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ABSTRACT 
The final qualifying work on the topic "Analysis of the effectiveness of the 

implementation of AMR system at the Kopievo Feeder 36-06 substation" contains 
pages of a text document, sources used, 3 sheets of graphic material. 

ANALYSIS OF LOSS OF ELECTRIC POWER, EFFICIENCY OF 
IMPLEMENTATION, COMMERCIAL LOSSES, ACCOUNTING DEVICE, 
ASKUE, CONSUMER. 

Object of work - ES "Ordzhonikidze RES", F 36-06, PJSC "IDGC of Siberia" - 
"Khakasenergo". 

The purpose of the work is the Analysis of the effectiveness of the 
implementation of the ASKUE system at the Kopyevo substation F 36-06. 

Subject of work - F 36-06, TP 10 / 0.4 kV. 
Objective: 
1. Analysis of the process of power consumption according to F 36-06; 
2. Analysis of losses before and after the implementation of the ASKUE 

system; 
3. Analysis of the causes of negative losses; 
4. Identification of the causes of losses after the introduction of the ASKUE 

system. 
As a result of final qualification work, the losses of electricity are analyzed. In 

solving the tasks, methods for assessing losses and factors affecting them were used. 
Calculations and graphical constructions were performed in the EXCEL program. 

As a result of the work performed, factors were identified that have the greatest 
impact on electricity losses according to F 36-06. The flaws of the system revealed 
during its operation are revealed. Deficiencies in the system of payment for energy 
resources have been identified. 
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 0,38      . [4] 
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2)     τ = f ( max, cosφ), ё   

 ,    ; 
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3)        Δ ; 
4)    ΔW = Δ  × τ     .  

  ,      
     ,  

 .         
     . [12] 
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                                                                                 (6.1) 
  

    : 
          ,(6.2)      –      [5] 
 

        
   : 

                            (6.3) 
 

     Δ    : 
                       (6.4) 

 
    : 

 
-            ,                                                                     (6.5) 
 

 τ –    . [11] 
          

  0,113 : 
      6     

        5,1 . [5] 
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         =30,6  
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   : 

                             = 1007  
 
      Δ    : 
                                     

 

    : 
                581,7   
 

  6.1          
 

 
 
 
 
 
 
 
 
 
 

 6.1–        
 

№ 

 
 L,  

r0 
/  

R 
  

P  
 

       
 
 

 P 
  

Q 
 

 W   

1 35 0.113 0.85 0.336 30.6 0.199 1007 0.57 6.1 581,7 
1 35 0.28 0.85 0.238 30.6 0.199 1007 1.43 6.1 1441,39 
1 35 0.117 0.85 0.099 41.6 0.199 1007 1.120003 8.4472 1127,843 
1 35 0.15 0.85 0.128 50 0.199 1007 2.074331 10.152 2088,851 
1 50 0.021 0.67 0.014 50 0.199 1007 0.228909 10.152 230,5109 
2 50 0.02 0.67 0.013 38.4 0.199 1007 0.128586 7.7974 129,4865 
2 35 0.36 0.85 0.306 41.8 0.199 1007 3.47938 8.4878 3503,736 
2 35 0.35 0.85 0.298 10 0.199 1007 0.193604 2.0305 194,9595 
2 35 0.35 0.85 0.298 10 0.199 1007 0.193604 2.0305 194,9595 
2 35 0.35 0.85 0.298 10 0.199 1007 0.193604 2.0305 194,9595 
3 35 0.025 0.95 0.024 30 0.312 1007 0.147156 22.940 148,1863 
3 35 0.15 0.85 0.128 30 0.312 1007 0.789997 22.940 795,5265 

          10632,11 



35 
 

 
        
 ,   . , 

        
      . 
   [6]     

       10%.  
c          

:               +30)  1,1 = 134  
 

   : 
                  +22,94)  1,1 = 45,73  
 

     : 
                                     
 

    : 
                1893,16 ×  
 

       : 
                       12525,27 ×  

     36-06-01.   
        . [4] 

 
  6.2         

 
 6.2–        

 
       

