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1(cos )  (1.4.2) 
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0
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(cos cos )  (1.9) 
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, ,   -   (  
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 = 1, I = I2,  = r,  = 900,  = 00 ( . “ ”  

): 
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r

I
r1
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 (1.9),  I = I2,  = r,  = 1800,  = 900: 

 I
r

I
r2

0 2 0 0 0 2
4

90 180
4

(cos cos )  (1.11) 
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,  B 3 ( .1.8). 

 B 3 ,  
, . ,  

Z.  B 3  
:  B 3  
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0 1
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 (1.13) 
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,  B 0,     

.  B 0    
.1.9).  : 

  = -(  + 900) (1.17) 
 ,  B 1  

,  : 
 = B 1 + B 2 (1.18);  cos  = B1/B   (1.19) 

. B1  B2 , :  

 1
2

2
2 ; (1.20) 

 (1.10)  (1.11) : B1 = B2 = 0I2/4 r. 
 B1 = B2  (1.20): 

1
2

2
2

1 2  
 cos    (1.19): 

o

B
B

B
Bcos 45

2
1

21

11  

  (  (1.17)) : 
   = -(900 + 450) = -1350  (1.21) 

  ( .1.9): 
cos  = B3/B0 

 B3   (1.13) 0  (1.16): 
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0 1 0 2
2

2 2
1
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2
1 1 2

1
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1
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2
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I
r
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R
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2 04
1 02

1

1 8
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 = arc cos(0,74) = 420. 

:  = ;  = -1350;  = 420. 
2.  H ,  r

.  H  (  (1.4)): 

   
0

(1.22) 
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.1 0.  = 1. -

 (1.22) : 
  = 0/

:   = 2,1 10-6/4 10-7 = 1,7 . (1.23) 
3.  

.  
 (  2),  

, .26,  J. 
 J(1,7) = 10   (1.24) 

 J : J = H , . ,  H      (  
, , 0). 

4.  J  
 (1.6)): 

J = H;   = J/H. 
 J (  (1.24)  

(1.23)): 
 = 10/1,7 = 5,9. 

5.  (  (1.7)): 
  = 1 +  = 1 + 5,9  => 
  = 6,9  (1.25) 
6.  B  ( (1.3)): 

B  = B . 
 ,  B ,  

 B 0. :  = 0 . 
0 ( 0 = 2,1 10-6 )   (  = 6,9): 

 = 2,1 6,9 = 1.5 10-5 . 
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 1.2. D  Z , 
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4
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 I - ; “ ” - -
, ,   -   (  
.1.11);  - .   = 

1,  I  =  I1.   1.10  ,   OCL  /2. .1.11 
 : 

  = /2 . (1.27) 
 

 = 180   = 180  ( /2) 
 cos cos(180  ( /2)) = cos( /2)  (1.28) 

 OCL  “ ”: 
  = Rsin  = Rsin( /2)  (1.29) 
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R

R
R
sin 2 sin ( /2)  (1.30) 
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R

2
0

24
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 - -
.  I 

= I1,  = 1. 
 ,  :    = R  . (1.34) 

 (1.34)  ) 

 I
R
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2

0 1
4 4

 (1.35) 

, -
 B 3 ( .1.13).  B 3   I2  
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.  

.1.13  ( ). , 
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B0

7

2

2

7
3 3 4

4 10
4 01 30

4 900 2500 1

1 30
30

3
30

10
005

36 10 25 10 52 26 10 142

, sin sin
cos sin

,
, , , , ( . )

2.  (  (1.4):    = /
 1 0 .   = 1. -

,  (1.43), : 

 0

0

4

7
226 10

4 10
21 10; , ,  (1.44) 

3.  
.  

 ( , ),  
.27 : 

(210) = 0,54 . 
4. 0 -

 (  (1.31)): 
 = 0 ;   = 0 = 0,54/(2,6 10-4) = 2,1 103. 

5.   (  (1.7)): 
;   = = 2100  1  

2,1 103.  
6.  J  

: 
J = H;  J = 2,1 103 210 = 4,4 105 . 
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2.  

