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 17                                                              18 
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 1.       

№ . 01 02 03 04 05 06 07 08 09 10 11 12 13 

U  ,  10 12 14 16 18 20 22 24 26 28 30 16 20 

R1 ,  2 3 4 5 6 7 8 9 8 7 6 5 4 

R2 ,  4 5 6 7 8 9 8 7 6 5 4 3 2 

R3 ,  6 7 8 9 8 7 6 5 4 3 2 1 2 

R4 ,  8 9 8 7 6 5 4 3 2 1 2 3 4 

R5 ,  1 2 3 4 5 6 7 8 9 8 7 6 5 

R6 ,  3 4 5 6 7 8 9 8 7 6 5 4 3 

R7 ,  5 6 7 8 9 8 7 6 5 4 3 2 1 

R8 ,  7 8 9 8 7 6 5 4 3 2 1 2 3 

R9 ,  9 8 7 6 5 4 3 2 1 2 3 4 5 

R10 ,  4 6 8 9 7 5 3 1 2 4 6 8 9 
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  29                                                              30 

 2.       

№ 
 

01 02 03 04 05 06 07 08 09 10 11 12 

Um.B  ,  10 12 14 16 18 20 22 24 26 28 30 28 

φ  , 
0
 20 -20 30 -30 40 -40 50 -50 60 -60 70 -70 

f ,  100 120 140 160 180 200 110 130 150 170 190 210 
 

 3.1.   ь         
   ь   

  ь   (  -
   є  , є   

  ,   ь    ь  
  )    ( ), 

    ь   ( . 1),   
є    KU    f   f    

 є   ь   ,   
      R .   
  є ь    R =0.05R . 

       
     . І -

ь         3. 
 3. І ь      3.1 

№ . 1 2 3 4 5 6 7 8 9 10 
  301  307  312  317  332  333  340  342  343  348  

KU ,  20 22 24 26 28 30 29 27 25 23 

f  ,  20 30 40 50 60 70 80 90 100 110 

f  ,  40 45 50 55 60 65 70 75 80 85 

 ,  1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 

 ,  2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.7 2.6 2.5 

 ,  9 10 11 12 11 10 9 10 11 12 

R  ,  1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 
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№ . 11 12 13 14 15 16 17 18 19 20 
  349  313  316  324  325  339  345  350  351  352  

KU ,  21 20 22 24 26 28 30 29 27 25 

f  ,  120 130 140 150 140 130 120 110 100 90 

f  ,  90 95 100 95 90 85 80 75 70 65 

 ,  2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.7 

 ,  2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7 1.6 1.5 

 ,  11 10 9 10 11 12 11 10 9 10 

R  ,  2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 
 

№ . 21 22 23 24 25 26 27 28 29 30 
  357  361  364  369  347  354  355  360  363  367  

KU ,  23 21 20 22 24 26 28 30 29 27 

f  ,  80 70 60 50 40 30 20 30 40 50 

f  ,  60 55 50 45 40 35 30 25 20 25 

 ,  2.6 2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7 

 ,  1.4 1.3 1.2 1.1 1.0 1.1 1.2 1.3 1.4 1.5 

 ,  11 12 11 10 9 10 11 12 11 10 

R  ,  1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 
 

№ . 31 32 33 34 35 36 37 38 39 40 
  368  370  371  372  375  379  380  385  346  362  

KU ,  25 23 21 20 22 24 26 28 30 29 

f  ,  60 70 80 90 100 110 120 130 140 150 

f  ,  30 35 40 45 50 55 60 65 70 75 

 ,  1.6 1.5 1.4 1.3 1.2 1.1 1.0 1.1 1.2 1.3 

 ,  1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 

 ,  9 10 11 12 11 10 9 10 11 12 

R  ,  2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 
 

№ . 41 42 43 44 45 46 47 48 49 50 
  373  384  391  395  3102  3107  306  325  313  330  

KU ,  28 27 26 25 24 23 22 21 20 24 

f  ,  160 170 180 200 190 180 170 160 150 140 

f  ,  80 85 90 95 100 95 90 85 80 75 

 ,  1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

 ,  2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7 1.6 1.5 

 ,  11 10 9 10 11 12 11 10 9 10 

R  ,  1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 
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  ,       
 R .    є ь   . .  -

       
  . І ь   -

      4. 

