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  -1   -  

           

.  

1.4  -    2020 . 

  – 1 817,931 .   

    – 1 541,043 .   

  – 3 621,807 .  

     – 276,888 .    

   – 12,170 .   

       – 

274,78 /   

       – 177,68 /  

    – 5,92 % 

    :   – 8 / ,    – 23 

/  

    : 56,03  

№ 
/
 

 . . 2018 
 

2019 
 

1     485,9 485,9 
2    /  1 677 1 677 
3  . *  1 893 1 818 
4     . . 4 023 3 622 
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5     / *  267,7 275 

6 
    

 
/  175,4 178 

7         
   . . . . 2 037 1 912 
   . . . . 0 0 
8   ./ . . .   
   ./ . . . 845,3 897,1 
   ./ . . . 0 0 
9  ( ) ./ . 405,6 442 
10  ( ) ./  265,6 286 
11     337 338 
12    . *  1 950 1 864 
13    . . 4 025 3 620 

14   ./  
203 

510,3 
216 
887 

15   ./  717,6 748 
16   ./ . 609,6 633 
17   . . . . 4721 4 607 
    . . 824 880 
    . . 1 399 1 395 
     . . 2 454 2 291 
    . . 44 41 

18  . . 4072 4 169 

    
. . 811 906 
./  

.  
201106 

223 
267 

    
. . 931 956 
./  492 526 

    
. . 2266 2 243 
./ . 563 619 

     . . 64 64 
19 EBITDA . . 773 581 
 20

. 
-   . . 1 615 1 707 

21    . . 645 733 

22 
    

 
. . 6 3 

23   . . 0 0 

24 
     

  
. . 5 5 

25   . . 0 0 
26    . . 22 3 
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27 
    

 
. . 43 56 

28 
 ,    

  
. . 0 0 

29    . . 123 69 
30  ( ) . 841 839 
31  . . 496 517 
32    .  . 49186 51 369 
33  . . 391 541 
34  . . 339 444 
35  . . 65 93 
36  . . 28 11 

 1-  -    
 
 

 2016 2017 2018 2019 2020 
, 

 208,6 199,3 216,1 207,5  
 1.1-   (  ),  

 

 
 1-   (  ),  
 2 

 2016 2017 2018 2019 2020 
 
, . 

,  . . 
1 832 513 1 745 915 1 892 865 1 817 931  

-   
 

1 211 951 1 087 768 1 387 347 1 314 041  

-   
 

620 562 658 147 505 518 503 890  

 ,  3 354 762 3 305 215 4 023 303 3 621 807  
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, /  
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 , 
/  

177,3 176,8 175,4 177,7  

 
 2-   , . \  
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 4-   , /  

 

. 
№ 

 ( ) 
 

- 

 

 

/ 
 

 

 , 
 

 
 

,  
 

  
 

  
, 

/  

 
 

,  
0  

 
 

, 
/ 2 

1 2 3 4 5 6 7 8 9 10 

4 -10   
1951/ 
1952 

456000 426247 2012 230 510 100 

5 -10   
1951/ 
1953 

476400 442905 2015 230 510 100 

6 -10   
1953/ 
1954 

450000 430352 2017 230 510 100 

7 -10   
1954/ 
1955 

443515 404745 2018 230 510 100 

8 -10 -2  
1956/ 
1957 

434085 415863 2011 220 540 100 

9 -10 -2  
1957/ 
1958 

427164 393825 2019 220 540 100 

10 -10 -2  
1957/ 
1959 

424883 382854 2013 220 540 100 

11 -10 -2  
1958/ 
1959 

420351 403690 2014 220 540 100 

12 -10 -2  
1958/ 
1960 

410000 394849 2017 220 540 100 

13 -10 -2  
1959/ 
1960 

404598 388413 2019 220 540 100 

14 -10 -2  
1960/ 
1960 

419277 375476 2018 220 540 100 

15 -10 -2  
1965/ 
1966 

355462 339087 2014 220 540 100 

16 -10 -2  
1966/ 
1967 

340327 332842 2016 220 540 100 

17 
-

270(320)-
140 -2 

 
1970/ 
1971 

173652 137570 2003 270 550 140 

149,8

177,3 176,8 175,5 177,7

385,3

313,4 315,5

267,7 274,8
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/к т

к / к л
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удел   ход  топл     тепло е ю

удел   ход  топл     л. е ю
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18 
-

270(320)-
140 -2 

 
1971/ 
1972 

184258 146992 2012 270 550 140 

19 
-

270(320)-
140 -5 

 
1973/ 
1974 

196440 154492 2002 270 550 140 

20 
-

270(320)-
140 -5 

 
1975/ 
1975 

205000 158721 2010 270 550 140 

 2.1-    
 

.    
№ 

 ( ) 
 

-

 

 

/ 
 

. 
. 

, 
 

 

, /  

 
, 

/  

 , 
/ 2 

 
, 

 

 
  

,  
 

 

 
. 

 

  
 

 

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

3 -25-90/10  
1949/
1952 

25 100 240 90 537330 509909 2018 1973 

4 -25-90-3 2  
1952/
1953 

25 100 240 90 535698 463582 2019 1990 

5 -25-90-3 2  
1954/
1954 

25 100 240 90 535602 431275 2018 1990 

6 -25-90-3 2  
1954/
1955 

25 100 240 90 563189 498555 2016 1991 

7 -60-90/13  
1956/
1958 

60 141 396 90 465900 388169 2013 1986 

8 -60-90/13  
1958/
1959 

60 141 396 90 427500 414365 2017 - 

9 -65/75-90/13  
1994/
1997 

64,9 145 390 90 270000 138756 2016 - 

10 -85-8,8/0,2  
2000/
2003 

87 182 440 90 270000 100832 2013 - 

11 
-57(100)-
130/15 

 
1972/
1972 

57 235 498 130 220000 137859 2003 1988 

12 
-57(100)-
130/15 

 
1973/
1973 

57 235 498 130 220000 122323 2019 - 

 2.2-   
 

. 
№ 

 
   

 
, 

3/  
, 

. . . 

  
  

 
5 -270-150-3  1986 270 1650 2016 
6 -270-150-2 1979 270 1650 2013 

7 -270-150-3 1989 270 1650 2002 
8 -270-150  1998 270 1650 2007 
9 -270-150-2 1977 270 1650 2012 
10 -270-150-3 1977 270 1650 2019 
11 -270-150-3 1972 270 1650 2011 
12 -270-150-3 1974 270 1650 2019 
13 -270-150-3 1974 270 1650 2003 
14 -270-150-3 1970 270 1650 2019 
15 -270-150-3 1971 270 1650 2012 
16 -270-150-3 1970 270 1650 2019 
17 -270-150 1979 270 1650 2006 
18 -270-150 1967 270 1650 2016 
19 -720-185-200 1970 720 2030 2014 
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20 -720-185-200 1970 720 2030 2015 
21 -720-185-200 1973 720 2030 2015 
22 -380-185/200 1973 380 2030 2004 

 2.3-   
 

.
№ 

 
 , 

2 

3 
 180-180-20-3 (2 .) 

 180-180-33-1 
180 
180 

4 
 180-180-20-3 (2 .) 

 180-180-33-1 
180 
180 

5 
 180-180-20-3 (2 .) 

 180-180-33-1 
180 
180 

6 
 180-180-20-3 (2 .) 

 180-180-33-1 
180 
180 

7 
 350-230-21-3 
 350-230-35-1 

350 
350 

8 
 350-230-21-3 
 350-230-35-1 

350 
350 

9 
 350-230-21-3 
 350-230-35-1 

350 
350 

10 
 425-230-25-4 (2 .) 

 425-230-37-1 
425 
425 

11 
 425-230-23  (4 .) 
 350-230-50  (2 .) 

425 
350 

12 
 425-230-23  (4 .) 
 350-230-50  (2 .) 

425 
350 

 2.4-    
 

1.5    

   :   110   

  : -1, -2, -3, -4, -5 -6 -7, -8, -9, 

-10, -201, -202. 

-1  -1 –   ; 

-2  -1 –    ; 

-3  -1 – -0 I ; 

-4  -1 – -0 II ; 
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-5  -1 – ё       

 ; 

-6  -1 –   ; 

-7  -1 –  -2 I   ; 

-8  -1 –  -2 II   ; 

-9  -1 –  I     /  ; 

-10  -1 –  II     /  ; 

-201  -1 – .  I     

; 

-202  -1 – .  II     

. 

№ 
/  

 

 

 
( ) 

 

 

 

- 
 

  
 

 
  

 

, 
3/  

  
  

.  
 

1 2 3 4 5 6 7 8 9 

1 
 
 

 18-II -4  

 

  
[ ], 

.  

1951 1952 130000 2012 

2 
 
 

 18-II -4  1951 1952 130000 2012 

3   300/400 -4  1951 1952 300000 2012 

4   300/400 -4  1951 1952 300000 2012 

5 
 
 

 18-II -5  

 

  
[ ], 

.  

1951 1953 130000 2015 

6 
 
 

 18-II -5  1951 1953 130000 2015 

7   300/400 -5  1951 1953 300000 2015 

8   300/400 -5  1951 1953 300000 2015 

9 
 
 

 18-II -6   

  
[ ], 

.  

1953 1954 130000 2017 

10 
 
 

 18-II -6  1953 1954 130000 2017 

11   300/400 -6  1953 1954 300000 2017 



 

16 
 

12   300/400 -6  1953 1954 300000 2017 

13 
 
 

 20 -7  

 

  
[ ], 

.  

1954 1955 122000 2018 

14 
 
 

 20 -7  1954 1955 122000 2018 

15   20/2 -7  1954 1955 260000 2018 

16   20/2 -7  1954 1955 260000 2018 

17 
 
 

 20 -8  

 

  
[ ], 

.  

1956 1957 130000 2011 

18 
 
 

 20 -8  1956 1957 130000 2011 

19   20/2 -8  1956 1957 260000 2011 

20   20/2 -8  1956 1957 260000 2011 

21 
 
 

 20 -9  

 

  
[ ], 

.  

