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n

n ы =
1455
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40
=2,28 

 

     : 

 η = η ∙ η = 0,98 ∙ 0.98 ∙ 0,98 ∙ 0,96 = 0,9; 

P =
P ыη =

4,5

0,9
= 5 В . 

 

     : 

 

= 0,88 = 0,88 40 = 5,567. 
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 ы = / =
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1 = = 5 ; 

 



 

21 
 И . Л    № . П ь Д  

Л  

  
 

П
. 

. 
С

. №
 

  
  

 П
ь 

 
 

  
И

. №
 

. 
В

. 
. №

 
  

  
  

П
ь 

 
 

  
 И

. №
 

. 

 
 

 
 

 

2 = 1 ∙  ∙ 𝜂 = 5 ∙ 0,98 ∙ 0,98 = 4,8 ; 

 

3 = 2 ∙  = 4,8 ∙ 0,98 = 4,7 ; 

 

4 = 3 ∙  = 4,7 ∙ 0,96 = 4,5 . 

 

  : 

 

1 = = 1455 −1; 

 

2 = 1ы =
1455

7,1
= 204,9 −1; 

 

3 = 2 =
204,9

5,6
= 36,6 −1; 

 

4 = 3 =
36,6

2,28
= 16 −1. 

 

 : 

 𝜔1 = 𝜔 =
∙
30

=
∙1455

30
= 152,3; 

 𝜔2 =
𝜔1ы =

152,3

7,1
= 21,5; 

 𝜔3 =
𝜔2 =

21,5

5,6
= 3,8; 

 𝜔4 =
𝜔3 =

3,8

2,28
= 1,7. 
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= 223,3 ∙ ; 

 

3 = 3𝜔3
=

4700

3,8
= 1236,8 ∙ ; 

 

4 = 4𝜔4
=

4500

1,7
= 2647 ∙ . 

 

    . 3. 
 
 

 3 

 
 

 

 
 

n, /  

 
 

ω, /  

 
,  
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1 1455 152,3 5 32,8 

  
 

2 204,9 21,5 4,8 223,3 
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  4 14,4 1,7 4,5 2647 
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188
3,2

1*432*
][

0


F

FLF
F S

K
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.       . 

 

: 1,7u ;  51 P ;   3,1521  c1;    8,321 T ; 

1.         

315,0=b  

         28,1=2/)1+1,7(315,0=2/)1+u(= babd  . 

 28,1=bd  73,1FK ; 48,1K . 
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3.    

 

)02,001,0( m  )02,001,0(a 160 = 1,63,2 . 

 

  956360      m = 1,5 . 
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32,1=2/)1+6,5(4,0=2/)1+u(= babd  . 

 32,1=bd  58,1=KF ; 3,1=K  . 

 

2.     

K
i

T
ia

ba

2163,1
500*6,5*4,0

3,223
*)16,5(410

][**
*)1(410 3 2

3
2

1   
 

  .  225a . 

 

3.    

)02,001,0( m  )02,001,0(a 225 = 2,254,5 . 

  956360      m = 3 . 

 

4.     

147
3

10cos225*2cos2 0


nm

a
z

  

     

22
16,5

147

11 





 

i

z
z ;  221 z ; 

12522-147- 12   zzz . 
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5.      (   i  2 

%) 

68,5
22

125

1

2 
z

z
u ,  . 

 

6.     : 

.11;98,0
225*2

147*3

2
cos 0  

a

zmn  

 

)    

   67
98,0

3*22

cos
1

1 

mmz

d  ; 

 

   382
98,0

3*125

cos
2

2 

mmz

d  ; 

 

)    

87,70225*315,02  '
ba ab  ; 702 b  , 

 )53(21 bb  = 70 + 4 = 74 . 

 

7.     

7,0
2

)10*67(*21,5

2

3-
11 

d
v

 /c,  9-   . 

8.    

6665
10*67

3,223*22
3

1

1 
d

T
Ft  . 
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9.     

6665
21

 ttt FFF  ; 

  

HtgFF tR 2468cos/    

 
 

HtgFF ta 1266   
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5.    
 

: 28,2еu ; 1=4,7 ; 8,31  c1; 8,12361 T . 

     271 z . 

 

      

 

120≤56,6128,2*27 212  maxе zuzz ,  . 

 



 

4
0 

 
И

. 
Л

 
  №
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ь
 

Д
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П . . С . №      П ь     И . № . В . . №       П ь      И . № . 
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   : 
 

52,0
14,3*2

8,3*27*10*75,31

2

3
11 


zp

v /c. 

 

 ,  : 
 

9038
52,0

10*7,4 3
1 
v

P
Ft  . 

 

    : 

 

127075,314040  pa . 

 

 

     : 

 

4727,13,3710  aqkF f  , 

 

 fk   , fk  40    ,  

6fk    , 1fk    . 

 

     : 

 

1048847*29038*15,12 0  FFkF tB  . 
 

 Bk    ,      

   40   1,15. 

 . 2 – 3D    . 
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6.      

 

      ,   

  .     

  .     

  ,   ,  

  ,       . 

 

6.1    ( . 3) 

 

 

d
  

  
Б 

   П 
   d
  

  
П 

   

d
  

  
П 

   

l    К    Б    l    М    Т    

d
  

  
  

 

 3.    

