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 (9)  (8), : 

ma 2 0
, 

: 
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a m2 0
 (10) 

 (5)  (10)  (3), : 

m

m
hc

e
m

A1
2

2

2 0

 

: 

m e
hc

A
2 0 .  

, : 

.105,4101,64,7
102,0

103106,63
105,0101,6

108,852
m

319
7

834

919

12

 

: m = 5,4 .  
 
 

 4.2.3.  
)   = 450  j = 3,7 . -

, -
 N  =  3.1018. -

? 

: 
: 

 = 4,5.10-7  
j = 3,7.10-3  
N  = 3.1018 

t = 60 c 
I  - ?  N /N  - ? 

 (1): 
I  = j. ,       (2) 

: 
 = W /t ,      (3) 

W  - ,  t.  
: 

:  
j = I  ,   (1) 

 I  - ,  - 
  

 . 
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W  = N ,   (4) 
 N  -  t.  

 : 
hc

.  (5) 

 (5)  (4),  (3)  (2), : 

I
jNhc

tH ,  (6) 

 I  (1) : 

I Q
t

eN
tH

e ,  (7) 

 Q - ,  t,  - -
, N  - ,  t.  

  (5)  (4)  (3) : 

 .
t

hcN
 (8) 

  (7)  (8)  (1), : 

j
eN t
tN h

e  

 

j e N
N

, 

:  
N
N

jhc
e

. (9) 

  (6)  (9) , : 

I
jNhc

tH ;    (A),100,82
60104,5

103106,63103,0103,7I 4
7

834183

 

N
N

jhc
e

;      0,01
104,5101,6

106,63103103,7
N
N

719

3483
e . 

: I  = 82 ;  N /N  = 0,01. 
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 4.2.4.   = 2.10-7 -
    = 600 . -

  = 300 .  
, . -

, , -
,   = 0,03 -

. 
: 

: 
 = 2.10-7   
 = 7,5-19                             
 = 600  

 = 300                                                                         

 = 0,03 

-? -? 
 
 

 
 

: 

m
= , (1) 

  - , m - -
.  

: 
m , 

 (1) : 
m
m m   

 = m.   (2)  

  ( ),  
,  

: 
 =  + m     (3) 

 

Pn

P

P

. 16.16 
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hc A
m m

2

2
, (3) 

  -  ,  ;   -   
; m – -

, h - ,  - ,  - -
. : 

T
m m

m
P

mm
m m m

2 2 2

2 2 2
( )

, 

: 

mm 2mTP  
   (2) 

(4)     .2mTP m  
 (3) : 

(5)     A.hcTm  

 (5)  (4), : 

(6)       .Ahc2mP  

: 

 
.16: 

(7)      ,22  

: 
h

.   (8) 

 (6)  (8)  (7), : 

h
m

hc
An

2

2
22 .  (9) 

 (6)  (9), :  

 (4) 
 

 (5) 
 

 (6) 
 

 
 (7) 
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/)(102,00107,5
102

103106,63109,120,03P 2619
7

834
31

 

Pn
6 63 10

2 10
2 9 1 10 0 03 6 63 10 3 10

2 10
7 5 10

2 68

2 14
31 2

34 8

7
19, , , , ,  

= 2,03 10-26 ( )/ . 
 

:  = 2,00.10-26 ( )/ ;  = 2,03.10-26 ( )/ . 
 

 
4.3.  

 
  -  

 ( ): 
 -  = c(1- cos ),    (1) 

  -  
,  - -

 (  = 2,4.10-12 ),  -  
.  

  
 ( )  

: 
                    .mPP e

'                      (2) 
                                                ( ): 

 + Eoe =  + Ee.      (3) 
.17 : -  

, '  m e  -  
.  (3):    – -

,  -   
). 

  (1)  -  
: 

 -  =  
 
 

m Ve

P

P

E e  O

 eEE

. 17  
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: 

c,m
h

oe
c  

 h -  (h = 6,63.10-34 . ), m - -
 (m  = 9,1.10-31 ),  -  (  = 3.108 ). 

  (2)  (3)  
: 

P = h/ ;   P  = h/ ;    = hc/ ;    = hc/ ; 

Eoe = moe
.c2;   E = me

.c2. 

= 0,51  (1  = 106  = 1,6.10-13 ). 
 m : 

m
m

c

e
oe

1
2

2

, 

  - . 
 : 

T = Ee - Eoe, 
 ( = m e )  

: 

TT2E
c
1P oee

 
 

 

 4.3.1.  ,   
 = 0,80 , ,  -

-
  = 2,4.10-12 . : 1)  -

;  2)  m ; 3)   
;  4)  ;  5)  /  

. 
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: 

: 
 = 0,80  = 1,3.10-13  
 =  = 2,4  = 2,4.10-12  

1)  - ?; 2) m - ?; 3)  - ?;  
4)  - ?; 5) /  - ? 

