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1.  
. 

2.  
 

. 

3. .  

4.   
. 

 

,  
 

. 

1.  

1.1  

 
,  [3], 

[5], [58], [59], [84], ,  [4], [6], [49], [95],  [8], [9], [63]. 
 

-
, , [20], [48]  

.  
 [17], [18], [56], [57], [65], [85], [89] .  

 
, .  

,  
,  [40], [46], 

[94].  ,   
.  

 
 

.   
 „ ” .  

 
 

.  -  
,  

,  [83],   
.   

 [A12],  
.  
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.  

 [A7]. , 
 [A2],  

 [A1]. 
,  

, ,  
, . 

.  
 

 [A1]. ,  
 
 

 [38], [62], [70]. ,  
 3-4  

[A4]. ,  
,  [A11]. 

 „ “ -
 

. 

1.1.1.  

.  
, 

, -
, , .  

 
 „ “ .  

,  [71], [66], [67], 
[72], [77], [78], [75], [76], [50], [47], [79], [80], [81], [51], [52], [48], [53].  [12] 

 
[75], [50], [47],  
[71], [72], [28], [29].  

,  
 - .  

,  
. , 

 
 [20], [21], 

) ,  
 [22], [92].  

, ,  
 

. ,  
, .  
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.  
 1.2.2  

 „ “,  
 [96].  [93]  

 .  
 [86]  

 [22], [10], [11], [87], [68], [16], [23] 
 [69], [82], [24], [25], [87], [26]. 

 
 [54], [55]. 

 
 [40]. 

,  
,  

,  
, .  

 157 , . 

1.2.  

. 1.2.1. , . 
. ,  

 (O,  X,  Y,  Z), ,  (O’,  Xw, Yw, Zw).  
 (O‘,  Xw) ,  
 (O‘,  Yw)  .   Z  Zw  

.  B0 -
 (O, X, Y, Z)  (O, Z). 

 
. 1.2.1. . 
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 (O, X) . 1.2.1  
 (O‘,  Xw). . 1.2.1  Vph  f, 

)  (O‘,  Xw)..  
,  ‘ , 

 – -
 Yw .  

, . 

 
 [A7], .  

 z : H0 =  H0 ez ,  
,  

 E = Re A  exp (  i  ),   =  t  -  k  x,  A -  
, k -  [44], [42], [41].  

 
. 1.2.2.  

. 

 
 [2], [8], [9], [64], 

[65], [89], [28], [29], [A7], [A3] - Invited Paper): 
v / t + ( e E / m ) + ( e H0 / m c ) [ v x ez ] = 0 ,  
H / t + c rot E = 0 ,      (1.2.1) 

c rot H = E / t + 4  j ,  
j = - e n0 v  ,  

 n0 - . 
: 

u = He / , v = ( pe / )2, N = ck / ,      (1.2.2) 
 He =  e  H0 /  m  c  -  ,  N  -   

, pe = ( 4  e2 n0 / m )1/2 - . 
 (1.2.1)  

:  
 = 1 - v ,   = 1 - [ v / ( 1 - u2 ) ],  c = u v / ( 1 - u2 ).   (1.2.3) 
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1.3.  

 (1.2.2),  
)  p ,  

 Ex, Ey, Hz - . 1.3.1.,  [95], [49]: 

N2 =  - ( c2 /  )        (1.3.1) 

 
. 1.3.1.  p- . 

 p  
 Ey = - i (  / c ) Ex. 

 s-  ( . 1.3.2.)  Hx , Hy , Ez ,  
 N  N = (  )1/2 < 1 . 2 = pe2 + c2 k2.  

.  
 

. 

1.4.  

, ,  
 N [44], [95], [2]  v  .1.4.1   

.1.4.2 ,  u < 1 .1.4.1,   u > 1 (  N2(v) )-  

.1.4.2. ,  N(0) = 1 = N(1). 
 (1.3.1) . 1.4.1 -

 v1 = 1 – u, v2 = 1 + u,  v3 = 1 – u2,  
 N = . .  

 0 < v < v1,  v1 < v < v2  
 v  > v2.    u > 1  

 v2  . 
 vp =  c  /  N,   

 
 1 < N < ,  
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 p  vp / c = 1 / N < 1.  u < 1  
,  v1 < v < 1. 

 u > 1  
 0 < v < 1.  N2 (v) 

 v = vm   ( u2 – 1 )1 / 2 / [ u + ( u2 – 1 )1 / 2 ]  

N(vm)2 = 1 + 1 / [ u + ( u2 – 1 )1 / 2 ] 2   2     (1.4.1)  

.  p2  0.5 . 
. 1.4.3 . 1.4.4  

 N2 .  
 p   v  

 u . 1.4.5 . 1.4.6.  

