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1     

1.1        ,
           

 1.
        

  ,         45
( , ). =200 , =220 , L = 250 + 500/N ,
N -      .  

     = 1,5.
  :  -  ,  -  .

 1.1

   1.1 –    F, 

 1  2  3 

F = N F = N + 30 F = N + 60

   – N –      .

   1.2 –      , 

 N = 1…10  N = 11…20  N = 21…30

1 = N + 10

2 = N + 15
1 = N + 20

2 = N + 25
1 = N + 30

2 = N + 35
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 1.3-     

1  :   [1, .582]  [3, c.52 ];
  [1, .656-659];    [1, .643-649].

    2      [1, .61-74] 
[3, .65].

3         
[1, .75-76].

4     [1, c.641] .

                  )                       )  

 1.2

N =1,11,21 N = 2,12,22    N = 3,13,23    N = 4,14,24    N = 5,15,25

N = 6,16,26    N = 7,17,27 N = 8,18,28 N = 9,19,29 N = 10,20,30
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1.2      

 2.
   d    H , -

   F.    L,   ,
    , F  = 200 .

                                                         1.3

 1.4 –   

 1  2  3 

P
K Ï

P

d2

KÏ = 0,5

= 0 0

P
K Ï

P

d2

KÏ = 0,5

= 0 0

 [1,c.612]

Ð
Ê Ï

Ð
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KÏ = 0,65

= 15
0
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   1.5 –    F, 

 1  2  3 

F = 4N F = 4(N + 30) F = 4(N + 60)

   – N –      .

   1.6 –      

 N  N

Ff

d Î
Ï
=d

1-
1

rf =dÎÏ /3

Ff

d Î
Ï
=d

1-
1

rf =dÎÏ /3

Ff

dÎÏ =d1 -1

d0 =0,8dÎÏ rf =
1

4 (dÎÏ +d0 )

Ff

dÎÏ =d1 -1

d0 =0,8dÎÏ rf =
1

4 (dÎÏ +d0 )

1   –  m.3,  –  . -9-4.
          2     :  

  (0,2…0,25) d2 (     );   
Z  10; d = d2 + P/2; d1 = d2 – P/2.

3        
 [q] -  = 8…12  [3, .65].  

   [  ]I  = 25…35  [3, c.65].
          4     = /d2 = 1,2…2,5 ;  

  h = h/P = 0,5 -     ,
0,75 -    .

5    q= [q].

   d2     ,  
 .       –

   [1, c.612-617].
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1.3     , 
   

 3.
  ,     

    :   
K3 = 1,5;   Z ,   – . , , 

   -    10 (
).    FX  ,    

   .
: H = 0,7 d, L = 1,5 d, a = d, h = 0,25 d,   

 d  = d + 1 ,    D = 1,5 d,  d – 
  .

 1.4

   1.7 –    FX , 

 1  2  3 
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1   I = / (3 ... 4),  
I = / (1,2 ... 1,5) [3, c. 65].

2      = 2,1·105 [1, .34].
3    = 0,15 / ( · ); 

 ;      
.
4 a  d      -

 .
5  L = 1,5d      

   ,   
        0,25.

2        

 4.
       

, :  F, – ,     = 6 , h = 150 + 10N
,   = 3600 / N,  L = 200 + 300 / N , N –    

 .     m 3. 
    42.     -

.
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   2.1 –   F , 

 1  2  3 

F = 2N, , F = 2(N+30), , F = 2(N+60), ,

 – N –      .

 –       [2, .149].

3       

 5.
       -

    .    
,      F , H.      = 1,5.

 3.1.

   3.1 –    FX,     , ·

 1  2  3 

F  = 1000+500/N ,

 = 400+120/N, ·

F  = 1000+500/(N+30) ,

 = 400+120/(N+30), ·

F  = 1000+500/(N+60) ,

 = 400+120/(N+60), ·

 – N –      .

FX

Ft=
2T
d

d1 = 200

d = 240

d2 = 270

L
=

70
À

FX

Ft=
2T
d

d1 = 200

d = 240

d2 = 270

L
=

70
À
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1     .  [3, . 46].
2 :   –    18 (  = 180 );
 –   010 1 (  2 = 170 ).
3     –    = 0,05.
4  :   E1 = 130000 ,   E2 =

110000 .  :  1 = 0,25,   2 =
0,33 [1, . 34].

5    RZ1 = 10 , RZ2 = 6,3 .

6  240
,

,
,

; 240
,

,
,

; 240
,

,
,

.

           4       

 4.1 –   1, . 61-74
                                                                                                        

 , ,

      m 3 125 90 70 75 50 40 190 135 150 110 85 380 230

       10
 110 80 60 65 45 35 165 120 145 100 75 340 210

       45
 
 
   

200
240
300

140
170
210

110
135
160

125
145
185

85
105
125

65
80
95

300
360
450

210
260
310

240
290
360

175
215
260

135
170
200

610
750
900

360
450
650

 15
 18

33
40

20
25

14
18

0,45
0,45

60
66

35
41

25
30

150
180

 4.2 –       [1, . 34]

