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

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

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
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usek je nevyznamny 35.6

spectroscopy. 0.020388 0.004988 0.217734| 0.020522 0 21.9
0.000694 0.022907 0.000291| #N/A
0.995381 0.026155 0.998994| 0.023532 0.9995
861.9527 4 2.776445] 4965.226 5
0.589641 0.002736 2.749477| 0.002769
A y = 0.0205x
% transmittance 15 R? = 0.9953 nespravna hodnota
-Log. (% 1 ® 1.060 In
transmittance)
0.8 0.839 -4.35799
0.726 -3.76584
0.6 .
0.503 3.44681
0.4 . -2.93386
S / ’ -2.67415
4.5 0.2 -2.16332
7 ¢ 0107
- 0 T T 1
60 0 20 40 60
>ollected.
mv y =29.052x - 373.54
Iog C R?=0.9949
T ’ 1 -280 T T T 1
¢ 600 800 290 110 1.5 2.0 2.5 3.0

-300 "/‘
-310 /

-320

-330 /

-340 __Q/

-350

When a blank measurement is obtained during calibration, as in the pre
two possibilities: either include the blank measurement in the regression
from all the calibration and sample measurements. Either way gives the



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

=T(x) 35.6 =T(x)
=c(x) 0.046945 -4.59369 21.8 =c(x)
0.001599 0.052745
=R 0.995381 0.060224
861.9527 4

3.126215 0.014508

In
y = 0.0469x - 4.5937

2 : : . . . .
! 10 20 30 40 /8 60 R?=0.9954
| N
vV
35 /
-4 /

¢ In

—— Linearni (In)

loglinregrese -log 2-log
0.954139 98.85813 0.020388 0.004988
0.001599 0.052745
0.995381 0.060224
861.9527 4
3.126215 0.014508

wvious example, there are
. or subtract the blanlc valie

same results.



sestrojeni grafu Gaussovy funkce

X y pouzijte funkci =normd
-3
-2.8
2.6
2.4
2.2
-2
1.8
-1.6
1.4
1.2
-1
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
18
2
2.2
2.4
2.6
2.8
3
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sestrojeni grafu Gaussovy funkce
X y pouzijte funkci =normd
-3 0.004431848 0.501768
-2.8 0.007915452 0.503158
2.6 0.013582969 0.505419
2.4 0.02239453 0.508933
-2.2 0.035474593 0.514149
-2 0.053990967 0.521529
-1.8 0.078950158 0.531464
-1.6  0.110920835 0.54416
1.4 0.149727466 0.55951
-1.2  0.194186055 0.576985
-1 0.241970725 0.595599
-0.8 0.289691553 0.613974
-0.6 0.333224603 0.630518
-0.4 0.36827014 0.643664
-0.2  0.391042694 0.652117 y
0 0.39894228 0.655032
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Numerickou integraci zjistéte plochu pod pfimkou, ktera prochazi bodem [0,1] a [5,3]

tj. plochu mezi touto pfimkou a osou x na intervalu <1,5>

35

25

15

05
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Numerickou integraci zjistéte plochu pod pfimkou, ktera prochazi bodem [0,1] a [5,3]

tj. plochu mezi touto pfimkou a osou x na intervalu <1,5>

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1.1
1.2
1.3
1.4
15
1.6
1.7
1.8
1.9

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

51
52

1
1.04
1.08
1.12
1.16

1.2
1.24
1.28
1.32
1.36

14
1.44
1.48
1.52
1.56

1.6
1.64
1.68
1.72
1.76

1.8
1.84
1.88
1.92
1.96

2.04
2.08
2.12
2.16

2.2
2.24
2.28
2.32
2.36

2.4
2.44
2.48
2.52
2.56

2.6
2.64
2.68
2.72
2.76

2.8
2.84
2.88
2.92
2.96

3.04
3.08

0.144
0.148
0.152
0.156
0.16
0.164
0.168
0.172
0.176
0.18
0.184
0.188
0.192
0.196
0.2
0.204
0.208
0.212
0.216
0.22
0.224
0.228
0.232
0.236
0.24
0.244
0.248
0.252
0.256
0.26
0.264
0.268
0.272
0.276
0.28
0.284
0.288
0.292
0.296
0.3

