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.

1t 2t 3t

hL

. 1.

2.

2.1.

1221 z/zn/nu ,                     (1) 

1n  – , -1; 1z  – -
; 2z – .

u
 4%: 

4100
u

uuu  %.                  (2) 

u  8  80;  ( ) u -
 1000. -

 2144-93 [1] ( . . 1). -
.

 1 

1  8 10 12,5 16 20 25 31,5 40 50 63 80 u 2  9 11,2 14 18 22,4 28 35,5 45 56 71  
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2.2.

1z ,
-

. -
: 1z  = 4 u = 8…15; 1z  = 2 

u = 15…30; 1z  = 1 u  30; 1z  = 3 .

2.3.

uzz 12 .                         (3) 

2z , , ,
.

2z min -
-

2z min = 17…18; 2z min = 26…28. -
2z  = 32…63 (  80). 

2.4.

, .
,

 0,9 (1 – u /200)                       (4) 

. 2 
 2 

1z
1 2 (3) 4 

/= 3 0 0,70 … 0,75 0,75… 0,83 0,82 ...0,87 0,87…0,9

. 3, 0, ,  – , -
, ,

 (
).
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2.5.

 [2], 
 19650-74 ,

:  – m;  ( )  – 1z ; -
 – 2z ;  – q.

q ,  –  
, -

q  (0,212…0,250) 2z  .                    (5) 

,
.

-
. -

q m
 19672-74 [3] ( . . 1.3).

wa -
 ( .  4) 

 2144-93 ( . . 4), -
 – aR 40  6636-69: 56; 

60; 63; 71; 75; 80; 85; 90; 95; 100; 105; 110; 115; 120  10 
260  20  420 .

 3 
q

(  19672-74,  2144-93) 

1  6,3 8 10 12,5 16 20 q 2  7,1 9 11,2 14 18 22,4 

 4 

wa  (  2144-93) 

1  40 50 63 80 100 125 160 200 250 315 400 
wa

2       140 180 225 280 355 450 

)zq/(am w 22  .                   (6) 

m, q 1z
 2144-93 ( . . 5). 



7

 5 
,

m, q 1z m, q 1z
2 12 

2,5 12 

2,0; 2,5; 
3,15;

4,0; 5,0; 8; 10; 12,5; 
16; 20 

3 10; 12 

1; 2; 4 

6,3
8; 10; 12,5; 

14; 16; 
20

3,5 10;
12; 14 1

1; 2; 4 4 9; 12 18,0; 10; 
12,5

8; 10;
12,5;16; 20 6 9; 12 

7 12 
1; 2; 4 

16 8; 10; 12,5; 
16 12 10 1; 2 

20 8; 10 

1; 2; 4 

14 8 2 

m, q, 1z ,
.

m q -
wa .

 « » wa  (
) .

x
x = [ wa -0,5 m (q  + 2z )] / m  .              (7) 

:

-1 x  +1. 

, -
q 2z . 2z

1, 2 ,
u  4 % q ,  (5). 

 ( . 2) ,
. 6. 
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1b 2

1fd

d

2b

aR fR

. 2. 

 6

d1 = qm
dw1 = m(q + 2 )

1ad = d1 + 2m
df1 = d1 – 2,4m

- b1 = (10 + 5,5 x  + z1)m+c,
c = 0  0; c =100m/z2  0 

= arc tg (z1/q)

d2 = dw2 = mz2

da2 = d2 + 2m(1 + )
2Mad da2 + 6m/(z1 + 2) 

df2 = d2 – 2m(1,2 – )
b2 = 0,355 wa z1 =1; 2 
b2 = 0,315 wa z1 =4
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. 6 

Ra = 0,5d1 – m
Rf = 0,5d1 + 1,2m

- 2 = 2arc sin [b2/(da 1 – 0,5m)]

2.6.

-
 3675-81,  12 .

 3…6 -
,  7…9 –  ( . . 7).

.

.
.

.
.

 7 

s, /

6
( ) 15

-
,
-

. -
-

. -
-

.
-

7
( )  10 

. -
-
-

-
-

-
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. 7

s, /

8
(

)
 5 

, -

 350 

-

,

9
(

)
 2 

-
. - , -

  3. .

, .
, -

 ( - , ). -
-

, -
.  (

) : -
 ( ) « » .

-
, , .

. -
, ,

.
, ,

.
-

.
,

15 , 20 , 12 3 , 18 , 20  HRC 
58…63
45; 40 ; 38 ; 40 -

 HRC 50…55. -
, -

.
, -

.
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, -
.