 
 

*  
 

2.1.  
;  

, -
  

  H d Iil
l

l  (2.1) 

 d - ,  ,  - -
  d ; Ii -  

,  . 
2.2.  

,  
. -

 (   , 
 1, .1.1).  

r
 

, . 
2.3.   S : 
   = n

S
dS , (2.2) 

  n -  
r

 n  dS. 

 

 2.1.  -
 r = 0,10  I1 = 1  ( .2.1). -

.  
 R1 = 0,20 ,   R2 = 0,40 .  ,  -

 I2 = 4 ,  I1. -
 , : 1) 

  
1 = 0,05 ,  2 = 0,15 , 3 = 0,30 ; 2) 0 , -

 0 ; 3)  
 S ( .2.1.,  = 0,20 , h = 0,10 ). 

 
                                                        
* . 
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.2.1 

 

: 
r = 0,10,  
R1 = 0,20   
R2 = 0,40   
I1 = 1 , 
I2 = 4 , 

1 = 0,05 ,  
2 = 0,15 ,  
3 = 0,30 ,  

H0 = 0, 
h = 0,10 , 
 = 0,20   

1. . -
-
-

 ( . , 
  ). 

, -
 “ ”  ( .2.2,     I1).  

 
, -

,  “ ” (  1).  
 “ ”  “ ” 

.2.2).  
H,H2,X0  -?  d ,  

 ( .2.2,  

d 1). 
1. . 1  

1  ( .2.2).  
1  

 1). -
 :  

I2 I2 h 

r 

R2 
R1 

 

S I1 
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, .  
  

iIdH  (2.3) 

 d -  ,  -   
 d ; Ii - , .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.2.2 

 d 1 

.2.2).  1 , d  

 d  (  
, , 1. 

 = H1d cos , 

  -  1  d .  
 = 0, cos = 1. 

  = H1d   (2.4) 
 

d  

I1 

I2 

H  

3H  

2H  

1H  

d  d  

d  

X2 X3 

X1 
R1 R2 r 
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 dHdd 11

 (2.5) 

1 , . 1  
). 

  
12 Xd , (2.6) 

 (2.5)  (2.6), : 
 

11 2 XHd  (2.7) 

  1 . ,  
 

 Ii = 0 (2.8) 
 (2.7)  (2.8)  (2.3): 

 12 1 = 0 ;  1 = 0 (2.9) 
2. 2   

2 .2.2). -
 (2.3): 

022 cosdHcosdd  

 
22 2 XHd  (2.10) 

2  I1: 
 Ii = I1  (2.11) 

 (2.10)  (2.11)  (2.3): 
22 2 = I1 

2 = I1 /2 2 
: 

2 = 1/2 0,15 = 1,1  
3  -

3 .2.2) -
. 

 
333 20cosdHd  (2.12) 

 I1  I2, -
, -

3  R1.  I  : 
  Ii = I1  I   (2.12) 

 I  “ ”, .  
,  “ ” (  1. ). 
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 I ,  

: 
 J = I2/S  (2.13) 

 S  - , J - . 
 S - , -

 R2  R1.  
R2  R1: 

 J I
R R

I
R R

2

2
2

1
2

2

2
2

1
2( )

 (2.14) 

 I :  I  = JS ,  (2.15) 
 S  - ,  

3  R1  
 I  = J ( ( )R J X R3

2
1
2

3
2

1
2  (2.16) 

 (2.16)  (2.14): 

I I X R
R R

2
3
2

1
2

2
2

1
2  

 (  (2.12)) : 

 Ii = I1  I
X R
R R

2
3
2

1
2

2
2

1
2  (2.17) 

 (2.12)  (2.17) : 

3 32  = I1  I
X R
R R

2
3
2

1
2

2
2

1
2  , 3  = 1

2 3
(I1  I

X R
R R

2
3
2

1
2

2
2

1
2 )(2.18) 

: 

 3  = 1
2 03,

(1  4
9 4

16 4
) = 0,35 . (2.19) 

 “ ”  (2.19) ,  
r

3 -
, .2.2. 

