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1

1

:

q dP .
. ( . )

× ×
= = =1

2 67 6 8 01 80 1
2 2 (1.1)

:

P q d . . ( . )= × = × =2 2 67 6 16 02 160 2
(1.2.)

:

R R=1 2

q dR .
. ( . )

× × ×
= = =1

3 3 2 67 6 24 03 240 3
2 2

. , 

. . . 

 "-", , .

 1:

iX S S
. .

cos( )S = + × =1 3 1 2 60 0 (1.3)

( )i
Y R S

.
sinS = + × =

1 1 2
60 0 (1.4.)
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1

2

( )
R

S
.

.
.

sin .

- -
= = = -1

1 2

240 3 277 475
60 0 866

 ( ) (1.5.)

S S
. .

cos( ) . . .= - × = × =1 3 1 2 60 227 475 0 5 138 737  ( ) (1.6.)

 2:

Xi S S S
. . .

cos( ) cos( )S = - × + × =
2 4 1 2 2 3

60 60 0

i
Y P S sin S

. .
( ) sin( )S = - - × - × =

1 2 3 1 2
60 60 0

P S
S .

.

sin( ) . ( . ) .
.

sin( ) .

- - × - - - ×
= = =1 1 2

2 3

60 80 1 277 475 0 866 184 983
60 0 866
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S S S
. . .

cos( ) cos( ) . . ) . . .= × - × = - × - × = -2 4 1 2 2 360 60 277 475 0 5 184 983 0 5 231 229

)

 3:

******************

 5:

i
X S S S S

. . . .
cos( ) cos( )S = - × + + × - =

4 5 5 7 5 6 3 5
60 60 0

i
Y S S

..
sin( ) sin( )S = × + × =

4 55 6
60 60 0
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- -= - × = - × × = - ×14 14
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60 0 8663 282 10 3 282 10
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( cos( ) cos( ) )

( . . ( . ) . . )- -

= - - × + × - =

= - × × + - × × -
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60 60 0
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sin( ) sin( )S = - × - × - =
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60 60 0

S P
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-- × - - - × × -
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=
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T
2R (2439.024 ).

. .

s
= = =

250 243 902
1 025 1 025 (1.7.)

n = 1.4  

m = 0.9  

S
.

.=1 3 138 737
S n

F
R m

.
.

. .
.

. .

× × × ×
= = =

× ×

2 2
21 3

1 3

10 138 737 1 4 10 8 848
2439 024 0 9   (1.8.)
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.
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1 2
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******************

S
.
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F
R m
.
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.

. . .
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3 4 2
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2-3 ******************
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1-2 ******************
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4-6 ******************
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****************** (1.9)
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*************
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3-5 *************
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*************

S n
F m
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× × f × ×

2 2
2 4

22 4
2 4
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× × × ×
s = = =

× × f × ×

2 2
4 6

24 6
4 6

10 323 72 10 1 4 1019 362
49 4 0 9 0 45
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.

:

yL r= ×
1

40

yL r
. .

. .= × = × =1 2 1 240 40 6 17 246 8

*************

yL r
. .

. .= × = × =3 4 3 440 40 6 17 246 8

*************

:

yL r= ×
1

80

*************
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. .
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   -08

.7 ( -23-81) .

CPR = 25000

=0,5 . 38 ( -23-81)

,b = 0 7

CP

S n R
k L m

×
=

b × × × CP

S n L
R k m

× ×
=

× b × ×

210 (1.13)
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.

S C
S

C C
×

=
+

2

1 2

S C
S

C C
×

=
+

1

1 2
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= =
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1 2
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7491 813
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× ×
= =

2
1 3
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10 2 02
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S n
L
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. .

. .
,

×
= =

× × b × ×
1 3

1 3
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S n
L
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. .
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×
= =

× × b × ×
1 3

1 3
1 779
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S
S ,
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,
,

,

× ×
= =

2
2 3
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10 1 74
5109 055

6 3

S
S ,

,

,
,

× ×
= =

2
2 3
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10 4 56
13389 248
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L

R k m
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×
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× × b × ×
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S n
L

R k m
. .

. .
,

×
= =

× × b × ×
2 3

2 3
5 91

2

S
S ,

,

,
.

× ×
= =

2
2 4

2 4

10 3 78
6243 177
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S
S ,

,

,
.