8.88

0.14
0.144
0.148
0.152
0.156

0.16
0.164
0.168
0.172
0.176

0.18
0.184
0.188
0.192
0.196

0.2
0.204
0.208
0.212
0.216

0.22
0.224
0.228
0.232
0.236

0.24
0.244
0.248
0.252
0.256

0.26
0.264
0.268
0.272
0.276

0.28
0.284
0.288
0.292
0.296

8.72

3.5

2.5

1.5

0.5




5.3
5.4
55
5.6
5.7
5.8

3.12
3.16

3.2
3.24
3.28
3.32



Y=0.4*X+1



hmotnost

muzi

82
87
93
74
68
81
80
67
104
69
75
71
81
96
89
79
109
87
63
75
77
64
59
81
70
69
86
80
81
91

Zeny

57
62
58
71
49
56
60
53
71
64
58
49
68
61
54
57
60
47
58
61
67
54
47
64
76
63
67
52

muzi zeny
pocet
aritmet. primér
max
min
modus
median
rozptyl
rozptyl vybéru
sm. odchylka
vybérova sm. odchylka

histogram

N

0.75 percentil
0.5 percentil
0.25 percentil

If n= 20 this table ¢3






innaot be used. A p can be computed for Uggt using the normal distribution approximation:

o024

z, =
‘I'nplnlm +n, +1)
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hmotnost

muzi

82
87
93
74
68
81
80
67
104
69
75
71
81
96
89
79
109
87
63
75
77
64
59
81
70
69
86
80
81
91

Zeny

57
62
58
71
49
56
60
53
71
64
58
49
68
61
54
57
60
47
58
61
67
54
47
64
76
63
67
52

muzi zeny
pocet
aritmet. primér
max
min
modus
median
rozptyl
rozptyl vybéru
sm. odchylka
vybérova sm. odchylka

histogram

N

0.75 percentil
0.5 percentil
0.25 percentil

Slo

Stf. hodnot
Chyba stt.
Median
Modus
Smér. odct
Rozptyl vyt
Spicatost
Sikmost
#REF!
Minimum
Maximum
Soucet
Pocet






upecl

79.6
2.144010636
80

81
11.74322989
137.9034483
0.316930596
0.574936157
50

59

109

2388

30

30
79.60
109

59

81

80
133.31
137.90
11.55
11.74

30
86.75
80

70.25

dao

Pripojeni

jeni

Mann-Whitneytyv test

47
47
49
49
52
53
54
54
56
57
57
58
58
58
59
60
60
61
61
62
63
63
64

28 Tridy Cetnost
59.43 59 1 5
76 69 6 17
47 79 7 £1
58 89 11 ]
59 99 3
53.89 Dalsi 2
55.88
7.34 L
7.48
60
70
28 80
64 90
59 100
54 110
Revize Zobrazeni Vywojar Doplfiky
2GR S | BE
|| Z| Sefadit | Filtr ":,?L__I o Textdo Odebrat
32 presnit slouped... stejné
Seradit a filtrovat Dat
jsou oba soubory nevyznamné rozdilné? t-test nebo hodnot je d
rank poradi R U
1 15 [J =
1 1.5
3 3.5
3 3.5 Ifn=2
5 5
6 6
7 7.5
7 7.5
9 9
10 10.5
10 10.5 -
12 13 Level ¢
12 13
12 13 458 788
15 15 1253 52 <293
16 16.5 3
16 16.5 4
18 18.5 L
18 185 .
20 20 ]
21 21.5
21 215 :
23 24 y
23 24 1w
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64
67
67
67
68
68
69
69
70
71
71
71
74
75
75
76
77
79
80
80
81
81
81
81
82
86
87
87
89
91
93
96
104
109
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26
26
26
29
29
31
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33
34
34
34
37
38
38
40
41
42
43
43
45
45
45
45
49
50
51
51
53
54
55
56
57
58

24
27
27
27
29.5
29.5
31.5
315
33
35
35
35
37
38.5
38.5
40
41
42
43.5
43.5
46.5
46.5
46.5
46.5
49
50
51.5
515
53
54
55
56
57
58

Siee of the smallest sample (ny)



Histogram-analyza dat Tridy _ Cetnost _rel.¢etnost
0 0-60 1 0.033333
' 61-70 7 0.233333 0.35
0 71-80 8 0.266667 0.3
* 81-90 9 0.3
0 m Cetnost
59 69 79 89 99 Dali o 91-100 3 01| 9%
101-110 2 0.066667 2 02
Tridy < s
DalSi 0 S 015
g
0.1
0.05
0
= % ELSY L ANE ®re qaE ¥= Zobrazit podrobnosigl Bl Analjza dat
= b= =R W Y A 2 o
- "= Skt po ?,; Reiitel
COwéreni Sloudit... Analyza Seskupit... Oddélit... Souhrn
dat~ hypotéz ~ - -
ové nastroje Osnova la Analyza

ost, Mooruv test neni uréen pro tak velké pocty...

