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1 Siehe auch QMH 1.4.2.6 

http://dmsserver/qm/qmh/Word/00-3-Unterstuetzende-QM-Infrastruktur-Dokumentenlenkung-Beschwerden-Fehler-Schulung-PMUE-Beschaffung-Unterauftraege.docx
http://dmsserver/qm/qmh/Word/00-3-Unterstuetzende-QM-Infrastruktur-Dokumentenlenkung-Beschwerden-Fehler-Schulung-PMUE-Beschaffung-Unterauftraege.docx
http://dmsserver/qm/qmh/Word/02-I-Umgebungsbedingungen.docx


 

 

 

 

 

 

 

 

 

 

 

 
Abbildung 1 - Ablaufdiagramm 

Eignungsprüfungen 
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file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Vorlagen/Vorlage-EP-Technisches-Protokoll-ABXXXXXX.docx
file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Vorlagen/Erfassung_Eignungsprüfungsdaten.xlsx
file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter
mailto:pt@esz-ag.de


 

 

 

 

 

 

 

 

 

 

 

 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Vorlagen/Auswertung/Auswertungsvorlage_Eignungsprüfung_relativ.xlsx
file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Vorlagen/Auswertung/Tests%20der%20Auswertungsvorlage/Anhang-zu-EP-Bericht-CMI-TYPK-2021.pdf


 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 𝑋 𝑁 𝑁 ≥ 1𝑖 𝑖 ∈ [1; 𝑁]
▪ 𝑋
▪ 𝑥𝑖;cal
▪ 𝑥𝑖;meas𝑥𝑖 𝑖𝑥𝑖 = 𝑥𝑖;meas − 𝑥𝑖;cal.𝑥𝑖 𝑥𝑖;meas 𝑥𝑖;cal
▪ 𝑈(𝑥𝑖) 𝑥𝑖 ± 𝑈(𝑥𝑖)

file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Vorlagen/Vorlage-EP-Bericht-Nr-BKXXXXXX-V01.docx
file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Vorlagen/Vorlage-EP-Bericht-Nr-BKXXXXXX-V01.docx


 

 

 

 

 

 

 

 

 

 

▪ 𝑝𝑖(𝑥)
▪ 

▪ 

𝑥𝑖 ± 𝑈(𝑥𝑖) 𝑥𝑖 𝑈(𝑥𝑖)𝑥𝑖;cal
𝑈(𝑥𝑖)𝑝𝑖(𝑥) 𝑢(𝑥𝑖) 𝑢(𝑥𝑖) = 𝑈(𝑥𝑖)/𝑘 𝑘 = 2𝑘

𝑈(𝑥𝑖)𝑢(𝑥𝑖) = 𝑈(𝑥𝑖)/√𝐺 𝐺 = 3 𝐺 = 6 𝐺 =2 𝑥𝑖 ± 𝑈(𝑥𝑖)𝑝𝑖(𝑥) 𝑥 𝑋 𝑥𝑖𝑢(𝑥𝑖)𝑝𝑖(𝑥) 𝑈(𝑥𝑖)
𝑝𝑖(𝑥) = 1√2𝜋𝑢(𝑥𝑖) 𝑒−(𝑥−𝑥𝑖)22𝑢2(𝑥𝑖)



 

 

 

 

 

 

 

 

 

 

𝑥𝑖 𝑢(𝑥𝑖)
 𝑖

𝐸n𝐸n

𝐸n

𝑁𝑁 + 1



 

 

 

 

 

 

 

 

 

 

𝑀 ≤ 𝑁 + 1
▪ 

▪ 

𝑁 ≤ 2 𝑁 ≥3
𝑁 = 4

𝑁 = 3

 

𝑥0



 

 

 

 

 

 

 

 

 

 

𝑢(𝑥0)𝑥ref ≡ 𝑥0𝑢(𝑥ref) ≡ 𝑢(𝑥0)𝑁

 

𝑥ref = 𝑢2(𝑥ref)∑ 𝑥𝑖𝑢2(𝑥𝑖)𝑀
𝑖=1  

𝑢2(𝑥ref) = (∑ 1𝑢2(𝑥𝑖)𝑀
𝑖=1 )−1.𝑀 𝑀 ≤ 𝑁 + 1 𝑁 𝑥𝑖𝑢(𝑥𝑖)

