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Цель презентации 

Обоснование активного участия 

метрологической службы предприятия в 

выработке совместно со службой технического 

контроля предприятия правил принятия 

решения о соответствии продукции на основе 

модели, учитывающий как вариацию 

характеристик продукции за счет влияющих 

факторов технологического процесса, так 

вероятностный характер измерительной 

информации, связанный с неопределенностью  

результата измерения. 
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Задача 1: Оценка конкретного риска 

несоответствия 
Контро-
лируемый 
параметр  
(массовая 
доля) 

Норма,  
(TL – не 
менее, 
TU – не 
более) 

Фактиче-
ское зна-
чение па-
раметра 

(y) 

Погреш-
ность 
методи-
ки изме-
рений 

Вероятность 
несоответ-
ствия (риск 
потребителя) 

(рс) 

Va2O5  0,58 0,03 0 
Fe не менее 

60 60,7 0,3 0,000016 

Влага не более 
9,8 9,6 0,3 0,1647 

SiO2 не более 

6 4,78 0,26 0 
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is the standard normal dist ribut ion funct ion (see Annex A).

7.3 One-sided t olerance int er vals wit h nor mal PD Fs

7.3.1 Single lower t olerance l im it

Figure 3 shows a one-sided tolerance interval with a single lower tolerance limit TL . Conforming values of a property

of interest Y lie in the interval ⌘≥ TL . Knowledge of Y following an inspect ion measurement is conveyed by a normal

PDF, shown superimposed on the tolerance interval. The best est imate y lies in the tolerance interval; the shaded

region to the left of TL indicates the probability that the item does not conform with specificat ion. From expression (6),

with a = TL , b ! 1 , and not ing that Φ(1 ) = 1, the conformance probability is

pc = 1− Φ

✓
TL − y

u

◆

. (7)

Since Φ(t) + Φ(− t) = 1, the probability (7) can be writ ten

pc = Φ

✓
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Figur e 3 – Toler ance int er val w i t h a single lower t oler ance l im i t TL . K now ledge of a quant i t y Y ( t he

m easur ab le pr op er t y of int er est ) fol low ing m easur em ent is char act er ized by a nor m al P D F w i t h b est

est im at e y and associat ed st andar d uncer t ain t y u. C on for m ing values of Y l ie in t he int er val ⌘ ≥ TL .

7.3.2 Single upper t oler ance l im it

Figure 4 shows a normal PDF superimposed on a one-sided tolerance interval with a single upper tolerance limit TU .

Conforming values of a property of interest Y lie in the interval ⌘ TU . In this case, the shaded region to the right

of TU indicates the probability that the item does not conform with specificat ion. From expression (6), with a ! − 1 ,

b = TU , and not ing that Φ(− 1 ) = 0, the conformance probability is

pc = Φ

✓
TU − y

u

◆

. (9)
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F igur e 4 – A s fi gur e 3 ex cep t w i t h a single upp er t oler ance l im i t TU . C on for m ing values of Y l ie in t he

int er val ⌘ TU .

7.3.3 Gener al appr oach wit h single t oler ance l im i t s

Probabilit ies (8) and (9) are of the same form and can be writ ten as

pc = Φ(z), (10)

where z = (y − TL )/ u for a lower limit and z = (TU − y)/ u for an upper limit . In both cases, pc is greater than or

equal to 1/ 2 for an est imate y in the tolerance interval (z ≥ 0) and less than 1/ 2 otherwise. Table 1 shows values of z

for several values of the conformance probability pc.

Table 1 – Confor m ance ( pc) and non-confor m ance ( pc = 1 − pc) p r obab i l i t ies for one-sided t oler ance

int er vals and nor m al P D F s. For a lower l im i t , z = (y − TL )/ u; for an upp er l im i t , z = (TU − y) / u. I n b ot h

cases, z ≥ 0 for an est im at e y in t he t oler ance int er val

pc pc z

0.80 0.20 0.84

0.90 0.10 1.28

0.95 0.05 1.64

0.99 0.01 2.33

0.999 0.001 3.09

EXAMPLE 1 The breakdown voltage Vb of a Zener diode is measured, yielding a best est imate vb = − 5.47 V with associated
standard uncertainty u = 0.05 V. Specificat ion of the diode requires Vb − 5.40 V, which is an upper limit on the breakdown
voltage. Then z = [− 5.40 − (− 5.47)]/ 0.05 = 1.40, and from expression (10), pc = Φ(1.40) = 0.92. There is a 92 % probability
that the diode conforms to specificat ion.

