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ANNOTATION 

Trofimchuk V. . Improving the efficiency of Ukrainian gas transmission 

system operation by improving energy management measures. – Qualified scientific 

work on the rights of the manuscript. 

The dissertation on reception of a scientific degree of the Candidate of Technical 

Sciences (PhD) in the specialty 05.15.13 – pipeline transportation, oil and gas storages. – 

Ivano-Frankivsk National Technical University of Oil and Gas, Ministry of Education 

and Science of Ukraine, Ivano-Frankivsk, 2021.  

According to the research results it was determined that the technological costs of 

GTS energy resources were mostly susceptible to energy management. A corporate 

system of targeted energy monitoring and internal benchmarking was imlementes in LtD 

"Gas Transmission System Operator", which made it possible to model graphically the 

efficiency of energy resources usage, identify the causes of energy consumption by taking 

into account the factors that affected the equipment operation . Regularities were 

established, which in real time allowed to determine the technical condition of the boiler 

based on the dependence of its efficiency on gas consumption. The optimal gas 

temperature at the outlet of the GDS was determined. Simulation of GDS operation with 
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design outlet pressures and optimal gas temperature at the outlet was carried out. On the 

basis  of  the  research  results  the  influence  of  deposits  in  pipelines  on  an  error  in  an  

estimation of gas volume in gas pipeline was determined. The influence of nonstationarity 

on the accuracy of estimating the amount of liquid in the gas pipeline wass shown by 

mathematical modeling and the error in calculating the gas volume and the value of the 

nonstationarity criterion for each of the time points of the nonstationary process was 

determined. The possibility and efficiency of excess oil temperature application in for the 

GTI oil cooling pipelines subjected for heating the premises of the CS by installing heat 

exchangers was proved. By using the methods of evaluating the effectiveness of the 

project on removing the heat from the oil A I at the CS, its efficiency and advantages of 

the Monte Carlo mathematical modeling method were justified, which allowed to perform 

risks simulation and predict the future efficiency of the project depending on variables as 

accurately as possible. 

Keywords: degree-days, energy-efficiency measures, boiler efficiency, gas 

temperature, nonstationarity criterion, waste energy, Monte Carlo. 
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 2.1 –  « »  2019 . 

 
  

 

,   
, 

. 
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) 

 

 

, 

 
) 

, % 

 
 
 
 
       

1  (1 )   
,   

./  
./ ) 

 
 

 
  TRISTAR 

3G 840 1 0,72(840) 0,72 94 152/0,177 2016 

 
  TRISTAR 

3G 1100 2 0,95(1100) 1,9 94 152/0,177 2016 

 
 

-
 

Vitoplex-
100 3 1,5(1744) 4,5 94 152/0,131 2010 

 
 

-

 

Vitoplex-
100 3 1,2(1395) 3,6 94 152/0,131 2009 

 
 

-

 
-22 3 0,86(1000) 2,58 91 157/0,135 2000 

 
 

-

 
TRISTAR 3G 
1320 2S  1 1,135(1320) 1,135 95 149,5/0,129 2016 

 
 

-

 
TRISTAR 3G 
1600 2S  2 1,377(1600) 2,754 95 149,5/0,129 2016 

 
 -21 2 1,72(2000) 3,44 91 158,7/0,136 2003 

 
 

-
 

Vitoplex-
100 3 1,2(1395) 3,6 94 152/0,131 2008 

 
 

-

 
TRISTAR 3G 
1100 2S 3 0,95(1100) 2,85 95 149,5/0,129 2017 

 
  TRISTAR 3G 

1100 2S 3 0,95(1100) 2,85 95 149,5/0,129 2017 

 -19 -22 3 0,86(1000) 2,58 91 157/0,135 2001 

 -37 Logano 
S815 3 1,63(1900) 4,89 93 153,6/0,132 2003 

 - -
20 

TRISTAR 3G 
630 2S  3 0,541(630) 1,623 95 149,5/0,129 2017 

 - -
38 

TRISTAR 3G 
1600 2S  2 1,377(1600) 2,754 95 149,5/0,129 2016 

 - -
38 

TRISTAR 3G 
1320 2S  1 1,135(1320) 1,135 95 149,5/0,129 2016 

  Vitoplex-
100 3 0,963(1120) 2,889 94 152/0,13 2010 

  -22 3 0,86(1000) 2,58 91 157/0,135 2001 

 
Expres 
Trio 3 0,5805(675) 1,742 94,6 151/0,130 2018 

 
Expres 
Trio 3 0,5805(675) 1,742 94,6 151/0,130 2018 

 
-2,0   

-21” 2 1,72(2000) 3,44 86,6 164,9/0,142 1994 

 
 

