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1500 2 3,82
3000 / 5

 

 
 

 

 
 (7.19) 

 

.5041264I  
 

 (7.20) 
 

7501,3 (16 2 1 10) 351 .
100

I  

 

. 
 

 

.55,14
5/300

5043I  

 

. 7.1 -
 

.13
5/300

5205,1
minI  

 

 
 

.289,0
55,14

13k  
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-
. . 

 
 

 

-
,  I’’’

 ,  
, -

. 
 

.195
100
750)101116(I  

 

 (  I’’’ ) 
,  k =1,3. 

 

.5,2531953,1I  
 

 
 

.8,1631263,1I  
 

. 
-

 ( . . 7.1) 
 

.13
5/300

5205,1
minI  

 

 
 

.32,7
5/300

5,2533I  
 

 
 

.278,1
32,7

13k  

 

. -
 (7.23) , -

 [5, §2.4]. 
 

 k =1,7-2,8 *.  uk =10,5% : 
 

%;2,1735,1/)5,107,12(1  
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.91
25100

1152,17
2

)1(  

 

  max K1=10  
 

;65,1149115,110  
 

.217,0
115

2565,114 2*  

 

 
 

.09,1217,08,27,1k  
 

 
 

;55,21219509,1I  
 

;14,6
5/300
55,2123I  

 

.212,2
14,6

13k  

 

. 
  110 , 

.  
-

, . 
 

. 7.3.  
 

 

.1562,31482,3  
 

-
 

 

.295,1
67,65/300

5205,1k  

 
-565 ,  

. 



46 

 7.3 
-565 

 
 

  
  

1 I  . ( ) 6,14  
2 W  = F / I . 100/6,14=16,29 . 
3 W    ) 16 
4 I = F / W  100/16=6,25  

5 3/)( nII  8,2163/5/30025,6  

6 )( U
U

II  216,8 115/6,3=3956,8  

7 W  = W  I2 / I2  16 3,62/3,82=15,16 . 
8 W    ) 15 . 

9 3
max2 W

WW
II K   92,775016,15

1516,15  

10 I   I’’’  195+7,92=202,92  
11 I   I’’’  1,09 202,92=221,18 > 212,55 

 I . 
12 I . ( ) 38,65/300/318,221  
13 W  = F  / I . 100/6,38=15,67 . 
14 W    ) 15 . 
15 I = F / W  100/15=6,67 . 
16 I  .( ) ,32313/5/30067,6  
17 I . ( ) 231,3 115/6,3=4222  
18 W  = W  I2 / I2  15 3,62/3,82=14,2 . 
19 W    ) 14 . 

20 3
max2 W

WW
II K   56,107502,14

142,14
 

21 I  I’’’  195+10,56=205,56  
22 I  I’’’  1,09 205,56=224 < 231,3 

23 
: 

W = W 1  ) 
W = W 2  ) 

.1.6 
14 . 
15 . 

 
 

 
 

-
. 

 
.  

 k .  (7.26). 
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 uk =10,5%  
 

%;2,1735,1/)5,107,12(1  
 

.91
25100

1152,17
2

)1(  
 

  max K1=10  

;65,1149115,110  

.217,0
115

2565,114 2*  

 
 

.3,1217,07,31,2k  
 

-
 

.4,1631263,1I  

 
. 7.4. 

 

 7.4 
 W 1,2 -11 

 
 

  
  

1 
I k

I
n

 
/

, 5,4
5300
34163

 

2 W  = F / I  . 100/4,7=21,3 . 
3 W   ) 21 . 

4 
1U U

I I
U

 2505
3,6

16,01115
4,163  

5 W   = W  I2 / I2  21 3,62/3,82=19,9 . 
6 W   ) 20 . 

7 3
max2 W

WW
II K   77,3

9,19
9,1920750  

8 I   I’’’  195+3,77=198,77  

9 
 

W  = W 1 ) 
W = W 2 ) 

 
20 . 
21 . 

10  3,62 21 3,8 20 
76,02 76,4 
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 (7.27)  
-11: 

 

.3,975,013100/
3,6

)16,01(1152077,1985,1W  

 

 
(W  = 1, 3, 5, 7, 9, 11, 13, 18, 24). 

 

W =11 . 
 

: 
 

;13
5/300

5205,1
minI  

 

;76,421/100I  
 

.273,2
76,4

13k  

 

. 
 

 
 SEPAM 1000+  80, T87 

 

1. . 
 

1.1. . 

0,1 2,5 ,I I I  

3151265,23006,121261,0  –   110   
. 

5750115025,23000230115021,0  
6 -

, . 
 

1.2. . 
 

