Byl vyvinut novy druh insulinu
a zkouma se zavislost
snizeni hladiny cukru v krvi
pacienta na mnozstvi nového
insulinu urcitou dobu pred
mé&fenim.

Nahodné vybranym 8
pacientim byla nao¢kovana
rizna mnozstvi insulinu a po
urcité dobé bylo témto
pacientim zméreno snizeni
cukru v krvi. Vysledky
méreni:

mnozstvi insulinu (ug)
snizeni hladiny cukru (%)

Tabulka Kritické hodnoty korelaéniho koeficientu pro dvoustranny test nulové

volnosti je n-2. Nulovou hypotézu zamitam, pokud absolutni hodnota vyb&rovéh

kritickou hodnotu.

af 3 4 5 6 7 10 15
« =003 0g783| 0.8114| 0.7545| 0.7067| 0.6664| 0.5760| 0.4821| 0.2
@ =001 59587| 0.9172| 0.8745| 0.8343| 0.7977| 0.7079| 0.6055| 0.2

prokazte silnou korelaci a otestujte vyznamnost tseku regresni pfimky.
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hypotézy p = 0. Pocet stupiit
0 korelaéniho koeficientu piekroéi
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Byl vyvinut novy druh
insulinu a zkouma se
zavislost sniZeni hladiny
cukru v Krvi pacienta na
mnozstvi nového insulinu
ur€itou dobu pfed
mérenim.

Nahodné vybranym 8
pacientim byla
naockovana rizna
mnozstvi insulinu a po
urcité dobé bylo témto
pacientim zméreno
snizeni cukru v Krvi.
Vysledky méfeni:

Y
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prokazte silnou korelaci a otestujte vyznamnost tseku regresni primky.

mnozstvi insulinu (ug) 150 200 250 300 350 400
snizeni hladiny cukru (%) 8 12 30 20 55 58
mnozstvi insulinu (ug) snizeni hladiny cukru (%)
150 8
200 12
250 30 VYSLEDEK
300 20
350 55 Regresni statistika
400 58 Nasobné R 0.96786 =R
450 44 Hodnota spolehlivostiR ~ 0.936752 =R2
500 65 Nastavena hodnota spolel 0.793895
Chyba stf. hodnoty 11.27028 =s(xy)
Pozorovani 8 =N
v 7. . ANOVA
mnozstvi insulinu (ug) mordl 5SS
30 - Regrese 1 13169
9 Rezidua 7 889.13
S 60 - oo . Celkem 8 14058
= . .
3 40 - T — -
> ¢’ Koeficienty a stf. ho
5 20 - . ® Hranice 0 #N/A
< PSR 4 mnozstvi insulinu (ug) 0.117737 0.0116
= 0 T 1
c
&0 200 400 600
=
v mnoizstvi insulinu (ug)
REZIDUA
Pozorovani niZeni hlad Rezidua
. . . 1 17.66053 -9.661
mnozstvi insulinu (ug) 2 2354737 -11.55
. . 3 29.43421 0.5658
Graf s rezidui 4 3532105 -15.32
20 5 41.20789 13.792
] 6 47.09474 10.905




Rezidua

250 350 400

mnozstvi insulinu (ug)

500

7 5298158 -8.982
8 58.86842 6.1316




—aX+b

r(krit.6)=  0.7067

450] 500 0.8971

44 65

MS F

13169 103.7 5.22E-05
127

linregrese()

0.16142857
0.03245964
0.80476891
24.7328096
2736.21429

0.11773684
0.01156306
0.93675244
103.676205
13168.8658

yznamnost F

Tabulka Kritické hodnoty korelaéniho koeficientu pro dvc

volnosti je n-2. Nulovou hypotézu zamitam, pokud absolut:

kritickou hodnotu.

df 3 4 5 6 7
=005 g783| 0.8114| 0.7545| 0.7067| 0.6664 ]| (
@ =000 09587| 0.9172| 0.8745| 0.8343| 0.7977] ¢
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*
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t Stat odnota Dolni 95%

Horni 95%

Dolni 95.0%

#N/A  #N/A #N/A
10.18 2E-05 0.090395

#N/A
0.14507914

#N/A #N/A
0.090394546 0.145079

Jorni 95.0%







sustranny test nulové hypotézy p = (. Podet stupiia

11 hodnota vybérového korelaéniho koeficientu pfekroéi
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c(mg/L) signal (mV)
150.0 22.0 21.0 19.5
200.0 30.5 31.0 28.0
250.0 35.0 35.5 30.0
300.0 40.0 41.0 37.5
350.0 51.0 49.0 48.0
400.0 55.0 53.0 54.0
450.0 64.0 66.5 66.0
500.0 70.5 71.0 69.0

pocet bodu je dulezity



c(mg/L) signal (mV) primér pocet bodu je dulezity

150.0 22.0 21.0 19.5 20.8
200.0 30.5 31.0 28.0 29.8
250.0 35.0 355 30.0 335 0.141667
300.0 40.0 41.0 37.5 39.5 0.005878
350.0 51.0 49.0 48.0 49.3 0.989778
400.0 55.0 53.0 54.0 54.0 6
450.0 64.0 66.5 66.0 65.5 21.76389
500.0 70.5 71.0 69.0 70.2
150.0 21.0
200.0 31.0
250.0 355
300.0 41.0
350.0 49.0
400.0 53.0
450.0 66.5
500.0 71.0
150.0 19.5
200.0 28.0
250.0 30.0
300.0 37.5 0.139728 0 0.141667 0.513698
350.0 48.0 0.001309] #N/A 0.004001
400.0 54.0 0.997986] 2.209557 0.982751
450.0 66.0 11397..’?\ 23 1253.45 22 1.717144
500.0 69.0 55643.21| 112.2893 6321
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Example 1

