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1. . . 

.   
. 

 
1.1. . 

 F
Q

r
1 Q2

2 , 

       F -   , Q1, Q2; 
 r -  , 
 -  , 
 -  : 

1
9 10 9  = 8,85 10-12 . 

 
1.2.  
                                      = dQ/d , 
       dQ - ,   d   . 
      ,   = Q/ , 
       Q - ,  -   
  
1.3. :    = Q/S , 
       Q - ,     S. 
 
1.4. :  = Q/V, 
       Q - ,  V . 
 
1.5.  E  

E F
Q

 

       F  -  ,  Q, ,  
   E . 
 

1.6.  

E
Q

r4 0
2   

       Q  - , , 
            r  -   , . 
1.7.   

E
r2 0

 

  - ,      
            r - , . 
1.8.  
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                          E Q
r4 0

2                      r   R    

 
                                  = 0                            r   R, 
      Q - , 
          r  - ,  
               , 
          R - . 
1.9.  
       . 
 

                           E Q
r4 0

2                     r  R, 

       r  - ,   
                , 
           Q -   ,  
           R - . 
1.10. . 1.6 - 1.10                 
        , , ,  
        . 
1.11. , - 
        : 
                                          E E E1 2 ... , 
         E  - , 
              E1 - , ,  

              E2 - , . 
1.12.  

                             = W
Q

 , 

        W -  Q,  
                  . 
1.13.  

                            W Q Q
r

1 2

04
  , 

         Q1       Q2   - , , 
                     r   - . 
1.14.  

                           
Q

r4 0
 ,     

        Q - , , 
            r - ,  
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1.15.  

                            
Q

r4 0
                           r    R       

 

                            
Q

R4 0
                          r    R , 

         Q - , 
              r - ,   
                  , 
             R - . 
1.16.  - ,    

. -
. 

 
1.17. ,   
        : 
                                    1 2 ... , 
          - , 

1 - , , 
2  - . 

1.18. ,  
          (  1)  (  2): 
                                    A Q 1 2  , 
         Q - , , 
             1-  
             2- .  
    
1.19.  E       
        : 

                           E  = - grad                  Er  =  - d
dr

 

         Er  -  E  r . 

        ,  E d1 2 , 
         1  2  - , 
                     d - ,  
                          . 
 
                                    
                                                1.1 

 Q1 = - 32  Q2 = +18 , -
 r = 10,0 c -

  = 2,0. : 
1.  ,   

 r1 = 8,0 c  r2 = 6,0 ; 
2.  F,   Q3 = -1,0 , -

 W ; 
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3. ,  Q3   
    . 
4.   grad   . 
                                             
 

: 
Q1 32  = -32 10-9   
Q2 18  = +18 10-9  
Q3  = -1,0 10-9  
  = 2,0 

r1 = 8,0  = 8,0 10-2  
r2 = 6,0  = 6,0 10-2  
 r = 10,0  = 10,0 10-2  
------------------------------------- 
  1)  - ? ,   - ? 
  2) F - ? , W - ? 
 
1. : 
                                        E E E1 2  , 

      E1  - ,  Q1 ; 

          E2  - ,  Q2 . 
     (  E1EA) : 

                                   = E E E E1
2

2
2

1 22 cos             (1.1)   
    : 

                                  E
Q

r
E Q

r1
1

0 1
2 2

2

0 2
24 4

;   . 

     (  Q Q A1 2 ) : 
 

r r r rr r r r
r r

2
1
2

2
2

1 2
1
2

2
2 2

1 2

2
2

cos cos ;cos ( ) ( ) ( )8 6 10
2 8 6

0
2 2 2

( . )

, /

1 1 1
4

9 10
2

32 10

8 10

18 10

6 10
6 3 10

1
2

2
2

0

1

1
2

2
2

2
2

2

9 9

2 2

2
9

2 2

2

4

E E E Q
r

Q
r

    

 
      

  
                             1 2                (1.2)   
        1  - ,  Q1 , 
            2   - ,  Q2 . 

: 

E

E

E
F

A

Q r
r r

Q

grad
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1
1

0 1
2

2

0 24 4
Q

r
Q

r
;                                                    

1 2 1
4 0

1

1

2

2
. Q

r
Q
r

 

                      
9 10

2
32 10
8 10

18 10
6 10

450
9 9

2

9

2  (B) 

    2. : 

                        E F
Q

F Q E
Q Q

r
Q
r3

3
3

0

1

1
2

2
2

2
2

2

4
  

          -  ( ), 
 Q3 - , . 