▪ 

𝑥1 = 1 𝑢(𝑥1) = 0,5𝑥1 = 2 𝑢(𝑥1) = 0,5𝑥 = 1,5 = 𝑥1+𝑥22 𝑢(𝑥 ) = 0,35 = 𝑢(𝑥1)√2

file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Statistik/Cox-The%20evaluation%20of%20key%20comparison%20data-An%20introduction.pdf
file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Statistik/Cox-The%20evaluation%20of%20key%20comparison%20data-An%20introduction.pdf


 

 

 

 

 

 

 

 

 

 

𝑀 𝑀𝑢(𝑥𝑖) ≃ 𝑢(𝑥)𝑥ref = 𝑢2(𝑥ref)∑ 𝑥𝑖𝑢2(𝑥𝑖)𝑀
𝑖=1 ≃ 𝑢2(𝑥ref)𝑢2(𝑥) ∑𝑥𝑖𝑀

𝑖=1 . 
𝑢2(𝑥ref) = (∑ 1𝑢2(𝑥𝑖)𝑀

𝑖=1 )−1 ≃ 𝑢(𝑥)√𝑀 .
𝑥ref = 1𝑀∑𝑥𝑖𝑀

𝑖=1 . 
𝑥𝑖

𝑀 1/√𝑀
▪ 

𝑥1 = 1 𝑢(𝑥1) = 0,2𝑥1 = 2 𝑢(𝑥1) = 0,5𝑥 = 1,1 ≃ 𝑥1 𝑢(𝑥 ) = 0,19 ≃< 𝑢(𝑥1)



 

 

 

 

 

 

 

 

 

 

𝑀𝑚
𝑥ref ≃ 𝑥𝑚 

𝑢(𝑥ref) ≃ 𝑢(𝑥𝑚) 
𝑚

𝐸n

▪ 

𝑥1 = 1 𝑢(𝑥1) = 0,2𝑥2 = 2; 𝑢(𝑥2) = 0,5



 

 

 

 

 

 

 

 

 

 

𝑥 = 1,4 𝑢(𝑥 ) = 0,16 < 𝑢(𝑥1)

 

 𝑀 𝑥𝑖 ± 𝑈(𝑥𝑖)
 𝜒2 (𝑝𝜈(𝑥) > 𝜒2 ) < 1 − 𝛼      𝛼 = 0,95,𝜈 = 𝑀 − 1 𝜒2 𝑝𝜈(𝑥)𝜒2 𝜈𝜒2



 

 

 

 

 

 

 

 

 

 

𝜒2 =∑(𝑥𝑖 − 𝑥 )2𝑢2(𝑥𝑖)𝑀
𝑖=1 .

𝜒2
𝜒2

∀𝑖∈[1;𝑀]  𝑢(𝑥ref) < 𝑢(𝑥𝑖).

𝑀 = 2𝑥1 + 𝑈(𝑥1) 𝑈(𝑥1) = 2 ⋅ 𝑢(𝑥1) 𝑥2 + 𝑈(𝑥2) 𝑈(𝑥2) = 2 ⋅ 𝑢(𝑥2)𝑥 𝑋
𝑝1(𝑥) = 1√2𝜋𝑢(𝑥1) 𝑒−(𝑥−𝑥1)22𝑢2(𝑥1) ,
𝑝2(𝑥) = 1√2𝜋𝑢(𝑥2) 𝑒−(𝑥−𝑥2)22𝑢2(𝑥2) .

𝑝(𝑥) ≡ 𝑝1(𝑥) ⋅ 𝑝2(𝑥) = 12𝜋𝑢(𝑥1)𝑢(𝑥2) 𝑒−12[(𝑥−𝑥1)2𝑢2(𝑥1) +(𝑥−𝑥2)2𝑢2(𝑥2) ],
(𝑥 − 𝑥1)2𝑢2(𝑥1) + (𝑥 − 𝑥2)2𝑢2(𝑥2) = 𝑥2 ( 1𝑢2(𝑥1) + 1𝑢2(𝑥2)) − 2𝑥 ( 𝑥1𝑢2(𝑥1) + 𝑥2𝑢2(𝑥2)) + ( 𝑥12𝑢2(𝑥1) + 𝑥22𝑢2(𝑥2))



 

 

 

 

 

 

 

 

 

 

