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max - Amin (1)

0

EI ES
E

- 0 ,  EI , ES
- 0,   EI , 
- 0,   ES
- 0,   EC
- 0,   Amax,  Amin



0

EC (EI , ES

). 

0 ,  EI, ES = ES- EI;    EC=0,5(EI+ ES);  Amax= 0 +ES;   Amin= 0+ EI
0,   EI, ES= EI EC= EI Amax 0 + EI Amin 0+ EI
0,   ES EI= ES- ;   EC= ES-0,5 ;   Amax= 0 +ES;   Amin= 0 +ES-
0,   EC EI= E - ES= E

Amax 0+ E Amin 0+ E -
0,   Amax,  Amin = Amax- Amin;  EI= Amin- 0;  ES= Amax- 0;  EC=0,5(Amax- Amin)- 0

- mi Ai

mi Ai n

P(x) Ai

mi



2. 

mi

P(x),

2. 
mi, P(x),%

1 20,00 20,05 2 0,02 2
2 20,05 20,10 11 0,11 11
3 20,10 20,15 19 0,19 19
4 20,15 20,20 28 0,28 28
5 20,20 20,25 22 0,22 22
6 20,25 20,30 15 0,15 15
7 20,30 20,35 3 0,03 3

%

mi,  

P(x),

y = f (x), (2)



);
y -

xi= i

x b: 

(2.3)

b, 

a=- b (2.4)

X
0 m = X - 0;

x.

,  
k



(5)
mi xi ;
k xi ;
n xi.

- 0 EC x.        (6)

(2.7)

M(x) Dx

.

.

(8)



0

;
EC ;

m ; 

.

EC x m . 

-

(2.9)

0

y.
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= xmax - xmin
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-

xmin, xmax

,

.



. .
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xmax - xmin

xmax - xmin

- R

- R
i i. 



,
0 X Y.

- R = 3,44 0

.

i

= 1,73.

. 



= f -



3 d.
A = a * 3 d

; d

a, b, , .

- -
-

-

-

-

IT IT = k * i,
k



i 3.1).
01, .

01, 0, 1, 2, 3, 4
- -
- -

5 6 7 8 9 10 11 12 13 14 15 16 17 18

k 7 10 16 25 40 64 100 160 250 400 640 1000 1600 2500

IT = k * i,   , 

IT = k * i,   i = 0,004 * D + 2,1, 

D
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- -

-

-
S =D - d. 

- N =d - D.

.
A, B... - a, b.... 
- -

Amax, Bmin, amax, bmin. 

-
-
-

-
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-

-

-

-

-



-
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1. 
-

TS
TN 2: TS = Smax - Smin; TN = Nmax - N

TS(N) = Smax + N

Smin = 0). 

Sm(N Smax-Nmax). 

-

(S S S Smax=Dmax-dmin; Smin=Dmin-dmax; Sm= 
Smax+S N N N

Nmax=dmax-Dmin; Nmin=dmin-Dmax; N Nmax+Nmin).
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S 0,2.
N 0.2 0.2.
L 0.2 .

-81.

1. 

S - N - L -

- 4h 4g -

5h6h 5g6g 6h 6g 6f 6e 6d 7g6g

- 8g -

4H 4H5H 5H 6H

5H 6H 6G 7H

- 7H 7G 8H

.
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-81. -

-
-

-
-

- -

-



- - 7g 6g - 15;
- - - 10.

-

-
- 4H5H/7g6g-

- 7H/6g.

6H/6g.

3.2 



-
- -

-
.

-

-
6; 8; 10; 12; 14; 16; 18; 20; 22; 25; 28; 

32; 36; 40; 45; 50;56; 63; 70; 80; 90; 100; 110; 125; 140; 160; 180; 200; 220



h14.

d +t2

. 2. 

2.

t2

h9; h11.
b

h9 h9 h9

H9 N9 P9

D10 Js9 P9



-79.

-81.

-
-
-
-

: - -78.

: - -79.

-

N9 Js9

- D10.

- h9;
- - h11;
- - h12.



-80.