1.5.  

 
 p-  ( . 1.3.1),  

 H0 [A7], [A3] - Invited Paper.  
 [44]: 

EX = E0  cos ,   Ey =   E0  sin ,   Hz = N    E0  sin ,   (1.5.1)  

  =  t  –  k  x,  ( .  1.2.2.),   =  / c ,    
. 

 
  [66], [67], [75], [76], [50], [47], [48], [45], [79], [80], [81], [19], [28], [29], [30], 

[31], [73], [96], [51], [A7], [A3] - Invited Paper: 

dpx / dt = - e Ex – e vy ( H0 + Hz ) / c , 
dpy / dt = - e Ey + e vx ( H0 + Hz ) / c ,      (1.5.2) 
dpz / dt = 0 , pz = const. 

 (1.5.2)  
  =  t,  = k x,   = 

v / c    = e E0 / m c . ,   x = p [ 1 – ( d  / 
d  )  ],   p =  m  c   ,   =  1  /(  1  -  2 )1/2 - 

. . 1.5.7  
.  

 (1.5.2)  [50], [47], [19], 
[28], [29], [30], [31], [73], [51], [A7], [A3] - Invited Paper: 

d (  x ) / d  = -  cos  - ( u +  N  sin ) y , 

d (  y ) / d  = -   sin  + ( u +  N  sin ) x ,   (1.5.3) 
d (  z ) / d  = 0 ,    z = const.  

   

d  / d  = -  ( x cos  +  y sin  ).    (1.5.4) 
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. 1.5.7. . 

 (1.5.3)  (1.5.4) -
: 

J =   y + u  p  (  -  ) -     cos  = const.   (1.5.5) 

 (1.5.5),    
  y    

 = { 1 + gz2 + [ J +   cos  + u p (  -  ) ] 2 } 1 / 2 / ( 1 - x2 )1 / 2, (1.5.6)  
y = [ J + u  p  (  -  ) +     cos  ] / .  

 gz =  z = const.  
 (1.5.1) ÷ (1.5.6).  (1.2.1÷3), (1.3.1), (1.4.1)  (1.5.1) 

÷ ( 1.5.6)  
 [50], [47], [19], [28], [29], [30], [31], [73], [51], [A7], [A3] - Invited Paper: 

d2  / d 2 – [  ( 1 - x2) /  p ] cos  - ( u y /  p ) + [   y ( x – N ) /  p ] sin  = 0.    
         (1.5.7) 

 (1.5.8)  (0) = 0    
(0) = a.  x(0) = p (1 – a). -

 gx =  x  h,  gy =  y  g, gz =  z .  
, ,  

c = u p ,  p = 1 / ( 1 -  p2 )1 / 2 -
.  

 > c .  (1.5.7, 1.5.8) -
 [A5],  [A3] -  Invited Paper.   

 (     ),  
 

 ( )  u  p  p   , x  p ,  y  1 / p . 
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2.  

2.1.  
2.1.1.   . 

 He  /  < 1 
 

2.1.1.1. ,  
 

  min< 0 < max ,  
,  

, p .  
  p   0 < p <1. ,  

 p =  [  (  v  + u2 -  1 )  /  (  1 + u -  v  )   (  u + v -  1 )  ]  1  /  2,  
 u   0  <  u  <  1,   

 v  [A7], [A3] - Invited Paper): 

v = 1 – [ 2  u2  ( 1 - p2 ) ] / [ 1 + ( 1 – 4  u2   p2 + 4  u2   p4 ) 1/ 2 ] (2.1.1.1.1) 

c. 

,  / c  1.1   
:  / c  2.3.  

,  
,  

 ( ), ,  

 
. 2.1.1.1.9. ,  

 (u<1)  = 0.75. 
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 ( ),    d  /  d  .  
 y-  z- . -

 min, max . 2.1.1.1.1 ÷ 9.  

2.1.1.2.  

. 2.1.1.2.1 ÷ 6,  ( )  
 

.   
 

,  
.  

 ( ). 
,  

 ( min , max)  ( ) -
.  ( )   

 -  (1.5.7) : 

d2  / d 2 – (  / u p2 p3 ) [ cos  + ( u p / ) + (  / p p) sin  ] = 0.  (2.1.1.2.1) 

 

 
. 2.1.1.2.4.  (u<1)      

u = 0.3,  = 0.6,   / c  2.3. 

