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2. 

-
, -

, . -
, 

. , , -
, 

 – ;
, , -

; ; ; -
, -

 [9].

-
. -

,
, -

.

. -

-
, -

.
, 

, -
.

-
-

, -
.

-
, -

-
 ( , , , , ,
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2.1. 

2.1.1. 

, , 
 (W , %) -

W . 2.1.1) -
 ( . 2.1.2).
: -

 [10].

. 
 25%. 

 17%. -
.

 900–1000 ° ) 
 130–150 ° ).

, -
. , 

, . 
  

.
.

1. W  < 25 % V  25 %
. V  > 25

%  ( -
).

2.  (W  40 %) -
.

3. W  = 25–40 % 
.

 ( ). -
.
-

, 
, -

.
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 2.1.1

, - -

-

,
W , %

-
-

-
-

-
,

K

-
-
-

,
90R

W ,
%

,
%

1 2 3 4 5 6

–

3
2

3

3

2

3
3

2
2
2
1
2

3
3

2–3,5
1,5–3,0
0,5–1,0
0,5–1,0
3,5–4
1,5–3
3,5–5

1,8–3,5
2–4

0,8–2,0
1,3–3,0
10–15
11–16

0,9–2,0
3,5–5

2,0–3,5
0,8–1,5
4,5–11,0
0,5–1,0
9,5–14
0,8–2,5
11–17
3–4

10–15
5–12

12–16
13–12
12–15
12–14
11–12
6–8

2,5–4,5
5,5–14
6–13
5–8

2,78
1,82
0,87
1,58
2,2
1,36
2,22
1,58
1,69
2,58
1,79

12,85
13,96
2,52
1,9
1,55
1,28
5,4
1,5
9,24
2,87

10,45
2,04
7,43
5,14

8,82
12,5
8,83

13,23
10,45
2,78
3,04
6,04
6,01
5,34

4,65
4,37
4,11
4,24
2,49
1,76
3,51
3,2
2,75
9,97

10,47
10,12
13,06
5,81
3,77
5,01
6,6
8,86
4,47

13,95
8,75
3,97
3,48
2,82
3,12

2,34
2,34
1,25
2,22
1,24
3,08
6,32
3,08
4,3
3,57

1,28
1,25
1,8
0,95
1,1
1,3
1,45
1,6
1,4
1,4
1,29
1,8
1,8
1,5
1,4
1,2
1,0
1,2
1,5
1,2
1,6
2,1
1,35
2,0
1,3

1,2
1,1
1,3
1,4
1,4
1,0
1,3
1,12
1,09
1,1

20–22
25–33
10–13

7
22–25
25–33
17–20
17–20
11–14
18–20
15–25

53
55–60
21–26
25–33
24–32

26
55–60
9–1

55–60
22–30

50
23–30

50
50

55–60
55–60
55–60
55–60
55–60

25
28–40
55–60
55–60
28–33
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. 2.1.1

1 2 3 4 5 6

–

2
1
2

3
3
2

3

2–4
11–16
10–13
12–19

1,3–2,5
2–4

1,0–2,0
0,5–1,0
9–12

0,9–2,5
1,5–5
2–3,5

1,0–2,0

6–9
5,5–7,5

1,25
9,69
13,6
12,33
1,57
1,38
1,19
1,12
7,55
3,43
17,2
1,73
1,35

4 – 3
4,58

1,44
3,79
2,83
3,09
6,18
7,76
7,31
6,56
7,64
6,10
10,23
2,33
4,16

2,94
2,6

1,2
1,25
1,38
1,3
1,05
1,5
1,5
1,4
1,3
1,3
1,35
1,1
1,2

1,0
1,0

25–34
55

55–60
55–60
25–28
25–30
25–28
14–16
55–60
55–60
45–50
30–40
25–30

26
30

 2.1.2

2t (° )

, ° , °

-
, °

, 160
130
100
60

–
170
140
120

–
170
140
140

130
110
70
70

–
–

80
80
–

–
–
80

100
–

-
, -

.
, ,

. .
1.  (W  = 25–40 %). -

. -
 (900–

1000 ° ).
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.
2.  (V  > 25 %). -

, , . -
 ( -

).  (
).

