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 285  (  ISO
2314)  Siemens SGT5-3000E [2]. 

, 
.

 Siemens SGT5-4000F. -
, , -

, -
 [4].  10 

 SGT5-4000F : 
),  ( , ),  ( , -
),  (IPT),  ( ), -

 ( ),  ( , ),  ( -
). -

.  SGT5-4000F -
.

 SGT5-4000F  Alstom GT26. 
, -

, . , , . 
-26  « -3».

. 
 – .

-
, . 1.

 400 .  (
 – -

, heat recovery steam generator) – ,

. -
, , - 

.
 «Boiler Designer»

 «Optsim-K». -
.
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-2 -1 -2

-1

. 1. -400  ( , ,  – ,
,  – ,  – ,  – 

.  – ,  – ,  – )

, 
,  11,87; 2,84  0,36 -

,  – 0,86; 0,9; 0,84. 
, ,

.  ISO 2314 -
. 1.

 1.  (ISO 2314) -400
SGT5-4000F  GT26

, 
SGT5-4000F GT26

, ° 15 15
, 1,013 1,013

, 50,012 50,012
, % 79 79

,  35 35
, 11,87 11,87

, ° 520,47 540
, 72,54 77,67

, 2,84 2,84
, ° 526,48 541

, 90,05 94,11
, 0,36 0,36

, ° 260,18 268,56
, 102,44 103,33
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. 1

, SGT5-4000F GT26
. 0,005 0,005

, 130,96 137,98
, 1,99 2,06

, 6 6
, ° 109,5 104,5

, 402,07 416,32
, % 55,8 56,11

,  220,3 218,9

. 1 , -400  GT26 -
, 

.
-
-
-
-

, -

. 2). 
, -

«Boiler Designer», -
-
-

, 
. 1.

-
-

.

-
, 

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

60 65 70 75 80 85 90 95 100

1

2

3

4

b, ./

n, %

. 2. -

 (t  = 5 ° ):
1 – -400  SGT5-4000F, 2 – -285  SGT5-
3000E, 3 – -300-23,5; 4 – -400  GT26
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 [3], 
-

.
-

400  GT26  SGT5-4000F 
+5 °  55…100 % . 2. 

-300-23,5 [1] 
-285  SGT5-3000E [2].

. 2 , 
, , 

 Siemens.  GT26 
.

,  50…55 % -
.
-

 ( -
)  ( -

), -
 ( ) 

 [4].

, , 
, -

, 
. 

50…110 % , , -
.

, 
, , . -

, -
, ,  50 % .

-
. ,  [3, 4] -

-
.  100 

300 -300-23,5 -41  1
 [3], -

 0,1 N  [4]. -
, .
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1. ., ., ., .
. . . ; . . . .
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2. ., ., .

 300  // 
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3. ., . , -
 / . , . . – .: , 1990. – 315 .

4. ., ., . -
. . . . – .: , 2002. – 584 .
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-
.

, -
-

, -
, -

, 

. , 

, . -
, .

 ( . 1), 
.

. 1. :
1 – ; 2 – ; 3 – ; 4 – -

; 5 – ;
6 – ; 7 – ;
8 – 

 1 -
 2, 

 3, -
-
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. 
 4  3 

 5 
6  7 . 

 8 -
 7.

.
 1 -

 3, -
. -

 3, -
 5 

, -
, 

,  3 – . 
 6 , 

,  7 -
-

 4, 
. -

-
, 

.
, 

-
,  -

, .
-
-

, 
.

:
 +8,5 °  ( )
 23÷25 °

 160÷210 -
 100 . 

 110000 .
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.  4,5 . 
 4,3 . :

, 
G  = G ⋅ n ⋅ 365 = 0,2 ⋅ 4500000 ⋅ 365 = 328500000.

, 
Q  = G  (t25 – t8,5) = 328500 ⋅ (25 – 8,5) = 5420250.
 1  800 .  4,3 . .

