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23 – ; 24 – ; 25 – ;  
26 –  
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, . , 
,  – .  
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),  R .199 ( . 1.9) –  ( ).  
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. 1.5.  F100-PW-229: 1 – ; 2 – ; 3 – 
; 4 – ; 5 – ; 6 –  

; 7 – ; 8 – ; 
9 – ; 10 –  ( ) ; 11 – ; 12 – 

; 13 – ; 14 – ; 15 –  
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, 11 – , 12 –  
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. 
,  

   ( ) ,  
. ,  

 – . 
 
1.2.1.   
 

 
: , ,  

.  
. 

 
, . , 

. 
 1.1  

. 
 
   1.1   

 
t

t b
b  

 (  
 %) 

 
310 , 3  

. . 
, % 

1,
 

,E  
510  

20 C  200 C
 

400 C  600 C  

 
-9 (Mg – .; Hd - 

2,6; Zr - 1,0; In - 
0,8; Cu 0,3) 

1,76 6 60 0,43 
250

    

-4 ( Al  – .; Si - 8-
10,5; Mg - 0,3; M n - 
0,5; Cu 0,3; Zn 0,3) 

2,65 3 - 0,7 
240

 
160

 
110

  

-4 (Ti  – .; Al - 
5,0; M n - 
2,0; Fe 0,3; Zr 0,3) 

4,55 28 - 1,11 

 
800

 

350
 
510

 

 
500

 

 

 

-5  (Ti  – .; Al - 
6,2; ,W ,Si C - 0,2; Zr - 
0,8; Fe - 0,35) 

4,41 10 - 1,18 
 
780

 

300
 
400  

 
350

 

500  

300  

-20 (Ti - .; Al - 
7,5; Zr - 2,5; M o - 2,0; 
Y - 1,8; Fe 0,3) 

4,45 10 420 1,25 
 
950

 

350
 
700

 

500
 

 
650

 

550  

600
 

 
12  ( -961) 

(Fe  - .; Cr - 12; 
Ni - 1,8; V - 0,3; W - 

2,0; M o - 0,5) 

7,8 16 520 2,0 1280
 

950
 

850
 - 

460  ( -98) (Ni  - 

.; Cr - 29,5; W -16; 
Fe 4,0; Ti - 0,5; Mo  

0,5) 

8,88 45 
(800 )C 1
65 2,0 

 
750

 

(500 )C
 
650

 

 
600

 

 
190
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-4 (Ni - .; Cr - 

20; M o - 5,5; Al - 
1,5; Ti - 2,9; Fe - 10; C - 
0,08) 

8,17 14 
(800 )C 2
00 - 

900
  

(700 )C  

700
 

 
690

 

68  ( -693) 
(Ni - .; Cr - 20; W - 
7; M o - 5; Al - 2,3; Ti - 
1,6; Fe - 5) 

8,54 40 - 2,25 
 
1190

 

(700 )C
 
600

 

(800 )C  

280
 

(900 )C  

110
 

  
, 

.  
. 

-4 .  
 680...750 ,C  1%,  

. 
-9 , 

. 
-5  

,  
 400 .C  1640 ,C  –  1850...2000 .C  
 1,0...1, 2%.  

20 ,  
,  

500 .C  
-4 – , , 

, , .  
350 .C  

-961 ,  
, , , 

 600 .C  
-98 ,  

.  950...1000 .C  
-14 ,  

1520...1560 ,C  0,7%.  
.  600 .C  

-693 ,  
. 
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, . , 
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– ,  – 
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 .

2K  



 17 

 
 

. 1.11.  
 

 
. 

,  
,  

,  – ,  
 ( ) I  II . 

: ,  
,  

,  – . 
,  

 ( . 1.11).  
,  

 
2K  P  

, , . 
,  

 .Xa  
 ,U  

 ,rU  .xU  
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2 sin cos 2x x
K K

P SU a
E S

       (1.1) 

 
  0

x
Pla
S hE

 – ; 

1,S S  – ; 
h  – ; 

,E  – . 
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 ( . 1.11): 
 

.
2 cosr

K

PU
Eh

            (1.2) 

 
 ,P ,  1S  sQ  

sN  ( . 1.11): 
sins KQ P a  – ,  ;sM  
coss KN P  – , . 

 (1)  (2).   
:xC  

.x
x

PC
U

 

 ,P  xC  (1.1)  (1.2) 
 .K  

 ,
2K  ,sQ  ,sM  xU  

,  .xC  
 0,K  0,sQ  ,sN P  max ,x xU a  xC . ,  

 80...84K  xC   2…2,5 . 
 p yG n  : 

' .p y
r

r

G n
C

U  
 

,  '
rU  –  

 .ol  

0 ,p yM G n l  max
0 ,

2 K
S

l ctg  max .
2p y K

S
M G n ctg  

 ,
2K  0 ,l  ,Kctg  0,M  max.r  

 0K ,  r  
. 

 
. 

, ,  
, ,  

. , , ,  
. ,  

  
 

,q q  
  q  – , , 

2 ;  
q  –  (  

). 

 ( . 1.12)  
. 
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 0r  – . 
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0,6…0,8.  
 30…750 .  
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  50...600 ;f 1000...5000 .f  
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