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gradE . (6)
 (  10 %)

L
U

dx
dE

M
, (7)

 L  –   U ( ,  )  ,
.  ,   110  

 L = 10 , 

M
E 110  / 10  = 11  / .

 3.3.6.096.-2002 [4], 
 ( )  ( ) 

 ( t = 8 ):
= 0  20  (  2  );
= 50  5  (  0,5  ).

,  ( ), 
 22 ,  ( , N = 11  /  : 0,5

 =  22).    ,  
t  90  ( . . 2).

 (
) :  (

) ,  (
) 

, . 
,  ,  
, .

, 
, .
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, . , 

,  ,  
, , . , 

1   , 
.

, 
.  U 

 ( ,  500  U = 12 – 15
). , , 

,  ,  ,  
. 

  , 
.

 15  ( t = 0,05 – 0,5 )
, 

. .
 ( )   

. , 
. 

, .  
:

1) , . ,
 CO2   U = 800 ;

2)   U = 3500 ;
3) ,   U = 9000 ;
4)  15 , 

U = 80000 ;
5)

,   U = 60 – 100 ;
6) , ,

, ,   U = 5 – 15 . 
, , 

. - 
.

,  100 – 200 , 

 ( , , .). , 
 700 . 

, 
: , .

, 
. 

 ( )
 [4] ,
. t . – 

, , 
:

. = 50 / ( t . + 2) . (8)
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 ( .
2).

 2

, 
 5  5  20  20 

25  25

t , 

8 .

t .= 50/ – 2, t ., 

 10

.
. , .

, > 5 , 

.
,  1,8  (

)  5 .
 20

 400-500  30
 750  .  ,  ,

. , 
  [19].

 [17] 
 ( )  – 

, , 
, :  1  2 ;

 1 – 20  10 ;  35  15 ;  110  20 ;  154, 220 
 25 ;  330, 400, 500  30 ;  750  40 .

 [15] 
. 

:
–  400-500   20  

 90 ;
–  750  180  30 

 10   .

 ( ),  1,8 
,  

, 
, .

,
. 

 (
, ).  ( , )

.
,   

 ( ) . 
. 

.
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, .
, , ,

, . 
 ( ), . 

.
. 

,  ,   .  
,

, .  – ,
.  – 

,  ,  ,  
 (  R  50  ).  ,  ,  

.
, 

 > 25 . 
, , :

– , 
;

– ,  1 ;
– ;
– ;
– .

3. .

 ( ) 
, , 

,  ( , , 
  ).

 H
,  H  I 

 r0 . ,
 H  B ,  r0

 (  – ) 
:

H  = 2 I /4 r0 , (9)
B  = 0H , (10)

0 = 4 10-7  – .
,  

.
-2 (

), .

 50  – 5000 . 
 50 

 H . =  1,4  
 (8 ).

 1,4 
  . 3.
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 3

t , 1 2 3 4 5 6 7 8
 H . , 6,0 4,9 4,0 3,2 2,5 2,0 1,6 1,4

 B  , 7,5 6,13 5,0 4,0 3,13 2,5 2,0 1,75

 50 
: H . =  H .   5.

, , .
 ( ) 

, , , 
:  ( ),  (

), 
, ,

, , . 
. 

, , 
.

,    
 “ ”, :

• , 
, );

•  ( , );
• ;
•  ( , , , );
• .

=10 – 300  “
”,  

, . 
.

( t = 8 ) :

= 0  8  (  0,8  – );
= 50  1,4 .

, , 
, , 

  
. , , 

 = 7 – 12 , 
. , 

, .

):
1. , 

.
2. – .

, 
 2 – 3 .



84

3. 
,

 H .). 
 ( ) , 

.
4.  – ,

. . 
, 
, 

. , 
  –  . , 

 1–1,5  .  
  . 

, . 
: . 

,  ( ) , ,
.

.
:

=  / , (11)

   – ; . – 
.

 2 , . 
 50 , 

( 1000...300 )   3–5  3  ,  
.

, 
, :  32 ,  20

,  4  [19].

4.

