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EF

   

 



  

 

 f :     

  :  f 

  :  f 

 P :     

   

 

 :  f 

 :  f

 :  f

  E,FfEF 

  F) = 0Ef(0F.x ) = 0. f(x) = 0 ) = f(0Ef(0 

 x  Ef(  x ) = (  1 )f(x) =   f(x) 

  ,   

 ,    

 

 (E, F) EF(E, F) 

(E, E) = (E) 
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fE(E, ) 

E*E

f   (E, F)

 EF 

 EEIm f

 

 EfF 

 FE

 }p2, x1{xEp2, 1 

 E= 0 pxp2x2+ 1x1 F)=0Ef(0) = pxf(p2f(x2)+  1xf(1 

)} p2), f(x1{f(xF

 }p2, x1A= {xEE A

 

Im f y E x f(x) = yp2, 1

xp2x2+ 1x1x = )   pxf(p2f(x2)+  1xf(1y = 

)}p2), f(x1{f(xIm f

 GE F(G) = {y  F :  x  G avec y = f(x) }  F 

f(G)   2, y1yG  2, x1x)2= f(x 2), y1= f(x 1y, 

)  2x +  1x) = f(2f(x )+ 1f(x= 2 y +  1yGE 

G2x +  1x2y +  1yf(G)F  

 HF(H)  1 f   2, x1xH   ) 2), f(x1f(x. =  2), y1= f(x 1y

)2f(x, H   ) 2f(x )+ 1f(x)  =  2x +  1xf(H

F

(H)1  f   2x +  1x (H)1  f E  
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(E, F) f  

f  E   }F: f(x) = 0 E Ker f = {x

f   Im f = {y  F :  x  E avec  y = f(x)}  F

f :   

 :  f 

}                              Im f = Ker f = {(x, y) 

 :  f

Ker f = {(0, 0)}                              Im f = 

P :     

Ker P 

 

Ker g 301  .

 gIm 

f   (E, F)Ker fIm fEF

 Ex, y Ker f   2x, 1x) = 02x) = f(1f(x 

2x2x 2x 


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 

) 2x ) = f(2f(x = 2y 

Im f 2y    Im FF  

 

f   (E, F)

 f}EKer f = {0 

 fIm f = F 

 EfDim E = Dim (Im E) 

EDim(E) = Dim(F) 

fff 

 fKer f  x ) E=f(0 Ff(x)= 0Ex = 0

}EKer f = {0E x, y f(x) = f(y)  Fy )= 0 f(x  Ey = 0 x 

x = yf 

  Im ffIm f = F

 

 Ef}EKer f ={0 

}n2, x1{xE}n2, x1{xE)} n2), f(x1{f(x

Im f n2, 1F0 =)nf(x n2f(x 2)+1f(x1

}n2, x1{x

1f(x1)+ 2 f(x2 n f(xn) = 0F  f( 1x1+ 2 x2 n xn) = 0F 

  1x1+ 2 x2 n xn = 0E 

                                                         1= 2 n=0 

)} n2), f(x1{f(xIm fDim(Im f) = Dim E

Dim E = Dim Im f 

} n2, x1{xE}n2, x1{xE)} n2), f(x1{f(x

Im f Dim Im fIm f

E  nxn 2x2+1x1, y = nxn 2x2+  1x1x = 
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)nx(n 2x(2)+1x(1)  et    y = nx(n 2x(2) + 1xf(1f(x) = 





. 

f   (E, F) Ef Im f  E

  Im f

f   (E, F)E Im ff rg(f)

 FIm fFrg( f)  Dim F f

.rg( f) = Dim F 

 ) n2, e1(eE))n2), f(e1rg(f)= Dim (vect(f(e  

 

f   (E, F)EDim E = Dim( ker f) + rg (f) .

 :  f

(x, y, z)  Ker f2x + y = 0 x  z = 0 

Ker f = {(x,   2x , x) = x(1,   2, 1) : x  } = vect ((1,   2, 1)) 

Dim( Ker f )= 13 = 1 + rg(f) rg (f)= 2

E, F, G
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g   (E,F)f   (F, G) f   (E,  G)

  x, y  E

f  g ( x+ y) = f(g( x+ y)) = f( g(x) + g(y))  

                                                   = f(g(x) )+ f(g(y))  = f  g (x)+ f  g(y).



  f1, f2   (F, G),  g   (E, F) : (f 1+f2)  g  = f 1  g + f2  g 

  f   (F, G),  g1 , g2   (E,F ) :   f  (g 1+ g2)  = f  g1 + f  g2 

g f  f gf f  2f 

f   (E) 

f(E, F)  f   ( F, E)  1  f   1  ff

  F  2, y1y F   2, x1x)2(y1  f +)1(y1 f =  2x+  1x 

)      2x+  1x) = f( 2f(x )+  1f(x  =  2y +  1y   

)      2y +  1y  ( 1 = f 2x+  1x ) 2(y1  f )+1(y1 f )2y +  1y  ( 1 f  