, 
.

 (900–
1000 ° ). .

, 
, -

. -
.  (

).

2.1.2. 

 ( , ) 
.

 ( ) -
, : , 

K < 1,2. -
, -

: S  = 6–7 %.
 ( ),

 ( )  ( ). -
. 2.1.3.

 2.1.3

V  > 28 %

, 

1,0
1,1
1,2

>1,1
<1,2
>1,1

, 
, , 

, , 

, 
, 
, 
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 2.1.4

 ( )
 ( )

,

 207/265/23 ( –4)
 220/330/21,8 ( –6)
 250/390/20 ( –10)
 287/410/18,7 ( –12)
 287/470/18,7 ( –16)
 320/570/17,8 ( –25 )
 340/737/17,2 ( –32)
 370/760/17,5 ( –38)
 370/850/17,6 ( –50 )
 400/1000/17,1 ( –70)

4
6
10
12
16
25
32
38
50
70

23
21,8
20,0
18,7
18,7
17,8
17,2
17,5
17,6
17,1

–90
–105
–125
-140
–160
–175
–240

4,5
6,5

11,5
14
25
32
50

78,2
64,5
59,4
50,0
48,5
41
41

:  – -
.  – .

       . 2.1.1.  ( ): 1 – ; 2, 3 – -
; 4 – ; 5 – ; 6 – -

; 7 – ; 8 – ; 9 – ; 10
– ; 11 – ; 12 – -

; 13 – 
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        . 2.1.2. -
 ( ): 1 – 

;  2  –  ;  3  –  -
; 4 – 

;  5  –  ;  6  –
; 7 – ; 8 –

; 9 – 
; 10 – 

. 2.1.4, 2.1.5. 

.  ( ) 
 110–115 % .

-
. , 

.
, 

BB K
n

, (2.1.1.)

n  – , , , 
 ( -

 400 ). -
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 – . 
 90 % ; B  – -

,  ( . ); K  – -
. -

-
K   

. -
K  = 1,35; K  = 1,2; -

K  = 1,1.
 2.1.5

 ( )
 ( )

,

 1000/470/960
 1000/710/980
 1000/950/980
 1300/1310/740
 1300/2030/735
 1500/1910/740
 1500/2510/740
 2000/2600/590
 1500/3230/740
 2000/2200/735
 2600/3360/590
 1000/470/980
 1000/710/980
 1300/950/735
 1500/1190/735
 1500/1670/735
 1660/2030/735

3,3
5,0
6,6
10,8
16,7
23,4
30,6
34,6
39,7
55,3
101
3,5
5,2
8,1
14,5
20,4
24,0

980
980
980
740
735
740
740
590
980
735
590
980
980
735
735
735
735

 1050/270/1470
 1050/400/1470
 1600/400/980
 1600/600/980
 2100/800/735
 2700/850/590
 3300/800/490

5,2
7,2
11,8
17,2
28,8
44,0
58,0

1470
1470
980
980
735
590
490

.  – , ;  – , ;  – 
, .  – , ;  – -

;  – ;  – .

, 
, , 

.
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       . 2.1.3. -
 ( ): 1 – ; 2

– ; 3 – ; 4 – ; 5 – -
; 6 – ;

