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3 x 2
lim

 x 2  
 

  
   

  

2
3 3

3 1

4 4 4 4
3x 2 2 3x 2 4

 

 

  
  

 
 

     

 

x 4 x 4

x 4 x 4
lim lim

x 2 9x x 2 9x x 2 9x

x 2 9x

 





 

 

2x 4 2

x 4
lim

x 2 9x

x 2 9x

 

 


  


  2x 4

x 4 x 2 9x
lim

x 4x 4 9x

   

  
  

     
 

  2x 4 x 4

x 4 x 2 9x x 4 x 2 9x
lim lim

x 4 x 1x 5x 4
 

 



2

x 4

x 4
lim

 



x 2 9x

x 4


  
 

  x 4

x 4 x 2 9x
lim 0

x 1x 1
 

 

3.70.  f      1 x 1 x 0  x 0 . 

    


1
1 x 0 x      



1
1 x 0 x . 

 1          
   

1 1 1 1
1 1 0  

 
  

           

1 1
A , ,0 0,  

 

 

 

 

x         1             1          

1 x   + + 

1 x    + 

 +  + 
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x 0 x 0

1 x 1 x 1
lim f x lim

x
 

       
   

     
 

  
x 0

1 x 1 x 1 1 x 1 x 1
lim

x 1 x 1 x 1

   
   

  


  

2
2

x 0

1 x 1 x 1
lim

x 1 x 1 x 1

   
 

    

    
  

     

2

x 0 x 0

x x1 x x x 1
lim lim

2x 1 x 1 x 1 x 1 x 1 x 1
. 

 

3.71.     
  

      2 2

x 1 x 1

lim f x lim x x 1 1 1 1 1,    
  

     
x 1 x 1

lim f x lim 2x 1 2 1 1 1  

    
  

 
x 1 x 1

lim f x lim f x 1,  



x 1
lim f x 1 

  
  

     

    
  

 x 0 x 0 x 0

2 x 1 1 x 1 12 x 1 2
lim f x lim lim

x x x 1 1

 

 

 


 x 0

2 x 1 1
lim

x x 1 1
 

   
   

  x 0 x 0

2x 2 2
lim lim 1

1 1x 1 1x x 1 1
 

   
  

  
x 0 x 0

lim f x lim 6x 1 1 

   
  

 
x 0 x 0

lim f x lim f x 1  



x 0
lim f x 1. 

 

3.72. x 3   
x 3
lim f x

  
 

  

  
    

 

2

x 3 x 3 x 3

x 2 x 3x 5x 6
lim lim lim x 2 1

x 3 x 3
 

x 1 :  
 


 



2

x 0 x 0

x 1
lim g x lim 1

x 1
. 

 

3.73. :    
  

        2 2 2

x 2 x 2

lim f x lim x 3 x 5 4 6 5   

    
  

         2 2 2 2

x 2 x 2

lim f x lim x x 1 4 2 1 2 5 .  

:    
  

       2 2

x 2 x 2

lim f x lim f x 4 6 5 2 5   

           2
2 6 0 2 3 0 0    3 . 

 

3.74. 
f

C   A( 2, 8) ,  

                  f 2 8 2 2 3 8 4 3 8   1  

 
x 1

limf x    
  


x 1 x 1

lim f x lim f x .  

    
  

      
x 1 x 1

lim f x lim 2 x 3 2 3   

 
 

    


 



2

x 1 x 1 x 1

x 1x 1
lim f x lim lim

x 1

  



x 1 ( x 1)

x 1
  


   

x 1

lim x 1 x 1 4 .  

  2 3 4   2  

 1 ,  2  
      


    

4 3 8 2

02 3 4
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3.75.  
x 3

lim f x    
  


x 3 x 3

lim f x lim f x .  

    
  

          
2 2 2

x 3 x 3

lim f x lim x x 1 3 9 4 3   

      
  

             
 

2 2 2 2

x 3 x 3

lim f x lim 2 3 x 5 1 3 2 3 5 1  

         2 2 2
6 9 5 1 6 4 1 

               2 2 2 2
9 4 3 6 4 1 9 6 4 4 2 0  

               
2 22 2

9 6 1 4 4 1 0 3 1 2 1 0  

  
2

3 1 0    
2

2 1 0   

 3 1 0      
1

2 1 0
3

  
1

2
. 

 

3.76.    
  

  
x 1 x 1

lim f x lim f x 2   1 ,    
  

   
x 2 x 2

lim g x lim g x 2 4   2  

 1 ,  2    2 ,   0  

 

3.77.    
  

  
x 1 x 1

lim f x lim f x 6   1 ,    
  

   
x 3 x 3

lim f x lim f x 3 2   2  

 1 ,  2    4 ,   2  

 

3.78.    
  

     
x 2 x 2

1
lim g x lim g x 2

2
   ,   2   

 

3.79.  
  