  2 0,86(1000) 1,72 86,4 165,3/0,142 1992 

 
  3 Buderus 

GE 615 3 0,955(1110) 2,865 93 149,5/0,129 2010 
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: Q  – ; Q  –  
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, ; t  – 20 0 ; t ) – 3  . 

  

VQ ,        (2.7) 

:  – ; V – ;  –    

. 

 

)(
)(

)()( tt
ttVV  .     (2.8) 

   

: 

 

)(
)(

)()( tt
ttVV  .     (2.9) 

 

= ( ) 24      (2.10) 

 

      

. 2.3) 

= 111,41 , ,       (2.11) 

: q  –  ( 3 ). 

, , , 

 

:  

= ) , , ( )
, ,

)( ))
     

=
24 , ( )

, ( ( ))
=

24 , , ( )
( ( ))
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= 24
, , ( )

( )
.     (2.12) 

 ( )  2.12  

. 2.3, 2.4, 2.5, 2.6  

. 2.2.  

 2.2 –  

 , 
 , % , 3  

51% 0,44 94,7 56,18 
55% 0,474 94,7 60,48 
60% 0,513 94,4 65,8 
75% 0,644 93,1 83,62 
86% 0,736 93,1 95,63 
89% 0,765 92,6 99,84 

 

 
 2.3 –  

 

 

y = 111,41x-0,04

R² = 0,9555

92

92,5

93

93,5

94

94,5

95

50 60 70 80 90 100

 
 

3/

 %

92

92,5

93

93,5

94

94,5

95

0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8

 %
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 2.4 –  

 

 
 2.5  

 

 
 2.6  

 

 

, . 2.3. 

. 2.3  .  

  -0,9758 .  

 (  

),      

. 

45%
50%
55%
60%
65%
70%
75%
80%
85%
90%
95%

0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8

 -

50

60

70

80

90

100

110

0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8

 
 

3/

 -
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 2.3 – ,  

 

,  
 

  
 

, 
% 

, 
3  

 1,0000 0,9999 -0,9728 0,9998 
  1,0000 -0,9742 1,0000 

, %   1,0000 -0,9758 
    1,0000 

 

 

 

 ( ).  

.  

 

 

,    

 ( , ) . 

,  (2.12)  ( ). 

   

 

. 

 

. 

 

 –  

 (« »).  

 (Degree Days) : 

 

ZhtThtTDD *)int( ,      (2.13) 

: Tint –  

,  Tint = 10; Tht – 
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; Zht 

–  (  

 Zht=1). 

 (2.13)  

 9  11   

.   

10)int( ThtThtTDD  ;        (2.14) 
  

1010/)int(10 ThtThtTDD ;     (2.15) 
 

101)int( ThtThtTDD      (2.16) 
   

 120 , 

 

 – ) .  

700 ,  (  

) ,  

,  

).  50-  

,  

. 

 

 

: 

 

21 QQ   t= const;     (2.17) 

2211 CVCV   = const.     (2.18) 

: 

1221
1

22
1 /CCVV

C
CVV .     (2.19) 
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1

2

C
C

 

. 

,    QDD 

 DD : 

KDD
Q

Qi
DD ,       (2.20) 

 
: Q  – =1;  –  

. 

,  

, , , 

.  

,  

, , ,  

   

. 

   

: 

E=QDD  / V  ,     (2.21) 
 

:  QDD –     

; V  – . 
3  

, , ) ,  

.  

 ( .2.7)  1 , 

 4 .    

     ( .2.8):  

 (  
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) –  – 

. 

 

 
 2.7. –  2016 . 

 

 

 2.8 –  

 1  2016 . 

 

,  –

4  +10  ( )  ( )  

. , , ,  

, .  

