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OcHoBHe nHopmaumje

MNpegncnuTHe n ncnutHe obagese
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Hajbosbe ypaheHa

m W: Vcmena opbpaHa cemuHapckor paga, spean 40 noewa
Jlntepatypa
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Statistics, DC Heath & Company, 1986.
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cakyntet, beorpaa, 2021.
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L\/:ao,;:l,

VBop

Hedunnunja

CraTtucTuka je Hayka o nmogaymma, Tj. O HUXOBOM MPUKYNIbakY,

NpUKasnBarby, aHaAN3upary U U3BOhEHY 3aK/byHaka Ha OCHOBY
HUX.

Cratuctuyke metope aene ce Ha
B geckpunTuBHe (onucHe)

B MeToAeE CTATUCTUHKOI 3aKJby4dnBatba
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L\/:ao,;:l,

VBop

Hedunnunja

Monynauwja y cratuctuykom cmuciy je rpyna objekara o kojuma
Tpeba JOHETU HEKAKAB 3aK/by4aK.
VY3o0pak je geo (unm nogckyn) objekata n3sydeH u3s nonynayuje.

Monynaunje — npumep

m KoH3ymupare ankoxona mehy TuHejyepuma: Konukn je
MPOLEHAT HUX KOJU KOH3YMMUPA PefOBHO M C KOJMKO rofnHa
Cy noyenn Aa KoHsymupajy?

m [lponsBogrka y ayToMobUICKO] MHAYCTPUjU: KOAUKO Xayba
MO>KE MaLLUMHa y npoceky aa odapba npe npeor cepsuca?

m llcnutuBarse jaBHOr Mibersa: Tpeba nu yBOAWTU HOBE
aytobycke nunuje?



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L\/:ao,;:\

VBop

HedurHnunja

Cny4ajHa NnpoMeHs/bUBA je MPOMEH/LUBA YYJ€ CE BPEAHOCTU
oapehyjy UCXoZ0oM CNyHajHOr eKCIEPUMEHTA.

Cny4ajHa npomeH/puBa feDMHNCAHA HA OBjeKTvMAa momnyiayuje
Hasua ce v obenexjem Te nonynayuje.

HeduHuunja

HenpekupgHa cny4vajHa npoMeHsbUBA je C/1y4ajHa MPOMEH/bNBA,
KoOja, NMpe N3BEJEHOI EKCIIEPUMEHTA, MOXE Y3e€TU bUIO KOjy
BPEAHOCT M3 HEKOI MHTEPBAJa peasHunx bpojesa.

OuckpetHa cny4yajHa NPOMEHSbUBA je C/1y4ajHa NPOMEHIbUBA,
KOJa MOXE Y3€TW HAjBULLE KOHAYHO Wi MPebpojnBo beCKOHa4YHO
MHOIO Pa3inynTuX BPEAHOCTHY.
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L\/:ao,;:\

VBop

Cry4ajHe npoMeHsbrBeE — NprMep
m PefoBHO KOH3yMUpare afikoxo1a — AUCKPETHA NPOMEH/bUBA C
aBe BpegHocTy “ga ” m “He”; CTapocT no4eTka KOH3yMUparsa
— HEMpeKNgHa NPOMeHSbUBA
m Bpoj ohapbaHux xayba — guckpeTHa NpoOMeHSbUBA C

npebpojueo beckoHauHo BpegHocTu 0,1,2,...
m 3auHTEPeCcOBaHOCT 3a yBohersem ayTobycke nuHuje —

AVNCKPeTHa npomeHsbmea — “ga”’ n “He

JuckpeTHe NpoMeHsbUBE MOTY Ce CBPCTaTW y ABE rpyne:
kateropuuke (cpaktopu) n Hymepuuke. Kateropuuke
NpOMeHJ/bMBE Aasbe Ce AeSie Ha HOMUHAMHE 1 OpAWHanHe.
HenpekugHe npomensbuee cBe npunagajy rpynv HyMepu4Kunx.
B HomwuHanHe: " ga“—"He", non, 60ja koce, mecto pohema...

B opAuHanHe: CTpy4dHa cnpemMa, oAroBOpwn Ha aHKeTaMma...
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L\/:ao,;:l,

VBop

Hedbunnunja

MapameTtap nonynauwuje je Heka onucHa Mepa CyHajHe
npomensbuBe (obenexja) nocMaTpaHe Ha L€0j NOMyAayuju.
CraTuctuka je onucHa Mepa cayHajHe npomeHbuse (obenexja)
MOCMAaTpPaHe CaMo Ha y30PKY.

MNapameTpu nonynauuje — npumep

® p - yaeo (NpoueHaT) peAoBHUX KOH3YMEHATa akoxXona; fi -
NpOCeYHa CTAapOCT MOYETKA KOH3YyMUparba

B m - npocedaH bpoj odpapbannx xayba go npeor cepeuca
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L\/:ao,;:l,

Kopauwu y cTaTucTn4koj aHanmsu

OppeanTun nonynauujy Koja ce npoy4aea
[MocTaBuTu NuTama y BE3U Nonynauyuje Ha KOja >KEIUMO
oArosop

OapeanTn cnyyajHe npomensbuee (obenexja) uuje fie
npoy4daBame nomohu ga gohemo fo ofroeopa

OppeanTtn napameTpe nonynauuje Koju Cy Of Ba>KHOCTU
N3Byhu ysopak n3 nonynauuje

OppeanTtun cTtatucTike Kojuma fie ce NpoUeHUTH BpPegHOCTK
HEeMo3HaTUX napameTapa

I_IpI/IMeHI/ITI/I TEXHNKE CTAaTUCTUHKOI 3aKJby4HuBama U
OAroBOPUATK HA NOCTAB/bEHA NNTAHA
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LLlecxpmn'rmtaM.:«l cTaTucTmka

[lpenuMnHapHa aHann3sa nopaTaka

m Llumb npenmuHapHe aHanmse je nNprkasaTu NoAaTKe Ha LWITO
PasyMJbUBMJN HaYNH. YKIbydyje rpacdnyky npukas u
PaYvyHatbe HEKUX BaXKHUX CTATUCTUKA KOjU MOTY AaTh BULLE
MHOPMaLMja O NPOMEHIBMBIM Of UHTEPECA.

m OHa HaM NoMaxke y KOHCTPYKLUUjU CTAaTUCTUMYKOT MoAena
KOjn obyxBaTa CBe Halle MPETNOCTABKE O MPOMEHSBUBNM 1
CNY>KN Kao OCHOBA 3a CBe METOAe CTaTUCTUYKOT
3aK/byHMBabA.
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LLlecxpmn'rmtaM.:«l cTaTucTmka

AHannsa HYMEPNYKNX NOoAAaTaKa

CrapocT geue kag je npuvelien npBu 3HaK ayTnama — npuMep Lene
nonynauuje, Huje ysopak!
1 6 8 3 2 3 14 24 7 4

Cnara semmotpeca y Kanudopruju no Pnxteposoj ckanu — npumMep y3opka
10 83 31 11 51
1.2 10 41 11 40
20 19 63 14 13
33 22 23 21 21
14 27 24 30 41
50 22 12 77 15
3aHuma Hac:
m Kakas je 0bnuk pacnogene? [a nn BpegHoCTW cnyyajHe
MPOMEH/bMBE YUHE HEKY MPEMNO3HAT/LUBY CTPYKTYPY?
m Koju je nonoxkaj nogaTaka, Tj. OKO KOje LieHTpasHe BPefHOCTU
cy oHun pacnopehenn?
m Konuko uma ogctynara mehy nogaunma? [da nu cy oHu
MPUANYHO PacejaHn WaW 3ryCHYTW OKO UEHTpaJjiHE BPeLHOCT?



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

Lﬂ,ecxpmn‘rmtaH.:«l cTaTucTmka

O6nunumn pacnogena

Cnuka: CAMETPNYHA pacnoaena
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LLlecxpmn'rmtaM.:«l cTaTucTmka

3a pacnogeny ce Kaxe ga je noMepeHa YAECHO YKOJIMKO UMa
AYradqak pern Ha JecHoj CTpaHu. YKOJMKO Jje Taj pen Ha J1eBOj
CTPaHy, Kaxke ce 4a je NOMepeHa yneBo.

Cruka: PACMOAENe NOMEPEHe YAECHO U YIEBO
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LLlecxpmn'rmtaM.:«l cTaTucTmka

Hedbunnunja

Xuctorpam ¢ppexsenyuja (y4ectanoctu) je rpachuk Takas ga je
BUCMHA CBaKor cTyba jegHaka bpojy esieMeHaTa n3 y3poKa y
KaTeropuju Kojy npescraBba.

KoHcTpykuuja xuctorpama

m OppepnTn 6poj knaca — npenopyka je 1 + log, n, rae je n ykynaH
6poj nogaTaka, 3a0KPY>KEHO HArope Ha LUeo 6poj.

m OppeanTtn Hajmarbi n Hajeefin enemeHT y y3opky; Hahin y3opaukn
PacnoH je jeaHaK HUXOBO] pasmum

®m Hahu mMunnmanuy wupuny crtyba gesbersem pacnona c 6pojem
cTyb0Ba

m Hahwu cTBapHy winpuHy cTyba 3a0Kpy)KMBareM MUHUMAJHE LLNPUHE
Ha rope, Ha OHOMMKM OPOj Aeurmana KOMKM MMajy 1 nogaum

m Oppeautn neBy rpanuuy npeor ctyba, koja je mano (3a nona
jeanHnue) Marba Off HajMaser eNeMeHTa y30pKa

OppenunTn ocTtane rpaHuue u HaupTaTu cTyboBe
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LLlecxpmn'rmtaM.:«l cTaTucTmka

Xucrtorpam

15 9 15 5 16 16
30 7 12 9 23 15
Bpoj ogcyTHnx pagHuka c nocna 21 16 17 13 20 18
2 31 11 12 27 22
15 14 10 6 19 14

8 10

Frekvencija
6

0 2 4

I I T T T T T I T T 1
15 45 75 105 135 165 195 225 255 285 3156

Broj odsutnih

Canka: XCTorpam 6poja oacyctasa
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LLlecl(pmn'rmtaM.:«l cTaTucTmka

Xucrtorpam

Hedunnunja

Xuctorpam penatuBHux (ppekBeHUunja je rpachuk Takas ga je
BUCUHA CBakor CTyba jegHaka yzesny (nNpouyeHTy) enemeHata u3
KaTeropuje Kojy npegCcraB/ba Y LeoM Y30PKY.
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LLlecxpmn'rmtaM.:«l cTaTucTmka

Xucrtorpam

12.00
12.50
11.75
11.87
12.03

Relativna frekvencija

11.98
13.02
11.17
10.95
12.75

0.2

0.1

LleHe neka y anotekama

11.48
11.75
12.25
12.20
12.69

12.99
12.05
11.90
11.85
12.03

11.20
11.71
12.03
11.70
11.90

12.06
11.10
11.89
11.92
11.72

11.98
11.82
12.15
13.00
12.60

I T
11.12 11.47

1
11.82

T
1217

Cena

1
12.52

1
12.87

11.20
11.80
11.96
12.40
12.11
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LLlecl(pmn'rmtaM.:«l cTaTucTmka