2017 31260 12525,27 18734,73 
2018 40245,27 12525,27  27720 
2019 37800 12525,27 25274,73 
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 7.1–    
 

  7.1         
  

 
 7.1–        

№ 
 

 L,  
r0 
/  

R 
  

P  
      

   
 
 

 P 
  

Q 
 

 W   

1 35 0.098 0.85 0.083 30.6 0.199 1007 0.507593 6.213595 511,1463 
1 35 0.236 0.85 0.201 30.4 0.199 1007 1.206441 6.172983 1214,886 
1  50 0.13 0.923 0.120 41.6 0.199 1007 1.351324 8.44724 1360,784 
1  50 0.071 0.923 0.066 10 0.199 1007 0.042647 2.030587 42,94547 
1  50 0.004 0.641 0.003 44.2 0.199 1007 0.032598 8.975193 32,82615 
2  50 0.002 0.625 0.001 45.6 0.199 1007 0.016915 9.259475 17,03323 
2 35 0.019 0.85 0.016 20 0.199 1007 0.04204 4.061173 42,33405 
2 35 0.018 0.85 0.015 20 0.199 1007 0.039827 4.061173 40,10595 
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c       : 
                 +50)  1,1 = 153,78  
 

   : 
                 +17,4)  1,1 = 35,62  
 

     : 
                                         
 

    : 
                 2358,6   
 

      : 
                       9225,5           

         
. 

 
  7.2        

 
 

 7.2 –        
 

 

2 35 0.046 0.85 0.039 20 0.199 1007 0.101781 4.061173 102,493 
2 35 0.046 0.85 0.039 20 0.199 1007 0.101781 4.061173 102,493 
2 35 0.039 0.85 0.033 20 0.199 1007 0.086292 4.061173 86,89622 
2  50 0.033 0.923 0.030 20 0.199 1007 0.079287 4.061173 79,84229 
2 35 0.211 0.85 0.179 44.2 0.199 1007 2.280204 8.975193 2296,166 
3  50 0.037 0.923 0.034 50 0.341 1007 0.598283 17.40686 602,4705 
3  10 0.006 3.16 0.019 50 0.341 1007 0.332155 17.40686 334,4804 

              6866,902 

       
2017 31260 9225,5 22034,5 
2018 40245,3 9225,5 31019,8 
2019 37800 9225,5 28574,5 
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 854,55   1  : 

                                10703,54  
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 .     2012-2019 .  
       ,   
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      2019 .  

 
8.1    2012-2019  
 

     10/0,4      
   .     8.1 – 8.   
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  8.1        36-06. 
 

 8.1 –    2012-2019    36-06 
 

 
   

 
 

 
 
 

      % . 

2012 9 717 600 6 035 486 3 682 114 37,89% 965 

2013 8 097 833 6 076 528 2 021 305 24,96% 968 

2014 7 084 375 6 198 259 886 116 12,51% 961 

2015 7 104 107 5 893 364 1 210 743 17,04% 967 

2016 6 630 828 6 218 145 412 683 6,22% 962 

2017 6 860 169 6 016 078 844 091 12,30% 992 

2018 7 051 249 5 884 743 1 166 506 16,54% 995 

2019 6 629 957 5 658 570 971 387 14,65% 1004 
 

 
  8.1        
  36-06. 

 

 
 

 8.1 –        36-06 
 

 8.1     ,    
2012      2013      

   .    

0,00%

5,00%

10,00%

15,00%

20,00%

25,00%

30,00%

35,00%

40,00%

2012 2013 2014 2015 2016 2017 2018 2019
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    2016 .    2016   8,92 
   2012 . 

 
  8.2       2012   
 36-06. 

 
 8.2 –      2012    36-06 

 

 
     

 
 

 
 

      % . 
 1 205 670 611 042 594 628 49,32% 965 
 952 860 572 438 380 422 39,92% 965 

 1 107 720 693 977 413 743 37,35% 965 
 750 810 592 719 158 091 21,06% 965 

 650 010 402 097 247 913 38,14% 965 
 522 360 200 015 322 345 61,71% 965 
 500 940 492 449 8 491 1,70% 965 
 460 920 518 619 -57 699 -12,52% 965 

 588 840 349 058 239 782 40,72% 965 
 923 250 487 073 436 177 47,24% 965 
 825 030 553 105 271 925 32,96% 965 
 1 229 190 562 894 666 296 54,21% 965 

2012 9 717 600 6 035 486 3 682 114 37,89% 965 
  8.2         

2012    36-06. 
 

