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 2.1 –  “

”  2006-2008 

, . .  (+,-)
2006 2007 2008 . .  %

28581,9 34186,5 52364,0 23782,1 183,21
21960,0 26708,2 40043,4 19083,4 191,05
17149,1 14956,6 20021,5 2872,4 116,75
15243,6 10683,6 12320,9 -2922,7 80,83
6669,4 12819,9 18481,4 11812,0 277,11
4763,6 5341,6 7700,6 2937,0 161,66

1905,4 2136,6 3080,2 1174,8 161,66

: 96273,0 106833,0 154012,0 57739,0 159,97

, 

, 

, 

.

 “  “ ” 

, 

 ( , ,

, ).  2008 

, . 

, 
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 2008  80%.

 “  “ ” 
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 – .  “  “ ”
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, , ,
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, , 
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.

 2.2.

 2.2 – 

 “ ”  2006-2008 

 (+,-)

2006 2007 2008 ,
. .

,
%

 ( , ,
), . .

96273,0 106833,0 154012,0 57739,0 159,97

, . . 60523,0 68516,0 114914,0 54391,0 189,87

, .
. 32358,0 34797,0 35288,0 2930,0 109,05

, . . 12062,0 9466,0 2547,0 -9515,0 21,12

, . . 23122,0 22971,5 21053,0 -2069,0 91,05

,
. . 34006,0 52964,0 48301,0 14295,0 142,04

, . . 24722,0 24722,0 24722,0 – –

,
.

2285,0 2231,0 1992,0 -293,0 87,18

 2.2 , 

, 

 (57739,0 . .  54391,0

. . – 

). , 
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 9,05%.  “

 “ ” , 

 (  2008 .  2006 .  9515,0

. .). , 

 (  2069,0 . .), 

, 

.  2006-2008 . 

42,04%  2008 . 48301 . .

, 

 “  “ ”.

2.2. 

,

, 

, , 

 “  “ ”  2006-2008 . 

40, 42, 53, 54, 55 :

- ;

- ;

- ;

- ;

- .

 2006-2008 . 

 ( , , , , , ).

, 

 2006-2008 .  11024,0 .
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.  2008 . 120550,0 . . , , 

.

 9376,0 . ., 

 3837,0 . ., 

.  (81,24% 

 16,36% ),  “ ” 

. 

.  (2,19% 

), 

2005 .  7638 . .  531,0 . .

 20121,0 . ., .  2007 .

 2068,0 . . , ,  14870,0 . .

 2007 ., 

 – 54,78%  – 29,62%. 

. 

 2006-2008 . 

 – 79,34%.

,

 11373,0 . . 

 13,27% , 

 – 10,53%.

, , 

. .

, 

2008 .  73205,0 . .  60,73% , 

2006 .  5198,0 . . 

 10937,0 . . 
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,  – 24722,0 . .  46,08%

. , 

, ,

.

,  “  “ ” 

2007 . . 

 10100,0 . .  8,32% .

 2006 . 

 5826,0 . .,  2007 . –  6731,0 . . 

2008 . 47345,0 . . 

 23561,0 . . 

49,76%.

, ,

 2008 .  2564 . .  5,42%, 

,  – 19708 . .  41,63%,

 – 1512 . .  3,19%. 

 15682 . .  79,57%.

,  2006-2008 ., 

,  2006 .

, 

, 

. 

,  ( , 

) 

.

 “  “ ”. 

,  2.3.
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 2.3 –  “

”  2006-2008 

 2008
.  2007 .

 2008
.  2006 .2006 2007 2008

, . . 10,12 10,30 10,57 0,27 0,45

0,24 0,20 0,17 -0,02 -0,07

0,63 0,64 0,66 0,02 0,03
0,37 0,36 0,34 -0,02 -0,03
0,05 0,03 0,04 0,01 -0,01
0,01 0,03 0,07 0,04 0,06
0,04 0,01 0,03 0,02 -0,01

, . 1,50 1,63 2,44 0,81 0,94

0,20 0,04 0,12 0,08 -0,08

, 

,  50%, 

 66%  ( . . 2.4). 

