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)        Ul 1000V  
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•        
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 ,      . 

 
•        
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  IEC (International Electrotechnical 

Commission)    .    
        

   .        , 
      .   

         
       .    

      N.      
    (N)   .    
  : 
 

-      ; 
-    ,   

     
-    ; 
-      ; 
-         

    ; 
-      ; 
-      ; 
-   ,    ; 
-      . 

 
        

    : 
 

. . 2.702    . 
 ; 
. . 2.741     .    

; 
. . 2.743      ; 

 
. . 2.752    .   ; 

 
. . 2.754      ; 

 
. . 0.006      

; 
. . 0.015      
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 (  U 1000V  Uf 600V)   
(  U 50V).       

 : , ,   
 . 

 
       

           
   .   

      IEC. 
      . 

 
 
 

 
: 

 
1.1    ? 
1.2      ? 
1.3      ? 
1.4       ? 
1.5     ? 
1.6      ? 
1.7          

? 
1.8     ! 
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1.3.     
 
 
         

    .  
         

  ,     .  
         

        
      .  

 
 
1.4.     
 
    
 

         
 ,      . 

      
    57 Sm/mm2,   

    =0,01724 mm2/m.  
         600 0   

    . 
         è 

 , è        
   .   ,     

,          
.      

  35,7 Sm/mm2,    
 =0,02801 mm2/m.      

             
      62,4 %   

. 
 

  
Al

Al
Al

cu

cu
cu S

l
S
l ρρ =  

CuCu
Cu

Al
CuAl SSSS 624,1

01724,0
02801,0 ===

ρ
ρ

                                (1.1) 
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  : 
 

 1.1      
 

 

 
 
 

( mm2/m) 

 
 

 
(Sm/mm2) 

  
 

(
3/kg m ) 

a 
a  

(° ) 

 0,01724 57 8 920 1 084 

 0,02801 35,7 2 703 660 
 
           

   .     ,   
         

   . ,      
      .  

      ,   
. ,    ,     

   ,      . 
        

.        
74%       .    

           
        . 

   o  .   
    (    )   

.        
 .  ,      
          

         
Al-Cu  .        ,  

          
             

  . 
         

          
  .       
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.  

        
  ,    62,4%  

,         
,   ,    

 . 
      : 0,5; 
0,75; 1; 1,5; 2,5; 4; 6; 10; 16; 25; 35; 50; 70; 95; 120; 150; 185; 240; 300; 
400; 500 mm2. 

       
    :  

 

 
 

.1.2    
 
(1)   –  ( ).  

         
    12/2; 15/3; 20/3;    100/10  120/10. 

    ,     
( )     . 

 
(2)   - .      

    1  16 mm2.      
     . 

 
(3)   .      

.       1200,   
 - 900.          

.       
 (5).   ,       

.      25 mm2  è  400 mm2. 
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(4)   - .    
          

          
.         

          
  10 mm2  500 mm2.  

 
(6)   -      
   ,     

   .    
         .  

  
 
 
1.4.1   
 
  

 
        

,      .   
    - ,  

,  ( ) , ,   
.          

 .    : , , 
  - .      

    ,    
,  -     -

 . 
 

  ,      
  . 

 
       

( ).         ( -
, ,   .)    ( , ).  
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.       
   . 

        
     .   

 ,      ,      
.          

 : 
 

-  
-  
-   

D-   
Z-   
 

         
         
  .  

 
-  -  
-   
-   

G-       -   
Ev- -   
Ep- -   
N-  
Pu-  
IP-   
H-   
h-   
T-  
 

        
      . 

           
.       : 

 
F-  
J-   
K-   
L-   
M-  
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N-    
O-  
R-    
U-   ( )  
V-  
T-    
 

          
     . 

 
     ,  

       . 
 

       -  
  ,          

 .        Y,   
  (-)     . 

 
        

        .   
    : 

-    ; 
-      ; 
-     

 
   ,       

 .  ,       ,  
          

. 
 

          
         .  

          
         . 

        ,   
           

   ,        -  
,         .    

     ,    
,          .  
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,            
.        mm2 .  

 
       

        . 
      .    

            
 . 

 
 
 

      
 
 
 

                                                                   
 

(1)                 (2)                (3)                  (4)                 (5)              (6) 
 

 
(1)    PP-Y 3 1,5 380V 

       
  PVC ,      ,   
      1,5 mm2   

  380V. 
(2)    PP/R 2 1,5 380V 

       
  PVC ,   ,    
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    1,5 mm2,     
380V. 

 
(3)   PP/U 2 1,5 380V 

       
  PVC ,   ( ) ,   
     1,5 mm2,   

  380V. 
(4)   PP/J -Y 3 2,5 380V 

     ( ),  
      PVC ,    

        -  ,  
  2,5 mm2,     380V. 

 
(5)   AP 1 1,5  24V 

      
  PVC ,  ,    ,  

  1,5 mm2,     24V. 
 
(6)   P/F 1 6 380V  

       PVC 
,  ,     ,   

 6mm2,     380V. 
 

 
 

 
 

       
  .   ,    

      62,4%   
      . 

     : , 
  . 

 
        

.      : 
  ,        
,  ,   , 
         . 
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: 

 
1.9.        ? 
1.10.      ? 
1.11.       ? 
1.12.       : 

) PP –Y 5x6 380V 
) SP  2x0,75 380V 
) PP/O 4x16 380V   
) GN/J  5x2,5 500V 

 
 
 
1.4.2.   

 
 

 
        

       .    
      ,    

    .       
       .   

         
   .     

: 
       . 
         

     .     
 . 

         
  .         

      .    
 ,        , 

      ,   . 
 

  ( )     
  .         

           
.  ,       
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     .    
    . 

      
           

  .      
,    . 

 
   

 
         

   . 
        

  : ,  , 
   .      

          
   ,      
.        

: 
 
A-    ; 
Az-       ; 
Av-     ; 
O-   ; 
ZO-       . 
 

      .  
   ,     

.          
         .  

    .      
      .  

        
.  00       

   .      
    1.2. 

         -  
,            

     Y.  
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  .        
           

.  
       ,  

   ,        
  (-). 

 
 1.2    

 
                                         

01 - 09       

10 - 19         

20 - 29         
  

30 - 39         
       

40 - 49      

50 - 59     

60 - 65    ,   , 
     

70 - 78      

80 - 87        
   

90 - 91        
   

  
           

     .    
          
 .        

          
   .   ,  3 25+16  

         25mm2 
         16mm2. 

       
         .  

           
.          
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A

  00
)       
)       
)         

          
.      .  

      ,     
.       . 

   ,       
          

  .   
 

 
.1.3     00 

 

 
 
 

.1.4      41 
 

 
 

         
   .     

: , ,  ,   ( )  
 . 

         
   .  
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: 

 
1.13.        

  ? 
1.14.       ? 
1.15.    ? 
1.16.        ? 
1.17.      ? 
1.18.      : 

) IPO13 –AS 3x70  6/10KV 
) NPA 00-AS 3x150+120 0,6/1KV 
) EpN 50- Y 4x25 0,6/1KV 

 
 

1.4.3         
 

  
 

         
.   ,    

        
         

  ( 2IRQ ⋅= ).     
      , 

       ,      
   , ,     

  . 
    ,      

    .    
       .  

  . 2.752      
       .   

         : 
) 70°    ,     -

   ; 
) 90°    ,      

  - ; 
) 70°   ,       

-        ; 
) 105°    ,    ,  

        . 
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 ,      /  
         , . .  

     .    . 2.752  
     ,   

   .  
         

       .  
        
   ,      
  (  ,       

 ),      
 10 W/(m·K).       

       ,   
   .        

         
 .         

: 1  2.    : 
 1 –          

  ; 
 2 –       

 . 
 

 
        
 . 1.5                                                 . 1.6    

 
1 –  ,   2 –  ,    

3 –  ,   4 –  ,    5 –   



 
 
 
 

30 

 
          

        
   (  1.6).    ,    
   : 1, 2  3.    

 : 
 

 1 -       ; 
 2 -        

    ; 
 3 -  ,    

         
. 

 
          

  ,         
       0,3 ( . 1.7). 
      : 1, 2, 3, 4, 5 

 6.     : 
 
 1 -    ,   ; 
 2 -     ; 
 3 -     ; 
 4 -         

  ; 
 5 -        

        ; 
 6 -        

 . 
 
      D    

     ( . 1.8).    
    D  : D1  D2. 

    D1  D2 : 
 D1 -      ; 
 D2 -       . 
 
   D,  D1  D2      

 2,5 K·m/W     0,7 m.   
   ,     

      . 
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        . 1.7   C                 . 1.8   D 
 
           

      ( . 1.9),   
           

   0,3,       
 . 

 

 
   
           . 1.9                  . 1.10   F 
 

    F      
 ( .1.10).     ,  

           
.      . 
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   ,   ,    
 ( )   ,    . 2.752 

    .     
  3.1  3.5,      

     - ,    
 . 

 
   1.3       

    A, B, C, E  F,    
  - ,     
,         . 

 
  1.4       
    D     -

,          
     . 

    ,   1.3  1.4, 
      : 

 
 ) 30°  -        

,         ; 
 ) 20°  -         

. 
 
       

       
         . 

 
        30 0C,   

     A,B,C,E  F,    
  ,   1.3      

     1.5. 
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 1.3      .      A, B, C, E  F 

   
  

 
 

     (  ) 

-
  
  

2   A  B C E, F       

3    B C E, F         

 
 

2         A   B C E, F 
3       A B C E, F     

   
  mm2 1 2 3 4 5 6 7 8 9 

 

1 10,5 11 12 13,5 14,5 17 18 19 21 
1,5 13 14,5 15,5 17 18,5 22 23 24 26 
2,5 18 19,5 21 23 25 30 32 33 36 
4 24 26 28 31 34 40 42 45 49 
6 31 34 36 40 43 52 54 58 66 
10 42 46 50 54 60 71 75 80 86 
16 56 61 68 73 80 96 100 107 115 
25 73 80 89 95 101 119 127 138 149 
35  / /  /  117 126 147 157 171 185 
50  / /  /  141 153 153 179 192 225 
70  / /  /  179 196 229 246 269 289 
95  / /  /  216 238 278 268 328 352 

120  / /  /  249 276 322 346 382 410 
150  / /  /  285 318 371 399 441 473 
185  / /  /  324 362 424 456 506 542 
240  / /  /  380 424 500 538 599 641 
1 8 8,5 9,5 11 11 13 13,5 15 16 

1,5 10 11 12 14 14 16,5 17,5 19 21 
2,5 14 15 16,5 19 19,5 23 24 26 28 
4 19 20 22 25 26 31 32 35 38 
6 24 26 28 32 33 39 42 45 49 
10 32 36 39 43 45 54 58 62 67 
16 43 48 53 58 61 73 77 83 91 
25 57 63 69 76 78 89 97 101 108 
35  /  / /  94 96 111 120 126 135 
50  /  / /  113 117 135 147 154 165 
70  /  / /  142 150 173 187 198 211 
95  /  / /  171 182 210 227 241 257 

120  /  / /  197 212 244 263 280 300 
150  /  / /  226 245 282 302 324 346 
185  /  / /  256 280 322 346 371 397 
240  /  / /  300 330 380 409 439 470 
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 1.4          D 

M   
  mm2 

   (  )  
       

     

PVC     
        

1 2 3 4 

 

1,5 22 18 26 22 
2,5 29 24 34 29 
4 38 31 44 37 
6 47 39 56 46 
10 63 52 73 61 
16 81 67 95 79 
25 104 86 121 101 
35 125 103 146 122 
50 148 122 173 144 
70 183 151 213 178 
95 216 179 252 211 

120 246 203 287 240 
150 278 230 324 271 
185 312 257 363 304 
240 360 297 419 351 
300 407 336 474 396 

 

1,5 17 14 20 16,5 
2,5 22 19 26 22 
4 29 24 34 29 
6 36 30 42 36 
10 48 40 56 47 
16 62 52 73 61 
25 80 66 93 78 
35 96 80 112 94 
50 113 94 132 112 
70 140 117 163 138 
95 166 138 193 164 

120 189 157 220 186 
150 213 178 249 210 
185 240 200 279 236 
240 277 230 321 272 
300 313 260 364 308 
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.1.5         
                      A,B,C,E  F 
 

  
 0  

  

   
-

   
  

 -  
10 1,22 1,15 
15 1,17 1,12 
20 1,12 1,08 
25 1,06 1,04 
30 1,00 1,00 
35 0,94 0,96 
40 0,87 0,91 
45 0,79 0,87 
50 0,71 0,82 
55 0,61 0,76 
60 0,50 0,71 
65  / 0,65 
70  / 0,58 
75  / 0,50 
80  / 0,41 

  
 

      D,    
     20 0C     

,   1.4,       
    1.6 

 
       ,  

  ,     
         

      1.7. 
 

        
  1.7       

           
       . 
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 1.6         
                        D 

  

  
 0  

  

   
-  

   
   

-  
10 1,10 1,07 
15 1,05 1,04 
20 1,00 1,00 
25 0,95 0,96 
30 0,89 0,93 
35 0,84 0,89 
40 0,77 0,85 
45 0,71 0,80 
50 0,63 0,76 
55 0,55 0,71 
60 0,45 0,65 
65  / 0,60 
70  / 0,53 
75  / 0,46 
80  / 0,38 

 
 

 1.7           
                              
                      A,B,C,D,E  F 
 

    
 

         
  

1 2 3 4 6 9 12 15 20 

   1,00 0,80 0,70 0,70 0,55 0,50 0,45 0,40 0,40 

   , 
   

  
1,00 0,85 0,80 0,75 0,70 0,70 / / / 

    0,95 0,80 0,70 0,70 0,65 0,60 / / / 

    
 1,00 0,90 0,80 0,75 0,75 0,70 / / / 

     
  1,00 0,85 0,80 0,80 0,80 0,80 / / / 
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  1.3  1.4    „  “ 
       .   

    /     
   .    

        
,      . ,  

         
     ,     

  . . .        
       

         . 
      (  

, PE )      
. 

 -   (PEN )  
       .  

          
       ,  
          

  . 
  
    1.3 -1.7    

 . 
 
  1:        

     PP-Y 4x6 380V    
    . 

 
 :       .   

   ,     .   
  .1.3  1     6 mm2   

    31 . 
 
  2:        

  PP 00-AS 4x50 0,6/1 kV      
   2,5 /K m W⋅       

15 0C . 
 
 :       D.  .1.4  

      ,    
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       20 0C  
: 

  
AI doz 9420, =   

  .1.6         
  15 0C      05,115 =k  

        :  
 AIkI dozdoz 7,989405,120,1515, =⋅=⋅=  
  
 

 
 

   ,   .   
          

, ,     .   
             

   .     , 
            

 . .    .      
       : A,B,C,D,E  

F. 
    ,   ,    

 ( )   ,    . 2.752 
    .    

        
,        .  

     ,     
         

   . 
 

 
: 

 
1.19.        / ? 
1.20.    ? 
1.21.     ? 
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1.5.   
 

 
       

     ,   
 .  

         
 : 

•  ; 
•     ; 
•  . 
 

    .   
   , PVC    

.           
      ,  ,  

        .    
      ( )  

    :11; 13,5; 16; 23; 29; 36, 42; 48 
mm2. 
 

      
 

.1.11    
1-    , 2-    

 
     ,    

          
    .        

         
.          

   /       
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.    ,      
 .  

       
,          

     .  : 
   (       

,   ).      
     0,75-1,5 mm      

           3 m.  
        . 

 

 
 

 1.12        
 

         
    .   ,  

     .  
 

        
       .    

  : 14; 18; 25; 35, 38; 40; 42; 50; 55 mm2. 
       

        . 
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. 1.13    
 
1.6.   

 
  : 

-       ;  
-       . 
 

  : 
 

•   ; 
•   ; 
•   . 
 

       
      . 

    :     Ø78 mm 
(Ø70 mm)     95 95 mm,    
150 150 mm  200 200 mm. 

 
 

          
                   1)                                     2)                                      3) 

 
.1.14    

1)       Ø78       2)   95 95      3)    
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     . 
            

   . 
 
     ( ,  

, )       
     .   

        71 mm    
          

.                            

                     
1) 2) 
 
.1.15    

1)-    ,       2)-    
 

          
        .     

      ,   
.  

 
          

 :   ,       
  ,          
      ,       

     . 
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                                 1)                                                       2) 
 

                                                                     
           3)             
 

.1.16   1)-   , 2)-     
      , 

3) -   . 
 

 
 

        
,       

  .    :  , 
       . 

      
        
.  ,    
 .     ,   

    :   ,       
 . 