-
. -

-
 ( . . 8). 

 8

-
,

-
s , /

B T B

 010 1 1  285 165   35 
 010 1  275 200   25 

 230 140   
1  05 5 5  200 90  25

 145 80   
 06 3  180 90   12 

 200 90   
7 2 – 180 –   25 

9 4  400 200   
,  500 200   

10 4 4  700 460   
2  650 430   

10 1,5 550
 450 

360
   300 

 5 

9  530 245   
500

 425 
230

  195 
23 6 2  500 330   

 450 295   
 400 260   

58 2 2  340 140   
58 202 2  500 380   
 18    355  2 

3  15    315  3 
 12    280  3 

. :
 – ;  – ;  – .
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 1. 
 300 . -

,

s  6  25 / . -
 ( ) -

.
 2. 

 350 . -
, . -

-
 8 / .

 3. . -

s  2 / .
 ( )

, , -
, :

s  = (3,7…4,6) 10-2
1n 3

2T ,                (8) 

2T  = 9,55  106
2P  / 2n  – , .

4.

-
-

, , , -
. , , -

,
 – .

-
, -

, hL  [5] ( . . 9). 
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 9 

-

H  350

.
, H  45 HRC-

[ ] ,  [ F ] , 

1 0,75 C  k HL 0,9 C  k HL

2 250 – 25 s  300 - 25 s
(0,08 +0,25 ) k FL  0,16 k FL

3 175 - 35 s  200 - 35 s  0,12 k FL  0,075 k FL

. ; ;  – ,
 ( . . 8); s  – , /  (9);  

– ,  ( . . 10); k HL ; k FL  – -
;

   k HL  = 8
710 HEN/ ; k FL  = 9 6 /10 FEN   ,                       (9) 

HEN , FEN  – -
:

HEN  = FEN  = 60 2nLh ,                 (10) 

HEN  = 60 [( 22 T/T i )4
itn2 ] = 60 2nLh ( ii

4 );                   (11) 

HEN  25 107;                     (11, )

FEN  = 60 [( 22 T/T i )9
itn2 ] = 60 2nLh ( ii

9 );                (12) 

    106
FEN  25 107.                    (12, )

, , -
 3% -

 ( i  0,03), -
,  (11)–(12) -

1k  = 0, 
-

.
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 10 
,

s 1 2 3 4 5 6 7 8 
1,33 1,21 1,11 1,02 0,95 0,88 0,83 0,80 

5.

-
. ,

, -
, . , -

-
, -

 90. 
2z  90, 

.

5.1.

-
wa

wa =0,625 ( 2z/q +1) 3
2

2
2

)}z/q(/{TE H ,                   (13) 

q  – 
 ( . (5) . 3); 2T  – -

,  ·

22
6

22
6

2 1010559 /Pn/P,T  .              (14) 

5.2.

-
,



15

3
22512 )qz/(TY,m FF

/ ,               (15) 

FY  – ,
. 11 2z -

:

wcos/zz 3
22 ;                  (16) 

))xq/(z(tgarcw 21 ,                (17) 

w  – 

 11
FY

2z 20 24 26 28 30 32 35 37 40 45 50 60 80 100 150

FY 1,98 1,88 1,85 1,80 1,76 1,71 1,64 1,61 1,55 1,48 1,45 1,40 1,34 1,30 1,27

5.3.

 ( .  2.5).

6.

-
, ,

.

6.1.

H -
 [ H ] :

HH )sindd/(cosK, ww 2181 1
2
2

2
2 ,                (18) 

K  – ;  – -
;  = 0,75 – , -

,
 (2 ); w  = 20  – .
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6.1.1. K

-

K K

HK  = FK  = KK  .                      (19) 

K  = 1 + ( /z2  )3 (1 – ),                  (20) 

 – , q z1
( . . 11);  – -

)
N
N

T
T

(X i

i2

2 ( ki · i ),               (21) 

k i , i  – -
 ( . ).

 12 

q

1z 7,1 8 9 10 11,2 12,5 14 
1 57 72 89 108 127 157 190 
2 45 57 71 86 102 125 152 

(3) 40 51 61 76 89 110 134 
4 37 47 58 70 82 101 123 

K . 13 
 ( . . 2.6.) 

s , /

w

w

w
s

cos
nd

cos 4
111

106
.               (22) 



17

 13 
K

K s , /
 1,5  1,5  3  7,5  12  18 

6 – – 1 1,1 1,3 1,4 
7 1 1 1,1 1,2 – – 
8 1,0…1,1 1,1…1,2 1,2…1,3 – – – 
9 1,2…1,3 – – –   

6.1.2.