 
 

.  
-
, 
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-
, : 

 

.,,,,)*( 1710
100

51074009401  

 

-
, -

: 
 

.UX 529
25

115
S

22

 

 

 
 

.X 0189,0
529
10*

 

 

 (7.38) 
 

.X 207,0171,01,10189,0*  
 

: 
 

.X 5,109529207,0  
 

 
(7.41),  A=0,39: 

 

.I 1192
5,1093

39,011152
)  

 

 
: 

 

.,,K 76812
3002

1192
 

 

, -
 110  

 

.k 2010  
 

 
 110 : 



50 

,R R R R  

 R  –  ( ); 

R  –  

, R 05,0 ; R  – , 

01,0R . 
 

 
 

S
lR . 

 

,  50  
 

.,
,

R 360
4534

50
 

 

.R 01,005,036,0  
 

 
 

 5,1042,0522
.2 RIS . 

 

-
 ( . ) -110-I-300/5  

S2=10,5 : 205310k . , -
. 

, 
 

 10k ,  
 

 

2

210
10 Z

Z
Z

Zkk , 

 10k  – ; 2Z  – 

; 2IZ S  

Z  –  
. 
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-110–I-300/5: 
 

;2010k  ;051,02Z  ; 402.S   
 

.6,1
5

40Z 2  

 

 
 

.
,,

,,k 70
4200510

61051020
 10  

 

 .k 2010  
 10  ( -

).  
 10 , . 

 
2.  

. 
 

, 
 

8- : 
 

8II , 

,1192I  

846,9
126

1192
I

I
. 

, . 
 
3. , -

 (7.31): 

.340020
1601

160100111 ,,
,-

,,,,I S  

 %34SI . 
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4.  
 (7.32): 

.45140020
1601

160100211
*

,,
,-

,,,,
I
I

 

 %45
*

I
I

. 

 
5. -

 (7.33). 
 

 
 

: 
 

;69,6
1262

1192
2 1. .

.1*
.1 I

I
I  

 

23,645,069,6
4
32 3/4SLP . 

 

 SLP=6. 
 
6.  

. 
 

 (60-70)%. 

 %65
2I

I
. 

 

7. . 
 

7.1.  (7.42): 
 

.37,969,64,1I  

 

7.2.  
. 

 3- -
 6  

: 750max2.I . -
: 
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.I,K 9515
126
750

 
 

 
(7.43): 

.I,,,I 59557021  

 

,  .II 10  
 
8. : 
 

%15
1

2

f

f

I
I

 –  ( ) ; 

%35
1

5

f

f

I
I

 – . 

 

-
. 7.4. 

 
 

. 7.4.  
-25000/110/6/6,  SEPAM 1000+ T87 
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7.4.7.   
 10%-  (   

) 
 110  

-110. 
 (6.3): 

–  k= I1 max =1,1 I ; 

;14,1
3008,0
2491,1k  

–  ( ) 
 

.25,6
3008,0

7502k  

 

 [5, 6]  
-110 300/5: 

 

210 ;14,1 Zk ; 
 

10 26, 25; 5 ,k Z  
 

.  
Z2H = 5 . 

 [5, . 1.5] 
 

.3333 ZZZZrZ  
 

 4 2,  50 : 

;36,0
45,34

50r  

;02,0
5

5,0
240/10Z  

;0013,0
25

8,0
240/50Z  

;1,011Z  

;54,11,01,030013,0302,0336,03Z  
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.554,1 ZZ  
-

 6 . 

7.5.   
) 

-630/10, 
6,3/0,4 , uk = 5,5%,  Y/Y0. 

 

7.5.1.  ( . . 5.2.4) 
. K2: 

 

;28,0
131003

6300
)2(max K  

 

.35,0
104003

6300
)2(min K  

 

,  U=6,3 . 
 

.46,3
63,0100
3,65,5 2

 
 

 
,  6,3 . 

, : 
 

.7,973
)46,328,0(3

6300)3(
)3,6(max4KI  

 

, : 
 

.7,954
)46,335,0(3

6300)3(
)3,6(min4KI  

7.5.2.  
 6  

 

.058,0
3,63

63,0I  
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 (7.2), : 
 

.05,22
63,0

3,635,0 2

 

 

 (7.3) 
 

6300 141 .
3(0,28 3,46 22,05)

I  

 

 (7.4) 
 

.47,3
587,0

141
c.k  

 

 (7.1) 
 

.48,181587,05847,37,0maxI  
 

 (7.5) 
 

.2,256
85,0

48,1812,1
c.I  

 

 (7.6) 
 

1 256, 2 12,81 .
100 / 5

I  

 

-40/20  13 . 
. 7.1  

: 

.34,41
5/1002
7,9543)2(

minI  

 

 

.5,118,3
13

34,41k  

. 
 

