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 ( ) -   ; 

 -     (     

1,  – 2   – 3). 

’   (2.13)  S0( ), : 

.0
rSS                                                                                             (2.14) 

  (2.3)      

: 

.
2
1

0 deSt tjr                                                                         (2.15) 

  (2.15)    ,   [84]. 
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 ,    (  = 2385 / 3 ; c = 3885 / ). 

          . 2.1. 

 2.1 –         

r/r .   20 30 40 50 60 70 
,  0,58 10-3 1,02 10-3 3,85 10-3 6,9 10-3 10,78 10-3 14,05 10-3

       -

         (2.23)  

  . 2.1   . 2.2. 

 2.2 –      -   
     

r/r .        ,  
0 ÷ 50 50 ÷ 100 100 ÷ 150 150 ÷ 300 300 ÷ 500 

20 0,125 0,115 0,100 0,205 0,150 
30 0,174 0,157 0,117 0,206 0,122 
40 0,610 0,183 0,068 0,070 0,028 
50 0,815 0,088 0,027 0,029 0,011 
60 0,865 0,068 0,022 0,023 0,008 

  . 2.2        

 -       f ( . 2.1)  

   ( . 2.2).  

 
 2.1 –     -    

    (f): 
1 –     r =50 r . ; 2 –  r =30 r .  
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       [89]: 
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     ,  
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. 2.10. 

 2.5 -   -     
 -      

 
  

   qS    

  v 
v = 2 v = 100 v = 500 

0 1 1 1 
1 0,976 0,963 0,938 
2 0,918 0,892 0,889 
3 0,820 0,773 0,770 
4 0,701 0,630 0,627 
5 0,572 0,480 0,476 
6 0,438 0,349 0,345 
8 0,201 0,220 0,218 
10 0,049 0,210 0,210 
12 0,001 0,170 0,169 
14 0,010 0,131 0,131 
16 0,029 0,124 0,124 
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  2.5 
1 2 3 4
18 0,041 0,110 0,110
20 0,033 0,090 0,089
22 0,011 0,090 0,090
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2q

S

 v = 500, ,
cos499

002,0cos249500998,0cos500249501834,2
5,0

2q
S  

 
2
mq   -    . 

 2.10 -       ( ): 
1, 2, 3 –  = 2; 100; 500,  

 ,   . 2.10 ,     
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  .  ,        

   ,   [82],    

-        

  ,         

 ,       

.          

-     ,    

      [96]. 

    -     

-          

 (       ).            

. 2.11   ,   1    

  ,   . 2.9. 

  
1

1   1
1  ( ,   , 

1,   ). 

 
 2.11 -     ( 1) 

 . 2.6    -  

      :   

  = 100 ; v = 500,    1 = 160 ; v = 800.  
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 2.6 -   -     
      -

     

 
  

   qS  

    1  v 

1 = 100 ;         
 = 500 

1 = 160 ;        
 = 800 

0 1 1 
1 0,940 0,984 
2 0,889 0,892 
3 0,770 0,771 
4 0,620 0,620 
5 0,475 0,475 
6 0,340 0,339 
8 0,220 0,220 
10 0,210 0,210 
12 0,171 0,171 
14 0,128 0,128 
16 0,121 0,121 
18 0,111 0,111 
20 0,090 0,090 
22 0,087 0,087 
24 0,080 0,080 
26 0,069 0,069 

    

  ,   . 2.6   ,   

       .   

    = 1÷ 3. 

 ,     -  

           

    ,       

       

. 
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 3 
 -    

      

     

  [97 - 99]    ,  

       ( ), 

          

   ,        

    ,      

   ,       

( ) .        

    ,   

        ( ). 

,  ,       

  -     .  

       

  .       

  ,       

   << L << l (  l –   ,  

; L –   ;   –   

 ).     L  ,    

   ;   L ~ l,   

 ,       

    [100, 101]. 

 ,   ,    << L << l    

       

      -  

. 

        , 

      .      
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-  :     

   ;   ,  

  ,   ,    

     .       

     . .,     . 

       (  

).     ,    

-   ,   

  –     

,          

         . 

        

    [102].    

           

         

( , ’ , , ,  )     

     ,      . 

 ’          

        

. ,  ,      

  ( ,   ,   

,  , ’     .)   ’  

  . 

       

  , , ,      

  –     .  , 

      ,    

     ,    

 ,      .  
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’      -  , 

          

     . 

3.1        

  ,     ,   

      .  ,  

  -  , '      

 :  ,     , 

    .     

        . 

         [103, 

104]: 

;Fp
t x                                                                        (3.1) 

;0di
t

                                                                                              (3.2) 

pp                                                                                                            (3.3) 

    .       

  (3.1),   (3.2)    (3.3). 

      :  

 –  ;  

 –      ;  

p  – ;  

 –  ;  

xF  –  . 

       : 
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,pp
0

0                                                                                                    (3.4) 

 0p  -   ;0  c/p       

2
0

2

c
c1    ; 

cp ,  -       ’ , ; 

c  -   . 

    ,    

 ,       

,   ,    (3.4): 

,pp
n

0
                                                                                                   (3.5) 

 p  -   0 ; 

n  - ,        

 .  p   n    . 

 ,   (3.1), (3.2)  (3.5)    1 . 

 (3.1) –        . 

          

  –   (3.1)   : 

.
r
p1

rt
                                                                                         (3.6) 

    ,     

,   . .   . [104].     

 : 

,0
x
B

t
                                                                                                     (3.7) 

 p
2

B
2

 -  ; 
p

0p p
dpp  -  ; 
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 – ,  '     xF    

.gradFx  

         

   (3.7) –  -  [104]: 

,tf
2t

2
                                (3.8) 

  -    grad ; 

tf  -   ,     . 

       ’  ,  

/p ,  = 0 ,  (3.8) : 

.tfp
2t

2
               (3.9) 

    0t/   (3.2) : 

.0di (3.10) 

        

    : 

.0
xt

               (3.11) 

   : 

.0
x

(3.12) 

,       const  

     : 

.0
x

div       (3.13) 

       

 .         

r ,  ,      ,  .   
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   , : 

.0r
rr

1div 2
2                (3.14) 

    –       

     2r/1 . 

3.2   

   ,     

   .      

   .    –     

   ’  ,   tRR  ( R  –  

 ). 

       (3.6)  

  (3.14),     . 

  (3.14) ,   ,     

      r,   

.  (3.6)  (3.14)   r    R. 

’   (3.14) : 2/ rC ,     

      RR  ( dtdRR / ),   

     R      

. 

 RRC 2   ’    ,    

,  : 

.
r

RRt,r 2

2
(3.15) 

    R(t)    (3.6)  (3.15) 

 r.      (3.6)   : 
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R RR
.0dr

r
p1dr

r
dr

t
              (3.16) 

  (3.15),    I1, 

I2, I3,    (3.16): 

.RRR2
R
1RRRR2

r
1RRRR2

r
rRRRR2drR

r
R

r
RR2drR

r
R

t
dr

t
I

222
R

22

R
2

22

R
2

2

2

2

R
2

2

R
1

        (3.17) 

.
2

R
r

RR
2
1

2
ddr

r
I

2

R4

24

R

2

RR
2             (3.18) 

.Rpp1dp1dr
R
p1I

p

RpR
3       (3.19) 

 p -       (     –  

  p0 ); 

Rp  -       . 

  (3.16)  I1, I2, I3,   ,  

      : 

.0Rpp1R5,1RR 2               (3.20) 

       ,  

           ( ) 

 .       Rp   , 

    R/2 , (   -   

 ),  R/2Rp . 

       Rp .  ,

   , ,  Rp    :

,
R
R

R
2Rp

3
0

0
0 (3.21) 
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  -  ; 

0R  -    , ; 

0p  -   , . 