 

   ( )   

     : 

   Td 6,258,32887 33  ;                 d=26( ); 

 tdd 335,32262  ;     d 35 ; 

 t (t ) ,  r     f 

       d ( ). 
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    d=35    110    

   . 

 rdd 5,425,23353  ;     d 40 ; 

 dК 49354.14.1  ;               К 50 ; 

 d 39265.15.1  . 

 

6.2    ( . 4) 

d
  

  
Б 

   П 
   

d
  

  
П 

   

d
  

  
П 

   

d
  

  
К 

   

d
  

  
Б 

   К 
   

 

 

 4.   

 

   TdК 49,423,223776 33  ;   d =44 ( ); 

 rdd К 5,365,23443  ;             d 35 ; 

 fdd КК 6,472,13443  ;              d К 48 . 
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6.3    ( . 5) 

 

d
  

  
Б 

   П
   

 

d
  

  
П

   
 

d
  

  
П

   
 

d
  

  

l    К    Т    l    M    T    

 

 5.   

 

   Td 65,538,1236565 33  ;   d=56( ); 

 tdd 655.42562  ;               d 65 ; 

 rdd 5,745,33643  ;     d 74 ; 

 dК 78652.12.1  ;               К 78 ; 

 d 845.1  ;      84 . 

 

 

6.4     ( . 6) 

 

 

 6.      

 



 

46 
 И . Л    № . П ь Д  

Л  

  
 

П
. 

. 
С

. №
 

  
  

 П
ь 

 
 

  
И

. №
 

. 
В

. 
. №

 
  

  
  

П
ь 

 
 

  
 И

. №
 

. 

 
 

 
 

 

      : 

= 2 +
1

2
+ 1 ы +

2 ы
2

= 382 +
67

2
+ 40 +

280

2
= 595,5 . 

        

  ,     " " ( ). 

        

 : 

 La 11341,835,3463 33  . 

 b0       : 

 ab 4440  . 

         

 a 65,0  . 

 

6.5    

 

       

        

          

   .   

   2.     

   ,   

   3.      

        

  . 

 

      207  8338-

75 (D=72, B=17, d=35),   207      

213  8338-75 (D=120, B=23, d=65). 
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7.      
 

        

 .       

. 

         . 

,      100 .  , , 

       ( . 7). 

 

 7.    

 

    .   

    .      

     7    

  R 6 .  

   : 

   dd 785055.155.1...5.1  . 

   :  

 dl 32262,1)5,1..8,0(  . 
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 : 

       

     : 

 = (0,35…0,4)b2 

 = (0,35…0,4)50=17,5…20 ( ). ,    

 18 . 

   : 

 bmS 8,55005.05,12.205.02.2 2  . 

      ,   

   :    , 

    40  50      ƒ = 1.6 

. 

        α =45°,  

         350 

 –   α =45°,      – α =15…20°. 

    ,   

 : 

   dd 111745.155.1...5.1  . 

   : 

 bl 702  . 

 : 

 = (0,35…0,4)b2 

 = (0,35…0,4)70=24,5…28 ( ). ,    

 25 . 

   : 

 bmS 107005.032.205.02.2 2  .  
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      :   

 ,     50  80    

  ƒ = 2 . 

 

8.       -3D 
 

8.1    ( . 8) 
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9.      
 

   ,    

     ,   . 

      ,   

   (   )    (  

   ).    

   , ,     

  –   ( , ). 

    , , ,    

,    . 

   ,    

,     ,    

 

   T 87,78,12363,163,1 44   . 

  ,     , 

         

,     -   

  ,    , 

       

.  :  

≈0,7 ,   –     . 

 

 ,        

  r  R.      ,  

    .    :  

r≈0,5δ; R≈0,5δ,   –  . 

r=0,5 =0,5·8=4 . 

R=0,5 =0,5·8=4 . 
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9.1   

         , 

  ,    . 

       

 ,     .  

    . 

     , 

   (   ,  ) 

       ,    

       ,   

     . 

 

9.2      

         

 .      

  .     : 

K — ; 

C —     ; 

D0 —      ; 

d0 —    . 
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 10.      

 

  : 

  )(2,384.05.0...4.0f    —   : )(3f  ; 

1285.15.1  b  —   :  b 12 ; 

 b 1285.15.11    —   :  b 121  . 

l=(2…2,2) =(2…2,2)·8=16…16,4 ( ) —   :  l 16 . 

  ,       10, 

,        

: 

 

2435.2  dК ; 

           dC 111.1  ; 

 dD 202  ;  

d0 = 11. 
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 1h         

          

       . 

9.3       

,    ,   

 .    (   )  

 DD 1025.1/  . 

 
 11.    

 

 D 1601012025.1/   —    ; 

 D 100107225.1/   —   ; 

 D 100107225.1/  —   .  

 

9.4      

        

 ,       . 
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  ,     . 

      ( ): 

5,121025.125.1  ddФ  (       

   14 ), 

 d  —       .  

    .   : 

     dh Ф 338145,15.10   . 

   g=(2,3…2,4) =(2,3…2,4)8= 18,4…19,2. 

