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1  

         :
1)                           N III    =  1,000  ;
2)     III  III           =  4,00   / ;
3)           L h            = 10000 ;
4)   ;
5)  .

     1   - ;
     2,3-   ;

           4,5-      ;
     6.7-     .

            1.1 –    

     :
1)       (   1:1)

             ;
2)    II   5;
3)    4.

1

2

3

5

4

6

II

I

Ø90

Ø180

z4=30

7

III

z7=66

z5 =90

z6=22

N ÃÎÑÒ =1,5 B
w ÃÎÑÒ =78,53 /

NIII = 1 B
w III = 4 /
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2     

2.1       
                                          

    

1-lll =   
3   = 0,95 0,96 0,9  0,99 3 = 0,796 ,

  -     [1, .15 ] ;
  -      [1, .15 ] ;

        -     [1, .15 ] ;
-        [1, .15 ].

  

.256,1
796,0
000,1

1

     
 4   = 1,5  [1, .16 ]    -

n  =  750 / .  4  100 L8   19523-81. -
    n = 700 /  [1, .16 ]. 

    = n / 9,55 = 73,30 / .

2.2       

    ,   -
     III

.22,18
00,4
30,73i 72

     

i 2-7   = i 2-3 · i 4-5 · i 6-7 = - 2,04 ·3,00 ·3,00 = -18,36 ,

i 2–3 –    ,  -
                  [1, .19 ];
      i 4-5 –     [1, .15 ];
      i 6-7 –     [1, .15];

     

%,1%8,0
22,18

22,1836,18%100
i

ii
i

72

7272   .



4

2.3  ,     
                                           

   :

2 = = 1,256 ;

N 3 = 2 · = 1,256  0,95 = 1,193 ;   4 = 3 = 1,193  0,99 =1,181 ;

5 = 4 = 1,181  0,96 = 1,134 ;   N 6 = 5 = 1,134  0,99 =1,123 ;

7 = 6 = 1,123  0,90 = 1,011 ;   = 7 = 1,011  0,99 =1,000 .

      :

2 = = 73,30  / ; n 2 = n = 9,55 =73,30 9,55 = 700 / ;

;/93,35
04,2
30,73

i 32

2
34 n I =  9,55 =35,93.9,55 = 343 / ;

;/98,11
00,3
93,35

i 54

4
56 n =  9,55 =11,98.9,55=114 / ;

;/99,3
00,3
98.11

i 76

6
7 n =  9,55 =3,99.9,55 = 38 / .

    :

T2 =T = N / =1256 / 73,3 =17,135 . ; 3 = N 3/ 3 = 1193 / 35,93 =33,203 . ;

4=N4/ 4=1181/35,93=32,869 . ; 5= 4
.

4-5
. =32,869. 3,00.0,96 = 94,658 . ;

;802,25099,3/1000/
;383,25399,3/1011/N;740,9399,0658,94 77756

     2.1
  2.1

 
,

,
  / 

,
   

 -
,

  / 
     = 1256

2      = 1256
= 73,30

2 = 73,30
=   17,135

2  =   17,135
n = 700
n 2 = 700

I N 3      = 1193
N 4 = 1193

3 = 35,93
4 = 35,93

3   =   33,203
4 =   32,869

n 3 = 343
n 4 = 343

II N 5      = 1134
N 6      = 1134

5 = 11,98
6 = 11,98

5   =   94,658
6   =   93,740

n 5 = 114
n 6 = 114

III N 7      = 1011
NIII = 1000

7 =   3,99
=   3,99

7   = 253,383
III  = 250,802

n 7 =   38
nIII =   38



5

3      

3.1     Z 4 – Z 5

 :
-           T 4 = 32,869 .  ;
-    n 4 = 343  /  ;
-    u = 3 ;
-     = 21  ;
-    ;
-  .

      -
               :

1)       .
     :  45,  '' ''.

   4 = 285 ,  5 = 248  [2, .5 ].
2)    ,  
    

XVR
H

Nlim ZZZ
S

Z
][  ,

 liim B -        , ;
      -  ;
      [SH]     -    ;
      ZR - ,     -
                       ;
      ZV - ,     ;
      ZX - ,    .

SH 4,5 = 1,1 2, .6     “ ”.

  N H lim B –     ;
       –       ;

q H       –      .

