6. kapitola

Linearni regrese:
(Kalibrace)

Reseni praktickych uloh z Kompendia,
str. 633



Linearni kalibrace
(P¥imka)



Piiklad 6.53 Bodové odhady koncentrace metodou AAS

Metodou AAS byla zméfena absorbance roztokll o ruzn
koncentraci lithia. Z kalibraéni pfimky odhadnéte koncentraci
lithia pro A, = 0.0002, A, = 0.5, A; = 1.0.

Data: n = 16
A 0063 0.120 0.189 0251 0316 0.393 0.442 0.502

clgLli@Sem)’ 25 S50 75 100 125 150 115 200

A 0568 0639 0694 0749 0821 0884 0947 1010
cleLi@Sem)’] 225 250 2715 300 325 350 375 400




Fl=napovéda FZ=-uloZeni F3=tteni F4
Hlauni menu statistic Radek 1 Sloupec 5 In=

(c) TriloByte 500000 oy Input dat
.0O0O00 200000 E-01
500000 .890000 E-01
000000 E+01 510000 E-01
250000 E+01 160000 E-01
500000 E+01 .930000 E-01
/50000 E+01 420000 E-01
.000000 E+01 020000 E-01
250000 E+01 .680000 E-01
500000 E+01 .390000 E-01
/50000 E+01 .940000 E-01
.000000 E+01 490000 E-01
250000 E+01 210000 E-01
500000 E+01 .840000 E-01
/50000 E+01 470000 E-01
000000 E+01 010000

Jednorozmérnda data
Vicerozmérnd data

Linearni regrese
Nelinearni regrese
Uyhlazovani
Pravdépodobnostni modely
Riistové kiiuvky
Chemometrie

fmaliza rozptylu

Konec prace

Volba metody
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MODUL KALIBRACE : Kalibratni piimka
Data Zadani Ujpocet Uijsledky

Pfimka

Linearni spline ) _
It Rt S sti-l | Volba typu kalibracniho grafu

Kubicki] spline

BE Ko i
MODUL KALIBRACE : Kalibratni p¥imka
Data Metoda Padani| Upoiiet UWjsledky Graf

‘ Pudminki \
UOLEBY
Konf iden&ni pdsy X Zadani signalu neznamych vzorkii

Potet bodil v tabulce : 3 Ymin: 6.3000E-02 Ymax: 1.0100E+00

Hodnoty bodii v tabulce:

t[ 11 : 0.0002 t[ 21 : 0.5 ti[3l : 1.0



MODUL KALIBRACE : Kalibratni piimka
Data Metoda Zadani Uijpocet Uijsledky

Zadani nakresleni grafu z pocatku (0, 0) Rozsahy

ax: 4.000000E+01
fmax: 1.010000E+00Q

Rozsahy dob¥e 7 [Al

UYSLEDKY VS ILTETDIRTY
(1) STATISTICKE CHARAKTERISTIKY PROMENNYCH:

KALIBRACE Pronénna Priinér Smeérodatna odchylka Var.koef.
X 2.1250E+01 1.1902E+01 56.011

Kalibrace p¥imkou metodou nejmen¥ich Etverch y 5.3675E-01 3.0057E-01 55.998

Soutty ttverch :
Nazev: Calibration module - demo data S 0 2.1200E+03  Syy o 1.3551E+00 Sy @ 5.3605E+01
SumX“Z : 9.3500E+03  SumY"2 : 5.9648E+00  SumXY : 2.3615E+02

Podminky vypoctu o
Korelacni koef icient : 0.99986

(1) PODMINKY Odhady parametrl primky

(2) PARAMETRY RALIBRACE: .

Paranetr Ddhad Smérodatna  Test HO: BL[j1 = 0 vs. HA: BLjl <> @
odchylka  t-kriterium hypotéza HO je Hlad.ujz.

lisek 2.0000E-04 2.7529E-03 7.2650E-02 fikceptovana 0.943

SnErnice  2.5249E0-02 1.1J00C-04 2.2172C+02 Zamitnuta 0.000

Hladina wjznamnosti, alpha 1 0.050

Potet bodii, n : 16

Kvantil Studentova rozdéleni t(1-alpha,n-m) 1 2.145

Jnéno vijstupniho souboru : RESULTS.TXT




UYSLEDEKY
.3324E-02 .2353E-04
.Z2645E-01 A4 1E-03
.8957E-01 . YO53E-04
.5Z269E-01 .6941E-03
.1582E-01 .8Z237E-04
. Y894E-01 . AO53E-02
. 4H206E-01 . APOSE-05
.0513E-01 .1883E-03
.6831E-01 .1175E-04
.3144E-01 . 564 7E-03
.9456E-01 .5882E-04
.5768E-01 .6823E-03
.2081E-01 . 9409E-04
.8393E-01 .0589E-05