 

9.5       

          

 ,     .     

     . 

    : 

    d 24833 1   ; 

     S 163...2 1   ; 

  dR  . 

 

9.6   

    ,      
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 . 
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9.7    

  ,  d   z      

     D   : 

 

Параметр D 

50-62 63...95 100... 145 150...200 

δ 5 6 7 8 

d М6 М8 М10 М12 

z 4 4 6 6 

 

  ,   207: 

=6, d=8, z=4. 

  1=1,2 =7,2  

  2≈ =6  

  213: 

=7, d=10, z=6. 

  1=1,2 =8,4  

  2≈ =7 . 

 t        

       . 
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10.  ,     
 

     ,   

  ,       

,      , ,    

    . 

       , 

      .    

 .        

 ,   —   .   

 .        , 

 . 

       , 

         

 h 45.01   . 

       ,  

    ,  ,     

    . 

    















U

na w 1,0
155,3106

11,656314.32

1106

'2
44

1 . 

       

       600 ,   

,   34. 

 , ,      
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   - - -32. 
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  ,       
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11.    
 

       : 

 dК
l p 5,0
   

bll p  , 

      -  ;   

d -    ;  

h  -  ;  

1t  -   ;  

pl  -   ;  

   -   , [ ]σ =120 ;  

К -     , . 

   23360-78 

 , d  , b h 
  

K=h-t  t1  t 
. 6  8 2x2 1.2 1.0 0.8 
8 - 10 3x3 1.8 1.4 1.2 
10 - 12 
12 - 17 
17 - 22 

4x4 
5x5  
6x6 

2.5 
3.0 
3.5 

1.8  
2.3 
2.8 

1.5 
2.0 
2.5 

22 – 30 
30 - 38 

7x7 
8x7 

4.0 
5.0 

3.3 
3.3 

3.7 
3.7 

10x8 5.0 3.3 3.0 

. 38  44 
44 – 50 
50 – 58 
58 - 65 

12x8 5.0 3.3 3.0 
14x9 5.5 3.8 3.5 
16x10 6.0 4.3 4.0 
18x11 7.0 4.4 4.0 

. 65  75 20x12 7.5 4.9 4.5 
75 - 85 22x14 9.0 5.4 5.0 

85 - 95 
24x14 
25x14 

9.0 5.4 5.0 

95-110 28x16 10.0 6.4 6 
110 – 130 
130 – 150 
150 – 170 
170 – 200 
200 - 230 

32x18 
36x20 
40x22 
45x25 
50x28 

11.0 
12.0 
13.0 
15.0 
17.0 

7.4 
8.4 
9.4 
10.4 
11.4 

7.0 
8.0 
9.0 
10.0 
11.0 

230 – 260 56x32 20.0 12.4 12.0 
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260 - 290 63x32 20.0 12.4 12.0 
290 – 330 
330 - 380 

70x35 
80x40 

22.0 
25.0 

11.4  
15.4 

13.0 
15.0 

280 – 440 
440 - 500 

90x45 
100x50 

28.0 
31.0 

17.4 
19.5 

17.0 
19.0 

 

 

 b  h -    , ;  

 -     , ;  

l -   , . 

 

    : 6; 8; 10; 12; 14; 18; 20; 22; 25; 28; 32; 36; 

40; 45; 50; 56; 63; 70; 80; 90; 100; 110; 125; 140; 160; 180; 200; 220; 250; 280; 320; 

360 .  

 

1  (    ): 

26kd ; 7h  ; 8b  ; 0,41 t  ; 3,32 t  ; K=3,7. 







7,3261205,0

10008,32
pl 6     

l 1486  .
  

 18  

 

2  (    ): 

51kd ; 10h  ; 16b  ; 61 t  ; 3,42 t  ; K=4. 

 92
4120565,0

10008,1236





pl
 

l 1081692 
  

 110 . 
 
 
3  (   ): 

38kd ; 8h  ; 10b  ; 51 t  ; 3,32 t  ; K=3. 
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 4,8 
3381205,0

10008,32





pl .
 

l 8,14108,4  . 

    14 . 

 

4  (    ): 

50kd ; 9h  ; 14b  ; 5,51 t  ; 8,32 t  ; K=3,5. 

 27,21
5,3120500,5

10003,223





pl .
 

l 27,351427,21  . 

 36 . 

 

5  (    ): 

74kd ; 12h  ; 20b  ; 5,71 t  ; 9,42 t  ; K=4,5. 

.9,61
5,4120745,0

10008,1236
l p 





 

l 9,81209,61  . 
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 ,   ( )  

 . 

        

,     : 

1.     а ; 

2.     
r
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3.      . 

        , 

 ,    . 

,    (  ),   

       .  

    -     21424-93 ( . 

10),       

      . 

  -  ( ) –    

  .     

 ,       

   ,    .  

     0,2–0,5 ,  – 1–5 , 

 –  1º.     . 
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= =1,3*32,8=42,64 , 
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-      D=120    

 =125 . 
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  =32,8  

  d =0,014  

   l =0,028  

   D0=0,084  

  z=4 

  2  

[ ]К σ
ldzD

σ ≤
2

=
0  

 

2≤50,0
028,0*014,0*084,0*4

8,32*2σ 
 

 

12.2      
  

     45. 

