
����������	

�	
  
���������	�
�	

  
���	��	
�	

 ����	��
  
����	����
��
���

  
��������
��

 
«
����
	�����

  
����������	

��

  �	�������	����
  
�
��	����	�

» 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

  
 

2009 



 2 

 53(045) 
 22.2 

 31 

������ �� ��	��
� �����-�����
������ ������ 
����

. �������� 
�

 6 �� 16.04.09 �. 
 
 
 
 
 

  
 

    
�

.�. ����
� ( ) 
 
 
 
 
 
 
 
 
 
 
 

 
31 

 . .  
       : -    

 «  »    « -
 »,  « » / . . . – -

 : , 2009. – 10 .  
 ��� !"-#�$"%&��'("� )!*("#&$ ' $�"+�$&��'(&#& 

"'!",*#& -+&!.&-* %�/'$,&0  &--"10+!"2" $+*!)&'$"+*. 3*�$'0 "-&'*!&� -+*($&��'("2" -+",�%�!&0 &)#�+�!&/ 
&
 
+*'-�4$", "'!",!56 -*+*#�$+",  &-"10+!"2" $+*!)&'$"+*. 789

 53(045) ::9
 22.2 

 
 
 
 
 
 
 
 
 
 
 

  . ., 2009 
 -  .  

 , 2009 



 3 ���� �����	:       
 .      -

  . 
 
 

   
 

      -
 -n .        

(  ) 
     p-    3-  -

  , , .  n-    5-
   , , . 

    , , , -
 ,      .    -

      . 
      -n-   n- -n .    

  - , , ,   -
 – , , ,   . . . 

      -
 – , , .   -

          1. 
                     

                  
p-n-p                                              n-p-n 

 
 1.    

 

 , , -n- - . 
       0,15–

0,2    n-         
-      . 

         -
     n-   N  » Nn 

    (n- ) ,  -    -
.            > . 

 ,     -n-  –  
( - )   ( - ) 

   –   ,   – -
.          

   -n . 

I
 �
 

I� I �
 � 

I
 �
 

I� � 

I �
 



 4 

 
 2 

 

       , 
   ,       .  

       ,    
  . 

       ,  
     (  » n�). 
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   .      -

  –     . 
 ,   ,     . 

        
 , . . -n    . 

 ,       . 
        

  . 
   : I� = I� + I� ( . 1). 

 I� « I�,I�, , I�  I�.     -
-  (U��),         

  I  –  ( )  .  
       

  : �kI
I

∆
∆=α ,U� � = const (1). 

  I� > I�,  <1.       0,95÷0,99. 
     -

     : �kI
I

∆
∆=β , U�� = const. (2). 

  I� « I�,       .   -
  : αβ −= 1

1  (3). 
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                      I�, U�� 
  -   I�, U�� 

                      I�, U�� 
  -   I�, U�� 

                       I�, U�� 
-   ( )      

 .     ,   -
     ,    -

   . 
        : 

I� = f(U��), U�� = const -  . 
I� = f(U��), I� = const -   
I� = f(I�), U�� = const -   

        h-
.   : ���I

Uh =11 , U�� = const-       

. ����I

Uh =12 , I� = const-       -

 . �	IIh =21 , U�� = const-       -

  . 
�
U

Ih =22 , I� = const-        
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   I� = f (U��), U�� = const   
    . 

1.     5: 

 
 5 

 

2.    : 
 V1 - 6  (  -0,2 ),  V2  - 30B 

 mA1 - 3 ,  mA2 - 30 .  

I�1 
I�2 
I�3 
I�4 

U�� 
 I� 
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– 
– 

+ 
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U�� – 
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U�� 
– + 

  mA2 

V2 

V1 

R1=1�O� 
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– + 
VT1 

U��1 U��2 
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3.   I� = f(U��)  U�� = 1   U�� = 2 . 
   U�� = const –    ! 

4.     1. 
 1 

U�� � 0 0,1 0,2 0,3 0,4 0,5 
U��1 = 1�        
U��2 = 2� 

 
I� ��       

 

5.   I� = f(U��), U�� = const. 
6. : ��	I

Uh =11   
���I

Uh =12       6. 
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   I� = f(U��), I = const   
     

1.   I�,   U��,    U��. 
      I = const   -
 U�� ! 

2.  U��,  I�      2. 
 2 

U�� � 0 1 2 3 4 5 6 7 8 
I�1 = 0,1 ��          
I�2 = 0,3 ��          
I�3 = 0,5 �� 

 
 
I� ��          

 

3.     2    -
 I� = f(U��), I� = const. 

4.  : ��I

Ih =21 , U�� = const   ���U

Ih =22 , I� = const. 

   ( . 7): 

U��1 U��2 

U��  U�� 
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U��1 U��2 

U��  U�� 
I� I� 
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   I� = f(I �), U�� = const  
    . 

1.    U��    I� -
 U�� = 10 . 

2.   U��   I�     3   -
   I�. 
    U�� = 10 ! 

3.      I� = f(I�), U�� = const  -
  ��II∆

∆=β ,     h21. 

      : 
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 3 
I� �	 0 0,1 0,2 0,3 0,4 0,5 U��=10  

 I� �	       
 

3.   . 
    I�
 

1.     mA1 (I�)  3�	 (  -
 0,1 �	). 

2.    U��. 
3.   U�� = 10 . 
4.  I��    . 

I�1 
U� U� 
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 I�1 
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U� U�  = 5� 
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1.     . 
2.    . 
3.      . 
4.      . 
5.  h-     . 
6.      ? 
7.      ?  -

  . 
8.          
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1.  . .  / . . , . . , 
. . . – .: , 1986. 
2.  . ..   / . . . – .: 

  , 2004. 
3.  . .    -  -
 / . . . – .: , 1991. 
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