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1 –  ; 2 –  ; 3 –  ; 

4 – -  
 

  -         
          

  15-20%.     3     , 
    .     

   -  ,    
 : 

 
 3 -   

 

  -150 -200 -250 -350 -500 

  
, DN 

150 200 250 350 500 

  560 661 774 973 1220 

  468 611 814 1138 1450 

 L 480 622 834 1164 1505 

, ,   5,7 7,95 11,1 16,5 24 

 
 -     

      . 
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 24 –      : 

 1–  ; 2 –     - ;  
3 –      

 
 ,      

  ( )   :  
       Cs,   

   -   (  1   24). 
         

   1  2.       
         . 

      -    
   ,    

.       
 ,   ,    

(  2). 
        (   

 ),          ,  
     .   

     , 
  .        

,    -   (  3). 
 ,       -

  ,    
     ,   

  ,     - . 
         2  1 

        -  
     .    ,   

       
  , , ,   

. 
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 .   ( ) 
  ,    -  . 

          
  ,     ,  . 

        
.  ,      

 (   «  »).    
      25. 

      (  4000 )  
.        

  ,  ,   
 ,     . 

      . 

 
 

 25 –     :  
1–   ; 2–  ; 3 –  ; 

 4 –   ; 5 –   «  », 
  ; 

 
   ,   ,    

   ,   
 .         
       

    .  ,   
   . 

  (  1,8 )    
     .   

        
        .   
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.      
 . 

        
        

   (  ,  
   )     . 

         
  «  ».    500 3   

7,6 .         
 . 

       
«  »  .      

 (12...45 )    (1... 1,5 ) .    
      2 .   

      2...4,5 .  
 «  » (     «  »  

      . 
      

   20...35 ;     
       .   

         
 ,    .   

  «  »  ,   
    . 

 
,    .   

,        
,      , 

  ,    . 
 

 .       
     ,    

       
,    .   

      ,    
    ,    , 

        
.         , 

           
 . 

       . 
,  (  )    

  (% .):  -1 —56; —21,6; 



57 

 

— 1,2;  —0,3.     
    810 / 3. 

     600 3   
 857 / 3.        

  20 .    ,   
        80 %.   

 (  )   3 ,    
     .  

-         
   10    .     

   .     
   « - ».   (% .):  
—79,3...83,7;     —16,0...20,0 

   -  — 0,3...0,7.   
        17...21 %, 

  . 
       

  ,  (% .): — 
1,02...1,12;  —0,35...0,50;  —0,94...0,95; 

-  —0,07...0,20   ( ).  
  ,     

       . ,   
   500 / 3     

,     700 / 3—    
. ,   ,   

    1: (0,66...0,93).  ,  
,      0,5 %     

        : 
    ,     , 

  ,   . 
      10 3   

  2,5 2.     -93   
1,5 .       

 0,05 3         
 .      620 / 3,   

       ,    
0,1 .  2...2,5     ,   

  .        
    87...99 %. 

        
 :      
   ,      

. 
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:         

     , 
     . 

 
.       

   .    
  

 10  250 ,   -   -
     — . 

       
 ,  ,       

  20...25         
     :  —  35...50 

%, —  80 %.        
   . 

         : 
       ,   

   .       . 
 

.     , 
         

     (  26). 
      

   ,    90 %  
   ,     

   .  ,    , 
    . 
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 26 –    :  
1–  ; 2–  - ;  

3–      ; 
 4 –     ;  

5 –   ; 6 –   
 

      27: 
 

1)  ; 
2)     ,   ; 
3)     ,   ; 
4) ,   . 
 

 
 

 27 –    :  
 –  ;  –     

,   ;  –     
,   ;  – ,    
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 ,       
.     . 

    .    
. , ,   (  

)    ,    ,  
      .  

   ,    
    . 

       
( ).    « », , 

  ,      
   ,  ,    

 ,       
.     ,  

   ,    
    -  . 
 «Coverblot»  «Larosch Buyj»    

 ,      . 
      . 

        (  
   ),   

(        
),    (      

 ). 
        

 , . .       
 « »       

       . 
 

 .   ( )     
  ,     (  28).  

         . 
 ,      
   .    

,   ,        
 .           

- ,     . 
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 28 –    : 
1–  -    ; 2 –   ;  

3 –  ; 4 –  ; 5 –   
; 6 –  ; 7 –   ;  

8 –    ; 9 –   
; 10 –    ; 11–  ;  

12 –  ; 13 –  ; 14 –   ;  
15 –  ; 16 –     ; 

17 –  ( )  ;  
18 –  ; 19 –  ;  

20 –    ; 21 –  ;  
22 –   

 
       ( ) , 

       
  .      