,  34%. ,

, 

.

, 

.

, ,

, 

 2005-2007 .,  2005- 2007

. . 

, 

 (  2006 .  2007 .

).

, 

.  2008 .
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 1  2,44

.  0,94 ., 

. 

 2008 .  12%.

. , 

 2006-2008 .,  2.4.

 2.4 –  “

”  2006-2008 

2008 . 
2007 .

2008 . 
2006 .2006 2007 2008

0,13 0,09 0,02 -0,07 -0,11
0,26 0,22 0,12 -0,10 -0,14
0,13 0,08 0,02 -0,06 -0,11
0,20 0,14 0,04 -0,1 -0,16

 2006 . – 0,13,  2008 . – 0,02, 

.

 2006-2008 . 

. 

,  1

.

 0,13  2006 .  0,02  2008 . 

. .

, 

 -0,16  2006 ., 

.

,  “

”  2006-2008 . 
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, , 

, , 

.

. 

53 .

, 

. 

, 

.

, 

, 

.

 ( . . 2.5).

, 

 2006-2008 . , 2> 2,

3> 3, 4< 4. 1> 1, 

, 

.  2006-2008 .,

.

 2.6.
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  2006-2008 ., 

 0,36  2007 ., 

 0,67  2008 .

 2.5 –  “

” , . .

2006 . 2007 . 2008 .

3003,0 1117,0 60,0
3983,0 1,0 1,0

 ( 1) 6986,0 1118,0 61,0
5,0 - -

, , 1320,0 2544,0 12693,0

11595,0 8848,0 17381,0

554,0 1574,0 916,0
726,0 447,0 418,0
355,0 1215,0 634,0

 ( 2) 14555,0 14628,0 32042,0
11962,0 13617,0 9988,0
21614,0 41357,0 35156,0
20743,0 24045,0 19011,0

20,0 28,0 22,0
 ( 3) 54339,0 79047,0 64177,0

23553,0 22390,0 19716,0
8169,0 2577,0 531,0
605,0 605,0 614,0

1318,0 984,0 3294,0
1,0 62,0 69,0

 ( 4) 33646,0 26672,0 24270,0
109526,0 121465,0 120550,0

,  0,2-0,3. 

 2006-2008 . 

 0,17  0,01.

 ( . . 2.7).
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 2.6 –  “

” , . .

2006 . 2007 . 2008 .
17091,0 21360,0 23784,0

 ( 1) 17091,0 21360,0 23784,0
24428,0 19254,0 23561,0

 ( 2) 24428,0 19254,0 23561,0
- 10100,0 -

 ( 3) - 10100,0 -
68007,0 70751,0 73205,0

 ( 4) 68007,0 70751,0 73205,0
109526,0 121456,0 120550,0

 2008 .  2,02 

, , 

, 

. 

, 

.

 2.7 –  “

”  2006-2008 

2008 . 
2007 .

2008 . 
2006 .2006 2007 2008

1,82 2,31 2,02 -0,29 0,2

0,51 0,36 0,67 0,31 0,16

0,17 0,03 0,01 -0,02 -0,16

, . . 34006,0 52964,0 48301,0 -4663,0 14295,0

 2006-2008 . 

 (  34006,0 . .  48301,0 . .), 

.

 2006-2008 . 

 2.8.
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 2.8 –  “

”  2006-2008 

 2008
.  2007 .

 2008 .
 2006 .2006 2007 2008

1,33 1,03 1,60 0,57 0,27

, 274 354 228 -126 -46

3,54 1,86 5,35 3,49 1,81

, 103 196 68 -128 -35

8,78 7,81 6,83 -0,98 -1,95

, 42 47 53 6 11

0,98 0,89 1,24 0,35 0,26

, 372 410 294 -116 -78

1,50 1,49 2,09 0,6 0,59

, 243 245 175 -70 -68

 2.8 .

 2008 . 1,60, 

, 

 (  228 ).

1,81 

. 

, 

.

 1,24 

, 

.

 (  0,59  2008 .  2006 .), 
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.