× ×
= =

2
2 4

2 4

10 10 22
16879 701
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S n
L

R k m
. .

. .
.

×
= =

× × b × ×
2 4

2 4
2 775

2

S n
L

R k m
. .

. .
.

×
= =

× × b × ×
2 4

2 4
7 502
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*************

 150 150 1=15 , b1=15

F a b= ×
1 1 F = 2625 (1.16)

R
,

,
,

× s ×
= = 2

0 5 10
1761 905

1 050 (1.17)

R n
R

F m
.

× ×
= =

×

2
1

21

10
59 808

a P n a n P
R

m R m
× × × × × ×

= Þ d = =
× d × × ×

2
2 1 2
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24000 5200 ( 1.1.) , ,   

, .

 2.1.
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,   , :

1-3 *************

2-3 *************

3-5                           L70x70x8z

1-2 *************

2-4 *************

4-6 *************
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4-5                           L63 63 5
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2.3. 
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:

*************.

2.4 

 [1]  09  (

380-88).

 2.1  *************

, %

C Mn Si Cr Ni Cu S P

****** **** ****** ***** ***** 0.3 0.3 0.04 0. 035

, *************

, 

 5% ,

 – 0,2%. .

.

 [2] 

.

 2.2 *************
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, 2
, 2 5, %

***********

** 50 35 21

 (

).

C( S P 0.04Si 0.01Ni ) 0.12(0.04 0.035 0.04 0.8 0.01 0.03 )HCS 0.0029
3Mn Cr Mo V 3 1.4 0.3

 HCS=0.0029<0.004, *************.

  (

)

Mn Cr Cu Ni 1.8 0.3 0.3 0.3C C 0.12 0.52
6 5 15 6 5 15

=0,52>0.4... …045, - *************
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 ( ), 

 ( ),  ( ),  ( ),  ( ),
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.

 -
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3.1.1. 

************* , 

 ( ),  ( ), 

 ( ).

:

 ( ), 

2 ( ),  ( ),  ( ),

). .

.2.1

******
******
*

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

 -  (  S=6-10 )

3.1.2. 

: *************

.2.2.

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***

*****
*****
***
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 -  ,  

, . *************
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2 , r 2 

.

3.2. 

 - *************
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 –  2.   
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.

2,  

2.
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************* .
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3.2.2. 

  2.

*************

.

************* , 

.

, , ,  

, 

.   

[1]  - 08************* (  2246- 70).

.2.4. -08

, %

C Mn Si Cr Ni S P

–

**********

******
******
*

******
******
*

******
******
*

******
******
*

******
******
*

******
******
*

******
******
*
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3.3. , 
.

2
, 

 - 

,  09 , , 

 -  9  .  

, .

 [5] 

: , .

  1 

.

2

 3.1. 2

2

. 3.2. 2.

S b K

8 0+1 8

S b K

8 0+1 8
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. 

, 

.

:
2 :

 d ;

*************

*************

*************

 V ;

 n ;

 ( 2) q .

 FH –  14771-76.

FH=FH1+FH2=0.5. 2 +0.7. . g=0.5.64+0.7.11,31.1=40,48 2

:

d K F
d Hi

= ´ = ´ =. .( . ... . ) . . ... .
. .

0 625 0 625 20149 0 264 40 48 165 2 92

 Kd 

,  Kd

= 0.149...0.264.
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.

 d

 (0.8; 1.0; 1.2; 1.4; 1.6; 2; 2.5; 3; 4). 

=2 .

:

. . .10 d . 2 10 20L

 d , 

 (  V =4...10 ). 

:

*************

 (V  = 4...10 )

*************

*************

= 380 

. :

1,5
. .180 509.11d
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.

14 0,05 14 0,05 380 33U

0,75 0,75
. . 0,0033 0,0033 380 0,29 / (17.62 / )q

4

 3.3. 4

2 :

 d ;

;

 U ;

 V ;

 l ;

 V ;

 n ;

 ( 2) q .

 FH –  14771-76.

S b K

5 0+1 5
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FH=FH1+FH2=0.5. 2 +0.7. . g=0.5.25+0.7. 7,07.1=17,45 2

:

d K F
d Hi

= ´ = ´ =. .( . ... . ) . . ... .
. .

0 625 0 625 20149 0 264 17 45 0 889 1469

 Kd 

, 

 Kd = 0.149...0.264.

