈȼȺɇɂȿ. 

Ɉɛɴɟɤɬ ɪɚɛɨɬɵ – ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪ. 
ɐɟɥɢ ɪɚɛɨɬɵ: 
- Ɋɚɫɱёɬ ɪɟɠɢɦɨɜ ɄɁ;  
- Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ, ɆɌɁ, ɌɁɇɉ ɨɛɦɨɬɨɤ 

ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ; 
- ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɨɩɪɨɛɨɜɚɧɢɟ ɆɌɁ ɧɚ ɛɚɡɟ ɲɤɚɮɚ ɒɗ 2607 048; 
- ɋɨɡɞɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ, ɆɌɁ, ɌɁɇɉ ɜ 

ɩɪɨɝɪɚɦɦɟ Matlab; 
- ɋɨɡɞɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɫɟɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Matlab; 
- ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɞɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ, ɆɌɁ ɢ 

ɌɁɇɉ, ɪɚɫɫɱɢɬɚɧɵ ɭɫɬɚɜɤɢ ɢ ɫɨɡɞɚɧɚ ɦɨɞɟɥɶ ɫɟɬɢ ɧɚ ɤɨɬɨɪɨɣ ɛɵɥ ɨɩɪɨɛɨɜɚɧ 
ɚɥɝɨɪɢɬɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɡɚɳɢɬ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

3 ВɄɊ – 13.03.02.05 ɉɁ 

ɋɈȾȿɊɀȺɇɂȿ 
 
ȼȼȿȾȿɇɂȿ ...................................................................................................... 5 

1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ .................................................. 6 

2 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ..................................................... 7 

2.1 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɪɹɦɨɣ, ɨɛɪɚɬɧɨɣ, ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɥɢɧɢɣ ................................................................................. 8 

2.2 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ......................................... 9 

2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦ ............................................... 10 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚɝɪɭɡɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ............ 12 

3 Ɋɚɫɱёɬ ɪɟɠɢɦɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ TKZ-3000
 ............................................................................................................................... 14 

3.1 ɇɚɡɧɚɱɟɧɢɟ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ TKZ 3000 14 

3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɟɬɢ ɢ ɟё ɷɥɟɦɟɧɬɨɜ ɞɥɹ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ......................................................................................... 14 

4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ ........... 16 

4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ȼɇ ......................................................................... 16 

4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ɋɇ ......................................................................... 16 

4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ɇɇ ........................................................................ 17 

5 Ɋɚɫɱɟɬ ɡɚɳɢɬ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ ......................................... 18 

5.1 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ȺɌ ɇɇ 10 ɤȼ ................................ 18 

5.2 Ɋɚɫɱɟɬ ɆɌɁ ɫ ɩɭɫɤɨɦ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ........................ 19 

5.3 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ȼɇ 220 ɤȼ ............. 20 

6 Ɂɚɳɢɬɚ ɨɬ ɬɨɤɨɜ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ....................................... 25 

6.1 I ɫɬɭɩɟɧɶ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȼɇ ....... 25 

6.2 II  ɫɬɭɩɟɧɶ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ............ 27 

6.3 IV ɫɬɭɩɟɧɶ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ............................................................................................ 28 

7 ɂɫɩɵɬɚɧɢɟ ɆɌɁ ȺɌ ɧɚ ɫɬɟɧɞɟ ɒɗ 2607 048 .......................................... 31 

7.1 ɇɚɡɧɚɱɟɧɢɟ ɲɤɚɮɚ ɒɗ 2607 048 ..................................................... 31 

7.2 ɍɫɬɪɨɣɫɬɜɨ ɢ ɪɚɛɨɬɚ ɢɫɫɥɟɞɭɟɦɵɯ ɡɚɳɢɬ ɲɤɚɮɚ ɒɗ 2607 048 .. 31 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

4 ВɄɊ – 13.03.02.05 ɉɁ 

8 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɫɟɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Matlab ...... 38 

9 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ................. 42 

9.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ............................................................................................... 42 

9.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɥɨɤɢɪɨɜɤɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɰɟɩɟɣ ɩɟɪɟɦɟɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ .......................................................................................................... 44 

9.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɰɢɮɪɨɜɨɝɨ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ....................... 45 

9.4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ .................................... 47 

9.5 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ............................................... 49 

9.6 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ................................... 50 

9.7 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ȾɁ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 51 

10 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɆɌɁ ɜ ɩɪɨɝɪɚɦɦɟ Matlab .......................................... 52 

10.1 ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ................................ 52 

11 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɌɁɇɉ ɜ ɩɪɨɝɪɚɦɦɟ Matlab ........................................ 57 

11.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ........ 57 

11.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ .......................... 58 

11.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ..................... 60 

11.4 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɌɇɁɇɉ ɜ ɩɪɨɝɪɚɦɦɟ 
Matlab .................................................................................................................... 62 

12 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ ɜ 
ɫɪɟɞɟ Matlab ......................................................................................................... 63 

12.1 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ȺɌ ɇɇ ............................. 63 

12.2 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ȺɌ ȼɇ ............................. 65 

ɁȺɄɅɘɑȿɇɂȿ ............................................................................................. 68 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɕɏ ɂɋɌɈɑɇɂɄɈȼ ......................................... 69 

ɉɊɂɅɈɀȿɇɂȿ Ⱥ ......................................................................................... 70 

ɉɊɂɅɈɀȿɇɂȿ Ȼ .......................................................................................... 71 

ɉɊɂɅɈɀȿɇɂȿ ȼ ......................................................................................... 72 

ɉɊɂɅɈɀȿɇɂȿ Ƚ .......................................................................................... 78 

ɉɊɂɅɈɀȿɇɂȿ Ⱦ ......................................................................................... 89 

 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

5 ВɄɊ – 13.03.02.05 ɉɁ 

ȼȼȿȾȿɇɂȿ 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɬɪɨɣɫɬɜɚ ɊɁɢȺ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɛɚɡɟ, ɩɨɫɬɟɩɟɧɧɨ ɭɯɨɞɹɬ ɧɚ ɜɬɨɪɨɣ ɩɥɚɧ, ɭɫɬɭɩɚɹ 
ɩɟɪɜɟɧɫɬɜɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɦ ɡɚɳɢɬɚɦ ɢ ɚɜɬɨɦɚɬɢɤɟ. ɉɪɢɦɟɧɟɧɢɟ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɨɬɤɪɵɜɚɟɬ ɛɟɡɝɪɚɧɢɱɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɩɨɫɬɪɨɟɧɢɢ ɧɨɜɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɪɚɛɨɬɵ ɡɚɳɢɬ, ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ ɢɯ ɚɩɩɚɪɚɬɧɭɸ 
ɪɟɚɥɢɡɚɰɢɸ ɡɚ ɫɱɟɬ ɭɫɥɨɠɧɟɧɢɢ ɩɪɨɝɪɚɦɦɧɨɣ ɱɚɫɬɢ, ɭɦɟɧɶɲɢɬɶ ɝɚɛɚɪɢɬɧɵɟ 
ɪɚɡɦɟɪɵ ɝɨɬɨɜɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ.  

Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɟɣɲɢɯ ɭɫɬɪɨɣɫɬɜ, ɨɬɜɟɱɚɸɳɢɯ ɜɵɫɨɱɚɣɲɢɦ ɬɪɟɛɨɜɚɧɢɹɦ 
ɧɚɞɟɠɧɨɫɬɢ ɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɨɩɢɪɚɟɬɫɹ ɧɚ ɞɨɫɬɢɠɟɧɢɹ ɭɱɟɧɵɯ ɜ 
ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɚɜɚɪɢɣɧɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɷɧɟɪɝɨɫɢɫɬɟɦ, ɩɨɢɫɤ ɧɨɜɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɧɚ 
ɤɨɬɨɪɵɯ ɨɫɧɨɜɵɜɚɟɬɫɹ ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬ ɢ ɚɜɬɨɦɚɬɢɤɢ, ɩɪɢɦɟɧɟɧɢɢ 
ɬɚɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɤɚɤ ɨɩɬɨɜɨɥɨɤɨɧɧɚɹ, ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɧɟɱɟɬɤɚɹ ɥɨɝɢɤɚ, 
ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɬɪɭɞɵ ɫɩɟɰɢɚɥɢɫɬɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦ ɫ ɤɪɚɬɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨ ɧɨɜɨɜɜɟɞɟɧɢɹɯ ɜ 
ɨɛɥɚɫɬɢ ɡɚɳɢɬ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɞɢɫɬɚɧɰɢɨɧɧɨɦ ɩɪɢɧɰɢɩɟ ɡɚ ɩɨɫɥɟɞɧɢɟ 10 ɥɟɬ. 

ɉɪɚɤɬɢɤɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɫ ɞɢɧɚɦɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ȼɚɝɥɟɣɛɬɟɪ Ɉ.ɂ. (ɁȺɈ «Ⱥɥɶɫɬɨɦ Ƚɪɢɞ»). ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ 
XXI  ɤɨɧɮɟɪɟɧɰɢɢ «Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦ», Ɇɨɫɤɜɚ 
2012 ɝ. 

ȼ ɧɚɫɬɨɹɳɟɦ ɞɨɤɥɚɞɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɩɨɞɯɨɞɚ ɤ 
ɭɥɭɱɲɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ȾɁ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ: ɞɥɹ ɩɨɥɢɝɨɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ - ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɤɥɨɧ 
ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɭɱɟɬɚ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɟɪɟɯɨɞɧɨɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɢ, ɞɥɹ ɤɪɭɝɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ - ɞɢɧɚɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ/ɫɨɤɪɚɳɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɫɥɟɞɫɬɜɢɟ ɪɚɛɨɬɵ ɩɨ ɧɚɩɪɹɠɟɧɢɸ 
ɩɚɦɹɬɢ ɥɢɛɨ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɟɩɨɜɪɟɠɞɟɧɧɵɯ ɮɚɡ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɜ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɟ 
ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. Ɍ.ɋ. Кɚɦɟɥь, Ɇ.А. Ɇɭɫɬɚɮɚ Хɚɫɫɚɧ, А. Эɥь-Ɇɨɪшɟɞи 
(Cairo University, Еɝиɩɟɬ). ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦ 
ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦ», Ɇɨɫɤɜɚ 2009 ɝ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɧɟɤɨɬɨɪɵɟ ɢɧɬɟɪɟɫɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɦɟɬɨɞɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɢ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɚ ɢ ɦɟɫɬɚ ɩɨɜɪɟɠɞɟɧɢɹ ɜ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. ɗɬɢ ɦɟɬɨɞɵ 
ɭɥɭɱɲɚɸɬ ɩɨɞɚɜɥɟɧɢɟ ɧɟɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢ 
ɨɩɪɟɞɟɥɟɧɢɟ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ ɥɢɧɢɢ. 
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1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 
 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɚɧ ɭɱɚɫɬɨɤ ɫɟɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ.  

Ɉɫɧɨɜɧɚɹ ɩɨɞɫɬɚɧɰɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 
ɹɜɥɹɟɬɫɹ ɩɨɞɫɬɚɧɰɢɹ «Ɋɚɡɞɨɥɢɧɫɤɚɹ».  

Ⱦɥɹ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɡɚɳɢɬɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɨɞɫɬɚɧɰɢɢ «Ɋɚɡɞɨɥɢɧɫɤɚɹ». 

ɂɫɬɨɱɧɢɤɚɦɢ ɩɢɬɚɧɢɹ ɹɜɥɹɸɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɫɢɫɬɟɦɵ GS1, GS2, GS3. 
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɱɟɪɬɟɠɟ 1. 
Ɂɚɳɢɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɬ ɫɜɟɪɯɬɨɤɨɜ 

ɹɜɥɹɟɬɫɹ ɪɟɡɟɪɜɧɨɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɨɬɤɥɸɱɟɧɢɹ ɢɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ 
ɤɚɤ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɹɯ ɫɚɦɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ (ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ) ɢ ɨɬɤɚɡɟ 
ɨɫɧɨɜɧɵɯ ɡɚɳɢɬ, ɬɚɤ ɢ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɫɦɟɠɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɬɤɚɡɚɯ ɟɝɨ 
ɡɚɳɢɬɵ ɢɥɢ ɜɵɤɥɸɱɚɬɟɥɟɣ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɩɟɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɲɢɧ ɡɚɳɢɬɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬ ɬɚɤɠɟ ɡɚɳɢɬɭ ɷɬɢɯ ɲɢɧ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɤɨɜɚɹ 
ɡɚɳɢɬɚ ɢ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɂɚɳɢɬɚ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɨ ɫɬɨɪɨɧɵ ɨɛɦɨɬɨɤ, ɫɨɟɞɢɧɟɧɧɵɯ ɩɨ ɫɯɟɦɟ ɡɜɟɡɞɵ ɫ 
ɡɚɡɟɦɥɟɧɧɨɣ ɧɭɥɟɜɨɣ ɬɨɱɤɨɣ. 

ɇɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɫ ɞɜɭɯ- ɢɥɢ ɬɪɟɯɫɬɨɪɨɧɧɢɦ ɩɢɬɚɧɢɟɦ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ 
ɞɨɩɨɥɧɹɟɬɫɹ ɨɪɝɚɧɚɦɢ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ. 

Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɚɹ ɢ ɨɧɚ ɦɨɠɟɬ ɛɵɫɬɪɨ 
ɭɫɬɪɚɧɹɬɶ ɤɨɪɨɬɤɢɟ ɡɚɦɵɤɚɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɞɨɥɶ ɛɨɥɶɲɟɣ ɱɚɫɬɢ 
ɡɚɳɢɳɚɟɦɨɣ ɰɟɩɢ. Ɉɧɚ ɬɚɤɠɟ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɤɚɤ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ, ɬɚɤ ɢ 
ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɣ ɡɚɳɢɬɵ ɨɞɧɨɜɪɟɦɟɧɧɨ. ɉɨɫɤɨɥɶɤɭ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɟɟ ɞɥɢɧɟ, ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɞɢɫɬɚɧɰɢɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɥɟ, ɤɨɬɨɪɨɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɹɬɶ ɩɨɥɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ ɞɨ ɡɚɞɚɧɧɨɣ ɬɨɱɤɢ (ɬɨɱɤɚ ɞɨɫɹɝɚɟɦɨɫɬɢ ɢɥɢ ɡɨɧɚ 
ɞɟɣɫɬɜɢɹ). Ɍɚɤɨɟ ɪɟɥɟ ɨɩɢɫɚɧɨ ɤɚɤ ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɪɟɥɟ ɢ ɪɚɡɪɚɛɨɬɚɧɨ ɞɥɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɬɨɥɶɤɨ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹɯ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɦɟɠɞɭ ɪɟɥɟ ɢ 
ɜɵɛɪɚɧɧɨɣ ɬɨɱɤɨɣ ɞɨɫɹɝɚɟɦɨɫɬɢ, ɷɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɟɥɟɤɬɢɜɧɨ ɨɬɤɥɸɱɚɬɶ 
ɩɨɜɪɟɠɞɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɜ ɪɚɡɧɵɯ ɱɚɫɬɹɯ ɥɢɧɢɢ. Ɉɫɧɨɜɧɵɦ 
ɩɪɢɧɰɢɩɨɦ ɪɚɛɨɬɵ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɹɜɥɹɟɬɫɹ ɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɬɨɱɤɟ ɤɨɦɦɭɬɚɰɢɢ ɧɚ ɢɡɦɟɪɟɧɧɵɣ ɬɨɤ, ɱɬɨ, ɢɫɯɨɞɹ ɢɡ ɡɚɤɨɧɚ ɨɦɚ ɪɚɜɧɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ. Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɞɨ 
ɬɨɱɤɢ ɞɨɫɹɝɚɟɦɨɫɬɢ. ȿɫɥɢ ɢɡɦɟɪɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɧɶɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɨ 
ɬɨɱɤɢ ɞɨɫɹɝɚɟɦɨɫɬɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɧɚ ɥɢɧɢɢ 
ɦɟɠɞɭ ɪɟɥɟ ɢ ɬɨɱɤɨɣ ɞɨɫɹɝɚɟɦɨɫɬɢ. [12] 

http://elekt.com.ua/toe/linear-electric-dc/zakon-oma-i-soprotivlenie-provodnikov.html
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2 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ 
ɢɫɫɥɟɞɭɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɱɟɪɬɟɠɟ 2. 

Ɋɚɫɱɟɬɵ ɭɩɪɨɳɚɸɬɫɹ ɩɪɢ ɩɪɢɛɥɢɠɟɧɧɨɦ ɩɪɢɜɟɞɟɧɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɤ 
ɨɞɧɨɣ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɞɧɨ ɫɪɟɞɧɟɟ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɛɭɞɟɦ 
ɩɪɢɜɨɞɢɬɶ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 115 ɤȼ. ɉɨ ɜɵɱɢɫɥɟɧɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦ 
ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ ɫɨɫɬɚɜɥɹɟɬɫɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
ɉɪɢ ɪɚɫɱɟɬɟ ɬɨɤɨɜ ɄɁ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.  

Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.        

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɚɜɢɫɢɬ 
ɨɬ ɧɚɥɢɱɢɹ ɝɪɨɡɨɡɚɳɢɬɧɵɯ ɬɪɨɫɨɜ, ɢɯ ɦɚɬɟɪɢɚɥɚ, ɧɚɥɢɱɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ, 
ɢ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɧɢɦɢ, ɚ ɬɚɤɠɟ ɨɬ ɦɚɪɤɢ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɜɨɞɨɜ, ɬɢɩɨɜ 
ɨɩɨɪ. 

 
Ɍɚɛɥɢɰɚ 2.1 – ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɣ  
Ɉɛɨɡɧɚɱɟɧɢɟ ɇɨɦɢɧɚɥɶɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ, 
ɤȼ 

ɉɪɨɬɹɠɟɧɧɨɫɬɶ, 
ɤɦ 

Ɇɚɪɤɚ 
ɩɪɨɜɨɞɚ 

ɍɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
Ɉɦ/ɤɦ ଵܹ 220 169 Ⱥɋ-240 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ଶܹ 220 169 Ⱥɋ-240 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ଷܹ  220 175 Ⱥɋ-600 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ସܹ 220 175 Ⱥɋ-600 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ହܹ 220 43 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଺ܹ 220 43 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଻ܹ 220 27 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଼ܹ 110 40 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଽܹ  110 45 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଵܹ଴ 110 45    Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଵܹଵ 220 292 Ⱥɋ-240 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ଵܹଶ 220 230 Ⱥɋ-300 Ͳ,Ͳͻͺ + ݆Ͳ,Ͷ͵ ଵܹଷ 220 132 Ⱥɋ-300 Ͳ,Ͳͻͺ + ݆Ͳ,Ͷ͵ ଵܹସ 220 132 Ⱥɋ-300 Ͳ,Ͳͻͺ + ݆Ͳ,Ͷ͵ ଵܹହ 110 72 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଵܹ଺ 110 72 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ 
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Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɇɚɡɜɚɧɢɟ 

ɩɨɞɫɬɚɧɰɢɢ 
Ɉɛɨɡɧɚ-
ɱɟɧɢɟ 

ܵɧɨɦ, 
Ɇȼ∙Ⱥ 

𝑈 ɧɨɦɨɛɦɨɬɨɤ, ɤȼ ݑɤ, % 
ȼɇ ɋɇ ɇɇ ȼɇ-

ɋɇ 
ȼɇ-
ɇɇ 

ɋɇ-
ɇɇ 

Ɋɚɡɞɨɥɢɧɫɤɚɹ АɌଵ, АɌଶ 125 230 121 10,5 11 31 19 
Ɇɨɬɵɝɢɧɫɤɚɹ Ɍଵ, Ɍଶ 6,3 115 - 11 - 10,5 - 
ɉɟɪɢɤɥ. Ɂ-Ⱦ Ɍଷ 16 115 - 11 - 10,5 - 
ɉɨɬɚɫɤɭɣ Ɍସ, Ɍହ 6,3 115 - 11 - 10,5 - 

 
2.1 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɪɹɦɨɣ, ɨɛɪɚɬɧɨɣ, ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɥɢɧɢɣ 
 

Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɢɣ W1-W10, 
Ɉɦ: 

 ܼௐଵ = ܼௐଶ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ = ሺͲ,ͳʹ + ݆Ͳ,ͶͶሻ ∙ ͳ͸ͻ ∙ (ͳͳͷʹ͵Ͳ)ଶ == ͷ,Ͳ͹ + ݆ͳͺ,ͷͻ; 

 ܼௐଷ = ܼௐସ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ = ሺͲ,ͳʹ + ݆Ͳ,ͶͶሻ ∙ ͳ͹ͷ ∙ (ͳͳͷʹ͵Ͳ)ଶ == ͷ,ʹͷ + ݆ͳͻ,ʹͷ; 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɣ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɚɧɚɥɨɝɢɱɧɨɣ 

ɮɨɪɦɭɥɟ ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.3. 
 

Ɍɚɛɥɢɰɚ 2.3 – ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɢɣ 
Ɉɛɨɡɧɚɱɟɧɢɟ ɧɚ ɫɯɟɦɟ 

ɡɚɦɟɳɟɧɢɹ 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ 

R, Ɉɦ X, Ɉɦ ଵܹ 5,07 18,59 ଶܹ 5,07 18,59 ଷܹ  5,25 19,25 ସܹ 5,25 19,25 ହܹ 10,75 18,49 ଺ܹ 10,75 18,49 ଻ܹ 6,75 11,61 ଼ܹ 10,0 19,35 ଽܹ  11,25 19,35 ଵܹ଴ 11,25 19,35 
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Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɢɣ W1-W10, 
Ɉɦ: ܼ଴ௐଵ = ܼ଴ௐଶ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ =
= ሺͲ,ͳʹ + Ͳ,ͳͷ + ݆Ͳ,ͶͶ ∙ ͵ሻ ∙ ͳ͸ͻ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͳͳ,Ͷͳ + ݆ͷͷ,͹͹; ܼ଴ௐଷ = ܼ଴ௐସ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ =
= ሺͲ,ͳʹ + Ͳ,ͳͷ + ݆Ͳ,ͶͶ ∙ ͵ሻ ∙ ͳ͹ͷ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͳͳ,ͺͳ + ݆ͷ͹,͹ͷ; 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɣ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɚɧɚɥɨɝɢɱɧɨɣ 

ɮɨɪɦɭɥɟ ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.4. 
 

Ɍɚɛɥɢɰɚ 2.4 – ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɢɣ 
Ɉɛɨɡɧɚɱɟɧɢɟ ɧɚ ɫɯɟɦɟ 

ɡɚɦɟɳɟɧɢɹ 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ 

R, Ɉɦ X, Ɉɦ ଵܹ 11,41 55,77 ଶܹ 11,41 55,77 ଷܹ  11,81 57,75 ସܹ 11,81 57,75 ହܹ 17,2 55,47 ଺ܹ 17,2 55,47 ଻ܹ 10,8 34,83 ଼ܹ 16,0 51,60 ଽܹ  18,0 58,05 ଵܹ଴ 18,0 58,05 
 
 2.2 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

  
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, Ɉɦ 
ɤݑ 

В = Ͳ,ͷ ∙ ሺݑɤ
В−ɋ + ɤݑ

В−ɇ − ɤݑ
ɋ−ɇሻ = Ͳ,ͷ ∙ ሺͳͳ + ͵ͳ − ͳͻሻ = ͳͳ,ͷ %; 

ɤݑ 
ɋ = Ͳ,ͷ ∙ ሺݑɤ

В−ɋ + ɤݑ
ɋ−ɇ − ɤݑ

В−ɇሻ = Ͳ,ͷ ∙ ሺͳͳ + ͳͻ − ͵ͳሻ = −Ͳ,ͷ %; 
ɤݑ 

ɇ = Ͳ,ͷ ∙ ሺݑɤ
В−ɇ + ɤݑ

ɋ−ɇ − ɤݑ
В−ɋሻ = Ͳ,ͷ ∙ ሺ͵ͳ + ͳͻ − ͳͳሻ = ͳͻ,ͷ %. 
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ܺАɌ
В = АɌݑ

ВͳͲͲ ∙ 𝑈ɫɪ
ଶܵɧɨɦ.АɌ

= ͳͳ,ͷͳͲͲ ∙ ͳͳͷଶͳʹͷ = ͳʹ,ͳ͹; 
 ܺАɌ

ɋ = Ͳ; 
 ܺАɌ

ɇ = АɌݑ
ɇͳͲͲ ∙ 𝑈ɫɪ

ଶܵɧɨɦ.АɌ
= ͳͻ,ͷͳͲͲ ∙ ͳͳͷଶͳʹͷ = ʹͲ,͸͵. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɭɯɨɛɦɨɬɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, Ɉɦ 
 ܺɌଵ = ܺɌଶ = ܺɌସ = ܺɌହ = ɤͳͲͲݑ ∙ 𝑈ɫɪ

ଶܵɧɨɦ.Ɍ = ͳͲ,ͷͳͲͲ ∙ ͳͳͷଶ͸,͵ = ʹʹͲ,Ͷʹ; 
 ܺɌଷ = ɤͳͲͲݑ ∙ 𝑈ɫɪ

ଶܵɧɨɦ.Ɍ = ͳͲ,ͷͳͲͲ ∙ ͳͳͷଶͳ͸ = ͺ͸,͹ͻ; 
 ܺɌଷВ = Ͳ,ͳʹͷ ∙ ܺɌଷ = Ͳ,ͳʹͷ ∙ ͺ͸,͹ͻ = ͳͲ,ͺͷ; 
 ܺɌଷɇ = Ͳ,͹ͷ ∙ ܺɌଷ = ͳ,͹ͷ ∙ ͺ͸,͹ͻ = ͳͷͳ,ͺͺ. 
 
2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦ 
 

ɉɪɢɦɟɦ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ܩ ଵܵ ɫɨɫɬɚɜɥɹɟɬ ɩɚɪɚɥɥɟɥɶɧɨɟ 
ɫɨɟɞɢɧɟɧɢɟ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ ଵܹଵ, ଵܹଶ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɢ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɷɬɢɯ ɥɢɧɢɣ, Ɉɦ: 
 ܼௐଵଵ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ = ሺͲ,ͳʹ + ݆Ͳ,ͶͶሻ ∙ ʹͻʹ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͵͵,ʹͻ𝑒௝଻ସ,଻ସ°; 
 ܼ଴ௐଵଵ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ =
= ሺͲ,ͳʹ + Ͳ,ͳͷ + ݆Ͳ,ͶͶ ∙ ͵ሻ ∙ ʹͻʹ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͻͺ,͵͸𝑒௝଻଼,ସସ°; 

 ܼௐଵଶ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ = ሺͲ,Ͳͻͺ + ݆Ͳ,Ͷ͵ሻ ∙ ʹ͵Ͳ ∙ (ͳͳͷʹ͵Ͳ)ଶ == ʹͷ,͵͸𝑒௝଻଻,ଵ଺°; 
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ܼ଴ௐଵଶ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ =

= ሺͲ,Ͳͻͺ + Ͳ,ͳͷ + ݆Ͳ,Ͷ͵ ∙ ͵ሻ ∙ ʹ͵Ͳ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͹ͷ,ͷʹ𝑒௝଻ଽ,ଵଶ°; 
 
Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ܵܩͳ ɩɪɹɦɨɣ ɢ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, Ɉɦ 
 ܼ𝐺𝑆ଵ = ܼௐଵଵܼௐଵଶܼௐଵଵ+ܼௐଵଶ = ͵͵,ʹͻ𝑒௝଻ସ,଻ସ° ∙ ʹͷ,͵͸𝑒௝଻଻,ଵ଺°ͺ,͹͸ + ݆͵ʹ,ͳʹ + ͷ,͸͵ͷ + ݆ʹͶ,͹ʹ == ͵͵,ʹͻ𝑒௝଻ସ,଻ସ° ∙ ʹͷ,͵͸𝑒௝଻଻,ଵ଺°ͷͺ,͸͵𝑒௝଻ହ,଻ଽ° = ͳͶ,ͶͲ𝑒௝଻଺,ଵଵ° = ͵,Ͷͷ͹ + ݆ͳ͵,ͻͺ; 
 ܼ଴𝐺𝑆ଵ = ܼ଴ௐଵଵܼ଴ௐଵଶܼ଴ௐଵଵ+ܼ଴ௐଵଶ = ͻͺ,͵͸𝑒௝଻଼,ସସ° ∙ ͹ͷ,ͷʹ𝑒௝଻ଽ,ଵଶ°ͳͻ,͹ͳ + ݆ͻ͸,͵͸ + ͳͶ,ʹ͸ + ݆͹Ͷ,ͳ͸ == ͵͵,ʹͻ𝑒௝଻ସ,଻ସ° ∙ ʹͷ,͵͸𝑒௝଻଻,ଵ଺°ͳ͹͵,ͺ͹𝑒௝଻଼,଻ଷ° = Ͷʹ,͹ʹ𝑒௝଻଼,଼ଷ° = ͺ,ʹ͹͸ + ݆Ͷͳ,ͻͳ; 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ܵܩଶ ɫɨɫɬɚɜɥɹɟɬ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɞɜɭɯ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ ଵܹଷ, ଵܹସ, Ɉɦ 
 ܼ𝐺𝑆ଶ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ ∙ ͳʹ = ሺͲ,Ͳͻͺ + ݆Ͳ,Ͷ͵ሻ ∙ ͳ͵ʹ ∙ (ͳͳͷʹ͵Ͳ)ଶ ∙ ͳʹ == ͳ,͸ͳ͹ + ݆͹,Ͳͻͷ; 
 ܼ଴𝐺𝑆ଶ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ ∙ ͳʹ =
= ሺͲ,Ͳͻͺ + Ͳ,ͳͷ + ݆Ͳ,Ͷ͵ ∙ ͵ሻ ∙ ͳ͵ʹ ∙ (ͳͳͷʹ͵Ͳ)ଶ ∙ ͳʹ = Ͷ,Ͳͻʹ + ݆ʹͳ,ʹͺ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ܵܩଷ ɫɨɫɬɚɜɥɹɟɬ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɞɜɭɯ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ ଵܹହ, ଵܹ଺, Ɉɦ 
 ܼ𝐺𝑆ଷ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ ∙ ͳʹ = ሺͲ,ʹͷ + ݆Ͳ,Ͷ͵ሻ ∙ ͹ʹ ∙ (ͳͳͷͳͳͷ)ଶ ∙ ͳʹ == ͻ,ͲͲ + ݆ͳͷ,Ͷͺ; 
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ܼ଴𝐺𝑆ଷ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ ∙ ͳʹ =

= ሺͲ,ʹͷ + Ͳ,ͳͷ + ݆Ͳ,Ͷ͵ ∙ ͵ሻ ∙ ͹ʹ ∙ (ͳͳͷͳͳͷ)ଶ ∙ ͳʹ = ͳͶ,Ͷ + ݆Ͷ͸,ͶͶ. 
 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚɝɪɭɡɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  
Ɍɨɤ ɧɚɝɪɭɡɤɢ, ɤȺ 
 𝐼ɧɚɝɪ. = Ͳ,ͷܵɧɨɦ.АɌ√͵𝑈ɧɨɦ

= Ͳ,ͷ ∙ ͳʹͷ√͵ ∙ ͳͲ,ͷ = ͵,Ͷ͵͹; 
 

ɋɨɝɥɚɫɧɨ [4, ɫɬɪ. 68], ɜɵɛɢɪɚɟɦ ܨ = ͹Ͳ ɦɦଶ , 𝐼ɞɨɩ = ͳ͸ͷ, ɬɨɝɞɚ 
ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɜ ɧɚɝɪɭɡɤɟ, ɲɬ: 

 ݊ = 𝐼ɧɚɝɪ𝐼ɞɨɩ
= ͵Ͷ͵͹ͳ͸ͷ ≈ ʹͳ; 

 
Ɋɚɫɫɱɢɬɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɚɛɟɥɹ, Ɉɦ: 
 ܼɤɚɛ.АɌ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ = ሺͲ,ͶͶ͵ + ݆Ͳ,Ͳͺ͸ሻ ∙ ͳ ∙ (ͳͳͷͳͲ,ͷ)ଶ == ͷ͵,ͳͶ + ݆ͳͲ,͵ʹ; 
 
ȼ ɢɬɨɝɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ, Ɉɦ 
 ܼɇ АɌ = ܼɤɚɛ.АɌ݊ = ͷ͵,ͳͶ + ݆ͳͲ,͵ʹʹͳ = ʹ,ͷ͵ + ݆Ͳ,Ͷͻͳ. 
 
Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ɍ1, Ɍ2, 

Ɍ4, Ɍ5. 
Ɍɨɤ ɧɚɝɪɭɡɤɢ, ɤȺ 
 𝐼ɧɚɝɪ. = ܵɧɨɦ.Ɍ√͵𝑈ɧɨɦ

= ͸,͵√͵ ∙ ͳͲ,ͷ = Ͳ,͵Ͷ͸; 
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ȼɵɛɢɪɚɟɦ ܨ = ͹Ͳ ɦɦଶ , 𝐼ɞɨɩ = ͳ͸ͷ, ɬɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɜ ɧɚɝɪɭɡɤɟ, 
ɲɬ: 

 ݊ = 𝐼ɧɚɝɪ𝐼ɞɨɩ
= ͵Ͷ͸ͳ͸ͷ ≈ ʹ; 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɚɛɟɥɹ, Ɉɦ: 
 ܼɤɚɛ.Ɍ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ = ሺͲ,ͶͶ͵ + ݆Ͳ,Ͳͺ͸ሻ ∙ ͳ ∙ (ͳͳͷͳͲ,ͷ)ଶ == ͷ͵,ͳͶ + ݆ͳͲ,͵ʹ; 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɨɤ, Ɉɦ 
 ܼɇଵ = ܼɇଶ = ܼɇସ = ܼɇହ = ܼɤɚɛ.АɌ݊ = ͷ͵,ͳͶ + ݆ͳͲ,͵ʹʹ = ʹ͸,ͷ͹ + ͷ,ͳ͸. 
 
ɂ, ɧɚɤɨɧɟɰ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍ3. 
Ɍɨɤ ɧɚɝɪɭɡɤɢ, ɤȺ 
 𝐼ɧɚɝɪ. = ܵɧɨɦ.Ɍ√͵𝑈ɧɨɦ

= ͳ͸√͵ ∙ ͳͲ,ͷ = Ͳ,ͺͺͲ; 
 
ȼɵɛɢɪɚɟɦ ܨ = ͹Ͳ ɦɦଶ, 𝐼ɞɨɩ = ͳ͸ͷ, ɬɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɜ ɧɚɝɪɭɡɤɟ: 
 ݊ = 𝐼ɧɚɝɪ𝐼ɞɨɩ

= ͺͺͲͳ͸ͷ ≈ ͷ; 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɚɛɟɥɹ, Ɉɦ: 
 ܼɤɚɛ.Ɍ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ = ሺͲ,ͶͶ͵ + ݆Ͳ,Ͳͺ͸ሻ ∙ ͳ ∙ (ͳͳͷͳͲ,ͷ)ଶ == ͷ͵,ͳͶ + ݆ͳͲ,͵ʹ; 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ, Ɉɦ 
 ܼɇଷ = ܼɤɚɛ.АɌ݊ = ͷ͵,ͳͶ + ݆ͳͲ,͵ʹʹ = ͳͲ,͸͵ + ʹ,Ͳ͸͵. 
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3 Ɋɚɫɱёɬ ɪɟɠɢɦɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 
TKZ-3000 

 
Ɋɚɫɱɟɬ ɬɨɤɨɜ ɄɁ ɜɵɩɨɥɧɟɧ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɌɄZ-3000 ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɫɨɫɬɚɜɥɟɧɧɨɣ ɪɚɧɟɟ ɪɚɫɱɟɬɧɨɣ ɦɚɲɢɧɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ (ɱɟɪɬёɠ 
№2) ɢ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ.  

 
3.1 ɇɚɡɧɚɱɟɧɢɟ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ TKZ 3000 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɪɨɝɪɚɦɦɨɣ 

TKZ3000.  
Ʉɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱɟɬɵ ɪɟɠɢɦɨɜ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɦɟɳɚɸɬɫɹ ɜ ɫɬɚɧɞɚɪɬɧɵɣ ɮɚɣɥ ɪɟɡɭɥɶɬɚɬɨɜ. 
Ɏɨɪɦɚɬɵ ɜɵɜɨɞɚ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ, ɬɚɤ ɤɚɤ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɡɧɵɦɢ 
ɩɪɨɝɪɚɦɦɚɦɢ ɨɛɪɚɛɨɬɤɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɮɚɣɥɚ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɋ ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɫɚ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɬɨɤɢ, ɧɚɩɪɹɠɟɧɢɹ ɨɬɧɨɲɟɧɢɹ 
ɬɨɤɨɜ ɤ ɧɚɩɪɹɠɟɧɢɹɦ (ɫɨɩɪɨɬɢɜɥɟɧɢɹ) ɤɚɤ ɜ ɜɢɞɟ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ, ɬɚɤ ɢ ɜ ɜɢɞɟ ɩɨɥɧɵɯ ɮɚɡɧɵɯ ɢɥɢ ɦɟɠɞɭɮɚɡɧɵɯ ɜɟɥɢɱɢɧ.  

 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɟɬɢ ɢ ɟё ɷɥɟɦɟɧɬɨɜ ɞɥɹ 

ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 
 
Ɉɫɧɨɜɧɵɦɢ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɱɢɬɚɸɬ 

ɦɚɤɫɢɦɚɥɶɧɵɣ, ɤɨɝɞɚ ɜ ɪɚɛɨɬɟ ɧɚɯɨɞɹɬɫɹ ɜɫɟ ɷɥɟɦɟɧɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɢ 
ɦɢɧɢɦɚɥɶɧɵɣ, ɤɨɝɞɚ ɱɚɫɬɶ ɝɟɧɟɪɚɬɨɪɨɜ ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɨɬɤɥɸɱɟɧɵ 
ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɦɟɠɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
ȼɟɥɢɱɢɧɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɡɚɳɢɬ: ɩɚɪɚɦɟɬɪɵ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ 
ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɨɜɟɪɤɢ ɢɯ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ɉɪɢ ɪɚɛɨɬɟ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɥɸɱɢɬɶ:  
- ɩɨɥɨɜɢɧɭ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ;  
- ɩɪɨɢɡɜɟɫɬɢ ɨɬɤɥɸɱɟɧɢɹ ɜ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ (ɭɜɟɥɢɱɢɬɶ ɜ 

1,3−2,0 ɪɚɡɚ ɟё ɫɨɩɪɨɬɢɜɥɟɧɢɟ);  
- ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɨɬɤɥɸɱɢɬɶ ɨɞɧɭ ɢɡ ɞɜɭɯɰɟɩɧɵɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

(ȼɅ) ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ; 
- ɪɚɡɨɦɤɧɭɬɶ ɡɚɦɤɧɭɬɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɟɬɶ ɜ ɤɨɧɰɟ ɫɥɟɞɭɸɳɟɝɨ ɭɱɚɫɬɤɚ 

ɥɢɧɢɢ (ɨɬɤɥɸɱɢɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼɅ) [1]. 
Ⱦɥɹ ɪɚɫɱёɬɚ ɭɫɬɚɜɨɤ ɡɚɳɢɬ ɪɚɫɫɱɢɬɚɧ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɤɨɧɰɟ ɢ ɡɚ ɫɦɟɠɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɳɢɳɚɟɦɨɦɭ 
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ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɤɚɫɤɚɞɧɨɦ ɪɟɠɢɦɚɯ, ɚ ɬɚɤɠɟ ɬɨɤ ɬɪёɯɮɚɡɧɨɝɨ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɡɚ ɨɛɦɨɬɤɨɣ ɇɇ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɪɚɫɫɱɢɬɚɧ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɢ 
ɞɜɭɯɮɚɡɧɨɝɨ ɄɁ ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɡɚ ɫɦɟɠɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɳɢɳɚɟɦɨɦɭ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ.  

Ɂɧɚɱɟɧɢɹ ɞɚɧɧɵɯ ɬɨɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɹɯ ȼ, Ƚ, Ⱦ.    
ɍɡɥɵ, ɜ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɬɨɤɢ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ 

ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɚɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
 

Ɍɚɛɥɢɰɚ 3.1 – ɍɡɥɵ ɩɪɨɜɟɞɟɧɢɹ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
ɇɚɡɜɚɧɢɟ ɪɟɠɢɦɚ Ɍɨɱɤɢ ɪɚɫɱɟɬɚ 

ɬɪɟɯɮɚɡɧɨɟ ɄɁ ɞɜɭɯɮɚɯɧɨɟ ɄɁ ɨɞɧɨɮɚɡɧɨɟ ɄɁ ɧɚ 
ɡɟɦɥɸ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ 
ɪɟɠɢɦ 

1, 2, 4, 9 - 1, 2, 4, 9 

Ɇɢɧɢɦɚɥɶɧɵɣ 
ɪɟɠɢɦ 

- 1, 2, 4, 5, 9, 29, 30 1, 2, 4, 5, 9, 29, 30 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

16 ВɄɊ – 13.03.02.05 ɉɁ 

4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 

 
Ʉɨɧɬɪɨɥɶ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭ-

ɞɨɜɚɧɢɹ ɩɨɞɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɩɨɫɬɭɩɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɭɫɬɪɨɣɫɬɜɚ 
ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɶɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. ɗɬɢ ɩɪɢɛɨɪɵ ɨɬɧɨɫɹɬɫɹ ɤ ɜɬɨɪɢɱɧɵɦ ɰɟɩɹɦ ɢ 
ɫɜɹɡɚɧɵ ɫ ɩɟɪɜɢɱɧɵɦɢ ɰɟɩɹɦɢ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ [1]. 

 
4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ȼɇ 
 

Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɨɪɨɧɵ ȼɇ, Ⱥ: 
 𝐼 ˑˏ Вʜ = ܵːˑˏ Аʡ√͵ ∙ 𝑈ːˑˏ Вʜ = ͳʹͷ ∙ ͳͲଷ√͵ ∙ ʹ͵Ͳ = ͵ͳ͵,ͺ. 
 

Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɤɨɬɨɪɚɹ ɪɚɜɧɚ ݇˃˅ = ͳ,Ͷ А: 

 ͳ,Ͷ ∙ 𝐼 ˑˏ Вʜ = ͳ,Ͷ ∙ ͵ͳ͵,ͺ = Ͷ͵ͻ,͵, 
 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɞɥɹ ɫɬɨɪɨɧɵ ȼɇ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ 𝐼ଵːˑˏ = ͶͲͲ А,  ɢ ɬɨɝɞɚ ɢɦɟɟɦ 

 ݇𝐼Вʜ = 𝐼ଵːˑˏ𝐼ଶːˑˏ = ͶͲͲͷ . 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɟɧ 
 ݇௎Вʜ = 𝑈ଵːˑˏ𝑈ଶːˑˏ = ʹʹͲ ∙ ͳͲଷͳͲͲ . 
 

4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ɋɇ 

 
Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɨɪɨɧɵ ɋɇ, Ⱥ: 𝐼 ˑˏ ʠʜ = ܵːˑˏ Аʡ√͵ ∙ 𝑈ːˑˏ ʠʜ = ͳʹͷ ∙ ͳͲଷ√͵ ∙ ͳͳͷ = ͸ʹ͹,͸. 
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Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɤɨɬɨɪɚɹ ɪɚɜɧɚ ݇˃˅ = ͳ,Ͷ А: 

 ͳ,Ͷ ∙ 𝐼 ˑˏ ʠʜ = ͳ,Ͷ ∙ ͸ʹ͹,͸ = ͺ͹ͺ,͸, 
 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɞɥɹ ɫɬɨɪɨɧɵ ȼɇ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ 𝐼ଵːˑˏ = ͺͲͲ А, ɢ ɬɨɝɞɚ  

 ݇𝐼ʠʜ = 𝐼ଵːˑˏ𝐼ଶːˑˏ = ͺͲͲͷ . 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɟɧ.  
 ݇௎ʠʜ = 𝑈ଵːˑˏ𝑈ଶːˑˏ = ͳͳͲ ∙ ͳͲଷͳͲͲ . 
 

4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ɇɇ 

 
Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɨɪɨɧɵ ɇɇ, Ⱥ: 

 𝐼 ˑˏ ʜʜ = ܵːˑˏ Аʡ√͵ ∙ 𝑈ːˑˏ ʜʜ = ͳʹͷ ∙ ͳͲଷ√͵ ∙ ͳͲ,ͷ = ͸ͺ͹͵. 
 

Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɤɨɬɨɪɚɹ ɪɚɜɧɚ ݇˃˅ = ͳ,Ͷ А: 

 ͳ,Ͷ ∙ 𝐼 ˑˏ ʜʜ = ͳ,Ͷ ∙ ͸ͺ͹͵ = ͻ͸ʹʹ, 
 

 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɞɥɹ ɫɬɨɪɨɧɵ ȼɇ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ 𝐼ଵːˑˏ = ͺͲͲ А,  , ɢ ɬɨɝɞɚ  

 ݇𝐼ʜʜ = 𝐼ଵːˑˏ𝐼ଶːˑˏ = ͳͲͲͲͲͷ . 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɟɧ.  
 ݇௎ʜʜ = 𝑈ଵːˑˏ𝑈ଶːˑˏ = ͳͲ,Ͳ ∙ ͳͲଷͳͲͲ . 
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5 Ɋɚɫɱɟɬ ɡɚɳɢɬ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ 

 
ɉɪɢ ɜɧɟɲɧɢɯ ɄɁ ɡɚɳɢɬɚ ɬɪɟɯɨɛɦɨɬɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢɥɢ 

ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɟɥɟɤɬɢɜɧɨɟ ɨɬɤɥɸɱɟɧɢɟ ɬɨɥɶɤɨ 
ɬɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢɥɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤɨɬɨɪɚɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɢɬɚɟɬ ɦɟɫɬɨ ɩɨɜɪɟɠɞɟɧɢɹ.  

ɇɚ ɬɪɟɯɨɛɦɨɬɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɢɬɚɧɢɟɦ (ɧɚ-
ɩɪɢɦɟɪ ɫɨ ɫɬɨɪɨɧɵ ȼɇ) ɧɚ ɨɛɦɨɬɤɚɯ ɋɇ ɢ ɇɇ ɩɪɨɫɱɢɬɵɜɚɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɟ 
ɆɌɁ. ɇɚ ɨɛɦɨɬɤɟ ȼɇ ɩɪɨɫɱɢɬɵɜɚɟɬɫɹ ɬɪɟɬɶɹ ɆɌɁ, ɤɨɬɨɪɚɹ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɨɬɤɥɸɱɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɢ ɄɁ ɜ ɧɟɦ ɢ ɪɟɡɟɪɜɢɪɭɟɬ ɫɪɚɛɚɬɵɜɚɧɢɟ ɆɌɁ ɨɛɦɨ-
ɬɨɤ ɋɇ ɢ ɇɇ. 

ɉɪɢ ɪɚɫɱёɬɟ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɭɤɨɜɨɞɹɳɢɟ 
ɭɤɚɡɚɧɢɹ ɩɨ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɟ ɜɵɩɭɫɤ 7 «Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɥɢɧɢɣ 35-330 
ɤȼ» [5]. 

 
5.1 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ȺɌ ɇɇ 10 ɤȼ 
 
ɉɟɪɜɢɱɧɵɣ  ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ (ɆɌɁ) 
 𝐼 з = ݇ː ∙ ݇˔з݇˅ ∙ 𝐼 ˃ˆ˓ ୫ax = ͳ,ͳ ∙ ͳ,ͳͲ,ͻͷ ∙ ͻ͸ʹʹ = ͳʹʹͷͷ, 
 

ɝɞɟ  ݇ː –  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,1 ɨ. ɟ.; ݇˔з – ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɚɦɨɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɟɣ, ɪɚɜɧɵɣ 1,1÷3 ɨ. ɟ.; ݇˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ ɡɚɳɢɬɵ 
ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɪɚɜɧɵɣ 0,95 ɨ. ɟ.; 𝐼 ˃ˆ˓ ୫ax  –ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɚɝɪɭɡɤɢ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ 
ɤɨɬɨɪɭɸ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɳɢɬɚ, Ⱥ.  

ȼɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 𝐼 ˓ = ݇˔х݇𝐼 ∙ 𝐼 з = ͳ,ͲͳͲͲͲͲͷ ∙ ͳʹʹͷͷ = ͸,ͳʹͺ, 

 

ɝɞɟ  ݇˔х– ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɞɥɹ ɆɌɁ 1 ɨ.ɟ.; ݇𝐼– ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɜ ɮɭɧɤɰɢɢ ɛɥɢɠɧɟɝɨ ɪɟɡɟɪɜɚ:  
 ݇ч = 𝐼୫i୬ К−ସ ሺଶሻሺଷ−ସሻ𝐼 з = ͳͺͶͲͲͳʹʹͷͷ = ͳ,ͷͲ ൒ ͳ,ͷ, 
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ɝɞɟ   𝐼୫i୬ К−ସ ሺଶሻሺଷ−ସሻ –ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ 

 𝐼௠௜௡𝐾−ସ ሺଶሻሺଷ−ସሻ = ݇Аʡʠ−ʜ ∙ √(𝐼ଵ − 𝐼ଶʹ )ଶ + ͵ ∙ (𝐼ଵ + 𝐼ଶʹ )ଶ
= ͳͳͷͳͲ,ͷ ∙ √(ͻ͹ʹ − ͻ͸ͺʹ )ଶ + ͵ ∙ (ͻ͹ʹ + ͻ͸ͺʹ )ଶ = ͳͺͶͲͲ; 

 
ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɜ ɮɭɧɤɰɢɢ ɞɚɥɶɧɟɝɨ ɪɟɡɟɪɜɚ: 
 ݇ч = 𝐼௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ𝐼 з = ͳ͹ͻͶ͸ͳʹʹͷͷ = ͳ,Ͷ͸ ൒ ͳ,ʹͷ, 

 
ɝɞɟ 𝐼௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ– ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɝɨ ɫ ɡɚɳɢɳɚɟɦɵɦ ɨɛɴɟɤɬɨɦ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ 

 

𝐼௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ = ݇Аʡʠ−ʜ ∙ √(𝐼ଵ௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ − 𝐼ଶ௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻʹ )ଶ + ͵ ∙ (𝐼ଵ௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ + 𝐼ଶ௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻʹ )ଶ

= ͳͳͷͳͲ,ͷ ∙ √(ͻͶͺ − ͻͶͶʹ )ଶ + ͵ ∙ (ͻͶͺ + ͻͶͶʹ )ଶ = ͳ͹ͻͶ͸; 
 
5.2 Ɋɚɫɱɟɬ ɆɌɁ ɫ ɩɭɫɤɨɦ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

 
ɉɟɪɜɢɱɧɵɣ  ɬɨɤ, Ⱥ,  ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ 
 𝐼 з = ݇ː݇˅ ∙ 𝐼 ˑˏ = ͳ,ͳͲ,ͻͷ ∙ ͸ͺ͹͵ = ͹ͻͷͺ, 

 
ɝɞɟ  ݇ː– ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,1 ɨ. ɟ.; ݇˅  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɜɨɡɜɪɚɬɚ ɡɚɳɢɬɵ ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɪɚɜɧɵɣ 0,95 ɨ. ɟ.; 𝐼 ˑˏ– ɧɨɦɢɧɚɥɶɧɵɣ 
ɬɨɤ ɡɚɳɢɳɚɟɦɨɣ ɨɛɦɨɬɤɢ, Ⱥ.  
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ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɜ ɮɭɧɤɰɢɢ ɛɥɢɠɧɟɝɨ ɪɟɡɟɪɜɚ:  
 ݇ч = 𝐼௠௜௡ К−ସሺଶሻሺଷ−ସሻ𝐼 з = ͳͺͶͲͲ͹ͻͷͺ = ʹ,͵ͳʹ ൒ ͳ,ͷ, 

 

ɝɞɟ   𝐼௠௜௡ К−ସሺଶሻሺଷ−ସሻ –ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ. 

ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɜ ɮɭɧɤɰɢɢ ɞɚɥɶɧɟɝɨ ɪɟɡɟɪɜɚ: 
 ݇ч = 𝐼௠௜௡ К−ଶଽሺଶሻሺଷ−ସሻ𝐼 з = ͳ͹ͻͶ͸͹ͻͷͺ = ʹ,ʹͷͷ ൒ ͳ,ʹͷ, 

 

ɝɞɟ   𝐼௠௜௡ К−ଶଽሺଶሻሺଷ−ସሻ – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɝɨ ɫ ɡɚɳɢɳɚɟɦɵɦ ɨɛɴɟɤɬɨɦ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ. 

 
5.3 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ȼɇ 220 ɤȼ 

 
Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ I ɫɬɭɩɟɧɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ. 
 
ɉɟɪɜɢɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ, ɫɪɚɛɚɬɵɜɚɧɢɹ I ɫɬɭɩɟɧɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ 

ɡɚɳɢɬɵ (ȾɁ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ  ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɭɫɬɚɜɤɨɣ I ɫɬɭɩɟɧɢ ɞɢ-
ɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ: 

 ܼ˔зI Вʜ = 𝐾ːଵ ∙ ቆܼАʡВʜ + 𝐾ːଶܼ˔зሺଵ−ଶሻI𝐾˕˓ଵ ቇ, 
 

ɝɞɟ  1H
k – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 0,85ɨ.ɟ.; 𝐾ːଶ– ɤɨɷɮɮɢɰɢɟɧɬ 

ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 0,78 ɨ.ɟ.; ܼАʡВʜ – ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɇ 
ɡɚɳɢɳɚɟɦɨɝɨ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ɉɦ; 𝐾˕˓ଵ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɨ. ɟ., ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɬɨɤɚ,  ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɡɚɳɢɬɭ 
ɤ ɬɨɤɭ, ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɩɪɢ ɄɁ ɜ ɭɡɥɟ ɤɨɧɰɚ  ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 
 

• ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɡɚɳɢɬɨɣ ɭɱɚɫɬɤɚ 1-2 
 ݇˕˓ଵ = 𝐼௠𝑎𝑥𝐾−ଵሺଷሻሺଶ−ଷሻ𝐼௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଶ−ଵሻ = ʹ͸ͳ,ͷ͹ͺ͵,ͷ = Ͳ,͵͵Ͷ; 
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ɝɞɟ 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ  –ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ, ɩɪɢ ɬɪёɯɮɚɡɧɨɦ ɄɁ ɜ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɫɢɫɬɟɦɵ ɜ ɤɨɧɰɟ ɩɢɬɚɸɳɟɣ Ʌɗɉ, Ⱥ: 

 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ͳͳͷʹ͵Ͳ ∙ ͷʹ͵ = ʹ͸ͳ,ͷ; 
 𝐼௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଵ−ଶሻ  – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɢ 

ɬɪёɯɮɚɡɧɨɦ ɄɁ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɜ ɤɨɧɰɟ ɷɬɨɣ Ʌɗɉ, Ⱥ: 
 𝐼௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଶ−ଵሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଶ−ଵሻ = ͳͳͷʹ͵Ͳ ∙ ͳͷ͸͹ = ͹ͺ͵,ͷ. 
 ܼ˔зሺଶ−ଵሻ𝐼 – ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ I ɫɬɭɩɟɧɢ 

ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, Ɉɦ: 
 ܼ˔зሺଶ−ଵሻ𝐼 = 𝐾ːଵܼௐሺଶ−ଵሻ = Ͳ,ͺ͹ ∙ ሺͷ,Ͳ͹Ͳ + ݆ͳͺ,ͷͻͲሻ = ͳ͸,͹͸𝑒௝଻ସ,଻°.  