    

     
    

       

2 2

x 3 x 3 x 3 x 3

x x 6 x 3 x 2x x 6 x 2
lim lim lim lim 5

x 4 1 x 4 1 x 3 1
 

 


 

x 1

x 2 1
lim

x 1  

    
 

 x 1 x 1

x 2 1 x 1
lim lim

x 1 x 1

 


 
 

x 1

x 1
lim 1

x 1
  

 


   



2

x 3

x 1 x 4 9
lim

x 3 

     


x 3

x 1 x 2 x 2 9
lim

x 3
  1  

 

 

 

 

 

 

 1  : 


   




2

x 3

x 1 x 4 9
lim

x 3
 

 

     
  

 

2 2

x 3 x 3

x 1 x 4 9 x x 12
lim lim

x 3 x 3

   


 

x 3

x 4 x 3
lim

x 3
  


 

x 3
lim x 4 7  

 
  

       
   

x 0 x 0 x 0

x 2 x 2 x 2 x 2 2x
lim lim lim 2

x x x
 

 
 

 

 




2
2

x 1 x 1

x 1x 2x 1
lim lim

x 1 x 1
 0  

x       2            1             2          3              

x 1   +           + 

x 2               + 

x 2   + +           + 
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2 2 2

2 22x 1 x 1 x 1

x 7x 10 x 5 x 7x 10 x 5 x 6x 5
lim lim lim

x 2x x x xx 2x x

 




x 1

x 1
lim

 

 



 

x 5

x x 1
 4  

 

3.80.  
    

 
 

 

2 2

2 2
x 0 x 0 x 0

5x 4 x x5x 4x
lim lim lim

x 2 x x 2x

 5x 4

x  



2

x 2
 

    

 
 

 

2 2

2 2
x 0 x 0 x 0

5x 4 x x5x 4x
lim lim lim

x 2 x x 2x

 5x 4

x  



2

x 2 






2

2x 0

5x 4 x
lim 2

x 2 x
 

 
  

        
 

 2 2
x 1 x 1

x 1 x 2 1 x 1 x 2 1
lim lim 0

x x x x
  

 
 

  

   


2
x 1 x 1

2 x 1x 1 x 2 1
lim lim

x x  x x 1
 2



   

2x 1

x 1 x 2 1
lim

x x
. 

 
 

    

        
 



2 2

22x 2 x 2 x 2

x 2 xx x 2 2 x x x 2 2 x
lim lim lim

4 x4 x  2 x  




1

22 x
 

 
    

       
 



2 2

22x 2 x 2 x 2

x x 2x x 2 2 x x x 2 2 x
lim lim lim

x 44 x  x 2  




1

2x 2
,  



   




2

2x 2

x x 2 2 x 1
lim

24 x
 

  
   


  

2 2

2

x 5x 6 9 x
f x

x 3 x x 3
, x 3  

 

 

 

 

 

 

 

 
   

   

    
 

  

2 2

2
x 3 x 3

x 5x 6 9 x
lim f x lim

x 3x x 3 

    


  

2 2

2
x 3

x 5x 6 9 x
lim

x 3x x 3
  




 

 2
x 3

5x 15
lim

x 4x 3

 




x 3

5 x 3
lim

    x 1 x 3


 
x 3

5 5
lim

x 1 2
  

 
   

   

   
 

  

2 2

2
x 3 x 3

x 5x 6 9 x
lim f x lim

x 3x x 3
 

 
    

  
  

  2
x 3 x 3

5 x 35x 15
lim lim

x 3 x 1x 2x 3 


 

x 3

5x 5
lim .

x 1 4
 

   
  


x 3 x 3

lim f x lim f x   
x 3

lim f x . 

x     3   0   2  3    

x            

 2
x 5x 6            

 2
9 x            

x 3            
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2
2

x 4 x 4 x 4

x 4 x 4x 8x 16
lim lim lim

x 4 x 4 x 4
 

 
 

  
  

 x 4x 4

x 4 x 4
lim lim 1

x 4 x 4
, 

 

 
 

 x 4 x 4

x 4 x 4
lim lim 1

x 4 x 4
,  



 



2

x 4

x 8x 16
lim

x 4
 

 
   

  

   


 

2

x 4 x 4

x 1 x 4x 5x 4
lim lim

x 2 2 x 4
 3   

   
  

  


 

2

x 4 x 4

x 1 x 4x 5x 4
lim lim

x 2 2 x 4
 3



 

 

2

x 4

x 5x 4
lim

x 2 2
. 

 

3.81.  
  

   

          


     

2 22 2

x 3 x 3

x 4x 3 x 2x 3 x 1 2x 4x 3 x 2x 3
lim lim

x 1 2 x 1 2 x 1 2
 



    


 

2 2

x 3

x 4x 3 x 2x 3
lim 8

x 1 2
, 



    


 

2 2

x 3

x 4x 3 x 2x 3
lim 24

x 1 2
,  

 

 
   

   

    
 

        

2
2

x 2 x 2

x 2 x 2 3x 2x 4x 4
lim lim

x 2 3x 2 x 2 3x 2 x 2 3x 2
  

 
 

   


 x 2

x 2 x 2 3x 2
lim

2 x 2
, 

 
 

 
  

     


 x 2 x 2

x 2 x 2 3x 2 x 2
lim lim

2 x 2

 
 

  

 

x 2 3x 2

2 x 2
 2 , 

 
 

 
  

    


 x 2 x 2

x 2 x 2 3x 2 x 2
lim lim

2 x 2

 
 

  

 

x 2 3x 2

2 x 2
 2 ,  

 

 

  
  

        
 

     

2 2 2

2
2x 2 x 2

x 5 11 x x 5 11 x x 5 11 x

lim lim
x 4 x 2 x 2 x 5 11 x

 