   N H lim  4 = 64,24,2
4 104,232853030    [2, .7 ];

                N H lim  5 = 64,24,2
5 107,162483030   ;

.56670248270H2

;5.,264070285270H2

55BlimH

44BlimH

,
N

N
Z Hq

HE

BlimH
N
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N HE = 60 L h· n · j · H ,
j   -         

              ;
H - ,    .  -

                (  ) H=1[2, .7].

   N HE  4 = 60 Lh· n 4· j  4 · H = 60 ·1000 · 343 · 1 · 1 = 205,8 ·10 6 ;
   N HE  5 = 60 Lh· n 5· j 5 · H = 60 ·1000 · 114 · 1 · 1 =   68,4 ·10 6  .

  N HE 4, 5 > NH lim  4, 5 qH = 20   [2, .7 ] .

;90,0
108,205
104,2320

6

6

4

;93,0
104,68
107,1620

6

6

5

ZR · ZV · ZX = 0,9 [2, .7 ] -    .

;4719,0
1,1

90,0640
4

;4319,0
1,1

93,0566
5

      2, .6

  [      (1…1,23 )   5 , 2, .6
,   = 431  .

3)      

       -   [2, .9 ];
         H - ,    

           [2, .10 ];
ba-      

                    .

,
1u

2 bd
ba

bd -      
                   .

,
u

KT
1uKaa 3

ba
2
PH

H4
W

.40643147145,045,0 5H4HPH
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       4, 5<350 
bd = 1,0  bm  = 30  [2, .9 ], 

.46,85
5,03431

04,1869,3213430a 3
2W

4)    

;90330uZ;30
1

30
45

bd

bm
4

    :

,14
3,21sin

21cos)01(2
sin

cos)1(2
2

t
2min

 X –     (  X 4,5 = 0 [2, .11]);
      t–       .

,3,21
21cos

20tg
cos
tg

arctgt

  =20  –     .
  Z 4  Z 5 > Z min ,      .

5)    

3
30
90u

4

5 ,               u = 0% .

6)    

,33,1
3,21cos
3,21cos

9030
21cos46,852

cos
coscosa2

m
t

wt

54

w

t w -    (  X 4,5 = 0 tw = t).
7)    :  m = 1,5     [2, .11].
8)       

a w = .40,96
3,21cos
3,21cos

21cos2
)9030(5,1

cos
cos

cos2
)(m

wt

t54

9)     

.35,0
40,96
46,855,0

a
a 33

w

w
baba

10)     

b w = a w· ba = 96,4  0,35 = 33,74 34  .

.10.,204,1K.5,0
13
0,12

Hba
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11)     :
  -  

;60,144
21cos
905,1

21cos
m

d;20,48
21cos
305,1

cos
m

d 5
5

4
4

-  

;60,144
9030

904,962a2
d;2,48

9030
304,962a2

d
54

5w
5w

54

4w
4w

-  
d a 4 = 2 a w - d f 5 - 0,5 m = 2  96,4 - 140,85 - 0,5 1,5 =   51,20  ;
d a 5 = 2 a w - d f 4 - 0,5 m = 2  96,4 -   44,45 - 0,5 1,5 = 147,60  ;

-  
d b 4 = d 4  cos t =   48,20 · cos 21,3  =   44,91  ;
d b 5 = d 5  cos t = 144,60 · cos 21,3 = 134,72  ;

-      

;1,24
60,147
72,134

ad
d

arccos;7,28
20,51
91,44

ad
d

arccos
5

5b
5at

4

4b
4at

-   

;58,1
14,32

)3,21tg1,24tg(90)3,21tg7,28tg(30

2
)tgtg()tgtg( wt5at5wt4at4

-   ;15,13
21sin

5,114,3
sin

m

-   ;6,2
15,13

34b w

-   ;16,46,258,1
-     

7,19)21cos21(sinarcsin)cos(sinarcsinb ;
-      

;c/87,0
60000

3432,4814,3
60000

nd
VV 44w

4w5w

12)     8,   V4 = V5 = 0,87  / 
 10  /    [2, .12].

     
   

13)      

,
db

)1u(F

5w

t
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  Z E - ,     .
        Z E = 190  [2,  .13 ];

        Z H - ,     
                   ;
        Z   - ,     ;
        F t -     ,   ,  ;
        K H -  ,     .

