


•

•

o

o

•

























•

•









𝑀 𝑉 𝐸

𝐸 = 𝑀 − 𝑉

𝑒% = 100
𝑀 − 𝑉

𝑉
= 100

𝐸

𝑉
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𝑉 = 𝑀 + 𝐶
𝑉 = 𝐶𝑀









𝑛 𝑥

𝑥
𝑛



ҧ𝑥 =
1

𝑛
෍

𝑞=1

𝑛

𝑥𝑞

𝑠 𝜎𝑖

𝑠 =
σ𝑞=1
𝑛 𝑥𝑞 − ҧ𝑥

2

𝑛 − 1

𝜈 = 𝑛 − 1
𝑢 ҧ𝑥

ҧ𝑥

𝑢 ҧ𝑥 = 𝑠 ҧ𝑥 =
𝑠

𝑛



 ҧ𝑥

 𝑢 ҧ𝑥 𝑠 ҧ𝑥

𝑢 ҧ𝑥

𝑢 ҧ𝑥

ҧ𝑥



n R 𝛀
1 99.98
2 99.93
3 100.23
4 100.09
5 100.20
6 99.98
7 99.93
8 100.20
9 99.90

10 100.03
11 100.06
12 99.94



ത𝑅 =
1

𝑛
෍

𝑞=1

𝑛

𝑅𝑞 = 100.04Ω

𝑢 𝑅 =
σ𝑞=1
𝑛 𝑅𝑞 − ത𝑅

2

𝑛 − 1
= 11.7 ∙ 10−2 Ω

𝑢 ത𝑅 =
𝑢 𝑅

𝑛
= 3.39 ∙ 10−2 Ω

𝑢 ത𝑅 / ത𝑅 = 0.34 ∙ 10−3

100.04 ± 0.03 Ω
0.03 Ω
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 𝑎 𝑥𝑖
 𝑥𝑖 𝑚𝑖𝑛 𝑥𝑖 𝑚𝑎𝑥

ҧ𝑥𝑖 =
𝑥𝑖 𝑚𝑖𝑛+𝑥𝑖 𝑚𝑎𝑥

2
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𝑥𝑖 𝑋

𝑢 ҧ𝑥𝑖 =
𝑥𝑖 𝑚𝑎𝑥 − 𝑥𝑖 𝑚𝑖𝑛

2 3



𝑥𝑖

𝑢 ҧ𝑥𝑖 =
𝑥𝑖 𝑚𝑎𝑥 − 𝑥𝑖 𝑚𝑖𝑛 1 + 𝛽2

2 6

𝛽



𝛽 = 0 𝛽 = 1

𝑢 ҧ𝑥𝑖 =
𝑥𝑖 𝑚𝑎𝑥 − 𝑥𝑖 𝑚𝑖𝑛

2 6



𝑢 ҧ𝑥𝑖 =
𝑥𝑖 𝑚𝑎𝑥 − 𝑥𝑖 𝑚𝑖𝑛

6





𝑎 =
1 ∙ 𝑆

100
=
1 ∙ 2

100
= 0.02 𝐴

1 𝑆

𝑢 𝐼

𝑢 𝐼 =
𝑎

2 3
=
0.02

2 3
= 0.0058 𝐴

𝑢 𝐼

𝐼
=

0.0058

1.770
= 0.0033 (0.33%)