 : 

   =0,005  

   [] =540  

   [] =(0,4…0,5)[] =0,4*540=216  
 

 ИК

dzD

l σ≤
1,0

)5,0(2σ
3

0


  

 

216≤34,12
014,0084,041,0

)005,0028,05,0(8,32*2σ
3





  

 
  ,    , : 

 =0,1  

 =0,3  

 =0,8  
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13.      
 

  ( )      , 

           

.  

      , 

    : , , , . 

        . 

         12, 15  

20 1412-85. 

 
  : 

 L=710  

 B=791  

 H  ( .13)     ,    
:   

 = (0,08…0,10)L 

           =(0,8…0,10)·710=70  

 

  ,   H     .  

         

    N .   

 

N,   0,4  0,6  1,0  1,5  2,0 

,   7  8  10  12  14  

   

          N =  =
2∗0,71+0,791+0,07

3
=0,76 

 

 L-  , ; 

       -  , ; 
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 ( . 14).   
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      1:10,    

.          

  . 15.       3-5    

,            .  

 (   )   0,5 .  

=3  =3·10=30  

T=1,5 =1,5·10=15  
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,   1,5 d .      , 
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14.       
 

         

 
  
 

 
 

,  

 
  

 
 

 
,  

 
, 

 
 

  
, z 

 
 
, 𝜒 

,  
S 

32,8 1236,8 4 0,25 5 
 

     (  17). 

,  ,  ,  ,  a,  b,  
108 304,5 135,5 332 55 55 

 
 

 
 

 17. ,     
 

 . 
 

    . ,      

,   : 

 

2568,328080 33 F . 
 

       . 
 

 ,     , H 𝐹 =
+ 𝐹 ∗
4 ∗ +

+ 𝐹 ∗
4 ∗  
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 𝐹 =
32,8 + 256 ∗ 0,3045

4 ∗ 0,108
+

1236,8 + 2325,3 ∗ 0,108

4 ∗ 0,3045
= 1267  

 

 25.0  (   )  υ=3.  

 , H: 

 𝐹 = ∗  1 − 𝜒 ∗ 𝐹  
 𝐹 = 3 ∗  1 − 0,25 ∗ 1267 = 2851 . 

 

    ( ), 2: 

 

= 4 ∗ ∗  

 

= 4 ∗ 0,055 ∗ 0,055 = 0,01 2 

 

        

y, 4: 

 

. = 4 ∗  ∗ 3

12
+ ∗ ∗ ( − 0,5 ∗ )2  

 

. = 4 ∗  0,055 ∗ 0,0553

12
+ 0,055 ∗ 0,055 ∗  0,332 − 0,5 ∗ 0,055 2 

= 11,2 ∗ 10−4 4 

 

        , 
4: 

 



 

78 
 И . Л    № . П ь Д  

Л  

  
 

П
. 

. 
С

. №
 

  
  

 П
ь 

 
 

  
И

. №
 

. 
В

. 
. №

 
  

  
  

П
ь 

 
 

  
 И

. №
 

. 

 
 

 
 

 

. = 4 ∗  ∗ 3

12
+ ∗ ∗ ( − 0,5 ∗ )2  

 

. = 4 ∗  0,055 ∗ 0,0553

12
+ 0,055 ∗ 0,055 ∗  0,1355 − 0,5 ∗ 0,055 2 

= 17,6 ∗ 10−5 4 

 

    , : 

 

=
𝐹 ∗ −  1 − 𝜒 ∗ ∗

.

−  1 − 𝜒 ∗ ∗
.

<    
 

=
2851 ∗ 4

0,01
−  1 − 0,25 ∗ 1236,8 ∗ 0,332

11,2 ∗ 10−4
−  1 − 0,25 ∗ 32,8 ∗ 0,1355

17,6 ∗ 10−5
 

= 0,8 ∗ 106  
 

    : 

 

<   , 0,8 < 1,5  

 

  ,   . 

 ,   , H: 

 𝐹В = ∗ 𝐹 + 𝜒 ∗ 𝐹В  

 

 K – ,       

 . = 1,3. 𝐹В = 1,3 ∗ 2851 + 0,25 ∗ 1267 = 4023  
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  . 

 =180 . 

      , : 

   =    
   =

180 ∗ 106

5
= 3,6 ∗ 107,  

 

   , : 

 

=  4 ∗ 𝐹В  ∗  

 

=  4∗4023

3,6∗107∗3,14
= 0,012 . 

 

          

 , : 

 

= ∗ 103 + 0,85 ∗  

 

= 0,012 ∗ 103 + 0,85 ∗ 1,5 = 13,275  

 

     ,   d=14 . 

        d=14 . 
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- 8-  (  1758-81). 
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   280   53 . 

         

  280   53 . 

         

 ,        

.   - 7  .      

    ,     

.     ,  

          

    50%   , 55%   

 .      

          15 %. 

  ,  8-     

, 7-    , 6-        

 : 8-7-6-  (  1758-81). 

       

  ,      

      .  

,     Ø35L0//k6;    

 Ø72 7/l0. 

      , 

     ,  

    . 

 ,      

         

  . 

  0,01...0,07. 