, ,  4  
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.  ,  

 ,  2.9,   

 4  ( )  

 ( ). 

 

 

 2.9 –  

 4  2016  

 

 

 2.10 –  1  4 
 2016  

 



86 
 

 (2.21)  

1  4  (  2016 )  

 ( . 2.10). 

 1. 

  1 4 , 

 12,3 3 ,  96%  4. 

 2016  93,2 . . [137].  

 

 [138].  

 1 . 2.8  

,  

0,35, . 

, 

  , 

.   

 

 
 2.10 –  

 1  2016 . 

 



87 
 

 

 1  , 

 2.11. 

 

2.21  ( .2.12). 

,  1  

.   

 

 5 3 ,   17%   4   

,  2016  43,2 . . 

[137].  1 -

,  

), : ,   , 

, . 

 

 
 2.12 –  1  4 

 2016  

 



88 
 

   

.  –  

,  

 1924 . , ,  

.  

:  

 

) . ,  

.  

 3 ,  –  

.  – 

.  

.  3 ,  99,7 %  

,  

 [139].   

 

 3 .  

 [139].  

,  

,  

,  

.). 

   

 ( ).  –  

,  

. ,  

 

 [140].  

 



89 
 

 

. 

,  

 [138],  

,  

,  

. 

 

.  

,  

, .  

 — ;  

, ..  

 R,  

 [139].  

: 

 

 X ± 2R,       (2.22) 

 

:  – ; 2 – 3, [139]; 

R – . 

   4  2016  

2.21    2.22 ,  

  .2.13 . 

 

.  

, . 

 10.12.2016  

.  

. .2.4 



90 
 

,  

10.12.2016.  4 . 

2.14, ,  

. . 2.5  

,  

. 

 

 2.4     2.5  

 4  2016         4  2017  

 
 

,  

 

.  

. 

 

 .;  ³.)

 
.   

 
DD  .;  ³.)

 
.  DD

01.12.16 1142 -3 81,57 01.02.17 1359 -8 79,94
02.12.16 1103 -2 84,85 02.02.17 1176 -5 84,00
03.12.16 1249 -4 83,27 03.02.17 1091 -2 99,18
04.12.16 1337 -7 74,28 04.02.17 1068 0 118,67
05.12.16 1352 -7 75,11 05.02.17 1122 -3 93,50
06.12.16 1103 -4 73,53 06.02.17 1410 -9 78,33
07.12.16 1575 -13 65,63 07.02.17 1616 -14 70,26
08.12.16 1022 -1 85,17 08.02.17 1721 -16 68,84
09.12.16 1028 0 93,45 09.02.17 1549 -13 70,41
10.12.16 924 3 115,50 10.02.17 1327 -8 78,06
11.12.16 975 0 88,64 11.02.17 1223 -4 94,08
12.12.16 1341 -5 83,81 12.02.17 1187 -4 91,31
13.12.16 1230 -7 68,33 13.02.17 1306 -6 87,07
14.12.16 1146 -4 76,40 14.02.17 1238 -3 103,17
15.12.16 1368 -7 76,00 15.02.17 1210 -3 100,83
16.12.16 1423 -11 64,68 16.02.17 1270 -9 70,56
17.12.16 1258 -6 74,00 17.02.17 1131 -2 102,82
18.12.16 1155 -3 82,50 18.02.17 952 1 119,00
19.12.16 1011 -1 84,25 19.02.17 1011 -1 101,10
20.12.16 1337 -8 70,37 20.02.17 814 1 101,75
21.12.16 1193 -5 74,56 21.02.17 787 1 98,38
22.12.16 1068 -2 82,15 22.02.17 968 4 193,60
23.12.16 1161 -3 82,93 23.02.17 1009 2 144,14
24.12.16 1022 -1 85,17 24.02.17 837 4 167,40
25.12.16 1119 -1 93,25 25.02.17 1119 -1 111,90
26.12.16 1055 0 95,91 26.02.17 995 1 124,38
27.12.16 1085 0 98,64 27.02.17 850 6 283,33
28.12.16 1024 1 102,40 28.02.17 934 2 133,43
29.12.16 1049 -1 87,42
30.12.16 1254 -6 73,76
31.12.16 1158 -4 77,20
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 2.13 –    4  2016  

 

 
 2.14 –    4  2017  

 

 

, , , 

, . 