7 – ; 8 – -
; 9 – -

; 10 – 

        . 2.1.4.  ( ): 1 – -
; 2 – ; 3 – ; 4 – -

; 5 –  ( )
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8

5

1

2
22

3

4

6

7

9

10

11

12

13

14

15 16

17

18

19

20

21 23

10

11 11

25

24
26

27
28

29

30

8

5

1

2
22

3

4

6

7

9

12

13

14

15 16

17

18

19

20

21

23

10

11

24

26
27

28

29

30

8

5

1

2

22

3

4

6

7

9

12

13

14

16

17

18

19

2021

31

32

33

23

5

1

4
22

6 8

7
13

11

12
14

16

17

18

19

21

34

35

3637

     . 2.1.5. : – -
;  –

-
;  – , -

 ( );  – 
: 1 – ; 2 – ; 3 – ; 4 – -

; 5 –   ; 6 – ; 7 – ; 8 – -
; 9 – ; 10 – ; 11 – 

; 12 – ; 13 – ; 14 – ; 15 –
; 16 – ; 17 – ; 18 – -

;  19 – ; 20 – ; 21 – ;
22 – ; 23 – ; 24 – ; 25 – ; 26 – -

; 27 – ; 28 – ; 29 – ; 30 – -
; 31 – ; 32 – ; 33 – -
; 34 – ; 35 – ;

36 – ; 37 – 

) )

) )
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2.1.3. 

2.1.3.1. 

q q q q , (2.1.2)

q  – , ,
; q  – , -

, ; q  – , .
,  ( )

q g t . (2.1.3)

g – , -
, , . -

 ( . .
2.2), . 2.1.6 

1 .  ( 3 )
0

1V V  ( )

0g V . (2.1.4)

0V –  1 ,
3  ( ); = 1,29 3  – ;  – -

, /( ), . 2.1.7 -
; t  – , 

 ( -
), ° .

, :

q , (2.1.5)

 – , , 
. :

 ( )  – 0,7;
 ( ) – 0,8;

 ( ) – 0,6;
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– , , .
2.1.8.

, :

q t , (2.1.6)

 –  ( , -
, ).

:
 0,15  0,25;

 0,3  0,18.
,  – -

 (25 ); t  – -
, ° , ; – 

 ( . . 2.1.7), /( ), . 2.1.7 t .
, :

5q q q q q , (2.1.7)

q  – , , ; q  – , -
 (  – ),

; q  – , , ; 5q  – 
, .

, , :
2500 1,9 4,19 ,q W t t (2.1.8)

W –  1 , .

100
W WW

W
. (2.1.9)

W . 2.1.1. ,
,  0,5 % 

W  ( .  [10]).
2t , °

. 2.1.2. 2t , ° -
: 2 2 5t t , °  – ; 2 2 10t t ,

 – ; t , °  – -
,  ( ). -
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,  (  – -
), :

21q t , (2.1.10)

c  – , /( ), . 2.1.7 
 – 2t .

 2.1.6

1

-

-

, 

1 1 1

-

1,05 0,175 1,05 0,225 – –

-
- 1,05–1,1 0,225 1,05–1,1 0,26 – –

–

1,05 0,175 1,05 0,225 1,05 0,25

-
- 1,05–1,1 0,225 1,05–1,1 0,26 – –

-

1,05 0,175 1,05 0,225 – –

-
- 1,05–1,1 0,225 1,05–1,1 1,26 1,05–1,1 0,5

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

-
- 1,05–1,0 0,215 1,05–1,1 0,25 1,05–1,1 0,55

-
-
-

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

-
- 1,05–1,0 0,215 1,05–1,1 0,25 1,05–1,1 0,55

: -

V  < 25 %, -

V  25 %.
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 2.1.7
, /( )

,

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300

0,9148
0,9337
0,9630
0,9948
1,0237
1,0484
1,0689
1,0856
1,0999
1,1120
1,1229
1,1317
1,1401
1,1484
1,1564
1,1639
1,1710
1,1786
1,1757
1,1928
1,2004
1,2075
1,2142
1,2213

1,0392
1,0421
1,0517
1,0693
1,0915
1,1154
1,1392
1,1614
1,1815
1,1974
1,2150
1,2266
1,2410
1,2514
1,2606
1,2686
1,2761
1,2824
1,2883
1,2933
1,2979
1,3021
1,3063
1,3096

1,0036
1,0103
1,0245
1,0446
1,0685
1,0923
1,1149
1,1355
1,1539
1,1702
1,1844
1,1970
1,2083
1,2179
1,2267
1,2347
1,2418
1,2485
1,2944
1,2602
1,2653
1,2703
1,2749
1,2791