 
 

: 
 
1.22.     ? 
1.23.     ? 
1.24.      ? 
1.25.     ? 
1.26.      ? 
1.27.      ? 
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1.7.   

 
 

     
         

   .   
,       
      .  

 
        

: 
 

•         
  ; 

•       ; 
•        

      , 
       . 

 
 ,   

     ,    
         
   .  

 
       

            
 . 

       
   . 

 
       : 

 
•   ; 
•  ( ) . 

 
       : 

 
•   ; 
•  ( ) . 
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1.7.1    

 
       

.     ,       
        .  

 
        

 : 
 
•      D; 
•    

 
1.7.2.      D 
 

   D    
        

     . .     
  .  

 
  : 

• ; 
•   ( ); 
•  ( ) ; 
• . 
 

      ( .1.17).  
        

( )       .  
          

   .    ,   
 . 

 
     D    

 : 
 
•  D II  25 ; 
•  D III  63 ; 
•  D IV  100 ; 
•  D V  200 . 
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 (   ),   :  

EZ,  TZ   UZ. 
 

   
 
             1)                                      2)                                      3) 

.1.17       D: 
1) Z , 2) TZ    3) UZ . 

 
:      ETI,   

  : EZN     , FZ  
   . 

 
  ( )      

.         
  (SiO2),           

         
.          
   ( ) .    
      .  

        
    .     

   gL ,   gG        
( )  .         

   gL-gG       . 
 

 ( )     
          

    ,      . 
           

 .     ,     
    .       
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    .      
      .   

 
.1.8                                                                        

 
                                                                 .1.18   ( ) 

             
         

 .        
     .    

    .     
          

       .  
            
.    ,        

       . 
        

     D.    
         

  .        
  D    .      
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          . 

         
        ,    

         . 
         

           
 . 

  DII      
          

  25  (2; 4; 6;10;16; 20; 25).   DIII    
  35; 50  63 .   DIV    80  

 100 ,   DV       125, 160  200 . 
         

         .    
       .    

 ,    ,     
   .     

         
  .  

 

                 
 

.1.19    10             . 1.20    
  
 
1.7.3.     

 
     

          
     , 

         . 
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  : 
• ; 
•   ( ). 
 

      .  
         . 

      .  
           

    .      
  ,        .  

       . 
 

.1.9      
 

 
   

 

 

 
( ) 

.  -  

    

00 100 Np0-00 NV0-00 FE-00 FVN-00 PP 00 
(PK00) 

NV/NH00 

0 160 Np0-0 NV0-0 FE-0 FVN-0 PK0 NV/NH 0 

1 250 Np0-1 NV0-1 FE-1 FVN-1 PK1 NV/NH 1 

2 400 Np0-2 NV0-2 FE-2 FVN-2 PK2 NV/NH 2 

3 630 Np0-3 NV0-3 FE-3 FVN-3 PK3 NV/NH 3 

4 1000   FE-4 FVN-4 PK4 NV/NH 4 

 

       
   

.1.21       
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1.7.4.   
 

        
  D     .    

     .    
             

         
.  ,     

 :   . 
      

         
.  

       
         

 . 
        

 .      
      
:  

-  “ ”  ( ),  
-  “ ”  ( )   
-  “D”  (  ) 
 

     
     : 

 

 
   “ ”        “ ”       “D”  
 

 1.1     
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 ,     
 ETIMAT 10   IZLAKE    

: 
-  : 230 / 400 V 
-  : 6 – 63  
-  : 50 / 60 Hz 
-   : 10  
-    ( ): B, C  D 
-  : 1 – 25 mm2 

   ( )  
  ETIMAT 10   IZLAKE  

   : 
 

 1.10    ( )  
  ETIMAT 10 

 
 

  
    

 (s)  

B, C, D 1,13 In t  3600   
B, C, D 1,45 In t < 3600  
B, C, D 2,55 In 1 < t < 60  

B 3 In t  0,1   
C 5 In t  0,1   
D 10 In t  0,1   
B 5 In t < 0,1  
C 10 In t < 0,1  
D 20 In t < 0,1  

 

             
 

.1.22      
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,         
      .  

            
        .  
            

 ( ) .       
        

. 
  ,      

         . 
          

          
   D.      

  D : ,  ,    . 
 D        

     . 
   (   

   )     
         

    ,     
     . 

         
  ,       

  . 
 

: 
 
1.28.      ? 
1.29.     ? 
1.30.          D? 
1.31.        

   D? 
1.32.      ? 
1.33.        

? 
1.34.       ? 
1.35.      ? 
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1.8.  

 
     ( )   

.        
  .  ,   

      .    
     .   

         
,      .      

,        .  
         

         . 
 

      ,     
  ,  . 

     , 
          

   .  
   ,   

   : 
•   ; 
•   ;           
•  , 
•  ; 
• , 
•  - ; 
•   . 

                   
1.8.1.   
 
         

         
  .     

  500V     6 , 10   16 . 
      : 
 

1.    :    
,    ,    

     . 
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2.       :  
( - ), , ,   

   .  
 
       

     - .   
   ,       

  .  
 
         

          
  .         

   .  
 
        

          
.   ,    

        . 
 

         
        .  

      ,     
         
    . 
 
        

     ,      
    .    

         
  .         

  .        
       (  ),  

         
(  ). 

 
3.   : , , 

, , ,    
. 
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.1.24                 .1.25      

          )    )                               ) , ) , )  
 
 

  1.26        
      .   

          
 ,       . 

 
 

 
.1.26   ,       

 
  2  . 1.27      

       .  
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      .  

 
  3  . 1.27      

    .     
     . 

 

 
            1)                          2)                                3) 

.1.27   ,     
 

 . 1.28       
  /        

.           
 ,       .  
       .  

          
      . 

 

 
 

.1.28         
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 .1.29    .    
   ,      

       .   
  .      .   

   ,       
.         
.   

 
 

 
 

 
 

.1.29         
 
 

 . 1.30    .  
           

 .       . 
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.1.30         
 
 

 .1.31       
        

.         
      ,     

       
/    . 

 
         

,      . 
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. 1.31.         
 

 
1.8.2    

 
       

          
            

 .        
     .  

     4      
    . 

        
        

      .   
  è        
    :      

 .    (      
 )          

      .     



 
 
 
 

60 

         .   
 (       ),  

          , 
       . 

 

 
 

.1.32          
 
 

1.8.3   
 

        
      .     

    ( ). 
      

   660 V     600 V.  
 :       ,  

    (  ,  
- ,    2  3 ),  

,     (   , 
    .),    ,  

   ,    (   , 
 )  . 

 
        

   (    ).  
         

       
.      . .    



 
 
 
 

61 

  300,  450, 600  900        
12  .  

 

       
 

. 1.33      
 

       100 , 
     100     . 

       ,   , 
     ,   

       .  
 
 

1.8.4   
 

      
    ,      

           
 .         

,         
         .  

 

 
 

.1.34       
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 ,         
 ,     

.        
 ,  ,   

 . 
 
 

1.8.5  
 

     ,   
  ,       

  .       
   . ,   
        .  

            
 ,          

 . 
     : 
     .   

          ( ) 
  .        

         
    24 V  500 V ( . 1.35). 

          
    . ,       
         

. 
        

         ,  
    .  

 
     ,  

    .       10   
          

.    ,    
(  500 V)           

    . 
   :    

  ,      ,  
   ,    
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. 

          
     .  

 

 
 

.1.35       
 

  
 

. 1.36    
 
 
1.8.6  -  
 

          
 .         
       ,    

,       ,     
.          
 ,  ,    ,  
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       .    
    - ,   

       ,    
       ,  
    .     

      ,    
         . 

          
 - .       
 ,    1/3     
.  

 -       
. 

        
        .  

       ,     
            

. 
 

       
( )         

     .  
          (soft 

start)   PLC    . 
         

 ,  , ,     
. 

 

               
 

.1.37              . 1.38      (soft)  
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1.8.7 -   
 

      -
         

.        ,  
( )  “ ”,    “ ”  .    

   ,    
  .  

-     ( ) 
         
     .     

           
  .     

  ,   10  In       
      . 

         
 

.1.39 -   
 
 

 
 

 
       

        . 
      : , 

, , , ,   -
    .  

    :   
,   , . 

    : , , 
, , ,    . 
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 .  

        
      .     

   ,     
  100 ,      100     

. 
      

    ,      
           

 .  (  )   
  ,       

  .          
  ,     ,      

     . 
 -       

          
,    ,       

  .      
.  

-       
-        

  .        
,          

    .  
 

: 
 
1.36.   ? 
1.37.        ? 
1.38.       ? 
1.39.     ? 
1.40.        ? 
1.41.       ? 
1.42.       ? ? 
1.43.   ? 
1.44.       ( )? 
1.45.     - ? 
1.46.       - ? 
1.47.    -  ? 
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1.9.   
 
 

       
      
.    : , , , 

 ,   , , , , 
  .  
 

        
   250V       10,16  

25 .   
 ,     : 

 
•  
•  
•   
• -  
 

        (  
).        

         
   .       

         
   “ ” (    schutzkontakt,   

 .     AEG  
). 

 
        

   .    
  .     
        

    ,     
 .      

        
.        

 .      ,  
     .  

        
.  
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    1                          2                          3                            4 
 

.1.40     : 
1-    , 2-    ,  

3-   . 4-  . 
 

      . 
         

.    :  ,   
 .       

  ,       
  .        
  ,         

.      
     . 

 
      ,  

         
   .     

. ,  ,      
       .  

 

     
   1)                                       2)                                  3)   
 

. 1.41   : 
1),2)-    , 3)-  . 
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 è      
.           

   .    , 
 ,     ,   

       (  : 
, ,   ).     

     ( .1.44),    
      (25m, 40m, 

 50m). 
 
 

     
1)                                            2)                                   3) 

 
.1.42  : 

1)-   , 2)-   ,  
3)-     

 
 

-        
           

( .1.43)  
 

                           
 
 

   . 1.43 -                         . 1.44   
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1.9.1      
 

       
     42V ( .1.45).      

    ,      
        

   .   
         

. 
 
 

   
 

.1.45      
 
 

1.9.2      
 

      
      

 , ,       
        

.      ,     
      . 

   
 

.1.46      
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.     : , 
,    - .  
      . 

        
   .    

  ,      
    .  

      . 
         

       . 
     , 

 ,     ,   
      .  

-          
          

     . 
         

 42V.       -
  ,        

. 
       

       
 , ,       

        
. 

 
 
 

: 
 
1.48.     ? 
1.49.       ? 
1.50.     ? 
1.51.      ? 
1.52.        
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2.1      
2.1.1     
2.1.2     
2.1.3     
2.1.4      

 
2.1.5   
2.1.6 I    
2.2   
2.2.1    
2.2.2  ( )   
2.3    
2.4   
2.5   

2.5.1 TN  
2.5.2 TT  
2.5.3  I   

 
 
 
 
 
 

 
 
 

 
 

 
 

 
 J 
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J  2 

 
 
 
 

 
 

2.       
      

 
 

2.1      
 

       
  ,    
    : 

•    ; 
•    ; 
•    ; 
•     ; 
•  ; 
• EIB  .  
 

2.1.1     
 

       
        

     . 
       

.        
       (  

     ),     
.         

       . 
      

 : 
•  ;  
•    ,    

; 
•  . 
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       : 

         , 
 ,  ,     

      .     
   ,      
   .      
 ( , ,  )    

.         , 
        .    e 

,           
     .  

         ,  
 ,      . 

        
     .  

          .  
          

            
.             

.           
  .      ,   

       
 .              

         .  

 
 

.2.1      
   

 
.2.2    
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      ,       
       . 

   ,        
      .    
    ,    

.        
 ,          

  15 cm         
 . 

 
           

,    ,     PVC   
 .      

  ,         50 m 
           

    . 
 

     
,    :    , 

        
      , 

  .  
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      .      

    .     ,   
         

    .    
         

 .  
            

      .   
        

. 
 

 
      

    
 
 

 : 
 
•   ; 
•     ,    

       
. . ; 

•    ; 
•       

; 
•        

         
; 

 
  : 
 
•    ; 
•        

    ; 
•         

; 
•    ; 
•     . 
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2.1.2     

 
      

        
    .  

       ,   
 ,  .       

      .    
           

          
  . 

        
     PP/R     

        .  
          . 

 

 
.2.4       

 
     ,   

  13-15 mm.        
          

        . 
 

   
 

 
.2.5 PP/R          

   



 
 
 
 

78 

 
 

      
    

 
 : 

 
•   ; 
•        

 (      , 
         

); 
•    ; 
•       

; 
•        

         
. 

 
 : 

 
•    ; 
•        

    ; 
•         

; 
•    ; 
•     . 

 
 
2.1.3     

 
        

        ,  . 
        .  

  ,  ,   . 
    : , ,  

,    .  
        

,         .   
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         . 
 IEC   ,     

    IP (Insulation protection)    .   
           

    .  ,    
      .  

       
          

. ,        
     Pg (Pg    

     “Penzer-gewinde“). 
      , 

    .    
       ( ).  

      ,  
            

 . 
      ,   

 .        
         . 

        
    25-35 cm,      40 cm.  

   ,    “ “.   
         

       .   
      

       , 
          

 .    ,     
. 
 

 
.2.6        
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 ,         ,  

        
Pg. 
 

 
.2.7           

 

 
 

.2.8        
 

      
    

 
•   ; 
•     , 

,   ; 
•        

   ; 
•       

 ; 
•      , 

  ; 
•      , 

  ; 
•     ,  

 . 
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   ,  
   :  ,  ,  

,   ,    BUS  
. 

 
       

  :  ,   
,       . 

  :       
   ,  ,  , 

          
.        

     ,  
          

.      
,    :    , 

        
      , 

  . 
 

   ,   
         

 .       
 ,   ,  . ,    

    .  
 

        
     ( , ,    
.).        , 

  /     
 ,  .   

         
     .  
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: 

 
2.1.                

      ? 
2.2.          

? 
2.3.     ? 
2.4.    ? 
2.4.         

  ? 
2.5.          

   ? 
2.6.       ? 
2.7.         

? 
 

 
 
 
 

2.1.4      
 

          
          

    .     
,  ,  ,  

  .        
         . 

      ,     
       . 

  e   ( .2.9)   
  28  38 mm    2 m.    

      1  1,5 mm  ,  
  (     ).      

     ,   
 ISDN       

.        
 ,        

  .       
,        
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      ,      
     . 

 

 
 

.2.9      
 

        
,     ,   

    .    
       ,   

       6-10 m     
.         

     ,      
  .        

         . 
 

           
  .   ,     

 ,          Ø 60 
 Ø 70 mm       .   

     32-45 mm,    
    . 

 
          

 .  ,      
   .   

 /   ,   
           
    . 
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.2.10     
 
2.1.5   

 
           

 é          
.          

         
      . 

        
       . 

         2, 1  
0,8 mm     3 m.     

     ,    . 
           

     90 . 
       

   ,       
. 
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        : 

 
•  ( )     800, 1350, 

2000, 2500  3000 ; 
•         150, 

250, 350  700 ; 
•        16, 25, 35  50 

; 
•  ; 
•   . 
 

 ( )      
          

   .      
        

 . .    . 

 
.2.11  ( )  

 
 

        
          

        .  
         

     .    
        

.        
     . 
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.2.12        
  

 
. 2.13   -     

 
 

         
.  ,       

         . 
 

 
 

. 2.14         
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      .  

 
 

      
 

.2.15         
  

 
 

 
.2.16        

 
      

         (   
 1800 mm   , 3400 mm     5400 mm   

).   :     
,       
      ( .2.17 ). 
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.2.17   
 
 

         
  .      

     . 
 
 

 
.2.18    

  
. 
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  2.1.6  I    
 

I - (European Installation Bus)   
  1990     15   

       
,         
 . 

 2003      
 (CENELEC)    KNX    
     . 

      
,         

  (   , ,  
 .).      

   ,      
.      EIB  

,        
    .  ,     

      . 
       

  ,         
EIB .  EIB       

  ,    ( , 
, )     . 

EIB      è  
     ,       

 . 
         

   5-7       . 

            
.2.19     EIB   
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: 
 

        
        

.        
     . 

        
  .       

        
 .         
  2, 1  0,8 mm       . 
          

      :  
( ) ,     , 

   ,      
. 

 EIB      
      .  
,        

  .         
     .  

EIB      è  
     ,       

 . 
         

   5-7       . 
 
 

 
: 

 
2.8.        ? 
2.9.        ? 
2.10.     ? 
2.11.     ? 
2.12.      ? 
2.13.     EIB  ? 
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2.2.   

 
 

      
       

 . 
     :   

 . 
 

