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036

123

233

060

133

221

402

313





































































11527

15396

3124

5132

6145

0010

2312

2532

1528

2614

5311

3042

11 7 

12 9
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R

x'ox   

Complex numbers

x' 

x o 

y  

y  

x  
x  o  

(x , y)  
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(x , y) 

xy

C

x'ox

(x , 0) y'oy

(0 , y)

x'ox

x , yx , -y

x , yzz

  (   )   ̅  (    )  

0,1ii = (0,1) 

21

1  

(     )        (      )    

(      )  (      )  (            )  

1

(3 , 5) + (1 , 2) = (4 , 7) 

(8 , 4) – (3 , 6) = (5 , -2) 
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  (    ) ̅  (     )

   ̅  (   )  (    )  (    )    

2  

(     )     (     )    

(     ) (     )  (                      

2

(   ) (   )  (           )  (    )  

  (   ) ̅  (    )

   ̅  (   )(    )  (       )           

3    ̅

   (   ) ̅  (    )

   ̅  ( )  ( )           

i . i

       (   ) (   )  (    )      

√     

1i
2

4√   

√    √(  )   √    
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3  

   x'ox

(   )   

      (   )     

(   )   

 (   )  (   )(   )  (         )   (   )  (     )  

5 (   )  (    )

22

(   )   

(   )  (   )  (   )  (   )   (   )  

(   )        

x , y

23

x , yx

yi

1  

                           

      (      )  (      )  

                                         (       ) 

                    (     )   (     )  

       (     )   (     )       

       (     )   (     )
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2  

                             

         (      )  (      )  

                                                       

                                                 

                                  (         )   (         )

         (         )   (         )  

 

3  

                             

  

  
 

      

      
 

(      )(      )

(      )(      )
  

  

  
 

(         ) (         )

  
    

  

  

  
 

(         )

  
    

  
         

  
    

   

6

z1=3+4i  ,  z2=1+i

                            
  

  
 

      (    )  (   )        

                           (    )(   )             
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24

z = x + iyx , y

z = x + yi

x , yz

zθx'ox

z

r| |

y  

y  

x  
x  o  

(x , y)  

x'  

y'  

θ  
r  
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r 

  √       

θ

     
 

 
  

      
 

 
  

x , y1,21,3

        

        

z = x + yi

                 

     [             ]  

   θ

    [    (     )       (     )]  

z = x + iy

7z = -1 + i

x = -1y = +1

  √      √    √   

y  

x  
-1 

θ  

+1 
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√ 
  

    [            ]  

          √  *    
  

 
      

  

 
+  

  √  *    (
  

 
    )       (

  

 
    )+  

25

1  

     [             ]      [             ]  

           [             ][             ]                   

                [                                       

              ]

                  [(                       )   (           

           )]    

            [   (     )       (     )]                            

z1 . z2 . … . znr1 . r2 . … rn

θ1 . θ2 . … . θn

z1. z2. …. zn = r1. r2. … rn [cos(θ1+θ2+…θn)+i sin(θ1+θ2+…θn)]

1z = x + yirθ

z
n 
= z.z … .z = r.r … .r [cos (θ+θ+…θ) + i sin (θ+θ+…θ)] 

 

 θ  
  

 
  

nnnn
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   z
n
 = r

n
 [cos (nθ) + i sin (nθ)] 

n

zθг

√ 
 

  
 

 ⁄

    [    (     )       (     )]  

√ 
 

  
 

 *   
     

 
      

     

 
+                      

nn

nkk = 0 , 1 , 2 , … , n-1

8

   √   √ 
 

z
3

  √      √      

      
 √ 

 
  

      
  

 
  

    [            ]  

   *    
  

 
       

  

 
+

           [                 ] 

 

 θ    
 

 
 

  

 
  

y  

x  

-1 

o  -√  
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    *   
   

 
      

   

 
+

   *   (
  

 
    )        (

  

 
    )+    
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 [   
  

 
    

 
      

  

 
    

 
]                           

k = 0 , 1 , 2 , 3

       √ 
 

*    
  

  
       

  

  
+

       √ 
 

*    
   

  
       

   

  
+  

       √ 
 

*    
   

  
       

   

  
+  

       √ 
 

*    
   

  
       

   

  
+  

2  

     [             ]     [             ]

