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 -  ; -1 -   ;  

-2 -   . 

 4–     -660-300 

 

  , / : 

( )
46520

138,915 .
4,19 150 70

Q
G

t
= = =

  −
 

 4,186=  кД /к ∙ К –   ; 
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1P    
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2P    

.3P    if0.     

    “f”  , / : if = ii − ii − if ·ηoiЦСД- = ,  − ,  − , · , == ,   
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     . 

 “G“     , : 
'
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      .3P    
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  i = ,  /  –    ; 

i 0 = ,  /  –      “H ”; 
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Pk=0,0032
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0
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B

C

D0

D
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2.5      

   ( 7).     8,818 

.    5%,     , 

: ПВД = , ⋅ , = ,  

   ,  : 

t  = 298,243 

   , / : 

1334,959it =  

      ё  ,  : 

t  = t  - ПВД  = 298,243- 3 = 295,243 

  , / : 

1316,417t =  

   (  i-s ), / : 

3032,089i =  

      , / : 

h = 0h  - i = 3341,405 – 3032,089= 309,316 

      .  

   9. 

 

 9–     
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 , 
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/
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, 

/
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  9 

2 5,978 5,679 2972,171 272,023 1195,415 269,023 1178,832 87,453 

1 2,259 2,146 3324,714 215,977 925,096 212,977 914,039 244,35 

 1,04 1,04 3133,225 181,597 - 181,597 770,248 221,689 

4 0,43 0,409 3409,89 144,372 607,992 139,372 586,951 221,519 

3 0,249 0,237 3247,292 125,601 527,622 120,601 506,926 165,853 

2 0,077 0,073 2972,738 91,094 - 91,094 381,573 274,553 

1 0,0205 0,019 2725,867 59,485 248,99 54,485 228,755 246,872 

 0,0032 0,0032 2660,244 25,159 - 25,159 105,505 195,416 

 

2.6       

    : 

     : 

2
.

0 1 2

3133,954 2660,244 496,842
0,539

3341,405 621,433 496,842 2660,244

D

K

i i h

h h h h


 − + 
= = +  +  − 

− + = = + + − 

 

 1 621,433h =  –      

 №1; 

2 496,842h =  –      

 №2; 

2660,244Hi = –      

. 
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     : 

.
0 1 2

3163,283 2660,244
0,28

3341,405 621,433 496,842 2660,244

f H

H

i i

h h h i


− 
= = +  +  − 

− = = + + − 

 

   : 

2

0 1 2

3133,954 2660,244 496,842
0,539

3341,405 621,433 496,842 2660,244

D

K

i i h

h h h h


 − + 
= = +  +  − 

− + = = + + − 

 

      , / : 

( ) ( ). .2 . .1 515,232 0,001 43,4 15
45,63

( ) (3133,954 2660,244) 0,98 0,75D

G v P P
D

i i  
  −   −

= = =
−   −  

 

  515,232G =  /  –         

 ; 

. .2 43,4P =  –      

 ; 

. .1 15P =   –       

; 

0,98 = –   ; 

0,75 = –  . 

   K  = 1,36259     

, / : 

650000
1,36259 0,539 7,034 0,28 11,048 0,539 45,634

2010,405 0,98

492,468

Э

i э

W
D K D D D

H 
 

=  +  +  +  =  
 =  +  +  +  =  

=

 

  Hi = ,  /  –   ; 

  = 0,98 –  . 
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'
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'
. . 6h −
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. . 7h −

1h1D 2h
2D

. . 6h −

. . 6h −

. . 6h −

'
. . 6h −

'
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'
. . 5Ch −

3h3D

. . 5h − . . 5h −

'
. . 7h −

'
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'
. . 5h −

'
. 1h −

. 1h −

. 2h −

'
. 2h −

 

 6 –      

 10 –      

 -3 -2 -1 
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8,377 5,679 2,146 

 
, /  

3032,1 2820 1334,9 2944,6 2841,7 1195,4 3352,9 2837,5 925,1 

 
, 

/  

2820 1334,9  2841,7 1195,4  2837,5 925,1  
 

 
  

, 
/  

1308,5   1177,2     783,7 

 
  

, 
/  

 1308,5   1177,2   918,22  

 
 

  
,   

295,24   269,02   212,98  186,2 

 
 

  
,   

 295,24   269,02   212,98  
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.         