, ”

 2006-2008 . , 

, 

. , 

. 

, .

 ( ). 

: .

, 

, , 

54, 55 . , .

 ( . 2.9).

 2.9 – 

 “  “ ”  2006-2008 ., . .

2006 2007 2008
 ( ,

, ) , 92881,0 103313,0 150202,0

12062,0 9466,0 2547,0

, , ) 60523,0 68516,0 114914,0

45224,0 54229,0 98068,0
15299,0 14287,0 16846,0
27361,0 23753,0 19393,0

 (%) 29,46 22,99 12,91
51931,4 62144,4 130488,0

:
. . 40949,6 41168,6 19714,0

 % 44,09 39,85 13,12
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,  2008 . 

.  “
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, , ,

. 

.

,  “

”  2006-2008 . , 

. 

. , 

, 

.

2.3.  “

”

, , 

 “ ” . 

.

, 

, , ,

. 25 .

. ,  80%

, , , 

, .
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“Weyer”, “Ebara”, “Vortington”. , 

, 

,  2-3 .

 “

”, , 

, . 

, , 

, 

, , , 

, 

 KSB  Sulzer , 

, 

. 

, 

, . 

, ,

 “Sigma” . 

, 

, 

, 

.

, 

. , 

, 

, .

 “

”, ,

. 

 (  40-50 ) , 
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 ( j)  ( 1 > MP2 > . . . > MPN)

 (Ri), 

 (Ri
mdop)

 (Sjk) 
 ( j) 

i-  j-  (Rij)
R1 R2 Rm

1
Sjk Sjk Sjk

R11k
opt R11k

min R11k
max R21k

opt R21k
min R21k

max  Rm1k
opt Rm1k

min Rm1k
max

2
Sjk Sjk Sjk

R12k
opt R12k

min R12k
max R22k

opt R22k
min R22k

max  Rm2k
opt Rm2k

min Rm2k
max

. . . . . . . . .

N
Sjk Sjk Sjk

R1Nk
opt R1Nk

minR1Nk
max R2Nk

opt R2Nk
minR2Nk

max RmNk
opt

mNk
minRmNk

max

Sjk j R  = 1

Rij
min Rmdop Rij

max Rmdop
 (i<m)

i = i + 1

 (n)
, 

Rij
min Rmdop Rij

max Rmdop

Rij
opt Rmdop

1 < n < N; n N

 (n) 
Sjk

Sjk

Sjk

j
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.
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 3.1 – 

 125-315  (

”, )  2  10-120-80 (  " ", .

, )

 125-315 2  10-120-80

,
,

3 . 6,2 5
 1,2 

3 .

, 2

, 2
1,03
7,0

1,03
6,0

 1,0
2

  , o C
, o C

, o C

20
35
-5

20
35
-5

,o C , 100 100

, 32,86 33,5  0,64
,

3 5,3 6,7  1.4
3

 , 37-55 37

, 3

, 0,03 0,067 0,37

 ( ), 89 92  3

,
. 1500 1500

, 660 660

1,9
1,05
1,5

2,58
1,05
1,5

0,68 

, 
1030( )
1160( ) 1170( )  140 
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 3.2 – 

2  10-120-80  125-315
3 5 6,2

33,5 37
 1 3

3 6,7 6,0

, 3 , 3 0,067 0,003

2) 0,588 (6,0) 0,588 (6,0)

. 18 2

. 30 6

3 5

. 8 8
. 3 3

300 300
1000 3 1080 1339,2

. 2,19 2,19

. 100 100

. 34000 39900
% 15% 15%

0,15 0,15

 4 . 3 1

1 1

. 9,17 9,17
 1 . 0,17 0,17

. 0 0

, 

.

 3.3 – 

, . .

2  10-120-80  125-315
 4 8,2530 2,7510

2,7510 2,7510
11,0040 5,5020

 1000 3 0,0051 0,0021
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 ( . 3.4).

 3.4 – , . .

2  10-120-80  125-315
5,100 5,985

 1000 3 0,0024 0,0022

,  1000 3

 3.5.

 3.5 – , . .