Y/Y0 (7.10) 
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.2,5476
042,0

230)1(I  

 

,  6 : 
 

.87,345
3/3,6

23,03,5476)1(I  

 

 
 

.76,5
5/1003

87,345I  

 

 6  
 

.44,0
13
76,5k  

 

 
 

.89,0
13

76,52k  

 

,  
-

 0,4 . 
 (7.14): 

 

.75,456
4,0
3,6585,0c.I  

 

 400/5  
 

 

. 7,5
5/400

75,456I  

 

-40/10  6 . 
 

 

.5,10,12
75,456
2,5476k  

 

. 
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-
 0,4 . 

 

7.5.3.  
 

 (7.16) 
 

.18,13637,9734,1c.I  
 

 
 

.16,68
5/100
18,13631I  

 
 40/100  70 . 

 
 

.450
5/1002

104003
minI  

 

 
 

.243,6
70
450k  

 

. 
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8.  6(10)  

8.1.  
-
-

. -
,  ( )  

, , -
,  

 20% . 
,  

,  
. 
-

,  
 

 ( -
, .). 

 
 (  

, .). 

8.2.  
 

, , . 
. 5.2.3. 

 
 (  « -
»). 

 

,max

k
Ikk

I  
 

(8.1) 

 k  = 1,1-1,2; k  = 0,85; k  – , -
 *= 0,35. 

 

.*
max

2

S
U

 (8.2) 

 

 

 .
)(3 2max

)

U
I  (8.3) 
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)

max

.
I

k
I

 (8.4) 

 

 
 

.IkI  (8.5) 
 

. -
 

 

.
2

3

TT

)3(
min3

minp n
II K  (8.6) 

 

 
 

,
cp

minp

I
I

k  

 k    1,5. 
 

-
 

: 
 

.ttt  (8.7) 
 

-
-

 t  = f(I ) . 

8.3.  ( ) 

. 
 

. 
 

(3)
3max( ) ,  KI k I  (8.8) 

 k  =1,2-1,3 -40; k  =1,5-1,6 -80. 
 

 
. 
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.
2

3

TT

)3(
min2

minp n
II K  (8.9) 

 

 
 

,
cp

minp

I
I

k  (8.10) 

 k  < 1,2 – . 

8.4.  
 «  – ». -

 
 

. 
. 5.2.3, 5.2.4  3  4  
   

) . 
-
-

 (  3 . 8.1): 
 

,/ )
)2(
minc. kII K  (8.11) 

 k .( ) – , -
 1,5. 

 

,  
-

, : 
 

,/)(3 c.oIU  (8.12) 

  =1,2-1,3; ,  – . 

 
. 8.1.  
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 U    ( ) -
 (  K4 .  8.1) -

. , ,  I ,  

)(3 c.oIU . 

,  .II ,  
. 

 U  -
 

,9,015,0 c.o
UUU  (8.13) 

  =1,2;  =1,2 -54. 
 

. 
. 3: 

 

);(3 max3
IU K  (8.14) 

.5,1/c.o) UUk   
 

 U 0,65U   (8.13)) -
. 

8.5.  
 

-2  k  h -
 I1 – kI2, . 

 k = -4.  h . 8.1,  
,  

. 
 8.1 

 h 

max
max2

3
I

I K   h 

 
, I(3)

, ,  I(3)
 

k = -4 k = -6 
100 1 4 6,6 
150 1,5 6 9,9 
200 2 8 13,2 
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. 

 

.2)3(

)3(
min3

I
I

k K  (8.15) 

8.6.  
 

-
. 

 
, , : 

 
 

cp ,
10

U l
I  (8.16) 

 U  – , ; l – , . 
 

-
, , .  

, , . 
 

p( )
.

10
U l l

I  (8.17) 
 

,  
 ( ), -

: 
 

,I k k I  (8.18) 

 k  =1,2; k  =3-4 – . 
 

 
 

.
I

k
I

 (8.19) 
 

8.7.  

 2× (3×150) 
 0,6 ,  6 . -

 3,0 . -10-1000-0,14. 
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8.7.1.  
. 8.2. 

 

  

 
 
 
 
 
I 2 max =0,75 . 
I 2 min =0,52 . 
I 2 max =13100 . 
I 2 min =10400 . 

a   
. 8.2.   

 

 6 : 
 

.35,0104003/6300
;28,0131003/6300

min

max  

 

: 
 

;022,05,06,0074,0  

;14,0  

.18,2
0,1100
3,65,5 2

 

 

 K3  K4: 
 

3max
6300 8229 A;

3 (0, 28 0,022 0,14)KI  

 

3min
6300 7104 A;

3 (0,35 0,022 0,14)KI  
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4max
6300 1387 A;

3 (0,28 0,022 0,14 2,18)KI  

 

4min
6300 1351 A.