                             F H1 10 6 3 10 6 3 109 4 5, ,        
         . E , . 
          Q3 . 
                    
 

                         
W
Q

W Q Q Q
r

Q
r3

3
3

0

1

1

2

24
 

 
                           W 1 10 450 4 5 109 7,  
    3. , : 
                                 = Q 3 1 2  
        Q3 -   , , 
            1 - ,  Q3 , . 
                  ( 1 = ), 
            2   -   ( 2  = 0, .  r = ). 

        :       A Q Q Q
r

Q
r3 1

3

0

1

1

2

24
  

 

             A 1 10

4 2 1
4 9 10

32 10
8 10

18 10
6 10

4 5 10
9

9

9

2

9

2
7,  . 

 
4.          
 E grad  
   ,   . 
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 1.2 
  

1 = 1,0 . : 
1.  ,  

r1 = 4,5  r2 = 6,0 .  r = r1 = 4,5 . 
2. ,  Q = 1,0  
     . 
3.    
     ,   
      2  = - 0,5 . 

 4.   
dF
dl

, , ? 

 5.  grad    
     . 
 
                                             
  :  
  

1
61 0 10,                                                                    

r 4,5 101
2  

r2
26 0 10,  

r 4,5 10 2  
Q = 1,0   
___________________ 
1)  - ?  2)  - ? 
3) Ep  - ? 
   2

60 5 10,  

4) dF
dl

 - ? 

 
 1.  r2 ,  

, -
. 1   2 . (   

1  -  r ,  
  r1 ).  1. 

, ,  
: 

                                          E
r

1

02
 , 

  - ;  
     r - ,  E .   

     
   : 

                                      E
d
dr

d E drr r      (1.3) 

 Er  -  dr  

rA Edr

B

B 1r

r

1

2

1 2

2

1
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                                       Er  = cos , 

     -  E dr . ,  00 , 
             cos 0 10 . 

   :       r = E
r

1

02
 

     (1.3) => d
r

dr1

02
 .    d dr

rr

r

1

2 1

0
1

2

2
  

     =>  2 1
1

0 1
2 1

0
2 1

1

0

2

12 2 2
l l l lnr r

r nr nr n r
r

    (1.4) 

 

                 =  
1 10

2 1
4 9 10

6
4 5

5 2 10
6

9

3l n
,

,   (B)  

      
2. ,  Q   
     , 
                                      = Q 1 2  , 
      1  2  - . 
                              = Q 1 2  = - Q( 2  - 1) => 
                              = -10 9 (- 5,2 10 3 ) = 5 2 10 6,   ( ) 
 
3. 
 

r

r E

E

E
r

B

A1

2 12

1

p

grad

1

2  

 Ep : E E Ep 1 2  , 

 E1   - , ;                                                                         

     E2  - , ,                                                        
            .                                

      AE E p1  

E E E EEp 1
2

2
2

1 22 cos                                                                   
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     1AB  

    r r r rr r r
r2

2
1
2

1
2

1 1
1
2

2
2

1
22 2

2
cos cos ;   

       E r1
1

0 12     ;    E r2
2

0 12  .  

E
r r r

r r
r

r

r r

r

p
1

0 1

2
2

0 1

2
1 2

0 1
2

1
2

2
2

1
2

0 1
1
2

2
2 1 2 1

2
2
2

1
2

2 2
2

2

2
2

1
2

2 2
 

                 

Ep
2 9109

4,510 2 110 6 2
0,510 6 2

2110 6 0,510 6 2 4,5 2 6 2

4,5 2 4,3105    

4.                                           
, .                                                   

   dl                          
  dQ dl2 .   dQ   
   : 

    dF dQ E dl
r

dF
dl r2

1

0 2

1 2

0 22 2
                                                     

                                                       

      
dF
dl

1 10 0 5 10 18 10
6 10

1 5 10
6 6 9

2
3, ,                                                                                              

                                                        
                                                                             
 5.  E   
     ,  
                                      E grad   . 

     ,  E  grad  
     . 
 
                                         

 1.3 
 Q1  R = 20 . -
 Q2 = 100 . -

 r = 10  = 180 . : 
1.  ; 
2.  F,  Q = 1,0 ,  
     r , . 
3.  Q3 = 3,0 . 

 
 

dF

dF E

dQ
dl

1 2

r 1  
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: 
R 20 10 2  
Q2

9100 10    

r 10 10 2  
E 180  = 1 8 10 4,  
------------------------------------- 
1)    - ? 
2) Q 1 0 10 9,  
    F - ? , W - ? 
3) Q3 = 3,0 , A- ? 
 