The following data was obtained in the analysis of copper using flame atomic absorption sy
Nasledujici data byla ziskana pfi analyze médi pomoci atomové absorpéni spektrofotometrie.
Pomoci linearni regrese najdéte kalibra¢ni funkci (uvedte a, b, R na &tyfi desetinna mista).
Vypocitejte koncentraci médi pro neznamy vzorek s transmitanci 35.6%.

conc, %
ppm transmittance
5.1 78.1
17 43.2
25.5 31.4
34 18.8
42.5 14.5
51 8.7
Example 2

In the potentiometric determination of Pb?" in solution, the following calibration data was cc

2+
Pp*, Emeas’ mV

ppm
15 -338.5
35 -329.8
89 -316.5
150 -312.2
230 -303.7
400 -296.4
500 -295.5
650 -292.5




Jectroscopy.

)llected.



Example 1

https://facultystaff.richmond.edu/~cstevens/301/Calibration3.html

The following data were obtained in the analysis of copper using flame atomic absorption spectroscc

conc, %
ppm transmittance
5.1 78.1
17 43.2
25.5 31.4
34 18.8
42.5 14.5
51 8.7
Example 2

A

0.107349
0.364516

0.50307
0.725842
0.838632
1.060481

% transmittance

90
80
70
60
50
40
30
20
10

0

& % transmittan:

X 78.1 Log. (%
\ transmittance|
AN
\Q 43.2
31.4
e 145
~ 87
20 40 €

In the potentiometric determination of Pb?" in solution, the following calibration data were collected.

2+
Pp*, Emea51 mV

ppm
15 -338.5
35 -329.8
89 -316.5
150 -312.2
230 -303.7
400 -296.4
500 -295.5
650 -292.5

log c

1.1761
1.5441
1.9494
2.1761
2.3617
2.6021
2.6990
2.8129

-290
-300
-310
-320
-330
-340
-350

Emeas, mV

200 400 @ 600‘

4



https://facultystaff.richmond.edu/~cstevens/301/Calibration3.html

usek je nevyznamny

py. 0.020388 0.004988 0.217734| 0.020522 0
0.000694 0.022907 0.000291] #N/A
0.995381 0.026155 0.998994| 0.023532
861.9527 4 2.776445| 4965.226 5
0.589641 0.002736 2.749477| 0.002769
A y = 0.0205x
ce 12 R?=0.9953 nespravna hodnota
. # 1.060
)
: 0.8 0.839
- 0.726
) 0.6
0.503
) 04 / 0.365
0.2
i 0,107
1 0 T T 1
50 0 20 40 60
I y =29.052x - 373.54
og C R2=0.9949
>—| '280 T T T 1
800 1.0 1.5 2.0 2.5 3.0
-290
-300 )‘.
-310 /
-320
-330 /
— -340 —0/
E— -350

35.6
21.9

=T(x)
=c(x)

0.9995 =R

In

-4.35799
-3.76584
-3.44681
-2.93386
-2.67415
-2.16332

When a blank measurement is obtained during calibration, as in the previous exatr
two possibilities: either include the blank measurement in the regression_ or subtra
from all the calibration and sample measurements. Either way gives the same resul



toto feseni je jen In-transformace bez znalosti Lambert Beerova zakona:

0.046945
0.001599
0.995381
861.9527
3.126215

-4.59369

35.6 =T(x)
21.8 =c(x)

0.052745
0.060224

4

0.014508

In

y = 0.0469x - 4.5937
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PRIKLADY:

1. Objemy spotieby titraéniho ¢inidla pii titraci 10 ml priblizné 0,01 mol/l HCI na tit
jsou vml: 1,10; 1,08; 1,09; 1,08; 1:10; 1,08; 1,10; 1,09; 1,11; 1,08. Spravna hodnote
1,09 ml. Zjistéte, zda titrator pracuje spravné.



tratoru RTS 622
1 byla uréena na

n onetaled |double-tailed
L] 2 o
T 3 2
[i] 8 3
9 & b

10 10 &
11 13 10
12 L 13
13 27 17
14 25 27
15 30 25
16 35 30
17 41 35
18 47 40
19 53 46
20 60 52
21 &7 55
22 3 65
23 H3 73
24 &7 &7
25 164G Lzl




PRIKLADY:

1. Objemy spotieby titraéniho éinidla pi1 titract 10 ml priblizné 0,01 mol/l HCI na titra
jsou vml: 1,10; 1,08; 1,09; 1,08; 1;10; 1,08; 1,10; 1,09; 1,11; 1,08. Spravn4 hodnota t
1,09 ml. Zjistéte, zda titrator pracuje spravne.