     . 
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     0,015 / 200. 

      - 0,02 

. 

      . 

   ,      

  7-   .    

 -        

       1/5... 1/2  

  . 

     . 

        

    0,01/200,   

      - 0,005/200. 

        - 

0,02 .       0,01 . 

  - 0,002 . 

     

R =2,5...0,63 ,      R = 

1,25...0,16 . 

 

15.3     

         

 β.       

  1643-72. 

1.         

  (  ). 

2.      (  β). 

 . 18   ,     
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  β. 

  β       

. 

∆ =
ƒ

=
0,018 ∗ 233

68
= 0,06 , 

           ƒ  -      ,   

  ,        1643-72; 

L -    ; 

 -  . 

    β  𝛽1, 𝛽2 -  

      ,   

 ; 𝛽3 -       

; 𝛽4  𝛽5 —        , 

    . 

    ,   

 0,27%,    t=3𝜆𝑖2 –  , 

      

,        

,   𝜆𝑖2=1/6. 
 

= ∆∆ 𝜆2 ( −1)

=
0,06

3 1

6
∗(5−1)

=0,024  

 

     

    ,    

       . 

         

 233 . 
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 .    𝛽1, 𝛽2, 𝛽3, 𝛽4, 𝛽5: 

 

= =
233

150
= 1.55, 

 

   Ɩ -       

      . 

     (   520-89): 

"0" –   (     20 ); 

"6" –   (     10 

); 

"5" –   (     5 ); 

"4" – -   (     3 

); 

"2" –   (     2,5 

); 

8  7 –   0. 

         

   0,002 . 

  𝛽1, 𝛽2, 𝛽4, 𝛽5   .   

         

      ±δ /2,    

       . 

       , 

   . 
    t=3: 
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∆ =
1∆  ∑ 𝑖2 𝑖2 + ∑ 𝑖2 𝑖2 𝑖2−𝑖=1

−𝑖=1
  , 

 

    n=m-1 -    ; 

       n  -      ; 

   n-n  -     ; 

  К i  -    ; 

   i -    ; 

   i -     ; 

   ix -     ; 

   i -      . 

 

   ,    

   , : 

t=3,  𝜆𝑖2=1-6,  𝜆 𝑖2 =1.15, К i =1.2,  𝑖2 =0.5-0.65. 

      >  5,  ∆ = 1, 𝜆∆2  = 1 / 9. 

 𝛽1, 𝛽2, 𝛽4, 𝛽5     

,  𝑖2 =0,6.   𝛽3,   

,    3=1,2.       

   3    𝛽3,    

  : 

3 =
1

3
 ∆2 − ∑ 𝑖2 𝑖2 𝑖2𝑖=1

= 

 
1

1,2
 0,06

2 − 4 ∙ 1,43
2 ∙ 0,6 ∙ 0,02

2 =0,033  

 

,         
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 3 =
0,033

233
 . 

 

 

 

 

  . 

      . 

=0,035 -       1643-

81.         

:  

∆ = 80 ± 0,035 ; T∆ = 0,072   ∆0∆ = 0. 

      1  2, —  

         ; 4, 5 - 

          

. 

   3=80 .      

.  1, 2, 4, 5    .  

      

. 

        

 ,        

 : 

=
1 

=
40,5

119
= 0,34,  1 = 3, 2 = 4 

        

  β   0,02 .  
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, 
1

=
2

=
4

=
5
=0,02 .      

       3,     

 3.  3=1,2, 𝑖2 =0,6,  

3 =
1

3

∙  ∆2 −  𝑖2 ∙ 𝑖2 ∙ 𝑖2𝑖
𝑖=1

 

3 =
1

1,2
∙  0,0722 − 4 ∙ 0,342 ∙ 0,6 ∙ 0,022 = 0,059  

         ,  

 ∆0∆=0,   ∆0  =0,  3 = 80 ± 0,0295 . 
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6.      =(1,5...2,5) ; 15...20 . 

        

( . 22). 

 

 

 22.    
 
 

7.        

    (0,25...0,35) , (2,5...3,5) .  

       

-6 ( . 22). 

8.     - - -32  174794-87.  

9.     10 .   

    . :    

  3309-84; 

10.      72,75 ". 

:   25.07.1057-79 ( . 23). 
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   ,   . 5. 

 

 5 

№ 

. 
 

 
 

 , 
 

, 
, 

 
, 

 

1.     

005  
 .31 

  .7 

   ; 
   ; 

  .31; 
   ; 

   
 ; 

; 
 - 

; 
 ; 

 
 ; 

  
   2310-

77; 

1 

010  
 

. 18 

     
;  

  
;  

  ;  
  ;  

  . 7    
 . 

 
 

  
 ; 

 
 

1 
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015  
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   ; 

  .34; 
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 ; 

; 
 - 

; 
 ; 

 

 ; 

  

   2310-
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 ; 
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; 

0,83 

025  
 

. 18 

     
;  

  
;  

  ;  
  ;  

  . 8    
 . 

 
 

  
 ; 
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17.     