  = s2 / 4  (2.2.2.1)  
 [96]: 

d2  / ds2 - (  / u p2 p3 ) [ cos  + ( u p / ) + (  / p p) sin  ] = (1/s) d /ds  (2.1.1.2.2) 

: 

U( ) = - (  / u p2 p3 ) [ sin  + ( u p / )  - (  / p p) cos  ]  (2.1.1.2.2) 

 (2.1.1.2.2)  – 
. 2.1.1.2.10.  
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2.1.1.3.  

. 2.1.1.3.1 ÷ 10 
 ( )  gy =  y.  

 
 -  = 0.2, u = 0.3,   / c  1.1,  

 -  = 0.2,  u = 0.3,   / c  2.3,  
 -  = 0.8, u = 0.3,  / c  2.3 

 
 – 

.2.1.1.3.1 ÷ 3.  
 

,  
                

. 2.1.1.3.4 ÷ 5).  d( ) 

. 2.1.1.3.5),  0.06. 
 

 
. 2.1.1.3.4.  ( ) -

 gy )  =0.2, u=0.3,  / c  2.3. 

-
 ( . 2.1.1.3.9 ÷ 10)  ( ) mc2, 

. 
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. 2.1.1.3.9.  ( )   gy )  

 =0.8, u=0.3,  / c 2.3 

2.1.2.  He  /   > 1 

2.1.2.1. ,  
   

:  u > 1  N2(v),  
 v = vm,  N2(vm)  2, . p2  0.5,  p  0.707. 

2.1.2.2.   

 u < 1,   min< 0 < max  
 p  0.707 < p <1.  

: p = 0.8, p = 0.9. 

 
. 2.1.2.2.1. ,  

 (u>1), p=0.8,  / c 1.1. 
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 p = [ ( v + u2 - 1 ) / ( 1 + u - v ) ( u + v - 1 ) ] 1 / 2 , -
 u, u > 1,  

 v.  0 < v < 1 
 u - p = 0.8 :  1 < u < 1.0416 , p =0.9 : 1 < u < 1.2745 

,  / c  1.1   
:  / c  2.3. 

 2.1.2.2.1, 2.1.2.2.2              
. 2.1.2.2.1 - . 2.1.2.2.4 . 2.1.2.2.5 - . 2.1.2.2.8.  

 

. 2.1.2.2.2. ,  
 (u>1), p=0.8,  / c  2.3. 

 
. 2.1.2.2.15.  ( )  gy( )  

 u = 1.2, p = 0.9,  / c 2.3. 

 ( )  gy( ) 
. 2.1.1.3.4 . 2.1.2.2.15 . 
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2.1.3.  

1.  u<1   
,  

 „ ”  
. 

2.  u<1  
. . 

3.  u<1 , ,  
 

. 
4. ,  

  d = 1.36   p = 0.8     d =2.35   p =0.9. 
5.  

. 
2.1.4.  

 [A7]: 

I. , 
,  

 
 - . 

II.  
 min < 0 < 

max, . 
 p  

min , max  u = He / . 
III.   ,    He   /  <  1   

 ( )    / c  2.3,   
 ( min ,  max)  ,  min ,  max  

 u = He /  <  1.   He   /  >  1   
. 

IV.  
, 0  „ ” 

, .  
. 

V.  He   /  < 1  p 
( ).  

 p   
,  

.  He   /  >  1   
. 
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2.2.1.  
   

2.2.2.  

 
,  

 [A3] - Invited Paper. ,  
 c,  

 « », 
 

 h =  z  ( ). 
 h =  z  (1  –  100)   

(0). 
(0)  

.   
,  

 ( ).   . 
,  

. 

2.2.3.  

 
 

,  ( )  
,    H0 (  z),  

 (  H0) . 
  

 He /  =   u  <  1,   He  
.  

 
 v = ( pe /  )2   1 – u2 < v < 1, pe = ( 4  e2 n0 / m )1/2 

e    .   
 

, .    = e E0 / me c   > u p = u / ( 1 - p2)1/ 2 , p =  / c k.  
,  

 Ey ,  Hz .   
.  

,  E0  
, .             