m(m + l)

mn2 + — R

0 this table cannot be used. A p can be computed for Uygt using the normal distribution approximatic
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nnn, +n, +1)
' 12

Ly =

Critical Values for the Mann-Whitney U-Test

of significance: 3% (P =0.03)

Size of the largest sample (nz)
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Histogram

0-60 61-70 71-80 81-90 91-100 101-110
Tridy

i Z

5.73




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
vynos. Na polich
z aplikace 45, 54,

nl(m + l)
U=mnm+-——"2—PR
V2 3 04 5 & 7 8 9 10 1 12 13 14 15 16 17
Critical values of U for o equal to 5%
I
2 1] {0 1] } l 1 1 1 1 2
3 o 1 1 2 2 3 3 4 4 5 5 6 &
4 1] 1 2 3 4 d 5 G T 1 o 10 11 11
5 o I 2 3 5 & 7 8 9 11 12 13 14 15 17
& I 2 3 5 4] B 10 Il 13 14 16 17 19 21 22
7 i3 5 6 & 10 12 14 16 18 20 22 24 26 28
§ 0 2 4 & B OID I3 15 1T 19 22 24 2% 29 3| 34
g 0 204 7 00 12 15 17 20 23 2% 28 31 34 37 30
o0 30085 0§ 01 14 17 20 23 26 20 33 36 39 42 45
TR 306 9 13 16 19 23 26 30 33 37T 40 44 47 S|
(e 1 4 7 11 14 18 22 26 29 33 37 41 45 49 53 57
13 | E) B 12 16 20 24 28 33 37 41 45 50 54 59 63
14 1 5 9 13 17 22 26 31 in 40 45 S0 55 59 64 67
15 1 5 10 14 19 24 29 34 39 44 49 sS4 39 64 TO TS
6 1 6 11 15 21 6 31 37 42 47 53 9 64 70 75 &l
17 2 B 11 17 22 22 34 39 45 51 57 &3 &7 75 Rl BT
15 2 7 12 I8 24 30 36 42 48 55 6l 67 T4 BD B 93
e 2 7 13 19 25 32 38 45 Sz S8 65 72 78 85 92 99
w2 B 13 20 27 34 41 48 55 62 69 76 83 90 98 105
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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.
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59.25 16
49 10
u= 0.394231 > 0.319



stimulator, ostatni
vynos. Na polich
z aplikace 45, 54,

Mann-Whitney U-test

U=mn2+

nl(nl + l) R
2

n 2 3 4 5 B8 7T B 9 10 1L 12 13 14 15 16 17
Critical values of U for o equal to 5%
i
2 o o o o 1 1 1 1 1 2
3 o 1 1 2 2 3 3 4 4 5 5 6 6
4 4] 1 2 3 4 d 5 5] T 8 g 11 11
5 o 1 2 3 5 & 7 8 9 11 12 13 14 15 17
[ I 2 3 5 & 8§ 10 Il 13 14 16 17 19 21 22
7 I3 5 & B 0 12 14 16 18 20 22 24 26 28
8 0 2 4 6 B 10 I3 IS5 17T 19 22 24 26 29 3 34
9 0 2 4 7 10 12 15 17 20 23 2% 2B 3 34 37 39
0 3005 8 11 14 17 20 23 026 29 33 36 30 42 45
10 306 9 13 16 19 23 26 30 33 37 40 44 47 51
1z 4 7 Il 14 I8 P2 26029 33 37T 41 45 49 53 57
131 4 B 12 16 W 24 2 33 3T 41 45 S0 54 59 63
[EO 5 09 13 17 22 26 31 36 40 45 S0 55 59 64 67
15 1 5 10 14 19 24 29 34 39 44 49 54 59 64 0 TS
6 1 6 11 15 21 26 31 37 42 47 53 59 64 70 75 Kl
17 2 & 11 17 22 28 34 39 45 51 57 63 &7 75 Bl 87
1% 2 T 12 I8 24 30 3 42 48 55 61 67 74 RO B5 93
o 2 7 13 19 25 32 38 45 52 S8 65 T2 78 85 92 99
w2 B 13 20 27 34 41 48 S5 62 69 T6 B3 90 98 105
Mooruyv test | #4 — Xn |
U2 o
Ri 4+ Rn
Tabulka 14. Kritické hodnoty Moorova rozdélent U
= —-
x i x
A ny |—— e ———e —{ ®a na
i 0,100 0,050 0,010 | 0,100 0,080
s ¢ | 1160 1714 3958 | 4 & 0322 0,407
3 0,693 0,915 1,657 5 0,282 0,353
4 0,656 0,732 1,242 3 0,206 0,319
I3 0,478 0,619 1,008 7 0,237 0,294
4 0,429 0,549 0,865 |
7 0,396 0,502 0,776 5 5 0,247 0,307
[ 0,294 0,277
3 3 0,487 0,635 1,050 7 0,208 0,256
4 0,393 0,611 0,814
5 0,339 0,429 0,660 6 6 0,203 0,250
8 0,311 0,391 0,590 7 0,188 0,240
7 0,288 0,360 0,636
7 ? 0,174 0,213
i