030  
 

.32, .33 
  .9 

   ; 
   ; 

  .32; 
  .33; 

   ; 
   

 ; 

; 
 - 

; 
 ; 

 
 ; 

  
   2310-

77; 

1 

035  
 .11 

  .9 

   
; 

   
;   

 ; 
   ; 

     
 ; 

 
 

  
 ; 

 
 

; 

0,83 

040  
 

. 19 

     
;  

  
;  

  ;  
  ;  

  . 9    
 . 

 
 

  
 ; 

 
 

. 

 

18.     

045  
 

.4  
  

.3 

   
; 

 ;  
  ; 

    ; 
    

  ; 

 ; 
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0,19 

050     ;  ; 1,60 
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  . 26; 

    
; 

 
     

 . 

 
 ; 

  
   2310-

77. 

19.    

055  
 

 . 5 
  

   ; 
   ;  

 ; 
  
   2310- 

77 

0,80 

060  

 .6 

  
.6   ; 

  . 25. 
 

 ; 
  
   2310- 

77. 

1,30 

20.    

065   
 

 : 
  

.7, 

  . 8, 
 

. 9 

    
 .7;  

  
 .8  

   ;  
   

.9     
; 

    
  ; 

 
  

; 
 ; 

  
   2310- 

77; 

2,50 

070   
   

 . 30; 
 

 
   

 
; 

   
 
 ;; 

  30; 
  30; 

   
     

;   
    

; 

 
  

; 
 ; 

  
   2310- 

77; 

2,80 

075  
 . 22; 

 
 . 

23,24  
; 

 
 . 27 

 ; 
 

  
 

 
; 

 ;  
;  ; 

 , 
;   

;  
   ; 

     
  ; , 

- ; 
 ;  
;   ; 

 

 
  

; 
 ; 

  
   2310- 

77; 

2,00 
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080  
 . 

28,29  
 

 
. 12-15 

  . 28;  
    

   . 15; 
   

     . 
14; 

   
     . 

14; 
   

     . 
12; 

  . 29;  
   

    . 13; 
   - - -32; 

  
  ; 

   ; 

 
  

; 
 ; 

  
   2310- 

77; 

1,80 

21.   

085    
  ; 

  

  

 

 

        

   ,    

  . 

        -

  (  . 24). 
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 24.    

 

1-  ; 

2-     ; 

3- ; 

4- .  
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16.      
 

16.1       

       : 

-      ; 

    500      

    0,01...0,07 ; 

-      ; 

       

     0,015/200...0,1/200; 

-         

  0,02...0,5 . 

         . 

      ,   

  .     

,    -    , 

   . 

        

  ,      

  . 

    0,05 ,   

   0,06 . 

       Ø72 7  Ø120 7. 

   R = 2,5. 

        

 R = 2,5. 

       

 R  = 6,3. 
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   R  = 6,3. 

16.2   

 ,       15,  

     ,     

.  15    ,  

      

( , ). 

       

      

. 

       .  

     . 

      : 

-      ,   

      

 ;     8  20 ; 

-        

  ,     ;   

       ,     

   ; 

-       

     . 

        

         

.        

       

 .       

  ,     ,   
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16.3     

  . 

1.         

          . 

      3 

   . 

 2 .       

        . 

 

 
 

 25.    
 
 

2.     (   

).        2 

 (   0,01 ),     . 
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 26.    
 

 

3.        

 .  ,  

       . 

 2    0,01 . 

 

 27.    
 
 

4.        

 -400    0,01 . 

 

 

 28.    
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16.4      

 
        

.       

.   ,    

       .    А∆,  

 : 1 -        

   , 2 -    

       . 1 - 

    I     

. .    I    . 

 

 
 

 29.   
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 30.    

 

1 -  . 

2 -    . 

    1= ∆ 

        ,  

1= 0   ω =ω ∆; ω 1=ω ∆=ω 1+ω 2. 

 

 
 

 31.   

 

    . 

ω ∆=ω 2+ω 1=ω 2+ω 1=ω 2+ω 2+ω 1+ω 2 
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ω ∆=0,1 +0,5+4+1,8=6,4 . 

 

 

 32.    

 

   . 

       ,  

       ( 5)   

  : 

   1= ∆ 

ω ∆=ω 2+ω 1=ω 2+ω ∆=0,1+2,4=2,5 ; (6,4>2,5) 

       ,   

   ∆,      

      . 
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16.5      

 
        

   Ø72 7. 

         

  : 

2 𝑖 1=2(R 𝑖−1+ 𝑖−1+ 𝑖−1
2 + 𝑖2), 

 

 Rz -   ,    

  , ; 

        T -     ,   

   , ; 

        -    , ;  

        -   , . 

 

 ,       . 4.6         

/10, . 65/  Rz  : 

  : Rz = 50 ,  = 500 ;  

  : Rz = 20 ,  = 25 ;  

  : Rz = 3 ,  = 10 . 

       

: 

3= 2 + 2 , 

  -   , ; 

       -         

 , . 

    ,   ,    
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  , : 

= (∆ ∙ )2 + (∆ ∙ )2, 

 ∆ -  ; 

      d -   , ; 

      l –   , . 

 

  /10, . 4.8, . 71/   ,  

   0,7... 1/.  ∆ = 0,7. 

