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1  
 

 
1.1  
 

 (metrology) - , 
 

. 
 (measurement) - ,  

 (of a measurand)  
,  

. 
 (measurand) - , . 

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

 (size of a quantity) -  
,  “ ”. 

 (value of a quantity) -  
. 

 (unit of a quantity)- ,  
, . 

 (traceability of a measurement)  -  ,   
 

. 
 

. 
, 

,  
, .  

, 
 20  1875 , ,  

 -  (  
 - BIMP). 

 (metrological assurance) -  
, ,  
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- ,  

, 
- ,  

,  
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1.3 ,  

 
 

,  
,  “  

” (  2 , . , .: , 1998, 1999 .) 
 1. 
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 1 - ,  
,  

 
 

 
1. , ,  

 
1.1.                                                   
                         1  
                         0,1  
1.2. , 50   ( .)                  
                         1  
                         0,1  
1.3.                                                    
1.4.  ,  50                             
1.5.             
1.6. ,                        
1.7.                                     
1.8.             
                                  f < 50  
                                       50  f < 1000  
                                   1000  f < 12000  
                                 12000  f < 60000  
                                    0.06  f < 300  

2.  
2.1. .             
2.2. .       2 

3.  
3.1.  2  f <40                 
3.2.      40  f < 8000                
3.3.                                    

4.  
4.1.                                                             0  
4.2.                                                   % 
4.3.                                                              
4.4.                                           
4.5.                                                     3 
4.6.  
 

 
 
 

40 ( . .) 
650 ( . .) 

 
36 ( . .) 
650 ( . .) 

0.015 ( . .) 
0.006 ( . .) 

0.3 - 2500 
0 - 1600 
0 - 2.0 

 
0 ÷ 1000 
0 ÷ 1000 
0 ÷ 1000 
0 ÷ 1000 
0 ÷ 1000 

 
0 ÷ 0.1 
0 ÷ 3 

 
0 ÷ 110 
0 ÷ 110 
0 ÷ 110 

 
10 ÷ 30 
40 ÷ 60 

(0.8 ÷ 1.3) 105 
0 ÷ 5 

0 ÷ 10 
 

 

 
 
 

(0.5÷1.5)% 
-  “  - 

 
-  “  - 
-  “  - 
-  “  - 
-  “  - 

(10÷20)% 
(10÷20)% 
(5÷10)% 

 
5% 
5% 
5% 
5% 
5% 

 
 (3÷5)% 
(3÷5)% 

 
0.5 
0.5 
0.5 

 
0.5 
5 

2 102 
0.1 

25% 
 

 
5.  

5.1.        2 
5.2.             2 

     :           2 
                                   
5.3.                                  
5.4.                                                       1/ 3 
5.5.                                        2 
5.6.                                   2 
5.7.                                    
5.8.  

 
10 ÷ 1000 
0 ÷ 500 

0 ÷ 4000 
0 ÷ 3000 

(0.01 107) 
(102 106 ) 

1 ÷ 500 
10-4 10-2 

10-2 103 

 
5% 

(10 ÷ 0)% 
<10% 
<5% 
25% 
50% 

(15 ÷50)% 
15% 
20% 

 
 

,  
 ( , 

:  12. .   “ .  
”),  
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, :  8.  “ . ”), 
, , . 

 
1.4 ,  
 

 
 

. 
: 

-  -  - , 
- , ,  - 

, , , . 
 (measuring instrument) - ,   

  . 
 (metrological characteristics) - 

,  
. 

 -  
,  

, . 
 4 . 

 (material measure) - ,  
 

. 
 - , . 

, ,  1 , ,  
 1 ,  ( , 

, ). 
 - ,  

. , , . 
 -  ( ), 

. 
 - , ,  

. 
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 (measuring instrument) - , 
,  

. 
  

 ( ) . ,  
, - .  

,  
 

 ( ) .  
.  

,  ( ) .  
 ( , )  

, .  
 

, 
, , ,   

. ,  
,  ( , 
), . 