 2 << 1.  
 p  [66], [67], [75], [76], [50], [47], [48], [45], [79], [80], [81], [19], [28], 

[29], [30], [31], [73], [51], [A7], [A3] - Invited Paper: 
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 dpx / dt = - e Ex – e vy ( H0 + Hz ) / c ,  
 dpy / dt = - e Ey + e vx ( H0 + Hz ) / c    (2.2.3.1) 
 dpz / dt = 0 , pz = const,   

 (2.2.3.1)  
 =  t,  = k x    = v / c. ,  x = p [ 1 – 

( d  / d  ) ],  p = m c  ,   = 1 /( 1 - 2 )1/2 – 
  .  ,  

 (2.2.3.1) : 

 d (  x ) / d  = -  cos  -  u y ,   

 d (  y ) / d  = u  x ,  d  / d  = -   x cos      (2.2.3.2) 
 d (  z ) / d  = 0  

 (2)  

 J =  y + u p (  -  ) = const, h =  z = const.    (2.2.3.3) 

 J   g  =  (0) y (0)   (0).  (3) 
  

 y    

  = { 1 + h 2 + [ J + u p (  -  ) ] 2 } 1 / 2 / ( 1 - x2 )1 / 2 ,            (2.2.3.4) 

 y = [ J + u p (  -  ) ] / .  

  
(2.2.3. 2)-( 2.2.3. 4)  

  [A7], [A3] - Invited Paper. 

 d2 / d 2 – [  ( 1 - x2) /  p] cos  - ( u y /  p ) = 0         (2.2.3.5) 

 (2.2.3.5)  (0) = 0 , (0)  =  .   
 x(0) = p ( 1 –  ).  

 gx =  x , gy =  y .  (2.2.3.5)  [13]. 
,  

 
 ( )  u  p p , x  p , y  1 / p .  

,  
  < x cos  >. 

2.2.4.  

 >   = 1.5  -  < 0 < , 
p  p   < 20  [A3] - Invited Paper.  

-
 h = 5.1, g = 1, p = 0.9, u = 0.2,  = 1.5 c , c = u p ,  = 0,  0 = 

12.186.  -  < (0) <  , -
, .   ,  
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  ~  105 106 ,  
. 

 (0) = 2  
 ,   ( ) - . 2.2.4.1.,  

 ( )  .  2.2.4.2   
  < 8 104. ,  ( ) 

 , . . 2.2.4.2 , 
   

 ( )  p .  
 ( )   <  8 104 . ,  ( ) 

 , . 2.2.4.3  M( ).   
  ( )  3.3 104  (0)  12.19. 

 
. 2.2.4.1. . 

-
,    ( )  u p p( ),          

x  p , y  1  /  p , z  0.   
   gx = ( ) x( ), gy = ( ) y( ) . 2.2.4.4.  gx , gy  

.  ( ) = d  / d .  
. 2.2.4.5.  

 
,  .         

(0)  = 2  
  h  =  20,  40,  100.  .  

,  (0),  
 h  =  5.1,   

 h.  h = 
100, . 2.2.4.7, . 2.2.4.3. 

(0) ,   
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. 2.2.4.3.  h = 5.1. 

 
. 2.2.4.5. . 

 
. ,  

,  
, .  

 (  
)  

.  
 -  

GeV [60], [62]  GeV. 
 
 

.  
  y , 

. 
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. 2.2.4.7.  h = 100. 

. ,  
   y . 

2.2.5.  

 [A3] - Invited Paper: 

 ,  
 
, 

,  
 ( )  h =  z .  

 ,  ,  
 

(0). 
 ( ) (0)  

  z   
 [A3] - Invited Paper. 

  
  ,  

. 
 ,  

,  
,  

. 
  

,  
 

,   
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 [60], [61], [62].  
 

 GeV). 
  

 [62], [A3] - 
Invited Paper. 

3.   

3. 1.  
  

3.1.1.  

 
. 3.1.3.5.  

. 

3.1.4. .  

 
,  

 [A2].   
 
 

. . 
3.1.3.5.  

. 
-

,   
 ( )  [50], [47]  

 [71], [45], [28], [29], [30], [38], [52], [42].   
,  
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 [27], [61],  
, . 

 
 

 [A2], [34].  
,   

, 
,   

.  
.  

.  ,   
,  

,  
.  

. 

 
,  

. ,  
,   

. 

 
, ,  

,   
  = e E0 / m c   << 1.  

,    >  u  p =  u  /  (  1  -  p2 ) 1  /  2,  
,   u p .  u p << 1. -

,  u << 1.  

1 = 1 t – k1 x, 2 = 2 t – k2 x + ,  = 1 t ,      
 = k1 x.  d 1 / d  = 1 – ( x / p1 ) .  [1], 

[2], [A2]:  
x = p1 [ 1 - ( d 1 / d  ) ],   

2 = 1  + (  -  )  +       (3.1.4.1) 

d 2 / d  =  ( 1 – N2 x ), 

N2 = c k2 / 2 ,  = 2 / 1 ,  = k2 / k1 , p1 = 1 / N1 .  