   ,    ,  
    .    

       , 
   .       

       5  50 . 
         

         
     . 

      -     
   . 

         
 29: 
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) ; 
)    ; 
)    ; 
)   ; 
) . 

 

 
 

 29 –     : 
 – ;  –    ;  

 –    ;  
 –   ;  – ;  

1–   ; 2 –  ; 3 –  ; 
4 –  ; 5 – ; 6 –  ;  

7 –   
 

3.2.      
 

        
   ,     .   

         
      , : 

   
(1) 

 
 

: σ  -   1  ; Si, i, K i -  , 
       
    i-  ; G -   

     ;  -  
 ( );  N -     

, . 
     (2)  σn G,   

       : 
 

 

(2) 


 




N

i
i

iii

E

KЭGSЧ
0

.
)1(



.1
)1(0
















i
N

i
i

i

E

S






63 

 

: θi  -      1    i-  
, θi = i + Ki; i , i -      

   i-  . 
      1 ,   (2) 
 : 

  

(3) 

      ,  
   -      
 . 

 

3.3.      -   
 

 ,     
 ,       
 ,        

.    S    
. 

    -   
 (  ): 

 
(4) 

: - ( a1s, 2s, 3s, -  ,     
( . 4). 

     -   
 5000 3: 

 

  S ,    (4)   
  ,    

 - . 
 

 4 -     

 

 
 
, 3 

102*a s 102*a1,  102*a2, 2 102*a1, 3 

5000 -3,80 0,465 -8,1 4,95 
 

.1 







 iS



,3
3

2
21 sssos nnanaaS 

555,18328,121)1,8(465,080,3 32 S
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  ,    ,  
    (  ): 

 
 (5) 

: b0s, bls, b2s -   ,   
      (  

10  ).    b0s, bls, b2s   .5. 
          

5000 3: 
 
 

 5 -         
-2 

 
 

, 3 

N≤10 1/  10 < n ≤ 40 1/  
102*b0s,% 102*b1s, 

%* 2 

b2s 102*b0s,% 102*b1s, 

%*1/ 2 
b2s 

5000 10 20,30 0,347 40 4,46 0,563 
 

      Sn,    (5), 
  :  -1    0,8,   

 - 0,6. 
         

    Sm ,    : 
    1000 3   -  7...10 %,  2000 

3< V < 5000 3 -  3...5,  V  > 10000 3-  1...2. 
 ,      5  

        
 25 ° ,      • 100 %.   

        
    ,    . . 

  (6). 

 

(6) 

       
   25 ° ,   Sa= 100 * . 

      ( )  
          

   . 
 -1 « »     5000 3    
  -150      -150,    

   ,       , 
     . 

,2
10

sb
ssn nbbS 

 
.

;min s

V

VV


66,4501030,2010 347,0 nS
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3.4.     «  » 
 
     «  »    

-5000 3,      . 
    max =255,9 ,  –  =251 , 

 – min=246,1 .  
     ,  

   =0,5.      
-150,     160 ,    

 – .1600  

   101320 .  50 %. 
    =308 ,    20   

.760 3
293          

R=57000  .   ψ=58°14´.      
   . 

   : 15,18D  ;  
11,92H  ;    0,38HK  ;  ё   

Vp= 2157 3 .  
   « »    F   : 
 ,25,0 2DF     (7) 

.180,915,183,140,25F 22   
        : 

 ,20,00130660,9    (8) 
ь/5,613080,00130830660,9 2  . 

    .     
   . =  =251 . 

  λ         
   : 

 ),00047,01(
6,156

..
293





  (9) 

 ).39,3762(
56,31

..

293


    (10) 

)/(182,0)25100047,01(
760

6,156
 , 

)/(4,1846)25139,3762(
760

56,31
 . 
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     : 

 ,





a
    (11) 

:     –      . , : 
     .293 .293                                    (12)  

 :    –  , =0,818.  
ρ= 4,794)251293(818,0760   / 3, 

/000446,03600
4,7944,1846

182,0 2


 . 

          
N  =15 . 

   φ   : 
   ,11056,223 55,12   N   (13) 

    '28211151056,22311056,223 55,1255,12   N . 
 