 Rp     R/2Rp , : 

.
R

2
R
R

R
2pRp

3
0

0
0                                                                    (3.22) 

        

   0R ,  tsinppp m0 .   ,  

 (3.20)  : 

.022sin15,1
3

0

0
00

2

R
R

R
p

R
tppRRR m                     (3.23) 

 ,     ,  (3.23) : 

.0
R
R1ptsinp1R5,1RR

3
0

0m
2                                         (3.24) 

3.3        

3.3.1      

     (3.23)   ’  

 .   [105]     

 ,   ,     

’ - : 

,
R
R4

R
2pp1

dt
RRd

RR2
1

.

23

2                                                 (3.25) 

 ,dt/dRR  R  -    ; 

.p  -    ; 

p -    (  ); 

 -  ; 
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 -   ’  . 

,  
dR

RRd
dt

RRd
dt/dR

1
dt

RRd
R
1 232323

,  (3.25) 

  : 

.RR8
R

2ppR2
dR

RRd
.

2
23

                                                  (3.26) 

  (3.26)      

     ’  .    

   ’ . 

 ,     (3.26)   

 [106].   [107]  -  ,  

        .  

’   R     . 

  Rp .   ,     

 ,   (3.26)  0   const  ’   

. 

  ’   (3.26), ,  

constp ,   .p         

: 

,
R
Rpp

n3
0

0.                                                                                            (3.27) 

 0p  -     ; 

1n  -  . 

 n , (  -  ),   (3.27)  

   Rp . .   ,  p0  R0  

  0R ,       

  t = 0. 

,   (3.26)    ,  

  (3.20).    : 
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   .
dR
RdRRR3

dR
RRd 2

322
23

              (3.28) 

  (3.28)   
dR
Rd 2

. 

2
2

dt
dRRy ,  2

2

dt
Rd

dt
dR2

dt
dy .    

: 

.
dR

dR5,0
dR
dy5,0

dt
RdR

2

2

2
               (3.29) 

 (3.29),  (3.28)  : 

.RR2RR3
dR

RRd 322
23

(3.30) 

  (3.30)  (3.26),    

 : 

R
R4

R
2pp1R5,1RR .

2 .                (3.31) 

 (3.31)      -  [10]. 

 ’   (3.26)  const , 0 .   

   (3.26)  : 

.dR
R

2ppR2RRd .
223 (3.32) 

  (3.32)  R, : 
R

0R

2
.

23 .dRR2Rpp2RR (3.33) 

   

.dRR2Rpp
R
2

dt
dRR

R

0R

2
.3

2
2             (3.34) 

      (3.34), : 



92 

.dRR2Rpp
R
2

dt
dR

5,0
R

0R

2
.3               (3.35) 

 ,   (3.35) : 

.dRdRR2RppR
2

dt
5,0

R

0R

2
.

5,1
5,0

              (3.36) 

  (3.36) : 

.dRdRR2RppR
2

t
R

0R

5,0
R

0R

2
.

5,1      (3.37) 

       . 

,  xR
R0 , pp

p . , 
0Rp

2 ,  (3.37) 

  : 

.dxdxxx1xp2
R
t R

1

5,0x

1

25,1

0
              (3.38) 

      (  = n),  

(3.27) :  

n3
0

n3
0

0. xp
R
Rpp . (3.39) 

  (3.39)   (3.38)  : 

.1x
2

3x1x1
n1p

p
3
1

5,0
23n130               (3.40) 

  (3.40)   (3.38), : 

x

1

5,0
23n1305,1 .dx1x

2
3x1x11n

p
px3                  (3.41) 

   dx   ,     – 

  . 
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,   constppp .   0   ’  (3.37) 

 ’  ,     ,  

0Rp .  [106]: 

.
RR
dRR

p2
3dRdRpRR

2
t

R

0R
3
0

3

5,1R

0R

1
R

0R

25,1
p                              (3.42) 

    0R/Rx ,   (3.42)    

    0R/R : 

.
1x

dxx
p2

3Rt
x

1
5,03

5,1

0p                                                                               (3.43) 

 (3.43)     [106]   

- . 

 (3.41)       

   p/p0 ,     n .  

      p/p0            

 [105]. 

,      (3.41),      

  xf ,     : 

1x
2

3x1x1
1np

pxf 23n130 .                                     (3.44) 

   xf     1p/p0 . 

 , : 3/4n .    0xf  

  .  (3.44)  3/4n  : 

.01x
2

3x1x1
p
p3 233/4130                                                    (3.45) 

     (3.45) : 

.0
p
p3

2
31

p
p3xx

2
3x 0034                                                       (3.46) 

 (3.46)    : 
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.0
p
p3

2
31x

2
31xx1x 023                                            (3.47) 

,     (3.47)  x1 = 1.     

’   : 

.0
p
p3

2
31x

2
31xx 023                                                         (3.48) 

 ’  (3.48)     D  . 

   D > 0. ,  (3.48)     x2   

-  x3  x4.      x2,   

   . 

  3.1    xf      

1,0p/p0 ; 10;  = 0; 6,7.  

 
 3.1 –   xf  

  xf      : 

01
p
p0 ,  01

p
p0 . 

 01
p
p0      1x1  1x2 ;  



95 

01
p
p0  -  1x1   1x3 ,  1x , 2x , 3x  -   (3.47). 

   (3.44)  . 3.2  3.3    

        

   n     (  0 )   

 p/p0 . 

 3.2 –       
 ( )   (n) 

 3.3 -       
 ( )  ( p/p0 ): 

1 -   0 ; 2 –  10  
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   . 3.2  3.3      

 n (   – )   p/p0    

   . 

3.3.2         

  ,       

 ,   [108],      

     - .   

 ’   (  = 0)    (3.9). 

 (3.9) : 

,
2t

tpp 2
                                                                                    (3.49) 

 ,
2t

tpp
2

                                                                                   (3.50) 

 ;
r
RR 2

 .
r
RR

r 2

2
                                                                                (3.51) 

   (3.51)  (3.50)  : 

.RR
r2

RR
dt
d

r
tpp 24

4
2                                                                (3.52) 

,   (3.52)      ,   

    R             

R  r  .   [109]        

 : 

.R
dt

Rd
2

pp 2
2

22
                                                                          (3.53) 

 r = R   (3.52)   (3.53),   

(3.52)  ,  (3.53). 

  (3.52),  pmax. 
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 tp      r   r1,   

: 

.0
r

RR2RR
dt
d

r
1

r
p

3
1

24
2

2
1

                                                                (3.54) 

 1r ,    : 

 ,0RR
dt
d

r
RR2 2

3
1

24
                                                                                  (3.55) 

  : 

.RR
dt
d/RR2r 2243

1                                                                                    (3.56) 

 pmax  r1,    (3.56). 

  (4.56)  r1: 

.
RR

dt
d

RR2r
3

1
2

3
124

1                                                                         (3.57) 

: .

RR
dt
d

RR2r
3

4
2

3
4244

1                                                               (3.58) 

 (3.57), (3.58)    (3.52): 

.RR
dt
d

r4
3p

RR2

RR
dt
dRR

RR2

RR
dt
dRR

dt
d

pp

2

1

3
424

3
4

224

3
124

3
1

22

max                      (3.59) 

 ,        

  : 

.RR
dt
d

r4
3pp 2

1
max                                                                               (3.60) 
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  (3.60)   .RR
dt
d 2     

 : 

.R
2
RRR

dR
d

R2
1RR2

dR
Rd

2
R

R
1

RR2
dR
Rd

2
RRR2

dR
RdRR

dR
RRdRRR

dt
d

22322
23

2
22

22
2

2

         (3.61) 

   
dR

RRd 23
 2R     

(3.26)  (3.34),    = 0,  = 0,  (3.61)   : 

,
R4

EppRdRRpp
R2
1

ppRR
2
R

dR
RRd

R2
1RR

dt
d

R

0R
2.

2
.2

.
2

23
2

     (3.62) 

 .dRRpp4E 2
R

0R
.  

 ,  (3.60)  : 

.
R4

EppR
r4

3tpp 2
.