  

  
 

  

  

             

             
  

  

  
 

  

  
 [(                       )   (                      )]   

  

  
 

  

  
 [   (     )       (     )]

y  

x  

z2 

o  

√ 
 

  

z1 

z4 
z3 
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9

    *   
 

 
      

 

 
+     *   

 

 
      

 

 
+  

  

  
 

 

 
 *    (

 

 
 

 

 
)       (

 

 
 

 

 
)+  

 *    
 

 
      

 

 
+                       

26

e
i θ

 = cos θ + i sin θ 

z=r [cos θ + i sin θ]z = r e
i θ

    [    (     )       (     )]  

      (     )

27

za

      (     )

          [   
 (     )]                   

                (     )      

a = 10

                     (     )         

a = e

           (     )          
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1  

(    )   (   )  (   )                     (   )(   )  
   

   
 

 

    
                                                            

    

   
 

   

    
  

 

2  

           (   )(   )     (    )

  
   

   
         

 

 
  

 

3 

 

    √                            √  

     √                          

                                              

4 √ 
 

     √   

5  

                                     

                                            

6            

  √                √                     
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31

nxn

   
     

                         

an , … , a1 , ao

nx

f(x) , g(г) , φ(x) , … 

nx

 ( )     
     

                       

an , … , a1 , ao

g(x) ; f(x) 

 ( )     
     

                     

 ( )     
     

                         

 g(x) ; f(x)

x

 ( )   ( )                             

1

f(x) = ax
2
 + bx + c  ,  g(x) = 2x

2
 -3 

f(x) = g(x)a = 2 , b = 0 , c = -3 
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 ( )                
                 

x

32

 ( )            
              

    ( )            
               

1 g(x) , f(x)c(x)k

kn , m 

f(x) + g(x) = c(x) = co + c1x + c2x
2
 + … + ckx

k
 

ci

ci = ai + bi   ;   i = 0, 1, 2, … , k 

2

f(x) = x
4
 + 4 x

3
 – 2x

2
 + 3 x – 10 

                         g(x) = 2 x
3
 – 7 x

2
 + 7 

g(x) , f(x)g(x)f(x)

f(x) + g(x) = x
4
 + 4 x

3
 – 2x

2
 + 3 x – 10 + 2 x

3
 – 7 x

2
 + 7 

                      = x
4
 + 6 x

3
 – 9 x

2
 + 3 x – 3            

2 g(x)f(x)g(x)

1f(x) 

3

f(x) - g(x)

f(x) - g(x) = x
4
 + 4 x

3
 – 2x

2
 + 3 x – 10 - 2 x

3
 + 7 x

2
 - 7 

                        = x
4
 + 2 x

3
 ± 5 x

2
 + 3 x – 17 
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n , m

33

g(x) , f(x)

g(x) , f(x)d(x)n+mdk

   ∑                           

d0 = a0 b0              d1 = a0 b1 + a1 b0 , … 

f(x) . g(x) = d(x) = d0 + d1 x + d2 x
2
 + … + dn+m x

n+m
 

4

f(x) = x
4
 – 6 x

2
 + 2

           g(x) = x
3
 – 2 x

2
 + 12 x + 3 

f(x) . g(x)f(x)

g(x)

f(x) . g(x) = (x
4
 – 6 x

2
 + 2) . (x

3
 – 2 x

2
 + 12 x +3) 

                = x
7
 – 2 x

6
 + 12 x

5
 + 3 x

4
 – 6 x

5
+ 12 x

4
 – 72 x

3
 – 18  

                  x
2
 + 2 x

3
 – 4 x

2
 + 24 x + 6 

                 = x
7
 – 2 x

6
 + 6 x

5
 + 15 x

4
 – 70 x

3
 – 22 x

2
 + 24 x + 6 

1

1  

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

f(x) . g(x) = g(x) . f(x) 

g(x) , f(x)
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2  

f(x) + [g(x) + h(x)] = [f(x) + g(x)] + h(x)

                   f(x) . [g(x)  .  h(x)] = [f(x) . g(x)] . h(x) 

h(x) , g(x) , f(x)

3  

[f(x) + g(x)] . h(x) = f(x) . h(x) + g(x) . h(x) 

h(x) , g(x) , f(x)