   .   

    Mathcad Prime 7.0.0.    

WaterSteam. 

     -7: 

' '
1 1 . . 7 . . 7 . . 7

' '
1 . . 7 . . 7 . . 7 . . 7

' '
1 . . 7 . . 7 . . 7 . . 6

. .
. . 7

( ) ( )

( ) ( )

( ) ( )

D h h G h h

D h h G h h

D h h G h h

h
h

− − −

− − − −

− − − −

−

 − =  −

 − =  −

 − =  −

=
'

6 8 K− 
+  

 

 

'
1 . . 7

'
1 . . 7

' '
1 . . 7 . . 7 . . 6

'
. . 6

. . 7

3032,1 2820,035 1308,512

2820 1334,959 1308,512

1334,959

( ) 515,414 ( )

( ) 515,414 ( )

( ) 515,414 ( )

8
4,186

D h

D h

D h h h

h
h K

−

−

− − −

−
−

 − =  −

 − =  −

 − =  −

= + 4,186
 

 
 

 

    -6: 
' '

2 2 . . 6 . . 6 . . 6

' '
2 . . 6 . . 6 . . 6 . . 6

2 . . 6 . . 6 1 . . 7 . . 6

'
. . 6 .

( ) ( )

( ) ( )

( ) ( )

(

D h h G h h

D h h G h h

D h h D h h

G h h

− − −

− − − −

− − − −

−

 − =  −

 − =  −

 − +  − =

=  − '
. 5

'
. . 5

. . 6

)

8

C

Ch
h K

−

−
−

 
= +  
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'
2 . . 6

'
2 . . 6

2 . . 6 1 . . 7 . . 6

' '
. . 6 . . 5

.

( ) 515,232 ( )

( ) 515,232 ( )

( ) ( )

515

2944,636 2841,7 1177,176

2841,7 1195,415 1178,8

1195

,23

,4

2

5

( )

1

D h

D h

D h D h h

h h

h

−

−

− − −

− −

 − =  −

 − =  −

 − +  − =

=  −
'

. . 5
. 6 8 4,186

4,186
Ch

K−
−

 
= +  
 

 

    -5: 
' '

3 3 . . 5 . . 5 . . 7

' '
3 . . 5 . . 5 . . 5 . . 5

3 . . 5 . . 5 1 2 . . 6 . . 5

. .

( ) ( )

( ) ( )

( ) ( ) ( )

(

D h h G h h

D h h G h h

D h h D D h h

G h

− − −

− − − −

− − − −

−

 − =   −

 − =  −

 − + +  − =

=  ' '
5 . 1

'
. 1

. . 5

)

8

h

h
h K

−

−
−

−

 
= +  
 

 

' '
3 . . 5 . . 7

'
3 . . 5

3 . . 5 1 2 . . 6 . . 5

'
. . 5

3324,714 2837,873

2837,873 925,1 918,217

925,1

800,

( ) 0,3 515,232 ( )

( ) 515,232 ( )

( ) ( ) ( )

515,232 (

D h h

D h

D h D D h h

h

− −

−

− − −

−

 − =   −

 − =  −

 − + +  − =

=  −

. . 5 6

3 )

8 4,18
4,1

1

8

1

800,3

6
h K−

 = +  
 

 

    -2: 

' '
. . 7 . . 5 . 2( 0,3 ) 0,3G G h G h G h− − −−   +   =   

' '
. . 7 . . 5

. 2

(515,232 0,3 515,232) 0,3 515,232

515,232

h h

h

− −

−

−   +   =

= 
 

    ,    

: 
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'
1 . . 7

'
2 . . 7

3 . . 7

' '
. . 6 . . 5

'
. . 6 .