99
L0
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7
13
19
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32
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52
5B
65
72
T8
85
92
99
LK
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0,010
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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
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najdi odlehlé hodnoty pomoci Grubbsova testu
koncentrace Pb

¢islo méfeni [ng/mi] Kritické hodnoty Grubbsova T-rozd
1 37.9 kritické hodnoty
2 22.8 T
3 134 "
4 31.6 3 1.412
5 50.8 4 1.689
6 20.2
7 9.5 5 1,869
8 26.7 6 1.996
9 76.1 - 2,093
10 22.0
8 2.172
9 2237
10 2.294
11 2.343




1&leni (0=0.03)

kritické hodnotv

n T

12 2,387
13 2426
14 2,461
15 2,493
16 2,523
17 2,551
18 2,557
19 2.600
20 2623




najdi odlehlé hodnoty pomoci Grubbsova testu
koncentrace Pb

¢islo méfeni [ng/ml] T Kritickeé ho
1 37.9 9.5 1.149766 ok k
2 22.8 134 094217 ok i}
3 13.4 20.2 0.58021 ok
4 31.6 22.0 0.48439 ok 3
5 50.8 22.8 0.44181 ok 4
6 20.2 26.7 0.23421 ok _
7 9.5 31.6  0.02661 ok 2
8 26.7 37.9 0.36196 ok 6
9 76.1 50.8  1.04863 ok 7
10 22.0 76.1 2.395346  outlier .
18.78643127 S 9
31.1 X 10
11




dnotv Grubbsova T-rozdéleni («=0,03)

ritické hodnotv kriticke hodnotv
T ] T
1412 12 2. 387
1.689 13 2426
1.869 14 2.461
1.996 15 2.493
2.093 16 2.523
2,172 17 2.551
2,237 18 2.5357
2,294 19 2,600
2.343 20 2623

O© 0O NO Ol WN -

37.9
22.8
13.4
31.6
50.8
20.2
9.5
26.7
76.1

19.5428
321



9.5
13.4
20.2
22.0
22.8
26.7
31.6
37.9
50.8

1.157005
0.957443
0.609488
0.517383
0.476447
0.276885
0.026153
0.296216
0.956306

ok
ok
ok
ok
ok
ok
ok
ok
ok



najdi odlehlé hodnoty pomoci metody vnitfnich hradeb
koncentrace Pb
¢islo méfeni [ng/mi]
1 37.9
22.8
134
31.6
50.8
20.2
9.5
26.7
76.1
22.0

O© o0 NO Ol hWwWDN
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najdi odlehlé hodnoty pomoci metody vnitfnich hradeb
koncentrace Pb

¢islo méteni [ng/mi]
1 37.9
2 22.8
3 134
4 31.6
5 50.8
6 20.2
7 9.5
8 26.7
9 76.1
10 22.0
-2.8625 20.65 q1
59.8375 36.325 g3

15.675 Rq




O© 00O NOoO Ol WN B

3.1
48.7

37.9
22.8
13.4
31.6
50.8
20.2

9.5
26.7
22.0

20.2 q1
31.6 g3
11.4 Rq




O NO Ol WN P

4.3625
42.0625

37.9
22.8
13.4
31.6
20.2
9.5

26.7
22.0

18.5 g1
27.925 g3
9.425 Rq