 (measuring transducer) - , 
  

 , , 
, , ,  

) . 
 - , . 

 -  
. 

 - ,  
. 

 
  . 

 ( , ) - 
, . 
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, ,  
. 

  ,  
), ,  

 ( )  (  
, ),  

 ( , ). 
: ,  

, , , , 
, . 

 (measuring information system) -  
,  

,  
, , . 

 ( )  
.  

, . ,  
,  

,  
, 

, .  
 ( ),  

,  
.  

.  
 ( , , ,  

)  
, . 

. 
 
 

 ( , ,  
, ).  
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1.5  
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- ,  
- ,  

,  
- , , 

,  . 
 (influence quantity) - ,  

, . 
, ,  

 x.  ~x ,  x x x~  
.  

, , .  
,  

. 
 (absolute error)  -   

, 
. 

 
,  x .  

 
,  

,  
.  

, , , . 

 ,  

: , . 

 x  
. 

, ) - 
,  
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. 

,   -  ,  
 

. 
,  

 x,  
, . 

 
 x c ,  c  - .  

,  
, ,  

. 1 .  ~x  - .  
,  

x x x~ , . 1 ,  

.  (-
 ,  ),  ,   

 P0 .  

. 1 , : 
      P(-   x  ) = P0 ,   (1) 

  ,  

, P( ) - , . 
. 1   ,  ~x  

   
,  ( ~x -  , ~x + ), 

  
    P( ~x  -   x ~x  +  ) = P0 .    (2) 

 
,  

,  
. 1 . ,  

, .  
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    P( ~x  - c  -   x ~x  - c  +  ) = P0 .   (3) 

 

 1 –  ( )  
 ( ). 

, ,  
 

.  
 c ,  

 
, . 1 ,  c  -   

 
,    

. 
, ,  

 P0 ,  (  0.8  0.95).  

 
   “ ”, . 1.1.  

,  
,  

.  
  

 
.  

.  
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:  
 ,   

 x  ,   x  = /x. 

 (relative error)-  
 

, . 
,  

. ,  
,  

 

: x
x

x
x

x x
x

x x
x

x
x

x
x

x
x~ ...1

1
1

2

=   

    x
x

x
x

x
x

2

.. .      (4) 

 
 
1.6 . 

1. . 
2. . 
3. . 
4. .  
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2  

 
 
2.1  
 

. 
 (direct measurement) - ,  

. 
 

.  . 
 - (indirect measurement) -  

 
,  

.  
 
 

. ,  
, .  

 
 

, : ,  
, . 

 
.  
. ,  

, .  
:  

, ,  
.  

 
 p  x : p x  h, 

 h - . 
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-  “ ” ,  
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-  
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- , 
- , : , 

. 
,  

,  
,  

 
.  

,  
,  

, ,   , , ,  
, , 

.  
, ,  

, .  
 
 

,  
.  
, ,  

. 
 

 x ,  

.  
 
 

 ~ ( ~ ,~ ,...,~ )w f x x xk1 2 ,  ~ ,~ ,...,~x x xk1 2  -  

. ,  
,  
,  
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.  
 

 w . 

 
2.2  
 

 - .  
, , ,  RH  

. . 2 ).  R .   

,  RH  

,  U x .  - ,  

. , 
, ,  

. 

  U E R
R Rx ,   ~U E R R

R R R R R R
,   (5) 

  U U U E
R R

R R R R R R R Rx
~

2

.   (6) 

 ~U - ,  
 

,  
, ,  

. , 
 U.  

 

U
H

H B

U
U

R R
R R R~

1 .        (7) 

 ~U 2 , 

, , , 
, ,  

, , : 
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  U
H

H B B B

R R

R R U

U

R

U

R

U

R~

~ ~
:

~

2

2 2 2

,    (8) 

 R B  - , “ ” ,  

 RH  R . 

 
.  

, ,  U. 
, . 1.2,  RB  

,  
. 

