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 I           20 - 23 60 - 40 0,2 
 II  18 - 20 60 - 40 0,2 
 II  17 - 19 60 - 40 0,3 

 
 

  -
             

 III         16 - 18 60 - 40 0,3 
 I           20 - 25 60 - 40 0,2 

 II  21 - 23 60 - 40 0,3 
 II  20 - 22 60 - 40 0,4 

-
    
             

 III         18 - 21 60 - 40 0,5 
 
 

 1.2 
, -

 
 

 
   -  

      
,  

. C   

-  
  

-    
, % 

 
 

, 
   

  
    

  
,  
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 I           19 - 25 75   0,2   15 - 26     

 II  17 - 23 75   0,3   13 - 24     
 

II  
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 III         13 - 19 75   0,5   12 - 19     
-  -  - 10 0C -

; 
-  -  -  10 
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2 - - 107 1,12 
4 - - 100 0,50 
8 120 5,0 92 0,20 

16 120 5,0 92 0,20 
32 117 3,5 92 0,20 
63 114 2,5 92 0,20 
125 111 1,8   
250 108 1,2   
500 105 0,9   

1000 102 0,6   
2000 99 0,45   
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. -

. 
   , -

,  ,  
 

                                  Pm = ( m/m!) e                                             (3.1) 

 –  ( ); 

m =  0,  1,  2,  3,  …,    Mx  Dx -
  : 

                                            Mx = Dx = l 

 . 

 3.1.  
 5 .  

10 . , -
, ,  2   

.  2 =2*5/10=1. 
.  

 (3.1),  
 

Pm = ( m/m!) e  = (12/2!)* -1 = 0,184. 

3.4.  [43-45] 

,  
,  

,     
  . -

-
 .  

, 
, -

. 
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-
, .  

 
;  –  

.  
 ( . 3.1)  

                              f (x) = t x ;                                                      (3.2) 
 –  

                         F(x) =1- exp (- x) ;                                               (3.3) 
 

                   P(x) =1- F(x) = exp (- x) ;                                          (3.4) 
  

                    M x =  exp(- x) dx = 1/ ;                                          (3.5) 
  

                           
                 Dx = 0 

2 exp (- x) – 1/ 2=1/ 2.                                  (3.6) 

-
, . , 

, -
,  

. ,  
 

. 

 3.2. -
        =3*10-4 -1.    

 t =100 .  
. 

. -
 (3.4),    

                         
P(t)=exp( t) = exp (-3*10-4*100) = 0,998. 
 

 
 

 = 1/  = 1 / 3*10-4 = 3,33*103. 
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 3.3. -
        =3*10-4 -1.   -

 6 ,  ( ) -
 3 . -

  = 1 10-2. -
,    t =1000   . ,  

. -
 1, 2, 3  . 

1.  1000  
P(t)=exp( t) = exp (-3*10-4*1000) = 2,71828-3/10= 2,71828-0,3=0,7408 
2.  1- , 2- , 3-  

 6 -
: 
1 .    1 = 3/6 *  =  3/6 * 1/10 = 1/2  *1/10 = 1/20 = 5 * 10-2 
2 .     2 = 2/5 *   =  2/5 * 1/10 =  2/50 = 1/25; 
3 .    3 = 1/4 *   =  1/4 *  1/10 =  1/40. 
3. ,  2 -

, 3 . 
 1 .  1  =  5 * 10-2; 
 2 .-  1,2 = 1/20 * 1/25 = 1/500 = 2 * 10-3;  
 3 .-  1,2,3 = 1/20 * 1/25 * 1/40 = 1/20000 = 5 * 10-5. 
4. ,    

. -
 

1 .   1 * (t) = 5 *10-2 *0.7408 = 3.7 *   10-2; 
2 .    1,2 * (t) = 2 * 10-3 * 0.7408 = 1,48 * 10-3; 
3 .    1,2,3 * (t) = 5 * 10-5 * 0,7808 = 3,7 * 10-5. 
 
3.5.  [43-45] 

.  
 

. 
,  -

, . 
, -

-
, . 
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, -
, -

. 
-

                                   
              f (x) =  exp {– (x-m) / 2 2},                                                 (3.7) 

  = 2,71828 – ;  
= 3,14159;  
  – , -

;  – . 
. 3.1. 

 

 

                                                                           

. 3.1.  ( )   
)   

  = x -
 X,  

                               = .                                                     (3.8) 
 

                                                   x 

F (x) =       exp {– (x-m)2 / 2 2} dx,                       (3.9) 
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                     Q (x) =F(x), ( ) =1 -F(x).                                           (3.10) 
 

,  x = 0   = 1. -
 t -

. 