0,8148
0,9136
0,9927
1,0567
1,1103
1,1542
1,1920
1,2230
1,2493
1,2715
1,2900
1,3059
1,3197
1,3314
1,4315
1,3498
1,3574
1,3636
1,3695
1,3741
1,3783
1,3816
1,3842
1,3862

1,8594
1,8903
1,9406
2,0005
2,0645
2,1319
2,2014
2,2730
2,3450
2,4154
2,4824
2,5456
2,6042
2,6586
2,7089
2,7553
2,7980
2,8382
2,8742
2,9073
2,9366
2,9668
2,9936
3,0178

 2.1.8
, 

–

C

–
47–85
18–43
22–43
15–18

–
–
–
40
43
46

90–110
85–90
35–65
30–58

–
–
–
–
–
–
–

–
–
–
–
–

40–43
35–37
33–35

–
–
–

–
–
–
–
–
–
–
–
42
50
57
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, , :

100 4,19
100 100

W Wq t t
W

, (2.1.11)

– , /( ) 
:

   – 0,92;
– 1,1;
– 1,16;
– 0,88;

2t  – , ° ,   -
2 2t t .

, :

5
5

Qq , (2.1.12)

5Q  – , , 
. 2.1 9.

 2.1 9
5Q , 

-
-

-
-

-
-

-

- -

-

-
-

-
- -

 160/235
 207/265
 220/330
 250/360 
 250/190
 287/410
 287/470

-

2,5  32 

15
18
23

28
34
35

42

18
22
27

32
39
40

49

16
20
25

30
37
38

46

14
20
25

29
36
37

45

22
29
38

43
52
53

64

20
28
36

42
52
53

64

24
31
42

47
58
59

71
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 2.1.9

 – 

 1000/470
 1000/710
 1300/950
 1500/1190
 1500/1670
 1600/2030
 1000/470
 1000/710
 1000/950
 1300/1310
 1300/2030
 1500/1910
 1500/2510
 1500/3230
 2000/2200
 2000/2600
 2600/3360

6
8

12
15
20
23
6
8

10
15
20
21
25
30
30
35
46

 8/90
 12,5/105
 20/105
 50/160
 80/210
 150/270

4,7
7,0
9,3

13,0
16,0
20,0

–65
–80
–90
–105
–115
–125
–140
–160
–175

10,5
13,0
15,0
17,5
19,5
21,5
26,0
28,5
32,0

2.1.3.2. 

q q q q , (2.1.13)

q  – , , 
, ; q  – ,

,  ( .
 (2.1.5)); q  – , .

, , -
, 

q g t . (2.1.14)

t  – , , ° . 
t  =

500–600 °  ( . );  – , /( ), -
. 2.1.6 t , 

,  ( . 2.1.7), 
. ); g  – , , -

-
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. q
.  (2.1.5)). , , :

q t , (2.1.15)

 –  ( , -
, ), -

,  (2.1.6).
, :

5q q q q q , (2.1.16)

q  – , ,  ( . 2.1.
8); q  – ,  (  –

), ; q  – , ,
 ( .  2.1.11); 5q  – 

,  ( .  2.1.12).
,  ( ) -

, :

21q t , (2.1.17)

g  – , -
, ;  – -

, /( ), . 2.1.6 -
, 2t ; 2t  – , ° , -

 ( . 143).
q , q , 5q -

,  (2.1.8, 2.1.11  2.1.12);  –
 ( , -

, ), -
,  (2.1.6).

2.1.3.3. 

q q q q , (2.1.18)
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q  – , , ; q  – -
, ,  ( .

 2.1.5); q  – , 
.  2.1.6).

, , 

q g t g t . (2.1.19)

 (2.1.19) , ,
  – , .