.1353E-01
LI7E6E+00
.0190E-01
. P495E-01
FAT11E-02
SPP3E+00
.4639E-02
.3511E-01
.4885E-02
.1838E+00
LO5ZZE-02
L159ZE+00
.J641E-02
.9851E-03
SE80E-03

Statisticka analyza rezidui — tésnost prolozeni  Zy2hR:¥

Rezidudlni soufet ctwverci, RSC : 3.8581E-04
Priim&r absolutnich hodnot rezidui, Me : Z2.7Y588E-03
Priimér relativnich rezidui, Mer[:] : 0.855

Odhad rezidudlniho rozptylu, s"2(e) : 2.7558E-05
Ddhad smErodatné odchylky rezidui, =si(e) : §5.2496E-03

. JOOOE—BZ
LZ000E-01
.8900E-01
.5100E-01
.1600E-01
.9300E-01
. H200E-01
.OZ00E-01
.6800E-01
.J900E-01
.9400E-01
-1300E-01
.2100E-01
.8400E-01
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ovEda-F1 Radek: 65 — 87 Celkem: 101 DElka: 4542
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Rezidudalni soufet ttvercii, RSC : 3.8581E-04
Priim&r abzolutnich hodnot rezidui, Me : 2.7588E-03
PriimEr relativnich rezidui, Her[:x] : 0.855

Odhad rezidudlniho rozptylu, s"2(e) : 2.7558E-05
Odhad smérodatné odchylky rezidui, =s(e) : 5.2496E-03

Limity presnosti kalibrace

Kriticka aroveil, yc: 6.1044E-03 xC: .3384E-01
Limita detekce, ud : 1.1909E-02 wd : .6375E-01
Mez stanovitelnosti, ys: 5.9276E-02 WS .3397E+00

KALIBRACHI MEZE:

Stanoveni koncentrace neznamych vzork
KALIBRACNT TABULKA®

ME¥ena ] NHaszodiho Konf idenéni interwval
hodnota odhad odhad dolni mez horni mez
yexplil xuyplil xuyplil Llxwyplil Luxwyplil
. OOOQE-04 9.460ZE-08 4 ,3235E-04 -5.0351E-01 5.0351E-01
.OOOQE-01 1.9795E+01 1.9795E+01 1.9335E+01 Z.0254E+01
.OOQOQE +00 3.9597E+01 3.9597E+01 3.9104E+01 4 _Q090E+01




KALIBRACHI PRIMKA : Calibration module — demo data

20

s
#= 1.000000E+0001 di= 2.324941E-0002 I= 0.000000E+0000
Y= 2.326941E-0001 d2= 8.6736l1VE-0012




Reseni: Klasickou metodou MNC uréena

A = 0.02525 (* 1.138°10%) ¢ + 0.0002 (% 2.753°10%)

s korelaénim koeficientem R = 0.9999.

Odhady koncentrace rozlicnymi metodami

A Xk

Absorbance X i{; )’i; )’il:r
2°10% 0 4327107 6.0499° 107 2.5
0.5 19.795 19.795 19.795 20

1.0 39.597 39.597 39.592 40

Zdvér: Pro pfesnd data s malym rozptylem kolem regresni
pfimky postacuje jednoduchy klasicky odhad X ™.
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MNazewv dlohy :
Data:

Podet dat:

Hladina vyznamnosti :

“olka kaliracnihe modelu :
PouZity kalibradni model :
Whodnost pouZiteého modelu ;
PouZita vaZena regrese :

Parametry kalibracniho modelu
Parametr

Abka.

x

Wy znamnost ab=olutniho Slenu
Heodnota

0.0002

“alidace smérnice

Hudnula

0.025245

Citlivo=t metody :

Zvoleny faktor K ;

“Wypoditana em.odch. =lepého signalu :

10 20 30

Manualni
Linearni
Wyhowuje
Ne

Qdhad
0.0002

0.025248

Sm. edchylka
0.002753
0.000114

Horni mez
0.005104

Spodni mez
-0.005704

Hurni miss

0.025454

Spudni mese
0.025005

0.025245

Spodni mez
-0.005704
0.025005

Zaver
Mewyznamny

SmSnive=1

MNe

Horni mez
0.005104

0.025454




d..detekee

q..kvantifikace

Wetoda

Metoda podie 150 11843-2

Frima metoda anahytu

Pfima metoda =ignalu, IUPAL
Kombinovana metoda Ebel Kamm
Metoda K*Sigma z regrese
Metoda K*Sigma, ACS

Kalibraénitabulka
Cizlo vzorku

1.0

2.0

3.0

Anakyza rezidui
Rezidualni zouést Etverch :
Famérné ab=sclutni reziduum :
Korelacni koeficient :
Cizlo mefeni