TabenapHu npukas

> baza$radni.st<-factor(baza$radni.st)
> baza$bracno.st<-factor(baza$bracno.st)
> baza$br.dece<-as.numeric(baza$br.dece)
> baza$godine<-as.numeric(baza$godine)
> baza$obrazov<-factor (baza$obrazov, ordered = TRUE)
> baza$otac.obr<-factor(baza$otac.obr, ordered = TRUE)
> baza$majka.obr<-factor(baza$majka.obr, ordered = TRUE)
> baza$pol<-factor(baza$pol)
> summary (baza)
radni.st bracno. st br.dece godine obrazov otac.obr majka. obr pol
1 1237 1:232 Min. 1.000 Min. : 1.00 0: 52 0 :147 1 :179 1:185
2 : 58 2: 31 1st Qu.: 1.000 1st Qu.:16.00 1:208 1 :135 Q 1152 2:215
5 : 40 3: 52 median @ 3.000 median :25.00 2: 29 2: 5 3 T 24
7 1 29 4: b Mean 2.868 Mean 127.14 3: 74 3 : 36 8 : 16
4 17 5: 79 3rd Qu.: 4.000 3rd Qu.:36.00 4: 37 4 : 16 2 ;10
3 : 9 Max. :10. 000 Max. 165.00 8 : 13 4 9
(other): 10 NA: 48 (other): 10

MNpe pasbe anannsze tpebano 6u n3bauyntn HegocTajyhie nogatke
> bazal<-na.omit (baza)

> summary (bazal)
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LLlecxpmn'rmtaM.:«l cTaTucTmka

3a Tabenupatbe jeHe NPOMEH/BUBE KOPUCTI CE

> levels(bazal$radni.st)=c("puno radno vreme", "skraceno radno
vreme", "trenutno ne radi", "nezaposlen, otpusten", "u penziji",
"ucenik/ca", "domacin/ca", "drugo")

> table(bazal$radni.st)

puno radno vreme skraceno radno vreme trenutno ne radi nezaposlen, otpusten u penziji
203 56 7 15 31

ucenik/ca domacin/ca drugo

6 23 3

UAN jeAHE NPOMEHJBIBE Yy OAHOCY Ha ApPYry
> levels(bazal$pol)=c("M","Z")

> table(bazal$radni.st, baza$pol)

M Z .
puno radno vreme 118 87
skraceno radno vreme 14 42 ,
trenutno ne radi 1 6
nezaposlen, otpusten 9 6
u penziji 15 16
ucenik/ca 1 5
domacin/ca 0 23
drugo 3 0
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Lﬂ,eckpmn'rmtaH.:«l cTaTucTmka

TpakacTu gujarpam

TpakacTu gujarpam Ha x—OCK NpuKasyje KaTeropuje, a Ha y—ocu
dpakBeHLMje NojaB/bMBatba €IEMEHATA N3 Y30PKA Yy CBAKOj O KaTeropuja
> barplot(table(bazal$radni.st), col="yellow", main="Radni
status")

Radni status

150

100

punoradnovieme  skracenoradhoweme  fenuhoneradi  nezaposien, otpusien upenzii domacinica dngo
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LLlecxpmn'rmtaM.:«l cTaTucTmka

Moxe ce uptaty jegHa NPOMeH/bLMBA Y OZHOCY Ha KaTeropuje apyre
NPOMEHJbUBE.

> boje<-c("red","blue","green","yellow","pink","violet","grey","black")
> barplot(table(bazal$radni.st, bazal$pol), main="Radni status",
col=boje)

> barplot(table(bazal$radni.st, bazal$pol), main="Radni status",
col=boje, beside=TRUE)

> legend("topright", legend=levels(bazal$radni.st),

fill=boje,cex=0.8)

Radni status Radni status

B punoradno vieme
m skraceno radno vieme
trenutno ne radi

O nezaposlen, otpusten
O u penzij

B ucenikica

150
|

B domacin/ca
= dugo

100
I
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LLlecl(pmn'rmtaM.:«l cTaTucTmka

Kpy>Hu gujarpam

> pie(table(bazal$radni.st), main="Radni status",
col=boje)

Radni status

puno radno vieme

drugo

domacin/ca

ucenikica

u penziji

skraceno radno vreme

nezaposlen, otpusten
trenutno ne a0
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LLlecxpmn'rmtaM.:«l cTaTucTmka

> par(mfrow=c(2,2))

> pie(table(bazal$radni.st), main="Radni status", col=boje,
radius=1, cex=0.5)

> pie(table(bazal$radni.st[bazal$pol=="M"]), main="Radni status
muskaraca", col=boje, radius=1, cex=0.5)

> pie(table(bazal$radni.st[bazal$pol=="F"]), main="Radni status
zena", col=boje, radius=1, cex=0.5)

> pie(table(bazal$pol), main="Pol", col=boje, radius=1, cex=0.5)

Radni status Radni status muskaraca
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LLlecxpmn'rmtaM.:«l cTaTucTmka

Oapebusarse rpanuua xuctorpama no cpopmynu

> broj.kategorija <-ceiling(log(length(bazai$godine),2))+1
> d<-(max(bazal$godine)-min(bazal$godine))/broj.kategorija
> granice<-min(bazal$godine)-1+(0:broj.kategorija)*(d+0.1)

> hist(bazal$godine, breaks=granice, prob=TRUE)

Godine

Density
0010 0015 0020 0025
. .

0.005
L

0.000
L

20 40 60 80 100
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LLlecxpmn'rmtaM.:«l cTaTucTmka

HoaaBarbe oueHe ryCcTrHe Ha XuUcTorpam

> broj.kategorija <-ceiling(log(length(bazal$godine),2))+1
d<-(max(bazal$godine)-min(bazal$godine)) /broj.kategorija
granice<-min(bazal$godine)-1+(0:broj.kategorija)*(d+0.1)
hist(bazal$godine, breaks=granice, prob=TRUE)
lines(density(bazal$godine), col="red", lwd=2)

] f%

>
>
>
>

Godine

Density
0015 0020 0025
| |

0010
L

0.005
L

0.000
L

20 40 60 80 100
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LLlecxpmn'rmtaM.:«l cTaTucTmka

Kopuwhetse nogpasymeBaHux rpaHuua dpyHkumje hist
> hist(bazal$godine, main="Godine", xlab="")
> hist(bazal$godine, main="Godine", prob=TRUE, xlab="")

Godine Godine

Frequency
40
Density

20

0000 0005 0010 0015 0020 0025

1
20 40 60 80 100 20 40 60 80 100

Mpouera yaena nonynauuje 4nja je crapoct marsa og 40 roguna

> H<-hist(bazal$godine, prob=TRUE, plot=FALSE)

> cumsum(H$density*diff (H$breaks))

[1] 0.02023121 0.15317919 0.41907514 0.66473988 0.82947977 0.90751445
0.97398844 0.99710983 1.00000000

Tpaxxena npouena je 0.42.
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LLlecl(pmn'rmtaM.:«l cTaTucTmka

Mepe nonoxaja

Tpwn BaxxHa napameTpa nonynauuje koju ogpehyjy nonoxaj
pacrnogene cy:

B Cpearba BPEeAHOCT nonynaumje

B MeAujaHa rnonynayuje

E MoAa nonynauuje

OHn ce Ha3mBajy v NnapameTpu No0Xaja Uiy Mepe LeHTpasnHe
TeHaeHuUuje.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlecxpmn'rmtaM.:«l cTaTucTmka

Cpeantba BpegHOCT

Cpeatrba BpeaHoOCT monynauuje (4 — HENO3HaTK NapaMeTap
Mpouersyjemo ra (NpnbanxHo) CTaTUCTUKOM KOjy Ha3MBaMO
y30padkom cpearbom BpeaHowhy nnu, kpahe, yzopadkom
CpefuHOM.

Hedbunnunja
Heka cy x1,x9,...,Tn, N BPEAHOCTY CNyHajHE BeNNHUHE X

gobujene y yaopky. Y30paukom CpeauHOM HasnBamo T,
APUTMETUYKY CPEfNHY TUX BPEZHOCTH, Tj.

@i TRy Do 6
n n

T =

> mean(x)
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LLlecl(pmn'rmtaM.:«l cTaTucTmka

V3opayka cpegmHa — npumMepu

Bpoj ynamheHux peun 3a gBa MuHyTa
8 2 4 9 7 2 12 5 5 7

oo 2im®i _ 61

n 10
KombuHoBame BuLLe y30padkux CpeUHa

Bpoj xnTHux cnyyajesa y jegHoj bonHuum je 1 =3 3an; =5, ay
apyroj bonHuun To = 15 3a ny = 100.

niZ 4+ neZs  5-34+100-15 1515
ni4+ny  5+100 105

> sredine<-c(3,15)
> tezine<-c(5,100)/105

> weighted.mean(sredine,tezine)
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LLlecxpmn'rmtaM.:«l cTaTucTmka

MepgnjaHa

Megunjana nonynaumje - HeMoO3HaTa BPELHOCT OA KOje je nosa
nonynauuje eehe, a nona Marse

Mpouersyjemo je (MpnbanmxHO) CTaTUCTNKOM KOJy Ha3MBaMO
Y30paykoM MeZUjaHOM.

Hedbunnunja

Heka je x1,x2,...,%, y30pak nopehaH no BeANHYNHN OF HajMarb€e
4o HajBehe BpegHocT. YKOMKO je n HenapaH bpoj, y3opadka
MepfunjaHa je 6poj TayHo Ha CpeguHyu HU3a. YKOIMKO je n napaH
6poj, y3opaydka MegujaHa je apuTMETUYKa CpeanHa gaa bpoja Ha
CPeAVHN HU3A.
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LLlecl(pmn'rmtaM.:«l cTaTucTmka

MepgunjaHa - npumepnm

[opuHe cTapocTu Kynaua y jefHOj NpogaBHUUM rapaepobe
KeHe MYyLUKapLK

12 27 17

15 30 29

17 35 37

20 42 40

24 60 72
Megnjana cTapoctun xeHa je (24 + 27)/2 = 25.5, a mywwikapaua je
37 roguHa.
Ha Behum ysopumma pavyHamo npeko nosoXkaja MegujaHe
(n+1)/2.

> median(x)
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LLlecxpmn'rmtaM.:«l cTaTucTmka

Cpeatba BpeaHOCT N MeaunjaHa

V3o0pak TpuwHe BpegHoctu (y xusbagama gonapuma) gecet kyha
y jeAHOM Hacesby

82 91 785 86 805 85 825 B0 77 850
Kakag je oBo kpaj?

Cpeatba BpeaHocT je 159.25, a meaujaHa je 82.25.