1
max              (3.63) 

,  23RR2E [9],  (3.63)  

 : 

.
R

pp21
r
RR

8
3tpRR

2
1ppR

r4
3tp

R4
RR2ppR

r4
3tpp

2
.

1

22.

1

2

23
.

1
max

      (3.64) 

  
1r

R ,     (3.64).     

 (3.57) : 
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.
RR2

RR
dt
d

r
R

2

23

1
               (3.65) 

   (3.62)  (3.34)     

 (3.65) : 

.
E

ppR41
4
1

R4
E4

R4
EppR

R
E

R4
EppR

r
R

.
3

2

2.

2

2.3

1         (3.66) 

 (3.66)    23RR2E    

  : 

.
R

pp21
4
1

RR2
ppR41

4
1

r
R

2
.

23
.

33

1
             (3.67) 

 : 

.
R

pp21
4
1

r
R 3

1

2
.3

1

1
              (3.68) 

  (3.68)   (3.64), : 

.
R

pp1R236,0tp

R
pp21R

2

3tp

R
pp21R

4
1

8
3tpp

3
4

2
.2

3
4

2
.2

3
11

3
4

2
.23

1

max

      (3.69) 

 ,        

  : 
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.
R

pp1R236,0tpp

3
4

2
.2

max             (3.70) 

   ,     p .   p  < 0 ,  

  ,  0R ,  0R . 

  ,   (3.70)     

   0R   maxp : 

.R236,0tpp 2
max                                                                               (3.71)

 . 3.1,    ,   maxp   

5
. 105pp   ( 510p )    R . 

 3.1 –  maxp    R  

R , /c 82,8 160,7 249,4 998,7
5

max 10p   19,52 63,8 151,5 2359,5 

3.3.3      

 0 , 0    (3.26) : 

ppR2
dR

RdR
.

223
.                (3.72) 

 p ,      R ,   

 drr4m 2    2
mE

2
, 

R

22 .drr2E               (3.73) 

,  2
2

r
RR [110 - 113]      (3.73),

  : 

R

32
R

R

42
2

42

2

2
2 .RR2

r
1RR2dr

r
RR2dr

r
RRr2E             (3.74) 
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 ,    : 

.RR2E 32                                                                                                 (3.75) 

  (3.72) ,         2   

    : 

    .ppR2
dR
dE

2
1

.

2
                                                                      (3.76) 

   (3.76)  : 

;ppR4ppR22
dR
dE

.
2

.

2
 

.dRpR4dRpR4dE 2
.

2                                                                     (3.77) 

 (3.77)  R    R0  R, : 
R

0R

R

0R
.

22
0 ,dRpR4dRpR4E                                                                (3.78) 

 .RR2E 23
00  

   (3.78) –      ( )  

 ,  –    0E      

 .  ,  (3.78)    

.  

  (3.78), : 

.RRpp
3
4RRp2 3

0
3

.
3
0

2                                                              (3.79) 

  (3.79) : 

;
3

2
3
0

3
0

3
.2

R
RRppR  

(3.80) 

.1
3

2
3
0

3
.

R
RppR                                                                    
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 (3.80)      

.    ,     0pp . ,  

   ,  0E , 0R0  : 

0R  
0

0R

2
. ,dRR4ppE                                                                (3.81) 

 E    ,  pp . ,     

  . 

   0R0  R ,      

     . 

 (3.80) ,       

  p     
0R

R  .    

    . 3.2. 

 3.2 –  R      
0R

R  pp .  

0R
R  2 3 4 5 

( pp . ), 
 1

10
5 

5
10

5  

10
10

5  

1
10

5 

5
10

5  

10
10

5  

1
10

5 

5
10

5  

10
10

5  

1
10

5 

5
10

5  

10
10

5  

R , /  20
,9

 

47
,8

 

67
,6

 

40
,9

 

92
,8

 

13
0,

6 

63
,7

 

14
3,

6 

20
3,

7 

89
,8

 

20
2,

7 

28
6,

4 

  

3.3.4       

        :  

. ppp ,                                                                                                 (3.82) 

 p  -    ; 

R/2p  - ,    . 

    : 
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,
R
Rpp

3

0
0.               (3.83) 

 0p  -  ( ) ; 

 -  . 

 (3.82)   : 

.
R

2
R
Rpp

3

0
0              (3.84) 

 [114 - 117],      

  : 

;0
V
p

V
p

Ts
 .R

3
4V 3              (3.85) 

: .
R
V

R
p

V
p

0RR0RR
               (3.86) 

  (3.84)  
R
p : 

.
R
R

R
p3

R
2R2R

R
Rp3

R
p

3

0

0
2

21
3

0
0                          (3.87) 

 (3.85) : 

.R4
R
V 2 (3.88) 

   (3.87), (3.88)     

   : 

;
2

Rp31
4
2

V
p 000

0RR
  .

p3
2R

0
0               (3.89) 

   (3.89)      

 .  ,   
0

0 p3
2R    

        .
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 4 
      

      

,          

    .        

 ,       ,  

     ,   

   ,  ,      

. 

       [118 - 122]. 

,         

  ,      ( )  

      '     

(    ) [123, 124]. 

4.1                    
(   ) 

          

     ,     

.          

  '         : 

,tsinpp 0m                                                                                                  (4.1) 

 mp  -    ; 

0  -  . 

 ,      ,  

    : 

,0
R
R1ptsinp1R

2
3RR

3

0
00m

0

2                                        (4.2) 

 0  -   ; 
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0p  -    ; 

 -  ; 

0R   R  -      . 

,      0RRx     

    ,   0/ Rx    

 [125, 126]. 

  
3

0R
R      

0R
x ,   

 
2

0R
x (  ) [127]: 

...
R
x

2
133

R
x31

R
x1

R
Rx

R
R

2

00

3

0

3

0

0
3

0
          (4.3) 

  (4.3)  (4.2)  : 

,p
R
x

2
133x

2
3xxtsinpx

R
p3xR

0

0
2

0

2
0

0

m

00

0
0                  (4.4) 

 xR ; xR . 

      (4.44)    R0, 

: 

,x
R2

13x
R
x

2
3

R
xxtsin

R
pxx 2

0

2
0

00
0

00

m2
0                          (4.5) 

 2
00

02
0 R

p3  -      . 

     .  

0R/x 0          (4.5)  

   : 

  .tsin
R

pxx 0
00

m2
0                                                                                (4.6) 
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 (4.6) –         

       . 

 '          (4.6) 

 ,    x .   

   (4.6)   : 

,tsinaxxgx 0
2
0               (4.7) 

 00m R/pa ; Q/g 0 ; 

Q  -   ; 

g  -  . 

 ’    (4.7)    

’ :  ’  0x      

 ’  1x   (4.7). 

 [125]  0g  (     0g ,  

Q/1  -  ,     1; ’   

 (4.7)    : 

,ktcoscktsincex 21
2

t0

0                (4.8) 

 1c , 2c  -  ,      ; 

.
4

k
2
0

2
2
0  

  ’     

(4.7).   (4.7)   tsin 0    tjexp 0 .

  ’   (4.7),  [125],     

   : 

,tjexpAx 01                                                                                        (4.9)

 A  -  ; 

 -   . 

  (4.9) : 
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;xjx 101   .xx 1
2
01                                                                                (4.10) 

   (4.10)   (4.7), : 

,aegjeAe t0j2
00

2
0

jt0j                                                       (4.11) 

   : 

.agjAe 0
2
0

2
0

j                                                                             (4.12) 

   (4.13): 

 ;emljml j22  l/mtg                                                                  (4.13) 

   gj 0
2
0

2
0   : 

.aegAe
2
0

2
0

g0jarctg
2

0
22

0
2
0

j                                                 (4.14) 

 a – , : 

;
g

aA
2

0
22

0
2
0

                                                                           (4.15) 

.garctg 2
0

2
0

0                                                                                       (4.16) 

 ,  ’     : 

,tsinAx 01                                                                                           (4.17) 

  A     (4.15), (4.16). 