, : ; ; 
 ( ) ; , 

.
, 

. , 
, , ,  –

, ,  – 
, , , , 

, .   ,
, , , , 

.
 ( )

 ( , , ). 
, 

0 0
 r :

)  ( )
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(12)

,  D 4/Dr 2
. ) 0 ~ 1/r3, 0 ~ 1/r3 ;

)

r = r –  r ; (13)

)  ( )

.r  , (14)
, 

/Dr 2
. ) 0 ~ 1/r, 0 ~ 1/r ; (15)

) : 0 = 0 = 0.
  , 

, . 
.

 ( )  1  – 300

:

EH
E .E

.. ,
EH

H .H
.   , (16)

..E .H –  ( ) 

 ( );   –  ,  ;
..EEH

..HEH – 
, ( )2  ( )2  .

..E .H ,
..EEH

..HEH . 4.
 4

1 – 10 10 – 60 0,06 – 3 3 – 30 30 – 300 

..E , 1000 700 500 300 80

..EEH ,( )2 120 000 40 000 20 000 7000 800

.H , 75 57 50 – 3,0

..HEH ,( )2 675 390 200 – 0,72

 ( ..E )  ( .H ) 
. 5, t . – , .

 5

..E ,  / .H ,  / t . ,

1 – 10 10 – 60 0,06 –
3 

3 – 30 30 –
300

1 – 10 10 – 60 0,06 –
3 

30 – 50

8 120 70 50 30 10 9,0 7,0 5,0 0,30

2/r .
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7 130 75 53 32 11 9,8 7,5 5,3 0,32
6 140 82 58 34 12 10,6 8,1 5,8 0,34
5 155 90 63 37 13 11,6 8,8 6,3 0,38
4 175 110 71 42 14 13,0 9,9 7,1 0,42
3 200 115 82 48 16 15,0 11,4 8,2 0,49
2 250 140 100 59 20 18,4 14,0 10,0 0,60
1 350 200 141 84 28 26,0 19,7 14,2 0,85

0,5 500 280 200 118 40 37,6 27,9 20,0 1,20
0,25 700 400 283 168 57 52,0 39,5 28,3 1,70
0,12 1000 580 400 240 82 75,0 57,0 40,8 2,45
0,08 700 500 296 80 50,0 3,00

 0,08 
. 

.
 1  3 

, 

.EEH /
..EEH + HEH /

..HEH  1 , (17)

.EEH HEH –  , 

.
 300   –  300     1   –  1  

w . = k
..wEH / T , (18)

 w . –  ( ),  / 2 (  / 2,
 /  2);

..wEH – , 
 2  / 2 (200  / 2 ); k – 

,  1 , ,
,   10  ,  

 1  ( . 
“ ”)  50; T – 

, .
 w .  1  / 2,

 w .  1  / 2.
 (w .)

, t . . 6).
 6

t .
, 8 7 6 5 4 3 2 1 0,5 0,25 0,20

w . ,

/ 2
25 29 33 40 50 67 100 200 400 800 1000

 0,2 
.
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,   
50 ,  1  – 300 

,  300   – 300   – 
.

, 
, , 

.

5.

. , , 
.

 ( ) ,  
. 

. . ,
, , .

,  ,  ,
,   –  .    

. . 
:

– ;
–  –   ;
–  – ;
–  – .

 (  10  / 2 )  ( ) 
,  0,1 ,  6  (0,1 ). 

 (  10  / 2 ) ,
, 

.
, 

.
, , . 

, 
. 

, 
, . , 

.
, ,
, 

.
, 

.

 1
. , 

.

, 
, . ,

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

 1–20  (f  50  )  ,  ,  
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 (   
).

  , ,  
,  ( ) .

 ( , , , 
), , , 

,   .
, , 

, ,  “
”, , . 

, 
, .

 (
), , ,

, , , , , 
 ( ,  ).  

,  1  = 390
–  450  .  

 – .

  .
 3.3.6.096.-2002 [4]  

 w ., 1  / 2  10  / 2

t  0,2  ( . 6).   w .  
 0,1  / 2  1  / 2.

 ( ) , 
 30   1   (  = 1 – 300 ). , 

, , 
 = 2,45  (  = 12,245  – ).

  ,  500 – 2500 . 
 w

. ,  5  w = 5 – 10  / 2,
 50  w = 0,5  –  1   / 2,  150  w = 0,005 – 0,02  / 2.