.36,2
3,21cos3,21tg

7,19cos2
costg

cos2
2

t
2

wt

b

    > 1    Z = .13.,28,0
58,1
11

.1364
20,48

869,322000
d

T2000
F

4

4
4t

KH = KA· KHV · KH  K = 1 · 1,014 · 1,021 · 1,35 = 1,40 ,

  KA   - ,     (  -
                  ). A = 1  [2, .13 ];

 V - ,    ,  
                 ;
         - ,    
                    ;
         - ,    
                    -   . = 1,35  [2, .13 ].

bd = b w / d 4 = 34 / 48,2 = 0,71,  H 4  H 5 < 350 HB  
     KH = 1,021  [2, .10 ].

,014,1
11364

3455,01
F

bW
1

t

wV
V

  WHV -    ,  /  ;

,/55,0
3
40,9687,06,502,0

u
a

VgW w
V

  - ,     
                  [2, . 14 ];

g    - ,      
                    [2, .14 ].

.447
60,14434

)13(40,113648,036,2190

14)      -

,a431
9,0

119,0
431

9,0
XVR
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  ZR = 0,9  [2, . 7 ]  R a = 3,2 ;
        ZV = 1,0  [2, . 7 ], . . V 4 = V 5 = 0,87  /  < 5  /  ;
        ZX = 1,0  [2, . 7 ], . . d 5 < 700  .

15)      

= 447  < 1,05  [ ] P  = 1,05  431 = 452  .
    ,  

 5% .     .

       
16)        

   

,
mb

F
F

Ft
F

 b -     (b 5 = bw=34 ; b 4= bw+4 =34+4=38 );
     YF- ,   .  X 4 = 0     -
              Z  4 = Z 4 / cos 3  =30 / cos 3 21 =37  YF 4 = 3,73.  X5 =0
             Zv5= 90 / cos 321º=111  YF 5 =3,6 [2, .16 ];
      Y - ,    . = 1-  /120 =
             =1-2,6  21º / 120º = 0,54.  Y  = 0,7  [2, .15 ];
      Y - ,    .  >1 =
             =1 / = 1 / 1,58 = 0,63 [2, .15 ];
      KF-      .

KF = KA· KFV · KF · KF = 1 · 1,04 · 1,036 · 1,35 = 1,45 ,

 KFV = ,04,1
11364

3465,1
1

F
bW

1
At

wFV

 WFV = F · g 0 · V ./65,1
3
40,9687,06,506,0

u
a w

b d = 0,71  KF = 1,036 [2, .10 ].     KF = 1,35 [2, .15 ].

.a6263,07,060,3
5,134
45,11364

;a5563,07,073,3
5,138
45,11364

5F

4F

17)       

,YYYYYY
S

Y
dgZAXR

F

NlimF
F

Flim  -    ,  ;
        [SF] -     ;
        YN       -     ;
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        YR       - ,    -
                       ;
        Y        - ,     ;
        Y        - ,     -
                       ;
        YZ        - ,     
                       ;
        Yg        - ,     -
                         ;
        Yd        - ,    
                         .

F lim  4 = 1,75 · H 4 = 1,75 · 285 = 499 M a  [2, .5 ];
                       F lim  5 = 1,75 · H 5 = 1,75 · 248 = 434 M a .

                          [SF ] 4,5 = 1,7  [2, .5 ].

YN 4 = ;1,52,0
108,205

104q
N

6
6

6
F

4FE

4limF

YN  5 = .1,62,0
104,68

104q
N

6
6

6
F

5FE

5limF

q F = 6        
[2, .17 ].

4limF = 5limF = 6104   [2, .17 ] .

4FEN = 4HEN  5FEN = 5HEN      ,  

F = H = 1 2, .7  .
YR = 1 [2, .16 ]    .
YX 4 = 1,05 - 0,000125  d 4 = 1,05 - 0,000125 · 48,20 = 1,044 ;
YX 5 = 1,05 - 0,000125  d 5 = 1,05 - 0,000125 · 144,6 = 1,032 .
YA = 1 [2, .16 ]     .
YZ = 1 [2, .16 ]   .
Yg 4 = Yg 5 = 1 [2, .17 ],     .
Yd 4 = Yd 5 = 1,      -

 .