(𝑎𝑥 − 𝑏)2 + 𝑐
𝑎2 = ( 1𝑢2(𝑥1) + 1𝑢2(𝑥2))𝑏 = 1𝑎 ⋅ ( 𝑥1𝑢2(𝑥1) + 𝑥2𝑢2(𝑥2))𝑐 = ( 𝑥12𝑢2(𝑥1) + 𝑥22𝑢2(𝑥2)) − 𝑏2

𝑝(𝑥) = 𝑒−𝑐22𝜋𝑢(𝑥1)𝑢(𝑥2) 𝑒−12(𝑎⋅𝑥−𝑏)2 = 𝑒−𝑐22𝜋𝑢(𝑥1)𝑢(𝑥2) 𝑒− 12⋅1/𝑎2⋅(𝑥−𝑏𝑎)2 .
∫ 𝑥 𝑝1(𝑥)∞
−∞ ∫ 𝑥′ 𝑝2(𝑥′)∞

−∞ = 1.𝑝(𝑥) 𝑥 = 𝑥′
𝛿(𝑥 − 𝑥′) 𝑝(𝑥)𝑝1(𝑥) 𝑝2(𝑥)

𝑝(𝑥) = 𝑒−𝑐22𝜋𝑢(𝑥1)𝑢(𝑥2) 𝑒−(𝑥−𝑥 )22𝑢2(𝑥 )
𝑥 = 𝑏𝑎 = 𝑢2(𝑥 ) ⋅ ( 𝑥1𝑢2(𝑥1) + 𝑥2𝑢2(𝑥2))
𝑢2(𝑥 ) = 1𝑎2 = ( 1𝑢2(𝑥1) + 1𝑢2(𝑥2))−1.

𝑥 𝑝(𝑥)𝑥
𝑝(𝑥) =∏𝑝𝑖(𝑥)𝑀

𝑖=1𝑢(𝑥 ) 𝑝𝑖(𝑥)



 

 

 

 

 

 

 

 

 

 

𝑝1(𝑥) 𝑝2(𝑥) 𝑝(𝑥) = 𝑝1(𝑥) ⋅ 𝑝2(𝑥)𝑝(𝑥) 𝑥 𝑢(𝑥1) <𝑢(𝑥2) 𝑥1
𝑦′ 𝑦̅ 𝜎𝑦 𝑦 ≡ (𝑦′ −𝑦̅)/𝜎𝑦′ 01 𝑝(𝑦) = 𝑒−𝑦2/√2𝜋 𝑦2 𝜒2𝜒2𝜈 = 𝜈 = √2𝜈

𝑝𝜈(𝑦) = (2𝜈/2 ⋅ Γ (𝜈2))−1 ⋅ 𝑦𝜈2−1 ⋅ 𝑒−𝑦/2      𝑦 > 0Γ(1/2) = √𝜋 Γ(1) = 1 Γ(𝑚 + 1) = 𝑚 ⋅ Γ(𝑚) 𝜒2𝜈 ∈ {1; 3; 5}∑ 𝑦𝑖𝑖 ∑ 𝑦𝑖2𝑖𝜒2 𝑦𝑖

𝜒2



 

 

 

 

 

 

 

 

 

 

𝜒2
(𝑥𝑖 − 𝑥 )/𝑢(𝑥𝑖) (𝑥𝑖 − 𝑥 )2/𝑢2(𝑥𝑖) 𝜒2𝜒2 𝜒2 𝜈 = 𝑀 − 1𝑀 𝜒2 𝜒2𝑝𝜈(𝑥 = 𝜒2 )

∫ 𝑥 𝑝𝜈(𝑥)𝜒2
0 < 𝛼 = 0,95 𝜒2𝜒2 𝜒2

 

𝑁 ≥ 3 𝑁𝑁 + 1
𝒙 ≡ {𝑥1; 𝑥2; … ; 𝑥𝑁+1} 𝑁𝑥1 ≤ 𝑥2 ≤ ⋯ ≤ 𝑥𝑁+1𝑥 ;𝑛 𝑛 𝑢𝑛(𝑥𝑖)

𝑥 = (𝒙) = { 𝑥(𝑁+3)2 , 𝑁 𝑥(𝑁+2)2 + 𝑥2+𝑁22 , 𝑁 𝑢0(𝑥𝑖) = 1,483 ⋅ (|𝒙 − 𝑥 ;0|)
𝑀𝐴𝐷𝑀𝐴𝐷 𝑀𝐴𝐷 med(𝒙) ± 𝑀𝐴𝐷𝑢0

file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Statistik/DIN%20ISO%2013528%20-%20Statistische%20Verfahren%20für%20Eignungsprüfungen%20durch%20Ringversuche.pdf
file://///Server2010/Intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Statistik/Peter_J._Huber-Robust_statistics-Wiley-Interscience1981.pdf