 N1,  N2  . 
,  

 [44], [95], [A2]: 

 
EX = E01 cos 1 +  E02 cos 2  
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Ey = 1 E01 sin 1 + 2 E02 sin 2     (3.1.4.2) 

Hz = N1 1 E01 sin 1 + N2 2 E02 sin 2  

  E01  E02 , 1 = 1 t – k1 x, 2 = 2 t – k2 x + ,  
,   = const , 1 , 2 , k1  k2   

.  1  2  
 1 = 1 / c1 , 2 = 2 / c2 .  (3.1.4. 2)   

 
. ,   1  2   

,   c  
 [44], [42]. 

 N1 = ck1 / 1,  N2 = ck2 / 2  
, . , 

   p1 = 1/ N1  < 1   p2 = 1/ N2  < 1.  
 

 u = He / , v = ( pe / )2,  u1 = He / 1, v1 = 
( pe / 1)2 , u2 = He / 2, v2 = ( pe / 2)2 ,  pe  He -

.    [A2], [34]  
: 

p1 = ( u12 + v1 – 1 ) 1 / 2  / [ ( 1 + u1 – v1 )  ( u1 + v1 – 1 ) ] 1 / 2  ,  (3.1.4.3) 

p2 = ( u22 + v2 – 1 ) 1 / 2  / [ ( 1 + u2 – v2 )  ( u2 + v2 – 1 ) ] 1 / 2  , 

 -    = v / c , 
   = 1 t ,   =  2 / 1 ,  =  k1 /  k2 ,    

, 1 =  e  E01 /m c 1 , 2 =  e  E02 /  m  c  2 ,   =  E02 /  E01 ,                  
2 =   1 /  ,   1 = 1 – v1 / ( 1 – u12 ),    

c1 = u1 v1 / ( 1 – u12 )   v1 = 1 – 2  u12  ( 1 - p12 ) / [ 1 – 4  u12  p12  ( 1 - p12 ) ] 1 / 2   

 N1 : 

N12 = [ ( 1 – v1 )2 – u12 ] / ( 1 – u12 – v1 ) = 1 + v1 ( 1 – v1 ) / ( u12 + v1 – 1 ) 

 p / m c =  ,    = 1 /( 1 - 2 )1 / 2 
- . ,  

. ,  
 1 = e E01 /m c 1 , 2 = e E02 / m c 2  , 1 , 2 << 1. 

,  
, -

  > u1 p1 = u1 /1 /( 1 - 2 )1 / 2 [29],  [A2]: 

 

x = p1 [ 1 – ( d 1 /d  ) ],  2 = 1  +(  - )  + ,  v2 = v1 / 2 , u2  = u1 /   

1 = ( 1 – v1 – u12 ) / u1 v1 ,  2 =   ( 2 – v1 – u12 ) / u1 v1 ,  
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 =   p1 / p2    p2 = 1 / N2 

,    =   p1 / p2     p2 <  1    
  v1 <  <  u1 +  v1 .  

, 
, ,  [A2]: 

d(  x )/d  = - ( 1 cos 1 + 2 cos 2 ) - ( 1 N1 1 sin 1 +  2 N2 2 sin 2 ) y - u1 y , 

d (  y)/d  = - ( 1 1 sin 1 +  2 2 sin 2) + ( 1 N1 1 sin 1 +  2 N2 2 sin 2 ) x + u1 x,      

d (  z ) / d  = 0,  z = const, x = p1 [ 1 – ( d 1 / d  ) ] .   (3.1.4.4) 

2 / d  =  ( 1 - N2 x ),  d 1 / d  = ( 1 - N1 x ).  
,  v1 = 1 – 2  u12  ( 1 - p12 ) / [ 1 – 4  u12  p12  ( 1 - p12 ) ] 1 / 2.  

