
49

-
, -

-
, [1, 2], -

-
-

:

6
2Ü

ãpC , ,
3

;
3

min
"
#
$

2
3
4 óó

ã
baC pk

Ü - , - --
 ( ) -

, - -
, a b - -

-
. pkp CC ,

.

sx ãã , . -

50 . pkp CC , -
,

,
pkp CC , , -

-
.

6
2Ü

ã - -

pC .
s

Cp 6
2~ Ü

ã -

ss
Cp ã

Ü
ã

3

~
.

, pC~

s
, s -

ø ÷1,0N , -
 ( ) [3-5]

2

2
1

2

2
1

)
2

1(

)
2

1(2
)(

x
n

n

n

S ex
n

n

xf
n

ó
ó

ó

ó

ó
Ù

ó

ã .

s
C p ã
~ -

-

aXY
X

Y ãã ,1 :

2

2

2
)1(

12
1

)
2

1(

)
2

1(2
)( z

n

n

n
n

c e
zn

n

zf
p

ó
ó

ó
ó

ó
Ù

ó

ã . (1)

519.21

© 2011 . . 1, . . 1, . . 1,
. . 1, . . 2

1

. .  ( )
2 -

-
. , -

. .

, , , -
.



50

1 (25) 2011 .

(1) . 3.

ø ÷
&
%

'
6
5

7 ó
ã 2

2

2
1

z
nx

ø ÷.
{

0

~ dzzzf
pC , pCû :

21
2 3
12

2

p

nn
M C ,n

n

ó: *ó 9 )
8 (7 ' ã m5 % ó: *

9 )
8 (

û . (2)

-

, pCû :

2

2

2
1 3 2 4

1 122
2 2

p

n
n nD C , n

n n

7 ó ': *
9 )6 &ó ó: * 8 (7 ' 6 &ã ó m9 )5 % ó ó: * : *8 (6 &

9 ) 9 )6 &8 ( 8 (5 %

û .

(3)

pC
(2) -

12
22

2 61
2

p

n

C
n sn

ó: *
9 ) Ü8 (ã I

ó: *ó 9 )
8 (

. (4)

-
(3) :

2

2

1 3
2 2 1

2
2

p

n n

D C
n

7 ó ó ': * : *
9 ) 9 )6 &8 ( 8 (7 ' 6 &ã ó5 % ó: *6 &

9 )6 &8 (5 %

. (5)

kpC , -
-

kpCû ,

03

3
kp

x

C s

ó
ãû ,

3
ã ó , 0x -

X ó .
,

ø ÷0 1N , , -

kpCû

3k

n
p

t
C

s n
ã óû , (6)

s - , nt -
n [3, 4].

kpC

X s.

3
3

X
G( z ) P z

s

4 $ó1 1
ã ä3 #

1 12 "
.

2 : 0z } 0z â
( . 1, 2).

X s, -
[3,4], -

. -
D( z )  ( . 1),

¥ £

2 2 2

0

3

0 3

1
2

2
2

31
2 2 2 2

0 3

3

1
12

2

z

( zt )

S X X
( zt )

n

n

( zt )( n )t nx nx
n

( zt )

G( z ) P s , X ( sz )

f ( t ) f ( x )dx f ( x )dx dt

n( n )
n( )

t e e dx e dx dt .

}

ó ó{ {

ó{ ó

ó

ó

ó ó{ {ó
ó ó óó

ó{ ó

ã ä { â ó ã

7 '
ã õ ã6 &

6 &5 %

ó
ã l

ó
Ù

7 '
l õ6 &

6 &5 %

. . .

. . .

(7)



51

(7) z,

1
2

0

2 2
1

0

112 ( )
( ) 12 ( )

2
( 1) 9 ( )exp .

2 2

pk

n

c z

n

nn
nf z n

n t n tzt dt

ó

}

{
ó

ó

ã l
ó

Ù

7 'ó ó
l ó ó6 &

5 %
.

(8)

0z â  ( . 2) G( z )

0 3zG( z ) P s , X ( sz ) P s
z zâ

4 $ 4 $ã ä â ó õ m3 # 3 #
2 " 2 "

.

(9)

z -

. 1. G( z ) ( s,x ) 0z }

. 2. G( z ) ( s,x ) 0z â



52

1 (25) 2011 .

1
2

0

2 2
1

0

112 ( )
2( ) 12 ( )

2

( 1) 9 ( )exp .
2 2

pk

n

C z

z
n

nn
f z n

n t n tzt dt

ó

â

ó

ó

ã l
ó

Ù

7 'ó ó
l ó ó6 &

5 %
.

(10)

, (8), (10), -
. 3. (8), (10),

pkCf ( z ) , ,

0z ã . -
 (

0z ã ). -

kpCû

(6).
, :

ø ÷

1
1

2
2 2

2 2 , 3 ,
2 3 2

pk
nM C
n

n n

n
n n

ó7 ' ã l5 % ó: *
9 )
8 (

7 ó ': * : *
9 ) 9 )6 &8 ( 8 (6 &l ó m

ó6 &
6 &5 %

û

(11)

ø ÷

ø ÷

2
2

2

2

2
1 3 2
1 12 2

2 2

1 4
1 2 2

19 3 2
2

3 22
2 2 2 2

13 2 2
2

pk

n
n nD C
n n

n n

nn n n

n n n

nn n

4 7 ó ': *
9 )1 6 &ó ó1 : * 8 (7 ' 6 &ã ó õ3 9 )5 % ó ó: * : *8 (6 &19 ) 9 )6 &18 ( 8 (5 %2

7 ó ': * : *
9 ) 9 )6 &8 ( 8 (6 &õ ó ó

óó : *6 &ó 9 )6 &8 (5 %

7 ó ó: * : * : *
9 ) 9 ) 9 )6 8 ( 8 ( 8 (6ó ó

ó: *6 ó 9 )
8 (5

û

4, n .