spravna h.= 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09

namérené h.= 1.10 1.08 1.09 1.08 1.10 1.08 1.10 1.09 1.11 1.08
0.01 -0.01 0.00 -0.01 0.01 -0.01 0.01 0.00 0.02 -0.01
abs 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01
rank 1 1 #N/A 1 1 1 1 #N/A 8 1
poradi 4 4 4 8
4 4 4 4

pfiklad na vylu€¢ovani nulovych rozdild:

1 2 3 4 5 6 7
rank of

original |absolute | absolute | signed

Subj. | Xa | XB |Xa—XB | Xa—Xp | Xa—XB | rank
1|78 |78 0 0 - --=
2|24 | 24 o0 v] - --=
3| 64 | 62 +2 2 1 +1
4 | 45 | 48 -3 3 2 —2
5| 64 | 68 —4 4 3.5 —3.5
6 | 52 | 56 —4 4 3.5 —3.5
7 |30 | 25 +5 5 5 +5
8 | 50 | 44 +6 6 6 +6
9 | 64 | 56 +8 8 7 +7
10 | 50 | 40 +10 10 8.5 +8.5
11 | 78 | 68 +10 10 8.5 +8.5
12 | 22 | 36 —14 14 10 —10
13 | 84 | 68 +16 16 11 +11
14 | 40 | 20 +20 20 12 +12
15 | 90 | 58 +32 32 13 +13
16 | 72 | 32 +40 40 14 +14
W =67.0

N =14




itoru RTS 622
yla ur¢ena na

alpha=0.05

n one-tailed |double-tailed
6 2 o
7 3 2
8 5 > 3
9 8 5
10 18] 8
11 13 18

_12] 17 13
13 21 17
14 25 21
15 30 25
16 35 30
17 41 35
18 47 40
19 53 45
20 60 52
21 67 59
22 75 66
23 83 73
24 91 a1
25 100 89




2. Bylo vybrano 10 poli stejné kvality. Na 4 polich byl aplikovan novy riistovy ¢
byla ponechdna bez aplikace. Poté byla oseta psenici a sledoval se hektarova -
s aplikaci stimulatoru byly ziskany hektarové vynosy 51, 67, 56, 63 a na polich be
48, 44, 53, 50 g/ha. Zjistéte, zda aplikace stimulatoru zvysi vynosy.



stimulator, ostatni aMz 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16

vynos. Na polich -

z aplikace 45, 54, Critical values of U for o equal to 5%
I
2 o 0o o o 1 1 1 1 1
3 o 1 1 2 2 3 3 4 4 5 5 6
4 ¢ 1 2 3 4 4 5 6 7T & 9 10 Ii
5 0 I 2 3 5 & 7 & 9 11 12 13 14 15
6 I 2 3 5 &6 & 10 11 13 14 16 17 19 21
7 I3 s 6 B 10 12 14 16 I8 20 22 24 26
£ 0 2 4 6 8B 10 I3 U5 17 19 22 24 2 29 3
9 0 2 4 7 D 12 15 17 20 23 2% 28 31 M W
0 0 3 5 8 11 14 17 20 23 26 29 33 36 39 42
10 3 6 9 13 06 19 23 26 30 33 3T 40 44 47
121 4 7 11 14 I8 22 26 29 33 3T 41 45 49 53
131 4 B 12 16 20 24 28 33 37 41 45 S0 54 59
41 5 9 13 17 2 26 31 36 40 45 S0 55 59 64
15 1 S 10 14 19 24 29 34 39 44 49 54 59 64 70
16 1 6 11 15 21 26 31 37 42 47 53 59 64 70 TS
1T 2 6 11 17 22 28 34 39 45 S| 57 63 &7 75 8l
18 2 7 12 I8 24 30 36 42 48 55 61 67 74 BO 86
9 2 7 13 19 25 32 38 45 S2 S8 65 72 78 85 92
00 2 & 13 20 27 3 41 48 55 62 69 T6 83 90 9%



2 2 2 2
f 7 7 L3
12 13 13
17 18 19 20
. e
23 30 32 34
34 35 38 41
39 42 45 48
45 48 52 55
51 55 5B 62
57T 61 65 69
63 &7 72 76
67 74 TH B3
75 B0 B5 90
£l BG 92 O
7 93 99 (05
93 99 | (12
99 106 113 119
05 112 119 127



2. Bylo vybrano 10 poli stejné kvality. Na 4 polich byl aplikovan novy riistovy ¢
byla ponechdna bez aplikace. Poté byla oseta psenici a sledoval se hektarova -
s aplikaci stimulatoru byly ziskany hektarové vynosy 51, 67, 56, 63 a na polich be
48, 44, 53, 50 g/ha. Zjistéte, zda aplikace stimulatoru zvysi vynosy.