 4. І ь      3.2 

№ . 1 2 3 4 5 6 7 8 9 10 

  357  361  364  369  347  354  355  360  363  367  

K  ,  20 21 22 23 24 25 26 27 28 29 

f  ,  50 60 70 80 90 100 110 120 130 140 

f  ,  400 410 420 430 440 450 460 470 480 490 

 ,  0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 

 ,  0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.45 

 ,  12 11 10 9 10 11 12 11 10 9 

R .  ,  700 720 740 760 780 800 820 840 860 880 

.  ,  40 45 50 55 60 65 70 75 80 85 
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№ . 11 12 13 14 15 16 17 18 19 20 
  368  370  371  372  375  379  380  385  346  362  

K  ,  30 29 28 27 26 25 24 23 22 21 

f  ,  150 160 170 180 190 200 190 180 170 160 

f  ,  500 510 520 530 540 550 560 570 580 590 

 ,  1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 

 ,  0.4 0.35 0.3 0.25 0.2 0.15 0.1 0.15 0.2 0.25 

 ,  10 11 12 11 10 9 10 11 12 11 

R .  ,  900 920 940 960 980 1000 980 960 940 920 

.  ,  90 95 100 95 90 85 80 75 70 65 
 

№ . 21 22 23 24 25 26 27 28 29 30 
  301  307  312  317  332  333  340  342  343  348  

K  ,  20 21 22 23 24 25 26 27 28 29 

f  ,  150 140 130 120 110 100 90 80 70 60 

f  ,  600 610 620 630 640 650 660 670 680 690 

 ,  2.5 2.6 2.7 2.8 2.7 2.6 2.5 2.4 2.3 2.2 

 ,  0.3 0.35 0.4 0.45 0.5 0.45 0.4 0.35 0.3 0.25 

 ,  10 9 10 11 12 11 10 9 10 11 

R .  ,  900 880 860 840 820 800 780 760 740 720 

.  ,  60 55 50 45 40 45 50 55 60 65 
 

№ . 31 32 33 34 35 36 37 38 39 40 
  373  384  391  395  3102  3107  306  325  313  330  

K  ,  30 29 28 27 26 25 24 23 22 21 

f  ,  50 40 30 40 50 60 70 80 90 100 

f  ,  700 710 720 730 740 750 760 770 780 790 

 ,  2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 

 ,  0.2 0.15 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

 ,  12 11 10 9 10 11 12 11 10 9 

R .  ,  700 680 660 640 620 600 580 560 540 520 

.  ,  70 75 80 85 90 95 100 95 90 85 
 

№ . 41 42 43 44 45 46 47 48 49 50 

  349  313  316  324  325  339  345  350  351  352  

K  ,  20 21 22 23 24 25 26 27 28 29 

f  ,  110 120 130 140 150 160 170 180 190 200 

f  ,  800 810 820 830 840 850 860 870 880 890 

 ,  1.1 1.0 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 

 ,  0.5 0.55 0.6 0.65 0.7 0.65 0.6 0.55 0.5 0.45 

 ,  10 11 12 11 10 9 10 11 12 11 

R .  ,  500 480 460 440 420 400 420 440 460 480 

.  ,  80 75 70 65 60 55 50 45 40 35 
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. 2.     

 3.3.                                        
   

       
  ,      

 (  VT4  VT5 );  -
ь  ; є     ;  -

 R  ;       f    f  ; -
            ; -
  .       

. 3. І ь       
 . 5. 

 5. І ь      3.3 

№ . 1 2 3 4 5 6 7 8 9 10 

 VT1 503  503  503  503  503  503  503  503  503  503  

 VT2 814  814  814  814  814  814  814  814  814  814  

 VT3 815  815  815  815  815  815  815  815  815  815  

 VT4 819  819  819  819  819  819  819  819  819  819  

K  ,  26 25 24 23 22 21 20 21 22 23 

 ,  16 18 20 22 24 26 28 30 32 34 

R  ,  8 4 8 4 8 4 8 4 8 4 

f  ,  40 50 60 70 80 90 100 20 30 40 

f  ,  14 15 16 17 18 19 20 21 22 23 

 ,  0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.45 0.4 0.35 

 ,  0.35 0.4 0.45 0.5 0.45 0.4 0.35 0.3 0.25 0.2 

 ,  30 32 34 36 38 40 42 44 46 48 
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№ . 11 12 13 14 15 16 17 18 19 20 
 VT1 503  503  503  503  503  503  503  503  503  503  