1.0

2.0

3.0

41

5.0

g.0

1

2.0

5.0

10.0

11.0

12.0

13.0

14.0

15.0

16.0

¥Yc
0.10553
0002287
0.008267
0.008174
0.008267

0.015545

Zpétny odhad
0.0
16754521

35.506562

0.000385
0.002755
0985858
Haméfeng X
25

2.0

7.5

10.0
125

15.0
17.5
20.0

225

250

¥d
0.135745
0.016145
0.01524
0.015145
0.016334

0.031657

Spodni mez
-0.323231

19 640732
39313777

Stanoveni koncentrace neznamych vzorkli

Haméfene v
0.063
012
0185
1251
1.316
{1.353
0242
0.502
0.565
0.635
0.654
0745
0821
0324
0.947
1.04

L

'\ng

I%E*I‘IT"E*I

0.0235842
0024121
0023841
0.0244M
0.047445

Horni mez
0.315826
169475
39 886557

Vypodtang v
0.063324
0125447
0.185571
0252604
0.315818
0378541
0.442065
0.50518&
0.568312
0.631435
0.594559
0. 757682
0.220806
0.833525
0.947053
1.0101786

0.315826
0.3184585

0.623726

Mepfirmy odhad
0.0
0.0
0.1

Reziduum
-0.000224
-0.006447
-0.000571
-0.001654
0.000182

0.014059

-0.000085
-0.003188
-0.000312
0.007585

-0.00055%
-0.0085822
0.000154

0.000071

-0.000053
-0.000176
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Haméreng hodnoty

0.0002
0.5
1.0

\\'-'rﬂ-hﬂ
1.0
1.0
1.0
1.0
1.0
1.0
140
1.0
1.4
1.0
1.0
1.0
1.0
1.0
10
1.0

Xg

6.378534
05402587
0.547408
0940275
0.558468
1.871177

Ygi10zigma)  Xg(10zigma)

0.02709 1.064554
0052556 1871177



Ulohy ke kalibraci:
ko Vi airtickimspinem

K603
K604
K605
K607
K608
K609
K610
K611l
K612
K613
K614
K617
K618
K620
K621
K622



Nelinearni kalibrace
(Krivka kvadratickym splinem)



Uloha K6.01 Kalibrace nefelometru na obsah dispergované pevné faze

Nefelometr je kalibrovan na obsah pevné faze dispergované v destilované vodé. Pro
standardni suspenzi jsou zmeérena kalibraCcni data. Zjistéte miry presnosti kalibrace
a obsah neznamych vzorkl, jez vykazovaly na stupnici hodnoty y* = 39, 46, 56 a 70
dilku.

Data: Koncentrace pevné faze x [ppm], velikost signalu vy [dilky]:

KALIBRACNI PRIMKA : Calibration module - demo data Fl=mavoveda FZ=uloZeni

Slouper
K601y

5. 94000

14.10000
23.00000
31.60000
34.20000
38. 00000
45.00000
oz . 00000
b1.00000
6. 20000
76. 00000
82 .00000

20

& Prolozeni primkou je nevhodné, je tfreba krivky.

|:| L 1 1 1 1 1 1
0. 00 0.10 ) 0. 30 0. 40 0. 50 0.0 0. 70
b

#= 1.000000E-0001 di= 1.147662E+0002 I= 0.000000E+0000
Y= 1.507122E+0001 d2= 0.000000E+000D




MODUL HHLIBRHCF :VK adraticl ine
S el Pfi zadani vhodného poctu uzll splinu se postupuje pridavanim

'El;@ﬂ TEEN uzll zkusmo tak dlouho, az je dosazeno vytecného prolozeni.

Mizev : Calibration module — demo data

Hladina vujznamnosti: 0.050 Ujstupni soubor : RESULTS .TXT
Uzly : Konstantni uzlouvé intervaly Pot'et uzlii 2 &

Hodnoty uzli :
a : 4.400000E-02 k[ 11 : Z.62666VE-01 k[ 21 : +4.813333E-01
b : 7.000000E-01

HMODUL KALIBRACE : Kvadratick] spline
Data Metoda Ugpotet Ugsledky Graf Konec

| Pudminki |
WA RE Zadani signalu neznamych vzorkd.