1957 1959 130000 2019 

22 
 
 

 20 -9  1957 1959 130000 2019 

23   20/2 -9  1957 1959 260000 2019 

24   20/2 -9  1957 1959 260000 2019 

25 
 
 

 20 -10   

  
[ ], 

.  

1957 1959 130000 2020 

26 
 
 

 20 -10  1957 1959 130000 2020 

27  

-
078-

0295.10–
2  

-10  
 

 , 
[ O], 

.  

2020 2020 289000 2020 

28  

-
078-

0295.10–
2  

-10  2020 2020 289000 2020 

29 
 
 

 20 -11  

 

  
[ ], 

.  

1958 1959 130000 2020 

30 
 
 

 20 -11  1958 1959 130000 2020 

31   20/2 -11  1958 1959 260000 2020 

32   20/2 -11  1958 1959 260000 2020 

33 
 
 

 20 -12   

  
[ ], 

1958 1960 130000 2017 

34 
 
 

 20 -12  1958 1960 130000 2017 



 

17 
 

35   20/2 -12  
.  

1958 1960 260000 2017 

36   20/2 -12  1958 1960 260000 2017 

37 
 
 

 20 -13  

 

  
[ ], 

.  

1959 1960 130000 2019 

38 
 
 

 20 -13  1959 1960 130000 2019 

39   20/2 -13  1959 1960 260000 2019 

40   20/2 -13  1959 1960 260000 2019 

41 
 
 

 20 -14   

  
[ ], 

.  

1960 1960 130000 2018 

42 
 
 

 20 -14  1960 1960 130000 2018 

43   20/2 -14  1960 1960 260000 2018 

44   20/2 -14   1960 1960 260000 2018 

45 
 
 

 20 -15  

 

  
[ ], 

.  

1965 1966 130000 2014 

46 
 
 

 20 -15  1965 1966 130000 2014 

47   20/2 -15  1965 1966 245000 2014 

48   20/2 -15  1965 1966 245000 2014 

49 
 
 

 20 -16  

 

  
[ ], 

.  

1966 1967 130000 2016 

50 
 
 

 20 -16  1966 1967 130000 2016 

51   20/2 -16  1966 1967 245000 2016 

52   20/2 -16  1966 1967 245000 2016 

53 
 
 

 18-2 -17  

 
 , 

 
( ), 

.  

1970 1971 
120000/ 
160000 

2003 

54 
 
 

 18-2 -17  1970 1971 
120000/ 
160000 

2003 

55   21,5/2 -17  1970 1971 340000 2003 

56   21,5/2 -17  1970 1971 340000 2003 

57 
  

 
 

 12 -17  1970 1971 39000 2003 

58 
  

 
 

 12 -17  1970 1971 39000 2003 



 

18 
 

59 
  
 

 18-2 -18  

 
 , 

 
( ), 

.  

1971 1972 
120000/ 
160000 

2012 

60 
  
 

 18-2 -18  1971 1972 
120000/ 
160000 

2012 

61   21,5/2 -18  1971 1972 346000 2012 

62   21,5/2 -18  1971 1972 346000 2012 

63 
  

 
 

 12 -18  1971 1972 39000 2012 

64 
  

 
 

 12 -18  1971 1972 39000 2012 

65 
  
 

 18-2 -19  
 

 , 
 

( ), 
.  

1973 1974 
120000/ 
160000 

2002 

66 
  
 

 18-2 -19  1973 1974 
120000/ 
160000 

2002 

67   21,5/2 -19  

 
 , 

 
( ), 

.  

1973 1974 346000 2002 

68   21,5/2 -19  1973 1974 346000 2002 

69 
  

 
 

 13,5 -19  1973 1974 60000 2002 

70 
  

 
 

 13,5 -19  1973 1974 60000 2002 

71 
  
 

 18-2 -20  

 
 , 

 
( ), 

.  

1975 1975 
125000/ 
165000 

2010 

72 
  
 

 18-2 -20  1975 1975 
125000/ 
165000 

2010 

73   21,5/2 -20  1975 1975 345000 2010 

74   21,5/2 -20  1975 1975 345000 2010 

75 
  

 
 

 13,5 -20  1975 1975 60000 2010 

76 
 

 
 

 13,5 -20  1975 1975 60000 2010 

 2.5-   
 

1.6   

   «  -1»   

   .   .№№ 4-16  -10  

(2)   4     .   
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 .№№ 4, 6, ( , , , ), 8 ( , , ), 11 ( , ), 15 ( , ), 16 ( , , )  

     .№№ 5,7,9,10,12,13,14 ( , , , ), 8 ( ), 11 ( , 

), 15 ( , ), 16 ( ).  

  .№№ 17-20   270(320)-140 -2(5)   4 

    ,    4  

  -3 .        

    . 

№ 
/  

  
 

 ( ) 
 

 

 

-  
  

 

   

 

-
, 

/  

 
-

 . 
 

1 ё  .№ 4 

1.1  -1500/1670 -4  

 

  [ ], 
.  

1951 1952 13-15 2012 

1.2  -1500/1668 -4  1951 1952 13-15 2012 

1.3  -1500/1668 -4  1951 1952 13-15 2012 

1.4  -1500/1668 -4  1951 1952 13-15 2012 

1.5 
 

   
 -4  1951 1952 13-15 2012 

1.6 
  

  
 -4  1951 1952 13-15 2012 

1.7 
  

  
 -4  1951 1952 13-15 2012 

    
 

    

1.8 
  

  
 -4  1951 1952 13-15 2012 

2 ё  .№ 5 

2.1  -1500/1670 -5  

 

  [ ], 
.  

1951 1954 13-15 2015 

2.2  -1500/1668 -5  1951 1954 13-15 2015 

2.3  -1500/1668 -5  1951 1954 13-15 2015 

2.4  -1500/1670 -5  1951 1954 13-15 2015 

2.5 
  

  
 -5  1951 1954 13-15 2015 

2.6 
  

  
 -5  1951 1954 13-15 2015 

2.7 
  

  
 -5  1951 1954 13-15 2015 

2.8 
  

  
 -5  1951 1954 13-15 2015 

3 ё  .№ 6 

3.1  -1500/1668 -6  

 

  [ ], 
.  

1953 1954 13-15 2017 

3.2  -1500/1668 -6  1953 1954 13-15 2017 

3.3  -1500/1670 -6  1953 1954 13-15 2017 

3.4  -1500/1668 -6  1953 1954 13-15 2017 

3.5 
  

  
 -6  1953 1954 13-15 2017 

3.6 
  

  
 -6  1953 1954 13-15 2017 

3.7 
  

  
 -6  1953 1954 13-15 2017 

3.8    -6  1953 1954 13-15 2017 
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№ 
/  

  
 

 ( ) 
 

 

 

-  
  

 

   

 

-
, 

/  

 
-

 . 
 

  

4 ё  .№ 7 

4.1  -1500/1668 -7  

 

  [ ], 
.  

1954 1955 13-15 2018 

4.2  -1500/1668 -7  1954 1955 13-15 2018 

4.3  -1500/1670 -7  1954 1955 13-15 2018 

4.4  -1500/1670 -7  1954 1955 13-15 2018 

4.5 
  

  
 -7  1954 1955 13-15 2018 

4.6 
  

  
 -7  1954 1955 13-15 2018 

4.7 
  

  
 -7  1954 1955 13-15 2018 

4.8 
  

  
 -7  1954 1955 13-15 2018 

5 ё  .№ 8 

5.1  -1500/1668 -8  

 

  [ ], 
.  

1956 1957 13-15 2011 

5.2  -1500/1668 -8  1956 1957 13-15 2011 

5.3  -1500/1668 -8  1956 1957 13-15 2011 

5.4  -1500/1668 -8  1956 1957 13-15 2011 

5.5 
  

  
 -8  1956 1957 13-15 2011 

5.6 
  

  
 -8  1956 1957 13-15 2011 

5.7 
  

  
 -8  

 
1956 1957 13-15 2011 

5.8 
  

  
 -8  1956 1957 13-15 2011 

6 ё  .№ 9 

6.1  -1500/1670 -9  

 

  [ ], 
.  

1957 1958 13-15 2019 

6.2  -1500/1668 -9  1957 1958 13-15 2019 

6.3  -1500/1668 -9  1957 1958 13-15 2019 

6.4  -1500/1668 -9  1957 1958 13-15 2019 

6.5 
  

  
 -9  1957 1958 13-15 2019 

6.6 
 

   
 -9  1957 1958 13-15 2019 

6.7 
  

  
 -9  1957 1958 13-15 2019 

6.8 
  

  
 -9  1957 1958 13-15 2019 

7 ё  .№ 10 

7.1  -1500/1668 -10  

 

  [ ], 
.  

1958 1959 13-15 2020 

7.2  -1500/1668 -10  1958 1959 13-15 2020 
7.3  -1500/1668 -10  1958 1959 13-15 2020 
7.4  -1500/1668 -10  1958 1959 13-15 2020 
7.5 

  
  

 -10  1958 1959 13-15 
2020 

7.6 
 

   
 -10  1958 1959 13-15 

2020 

7.7 
  

  
 -10  1958 1959 13-15 

2020 

7.8 
  

  
 -10  1958 1959 13-15 

2020 

8 ё  .№ 11 

8.1  -1500/1668 -11  1958 1959 13-15 2020 
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№ 
/  

  
 

 ( ) 
 

 

 

-  
  

 

   

 

-
, 

/  

 
-

 . 
 

8.2  -1500/1668 -11  

 

  [ ], 
.  

1958 1959 13-15 2020 
8.3  -1500/1668 -11  1958 1959 13-15 2020 
8.4  -1500/1668 -11  1958 1959 13-15 2020 
8.5 

  
  

 -11  1958 1959 13-15 
2020 

8.6 
  

  
 -11  1958 1959 13-15 

2020 

8.7 
  

  
 -11  1958 1959 13-15 

2020 

8.8 
  

  
 -11  1958 1959 13-15 

2020 

9 ё  .№ 12 

9.1  -1500/1668 -12  

 

  [ ], 
.  