3 (0,35 0,022 0,14 2,18)KI  

 

8.7.2.  
 

 

.275,0
3,63

0,3I  

 * =0,35. 
 

.63,435,0
0,3
3,6 2

 

 

 
 

6,3 0,717 .
3 (0,28 4,63 0,022 0,14)

I  

 

 
 

.61,2
275,0
718,0

 

 

 
 

.1013
85,0

275,061,22,1
c.I  

 

 
 

.44,8
5/600

10131I  
 

-40/20  9 . 
. 

 
 

.A27,51
5/600

7104
2
3

minpI  
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.5,17,5
9
27,51k  

 

. 
 

.  
,  0,5 . 

8.7.3.  
 

 

.1069882293,1c.I  
 

 
 

1 10698 89,15 .
600 / 5

I  

 

-40/100 90 . 
. 

 
 

.A06,75
5/600

10400
2
3

minpI  

 

 
 

.2,183,0
90

06,75k  
 

. 

8.7.4.   
 «  – ») 

 k  =1,5  (8.11) 
 

.A4101
5,1

7104
2
3I  

 
 

1 4101 34,18 .
600 / 5

I  
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-40/50-35 . 
 (8.12) 

 

.13863
2,1

)18,214,0022,0(41013
c.U  

 

 
 

.863,1394,3
2,12,1
3,69,0

c.U  

 

-54/160 
 

3940 62,5 .
6300 /100

U  

 

 K3 
 

;2308)14,0022,0(82293c.U  

.5,17,1
308,2
94,3k  

 

-
. 

8.7.5.  

 k = -4. 
,  

: 
 

.58,68
5/600

8229

TT

max
max2

3

n
I

I K  

 

. 8.1  h=1.  
 I2  =4 . 

 

.28,14
5/6004

7104k  

 

. 



68 

8.7.6.  
 

 
 

C
6,3 0,6 2 0,76 .

10
I  

 

, 
: 

 

.8,6
10

)26,01026,0(3,6
CI  

c. 1, 2 4 0,76 3,7 .I  
 

-40/6 3,7 . 
 

 

.25,184,1
7,3
8,6k  

 

. 
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9.  

9.1.  

 
[4, 5]. -

. 
 

,
7,0

k
Ikk

I  (9.1) 

k  –  ((7.2)–(7.4)) . 7.4.3. 
 

, 
 

. 
 I(2)

K2min  
 ( . . 7.4.3). 

9.2.  

. 
 

 

25 1,147 .
3 6,3 2

I  

 

 
 

.59,1
5,07,025

3,635,0 2

 

 

 
 

6,3 1,947 .
3 (0,28 1,59)

I  

 

 
 

.42,2
7,0147,1

947,1k  

 

 
 

.746,2147,17,0147,142,27,0maxI  
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.3877
85,0
27462,1

c.I  

 

 
 

.46,6
5/3000

38771I  

 

-40/10  6,5 . 
 

 

.A01,15
5/3000

10400
2
3

minpI  

 

 
 

.31,2
5,6
01,15k  

 

. 
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10.  

, -
, -

, . 
 

. 
 

,IkI  (10.1) 

 k  = 2,0-2,5. 
 

 I(2)
K2min. 

,  
. 

 

;3,1 II  (10.2) 

.9t   

10.1.   
 3150  ( -6,3-3150) 

 
 

.289
3,63

3150I  

 

  
 

 

 
 

.9,7222895,2c.I  
 

 
 

.02,6
5/600
9,7221I  

 

-40/10  7 . 
 

 

.A05,75
5/600

10400
2
3

minpI  



72 

 
 

.5,17,10
7
05,75k  

 

 
 

 
 

 
 

.7,3752893,1c.I  
 

 
 

375,7 3,13 .
600 / 5

I  

 

-40/6  3,6 . 
 . 9 t  

 
 

 

 
 

.93,63,61,1c.U  
 

 
 

.5,115
100/6000

6930U  

 

-53/200  116 ,  
t  = 3-5 . 
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11.  

11.1.  
 
 
 

.  ( ) -
. 

11.1.1.   
 

, -
. , -

,  
,  

. 
 5000  

,  5000  – 
.  

 5000 ,  
. 

, -
-

,  
 – , .  

. -
,  

. 
,  

 

,IkkI  (11.1) 

 k  – ; k  = 1,4-1,5 ; k  = 1,7-1,8 
. 

