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TASK 1
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There is a random variable X. Calculate numerical
characteristics M(X), D(X) and o(X), the mode Mo and
the median Me. Find a distribution function F(X) of a
random variable X. Draw a distribution polygon.

Xi 5 10 15 20
Pi 02 03 04 0,1



Solutiom Im Microsoft [Excells
Fill in the initial data

A B C D E F G
1 Discrete random variable
X 2 10 15 20 TOTAL
3 pi 0,2 0,3 0,4 0,1




Solution im Miicrosofit [Excells
Calculate the sum of all probabilities:

A B C D E F | G | H 1

1 Discrete random variable
2 [ a | s [ 10 [ 15 [ 20 [ Toma]
3| | i {02 [ 03 [ oa | -cymm(caFy

4
- AprymeHTsl gy HKELMK ? >
6 CYMM
7
8
9

Yncnol |C3:F3 F%| = {0,%0,3;0,40,1}
Yucno? ez =

10
11
12
13 = 1
14 CYMMUPYET apryMeHThI,
15 Yucnold: wqucnolymcno;... o7 140 255 apryMeHToB, KOTOPLIE CYMMMPYROTCRA.
16 NorvyeckKe M TEKCTOBRIE SHAYEHHA MMHOPHPYHOTCA,

17

18 SHa4eHme: 1

15
20 CrnpaBka No 3ToM GyHKLMKA OTMEHE
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Solutiom im Microsoft Excel:
Calculate the sum of all probabilities:

A B C D E F 5
1 Discrete random variable
2 X1 3 10 15 20 TOTAL
3 pi 0,2 0,3 0,4 0,1 1
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Mathematical expectation
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Solutiom im Microsofit [Excells
Calculate the products xi*pi

A B | ¢ | b E F G
1 Discrete random variable
2 i ]; 5 j’ 10 15 20 | TOTAL
3 pi | 02 | 03 0,4 0,1 1
a4 xi*pi|=C2*C3 |
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Solutiom im Microsofit [Excells
Calculate the products xi*pi

A B C D E F 3
1 Discrete random variable
2 ¥ 3 10 15 20 TOTAL
3 pi 0,2 0,3 0.4 0,1 | 1
a4 Xi*pi 1 3 b 2
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Solutiom im Microsofit [Excels
Calculate the mathematical expectation M(X)

A B C D E F G H |
1 Discrete random variable
2 e 5 10 15 20 TOTAL
i o] 0,2 0,3 0,4 0.1 1
4 xipi | 1 3 6 =CYMM| C4:F4)
5 | CYMM( (uncnol: [uncne]: ... |
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Solutiom im Microsofit [Excels
Calculate the mathematical expectation M(X)

L D

B C D E F G
Discrete random variable
X1 2 10 15 20 TOTAL
i 0,2 0.3 0.4 0,1 1
Xi*pi 1 3 5} 2 12
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M(X)
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Variance (the first formula)
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Solution im Miicrosofit [Excells
Calculate the difference xi- M(X)

A B C D E F G H
1 Discrete random variable
2 Xi F 5 % 10 15 20 TOTAL
3 pi 0,2 0,3 0,4 01 | 1
4 xi*pi |1 | 3 6 2 L 12 1 M(x)
= xi - M(X) | =C2-5634|
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Solutiom Im Microsofft [Excells

Calculate the difference xi- M(X)

A

T SR S R

B C D E F G
Discrete random variable
Xi 3 10 15 20 TOTAL
o] 0,2 0,3 0.4 0,1 1
Xi*pi 1 3 2 12
xi-M(X)| -7 2 3 5|
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M(X)
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Solution im Miicrosofit [Excells
Calculate the square of the difference xi- M(X)

A

|CI“I|LH-|=-L'-JI"-JI—'-

B C D E F G H
Discrete random variable
X1 2 10 15 20 TOTAL
a]] 0,2 0,3 0.4 0,1 1
Xi*pi 1 3 6 2 12 M{X)
i - M(X) [ -7 :[ ) 3 3
(xi- M(x])*2|=C5%2 |

Use keys SHIFT and 6 in order to get A
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Solutiom im Microsoft Excel:
Calculate the square of the difference xi- M(X)

A

I‘G"I|L"I-EILUI"-"I-"

B C D E F G H
Discrete random variable
X 2 10 15 20 TOTAL
a]] 0,2 0,3 0.4 0,1 1
Xi*pi 1 3 6 2 12 ()
®i - M(X) -2 8
(xi- M(X))*2| 49 4 9 64
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Solution im Microsoft [Excels
Calculate the product (xi-M(X))"2*pi

A B C D E F G H
1 Discrete random variable
2 Xi 5 | 10 15 20 TOTAL
3 pi U 02 1 o3 0,4 0,1 1
4 xi*pi 1 3 6 2 12 M(X)
5 xi - M(X) 7 2 3 3
6 (xi-M(X))*2 | 49 | a4 9 64
= (xi - M(x))*2*pi| =C6*C3| |
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Solution im Miicrosofit [Excells
Calculate the product (xi-M(X))"2*pi

A B C D E F G H
1 Discrete random variable
2 Xi 5 10 15 20 TOTAL
3 pi 0,2 0.3 0,4 0.1 1
4 Xi*pi 1 3 6 2 12 M{X)
5 xi - M(X) -7 2 3 8
6 (xi- M(X))*2 49 4 3 64
7 (xi- M(X))"2*pi| 9,8 1,2 3,6 54 |

]
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Solution im Miicrosofit [Excells
Calculate the variance D(X)

A

B C D E F G
Discrete random variable
Xi 5 10 15 20 TOTAL

pi 0,2 0,3 0,4 0,1 1

Xi*pi 1 3 2 12
i - M(X) -7 -2 8
(xi- M{X))"2 49 4 64

(xi- M(X))"2*pi| 9,8 1,2 3,6 =CYMM(C7:F7)

M(X)
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Solutiom Im Microsoft [Excells

Calculate the variance D(X)

A

|'=-J|'-':|"l':-"|-hl'-'u"l"-"l—"

B C D E F G H
Discrete random variable
¥ 3 10 15 20 TOTAL
pi 0,2 0.3 0.4 0,1 1
Xi*pi 1 3 2 12 M{X)
xi - M(X) -7 -2 3
(xi- M{X))"2 49 4 64
(xi- M[X))*2*pi| 9,8 1,2 3,6 6,4 21 | D(x)
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where

Variance (the second formula)
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Solutiom im Microsoft Excel:
Calculate the product xi*2*pi

A B - | D E F G H

1 Discrete random variable

2 Xi 5 10 15 20 TOTAL

3 i 0,2 0.3 0,4 0,1 1

4 Xi*pi 1 3 6 2 12 M(X)

5 xi - M(X) -7 -2 3 8

6 (xi- M{X))"2 49 4 g 64
i (xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 21 D{X)
i Xi*2*pi =C272*C3
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Solutiom im Microsoft Excel:
Calculate the product xi*2*pi

L | =] @ Ln s | e

B C D E F G
Discrete random variable
¥ 3 10 15 20 TOTAL
pi 0,2 0,3 0.4 0,1 1
Xi*pi 1 3 ) 2 12
®i - M([X) -7 -2 3 3
(xi- M[X)}"2 a9 4 9 64
(xi- M({X))*2*pi| 9,8 1,2 3,6 6,1 21
xi"2*pi 3 30 90 40 "
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D(X)
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Solutiom im Microsoft Excels
Calculate M(X?)

A B C D E F G H

1 Discrete random variable

2 Xi 5 10 15 20 TOTAL

3 pi 0,2 0,3 0,4 0,1 1

4 i *pi 1 3 6 2 12 M(X)

5 ®i - M([X) -7 -2 3 3

6 (xi- M[X)}"2 49 4 g 64
= (xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 21 D(X)
8 Xif2*pi 5 30 90 40 165 | M(X%)
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Solutiom Im Microsofft Excells

Let’s get values

W= - T, R S TER N R

=
(S =

[
sl

P
B w

A

B C D E F G H
Discrete random variable
X1 5 10 15 20 TOTAL
o] 0,2 0,3 0,4 0,1 1
Xi*pi 1 3 6 2 [ 12 1 M(X)
i - M(X) -7 -2 3 8
(xi- M[X))"2 a9 4 3 64
(xi- M{X)}*2*pi| 9,8 1,2 3,6 6,4 21 D{X)
Xir2*pi 5 30 90 40 165 M(X*)
Mumerical characteristics:
formulas
M(X)
1st D{X)
2nd D(X)
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Solutiom Im Microsoft [Excells

Let’s get values

= B = R B = R TR

||
Bjwm = o

A B C D E F G
Discrete random variable
X1 o 10 15 20 TOTAL
8] 0,2 0,3 0.4 0,1 1
Xi*pi 1 3 ) 2 12
xi - M{X) -7 -2 3 8
(xi- M(X))"2 19 4 9 64 |
(xi- M(X))*2*pi| 9.8 1,2 3,6 64 4 21 !
Xi*2%pi o 30 90 40 165
Mumerical characteristics:
formulas
M{X) 12
1st D(X) =57 |
2nd  D(X)

doc. Misiura le.lu. / Micropa €.10.
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D(X)
M(X?)
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Solutiom im Microsoft Excels
Let’s get values

A B | ¢ | b | E F G H
1 Discrete random variable
2 ®i 3 10 15 20 TOTAL
3 i 0.2 0.3 0,4 0.1 1
4 Xi*pi 1 3 6 2 I 12 I M ([ X)
5 xi - M(X) -7 -2 3 8
5 (xi- M{x))"~2 49 4 9 54
7 (xi- M([X))~2*pi 9,8 1,2 3,6 6,4 21 D{x)
2 Xi"2*pi 5 30 90 40 I 165 IM[K“]
9
10 Mumerical characteristics:
11 formulas
12 M (%) 12
13 1st D(X) 21
14| 2nd  D{X) =G8-G4"2
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Solutiom Im Microsofft [Excels

Let’s get values

e e B = R ¥ B SR SRR N R

== e e
TR R S

=t
o

A

B C D E F G
Discrete random variable
Xi 2 10 15 20 TOTAL
i 0,2 0,3 0,4 0,1 1
Xi*pi 1 3 v} 2 12
xi - M(X) -7 -2 3 3
(xi - M{X))}"2 49 4 2 64
(xi- M{X))*2*pi| 9,8 1,2 3,6 6,4 21
Xi*2*pi 2 30 90 40 165
Mumerical characteristics:
formulas
M (X)
1st  D{X)
2nd DX}
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M(X?)
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Root-mean square deviation
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Solutiom Im Microsoft [Excells