 
ɂɦɟɟɦ, Ɉɦ: 
 ܼ˔з𝐼 Вʜ = 𝐾ːଵ ∙ ቆܼАʡВʜ + 𝐾ːଶܼ˔зሺଶ−ଵሻI𝐾˕˓ଵ ቇ = Ͳ,ͺͷ ∙ ቆ݆ͳʹ,ͳ͹ + Ͳ,͹ͺ ∙ ͳ͸,͹͸𝑒௝଻ସ,଻°Ͳ,͵͵Ͷ ቇ == ͺ,͹͹ͻ + ݆Ͷʹ,Ͷ͵ = Ͷ͵,͵͵𝑒௝଻଼,ଷ°. 

 
• ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɡɚɳɢɬɨɣ ɭɱɚɫɬɤɚ 2-9 
 ݇˕˓ଵ = 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ𝐼௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଶ−ଽሻ = ʹͺ͵͸ͺ͸,ͷ = Ͳ,Ͷͳʹ; 
 

ɝɞɟ 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ  – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ, ɩɪɢ ɬɪёɯɮɚɡɧɨɦ ɄɁ ɜ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɫɢɫɬɟɦɵ ɜ ɤɨɧɰɟ ɩɢɬɚɸɳɟɣ Ʌɗɉ, Ⱥ:  

 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ͳͳͷʹ͵Ͳ ∙ ͷ͸͸ = ʹͺ͵; 
 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɢ 

ɬɪёɯɮɚɡɧɨɦ ɄɁ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɜ ɤɨɧɰɟ ɷɬɨɣ Ʌɗɉ, Ⱥ:  
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𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ͳͳͷʹ͵Ͳ ∙ ͳ͵͹͵ = ͸ͺ͸,ͷ. 
 ܼ˔зሺଶ−ଽሻ𝐼  – ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ I ɫɬɭɩɟɧɢ 

ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, Ɉɦ: 
 ܼ˔зሺଶ−ଽሻ𝐼 = 𝐾ːଵܼௐሺଶ−ଽሻ = Ͳ,ͺ͹ ∙ ሺͷ,ʹͷͲ + ݆ͳͻ,ʹͷͲሻ = ͳ͹,͵͸𝑒௝଻ସ,଻°. 

 
ɂɦɟɟɦ, Ɉɦ: 
 ܼ˔з𝐼 Вʜ = 𝐾ːଵ ∙ ቆܼʡВʜ + 𝐾ːଶܼ˔зሺଶ−ଽሻI𝐾˕˓ଵ ቇ = Ͳ,ͺͷ ∙ ቆ݆ͳʹ,ͳ͹ + Ͳ,͹ͺ ∙ ͳ͹,͵͸𝑒௝଻ସ,଻°Ͳ,Ͷͳʹ ቇ == ͹,͵͹ʹ + ݆͵͹,ʹͻ = ͵ͺ,Ͳͳ𝑒௝଻଼,଼°. 

 
ɉɪɢɧɢɦɚɟɦ ɡɚ ɨɫɧɨɜɭ ɧɚɢɦɟɧɶɲɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ – 
 ܼ˔з𝐼 Вʜ = ͵ͺ,Ͳͳ𝑒௝଻଼,଼°. 
 
ȼɬɨɪɢɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 ܼ˔˓𝐼 = ݇𝐼Вʜ݇௎Вʜ ∙ з𝐼 Вʜ˔ݖ = ͶͲͲͷʹʹͲ ∙ ͳͲଷͳͲͲ ∙ ͵ͺ,Ͳͳ = ͳ,͵ͺʹ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 ݇ч𝐼 = ܼ˔з𝐼ܼʡВʜ = ͵ͺ,Ͳͳͳʹ,ͳ͹ = ͵,ͳʹ͵ > ͳ,ͷ. 

 
Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ IV ɫɬɭɩɟɧɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ. 
 
ɉɟɪɜɢɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ, ɫɪɚɛɚɬɵɜɚɧɢɹ IV ɫɬɭɩɟɧɢ ȾɁ ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ɨɬɫɬɪɨɣɤɢ ɨɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ 
 ܼ˔з𝐼௏ = Ͳ,ͻ𝑈ːˑˏ√͵𝐼 ˃ˆ˓݇ː݇˅cos ሺ𝜑ˏ.ч. − 𝜑ːሻ = Ͳ,ͻ ∙ ʹ͵Ͳ ∙ ͳͲଷ√͵ ∙ ͵ͳ͵,ͺ ∙ ͳ,ʹ ∙ ͳ,ͳ ∙ cos ሺ͹ͷ° − ͵ͷ°ሻ == ͵͹͸,͸ ʝˏ, 
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ɝɞɟ ݇ː– ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,2  ɨ.ɟ.; ݇˅– ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, 
ɪɚɜɧɵɣ 1,1 ɨ.ɟ.; 𝜑ˏ.ч. ɢ 𝜑ː – ɭɝɥɵ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɟɥɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɧɚɝɪɭɡɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɪɟɠɢɦɟ ɩɨɫɥɟ 
ɨɬɤɥɸɱɟɧɢɹ ɜɧɟɲɧɟɝɨ ɄɁ, ɷɥ. ɝɪɚɞ.; 𝐼 ˃ˆ˓–  ɬɨɤ ɧɚɝɪɭɡɤɢ, ɩɪɢɧɢɦɚɟɦɵɣ 
ɪɚɜɧɵɦ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ ɤɨɬɨɪɭɸ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɳɢɬɚ, Ⱥ. 

ȼɬɨɪɢɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 ܼ˔˓𝐼௏ = ݇𝐼Вʜ݇௎Вʜ ∙ з𝐼௏˔ݖ = ͶͲͲͷʹʹͲ ∙ ͳͲଷͳͲͲ ∙ ͵͹͸,͸ = ͳ͵,͸ͻ. 

 
Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ IV ɫɬɭɩɟɧɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ 

ɡɚɳɢɬɵ: 
ɜ ɡɨɧɟ ɡɚɳɢɳɚɟɦɨɝɨ ɭɱɚɫɬɤɚ 
 ݇ч𝐼௏ = ܼ˔з𝐼௏ܼʡВʜ = ͵͹͸,͸ͳʹ,ͳ͹ = ͵Ͳ,ͻͶ. 
 
ɜ ɤɨɧɰɟ ɡɨɧɵ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 
 ݇чIV = ܼ˔зIVܼʡВʜ + ܼௐଷ݇˕˓ଶ > ͳ,ʹͷ, 

 
ɝɞɟ ݇˕˓ଶ–ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɬɨɤɚ ɩɪɨɬɟ-
ɤɚɸɳɟɝɨ  ɱɟɪɟɡ ɡɚɳɢɬɭ ɤ ɬɨɤɭ, ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɢ ɄɁ ɜ 
ɤɨɧɰɟ ɫɦɟɠɧɨɣ Ʌɗɉ, ɨ.ɟ. 

 ݇˕˓ଶ = 𝐼௠௜௡𝐾−ଷ଴ሺଶሻሺଶ−ଷሻ𝐼௠௜௡ 𝐾−ଷ଴ ሺଶሻሺଶ−ଷ଴ሻ = ͳͲʹ,ʹͻͷͺ,Ͳ = Ͳ,ͳͲ͹; 
 

ɝɞɟ 𝐼௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻ  –ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ, ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, Ⱥ: 
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𝐼௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙
∙ √(𝐼ଵ௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻ − 𝐼ଶ௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻʹ )ଶ + ͵ (𝐼ଵ௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻ + 𝐼ଶ௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻʹ )ଶ =
= ͳͳͷʹ͵Ͳ ∙ √(ͳͳͳ − ͳʹͷʹ )ଶ + ͵ (ͳͳͳ + ͳʹͷʹ )ଶ = ͳͲʹ,ʹ; 

 

ɝɞɟ 𝐼௠௜௡ 𝐾−ଷ଴ ሺଶሻሺଷ଴−ଶሻ  –ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ  ɩɨ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɢ  
ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɜ ɤɨɧɰɟ ɫɦɟɠɧɨɝɨ ɷɥɟɦɟɧɬɚ, Ⱥ: 𝐼௠௜௡ 𝐾−ଷ଴ ሺଶሻሺଶ−ଷ଴ሻ = ݇АʡВ−ʠ ∙ √(𝐼ଵ − 𝐼ଶʹ )ଶ + ͵ (𝐼ଵ + 𝐼ଶʹ )ଶ =

= ͳͳͷʹ͵Ͳ ∙ √(ͳͳͲ͸ − ͳͳͲ͸ʹ )ଶ + ͵ (ͳͳͲ͸ + ͳͳͲ͸ʹ )ଶ = ͻͷͺ,Ͳ. 
 
Ɍɨɝɞɚ 

 ݇чIV = ܼ˔зIVܼʡВʜ + ܼௐଷ݇˕˓ଶ = ͵͹͸,͸݆ͳʹ,ͳ͹ + ͷ,ʹͷͲ + ݆ͳͻ,ʹͷͲͲ,ͳͲ͹ = ͳ,ͻͲ ൒ ͳ,ʹͷ. 
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6 Ɂɚɳɢɬɚ ɨɬ ɬɨɤɨɜ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

 
Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɟɚɝɢɪɭɟɬ ɧɚ ɬɨɤɢ ͵𝐼଴, 

ɩɨɹɜɥɹɸɳɢɟɫɹ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢɥɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ ɢ 
ɄɁ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. ɉɪɢɦɟɧɹɟɬɫɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ (ɚ ɬɚɤɠɟ 
ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ) ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɨ ɫɬɨɪɨɧɵ ɨɛɦɨɬɨɤ ȼɇ ɢ ɋɇ, ɟɫɥɢ 
ɩɨɫɥɟɞɧɢɟ ɫɨɟɞɢɧɟɧɵ ɩɨ ɫɯɟɦɟ ɡɜɟɡɞɵ ɢ ɪɚɛɨɬɚɸɬ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɭɥɟɜɨɣ 
ɬɨɱɤɨɣ. 

ɇɚ ɜɵɩɨɥɧɟɧɢɟ ɡɚɳɢɬ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɜɥɢɹɸɬ ɨɫɨɛɟɧɧɨɫɬɢ, ɢ ɩɨɷɬɨɦɭ ɨɧɚ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɨɬɥɢɱɢɹ ɨɬ ɡɚɳɢɬ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 

1) ɭ ȺɌ ɡɚɡɟɦɥɹɸɬɫɹ ɤɨɧɰɵ ɨɛɦɨɬɨɤ ɋɇ, ɹɜɥɹɸɳɢɟɫɹ ɨɛɳɟɣ ɱɚɫɬɶɸ 
ɨɛɦɨɬɤɢ ȺɌ; 

2) ɜɫɥɟɞɫɬɜɢɟ ɧɚɥɢɱɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ȼɇ ɢ ɋɇ 
ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ ɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɡɵɜɚɟɬ ɬɨɤɢ 
ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  ɧɚ ɫɬɨɪɨɧɟ ɞɪɭɝɨɝɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜɵɞɟɪɠɟɤ ɜɪɟɦɟɧɢ ɆɌɁ ɇɉ ɧɚ ɜɵɜɨɞɚɯ ȼɇ ɢ ɋɇ 
ȺɌ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɷɬɢ ɡɚɳɢɬɵ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚɩɪɚɜɥɟɧɧɵɦɢ; 

3) ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɵɞɟɪɠɟɤ ɜɪɟɦɟɧɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɆɌɁ ɇɉ ɧɚ ȺɌ 
ɜɵɩɨɥɧɹɬɶ ɞɜɭɯ- ɢ ɬɪɟɯɫɬɭɩɟɧɱɚɬɵɦɢ. 

 
6.1 I ɫɬɭɩɟɧɶ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȼɇ 
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɬɨɤɨɜɨɣ ɧɚɩɪɚɜɥɟɧɧɨɣ ɡɚɳɢɬɵ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɌɁɇɉ), Ⱥ, ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ 
ɫɨ  ɫɬɭɩɟɧɹɦɢ ɡɚɳɢɬ ɨɬ ɄɁ ɧɚ ɡɟɦɥɸ ɫɦɟɠɧɵɯ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟ-
ɞɚɱɢ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ (ɢɥɢ ɫɪɟɞɧɟɝɨ) ɧɚɩɪɹɠɟɧɢɹ (I, II ,III  ɢɥɢ IV ) ɩɪɢ 
ɭɞɨɜɥɟɬɜɨɪɟɧɢɢ ɬɪɟɛɨɜɚɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

 𝐼 зI = ݇ˑ˕˔ ∙ 𝐼ௐଵI , 
 

ɝɞɟ  ݇ˑ˕˔ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ, ɪɚɜɧɵɣ 1,1 ɨ.ɟ.; 𝐼ௐଵI – ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ  
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɌɁɇɉ ɫɦɟɠɧɨɣ ɥɢɧɢɢ, ɫ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨɝɥɚɫɨɜɚɧɢɟ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, Ⱥ. 

 𝐼ௐଵI = 𝐾ː ∙ 𝐼୫axሺˍ−ଵሻሺଵሻଶ−ଵ = ͳ,ͳ ∙ ͷͺͷ,ͷ = ͸ͶͶ,Ͳ; 
 𝐼୫ax ሺˍ−ଵሻሺଵሻଶ−ଵ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ ୫axሺˍ−ଵሻሺଵሻଶ−ଵ + 𝐼ଶ୫axሺˍ−ଵሻሺଵሻଶ−ଵ + 𝐼଴୫axሺˍ−ଵሻሺଵሻଶ−ଵ ቁ == ͳͳͷʹ͵Ͳ ∙ ሺ͵ͷ͵ + ͵ͷͺ + Ͷ͸Ͳሻ = ͷͺͷ,ͷ, 
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Ɍɨɝɞɚ 𝐼 зI = ͳ,ͳ ∙ ͸ͶͶ,Ͳ = ͹Ͳͺ,Ͷ. 
 
ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɡɚɳɢɬɨɣ ɭɱɚɫɬɤɚ 2-9: 
 𝐼ௐଷI = 𝐾ː ∙ 𝐼୫ax ሺˍ−ଽሻሺଵሻଶ−ଽ = ͳ,ͳ ∙ ͷʹ͹,Ͳ = ͷͺͲ,Ͳ, 
 𝐼୫axሺˍ−ଽሻሺଵሻଽ−ଶ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ୫axሺˍ−ଽሻሺଵሻଶ−ଽ + 𝐼ଶ୫axሺˍ−ଽሻሺଵሻଶ−ଽ + 𝐼଴୫axሺˍ−ଽሻሺଵሻଶ−ଽ ቁ == ͳͳͷʹ͵Ͳ ∙ ሺʹͻ͹ + ͵ͲͶ + Ͷͷ͵ሻ = ͷʹ͹,Ͳ. 
 
Ɍɨɝɞɚ 𝐼 зI = ͳ,ͳ ∙ ͷͺͲ,Ͳ = ͸͵ͺ. 
 
ɉɪɢɧɢɦɚɟɦ ɡɚ ɨɫɧɨɜɧɨɣ ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ 
 𝐼 зI = ͹Ͳͺ,Ͷ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 𝐼 ˓ = 𝐾˔х݇𝐼Вʜ ∙ 𝐼 зI = ͳͶͲͲͷ ∙ ͹Ͳͺ,Ͷ = ͺ,ͺͷͷ, 

 
ɝɞɟ 𝐾˔х –  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɯɟɦɭ ɫɨɟɞɢɧɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ 
ɝɥɚɜɧɵɯ ɌɌ ɫɬɨɪɨɧɵ ȼɇ, ݇𝐼Вʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɝɥɚɜɧɨɝɨ ɌɌ 
ɫɬɨɪɨɧɵ ȼɇ. 

ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ, ɨ. ɟ.: 
 𝐾ч = 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ𝐼 з = ͸ͷͻ,ͷ͹Ͳͺ,Ͷ = ͳ,Ͳ͵ < ͳ,ͷ, 

 
ɝɞɟ 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ  – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ 
ȼɇ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ. 

 𝐼୫i୬ሺˍ−ଶሻሺଵሻଶ−ଷ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ ୫i୬ሺˍ−ଶሻሺଵሻଶ−ଷ + 𝐼ଶ ୫i୬ሺˍ−ଶሻሺଵሻଶ−ଷ + 𝐼଴ ୫i୬ሺˍ−ଶሻሺଵሻଶ−ଷ ቁ= ͳͳͷʹ͵Ͳ ∙ ሺʹ͵ʹ + ʹͶ͸ + ͺͶͳሻ = ͸ͷͻ,ͷ. 
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6.2 II ɫɬɭɩɟɧɶ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
 
ɉɟɪɜɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, Ⱥ 
- ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɌɁɇɉ I ɫɬɭɩɟɧɢ ɫɦɟɠɧɵɯ ɥɢɧɢɣ 
 𝐼 з𝐼𝐼 = ݇˔ˑˆˎ𝐾˕˓𝐼 зI = ͳ,ͳ ∙ Ͳ,ͷͲ͹ ∙ ͹Ͳͺ,Ͷ = ͵ͻͷ,ͳ 
 

ɝɞɟ ݇˔ˑˆˎ = ͳ,ͳ ÷ ͳ,͵– ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɝɥɚɫɨɜɚɧɢɹ; 𝐾˕˓ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ 
ɩɨ ɡɚɳɢɳɚɟɦɨɣ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɤ ɬɨɤɭ, ɩɪɨɬɟɤɚɸɳɟɦɭ ɩɨ ɫɦɟɠɧɨɣ 
ɥɢɧɢɢ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɡɚ ɫɦɟɠɧɨɣ ɥɢɧɢɟɣ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 

 𝐾˕˓ = 𝐼୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ𝐼୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ = ʹͻ͹,Ͳͷͺͷ,ͷ = Ͳ,ͷͲ͹; 
 𝐼୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ + 𝐼ଶ୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ + 𝐼଴୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ ቁ= ͳͳͷʹ͵Ͳ ∙ ሺͳͲͻ + ͳʹʹ + ͵͸͵ሻ = ʹͻ͹,Ͳ; 
 𝐼୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ + 𝐼ଶ୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ + 𝐼଴୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ ቁ= ͳͳͷʹ͵Ͳ ∙ ሺ͵ͷ͵ + ͵ͷͺ + Ͷ͸Ͳሻ = ͷͺͷ,ͷ; 
 
Ɉɩɪɟɞɟɥɹɟɦ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 𝐼 ˓ = 𝐾˔х݇𝐼Вʜ ∙ 𝐼 з𝐼𝐼 = ͳͶͲͲͷ ∙ ͷͺͷ,ͷ = ͹,͵ͳͻ, 

 
ɝɞɟ 𝐾˔х –  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɯɟɦɭ ɫɨɟɞɢɧɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ 
ɝɥɚɜɧɵɯ ɌɌ ɫɬɨɪɨɧɵ ȼɇ, ݇𝐼Вʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɝɥɚɜɧɨɝɨ ɌɌ 
ɫɬɨɪɨɧɵ ȼɇ. 

ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ, ɨ. ɟ.: 
 𝐾ч = 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ𝐼 з = ͸ͷͻ,ͷͶ͸͸,ͻ = ͳ,͸͸ > ͳ,ͷ, 
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ɝɞɟ 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ  – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ 
ȼɇ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ. 

 
6.3 IV ɫɬɭɩɟɧɶ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɱɟɬɜɟɪɬɨɣ ɫɬɭɩɟɧɢ ɌɁɇɉ, Ⱥ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɫɬɪɨɣɤɨɣ 

ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ  ɜ ɧɭɥɟɜɨɦ ɩɪɨɜɨɞɟ ɡɚɳɢɳɚɟɦɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɜɧɟɲɧɢɯ ɬɪɟɯɮɚɡɧɵɯ ɄɁ: 

 𝐼 з𝐼௏ = ݇ː𝐾˕˓𝐼 ˄, 
 

ɝɞɟ ݇ː –  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,2÷1,3 ɨ.ɟ.; 𝐼 ˄ – ɬɨɤ ɧɟɛɚɥɚɧɫɚ, 
ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɧɭɥɟɜɨɦ ɩɪɨɜɨɞɟ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ, Ⱥ. 

 𝐼 ˄ = ݇ː˄𝐼୫ax К−ସሺଷሻሺଶ−ଷሻ = Ͳ,ͷ ∙ ͵ͷ͵ = ͳ͹͸, 
 

ɝɞɟ 𝐼୫ax К−ଶሺଷሻሺଶ−ଷሻ –ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ  ɩɪɢ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɧɚ ɫɬɨɪɨɧɟ 
ɇɇ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ⱥ: 

 𝐼୫ax К−ଶሺଷሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ୫ax К−ଶሺଷሻሺଶ−ଷሻ = ͳͳͷʹ͵Ͳ ∙ ͹Ͳ͸ = ͵ͷ͵; 
 ݇ː˄ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɛɚɥɚɧɫɚ, ɪɚɜɧɵɣ 0,1 ɨ. ɟ. ɩɪɢ ɤɪɚɬɧɨɫɬɢ ݇ > ͵; ݇ː˄ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɛɚɥɚɧɫɚ, ɪɚɜɧɵɣ 0,5 ɨ. ɟ.  ɩɪɢ ɤɪɚɬɧɨɫɬɢ ݇ < ͵; 

ɝɞɟ k – ɤɪɚɬɧɨɫɬɶ, ɨ. ɟ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ 
 ݇ = 𝐼୫ax К−ଶሺଷሻሺଶ−ଷሻ𝐼 ˑˏ = ͵ͷ͵͵ͳ͵,ͺ = ͳ,ͳʹ, 

 
ɝɞɟ  𝐼 ˑˏ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɡɚɡɟɦɥɟɧɧɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ⱥ. 

Ɍɨɝɞɚ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɱɟɬɜɟɪɬɨɣ ɫɬɭɩɟɧɢ ɌɁɇɉ, Ⱥ: 
 𝐼 з𝐼௏ = ݇ː𝐼 ˄ = ͳ,ʹ ∙ ʹͶ͵,ͷ = ʹͻʹ,ʹ, 
 
 Ɉɩɪɟɞɟɥɢɦ ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ: 
 𝐼𝐼௏ = ݇˔х݇𝐼 𝐼 з𝐼௏ = ͳͶͲͲͷ ∙ ʹͻʹ,ʹ = ͵,͸ͷʹ. 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

29 ВɄɊ – 13.03.02.05 ɉɁ 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɩɨ ɬɨɤɭ, ɨ.ɟ.,  
• ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɝɨ ɭɱɚɫɬɤɚ 

 𝐾ч = 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ𝐼 з𝐼௏ = ͸ͷͻ,ͷʹͻʹ,ͷ = ʹ,ʹͷ > ͳ,ͷ, 
 

ɝɞɟ  𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ – ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɡɚɳɢɳɚɟɦɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɜ ɦɟɫɬɟ 
ɭɫɬɚɧɨɜɤɢ ɡɚɳɢɬɵ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ (ɧɚ 
ɲɢɧɚɯ ȼɇ)  ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ, Ⱥ; 

• ɜ ɤɨɧɰɟ ɡɨɧɵ ɞɟɣɫɬɜɢɹ 
 𝐾ч = 𝐼୫i୬ ሺˍ−ଶଽሻሺଵሻଶ−ଷ𝐼 з𝐼௏ = ͳͶͶ,Ͳʹͻʹ,ͷ => ͳ,ʹͷ, 

 
ɝɞɟ  𝐼୫i୬ ሺˍ−ଵሻሺଵሻଶ−ଷ –  ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɡɚɳɢɳɚɟɦɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ  ɜ ɦɟɫɬɟ 
ɭɫɬɚɧɨɜɤɢ ɡɚɳɢɬɵ, ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ ɫɦɟɠɧɨɝɨ ɷɥɟɦɟɧɬɚ  (ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ)  ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ ɤɚɫɤɚɞɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɜɵ-
ɤɥɸɱɚɬɟɥɹ Ʌɗɉ, Ⱥ: 

 𝐼୫i୬ሺˍ−ଵሻሺଵሻଶ−ଷ = 𝐾АʡВ−ʠ ∙ ቀ𝐼ଵ ୫i୬ሺˍ−ଶଽሻሺଵሻଶ−ଷ + 𝐼ଶ ୫i୬ሺˍ−ଶଽሻሺଵሻଶ−ଷ + 𝐼଴ ୫i୬ሺˍ−ଶଽሻሺଵሻଶ−ଷ ቁ == ͳͳͷʹ͵Ͳ ∙ ሺͶʹ + ͷ͸ + ͳͻͲሻ = ͳͶͶ,Ͳ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ  ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨ ɦɨɳɧɨɫɬɢ, ɨ.ɟ.: 

• ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɝɨ ɭɱɚɫɬɤɚ: 
 ݇чௐ = 𝐼୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ · 𝑈ˑ˔˕ሺଵሻ ∙ ݇˔х݇𝐼 ∙ ݇௎ ∙ ܵ˔˓ = ͸ͷͻ,ͷ ∙ ͺͲʹ͸ ∙ ͳͶͲͲͷ ∙ ʹʹͲ ∙ ͳͲଷͳͲͲ ∙ ͳͶ,Ͳ = ʹ,ͳͷ ൒ ʹ, 
 

ɝɞɟ  𝑈ˑ˔˕ሺଵሻ – ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ 
ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ, ȼ: 

 𝑈ˑ˔˕ሺଵሻ = 𝐼୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ ∙ ܼАʡВʜ = ͸ͷͻ,ͷ ∙ ͳʹ,ͳ͹ = ͺͲʹ͸; 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

30 ВɄɊ – 13.03.02.05 ɉɁ 

𝐼୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ = 𝐾АʡВ−ʠ ∙ ቀ𝐼ଵ୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ + 𝐼ଶ୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ + 𝐼଴୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ ቁ == ͳͳͷʹ͵Ͳ ∙ ሺʹ͵ʹ + ʹͶ͸ + ͺͶͳሻ = ͸ͷͻ,ͷ; 
 

• ɜ ɤɨɧɰɟ ɡɨɧɵ ɞɟɣɫɬɜɢɹ: 
 ݇чௐ = 𝐼୫i୬ሺˍ−ଶଽሻሺଵሻሺଶ−ଷሻ · 𝑈ˑ˔˕ሺଵሻ ∙ ݇˔х݇𝐼 ∙ ݇௎ ∙ ܵ˔˓ = ͳͶͶ,Ͳ ∙ ʹ͹͹ͷ ∙ ͳͶͲͲͷ ∙ ʹʹͲ ∙ ͳͲଷͳͲͲ ∙ Ͷ = ͳ,ͷͲ ൒ ͳ,Ͷ ÷ ͳ,ͷ, 
 

ɝɞɟ  𝑈ˑ˔˕ሺଵሻ – ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ȼ: 

 𝑈ˑ˔˕ሺଵሻ = 𝐼୫i୬ሺˍ−ଶଽሻሺଵሻሺଶ−ଷሻ ∙ ܼௐଵ = ͳͶͶ,Ͳ ∙ ሺͷ,Ͳ͹Ͳ + ݆ͳͺ,ͷͻሻ = ʹ͹͹ͷ𝑒௝଻ସ,଻ସ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

31 ВɄɊ – 13.03.02.05 ɉɁ 

7 ɂɫɩɵɬɚɧɢɟ ɆɌɁ ȺɌ ɧɚ ɫɬɟɧɞɟ ɒɗ 2607 048 

 
7.1 ɇɚɡɧɚɱɟɧɢɟ ɲɤɚɮɚ ɒɗ 2607 048 

 
ɒɤɚɮ ɬɢɩɚ ɒɗ 2607-048 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɡɚɳɢɬɵ, ɚɜɬɨɦɚɬɢɤɢ ɜɜɨɞɨɜ. 

Ʉɨɦɩɥɟɤɬ ɪɟɚɥɢɡɭɟɬ ɮɭɧɤɰɢɢ Ⱥɍȼ, ɍɊɈȼ, Ⱥɉȼ, ȺȼɊ ɢ ɫɨɞɟɪɠɢɬ     ɬɚɤɠɟ 
ɬɪɟɯɫɬɭɩɟɧɱɚɬɭɸ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ (ɆɌɁ), ɡɚɳɢɬɭ ɨɬ 
ɧɟɩɨɥɧɨɮɚɡɧɨɝɨ ɪɟɠɢɦɚ (ɁɇɊ), ɡɚɳɢɬɭ ɨɬ ɞɭɝɨɜɵɯ  ɡɚɦɵɤɚɧɢɣ (ɁȾɁ),  
ɥɨɝɢɱɟɫɤɭɸ ɡɚɳɢɬɭ ɲɢɧ (ɅɁɒ), ɡɚɳɢɬɭ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (ɁɆɇ) ɢ 
ɡɚɳɢɬɭ ɨɬ ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (ɁɈɁɁ).  

Ⱥɩɩɚɪɚɬɧɨ ɭɤɚɡɚɧɧɵɟ ɜɵɲɟ ɮɭɧɤɰɢɢ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɛɚɡɟ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ  ɬɟɪɦɢɧɚɥɨɜ Ȼɗ2502Ⱥ0303[10]. 

 
7.2 ɍɫɬɪɨɣɫɬɜɨ ɢ ɪɚɛɨɬɚ ɢɫɫɥɟɞɭɟɦɵɯ ɡɚɳɢɬ ɲɤɚɮɚ ɒɗ 2607 048 
 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɭɠɧɨ ɩɪɚɜɢɥɶɧɨ ɜɵɩɨɥɧɢɬɶ ɫɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ 

ɤɥɟɦɦɧɢɤɨɦ ɧɚ ɫɬɟɧɟ ɢ ɲɤɚɮɨɦ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ 
(ɪɢɫ. 7.1). 

ɇɭɠɧɨ ɨɬɫɨɟɞɢɧɢɬɶ ɜɫɟ ɮɚɡɵ ɢ ɧɟɣɬɪɚɥɶ ɛɟɥɨɝɨ ɤɚɛɟɥɹ ɨɬ ɤɥɟɦɦɧɢɤɚ ɧɚ 
ɫɬɟɧɟ (ɟɫɥɢ ɨɧɢ ɩɨɞɤɥɸɱɟɧɵ), ɩɨɞɤɥɸɱɢɬɶ ɜɫɟ ɮɚɡɵ ɢ ɧɟɣɬɪɚɥɶ ɱёɪɧɨɝɨ ɤɚɛɟɥɹ 
ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɥɟɦɦɚɦ ɤɥɟɦɦɧɢɤɚ ɧɚ ɫɬɟɧɟ ɢ ɤ ɤɥɟɦɦɚɦ ɢɫɩɵɬɚɬɟɥɶɧɨɣ 
ɤɪɵɲɤɢ ɛɥɨɤɚ SG1 ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 7.1. 
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Ɋɢɫ. 7.1 ɋɯɟɦɚ ɢɫɩɵɬɚɧɢɹ ɆɌɁ ȼɇ 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

32 ВɄɊ – 13.03.02.05 ɉɁ 

 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɆɌɁ ɇɇ ɧɟɨɛɯɨɞɢɦɨ ɨɬɫɨɟɞɢɧɢɬɶ ɜɫɟ ɮɚɡɵ ɢ ɧɟɣɬɪɚɥɶ 

ɛɟɥɨɝɨ ɤɚɛɟɥɹ ɨɬ ɤɥɟɦɦɧɢɤɚ ɧɚ ɫɬɟɧɟ (ɟɫɥɢ ɨɧɢ ɩɨɞɤɥɸɱɟɧɵ), ɩɨɞɤɥɸɱɢɬɶ ɜɫɟ 
ɮɚɡɵ ɢ ɧɟɣɬɪɚɥɶ ɱёɪɧɨɝɨ ɤɚɛɟɥɹ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɥɟɦɦɚɦ ɤɥɟɦɦɧɢɤɚ ɧɚ 
ɫɬɟɧɟ ɢ ɤ ɤɥɟɦɦɚɦ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɤɪɵɲɤɢ ɛɥɨɤɚ SG1 ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 7.2. 
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Ɋɢɫ. 7.2 ɋɯɟɦɚ ɢɫɩɵɬɚɧɢɹ ɆɌɁ ɇɇ 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

33 ВɄɊ – 13.03.02.05 ɉɁ 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɆɌɁ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 7.3. ɋɯɟɦɚ ɫɨɞɟɪɠɢɬ ɂɈ 
ɬɨɤɚ ɮɚɡ ɩɟɪɜɨɣ, ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɟɣ. Ⱦɥɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɩɭɫɤɨɜɵɯ ɬɨɤɨɜ 
ɩɪɢ ɞɜɢɝɚɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɞɥɹ  ɩɟɪɜɨɣ  ɫɬɭɩɟɧɢ  ɩɪɟɞɭɫɦɨɬɪɟɧ  ɪɟɠɢɦ  ɪɚɛɨɬɵ 
ɫ ɡɚɝɪɭɛɥɟɧɢɟɦ ɭɫɬɚɜɤɢ, ɤɨɬɨɪɵɣ  ɡɚɞɚёɬɫɹ ɩɪɨɝɪɚɦɦɧɨɣ ɧɚɤɥɚɞɤɨɣ  ɏȼ1 ɧɚ 
ɜɪɟɦɹ  ɪɚɛɨɬɵ  ɪɟɥɟ  ɭɫɤɨɪɟɧɢɹ  (ɩɪɢ  ɜɨɡɜɪɚɬɟ  ɪɟɥɟ  ɊɉɈ  ɫ ɜɵɞɟɪɠɤɨɣ   ɜɪɟɦɟɧɢ 
ɧɚ  ɜɨɡɜɪɚɬ). ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɵɯ   ɧɚɤɥɚɞɨɤ   ɏȼ4, ɏȼ7 ɢ ɏȼ10 
ɩɪɟɞɭɫɦɨɬɪɟɧ ɜɵɜɨɞ ɮɭɧɤɰɢɣ ɆɌɁ-1, ɆɌɁ-2 ɢ ɆɌɁ-3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɉɟɪɟɤɥɸɱɚɬɟɥɟɦ «SA ȼɵɜɨɞ  ɆɌɁ», ɤɨɬɨɪɵɣ ɩɨ ɭɦɨɥɱɚɧɢɸ  ɩɪɟɞɫɬɚɜɥɟɧ  ɧɚ  
ɥɢɰɟɜɨɣ  ɩɚɧɟɥɢ  ɬɟɪɦɢɧɚɥɚ  ɜ  ɜɢɞɟ ɬɭɦɛɥɟɪɚ SA2, ɩɪɟɞɭɫɦɨɬɪɟɧ ɜɵɜɨɞ ɜɫɟɯ 
ɫɬɭɩɟɧɟɣ ɆɌɁ ɢɡ ɪɚɛɨɬɵ.  

Ʉɨɧɬɪɨɥɶ  ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ  ɆɌɁ  ɜɜɨɞɢɬɫɹ  ɩɪɨɝɪɚɦɦɧɵɦɢ  ɧɚɤɥɚɞɤɚɦɢ  
ɏȼ2,  ɏȼ5  ɢ  ɏȼ8 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɆɌɁ-1, ɆɌɁ-2 ɢ ɆɌɁ-3. ɇɚɤɥɚɞɤɚɦɢ 
ɏȼ3, ɏȼ6 ɢ ɏȼ9 ɡɚɞɚɟɬɫɹ ɪɟɠɢɦ ɪɚɛɨɬɵ ɆɌɁ ɩɟɪɜɨɣ, ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ 
ɫɬɭɩɟɧɟɣ ɫ ɩɭɫɤɨɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɉɟɪɜɚɹ ɢ ɜɬɨɪɚɹ ɫɬɭɩɟɧɢ  ɆɌɁ  ɢɦɟɸɬ  ɧɟɡɚɜɢɫɢɦɵɟ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ  
ɫɪɚɛɚɬɵɜɚɧɢɹ.   

Ɍɪɟɬɶɹ ɫɬɭɩɟɧɶ ɜɵɩɨɥɧɟɧɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɚɛɨɬɵ ɤɚɤ ɫ ɡɚɜɢɫɢɦɨɣ,  ɬɚɤ  
ɢ  ɫ  ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. ȼɵɛɨɪ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ     ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɂɑɆ. Ⱦɟɣɫɬɜɢɟ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɡɚɞɚёɬɫɹ 
ɩɪɨɝɪɚɦɦɧɨɣ ɧɚɤɥɚɞɤɨɣ ɏȼ11. 

ȼɵɛɨɪ ɪɟɠɢɦɚ ɪɚɛɨɬɵ  ɧɚɩɪɚɜɥɟɧɧɵɯ ɫɬɭɩɟɧɟɣ ɆɌɁ ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ  
Ɍɇ ɡɚɞɚɟɬɫɹ  ɩɪɨɝɪɚɦɦɧɨɣ  ɧɚɤɥɚɞɤɨɣ  ɏȼ12 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫ. 6.2. ɉɪɢ  ɷɬɨɦ 
ɩɪɨɢɡɜɨɞɢɬɫɹ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  ɛɥɨɤɢɪɨɜɚɧɢɟ ɢɥɢ ɩɟɪɟɜɨɞ ɆɌɁ ɜ 
ɧɟɧɚɩɪɚɜɥɟɧɧɵɣ ɪɟɠɢɦ.  ɂɡɦɟɪɢɬɟɥɶɧɵɟ   ɨɪɝɚɧɵ   ɧɚɩɪɚɜɥɟɧɢɹ   ɦɨɳɧɨɫɬɢ   
ɜɵɩɨɥɧɟɧɵ   ɩɨ   90-ɝɪɚɞɭɫɧɨɣ ɫɯɟɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɚɡɧɵɯ ɬɨɤɨɜ ɢ 
ɥɢɧɟɣɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. ɍɝɨɥ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ɅɆɑ) 45 
ɝɪɚɞɭɫɨɜ (ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ), ɡɨɧɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɊɇɆ1 ɢ ɊɇɆ2, ɜɤɥɸɱɟɧɧɵɯ ɩɨ ɫɯɟɦɟ «ɂ». ɇɚ 
ɪɢɫ. 6.3 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ   ɜɟɤɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɪɟɠɢɦɨɜ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɊɇɆ1 ɢ  ɊɇɆ2 [10]. 
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Ɋɢɫɭɧɨɤ 7.3 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɆɌɁ 
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Ɋɢɫɭɧɨɤ 7.4 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦ ɊɆɇ ɆɌɁ 

 

IАN

IBN

 
Ɋɢɫɭɧɨɤ 7.5 – ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɚɜɚɟɦɵɯ ɬɨɤɨɜ ɪɟɥɟ-ɬɨɦɨɝɪɚɮɨɦ RE-

TOM 41M ɞɥɹ ɫɨɡɞɚɧɢɹ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 
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IВN IАN

 

Ɋɢɫɭɧɨɤ 7.6 – ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɚɜɚɟɦɵɯ ɬɨɤɨɜ ɪɟɥɟ-ɬɨɦɨɝɪɚɮɨɦ RE-
TOM 41M ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɧɟɲɧɟɝɨ ɄɁ 

 
Ⱦɥɹ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ 

ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɢ ɜɧɟɲɧɟɦ ɄɁ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 7.7, 7.8 ɢ 7.9. 
ɂɡ ɨɫɰɢɥɥɨɝɪɚɦɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɡɚɳɢɬɚ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɩɨɞɚɱɟ 
ɞɜɭɯ ɨɞɢɧɚɤɨɜɨ ɧɚɩɪɚɜɥɟɧɧɵɯ ɬɨɤɚɯ ɫɬɨɪɨɧɵ ȼɇ ɢ ɇɇ ɮɚɡɵ Ⱥ.  

 

 
Ɋɢɫɭɧɨɤ 7.7 – Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ 

ɡɟɦɥɸ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 
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Ɋɢɫɭɧɨɤ 7.8 – Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɆɌɁ ȼɇ 

 
 

 
Ɋɢɫɭɧɨɤ 7.9 –– Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɆɌɁ ɇɇ 
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8 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɫɟɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɭɱɚɫɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɟɝɨ ɨɫɧɨɜɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ Simulink ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ 
ɛɢɛɥɢɨɬɟɤɨɣ  SimPowerSystems. Ȼɢɛɥɢɨɬɟɤɚ SimPowerSystems ɷɬɨ ɩɚɤɟɬ, 
ɫɨɞɟɪɠɚɳɢɣ ɧɚɛɨɪ ɛɥɨɤɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɢɡɜɟɫɬɢ ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ȼ ɫɨɫɬɚɜ ɛɢɛɥɢɨɬɟɤɢ ɜɯɨɞɹɬ ɤɚɤ 
ɚɤɬɢɜɧɵɟ, ɬɚɤ ɢ ɩɚɫɫɢɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɢɫɬɨɱɧɢɤɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɪɚɡɥɢɱɧɵɟ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɢ ɬɪɚɧɫɮɨɪɦɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, 
ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɢ ɫɪɟɞɫɬɜɚ ɜɢɡɭɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɪɢɦɟɧɹɹ Simulink 
ɢ SimPowerSystems, ɦɵ ɩɨɥɭɱɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ 
ɚɧɚɥɢɡɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ [5]. 

Ɇɨɞɟɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɱɟɪɬɟɠɟ 7. 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɷɥɟɦɟɧɬɵ ɛɚɡɵ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ Matlab. ɉɨɞɪɨɛɧɨɟ 
ɨɩɢɫɚɧɢɟ ɞɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɦɟɬɨɞɨɜ ɜɜɨɞɚ ɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧɨ ɜ 
ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɜ ɫɪɟɞɟ Matlab» 
[5]. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɚ ɢɦɟɧɧɨ ɫɢɫɬɟɦɵ GS1 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɥɟɦɟɧɬɨɦ ɛɢɛɥɢɨɬɟɤɢ Three Phase Source – ɬɪёɯɮɚɡɧɵɣ 
ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ. ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 8.1. 

 

 
 

Ɋɢɫɭɧɨɤ 8.1 – ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ Three-Phase Source 
 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ Three Phase Pi 

Section Line. ɉɢɤɬɨɝɪɚɦɦɚ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 8.2. 
 

 
 

Ɋɢɫɭɧɨɤ. 8.2 –ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ Three-Phase Pi Section Line 
 

 
ɋɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɟɞɫɬɚɜɥɟɧ ɛɥɨɤɨɦ Three-phase Transformer 

(Two Windings) – ɬɪёɯɮɚɡɧɵɣ ɞɜɭɯɨɛɦɨɬɨɱɧɵɣ ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ. 
ɉɢɤɬɨɝɪɚɦɦɚ ɷɥɟɦɟɧɬɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 8.3. 
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Ɋɢɫɭɧɨɤ 8.3–ɉɢɤɬɨɝɪɚɦɦɚ ɷɥɟɦɟɧɬɚThree-phase Transformer (Two Wind-

ings) 
 
Ɇɨɞɟɥɶ ɧɚɝɪɭɡɤɢ ɫɨɡɞɚɧɚ ɫ ɩɨɦɨɳɶɸ ɷɥɟɦɟɧɬɚ 3-Phase Series RLC Load. 

ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 8.4. 
 

 
 

Ɋɢɫɭɧɨɤ 8.4 - ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ 3-Phase Series RLC Load 
 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɥɟɦɟɧɬɨɦ ɛɢɛɥɢɨɬɟɤɢ 3-Phase 

Breaker – ɬɪёɯɮɚɡɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ. ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 8.5. 
 

 
 

Ɋɢɫɭɧɨɤ 8.5 - ɉɢɤɬɨɝɪɚɦɦɚ ɷɥɟɦɟɧɬɚ 3-Phase Breaker 
 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɚɜɚɪɢɣ (ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ) ɩɪɢɦɟɧɹɟɬɫɹ ɛɥɨɤ 3-Phase 

Fault. ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 8.6. 
 
 

 
Ɋɢɫɭɧɨɤ 8.6 - ɉɢɤɬɨɝɪɚɦɦɚ ɷɥɟɦɟɧɬɚ 3-Phase Fault 
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Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɫɰɢɥɥɨɝɪɚɮɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɥɟɦɟɧɬɚ 
ɛɢɛɥɢɨɬɟɤɢ Current Measurement – ɢɞɟɚɥɶɧɵɣ ɚɦɩɟɪɦɟɬɪ. ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ 
ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 8.7. 

 

 
 

Ɋɢɫɭɧɨɤ 8.7 - ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ Multimeter 
 

Ⱥ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ ɛɢɛɥɢɨɬɟɤɢ SimPowerSystems. ɉɢɤɬɨɝɪɚɦɦɚ 
ɦɨɞɟɥɢ ɨɫɰɢɥɥɨɝɪɚɮɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8.8. 

 

 
 

Ɋɢɫɭɧɨɤ 8.8 – ɉɢɤɬɨɝɪɚɦɦɚ ɦɨɞɟɥɢ ɨɫɰɢɥɥɨɝɪɚɮɚ 
 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɹɜɥɹɟɬɫɹ ɫɜɹɡɭɸɳɢɦ ɡɜɟɧɨɦ ɦɟɠɞɭ ɩɟɪɜɢɱɧɵɦɢ 

ɫɢɥɨɜɵɦɢ ɢ ɜɬɨɪɢɱɧɵɦɢ ɬɨɤɨɜɵɦɢ ɰɟɩɹɦɢ. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ ɦɟɬɨɞɨɜ ɜɜɨɞɚ ɟɝɨ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧɨ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ [5]. ɉɢɤɬɨɝɪɚɦɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8.9. 

 

 
Ɋɢɫɭɧɨɤ 8.9 – ɉɢɤɬɨɝɪɚɦɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 

 
ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɛɵɥ ɜɡɹɬ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ, ɝɞɟ 

ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧ ɦɟɬɨɞ ɟɝɨ ɫɨɡɞɚɧɢɹ [5]. ɉɢɤɬɨɝɪɚɦɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8.10.  

 

 
Ɋɢɫɭɧɨɤ 8.10 – ɉɢɤɬɨɝɪɚɦɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
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ɋɯɟɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɜ Matlab Simulink ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8.11. 
ȼ ɞɚɧɧɨɣ ɫɯɟɦɟ ɨɫɧɨɜɧɵɦ ɛɥɨɤɨɦ ɹɜɥɹɟɬɫɹ ɛɥɨɤ Saturable Transformer. ɗɬɨɬ 
ɛɥɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɫɵɳɚɟɦɵɣ ɞɜɭɯɨɛɦɨɬɨɱɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ. ɋ 
ɩɨɦɨɳɶɸ ɩɟɪɟɦɟɧɧɵɯ I1 ɢ I2 ɦɟɧɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, ɬɨ ɟɫɬɶ ɩɟɪɟɦɟɧɧɵɟ I1 ɢ I2 ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹɦɢ 
ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ.  

 

 
Ɋɢɫɭɧɨɤ 8.11 – Ɇɨɞɟɥɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɜ ɢɫɩɨɥɧɟɧɢɢ ɞɥɹ ɮɚɡɵ Ⱥ 
 

 
Ɋɢɫɭɧɨɤ 8.12. – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Saturable Transformer 

 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɪɟɠɢɦɚ, ɛɥɢɡɤɨɝɨ ɤ ɪɟɠɢɦɭ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɚ ɬɚɤɠɟ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɧɚɱɟɧɢɹ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɥɨɤ Series RLC Branch. ɗɬɨɬ ɛɥɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ RLC ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ⱦɥɹ ɦɨɞɟɥɢ TA 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɧɚɱɟɧɢɟɦ 1 Ɉɦ. Ⱦɥɹ ɨɰɢɮɪɨɜɚɧɧɢɹ ɢ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɬɨɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɥɨɤ Current Measurement (ɋɆ). 
Ⱦɚɧɧɵɣ ɛɥɨɤ ɫɚɦ ɨɰɢɮɪɨɜɵɜɚɟɬ ɫɢɝɧɚɥ, ɬɨ ɟɫɬɶ ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ ɚɧɚɥɨɝɨ-
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ Matlab Simulink, ɚ ɬɚɤɠɟ ɞɢɫɤɪɟɬɢɡɢɪɭɟɬ ɫɢɝɧɚɥ ɫ 
ɩɨɦɨɳɶɸ ɛɥɨɤɚ Power Gui, ɝɞɟ ɡɚɞɚɟɬɫɹ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
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9 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ (ȾɁ). ɉɪɢ 

ɟё ɪɟɚɥɢɡɚɰɢɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɨɞɭɥɶ Simulink ɩɪɨɝɪɚɦɦɵ Matlab.  
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɡɚɳɢɬɵ ɩɨɤɚɡɚɧɚ ɧɚ ɱɟɪɬɟɠɟ №3.  
Ɇɨɞɟɥɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ:  
- ɮɢɥɶɬɪ ɇɑ (CF I ɢ CF U);  
- Ⱥɐɉ;  
- ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ (ORT 

I, ORT U);  
- ɨɪɝɚɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (KZ1 – KZ3);  
- ɨɪɝɚɧɵ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ (PSD);  
- ɨɪɝɚɧ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɰɟɩɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (FFS);  
- ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ (Q);  
- ɫɢɝɧɚɥɶɧɵɟ ɨɪɝɚɧɵ (HL).  

Ɏɭɧɤɰɢɢ Ⱥɐɉ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɩɨɥɧɹɟɬ ɩɪɨɝɪɚɦɦɚ MATLAB (ɩɪɢɥɨ- 
ɠɟɧɢɟ Simulink). 

 
9.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ɉɪɨɦɟɠɭɬɨɱɧɵɦ ɡɜɟɧɨɦ ɦɟɠɞɭ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɢ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɨɪɝɚɧɚɦɢ ɡɚɳɢɬɵ ɹɜɥɹɸɬɫɹ ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ORT I ɢ ORT U. Ɉɧɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɯɨɞɧɵɯ ɚɧɚɥɨɝɨɜɵɯ ɜɟɥɢɱɢɧ ɜ ɤɨɦɩɥɟɤɫɧɨɦ ɜɢɞɟ. 

ɇɚ ɜɯɨɞ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ ɩɨɫɬɭɩɚɸɬ ɞɢɫɤɪɟɬɧɵɟ ɫɢɝɧɚɥɵ, ɤɨɬɨɪɵɟ ɩɪɟɞ-
ɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɟɥɢɱɢɧɵ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɬɨɤɚɦ ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ ɷɥɟɤ- 
ɬɪɨɩɟɪɟɞɚɱɢ.  

Ⱦɥɹ ɪɚɛɨɬɵ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɨɪɝɚɧɨɜ ɡɚɳɢɬɵ ɧɟɨɛɯɨɞɢɦɨ ɤɨɦɩɥɟɤɫɧɨɟ 
ɡɧɚɱɟɧɢɟ ɬɨɤɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɡɚɤɨɧɚ:  

 𝐼̇ = 𝐼௠ ∙ cos 𝜔ݐ + ݆𝐼௠ ∙ sin 𝜔ݐ,                
 

ɝɞɟ 𝐼௠ ∙ cos 𝜔ݐ - ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɬɨɤɚ ɩɨ ɮɚɡɟ; 
 𝐼௠ ∙ sin 𝜔ݐ - ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɬɨɤɚ ɩɨ ɜɟɥɢɱɢɧɟ.  
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Ɋɢɫɭɧɨɤ 9.1 – Ɉɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɬɨɤɚ 

 
Ɍɨɤɢ 𝐼௠ ∙ cos 𝜔ݐ ɢ 𝐼௠ ∙ sin 𝜔ݐ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɪɬɨɝɨɧɚɥɶɧɵɟ 

ɫɨɫɬɚɜɥɹɸɳɢɟ, (ɪɢɫ. 9.1). 
 

 
 

Ɋɢɫɭɧɨɤ 9.2 – ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɚɡɧɨɫɬɢ 
ɬɨɤɨɜ ɮɚɡ Ⱥ ɢ ȼ (ORT I) 

 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɩɪɨɝɪɚɦɦɟ Matlab ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.  
Ȼɥɨɤ Imax ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ IAВ ɡɚ 

ɩɨɥɨɜɢɧɭ ɩɟɪɢɨɞɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ. Ɂɧɚɱɟɧɢɟ IAВ ɞɟɥɢɬɫɹ ɜ ɛɥɨɤɟ sin 𝜔ݐ 
ɧɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 𝐼௠, ɩɨɥɭɱɟɧɧɨɟ ɜ ɛɥɨɤɟ Imax. Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ cos 𝜔ݐ ɜɟɞɟɬɫɹ ɩɨ ɞɜɭɦ ɜɟɬɜɹɦ (ɛɥɨɤɢ Fcn1, Fcn6) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɨɡɪɚɫɬɚɧɢɹ 
ɢɥɢ ɭɛɵɜɚɧɢɹ ɡɧɚɱɟɧɢɣ IAВ. Ɍɚɤ, ɜ ɫɥɭɱɚɟ ɜɨɡɪɚɫɬɚɧɢɹ ɢɡɦɟɪɹɟɦɵɯ ɡɧɚɱɟɧɢɣ 
IAВ, ɛɥɨɤ Detect Increase ɜɵɞɚɟɬ ɥɨɝɢɱɟɫɤɭɸ ɟɞɢɧɢɰɭ ɧɚ ɜɯɨɞ ɤɥɸɱɚ (Switch), 
ɤɨɬɨɪɵɣ ɩɪɨɩɭɫɤɚɟɬ ɡɧɚɱɟɧɢɹ cos 𝜔ݐ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɛɥɨɤɟ Fcn1. ȿɫɥɢ ɧɚ ɜɵɯɨɞɟ 
ɛɥɨɤɚ Detect Increase ɩɨɥɭɱɚɟɬɫɹ ɥɨɝɢɱɟɫɤɢɣ 0, ɬ.ɟ ɡɧɚɱɟɧɢɹ IAВ ɭɛɵɜɚɸɬ, 
ɪɚɫɱɟɬ cos 𝜔ݐ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɛɥɨɤɟ Fcn2. ȼ ɛɥɨɤɟ Divide ɦɝɧɨɜɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ IAВ ɞɟɥɢɬɫɹ ɧɚ sin 𝜔ݐ ɢ ɭɦɧɨɠɚɟɬɫɹ ɧɚ cos 𝜔ݐ ɜ ɛɥɨɤɟ Product. ɇɚ 
ɜɵɯɨɞɟ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɭɱɚɸɬɫɹ ɞɜɟ 
ɦɝɧɨɜɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ݅𝐴ݔ = 𝐼௠ ݔ cos 𝜔ݐ ɢ ݅𝐴ݕ = 𝐼௠ ݔ sin 𝜔ݐ. 
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Ɏɨɪɦɢɪɨɜɚɬɟɥɶ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɪɨɟɧ ɢ 
ɪɚɛɨɬɚɟɬ ɚɧɚɥɨɝɢɱɧɨ. 