,  

 E  F,    

: 

bFaF )( ,       (2.23) 
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:   a  b  ( ). 

,  

 i- ,  

 i-  

 Ei    Fi .  

 E  ( )  

 F.  

 E  (F),  

 i-  [141]: 

EibFiaEiF )(  ,    (2.24) 

:  Fi  Ei –  i-  

. 

 (2.23)   

4   1  2016  ( . 

2.15). 

 

 
 2.15 –  4  1 

 2016  
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, ,  

. ,  

, ,  

,  

.  

 [141].   

,  

,  

, ,  

,  

. ,  

Ei  

. 

 2.15 ,   4( )  

 1 ( ).  

 ( 1 40.154 +1024.8; 4 55.175  + 772.7) ,  

 1 4, 40.154  

 55.175,  1  1024.8  772.7,  

.2.12.  

 2.24  1  

.  538 3,  1,6%  

.  4   2163 3,  

 7,5% .  1 

 4  2016   – 0,952  – 0,796 . , 

   

 4  

 6%. 

 

,    
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  :    

 

,  [141, 

142]. ,  

, . ,  

,   E  (Fi) ,  

,   

E (F ), ,  

, , .  ( .2.16 

) : 

 

FbaF)(      (2.25) 
 

 
 2.16 –  

 4  1  2016  
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 ( .2.17, .2.18) 

 

, : 

1.  

,  

. 

2.  ( . 2.17, . 2.18)  

, , 

, . 

 

 
 2.17 – 4   

 2016/2017 . 

 

 

,  

. 

: 

1.  

.  
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2.    

,  

. 

3.  

,  

. 

4.  

. 

5. ,  

 

. 

6.  

 

. 

 

 

 2.18 – 1   

 2016/2017 . 
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 4 , 

 

.  

 

2.2  
 

). 
 

 

, .  

:  

; ;  ( ) ;  

;  ( ) . 

   

,    

 [138].    

, : ,  

, , , 

.  

.  

    

 [143]. 
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.  

, ,  

, , . , 

 

,  

. 
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,  

.  

 [144]: 

 

= ( )  ,    (2.26) 

:  

=  ,     (2.27) 

:   1,  2  –  

, ; 1,  2, –  

, ; Di – , K/ . 

:  

 

= ,    (2.28) 

: Q  – , , 
3;  2  –  2.27, ; 2  –  

, ; 2  –  

, . 

   ( . 2.7),  

 « » ,  199  

 161 . 

.2.7 ,    11 

. ,  

,  150 . 

 0,01  0,09 .  

 0,43 . 

 (2.27) ,  

 5,42 .  
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 2.7 –  « »,  

  

SK  * 

    . 
 11 
     : 150 

0,01  13 
0,02  8 
0,03  51 
0,04  32 
0,05  2 
0,06  4 
0,07  3 
0,08  9 
0,09  28 

* ASK – ,   

 

 

,  

,  

.  

,  0,5  , 

.  

 

 2.8. 

 

   

 4,3 .= 0,43 .  

 (2.26)  

) =  ×   ,   (2.29) 

 =0,43 5,42=2,3 , 

:   – , . 

 (2.28) ,  

 .  
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=       (2.30) 

 

 2.8 –  

 

 
 
 

     ( ²)  ; 
 (  ) 

 
 

 
 

(2.26);  

 
 
 

 

3       (0 )  (0 ) 

01.01.2018 439348 27,1 2,5 9 -4,5 -4,28 0,22 
03.01.2018 488220 27 2,5 9,1 -4,05 -4,38 0,33 
05.01.2018 536523 27 2,5 9,2 -4,11 -4,28 0,17 
07.01.2018 469539 27,5 2,5 9,4 -3,8 -4,35 0,55 
09.01.2018 645190 26,1 2,5 8 -4,46 -4,98 0,52 
11.01.2018 677904 26,5 2,5 9 -3,78 -4,2 0,42 
13.01.2018 756138 26 2,5 9 -4,05 -3,93 0,12 
15.01.2018 861825 27,3 2,5 9,2 -3,95 -4,44 0,49 
17.01.2018 625184 28,4 2,5 9,2 -4,54 -5,05 0,51 
19.01.2018 522778 28 2,5 8,2 -5,78 -5,83 0,05 
21.01.2018 500650 27,5 2,5 8 -6,08 -5,75 0,33 
23.01.2018 645110 27,7 2,5 8,1 -6,66 -5,76 0,9 
25.01.2018 676110 27,1 2,5 8 -5,91 -5,53 0,38 
27.01.2018 638018 26,6 2,7 8 -4,98 -5,15 0,17 
29.01.2018 423737 26 2,7 8 -4,55 -4,82 0,27 
31.01.2018 519599 26 2,7 8 -4,99 -4,82 0,17 