Konf idenifni pasy : Predikce Analjza extréni i Ano
Presnost : 1.0000E-07
Potet bodii v tabulce : 4 ¥Ymin: 5.9400E+00 ¥Ymax: &.2000E+01

Hodnoty bodii v tabulce:
.11 = 39 tl 21 : 46 t[ 31 : 56
tl 41 : 70

MODUL KALIBRACE : Kuadratick] spline
Data Metoda Zadani Ujpottet Uijsledky Konec

Zadani nakresleni grafu z pocatku (0, 0)

Rozsahy

Xmin: 0 Xmax: 7.000000E-01
Ymin: O Ymax: 8.200000E+01

Rozsahy dobie 7 [Al



KUAORATICKY SPLIME U KALIBRACI:

10

Calibration module - demo data

Vytecného prolozeni je

Bod

i

(1) PARAMETRY KALIBRACE:
Koef icienty rovnice

kLil
Z.6267E-01 =
4.8133E-01
7.0000E-01 =

(2) ANALYZA REZIDUL:
ME¥ena
hodnota
yexplil
g4 01

fLil
3.9328E+02
3.0667E+02
3.0962E+02

Predikovana

hodnota
yuyplil
G H (1]

glil

2 .5028E+02
-1.1743E+02
4.7585E+02

Absolutni

reziduun
elil

— —_[]

Analyza rezidui u tésnosti prolozeni.

dosazeno uz pri 2 uzlech. 1

.1Z200E+01
.8000E+01
.S000E+01
.Z000E+01
.1000E+01
.9200E+01

3.3413E+01
3.6087E+01
4.56811E+01
5.2973E+01
b.1454E+01
6.8992E+01

0.10 0.30 0. 40

0.70

RezidudIni soufet Etve

rcii, RSC

UESLEDKY

-7 .8737E-01
—1.9130E+00
8.1127E-01
9.7347E-01
4.5430E-01
—2.0789E-01

: FLilsc"2+glil=x+hlil pro k[i-11 < x <= k[il

=5
Gho
=30

Relatiwni
reziduum

=il
=i
Gho
1
A
=,

.77O9E+0Q
.8377E+00
.3924E-01
.0133E-01

hlil
S?P71E+00
3?15E+01
9068E+01

erlil
6923E+00
4057E-01
b27Z2E+00
8101E+00
3565E+00
3011E+00

.9313E+00

o e
0. BE(.'

¥< 1.0DD0D0DDE-0001

Y= 1.651795E+0001

di= 1.716226E+0002

0.&0
*

I= 0.000000E+0000

dz2=-7.865523E+0002

UYSLEDEY

Priimér absolutnich hodnot rezidui, He
Priimér relatiwnich rezidui, Herlx]
Odhad rezidudlniho rozptylu, s"2(e)
Ddhad smErodatné odchylky rezidui, s(e)

Nazew:

(1) PODMINKY
FPoifet bo
Pofet uz

Strategie wvgb8ru uzli
Jméno vigstupniho souboru

(Z) HODNOTY

a
b

A, n
1, m

UZL{ -
4 .4000E-0Z
7 .0000E-01

KALIBRACE

Kuvadratickd spline

Calibration module — demo data

USTUPFP

H P4

-4

: Konstantni wuzlové interwvaly
: RESULTS.TXT

kL 11 : Z.62Z67E-01 4.8133E-01

(4) KALIBRACHNI MEZE:
Kriticka Orovei,
Limita detekce,

kL 21 :

uc:
ud :

KALIBRACHI TABULKA:
MEFena Inverzni

(3) ANALYZA DERIVACT A INTEGRALO:

Bod

-5.047467VE-01
2.32Z2668E+00

Konf idenéni

Predikovana
hodnota
Yuyplil

5.6738E+00

1.4038E+01

Z.4116E+01

3.2183E+01

3.3413E+01

xC -
xd 2

Stanoveni koncentrace neznamych vzorkd

interval

Pruni
derivace
derilil

2. 1567E+02
1.8263E+02
1.3230E+02
6.9371E+01
5.3640E+01

1.67V0997E-02
2 .887882ZE-02

Druha
derivace
derZlil

-7 .B655E+02
-7 .B655E+02
-7 .B655E+02
-7 .B655E+02
-7 .B655E+02
6.1335E+02
6.1335E+02
6.1335E+02
6.1923E+02
6.1923E+02
6.1923E+02
Celken: 109

.0908E-01
B I

.2799E+00
.1296E+00

Integral

intlil
0.0000E+00
4.1861E-01
1.6569E+00
3.9424E+00
4.5989E+00
b.3323E+00
1.0376E+01
1.2839E+01
1.5698E+01
1.8965E+01
2.2571E+01
Délka: 4843

hodnota
yexplil

. 900000E+01
.600000E+01
.600000E+01
LOOOQOOE+01

dolni mez=
Llxwyplil

odhad
xuvyplil

horni mez
Luxuvyplil

.373343E-01
.014703E-01
.684287E-01
.5Y5823E-01

3.1858330E-01
3.8V4525E-01
4 . 603850E-01
5.454093E-01

3.5564741E-01
4 .138598E-01
9 .360528E-01
5.7V0947ZE—01




Ulohy ke kalibraci:
ko Vi airtickimspinem

K601
K606
K615
K616
K628
K640
K648
K654
K655
K664
K665
K666
K667
K668
K675
K677






