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. 2.3. 

1.3.   

 3 :
1) 

 3;
2) 

:

I =I +a2F;
                                          I =IY+b2F;                                        (8)

      I =IX Y+abF.

3) 

.
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Xo X Y XcYc

Yo X XcYc

XoYo XcYc

I I cos I sin I sin

I I sin I cos I sin
I I

I I cos sin

2 2
0 0 0

2 2
0 0 0

0 0

2

2

2 2
2

        (9)

,  
0, 0 :

c c
2 Ix ytg2 0 I Iy

(10)

2.

2.1. 

. 
 ( ). , 

 (h)  (b) , 
 (t  d ).

, 
 ( , ).

 2.1.
, 

:  F, 
:

3 3b h b hF h b; I ; I .
12 12 (11)
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 1 : 1 . 

.

. 2.4  2.1.

 2.1.

  
1,6  30 16(10)* 18

 h, 30 16 18
 b, 1,6 16 7,4
 F, 2 48 31,4 22,2

 Z0, - 4,3 2,13

 Ix, 4 3600 744 105***

 Iy, 4 10,24 744 1190***

 Ixy, 4 0 - 455*** 0
.

* 16(10) ,  160 
(16 ),  10 .

**
:

4Xo Yo
XY

I I 1229 319I 455
2 2

0

0, 
.

***
, . 

34

 90
, .

. 2.4. 

2.2. 

 3. 
. , 

, 
. 

, .2.5.
, 

.
1) . 

. 
 h, :
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 = ½ h = 18 / 2 = 9 .

, .
 = b  – Z  = 7,4 – 2,13 = 5, 27 

. 2.5. 
.

2) . 

:

36

= h  + b  / 2 = 18 + 1,6 / 2 = 18,8 .

:
 = ½ h  = ½ 30 = 15 .

3) . 
: , 

:
= h  + b  + Z  = 18 + 1,6 + 4,3 = 23,9 .

:
 = h  – b  + Z  = 30 – 16 + 4,3 = 18,3 .

. 
, 

 1.
Sx = S  + S  + S  = . F  + . F  + . F  ,
Sx =5,27 . 22,2 + 15 . 48 + 18,3 . 31,4 = 1411,6 3.
S  = S  + S  + S  = . F  + . F  + . F ,
S  =9 . 22,2 + 18,8 . 48 + 23,9 . 31,4 = 1852,6 3.

 3 
.

1852,6 1411,618,2 13,8 .
22,2 48 31,4 101,6

.
 =  – = 13,8 – 5,27 = 8,53 .
 = –  = 13,8 – 15 = - 1,2 .
= –  = 13,8 – 18,3 = - 4,5 .
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, 
.

b  = X  – X = 18,2 – 9 = 9,2 .
b = X – X  = 18,2 – 18,8 = - 0,6 .
b  = X  – X  = 18,2 – 23,9 = - 5,7 .

, 
.

 2.2.
 2.2.

, , , b, 
 1,6 30 18,8 15 -1,2 -0,6

16(10)* 23,9 18,3 -4,5 -5,7
18 9,0 5,27 8,53 9,2

18,2 13,8 - -

2.3. 

 ( . 2.5) 

. , 
. . 2.6  , 

,  ,  ,  ,  ,    
 2.1.

, , 
 ( . 2.1), 

, 
, 

. , , , , , 

, 
.
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. 2.6. 

.

:

22 4
c c

2 2 4

4
XX Y

C C

I I a F 105 8,53 22,2 1720,29
I I b F 1190 9,2 22, 2 3069,01

I I a b F 0 8,53 9, 2 22,2 1742,17

:
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2 2 4I I a F 3600 ( 1,2) 48 3669,12
2 2 4I I b F 10,24 ( 0,6) 48 27,52

4I I a b F 0 (-1,2) (-0,6) 48 34,56

.
2 2 4I I a F 744 ( 4,5) 31,4 1379,85

2 2 4I I b F 744 ( 5,7) 31,4 1764,19 .
4I I a b F 455 ( 4,5) ( 5,7) 31,4 350,41

, 
, 

. 

.