Calculate the root-mean square deviation o(X)

A B | ¢ | b | E F G H | ] K L
1 Discrete random variable
2 ®i 5 10 15 20 TOTAL
3 pi 0,2 0,3 0.4 0,1 1
a Xi*pi 1 3 6 2 12 M(X)
5 xi - M(X) -7 -2 3 8
6 (xi - M{X)}"2 19 4 9 64
7 (xi- M(X))*2*pi| 9.8 1,2 3,6 6,4 21 D(X)
8 Xi*2*pi 5 30 90 10 165 M(X*)
9
10 Numerical characteristics: AprymenTEl dyHKLiW ? X
11 formulas KOPEHDL
12 M(X) 12 Yncno |C14 e = 21
= st oK) 2] = 4,582575605
14 zhd D{:’:} 's- fffffff %- ]--------------—II BD3B|:IEL|J.EET 3Ha4eHWe KBaapaTHOro KOpHA. '
15| a(X) | =KOPEHB(C14) )
165 Yucno YMCNo, AnNA KOTopord EbMMCAAETCA KEGAPSTHRIM KOpeHb.
i; 3Ha4eHwe: 4,582575695
19 Cnpaska No 5ToR QyHKLYAM OTMeHa
wn

doc. Misiura le.lu. / Micropa €.10. 30



Solutiom Im Microsoft Execells

Calculate the root-mean square deviation ¢(X)

L= = RN (= VR, B R R N R

NN e
(= =T T = = Bw m= o

A

B | ¢ | o | E F G H [ J K L M
Discrete random variable
Xi ] 10 15 20 TOTAL
pi 0,2 0,3 0,4 0,1 1
Xi*pi 1 3 ] 2 12 M)
Xi- M(X) -7 -2 3 2
(xi- M({X))"2 49 4 9 64
(xi- M(X))"2*%pi 9,8 1,2 3,6 6,4 21 D{x)
Xi"2*pi ] 30 90 a0 165 M[ij
?
Numerical characteristics: Popmar auesx X
formulas Hucno BoipaBHuBaHwe  LpubT MpaHvua  3anueka  SawuTa
MI{X) 12
1=t DIX n Yucnosele GopHMaTEI:
5 (X) OB Obpazew,
2nd D(X) 21 258
a(X) 4,582575695 | P
o MHEHCOBEIM YMCNo AECATHYHBIX SHaKoE: |2 =
Hata
Bpema . [] Pazaenurens rpynn paspagoe ()
MpoueHTHEIA
Nlpobei CTPMUATENEHEIE YACNE:
SKaoHer o
TeKcToBbIH 123410
A ononHUTENEHEIR -1234,10
(Bce dopHaThI) -1734.10
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Solutiom Im Microsoft [Excells

Calculate the root-mean square deviation o(X)

(Y =< L B = R B = R TR R 6

AR =S
| Bw N =S

B C D E F G
Discrete random variable
i o 10 15 20 TOTAL
pi 0,2 0,3 0,4 0,1 1
Xi*pi 1 3 ) 2 12
xi - M{X) -7 -2 3 8
(xi- M{X))"2 49 4 g 64
(xi- M[X))*2*pi| 9,8 1,2 3,6 6,4 21
Xi*2*pi o 30 90 40 165

Numerical characteristics:

formulas
M(X) 12
1st D(X) 21
2nd  D(X) 21
o(X) 4,58

doc. Misiura le.lu. / Micropa €.10.
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M(X)

D(X)
M(X*)
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Coefficient of variation
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Solutiom Im Microsoft [Excells

Calculate the coefficient of variation v(X)

WO (0a (s h L W pa |

el
=

12

A

B C D E F G
Discrete random variable
X 3 10 15 20 TOTAL
pi 0,2 0,3 0,4 0,1 1
Xi*pi 1 3 6 2 12
xi - M{X) -7 -2 3 8
(xi - M(X))"2 49 4 9 64
(xi- M{X})*2*pi| 9,8 1,2 3,6 6,4 21
X" 2¥pi 5 30 90 40 165

Numerical characteristics:

formulas
M(X) 12
1st D(X) 21
2nd D{X) 21
ox) | 4,58
v(X) =C15/C12%100
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M(X)

D(X)
M(X*)
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Solutiom Im Microsoft [Excells

Calculate the coefficient of variation v(X)

W0~ O bW |

s = e
R BIRIE B

B C D E F G
Discrete random variable
Xi o 10 15 20 TOTAL
pi 0,2 0,3 0,4 0,1 1
Xi*pi 1 3 ] 2 12
xi - M{X) -7 -2 3 3
(xi - M(X))"2 49 4 g 64
(xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 21
xi*2*pi 2 30 90 a0 165

Numerical characteristics:

formulas
M%) 12
1st D(X) 21
2nd D(X) 21
a{X) 4,58
v(X) 38,19 |
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M(X)

D(X)
M(X*)
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A mode is equal to the value of x at which the

probability distribution function reaches a maximum

Mo
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Solutiom Im Microsoft [Excells

Calculate the mode Mo

(N v« TR (s T O - T R L B ]

o il <R =
L eElR R EB

[
|.\_|J

A

B c D | E F G
Discrete random variable
xi 5 10 [ 15 1 20 | TOTAL
i 0,2 0,3 0,4 0,1 1
Xi*pi 1 3 5 2 12
Xi - M(X) 7 2 3 8
(xi - M(X))"2 49 a 9 64
(xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 21
Xi2*pi 5 30 90 40 165

NMumerical characteristics:

formulas
M({X) 12
1st D(X) 21
2nd D(X) 21
o{X) 4,58
v{X) 38,19
Mo =E2
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Solutiom Im Microsoft [Excells
Calculate the mode Mo

A B C D E F G H
1 Discrete random variable
2 Xi 3 10 15 20 TOTAL
3 pi 0,2 0.3 0.4 0.1 1
4 Xi*pi 1 3 6 2 12 M(X)
5 xi - M(X) -7 -2 3 8
6 (xi - M(X))"2 49 a g 64
7 (xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 21 D(X)
8 Xi"2*pi 5 30 90 40 165 M(X*)
9
10 Mumerical characteristics:
11 formulas
12 M(X) 12
13 1st D{X) 21
14 2nd  D(X) 21
15 ol X) 4,58
16 v(X) 38,19
17 Mo 15 |
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Solutiom Im Microsoft [Excells

Calculate the mode Mo using the built-in function

(8= T = TR I o T O o R O o I

(U S R -
LS L B o B e |

14

A

J

K L

M N 0 P aQ

B C D E F G H |
Discrete random variable
H| 3 10 15 20 TOTAL
pi 0,2 0,3 04 0,1 1
Xi*pi 1 3 6 2 12 | Mx)
xi- M(X) 7 2 3 3
(xi-M(X])"2 | 49 4 g 64
(xi-MX))"2%pi| 98 | 12 | 36 | 64 2| DX
Xir2*pi 5 30 90 a0 165 | M(XY)
Numerical characteristics:
formulas 5 10 15 20
M(X) 12 5 10 15
15t D[X) il 10 15
2nd D(X) 2 15
olX) 4,58
v[¥) 38,19
Mo 15 =MOJIA(F11:114)

AprymenTsl diyHELM

MOZA

Uncnol F11:114

Yucnod

M = {510:15:20:5,10;150:0:1015;0:0;...

B

2]

= 13

3ra tiyHKLA OCTABNEHA ANA cosmecTimocTy ¢ Excel 2007 1 bonge panHiy Bepci,
Bo3BpalLaET 3HYEHME MO ANA MACCHEE MM AMANA30HE 3HAYEHMA,

JHaveHme: 15

(npaBKka no 3ol HYHKLIM

Yucnol: wicnol;umcno;... o 140 255 yncen, uMen, MACCBOE WAW CCRINDK HA

YHCNOBEIE 3HE4EHWA, ANA KOTOPLIX BEMMCNAETCA MOAE,

oK

(OTMeHa
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Solutiom Im Microsoft [Excells

Calculate the mode Mo using the built-in function

W (o~ | s w e

ol =
HiE LR L IRIE S

Discrete random variable

Xi 5 10 15 20 TOTAL
pi 0,2 0,3 0,4 0,1 1
Xi*pi 1 3 2 12 M X)
i - M(X) -7 -2 8
(xi- M(X))~2 49 4 64
(xi- M(X))*2%pi 9,8 1,2 3.6 6,4 21 D{X)
Xi*2*pi 5 30 90 40 165 M[X*)
Mumerical characteristics:
formulas 5 10 15 20
M(X) 12 5 10 15
1st D(X) 21 10 15
2nd D(X) 21 15
ol X) 4,58
v(X) 38,19
Mo 15 15
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A median Me of a discrete random variable is the

“middle” value.
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Solutiom Im Microsoit [Excells
Calculate the median Me

e LN = I, R R T R S R

Al AR A=
Ba [~ | Em Bw p = O

D E F ] H 1
Discrete random variable
X a [ 10 1 15 l 20 TOTAL
pi 0,2 0,3 0.4 0.1 1
Xi*pi 1 3 6 2 12 M(X)
%i - M(X) -7 ) 3 3
(xi - M{X))"2 43 4 9 64
(xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 21 D{x)
X" 2*pi 5 30 90 40 165 M(X*)
Mumerical characteristics:
formulas 5 10 15 20
M(X) 12 5 10 15
1st D{X) 21 10 15
2nd D(X) 21 15
o(X) 4,58
v(X) 38,19
Mo 15 15
Me =(D2+E2)/2
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Solutiom Im Microsoit [Excells
Calculate the median Me

WO 00 =] LN R e

Al AR =S
DO = B W= o

A

B C D E F G H I
Discrete random variable
¥ 3 10 15 20 TOTAL
pi 0,2 0.3 0.4 0,1 1
Xi*pi 1 3 6 2 12 M(X)
Xi - M(X) -7 -2 3 3
(xi- M(X))"2 49 4 9 64
(xi- M({X))*2*pi| 9,8 1,2 3,6 6,4 21 D(X)
Xin2*pi 5 30 50 40 165 M(X%)
Numerical characteristics:
formulas 5 10 15 20
M(X) 12 5 10 15
1st D(X) 21 10 15
2nd D(X) 21 15
a(X) 4,58
v(X) 38,19
Mo 15 15
Me 12,5
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LN = T - TS I - T S o I N S o N