1958 1960 13-15 2017 

9.2  -1500/1668 -12  1958 1960 13-15 2017 

9.3  -1500/1668 -12  1958 1960 13-15 2017 

9.4  -1500/1668 -12  1958 1960 13-15 2017 

9.5 
  

  
 -12  1958 1960 13-15 2017 

9.6 
  

  
 -12  1958 1960 13-15 2017 

9.7 
  

  
 -12  

 
1958 1960 13-15 2017 

9.8 
  

  
 -12  1958 1960 13-15 2017 

10 ё  .№ 13 

10.1  -1500/1668 -13  

 

  [ ], 
.  

1959 1960 13-15 2019 

10.2  -1500/1668 -13  1959 1960 13-15 2019 

10.3  -1500/1668 -13  1959 1960 13-15 2019 

10.4  -1500/1668 -13  1959 1960 13-15 2019 

10.5 
  

  
 -13  1959 1960 13-15 2019 

10.6 
  

  
 -13  1959 1960 13-15 2019 

10.7 
  

  
 -13  1959 1960 13-15 2019 

10.8 
  

  
 -13  1959 1960 13-15 2019 

11 ё  .№ 14 

11.1  -1500/1668 -14  

 

  [ ], 
.  

1960 1960 13-15 2018 

11.2  -1500/1668 -14  1960 1960 13-15 2018 

11.3  -1500/1668 -14  1960 1960 13-15 2018 

11.4  -1500/1668 -14  1960 1960 13-15 2018 

11.5 
  

  
 -14  1960 1960 13-15 2018 

11.6 
  

  
 -14  1960 1960 13-15 2018 

11.7 
  

  
 -14  1960 1960 13-15 2018 

11.8 
  

  
 -14  1960 1960 13-15 2018 

12 ё  .№ 15 

12.1  -1500/1668 -15   

  [ ], 
.  

1965 1966 13-15 2014 

12.2  -1500/1668 -15  1965 1966 13-15 2014 

12.3  -1500/1668 -15  1965 1966 13-15 2014 

12.4  -1500/1670 -15  1965 1966 13-15 2014 
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№ 
/  

  
 

 ( ) 
 

 

 

-  
  

 

   

 

-
, 

/  

 
-

 . 
 

12.5 
  

  
 -15  1965 1966 13-15 2014 

12.6 
  

  
 -15  1965 1966 13-15 2014 

12.7 
  

  
 -15  1965 1966 13-15 2014 

12.8 
  

  
 -15  1965 1966 13-15 2014 

13 ё  .№ 16 

13.1  -1500/1670 -16  

 
 

  [ ], 
.  

1966 1967 13-15 2016 

13.2  -1500/1670 -16  1966 1967 13-15 2016 

13.3  -1500/1668 -16  1966 1967 13-15 2016 

13.4  -1500/1670 -16  1966 1967 13-15 2016 

13.5 
  

  
 -16  1966 1967 13-15 2016 

13.6 
  

  
 -16  1966 1967 13-15 2016 

13.7 
  

  
 -16  

 
1966 1967 13-15 2016 

13.8 
  

  
 -16  1966 1967 13-15 2016 

14 ё  .№ 17 

14.1  -1500/2510 -17  

 
 , 

 
( ), 

.  

1970 1971 24 2003 

14.2  -1500/2510 -17  1970 1971 24 2003 

14.3  -1500/2510 -17  1970 1971 24 2003 

14.4  -1500/2510 -17  1970 1971 24 2003 

14.5 
 

 
 3  

-
17  

1970 1971 
60000 
( 3/ ) 2003 

14.6 
 

 
 3  

-
17  

1970 1971 
60000 
( 3/ ) 2003 

14.7 
 

 
 3  

-
17  

1970 1971 
60000 
( 3/ ) 2003 

14.8 
 

 
 3  

-
17  

1970 1971 
60000 
( 3/ ) 2003 

14.9 
  

  
-700/5040 -17  1970 1971 3,2-34 2003 

14.10 
  

  
-700/9800 -17  1970 1971 3,2-34 2003 

14.11 
  

  
-700/9800 -17  1970 1971 3,2-34 2003 

14.12 
  

  
-700/5040 -17  1970 1971 3,2-34 2003 

15 ё  .№ 18 

15.1  -1500/2510 -18  

 
 , 

 
( ), 

.  

1971 1972 24 2012 

15.2  -1500/2510 -18  1971 1972 24 2012 

15.3  -1500/2510 -18  1971 1972 24 2012 

15.4  -1500/2510 -18  1971 1972 24 2012 

15.5 
 

 
 3  

-
18  

1971 1972 
60000 
( 3/ ) 2012 

15.6 
 

 
 3  

-
18  

1971 1972 
60000 
( 3/ ) 2012 

15.7 
 

 
 3  

-
18  

1971 1972 
60000 
( 3/ ) 2012 

15.8 
 

 
 3  

-
18  

1971 1972 
60000 
( 3/ ) 2012 

15.9 
  

  
-700/5040 -18  1971 1972 3,2-34 2012 
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№ 
/  

  
 

 ( ) 
 

 

 

-  
  

 

   

 

-
, 

/  

 
-

 . 
 

15.10 
  

  
-700/9800 -18  1971 1972 3,2-34 2012 

15.11 
  

  
-700/9800 -18  1971 1972 3,2-34 2012 

15.12 
  

  
-700/5040 -18  1971 1972 3,2-34 2012 

16 ё  .№ 19 

16.1  -1500/2510 -19  

 
 , 

 
( ), 

.  

1973 1974 24 2002 

16.2  -1500/2510 -19  1973 1974 24 2002 

16.3  -1500/2510 -19  1973 1974 24 2002 

16.4  -1500/2510 -19  1973 1974 24 2002 

16.5 
 

 
 3  

-
19  1973 1974 60000 

( 3/ ) 2002 

16.6 
 

 
 3  

-
19  1973 1974 60000 

( 3/ ) 2002 

16.7 
 

 
 3  

-
19  1973 1974 60000 

( 3/ ) 2002 

16.8 
 

 
 3  

-
19  1973 1974 60000 

( 3/ ) 2002 

16.9 
  

  
-700/5040 -19  1973 1974 3,2-34 2002 

16.10 
  

  
-700/9800 -19  1973 1974 3,2-34 2002 

16.11 
  

  
-700/9800 -19  1973 1974 3,2-34 2002 

16.12 
  

  
-700/5040 -19  1973 1974 3,2-34 2002 

17 ё  .№ 20 

17.1  -1500/2510 -20  

 
 , 

 
( ), 

.  

1975 1975 24 2010 

17.2  -1500/2510 -20  1975 1975 24 2010 

17.3  -1500/2510 -20  1975 1975 24 2010 

17.4  -1500/2510 -20  1975 1975 24 2010 

17.5 
 

 
 3  

-
20  

1975 1975 
60000 
( 3/ ) 2010 

17.6 
 

 
 3  

-
20  

1975 1975 
60000 
( 3/ ) 2010 

17.7 
 

 
 3  

-
20  

1975 1975 
60000 
( 3/ ) 2010 

17.8 
 

 
 3  

-
20  

1975 1975 
60000 
( 3/ ) 2010 

17.9 
  

  
-700/5040 -20  1975 1975 3,2-34 2010 

17.10 
  

  
-700/9800 -20  1975 1975 3,2-34 2010 

17.11 
  

  
-700/9800 -20  1975 1975 3,2-34 2010 

17.12 
  

  
-700/5040 -20  1975 1975 3,2-34 2010 

 2.6-   
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1.7   

     46,906 . 

 ё   – 352,715 . ³ (    01.01.20 

.). 

   -1 – 756,0 . 3 

 2020 .    104 331,016 . . 

    01.01.2021 .   203 129,541 . 

 .  

   : 

-  -  10 497,730 .  

-   85 038,192 . 

  ,    

       . 

      – .  

 2013÷2014   «  »    - 

«       -

1      »   ,  

  (  )   

       

        

     . 
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2    (   №17) 

2.1     -320 (270)-140 -2 .№17 

   -320/270/-140 -2 .№ 17 -
,        

 -      

 3-    №17 
 -320 (270)-140 -2 .№17 

 320 (270) /  
   158 / ² 

   550 °  
   140 / ² 

   230 °  
   230 / ² 

   
 (  ) 1282 ³ 

   75 ³ 
   45 ³ 

   
  975 ² 

I   900 ² 
II   594 ² 
III   1000 ² 
IV   1200 ² 

  I  II 4440 ² 
I c .  17 300 ² 
II c .  5400 ² 

 40 ² 
   

  36 370  
 ▼   34 000  
     13 156  
     16 282  
 ▼11 380  

    12 096  2 944  
    

 
12096 5888  



 

26 
 

 
П ч : я я    

  160 . . П    х ч ях 

 я я       

. 
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2.3   . №17 

    12  133x10 / ,20 /   4  219x25 

/ .20 /,    .     300 

 32x4 / 20 /  100  " "  , 

    . 

       , 

    "  " .   " "  

    ,   300  32x4 

/ .12 1  /    273x36 / .12 /,   

  .    4-     8-   133x10 

/ .12 1 /,      273 36 / . 12 1 /. 

    8       32x4 

/ .12 1 /     1 .   

 2-   273x25 / . 12 1 /      

      . 

   1   10  133x10 / .12 1 / 

   10 /  5     /   

   32x5 / .12 1 /. 

      10  133 10/ .12 1 / 

     273 35/ .12 1 /,   10  

    32x5 / .12 1 /.   ,   10 

 133 13/ .12 1 /     273x35 

/ .12 1 /  2 ,      

       . 

   2   10  133x13 / .12 1 / 

   10   /  5     



 

28 
 

 /   32x5,5 / .12 1 /. 

    10  133 17/ .12 1 /    

  273x45 / .12 1 /,      . 

    2   2-   

133x17 / .12 1 / 

2.4   

        № 17      

     1-   , 

   ..    