34

f(x)g(x)г(x) , q(x)

f(x) = g(x) . q(x) + г(x) 

q(x)f(x)g(x)г(x)

г(x)g(x)г(x)=0г(x) , q(x)

 ( )

 ( )
  ( )   

 ( )

 ( )
         ( )     

г(x) , q(x)

5

f(x) = 2x
5
 + x

4
 – 5 x

3
 + 12 x

2
 + 10 x -2 

                   g(x) = x
3
 – 2 x + 7 

 ( )

 ( )
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   2 x
5
 + x

4
 – 5 x

3
 + 12 x

2
 + 10 x – 2     x

3
 – 2 x + 7 

± 2 x
5
        ± 4 x

3
 ± 14 x2                    

              x
4
 – x

3
 – 2 x

2
 + 10 x – 2         2 x

2
 + x – 1 

          ±  x
4
        ± 2 x

2
 ±   7 x 

                   - x
3
           +   3 x – 2 

                   ± x
3
          ±    2 x ± 7 

 

                                            x + 5 

q(x) = 2x
2
 + x - 1r(x) = x + 5f(x)

f(x) = (x
3
 – 2 x + 7) (2 x

2
 + x – 1) + (x + 5) 

r(x) = 0g(x)f(x)

35

p(x) = b0 x
n
 + b1 x

n-1
 +…+ bn-1 x + bn

x = axp(a)

p(x)(x – a)

P(x) = (x – a) Q (x) + R 

Q(x)R

P(a) = R 
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Q(x) = c0 x
n-1

 + … + cn-2 x + cn-1 

c0   = b0 

c1   = b1 +b0 a 

 

cn-1 = bn-1 + bn-2 . a 

R    = bn + bn-1 . a 

Q(x)

c0 , c1 , … cn-1Rp(x)x = a

b0     b1      b2      …      bn-1     bn 

        c0a     c1a     …     cn-2a     cn-1a 

c0     c1       c2                cn-1      R 

p(x)x
n

b0b0

ap(a)p(x)x 

  ab0c0 = b0

ab1c1a

b2c2

6

P(x) = 5 x
4
 – 3 x

3
 + 4 x

2
 + 2 x – 5x = 3 

a 
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5       -3       4       2          -5 

        15      36     120      366

5      12       40    122      361 

P(3) = 861P(x)

7

P(x) = 7 x
5
 – 2 x

3
 + x

2
 - 5 x + 8x – 2 

X – 2 = 0         X = 2 

7       0       -2       1          -5       8 

        142      8     52       106    202

7      14       26    53       101    210 

          p(x) = (x – 2)(7 x
4
 + 14 x

3
 + 26 x

2
 + 53 x + 101) + 210 

Q(x) = 7 x
4
 + 14 x

3
 + 26 x

2
 + 53 x + 101

R=210

8p(x) = 5 x
6
 + 2 x

3
 - 4 x

2
 + 3 x + 4

x + 1

X + 1 = 0         X = -1

5       0       0       2          -4       3       4

       -5        5      -5           3       1      -4

5     -5        5      -3          -1       4       0

3 

2 

-1 
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R = 0p(x)x + 1

                    p(x) = (x + 1)(5 x
5
 - 5 x

4
 + 5 x

3
 - 3 x

2
 – x + 4) 

9p(x) = 2 x
3
 - 5 x

2
 - 18  x + 45x+3

X + 3 = 0           X = -3  

2       -5       -18       45 

         -6         33     -45

2       -11       15       0

p(x)x + 3

p(x) = (x + 3)(2 x
2
 – 11 x + 15) 

 p(x) (    )p(x)

  
 

 
  

 

 
]

11

p(x) = 9 x
5
 - 15 x

3
 + 8 x

2
 - 293x + 2

3X + 2 = 0          X =  
 

 

9       0       -15       8          0       -29

         -6          4        
  

 
       - 

  

 
      

   

  
 

9      -6        -11      
  

 
        - 

  

 
     

    

  
 

-3 

- 
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p(x) = (3x + 2)(9 x
4
 - 6 x

3
 - 11 x

2
 + 

  

 
 x - 

  

 
) - 

   

  
 

11p(x) = 24 x
5
 - 16 x

4
 + x

2
 – 3 x + 

   

   
 (4x 

- 3)