IXc = 1720,29 + 3669,12 + 1379,85 = 6769,26
I c = 3069,01 + 27,52 + 1764,19 = 4860,72
IXc c = 1742,17 + 34,56 + 350,41 = 2127,14

2.4. 
.

 9 , 
, 

:

2 2127,14tg2 2,2291
4860,72 6769,26

40

, 
 - 2,2291 :

0 = - 32,92 = - 32  55'

, 
.

, 
0 .

 9, 
:

2
x0

4

I 6769, 26 cos (-32,92 ) 4860,72 sin (-32,92 ) -

-2127,14 sin(2 (-32,92 )) 8146,37
2

y0

4

I 4860,72 cos (-32,92 ) 6769,26 sin (-32,92 )

2127,14 sin(2 (-32,92 )) 3483,61

x0y0
6769,26-4860,72I 2127,14 cos(2 (-32,92 ))

2
sin(2 (-32,92 ))= - 0,07 0

 IXo = 8146,37 4.

IYo = 3483,61 4.

.

: 
. 

, 
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, , . 
, . 2.7.
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. 2.7. 
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. 2.8 
,  2.3 – .
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89
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39
-8

9

 8
50

9-
93

 b
xh
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 8

24
0-

89

,
82

39
-8

9

 5
09

-9
3

1 10 220 18 7 7 10 200 18 7
2 10 230 16 7 8 10 220 18 7
3 10 200 14 5 9 10 200 16 7
4 10 220 18 7 10 10 210 14 7
5 10 220 18 7 11 10 200 16 7
6 10 200 18 10 12 10 200 16 7

. 2.8. 
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 2.770 - 68, .3.1
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-  Si ,  i - . 
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-  A = 1,4  ;

 -   D =  3,4  .
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 W S
:

W  = 6 – S                 (1)
 ( ) S, 

,  5 : p1 , p2 ,
p5.  1 -  2 - 

,  3 - , 4 -  5 -  - .

, 
.

w
, 

. 

x . 

) , 
. 



49

,
. 

 ( ).

:
w = 6( n - 1 ) - 5 p5 - 4 p4 - 3 p3 - 2 p2 - p1 , (2)

 n - , ;  p5 , p4 , .... p1 - 
.

:
w = 3( n - 1) - 2 p  - p    , (3)

 n - , ; p , p - 
.

. 3.7  3.8.

2. 

2.1. ,
, , 

. 

 (
.3.7  3.8).

2.2. 
: , 

, , 
. 

.3.1  3.3).
2.3. 

 ( ), 
, 
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 2770 - 68 
, 

. 
.

2.4. , 
,  (

). 
, , A = 1,2; B = 2,3

) 

.2.2  2.4).
2.5.  (2)  (3) 

. .
.

2.6. . 
.

3. 

3.1.
 2770 – 68

. 3.1.  1  2.
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S2
2

. 3.2.  1
 2.

. 3.3. 3

. 1 –  ( ); 2
– ; 3 – .

2

S1
S1

. 3.4. ( , ). . 1 – 
OA; 2 – B; 3 – .
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.
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3.2.   

3,41,2 1,4

1 2 34 4

S2

S3

w1
j1

2,3

. 3.7. .
1 - OA;   2  -  AB; 3 -   ( )

BE; 4 - .

 -  ( . 3.7)

, 
1:5

1 lOA = 0.25 OA = 50 

2 lAB = 1.00 AB = 200 

3
)

lBE = 0.4 BE = 80 

4 - -

n = 4

54

 ( . 3.7)

O 1,4 +

A 1,2 +

B 2,3 +

E 3,4 +

p  = 4 p  = 0

:
w = 3 ( n - 1) - 2 p  - p  = 3 (4 - 1) - 2 . 4 - 0 = 1.

:   
 4-

,  ....  .

. 3.8. 
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.3.8)

, 
1:4

1 Z1 = 12 ;
d1 = 0.14 

d1 = 35 

2 - -

3

AB

z2 = 24 ;
d2 = 0,21 ;
lAB = 0,12 

d2 = 52,5 
AB = 30 

4 BC lBC = 0,28 BC = 70 

5 - -
6 - -

n = 6

 ( .3.8)
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- 2,6

1,3 -

3,6

3,4

4,5

- 5,6

p  = 6 p  = 2
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,

 2770-68 (
, .3.1 – 3.6), 

  
.3.1, 3.2 .3.3, 3.4), 

. 
.