[ S -~ bt | et | | b | et
-.__Jcnm.hmml—l-cﬂ

=]

Solutiom Im Microsoft [Excells

Calculate the median Me using the built-in function
A B C D \g F G H I ] K L M N 0 P Q R

Discrete random variable
A 5 | 10 | 15 | w0 | TOTAL APTYMETS! e R
pi 0.2 03 04 01 1 MEQMAHA
Api L 3 6 2 L | M) Yicaol F1L114 B = (50505 10 50 015,00
Xi- M(X) -1 -2 3 g B
Yucno? (R =
(xi- M(X)]*2 49 4 9 64
(xi-M(X))*2*pi| 98 12 3,6 6,4 21 D(X)
Xi*2*pi 3 30 90 a0 165 | M)
Numerical characteristics: - 125
e il sty ! 3
formulas j 5 10 15 20 1 | Bo3BPALIBET NELWEHY HOHOIHBIX YACEN,
H 1
I".-’I{I-:} 12 ! 3 10 15 : Yscnol: wncnolamcnod;... o 140 255 WACEN, WMEH, MACCWEOE WAN CCRINOK HA
1st D(X) 21 : 10 15 : YACMDBLIE 3HHEHHR, ANA KOTOPGIX ONPEENAETCR HEAMEHE,
| |
2nd D(X) 21 SRR T T 5| :
o) 4,38 SHa4erne: 12,5
v(X) 38,19
Mo 15 15 ‘ CnpagKa no 3Toi QyHKkLM oK Ormeta
Me 12,5 =MEQWAHA(F11:114)
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Solutiom Im Microsoft [Excells

Calculate the median Me using the built-in function

Y= = RN B = TR, R TR R S B )

A= =S
£O | =]  n Bwm e o

B C D E F G H |
Discrete random variable
®i a 10 15 20 TOTAL
pi 0,2 0,3 0,4 0,1 1
XK *pi 1 3 6 2 12 M(X)
Xi - M(X) -7 -2 3 8
(xi - M{X))~2 49 a 9 64
(xi- M{x))~2*pi| 9,8 1,2 3,6 6,4 21 D(X)
Xi*2*pi 5 30 90 a0 165 M%)
Mumerical characteristics:
formulas 5 10 15 20
M({X) 12 5 10 15
1st D{X) 21 10 15
2nd D(X) 21 15
o{X) 4,58
viX) 38,19
Mo 15 15
Me 12,5 12,5
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A distribution function of probabilities F(X)

fU’
A

sl’

At P2

A+ +...+ Py-1,

doc. Misiura le.lu. / Micropa €.10.
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X9 S X< X3,

Xn-1 S X <Xy,
X2 Xy.
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Solutiom Im Microsofft [Excels

Calculate values of the distribution function F (X)

W00 =] L s

Al HRH =S
Co | =l B w RS

K L M
x<s

1 ]

B C D E F €] H
Discrete random variable
Xi 3 10 15 20 TOTAL
8] 0,2 0,3 0.4 0,1 1
Xi*pi 1 3 6 2 12 M(X)
Xi - M(X) -7 -2 8
[xi - M{X))"2 439 4 64
(xi- M(X))"2*pi| 9,8 1,2 3,6 6,4 21 D(x)
Xi*2*pi 5 30 90 40 165 M(X*)
Mumerical characteristics:
formulas 3 10 15 20
M(X) 12 5 10 15
1st D(X) 21 10 15
2nd D{X) 21 15
olX) 4,58
v(X) 38,19
Mo 15 15
Me 12,5 12,5

doc. Misiura le.lu. / Micropa €.10.
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Solutiom Im Microsofft [Excels

Calculate values of the distribution function F (X)

A B C D E F G | J | K |

1 Discrete random variable

2 i E "’4 10 15 20 | TOTAL 0 X< 5
3| pi I 02 ! 03 0,4 0,1 1 —C3|

4 Xi*pi 1 3 6 2 12 M(X) FlX)=

5 xi - M(X) -7 -2 3 8

6 (xi- M{X)}*2 19 4 ) 64

7 (xi- M(X))"2*pi| 9,8 1,2 3,6 6,4 21 D(X)

8 Xi*2*pi 5 30 90 40 165 M(X?)

9

10 Mumerical characteristics:

11 formulas 5 10 15 20

12 M(X) 12 5 10 15

13 1st D(X) 21 10 15

14 2nd  D(X) 21 15

15 a(X) 4,58

16 v(¥) 38,19

17 Mo 15 15

18 Me 12,5 12,5
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Solutiom Im Microsofft [Excels

Calculate values of the distribution function F (X)

=i e R B = R B R

AR A=
Ca |~ | w2

B C D E F ] H | 1 K L M
Discrete random variable
®i a 10 15 20 TOTAL i X< 5
8] 0,2 0,3 0.4 0,1 1 . 0,2 S==x<10
Xi*pi 1 3 6 2 12 M(X) FlX)=
Xi - M(X) -7 -2 8
[xi - M[X))"2 43 a 64
(xi- M(X))"2*pi| 9,8 1,2 3,6 6,4 21 D(X)
Xif2*pi 5 30 90 a0 165 M(X?)
Mumerical characteristics:
formulas 3 10 15 20
M(X) 12 5 10 15
1st D(X) 21 10 15
2nd D(X) 21 15
ofX) 4,58
v(X) 38,19
Mo 15 15
Me 12,5 12,5
doc. Misiura le.lu. / Micropa €.10. 49



=

1

2

2
4]
5
7}
7
8
9

10
11
12
13
14
15
16
17
18

Solution im Microsoft [Excels
Calculate values of the distribution function F (X)

A

B C D E F G H | 1 K L M
Discrete random variable
i 5 1"’1’0"’4 15 20 | TOTAL 0 X< 5
pi k 02 4 03 | 04 0,1 1 0,2 5<=x<10
Xi*pi 1 3 6 2 12 M(X) F(X)= |=C3+D3
Xi - M{X) -7 2 3 8
(xi- M(X))"2 49 4 64
(xi-M[X))~2*pi| 9,8 1,2 3,6 6,4 21 D(X)
Xi"2*pi 5 a0 90 40 165 M(X?)
Mumerical characteristics:
formulas 5 10 15 20
M(X) 12 5 10 15
1st D{X) 21 10 15
2nd D(X) 21 15
o(X) 4,58
v(X) 38,19
Mo 15 15
Me 12,5 12,5

doc. Misiura le.lu.
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Solutiom Im Microsofft [Excels

Calculate values of the distribution function F (X)

B C D E F G H | 1 K L |

1 Discrete random variable

2 ¥ ] 10 15 20 TOTAL ] X< 5

3 pi 0,2 0,3 0,4 0,1 1 0,2 S<=x=10
E| Xi*pi 1 3 & 2 12 M(x) Fix)= |__05 10<=x<15
5 Xi - M(X) -7 2 3 8

6 (xi - M(X))"2 49 4 9 654

7 (xi- M{X)})*2*pi| 9,8 1,2 3,6 6,4 21 D(X)

3 Xin2*pi 5 30 30 40 165 M(X?)

9

10 Mumerical characteristics:

11 formulas 5 10 15 20

12 M(X) 12 5 10 15

13 1st D(X) 21 10 15

14 2nd D(X) 21 15

15 olX) 4,58

16 v(X) 38,19

17 Mo 15 15

18 Me 12,5 12,5

51
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alues of the dis

Solutiom Im Microsofft [Excels

Calculate v

Emmwm|t—nhwr\3|-

11
12
13
14

16
17
18

[k ]

C D E F
Discrete random variable
®i 5 10 15 20 TOTAL 0
pi k 0,2 i 03 | 04 1| 01 1 0,2
Xi*pi 1 3 6 2 12 M{X} FlX)= 0,5
xi - M(X) -7 -2 3 8 =C3+D3+E3
[xi - M{X))"2 49 4 9 64 ' T
(xi- M{x))*2*pi| 9,8 1,2 3,6 6,4 21 D(x)
Xi%2*pi 5 30 90 a0 165 M(X?)
Numerical characteristics:
formulas 5 10 15 20
M({X) 12 5 10 15
1st D(X) 21 10 15
2nd D(X) 21 15
o(X) 4,58
v(X) 33,19
Mo 15 15
Me 12,5 12,5

doc. Misiura le.lu. / Micropa €.10.

tribution function F (X)

X< 5
S=<=x<10
10==x <15
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E ot~ otk w m e

12
13
14

16
17
18

Solution im Microsoft [Excels
Calculate values of the distribution function F (X)

A

B C D E F G H |
Discrete random variable
Xi a 10 15 20 TOTAL
o T T T T
Xi*pi 1 3 6 2 12 M(X)
xi - M(X) -7 -2 3 8
(xi- M(X))*2 49 4 9 64
(xi- M(X))"2*pi| 9,8 1,2 3,6 6,4 21 D{X)
Xi"2*pi 5 30 30 40 165 M(X*)
Mumerical characteristics:
formulas 5 10 15 20
M(X) 12 5 10 15
1st  D(X) 21 10 15
2nd D(X) 21 15
a(X) 4,58
v(X) 38,19
Mo 15 15
Me 12,5 12,5

doc. Misiura le.lu. / Micropa €.10.

]

F(X)

| x|

0
0,2
0,5
0,9
|=c3+D3+E3+F3

L M

X< 5

S==x<10
10<=x<15
15==x<=20
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12
13
14

16
17
18

Solution im Microsoft [Excels
Calculate values of the distribution function F (X)

A

B C D E F G H | 1 K
Discrete random variable
®i 5 10 15 20 TOTAL 0
pi 0,2 0,3 0.4 0,1 1 0,2
Xi*pi 1 3 6 2 12 M(X) F(X)= 0,5
Xi - M(X) -7 -2 3 8 0,9
(xi - M(X))"2 49 4 9 64 L1
(xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 21 D(X)
Xin2*pi 5 30 90 40 165 M(X®)
Numerical characteristics:
formulas 10 15 20
M(X) 12 10 15
1st D{X) 21 10 15
2nd D{X) 21 15
o(X) 4,58
v(X) 38,19
Mo 15 15
Me 12,5 12,5

doc. Misiura le.lu. / Micropa €.10.