.a2641111032,11
7,1

1434;a3061111044,11
7,1

1499
5F4F

18)      

 F 4 = 55 M a < 4F = 306 M a;  F 5 = 62 M  < 5F = 264 M a.

      . 
        .
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3.2    

 :
-     .. .. .. .. .. .. .. .. .. .. .. N 2 = 1256  ;
-     .. .. .. .. .. .. .. .. . 2  = 73,3  /  ;
-     .. .. ..i  2-3 = 2,04 ;
-    ;
-    (   , -

                  200%  ).

1)    '' 0 ''  [3, .7 ]

=   h = 6 ,   b = 10 ,  d 2 min = 63   [3, .7 ].

A       = 47 2d.

                           3.1

2)      
d 2 = 90  > d 2 min = 63  [3, .9 ].

3)    
d 3 = d 2 · i 2-3 · (1 -  ) = 90 ·2,04· (1- 0,01) = 181,8  ,

  –    .
 d 3 = 180   [3, .10 ].

4)       

02,2
01,0190

180
1d

d
i

2

3
.

%98,0%100
04,2

02,204,2%100
i

ii
i

32

32 . i  = 0,98%   [ i ] = 3%.

5)     

                       max = 2 · (d 2 + d 3) = 2 · (90 +180) = 540  ;
                       a min = 0,55 · (d 2 + d 3) + h = 0,55 · (90 +180) + 6 = 155  ;

   = 450   ,     
     (     ).
6)   

.1329
4504

90180
2

1809014,34502
a4
dd

2
dd

a2L
22

2332

 L = 1400  [3, .11 ].

hd

b0
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7)   

.4869018089018014,3140029018014,314002
8
1

dd8ddL2ddL2
8
1

22

2
23

2
2323

8)      

1693,57
486

901801803,57
a

dd
180 23

2 .

2 = 169  > [  ] = 120º.

9)     (  
 )        

,4,2
4,1
3,3

L
V 1

  V = 2  d 2 / 2 = 73,3  0,09 / 2 = 3,3  /   -    .

 = 2,4 –1 <  [  ] = 10   -1  [3, .10 ] .   .

10)  ,      -
 

 n 2 =  700  /   d 2 min  =  63   i > 3   N 0 = 0,3 B  /   [3, .12 ] .
 n 2 =  700  /   d 2 = 90    i < 3

N 0 = 0,9  N 0   (d 2 / d 2  min ) = 0,9  0,3  90 / 63 = 0,386 B  /  .

11)        (
   )

,54,4
9,098,001,1386

2,11256
CCC

C
z

zL0

p2

  –   ;
       L – ,     [3, .11];
        - ,       
                [3, .13 ];
       Z - ,    
                   [3, .13 ].

12)    

L h  L h c · 1 · 2 = 2000 · 1 · 0,75 = 1500  ,

 L h c  –        [3, .14 ];
      1  –   .   = 1,2  1 = 1 [3, .14 ];

 2  –    . 2 = 0,75    
                   [3, .14 ].
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3.3     

 :
-      .. .. .. .. .. .. 6 = 93,74 ·  ;
-     .. ... .. .. .. .. .. .n 6 = 114  /  ;
-     .. .. .. .. .. .. .. .. u = 3 ;
-   ;
-   ;
-     ;
-   ;
-   ;
-   .

1)     

,4,20
1
74,935,4

m
5,4 33

p

6

 m p – ,    [4, .7 ].
2)    

 -19,05-3180  13568 – 75  [4, .17 ].
   = 19,05  .     

  = 105,8 2.   F = 31,8  .   
 q = 1,9  / 4, . 17  .

3)   
z 6 = 29 – 2  u = 29 – 2  3 = 23,  22 [4, .7 ];

                         z 7 = z 6  u = 22  3 = 66 < z max = 100.
4)        ,

   2.1 [4, .8 ]: n 6 = 114  /  < [n 6] = 1492  / .
5)   

 = (30…50 )  = (30…50 )  19,05 = 571…952 .    = 800 .
6)   

.2,129
800

05,19
14,32
2266

2
2266

5,19
8002

a
P

2
zz

2
zz

P
a2z

22
6767

0

 z0 = 130 [4, .8 ].