M3 BpeaHOCTM T M3BNAYMMO NOrpellaH 3ak/byqak O BPefHOCTU
kyha y Kpajy, meanjaHa Ham gaje mHoro 6osby nudpopmaymjy. To
je 36or yTnuaja HeyobrnyajeHe BpegHocTy 850 KOjy HasnmBamo
ayTnajepom (enrn. outlier - oHaj koju ce Ty Hanasu anu He
npunaaa).
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LLlecxpmn'rmtaM.:«l cTaTucTmka

Moga

Moga nonynauywnje — Henmo3HaTa BpegHOCT Koja je Hajyewha y
nonynaumjun

Mpouervyjemo je (NprbamxHO) CTaTUCTNKOM KOjJy Ha3UBaMO
Yy30pa4koM MOZAOM, BpedHOLWRAY Koja Ce HajBULLE MyTa MOjaB/byje Y
Y30pKY.

VKOIMKO je pacnogena CUMeTpr4Ha, Tafa Ce Cpeara BPeaHoCT,
MeAujaHa n moga nonynauuje noknanajy. Ogroeapajyhe
CTaTUCTUKE, HapaBHO Helie ce moknanaTu, anm hie umaTtn bancke
BpeAHOCTU.
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LLlecl(pmn'rmtaM.:«l cTaTucTmka

Mepe pacejatba

BakHu napameTpun nonynauuje Koju onucyjy pacejarbe pacnogese
B pacrnoH nonynauuje
m aucnepsuja (BapujaHca) nonynayuje o>
m CTaHpjapgHo ofcTynawse (aeBumjaymja) nonynauuje o

E MehyKBapTUIHO pacTojarbe



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlecl(pmn'rmtaM.:«l cTaTucTmka

Pacnon

PacnoH je pasnuka Hajeeher n HajMarber enemMeHTa nonynauuje
Mpouersyjemo ra (NpnbaNXKHO) y30padyknM PacrnoHOM.

Hedbunnunja
Y30paykun pacnoH je pasavka nsmehy Hajseher v HajMarber
€/IEMEHTA Y30PKa.

B Huje nocebHo fobap kao Mepa pacejarba

> diff (range ((x))



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka
LLlecl(pmn'rmtaM.:«l cTaTucTmka

MNpumep: pe3ynTaTu cTygeHaTa Ha UCNUTY Yy ABa CEMeCTpa

0bnm ysopka

cpearby 6poj noeHa T

MegujaHa 6poj noexa
pacnoH

npBen cemectap Apyrn cemecrtap
23 26
75 75
75 75

50 (og 50 go 100) 50 (og 50 go 100)

CrBapHa pacnogena noeHa

npBu cemecTap

50 50 50 50 50 50

60 60

70 70

75

80 80

85 85 85

100 100 100 100 100 100

Apyrn cemectap
50

65 65

70 70 70
747474 74
7575757575 75
76 76 76 76

80 80 80

85 85

100



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlecxpmn'rmtaM.:«l cTaTucTmka

Hwncnep3snja

[MapameTap nonynaumnje — cpeare KBagpaTHO OACTYMNaHE CyHajHe
BenuduHe X of CBOje CpefHbe BPELHOCTU [
Mpunban>kHO je npoueryjemMO y30padkoMm ANCMEP3NJOM

Hedunnunja
Heka je x1,...,x, y30pak o n eneMeHatTa. Y3opauka
aucnep3vja geuHniue ce Kao

2 (@i —7)?

ST =
n—1

> var(x)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

Lﬂ,eckpmn'rmtaH.:«l cTaTucTmka

PauyHarbe gucnepsuje

Dopmyna 3a padvyHare y30payke Anucnepsuje

1 noo_
s2 = 2 — — 7%
n—1

Mogaum o gy>KnHu Tpajarba TeneOHCKMX pa3rosopa
10 20 6 12 15 8 4 9 3 12

o Dimy(ei =)’ (1021074 -+ (13-10* 244
- 9 - 9 — 9 — "

0

n
Z = 10 muHyTa; zxf = 1244
=1

1 10
2 2
=—-1244 <10 = 27.11.
s 9 9



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlecl(pmn'rmtaM.:«l cTaTucTmka

CraHgapaHo oacTynatse

MNapameTap nonynaumje — KBagpaTHU KOPEH U3 Jucnepsuje
Mpouersyjemo ra (NpnbanxHo) y30padkumM CTaHAAPAHUM
OfCTynaremM

Hedbunnunja
Y30payko CTaHOapAHO OACTYNAHe jeJHAKO je KBaApaTHOM
KOpeHy 13 y3opayke gucnepsuje, Tj. s = \/ s2.

> sd(x)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

Lﬂ,eckpmn'rmtaH.:«l cTaTucTmka

CTaHgapaHO oAcTynakbe — NpuMep

MNopaum o gHeBHOj TemnepaTypu
2°C 5°C 8°C 0°C 10°C 20°C -—10°C

s? = 86.33, a s = v/86.33 = 9.3°C.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlet:l(pmn'rmtaM.:«l cTaTucTmka

MehykBapTunHo pactojare

MebhykeapTunHo pactojarbe IQR — mepa pacejarba HeoceT/bMBA Ha
ayTnajepe 3a pas’aunKy Of PacnoHa v AMCREP3Mje VY3opadkn KBapTuau:

m [pen kBapTun Q1 je BpegHOCT of koje je 1/4 y3opka marse, a 3/4 sefie.

m [pyru keaptun Q2 (MeanjaHa) je BpesHOCT OA Koje je 2/4 y3opka matbe,
a 2/4 sefhe.

m Tpehn kBaptun Q3 je BpegHocT oA koje je 1/4 ysopka matbe, a 3/4 sehe.
> quantile(x)
MebykBapTunto pacrtojarbe IQR = Q)3 — ()1 je pacnoH y kom ce
Hanasu cpearbux 50% ysopka.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlecxpmn'rmtaM.:«l cTaTucTmka

MehykBapTunHo pactojare

OgapeanTn nonoxaj ysopadke megujare, (n+1)/2, rae je n obum ysopka.

Oppegutu I, Hajsefin npupogan 6poj kojn Huje sefin og (n + 1)/2 (moxe
6uTn jegHak).

Hahu nonoxaj keaptuna kao ¢ = (I +1)/2.

Oppeantu g1, 6poj y y30pKy KOjU je g-Tu NO BEANHUHMN NOHEBLUMN Of
Hajmarber. Ako g Huje npuponaH bpoj, Taja je g1 apUTMeTU4Ka CpeAnHa
6pojesa koju ¢y ¢ — 1/2 u ¢ + 1/2 no pegy. Mpubnuxno 25%
(veTBpTuHA) y30pKa fie BuTn marse og g1, na Ce OH Ha3MBa NPBM KBAPTUA
y30pKa.

Oppeantu g3, 6poj y y30pKy KOjU je g-Tu NO BEANHUHMN NOHEBLUMN Of
Hajseher. Ako ¢ Huje npupogaH 6poj, Tapa je g1 apuTMETNHKa CpeanHa
6pojeBa koju ¢y ¢ — 1/2 v ¢ + 1/2 no pegy. Mpubnuxuo 75% (Tpn
ueTBpTUHE) y30pKa fie 6uTn marbe 04 g3, na ce oH Ha3mea Tpehin kBapTun
y30pKa.

N3pauyHatu IQR = g3 — q1.-

> IQR(x)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlecxpmn'rmtaM.:«l cTaTucTmka

BokcnnoTt

Bokcnnot (eHrn. box - kyTuja) je gmjarpam Koju Ham BU3YESTHO
objenurbyje Mepe NonoXkaja, pacejarba U CTEMNEH MOMEPEHOCTU
pacnogenie n omoryfiaBa Ham OTKpuBarbe ayTsiajepa.

AyTnajep je nogaTak Koju Ce He ykjlana y Hac MoAesn, Tj. ocTyna
0f, NpaBNaa YOYeHNX 3a ocTaTak y3opka. [NoHekag cy ayTnajep
MOC/IEANLA TPELLKE, U Y TOM Ciy4ajy nx Tpeba yknoHuTu, a 'y
Apyrum cnydajesuma Tpeba usepwuTy npunarohaeare mogena.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlet:l(pmn'rmtaM.:«l cTaTucTmka

LipTarbe bokcnnoT gujarpama

m OppeanTtn y3opadky meanjaHy, y30paqke KBapTuie gi 1 g3, u
mefjykBapTunHo pactojare IQR

m OppeanTtn Tauke fi1 n f3, yHyTpalbe rpaHnLe, Kao
fi=q —15-I1QRu f3 = g3+ 1.5-IQR.

m OppeanTtn nBMYHE BPeAHOCTU G1 M a3 TAKO Aa je ai Hajbnuka BpegHOCT
13 y3opka 8o fi1 koja Huje marba of f1, a as Hajbnuxa BpegHOCT 13
y30pka 8o f3 koja Huje Befia og f3.

m Oppeantn tauke F1 n F3, cnosbawrbe rpaHuue, Kao
Fi =q1 —3-IQRI/I F3 :q3—|—3~IQR.
® HaupTaTtu npaBoyraoHuk C KpajeBuMa y g1 1 g3, 1 YHYTPaALIHOM JINHNjOM
Ha MeaMjaHn

m [loBe3aTn uBu4He BpegHoCcTu € npasoyraoHukom. Obenexutn bnare
ayTnajepe, Tj. cBe Tayke n3Melhy yHYTpal UM U CNObaLLjuX rpaHMLa,
Kao 1 EKCTPEMHE ayTiajepe, Tj. CBE TAa4Ke M3BAH CMOJbALUFUX FPAHNLA.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

Lﬂ,eckpmn'rmtaH.:«l cTaTucTmka

BokcnnoT — npumep

Oyxuna (y gaHuma) 6onHu4Kor neverba nayujeHaTa ¢ aMHE3NjOM

8
12

20 27

30 32 35 36
40 40 40 40 41 42 45 47 \ | .
50 52

108 20 40 60 80 100

> amnezija<-c(8,12,20,27,30,32,35,36,40,40,40,40,41,42,45,47,50,52,61,
89,108)

> boxplot (amnezija,horizontal=T)

> points(amnezija[1],order(amnezija[1]),pch=19,col="orange",lwd=2)

> points(amnezija[20],order (amnezija[20]),pch=19,col="orange",lwd=2)

> points(amnezija[21],order (amnezija[21]),pch=19,col="red",lwd=2)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

Lﬂ,ecxpmn‘rmtaH.:«l cTaTucTmka

VTuuaj aytnajepa Ha rpacou4ku npukas

Potrosnja u miliama po galonu Potrosnja u miljama po galonu
S
g g
g s
& B
3
E 3
8
—_—
° i —
r T T T T 1
4 100 200 300 400 500
TopGear$MPG
Potrosnja u miljama po galonu bez autlajera Potrosnja u miljama po galonu bez autlajera
R ==
3
8
3
@ 3
£ 21
5
3
g 8 < E
2 <
° o :
2 8 i
° R —