 

-80 k  = 2. 
-
-

. , 
 – -

, ,  
. 

-
. 
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,
100

(%)
n

I
kkI  (11.2) 

 k  = 1,8-2,0 -40; k  = 0,5; = 10%. 
 

,  
: 

 

.2
cp''

*

''
)3(

S
U

U
I  

(11.3) 

 

 2-  
: 

 

.
2
3

Tcp

)3(
min3

nI
I

k K  (11.4) 

 

11.1.2.   
 

-
 5 . -

. 
, , 

. 
 ( ), -

,  
. -

, -
,  ( , -

)  
, -

, -
,  

. 
, 

, . 
,  

-51, -
 ( ) -

,  
: 
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,IkkI  (11.5) 

 k  = 1,2 – 1,3; k  – , -
, -51,  

 k  = 2 – 2,5. -
, -50  

k  =3-4; I  – . -
 I   I  

I :  
I  = I  + I .. 

 

 I ,  ,   
 

36 10
,

3
fC U

I  (11.6) 

  – , ,  
. 

 

-
-

. 
 

 

,
)08,01(2,1

100187,0 6

UU
S

 (11.7) 

 S  – , ; U  –  
, . 

 

 
 

,
n U

S 
3

64 3

36003
1040

 (11.7 ) 

 U  – , ; n  –  
, . 

, , -
 (8.16) -

 [9]   
 

0CI I lm, 
 I 0 – , ;  
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l – , ; m –  ( ) . -
 

, . 4, 5. 
 

 
 

.
I I

k
I

 (11.8) 

 

 
, , ,  

, ,  
 

.min ,
I I

k k
I

 (11.8 ) 

 k .min – , -
; I  – -

, ; I  – -
; I  –  

», . 
 

 (11.5)  
 I  min [10], 

,  ( . -
, . 6).  
 

 

min .I I  
 

,   
 (k  =1,2–1,3),  

 5 , -
. , -
, -

: 
 

4   3 ;        (4 5) .I I I I  
 

-
, , -

,  IC = I . 
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11.1.3.  

 
, ,  

 ( -
 20 ), -

-
. 

, -
, ,  

, ,  
. 

 
,  

, , : 
– -

; 
– ; 
– ; 
– . 

 
: 

 

;
k I

I
k

 (11.9) 

;k II
n

 (11.10) 

 k  – ,  
,  1,05  

 1,1-1,2 ; k  –  
,  0,8 -80  0,85  

-40. 
 

-
: 

t t . 
 

11.1.4.  
-

, . 
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.
3
UX

I
 (11.11) 

 

: 
 

,SSS  (11.12) 

 S  – ,  
. 

 

, , 
 

.
35,0 2

S
U

x  (11.13) 

 

 
 

.  (11.14) 

 

 
 

.
)(3 max 2

U
I

K

 (11.15) 

 

 
 

.
7,0 .I

Ik  (11.16) 

 

 
 

.3IU  (11.17) 

,  U   
55-70% U . 

, -
: 

 

0,7
;

U
U

k k
 (11.18) 

.5,0c.t   
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11.2.  

  
-5000-2  5000 . U  = 6 , S  = 5740 , 

I /I  = 7,72. , -
 150 2 .   35 . -

-51 -
. 

 
 

.553
63

5740I  
 

11.2.1.  
 

 

.9,426
100

55372,7105,00,2I  

 

 
 

.3,5129,4262,1c.I  
 

 
 

.77,4

74,5
3,62,0

0,61,1
2

)3(I  

.477
100
4770105,00,2I  

 

. 
 

 

.4,5724772,1c.I  
 

 
 

.77,4
5/600
4,5721I  

 

-40/10  5 . 
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.A75
5/600

10400
2
3

minpI  

 

 
 

.5
5

75k  

 

. 
 

11.2.2.   
 

 
 

6
80,0187 5,74 10 3,01 10 .

1, 2 6,0(1 0,08 6,0)
 

 

 
 

.098,0
3

1061001,3506 38

I  

 

 
 

0 1,19 0,035 3 0,125 A.C CI I l m  

 

 
 

0,098 0,125 0,223 AC C CI I I . 

 
 

 

.697,0223,05,225,1c.I  

 

 I  = 0,697   
I  min = 1,08, . 6  

, ,  
 

min 1,08 A.I I  
 

-51  1,08 . 
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.09,6
08,1

223,08,6k  

 

. 
-
 

: 
 

min

6,8 0,223 5, 26 A .
1,25

I I
I

k
 

4 A. I  
 

11.2.3.  ( ) 
 

 

.781
85,0
5532,1

c.I  
 

 
 

1 781 6,5 .
600 / 5

I  

 

-40/10  7 . 
. 