- 1
2l l

l
-78).

-81.
- -

80.

.

-80 ):

3



D
d
b

.

:
D:

D

d:
D

.
b:

.



. 

280-300)

-300)

-80
.



D d b D d b D d b

-
H7 / f7
H7 / g7
H8 / e8

F8 / f7
F8 / f8
D9 h9

H7 / f7
H7 / g6
H8 / e8

H12/a11
D9 / h9
F8 / f8
F8 / f7

- H12/a11
F8 / f8
D9 / e8
D9 / f8

-
H7 / js6
H7 / n6

F8/f7
F8/f8
F8/js7

H7 / js6
H7 / js7
H7 / n6

H12/a11
F8 / js7
D9 / h9
D9 / k7

- H12/a11
F8 / js7
D9 / js7
D9 / k7

-80

b 2.5; 3 3.5; 4; 5; 6 7; 8; 9; 10 12; 14; 16; 18

0.01 0.012 0.015 0.18

D.

1139-

D:

D - 8 x 36 x 40 H7 / f7 x 7 F8 / f7

D 8 x 36 x 40 H7 x 7 F8

D 8 x 36 x 40 f7 x 7 f7
d:

d - 8 x 36 H7 / f7 x40 H12 / a11x7 D9 / h9

d 8 x 36 H7 x 40 H12 x 7 D9

d 8 x 36 f7 x 40 a11 x 7 h9
b:



b - 8 x 36 x 40 H12 / a11 x 7 D9 /f 8

b 8 x 36 x 40 H12 x 7 D9

b 8 x 36 x 40 a11 x 7 f8

-74*]

-

D
m
z

-
, 

-80 . 

d d = mz

p

S (e)



xm
- m (z 

+ 1.1s)]

Df Df = D

Da Da = D - 2m

df df max = D - 2.2 m

da da = D - 0.2 m

da da = D

D
17 20 25 30 35 40 45 50 55 60 65 70 75 80 

z
0.8 20 23 30 36 42 48 55 60 66 74

1.25 12 14 18 22 26 30 34 38 42 46 50 54 58 62

2 7 8 11 13 16 18 21 24 26 28 31 34 36 38

3 7 8 10 12 13 15 17 18 20 22 24 25

5 6 7 8 9 10 11 12 13 14

-80
D m -

-
-

-

7- - - -



-

-

a

-82.

a

-
-



25347-82.
a

a) 
a) 

1l, h1

-

S(e) D

D (da, Df) S(e) Da, df D S(e) Da, df

Df - H16
da - h12

9H / 9g
9H / 9h Da - H11

df max - h16

H7 / f7
H7 / g6 9H / 9g

9H / 9h
Da - H11
df max - h167H / 8k

7H / 7n
H7 / js6
H7 / n6

-



D m=
s(e) 9g / 9H

D
D - H7 / g6 s(e) - 9H / 9h

50 x H7 / g6 x 2 x 9H / 9h -

-



-
D -
da -
d -
Da -

0,2

7 -
8

9

1

Damin
da D

d
D1

2

5
36 80

4,891 5,124 4,658 5,03 4,72 5 4,69
6 5,863 6,142 5,584 6,03 5,66 6 5,63
8 7,793 8,164 7,422 8,03 7,52 8 7,49



10 9,721 10,184 9,258 10,03 9,38 10 9,35
12 11,674 12,230 11,118 12,03 11,26 12 11,23
15 14,556 15,250 13,862 15,03 14,04 15 14,01
16 17,430 18,260 16,599 18,03 16,81 18 16,78
20 19,339 20,260 18,418 20,03 18,66 20 16,63
22