, 
,  100  ( -

) , :
• ,  30000 ;
• -

,  14000 .

,  3÷4 . .

. , ., . ( )

- -
-
-

 [1, 2].
 [1]  [2] -

, -
 [1]. -

-
, 

, -
 ( ), -

-
 ( ) -

 ( ), .



V      « »
_______________________________________________________________________________

12

:
-  (

);
- , -

;
- ;
- 

-
 ( );

- ;
- .

-
-60-130 -210.

, -115-130, 
-100-130.

 2015 
200 .

-100-130 -210 

, 
.

-
.  – 

-65 . . -
 V94.2a, V84.3a  V94.2 

.
-

, 
 –  500 ° , 

 538 ° , -
 571,8  580 °

. 1).
. 

V94.2 ( -160) .
 ( . 2), 

-100-130  310, 300 
279 .  263,7, 246  219 

.
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 1.

V94.2a V94.2a V94.2 ( -160)
, 190 180 159

, ° 571,8 580,8 538,8
, 532 456,8 518,9

, % 36,41 38,51 34,52

 2.
-100-130 ( )

V94.2a V94.2a V94.2 ( -160)
, 

264,2
45,8
310

246,5
53,5
300

220,13
58,87
279

-
, 148,7 177,8 202

,  48,11 38,7 54,12
, % 51,83 54,01 48,93

0,6280 0,6387 0,6292

 46,3, 54,
60 .

 110 °
 48,11,

38,7, 54,12  (  80 °/40 ° ).
-

-100-130,  165 , 
110 °/70 ° ,  244,11,
228,48, 203,15 ,  118,71, 106,38,
100,87 ;  179,59, 156,5, 166,2 . -

, ,  46,39,
58,62, 64,13  ( . 3).

 3.

-100-130 (165 )

V94.2a V94.2a V94.2 ( -160)
, 

54,11
244,11

48,48
228,48

44,15
203,15
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. 3

V94.2a V94.2a V94.2 ( -160)
, 

, -
-100-130

 ( )
118,71
60,88
66,29
225,71

106,38
50,15
58,62
215

100,87
65,37
64,2
230,37

, % 47,86 50,06 45,16
0,8884 0,8992 0,8812

1. . 12, 2007. . 11-18.
2. ., ., . . .:

. 2002. 584 .

. , , . , ., . ( ),
. , . (  « -11»),

. , . (  « -1»)

-
. 

 [1–2] -
, -

,
, . -

.
- 

. 1. : -
, 

:
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. 1. :
 – ,  – ,  – ,  – .

,  – , -
 – 

iiii W,N,Q,W
iiiii

n

1i
i

n

1i
i min)W,N,Q,Q(qNQQF →×=== ∑∑

==
, (1)

 Q , Q  – -
; N – -

; W – , q  – -
; n – -

, , i – -
. , ,

∑∑∑∑
====

====
n

1i
i

n

1i
i

n

1i
i

n

1i
i NN;WW;QQ;QQ .  (2)
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-
: 

qti (Q i, Qti, Ni, Wi), -
 [3].

-
, -

.
, -

-

0,05 % , -
-

.

,  [4] -

, -

.
-
-

.

[4], -
.

-
:

{ }
{ }

{ }
{ }n21

n21

n21

n21

W...,,W,WW
N...,,N,NN

Q...,,Q,QQ
Q...,,Q,QQ

=
=
=
=

.   (3)

 (2) -
-

 [5]
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0WW...WW
0NN...NN

0QQ...QQ
0QQ...QQ

n21

n21

n21

n21

=−+++
=−+++

=−+++
=−+++

.   (4)

,  (4), -
 (2) 

(3).

, ,
, 

.  [4], 
 ( ) , -

 ( ) -

.
-

 « » 
 (3). -

 « » -
 Q , Q , N, W.

.
, 

 (2). -

n

F F F
x x x

∂ ∂ ∂= − + +
∂ ∂ ∂1 2 nG l l l

r r r r

1 2

[ ... ] ,

r
iil  –  xi -

, , -
. 