  


 
 

    

2

2x 2

x x 6
lim

x 2 x 2 x 5 11 x
 

  


 
 

    2x 2

x 3 x 2
lim

x 2 x 2 x 5 11 x
 

 


 


x 2

x 2
lim

 





x 3

x 2  
 

   2

5

24x 2 x 5 11 x
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2 3

2x 1 x 1 x 1

x 11 x x x 2 3 1 x x 2x 3
lim lim lim

x 1 x 1x 1

 
 

 

 

2
x x 2

x 1  
 


2

x 1
  

 
  

 
    

        
 

 

2 3

2x 1 x 1 x 1

x 11 x x x 2 3 1 x x 2x 3
lim lim lim

x 1 x 1x 1

 
 

 



2
x x 4

x 1  



3

x 1
 

 

3.82.  
    

  
  

    

       
 

   

2

x 3 x 3 x 3

x 3 x 3 x 3 x 3 x 3 x 3
lim f x lim lim

x 3 x 2 x 3 x 2
,  

 
 

  

 


x 3 x 3

x 3
lim f x lim

  x 3  

 





x 3

x 3  



5

x 2
,  

 
  




x 3 x 3

x 3
lim f x lim

  x 3  

 





x 3

x 3  



7

x 2
 

 

3.83.  
  

   

         
 

     

2 2 2 2

x x 2 2

x 2 x 2 x 2 x 2
lim f x lim

x x 2 x 2
 

 

  




     

2

x 2 2

x
lim

x x 2 x 2
 

  0  
 

 
x x

x
lim f x lim 1

x
 

  0  
 

 




2

x x

x
lim f x lim

 x  


    2 2

0
x 2 x 2

 

  0  
 

   


 

      

2

x x 2 2

x
lim f x lim 0

x x 2 x 2
 

 

3.84. 
   



  

x 3

1 x 3
lim

  x 3  



x 3

x 3
 7 ,  

   


 

x 3

1 x 3
lim

  x 3  



x 3

x 3
 5  

  7 5 1 

 

3.85.  
  

 
 

  


x x
2 2

2x x 1
lim g x lim

2x
,  

 
  

 

 


x x
2 2

2x
lim g x lim

 

 



 

x 1

2x

  
 

2
2

2
,  

 
 

  
 

 


x x
2 2

2x
lim g x lim

 

 





x 1

2x

  


2
2

2
,  

     
       

2 2

22 2
2 0 0

2 2
   2  
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3.86. 
     

   
 

  
            

 
  

    
 

2 22 2
2 2

x x 2 2

x xx
lim lim

x
x x

 

 


  


2 2

x

x
lim

 2

   

 

   





   
          

   

2

x2 22 2

x
lim

x x x x

. 

  0 x  x 0  

 

 






2

x

x
lim

x  

 

 



 

   
        

   

x2 22 2

x
lim 0

x x

 

  0 x  x 0  

   
 

     
 

  

2 22 2

x x

x x
lim lim

x x
 

 
  

     
   

  

2 2 2

x x x
lim lim lim 1 

  0  
 

  

  
  



2 2 2

x x x

x xx
lim lim lim 1

x x x
. 

 

3.87.          2 3 2
3x 5x 7 f x 4 x 6x 4x 2  

          2 3 2
3x 5x 7 4 f x x 6x 4x 2 4  

       2 3 2
3x 5x 3 f x x 6x 4x 2  

:  


     2

x 1
lim 3x 5x 3 3 5 3 5   


       3 2

x 1
lim x 6x 4x 2 1 6 4 2 5

 



x 1
limf x 5 . 

 

3.88. 
  
    

  
 

  x 4 x 4 x 4

x 2 x 2x 2 x 4
lim lim lim

x 4 x 4 x 2  x 4   
 

 x 4

1 1
lim

4x 2x 2
  

 
 

 


 2x 4 x 4

x 44 x
lim lim

x 12x 32  x 4   


 

 x 4

1 1
lim

x 8 4x 8
.  

 



x 4

1
lim f x

4
. 

 

3.89. x 0  
    

      
4 8 4 8

3 7 3 7
g x g xx x x x

x x x x
x x x x

 

 


 3 7

x 0

lim x x 0 ,  


 3 7

x 0

lim x x 0
 




x 0

g x
lim 0

x
  1 . 
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x 0  
    

      
4 8 4 8

3 7 3 7
g x g xx x x x

x x x x
x x x x

  

 


 3 7

x 0

lim x x 0 ,  


 3 7

x 0

lim x x 0
 




x 0

g x
lim 0

x
  2 . 

 1 ,  2  
 




x 0

g x
lim 0

x
. 

 

3.90. :    
22

x 1 x 1        
23

x 1 f x (x 1) x 1 .  

x 1 
      

 
 

23
x 1 f x (x 1) x 1

x 1 x 1
 

          
  



2
x 1 f x x 1 x x 1

x 1
x 1

        2
f x x x 1 x 1

           2
x 1 f x x x 1 x 1               2 2

x x 1 x 1 f x x x 1 x 1  

  


     
 

2

x 1
lim x x 1 x 1 3   



     
 

2

x 1
lim x x 1 x 1 3 . 

 



x 1
limf x 3 . 