       
       .   

        
        . 

 
         

    :    
( )  . 

 
 

. 2.20       
 
 

2.2.1     
 
 

      
        . 

 
         

   ,       
       .  

       , 
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 . 

 
 

. 2.21       
 

      -  4 16,   
      /   ( .2.22). 

 

                                             
 /                                                  -  

 
.2.22        

 
         : 

      .    
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         (  
  )     .  
     ,      

            
  .  

 
 

.2.23     : )    
, )   , )    

 
      , 

      50 mm. 
        

   20 m ,     35 m.  
  ,      
 .  

 
 

2.2.2  ( )   
 

       
       ( , 

 )         
     . 
     ,   

       
         

    (  ,  ,  
.). 

       :  
 - ,  41- ,  -        . 
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     : 
 

•  ( )    ; 
•  ( )   - . 

 
 

 
 

.2.24      
 
 
 
 

 
 

.2.25          
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2.3    
 
 

   ( )    
  .     PVC 

,           
  .    ,    

       0,7-1,1 m    . 
      ,      

 .          
  .2.26 

 
 

 

 
 

.2.26          ( ) 
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2.4   
 

 
     ( )  .  

     1,7 m       
      ,    

       . 
    PVC     

          . 
 
 
 

        
  

.2.27   
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 .    :   

    .    
        

   .       
     :    

( )  . 
      
        . 

         :  
     . 

       
       ( , 

 )         
     .   
     :  - ,   41- ,    

 -        .   
   :  ( )   ( ). 

 
 

 
: 

 
2.14.    ? 
2.15.        ? 
2.16.      ? 
2.17.           

? 
2.18.          ? 
2.19.     ( )  ? 
2.20.        ? 
2.21.       ? 
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2.5   
 

 
          

     .    
         

,   .  DIN 0100  300    
       . . ,    

     . 
 

    : 
 
-     ; 
- . 
 

 
      

 
         

: 
 

)     
-   ; 
-   ; 
 

)     
-    ; 
-    ; 
-    ; 
-    ; 
-    . 
 

 
    

 
         
        ( ) 

  ,     
: 
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- TN ; 
- TT ; 
- IT . 
 

  , ,   TN-    
  : 
 
2.1    

 
           

   
   

  
   

  
  

  
(   TN) 

    
  

 
-    

   
; 

 
I-    

    
    
   

 .  

 
-   

  
  

 
N-   

  
   

   
  

. 

 
-    

   
    

 
S-   

   
    

. 

 
-  (    terre ), N-  (   

 neutral), S-  (    separated), C- , 
 (    combined)  I-  (   

 isolated). 
 

 
2.5.1 TN  

 
 
TN        

     .  
  TN      

.      TN   : 
 
TN-C ,        

         
 -  ; 

 



 
 
 
 

100 

 

 
 

) TN - C     -        
    

 
 
TN-S ,        

   ; 
 
 

 
 

) TN – S     -         
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TN-C-S ,       
       ,    

   . 
 

  TN       
     (FID ). 

 
 

 
 

) TN - C- S     -        
  ,          

  
 

 
.2.28  TN  

 
 

2.5.2  TT  
 

      ,  
            

 ,      .    T  
      . 

        . 2.29 . 
  T         

  (FID )       
. 
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.2.29   TT -  
 
 

2.5.3 I   
 

 I        
        ( ) 

        .  
       .2.30    
 

                      
 

.2.30 I   
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       . 
   ,      

:         . 
   :      
      ,    

. 
        

       ( )  
 ,     

: TN , TT , IT . 
TN       

,       
.         
  TN-C, TN-S  TN-C-S .  

  TN      
. 
 TT     ,  
            

 ,      .    T  
      . 
 I        

        ( ) 
        .   

        ,    
  ,  . 
 

 
: 

 
2.22.     ? 
2.23.    I     ? 
2.24.    TN   ? 
2.25.        ? 
2.26.     TN   TT ? 
2.27.           TN 

? 
2.28.    I  ? 
 



 
 
 
 

104 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

    
   

 
 
3.1.   
3.2.    
3.3.        

 
3.4.        

 
3.5.       

 
3.6.       

    
 
 
 
 

 
 
 
 
 

 
 

 
 

 
 J 

 
   

 3
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 3 
 
 
 
 
 
 
 
 
 

3.         
  

 
         : 

   (   ),  
,      (  

)       . 
 

 
3.1.   

 
           , 

   : 
 

•    ; 
•    . 
 

         
 ,            

. 
 
       : 
 

-         
         . 

         
  . . =0 (   .3.1  ).   

        
    .   
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 -        
.         

 ,       .   
          /2, 

 900.       
.( .3.1  ) 

 
 -   -     

   .     
    ( , , 

).          
    0 (    )  /2 (  

  ).    
    ,  cos ,    

       ,   
 ( .3.1   ).    

 
  

 
 

. 3.1       
)   , )  , )  

( - )  
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3.2.    
 

      .  
        . 

         
  . 

       .   
        

  3 380/220V.       
           

  .      
   .    

         
 ,          

   .  
 

 
 

.3.2         
 

 .3.2       
     41-  2 10 1 kV.    

  30 m       . 
         5%   

 231V . .  11V   .   
       ,    

     .    
    228,1V,   216V.   

            
    220V.  ,   

           
  .     

      ± 10%   
.     ,     

       ,   
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        .  
          

   (  11V),      
       (    

11V). 
         

        
 : 

 
 3.1     

 

       
 

 
 

   
 e 

    
    3% 
   5% 

   
   

 

   5% 
   8% 

 
       100 m, 

       0,005%    
  100 m,     0,5%. 

 
         

    U1       U2: 
 
u = U=U1-U2   (V)                                                                   (3.1) 
 

         
    .    
    (      

 )          
.  

 
         

          U1    
      U2     (  
  ). 
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100%
2

⋅=
U

uu  (%)                                                         (3.2) 

   
 

3.3.         
 

       l (m),   
(mm2)    .     

   2 lR
Sσ

= ⋅
⋅  (    ),  

      .   
         -

 .   U2        
 U1         u . 

 
         

     : 
 

 3.2           
 

 
 

  
      

(W) 

   
(V) 

 
   (%) 

 
 

P U I= ⋅  

1 2

2 2

u U U I R

l l Pu
S S Uσ σ

= − = ⋅

⋅ ⋅ Ι ⋅ ⋅= =
⋅ ⋅ ⋅

2

200%
US

lPu
⋅⋅

⋅⋅=
σ

 

-
 

cosP U I ϕ= ⋅ ⋅
 

cos
2 cos

2

u I R
lu

S
l Pu
S U

ϕ
ϕ

σ

σ

≈ ⋅ ⋅
⋅ ⋅ Ι ⋅=

⋅
⋅ ⋅=
⋅ ⋅

 2

200%
US

lPu
⋅⋅

⋅⋅=
σ

 

 
 

 : 
S-     (mm2); 
l—    (m); 

-     (W); 
U-    ,  220-230V;  
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-       
    (Sm/ mm2).       = 57 (Sm/mm2), 

     =36 (Sm/mm2). 
 
 

          
 : 

 

2

200
%

P l
u

S Uσ
⋅ ⋅

=
⋅ ⋅

 (%)                                                          (3.3) 

                                                                                                                               
 
 

3.4.         
 
 

        
   .       

       
    .     

   ,      
. 

        
,         

       .   
         , 
     . 
 

          
       . 

  -        
     . 

 
     3 cosP U ϕ= ⋅ ⋅ Ι ⋅   

         : 
 
 

 3 cos
P

U ϕ
Ι =

⋅ ⋅ Ι ⋅                                                                    (3.4) 
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       : 
 
 
 3.3           

 

 
 

  
     (W) 

   
(V) 

 
   

(%) 
 
 

3 cosP U ϕ= ⋅ ⋅ Ι ⋅
 
 

 
3 cos

3 cos

u R

lu
S

ϕ
ϕ

σ

= ⋅ Ι ⋅ ⋅

⋅ Ι ⋅ ⋅=
⋅

 

P lu
S Uσ
⋅=

⋅ ⋅  

 

 

2

100% P lu
S Uσ
⋅ ⋅=

⋅ ⋅
 

 
 : 

S-     (mm2) ; 
l—    (m); 

-     (W); 
U-     ,  380-

400 V;  
  -       

    Sm/ mm2.       = 57 (Sm/mm2 ), 
     =36 (Sm/mm2). 

 
         

      .  
           

     : 
 

2

100
%

P l
u

S Uσ
⋅ ⋅

=
⋅ ⋅

  (%)                                                         (3.5) 

 
 

 1:         
     2 W(cos =1)      
 -Y 3 2,5 380V    10 m  

   . 
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    . 3.2  : 

 

2 2

200 200 2000 10% 0,58%
57 2,5 220

P lu
S Uσ
⋅ ⋅ ⋅ ⋅= = =

⋅ ⋅ ⋅ ⋅  

 
          

          5% (  .3.1). 
 
 

 2:          -
2x1,5mm2        . 

 

        

6A
10m 6m    7m5m

75W 150W100W 100W

RT

 
 
 

         
,           (3.3) 

 

2 2

200 200 (10 425 6 350 5 250 7 100)% 0,4%
57 1,5 220

P l
u

S Uσ
⋅ ⋅ ⋅ ⋅ + ⋅ + ⋅ + ⋅= = =
⋅ ⋅ ⋅ ⋅  

 
         

        (3.1).      
 
 

3.5.        
 

         
           
   ,      
 ,       

     .      , 
     : , 

   .   
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  .  

        
   ,        

           
(   . 1.3  1.4 ). 

       
         

            
.         

         
       .  

          
 : 

 
 3.4    
 

  
  

               0,75 mm2   Cu 
     

       
1,5 mm2   Cu 

     
       

2,5 mm2  Cu 

       
                      

10 mm2  Cu 

           16 mm2  Al 
 

        
 : 

 
1.         

  i,   v (   
       

)     .   
   i      

       (   
 ).    (  )  

        
.    Pv    
      .   

    ,      
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   .      

         
 . 

 
v

i

PK
P

=                                                  (3.6) 

 
         

  . 
 

 3.5    
 

    
 

,  1,0 
  1,0-0,9 

  0,8 
 ,  0,7-0,75 

   0,3-0,6 
   

        , 
    ,      

        
. 

        
 . 

 
2.         

    ( .3.1).      
 3.2  3.3      

          
:  

 

 2

200
%

P lS
u Uσ

⋅ ⋅=
⋅ ⋅       ,                                      (3.7) 

 

2

100
%

P lS
u Uσ

⋅ ⋅=
⋅ ⋅                                                (3.8) 
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 :  U =380-400V    ,  u%      
   .3.1 

 
      (  , 

     3,4 mm2   4 mm2),    
      . 

 
3.   1.3  1.4 (      ) 
          

     .     
      ,   

        : 
 

cos
PI

U ϕ
=

⋅  ( )                           (3.9) 

 

 3 cos
P

U ϕ
Ι =

⋅ ⋅  ( )                      (3.10) 

 
         

       .  
         

           , 
     .      

  . 
 
4.          

 .       
  ,     .3.4  

           
   . 

 
 3:        

          
        (   

 PP 00).        
   i=23,35kW, cos =0,9      

=0,7.     25 m. 
 



 
 
 
 

116

(          
          9)   

   
: 

 
      . 

     : 
 

23,35 0,7 16,345VP kW= ⋅ =  
 

         
     : 
 

2
2 2

100 100 16345 25 40862500 1,57
25992000% 36 5 380

P lS mm
u Uσ

⋅ ⋅ ⋅ ⋅= = = =
⋅ ⋅ ⋅ ⋅  

 
         2,5 mm2  . 
 

          
   D.   1.4    

   19 . 
 

        
   (   (3.10)) 

 
16345 27.62

1,73 380 0.93 cos
P A

U ϕ
Ι = = =

⋅ ⋅⋅ ⋅  

 
        

    ,      
.    27,62   .1.4    

  6 mm2       30 . 
 

,       , 
         

 .3.4.        
        10 mm2 .  

          
,       

   16 mm2 . 
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3.6.         
  

 
         

,      .   
       , 

        .   
       .   

            
        

 .         
  ,       

  .          
          

: 
 

2

200% P lu
S Uσ η

⋅ ⋅=
⋅ ⋅ ⋅  (%)                           (3.11) 

 

2

100% P lu
S Uσ η

⋅ ⋅=
⋅ ⋅ ⋅  (%)                             (3.12) 

 
     : 

cos
PI

U η ϕ
=

⋅ ⋅         ( )    ,     (3.13) 

 

3 cos
P

U η ϕ
Ι =

⋅ ⋅ ⋅   ( )    .                      (3.14) 

 
     ,     

        3  5   
 .    ,      

       . 
     ,      

     - .  
         

     4 kW .  
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  (   , , 

-    .).   
 

 4:        
       .  

        
50m   : =7,5kW, cos =0,80  =0,82. 

          
   50 m. 

 
 

:  .3.1       
      5%.     
         =9.1 kW, 

     =0,82.  
        

: 
2

2 2

100 100 7500 50 1,11
% 57 5 0,82 380

P lS mm
u Uσ η

⋅ ⋅ ⋅ ⋅= = =
⋅ ⋅ ⋅ ⋅ ⋅ ⋅  

 
     ,    

1,5mm2 . 
          

 : 
7500 17, 4

1,73 380 0,82 0,803 cos
P A

U η ϕ
Ι = = =

⋅ ⋅ ⋅⋅ ⋅ ⋅  

 
   ,       

  (    )   .1.3   
    1,5 mm2     17 . 

          
 ,      . 

       2,5 mm2  
    23 .      

,           
  .       

  50%,     26     
 4 mm2       31 .   
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     , 
         

  3.4. 
 
 
 

 
 

 
        

         . 
          

     ,     
    .    
      ,  

     . 
         

         3.2  3.3 . 
       : 

,    .  
          

      ,     
     . 

 
 

 
  : 

 
3.1       ? 
3.2         ? 
3.3.          

? 
3.4.           

? 
3.5      ? 
3.6            

 .         (  
   41)      ,     
  .         

 50m       i=125 kW, cos =0,80  
   =0,8. 
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4.1        
4.2     
4.3        
4.4     
 4.4.1        

 
 4.4.1.1       

 
 4.4.1.2       

4.4.1.3     
4.4.1.4       

  
4.4.1.5      

      
4.4.2        
4.4.2.1      

 
4.4.2.2   
4.4.2.3       

 
4.4.2.4      

     
4.4.2.5     
4.4.3      

    
4.4.3.1        

 
4.5  
4.6  
4.7   
4.7.1     

 
 
 
 
 

 
 

 
 

 
 J 

 
   

 4
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 4 
 
 
 
 
 

 
 

4.       
 
 

 
4.1        

 
   ,    

   .       
       .  

          
. 

   ( )       
        

 .      
  50 Hz.     

    . 
  “ ”       

,      ,  
        . 

          
    .      

  ,         
          .  

         
   : 
•      ; 
•   ; 
•      . 

 E        
           

 .  

                       R
UI =                                                                  (4.1) 
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   .                

           
       .    
            . 

           
.      ,    

.           24V. 
         1000   

3000 ,         .    
 ,          

           
  .       

,      .    
 
     :   , 

,        
       .  

          100  è                  
1 000 000 .  

           
    1 mA.      

.    1-9 m        
    . ,   

   . 
     10-20 m        

,          . 
   20-50 m      

,      .   , 
       . 

        
  50-100 m .        
    .  

    100 m      
          

  .        
.           

. 
          

        .  
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  .      
            

           
 . 

 
           

.          
.           

  .         
  ,       . ( . 4.1. ) 

        ,      
  ,       - .   

       ,     
    . ( . 4.1. ) 

 
            

 ,          . 
    - ,       

   .  ( . 4.1. ) 
 

 
     )                                           )                                         ) 

 
 4.1      : 

)-       , ) -   
    ,  ) -        

 
4.2      
 
          

,            
 .         

     .      
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. 4.2,           
  .    ,    

           
     . 

 

 
)                                                                   ) 

 
.4.2         

)      , )   
R1 –   , R2 –    

 
          

      :  
•       ; 
•      ,    

 ; 
•   ,       . 

 
   ,       

 ( ) . ( . 4.3. ) 
         

  .      
 ,          

    ,     .      
( . 4.3. ) 

       ,  
         .     

           
 . ( . 4.3. ) 
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.4.3    :  
)-      , )-      

  , )-        
, 1-  , 2 –   

                      
4.3        

 
          

        : 
•      (    

   ); 
•           

        
 (       ); 

•        
  .      

         
         

; 
•          

,      ; 
•        . 
 

 
 

        
           
 .  
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     :   
   ,        
   . 