2  10-120-80  125-315
 1000 3:

0,00509 0,00205
0,01918 0,01695
0,00236 0,00223
0,02663 0,02124
57,525 56,893

 (3.1) 21, 22 :

,     (3.1)

 – ;

     C  – ;

      – 

             , 

 3.2.

        2 / 1 , (3.2)

2 1 – 

.
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,

= 6,2 / 5 = 1,24

 1,24 .

 = 57,525  1,24 – 56,893 = 14,438 ( . .)

 (3.3).

         = + +  + * –  ,     (3.3)

 – , .;

 – , .;

 – 

;

 – 

,  (3.4).

21

1/1

,

–  ( = 0,15);

     1 2 – 

.

,

 1,38

(3.4)
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(3.5):

2

*

1

,

* = 41,25 . .

:

= 59,573 . .

, , 

, .

, 

,  ( )  6...9,

 273  358  (  0  + 85o )  273  378  (  0 

105o ), , , 

,  0,2 , 

 0,1 %.

.

,    (

, ). 

(3.5)
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1 21779 54,6
2 1451 3,6
3 544 1,4
4 725 1,82
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7 2901 7,2
8 1140 2,9
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10 1583 4,0
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 3.7

,
. .

1  2010 . 57

2  2010 . –
V  2010 . 541

3 , V  2010 .-
2012 . 1499

4  2011 . 1010

5 2010- 2012 . 1140
6 2010 – 2012 . 527
7 V  2011 . 24
8  2014 . 747
9 V  2013 .- 2014 . 440

10 2010-2014 . 5985

” – .

 “ ” 

, 

, , 

: ; ;
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 9975 . . (250

.)  3.8.
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1 . 250
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3 . . 9975
4 . 536
5 . . 18,610

 2009-2010 .

. 

 “ ” ( .3.9).

 3.9 – 

,
.

2009 (1 )
2010 2011 2012 2013

1 2 3 4

1 225 42 10 10 11 11 43 45 47 48

2 84 16 4 4 4 4 16 17 17 18

3 2470 - - - - 170 1200 1100 - -

4 6 2 - 1 0,5 0,5 1 1 1 1

5 247 30 30 - - - 45 45 57 70

6 2948 600 150 150 150 150 580 589 590 589

.1-6 5980 690 194 165 165.5 335.5 1885 1797 712 726

7 5 1 0,25 0,25 0,25 0,25 1 1 1 1

5985 691 194 165 166 336 1886 1798 713 727
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/ 1. 2. 3.
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4. 5. 6.
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3 5 4 6 2 1

11 15 16 17 10 14

 3.9. , 
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070 222,0 1,0

 I 080 34286,0 33646,0
II. 

:
100 8160,0 11962,0
110 - -
120 12029,0 21614,0
130 16658,0 20743,0
140 20,0 20,0
150 345,0 5,0

,
, :

160 984,0 1320,0
161 1098,0 1719,0
162 (114,0) (399,0)
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.1

:
170 3481,0 5646,0
180 1688,0 5949,0
190 - -
200 - -
210 1191,0 554,0
220 - 3983,0

:
230 43,0 1222,0
240 301,0 1781,0
250 294,0 726,0

 II 260 45194,0 75525,0
III. 270 21,0 355,0

280 79501,0 109526,0

I. 
300 24722,0 24722,0
310 - -
320 - -
330 18149,0 18149,0
340 2399,0 2399,0

 (
) 350 10732,0 22794,0

360 - -
370 - -

 I 380 56002,0 68007,0
II. 

420 - -
 II 430 - -

III. 
 III 480 - -

IV. 
500 4972,0 24428,0

510 - -

520 5672,0 1740,0
,

, 530 3579,0 2142,0

:
540 5779,0 9876,0
550 292,0 232,0
560 763,0 -
570 513,0 584,0
580 1109,0 1298,0
590 353,0 237,0
600 - -
610 467,0 982,0

 IV 620 23499,0 41519,0
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V. 630 - -
640 79501,0 109526,0

 “
”

31.12.2005
05785448

5910136600
10
0

14194

29.12.1

,

 2006 .