20 40 60 80
TopGear$MPG[TopGear$MPG < 200]



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LLlecl(pmn'rmtaM.:«l cTaTucTmka

Kopuwhere bokcnnoTta 3a ynopehusatse

lNpoyyaBaH je yTuuaj nywera Ha cnasarbe. [lopaum npepcTasbajy
BpPEME Yy MUHYTUMA KOje je 6usio noTpebHO pa mcnutanmum 3acny.
x<-c(69.3,56.0,22.1,47.6,53.2,48.1,52.7,34.4,60.2,43.8,23.2,13.8)
y<-c(28.6,25.1,26.4,34.9,29.8,28.4,38.5,30.2,30.6,31.8,41.6,21.1,36.0,
37.9,13.9)

bi<-boxplot(x,y, names=c("pusaci", "nepusaci"))

bi$stats

[.11 [,2]
& — [1,] 13.80 21.10 — ap
S B [2,] 28.80 27.40 —aq1 )
T T [3,] 47.85 30.20 < q2 (meanjana)
pusect TeoEaG [4,] 54.60 35.45 a3

[5,] 69.30 41.60 —as



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

LLITa je BepoBaTHOha?

m BepoeaTHohe cy bpojeBn koju ce Hanaze usmehy 0 n 1
yKIby4yjyhn n mux. Yecto ce nsparkaBajy un y npoLeHTUMA.

m BeposaTHohe 61u3y Hyne yka3yjy Ha TO fa Cy MaJe LlaHce Aa
ce T1aj porahaj porogn. To He 3Ha4m ga ce oH Hehie goroguTu,
Beh CMO fia ce cmaTpa peTKuM.

m BepoeaTHohe 61u3y jefnHunLe ykasyjy Ha TO Aa Cy BeJUKe
waHce aa ce taj gorahaj gorogn. To He 3Ha4m aa fie ce oH
goroautu, seh cMo pa ce cmaTtpa yobuyajeHum.

m BeposaTHofie 6nusy 1/2 ykasyjy Ha To ga gorahaj nma
NPUBAV>KHI UCTY LIAHCY Ja Ce JoroAu 1 Aa Ce He AoroAw.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Kako gogenutu BeposaTtHohie?

CybjekTusHo
Knacnyno (matematunykn)
CraTtuctnykn

CybjekTneHa BepoBaTHofia: Ha Beyepawmoj yTakmuuu
sepoBaTHoha ga Hawwm nobege je 75%.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Knacn4yHa pecprHnumja BepoaTHohe

Heka ce n3Bogm ekcnepumeHT y KOME je CBaKM Of H-EroBUX MCX04a
JjeaHako BeposataH. Heka je n(A) 6poj HaduHa Ha Koje ce moxe
goroantu gorabaj A, a n ykynaH 6poj ncxona eKCriepuMeHTa.
Taga je

iy = 1A

V duoun nmamo 25 ngeHTudHnx batepuja og kojux cy 4
nctpowere. Ha cnyyajaH HaduH ysnmamo jeaHy batepujy. Kosnuka
Je BepoeaTtHoha ga je ncnpasHa?

n =25, n(A) =21, P(A) = 3.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Cratuctnyka gedpuHnumja BeposaTHohe

_ bpoj excnepumerata y kojuma ce gorahaj A goroguo

P(A)

YKynHN 6pOj N3BEEHNX EKCIIEPUMEHATA

BepoeaTHoha pa je TpygHoha 6ausaHauka je %.

N3Boherse ekcnepumenTa — bauarse jegHe KOLKMLE.
> eksperiment<-sample(c(1,2,3,4,5,6),1000,replace=TRUE)
> table(eksperiment)

eksperiment

1 2 3 4 5 6

151 173 172 160 177 167

Cratuctuyka eeposaTtHofia gobujarsa jeauHuue je % = 0.151.
Knacnyna BeposaTHoha uctor gorabhaja je % ~ 0.167.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Knacn4yHa BepoBaTHORa — HejeJHAKO BEpOBaTHM UCXOAM

Heka ce n3Bogu excniepumenT qumjn moryhu ncxogm nmajy
BepoBaTHohie pefom p1, . ..,p,. BepoBatHoha porabaja A jenHaka
je 36upy seposaTHoRa ncxoga Koju peannsyjy gorabaj A.

Baua ce kyTunja wubunua. BepoeaTHohe gobujarba HeHUX LWIECT CTpaHa Cy: no % 3a

[Be CTpaHNLEe HajMarb€ NOBPLUMHE, NO % 3a ABe CTpaHuue "cpefrse “ NOBPLUMHE, 1 NO

21 3a gBe CTpaHuue Hajeefie noBplumnHe. BeposaTHoha aa wnbuua He nagHe Ha

cTpanuuy Hajsefie nosplumne je P(A) =2 55 +2- 0 %
> sibice<-sample(c("al","a2","b1", "b2" "ci","c2"),10000,replace=TRUE,
prob=c(0.05,0.05,0.1,0.1,0.35,0.35))
> table(sibice)
sibice
al a2 bl b2 cl €2  P(A) n S26E50TH99841029 — ) 306
526 507 998 1029 3444 3496



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Knacn4yHa BepoBaTHOha — Amjarpamu rpaHamsa

CroxeHunje ekCneprMeHTe MOXKEMO NMOCMATpaTH y eTanama u
MpUKasaTh KX Ha AuWjarpamy rpaHamba.

___—n |_|, en. ncxog MMM

—— m T, en. ncxog MMM

n T I en. ncxog MM

/ r —a, en. ncxog MIT
\ _ul, en. ncxog MM
—— n T, en. ncxog M

r T ] FI, en. ucxog MM

r T, en. ncxog I'TT

ca: Barname Tpu HOBUMia



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Ncxoom n porabajum

m CnyyajHu ekcnepumeHT je 6110 koja nojasa uam npouec
4MjN NCXOH HE MOXKEMO MpeABuAeTH ca curypHowhy.

m Ckyn enementapHux ncxopa ) je ckyn moryhnx ncxoga
cnyyajHor ekcnepumenTa. CBakn HeroB YjiaH HasMBa ce
e/leMeHTapHU NCXopa.

m CBaku NOACKYN CKyna eNeMeHTapHNX NCXOAa Ha3uBa Ce
porabhaj.

m Cawm ckyn () Ha3uBsa ce curypan gorabaj. lNpazan ckyn
Hasuea ce Hemoryh porabaj.
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CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[NpumMepn ckynoea ucxona

V3Bnaum ce jepHa kaprta us craHgapgor wnuna og 52 kapre (6es
yokepa). MoTeHumjanHn CKynosm en. ucxopa:

m ; = {upseHa, ypHa}

m (o= {*707@7‘}

B Q3= {Ad A, AV AM, ... K& KO, KO, KM} (cBaka
KapTa noHaocob)

m Q4 = {cnuka (kpasb, gama, xaHgap), Huje camka}
m (5 = {cnuka, kapTa ¢ 6pojem}
m (g = {cnuka, ac, Huje canka}

Q1, Q9,803,824 jecy ckynoem ncxoga; {25 HMje — HEMA NCXOZA KOJM
ogrosapa acy; {lg Huje — acy OAroBapa BULLE Of jeAHOT MCXOna.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Onepauuje Haa gorabajuma

m VHuja gea gorafaja A U B cagpXun CBe enemMeHTapHe UCXoae
Kojn ce Hanase y 6ap jeanom og porafjaja Awnn B, 1j. y A,y
B, nnn y oba.

m [lpecek gea porafaja AN B, unu kpahe AB cagpxu cBe
e/leMEHTapHe NCXOAE Koju ce Hanase uy Awuny B.

m Komnaement A gorafaja A cagp)xu CBe eNeMeHTapHE UCXOLE
Koju ce He Hanase y A.

Hedunuunja

3a gBa gorabaja, A n B, kaxemo ga cy mehycobHO UCK/by4nBa
YKOJINKO CE€ HE MOrY UCTOBPEMEHO JJOTOANUTH, Tj. aKO UM j€ MPECEK
nemoryh gorabaj AB = ().



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Onepauuje Haa gorabajuma

Vunja AU B _
Komnaement A

9 '

‘v Avany B"

“He y A"

Mpecek AN B (AB

“vAuny B

MeljycobHo nckspyunsu gorahajn



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Heke ocobuHe BepoBaTHOhe

OchosHa cBojcTea BeposaTHohe (akcrome)
B P(Q)=1
m P(A) > 0 3a ceakn porabaj A.

m Ako cy porafaju A, Ao, As, ... MehycobHO uck/by4nBY, OHAA
je

P(A{UA3UAs---) = P(A1) + P(Ag) + P(A3) + - --

Jow cBojcTaBa BepoBaTHOhe

m P(0)=0

w P(A) =1- P(A)
s P(AUB) = P(A) + P(B) — P(AB)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[Mpumep

Opranusyje ce CTygeHTCKN pedbepeHAyM O U3rpafHun HOBOT
Tepena. [pe rnacama, 50% cy 3a (Z) 1y n3rpaamwy. Ha rnacamse
(G) je nzawno camo 40% crygenata. Ykynno je 32% crygeHata
rnacano “sa” (GZ).

BepogaTHohia aa je cay4ajHo nsabpaHun cTygeHT rnacao unav 6no 3a
je P(GUZ) = P(G) + P(Z) — P(GZ) = 0.4+ 0.5 — 0.32 = 0.58

Macann(G) 3a(2)

0.08

0.42




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

VYcnoeHa BepoBaTHoha

m Konuka je BepoBaTHoha ga je 6poj pobujeH Ha koukMLM MarsK
on 47

m Konuka je BepoeaTHoha ga je 6poj pobujeH Ha KOUKMLW Marby
o4 4 ako ce 3Ha Aa je HenapaH?

Hedurnnunja

Heka cy A u B porabajn takeu ga je P(B) > 0. YcnosHa
BepoBaTHoha gorahaja A, nog ycnosom octeapeHor gorabaja B je
KoaImM4uHNUKY BepoBaTHohe ga ce oba gorahaja octBape n
BepoBaTHohe ga ce ocTBapu ycnos B:

P(A|B) =



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

VYcnoeHa BepoBaTHoha

m Konuka je BepoBaTHoha pa je 6poj JobujeH Ha koUKMLM Maku of 4 ako
ce 3Ha Ja je HenapaH?
_ _ _ P(AB) _ n(AB) _ 2
B ={1,3,5}, AB={1,3}, P(A|B) = B = "n(B) =k

= V napnameHnTy, y uwby cy3bujara nndnauymje, 55% nocnanuka je 3a

cmarberse ogpeheHnx nopesa, 30% 3a cmarerse byyeta, a 25% 3a obe
mepe. Konuka je BeposatHohia fa je cnydajHo n3abpaHu nocnaHuk 3a
CMatberse bylieTa, ako 3HaMo [1a je OH 3a CMarberbe nopesa? A konvka ga

j€ 3a cMarberbe nopesa ako 3HaMO Aa je MPOTUB CMarbera Oyyera?