38,192 1324,231

65,099 1198,43

24,236 1223,669

1190,181 1400,566

969,169

D h

D h

D h

h h

h h

−

−

−

− −

−

= =

= =

= =

= =

= '
. 5

. . 6 . . 5

'
. 2

828,242

951,705 833,798

1347,131

h h

h

−

− −

−

=

= =

=
 

  h -′  -      -1,   ё  

 ё   , / : 

( )

( )

. 1'
. 1 . 1

15 1,04 0,001
770,248 800,31

0,75

эP P V
h h


−

− −

− 
= + =

− 
= + =

 

  . 1 770,248h − = -       -1, / : 

. .1 15P =   –       

; 

1,04эP =   –       

  ; 

V  = 0,001 3/  –    ;  

η = 0,75 -  . 

  h -′  -      -2,   ё  

 ё   , / : 
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( )

( )

' . 2 . 2
. 2 . 2

43,4 15 0,001
1347,131 1387,963

0,75

P P V
h h


− −

− −

− 
= + =

− 
= + =

 

  . 2 1347,131h − = -       -1, / : 

. .2 43,4P =   –      

 ; 

. 2 15P − =   –       

  ; 

V  = 0,001 3/  –    ;  

η = 0,75 -  . 

2.8   

4h4D

G. 1h −

1 2 3D D D+ +

. . 5h −

'
. 2G −

'
. . 4h −

-1  

 7 –    

    : 
'

4 1 2 3 . 2

' '
4 4 1 2 3 . . 5 . 2 . . 4

. 1

( )

( )

D D D D G G

D h D D D h G h

G h

−

− − −

−

+ + + + =

 + + +  +  =

= 

 

        

   .   
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  Mathcad Prime 7.0.0.    

WaterSteam. 

'
4 . 2

' '
4 . 2 . . 4

(38,192 65,099 24,236) 515,232

3133,954 (38,192 65,099 24,236) 833,798

515,232 770,248

D G

D G h

−

− −

+ + + + =

 + + +  +  =

= 

 

       ,  

       . 

        .   

2.9     

      8. 

-4
-3 -2 -1

-1

-2

-1-2

5h

5D

. . 4h −

. . 4h −. . 4h −

'
. . 4h −

'
. . 4h −

'
. . 4h −

'
. . 3h −

6h

6D

. . 3h −

. . 3h −
'

. . 3h −

'
. 2h −

. 2h −

. 1h −

D D+

7D
7h

'
. . 1h −

8D
8h

. 1h −

. 1h −

 

 8 –      

 11 –      

 -4 -3 -2 -1 
        

  
,  

0,409 0,237  0,073 0,019 

 
, /  

3383,174 2767,57 607,992 3220,233 3039,808 2972,738 2725,867 
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  11 

 
, 

/  

2767,57 607,992  3039,808 527,622 - 248,999 

 
  
, /  

586,951   506,926 382,909 228,136 147,372 

 
  

, 
/  

 586,951   506,926 381,573 228,136 

 
 

  
,   

139,372   120,601 91,233 54,485 35,159 
 

 
 

  
,   

 139,372   120,601 91,094 54,485 

 

          

.         

   .   

    Mathcad Prime 7.0.0.    

WaterSteam. 

     -4 

' ' '
5 5 . . 4 . 2 . . 4 . . 4

' ' '
5 . . 4 . . 4 . 2 . . 4 . . 4

' ' '
5 . . 4 . . 4 . 2 . . 4 . . 3

( ) ( )

( ) ( )

( ) (

D h h G h h

D h h G h h

D h h G h h

− − − −

− − − − −

− − − − −

 − =  −

 − =  −

 − =  −
'

. . 3
. . 4

)

8
h

h K−
−

 
= +  
 

 

' '
5 . 2 . . 4

' '
5 . 2 . . 4

' ' '
5 . . 4 . 2 . . 4 . . 3

. . 3
. . 4

(3383,174 2767,57) ( 586,951)

(2767,57 607,992) (586,951 )

(607,992 ) ( )

D G h

D G h

D h G h h

h
h

− −

− −

− − − −

−
−

 − =  −

 − =  −

 − =  −

=
'

8 4,186
4,186

K
 

+  
 

 

    -3: 
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' ' '
6 6 . . 3 . 2 . . 3 . . 3

6 . . 3 . . 3 5 . . 4 . . 3

' ' '
. 2 . . 3 . 2

( ) ( )

( ) ( )

( )

D h h G h h

D h h D h h

G h h

− − − −

− − − −

− − −

 − =  −

 − +  − =

 −

 