:   
v2 = v1 / 2 , u2 = u1 /  , N22 = [ ( 1 – v2 )2 – u22 ] / ( 1 – u22 – v2 )  

 v1, u1 :  
N22 = 1 + v1 ( 2 – v1 ) / [ 2 ( u12 + v1 – 2 ) ] ,  v1 < 2 < u12 + v1 , p2 < 1 ,  

1 = ( 1 – v1 – u12 ) / u1 v1 ,  2 =   ( 2 – v1 – u12 ) / u1 v1 ,   
 =   p1 / p2 ,  p2 = 1 / N2 .  

 p2 < 1 (  
) ,  

:   v1 < 2 < u12 + v1 .  (3.1.4.4)  
h =   z = const,  (   x )  = 0  h , (   y )  = 0  gy ,     z  gz  

J = g + u1  p1  1(0) - 1  1  cos 1(0) -  2 2 cos 2(0). ,  

J =   y + u1  p1  ( 1 -  ) - 1  1  cos 1 -  2 2 cos 2 = const.  (3.1.4.5) 

 y-  
: 

y = [ J + u1  p1 (  - 1 ) + 1  1 cos 1 +  2 2  cos 2 ] / ,  (3.1.4.6) 

 = {1 + gz2 + [J + 1 1 cos 1 + 2 2 cos 2 + u1 p1 (  - 1) ] 2 } 1 / 2 /(1 - x2 )1 / 2 ,  

 = ( 1 + h2 + r2 ) 1 / 2  /( 1 - x2 ) 1 / 2,      

r  J + u1  p1  (  - 1 ) + 1  1  cos 1 +   2  2  cos 2 .  

 (3.1.4.4) - (3.1.4.6) -
 [A2]: 

d2 1 / d 2 + [ ( x2 – 1 ) /  p1 ]  ( 1 cos 1 +  2 cos 2 )    3.1.4.7 ) 
- ( u1 y /  p1 ) +(+ ( y /  p1 ) [ 1 1 ( x – N1 ) sin 1 + 2 2 ( x – N2 ) sin 2 ] = 0,  

: 
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d2 1 / d 2 + A1  ( 1  cos 1 +   2  cos 2 ) + A2  S = 0  (3.1.4.7) 

 - A1 = ( x2 – 1 ) /  p1 , A2 = y  /  p1 ,  
S = 1 1 ( x – N1 ) sin 1 +  2 2 ( x – N2 ) sin 2  

 (3.1.4.7),  
, .  

 (3.1.4.7) .  
, ,  

.  
 (3.1.4.7) , 

(3.1.4.8),  . 

3.2.1. .  2  

  : 
u1 = 0.2, p1 = 0.5, p1 = 1.15471, v1 = 0.9697716, 1 = 0.25403, 1 = - 0.05038, 1(0) = 1.161, a 
= 0, h = 100, gy(0) = 0 ,  a  d 1 / d  = 0 , gy = y .  

 10 %   =  u1 p1 
 

 1 = 1.1  .  
 ( p2 < 1)   0.98477 <  < 

1.00487.   = 1.0048.  
: 

p2 = 0.06217, 2 = - 7.694 10-4, v2 = 0.96053, u2 = 0.19904,  = 8.08118,  = .  
 J = 0.12139     

2 = 0.25282  E02 = E01.  
. 3.2.1. 1 – . 3.2.1. 3.  

 
. 3.2.1. 1.  1 ). 
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. 3.2.1.2.  )  

gx ) = x .  

1 ),  )  
 gx ) = x ,   

y ), z ) . 3.2.1.1. ÷ . 3.2.1.3. ,  
,  

( p1 - p2 ),  
 [A2].  

1 ) ,  
 [30], [31], [32],  )  

,  
y ), x ) ,  (1 -  p12) 0.5, 
 p1 ,  z ) .  

,    1 =  1.1   ,   
 10% ,  

,  
  p1 - p2  14%  p1. 

 
. 3.2.1. 3. . 

3.3.  
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 [A2]. 
  

 ( )  
 

.  
.  

 ,  
,  

 
. 

  
. 

  (> 14%)  
,  

 [A2]. 
  

. 
 ,  

 
 

. 
 ,  

 [A2]. 
 

,   
.   

4.  

4.1.  
4.1.1.  

 

 

  
 

.  
 , ,  

 
,      

.  
  

.  
   ,  

   
, . 
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. 
                 

[A1] - IF 1.751, [A3] - Invited Paper, [A4], [A5], [A6]  [A8], [A9], 
[A10], [A11], [A13]-Invited talk, [A14], [A15].  

4.1.3.  

. 4.1.2.1  
 

,  x  
 H  ,  z.  

.  /ckx  
 

.  [29], [31)  [A4],  
, 

. E(x, t) = Ex = A cos 
,   = t – kx, A(x, t)  .  

:  = v / c,  = e Eo / m c , 
 =  t,  = k x ,  = 1 /( 1 - 2 )1/ 2 – , u = He / ,  He = e 

Ho / mc - , Eo -  
,    = e A / m c . 