 - ,  ( . 2 ).  
: .  

m1 ,  c1 ,  tx
o .  - 

, .  mo , 

 co .  

 to
o ,   

. 

 

 2 – . 
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, .  
,  

: 

   t m c t m c t m c m co
o

o o x
o o

o o1 1 1 1
~ ,     (9) 

 ~t o  - , , ,  
. 

,  
, ,  

.  
)  

   t t t
m c

m c m c
t to o

x
o o o

o o
x
o

o
o~

1 1
.    (10) 

 
  

t

o

o

o o x
o

o
o

o
o

o o x
o

t
t

m c t t

t m c t m c

Q
Q~

1 1

,      (11) 

,  
,  

 ( ),  ( ) 
, ,  

. 
 

.  
, ,  

 t o . 

, . 1.2,  
 

, . 
 -   ( .  2  ).  

, , - . 
   

 - . ,  
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 -  ( . 2 , ). 

,  - , .  
 ( . 2 ) , ,   

,  ( . 2 ) - .  
 

 - . ,  
 - .  ( ) - 

.  - ,  
, .  

 
 ( . 2 ).  

: 
- , 
-  

, 
- . 

, ,  
, . 

 
 - , , 

. ,  -  
.  - ,  

 ( . 2 ).    
: 

- ,  
, 

- ,  
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,  (  
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3  

 
3.1  

 
 

.  
 . 

   8.009-84 “  
,  
”  

,  
,  

. 
 

, ,  
 

-  -  
, 

-  -  
, 

-  
 

. 
 
 

,  
.  8.009-84   

 
 ( )  ( ),  

 ( ) , 
.  
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: 
- , 
-  

, 
- , 
- , , 

 8.009-84  
. 

 
 
 

3.2  
 

, , , 
 8.009-84  2247-93 “  
. . ”. 

 
. ,  -  

.  
 

,  
, ,  

 , , (fiducial value)  
.  

 
 

: 
- , 
-  

. 
,  

: .  
,  H  B ,  
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,  
P0 ,  0,8  0,95,  

     P( H     B )  P0 .     (12) 

,         ,  H  = - B  = . 

 
 

. 
 

, , 
, .  

 
. 

 
 
 

,  
 (  

 “normal conditions”).  
 

. ,  
, ,  

,  
 

,  
. 

 
,  

 
. 

: 
- , 
-  

, 
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- ,  
, ,  

 ( ). 
 

3.3           
   

 
: 

-  (  -   
)  f(x), 

- , ,  
,  

. 
 - ,  

.  
,  

. 
 

, , , ,  
. 

 
,  

.  
 

 (  
).   

 
 ) k(t)  

 K(jw).   
. : 

  K j k t e dtj t( ) ( )
0

 ,   k t K j e dj t( ) ( )1
2

. (13) 

 
- ,        K(jw)   jw = p, 
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-  A(w)  -
 (w), 

-  H(t). 
 -  

, ,  
  - , , 

. 
 -  

, ,  
. 

   H t k d
t

( ) ( )
0

 ,     k(t) = dH t
dt
( ) .     (14) 

 -  
 

,  (  
).  

 -  
 

, . 

   A j K j( ) ( )  ,    K j A j e j( ) ( ) ( ) . 

 
 j ,  

. 
. 3  

,  
.  

, -
,  
 (- /2).  

.  
, ,   , 

, .  
 

,   t p  
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. . 3) ,  
,  

. . 3  B . 

 (response time)  -   
 

,  
,    ( , ,  

). 
 

 

 3 – . 
: 

-  ( ), 
- . 
- ,  

. 
  

: 
-   

, 
- . 

,  
,  
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.  

 
3.4  

   
 

,  
, : 

-  
( ), 

-  ( ,  
) - , , , 

,  
), 

-  ( ) -  
, 

- ,  
,  

, 
- ,  

,  
 ( ),  

- , ,  
. 

 
3.5    

 
,  
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- , 
- ,  %, 
-  (  

), 



 32 

- ,  
 0.5  1.0) ,  

. 
 