7)   

.808
14,32
22668

2
2266130

2
2266130

4
05,19

2
zz

8
2

zz
z

2
zz

z
4

22

2
67

2
67

0
67

0

8)   
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.36,400

66
14,3sin

05,19

z
sin

Pd,86,133

22
14,3sin

05,19

z
sin

Pd

7

7

6

6

9)          

U = .c64,0
13030
11422

z30
nz 1

0

66  U = 0,64 -1 < [U] = 18 -1  [4, .8 ].

  .
10)    

.H1401
86,133

937402
d
T2

F
6

6
t

11)    [4, .9 ]
K = K 1 · K 2 · K 3 · K 4 · K 5 · K 6 = 1,3 · 1 · 1 · 1 · 1,5 = 1,95,

  K1 -    ;
       K2 - ,     ;
       K3 - ,     ;
       K4 - ,     ;
       K5 - ,     ;
       K6 - ,      .

12)          
  [4, .10 ].   n 6 = 114  /     = 19,05    [  ] = 32 .

13)     

.32p26p;26
8,105
95,11401

A
KF

p t

    .
14)    

F =  Ft · K1 + Ff + FV = 1401 · 1,3 + 90,3  + 1,2 = 1913 H ,
  Ff -      ;

       FV -       .
Ff = q · a · g · K f = 1,9 · 0,808 · 9,8 · 6 = 90,3 H ,

  Kf - ,       [4, .15];
       g  -    .

                               FV = q · V 2 = 1,9 · 0,8 2 = 1,2 H ,

  V -    . ./8,0
60000

1442205,19
60000

nzP
V 66

15)     

].11.C,4[5,7]S[6,16
913,1

8,31
F
F

S

    .
16)       

                                 F = Ft · K = 1401 · 1,3 = 1821 H .
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4   ( )  
                                           I    II

     45  
'' '' b = 880 M ,   [ ]II

 45 = 130 M  .

,6,26
252,0

94658

2,0

T
d

;7,18
252,0

32869

2,0

T
d

33
45

5

3
3

45

4

45 -      , 
                         5…6      .

    :
d   = 20  ;
d               = 16  ;

                                            d               = 21  .
 II  :

                                            d    = 30  ;
                                            d                = 32  ;
                                            d  = 24  .

5        

    ,   , V5 = 0,87  / 
 15  /  ,       

  (     ).
     V5 = 0,87  /    1  / ,  -

        ,
     , 

     .    
 ,   ,     -

 .      -
 201.

  V5 = 0,87  /    H = 447 M , -
 [5, . 130],     34  10 - 6 2 / . 

      – 30  .
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6    

6.1     

      [1, .22 ]
 = 0,025   + 1 = 0,025  96,4 + 1 = 3,4  ,

   -      .
   = 8  .

   1 = 0,9 = 0,9  8 = 7,2 .

6.2   : ,    
             ,      

   [1, .22 ]
,9,14124,9603,012a03,0d1  d1  16.

 ,       
,4,109,147,0d7,0d 12    d2   12.

 ,       -
,45,79,145,0d5,0d 13   d3   8.

     d1
h1 = 2,35 ·  = 2,35  8 = 18,8  19  .

    d1 1 = 39   [1, .22 ].
     d3

h3 = 1,5 ·  = 1,5 · 8 = 12  ;    h'
3 = 1,5 · 1 = 1,5 · 7,2 = 11  ;

    d3  K3 = 25 1, .22  .
    d2  2 = 33  .   

   2
1 = 2 + 4   = 33 + 4 = 37  .

6.3     [1, .24 ]

 6.1 –    

   
  D, 

52 62

  , 6 6

  , 4 4

  , 6 6

   , 12 12
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7  ( )   I  II

                         I  :                                                =  46  , b =  44  ,  =  42  .
               

 

-   -
               
             (  1,2 );
       –   , 2;
      z –  ;
       –   , .