 
. 4.1.2.1.  

,  x = p [ 1 – ( d  / d  ) ], p =  / ck,  
 p =  m c  .  

 [50], [29], [31]: 
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d (  x ) / d  = -  cos  - u y ,   

 z = const  h        (4.1.1)  
d (  y ) / d  = u x  
d  / d  = -  x cos   

 (4.1.1)  J =  y + 
u p (  -  ).   J    

:  

y :   = { 1 + h2 + [ J + u p (  -  ) ] 2 } 1 / 2 / ( 1 - x2 )1 / 2  

y = [ J + u p (  -  ) ] / .  
,  

,  (4.1.1)  
  [29], 

[31], [A4], [A1]: 

d2 / d  2 – [  ( 1 - x2 ) /  p ] cos  - (u y  /  p ) = 0  (4.1.2)  
 =  / [ 1 + { (  -  ) /  }2 ]                                

   = L / c, L  
.  (4.1.2)  

  (0) = 0 , (0) = a.  x(0) = p ( 1 – a ).  
 gx =  x ,  gy =  y .  

c = u p ,   p =  1 /(1 -  p2 )1/2  
.  

 > c .  

4.1.4.  
 

 (4.1.2)  [A1]  
.  

-
  ( )  u p p  , x( )  p ,  y  - 1 / p . 

 (0),  
,  

p ,  0 < p < 1.  
c ,   = 1.57 c   

  ~ 25000 ,  
. 

  =  5 104             
(0   < 105), ,  

,  
 8 104. 
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 [A1]  
 p = 0.9, u = 0.29,  = 1.57 c, h = 0.31, h = 0.31, g  (0) 

y(0) = 0.41,  = 5 104 ,   =  0,   
 (0) = 2.652.  4.1.1  

 (0)  tr ,   
.  

,  
 (0) =  + (0),   = 2 5440, (0)  < . 

 4.1.4.1.  
0 3 2 1 0 - 1 - 2 - 3 1.5 - 1.5 

c 0 0 >25  >25  >25  >25  0 >25  >25  

0 1.7 1.8 1.9 1.85 1.84 1.83 1.835 1.834 1.833 

c >25  >25  0 0 0 >25  0 0 >2  

0 2.5 0.5 - 2.5 - 0.5 - 1.7 - 1.8 - 1.9 - 1.85 - 1.75 

c 0 >25  0 >25  >25  878 >25  >25  >25  

0 1.3 1.4 1.35 1.2 1.15 1.1 1.05 0.8 0.25 

c 3453 >25  3212.
6 

3288 549 >25  >25  22.74
8 

>25  
 

 4.1.4.1. ,  
 (0), .  

,  (0)  ( - ,  )  ,  
 

  ,  a ~  8 104 ,  
,  [A1].   (0) = - 

1.8  p =  0.9,      878. 
 ( ),  

  =  x(t)  /  c   .  4.1.4.1  .  4.1.4.2.   
 < ( )>  ,  
,  

.   
,  

, .  
, .  

   x  p   ( ) 
 ( ) ~ p . ,  

,    7.6 .104  
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. 4.1.4.1.  

 
 max  4.436 104 [A1]. 

 ( )  
M( ) . 4.1.4.3. ,  

,  
 d  /  d   0.599.    H0  

 gx ,  gy :  
 ( ), 

  gx  gy   
  gx   p , gy   / p . 

 
. 4.1.4.2. ,  
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 x , y , 
. 4.1.4.4   < 2000.  

. 4.1.4.4 , ,  
.   

.  
 ( ) ,  

 ( , ),  ( )  =  d ( )  /  d ,   ,   
.  

,  [A1]. 
 

. ,  h = 0.31, p = 0.17, u = 0.29,  = 1.57 c , g  (0) y(0) = 
0.41,  = 5 104 ,  = 0, (0) = 1.141, c = 0.29428,  = 2 5440,  p = 1.01477.  

 0 = 0.1  tr  20 635, 
 a  9.25 104 . ,  

,  
.  

 max  3604  , .  
. ,  

 tr ,  
.       

d  / d   0.05.  
 M ( ) = 1.128 + 0.05 (  - 20900).  

  < 2000, ,  
. 4.1.4.5.  

,   
( ), , , .  

 
. 4.1.4.3.  ( )  

 M( ). 
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. 4.1.4.4.  x , 

y ,   < 2000. 