L

M

X< 5
S<=x<10
10 ==x <15
15<=x<20
¥ ==20
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The probability that a random variable X lies in the

interval (X, %)

P(%; < X < Xp)=F(X5)—F(x)

doc. Misiura le.lu. / Micropa €.10. 55



The probability that a random variable X lies in the

interval  (X¢,%3)

P(x; < X <X,)=P(5< X <13)=F(13)- F(5)

doc. Misiura le.lu. / Micropa €.10. 56



Calculate the probab

Bt~ o ik e

12
13
14

16
17
18

Solution im Microsoft Excels
ility P(5<x<13)

B C D E H J K | L | M
Discrete random variable
®i 5 10 15 20 TOTAL ! ] ! < 5
pi 0,2 0,3 0,4 0,1 1 | 02 5<=x<10
Xi*pi 1 3 6 2 12 M) F(X)= 0,5 10<=x<15
Xi - M(X) -7 -2 3 8 0,3 15<=x<20
(xi - M[X))"~2 43 a 9 64 1 x>=20
(xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 21 D{X)
Xin2*pi 5 30 90 40 165 | M(X?) P(5<x<13)= |=xa-k3
MNumerical characteristics:
formulas 5 10 15
M({X) 12 5 10 15
1st D(X) 21 10 15
2nd D(X) 21 15
o(X) 4,58
v(X) 38,19
Mo 15 15
Me 12,5 12,5
57
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Solution im Microsoft Excells
Calculate the probability P(5<x<13)

Em|m-4mmhmmu

12
13
14

16
17
18

A

B C D E F G H | J K L Ml
Discrete random variable
Xi 3 10 15 20 TOTAL 0 X< 5
pi 0,2 0,3 0,4 0,1 1 0,2 5<=x<10
Xi*pi 1 3 6 2 12 M(X) F(X)= 0,5 10<=x<15
xi- M(X) -7 -2 3 8 0,9 15 <= x <20
(xi - M(X))~2 49 a 9 64 1 x>=20
(xi- M(X)}*2*pi| 9,8 1,2 3,6 6,4 21 D(X)
Xi*2*pi 5 30 90 40 165 M(X?) | P(5<x<13)=[o,3 |
Mumerical characteristics:
formulas 5 10 15 20 |
M{X)} 12 5 10 15
1st  D{X) 21 10 15
2nd D(X) 21 15
ofX) 4,58
v(X) 38,19
Mo 15 15
Me 12,5 12,5
58
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Distribution law (row) can be graphically plotted. Values
of a variable are marked on x-axis, the corresponding
probabilities are marked on p-axis. The obtained points
are connected with the help of segments. It results in a
distribution polygon.

p

doc. Misiura le.lu. / Micropa €.10. 59



Solutiom Im Microsoft Excels

Draw the distribution polygon

EEEEREN-CETR =R

CeogHan Tabawuya

PrcyHok KapTuHEa Purypel SmartArt CHUmMOKR

Mcrorpamma Tpaduk Kpyrosaa JuHerdaTan

ﬂ

To4yeyHaa ;Il,p}.rrne

) B2 e

lpague CTonGey Beivrpeiw /

TabnMua * = = oﬁﬂacrﬂmm ~ = NPoHrpPsLW
Tabauus HManwcrpagmm Anarpammel Pl CnapknanHel
B2 - B | xi ToueyHan
A B | C | D E F G H | J | Bcraska TOYeYHOR guarpammel. J_

1 Discrete random variable 3T0T TWN ANArpaMmel NO3E0NAET (DAEHUEATE
2 ®i 5 10 15 20 TOTAL napsl 3HaYeHKA,
g pi 0.2 0,3 0.4 0,1 1 CH MENONE3YETCA, 80K CPAaEHHMEIEMbIE

. | xi*pi 1 3 B 2 12 M{x} F{:-:]. IHAYMEHWA HENL3A PACNOAOKWTE H3 OCH X

5 xi - M(X) = 5 3 3 ﬂzsspﬁm:’rocﬂca K HESZEMCHMBEIM

6 [xi- M{x))}2 49 4 9 64 I R==20

7 {xi- M(X))*2%pi 9.8 1,2 3,6 6.4 21 D{X)

8 Xi"2*pi ] 30 90 40 165 I'-'I[XE] | P{5<x<13) =|D,3

9

10 Numerical characteristics:

11 formulas 5 10 15 20 |

12 M X) 12 5 10 15

13 1st D(X) 21 10 15

14 2nd D(X) 21 15

15 o(X} 4,58

16 w(X) 38,19

17 Mo 15 15

18 Me 12,5 12,5

doc. Misiura le.lu. / Micropa €.10.
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O O O
[ e .
i i ﬂ — T =
i7 B ba B8 @@ 2 o @l & @ 7 i S
CeogHaa Tabnawua @ PuoyHok KapTWHEa Purypel SmartArt CHumok | Tuctorpamma lpaduk Epyrogad JlMHelyaras c lpagwmk CTonGey Beivrpoiw / Cpe
Tabawua = ~ ~ = ~ ~ 0BAACTAMK ™ NpPoUrpeiw
Tatanuw Wanwcrpauymnmn Auarpammel IpKNaAHE Dune
B2 M S | xi i
] ."' ‘} l./' '\I
= o, y
A B | ¢ | b E F G H I 1| |le%0a | €2l || AT g N
1 Discrete random variable
2 Xi 2 10 15 20 TOTAL .. f} ,f d 3
3 pi 0,2 0,3 0,4 0,1 1 | 5% | i =x<10
ad Xi*pi 1 3 B 2 12 M(X) F(X} iih ToyeyHan € NPAMBIMKA OTREIKAMK M MapKEpPaMK
2 Xi - M(X) -7 -2 3 8 CpaEHEeHWE Nap 3Ha4YEHKIA.
o] (xi- M([X)}"2 49 4 9 64 .
A N PUMEHARTEA, B0AW YHCND TOYEK JaHHEIX NO
7 (xi - M({X]])"2*pi 3,8 1,2 3,6 64 21 D(X) oK X HEBEAWKD, 3 A3HHBIE NPEACTaBAAKDT
8 xi"‘2*pi 5 30 90 AQ 165 M[}(zj P {5 <] COBOH OTAENEHBEIE SHAYEHKA,
9
10 Mumerical characteristics:
11 formulas 10 15 20 |
12 M X) 12 10 15
13 1st D(X) 21 10 15
14 2nd D{X) 21 15
15 o(X) 4,58
16 v(X) 38,19
17 Mo 15 15
18 Me 12,5 12,5

doc. Misiura le.lu. / Micropa €.10.
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Draw the distributio

(W - I T S TE R S R

S A A S A R < =S
E TR TERR R S e T = R S N B =] E I T R S L=

a2
o

Solutiom Im Microsofft Excells

A

n polygon

B C D E F G H | J P 0] R
Discrete random variable
X 5 10 15 20 TOTAL 0 X< 5
pi 0,2 0,3 0,4 0,1 1 0,2 5e=x<10
Xi*pi 1 3 6 2 12 M(X) F(X)= 0,5 10<=x<15
xi- M{X) -7 -2 3 8 0,9 15¢=x<20
(xi- M(x))"2 49 4 9 64 1 x>=20
(xi- M(X))*2*pi| 9,8 1,2 3,6 6,4 2 D(X)
Xi"2*pi 5 0 30 40 165 | MY | psex<13)=lo3 |
MNumerical characteristics:
formulas 5 10 15 20 | Distribution polygon
M(X) 12 5 10 15 045
15t D(X) yil 10 15 04 /\
and D{X) 21 15 '
o(X) 4,58 035 / \
v(X) 38,19 03 / \
Mo 15 15 025
Me 12,5 12,5 02 / \
0,15 \
01 \¢
0,05
0 : : : . )

doc. Misiura le.lu. / Micropa €.10.
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Solutiom im Microsoft Excel:
Draw the distribution polygon

Distribution polygon
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Solutiom im Microsoiit [Excells
Draw the distribution polygon and Mo

0,45
0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05

Distribution polygon

I I I I 1
5 10 15 20 25

doc. Misiura le.lu. / Micropa €.10. 64



TASK 2

doc. Misiura le.lu. / Micropa €.10.
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Binomial distribution law

Pr(x=k)=Crp“q"™



Exampie. The probabiiity of passing an exam exceiientiy for
each of three students (a 5-point system) equals 0.4. Construct
a distribution law of a number of excellent marks which are
got by the students at the exam. Find a mathematical
expectation, a variance and a root-mean square deviation of a
discrete random variable. Draw the distribution polygon.

Pr(x=k)=Cppq"™
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Solution. Let a discrete random variable be a number of

students with the mark “5” (a 5-point system). It has such
possible values:

X, =0

(no student passed the exam with the mark “5”);
X2 — 1

(one student passed the exam with the mark “5”);
X3 — 2

(two students passed the exam with the mark “5”);
Xq =3

(three students passed the exam with the mark “5”).

PhD Misiura le.lu. (goueHT Mictopa 68
€.10.)
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X3:2

P,(2)=C2p2q>2=3.p%.q=3-0.42.0.6=0.288

X4 — 3
P,(3)=C3p3q® 2 =1-p%-q° =1.0.4%.1=0.064

PhD Misiura le.lu. (goueHT Mictopa

€.10.) 70



0.216

0.432

0.288

0.064

PhD Misiura le.lu. (qoueHT Mictopa

€.10.)
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Solutiom Iim Microsoft [Exeels
Define p and q

27 Binomial distribution law
*********** -

28 p=P(A)= w04 1

29 |g=P(not A)= |=1-B28 |

30
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Solutiom Iim Microsoft [Exeels
Define p and q

27 Binomial distribution law
28 p=P(A)= 0,4
29 |g=P(not A)= |0,6

Pt
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Solutiom Im Microsoft Excels

Define n

27 Binomial distribution law
28 p=P(A)= 0,4

29 g=P(notA)= |0,6

30 |n= 3 1
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Let a discrete random variable be a number of students
with the mark “5” (a 5-point system). It has such possible
values:

X, =0

(no student passed the exam with the mark “5”);
X2 — 1

(one student passed the exam with the mark “5”);
X3 — 2

(two students passed the exam with the mark “5”);
Xq =3

(three students passed the exam with the mark “5”).