 

 -20,00%

-10,00%

0,00%
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40,00%

50,00%

60,00%

70,00%
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 8.2 –       2012   

36-06 
 

         
         

  50-60%,    .   
            

     2012  -     
          

   . -      
         

      . [20] 
 

  8.3       2013   
 36-06. 

 
 
 
 
 
 

 8.3 –      2013    
36-06 

 

 
   

 
 

 
 
 

      % . 
 1 085 250 613 625 471 625 43,46% 968 
 948 090 555 781 392 309 41,38% 968 

 942 630 561 539 381 091 40,43% 968 
 756 390 487 293 269 097 35,58% 968 

 653 250 493 877 159 373 24,40% 968 
 434 130 553 415 -119 285 -27,48% 968 
 434 700 363 790 70 910 16,31% 968 
 422 155 404 411 17 744 4,20% 968 

 546 655 421 962 124 693 22,81% 968 
 585 070 496 696 88 374 15,10% 968 
 604 968 511 912 93 056 15,38% 968 
 684 545 612 227 72 318 10,56% 968 

2013 8 097 833 6 076 528 2 021 305 24,96% 968 
 

  8.3         
2013    36-06. 
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 8.3 –       2013   
36-06 

 
  8.3        

        
2013 . -          

  .      2013 
  32,9%. 

 
  8.4       2014   
 36-06. 

 
 8.4 –      2014    36-06 

 

 
   

 
 

 
 
 

      % . 
 733 885 609 701 124 184 16,92% 961 
 701 008 639 035 61 973 8,84% 961 

 598 361 497 028 101 333 16,94% 961 
 484 167 420 136 64 031 13,22% 961 

 533 111 458 816 74 295 13,94% 961 
 485 114 482 515 2 599 0,54% 961 
 421 087 414 978 6 109 1,45% 961 
 518 846 475 270 43 576 8,40% 961 

 588 990 528 287 60 703 10,31% 961 

-40,00%

-30,00%

-20,00%

-10,00%

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

1 2 3 4 5 6 7 8 9 10 11 12
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 652 918 524 352 128 566 19,69% 961 
 643 629 542 931 100 698 15,65% 961 
 723 259 605 211 118 049 15,72% 961 

2014 7 084 375 6 198 259 886 116 12,51% 961 
 
 

  8.4         
2014    36-06. 

 

 
 
 

 8.4 –       2014   
36-06 

 
     8.4       

20% .    ,     
         

        
    . [21] 

 
  8.5       2015   

 36-06. 
 
 
 
 
 
 

0,00%

5,00%

10,00%

15,00%

20,00%

25,00%

1 2 3 4 5 6 7 8 9 10 11 12
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 8.5 –      2015    36-06 
 

 
   

 
 

 
 
 

      % . 
 702 407 598 315 104 092 14,82% 967 
 611 532 486 098 125 434 20,51% 967 

 623 223 578 325 44 898 7,20% 967 
 444 251 393 263 50 988 11,48% 967 

 429 363 394 277 35 086 8,17% 967 
 382 302 361 132 21 170 5,54% 967 
 443 667 410 256 33 411 7,53% 967 
 718 822 405 891 312 931 43,53% 967 

 808 958 478 423 330 535 40,86% 967 
 755 788 588 083 167 705 22,19% 967 
 667 144 599 196 67 948 10,18% 967 
 516 650 600 106 -83 456 -16,15% 967 

2015 7 104 107 5 893 364 1 210 743 17,04% 967 
 

  8.5        
2015    36-06. 
 
 



46 
 

 
 

 8.5 –       2015   
36-06 

 
          

         . 
   , ,      
   -        
        
     . 

 
  8.6       2016   
 36-06. 