 

 

 

 

 

 

 

 

 

 

∫ d𝑥 1√2𝜋𝜎 𝑒− 𝑥22𝜎2 = 𝑝 = erf ( 1√2)𝜎
−𝜎∫ d𝑥 1√2𝜋𝜎 𝑒− 𝑥22𝜎2 = erf (𝑀𝐴𝐷√2𝜎 ) = 12𝑀𝐴𝐷

𝑀𝐴𝐷
𝑀𝐴𝐷 = √2𝜎⋅erf−1 (12)

𝜎 = 1√2 ⋅ erf−1 (12) ⋅ 𝑀𝐴𝐷 ≃ 1,483 ⋅ 𝑀𝐴𝐷erf erf−1𝑢0(𝑥𝑖) 𝑢0(𝑥𝑖) 𝑢0(𝑥𝑖)

𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6 𝑥7 𝑥8 𝑥9 𝑥10

𝑛𝛿𝑛 = 𝑙 ⋅ 𝑢𝑛−1(𝑥𝑖)      𝑙 = 32𝛿𝑛 𝑥 ;𝑛 𝑛𝑥𝑖;𝑛 𝑖 ∈ {1; … ;𝑁 + 2}𝑥𝑖;𝑛 = {𝑥 ;𝑛−1 − 𝛿𝑛,  𝑥𝑖 < 𝑥 ;𝑛−1 − 𝛿𝑛𝑥 ;𝑛−1 + 𝛿𝑛,  𝑥𝑖 > 𝑥 ;𝑛−1 + 𝛿𝑛𝑥𝑖;𝑛−1, .



 

 

 

 

 

 

 

 

 

 

𝛿𝑛𝛿𝑛

𝛿

𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6 𝑥7 𝑥8 𝑥9 𝑥10
𝑛 𝑥 ;𝑛 = ∑ 𝑥𝑖;𝑛𝑁 + 1𝑁+1

𝑖=1
𝑢𝑛(𝑥𝑖) = 1,134 ⋅ √∑ (𝑥𝑖;𝑛 − 𝑥 ;𝑛)2𝑁𝑁+1

𝑖=1 .

𝑛𝑐 𝑥ref = 𝑥ref;𝑛c
𝑢(𝑥 ) = 𝑢𝑛𝑐(𝑥𝑖)√𝑁 + 1

𝑢(𝑥ref) = 1𝑁+1√∑ 𝑢2(𝑥𝑖)𝑁𝑖=1



 

 

 

 

 

 

 

 

 

 

𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6 𝑥7 𝑥8 𝑥9 𝑥10
𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6 𝑥7 𝑥8 𝑥9 𝑥10

𝑥9 𝑥10 𝑛



 

 

 

 

 

 

 

 

 

 

𝛿𝑛

𝜎𝐸(𝑥) ≡ 0 𝑝(𝑥) = 1√2𝜋𝜎 𝑒− 𝑥22𝜎2 . 𝐸(𝑥) = 0𝜎2 = 𝐸(𝑥2) − 𝐸(𝑥)2 = ∫ d𝑥 𝑝(𝑥)𝑥2∞
−∞

𝛿𝑛 ±𝛿𝑛 = ±𝑙 ⋅ 𝜎 𝑙 = 3/2 ±𝑙 ⋅ 𝜎

𝛿𝑛
𝐸(𝑥) = 0

𝑝mod(𝑥) = Θ(𝛿𝑛 − |𝑥|) ⋅ 𝑒− 𝑥22𝜎2√2𝜋𝜎 + (𝛿(𝑥 − 𝛿𝑛) + 𝛿(𝑥 + 𝛿𝑛)) ⋅ 12 ⋅ (1 − erf ( 𝑙√2))Θ(𝑥) 𝛿(𝑥) 𝜎𝑝(𝑥)



 

 

 

 

 

 

 

 

 

 

𝜎mod2 = [erf ( 𝑙√2) − √2𝜋 ⋅ 𝑙 ⋅ 𝑒−𝑙22 + 𝑙2 (1 − erf ( 𝑙√2))] ⋅ 𝜎2𝜎 = 𝑚 ⋅ 𝜎mod𝑚 = 1√erf ( 𝑙√2) − √2𝜋 ⋅ 𝑙 ⋅ 𝑒−𝑙22 + 𝑙2 (1 − erf ( 𝑙√2))
.