      ,   

 . 

    2-   

,      

.         

         . 

        32 4/ 20/. 

   2-   ,   

 40x1,5   .2 . 

2.5    

  17         

      . 

  -       

    19,20     

 .   19  " "," "    " "," " ,   

 20    . 
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  -       

   .  

   :   17   

  .10 .       . 

2.6    

      

   : 

        

   

    

      , 

   ,   

/     .  
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3  . 

3.1        
  
        

    . 

           

      ℃ .     

   . . =  ℃.    

     5. 

 

 

 5 –       
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3.2           
   

          

       .   

    : 

= ,  

     . 

∆ –      : 

∆ = ,  

∆ э –      : 

∆ э = .  

∆ –     : 

∆ = .  

   ,      

      

∆ = − ∆ = , − , = ,                                                 (5.1) 

        

 : 

" = − ∆ = . − . = .                                                 (5.2) 
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  : 

" э = " − ∆ э = . − . = .                                          (5.3) 

      

  : 

" = " э − ∆ = . − . = .                                       (5.4) 

       

  : 

" э = " − ∆ э = . − . = .                                      (5.5) 

      

  : 

" = " э − ∆ = . − . = ,                                    (5.6) 

       

   ,    

    . 
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3.3         

3.3.1         
    𝜶 = 𝟏 

  , , / ,    

   : 

= , ∙ + . ∙ + , ∙ − . ∙ ,                 (6.1) 

     –      , %;   

–      , % ;  

–      , %;  

–      , %.   

 = , ∙ , + , ∙ , + , ∙ − , ∙ , = ,  

 , / ,    : 

= , ∙ + , ∙                                                                         (6.2) 

= , ∙ , + , ∙ , = ,      

   –       

  = , /
 
( .  6.1); 

–      , % . 

  ,    : 
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= . ∙ + . ∙
                                                                         (6.3)              

  –      , % ; 

–      , %. 

 = . ∙ , + . ∙ , = ,  

      , / , 

   : 

= . ∙ + . ∙ + . ∙                                     (6.4) 

  –      , %; 

–     , %; 

–        

 = , /  ( .  6.1). 

= . ∙ + . ∙ + . ∙ . = .               (6.5) 

  , / ,    : 

= + + = . + . + . = ,               (6.6) 

  –       

  = , /  ( .  3.3);  

 –   , /  ( .  6.2); 
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 –    , /  ( .  6.4). 

3.3.2       
    

 ,  ,     , 

    ,    4. 
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 4 – ё   , ё    

     

 
   

 

   
 

 
 2 2 1 1 

         
  - 
 ,  

 i  

1.2 1.18 1.21 1.26 1.29 1.34 

  
   
 ,   

1.22 1.25 1.27 1.3 1.32 1.35 

ё   , 
/3 , 

2 2

0 00.0161 ( 1)H O H OV V V      
0.822 0.839 0.857 0.877 0.899 0.922 

 ё  , 
/3 , 

0 01.016 ( 1)V V V      
5.731 5.942 6.026 6.153 6.237 6.363 

ё   
ё   

RORO VVr /
22

  
0.139 0.134 0.132 0.129 0.128 0.125 

ё    
 

OHOH VVr /
22

  
0.141 0.136 0.134 0.131 0.13 0.127 

 ё   
OHRO rrr

22
  0.28 0.27 0.266 0.261 0.257 0.252 

   
01 0.01 1.306G А V       8.118 8.297 8.595 8.893 9.245 9.538 

  
, / , 

100/ GА   
0.006 0.006 0.005 0.005 0.005 0.005 
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3.3.3      
      0H , Д / , 

   : = ∙ + ∙ + ∙ ∙ 𝜗                                               (6.7) 

    –   , /  ( .  6.3); 

–    ,  Д / ∙ К ; 

 –   , /  ( .  6.2);  

–   ,  Д / ∙ К ,; 

 –    , /  ( .  6.4); 

–   , Д / ∙ К ,;  𝜗 –    100  2300. 

     : = ∙ ∙ 𝜗,     (6.8) 

   –       

  = , /  , ( .  6.1); 

–  , Д / ∙ К ,    . 

      : А = А = . %  /МД                                                                     (6.9)       

 = .  –   ,  ; А –  , %.  
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     1.4 %,    

 ,   : = . ∙ ∙ А ∙ ∙ 𝜗,        (6.10) 

     –  , Д / ∙ К       ;  

=0.6 –   ,  ;  А –  , %. 

      > , Д / , 

  : = + − ∙ +  ,   (6.11) 

     –      , Д / ;          

 –      ; 

 –    , Д /  ( .  6.8); 

–  , Д /  ( .  6.10). 
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  5 –  . 
 𝜗, ℃    = + − ∙ +  

  э   э   

100 673.7 547.6 787 814 825 842 853 869 
200 1366.1 1099.7 1593 1648 1670 1703 1725 1758 
300 2077.9 1658.9 2421 2504 2537 2587 2620 2670 
400 2851.7 2249.6 3317 3430 3475 3542 3587 3655 
500 3616.5 2840.6 4205 4347 4403 4489 4545 4631 
600 4401.9 3445.3 5115 5288 5357 5460 5529 5632 
700 5207.7 4062 6049 6252 6333 6455 6536 6658 
800 6031.4 4668 7003 7237 7331 7471 7565 7706 
900 6869.9 5324.5 7973 8239 8346 8506 8612 8772 
1000 7722.8 5967.9 8960 9258 9377 9556 9676 9855 
1100 8589.0 6660.6 9969 10302 10436 10635 10769 10968 
1200 9446.4 7280.5 10976 11340 11485 11704 

 
11849 12068 

1300 10356 7948.2 12006 12403 12562 
 

12800 12959 13198 

1400 11251.8 8620.5 13046 13477 13649 13908 14080 14339 
1500 12157 9269 14094 14559 14744 15023 15209 15488 
1600 13069.5 9967.9 15149 15648 15848 16147 16364 16646 
1700 13991.0 10659.7 16214 16747 16960 17280 17493 17813 
1800 14914.7 11343.4 17282 17849 18076 18416 18643 18983 
1900 15844.4 12035.9 18357 18959 19200 19561 19801 20162 
2000 16779.1 12729 19436 20073 20327 20709 20964 21345 
2100 17720.7 13427.5 20523 21195 21461 21866 

 
22135 22537 
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3.3.4  ,       
  

  , %,    

   : 𝜂 = − − − − −    (6.12) 

    , %,     

  𝜗 . .        

    : 

= ( − ∙ )∙ −
   (6.13) 

  –   , Д / ,   

      𝜗 . =  ℃ ,  

 5. 

 = ,   
.  –   , Д / ,    

     . = ℃    5: 

  H = ,  = .  –     ;  𝑄 -   , Д / . 

–     , % = ,    (6.14) 

 = , − .  ∙ , ∙ − , = ,  

     .    

       . 
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=  (6.15) 

     , %,    

: = ∙    (6.16) 

   – , / . 

= ⁄ .
   (6.17) = ,  /  ; = .  /  ; 

 = ,⁄ .lg , = ,  

     : 

 = , ∙ ,  , = ,  

     ,%,    : = ∙А ∙
   (6.18) 

     𝑄  –     , Д ⁄  

–  1  ,  Д ⁄  ,    

, =1633,5 Д ⁄ ;  А –  , %.  = −    (6.19)  

 

  = .  –   ,  ; 
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 = − , = ,  

 = , ∙ , ∙ ,  = ,  

  , %,   : 𝜂 = − − − − −                                                  (6.20) 

 𝜂 = − . − − , − , − , = ,  

  , ⁄  ,    : = ∙ ℎ − ′ . + ∙ ℎ − ′ .Q ∙𝜂    (6.21) 

  – ,  88,89 ⁄  ; ℎ , ′ . , ℎ  - 

   ,       

, Д ⁄ ,       

     : ℎ = , , ′ . =, , ℎ = ℎ′ ,  , , -   

 ,       , ℃; , =. ∙ -         , М  ; -       , ⁄ , 

  ё  = , ∙ . ℎ = , = , ;
 ′ . = , = , ; = . ∙ = , ; = , ∙ = , ; 

    Q  –   , Д ⁄ ; 𝜂 –   , % ( .  6.20). 

 = , ∙ , − , + , ∙ , − ,∙ , = ,  
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       ,  ⁄ : = ∙ −    (6.22) 

= , ∙ − , = ,               

      

       .    

       

      .  

3.4     

3.4.1        
      .  

        . 

           

   ϑ′′ , ℃  . 
 



 

44 
 

 
 

 6 –     

3.4.2       
 

    , ,    :  =    (7.1)  

   ,    :  =  (7.2) 

      , : = . ∙ 𝑉
                                                                                               (7.3) 

  –   ,  ( .7.2); 
 –     ,  ( . 7.1). = . ∙ = .  

3.4.3 ё     
       

   𝑄          
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 ϑ′′   .       . 

       

     .  

     𝑄 , Д  ⁄   

  ,      𝑄 ,  

 : 

      , ℃:  ϑ′′ = ,  

   , Д  ⁄ :  𝑄 = Q ∙ − −q −q−q + Q      (7.4) 

   Q  –   , Д  ⁄ ; 

–     , % ;  q –     ;  q –     , %  Q – ,     , Д  ⁄ . 

     , Д  ⁄ , 

  : 

 𝑄 = ∙ + ∆ + ∆ ∙      (7.5) 

    ∆ –      : 

 ∆ = .  ∆ –     :  

 ∆ = .  
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 –   , Д  ⁄ ,    

 t = ℃: = ,                            

 –   , Д  ⁄ ,  = , ; 

–   : 

 = − ∆ − ∆ = .  

 𝑄 = . ∙ , + . + . ∙ , = ,  𝑄 = ∙ − − . − .− . + , = ,   

  𝑄    ( )  

     ϑ , ℃.  ё   

        ,   

 = 𝑄 :              ϑ = ,  

      

   (  ): = ∙ ∙      (7.6) 

   –    , ,  ∙ М  ⁄ ; = .  –    , ,  М  ; 
–      , . 