1.  
 E E E1 2   

     E 1 - ,  Q1  

 E Q
r1

1

0
24

 

        E 2 - , . ,  
,  

.  r  ( ) E2 0 . 

,  E E Q
r

Q r E1
1

0
2 1 0

2

4
4 . 

  1 2, 
 1 - ,  Q1 , 

1
1

0

0
2

04
4

4
Q

r
r E

r
rE , 

     2  - ,  Q2 . , -
, -

: 

2
2

04
Q

R
 ,    R - . 

:      rE Q
R

2

04
 

0 1 1 8 10 9 10 100 10
0 2

6 3 104
9 9

3, ,
,

, B 

2. ,  Q, , 
F = QE, 

     - . 
F 1 10 1 8 10 1 8 109 4 5, ,  

 (  F , . 
Q ).   

E

1
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 Q, , 
W Q  , 

  - .   -  
,  Q1   Q2 . 

W = 1.10-9.6,3.103 = 6,3.10-6  
3. , , 

A Q 3 1 2 , 
     Q3 - , , 
         1 =   - , 
         2  = 0  - , .  r = . 
        = Q3  = 3 10 6 3 10 1 9 109 3 5, ,  
 

 
 1.4 

   = 2,0 -
.  R1 = 4,0 .  R2 = 8,0 , 

  = -8,85 10-6 . -
 r1 = 2,0  ( )  = 1500 .  

: 
1.   ,  

 r2  = 10 . . 
2.  F,  Q = 10 , .  
3.  W1   
     W2  Q   
    . 
4.  Q ,  

. 
 

: 
 = 2,0 

R1 = 4,0 10 2   
R 2 = 8,0 10 2   

 = -8,85 10 6 2  
r1 = 2,0 10-2  
E 1 5 106,  
---------------------------- 
1)  - ?,  - ?  
     r 2 = 0,1  
2) F - ?, , Q = 10 10-9  
   W1/W2  - ? 
 
 
1. ,  Q1  

 Q0  r1  Q0   
    ,  R1 ,  - r1 , . 

Q1 =  Q0  +  Q0  
    : 

E

C

E
B

A

E
E

p

R r

r

R
1

2

1

2

II

I

X
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E E E E1 2 3           (1.5) 

     E 1 -   ,  Q0 ,   
                 r1 ; 
         E 2 - ,  Q0 ,   

 r1 . .  
                2 = 0; 
         E 3 - ,  R2 . 

,   E3 0. 

 (1.5)  =>   = E1, E Q
r1

0

0 1
24

 

 R1 , -
 R1  

 r1 :  Q
V

0

0

 ; 

 V0 -  r1 ;  V0 = 4
3

r1 3  

    3
4

4
3

0

1
3 0 1

3Q
r

Q r  

 = E r
r

r E
r1

1
3

0 1
2

1

0

0

1

4
3 4 3

3  

 

 Q V E
r

R ER
r1

0

1
1
3 0 1

3

1

3 4
3

4  ,    (1.6)     

 R1 - . 
 , . 

            
E E Ep I II      (1.1) 

      EI  - ,   
 

E Q
r

ER
r r

ER
rrI

1

0 2
2

0 1
3

1 0 2
2

1
3

1 2
24

4
4    

 
      E  - ,  Q2. 

E
Q

r
2

0 2
24

 

   Q S R2 2
24   

E
R
r

R
r

4
4

2
2

0 2
2

2
2

0 2
2  

: 

1 11
3

1 2
2

2
2

0 2
2

2
2

1
3

1

2
2

0
E E E ER

r r
R
r

E
r

ER
r

R
p I p  
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Ep
1

0,1 2

2 1,5 106 4 10 2 3

2 10 2

8,85 10 6 8 10 2 2

8,85 10 12 3,2 105 320  

          1 2   
     1    2   - ,  
                         . 
 

1
1

0 2

0 1
3

1 0 2

1
3

1 24
4

4
Q

r
ER

r r
ER
rr ;  2

2

0 2

2
2

0 2

2
2

0 24
4

4
Q

r
R
r

R
r

 

 
1

2

1
3

1

2
2

0r
ER
r

R ;   (1.7) 

 

1
0,1

2 1,5 10 4 10

2 10

8,85 10 8 10

8,85 10
3,2 10 32

6 2 3

2

6 2 2

12
4    

2. : 

E F
Q

F Q Ep p  , 

     F - ,  Q,   . 
F = 10 3 2 10 3 2 108 5 3, ,  H  

3.  : 
W
Q

W Q2
2  

     W2 -  Q , 
           - , . 