                           f0 (t) = exp(-t2/2),                                                 (3.11) 
 t  (  t = 0)  

 t = 1). 
 )  

                                        

                                        F0(t) =    (-t2/2)dt,                             (3.12) 
                                                    

,   F0 (t )+ F0 (-t) = 1   F (t)= 1 - F0 (t). 
. 1  [4]  (3.13) 

 t  
: 

                                              t = (t – Mx)/ ,                                     (3.13) 
 

 t  -
  up).  

:   
                                   f(x) = f0(t)/ ;  Q (x)= F0 (t );  

 
                        ( ) = l - F0(t),  f0(t)  F0(t), . 

. 1 1  [4]  *(t)  
t = x = (t – Mx)/ . 

-
 F0(t)  : 

                                                    

                           *( ) =  1/2   (-t2/2)dt,                              (3.14) 
                                                   

,               

      F0(t) =   +   = 0.5 + *(t)                  (3.15) 
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,  

: 
 
Q (x) = 0.5+ *(x-Mx)/  , ) = 0,5 - *(x-Mx)/  ,                   (3.16) 

   
   

 
P (  < x < ) = *( -Mx)/   - *( -Mx)/  . 
                                                                                                          (3.17) 

 3.3.  P(t)  
t = 2*104 , -

 
 Mt = 4*104 ,  = 104 .   

.   

up= (t – Mt)/  = (2*104 – 4*104)/104 = - 2. 

. .1  [4] ,  (t) =0,0228. 

 3.4.     
. ,  

 M = 650 ,  = 30 .  
, -

 600 — 670 . 
.  

(3.17) 
P (600<  < 670) = *(670-650)/30 - *(600-650))/30= 0.697. 

: ) = 0,697. 
 3.5.  X -

. -
 0,5 

,  0,2 
. 

, -
 0,7 . 

.  (3.17) .1  
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P (0,2<  < 07) = *(0.7-0.5)/0.2  – *(0.2 - 0.5)/0.2 = 0,77. 
: ) = 0,77. 

3.6.  [43-45] 

. 
.  

 (0   ). -
, -
 ( , ) -

, . 
-

, , -
.  

, . 
 

 
          f(x) = [  / )]x -1 e x ,       x 0;                             (3.18) 
f(x) = 0  x <0, 

 >0,  >0                       

                                  ) = x -1 e -x dx.                               (3.19)                                     

. 3.2. 

 

. 3.2.  

  x 
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F(x)=  / )  x -1 e x dx          x 0;                 (3.20) 
 
                       F(x) = 0                                    < 0. 
 

: 
 

         x = ; Dx = 2 .                                               (3.21) 
 

 <1  (  
),  >1 —  ( -

). 
  =1 -
,   >10 -

. -
, -  . -

  =1/2,   1/2, -
 2 ). 

 
 4.  

                      
 
4.1.    

 - ,  
)  ( ) ,  

 ( ).  -  
. 

 
, -

 (  "  - " - ).  
 (  

) [12, 14]. 
, -

.  
 – -

, . 
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, . 
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-  -
; 

-  
. 

-  .  
 26387—84 «  

 - ». »: 
-  «  - » ) — ,  

 ( ) ,  
; 

-   — ,  
 

; 
-  –  ,  

.  
 5 ,  

: , , 
, , .  

 «  –  - » 
  )  

,  
.    

 [5, 6, 12].  ( )  
 ( ). :  

-  ;  
-   ( ) ;  
-  ;  
-  .  

 
   20.39.108-

85),  
 ( ) ,  [5].  

,  
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 12.2.003 « .  
. », 

, , -
 ( ),  

, -
 – . 

 
4.2.  

-
 

.  
.  

 :  
- , 

: , ;  
- , : 

, , ;  
- , .  

-
 ( , ),  ( , 

)  ( , ).  
 

.  
 

 ( , ), 
, 

, . , , 
, , , , , , 

, .  
 :  

- , , , 
;  

- ;  
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                            = ,                                           (3.4) 
 

  -  
, ;  

 - , ;  
 - . 

- 
 ( )  [1] 

  
                             =( )*100 (%),                                            (3.5) 

. t . . -  
, ;  

 - , .  
 

                  
 
                           t . = t  – t ,                                           (3.6) 
 

 t   t  -  
, .  

 
, , .  

 , %,  
 

                                               
                          *100/(100 – ).                                            (3.7) 
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- ,  
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- .  
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 0.00-1.31-99. , 

 
-

,  
.  

   
 0.00-1.31-99 . 3.1. 

   0.00-
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-  50  
:  

-  5  2  – 25 ,  
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- :  
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 -  
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 ( ), 2  35 – 120  
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 2%  
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 ( ). 
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.  , 

, , ,  
 [20, 22],  
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 [20],   

, , , , 
, , ,  

.  
,  

, .  
.  