   (4.8)  (4.17)  ’   (4.7) 

  : 

.tsinAktcoscktsincex 021
t

2
0

                                               (4.18) 

    0x , 0x     1c    2c  

 : 

;sin
2

cos
k
Ac 0

01    .sinAc2                                            (4.19) 

  1c    2c   ’  (4.18),    

         tsina 0 : 
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.tsinAktcossinAktsinsin
2

cos
k
Aex 0

0
0

t
2

0
         (4.20) 

 ,        

 (  ),   ,   

  (  ).  

     ,   ,  

    ,     

  A   0.  

 ,    ,      

     . 

   00 / ,     

0/g . 

,   /1Q , ’  (4.17),  [126],  

   : 

,
1

tsin
R

px
2222

0

0

00

m
1                                                          (4.21) 

 .
1

tg 2  

    (4.21). 

1.    0  (       , 

         ). 

      ,  A  

    [128]: 

.
p3
Rp

R
pA

0

0m
2
000

m                                                                                (4.22) 

 «-»  (4.22) ,       

   . 

2.    (         

  ).    0A .   
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     . 

3.   1 .        Q
p3
RpA
0

0m .  

   Q        

.  ,   [126],  Q    

,        e . 

    (4.7)   ,    

   (4.5). ’   (4.7)    

211 xxx .   1x –  ’    (4.7),   

 (4.21),  21x  –      ,  

        (4.5). 

 211 xxx    (4.7)    

2

0

2
0

00
x

R2
13x

R
x

2
3

R
xx , : 

2
21

0

2
0

211
0

2
02

1
0

2
0

0

2
21

0

211

0

2
1

0

2121

0

121

0

211

0

11

021
2
021211

2
011

x
R2
13xx

R
13x

R2
13

R2
x3

R
xx3

R2
x3

R
xx

R
xx

R
xx

R
xx

tsinaxxgxxxgx

.                    (4.23) 

  ,  tsinaxxgx 01
2
011     

(4.23)  0
2
21 R/x , 02121 R/xx , 0

2
21 R/x , 0211 R/xx , 0121 R/xx , 0211 R/xx , 

0121 R/xx  ,  121 x/x   01 R/x       ,  

,       ,  ,  (4.23) 

  : 

    ,
R
x

2
3

R
xx

R
xbxxgx

0

2
1

0

11

0

2
1

21
2
02121               (4.24) 
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 .
2

13b 2
0  

   (4.21)  1x     1x   1x , 

  : 

;tsinAx 01   ;tsinAx 0
222

1

   (4.25) 

;tcosAx 001  .xtsinAx 2
010

2
01

 (4.25)    (4.24)  : 

.t2cos
4
5b2

4
b2

R
A

R
x

2
3

R
xx

R
xb 0

2
0

2
0

0

2

0

2
1

0

11

0

2
1         (4.26) 

 ,  (4.24)    (4.26)  

: 

,t2cosDCxxgx 021
2
02121                (4.27) 

   ;
R4
b2AC

0

2
0

2
.

R4
5b2AD

0

2
0

2

 ’   (4.27)   : 

,t2sinABx 0121               (4.28) 

 1A  -  ; 

 -      (    (4.16)); 

 -     ; 

B  -  . 

 (4.27) – , , ’  (4.28)  : 

.eAx t02j
121               (4.29) 

  (4.27) : 

.4eAx

;j2eAx
2
0

t02j
121

0
t02j

121                (4.30) 

  (4.29), (4.30)   (4.27), : 

.Dgj24A 2
00

2
01                (4.31) 
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  (4.31)  1A : 

.
g44

R4
5b2A

g44

D
A

22
0

22
0

2
0

0

2
02

22
0

22
0

2
0

1                              (4.32) 

  (4.15)   A,  (4.32)  : 

.
g44g

1
R4
5b2

R
p

g44g

1a
R4
5b2A

22
0

22
0

2
0

2
0

22
0

2
0

0

2
0

2

00

m

22
0

22
0

2
0

2
0

22
0

2
0

2

0

2
0

1

           (4.33) 

  ,  [129],    00 / ,  

 0/g ,  /1Q .   , 

 (4.33)   : 

,
4411

A

4411

1
R4
5b2

R
pA

2222222

m1

22222226
0

0

2
0

2

00

m
1

    (4.34) 

 .
R4

5b2
R

pA 6
00

2
0

2

00

m
m1  

  m11 A/A         10Q  

)1,0Q/1(    . 4.1.  
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 4.1 –      m11 A/A  

     

 . 4.1       

m11 A/A            

  Q. 

 4.1 -      
  (  ) 

 
 

00 /  

     
 mAA 11 /    Q 

10Q  50Q 100Q  
0 1 1 1 

0,25 1,510 1,512 1,513 
0,50 17,68 88,45 177,45 
0,75 4,0 4,04 4,09 
1,0 32,98 832,87 3332,75 
1,25 0,511 0,589 0,588 
1,50 0,069 0,070 0,071 
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 . 4.1 ,         

          

 ,   2    .    

,     –    ,   

  .  

 ,   . 4.1     

 Q         

 .       Q   

m11 A/A   .  

 ,  ’   (4.7)    

   (4.17)   [130]: 

,t2sinABtsinAx 010                                                (4.35)

  A1    (4.34). 

 ,      

 3
0 1035,0R    : 3

0 101 / 3; 

5
0 101p  ; 5101mp  ; 3/4 ; 1,0  (Q = 10).  

   ,  . 4.2    

       . 

 4.2 -       
,0  

1/c 
,0  

1/c 
,k  

1/c 
  ,A   ,B   ,1A   

 1  ( ) 
57140,8 57140,8 0,9 2/ -1,7 8,75·10-4 1,81·10-3 1,82·10-3 

 25,1  
71415,6 57140,8 0,9 0,22 0,6 -1,52·10-4 -2,32·10-5 4,02·10-5 

   1Q    ,   

 ,  : 

,1081,17,1t2sin1082,1tcos1075,8x 334                               (4.36) 

 tt 0  -  . 
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 25,1 , : 

.1032,26,0t5,2sin1002,422,0t25,1sin1052,1x 554              (4.37) 

  (4.36 – 4.37)    

        ( . 4.2). 

 
 4.2 –                     

     

 . 4.2  :  1   ,  

  tsinpp 0m ;  2   1;  3 
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     -   

t25,1sinpp 0m ;  4      

 25,1 . 

 ,   . 4.2 (  2), ,    

 ,       

 3,10R/x 0 .      310605,3x   (  

3,605 ).          

25,1  (  4)       

 497,0R/x 0 ,  41074,1x  (0,174 )   . 

 ,     ’  (4.36) 

   (4.7)   ,  

       . , 

         ,  

    [131]. 

       ( )  

        

          

,      ,    

 . ,   00 , 00 5,0   

   .       

    ,  ,   

    .  ,   

         

  (  )    

,      , '   

   .   ,  

     (   ), 

    ( ),     

 [132, 133]. 
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4.2    3
0R/x       

   (   ) 

   (4.2)     

  2
0/ Rx  (  )     (4.3) 

         

.          

 .       

   .    

        

.     (4.3)    (  ) 

[134]: 

...
R
x

6
23133

R
x

2
133

R
x31

R
x1

R
Rx

R
R

3

0

2

00

3

0

3

0

0
3

0            (4.38) 

  (4.38)  (4.2)  : 

,
p

R
x

6
23133

p
R
x

2
133x

2
3xx

tsinpx
R
p3xR

0

0
3

0

0

0
2

0

2

0
0

m

o0

0
0                  (4.39) 

 xR ; .xR  

      (4.39)    R0, 

: 

.

R
x

6
2313

x
R2

13x
R
x

2
3x

R
x

tsin
R

pxx

2
0

3
2
0

2

0

2
0

00
0

00

m2
0                           (4.40) 

  (4.7)   ,     
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  (4.40). ’   (4.7)     

221 xxx .  [135],   ,  1x  –  ’   

 (4.7),    (4.21),  22x  –      

,          

(4.40).  