R N U

o]
o
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Q
o

| stimulator 51

67
56
63
bez 45
54
48
44
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Mann-Whitney U-test

m(m + l)

stimulator, ostatni U=mn2+ — R
vynos. Na polich
z aplikace 45, 54,
n 2 3 4 5 B 7 B 9 10 I 12 13 14 15 16 17
Critical values of U for o equal to 5%
I
2 o o0 o o 1 1 1 1 1 2
3 o 1 1 2 2 3 3 4 4 5 5 6 6
4 ¢ 1 2 3 4 4 5 6 7T & 9 10 11 1
5 o I 2 3 5 & 7 & 9 1 12 13 14 15 17
6 i 2 3 5 & 8 10 Il 13 14 16 17 19 21 22
7 i3 5 & 8 10 12 14 16 18 20 22 24 26 28
8 00 2 4 6 8 10 13 15 17T 19 22 24 26 29 31 34
9 0 2 4 7T 00 12 15 17 20 23 26 28 31 34 37 39
00 3 5 8§ 11 14 17 20 23 26 29 33 36 39 42 45
10 3 6 9 13 16 19 23 26 30 33 37 40 44 47 5l
121 4 T Il 14 I8 22 26 29 33 37 41 45 49 53 57
13 4 % 12 16 20 24 28 33 37 41 45 S0 54 59 63
4 5 09 13 17 22 26 31 36 40 45 SO 55 59 64 67
15 1 5 10 14 19 24 29 34 39 44 49 S4 59 64 70 TS5
16 1 6 11 15 21 26 31 37 42 47 53 59 64 70 75 &)
17 2 6 11 17 22 28 34 9 45 51 57 63 &7 75 81 87
I8 2 7 12 I8 24 3 36 42 48 55 61 67 T4 RO #6593
9 2 7 13 19 25 32 38 45 S2 S8 65 72 78 85 92 99
0 2 8 13 2 27 34 41 48 55 62 &9 76 B3 90 98 105

1
1
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3. Paralelnimi analyzami vzorku Cu v osmu slitinach byla ziskana data nové meto
metody podle normy. Testujte, zda obé metody urcuji vzdy stejny obsah. Pouzijte
neparametricky test. Data: 11,68 11,23; 23,91 23,77; 32,27 33,04; 38,29 384!
51,34 50,96; 68,23 67,85; 79,24 78,55.



dy a standardni |_f o :T:R] ?f(n -1)

: parametricky 1 t

3; 47,04 46,79; Jis2 +52)

Eu [v=2(n-1)=2n-2].t=t, — rozdil je statisticky viznamny na |




hladiné vyznamnosti «



3. Paralelnimi analyzami vzorku Cu v osmi slitinach byla ziskana data nové metody a standardni
metody podle normy. Testujte, zda obé metody urcuji vzdy stejny obsah. Pouzijte parametricky 1
neparametricky test. Data: 11,68 11,23; 23,91 23,77; 32,27 33,04; 38,29 38,43; 47,04 46,79;
51,34 50,96; 68,23 67,85; 79,24 78.55.

metodal metoda2 rozdily abs() poradi
11.68 11.23 0.45 0.45 6
23.91 23.77 0.14 0.4 15
32.27 33.04 -0.77 0.77 8
38.29 38.43 -0.14 0.14 15
47.04 46.79 0.25 0.25 3
51.34 50.96 0.38 0.38 4
68.23 67.85 0.38 0.38 5
79.24 78.55 0.69 0.69 7
pram.= 44.00 43.83 26.5] 9.5 > 3

s= 22.39405 22.20934
s2= 501.4936 493.255

| 0.01447 2.144787]

(R e U L LT T THLI U
N 1.5 — *
() . Fossibly normal
ke
0.5 -
*
e *
—D.E — L ]
—1 *
e
-15 T T T T T T T 1
0 20 40 [=1] a0

ovéfeni normality v Gnumeric



parovy t-test
Wilcoxonlv parovy test

%, — %5 |(n -1
JGs% +53)

t, [v=2(n-1)=2n-2 ] t=t, — rozdil je statisticky vyznamny na hladiné viznamnosti o

I =

alpha=0.05
n onetailed |doubletailed
1 2 a
F) 3 2
8 5 3
9 B ]
10 0 8
11 13 33
12 7 13
13 27 7
14 25 27
15 30 25
16 35 30
17 47 35
18 47 40
19 53 45
20 B A2
21 BF hg
=2 Fi] ]
3 53 3
24 a7 57
25 piv i 59




4. Ve 3 vzorcich ropy byl metodou AAS stanovovan obsah Ni s nasledujicimi vysledky
Kruskal-Wallisova testu rozhodnéte, zda se obsah Ni ve vzorcich vyznamné 1isi.

Vzorek Ni | (ppm)

1 14,2 16,8 [19,1 |15.5 16,0 |15.9
2 14,5 120,0 | 18,0 |15.,4 16,1 |17.7
3 18,3 20,1 |17,7 |17.,9 19,3 |16,9




y. Pomoci

-

12 t g2
H= _V(_V—l)é M —(N+D

6|4 |3| s810

6|4 |4 ss8e1

6|5 1| 4900

6|5 |2 | 5238

6|5 |3 | se02

6|5 |4 | 5661

6|5 |5 | 5729

6|6 |1 | 4945

6|6 2| s410

6|6 |3 | sezs

6|6 |4 | 5725

6|6 |5 | 5785

6|6 |8 ('}ET\

7177 \ra'rq’/

s|e |8 | sao0s




4. Ve 3 vzorcich ropy byl metodou AAS stanovovan obsah Ni s nasledujicimi v

Kruskal-Wallisova testu rozhodnéte, zda se obsah Ni ve vzorcich vyznamné 1isi.