    , 

           0,30 2,1 · 105

           0,33 1,1 · 105

           0,25 1,3 · 105
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 4.3 –     7817-80 1, .656-659

   d 6 8 10 12 16 20 24 30 36 42 48

   d 0 7 9 11 13 17 21 25 32 38 44 50

   l l 0

20 8
25 13
30 18 15
35 23 20 17 13
40 25 22 20 18
45 30 27 25 23 17
50 35 32 30 28 22
55 40 37 35 33 27 23
60 45 42 40 38 32 28 22
65 50 47 45 43 37 33 27
70 55 52 50 48 42 38 32
75 60 57 55 53 47 43 37 25
80 62 60 58 52 48 42 30
90 70 68 62 58 52 40 35
100 80 78 72 68 62 50 45
110 85 82 78 72 65 60 55 45
120 95 92 88 82 75 70 65 55 50
130  102 98 92 85 80 75 65 60
140  112 108 102 95 90 85 75 70
150  122 118 112 105 100 95 85 80
160  132 128 122 115 110 105 95 90
170  142 138 132 125 120 115 105 100
180  152 148 142 135 130 125 115 110
190 158 152 145 140 135 125 120

200 168 162 155 150 145 135 130
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 4.4 –     7798-70 1, . 643-649

    d 6 8 10 12 16 20 24 30 36 42 48

    d 1  4,918 6,647 8,376 10,11 13,84 17,29 20,75 26,75 31,67 37,13 42,59

    d 2  5,350 7,188 9,026 10,86 14,70 18,38 22,05 27,73 33,40 39,08 44,75

     P 1 1,25 1,5 1,75 2 2,5 3 3,5 4 4,5 5

   l 8,10,12,14,16,20,  80   5 ,  80   10 

 ,  48 ,    10602-72 . -
        4.6.

       :
l 1 + 2 + d       l  .

   [1, . 641]:

 12-6g  50.36  7817-80;

           48-6g  100.66  7798-70,
 6g –     ;

      50 –  , ;
      36 –     ( 3 – ,   
                  300 ; 6 –    -
                    0,6).

 4.5 –    1, . 75-76

   

            - 0,15 0,1

- 0,12 0,08

            - 0,05

 4.6 –     9150-81 1, . 582

    d 56 64 72 80 90 100 110 125 140 160 180

    d 1  50,05 57,50 65,50 73,50 83,50 93,50 103,5 118,5 133,5 153,5 173,5

    d 2  52,43 60,10 68,10 76,10 86,10 96,10 106,1 121,1 136,1 156,1 176,1

     P 5,5 6 6 6 6 6 6 6 6 6 6
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      -
 4.1   4.7  [1, c. 612].

                                      d2  =  d – P / 2 ;   H1 = P / 2 ;   D1 = d – P
            : Tr 50  8 – 7 /6  ,  50 – -
              , 8 –   , 7 /6  –  .

 4.1

  4.7 –        24737-81
                                                                                                  

 d
14 16;18;

20
22;24;

 26;28
30;32;
34;36

38;40;
42

44 46;48;
50;52

 2;3 2;4 2;3;
5;8

3;6;
10

3;6;
7;10

3;7;
8;12

3;8;
12

   4.7

 d
55;60 65;70;

75;80
85;90;

95
100;
110

120;
130

140 150

 3;8;9;
12;14

4;10;
16

4;5;12;
18;20

4;5;
12;20

6;14;16;
22;24

6;14;
16;24

6;16;
24
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       4.2 
 4.8  [1, . 614].

                  d2  =  d – 0,75 P ;  H1 = 0,75 P ;  D1 = d – 1,5 P ; d3 = d – 1,736 P
            : S 50  8 – 7AZ/6h ,  50 – -
              , 8 –   , 7AZ/6h –  .

 4.2

 4.8 –        
                          10177-82
                                                                                                  

     d, D

2 10,12,14*,16,18*,20,22*,24,26*,28

3 30*,32,36,40,44,50,55*,60

4 65*,70,80,100

5 22*,24,26*,28,90,100,110*

6 30*,32,36,40,120,140,160

8 22*,24,26*,28,44,50*,55*,60,160,180

10 30*,32,36,40,70,80,200,220
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  4.8

     d, D

12 44,50*,55*,60,90,100,110*,250*,280,320*,360*,400

16 65*,70,80,120,140,160,500

20 85*,90,100,110*,180,200,220,560*,580

24 120,140,160,250*,280,600*,620,640*

32 180,200,220

40 250*,270,280,300

48 320*,360*,380,400*
            
           1 *   .
           2      .

5    

    1:
1        .
2         -

   ?
3    ,      

   ?
4        , -

    ?    ?   ?
5  ,        

.
6          -

 ?       
  min  (   ).

7      ?   
      ?    
?
8       .
9        -
F, . .,    :  ?
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10       :  
   ?

11         ?

    2:
1       ?   ?
2         ?
3        
?

4 ,       
 ,      ?

5         ?
6          f ?
7         
    ,     I ? 

 ?
8          
 ?
9          

:     , 
      F ?  

   ?

    3:
1      F     -

  ?
2      F  ?
3      

 ?
4       ?
5         ?

    4:
1        
   .

2       ?
3       [ ]I  

  [  ]I
3 ?

4      0,7  ?
5        ?

    5:
1       .
2         ?
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3         
   ?

4    ,     
   : 21MIN )RzRz(2,1  ?

  

1  . .  -   3-  . .1. –
8-  ., .  . – .: , 2001. – 920 .

2  . .  -   3-  . .3. –
8-  ., .  . – .: , 2001. – 864 .

3         /  . .
. . . – .: . , 1981. – 432 .

4   . .   . – 4-  . . – .: . ., 1984.
– 336 .

5       
 -  : .- .  / .

. . .- : -  . . . - , 2011.-18 .