𝑙 = 1,5 𝑚 = 1,134 ≃ 12 ⋅ (1 − erf ( 𝑙√2)) + 1
𝛿𝑛

 

𝑥mp𝑠 𝑥mp = 𝑢2(𝑥mp)∑ 𝑥𝑖𝑢2(𝑥𝑖) + 𝑠2𝑀
𝑖=1

𝑢2(𝑥mp) = (∑ 1𝑢2(𝑥𝑖) + 𝑠2𝑀
𝑖=1 )−1.𝑠 = 0 𝑠𝜒obs2 𝑠 ≥ 0𝜒obs2 = 1𝑀 − 1∑(𝑥𝑖 − 𝑥mp)2𝑢2(𝑥𝑖) + 𝑠2𝑁
𝑖=1 .𝑠 𝜒obs2 (𝑠) ≤ 1,𝑠𝑠 = 0 𝑠

𝑠

file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Statistik/Determination%20of%20a%20reference%20value%20and%20its%20uncertainty%20through%20a%20power-moderated%20mean.pdf
file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Statistik/Determination%20of%20a%20reference%20value%20and%20its%20uncertainty%20through%20a%20power-moderated%20mean.pdf
file://///server2010/intranet/Intranet/DKD-QS/DKD/Eignungsprüfungsanbieter/Statistik/Determination%20of%20a%20reference%20value%20and%20its%20uncertainty%20through%20a%20power-moderated%20mean.pdf


 

 

 

 

 

 

 

 

 

 

𝑠
1𝑢2(𝑥𝑖) ≥ 1𝑢2(𝑥𝑖) + 𝑠2       𝑠 ≥ 0

𝑠 𝑠 ≫𝑢(𝑥𝑖) ∀𝑖∈[1;𝑀]

𝑥mp = 𝑢2(𝑥mp)∑ 𝑥𝑖𝑢2(𝑥𝑖) + 𝑠2𝑀
𝑖=1 →

{  
  1𝑀∑𝑥𝑖𝑀

𝑖=1 , 𝑠 ≫ 𝑢(𝑥𝑖) ∀𝑖∈[1;𝑀]
(∑ 1𝑢2(𝑥𝑖)𝑀
𝑖=1 )−1 ⋅∑ 𝑥𝑖𝑢2(𝑥𝑖)𝑀

𝑖=1 , 𝑠 ≪ 𝑢(𝑥𝑖) ∀𝑖∈[1;𝑀]
𝑢2(𝑥mp) = (∑ 1𝑢2(𝑥𝑖) + 𝑠2𝑀

𝑖=1 )−1 → {  
  𝑠2𝑀 , 𝑠 ≫ 𝑢(𝑥𝑖) ∀𝑖∈[1;𝑀]
(∑ 1𝑢2(𝑥𝑖)𝑀
𝑖=1 )−1 , 𝑠 ≪ 𝑢(𝑥𝑖) ∀𝑖∈[1;𝑀]

𝑥1 𝑥2 𝑥3 𝑥4 𝑥5𝑢(𝑥1) 𝑢(𝑥2) 𝑢(𝑥3) 𝑢(𝑥4) 𝑢(𝑥5)

𝑠



 

 

 

 

 

 

 

 

 

 

𝑠 𝑠

𝑠 𝛼 ∈ [0; 2]
𝛼

𝛼 =0 𝑢(𝑥𝑖) 𝑥𝑖2 − 3/𝑀 𝑢(𝑥𝑖)2 𝑢(𝑥𝑖)
𝛼 = 2 − 3𝑀𝑀 𝛼 ≃ 2

𝑆 = √𝑀 ⋅ max (𝑢2(𝑥̅); 𝑢2(𝑥mp))
𝑢2(𝑥̅) = 1𝑀(𝑀 − 1)∑(𝑥𝑖 − 𝑥̅)2𝑀

𝑖=1       𝑥̅ = 1𝑀∑𝑥𝑖𝑀
𝑖=1𝑆

𝑠 𝛼 𝑆



 

 

 

 

 