Mopes( P Byuet(B)

_ P(BP) 025 5
P(BIP) = P(P) ~ 055 11
p(pip) = PPB) _ 030 _3

T P(B) 070 7

0.40




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HesaBucHoct porahaja

JBa porahaja cMaTpaMo HE3aBUCHUM YKOJIMKO OCTBApEHE jegHOr
0L HUX HEMa HUKaKaB yTuUaj Ha BepoBaTHONy apyror porabaja.

Hedurnnunja

Heka cy A u B pgorabaju takeu ga je P(B) > 0. 3a gorabaje A u
B kaxeMmo fa Cy He3aBUCHW YKOIMKO 33 HUX BaXkn Aa je

P(A|B) = P(A).

m Bauajy ce nnaea n upeena koukuuya. datu cy gorahaju: A — pobujeHn cy
uctn 6pojeBn; B — Ha upBeHOj je ABOjKA MM TPOjKA.

P(A) =&, P(B) =1, P(AB) = %, P(A|B) = 2% = 2.

P(A|B) = P(A), na cy gorahaju A n B He3aBucHm.




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HesaBucHoct porahaja

Axko cy A n B He3asucHu, Taga je

P(AB) = P(A)P(B).

= V Amepuun oko 46% mygu uma kpery rpyny O, a oko 39%
HeratusaH Rh-dpaktop. OBa gBa obenexja cmaTpajy ce
HesasucHum. Konvka je BepoBaTHohia ga ciydajHo nsabpanu
AmepukaHay uma kpeHy rpyny O~ 7

N — porabaj ga oH nma Heratnean Rh-chakTop

P(O7) = P(ONN) = P(O)-P(N) = 0.46:0.39 = 0.179 ~ 18%.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HesaBucHoct porahaja n noysgaHocT cuctema

PasmoTtpumo cuctem og k komnoHeHTu y cepuju. [lpetnoctaBumo pa cy ose
KOMMOHEHTE HE3aBUCHE Y CMUC/Y AA NMOY3AAHOCT JEAHE HE yTnye Ha
OTKasuBake unm ycnex buno koje apyre. oysgaHocT uenor cuctema je
BepoBaTHoha Aa cucrtem paam kaga tpeba. Cucrem (e 6utn ncnpasax camo
aKo CBE KOMMOHEHTE page #obpo.

R = P{cBe komnoHeHTe page ucnpasHo} = Ry - Ry - - R.

HeKa nmMmamo Cnctem on 5 KOMMOHEHTN N HEKA CBAaKa KOMMOHEHTa nMa
noysgaHoct 0.95 y oapeljeHoMm TpeHyTKy:

R =0.95% = 0.774.

Pa3MOTp|/|MO capa k HE3aBNCHNX KOMMOHEHTU MOBE3aHNX Yy MapasienaH CUCTEM.
MoysaHocT cucrema y

R =1 — P{cBe komnoHeHTe Ccy oTKasane}
=1—(1—-Ri)-(1—R2) - (1 — Ry).



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HesaBucHoct porahaja n noysgaHocT cuctema

PasmoTtpumo caga cuctem og 8 HE3aBUCHMX KOMMOHEHTU MOBE3aHMX KA0 Ha
cnnym.

Cucrem ce cactoju oa 5 rpyna y cepuju. [da 6u ce ogpeguna noysgaHoct
cucTema, npeo ogpehyjemMo NOy3gaHOCT napanesHux rpyna:

Ry=1—(1-0.95)-(1—0.95) =1—0.05-0.05 = 0.9975,
Rs=1—(1—0.96)-(1—0.92)(1—0.85) = 1 —0.04-0.08 - 0.15 = 0.99952.

MoysmaHocT uenor cuctema je

R=R:1-R2-R3-Rs-Rs=0.99-0.9975-0.99952 - 0.95 - 0.82 = 0.7689.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

BepoBaTHoha npeceka 3aBucHux porahaja

Heka cy A u B gorabaju takeu ga je P(B) > 0. Taga Baxu

P(AB) = P(A|B)P(B).

m V Amepuun oko 46% myan nma kpeny rpyny O, a y peructpuma je 4%
oHux Koju umajy O rpewkom 3abenexxero kao A. Kosnnka je BeposaTHofa
Za cnydajHo usabpanu AmepukaHay cteapHo uma O, anu cy my
3abenexunnun A?

O — uma O kpeHy rpyny; A — 3abenexero my je A. [lato Ham je
P(0) =0.46 n P(A|O) = 0.04.

P(O N A) = P(O) - P(A|O) = 0.46 - 0.04 = 0.018 ~ 2%.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

®opmyna noTnyHe BepoBaTHohe

B Tect Ha jeaHy Gonect je Takae aa 95% 6onecHnx uma nosuTueaH
pesyntat, a 90% 3apasux uma HeratusaH pesyntat. Ako 20%
nayujeHata nma Ty 6onecT, konuka je seposaTHoha aa hie cnydajHo
n3abpanom nauujeHTy Tect bntn nosuTtusan?

y P, P(BP)=10.2-0.95=0.19

B 0.05
0.2 :
/ \- N, P(BN) =0.2-0.05=0.01
& o1 P, P(ZP) = 0.8 0.1 = 0.08
z 0.9
T N, P(ZN)=0.8-0.9 = 0.72

P(P) =0.19+ 0.08 = 0.27 wrto je pobnjeHo kao
P(P) = P(B)P(P|B) + P(Z)P(P|Z)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

®opmyna noTnyHe BepoBaTHohe

Teopema (Popmyna notnyHe seposaTHofe)

Heka cy A1, ... | A, mebycobHo uckmyumsu gorahbaju 4uja je ynuja
ckyn §) v Heka je B 6uno koju gorahaj. Taga je

P(B) = P(Ay) - P(B|Ay) + -+ + P(A,) - P(B|Ay).

m Mcnutannk 6aya HoBumhi n ako nafHe NUCMO, OAroBapa Ha nuTare A)
“Oa nu cte pofjeHn napHe roguHe?”, a ako nagHe rnaea, oArosapa Ha
nutarbe B) “[da nn cte npobanu gpory?” Opg 500 ncnuranuka 350 je
oarosopuno aa. [lpoueHnTn npoueHaT oHUX Koju cy npobanu gpory.

3namo ga je P(A) = L, P(B) =%, P(D|A) =} w P(D) ~ 3¢ = L.
P(D) = P(A)P(D|A) + P(B)P(D|B)

9

+5 P(DIB) = P(D|B)= 5 = 90%.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

BajecoBa copmyna

B Tect Ha peTky bonect kojy uma 0.1% nonynauuje je Takas ga 99%
6onecHux Mma nosuTueaH pesyntaT, a 95% 3apaBux uma HeraTusaH
pe3yntaT. AKO je HEKO MO3NTMBAH Ha TeCTy, KOJIMKa je BepoBaTHOMa Aa je

6onectan? P(BP) P(B)P(P|B)
PBIP) =50y = BB)P(PIB) + P(2)P(PIZ)
0.001 - 0.99 ~0.00099

= 0.001-0.99+0.999-0.05 _ 0.05094
=0.01943 =~ 2%

Teopema (Bajecosa dopmyna)

Heka cy A1, ... A, mebycobHo uckmyqnsu gorabaju 4uja je yHuja
ckyn ) u Heka je B 6uno koju gorahaj. Taga je 3a ceaku A;

P(A;) - P(B|4;)
P(A;1) - P(B|A1) +---+ P(An) - P(B|Ay)

P(A;|B) =



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[NpebpojaBatbe

m 3a pauyHatbe KnacumyHe BepoeaTHolie Tpeba 3HaTh ykynaH
6poj ncxoga n 6poj HavmHa peanusaumje gorahaja

m 3a ekcnepuMeHTe C BeMKUM BpojeM mcxoda nocroje MeTogu
3a npebpojaBarbe ncxoda TpaxeHux gorahaja

B AKO Ce eKCMEPUMEHT MOXKE MOAENUTY Yy eTane, oHaa je 6poj
ncxoda jeAHak npomssogy bpoja ucxofa y ceakoj etanm

m CrypenT Tpeba pa nsabepe Tpu usbopHa npeamera. [peu bupa og Tpu
noHyfjeHe NpupoAHE HayKe, APYrM OF HETUPMW APYLITBEHE Hayke, a Tpefin
o net cnopTtoBa. Ha konmko HavmHa oH TO MOXe pa ypagmu?
3-4-5=060.

m [lpunukom Gauarba NeT KOUKMLA HA KOJIMKO Ha4yMHA Ce MOXe fobuTtun
NCXO4 C HajMarbe ABa pasnu4uTta 6poja?

6-6-6-6-6—6=7770.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[NepmyTaunje

llepmyTayuje cy Hu3oBu objekata y oapeheHoM penocaesy.

m Ha konuko HavuHa ce 8 cnpuHTepa MOXKe MOCTAaBUTU Ha
CTapTHY AnHujy?
To je 6poj nepmyTauuja og 8 enemenata. [lpeu nma 8 mecTa,
Apyru npeoctanux 7, UTA.

8:7-6-5-4-3-2-1=8!=40320

mnl=nn-1)---2-1; 0l'=1.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[NepmyTaunje

m Konuko uma nepmytaumja peun BABA?
AABE, ABAB, ABEBA, BAAB, BEABA, BEEAA
Kag 6v cnosa buna pasavynta 6uno 6w 4!. MNowTo umamo
[Be rpyne c No ABa ucTta ciosa genumo c 2! - 2!
4!
2191 = 6

Teopema

Umamo n objekata y k rpyna, a yHyTap cBake rpyne objektu cy
naenTuyHn. Heka je n; 6poj objekata y j-Toj rpynu, rae je
j=12,....kuni+nas+---+ng =n. bpoj nepmyraymja
TakBux n. objekarta je

n!



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

KombuHauuje

Kombunayuje cy ckynosu objekata be3 ogpeheHor pegocaesa.

m Ha konuko Havmna moxkemo n3abpatn 3 BonoHTepa o 5 npujasrseHnx?
Obenexnmo ux bpojesuma og 1 go 5. Moryhe kombuHauuje cy:
1,23 124 125 134 135
145 234 235 245 345
543 _ 60 _ 1.

Nma unx

3! 6

Teopema

bpoj kombuHayuja r objekaTa nsabpaHux o n pasaAndUTUX

objexata (") je
n\ n!
r)  rln—r)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

KombuHauuje

m Konuka je BepoBaTHoha pa cnyvajHo nopesbeHux 5 kapata cajprke TaqHO
nBa aca?

A -5 nofesbeHunx KapaTta cajpe TavyHo ABa aca

Tpeba npebpojaTtu ykynan 6poj kombrnHauuja og 5 kapaTa, kao u 6poj
koMbuHaLumja Koje capp>ke ABa aca.