 

3.91.  


 
x 2
lim2 2x 2 4 4   


 

x 2
lim x 2 4   

 



x 2
lim f x 4 . 

       2 2x 4 f x 4 x 2 . 

x 2  
       

    
    

2 2x 2f x 4 f x 42 2x 4 x 2
1

x 2 x 2 x 2 x 2 x 2
. 

   

  
 

    

 
 

  x 2 x 2 x 2

2 2x 2 4 x 22 2x 4
lim lim lim

x 2 x 2 2x 2  x 2  
 



4
1

42x 2
  

 





x 2

f x 4
lim 1

x 2
  1 . 

x 2  
 

 
 

f x 42 2x 4
1

x 2 x 2
  

 
 

      


  

  x 2 x 2 x 2

2 2x 42 2x 4 4
lim lim lim 1

x 2 2x 2x 2 2x 2
 

 





x 2

f x 4
lim 1

x 2
  2  

 1 ,  2  
     

   

  
  

  x 2x 2 x 2

f x 4 f x 4 f x 4
lim lim lim 1

x 2 x 2 x 2
. 

 
   

      

   
 

    
2x 2 x 2

f x 5 3 f x 5 9
lim lim

x 4 x 2 x 2 f x 5 3
 

 

      

 
     

       
x 2

f x 4 1 1 1
lim 1

x 2 4 3 3 24x 2 f x 5 3
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x 2
lim f x 4    


  

x 2
lim f x 3 1 0   f x 3 0 .  

    
  

 
  

    
       

       
2x 2 x 2 x 2

f x 3 1 f x 4 f x 4 1 1
lim lim lim 1 1

x 2 x 3 x 2 x 3 1x 5x 6
. 

 

3.92.   


 2

x 1
lim x 4x 5 ,  


 2

x 1
lim 3x 2 5  




x 1
limf x 5  

       2 2
x 4x 5 f x 5 3x 3 x 1 

    x 5 x 1

x 1

   
 



x 1f x 5
3

x 1

 



x 1

x 1
  

 





x 1

f x 5
lim 6

x 1
x 1

 





x 1

f x 5
lim 6

x 1
 

  



x 1
limf x 5   f x 1 0 x 1,  

 
     

  
 

 
  

     
     

       
x 1 x 1 x 1

f x 5 x 3 2f x 1 4 f x 5
lim lim lim x 3 2 24

x 1x 3 2 x 3 2 x 3 2
 

 
        
        

     


     
x 1

f x 4 3 f x 4 3 2f x 6 2
lim

2f x 6 2 2f x 6 2 f x 4 3

  




x 1

f x 5
lim

  
  

 



2f x 6 2

2 f x 5   


 

1

3f x 4 3
 

 

3.93.                4g x 0 3f x 4g x 3f x 3f x 0    


   
0x x

lim 4g x 3f x 0 ,  

    
 

   
0 0x x x x

lim 3f x 0 lim f x 0 . 

       
   

   
h x 3f x

4g x 3f x h x g x
4

 
   

 


 

0 0x x x x

h x 3f x
lim g x lim 0

4
 

 

3.94.                 2 2
f x f x f x f x f x f x .  

 



0

2

x x
lim f x 0  




0

2

x x
lim f x 0    


 

0

2

x x
lim f x 0   

 



0x x

lim f x 0 . 

 

3.95.        
 
            

2 2

x 2 x 2
lim 4f x f x 4 lim 4f x f x 4 0  

  


     
  

2

x 2
lim f x 2 0   


 

2

x 2
lim f x 2 0  

                            
2 2 2 2

f x 2 f x 2 f x 2 f x 2 2 f x f x 2 2   

 



x 2
lim f x 2  

 

3.96.              
22 2 2

f x 2f x x 0 0 f x 1 x    


 
2

x 0
lim f x 1 0  

                            
2 2 2 2

f x 1 f x 1 f x 1 f x 1 1 f x f x 1 1  

 



x 0
lim f x 1 

 



 

 

 

 

 171 

3.97.            
22 2 2

f x 4f x x 4 f x 2 x .  

   
2

0 f x 2  


2

x 0
limx 0    


 

2

x 0
lim f x 2 0 .  

            
2 2

f x 2 f x 2 f x 2   

     
 

   
x 0 x 0
lim f x 2 0 limf x 2  

 

3.98.        2 2 2
0 f x f x g x   




0

2

x
lim f x 0   

 



0x

lim f x 0 g. 

 

3.99.              
 

               

2 22 2

x 1 x 1
lim f x g x 6f x 8g x 25 lim f x 3 g x 4 0  

             
2 2 2

0 f x 3 f x 3 g x 4    


 
2

x 1
lim f x 3 0   


 

x 1
limf x 3  

g 

 

3.100.          
 

     
0 0

3 3

x x x x
lim g x g x 1 lim g x g x 1 0   1 .  

              3 3
g x g x 1 g x 1 g x 1  

                2
g x 1 g x g x 1 g x 1   

           2
g x 1 g x g x 1 . 

     2
g x g x 0     1 4 0  

   
   

 
 

  

3

2

g x g x 1
g x 1

g x g x 1
. 

      2
g x g x 1 1 x .  