. . 589117,1 27,0 2,5 8,6 -4,8 -4,8 0,35 
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».  
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 Mathcad.  
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,  5  

[40]. 

,  

 -5    -10 . 
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 161    « »  2015 
 2017 ,  

.  
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 « »  

 2017  

 
 

  ,  
3  0  

  : 

=
/

  ,    (2.32) 

: 
Q  – , . 

,  120 .    
  . 2.9.  

 2017  2015 . 
 2015  2105,7 . 3 

.   2.9 ,  2017 
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 27 %  2015  ,  
: 

Q =Q .      (2.33) 
 

: Q  –  2015 ; 
 –  2017  

 2015 . 
Q = 2105,7 * 0,27=568 541 3 

 2.15. 

 = Q  *  = 568 541 * 8,87 = 5 045 064 .                                    

:   –  2017  [137]. 

 

 2.9 –  

 

 

 
 1 3  

 10 . 3) 

 
 

 
 

 (%) 

 2015   2017  

 0,00186 0,00129 30,7 
 0,00193 0,00139 27,8 
 0,00151 0,00137 9,4 

 0,00132 0,00100 24,7 
 0,00026 0,00023 11,0 
 0,00014 0,00005 64,9 
 0,00011 0,00005 53,1 
 0,00009 0,00005 45,3 
 0,00014 0,00010 30,3 
 0,00059 0,00055 5,8 
 0,00097 0,00096 0,4 

 0,00140 0,00108 22,8 
 27,2 

 

 

: 
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- ,  
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-  

 ( ).   

 

 « »  

 ASK  

.  

 161 ,    2018 .  

   

 5 .  

 (2.29) 

 5.  ,  

 73 .    ( )  

. 2.10.  

 

 

  5 . 2.21. 

 

 5 : 

Q .=Q .–                 (2.35) 
:  

Q –   

 

 5 . 

. 2.10 Q .  2018    274717 3.  

[37]  2018  11096 . 
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 2.10 –  

 

 

 

 
 2.21 –  

 

 5 . 

 

 (2.31)  

3048,07 . .  2018 . 

 
 

 
 ( 3) 

 
Q  

(2.30)  ( 3) 

 
 

  
-5 0  

01.2018 323128 52192 270936 
02.2018 307665 39761 267904 
03.2018 321661 62520 259141 
04.2018 51059 9167 41892 
05.2018 3127 1120 2007 
06.2018 1801 1008 793 
07.2018 1935 232 1703 
08.2018 1563 446 1117 
09.2018 7647 2471 5176 
10.2018 44422 8807 35615 
11.2018 183840 35546 148294 
12.2018 292687 61448 231239 

 1540535 274717 1265818 
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,  

 

5 : 

Q  = Q (1) + Q (2)   =445140 3
  ,    (2.36) 

:  

Q (1)–      

; 

Q (2)–      

 5 . 

 
2.3  

. 

 

 

.  

, ,  

 [151].  

: 

=   = 309,8 .     (2.37) 

: 

 Q  –  ( 3 );  –  

, 3 , =0,696 3 [149]; 

 [152]  E  ( ),  

:  

 

= 10                      (2.38) 

: 

 E –  

, ; 

R  – , ; 
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B – , ; 

Q  – ,  [149].  

 [152]: 

kNOx=64,311 ; kCO = 248,75 ; kCO2 = 58748,13 ; kCH4= 1,0 

. 

 2.11. 

  
,  

.  2.12. 
 

 2.11 –  

. 