 

 

 

 

 

𝑥ref =∑𝑤𝑖𝑥𝑖𝑀
𝑖=1

𝑤𝑖 = 𝑢2(𝑥ref)(√𝑢2(𝑥𝑖) + 𝑠2)𝛼 ⋅ 𝑆2−𝛼
𝑢2(𝑥ref) = (∑ 1(√𝑢2(𝑥𝑖) + 𝑠2)𝛼 ⋅ 𝑆2−𝛼𝑀

𝑖=1 )−1.𝑠 = 0 𝛼 = 2
𝑥N 𝑥1 𝑢(𝑥1) 𝑥2 𝑢(𝑥2) 𝑥3 𝑢(𝑥3) 𝑥4 𝑢(𝑥4) 𝑥5 𝑢(𝑥5)

𝜒2

|𝑒𝑖| ≤ 𝑘 ⋅ 𝑢(𝑒𝑖),𝑘 = 2,5 𝑒𝑖 = 𝑥𝑖 − 𝑥ref, 𝑥𝑖 𝑥ref



 

 

 

 

 

 

 

 

 

 

𝑢(𝑒𝑖) = √(1 − 2𝑤𝑖)𝑢2(𝑥𝑖) + 𝑢2(𝑥ref)𝑤𝑖 𝑥𝑖𝑢(𝑒𝑖) = 𝑢2(𝑥𝑖) + 𝑢2(𝑥ref).

𝑁 ≥ 3
 𝐸𝑖𝐸 ;𝑖 = 𝑑𝑖𝑈(𝑑𝑖).𝑑𝑖 = 𝑥𝑖 − 𝑥

𝑈(𝑑𝑖) = 2 ⋅ √𝑢2(𝑥𝑖) + 𝑢2(𝑥 ) + 2𝜕𝑑𝑖𝜕𝑥𝑖 𝜕𝑑𝑖𝜕𝑥 𝑢(𝑥𝑖; 𝑥 ).𝑢(𝑥𝑖 ; 𝑥 ) 𝑥𝑖 𝑥𝑖 −1 < 𝐸 ;𝑖 < 1.𝑥𝑖 > 𝑥 𝑥𝑖 < 𝑥 𝐸 ;𝑖𝐸 𝑑𝑖𝑖 𝑈(𝑑𝑖)𝑢(𝑥𝑖; 𝑥 ) = 0 𝑈(𝑑𝑖) = √𝑈2(𝑥𝑖) + 𝑈2(𝑥 ) < 𝑈(𝑥𝑖) +𝑈(𝑥 ) 𝑥𝑖 ± 𝑈(𝑥𝑖)𝑥 ± 𝑈(𝑥 ) 𝐸 ;𝑖 ≥ 1



 

 

 

 

 

 

 

 

 

 

𝑈(𝑥 ) = 𝑈(𝑥1) = 𝑈(𝑥2) = 𝑈(𝑥3) 𝑥2 − 𝑥 = √𝑈2(𝑥2) + 𝑈2(𝑥 )𝐸 ;𝑖 > 1
𝑥 𝑥𝑖 𝑥𝑢(𝑥𝑖; 𝑥 ) ≠ 0 𝑖

𝑢(𝑥𝑖 ; 𝑥 ) = 𝑤𝑖 ⋅ 𝑢2(𝑥𝑖)
𝑤𝑖 = {  

  𝑢2(𝑥ref)𝑢2(𝑥𝑖) ,𝑢2(𝑥ref)(√𝑢2(𝑥𝑖) + 𝑠2)𝛼 ⋅ 𝑆2−𝛼 ,𝜕𝑑𝑖/𝜕𝑥 = −1 2𝜕𝑑𝑖𝜕𝑥𝑖 𝜕𝑑𝑖𝜕𝑥 𝑢(𝑥𝑖; 𝑥 ) = −2𝑤𝑖 ⋅ 𝑢2(𝑥𝑖). 𝑥𝑖 𝐸(𝑥) = 𝑥𝑖 𝐸(𝑥2) − 𝐸(𝑥)2 = 𝑢2(𝑥𝑖)𝐸(𝑥𝑛) 𝑥𝑛𝐸(𝑥𝑛) = ∫ 𝑥 𝑝𝑖(𝑥)𝑥𝑛∞
−∞ .𝑥𝑖 𝑥𝑢(𝑥𝑖 ; 𝑥 ) = 𝐸(𝑥 ⋅ 𝑥 (𝑥)) − 𝐸(𝑥) ⋅ 𝐸(𝑥 (𝑥)) = 𝐸(𝑥 ⋅ 𝑥 ) − 𝑥𝑖𝑥𝐸(𝑥 (𝑥)) = 𝑥