 

.10c.t  
 

11.2.4.  
 

. 
,  

, 
 ( -252): 

1,1 1, 4 . t  

11.2.5.  
 

 

.853,0
55372,73

6300
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.01,374,55,07,025S  

 

 
 

.62,4
01,3

3,635,0 2

 

 

 
 

.72,0
62,4853,0
62,4853,0

 

 

 
 

6,3 3642 .
3 (0,28 0,72)

I  

 

 
 

.54,4
11477,0

3642k  

 

 
 

;453672,036423U  

%. 72
6300

1004536(%)U  
 

-
. , 

: 
–  
 

.2500
2,12,1

60007,0
c.U  

–  
 

2500 41, 7 .
6000 / 100

U  

 

-54/48  41,7 . 
 9 .t  
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12.  

 « » -
 [11, 12],  

 
. -

, , -
. 

12.1.  ( ) 

-
, -

, ,  
. 

, -
-

 35, 110  220 . -
 

. -
 ( ). 

-
,  

.  
 ( , ),  

)  
.  

. 
 6-10  

 ( ), -
. -

. 
, 

,  
. 

: 
 

,t t t  (12.1) 

 t  – ,  
t  =0,1-0,2 . 

 

,t t t t  (12.2) 

 t  – . -
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 t  =0,2-0,5 ,  t  =1-2 ; t  – -
. 

 

,t t t  (12.3) 

 t  – ,  35  t  =0,1 ,  110  
t  =0,17 ,  220   t  =0,32 . 

 

min ,Ut t t  (12.4) 

 t  minU – -
, , t .minU = 6-9 . 

 

 0,5 . 

12.2.  ( ) 

,  
, -

. -
.  

, , , 
, . 

-
 

. 
 

.)4,025,0(c. 1
UU  (12.5) 

 

, -
, -

: 
 

,min
c. 2 nkk

U
U  (12.6) 

 U  min =0,95; k  =1,1-1,2; k  =1,2-1,25. 
 

 ( -
)  46-48 . 

: 
1) -

, -
 (  (12.5)). 

 

.ttt  (12.7) 
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2) -
 

, ): 
 

1

minc.

2
ttt

ttt
ttt U

, (12.8) 

 t .minU –  
, ,  

 6-9 ; t  –  
; t 2 –  

); t  = 0,5 . 

12.3.  ( ) 

 
-

, -
. 

 6-10 -
 III  II , -

. 
-
. 
-

. 

12.4.   
 ( ) 

 
,  

 
, -

54149–2010  
 6-10  (±10%). 

 
-

: 
–  

 
min

min min min
2 *

2 *

(1 ) ;
(1 )

P r Q X
U U U

U U
 (12.9) 
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–  
 

.
)1(

)1(
*2

maxmaxmax
*2max UU

XQrP
UUU  (12.10) 

 

 
 

%,2022 maxmin

U
UU

 (12.11) 

 

. 
, -

 «  
». 

 

.75,3
2
5,7;1,8

2
2,16

.85,7
2

7,15;3,14
2

6,28

minmax

minmax

QQ
 

 (5.4): 
 

max 74,6 ;  

min 128 .  
 

: 
 

;
10)1(

2

32
*

2
cp

max S
UUP

R  (12.12) 

;
10)1(

2

32
*

2
cp

min S
UUP

R  (12.13) 

;79,1
25

10)16,01(115120
2

322

maxR   

.05,3
25

10126120
2

32

minR   

 

 
: 
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210,5 115 55,5 ;
100 25

 

2 3

3

120 115 10 2,54 .
25

R  
 

: 
 

min

min

7,85 2,54 3,75 55,5 1,98 ;
115

6,3(126 1,98) 6,8 ;
115

U

U
 

 

max

max

14,3 2,54 8,1 55,5 4,22 ;
115

6,3115(1 0,16) 4,22 5,06 .
115

U

U
 

 

 
 

%.20%61,27100
3,6

06,58,6U  
 

. 
 6 -

: 
 

;4
126

12875,305,385,7
minU  

;68,6
115

3,6)4126(minU  

;52,6
)16,01(115

6,741,879,13,14
maxU  

.87,5
)16,01(115

3,652,6)16,01(115maxU  

 

 
 

%.86,12100
3,6

87,568,6U  
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,  
 ( ): 

 

cp
6,68 5,87 6, 275 ;

2
U  

 

6,3 6, 275 100 0,4%;
6,3

U  

.22,0
78,1
4,0

*  

 

. 
 

 

max
1,785,87 0 6,3 5,87 ;
100

U  
 

min
1,786,38 0 6,3 6,38 .
100

U  

 

 6  
. 

-
, . 