3. 0 ( , 0 = 0) -
0,  

. , -
3,  

(2.18), 3 0, 3 0: 

 0 02  = I1  I
X R
R R

2
0
2

1
2

2
2

1
2  (2.20) 

0 = 0,  (2.20) : 
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I1 I X R
R R

2
0
2

1
2

2
2

1
2 ; R I

I
R R0

2
1
2 1

2
2
2

1
2( )  , X R I

I
R R0 1

2 1

2
2
2

1
2( ) (2.21) 

: 

0 004 1
4

016 004 026. ( , , ) , . 

4. -
 S   R2.  

,  -
 d  ( .2.2). -

. 
XHcosdd 2180  

 I1  I2: 
Ii = I1 I2 

: 2  = I1 I2  
   = (I1 I2)/2   (2.22) 

 I2  I1,   0, ,  , 
.2.2.   S: 

   = dSn
S

 (2.23) 

n -   
 n  dS. 

 dS -
 dX, 

-
 

.2.3).   
 

 ( -
 (2.22) -

 dS ( .2.2). 
 -   

 n , -
. 
 

  n  
 0: 

n = Hcos , 

n r
n

dS 

dX 

h h 

X 

 

R2 +  

R2 

 

.2.3 
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 -   n . . = 0, -
: 

n = H; dS = dX h;  
   Hn dS = H h dX   (2.24) 

 (2.24)  (2.23): 
 = dSn

S
= hdX

S
 

 (2.22): 

    = I I
X

hdX
S

2 1
2

 (2.25) 

,  S, -
 (2.25)  R2      R2 +   

.2.3): 
I I

X
hdX I I h dX

X
I I h nX

R R R
2 1 2 1 2 1
2 2 22

2

2

2

2

2l  

  = I I h n R
R

2 1 2

22
l  (2.26) 

: 

 = 2101,1n1,250,048
0,4

0,10,4n0,1
2

14
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3.  ( )  

 

3.1.  = Bscos , 
 -  S; 
 - ; 
-   n -   

. 
3.2.  = dxcos , 

 -  -
 dt; 

dx -   
; 

-   I ,   
  

. 

3.3 i N
dt

d
dt

 - -

 ( ), 

i - . ; N -  ( );  - -
. 

3.4. i = NS sin t, 
i - . , ,  N -

,  S, -
  ; 

t -  
r

-
 n . 

3.5. m = NIS, 
m -  S  I;  

N - . 
3.6.  = /t, 

 - ,  ( ). 

3.7.  = Q = I i
2 Rt = Ii i t - , 

 - , t; 
Ii -  ( ); 
R - ; 

i - . . 
3.8.  = 0I/2 x, 

 - ,  I; 
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 - . 

3.9. F = BI sin  - , 
F - ,  I   

; 
- ; 
-  I  . 

 

 3.1. ,  N = 100 -
,   = 1 -2  

 = 0,2  ( .3.1).  
.  S = 20 

2.  R = 0,01 . 

1. .  i ( -
). 

2. : ) . i , 
 )  Pm, 
 ) ,  1  

. 

: 

: 

N = 100 
 = 1 -2 
 = 0,2  

S = 20 2 = 2 10-3 2 
R = 0,01  
t = 1  

i (t), i , Pm  - ? 
 
 
 

1.  i : 

  i
d
dt

  (1),  

 

n  

B  

.3.1 
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  = N  (2) - ; N - ,  

,  t  
: 

 = BScos t (3), 
 - , S - ,  - -
, :  = t (4). 

 (4)  (2),(3): 

 i N d
dt

NBS t NBS t tsin sin( )2  (5) 

 : 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. ) . i  1  
 (5): 

i
oNBS t t

B

sin( ) , sin( ) , sin

, , ( )

2 3 1

2

100 02 2 10 1 1 1 04 10 57 18

4 10 084 00336
)  Pm  t = 1 : 

Pm = NIiS (6) -  N . 
: Ii = i /NR (7). 

 (7)  (6), : 
Pm = iS/R   (8) 

 (8) i =  i  (  t = 1 ).  (8): 

Pm = 0,034 2 10
0,01

6,8 10
3

3 2 

) . -
, -

 t = 1 : 

S t 

i 

t 

.3.2 
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A
t

Q
t

I R
Ri

i2
2

.  

 N : 
NR

i
2 2

30034
100 001

115 10( , )
,

,  ( ). 