PhD Misiura le.lu. (goueHT Mictopa

€.10) &



The initial data
n=3 p=04 q=1-p=0.6

e.lu
€.10.)



Solution im Microsoft [Excels
Define all possible values (or k)

L0

27 Binomial distribution law

28 p=P(A)= 0,4

29 g=P(not A)= |0,6

30 |n= 3

31

32 i 0 1 2 |
33 oi |

doc. Misiura le.lu. / Micropa €.10. 77



Solutiom im Microsoft Excel:
Define all probabilities

2% AprymenTsl dyHELMN ? X

27 Binomial distribution law YACTKOMB
28 p=P(A)= |04
29 g=P(notA)= |0,6
30 |n= 3
31 -1

_ | e T Bo3EpalaeT KONM4ECTEO KOMBMHALIMA ANA 330aHHOT0 YMCIA 3NEMEHTOB.
32 Xi i 0 b1 2 3

Yucno | SES30

Tn
el
1
s

TN
el
1
[

Yucno_seibpanneix | 532

33 :'-IMCHHDME{$E$3EI';E32} Yncno_BoIBPAHKBIY YMCND INEMEHTOR B K100 KOMEMHELIMM,

34
35
35 SHavenue: 1
37
38

CrpaBka No 3ToA dyHKLMY oK OTMeHa

Py X:k): npkqn ‘
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Solutiom Im Microsoit [Excels
Define all probabilities

YMCNKOME - K & Jfr | =HWMCNKOMEB({SBS30;B32)*SBS287B32*SBS290SB530-B32)
A B | c D E F G H
25
26
27 Binomial distribution law
28 |p=P(A)= 0,4
29 |g=P(not A)= |0,6
30 |n= 3
31
32 i I 0 I 1 2 3
33 |=HMC/TIKOMB(SBS30;B32) *SB528/B32*5B5294
34 $B$30-B32)

P.(x=k)=Cgp*“g"™
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Solutiom im Microsoft Excel:
Define all probabilities

B33 * Jx =‘-IHCJ'IHGME|,’_$E$3D;E32}*$E$2E~"‘$E$32*$E$29“{$E$ED-$E$32}
A B C D E F G H

25

26

27 Binomial distribution law

28 p=P(A)= 0,4

29 g=P(notA)= |0,6

30 n= 3

31

32 X 0 1 2 3

33 pi 0,216

P.(x=k)=Cgp*“g"™
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Solutiom Im Microsoit [Excels
Define all probabilities

YUCNKOMEB v K v fo | SHUCNKOMB(SBS30;C32)*5B528MC32*5B5294{SBS30-C32)
A B C D E F G H
25
26
27 Binomial distribution law
28 p=P(A)= 0,4
29 g=P(notA)= (0,6
30 |n= 3
31
32 Xi 0 I 1 :[ 2 3
33 :'-IHCHHr.]ME{$E$3EI-;C32}*SESEE“EEE*SEEEB“{E:EE:SD-CSEH

P.(x=k)=Cgp*“g"™
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Solution Im Microsoft IExcells

Define all probabilities

27 Binomial distribution law
28 p=P(A)= 0,4
29 g=P(not A)= |0,6
30 |n= 3
31
32 Xi 0 1 2
33 oi 0,216 0432 |
K ~K~N—K
Pn(x k) Cn p g

doc. Misiura le.lu. / Mic
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X2:1

P(1)=C

% plq 3-1

=3-p-q°=3-0.4-0.6° =0.432

PhD Misiura le.lu. (goueHT Mictopa
€.10.)
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Solutiom im Microsoft Excel:
Define all probabilities

27 Binomial distribution law

28 p=P(A)= 0,4

29 g=P(not A)= [0,06

30 n= E

31

32 X 0 1 ]: 2 :[ 3

33 pi ='-IHI:J'IHt]ME{$E53D;D32}*EESEE*‘LEJEE*SESEEJ“{$E$3D-D32}|

P.(x=k)=Cgp*“g"™
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Solutiom im Miicrosofit [Excells
Define all probabilities

27 Binomial distribution law

28 p=P(A)= 0,4

29 g=P(not A)= |0,6

30 n= 3

31

32 Xi 0 1 | 2 | 3
33 ol 0,216 0,432 0,288 1

P.(x=k)=Cgp*“g"™
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X3:2

P,(2)=C2p2q>2=3.p%.q=3-0.42.0.6=0.288

PhD Misiura le.lu. (goueHT Mictopa

€.10.) 87



Solutiom Im Microsoit [Excels
Define all probabilities

27 Binomial distribution law

28 p=P(A)= 0,4

29 g=P(notA)= )06

30 n= 3

31

32 Xi 0 1 2 [ 3 I

33 pi C =HUC/IKOMB(SB530;E32) *5BS5287E32*5B 529 SBS30-E32)

Pn(x k) Cﬁpkqn ‘
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Solution Im Microsoft IExcells

Define all probabilities

27

Binomial distribution law

28 p=P(A)= 0,4

29 g=P(notA)= |0.6

30 n= 3

31

32 i 0 1 2 |3

33 i 0,216 0432 | 0288 | 0,064 |

Pn(x:k)

doc. Mis

k

K

N—

npq

a le.lu. / Mic
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Solution im MICroso

Define the total

- K " f| =CYMM(B33:E33)

it [Excells

27

B £ D E

Binomial distribution law

28 |p=P(A)=

23 g=P{not A)=

30 |n=

21

F G H |

AprymMeHTel GyHKLNK

CY¥MM
Yucnol B33:E3S

Yucno2

Total

CYMMMDYET SpryMeHTEl,

3HaqeHwe: 1

Crpaeta no 3ToM dyHKLm

Fis

[

F.5]

10,216;0,432;0,288;0,064}

Yucmol: wmonol;qmcno2;... o7 1oo 255 apryMeHToB, KOTOPEIE CYMMMPYHITCR,
Norvdecsie M TEKCTOBLIE 3HAYEHMA MMHODHDYIOTCH.

OTMeEHa

doc. Misiura le.lu. / Micropa €.10.
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Solutiom im Microsoft Excels
Define the total

_

27 Binomial distribution law

28 |p=P(A)= 0,4

29 g=P(notA)= |06

30 n= 3

31

32 ¥ 0 1 2 3 Total
33 pi 0,216 0,432 0,288 0,064 1

=,
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Solutionm im Microsofit Excels
Draw the distribution law

Distribution law
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Numerical characteristics

n=3 p=04 q=1-p=0.6

M(X)=np=3-04=1.2
D(X)=npg=3-0.4-0.6=0.72

o(X)=4npg=+0.72 ~0.85

PhD Misiura le.lu. (qoueHT Mictopa

€.10.) 94



Solutiom im Microsofit [Excels
Calculate the mathematical expectation M(X)

Fi

26 Task 2
27 Binomial distribution law

28 p=P(A)= 04 ]

29 g=P(notA)= |[0,6

30 n= 3

31

32 X 0 1 2 3 Total
33 pi 0,216 0,432 0,288 0,004 1
34
35 | M(X)= -B30*B24

M(X)=np=3-0.4=1.2
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Solutiom im Microsofit [Excels
Calculate the mathematical expectation M(X)

Fa

26 Task 2
27 Binomial distribution law
28 |p=P[A)= 0,4
29 g=P(not A)= |0,6
30 n= 3
31
32 ¥ 0 1 2 3 Total
33 pi 0,216 0,432 0,288 0,064 1
34
35 |M(X)= 1,2

M(X)=np=3-0.4=1.2
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Solution im Miicrosofit [Excells
Calculate the variance D(X)

L
26 Task 2
27 Binomial distribution law

28 p=P(A)= 0,4 ’;

e e e e e e e e

T e il e el e el ek el

30 |n= 3 j

31

32 Xi 0 1 2 3 Total
33 pi 0,216 0432 | 0,288 | 0,064 1
34
35 M(X)= 1,2

36 |D(X)= =B30*B28*B29

D(X)=npg=3-0.4-0.6=0.72
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Solution im Microsoft Excells
(_Z_alculate the variance D(X)

26 Task 2

27 Binomial distribution law

28 p=P(A)= 0,4

29 g=P({not A)= (0,6

30 |n= 3

31

32 Xi 0 1 2 3 Total
33 pi 0,216 0,432 0,288 0,064 1
34

35 M(X)= 1,2 |

36 |D(X)= lo,72 |

D(X)=npg=3-0.4-0.6=0.72
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Solutiom Im Microsoft Execels

Calculate the root-mean square deviation o(X)

s 1 |

AprymMeHTel dyHKLMN ? >
KOPEHE
Yncno B3| | = 0,72
= 0848528137

BosEpallaeT 3HaAYEeHWE KBEAAPATHOrO KOpHSA,

Ywcno 4Wono, Ans KoToporo BeMUCIRETCR I'Z.EFEHDETHI:-IIH KOpEHb,

3HaueHuwe: 0,843528137

CNpaBka nmo 3Tl GyHKLMKM oK OTMeHE
a4
35 M(X)= 1.2
36 D(X)= 072
37 |o(X)= =KOPEHL(B36)

o(X) =/npg =./D(X) =-/0.72 ~0.85
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Solutiom Im Microsoft [Excels

Calculate the root-mean square deviation o(X)

-

26 Task 2

27 Binomial distribution law

28 p=P(A)= 0,4

29 g=P(not A)= |(0,6

30 n= 3

31

32 X 0 1 2 3 Total
33 8] 0,216 0,432 0,288 0,064 1
a4

35 M(X)= 1,2

36 D(X)= 0,72

37 |o(X)= 0,85

o(X) =/npg =./D(X) =-/0.72 ~0.85
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LABORATORY WORK

Normal distribution law
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TASK 3
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Task 3. The mathematical expectation of a normal
random variable equals 20, the root-mean-square
deviation equals 5. a) Define the variance D(X) and the
variation coefficient v(X); b) find formulas of functions
f(x) and F(x); c) plot graphs of f(x) and F(x); d) the
probability that a random variable X lies in the interval
(o; B), where =13 and =24 using two ways; e) find
limits of all values of variable X on the interval
with the probability 100 % using three sigma rule (a+3o)