   , ,  ∙ М  ⁄ ,   

    : 

= ∙ + ∙ +      (7.7) 

     –        
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,  ∙ М  ⁄ ; 

 –     (    4  ); 

 –        

  , ∙ М  ⁄ ; 
 –      ; 

 –      , 

 = .  , ∙ М  ⁄ . 

  , ,  ∙ М  ⁄ ,    

: = . + ∙ 𝐻 𝑂√ ∙ − ∙ − . ∙ ′′
     (7.8) 

  –    ; 

–       ; 

 –     , ,  ; ′′ =  ϑ′′ + = , + = .   -  

     ,   К; 

 = . + ∙ .√ . ∙ . − ∙ − . ∙ , = ,  

        

 , ,  ∙ М  ⁄ ,   : 

  = , ∙′′ ∙ .          (7.9) 

  𝜌 =  /  –      

; ′′  –       , К; 
–    ,   ; 



 

48 
 

           =   

 = , ∙, ∙ . = ,  

  , ,  ∙ М  ⁄ ,    

 (6.7): = . ∙ . + , ∙ . + . = ,  

    (7.6): 

 = , ∙ , ∙ , = ,  

        

: 

′ = . ∙ ln . ∙ + +. ∙ − +    (7.10) 

′ = . ∙ ln . ∙ , + , +. ∙ , − , + = .                              

      : = − − = − − . = .                                                   (7.11) 

         

  ё  . ё      

       .  

  ё   (    , , 

)     : = . − . ∙    (7.12) 

  –      

    : = ℎℎ    (7.13)               

   ℎ –       ;  
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ℎ – ё          

   . 

 = .  

 = . − . ∙ . = .  

      

   ( )    (𝑥): = ∙ 𝑥   (7.14) 

   𝑥   : 𝑥 = − . ∙ −    (7.15) 

    –     . 

   : 

 𝑥 = .  

 =0.4 -     .  

  = . ∙ . = .  

       , ℃:  ϑ′′ = T+M∙ ′ . ∙[ . ∙ − ∙𝜓э ∙𝐹 ∙𝑇𝑎𝜑∙𝐵 ∙ 𝑉 ] . −    (7.16) 

 M –  ; ′ –    ; 

э –    ; 

–     ,   ; 

 –      ,   К; 𝜑 –   ; 
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–    ,   ⁄ ; 

–      1  ,  Д ∙ ℃ : ⁄  =  ϑ + = , + = .  = − ′′ ϑ − ϑ′′    (7.17)               

 𝑄  –    ,   Д  ⁄ ; ′′ –   , Д  ⁄ ,    , 

      ϑ′′       

   ;  ϑ –      ,℃;  ϑ′′ –      , ℃. 

  , Д  ⁄ : 

 ′′ = .  

 = . − .. − . = .  

      : 

 𝜑 = − = − . = .    ы    ы я :   
ϑ′′ = .+ . ∙ . . ∙ [ . ∙ − ∙ . ∙ ∙ .. ∙ . ∙ . ] . −  

 ϑ′′ = .  
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         ϑ′′     

   , Д  ⁄ : 

 ′′ = .  

  ,      

       

         , Д  ⁄ : 𝑄 = 𝜑 ∙ 𝑄 − ′′    (7.18) 

 𝑄 –    , Д  ⁄ ; ′′ –         Д  ⁄ . 

 𝑄 = . ∙ . − . = .  

     (   

), В ,   ⁄ : = ∙ ∙ 𝑥 = . ∙ .∙ . = .                                                        (7.19) 

 𝑥 –    ,   𝑥 =. . 

3.5    
   (  7)    

,        

,     ,   

.          

 .     

      .   

    

       .  
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     ( ),  ⁄  

   : = −      (8.1)     

    –      ,  ⁄ ; 

–    ,  ⁄ ,     5-7 %  

  ; 

 = . ∙ = . ∙ . = ,  

 = . − , = .  

   , М   
 = . ∙ = . ∙ . = .  

   , М ,  : 

 ′′ = . ∙ . = .  

     ,    

  . 

        Д ⁄ : 

ℎ′′ = ℎ′( ) + ∆ℎ = ,      (8.2) 

    ∆ℎ –      ; ℎ′( )–      , Д ⁄ ,  

      : 

 ℎ′( ) = ,  

         

      .     
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 -320   ,   

   , Д ⁄ : 

 = ∙  

 = ∙ . =  𝑄 = 𝜑 ∙ 𝑄 − ′′     

 𝑄 –    , Д  ⁄ ; ′′ –         Д  ⁄ . 𝑄 = . ∙ . − . = .   

     (   

), В ,   ⁄ : = ∙ ∙ 𝑥 = . ∙ .∙ . = .                                                         (8.3) 

 𝑥 –    ,   𝑥 =. − .  . 
 𝑄 = ∙𝜂 ∙

 

 𝑄 = 𝑄  

    

:             𝑄 = .  

     , Д ⁄  

   : ∆ℎ = ∙
   (8.3) 
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∆ℎ = . ∙ ..  = 135.308 

      , Д ⁄ , 

: 

 ℎ′′ = .  

     , ℃ ,  : 

 ′ = = .  

     , ℃ ,     

   ,     : 

 ′′ = .  

          

   . 

 

 7 –    

и ль я  

 
   

  и  

1 
2 

3 

4 

5 

6 

7 

 p  p  p  p  D 

 D 

 D 
 D 

 p 

( )  p t s 
 t ′ ′  t 

 t ′ ′ 

 t 

 t ′ 

 ϑ ′ ′ 

 ϑ ′ ′  ϑ ′ ′ 
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3.6    
        

 ( ).      

 (  8).      

       .  

     4%      ( ): 

′′ = . ∙ = . ∙ . = .   

 6 –    

 
 , 

 

 
 ,  

 
 

 
S1,  

 
 

  
d ,  

 
 

  
d ,  

 
  

 
 z1,  
 

      8,9 1.704 0.54 0.028 0.032 22 

 

    : А = ,                                                                                                   (9.1) В = ,                                                                                                  (9.2) = .                                                                                                     (9.3) 
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 8 –    

 

 

 

      , ℃ : 

 𝜗′′ = .  

       

, : 

= . = .    

   , : 

ы = ∙                                                                                              (9.4) 



 

57 
 

     –   ,  ; 

–   ,   , = ,  . 

 ы = , ∙ , = .  

   , : 

= А ∙ В ∙ . ∙ 𝑧                                                                                (9.5) 

     А –  ,  ; 

В –  ,  ; 

𝑧 –     . 

 = , ∙ , ∙ , ∙ = .  

     , : 

= А ∙ − 𝑧 ∙ А ∙                                                                           (9.6) 

    А –  ,  ; 

–   , = ,  ; 

–    ,  . 

           = , ∙ , − , ∙ , ∙ = .  

,     , Д ⁄  : 
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𝑄 = 𝑄 − 𝑄 ы      (9.7)       

    𝑄  – ,     

  , Д ⁄ ; 

𝑄 ы  –         , 

  , Д ⁄ : 

𝑄 = ∙𝜂 ∙ ∙
     (9.8) 

  – ,     

    ; 

𝜂 = .  –      

,   ; 

 –    , В ⁄ ; 

–        (  

  ), ; 

 –   , ⁄ . 

–       

    

 = ,  

 𝑄 = , ∙ , ∙ . ∙ .. = .  
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        , 

  : 

𝑄 ы = ∙ − ∙𝜑 + . ∙ − ∙ ∙ ы ∙ ∙𝜀
     (9.9) 

 𝑄 ы – ,     

  , Д ⁄  ; 
–     ; 

𝜑 –   ; 

– ; 

ы –    , ; 

–     , К; 

–  ,  = .  ; 
 –   , ⁄ . 

  : 

𝜑 = √ В + − В
   (9.10) 

      –    , ; 

В -  , .  

 𝜑 = ,  
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    , . 

 = 𝜗′ +𝜗′′ = . + . = .  

–     : 

= − − = ,    (9.11) 

  –   , ∙ М ;⁄  

–   , = .  М ; 

  –      , . 

  , ∙ М ;⁄    

 : 

= ∙ + ∙    (9.12) 

 –       

, ∙ М ;⁄  

–    ; 

–        

  , ∙ М ;⁄  

 –   . 

    , ∙ М ,⁄    : 
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= . + ∙ 𝐻 𝑂√ ∙ − ∙ − . ∙ ′′
   (9.13) 

 –    ; 

–       ; 

 –     , ; 

′′ = 𝜗′′ + = .  –      . 

   , ,  :                                      

              = .+ +  

     –  , ; 

 –    , ; 

 -  , . 

 = ,, + , + , = ,  

    , ∙ М :⁄  

 = , + ∙ ,√ , ∙ . − ∙ − , ∙ . = .  

    , ∙ М⁄ , 

  : 
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= . ∙′′ ∙ . = . ∙. ∙ . = .                                          (9.14) 

 𝜌 =  / –      

.; 

′′ –      , ℃ . 
–    , ,   

     ; =  ; 

  , ∙ М :⁄  

 = . ∙ , + . ∙ . + , = .  

 : 

 = − − . = .  

     , / ,   (8.9): 

 𝑄 ы = . ∙ , ∙ .. + , ∙ − ∙ , ∙ . ∙ . ∙ ,. = .  

  , / ,   (8.7): 

 𝑄 = , − , = ,  

 ,      , 

/ :  

𝑄 = 𝜑 ∙ ′ − ′′    (9.15) 
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     𝜑 –   , 𝜑 = .  ; 

′  –      , / ; 

′′ –      ,    

       , / : 

′′ = ,    

           𝑄 = , ∙ , − , = .  

     ,  / : 

ℎ′′ = ℎ′ + ( + )∙
   (9.16) 

    ℎ′ –      , / ; 

𝑄 – ,     , / ; 

–    , /  ; 

–      / ,     . 

ℎ′′ = . + . + . ∙ ,, = ,  

     , C ,     

        . 