 
   
   

   

   

       
    

     

3 33

2 2

g x g x 1 g x g x 1g x g x 1
g x 1

1g x g x 1 g x g x 1
 

                 3 3
g x g x 1 g x 1 g x g x 1  

                3 3
1 g x g x 1 g x 1 g x g x 1 . 

     


   
0

3

x x
lim 1 g x g x 1 1,      


   

0

3

x x
lim 1 g x g x 1 1.  

    



0x x

lim g x 1. 

 

3.101.      
 


    


5

4

x 3
f x f x 3 x f x

f x 1
,  

   


   

 
4 4

x 3x 3
f x x 3

f x 1 f x 1
   

 
 

   


4

4

1
f x 1 1 1

f x 1
     x 3 f x x 3   




x 3
lim f x 0  

 

3.102.                              
2

2 2 2 2 2
f x f x g x 16f x 9g x 4f x 3g x 24f x g x x .  

     2
0 f x x            

 
         

0 0

2

x x x x
lim x lim 4f x 3g x 24f x g x 0 24 0 0 . 
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0 0

2

x x x x
lim f x 0 lim f x 0 . 

       
   

   
h x 4f x

h x 4f x 3g x g x
3

  

 
   

 

  
  

0 0x x x x

h x 4f x 0 4 0
lim g x lim 0

3 3
. 

 

3.103.                  
2 2 2

h x g x h x g x 2h x g x  

                 
  

2 2 21
h x g x h x g x h x g x

2
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0x x
lim h x g x 0 . 

                
2 2 2

h x g x h x g x 2h x g x  

             
  

    
0 0 0

2 2 2

x x x x x x
lim h x g x lim h x g x 2 lim h x g x 0 . 

        2 2 2
0 h x h x g x  




0

2

x x
lim h x 0  




0x x
lim h x 0 .  

        


   
0

2 2 2

x x
0 g x h x g x ... lim g x 0 . 
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3x u x
3
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3x u 3 u
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ux u
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u
3lim 3 1 3

u
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lim
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 x 0 x 0
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2 2xlim lim 2
x x 1

x x
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lim

x  
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x

xxlim lim
x x x 

 
  
 x 0
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lim 1

x x
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lim

x

  
 

   


 x 0

1 x 1 1 x 1
lim

x 1 x 1  
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1 x 1
lim
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x 0
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lim 1

x 1 1 21 x 1
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3x x
lim
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3x x 3x x
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x x x x
 

 
 

  
  

  
2x 0 x 0

1 2x 1 2x 1
lim lim 2 0

2x x 1x x
 

 
  

     

     
  

   

2
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   x 0

2x 1
lim 4 2
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2 x 0x 0

4 x x 4
lim lim 2

x x 2x 2x
 

 
   

   
      

 



x 0 x 0 x 0 x 0

2x 2x 2x 2x
lim lim lim lim 2x 0 1

2x2x 2x

2x

. 
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1 x 1 x 1 x 1 x1 x 1 x
lim lim

x x 1 x 1 x
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3x 0 x 0
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3
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f x x 2x 5 g x x 2 f x g x x 2 x 2x 5 . 

     
 

              
2

x 2 x 2
lim f x lim g x x 2 x 2x 5 2 0 4 4 5 3 . 

f
C    M 2, 3   f( 2) 3 . 

   


   
x 2
lim f x f 2 3  

0
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3.385.      3 h x h x 3 h 0 :  x 3 0 x 3 ,  

   
 


 

h 0 x 3

f 3 h f x
lim lim 2

h x 3
. 

  
 

       


f x
g x f x g x x 3

x 3
,  




x 3
lim g x 2 ,     

 
    x 3 x 3

lim f x lim g x x 3 0 . 

f  
0

x 3    


 
x 3

f 3 lim f x 0 . 

 

3.386. 
    




  



x 1 u

u 1u 1x 0

f x 1 f u
lim 4 lim 4

x u 1

 



x 1

f x
lim 4

x 1
. 

 
         



f x
g x f x g x x 1

x 1
, x 1.       

 
   

x 1 x 1
f 1 limf x limg x x 1 0 . 

       
 




x 1 x 1

g x x 1f x f 1
lim lim

x 1 x 1
 4  

 

3.387. x 0               f 0 f 2 3 2 f 2 3 f 2 1  

        
   

         2 2

x 0 x 0 x 0 x 0
limf x 2 lim x 3 f x lim x 3 limf x 3 2 1 

    x 2 u x u 2 x 0  u 2 .    
 

   
x 0 u 2
limf x 2 1 limf u 1.  

   


 
u 2
limf u f 2 1,  

1
x 2 . 

 

3.388. x 0          f 0 f 1 8 f 1 5 . 

        
  

         2

x 1 h 0 h 0
limf x limf 1 h lim 4h 4h 8 f h 8 3 5 f 1 . 

 

3.389. x 3                 
2 2

f x 3 f x 2 x 3 6 x 3 19 2x 18x 55  

x 0          f 3 f 0 55 f 3 50 . 

        
 

   
       

x 3 h
2

x 3 h 0 h 0 h 0
lim f x limf 3 h lim 2h 18h 55 f h 50 f 3  

 

3.390.  
 

       
f x

g x f x xg x
x

, x 0 .      
 

  
x 0 x 0

f 0 limf x limxg x 0  

      
 

   
   

x 1 h

x 1 h 0 h 0 h 0
limf x limf 1 h limf h 0  x 0      f 1 f 0 0  

 

3.391. 
    