     : 

    )tgtgarccos(
15

2    
 (14) 

  

74,6)'1458tg)'2821(tgarccos(
15

2
  . 

   m0    : 

 ,
20 a

m





  (15) 

1
85,22

74,6000446,02

14,3
m0 


 . 

        I  
 : 

 ,

)cos(

1
1

1357 0









I

  (16)  
 

:    0  – ,   ,   
 50% 0 =0,7…0,8; 

 -   ,  =0,7…0,8.  

2
02,379

)'2821'1458(s75,0

75,01
1

8,01357
I 











 
         : 

 ,
3


   (17) 
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:   –     ,   : 

 ,
2

min.max. 
    

(18)
 

: min.max. ,HH  –      
   , 42,0H,95,10H min.max.  .  

,69,5
2

42,095,10

2
min.max. 







 

.36,6
3

38,0
69,592,11   

     ,  
      F   : 

 ,HDF    
(19)

 

.57,9636,618,15 2F   
       , 

       F   : 
 )cos(F)sin(FF     (20) 

286,236)'2821'4854(07,408)'2821'4854sin(1,144 os   . 
   ,   

 F    : 
 ,FFF     (21) 

.28,48457,9614,39,180F 2  
  ,  1 2 ,   

 ,  ё    q: 

 ,o
o I

F

F
q  

   (22)
 

:   -     , =0,5  
 ,   . 

                             q ./84,4902,379
28,484

36,127
5,0 2                                     (23)

 
                                 (24) 
 

    α  : 
                

  

 :   10,2,10 ,, bbaaa  –  ;  
 
 
 
 

2
210 qaqaai  

j Tbb .10  
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       , 
   α ,      : 

 48,384,491065,784,491001,905,3
2

263


  ; 

33,22511059,419,9
2

2'


  . 

        
α ,      : 

;09,384,491009,684,491007,870,2
2

263


   

59,52511078,390,3
2

2'


  . 

       
 ,     α ,  

    : 

22,384,491054,1684,491028,1560,2
2

263


  ; 

44,2
2

'


 . 

       
,     α ,     

 : 

85,184,491096,284,491059,368,1
2

263


  ; 




2
' 33,2 . 

        
α ,      ,   : 

 α  = α  + α    (25) 
 αI  = αI  + αI    (26) 

α  = 3,32+3,09 = 6,41 / 2. ;  
αI  = 2,44+5,59 = 8,03 /( 2. ). 

ё        α . .  
   ,    : 

                             
                                                       

(27) 
 

                               
 
 

(28) 
 

,

0

0
,.

F
F N

C

m

m
















,

1
I

I

H

HI

I

,.C

F
F

F
F
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 :  α  = αI
.  = 5,35 / 2.  –     

 ,     ,  
      .  

..C ,59,0

28,484

9,180
182,085,22

182,085,2235,5

85,1

35,5
35,5

2 







  

..
/ 08,1

33,2

35,5

28,484

9,180
1

28,484

9,180
35,5

2 





 . 

       
 θ ,     ,    

: 
 

,

..

..
.,

F
F NI

P

I

C

I

B

MINB

I

B
MINC









   (29)

 
:                            TT

MIN

BMINB ..

.

..
 9,42511,246  , 

                          94,3

28,484

9,180
33,208,103,8

)9,4(03,8
.MIN,C





 . 

                                     
,

..

..

.

F
F N

PCB

MAXBB

MAX

q







   (30)          

:                            TT
MAX

BMAXB ....
 9,42519,255  , 

                           79,9

28,484

9,180
48,359,041,6

9,441,684,49
MAX.





 . 

   θ ,     
  : 

                                                12,2

33,2

35,5

28,484

9,180
1

94,3
..





 MIN

  (31)

 
 

                                                

  (32) 

 65,6

182,085,2235,5

182,085,22

85,1

35,5

28,484

9,180
1

79,9
..







 MAX

 

       
   :

 
 ,

.... TMINMIN
   (33) 

,

1
0

0

..

..
H

MAXC

MAX

m

m

F
F

















70 

 

 88,24825112,2MIN   
 ,

.... TMAXMAX
   (34)          

 65,25725165,6T MAX.   
   V     V     : 

 V =F ∙H  , (35)          
V  = 3 42,102869,59,180   

 V =V  -V ,  (36)          
V = 3 58,112842,10282157   

 
 

     F(V  / V ): 

097,1
42,1028

58,1128

V

V
  

 F(V  / V )= 37,0)/(25,041,1 VV   (37)            
15,1097,125,041,1)/( 37,0 VVF  

:    bs –  , bs=0,034. 
          