 
: 

(2)     .hc
 

: 
 = mc2 

: 

m = /c2.   (3) 

  :  

 =  -  

,  (2):  

 .hc
c

 
(4) 

: 

 = c(1 - cos ),  (5) 

  -  ( .17).  (5)  (4) : 

, cos1
c

 

,

hc

1 cos
c

c
 

.hc cos
c  

(6) 

 

   
 : 

(1)   ,hc
 

 h - , -  
. 

 (1) 

 (2)  
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: 

 +  =  + , 

   –  ,  -  
,  – .  

 :  
 =   - . 

: 

 .1
''

 
(7) 

 (1): 

        .hchc

c'
'

 
(8) 

  (2), (3), (4), (6)  (9), 
:  

12
13

834
101,53

101,3
103106,63        ,hc   , 

m = /c2, 30
162

13

101,44
103
101,3m    , 

12
13

834
12 109,0

103,1
1031063,6104,2,hc , 

0
1213

834

540,64;
102,4101,3
103106,63cos     (6) , 

0,36.
102,4101,3
103106,631     ,1     

1213

834'
. 

:  = 1,53.10-12 ;  m  =  1,44.10-30 ;  =  0,9 10-12 ;  =  540;  
/  = 0,36. 
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 4.3.2.   
 = /2.  

  = 300. : 
1)  ;  
2) ; 
3)  ; 
4) . 

: 
: 

 =  /2 
 = 300  

1)  -?; 2) P-?;  
3) -?; 4) P -? 

 
 

.18 : 

me , (1) 
 me – ,  - . 

 
, .  

: 
 -  = c(1 - cos ),  (2) 

   - , c - -
 ( c = 2,4.10-12 ),  - . 

 (  = /2)  (2) : 
’ -  = . (3) 

: 

                                                        
,hc

,hc

'
'

 (4) 

  
,hP

,hP

'
'

 (5) 

P

P

m Ve

. 18  .18 

m e
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 h- , - . . 18: 
tg  = P /P 

 (5) : 
tg  = / , 

 (  = 300; tg 300 = 31 ): 

 .3    ,31 ''  (6) 

 (6)  (3), : 
 .13/   ,3 c

 
(7) 

 (7)  (6), : 
 1).3(3'

 
(8) 

 (7)  (8)  (4)  (5), : 

;
3

13hc      ;13hc

c

'

c

 

.
3

13hP      ;13hP
c

'

c

 

, : 

106,0
102,4

13103106,63 14
12

834

, 

103,5
102,43

13103106,63 14
12

834
' , 

22
12

34
102,0

102,4
13106,63P

 
)/ , 

)/(101,2
102,43

13106,63P 22
12

34
' . 

:  = 6,0.10-14 ;  = 3,5.10-14 ;  = 2,0.10-22 )/ ;  
 = 1,2.10-22 ( )/ . 
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 4.3.3. ,    = 5,0.10-12 ,  
  = 900. : 

1)  ; 
2)  ; 
3)  ; 
4)  . 

: 
: 

 = 5,0.10-12  
 = 900 

1) - ?; 2)  - ? 
3) - ?; 4) - ? 

 
 

 (  = 900; cos  = 0)  (1) : 
 -  = c   =  + c. (2) 

: 
hc

, (3) 

hc
, 

 
hc

. (4) 

: 

 +  =  + Ee, 

-  (  = 8,16.10-14 ),  - -
.  

: 

 =  -  + .    (5) 

 (3)  (4)  (5), :  

 .EhchcE oe
c

e  (6) 

 , -
 

. : 
 -  = c(1 - cos ),   (1) 

   – , 
c - ,  
 -  ( .17). 
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.18 : 
me ,  

 me = Pe –  ,  –  
. .18  : 

.PPP '22
e  (7) 

: 

 = h/ ,  = h/(  + c).   (8) 

 (8)  (7), : 

.11hP

,hhP

2
c

2e

c

2

e

 (9) 

 (2), (3), (6)  (9), : 

 =  + c 
121212' 107,4102,4105,0  ), 

hc
, 

14
12

834

104,0
105,0

103106,63

 
), 

,EhchcE oe
c

e  

1414
12

834

12

834

e 109,5108,16
102,45,0

103106,63
105,0

103106,63E ), 

       ,11hP 2
c

2e
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22
242242

34 101,6
102,4)(5,0

1
105,0
1106,63eP  ( )/  

:  = 7,4.10-12 ;  = 4,0.10-14 ;  = 9,5.10-14 ;  
 = 1,6.10-22 )/ . 
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