 


  

 

x 3 u

x 3 u 6u 6

f x 3 f u
lim 2 lim 2

x 3 u 6

 



x 6

f x
lim 2

x 6
. 

 
         



f x
g x f x g x x 6

x 6
, x 6 .  

       
 

   
x 6 x 6

f 6 limf x lim g x x 6 0 , 
       

 




x 6 x 6

g x x 6f x f 6
lim lim

x 6 x 6
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3.392.    



x 0
limf x f 0    




0

0
x x
lim f x f x , 

0
x .  

 
0

x x h 
0

x x  h 0

                
  

        
0

0 0 0 0 0
x x h 0 h 0
lim f x limf x h lim f x 2f h f x 2f 0 f x 0 f x  

 

3.393.    



x 3
lim f x f 3    




0

0
x x
lim f x f x , 

0
x .  

  
0

x x h 3 
0

x x  h 3

         
  

      
0

0 0
x x h 3 h 3
lim f x limf x 3 h lim f x 3 f h              

0 0 0
f x 3 f 3 f x 3 3 f x .  

 

3.394.  x y 0            f 0 f 0 2f 0 f 0 0 
0

x 0 , 

   


 
x 0
limf x f 0 0    




0

0
x x
lim f x f x , 

0
x .  

 
0

x x h 
0

x x  h 0 .  

   
 

  
0

0
x x h 0
lim f x limf x h     


   

0 0
h 0
lim f x 2f h x h  

       
 

         
0 0 0 0 0

h 0 h 0
f x 2limf h limx h f x 2 0 x 0 f x  

 

3.395.  x y 1   f 1 1. 
1

x 1    


 
x 1
limf x f 1 1.  

   



0

0
x x
lim f x f x , 

0
x .  

  
0

0

x
h x x h

x


0
x x  h 1.  

    
 

       
   

         
0

1

0 0 0
x x h 1 h 1 h 1
lim f x limf x h lim f x f h f x limf h  

           
0 0 0

f x f 1 f x 1 f x  

  

3.396.   x y 0           f 0 f 0 f 0 f 0 1 
0

x 0   

   


 
x 0
limf x f 0 0    




0

0
x x
lim f x f x , 

0
x .  

 
0

x x h 
0

x x  h 0 .  

    
 

  
0

0
x x h 0
lim f x limf x h     




0
h 0
lim f x f h      




0 0
h 0

f x limf h f x  

    


 
x
lim f x f    




0

0
x x
lim f x f x , 

0
x .  

  
0

x x h 
0

x x  h .  

         
  

      
0

0 0
x x h h
lim f x lim f x h lim f x f h  

             
0 0 0

f x f f x f x .  

 

3.397.  x y 0           f 0 f 0 f 0 f 0 1 
0

x 0

   


 
x 0
limf x f 0 0    




0

0
x x
lim f x f x , 

0
x .  

 
0

x x h  
0

x x  h 0 .  

    
 

  
0

0
x x h 0
lim f x limf x h    



      0
h 0
lim f x f h h h      



      0 0
h 0

f x lim f h h h f x  
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3.398.  
 

         


      

x
x 0

x x
f x 3xe

g x f x 3xe xg x f x xg x 3xe
x

 

    
 

  x

x 0 x 0
limf x lim xg x 3xe 0  x y 0            f 0 f 0 f 0 f 0 0 .  

  
0

x x h 
0

x x  h 0 .  

    
 

  
0

0
x x h 0
lim f x limf x h      



    
0xh

0 0 0
h 0
lim f x e f h e 3x h f x  

 

3.399. x 0   


     2 3x
x 2x f x 5x x 1

x
.  



 
   

 

2

x 0

x
lim x 2x 1

x
,  


  3

x 0

lim 5x x 1 1  



x 0

lim f x 1.  

f 
0

x 0  :      
  

  
x 0 x 0

f 0 lim f x lim f x 1. 

 

3.400.     2
xf x x x x       2 2

x xf x x x x        2 2
x x x xf x x x x   

x 0 ,  1  :      x x f x x x  

:  

  

x 0
lim x x 0   


 

x 0
lim x x 0 .  

:  



x 0
lim f x 0 .  

f  
0

x 0        
  

  
x 0 x 0

f 0 lim f x lim f x 0 . 

 

3.401.  x 3        18 f x 18 f 3 18  




x 3
lim6x 18 ,  


 2

x 3
lim x 9 18    


 

x 3
lim f x 18 f 3 . 

  


  

    
     

    

1
u

x
2

2x 1/3 u 3 u 3

1 1
lim x f lim f u

x u
.    



      
x 0

2

2 2

6 1 9
6x f x x 9 f x 1

x x x
.  




x 3

6
lim 2

x
, 



 
  

 
2x 3

9
lim 1 2

x
 




2x 3

1
lim f x 2

x
 

 

3.402. 


           
x 0

2 4 4 2 4
x f(x) x 1 x x x f(x) x 1 x  

 
   

    
4 4

2 2 2 2

x 1 x x 1 x
f x

x x x x
 

  

      
             

24 2

2

2 2 2x 0 x 0

x 1 x x 1 x
lim lim x

xx x x 1 x
 



     
            

2 2

2

x 0

x x 1 1
lim x

x x 1 x 2
 



  
   
 

4

2 2x 0

x 1 x 1
lim

2x x
  




x 0

1
lim f x

2
. 

f   
1

f 0
2
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3.403.  


        
x 0

2 10x 1
x x 10 10 xf x 10 x

x2 10
 

 
  

    
2

9x x 10 10 1 1
f x x

x x2 10
 



        
x 0

9 9 91 1
1 1 x x x

x x
 


 9

x 0

1
limx 0

x
,  



 
     
 

9

x 0

1 1 10
lim x

x 202 10
. 