           
:          

 ,        
         

 . 
 

 
 

: 

4.1    ? 
4.2      ? 
4.3       ? 
4.4         ? 
4.5            47V,    

    1000 ? 
4.6      ? 
4.7          ? 

 
4.4     

 
     . .      

   : 
•    ( )     

; 
•     . .    

        
        ,   

       ; 
•         

. 
 
4.4.1          
 

         : 
•      ; 
•     ; 
•   ; 
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•       ; 
•        

   . 
 
4.4.1.1.       
 

            
      .      

      ,    
         .  

           
. 
, ,        

          
   .       
  ,  PVC  ,     

. 
 
4.4.1.2.      
 

        
         

        .   
           

     Ø 12,5 mm.    
     ,   

        .  
 
4.4.1.3     

 
        

      (        
    ),         

 (  o   ).     
        , 

       . 
      ,      

       (   
       

 ,        
.).   
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4.4.1.4         

 
           

     .      
2,5 m            

.       1,25 m, 
        .    
,           

 .  

 
 

.4.4         
 

           
         ,  

          
      . 

 
 

4.4.1.5        
    

 
        

     .     
           

        . 
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   ( )   30 mA. 

      
( )          
(      FID ). 

          
       TT, TN-S, TN-C-S  IT 
 . .       

  . 
,      ( )  

        
           
   .     

    0,04 . 
           

          
     .        
          

   .     , 
        .  

        ( )  , 
      .     

  . .         
.           

      .    
        

            
         

 .      
           
.       

         
  .       

         
.   

    ,    
        

        :  
 



 
 
 
 

130 

NI
Rz

Δ

≤ 50
                                                         (4.2) 

 
 Rz-      ; 

NI Λ -         
; 

50 -     . 
 
 

 
 

        
     . 

 
          

 NI Λ =0,5A        
 100        .   

    t=0,04 s     
. 

 

.4.5      
     
)  
)    

 I1     
 I2      Id 
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 EFI-2   EFI-4    ETI-
     . 

 
 4.1      

 
    EFI-2     EFI-4 

  230 V   230/400V 

  
 

IN 

16  
25  
40  
63  
80  

  
 

IN 

25  
40  
63  
80  

   
  

I N 

0,003  
0,1  
0,3  
0,5  

   
  

I N 

0,003  
0,1  
0,3  
0,5  

*  
    

80  gL-gG   
    

80  gL-gG 

   IP 40    IP 40 

   
 

1-25  mm2    
 

1-25  mm2 

 
* :   FID      

      ,      
        . 

 
 

. 4.6    
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        :   
 ( )     ,   

         
  . 

       :  
    ,     , 

  ,       
         

   . 
        

      .     
          

        . 
          

         
        . 

        
       (       

     ),        
  (    ). 

       ,  
            

  . 
        

            
   .        
       ( )   30 

mA.       
( )     (      
FID ). 
 

 
 

4.8       ? 
4.9           ? 
4.10       ? 
4.11           ? 
4.12     ? 
4.13          ? 
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4.4.2.       
 
 

   ,   
          

. . 2.741       : 
•      ; 
•   (    II  ); 
•      ; 
•        

  ; 
•    . 
 

 ,  . . 2.741    
       .  

         ( )  
     : , 

  ,    
    (  ,  , 

   ,     
      ). 

        
        

    . 
 

         
        
  .   ,      

        
        .  

  ,          
              

. 
 

        
            

 . 
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.4.7       
  

 
)    , )  

1-         , 2-
 , 3-  ,  4-   , 

5-  , 6-  , 7-    , 8-
   , 9-  , 10-   , 

11-   , 12-   , 13-
 . 

)    , -    
  , -  , -    

, - . 
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 ,        6 mm2 .   

 
    , 
   ,     ,  

    .    
        

(  ,   ,    .)     
       . 

 
       

   4 mm2. 
 

 
 

.4.8       
 

  .4.9         
    .   

  ,      
       .  

 
   ,   

,      , ,  
          . 
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.4.9       
 

 
 
            

4.4.2.1       
 
 

         
         . 

       ,    , 
           
    .      

            
   (  .4.3). 

 
       : 

 
•       50V; 
•   120 V. 
 

         
             .  

 
         

       
    ( ). 
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 4.2         
 

 
   

 
   

 

 
 

0,5  SPE 
SPE-   

 
 

  
 

   
  .   

   
  

  SPE -  
   

 

   
    
.  

0,5 SPE 
SPE-  

   
 

 
 6 mm2    Cu 

  
 

  
 

2,5 mm2  Cu  
 
4 mm2  Cu 

    
   

 : 
-   
-   
-     

  
-     

 
-    

  
-     

(  , 
   
, ,  

  .) 

    
    

: 
-      

    
-      
-      
-   
-       
 

 
 

       TN    
 

 
     2.5.1 TN   

    ,    
         

  : TN-S, TN-C-S  TN-C. 
 

 TN          
         

 ,    ,   
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 .      (   
)       ,      

  .         
            

  . .      ( . 4.11 ). 
 

         
   : 

 
 4.3       

 

 
  

 
  

     35  ( , , 
    .)      

 
0,4  

     o   
          

        
0,4  

      
(  ,  ,   

   .)        
5  

 
 

     ,   
 ,        
      ,    

     . 
 

      TN    
 : 

 
•      ( ); 
•     . 
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.4.10   TN  
 
 

     TN     
 : 

 
 

f
k

a

U
I

Ζ ≤                                                                        (4.3) 

 
Zk -    ( )  
Uf -    
Ia -      .  
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     ,   
    ,   
  (  -  N)   

      .    
    ( )    ,    

       , 
     ( .4.11 ).                                                  

 
.4.11     N  

 
 

       T  
 

 
 T      ,  
            

 ,       (  .2.5.2 ). 
   ,      

   , ,  
     (  ), 

   .     
   (     )  

 ,         
  . 

 
       TT   

    ,     
  .     (   ), 

     ,      
.         
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     ( )     
   50V,     : 

 
50

a

Ra
I

≤                                                                        (4.4) 

 
Ra-          

; 
Ia-      .  

         
   NI Δ    . 

 

 
 

.4.12          
 
 

  T  e    : 
 

•     ; 
•      ( ). 

 
        

T        ,       
            

  . 
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.4.13     
 

  :    
0

K
a

U
Z

I
≤    0 0aZ I U⋅ ≤   

     50a aR I V⋅ ≤        a z PER R R= +  
 

     (     0,4 )    
       . 

 
 

       I  
 

 
           

  ,       
     . .   

.  
 

   I    : 
 

•   ; 
•     ; 
•      ( ). 
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.4.14    I   

 
 

        
,            

     .    
    (    )   

   .    . .    
           ,  

       .     
     .      

,     ,    
.  

 
. 4.15    
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  I        
   ,      

       ,   . 
        

       . 
 
 

4.4.2.2   
 

         
    ,       

(  , ,   .).    
            

         . 
          

           
      ,       

     .   
 

 
 

. 4.16   
 

       
          

       .   : , 
, ,     .   

          II.    
 
   ,    ,   . 
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 ( )       
    . 

          
( )          

       . 
         

   ,      
     ,    
    .  

 
 

4.4.2.3        
 

         
      .    

         .  
 

 
 

.4.17        
 
 

          
             
  .      ,  

         
 (    )  ,    
          

: 
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• 50         500V; 
• 100        500V. 

           
      : 

•      ; 
•          . 
 

         
    2,5 m,  1,25 m.     
,       .  

        . 
 

4.4.2.4        
   

 
       

            
     .      
          

    .      
      ,  .   

     ,       
   . 
           

        
        

       . 
 

4.4.2.5     
 

          
IT .         

     1:1.  
        ,  

    .     
    (    

  500V)          
   . 

         
     ,   , 

,      .  
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        ,  
         
 .    ,      

    ,       
 ,          

     .       
           
         0,2 . 

 

 
 

. 4.18     
 

       
   ,     : 

 
•      500 V; 
•       

    16 ; 
•        

. 
 

       
       : 

 
•        

       
.       
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   ,    
   ; 

•          
       ; 

•        
 (       II)    

  ; 
•        

          
      100 000 Vm (   

         500 m). 
 
4.4.3            

 
 

       
     .      

  .   
 
4.4.3.1         
 

          
        ( ) 

: , , ,   . 
           

    ,     (  
  SELV  IEC  “Safety extra low 

voltage”)  
         : 

 
•      

; 
•   (   ); 
•  ; 
•          

    ,    
      50 V. 
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 .    42 V    
            

,    24 V        
      ,    

      .   24 V  
           

    .    
    .  

      ,    
     .     

 ( )    . .   
  ( )     

           
 ,         

.  
 

 
 

 
         

 :      , 
 ,      
,        
       .  

         
          

  .     
          

     .   
  ,    ,  

   ,    
  . 

        
        .  

           
      ( ) : 

, , ,   .  
          

       . 
 
 



 
 
 
 

150 

 
 

 
4.14        ? 
4.15         ? 
4.16       ? 
4.17         ? 
4.18     ? 
4.19         ? 
4.20      ? 
4.21      ? 
4.22       ? 
 

 
 

4.5.  
 

        
   .      

          
 .   . . 0.030,    

: 
       

      ,    
       

 .        
  .   

      
         

 ,            
  . 

      
         

  . 
          

FeZn   ,      
 .      . 

     : ,  
 ( )        

 (  )       
.  
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4.6.  
 

           
    . 

     ,  
  ,           

   .   
   , , , 

   . 
      

      3 mm      
100mm2.    FeZn 25 4,  FeZn 30 3,5, FeZn 30 4 

   FeZn Ø10 mm.       
  0,5-1m   2 m    . 
         

     2 mm   50 mm2. 
      

  (  Ø25 mm      2 mm)  
   T, L, U  (   
  3 mm    100 mm2).     

,           
  0,8 m.     2/3  

           . . 
 .     ,      

           
,         

. 
        

   0,5 m2 (0,5 1m  1 1m)    3 
mm.      ,      

       1m.     
          

.   
      

 . 
        

   ,      
       . 
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    .      
     100 mm2   3 mm,  

     10 mm2.   
    ,        

      .  ,  
         . 

         
 ,           

. 
 
 

 
 

.4.19        
 
 

       
  ,      .  

          
 ,        

.          
      ( .4.24). 
 

        -
 ,        

.          ( )   
      . 
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    .    
           
           

  .  
 
 

 
 

 
.4.20       

 
        

 ,       
      .   

    ,         
     . 4.21. 
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. 4.21      
 

 
4.7.   
 

  ,     
 .        

    .        
        

      .  
        .  

  500-800 m       
  ,     

      . 
 

      ,  
      ,   
   ,       . 

         
        
,      (100-500 kV/m), 

 .         
        540 km/h   

    .       
           

.  ,    ,    
   .  

      ,   
     ,      

.     ,     
   . 
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    ,     

    .    
        

  ,   : , , 
, , , ,     

  ,   , 
, , , ,  

          
 . 

 

       
 

.4.22         
      

 
 

4.7.1     
 

        
: ,   . 

 
        

           . 
           . . 

         0,5mm.  
            

 .  
       

  20x3.          
,        .  

   ( ) ( .4.24),     
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    10 cm,        
 .       
,      ,    
           10 m. 
 

        
           

.     . 
      :  

  ,  ,    
 .  

    ,      ,  
     .  

       20 3 mm 
 25 4 mm,         

 .       ,    
     ,      

   .        
,            

 . 
 

          
2 m,           

     20 m  (  15-20 m    
  ). 

 
        1,8 m  

  .        
  .   

            

. 4.23                  .4.24  ( )                         
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,      ,    
  ( )    .     

     10 cm,       
  ( .4.23)  4  8.     

          2 mm.   
    ,     
         .  
 

        
          

   .      , 
    ,  é,     

      .     
 L  U .       

,        ,    
        . , 

    ,        
         . 
 

       
 .      

            
.  

   é       
. 

        
 ,        

 ,          ( .4.20 ). 
,      ,  
           

 .        
     ,    
        .  

 
   ,     , 

        .   
     ,    

  20 m   ,     
     . 
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         . 
   : ,    

.      : , 
  ( )       

  (  )    
   .  

           
    .    

  . 
        

        
    . 

       
 .     

    : ,   . 
         

           . 
         

          . 
            

     .  
 

 
 

 
 
4.23.  e ? 
4.24.     ? 
4.25.      ? 
4.26.   ? 
4.27.      ? 
4.28.    ! 
4.29.   ? 
4.30.       ? 
4.31.     ? 
4.32.      ! 
 

 



 
 
 
 

159 
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5.4.       
5.5.   ( )  
5.5.1.    
5.5.2.   
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5.5.5.  
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 5 
 
 
 
 
 
 
 

 
    5.        
 
 
 
 
5.1.    
 
 
 
        

            
.          , 

            
     . 

        
  ?        

       
,          

 (K, L, M, N, O, P, Q)     . 
    ,         

  ,       
           

. 
            

,    ?     
   ,   ,     

      .  , 
            

          
.    (  )    , 
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,        .   

       
  .  

  
 

 
.5.1.     

 
  ,         

,         380  
750 nm (   400.000 GHz  750.000 GHz)   

   (    )  
         

     . 
 

       ,  
,        

           (  .   
 ).      

  100 nm  380 nm   ,   
      760 nm   

1 mm      ( .5.2.). , 
         

 . 
       .  

         
   ,       

         . 
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. 5.2.        
 

 
   

   ( . 5.3),       
       . 

 
         

   .        
    (f).    

     ( ). 
 
 

 
 

.5.3.     
 



 
 
 
 

163 

         
:  

v fλ= ⋅ ,    v f
T
λ λ= = ⋅  

     300 000 000 m/s 
( o 299 792 458 m/s).         

  ,           
     .  

   
    ,       

          .  
          
            .  

         : 
, , , ,   .  
    ,      

 .( .5.4. ) 
 
 

 
 

. 5.4.      
 
   (   )     

      . ,  
     ,      

      (  300 000 000 m/s). 
          

         
         

  5.1. 
  .  ,    

  .          
:   

 
• :       

  .  :   
 , ,   . 
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• :      
    .     

 . 
 
• :     

.       
  ,    

         
 . 

 
 5.1.           

 
 

 
          

,          
   .  ,    

,        
75%,         ,   50-75% 

    ,        
   50 %,      

 .         
    .    

      ,     
,         

 . 

 
    

 ~ 750–620 nm ~ 400–480 THz 

 ~ 620–590 nm ~ 480–510 THz 

 ~ 590–570 nm ~ 510–525 THz 

 ~ 570–495 nm ~ 525–610 THz 

 ~ 495–450 nm ~ 610–670 THz 

 ~ 450–380 nm ~ 670–750 THz 
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5.2.      
 
          

    .        
     .      

,        
          

       . 
 
      ,   

       .  
          ,  

   .   5.5.    
           

 (  )       (  
 ).        

 -  ,       
555 nm.          

    505 nm. 
 
          

     . ,   
       ,    

 ,      .   
    ,     . 

,         
        . 

           
          . 

 
         

  ,      
         24 ,    

   . 
 

     ,  
         ,   

         
  . 
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 .       

.        “     
,  ”.      

    .    
        

,   ,     
.       . 

 
 

 
 

. 5.5.          
 :    (  )    (  ) 

 
  
 
5.3.    

 
   ,       

          
,           
        . 

           
,       . 
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       *  
       . 

 
*              

 ,        
. 

  
         
     ,   

,            
  .  ,   5.2.  

       . 
 
 

 5.2.        
 

     ( ) 
  1920 

  2050 
    2650-3370 

  2700-6500 
  4150 

  6500 
 
  
 
5.4.       

 
            

   ,     ,  
          

  .         
          

 ,        
      .     

 Ra.     100.   Ra=100,  
    .     

   Ra,      . 
(  5.3.) 
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 5.3.          
 

 
  
   

  
   

- Ra 

   
 

 90 Tungsten-   
 

  80 - 89 
LUMILUX-  

 
 

 70 - 79   
 

 60 - 69   
 

 40 - 59     
(HQL) 

 39    
    

 

 

: 
       

            
.         , 

   380  750 nm.  
      100 nm  380 nm   

,        
 760 nm   1 mm     . 

,      
     .   
   ,      

   : ,   
. 

         
     ,   

,            
  . 

           
   ,     ,  

          
  . 
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: 

5.1.   ?      
! 

5.2.     ! 
5.3.         ? 
5.4.        ? 
5.5.         ? 
5.6.       ?   

    ? 
 
 
 
 5.5.   ( )  
 

         
       . 

 
        

 ,        
 . 

 
 5.5.     