 3.2.  = 0,30 -
 R = 0,050 , -

 I = 10 .  
 ( .3.3).  

 v  =  2,0  .   =  
30 , : 
1. .  i  ; 
2.  Ii ; 
3.  Pm ; 
4. , . 

, , . 

: 

: 

 = 0,30  = 0,0030  
I = 10  
R = 0,050  
v = 2,0  
 = 30  = 0,3  

 

i , Ii , Pm ,  - ?                                .3.3 

1. : i dt
 (1), 

 d  = SdB (2) ( -
). .  S = a2,                     d  

=  2dB (3). ,  
   = 0I/2 x (4),  - . 

 (4):  

dB I dx
x

0
22

 (5) , ( . ( -1)  = -1 -2)   

 (3)  (5)  = ,  (1) : 

v  
x 

 

 
Ii I 
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i
a I dx

dt
0

2

22
(6),  .  v = dx

dt
,  

i
Iv0

2 7 2
7 2 2 10

2
10 10 2

2
0 003

03
40 10 10 4 104 ,

,
( )

2. : 

I
R

Ai
i 4 10

005
8 10

10
9

,
 

 
- . 

3. : 
m = IiS = Ii a2 = 8 10-9 9 10-6 = 72 10-15 2 

4. , : 
 = i Ii = 4 10-8 8 10-9 = 3,2 10-18 . 

 3.3.    =  20  -
 S  =  0,8  2  
 = 10  v = 1,0     

= 300  ( .3.4.). 
1. .  i  . 
2. , -

? 
3.   F,  -

. 
4.  Q  

 t = 3,0 c? 
5. .   i  ? 

: 

: 
 = 20  = 0,2  

S = 0,8 2 = 0,8 10-6 2 

 = 10 = 10 10-3  
v = 1,0  

 = 300 

t = 3,0 c 
 

i, F, Q,  - ? 
 

 
B  

iI  
v  

N 

S 

.3.4. 
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1. , -

. : 

i dt
(1),  d  - -

   dt. 
 

: 
 = dxcos  (2) 

 (2)  (1): 

i
dx

dt
l cos ,  dx

dt
 =  v,  i = - vcos  (3)  

i = - 10 10-3 0,2 1 0,87 = - 1,7 10-3 B. 
2. ,  

,  
 ( ), .  

.  
.3.4. 

3. , -
:  

F = IB sin  (4),   = [ I ^ B ] =  [ ^ B ] = 900. 
:  Ii = i /R  (5),  

  R - , R = l
S

 (6),   - 

 (             = 
8,93 103 3). 

 (5)  (6)  (4): 

F SBi sin 1,7 10 0,8 10 10
8,93 10

0,16 10
3 6 2

3
14 H 

F = 1,6 10-15 H = 1,6 . 
4. ,  t: 

Q = A = I  (7) 

. i dt
,  Q = I i t,  (5)  (6), : 

Q =  i S t
2

15135 10
l

(1,7 10 ) 0,8 10
0,2 8,93 10

-3 2 -6

3 ,   = 1,37 . 

5.  i  = - vcos  i  cos  = -1, = 1800. 
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4. .  

 
,  I, -

, . 

4.1. : 

BdIFd , (4.1) 

 d  - ,  

; B  - . 
4.2. : 

dF = Id Bsin , (4.2) 

 -   d  B . 
4.3.   

r
B ,  

: 

BIF    (4.3). 
4. 4. :  F = I Bsin . (4.4) 

 
4.5. , , -

. 

 BvQF  (4.5) 
4.6. :   F = QvBsin  ,  (4.6) 

 Q - ; v - ; B - -

; -  v  . 
 

 

 4.1.  ,  
 I1 = 100 A,     = 

10 .   I2 = 100 A.  
.  

  = 10 . : 
1.  F , ; 
2. . 
 . 
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: 

: 

I1 = 100A 
I2 = 100 A 
 = 10  = 0,1  
 = 10  = 0,1  

F ,  - ? 
 
 
 
 
 
 
 
1.  ABCD,  I2, , 

 I1, -
, . 

, -
.4.1. 