EXAMPLE 2 A metal container is dest ruct ively tested using pressurized water in a measurement of it s burst ing st rength B .
The measurement yields a best est imate b = 509.7 kPa, with associated standard uncertainty u = 8.6 kPa. The container
specificat ion requires B ≥ 490 kPa, which is a lower limit on the burst ing st rength. Then z = (509.7 − 490)/ 8.6 = 2.3 and,
from expression (10), pc = Φ(2.3) = 0.99. There is a 99 % probability that the container conformed to specificat ion prior to the
dest ruct ive test .

7.4 T wo-sided t oler ance int er vals wi t h nor mal PD Fs

Figure 5 shows a two-sided tolerance interval with tolerance limits TL and TU and length T = TU − TL defining the

tolerance T . As previously, knowledge of a measurand Y is assumed to be conveyed by a normal PDF. The est imate

y lies in the tolerance interval and there is a visible fract ion of the probability in the region ⌘> TU beyond the upper

tolerance limit .
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Задача 2:  Оценка измерительных 
возможностей изготовителя 

JCGM 106:2012

F igur e 7 – M easur em ent capab i l i t y index Cm = T/ (4um ) ver sus ey = (⌘m − TL ) / T , show ing t he locus of

const ant 95 % confor m ance pr obab i l i t y pc . T he cur ve separ at es r egions of con for m i t y and non-con for m i t y

at a 95 % level of confi dence. T he p ost -m easur em en t d ist r ibu t ion for t he m easur and Y i s t aken t o b e t he

nor m al P D F ' ⌘;⌘m , u2
m .

7.7.4 There is an infinite number of pairs (ey, Cm ) that yield a given conformance probability pc via expression

(14). Figure 7 shows Cm versus ey along a curve of constant 95 % conformance probability for est imates⌘m within the

tolerance interval 0 ey 1. The curve separates regions of conformity (unshaded) and non-conformity (shaded) at a

95 % level of confidence.

7.7.5 The horizontal axis in figure 7 corresponds to Cm = 1, or um = T/ 4. For this relat ively large standard

uncertainty it can be seen that pc ≥ 95 % only for 0.45 ey 0.55. If the measured property was required to conform

to specificat ion with at least a 95 % level of confidence, an acceptable est imate⌘m would thus have to lie in the cent ral

approximately 10 % of the tolerance interval.

8 A ccept ance int ervals

8.1 A ccept ance l im it s

8.1.1 A decision to accept an item as conforming, or reject it as non-conforming, to specificat ion is based on a

measured value⌘m of a property of the item in relat ion to a stated decision rule that specifies the role of measurement

uncertainty in formulat ing acceptance criteria. An interval of measured values of a property that results in acceptance

of the item is called an acceptance interval (see 3.3.9), defined by one or two acceptance limits (see 3.3.8).

8.1.2 As suggested in the Introduct ion, acceptance limits and corresponding decision rules are chosen in such a way

as to manage the undesired consequences of incorrect decisions. There are a number of widely used decision rules that

are simple to implement . They can be applied when knowledge of a property of interest is summarised in terms of a

best est imate and corresponding coverage interval. Two such decision rules are described in the following subclauses.

8.2 D ecision r ule based on simple accept ance

8.2.1 An important and widely used decision rule is known as simple acceptance [2] or shared risk [20]. Under

such a rule, the producer and user (consumer) of the measurement result agree, implicit ly or explicit ly, to accept

as conforming (and reject otherwise) an item whose property has a measured value in the tolerance interval. As
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F igur e 5 – A s fi gur e 3 ex cep t w i t h a t wo-sided t oler ance int er val . T he lengt h , TU − TL , of t he int er val i s

equ al t o t he t oler an ce T . C on for m ing values of Y l ie in t he int er val TL ⌘ TU .

Using expression (6) with b = TU and a = TL yields the conformance probability

pc = Φ

✓
TU − y

u

◆

− Φ

✓
TL − y

u

◆

. (11)

EXAMPLE A sample of SAE Grade 40 motor oil is required to have a kinemat ic viscosity Y at 100 ◦ C of no less than
12.5 mm2 / s and no greater than 16.3 mm2 / s. The kinemat ic viscosity of the sample is measured at 100 ◦ C, yielding a best
est imate y = 13.6 mm2 / s and associated standard uncertainty u = 1.8 mm2 / s. Following expression (11), form the quant it ies

(TU − y)/ u = (16.3 − 13.6)/ 1.8 = 1.5, (TL − y)/ u = (12.5 − 13.6)/ 1.8 = − 0.6,

so that

pc = Φ(1.5) − Φ(− 0.6) = 0.93 − 0.27 = 0.66.