 
9.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɥɨɤɢɪɨɜɤɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɰɟɩɟɣ ɩɟɪɟɦɟɧɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 
 
Ȼɥɨɤɢɪɨɜɤɚ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɰɟɩɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɪɨɟɧɚ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɪɢɫ. 9.3): 
ɇɚ ɜɯɨɞɧɵɟ ɩɨɪɬɵ 1-6 Ȼɇɇ ɩɨɫɬɭɩɚɸɬ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɧɚɩɪɹɠɟɧɢɹ UABx, UABy, UBCx, UBCy, UCAx, UCAy ɨɬ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ORT U. 
ȼ ɛɥɨɤɚɯ Real-Imag to Complex ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɥɨɠɟɧɢɟ ɢɯ ɜ ɤɨɦɩɥɟɤɫɧɨɟ 
ɡɧɚɱɟɧɢɟ (ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ ɜ ɤɨɦɩɥɟɤɫɵ ɧɚ 
ɨɫɰɢɥɥɨɝɪɚɮɚɯ IA2, IA3, IA4). Ⱦɚɥɟɟ, ɜ ɛɥɨɤɚɯ Detect Change ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɤɨɧɬɪɨɥɶ ɡɚ ɢɡɦɟɧɟɧɢɟɦ ɜɟɥɢɱɢɧ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɰɟɩɹɯ ɡɚɳɢɬɵ. 
ȿɫɥɢ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧɚɩɪɹɠɟɧɢɟ ɪɚɜɧɨ ɫɜɨɟɦɭ ɩɪɟɞɵɞɭɳɟɦɭ 
ɡɧɚɱɟɧɢɸ, ɬɨ ɧɚ ɜɵɯɨɞɚɯ Ȼɇɇ ɤɚɠɞɨɣ ɮɚɡɵ ɩɨɹɜɥɹɟɬɫɹ ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ, 
ɩɨɫɬɭɩɚɸɳɚɹ ɧɚ ɷɥɟɦɟɧɬ AND ɢ ɞɚɥɟɟ ɧɚ ɜɵɯɨɞɧɨɣ ɩɨɪɬ Ȼɇɇ «1» ɜ ɥɨɝɢɤɭ ȾɁ, 
ɪɚɡɪɟɲɚɹ ɪɚɛɨɬɭ ȾɁ. 

 

 
 

Ɋɢɫɭɧɨɤ 9.3 – ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɛɥɨɤɢɪɨɜɤɚ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɰɟɩɟɣ 
ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (FFS) 
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9.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɰɢɮɪɨɜɨɝɨ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɝɨ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ KZ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 9.4. 
 

 
Ɋɢɫɭɧɨɤ 9.4 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɝɨ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
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ɉɨɫɬɭɩɚɸɳɢɟ ɧɚ ɜɯɨɞɵ KZ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɬɨɤɨɜ (Ix, Iy) ɢ 
ɧɚɩɪɹɠɟɧɢɹ (Ux, Uy) ɩɪɟɨɛɪɚɡɭɸɬɫɹ (ɜ ɛɥɨɤɚɯ Fcn8 ɢ Fcn 9) ɜ ɤɨɦɩɥɟɤɫɵ ɬɨɤɨɜ 
ɢ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɛɥɨɤɟ Fcn10 ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɤɨɦɩɥɟɤɫɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ Z. ȼ ɛɥɨɤɟ Fcn11 ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɞɟɥɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ R ɢ 
ɦɧɢɦɨɣ X ɫɨɫɬɚɜɥɹɸɳɢɯ ɢɡ ɤɨɦɩɥɟɤɫɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Z.  Ɂɧɚɱɟɧɢɹ tan ܾଵ , tan ܾଷ , tan ܾଷ , tan Ͷ ɜɵɱɢɫɥɹɸɬɫɹ ɜ ɦɨɞɭɥɟ Mod1.   

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɞɚɟɬɫɹ ɜ 
ɩɚɪɚɦɟɬɪɚɯ ɛɥɨɤɚ KZ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɭɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦ ܴͲͳ, ܴͲʹ, ܺͲͳ, ܺͲʹ ɢ ɩɨ ɭɝɥɚɦ ܾͳ, ܾʹ, ܾ͵, ܾͶ  ɜ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɜɜɨɞɚ ɭɫɬɚɜɨɤ (ɪɢɫ. 
9.5). 

 

 
 

Ɋɢɫɭɧɨɤ 9.5 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɜɜɨɞɚ ɭɫɬɚɜɨɤ 
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9.4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ 
 
ɇɚ ɜɯɨɞɵ 1, 2, 3, 4 ȻɄ (ɪɢɫ. 9.6) ɩɨɫɬɭɩɚɸɬ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɛɥɨɤɚɯ Re-Im ɩɪɨɢɫɯɨɞɢɬ ɫɥɨɠɟɧɢɟ ɢɯ ɜ ɤɨɦɩɥɟɤɫɵ 
ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɛɥɨɤɟ Zw ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ. Ⱦɚɥɟɟ ɩɪɨɜɟɪɹɟɬɫɹ ɮɚɤɬ ɧɚɯɨɠɞɟɧɢɹ ɝɨɞɨɝɪɚɮɚ ɩɨɥɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɡɨɧɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ȻɄ.  

ɋɢɝɧɚɥɶɧɵɟ ɨɪɝɚɧɵ HL ɨɬɨɛɪɚɠɚɸɬ ɮɚɤɬ ɫɪɚɛɚɬɵɜɚɧɢɹ ȻɄ.  
Ȼɥɨɤ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ KT5 ɡɚɞɚɟɬ ɜɪɟɦɹ, ɧɚ ɤɨɬɨɪɨɟ ȻɄ ɜɜɨɞɢɬ ɜ ɪɚɛɨɬɭ 

ȾɁ.  
Ɋɚɛɨɬɚ ȾɁ ɧɚ ɜɪɟɦɹ ɪɚɡɪɟɲɟɧɢɹ ȻɄ ɨɫɭɳɟɫɬɜɥɟɧɚ ɧɚ ɤɥɸɱɟ Switch: ɩɪɢ 

ɩɨɩɚɞɚɧɢɢ ɝɨɞɨɝɪɚɮɚ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɡɨɧɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ȻɄ 
ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɟɪɯɧɢɣ ɜɯɨɞ ɤɥɸɱɚ. ɇɚ ɰɟɧɬɪɚɥɶɧɨɦ ɜɯɨɞɟ 
ɩɪɨɞɨɥɠɚɟɬ ɡɚɞɟɪɠɢɜɚɬɶɫɹ ɥɨɝɢɱɟɫɤɢɣ 0 ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ KT5. Switch 
ɩɪɨɩɭɫɤɚɟɬ ɫɢɝɧɚɥ ɱɟɪɟɡ ɜɟɪɯɧɢɣ ɜɯɨɞ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɚ ɟɝɨ ɰɟɧɬɪɚɥɶɧɨɦ 
ɜɯɨɞɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 0. ɉɨ ɢɫɬɟɱɟɧɢɸ ɜɪɟɦɟɧɢ KT5, ɥɨɝɢɱɟɫɤɢɣ ɧɨɥɶ ɧɚ 
ɰɟɧɬɪɚɥɶɧɨɦ ɜɯɨɞɟ ɨɛɪɚɳɚɟɬɫɹ ɜ ɟɞɢɧɢɰɭ ɢ ɤɥɸɱ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɧɚ ɧɢɠɧɢɣ 
ɜɯɨɞ, ɬ.ɟ. ɧɨɥɶ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɵɯɨɞɧɨɣ ɩɨɪɬ «1» ȻɄ ɜ ɥɨɝɢɤɭ ȾɁ, ɛɥɨɤɢɪɭɹ ɟё 
ɪɚɛɨɬɭ. 
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Ɋɢɫɭɧɨɤ 9.6 – ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ 
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9.5 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  
 
ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ (HL) ɫɥɭɠɢɬ ɞɥɹ ɢɧɞɢɤɚɰɢɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ. 

Ȼɥɨɤ ɢɦɟɟɬ ɨɞɢɧ ɜɯɨɞ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɪɢёɦɚ ɥɨɝɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɢɡ 
ɜɧɟɲɧɢɯ ɫɢɫɬɟɦ. ȼɧɟɲɧɢɣ ɜɢɞ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ 
ɪɟɠɢɦɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 9.7. ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɧɚ ɜɯɨɞɧɨɣ 
ɩɨɪɬ In1 (ɪɢɫɭɧɨɤ 14) ɥɨɝɢɱɟɫɤɢɣ ɧɨɥɶ ɨɛɪɚɳɚɟɬɫɹ ɜ ɟɞɢɧɢɰɭ ɜ ɷɥɟɦɟɧɬɟ NOT ɢ 
ɢɧɞɢɤɚɬɨɪ ɝɨɪɢɬ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ. Ʉɚɤ ɬɨɥɶɤɨ ɫɢɝɧɚɥ ɫɬɚɧɨɜɢɬɫɹ ɧɭɥɟɜɵɦ, 
ɢɧɞɢɤɚɬɨɪ ɡɚɝɨɪɚɟɬɫɹ ɡɟɥɟɧɵɦ.  

 

 
Ɋɢɫɭɧɨɤ 9.7 – ȼɧɟɲɧɢɣ ɜɢɞ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 

 

 
 

Ɋɢɫɭɧɨɤ 9.8 – Ʌɨɝɢɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 
 

ȼɧɭɬɪɢ ɛɥɨɤɚ HL ɧɚɯɨɞɢɬɫɹ ɭɩɪɚɜɥɹɟɦɚɹ ɬɪɢɝɝɟɪɧɚɹ ɩɨɞɫɢɫɬɟɦɚ 
Triggered Subsystem (ɪɢɫ. 9.9). Ɋɚɫɱёɬ ɷɬɨɣ ɩɨɞɫɢɫɬɟɦɵ ɢɞёɬ ɧɟ ɜɫё ɜɪɟɦɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚ ɩɪɨɢɫɯɨɞɢɬ ɥɢɲɶ ɜ ɦɨɦɟɧɬɵ ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɹɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɭɩɪɚɜɥɹɸɳɢɦ.  

 

 
 

Ɋɢɫɭɧɨɤ 9.9 – ɉɨɞɫɢɫɬɟɦɚ Triggered Subsystem 
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ȼɧɭɬɪɢ ɬɪɢɝɝɟɪɧɨɣ ɩɨɞɫɢɫɬɟɦɵ ɪɚɫɩɨɥɨɠɟɧ ɛɥɨɤ Trigger. Ɉɧ ɞɟɥɚɟɬ ɞɚɧ-
ɧɭɸ ɩɨɞɫɢɫɬɟɦɭ ɭɩɪɚɜɥɹɟɦɨɣ (ɪɢɫ. 9.9). Ɉɬɦɟɬɢɦ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ-
ɭɩɪɚɜɥɹɟɦɨɣ ɩɨɞɫɢɫɬɟɦɵ ɫɢɥɶɧɨ ɡɚɦɟɞɥɹɟɬ ɪɚɛɨɬɭ ɦɨɞɟɥɢ.  

ɉɨɫɥɟ ɢɧɜɟɪɫɢɢ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɢɡ ɥɨɝɢɱɟɫɤɨɣ ɮɨɪɦɵ ɜ 
ɱɢɫɥɨɜɭɸ. Ɂɚɬɟɦ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɛɥɨɤɚ S-ɮɭɧɤɰɢɢ (S-Function).  

ɑɚɳɟ ɜɫɟɝɨ S-ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɛɢɛɥɢɨɬɟɱɧɵɯ 
ɛɥɨɤɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ Simulink ɫ ɚɩɩɚɪɚɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ 
ɤɨɦɩɶɸɬɟɪɚ.  

S-ɮɭɧɤɰɢɹ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɦɨɞɟɥɢ ɫ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɱɧɨɝɨ ɛɥɨɤɚ S-
function. S-ɮɭɧɤɰɢɢ ɹɜɥɹɸɬɫɹ ɨɩɢɫɚɧɢɟɦ ɛɥɨɤɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
MATLAB. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 
ɩɚɪɚɦɟɬɪ backgroundcolor (ɰɜɟɬ ɮɨɧɚ) ɜɧɟɲɧɟɝɨ ɛɥɨɤɚ Atomic Subsystem. 
ɂɧɞɢɤɚɬɨɪ HL ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɚ ɥɸɛɨɦ ɭɪɨɜɧɟ ɦɨɞɟɥɢ. 

Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɢ ɥɢɫɬɢɧɝ S-ɮɭɧɤɰɢɢ ɩɪɢ-
ɜɟɞɟɧɨ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɜ ɫɪɟ-
ɞɟ MATLAB» [10]. 

 
9.6 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
 
Ɉɪɝɚɧ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɢɜɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɫɢɝɧɚɥɨɜ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɡɚɳɢɬɵ ɧɚ ɡɚɞɚɧɧɨɟ ɭɫɬɚɜɤɨɣ ɜɪɟɦɹ ɞɥɹ 
ɫɟɥɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɫɬɟɩɟɧɟɣ ɢ ɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɵ ɛɥɨɤɢɪɨɜɨɤ. ȼɧɟɲɧɢɣ ɜɢɞ 
ɛɥɨɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 16. 

 

 
 

Ɋɢɫɭɧɨɤ 9.10 – ȼɧɟɲɧɢɣ ɜɢɞ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
 

ȼɧɭɬɪɢ ɷɬɨɝɨ ɛɥɨɤɚ ɧɚɯɨɞɢɬɫɹ ɫɥɟɞɭɸɳɚɹ ɩɨɞɫɢɫɬɟɦɚ (ɪɢɫ. 9.11): 
 

 
 

Ɋɢɫɭɧɨɤ 9.11 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
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ɉɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɜɧɟɲɧɢɯ ɨɪɝɚɧɨɜ ɡɚɳɢɬɵ ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɱɟɪɟɡ 
ɜɯɨɞɧɨɣ ɩɨɪɬ In1 ɩɨɫɬɭɩɚɟɬ ɜ ɞɚɧɧɭɸ ɩɨɞɫɢɫɬɟɦɭ. ȼɯɨɞɧɨɣ ɫɢɝɧɚɥ 
ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɜ ɛɥɨɤɟ Data Type Conversion ɢɡ ɥɨɝɢɱɟɫɤɨɝɨ ɜ ɰɢɮɪɨɜɨɣ ɬɢɩ 
ɞɚɧɧɵɯ, ɱɟɝɨ ɬɪɟɛɭɟɬ ɛɥɨɤ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ Transport Delay3. Ȼɥɨɤ Transport 
Delay3 ɡɚɞɟɪɠɢɜɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɫɢɝɧɚɥɚ ɨɬ ɜɯɨɞɧɨɝɨ ɩɨɪɬɚ In1 ɜ ɜɵɯɨɞɧɨɣ 
Out1 ɧɚ ɡɚɞɚɧɧɨɟ ɭɫɬɚɜɤɨɣ ɜɪɟɦɹ. ɉɨɫɥɟ ɱɟɝɨ, ɫɢɝɧɚɥ ɜɧɨɜɶ ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬɫɹ 
ɜ ɥɨɝɢɱɟɫɤɢɣ ɬɢɩ Boolean ɢ ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɜɵɯɨɞɧɨɣ ɩɨɪɬ Out1 ɜ ɫɢɫɬɟɦɭ ɧɚ 
ɭɪɨɜɟɧɶ ɜɵɲɟ, ɬ.ɟ. ɧɚ ɜɵɯɨɞ ɛɥɨɤɚ KT5. 

 
9.7 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ȾɁ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 
 
Ɂɧɚɱɟɧɢɹ ɦɟɠɞɭɮɚɡɧɵɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɩɨɫɬɭɩɚɸɬ ɧɚ ɮɢɥɶɬɪɵ 

ɧɢɡɤɢɯ ɱɚɫɬɨɬ (ɛɥɨɤɢ CF I ɢ CF U) ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɩɟɤɬɪɚ ɚɧɚɥɢɡɢɪɭɟɦɵɯ 
ɜɟɥɢɱɢɧ ɞɨ 50 Ƚɰ. ɇɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɨɜ ɩɨɥɭɱɚɸɬɫɹ ɞɢɫɤɪɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɨɤɨɜ 
ɢ ɧɚɩɪɹɠɟɧɢɣ ɱɚɫɬɨɬɨɣ 50 Ƚɰ. 

ɉɨɥɭɱɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɩɨɫɬɭɩɚɸɬ ɜ ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ (ORT I ɢ ORT U). 

Ɋɚɡɥɨɠɟɧɧɵɟ ɞɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɧɚ 
ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɫɬɭɩɚɸɬ ɧɚ ɮɚɡɧɵɟ ɨɪɝɚɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
(KZ) ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ, ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ (PSD). Ɂɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ 
ɩɨɞɚɸɬɫɹ ɧɚ Ȼɇɇ (FFS).  

ȼ ɨɪɝɚɧɚɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (KZ) ɜɵɱɢɫɥɹɟɬɫɹ ɦɨɞɭɥɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Z ɢ 
ɩɨɩɚɞɚɧɢɟ ɟɝɨ ɝɨɞɨɝɪɚɮɚ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɭɸ ɜ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɡɨɧɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ. 

ȼ ɨɪɝɚɧɚɯ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ (PSD) ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ ɧɚɯɨɠɞɟɧɢɹ ɝɨɞɨɝɪɚɮɚ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Z ɢ ɜɪɟɦɹ 
ɟɝɨ ɧɚɯɨɠɞɟɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ. ȿɫɥɢ ɡɚɳɢɬɚ ɧɟ 
ɫɪɚɛɨɬɚɥɚ ɡɚ ɨɬɜɟɞɟɧɧɨɟ ɟɣ ɭɫɬɚɜɤɨɣ KT5 ɜɪɟɦɹ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɚɱɚɧɢɹɦ ɜ 
ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬɨ ɪɚɛɨɬɚ ȾɁ ɡɚɩɪɟɳɚɟɬɫɹ. 

ȼ ɨɪɝɚɧɚɯ Ȼɇɇ (FFS) ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɤɨɧɬɪɨɥɶ ɡɚ ɜɟɥɢɱɢɧɨɣ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɰɟɩɹɯ ȾɁ. ȼ ɤɚɠɞɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɩɪɟɞɵɞɭɳɟɣ ɟɝɨ ɜɟɥɢɱɢɧɨɣ ɢ ɜ 
ɫɥɭɱɚɟ ɩɪɨɩɚɠɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɰɟɩɹɯ ɪɚɛɨɬɚ ȾɁ ɬɚɤɠɟ ɡɚɩɪɟɳɚɟɬɫɹ. 

ɉɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ I ɫɬɭɩɟɧɢ ɫɪɚɛɚɬɵɜɚɸɬ ɨɪɝɚɧɵ KZ1 AВ, PSD1 AВ, 
FFS ɢ ɬɪɢ ɥɨɝɢɱɟɫɤɢɟ ɟɞɢɧɢɰɵ ɩɨɫɬɭɩɚɸɬ ɧɚ ɥɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ AND 
ɦɟɠɞɭɮɚɡɧɨɝɨ ɨɪɝɚɧɚ АВ I ɫɬɭɩɟɧɢ. ɇɚ ɜɵɯɨɞɟ ɷɥɟɦɟɧɬɚ AND ɩɨɹɜɥɹɟɬɫɹ 
ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ, ɤɨɬɨɪɚɹ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɟɪɜɵɣ ɷɥɟɦɟɧɬ OR I ɫɬɭɩɟɧɢ, 
ɜɵɞɚɸɳɢɣ ɥɨɝɢɱɟɫɤɭɸ ɟɞɢɧɢɰɭ ɧɚ ɜɵɯɨɞɟ ɜ ɫɥɭɱɚɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ȾɁ I ɫɬɭɩɟɧɢ. 
ɗɬɚ ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɬɨɪɨɣ ɷɥɟɦɟɧɬ OR, ɜɵɞɚɸɳɢɣ 
ɥɨɝɢɱɟɫɤɭɸ ɟɞɢɧɢɰɭ ɜ ɫɥɭɱɚɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ȾɁ ɥɸɛɨɣ ɫɬɭɩɟɧɢ. 
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10 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɆɌɁ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 

 
Ɇɨɞɟɥɶ ɆɌɁ ɜɵɩɨɥɧɟɧɚ ɫɬɚɧɞɚɪɬɧɵɦɢ ɛɥɨɤɚɦɢ Simulink ɢ ɩɨɞɫɢɫɬɟɦɚɦɢ, 

ɨɬɪɚɠɚɸɳɢɦɢ ɥɨɝɢɤɭ ɢ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ.  
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɡɚɳɢɬɵ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 10.1. 
 
 
 

 
 

Ɋɢɫɭɧɤɟ 10.1 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɆɌɁ 
 

 
10.1 ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ 
 
Ⱥɧɚɥɨɝɨɜɵɟ ɫɢɝɧɚɥɵ ɬɨɤɨɜ iA, iB, iC ɨɬ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɩɨɫɬɭɩɚɸɬ ɧɚ ɇɑ ɮɢɥɶɬɪɵ (ɛɥɨɤɢ CF) ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ 50 Ƚɰ.  
ɇɚ ɜɵɯɨɞɟ ɛɥɨɤɨɜ CF ɩɨɥɭɱɚɸɬɫɹ ɚɧɚɥɨɝɨɜɵɟ ɫɢɝɧɚɥɵ iA, iB, iC ɱɚɫɬɨɬɨɣ 50 
Ƚɰ. 

ȼ Ⱥɐɉ (ɛɥɨɤ ADC) ɜɯɨɞɧɨɣ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɨɩɨɪɧɵɦ 
(ɪɚɜɟɧ ɧɚɩɪɹɠɟɧɢɸ ɩɢɬɚɧɢɹ) ɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɪɟɝɢɫɬɪɵ ɜ ɜɢɞɟ 10-ɢ ɪɚɡɪɹɞɧɨɝɨ 
ɤɨɞɚ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɜɟɥɢɱɢɧɭ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɨɩɨɪɧɨɦɭ.  

ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɯɨɞɟ Ⱥɐɉ ɞɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ iȺ, iȼ, iɋ 
ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞɵ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ (ɛɥɨɤ 
ORTI).  

Ⱦɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ iȺ, iȼ, iɋ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞɵ ɮɨɪɦɢɪɨɜɚɬɟɥɹ 
ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ (ɛɥɨɤ ORTI). Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ 
ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 9.2 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ iAx ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 
ɩɪɢɧɰɢɩɭ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ iA=iAy ɧɚ 90 ɝɪɚɞɭɫɨɜ.  

Ȼɥɨɤ Imax ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ iA ɡɚ ɩɨɥɨɜɢɧɭ 
ɩɟɪɢɨɞɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ. ɁɧɚɱɟɧɢɟiA ɞɟɥɢɬɫɹ ɜ ɛɥɨɤɟ sin 𝜔ݐ ɧɚ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Im, ɩɨɥɭɱɟɧɧɨɟ ɜ ɛɥɨɤɟ Imax. Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ cos 𝜔ݐ 
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ɜɟɞɟɬɫɹ ɩɨ ɞɜɭɦ ɜɟɬɜɹɦ (ɛɥɨɤɢ Fcn1, Fcn2) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɨɡɪɚɫɬɚɧɢɹ ɢɥɢ 
ɭɛɵɜɚɧɢɹ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ iA . Ɍɚɤ, ɜ ɫɥɭɱɚɟ ɜɨɡɪɚɫɬɚɧɢɹ ɢɡɦɟɪɹɟɦɵɯ 
ɡɧɚɱɟɧɢɣ iA, ɛɥɨɤ Detect Increase ɜɵɞɚɟɬ ɥɨɝɢɱɟɫɤɭɸ ɟɞɢɧɢɰɭ ɧɚ ɜɯɨɞ ɤɥɸɱɚ 
(Switch), ɤɨɬɨɪɵɣ ɩɪɨɩɭɫɤɚɟɬ ɡɧɚɱɟɧɢɹ cos 𝜔ݐ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɛɥɨɤɟ Fcn1. ȿɫɥɢ 
ɧɚ ɜɵɯɨɞɟ ɛɥɨɤɚ Detect Increase ɩɨɥɭɱɚɟɬɫɹ ɥɨɝɢɱɟɫɤɢɣ 0, ɬ.ɟ ɡɧɚɱɟɧɢɹ iA 
ɭɛɵɜɚɸɬ, ɪɚɫɱɟɬ cos 𝜔ݐ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɛɥɨɤɟ Fcn2. ȼ ɛɥɨɤɟ Divide 
ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ iA ɞɟɥɢɬɫɹ ɧɚ sin 𝜔ݐ ɢ ɭɦɧɨɠɚɟɬɫɹ ɧɚ cos 𝜔ݐ ɜ ɛɥɨɤɟ Prod-
uct.  ɇɚ ɜɵɯɨɞɟ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɭɱɚɸɬɫɹ ɞɜɟ 
ɦɝɧɨɜɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ݅𝐴ݔ = I௠ ݔ cos 𝜔ݐ ɢ ݅𝐴ݕ = I௠ ݔ sin 𝜔ݐ. 

Ⱦɚɥɶɧɟɣɲɢɣ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ: ɜɵɞɟɥɟɧɢɟ 
ɬɨɤɚ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɫɥɨɜɢɣ ɫɪɚɛɚɬɵɜɚɧɢɹ. 

ȼ ɩɟɪɜɨɣ ɱɚɫɬɢ ɚɥɝɨɪɢɬɦɚ, ɮɢɥɶɬɪ ɬɨɤɚ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ PSF 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɯɨɞɧɵɯ ɬɨɤɨɜ ɜ ɜɟɥɢɱɢɧɵ, 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɫɢɦɦɟɬɪɢɱɧɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɵ I1, I2, 
I0 (ɪɢɫ. 10.2). 

 
Ɋɢɫɭɧɨɤ 10.2 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɮɢɥɶɬɪɚ ɬɨɤa PSF 

 
ɇɚ ɜɯɨɞ ɮɢɥɶɬɪɚ (PSF) ɩɨɞɚɸɬɫɹ ɫɢɝɧɚɥɵ ɨɬ ɮɨɪɦɢɪɨɜɚɬɟɥɹ 

ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ (ORT I), ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ Re[I]=ix ɢ ɦɧɢɦɵɟ 
Im[I]=iy ɫɨɫɬɚɜɥɹɸɳɢɟ ɮɚɡɧɵɯ ɬɨɤɨɜ. 

Ⱦɚɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɮɚɡɧɵɯ ɬɨɤɨɜ ɩɨɞɚɸɬɫɹ ɧɚ ɛɥɨɤɢ Real Imagto 
Complex, ɝɞɟ ɨɧɢ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɜɢɞɚ a jb . 

Ⱦɥɹ ɪɚɡɥɨɠɟɧɢɹ ɬɨɤɨɜ ɧɚ ɫɢɦɦɟɬɪɢɱɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɫɩɨɥɶɡɭɟɦ 
ɫɢɫɬɟɦɵ ɟɞɢɧɢɱɧɵɯ ɜɟɤɬɨɪɨɜ – ɨɩɟɪɚɬɨɪɨɜ ɩɨɜɨɪɨɬɚ, ɚ ɢ ɚ2, ɤɨɬɨɪɵɟ ɬɚɤɠɟ 
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ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ −Ͳ,ͷ + ݆Ͳ,ͺ͸͸ ɢ −Ͳ,ͷ + ݆Ͳ,ͺ͸͸ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ. 10.3, ɪɢɫ. 10.4). 

 

 
 

Ɋɢɫɭɧɨɤ 10.3 – Ʉɨɦɩɥɟɤɫɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɩɟɪɚɬɨɪɨɜ ɩɨɜɨɪɨɬɚ ɚ 
 

 
 

Ɋɢɫɭɧɨɤ 10.4 – Ʉɨɦɩɥɟɤɫɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɩɟɪɚɬɨɪɨɜ ɩɨɜɨɪɨɬɚ ɚ2 
 
ɗɥɟɦɟɧɬɵ Add, Add1, Add2 ɹɜɥɹɸɬɫɹ ɫɭɦɦɚɬɨɪɚɦɢ. ɇɚ ɞɚɧɧɵɣ ɷɥɟɦɟɧɬ 

ɩɪɢɯɨɞɹɬ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: 
- ɇɚ ɷɥɟɦɟɧɬ Add ɩɪɢɯɨɞɹɬ: 
1) Ʉɨɦɩɥɟɤɫɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɮɚɡɵ Ⱥ, 
2) ɉɟɪɟɦɧɨɠɟɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɮɚɡɵ ȼ ɢ ɨɩɟɪɚɬɨɪɚ 

ɩɨɜɨɪɨɬɚ ɚ, 
3) ɉɟɪɟɦɧɨɠɟɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɮɚɡɵ ɋ ɢ ɨɩɟɪɚɬɨɪɚ 

ɩɨɜɨɪɨɬɚ ɚ2. 
Ⱦɚɥɟɟ ɩɪɨɫɭɦɦɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɭɦɧɨɠɚɸɬɫɹ ɧɚ ɤɨɧɫɬɚɧɬɭ Constant4 

ɪɚɜɧɭɸ 0,33333.  
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɚɡ ȼ ɢ ɋ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɥɭɱɟɧɧɵɟ ɫɢɦɦɟɬɪɢɱɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɮɚɡɵ Ⱥ ɞɨɦɧɨɠɢɬɶ ɧɚ ɨɩɟɪɚɬɨɪ 
ɩɨɜɨɪɨɬɚ: 

ɞɥɹ ɮɚɡɵ ȼ ɭɦɧɨɠɚɟɦ ɧɚ ɚ2. 
ɞɥɹ ɮɚɡɵ ɋ ɭɦɧɨɠɚɟɦ ɧɚ ɚ. 
Ⱦɚɥɟɟ ɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɞɚɸɬɫɹ ɧɚ ɛɥɨɤ 

Complex to Real Imag, ɝɞɟ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɪɚɫɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ Re[I]=Ix ɢ ɦɧɢɦɵɟ Im[I]=Iy ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɬɨɤɨɜ. 
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ɉɨɫɥɟ ɷɬɨɝɨ ɷɬɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɞɚɸɬɫɹ ɧɚ ɛɥɨɤ Im, ɝɞɟ ɦɵ ɩɨɥɭɱɚɟɦ 
ɩɨɥɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ (ɪɢɫ. 10.5) ɢ ɞɚɥɟɟ ɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɷɥɟɦɟɧɬ ɫɪɚɜɧɟɧɢɹ ɬɨɤɚ I1 ɫ ɭɫɬɚɜɤɨɣ (KA). 

 

 
Ɋɢɫɭɧɨɤ 10.5 – Ȼɥɨɤ Im 

 
ɍɪɚɜɧɟɧɢɹ, ɡɚɞɚɸɳɢɟ ɭɫɥɨɜɢɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɬɨɤɚ ɩɪɹɦɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ:  
 
 𝐼𝐾஺ଵ ൑ 𝐼݉ [ͳ͵ ሺ𝐼஺ + ܽ𝐼஻ + ܽଶ𝐼஼ሻ] ; 
 
Ȼɥɨɤ KA ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɫɬɚɜɥɟɧɢɹ ɭɫɬɚɜɤɢ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɛɥɨɤɚ 

ɡɚɞɚɸɬɫɹ ɭɫɬɚɜɤɢ ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ. ɇɚ ɪɢɫ. 10.6 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ 
ɜɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɞɥɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɚɧɚɥɨɝɢɱɧɵɦ 
ɫɩɨɫɨɛɨɦ ɡɚɞɚɸɬɫɹ ɭɫɬɚɜɤɢ ɢ ɞɥɹ ɞɜɭɯ ɞɪɭɝɢɯ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ.  

 

 
 

Ɋɢɫɭɧɨɤ 10.6 – ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ 
 
ɉɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɡɚɳɢɬɵ ɫ ɛɥɨɤɚ PSF ɩɨɞɚɟɬɫɹ ɬɨɤ 

ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɛɥɨɤ KA. ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɩɪɨɢɫɯɨɞɢɬ ɫɪɚɜɧɟɧɢɟ 
ɬɨɤɚ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɭɫɬɚɜɤɨɣ. ȿɫɥɢ ɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɛɨɥɶɲɟ 
ɭɫɬɚɜɤɢ, ɬɨ ɧɚ ɜɵɯɨɞɟ ɛɥɨɤɚ KA ɩɨɹɜɢɬɫɹ ɥɨɝɢɱɟɫɤɢɣ ɫɢɝɧɚɥ «1». ɗɬɚ ɟɞɢɧɢɰɚ 
ɩɨɣɞɟɬ ɜ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɨɪɝɚɧ «Convert», ɤɨɬɨɪɵɣ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ. 
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ɉɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɜɬɨɪɨɣ, ɥɢɛɨ ɬɪɟɬɟɣ ɫɬɭɩɟɧɢ ɫ ɛɥɨɤɚ PSF ɩɨɞɚɟɬɫɹ ɬɨɤ 
ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɛɥɨɤ KA, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɫɪɚɜɧɟɧɢɟ ɬɨɤɚ ɩɪɹɦɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɭɫɬɚɜɤɨɣ. ȿɫɥɢ ɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɛɨɥɶɲɟ ɭɫɬɚɜɤɢ, ɬɨ 
ɧɚ ɜɵɯɨɞɟ ɛɥɨɤɚ KA ɩɨɹɜɢɬɫɹ «1». ɗɬɚ ɟɞɢɧɢɰɚ ɩɨɣɞɟɬ ɜ ɛɥɨɤ ɜɵɞɟɪɠɤɢ 
ɜɪɟɦɟɧɢ DT1, ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɢ DT2, ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ ɡɚɳɢɬɵ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɡɚɞɚɧɢɟ ɢ ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ t, 
ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɥɨɠɧɨɝɨ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɬɨɤɚ (ɪɢɫ. 10.7).  

 

  
Ɋɢɫɭɧɨɤ 10.7 – ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɜɪɟɦɟɧɢ 

 
Ⱦɚɥɟɟ ɥɨɝɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɜ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɨɪɝɚɧ, ɤɨɬɨɪɵɣ 

ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ. Ȼɥɨɤ «OR» ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɜ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɨɪɝɚɧ «Convert», ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɨɞɧɨɣ 
ɢɡ ɬɪɟɯ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ. Ⱦɚɧɧɵɣ ɛɥɨɤ ɜɵɩɨɥɧɹɟɬ ɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ 
«ɂɅɂ» – ɢɫɬɢɧɚ, ɟɫɥɢ ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ ɨɩɟɪɚɧɞɨɜ ɧɟ ɪɚɜɟɧ ɧɭɥɸ. Ȼɥɨɤ «NOT» 
ɜɵɩɨɥɧɹɟɬ ɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ «ɇȿ» – ɜɫɟ ɨɩɟɪɚɧɞɵ, ɧɟ ɪɚɜɧɵɟ ɧɭɥɸ, 
ɡɚɦɟɧɹɸɬɫɹ ɧɭɥɹɦɢ, ɚ ɜɫɟ ɪɚɜɧɵɟ ɧɭɥɸ – ɟɞɢɧɢɰɚɦɢ. Ⱦɚɧɧɵɣ ɛɥɨɤ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɜɵɤɥɸɱɚɬɟɥɶ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 
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11 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɌɁɇɉ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɌɁɇɉ). ɉɪɢ ɟё ɪɟɚɥɢɡɚɰɢɢ ɛɵɥɚ ɡɚɞɟɣɫɬɜɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ 
Matlab (ɩɪɢɥɨɠɟɧɢɟ Simulink).  

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɢɦɢɬɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬɵ ɨɬ ɨɞɧɨɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ.  

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɡɚɳɢɬɵ ɩɨɤɚɡɚɧɚ ɧɚ ɱɟɪɬɟɠɟ №4. 
Ɇɨɞɟɥɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ: 
- ɮɢɥɶɬɪ ɇɑ; 
- Ⱥɐɉ;  
- ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ (Ort1, 

Ort2); 
- ɮɢɥɶɬɪɵ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ (Current filter), ɧɚɩɪɹɠɟɧɢɹ 

(Voltage filter);  
- ɨɪɝɚɧɵ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (KА_I - KА_VI); 
- ɨɪɝɚɧɵ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ (ɆɊȺɁɊ, ɆȻɅ);  
- ɨɪɝɚɧɵ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ (КɌ1 - КɌ6); 
- ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ (Q); 
 - ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ (HL Q, HL I - HL VI). 
Ɏɭɧɤɰɢɢ Ⱥɐɉ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɩɨɥɧɹɟɬ ɩɪɨɝɪɚɦɦɚ MATLAB 

(ɩɪɢɥɨɠɟɧɢɟ Simulink).  
 
11.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
 
Ɉɪɝɚɧ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɠɟɧ ɞɥɹ ɜɵɫɬɚɜɥɟɧɢɹ ɭɫɬɚɜɤɢ 

ɩɨ ɬɨɤɭ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɫɪɚɜɧɟɧɢɹ ɟё ɫ ɬɨɤɨɦ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢɯɨɞɹɳɢɦ ɫ ɮɢɥɶɬɪɚ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ 
(Current filter). 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 11.4. 

ɋ ɮɢɥɶɬɪɚ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ (Current filter) ɧɚ ɜɯɨɞ 
ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I_0 ɩɨɞɚёɬɫɹ ɬɨɤ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (3I0).  

Ⱦɚɧɧɵɣ ɬɨɤ ɧɚ ɜɯɨɞɟ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɨɫɬɭɩɚɟɬ 
ɜ ɛɥɨɤ Compare To Constant. ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɫɥɨɜɢɣ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.  

ɍɪɚɜɧɟɧɢɟ, ɡɚɞɚɸɳɟɟ ɭɫɥɨɜɢɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ:  

 𝐼଴ ൒ 𝐼𝐾஺଴, 
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ɝɞɟ 𝐼𝐾஺଴- ɭɫɬɚɜɤɚ ɩɨ ɬɨɤɭ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
ɗɥɟɦɟɧɬ Conversion ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɪɚɛɨɬɵ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
ɍɫɥɨɜɢɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɬɨɤɨɜɨɝɨ ɨɪɝɚɧɚ - ɧɚɥɢɱɢɟ ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ ɧɚ 

ɜɵɯɨɞɟ (I) ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
 

 
 

Ɋɢɫɭɧɨɤ 11.4 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

 
11.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ 

 
ȼ ɌɁɇɉ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɚ ɜɢɞɚ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ – 

ɪɚɡɪɟɲɚɸɳɟɟ ɢ ɛɥɨɤɢɪɭɸɳɟɟ. 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ 

ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 11.5. 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ 

ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 11.6. 
Ɋɚɡɪɟɲɚɸɳɢɣ ɨɪɝɚɧ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɄɁ ɧɚ 

ɡɚɳɢɳɚɟɦɨɣ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɪɚɡɪɟɲɚɟɬ ɞɟɣɫɬɜɢɟ ɡɚɳɢɬɟ. Ⱦɚɧɧɵɣ 
ɨɪɝɚɧ ɭɱɚɫɬɜɭɟɬ ɜ ɥɨɝɢɤɟ I – VI ɫɬɭɩɟɧɹɯ ɌɁɇɉ.  

Ȼɥɨɤɢɪɭɸɳɢɣ ɨɪɝɚɧ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɟ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɄɁ ɧɚ 
ɡɚɳɢɳɚɟɦɨɣ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɪɚɡɪɟɲɚɟɬ ɞɟɣɫɬɜɢɟ ɡɚɳɢɬɟ. Ⱦɚɧɧɵɣ 
ɨɪɝɚɧ ɭɱɚɫɬɜɭɟɬ ɜ ɥɨɝɢɤɟ III – VI ɫɬɭɩɟɧɢ ɌɁɇɉ.  

 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

59 ВɄɊ – 13.03.02.05 ɉɁ 

 
 

Ɋɢɫɭɧɨɤ 11.5– Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ 
ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ 

 

Ɋɢɫɭɧɨɤ 11.6 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ 
ɦɨɳɧɨɫɬɢ 

 
ȼ ɪɟɥɟ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɬɨɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
 𝐼 = 𝐼௠𝑒௝𝛿𝐼; 
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𝑈 = 𝑈௠𝑒௝𝛿𝑈 , 
 

ɝɞɟ 𝛿𝐼 , 𝛿௎ – ɭɝɥɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ. 
Ɂɧɚɱɟɧɢɟ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɛɥɨɤɨɜ Cur-

rent filter ɢ Voltage filter ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɪɚɡɪɟɲɚɸɳɟɝɨ ɢ ɛɥɨɤɢɪɭɸɳɟɝɨ 
ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ (𝐼଴, 𝑈଴). Ⱦɚɥɟɟ ɨɪɝɚɧ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ 
ɜɵɹɜɥɹɟɬ ɭɝɥɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɪɟɚɝɢɪɭɟɬ ɧɚ 
ɢɯ ɪɚɡɧɨɫɬɶ, ɜɵɱɬɟɧɧɭɸ ɨɬ 360° (Constant, Constant3) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ⱦɥɹ ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɚɧɧɵɣ ɭɝɨɥ ɞɨɥɠɟɧ 
ɛɵɬɶ ɦɟɧɶɲɟ -20° (Constant1), ɧɨ ɛɨɥɶɲɟ -200° (Constant2). 

Ⱦɥɹ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɚɧɧɵɣ ɭɝɨɥ ɞɨɥɠɟɧ 
ɛɵɬɶ ɛɨɥɶɲɟ -20° (Constant4), ɧɨ ɦɟɧɶɲɟ 160° (Constant2) (ɪɢɫ. 11.6). 

ɉɪɢ ɫɨɛɥɸɞɟɧɢɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɣ ɪɚɡɪɟɲɚɸɳɟɣ ɢ ɛɥɨɤɢɪɭɸɳɢɣ ɨɪɝɚɧɵ 
ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɫɪɚɛɚɬɵɜɚɸɬ. 

Ɉɩɢɲɟɦ ɩɪɢɧɰɢɩ ɜɵɹɜɥɟɧɢɹ ɭɝɥɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɭ 
ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ. 

Ɂɧɚɱɟɧɢɟ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɨɫɬɭɩɚɟɬ ɜ ɛɥɨɤ MinMax 
Running Resetable, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɡɚ ɩɟɪɢɨɞ. 
ɇɚ ɛɥɨɤ Sin(u) ɩɨɫɬɭɩɚɟɬ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɚ ɫ ɛɥɨɤɚ MinMax 
Running Resetable ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɡɚ ɩɟɪɢɨɞ, ɢ ɜ ɞɚɧɧɨɦ ɛɥɨɤɟ ɩɪɨɢɫɯɨɞɢɬ 
ɜɵɱɢɫɥɟɧɢɟ sinωt. 

ȼ ɫɥɭɱɚɟ ɜɨɡɪɚɫɬɚɧɢɹ ɡɧɚɱɟɧɢɣ sin 𝜔ݐ ɜ ɬɨɤɨɜɵɯ ɰɟɩɹɯ ɧɚ ɜɯɨɞɟ Detect in-
crease ɜɵɞɚɟɬ 1, ɚ ɜ ɫɥɭɱɚɟ ɭɛɵɜɚɧɢɹ – ɜɵɞɚɟɬ 0.  

Ȼɥɨɤ Fcn1  – ɜɵɱɢɫɥɟɧɢɟ cos 𝜔ݐ ɜ 1-ɨɦ ɢ 4-ɨɦ ɤɜɚɞɪɚɧɬɟ ɞɥɹ ɬɨɤɨɜɵɯ 
ɰɟɩɟɣ, ɛɥɨɤ Fcn6  – ɜɵɱɢɫɥɟɧɢɟ cos 𝜔ݐ ɜɨ 2-ɨɦ ɢ 3-ɟɦ ɤɜɚɞɪɚɧɬɟ ɞɥɹ ɬɨɤɨɜɵɯ 
ɰɟɩɟɣ. 

Ȼɥɨɤ Switch – ɜɵɞɚɟɬ ɧɚ ɜɵɯɨɞɟ cos 𝜔ݐ ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
Ȼɥɨɤɢ 01 – 04 ɧɭɠɧɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɚ ωt ɜ 1-ɨɦ, 2-ɨɦ, 3-ɟɦ, 4-ɨɦ 

ɤɜɚɞɪɚɧɬɚɯ ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
Switch7 – ɜɵɞɚɟɬ ɡɧɚɱɟɧɢɟ ωt 1-ɨɦ, 2-ɨɦ ɤɜɚɞɪɚɧɬɚɯ ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
Switch6 – ɜɵɞɚɟɬ ɡɧɚɱɟɧɢɟ ωt 3-ɨɦ, 4-ɨɦ ɤɜɚɞɪɚɧɬɚɯ ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
Switch8 – ɜɵɞɚɟɬ ɡɧɚɱɟɧɢɟ ωt ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
ɉɪɢɧɰɢɩ ɜɵɹɜɥɟɧɢɹ ɭɝɥɚ ɧɚɩɪɹɠɟɧɢɹ ɚɧɚɥɨɝɢɱɟɧ ɬɨɤɭ.  
ɉɨɫɥɟ ɜɵɹɜɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ωt ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɩɨɫɬɭɩɚɸɬ ɧɚ ɛɥɨɤ 

Subtract, ɝɞɟ ɜɵɱɢɫɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ ɡɧɚɱɟɧɢɣ ωt ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ (ɭɝɨɥ φ). 
Subtract2 – ɧɚɯɨɞɢɬ ɪɚɡɧɨɫɬɶ 360-φ  
 
11.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ 
 
Ɉɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɧɭɠɟɧ ɞɥɹ ɩɨɞɚɱɢ ɥɨɝɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɧɚ ɫɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ. 
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Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 11.8. 

Ɉɩɢɲɟɦ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ 
ɫɪɚɛɚɬɵɜɚɧɢɢ I cɬ. ɌɇɁɇɉ.  

ɇɚ ɜɯɨɞ I ɞɚɧɧɨɝɨ ɨɪɝɚɧɚ ɩɨɞɚёɬɫɹ ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɫ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ 
ɜɪɟɦɟɧɢ I cɬ. (КɌ1), ɤɨɬɨɪɚɹ ɩɨ ɭɦɨɥɱɚɧɢɸ ɪɚɜɧɚ 0,0 ɫ. 

Ⱦɚɧɧɚɹ 1 ɩɨɫɬɭɩɚɟɬ ɧɚ ɷɥɟɦɟɧɬ OR ɫ ɜɵɯɨɞɚ ɤɨɬɨɪɨɝɨ ɞɚɧɧɵɣ ɫɢɝɧɚɥ 
ɱɟɪɟɡ ɷɥɟɦɟɧɬ Conversion ɩɨɫɬɭɩɚɟɬ ɧɚ ɷɥɟɦɟɧɬ NOT (Logical Operator), ɝɞɟ 
ɢɧɜɟɪɬɢɪɭɟɬɫɹ ɜ 0 ɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɵɯɨɞ Q, ɫ ɤɨɬɨɪɨɝɨ 0 ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɧɚ ɫɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ HL Q. 

 

 
 
Ɋɢɫɭɧɨɤ 11.8 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ 
 
Ɍɚɤ ɠɟ 1 ɩɨɫɬɭɩɚɟɬ ɧɚ ɷɥɟɦɟɧɬ NOT (Logical Operator1), ɝɞɟ 

ɢɧɜɟɪɬɢɪɭɟɬɫɹ ɜ 0 ɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɵɯɨɞ I., ɫ ɤɨɬɨɪɨɝɨ 0 ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɫɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ HL I. 

Ʌɨɝɢɤɚ ɪɚɛɨɬɵ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɨɫɬɚɥɶɧɵɯ ɫɬɭɩɟɧɟɣ ɚɧɚɥɨɝɢɱɧɚ I ɫɬ.  

ɗɥɟɦɟɧɬ Conversion ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɪɚɛɨɬɵ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ 
ɜɵɤɥɸɱɚɬɟɥɹ. 
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11.4 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɌɇɁɇɉ ɜ ɩɪɨɝɪɚɦɦɟ 
Matlab 

 
Ɂɧɚɱɟɧɢɹ ɮɚɡɧɵɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɮɚɡ Ⱥ, ȼ ɢ ɋ ɫ ɌА ɢ TV ɩɨɫɬɭɩɚɸɬ 

ɧɚ ɇɑ ɮɢɥɶɬɪɵ (ɛɥɨɤɢ CF I ɢ CF U) ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ 50 Ƚɰ. ɇɚ 
ɜɵɯɨɞɟ ɛɥɨɤɨɜ CF ɩɨɥɭɱɚɸɬɫɹ ɞɢɫɤɪɟɬɧɵɟ ɫɢɝɧɚɥɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ 
ɱɚɫɬɨɬɨɣ 50 Ƚɰ.  

Ⱦɚɧɧɵɟ ɫɢɝɧɚɥɵ ɩɨɫɬɭɩɚɸɬ ɧɚ ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ (Ort1, Ort2).  

ɉɨɫɥɟ ɷɬɨɝɨ ɷɬɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɞɚɸɬɫɹ ɧɚ ɮɢɥɶɬɪɵ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ (Current filter), ɧɚɩɪɹɠɟɧɢɹ (Voltage filter), ɝɞɟ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɞɟɥɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. 
Ɂɧɚɱɟɧɢɟ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɨɫɬɭɩɚɟɬ ɜ ɥɨɝɢɤɭ ɌɁɇɉ ɧɚ ɨɪɝɚɧɵ 
ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (KА_I - KА_VI), ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ 
ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɛɥɨɤɨɜ Current filter ɢ Voltage filter ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɥɨɝɢɤɟ 
ɪɚɡɪɟɲɚɸɳɟɝɨ ɢ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɨɜ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɨɜ ɧɚɩɪɚɜɥɟɧɢɹ 
ɦɨɳɧɨɫɬɟɣ (ɆɊȺɁɊ, ɆȻɅ).  

ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɨɥɶɲɟ ɭɫɬɚɜɤɢ ɥɸɛɨɝɨ 
ɨɪɝɚɧɚ ɬɨɤɚ, ɬɨ ɧɚ ɟɝɨ ɜɵɯɨɞɟ ɩɨɹɜɢɬɫɹ 1. ɗɬɚ ɟɞɢɧɢɰɚ ɩɨɣɞɟɬ ɧɚ ɜɟɪɯɧɢɣ ɜɯɨɞ 
ɛɥɨɤ AND. ɇɚ ɧɢɠɧɢɣ ɜɯɨɞ ɷɥɟɦɟɧɬɚ AND ɩɪɢɯɨɞɢɬ ɫɢɝɧɚɥ ɨɬ ɪɚɡɪɟɲɚɸɳɟɝɨ 
ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ (ɞɥɹ I ɢ II  ɫɬɭɩɟɧɢ), ɚ ɞɥɹ II I ɢ IV ɫɬɭɩɟɧɢ ɨɬ 
ɛɥɨɤɢɪɭɸɳɟɝɨ ɢɥɢ ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɜɤɥɸɱɟɧɧɵɯ 
ɩɨ ɫɯɟɦɟ ɢɥɢ (ɷɥɟɦɟɧɬ OR).  

ȿɞɢɧɢɰɚ ɫ ɷɥɟɦɟɧɬɚ AND ɩɨɫɬɭɩɚɟɬ ɧɚ ɨɪɝɚɧɵ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ (КɌ1 - 
КɌ6). Ⱦɚɧɧɵɣ ɨɪɝɚɧ ɡɚɞɟɪɠɢɜɚɟɬ ɫɢɝɧɚɥɚ ɨɬɤɥɸɱɟɧɢɹ ɧɚ ɜɪɟɦɹ ɭɫɬɚɜɤɢ t. 

ɋ ɛɥɨɤɚ КɌ ɟɞɢɧɢɰɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɨɪɝɚɧ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ. 
Ⱦɚɧɧɵɣ ɨɪɝɚɧ ɩɨɞɚёɬ ɥɨɝɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɧɚ 
ɫɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ. 

ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ (HL Q, HL I - HL VI ) ɫɢɝɧɚɥɢɡɢɪɭɟɬ ɨ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɨɞɧɨɣ ɢɡ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ ɢ ɨɛ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɹ. 