, -
,  – . 

nG
r

 [5]
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⋅
=n N G NG

N N

rr r
r

r r ,

-
,

1 2 nN = l + l + ... + l
r r r r

– . -
-

nGGG
rrr

−= . 

h , -

, =
Gh h
G

r
r

r . -

hxx j1j rrr
+=+ , -

.
. 2 

F = (x1 – 1)2 + (x2 – 2)2 → min
1 + 2 = 2.

-0.5 0 0.5 1 1.5 2 2.5
0.5

1

1.5

2

2.5

3

3.5

. 2. 

x2

A

x2 = 2 - x1

x1
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(1,1). -
. -

. -
(0.5;1.5). -

. 
(1,2) -

.
-
-

 (3). 
-

. -
. 3.

:
-

(Q , Q );
-

(W);
- (N);
-

;
- ).

(2):
Q  = Q i

(2):
Q  = Q i

(2):
W = Wi

(2):
N = Ni

-

,

Wi

-

|Fj+1-Fj| <

. 3. 
 « »
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-
 « » [6],

:
- -
;
- ;
- , -

;
- .

, . 4.

150

200

250

300

350

400

450

0 50 100 150 200 250 300 350 400 450

. 4. 
-100-130, -80/100-130/13 -60-130/13

 Q  = 30 ):
1 – Q  = 0; 2 – Q  = 50; 3 – Q  = 100; 4 – Q  = 200; 5 – Q  = 300; 6 – Q  = 400;
7 – Q  = 460 

-

.

N, 

1

2

3

4 5
6 7

b , ./



 « »
_______________________________________________________________________________

21

1. . . – .:
. ., 1978.

2. ., .
. – , 2009.

3.  34.09.155-93.
. – .: , 1993.

4. . . – .: , 1986.
5. .  ( ). – .: -

, 1973.
6. . . .  2009611813. « » ( -

) .; ., ., . , 2009.

. , ., . , ., . ( )

, , 
 ( ). -

-
-
-

. , -
, -

 ( ) -

.
, -

, , -
, 

. -

 ( ), 
. -

 1 
, 
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, -

 ( ). -

-
. -1 -

, , -
-

, , -
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. , -
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.
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.
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, -
, 
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-
. 

, . 
, -

-
. 

-
. , -

-1 -
. 

 3000 3 , 
 1000÷1500 3 . -

, , -
, -

, -

. 
, , , -

-
, -

 «

».
-
-

. , -
-

, -
, , -

. -

,
, -

, 
-

. 
, -

-
. –1



V      « »
_______________________________________________________________________________

24

, -
 21000 3 -

 2000 3 , 
 10 . , -

-100-130 -
,  9  [1]. -

. , 
-

 2-  6- , -
-

.

-
, , 

-
-

.
, -

, 
, . 1.

. 1. :
1 – ; 2 – ; 3 – 

; 4 – ; 5 – -

, 
, 

1

2 5

43
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-
.

-

-
-

 20 ° . 

-
-

 – -
.

, -

-
, . -

,  20 . -

, -
, -

.

» , -
-
-

 [2]. , 
-1 -

 9800 . ,
 8  (

), -
 1500 3 . 

.
-
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, -
-

, 2. -
-

, , , -
-

. -

 ( , -
) 2.

, -
: -
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;

.
, - , ,

, -
.

1. -
-

.
2. 

, -

.
3. , -

, -

-
.

4. , 
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1. , .  [ ] / . ,
.  // .  «

».  5. – :  « . . . », 2007. – . 230-
234.
2. , .

 [ ] / . , . , . .
// . . - 2002. -  7-8. - . 22-35.

. , ., ., . , .,
. , . (  ( ))

-
. 

-
, -

.

.

,
, -

, 
, -

.
-

, -
, :

- -
;

- , 
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-
, 

.
-

.

.