SOLUTION
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Solutiom Im Microsoft [Excells
Fill in the initial data

A B C D
1 Task1l | Normal DL
2 3 20
E a 5
4 a 13
5 B 24
6



Mathematical expectation
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Solutiom Im Microsoft Excels

A B | ¢ |
1 Task1l | Normal DL L ””” ’4
z a | 20}
E a 5
4 a 13
s B | 24
6 M(x)=a =2 |
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Variance

D(X)za2



Solutiom Im Microsofft Excels

A E C
1 Task1l | Normal DL
2 2 20
E a : > :
4 a 13
5 A 24
6 Mix)=a | 20
7 D(x)=0* | =C3"2 )
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Root-mean square deviation

o(X)=0
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Solutiom Im Microsoft [Excells

Calculate the root-mean square deviation o(X)

A B C
1 lask1 | Normal DL
2 a__ | 20
a o [ 5 ]
4 a 13
. 5 B 24
6 M(x)=a 20
7 D(x)=0? 25
8 a(x)=0 =C3 |
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Coefficient of variation
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112




Solutiom Im Microsoft [Excells

Calculate the coefficient of variation v(X)

A B C

1 Task 1 Normal DL

2 2 20

3 a 5

A o 13

5 B 24

6 M(x)=a : 20 :
7 D(x)=0" 25

8 o(x)=0 . 5 .
= v=a(x)/\ =E8;’E6*19D
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Solutiom Im Microsoft [Excells

Calculate the coefficient of variation v(X)

A B C
1 Task 1 Normal DL
2 3 20
3 a 5
4 ol 13
5 A 24
6 M(x)=a 20
7 D(x)=0" 25
3 a(x)=0 5
9 v=o(x)/M(x)*100% | 25 |
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The probability density function of the normal law of

distribution 1S

i
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Let’s substitute a=20, 0°=25 and 0=5 and get

. (x-a)
f — , 202
%) O~N2TT i
(x—20)?
1 50

RN



[ Let’s plot the graph of f(x)
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Solution im Microsoit [Excels
Fill in values of variable X

1 | K M
| (x-20)°
_ 50
X)= ol ]
J(x) -
-20 -10 0 10 20 30 40 50 60

X
f(x)
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Solution im Microsofit Excells
Calculate values f(x):

A B L €] ® E F 6 H a J K L M N 0 p
1 Task®| NormalDL | 2
: 4 | 20 1 _(x_20)2 o ﬂ
: . 50 ;
; o : f(x)= R F(x)= | e dy
s a 13 / S\2m
5 B { 24 | : 5 2” —N
& M= | 20 | ER 20 JET 0 [10]207] 3 [4]s0]s0
] D(x)=0? | 25 | =l/{$(:$8"|(0PEHb(Z“ﬂH(l])"EXP{-I"(?—lE-SCSG}"Z)/IZ*SCSTI)T
8 o{x)=0 | 5 | T |
9 v=o{x)/M(x)*100% | 25
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Solutiom im Microsoiit Excells
Calculate values f(x):

| x| 20 | 10 | o 10 | 20 30 20 | 50 | 60
=1/($CS8*KOPEHB(2*MM())) *EXP(-((H6-$C$6)72)/(2*5CS 7))
L Feo | I |
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Solution im Microsofit Excells
Calculate values f(x):

G H 1 ] K L M M 0 P
(x—20)
50

f(x)= \/12?&

X 20 10 0 10 20 30 40 50 60
f(x) | 1,01E-15 | 1,2E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15
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Solutiom im Microsofft

Plot the graph of f(x):

Execells

daan mammas Bcranea Pasuetes Opsewils Sopayns Sanrese Feyersnpozanue B
3| 3 EE () ™ =y — ¥ "

i :j el BE P2 . ol @ B ~ O =z wm = g5 Q; 4 B 4 4« TS
Ceognan Tafmmuys  Puoywos Kaprises Gvnt-a SmartArt Crowmon nr'ur:mml uoowl lu;vca\- Nz w-m:l Towesraa .Jp;wf fpogwx Crantey Dewrpesa Cpes Tuneporsmka  Hogrwics Koggerumpns WorgArt  Crpoxa O6wexy oanu;u Caum
Tatnngs '\’Lﬂy'f‘llﬂ' a1 npowr P - noansos ~

Tobmtu ranecplgm Aarpaunu Toraeanas Ipenznu Dvetnrn Comtean feecr Comaoau

HE - A& -20 i y |x,-
A 8 c o E F o {2 | | 'y_ [ e i L ™ - o i,

1 Normal DL = [REERTT “ 202
2 a 20 b; ! Cpauneisae NAp sranensst x l (x—S.OO)d
3 o 5 f x THIMMEAETIR, #CA IEAD IR A0 1D F(x) - I - " e - x
a a E s .. s oo et 2. 5\2n
5| B 24
6 | M(x}=a 20 X -20 -10 0 10 20 30 40 50 60
7| D(x)=a* 25 fix) 1,01045E-15 1,2152E-09 | 36-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15
8 o(x)=0 5 F(x)
- v=o(x)/M(x)*100% | 25
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Solutionm Iim Microsofit [Exeels
Plot the graph of f(x):

® = &y ki

Kpyrosasa JIMHen4aTan

VD zim = 5 @ B

|/.'.lpyrue fpadpuk Cronbey Beinrpeiw /

YEYHaa

o6nacrﬂmw v

b4

Cpes Tunepccoinka Haanuce KoaoHTUTYARI

nNponrpoiW
Anarpammel ToueuHan npmavmbx QuaLTp Ceoinkmn
?‘ ? . /(:h*“ '//‘"\} |
G H RiCeal 06§ Jlon il |)ESe.—ddl L M N @) P
|
TOYeYHaRA C rNagKMMK KDUBBIMK M M3pKEPaMK
1 1 o’\i x /| CpasHenmne nap 3HayeHui,

oCn X HEBENWKO, 3 AGHHLIE NPEACTaBATIOT
c060i QyHKUMIO,

— MpUMEHAETCH, £CAN YWUCI0 TOYEK A3HHLIX NO
x — 5‘\/'2— I’ﬁ] Bce Tunbl 4

x | -20 -10 0 10
f(x) | 1,01E-15 | 1,2E-09 | 3E-05 | 0,011

20 30 40 | 50 | 60 |
0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15 |
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Solutionm Iim Microsofit [Exeels
Plot the graph of f(x):

: (x-20)
- . 50
f(x) - Sm €

-10 0 10 20 30 40 50 60
f(x) 1,01E-15 | 1,2E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15

Normal DL
[\
[\
’I 1\ =N ormal DL
e | ]\
oor | 4\
. ' . \-‘r__;
-40 20 gga 20 40
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Solutiom Im Microsoiit .

Plot the graph of f(x):

Normal DL

= ormal DL

doc. Misiura le.lu. / Micropa €.10.
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The integral distribution function of the normal law is

F/.r/"
2
X—a
F(X)= } . ,e_(zaz) dx T
S ON2Tm 1 —
|
- : =i
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The integral distribution function of the normal law is

F/.r/"
X 1 _(X_ZO)Z
F(X)= | ——-e 20 dx J D
( ) _[05\/272' 1
2
l
5 ; —>
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Solutiom Im Microsoft [Excells

Plot the graph of F(x):

A B c D E F G | H I ) K L
Task 1 Normal DL
a 20 1 _(x _20)2 X
1 = p5—-e 0 F@=|]
o 13 5 2 IT N
B 24
M(x)=a 20 X -20 -10 0 10 20
D(x)=0? 25 f(x) 1,01045E-15 1,2152E-09 | 3E-05 | 0,011 | 0,08
o(x)=0 5 =HOPM.PACII(H6;C2;C3;1)
v=o(x)/M(x)*100% | 25 AprymesTe: Gy >
HOPM.PACH
X |He s = -0
Cpepnee (2 el = 20
CTanpgapTHOE_OTKA |C3 il =5
MuTerpansian | {| G| = WCTWHA
= £, 22096E-16

Bo3BPaLLEET HOPMANEHYKD BYHKLAKD PACNPEaSnEHa,

HHTErpanbHam norW4eckoe SHEYEHME, ONPEAENAWES BUA QYHKLAM: MHTErpanbHasA
tyHKuA pacnpeaeneHna (MCTVHA) uni QyHKWAA NROTHOCTM BEPOATHOCTH
(NOHE).

SHaweHuwe: 6,22096E-16

Cnpaeka no 3Tof dyHrummM
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Solution im Microsoit Excels
Plot the graph of F(x):

(=207 N

1 N — , 50 gy
f(x)zﬁ'e 50 F(A)—_Lsm e dx

X -20 -10 0 10 20 30 40 50 60
f(x) | 1,01E-15 | 1,2E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15
=HOPM.PACII(H6;$C$2;$C$8;1)

AprymeHTe! dyHKLMN ? *
HOPM.PACH
X |He Fes| = -20
Cpegnee |sCs2 Rl = 20
CTawgapTHoe_oTkn | SCES Rzl = 5
WnTerpanbhan | 1 Rz = WCTHMHA
= 6,22096E-15

BOZEPELWAET HOPMANEHYHD DYHKLIAKD PaCNpeasneHia.
MHTErpanbHaa nNorMYeCKOE SHEYEHWE, ONPEAENALLEE BMA QYHKLIMM: MHTEMpansHas

thyHruA pacnpeaeneHinA (MCTAHA) um @yHKLMA NNOTHOCTM BEPOATHOCTK
{NOME).

3Haqenme: 6,22096E-16

Cnpsexa No 3T dyHKLIMKH OTMeHa
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Solution im Microsoit Excels
Plot the graph of F(x):

X 20 -10 0 10 2 30 40 50 60
fx) | 1,01E-15 | 1,2E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15
-HOPM.PACII(H6;$C$2;$C$8:1)

ApryMedThl $yHELMKA 7 ™
HOPM.PAC
X Hs FR: = -20
Cpepnee 5052 Rz = 20
CTaHOapTHOS OTKA 5053 ezl = 5
HuTerpancian | 1 Rz = WMCTWHA
= 6,22096E-16

BozBpALLAET HOPMANBHYKD QYHKLIMKD DacNpeneneHIa,

HHTerpanbHaa norWYeckos SHEYEHWE, ONPENenALLES B dIYHKLIAW: MHTErpansHanA
dyHKWaA pacnpeaenediad (MCTMHA) M hyHKLWAA MNOTHOCTI BEPOATHOCTH
(NOMb).