W Q
r

E R
r

R
2

2

1
3

1

2
2

0
 

. ,    Q1 -
,  Q2 .  

W Q1 2 1
1
 

  1
1 - ,  Q1  ,  

.  
, -

 1
1  

1
1 1

0 24
Q

R
      

           W QQ
R

E R R
r R

E R R
r1

1 2

0 2

0 1
3

2
2

1 0 2

1
3

2

14
4 4

4
4  
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W
W

E R r R

r Q E R
r

R
1

2

1
3

2 2

1
1
3

1

2
2

0

4
 

 

W
W

4 3,14 2 1,5 10 4 10 8,85 10 0,1 8 10

2 10 10 10
2 1,5 10 4 10

2 10

8,85 10 8 10

8,85 10

2,7 101

2

6 2 3 6 2

2 10
6 2 3

2

6 2 2

12

3  

 
4.  

 = Q( B - C) 
 Q - , , 

    B -  ( .  1.7) 

B =  = 1

2

1
3

1

2
2

0r
E R
r

R  

     C-  ( ). 
                  C = 3 + 4 , 
       3 - , , 

3 = Q
R

ER
r R

ER
r R

1

0 2

0 1
3

1 0 2

1
3

1 24
4

4
 

       Q1 -  ( .  1.6) 
 R2 - , . . 

4 - ,  ( -
) 

4  = Q
R

R
R

R2

0 2

2
2

0 2

2

04
4

4
 , 

  Q2 - . 

 C  = 3  + 4  = ER
r R

R1
3

1 2

2

0

 . 

            = Q B C  = Q ER
r r

R
r

ER
r R

R1
3

2 1

2
2

2 0

1
3

1 2

2

0
 

 

    = Q
ER
r r R

R R
r

ER
r r R

R r
R
r

R r1
3

1 2 2

2

0

2

2

1
3

1 2 2
2 2

2

0 2
2 2

1 1 1    => 

 

          =>   A Q r R
R
r

ER
r r R

Q
r R

r
R ER

r R2 2
2

0 2

1
3

1 2 2

2 2

2

2

0

1
3

1 2
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A 10 10
0 1 0 08

0 08
8 85 10 8 10

8 85 10

2 1 5 10 2 10

2 10 8 10
2 4 109

6 2

12

6 2 3

2 2
4, ,

,
,

,

,
,   

   « » , - 
  . 
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2. . 
.  

 
2-1.  E  

E ndS
s

E   ,  E  =  

       En -  S. 
      , ,  

E SE cos , 
         - , 
             S - ,  E , 
              -  E  n ,  n  - . 
2-2.  ( ) D  E - 
      : 

D = 0 E  
2-3.  

r
D . 

Dn
s

dSD  ;   D  

       Dn -  n  
                   S. 
      , ,   D SD cos   

        -  D  n . 
 

 
 

 2.1 
.  

.  r, ,    
 = 100 , ,  

.  r = 1,5 . 
, .  

-
. 

 
 

: 
r = 1,5 10 2  

 = 100  
------------------- 

?  
 
 
 
 
 

 
 = 1 +  2            (2.1) 

n
E

A

n

E

2

1

1
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1 - , 
     2 - . 

E dSn
S

1
1

           (2.2) 

   En -  E  n 1. 
         ,  En = Ecos 1 0 ,  1 90 90 0o o, cos  

(2.2)    =>   E dS E dSn
S S

1 2 20
2 2

; cos  

         ,  2  n 2  E  
 00,  

EdS
S

2
2

 

          
, ,  

, . 
E dS E S

S
2 2

2

        (2.3) 

 - , ,   , 
, 

        S2 -  

S S R Rc
2

2
2

4
4

4
.  

     R - . 

     = Q
R4 0

2    (2.4) 

     Q - . . 

           Q
r4 0

. 

  r - ;    - .   Q r4 0 . 

(2.4)  =>   E r
R

r
R

4
4

0

0
2 2 . 

(2.3)  =>  2 = r
R

R r2
2

2     

(2.1)  =>   = 1 2 r ;     = 3,14  1,50  10 2 100 = 4,7  ( ). 
 
 

 2.2 
.  

,  a = 300  
, .  

. 
,  

  = 18 .  R =10 . 
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: .  D  

300   E . 
18   = 1 2,      (2.5) 

R = 10 10 2  1  
----------------- ,  

?  2  
 . 
 

D dS D dSn
S S

1 1
1 1

0cos ,  

 n  D  
a = 900, cos 900 = 0. 

D dS D dSn
S S

2 2
2 2

cos  

,  
. D = onst,  D . 