1.770 ± 0.006 𝐴 0.006 A
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𝑎

𝑎/ 3

𝑎/ 6
±12𝑔
+12𝑔 −12𝑔

±12𝑔 𝑢 12/ 3
𝑔
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r

D



𝑢𝑡𝑜𝑡𝑎𝑙𝑒 = 𝑢𝐴
2 + 𝑢𝐵

2



𝑛 𝑋1, 𝑋2, … , 𝑋𝑛
𝑓

𝑌 = 𝑓 𝑋1, 𝑋2, … , 𝑋𝑛




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𝑦 = 𝑓 𝑥1, 𝑥2, … , 𝑥𝑖 , … 𝑥𝑚

𝑚 𝑥1, 𝑥2, … , 𝑥𝑖 , … 𝑥𝑚 𝑦

ത𝑦 = 𝑓 ҧ𝑥1, ҧ𝑥2, … , ҧ𝑥𝑖 , … ҧ𝑥𝑚

ҧ𝑥𝑖



𝑢 ҧ𝑥𝑖 𝑥𝑖
𝑥𝑖

𝑢 ҧ𝑥𝑖 𝑥𝑖
𝑓

𝑢 ത𝑦

𝑢 ത𝑦 = ෍

𝑖=1

𝑚
𝜕𝑓

𝜕𝑥𝑖

2

𝑢 ҧ𝑥𝑖
2

𝑢 ത𝑦
2



𝑥1 𝑥2

𝑦 = 𝑥1 𝑥2
ത𝑦 = ҧ𝑥1 + ҧ𝑥2
𝑢 ത𝑦
2 = 𝑢 ҧ𝑥1

2 + 𝑢 ҧ𝑥2
2

𝑦 = 𝑥1 − 𝑥2
ത𝑦 = ҧ𝑥1 − ҧ𝑥2
𝑢 ത𝑦
2 = 𝑢 ҧ𝑥1

2 + 𝑢 ҧ𝑥2
2

𝑦 = 𝑥1𝑥2
ത𝑦 = ҧ𝑥1 ҧ𝑥2
𝑢%ത𝑦
2 = 𝑢% ҧ𝑥1

2 + 𝑢% ҧ𝑥2
2

𝑦 =
𝑥1

𝑥2

ത𝑦 =
ҧ𝑥1

ҧ𝑥2

𝑢%ത𝑦
2 = 𝑢% ҧ𝑥1

2 + 𝑢% ҧ𝑥2
2



𝑢 ҧ𝑥𝑖 𝑥𝑖
𝑥𝑖

𝑢 ҧ𝑥𝑖 𝑥𝑖
𝑓

𝑢 ത𝑦

𝑢 ത𝑦 = ෍

𝑖=1

𝑚
𝜕𝑓

𝜕𝑥𝑖

2

𝑢 ҧ𝑥𝑖
2 + 2 ෍

𝑖=1

𝑚−1

෍

𝑗=𝑖+1

𝑚
𝜕𝑓

𝜕𝑥𝑖

𝜕𝑓

𝜕𝑥𝑗
𝑢 ҧ𝑥𝑖 , ҧ𝑥𝑗

𝑢 ҧ𝑥𝑖 , ҧ𝑥𝑗 𝑥𝑖 𝑥𝑗



𝑁

𝑢 ҧ𝑥𝑖 , ҧ𝑥𝑗 =
1

𝑁 𝑁 − 1
෍

𝑘=1

𝑁

𝑥𝑖,𝑘 − ҧ𝑥𝑖 𝑥𝑗,𝑘 − ҧ𝑥𝑗

𝜌 ҧ𝑥𝑖 , ҧ𝑥𝑗 =
𝑢 ҧ𝑥𝑖 , ҧ𝑥𝑗

𝑢 ҧ𝑥𝑖𝑢 ҧ𝑥𝑗

−1 < 𝜌 ҧ𝑥𝑖 , ҧ𝑥𝑗 < 1

𝜌 ҧ𝑥𝑖 , ҧ𝑥𝑗 = 0 𝜌 ҧ𝑥𝑖 , ҧ𝑥𝑗 = 1

→ 𝜌 = 1



𝑈 𝑦 𝑦

𝑈
𝑢 𝑘

𝑘



𝑢𝑐

𝜈𝑒𝑓𝑓 =
𝑢𝑐
4

σ𝑖=1
𝑁

𝑢𝑗
4

𝜈𝑗
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regola decisionale

ILAC_G8_09_2019 Guidelines on Decision Rules and Statements of Conformity
EURACHEM_CITAC Guide MUC2021_P1_EN Use of Uncertainty Information in Compliance Assessment
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𝑤 = 𝑇𝐿 − 𝐴𝐿
𝑇𝐿
𝐴𝐿