 

    


2 2

x 0 x 0

x x 10 10 x x 10
lim lim

x

 10

 


  2
x x x 10 10

x 0

x
lim

 2x 1

x  
 

  2

10

20x x 10 10

 

 


 
x 0

10
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20
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10
f 0

20
. 

 

3.404.                             
2 2 22

f x x 1 x 2x 1 x 1 x 1 f x x 1 x 1  

                 
2 2

x 1 x 1 f x x 1 x 1  

x 1       0 f 1 0 f 1 0  



x 1
limf x 0 . 

 x 1 
 

 
   

 
     

     
  

x 1 f x f 1 x 1
x 1 x 1

x 1 x 1 x 1
 

 
 

 

 

  

    
       

   

x 1 u

x 1 u 0 u 0

x 1 u
lim x 1 lim u 1

x 1 u
  

 


  
    

 
x 1

x 1
lim x 1 1

x 1
, 

   





x 1

f x f 1
lim 1

x 1

   





x 1

f x f 1
lim 1

x 1
 

 

3.405.            
22 2 2

f x 2f x 1 x f x 1 x x 0  :  

            
2

f 0 1 0 f 0 1 0 f 0 1          f x 1 x 1 x f x 1 x .  

 



x 0
lim f x 1 

0
x 0 . 

 

3.406. x 1     f 1 g 1 0  x 2      f 2 g 2 0 .  

       2 2 2
0 f x f x g x       

 
   2

x 1 x 1
limf x 0 limf x 0 f 1  

     
 

   2

x 2 x 2
limf x 0 limf x 0 f 2  

 

3.407. x 0         2 2 2
f 0 g 0 0 0     2 2

f 0 g 0 0      2 2
f 0 g 0 0  

     f 0 g 0 0        2 2 2
0 f x g x x  
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x 0
lim x 0

    


 2 2

x 0
lim f x g x 0 . 
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       2 2 2
0 f x f x g x      


 2 2

x 0
lim f x g x 0   

     
 

   2

x 0 x 0
limf x 0 limf x 0 f 0   

0
x 0 . 

 



x 0
limg x 0  

0
x 0 . 

 

3.408. x 0            2 2
f 0 g 0 2f 0 g 0            2 2

f 0 2f 0 g 0 g 0 0  

     
2

f 0 g 0 0      
2

f 0 g 0 0            
2

f 0 g 0 0 f 0 g 0 .  

           2 2 2
f x g x 2f x g x x  

           2 2 2
f x 2f x g x g x x      

2 2
f x g x x .  


2

x 0
limx 0     


 

2

x 0
lim f x g x 0 .      

2

f x g x 0  

    


 
2

x 0
lim f x g x 0          

 
    

2

x 0 x 0
lim f x g x 0 lim f x g x 0 .  

               h x f x g x f x h x g x   



x 0
limh x 0 .  

               
   

     
x 0 x 0 x 0 x 0
limf x lim h x g x limh x limg x g 0 f 0 ,  


0

x 0 . 

 

3.409.                   
22 2 2 2

f x 4g x 4f x g x x 0 f x 2g x x  

x 0                      
2 2

0 f 0 2g 0 0 f 0 2g 0 0 f 0 2g 0  
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x 0
lim x 0       


 

2

x 0
lim f x 2g x 0  

                  
2 2

f x 2g x f x 2g x f x 2g x .  

.      


 
x 0
lim f x 2g x 0  

               f x 2g x h x f x 2g x h x        
 

  
x 0 x 0
limf x lim 2g x h x 0  

 

3.410. x 0   


  
x

f x 2x 5
x

    
  

 
     

 x 0 x 0

x
lim f x lim 2x 5 f 0 5

x
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x

f x 2x 5
x

    
  

 
     

 x 0 x 0

x
lim f x lim 2x 5 f 0 5

x
.  

  f 0 5  
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x 2

  



2
x 2x 2

x 2
  2

x 2x 2   

x 2   
 

   


3

2x 6x 4
f x x 2x 2

x 2
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f x x 2x 2  
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x 2 x 2
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3.412.              3 2 2 2
f x 2f x x f x f x 2 x    2

f x 2 0  x ,  

 
 




2

2

x
f x

f x 2
x . 

 
   

  
 

2 2 2

2 2

x x x
f x

2f x 2 f x 2
   2
f x 2 2  x . 

        
2 2 2

x x x
f x f x

2 2 2
.  