4X – 3 = 0        X = 
 

 
 

24       -16       0       1          -3        
   

   

             18       
 

 
       

 

 
          

  

  
       -

   

   

24          2        
 

 
      

  

 
        

   

  
        0

p(x)4x - 3

p(x) = (4x - 3)(24 x
4
 + 2 x

3
 + 

 

 
  x

2
 + 

  

 
 x - 

  

  
) 

36

p(x) = b0 x
a
 + … + bn-1x + bny

y = x - a

P(y+a) = c0 y
n
 + … + cn-1 y + c0 

y + axn

n

12p(x) = 2 x
4
 - 3 x

2
 + 5 x – 4(x - 2)

X – 2 = 0           X = 2
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2       0       -3       5          -4 

         4        8      10         30

2       4        5      15         26 

         4       16     42 

2       8        21    57 

         4        24 

2      12       45 

         4 

2       16 

p(x) = 2(x – 2)
4
 + 16(x – 2)

3
 + 45(x – 2)

2
 + 57(x – 2) + 26

13p(x) = - 5 x
4
 + 3 x

2
 - 6 x + 7(x + 3)

X + 3 = 0           X = -3

-5       3          0          -6         +7

         15       -54       162      -468

-5      18       -54       156      -461 

          15       -99       459 

-5       33      -153     615 

           15      -144 

-5        48      -297 

           15 

-5        63 

p(x) = -5(x + 3)
4
 + 63(x + 3)

3
 - 297(x + 3)

2
 + 615(x + 3) - 461 

-3 

2 



  

72 

 

14P(x) = 2x
4
 - 1(3x – 6)

3X – 6 = 0           X = 2

 

2       0          0          0         -1

         4          8         16        32

2       4          8         16        31 

         4         16        48 

2       8         24        64 

         4         24 

2       12       48 

          4 

2       16 

P(x) = 2(x-2)
4
 + 16(x-2)

3
 + 48(x-2)

2
 + 64(x-2) + 31 

P(x) = 
 

  
 (3x-6)

4
 + 

  

  
 (3x-6)

3
 + 

  

  
 (3x-6)

2
 + 

  

 
 (3x-6) + 31 

P(x) = 
 

  
 (3x-6)

4
 + 

  

  
 (3x-6)

3
 + 

  

 
 (3x-6)

2
 + 

  

 
 (3x-6) + 31 

37

a , 0b , 0f(x)f(x) ≥ 0

xa , bDS1 . 

3

2 
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1.3

38

y = f(x)a , b

1.3

DABB'A'x = b , 

x = a

DS

a , bx

b = x1 , x2 , … , xn-1 , xn

Mn , Mn-1 , … , M2 , M1

3.1S'

SD

1.3

S' = (x1 – a) f(a) + (x2 – x1) f(x1) + … + (b – xn-1) f(xn-1) 

D

AB 

B 

B' 
x 

Mn-1 

M2 

M1 

A 

A' 

y 

(b , 0) (a , 0) 

D 
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39

y = f(x)a , b

b = x1 , x2 , … , xn-1 , xn n, …,  2,  1

a , x1x1 , x2xn-1 , b

S' = (x1 –  ) f( 1) + (x2 – x1) f( 2) + … + (b – xn-1) f( n)

 1a , x1 nxn-1 , b

xn-1 , … 

, x2 , x1

     ∫  ( )  
 

 
  

abf(x) dx

a , ba , b

Sxn-1 , … , 

x2 , x1 n , … ,  2 ,  1f(x)

(a , b)

311

y = f(x)a , b

  ∫  ( )  
 

 
y = f(x)

oxx = b , x = a
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a , bn

  
   

 

2.3

h

f(xn-1) , f(x2) , f(x1) , f(x0)

x0 = axn-1 = a + (n-1)h, … , x2 = a + 2h, x1 = a + h,

I ≈ h [f(x0) + f(x1) + … + f(xn-1)] 

15  ∫          
 

 

  
   

  
 

 

  
xa, … , x1, x0f(x)= x sin x

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  
0x

0.8741.4771.7791.7931.5711.1950.7620.3690.0970f(x)

I = h[f(x0) + f(x1) + … + f(x9)] 

y = f(x) 

x 

y 

b a  
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                                     = 
 