1. : ; ; .
, 

.
2. ?

.
3. : 

; ; 
. 

.
4. .

.
5.

? ?
6.

?



57

7. ,
. ,

.
8.  ( , ,

.) , 
, 

. .
9.

) . 
?

  
1. . : / .

. - .: , 1975.- 640 .
2. . :  /

, . - .: , 1977. - 527 .
3. .  / .

, . . - .: , 1985. - 279 .
4. : ./ 
. [ .]; . . . - .: , 1987. -

496 .

 4

: 
.

.

58

: 
 - 11, , .

1.

1.1.
. 

.
,

.
, 

, 
 ( . 4.1).

. 4.1. , 

. 
, 

.

.  P 
 ( ,

) , 
.



59

,
, 

. 
, 

. 
, , .

, 
. 

. 

. 
 - 11.

1.2. 

. 

. 
, 

. , , 
 Qy,  . 

. , 
, 

. 
:

1M M dz,
EI (1)

 M - 
;

M 1 - 
;

60

J  - .
  

, . 
,

. , 
 = 1, 

 = 1.

, . 
. 

.

1.3. 
, 

, 
. 

, 

. 

. , 
,  ( .

) :

X

n

n 1

M ,
EI

(2)

 - , 
   ( );
n - ;

 - ,
.

 (
)  (



61

). 
, 

.
, 

, 
, 

, . . 
, M

. ,
.

, :
, , ,

. , 
,

, 

.

. 
, 

.

2.

2.1. 
,

. 4.2.

 1 ,  A ( .2) 

62

.7). 
, 

 5 . 
 1, 

 3. 

, . 
 4  6 .

. 4.2. .

. 4.3.

. 4.3. .



63

, . 4.4. 
, 

39,6  6,7 .  – -
 60 2.  = 2,1*1011 .

. 4.4. .

2.2. 
1. , ,

 4.1 
.

2.
. 

.
3.  “0”.
4.  P1  P2. 

,  - 
, , 

 0,01 , 
l = 150 . 

, . 4.5, 
l

.
5.

. .

64

6. ,
, , ,
, .

 4.1

. 4.5. 

2.3 
-  1 

 2  3 
;

- 
 3- ;

- , 

;

   a ( )    ( )   d ( )   P1 ( )   P2 ( ) )
1 20 40 40 1 2 50
2 30 50 20 1 2 50
3 40 10 50 1 2 30
4 20 30 40 2 1 40
5 30 50 10 2 1 40
6 40 20 30 2 1 50
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 1;
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n 1
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, 
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. 

 (1), 
.

11 1 + 12 2  + … + 1P = 0
21 1 + 22 2 + … + 2P = 0
31 1 + 32 2 + … + 3P = 0        (1)

………………………..
S1 1 + S2 2 + … + SP = 0

 s = m – n; s – ; m –
; n – 

.
, 

.
2.3. 

. 
, 

. 
, 

.
,

. 
, 
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i i i 1 i 1
i 1 i i i i 1 i 1 i 1

i i 1

a ax l 2x ( l l ) x l 6
l l

   (2)

, 
. . 

, 

. ,
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. 

 n 
. , 

. 

. 
.

. 
, 
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. 
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, . ,

. 
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, . 
.

3. 

, 
 11.

. 5.2,  – 
.5.3.

. 5.2. .

, . 1.1.
1 2  6
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 7.  4 ( . ) – ,  8 ( . ) –
, .

, . 5.1 . 5.3 
. 

. ,
 ( .

4) , . 5.3 .
,

.
Q1

Q2,  1  2, 
,  1.

. 5.3. 

, Q1 Q2

, . 1.1. 

 3, 
5, .

4. 

1. 
 (  5.1). 
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. Q1,
 ( . 5.4) ,

 6 . , 
Q2 , 

. , 
.

  5.1
1 , 2 , a, c, d, 

1 1 2 0.2 0.3 0.3
2 1 2 0.1 0.2 0.4
3 2 1 0.3 0.4 0.1
4 2 1 0.4 0.2 0.2
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