' '
6 . 2 . . 3

6 5 . . 4

' '
. 2 . 2

(3220,233 3039,808) ( 506,926)

(3039,808 527,622) ( 527,622)

(506,926 )

D G h

D D h

G h

− −

−

− −

 − =  −

 − +  − =

=  −

 

     -2: 

. 2

' '
7 5 6 . 1 . 2

' '
7 7 . 5 6 . . 3 . 1 . . 1

'
. 2

( ) ( )

( ) ( )

D D D D D G G

D h D h D D h G h

G h
−

− −

− − −

−

+ + + + + =

 +  + +  +  =

= 

 

'
7 5 6 . 1

7 5 6

' '
. 1 . 2

(7,034 11,048) ( ) 377,412

2972,738 (7,034 11,048) 527,622 ( ) 527,622

228,136 381,573

D D D G

D D D

G G

−

− −

+ + + + + =

 + +  + +  +

+  = 

 

 

    -1: 

' '
8 8 . 1 . 1 . 1 . 1( ) ( )D h h G h h− − − − − =  −  

'
8 . 1(2725,867 248,99) (228,136 147,372)D G − − =  −  

  '
. 2h − -      -2,   

ё   ё   , / : 

( )

( )

. 2'
. 2 . 2

1,04 0,073 0,001
381,573 382,909

0,75

эP P V
h h


−

− −

− 
= + =

− 
= + =

 

  . 2 381,573h − = -       -2, / : 

1,04эP =   –      

 ; 

. 2 0,073P − =   –       

   ; 
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V  = 0,001 3/  –    ;  

η = 0,75 -  . 

    ,    

: 

'
4 . . 4

'
5 . . 4

6 . . 4

'
7 . . 3

'
8 . 1

'
. 2

21,883 606,7

11,736 517,667

17,958 549,271

15,238 515,783

9,874 302,808

365,982

D h

D h

D h

D h

D G

G

−

−

−

−

−

−

= =

= =

= =

= =

= =

=

 

    : 

.1. 0 1

.2. .1. 2

.3. .2. 3

.4. . . .3.

492,293 38,192 454,102

454,102 65,099 389,003

389,003 24,236 364,767

D D D

D D D

D D D

D D

= − = − =

= − = − =

= − = − =

= 4

.4. . . .4. . .

.5. .4. . . 5

.6.

364,767 21,883 7,034

335,85

335,85 45,634

290,216

290,216 11,736 278,48

D D

D D D

D D D

D

− − = − − =

=

= − = − =

=

= − = − =

.5. 6 278,48 17,958 11,048

249,474

D D D= − − = − − =

=
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.7. .6. 7

.8. .7. 8

249,474 15,238 234,236

234,236 9,874 224,362

D D D

D D D

= − = − =

= − = − =
 

'
. 1 8 ( )

302,808 9,874 45,634 (2,294 4,588 5,046 11,01) 224,362

ЭG D D D D D D− − − − + + + =

= − − − + + + =
 

  ,     ,  

   . 

  : 

1 0 1

2 .1. 2

3 .2. 3

4 .3. 4

492,293 309,316 0,98 149,229

( ) 454102 87,453 0,98 38,919

( ) 389,003 268,891 0,98 102,507

( ) 364,767 2

э э

э э

э э

э э

W D H

W D H

W D H

W D H








=   =   =

=   =   =

=   =   =

=   = 

5 .4. . . 5

17,342 0,98 77,693

( ) 290,216 247,622 0,98

70,427
э эW D H 

 =

=   =   =

=

 

6 .5. 6

7 .6. 7

8 .7. 8

. .8. 9

( ) 278,48 162,941 0,98 44,468

( ) 249,474 274,553 0,98 67,124

( ) 234,236 246,872 0,98 56,67

( )

э э

э э

э э

э

W D H

W D H

W D H

W D H







=   =   =

=   =   =

=   =   =

= 

1 2 3 4 5 6 7 8 .

224,362 195,416 0,98 42,967

149,229 38,919 102,507 77,693 70,427

44,468 67,124 56,67 42,967 650,003

э

э э э э э э э э э эW W W W W W W W W W

 =   =

= + + + + + + + + =

= + + + + +
+ + + + =

 

  : 

650 650,003
100% 100% 0

650
э э

э

W W

W


− −
=  =  =  

    2 %,  . 