,  (2.1.19) -
:

1.  ( , ), -
. -

: g  – , , 
, , ( g –

.  2.1.3.1,  (2.1.4)); t  – , ° , -
 ( . );

– , /( ), . 2.1.7 -
t ; t  – , ° , 

t  = 900–1000 ° .
,

 – g , .
2. , 

, ).
g -

 17 % ( ). -
g 0, 21 0,17.V V V

0,235V V . , g , -

0,235g g . (2.1.20)

V  – , 3 ; V  – -
, , 3 ; g  – , ;  = 1,3 3 –

; g  – , ,  (2.1.4);
= 1,29 3 – .
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, : 0,235g g . 
g , ,  2.1.3.1
 (2.1.4)). t , °  – -

, t t .
, , -

, -
 – t , ° .

, , q ,
, , ,

 ( .  2.1.3.1. –  (2.1.5)).
, :

q g g t , (2.1.21)

 –  ( , -
, ), -

,  (2.1.6).
, :

5q q q q q , (2.1.22)

q  – , ,  ( . 
2.1.8); q  – ,  ( -

 – ), ; q  – , -
,  ( .  2.1.11); 5q  – 

,  ( .  2.1.12).
, q q q , 

(1 ).q g t K , (2.1.23)

 – , /( ), . 6 
2t ; c  – ,

/( ), . 7 
2t ; g  – , , 

(2.1.20); g  – , ,  (2.1.4);  –
, , 

(2.1.6).
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1,04

1,08

1,12

1,16

1,2

1,24

0 200 400 600 800 1000
1

1,04

1,08

1,12

1,16

1,2

0 200 400 600 800 1000

1

1,04

1,08

1,12

1,16

1,2

1,24

0 200 400 600 800 1000
0,92

0,96

1

1,04

1,08

1,12

1,16

1,2

0 200 400 600 800 1000

     .2.1.6. : ) 
, 1;  – 2;  – 3;  – ; 1 –  = 1,2; 2  –

= 1,4; 3 –  = 1,6; 4 –  = 1,8; 5 –  = 2,0

2.1.3.4. 

 ( -
 – t , ° , 

 – g , , -
) -

 ( q , )  ( q ,
):

q q , (2.1.24)

, °C

, °C , °C

, °C

c , /( )

c , /( )

c , /( )

c , /( )

))

) )

1
2
3

5
4

1
2

5
4
3

1
2
3

5
4

1

2
3

5

4
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5q q q q q q q . (2.1.25)

2.1.4. 

2.1.4.1. 

-
: , , -

, ,  ( ) 
. -
,  ( ) -

. -
.

2.1.4.2. 

, , , 
, :

90

90

100ln

100ln

R
B B

R

, (2.1.26)

B ,  – 
: -

; . 2.1.4  2.1.5 
; 1 , 2  – ,

, -
; K –  ( .

2.1.1).
1 2

:

22

1 22

K W

K W
, (2.1.27)

K – , ,
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1 1,07K W , (2.1.28)

W – 
, %

3
4

W WW , (2.1.29)

6
7

W WW , (30)

W – , %; W – 
), %.

: W
W -

 ( ) W , %. W
[11]. 

.

2
100
100

W
W

, (2.1.31)

 ( . 2.1.7); 
1. 5R  = 20–30 %.  

90R  (%) . 2.1.1.
:

1.  ( , ):
W  = 33 %;  = 1,7; 5R  = 20 %; 90R  = 55 %; W  = 8 %;
2.  ( ):
W  = 8,5 %;  = 0,95; 5R  = 20 %; 90R  = 7 %; W  = 1 %;
3.  ( ):
W  = 30 %;  = 1,5; 5R  = 20 %; 90R  = 10 %; W  = 3 %
4.  ( ):
W  = 56,6 %;  = 1,7; 5R  = 20 %; 90R  = 60 %; W  = 6,5 %.
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0,9

0,94

0,98

1,02

1,06

1,1

1,14

1,18

10 20 30 40 50 60 70 80

      . 2.1.7. -

5R

2.1.4.3. 

g , , -
 ( , ) :

c 0,774 0,786 0,00125 1, 245
VB

g K d W
, (2.1.32)

g  – , , : g  = g ,
g  = g , g  = g g ;  – -

, 

273
13,6

273 760

S

t
, (2.1.33)

S  – , -
S  = 150–200 .; K  – -

 ( .  1.3.1);  – , 
 = 760 .; t  – -

, 2t  ( .
. 2.1.2); d  – .

d  = d  = 10 . d  = d , -

5R , %
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0

0

10 9 H

1
100

W V d
d

AV
, (2.1.34)

 –  ( . 
).