N 2
1801003

. 

 ( ) 
 ( , , ) 10 96273,0 65446,0

15 (3392,0) (3177,0)

20 - -

25 - -

30 - -

 ( ) 
 ( , , ) 35 92881,0 62269,0

, , ) 40
(60523,0
)

(51474,0
)

:

50 32358,0 10795,0

55 - -

60 87442,0 39071,0

70 (7723,0) (5787,0)

80 (5305,0) (1817,0)

90
(89639,0
) (4199,0)

:
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00 17133,0 263,0

05 - -

10 - -

20 4,0 37,0

30 1966,0 309,0

40 (1088,0) (1236,0)

50 - -

60 (2437,0) (889,0)

.1

:

70 15578,0 -

75 - (1516,0)

80 (3516,0) (1031,0)

:

90 12062,0 -

95 - (2547,0)

:

00 - -

05 - -

10 - -

:

20 12062,0 -

25 - (2547,0)

. 
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30 49570,0 34845,0

40 19758,0 15693,0

50 7547,0 5736,0

60 2366,0 2418,0

70 12553,0 6144,0

80 91794,0 64836,0

. 

00
3079257

4,0
3090210

0,0

10 - -

, ( ) 
20 0,4 (0,3)

,
) 30 - -

40 - -

 “
”

31.12.2005
05785448

5910136600
10
0

14194
29.12.1

,

: . .
40011, . , . . , 1

 31.12.2007 .

 N 1 180
1001

I. 
:
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10 - -

11
233,

0
233,

0

12
(233

,0)
(233

,0)

20
816

9,0
257

7,0
:

30
235

53,0
223

90,0

31
633

53,0
630

30,0

32
(398

00,0)
(406

40,0)
:

40 - -

45
605,

0
605,

0

50 - 54,0

60
131

8,0
984,

0

70 1,0 62,0

 I
80

336
46,0

266
72,0

II. 
:

00
119

62,0
136

17,0

10 - -

20
216

14,0
413

57,0

30
207

43,0
240

45,0

40 20,0 28,0

50 5,0 -

, ,
:

60
132

0,0
254

4,0

61
171

9,0
282

2,0

62
(399

,0)
(278

,0)

.1
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:
170 5646,0 4730,0
180 5949,0 4118,0

210 554,0 1574,0

220 3983,0 1,0
:

230 1222,0 71,0
240 1781,0 1046,0
250 726,0 447,0

 II 260 75525,0 93578,0
III. 270 355,0 1215,0

280 109526,0 121465,0

I. 
300 24722,0 24722,0
310 - -
320 - -
330 18149,0 12878,0
340 2399,0 3002,0

 (
) 350 22794,0 31657,0

360 - -
370 (57.0) (1508,0)

 I 380 68007,0 70751,0
II. 

 II 430 - -
III. 

440 - 10100,0
 III 480 - 10100,0

IV. 
500 24428,0 19254,0

510 - -

520 1740,0 20,0
,

, 530 2142,0 1381,0

:
540 9876,0 14859,0
550 232,0 1504,0
560 - -
570 584,0 828,0
580 1298,0 1861,0
590 237,0 226,0
600 - -
610 982,0 681,0

 IV 620 41519,0 40614,0
V. 630 - -

640 109526,0 121465,0
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 “
”

31.12.2005
05785448

5910136600
10
0

14194

29.12.1

,

 2007 .

N 2
1801003

. 

 ( ) 
 ( , , ) 10

106833,
0 96273,0

15 (3520,0) (3392,0)

20 - -

25 - -

30 - -

 ( ) 
 ( , , ) 35

103313,
0 92881,0

, , ) 40
(68516,0
)

(60523,0
)

:

50 34797,0 32358,0

55 - -

60 82975,0 87442,0

70 (8859,0) (7723,0)

80 (7302,0) (5305,0)

90
(85875,0
)

(89639,0
)

:

00 15736,0 17133,0
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05 - -

10 - -

20 1,0 4,0

30 2621,0 1966,0

40 (3689,0) (1088,0)

50 - -

60 (1302,0) (2437,0)

.1

:

70 13367,0 15578,0

75 - -

80 (3901,0) (3516,0)

:

90 9466,0 12062,0

95 - -

:

00 - -

05 - -

10 - -

:

20 9466,0 12062,0

25 - -

. 