 ( , 
). , 

 40  1 .
,  w  10   / 2

, 
.  15   

= 1,5  w = 330  / 2  5 ,  50 % 
 [13].

,  0,1
t  0,1  (6 ). , 

, . 
   w .= 10  / 2 , 

 Q  =  10   / 2. 
, 

 w =  25   / 2 , 
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 w . = 100 2 – , 
, , .

,  w
= 1  / 2, , ,  50 – 100 

, . 
, 

, ,   .)
w . = 1 10-5  / 2 =  10  / 2.

-1, -2, 2-
2, 3-2, 3-9 – .

:
–  (

);
– ;
–  ( , 

);
– ;
–  ( , , 

,  
  0,5 , 

).

6.

6  1983 .  Motorola 
 –  DynaTAC 8000X, 

100 .$  15 .  794  33×4,4×8,9 .  1998 .
.

 ( )  – ,
. ,

 (OC), 
, OC . , 
,  Sony Ericsson  Siemens, 

 ( . patch – , , 
, , 

).
.  ( ), 

 –  ( . communicator, PDA
phone).

. .
smartphone  —  ),   (iOS,  Android,
Windows Phone .), 

, .
,  

, . 
, 

, 
. ,  13 , , 

  50 % .
:

) w ( 2) – 
;
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) SAR (Specific Absorption Rates) – 
, ,  p,  1 .

 SAR  3  (  = 10 )
 p  =  2   =  2   =  2  /( )  =  2   2  ,     ( )  –  

;  ( ) –  (
).

 SAR   w  
[13]:

 7
, Motorola Sony Nokia Ericsson Philips

w, 2 48 22 –55 75 109 136
p, 0,33 0,41 – 0,88 0,73 0,91 1,05 – 1,06

 [4],
,  1 – 3 

 10 ), w . =  2,5  / 2.
.7,   (Nokia,  Ericsson,  Philips)  

. , 

 (2,5 2)   30 – 55 ! ,   Philips  N  =  w/w . = 136/2,5 =
54,4).

,   
   20 , .  , 

  
. , 

0 ~ 1/r3, (19)
0 ~ 1/r3 (20)

). : “
, ”.

 37   ( ,  
). 

, 
. 

.  ,  
   (w

= 0,1 – 3 2).
, 

:
– ;
–  ( );
–   ( ) ;
– ;
– ,    ( );
– ;
–  ( ), ;
–  (  3 )

;
–  ( ,  

).
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.  “Sony Ericsson” c  P = 0,3  (300
).  w  

 (  – ).  L = 6 , 
,  r = 1 , : S = 2 r L = 2  3,14  1  6  37,68 2.

:  w  = P / S = 300  / 37,68 2  8
2 . ,  w   t .

:

t/1w
t/1w pp , (21)

   w = 1000 2 = 1  / 2,  t = 0,2  = 12 .
, 

)  “Sony Ericsson”:  t  = 12  / 8 = 1,5 .

7.

) 
 ( ) , 

–  ( ,  LCD – Liquid crystal display). 
 (TFT) – thin film

transistor.
, 

 (
3.3.6.042-99). , 

  :  23–25 , 
40–60%  0,1 ,   –   22–24 , 40–60%, 0,1 .

 2152-80,  2152-80): , 
 (   600 3), 

,  
 (   400 3).

 ( ), , 
, 

, , . 
,  45–50 .

,   ( )  
 33  75 .

. 
 ( )  1,5 %.
. 

, . 
, -2 (

 0,3–0,5 )  300–500 , 
 – 400 .

,    300  .  
 40 2, 

 – 200 2 .
.2.5-28-

2006 . 



92

.   
 [8; 9], .

 ( )  ,  
 ( ) – ,  

 1200 .

 0,1–2,5 2. 
 3.3.2.007-98 .

,    
 15 .

 ( )
 3-30 .   

50  10  ,    
 – H  0,3 .

 300   300    
 10 2. , 

 ( , , )
.

,  " " ,
 5  0,1

   100  ( -97).
 [3;

6; 7; 16].

1. 
:  5.5.6.009-98.– .: ,

1998. – 28 .
2.  3.3.6.096.-2002. 