Vzorek Ni | (ppm)
1 142 16,8 19,1 |15.5 16,0 (15,9
2 14,5 1200 (18,0 |15.4 16,1 17,7
3 183 20,1 (17,7 |17.9 193 16,9
vzorek C.

1 14.2 16.8 19.1 15.5 16 15.9

2 15.4 20 18 15.4 16.1 17.7

3 18.3 20.1 17.7 17.9 19.3 16.9
rank poradi

14.2 18 18

16.8 11 11 | H= 4,974 < 5.801 |

19.1 4 4

15.5 15 15

16 13 13

15.9 14 14 75 937.5

15.4 16 16.5

20 2 2

18 6 6

15.4 16 16.5

16.1 12 12

17.7 8 8.5 61.5 630.375

18.3 5 5

20.1 1 1

17.7 8 8.5

17.9 7 7

19.3 3 3

16.9 10 10 345 198.375

N= 18



ysledky. Pomoci k 2

12 i
H= _V(_V+1}§ M —(N+D

3 5.610
5.681
1 4.990
5.338
5.602
5.661
5.729
1 40945
5410
5.625
5725

i

(3 IR SO o T A |

5.765
{ ss801

o = o & & & S S S S S o & & D
L = o o o S S S om mom m o ks

o =] o o = L Pka

5805




pfiklad massart
Wilcoxon, str. 344, Tabulka 12.2

Dvéma analytickymi metodami byly ziskany udaje o mnozstvi pesticidu v 1 | vody (ug)

metodal metoda2 d(i) znaménko
114 116 -2 -1
49 42 7 +
100 95 5 +
20 10 10 +
90 94 -4 -
106 100 6 +
100 96 4 +
95 102 -7 -
160 150 10 +
110 104 6 +
krit.(>25)=
alpha Ia)
"=NORMINV (e 0;1)
01 -1.282
0.05 -1.645
0.01 -2.326
0.001 -3.090
HO plati
stejné jako massart
p= 0.344

>0.05

-1.264911064

abs(di)
2
7
5
10
4
6
4
7
10
6

poradi

1
7.5

4
9.5
25
5.5
25
7.5
9.5
5.5

znam.poradi
-1
7.5
4
9.5
-2.5
55
25
-7.5
9.5
55

44

18—



alpha=0.05
n one-tailled |double-tailed
6 2 o
7 3 2
8 5 3
9 8 5
10 18| __— 8
11 13 10
12| 17 13
13 21 17
14 25 21
15 30 25
16 35 30
17 41 35
18 47 40
19 53 45
20 60 52
21 67 59
22 75 66
23 83 73
24 91 81
25 160 89

PRIKLADY:

1. Objemy spotieby titraéniho «
jsou v ml: 1,10; 1,08; 1,09; 1,0
1,09 ml. Zjistéte, zda titrator pt
2. Bylo vybrano 10 poli stejné
byla ponechana bez aplikace.
s aplikaci stimulatoru byly zisk
48, 44, 53, 50 g/ha. Zjistete, zd
3. Paralelnimi analyzami vzor
metody podle normy. Testujte
neparametricky test. Data: 1°
51,34 50.,96; 68,23 67.85; 79,
4. Ve 3 vzorcich ropy byl me
Kruskal-Wallisova testu rozhoc
Vzorek
1

[\

98]




¢iidla pri titraci 10 ml priblizné 0,01 mol/l HCI na titratoru RTS 622
18; 1;10; 1,08; 1,10; 1,09; 1,11; 1,08. Spravna hodnota byla uréena na
-‘acuje spravne.

¢ kvality. Na 4 polich byl aplikovan novy rustovy stimulator, ostatni
Poté byla oseta pSenici a sledoval se hektarova vynos. Na polich
tany hektarové vynosy 51, 67, 56, 63 a na polich bez aplikace 45, 54,
-a aplikace stimulatoru zvysi vynosy.

ku Cu v osmu slitindch byla ziskana data nové metody a standardni
, zda ob¢ metody ur¢uji vzdy steny obsah. Pouzijte parametricky 1
1,68 11,23; 23,91 23,77; 32,27 33,04; 38,29 38,43; 47,04 46,79;
24 78,55.

todou AAS stanovovan obsah Ni s nasledujicimi vysledky. Pomoci
dnéte, zda se obsah Ni ve vzorcich vyznamné lisi.