 221 xxx    (4.7)   , 

: 

2
2212

0

2
0

22
2
12

0

3
222

0

3
12

0

2
02

22
0

2
0

221
0

2
0

2
1

0

2
0

0

2
22

0

221

0

2
1

0

2221

0

122

0

221

0

11

022
2
022221

2
011

xx
R2

2313xx3
R6

2313x
R6

2313

x
R6

2313x
R2
13xx

R
13

x
R2
13

R2
x3

R
xx3

R2
x3

R
x2x

R
xx

R
xx

R
xx

tsinaxxgxxxgx

.    (4.41) 

  ,  tsinaxxgx 01
2
011      

(4.41)  0
2
22 R/x , 02222 R/xx , 0

2
22 R/x , 0221 R/xx , 0122 R/xx , 0221 R/xx , 

0122 R/xx   (  122 / xx   01 / Rx     )     

   ,  ,  (4.41)   : 

,xd
R
x

2
3

R
xx

R
xbxxgx 3

1
0

2
1

0

11

0

2
1

22
2
02222                                          (4.42) 

 2
02

13b ;  2
02

0R6
2313d . 

     (4.42)    

 (4.21): 

tsinAx 01 ;  tsinAx 0
222

1 ;  tsinAx 0
333

1 ; 

tcosAx 001 ;  2
010

2
01 xtAx ;                                 (4.43) 

t3sin
4
1tsin

4
3tsin 000

3 . 
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  (4.43),    (4.42)  

    : 

.t3sin
R4

dAtsin
R4

dA3

t2cos
4
5b2

4
b2

R
A

0
0

3

0
0

3

0

2
0

2
0

0

2

                                                 (4.44) 

 ,  (4.42)    (4.44)  

: 

,t3sinN
tsinMt2cosLxxgx

0

0022
2
02222                        (4.45) 

 
0

2
0

2

R4
b2A ; 

0

2
0

2

R4
5b2AL ; 

0

3

R4
dA3M ; 

0

3

R4
dAN . 

 (4.45) –      ’   

   ’ : 

.t3jexpA
t2jexpAtjexpAx

303

20210122                              (4.46) 

  (4.46)   22x   22x    (4.45), 

: 

;
gR4

dA3A
22

0
22

0
2
00

3

1  

;
g44

1
R4
5b2AA

22
0

22
0

2
0

0

2
02

2                                            (4.47) 

.
g99R4

dAA
22

0
22

0
2
00

3

3  

  (4.15),  (4.47)  : 

;
1

1
R4
15

R
pA 2

2222
6
0

2
0

3

00

m
1  
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;
4411R4

15
R
pA

222222224
00

22

00

m
2                     (4.48) 

,

9911

1
R4

5
R
pA

2222
3

2222
6
0

2
0

3

00

m
3  

 00 /  -  ; 

0/g  -   ( /1Q  - ). 

   (4.48)  . 4.3  4.4   

      ,    

       : 
3

0 1035,0R ; 5
0 101p  ; 5

m 101p ; 3
0 101  / 3; 3/4 ; Q = 

10; 8,571420  1/ ; 3,285714a .       

 ,   . 4.3      

. 

 4.3 -      
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 4.4 -      
   

 1    , 2 –   

, 3 –   . 

 ,   . 4.3  4.4 ,   2, 3    

 , ,     = 0,5; 1,0   = 

0,3; 1,0.    3
0R/x       

 03  (  ). 

     > 1,5 ( . 4.4)   

    1·10-5 . 

 . 4.3       

   . 

 4.3 -     01 R/A ,  02 R/A  
 03 R/A      (  )

00 /  0 0,25 0,35 0,50 0,75 1,0 1,25 1,50 
01 / RA  0,051 0,071 0,089 0,176 1,501 585,1 0,528 0,019 
02 / RA  0,070 0,119 0,190 1,68 0,487 5,17 0,110 0,020 
03 / RA  0,018 0,049 0,268 0,029 0,050 2,37 0,008 0,0005 
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4.3    4
0R/x        

   (   ) 

     4
0R/x    (4.3) 

   (4.2)   [136]: 

.

R
xp

24
3323133

R
xp

6
23133

p
R
x

2
133x

2
3xx

tsinp
R
xp3xR

4

0

0

3

00

0

0

0
2

0

2

0
0

m

00

0
0          (4.49) 

      (4.49)    R0, 

: 

.

R
x

24
332313

R
x

6
2313

x
R2

13x
R
x

2
3x

R
x

tsin
R

pxx

3
0

4
2
0

2
0

3
2
0

2

0

2
0

00

0
00

m2
0                   (4.50) 

 (4.50)   231 xxx  : 



122 
 

.

xxx4xx6xx4x

R24
332313xx

R6
2313

xx3
R6

2313x
R6

2313x
R6

2313

x
R2
13xx

R
13x

R2
13

R2
x3

R
xx3

R2
x3

R
x2x

R
xx

R
xx

R
xx

R
xx

tsina)xxgx(xxgx

4
23

3
231

2
23

2
123

3
1

4
1

3
0

2
02

2312
0

2
0

23
2
12

0

3
232

0

3
12

0

2
0

2
23

0

2
0

231
0

2
02

1
0

2
0

0

2
23

0

231

0

2
1

0

2221

0

2323

0

123

0

231

0

11

023
2
023231

2
011

       (4.51) 

,  1x/x 123  (  123 xx )  1R/x 01     

   ,       (4.51),  

: 

  
,x

R24
332313

x
R6

2313
R
x

2
3

R
xx

R
xbxxgx

4
1

2
03

0

3
1

2
02

00

2
1

0

11

0

2
1

23
2
02323

                 (4.52) 

 .
2

13b 2
0  

 ;
R6

2313d
0

2
0  ,

R24
332313f 2

02
0

 : 

.
R
xf

R
xd

R
x

2
3

R
xx

R
xbxxgx

0

4
1

0

3
1

0

2
1

0

11

0

2
1

23
2
02323                               (4.53) 

 (4.53)      : 

;tsinAx 01   ;t2cos1
2

AtsinAx 0

2

0
222

1  

;tcosAx 001   ;xtsinAx 2
010

2
01  

;t3sin
4
1tsin

4
3AtsinAx 00

3
0

333
1  
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.tsinAx 0
444

1

 [137],  

,3a2cos4a4cos
8
1asin4  

,3t2cos4t4cos
8

Ax 00

4
4
1   (4.53)   

    : 

.t4cos
R8

fAt3sin
R4

dAt2cos

R2
fA5b2

R4
Atsin

R4
dA3

R8
fA3b2

R4
A

0
0

4

0
0

3

0

0

4
2
0

0

2

0
0

3

0

4
2
0

0

2

             (4.54) 

  (4.54)  (4.53)  : 

,t4cosBt3sinB
t2cosBtsinBBxxgx

0504

0302123
2
02323         (4.55) 

 ;
R8
fA3

R4
b2AB

0

4

0

2
0

2

1  ;
R4

dA3B
0

3

2  ;
R2

fA
R4

5b2AB
0

4

0

2
0

2

3  

;
R4

dAB
0

3

4  .
R8

fAB
0

4

5  

 3/4     : 

;
2
5b 2

0  ;
R

5d
0

2
0  ;

R4
35f 2

0

2
0  ;

R
A

8
1055

R4
AB 2

0

2
022

0
2
0

0

2

1  

;
R

A
4

15B 2
0

2
0

3

2 ;
R

A
2
7

R
A

4
5B 2

0

2
022

0
2
0

0

2

3  ;
R
A

4
5B 2

02
0

3

4  

.
R
A

32
35B 2

03
0

4

5  

 ’    (4.55) : 

.eK

eKeKeKx
4t04j

4

3t03j
3

2t02j
2

1t0j
123          (4.56) 
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 (4.56)   23x   23x    (4.55),   

: 