𝑇𝐿𝑢

𝑇𝐿𝑙
𝐴𝐿𝑙

𝐴𝐿𝑢
𝑤

𝑤



𝑇𝐿

𝑤 → 𝐴𝐿 = 𝑇𝐿

𝑇𝐿
U

U is Expanded Measurement Uncertainty



𝑤 → 𝐴𝐿 = 𝑇𝐿 − w

𝑇𝐿
𝐴𝐿

𝑤



𝑤

𝐴𝐿 = 𝑇𝐿 − w

𝑇𝐿 − 𝑤, 𝑇𝐿

𝑇𝐿, 𝑇𝐿 + 𝑤

𝑇𝐿 + 𝑤

𝑇𝐿
𝐴𝐿

𝑤
𝑤





Regola decisionale Banda di guardia Rischio specifico

6 sigma 3U < 1ppm PFA

3 sigma 1.5U <0.16% PFA

ILAC G8:2009 rule U <2.5% PFA

ISO 14253-1:2017 [5] 0.83 U <5% PFA

Simple acceptance 0 <50% PFA

Uncritical -U <2.5% PFR

Customer defined rU Depending on r



Regola decisionale semplice:
il laboratorio emette una dichiarazione di
conformità PFA<50% e PFR<50%, con livello
di fiducia del 95%

𝑇𝐿



𝑇𝐿

𝐴𝐿



𝑇𝐿

𝐴𝐿



𝑇𝐿

𝐴𝐿



Ω

Ω

mΩ

Ω









→
→

→
→



2.635 → 2.64
0.9
1.52
0.7345 → 0.73

2.635 + 0.9 + 1.52 + 0.7345 = 5.7895 → 2.64 + 0.9 + 1.52 + 0.73 = 5.8



7.6345 → 7.635
0.031

7.6345 − 0.031 = 7.6035 → 7.635 − 0.031 = 7.603



1.2
6.335 → 6.34
0.0072
3.14159 → 3.14

1.2 ∙ 6.335 ∙ 0.0072

3.14159
→
1.2 ∙ 6.34 ∙ 0.0072

3.14
= 0.0174 → 0.017



𝑉 = 𝑙1 ∙ 𝑙2 ∙ 𝑙3 = 10.35 ∙2.20 ∙3.85 = 87.66 𝑚𝑚
3

𝑢𝑉 =
𝜕𝑉

𝜕𝑙1
𝑢𝑙1

2

+
𝜕𝑉

𝜕𝑙2
𝑢𝑙2

2

+
𝜕𝑉

𝜕𝑙3
𝑢𝑙3

2

= 𝑙2 ∙ 𝑙3 ∙ 𝑢𝑙1
2
+ 𝑙1 ∙ 𝑙3 ∙ 𝑢𝑙2

2
+ 𝑙1 ∙ 𝑙2 ∙ 𝑢𝑙3

2

𝑢𝑙1 = 𝑢𝑙2 = 𝑢𝑙3 =
0.05 𝑚𝑚

2 3
= 0.0144 𝑚𝑚

𝑢𝑉 = 2.20 ∙ 3.85 ∙ 0.0144 2 + 10.35 ∙ 3.85 ∙ 0.0144 2 + 10.35 ∙ 2.20 ∙ 0.0144 2 = 0.67 𝑚𝑚3