𝑥 (𝑥) = ( 
 𝑤𝑖 ⋅ 𝑥 +∑𝑤𝑗 ⋅ 𝑥𝑗𝑀

𝑗=1𝑗≠𝑖 ) 
 = 𝑤𝑖(𝑥 − 𝑥𝑖) + 𝑥        𝑖 ∈ [1;𝑀],

𝑖 𝑥𝐸(𝑥𝑖 ⋅ 𝑥 ) = ∫ 𝑥 𝑝𝑖(𝑥)𝑥 ⋅ [𝑤𝑖(𝑥 − 𝑥𝑖) + 𝑥  ]∞
−∞ = 𝑤𝑖(𝐸(𝑥2) − 𝐸(𝑥)𝑥𝑖) + 𝐸(𝑥)𝑥



 

 

 

 

 

 

 

 

 

 

𝐸(𝑥) = 𝑥𝑖 𝐸(𝑥𝑖 ⋅ 𝑥 ) = 𝑤𝑖(𝐸(𝑥2) − 𝑥𝑖2) + 𝑥𝑖𝑥 .
𝑢(𝑥𝑖 ; 𝑥 ) = 𝑤𝑖(𝐸(𝑥2) − 𝑥𝑖2) = 𝑤𝑖(𝐸(𝑥2) − 𝐸(𝑥)2) = 𝑤𝑖 ⋅ 𝑢2(𝑥𝑖),𝑢(𝑑𝑖) = (1 − 2𝑤𝑖)𝑢2(𝑥𝑖) + 𝑢2(𝑥ref),𝑤𝑖 𝑤𝑖 = 1/𝑀

𝐸
𝐸 ;𝑖 = {  

  𝑥𝑖 − 𝑥√𝑈2(𝑥𝑖) + 𝑈2(𝑥 ) ,  𝑖  𝑥𝑥𝑖 − 𝑥2√(1 − 2𝑤𝑖)𝑢2(𝑥𝑖) + 𝑢2(𝑥 ) ,  𝑖  𝑥
𝑥𝑖 𝑥𝑢(𝑥𝑖; 𝑥 )

𝐸n;𝑖
𝑤𝑖 ≤ 12 ⋅ (𝑢2(𝑥ref)𝑢2(𝑥𝑖) + 1)

𝑤𝑖 > 0(1 − 2𝑤𝑖)𝑢2(𝑥𝑖) + 𝑢2(𝑥ref) < 𝑢2(𝑥𝑖) + 𝑢2(𝑥ref), 𝐸n

𝐸n𝑤𝑖
𝑤𝑖 = 𝑤𝑖;aux∑ 𝑤𝑖;aux𝑁+1𝑖=1           𝑤𝑖;aux = { 1𝑁 + 1 , 𝑥𝑖;𝑛c = 𝑥𝑖0, 𝑥𝑖;𝑛c ≠ 𝑥𝑖

𝑥𝑖;𝑛c ≠ 𝑥𝑖
𝑤𝑖 𝑤𝑖 = 0𝑥𝑖;𝑛c ≠ 𝑥𝑖 𝑥𝑖;𝑛c = 𝑥𝑖 𝑥𝑖



 

 

 

 

 

 

 

 

 

 

𝑥𝑖 𝑥𝑖𝑤𝑖

𝑤𝑖 ∈ [0; 1]   und   ∑ 𝑤𝑖𝑁+1
𝑖=1 = 1.