;
g

1
R

A
4

15K
22

0
22

0
2
0

0

2
0

3

1  

;
g44

1
R
A

2
7

R
A

4
5K

22
0

22
0

2
0

2
02

0

2
2
0

2
0

0

2

2 (4.57) 

;
g99

R
A

4
5

K
22

0
22

0
2
0

2
02

0

3

3  .
g1616

R
A

32
35

K
22

0
22

0
2
0

2
03

0

4

4  

  (4.15),  (4.57)  : 

;
1

1
R4

a15K 2
2222

6
0

2
0

3

1  

;
441

1
1R

a
2
71

1

1
R4

a5K

2222

22224
0

2
0

2
2

22224
00

2

2

;
991

1

1

1
R4

a5K
22223

2222
6
0

2
0

3

3            (4.58) 

,
16161

1

1

1
R32

a35K
22222

2222
8
0

3
0

4

4  

 .
R

pa
00

m  

        

     : 3
0 1035,0R ; 

5
m 101p  ; 5

0 101p ; 8,571410 ; 3,285712a ; 1,0 . 
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         (4.58) 

    1K , 2K , 3K , 4K     

 : 

;
01,01

11014,7K 2
222

5
1  

;
04,041

1
01,01

22,01
01,01

11074,2K

222

222
2

222
5

2

   (4.59) 

;
09,091

1

01,01

11084,6K
2223

222

6
3  

.
16,0161

1

01,01

1105,1K
2222

222

6
4  

 . 4.4       

        tsinpp 0m . 

 4.4 -     01 R/K ,  02 R/K ,
 03 R/K     04 R/K     (  )

00 /
0 0,25 0,35 0,50 0,75 1,0 1,25 1,50 

01 / RK  0,200 0,259 0,315 0,636 5,251 2039,3 1,78 0,079 
02 / RK  0,090 0,149 0,228 2,256 0,502 61,8 0,139 0,019 
03 / RK  0,017 0,051 0,269 0,031 0,051 2,40 0,008 0,0005 
04 / RK  0,004 0,053 0,009 0,004 0,011 2,77 0,001 4,85·10-5

 . 4.5       (4.59) 

      (  1),  (  2), 

 (  3)   (  4)     . 
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 4.5 -       

    

      4
0R/x ’  

     04 , ,     4.4, 

.     = 0,25   = 1    . 

        0R/x   

       . 

  ,    . 4.3  4.5, ,   2 

(  )     8,00   . 

    4,18,0      

,    = 1.     03   

     (  3).    

    = 0,33   = 1,0.    

(  4
0/ Rx )       04 . 

 ,       

    ,      0   

   .     
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  (         , 

   ). 

4.4  -    , 
      

  

   4.1      

    [138]: 

,xFxxgx 2
0                                                                                        (4.60) 

 xF  -  ,       

; 

g  -  . 

         

   xF  , , 

: 

-   : 

;x
R2

13x
R
x

2
3

R
xxtsinaxF 2

0

2
0

00
01  

-   : 

;

R
x

6
2313

x
R2

13x
R
x

2
3

R
xx

tsinaxF

2
0

3
2
0

2

0

2
0

00
02  

-   : 

.

R
x

24
332313

R
x

6
2313

x
R2

13x
R
x

2
3

R
xx

tsinaxF

3
0

4
2
02

0

3
2
0

2

0

2
0

00
03  

      ’   
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,      2 0, 3 0  4 0. 

  (4.60) –  ,     

’   ,       -

      . 

   -    ,  

         

 ,   [139, 140]   -

 ,     .   

    -   

    -     

      tp .
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0 , 1/  488,4 4883,76 48821,88 486586,04 
, 1/  17327,12 173271,01 1,7326953 17325468,0 

2
0 , 1/ 2 3,0023·108 3,0023·1010 3,00223·1012 3,00172·1014 
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0 , 1/  1,641 105 5,840 105 1,172 107 
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.
tsinak11a2tcosk1a2e

tksin
k

k1ak2tkcosa2k1

k4k1

k
ca
ptR

2
2t

22
2

2222000

m
1

     (4.126) 

 ,  1/k1k 0 .   (4.126)  ,  

1k  : 

.
tsine

a
12

tsintcosetsin
a
1tcos

2
a

ca
ptR

t

t

000

m
1  (4.127) 

 ,  0k ,   0   ,  k .  

 (4.126) ,  0tR1 . 

 ,  k ,   0   ,   

  k ,   0tR1 . 

     ,     

. 4.11 (  1)  6
m 105p     (4.127) : 

.
t949,0sin009,0t949,0cos

etsin293,0tcos101759226,5tR
t301,0

7
1                   (4.128) 

 4.11 -                             
      

 
, 
 

  
R 5

0 101  
3

0 /1150  
/13000  

p 7
0 104  

pm
6105  

R 5
0 101  

3
0 /1150  

/13000  
p 6

0 105  
pm

6105  
a , 1/  1,3·108 1,3·108 
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  4.11 

1 2 3 
0 , 1/  6153846,0 769229,2 
, 1/  11503496,0 6608390,8 

0 , 1/  38138501,0 13483995,2 
, 1/  36362273,0 11753608,7 

0/  0,301 0,489 
0/  0,949 0,867 

/  0,314 0,559 
0/aa  3,409 9,639 

 

 1,0k    ,    . 4.11 (  1),  

 (4.126) : 

.
t949,0sin175,3t949,0cos07,1

et1,0sin82,33t1,0cos07,1103193666,9tR
t301,0

9
1    (4.129) 

  (4.128), (4.129)  . 4.15   

,       

101R 5
0          

(  1  1k ;  2 –  1,0k ).  

 

 4.15 -     101R 5
0   

   k : 
 1 –  1k ;  2 –  1,0k  
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   . (4.15),  1k     

      ,  1,0k    1,65 

,      10 . 

 . 4.16        

        0p   1k . 

 1  . 4.16     ,  

   . 4.11 (  2)     50p0 . 

    : 

.
t867,0sin443,0t867,0cos

etsin1037,0tcos105510053,2tR
t489,0

6
1       (4.130) 

 2  . 4.16   (4.128)    

 400p0 . 

 4.16 -     101R 5
0  

       0p : 
 1 –  p 50 ;  2 –  p 400  

 ,    . 4.16,     

  0p        

     . 
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 5 
    

     
  -    

     

5.1        

 ,     , 

,          

     ,     

  [97, 121, 153, 154].      

   ,         

 ,          

   .      

  ,     . 5.1. 

 5.1 -   :  
1 – - ; 2 -     ; 3 -   

;  4 –  ; 5  –   

    :   

     2    .   

         

 .          
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        (  5).  ,  

      6°  7°     

       ,  

   ,      ( ). 

         

 ,          

         5,  

      ,    

 . 

         

           

        ,    

     .    

        

       -  1,   

    3.  

 ,        

        

.  ,      

    ,       ,    

    ,     

.      , 

 ,  ,     (  ,    

     ),   

        

.

         

     -   

    ,    

   ,     
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  .  ,    

      ,   

        , 

 ,  ,     

 ,      , 

            

.        

             

       . 

5.2    

       

   [155],     . 5.2  

   ,   . 5.3    . 

 
 5.2 -       

  :  
1 – ;2 – ; 3 – ; 4 – ; 5 –  ;      

6 –    ’    ;7 – ;                        
8 –  ; 9 –   
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 5.3 -       
-   

      3,  

      7.     

  2,      1   

.  1   -   ,    

 .     1  ’  

’  ( )    ,     

  5.      3   

   9,   ’  ’ .   

   4  -100- 2 (  12733-74), 

  8    6  -80,  ’   

     ’   . 

       

 ,        ,  

         

      -   
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       ,   

   .         

     ,    

             

 ’  .         

,       .    

      .  

         

        .   

     ,   ,   

 (  )      ,   

,          

    . 

      

: 

-        

       ; 

-         

         

         ; 

-         

  -     ; 

-    –      

   ( ). 