 
 

 

 
   

; 

 
 

 

 
 

 
./  

 
  

. 

NOx 64,311 0,977 2454,81 2399,10 
CO 248,75 3,780 92,37 349,17 

CO2 58748,13 892,769 10 8927,69 

CH4 1 0,015 138,57 2,11 

   897,541   11678,06 
  

 2.12 –    

. 

 
 

 

 
   

; 

 
 
 

 
 

 
./  

 
  

. 

NOx 64,311 1,248 2454,81 3064,18 
CO 248,75 4,828 92,37 445,97 

CO2 58748,13 1140,262 10 11402,62 
CH4 1 0,019 138,57 2,69 

   1146,358   14915,45 
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Q

E
Q

     (3.1) 

 

,  

 Q  Q .  

 
2 2

6 2,5
) 0,326 10 P PQ d

zT L
     (3.2) 

 

,  (3.2)  

 : 

                   E .    (3.3) 

 

,  –  
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3)      T ; 

4) . 
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.     (3.5) 
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( )ln
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T T
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3.  :z  

 
1,3

5
3,31 5,5 10
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4. :  

 
26 5 2 2

2
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6. :  

 
0,221580,067
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.  
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,  
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 0,81 2

3
1

k kW E
U k

,    (3.13) 

: W  – , 3; 
2

4
dU L  – , 3;    

1k , 2k , 3k  – ,   ,  

, , ,  

. 

. ,  

 ( )  50 % [155]. 

: 

 0,81W K E ,    (3.14) 

: K  – , . 

 .W  

: 

 0,81W K E ,    (3.15) 

 0,81W K E ,    (3.16) 

: E , E – . 

,  W W W , 

 0,8 0,8W K E E .    (3.17) 
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1 1 11 ,     (3.20) 

 

: ix , i  –  

  .  

 

 0,92 – 0,96. 

,  

 0,95  

  4,45%  

.  

 4,91%,  – 8,09%.  

   

,  

 6 . 3 
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. 

 

 [154],   

  

 

                                           t
QdN
w

,                                                                          (3.20) 

 

  : max minQ Q
Q

Q
 –  ;  

 
2

P

4Q TP
w z

Pc Td
 –   ; 

cpQQQ ,, minmax – ,  

 ; ,d  –   

. 

 

 1420 20  100 ,  

 0,6  7,5  5  

 293 . ,  

,  578,43  

 6,333  0,00899.  

  

 

6,7766413
293*3,478*8703,0*4

100000*38,1*14,310*333,6/
4

/
2

6
2

zRTLdpzRTpVm cp   (3.21) 
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2 2
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1 0,
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x x x D t
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                                            (3.22) 

: ),( txpp  x  t ;  –  

; – ; – ; D  – ; 
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 3.1 –  

 ,   

,  

, 

 

 

 

  

 

1 0 6,3333 6,7766413  0  

2 10 6,7951 8413271,1 1,264 0,08328 

3 1000 6,5175 7999249,2 0,119 0,02998 

4 3500 6,3964 7844971,4 0,0342 0,0101 

5 7000 6,3439 7779411,6 0,0173 0,00167 
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1) , 

 

- ;  
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 1 

 2  

 « » 3.  

 70 .  

 4  5  

 6.  3 

 45  6 

 7  

.  

 8  9 .  

 3  45  

  .  

 10 . 

,  

: 

= ( )      (4.1) 

:  –  1974 , 

T1 –  65 , 

T2 –  40  , 

m –  . 

: 

=  = 70  875= 61250     (4.2) 

:  –  875 3, 

q –  70  3 . 

 1 : 

Q=1974 61250 (65-40)=3022687500  =0,722  = 3023  = 

=839 . 

 [160, 161] ,  

   489  520 .  
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 839 ,  

.  

 [160]  2018 ,   

 « » 

 10 )  182,3 . 3. 

 [137]  2018  

11096 . 

  : 

=  = 182313 11,096= 2023148          (4.3) 

: 

–  2018  [137], 

Q –    

   

 

 « »  

. ,  

, ,  

. 

 

»  

.    [162]  

 2018  3301 .  

 32,6 . 

: 

=         (4.4) 

:  

t – ,  2018 . 