 

cp1,78% .U U  
 

 
 

cp
2 1152% 2,3 .
100

U U  

 

-
: 

 

2-4 .t  

12.5.   
 

-
-

, -
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: 

1)  U  =const; 
2)  Q =const; 
3)  tg  =const; 
4) . 

-
. 

-
 t =2-4 . 
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) 
 

1 
  

 

-
,  

, 
 

 
 

  
 

 

6-35 1-80 4×2,5%; 
6×1,5(  01.01.88) 

 

110 2,5 +10×1,5-8 1,5%  

110 6,3-125 9×1,77%  ( ) 

220 32-200 12×1%  ( ) 

 

110 6,3-80 9×1,77%  ( ) 

220 25-63 12×1%  ( ) 

 

220 63-250 8×1,5%(63 ) 
6×2%(125,220,250 )  ( ) 

 

6-35 1-63 8×1,5%; 1,25%  
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2 
 1/3 Z(1)   

 400-230  
 

, 
 

  
,  

1/3 Z(1) ,   
 400 ,  

 Y/Y0 
25 6  10 1,04 
40 6  10 0,65 
63 6  10 0,41 

100 6 – 35 0,26 
160 6 – 35 0,16 
250 6 – 35 0,1 
400 6 – 35 0,065 
630 6 – 35 0,042 

1000 6  10 
35 

0,027 
0,0255 

1600 6  10 
35 

0,018 
0,017 

/Y0 
160 6  10 0,0454 
250 6  10 0,029 
400 6  10 0,019 
630 6  10 0,014 

1000 6  10 0,009 
1600 6  10 0,006 
2500 6  10 0,0035 

 Y/Z0 
25 6  10 0,3 
40 6  10 0,19 
63 6  10 0,12 

100 6  10 0,075 
160 6  10 0,05 
250 6  10 0,03 
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3 
-40 

 

-
 

, 
 

 

-
-

 
-
, 

* 

  

 
-
-

,  

 
,   

-
-

,  

 
,  

-
-
 

-
 

1  

-
-
 

-
 

1  

-40/0,2 0,05-0,2 0,05-0,1 0,55 15 0,1-0,2 1,1 30 0,2 

-40/0,6 0,15-0,6 0,15-0,3 1,75 50 0,3-0,6 3,5 100 0,2 

-40/2 0,5-2 0,5-1 4,15 100 1-2 8,3 200 0,2 
-40/6 1,5-6 1,5-3 11 300 3-6 22 600 0,5 

-40/10 2,5-10 2,5-5 17 400 5-10 34 800 0,5 

-40/20 5-20 5-10 19 400 10-20 38 800 0,5 

-40/50 12,5-50 12,5-25 27 500 25-50 54 1000 0,8 

-40/100 25-100 25-50 27 500 50-100 54 1000 1,8 

-40/200 50-200 50-100 27 500 100-200 54 1000 8 
 
*  

. 
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4 
 

 50  

 
  

, 2 

, ,  
,  

6 10 35 
,  

6 10 10 35 
16 0,31 0,26 0,43 - 
25 0,43 0,34 0,56 - 
35 0,49 0,38 0,63 - 
50 0,58 0,44 0,73  
70 0,43 0,52 0,87  
95 0,89 0,61 1,02 3,62/3,81 

120 1 0,70 1,16 3,81/4,57 
150 1,19 0,78 1,3 4,19/4,95 
185 1,28 0,91 1,51 4,38/5,34 
240 1,33 1,01 1,8 4,76/5,91 

 

.  35  
-

,  –  
. 

 

5 
 

 50  

  
 

, ,   
,  

6 10 35 
: 

 –  
 –  

 
0,013 

- 

 
0,256 
0,032 

 
 

0,12 
: 

 –  
 –  

 
0,017 

- 

 
0,035 

- 

 
0,14 
0,15 
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6 

-51,  
 

 
 

 

1 
2 4 4 2 3 4 5 

  

 0,68 
3,96 

1,25 
6,80 

1,95 
9,83 

2,48 
14,6 

0,97 
4,25 

1,19 
4,80 

1,43 
5,95 

 
 

 0,60 
3,26 

1,08 
6,35 

1,60 
9,60 

2,16 
13,00 

0,89 
4,62 

1,08 
5,10 

1,33 
5,66 

1,67 
6,60 

 0,90 
3,80 

1,26 
6,20  1,41 

6,10  

 0,81 
4,17 

1,34 
7,90 

1,95 
11,70 

2,56 
15,44 

1,00 
5,00 

1,20 
6,10 

1,52 
7,20 

 
 

 
: 

1.  f = 50 . 
2. ,  –  

. 
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7 
 

 TG-145  TG-245 

 
 

TG-145 TG-245 
1.  SF6  SF6 + N2 

2.  110  220  

3. ,  300,400,500,600,750,800, 1000,  
1200, 1500, 2000, 3000 

4. ,  5  1 
5.   
1- ,  31,5 (40*) 50 

6.  
,  80(100*) 125 

7.   
 20 

8.   
  

 cos =0,8 / -
 

20 /5  
30 /10  
40 /10  

20 /5  
20 /10  
20 /10  

9.   
  