′′ = ,   

       , / : 
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= ∙𝑉 ∙ 𝜗 +∙    (9.17) 

   –    , / ; 

–   , ⁄ ; 

–      , ;  

𝜗  –     , .  

 = , ∙ , ∙ ,, ∙ = ,  

    , , В ∙ К⁄ ,   

  ,   : 

 = ∙ ∙ ∙  

   –      

     ;  

–      . 

 = , ∙ ∙ , ∙ , = ,  

    , / : 

= 𝜈 ∙
   (9.18) 

     –   , ⁄ ; = ( , ) = . ; 
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–      / ,     ;  

–     ,    : 

 = ∙ ∙ 𝑧 ∙ 𝑛  

     𝑧 –  ; 

–    , ; 

𝑛 –        : 

𝑛 = −∆ −∆ ⁄ − = . ⁄. − =   

    –  , ; 

–   , ,    = .  .  

 = , ∙ , ∙ ∙ = .  

 = , ∙ ,, = ,  

   , ℃: 

= + + ∙ ∙ + ∙    (9.19) 

        ,  = .  

–    , / ; 
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–    , ; 

𝑄 –  ,     , Д ⁄ ;  

𝑄 – ,      , / ;  

–     , В ∙ К⁄ .  

–     , ℃   : 

 = ′ + ′′ = , + , = ,  

       

 , В ∙ К⁄ : 

 = ∙  

     –  ; 

−  . 

 = , + . + ∙ , ∙ , ∙ = ,  

       

, В ∙ К⁄ , : 

 = ∙ 𝑄 = ∙ . = ,  

     , В ∙ К⁄ : 

= ∙ ∙ ∙∙ ∙𝑥 +    (9.20) 
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  –  ,  = .   

–   , В ∙ К⁄ ; 

–   , ; 

–      , ; 

𝑥 –   , 𝑥 = . ; 

 –   , В ∙ К⁄ . 
 = . ∙ , ∙ . ∙ .∙ . ∙ . + , = ,  

    , В ∙ К⁄ : 
= +( +𝑄𝑄 )∙ 𝜀+𝛼 ∙    (9.21) 

 –    , В ∙ К⁄ ; 
𝑄 –   , / ; 

𝑄 –  ,     

 , / ; 

−    , ∙ К В⁄ , = . ; 

–      ,  В ∙ К⁄ . 

 = ,+ + ,, ∙ . + , ∙ , = ,  
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     , ℃: 
∆ = 𝜈′ +𝜈′′ − ′ + ′′

=635.137      

 ,        

, / : 

𝑄 = ∙ ∙∆∙    (9.22) 

  –  , В ∙ К⁄ ; 

–   , 2; 

∆  –   , ℃; 

–    , / . 

 𝑄 = . ∙ ∙ ,, ∙ = ,  

  𝑄     𝑄  

    𝑄: 

𝑄 = | − | ∙ % =  | , − , |, ∙ % = .  % < %         (9.23) 

 𝑄 –  ,     , / ; 

𝑄 –  ,     

 , / . 
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     2%,    ,   

   .     

        . 

ℎ′′ = ℎ′ + 𝑄 + 𝑄 ∙     (9.24) 

 ℎ′ –      , / ; 

𝑄 –  ,     , / ; 

𝑄 –   , / ; 

–    , / ; 

 ℎ′′ = , + , + , ∙ ,, = ,  

     ,      

       . 

 ′′ = ,  

          

     . 
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3.7    
     

      

       

   . 

       

.        

: 

    = ,   

      = ,    

    = ,    

 
 9 –     

   ,    

: 
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 𝑧 = − − = , − ,, − = ,  

𝑧 =   

 –   ,   , = ,  ; 

–    , . 

 ,   , Д ⁄ : 

 
𝑄 = ∙ ℎ − ℎ′ − 𝑄    (10.1) 

 –      , / ; 

–    , / ; 

𝑄 –    , Д ⁄ ,   𝑄 ы ; 

ℎ –   , Д ⁄ ; 

ℎ′ –         , Д ⁄ : 

ℎ′ = ℎ′′ − ∆ℎ    (10.2) 

 ℎ′′ –      , Д ⁄ ;  

∆ℎ –      ,  Д ⁄ .  
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∆ℎ = ∙ ℎ′′ − ℎ    (10.3) 

  –      , / ; 

–       /       2-5%  

  ; 

ℎ′′ –      , Д ⁄  ; 

ℎ –   , Д ⁄ ,   

   ℎ = ℎ′( ) = , ; 

 ∆ℎ = , , ∙ , − , = ,  

 ℎ′ = , − , = ,  

 ′ = , ℎ′ = ,  ℃ 

 𝑄 = ,, ∙ , − , − , = ,  

     , Д ⁄ : 

′′ = ′ − 𝜑 + ∆ ∙    (10.4) 

   ′ –      , Д ⁄ ,  

      ; 

𝑄  –  ,   , Д ⁄ ; 

∆  –    ,   ∆ = .  
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-   , Д ⁄ . 

           ′′ = , − ,, + , ∙ , = ,  

           

     : 

 𝜗′′ = ,  ℃ 

         ,  

         . 

        . 

                                      
 
 

   𝜗′ = , ℃ 
                                                                            𝜗′′ = , ℃ 
       = ℃ 
                                                                             ′ = , ℃ 
                                                                               

 
 

 10 –         

 ,  ,     : 

∆ = ∆ −∆. ∙ 𝑛∆𝑡∆𝑡    (10.5) 

    ∆ –   , ℃; 

∆ –   , ℃. 

l

,t C
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∆ = 𝜗′ − = , − = ,    

∆ = 𝜗′′ − ′ = , − , = ,    

∆ = , − ,. ∙ 𝑛 ,, = ,  ℃   

     , : 

= ∙ ∙ 𝑧  (10.6)  

     –    , ; 

𝑧 –    ,   

 : 

             = . ∙ . ∙ = .  

      , : 

 = ℎ ∙ − 𝑧 ∙  

 ℎ = ,  –     

; 

–   ,   , = ,  ; 

–    , ; 

𝑧  –    . 
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 = , ∙ , − ∙ . = ,  

       ,  / : 

= ∙𝑉 ∙ 𝜗 +∙    (10.7)  

  –    , / ;  

 –   , ⁄ ;  

 –      , ; 

𝜗 –     ,℃ . 
 𝜗 = , + , = ,  ℃ 

 = , ∙ , ∙ , +∙ , = ,  

    , В ⁄ ∙ К ,   

  ,   : 

 = ∙ ∙ ∙ 𝑧 

   –      

     ;  

–      . 

= ∙ , ∙ ∙ = .    

    , / : 
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= ∙𝜈
   (10.8) 

    –   , ⁄ ; = , = . ; 

–       ; 

–     , : 

 = . ∙ ,, = .  

 = − −  

  , ∙ М⁄ ,    

 : 

= ∙ + ∙    (10.9) 

    , ∙ М⁄ ,          : 

= . + ∙ 𝐻 𝑂√ ∙ − ∙ − , ∙ ′′
 (10.10) 

     –        ; 

′′ = 𝜗′′ + = .  -      , 

; 

–    , ,  : 

= , ∙ ∙ ∙ ∙ −                                               
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    –    , ; 

–   , ; 

–   , . 

 = , ∙ , ∙ , ∙ . ∙ .. − = .  

= , + ∙ ,√ , ∙ , − ∙ − , ∙ . = .
  

    , ∙ М⁄ ,   : 

= ∙′′ ∙ .  (10.11) 

  –    , ,  

      ,    

 =  ; 

 𝜌 =  / –      . 

 = . ∙. ∙ . = .  

 = . ∙ , + . ∙ . = .  

 = − − . = .  

   , ℃:  

 = + + ∙ ∙ + ∙  (10.12) 
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 –   , ℃; 

–    , ∙ К В ,⁄  =. ; 

–      , В ∙ К⁄ ; 

–   , / ; 

𝑄 –    , / ; 

𝑄 –  ,    , 

/ ; 

  –    , ,   

,  = .  . 
    , В ∙ К⁄ .  

       : 

= ∙  

   –  . 

= ∙ . =   

    , ℃ ,   : 

 = ′ + ′′ = . + = .  

 = . + . + ∙ . ∙ . + .. ∙ = .
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    , В ∙ К⁄ ,   

      .              = ∙ ∙  

    –        

 100%; 

–      , В ∙ К⁄ ;  

 = .  

         

, В ∙ К⁄ : 

 = +  

 = . + . = .  

        

  , В ∙ К⁄ . 

= ∙+𝛼𝛼  (10.13) 

  –    ,  ∙ К В ,⁄  

–       , В ∙ К⁄ ; 

–      , В ∙ К⁄ . 
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 = , ∙ .+ . = .  

   , : 

= ∙∙∆ ∙  (10.14) 

   𝑄 – ,      , 

/  ; 

 –    , / ;  

∆  –    , ℃ ; 

  –  , В ∙ К⁄ . 

= . ∙ .. ∙ . ∙ = .  

    : 

= ∙ ∙𝑧  (10.15) 

 –   , ; 

–    , ; 

𝑧 –    . 

 = + = . + . = .  
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 = ,, ∙ , ∙ = ,  

     , : 

𝑧 = ℎ  (10.16) 

    ℎ –   , ℎ = ,  ; 

 –   , . 

            𝑧 = ,, = ,  

𝑧 =  

  ,  

= 𝑧 ∙  (10.17) 

 𝑧 –      , ; 

–   , ; 

= ∙ . = ,  

   . 

          ,  

      . 
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3.8     
     

 .    

          

  ,      

.  

     , ℃: 

 ′′ = + ℃ = + =  ℃ 

 , / ,   

 : 

𝑄 = ′′ + ∆ ∙ ′′ −    (11.1) 

  ′′ –       

;  

∆ –      , ∆ = . ;                            

′′ –       , / ;   

 –   , / . 

 𝑄 = . + . ∙ , − , = ,  

       / : 

′ = ′′ + 𝜑 − ∆ ∙  (11.2) 
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   ′′  –      , ′′ = ,  , 
/ ;  

𝑄  –  , / ; 

∆ –    ; 

–  ,   , / . 