    :
 

,H532
21cos

20tg1364
cos
tgFFF

,H1364
2,48

328692
d
T2

FF

4t4r5r

4

4
4t5t

 
.H52421tg1364tgFFF 4t45

;0aFbF
2

d
F

)cb(R;0M

4r
4

4X

BXAX

.H5,119
4244

4656044532
2

2,48524

cb

aFbF
2

d
F

R
4r

4
4X

BX

                            7.1

,H560
2

169sin5472,12

2
sinzA2F

A C B
D

a b c
32,9

±T ,H ·M

R AX

Fr 4

FX 4·d 4/2

R BX

FX 4·d 4/2Ft 4

F
T4

25,8

7,6

5,0

±M ,H·M

RAY RBY

Ft 4

29,3

±M ,H·M

32,9

41,8
44,7

29,7

±M ,H·M

Fr 4

F
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;0
2

d
FcF)cb(RcbaF;0M 4

4X4rXBBX

.H5,972
4244

2
2,4852442532)424446(560

cb
2

d
FcFc)b(aF

R

4
4X4rB

AX

 = 0 ;     -RBY (b+c) + Ft 4 · b = 0 ; .H9,697
4244
441364

cb
bF

R 4t
BY

 = 0 ;      R Y (b+c) – F t 4 ·  = 0 ; .H1,666
4244
421364

cb
cF

R 4t
AY

MAX = F · a = 560 · 46 = 25,76 ·  ;

MCX = F (a+b) - RAX · b = 560 (46+44) - 972,5 · 44 = 7,61 H·  ;

MCX  = -R X · c =  -119,5 · 42 = -5,02  ·  ;

MCY = RAY · b = 666,1 · 44 = 29,31 H·  .

.74,2931,2902,50M

;69,4431,2961,7869,32M

;76,41076,25869,32M

;869,3300869,32M

;TM

222

222

222

222
D

222
I

      45  
'' ''. =  880 a.     -

   

.7,17
801,0

44690
1,0

d

;3,17
801,0

41760
1,0

d

;8,10
1302,0

32869
2,0

T
d

.a80
11

880
11

33

33

33 4
D

 :     d A = d B = d = 20  ;
                                                 d C = 21  ;
                                                 d D = 16  .
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                  II                                       b = 42  ,  = 47  ,  = 58  .
          Ft 5 = Ft 4 = 1364 H ;
          Fr 5 = Fr 4 = 532 H ;
          FX 5 = FX 4 = 524 H ;
          F = 1821 H .

.1,480
4742

47524
2

6,144524581821

cb

cF
2

d
FeF

R

;0eFcF
2

d
F)cb(R

;0M
.1,2833

4742
2

6,14452442532)584742(1821

cb
2

d
FbF)ecb(F

R

;0
2

d
FbF)cb(R)ecb(F

;0M

5r
5

5XB

AX

B5r
5

5XAX

BX

5
5X5rB

BX

5
5X5rBXB

AX

MCX = - RAX · b = - 480,1 · 42 = -20,16 · ;

MBX = - F ·  = -1821 · 58 = - 105,62 · ;

MCX = - F (c+e) + RBX · c =

= -1821 (58+47) +2833,1 · 47 = - 58,05 H· .

 = 0;         RBY · (b+c) - Ft5 · b = 0;

.H7,643
4742
421364

cb
bF

R 5t
BY

  = 0;       - R Y (b+c) + Ft5 ·  = 0;

                     7.2                       = - R Y · b= - 720,3 · 42= -30,25 · .

A B D

b c

±TI ,H· M

RA X RB X

Ft 5

20,2

58,0

±M

RA Y RB Y

Ft 5

±M ,H· M

36,4

115,1

141,8

±M ,H· M

T5

e
F Â

94,7

Fr5

105,6

30,2

FX 5 ·d 5/2
Ñ

,H· M

Fr 5

FX 5 ·d 5/2
F Â

.H3,720
4742
471364

cb
F

R 5t
Y
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;)()( 222

;83,141062,10566,94

;09,11525,3005,5866,94

;35,3625,3016,200

222

222

222

     45,  ''  ''.
= 880 M .

;4,15
1302,0

94660
2,0

d

;1,26
801,0

141830
1,0

d

;3,24
801,0

115090
1,0

d

.80
11

880
11

33D

33

33
C

        -
 1, .22  ,  ,   

    ,  :
                                            dB = d = d = 30 ;
                                            d = 32 ;
                                            dD = 24 .

8       I    II

      I :

;H7089,6975,119RRR

;H11791,6665,972RRR
222

BY
2
BXB

222
AY

2
AXA

          F X4 = 524  ; d = 20 ; n I = 343 / ; L h = 10000 .