 T  min   : 

968515,1e5700022,1P )88,248311(034,0
minS    

   CMIN     
 C¯MIN      : 

-     ( ): 
 

;096,0
160101320

9685



 SMINMIN CC  

-     
                               ),1(C MINMINYmin                                   (38)               

,
ь

 11,32)096,01(29096,05,61min   

:  –   , ь29 . 
-     ( ) 

 
(39) 

.18,0
11,32

5.61
096,0CMIN 

 
       MINT . 

-   ρ  min   : 

  )/(22,1 311
min

Tb
RS VVFePP s  

,
PP

P
CC

A

SMIN
SMINMIN 



,
M

M
CC

min

Y
MINMIN 
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(40) 
 
 

-      
m  min  : 
                                         ,Vm minmin                                              (41) 

.60,171158,1128517,1m min   
-       mY min  : 

       ,mCm minMINminY                                                 (42) 
.1,3146,171118,0m minY   

         : 
                                                35,0   ,                                             (43) 

.37,6374,65,0   
ё   ё        

    .095,0  
        . 

-    : 

ь
09,32)095,01(29095,05,61   . 

-        : 
 

       (44) 

 
 

-     T . .: 
1041015,1e5700022,1P )251311(034,0

..S   . 
-    : 

101,0
1600101320

10410

P
..S

..S 





 . 

-    DM  : 

                                        ,TbaD .CP.BMMM                                                  (45) 
:     MM ba ,  -  ;   

/009253,0251000503,0117,0D 2
M  . 

-   ρ     : 

                                   
..

.
R

)(




 ,                                          (46) 

.533,1
2518314

09,32)1600101320(
3. 




  

,
TR

P

MIN

min
min 




.517,1
88,2488314

11,32)160101320(
3min 






,

61,30225,01,141,0

1
10

....

6











./1027,7

61,32510225,0

095,0

1,142511,0

1
10 26

6
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-   Sc   : 

                                                   (47)
 

 
 

-     Δπ 
 : 

                                            ,
1 .S

C.S




                                                (48) 

.006837,0
101,01

095,0101,0






 

 
-  t –   : 

                                  ,Sc1017,2t 0932.0403,03                                          (49) 
40932,0403,03 1021,387,2006837,01017,2t    

     J    : 
 

       (50) 
 

.0322,0
25109,32)1027,7(

2515,6181,9
009253,0533,11021,3J

2
3

26
4







 
  

 ,         
ΔmY   : 

                                                                                                                                           (51) 

 
 

  C*¯   ё  C*  ё    
         ё   : 

(52)          

 
 
 
 (3.1.49)(53) 

 
 

 
 

:  –         
, 12,2

29

5,61

M
Y  . 

,
D

Sc
M




87,2
009253,0

36001027,7
Sc

6







,
TMg

DtJ 3

..
2

.

,.BY
M. 







,FJmY 
.15,3737,69,1800322,0mY 

,
mm

mm

Ymin.

Ymin.Y*






,
)1(*

*
*




.106,0
)112,2(201,012,2

201,0* 




.201,0
15,376,171

15,371,314* 
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 ,      *   
     : 

1305115,1e5700022,1P )9,254311(034,0
MAX.S   , 

.127,0
1600101320

13051
maxS 


  

 
  *

maxS C ,   ё     
        : 

        
  
 

   (53) 

       .099,0
3

106,0096,02



  

       : 

%42,4%100
095,0

095,0099,0


 , 

-       (5%). 
        

9685PP minSmin  .     max   
: 

                                       ),(CP *
max                                               (54) 

.10905)1600101320(106,0maxP   
,       , 

      : 

                                       ,
)TT(R

M)P(

MIN.MAX.

Yminmax




                                             (55) 

.301,0
)88,24865,257(8314

5,61)968510905(
3





  

   «  »  G    : 

      (56) 

              

 

      «  » 
   ,      6. 

 
 
 
 

,
3

C2 *
minS 



,
T)PP(

T)PP(
lnVG

MIN.maxA

MAX.minA


















.76,9
88,248)109051600101320(

65,257)9685160101320(
ln58,1128301,0G 
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3.5.     «  » 

 
    . . 2.3      

«  ». ,       
,       .  

        
Q=250 3/ .  -   d=250 .  

 =0,88∙10-6 2/ .  
 