Ʉɥɸɱ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɜɨɞɚ V ɢ VI ɫɬ. “ɜɩɟɪёɞ” ɢɥɢ “ɧɚɡɚɞ”.  
ȿɫɥɢ ɩɟɪɟɜɟɫɬɢ ɤɥɸɱ ɜ ɩɨɥɨɠɟɧɢɟ 1, ɬɨ V ɢ VI ɫɬ. ɛɭɞɭɬ ɧɚɩɪɚɜɥɟɧɧɵ 

“ɜɩɟɪёɞ”. ɉɪɢ ɷɬɨɦ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɆɊȺɁɊ ɛɭɞɟɬ ɪɚɡɪɟɲɚɬɶ ɞɟɣɫɬɜɢɟ ɡɚɳɢɬɟ, 
ɚ ɧɟ ɫɪɚɛɚɬɵɜɚɧɢɟ ɆȻɅ ɜɤɥɸɱɟɧɧɵɣ ɱɟɪɟɡ ɷɥɟɦɟɧɬ NOT ɬɚɤɠɟ ɛɭɞɟɬ ɪɚɡɪɟɲɚɬɶ 
ɞɟɣɫɬɜɢɟ ɡɚɳɢɬɟ.  
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12 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ 
ɜ ɫɪɟɞɟ Matlab 

 
Ⱦɥɹ ɢɫɩɵɬɚɧɢɹ ɦɨɞɟɥɢ ɬɨɤɨɜɨɣ ɫɬɭɩɟɧɱɚɬɨɣ ɡɚɳɢɬɵ, ɜ ɩɪɨɝɪɚɦɦɟ Sim-

ulink ɫɨɡɞɚɧɚ ɦɨɞɟɥɶ ɬɪɟɯɮɚɡɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɞɥɹ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɡɚɞɚɬɶ 
ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ. ɗɬɚ ɦɨɞɟɥɶ ɫɜɹɡɚɧɚ ɫ ɦɨɞɟɥɶɸ ɆɌɁ ɱɟɪɟɡ 
ɦɨɞɟɥɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɵɬɚɧɢɟ 
ɦɨɞɟɥɢ ɡɚɳɢɬɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: 

1. Ɂɚɩɭɫɤ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. 
2. Ɂɚɦɟɪɵ ɧɟɨɛɯɨɞɢɦɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɨɜ ɧɚɝɪɭɡɨɱɧɨɝɨ ɢ ɚɜɚɪɢɣɧɵɯ 

ɪɟɠɢɦɨɜ, ɬɨɤɨɜ ɢ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 
3. Ɋɚɫɱёɬ ɭɫɬɚɜɨɤ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
4. ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɨɤ ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɨɪɝɚɧɚɯ. 
5. ɉɨɜɬɨɪɧɵɣ ɡɚɩɭɫɤ ɦɨɞɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. 
6. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɜ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 

ɧɚ ɨɫɰɢɥɥɨɝɪɚɦɦɚɯ. 
Ɋɚɫɫɦɨɬɪɢɦ ɡɚɳɢɬɭ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
12.1 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ȺɌ ɇɇ 
 
Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 
1. ɇɚɣɞɟɦ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ: 
 𝐼 з = ݇ː ∙ ݇˔з݇˅ ∙ 𝐼 ˃ˆ˓ ୫ax = ͳ,ͳ ∙ ͳ,ͳͲ,ͻͷ ∙ ͻ͸ʹʹ = ͳʹʹͷͷ, 
 

ɝɞɟ  ݇ː–  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,1 ɨ. ɟ.; ݇˔з– ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɚɦɨɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɟɣ, ɪɚɜɧɵɣ 1,1÷3 ɨ. ɟ.; ݇˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ ɡɚɳɢɬɵ 
ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɪɚɜɧɵɣ 0,95 ɨ. ɟ.; 𝐼 ˃ˆ˓ ୫ax  –ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɚɝɪɭɡɤɢ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ 
ɤɨɬɨɪɭɸ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɳɢɬɚ, Ⱥ.  

 
2. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ: 
 𝐼 ˓ = ݇˔х݇𝐼 ∙ 𝐼 з = ͳ,ͲͳͲͲͲͲͷ ∙ ͳʹʹͷͷ = ͸,ͳʹͺ, 

ɝɞɟ  ݇˔х– ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɞɥɹ ɆɌɁ 1 ɨ.ɟ.; ݇𝐼– ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 
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Ⱦɥɹ  ɜɵɛɨɪɚ  ݇𝐼  ɧɟɨɛɯɨɞɢɦɨ  ɡɧɚɬɶ ɬɨɤ ɧɚɝɪɭɡɤɢ, Ⱥ: 
 𝐼 ˃ˆ˓ ୫ax = ͻ͸ʹʹ. 
 
ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɢɣ ɤ ɧɟɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫ ɭɱɟɬɨɦ 

ɩɟɪɟɝɪɭɡɤɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ, ɞɥɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɢ ɰɢɮɪɨɜɵɯ 
ɭɫɬɪɨɣɫɬɜ  ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɪɚɜɧɵɣ 1,4 ɨ. ɟ 

ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, ɫ: 
з˔ݐ  = ͳ,ͷͳ, ɫɨɝɥɚɫɧɨ ɪɢɫ 12.3. 
 
ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɨɤ: 
 
Ɂɚɞɚɧɢɟ ɭɫɬɚɜɤɢ ɨɪɝɚɧɚ ɬɨɤɚ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 12.1. 
 
 

 
 

Ɋɢɫɭɧɨɤ 12.1 –ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɨɪɝɚɧɚ ɬɨɤɚ 
 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 12.2. 
 

 
 

Ɋɢɫɭɧɨɤ 12.2 –ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
 

-  ɂɫɩɵɬɚɧɢɹ ɡɚɳɢɬɵ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ: 
ɉɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ɇɇ ȺɌ ɩɪɨɢɡɨɲɥɨ ɫɪɚɛɚɬɵɜɚɧɢɟ ɡɚɳɢɬɵ.  
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Ɋɢɫɭɧɨɤ 12.3 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 

 
 

 
Ɋɢɫɭɧɨɤ 12.4 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɡɚ ɧɚɝɪɭɡɤɨɣ ȺɌ 

 
12.2 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ȺɌ ȼɇ 
 
- Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 
1. ɇɚɣɞɟɦ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ: 
 𝐼 з = ݇ː ∙ ݇˔з݇˅ ∙ 𝐼 ˃ˆ˓ ୫ax = ͳ,ͳ ∙ ͳ,ͳͲ,ͻͷ ∙ Ͷ͵ͻ,͵ = ͷͷͻ,ͷ, 
 
2. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ: 
 𝐼 ˓ = ݇˔х݇𝐼 ∙ 𝐼 з = ͳ,ͲͶͲͲͷ ∙ ͷͷͻ,ͷ = ͸,ͻͻ, 
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ɝɞɟ  ݇˔х– ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɞɥɹ ɆɌɁ 1 ɨ.ɟ.; ݇𝐼– ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

 
Ⱦɥɹ  ɜɵɛɨɪɚ  ݇𝐼  ɧɟɨɛɯɨɞɢɦɨ  ɡɧɚɬɶ ɬɨɤ ɧɚɝɪɭɡɤɢ, Ⱥ: 
 𝐼 ˃ˆ˓ ୫ax = Ͷ͵ͻ,͵. 
 
ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɢɣ ɤ ɧɟɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫ ɭɱɟɬɨɦ 

ɩɟɪɟɝɪɭɡɤɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ, ɞɥɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɢ ɰɢɮɪɨɜɵɯ 
ɭɫɬɪɨɣɫɬɜ  ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɪɚɜɧɵɣ 1,4 ɨ. ɟ 

 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, ɫ: 
з˔ݐ  = ͳ,͵Ͷ, ɫɨɝɥɚɫɧɨ ɪɢɫ. 12.7. 
 
 ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɨɤ: 
 
Ɂɚɞɚɧɢɟ ɭɫɬɚɜɤɢ ɨɪɝɚɧɚ ɬɨɤɚ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 12.5. 
 

 
 

Ɋɢɫɭɧɨɤ 12.5 –ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɨɪɝɚɧɚ ɬɨɤɚ 
 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 12.6. 
 
 

 
 

Ɋɢɫɭɧɨɤ 12.6 –ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
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-  ɂɫɩɵɬɚɧɢɹ ɡɚɳɢɬɵ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ: 
 
ɉɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ȼɇ ȺɌ ɩɪɨɢɡɨɲɥɨ ɫɪɚɛɚɬɵɜɚɧɢɟ ɡɚɳɢɬɵ. 

Ⱥɜɚɪɢɣɧɚɹ ɨɫɰɢɥɥɨɝɪɚɦɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 12.7. 
 

 
Ɋɢɫɭɧɨɤ 12.7 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 

 
Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ ɫɦɟɠɧɨɣ ɥɢɧɢɢ W1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 

12.8. 

 
Ɋɢɫɭɧɨɤ 12.8 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ ɫɦɟɠɧɨɣ ɥɢɧɢɢ W1 
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ɁȺɄɅɘɑȿɇɂȿ 

 
ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɭɱɚɫɬɨɤ 

Ʉɪɚɫɧɨɹɪɫɤɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɪɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɩɟɪɜɢɱɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɯɨɞɹɳɟɝɨ ɜ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ. 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ TKZ-3000 ɪɚɫɫɱɢɬɚɧɵ 
ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ 
ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɫɱɟɬɟ ɭɫɬɚɜɨɤ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ, ɆɌɁ ɢ ɌɁɇɉ. 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɨɩɪɨɛɨɜɚɧɢɟ ɆɌɁ ɧɚ ɛɚɡɟ ɲɤɚɮɚ 
ɒɗ2607 048. 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Matlab ɛɵɥɢ ɫɨɡɞɚɧɵ ɜɢɪɬɭɚɥɶɧɵɟ ɦɨɞɟɥɢ 
ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ, ɆɌɁ ɢ ɌɁɇɉ. ɋɨɡɞɚɧɧɚɹ ɦɨɞɟɥɶ ɆɌɁ ɨɩɪɨɛɨɜɚɧɚ ɧɚ 
ɦɨɞɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɫɨɡɞɚɧɧɨɣ ɜ ɩɪɨɝɪɚɦɦɟ Matlab. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɨɩɪɨɛɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɟɬɢ.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

69 ВɄɊ – 13.03.02.05 ɉɁ 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 
1. ȿɪɲɨɜ, ɘ. Ⱥ. ɗɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ. Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɤɚ 
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ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ (ɨɛɪɚɬɧɨɣ) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

                         

 ɉɪяɦɚя  ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɫɬɶ. 
 

┌────┬────┬─────────┬─────────┬──────────┬──────────┬─────────┬─────────┬──────┐ 
│ Tɢɩ│ɉɚɪ │  ɍɡɟɥ-1 │  ɍɡɟɥ-2 │   R      │     X    │E;K;B(c);│   F     │ N ɷɥ.│ 
├────┼────┼─────────┼─────────┼──────────┼──────────┼─────────┼─────────┼──────┤ 
│  4 │  0 │ 0       │ 1       │     3.457│    13.979│  115.000│    0.000│   0  │ 
│  4 │  0 │ 0       │ 9       │     1.617│     7.095│  115.000│    0.000│   0  │ 
│  4 │  0 │ 0       │ 11      │     9.000│    15.480│  115.000│    0.000│   0  │ 
│  0 │  0 │ 29      │ 2       │     5.070│    18.590│    0.001│    0.000│   0  │ 
│  0 │  0 │ 1       │ 2       │     5.070│    18.590│    0.001│    0.000│   0  │ 
│  0 │  0 │ 2       │ 30      │     5.250│    19.250│    0.001│    0.000│   0  │ 
│  0 │  0 │ 2       │ 9       │     5.250│    19.250│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 31      │    10.750│    18.490│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 11      │    10.750│    18.490│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 12      │     6.750│    11.610│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 15      │     6.750│    11.610│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 18      │    10.000│    17.200│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 24      │    11.250│    19.350│    0.001│    0.000│   0  │ 
│  3 │  0 │ 2       │ 3       │     0.001│    12.170│    1.000│    0.000│   0  │ 
│  3 │  0 │ 3       │ 4       │     0.001│    20.630│    1.000│    0.000│   0  │ 
│  3 │  0 │ 3       │ 10      │     0.001│     0.001│    1.000│    0.000│   0  │ 
│  3 │  0 │ 2       │ 6       │     0.001│    12.170│    1.000│    0.000│   0  │ 
│  3 │  0 │ 6       │ 7       │     0.001│    20.630│    1.000│    0.000│   0  │ 
│  3 │  0 │ 6       │ 10      │     0.001│     0.001│    1.000│    0.000│   0  │ 
│  3 │  0 │ 12      │ 13      │     0.001│   220.420│    1.000│    0.000│   0  │ 
│  3 │  0 │ 15      │ 16      │     0.001│   220.420│    1.000│    0.000│   0  │ 
│  3 │  0 │ 18      │ 19      │     0.001│    10.850│    1.000│    0.000│   0  │ 
│  3 │  0 │ 19      │ 20      │     0.001│   151.880│    1.000│    0.000│   0  │ 
│  3 │  0 │ 19      │ 22      │     0.001│   151.880│    1.000│    0.000│   0  │ 
│  3 │  0 │ 24      │ 25      │     0.001│   220.420│    1.000│    0.000│   0  │ 
│  3 │  0 │ 24      │ 27      │     0.001│   220.420│    1.000│    0.000│   0  │ 
│  0 │  0 │ 5       │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 8       │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 14      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 17      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 21      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 23      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 26      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 28      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 4       │ 5       │     2.530│     0.491│    0.001│    0.000│   0  │ 
│  0 │  0 │ 7       │ 8       │     2.530│     0.491│    0.001│    0.000│   0  │ 
│  0 │  0 │ 13      │ 14      │    26.570│     5.158│    0.001│    0.000│   0  │ 
│  0 │  0 │ 16      │ 17      │    26.570│     5.158│    0.001│    0.000│   0  │ 
│  0 │  0 │ 20      │ 21      │    10.628│     2.063│    0.001│    0.000│   0  │ 
│  0 │  0 │ 22      │ 23      │    10.628│     2.063│    0.001│    0.000│   0  │ 
│  0 │  0 │ 25      │ 26      │    26.570│     5.158│    0.001│    0.000│   0  │ 
│  0 │  0 │ 27      │ 28      │    26.570│     5.158│    0.001│    0.000│   0  │ 
│  1 │  0 │ 1       │ 29      │     0.000│     0.000│    0.001│    0.000│   0  │ 
│  1 │  0 │ 30      │ 9       │     0.000│     0.000│    0.001│    0.000│   0  │ 
│  1 │  0 │ 31      │ 11      │     0.000│     0.000│    0.001│    0.000│   0  │ 
│    │    │         │         │          │          │         │         │      │ 
└────┴────┴─────────┴─────────┴──────────┴──────────┴─────────┴─────────┴──────┘ 
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ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

 
ɇɭɥɟвɚя  ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɫɬɶ. 
 

┌────┬────┬─────────┬─────────┬──────────┬──────────┬──────────┐ 
│ Tɢɩ│ɉɚɪ │  ɍɡɟɥ-1 │  ɍɡɟɥ-2 │   R      │     X    │ K; B(c); │ 
├────┼────┼─────────┼─────────┼──────────┼──────────┼──────────┤ 
│  0 │  0 │ 0       │ 1       │     8.276│    41.910│     0.001│ 
│  0 │  0 │ 0       │ 9       │     4.092│    21.280│     0.001│ 
│  0 │  0 │ 0       │ 11      │    14.400│    46.440│     0.001│ 
│  0 │  0 │ 29      │ 2       │    11.410│    55.770│     0.001│ 
│  0 │  0 │ 1       │ 2       │    11.410│    55.770│     0.001│ 
│  0 │  0 │ 30      │ 2       │    11.810│    57.750│     0.001│ 
│  0 │  0 │ 2       │ 9       │    11.810│    57.750│     0.001│ 
│  0 │  0 │ 31      │ 10      │    17.200│    55.470│     0.001│ 
│  0 │  0 │ 10      │ 11      │    17.200│    55.470│     0.001│ 
│  0 │  0 │ 10      │ 12      │    10.800│    34.830│     0.001│ 
│  0 │  0 │ 10      │ 15      │    10.800│    34.830│     0.001│ 
│  0 │  0 │ 10      │ 18      │    16.000│    51.600│     0.001│ 
│  0 │  0 │ 10      │ 24      │    11.250│    58.050│     0.001│ 
│  3 │  0 │ 2       │ 3       │     0.001│    12.170│     1.000│ 
│  3 │  0 │ 3       │ 4       │     0.001│    20.630│     1.000│ 
│  3 │  0 │ 3       │ 10      │     0.001│     0.001│     1.000│ 
│  3 │  0 │ 2       │ 6       │     0.001│    12.170│     1.000│ 
│  3 │  0 │ 6       │ 7       │     0.001│    20.630│     1.000│ 
│  3 │  0 │ 6       │ 10      │     0.001│     0.001│     1.000│ 
│  3 │  0 │ 12      │ 13      │     0.001│   220.420│     1.000│ 
│  3 │  0 │ 15      │ 16      │     0.001│   220.420│     1.000│ 
│  3 │  0 │ 18      │ 19      │     0.001│    10.850│     1.000│ 
│  3 │  0 │ 19      │ 20      │     0.001│   151.880│     1.000│ 
│  3 │  0 │ 19      │ 22      │     0.001│   151.880│     1.000│ 
│  3 │  0 │ 24      │ 25      │     0.001│   220.420│     1.000│ 
│  3 │  0 │ 24      │ 27      │     0.001│   220.420│     1.000│ 
│  0 │  0 │ 4       │ 5       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 7       │ 8       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 13      │ 14      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 16      │ 17      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 20      │ 21      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 22      │ 23      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 25      │ 26      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 27      │ 28      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 5       │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 8       │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 14      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 17      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 21      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 23      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 26      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 28      │ 0       │     0.001│     0.001│     0.001│ 
│  1 │  0 │ 1       │ 29      │     0.000│     0.000│     0.001│ 
│  1 │  0 │ 30      │ 9       │     0.000│     0.000│     0.001│ 
│  1 │  0 │ 31      │ 11      │     0.000│     0.000│     0.001│ 
│    │    │         │         │          │          │          │ 
└────┴────┴─────────┴─────────┴──────────┴──────────┴──────────┘ 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 

 
Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɄɁ (Max) 

 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ : K130414 
Чɢɫɥɨ ɭɡɥɨв ɄɁ: 5 
Чɢɫɥɨ ɩɨяɫɨв: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3        10 

    0         3         4 

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.60  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.242 7.419)          Z2  (2.242 7.419)          Z0  (0.738 9.410) 

 I1    2667  -78            I2    2667  -78            3I0    8000  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1     -435  -80           I2     -430  -80  

                            I0     -177  -71          3I0     -530  -71  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-1                    I1     -435  -80           I2     -430  -80  

                            I0     -177  -71          3I0     -530  -71  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-30                   I1     -606  -80           I2     -599  -81  

                            I0     -246  -71          3I0     -738  -71  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-9                    I1     -606  -80           I2     -599  -81  

                            I0     -246  -71          3I0     -738  -71  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-3                    I1     -295  -70           I2     -309  -70  

                            I0     -915  -81          3I0    -2744  -81  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-6                    I1     -295  -70           I2     -309  -70  

                            I0     -915  -81          3I0    -2744  -81  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     3-10                   I1     -298  -70           I2     -308  -69  

                            I0     -236  -74          3I0     -708  -74  

                            U1    49.01    3           U2   -17.31   -9  

                            U0   -14.04    7          3U0   -42.13    7  

     3-4                    I1        3  -42           I2        0    0  

                            I0     -681  -83          3I0    -2042  -83  
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                            U1    49.01    3           U2   -17.31   -9  

                            U0   -14.04    7          3U0   -42.13    7  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.60  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (2.242 7.419) 

                            I1    8534  -73  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1    -1381  -76  

                            U1     0.00    0  

     2-1                    I1    -1381  -76  

                            U1     0.00    0  

     2-30                   I1    -1924  -76  

                            U1     0.00    0  

     2-9                    I1    -1925  -76  

                            U1     0.00    0  

     2-3                    I1     -974  -65  

                            U1     0.00    0  

     2-6                    I1     -974  -65  

                            U1     0.00    0  

     3-10                   I1     -976  -65  

                            U1    11.85   25  

     3-4                    I1        0    0  

                            U1    11.85   25  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.017 30.513)         Z2  (3.017 30.513)         Z0  (0.000 0.000) 

 I1    1075  -85            I2    1075  -85            3I0    3224  -85  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1    -1077  -85           I2    -1073  -85  

                            I0        0    0          3I0        0    0  

                            U1    32.97    0           U2   -32.97    0  

                            U0     0.00    0          3U0     0.00    0  

     4-5                    I1        0    0           I2        0    0  

                            I0    -1075  -85          3I0    -3226  -85  

                            U1    32.97    0           U2   -32.97    0  

                            U0     0.00    0          3U0     0.00    0  

     2-3                    I1      359  -91           I2      348  -92  

                            I0        0    0          3I0        0    0  

                            U1    59.48    2           U2    -6.96  -16  

                            U0     0.00    0          3U0     0.00    0  

     3-10                   I1     -721  -81           I2     -731  -81  

                            I0        0    0          3I0        0    0  

                            U1    55.13    2           U2   -11.10  -10  

                            U0     0.00    0          3U0     0.00    0  

 

                                  Вɢɞ ɄɁ  3 
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 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (3.017 30.513) 

                            I1    2151  -85  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1    -2151  -85  

                            U1     0.00    0  

     4-5                    I1        0    0  

                            U1     0.00    0  

     2-3                    I1      706  -92  

                            U1    52.91    4  

     3-10                   I1    -1453  -81  

                            U1    44.37    5  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.70  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.219 8.263)          Z2  (2.219 8.263)          Z0  (3.627 20.135) 

 I1    1765  -78            I2    1765  -78            3I0    5295  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -1059  -79           I2    -1049  -79  

                            I0     -845  -77          3I0    -2536  -77  

                            U1    51.17    1           U2   -15.10   -2  

                            U0   -36.11    2          3U0  -108.32    2  

     1-2                    I1     -353  -76           I2     -358  -76  

                            I0     -460  -79          3I0    -1380  -79  

                            U1    51.17    1           U2   -15.10   -2  

                            U0   -36.11    2          3U0  -108.32    2  

     1-29                   I1     -353  -76           I2     -358  -76  

                            I0     -460  -79          3I0    -1379  -79  

                            U1    51.17    1           U2   -15.10   -2  

                            U0   -36.11    2          3U0  -108.32    2  

     2-3                    I1     -109  -71           I2     -122  -69  

                            I0     -363  -81          3I0    -1090  -81  

                            U1    57.97    0           U2    -8.19   -3  

                            U0   -10.00    8          3U0   -29.99    8  

     3-10                   I1     -114  -71           I2     -122  -69  

                            I0      -94  -74          3I0     -283  -74  

                            U1    59.23    1           U2    -6.85   -7  

                            U0    -5.58    7          3U0   -16.73    7  

     3-4                    I1        4  -44           I2        0    0  

                            I0     -270  -83          3I0     -811  -83  

                            U1    59.23    1           U2    -6.85   -7  

                            U0    -5.58    7          3U0   -16.73    7  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.70  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
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                            Z1  (2.219 8.263) 

                            I1    7743  -75  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -4611  -76  

                            U1     0.00    0  

     1-2                    I1    -1567  -73  

                            U1     0.00    0  

     1-29                   I1    -1567  -73  

                            U1     0.00    0  

     2-3                    I1     -523  -66  

                            U1    30.20    1  

     3-10                   I1     -528  -66  

                            U1    36.18    5  

     3-4                    I1        0    0  

                            U1    36.18    5  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.30  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.981 9.930)          Z2  (2.981 9.930)          Z0  (0.402 6.313) 

 I1    2450  -77            I2    2450  -77            3I0    7351  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1     -451  -63           I2     -444  -63  

                            I0     -100  -63          3I0     -299  -63  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-11                  I1     -451  -63           I2     -444  -63  

                            I0     -100  -63          3I0     -299  -63  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-12                  I1       -2 -180           I2        0    0  

                            I0      -61  -78          3I0     -182  -78  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-15                  I1       -2 -180           I2        0    0  

                            I0      -61  -78          3I0     -182  -78  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-18                  I1        6  -44           I2       -4  -49  

                            I0     -111  -74          3I0     -334  -74  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-24                  I1        6  -44           I2       -4  -49  

                            I0      -92  -76          3I0     -276  -76  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-3                   I1     -803  -84           I2     -794  -84  

                            I0     -967  -78          3I0    -2900  -78  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-6                   I1     -803  -84           I2     -795  -84  

                            I0     -967  -78          3I0    -2900  -78  
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                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     2-3                    I1      805  -84           I2      793  -84  

                            I0      217  -71          3I0      650  -71  

                            U1    50.44    3           U2   -15.92   -8  

                            U0   -12.91    8          3U0   -38.72    8  

     3-4                    I1       -2 -180           I2        0    0  

                            I0     -751  -80          3I0    -2254  -80  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.50   10  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.30  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (2.981 9.930) 

                            I1    6367  -73  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1    -1161  -60  

                            U1     0.00    0  

     10-11                  I1    -1161  -60  

                            U1     0.00    0  

     10-12                  I1        0    0  

                            U1     0.00    0  

     10-15                  I1        0    0  

                            U1     0.00    0  

     10-18                  I1        0    0  

                            U1     0.00    0  

     10-24                  I1        0    0  

                            U1     0.00    0  

     10-3                   I1    -2074  -81  

                            U1     0.00    0  

     10-6                   I1    -2075  -81  

                            U1     0.00    0  

     2-3                    I1     2074  -81  

                            U1    25.24    9  

     3-4                    I1        0    0  

                            U1     0.00    0  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     9                              Uɩɚ 114.80  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (1.343 5.424)          Z2  (1.343 5.424)          Z0  (2.530 13.942) 

 I1    2617  -78            I2    2617  -78            3I0    7850  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     9-0                    I1    -2024  -79           I2    -2009  -79  

                            I0    -1711  -78          3I0    -5133  -78  

                            U1    51.68    1           U2   -14.62   -2  

                            U0   -37.08    2          3U0  -111.23    2  

     9-2                    I1     -297  -75           I2     -304  -75  

                            I0     -453  -79          3I0    -1359  -79  
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                            U1    51.68    1           U2   -14.62   -2  

                            U0   -37.08    2          3U0  -111.23    2  

     9-30                   I1     -297  -75           I2     -304  -75  

                            I0     -453  -79          3I0    -1359  -79  

                            U1    51.68    1           U2   -14.62   -2  

                            U0   -37.08    2          3U0  -111.23    2  

     2-3                    I1     -115  -70           I2     -128  -68  

                            I0     -380  -81          3I0    -1141  -81  

                            U1    57.60    0           U2    -8.55   -3  

                            U0   -10.47    8          3U0   -31.40    8  

     3-10                   I1     -118  -71           I2     -127  -68  

                            I0      -98  -74          3I0     -295  -74  

                            U1    58.92    1           U2    -7.15   -7  

                            U0    -5.84    7          3U0   -17.52    7  

     3-4                    I1        4  -44           I2        0    0  

                            I0     -283  -83          3I0     -849  -83  

                            U1    58.92    1           U2    -7.15   -7  

                            U0    -5.84    7          3U0   -17.52    7  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     9                              Uɩɚ 114.80  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (1.343 5.424) 

                            I1   11863  -76  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     9-0                    I1    -9124  -77  

                            U1     0.00    0  

     9-2                    I1    -1373  -73  

                            U1     0.00    0  

     9-30                   I1    -1373  -73  

                            U1     0.00    0  

     2-3                    I1     -566  -67  

                            U1    27.39    2  

     3-10                   I1     -566  -67  

                            U1    33.89    6  

     3-4                    I1        0    0  

                            U1    33.89    6  

 

 

       ************  26 ɦɚя 2017     12 ɱɚɫ 20 ɦɢɧ 53 ɫɟɤ ************ 
 

  Вɪɟɦя ɨɮɨɪɦɥɟɧɢя   0 ɫɟɤ 
 
 
 
 
 
 
 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

78 ВɄɊ – 13.03.02.05 ɉɁ 

ɉɊɂɅɈɀȿɇɂȿ Ƚ 

 
Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɄɁ (Min) 

 

 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ : K130414 
Чɢɫɥɨ ɭɡɥɨв ɄɁ: 5 
Чɢɫɥɨ ɩɨяɫɨв: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     2 
  ɤɨɞ  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  ɭɡɟɥ ɤɨɦɦ. 
 ɈɌɄɅ    0         1        29          0 
 ɈɌɄɅ    0        11        31          0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3        10 

    0         3         4 

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.50  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.638 8.687)          Z2  (2.638 8.687)          Z0  (0.709 9.888) 

 I1    2368  -78            I2    2368  -78            3I0    7103  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1        0    0           I2        0    0  

                            I0        0    0          3I0        0    0  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-1                    I1     -647  -79           I2     -638  -80  

                            I0     -236  -70          3I0     -707  -70  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-30                   I1     -632  -80           I2     -623  -80  

                            I0     -229  -71          3I0     -688  -71  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-9                    I1     -632  -80           I2     -623  -80  

                            I0     -229  -71          3I0     -688  -71  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-3                    I1     -232  -69           I2     -246  -68  

                            I0     -841  -81          3I0    -2522  -81  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-6                    I1     -232  -69           I2     -246  -68  

                            I0     -841  -81          3I0    -2522  -81  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     3-10                   I1     -233  -70           I2     -246  -68  

                            I0     -200  -74          3I0     -601  -74  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

79 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    47.37    3           U2   -18.82   -8  

                            U0   -13.25    7          3U0   -39.74    7  

     3-4                    I1        3  -42           I2        0    0  

                            I0     -642  -83          3I0    -1926  -83  

                            U1    47.37    3           U2   -18.82   -8  

                            U0   -13.25    7          3U0   -39.74    7  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.50  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (2.638 8.687)          Z2  (2.638 8.687) 

                   I1    3639  -73            I2   -3639  -73  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1        0    0           I2        0    0  

                            U1    33.04    0           U2    33.04    0  

     2-1                    I1     -991  -75           I2      981  -75  

                            U1    33.04    0           U2    33.04    0  

     2-30                   I1     -967  -76           I2      958  -76  

                            U1    33.04    0           U2    33.04    0  

     2-9                    I1     -967  -76           I2      958  -76  

                            U1    33.04    0           U2    33.04    0  

     2-3                    I1     -363  -64           I2      378  -64  

                            U1    33.04    0           U2    33.04    0  

     2-6                    I1     -363  -64           I2      378  -64  

                            U1    33.04    0           U2    33.04    0  

     3-10                   I1     -363  -65           I2      376  -64  

                            U1    37.07    3           U2    28.98    4  

     3-4                    I1        0    0           I2        0    0  

                            U1    37.07    3           U2    28.98    4  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.10  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.377 32.241)         Z2  (3.377 32.241)         Z0  (0.000 0.000) 

 I1    1016  -84            I2    1016  -84            3I0    3048  -84  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1    -1018  -84           I2    -1014  -84  

                            I0        0    0          3I0        0    0  

                            U1    32.94    0           U2   -32.94    0  

                            U0     0.00    0          3U0     0.00    0  

     4-5                    I1        0    0           I2        0    0  

                            I0    -1016  -84          3I0    -3048  -84  

                            U1    32.94    0           U2   -32.94    0  

                            U0     0.00    0          3U0     0.00    0  

     2-3                    I1      366  -89           I2      355  -91  

                            I0        0    0          3I0        0    0  

                            U1    58.32    2           U2    -8.05  -14  

                            U0     0.00    0          3U0     0.00    0  

     3-10                   I1     -649  -82           I2     -664  -81  

                            I0        0    0          3I0        0    0  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

80 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    53.87    2           U2   -12.27   -9  

                            U0     0.00    0          3U0     0.00    0  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.10  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (3.377 32.241)         Z2  (3.377 32.241) 

                   I1    1016  -84            I2   -1016  -84  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1    -1018  -84           I2     1014  -84  

                            U1    32.94    0           U2    32.94    0  

     4-5                    I1        0    0           I2        0    0  

                            U1    32.94    0           U2    32.94    0  

     2-3                    I1      366  -89           I2     -355  -91  

                            U1    58.32    2           U2     8.05   14  

     3-10                   I1     -652  -82           I2      664  -81  

                            U1    53.87    2           U2    12.27    9  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.80  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.499 9.582)          Z2  (2.499 9.582)          Z0  (4.914 25.747) 

 I1    1441  -78            I2    1441  -78            3I0    4322  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -1000  -78           I2     -991  -78  

                            I0     -884  -77          3I0    -2652  -77  

                            U1    52.01    1           U2   -14.26   -2  

                            U0   -37.76    2          3U0  -113.29    2  

     1-2                    I1     -441  -77           I2     -450  -76  

                            I0     -557  -78          3I0    -1670  -78  

                            U1    52.01    1           U2   -14.26   -2  

                            U0   -37.76    2          3U0  -113.29    2  

     2-3                    I1      -50  -73           I2      -64  -67  

                            I0     -219  -80          3I0     -658  -80  

                            U1    60.50    0           U2    -5.59   -2  

                            U0    -6.12    9          3U0   -18.37    9  

     3-10                   I1      -51  -74           I2      -64  -67  

                            I0      -52  -74          3I0     -157  -74  

                            U1    61.08    0           U2    -4.88   -5  

                            U0    -3.46    8          3U0   -10.37    8  

     3-4                    I1        4  -45           I2        0    0  

                            I0     -167  -82          3I0     -502  -82  

                            U1    61.08    0           U2    -4.88   -5  

                            U0    -3.46    8          3U0   -10.37    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.80  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

81 ВɄɊ – 13.03.02.05 ɉɁ 

                   Z1  (2.499 9.582)          Z2  (2.499 9.582) 

                   I1    3345  -75            I2   -3345  -75  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -2310  -76           I2     2301  -76  

                            U1    33.13    0           U2    33.13    0  

     1-2                    I1    -1036  -74           I2     1046  -74  

                            U1    33.13    0           U2    33.13    0  

     2-3                    I1     -134  -67           I2      149  -65  

                            U1    53.10    0           U2    12.99    1  

     3-10                   I1     -133  -68           I2      148  -65  

                            U1    54.60    1           U2    11.38    4  

     3-4                    I1        4  -44           I2        0    0  

                            U1    54.60    1           U2    11.38    4  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.338 11.663)         Z2  (3.338 11.663)         Z0  (0.373 6.575) 

 I1    2146  -77            I2    2146  -77            3I0    6439  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1        0    0           I2        0    0  

                            I0        0    0          3I0        0    0  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-11                  I1     -674  -62           I2     -663  -63  

                            I0     -132  -63          3I0     -397  -63  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-12                  I1       -2 -180           I2        0    0  

                            I0      -55  -78          3I0     -166  -78  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-15                  I1       -2 -180           I2        0    0  

                            I0      -55  -78          3I0     -166  -78  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-18                  I1        6  -44           I2       -4  -48  

                            I0     -101  -74          3I0     -304  -74  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-24                  I1        6  -44           I2       -4  -49  

                            I0      -84  -76          3I0     -251  -76  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-3                   I1     -764  -83           I2     -751  -84  

                            I0     -861  -78          3I0    -2582  -78  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-6                   I1     -760  -83           I2     -752  -84  

                            I0     -861  -78          3I0    -2582  -78  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

82 ВɄɊ – 13.03.02.05 ɉɁ 

     2-3                    I1      762  -83           I2      750  -84  

                            I0      178  -71          3I0      533  -71  

                            U1    49.19    3           U2   -17.08   -7  

                            U0   -12.01    8          3U0   -36.03    8  

     3-4                    I1       -2 -180           I2        0    0  

                            I0     -685  -80          3I0    -2055  -80  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (3.338 11.663)         Z2  (3.338 11.663) 

                   I1    2718  -74            I2   -2718  -74  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1        0    0           I2        0    0  

                            U1    32.97    0           U2    32.97    0  

     10-11                  I1     -851  -60           I2      839  -60  

                            U1    32.97    0           U2    32.97    0  

     10-12                  I1        0    0           I2        0    0  

                            U1    32.97    0           U2    32.97    0  

     10-15                  I1        0    0           I2        0    0  

                            U1    32.97    0           U2    32.97    0  

     10-18                  I1        5  -46           I2        5  -46  

                            U1    32.97    0           U2    32.97    0  

     10-24                  I1        5  -46           I2        5  -46  

                            U1    32.97    0           U2    32.97    0  

     10-3                   I1     -963  -80           I2      952  -81  

                            U1    32.97    0           U2    32.97    0  

     10-6                   I1     -961  -80           I2      954  -81  

                            U1    32.97    0           U2    32.97    0  

     2-3                    I1      962  -80           I2     -949  -81  

                            U1    44.56    2           U2    21.64    5  

     3-4                    I1        0    0           I2        0    0  

                            U1    32.97    0           U2    32.97    0  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     29                              Uɩɚ 114.50  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (7.708 27.277)         Z2  (7.708 27.277)         Z0  (12.119 65.658) 

 I1     536  -77            I2     536  -77            3I0    1608  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     29-2                   I1     -536  -77           I2     -536  -77  

                            I0     -536  -77          3I0    -1608  -77  

                            U1    50.92    1           U2   -15.18   -2  

                            U0   -35.78    2          3U0  -107.33    2  

     2-3                    I1      -42  -74           I2      -56  -68  

                            I0     -190  -80          3I0     -571  -80  

                            U1    61.23    0           U2    -4.86   -2  

                            U0    -5.31    9          3U0   -15.94    9  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

83 ВɄɊ – 13.03.02.05 ɉɁ 

     3-10                   I1      -42  -79           I2      -56  -67  

                            I0      -45  -74          3I0     -135  -74  

                            U1    61.72    0           U2    -4.24   -4  

                            U0    -3.00    8          3U0    -8.99    8  

     3-4                    I1        4  -45           I2        0    0  

                            I0     -145  -82          3I0     -436  -82  

                            U1    61.72    0           U2    -4.24   -4  

                            U0    -3.00    8          3U0    -8.99    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     29                              Uɩɚ 114.50  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (7.708 27.277)         Z2  (7.708 27.277) 

                   I1    1166  -74            I2   -1166  -74  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     29-2                   I1    -1166  -74           I2     1166  -74  

                            U1    33.04    0           U2    33.04    0  

     2-3                    I1     -107  -67           I2      121  -65  

                            U1    55.50    0           U2    10.58    0  

     3-10                   I1     -106  -67           I2      121  -65  

                            U1    56.70    1           U2     9.27    4  

     3-4                    I1        4  -44           I2        0    0  

                            U1    56.70    1           U2     9.27    4  

 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ : K130414 
Чɢɫɥɨ ɭɡɥɨв ɄɁ: 5 
Чɢɫɥɨ ɩɨяɫɨв: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     2 
  ɤɨɞ  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  ɭɡɟɥ ɤɨɦɦ. 
 ɈɌɄɅ    0         9        30          0 
 ɈɌɄɅ    0        11        31          0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3        10 

    0         3         4 

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.40  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.937 9.472)          Z2  (2.937 9.472)          Z0  (0.692 10.205) 

 I1    2211  -77            I2    2211  -77            3I0    6632  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1     -463  -80           I2     -456  -80  

                            I0     -159  -70          3I0     -477  -70  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-1                    I1     -463  -80           I2     -456  -80  

                            I0     -159  -70          3I0     -477  -70  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

84 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-30                   I1        0    0           I2        0    0  

                            I0        0    0          3I0        0    0  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-9                    I1     -817  -80           I2     -805  -80  

                            I0     -281  -70          3I0     -842  -70  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-3                    I1     -237  -69           I2     -251  -68  

                            I0     -810  -80          3I0    -2429  -80  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-6                    I1     -237  -69           I2     -251  -68  

                            I0     -810  -80          3I0    -2429  -80  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     3-10                   I1     -235  -70           I2     -251  -68  

                            I0     -193  -74          3I0     -580  -74  

                            U1    46.98    3           U2   -19.20   -8  

                            U0   -12.76    8          3U0   -38.28    8  

     3-4                    I1        3  -42           I2        0    0  

                            I0     -619  -82          3I0    -1856  -82  

                            U1    46.98    3           U2   -19.20   -8  

                            U0   -12.76    8          3U0   -38.28    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.40  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (2.937 9.472)          Z2  (2.937 9.472) 

                   I1    3330  -73            I2   -3330  -73  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1     -694  -75           I2      687  -76  

                            U1    33.03    0           U2    33.03    0  

     2-1                    I1     -694  -75           I2      687  -76  

                            U1    33.03    0           U2    33.03    0  

     2-30                   I1        0    0           I2        0    0  

                            U1    33.03    0           U2    33.03    0  

     2-9                    I1    -1226  -75           I2     1213  -76  

                            U1    33.03    0           U2    33.03    0  

     2-3                    I1     -364  -64           I2      378  -64  

                            U1    33.03    0           U2    33.03    0  

     2-6                    I1     -364  -64           I2      378  -64  

                            U1    33.03    0           U2    33.03    0  

     3-10                   I1     -363  -64           I2      378  -63  

                            U1    37.06    3           U2    28.97    4  

     3-4                    I1        0    0           I2        0    0  

                            U1    37.06    3           U2    28.97    4  

 

                                  Вɢɞ ɄɁ  1 
                                        

 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

85 ВɄɊ – 13.03.02.05 ɉɁ 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.10  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.691 32.806)         Z2  (3.691 32.806)         Z0  (0.000 0.000) 

 I1     998  -84            I2     998  -84            3I0    2993  -84  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1     -999  -84           I2     -996  -84  

                            I0        0    0          3I0        0    0  

                            U1    32.93    0           U2   -32.93    0  

                            U0     0.00    0          3U0     0.00    0  

     4-5                    I1        0    0           I2        0    0  

                            I0     -997  -84          3I0    -2992  -84  

                            U1    32.93    0           U2   -32.93    0  

                            U0     0.00    0          3U0     0.00    0  

     2-3                    I1      351  -89           I2      340  -91  

                            I0        0    0          3I0        0    0  

                            U1    57.73    2           U2    -8.63  -14  

                            U0     0.00    0          3U0     0.00    0  

     3-10                   I1     -650  -81           I2     -660  -80  

                            I0        0    0          3I0        0    0  

                            U1    53.46    2           U2   -12.67   -9  

                            U0     0.00    0          3U0     0.00    0  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.10  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (3.691 32.806)         Z2  (3.691 32.806) 

                   I1     998  -84            I2    -998  -84  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1     -999  -84           I2      996  -84  

                            U1    32.93    0           U2    32.93    0  

     4-5                    I1        0    0           I2        0    0  

                            U1    32.93    0           U2    32.93    0  

     2-3                    I1      351  -89           I2     -340  -91  

                            U1    57.73    2           U2     8.63   14  

     3-10                   I1     -646  -81           I2      660  -80  

                            U1    53.46    2           U2    12.67    9  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.70  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.454 9.005)          Z2  (2.454 9.005)          Z0  (3.609 20.421) 

 I1    1681  -78            I2    1681  -78            3I0    5044  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -1104  -79           I2    -1090  -79  

                            I0     -816  -76          3I0    -2449  -76  

                            U1    50.52    1           U2   -15.69   -2  

                            U0   -34.87    2          3U0  -104.62    2  

     1-2                    I1     -289  -76           I2     -296  -75  

                            I0     -433  -79          3I0    -1298  -79  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

86 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    50.52    1           U2   -15.69   -2  

                            U0   -34.87    2          3U0  -104.62    2  

     1-29                   I1     -289  -76           I2     -296  -75  

                            I0     -433  -79          3I0    -1299  -79  

                            U1    50.52    1           U2   -15.69   -2  

                            U0   -34.87    2          3U0  -104.62    2  

     2-3                    I1     -100  -70           I2     -114  -68  

                            I0     -370  -80          3I0    -1109  -80  

                            U1    56.09    1           U2    -9.98   -3  

                            U0   -10.32    9          3U0   -30.97    9  

     3-10                   I1     -101  -71           I2     -115  -68  

                            I0      -88  -74          3I0     -263  -74  

                            U1    57.25    1           U2    -8.73   -6  

                            U0    -5.83    8          3U0   -17.48    8  

     3-4                    I1        4  -44           I2        0    0  

                            I0     -282  -82          3I0     -847  -82  

                            U1    57.25    1           U2    -8.73   -6  

                            U0    -5.83    8          3U0   -17.48    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.70  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (2.454 9.005)          Z2  (2.454 9.005) 

                   I1    3547  -75            I2   -3547  -75  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -2312  -76           I2     2298  -76  

                            U1    33.10    0           U2    33.10    0  

     1-2                    I1     -618  -73           I2      625  -72  

                            U1    33.10    0           U2    33.10    0  

     1-29                   I1     -618  -73           I2      625  -72  

                            U1    33.10    0           U2    33.10    0  

     2-3                    I1     -227  -66           I2      241  -65  

                            U1    44.99    0           U2    21.07    1  

     3-10                   I1     -226  -66           I2      242  -65  

                            U1    47.54    2           U2    18.47    5  

     3-4                    I1        3  -43           I2        0    0  

                            U1    47.54    2           U2    18.47    5  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.651 12.230)         Z2  (3.651 12.230)         Z0  (0.371 6.676) 

 I1    2056  -76            I2    2056  -76            3I0    6167  -76  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1        0    0           I2        0    0  

                            I0        0    0          3I0        0    0  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-11                  I1     -679  -62           I2     -668  -63  

                            I0     -129  -62          3I0     -386  -62  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 
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                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-12                  I1        0    0           I2        0    0  

                            I0      -54  -77          3I0     -161  -77  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-15                  I1        0    0           I2        0    0  

                            I0      -54  -77          3I0     -161  -77  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-18                  I1        6  -44           I2       -4  -49  

                            I0      -99  -73          3I0     -296  -73  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-24                  I1        6  -44           I2       -4  -49  

                            I0      -82  -76          3I0     -245  -76  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-3                   I1     -715  -82           I2     -702  -83  

                            I0     -822  -78          3I0    -2465  -78  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-6                   I1     -711  -83           I2     -703  -83  

                            I0     -822  -78          3I0    -2465  -78  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     2-3                    I1      713  -82           I2      701  -83  

                            I0      157  -70          3I0      471  -70  

                            U1    48.38    3           U2   -17.87   -7  

                            U0   -11.87    9          3U0   -35.60    9  

     3-4                    I1       -2 -180           I2        0    0  

                            I0     -666  -80          3I0    -1998  -80  

                            U1    39.74    2           U2   -26.22   -2  

                            U0   -13.74   10          3U0   -41.23   10  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (3.651 12.230)         Z2  (3.651 12.230) 

                   I1    2583  -74            I2   -2583  -74  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1        0    0           I2        0    0  

                            U1    32.96    0           U2    32.96    0  

     10-11                  I1     -851  -60           I2      839  -60  

                            U1    32.96    0           U2    32.96    0  

     10-12                  I1        0    0           I2        0    0  

                            U1    32.96    0           U2    32.96    0  

     10-15                  I1        0    0           I2        0    0  

                            U1    32.96    0           U2    32.96    0  

     10-18                  I1        5  -46           I2        5  -46  

                            U1    32.96    0           U2    32.96    0  

     10-24                  I1        5  -46           I2        5  -46  

                            U1    32.96    0           U2    32.96    0  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 
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     10-3                   I1     -893  -80           I2      883  -80  

                            U1    32.96    0           U2    32.96    0  

     10-6                   I1     -891  -80           I2      883  -80  

                            U1    32.96    0           U2    32.96    0  

     2-3                    I1      893  -80           I2     -880  -80  

                            U1    43.70    2           U2    22.46    5  

     3-4                    I1        0    0           I2        0    0  

                            U1    32.96    0           U2    32.96    0  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     30                              Uɩɚ 114.40  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (8.187 28.722)         Z2  (8.187 28.722)         Z0  (12.502 67.955) 

 I1     514  -77            I2     514  -77            3I0    1541  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     30-2                   I1     -513  -77           I2     -513  -77  

                            I0     -513  -77          3I0    -1540  -77  

                            U1    50.75    1           U2   -15.32   -2  

                            U0   -35.47    2          3U0  -106.41    2  

     2-3                    I1      -44  -74           I2      -58  -68  

                            I0     -188  -80          3I0     -564  -80  

                            U1    60.98    0           U2    -5.08   -3  

                            U0    -5.25    9          3U0   -15.75    9  

     3-10                   I1      -45  -75           I2      -59  -68  

                            I0      -45  -73          3I0     -134  -73  

                            U1    61.50    0           U2    -4.44   -5  

                            U0    -2.96    8          3U0    -8.89    8  

     3-4                    I1        4  -45           I2        0    0  

                            I0     -144  -82          3I0     -431  -82  

                            U1    61.50    0           U2    -4.44   -5  

                            U0    -2.96    8          3U0    -8.89    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     30                              Uɩɚ 114.40  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (8.187 28.722)         Z2  (8.187 28.722) 

                   I1    1106  -74            I2   -1105  -74  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     30-2                   I1    -1106  -74           I2     1106  -74  

                            U1    33.03    0           U2    33.03    0  

     2-3                    I1     -111  -67           I2      125  -65  

                            U1    55.09    0           U2    10.96    1  

     3-10                   I1     -112  -67           I2      125  -65  

                            U1    56.34    1           U2     9.60    4  

     3-4                    I1        4  -44           I2        0    0  

                            U1    56.34    1           U2     9.60    4  

 

 

        ************  26 ɦɚя 2017     12 ɱɚɫ 9 ɦɢɧ 45 ɫɟɤ ************ 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

89 ВɄɊ – 13.03.02.05 ɉɁ 

ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɄɁ ɇɇ (Min) 
 

 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ : K130414 
Чɢɫɥɨ ɭɡɥɨв ɄɁ: 2 
Чɢɫɥɨ ɩɨяɫɨв: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     3 
  ɤɨɞ  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  ɭɡɟɥ ɤɨɦɦ. 
 ɈɌɄɅ    0         1        29          0 
 ɈɌɄɅ    0         9        30          0 
 ɈɌɄɅ    0        11        31          0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3         4 

    0         3        10 

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     5                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (6.697 34.216)         Z2  (6.697 34.216) 

                   I1     946  -79            I2    -946  -79  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     5-0                    I1        0    0           I2        0    0  

                            U1    32.98    0           U2    32.98    0  

     5-4                    I1     -948  -79           I2      944  -79  

                            U1    32.98    0           U2    32.98    0  

     2-3                    I1      319  -85           I2     -310  -86  

                            U1    56.97    2           U2     9.32   10  

     3-4                    I1      948  -79           I2     -944  -79  

                            U1    53.10    1           U2    13.01    6  

     3-10                   I1     -629  -76           I2      638  -76  

                            U1    53.10    1           U2    13.01    6  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.30  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (4.175 33.734)         Z2  (4.175 33.734) 

                   I1     970  -83            I2    -970  -83  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1     -972  -83           I2      968  -83  

                            U1    32.98    0           U2    32.98    0  

     4-5                    I1        0    0           I2        0    0  

                            U1    32.98    0           U2    32.98    0  

     2-3                    I1      326  -89           I2     -318  -90  

                            U1    56.91    2           U2     9.56   14  
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     3-10                   I1     -644  -80           I2      654  -80  

                            U1    52.94    2           U2    13.34   10  

 

                   Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     3 
  ɤɨɞ  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  ɭɡɟɥ ɤɨɦɦ. 
 ɈɌɄɅ    0         1        29          0 
 ɈɌɄɅ    0         9        30          0 
 ɈɌɄɅ    0        11        31          0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3         4 

    0         3        10 

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     5                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (6.697 34.216)         Z2  (6.697 34.216) 

                   I1     946  -79            I2    -946  -79  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     5-0                    I1        0    0           I2        0    0  

                            U1    32.98    0           U2    32.98    0  

     5-4                    I1     -948  -79           I2      944  -79  

                            U1    32.98    0           U2    32.98    0  

     2-3                    I1      319  -85           I2     -310  -86  

                            U1    56.97    2           U2     9.32   10  

     3-4                    I1      948  -79           I2     -944  -79  

                            U1    53.10    1           U2    13.01    6  

     3-10                   I1     -629  -76           I2      638  -76  

                            U1    53.10    1           U2    13.01    6  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.30  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (4.175 33.734)         Z2  (4.175 33.734) 

                   I1     970  -83            I2    -970  -83  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1     -972  -83           I2      968  -83  

                            U1    32.98    0           U2    32.98    0  

     4-5                    I1        0    0           I2        0    0  

                            U1    32.98    0           U2    32.98    0  

     2-3                    I1      326  -89           I2     -318  -90  

                            U1    56.91    2           U2     9.56   14  

     3-10                   I1     -644  -80           I2      654  -80  

                            U1    52.94    2           U2    13.34   10  
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ȼȼȿȾȿɇɂȿ 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɬɪɨɣɫɬɜɚ ɊɁɢȺ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɛɚɡɟ, ɩɨɫɬɟɩɟɧɧɨ ɭɯɨɞɹɬ ɧɚ ɜɬɨɪɨɣ ɩɥɚɧ, ɭɫɬɭɩɚɹ 
ɩɟɪɜɟɧɫɬɜɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɦ ɡɚɳɢɬɚɦ ɢ ɚɜɬɨɦɚɬɢɤɟ. ɉɪɢɦɟɧɟɧɢɟ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɨɬɤɪɵɜɚɟɬ ɛɟɡɝɪɚɧɢɱɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɩɨɫɬɪɨɟɧɢɢ ɧɨɜɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɪɚɛɨɬɵ ɡɚɳɢɬ, ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ ɢɯ ɚɩɩɚɪɚɬɧɭɸ 
ɪɟɚɥɢɡɚɰɢɸ ɡɚ ɫɱɟɬ ɭɫɥɨɠɧɟɧɢɢ ɩɪɨɝɪɚɦɦɧɨɣ ɱɚɫɬɢ, ɭɦɟɧɶɲɢɬɶ ɝɚɛɚɪɢɬɧɵɟ 
ɪɚɡɦɟɪɵ ɝɨɬɨɜɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ.  

Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɟɣɲɢɯ ɭɫɬɪɨɣɫɬɜ, ɨɬɜɟɱɚɸɳɢɯ ɜɵɫɨɱɚɣɲɢɦ ɬɪɟɛɨɜɚɧɢɹɦ 
ɧɚɞɟɠɧɨɫɬɢ ɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɨɩɢɪɚɟɬɫɹ ɧɚ ɞɨɫɬɢɠɟɧɢɹ ɭɱɟɧɵɯ ɜ 
ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɚɜɚɪɢɣɧɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɷɧɟɪɝɨɫɢɫɬɟɦ, ɩɨɢɫɤ ɧɨɜɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɧɚ 
ɤɨɬɨɪɵɯ ɨɫɧɨɜɵɜɚɟɬɫɹ ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬ ɢ ɚɜɬɨɦɚɬɢɤɢ, ɩɪɢɦɟɧɟɧɢɢ 
ɬɚɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɤɚɤ ɨɩɬɨɜɨɥɨɤɨɧɧɚɹ, ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ, ɧɟɱɟɬɤɚɹ ɥɨɝɢɤɚ, 
ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɬɪɭɞɵ ɫɩɟɰɢɚɥɢɫɬɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦ ɫ ɤɪɚɬɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨ ɧɨɜɨɜɜɟɞɟɧɢɹɯ ɜ 
ɨɛɥɚɫɬɢ ɡɚɳɢɬ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ ɞɢɫɬɚɧɰɢɨɧɧɨɦ ɩɪɢɧɰɢɩɟ ɡɚ ɩɨɫɥɟɞɧɢɟ 10 ɥɟɬ. 

ɉɪɚɤɬɢɤɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɫ ɞɢɧɚɦɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ȼɚɝɥɟɣɛɬɟɪ Ɉ.ɂ. (ɁȺɈ «Ⱥɥɶɫɬɨɦ Ƚɪɢɞ»). ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ 
XXI  ɤɨɧɮɟɪɟɧɰɢɢ «Ɋɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɷɧɟɪɝɨɫɢɫɬɟɦ», Ɇɨɫɤɜɚ 
2012 ɝ. 