48 82,5

21,527 22,280 20,774 22,03 20,97 22 20,94
25 24,455 25,310 23,600 25,03 23,82 25 23,79
28 27,373 28,330 26,416 28,03 26,66 28 26,63
30 29,325 30,350 28,300 30,03 28,57 30 28,54
32 31,277 32,370 30,184 32,05 30,47 32 30,42
35 34,195 35,390 33,000 35,05 33,31 35 33,26
38 37,113 38,410 35,816 38.05 36,15 38 36,10
40 39,064 40,430 37,698 40,05 38,05 40 38,00
42 41,016 42,450 39,582 42,05 39,95 42 39,90
45 43,944 45,480 42,408 45,05 42,81 45 42,76
50 48,833 50,540 47,126 50,05 47,57 50 47,52
55 53,722 55,600 51,844 55,05 52,33 55 52,28
60 58,621 60,670 55,572 60,05 57,10 60 57,05
65 63,519 65,740 61,298 65,05 61,88 65 61,83
70 68,409 70,800 66,017 70,05 66,64 70 66,59
75 73,298 75,860 70,736 75,05 71,40 75 71,35

1
1

2 -

- -

+0,025 -0,040 +0,025 -0,025
+0,025 -0,040 +0,030 -0,030
+0,030 -0,045 +0,035 -0,035
+0,030 -0,045 +0,045 -0,045
+0,035 -0,050 +0,050 -0,050
+0,040 -0,060 +0,060 -0,060

+0,050 -0,080 +0,048 -0,048
+0,050 -0,080 +0,058 -0,058
+0,060 -0,090 +0,070 -0,070
+0,060 -0,090 +0,084 -0,084
+0,070 -0,0100 +0,100 -0,100
+0,080 -0,0120 +0,120 -0,120



36 48

d=0,954519D1 d=0,966222D1

D1 =1,047648d D1 =1,034959d

D2 =0,952352 d D2 =0,965041 d

d1 = 0,06585005 d d1 = 0,0485955 d

d2 = 0,05309792 d d2 = 0,04133332 d

d'a -

d' -88 

= D2 + 2,41421 d'a

M = D1 - 2,55572 d' M = D1 - 2,51665 d'

D = D2 + 0,70711d'a + 0,001 d

D = D1 - 0,91293 
d' + 0,001 d

D = D1 - 0,85733 
d' + 0,001 d

1, 
a a -

2

8

-

10.

a

- - -
-



-

5

- 1

2 -

(

+0,065
+0,025

+0,040
-0,025
-0,065

+0,130
+0,050

+0,080
-0,025
-0,105

+0,075
+0,030

+0,045
-0,030
-0,075

+0,150
+0,060

+0,090
-0,030
-0,120

+0,085
+0,035

+0,050
-0,035
-0,085

+0,170
+0,070

+0,100
-0,035
-0,135

+0,100
+0,040

+0,060
-0,040
-0,100

+0,200
+0,080

+0,120
-0,040
-0,160

.

-



-
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-

-



1 a

2 ha ha = ha* m

3 ha* 1

4 hf hf = hf* m

5 hf* 1.25

6 pf pf = pf * m

7 pf* 0.38

8 c c = c* m

9 c* 0.25

10 a
a = (z1 + z2) * m / (2 cos )