     (d=72 , l=32 ): 

= (0.7 ∙ 72)2 + (0.7 ∙ 32)2=55 

,         

    –      

   , : 

 = (
δ
2

)2 + (
δ
2

)2
= (

600

2
)2 + (

600

2
)2 = 423,3. 

 ,     

 : 

= 552 + 423,32=427. 

 

       

/10, . 73/: 

                             1= 0,05 3 =0.05*427=21,35  

                  1= 0,05*21,35=1,07 
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 : 

2=0,05∙ 1 + , 

 1 -     , 1 = 0,50     

/9, . 17, . 44/;  

 -  ,   ,    

    ,  =0: 

 

2= 0,05*500=25 ; 

2= 0,05*25=1,25 . 

 

    ,  

.    , :  

 : 

2 𝑖 1=2( 𝑖−1+ 𝑖−1
2 + 𝑖2)=  

2(600 +  4272 + 5002) = 2 × 1257, 

 : 

2 𝑖 1=2(R 𝑖−1+ 𝑖−1+ 𝑖−1
2 + 𝑖2)= 

 2(50 + 50 +  21,352 + 252) = 2 × 133, 

 : 

2 𝑖 1=2(R 𝑖−1+ 𝑖−1+ 𝑖−1
2 + 𝑖2)= 

2(20 + 25 +  1,072 + 1.252) = 2 × 46. 

 

     Ø72+0,03     ( . . 

  ),    :  

  : 

    1=72,03-2*0,046=71,938 
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                   : 

            2=71,938-2*0,133=71,672 

 : 

   3=71,672-2*1,257=69,158 

 

       /9, . 5, 

. 11/    .      

   = 30  (  );    

 = 120 ;      = 460 ;     

  = 600 . 

 ,     :  

   

=72,03 ; 𝑖 =72,03-0,03=72,00 ; 

             

=71,938 ; 𝑖 =71,938-0,120=71,818 ; 

             

=71,672 ; 𝑖 =71,672-0,460=71,212 ; 

  

=69,158 ; 𝑖 =69,158-0,60=68,558 . 

 

    𝑖    

      , 

    -    

 . 
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   : 

2 𝑖 2=72,03-71,938=0,092 = 92 ; 

2 2=72,00-71,818=0,182 =182 . 

  : 

2 𝑖 1=71,938-71,672=0,266 =266 ; 

2 1=71,818-71,212=0,606 =606 . 

  : 

2 𝑖 1=71,672-69,158=2,514 =2514 ; 

2 1=71,212-68,558=2,654 =2654 . 

  0 𝑖    0  ,  

 : 

2 0 𝑖 =2514+266+92=2872 ; 

2 0 =2654+606+182=3442 . 

     : 

2 0 = 0 𝑖 + 3 − Д=2872+300-30=3142 

  0 𝑖  -   , ; 

       3 -      , ; 

       Д -      , .  
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     : 

3 = Д - 0 =72-3,142=68,858 

 3  -   , ;                   

                Д  -   , . 

    ,   

: 

2- 𝑖 1= 2- 3, 

182-92=120-30, 

90=90. 

1- 𝑖 1= 1- 2, 

606 − 266 =460-120, 

 340 = 340. 

1- 𝑖 1= 3- 1, 

2654 − 2514=600-460, 

 140 = 140. 

     ,   . 

    . 6.      

         

Ø72 7+0,03 ( . 33). 
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 6 

 

 

 ,   

 

2 𝑖  

 , 

 

, 

 

 

,  

 

 

 

,  

Rz  ρ y min max min max 

 600   69,158 600 68,558 69,158   

 

 
50 50 392 500 2514 71,672 460 71,212 71,672 95 185 

 

 
20 25 19,6 25 266 71,938 120 71,818 71,938 250 590 

 

 
3 10 0,98 1,25 92 72,030 30 72,000 72,030 2565 2705 

:       2910 3480 

 

 

 33.      Ø72 7+0,03 
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16.6    

        -   

   Ø72 7;      

 -    -    

 

. 

   Ø72 7 

      /4, . 19, . 271/: 

     - ; 

   - R 2,5 ; 

 - S=0,12 / ; 

  – t=0,15 ; 

  - υ=150 / . 

    

       D 

     , . . D = (1,25... 1,5) = 1,5x27 = 

40,5 ;  /4, . 93, . 187/       

,        

: 

  D=40 ;  

   Z=8; 

   =27 ;  

  t=2,5 ; 
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         6, 

  /4, .33, .283/: Sz=0,2 / ; 

  -       

 /4, .282/: υ =
υ υ ∙ υ ; 

 υ  - ; q, m, x, y, u, p -  ,  

  /4, . 39,  263/: υ = 445; = 0,2; = 0,15; = 0,35; = 0,2; = 0; = 0,32; 

 -    /4, . 290/: =180 ; υ  -      ,  

   /4, .282/: υ = mυ ∙ nυ ∙ uυ ; 

 mυ  - ,    

, 0=1/4, . 1, . 261/; 

nυ  - ,     /4, 

.5, .263/: nυ=0,8; 

uυ  - ,    /4, .6, 

.263/; uυ = 1. 