. 5.1..   
    

   
  

50   

 
 

  

20 - 100   

 
  

48 - 160   

 
  

15 – 110   
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)  

–  

 ( )  50  - 3000   
  - , 38   
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 ( , , .),  
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.  
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-  ( , -
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   40-92 % 
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.   
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.  
2  0,19% 
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» ( ).  12 % . 
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-  ( , , );  
-  ( , , 

);  
- ;  
- ,  

, ;  
- ;  
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- . .  
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. 5.2 [21]. , 
.  

 (  
) . 5.3.  

 
, ) [22]. 
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, %  
  

 
  

   1  1-3  3-5   

1 2 3 4 
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  58,8  67,5  88,7  

 17,6  23,3  42,5  
 

  
18,5  21,2  32,2  

  29,4  25,7  42,6  
  15,1  22,3  38,7  

 
  

11,7  21,6  35,3  

  8,3  15.5  20,6  
  7,2  12,3  17,1  

, -
 [20, 22,33]:  

- ;  
- ;  
- ;  
- ;  
- .  

,  
– , , , ,  

, ,  
.  

 
. [22]  

 [20, 21, 22, 24].  
 –  

, , 
, , ,  

[20].  
 

. 5.3. , %,   
                   

 
  

                                                         

 
  

                                                   

1-  2-   3-   
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  15,6  8,2  6,3  2,7 
  57,7  60,3  29,2  23,0  

  20,0  21,7  11,2  4,1  
  40,0  38,6  29,8  18,9  

  6,7  20,1  29,8  46,6  
 

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

 
 ,  

, :  
- ;  
- ;  
- ;  
- , ;  

 -   
 – ». ,  
.  

 
5.4.    
           
.    

 [20, 21]  :  
- ;  
- ;  
- ;  

-
.  

 
,  

 (ISO 9241: ISO –  
) [21],  

.  TCO  
.  TCO 
 30  50  

.  
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 03 [27]   
. 

-
,  99. 

 0.00-1.31-99 :  
- ;  
- ;  
- ;  
- ;  
- , ,  

;  
- ;  
- ;  
- , .  

 ,  
 ( , ,  

, ,  ), 
, , ,  

,  
,  

 
, ,  

   
 4  «  

, , ,  
» 

, , -
, , :  

- ;  
- ;  
- .  

,  
,  

III (  0.00-1.31-99).  
, ,  

 «  
» [16, 21].  
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.  
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-  ( );  
- ;  
- .  

-
. 4.4. 

 4 . 
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 8  
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 4 -

 – 15 -
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,  

)  ( )  
.  

 2.09.02-85,  2.01.02-85,  
0.00-1.31-99  3.3.2-007-98. ,  

 6 2 ,   –   
20 3 ,  .  

 I  II . 
 

12.1.005-88:  0,1 3;  
 — 5 3;  — 4 3.  0.00-1.31-

99 ,  
.  

 
 

, . 
, ,  

:  
-  20 3 ,  
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 30 3 ;  
-  20-40 3  –  20 

3 ;  
-  40 3 ,  
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- ;  
- ;  
- ;  
-  ( ,  

, );  
- .  

 II-
4-79  0.00-1.31-99.  

 
,   25-50%  

   
.   

 ( , , ).  
  1,5%.  

 [18, 
27].  

. 
:  – 0,7-0,8;  – 0,5-

0,6;  – 0,3-0,5;  – 0,4-0,5.  
 -  

,  
 300 – 500 .  

,  
 ( ).  

.  
 1,4.  

  
12.1.003-89,  0.00-1.31-99  3.3.2-007-98   

:  
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-  – 50 ;  
- ,  – 60 ;  
-   
-  – 65 ;  
-  – 75 .  

 
,  

 31,5 – 
8000 . ,  

.  
  

 12.1.012-90.  
.  

 
 12.1.006-84, 12.1.005-88, 

 12.1.045-84,  0.00-1.31-99  3.3.2-007-98.  
  

 [21]:  
- ,  

 (MPR II, TCO 99,  03);  
-  (  1995 ) 

;  
- ,  

;  
- -

;  
- , ,  

.  
  [21]:  

- ;  
-  45-50% 

, );  
-  

;  
- ;  
-  

; ,  
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" .  

 " " , 
 " "  - ,  
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,  0,7-0,8.  

,  
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, ,  
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, ,  
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- , 
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- ;  
- .  
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  , -
,  

, .  
 ( )  

.  
 

:  
-  1  

;  
-  

 1,2 ;  
-  

 2,5 ;  
-  1 .  

 
 

 1,5 - 2 .  
. -

 [36] -
 30 – 40 %,  

–  8  20 %.  
 