Vkynan 6poj kombuHaunja:

| . . . . . |
. (52) 520 _ 52:51-50-49-48-470 oo

5] 547 T 5.4-3-2.1-47!

4
[Ba aca (o 4 moryha) moxemo fobuTu Ha () Hauua. Mpeoctane Tpu
KapTe H|/|Cy aCoOBN N MOXXEMO MX AO6|/|TV| Ha (438) Ha4dunHa.

n(A) = <‘21> (438> = 617296 = 103776,

n(A) 103776
PA) =22 = 2t
(A) == = 2508960



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Cny4ajHe npomeHJsbuBe

Cry4ajHa NpOMEH/BUBA je MPOMEH/BMBA HUje Ce BPEAHOCTM
oapehyjy ncxogom canydajHor ekcnepumenta. Obenexasamo ux
cnosuma X, Y, Z, ...

m Bauarse aee koukuue — X - 36up pobujeHnx b6pojesa

m Pynet (38 nosma, og Tora 18 upserux, 18 upseHux un 2
3e/1€Ha) - Nrpay nrpa CBakm nyT Ha 3eneHo — Y - 6poj urapa
no pobutka

m [lonuunjcka cTaHuua — Z - Bpeme NpBOr nosmea nsmehy
7:30 v 8:00 yjytpy

m W - pgyxuHa nsBpliaBatba ogpeljeHOr payyHapckor nporpama



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HnckpeTHe 1 HenpeknaHe cnyyajHe NPOMEH/bIBE

JunckpeTHe cnyyajHe NpOMEH/bMBE Cy Cy4ajHE NPOMEH/bUBE KOje
MOTy Y3€TN KOHA4HO uau npebpojuso beckoHa4HO MHOro moryhux
BPeAHOCTHU.
m 36up bpojeBa Ha koukuuama X moxe 6utn 2,3,4,5,6,7,8,9,10,11,12
— KOHA4YHO MHOro BpeaHoOCTMn

m Bpoj nrapa po pobutka Ha pynery Y moxe 6utun 1,2,3,4,... (Hunje
orpaHm4eHo) — npebpojuso 6eCKOHaYHO MHOFO BPEAHOCTU

HenpekngHe ciy4ajHe npoMeH/bMBE Cy Cy4YajHE MPOMEH/BUBE KOje
MOTY Y3€TU BPeAHOCTY C HEKOI MHTEepBaJia peasHux bpojera, a
BepoBaTHORA 4a y3My KOHKPETHY BPEAHOCT je Hysa.
m Bpeme npeor nosmea y nonuunju Z moxxe y3eTu 6uno Kojy BpeAHOCT n3
nHtepsana (7:30, 8:00)

= [yxuHa n3epliasara padyHapckor nporpama W moxe ysetu 6uno kojy
BpegHocT n3 nHtepsana (0,t), rae je t Bpeme 3a Koje ce nporpam
CUTYPHO M3BpLIaBa



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[nckpeTHe cny4vajHe npoMeHJbuBe

Heka je X puckpetHa cnydajHa npomeH/buBa. Fbena pacnopgena
BeposaTHohe je

f(z) = P{X =z} 3a cBaky BpegHoOCT .

Teopema (CeojcTBa pacnogene)

CBaka gucKpeTHa pacnogena Mopa Aa 3340B0/baBa
1) f(xz) > 0 3a caku peanas bpoj =

2) X f(@)=1.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[nckpeTHe cny4vajHe npoMeHJbuBe

m Tproeay Ha bep3u nocmaTpa oppeheHux 5 peoHunua. Heka je
X 6poj aeoHunua kojuma fe cytpa nopactu uerna. Pacnogena
3a X je

[0 1 2 3 4 5
P{X =z} = f(x) ‘ 7 030 020 0.10 0.05 0.01
Konuka je BepoeaTtHoha ga he Befinnn geonnuya cytpa
nopactu ueHa?

[a 6un ykynan 36up seposatHofia 6uo 1, mopa 6utn P{X = 0} = 0.34.
BefinHa peonnua 3Haum 3, 4 unn 5 geonnua.
P{X>3}=P{X=3}+P{X=4}+P{X =5}=

0.10 4+ 0.05 4+ 0.01 = 0.16.

MpumeTtumo ga je

P{X >3} =P{X =4} + P{X =5} =0.06 # P{X > 3}

Kop amckpetHux pacnogena mopa Ce nasuTu 4a Jin j€ rPaHnLa yK/byHeHa

nnn He (> Huje ncto wrto n >)!



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[nckpeTHe cny4vajHe npoMeHJbuBe

m V urpu “kpenc’ 6auajy ce koukuue n nrpad nobebyje y
npeom bauarsy ykonuko gobuje 36up 7 uan 11. Konunka je

BepoBaTHORa Aa oH nobeau y npeom bauarsy?
Pacnogena 3a X, 36up pobujeHux 6pojesa je

2 3 4 5 6 7 8 9 10 11 12
X:l1 2 3 4 5 6 5 a4 3 2 1
36 36 36 36 36 36 36 36 36 36 36

2-l akojex=2,3,4,56,7
137z ako je x = 8,9,10,11,12.

N3 pacnogene numamo ga je

P(nobepa y npsom Gauary) = f(7) + f(11) = o + === g



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HesaBucHoCT cnyyajHux npoMeH/bUBUX

Hedbunnunja

3a cayyajHe npomeHmuee X MY KaxeMo ja Cy He3aBUCHE
YKOINKO je cBaku gorahaj Be3aH 3a X HE3aBuCaH 0f CBaKor
Jorabaja BezaHor 3a Y, O4HOCHO aKo Bakil

P{X =z|Y =y} = P{X =z} 3a cBako x u cBako y.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Mepe nonoxaja n pacejamba

MapameTpu nonynauuje
B cpefrba BPeAHOCT monynauuje [
® avcnepsuja nonynauuje o>

B CTaHAapAHO OACTynare nonynauuje o

Kako ux noeesyjemo ca ciay4ajHOM NMpPOMeH/bUBOM?
B 1 = EX matemaTnyko o4eknBame ciiyHajHe npomMeHsbuse X
m 02 = DX pucnepsuja cnyvajHe npomeHbuse X

B 0 = VDX cTaHgapgHo oacTynare cayyajHe npomeHbuse X



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

MaTemaTn4ko o4yekmBame

MaTemaTr4ko o4eKkMBatbe UaM oYeknBaHa BpegHocT E.X,
cny4dajHe npomeHsbre X MpeAcTaB/ba OYropoyHy TEOPETCKY
npoceyHy BpeaHocT 3a X.

m Baua ce jeaHa koukuua u X je 6poj pobujeH Ha moj. Peunmo
Z4a CMO MOHAB/baIV EKCMNEPUMEHT 1 NMyTa 1 Aobuan Hnp.
cnepehe BpegHoOCTHU:
1,3,2,5,2,1,1,6,5,4,2,3,6,4...

Ako nocne ceakor bauarba padyyHamo SOTafallkn MPOCeK

fobujamMo HU3 npoceka
1,2,2,2.75,2.6,2.33,2.14, 2.63, 2.89, 3.0, 2.91, 2.92, 3.15, 3.21...

Ako HacTaBumo BpegHocTu fie BTy cBe nNpubanxHuje jegHake

EX.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

MaTemaTn4ko o4yekmBame

m Ako Dauamo kouknuy Benuku 6poj nyTa n, NpubANKHO y
jenHoj wecTtunu of n bauara godbuhemo 1, ncTo Baxku 1 3a
octane bpojese. Tako ga fie npocek 6utn npubanxHO jegHak

g 1+§-2+5-3+5-4+5-5+5-6
n

1 1 1
34+ .44 -.54+-.6
+6 +6 +6

=

Heka je X puckpetHa cnyyajHa npomeHsbusa. Taga je

EX = fo(ac)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

MaTemaTn4ko o4yekmBame

PayyHarbe MaTeMaTU4KOr O4EKMBaHbA CYHAJHUX MPOMEHIBUBIX
g(X) «oje cy dyHkumje og X (Hnp. X2, X + 1, (3X —2)2, uta.)

Eg(X) =) g(x)f(2).

m PayyHamo mMaTeMaTu4Ko OYekmBar-e KBagpaTta b6poja
nobujeHor Ha KouKuMLu

EX? =Y a*f(z)
1 1

1 1 1
—12.2492.2432. 24 42.2452. 2
6+ 6+ 6+ 6+ 6
91

6

+6%-

| =



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Hwncnep3snja

Heka je X puckpeTHa cayyajHa npomeH/buBa. HbeHa pncnepsuja
DX je

DX = E(X — EX)%

Teopema (Popmyna 3a padyHarbe gucnepsuje)

DX = EX? — (EX)2.



CraTncruka 3a ayTomMaTCKy aHann3y nogaTtaka
LBeponaa-rm:'ha

m [laTe cy cny4yajHe npomeHsbnBe

. (1 457 v.[ 43 44 45 46 47
"\ 04 020 040 ) "7 "\ 0.025 005 085 005 0025 )

m Moxemo unspavyHatn EX = 45, a takohe u EY = 45. Nako cy
oYeKMBarba UCTa, pacnogene ce ApacTUHHO pa3nukyjy!
m PauyHamo gucnepsuje
DX = E(X — EX)? = E(X — 45)°
= (15 — 45)% - 0.40 + (45 — 45)* - 0.20 + (75 — 45)° - 0.40
=360 + 0 + 360 = 720.
DY = E(Y — EY)? = E(Y — 45)°
= (43 — 45)% - 0.025 4 (44 — 45)* - 0.05 4 (45 — 45)* - 0.85
+ (46 — 45)* - 0.05 + (47 — 45)* - 0.025
=0.1+0.05+0+0.05+0.1 =0.3.

m [uncnep3uje Ham ykasyjy Ha CyLUTUHCKY Pasfuky y pacrnogenama



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Hwncnep3snja

m [pyru HayuH:

EX? = szf(m)
=15%.0.40 +45%-0.20 + 752 - 0.40 = 2745
EY? =Y "’ f(y)
= 43%.0.025 + 447 - 0.05 + 45% - 0.85 + 462 - 0.05
+47%.0.025 = 2025.3
DX = EX? — (EX)? = 2745 — 45% = 2745 — 2025 = 720
DY = EY? — (EY)? = 2025.3 — 45% = 2025.3 — 2025 = 0.3.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

OcobuHe MaTeMaTUYKOr OYeKMBakba U AuUCnep3nje

Teopema (OcobuHe maTeMaTU4KOr OYEKMBatbA)

Heka cy X n'Y cnyyajHe npomenmuBe n Heka je ¢ buno koju peanan 6poj.
Tapa Baxku:

m Ec=c¢
m E(cX)=cEX;
m E(X+Y)=EX+EY.