BdIFd  
 

 “ ”. , 
,  

,    
900 “ ” . 
 ,  r

B , 
,  

MN. 
 -

: 

]rd[
r
IBd 3

0

4
. 

, 

 d , -
 r .  

r
B  “ ” 

 “ ”). 

I1 
 

 

 

I2 

D C 

B A 

 

a 2F  
3F  

1F  
4F   

x 

N 

M 

.4.1. 
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-

. , ,  
. -

, , -
. 

, . 

4321
1

FFFFF;FF
n

i
i

. 

:  
Fx = F1x + F2x;  F1x = F1;  F2x = -F2. 

: 
F  = F  + F ;  F  = F4;  F  = -F3. 

 AB  DC ,  
. . 

,  3F 4F -
. .  

: 
 F = F1 - F2  (4.7) 

  dF = Id Bsin .    = 900,   sin = 1, 
:  dF = Id B  (4.8) 

 
: 

B I
x

0
2

  (4.9);  

B I
x1

0 1

12
; B I

x2
0 2

22
 

 - , -
. 

 F1;  1 = .   F2;  2 =  + .  
 (4.4)  

 F I a I I I a1 2
0 1 0 1 2

2 2l l
 (4.10) 

 F I a I
a

I I
a

a2 2
0 1 0 1 2

2 2l l
  (4.11) 

 (4.8)  (4.9)  (4.7): 

F I I a I I
a

a0 1 2 0 1 2
2 2l l

  

 F I I a(
a

0
1 22

1 1
l

)  (4.12) 
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  = . 

F I I a(
a

0
1 22

1 1
2

) ; F I I0
1 24

,  I1 = I2, F I0
1
2

4
 

. ,  0 = 4 10-7 . 
F = 10-7 104 A = 1 10-3 H; F = 1 . 

2. :   dA = ( F rd ).  

:  dA = Fdrcos( F ^ rd ), 
 rd - ; ( F ^ rd ) -  F  

 rd . 
,  F  

rd , cos( F ^ rd ) = 1, | rd | = dx.  
  dA = Fdx.  

A = Fdx
x

. 

 (4.9)  (4.4), : 

A I I a dx
x

dx
xxx

0
1 22 21

 

A I I a nx nx I I a n nx n nxx x q

0
1 2

0
1 2 1 22 21 2

l l l l l l( ) ( )  

A I I a nx nx I I n x
x

0
1 2 2 1

0
1 2

2

12 2
( )l l l  

2 =  + a,  x1 = . 
 anaIIA 21

0

2
 (4.13) 

,   = a, I1 = I2. 

2
22 1

02
1

0 naIA;naIA  

: 

 = 4 10
2

100 01 2 2 10 2 14 10
7

6 6, ,l ln n . 

:  

[A] = [( ) 2 ] =   [ 2] = [ ] [ ]
2

2 2
2

2

2  [ ]. 
2 2 
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 = 1,4 . 

  
: A  =  I ,  -  

, .  = 0. 
dA = I2 1  

 = ndS = Bn a dx, 

n - B  
 n  

( B n ). n = . 

A I B a dx I I a dx
xx

x

x

x
2

0 1 2

1

2

1

2

2

A I I a n x
x

0 1 2 2

12
l  

anaIIA
2

210     (4.14). 

 (4.14)  
 (4.13) 

 4.2. , -
 U = 10 ,         = 10 

,  
/2. : 

1.   . 2.  .  3.  v. 
4.  R.  5.  I . 
6. m  . 
7.  L. 
8.  ( m/ L). 

: 

: 

 = 10  = 10 103  
U = 10  = 10 103  
 = 1,6 10-19  

, , v, R, I , m, L,( m/ L) - ? 
 
 
  .4.3. 

 

dS 

dx 

 v  

r
v

r
n  

R 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

x 
.4.2. 
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 “ ”.  
, ,  

 
, ,  , 

 
 “ ”, -

. 
, -

, -
 ( ),  

. , -
, . 

BveF  
F  = vBsin

 = 900, sin  = 1,  
 F  = vB  (4.15) 

 0 ,  
F  = v 0  

 F  = man = (mv2)/R,  an -  
. : 

v 0  = (mv2)/R   =>   0  = m(v/R)   =>   (v/R) = ( 0 )/m (4.16) 
1. : 

 = 2 R
v

.  