 

O        
 

  
 lm ( ) 

   
   

   

=E S 
 

= I  

I  
 

cd 
( ) 

   
   

   
 

I
ω
Φ=  

E  lx ( ) 

  
  

  
  

E
S
Φ=  

L  cd/m2 

   
 , 

  
  

  
  

IL
S

=  
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   (  5.5.):  

 
•   - ,  
•   - I,  
•  - E   
•  - L.  

 
 
5.5.1.     
 
          

 (t)         . 
      Q. 

          
   .   , ,   

     . 
 
   ( )Q t lm s= Φ ⋅ ⋅                                                (5.3.) 
 
 
5.5.2.   
 

          
     .     

      . 
 
         

 : 
 

   
Q
t

Φ =                                                             (5.4.) 

 
               ( )Q t lm s= Φ ⋅ ⋅  
 

        . 
 

          
       .  
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 ,        
. 

 
 
5.5.3.    
 

         
          

       . 
       ,     

        
  . ,        

 ,       . 
 
 
5.5.4.   
 

          
       .    

     ( )    
( ),          

   . 
   

   I
ω
Φ=                                                              (5.5.) 

 
 

      Isr.     ,  
       ,     

   I =  / . 
 
        

            
     . ,   
    ( )        

 (r): 
 

             2

S
r

ω =                                                                       (5.6.) 
 

 E        (str).  
          1 m,  
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  1 m2 ( .5.6.).  ,      
            

 : 

  
2

2 2

4 4 12.56S r str
r r

πω π= = = =  

 

 
 

. 5.6.     
 

         
       .   

      .    
         

         
.        .   

         
,          

 ,          
    . 

                      I
ω
Φ=  

        
.          

   Isredna       , 
            

 .     : 

   SrednaI
ω
Φ=                                                        (5.7.) 
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       . 

          
       : 

 

      0 4
I

π
Φ=                            (5.8.) 

 
  ,      
 

  2dI
π

Φ=     2gI
π

Φ=                                       (5.9.) 

 
 
5.5.5.  
 

        
          

.  
  

                                          E
S
Φ=                                                      (5.10.) 

    
      sr    , 

       ,     
.           

  ,        = / . 
  
         

      ,    
   .5.7.     ,   

   1,       1 m, 
 S2,    2 m  4   (S2 = 4 S1),  
 S3,    3 m  9   (S3 = 9 S1)  

( . 5.7.). 
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. 5.7.     

 
       (5.10.) 

        
.        

   (5.10.)       
 (5.3.) (  = I ),       

  (5.6. )   ( 2 2

S S
r l

ω = = ): 

   2

2

SII IlE
S S S l

ωΦ= = = =                                (5.11.) 

  
        

  ,       . 
        

      ,   
 .          

 ,    ’( .5.8.). 
 

 
. 5.8.      
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   (    cos)      

    1  0.    ( 5.8.)  : 
 

 ' cosS
S

α= ,           
'

cos
SS

α
=                                     (5.12.) 

 
     (5.11.) : 
 

  2cos cos

cos

IE S S l
α α

α

Φ Φ= = =
                                (5.13.)         

 
 
   (5.13.)      

 : 
 

•       
      ; 

•          
       

    ; 
•      

   . 
 
         

 ,         
         . 

 

2
1 1

cosn n
i i

i
i i i

IE E
r

β
= =

= =                                             (5.14.) 

 
  (5.11.)  (5.13.)       

       10  
     . 
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5.5.6.  ( ) 
 

        
   (S)      .  

      . 
  
 

   
IL
S

=                        (5.15.) 

 
 

       Lsr.    
    S      

 ,        L = I/ S. 
 
 
 

 
 

.5.9.        
 

 
   (S)       

    ( .5.9.),       
       :  

  
 

                        cos
IL

S α
=                     (5.16.) 
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5.6.   

 
      ( : cd).  

          
 (SI).  ,      

        
 540 THz,        

  1/863 W/str. 
 

        
         

 .  
 

5.6.1.    -  (lm) 
 

        
 ( 5.5. )   I = 1 cd   = 1 str    : 

 
                          1 1 1I cd str lmωΦ = ⋅ = ⋅ =  
 

     (lm).     
          
          
   . 

      4  str,  
        (1 cd) 

    :  
 

1 4 4 12,56I lmω π πΦ = ⋅ = ⋅ = =  
 

5.6.2.      - -  ( lm s) 
 

      -  ( : 
lm s).           
       . 

 
        

 (5.4. )    =1 lm  t = 1 s, : 
 
   Q =  t = 1 lm 1 s = 1 lms 
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5.6.3.    -  (lx) 

 
       (lx).   

 ( 5.10. )    =1 lm   = 1 m2 ,  : 
 

    2

1 1
1
lmE lx

S m
Φ= = =  

 
    1 lx      1 m2 

      1 lm. 
        1 m   

  1 lx        
      1 cd,   : 

 

   2 2

1 4 1
4 4 1
IE lx

S r
ω π

π π
Φ ⋅= = = =

⋅  

 
  1 lx      

     ,      
    20 lx  ,     

 . 
        

  :   0,2 lx,     
   –   , , ,  

    100 000 lx.     
        . 

 
 
5.6.4.    – cd / m2 

  
     (5.15. ) ,   

   ,      1 cd  
 1 m2   , : 

 

   2
2

1 1 /
1

I cdL cd m
S m

= = =  

 
        (cd/m2). 
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: 

 
    ,  ,  
     ,  

  (cd)     ,  
    

          
      

         
 :   ( : ),   

 ( : ) ,  ( : )   
 (    ) .  

       
          

      ,    
   . 

 
 

  : 
 
5.7.    ?      ? 
5.8.      ? 
5.9.    ? 
5.10.    ? 
5.11.   ?      

 .  
5.12.   ? 
 
 
5.13.     1884 lm.    

  :   
 

:   ( 5.8.)  : 

0
1884 150

4 12,56
I cd

π
Φ= = =  

 
 
 5.14.     75W      960lm. 

           
     : 
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)   , 
)           

     = 1 str. 
 

a) 
960 76,7

12,56sr
lmI cd
strω

Φ= = =                       ) 
960 960
1sr

lmI cd
strω

Φ= = =  

 
 
5.15.    30 m2     1500 lm.   

   ? 
 

:    (5.10. )  : 
 

1500 50
30

E lx
S
Φ= = =  

 
 
 5.16.      75 W  960 lm.  

     ,           
1 m,         1 m2.  

  2 m         
  4 m2,     3 m,    9 m2.   

            
        . 

 
:  

 
   1 :  

1
1

960 960
1

E lx
S
Φ= = =  

 
   2 :       

1
2

960 240
4

E lx
S
Φ

= = =  

 
   3 :  

1
3

960 106,6
9

E lx
S
Φ

= = =  

 
         : 
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2 2 2 2

1 4 9 1
1 2 3

S str
r

ω = = = = =  

   
 
5.17.         

  75 cd,          
30 mm2.     ? 
 

:   (5.15.)       
 m2  : 

 
275 2500000 /

0,00003
IL cd m
S

= = =  

 
 
5.18.       300 lx   

   100 cd/m2.        
      300? 

 
:   ( 5.16) : 

 

30

cos

cos

I
L S

IL
S

α

α

= = ,    

 
             

 ,   = 600. 
 

 : 
 

2
30 0

100 100 200 /
cos cos 60 0,5

LL cd m
α

= = = =  

 

5.19.       S=12 m2    
 r=3m?        

      
                                                                                
5.20.            

   =1000 lm?                                                                  (79cd) 
 
5.21.       I=50cd,    



 
 
 
 

182 

   R=5m,   .1.     
     A, B  C?                    (0;  1,41;  0) lx 

 
 
5.22.           

 I=60 cd?                                                                                         (754 lm) 
 

 
 
 
5.7.     
 
 

        
       .  

           
 .         

,        . 
   :  ( ),  

( )   ( )  . 
  ,     

        : 
 
 –    ( ) 

 
  –    ( ) 
 
  –    ( ) 
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        ,     
       (  = ),      
 (  = ),          (  = ), 

    : 
 
 
    =  +  + ,                                     (5.17.) 
 
 
       : 
 
 
   1 =   +  +                                                 (5.18.) 
  
         

  : ,    
.          
.  

 
5.8.     
 
          

,    ,    ,   
       .  
    : 

 

    ρρ
Φ

=
Φ

                                             (5.19.) 

 
    : ,   

 .       . 
  

  ( .5.10. )),   
 ,       
,        ( , , 

).    : 
•   ,    

       ; 
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•         
        

   . 
 

        20-
30%. 

 

 
                              )                                         )                                                     ) 
 

. 5.10.    : )  )  )  
 
 
     ( .5.10. )   

          .  
        

  ,       . 
       .   

    30-40%     
. 

      ,   
,   ,   . 

 
        

       
 ,        
,        ( .5.10. ) ). 

 
      :  

, ,    . 
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5.9.     
  
      ,    

    ,    ,   
  .         

    : 
 

   ττ Φ=
Φ                                               (5.20.) 

 
   ( ) ,   

  ,   .       
   .      

           
. ,   : 

 
         

.   “ ”   ,   
  ,       , 

. .        .     
        ( .5.11. )).  

     .     
   . 

 

 
                                 )                                            )                                             ) 
 

.5.11.       :  
) , )   )  
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   ,  .   ( ) , 

,   .     
     ( .5.11. )).    

        
   . 

 
         

,      ,      
    ( .5.11. )).      

( ) .  
 
 
*            

          
   ,      

       ( .5.12 ) 
 

 
 

. 5.12.         
 

 
5.10.     
 
       (   

)      ( )  . 
         .  
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       : 
 

    αα Φ=
Φ                                                        (5.21.) 

 
         

    . ,   
          
  . 

         
  ,  .       

 .       
 ,         

 .          
( .5.13),   ,     

 ,         . 
 

 
 

.5.13.        
 
 
    ,      

: 
• ; 
• ; 
• . 
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       é 
 .        

         , 
     (  10%)       

    . ,     
:      . 

 
        

       5.5. 
 

 5.5.      (  ) 
 

   
  

 
% 

  
  % 

  
 

  
 88 - 93 12 – 7  

 
 70 - 85 30 – 15  

  
  70 30  

 
 65 - 75 35 – 25  

  55 - 63 45 – 37  
  55 - 63 45 - 37  
  68 32  

 
 60 40  

 (  
) 92 8  

  75 25  
  70 30  

 
       

  .       
  . 

    ,  
           

   .    
    ( )    

( ) . 
 



 
 
 
 

189 

   5.6.       
        

. 
 

 5.6.     (  ) 
 

  
  

mm 

 
 

 
% 

  

 
% 

 
 

 
% 

 
 

 
 

 
 

 
 

1 - 3 7  91 2  

 
 
 

2 – 3 35 55 10  

 
 
 

2 – 3 25 70 5  

 
. 

 
2 – 3 20 72 8  

 
 

 
2 – 3 8 85 7  

 
 

 
2 – 3 20 70 10  

 
 - 45 35 20  

 
 - 40 30 30  

 7 48 40 12  
 8 - 9 43 20 37  

 
 ( )        

       ,     
     . 

  ( )       
   ,      

,      .    
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     ,    
  . 

  ,      
   ,   (CaCO3),  

(CaSO4), ,  . 
 
   ,      

        . 
     ,    

,           
.        

,        : 
 

L Sρ πΦ = ⋅ ⋅  ,               L
S

ρ

π
Φ

=
⋅

                     (5.22.) 

 
     (5.19.) ,  ( ) 

 : 

   L
S

ρ
π

Φ ⋅=
⋅                                            (5.23.) 

 
      ,     

 ,        .  
 : 

 

E
S
Φ=  ,      (5.23)  :  

                                                 
EL ρ

π
⋅=                                          (5.24.) 

 
         

 ,    τ τΦ = Φ ⋅  
(  5.20.)  ,         

     : 
 
 

    L
S

τ
π

Φ ⋅=
⋅                                            (5.25.)   
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: 
 

    
EL τ
π
⋅=                                            (5.26.) 

 
         , 

  . 
 
 

 
 

         
  .      

( ),  ( )   
( )  .   , 

          
  :  –    ( );  – 

   ( );  –    
( ) 

        
  : ,    

.          

.        
,      ,   

. 
 
 
 

  : 
 
5.23.          

  ? 
5.24.          

 ? 
5.25.          

? 
5.26.          

     ? 
 
 
5.27.       = 125 lx.  

       ,   
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   ’= 50 lx.       
 ? 

 
:   ( 5.20.)  : 

  
' 50 0,4

125
E
E

τ = = =  

 
5.28.          = 300 lx,   

       ”= 240 lx.   
    ? 

 
:   ( 5.19.)  : 

 
" 240 0,8

300
E
E

ρ = = =  

 
5.29.      =12 m2    =1500 
lm.     ? 

:   5.6.         
   = 0,92,    5.23. : 

 

 
21500 0,92 36,6 /

12 3,14
L cd m

S
ρ
π

Φ ⋅ ⋅= = =
⋅ ⋅  

 
5.30.           150 lx. 

      ? 
:   5.6.        

  = 0,75,    5.24. : 
 

 
2150 0,75 35,8 /

3,14
EL cd mρ

π
⋅ ⋅= = =   

 
5.31.     6 m2     

   1500 lm.      , 
      ? 

:   5.7.       
    = 0,55,    5.25. : 

 
 

 
21500 0,55 43,8 /

6 3,14
L cd m

S
τ
π

Φ ⋅ ⋅= = =
⋅ ⋅  
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6.1.  

6.2.     ( ) 

6.3.   (FC) 

6.4.      –

VTH (     ) 

6.5.   (    ) 

6.6.   

6.7.    

6.8.   

6.9.       

 

6.9.1.   ,   

   

6.9.2.      

    

 
 

 
 

 
 

 
 J 

 
   

 6
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 6 
 
 
 

 
 
 
 
 
6.   ,     

  
 
 
 
 
6.1.  

 
        

         
  .      
    .      

    ,     
    :  

•         
    

•          
     . 

 
         

 .    .    
 ,     , 
 ,     

,     ,  
      .   

             
   .   ,    
     ,    

 ,  ,    
    . 
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6.2.     ( ) 
 
 
 
          

          
   .     

  .     
         ,  

      .    
     ,  1,5V   

300V.         
.       

  . 
        

            
 XIX ,      XIX     

        .  
1879        
(Thomas Edison)        

 ,        
 . ( .6.1.)    112  

     “ ”  1880 . 
    1882       

     150     1200 
 . 

 

           
 
 .6.1.         . 6.2.     
                     (  27, 220V, 30W,    100V) 
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    (     ), 
    ( . 6.2.)    

  ,        
         

  é    . 
        

  1906 ,   1910    
“OSRAM”       .  
1932      ,   1936 

     (  )    
  . 

 

 
 

.6.3.          
 

          
(    100%     

    ).       (   
   )     

 .       
          

(   1900 ).     
        

 (  6000 ).      
          

 .       
      (  6000 )    

   .     
       ( . 6.3.),  

     30000 .       
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     ,     (3-6%) 
  .   

          
 .      

        
 (lm/W).       

  8-20 lm/W        
 .     

         
 ,      1000   

              
. 

       ( .6.4.): 
        

   (3),     
   (6),     (7).  

       (4  5).  
             
         (2). 

 (9)       
   .    (1)   

,          
 (86%)   (14%)     .  

         
.  

1.   
2.      
( , , ) 
3.   
4.  (   )  
5.  (   )  
6.     
7.   
8.   (   ) 
9.   ( ) 
10.  
11.   

       
.6.4.     
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  25 W (235 lm); 40 W (475 lm); 60 W (800 lm); 75 W 

(1030lm); 100 W ( 1500 lm). 
 

        :  
        

 ,        
       500 0    

.   é  1500 0     ,   
  2500 0     .   

       2700 0  
(       3422 0 ). 

  (  .6.6. ))       
            . 

           
            
.     ( .6.5.)    

  -         
        ,   

   .     ,   
     .  

 

            
a)                                             )                                          ) 

 
. 6.5.     : 

)    27     )    27 
)    14   

 
        

.       :  
 10,  14,  27   40,       

  mm.     10     
  ,       
 .      .  14    
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        .  27  

     200 W     
  .  40      

  300 W         . 
 

 ( )  ( . 6.6. ))   ,  
       .    

   ,     , 
   ,        . 

           
   .      

          
        .  

  ,    ,     
         

      .    
    -    . 

  

 
)                                                                ) 

 
. 6.6.  ( )    ( ) ( )    
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  22,        
  15, . .   22 mm,  15 mm.  

        . 
 ,    ,   

      : , , ,  
.( .6.7.)    : 

• , . .       
 ; 

• , . .       
        

; 
• , . .       

    ; 
• , . .      