Ni [ (ppm)
14,2 16,8 [19,1 [15,5 16,0 [159
14,5 20,0 [18,0 [154 16,1 [17.7
18,3 20,1 [17,7 [17.9 19.3 {169




Table 12.4.
alpha=0.05

n

© 0o N O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

, p-346

one-tailed double-tailed

o 0w N

13
17
21
25
30
35
41
47
53
60
67
75
83
91
100

o U1 W N O

10
13
17
21
25
30
35
40
46
52
59
66
73
81
89



TABLE 12.3

p.345

The sign test. The table gives the probability that out of » positive and negative signs, the smaller number of like
signs is equal to or smaller than r. The values are for a one-sided test. They should be doubled for a two-sided test.

nir 0 1 2 3 4 5 6 7 8 9
4 0.063  0.313 0.688

5 0.031  0.188 0.5

6 0.016  0.109 0.344 0.656

7 0.008  0.062 0.227 0.5

8 0.004  0.035 0.145 0.363 0.637

9 0.002  0.02 0.09 0.254 0.5

10 0.001  0.011 0.055 0.172 0.377 0.623

11 0.006 0.033 0.113 0.274 0.5

12 0.003 0.019 0.073 0.194 0.387 0.613

13 0.002 0.011 0.046 0.133 0.291 0.5

14 0.001 0.006 0.029 0.09 0.212 0.395 0.605

15 0.004 0.018 0.059 0.151 0.304 0.5

16 0.002 0.011 0.038 0.105 0.227 0.402 0.598

17 0.001 0.006 0.025 0.072 0.166 0.315 0.5

18 0.001 0.004 0.015 0.048 0.119 0.24 0.407 0.593
19 0.002 0.01 0.032 0.084 0.18 0.324 0.5
20 0.001 0.006 0.021 0.058 0.132 0.252 0.412
two-sided

nir 0 1 2 3 4 5 6 7 8 9
4 0.126 0.626 1.376

5 0.062 0.376 1.000

6 0.032 0.218 0.688 1.312

7 0.016 0.124 0.454 1.000

8 0.008 0.070 0.290 0.726 1.274

9 0.004 0.040 0.180 0.508 1.000

10 0.002 0.022 0.110 0.344 0.754 1.246

11 0.012 0.066 0.226 0.548 1.000

12 0.006 0.038 0.146 0.388 0.774 1.226

13 0.004 0.022 0.092 0.266 0.582 1.000

14 0.002 0.012 0.058 0.180 0.424 0.790 1.210

15 0.008 0.036 0.118 0.302 0.608 1.000

16 0.004 0.022 0.076 0.210 0.454 0.804 1.196

17 0.002 0.012 0.050 0.144 0.332 0.630 1.000

18 0.002 0.008 0.030 0.096 0.238 0.480 0.814 1.186
19 0.004 0.020 0.064 0.168 0.360 0.648 1.000
20 0.002 0.012 0.042 0.116 0.264 0.504 0.824




10

0.588

10

1.176



testovani useku

c mAU
0.12 133.5
0.23 254.6
0.36 404.4
0.51 560.7

0.62 689.1




testovani useku

c mAU
0.12 133.5
0.23 254.6
0.36 404.4
0.51 560.7
0.62 689.1

linregrese

1106.614

1.225931

10.24266

4.201739

0.999743

4.151501

11672.58

3

201176.5

51.70488

1109.295

0

3.974756

#N/A

0.999949

3.645959

77888.48

4

1035373

53.17207

0.291768 hO0 plati, usek je 0

3.182446

8(
7(
6(
5(
A
3(
2(
1(

80C
70C
60C
50C
40C
30C
20C
10C



J0

20 /0 y = 1106.6x + 1.2259
70 R?=0.9997
20 /
20 / ¢ Radyl
20 / Linearni (Rady1)
J0 /
J0
0 T T T 1
0.2 0.4 0.6 0.8
a=0
)
)
) -~ lpyese
) L
) / ¢ a=0
) / Linearni (a=0)
) /
)
) T T T 1
0.2 0.4 0.6 0.8




Calibration data

Concentration
of the
standards
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
4.50

101.3214
0.8346
0.9996

14737.9697
431173.3393

X, Y topasn 2 85

Calibration data

Concentration
of the
standards

0
2.5
5
7.5
10

Instrument
readings

95

201
305
399
495
610
700
810
451.88

-4.0714
4.2146
5.4089
6.0000

175.5357

Instrument
readings

0
5.23
10.31
15.04
19.55

i.s.(x) pas dx
97.3 0.1555 90.10 -3.50
198.6 0.1474 193.47 -2.50
299.9 0.1418 296.83 -1.50
401.2 0.1389 400.19 -0.50
502.5 0.1389 501.51 0.50
603.9 0.1418 600.79 1.50
705.2 0.1474 700.07 2.50
806.5 0.1555 799.35 3.50
42.00

900

800

700

600

. | {xp — x)°

Yo X fopase-z 5. ~J— S i 5 >00

n ¥ {x; — -E]' 400

300

2.446
200
5 11 Ve — ¥)* '
§p = — J_+—+ ,C“ }1_1
by Y m n b ¥x,—x) )

Calibration data

Analytical calibration using a sim;ple li

Instructions

Concentration  Ihstrument

of standards | readings
1. Enter the concen- 0 0
trations of the 2.5 5.23
standards and their hi] 1031
instrument readings 75 15.04
into the blue table. 10 19.55

(To delete a walue, click
on the cell and press

the space bar.

2. Enter the
Instrument readings

of the unknowns into
the yellow column.

3. The concentrations

of the unknowns are
calculated in the last

column {far rightj.

Detailzd Instructions:

Y

1. Enter the concentrations ofthe standards and |
thewr instrument readings nto the blue table on

the leff. Leawve the rest ofthe table blank. ¥ou

must have atleast two points on the calibration
curve, including the blanl (zero concentration

standard), This sheet takes up to 20 data poimnts.