There is a 66 % probability that the sample of motor oil conforms to specificat ion.

7.5 Confor mance pr obabi l i t y and cover age int er vals

7.5.1 A measurement result can besummarized by giving a coverage interval with an associated coverageprobability

(see clause 6.3.2) rather than an explicit PDF for a measurand Y . In such a case, a statement of conformance

probability can be made by comparing the coverage interval with the tolerance interval. If a coverage interval with

coverage probability p lies wholly within the tolerance interval, then pc cannot be less than p. This observat ion is

illust rated in figure 6, which shows two 95 % coverage intervals near an upper tolerance limit .

7.5.2 Interval (a) extends beyond the tolerance limit and without knowing the form of the PDF for Y , no definite

statement can be made about the conformance probability.
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Задача 3:  Установление границы 

принятия решения о 
соответствии 

Известно: 

•Неопределенность 
измерений 

•Технологический 
разброс 
интересующего 
параметра, границы 
допуска 

•Норма для риска 
потребителя 

Найти: 

•Границы интервала 
принимаемых 
значений 

JCGM 106:2012

In order to characterize the product ion process, the radial error mot ions of a large sample of bearings are measured, using
a high-accuracy test apparatus with negligible measurement uncertainty. For this sample, the average observed radial error
mot ion is y = 1 µm, with an associated sample standard deviat ion s = 0.5 µm.

Prior to shipment , bearings are tested for conformity with specificat ion. In these tests the radial error mot ion is measured using

a calibrated test apparatus. The measuring system is characterized by a normal PDF ' ⌘m ;⌘, u2
m with a standard uncertainty

of um = 0.25 µm.

For economic reasons, the fract ion of non-conforming bearings sold to customers as conforming (the global consumer’s risk)
must be held to 0.1 % or less. How can an acceptance limit A be chosen to sat isfy this requirement?

 

m2

w rU

ru

=

=

 tolerance interval

 acceptance interval

 guard band

 0 A T

F igur e 13 – Toler ance and accep t ance int er vals for t he con for m i t y assessm ent of bal l b ear ings.

Per m issib le values of r ad ial er r or m ot ion Y l ie in t he int er val 0 ⌘ T . T he accept ance l im i t A i s

separ at ed fr om t he t oler ance l im i t T by a guar d band w i t h lengt h par am et er w = r U = 2r um . T he decision

r u le in t h is case is guar ded accept ance, w i t h w > 0.

The conformity assessment problem is illust rated in figure 13. A conforming ball bearing is specified to have a radial error
mot ion Y in the interval 0 ⌘ T . Since the radial error mot ion is always posit ive, with measured values close to zero,
the prior PDF for the radial error Y will be modelled by a gamma probability density (see Annex B, clause B.3). Based on
the sample measurements, the expectat ion and standard uncertainty of the prior PDF are assigned to be y0 = y = 1 µm and
u0 = s = 0.5 µm. Using expressions (B.14), the parameters ↵ and λ are calculated:

↵ =
12

(0.5)2
= 4, λ =

1

(0.5)2
= 4.

From definit ion (B.11) of the gamma probability density, the prior PDF for bearing radial error Y is then

g0 (⌘) = gamma(⌘; 4, 4) =
128

3
⌘3

e
− 4⌘

, ⌘≥ 0. (22)
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Интервалы м.д. Fe, % 

хотгр.=  60,40+0.50 
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Граница защитного интервала и 

риск потребителя 
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Задача 4: Синтез системы 

принятия решений 

Заданы: 
границы 
допуска 
 

Выбор 
измерительной 
системы  

1 Заданы: 
измерительная 
система, 
допуски 

Выбор границ 
принятия 
 

2 
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Номограмма зависимости 
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Номограмма зависимости 
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Варианты  границы  допуска 
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Выводы 

описано методическое решение задачи  синтеза 

системы принятия решений о соответствии 

продукции, обеспечивающее повышение 

качества выпускаемой продукции, устранения и 

исключения отрицательных последствий 

недостоверных результатов измерений, 

опирающееся на статистическую модель 

технологического процесса и вероятностную 

модель распределения плотности вероятности 

результата измерения для конкретной системы 

контроля и испытаний предприятия-

изготовителя.  
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