-
, -

, , 
. , -

-
.
:

- 
-

;
- 
, , );
- ;
- .

, -2003, 

, -
.

. , , . , ., .,
. , ., . ( )

- 
, . -

 [1–2] -
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, 

.

-
-

.
 [2–5] 

-

. -

. -
-65/75-130/13 , 

 1,01 %, 
.

-
: -

-
:

i i i i i i

n

Q ,Q ,N
i 1

F N q (Q ,Q ,N ) min
=

= ⋅ →∑ ,  (1)

 Q , Q  – -
; N – -

; q – ;
n – , , i
– . 

, , 

n n n

i i
i 1 i 1 i 1

Q Q ;   Q Q ;    N N
= = =

= = =∑ ∑ ∑
.  (2)

-
 (1)–(2) -

-
.



V      « »
_______________________________________________________________________________

30

-
 xmin  xmax -

min min min
n

min min min
n

min min min
1 2 n

Q Q ... Q
= Q Q ... Q

N N ... N

 
 
 
  

minX ;

max max max
n

max max max
n

max max max
1 2 n

Q Q ... Q
= Q Q ... Q

N N ... N

 
 
 
  

maxX .

, 
 1, -

,   0, :
min max

ij ij ij

ij min max
ij ij ij

1, x x , x
k =

0, x x , x

  ∈  


 ∉    .    (3)

, -
, : -

,  – ; 
,  – .

 (1)  (2), (3) 

i 2 31i i2 Ti 3i
Q ,Q ,Ni i i i i

*F F (Q k Q ) (Q k Q ) (N k N) min= − λ − − λ − − λ − →∑ ∑ ∑ ,(4)

λj – .
-

 (2)–(4) 

1 2i
i 1i

5i

c
Q k

2c
λ −

= , 2 3i
i 2i

6i

c
Q k

2c
λ −

= , 3 4i
i 3i

7i

c
N k

2c
λ −

= ,

1i 2i

5i
1

1i

5i

k c
2Q

c
k
c

+
λ =

∑

∑
,

2i 3i

6i
2

2i

6i

k c
2Q

c
k
c

+
λ =

∑

∑
,

3i 4i

7i
3

3i

7i

k c
2N

c
k
c

+
λ =

∑

∑
. (5)

ji – 
i- . 

 Qp = 300 ; QT = 100 ; N = 220 
-65/75-130/13 . -
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, 

. 

, 
.

-

.

1. . . – .:
. ., 1978.

2. ., .
. – , 2009.

3. . -
. – . , 1973,  8,.

4. ., . -
. –

, 1970,  11.
5. ., . -

. – . , 1979, 4.

. , ., ., . , ., . ( )

 « » 
, 

-
 [1].

-
. -

 ( . 1, ), 
, , 

 50- .
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. 1.  ( )  ( ) -
: 1 –  ( ); 2 – ; 3 – 

; 4 – 

, -
.

, , -
, , , 

.
 [2, 3],

 « -
» -

 ( ) -
, , -

 ( ). 

 85÷110 ° , 
 25÷30 %. 

-
, .  [4].

1 2 3 4

1

2

3 4

)

)
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-
: , 

. , -
-

, -
, .

, -
-

. -
, ,

-
.

-

,  [5]:
- -

-
;

- -

;
-

;
- -

, ;
-

-
-

.
-

, .

 [6, 7], 

.
-
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-
, . -

. 1, .
-

. 2. -
, 

.

. 2.  ( ) -
:

1 – ; 2 – ; 3 – ; 4 –
; 5 – ; 6, 7 – -

-
, -

, , -
.

-
, , 

, -
. , -

-
, -

, 
-

. -
, 

3

1 5

4

55

2 2

4 4

6

7
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, -
 [4].

-

, 
, -

 90÷92 %,  5÷10 % , -
.

, . 3, -
-

α -
 1000 , 

 110/70 ° , 
 150/70 ° , , -

 20 ° .