  // .   2003.  12. .180-192.
3.  2293-99. .  //

,  26.03.1999 .
164.

4. . 
: [ .- . ] / . . – :

, 2005. – 78 .
5. .  “ ” 

 // . . . .- . .
.” – : , 2006.– . 1.– .

132– 137.
6. . . – .: , 1974. – 312 .
7. ., .  // . –
2010. –  4. – . 46 – 49.
8. . – .: , 2012. – 365 .
9. .  ( , , , ):

. – .: , 1990. – 335 .

© ., 2013 . E-mail: mkost@i.ua.
 (1992 .)  (1993 .),  ( ) 

)     



93

 6. .

: , 
.

1. .
2. .
3.

 1 .
4. .
5. , .
6. .
7.  1 T.
8.  1 

 TN.
9.

1. 

, 
.

:  – ,
,  (

, ), , ,
, , 

.
– , 

,  ( ), 
   .

 [3]:
–  1 ;
–  1 

;
–  1 

;
–  1 ,

 ( ) .
. 

, , ,
. , , 

– .
 – , ,

, , . 

, .
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 – ,
, , , 

.
       1 

 ( ), ,  ( )
 ( ). , 

.
  –  ,  

. , 
, ).

,  

, , , ) –
.

 – , 
.

,    ( )
.   :

1. .  “ ”)  –
, , 

.
.

2. .  “ ”) –
 ( , ), 

.
,  [7]:

1.  – , 
, 

. :
; ; ; 

; 
.

2.  – , 
. 

: ; 
; ;  II ;

;  ( ) , , ; 
 ( ) ; .

2. .

 “ ”. 
, 

– , 
.

. , 
 “ ”   “ ” 
,  ,   ( )  

, , 
. 

, , , 
, .
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. 1  L1, L2, L3 , 
,  ( L

. Lin  – ). 
, 

,  “ ” .
 1,  

 ( - ) –  1 ,
, 

. ,  ( . medium – ) 

.
 ( )

  , , 
.

,   (
 1) , , 

.
 L1,  L2,  L3, N . ,

Li  (i  =  1,  2,  3)  – , 

, 
.  1,  ).   –

,  R
, ). , ,

.
    (N )  “

”  –  1 , 
. 

. , N  ( . Neutral – ) 

.

 30331.2 :
–  (  - )    (N-

) – , 
 ( ) ;
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– – , 
,  (

 “ ”, 

);
– – ,

;
–  ( . earth– , protectiveearthing – ) –

 1 , 
;

– N- –     1  ,  
 ( -)  (N-)  ( N-

).
. 1 ,  R   (

 “ ”)  R  . , 
 30331.2 

.

3.
 1 

 1.7 “
”  “ ”   

 ( ), 
,  ( , , 

, ), . 
  

.
. –

,  (N ) 
 (  - ) 

 ( , ) 
 1 .

.
 30331.2   

:
1.  TN – , 

,   
 N -  - 

 – . , T  ( . terra – ) 
  

.
,  

 “ ”, .  (
,    “ ”), . 

,  – 
.

,  “ ”   TN  
 “ ”, 

,  “ ”  –   “
”.
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1.1.  TN-S –   TN,    N  -   -     –  
.  

. , S ( . separate – ) ,  N- 
  . . 2, ,
  1 – ; 2  – ; 4  – 

.
1.2.  TN-C –   TN,    N  -   -     –  

N  –   ( .  2,  ,  ).  
.

,  ( . combine – ) ,  N -   -
  N – , .
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1.3.  TN- C- S –  TN,   N -  -    – 
,  

. 2 , , ). , N – 
   N- , . 

.
2.  TT – , 

 (  N-  – ), 
 – , 

 3,  1, 
 ( . 2, ).
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,  ( )  –
, , 

.
, , 

 2  4 
 3. 

. , T TT

.
3.  IT – , 

 ( ) , 
, 

 –
 ( . 2, ).  

.  ,  I (
. isolated – ) , 

 ( , 
).

           
  

, 
. 3.

4. .

, , 
, . 

, , 
.

, 
 1  1 .

, , 
. , , 

. , 
, 

.
 ( , , ), , 

  , 
. ,

.   (
) .

, :
1.  (  75%) ;
2) ;
3)  (  +35 0 C);
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4)  
,   .