 
 8.6 –      2016    36-06 

 

 
   

 
 

 
 
 

      % . 
 630 612 705 988 -75 376 -11,95% 962 
 569 881 594 547 -24 666 -4,33% 962 

 473 800 553 491 -79 691 -16,82% 962 
 503 965 494 990 8 975 1,78% 962 

 534 351 496 215 38 136 7,14% 962 
 433 674 421 542 12 132 2,80% 962 
 462 126 361 400 100 726 21,80% 962 
 485 317 458 173 27 144 5,59% 962 

 573 879 514 312 59 567 10,38% 962 

-20,00%

-10,00%

0,00%

10,00%
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40,00%

50,00%
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 635 463 521 096 114 367 18,00% 962 
 639 786 553 012 86 774 13,56% 962 
 687 974 543 378 144 596 21,02% 962 

2016 6 630 828 6 218 145 412 683 6,22% 962 
 

  8.6        
2016    36-06. 

 

 
 

 8.6 –       2016   
36-06 

  8.7       2017   
 36-06. 

 
 8.7 –      2017    36-06 

 

 
   

 
 

 
 
 

      % . 
 703 137 604 840 98 297 13,98% 992 
 624 546 539 719 84 827 13,58% 992 

 613 518 531 178 82 340 13,42% 992 
 510 920 458 316 52 604 10,30% 992 

 356 123 480 620 -124 497 -34,96% 992 
 539 627 520 379 19 248 3,57% 992 
 481 778 441 079 40 699 8,45% 992 
 489 180 409 830 79 350 16,22% 992 

 572 966 466 460 106 506 18,59% 992 

-20,00%

-15,00%

-10,00%

-5,00%

0,00%

5,00%

10,00%

15,00%

20,00%

25,00%

1 2 3 4 5 6 7 8 9 10 11 12
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 615 761 466 170 149 591 24,29% 992 
 659 531 520 006 139 525 21,16% 992 
 693 082 577 481 115 601 16,68% 992 

2017 6 860 169 6 016 078 844 091 12,30% 992 
 

  8.7        
2017    36-06. 

 

 
 

 8.7 –       2017   
36-06 

 
     7.7 -      

      .   
   2017   2,7%. 

 
  8.8       2018   

 36-06. 
 

 8.8–      2018    36-06 
 

 
   

 
 

 
 
 

      % . 
 826 394 590 013 236 381 28,60% 995 
 648 040 600 426 47 614 7,35% 995 

 664 596 568 557 96 039 14,45% 995 
 542 897 445 406 97 491 17,96% 995 

 525 907 503 058 22 849 4,34% 995 

-40,00%

-30,00%

-20,00%

-10,00%

0,00%

10,00%

20,00%

30,00%

1 2 3 4 5 6 7 8 9 10 11 12
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 412 632 392 092 20 540 4,98% 995 
 466 522 326 488 140 034 30,02% 995 
 453 282 403 262 50 020 11,04% 995 

 518 527 423 854 94 673 18,26% 995 
 558 835 481 182 77 653 13,90% 995 
 650 599 528 035 122 564 18,84% 995 
 783 018 622 370 160 648 20,52% 995 

2018 7 051 249 5 884 743 1 166 506 16,54% 995 
  8.8        

2018    36-06. 
 

 
 

 8.8 –       2018   
36-06 

 
      2018   
  2015 .   

 
  8.9       2019   

 36-06. 
 

 8.9–      2019    36-06 
 

 
   

 
 

 
 
 

      % . 
 750 070 630 589 119 481 15,93% 1004 
 697 349 545 342 152 007 21,80% 1004 

 613 214 495 040 118 174 19,27% 1004 
 545 711 461 260 84 451 15,48% 1004 

0,00%

5,00%

10,00%

15,00%

20,00%

25,00%

30,00%

35,00%

1 2 3 4 5 6 7 8 9 10 11 12
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 532 264 455 742 76 522 14,38% 1004 
 355 177 415 577 -60 400 -17,01% 1004 
 463 103 374 918 88 185 19,04% 1004 
 295 316 386 816 -91 500 -30,98% 1004 

 479 101 381 929 97 172 20,28% 1004 
 578 684 436 618 142 066 24,55% 1004 
 644 482 563 085 81 397 12,63% 1004 
 675 486 511 654 163 832 24,25% 1004 

2019 6 629 957 5 658 570 971 387 14,65% 1004 
  8.9        

2019    36-06. 
 