    - :
 46304  831-75.  = 17,8 ;  = 0,68; X = 0,41; Y = 0,87.

 : d = 30 , D = 52 ,  = 15 .,  = 15 6, .195 .
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                                                         8.1
    -  , -

    : SA=e · RA=0,68 · 1179=802 ;
                                                    SB=e · RB=0,68 · 708=481 .

   :

    FX4 + SA > SB -      

 F A =  SA = 802 ;   F = S ' - S + FX 4 + SA = FX4 + SA = 524 + 802 = 1326 .

.87,0Y41,0Xe87,1
7081

1326
RV

F

.196.,60Y1Xe68,0
11791
802

RV
F

BB
B

B

AA
A

A

    :

       PA = (V·XA·RA+YA·FaA) · K t· KE = (1·1·1179 + 0 · 802) ·1,8·1·1=2122 ,

  V    -    ;
       X,Y -    Fa   R   -
                  ;
    K -   [6, .44 ];
    t   - ,     
                  [6, .44 ];
    KE -   .   
                 KE = 1.

P = (V·X ·R +Y ·Fa )·K t·KE = (1·0,41·708 + 0,87·1326)·1,8·1·1=2599 ,

                   . :

.,.257
599,2

8,178,01aL
3q

231

 1 -  .  90    
                 1 = 1 6, .41  ;
      a 23 - ,      
                  [6, .41];
      q    -    .    
               q = 3 [6, .41];
                 :

S A S B

S BS A FX 4R A R B
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.10000L12488L

.12488
34360
10257

n60
10LL

hh

66

h

           ,   46304 .

      II :

.10000L;/114n;30d;H524F

;H29057,6432,2833RRR

;H8663,7201,480RRR

h5X

222
BY

2
BXB

222
AY

2
AXA

    - :
 46206  831-75. =21,9 ;  = 0,68; X = 0,41; Y = 0,87.

 : d = 30 , D = 62 , B =16   [6, .195].

 8.2

SA = e · RA = 0,68 · 865 = 588 ; SB = e · RB = 0,68 · 2905 = 1975 .

    FX5 + SB > SA -      

F A = SA' - SA + SB + FX 5 = S B + FX5 = 1975 + 524 = 2499 ;
Fa = SB = 1975 .

.0Y;1Xe68,0
29051

1975
RV

F

.87,0Y;41,0Xe9,2
8661

2499
RV

F

BB
B

B

AA
A

A

PA= (V·XA·RA+YA·F A)·K · t·KE = (1·0,41·865+0,87·2499)·1,8·1·1 = 4552 ;

P = (V·X ·R +Y ·F )·K · t·KE = (1·1·2905 + 0·1975)·1,8·1·1 = 5229 .

.10746
11460
105,73

n60
10LL

;.5,73
229,5

9,218,01
P

CaL

66

h

3q

B
231

    L h = 10746  > Lh = 10000   
  .

S A S B

S BS A F X 5
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9    

 I  (  ):

,a120a104
352016

332032
)th(ld

T2

1PD

3

  ,[ ]II -   7, .74   , ;
       d D -     D, ;
        l P -    ,  ( lP = l  - 5 – b );
        h  -    [5, .300 ], ;
        t 1 -    [5, .300 ],  .

,a80][a42
52016

332032
bld

2

PD

3

 ,[ ] -   7, .74   ,  ;
       b -    [5, .300 ], .

 I  (  ):

.a22
62421

328692
bld

T2

;a52
)5,36(2421

328692
)th(ld

T2

p
4

p

1

4

 II  (  ):

 II  (  ):

      .

.a22
102832

946582
bld

T2

;a70
)58(2832

946582
)th(ld

T2

p
pc

5
p

1

5

;a25
84024

937402
bld

T2

;a65
)47(4024

937402
)th(ld

T2

p
PD

6
p

1PD

6
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10    ( )      
                      

I :
    :

)    III ;
)    II ,     

  .
   ( .  7.1):

            
    

,8,3

1
59,239

380S 1

 -1 -  ,  [7, .65 ];
   -    , ;
    -   -
                 [7, .66-69 ];
        -   [7, .68 ];

              10.1                                      -   [7, .68 ].