952921701030 22
2
2 ,/),z,zz,( .                        (23) 

 [ H ]  2  3 
( . . 4) .

H  4% 

%4100  .                 (24) 

6.2.

F
FwF

F
qzm,

YcosKT

2
3

2

31
2

.              (25) 

FY -
. 11 

2z  ( .  (20) – (21)). 

6.3.

-
.

:

maxmaxmax T/ 22 ;                           (26) 

maxFmaxFmaxF T/T 22 ,             (27) 
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maxT2  –  ( )
, ( maxT2 k1 2T ), -
 ( . . 1) uTT maxmax2 ;

maxT  – ; [ max ]; maxF  – -
.

 1 (  = 300 )

max 4 ,                                         (28) 

 2 (  350 )

Tmax 2 ,                                        (29) 

 3 ( )

,max 651  .                                    (30) 

(  1  2) 

TF ,max 80 ;                                       (31) 

 (  3) 

F ,max 60  .                                    (32) 

7.

-
. -

, , -
. -

. -
.

7.1.

,  – 
,

pt maxt
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3
0 10tt p (1- ) /[P1 kTA maxt])(1 ,                  (33) 

0t  – ,  ( -
 20 ); k  = -

, /( 2 ) ( -

k  = (8,7…17,5) /( 2 ), k
, ,

, -
;  - ,

 70% , 2 (
,

):
7120 ,

wa ,                     (34) 

wa  – , ;  – , -
 (

= 0,3, -
= 0);  – -

,

)P/tP(/t ii 22  = );k(/ ii1              (35) 

 –  ( . . 7.4). 

maxt  95 .
 (33) -

.  (
), ,

-
.

7.2.

-

maxp t
A]k,),([

P)(
tt

3070k
110

T

1
3

0 ,             (36) 
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k  – -
, . k

Bn  ( . 14). 

 14 

Bn , /  750 1000 1500 3000 

k , / 2
17 21 29 40 

7.3. ,

Q , ,
 1  [9]

Q ).tt)((Ak)(P maxT 0
3

1 1101                        (37) 

W , 3/ ,

)t/(QW ,

t  = 2…100  – ;
 = 1000 / 3 – ;  = 4,187 103 /( ) – -

.

ttt 12 ,                      (38) 

1t  – ;
21 tt = 20 .

. 15 d ,
, /

3

2

104
2 )d(

/W ,                (39) 

 – , .



21

 15 

d ,
 (  617-72) 

13 15 18 22 26 30 36 

, 1,5 1,5 2,0 2,0 2,0 2,5 3,0 

 1 
TA , 2/

0,0041 0,047 0,056 0,069 0,082 0,094 0,13

, 2

)tk/(Q ,                    (40) 

t  – 

t,)tt(,t 5050 12 ;                (41) 

k  – , . 16. 
,

/  .                       (42) 

.
 180  1,5 d .

 16 
k

, / ( 2 )

, /
1, / 0,1 0,2 0,4 

 4 146 157 165 
4…6 153 163 174 
6…8 162 174 186 

8…10 168 180 195 
10…12 174 186 203 
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7.4.

 = 3 0 .                                       (43) 

7.4.1.

:

3
)(tg

tg

w

w ,                      (44) 

ftgarc  – . . 17 -
f -

.
 (43) 0 = 1. 

aR
1,25  0,32  2309 – 73. 

, -

w .                        (45) 

7.4.2.

,

)P/(b, t 1
3107501 ,              (46) 

 – -
1 2 , /

100060
11

1
nd

;                   (47) 

b  – 1b 2b ,
( . . 6); t  – , 2/  ( . . 18  19). 
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 17 
f