JHa4eHue: 6,22096E-16

CnpaBka No 3ToA yHKLMA K JTMEHE
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Solutionm Iim Microsofit [Exeels
Plot the graph of F(x):

]
R h=
T
LR
T
- - 20
r

Nw—

40 g0

20

doc. Misiura le.lu. / Micropa €.10.

30 A0 50 60
f(x) | 1,01E-15 | 1,2E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15
F(x) 6,22E-16 |
Normal DL
A
o
-0 ’l ‘\ #=—MNormal DL
[\
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Solutionm Iim Microsofit [Exeels
Plot the graph of F(x):

X 20 10 0 10 2 30 40 50 60
f(x) 1,01E-15 | 1,2E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15
Fx) | 6,22E-16 | 1E-09 |3E-05|0,023| 05 | 09772 | 1 1 1
;
Normal DL
O ,’ 1\ e N armal DL
T \ﬁ—‘ > 1
20 A0 g0 80
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Solutionm Iim Microsofit [Exeels
Plot the graph of F(x):

] 9] R 5 T
, (x—20) x g (x—20)?
f(x)= e 30 F(x)= _[5\/27-9 0
5‘\; 2 —o0 4

X -20 -10 0 10 | 20 30 40 | 50 | 60

fix) | 1,01E-15 | 1,2E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15

F(x) | 6,22E-16 | 1E-09 |3E-05|0,023| 0,5 | 09772 1 1 1

Normal DL f(x) NDL F(x)

0,08 ﬁ
1
867
[\ os /
8,85 ” ll aE /
0,0 ’ \ =p=Normal DL f(x) / =N DL Fix)
8.0 1 -4 /
] \ ”
oot /
T ; ; ¥ T T T 1
I
=40 -20 )] 20 40 60 80
- et 1
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Solutionm Iim Microsofit [Exeels
Plot the graph of F(x):

NDL F(x)

f i N DL F (%)




Solutiom im Microsoft Excels
Checking:

DJ\/AE N i d

AprymMenTEl GyHKLIK ? *
X -20 HOPM.PACT
f(x) 1,01045E-15 1 X Hg = -2
=l _
F(x) 6,22096E-16 0 Cpennee |$CS2 e = 20
=l _
fx)  |=HOPM.PACTI(H6;5C52;$Cy ~ Cramaapmwoe_orin 5Cs3 | =5
HuTerpanshan () Rzl = NOXb
= 1,01045E-15
Bo3BPALIEET HOPMANEHYHD DYHKLUKD DACTIDEAENEHIA,
Normz
HHTerpanbHas NorM4ecKoe SHAYEHWE, ONPEAENAIOWEE BUA YHKLMK: WHTEMpansHaA
. dyHKLAA pacnpeaeneHuA (MCTIHA) umid dyHKLMA NNoTHOCTM BEPOATHOCTH
o (o).
008
8.0+ SHavenwe:  1,01045E-15
3,56 I \
' COpaBKa No 3T dyHKLLMN oK, OTMEHE
L) U: j ! -
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Solutiom im Microsoft Excels
Checking:

X -20 -10 0 10 20 30 40 50 60
f(x) 1,01045E-15 1,2152E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-O05 | 1E-09 | 1E-15
F(x) 6,22096E-16 9,866E-10 | 3E-05|0,023| 0,5 | 0,9772 1 1 1
f(x) 1,01045E-15 1,2152E-09 | 3E-05 | 0,011 | 0,08 | 0,0108 | 3E-05 | 1E-09 | 1E-15
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Solutiom im Microsoft Excels
Checking:

0 for f(x) (false or JIOXKDbD)
1 for F(x) (true or UCTHUHA)



The probability that a random variable X lies in the

interval (g, ,8)

P(a< X < f)=F(f)-F(a) =@(ﬁj_@(a_—aj

O O



Solutiom im Microsoft [Excels
WAY 1. Calculate the probability P(13<x<24)

2 [ 20 ] P(a<X<ﬁ):m{ﬁ_”)—m{“_“]
o 5 o o
B

way 1

(B-a)/o | =(C27-C24)/C25
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Solutiom im Microsoft [Excels
WAY 1. Calculate the probability P(13<x<24)

2 20 P(a<X<ﬁ):<b[ﬂ ”)—m{“ ”)
0] 5 T T
o 13
B 24 way 1
(B-a)/o 0,8

(a-a)/o|=(C26-C24)/C25|
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Solution im Miicrosofit [Excells
WAY 1. Calculate the probability P(13<x<24)

20 P(a «:X«:ﬁ):@{ﬁ ”]-@(” ”]
> o o
13
B 24 way 1
(B-a)/o 0,8
(ce-a)fo -1,4
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Solutiom im Microsofit Excel:
WAY 1. Calculate the probability P(13<x<24)

Pla <X e:ﬁ):tb[ﬁ_ﬂ]—tb[ﬂ_ﬂ]

a a
way 1
(B-a)/o 0,8
(a-a)/o -1,4
O((B-a)/0)| =0(0,8) = ]
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Laplace integral function table ®(x)= \/,é_j e 2dx (TABLE 2~
7
0

0,0 0,0000 | 0,0040 | 0,0080 | 0,0120 | 0,0160 | 0,0199 | 0,0239 | 0,0279 | 0,0319 | 0,0359
0,1 0,0398 | 0,0438 | 0,0478 | 0,0517 | 0,0557 | 0,0596 | 0,0636 | 0,0675 | 0,0714 | 0,0754
0,2 0,0793 | 0,0832 | 0,0871 | 0,0910 | 0,0948 | 0,0987 | 0,1026 | 0,1064 | 0,1103 | 0,1141
0,3 0,1179 | 0,1217 | 0,1255 | 0,1293 | 0,1331 | 0,1368 | 0,1406 | 0,1443 | 0,1480 | 0,1517
0.4 0,1554 | 0,1591 | 0,1628 | 0,1664 | 0,1700 | 0,1736 | 0,1772 | 0,1808 | 0,1844 | 0,1879
0,5 0,1915 | 0,1950 | 0,1985 | 0,2019 | 0,2054 | 0,2088 | 0,2123 | 0,2157 | 0,2190 | 0,2224
0,6 0,2258 | 0,2291 | 0,2324 | 0,2356 | 0,2389 | 0,2422 | 0,2454 | 0,2486 | 0,2518 | 0,2549
0,7 0,2580 | 0,2612 | 0,2642 | 0,2673 | 0,2704 | 0,2734 | 0,2764 | 0,2794 | 0,2823 | 0,2852
0,8 0,2881 | 0,2910 | 0,2939 | 0,2967 | 0,2996 | 0,3023 | 0,3051 | 0,3078 | 0,3106 | 0,3133
0.9 0.3159 | 0.3186 | 0.3212 | 0.3238 | 0.3264 | 0.3289 | 0.3315 | 0.3340 | 0.3365 | 0.3389
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Solutiom im Microsofit Excel:
WAY 1. Calculate the probability P(13<x<24)

Pla < X «:ﬁ):@{ﬁ_”]—@{”_”]

a a
way 1

(B-a)/o 0,8

(a-a)/o -1,4

O((B-a)/0)| =0(0,8) = D,EBBIM
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Solutiom im Microsofit Excel:
WAY 1. Calculate the probability P(13<x<24)

P(ac:)f{ﬁ)—(b(ﬂa}(b(ﬂa}

o o
way 1

(B-a)/o 0,8

(a-a)/o 1,4

O((B-a)/0) | =0(0,80) = 0,2881]

O((a-a)/o)| =D(-1,40) =- ®(1,40) |
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Laplace integral function table (I)(x)

s
r

2
X

e 2 dx (TABLE 2)

X 0 1 2 3 4 5 6 7 8 9
0,0 0,0000 | 0,0040 | 0,0080 | 0,0120 | 0,0160 | 0,0199 | 0,0238 | 0,0279 | 0,0319 | 0,0359
0,1 0,0398 | 0,0438 | 0,0478 | 0,0517 | 0,0557 | 0,0596 | 0,0636 | 0,0675 | 0,0714 | 0,0754
0,2 0,0793 | 0,0832 | 0,0871 | 0,0910 | 0,0948 | 0,0987 | 0,1026 | 0,1064 | 0,1103 | 0,1141
0,3 0,1179 | 01217 | 0,1255 | 0,1293 | 0,1331 | 0,1368 | 0,1406 | 0,1443 | 0,1480 | 0,1517
0,4 0,1554 | 0,1591 | 0,1628 | 0,1664 | 0,1700 | 0,1736 | 0,1772 | 0,1808 | 0,1844 | 0,1879
0,5 0,1915 | 0,1950 | 0,1985 | 0,2019 | 0,2054 | 0,2088 | 0,2123 | 0,2157 | 0,2180 | 0,2224
0,6 0,2258 | 0,2291 | 0,2324 | 0,2356 | 0,2389 | 0,2422 | 0,2454 | 0,2486 | 0,2518 | 0,2549
0,7 0,2580 | 0,2612 | 0,2642 | 0,2673 | 0,2704 | 0,2734 | 0,2764 | 0,2794 | 0,2823 | 0,2852
0,8 0,2881 | 0,2910 | 0,2939 | 0,2967 | 0,2996 | 0,3023 | 0,3051 | 0,3078 | 0,3106 | 0,3133
0,9 0,3139 | 0,3186 | 0,3212 | 0,3238 | 0,3264 | 0,3289 | 0,3315 | 0,3340 | 0,3365 | 0,3389
1,0 0,3413 | 0,3438 | 0,3461 | 0,3485 | 0,3508 | 0,3531 | 0,3554 | 0,3577 | 0,3599 | 0,3621
1,1 0,3643 | 0,3665 | 0,3686 | 0,3708 | 0,3729 | 0,3749 | 0,3770 | 0,3790 | 0,3810 | 0,3830
1,2 0,3849 | 0,3869 | 0,3888 | 0,3906 | 0,3925 | 0,3944 | 0,3962 | 0,3980 | 0,3997 | 0,4015
1,3 0,4032 |.0,1049 | 0,4066 | 0,4082 | 0,4099 | 0,4115 | 0,4131 | 0,4147 | 0,4162 | 0,4177
1,4 0,4192 | 04207 | 0,4222 | 0,4236 | 0,4251 | 0,4265 | 0,4274 | 0,4292 | 0,4306 | 0,4319
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Solutiom im Miicrosofit [Excels
WAY 1. Calculate the probability P(13<x<24)