.  
,  

. 
 

.   
 x  ,  

 
 

     
x

100% ,     (15) 

, , 
,   

 

     
100

x      (16) 

, ,  
 

: 
x xmax  ( ), 

x x   ( ), 

x x xmax min  ( ), 

 
 (class index), ,  

 .  8.401 

.  
. ”   

: 
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1 10 1 5 10 16 10 2 10 2 5 10 3 10 4 10 5 10 6 10n n n n n n n n n; , ;( , ); ; , ;( ); ; ;  ,  

n = 1, 0, -1, -2, .... , ,  
.  

 
: 

           -  x xmax  (  

), 

              -    x x  (  

), 

         -  x x xmax min  

,  
  , ). 

               -  ( ,  
),  %  

 
. 

,  
, , ,  

, ,  1 . 
 

3.6    
 

, , ,  
,  

,  
, , .  

.  
 

.  
. ,  

,  
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: 

.   
. 

, , 
 .  

. 
K

K x
K

K x x x
100% 100% 100% 100% 100% 100%

max max

  = 

  = K
K x x

x
xmax max

max100% 1 100%  .   (17) 

,   > 0  d > 0,  

  K
K x

c
max

100% , 
x

d
max

100% ,   (18) 

,  
 8.401 : 

   c d
x

x
max %1 ,     (19) 

 c  d ,  
 ( . . 3.1). 

: 
x K

K
x

100
.     (20) 

,  
,  

 
, . 4.  x  =  0 

 ,  d ,  
.  

x xmax , ,  

  c. 
 

, : 
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- , 
-  

 (19)    d, 
 -  ( ),  

, 
- , , 
- , 
- , , 

 
, 

- , 
-  (  1/ )  

 (  ), 
 

- , 
-  

 
, , 

. 
 

 8.401  
,  

,  
: /d. 

 
 

,  
 ( , ),  

.  
 

,    
.  

.  
 

, , . 

 
 4 –  
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,  
 
 

. 
 

, , ,  
. 

3.7  
 

 
1*.  

: 
- , 
- , , 
-  

, 
-  

, 
-  (19) 

 c  d;  
 

, 
-  (  

), 
- ,  

,  
 

. 
 8.009 ,  

 10%  
. 

 
2*. , ,  

 ,  
.  
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,  
. ,  

. ,  
, 

. 
 
3*.  

, ,  
,  

. 
 

, . 
 

, , ,  
. 

, ,  
 - . 

 
3.8  

 
 

1*.  ( )  
: 

- , 
-  –  

 (19)    d; 
 

, 
-  

 ( ) –  
, 

-  ( ), 
- , 
- , 
- , 
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-  (  1/ )  
 (  ),  

 
, 

- ,  
, 

 
 ( ),  

. 
 8.401  

, ,  
: /d.  

 ( )  
, . 

   
. 

 
, ),  

, , . 
 
2*.  ( )  

: 
- , ,  

, 
- ,  

, 
- ,  

, 
-  

 (19)    d;  
 

, 
- ,  -  
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- ,  
80%  . 

, , ,  
.  

 
.  

. 
3.9    

 
1*.  

: 
- , , 
-  

, 
- , , 

: 
- ,  -  

, 
- , 

 - . 
 
2*.  

: 
- , , 
- , ,  
-  - ,  

, ,  
, 

-  
,  (19)  

  d,  
 

, 
-  

, 
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- ,  ( , )  
, ,  

,  
,  80%  . 

 
 

3.10 . 
1. . 
2.  – . 
3. . 
4.  

. 
5. . 
6.     
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4 . , 
  

 
4.1  

 
, ,  

, . 
,  - 

.  -  
,  (  

)  
. 

: 
- , 
- ,  

 
 ( , ). 

 
 ( )  1.  

,  

 f 1( )  

.  
 

 ( ),  
.  

, ,  2 . 