, 

d g d gd
g g

. (2.1.35)

V  – , 3 , -
.

1 273
273

g tWV B , (2.1.36)

B  – , .

0 273
273

g tWV V B . (2.1.37)

1 273
273

g g tWV B , (2.1.38)

 = 1,29 3 – ;  = 1,3 3 – ;
 = 0,804 3 – .

,
.

B B B , 
, , 

, -
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.
,

B  < B , -
.

, 
B , ,  ( , -

; 
) 

-
. 

-
 ( , ) -

.

2.2. 

2.2.1. 

), 
.  ( z )

. 2.1.10.

. : -
. -

, 
 (V  < 25 %). 

  
. 2.2.8) , 

,  ( . 2.2.2). 
 ( . . 2.2.1).

, , 
, -

 ( . 2.2.3). -
, -

. 
 ( . 2.2.4),  ( .

2.2.5)  ( . 2.2.6, 2.2.7) . 
, , -

 ( . 2.2.4, 2.2.6) ,
 ( . 2.2.7). 
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.  ( .
2.2.8–2.2.11) 

, . -
 ( . 2.2.4) -

 ( . 2.2.5).
-
-

 ( . 2.2.4),  ( . 2.2.5)

. 2.2.7).
. 2.1.12.

, 
. 2.2.1, 2.2.3.

 2.1.1
1n 2n

1n 2n
, , 3,5–4,0 4,0–4,5

3,0–3,5 3,0–3,5
2,0–3,0 2,5–3,0

: 2n -
: -

 3,5–4,0;  3,0–3,5.

2.2.2. 

2.2.2.1. 
 ( 1F , 2) 

-
, 

(1 1,5 )g g K W , (2.2.1)

1g  – , , -
1g g  ( . . 2.1.3.1); K  – , 
 ( . ); W  – , -

, , ( . .2.1.3.1).
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 2.2.2
Q  ( z z )

-

,
D , 

z z Q , z z Q , z z Q , z z Q , 
20,8 4 1 13–15 4 – – 4 1 13–15 – – –
33,4 4 1 20–25 – – – 4 1 20–25 – – –
44,4 4 1 25–30 4 1 30–35 4 1 30–35 – – –
61,0 4 1 30–35 4 1 30–35 8 2 20–25 8 2 20–25

89,0 4;
8

1
1–2

45–50
30–35 8 1 45–50 8;

16
1–2

2
35–40
30–35 8 2 30–35

117,0 4;
8

1
1–2

70–75
60–65 8 1 30–35 8;

16
1–2

2
30–35
25–30

8;
16

1–2
2

30–35
25–30

139,0 4;
5

1
1–2

90–100
86–96 8 1 45–50 8;

16
1–2

2
45–50
40–45

8;
16

1–2
2

45–50
35–40

186,0 8;
16

1–2
2

65–75
30–35 8 1 65–75 8;

16
1–2

2
65–70
30–35

8;
16

1–2
2

65–75
35–40

278,0 8;
16

1–2
2

86–100
45–50

8;
16

1–2
2

86–100
45–50

16;
24

2
3

45-50
30–35

12;
16

2
3

65–75
40–45

415,0 16 2 65–75 16 1 65–75 24 3 45–50 16;
24

2
3

65–75
40–45

735,0 16 2 107–125 16 1 107–125 24;
48

3
4

65–75
45–50 24 2 45–50

1100,0 – – – 24 2 107–125 32;
48

3
4

85–100
65–75 – – –
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 2.2.3

1W 2W

Q ,

, -

1W , 2W , 2 1W W 1W , 2W , 2 1W W 1W , 2W , 2 1W W
25 14–16 18–21 1,3–1,4 20–22 26–28 1,3–1,4 – – –
35 14–16 18–21 1,3–1,4 22–24 28–30 1,3–1,4 – – –
50 16–18 22–25 1,3–1,4 22–24 28–30 1,3–1,4 – – –
75 18–20 26–30 1,4–1,5 24–25 30–34 1,4–1,5 – – –