ȼ ɧɚɫɬɨɹɳɟɦ ɞɨɤɥɚɞɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɩɨɞɯɨɞɚ ɤ 
ɭɥɭɱɲɟɧɢɸ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ȾɁ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ: ɞɥɹ ɩɨɥɢɝɨɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ - ɞɢɧɚɦɢɱɟɫɤɢɣ ɧɚɤɥɨɧ 
ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɭɱɟɬɚ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɟɪɟɯɨɞɧɨɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɢ, ɞɥɹ ɤɪɭɝɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ - ɞɢɧɚɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ/ɫɨɤɪɚɳɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɫɥɟɞɫɬɜɢɟ ɪɚɛɨɬɵ ɩɨ ɧɚɩɪɹɠɟɧɢɸ 
ɩɚɦɹɬɢ ɥɢɛɨ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɧɟɩɨɜɪɟɠɞɟɧɧɵɯ ɮɚɡ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɜ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɟ 
ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. Ɍ.ɋ. Кɚɦɟɥь, Ɇ.А. Ɇɭɫɬɚɮɚ Хɚɫɫɚɧ, А. Эɥь-Ɇɨɪшɟɞи 
(Cairo University, Еɝиɩɟɬ). ɋɛɨɪɧɢɤ ɞɨɤɥɚɞɨɜ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦ 
ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɧɟɪɝɨɫɢɫɬɟɦ», Ɇɨɫɤɜɚ 2009 ɝ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɧɟɤɨɬɨɪɵɟ ɢɧɬɟɪɟɫɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɦɟɬɨɞɵ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɢ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɚ ɢ ɦɟɫɬɚ ɩɨɜɪɟɠɞɟɧɢɹ ɜ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. ɗɬɢ ɦɟɬɨɞɵ 
ɭɥɭɱɲɚɸɬ ɩɨɞɚɜɥɟɧɢɟ ɧɟɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢ 
ɨɩɪɟɞɟɥɟɧɢɟ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ ɥɢɧɢɢ. 
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1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 
 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɚɧ ɭɱɚɫɬɨɤ ɫɟɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ.  

Ɉɫɧɨɜɧɚɹ ɩɨɞɫɬɚɧɰɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 
ɹɜɥɹɟɬɫɹ ɩɨɞɫɬɚɧɰɢɹ «Ɋɚɡɞɨɥɢɧɫɤɚɹ».  

Ⱦɥɹ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɡɚɳɢɬɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɩɨɞɫɬɚɧɰɢɢ «Ɋɚɡɞɨɥɢɧɫɤɚɹ». 

ɂɫɬɨɱɧɢɤɚɦɢ ɩɢɬɚɧɢɹ ɹɜɥɹɸɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɫɢɫɬɟɦɵ GS1, GS2, GS3. 
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɱɟɪɬɟɠɟ 1. 
Ɂɚɳɢɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɬ ɫɜɟɪɯɬɨɤɨɜ 

ɹɜɥɹɟɬɫɹ ɪɟɡɟɪɜɧɨɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɨɬɤɥɸɱɟɧɢɹ ɢɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ 
ɤɚɤ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɹɯ ɫɚɦɢɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ (ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ) ɢ ɨɬɤɚɡɟ 
ɨɫɧɨɜɧɵɯ ɡɚɳɢɬ, ɬɚɤ ɢ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɫɦɟɠɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɬɤɚɡɚɯ ɟɝɨ 
ɡɚɳɢɬɵ ɢɥɢ ɜɵɤɥɸɱɚɬɟɥɟɣ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɩɟɰɢɚɥɶɧɨɣ ɡɚɳɢɬɵ ɲɢɧ ɡɚɳɢɬɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬ ɬɚɤɠɟ ɡɚɳɢɬɭ ɷɬɢɯ ɲɢɧ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɤɨɜɚɹ 
ɡɚɳɢɬɚ ɢ ɬɨɤɨɜɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɂɚɳɢɬɚ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɨ ɫɬɨɪɨɧɵ ɨɛɦɨɬɨɤ, ɫɨɟɞɢɧɟɧɧɵɯ ɩɨ ɫɯɟɦɟ ɡɜɟɡɞɵ ɫ 
ɡɚɡɟɦɥɟɧɧɨɣ ɧɭɥɟɜɨɣ ɬɨɱɤɨɣ. 

ɇɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɫ ɞɜɭɯ- ɢɥɢ ɬɪɟɯɫɬɨɪɨɧɧɢɦ ɩɢɬɚɧɢɟɦ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ 
ɞɨɩɨɥɧɹɟɬɫɹ ɨɪɝɚɧɚɦɢ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ. 

Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɚɹ ɢ ɨɧɚ ɦɨɠɟɬ ɛɵɫɬɪɨ 
ɭɫɬɪɚɧɹɬɶ ɤɨɪɨɬɤɢɟ ɡɚɦɵɤɚɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɞɨɥɶ ɛɨɥɶɲɟɣ ɱɚɫɬɢ 
ɡɚɳɢɳɚɟɦɨɣ ɰɟɩɢ. Ɉɧɚ ɬɚɤɠɟ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɤɚɤ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ, ɬɚɤ ɢ 
ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɣ ɡɚɳɢɬɵ ɨɞɧɨɜɪɟɦɟɧɧɨ. ɉɨɫɤɨɥɶɤɭ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɟɟ ɞɥɢɧɟ, ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɞɢɫɬɚɧɰɢɢ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɥɟ, ɤɨɬɨɪɨɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɹɬɶ ɩɨɥɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ ɞɨ ɡɚɞɚɧɧɨɣ ɬɨɱɤɢ (ɬɨɱɤɚ ɞɨɫɹɝɚɟɦɨɫɬɢ ɢɥɢ ɡɨɧɚ 
ɞɟɣɫɬɜɢɹ). Ɍɚɤɨɟ ɪɟɥɟ ɨɩɢɫɚɧɨ ɤɚɤ ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɪɟɥɟ ɢ ɪɚɡɪɚɛɨɬɚɧɨ ɞɥɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɬɨɥɶɤɨ ɧɚ ɩɨɜɪɟɠɞɟɧɢɹɯ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɦɟɠɞɭ ɪɟɥɟ ɢ 
ɜɵɛɪɚɧɧɨɣ ɬɨɱɤɨɣ ɞɨɫɹɝɚɟɦɨɫɬɢ, ɷɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɟɥɟɤɬɢɜɧɨ ɨɬɤɥɸɱɚɬɶ 
ɩɨɜɪɟɠɞɟɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɜ ɪɚɡɧɵɯ ɱɚɫɬɹɯ ɥɢɧɢɢ. Ɉɫɧɨɜɧɵɦ 
ɩɪɢɧɰɢɩɨɦ ɪɚɛɨɬɵ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɹɜɥɹɟɬɫɹ ɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɬɨɱɤɟ ɤɨɦɦɭɬɚɰɢɢ ɧɚ ɢɡɦɟɪɟɧɧɵɣ ɬɨɤ, ɱɬɨ, ɢɫɯɨɞɹ ɢɡ ɡɚɤɨɧɚ ɨɦɚ ɪɚɜɧɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ. Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɞɨ 
ɬɨɱɤɢ ɞɨɫɹɝɚɟɦɨɫɬɢ. ȿɫɥɢ ɢɡɦɟɪɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɧɶɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɨ 
ɬɨɱɤɢ ɞɨɫɹɝɚɟɦɨɫɬɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɩɨɜɪɟɠɞɟɧɢɟ ɧɚ ɥɢɧɢɢ 
ɦɟɠɞɭ ɪɟɥɟ ɢ ɬɨɱɤɨɣ ɞɨɫɹɝɚɟɦɨɫɬɢ. [12] 

http://elekt.com.ua/toe/linear-electric-dc/zakon-oma-i-soprotivlenie-provodnikov.html
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2 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ 
ɢɫɫɥɟɞɭɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɱɟɪɬɟɠɟ 2. 

Ɋɚɫɱɟɬɵ ɭɩɪɨɳɚɸɬɫɹ ɩɪɢ ɩɪɢɛɥɢɠɟɧɧɨɦ ɩɪɢɜɟɞɟɧɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɤ 
ɨɞɧɨɣ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɞɧɨ ɫɪɟɞɧɟɟ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɛɭɞɟɦ 
ɩɪɢɜɨɞɢɬɶ ɤ ɫɬɭɩɟɧɢ ɧɚɩɪɹɠɟɧɢɹ 115 ɤȼ. ɉɨ ɜɵɱɢɫɥɟɧɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦ 
ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ ɫɨɫɬɚɜɥɹɟɬɫɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
ɉɪɢ ɪɚɫɱɟɬɟ ɬɨɤɨɜ ɄɁ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɨɛɪɚɬɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.  

Ⱦɥɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.        

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɚɜɢɫɢɬ 
ɨɬ ɧɚɥɢɱɢɹ ɝɪɨɡɨɡɚɳɢɬɧɵɯ ɬɪɨɫɨɜ, ɢɯ ɦɚɬɟɪɢɚɥɚ, ɧɚɥɢɱɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ, 
ɢ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɧɢɦɢ, ɚ ɬɚɤɠɟ ɨɬ ɦɚɪɤɢ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɨɜɨɞɨɜ, ɬɢɩɨɜ 
ɨɩɨɪ. 

 
Ɍɚɛɥɢɰɚ 2.1 – ɉɚɪɚɦɟɬɪɵ ɥɢɧɢɣ  
Ɉɛɨɡɧɚɱɟɧɢɟ ɇɨɦɢɧɚɥɶɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ, 
ɤȼ 

ɉɪɨɬɹɠɟɧɧɨɫɬɶ, 
ɤɦ 

Ɇɚɪɤɚ 
ɩɪɨɜɨɞɚ 

ɍɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
Ɉɦ/ɤɦ ଵܹ 220 169 Ⱥɋ-240 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ଶܹ 220 169 Ⱥɋ-240 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ଷܹ  220 175 Ⱥɋ-600 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ସܹ 220 175 Ⱥɋ-600 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ହܹ 220 43 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଺ܹ 220 43 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଻ܹ 220 27 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଼ܹ 110 40 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଽܹ  110 45 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଵܹ଴ 110 45    Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଵܹଵ 220 292 Ⱥɋ-240 Ͳ,ͳʹ + ݆Ͳ,ͶͶ ଵܹଶ 220 230 Ⱥɋ-300 Ͳ,Ͳͻͺ + ݆Ͳ,Ͷ͵ ଵܹଷ 220 132 Ⱥɋ-300 Ͳ,Ͳͻͺ + ݆Ͳ,Ͷ͵ ଵܹସ 220 132 Ⱥɋ-300 Ͳ,Ͳͻͺ + ݆Ͳ,Ͷ͵ ଵܹହ 110 72 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ ଵܹ଺ 110 72 Ⱥɋ-120 Ͳ,ʹͷ + ݆Ͳ,Ͷ͵ 
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Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɇɚɡɜɚɧɢɟ 

ɩɨɞɫɬɚɧɰɢɢ 
Ɉɛɨɡɧɚ-
ɱɟɧɢɟ 

ܵɧɨɦ, 
Ɇȼ∙Ⱥ 

𝑈 ɧɨɦɨɛɦɨɬɨɤ, ɤȼ ݑɤ, % 
ȼɇ ɋɇ ɇɇ ȼɇ-

ɋɇ 
ȼɇ-
ɇɇ 

ɋɇ-
ɇɇ 

Ɋɚɡɞɨɥɢɧɫɤɚɹ АɌଵ, АɌଶ 125 230 121 10,5 11 31 19 
Ɇɨɬɵɝɢɧɫɤɚɹ Ɍଵ, Ɍଶ 6,3 115 - 11 - 10,5 - 
ɉɟɪɢɤɥ. Ɂ-Ⱦ Ɍଷ 16 115 - 11 - 10,5 - 
ɉɨɬɚɫɤɭɣ Ɍସ, Ɍହ 6,3 115 - 11 - 10,5 - 

 
2.1 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɪɹɦɨɣ, ɨɛɪɚɬɧɨɣ, ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɥɢɧɢɣ 
 

Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɢɣ W1-W10, 
Ɉɦ: 

 ܼௐଵ = ܼௐଶ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ = ሺͲ,ͳʹ + ݆Ͳ,ͶͶሻ ∙ ͳ͸ͻ ∙ (ͳͳͷʹ͵Ͳ)ଶ == ͷ,Ͳ͹ + ݆ͳͺ,ͷͻ; 

 ܼௐଷ = ܼௐସ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ = ሺͲ,ͳʹ + ݆Ͳ,ͶͶሻ ∙ ͳ͹ͷ ∙ (ͳͳͷʹ͵Ͳ)ଶ == ͷ,ʹͷ + ݆ͳͻ,ʹͷ; 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɣ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɚɧɚɥɨɝɢɱɧɨɣ 

ɮɨɪɦɭɥɟ ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.3. 
 

Ɍɚɛɥɢɰɚ 2.3 – ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɢɣ 
Ɉɛɨɡɧɚɱɟɧɢɟ ɧɚ ɫɯɟɦɟ 

ɡɚɦɟɳɟɧɢɹ 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ 

R, Ɉɦ X, Ɉɦ ଵܹ 5,07 18,59 ଶܹ 5,07 18,59 ଷܹ  5,25 19,25 ସܹ 5,25 19,25 ହܹ 10,75 18,49 ଺ܹ 10,75 18,49 ଻ܹ 6,75 11,61 ଼ܹ 10,0 19,35 ଽܹ  11,25 19,35 ଵܹ଴ 11,25 19,35 
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Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɢɣ W1-W10, 
Ɉɦ: ܼ଴ௐଵ = ܼ଴ௐଶ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ =
= ሺͲ,ͳʹ + Ͳ,ͳͷ + ݆Ͳ,ͶͶ ∙ ͵ሻ ∙ ͳ͸ͻ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͳͳ,Ͷͳ + ݆ͷͷ,͹͹; ܼ଴ௐଷ = ܼ଴ௐସ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ =
= ሺͲ,ͳʹ + Ͳ,ͳͷ + ݆Ͳ,ͶͶ ∙ ͵ሻ ∙ ͳ͹ͷ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͳͳ,ͺͳ + ݆ͷ͹,͹ͷ; 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɥɢɧɢɣ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɚɧɚɥɨɝɢɱɧɨɣ 

ɮɨɪɦɭɥɟ ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.4. 
 

Ɍɚɛɥɢɰɚ 2.4 – ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɥɢɧɢɣ 
Ɉɛɨɡɧɚɱɟɧɢɟ ɧɚ ɫɯɟɦɟ 

ɡɚɦɟɳɟɧɢɹ 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ 

R, Ɉɦ X, Ɉɦ ଵܹ 11,41 55,77 ଶܹ 11,41 55,77 ଷܹ  11,81 57,75 ସܹ 11,81 57,75 ହܹ 17,2 55,47 ଺ܹ 17,2 55,47 ଻ܹ 10,8 34,83 ଼ܹ 16,0 51,60 ଽܹ  18,0 58,05 ଵܹ଴ 18,0 58,05 
 
 2.2 Ɋɚɫɱɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

  
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, Ɉɦ 
ɤݑ 

В = Ͳ,ͷ ∙ ሺݑɤ
В−ɋ + ɤݑ

В−ɇ − ɤݑ
ɋ−ɇሻ = Ͳ,ͷ ∙ ሺͳͳ + ͵ͳ − ͳͻሻ = ͳͳ,ͷ %; 

ɤݑ 
ɋ = Ͳ,ͷ ∙ ሺݑɤ

В−ɋ + ɤݑ
ɋ−ɇ − ɤݑ

В−ɇሻ = Ͳ,ͷ ∙ ሺͳͳ + ͳͻ − ͵ͳሻ = −Ͳ,ͷ %; 
ɤݑ 

ɇ = Ͳ,ͷ ∙ ሺݑɤ
В−ɇ + ɤݑ

ɋ−ɇ − ɤݑ
В−ɋሻ = Ͳ,ͷ ∙ ሺ͵ͳ + ͳͻ − ͳͳሻ = ͳͻ,ͷ %. 
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ܺАɌ
В = АɌݑ

ВͳͲͲ ∙ 𝑈ɫɪ
ଶܵɧɨɦ.АɌ

= ͳͳ,ͷͳͲͲ ∙ ͳͳͷଶͳʹͷ = ͳʹ,ͳ͹; 
 ܺАɌ

ɋ = Ͳ; 
 ܺАɌ

ɇ = АɌݑ
ɇͳͲͲ ∙ 𝑈ɫɪ

ଶܵɧɨɦ.АɌ
= ͳͻ,ͷͳͲͲ ∙ ͳͳͷଶͳʹͷ = ʹͲ,͸͵. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɭɯɨɛɦɨɬɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, Ɉɦ 
 ܺɌଵ = ܺɌଶ = ܺɌସ = ܺɌହ = ɤͳͲͲݑ ∙ 𝑈ɫɪ

ଶܵɧɨɦ.Ɍ = ͳͲ,ͷͳͲͲ ∙ ͳͳͷଶ͸,͵ = ʹʹͲ,Ͷʹ; 
 ܺɌଷ = ɤͳͲͲݑ ∙ 𝑈ɫɪ

ଶܵɧɨɦ.Ɍ = ͳͲ,ͷͳͲͲ ∙ ͳͳͷଶͳ͸ = ͺ͸,͹ͻ; 
 ܺɌଷВ = Ͳ,ͳʹͷ ∙ ܺɌଷ = Ͳ,ͳʹͷ ∙ ͺ͸,͹ͻ = ͳͲ,ͺͷ; 
 ܺɌଷɇ = Ͳ,͹ͷ ∙ ܺɌଷ = ͳ,͹ͷ ∙ ͺ͸,͹ͻ = ͳͷͳ,ͺͺ. 
 
2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦ 
 

ɉɪɢɦɟɦ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ܩ ଵܵ ɫɨɫɬɚɜɥɹɟɬ ɩɚɪɚɥɥɟɥɶɧɨɟ 
ɫɨɟɞɢɧɟɧɢɟ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ ଵܹଵ, ଵܹଶ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɹɦɨɣ ɢ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɷɬɢɯ ɥɢɧɢɣ, Ɉɦ: 
 ܼௐଵଵ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ = ሺͲ,ͳʹ + ݆Ͳ,ͶͶሻ ∙ ʹͻʹ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͵͵,ʹͻ𝑒௝଻ସ,଻ସ°; 
 ܼ଴ௐଵଵ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ =
= ሺͲ,ͳʹ + Ͳ,ͳͷ + ݆Ͳ,ͶͶ ∙ ͵ሻ ∙ ʹͻʹ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͻͺ,͵͸𝑒௝଻଼,ସସ°; 

 ܼௐଵଶ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ = ሺͲ,Ͳͻͺ + ݆Ͳ,Ͷ͵ሻ ∙ ʹ͵Ͳ ∙ (ͳͳͷʹ͵Ͳ)ଶ == ʹͷ,͵͸𝑒௝଻଻,ଵ଺°; 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

11 ВɄɊ – 13.03.02.05 ɉɁ 

ܼ଴ௐଵଶ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ =

= ሺͲ,Ͳͻͺ + Ͳ,ͳͷ + ݆Ͳ,Ͷ͵ ∙ ͵ሻ ∙ ʹ͵Ͳ ∙ (ͳͳͷʹ͵Ͳ)ଶ = ͹ͷ,ͷʹ𝑒௝଻ଽ,ଵଶ°; 
 
Ɍɨɝɞɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ܵܩͳ ɩɪɹɦɨɣ ɢ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, Ɉɦ 
 ܼ𝐺𝑆ଵ = ܼௐଵଵܼௐଵଶܼௐଵଵ+ܼௐଵଶ = ͵͵,ʹͻ𝑒௝଻ସ,଻ସ° ∙ ʹͷ,͵͸𝑒௝଻଻,ଵ଺°ͺ,͹͸ + ݆͵ʹ,ͳʹ + ͷ,͸͵ͷ + ݆ʹͶ,͹ʹ == ͵͵,ʹͻ𝑒௝଻ସ,଻ସ° ∙ ʹͷ,͵͸𝑒௝଻଻,ଵ଺°ͷͺ,͸͵𝑒௝଻ହ,଻ଽ° = ͳͶ,ͶͲ𝑒௝଻଺,ଵଵ° = ͵,Ͷͷ͹ + ݆ͳ͵,ͻͺ; 
 ܼ଴𝐺𝑆ଵ = ܼ଴ௐଵଵܼ଴ௐଵଶܼ଴ௐଵଵ+ܼ଴ௐଵଶ = ͻͺ,͵͸𝑒௝଻଼,ସସ° ∙ ͹ͷ,ͷʹ𝑒௝଻ଽ,ଵଶ°ͳͻ,͹ͳ + ݆ͻ͸,͵͸ + ͳͶ,ʹ͸ + ݆͹Ͷ,ͳ͸ == ͵͵,ʹͻ𝑒௝଻ସ,଻ସ° ∙ ʹͷ,͵͸𝑒௝଻଻,ଵ଺°ͳ͹͵,ͺ͹𝑒௝଻଼,଻ଷ° = Ͷʹ,͹ʹ𝑒௝଻଼,଼ଷ° = ͺ,ʹ͹͸ + ݆Ͷͳ,ͻͳ; 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ܵܩଶ ɫɨɫɬɚɜɥɹɟɬ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɞɜɭɯ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ ଵܹଷ, ଵܹସ, Ɉɦ 
 ܼ𝐺𝑆ଶ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ ∙ ͳʹ = ሺͲ,Ͳͻͺ + ݆Ͳ,Ͷ͵ሻ ∙ ͳ͵ʹ ∙ (ͳͳͷʹ͵Ͳ)ଶ ∙ ͳʹ == ͳ,͸ͳ͹ + ݆͹,Ͳͻͷ; 
 ܼ଴𝐺𝑆ଶ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ ∙ ͳʹ =
= ሺͲ,Ͳͻͺ + Ͳ,ͳͷ + ݆Ͳ,Ͷ͵ ∙ ͵ሻ ∙ ͳ͵ʹ ∙ (ͳͳͷʹ͵Ͳ)ଶ ∙ ͳʹ = Ͷ,Ͳͻʹ + ݆ʹͳ,ʹͺ. 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ܵܩଷ ɫɨɫɬɚɜɥɹɟɬ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɞɜɭɯ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ ଵܹହ, ଵܹ଺, Ɉɦ 
 ܼ𝐺𝑆ଷ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ ∙ ͳʹ = ሺͲ,ʹͷ + ݆Ͳ,Ͷ͵ሻ ∙ ͹ʹ ∙ (ͳͳͷͳͳͷ)ଶ ∙ ͳʹ == ͻ,ͲͲ + ݆ͳͷ,Ͷͺ; 
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ܼ଴𝐺𝑆ଷ = ሺܴ + Ͳ,ͳͷ + ݆ܺ ∙ ͵ሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ
ቇଶ ∙ ͳʹ =

= ሺͲ,ʹͷ + Ͳ,ͳͷ + ݆Ͳ,Ͷ͵ ∙ ͵ሻ ∙ ͹ʹ ∙ (ͳͳͷͳͳͷ)ଶ ∙ ͳʹ = ͳͶ,Ͷ + ݆Ͷ͸,ͶͶ. 
 

2.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚɝɪɭɡɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
 
Ɉɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ.  
Ɍɨɤ ɧɚɝɪɭɡɤɢ, ɤȺ 
 𝐼ɧɚɝɪ. = Ͳ,ͷܵɧɨɦ.АɌ√͵𝑈ɧɨɦ

= Ͳ,ͷ ∙ ͳʹͷ√͵ ∙ ͳͲ,ͷ = ͵,Ͷ͵͹; 
 

ɋɨɝɥɚɫɧɨ [4, ɫɬɪ. 68], ɜɵɛɢɪɚɟɦ ܨ = ͹Ͳ ɦɦଶ , 𝐼ɞɨɩ = ͳ͸ͷ, ɬɨɝɞɚ 
ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɜ ɧɚɝɪɭɡɤɟ, ɲɬ: 

 ݊ = 𝐼ɧɚɝɪ𝐼ɞɨɩ
= ͵Ͷ͵͹ͳ͸ͷ ≈ ʹͳ; 

 
Ɋɚɫɫɱɢɬɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɚɛɟɥɹ, Ɉɦ: 
 ܼɤɚɛ.АɌ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ = ሺͲ,ͶͶ͵ + ݆Ͳ,Ͳͺ͸ሻ ∙ ͳ ∙ (ͳͳͷͳͲ,ͷ)ଶ == ͷ͵,ͳͶ + ݆ͳͲ,͵ʹ; 
 
ȼ ɢɬɨɝɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ, Ɉɦ 
 ܼɇ АɌ = ܼɤɚɛ.АɌ݊ = ͷ͵,ͳͶ + ݆ͳͲ,͵ʹʹͳ = ʹ,ͷ͵ + ݆Ͳ,Ͷͻͳ. 
 
Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ Ɍ1, Ɍ2, 

Ɍ4, Ɍ5. 
Ɍɨɤ ɧɚɝɪɭɡɤɢ, ɤȺ 
 𝐼ɧɚɝɪ. = ܵɧɨɦ.Ɍ√͵𝑈ɧɨɦ

= ͸,͵√͵ ∙ ͳͲ,ͷ = Ͳ,͵Ͷ͸; 
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ȼɵɛɢɪɚɟɦ ܨ = ͹Ͳ ɦɦଶ , 𝐼ɞɨɩ = ͳ͸ͷ, ɬɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɜ ɧɚɝɪɭɡɤɟ, 
ɲɬ: 

 ݊ = 𝐼ɧɚɝɪ𝐼ɞɨɩ
= ͵Ͷ͸ͳ͸ͷ ≈ ʹ; 

 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɚɛɟɥɹ, Ɉɦ: 
 ܼɤɚɛ.Ɍ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ = ሺͲ,ͶͶ͵ + ݆Ͳ,Ͳͺ͸ሻ ∙ ͳ ∙ (ͳͳͷͳͲ,ͷ)ଶ == ͷ͵,ͳͶ + ݆ͳͲ,͵ʹ; 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɨɤ, Ɉɦ 
 ܼɇଵ = ܼɇଶ = ܼɇସ = ܼɇହ = ܼɤɚɛ.АɌ݊ = ͷ͵,ͳͶ + ݆ͳͲ,͵ʹʹ = ʹ͸,ͷ͹ + ͷ,ͳ͸. 
 
ɂ, ɧɚɤɨɧɟɰ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍ3. 
Ɍɨɤ ɧɚɝɪɭɡɤɢ, ɤȺ 
 𝐼ɧɚɝɪ. = ܵɧɨɦ.Ɍ√͵𝑈ɧɨɦ

= ͳ͸√͵ ∙ ͳͲ,ͷ = Ͳ,ͺͺͲ; 
 
ȼɵɛɢɪɚɟɦ ܨ = ͹Ͳ ɦɦଶ, 𝐼ɞɨɩ = ͳ͸ͷ, ɬɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɤɚɛɟɥɟɣ ɜ ɧɚɝɪɭɡɤɟ: 
 ݊ = 𝐼ɧɚɝɪ𝐼ɞɨɩ

= ͺͺͲͳ͸ͷ ≈ ͷ; 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɞɧɨɝɨ ɤɚɛɟɥɹ, Ɉɦ: 
 ܼɤɚɛ.Ɍ = ሺܴ + ݆ܺሻ ∙ ݈ ∙ ቆ 𝑈ɫɪ𝑈ɫɪ.ɧɨɦ

ቇଶ = ሺͲ,ͶͶ͵ + ݆Ͳ,Ͳͺ͸ሻ ∙ ͳ ∙ (ͳͳͷͳͲ,ͷ)ଶ == ͷ͵,ͳͶ + ݆ͳͲ,͵ʹ; 
 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ, Ɉɦ 
 ܼɇଷ = ܼɤɚɛ.АɌ݊ = ͷ͵,ͳͶ + ݆ͳͲ,͵ʹʹ = ͳͲ,͸͵ + ʹ,Ͳ͸͵. 
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3 Ɋɚɫɱёɬ ɪɟɠɢɦɨɜ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 
TKZ-3000 

 
Ɋɚɫɱɟɬ ɬɨɤɨɜ ɄɁ ɜɵɩɨɥɧɟɧ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɌɄZ-3000 ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɫɨɫɬɚɜɥɟɧɧɨɣ ɪɚɧɟɟ ɪɚɫɱɟɬɧɨɣ ɦɚɲɢɧɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ (ɱɟɪɬёɠ 
№2) ɢ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ.  

 
3.1 ɇɚɡɧɚɱɟɧɢɟ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ TKZ 3000 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɪɨɝɪɚɦɦɨɣ 

TKZ3000.  
Ʉɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱɟɬɵ ɪɟɠɢɦɨɜ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɦɟɳɚɸɬɫɹ ɜ ɫɬɚɧɞɚɪɬɧɵɣ ɮɚɣɥ ɪɟɡɭɥɶɬɚɬɨɜ. 
Ɏɨɪɦɚɬɵ ɜɵɜɨɞɚ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ, ɬɚɤ ɤɚɤ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɡɧɵɦɢ 
ɩɪɨɝɪɚɦɦɚɦɢ ɨɛɪɚɛɨɬɤɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɮɚɣɥɚ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɋ ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɫɚ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɬɨɤɢ, ɧɚɩɪɹɠɟɧɢɹ ɨɬɧɨɲɟɧɢɹ 
ɬɨɤɨɜ ɤ ɧɚɩɪɹɠɟɧɢɹɦ (ɫɨɩɪɨɬɢɜɥɟɧɢɹ) ɤɚɤ ɜ ɜɢɞɟ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ, ɬɚɤ ɢ ɜ ɜɢɞɟ ɩɨɥɧɵɯ ɮɚɡɧɵɯ ɢɥɢ ɦɟɠɞɭɮɚɡɧɵɯ ɜɟɥɢɱɢɧ.  

 
3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱёɬɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɟɬɢ ɢ ɟё ɷɥɟɦɟɧɬɨɜ ɞɥɹ 

ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 
 
Ɉɫɧɨɜɧɵɦɢ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɱɢɬɚɸɬ 

ɦɚɤɫɢɦɚɥɶɧɵɣ, ɤɨɝɞɚ ɜ ɪɚɛɨɬɟ ɧɚɯɨɞɹɬɫɹ ɜɫɟ ɷɥɟɦɟɧɬɵ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɢ 
ɦɢɧɢɦɚɥɶɧɵɣ, ɤɨɝɞɚ ɱɚɫɬɶ ɝɟɧɟɪɚɬɨɪɨɜ ɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɨɬɤɥɸɱɟɧɵ 
ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɦɟɠɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ. 
ȼɟɥɢɱɢɧɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɪɚɫɱɟɬɚ ɭɫɬɚɜɨɤ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɡɚɳɢɬ: ɩɚɪɚɦɟɬɪɵ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ 
ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɨɜɟɪɤɢ ɢɯ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ɉɪɢ ɪɚɛɨɬɟ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɥɸɱɢɬɶ:  
- ɩɨɥɨɜɢɧɭ ɝɟɧɟɪɚɬɨɪɨɜ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ;  
- ɩɪɨɢɡɜɟɫɬɢ ɨɬɤɥɸɱɟɧɢɹ ɜ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɟ (ɭɜɟɥɢɱɢɬɶ ɜ 

1,3−2,0 ɪɚɡɚ ɟё ɫɨɩɪɨɬɢɜɥɟɧɢɟ);  
- ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɨɬɤɥɸɱɢɬɶ ɨɞɧɭ ɢɡ ɞɜɭɯɰɟɩɧɵɯ ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ 

(ȼɅ) ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ; 
- ɪɚɡɨɦɤɧɭɬɶ ɡɚɦɤɧɭɬɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɟɬɶ ɜ ɤɨɧɰɟ ɫɥɟɞɭɸɳɟɝɨ ɭɱɚɫɬɤɚ 

ɥɢɧɢɢ (ɨɬɤɥɸɱɢɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɵɤɥɸɱɚɬɟɥɶ ȼɅ) [1]. 
Ⱦɥɹ ɪɚɫɱёɬɚ ɭɫɬɚɜɨɤ ɡɚɳɢɬ ɪɚɫɫɱɢɬɚɧ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ ɜ ɤɨɧɰɟ ɢ ɡɚ ɫɦɟɠɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɳɢɳɚɟɦɨɦɭ 
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ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɤɚɫɤɚɞɧɨɦ ɪɟɠɢɦɚɯ, ɚ ɬɚɤɠɟ ɬɨɤ ɬɪёɯɮɚɡɧɨɝɨ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɡɚ ɨɛɦɨɬɤɨɣ ɇɇ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɪɚɫɫɱɢɬɚɧ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɢ 
ɞɜɭɯɮɚɡɧɨɝɨ ɄɁ ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɡɚ ɫɦɟɠɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɳɢɳɚɟɦɨɦɭ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ.  

Ɂɧɚɱɟɧɢɹ ɞɚɧɧɵɯ ɬɨɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɹɯ ȼ, Ƚ, Ⱦ.    
ɍɡɥɵ, ɜ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɬɨɤɢ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɢ 

ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɚɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 
 

Ɍɚɛɥɢɰɚ 3.1 – ɍɡɥɵ ɩɪɨɜɟɞɟɧɢɹ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ 
ɇɚɡɜɚɧɢɟ ɪɟɠɢɦɚ Ɍɨɱɤɢ ɪɚɫɱɟɬɚ 

ɬɪɟɯɮɚɡɧɨɟ ɄɁ ɞɜɭɯɮɚɯɧɨɟ ɄɁ ɨɞɧɨɮɚɡɧɨɟ ɄɁ ɧɚ 
ɡɟɦɥɸ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ 
ɪɟɠɢɦ 

1, 2, 4, 9 - 1, 2, 4, 9 

Ɇɢɧɢɦɚɥɶɧɵɣ 
ɪɟɠɢɦ 

- 1, 2, 4, 5, 9, 29, 30 1, 2, 4, 5, 9, 29, 30 
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4 ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 

 
Ʉɨɧɬɪɨɥɶ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭ-

ɞɨɜɚɧɢɹ ɩɨɞɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɩɨɫɬɭɩɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɭɫɬɪɨɣɫɬɜɚ 
ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɶɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. ɗɬɢ ɩɪɢɛɨɪɵ ɨɬɧɨɫɹɬɫɹ ɤ ɜɬɨɪɢɱɧɵɦ ɰɟɩɹɦ ɢ 
ɫɜɹɡɚɧɵ ɫ ɩɟɪɜɢɱɧɵɦɢ ɰɟɩɹɦɢ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪ-
ɦɚɬɨɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ [1]. 

 
4.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 

ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ȼɇ 
 

Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɨɪɨɧɵ ȼɇ, Ⱥ: 
 𝐼 ˑˏ Вʜ = ܵːˑˏ Аʡ√͵ ∙ 𝑈ːˑˏ Вʜ = ͳʹͷ ∙ ͳͲଷ√͵ ∙ ʹ͵Ͳ = ͵ͳ͵,ͺ. 
 

Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɤɨɬɨɪɚɹ ɪɚɜɧɚ ݇˃˅ = ͳ,Ͷ А: 

 ͳ,Ͷ ∙ 𝐼 ˑˏ Вʜ = ͳ,Ͷ ∙ ͵ͳ͵,ͺ = Ͷ͵ͻ,͵, 
 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɞɥɹ ɫɬɨɪɨɧɵ ȼɇ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ 𝐼ଵːˑˏ = ͶͲͲ А,  ɢ ɬɨɝɞɚ ɢɦɟɟɦ 

 ݇𝐼Вʜ = 𝐼ଵːˑˏ𝐼ଶːˑˏ = ͶͲͲͷ . 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɟɧ 
 ݇௎Вʜ = 𝑈ଵːˑˏ𝑈ଶːˑˏ = ʹʹͲ ∙ ͳͲଷͳͲͲ . 
 

4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ɋɇ 

 
Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɨɪɨɧɵ ɋɇ, Ⱥ: 𝐼 ˑˏ ʠʜ = ܵːˑˏ Аʡ√͵ ∙ 𝑈ːˑˏ ʠʜ = ͳʹͷ ∙ ͳͲଷ√͵ ∙ ͳͳͷ = ͸ʹ͹,͸. 
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Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɤɨɬɨɪɚɹ ɪɚɜɧɚ ݇˃˅ = ͳ,Ͷ А: 

 ͳ,Ͷ ∙ 𝐼 ˑˏ ʠʜ = ͳ,Ͷ ∙ ͸ʹ͹,͸ = ͺ͹ͺ,͸, 
 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɞɥɹ ɫɬɨɪɨɧɵ ȼɇ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ 𝐼ଵːˑˏ = ͺͲͲ А, ɢ ɬɨɝɞɚ  

 ݇𝐼ʠʜ = 𝐼ଵːˑˏ𝐼ଶːˑˏ = ͺͲͲͷ . 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɟɧ.  
 ݇௎ʠʜ = 𝑈ଵːˑˏ𝑈ଶːˑˏ = ͳͳͲ ∙ ͳͲଷͳͲͲ . 
 

4.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɨɪɨɧɵ ɇɇ 

 
Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɨɪɨɧɵ ɇɇ, Ⱥ: 

 𝐼 ˑˏ ʜʜ = ܵːˑˏ Аʡ√͵ ∙ 𝑈ːˑˏ ʜʜ = ͳʹͷ ∙ ͳͲଷ√͵ ∙ ͳͲ,ͷ = ͸ͺ͹͵. 
 

Ɉɩɪɟɞɟɥɢɦ ɬɨɤ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, 
ɤɨɬɨɪɚɹ ɪɚɜɧɚ ݇˃˅ = ͳ,Ͷ А: 

 ͳ,Ͷ ∙ 𝐼 ˑˏ ʜʜ = ͳ,Ͷ ∙ ͸ͺ͹͵ = ͻ͸ʹʹ, 
 

 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɛɢɪɚɟɦ ɞɥɹ ɫɬɨɪɨɧɵ ȼɇ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ 𝐼ଵːˑˏ = ͺͲͲ А,  , ɢ ɬɨɝɞɚ  

 ݇𝐼ʜʜ = 𝐼ଵːˑˏ𝐼ଶːˑˏ = ͳͲͲͲͲͷ . 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɟɧ.  
 ݇௎ʜʜ = 𝑈ଵːˑˏ𝑈ଶːˑˏ = ͳͲ,Ͳ ∙ ͳͲଷͳͲͲ . 
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5 Ɋɚɫɱɟɬ ɡɚɳɢɬ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ 

 
ɉɪɢ ɜɧɟɲɧɢɯ ɄɁ ɡɚɳɢɬɚ ɬɪɟɯɨɛɦɨɬɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢɥɢ 

ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɟɥɟɤɬɢɜɧɨɟ ɨɬɤɥɸɱɟɧɢɟ ɬɨɥɶɤɨ 
ɬɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢɥɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤɨɬɨɪɚɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɢɬɚɟɬ ɦɟɫɬɨ ɩɨɜɪɟɠɞɟɧɢɹ.  

ɇɚ ɬɪɟɯɨɛɦɨɬɨɱɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɢɬɚɧɢɟɦ (ɧɚ-
ɩɪɢɦɟɪ ɫɨ ɫɬɨɪɨɧɵ ȼɇ) ɧɚ ɨɛɦɨɬɤɚɯ ɋɇ ɢ ɇɇ ɩɪɨɫɱɢɬɵɜɚɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɟ 
ɆɌɁ. ɇɚ ɨɛɦɨɬɤɟ ȼɇ ɩɪɨɫɱɢɬɵɜɚɟɬɫɹ ɬɪɟɬɶɹ ɆɌɁ, ɤɨɬɨɪɚɹ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɨɬɤɥɸɱɢɬ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɢ ɄɁ ɜ ɧɟɦ ɢ ɪɟɡɟɪɜɢɪɭɟɬ ɫɪɚɛɚɬɵɜɚɧɢɟ ɆɌɁ ɨɛɦɨ-
ɬɨɤ ɋɇ ɢ ɇɇ. 

ɉɪɢ ɪɚɫɱёɬɟ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɭɤɨɜɨɞɹɳɢɟ 
ɭɤɚɡɚɧɢɹ ɩɨ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɟ ɜɵɩɭɫɤ 7 «Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɥɢɧɢɣ 35-330 
ɤȼ» [5]. 

 
5.1 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ȺɌ ɇɇ 10 ɤȼ 
 
ɉɟɪɜɢɱɧɵɣ  ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ (ɆɌɁ) 
 𝐼 з = ݇ː ∙ ݇˔з݇˅ ∙ 𝐼 ˃ˆ˓ ୫ax = ͳ,ͳ ∙ ͳ,ͳͲ,ͻͷ ∙ ͻ͸ʹʹ = ͳʹʹͷͷ, 
 

ɝɞɟ  ݇ː –  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,1 ɨ. ɟ.; ݇˔з – ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɚɦɨɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɟɣ, ɪɚɜɧɵɣ 1,1÷3 ɨ. ɟ.; ݇˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ ɡɚɳɢɬɵ 
ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɪɚɜɧɵɣ 0,95 ɨ. ɟ.; 𝐼 ˃ˆ˓ ୫ax  –ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɚɝɪɭɡɤɢ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ 
ɤɨɬɨɪɭɸ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɳɢɬɚ, Ⱥ.  

ȼɬɨɪɢɱɧɵɣ ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 𝐼 ˓ = ݇˔х݇𝐼 ∙ 𝐼 з = ͳ,ͲͳͲͲͲͲͷ ∙ ͳʹʹͷͷ = ͸,ͳʹͺ, 

 

ɝɞɟ  ݇˔х– ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɞɥɹ ɆɌɁ 1 ɨ.ɟ.; ݇𝐼– ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɜ ɮɭɧɤɰɢɢ ɛɥɢɠɧɟɝɨ ɪɟɡɟɪɜɚ:  
 ݇ч = 𝐼୫i୬ К−ସ ሺଶሻሺଷ−ସሻ𝐼 з = ͳͺͶͲͲͳʹʹͷͷ = ͳ,ͷͲ ൒ ͳ,ͷ, 
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ɝɞɟ   𝐼୫i୬ К−ସ ሺଶሻሺଷ−ସሻ –ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ 

 𝐼௠௜௡𝐾−ସ ሺଶሻሺଷ−ସሻ = ݇Аʡʠ−ʜ ∙ √(𝐼ଵ − 𝐼ଶʹ )ଶ + ͵ ∙ (𝐼ଵ + 𝐼ଶʹ )ଶ
= ͳͳͷͳͲ,ͷ ∙ √(ͻ͹ʹ − ͻ͸ͺʹ )ଶ + ͵ ∙ (ͻ͹ʹ + ͻ͸ͺʹ )ଶ = ͳͺͶͲͲ; 

 
ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɜ ɮɭɧɤɰɢɢ ɞɚɥɶɧɟɝɨ ɪɟɡɟɪɜɚ: 
 ݇ч = 𝐼௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ𝐼 з = ͳ͹ͻͶ͸ͳʹʹͷͷ = ͳ,Ͷ͸ ൒ ͳ,ʹͷ, 

 
ɝɞɟ 𝐼௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ– ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɝɨ ɫ ɡɚɳɢɳɚɟɦɵɦ ɨɛɴɟɤɬɨɦ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ 

 

𝐼௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ = ݇Аʡʠ−ʜ ∙ √(𝐼ଵ௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ − 𝐼ଶ௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻʹ )ଶ + ͵ ∙ (𝐼ଵ௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻ + 𝐼ଶ௠௜௡𝐾−ହ ሺଶሻሺଷ−ସሻʹ )ଶ

= ͳͳͷͳͲ,ͷ ∙ √(ͻͶͺ − ͻͶͶʹ )ଶ + ͵ ∙ (ͻͶͺ + ͻͶͶʹ )ଶ = ͳ͹ͻͶ͸; 
 
5.2 Ɋɚɫɱɟɬ ɆɌɁ ɫ ɩɭɫɤɨɦ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

 
ɉɟɪɜɢɱɧɵɣ  ɬɨɤ, Ⱥ,  ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ 
 𝐼 з = ݇ː݇˅ ∙ 𝐼 ˑˏ = ͳ,ͳͲ,ͻͷ ∙ ͸ͺ͹͵ = ͹ͻͷͺ, 

 
ɝɞɟ  ݇ː– ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,1 ɨ. ɟ.; ݇˅  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɜɨɡɜɪɚɬɚ ɡɚɳɢɬɵ ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɪɚɜɧɵɣ 0,95 ɨ. ɟ.; 𝐼 ˑˏ– ɧɨɦɢɧɚɥɶɧɵɣ 
ɬɨɤ ɡɚɳɢɳɚɟɦɨɣ ɨɛɦɨɬɤɢ, Ⱥ.  
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ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɜ ɮɭɧɤɰɢɢ ɛɥɢɠɧɟɝɨ ɪɟɡɟɪɜɚ:  
 ݇ч = 𝐼௠௜௡ К−ସሺଶሻሺଷ−ସሻ𝐼 з = ͳͺͶͲͲ͹ͻͷͺ = ʹ,͵ͳʹ ൒ ͳ,ͷ, 

 

ɝɞɟ   𝐼௠௜௡ К−ସሺଶሻሺଷ−ସሻ –ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ. 

ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɜ ɮɭɧɤɰɢɢ ɞɚɥɶɧɟɝɨ ɪɟɡɟɪɜɚ: 
 ݇ч = 𝐼௠௜௡ К−ଶଽሺଶሻሺଷ−ସሻ𝐼 з = ͳ͹ͻͶ͸͹ͻͷͺ = ʹ,ʹͷͷ ൒ ͳ,ʹͷ, 

 

ɝɞɟ   𝐼௠௜௡ К−ଶଽሺଶሻሺଷ−ସሻ – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɝɨ ɫ ɡɚɳɢɳɚɟɦɵɦ ɨɛɴɟɤɬɨɦ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ. 

 
5.3 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ȼɇ 220 ɤȼ 

 
Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ I ɫɬɭɩɟɧɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ. 
 
ɉɟɪɜɢɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ, ɫɪɚɛɚɬɵɜɚɧɢɹ I ɫɬɭɩɟɧɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ 

ɡɚɳɢɬɵ (ȾɁ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ  ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɭɫɬɚɜɤɨɣ I ɫɬɭɩɟɧɢ ɞɢ-
ɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ: 

 ܼ˔зI Вʜ = 𝐾ːଵ ∙ ቆܼАʡВʜ + 𝐾ːଶܼ˔зሺଵ−ଶሻI𝐾˕˓ଵ ቇ, 
 

ɝɞɟ  1H
k – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 0,85ɨ.ɟ.; 𝐾ːଶ– ɤɨɷɮɮɢɰɢɟɧɬ 

ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 0,78 ɨ.ɟ.; ܼАʡВʜ – ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ȼɇ 
ɡɚɳɢɳɚɟɦɨɝɨ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ɉɦ; 𝐾˕˓ଵ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɨ. ɟ., ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɬɨɤɚ,  ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ ɡɚɳɢɬɭ 
ɤ ɬɨɤɭ, ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɩɪɢ ɄɁ ɜ ɭɡɥɟ ɤɨɧɰɚ  ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ 
 

• ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɡɚɳɢɬɨɣ ɭɱɚɫɬɤɚ 1-2 
 ݇˕˓ଵ = 𝐼௠𝑎𝑥𝐾−ଵሺଷሻሺଶ−ଷሻ𝐼௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଶ−ଵሻ = ʹ͸ͳ,ͷ͹ͺ͵,ͷ = Ͳ,͵͵Ͷ; 
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ɝɞɟ 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ  –ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ, ɩɪɢ ɬɪёɯɮɚɡɧɨɦ ɄɁ ɜ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɫɢɫɬɟɦɵ ɜ ɤɨɧɰɟ ɩɢɬɚɸɳɟɣ Ʌɗɉ, Ⱥ: 

 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ͳͳͷʹ͵Ͳ ∙ ͷʹ͵ = ʹ͸ͳ,ͷ; 
 𝐼௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଵ−ଶሻ  – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɢ 

ɬɪёɯɮɚɡɧɨɦ ɄɁ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɜ ɤɨɧɰɟ ɷɬɨɣ Ʌɗɉ, Ⱥ: 
 𝐼௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଶ−ଵሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଶ−ଵሻ = ͳͳͷʹ͵Ͳ ∙ ͳͷ͸͹ = ͹ͺ͵,ͷ. 
 ܼ˔зሺଶ−ଵሻ𝐼 – ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ I ɫɬɭɩɟɧɢ 

ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, Ɉɦ: 
 ܼ˔зሺଶ−ଵሻ𝐼 = 𝐾ːଵܼௐሺଶ−ଵሻ = Ͳ,ͺ͹ ∙ ሺͷ,Ͳ͹Ͳ + ݆ͳͺ,ͷͻͲሻ = ͳ͸,͹͸𝑒௝଻ସ,଻°.  

 
ɂɦɟɟɦ, Ɉɦ: 
 ܼ˔з𝐼 Вʜ = 𝐾ːଵ ∙ ቆܼАʡВʜ + 𝐾ːଶܼ˔зሺଶ−ଵሻI𝐾˕˓ଵ ቇ = Ͳ,ͺͷ ∙ ቆ݆ͳʹ,ͳ͹ + Ͳ,͹ͺ ∙ ͳ͸,͹͸𝑒௝଻ସ,଻°Ͳ,͵͵Ͷ ቇ == ͺ,͹͹ͻ + ݆Ͷʹ,Ͷ͵ = Ͷ͵,͵͵𝑒௝଻଼,ଷ°. 

 
• ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɡɚɳɢɬɨɣ ɭɱɚɫɬɤɚ 2-9 
 ݇˕˓ଵ = 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ𝐼௠𝑎𝑥 𝐾−ଵ ሺଷሻሺଶ−ଽሻ = ʹͺ͵͸ͺ͸,ͷ = Ͳ,Ͷͳʹ; 
 

ɝɞɟ 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ  – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ, ɩɪɢ ɬɪёɯɮɚɡɧɨɦ ɄɁ ɜ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɫɢɫɬɟɦɵ ɜ ɤɨɧɰɟ ɩɢɬɚɸɳɟɣ Ʌɗɉ, Ⱥ:  

 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ͳͳͷʹ͵Ͳ ∙ ͷ͸͸ = ʹͺ͵; 
 𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɢ 

ɬɪёɯɮɚɡɧɨɦ ɄɁ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɜ ɤɨɧɰɟ ɷɬɨɣ Ʌɗɉ, Ⱥ:  
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𝐼௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ௠𝑎𝑥𝐾−ଵ ሺଷሻሺଶ−ଷሻ = ͳͳͷʹ͵Ͳ ∙ ͳ͵͹͵ = ͸ͺ͸,ͷ. 
 ܼ˔зሺଶ−ଽሻ𝐼  – ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ I ɫɬɭɩɟɧɢ 

ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, Ɉɦ: 
 ܼ˔зሺଶ−ଽሻ𝐼 = 𝐾ːଵܼௐሺଶ−ଽሻ = Ͳ,ͺ͹ ∙ ሺͷ,ʹͷͲ + ݆ͳͻ,ʹͷͲሻ = ͳ͹,͵͸𝑒௝଻ସ,଻°. 

 
ɂɦɟɟɦ, Ɉɦ: 
 ܼ˔з𝐼 Вʜ = 𝐾ːଵ ∙ ቆܼʡВʜ + 𝐾ːଶܼ˔зሺଶ−ଽሻI𝐾˕˓ଵ ቇ = Ͳ,ͺͷ ∙ ቆ݆ͳʹ,ͳ͹ + Ͳ,͹ͺ ∙ ͳ͹,͵͸𝑒௝଻ସ,଻°Ͳ,Ͷͳʹ ቇ == ͹,͵͹ʹ + ݆͵͹,ʹͻ = ͵ͺ,Ͳͳ𝑒௝଻଼,଼°. 

 
ɉɪɢɧɢɦɚɟɦ ɡɚ ɨɫɧɨɜɭ ɧɚɢɦɟɧɶɲɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ – 
 ܼ˔з𝐼 Вʜ = ͵ͺ,Ͳͳ𝑒௝଻଼,଼°. 
 
ȼɬɨɪɢɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 ܼ˔˓𝐼 = ݇𝐼Вʜ݇௎Вʜ ∙ з𝐼 Вʜ˔ݖ = ͶͲͲͷʹʹͲ ∙ ͳͲଷͳͲͲ ∙ ͵ͺ,Ͳͳ = ͳ,͵ͺʹ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 
 ݇ч𝐼 = ܼ˔з𝐼ܼʡВʜ = ͵ͺ,Ͳͳͳʹ,ͳ͹ = ͵,ͳʹ͵ > ͳ,ͷ. 

 
Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ IV ɫɬɭɩɟɧɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ. 
 
ɉɟɪɜɢɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ, ɫɪɚɛɚɬɵɜɚɧɢɹ IV ɫɬɭɩɟɧɢ ȾɁ ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ɨɬɫɬɪɨɣɤɢ ɨɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ 
 ܼ˔з𝐼௏ = Ͳ,ͻ𝑈ːˑˏ√͵𝐼 ˃ˆ˓݇ː݇˅cos ሺ𝜑ˏ.ч. − 𝜑ːሻ = Ͳ,ͻ ∙ ʹ͵Ͳ ∙ ͳͲଷ√͵ ∙ ͵ͳ͵,ͺ ∙ ͳ,ʹ ∙ ͳ,ͳ ∙ cos ሺ͹ͷ° − ͵ͷ°ሻ == ͵͹͸,͸ ʝˏ, 
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ɝɞɟ ݇ː– ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,2  ɨ.ɟ.; ݇˅– ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ, 
ɪɚɜɧɵɣ 1,1 ɨ.ɟ.; 𝜑ˏ.ч. ɢ 𝜑ː – ɭɝɥɵ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɟɥɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɧɚɝɪɭɡɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɪɟɠɢɦɟ ɩɨɫɥɟ 
ɨɬɤɥɸɱɟɧɢɹ ɜɧɟɲɧɟɝɨ ɄɁ, ɷɥ. ɝɪɚɞ.; 𝐼 ˃ˆ˓–  ɬɨɤ ɧɚɝɪɭɡɤɢ, ɩɪɢɧɢɦɚɟɦɵɣ 
ɪɚɜɧɵɦ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ ɤɨɬɨɪɭɸ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɳɢɬɚ, Ⱥ. 

ȼɬɨɪɢɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɉɦ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 ܼ˔˓𝐼௏ = ݇𝐼Вʜ݇௎Вʜ ∙ з𝐼௏˔ݖ = ͶͲͲͷʹʹͲ ∙ ͳͲଷͳͲͲ ∙ ͵͹͸,͸ = ͳ͵,͸ͻ. 