      

     « » ( . )  

    4 -700    

    «Kenworth»  ,    

. 5.4. 
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 5.4 -   ’    
    

 ,       

        ,   

     .    

        ,  ’    

.           

1P     2P        

   «Viatran Model 5093 BPG AW200»,    

   2    ’ .      

       ,   

    ,     . 

            

       (  30  20 ),   

        . 

    3 .    

        

:  = 1200 / 3;  = 70 ;  = 98/134 ; pH = 8;  = 1 ;               

 = 7 3/30 . 
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   14 .      

  ( . 5.5),    

    .    

  7 .        6 ÷ 10 ,   

       ( 2P ). 

 

 5.5 -     
   14   

    

       

  14 .       

 . 5.6.  ,          

  7 ,       1     

6      4 .      1,5 ,  

   150              

5 ,     1  6 . 
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 5.6 -      
     14   

    

  ’       

     14   , 

       .  

      . 5.7.  ’ ,  

       8 – 12     

 2 ,     200    

,  ,    . 5.7  12 ,    

 0  3 .              

     ,  

       

     .    

    ,  5 .   

    20 .  ,  

          

 ,     . 
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«  +  »    14   
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 . 

     ,    

   .    

  20 .       

  ,       

 . ,    ,      
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  ( ),       
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       , 
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  ,      

     ( ). 

    cp ,     

           

(  ),   [156]: 

,
R
RnA2p

0

13
2
000c (5.1) 

 ,A0  0n  - ,      ; 

0  -  ’    ( )   ; 

1R  -    ; 

0R  -   . 

,          

  tp        
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.
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c
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0
2

L

00

L
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 (5.2)      (5.1), : 

.
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)asp
c
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p 2
0

2

L

00

3
2
000L

v              (5.3) 

  [158]        

      x0: 

,peppp LN

1n
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0r2sn

L
v

M

0m

L
v0xx

L
c               (5.4) 

 
0

0
r
xM , 

0

0
r

tcN ; 

x  -     x .
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 0r      ,   

         : 

.
r
R 3

1
0

0

0                (5.5) 

   (5.3),  (5.4) : 

.eM
s2s
as

Rc
nA2

1pp
N

1n

0c
0snr2

2
0

2
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3
2
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0xx
L
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 NM     : 

.M
s2s
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Rc
nA2

1pp 2
0

2
000

3
2
000L

0xx
L
c (5.7) 

 ,   ,    

       ktpp m sin . 

 : 018,00 ; 101R 4
0 ; 1,0x0 ; c/4500 ;

101t 5 (100 ); 108,33A 5
0 ; 1,76n0 .

     (5.5) : 109,3r 4
0 .

,  M   N  : 

257
109,3
1,0

r
xM 4
0

0 ; 

12
109,3

101450N 4

5
. 

    NM . ,    

,     ,  

 (5.7). 

 M
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B
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3
2
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      (5.9),   
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k
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1

2
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   : 

0

kk ; 
0

; 
0

; 
0

; 
0

BB ; 0tt , 

  (5.10)   : 

,tsinetsinetcose

tksin
k

tkcostksinptp

t4tt

1
2

1mc

          (5.11) 

  

;
k1k4
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2
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2

akpB
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2
m

2
m
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;
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2
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2

m2 (5.12) 

;13  .
k1k4

1a22k1akpB
2222

2
m

4  

   )1/kk( 0    (5.11)  (5.12) : 

 

.
tsine12

2
B

tsinetcose
2
Btksin

k2
Btkcos

2
Btksin

p

tsine12
2

pBtsinetcose

2
pBtksin

k2
pBtkcos

2
pBtksinptp

t
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m
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    (5.13) 

     :  

214,5 ; 333,0 ; 942,0 ; 353,0/ . 

 7,2086,953462/1099,1/BB 8 . 

      (5.13),   
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        : 

.
t942,0sine12,821t942,0sin353,0t942,0cos

e14,1631tsin84,312tcos14,1631tsin
ptp

t333,0

t333,0

mc           (5.14) 

  (5.14)  6
m 102p     5.1  

     cp      

 t . 

 5.1 -   cp   t

cp ,  t cp ,  t cp ,  t
0 0 1,69·109 7 -2,01·108 14 

-4,18 108 1 -1,12·109 8 -2,76·109 15 
-1,61 109 2 -3,09·109 9 -2,81·109 16 
-2,19 109 3 -2,17·109 10 -2,79·108 17 
-8,82 108 4 6,89·108 11 2,58·109 18 
1,63 109 5 3,01·109 12 3,05·109 19 
2,92 109 6 2,58·109 13 7,45·108 20 

 ,    . 5.1 ,      

 t    .   cp   

 3,05·109 .     

,           

       (   10-6 ÷ 10-9 ) 

    1·109     104 ° . 

   ,     

 ,        

       

    : 

1)       

   -   Q      0P   

: 
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,
2
4

0 PPg
Qd                                                                          (5.15) 

 Q  -  , 3/ ;  

0P  -     , ; 

P  -     , ; 

 - ’ , .       

,     0,90 ÷ 0,98; 

g  -   , g = 9,81 / 2; 

 -   , / 3. 

 ,      0PP ,  , 

 ,  ; 

2)       25 .  

      ,   

   12010   ,    

         

   25 ,       ; 

3)       dD 4 .   

        

  .        

    dD 3,47,3 ; 

4)     l .     

    [158]    

           

dl / .  ,       

     dl 100 ,  Dl 25 . 

     :    

   ,       
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  .  ,  ,     

 ,    ,     

 ,  ,          

: 01 / PP [158]. 

       

     ,   

 4 ,       

        . 

 ,  . 5.8  5.9     

         , 

     25   4d       

  0P . 

       ,    

    . 

 

 5.8 –         
    0P      
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 5.9 -        
      0P      

 fP1      0P    

      0,07  0,15.    0P  

  1P         . 

   1P     0P    

1,2  2,4 .    ,        

 0P   01 / PP  - . 

         

       0P .      

   1P       0P . 

,    2,0     0P   5  

30           1860   

3700 . 

  1P   ff    ,  

          



176 
 

0,02  0,70. 

       

  '        

,     . 

        

  ( . 5.1),        , 

   . 5.10 [159]. 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 5.10 -    : 
Q  –  , 3/ ; 

1
D –   , ;                         

2
D –   , ; 

d  –     ,  

        . 

  : 

            
2,1

2
222

2

2
111

1 hh
g2
V

g
Pz

g2
V

g
Pz ,                                         (5.16) 

: 1P , 2P –         , ; 

 –  , / 3; 

1 , 2  –         ; 
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1z , 2z  – ( 1z = 2z ); 

V1, V2 –       , / : 

2
1

1
1 D

Q4V ,  2
2

2
2 D

Q4V ,                        (5.17) 

: 1 =0,85, 2 = 0,92 –       

 ; 

2,1h  –        , : 

g2
V

g2
Vh

2
2

2

2
1

12,1 ,                                      (5.18) 

: 1 =1,19, 2 =0,38 –        

  ; 

h  –  , : 

g2
Vh

2
,                                                  (5.19) 

: V  –    , / : 

2
2

dn
Q4V ,                                               (5.20) 

: n –   (    n =4). 

,    = 1– 2,     : 

ghh
g2

VVP 2,1

2
11

2
22                                   (5.21) 

  :   - 1200 / 3   - 0,005 3/   

   (5.20)  P  = 1,33 . ,   , 

        

,  P  = 6,5 .          

 ,    [160]: 
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r
2

r8
P 2

2
,        (5.22) 

: –  , 2/  ( =0,000141 2/  [161]); 

r – -    ,  ( r =0,0175 ); 

 –        ( ), / ; 

r –   , . 

  : 

PPP .         (5.23) 

,  (5.21)  (5.22)  (5.23), : 

ghh
g2

VV
r

2

r8
PPP 2,1

2
11

2
22

2

2
.           (5.24) 

     : 

2

2

2,1

2
11

2
22

r8
ghh

g2
VVP

2r .          (5.25) 

        

        

,        

     ,     

      .     