   (
 100 %) .

:
•  ( ,  

);
•  (

);
•  (

).
, ,

, , 
.    ,  ,  ,  

, . 
, 

. 
.

  :
• , , 

, . 
 60 %;

• ,  60  75 %;
•  ( ) ,

100%, , , , .
• ,  35 0 ;
• , , 

, , .
 - . 

  , ,
, ,  

. 
.

:
1) ,     . 

,   
,  – , .

2) ,  ( , 
) , 

;
3)  ( , , ), 

.
, , 

, , 
.

 18
,   ( )

 ( . 4.3-4.4).
I , , 

, 
, , 
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 ( , , , 
).

II , ,
,

, 
 (

). 
 1 , ,

, ,   , 
, .

III , ,
, 

  , 
, 

. 
, , ,

, .
V , ,

, , 
, , 

, , 
  

. 
, , ,
.

, V
,  1000 .

5. , 

, 
 – .

, 
 IV  1 

 III  1 . ,
, , 
.  1

: 
,  ,   1,7  

, 
. , 

, .
, 

, åñïðàâíîñò
, , .

, 
 – ”. 

.

 1 , 
 IV. 
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 4-5 
 8-10 .

, 
, , :

1) ;
2) ;
3) , 

;
4) , 

.
,

, 
, .

,  
, , 

, , 
, , 

.
,  

, , , 
, 

, , ,

.
,

, , 
, , 

, , 
. ,  0,7 

 15 ; 1  15  35 ; 1,5  35  100
; 2  154 ; 2,5  220 ; 4,5  400  500 . 

,   
, .

:
) , , 
, ;

) ,
, ;

) , 
 “ ”.

, , 
, 

.  1 , 
 IV,  

 1  –  III . 
, 

, , 
. 

, .
, , 

, , ) 
, . 
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  , 
    .

 1 , 
, , . 

, : 
, 

,  .  
, , 

 ( )  “  – 
”.

  ,  
, , 

: “  – !” (  1 )  “  –
!” (  1 ).

1000  1
. 

, , 
. 

.
  

, . 
  

.
,

 IV ,  ,  
 III .  1 

.
, 

, 
.

, ,
, , 

, ; .
, 

, , 
, .

  
, , 

, . 
 1 

, ,  V
,  1  –  IV .

 ( ),
, 
, , 

, ,
.
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, 
, , 

 IV . , 
, 
, ,

. ,  V
, 

.

. 

; ; 
 1 . , 

 IV  (  1  –  III  ),  

.
 (

.), . 
,  

, ,  IV
, , ,

 –  III . 
.

, , 
) ,  IV ,  1  – 

 III . , , 
 ( , 

.)    ,  
.

  ,
,  – 

. 
. 

. , 
. 

. 
, . 

,   –  
.

  
, , ,

.  ,  
 – ,  – . 

  .
 ( ), 

. 
.  (

) , 
, 

. , 
.

, , 
, 
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. , 
, , .

.  
, , .

, 
. 

 III, 
.

, . 

. 
,

  , . 
. 

,   , , 
  . ,

.

,   . 
,  V  (

 1  – IV ), , 
 – , 

 IV . 
.

6. .

:
• ;
•  ( .  « »);
•  ( .  «

»).

, .

:
•

;
•

.

:
• ;
• ;
• ;
• ;
•  ( ), ;
• ;
• ;
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• ;
• ;
• ;
• .

:
•  (  « »);
•  TN (  « »);
• ;
• ;
• ;
• ;
• ;
• ;
• ;
• ;
• .

7.  1 T

 1   
T  –   ( .  2,  ).  

 – 
, 

. T
.

  T 
 ( .  “ ”) 

 – . 
 ( . 4).

.
 U

 R  ,  18. 
.

, , 

, :

R   U . /  , (1)

 – , U . – , 
 50 , 

,  – 25
 12 .
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 (1) , 
:

• , 
)  100 ;

• 10 , 
 100 .

, , 
,  ,  ,  

, , .

, , 
.

 – , . 
-08,  1103,  416, -01, -200, -

3, -10, -10, MRU-100 (MRU-101) .
  416. 

. 
 [9; 10;11].