100 20–23 28–33 1,4–1,5 26–28 33–38 1,4–1,5 – – –

-

35 18–20 26–28 1,3–1,4 22–24 30–34 1,3–1,4 22–24 30–34 1,3–1,4
50 18–20 25–28 1,3–1,4 22–24 30–34 1,3–1,4 22–24 30–34 1,3–1,4
75 20–22 28–30 1,4–1,5 24–26 34–36 1,4–1,5 24–26 34–36 1,4–1,5

100 20–22 30–32 1,4–1,5 26–28 36–38 1,4–1,5 26–28 36–38 1,4–1,5
125 22–23 32–34 1,4–1,5 28–30 38–40 1,4–1,5 28–30 38–40 1,4–1,5
150 23–25 33–36 1,4–1,5 30–32 40–42 1,4–1,5 30–32 40–42 1,4–1,5

–

25 14–16 17–19 1,2–1,3 18–20 22–25 1,2–1,3 18–20 22–25 1,2–1,3
35 – – – 18–20 22–25 1,2–1,3 18–20 22–25 1,2–1,3
25 18–20 28–30 1,5–1,6 24–26 36–42 1,5–1,6 24–26 36–42 1,5–1,6
35 18–20 29–32 1,6–1,7 26–28 42–48 1,6–1,7 26–28 42–48 1,6–1,7
50 20–22 34–37 1,6–1,7 28–30 48–50 1,6–1,7 28–30 48–50 1,6–1,7

- 25 26–28 30–34 1,2–1,3 27–29 42–45 1,5–1,6 27–29 42–45 1,5–1,6
35 27–29 32–36 1,2–1,3 28–30 46–48 1,6–1,7 28–30 46–48 1,6–1,7
50 28–30 36–38 1,3–1,5 29–31 48–50 1,6–1,7 29–31 48–50 1,6–1,7
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, 3 :

2
1

(1 ) 273
273

B g K tWV
z

, (2.2.2)

B  – , ; z  – 
 ( . . 1.2.1);  = 1,285 3 – ;  =

0,804 3 – ; 2t  – 
, ° , -

 ( . . 2.1.3.1).
, 2:

1
1

1

VF
W

, (2.2.3)

1W  – , , ( . 2.2.2).

2.2.2.  ( 1F , 2)

, 
-

. , -
 ( 1 ). -

g , , g , ,  (  2.1.3.3).
,   , , -

:

.. ( ) (1 1,5 )g g g K W . (2.2.4)

, 3 :

2
1

2731 1,5
273

B g g W tV K
z

, (2.2.5)

 = 1,3 3 – . , 
. 2.2.1. 1F , 2, . 2.2.1.



156

2.2.2.3. 

, 
,  ( ), 

  , :

0
.  g V , (2.2.6)

1  –  ( . . 6); 0V  – -
, , 3 ;  = 1,285

3 – .
, :

1 . g g g , (2.2.7)

g  – , ,
, ( . . 2.1.3.2.).

, :

. . (1 1,5 )g g K W g , (2.2.8)

, 3

. 
1

2731 1,5
273

B g tg WV K
z

. (2.2.9)

 (2.2.9) , : -
g , , 2t , ° , 

, /( ) ,  2.1.3.2.
W ,

, 2t , ° , c  = 1,9 /( ).
: . .g , , t ,

, t ;
, /( ) . 2.1.7.

t  – , ° , -
-

:
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. . ( )t g g W t g t W t .(2.2.10)

, /( ), -
 = c , 

t , ° , . 2.1.6. 1F , 2,
, . 2.2.1.

2.2.4. 

2. 1 , (2.2.11)

1  – 
 ( . 2.1.6).

, 3 :

0

2
273

273
V B tV

z
, (2.2.12)

t  – , ° , ( . 
).