 
Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ IV ɫɬɭɩɟɧɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ 

ɡɚɳɢɬɵ: 
ɜ ɡɨɧɟ ɡɚɳɢɳɚɟɦɨɝɨ ɭɱɚɫɬɤɚ 
 ݇ч𝐼௏ = ܼ˔з𝐼௏ܼʡВʜ = ͵͹͸,͸ͳʹ,ͳ͹ = ͵Ͳ,ͻͶ. 
 
ɜ ɤɨɧɰɟ ɡɨɧɵ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 
 ݇чIV = ܼ˔зIVܼʡВʜ + ܼௐଷ݇˕˓ଶ > ͳ,ʹͷ, 

 
ɝɞɟ ݇˕˓ଶ–ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɬɨɤɚ ɩɪɨɬɟ-
ɤɚɸɳɟɝɨ  ɱɟɪɟɡ ɡɚɳɢɬɭ ɤ ɬɨɤɭ, ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɢ ɄɁ ɜ 
ɤɨɧɰɟ ɫɦɟɠɧɨɣ Ʌɗɉ, ɨ.ɟ. 

 ݇˕˓ଶ = 𝐼௠௜௡𝐾−ଷ଴ሺଶሻሺଶ−ଷሻ𝐼௠௜௡ 𝐾−ଷ଴ ሺଶሻሺଶ−ଷ଴ሻ = ͳͲʹ,ʹͻͷͺ,Ͳ = Ͳ,ͳͲ͹; 
 

ɝɞɟ 𝐼௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻ  –ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ, ɩɪɢ ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, Ⱥ: 
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𝐼௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙
∙ √(𝐼ଵ௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻ − 𝐼ଶ௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻʹ )ଶ + ͵ (𝐼ଵ௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻ + 𝐼ଶ௠௜௡𝐾−ଷ଴ ሺଶሻሺଶ−ଷሻʹ )ଶ =
= ͳͳͷʹ͵Ͳ ∙ √(ͳͳͳ − ͳʹͷʹ )ଶ + ͵ (ͳͳͳ + ͳʹͷʹ )ଶ = ͳͲʹ,ʹ; 

 

ɝɞɟ 𝐼௠௜௡ 𝐾−ଷ଴ ሺଶሻሺଷ଴−ଶሻ  –ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ  ɩɨ ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɩɪɢ  
ɞɜɭɯɮɚɡɧɨɦ ɄɁ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɜ ɤɨɧɰɟ ɫɦɟɠɧɨɝɨ ɷɥɟɦɟɧɬɚ, Ⱥ: 𝐼௠௜௡ 𝐾−ଷ଴ ሺଶሻሺଶ−ଷ଴ሻ = ݇АʡВ−ʠ ∙ √(𝐼ଵ − 𝐼ଶʹ )ଶ + ͵ (𝐼ଵ + 𝐼ଶʹ )ଶ =

= ͳͳͷʹ͵Ͳ ∙ √(ͳͳͲ͸ − ͳͳͲ͸ʹ )ଶ + ͵ (ͳͳͲ͸ + ͳͳͲ͸ʹ )ଶ = ͻͷͺ,Ͳ. 
 
Ɍɨɝɞɚ 

 ݇чIV = ܼ˔зIVܼʡВʜ + ܼௐଷ݇˕˓ଶ = ͵͹͸,͸݆ͳʹ,ͳ͹ + ͷ,ʹͷͲ + ݆ͳͻ,ʹͷͲͲ,ͳͲ͹ = ͳ,ͻͲ ൒ ͳ,ʹͷ. 
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6 Ɂɚɳɢɬɚ ɨɬ ɬɨɤɨɜ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

 
Ɍɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɟɚɝɢɪɭɟɬ ɧɚ ɬɨɤɢ ͵𝐼଴, 

ɩɨɹɜɥɹɸɳɢɟɫɹ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢɥɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɩɪɢ ɜɧɟɲɧɢɯ ɄɁ ɢ 
ɄɁ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ. ɉɪɢɦɟɧɹɟɬɫɹ ɧɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ (ɚ ɬɚɤɠɟ 
ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ) ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɨ ɫɬɨɪɨɧɵ ɨɛɦɨɬɨɤ ȼɇ ɢ ɋɇ, ɟɫɥɢ 
ɩɨɫɥɟɞɧɢɟ ɫɨɟɞɢɧɟɧɵ ɩɨ ɫɯɟɦɟ ɡɜɟɡɞɵ ɢ ɪɚɛɨɬɚɸɬ ɫ ɝɥɭɯɨɡɚɡɟɦɥɟɧɧɨɣ ɧɭɥɟɜɨɣ 
ɬɨɱɤɨɣ. 

ɇɚ ɜɵɩɨɥɧɟɧɢɟ ɡɚɳɢɬ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɜɥɢɹɸɬ ɨɫɨɛɟɧɧɨɫɬɢ, ɢ ɩɨɷɬɨɦɭ ɨɧɚ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɨɬɥɢɱɢɹ ɨɬ ɡɚɳɢɬ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ: 

1) ɭ ȺɌ ɡɚɡɟɦɥɹɸɬɫɹ ɤɨɧɰɵ ɨɛɦɨɬɨɤ ɋɇ, ɹɜɥɹɸɳɢɟɫɹ ɨɛɳɟɣ ɱɚɫɬɶɸ 
ɨɛɦɨɬɤɢ ȺɌ; 

2) ɜɫɥɟɞɫɬɜɢɟ ɧɚɥɢɱɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ ȼɇ ɢ ɋɇ 
ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɄɁ ɧɚ ɡɟɦɥɸ ɧɚ ɫɬɨɪɨɧɟ ɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɡɵɜɚɟɬ ɬɨɤɢ 
ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  ɧɚ ɫɬɨɪɨɧɟ ɞɪɭɝɨɝɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜɵɞɟɪɠɟɤ ɜɪɟɦɟɧɢ ɆɌɁ ɇɉ ɧɚ ɜɵɜɨɞɚɯ ȼɇ ɢ ɋɇ 
ȺɌ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɷɬɢ ɡɚɳɢɬɵ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚɩɪɚɜɥɟɧɧɵɦɢ; 

3) ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɵɞɟɪɠɟɤ ɜɪɟɦɟɧɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɆɌɁ ɇɉ ɧɚ ȺɌ 
ɜɵɩɨɥɧɹɬɶ ɞɜɭɯ- ɢ ɬɪɟɯɫɬɭɩɟɧɱɚɬɵɦɢ. 

 
6.1 I ɫɬɭɩɟɧɶ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȼɇ 
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɬɨɤɨɜɨɣ ɧɚɩɪɚɜɥɟɧɧɨɣ ɡɚɳɢɬɵ 

ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɌɁɇɉ), Ⱥ, ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ ɫɨɝɥɚɫɨɜɚɧɢɹ 
ɫɨ  ɫɬɭɩɟɧɹɦɢ ɡɚɳɢɬ ɨɬ ɄɁ ɧɚ ɡɟɦɥɸ ɫɦɟɠɧɵɯ ɩɢɬɚɸɳɢɯ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟ-
ɞɚɱɢ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ (ɢɥɢ ɫɪɟɞɧɟɝɨ) ɧɚɩɪɹɠɟɧɢɹ (I, II ,III  ɢɥɢ IV ) ɩɪɢ 
ɭɞɨɜɥɟɬɜɨɪɟɧɢɢ ɬɪɟɛɨɜɚɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

 𝐼 зI = ݇ˑ˕˔ ∙ 𝐼ௐଵI , 
 

ɝɞɟ  ݇ˑ˕˔ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ, ɪɚɜɧɵɣ 1,1 ɨ.ɟ.; 𝐼ௐଵI – ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ  
ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɌɁɇɉ ɫɦɟɠɧɨɣ ɥɢɧɢɢ, ɫ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨɝɥɚɫɨɜɚɧɢɟ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, Ⱥ. 

 𝐼ௐଵI = 𝐾ː ∙ 𝐼୫axሺˍ−ଵሻሺଵሻଶ−ଵ = ͳ,ͳ ∙ ͷͺͷ,ͷ = ͸ͶͶ,Ͳ; 
 𝐼୫ax ሺˍ−ଵሻሺଵሻଶ−ଵ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ ୫axሺˍ−ଵሻሺଵሻଶ−ଵ + 𝐼ଶ୫axሺˍ−ଵሻሺଵሻଶ−ଵ + 𝐼଴୫axሺˍ−ଵሻሺଵሻଶ−ଵ ቁ == ͳͳͷʹ͵Ͳ ∙ ሺ͵ͷ͵ + ͵ͷͺ + Ͷ͸Ͳሻ = ͷͺͷ,ͷ, 
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Ɍɨɝɞɚ 𝐼 зI = ͳ,ͳ ∙ ͸ͶͶ,Ͳ = ͹Ͳͺ,Ͷ. 
 
ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɡɚɳɢɬɨɣ ɭɱɚɫɬɤɚ 2-9: 
 𝐼ௐଷI = 𝐾ː ∙ 𝐼୫ax ሺˍ−ଽሻሺଵሻଶ−ଽ = ͳ,ͳ ∙ ͷʹ͹,Ͳ = ͷͺͲ,Ͳ, 
 𝐼୫axሺˍ−ଽሻሺଵሻଽ−ଶ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ୫axሺˍ−ଽሻሺଵሻଶ−ଽ + 𝐼ଶ୫axሺˍ−ଽሻሺଵሻଶ−ଽ + 𝐼଴୫axሺˍ−ଽሻሺଵሻଶ−ଽ ቁ == ͳͳͷʹ͵Ͳ ∙ ሺʹͻ͹ + ͵ͲͶ + Ͷͷ͵ሻ = ͷʹ͹,Ͳ. 
 
Ɍɨɝɞɚ 𝐼 зI = ͳ,ͳ ∙ ͷͺͲ,Ͳ = ͸͵ͺ. 
 
ɉɪɢɧɢɦɚɟɦ ɡɚ ɨɫɧɨɜɧɨɣ ɧɚɢɛɨɥɶɲɢɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ 
 𝐼 зI = ͹Ͳͺ,Ͷ. 
 
Ɉɩɪɟɞɟɥɹɟɦ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 𝐼 ˓ = 𝐾˔х݇𝐼Вʜ ∙ 𝐼 зI = ͳͶͲͲͷ ∙ ͹Ͳͺ,Ͷ = ͺ,ͺͷͷ, 

 
ɝɞɟ 𝐾˔х –  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɯɟɦɭ ɫɨɟɞɢɧɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ 
ɝɥɚɜɧɵɯ ɌɌ ɫɬɨɪɨɧɵ ȼɇ, ݇𝐼Вʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɝɥɚɜɧɨɝɨ ɌɌ 
ɫɬɨɪɨɧɵ ȼɇ. 

ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ, ɨ. ɟ.: 
 𝐾ч = 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ𝐼 з = ͸ͷͻ,ͷ͹Ͳͺ,Ͷ = ͳ,Ͳ͵ < ͳ,ͷ, 

 
ɝɞɟ 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ  – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ 
ȼɇ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ. 

 𝐼୫i୬ሺˍ−ଶሻሺଵሻଶ−ଷ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ ୫i୬ሺˍ−ଶሻሺଵሻଶ−ଷ + 𝐼ଶ ୫i୬ሺˍ−ଶሻሺଵሻଶ−ଷ + 𝐼଴ ୫i୬ሺˍ−ଶሻሺଵሻଶ−ଷ ቁ= ͳͳͷʹ͵Ͳ ∙ ሺʹ͵ʹ + ʹͶ͸ + ͺͶͳሻ = ͸ͷͻ,ͷ. 
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6.2 II ɫɬɭɩɟɧɶ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
 
ɉɟɪɜɢɱɧɵɣ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ, Ⱥ 
- ɋɨɝɥɚɫɨɜɚɧɢɟ ɫ ɌɁɇɉ I ɫɬɭɩɟɧɢ ɫɦɟɠɧɵɯ ɥɢɧɢɣ 
 𝐼 з𝐼𝐼 = ݇˔ˑˆˎ𝐾˕˓𝐼 зI = ͳ,ͳ ∙ Ͳ,ͷͲ͹ ∙ ͹Ͳͺ,Ͷ = ͵ͻͷ,ͳ 
 

ɝɞɟ ݇˔ˑˆˎ = ͳ,ͳ ÷ ͳ,͵– ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɝɥɚɫɨɜɚɧɢɹ; 𝐾˕˓ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɨɤɨɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ 
ɩɨ ɡɚɳɢɳɚɟɦɨɣ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɤ ɬɨɤɭ, ɩɪɨɬɟɤɚɸɳɟɦɭ ɩɨ ɫɦɟɠɧɨɣ 
ɥɢɧɢɢ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɡɚ ɫɦɟɠɧɨɣ ɥɢɧɢɟɣ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ: 

 𝐾˕˓ = 𝐼୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ𝐼୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ = ʹͻ͹,Ͳͷͺͷ,ͷ = Ͳ,ͷͲ͹; 
 𝐼୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ + 𝐼ଶ୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ + 𝐼଴୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଷ ቁ= ͳͳͷʹ͵Ͳ ∙ ሺͳͲͻ + ͳʹʹ + ͵͸͵ሻ = ʹͻ͹,Ͳ; 
 𝐼୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ = ݇АʡВ−ʠ ∙ ቀ𝐼ଵ୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ + 𝐼ଶ୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ + 𝐼଴୫𝑎𝑥ሺˍ−ଵሻሺଵሻଶ−ଵ ቁ= ͳͳͷʹ͵Ͳ ∙ ሺ͵ͷ͵ + ͵ͷͺ + Ͷ͸Ͳሻ = ͷͺͷ,ͷ; 
 
Ɉɩɪɟɞɟɥɹɟɦ ɩɟɪɜɢɱɧɵɣ ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ 
 𝐼 ˓ = 𝐾˔х݇𝐼Вʜ ∙ 𝐼 з𝐼𝐼 = ͳͶͲͲͷ ∙ ͷͺͷ,ͷ = ͹,͵ͳͻ, 

 
ɝɞɟ 𝐾˔х –  ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɯɟɦɭ ɫɨɟɞɢɧɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɨɛɦɨɬɨɤ 
ɝɥɚɜɧɵɯ ɌɌ ɫɬɨɪɨɧɵ ȼɇ, ݇𝐼Вʜ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɝɥɚɜɧɨɝɨ ɌɌ 
ɫɬɨɪɨɧɵ ȼɇ. 

ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ, ɨ. ɟ.: 
 𝐾ч = 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ𝐼 з = ͸ͷͻ,ͷͶ͸͸,ͻ = ͳ,͸͸ > ͳ,ͷ, 
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ɝɞɟ 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ  – ɬɨɤ,  ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɧɚ ɲɢɧɚɯ 
ȼɇ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, Ⱥ. 

 
6.3 IV ɫɬɭɩɟɧɶ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɱɟɬɜɟɪɬɨɣ ɫɬɭɩɟɧɢ ɌɁɇɉ, Ⱥ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɫɬɪɨɣɤɨɣ 

ɨɬ ɬɨɤɚ ɧɟɛɚɥɚɧɫɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ  ɜ ɧɭɥɟɜɨɦ ɩɪɨɜɨɞɟ ɡɚɳɢɳɚɟɦɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɜɧɟɲɧɢɯ ɬɪɟɯɮɚɡɧɵɯ ɄɁ: 

 𝐼 з𝐼௏ = ݇ː𝐾˕˓𝐼 ˄, 
 

ɝɞɟ ݇ː –  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,2÷1,3 ɨ.ɟ.; 𝐼 ˄ – ɬɨɤ ɧɟɛɚɥɚɧɫɚ, 
ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɧɭɥɟɜɨɦ ɩɪɨɜɨɞɟ ɩɪɢ ɜɧɟɲɧɟɦ ɬɪɟɯɮɚɡɧɨɦ ɄɁ, Ⱥ. 

 𝐼 ˄ = ݇ː˄𝐼୫ax К−ସሺଷሻሺଶ−ଷሻ = Ͳ,ͷ ∙ ͵ͷ͵ = ͳ͹͸, 
 

ɝɞɟ 𝐼୫ax К−ଶሺଷሻሺଶ−ଷሻ –ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɡɚɳɢɬɭ  ɩɪɢ ɬɪɟɯɮɚɡɧɨɦ ɄɁ ɧɚ ɫɬɨɪɨɧɟ 
ɇɇ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ⱥ: 

 𝐼୫ax К−ଶሺଷሻሺଶ−ଷሻ = ݇АʡВ−ʠ ∙ 𝐼ଵ୫ax К−ଶሺଷሻሺଶ−ଷሻ = ͳͳͷʹ͵Ͳ ∙ ͹Ͳ͸ = ͵ͷ͵; 
 ݇ː˄ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɛɚɥɚɧɫɚ, ɪɚɜɧɵɣ 0,1 ɨ. ɟ. ɩɪɢ ɤɪɚɬɧɨɫɬɢ ݇ > ͵; ݇ː˄ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɛɚɥɚɧɫɚ, ɪɚɜɧɵɣ 0,5 ɨ. ɟ.  ɩɪɢ ɤɪɚɬɧɨɫɬɢ ݇ < ͵; 

ɝɞɟ k – ɤɪɚɬɧɨɫɬɶ, ɨ. ɟ., ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ 
 ݇ = 𝐼୫ax К−ଶሺଷሻሺଶ−ଷሻ𝐼 ˑˏ = ͵ͷ͵͵ͳ͵,ͺ = ͳ,ͳʹ, 

 
ɝɞɟ  𝐼 ˑˏ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɡɚɡɟɦɥɟɧɧɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, Ⱥ. 

Ɍɨɝɞɚ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɱɟɬɜɟɪɬɨɣ ɫɬɭɩɟɧɢ ɌɁɇɉ, Ⱥ: 
 𝐼 з𝐼௏ = ݇ː𝐼 ˄ = ͳ,ʹ ∙ ʹͶ͵,ͷ = ʹͻʹ,ʹ, 
 
 Ɉɩɪɟɞɟɥɢɦ ɬɨɤ, Ⱥ, ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ: 
 𝐼𝐼௏ = ݇˔х݇𝐼 𝐼 з𝐼௏ = ͳͶͲͲͷ ∙ ʹͻʹ,ʹ = ͵,͸ͷʹ. 
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Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɳɢɬɵ ɩɨ ɬɨɤɭ, ɨ.ɟ.,  
• ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɝɨ ɭɱɚɫɬɤɚ 

 𝐾ч = 𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ𝐼 з𝐼௏ = ͸ͷͻ,ͷʹͻʹ,ͷ = ʹ,ʹͷ > ͳ,ͷ, 
 

ɝɞɟ  𝐼୫i୬ ሺˍ−ଶሻሺଵሻଶ−ଷ – ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɡɚɳɢɳɚɟɦɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ ɜ ɦɟɫɬɟ 
ɭɫɬɚɧɨɜɤɢ ɡɚɳɢɬɵ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɄɁ ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ (ɧɚ 
ɲɢɧɚɯ ȼɇ)  ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ, Ⱥ; 

• ɜ ɤɨɧɰɟ ɡɨɧɵ ɞɟɣɫɬɜɢɹ 
 𝐾ч = 𝐼୫i୬ ሺˍ−ଶଽሻሺଵሻଶ−ଷ𝐼 з𝐼௏ = ͳͶͶ,Ͳʹͻʹ,ͷ => ͳ,ʹͷ, 

 
ɝɞɟ  𝐼୫i୬ ሺˍ−ଵሻሺଵሻଶ−ଷ –  ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɡɚɳɢɳɚɟɦɨɦɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɭ  ɜ ɦɟɫɬɟ 
ɭɫɬɚɧɨɜɤɢ ɡɚɳɢɬɵ, ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ ɫɦɟɠɧɨɝɨ ɷɥɟɦɟɧɬɚ  (ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ 
ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ)  ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ ɤɚɫɤɚɞɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɜɵ-
ɤɥɸɱɚɬɟɥɹ Ʌɗɉ, Ⱥ: 

 𝐼୫i୬ሺˍ−ଵሻሺଵሻଶ−ଷ = 𝐾АʡВ−ʠ ∙ ቀ𝐼ଵ ୫i୬ሺˍ−ଶଽሻሺଵሻଶ−ଷ + 𝐼ଶ ୫i୬ሺˍ−ଶଽሻሺଵሻଶ−ଷ + 𝐼଴ ୫i୬ሺˍ−ଶଽሻሺଵሻଶ−ଷ ቁ == ͳͳͷʹ͵Ͳ ∙ ሺͶʹ + ͷ͸ + ͳͻͲሻ = ͳͶͶ,Ͳ. 
 
Ʉɨɷɮɮɢɰɢɟɧɬ  ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨ ɦɨɳɧɨɫɬɢ, ɨ.ɟ.: 

• ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɝɨ ɭɱɚɫɬɤɚ: 
 ݇чௐ = 𝐼୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ · 𝑈ˑ˔˕ሺଵሻ ∙ ݇˔х݇𝐼 ∙ ݇௎ ∙ ܵ˔˓ = ͸ͷͻ,ͷ ∙ ͺͲʹ͸ ∙ ͳͶͲͲͷ ∙ ʹʹͲ ∙ ͳͲଷͳͲͲ ∙ ͳͶ,Ͳ = ʹ,ͳͷ ൒ ʹ, 
 

ɝɞɟ  𝑈ˑ˔˕ሺଵሻ – ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ 
ɡɚɳɢɳɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ, ȼ: 

 𝑈ˑ˔˕ሺଵሻ = 𝐼୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ ∙ ܼАʡВʜ = ͸ͷͻ,ͷ ∙ ͳʹ,ͳ͹ = ͺͲʹ͸; 
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𝐼୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ = 𝐾АʡВ−ʠ ∙ ቀ𝐼ଵ୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ + 𝐼ଶ୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ + 𝐼଴୫i୬ሺˍ−ଶሻሺଵሻሺଶ−ଷሻ ቁ == ͳͳͷʹ͵Ͳ ∙ ሺʹ͵ʹ + ʹͶ͸ + ͺͶͳሻ = ͸ͷͻ,ͷ; 
 

• ɜ ɤɨɧɰɟ ɡɨɧɵ ɞɟɣɫɬɜɢɹ: 
 ݇чௐ = 𝐼୫i୬ሺˍ−ଶଽሻሺଵሻሺଶ−ଷሻ · 𝑈ˑ˔˕ሺଵሻ ∙ ݇˔х݇𝐼 ∙ ݇௎ ∙ ܵ˔˓ = ͳͶͶ,Ͳ ∙ ʹ͹͹ͷ ∙ ͳͶͲͲͷ ∙ ʹʹͲ ∙ ͳͲଷͳͲͲ ∙ Ͷ = ͳ,ͷͲ ൒ ͳ,Ͷ ÷ ͳ,ͷ, 
 

ɝɞɟ  𝑈ˑ˔˕ሺଵሻ – ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ȼ: 

 𝑈ˑ˔˕ሺଵሻ = 𝐼୫i୬ሺˍ−ଶଽሻሺଵሻሺଶ−ଷሻ ∙ ܼௐଵ = ͳͶͶ,Ͳ ∙ ሺͷ,Ͳ͹Ͳ + ݆ͳͺ,ͷͻሻ = ʹ͹͹ͷ𝑒௝଻ସ,଻ସ. 
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7 ɂɫɩɵɬɚɧɢɟ ɆɌɁ ȺɌ ɧɚ ɫɬɟɧɞɟ ɒɗ 2607 048 

 
7.1 ɇɚɡɧɚɱɟɧɢɟ ɲɤɚɮɚ ɒɗ 2607 048 

 
ɒɤɚɮ ɬɢɩɚ ɒɗ 2607-048 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɡɚɳɢɬɵ, ɚɜɬɨɦɚɬɢɤɢ ɜɜɨɞɨɜ. 

Ʉɨɦɩɥɟɤɬ ɪɟɚɥɢɡɭɟɬ ɮɭɧɤɰɢɢ Ⱥɍȼ, ɍɊɈȼ, Ⱥɉȼ, ȺȼɊ ɢ ɫɨɞɟɪɠɢɬ     ɬɚɤɠɟ 
ɬɪɟɯɫɬɭɩɟɧɱɚɬɭɸ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ (ɆɌɁ), ɡɚɳɢɬɭ ɨɬ 
ɧɟɩɨɥɧɨɮɚɡɧɨɝɨ ɪɟɠɢɦɚ (ɁɇɊ), ɡɚɳɢɬɭ ɨɬ ɞɭɝɨɜɵɯ  ɡɚɦɵɤɚɧɢɣ (ɁȾɁ),  
ɥɨɝɢɱɟɫɤɭɸ ɡɚɳɢɬɭ ɲɢɧ (ɅɁɒ), ɡɚɳɢɬɭ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (ɁɆɇ) ɢ 
ɡɚɳɢɬɭ ɨɬ ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ (ɁɈɁɁ).  

Ⱥɩɩɚɪɚɬɧɨ ɭɤɚɡɚɧɧɵɟ ɜɵɲɟ ɮɭɧɤɰɢɢ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɛɚɡɟ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ  ɬɟɪɦɢɧɚɥɨɜ Ȼɗ2502Ⱥ0303[10]. 

 
7.2 ɍɫɬɪɨɣɫɬɜɨ ɢ ɪɚɛɨɬɚ ɢɫɫɥɟɞɭɟɦɵɯ ɡɚɳɢɬ ɲɤɚɮɚ ɒɗ 2607 048 
 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɭɠɧɨ ɩɪɚɜɢɥɶɧɨ ɜɵɩɨɥɧɢɬɶ ɫɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ 

ɤɥɟɦɦɧɢɤɨɦ ɧɚ ɫɬɟɧɟ ɢ ɲɤɚɮɨɦ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ 
(ɪɢɫ. 7.1). 

ɇɭɠɧɨ ɨɬɫɨɟɞɢɧɢɬɶ ɜɫɟ ɮɚɡɵ ɢ ɧɟɣɬɪɚɥɶ ɛɟɥɨɝɨ ɤɚɛɟɥɹ ɨɬ ɤɥɟɦɦɧɢɤɚ ɧɚ 
ɫɬɟɧɟ (ɟɫɥɢ ɨɧɢ ɩɨɞɤɥɸɱɟɧɵ), ɩɨɞɤɥɸɱɢɬɶ ɜɫɟ ɮɚɡɵ ɢ ɧɟɣɬɪɚɥɶ ɱёɪɧɨɝɨ ɤɚɛɟɥɹ 
ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɥɟɦɦɚɦ ɤɥɟɦɦɧɢɤɚ ɧɚ ɫɬɟɧɟ ɢ ɤ ɤɥɟɦɦɚɦ ɢɫɩɵɬɚɬɟɥɶɧɨɣ 
ɤɪɵɲɤɢ ɛɥɨɤɚ SG1 ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 7.1. 
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Ɋɢɫ. 7.1 ɋɯɟɦɚ ɢɫɩɵɬɚɧɢɹ ɆɌɁ ȼɇ 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɆɌɁ ɇɇ ɧɟɨɛɯɨɞɢɦɨ ɨɬɫɨɟɞɢɧɢɬɶ ɜɫɟ ɮɚɡɵ ɢ ɧɟɣɬɪɚɥɶ 

ɛɟɥɨɝɨ ɤɚɛɟɥɹ ɨɬ ɤɥɟɦɦɧɢɤɚ ɧɚ ɫɬɟɧɟ (ɟɫɥɢ ɨɧɢ ɩɨɞɤɥɸɱɟɧɵ), ɩɨɞɤɥɸɱɢɬɶ ɜɫɟ 
ɮɚɡɵ ɢ ɧɟɣɬɪɚɥɶ ɱёɪɧɨɝɨ ɤɚɛɟɥɹ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɥɟɦɦɚɦ ɤɥɟɦɦɧɢɤɚ ɧɚ 
ɫɬɟɧɟ ɢ ɤ ɤɥɟɦɦɚɦ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɤɪɵɲɤɢ ɛɥɨɤɚ SG1 ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 7.2. 
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Ɋɢɫ. 7.2 ɋɯɟɦɚ ɢɫɩɵɬɚɧɢɹ ɆɌɁ ɇɇ 
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Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɆɌɁ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 7.3. ɋɯɟɦɚ ɫɨɞɟɪɠɢɬ ɂɈ 
ɬɨɤɚ ɮɚɡ ɩɟɪɜɨɣ, ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɟɣ. Ⱦɥɹ ɨɬɫɬɪɨɣɤɢ ɨɬ ɩɭɫɤɨɜɵɯ ɬɨɤɨɜ 
ɩɪɢ ɞɜɢɝɚɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɞɥɹ  ɩɟɪɜɨɣ  ɫɬɭɩɟɧɢ  ɩɪɟɞɭɫɦɨɬɪɟɧ  ɪɟɠɢɦ  ɪɚɛɨɬɵ 
ɫ ɡɚɝɪɭɛɥɟɧɢɟɦ ɭɫɬɚɜɤɢ, ɤɨɬɨɪɵɣ  ɡɚɞɚёɬɫɹ ɩɪɨɝɪɚɦɦɧɨɣ ɧɚɤɥɚɞɤɨɣ  ɏȼ1 ɧɚ 
ɜɪɟɦɹ  ɪɚɛɨɬɵ  ɪɟɥɟ  ɭɫɤɨɪɟɧɢɹ  (ɩɪɢ  ɜɨɡɜɪɚɬɟ  ɪɟɥɟ  ɊɉɈ  ɫ ɜɵɞɟɪɠɤɨɣ   ɜɪɟɦɟɧɢ 
ɧɚ  ɜɨɡɜɪɚɬ). ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɵɯ   ɧɚɤɥɚɞɨɤ   ɏȼ4, ɏȼ7 ɢ ɏȼ10 
ɩɪɟɞɭɫɦɨɬɪɟɧ ɜɵɜɨɞ ɮɭɧɤɰɢɣ ɆɌɁ-1, ɆɌɁ-2 ɢ ɆɌɁ-3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɉɟɪɟɤɥɸɱɚɬɟɥɟɦ «SA ȼɵɜɨɞ  ɆɌɁ», ɤɨɬɨɪɵɣ ɩɨ ɭɦɨɥɱɚɧɢɸ  ɩɪɟɞɫɬɚɜɥɟɧ  ɧɚ  
ɥɢɰɟɜɨɣ  ɩɚɧɟɥɢ  ɬɟɪɦɢɧɚɥɚ  ɜ  ɜɢɞɟ ɬɭɦɛɥɟɪɚ SA2, ɩɪɟɞɭɫɦɨɬɪɟɧ ɜɵɜɨɞ ɜɫɟɯ 
ɫɬɭɩɟɧɟɣ ɆɌɁ ɢɡ ɪɚɛɨɬɵ.  

Ʉɨɧɬɪɨɥɶ  ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ  ɆɌɁ  ɜɜɨɞɢɬɫɹ  ɩɪɨɝɪɚɦɦɧɵɦɢ  ɧɚɤɥɚɞɤɚɦɢ  
ɏȼ2,  ɏȼ5  ɢ  ɏȼ8 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɆɌɁ-1, ɆɌɁ-2 ɢ ɆɌɁ-3. ɇɚɤɥɚɞɤɚɦɢ 
ɏȼ3, ɏȼ6 ɢ ɏȼ9 ɡɚɞɚɟɬɫɹ ɪɟɠɢɦ ɪɚɛɨɬɵ ɆɌɁ ɩɟɪɜɨɣ, ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ 
ɫɬɭɩɟɧɟɣ ɫ ɩɭɫɤɨɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɉɟɪɜɚɹ ɢ ɜɬɨɪɚɹ ɫɬɭɩɟɧɢ  ɆɌɁ  ɢɦɟɸɬ  ɧɟɡɚɜɢɫɢɦɵɟ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ  
ɫɪɚɛɚɬɵɜɚɧɢɹ.   

Ɍɪɟɬɶɹ ɫɬɭɩɟɧɶ ɜɵɩɨɥɧɟɧɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɚɛɨɬɵ ɤɚɤ ɫ ɡɚɜɢɫɢɦɨɣ,  ɬɚɤ  
ɢ  ɫ  ɧɟɡɚɜɢɫɢɦɨɣ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. ȼɵɛɨɪ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ     ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɂɑɆ. Ⱦɟɣɫɬɜɢɟ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɡɚɞɚёɬɫɹ 
ɩɪɨɝɪɚɦɦɧɨɣ ɧɚɤɥɚɞɤɨɣ ɏȼ11. 

ȼɵɛɨɪ ɪɟɠɢɦɚ ɪɚɛɨɬɵ  ɧɚɩɪɚɜɥɟɧɧɵɯ ɫɬɭɩɟɧɟɣ ɆɌɁ ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ  
Ɍɇ ɡɚɞɚɟɬɫɹ  ɩɪɨɝɪɚɦɦɧɨɣ  ɧɚɤɥɚɞɤɨɣ  ɏȼ12 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫ. 6.2. ɉɪɢ  ɷɬɨɦ 
ɩɪɨɢɡɜɨɞɢɬɫɹ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  ɛɥɨɤɢɪɨɜɚɧɢɟ ɢɥɢ ɩɟɪɟɜɨɞ ɆɌɁ ɜ 
ɧɟɧɚɩɪɚɜɥɟɧɧɵɣ ɪɟɠɢɦ.  ɂɡɦɟɪɢɬɟɥɶɧɵɟ   ɨɪɝɚɧɵ   ɧɚɩɪɚɜɥɟɧɢɹ   ɦɨɳɧɨɫɬɢ   
ɜɵɩɨɥɧɟɧɵ   ɩɨ   90-ɝɪɚɞɭɫɧɨɣ ɫɯɟɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɚɡɧɵɯ ɬɨɤɨɜ ɢ 
ɥɢɧɟɣɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. ɍɝɨɥ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ɅɆɑ) 45 
ɝɪɚɞɭɫɨɜ (ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ), ɡɨɧɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɊɇɆ1 ɢ ɊɇɆ2, ɜɤɥɸɱɟɧɧɵɯ ɩɨ ɫɯɟɦɟ «ɂ». ɇɚ 
ɪɢɫ. 6.3 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ   ɜɟɤɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɪɟɠɢɦɨɜ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɊɇɆ1 ɢ  ɊɇɆ2 [10]. 
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Ɋɢɫɭɧɨɤ 7.3 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɆɌɁ 
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Ɋɢɫɭɧɨɤ 7.4 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦ ɊɆɇ ɆɌɁ 

 

IАN

IBN

 
Ɋɢɫɭɧɨɤ 7.5 – ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɚɜɚɟɦɵɯ ɬɨɤɨɜ ɪɟɥɟ-ɬɨɦɨɝɪɚɮɨɦ RE-

TOM 41M ɞɥɹ ɫɨɡɞɚɧɢɹ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 
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IВN IАN

 

Ɋɢɫɭɧɨɤ 7.6 – ɇɚɩɪɚɜɥɟɧɢɟ ɩɨɞɚɜɚɟɦɵɯ ɬɨɤɨɜ ɪɟɥɟ-ɬɨɦɨɝɪɚɮɨɦ RE-
TOM 41M ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɧɟɲɧɟɝɨ ɄɁ 

 
Ⱦɥɹ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ 

ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɢ ɜɧɟɲɧɟɦ ɄɁ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 7.7, 7.8 ɢ 7.9. 
ɂɡ ɨɫɰɢɥɥɨɝɪɚɦɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɡɚɳɢɬɚ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɩɨɞɚɱɟ 
ɞɜɭɯ ɨɞɢɧɚɤɨɜɨ ɧɚɩɪɚɜɥɟɧɧɵɯ ɬɨɤɚɯ ɫɬɨɪɨɧɵ ȼɇ ɢ ɇɇ ɮɚɡɵ Ⱥ.  

 

 
Ɋɢɫɭɧɨɤ 7.7 – Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɩɪɢ ɨɞɧɨɮɚɡɧɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ 

ɡɟɦɥɸ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 
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Ɋɢɫɭɧɨɤ 7.8 – Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɆɌɁ ȼɇ 

 
 

 
Ɋɢɫɭɧɨɤ 7.9 –– Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɬɨɤɨɜ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɆɌɁ ɇɇ 
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8 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɫɟɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɭɱɚɫɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɟɝɨ ɨɫɧɨɜɧɵɦ ɪɚɫɲɢɪɟɧɢɟɦ Simulink ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ 
ɛɢɛɥɢɨɬɟɤɨɣ  SimPowerSystems. Ȼɢɛɥɢɨɬɟɤɚ SimPowerSystems ɷɬɨ ɩɚɤɟɬ, 
ɫɨɞɟɪɠɚɳɢɣ ɧɚɛɨɪ ɛɥɨɤɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɢɡɜɟɫɬɢ ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ȼ ɫɨɫɬɚɜ ɛɢɛɥɢɨɬɟɤɢ ɜɯɨɞɹɬ ɤɚɤ 
ɚɤɬɢɜɧɵɟ, ɬɚɤ ɢ ɩɚɫɫɢɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɢɫɬɨɱɧɢɤɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɪɚɡɥɢɱɧɵɟ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɢ ɬɪɚɧɫɮɨɪɦɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ, 
ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɢ ɫɪɟɞɫɬɜɚ ɜɢɡɭɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɪɢɦɟɧɹɹ Simulink 
ɢ SimPowerSystems, ɦɵ ɩɨɥɭɱɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ 
ɚɧɚɥɢɡɚ ɦɨɞɟɥɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ [5]. 

Ɇɨɞɟɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɱɟɪɬɟɠɟ 7. 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɷɥɟɦɟɧɬɵ ɛɚɡɵ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ Matlab. ɉɨɞɪɨɛɧɨɟ 
ɨɩɢɫɚɧɢɟ ɞɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɦɟɬɨɞɨɜ ɜɜɨɞɚ ɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧɨ ɜ 
ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɜ ɫɪɟɞɟ Matlab» 
[5]. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɚ ɢɦɟɧɧɨ ɫɢɫɬɟɦɵ GS1 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɥɟɦɟɧɬɨɦ ɛɢɛɥɢɨɬɟɤɢ Three Phase Source – ɬɪёɯɮɚɡɧɵɣ 
ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ. ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 8.1. 

 

 
 

Ɋɢɫɭɧɨɤ 8.1 – ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ Three-Phase Source 
 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɧɢɣ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ Three Phase Pi 

Section Line. ɉɢɤɬɨɝɪɚɦɦɚ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 8.2. 
 

 
 

Ɋɢɫɭɧɨɤ. 8.2 –ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ Three-Phase Pi Section Line 
 

 
ɋɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɟɞɫɬɚɜɥɟɧ ɛɥɨɤɨɦ Three-phase Transformer 

(Two Windings) – ɬɪёɯɮɚɡɧɵɣ ɞɜɭɯɨɛɦɨɬɨɱɧɵɣ ɫɢɥɨɜɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ. 
ɉɢɤɬɨɝɪɚɦɦɚ ɷɥɟɦɟɧɬɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 8.3. 
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Ɋɢɫɭɧɨɤ 8.3–ɉɢɤɬɨɝɪɚɦɦɚ ɷɥɟɦɟɧɬɚThree-phase Transformer (Two Wind-

ings) 
 
Ɇɨɞɟɥɶ ɧɚɝɪɭɡɤɢ ɫɨɡɞɚɧɚ ɫ ɩɨɦɨɳɶɸ ɷɥɟɦɟɧɬɚ 3-Phase Series RLC Load. 

ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 8.4. 
 

 
 

Ɋɢɫɭɧɨɤ 8.4 - ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ 3-Phase Series RLC Load 
 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɥɟɦɟɧɬɨɦ ɛɢɛɥɢɨɬɟɤɢ 3-Phase 

Breaker – ɬɪёɯɮɚɡɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ. ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 8.5. 
 

 
 

Ɋɢɫɭɧɨɤ 8.5 - ɉɢɤɬɨɝɪɚɦɦɚ ɷɥɟɦɟɧɬɚ 3-Phase Breaker 
 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɚɜɚɪɢɣ (ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ) ɩɪɢɦɟɧɹɟɬɫɹ ɛɥɨɤ 3-Phase 

Fault. ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 8.6. 
 
 

 
Ɋɢɫɭɧɨɤ 8.6 - ɉɢɤɬɨɝɪɚɦɦɚ ɷɥɟɦɟɧɬɚ 3-Phase Fault 

 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 
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Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɫɰɢɥɥɨɝɪɚɮɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɥɟɦɟɧɬɚ 
ɛɢɛɥɢɨɬɟɤɢ Current Measurement – ɢɞɟɚɥɶɧɵɣ ɚɦɩɟɪɦɟɬɪ. ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ 
ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 8.7. 

 

 
 

Ɋɢɫɭɧɨɤ 8.7 - ɉɢɤɬɨɝɪɚɦɦɚ ɛɥɨɤɚ Multimeter 
 

Ⱥ ɬɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ ɛɢɛɥɢɨɬɟɤɢ SimPowerSystems. ɉɢɤɬɨɝɪɚɦɦɚ 
ɦɨɞɟɥɢ ɨɫɰɢɥɥɨɝɪɚɮɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8.8. 

 

 
 

Ɋɢɫɭɧɨɤ 8.8 – ɉɢɤɬɨɝɪɚɦɦɚ ɦɨɞɟɥɢ ɨɫɰɢɥɥɨɝɪɚɮɚ 
 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɹɜɥɹɟɬɫɹ ɫɜɹɡɭɸɳɢɦ ɡɜɟɧɨɦ ɦɟɠɞɭ ɩɟɪɜɢɱɧɵɦɢ 

ɫɢɥɨɜɵɦɢ ɢ ɜɬɨɪɢɱɧɵɦɢ ɬɨɤɨɜɵɦɢ ɰɟɩɹɦɢ. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ ɦɟɬɨɞɨɜ ɜɜɨɞɚ ɟɝɨ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧɨ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ [5]. ɉɢɤɬɨɝɪɚɦɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8.9. 

 

 
Ɋɢɫɭɧɨɤ 8.9 – ɉɢɤɬɨɝɪɚɦɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 

 
ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɛɵɥ ɜɡɹɬ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ, ɝɞɟ 

ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧ ɦɟɬɨɞ ɟɝɨ ɫɨɡɞɚɧɢɹ [5]. ɉɢɤɬɨɝɪɚɦɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8.10.  

 

 
Ɋɢɫɭɧɨɤ 8.10 – ɉɢɤɬɨɝɪɚɦɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
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ɋɯɟɦɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɜ Matlab Simulink ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 8.11. 
ȼ ɞɚɧɧɨɣ ɫɯɟɦɟ ɨɫɧɨɜɧɵɦ ɛɥɨɤɨɦ ɹɜɥɹɟɬɫɹ ɛɥɨɤ Saturable Transformer. ɗɬɨɬ 
ɛɥɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɫɵɳɚɟɦɵɣ ɞɜɭɯɨɛɦɨɬɨɱɧɵɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ. ɋ 
ɩɨɦɨɳɶɸ ɩɟɪɟɦɟɧɧɵɯ I1 ɢ I2 ɦɟɧɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ, ɬɨ ɟɫɬɶ ɩɟɪɟɦɟɧɧɵɟ I1 ɢ I2 ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹɦɢ 
ɩɟɪɜɢɱɧɨɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ.  

 

 
Ɋɢɫɭɧɨɤ 8.11 – Ɇɨɞɟɥɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɜ ɢɫɩɨɥɧɟɧɢɢ ɞɥɹ ɮɚɡɵ Ⱥ 
 

 
Ɋɢɫɭɧɨɤ 8.12. – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Saturable Transformer 

 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɪɟɠɢɦɚ, ɛɥɢɡɤɨɝɨ ɤ ɪɟɠɢɦɭ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɚ ɬɚɤɠɟ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɧɚɱɟɧɢɹ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɥɨɤ Series RLC Branch. ɗɬɨɬ ɛɥɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ RLC ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ⱦɥɹ ɦɨɞɟɥɢ TA 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɡɧɚɱɟɧɢɟɦ 1 Ɉɦ. Ⱦɥɹ ɨɰɢɮɪɨɜɚɧɧɢɹ ɢ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɬɨɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɥɨɤ Current Measurement (ɋɆ). 
Ⱦɚɧɧɵɣ ɛɥɨɤ ɫɚɦ ɨɰɢɮɪɨɜɵɜɚɟɬ ɫɢɝɧɚɥ, ɬɨ ɟɫɬɶ ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ ɚɧɚɥɨɝɨ-
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ Matlab Simulink, ɚ ɬɚɤɠɟ ɞɢɫɤɪɟɬɢɡɢɪɭɟɬ ɫɢɝɧɚɥ ɫ 
ɩɨɦɨɳɶɸ ɛɥɨɤɚ Power Gui, ɝɞɟ ɡɚɞɚɟɬɫɹ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
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9 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ (ȾɁ). ɉɪɢ 

ɟё ɪɟɚɥɢɡɚɰɢɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɨɞɭɥɶ Simulink ɩɪɨɝɪɚɦɦɵ Matlab.  
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɡɚɳɢɬɵ ɩɨɤɚɡɚɧɚ ɧɚ ɱɟɪɬɟɠɟ №3.  
Ɇɨɞɟɥɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ:  
- ɮɢɥɶɬɪ ɇɑ (CF I ɢ CF U);  
- Ⱥɐɉ;  
- ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ (ORT 

I, ORT U);  
- ɨɪɝɚɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (KZ1 – KZ3);  
- ɨɪɝɚɧɵ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ (PSD);  
- ɨɪɝɚɧ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɫɬɹɯ ɰɟɩɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (FFS);  
- ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ (Q);  
- ɫɢɝɧɚɥɶɧɵɟ ɨɪɝɚɧɵ (HL).  

Ɏɭɧɤɰɢɢ Ⱥɐɉ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɩɨɥɧɹɟɬ ɩɪɨɝɪɚɦɦɚ MATLAB (ɩɪɢɥɨ- 
ɠɟɧɢɟ Simulink). 

 
9.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ 
 
ɉɪɨɦɟɠɭɬɨɱɧɵɦ ɡɜɟɧɨɦ ɦɟɠɞɭ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɢ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɨɪɝɚɧɚɦɢ ɡɚɳɢɬɵ ɹɜɥɹɸɬɫɹ ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ORT I ɢ ORT U. Ɉɧɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɯɨɞɧɵɯ ɚɧɚɥɨɝɨɜɵɯ ɜɟɥɢɱɢɧ ɜ ɤɨɦɩɥɟɤɫɧɨɦ ɜɢɞɟ. 

ɇɚ ɜɯɨɞ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ ɩɨɫɬɭɩɚɸɬ ɞɢɫɤɪɟɬɧɵɟ ɫɢɝɧɚɥɵ, ɤɨɬɨɪɵɟ ɩɪɟɞ-
ɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɟɥɢɱɢɧɵ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɬɨɤɚɦ ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ ɷɥɟɤ- 
ɬɪɨɩɟɪɟɞɚɱɢ.  

Ⱦɥɹ ɪɚɛɨɬɵ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɨɪɝɚɧɨɜ ɡɚɳɢɬɵ ɧɟɨɛɯɨɞɢɦɨ ɤɨɦɩɥɟɤɫɧɨɟ 
ɡɧɚɱɟɧɢɟ ɬɨɤɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɡɚɤɨɧɚ:  

 𝐼̇ = 𝐼௠ ∙ cos 𝜔ݐ + ݆𝐼௠ ∙ sin 𝜔ݐ,                
 

ɝɞɟ 𝐼௠ ∙ cos 𝜔ݐ - ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɬɨɤɚ ɩɨ ɮɚɡɟ; 
 𝐼௠ ∙ sin 𝜔ݐ - ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɬɨɤɚ ɩɨ ɜɟɥɢɱɢɧɟ.  
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Ɋɢɫɭɧɨɤ 9.1 – Ɉɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɬɨɤɚ 

 
Ɍɨɤɢ 𝐼௠ ∙ cos 𝜔ݐ ɢ 𝐼௠ ∙ sin 𝜔ݐ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɪɬɨɝɨɧɚɥɶɧɵɟ 

ɫɨɫɬɚɜɥɹɸɳɢɟ, (ɪɢɫ. 9.1). 
 

 
 

Ɋɢɫɭɧɨɤ 9.2 – ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɚɡɧɨɫɬɢ 
ɬɨɤɨɜ ɮɚɡ Ⱥ ɢ ȼ (ORT I) 

 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɩɪɨɝɪɚɦɦɟ Matlab ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 8.  
Ȼɥɨɤ Imax ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ IAВ ɡɚ 

ɩɨɥɨɜɢɧɭ ɩɟɪɢɨɞɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ. Ɂɧɚɱɟɧɢɟ IAВ ɞɟɥɢɬɫɹ ɜ ɛɥɨɤɟ sin 𝜔ݐ 
ɧɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 𝐼௠, ɩɨɥɭɱɟɧɧɨɟ ɜ ɛɥɨɤɟ Imax. Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ cos 𝜔ݐ ɜɟɞɟɬɫɹ ɩɨ ɞɜɭɦ ɜɟɬɜɹɦ (ɛɥɨɤɢ Fcn1, Fcn6) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɨɡɪɚɫɬɚɧɢɹ 
ɢɥɢ ɭɛɵɜɚɧɢɹ ɡɧɚɱɟɧɢɣ IAВ. Ɍɚɤ, ɜ ɫɥɭɱɚɟ ɜɨɡɪɚɫɬɚɧɢɹ ɢɡɦɟɪɹɟɦɵɯ ɡɧɚɱɟɧɢɣ 
IAВ, ɛɥɨɤ Detect Increase ɜɵɞɚɟɬ ɥɨɝɢɱɟɫɤɭɸ ɟɞɢɧɢɰɭ ɧɚ ɜɯɨɞ ɤɥɸɱɚ (Switch), 
ɤɨɬɨɪɵɣ ɩɪɨɩɭɫɤɚɟɬ ɡɧɚɱɟɧɢɹ cos 𝜔ݐ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɛɥɨɤɟ Fcn1. ȿɫɥɢ ɧɚ ɜɵɯɨɞɟ 
ɛɥɨɤɚ Detect Increase ɩɨɥɭɱɚɟɬɫɹ ɥɨɝɢɱɟɫɤɢɣ 0, ɬ.ɟ ɡɧɚɱɟɧɢɹ IAВ ɭɛɵɜɚɸɬ, 
ɪɚɫɱɟɬ cos 𝜔ݐ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɛɥɨɤɟ Fcn2. ȼ ɛɥɨɤɟ Divide ɦɝɧɨɜɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ IAВ ɞɟɥɢɬɫɹ ɧɚ sin 𝜔ݐ ɢ ɭɦɧɨɠɚɟɬɫɹ ɧɚ cos 𝜔ݐ ɜ ɛɥɨɤɟ Product. ɇɚ 
ɜɵɯɨɞɟ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɭɱɚɸɬɫɹ ɞɜɟ 
ɦɝɧɨɜɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ݅𝐴ݔ = 𝐼௠ ݔ cos 𝜔ݐ ɢ ݅𝐴ݕ = 𝐼௠ ݔ sin 𝜔ݐ. 
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Ɏɨɪɦɢɪɨɜɚɬɟɥɶ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɪɨɟɧ ɢ 
ɪɚɛɨɬɚɟɬ ɚɧɚɥɨɝɢɱɧɨ. 

 
9.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɥɨɤɢɪɨɜɤɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɰɟɩɟɣ ɩɟɪɟɦɟɧɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ 
 
Ȼɥɨɤɢɪɨɜɤɚ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɰɟɩɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɭɫɬɪɨɟɧɚ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɪɢɫ. 9.3): 
ɇɚ ɜɯɨɞɧɵɟ ɩɨɪɬɵ 1-6 Ȼɇɇ ɩɨɫɬɭɩɚɸɬ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɧɚɩɪɹɠɟɧɢɹ UABx, UABy, UBCx, UBCy, UCAx, UCAy ɨɬ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ORT U. 
ȼ ɛɥɨɤɚɯ Real-Imag to Complex ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɥɨɠɟɧɢɟ ɢɯ ɜ ɤɨɦɩɥɟɤɫɧɨɟ 
ɡɧɚɱɟɧɢɟ (ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɢ ɦɧɢɦɨɣ ɱɚɫɬɢ ɜ ɤɨɦɩɥɟɤɫɵ ɧɚ 
ɨɫɰɢɥɥɨɝɪɚɮɚɯ IA2, IA3, IA4). Ⱦɚɥɟɟ, ɜ ɛɥɨɤɚɯ Detect Change ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɤɨɧɬɪɨɥɶ ɡɚ ɢɡɦɟɧɟɧɢɟɦ ɜɟɥɢɱɢɧ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɰɟɩɹɯ ɡɚɳɢɬɵ. 
ȿɫɥɢ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧɚɩɪɹɠɟɧɢɟ ɪɚɜɧɨ ɫɜɨɟɦɭ ɩɪɟɞɵɞɭɳɟɦɭ 
ɡɧɚɱɟɧɢɸ, ɬɨ ɧɚ ɜɵɯɨɞɚɯ Ȼɇɇ ɤɚɠɞɨɣ ɮɚɡɵ ɩɨɹɜɥɹɟɬɫɹ ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ, 
ɩɨɫɬɭɩɚɸɳɚɹ ɧɚ ɷɥɟɦɟɧɬ AND ɢ ɞɚɥɟɟ ɧɚ ɜɵɯɨɞɧɨɣ ɩɨɪɬ Ȼɇɇ «1» ɜ ɥɨɝɢɤɭ ȾɁ, 
ɪɚɡɪɟɲɚɹ ɪɚɛɨɬɭ ȾɁ. 

 

 
 

Ɋɢɫɭɧɨɤ 9.3 – ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɛɥɨɤɢɪɨɜɤɚ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɰɟɩɟɣ 
ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (FFS) 

 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 
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9.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɰɢɮɪɨɜɨɝɨ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɝɨ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ KZ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 9.4. 
 

 
Ɋɢɫɭɧɨɤ 9.4 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɝɨ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 
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ɉɨɫɬɭɩɚɸɳɢɟ ɧɚ ɜɯɨɞɵ KZ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɬɨɤɨɜ (Ix, Iy) ɢ 
ɧɚɩɪɹɠɟɧɢɹ (Ux, Uy) ɩɪɟɨɛɪɚɡɭɸɬɫɹ (ɜ ɛɥɨɤɚɯ Fcn8 ɢ Fcn 9) ɜ ɤɨɦɩɥɟɤɫɵ ɬɨɤɨɜ 
ɢ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɛɥɨɤɟ Fcn10 ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ɤɨɦɩɥɟɤɫɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ Z. ȼ ɛɥɨɤɟ Fcn11 ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɞɟɥɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ R ɢ 
ɦɧɢɦɨɣ X ɫɨɫɬɚɜɥɹɸɳɢɯ ɢɡ ɤɨɦɩɥɟɤɫɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Z.  Ɂɧɚɱɟɧɢɹ tan ܾଵ , tan ܾଷ , tan ܾଷ , tan Ͷ ɜɵɱɢɫɥɹɸɬɫɹ ɜ ɦɨɞɭɥɟ Mod1.   