11 x
x = x1 + x2

x = 0 + 0 = 0

12 at
t

t

13 tw
tw tw = 2x 1 + z2

tw

14 aw
aw = m (z1 + Z2)cos t / 2cos cos tw

aw = a = 126 

15 d1
d1 = z1 m/cos
d1

16 d2
d2 = z1 m / cos 
d2 = 42 * 4 = 168 

17 u
u = z2 / z1

u = 42 / 21 = 2

18 dw1
dw1 = 2aw / (u +1)
dw1

19 dw2
dw2 = 2aw u / (u +1)
dw2 = 2 * 126 * 2 / (2 + 1) = 168 

20 y
y = (aw - a) /m
y = 0

21
y

22 da1
da1 = d1 + 2m (h*a + x1 - y)
da1 = 84 + 2 * 4 (1 + 0 -0) = 92 

23 da2
da2 = d2 + 2m (h*a + x1 - y)
da1 = 168 + 2 * 4 (1 + 0 -0) = 176 

24 df1
df1 = d1 + 2m (h*a + c* -x1)
df1 = 84 - 2 * 4 (1 + 0.25 -0) = 79 

25 df2
df2 = d2 + 2m (h*a + c* -x2)
df2 = 168 - 2 * 4 (1 + 0.25 -0) = 163 

26 db1 db1 = d1 cos t



db1

27 db2
db2 = d2 cos t

db1

28

29
dx d + 2x m

x
cos x = z cos t / z + 2x cos 
cos x1

30 b
sin b = sin * cos 

b

31 Zn

Znr1 x / cos2
b - -

t) + 0.5
Znr1

2 -
/ 21 -

32

db

W

W = m cos ( (Zn - 0.5) + 2x tg + z 
inv at)
W1 (3 - 0.5) + 2 * 0 * tg 



33 Sc

Sc = m (0.5 cos2 &alfa; + x sin 2 &alfa;)
Sc = 4 (0.5 cos2

5.548

34 hc
hc = 0.5 (da - d1 - Sc tg &alfa;)
hc = 0.5 (92 -84 -



2

3



2 1/ x Z1 - X -

r

r 

jnmin 

jnmax jnmin

hm / hp x 100% a - c - hm -
hp -

. 

-



-

jnmin. 

-
jn: 

x, y , z, a, b, c, d, h min

x, y, z
min



3-7
3-7
3-8
3-9
3-11
3-12

H
E
D
C
B
A

h
h
d
c
b
a

II
II
III
IV
V
VI

-81

.

.
ir . 



.
Fcr

Fc. 

Frr

Fr. 
FvWr

FvW.



FPkr

FPkr r - ,
-
z -
k -
r -

k FPk.
FPr

FP.

.
fzkor k-

fzko. 
fzzor

fzzo.

. 

. 
fzkr k-

fzk. 
fzzr

fzz. 



fPtr

+fPt fPt. 
fPbr

+fPb fPb. 
fr.if

ff.

fxr

fx.
fyr

fy.
F



.

24 FPxnr

+FPxn FPxn.

25 far

+fa fa. 
26 jn min

Tjn.
27

, 
, 

28 EWmr

-



-

H = mn Z / 2 cos + xmn

xmn -

Ewms
+EWmi

TWm.
29 EHr

Ehs; +EHi
TH.

30 Ecr



Sc

Ecs

Tc.

-8-7- -81 

- -

-
,

-



-



-

-

-

-
-

- -
-
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1.
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-89.

l -

l0, l6, l 5, l 4, l



-

-

1-

. 

. 



. 

. 

1. 

2 

-

-

L0 / n6, L0 / m6, L0 / k6, L0 / js6
L6 / n6, L6 / m6, L6 / k6, L6 / js6

L0 / js6, L0 / k6, L0 / g6, L0 / f6
L6 / js6, L6 / k6, L6 / g6, L6 / f6

L0 / js6, L6 / js6

N7 / l0, M7 / l0, K7 / l0, P7 / l0
N7 / l6, M7 / l6, K7 / l6, P7 / l6

H7 / l0, H7 / l6

Js7 / l0, Js7 / l6

-
-

Js7/l0 Js7/l6



-85
-

0,0



.

-

2.

2

0 1,25 2.5

6,5 0,63 1,25

4 0,32 0.63

0 1,25 2,5

6,5,4 0,63 1.25

0 2,5 2,5

6.5,4 1,25 2,5



4.1 

. 

.

-

-

-

- -

-
AT -

AT ' -

-

ATh = AT Li 10 3 - .
-



-

-

-

-
- d) / L = 2 tg (

-

4; 6; 80; 100; 120; 160; 200;

-

-
. 



-

- Zpf

- E



1 - 2 - 3 - 4 -

- Fs

).

1 - 2 - 3 - 4 -

- TD

td

).



1 - 2 - 3 -
4 -

TD

- TDS

TFR

TFL

TFR TFL TD.