. 3. 
, :

1 – ; 2 – 

. 3 , 
-

. , 
, , 

, . ,  2007 . -
, -

1000

1500

2000

2500

0,50 0,55 0,60

,

α
0

1

2
500
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 – . , -
, 

, -
-

, , -
, -

-
, .

, -
-

 [8, 9].

-
, -

. -
 100÷110 ° -

-

.
, -

-
 40÷50 %

. -
-

, 
, -

 [4].

 « » .

1.  « »  27  2010 . 190- .
2. . -

 // . 1999. 10. . 63-66.
3. .

//  2- , 
.  2. : . 1998. . 33-36.

4. ., . -
. .:  « ». 2006. 208 .
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5. ., . -
 // , 2009, 3. . 68-83.

6. . 2235249 (RU). / . , . , . ,
.  // . 2004.  24.

7. . 2235250 (RU). / . , . , . ,
.  // . 2004.  24.

8. . 2159393 (RU).  / . , . ,
.  // . 2000.  32.

9. . 2174610 (RU).  / . ,
. , .  // . 2001.  28

. , ., ., . , ., .,
. , . ( )

-88 
-325

 [1], -

. 
-

 ( ).
, 

(N  t ), -
.

-
-325  « », -

:
• -110 

» [2];
• -88 ( -155/35-7,2/0,7-501/231) 

» [3];
• -110-6,5 

 « » [4].
-88 

. 1.
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. 1. 
,
-

 t :
1 – -38 ° ; 2 – 15 ° ; 3 – 38 °

 1.  « -88»  ( ) -
 (t  = 15 ° )

, ° 527,7
, 364,7

, ° 31,4
, 161,6

, ° 500,8
, 6,8

, 36,0
, ° 231

, 0,71
, 193,4

(0,3÷1) N
t  = -38÷+38 °

 Q P = 49,4 .

G’’ ϑ’’

, -
 N , -

 t
 (

-  ( . 1)). 
-

t  = -30÷+30 °C 
680÷800 . 

 480÷545 ° .
 N  = 90÷130 

-

 D  = 130÷156 

 = 5,5÷7,5  t  = 450÷550 ° .  D -
 t  (  -25 ° )  N  = 90÷95 .
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. 2. 
,

 t :
1- -38 ° ; 2- 15 ° ; 3- 38 °

(60÷80 )  614÷725 .
, 

 450 ° .
-

 0,7÷0,8 [5]. -
-

. 
N  50  39÷95 .

 t  430 ° . 
t  = -38÷+38 °  N  130  95 -

 t  445  515 ° . 

.
 t  = -38÷+38 °

N  = 95÷130  D  33÷43 .  N
 55÷75 

 ( . 2)
 D -

 t .  
 N  50÷55 

-
-

 > 3,0÷4,0.

:
1)

-

N  = 55 ;
2)

N  = 110 .
-

 15  0 ° , . 
 t . -

. 2  3.
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 2. -325 -
 N  = 55 

 t , °
0 15

ϑ’ , ° 400 410
 G , 668 640

 N ,  110 110
, % 29,6 28,9

ϑ , ° 94,0 92,1
 N , 53 58

 N , 163 168
, % 77,5 78,0

, % 43,0 42,6

by, /( )
0,286 0,288

 3. -325 
 N  = 110 

 t , °
0 15

ϑ’ , ° 503 524
 G , 376 365

 N ,  110 110
, % 35,1 34,1

ϑ , ° 94,0 93,5
 N , 49 53

 N , 159 163
, % 80,7 81,0

, % 51,9 51,0

by, /( )
0,237 0,241

 110 .  N -
 159÷163  t  = 0÷15 

ϑ’  21 °  365
 376 .

 34,1÷35,1 %. -
 93,5÷94,0 °

80,7÷81,0 %.
 51÷51,9 % 
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.
-

 55 . 
 1,7÷1,8 
 4,5÷5,5. 

ϑ’  400÷410 °  4,5÷5,5 %,  – 
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