 , , ,     (  
   ). 

   

 
 

. 6.7.        
)      )       )      )      )       )  
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   ,       
   .      

  ( .6.8.): 
 
•     (Edison):  10;  14;   27      40; 
•   B: B  15    22 ; 
•    : Ba7s; Ba9s; Ba15d; 

Ba22d. 
 

 
 

.6.8.          
 

             
        , , 

,  . 
 
         : 
 
 )    :  ;  

  ;    ;    ; 
 . 

 )       : 
;  ;  ;  ;  

. 
 )  . 
 
      ,  

      220-240 V.    
   25W; 40W; 60W; 75W; 100W; 150W; 200W; 

300W; 500W  1000W. 
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 6.1.        “OSRAM”  
 

 
(W) 

 
 

 
(V) 

 
  

(lm) 

 

 
  

 
( ) L (mm) Ø 

15 220-240 90 105 60 -27 1000 
25 220-240 230 105 60 -27 1000 
40 220-240 430 105 60 -27 1000 
60 220-240 730 105 60 -27 1000 
75 220-240 960 105 60 -27 1000 
100 220-240 1380 105 60 -27 1000 
150 220-240 2220 120 65 -27  

-40 
1000 

200 220-240 3150 156 80 -27  
-40 

1000 

300 220-240 5000 189 90 -40 1000 
500 220-240 8400 240 110 -40 1000 
1000 220-240 18800 274 130 -40 1000 

*        1000 .    
      20 %. 

:       300 W    
 5000 lm.           00 ; 

  40 0,      90 0? 
:    (    1000 lm)  

 7.8       72 cd/1000 lm    
0 0 ,  77cd/1000 lm    40 0  63 cd/1000 lm    90 0.  

      300 W     5000 lm, 
          

   ( 5000 lm = 5 klm).  : 

00

500072 360
1000

I cd= ⋅ =  040

500077 385
1000

I cd= ⋅ =          

090

500063 315
1000

I cd= ⋅ =  

 
 -       

          
           

.        500.      
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    , ,    , 
, ,   . -   

        6.9. 
 

      
 

 6.9.   (25, 40, 60, 75, 100  150 W   
    75 W  100 W)       

25, 40  60 W , ,   . 
 
    ( .6.10.)     

  ,   ,     
  .        

.       
            

  ( 100 ).    ,  
,  ,     . 

  

 
 

.6.10.    ,    
 12  24 V(    ) 

 
   ( .6.11.)   

 ,        
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 .      

         
         

.     (     -
,   ,     ,  

   ),   (    
,    .)   . 

           
 

.6.11.    
 
   (   .6.14.)  

        
 .       é 

   (   1959   ).  
            

(  6.12.).        
       (  

  ). 

      
  

. 6.12.                       . 6.13.    
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    ,      

.       . 
         

   200-600 °C.     
        ,  

        . 
 

         
,       1200 °C.  

       
       ,   

            
.           

         .  
 ,        

 3000 0      .   
         600-700 0   

         
( .6.13.).        
22 lm/W. 

 

  
                        )                                                        ) 
 
)   100  150 W   8 mm   78 / 118 mm 
)   300  500 W   10 mm   118 mm 

 
.6.14.–        

  230 V   R 7s;  
 

        
     :  

1.     ,    
 ,     3%,    
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         20% 
  .  

 2.        
          

    .  , 
        

  16-22 lm/W,      -   
  28,3-34,4 lm/W. ,     1000-2000 

,     15 . 
 3.         

    .     
    3000 ° ,     

     3200 ° ,    
  -   3400 ° . 

 4.        
  .       

        4°. 
 5.       

       .  
        , 
   . 

         
          .   

 (     )    
,          

.     ,   
,       . 

 
 

 
                       )                                       )                                             ) 
 

.6.15.–   -   
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)       
)         

 
)     ,        
   (    ,      

)  
 
 
 
6.3.   (FC) 
 
 

          
 1938       1939    

.   OSRAM     
 1936 ,    1942 .      
 . ,      

      ,     
 . 

 
 
       ,  

           
   1  2.     

        .  
           

,     ( . 6.17. ). 
 

 
 

. 6.16.     
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  ,     ,    

 ,    .   ,   
     .   

        
    . 

 

 
. 6.17.         

 
1-  ; 2 –  1  2 ( ); 3 –  

; 4 – ; 5 – ; 6 –  G 13; 7 –   
     

 
   (2)     ,  

  (4),       
.          

  .     , 
      .  

     ( )   
     .       

          
 .        

             
   .       

     253,7 nm. 
 
         
96%    .     

 ,    .    
 ,  ,   

      ,   ,  
       ( , 
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, , , ).     
  ( )     

   ,        
  .  

 
          

   230 V,        
    .      ,   

  1  2      ,  
600  1000V.        . 

          
          1 

 2.     ,     
          

     .     
     ,     

  (  600V)     . 
      L,  

      ,   
       .     

        
 ,         
         . 

     ,      
  .           

 ,        
         

  230V (   FC   57  110V). 
         

   ,       
  .       

    .     , 
     ,   

   ,        
.         

       .    
       ( )  , 

           
  .    ,   
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       .    2-
5 . 
 
       .  . 6.18.  

       
     . 

 

                      
 

. 6.18.        
 

1-   ;  2 –  ;   
3 –        

 
     :    

   (1)   ,   .   
   ,      (2).  

   ,     
         

.      , 
            

 .       
   20-40 mA          

 1  2   . ,  
      (   ), 

   1          
1  2   .      

       , 
          . 

       ,  
    600-1000 V   1  

2        ( ).  
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   ,      
   57-110 V,       
 230 V.         

    FC.      
   ,      ,  

        57-110 V   
       . 

 

 
 

. 6.19.          G-13;  
 

          
  (230 V),      

 (  , ).   
      ,     

         
 cos     0,5.      

,       
  . 

 
 

 
 
 . 6.20.         . 6.21.     
  FC 58W   FC 36W                                                                                            
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  ,       
  ,        .  

          , 
        (50 

Hz).          
    .     100  
 ,          

   /         
          . 

      ,      
,    .   

        
           
       . 

 
  ,       

      90 0.      
        .  

 

 
 

. 6.22.   FC              . 6.23.    
                                                                                               FC     18  36W 
 
 

       
 ( . 6.24. ).       

      ,  
          

     (      
     ). 
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. 6.24.       
 

        
,  :  ,  , 

  (  6.25.),      (  
6.26.).          20 
(  18)W. 

 

 
 

. 6.25.       
 

      ,     
     , . .   

  .        
  0,95  0,99 .  

  
           

        (  6.26.). 
        0,99  0,98  

   40  65 W. 
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  , ,    

    .    
    0,57,    0,98. 

 

           
 

. 6.26.          
  
  
 
       

  ( . 6.27.). ,    
       

    . 
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. 6.27.      
 
 
   6.2.     ,  

         
    26 mm. 

 
       

2900ºK (  )         
    –   .    

   .    TB  
       ,  

      (  , 150 lx).    
     . 

 
        

  3500 ºK (  )      
  .      

  ,        
   (200 lx  )    

  . 
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 6.2          
 

       

 
 

 
(V) 

 
( )   ( )

  
(lm) 

FCS20W   57           0,37 

DS -   6 500 850 
BB -   4 500 1 250 
BBX -   4 500 840 

SB -    3 500 1 250 
TB -    2 900 1 250 
TBX -  
   2 900 800 

FCS40W   103         0,43 

DS -   6 500 1 900 
BB -   4 500 3 000 
BBX -   4 500 2 900 

SB -    3 500 3 000 
TB -    2 900 3 000 
TBX -  
   2 900 2 000 

FCS 65W   110         0,67 

DS -   6 500 3 350 
BB -  4 500 4 800 
BBX -   4 500 3 200 

SB -   3 500 4 800 
TB -   2 900 4 800 
TBX -  
   2 900 3 200 

 
 

*           
 ,     ,     

  .        
          .   

             
   . ,    ,    

,         .   
      4000 0   25000 0 ,   

  2000 0   6500 0 . 
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4300ºK (  )     ,     

         
,  ,    ,    
    300 lx. 

 
        

    6500 ºK       
  .        

           
. ,        ,  

         1000 lx. 
        

. 
 
   6.2.        

    .    
           
  . 

 
        
7, 8  11 W,      20 (18), 40 (36) 

 65 (58) W, .     ,  
       

        : 
 

• 30-42 lm/W     18 W; 
• 28-39 lm/W     20 W; 
• 52-67 lm/W     36 W; 
• 46-58 lm/W     40 W; 
• 49-67 lm/W     58 W; 
- 45-60 lm/W     65 W. 

  
       

  20W, 40W  65W    Ø 38mm  
        

    18W, 36W  58W     
Ø26 mm     : 
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: 6.3.       
 

  

 
 

 

  

  (lm)  

  
DS 

(Daylight 
6500K) 

  
 

(Cool white 
4500K) 

  
SB 

(White 3500 K) 

Ø 
mm  

(mm) 

FC 20W 850 1250 1250 38 590 
FC 40W 1900 3000 3000 38 1200 
FC 65W 3350 4800 4800 38 1500 
FC 18W 1050 1450 1450 26 590 
FC 36W 2500 3450 3450 26 1200 
FC 58W 4000 5400 5400 26 1500 
  

      6.4.    
        

      ( )   
    . ,    

    ,      
.     , ,   

    (    
  )    50%     

 . 
 

 6.4.        220 V 
 

 
 

(W) 

  
 

(V) 

 
(cd/m2) 

   
/  

18 57 7500 1,49 
20 57 6000 1,49 
36 103 8600 1,51 
40 103 6500 1,51 
58 110 11100 1,49 
65 110 7500 1,49 

 
 "   "   6.4.     

      ,     
 . ,         
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 6.3.        220 V, 
    ( . . ). 

 
 é     “ ” 

 ( . 6.28.)     14,   27  G  13    
, U –      .     

 5W, 7W, 9W, 11W, 13W, 15W, 18W  20W.  
      5    

 ,     4  . 
 

 
 

 
 

 
 

.6.28.  “ ”      
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   (6.5)       
      .  

 
 

 6.5         
 

        

        
(   ) 

)  ,   
  

)    , 
     

 
)      

 
)      

      

)   )     (230V) 
    180 V 

)    )     ( ) 
 

  , 
   

   
    

 

  
    

: 

 

)   )     
(   )

)    
 

)     
  

)   
 

)     
   

    
(     

 ) 

)   
    

 

)     
 

)    
 (     

      
) 

)       

    
(    

) 

)     
 

)      
 

)   
   

)      
 

  

)      
  

)    
 

)     
    

 

)     
 20   
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6.4.      –VTH (  
   ) 

 
 
       1964  

     “OSRAM”.    
           

.         
       .   

         
 .          

      (      
  ). 

 
       

  ,       
 .       
   6.29.     VTH  

        ( . 6.38.) 
 
 

 
 

 6.29.    -   
 
 
 VTH        

, ,  , , , , 
, ,   . 
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                  )                                       )                                    ) 

 
 .6.30.    : ) 150W    )  400W   

)    500W 
 
 

 6.6.      
  OSRAM 

 

  
 

 
(W) 

  
 

 
(V)  

(lm) 

 . 

 
( F) 

 Ø 
(mm) 

L  
(mm) 

HQI TS 
70/NDL  230 5500 20 114 12 R 7s 
HQI TS 
150/NDL  230 11250 23 132 20 R 7s 
HQI E 
250/D  230 17000 90 226 32 E-40 
HQI E 
400/D  230 31000 120 290 45 E-40 
HQI E 
400/DH  230 24000 120 290 35 E-40 
HQI E 
400/DV  230 26000 120 290 35 E-40 
HQI T 
250/D  230 19000 46 220 32 E-40 
HQI T 
400/D  230 33000 46 285 45 E-40 
HQI T 
1000/D  230 80000 76 340 85 E-40 
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6.5.   (    ) 
 

 
 

      ,     
        XIX .   

     Arons  1892,     
 1901 ,        

  .       
         

         
   .      

        . 
          

      .    
          

     (Hewitt 1938).     
     ,   , 

         . 
          
        (  

  – VTF). 
           

           è  
    . 

 
      ( .6.32.)    

   (1),  ,     
 (  )        
   (  ).    
         (5)  

   .       
     ,      

    (6) (      
).         
   (      
   )       

 . 
 

          
230 V          

 ( ),   (2)    (3). 
     ,    
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   (1). 

 

 
. 6.31.     

    
 
1.  -                                              6.   
2.                                                       7.  
3.                                                   8.  
4.                                             9.                                                   
5.                                                         
  
 
  ,      

        .  é 
      é  . 

       ,  
         

  .      
    .     

          
  .      

  , ,      
      . 

       ,  
          

 3-5 .             
200 0 ,          

.        
    (600 0 )      

   . 
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. 6.32    250W   125W 
 
  

 6.7.         
 

  
 

 
 

 

 
 

(V) 

 
 

(lm) 

. 
 

( F) 
 

  
 

( ) 

VTFE 80 230 3 700 8 E 27; B 22 20 000 

VTFE 125 230 6 200 10 E 27; B 22 20 000 

VTFE 250 230 12 700 18 E 40 20 000 
VTFE 400 230 22 000 25 E 40 20 000 
VTFE 700 230 38 500 45 E 40 20 000 
VTFE 1000 230 58 500 60 E 40 20 000 

 
          

    .    
        . 

          
    (    

 (4)).   (      
 )         

(   230 V).         
          
  .        
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  ,      
  ( )     

,          
(       115  145 V).    

          
.       

 ,    ,   
 ,      .   
     ,     , 

   (     ). 
 

 
 

. 6.33.    VTFE       . 6.34.    VTFE     
                                   
          
    ,    

    .     
      .  

  ,       
   .      2-5    

     .       
           180 V. 

       
  (     )  

         . 
  ,      

          ,  
           

 . 
     ,     

        
 ,        

    . 
           

 VTF       . 
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VTFW 160W, 250W, 500W  1000W.    

    ( )     
. 

 
. 6.8.        

 
    VTFW (Fluosol) 

 
 (W) VTFW 160 VTFW 250 VTFW 500 VTFW 1000 

 
 (lm) 3 100 5 600 14 000 32 500 

 
         

   45-60 lm/W   ,  VTFE  
          
,   , , , ,  

,   . 
  
 

6.6.   
 
          

    .    
   ,      

 . 
 
         

      “U”.      
       (BrO3-  ). 

      ,   
  ,   ,     
  .      

  ( , , ).      
,         , 

       .    
    8-15    “ ”,    

       ,     
.         “U”-   
 ,           

 .       
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       .    

     “U” ,    
     ,   
     . 

 
 
1.  “U” 

  
  

2.  
 

3.  
 

 
4.   
5.   

  
6. ” ” 

 
  

(   
) 

 
.6.35.      

 
        

  ,         
 (     ). ,   

    :  ,  
 ,      

 ,   .  
           

     .    
   ,      

       
   (cos  = 0,2). 

        
     “ ”,    

         (  
  ). 
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 . 6.36.         
   

 
 6.9.        

 
  

 
 

 
 TR 

prim/sec 
(V) 

 
 

(lm) 

 
. 

(lm/W) 

 . 
 

( F) Ø L(mm) 
NaNPI 18W 230 1800 100 50 300 5 
NaNPI 35W 230/480 4800 137 50 300 20 
NaNPI 55W 230/480 8000 145 50 415 20 
NaNPI 90W 230/480 13500 150 65 518 26 
NaNPI 135W 230/660 22500 166 65 765 45 
NaNPI 180W 230/660 33000 183 65 1110 45 
 

      , 
, ,  , ,    

  . 
 

       
          

  .   , 
         

      .   
        

( )     .  ,  
       , 

           
.      .  

,        ,   
  .        

       
    . 

     (  28000 )  
 -        
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 2100  (     ,    
 ,        ),  

      Ra = 30. 
     :     
( ),          

. 
          

  (min.1800V).       
   (      

)          4,5-6 kV. 
 

            
1-   ( ) 
2-   
3-   
4-    
5-  

. 6.37.        
 

 6.10.         
 

  
 

 

  
 (V) 

 
 

(lm) 

 
. 

(lm/W) 

 .
 

( F) Ø L(mm) 
VTNa 70/E 90 5800 83 72 156 12 
VTNa 70/C 90 6000 86 38 150 12 
VTNa 150/E 100 14000 93 92 227 20 
VTNa 150/C 100 14500 97 47 211 20 
VTNa 250/E 100 25000 100 92 277 32 
VTNa 250/C 100 26000 104 47 257 32 
VTNa 500/E 105 47000 117 122 292 50 
VTNa 500/C 105 48000 120 47 283 50 
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      4      
      . 