 (5 )  75° , : 
300-600-1200  
400-800  
500-1000-2000  
750-1500-3000  
 

20 /5  30 /10  40 /10  

 
 

0,21 
0,28 
0,30 
0,36 

 
 

0,23 
0,30 
0,34 
0,40 

 
 

0,26 
0,31 
0,35 
0,43 

10.  
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. 1.  TG-245 

 



100 

 
 

 
. 2.  

 TG-145 
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8 
-35 

  
 

S ,  3 5 10 15 20 30 40 50 60 75 100 

  

-35-II-150/5 

50/5 13 8 3 – – – – – – – – 
75/5 16 11 6 4 3 – – – – – – 

100/5 20 14 8 6 4 – – – – – – 
150/5 24 18 12 8 6 4 – – – – – 

-35-II-300/5 

100/5 20 14 8 6 4 – – – – – – 
150/5 24 18 12 8 6 4 – – – – – 
200/5 26 21 14 11 8 6 4 – – – – 
300/5 28 24 18 14 11 8 7 5 – – – 

-35-II-600/5 

200/5 30 23 15 11 9 6 4 – – – – 
300/5 33 28 20 15 12 9 7 6 – – – 
400/5 37 32 23 19 15 11 9 7 6   
600/5 47 41 31 26 22 16 13 11 9 7 6 

-35-II-1000/5 

400/5 37 32 23 19 15 11 9 7 6 – – 
600/5 47 41 31 26 22 16 13 11 9 7 6 
750/5 56 50 38 32 27 20 16 13 12 9 7 

1000/5 55 50 41 35 30 24 20 17 14 12 9 
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9 
-110 

  
 

S ,  3 5 10 15 20 30 40 50 60 75 100 

  

-110-I-200/5 

75/5 50 34 18 12 – – – – – – – 
100/5 60 43 25 17 12 – – – – – – 
150/5 70 56 35 25 20 13 – – – – – 
200/5 79 63 43 32 26 18 13 11 – – – 

-110-I-300/5 

100/5 60 43 25 17 12 – – – – – – 
150/5 70 56 35 25 20 13 – – – – – 
200/5 79 63 43 32 26 18 13 11 – – – 
300/5 86 73 54 42 35 26 20 16 14 11 – 

-110-I-600/5 

200/5 79 63 43 32 26 18 13 11 – – – 
300/5 86 73 54 42 35 26 20 16 14 11 – 
400/5 92 81 62 50 42 32 26 21 18 15 11 
600/5 107 97 78 66 56 44 36 30 26 22 17 

-110-I-1000/5 

400/5 92 81 62 50 42 32 26 21 18 15 11 
600/5 107 97 78 66 56 44 36 30 26 22 17 
750/5 122 111 92 78 68 53 44 37 32 27 21 

1000/5 121 113 98 86 76 62 52 45 40 34 27 
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10 
-220 

  
 

S ,  3 5 10 15 20 30 40 50 60 75 100 

  

-220-I-600/5 

200/5 64 54 37 28 22 16 11 – – – – 
300/5 58 54 43 35 29 21 17 14 12 – – 
400/5 54 52 44 37 33 26 21 17 15 13 – 
600/5 48 47 42 38 35 30 26 23 20 17 14 

-220-I-1000/5 

400/5 54 51 44 37 33 26 21 17 15 13 – 
600/5 48 47 42 38 35 30 26 23 20 17 14 
750/5 44 44 41 38 35 32 28 25 22 20 16 

1000/5 41 41 39 37 36 32 30 27 25 22 19 

-220-I-2000/5 

500/5 50 49 43 38 34 28 24 21 18 15 12 
1000/5 41 41 39 37 36 32 30 27 25 22 19 
1500/5 40 41 39 38 37 34 32 30 28 26 23 
2000/5 46 47 45 44 43 40 38 36 34 32 28 

-220-I-1000/5 

400/5 96 85 64 51 42 31 25 21 17 14 10 
600/5 105 97 78 65 55 43 35 29 25 21 16 
750/5 122 113 92 77 66 52 42 36 31 26 20 

1000/5 190 171 135 111 94 72 58 49 42 35 27 
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