 VT2 814  814  814  814  814  814  814  814  814  814  

 VT3 815  815  815  815  815  815  815  815  815  815  

 VT4 819  819  819  819  819  819  819  819  819  819  

K  ,  24 25 26 27 28 27 26 25 24 23 

 ,  36 38 40 38 36 34 32 30 28 26 

R  ,  4 8 4 8 4 8 4 8 4 8 

f  ,  50 60 70 80 90 100 110 120 130 140 

f  ,  24 25 26 27 28 29 30 29 28 27 

 ,  0.3 0.25 0.2 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

 ,  0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.45 0.4 

 ,  50 48 46 44 42 40 38 36 34 32 

 

№ . 21 22 23 24 25 26 27 28 29 30 
 VT1 503  503  503  503  503  503  503  503  503  503  

 VT2 814  814  814  814  814  814  814  814  814  814  

 VT3 815  815  815  815  815  815  815  815  815  815  

 VT4 819  819  819  819  819  819  819  819  819  819  

K  ,  22 21 20 21 22 23 24 25 26 27 

 ,  24 22 20 22 24 26 28 30 32 34 

R  ,  8 4 8 4 8 4 8 4 8 4 

f  ,  150 140 130 120 110 100 90 80 70 60 

f  ,  26 25 24 23 22 21 20 19 18 17 

 ,  0.5 0.45 0.4 0.35 0.3 0.25 0.2 0.15 0.1 0.15 

 ,  0.35 0.3 0.25 0.2 0.15 0.1 0.15 0.2 0.25 0.3 

 ,  30 34 38 42 46 50 48 46 44 42 

 

№ . 31 32 33 34 35 36 37 38 39 40 
 VT1 503  503  503  503  503  503  503  503  503  503  

 VT2 814  814  814  814  814  814  814  814  814  814  

 VT3 815  815  815  815  815  815  815  815  815  815  

 VT4 819  819  819  819  819  819  819  819  819  819  

K  ,  28 29 30 29 28 27 26 25 24 23 

 ,  36 38 40 42 44 46 44 42 40 38 

R  ,  4 8 4 8 4 8 4 8 4 8 

f  ,  50 40 30 20 30 40 50 60 70 80 

f  ,  16 17 18 19 20 21 22 23 24 25 

 ,  0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.45 0.4 0.35 

 ,  0.35 0.4 0.45 0.5 0.45 0.4 0.35 0.3 0.25 0.2 

 ,  40 38 36 34 32 30 32 34 36 38 
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№ . 41 42 43 44 45 46 47 48 49 50 
 VT1 503  503  503  503  503  503  503  503  503  503  

 VT2 814  814  814  814  814  814  814  814  814  814  

 VT3 815  815  815  815  815  815  815  815  815  815  

 VT4 819  819  819  819  819  819  819  819  819  819  

K  ,  22 21 20 21 22 23 24 25 26 27 

 ,  36 34 32 30 32 34 36 38 40 42 

R  ,  4 8 4 8 4 8 4 8 4 8 

f  ,  90 100 110 120 130 140 150 160 170 180 

f  ,  26 27 28 29 30 31 32 33 34 35 

 ,  0.3 0.25 0.2 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

 ,  0.15 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

 ,  40 42 44 46 48 46 44 42 40 38 
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Пр ад р в’я а я авда я 3.1. є   
ь      397 , 
    ь   ( . 1),  KU = 22 

,         f  =  50 , f  = 60 ,  = 1 ,  = 2 ,  = 10 , R  = 

1 , R  = 0.05 R  = 0.05 ∙ 1000 = 50 .   -
       -

  ( . 28). 

1.    ь    
 .        -
 ь       

   ь    , 
 UK = 0.5 .        ь-

 ь   U  ≈ RU ≈ (0.05….0.15) ∙ .  U  ≈ ≈

KRU ≈ 0.5 (  – U ).      ’ -

 є   U  + 
KRU + U  + RU =  . : 

UK = 0,5 ∙  = 0.5  10 = 5 ; 
U  = RU = 0.1 ∙  = 0.1  10 = 1 ; 

U  = 
KRU = 0.4  = 0.4  10 = 4 . 
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. 28.  ( )   ( )   397  

      
є    (  ь   ь    

ь , ,   ’   -
 ,       

    I  = 0).     -
  ь       -
 U  = 4  є        -
є      I  = 2.25 .  