𝑁mod 𝑥𝑖;𝑛c = 𝑥𝑖𝑤𝑖 = { 1𝑁mod , 𝑥𝑖;𝑛c = 𝑥𝑖0, 𝑥𝑖;𝑛c ≠ 𝑥𝑖 . 34 (𝑁 + 1) ≤ 𝑁𝑚𝑜𝑑 ≤ 𝑁 + 1𝑁 ≥ 3 𝑁mod ≥ 3𝑤𝑖 ≤ 13.12 ⋅ (𝑢2(𝑥ref)𝑢2(𝑥𝑖) + 1) ≥ 12 > 13 ≥ 𝑤𝑖 , 𝑤𝑖 𝐸n
𝐸



 

 

 

 

 

 

 

 

 

 

 

𝑍 ≥ 0 ∈ ℕ
𝑍 = 0



 

 

 

 

 

 

 

 

 

 

𝑚 𝑚 + 1 𝑚 + 1𝑚 = 𝑍 𝑚 + 1𝑍 𝑍 + 1
; 0𝑍 + 1 𝑚 𝑚

𝑍 + 1
|𝑥stab;𝑚 − 𝑥stab;𝑚+1|√𝑈2(𝑥stab;𝑚) + 𝑈2(𝑥stab;𝑚+1) < 12    mit   𝑚 ∈ [0; 𝑍]

|𝑥stab;0 − 𝑥stab;𝑍+1|√𝑈2(𝑥stab;0) + 𝑈2(𝑥stab;𝑍+1) < 12𝑍 𝑍 + 2
1√2 − 1∑(𝑥1 − 𝑥̅)22

𝑖=1 = |𝑥1 − 𝑥2|√2 ,𝑥̅ = (𝑥1 + 𝑥2)/2 𝑢 = 12 ⋅ max(𝑈(𝑥1); 𝑈(𝑥2)),12 > |𝑥1 − 𝑥2|√𝑈2(𝑥1) + 𝑈2(𝑥2) ≥ |𝑥1 − 𝑥2|2√2 ⋅ 𝑢 ,
12 > |𝑥1 − 𝑥2|2√2 ⋅ 𝑢     ⇔     |𝑥1 − 𝑥2|√2 < 𝑢.

𝑘 = 1
𝑘 = 1

𝑥stab;𝑖 𝑥stab;𝑗𝑤𝑖 ≃ 1
𝑚 𝐸𝑚 𝑢stab



 

 

 

 

 

 

 

 

 

 

𝑚 𝐸n;𝑖 = 𝑥𝑖 − 𝑥ref√𝑢2(𝑥𝑖) + 𝑢2(𝑥ref) − 2𝑢(𝑥𝑖 ; 𝑥ref) + 𝑢stab;𝑚2 ,
𝑖 𝑚

𝑢 ;𝑚 = |𝑥stab;𝑚 − 𝑥stab;𝑚+1|2 ⋅ √3       𝑢 ;𝑚 = |𝑥stab;𝑚 − 𝑥stab;𝑚+1|√3   

▪ 

▪ 

▪ 

▪ 

▪ 



 

 

 

 

 

 

 

 

 

 

▪ 

▪ 

𝑠 𝑆 𝛼
▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

√𝑢2(𝑥ref) + 𝑢stab2
𝑢(𝑥ref)



 

 

 

 

 

 

 

 

 

 

𝑥𝑖

 𝐸 𝑖𝑃𝑖 [max(𝑥𝑖 − 𝑈(𝑥𝑖); 𝑥 − 𝑈(𝑥 )) ;min(𝑥𝑖 + 𝑈(𝑥𝑖); 𝑥 + 𝑈(𝑥 ))]𝑃 𝑖𝑝𝑖(𝑥) 𝑝 (𝑥) 𝑝𝑖(𝑥)
𝑃
𝑃𝑃 = ∫ 𝑥 𝑝𝑖(𝑥)min(𝑥𝑖+𝑈(𝑥𝑖);𝑥 +𝑈(𝑥 ))

max(𝑥𝑖−𝑈(𝑥𝑖);𝑥 −𝑈(𝑥 )) ∫ 𝑥′ 𝑝 (𝑥′)min(𝑥𝑖+𝑈(𝑥𝑖);𝑥 +𝑈(𝑥 ))
max(𝑥𝑖−𝑈(𝑥𝑖);𝑥 −𝑈(𝑥 )) = 𝑃 ;𝑖 ⋅ 𝑃 .𝑃 𝑖 𝑃 𝑃

𝑃 ≃ 0,9𝑝𝑖(𝑥) 𝑝 (𝑥)𝑃



 

 

 

 

 

 

 

 

 

 

𝑃 𝑃 ;𝑖 𝑃𝑝𝑖(𝑥) 𝑝 (𝑥)
𝐸 𝑃

𝑃
𝑃𝑃

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

𝐸



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

𝐸

𝐸 ±1



 

 

 

 

 

 

 

 

 

 

𝑃

𝑃