. 4.1.4.6  cos ,   
. ,  

, 
 cos  .   

 cos  < 0,  
.  ( ( ), ( )  )    

( )  28000 <  < 57000  
. 4.1.4.7,   ( ) = ( ) - 

(20624).  
 

. , - 
 

 
. 4.1.4.5. . 
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. 4.1.4.6. ,  

 [A8], [A9] 

,  
. 

 
-

, -
.  

 
 

. 4.1.4.7.  [ ( ), )], -
 [A1]. 
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,  
 

.  
,  

, ,  
, .  

 3  4 .  
 

 [A1]:  
1) -

,  
2) ,  
3)  

 
 

 ( ) 
. 

4.2.  
 

4.2.1.        
 

 

  
 

 [A4]. 
  

. 
 , . 
  

 
. 

  
. 

  [A4], [A5], [A6], [A10], [A11], [A14], [A15]. 
 

4.2.2.  
  

(0),  
,  

p  (0, 1). -
c ,   = 1.57 c .   ~ 90000  

,  



39 

 

.   =  4 104 
 0  ÷  9 104,  

,  
,  0 ÷ 8.4 104.  

 
 [A4] u  =  0.3,  h  =  10,  gy(0) = 0.41, p = 0.61,  = 1.57 c,         

 =  4 104,  = 0,  
 (0) = 12.639.  4.2.2.1  

 (0)  c,  
.  

, -
. L  

L = { [ (  / c ) – 1 ] /  }1 / 2.  
(0) =  + (0), (0)  < ,   = 2 4506  [A4].  

 4.2.2.1 [A11], [A14],  (0), 
,  

 
( ).  

.4.2.2.3, 4  (0)  =  +2.0.   
 c  0,   

,  d  
58797 (  d - ).  

 4.2.2.1. 

 

0 -3 -2.9 -2.80 -2.7 -2.60 -2.50 -2.40 -2.30 -2.20 -2.1 

c >90k >90k >90k >90k >90k >90k >90k >90k >90k >90k 

0 -2.0 -1.9 -1.80 -1.7 -1.60 -1.50 -1.40 -1.30 -1.20 -1.10 

c >90k >90k >90k >90k >90k >90k 55088 >90k >90k >90k 

0 -1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 0.1 

c >90k >90k >90k >90k >90k >90k >90k 48301 >90k >90k 

0 -0.05 -0.02 -0.05 -0.001  0 0.001 0.01 0.02 0.03 0.05 

c >90k >90k 14259 >90k >90k >90k >90k >90k >90k >90k 

0  0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

c >90k >90k >90k >90k >90k >90k >90k >90k >90k >90k 

0 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.0 

c 0 0 0 0 0 0 0 0 0 0 

0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 

c 0 >90k >90k >90k >90k >90k >90k >90k >90k >90k 
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.4.2.2.3. ,  

c  0,  d  58.8 104. 

, .4.2.2.3  
.  

 ( )    M( ) . 4.2.2.4 [A10]. 
 0.231,  

 max  1.38 104 . .  
 ( )     .  

4.2.2.5    0  6 104,  ( )  = d  /  d  .   
 ( , )  .  

,  
.  z - z 

. :             
z(0) = 0.79, z(4 104 ) = 1.08 10-3. 

 
.4.2.2.4.  ( )  

 M( )= 12.6 + 0.231 . 
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.4.2.2.5.  ( )  

    0  6 104  [A4], [A13]. 

, ,  
 (a  0), ,  

,  
. 

4.3.   

 [A4], [A9], 
[A10], [A13]: 

,  
 

 ( )  
,  

 ( ).  
 ,  

 
.  

  
,  ,   
,  

.  
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.  
 

,  
. 

  
. 

ii.  
,   

:  
 ,  

  
  -  

. 
  

 
iii.  

.  
 , -

,  
.  

 ,   
,  

, , .  
. 

 
 [A4], [A5], [A6], [A10], [A11], [A14], [A15]  

 [33], [24], [90], [91], [68], [51], [52], [53] ,  
 

, . , 
,  

.   
,  

 [60], [61], [62]  GeV.  
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5.  

,  
 

. 
1.  

 ( )  
. 

2. ,  
 (> 14%) ,  

. 
-  

. 
-  

 
. 

- ,  
. 

-  ( ),  
 
 

. 
3. ,  

 3-4 
. 

-  
: „  

 
” 

- ,  
 „  

” . 4.1.4.7, [A4], [A1])  
.  

 
 W,  

 W . 
4.  ,   

,  
.  

- ,  
,  

. 



44 

 

- ,  
, 
 

.  

6.  

: 
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