    ,   . 5.11  5.12. 
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 5.11 -       
       

 5.12 -       
    

        

 ,        

,          

       , 

       . 
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,       -   

   4 ÷ 4,5  ( . 5.11)    

     1,67 ( . 5.12),   

     . 

 ,    ,  

          

. 

    ,     

        

       [162]. 

,      ,    

      . ,     

          

      .    

       ,  

          

 ( ). 

     : 

-         

14d ; 

-     3/1150 ; 

-      ;103 19  

-        ;102 110  

-    /28Q ; 

-     07,0 . 

       , 

      : 

.102907,0/
2
101429,0a/

2
d29,0h 3

3

0                                        (5.26) 
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       : 

.106707,0/
2
101467,0a/

2
d,670S 3

3

0                                         (5.27) 

’        , 

    ( 0UU ).    

   5,16,1tg 111 ,  .105,01tg  

    : 

.a4,3arctg0,105arctg21                                                          (5.28) 

 07,0a , .1421  

        

  S.9,4b .  

 /28Q        

   14   182  / . 

    : 

E
K1

K
. ,                                                                                                       (5.29) 

 1K  -     ( ,     

  ’  ), 1 ; 

E  -      ,   

 1E , 1 . 

   (5.29)             

1506 / .  

          

: 

0cP ,                                                                                                  (5.30) 
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 c -    , / ; 

0  -    , / ; 

 -   , 3/ .

      ,   

 (5.29)  P 315,2 . 

 . 5.13      R    

S         ( ) 

 07,0 . 

 5.13 -    R     

       S   
      

 . 5.13 ,        

          , 

  R2      ,   .  
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a=0.07
d =10 

a=0.07
d =14 

0    1    2  3   4 S,10  -2
4
8
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32

R  ,10   
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     ,     

,      ,     

            

 ,        . 

    ,     

,          

    ,     

       .   

      

-        ,   

      « »,  

« »   «  ».   

     ,  ,  

,    ,    ,     

  ,        .  

,    -    
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. ,   -    
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      ,    

        

.      ,     

         

 ,         

,       .  

        

   ,          

         

 ( . 5.14). 

 
 5.14 –    

         

   .      ,  
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         , 

         , 

 ,         

 .        

          

  .  

        

 -      

         

 .    ,    

        

-  .  

   [163, 164] ( . 5.7),  

          

  3     1  20     .  

    2 ,     200  

     12  24 .  

        

   : , ,   .   

         

:  = 1200 / 3;  = 7 3/30 .;  = 8;  1/10 = 98/134 ;        

 = 1 .  

        

 -    25      . 

    -      

20 .    5 ÷ 6 .       

     ’  4 3 ( . 5.15). 
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 5.15 –       
      -   

     ,   

.            

       25 ,    
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   30 .         

  20 .,        15 .  

    . 5.2, [164]. 

 5.2 -        -
  

 
 
 

, 
/ 2 

 , 
. 

 
 

  
, 

 , 
 

’  
, 3 

 1337 20 25 5 ÷ 6 4 

 1504 20 25 5 ÷ 6 2 

 839 15 30 4 ÷ 5 1,5 

 783 15 30 4 ÷ 5 2,5 

     

        .  

’         

  1,5 3  4 3. 

,       ,  

  ,        .  

       ,  ,  

      .  

        

 ,       

  ( ),       

       ,     

      , 

        

,       ( ) . 

  ,      ,   

      .  ,   , 
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      ,    

  ,        

.         

       

 ,    . ,  

        

  -     .   

       

  ,      

     ( ).  
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 6 

   -  
      

  ,    ,   

  ,      

  ,      

 ,  ,       

    .     

       .   

   98%     

,          

. 

          

     .    

 ,   300   ,  

,       .  

     :  

  ;   ;   

     ( )   . 

       

       ( )   

        

  [165, 166]. 

         

  '   ,  ( )   

 ,          

  .        

 ,  -   . 

 ,      
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     :     

      -  ,  

  .    , 

          

,          

,  ,      

    .     , 

       ,  

       

 .  

6.1     

       

     .   

          

        

          

. 

,        : 

 ,  -   ( ) , 

           

   .       

         

 ,          

     .    

           

      ,  

   ,      

  .      
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     [167]. 

    ,    

         

  .      

    ,      

     ,    

,           

  .       

           

    .   ,    

     .     , 

       

     . 

        

   . 

 

 
 
 
 
 
 
 
 
 
 
 
 

 6.1 -      
    

    ,     

.           
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  ( . 6.1,  )   ,   

        .   

  360°        

   .      , 

   ,     ,    

     ,    

.    «Mudpick I»   

            

         ( . 6.1,  ). 

 «Mudpick II»        

 ( . 6.1, ).      

        ,   

.    -     

 . 

        

          

          

.    «Mudpick I»   

      20 %   

,       

,        . 

      ,    

  . 

     , 

       .  

      ,   

            

  .   «Mudpick II»   

           

45%       '      
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   . 

     ,   ,    

      ,  

        

      .     

      .   «Mudpick I» 

 «Mudpick II»    .  Mudpick I  

 '       .  «Mudpick II»  

      .  

  ,      

         

         

   [168 - 170]. 

,    (   )  

         . 

  ,        

        

-  [171].  

 ,       

  ,    

- ,          

        

           

   . 

6.2        
   

         

   -  , 

   ,      
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    [172]. 

        

          

      

  .       

        -

   ,     

   ,      

 ,       

          

. 

   -     

       

 [172]. 

       

          

        [173]. 

      30 , 15   5     

         

 . 

 . 6.2              

(3 -295,3- ),      ,     

  . 

   ( . 6.2)    1,   

   2,   .   

     3.    

     4,    5, 

 6  -  7.   3    
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 1    8.       

    ,  30 , 15   5 .  

 
 6.2 -    3 -295,3- ,    

  :  
1 -  ; 2 -  ; 3 -  ;                   

4 -   ; 5 –   ;                 
6 - ; 7 - - ; 8 –  

         

    ,    

    .   

    ,      

        

   ,      

  ,      

 .         

    ,     . 

    ,     

         15°,  

 ,        ’    
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 : 53/ dl . 

      ,      3 

       ,  

         

 ,        

      . 

        

        

 ,        

.  ,      ,     

      (     

, , - - ) [174 - 176] . 

        

          -

  « »    ,  

      ( . 6.3).  

 6.3 -    : 
 –     ,  
 –      

 ,       
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   ,     

   .   ’    

  [177 - 179]. 

       

         

  ,        , 

         

 ,         

 . ,    

         

 : 

-         

  ,        ,   

 ;  

-         ; 

-        ; 

-        . 

  , ’      

   3 -295,3- ,     

  ,     . 6.2.  

         

      ,   

  ,     ( . 6.3). 

 ,       - 

   : 

-     ,  

       

   ;  

 -         , 

 ’        ; 
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-           

 ,     ,    

 ,       -

 . 

   3 -295,3-     

  « »   54- , 10- ,             

11-      30      

« ».   -     

     295,3       

       

 295,3      14   

 4- . 

   3 -295,3-     

 54- :    41 .,  158    

  3,85 / .      

 .        

   3-      295,3  

 ,     330 ÷ 454 :   

  124 ,    38,25 .,    

  3,24 / .       ,  

    3 -295,3- ,    20%, 3-   

 295,3-     90%. 

 ,   3 -295,3-                

10-    325 ÷ 590 :    265 ,  

                   

68 ,      3,89 / .     

’      590    .    

         3-  

    295,3    R-85,   

210    590 ÷ 800   41      
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 3,33 / .         

        ,  

        50%. 

     3 -295,3-    

      11- .   

 33,75 .   120 ÷ 386     

  7,88 / ,        ’   

    .   

     386 ÷ 661   3-   

   295,3   ,   275   

64,5 .      4,26 / .    

  ,        

  78%,      95%. 
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