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɞɚɟɬɫɹ ɜ 
ɩɚɪɚɦɟɬɪɚɯ ɛɥɨɤɚ KZ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɭɫɬɚɜɤɢ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦ ܴͲͳ, ܴͲʹ, ܺͲͳ, ܺͲʹ ɢ ɩɨ ɭɝɥɚɦ ܾͳ, ܾʹ, ܾ͵, ܾͶ  ɜ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɜɜɨɞɚ ɭɫɬɚɜɨɤ (ɪɢɫ. 
9.5). 

 

 
 

Ɋɢɫɭɧɨɤ 9.5 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɜɜɨɞɚ ɭɫɬɚɜɨɤ 
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9.4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ 
 
ɇɚ ɜɯɨɞɵ 1, 2, 3, 4 ȻɄ (ɪɢɫ. 9.6) ɩɨɫɬɭɩɚɸɬ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɛɥɨɤɚɯ Re-Im ɩɪɨɢɫɯɨɞɢɬ ɫɥɨɠɟɧɢɟ ɢɯ ɜ ɤɨɦɩɥɟɤɫɵ 
ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɛɥɨɤɟ Zw ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ. Ⱦɚɥɟɟ ɩɪɨɜɟɪɹɟɬɫɹ ɮɚɤɬ ɧɚɯɨɠɞɟɧɢɹ ɝɨɞɨɝɪɚɮɚ ɩɨɥɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɡɨɧɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ȻɄ.  

ɋɢɝɧɚɥɶɧɵɟ ɨɪɝɚɧɵ HL ɨɬɨɛɪɚɠɚɸɬ ɮɚɤɬ ɫɪɚɛɚɬɵɜɚɧɢɹ ȻɄ.  
Ȼɥɨɤ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ KT5 ɡɚɞɚɟɬ ɜɪɟɦɹ, ɧɚ ɤɨɬɨɪɨɟ ȻɄ ɜɜɨɞɢɬ ɜ ɪɚɛɨɬɭ 

ȾɁ.  
Ɋɚɛɨɬɚ ȾɁ ɧɚ ɜɪɟɦɹ ɪɚɡɪɟɲɟɧɢɹ ȻɄ ɨɫɭɳɟɫɬɜɥɟɧɚ ɧɚ ɤɥɸɱɟ Switch: ɩɪɢ 

ɩɨɩɚɞɚɧɢɢ ɝɨɞɨɝɪɚɮɚ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɡɨɧɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ȻɄ 
ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɟɪɯɧɢɣ ɜɯɨɞ ɤɥɸɱɚ. ɇɚ ɰɟɧɬɪɚɥɶɧɨɦ ɜɯɨɞɟ 
ɩɪɨɞɨɥɠɚɟɬ ɡɚɞɟɪɠɢɜɚɬɶɫɹ ɥɨɝɢɱɟɫɤɢɣ 0 ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ KT5. Switch 
ɩɪɨɩɭɫɤɚɟɬ ɫɢɝɧɚɥ ɱɟɪɟɡ ɜɟɪɯɧɢɣ ɜɯɨɞ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɚ ɟɝɨ ɰɟɧɬɪɚɥɶɧɨɦ 
ɜɯɨɞɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 0. ɉɨ ɢɫɬɟɱɟɧɢɸ ɜɪɟɦɟɧɢ KT5, ɥɨɝɢɱɟɫɤɢɣ ɧɨɥɶ ɧɚ 
ɰɟɧɬɪɚɥɶɧɨɦ ɜɯɨɞɟ ɨɛɪɚɳɚɟɬɫɹ ɜ ɟɞɢɧɢɰɭ ɢ ɤɥɸɱ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɧɚ ɧɢɠɧɢɣ 
ɜɯɨɞ, ɬ.ɟ. ɧɨɥɶ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɵɯɨɞɧɨɣ ɩɨɪɬ «1» ȻɄ ɜ ɥɨɝɢɤɭ ȾɁ, ɛɥɨɤɢɪɭɹ ɟё 
ɪɚɛɨɬɭ. 
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Ɋɢɫɭɧɨɤ 9.6 – ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ 
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9.5 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ  
 
ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ (HL) ɫɥɭɠɢɬ ɞɥɹ ɢɧɞɢɤɚɰɢɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ. 

Ȼɥɨɤ ɢɦɟɟɬ ɨɞɢɧ ɜɯɨɞ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɪɢёɦɚ ɥɨɝɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɢɡ 
ɜɧɟɲɧɢɯ ɫɢɫɬɟɦ. ȼɧɟɲɧɢɣ ɜɢɞ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ 
ɪɟɠɢɦɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 9.7. ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɧɚ ɜɯɨɞɧɨɣ 
ɩɨɪɬ In1 (ɪɢɫɭɧɨɤ 14) ɥɨɝɢɱɟɫɤɢɣ ɧɨɥɶ ɨɛɪɚɳɚɟɬɫɹ ɜ ɟɞɢɧɢɰɭ ɜ ɷɥɟɦɟɧɬɟ NOT ɢ 
ɢɧɞɢɤɚɬɨɪ ɝɨɪɢɬ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ. Ʉɚɤ ɬɨɥɶɤɨ ɫɢɝɧɚɥ ɫɬɚɧɨɜɢɬɫɹ ɧɭɥɟɜɵɦ, 
ɢɧɞɢɤɚɬɨɪ ɡɚɝɨɪɚɟɬɫɹ ɡɟɥɟɧɵɦ.  

 

 
Ɋɢɫɭɧɨɤ 9.7 – ȼɧɟɲɧɢɣ ɜɢɞ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 

 

 
 

Ɋɢɫɭɧɨɤ 9.8 – Ʌɨɝɢɤɚ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ 
 

ȼɧɭɬɪɢ ɛɥɨɤɚ HL ɧɚɯɨɞɢɬɫɹ ɭɩɪɚɜɥɹɟɦɚɹ ɬɪɢɝɝɟɪɧɚɹ ɩɨɞɫɢɫɬɟɦɚ 
Triggered Subsystem (ɪɢɫ. 9.9). Ɋɚɫɱёɬ ɷɬɨɣ ɩɨɞɫɢɫɬɟɦɵ ɢɞёɬ ɧɟ ɜɫё ɜɪɟɦɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚ ɩɪɨɢɫɯɨɞɢɬ ɥɢɲɶ ɜ ɦɨɦɟɧɬɵ ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɹɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɭɩɪɚɜɥɹɸɳɢɦ.  

 

 
 

Ɋɢɫɭɧɨɤ 9.9 – ɉɨɞɫɢɫɬɟɦɚ Triggered Subsystem 
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ȼɧɭɬɪɢ ɬɪɢɝɝɟɪɧɨɣ ɩɨɞɫɢɫɬɟɦɵ ɪɚɫɩɨɥɨɠɟɧ ɛɥɨɤ Trigger. Ɉɧ ɞɟɥɚɟɬ ɞɚɧ-
ɧɭɸ ɩɨɞɫɢɫɬɟɦɭ ɭɩɪɚɜɥɹɟɦɨɣ (ɪɢɫ. 9.9). Ɉɬɦɟɬɢɦ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ-
ɭɩɪɚɜɥɹɟɦɨɣ ɩɨɞɫɢɫɬɟɦɵ ɫɢɥɶɧɨ ɡɚɦɟɞɥɹɟɬ ɪɚɛɨɬɭ ɦɨɞɟɥɢ.  

ɉɨɫɥɟ ɢɧɜɟɪɫɢɢ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɢɡ ɥɨɝɢɱɟɫɤɨɣ ɮɨɪɦɵ ɜ 
ɱɢɫɥɨɜɭɸ. Ɂɚɬɟɦ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɛɥɨɤɚ S-ɮɭɧɤɰɢɢ (S-Function).  

ɑɚɳɟ ɜɫɟɝɨ S-ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɛɢɛɥɢɨɬɟɱɧɵɯ 
ɛɥɨɤɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ Simulink ɫ ɚɩɩɚɪɚɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ 
ɤɨɦɩɶɸɬɟɪɚ.  

S-ɮɭɧɤɰɢɹ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɦɨɞɟɥɢ ɫ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɱɧɨɝɨ ɛɥɨɤɚ S-
function. S-ɮɭɧɤɰɢɢ ɹɜɥɹɸɬɫɹ ɨɩɢɫɚɧɢɟɦ ɛɥɨɤɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
MATLAB. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 
ɩɚɪɚɦɟɬɪ backgroundcolor (ɰɜɟɬ ɮɨɧɚ) ɜɧɟɲɧɟɝɨ ɛɥɨɤɚ Atomic Subsystem. 
ɂɧɞɢɤɚɬɨɪ HL ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɚ ɥɸɛɨɦ ɭɪɨɜɧɟ ɦɨɞɟɥɢ. 

Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ ɢ ɥɢɫɬɢɧɝ S-ɮɭɧɤɰɢɢ ɩɪɢ-
ɜɟɞɟɧɨ ɜ ɭɱɟɛɧɨɦ ɩɨɫɨɛɢɢ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɜ ɫɪɟ-
ɞɟ MATLAB» [10]. 

 
9.6 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
 
Ɉɪɝɚɧ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɢɜɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɫɢɝɧɚɥɨɜ 

ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɡɚɳɢɬɵ ɧɚ ɡɚɞɚɧɧɨɟ ɭɫɬɚɜɤɨɣ ɜɪɟɦɹ ɞɥɹ 
ɫɟɥɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɫɬɟɩɟɧɟɣ ɢ ɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɵ ɛɥɨɤɢɪɨɜɨɤ. ȼɧɟɲɧɢɣ ɜɢɞ 
ɛɥɨɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 16. 

 

 
 

Ɋɢɫɭɧɨɤ 9.10 – ȼɧɟɲɧɢɣ ɜɢɞ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
 

ȼɧɭɬɪɢ ɷɬɨɝɨ ɛɥɨɤɚ ɧɚɯɨɞɢɬɫɹ ɫɥɟɞɭɸɳɚɹ ɩɨɞɫɢɫɬɟɦɚ (ɪɢɫ. 9.11): 
 

 
 

Ɋɢɫɭɧɨɤ 9.11 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
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ɉɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɜɧɟɲɧɢɯ ɨɪɝɚɧɨɜ ɡɚɳɢɬɵ ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɱɟɪɟɡ 
ɜɯɨɞɧɨɣ ɩɨɪɬ In1 ɩɨɫɬɭɩɚɟɬ ɜ ɞɚɧɧɭɸ ɩɨɞɫɢɫɬɟɦɭ. ȼɯɨɞɧɨɣ ɫɢɝɧɚɥ 
ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɜ ɛɥɨɤɟ Data Type Conversion ɢɡ ɥɨɝɢɱɟɫɤɨɝɨ ɜ ɰɢɮɪɨɜɨɣ ɬɢɩ 
ɞɚɧɧɵɯ, ɱɟɝɨ ɬɪɟɛɭɟɬ ɛɥɨɤ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ Transport Delay3. Ȼɥɨɤ Transport 
Delay3 ɡɚɞɟɪɠɢɜɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɫɢɝɧɚɥɚ ɨɬ ɜɯɨɞɧɨɝɨ ɩɨɪɬɚ In1 ɜ ɜɵɯɨɞɧɨɣ 
Out1 ɧɚ ɡɚɞɚɧɧɨɟ ɭɫɬɚɜɤɨɣ ɜɪɟɦɹ. ɉɨɫɥɟ ɱɟɝɨ, ɫɢɝɧɚɥ ɜɧɨɜɶ ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬɫɹ 
ɜ ɥɨɝɢɱɟɫɤɢɣ ɬɢɩ Boolean ɢ ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɜɵɯɨɞɧɨɣ ɩɨɪɬ Out1 ɜ ɫɢɫɬɟɦɭ ɧɚ 
ɭɪɨɜɟɧɶ ɜɵɲɟ, ɬ.ɟ. ɧɚ ɜɵɯɨɞ ɛɥɨɤɚ KT5. 

 
9.7 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ȾɁ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 
 
Ɂɧɚɱɟɧɢɹ ɦɟɠɞɭɮɚɡɧɵɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɩɨɫɬɭɩɚɸɬ ɧɚ ɮɢɥɶɬɪɵ 

ɧɢɡɤɢɯ ɱɚɫɬɨɬ (ɛɥɨɤɢ CF I ɢ CF U) ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɩɟɤɬɪɚ ɚɧɚɥɢɡɢɪɭɟɦɵɯ 
ɜɟɥɢɱɢɧ ɞɨ 50 Ƚɰ. ɇɚ ɜɵɯɨɞɟ ɮɢɥɶɬɪɨɜ ɩɨɥɭɱɚɸɬɫɹ ɞɢɫɤɪɟɬɧɵɟ ɜɟɥɢɱɢɧɵ ɬɨɤɨɜ 
ɢ ɧɚɩɪɹɠɟɧɢɣ ɱɚɫɬɨɬɨɣ 50 Ƚɰ. 

ɉɨɥɭɱɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɩɨɫɬɭɩɚɸɬ ɜ ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ (ORT I ɢ ORT U). 

Ɋɚɡɥɨɠɟɧɧɵɟ ɞɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɧɚ 
ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɫɬɭɩɚɸɬ ɧɚ ɮɚɡɧɵɟ ɨɪɝɚɧɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
(KZ) ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ, ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ (PSD). Ɂɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ 
ɩɨɞɚɸɬɫɹ ɧɚ Ȼɇɇ (FFS).  

ȼ ɨɪɝɚɧɚɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (KZ) ɜɵɱɢɫɥɹɟɬɫɹ ɦɨɞɭɥɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Z ɢ 
ɩɨɩɚɞɚɧɢɟ ɟɝɨ ɝɨɞɨɝɪɚɮɚ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧɧɭɸ ɜ ɞɢɚɥɨɝɨɜɨɦ ɨɤɧɟ ɡɨɧɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ. 

ȼ ɨɪɝɚɧɚɯ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ (PSD) ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ ɧɚɯɨɠɞɟɧɢɹ ɝɨɞɨɝɪɚɮɚ ɩɨɥɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Z ɢ ɜɪɟɦɹ 
ɟɝɨ ɧɚɯɨɠɞɟɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɛɥɨɤɢɪɨɜɤɢ ɩɪɢ ɤɚɱɚɧɢɹɯ. ȿɫɥɢ ɡɚɳɢɬɚ ɧɟ 
ɫɪɚɛɨɬɚɥɚ ɡɚ ɨɬɜɟɞɟɧɧɨɟ ɟɣ ɭɫɬɚɜɤɨɣ KT5 ɜɪɟɦɹ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɚɱɚɧɢɹɦ ɜ 
ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬɨ ɪɚɛɨɬɚ ȾɁ ɡɚɩɪɟɳɚɟɬɫɹ. 

ȼ ɨɪɝɚɧɚɯ Ȼɇɇ (FFS) ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɤɨɧɬɪɨɥɶ ɡɚ ɜɟɥɢɱɢɧɨɣ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɰɟɩɹɯ ȾɁ. ȼ ɤɚɠɞɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɩɪɟɞɵɞɭɳɟɣ ɟɝɨ ɜɟɥɢɱɢɧɨɣ ɢ ɜ 
ɫɥɭɱɚɟ ɩɪɨɩɚɠɢ ɧɚɩɪɹɠɟɧɢɹ ɜ ɰɟɩɹɯ ɪɚɛɨɬɚ ȾɁ ɬɚɤɠɟ ɡɚɩɪɟɳɚɟɬɫɹ. 

ɉɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ I ɫɬɭɩɟɧɢ ɫɪɚɛɚɬɵɜɚɸɬ ɨɪɝɚɧɵ KZ1 AВ, PSD1 AВ, 
FFS ɢ ɬɪɢ ɥɨɝɢɱɟɫɤɢɟ ɟɞɢɧɢɰɵ ɩɨɫɬɭɩɚɸɬ ɧɚ ɥɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ AND 
ɦɟɠɞɭɮɚɡɧɨɝɨ ɨɪɝɚɧɚ АВ I ɫɬɭɩɟɧɢ. ɇɚ ɜɵɯɨɞɟ ɷɥɟɦɟɧɬɚ AND ɩɨɹɜɥɹɟɬɫɹ 
ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ, ɤɨɬɨɪɚɹ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɟɪɜɵɣ ɷɥɟɦɟɧɬ OR I ɫɬɭɩɟɧɢ, 
ɜɵɞɚɸɳɢɣ ɥɨɝɢɱɟɫɤɭɸ ɟɞɢɧɢɰɭ ɧɚ ɜɵɯɨɞɟ ɜ ɫɥɭɱɚɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ȾɁ I ɫɬɭɩɟɧɢ. 
ɗɬɚ ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɬɨɪɨɣ ɷɥɟɦɟɧɬ OR, ɜɵɞɚɸɳɢɣ 
ɥɨɝɢɱɟɫɤɭɸ ɟɞɢɧɢɰɭ ɜ ɫɥɭɱɚɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ȾɁ ɥɸɛɨɣ ɫɬɭɩɟɧɢ. 
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10 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɆɌɁ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 

 
Ɇɨɞɟɥɶ ɆɌɁ ɜɵɩɨɥɧɟɧɚ ɫɬɚɧɞɚɪɬɧɵɦɢ ɛɥɨɤɚɦɢ Simulink ɢ ɩɨɞɫɢɫɬɟɦɚɦɢ, 

ɨɬɪɚɠɚɸɳɢɦɢ ɥɨɝɢɤɭ ɢ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ.  
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɡɚɳɢɬɵ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 10.1. 
 
 
 

 
 

Ɋɢɫɭɧɤɟ 10.1 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɆɌɁ 
 

 
10.1 ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ 
 
Ⱥɧɚɥɨɝɨɜɵɟ ɫɢɝɧɚɥɵ ɬɨɤɨɜ iA, iB, iC ɨɬ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɩɨɫɬɭɩɚɸɬ ɧɚ ɇɑ ɮɢɥɶɬɪɵ (ɛɥɨɤɢ CF) ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ 50 Ƚɰ.  
ɇɚ ɜɵɯɨɞɟ ɛɥɨɤɨɜ CF ɩɨɥɭɱɚɸɬɫɹ ɚɧɚɥɨɝɨɜɵɟ ɫɢɝɧɚɥɵ iA, iB, iC ɱɚɫɬɨɬɨɣ 50 
Ƚɰ. 

ȼ Ⱥɐɉ (ɛɥɨɤ ADC) ɜɯɨɞɧɨɣ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɨɩɨɪɧɵɦ 
(ɪɚɜɟɧ ɧɚɩɪɹɠɟɧɢɸ ɩɢɬɚɧɢɹ) ɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɪɟɝɢɫɬɪɵ ɜ ɜɢɞɟ 10-ɢ ɪɚɡɪɹɞɧɨɝɨ 
ɤɨɞɚ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɜɟɥɢɱɢɧɭ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɨɩɨɪɧɨɦɭ.  

ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɯɨɞɟ Ⱥɐɉ ɞɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ iȺ, iȼ, iɋ 
ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞɵ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ (ɛɥɨɤ 
ORTI).  

Ⱦɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ iȺ, iȼ, iɋ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞɵ ɮɨɪɦɢɪɨɜɚɬɟɥɹ 
ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɨɜ (ɛɥɨɤ ORTI). Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ 
ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 9.2 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ iAx ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 
ɩɪɢɧɰɢɩɭ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ iA=iAy ɧɚ 90 ɝɪɚɞɭɫɨɜ.  

Ȼɥɨɤ Imax ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ iA ɡɚ ɩɨɥɨɜɢɧɭ 
ɩɟɪɢɨɞɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ. ɁɧɚɱɟɧɢɟiA ɞɟɥɢɬɫɹ ɜ ɛɥɨɤɟ sin 𝜔ݐ ɧɚ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Im, ɩɨɥɭɱɟɧɧɨɟ ɜ ɛɥɨɤɟ Imax. Ⱦɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ cos 𝜔ݐ 
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ɜɟɞɟɬɫɹ ɩɨ ɞɜɭɦ ɜɟɬɜɹɦ (ɛɥɨɤɢ Fcn1, Fcn2) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɨɡɪɚɫɬɚɧɢɹ ɢɥɢ 
ɭɛɵɜɚɧɢɹ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ iA . Ɍɚɤ, ɜ ɫɥɭɱɚɟ ɜɨɡɪɚɫɬɚɧɢɹ ɢɡɦɟɪɹɟɦɵɯ 
ɡɧɚɱɟɧɢɣ iA, ɛɥɨɤ Detect Increase ɜɵɞɚɟɬ ɥɨɝɢɱɟɫɤɭɸ ɟɞɢɧɢɰɭ ɧɚ ɜɯɨɞ ɤɥɸɱɚ 
(Switch), ɤɨɬɨɪɵɣ ɩɪɨɩɭɫɤɚɟɬ ɡɧɚɱɟɧɢɹ cos 𝜔ݐ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɛɥɨɤɟ Fcn1. ȿɫɥɢ 
ɧɚ ɜɵɯɨɞɟ ɛɥɨɤɚ Detect Increase ɩɨɥɭɱɚɟɬɫɹ ɥɨɝɢɱɟɫɤɢɣ 0, ɬ.ɟ ɡɧɚɱɟɧɢɹ iA 
ɭɛɵɜɚɸɬ, ɪɚɫɱɟɬ cos 𝜔ݐ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɛɥɨɤɟ Fcn2. ȼ ɛɥɨɤɟ Divide 
ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ iA ɞɟɥɢɬɫɹ ɧɚ sin 𝜔ݐ ɢ ɭɦɧɨɠɚɟɬɫɹ ɧɚ cos 𝜔ݐ ɜ ɛɥɨɤɟ Prod-
uct.  ɇɚ ɜɵɯɨɞɟ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɭɱɚɸɬɫɹ ɞɜɟ 
ɦɝɧɨɜɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ݅𝐴ݔ = I௠ ݔ cos 𝜔ݐ ɢ ݅𝐴ݕ = I௠ ݔ sin 𝜔ݐ. 

Ⱦɚɥɶɧɟɣɲɢɣ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɡɚɳɢɬɵ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ: ɜɵɞɟɥɟɧɢɟ 
ɬɨɤɚ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɫɥɨɜɢɣ ɫɪɚɛɚɬɵɜɚɧɢɹ. 

ȼ ɩɟɪɜɨɣ ɱɚɫɬɢ ɚɥɝɨɪɢɬɦɚ, ɮɢɥɶɬɪ ɬɨɤɚ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ PSF 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɯɨɞɧɵɯ ɬɨɤɨɜ ɜ ɜɟɥɢɱɢɧɵ, 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɫɢɦɦɟɬɪɢɱɧɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɬɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɵ I1, I2, 
I0 (ɪɢɫ. 10.2). 

 
Ɋɢɫɭɧɨɤ 10.2 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɮɢɥɶɬɪɚ ɬɨɤa PSF 

 
ɇɚ ɜɯɨɞ ɮɢɥɶɬɪɚ (PSF) ɩɨɞɚɸɬɫɹ ɫɢɝɧɚɥɵ ɨɬ ɮɨɪɦɢɪɨɜɚɬɟɥɹ 

ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ (ORT I), ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ Re[I]=ix ɢ ɦɧɢɦɵɟ 
Im[I]=iy ɫɨɫɬɚɜɥɹɸɳɢɟ ɮɚɡɧɵɯ ɬɨɤɨɜ. 

Ⱦɚɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɮɚɡɧɵɯ ɬɨɤɨɜ ɩɨɞɚɸɬɫɹ ɧɚ ɛɥɨɤɢ Real Imagto 
Complex, ɝɞɟ ɨɧɢ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɜɢɞɚ a jb . 

Ⱦɥɹ ɪɚɡɥɨɠɟɧɢɹ ɬɨɤɨɜ ɧɚ ɫɢɦɦɟɬɪɢɱɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɫɩɨɥɶɡɭɟɦ 
ɫɢɫɬɟɦɵ ɟɞɢɧɢɱɧɵɯ ɜɟɤɬɨɪɨɜ – ɨɩɟɪɚɬɨɪɨɜ ɩɨɜɨɪɨɬɚ, ɚ ɢ ɚ2, ɤɨɬɨɪɵɟ ɬɚɤɠɟ 
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ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ −Ͳ,ͷ + ݆Ͳ,ͺ͸͸ ɢ −Ͳ,ͷ + ݆Ͳ,ͺ͸͸ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ. 10.3, ɪɢɫ. 10.4). 

 

 
 

Ɋɢɫɭɧɨɤ 10.3 – Ʉɨɦɩɥɟɤɫɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɩɟɪɚɬɨɪɨɜ ɩɨɜɨɪɨɬɚ ɚ 
 

 
 

Ɋɢɫɭɧɨɤ 10.4 – Ʉɨɦɩɥɟɤɫɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɩɟɪɚɬɨɪɨɜ ɩɨɜɨɪɨɬɚ ɚ2 
 
ɗɥɟɦɟɧɬɵ Add, Add1, Add2 ɹɜɥɹɸɬɫɹ ɫɭɦɦɚɬɨɪɚɦɢ. ɇɚ ɞɚɧɧɵɣ ɷɥɟɦɟɧɬ 

ɩɪɢɯɨɞɹɬ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: 
- ɇɚ ɷɥɟɦɟɧɬ Add ɩɪɢɯɨɞɹɬ: 
1) Ʉɨɦɩɥɟɤɫɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɮɚɡɵ Ⱥ, 
2) ɉɟɪɟɦɧɨɠɟɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɮɚɡɵ ȼ ɢ ɨɩɟɪɚɬɨɪɚ 

ɩɨɜɨɪɨɬɚ ɚ, 
3) ɉɟɪɟɦɧɨɠɟɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɮɚɡɵ ɋ ɢ ɨɩɟɪɚɬɨɪɚ 

ɩɨɜɨɪɨɬɚ ɚ2. 
Ⱦɚɥɟɟ ɩɪɨɫɭɦɦɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɭɦɧɨɠɚɸɬɫɹ ɧɚ ɤɨɧɫɬɚɧɬɭ Constant4 

ɪɚɜɧɭɸ 0,33333.  
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɚɡ ȼ ɢ ɋ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɥɭɱɟɧɧɵɟ ɫɢɦɦɟɬɪɢɱɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɮɚɡɵ Ⱥ ɞɨɦɧɨɠɢɬɶ ɧɚ ɨɩɟɪɚɬɨɪ 
ɩɨɜɨɪɨɬɚ: 

ɞɥɹ ɮɚɡɵ ȼ ɭɦɧɨɠɚɟɦ ɧɚ ɚ2. 
ɞɥɹ ɮɚɡɵ ɋ ɭɦɧɨɠɚɟɦ ɧɚ ɚ. 
Ⱦɚɥɟɟ ɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɞɚɸɬɫɹ ɧɚ ɛɥɨɤ 

Complex to Real Imag, ɝɞɟ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɪɚɫɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ Re[I]=Ix ɢ ɦɧɢɦɵɟ Im[I]=Iy ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɬɨɤɨɜ. 
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ɉɨɫɥɟ ɷɬɨɝɨ ɷɬɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɞɚɸɬɫɹ ɧɚ ɛɥɨɤ Im, ɝɞɟ ɦɵ ɩɨɥɭɱɚɟɦ 
ɩɨɥɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ (ɪɢɫ. 10.5) ɢ ɞɚɥɟɟ ɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɷɥɟɦɟɧɬ ɫɪɚɜɧɟɧɢɹ ɬɨɤɚ I1 ɫ ɭɫɬɚɜɤɨɣ (KA). 

 

 
Ɋɢɫɭɧɨɤ 10.5 – Ȼɥɨɤ Im 

 
ɍɪɚɜɧɟɧɢɹ, ɡɚɞɚɸɳɢɟ ɭɫɥɨɜɢɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɬɨɤɚ ɩɪɹɦɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ:  
 
 𝐼𝐾஺ଵ ൑ 𝐼݉ [ͳ͵ ሺ𝐼஺ + ܽ𝐼஻ + ܽଶ𝐼஼ሻ] ; 
 
Ȼɥɨɤ KA ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɫɬɚɜɥɟɧɢɹ ɭɫɬɚɜɤɢ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɛɥɨɤɚ 

ɡɚɞɚɸɬɫɹ ɭɫɬɚɜɤɢ ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ. ɇɚ ɪɢɫ. 10.6 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ 
ɜɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɞɥɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ, ɚɧɚɥɨɝɢɱɧɵɦ 
ɫɩɨɫɨɛɨɦ ɡɚɞɚɸɬɫɹ ɭɫɬɚɜɤɢ ɢ ɞɥɹ ɞɜɭɯ ɞɪɭɝɢɯ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ.  

 

 
 

Ɋɢɫɭɧɨɤ 10.6 – ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ 
 
ɉɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɡɚɳɢɬɵ ɫ ɛɥɨɤɚ PSF ɩɨɞɚɟɬɫɹ ɬɨɤ 

ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɛɥɨɤ KA. ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɩɪɨɢɫɯɨɞɢɬ ɫɪɚɜɧɟɧɢɟ 
ɬɨɤɚ ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɭɫɬɚɜɤɨɣ. ȿɫɥɢ ɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɛɨɥɶɲɟ 
ɭɫɬɚɜɤɢ, ɬɨ ɧɚ ɜɵɯɨɞɟ ɛɥɨɤɚ KA ɩɨɹɜɢɬɫɹ ɥɨɝɢɱɟɫɤɢɣ ɫɢɝɧɚɥ «1». ɗɬɚ ɟɞɢɧɢɰɚ 
ɩɨɣɞɟɬ ɜ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɨɪɝɚɧ «Convert», ɤɨɬɨɪɵɣ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ. 
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ɉɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɜɬɨɪɨɣ, ɥɢɛɨ ɬɪɟɬɟɣ ɫɬɭɩɟɧɢ ɫ ɛɥɨɤɚ PSF ɩɨɞɚɟɬɫɹ ɬɨɤ 
ɩɪɹɦɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɛɥɨɤ KA, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɫɪɚɜɧɟɧɢɟ ɬɨɤɚ ɩɪɹɦɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɭɫɬɚɜɤɨɣ. ȿɫɥɢ ɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɛɨɥɶɲɟ ɭɫɬɚɜɤɢ, ɬɨ 
ɧɚ ɜɵɯɨɞɟ ɛɥɨɤɚ KA ɩɨɹɜɢɬɫɹ «1». ɗɬɚ ɟɞɢɧɢɰɚ ɩɨɣɞɟɬ ɜ ɛɥɨɤ ɜɵɞɟɪɠɤɢ 
ɜɪɟɦɟɧɢ DT1, ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɢ DT2, ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ ɡɚɳɢɬɵ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɡɚɞɚɧɢɟ ɢ ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ t, 
ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɥɨɠɧɨɝɨ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɬɨɤɚ (ɪɢɫ. 10.7).  

 

  
Ɋɢɫɭɧɨɤ 10.7 – ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɜɪɟɦɟɧɢ 

 
Ⱦɚɥɟɟ ɥɨɝɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɜ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɨɪɝɚɧ, ɤɨɬɨɪɵɣ 

ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ. Ȼɥɨɤ «OR» ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɜ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɨɪɝɚɧ «Convert», ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɨɞɧɨɣ 
ɢɡ ɬɪɟɯ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ. Ⱦɚɧɧɵɣ ɛɥɨɤ ɜɵɩɨɥɧɹɟɬ ɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ 
«ɂɅɂ» – ɢɫɬɢɧɚ, ɟɫɥɢ ɯɨɬɹ ɛɵ ɨɞɢɧ ɢɡ ɨɩɟɪɚɧɞɨɜ ɧɟ ɪɚɜɟɧ ɧɭɥɸ. Ȼɥɨɤ «NOT» 
ɜɵɩɨɥɧɹɟɬ ɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ «ɇȿ» – ɜɫɟ ɨɩɟɪɚɧɞɵ, ɧɟ ɪɚɜɧɵɟ ɧɭɥɸ, 
ɡɚɦɟɧɹɸɬɫɹ ɧɭɥɹɦɢ, ɚ ɜɫɟ ɪɚɜɧɵɟ ɧɭɥɸ – ɟɞɢɧɢɰɚɦɢ. Ⱦɚɧɧɵɣ ɛɥɨɤ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɜɵɤɥɸɱɚɬɟɥɶ ɜ ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ. 
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11 ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɌɁɇɉ ɜ ɩɪɨɝɪɚɦɦɟ Matlab 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (ɌɁɇɉ). ɉɪɢ ɟё ɪɟɚɥɢɡɚɰɢɢ ɛɵɥɚ ɡɚɞɟɣɫɬɜɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ 
Matlab (ɩɪɢɥɨɠɟɧɢɟ Simulink).  

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɢɦɢɬɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɡɚɳɢɬɵ ɨɬ ɨɞɧɨɮɚɡɧɵɯ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ.  

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɡɚɳɢɬɵ ɩɨɤɚɡɚɧɚ ɧɚ ɱɟɪɬɟɠɟ №4. 
Ɇɨɞɟɥɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ: 
- ɮɢɥɶɬɪ ɇɑ; 
- Ⱥɐɉ;  
- ɮɨɪɦɢɪɨɜɚɬɟɥɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ (Ort1, 

Ort2); 
- ɮɢɥɶɬɪɵ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ (Current filter), ɧɚɩɪɹɠɟɧɢɹ 

(Voltage filter);  
- ɨɪɝɚɧɵ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (KА_I - KА_VI); 
- ɨɪɝɚɧɵ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ (ɆɊȺɁɊ, ɆȻɅ);  
- ɨɪɝɚɧɵ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ (КɌ1 - КɌ6); 
- ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ (Q); 
 - ɫɢɝɧɚɥɶɧɨɝɨ ɨɪɝɚɧɚ (HL Q, HL I - HL VI). 
Ɏɭɧɤɰɢɢ Ⱥɐɉ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɩɨɥɧɹɟɬ ɩɪɨɝɪɚɦɦɚ MATLAB 

(ɩɪɢɥɨɠɟɧɢɟ Simulink).  
 
11.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
 
Ɉɪɝɚɧ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɠɟɧ ɞɥɹ ɜɵɫɬɚɜɥɟɧɢɹ ɭɫɬɚɜɤɢ 

ɩɨ ɬɨɤɭ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɫɪɚɜɧɟɧɢɹ ɟё ɫ ɬɨɤɨɦ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢɯɨɞɹɳɢɦ ɫ ɮɢɥɶɬɪɚ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ 
(Current filter). 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 11.4. 

ɋ ɮɢɥɶɬɪɚ ɫɢɦɦɟɬɪɢɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ (Current filter) ɧɚ ɜɯɨɞ 
ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ I_0 ɩɨɞɚёɬɫɹ ɬɨɤ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (3I0).  

Ⱦɚɧɧɵɣ ɬɨɤ ɧɚ ɜɯɨɞɟ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɨɫɬɭɩɚɟɬ 
ɜ ɛɥɨɤ Compare To Constant. ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɫɥɨɜɢɣ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ.  

ɍɪɚɜɧɟɧɢɟ, ɡɚɞɚɸɳɟɟ ɭɫɥɨɜɢɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ:  

 𝐼଴ ൒ 𝐼𝐾஺଴, 
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ɝɞɟ 𝐼𝐾஺଴- ɭɫɬɚɜɤɚ ɩɨ ɬɨɤɭ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
ɗɥɟɦɟɧɬ Conversion ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɪɚɛɨɬɵ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
ɍɫɥɨɜɢɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɬɨɤɨɜɨɝɨ ɨɪɝɚɧɚ - ɧɚɥɢɱɢɟ ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ ɧɚ 

ɜɵɯɨɞɟ (I) ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. 
 

 
 

Ɋɢɫɭɧɨɤ 11.4 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɚ ɬɨɤɚ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

 
11.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ 

 
ȼ ɌɁɇɉ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɚ ɜɢɞɚ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ – 

ɪɚɡɪɟɲɚɸɳɟɟ ɢ ɛɥɨɤɢɪɭɸɳɟɟ. 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ 

ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 11.5. 
Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ 

ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 11.6. 
Ɋɚɡɪɟɲɚɸɳɢɣ ɨɪɝɚɧ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɄɁ ɧɚ 

ɡɚɳɢɳɚɟɦɨɣ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɪɚɡɪɟɲɚɟɬ ɞɟɣɫɬɜɢɟ ɡɚɳɢɬɟ. Ⱦɚɧɧɵɣ 
ɨɪɝɚɧ ɭɱɚɫɬɜɭɟɬ ɜ ɥɨɝɢɤɟ I – VI ɫɬɭɩɟɧɹɯ ɌɁɇɉ.  

Ȼɥɨɤɢɪɭɸɳɢɣ ɨɪɝɚɧ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɟ ɫɪɚɛɚɬɵɜɚɟɬ ɩɪɢ ɄɁ ɧɚ 
ɡɚɳɢɳɚɟɦɨɣ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɪɚɡɪɟɲɚɟɬ ɞɟɣɫɬɜɢɟ ɡɚɳɢɬɟ. Ⱦɚɧɧɵɣ 
ɨɪɝɚɧ ɭɱɚɫɬɜɭɟɬ ɜ ɥɨɝɢɤɟ III – VI ɫɬɭɩɟɧɢ ɌɁɇɉ.  
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Ɋɢɫɭɧɨɤ 11.5– Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ 
ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ 

 

Ɋɢɫɭɧɨɤ 11.6 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ 
ɦɨɳɧɨɫɬɢ 

 
ȼ ɪɟɥɟ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɬɨɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
 𝐼 = 𝐼௠𝑒௝𝛿𝐼; 
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𝑈 = 𝑈௠𝑒௝𝛿𝑈 , 
 

ɝɞɟ 𝛿𝐼 , 𝛿௎ – ɭɝɥɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ. 
Ɂɧɚɱɟɧɢɟ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɛɥɨɤɨɜ Cur-

rent filter ɢ Voltage filter ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɪɚɡɪɟɲɚɸɳɟɝɨ ɢ ɛɥɨɤɢɪɭɸɳɟɝɨ 
ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ (𝐼଴, 𝑈଴). Ⱦɚɥɟɟ ɨɪɝɚɧ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ 
ɜɵɹɜɥɹɟɬ ɭɝɥɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɪɟɚɝɢɪɭɟɬ ɧɚ 
ɢɯ ɪɚɡɧɨɫɬɶ, ɜɵɱɬɟɧɧɭɸ ɨɬ 360° (Constant, Constant3) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

Ⱦɥɹ ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɚɧɧɵɣ ɭɝɨɥ ɞɨɥɠɟɧ 
ɛɵɬɶ ɦɟɧɶɲɟ -20° (Constant1), ɧɨ ɛɨɥɶɲɟ -200° (Constant2). 

Ⱦɥɹ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɚɧɧɵɣ ɭɝɨɥ ɞɨɥɠɟɧ 
ɛɵɬɶ ɛɨɥɶɲɟ -20° (Constant4), ɧɨ ɦɟɧɶɲɟ 160° (Constant2) (ɪɢɫ. 11.6). 

ɉɪɢ ɫɨɛɥɸɞɟɧɢɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɣ ɪɚɡɪɟɲɚɸɳɟɣ ɢ ɛɥɨɤɢɪɭɸɳɢɣ ɨɪɝɚɧɵ 
ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɫɪɚɛɚɬɵɜɚɸɬ. 

Ɉɩɢɲɟɦ ɩɪɢɧɰɢɩ ɜɵɹɜɥɟɧɢɹ ɭɝɥɚ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɭ 
ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ. 

Ɂɧɚɱɟɧɢɟ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɨɫɬɭɩɚɟɬ ɜ ɛɥɨɤ MinMax 
Running Resetable, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɱɢɫɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɡɚ ɩɟɪɢɨɞ. 
ɇɚ ɛɥɨɤ Sin(u) ɩɨɫɬɭɩɚɟɬ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɚ ɫ ɛɥɨɤɚ MinMax 
Running Resetable ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɡɚ ɩɟɪɢɨɞ, ɢ ɜ ɞɚɧɧɨɦ ɛɥɨɤɟ ɩɪɨɢɫɯɨɞɢɬ 
ɜɵɱɢɫɥɟɧɢɟ sinωt. 

ȼ ɫɥɭɱɚɟ ɜɨɡɪɚɫɬɚɧɢɹ ɡɧɚɱɟɧɢɣ sin 𝜔ݐ ɜ ɬɨɤɨɜɵɯ ɰɟɩɹɯ ɧɚ ɜɯɨɞɟ Detect in-
crease ɜɵɞɚɟɬ 1, ɚ ɜ ɫɥɭɱɚɟ ɭɛɵɜɚɧɢɹ – ɜɵɞɚɟɬ 0.  

Ȼɥɨɤ Fcn1  – ɜɵɱɢɫɥɟɧɢɟ cos 𝜔ݐ ɜ 1-ɨɦ ɢ 4-ɨɦ ɤɜɚɞɪɚɧɬɟ ɞɥɹ ɬɨɤɨɜɵɯ 
ɰɟɩɟɣ, ɛɥɨɤ Fcn6  – ɜɵɱɢɫɥɟɧɢɟ cos 𝜔ݐ ɜɨ 2-ɨɦ ɢ 3-ɟɦ ɤɜɚɞɪɚɧɬɟ ɞɥɹ ɬɨɤɨɜɵɯ 
ɰɟɩɟɣ. 

Ȼɥɨɤ Switch – ɜɵɞɚɟɬ ɧɚ ɜɵɯɨɞɟ cos 𝜔ݐ ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
Ȼɥɨɤɢ 01 – 04 ɧɭɠɧɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɚ ωt ɜ 1-ɨɦ, 2-ɨɦ, 3-ɟɦ, 4-ɨɦ 

ɤɜɚɞɪɚɧɬɚɯ ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
Switch7 – ɜɵɞɚɟɬ ɡɧɚɱɟɧɢɟ ωt 1-ɨɦ, 2-ɨɦ ɤɜɚɞɪɚɧɬɚɯ ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
Switch6 – ɜɵɞɚɟɬ ɡɧɚɱɟɧɢɟ ωt 3-ɨɦ, 4-ɨɦ ɤɜɚɞɪɚɧɬɚɯ ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
Switch8 – ɜɵɞɚɟɬ ɡɧɚɱɟɧɢɟ ωt ɞɥɹ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
ɉɪɢɧɰɢɩ ɜɵɹɜɥɟɧɢɹ ɭɝɥɚ ɧɚɩɪɹɠɟɧɢɹ ɚɧɚɥɨɝɢɱɟɧ ɬɨɤɭ.  
ɉɨɫɥɟ ɜɵɹɜɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ωt ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɩɨɫɬɭɩɚɸɬ ɧɚ ɛɥɨɤ 

Subtract, ɝɞɟ ɜɵɱɢɫɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ ɡɧɚɱɟɧɢɣ ωt ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ (ɭɝɨɥ φ). 
Subtract2 – ɧɚɯɨɞɢɬ ɪɚɡɧɨɫɬɶ 360-φ  
 
11.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ 
 
Ɉɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɧɭɠɟɧ ɞɥɹ ɩɨɞɚɱɢ ɥɨɝɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ 

ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɧɚ ɫɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ. 
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Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 11.8. 

Ɉɩɢɲɟɦ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ 
ɫɪɚɛɚɬɵɜɚɧɢɢ I cɬ. ɌɇɁɇɉ.  

ɇɚ ɜɯɨɞ I ɞɚɧɧɨɝɨ ɨɪɝɚɧɚ ɩɨɞɚёɬɫɹ ɥɨɝɢɱɟɫɤɚɹ ɟɞɢɧɢɰɚ ɫ ɨɪɝɚɧɚ ɜɵɞɟɪɠɤɢ 
ɜɪɟɦɟɧɢ I cɬ. (КɌ1), ɤɨɬɨɪɚɹ ɩɨ ɭɦɨɥɱɚɧɢɸ ɪɚɜɧɚ 0,0 ɫ. 

Ⱦɚɧɧɚɹ 1 ɩɨɫɬɭɩɚɟɬ ɧɚ ɷɥɟɦɟɧɬ OR ɫ ɜɵɯɨɞɚ ɤɨɬɨɪɨɝɨ ɞɚɧɧɵɣ ɫɢɝɧɚɥ 
ɱɟɪɟɡ ɷɥɟɦɟɧɬ Conversion ɩɨɫɬɭɩɚɟɬ ɧɚ ɷɥɟɦɟɧɬ NOT (Logical Operator), ɝɞɟ 
ɢɧɜɟɪɬɢɪɭɟɬɫɹ ɜ 0 ɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɵɯɨɞ Q, ɫ ɤɨɬɨɪɨɝɨ 0 ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɧɚ ɫɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ HL Q. 

 

 
 
Ɋɢɫɭɧɨɤ 11.8 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ 
 
Ɍɚɤ ɠɟ 1 ɩɨɫɬɭɩɚɟɬ ɧɚ ɷɥɟɦɟɧɬ NOT (Logical Operator1), ɝɞɟ 

ɢɧɜɟɪɬɢɪɭɟɬɫɹ ɜ 0 ɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɵɯɨɞ I., ɫ ɤɨɬɨɪɨɝɨ 0 ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɫɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ HL I. 

Ʌɨɝɢɤɚ ɪɚɛɨɬɵ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɨɫɬɚɥɶɧɵɯ ɫɬɭɩɟɧɟɣ ɚɧɚɥɨɝɢɱɧɚ I ɫɬ.  

ɗɥɟɦɟɧɬ Conversion ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɪɚɛɨɬɵ ɨɪɝɚɧɚ ɨɬɤɥɸɱɟɧɢɹ 
ɜɵɤɥɸɱɚɬɟɥɹ. 
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11.4 ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɌɇɁɇɉ ɜ ɩɪɨɝɪɚɦɦɟ 
Matlab 

 
Ɂɧɚɱɟɧɢɹ ɮɚɡɧɵɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ ɮɚɡ Ⱥ, ȼ ɢ ɋ ɫ ɌА ɢ TV ɩɨɫɬɭɩɚɸɬ 

ɧɚ ɇɑ ɮɢɥɶɬɪɵ (ɛɥɨɤɢ CF I ɢ CF U) ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ 50 Ƚɰ. ɇɚ 
ɜɵɯɨɞɟ ɛɥɨɤɨɜ CF ɩɨɥɭɱɚɸɬɫɹ ɞɢɫɤɪɟɬɧɵɟ ɫɢɝɧɚɥɵ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ 
ɱɚɫɬɨɬɨɣ 50 Ƚɰ.  

Ⱦɚɧɧɵɟ ɫɢɝɧɚɥɵ ɩɨɫɬɭɩɚɸɬ ɧɚ ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ (Ort1, Ort2).  

ɉɨɫɥɟ ɷɬɨɝɨ ɷɬɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɞɚɸɬɫɹ ɧɚ ɮɢɥɶɬɪɵ ɫɢɦɦɟɬɪɢɱɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɨɤɚ (Current filter), ɧɚɩɪɹɠɟɧɢɹ (Voltage filter), ɝɞɟ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɞɟɥɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. 
Ɂɧɚɱɟɧɢɟ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɨɫɬɭɩɚɟɬ ɜ ɥɨɝɢɤɭ ɌɁɇɉ ɧɚ ɨɪɝɚɧɵ 
ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ (KА_I - KА_VI), ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ 
ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɧɭɥɟɜɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫ ɛɥɨɤɨɜ Current filter ɢ Voltage filter ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɥɨɝɢɤɟ 
ɪɚɡɪɟɲɚɸɳɟɝɨ ɢ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɨɜ ɛɥɨɤɢɪɭɸɳɟɝɨ ɨɪɝɚɧɨɜ ɧɚɩɪɚɜɥɟɧɢɹ 
ɦɨɳɧɨɫɬɟɣ (ɆɊȺɁɊ, ɆȻɅ).  

ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɨɥɶɲɟ ɭɫɬɚɜɤɢ ɥɸɛɨɝɨ 
ɨɪɝɚɧɚ ɬɨɤɚ, ɬɨ ɧɚ ɟɝɨ ɜɵɯɨɞɟ ɩɨɹɜɢɬɫɹ 1. ɗɬɚ ɟɞɢɧɢɰɚ ɩɨɣɞɟɬ ɧɚ ɜɟɪɯɧɢɣ ɜɯɨɞ 
ɛɥɨɤ AND. ɇɚ ɧɢɠɧɢɣ ɜɯɨɞ ɷɥɟɦɟɧɬɚ AND ɩɪɢɯɨɞɢɬ ɫɢɝɧɚɥ ɨɬ ɪɚɡɪɟɲɚɸɳɟɝɨ 
ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ (ɞɥɹ I ɢ II  ɫɬɭɩɟɧɢ), ɚ ɞɥɹ II I ɢ IV ɫɬɭɩɟɧɢ ɨɬ 
ɛɥɨɤɢɪɭɸɳɟɝɨ ɢɥɢ ɪɚɡɪɟɲɚɸɳɟɝɨ ɨɪɝɚɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɜɤɥɸɱɟɧɧɵɯ 
ɩɨ ɫɯɟɦɟ ɢɥɢ (ɷɥɟɦɟɧɬ OR).  

ȿɞɢɧɢɰɚ ɫ ɷɥɟɦɟɧɬɚ AND ɩɨɫɬɭɩɚɟɬ ɧɚ ɨɪɝɚɧɵ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ (КɌ1 - 
КɌ6). Ⱦɚɧɧɵɣ ɨɪɝɚɧ ɡɚɞɟɪɠɢɜɚɟɬ ɫɢɝɧɚɥɚ ɨɬɤɥɸɱɟɧɢɹ ɧɚ ɜɪɟɦɹ ɭɫɬɚɜɤɢ t. 

ɋ ɛɥɨɤɚ КɌ ɟɞɢɧɢɰɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɨɪɝɚɧ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ. 
Ⱦɚɧɧɵɣ ɨɪɝɚɧ ɩɨɞɚёɬ ɥɨɝɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɧɚ 
ɫɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ. 

ɋɢɝɧɚɥɶɧɵɣ ɨɪɝɚɧ (HL Q, HL I - HL VI ) ɫɢɝɧɚɥɢɡɢɪɭɟɬ ɨ ɫɪɚɛɚɬɵɜɚɧɢɢ 
ɨɞɧɨɣ ɢɡ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ ɢ ɨɛ ɨɬɤɥɸɱɟɧɢɢ ɜɵɤɥɸɱɚɬɟɥɹ. 

Ʉɥɸɱ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɜɨɞɚ V ɢ VI ɫɬ. “ɜɩɟɪёɞ” ɢɥɢ “ɧɚɡɚɞ”.  
ȿɫɥɢ ɩɟɪɟɜɟɫɬɢ ɤɥɸɱ ɜ ɩɨɥɨɠɟɧɢɟ 1, ɬɨ V ɢ VI ɫɬ. ɛɭɞɭɬ ɧɚɩɪɚɜɥɟɧɧɵ 

“ɜɩɟɪёɞ”. ɉɪɢ ɷɬɨɦ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɆɊȺɁɊ ɛɭɞɟɬ ɪɚɡɪɟɲɚɬɶ ɞɟɣɫɬɜɢɟ ɡɚɳɢɬɟ, 
ɚ ɧɟ ɫɪɚɛɚɬɵɜɚɧɢɟ ɆȻɅ ɜɤɥɸɱɟɧɧɵɣ ɱɟɪɟɡ ɷɥɟɦɟɧɬ NOT ɬɚɤɠɟ ɛɭɞɟɬ ɪɚɡɪɟɲɚɬɶ 
ɞɟɣɫɬɜɢɟ ɡɚɳɢɬɟ.  
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12 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ 
ɜ ɫɪɟɞɟ Matlab 

 
Ⱦɥɹ ɢɫɩɵɬɚɧɢɹ ɦɨɞɟɥɢ ɬɨɤɨɜɨɣ ɫɬɭɩɟɧɱɚɬɨɣ ɡɚɳɢɬɵ, ɜ ɩɪɨɝɪɚɦɦɟ Sim-

ulink ɫɨɡɞɚɧɚ ɦɨɞɟɥɶ ɬɪɟɯɮɚɡɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɞɥɹ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɡɚɞɚɬɶ 
ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ. ɗɬɚ ɦɨɞɟɥɶ ɫɜɹɡɚɧɚ ɫ ɦɨɞɟɥɶɸ ɆɌɁ ɱɟɪɟɡ 
ɦɨɞɟɥɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɵɬɚɧɢɟ 
ɦɨɞɟɥɢ ɡɚɳɢɬɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: 

1. Ɂɚɩɭɫɤ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. 
2. Ɂɚɦɟɪɵ ɧɟɨɛɯɨɞɢɦɵɯ ɡɧɚɱɟɧɢɣ ɬɨɤɨɜ ɧɚɝɪɭɡɨɱɧɨɝɨ ɢ ɚɜɚɪɢɣɧɵɯ 

ɪɟɠɢɦɨɜ, ɬɨɤɨɜ ɢ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 
3. Ɋɚɫɱёɬ ɭɫɬɚɜɨɤ ɬɨɤɨɜɵɯ ɰɟɩɟɣ. 
4. ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɨɤ ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɨɪɝɚɧɚɯ. 
5. ɉɨɜɬɨɪɧɵɣ ɡɚɩɭɫɤ ɦɨɞɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. 
6. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɜ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 

ɧɚ ɨɫɰɢɥɥɨɝɪɚɦɦɚɯ. 
Ɋɚɫɫɦɨɬɪɢɦ ɡɚɳɢɬɭ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

 
12.1 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ȺɌ ɇɇ 
 
Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
 
1. ɇɚɣɞɟɦ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ: 
 𝐼 з = ݇ː ∙ ݇˔з݇˅ ∙ 𝐼 ˃ˆ˓ ୫ax = ͳ,ͳ ∙ ͳ,ͳͲ,ͻͷ ∙ ͻ͸ʹʹ = ͳʹʹͷͷ, 
 

ɝɞɟ  ݇ː–  ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞёɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,1 ɨ. ɟ.; ݇˔з– ɤɨɷɮɮɢɰɢɟɧɬ 
ɫɚɦɨɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɟɣ, ɪɚɜɧɵɣ 1,1÷3 ɨ. ɟ.; ݇˅ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ ɡɚɳɢɬɵ 
ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɪɚɜɧɵɣ 0,95 ɨ. ɟ.; 𝐼 ˃ˆ˓ ୫ax  –ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɚɝɪɭɡɤɢ, 
ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɧɚ 
ɤɨɬɨɪɭɸ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɳɢɬɚ, Ⱥ.  