Instrument reading

Residuals

L)

[}







http://terpconnect.umd.edu/~toh/models/CalibrationCurve.html

y=101.32x - 4.0714

R?=0.9996

5.00 7.00

® Radyl

pas

1 & B C 8] E E 5] H
z Analytical calibration using a simple linear curve fit
3 Calibration data
E)
. Concentrations | Instrument F P P
5 Instructions ofthe standards  readings Calibration curve and the bestfitline
& |1. Enter the concen- 1 102 % i) = 99.7500% +1.7500
7 [trations of the 2 199 om0 R2={0.99597
g |standards and their 3 303
g |instrument readings 4 399 700
10 linto the blue table. 5 504
11 |(To delete a walue, click b 595 &0
12 | on the cell and press 7 7oy f:”
15 | the space bar). [i] 796 E 500
14 v
15 |2. Enter the £ 400
16 |(Instrument readings z
200
200
100

i 1 z 3 4 5 = 7 2
Concentration
100% ¥
> L 4
o0 -
L L2 *
hd
1.00%
000 400 200 300 400 500 600 700 SO0
Residuals: Standard deviation = 0.507

inear curve fit, with error estimation

Application to unknowns

25

Calibration curve and the best-fit line Readings of | Calculated | Estimated [Estimated %
the unknowns | concentration | error {0 | relative error

fix) = 1.9866x +0.2456 5.0000 Z2.4300 0.12 4.88%
F&=0.9%20 10.0000 4.9855 0.14 2.85%
20.0000 10.0965 0.21 2.10%

a z 3 =] =] 10 12
Concentration
0%
¢ ®
1.0% ’
0% ’ ’
[afulu] 200 G400 g.00 g.00 A0.00 1z.00

Standard deviation of the residuals = 1.217%

Error (1) |
0032 |

value [
10566 |

|
[Slope [




[Intercept | D2456 | 02156 |




Application to unknowns

=]

Readings of Calculated
the unknowns | concentrations
222.0000 2.2080
333.0000 3.3208




vypocet intervalu spolehlivosti

1.01 95 93 99
2.02 201 190 198
3.03 305 295 297
4.04 399 400 404
5.05 495 510 503
6.06 610 605 600
7.07 700 695 698
8.08 810 803 808
6.601 650 666 654 656.6667 =vzorek
Concentration
Instrument
of the readings
standards dx
1.01 95 -3.54
2.02 201 -2.53 s 1
3.03 305 -1.52 . ® — —
4.04 399 -0.51 Hastvol)™ T |y
5.05 495 0.51
6.06 610 1.52
7.07 700 2.53
8.08 810 3.54 900
1.01 93 -3.54
2.02 190 -2.53 800
3.03 295 -1.52 700
4.04 400 -0.51 600
5.05 510 0.51 ,
6.06 605 1.52 500 S
7.07 695 2.53 400 —*
8.08 803 3.54 300 e
1.01 99 -3.54 4
2.02 198 -2.53 200 S
3.03 297 -1.52 100 .
4.04 404 -0.51 0 ,
5.05 503 0.51 0.00 5.(
6.06 600 1.52
7.07 698 2.53
8.08 808 3.54
4.55 450.54 128.53
6.601 0.0636
dolni hrani
100.2554 -5.1190 2.362032 h0 se zamita, usek je vyznamny
0.4249 2.1672
0.9996 4.8175
55666.2 22 2.073873

1291899.4 510.58



—\2

%1+ (f’”_y)

" b*> (x, - %)’
i=1

4 vy =100.26x - 5.119
- R?=0.9996
o Radyl
20 10.00
icei.s.= 6.5 horni hranice i.s.= 6.7

6.6 +/- 0.1



example 2, p.185

0 0 VYSLEDEK
1 0.98
1 0.90 Regresni statistika
2 2.10 Nasobné R 0.98348645
2 2.20 Hodnota spole 0.96724561
3 3.16 Nastavena hoc¢ 0.96360623
3 3.22 Chyba stf. hod 0.27638968
4 3.68 Pozorovani 11
4 3.72
5 4.15 ANOVA
5 4.27 Rozdil
Regrese 1
0 0 Rezidua 9
1 0.98 0.90 Celkem 10
2 2.10 2.20
3 3.16 3.22 Koeficienty
4 3.68 3.72 Hranice 0.26516129
5 4.15 4.27 Soubor X 1 0.84877419
example 1, p.175
x (ng/ml) 0 o= S J LI (v — ¥)° 40
y (au) 4 ThiYmoon B Y- %) 78
X (ng/ml) vy (a.u.) lin.reg. dx i.s. VYSLEDEK
0 4 2.92 -25.00 5.17
10 21.2 22.74 -15.00 4.77 Regresni statistika
20 44.6 42.56 -5.00 4.55 Nasobné R 0.99740643
30 61.8 62.38 5.00 4.55 Hodnota spole 0.99481959
40 78 82.19 15.00 4.77 Nastavena hoc 0.99352449
50 105.2 102.01 25.00 5.17 Chyba stf. hod 2.99116158
25.00 52.47 1750.00 Pozorovani 6
43.9 4.9
2.776445 ANOVA
1.981714 2.9238095 Rozdil
0.071502 2.1648438 Regrese 1
0.99482 2.9911616 8.947048 Rezidua 4
768.14 4 Celkem 5
6872.585 35.78819
Koeficienty
Hranice 2.92380952