N –  

 –  « »  2018 

 [163]. 
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= 3301 32,6 2,82=303467 . 

,  

 40  

.  

 5,5 .  

,  

.     [161] 

 2018  11621 . 

 (4.4) :  

= = 11621 11 2,82 = 360483 . 

: 

t –  2018 . 

N –  

 –  « »  2018 

 [163].  

, , ,  2,65 . . 
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 [164]  

: 

       (4.5) 

:  –  ( . . ./ )  

 1  

,  

, . 4.1;  

 –   ,  

. . 

 

 4.1 –   1  

 , . .  / . ./  

-750-6 
-6-790 ( -6) 

-10 
-6,3 

0,00320 
0,00415 
0,00545 
0,00370 

 

 [165]  

 –10 120.00.000  41,5 . . 

 4.1  

 (4.5) : 

q= 0,00545*41,5=0.226175 . .  / . 

: 

      (4.6) 

:  

q –  8760  

, . . ;  –  

, . 

[40]   14513 . 
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qq
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QE= 0.226175/8760*14513=0.374712 . .  / . 
3  

 [149]     1,157. 

 323,865 . 3/ .  

 (4.3): 

=323865  11,096=3593606 . 

,  

  .  

,  

 95%  200 . 3. 

 

4.3  

 . 

 

 

: 

= + = 323865+182313=506178 3    (4.7) 

: 

 Q1 –  

 ( 3 ); Q2 –      

 « » ( 3 ) . 

 2.37: 

 

=    = 352,3 . 

: 

  – , 3 , =0,696 3 

[147]; 

 [152]  E  ( ),  

 2.38: 
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 4.2 –  

. 

 
 

 
   

; 

 
 
 

 
 

 
./  

 
  

. 

NOx 64,311 1,111 2454,81 2728,06 
CO 248,75 4,298 92,37 397,05 

CO2 58748,13 1015,186 10 10151,86 

CH4 1 0,017 138,57 2,39 
   1020,613   13279,37 
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Q – ; Q  – ,  

; Q  -  

. 

   

, ,  

. . 5.1.  

 [137, 163].    

 

 5.1 –   ,  

2 

   
 

 
2019  

1      
1.1    40 
1.2   64 
1.3    3  192983 
1.4   15 
1.5    22 
2      

2.1  
 

 23040 

2.2  
  

 21120 

2.3  3 42648,2 
2.4    2,5 
2.5   3  9,2 
3      

3.1    . 392363,2 
3.2   . 108192,0 
3.3   . . 500,6 

 
 

. 5.2. 

 

, 3 6.  

,   
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 5.2 –  

 2019 . 

  1 2 3 4 5 6 7 
 

 2019  
. .) 8,8 500,6 1114,0 345,6 469,2 1702,8 426,0 

 

5.2  

 

 

 

 ( )  (  

), : 

 = /          (5.3) 

:  – ,  – . 

3 6 : 

3+ 6= (2600+2600)/(1114,0+1702,8)  1,8  

, ,  5  

 14,1 . . 

 NPV  

.  NPV  
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+
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+ ( ) = ( )      (5.4) 
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5,7 . . .4.2. ,  
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.  

 (-10%  20%).  

,  

,  

.  

. 

 

 5.3 – . 
-  . .  

 
"-" 

 
 

"+" 

  
 

 

 
 

3 -10% 50% 5,7 6,4 9,5 

  -10% 30% 2,5 2,8 3,7 
 

3 
. 3 -10% 10% 122 136 150 

 
6 

. 3 -10% 10% 155 172 189 

 
3  

 
 

 -10% 20% 97 108 130 

 
3  

 -10% 20% 225 250 300 

 
6  

 
 

 -10% 20% 131 145 174 

 
6  

 -10% 20% 253 281 337 

 

,  

.  

 (-10%  10%)  

.  

-

 (« », « »), . 5.2. 
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 5.2 – . 

 
 ModelRisk, 

 Excel,  

 PERT. ,  

,  

 « », « » ( )  « » 

.  PERT-  

 5.3,  0 

 50,  Y –  0  10%. 

 (PERT- ),  

 ModelRisk  « » . 5.4. 
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,  (0.01=1%).  

,  «  

»  5,7  9,5 . ./ 3. ,  
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