Teopema (Ocobute gncnepsnje)

Heka cy X n'Y cnyyajHe npomeH/buBe n HeKa je ¢ buno koju peanaH 6poj.
Tapa Baxku:

m Dc=0;
m D(cX)=c’DX.
Ako cy X n'Y HesaBucHe ciyqajHe npoMeH/bUBE, OHAA BaXKU:

= D(X+Y)=DX +DY.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

BuHomHa pacnopena

m Tect ¢ 5 nutarba u no 4 noHyljena ogrosopa — CryaeHT cay4ajHo bupa
ogrosop — X — 6poj TauHux ogrosopa

m BeposaTtHoha pa 3ppaso gete fobuje 3ayuike y KOHTakTy ¢ obosenum
netetom je 10% — 15 3apase geue AOWAO je y KOHTAKT ¢ obonenum —
Y - 6poj peue koja cy ce pasbonena

m 20 sbyan aHKETMPAHO je y BE3W NPeAsora BAaAe — Y LE0j nonynauymnju
70% nopp>xasa oBaj npeanor — Z — 6poj aHKETUPaHNX KOju NOAPIKABAjY
npeanor

m EkcnepumeHT ce cactojn us dpukcHor u nosHator 6poj etana n
m VY cBakoj eTanu umamo gga ucxopa: ‘ycnex“ m “Heycnex

m llcxon y jeAHO] €Tanu He yTMYe Ha UCXOA Y APYroj, OHAOCHO eTane cy
He3aBucHe n BeposaTHolie ycnexa Cy mcre y CBaKkoj eranu

m CnydajHa npomensbuBa of uHTepeca je 6poj "ycnexa” y n erana



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

BuHomHa pacnopena

m Vimamo n ekcnepumeHaTa v y CBakOM NOCMaTpamMo Aa Jin ce
goroauno ogpeheHun porahaj Koju Ha3MBaMO YCMEXOM.
EkcnepumenTtn cy meljycobHo HesaBucHu n BeposaTHOha
ycnexa y CBakoM Of huX je p. 3a ciydajHy NpOMEeHJbUBY KOja
npeacTae/mba Opoj ycnexa y m OBaKBUX eKCNEPUMEHATA KaXKEMO
4a uma GUHOMHY pacnogeny c napameTpuma n u p.

Heka cnyqajna npomernmusa X nma buHoMHy pacrnogesy ¢
napametpuma n u p. Taga je mweHa pacriogena

flx) = (n)px(l —p)" % 3ax=0,1,2,...,n.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

m CrymeHT ogroeapa cny4ajHO fa jesaH of detupu noHyfjeHa ogrosopa. Ha
TecTy uma net nutara. Konuka je seposatHoha ga fie umaTtu tayHo Tpu
TayHa ogrosopa? Konwvka je ga fie nmatn HajBnwe Tpu TavHa ogroeopa’?
A konuka ga fie umatun bap 4eTupmn TayvHa ogrosopa’?

Heka je X 6poj Taunux ogroeopa. Pacnogena 3a X je

flx) = <2> (i)m(%)sfz, 2 =0,1,2,3,4,5.

PIX =3} = £(3) = @ (3)3(32 10 é% - % ~ 9%
1008

P{X <3} = F(0) + F(1) + £(2) + J(3) = 1o ~ 98.4%

16
P{X >4} =1-P{X <4} =1-P{X <3} = . ~ 1.6%.

> dbinom(3,size=5,p=1/4)
0.08789063

> pbinom(3,size=5,p=1/4)
0.984375

> rbinom(10,size=20,p=0.3)
6574663455



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

BuHomHa pacnopena

Binomna raspodelazan=20,p=0.3

S -Ill“‘llll-

0123 45 6 7 8 910 12

0.00

> x<-dbinom(0:15,size=20,p=0.3)
> barplot(x,names.arg=0:15, space=1,col="blue",main=expression(paste(
"Binomna raspodela za ",n==20,", ",p==0.3)))



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

BuHomHa pacnopena

Heka cnydajHa npomernmusa X nma buHomHy pacnogeny. Taga
BaXxu

EX =np, DX =np(1—p).

m AxketupaHo je 20 sbyau y Be3u C Npeasiorom Brnage. 3a CBAKOr Of, HUx
Ham je 70% waHce pa je “3a”.

MaTtemaTuuko ovekusarse O6poja aHkeTnpaHux koju cy “sa” je
p=mnp=20-0.7=14.

Oucnepanja je 0% = np(1 —p) = 20-0.7- 0.3 = 4.2.
CrangapaHo oactynamse je o = /4.2 = 2.049.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[eomeTpujcka pacnogena

m Wrpay pynerta ceaku nyT ynake Ha UpBeHO — 6poj m3rybrbeHnx napTuja
npe npeor fgobuTtka

m Wrpa “He myTtn ce qoeeue” — Opoj HeycnewHux Gauarba npe nojase
wectuue

m [afarbe y meTy — Opoj nokylwaja npe npeOr NMoroTka y ueHtap

m V CBakoj eTanu umamo ABa ucxopa: ‘ycnex“ u “Heycnex*
m EkcnepumeHT ce ogBmuja cBe go nojase npeor "ycnexa“

m llcxon y jeAHO] €Tanu He yTuYe Ha UCXOA Y APYroj, OHAOCHO eTane cy
He3aBucHe n BeposaTHolie ycnexa Cy mucre y CBakoj eranm

m CnyudajHa npomensbuBa og nHtepeca je 6poj octeaperux " Heycnexa "



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[eomeTpujcka pacnogena

Heka cnydajHa npomernmuBa X nma reoMeTpujcky pacrnogeny ¢
napamerpom p. Taga je weHa pacrnogena

f(x)=p(1l—p)* 3ax=0,1,2,....

m MaTeMaTuuKo OYeKMBatbe N AUCNep3nja cnyyajHe npoMeHmbuee X Koja MMa
reoMeTpPujcKy pacnogeny € napamMeTpom p cy

1-— 1-—

Pupx=-"22
p p

m leomeTpujcka pacnogena moxe ce pecbmHMCaT 1 Kao pacnogena 6poja
N3BeJEHNX EKCMEePUMEHaTa, WTo je 6poj OCTBApEHUX Heycnexa NAayc jefaH ycrex.
Vkonuko Y mma oBakBy reomeTpujcky pacnogeny, eaxu Y = X + 1, rge X
nMa ropeHaBeAeHy reomeTpujcky pacnogeny. Pacnogena 3a Y je

f@)=pl—-p¥~ ' zay=1,2,....

EX =




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LfBepmaa-rnoha

[eomeTpujcka pacnogena

m Koukwuua ce 6aua o nojase wectuue. VI3pavyHatu seposaTHoliy ga je npe
nojaee wecTtuue 6nno 4eTnpn HecynewHa nokywaja. Konuka je BepoeaTtHoha pa
je wectuua gobujeHa npe qeTepror 6auarka (Tj. Aa je npe wecTtuue 6uno
HajBMLIE ABA HeyCrnellHa nokywaja)?

Bpoj 6auara npe gobujara wectuye X Mma reoMeTpurjcky pacnogeny ¢
gepoBaTHOhoM ycnexa 1, na je

L
1 /5\4 625

P{X =4} = j(4) = ;- (6) = o = 0.0804.

PLX <3} = J0)+ f()+ J2) = ¢ + oo+ o = 04213,

dgeom(4,probability=1/6)
.08037551
pgeom(2,probability=1/6)
.4212963
rgeom(10,probability=1/6)
16055131519

WV OV ov



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[eomeTpujcka pacnogena

Geometrijska raspodela zap=0.3

0123 45 6 7 8 910 12

0.10 0.20 0.30

0.00

> x<-dgeom(0:15,prob=0.3)
> barplot(x,names.arg=0:15, space=1,col="blue",main=expression(paste(
"Geometrijska raspodela za ",p==0.3)))



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[lyacoHoBa pacnogena

m Bpoj gorafaja koju ce gorofe 3a Heko oApeleHO Bpeme YecTo
npeacraebamo [lyacoHoBom pacnogenom

m [lpnmepu: 6poj ayTtomobuna koju npohy Kpo3 HannaTHy pamny 3a caT
BpemeHa, 6poj Jbyau koju yhy y npogaBHULY y TOKY jeaHOr AaHa, 6poj
TenedOHCKUX NO3MBA y MOMNLMJCKO] CTAHULM Y TOKY OA ABa cCaTa UTA.

m [lyacoHoBa pacnogena uma napameTap A KOju NpeacTaBsba CPeatsu
(ouekmsann) 6poj Takeux gorahaja 3a To Bpeme.

lNyaconosa pacnogena Cny4yajua npomensusa X uma [lyacoHosy pacnogeny
ako je

-y
e A
f(x): :L" 7:1::071’2’...7

rpe je e = 2.72.



CraTncruka 3a ayTomMaTCKy aHann3y nogaTtaka
LfBeponaa-rm:'ha

m Y noanymjcKy cTaHuly CTuxke y npoceky 11 nosusa Ha car.
Konuka je BeposaTHoha ga y nepuogy og 7 go 7:15 yjyTpy
Hefie 6buTn nosuea?

1
A=11-1=275

6_2752.750

0 ~ 2.72727 = (.064.

P{X =0} =

> dpois(0,lambda=2.75)
0.06392786

> rpois(10,lambda=3)
1452163563

m Ako X uma lNyacoHoBy pacnogeny ¢ napameTpom A, Taja je
EX =\, aTakohe n DX = .



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

[lyacoHoBa pacnogena

Puasonova raspodela za A =4

0123 45 6 7 8 910 12 14

0.05 010 0.15

0.00

> x<-dpois(0:15,lambda=4)
> barplot(x,names.arg=0:15, space=1,col="blue",main=expression(paste(
"Puasonova raspodela za ",lambda==4)))



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

PauyHarbe 6iHOMHUNX BepoBaTHOha npeko [lyacoHoBux

® VKONUKO je n BeNnKo, a p Takeo Aa je np < 10, buHomHe BepoBaTHohe
mory npubnmxHo ga ce uspadyHajy kopuwherem lNyacoHosux

!

m KoHTurenT og 2000 cbnawa ce npeeosn, a 3a cBaky donawly BepoeaTHoha ga ce
pas6buje je 0.003. Konvka je BepoBaTHORa ga ce pasbujy ase dnawe? A 6ap
aBe cpnawe?

X — 6poj pazbujennx dpnawa; n = 2000 — senuko; np = 2000 - 0.003 = 6 < 10.
2.727662

)0.0032 (0.997)"997 ~ =5 = = 0.044

2000
PLx =2} = (

2
2.727660  2.72— 661

0! 1!

P{X>2}=1-P{X=0}-P{X=1}~1— =0.98.
KBannTeT anpokcumauuje

> dbinom(2,2000,0.003)

0.04446124

> dpois(2,6)

0.04461754



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HenpekupgHe cnyyajHe npomeHsbuBe

Heka je X nenpekngHa cnydajHa npomenssuea. Hbena ryctuna pacnogene f(z) mopa
[a 3af0BO/baBa

m f(z) > 0 3a cBako x
B VkynHa nospwmHa ncnog rpacduka dyvkumje f jegHaka je 1.

m BepoeatHoha ga X yame BpegHocT usmehy 6uno koje aee BpegHoOCTN a 1 b,
P{a < X < b} jeanaka je noepwmnHn ncnog rpachuka dyrkumje f og a go b.

m Huje 6utHO pga snin cy kpajie Tauke yksbydeHe, BeposaTHoha je yBek ucTa, Tj.