 1  2  3 

HRC  45 HRC  45 HRC  45 

-

S , /

f f f f f
0,01 0,110 6017/ 0,120 6051/ 0,180 10012/ 0,180 10012/ 0,190 10045/

0,05 0,090 5009/ 0,100 5043/ 0,140 7058/ 0,140 7058/ 0,160 9005/

0,10 0,080 4034/ 0,090 5009/ 0,130 7024/ 0,130 7024/ 0,140 7058/

0,25 0,065 3043/ 0,075 4017/ 0,100 5043/ 0,100 5043/ 0,120 6051/

0,50 0,055 3009/ 0,065 3043/ 0,090 5009/ 0,090 5009/ 0,100 5043/

1,0 0,045 2035/ 0,055 3009/ 0,070 4000/ 0,070 4000/ 0,090 5009/

1,5 0,040 2017/ 0,050 2052/ 0,060 3026/ 0,060 3026/ 0,080 4034/

2,0 0,035 2000/ 0,045 2035/ 0,055 3009/ 0,055 3009/ 0,070 4000/

2,5 0,030 1043/ 0,040 2017/ 0,050 2052/ – – – – 
3 0,028 1036/ 0,035 2000/ 0,045 2035/ – – – – 
4 0,024 1022/ 0,031 1047/ 0,040 2017/ – – – – 
5 0,022 1016/ 0,029 1040/ 0,035 2000/ – – – – 
8 0,018 1002/ 0,026 1029/ 0,030 1043/ – – – – 
10 0,016 0055/ 0,024 1022/ 0,025 1026/ – – – – 
15 0,014 0048/ 0,020 1009/ – – – – – – 
24 0,013 0045/ – – – – – – – – 

 ( 1  5 / )
, 1  10 / -

.

 18

s , /
(0…1)* (0…2,5)* (0…5)** 5…10 10…15 15…25 

-

25

t  100-6 2/
 500

450 300 180 120 80 65 65 

(  1000 ) (55) (35) (20) (12) - - - 
,

- 0,07 0,20 0,30 

* – ; ** – .
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, -

 = 1 – (4,5 3
11

145 150010 )/n/()P/DB ,                         (48) 

BD  – ,

28060 d),...,(DB .                   (49) 

 19 
,

 t 0 t 10-6, 2/
40 50 60 70 80 90 100 110 

 24 
( ) 550 270 140 76 48 35 24 17 

 52 
( ) 1400 680 360 200 129 78 56 38 

( )

850 400 220 95 65 47 32 23 

, - 850 400 220 95 65 47 32 23 

-15
(  18) 230 115 70 43 28 22 16 12 

 – 10 68 44 30 22 16 13 9 4 

8.

nF
 ( . 3):

2tF  – , 1aF ,
3

2 1 2 22 10 /t aF F T d  ,                  (50) 

1tF  – , 2aF ,

1 2 2 ( )t a t wF F F tg  ,                 (51) 

2rF  – ,

2 1 2r r t wF F F tg  .                  (52) 
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w  – . -

w  = 20 .

2T
2w

2rF

2tF

1tF

2aF
1aF

1T
1w 1rF

. 3. 

9.

-
:

,  – . -
. -

-
. -

 ( 2Mad  300 ) -
.

-
, . -

-
.  ( 2Mad  300 )

 ( . 4, ),
. -

. .
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2b
of 45

hC

CTL

C

S

S,51

C

CTL

. 4. 

, -
. -

.
f  0,5m . -

:

S  2m  + 0,05 2b ; 0S  1,25; C  = (1,2…1,3) 0S ; h  0,15 2b ; t  0,8 h .

-
. -

, -
, . -

,  700…800 ,
( ),

 150…200 .
, -

.
. 5. 



27

b

A

AA

b),...,(d 5040

d),...,( 4030

. 5. 

S : S  = 2m .
. -

-
-
-

 ( . 6). 
. 6, ,

-
-

. -

. 6, 
.

-
-

 (2…3) m .
-

,
-

, -
 [12]. 

20 20

20 20
1b

1b
L

. 6 



28

 20 

, ,
1d ,

 30  50  80  120  180  250 
6 12 13 14 16 18 22 
7 17 18 20 22 25 30 
8 21 22 25 28 32 38 
9 26 28 32 36 40 48 

 21 
, aR ,

6 7 8 9 
 0,32…0,63 0,32…0,63 0,63…1,25 1,25…2,5 

 1,25 1,25…2,5 2,5 2,5 

 ( , ),
 [12]. 

 22 

, ,
2d ,

 50  80  120  200  320  500 
6 12 16 20 22 26 32 
7 20 25 32 36 42 50 
8 32 40 50 55 65 80 
9 50 60 80 90 105 120 
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xf a

xf , ,

wa ,
 80  120  180  250  315  400

6 22 25 28 32 36 40 
7 34 40 45 50 56 60 
8 53 43 71 80 90 100 
9 85 100 110 130 140 150 

 23

xfa

OOO

 24 
, aR ,

6 7 8 9 
 1,25 1,25 2,5 5 

 5 5…10 10 10 

 ( ) 2,5 2,5…5 5 10 

,  –
d  80  – 1,25…2,5 
d  80  – 2,5…5 

 – 10 

.
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, 1984. 
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