     U  ≠ 0   
  I  = 30  ь      -

  U  = 0.9 ,     n-

p-n  ,     p-n-p – -
.   ь    -
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ь   ’  ь      
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Пр ад р в’я а я авда я 3.2. є   
     397  ( .  

2),  K  = 23 , f  = 100 , f  = 800 ,  = 1.5 ,  = 0.1 

,  = 10 , R .  = 0.8 , .  = 55 .   -
       -
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Пр ад р в’я а я авда я 3.3. є   
    ,   - 

: VT1 – 503 ; VT2 – 814 ; VT3 – 815 ; VT4  VT5 – 

819 ;  ь  = 50 ; є   
  = 25 ;   R  = 4 ;   

  f  = 150 ;       
f  = 20 ;         
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  = 0.5    = 0.2 ;    = 48 . 

1.       
VT4  VT5  819  є  ь    

  

UK.min (VT4, VT5) = 2 B. 
2.   ь     : 
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VT,VTKm
VT,VTKm

VT,VTminK
K

VT,VTKm

5454
22
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3. є  ,     
   VT4  VT5,    

ь: 
   

      
  

    ...IEP
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II.I
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VT,VTKVT,VT

KVT,VTKmVT,VT

VT,VTKmK

881704148

7041136405454320
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3640545408010050

540540
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ь     

І max (VT4, VT5) = І m (VT4, VT5) + І0 (VT4, VT5) = 4.545 + 1.704 = 6.25 A, 

      (10 ). 
4. ь,      
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VT,VTKmVT,VTKmVT,VT

VT,VT

60915
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545422
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1
881

2
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5454540

54










 

5.       -
  І m (VT4, VT5) , U m (VT4, VT5) , EK , U min (VT4, VT5) є : 

U m (VT4, VT5) = 0.38 ;     І m (VT4, VT5) = 95 ; 
І 0 (VT4, VT5) = 21 ;     U 0 (VT4, VT5) = 0.88 . 

6.       -  
 VT4  VT5: 
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7. є    R2  R3   : 
      .RR...RR VT,VT~VT,VT~ 401010532 5454   

є    R2  R3 40 . 
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..

.

.

R

U
І

;.
RR

RR
R

VT,VT~.

VT,VTm
VT,VTmax

VT,VT~

VT,VT~
VT,VT~.

1040
643

380

643
404

404

2

2

54

54
54

54

54
54













 

9. є     V 2  VT3: 
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10. є  ь   VT2  VT3  -
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 є ь ,   VT2  VT3   
 . 

11. є    VT2  VT3   
: 
   

       

      ....III

;B...

UUUU
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    є : 

U m (VT2, VT3) = 0.22 ;     І m (VT2, VT3) = 3.8 ; 
І 0 (VT2, VT3) = 0.9 ;     U 0 (VT2, VT3) = 0.38 . 

   є    
 : 

U m (VT2, VT3) = U 0 (VT2, VT3) – U min (VT2, VT3) = 23.12 – 0.74 = 22.38 , 
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 ь     U m (VT4, VT5) = 22 . 
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16. є     ,  
є ь     RH1 : 

U  = U m (VT2, VT3) + U m (VT2, VT3) = 22.38 + 0.22 = 22.6 . 
17. є      VT1: 
І 0 VT1  (1.2…1.3) [I min VT1 + I m (VT2, VT3)] = 1.25  (1 + 3.8) = 6 . 

є  І 0 VT1 = 7 . 
  ь    VT1 є 
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2 І 0 VT1 = 14  < I m   VT1 = 300 , 
 є ь   . 

18. є    ь   -
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 : 
R1: 2-22-0.125-96  5%;           R2: 2-22-0.125-40  5%; 

R3: 2-22-0.125-40  5%;           R 1 : 2-22-0.25-2.2  5%; 

: 50-6-150 100  20%. 
20.     UK0 VT1  -

є  ь  : 
UK0 VT1 = EK – (IK0 VT1 + 2 I 0 (VT2, VT3)) R1 – 2 U 0 (VT2, VT3) – URE = 

= 48 – (0.007 + 2  0.0009)  96 – 2  0.38 – 0.8  48 = 8 B. 
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27.     є ь : 
R  = R .   R .  = 4842 ;             =  = 60 . 
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