,a39
773

30280
W

 M -     , · ;
      W      -     , 3 ;

.28,3031,2961,7 2222

;773
212

5,3215,36211,0
d2

tdtb
d1,0W 3

2
3

2
113

 1 -  .

= 1,90 ; = 1,74  [7, .66 ]. = 0,91 ; =  0,88  [7, .68 ].

,.98,1
88,0
74,1;09,2

91,0
90,1

 2  -   
6k
7

.68[7,96,1;59,2

ø21
H7
k6

t1 =3,5b = 6
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,3,11
05,0

1
98,1

2
20

230

K
2

S 1

  -    , ;
        -       [7, .65 ].

 W  -     , 3 .

.8,1S6,3
3,118,3

3,118,3

SS

SS
S

.1699
212

5,3215,36212,0
d2

tdtb
d2,0W

2222C

3
2

3
2

113

     .

             D  ( .  7.1).

 1  -  :
= 1,74  [7, .66 ]; = 0,91 7, .68 .

.91,1
91,0
74,.1

 2  -  

                                     
6k
7H

                 10.2 .69.,796,1
K

.740
162

31635162,0
d2

tdtb
d2,0W 3

2
3

2
113

.44
740

32869
W
T4

KP =1,       .

.8,1S2,5
05,0

1
96,1

2
44

230

K
2

SS0 1
DD

               D .

ø16 H7
k6

t 1 = 3b = 5

,20
1699
32869

W
T 4
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  ,    .

  ( .  7.2):

 1  -  
    L0 / k6.

.68.,71;69.,716,3
K

;30,2
K

               10.3                      W = 0,2 d 3 =
0,2 30 3 = 5400  3;

  W  = 0,1 d 3 = 0,1 30 3 = 2700  3.

;a18
5400

94660
W
T5 .39

2700
105620

W

;9,10
05,0

1
30,2

2
18

230

K
2

S 1 .08,3

1
16,339

380S 1

.8,1S96,2
9,1008,3

9,1008,3

SS

SS
S

2222B

    .

 D  ( .  7.2)

 1 -  :
= 1,74 [ 7, .66 ]; = 0,90 [ 7, . 68 .

93,1
90,0
74,1K

 2 -  -
                                     7/k6:

69.,796,1
K

                    10.4

.2498
242

42448242,0
d2

)td(tb
d2,0W 3

2
3

2
113

;a38
2498

93740
W
T6 ;0,6

05,0
1
96,1

2
38

230

K
2

S 1

    D = 0,   SD =  S  II. = 6,0  > [ S ] = 1,8.
   D .

ø 24 H7
k6

t 1 = 4b = 8

ø30 l0
k6

H7
p6
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11       

 11.1 –     [ 9 ].

, , , 

           

- - - -
max min max min

 - 6k
732 +25 0 +18 +2 23 0 18 0

 - 6k
724 +21 0 +15 +2 19 0 15 0

 - 6k
0L30 0 -10 +15 +2 - - 25 2

 - 6k
8F30 +53 +20 +15 +2 51 5 - -

 - 0l
7H62 +30 0 0 -13 43 0 - -

 - 11d
7H62 +30 0 -100 -290 320 100 - -

 - 8h
7H62 +30 0 0 -46 76 0 - -

 - 9h
9N8 0 -36 0 -36 36 0 36 0

 - 9h
9N10 0 -36 0 -36 36 0 36 0

 - 9h
9Js10 18 -18 0 -36 54 0 18 0

 - 9h
9Js8 18 -18 0 -36 54 0 18 0



29

                

   1          «  -
»     : -   /

  . .. -  : . . . . ., 2005.- 29 .
   2     : -   /

. . . , . .  .-  : -  , 2004.- 30 .
   3  :   / . . . ,

 . . , . .  .- : -  , 1998 .-14 ..
4    :   /

. . . , . . , . .  .- : -  .

. - , 1993 .-20 ..
5  . .,  . .  .  :

.   . .  .- .: .  ., 1984 .-
336 ., ..

6  : -  / . . . . ,
. .  .-  .: , 1992 .- 608 ., ..

7    :  . 2
/ . . , . . , . .   . .- : . ., 1982 .-
334 ., ..

8  :   / . . . .  .-  .: -
, 1979 .-367 ., ..

9   :   / . . . ,
. . , . .  .- : -  . . - , 1990 .-30 .