: υ=1 0,8 1=0,8; 

   : 

=
445 × 400.2

1800.32 × 2.50.15 × 820.2 × 0.20.35
× 0.8 = 91,9 ; 

  : 

=
1000 ×

=
1000 × 91,9

3.14 × 40
= 731 ; 

       n =730 / ;  

  : 
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=
1000

=
3.14 × 40 × 731

1000
= 91,8 ; 

 

        

,      ,    

  /4, .282/      

  -  : 

=
10

 

 z -   ; 

n -   , / ; 

  /4, .41, .291/    , 

  : 

=54,5; =0,9; =0,74; u=1; q=1; w=0; 

    /4, . 9, .264/: =0,67 

=
10 × 54,5 × 2.50.9 × 0,20.74 × 271 × 12

40 × 7300
× 0.67 = 2023 ; 

    /4, . 290/: 

=
2 × 100

=
2023 × 91,8

2 × 100
= 928 ; 

   ( )    /4, .290/: 

=
1020 × 60

=
2023 × 91,8

1020 × 60
= 3,03 В ; 

. .     N =6,3 ,  

      . 

 
 

16.7   

       

        654    
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  D = 40 ,     

6    :  

-   υ=157 / ; 

-    =125 / ; 

-  =0,2 . 

 

      

   /1, . 101/: 

0= . , 

 .  –   , ; 

           –  , / ; 

 К  –    (К =1). 

 

      : 

 

= + + =730 + 7,5 + 0 = 737,5. 

  –  , ; 

 –  ,   , ; 

 –    ,    

        , . 

     : 

= ·Z·n=0,2-36-125 = 900 

  -  , / ; 

-    , / ; 

 –   ; 

       -   , / . 
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     : 

 

0= 
345

900
∙ 1=0,382 

 
  : 

-          

 - 1,2 ; 

-      - 0,14 ; 

-    - 0,18 ; 

       , 

  ,  . 

  : 

t =1,2+0,14+0,18-1,52 . 

       3,5%  

 : 

= 0,035-(0,82+1,52)=0,08 ,  

   = + . 

       4%   

: 

=0,04∙ (0,382+1,52)=0,076 . 

       : 

ш . = + + + =0,382+1,52+0,08+0,076=2,058 . 

  : 

          - 

1,2 . 

     - 0,14 . 

  - 0,18 . 
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       , 

  ,  . 

  : 

=1,2+0,14+0,18-1,52 . 

       3,5%  

 : 

. =0,035-(0,82+1,52)=0,08 ., 

   = 0 + . 

       4%   

: 

=0,04∙ (0,382+1,52)=0,076 . 

       : ш . = 0 + + . + . =0,382+1,52+0,08+0,076=2,058 . 

 

16.8      

    112,   

     654   . 

  D=40 . Z=8 . 

    112  : ∆∑=
1  ( 1 ∙ ∆ )2 + ( 2 ∙ )2 + ( 3 ∙ ∆ )2 + ( 4 ∙ ∆ )2 + ( 5 ∙ ∑∆ )2 + ( 6 ∙ ∑∆ )2 

 1... 6   . 

 : ∆ =  (∆ )2 + (∆ )2 + (∆ )2 . 

 ∆ =0,       

,     . 

=   2 ∙ ∙ ∙ В + 1 ∙ (
9.8

) ∙ 𝐹  



 

124 
 И . Л    № . П ь Д  

Л  

  
 

П
. 

. 
С

. №
 

  
  

 П
ь 

 
 

  
И

. №
 

. 
В

. 
. №

 
  

  
  

П
ь 

 
 

  
 И

. №
 

. 

 
 

 
 

 

   2=0,016,  =-0,0045,  1=0,775+0,053F, n=0.6, m=0.6 

 –   R2=80 . 

 –  =239. 

Q – ,   . Q = 500 . 

   L=80 . =20 . =12 , F=16 2. 

=   0,016 ∙ 80 − 0,0045 ∙ 239 + 0,776 + 0,053 ∙ 16 ∙  500

9.8
 0,6 ∙ 1

160,6
= 0,000682                        

    ы          

,  ∆ =0. 

  ∆    1/3   

. ∆ =   ∆  2
=  0,0702 = 0,070 . 

  ∆y      

 .     ,   

 . 

∆y=Wmax∙Pymax-Wmin∙Pymin 

      . 

Wmax=0,0094  

Wmin=0,0059 /  

Pymax=7625,85  

Pymin=1760,89  

∆y=0,0094∙7625,85-0,0059∙1760,89=0,0613 . 

  ∆       

  ∆ =0,040 . 

  ∆   200 ∆ =0,060 . ∆ =  (К ∆ )2 + ( )2 = 0,040  К    –      ∆   

∆ . 
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К  = 1,14, ∆  –   =1. 

 . 

 .     

  ∆ =10 . 

  . ∆ =
1000

∙ 0 

0 –   ∆ =0,66/1000∙13=0,008 . 

∑∆T – 0,1 – 0,15∆∑ 

∑∆T =0,022 . 

  ∆∑ = 1367 (1 ∙ 0,07)2 + (1 ∙ 0,06)2 + (1 ∙ 0,04)2 + (1 ∙ 0,06)2 + (1,73 ∙ 0,032)2 + (1,73 ∙ 0,04)2(1,73 ∙ 0,22)2=0,062  

  ∆∑<T,       
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