 
  
 

2

x 0

x
lim 0

2
 




2
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x
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2
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                3 2
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limf x f 0 0  f 

0
x 0 . 
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3 3 0
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x x
f x f x f x f x x x f x f x

f x f x f x f x 1
 

   
       


   

  

0

0 02 2
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x x
f x f x x x

f x f x f x f x 1
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          2 2
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f x f x f x f x 0   0         
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0

0
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0

0
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3.414. 
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g x x

0 g x x g x x 0 g x x 0 g x x
g x x

 

      g x x x g x x  
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x
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u

x
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u1 1 1
x x x
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x
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. 
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x

1
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u
lim 1
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g
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1
lim g lim g  x 0  

 0, . 
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3.416.   x y 1         f 1 2f 1 f 1 0 
0

x 1,  

   


 
x 1
limf x f 1 0  0,  

  
0
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0

0
x x
lim f x f x .  

   
0

0

x h
x x h

x 1
. 

0
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0
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0 0 0 0
x x h 1 h 1
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0 0
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  0

2 2

0 00 0 0

x x h 1 h 1
0 0 0 0

f h x x h hf x f x f x h f x
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x 0 x 0
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f x 2 f x 2 f x 2              
2 2

f x 2 2 f x f x 2 2  
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limf x 2 f 0  

 
 





 

  
  

  

1
u

x
2
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u 02 2
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2 2

2 2 2

f u 2 2 f u 2 2f u
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u
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.  

 




 

  
   

  

1
u
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2
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3.418.  x 2  
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g x f x g x x 2 3

x 2
    


 

x 2
f 2 limf x 3  

f        f 2 f 2 3   

       
 

   
              

x u

x 2 x 2 u 2 u 2
lim f x lim f x lim f u 3 f 2  
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f x 3 f x 3 f u 3 f u 3
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2

  





x

2
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      1 2 x g x 2 x          2 x 2 3 g x x 1 0   
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2 2
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2

1
lim 3 g x xg x 3

g x 3
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x
2

3
lim 3 g x xg x 3 3

2
 

 


 
x

2

1
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3.420.       
 

           2

x 2 x 2
lim x 2 f x lim x x 6 0 4 2 6 3 2  

x 2   
        

 


2 x x 2x 3 2 x 6
f x

x 2

  3 x 2

x 2
  

 


    
x 2
limf x 2 3 5 1    3 2 1 

     
 

     2
x 2

x 2 f x x x 6 f x
 



x 3
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limf x lim x 3 5 f 2    f x x 3  x .  

 
 


1

u
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x

1
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2
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0
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f x f x x x x x f x f x x x  
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0

0
x x
lim f x f x  
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3.466.  1 x 2      2
f x 2x x 3   2 x 3     2

f x x 1 

 
0

x 2 .  
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   2

x 2 x 2

lim f x lim 2x x 3 3        
  

   2

x 2 x 2

lim f x lim x 1 3 f 2 .  

   1,3 .  

        2
f 1 2 1 1 3 2 0 ,      2

f 3 3 1 8 0     f 1 f 3 0 .  
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  f x 0        2 3
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2
    x 1 1,2  

      2
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3
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2
. 
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    2

x 3 x 3
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    2
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lim f x lim x 6x 8 1
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x 6x 8 0   3,6  x 4 .  
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       2x
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2 2
 

 
 

 
f 0 f 0

2
 f 
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2
,   f x 0  
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2
. 
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       6 4 2 2
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f x x 2 x 1 x 2 x 1 ,    x 2,2 .  
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      x
f x x x e x     f 0 1 0 , 
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 f 
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2
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x
x e

f x 0 0
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0,

2
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3.471.    
 

         
 

3 2 2 20 0

0 0 0 0 02 2

0 0

2 x x
1 2 x x 1 x 1 x x

1 x x
 

            3 2 2 2
f x 2 x 1 x x 1 x x , 

 
 
 

x 0,
2
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f 1
2

,  

  Bolzano... 

 

3.472.      4 3
f x x 3x 2x 5 ,    x 2,0 .  

        f 2 16 24 4 5 7 0      f 0 5 0  Bolzano...  

 

3.473.                     2 2
f x g x 5x f x g x f x g x 5x .  

   f x g x      f x g x 0     
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. 
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5
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f g
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g x f x e 1 lnx x ,   x 1,e .     g 1 f 1 1       2

g e f e e 1 e . 

     2
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2ln1 1 f 1 ln 1 1 0 f 1 1 1 0 g 1 1 

               2 2 2 2
2lne e f e ln e e 1 e f e e 1 e e 2e   g e 0  
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3.475.      3
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g x 0 f x e x  
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1
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f f x g f x f x
e e f f x g f x f x .  
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2
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2
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2 2 2

2
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2
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2

2 f 4 12    f 4 8 0 .  
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2 2 2 2
x x 16 x x 16 x x 16

f x f x f x
2 4 2 4 2

, x 0  

 f 0, .  

   f 0 2 ,  


 
x
lim f x      f A , 2 .  

 k 2  k 2   

 

3.546.  f  

 


 
x 0

lim f x ,  


 
x
lim f x   f A  

    
 

          
f 1 11 x x 1

xlnx 1 x lnx lnx 0 f x f 1 x 1
x x

 

     


       

f

1 f 1 f f .           2
g x f x f f ,     x , . 

                         2
g f f f f f f 0 , 

                         2
g f f f f f f 0 ,  

     g g 0  g    ,  

   g 0         2
f f f  

 

3.547.  


 
x
lim f x   


 

x
lim f x  f  

. 



 

 

 

 

 271 
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