 (4.16), : 

 = 2

0

m
e H

;  = 2 91 10
4 10 16 10 10

28 10
31

7 19 4
9,

,
, c . 

2.  = 1/ ,  = 3,6 108 . 
3.  

 = ,   - . 
, :  = U. 

U= , U=  - 0,  0 - -
. 0 = 0. 

U =  = mv2

2
 =>  v = 2eU

m
 

v 2 16 10 10
91 10

6 10
19 4

31
7,

,
. 
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4. v 0  = mv
R

2
; mv2

2
=    =>   mv2 = 2 ;   v 0  = 2T

R
 = 2eU

R
=> => 

R = 2 2

0 0

eU
ev H

U
v H

; R = 2 10
6 10 4 10 10

003
4

7 7 4 , . 

5. I = Q
t

; I e
t

He
m

I0
2 7 4 2 28

312
4 10 10 16 10

2 91 10
056; ,

,
,  A. 

6. 
r r
P ISnm ; m  = IS; m  = e

T
R2 ;  

m  = 16 10
28 10

9 10 16 10
19

9
14 14,

,
2. 

7. 
v r r
L p[ ]; L = sin( )

r r
p ; sin( )

r r
p R ;  

L = pR = mvR; L = 9,1 10-31 6 107 0,03 = 1,6 10-24 2 . 

8. P
L

e R
TmvR

e R
Tmv

He R
me HR

e
m

m
2

0
2 2

0
22 2

; P
L
m 16 10

2 91 10
1 10

19

31
16,

,
  

 4.3. , -
 U = 1  

 =  100  ,    =  600 . 
: 

1. ,  ,  ; 
2.  R ; 
3.  h ; 
4.  L ; 
5. ,  

. 

 

: 

U = 1  =  1 103  
 = 100  = 1 105  
 = 600 

,  
, -

 - BvQF . , 
 

1. , ,  - ? 
2. R - ? ;  3. h - ?;   4. L - ? 
5. E - ?,  - ?,  - ? 

, -
,  

, -
  



 37
, ,  
, .  

( /2 - )   , -
.  

, . . -
,  

. 
  

, .  -  -
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 .4.4 
 

 | v |||  =   vx , -
 | v |  =   vy.  .4.4   v|| =  v cos ,  v = 

v sin . 
 F  = QvBsin , Q = e, F  = evBsin , F  = ev . -

      F  = 
man,  an - . 

v  = mv
R

2
;  eB

m
v
R

1
2

;  eB
m

v
R T2 2

1  

1.  = eB
m2

; B = 0H,   = 1,  

16 10 4 10 10
91 10 2

3 2
91

10
19 7 5

31
10,

,
,
,

-1) = 0,33 1010  

 = 3 10-10 .  
 = 2 . 

||v  
r
v  

v  

z 

y 

h 

H  

0 
R 

x 

na  r
F  v  
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2. eB
m

v
R

v
R

R mv
eB

sin ; sin , mv = P - . 

2 = 2mE.  
 = .   - -

:  = eU.  = E - E0, E0 -  
. 
E0 = 0; eU =  = 2/2m. =>  2 = 2meU => P = 2meU. 

R = 2meU
eB

sin ; R = 2mU
e B

sin ; 

R = 2 91 10 10
16 10

60
4 10 10

74 10
31 3

19

0

7 5
4,

,
sin , ; 

3.  h - ,  

 (|| B ) , . . 

h = vx T = v|| T;  h = v cos T;  mv eU
2

2
 => v = 2eU

m
,         h 

= 2eU
m

cos T;  h = 2 16 10 10
91 10

1
2

1
033 10

28 10
19 3

31 10
3,

, ,
, . 

4. L = m v R = mRv sin ; L = mR 2eU
m

sin L = 2meU R  sin ; 

L = 2 1,6 10-19 103 9,1 10-31 2,8 10-3 0,87 = 4 10-26  2)/ . 
5. E = eU;  

E  = 
2

mv2
||

; E  = mv2 2

2
cos  = Ecos2 ; E  /E = cos2 ; E  /E = 0,25. 