 
 
 

 8.9 –       2019   
36-06 
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-30,00%

-20,00%

-10,00%

0,00%

10,00%

20,00%

30,00%

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



51 
 

 
 
 
 
 
 
 
 
 

9       
 

       
         

       
      

,       
 ,       

 .       
        

  .     
    ,     

        
    ,    

  .      
       

      . 
      

      
      . 

       
.       

   ,       
.        

 ,  -       
         
 .      

   . [14] 
      

   . , Microsoft  Yello (  
  )    . 

        ,   
       , 

      ,    
    .      



52 
 

    Microsoft,    
     MicrosoftAccess,    .  
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 « » ). ,     
 ,     . [7] 

     : 
        

       2013 , 
. .    . 

     2013      
 7          

     Excel. 
 

 10.1       
    36-06    2013 . 

 
 10.1 –        

36-06    2013 . 
 

     % 
 0 43.46 
 0 41.38 

 0 40.43 
 0 35.58 

 919 24.4 
 1600 -27.48 
 1600 16.31 
 1600 4.2 

 1600 22.81 
 1600 15.1 
 1600 15.38 
 1600 10.56 

 
  10.1        
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11       
 

  29-04       
 3091 .       
 317 .      

74 .   222 .   
 1025 .      74 . 

 74 .    74 .  74 
.   74 .   74 . GSM/GPRC-

 74 .   74 .   
 

 11.1 –       
 

  ./  
 

 .    . 

 
 

 CE303 S 31 

51 3201,69 163286,7 

 
 

 CE208 

880 5296,61 4661016,8 

 
 

 CE303 S34 

19 7061,86 134175,34 

 277 177,96 49294,92 
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19 8453,39 
160614,4 

 19 6426 122094 
 19 1905,08 36196,52 
 

 
 

19 274,42 

5213,98 
  200 7,12 1424 

 19 3,34 63,46 
  

Din-  
40 5,22 

208,8 
 

 47-
29 4  

19 163,46 

3105,74 
  19 1186,44 22542,36 

GSM/GPRC-  19 6779,66 128813,5 
 

 
19 2372,88 

45084,72 
  19 211,86 4025,34 

  19 825,76 15689,44 
 3338 4,83 16122,54 

  60 1026,27 61576,2 
  11.1 
 

  ./  
 

 .    . 

 
 

2011 18,98 
38168,78 

 
 

2011 127,12 
255638,3 

  1840 104,41 192114,4 
  880 64,78 57006,4 
  51 122,08 6226,08 

   
DIN-  

51 61,46 
3134,46 

DIN-  150  51 16,61 847,11 
  1091 79,73 86985,43 

 
 

 591568,7 

  6270670,8 
 

 
  -    3645000 . 

     9915670,8 . 
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   ,   10/0,4    36-06  
     11.2  11.3    

     . [15] 
 

 11.2 –       
 

 
   

 
  

 · ·  
 

 
   

 .  
 

2012 2117142 1,18 2498228 
2012 1564972 1,2 1877966 
2013 1554210 1,2 1865052 
2013 467095 1,3 607223.5 
2014 428416 1,3 556940.8 
2014 457700 1,4 640780 
2015 381668 1,4 534335.2 
2015 829075 1,6 1326520 
2016 412 683 1,52 627278,2 
2017 212819 1,58 336254 
2017 631272 1,64 1035286 
2018 520914 1,64 854299 
2018 645592 1,72 1110418 
2019 490265 1,82 892282.3 
2019 481122 1,84 885264.5 

 
 11.3 –       

 
2012 2013 2014 2015 2016 2017 2018 2019 

1 2 3 4 5 6 7 8 
4376194 

 
2472276 

 
1197721 

 
1860855 

 
627278,2 1371540 

 
1964717 
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