 
2. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ: 
 𝐼 ˓ = ݇˔х݇𝐼 ∙ 𝐼 з = ͳ,ͲͳͲͲͲͲͷ ∙ ͳʹʹͷͷ = ͸,ͳʹͺ, 

ɝɞɟ  ݇˔х– ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɞɥɹ ɆɌɁ 1 ɨ.ɟ.; ݇𝐼– ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 
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Ⱦɥɹ  ɜɵɛɨɪɚ  ݇𝐼  ɧɟɨɛɯɨɞɢɦɨ  ɡɧɚɬɶ ɬɨɤ ɧɚɝɪɭɡɤɢ, Ⱥ: 
 𝐼 ˃ˆ˓ ୫ax = ͻ͸ʹʹ. 
 
ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɢɣ ɤ ɧɟɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫ ɭɱɟɬɨɦ 

ɩɟɪɟɝɪɭɡɤɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ, ɞɥɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɢ ɰɢɮɪɨɜɵɯ 
ɭɫɬɪɨɣɫɬɜ  ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɪɚɜɧɵɣ 1,4 ɨ. ɟ 

ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, ɫ: 
з˔ݐ  = ͳ,ͷͳ, ɫɨɝɥɚɫɧɨ ɪɢɫ 12.3. 
 
ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɨɤ: 
 
Ɂɚɞɚɧɢɟ ɭɫɬɚɜɤɢ ɨɪɝɚɧɚ ɬɨɤɚ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 12.1. 
 
 

 
 

Ɋɢɫɭɧɨɤ 12.1 –ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɨɪɝɚɧɚ ɬɨɤɚ 
 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 12.2. 
 

 
 

Ɋɢɫɭɧɨɤ 12.2 –ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
 

-  ɂɫɩɵɬɚɧɢɹ ɡɚɳɢɬɵ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ: 
ɉɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ɇɇ ȺɌ ɩɪɨɢɡɨɲɥɨ ɫɪɚɛɚɬɵɜɚɧɢɟ ɡɚɳɢɬɵ.  
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Ɋɢɫɭɧɨɤ 12.3 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 

 
 

 
Ɋɢɫɭɧɨɤ 12.4 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɡɚ ɧɚɝɪɭɡɤɨɣ ȺɌ 

 
12.2 ɂɫɩɵɬɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɆɌɁ ȺɌ ȼɇ 
 
- Ɋɚɫɱɟɬ ɭɫɬɚɜɨɤ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

 
1. ɇɚɣɞɟɦ ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, Ⱥ: 
 𝐼 з = ݇ː ∙ ݇˔з݇˅ ∙ 𝐼 ˃ˆ˓ ୫ax = ͳ,ͳ ∙ ͳ,ͳͲ,ͻͷ ∙ Ͷ͵ͻ,͵ = ͷͷͻ,ͷ, 
 
2. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ, Ⱥ: 
 𝐼 ˓ = ݇˔х݇𝐼 ∙ 𝐼 з = ͳ,ͲͶͲͲͷ ∙ ͷͷͻ,ͷ = ͸,ͻͻ, 
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ɝɞɟ  ݇˔х– ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ, ɪɚɜɧɵɣ ɞɥɹ ɆɌɁ 1 ɨ.ɟ.; ݇𝐼– ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ. 

 
Ⱦɥɹ  ɜɵɛɨɪɚ  ݇𝐼  ɧɟɨɛɯɨɞɢɦɨ  ɡɧɚɬɶ ɬɨɤ ɧɚɝɪɭɡɤɢ, Ⱥ: 
 𝐼 ˃ˆ˓ ୫ax = Ͷ͵ͻ,͵. 
 
ȼɵɛɢɪɚɟɦ ɛɥɢɠɚɣɲɢɣ ɤ ɧɟɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫ ɭɱɟɬɨɦ 

ɩɟɪɟɝɪɭɡɤɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ, ɞɥɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɢ ɰɢɮɪɨɜɵɯ 
ɭɫɬɪɨɣɫɬɜ  ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɪɚɜɧɵɣ 1,4 ɨ. ɟ 

 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ, ɫ: 
з˔ݐ  = ͳ,͵Ͷ, ɫɨɝɥɚɫɧɨ ɪɢɫ. 12.7. 
 
 ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɨɤ: 
 
Ɂɚɞɚɧɢɟ ɭɫɬɚɜɤɢ ɨɪɝɚɧɚ ɬɨɤɚ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 12.5. 
 

 
 

Ɋɢɫɭɧɨɤ 12.5 –ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɨɪɝɚɧɚ ɬɨɤɚ 
 
ɍɫɬɚɜɤɚ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 12.6. 
 
 

 
 

Ɋɢɫɭɧɨɤ 12.6 –ȼɵɫɬɚɜɥɟɧɢɟ ɭɫɬɚɜɤɢ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
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-  ɂɫɩɵɬɚɧɢɹ ɡɚɳɢɬɵ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ: 
 
ɉɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɧɚ ȼɇ ȺɌ ɩɪɨɢɡɨɲɥɨ ɫɪɚɛɚɬɵɜɚɧɢɟ ɡɚɳɢɬɵ. 

Ⱥɜɚɪɢɣɧɚɹ ɨɫɰɢɥɥɨɝɪɚɦɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 12.7. 
 

 
Ɋɢɫɭɧɨɤ 12.7 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ 

 
Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ ɫɦɟɠɧɨɣ ɥɢɧɢɢ W1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 

12.8. 

 
Ɋɢɫɭɧɨɤ 12.8 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ ɫɦɟɠɧɨɣ ɥɢɧɢɢ W1 

 
 
 
 
 
 
 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

68 ВɄɊ – 13.03.02.05 ɉɁ 

ɁȺɄɅɘɑȿɇɂȿ 

 
ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɭɱɚɫɬɨɤ 

Ʉɪɚɫɧɨɹɪɫɤɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɪɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɩɟɪɜɢɱɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɯɨɞɹɳɟɝɨ ɜ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ. 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ TKZ-3000 ɪɚɫɫɱɢɬɚɧɵ 
ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ 
ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɫɱɟɬɟ ɭɫɬɚɜɨɤ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ, ɆɌɁ ɢ ɌɁɇɉ. 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɨɩɪɨɛɨɜɚɧɢɟ ɆɌɁ ɧɚ ɛɚɡɟ ɲɤɚɮɚ 
ɒɗ2607 048. 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Matlab ɛɵɥɢ ɫɨɡɞɚɧɵ ɜɢɪɬɭɚɥɶɧɵɟ ɦɨɞɟɥɢ 
ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɡɚɳɢɬɵ, ɆɌɁ ɢ ɌɁɇɉ. ɋɨɡɞɚɧɧɚɹ ɦɨɞɟɥɶ ɆɌɁ ɨɩɪɨɛɨɜɚɧɚ ɧɚ 
ɦɨɞɟɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɫɨɡɞɚɧɧɨɣ ɜ ɩɪɨɝɪɚɦɦɟ Matlab. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɨɩɪɨɛɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɟɬɢ.  
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɕɏ ɂɋɌɈɑɇɂɄɈȼ 
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3. ɁȺɈ «Ɂɚɜɨɞ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ». – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.zeto.ru/ 

4. Ɋɨɤɨɬɹɧ, ɋ. ɋ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ/ ȼ. ȼ. ȿɪɲɟɜɢɱ, Ⱥ. ɇ. Ɂɟɣɥɢɝɟɪ, Ƚ. Ⱥ. ɂɥɥɚɪɢɨɧɨɜ ɢ ɞɪ.; ɉɨɞ ɪɟɞ. ɋ. ɋ. 
Ɋɨɤɨɬɹɧɚ ɢ ɂ. Ɇ. ɒɚɩɢɪɨ. – 3-ɟ ɢɡɞ., ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. – Ɇ.: ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 
1985. – 352 ɫ.  

5. Ɋɭɤɨɜɨɞɹɳɢɟ ɭɤɚɡɚɧɢɹ ɩɨ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɟ ɜɵɩɭɫɤ 7 «Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ 
ɡɚɳɢɬɚ ɥɢɧɢɣ 35-330 ɤȼ». 

6. Ɋɭɤɨɜɨɞɹɳɢɟ ɭɤɚɡɚɧɢɹ ɩɨ ɪɚɫɱёɬɭ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɢ ɜɵɛɨɪɭ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɊȾ 153–34.0–20.527–98. 

7. ɗɄɊȺ.656453.050 Ɋɗ ɒɤɚɮ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɭɩɪɚɜɥɟɧɢɹ 
ɜɵɤɥɸɱɚɬɟɥɟɦ ɒɗ2607 016 (ɜɟɪɫɢɹ 016_200). 

8. Ʌɚɛɨɪɚɬɨɪɧɚɹ ɪɚɛɨɬɚ «Ɉɪɝɚɧɢɡɚɰɢɹ ɫɟɪɜɟɪɚ ɫɜɹɡɢ ɦɟɠɞɭ ɲɤɚɮɚɦɢ ɬɢɩɚ 
ɒɗ ɢ ɤɨɦɩɶɸɬɟɪɨɦ». 

9. Ʌɚɛɨɪɚɬɨɪɧɚɹ ɪɚɛɨɬɚ «ɂɫɩɵɬɚɧɢɟ ɊȿɌɈɆ-41Ɇ». 
10. ȿɪɲɨɜ, ɘ. Ⱥ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɜ ɫɪɟɞɟ 

MATLAB : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ɘ. Ⱥ. ȿɪɲɨɜ, Ⱦ. ɇ. Ʉɢɫɟɥёɜ. Ɇɨɧɨɝɪɚɮɢɹ, Pal-
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ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɩɪɹɦɨɣ (ɨɛɪɚɬɧɨɣ) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

                         

 ɉɪяɦɚя  ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɫɬɶ. 
 

┌────┬────┬─────────┬─────────┬──────────┬──────────┬─────────┬─────────┬──────┐ 
│ Tɢɩ│ɉɚɪ │  ɍɡɟɥ-1 │  ɍɡɟɥ-2 │   R      │     X    │E;K;B(c);│   F     │ N ɷɥ.│ 
├────┼────┼─────────┼─────────┼──────────┼──────────┼─────────┼─────────┼──────┤ 
│  4 │  0 │ 0       │ 1       │     3.457│    13.979│  115.000│    0.000│   0  │ 
│  4 │  0 │ 0       │ 9       │     1.617│     7.095│  115.000│    0.000│   0  │ 
│  4 │  0 │ 0       │ 11      │     9.000│    15.480│  115.000│    0.000│   0  │ 
│  0 │  0 │ 29      │ 2       │     5.070│    18.590│    0.001│    0.000│   0  │ 
│  0 │  0 │ 1       │ 2       │     5.070│    18.590│    0.001│    0.000│   0  │ 
│  0 │  0 │ 2       │ 30      │     5.250│    19.250│    0.001│    0.000│   0  │ 
│  0 │  0 │ 2       │ 9       │     5.250│    19.250│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 31      │    10.750│    18.490│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 11      │    10.750│    18.490│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 12      │     6.750│    11.610│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 15      │     6.750│    11.610│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 18      │    10.000│    17.200│    0.001│    0.000│   0  │ 
│  0 │  0 │ 10      │ 24      │    11.250│    19.350│    0.001│    0.000│   0  │ 
│  3 │  0 │ 2       │ 3       │     0.001│    12.170│    1.000│    0.000│   0  │ 
│  3 │  0 │ 3       │ 4       │     0.001│    20.630│    1.000│    0.000│   0  │ 
│  3 │  0 │ 3       │ 10      │     0.001│     0.001│    1.000│    0.000│   0  │ 
│  3 │  0 │ 2       │ 6       │     0.001│    12.170│    1.000│    0.000│   0  │ 
│  3 │  0 │ 6       │ 7       │     0.001│    20.630│    1.000│    0.000│   0  │ 
│  3 │  0 │ 6       │ 10      │     0.001│     0.001│    1.000│    0.000│   0  │ 
│  3 │  0 │ 12      │ 13      │     0.001│   220.420│    1.000│    0.000│   0  │ 
│  3 │  0 │ 15      │ 16      │     0.001│   220.420│    1.000│    0.000│   0  │ 
│  3 │  0 │ 18      │ 19      │     0.001│    10.850│    1.000│    0.000│   0  │ 
│  3 │  0 │ 19      │ 20      │     0.001│   151.880│    1.000│    0.000│   0  │ 
│  3 │  0 │ 19      │ 22      │     0.001│   151.880│    1.000│    0.000│   0  │ 
│  3 │  0 │ 24      │ 25      │     0.001│   220.420│    1.000│    0.000│   0  │ 
│  3 │  0 │ 24      │ 27      │     0.001│   220.420│    1.000│    0.000│   0  │ 
│  0 │  0 │ 5       │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 8       │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 14      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 17      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 21      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 23      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 26      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 28      │ 0       │  9999.000│  9999.000│    0.001│    0.000│   0  │ 
│  0 │  0 │ 4       │ 5       │     2.530│     0.491│    0.001│    0.000│   0  │ 
│  0 │  0 │ 7       │ 8       │     2.530│     0.491│    0.001│    0.000│   0  │ 
│  0 │  0 │ 13      │ 14      │    26.570│     5.158│    0.001│    0.000│   0  │ 
│  0 │  0 │ 16      │ 17      │    26.570│     5.158│    0.001│    0.000│   0  │ 
│  0 │  0 │ 20      │ 21      │    10.628│     2.063│    0.001│    0.000│   0  │ 
│  0 │  0 │ 22      │ 23      │    10.628│     2.063│    0.001│    0.000│   0  │ 
│  0 │  0 │ 25      │ 26      │    26.570│     5.158│    0.001│    0.000│   0  │ 
│  0 │  0 │ 27      │ 28      │    26.570│     5.158│    0.001│    0.000│   0  │ 
│  1 │  0 │ 1       │ 29      │     0.000│     0.000│    0.001│    0.000│   0  │ 
│  1 │  0 │ 30      │ 9       │     0.000│     0.000│    0.001│    0.000│   0  │ 
│  1 │  0 │ 31      │ 11      │     0.000│     0.000│    0.001│    0.000│   0  │ 
│    │    │         │         │          │          │         │         │      │ 
└────┴────┴─────────┴─────────┴──────────┴──────────┴─────────┴─────────┴──────┘ 
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ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɧɭɥɟɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

 
ɇɭɥɟвɚя  ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɫɬɶ. 
 

┌────┬────┬─────────┬─────────┬──────────┬──────────┬──────────┐ 
│ Tɢɩ│ɉɚɪ │  ɍɡɟɥ-1 │  ɍɡɟɥ-2 │   R      │     X    │ K; B(c); │ 
├────┼────┼─────────┼─────────┼──────────┼──────────┼──────────┤ 
│  0 │  0 │ 0       │ 1       │     8.276│    41.910│     0.001│ 
│  0 │  0 │ 0       │ 9       │     4.092│    21.280│     0.001│ 
│  0 │  0 │ 0       │ 11      │    14.400│    46.440│     0.001│ 
│  0 │  0 │ 29      │ 2       │    11.410│    55.770│     0.001│ 
│  0 │  0 │ 1       │ 2       │    11.410│    55.770│     0.001│ 
│  0 │  0 │ 30      │ 2       │    11.810│    57.750│     0.001│ 
│  0 │  0 │ 2       │ 9       │    11.810│    57.750│     0.001│ 
│  0 │  0 │ 31      │ 10      │    17.200│    55.470│     0.001│ 
│  0 │  0 │ 10      │ 11      │    17.200│    55.470│     0.001│ 
│  0 │  0 │ 10      │ 12      │    10.800│    34.830│     0.001│ 
│  0 │  0 │ 10      │ 15      │    10.800│    34.830│     0.001│ 
│  0 │  0 │ 10      │ 18      │    16.000│    51.600│     0.001│ 
│  0 │  0 │ 10      │ 24      │    11.250│    58.050│     0.001│ 
│  3 │  0 │ 2       │ 3       │     0.001│    12.170│     1.000│ 
│  3 │  0 │ 3       │ 4       │     0.001│    20.630│     1.000│ 
│  3 │  0 │ 3       │ 10      │     0.001│     0.001│     1.000│ 
│  3 │  0 │ 2       │ 6       │     0.001│    12.170│     1.000│ 
│  3 │  0 │ 6       │ 7       │     0.001│    20.630│     1.000│ 
│  3 │  0 │ 6       │ 10      │     0.001│     0.001│     1.000│ 
│  3 │  0 │ 12      │ 13      │     0.001│   220.420│     1.000│ 
│  3 │  0 │ 15      │ 16      │     0.001│   220.420│     1.000│ 
│  3 │  0 │ 18      │ 19      │     0.001│    10.850│     1.000│ 
│  3 │  0 │ 19      │ 20      │     0.001│   151.880│     1.000│ 
│  3 │  0 │ 19      │ 22      │     0.001│   151.880│     1.000│ 
│  3 │  0 │ 24      │ 25      │     0.001│   220.420│     1.000│ 
│  3 │  0 │ 24      │ 27      │     0.001│   220.420│     1.000│ 
│  0 │  0 │ 4       │ 5       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 7       │ 8       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 13      │ 14      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 16      │ 17      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 20      │ 21      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 22      │ 23      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 25      │ 26      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 27      │ 28      │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 5       │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 8       │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 14      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 17      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 21      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 23      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 26      │ 0       │     0.001│     0.001│     0.001│ 
│  0 │  0 │ 28      │ 0       │     0.001│     0.001│     0.001│ 
│  1 │  0 │ 1       │ 29      │     0.000│     0.000│     0.001│ 
│  1 │  0 │ 30      │ 9       │     0.000│     0.000│     0.001│ 
│  1 │  0 │ 31      │ 11      │     0.000│     0.000│     0.001│ 
│    │    │         │         │          │          │          │ 
└────┴────┴─────────┴─────────┴──────────┴──────────┴──────────┘ 
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Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɄɁ (Max) 

 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ : K130414 
Чɢɫɥɨ ɭɡɥɨв ɄɁ: 5 
Чɢɫɥɨ ɩɨяɫɨв: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3        10 

    0         3         4 

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.60  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.242 7.419)          Z2  (2.242 7.419)          Z0  (0.738 9.410) 

 I1    2667  -78            I2    2667  -78            3I0    8000  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1     -435  -80           I2     -430  -80  

                            I0     -177  -71          3I0     -530  -71  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-1                    I1     -435  -80           I2     -430  -80  

                            I0     -177  -71          3I0     -530  -71  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-30                   I1     -606  -80           I2     -599  -81  

                            I0     -246  -71          3I0     -738  -71  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-9                    I1     -606  -80           I2     -599  -81  

                            I0     -246  -71          3I0     -738  -71  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-3                    I1     -295  -70           I2     -309  -70  

                            I0     -915  -81          3I0    -2744  -81  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     2-6                    I1     -295  -70           I2     -309  -70  

                            I0     -915  -81          3I0    -2744  -81  

                            U1    45.57    2           U2   -20.66   -4  

                            U0   -25.17    8          3U0   -75.51    8  

     3-10                   I1     -298  -70           I2     -308  -69  

                            I0     -236  -74          3I0     -708  -74  

                            U1    49.01    3           U2   -17.31   -9  

                            U0   -14.04    7          3U0   -42.13    7  

     3-4                    I1        3  -42           I2        0    0  

                            I0     -681  -83          3I0    -2042  -83  
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                            U1    49.01    3           U2   -17.31   -9  

                            U0   -14.04    7          3U0   -42.13    7  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.60  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (2.242 7.419) 

                            I1    8534  -73  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1    -1381  -76  

                            U1     0.00    0  

     2-1                    I1    -1381  -76  

                            U1     0.00    0  

     2-30                   I1    -1924  -76  

                            U1     0.00    0  

     2-9                    I1    -1925  -76  

                            U1     0.00    0  

     2-3                    I1     -974  -65  

                            U1     0.00    0  

     2-6                    I1     -974  -65  

                            U1     0.00    0  

     3-10                   I1     -976  -65  

                            U1    11.85   25  

     3-4                    I1        0    0  

                            U1    11.85   25  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.017 30.513)         Z2  (3.017 30.513)         Z0  (0.000 0.000) 

 I1    1075  -85            I2    1075  -85            3I0    3224  -85  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1    -1077  -85           I2    -1073  -85  

                            I0        0    0          3I0        0    0  

                            U1    32.97    0           U2   -32.97    0  

                            U0     0.00    0          3U0     0.00    0  

     4-5                    I1        0    0           I2        0    0  

                            I0    -1075  -85          3I0    -3226  -85  

                            U1    32.97    0           U2   -32.97    0  

                            U0     0.00    0          3U0     0.00    0  

     2-3                    I1      359  -91           I2      348  -92  

                            I0        0    0          3I0        0    0  

                            U1    59.48    2           U2    -6.96  -16  

                            U0     0.00    0          3U0     0.00    0  

     3-10                   I1     -721  -81           I2     -731  -81  

                            I0        0    0          3I0        0    0  

                            U1    55.13    2           U2   -11.10  -10  

                            U0     0.00    0          3U0     0.00    0  

 

                                  Вɢɞ ɄɁ  3 
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 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (3.017 30.513) 

                            I1    2151  -85  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1    -2151  -85  

                            U1     0.00    0  

     4-5                    I1        0    0  

                            U1     0.00    0  

     2-3                    I1      706  -92  

                            U1    52.91    4  

     3-10                   I1    -1453  -81  

                            U1    44.37    5  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.70  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.219 8.263)          Z2  (2.219 8.263)          Z0  (3.627 20.135) 

 I1    1765  -78            I2    1765  -78            3I0    5295  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -1059  -79           I2    -1049  -79  

                            I0     -845  -77          3I0    -2536  -77  

                            U1    51.17    1           U2   -15.10   -2  

                            U0   -36.11    2          3U0  -108.32    2  

     1-2                    I1     -353  -76           I2     -358  -76  

                            I0     -460  -79          3I0    -1380  -79  

                            U1    51.17    1           U2   -15.10   -2  

                            U0   -36.11    2          3U0  -108.32    2  

     1-29                   I1     -353  -76           I2     -358  -76  

                            I0     -460  -79          3I0    -1379  -79  

                            U1    51.17    1           U2   -15.10   -2  

                            U0   -36.11    2          3U0  -108.32    2  

     2-3                    I1     -109  -71           I2     -122  -69  

                            I0     -363  -81          3I0    -1090  -81  

                            U1    57.97    0           U2    -8.19   -3  

                            U0   -10.00    8          3U0   -29.99    8  

     3-10                   I1     -114  -71           I2     -122  -69  

                            I0      -94  -74          3I0     -283  -74  

                            U1    59.23    1           U2    -6.85   -7  

                            U0    -5.58    7          3U0   -16.73    7  

     3-4                    I1        4  -44           I2        0    0  

                            I0     -270  -83          3I0     -811  -83  

                            U1    59.23    1           U2    -6.85   -7  

                            U0    -5.58    7          3U0   -16.73    7  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.70  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
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                            Z1  (2.219 8.263) 

                            I1    7743  -75  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -4611  -76  

                            U1     0.00    0  

     1-2                    I1    -1567  -73  

                            U1     0.00    0  

     1-29                   I1    -1567  -73  

                            U1     0.00    0  

     2-3                    I1     -523  -66  

                            U1    30.20    1  

     3-10                   I1     -528  -66  

                            U1    36.18    5  

     3-4                    I1        0    0  

                            U1    36.18    5  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.30  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.981 9.930)          Z2  (2.981 9.930)          Z0  (0.402 6.313) 

 I1    2450  -77            I2    2450  -77            3I0    7351  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1     -451  -63           I2     -444  -63  

                            I0     -100  -63          3I0     -299  -63  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-11                  I1     -451  -63           I2     -444  -63  

                            I0     -100  -63          3I0     -299  -63  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-12                  I1       -2 -180           I2        0    0  

                            I0      -61  -78          3I0     -182  -78  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-15                  I1       -2 -180           I2        0    0  

                            I0      -61  -78          3I0     -182  -78  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-18                  I1        6  -44           I2       -4  -49  

                            I0     -111  -74          3I0     -334  -74  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-24                  I1        6  -44           I2       -4  -49  

                            I0      -92  -76          3I0     -276  -76  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-3                   I1     -803  -84           I2     -794  -84  

                            I0     -967  -78          3I0    -2900  -78  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     10-6                   I1     -803  -84           I2     -795  -84  

                            I0     -967  -78          3I0    -2900  -78  
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                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.51   10  

     2-3                    I1      805  -84           I2      793  -84  

                            I0      217  -71          3I0      650  -71  

                            U1    50.44    3           U2   -15.92   -8  

                            U0   -12.91    8          3U0   -38.72    8  

     3-4                    I1       -2 -180           I2        0    0  

                            I0     -751  -80          3I0    -2254  -80  

                            U1    40.66    2           U2   -25.40   -3  

                            U0   -15.50   10          3U0   -46.50   10  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.30  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (2.981 9.930) 

                            I1    6367  -73  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1    -1161  -60  

                            U1     0.00    0  

     10-11                  I1    -1161  -60  

                            U1     0.00    0  

     10-12                  I1        0    0  

                            U1     0.00    0  

     10-15                  I1        0    0  

                            U1     0.00    0  

     10-18                  I1        0    0  

                            U1     0.00    0  

     10-24                  I1        0    0  

                            U1     0.00    0  

     10-3                   I1    -2074  -81  

                            U1     0.00    0  

     10-6                   I1    -2075  -81  

                            U1     0.00    0  

     2-3                    I1     2074  -81  

                            U1    25.24    9  

     3-4                    I1        0    0  

                            U1     0.00    0  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     9                              Uɩɚ 114.80  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (1.343 5.424)          Z2  (1.343 5.424)          Z0  (2.530 13.942) 

 I1    2617  -78            I2    2617  -78            3I0    7850  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     9-0                    I1    -2024  -79           I2    -2009  -79  

                            I0    -1711  -78          3I0    -5133  -78  

                            U1    51.68    1           U2   -14.62   -2  

                            U0   -37.08    2          3U0  -111.23    2  

     9-2                    I1     -297  -75           I2     -304  -75  

                            I0     -453  -79          3I0    -1359  -79  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

77 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    51.68    1           U2   -14.62   -2  

                            U0   -37.08    2          3U0  -111.23    2  

     9-30                   I1     -297  -75           I2     -304  -75  

                            I0     -453  -79          3I0    -1359  -79  

                            U1    51.68    1           U2   -14.62   -2  

                            U0   -37.08    2          3U0  -111.23    2  

     2-3                    I1     -115  -70           I2     -128  -68  

                            I0     -380  -81          3I0    -1141  -81  

                            U1    57.60    0           U2    -8.55   -3  

                            U0   -10.47    8          3U0   -31.40    8  

     3-10                   I1     -118  -71           I2     -127  -68  

                            I0      -98  -74          3I0     -295  -74  

                            U1    58.92    1           U2    -7.15   -7  

                            U0    -5.84    7          3U0   -17.52    7  

     3-4                    I1        4  -44           I2        0    0  

                            I0     -283  -83          3I0     -849  -83  

                            U1    58.92    1           U2    -7.15   -7  

                            U0    -5.84    7          3U0   -17.52    7  

 

                                  Вɢɞ ɄɁ  3 
                                        

 

 ɆЕɋɌɈ ɄɁ     9                              Uɩɚ 114.80  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                            Z1  (1.343 5.424) 

                            I1   11863  -76  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     9-0                    I1    -9124  -77  

                            U1     0.00    0  

     9-2                    I1    -1373  -73  

                            U1     0.00    0  

     9-30                   I1    -1373  -73  

                            U1     0.00    0  

     2-3                    I1     -566  -67  

                            U1    27.39    2  

     3-10                   I1     -566  -67  

                            U1    33.89    6  

     3-4                    I1        0    0  

                            U1    33.89    6  

 

 

       ************  26 ɦɚя 2017     12 ɱɚɫ 20 ɦɢɧ 53 ɫɟɤ ************ 
 

  Вɪɟɦя ɨɮɨɪɦɥɟɧɢя   0 ɫɟɤ 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ 

 
Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɄɁ (Min) 

 

 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ : K130414 
Чɢɫɥɨ ɭɡɥɨв ɄɁ: 5 
Чɢɫɥɨ ɩɨяɫɨв: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     2 
  ɤɨɞ  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  ɭɡɟɥ ɤɨɦɦ. 
 ɈɌɄɅ    0         1        29          0 
 ɈɌɄɅ    0        11        31          0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3        10 

    0         3         4 

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.50  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.638 8.687)          Z2  (2.638 8.687)          Z0  (0.709 9.888) 

 I1    2368  -78            I2    2368  -78            3I0    7103  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1        0    0           I2        0    0  

                            I0        0    0          3I0        0    0  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-1                    I1     -647  -79           I2     -638  -80  

                            I0     -236  -70          3I0     -707  -70  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-30                   I1     -632  -80           I2     -623  -80  

                            I0     -229  -71          3I0     -688  -71  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-9                    I1     -632  -80           I2     -623  -80  

                            I0     -229  -71          3I0     -688  -71  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-3                    I1     -232  -69           I2     -246  -68  

                            I0     -841  -81          3I0    -2522  -81  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     2-6                    I1     -232  -69           I2     -246  -68  

                            I0     -841  -81          3I0    -2522  -81  

                            U1    44.69    2           U2   -21.48   -4  

                            U0   -23.47    8          3U0   -70.41    8  

     3-10                   I1     -233  -70           I2     -246  -68  

                            I0     -200  -74          3I0     -601  -74  
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                            U1    47.37    3           U2   -18.82   -8  

                            U0   -13.25    7          3U0   -39.74    7  

     3-4                    I1        3  -42           I2        0    0  

                            I0     -642  -83          3I0    -1926  -83  

                            U1    47.37    3           U2   -18.82   -8  

                            U0   -13.25    7          3U0   -39.74    7  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.50  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (2.638 8.687)          Z2  (2.638 8.687) 

                   I1    3639  -73            I2   -3639  -73  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1        0    0           I2        0    0  

                            U1    33.04    0           U2    33.04    0  

     2-1                    I1     -991  -75           I2      981  -75  

                            U1    33.04    0           U2    33.04    0  

     2-30                   I1     -967  -76           I2      958  -76  

                            U1    33.04    0           U2    33.04    0  

     2-9                    I1     -967  -76           I2      958  -76  

                            U1    33.04    0           U2    33.04    0  

     2-3                    I1     -363  -64           I2      378  -64  

                            U1    33.04    0           U2    33.04    0  

     2-6                    I1     -363  -64           I2      378  -64  

                            U1    33.04    0           U2    33.04    0  

     3-10                   I1     -363  -65           I2      376  -64  

                            U1    37.07    3           U2    28.98    4  

     3-4                    I1        0    0           I2        0    0  

                            U1    37.07    3           U2    28.98    4  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.10  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.377 32.241)         Z2  (3.377 32.241)         Z0  (0.000 0.000) 

 I1    1016  -84            I2    1016  -84            3I0    3048  -84  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1    -1018  -84           I2    -1014  -84  

                            I0        0    0          3I0        0    0  

                            U1    32.94    0           U2   -32.94    0  

                            U0     0.00    0          3U0     0.00    0  

     4-5                    I1        0    0           I2        0    0  

                            I0    -1016  -84          3I0    -3048  -84  

                            U1    32.94    0           U2   -32.94    0  

                            U0     0.00    0          3U0     0.00    0  

     2-3                    I1      366  -89           I2      355  -91  

                            I0        0    0          3I0        0    0  

                            U1    58.32    2           U2    -8.05  -14  

                            U0     0.00    0          3U0     0.00    0  

     3-10                   I1     -649  -82           I2     -664  -81  

                            I0        0    0          3I0        0    0  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

80 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    53.87    2           U2   -12.27   -9  

                            U0     0.00    0          3U0     0.00    0  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.10  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (3.377 32.241)         Z2  (3.377 32.241) 

                   I1    1016  -84            I2   -1016  -84  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1    -1018  -84           I2     1014  -84  

                            U1    32.94    0           U2    32.94    0  

     4-5                    I1        0    0           I2        0    0  

                            U1    32.94    0           U2    32.94    0  

     2-3                    I1      366  -89           I2     -355  -91  

                            U1    58.32    2           U2     8.05   14  

     3-10                   I1     -652  -82           I2      664  -81  

                            U1    53.87    2           U2    12.27    9  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.80  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.499 9.582)          Z2  (2.499 9.582)          Z0  (4.914 25.747) 

 I1    1441  -78            I2    1441  -78            3I0    4322  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -1000  -78           I2     -991  -78  

                            I0     -884  -77          3I0    -2652  -77  

                            U1    52.01    1           U2   -14.26   -2  

                            U0   -37.76    2          3U0  -113.29    2  

     1-2                    I1     -441  -77           I2     -450  -76  

                            I0     -557  -78          3I0    -1670  -78  

                            U1    52.01    1           U2   -14.26   -2  

                            U0   -37.76    2          3U0  -113.29    2  

     2-3                    I1      -50  -73           I2      -64  -67  

                            I0     -219  -80          3I0     -658  -80  

                            U1    60.50    0           U2    -5.59   -2  

                            U0    -6.12    9          3U0   -18.37    9  

     3-10                   I1      -51  -74           I2      -64  -67  

                            I0      -52  -74          3I0     -157  -74  

                            U1    61.08    0           U2    -4.88   -5  

                            U0    -3.46    8          3U0   -10.37    8  

     3-4                    I1        4  -45           I2        0    0  

                            I0     -167  -82          3I0     -502  -82  

                            U1    61.08    0           U2    -4.88   -5  

                            U0    -3.46    8          3U0   -10.37    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.80  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

81 ВɄɊ – 13.03.02.05 ɉɁ 

                   Z1  (2.499 9.582)          Z2  (2.499 9.582) 

                   I1    3345  -75            I2   -3345  -75  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -2310  -76           I2     2301  -76  

                            U1    33.13    0           U2    33.13    0  

     1-2                    I1    -1036  -74           I2     1046  -74  

                            U1    33.13    0           U2    33.13    0  

     2-3                    I1     -134  -67           I2      149  -65  

                            U1    53.10    0           U2    12.99    1  

     3-10                   I1     -133  -68           I2      148  -65  

                            U1    54.60    1           U2    11.38    4  

     3-4                    I1        4  -44           I2        0    0  

                            U1    54.60    1           U2    11.38    4  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.338 11.663)         Z2  (3.338 11.663)         Z0  (0.373 6.575) 

 I1    2146  -77            I2    2146  -77            3I0    6439  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1        0    0           I2        0    0  

                            I0        0    0          3I0        0    0  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-11                  I1     -674  -62           I2     -663  -63  

                            I0     -132  -63          3I0     -397  -63  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-12                  I1       -2 -180           I2        0    0  

                            I0      -55  -78          3I0     -166  -78  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-15                  I1       -2 -180           I2        0    0  

                            I0      -55  -78          3I0     -166  -78  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-18                  I1        6  -44           I2       -4  -48  

                            I0     -101  -74          3I0     -304  -74  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-24                  I1        6  -44           I2       -4  -49  

                            I0      -84  -76          3I0     -251  -76  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-3                   I1     -764  -83           I2     -751  -84  

                            I0     -861  -78          3I0    -2582  -78  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

     10-6                   I1     -760  -83           I2     -752  -84  

                            I0     -861  -78          3I0    -2582  -78  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

82 ВɄɊ – 13.03.02.05 ɉɁ 

     2-3                    I1      762  -83           I2      750  -84  

                            I0      178  -71          3I0      533  -71  

                            U1    49.19    3           U2   -17.08   -7  

                            U0   -12.01    8          3U0   -36.03    8  

     3-4                    I1       -2 -180           I2        0    0  

                            I0     -685  -80          3I0    -2055  -80  

                            U1    39.95    2           U2   -26.03   -2  

                            U0   -14.14   10          3U0   -42.41   10  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (3.338 11.663)         Z2  (3.338 11.663) 

                   I1    2718  -74            I2   -2718  -74  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1        0    0           I2        0    0  

                            U1    32.97    0           U2    32.97    0  

     10-11                  I1     -851  -60           I2      839  -60  

                            U1    32.97    0           U2    32.97    0  

     10-12                  I1        0    0           I2        0    0  

                            U1    32.97    0           U2    32.97    0  

     10-15                  I1        0    0           I2        0    0  

                            U1    32.97    0           U2    32.97    0  

     10-18                  I1        5  -46           I2        5  -46  

                            U1    32.97    0           U2    32.97    0  

     10-24                  I1        5  -46           I2        5  -46  

                            U1    32.97    0           U2    32.97    0  

     10-3                   I1     -963  -80           I2      952  -81  

                            U1    32.97    0           U2    32.97    0  

     10-6                   I1     -961  -80           I2      954  -81  

                            U1    32.97    0           U2    32.97    0  

     2-3                    I1      962  -80           I2     -949  -81  

                            U1    44.56    2           U2    21.64    5  

     3-4                    I1        0    0           I2        0    0  

                            U1    32.97    0           U2    32.97    0  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     29                              Uɩɚ 114.50  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (7.708 27.277)         Z2  (7.708 27.277)         Z0  (12.119 65.658) 

 I1     536  -77            I2     536  -77            3I0    1608  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     29-2                   I1     -536  -77           I2     -536  -77  

                            I0     -536  -77          3I0    -1608  -77  

                            U1    50.92    1           U2   -15.18   -2  

                            U0   -35.78    2          3U0  -107.33    2  

     2-3                    I1      -42  -74           I2      -56  -68  

                            I0     -190  -80          3I0     -571  -80  

                            U1    61.23    0           U2    -4.86   -2  

                            U0    -5.31    9          3U0   -15.94    9  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

83 ВɄɊ – 13.03.02.05 ɉɁ 

     3-10                   I1      -42  -79           I2      -56  -67  

                            I0      -45  -74          3I0     -135  -74  

                            U1    61.72    0           U2    -4.24   -4  

                            U0    -3.00    8          3U0    -8.99    8  

     3-4                    I1        4  -45           I2        0    0  

                            I0     -145  -82          3I0     -436  -82  

                            U1    61.72    0           U2    -4.24   -4  

                            U0    -3.00    8          3U0    -8.99    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     29                              Uɩɚ 114.50  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (7.708 27.277)         Z2  (7.708 27.277) 

                   I1    1166  -74            I2   -1166  -74  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     29-2                   I1    -1166  -74           I2     1166  -74  

                            U1    33.04    0           U2    33.04    0  

     2-3                    I1     -107  -67           I2      121  -65  

                            U1    55.50    0           U2    10.58    0  

     3-10                   I1     -106  -67           I2      121  -65  

                            U1    56.70    1           U2     9.27    4  

     3-4                    I1        4  -44           I2        0    0  

                            U1    56.70    1           U2     9.27    4  

 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ : K130414 
Чɢɫɥɨ ɭɡɥɨв ɄɁ: 5 
Чɢɫɥɨ ɩɨяɫɨв: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     2 
  ɤɨɞ  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  ɭɡɟɥ ɤɨɦɦ. 
 ɈɌɄɅ    0         9        30          0 
 ɈɌɄɅ    0        11        31          0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3        10 

    0         3         4 

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.40  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.937 9.472)          Z2  (2.937 9.472)          Z0  (0.692 10.205) 

 I1    2211  -77            I2    2211  -77            3I0    6632  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1     -463  -80           I2     -456  -80  

                            I0     -159  -70          3I0     -477  -70  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-1                    I1     -463  -80           I2     -456  -80  

                            I0     -159  -70          3I0     -477  -70  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

84 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-30                   I1        0    0           I2        0    0  

                            I0        0    0          3I0        0    0  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-9                    I1     -817  -80           I2     -805  -80  

                            I0     -281  -70          3I0     -842  -70  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-3                    I1     -237  -69           I2     -251  -68  

                            I0     -810  -80          3I0    -2429  -80  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     2-6                    I1     -237  -69           I2     -251  -68  

                            I0     -810  -80          3I0    -2429  -80  

                            U1    44.24    2           U2   -21.91   -4  

                            U0   -22.61    9          3U0   -67.84    9  

     3-10                   I1     -235  -70           I2     -251  -68  

                            I0     -193  -74          3I0     -580  -74  

                            U1    46.98    3           U2   -19.20   -8  

                            U0   -12.76    8          3U0   -38.28    8  

     3-4                    I1        3  -42           I2        0    0  

                            I0     -619  -82          3I0    -1856  -82  

                            U1    46.98    3           U2   -19.20   -8  

                            U0   -12.76    8          3U0   -38.28    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     2                              Uɩɚ 114.40  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (2.937 9.472)          Z2  (2.937 9.472) 

                   I1    3330  -73            I2   -3330  -73  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     2-29                   I1     -694  -75           I2      687  -76  

                            U1    33.03    0           U2    33.03    0  

     2-1                    I1     -694  -75           I2      687  -76  

                            U1    33.03    0           U2    33.03    0  

     2-30                   I1        0    0           I2        0    0  

                            U1    33.03    0           U2    33.03    0  

     2-9                    I1    -1226  -75           I2     1213  -76  

                            U1    33.03    0           U2    33.03    0  

     2-3                    I1     -364  -64           I2      378  -64  

                            U1    33.03    0           U2    33.03    0  

     2-6                    I1     -364  -64           I2      378  -64  

                            U1    33.03    0           U2    33.03    0  

     3-10                   I1     -363  -64           I2      378  -63  

                            U1    37.06    3           U2    28.97    4  

     3-4                    I1        0    0           I2        0    0  

                            U1    37.06    3           U2    28.97    4  

 

                                  Вɢɞ ɄɁ  1 
                                        

 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

85 ВɄɊ – 13.03.02.05 ɉɁ 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.10  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.691 32.806)         Z2  (3.691 32.806)         Z0  (0.000 0.000) 

 I1     998  -84            I2     998  -84            3I0    2993  -84  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1     -999  -84           I2     -996  -84  

                            I0        0    0          3I0        0    0  

                            U1    32.93    0           U2   -32.93    0  

                            U0     0.00    0          3U0     0.00    0  

     4-5                    I1        0    0           I2        0    0  

                            I0     -997  -84          3I0    -2992  -84  

                            U1    32.93    0           U2   -32.93    0  

                            U0     0.00    0          3U0     0.00    0  

     2-3                    I1      351  -89           I2      340  -91  

                            I0        0    0          3I0        0    0  

                            U1    57.73    2           U2    -8.63  -14  

                            U0     0.00    0          3U0     0.00    0  

     3-10                   I1     -650  -81           I2     -660  -80  

                            I0        0    0          3I0        0    0  

                            U1    53.46    2           U2   -12.67   -9  

                            U0     0.00    0          3U0     0.00    0  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.10  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (3.691 32.806)         Z2  (3.691 32.806) 

                   I1     998  -84            I2    -998  -84  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1     -999  -84           I2      996  -84  

                            U1    32.93    0           U2    32.93    0  

     4-5                    I1        0    0           I2        0    0  

                            U1    32.93    0           U2    32.93    0  

     2-3                    I1      351  -89           I2     -340  -91  

                            U1    57.73    2           U2     8.63   14  

     3-10                   I1     -646  -81           I2      660  -80  

                            U1    53.46    2           U2    12.67    9  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.70  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (2.454 9.005)          Z2  (2.454 9.005)          Z0  (3.609 20.421) 

 I1    1681  -78            I2    1681  -78            3I0    5044  -78  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -1104  -79           I2    -1090  -79  

                            I0     -816  -76          3I0    -2449  -76  

                            U1    50.52    1           U2   -15.69   -2  

                            U0   -34.87    2          3U0  -104.62    2  

     1-2                    I1     -289  -76           I2     -296  -75  

                            I0     -433  -79          3I0    -1298  -79  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

86 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    50.52    1           U2   -15.69   -2  

                            U0   -34.87    2          3U0  -104.62    2  

     1-29                   I1     -289  -76           I2     -296  -75  

                            I0     -433  -79          3I0    -1299  -79  

                            U1    50.52    1           U2   -15.69   -2  

                            U0   -34.87    2          3U0  -104.62    2  

     2-3                    I1     -100  -70           I2     -114  -68  

                            I0     -370  -80          3I0    -1109  -80  

                            U1    56.09    1           U2    -9.98   -3  

                            U0   -10.32    9          3U0   -30.97    9  

     3-10                   I1     -101  -71           I2     -115  -68  

                            I0      -88  -74          3I0     -263  -74  

                            U1    57.25    1           U2    -8.73   -6  

                            U0    -5.83    8          3U0   -17.48    8  

     3-4                    I1        4  -44           I2        0    0  

                            I0     -282  -82          3I0     -847  -82  

                            U1    57.25    1           U2    -8.73   -6  

                            U0    -5.83    8          3U0   -17.48    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     1                              Uɩɚ 114.70  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (2.454 9.005)          Z2  (2.454 9.005) 

                   I1    3547  -75            I2   -3547  -75  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     1-0                    I1    -2312  -76           I2     2298  -76  

                            U1    33.10    0           U2    33.10    0  

     1-2                    I1     -618  -73           I2      625  -72  

                            U1    33.10    0           U2    33.10    0  

     1-29                   I1     -618  -73           I2      625  -72  

                            U1    33.10    0           U2    33.10    0  

     2-3                    I1     -227  -66           I2      241  -65  

                            U1    44.99    0           U2    21.07    1  

     3-10                   I1     -226  -66           I2      242  -65  

                            U1    47.54    2           U2    18.47    5  

     3-4                    I1        3  -43           I2        0    0  

                            U1    47.54    2           U2    18.47    5  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (3.651 12.230)         Z2  (3.651 12.230)         Z0  (0.371 6.676) 

 I1    2056  -76            I2    2056  -76            3I0    6167  -76  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1        0    0           I2        0    0  

                            I0        0    0          3I0        0    0  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-11                  I1     -679  -62           I2     -668  -63  

                            I0     -129  -62          3I0     -386  -62  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

87 ВɄɊ – 13.03.02.05 ɉɁ 

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-12                  I1        0    0           I2        0    0  

                            I0      -54  -77          3I0     -161  -77  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-15                  I1        0    0           I2        0    0  

                            I0      -54  -77          3I0     -161  -77  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-18                  I1        6  -44           I2       -4  -49  

                            I0      -99  -73          3I0     -296  -73  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-24                  I1        6  -44           I2       -4  -49  

                            I0      -82  -76          3I0     -245  -76  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-3                   I1     -715  -82           I2     -702  -83  

                            I0     -822  -78          3I0    -2465  -78  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     10-6                   I1     -711  -83           I2     -703  -83  

                            I0     -822  -78          3I0    -2465  -78  

                            U1    39.73    2           U2   -26.22   -2  

                            U0   -13.75   10          3U0   -41.24   10  

     2-3                    I1      713  -82           I2      701  -83  

                            I0      157  -70          3I0      471  -70  

                            U1    48.38    3           U2   -17.87   -7  

                            U0   -11.87    9          3U0   -35.60    9  

     3-4                    I1       -2 -180           I2        0    0  

                            I0     -666  -80          3I0    -1998  -80  

                            U1    39.74    2           U2   -26.22   -2  

                            U0   -13.74   10          3U0   -41.23   10  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     10                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (3.651 12.230)         Z2  (3.651 12.230) 

                   I1    2583  -74            I2   -2583  -74  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     10-31                  I1        0    0           I2        0    0  

                            U1    32.96    0           U2    32.96    0  

     10-11                  I1     -851  -60           I2      839  -60  

                            U1    32.96    0           U2    32.96    0  

     10-12                  I1        0    0           I2        0    0  

                            U1    32.96    0           U2    32.96    0  

     10-15                  I1        0    0           I2        0    0  

                            U1    32.96    0           U2    32.96    0  

     10-18                  I1        5  -46           I2        5  -46  

                            U1    32.96    0           U2    32.96    0  

     10-24                  I1        5  -46           I2        5  -46  

                            U1    32.96    0           U2    32.96    0  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

88 ВɄɊ – 13.03.02.05 ɉɁ 

     10-3                   I1     -893  -80           I2      883  -80  

                            U1    32.96    0           U2    32.96    0  

     10-6                   I1     -891  -80           I2      883  -80  

                            U1    32.96    0           U2    32.96    0  

     2-3                    I1      893  -80           I2     -880  -80  

                            U1    43.70    2           U2    22.46    5  

     3-4                    I1        0    0           I2        0    0  

                            U1    32.96    0           U2    32.96    0  

 

                                  Вɢɞ ɄɁ  1 
                                        

 

 ɆЕɋɌɈ ɄɁ     30                              Uɩɚ 114.40  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
 Z1  (8.187 28.722)         Z2  (8.187 28.722)         Z0  (12.502 67.955) 

 I1     514  -77            I2     514  -77            3I0    1541  -77  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     30-2                   I1     -513  -77           I2     -513  -77  

                            I0     -513  -77          3I0    -1540  -77  

                            U1    50.75    1           U2   -15.32   -2  

                            U0   -35.47    2          3U0  -106.41    2  

     2-3                    I1      -44  -74           I2      -58  -68  

                            I0     -188  -80          3I0     -564  -80  

                            U1    60.98    0           U2    -5.08   -3  

                            U0    -5.25    9          3U0   -15.75    9  

     3-10                   I1      -45  -75           I2      -59  -68  

                            I0      -45  -73          3I0     -134  -73  

                            U1    61.50    0           U2    -4.44   -5  

                            U0    -2.96    8          3U0    -8.89    8  

     3-4                    I1        4  -45           I2        0    0  

                            I0     -144  -82          3I0     -431  -82  

                            U1    61.50    0           U2    -4.44   -5  

                            U0    -2.96    8          3U0    -8.89    8  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     30                              Uɩɚ 114.40  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (8.187 28.722)         Z2  (8.187 28.722) 

                   I1    1106  -74            I2   -1105  -74  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     30-2                   I1    -1106  -74           I2     1106  -74  

                            U1    33.03    0           U2    33.03    0  

     2-3                    I1     -111  -67           I2      125  -65  

                            U1    55.09    0           U2    10.96    1  

     3-10                   I1     -112  -67           I2      125  -65  

                            U1    56.34    1           U2     9.60    4  

     3-4                    I1        4  -44           I2        0    0  

                            U1    56.34    1           U2     9.60    4  

 

 

        ************  26 ɦɚя 2017     12 ɱɚɫ 9 ɦɢɧ 45 ɫɟɤ ************ 
 



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

89 ВɄɊ – 13.03.02.05 ɉɁ 

ɉɊɂɅɈɀȿɇɂȿ Ⱦ 
 

Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɄɁ ɇɇ (Min) 
 

 

                    Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
ɂɦя ɫɟɬɢ : K130414 
Чɢɫɥɨ ɭɡɥɨв ɄɁ: 2 
Чɢɫɥɨ ɩɨяɫɨв: 1 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     3 
  ɤɨɞ  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  ɭɡɟɥ ɤɨɦɦ. 
 ɈɌɄɅ    0         1        29          0 
 ɈɌɄɅ    0         9        30          0 
 ɈɌɄɅ    0        11        31          0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3         4 

    0         3        10 

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     5                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (6.697 34.216)         Z2  (6.697 34.216) 

                   I1     946  -79            I2    -946  -79  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     5-0                    I1        0    0           I2        0    0  

                            U1    32.98    0           U2    32.98    0  

     5-4                    I1     -948  -79           I2      944  -79  

                            U1    32.98    0           U2    32.98    0  

     2-3                    I1      319  -85           I2     -310  -86  

                            U1    56.97    2           U2     9.32   10  

     3-4                    I1      948  -79           I2     -944  -79  

                            U1    53.10    1           U2    13.01    6  

     3-10                   I1     -629  -76           I2      638  -76  

                            U1    53.10    1           U2    13.01    6  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.30  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (4.175 33.734)         Z2  (4.175 33.734) 

                   I1     970  -83            I2    -970  -83  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1     -972  -83           I2      968  -83  

                            U1    32.98    0           U2    32.98    0  

     4-5                    I1        0    0           I2        0    0  

                            U1    32.98    0           U2    32.98    0  

     2-3                    I1      326  -89           I2     -318  -90  

                            U1    56.91    2           U2     9.56   14  



 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

90 ВɄɊ – 13.03.02.05 ɉɁ 

     3-10                   I1     -644  -80           I2      654  -80  

                            U1    52.94    2           U2    13.34   10  

 

                   Ɋ Е Ɂ ɍ Ʌ ɖ Ɍ А Ɍ ɕ   Ɋ А ɋ Ч Е Ɍ А : 
Чɢɫɥɨ ɤɨɦɦɭɬɚɰɢɣ:     3 
  ɤɨɞ  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  ɭɡɟɥ ɤɨɦɦ. 
 ɈɌɄɅ    0         1        29          0 
 ɈɌɄɅ    0         9        30          0 
 ɈɌɄɅ    0        11        31          0 
Чɢɫɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ вɟɬвɟɣ:     3 
  ɩɚɪ    ɭɡɟɥ-1    ɭɡɟɥ-2  
    0         2         3 

    0         3         4 

    0         3        10 

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     5                              Uɩɚ 114.20  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (6.697 34.216)         Z2  (6.697 34.216) 

                   I1     946  -79            I2    -946  -79  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     5-0                    I1        0    0           I2        0    0  

                            U1    32.98    0           U2    32.98    0  

     5-4                    I1     -948  -79           I2      944  -79  

                            U1    32.98    0           U2    32.98    0  

     2-3                    I1      319  -85           I2     -310  -86  

                            U1    56.97    2           U2     9.32   10  

     3-4                    I1      948  -79           I2     -944  -79  

                            U1    53.10    1           U2    13.01    6  

     3-10                   I1     -629  -76           I2      638  -76  

                            U1    53.10    1           U2    13.01    6  

 

                                  Вɢɞ ɄɁ  2 
                                        

 

 ɆЕɋɌɈ ɄɁ     4                              Uɩɚ 114.30  0 
                    ɫɭɦɦɚɪɧɵɟ вɟɥɢɱɢɧɵ в ɦɟɫɬɟ ɧɟɫɢɦɦɟɬɪɢɢ 
                   Z1  (4.175 33.734)         Z2  (4.175 33.734) 

                   I1     970  -83            I2    -970  -83  

 

                             ɁАɆЕɊəЕɆɕЕ ВЕɅɂЧɂɇɕ 
     4-3                    I1     -972  -83           I2      968  -83  

                            U1    32.98    0           U2    32.98    0  

     4-5                    I1        0    0           I2        0    0  

                            U1    32.98    0           U2    32.98    0  

     2-3                    I1      326  -89           I2     -318  -90  

                            U1    56.91    2           U2     9.56   14  

     3-10                   I1     -644  -80           I2      654  -80  

                            U1    52.94    2           U2    13.34   10  

 

 

       ************  29 ɦɚя 2017     17 ɱɚɫ 14 ɦɢɧ 14 ɫɟɤ ************ 
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