E  = mv2

2
; E  = mv2 2

2
sin  = Esin2 ; E  /E = sin2 ; E  /E = 0,75. 
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5. .  
 

5.1.  S  
 = dSn

S
, 

n - -
. 

, ,  
 = S cos , 

 - , S - , 
  -  

. 
5.2.       , 

 N - ,  -  , 
. 

5.3.   ( -
) 

i
d
dt

N
dt

, 

 i - , , d  -   -
,  dt, 

d  -  dt, N - -
. 

,  

i N
t

 

  -    t. 
,  

. 
U = B vsin , 

 - ,  -  ,  v  -  -
,  -  

. 
5.4.  ( , .) 

L = /I, 
 I - ,  -  ( -

) . 
5.5.  ( ). 

L = on2V 
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 o - , n - , -
, V - ,  - -

 ( ) 
5.6.  

S L dI
dt

, 

 L - , dI - -
 dt. 

5.7.  

I = I e
R
L t

0 , 
 I -  t  
, I0 -  
 (  t = 0), L - , R -  

, . 
5.8.  

W = LI2/2, 
 L - , I - . 

5.9.   
 = W/V, 

 V - ,  W. 
5.10.  

 = BH H B
2 2 2

0
2 2

0
, 

,  - ,  -  
. 

 

 5.1.  = 1,0  
 r = 50 , -

 I = I0 - kt2,  k = 1,0 2, I0 = 7,0 . -
.  

1. , -
? 

2.  i  t  =  2,0   
. 

3. .    
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: 
: 

 = 1,0  = 1,0 10-2  
r = 50  = 0,50  
I = I0 - kt2 
I0 = 7,0  
k = 1,0 2  
t = 2,0  

1. (t) - ? ; 2. i - ?  
 
  
1. , 

: 

 = 0
2

I
r

. 
  

.  ,  ,    
 n . 

-
,  , -

, . 
 

 = S cos , 
 S = a2 - ,  -  n  

 . . ,   = 0, cos0  = 1. 

 = S = 0
2

0
2

0
2

2 2
I a
r

a I kt
r

( )  

2. ,  
 

i

i

dt
d
dt

a I kt
r

a
r

d
dt

I kt

a
r

a kt
r

0
2

0
2

0
2

0
2

0
2

0
2

2 2

2
2kt

( ) ( )

( )

 

r 
I 

Ii 

 
1  

r
n  

r 
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i (t) = 1 4 10 10 10 10 20
050

16 10
7 2

10( , ) , ,
,

,  B. 

3. ,  
, . -

 i -
 . .    ,  

 i , 
.  i  .  Ii 

. . 

 5.2.  r = 1,0  
  = 2,0 1/ 2  = 

0,050 . -
.  

 i ? 

: 

: 
0 = 0 

r = 1,0  =1,0 10-2  
 = 2,0 1 2 
 = 0,050  

 (t) - ? 
 
 

 S 
  = S cos , 

 S = r2 - , . 
1  -

 
r
n  

r
: 

 = t + t2

2
 

  - .  =  0,  .   
, . 

 = r2cos t2

2
. 

,  
 

O1 

O 

 
n  
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i

i

dt
d
dt

r t r d
dt

t

r t t B r t t

2
2

2
2

2
2

2
2

2 2

2
2 2

2

cos cos

sin sin

 

i  = 2 0,050 2,0 3,14 (1,0 10-2)2 t sin 20
2

2, t   =>  i (t) = 6,3 10-4t sint2 

 5.3.  r = 1,0 -
 = 0,020 ,  

.   = 60 . 
 , -

,  Q, . -
 R = 3,14 . 

: 

: 
r = 1,0  =1,0 10-2  

 = 0,020  
 = 60  

R = 3,14  

 - ?; Q - ? 
 
 
 
1.  

 = 2 - 1. 
,  S 

 
  = S cos , 

 S = r2 - , ,  - -
 
r
n

r
. 

 1 = 0, . -
. 