,  a2 = 900 - a; cosa2 = cos (900 - a) =  sina 
 D dS D S

S
2 2

2

sin sin  

  S2 ,   S R
2

2

2
 

D R
2

2

2
sin  (2.6)  

 : E
r

 

 , . ; 
r - ,  

. ,  r = R. 

   D E
R0 0  

 

B A

C

n

r
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2 6
2 22

0
2

2
0. sin sin

R
R R   

 

2 5
21 2

0. sinR   

  

3 14 8 85 10 0 1 18 1
2

2
12 5

12, , ,
,    . 

 
 
 
 

3.    
 

 
 
3.1. :  F qE,  

       q - ; E - . 
 
3.2.  : 

E grad , 
, : 

 =  1 2  = U , 

        - ,  
1  2  (   1  2  

), 
U - ;   U 1 2 . 

 
3.3. . .3.2 ,  

: 

E U
d

 , 

 U - ; d - . 
 
3.4.  1  2 , 

 q  1  2 
 

1 2
A
q

 . 
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 3.1 
 

 o 10 .   = 95  1  2,  
 1/3 0 . : 

 
 
 
 
 
 

 
 
 
 
 

 
 

: 
0 10 7  
  = 0,95  

T T T0 0
1
3

 

-------------------- 
-?,  ( ) ?1 2  
-?, F-?  - ? 

 
 
 

T m
0

0
2

2
, 

 m - , 9,1 10 31 . 
: 

A m1
3 2

1
3

9 1 10
2

1 5 100
2 7 2

17, ( ) ,  ( ) 

2.  1  2  -   1 2
A
e

,  

    - ,    = -1,6 10 19 . 

1 2  1 5 10
1 6 10

17

19

,
,

  = 95 ; 

3.  
: 

 = 1 2 , 

   -  1  2 . 

 = 
95

0 95
100

,
 ( ) 

. .
1 2

T T0

v0
 

1. -
 1  2; 

2.  1 2  
 1  2; 

3.  E   (  
);  

4.  F ,  (  
). 

 

1. ,  
 

,  (  
 - ).  

 

A T T0  =>  A T1
3 0  . 

, - 
, . 0  = 107  ,   = 3 108 

 - , : 

.3.1 
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,  
: 

 
 
 
     j1              E                j2 
 
 
 
 
 
 

v0

 
.3.3 

 
 3.2 

- 
 0  = 10 , . - 

 d = 16 ,  U = 30 ,   = 60 .  
.  : 

1.  E  (  
 E  F , ); 

2.   a , ; 
3.  ;  
4.  

; 
5. . 
 

: 
: 

0 10  = 10 7  
d = 16  = 1,6 10 2  
U = 30  

 = 6  = 6 10 2  
------------------------------ r r
E F d?; ?; ?   
T
T0

-? ; -? 

 
 

:  F .  
 - . 

, .3.1 

1.  
 

:      =U/d,    (3.1) 
 d -  

E = 300
1 6 10

1 88 102
4

,
,  ( ) 

2.  ,  2- : 
F ma  , 

 m- ;  F , -
. 

4. ,  
:   F e E,   

F e E 100 1 6 10 1 6 1019 17, ,  

-
, 

. . 1 > 2 

.3.2 
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F = e E,  - . 
 

:       a F
m

e E
m

1 6 10 1 88 10
9 1 10

3 2 10
19 4

31
15, ,

,
, 2       (3.2) 

 E  F .3.4. , .  
. 

 
3.  

, .3.4.  0  
,  0  .   II . 

+

- - -

++

 
.3.4. 

 
  .  

 0. : 
at , 

 t - , . 
: 

t
0
 

: 
a

0

15 2

7
73 2 10 6 10

10
1 9 10, ,   (3.3) 

     0
2 2

II  .  (3.1) - (3.3) : 

 0
2

0

2e U
m d

l
;     10 1 9 10 2 1 107 2 7 2 7, ,  

3.       T
T

m

m0

2

0
2 0

2 7

7

2
2

2

2 1 10
1 0 10

4 4,
,

,      -     (3.4) 

4. , , .  
,  

). :  = 
=T-T0 

 (3.4) :  T T T T0 04 4,  
: 

A T T T A m
0 0

0
2 31 7 2

163 4 3 4
2

3 4 9 1 10 10
2

1 6 10, , , , ( ) ,   ( ) 
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4.  

4.1. :    P
P

V
i

N

i 1  , 

i -  (i- ) , 
N -  V. 

4.2.  P  E : 
P  = 0E  

  - ,  0 - . 
4.3.    : 

 = 1 + . 
4.4.  E  E 0 

:  E E0  
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