        
     

        . 
          

    .   
           

5%,        
  . 

 

 
 

. 6.38.        
     

 
         

  , , , , 
, ,    , 

, ,   (  )   
            

           
 . 

 
 

 
 

        , 
        :  

•          
   

•           
    . 

         
 .      
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,     ,  
,     ,  

   ,      
  . 

         
          

   .     
  . 

        : 
 )    :  ;  

  ;    ;    ; 
 . 

 )       : 
;  ;  ;  ;   

 )  . 
       

,          
     .      

        
,   ,   . 

 é     “ ” 
     14,   27  G  13  U  ,  

     .      5W, 
7W, 9W, 11W, 13W, 15W, 18W  20W.   

     5     
,     4  . 

        
    (     ). 

          
 ( , , ,   .) 

 
 
 

: 
 
6.1.      . 
6.2.       ?   

  ! 
6.3.          ! 
6.4.        ? 
6.5.        ! 
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6.6.    ! 
6.7.    ! 
6.8.       ! 
6.9.           
6.10.       ? 
6.11.     ? 
6.12.     ? 
6.13.         ? 
6.14.      ! 
6.15.    ! 
6.16.     ? 
6.17.          

 ! 
 
 
 
 
6.7.    
 
          

,   ,         
  .  ,      
, ,    . , 

          
   ,       

         . 
      : 
 

•        
; 

•       
       

        ; 
•       ; 
•        

   ; 
•         

 . 
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. 6.39.       
 

    :     , 
,  ,  ( )    

.        
          

( ,   .).       
   .     

         
. 

    ,  
  ,        
,    . 

 
 
 

 
 
 . 6.40.    2 36W IP 65 
 
 

        
        . 

         
  ,       

( )   ,      
    .  
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. 6.41.  ONYX 2       
 
 
 

 
 

 . 6.42.    150W 
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. 6.43.       
 

        
.          

   Minel-Schreder   Onyx, Terra, Safir  
Radial. 

 

 
 

. 6.44.           
ONYX  Safir    Minel-Schreder. 
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6.8.   

 
 

        
   ,     

 (  ): 
 

• ; 
• ; 
• ; 
•   
•  . 

 
       

.   ,  90-100%  
         

. ,      
        

      ,   
     (   ). 

        
    ,       .  

       
       

.        
 , ,  ,   . 
 
 

 
 

. 6.45.    
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     ,  60-90%   

   ,  40-10%   ( ).  
    :  

 
•          

,         
   ; 

•  ,     ; 
•        

 . 
     , 

,    . 
 

 
 

. 6.46.   
 
        

      
    .       

       40-60%    
   ,   , 60-40%  .  

    : 
•        

; 
•        ; 
•      ,    

  ; 
•        

; 
•       

   . 
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       , 
, ,       

        ,   
   . 

 

 
 

. 6.47.    
 

      
 10-40%      ,  90-60% 
 .          , 

        .   
   ,      

 ,        . 
        

  ,     , , 
  .        

  ,       
    ,      

         
       . 

 

 
 

. 6.48.   
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     90-100%  
     .   
      ,   

      .  ,    
   ,       

    . ,  
         

   ,     . 
 ,     
     .   
         

           
    (     ). 

      ,  
           

    , - ,   . 
 

 
 

. 6.49.   
 
 
 

6.9.        
 

         
           

       .    
    : 

 
•   ; 
•         

; 
• ; 
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• ; 
• ; 
• . 
 

 
6.9.1.   ,     

 
 

       
         

        .    
  min (lx),    

    max (lx).    
    sred (lx). 

 
         

min : sred = 1:1,5  (66%)  .      
1:3  1:6 (33% - 16%),      

  .      
  ,     . 
 

       
       . 

     ,     
 ,           

  ,   ,    . 
 

    hr   0,85 m 
 .          

. 
 

        
    ( hv= 0)     

     .   , 
       

  ,        
 . 
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6.9.2.        
  

 
       

    ,     
    .  

         
         

    .  
 

 6.11    ( )    (  
DIN 5035/1979) 
 

 
    

  (lx)      
 

,   , 
, , 

,  
100 

   
(     

) 
, ,    

  ,   , 
    . 

200 
  

(  ,   
  ) 

 , ,  
, , , 

, ,   , 
,   

  ,   
  . 

250-300 

  
(    

;    
  ) 

 

  , 
, , , 

   
,    

, , , , , 
,      

,    
   . 

500 

  
(    , 

    
) 

,   
,  , 

, , , 
  , ,  

    . 

750-1000 
   

(      
  ) 

   
,  , 

,    . 1500-2000 

   
(     

,     
) 
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     ,  ,  
       (  .  

 ,          
      300 lx ( . .   

  100  200 lx),   ,  , , 
       : 500 lx).  

        
   ,         

           
    . 

 
       

    ,     
           30%  

,    .  
        (6.12 ) 

 
 6.12.        
 

    
(lx) min / E 

     
      

 

10-60 50%    (1 : 2) 

 :       
                           

30-60 
15-30 

50% 
30% 

,   
  

  
  
     

 

60 
40-50 

30 
10-20 

3-7 

50% 
50% 
25%    (1 : 4) 
25% 
25% 

 :     –  
                                   –  
                                   –  
                                   -  

200 
400 
80 
150 

50% 
66%   (1 : 1,5) 
33%    (1 : 3) 
50% 

 
           

   .     
          

.    : ,   
.        

        ,    
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      ,   
  . 

 
  :       

     .    
     .    

   ,     
 .      

    ,       
      :  , 

   .      
  ,   ,  ,  

  . 
 

        . 
  ,   ,   

  ,       
.           

  ,         
. 

 
        

         
 .          
       

 . 
 
 

 
 
          

,   ,         
  .  ,      
, ,    .  , 

           
     . ,   
          

 ,        
        . 
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    :     , 
,  ,  ( )    

. 
        

   ,     
 (  ): 

, , ,     
. 
       

      min : sred = 1:1,5  (66%)  
.      1:3  1:6 (33% - 16%),  

      . 
       

       . 
     ,     

 ,           
  ,   ,    . 

       
    ,     

    . 
       

    ,     
           30%  

,    . 
 

 
 

: 
 
6.18.     ! 
6.19.      ? 
6.20.     , , , 

   ! 
6.21.        . 
6.22.   ? 
6.23.         ? 
6.24.      ! 
6.25.     ! 
6.26.   ? 
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7.1  
 
7.2.     
 
7.3.     
 
7.4.    
 
7.5.      
 
7.6.      

  
 

7.6.1.      
     

 
7.7.       

 
7.7.1.      

      
 
7.8.     

 

 
 

 
 

 
 J 

 
   

 7
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 7 
 
 
 
 
 
 
 
 
 
7.         

     
 
 
 
7.1.  

 
 

          
  ,       

 .      
   

 
•    ,  
•    ,  
•      
•   .  

 
       ,  

   . 
       e   

   : 
 

• ,        
     ; 

• ,      , 
       
 (   ).  
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7.2.     
 
         

    .    
         

        
.   :  , 

   -  . 
         ,  

   .    
        

 IX         ,  
    ,      

        
       I0  ( .7.1). 

  
 

 
 

. 7.1.   
 

 –     
                                      F –  

                         SX –       
                                       – -  
 

         :  
 

    0
0 2

IE
l

=     2
X

X
X

IE
l

=                                                 (7.1.) 
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 ,        
   ,    ,  : 

 

                  
0
2 2

X

X

I I
l l

=    

 

  :               
2

0
X

X
lI I
l

=                                                  (7.2.)       

 
        

 .      -
    ,   

 ± 0,25%. 
  
    -      

   3-4 m,       
        ,  

,        ,   
     ,     

       
,            ( .7.2.) 
         
 (  7.2.). 

 

 
 

.7.3.      
 
 
         

.     ± 0,25%.      
       ,    
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  1%      0,6 %    
   3-6 %. 

         
           

     .  
         

          
       ,     

. 
 
 
7.3.     

 
     ,     

,       
 (  7.4.).         

    (1  3 ).    
          

  . 
     F     , 

   R/3    Z1      
 2R/3.  

 

 
                            )                                                             ) 

. 7.4.   
 

                              )          
                              )         
 



 
 
 
 

251 

    :     
         . 

     :  
 

X Xk EΦ = ⋅                                                      (7.3.) 
 

    ,    -
      0: 

 
                                     0 0k EΦ = ⋅                                                       (7.4.) 
 

   :  0
0

X
X

E
E

Φ = Φ ⋅                                              (7.5.) 

 
          
F,      ,    Lx,   

       (  7.5.).  
,     ,    

  ,        7.5.   
         

 .     .   
         
,        
 . 

 

.  
. 7.5.      
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       ,   
     .       

           
 ,       

  
 

    
' 2 3

1
ρρ ρ ρ

ρ
⋅ΦΦ = ⋅Φ + ⋅Φ + ⋅Φ + ⋅⋅⋅ =

−                                            (7.6.)  

 
   (7.6.)       

     . 
  
  ,    ,   

 ’    S        
,   ,    ,    
  

                             ' 'E SΦ = ⋅                                                       (7.7.) 
 

      (7.6.)  (7.7.), 
       

 

                           
' '1 S E k Eρ

ρ
−Φ = ⋅ ⋅ = ⋅                                 (7.8.) 

              
   (7.8.)    k,    

   . ,   k    
       

   .       
         .   

 ,    ,     
  k.        

         0  . 
           

   ’0,      k = 0/ ’0     
     (7.3.). 
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7.4.    
 

       . 
         

( .7.6.).  ,      
 ,       .  

   ,      
,    . ,     

      . 
 

 
. 7.6.     

 
                            –        
                            –       (Cu2O) 
                            –     ,    
                           D –    
                           G -  

 
       

    ,        
   .         

       .  
        , a  

   . ( . 7.7) 
 

       
,        
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1
.

n

i
i

sred

E
E

n
==                                       (7.9.) 

 
  n          

 (   15.3.1).    
         

     ,    
 . 

 

 
 

  7.7.     
 
  
  ,    ,   

  , .,    
, .        

     
.

.

=                  (7.10.) 

 

   
.

.

E
=                              (7.11.) 
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.  ,   (7.1.)   
    / .,   . 

       7.1.    
 . 

 
 

 7.1.       
 

 ./ . 

  1:6  1:3 
  1:3 

   1:2,5 
  1:1,5 

 
 

    ,     
         0,8, 
 0,6        .  

           
0,5,  0,25   . 

           
    .    

          
    . 

 
 
 
 
7.5.      
 

          
  ,           

     .   
           

   . 
        

     ,     
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     . 

      
       (  

)    . 
 

   7.8.      
 . 

 
                        )                                                   ) 
 

.7.8. -     
)  40-100 W      )  300-1000 W 

 
        

   1000 lm      . 
        

       , 
       
      
         

. 
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 ,  ,       1000 lm,  
 7.8. )          

   50°    60 cd. ,  
      1000 lm,  1250 lm,  

     :  
 

050

125060 75
1000

I cd= ⋅ =  

 
         

          
    7.8 ).      

     640 lm,    
          

 80°.         
   7.8. )    ,    1000 lm, 

      70 cd. 
          

  80°,      640 lm,    
   :  

 

075

64070 44,8 45
1000

I cd= ⋅ = ≈  

 
 

 
       

   ,    , 
      .   

         
 .   ,  
,      .  

        . 
         

   .  :  , 
   -  . 

         
  .  

          
 . ,      .   
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 ,      , 
  . 

      
    .    

          
.            , 

      ,    
     (  ,   

).         
,         

  .     
       

  . 
 

 
: 

 
7.1.             

     ? 
7.2.        ?  !  
7.3.       ,    ? 

    ? 
 
 
 
7.6.       

 
 

   (   , 
 )       

 : 
       

,    , , ,   
  ,   ,   .  

           
       . 

     ,     
         

          
  .      

,      ( . 6.11) 
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 ,     .    
       ,      

           
(         

   ). 
 
           

   ,         
     .    

           
        

     .     
         

            
. 

 
       . 

        ,    
         

.  
 
           

        
,       b    

: 
 

E a bΦ = ⋅ ⋅                                                     (7.12.) 
 
     :    –    (m); 

                              b –    (m); 
                              E –      (lx). 
 
          

       .   
   ( p)       

         
 ( )         

    ( vk). 
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   P
vk

η Φ=
Φ

                                                      (7.13.) 

 
          

 sred,         
   7.14.: 

 
   sreda b EΦ = ⋅ ⋅                                                 (7.14.) 
 
        

,       
        : 

 

   sred
vk

P

a b E
η

⋅ ⋅
Φ =                                             (7.15) 

 
           (f1), 

    ,  ,  
     (f2).     

 f1  f2       . 
   f1  f2        

    . 
 
   1 2f fδ = ⋅                                                    (7.16)
   
           

     :  
 

                                   sred
vk

p

a b
δ η
⋅ ⋅

Φ =
⋅

                                                     (7.17.)         

 
   :  p –           

,      ,   
   ,      

        (  0,15-0,80); 
 
               –      
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      p  
        

.     ,       
   k      

       . 
       , 
        .  

    ,    
,       : 

 

             
( )k

a bk
h a b

⋅=
⋅ +

                                                (7.18.) 

 
 
   : hk –     hk = – hr – hv  
              –    
 
         

,       
: 

 

                                   3
2 ( )

a bk
h a b

⋅ ⋅=
⋅ ⋅ +

                                              (7.19.) 

 
  (7.18.)  (7.19.)      

 : 
 
a –   ; 
b –   ; 
hk –       ( .7.9. ) 
hv  -      ( .7.9.) 
hr  -       ( .7.9.) 
h –       ( .7.9.) 
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  7.2. : 
 
 

 7.2.      
 

  
  

 
 B C D E F G H I J 

  5 4 3 2,5 2 1,5 1,25 1 0,8 0,6 

 
 
         

      ( .7.3.)   
     ( )    
   ( p) . 

 
 

 
 

. 7.9.         
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 7.3.      ( p)    
    ( )     

  
 
 
 
 
 
 
 
 
 
      

 
  

 

t- 0.70 0.50 0.30 0.70 0.50 0.30 

z - 0.5 0.3 0.1 0.5 0.3 0.1 0.3 0.1 0.5 0.3 0.1 0.5 0.3 0.1 0.3 0.1 

                                            
(   )      = 1.25...2       = 1.5...2 

J 

 

32 28 25 32 28 25 25 25 34 29 25 33 29 25 28 25 
I 40 36 34 39 35 33 35 33 42 38 35 41 37 34 37 34 
H 43 39 37 42 39 37 39 37 46 42 39 44 42 39 41 39 
G 46 43 41 45 43 41 43 41 55 52 50 54 52 49 50 48 
F 48 45 43 47 45 43 45 43 53 49 46 51 47 44 47 44 
E 52 50 48 51 49 47 49 47 57 54 51 56 52 50 52 50 
D 56 54 52 55 53 51 53 51 66 63 50 64 62 60 61 59 
C 57 55 53 56 54 52 54 52 63 60 57 61 58 56 58 56 
B 60 58 56 59 57 55 57 55 66 64 61 64 60 59 60 59 
A 61 59 57 60 58 57 58 56 67 65 62 66 62 61 62 60 
     = 1.25...2  .   = 1.5...2 
J  29 25 21 28 24 21 23 21 32 27 23 32 26 23 25 23 
I  36 32 29 35 31 28 31 28 42 38 35 41 37 34 37 34 
H  39 36 33 38 55 33 34 32 44 39 36 43 39 35 36 35 
G  42 39 36 41 38 36 37 35 48 43 40 46 42 39 41 39 
F  45 42 39 43 40 38 39 38 42 47 43 50 46 42 45 42 
E  49 46 43 48 45 43 44 42 57 52 48 55 51 47 50 46 
D  53 50 47 51 49 47 47 46 62 56 52 59 55 51 54 51 
C  54 52 49 52 50 49 49 47 65 59 54 62 57 54 56 53 
B  57 55 53 55 53 51 51 50 69 63 59 65 61 58 60 58 
A  58 56 54 56 54 53 52 51 71 66 62 67 63 60 61 60 
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t- 0.70 0.50 0.30 0.70 0.50 0.30 

z - 0.5 0.3 0.1 0.5 0.3 0.1 0.3 0.1 0.5 0.3 0.1 0.5 0.3 0.1 0.3 0.1 

     = 1.25...1.3     = 1.5...2 
J  22 17 14 20 16 13 14 12 24 20 17 23 19 16 18 16 
I  27 22 19 25 21 18 19 17 30 26 23 28 24 22 24 21 
H  31 26 23 28 24 21 22 19 33 29 27 31 28 26 27 25 
G  35 30 26 31 27 24 25 22 36 31 29 34 31 28 29 27 
F  38 33 29 34 30 27 27 24 39 35 32 36 33 31 31 30 
E  42 38 33 38 34 31 31 28 42 39 36 40 37 35 35 33 
D  46 41 37 41 37 34 34 31 46 43 40 43 40 38 38 37 
C  49 45 40 43 39 36 36 33 48 45 42 44 42 40 40 38 
B  53 58 44 47 43 40 38 36 51 48 45 47 45 43 42 41 
A  55 51 47 49 45 42 40 38 52 50 47 49 46 45 43 42 

       
 = 1.5...1.7    .  =1.75...2 

J  16 12 10 13 10 8 8 7 24 21 19 21 19 18 18 17 
I  20 16 14 17 14 11 11 9 30 27 26 26 24 23 22 21 
H  23 19 17 19 16 14 13 11 32 30 29 29 27 35 25 24 
G  26 22 19 22 18 16 14 13 35 33 31 31 29 28 26 26 
F  29 25 21 24 20 19 16 14 38 35 33 32 31 29 28 27 
E  32 28 25 27 23 21 18 17 40 38 36 35 34 32 31 29 
D  35 31 28 29 26 24 20 19 43 40 39 37 36 34 32 31 
C  38 34 31 31 28 26 22 21 45 42 40 39 37 35 33 32 
B  41 38 35 34 31 29 24 23 47 44 43 40 38 37 34 33 
A  43 39 37 36 33 31 26 24 48 46 44 41 39 38 35 34 
      = 1.5...1.7  .   = 1.75...2 
J  15 12 10 11 9 7 5 4 15 11 10 9 8 6 4 3 
I  18 15 13 13 11 9 7 6 19 15 13 13 12 9 6 4 
H  22 19 16 15 13 11 8 7 22 19 16 14 12 10 7 5 
G  25 22 19 18 15 13 9 8 26 22 19 17 14 13 8 7 
F  27 24 21 20 17 15 10 9 28 24 21 19 16 14 9 8 
E  30 27 25 22 19 17 11 10 32 28 25 21 18 17 11 10 
D  34 31 28 24 22 20 13 12 35 31 29 23 21 19 12 11 
C  36 33 30 26 24 22 14 13 38 34 31 25 22 21 13 12 
B  40 37 34 28 26 24 15 14 42 39 36 27 25 24 15 14 
A  42 39 37 30 28 26 17 15 43 41 38 29 27 25 16 15 
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7.6.1.          
 