 

    ,   : 

                                            
 

,
Q

HHF min.max.
,


                                 (57) 

 
.62,7

250

42,095,109,180
, 


  

            V     V       
 : 

                                                       V =F ∙H  max,                                        (58) 
V o =

3 855,198095,109,180  . 
  V =V -V               (59) 

V = . 145,176855,19802157 3  
             V   -   

  : 

                                            ,
d3600

Q4
V

2



                                               (60) 

./415,1
25,03600

2504
V

2






  

                    Uo 
  : 

                                               O Nr

Q
U





,                                                   (61) 

 :    r –     , ; 
          N  –   ,   . 

./93,3
1075,03600

250
UO 




  
            ,    ,  

 ,    dЭ   : 

                                                       Э Nd  44,0 ,                                           (62) 
 :     –      , =6,36 , :  

.8,2136,644,0dЭ   
                 U  

 : 
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                                     )56,3/(4,14
r

H
UU O  ,                                           (63) 

./64,0)
075,0

36,6
56,3/(93,34,14U 

 
                    

.       V  o    V    
  =  =5,69 . 

V  o  = 3 42,102869,59,180  , 
 

V  = . 58,112842,10282157 3  
 

     F(V  / V ): 

097,1
42,1028

58,1128

V

V
 . 

  V  / V  < 4,   : 
.15,1097,125,041,1)V/V(F 37,0   

    Ps       
   : 

.1041015,1e5700022,1P )251311(034,0
S    

              Cs   : 

.103,0
160101320

10410
.S 


  

                   
  C  : 

.093,0103,09,0. 
    ρ .    ρ .    :  

,98,2
2518314

5,61)160101320(
3. 





 

.41,1
2518314

29)160101320(
3. 





 

            ρ      : 

.55,1)093,01(41,1093,098,2
3


 

            m       mY    : 
,35,27345,17655,1m   

.68,48145,176093,098,2mYo   
           ΔV    Δm  ,      

: 
,877,190462,7250V 3  

.87,267741,1877,1904m   
                 ,    

      C*( )
   : 
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.008,0
877,1904145,176

145,176093,0)(* 




 

       C( )
.   : 

.064,0
3

008,0093,02)(
. 


  

                  
,      ,  C( )

. =0,09. 
   : 

-     M  : 

.
ь

 93,31)09,01(2909,05,61   

 
-   ρ   : 

 
 

-      : 
 
 

 
 

 
-   Sc :

                                                       
 

 
 

 
-      Δπ  : 

.003,0
093,01

09,0093,0






 

-  t  –      : 

                           ),ReSc1045,71(tt 569,0197,03  

                                (64) 

 ; Re  –   ,    
     , : 

                                        
,N

dU
788,0Re

.

Э 



                                         (65)

 

,1907681
104,7

8,264,0
788,0Re

6





   

,103,288,2003,01017,2t 40932,0403,03    
.1019,3)19076888,21045,71(103,2t 3569,0197,034    

     J  : 

.32,0
25193,31)104,7(

2515,6181,9
009253,0548,11019,3J

2
3

26
3







 
  

           ,     ΔmY  : 

88,2
009253,0

3600104,7
Sc

6







/104,7

61,32510225,0

09,0

1,142511,0

1
10 26

6













.548,1
2518314

93,31)160101320(
3
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  C*¯   ё  C*  
         : 

  
                          (66) 

 

 
 

  s>0,075,   * =0,075.
         

: 

.087,0
3

075,0093,02
. 




 
 

       
. : 

%,56,3%100
09,0

09,0087,0


  

-       (5%). 
                   : 

.7587)160101320(075,0P )(
.   

                 3-  ,   
          

 min.    : 
-   V     V        

   :           
V   = 3 978,7542,09,180  , 

V  = . 022,2081978,752157 3  
-      F(V  / V ) 

39,27
978,75

022,2081

V

V
 . 

             V  / V  > 4,    F(V  / V )   : 
                   F(V  / V )= ,)V/V(063,015,1 629,0              (67) 

                .7,039,27063,015,1)V/V(F 629,0   

-     Ps min    
 min

 : 
.49357,0e5700022,1P )1,246311(034,0

minS    

-        Cs min : 

.44162,79,18032,0mY 

.075,0
5,61

93,31
121,0* 

,144,0
87,267744135,273

44168,48* 





,
mmm

mm

B.Y

.YY
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.049,0
160101320

4935
min.S 


  

-    ρ .min,  ρ .min   ρ  min  
  : 

,041,3
1,2468314

5,61)160101320(
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