P(a{X{ﬁ):tb[ﬁ_a}—cb[ﬂ_ﬂJ

o o
way 1

(B-a)/o 0,8

(a-a)/o 1,4

O((B-a)/o)| =©(0,80) = 0,2881

®((a-a)/0)| =O(-1,40) =- ®(1,40) | -0,4192
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Solutiom im Microsofit Excel:
WAY 1. Calculate the probability P(13<x<24)

P(cri)ff:ﬁ)—cb[ﬁ_ﬂ}—(b[ﬂ_ﬂ}

O O
way 1
(B-a)/o 0,8
(a-a)/o -1,4
O((B-a)/o)| =0(0,80) = [ 0,2881]
®((a-a)/o)| =D(-1,40) =- ®(1,40) | -0,4192
P(a<x<B)=0((B-a)/o)-O((a-a)/o)= |=130-131
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Solutiom im Miicrosofit [Excels
WAY 1. Calculate the probability P(13<x<24)

P(a{X{ﬁ):(D[’B_aJ—CD[ﬂ_aJ

] o]
way 1
(B-a)/o 0,8
(a-a)/o -1,4
MO((B-a)/o)| =0(0,80) = 0,2881
O((a-a)/o) m{ 1,40) =- ©(1,40) | -0,4192

P(a<x<pB)=0((B-a)/o0)-®O((a-a)/c)= 0,7073
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Let’s use the relationship:

_X 1 N 1
F(X)_jax/ﬂ 2

—00

q)(x—aj: F(x)—%z F(X)-0,5

O



Solution im Miicrosoft Excells
WAY 2. Calculate the probability P(13<x<24)

P(a<X<ﬁ):d)[ﬁ_a)—(D[a_aj

o) O
way 1
(B-a)/o 0,8
(a-a)/o -1,4
O((B-a)/a) | =0(0,80) = 0,2881
D((a-a)/o) | =D(-1,40) = - O(1,40) -0,4192
P(a<x<B)=0((B-a)/0)-D((a-a)/c)= 0,7073
way 2
®((B-a)/c) |=HOPMCTPACTI(H28)-0,5
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Solution im Miicrosoft Excells
WAY 2. Calculate the probability P(13<x<24)

P(m:f:)fc:ﬁ):cb[ﬁ_ﬂ}—tb[ﬂ_a}

] o]
way 1
(B-a)/o 0,8
(a-a)/o -1,4
O((B-a)/o)| =0(0,80) = 0,2881
O((a-a)/o)| =0(-1,40) =- ®(1,40) | -0,4192

P(a<x<B)=D((B-a)/o)-O((a-a) /)= 0,7073
way 2 |
O((B-a)/o)| 0,288144601|

doc. Misiura le.lu. / Micropa €.10. 152



Solutiom im Microsoit [Excells
WAY 2. Calculate the probability P(13<x<24)

| —al .61 20 "

EolpezaTe

=& KonwposaTe

&, MNapameTpbl BCTaBKM:

=1
P o < E < — (I) | CneyMansHaa ECTAaBKA...
( }8 ) BcraBnTe...
YnannTte...
Wi any 1 COYHCTHMTE COgepHcAmMOe
{B—E};‘rﬁ 0 DHALTR -
{EI—E},."'D' -1 CopTUROBKa -
ﬂ]{{B—a}fU} =0(0,80) = d BcTasWTb NpHUMeYaHKe
m{{ﬂ—ﬂ}fﬁ} =0(-1,40) =- @©(1,40) %M dopmar aueek...
P{ﬂ{x‘:ﬁ}:m{{B—E}fﬂ'}—m{{ﬂ—ﬂ}fﬁ}: BelEpaTe M3 pacKkpeIBEaDWaroca CrCcKEd...
wWa 2 MpHUMCEOKWTE MKMA...
¥ ‘_Q‘_,__, MTMNEpPCCBEAE. ..
@ ((B-a)/o) | 0,2881446Cxy
Calibri  ~ 14 - A" a7 B8 - 9 gop a4
K & E - A - EE - TR %
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Solutiom im Microsofi
WAY 2.

[Exeells

Calculate the probability P(13<x<24)

82 /.r

nn: B L |
B - i
f \ i T Qopmat AYesk
-40 20 oo 20
Hucno  BripaBHuBaHWMe  WpudT  MpaHMua 3anMBEKa 3awuTa
Yucnoseie GopraTel:
el ] Ofpazew
B 0,2581
LdeHeRHbIM
P (a "-: X { ﬁ) — (I) — z::ZHCDEb'” YWcno AECATHYHEIX 3HAKOE: |4
{ |Bpena . [] rasaenurens rpynn pazpagos {)
MpoueHTHEIA
[ApobHeii OTpMUATENEHEIE YKCNa:
SKCMOHEHLIMENBHBI 7
way 1 TexcToBbIA . 123_1 3210
':E"a:'fﬁ 0;8 A ononHUTENEHBI -1234,3210
(Bee oprats) -1234,3210
(a-a)/o -1,4

O((B-a)/o)

=(0(0,80) =

O((a-a)/o)

=((-1,40) =- ®(1,40)

P(a<x<p)=0

((B-a)/o)-®((a-a)/o)=

way 2

O((B-a)/o)

0,288144601

Yucnosoi dopMaT ABNAETCA Hanbonee obwKM cnocofbon NpeacTaeneHMA YMcen. [AnA BelBoaa AeHEXRHBIX
3HEYEHMIA MCNONL3YHOTCA Take dopMaTsl " deHewHsI" W "DrHaHCoBbIH",

7 >

OTtmeHa
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Solution im Microsoit [Excels
WAY 2. Calculate the probability P(13<x<24)

P(a{X{ﬁ):tb(’B_aJ—cD[a_aJ

O o)
way 1
(B-a)/o 0,8
(a-a)/o 1,4
®((B-a)/o)| =0(0,80) = 0,2881

®((a-a)/o)| =0(-1,40) =- ®(1,40) | -0,4192

P(a<x<B)=0((B-a)/0)-®((a-a)/c)= | 0,7073
way 2
®((B-a)/a) 0,2881 |
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Solution im Miicrosoft Excells
WAY 2. Calculate the probability P(13<x<24)

P(a<X<ﬁ):(D[ﬁ_a]—(D[a_a)

O o

way 1
(B-a)/o 0,8
(a-a)/o 1,4
®((B-a)/o) | =D(0,80) = 0,2881
®((a-a)/o) | =O(-1,40) = - ®(1,40) -0,4192

P(a<x<B)=0((B-a)/0)-D((a-a)/o)= 0,7073
way 2
O((B-a)/o) 0,2881446
®((a-a)/c) |=HOPMCTPACI(H29)-0,5
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Solution im Miicrosoft Excells
WAY 2. Calculate the probability P(13<x<24)

P(a{X{ﬁ):d{‘B_aJ—@[ﬂ_aJ

o] o]
way 1

(B-a)/o 0,8

(a-a)/o 1,4

O((B-a)/o)| =0(0,80) = 0,2881

O((a-a)/o)| =0O(-1,40) =- ®(1,40) | -0,4192

P(a<x<B)=D((B-a)/o)-O((a-a)/o)= 0,7073
way 2
@O((B-a)/a) 0,2881
D((a-a)/0) -0,4192 |
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Solution im Microsofit [Excells
WAY 2. Calculate the probability P(13<x<24)

P(a{X{ﬁ):dﬁ[’B_aJ—@[ﬂ_aJ

o o]
way 1

(B-a)/o 0,8

(a-a)/o 1,4

O((B-a)/o)| =D(0,80) = 0,2881

®O((a-a)/o)| =O(-1,40) =- ®(1,40) | -0,4192
P(a<x<p)=0((B-a)/o)-O((a-a)/c)= | 0,7073

way 2 | |
O((B-a)/o) | 0,2881)
ﬂ]{{ﬂ—a}fﬁ}_ -0,4192

P{a<x<p)=0((B-a)/o0)-®((a-a)/a)= |=H34-H35
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Solution im Miicrosoft Excells
WAY 2. Calculate the probability P(13<x<24)

P(m{X{:ﬁ):tD[

) e

o — d
o
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way 1

(B-a)/o 0,8

(a-a)/o -1,4
((B-a)/o)| =0(0,80) = 0,2881

®((a-a)/o)| =0(-1,40) = - ®(1,40) -0,4192
P(a<x<PB)=0((B-a)/o)-®((a-a)/o)= 0,7073

way 2

O((B-a)/0) 0,2881446

O((a- a}f::r ::: 4192433
P(a<x<B)=0((B-a)/0)-®O((a-a)/o)= | 0,7073879 I
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Three sigma rule means the normal distributed
random variable X possesses all its values on the
Interval (a £ 3c) with the probability 99,73%
(approximately equals 100 %).



Solutiom Im Microsoft [Excells

Calculate limits of this interval a-3c<x<a+ 30

Three sigma rule
a 20|

el ™l ™

doc. Misiura le.lu. / Micropa €.10. 161



Solutiom Im Microsoft [Excells

Calculate limits of this interval a-3c<x<a+ 30

Three sigma rule
2 20
g 5

30 15 _I
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Solutiom Im Microsoft [Excells

Calculate limits of this interval a-3c<x<a+ 30

Three sigma rule

a 20
g 5
30 15
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Solutiom Im Microsoft [Excells

Calculate limits of this interval a-3c<x<a+ 30

Three sigma rule (.ﬂ + 3{}')
a_ | 20 |
g >
S S
30 |15 ]
=E40-E42
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Solutiom Im Microsoft [Excells

Calculate limits of this interval a-3c<x<a+ 30

Three sigma rule (a + 3 E'-")
a 20
0 =
30 15
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Solutiom Im Microsoft [Excells

Calculate limits of this interval a-3c<x<a+ 30

Three sigma rule (.ﬂ + 315")
a [ 20 ]

o | >

36 | 15 |

5 < X < =E4[J+E42
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Solution 1m Microsoft IExcels

Calculate limits of this interval a-3c<x<a+ 30

Three sigma rule (ﬂ + 3 E'-")
a 20

g >

30 15

5 X < 35| |
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