TD

DS
d e f g h jS k m n p r s t u x z H JS N

01 h0l* jS01* JS01*

0 h0* jS0* JS0*

1 h1* jS1* H1* JS1*

2 h2* jS2* JS2*

3 h3* jS3* JS3*

4 g4 h4 jS4 k4 m4 n4 JS4*

5 g5 h5 jS5 k5 m5 n5 p5 r5 s5 JS5*

6 f6 g6 h6 jS6 k6 m6 n6 s6 t6 JS6*

7 e7 f7 h7 jS7 k7 m7 n7 s7 u7 JS7*

8 d8 e8 f8 h8 jS8** k8** u8 x8 z8 JS8*

9 d9 e9 f9 h9 jS9** k9** JS9** N9**



10 h10**jS10**k10** JS10**N10**

11 h11**jS11**k11** JS11* N11**

12 h12**jS12**k12** J812* N12**

13 h13* jS13* H13* JS13*

14 h14* jS14* H14* JS14*

15 h15* jS15 H15* JS15*

16 h16* jS16 H16* JS16*

17 h17* jS17 H17* JS17*

* -
** -

- ,
N10 , N12.

,

D DS k8 k9 k10 k11 k12 9 N10 N11 N12

+14 +25 +40 +60 +100 0 0* 0* 0*

0 0 0 0 0 -25 -40 -60 -100

+18 +30 +48 +75 +120 - 0 0 0

0 0 0 0 0 - -48 -75 -120

+22 +36 +58 +90 +150 - 0 0 0

0 0 0 0 0 - -58 -90 -150

18 +27 +43 +70 +110 +180 - 0 0 0

0 0 0 0 0 - -70 -110 -180

+33 +52 +84 +130 +210 - 0 0 0

0 0 0 0 0 - -84 -130 -210

+39 +62 +100 +160 +250 - 0 0 0

0 0 0 0 0 - -100 -160 -250

+46 +74 +120 +190 +300 - 0 0 0

0 0 0 0 0 - -120 -190 -300

+54 +87 +140 +220 +350 - 0 0 0

0 0 0 0 0 - -140 -220 -350

+63 +100 +160 +250 +400 - 0 0 0

0 0 0 0 0 - -160 -250 -400

+72 +115 +185 +290 +460 - 0 0 0

0 0 0 0 0 - -185 -290 -460

+81 +130 +210 +320 +520 - 0 0 0



0 0 0 0 0 - -210 -320 -520

+89 +140 +230 +360 +570 - 0 0 0

0 0 0 0 0 - -230 -360 -570

+97 +155 +250 +400 +630 - 0 0 0

0 0 0 0 0 - -250 -400 -630

-

-81

-81. 
-81
-79

-81).
-

-

-

L -



-

-

EF

TF

-81

1 TFZ

2 TFK

3
TFP

4 TFE

5 TFL



24643-81

2.308 
- 79

- 79



EP

TP -

4

24642-81

-

24642-81

TPA



TPR

TPN

TPS
T, 
T/2

TPA
TPAx

TPR TPAy

TPN TPR

TPS
T, 
T/2

TPN

TPP , R TPC , R

TPP , R

TPX T, T/2

5. 

-81
4 3

2
1

5 4
3
2

6 5
4
3

7 6
5
4

8 7
6
5

9 8
7
6

10 9
8
7

11 10
9
8

12 11



10
9

.

TC -

-81

1 TCA

2 TCTA

3 TCR

4 TCTR

5 TCD

6 TCL

7 TCE

7.

7

0,1 0,12 0,16 0,2 0,25 0,3 0,4 0,5 0,6 0,8
1 1,2 1,6 2 2,5 3 4 5 6 8

10 12 16 20 25 30 40 50 60 80
100 120 160 200 250 300 400 500 600 800

1000 1200 1600 2000 2500 3000 4000 5000 6000 8000
10000 12000 16000 - - - - - - -

-
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-
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-85.

3325-85

-85



. 

0 6

2 2

18 30 21
1.50'

13
1.10'

30 50 25 16

50 80 30
0.75'

19
0.40'

80 120 35 22

0 6

5 , 5

30 50 39
1.50'

25
1.10'

50 80 46 30

80 120 54 1.10' 35 0.50'

120 180 63 0.90' 40 0.45'

180 250 72 0.85' 46 0.40'

IT/4, IT -