 
: 

- , 
-  , 

 ( )  
  ( . 3.4), 
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-  ( . 3.4),  
,  

, 
- ,  e2 ,  

 ( . . 2.2);  -  
,  -  

. 
 

. 
 

,  
. 

, ,  
, ,  

 8.401, . 3.5. 
,  

 ( )  
: 

-  - 
 

 10 ., 
-  -  

 ( . 1.2)  
 

. 
,  e2 ,  

 
.  

   
 

 23217. 
: 

- , 

   - , 
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   - , 
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   - . 

 
 ( . . 3.4) 

- ,  
,  x max  

 ( ,  
); ,  

 
 

     max

100
,     (21) 

   -  ( ).  

 0 015. max . 

- ,  
,  x x  

 ( ,   
 ); ,  

 
 

     
100

,      (22) 

   -  

 ),  - .  

 0 015. . 

- , 
 ,   x x xmax min  

 ( ,  
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, );  
,  

 
 

     
xmax min

100
,    (23) 

   -  ( ).  

 x0 015. max min . 

-  ( ), 
, ,  

 l ],  
,  

 L [ ] ( . . 3.4).  
 ( ) 

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

 
   -   ( ), 
   -  , 

    -     500 , 

    - ,  500  (  2 ), 

   - , 

   -  
             , 

    - , 

 -  , , 

 -  , . 
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4.2  
 

 ( , ,  
)  

. ,  
,  

, ,  
, . 

 (  - ) 
. 

. 5  -  
.  

 (‘ ’ - ) -
 (  ‘1’ -  “ ”). 

 

 

 5 – , ,  
. 

, . 
,  

, , .  
, , ,  

 I,  
 M B SwIBP ,  B - , S - 

, w - .  
, ,  
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 :  M W ,  W -  ( ). ,  

M MBP ,  

     BSw
W

I       (24) 

,  
 ( ).  

 
 -  0,1%. 

, ,  
,  - .  

, ,  
,  

, : 
   J P W B Sw i t( ) ,     (25) 

 J -  ( ),  
, .  - 

, 
,  

 ( ).  
 -  

.  
, ,  

, , . 
 - : 

- , , -  0,1%, 
-  10 . 

 -  
.  1) - 8) . 5 . 

1) ,  
 10 , 45 , 75 .  

 -  3 10 7  ( )  10 000   
).  0,2%. 

2)  R.  
 -  
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. ,  10  
 -  100 000 .  

[0 - 10]  1.0 .   
 ( . . 2.2). 

 3 10 4 B  1 10 3 B .  

 0,2%.  
3)  

 0.005  100  ( )  

 10 8  1%.  
,  

,  
. , 

 - . 
4) .  

,  
. 

 R .  
. 

 2 5 10 3, A  10 4 A  ( ). 

 1,5%.  
5)  

.  
 

 ( . . 2.2) ,  
 ( ) ,  

 ( ), , -  10 107 14  
. 

 5 10 10 A  1.0 ,  -  

5 10 6  10 3 .  1,5%.  

6)  
. , ,  

.  
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,  ( ) 
. 

 10 5 A  1.0 ,  -  3 10 6 B  

 3 10 2 B .  

1,5%.  
:  

 
,  

. ,  
 

, , ,  
. ,  
,  11%,  

. 
7) .  

,  ( ),  
 

,  
. , ,  

 
.  

. 
8) . : 
E0  - , 

 - , 
 - , , 

 R0  

 ‘0’ ,  
 - . 

,  Rx . 

,  Rx  - ,  

,  ‘ ’ . 
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 - .  
 - ,   1,5% . 

9) .  -  
, , ,  

.  
 ( ),  
, .  

 
(26): 

     P BSw i t( ) ,    (26) 
, , ,  

  
d t

dt
BSw

P
i t( ) ,  ( ) ( ) ( )t t BSw

P
i t dt BSw

P
q

t

t

2 1
1

2

, 

 t t1 2,  - ,  

. , 
 

.    
 

. 
10)  

 
,  S  w .  

, .  
, ,  
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