, 2:

2
2

2

VF
W

, (2.2.13)

2W  – ,
 ( . 2.2.3).

: -
-

. , 
0V , -

1 2

. 2.1.6).
-

 70–75 % ,  25–
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30 % – . , 
. -

  -
.

47 0

67 0

90 0

31 5

11
0 014
7 0

     . 2.2.1. -

11
70

37
0

80 0

68
 -

12
8

30 9

31 0

. 2.2.2. 
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2.2.3. 

 ( ) 
 ( . 2.3.10) -

.
, :

D
2

d 2

D
1

d1 D0

a

        . 2.3.3.  ( ) :  –
;  – -

2

0 1 22

4
1

mD F F
m

. (2.2.14)

m :
0,3 0,4m ;

0,35 0,45m .
, :

2 1
1 0

4 Fd D . (2.2.15)
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, 
, S , , S  = 0,01 .

, :

2 2
2 1

4 Fd D . (2.2.16)

1 1 2D d S  – , .
, :

2 2 2D d S . (2.2.17)

.
2.2.3. 2D D .

-
.

2.2.4. 

. 2.2.2 
1F , 2, 2F , 2,

.
-

, , 
 2.2.1.

-
.

1. -
 ( . 2.2.4).

-
b h . 

1 2F b h . (2.2.18)

b
h . 

2 2F b h . (2.2.19)
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:

4 6h
b

. (2.2.20)

 (2.2.18–2.2.20) -
: b , h b . 

B b b .
:

2 h h , (2.2.21)

0,5h .
2. -

 ( . 2.2.5).

, -
.

, :

1 10,637d F , (2.2.22)

2 20,637d F , (2.2.23)

:

3 5H
B

. (2.2.24)

3. -
 ( . 2.2.6).

.
, 2:

1
1 4

Ff . (2.2.25)
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:

1,5 2,5h
b

. (2.2.26)

, 2, 

1 1f h b F . (2.2.27)

:

1,5 2,5h
b

. (2.2.28)

      . 2.2.4. 
: 1 – ; 2 – ; 3 – ; 4 – -

; 5 – 
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2

1

1

d2

d1

b =b

3
4

5

        . 2.2.5. -
: 1 – ; 2 – ; 3 – ; 4 – ;

5 – 

h b .
-

. , ,  ( .
. 2.2.6) 

:

2
4

b bl . (2.2.29)

. . 2.2.6) , :

2
4

h hC . (2.2.30)
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       . 2.2.6. -

4. -
 ( . 2.2.7).

 1 , 
 2 – . 
, , :

b b . (2.2.31)

:

3 4h
b

. (2.2.32)

 (
):

1 5F h b . (2.2.33)

b
h .

, 2:
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2 1F h b F . (2.2.34)

        . 2.2.7. -

h , .  ( ) 
, :

5
4

h hh . (2.2.35)
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 2.2.5

)

 – , -
, 

, 
 – , -

, -
, b

 – 
 ( . 3–7), 

 – 

. 3–7), b

 ( . 3–7), 1h
 ( . 3), 2h

 ( . 5), 1b
 ( . 5), 2b

 – 
 ( . 5), b

 –  ( . 5), h
 ( , . 5), H

,
. 5), 

h

. 5), 
h

 ( . 10, 12), h

 ( . 15, 16), S
 ( .

15, 16), S

, 2 F
, 2 F

, 2
1F

, 2
2F

. 7),  ( ) 1

. 7),  ( ) 2

. 16),  ( )
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 2.2.5

-
 ( . 16),  ( )

,  ( ) Q
,  ( ) Q

, 
 ( . 10), 

d

b
=b a

1
2

h
h

b
b 1

A-A 

A

A

2
1

. 2.2.8. 
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I

B a

d
y

2 1

SS
B

         . 2.2.9. -

h

h
h

h

h

=b

b a

        . 2.2.10. -
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. 2.2.11. 
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b

S
S

2

1

h h
h h

h

h

2

1

b

S
S

          . 2.2.12.  ( ) -
 ( ) 

) )


