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              
                   
                      
               

         

 

         
                  
                   
                
                  
                 
               
       
                 
              
        
               
                
                
     






                
              
               
               
               
   
                 
      
                
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                 

                 
              
                
                   
               
         

2 2 2 2 2 2( ) ( ' ' ' ) (1)Δ +Δ +Δ = Δ +Δ +Δx y z x y z

2 2 2 2( ' ' ' )d x y z= Δ + Δ +Δ

2 2 2 2 2 2( )d x y z c t= Δ + Δ +Δ + Δ



 

             

                 
                    
               
                 

                  
                 
               

2 2 2 2 2 2 2 2 2 2 2 2( ) ( ) ( ' ' ' ) ( ' ) (4)x y z i c t x y z i c tΔ +Δ +Δ + Δ = Δ + Δ +Δ + Δ

2 2 2 2 2 2 2 2 2 2( ) ( ' ' ' ) ' (3)x y z c t x y z c tΔ +Δ +Δ − Δ = Δ + Δ +Δ − Δ

2 2 2 2 2 2 2 2 2 2( ) ( ' ' ' ) ' (2)x y z c t x y z c tΔ +Δ + Δ + Δ = Δ + Δ +Δ + Δ

                
      

2 2 2 2 2 2( ' ' ' ) 'd x y z c t= Δ + Δ +Δ + Δ

 

               

            
                
                   
          
         

               
        

                 
        
                  
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           
            
              
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         
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             
         
   

2 2 2 2 2 2 2 2 2 2' ( ') ( ) ' ' ' 'Δ + Δ = Δ + Δ Δ − Δ = Δ − Δx ic t x ic t x c t x c t
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2 2 2 2' ' ' 'x y x y y ic t y ic tΔ +Δ = Δ +Δ Δ = Δ Δ = Δ



  

            
              
              
  
           
              
          
   

         
  

' cos ' 'vy y tg i y ic t y ic t
c

α αΔ = Δ = Δ = Δ Δ = Δ
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

 

2 21 /v c−

  

                
       

        
 
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  

            
            
             
         

        
   

cos ' vx x tg i
c

α αΔ = Δ =

2cos 1/ 1 tgα α= +
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2 2' 1 /x x v cΔ = Δ −
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 





          
          
            
             
       
          
          
             
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 

          
          

             
            
             
             
            
           
 
            
          
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           
             
             
               
            
           
              
             
           
 
          
          

         
             
 
             
           
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 

           

           
            
               
 
         
          
     
        
            
          
    
            
              
         

 










 


               
              
              
               
        
              
   

              

 

              
     

                
               
  

              
     

                  
                

   
                

    

               
  





                    
                  
         
                 
                
              
    
                  
                   

 

                   
             
             
            
         
          

               
                     


            
                
                      
             

' ' '
' 'x

d dF m x
dt dt

=



                  
                
                  
                  
                
              
                  
                 


   

                   
                  
                     
                     
                  
 
             

' ' '
' 'x

d dF m x
dt dt

=

 

             
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                     
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               
 

      
                    
                    
                 
   
                 
        
                     
                 

               
                  
        
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d d          

 

                 
                  
                  
                 
             
   
          
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      
       
     
     
     


         
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