.  
   

 
,  

.  
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-  
. :  600 - 1400 , 

 800 - 1000 .  , 
.  

  300  
 400 ,  150  

  -   20 .  
 10 . 

, , -



75 

 

, -
, . 

  
: , . 

 
 

, . 
 

,  
, .  

, ,  
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 400-500 ,  

 –  15°  5° .  
,  – .  

 300±20 ,  –  380 ,  
 – 400 .  
 0-30° . 

 
 260 – 400 .  

-
   250 

,  70 ,  
 230± 0  350–

500 .  
, , 
, , ,  

,  
.  

-
  . 4.1) [20, 21]:  
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,  ( )  - ;  

-  ( ) – 70–90 ;  
-  2000 -
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-  15 – 2000 ; 
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.  -
,  
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 [16]. 

 
. 5.1.  

 
.  

,  ( )  ( -
)  ( ).  

, 
, , 

.  
. -

 ± 300  
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,  
, ,  

.  
 200  (  
),  

 20° .  
 

,  600 , -
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. -
. 5.5. 

 
 
 
 

. 5.5.   
                                 . 

  ,   
35/38  (14"/15")  600—700  
43  (17")  700—800  
48  (19")  800—900  
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  ,  
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.  
 5-10 .  

,  100  
, .  

,  
.  

:  
-  

;  
- ,  

 5  15°  
, ;  

-  15 ;  
- ;  
- ;  
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- .  
  ,  

, ,  
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,  
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- ,  

;  
- ,  

,  
, );  

- ,  
,  

.  
 

  
,  

, 
 0.00-1.31-99. , 

 
-

,  
.  

   
 0.00-1.31-99 . 5.6. 

 
. 5.6.  

    
1 2 

 ( ), 
2  

 
35 – 120  

,   100 – 250  
 (  

)  
 

 3:1  1,5:1  
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1 2 

   2%  
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0,3  

 
 

)  

-
 90%   

 
  

0,7 – 0,9  

   5%   

  0,15-0,1   
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-   
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    0.00-
1.31-99):  

-  50  
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-  5  2  – 25 ;  
-  2  400  – 2,5 ;  

:  
-  5  2  – 250 ;  
-  2  400  – 25 ;  
-  500 ;  
-  5  

 100 .  
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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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-  –  95%,  
,  
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,  
.  

 
 ( , ), 
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 – 
 ( ,  

, ,  
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;  

;  
, .  

. , ,  
 ( )  

.   –  
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.  
 – .  

-
, , -

 50%  
. 

 
, ,  

,  3 . , 
, -

. 
 -

,  1  2 
. , -

, ,  ( ). -
 

.  
 

5.9.  
 [37] 

) .  
: 

1  - ; 
2  - ; 
3 - . 

,  1 -
, ,  

,  
. , ,   

 0,4 , -
 (  14)  600—700 ). 

 2 , 
, -

.  
 —  8,0 ,  ( -

)—  3,0 ,  0,5/0,2. , 
,  4,0 -
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 0,4/0,2.  
. 

 3 -
, -

. -
:  —  2,0 -

;  -  5,0 ;  –  1,5 ; -
 —  0,9/0,6. -

:  —  3,0 ,  -  
6,0  -  0,7/0,5. 

-
-

.  2  3  
-

, ,  
, . 

, , -
 ( )  

). 
  ( )  
 (  3.3.2-007-98):  

-  0,5  0,2 ;  
- :  6 ,  4 ,  

)  3 ;  
- ;  
- ;  
- .  

 ( ) :  
-  

;  
- ;  
- ;  
- ;  
- ;  
- ;  
-  ( , , , .);  
- ;  
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,  « » , .  
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1 , ,  
 ( ), , . 2 

, , , , , 
, , . 12  
. ,  
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. , 
.  

, , , 
. 

 



87 

 

5.10.     
 

,  
 

.  
 

: 
•  - , , . 
• . -

 ( , , ),  "  " (  
). 

• . -
, , , -

... . 
• ,  

. : -
, , 

. , -
, . 
• , , -

. 
• , . 
• , , ,  

. : -
, , ,  

 ( -
). , . 

• , , , ...  
. 

• ,  ( ) 
. 

: , -
, . 

 15 .  
. 



88 

 

:  ( ),  
,  

. 
 /  

.  
 /  (  

). 
:  / , 

 ( ).  
: - " ?" -

, . 
,  

.  
, -

. 
 

 6. 
 

 
 

6.1.  
 ( ) -

, .  
-

 IV -
 1000  V - -

 1000 . ,  
, : 

- -
 ( , , )   , -

,  
.  

 
-

, ; 
- , , -

. 



89 

 

 
6.2.  

   
-

 380  660 ,  
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