 = ,  

′ = , + ,. − . ∙ , = ,   

      , ℃,    

        : 

 𝜗′ = ,  

     : 

    = .  ; 

      = .  ;    

     = .  ,  = .   ,

  

   : 

𝑧 = ∙𝑉 ∙ 𝜗 +∙ ∙    (11.3) 
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   –    , / ; 

 –   , ⁄ ; 

–         

; 

𝜗 –     , ℃; 𝜗 = , ; 

–    ,  / . 

        

, ,    : 

= . ∙    (11.4) 

 –   , .  

           = . ∙ . = .
 

 𝑧 = , ∙ , ∙ ,∙ ∙ . = ,  

 𝑧 =  

       : 

𝑧 = −    (11.5) 

   –   ,   , = ,  ; 

–   , . 
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 𝑧 = ,. − =  

         , 

      1   

 .  

 
                     
 
                  𝜗′ = ,   

 
                𝜗 . =  
                   ′′ = ℃                                                =  ℃ 
                                                                      
 

 

 11 –       

   , ℃    

: 

∆ = ∆ −∆. ∙ 𝑛∆𝑡∆𝑡    (11.6) 

   ∆ –   , ℃: 

∆ = 𝜗′ − ′′ = , − = ,  ℃   

∆ –   , ℃: 

 ∆ = 𝜗 . − = − =  ℃ 

 ∆ = − ,. ∙ 𝑛 , =  

,t C

l
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     , ℃ ,   

: 

∆ = ∙ ∆    (11.7) 

    ∆ –   ; 

   –       , 

        . = .   

        В ∙ К⁄ , 

   : 

= ∙ ∙+    (11.8) 

    -  ,   

      

 , = .  ; 
–      , В ∙ К⁄ ; 

–       , В ∙ К⁄ . 

 ∆ = , ∙ = ,  

      , В ∙ К⁄ : 
 = ∙ = ∙ , = ,  

     , В ∙ К⁄ : 
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 = ∙ ∙ = ∙ , ∙ = ,  

 = , ∙ , ∙ ,, + , = ,  

  , : 

= ∙∙∆ ∙    (11.9) 

   𝑄 –  , / ; 

 –    , / ; 

∆ –    , ℃; 

 –  , В ∙ К⁄ . 

 = , ∙ ,, ∙ , ∙ = ,  

   , : 

ℎ = ∙ ∙𝑧  (11.10) 

   –    , = .  ; 

𝑧 –    ; 

 ℎ = ,, ∙ , ∙ = ,  

    ,  : 
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ℎ = ∙ ∙𝑉 ∙ +∙ −𝑧 ∙ ∙ ∙𝑛  (10.11) 

     –    , / ; 

  , ⁄ ; 

 –    , ; 

 –       ; 

 𝑧 –     ; 

 –   ,   , = ,  ; 

 –    , / ; 

 –   , ℃,    

: 

 = + ′′ =  

 ℎ = , ∙ , ∙ , ∙∙ , − ∙ , ∙ ∙ = ,  

    , .: 

 𝑧 = ℎℎ  (11.12) 

 ℎ –   , ; 

ℎ –    , . 
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 𝑧 = ,, =
 

            

         

. 
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3.9      
      

      .     

   .    

       

 ( ). 

     : 

      = ,   ;  

     = , ,  = ,  ,

      , : 𝑧 = −   (12.1) 

   –    = ,  ; 

 𝑧 = , . − =  

 ,      , Д ⁄ , 

   :  𝑄 э = 𝜑 э′ − э′′ + ∆ э ∙ .   (12.2) 

     𝜑 –   , 𝜑 = . ; 

э′ –       , Д ⁄ ; 

. –   , Д ⁄ ; ∆ э –     ; 

э′′ –       Д ⁄ . 

 𝑄 э = . , − , + , ∙ , = ,  

     , Д ⁄ : 
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ℎ э′′ = ℎ э′ + э ∙э                                                                      (12.3) 

   ℎ э′ –      ,  Д ⁄ ; 𝑄 э –  ,      ,  Д ⁄ ; 

–    , / ; 

э –     , / ,   

 : 

э = + −   (12.4) 

   –      , / ; 

 –      1 %    ; 

–    , / ,     2-5%  

  . 

 э = , + , − , = ,  

 ℎ э′′ = , + , ∙ ,, = ,  

      1, ℃,     

    : э′′ = , ℎ э′′ =  ℃ 

         , 

         

 .        

  (  12). 
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                  𝜗′ э = , ℃  
 

                  ′′ э = , ℃ 𝜗′′ э = ,  
                                                                                                 = ,  ℃ 
                                                                      
 

 12 –       

   , ℃,    

: 

∆ = ∆ −∆. ∙ 𝑛∆𝑡∆𝑡   (12.5) 

   ∆ –   , ℃: 

 ∆ = 𝜗′′ э −  = , − , = ,  

 ∆ -   , ℃: 

 ∆ = 𝜗′ э − ′′ э = , − , = ,  

 ∆ = , − ,. ∙ 𝑛 ,, = ,  

     , ℃: 

 𝜗 = 𝜗′′ э +𝜗′ э  

 𝜗 = , + = ,  

 

,t C

l
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      ,  ,  :  

э = ∙ − ∙ 𝑧 ∙    (12.6)               

    𝑧 –      ; 

–   ,   , = ,  ; 

–    , . 

 э = , ∙ , − . ∙ ∙ , = ,  

       , / : 

= ∙𝑉 ∙ 𝜗 +∙ э    (11.7) 

     𝜗 –      , ℃; 

э –      , . 

 = , ∙ , ∙ ,∙ , = ,  

  ,  В ∙ К⁄ : 

= +𝜀∙   (12.8) 

  –       , В ∙ К⁄ ,   = ,  В ∙ К⁄ ;     

 –  , ∙ К В⁄ , , = .  



 

94 
 

 = ,+ . ∙ , = ,  

   , : 

э = ∙ э∙∆ ∙   (12.9) 

   𝑄 э – ,      , 

/ ; 

–    , / ; 

∆ –    , ℃. 

 э = , ∙ ,, ∙ , ∙ = ,  

   , : 

= э∙ ∙𝑧                                                                                            (12.10) 

   –    ,  

э –   , ; 

𝑧 –    . 

 = ,, ∙ . ∙ = ,  

     : 
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𝑧 =                                                                                                    (12.11) 

    –   ,   , = ,  ; 

 –   , ; 

 𝑧 = , , =  

   , : 

ℎ э = 𝑧 ∙                                                                                         (12.12) 

     –   , ; 

𝑧 –     , . 

 ℎ э = ∙ . = ,  
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3.10     
     

 .    

          

  ,      

.  

     , ℃: 

′′ = =  ℃ 

 , / ,   

 : 

𝑄 = ′′ + ∆ ∙ − ′′    (13.1) 

  ′′ – ,      

;  

∆ –      , ∆ = . ;                      

′′ –       , / ;   

 –   , / . 

 𝑄 = , + . ∙ , − , = ,  
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       / : 

′ = ′′ + 𝜑 − ∆ ∙    (13.2) 

   ′′  –      , ′′ = ,  , 
/ ;  

𝑄  –  , / ; 

∆ –    ; 

–  ,   , / . 

 = ,  

′ = , + ,, − , ∙ , = ,   

      , ℃,    

        : 

 𝜗′ = ,  

     : 

    = .  ; 

      = .  ; 

     = .  ,  = .   ,
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   : 

𝑧 = ∙𝑉 ∙ 𝜗 +∙ ∙    (13.3) 

   –    , / ; 

 –   , ⁄ ; 

–         

; 

𝜗 –     , ℃; 𝜗 = ,  ; 
–    ,  / . 

        

, ,    : 

= . ∙    (13.4) 

 –   , .  

           = . ∙ . = .
 

 𝑧 = , ∙ , ∙ ,∙ ∙ . =  

       : 

𝑧 = −    (13.5) 
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   –   ,   , = ,  ; 

–   , . 

𝑧 = ,. − =  

         , 

      1   

 .  

 
 
                     
 
               𝜗′ = , ℃  

 
                𝜗′′ = ,  ℃ 
                   ′′ = ℃                                                ′ =  ℃ 
                                                                      
 

 

 13 –       

   , ℃,    

: 

∆ = ∆ −∆. ∙ 𝑛∆𝑡∆𝑡    (13.6) 

   ∆ –   , ℃: 

∆ = 𝜗′ − ′′ = , − = , ℃   

∆ –   , ℃: 

,t C

l
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 ∆ = 𝜗′′ − ′′ = , − = ,  ℃ 

 ∆ = ,  − ,. ∙ 𝑛 ,  , = ,  

     , ℃ ,   

: 

∆ = ∙ ∆    (13.7) 

    ∆ –   ; 

   –       , 

        . = ,   

       , В ∙ К⁄ ,    : 

= ∙ ∙+    (13.8) 

    -  ,   

      

 , = .  ; 
–      , В ∙ К⁄ ; 

–       , В ∙ К⁄ . 

 ∆ = , ∙ , = ,  
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      , В ∙ К⁄  

 = ∙ = ∙ , = ,  

     , В ∙ К⁄ : 

 = ∙ ∙ = ∙ , ∙ = ,  

 = , ∙ , ∙ ,, + , = ,  

  , : 

= ∙∙∆ ∙    (13.9) 

   𝑄 –  , / ; 

 –    , / ; 

∆ –    , ℃; 

 –  , В ∙ К⁄ . 

 = , ∙ ,, ∙ , ∙ = ,  

   , : 

ℎ = ∙ ∙𝑧  (12.10) 

   –    , = .  ; 
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𝑧 –    ; 

 ℎ = ,, ∙ , ∙ = ,  

    ,  : 

ℎ = ∙ ∙𝑉 ∙ +∙ −𝑧 ∙ ∙ ∙𝑛  (13.11) 

     –    , / ; 

  , ⁄ ; 

 –    , ; 

 –       ; 

 𝑧 –     ; 

 –   ,   , = ,  ; 

 –    , / ; 

 –   , ℃,    

: 

 = ′ + ′′ = + =  

 ℎ = , ∙ , ∙ , ∙∙ , − ∙ , ∙ ∙ = ,  

    , .: 



 

103 
 

 𝑧 = ℎℎ  (13.12) 

 ℎ –   , ; 

ℎ –    , . 