87.7 ± 0.7 𝑚𝑚3



𝑛1 = 30 ҧ𝑥1 =
1

𝑛1
σ𝑖=1
𝑛1 𝑥1𝑖 = 10.0 𝑁 𝑠1 =

1

𝑛1−1
σ
𝑖=1
𝑛1 𝑥1𝑖 − ҧ𝑥1 2 = 0.4𝑁 𝑢 ҧ𝑥1 =

𝑠1

𝑛1
= 0.1 N

10.0 ± 0.1 𝑁

𝑛2 = 6 ҧ𝑥2 =
1

𝑛2
σ𝑖=1
𝑛2 𝑥2𝑖 = 10.1 𝑁 𝑠2 =

1

𝑛2−1
σ
𝑖=1
𝑛2 𝑥1𝑖 − ҧ𝑥1 2 = 0.3𝑁 𝑢 ҧ𝑥2 =

𝑠2

𝑛2
= 0.1 N

10.1 ± 0.1 𝑁



10.0 ± 0.1 𝑁

𝑧0.975
10.0 ± 0.2 𝑁 𝐿𝐶 95% 𝑓𝑐 1.96

𝑧0.995
10.0 ± 0.3 𝑁 𝐿𝐶 99% 𝑓𝑐 2.58

10.1 ± 0.1 𝑁
𝜈 𝑛2

𝑡5,0.975
10.1 ± 0.3 𝑁 𝐿𝐶 95% 𝑓𝑐 2.57

𝑡5,0.995
10.1 ± 0.4 𝑁 𝐿𝐶 99% 𝑓𝑐 4.03



𝑢 =
𝑟 ∙ 𝐹𝑆

2 3
=

1

2 3
= 0.29 kPa



𝑎𝐶
𝐿 𝑚

෤𝑟 𝑚𝑚 𝑡𝑆
𝐿

𝑎𝐶
𝑥 𝑡 =

1

2
𝑎𝑡2

𝑎𝐶 𝐿, 𝑡𝑆 =
2𝐿

𝑡𝑆
2

𝜕𝑎𝐶
𝜕𝐿

=
2

𝑡𝑆
2

𝜕𝑎𝐶
𝜕𝑡𝑆

= −
4𝐿

𝑡𝑆
3

𝑡𝑆



𝑢𝑎 =
𝜕𝑎𝐶
𝜕𝐿

𝑢𝐿

2

+
𝜕𝑎𝐶
𝜕𝑡𝑆

𝑢𝑡𝑆

2

=
2

𝑡𝑆
2 𝑢𝐿

2

+
4𝐿

𝑡𝑆
3 𝑢𝑡𝑆

2

𝑢𝐿 =
5

2 3
= 1.443 𝑚𝑚 = 0.001443 𝑚

ഥXtS = 0.19818 𝑠 stS = 0.00867 𝑠 𝑢𝑡𝑆 =
stS

11
= 0.00261 𝑠

𝑢𝑎

𝑢𝑎 =
2

𝑡𝑆
2 𝑢𝐿

2

+
4𝐿

𝑡𝑆
3 𝑢𝑡𝑆

2

=
2

0.198182
0.001443

2

+
4 ∙ 0.490

0.198183
0.00261

2

= 0.07348 2 + 0.65723 2=0.6613 𝑚/𝑠2

ത𝑋𝑎 =
2𝐿

ത𝑋𝑡𝑆
2 = 24.952𝑚/𝑠2



𝑘 𝑢𝑒,95% = 𝑘𝑢𝑎 = 1.2961𝑚/𝑠2

𝑎𝐶 = 25.0 ± 1.3 𝑚/𝑠2

𝜈𝑒𝑓𝑓 =
𝑢𝑐
4

σ𝑖=1
𝑁

𝑢𝑗
4

𝜈𝑗

=
0.66134

0.073484

30 +
0.657234

10

= 10

𝑡10,0.975 𝛼95% = 2.23

𝑢𝑒,95% = 𝛼95%𝑢𝑎 = 1.4747𝑚/𝑠2

𝑎𝐶 = 25.0 ± 5 𝑚/𝑠2