.

 d

 (0.8; 1.0; 1.2; 1.4; 1.6; 2; 2.5; 3; 4). 

=1,2 .

:

. . .10 d . 1,2 10 12L

 d , 

 V =4...10 ). 

:

*************

 (V  = 4...10 )
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*************

*************

= 180 

: 1,5
.180 236,6d

.

14 0,05 14 0,05 180 23

0,75 0,75
. . 0,0033 0,0033 180 0,16 / (9,73 / )
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5

 14771-79   8.

. 3.4. 5

:

. 3.5. .

:

FH=F1+F2+F2+ =

=(0,75.14. 1)+.(8.8sin400)/2) +(9.1)=40.069 2

 FH
 14771-76.

FH= 41 2

d K F
d Hi

= ´ = ´ =. .( . ... . ) . ... .
. .

0 625 0 625 20149 0 264 41 165 2 92
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 Kd 

, 

 Kd = 0.149...0.264.

.

 d

 (0.8; 1.0; 1.2; 1.4; 1.6; 2; 2.5; 3; 4). 

=2 .

:

. . .10 d . 2 10 20L

 d , 

 V =4...10 ). 

:

*************

 (V  = 4...10 )

*************
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*************

= 380 

:

1,5
.180 509.11d

.

*************

0,75 0,75
. . 0,0033 0,0033 380 0,29 / (17.62 / )

6

 14771-79   8

. 3.6. 5
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:

. 3.7. .

:

FH=F1+F2+F2+ =(0,75.14. 1)+.(7.7sin400)/2) +(8.1)=34.24 2

:

FH= 34.24 2

d Hid K F= ´ = ´ =. .
. ( . ... . ) . . ... .0 625 0 625 20149 0 264 34 24 135 2 4

 Kd

, 

 Kd = 0.149...0. 264. 

. 

 d  (0.8; 1.0;

1.2; 1.4; 1.6; 2; 2.5; 3; 4).  d =1,6 .
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:

.L =10×d =10×1.6=16

 d , 

 (  V =4...10 ).

:

*************
, 

,  (V =

4...10 , )

*************

*************
 = 360 

:
I d= ´ =.

. .
15180 364

.

*************

q I= ´ = ´ =. .. . . / ( . / )075 0750 0033 0 0033 360 0 27 16 4



. . .

.

39

3.4. 
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, 

:

  

,  ,  

2.

  -506.

:

- .

- .

- , 

.

- 

-  “ ”  8865-70

.3.8. .
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 2.1.

*************

, *************

, *************

 %) *************

, 

:

:

*************

, , *************

, *************

, 820 620 1100

, 300

 ( ) +

*************
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*************

, *************

, *************

-  ( ) *************

-  ( ) *************

, *************

, 120

, , 15

, , 650 215 410
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3.5. 

-   
.

- : 

- 

- *************

- *************

- *************

- *************

- *************

- *************

*************

- *************

- *************

- *************

- *************

- *************

- *************

- *************

- *************

- 
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4. 

4.1 

:

;

;

.

  , .

, 

.

.

.

, , 
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4.2. 

  

 (  4.1.) 

*************

.4.1. 

,  4.2.

  *************

 4.2. 
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*************

 5,   4  

, .
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 4.3.

   4.3. 
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5. 

:

, 

.

************

************

, 

,  

:

************

, ************
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:

:

)  -  100%

************

 - ************

 - ************

:

;

************

, , ;

************

************;

.

 10 

.

:

************



. . .

.

49

:

);

;

************;

************;

************;

************;

************;

************;

************;

.

, 

.

,

. 

************

.
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6. 

6.1. 

:

: P- ; F- ;

 S- .

 D:

****************

  
 150 , :

************

  
:

=0,5...0,6, =800 2

************

S
FP

S
F
*

Sd 4,884.0*4

.6.1.
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6.2. :

, 

************
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1. / 

. . . . - .: , 1974.767 .

2. . . 3/ . . .

. - .: ,1979.567 .

3. . . 4/ . . .

. - .: ,1979.512 .

4. / . 

. . . - .: ,1982.560 .

5. /  .  .  .  -  .  .

1989.229 .

6. / . . . - 5-

., . . - .: . , 1986. - 775 .

7. / . ., . .  -

. , 1991, 456 .

8. . / - .: ,

, 1988.- 125 ., .
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