  
 (9.917) = 3.116 

311

  ∫  ( )   
 

 
f(x)

a , b

   *
 

 
 (  )   (  )   (  )     (    )  

 

 
 (  )+  

     
 

 
[ (  )    (  )      (    )   (  )]  

16

  ∫          
  

 
  

n = 8

 f(x) = x 1n x

  
    

 
 

 

 
                         

109.258.57.7576.255.54.754x

23.02620.57818.19115.8713.62111.4549.3767.4015.545f(x)

   *
 

 
 (  )   (  )     (  )  

 

 
 (  )+

I = 0.75 [110.7765] = 83.082

17f(x)

1.41.210.80.60.40.2x

1.95061.88741.85941.86671.90941.98731.1002f(x)

  ∫  ( )  
   

   

   [ (  )   (  )     (  )]  

h = 0.4 – 0.2 = 0.2  
       

   
  

I ≈ (0.2) [2.1002 + 1.9873 + 1.9094 + 1.8667 + 1.8594 + 1.8874] 

  = (0.2) (11.6104) 
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  = 2.3221 

   *
 

 
 (  )   (  )     (  )  

 

 
 (  )+  

I ≈ (0.2) [1.0501 + 1.9873 + 1.9094 + 1.8667 + 1.8874 + 0.9753]

  = (0.2) (10.4855) = 2.0971 

312

nn = 2r

  ∫  ( )  
 

 

  
 

 
[ (  )    (  )    (  )    (  )    (  )    

  (     )    (     )   (   ) ]  

18

  ∫         
 

 
 

n = 6 

  
     

 
 

 

  
f(x)

 
 

  
 

 

  
 

 

  
 

 

  
 

 

  

 

  
0x

1.57021.30871.0470.72530.52360.26180f(x)

I ≈ 
 

  
 [4(.2618)+2(0.5236)+4(0.7853)+2(1.047)+4(1.3087)+1.5702] 

  =  
 

  
 (14.1346) 

  = 1.2335 
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1 x 

p(x)= 3x
5
 - 7x

4
 – 5x

3
 +6x

2
 +2x – 10        ;   x = 5        

p(x)= x
5
 - x

4
 – 20x

3
 - 44x

2
 - 21x – 45    ;    x = 3    

p(x)=  x
4
 – 14x

3
 - 126x

2
 + 2070x – 6075    ;    x = 5     

p(x)= x
10

 - 7x
6
 + x

4
 – 2x

3
 + 3x

2
 + 4x – 1    ;    x = 2

2  

P(x) = 2x
4
 – 6x

3
 + 7x

2
 - 5x + 1x + 2

P(x) = - x
4
 – 7x

3
 - 5x

2
x + 3

P(x) = 5x
3
 - 3x + 2x + 1

P(x) = 2x
5
 - 5x

2
 + 11x – 2

P(x) = 10x
3
 - 2x

2
 + 3x - 12x - 3

P(x) = x
4
 + x

3
 + x

2
 + 13x + 6

P(x) = 5x
6
 – 7x

3
 + x

2
 - 5x + 2x - 3

3  

P(x) = x
4
 – 5x

2
 + 2x - 1(x – 2)

P(x) = 2x
3
 + 5x

2
 – x + 2x + 2)

P(x) = 3x
4
 – x

3
 + 5(x + 1)

P(x) = 2x
5
 - 7x

2
 + 3x - 5 (x – 1)

P(x) = 4x
4
 - 4 (4x – 4) 

4 y = f(x) 

2.221.81.61.41.21 0.8x

3.63.332.72.42.11.91.7f(x)
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  ∫  ( )    
   

   

5   ∫        
 

 
n = 10

 

6   ∫          
 

 
n=6

 x 

7   ∫
 

    
   

 

 
n = 8

x 
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O X Yx , yMO X Y

O (0 , 0)O0 (a0 , b0)

Ox , OyӨOy , Ox

  ̅̅ ̅̅
 (0 , Ө)

x
2
 + y

2
 = R

2
R

  

  
 

  

  
  o

(b , a)
  

  
 

  

  
  

(b , a)

(ax + by + c) (a'x + b'y + c') = 0 

    (x – x0)
2
 +     (y – y0)

2
 = R

2
 

b
2
 (x – x0)

2
 + a

2
 (y – y0)
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