2.10  -     

  -     

  . 
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   , : 

'
0 0 . 2 1 2( ) ( ) ( )

492,293 (3341,405 1387,963) 389,003 (3593,604 2972,171)

290,216 (3630,796 3133,954) 1347,597

c B i DQ D h h D i i D i i−=  − +  − +  − =

=  − +  − +
+  − =

 

    , : 

_ _( ) ( )

7,034 (3133,954 653,877) 11,048 (3163,283 527,622) 46,563
D fQ D i i D i i=  − +  − =

=  − +  − =
 

     , :  

1347,597 46,563 1301,034эQ Q Q= − = − =  

   , 

650
0,5

1301,034
э

э э
W

Q
 = = =  

   , /  

1347,597
48,929

29300 0,94

Q
B

Q c
= = =

 
 

 29300Q =  –      

        

, : 
. . 0,01 1347,597 0,01 13,476Q Q=  =  =  

        

, 
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2 0 1
.

0 1 2 0 1 2

1

3133,954 2530,45 496,842

3341,405 621,433 496,842 2530,45

3341,405 621,433 3133,954
1 0,4

3341,405 621,433 496,842

D H D

K H

i i h h h i
k

h h h h h h h i


   − +  +  −
=  +  =   +  +  − +  +  −   

− + =  + + − 
+ −

 + 
+ +

0,639
2530,45

  = − 

 

 1 621,433h =  –      

 №1; 

2 496,842h =  –      

 №2; 

2660,244Hi = –      

. 

        

, 

0 1 2
.

0 1 2 0 1 2

1

3163,283 2660,244

3341,405 621,433 496,842 2530,45

3341,405 621,433 496,842 3163,283
1 0,4

3341,405 621,433 496,84

f H f

K H

i i h h h i
k

h h h h h h h i


− +  +  −   
=  +  =   +  +  − +  +  −   

− =  + + − 
+ + −

 + 
+ +

0,36
2 2660,244

  = − 

  

        

, : 

. .(1 ) (1 )

17,096 (1 0,639) 29,424 (1 0,36) 25,004

Q Q Q  =  − +  − =

=  − +  − =
         

       

 : 
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. .

. .

1301,034 13,476 25,004
0,966

1301,034 13,476 25,004 17,096 29,424

э

э э

Q Q Q
K

Q Q Q Q Q

+ + 
= =

+ +  + +

+ +
= =

+ + + +

 

     , / : 

. . .

. . .

0,045 650 0,045 650 620,75

0,045 29,25

620,75
48,929 0,966 47,287

650 29,25

э э

э э

э э
э э

W W W

W W

W
B B K

W W

= −  = −  =

=  =

=   =   =
− −

 

     , / : 

48,929 47,287 1,642эB B B= − = − =   

   , : 

1347,597
1433,614

0,94Э

Q
Q


= = =  

      : 

.

1433,614
2,206

650
Э

Э
Э

Q
q

W
= = =  

      : 

.
.

1 1
0,453

2,206Э
Эq

 = = =  

   : 

 . .
. .

(1 ) 650 (1 0,05)
0,95

650
Э

Э

W e

W
  −  −

= = =  

      : 

. . . . 0,453 0,95 0,431Э Э  =  =  =  

     , / ⋅ : 
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.
.

3600 3600
8357,912

0,431Э
Э

q


= = =


 

       

,  . ./ ⋅ : 

47,287
0,274

620,75
э

э
B

b
W

= = =


 

       ,  

. ./ : 

1,642
35,301

17,096 29,424

B
b

Q Q
= = =

+ +
 

   : 
. .

. .

1301,034 13,476 25,004 17,096 29,424
1,018

1301,034 13,476 17,096 29,424

э

э

Q Q Q Q Q

Q Q Q Q

+ +  + +
= =

+ + +

+ + + +
= =

+ + +

 

      ,  

       , 

 . . / : 

_Эb b=    

_ 35,301 1,018 35,95Эb =  =   

       ,  

. ./ : 

_ 35,95 35,301 0,649Э Э Эb b b = − = − =   
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2.11       

2.11.1   

       

       

.    , 

     , :  

 ( / );    ( ),   ( )  

  ( ²).  