X (ng/ml) 1.98171429




( y =0.8488x + 0.2652

4 / R2=0.9672
3 ®

¢ Radyl

Linearni (Rady1)

O ‘ T T 1
0 2 4 6
SS MS F Vyznamnost F
20.30 20.30 265.7723 5.46255E-08
0.688 0.08
20.99
>hyba stf. hodnot tStat Hodnota P Dolini 95% Horni 95% Dolni 95.0%  Horni 95.0%
0.164640743 1.610545 0.141739 -0.107281944 0.637604525 -0.107281944 0.637604525
0.052063974 16.30252 5.46E-08 0.730997301 0.966551086 0.730997301 0.966551086
example 1, p.175
50 120 y=19817x+2.9

105.2 100 » R2=0.9948
80 /

60 / ¢ examplel,p.]

40 -

Linedrni (exar
20 /

O T T 1
0 20 40 60
SS MS F Vyznamnost F
6872.585143 6872.585 768.14 1.00812E-05
35.78819048 8.947048
6908.373333
hyba stf. hodnot t Stat Hodnota P Doini 95% Horni 95% Dolni 95.0%  Horni 95.0%

2.164843817 1.350587 0.248179 -3.086760496 8.934379543 -3.086760496 8.934379543
0.071502438 27.71534 1.01E-05 1.783191692  2.18023688 1.783191692 2.18023688




238

175

1ple 1, p.175)




In the potentiometric determination of Pb* in solution, the following calibration data was coll¢

Pb2+, Emeasa
ppm mV
15 -338.5
35 -329.8
89 -316.5
150 -312.2
230 -303.7
400 -296.4
500 -295.5
650 -292.5

0.064902
0.012864

0.809253
25.45521
1609.829

-327.423

4.355858
7.952461

6

379.4498

-280
-290
-300
-310
-320
-330
-340
-350

200 400
*
*
L2
*
&
y =0.0649x - :
T R%=0.80¢

Another solution, whose concentration of Pb%" was not known, yielded a measured potential
Report the concentration of lead in the solution in the form of a confidence interval.

proi.s.=

is=

L1
L2

proi.s.=

log(x)
1.176091
1.544068
1.94939
2.176091
2.361728
2.60206
2.69897
2.812913
2.17
2.503775

0.116513

2.4
2.6

In(xX)
2.70805
3.555348
4.488636
5.010635
5.438079
5.991465
6.214608
6.476972
4.99
5.765156

y
-338.5

-329.8
-316.5
-312.2
-303.7
-296.4
-295.5
-292.5
-310.64
-300.8

244
417

y
-338.5

-329.8
-316.5
-312.2
-303.7
-296.4
-295.5
-292.5
-310.64
-300.8

dx
-0.99
-0.62
-0.22

0.01
0.20
0.44
0.53
0.65
2.34
319.0

251.189
398.107

dx
-2.28
-1.43
-0.50

0.03
0.45
1.01
1.23
1.49
12.43
319.0

b
29.05248
0.851622
0.994871
1163.786
1979.075

b
12.61733
0.369855
0.994871
1163.786
1979.075

a
-373.541
1.900668
1.304051
6
10.2033

a
-373.541
1.900668
1.304051
6
10.2033

2.446912

2.446912

-280

-290

-300

-310

-320

-330

-340

-350

-280

-290

-300

-310

-320

-330

-340

-350




acted. y*=x/y v=
: . 0.0
01 5D
6,06; 800 ye=xly 91 100
o -0.04431 03
-0.10612 0.5
0.6 \
-0.2812 o
-0.48046 0.8
-0.75733 03
327.42 -1.34953
73 -1.69205 b a
-2.22222 -0.0034352 0.0217647
— 0.0000177 0.0059793
s, (11 YV =) 0.9998415 0.0109163
t(aystvol )* 37 [ 37844.648 6
"R (x, %)’
of -300.8 mV L 4510 0.001
i=
y*= x/300.8 -0.6536849
| X= 196.63 mg/l
og(x) y
, , y = 29.052x - 373.54
1 2 R%=0.9949 2280 : : :
Y 590 0 200 400 600
-300 -
/ -310 -
¢ log(x)y
/ Linedrni (log(x) y) -320 -
Inearni (10g(X -
By 330 - y = 12.6173In(x) - 37
R2 = 0.9949
-340
350
319.0
In(x) y
, . y = 12.617x - 373.54
4 6 R2 = 0.9949
/ ¢ In(x)y

Linearni (In(x) y)




:-0.00344x + 0.02176
R?=0.99984
- 1

200 300

.

3.640032

2.446912

) 800

73.5409

-1.06047

y=1/(b+a/x)

-503.988
-355.453

-313.42
-303.946
-299.354
-295.793
-294.844
-293.973

y=1/(b+a/x)

-100

200 400 600 800

-200

300 —4 ¢ O—=< ?

-400 T
y =
-500 ¢ b+ & [
X
-600