$'
1&1& m#

&1
6 &1%"

(12)

(11) , -

ø ÷

12
2

21
2

2 1
2min , , 3.

13 3 3 2
2

pk

n

C
nn

nn
x a b x n

ns s n n

ó: *
9 )
8 (ã l

ó: *ó 9 )
8 (

7 ': *ó 9 )6 &ó ó4 $ 8 (6 &l õ m3 # ó: *2 "6 &ó 9 )6 &8 (5 %

(13)

(13) -
(12) , (5)

(3):

ø ÷

2

2

12
2

21
2

pk pk

n

D C D C
nn

ó: *Ù9 )
8 (7 ' 7 'ã 5 %5 % ó: *ó Ù9 )

8 (

û . (14)

, -
(4), (13) -

. -
-

:

¥ £
6 3,  ,
2 min ,

1 1, ,

p pk
s sC C

x a b x
~ ~ã ã

Ü ó ó

~ ~ã ã
(15)

[1]  « -
». -

.

, . . -

. , -
-

 ( -
, -

-
, -

. .), -
.



53

1} ,

3
4

}
4 1 33
3

,m e .

(15)

1 2

1 1
X

X

f ( y ) f ( )
y y

ã [4, 5], -

, p pkC ,C . -

pC~

11
62
22

2

p

nn
sC

n

ó: *ó 9 )
8 (~ ã I

Ü: *
9 )
8 (

. (16)

(16) -
:

2

2

1
1 2 1

2
2

pC

n
nv

n

7 ó ': *
9 )6 &ó 8 (6 &ã ó

: *6 &
9 )6 &8 (5 %

.

1
pk

pk

C
C

~ ã

:

. 3.
1 1

pk p
p pk

, ,C ,C
C C

 ( )
4 5
3

,nã ã ã

ø ÷
ø ÷

2 2

22 2 2

9 9 1
2 1 2

0

3 2
1

nt n t
t t

pk
n e eM C dt

t t

õó ó{ õ
7 '
6 &

~7 ' ã ó6 &5 % õ6 &
6 &5 %

. ,

ø ÷

ø ÷
ø ÷

ø ÷
2 2

22 2 2

2

2

9 9 1
22 1 2

0

13 1
2

2
2

.

pk

nt n t
t t

pk

nn n
D C

n

e e dt M C
õ{ ó óõ

ó: *ó Ù 9 )
8 (~7 ' ã l5 % : *Ù 9 )

8 (

7 '
6 & ~7 'l õ ó 5 %6 &
5 %

.

n -

[3] -

1 1, ,pk pk
pk

C M C
C

7 '~ ~ ~ã e ã5 %

4

1
pk pkD C D C7 ' 7 '~ e5 % 5 % ,

pkC (13). -

p pk p pkC ,C ,C ,C~ ~ -
. 3.

0 1 2 3 4 5
0

0.5

1

1.5



54

1 (25) 2011 .

1. 51814.3 – 2001. -

[ ]. - .: - , 2001.
2. , . . -

 [ ] /
. . - , . . , . . -

. - .: , 1999.
3. , . .

 ( -
) [ ] / . . , . . -

- . - .; , 1965.
4. , .

 [ ] / . . - .: ,
1976.

5. , . .
-

 [ ] / . . -
. - : - , 2008.

References
1. GOST R 51814.3 - 2001. Methods of

statistical process control [Text]. - M., 2001.
2. Chekmarev, A. N. Methods of statis-

tical quality control [Text] / A. N. Chekmarev,
V. A. Barvinok, V. V. Shalavin. - M.:
Mashinostroenyie, 1999. - 319 p.

3. Smirnov, N. V. Probabilitiys theory
and mathematical statistics in engineering
(common part) [Text] / N. V. Smirnov, I. V. Du-
nin-Barkovskyi. - M.: Nauka, 1965. - 556 p.

4. Kramer, G. Methods of mathematical
statistic [Text] / G. Kramer. - M.: Mir, 1976. -
648 p.

5. Plotnikov,A. N. Statistical modeling
and system analysis of technological processes
[Text] / A. N. Plotnikov. - Samara: SSAU
publishing house, 2008. - 154 p.

LAWS OF DISTRIBUTION AND UNBIASED ESTIMATES
OF NUMERICAL INDEXES FOR PROCESS REPRODUCIBILITY
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Laws of distribution are established and numerical characteristics of selective numerical indexes for the process
reproducibility are obtained. Positive displacement of the estimations accepted in the operating standards is revealed
and compensated. More efficient unbiased are proposed.

Numerical indexes for the reproducibility of process, selective estimations, distribution laws, estimates unbiased
and efficient selective estimates.
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