      ,  

    ,     

. 

-3: -1300-37-7  

  1300 –   , 2; 37 –  

   , ; 7 –    , ; 

    1350 / .  

-2: -1600-37,2-6,47  

-1: -1100-37-4,5. 

    [19]: 

-4: -1100-25-6-I 

  1110 –   , 2; 25 –   

  , / 2; 6 –    , / 2; 

    1310 / . 

-3: -850-25-6-I 

-2: -2000-1 

-1: -850-25-6-I 

: 660 -35500-2 

  35500 –   , 2; 2 –  

. 
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2.11.2  

       -2000  

:  0,7 ;  – 2000 / . 

 : 2   150 3,  7 . 

2.11.3   

       , 

            . 

    G =138,915 / .  

-1: -315-3-23  :    725 

/ ;    0,39 ;       

2,35 ;    11,646 . 

-2: -200-14-23  :    800 

/ ;    0,7 ;       

2,3 ;    8,671 . 

2.11.4    

      

        5%, 3/ : 

.

1,05 515,232 1,05 3,6
1321,406

2 736,933ы

G
G


  

= = =


 

  G  –     , / . 

. ы –         , 
3/ . 

     30-50% ,  

    ,  . .: 

0 1,4 100 31 1,4 100 4340P=   =   =  
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 2   -350-1350    50% 

     :  

−  – 1350 3/  

−  – 3500  .  

−   – 5270 . /  

−   – 18   

−  – 83% 

        

    ,   

    . 

.

1,05 515,232 1,053,6
833,367

3 778,999ы

G
G


 

= = =


 

  G  –     , / . 

. ы –         , 
3/ . 

          

 ,  . .: 

. 2 100 15 100 1500P −=  =  =  

 3   -900    1/3  

    :  

−  – 1000 3/  

−  – 2200  . . 

−   – 3000 . /  

−  – 83% 

2.11 5    

     2-3  ,  

 –   100 %-  ,    –  50 %- .  
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    , 3/ : 

. . 2 365,822
1364,616

965,077

G
G


−= = =  

  . . 2G −  –      , / . 

 –         , 3/ . 

 2    1500-140  1     

: 

−  – 1500 3/  

−  – 140  . . 

−   1500 . /  

–     – 85 % 

       2   

 100 %-  .    

     , 3/ : 

. . 2 302,808
1093,395

996,994

G
G


−= = =  

  . . 1G −  –      , / . 

 –         , 3/ . 

 2   2 2000-21  1     

: 

−  – 1250 3/  

 – 13  . . 

2.11.6    

    , 3/ : 

. . 1
.

. .

80 302,808
1,1 1,1 95929,513

1000ы

m G
G


− 

=  =  =  

  . . 1G −  –     , / . 
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. –        , 3/ . 

 2    2-145      

50%           : 

−  – 54900 3/  

−  – 9  . . 

−   250 . /  

−    – 2620  

−  – 80% 

2.11.7    

     .   

         50%   

       . 

  , 3/ : 

. .

138,915
511,346

977,999

G
G


= = =  

 G  –   , / . 

. –        , 3/ . 

 2    320-100  : 

−  – 320 3/  

−  – 0,98 . 

−   3000 . /  

−   – 110  

−  – 80 % 

2.12      

    , 3/  
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31347,597
39,635

36170 0,94

Q
B

Q c
= = =

 
 

 36170Q =  –     . 

    , /  

39,635 0,752 29,806B
c

=  =  =  

 
3

0,752 =  –      

 « - ». 

       , 

    ,  

   ,     

  . 

        

 ,   ,   

      

   ,  :   𝛽 = , ,  

 𝛽 = , . 

    ,  . .,   

  ,   : 𝐻 = 𝛽 ∙ ∆𝐻 ,   

 𝛽  –    ; 

 ∆𝐻 = 5 . 𝐻 = , ∙ = ,  кПа   

 , 3/  – ,  

    ,    , 

  : = 𝛽 ∙ 𝑉 ,   
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 𝛽  –    ; 

 𝑉  –      , 3/ ,  

 : 

0

273
( )

273

t
V B V    +

=   −  +    
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