59179,0 49570,0
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30

40 25127,0 19758,0

50 9911,0 7547,0

60 2290,0 2366,0

70 17095,0 12553,0

80
113602,
0 91794,0

. 

00
3056537

9,0
3079257

4,0

10 - -

, ( ) 
20 0,3 0,4

,
) 30 - -

40 - -

 “
”

31.12.2005
05785448

5910136600
10
0

14194
29.12.1

,

: . .
40011, . , . . , 1

 31.12.2008 .

 N 1 18
01001

I. 
:
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10 - -

11
233,

0
233,

0

12
(233

,0)
(233

,0)

20
257

7,0
531,

0
:

30
223

90,0
197

16,0

31
630

30,0
603

08,0

32
(406

40,0)
(405

92,0)
:

40 - -

45
605,

0
614,

0

50 54,0 46,0

60
984,

0
329

4,0

70 62,0 69,0

 I
80

266
72,0

242
70,0

II. 
:

00
136

17,0
998

8,0

10 - -

20
413

57,0
351

56,0

30
240

45,0
190

11,0

40 28,0 22,0

50 - -

, ,
:

60
254

4,0
126

93,0

61
282

2,0
129

71,0

62
(278

,0)
(278

,0)

.1

:
170 4730,0 8618,0
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180 4118,0 8763,0

210 1574,0 916,0

220 1,0 1,0
:

230 71,0 43,0
240 1046,0 17,0
250 447,0 418,0

 II 260 93578,0 95646,0
III. 270 1215,0 634,0

280 121465,0 120550,0

I. 
300 24722,0 24722,0
310 - -
320 - 258,0
330 12878,0 11048,0
340 3002,0 3475,0

 (
) 350 31657,0 33731,0

360 - -
370 (1508,0) (29,0)

 I 380 70751,0 73205,0
II. 

 II 430 - -
III. 

440 10100,0 -
 III 480 10100,0 -

IV. 
500 19254,0 23561,0

510 - -

520 20,0 -
,

, 530 1381,0 2564,0

:
540 14859,0 15682,0
550 1504,0 1562,0
560 - -
570 828,0 595,0
580 1861,0 1648,0
590 226,0 221,0
600 - -
610 681,0 1512,0

 IV 620 40614,0 47345,0
V. 630 - -

640 121465,0 120550,0

 “
”

31.12.2005
05785448

5910136600
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10
0

14194

29.12.1

,

 2008 .

N 2
1801003

. 

 ( ) 
 ( , , ) 10

154012,
0

106833,
0

15 (3810,0) (3520,0)

20 - -

25 - -

30 - -

 ( ) 
 ( , , ) 35

150202,
0

103313,
0

, , ) 40
(114914,
0)

(68516,0
)

:

50 35288,0 34797,0

55 - -

60
104005,
0 82975,0

70
(10082,0
) (8859,0)

80 (9134,0) (7302,0)

90
(110042,
0)

(85875,0
)

:

00 10035,0 15736,0

05 - -

10 - -
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20 2,0 1,0

30 2045,0 2621,0

40 (3202,0) (3689,0)

50 - -

60 (2322,0) (1302,0)

.1

:

70 6558,0 13367,0

75 - -

80 (4011,0) (3901,0)

:

90 2547,0 9466,0

95 - -

:

00 - -

05 - -

10 - -

:

20 2547,0 9466,0

25 - -

. 

30 68302,0 59179,0

40 28443,0 25127,0

10979,0 9911,0
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50

60 2277,0 2290,0

70 21263,0 17095,0

80
131264,
0

113602,
0

. 

00
3062308

7,0
3056537

9,0

10
3062308

7,0
3056537

9,0
, ( ) 

20 0,1 0,3

,
) 30 0,1 0,3

40 - -
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.1 – 



129

.2 – 