2 =  
1 = r2cos0  = r2; 2 = r2cos  

 = 2 - 1 = r2cos  - r2 = r2(cos  - 1) =>  
=>  = - r2(1 - cos ) 

 = -0,020 3,14 (1,0 10-2)2 (1 - cos60o) = -3,14 10-6   

n  

 

n  
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,  
 

i dt
 

.  
 

Ii = i

R
=

Rdt
 

 dQ,  

dQ I dt d
Rdt

dt d
Ri  

: 

Q
R

d
R

B r
R

Q B r
R

1 1 1

1

2 2 2( cos ) ( cos )  

Q = 0020 314 10 10 1 60
314

10 10
2 2

6, , ( , ) ( cos )
,

,
o

 

 5.4.  r1 = 31,4  r2 
=  2,0  .  .   

 I = 10 A.  R 
= 0,10 .   Q,  

, . 

: 
: 

r1 = 31,4  = 0,314   
 = 0,020  

I = 10 A 

R = 0,10  

  ?; Q - ? 
 
1.  = I/2r1.  

 r2 ,  
,  

. 
 

1  = S1 cos , 

I 

 

n  
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 S1 = r2
2  -  ,  ,   =  0  -   

 n -r
, . 

  1  = S1 = I
r2 1

r2
2

 S1 = r2
2  -  ,  ,   =  0  -   

 n -r
, . 

  1  = S1 = I
r2 1

r2
2

 
2  = S2cos , 

 S2 = a2 - ;  - . 
,  = 2 r2 -

= 4 , : 
2 r2 =  4  =>  = r2/2 

S2 = a2 = r2
2 /4

2  = S2cos  = I
r

r I r
r

o

2 4
0

81

2
2
2 2

2
2

1
cos . 

 

 = 2 - 1 =
I r

r
I r

r
I r

r

2
2
2

1

2
2

1

2
2

18 2 2 4
1  => I r

r
2
2

12
1

4
 

 
10 314 20 10

2
1 314

4
23 10

2 2

1

3, ( , ) , ,
r

. 

2.  ( )  
,  

 

i dt
 

 

Ii = 
R Rdt

 

,  

dQ = Idt = 
Rdt

dt d
R

d
R

B dS
R

(BScos ) cos  

, ,     cos0o = 1 
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Q = B
R

dS B
R

S S B
R

a r I
r R

r r( ) ( )2 1
2

2
2

1

2
2
2

2
2

2 4
=> 

=> Q = I r
r R

2
2

12
1-

4
; Q = 10 314 20 10

2 0314 010
1 314

4
23 10

2 2
2, ( , )

, ,
, , . 

 5.5.  V = 125 3  
 d = 1,0 ,  

.  I 
= 0,50 ,  W = 
31,4 . . 

: 
: 

V = 125 3 = 125 10-6 3 
d = 1,0  = 1,0 10-3  
I = 0,50  
W = 31,4  = 31,4 10-3  

 - ? 
 

 = 0
2

2
, 

 - , 
 = nI 

n - , , 
n = N/ ,  N - ,  - . 

,  N = /d, d -  
. 

  n = N/  = /d = 1/d. 
  H = nI = I/d 

 = 0
2

2
 = 0

2

22
I

d
. 

W =  V = 0
2

22
I V

d
 =>  = 2Wd2

0
2I V

 

 = 2 314 10 10 10
4 314 10 050 125 10

16 10
3 3 2

7 2 6
3, ( , )

, ( , )
,  

-
 

W = V, 
   - -

, V - 
. 
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 5.6. ,  N = 20  
,  d = 2,0 .  
 I = 10 A.  W , 

 R = 10 . 

: 
: 

N = 20  
d = 2,0  = 2,0 10-3  
I = 10  
R = 10  = 0,10  
W - ? 
 
 

   - ; 

V - , V = 4
3

r3 = 4
3

d
2

3

= d3

6
, r - . 

 = /2, 
 - ,  - -

, . 
 = NH1 = NI/2R;   H = (20 10)/(2 0,10) = 1000 . 

, 
) ,  = 

1000  = 1,1 . 

(1) => W = V = BH d W BH d
2 6 12

3 3
 

W 11 1000 314 2 10
12

23
3 3, , ( ) , . 

 
 
 

  
-

,  
-

.  -
 

W = V, (1) 