8.  1  TN

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

 ( ).
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 12.1.009-79, ,  –  
, 

. 
 1 

 220 / 380 ).
 1  ,  ,  

 TN. 
 1 .

 “ ”  12.1.009-76 “ .
”.

 “ ”  “
”.   “ ” 

.
 TN  :

• TN-S,    N  -   -     –  ,  
 ( . 2, , ) 

 ( . 2, , );
• TN-C,  ( -)  (N-) 

  N  –  ,   N  -     –  N  –
 ( . 2, , );

•  TN-C-S,   ( -)  (N-)
  N- ,  N - -

 N-
N-   

 ( . 2, , ).

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

 N-   
 50% .

,   TN  
N-  ( ). 

N-  ( ) , 
.

,  1  R . 5)
 N 

.
  U

   R
 ( ) R .  

U  =  R  = U R  / (R  + R ). (2)

,   R  R  , 
.
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,  (
200 ) . , 

,  U
 U :

U  = U  = )  z )  r  / (r  + r ), (3)

) – ,  – ; z  – 
) 

; r  , r   – 
.

, 

,  R . 
  “ ”  ( . 5).

 R  – ,
. 

:

U  = .  R  =  U R  / (R  + R ), (4)

. – , .
  

TN ,  TN-S   
TN-C  ( .  2).  ,  
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 N   PE  ( .  2,  ,  )  
 PEN ( . 2, ).

, , 
 200 

- N- .
N-  ( ) 

, 
.  N

) -  30 .
 (

),   , 
.

, N-  ( -
),  ,  ,  

. 1.
,  100 

. 1  0,01 ,   10  ,  
, 

 1 .

 1
  

 1 

 R
, 

R  ,
N – 
 – )

.R

  ,

R , 

,

,

N ( ) –
,

,

6660
/ 380 2 15 5 15

3380
/ 220 4 30 10 30

2220
/ 127 8 60 20 60

9.

 TN T 
.   

 ( )  -  N-  



111

. 
 ( ).

, 
,  (  “ ”) 

, 
, 

.

, . 
, ,

, . , 
, 

. , 
1    .  ,  ,

. .

), .
 – ,  ( )

  .
, , . 

, , 
.

.  
,   

 ( )  ( . 6). 
 35 . 

 ( ), 
, , 

), , .
,  

.
, 

: , , 
,  U t, 

Q =  U t . (5)

, . 
-2, -2, , -1, -2, , , . , 

: 
 5  7  ,  

 ( . . 2).
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. 6. C  ( )

,  ,  ,  ,  ,  
)   3100,   50,
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.
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,  ( ) :
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, );
)  ( ,  ,

, );
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, , ).
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. , ,
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. . , , 
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,  “ ”.



124

5.  – , , 
, 

 t  T    
 T.

6. W –  ( )  ( ) 
 t  T 

   ( ).
7. – 

 ( ), 
 ( ) , 

, 
. , 

 T 
.

8. (likelihood) – 
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.
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 X ,  ( ), 
 X = X ( ).  X 

,  X ( ).
 X ,  X ( )  

 F( ) = P (X < ), 

 X( ),  f ( ),  f ( ) = . 

 t,  t  0
f (t) = , (3)

 > 0 – ,  (X), 

 = 1/ (X). (4)

, 
, ,

. 
:

F (t) =   = 1 – R (t), (5)

 R (t) = P (T > t) = – , 
.  R (t) – , 

,  t.
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:

P = 1 – , (6)
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 240 . 
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 = N  / (  240) . (7)

:

P  = 1  – , (8)

 ( ):

=  / (  240) . (9)

:

R = P  P (10)

 ( ) 
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 ( . 3), , 
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 3
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L > 1,79
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 “  ( ) 

”.
, , L

 ( ) L  = 1,79 .
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, .  , 
, – ,  –

.
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, , .
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 n ,

. ,  R , L
 ( . . 3).

: ,
, , 

.  
, , 

.
3. – ,  ( ) 

 (W)  
.  R( )     

 W:
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 – , .   W = const,
:

R ( )   =  W  , (16)
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 (15) ,  p  0,  R  0).
, ,  ,  

 (p)  W 
,  – . 

.
,  1,  2,…, n,  

, , , 
,  ( ) :
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