 𝑧 = ,, =
 

    𝑧 =         

:  

 ℎ = , = ,  

            

         

. 
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3.11      
      

      .     

   .    

       

 ( ). 

     : 

      = .   ; 

     = .  ,  = .  ,

  

     , : 

𝑧 = −   (14.1) 

   –    = ,  ; 

 𝑧 = ,. − =  

 ,      , / , 

   :  

𝑄 э = 𝜑 э′ − э′′ + ∆ э ∙ .    (14.2) 

     𝜑 –   , 𝜑 = . ; 

э′ –       , / ; 
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. –   , / ; 

∆ э –     ; 

э′′ –       / . 

 𝑄 э = , , − , + , ∙ , = ,  

     , / : 

ℎ э′′ = ℎ э′ + э ∙э                                                                      (14.3) 

   ℎ э′ –      ,  / ; 

𝑄 э –  ,      ,  / ; 

–    , / ; 

э –     , / ,   

 : 

э = + −   (14.4) 

   –      , / ; 

 –      1 %    ; 

–    , / ,     2-5%  

  . 

 



 

106 
 

 э = , + , − , = ,  

 ℎ э′′ = , + , ∙ ,, = ,  

      1, ℃,     

    : э′′ = , ℎ э′′ = ,  ℃ 

         , 

         

 .        

  (  14). 

 
                     
 
                𝜗′ э = , ℃  

 
                ′′ э = , ℃ 𝜗′′ э = ,  

                                                                                                 ′ э = ,  ℃ 
                                                                      
 

 14 –       

   , ℃,    

: 

∆ = ∆ −∆. ∙ 𝑛∆𝑡∆𝑡   (14.5) 

   ∆ –   , ℃: 

 ∆ = 𝜗′′ э −  ′ э = , − , = ,  

 ∆ -   , ℃: 

,t C

l
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 ∆ = 𝜗′ э − ′′ э = , − , = ,  

 ∆ = , − ,. ∙ 𝑛 ,, = ,  

     , ℃: 

 𝜗 = 𝜗′′ э +𝜗′ э  

 𝜗 = , + , = ,  

      , ,   :                                           

э = ∙ − ∙ 𝑧 ∙    (14.6)               

    𝑧 –      ; 

–   ,   , = ,  ; 

–    , . 

 э = , ∙ , − , ∙ ∙ , = ,  

       , / : 

= ∙𝑉 ∙ 𝜗 +∙ э    (14.7) 

     𝜗 –      , ℃; 

э –      , . 
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 = , ∙ , ∙ ,∙ , = ,  

  ,  В ∙ К⁄ : 

 = +𝜀∙   (14.8) 

  –       , В ∙ К⁄ ,   = ,  В ∙ К⁄ ;     

 –  , ∙ К В⁄ , , = .  

 = ,+ . ∙ , = ,  

   , : 

э = ∙ э∙∆ ∙   (14.9) 

   𝑄 э – ,      , 

/ ; 

–    , / ; 

∆ –    , ℃. 

 э = , ∙ ,, ∙ , ∙ = ,  

   , : 

= э∙ ∙𝑧                                                                                            (13.10) 
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   –    , ; 

э –   , ; 

𝑧 –    . 

 = ,, ∙ . ∙ = ,  

     : 

𝑧 =                                                                                                    (14.11) 

    –   ,   , = ,  ; 

 –   , ; 

 𝑧 = , , =  

   , : 

ℎ э = 𝑧 ∙                                                                                         (14.12) 

     –   , ; 

𝑧 –     , . 

 ℎ э = ∙ , = ,  

     1 – 1.5 ,  

   0.6 – 0.8 .     

  ,  ℎ э = ,  . 
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3.12    
     

       

     : 

∆𝑄 = 𝑄 ∙ 𝜂 − 𝑄 + 𝑄 + 𝑄 + 𝑄 э + 𝑄 э ∙ −
   (15.1) 

   𝑄  –     / ; 

𝜂 –   , % ( .  3.20); 

𝑄 –  ,  ,  /  ( .  6.18); 

𝑄 –  ,  ,  /  ( .  8.15); 

𝑄 –  ,  ,  /  ( .  9.1); 

𝑄 э –  ,  ,  /  ( .  

11.2,13.2); 

–     , % ( .  3.14); 

 ∆𝑄 = ∙ . − , + , + , + , ++ , ∙ − , = − ,  

  ,  (%): 

𝑄 = |∆ | ∙ %                                                                                    (15.2)  

 𝑄 = |− , | ∙ % = , % 
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     1%  ,   

     .   

.          

,   . ,      

    . 

,      ,  

        

(  15).  
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 15 –     .  
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4     

       

    . 

      : 

𝜂 = − − − − −  

   –     ; 

  –     ; 

  –     ; 

  –       ; 

  –     ; 

   , ,   ,   

  ,      ,  

    : 

𝜂 = − − −  

      α,   

,     α     

 .        

     ,    

  . 
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      α,   

      ,  

   ,        

  ,       , 

     ,   

 ,       . 

       

 ,   ,  , -   

 ,       

(      10-15%). 

     ,   

    , ,      

α    270(320)-140 2   220 /  (  16). 

 

 16-   q2,q3,q4     

α, % 

0

1

2

3

4

5

6

7

8

9

1,2 1,25 1,3 1,35 1,4 1,45 1,5

З о т  поте е  q2,q3,q4 от 
ко е т  тк  о ду  α, %

q2 q3 q4
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    ,     

    , ,     

  1,3,   .     

  ,    + +   

. 

   17      + +     .   ,   

       1,35.  

        

    18. 

 

 17-    q2+q3+q4   

  α, % 

8,45

8,5

8,55

8,6

8,65

8,7

1,2 1,25 1,3 1,35 1,4 1,45 1,5

З о т  у о  поте  q2+q3+q4 от 
ко е т  тк  о ду  α, %
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 18-       

  α 

         

         : 

 Δ = − + − ×  

   –      ; 

  –      ; 

  –      ; 

  –      ; 

  –        ; 

       

173

173,5

174

174,5

175

175,5

176

176,5

177

177,5

178

178,5

1,2 1,25 1,3 1,35 1,4 1,45 1,5

З о т  те пе ту  у одящ  о  от 
ко е т  тк  о ду  α
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      -   

  .    , : 

1)        , 

  ,     . 

2)        ,   

  0,2 (20 %)      298 

/ ,     0,25 – 274 /  (    

  ). 

3)         

     

,        

   ,     

 ,      .  

     0,05  0,15     14 

,      9  (  19). 

4)           

   ,      

 0,2       

 ,        

           

  (  10). 

5)          

  . (  20). 
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 19-         

 

 20-   q2,q3,q4      

4.1         
         

        -

    .    , : 

156

158

160

162

164

166

168

170

172

174

0 0,05 0,1 0,15 0,2 0,25 0,3

З о т  те пе ту  у одящ  о  от 
п о о   топке

-2

0

2

4

6

8

10

0 0,05 0,1 0,15 0,2 0,25 0,3

З о т  поте е  q2,q3,q4 от п о о   
топке 

q2 q3 q4
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1)         

         ,   

  .  

2)         

   ,  

      (   2 .) 

 

 21-   q2     

  

 

0

2

4

6

8

10

12

0 0,05 0,1 0,15 0,2 0,25

З о т  поте  q2 от п о о   
о о т л о  о оде 

156

158

160

162

164

166

168

170

172

174

176

0 0,05 0,1 0,15 0,2 0,25

З о т  те пе ту  у одящ  о  от 
п о о   о о т л  о од
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 22-        

  

 

 23-        

  

4.2          
 

   -      

 , : 

1)         

           

,     .  

2)         

     ,   

       

.  

740

745

750

755

760

765

770

775

780

0 0,05 0,1 0,15 0,2 0,25

З о т  те пе ту  пе ед ВЭК от 
п о о   о о т л  о од
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   0,1      

 308 / ,   0,15   295 / ,    

0,2  282 / . 

3)         

     .    

      . 

 

 24-   q2     

 

0

2

4

6

8

10

12

0 0,05 0,1 0,15 0,2 0,25

З о т  поте  q2 от п о о   ВЭК

155

160

165

170

175

180

185

0 0,05 0,1 0,15 0,2 0,25

З о т  те пе ту  у одящ  о  от 
п о о   ВЭК
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 25-         

4.3          
 

   -      

 , : 

1)         

           

,     .  

2)         

    ,    ,  

    (  ),    

       ,   

    .      

0,2       

  314 /  

 

 26-   q2     

0

2

4

6

8

10

12

0 0,05 0,1 0,15 0,2 0,25

З о т  поте  q2 от п о о   ВЗП
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 27-         

5  

         

     -     

 .     –  -270(320)-140 2 

 «  -1».       

    ,      

  ,     ,  

  ,  ,   

   .      

        ,  

     .   

 -       

  ,   ,      

     ,  ,    

   .     

        ,   

         

155

160

165

170

175

180

185

190

0 0,05 0,1 0,15 0,2 0,25

З о т  те пе ту  у одящ  о  от 
п о о   ВЗП
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       . 
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6   Ч  

1 , . .     (      
):   / . . , . . , . . . : 
 , 2005. – 96 . 

2 , . .      :   
  / . . , . . , . . . . . 

1988. – 208 .  

3 , . .     / . . , . . 
. .: , 1981. 345 . 

4   :  : . /  . . 
. . , . . . 2-  . .: , 1987. – 456 . 

5 , . .     (  
   ):   / . . 

, . . . :  , 2004. – 228 . 

6      . 
http://www.energyed.ru/Home/WaterSteam 

 