 
 

          
,     : 

 
-   ; 
-    ( ,   ); 
-     ,   

 . 
 

         : 
 
-       ; 
-    
-     ; 
-      . 
 

    (n)      
      vk (  0   

    )    : 
 

0
p

a b En
δ η
⋅ ⋅⋅ Φ =
⋅                  

0 p

a b En
δ η

⋅ ⋅=
Φ ⋅ ⋅                     (7.16.) 

 
 

          
      . 

 
       (7.16 ) 

    .       
    .        

 ,      
  .        

      : 
 

. 0
.

svet p
sred

n
E

a b
δ η⋅ Φ ⋅ ⋅

=
⋅                                 (7.17.) 
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,     nsvet,    
           

  .    
         

 . 
 

          
:    . 
 

 
                                       )                                                                      ) 
 

. 7.10.    : )   )  
 

        .7.10. ) 
   (s),      

      .    
     ( ’)      
 : 

'
2
ss =                                                            (7.18.) 
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    ,     

 

'
3
ss =                                                            (7.19.) 

 
           

.     ’     
  /3,          . 

, ,     (   
.7.10. ),        

: 
 

.svet

a bs
n

⋅=                                                       (7.20.) 

 
         

 /hk.    /hk       
          

 .     , 
    /hk     1,0  1,5. 

        /hk 
     0,5  1,0.     

  ,       
   1,25. 

  ,     
 .           

  .     
   ,      

    .  
 

: 
 
 7.1.:          

:   = 10m,  b = 9 m,  H=7,5m. 
 

:     = 150 lx (  ).    
 ,   ,     

          
.    k  : 
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10 9 0,71

( ) (7,5 0,85)(10 9)k

a bk
h a b

⋅ ⋅= = =
+ − +

 

 
 k = 0,6        7.3. 

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

  tav = 0,50.   ,     
   zid = 0,30.   7.3.     

         p = 0,29. 
     : 

 
10 9 150 31034,48
1,5 0,29

sred
vk

p

a b
lm

δ η
⋅ ⋅ ⋅ ⋅Φ = = =

⋅ ⋅
 

 
     FC 40W BB  
  0= 3000 lm.     : 

 

0

31034,48 10,34
3000

vkn Φ= = =
Φ

 

 
      ,  12  

       .    
  : 

 
. 0

.
12 3000 1,5 0, 29 174

10 9
svet p

sred

n
E lx

a b
δ η⋅ Φ ⋅ ⋅ ⋅ ⋅ ⋅= = =

⋅ ⋅
 

 
        : 
 

.

10 9 3,9
6svet

a bs m
n

⋅ ⋅= = =  

 
 

 7.2.:      ,   10 m, 
 6 m   4 m.       

         ,   
     3,2 m.      

  . 
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:         
             20, 

40  65W.       ,    
            . 

         . 
        

 6.11    = 1000 lx. 
   10 6m       

 hk=H-hr=2,35m,    : 
 

10 6 1,59
( ) (3, 2 0,85)(10 6)k

a bk
h a b

⋅ ⋅= = =
+ − +

 

 
           

   4 65W     1548 594 95mm.  
      ( .7.4. )  

         . 
(        tav=0,70;   

    zid = 0,50).     
          

 p=0,41.          
f1=0,82 (        18%  4000 

 )      f2=0,93 (    
,             12 

). 
 

 7.4.        
                 4 65W 
 

      
      p 

 

 0,7 0,5 0,3 
 0,5 0,3 0,1 0,5 0,3 0,1 0,3 0,1 
 0,1 0,1 0,1 

k 

0,6 0,27 0,24 0,22 0,26 0,24 0,22 0,24 0,22 
1,0 0,35 0,33 0,30 0,35 0,32 0,30 0,32 0,30 
1,5 0,41 0,37 0,35 0,40 0,37 0,35 0,36 0,35 
2,0 0,44 0,42 0,40 0,43 0,41 0,40 0,40 0,38 
2,5 0,46 0,44 0,42 0,45 0,43 0,42 0,43 0,41 
3,0 0,47 0,46 0,44 0,46 0,45 0,43 0,44 0,43 
4,0 0,49 0,47 0,46 0,48 0,46 0,45 0,46 0,45 
5,0 0,51 0,48 0,47 0,49 0,48 0,47 0,47 0,46 



 
 
 
 

270 

 
 

  
 f1 

   f2 
  

 

 

  
 

min:Esred   1 
. 

2 
. 

3 
. 

2000 
 

4000 
 

6000 
  0,93 0,89 0,86 1:1,15 1,4 h 1,4 h 

0,87 0,82 0,80 
 0,83 0,83 0,74 1:1,5 1,7 h 1,7 h 

  0,72 0,72 0,60 1:2,0 2,1 h 2,1 h 

 
     FC 65W BB (    

  0=4800 lm),       
  =1000 lx : 

 

0 1 2

10 6 1000 39,9
4800 0,41 0,82 0,93p

a b En
f fη

⋅ ⋅ ⋅ ⋅= = =
Φ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅

  

 
 

  10     .   
       .   

         (2 5 ) 
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     : 
 

0 1 2 40 4800 0,41 0,82 0,93 1000,53
10 6

p
sred

n f f
E lx

a b
η⋅Φ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅= = =

⋅ ⋅
 

  
       ,  

 ,       
   . ,  

              
   .       
  7.3.        

  p       
    . 

 
 

 
7.7.       
 

     , , 
, , ,  ,  
,     .      

     .   
         

        .  
           

    . 
 

    :    
        ,  

       ,   
     .     
,          , 

      ,  
      .    

        . , 
    .    

,  ,       
  ,      

    .    
        : 
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 7.4.         
 

    

   

  
  sred  (lx)  

 a  

  
 

      
   min/Esred min/Emax 

   
  1000 
   

8 16 1:3 1:6 

    
500    6 12 1:3 1:6 

  
   

    
4 8 1:4 1:8 

   
   

 
3 6 1:4 1:8 

   
 2 4 1:4 1:8 

    0.5 1   
 

        
    1:3  1:4.  

 
         

 ( .7.11. ). 
 

        
    : 

 

3,5
30

vkh
Φ

= +                                                           (7.21.) 
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 : vk        . 
        20-60 m.  

   ,      
 : 
 

vk

sred

a
E b

ηΦ ⋅=
⋅

                                                    (7.22.) 

 
 

: b-    
 –         

  .  = f (b,h) 
 

 
 

.7.11.         
 
 

      
 .       

      .    
       ,   

       
 .       

: 

vk
E S
η
⋅Φ =                                                     (7.23.) 

 
rη η τ ρ δ= ⋅ ⋅ ⋅                                                (7.24.) 
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 :  –   (     7.5.). 

    ,     
  . 

S –    
r –      (0,6 . . . 0,8); 
 –         

(0,85 . . . 0,90); 
 –      (0,75 . . . 0,90); 
 –    (0,75 . . . 0,85). 

 
 7.5.        

   
 

      (lx) 

  
   

 

 
 2 lx 5-6 lx 10-15 lx

 
 

 
   

  10 20 30 40 50 

   20 35 50 56 85 
  30 50 70 95 120 
-  
 , 
 40 65 95 130 160 

  50 85 120 160 200 
 
 
7.7.1.       

     
 

     ,  
       ,   

    e    .  
           
 .       

, ,    .     
   .  ,    
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       .  
        

         
  . ,       

      .   
         

    . 7.12. 
           

 ,       
         

  .       
 I  –       .  

                    
tg  =a/h,    = inv (tga/h). 

 

 
 

. 7.12.       
 

      ,    
12  18 .     ,     

,        (2  2 m ,     
2 x 4 m   .),           

   .        
   ( ) ,   tg  =a/h, cos3 ,   

        
 .  

       ,  
        . 
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 7.3.:      8 m   
a   VTFE 250W     13000 lm. 

     h=10m,    
 32 m,         

   .7.12.       : 
 
)   ; 
)    16 m    ; 
)    32 m    . 

 
:        

: 
 

 7.6.:      
         .7.12. 
 

 
h 
m 

a 
m 

tg  
tg =a/h 

  
=invtg(a/h) 

 
 I  

(cd) 
cos3  

 
E= (I  / h2) cos3  

(lx) 
  

. 
  

. 
1 10 0 0/10=0 invtg0=00 200x13=2600 1 26 26,17 

2 10 16 16/10=1,6 invtg1,6=580 150x13=1950 0,148 2,9 5,8 

3 10 32 32/10=3,2 invtg3,2=730 50x13=650 0,026 0,17 26,17 

 
*  :        

       32 m. 
 
 

 7.4.:          
 HQI E 250/D ( . 6.6.).     = 6m. 

       .7.13. 
  7.14.        

.       
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.7.13.     HQI E 250/D 

 
 

:    
 : 

 
2,5 0,51
4,9k

atg
h

α = = =     : 

 
                  = invtg  = 27 0 
 
                cos3  = 0,71  
 

       
=27 0   I=300 cd. 

     
  = 1000lm. 

      
    6.6   

’ = 17000 lm. 
 
 
 

          . 7.14. 
 

        : 
 

3
2 2

300cos 0,71 8,87
4,9k

IE lx
h

α= = ⋅ =  
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        =1000 lm.   
       ’ = 17000 lm. 

 
'

' 170008,87 150,79
1000

E E lxΦ= = ⋅ =
Φ

 

 
        =150,79 lx. 

 
 
 
7.8.      
 
 
 

         
         

 .      
,       

          
(  .  ALUX, EXLUX, SiSTRA 2.0, SiSPORT 1.4, 
Elektro Cad. ULYSSE)      , 

   .     
          

    . 
       

   Minel-Schreder      
  . 

ULYSSE         
,     (    

   ),       
      . 

 
  ULYSSE     : 

 
1. Solution  Finder CIE Batch 
2. Quick Light CIE 
3. Super Light 

 
 



 
 
 
 

279 

 
 

.7.13.     o   Ulysse 
 

         
      ,       

   . 
 

         
        

.         
,        ,  

       .   
      ,   

 ,     .     
     . (7.14.) 

 
      ,  

            
  . 
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.7.14.     Solution  Finder CIE Batch 
 

         
         

.         
 .      

    .   (7.15.)   
           

 . 
 

        
          

.       , 
, ,    . 

           
   Quick Light CIE     Copy to 

Super Light.         
 7.16. 
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. 7.15.     Quick Light CIE 

 

 
 

.7.16.      Super Light 
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: 

 
        

 .        
,      ( , , 

,     ,   ,  
 .),   ,      

        . 
           
,         

        , 
          
.          

    ,      
        

(          
        

      ). 
          

    ,    
     ,      

  . 
         

 . 
     ,  

       ,   
    e    .  

           
 .       

, ,    . 
       ,  
        . 

        
         

 .      
,       

          
          

        . 
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 : 

 
7.4.        ? 
7.5.       ! 
7.6.      ? 
7.7.           

! 
7.8.            

 ! 
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8.1.   
 
8.2.   
 
8.3.   ( ) 
 
8.4.     
 

8.4.1.    
 

8.4.2.     
 

8.4.3.     
 
8.5.    
 

8.5.1.     
 

8.5.2.       
 

8.5.3.      
 

 
 
 
 
 
 
 

 
 

 
 

 
 J 

 
   

 8
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  8 
 
 
 
 
 
 
 
 
 
  8.   
 
 
 
 
8.1.   
 
       

  .      
  : 

•  ; 
•   ( ); 
•    . 

 
8.2.   
 
          

:    .    
       
    ,   . 

    ,     : 
    ,     

,   .     
    . 

       
   .     

  ,         
 .     

 ,     ,   
       : 
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•    (  ),   
    Ø 29 mm; 

•         ,  
    Ø 23 mm; 

•     ,   
    Ø 16 mm; 

 
          

 ,       
    .         
. 

 
       , 

,         TI 20 
   ( ) (TI 20 1x2x0,6 mm  TI 20 

1x2x0,8mm).   ( )       
 .   ,  é  

    ,     
    ,  ,   

 . 
 

 
 

. 8.1.    TI 20   ; 
  JYStY   ;      

  
 
        

 VDE ,       
       : 

 
• JYY 1x2x0,6  JYY 2x2x0,6,   ,  

  PVC ,     PVC    
    (        

0,6mm   ). 
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• JYStY 1x2x0,6  JYStY 2x2x0,6,   
      (St),   PVC , 

    PVC        
(        0,6mm   

). 
 
      ,   

  ,        
 .  ,     

 (  10x4x0,6 mm),       
 20    .   

   ( )     ,  
            

 .      
     ,   

   .       
 ,        

          
   . 

 

 
 

. 8.2.    
 

         
( .8.2.).          

      .    
    .    

         
        

        .  



 
 
 
 

288 

    8.3.       
     8 .   8.4.   

      
 (   )    
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 . 

-    , . .    
    .    
         (   
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  ,       (VHF  
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    (  .  VHF  UHF),     
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.8.10.      
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(m) 

 
(MHz) ** 

:    2000-1050 0,15-0,285 - 

                  ( ) 590-187 0,51-1,605 - 

                76-11,5 3,95-21,6 - 

                 (  F2) 3,4-2,9 87,5-108 - 

V: VHF (   F1) 6,39-4,41 47-68 2-4 

       VHF (   F3) 1,72-1,3 174-280 5-12 

  UHF (   F4/F5) 0,64-0,38 470-582/582-862 21-34/35-69 

               SAT u...nm 950-2150  
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*VHF –    (Very High Frequency);  
  UHF –    (Ultra High Frequency) 
 
 
**         . 
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   11 (VHF),       

  216  223 Mhz   21 (470 – 478 MHz);  22 
(478-486MHz ); . . .  69 (854 – 862 M z). 
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   „   “ (     
   5-15 dB). 
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   - .     
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  UKB  
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  UHF  
(  21-69) 
 

  VHF  
(  5-12) 
 
1.    

 
2.   
3.     

  
4.  
5.    

  
6.     

   T   FM 
7.  ( )  

  T   FM 
8. T -  
9.   
10.    

 T   FM   
 

11.    PE 
10 mm2   
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1.   TV-FM-SAT     2.   TV-FM 
 

. 8.16.   2400MHz 
(TV: 5-68 / 120-862MHz;   FM: 87,5-108MHz; SAT: 950-2400 MHz) 
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