P{a< X <b}=P{a< X <b}
=P{a< X <b}
=P{a< X <b}

m BeposatHolie kog Befiune pacnogena padyHajy ce n3 Tabauua (nan
kopufiersem padyHapa)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HenpekungHe BepoBaTHOhe

= X — Bpeme NpEeOr No3uBa y NOANLMJCKOj CTAHNLM Y MPBUX MOJA CaTa pagHor
BpemeHa (7:30-8:00). Hujesan nepmog yHyTap oBux nona carta Huje

BepoBaTHUju og apyrux. Konuka je BeposatHohia ga npeu nosne byae namely
7:35 n 7:457

NHTepBan kaga je nosme moryh gyr je 30 MuHyTa — CBakun Ae0 OBOF MHTepBana je
jepHako sepoaTaH — f(x) = %. OgakBa pacnogena Ha3mea C€ paBHOMEPHOM.

1/30

Cnuka: P{5 <X < 15}

1 1
PE<X <15} =10 — = —.
(<X <15} 30 3



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HenpekungHe BepoBaTHOhe

m X — XKNBOTHM Bek KOMNOHeHTe (y rogmHama) — ryctuHa pacnogene f(z) = e~ *
z > 0. Konuka je BepoBaTHoha fAa ce KOHKpeTHa KOMMOHEHTa MOoKBapu n3mehy
1 un 3 roguxe kopuwfhiewa? lNocne konuko BpemeHa je BeposaTHohia ga je
KOMMOHeHTa oTka3zana 80%7?

= Osa pacnogena npunaga rpynu €KCNOHEHLMjaNHUX Pacnogena 4dmje cy ryctuHe
f(x) = Xe™%, 2 > 0, rae je A > 0 napameTap cTone oTkasa (CMpPTHOCTM).

3
/ e Tdr=e"! —e 3 =0.318.
1

00 02 04 05 08 10

0 1 3

> pexp(3,rate=1)-pexp(1l,rate=1)
Crnka: P{1 < X < 3} 0.3180924

T
/ e Pdr=1—e""=08, z=-1n0.2=1.61
0

0

) > .8, =
Cnuka: P{O <X < CE} 1 23:2;2 8,rate=1)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

MaTemMaTnyko oyeknBare U agucnepsuja

B MaTemMaTn4ko OYeKNBatbe 1 AUCNEP3MjA HEMPEKNAHNX
MPOMEH/bUBUX AehMHULLY CE KAo

EX = / z)dx w DX = / (x — EX)%dx

® MaTemMaTu4Ko OYEKNBAHE NN CPefHa BPEAHOCT MpencTaB/ba
TeXULWTe pacnogene

m Kog cumeTpnyHmx pacnogena mMaTeMaThyiko O4eKMBatbe j€ Ha
CpeauHu 1 jeaHako je Takohe n megujaHu (a 4eCTo 1 Mopw)
pacnogene

m [ucnepsuja oapefiyje 0bank pacnogene, wto je Beha rpacduk
je “n/wocHaTtujn”, a WwWTO je Mama rpaduk je “cy>keHujn” oko
CPeAre BPEAHOCTY



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HopmanHa pacnogena

m OTkpuseHa y 18. Beky Kao pacrnofenia rpeLike acTpOHOMCKUX
ocMaTparba

E JeaHa of Haj3HAYajHMjUX PACMOAeNa y aHanu3y nojaTaka,
HapO4YNTO Y NMPUPOAHUM HAyKaMa, MEeLULMHU N UHXKEHEPCTBY

m BehuvHa cTaTucTuykux metoda npaee ce 3a NOJATKe YNpaBo
3 HOpPMaJHe pacnogene

Hedunununja

CnyyajHa npomeHsusa uma Hopmansy pacrnogeny N (p, 02), C
MaTeMaTUHKUM OYEKUBAHEM [ U JAUCTEP3NJOM a2, YKOJINKO je
HeHa ryctuHa pacrnogene obinka

1 1 m—py\2
flz) = ——=e205")° 3a crako peasno .

V2ro?



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

OcobuHe HopmanHe pacnogene

m [padmk cBake HOpManHe pacnofene je CUMeTpUYHA, 3BOHACTa KpMBA 4nja je
CpeAviHa jefHaKa [

MpeBoju kKpnBe Cy y Ta4ykama t —o n p+ o
Hucnepsnja o2 oppelyje 06nuk kpuse
MoepwuHa ucnoa uene kpuee jegHaka je 1

BepoeaTHohia ga je HOpManHa cny4yajHa NpOMeHsbMBA jeaHaka Hekom Bpojy je 0,
a BepoBaTHohie ga y3ame BpegHOCT M3 Hekor mHTepsana (a,b) je nospumHa
ncnop rpacbuka usmehy a n b

b-e  w uio [ a b

Cnuka: Hopmanua pacnogena Cnuxa: Paznnunte gucnepsmje Cnnka: P{a < Z < b}

X :Nux,0%), Y : N(py,02), px = py, 0% > o



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HopmanHe BepoBaTHOhe

m Kako padyHamo HopmasiHe BepoBaTHohe?

m [loBpwuHa ucnog rpadpuka jeaHaka je nHTerpany

b b
1 1l/z—pN\2
P{la<Z<b :/f(x)dar:/ e 205 ) da
{ } a a \/2770'2
m OBaj nHTerpan He moxke ce oapeanTu, Beh ce camo 3a
KOHKPETHE a 1 b Mo>ke MpubAnNIKHO U3padyHaTu

m lI3pauyHaTe BpeaHOCTU Cy TpaguumoHaaHo TabennpaHe y
CcTaTUCTUYKUM Tabnuuama, anm gaHac ce yrnaBHOM ogpehyjy
nomofy padyHapa



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

CraHpgapaHa HopMmasHa pacnogena

Hedunnunja

CnydajHa npoMeH/bMBa KOja MMa HOPMaJlHy Pacriofeny ca
cpearom spegHowhy (1 = 0 u gucnepanjom o> = 1 Hasusa ce
CTaHAApAHOM HOPMaJIHOM PacnofesioMm.

m CTaHpapgHa HOpMaJjHa pacnofena je 3HayajHa jep CBe CBE
APYre JvHeapHOM TpaHCOPMaLMjOM MOTY CBECTW HA kY
m Ako Z nma HopmasHy pacnogeny (He obaBe3HO cTaHpapaHy),
Ha OCHOBY CTaHAApAHE HOPMaJjiHe pacnogene obnmyHO
pewasamo cnegehie e BpcTe npobaema:
m 3a gato z padyHamo BepoBaTHohe obnnka P{Z < x},
P{Z >z} n cn.
m 3a paTy BeposaTHOhy p padyHaMO BpPeAHOCTM T TakKo Aa je
P{Z<z}=p, P{Z>zx}=pucn



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Yutarbe Tabnuua ctaHgapaHe HopMasHe pacrnoaene

DyHkunja cTaHgapaHe Hopmande pacnogene P{Z < z}
T 0.00 001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
01 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
02 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
03 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
04 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
14 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319
15 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.9 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767
38 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
39 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Ako je —4 <z < 4, onpa ce P{Z < z} umuta us tabnuuye
P{Z < 1.75} = P{Z < 1.7+ 0.05} = 0.9599
P{Z < 0.39} = P{Z < 0.3+ 0.09} = 0.6517
P{Z<z}=0akojex<—4; P{Z<z}=1akojex >4.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

LfBepmaa-rHoha

CranpgapaHa HopmanHa pacnogena — R dyHkumnje

CrydajHa npoMeH/BMBa Z UMa CTaHOapAHY HOPMaliHy pacnogesy

m BepoeatHohy gorafaja P{Z < z} pauyHamo cpyHkumjom pnorm(z).
> pnorm(1.25)
0.8943502
> pnorm(-0.73)
0.2326951

m Bpegroct z 3a kojy je P{Z < x} = p pauyHnamo dyHkunjom gnorm(p).
> gnorm(0.95)
1.644854
> gnorm(0.50)
0
m Bpegroct ryctune pacnogene y taukn z, f(z), padyHamo yHKLmMjom
dnorm(z)
> dnorm(0.20)
0.3910427
m Cnyyajun y3opak obuma n (Tj. n peanusauyuja ekCnepumeHTa CiyHajHe
npomensbuee Z) fobujamo cyHkymjom rnorm(n)
> rnorm(5)
0.8797865 2.4125970 0.9575995 0.6599810 -1.1878357



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

CraHpgapaHa HopMmasHa pacnogena

Z — CcTaHAapAHa HOpPMalHa — >XXeNnmo Aa mapadvyHamo cnegehe BepoBaTHohe:
P{Z > 1.52}, P{—-1.53 < Z < 1.62}

P{Z>152} =1— P{Z < 1.52}
=1-0.9357
= 0.0643

T
0 152

Cnuka: P{Z > 152}

P{-153< Z < 1.62}
, =P{Z < 1.62} — P{Z < —1.53}
4 =0.9474 — 0.0639
Conea: P{—1.53 < Z < 1.62} =0.8844.

00 01 02 03 04




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

CraHpgapaHa HopMmasHa pacnogena

Z — cTaHfapfHa HopmasiHa — >ennmo Aa muspadyHamo cnegehie BpegHocTn x:
P{Z <z}=059, P{—z< Z <z} =0.80

00 01 02 03 04

0x

Cnuka: P{Z < .T} = 0.59

00 01 02 03 04

Cnuka: P{—CE <Z< x} = 0.80

Tpaxxumo z 3a koje Baxu ga je P{Z <
z} = 0.59. ®yukumjom gnorm(0.59)
pobujamo 0.23, na je x = 0.23.

Tpaxkumo = 3a Koje Baxu pa je
P{—z < Z < z} = 0.80. Buanumo
c rpacnka pa je onga P{Z < z} =
0.90. ®PyHkuynjom gnorm(0.90) pobu-
jamo 1.28, na je z = 1.28.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HopmanHa pacnogena

m Kako padyHamo BepoBaTHohe U3 HOpMaJiHe pacnogesie koja
Huje cTaHgapaHa?

Teopema (Teopema craHgapansaunje)

Heka cny4ajHa npomerssuBa Z nmMa HOPMaJsIHy pacrogeny ca
cpearom BpegHowhy | u gucnepsujom o2. Taga cayyajHa
POMEHIbUBA

VMa CTaHZapAHy HOPMaJsHy pacrnogeny. Z* ce Ha3uBa
CTaHAAPAN3aUUJOM CNyHaJHE NPOMEH/bUBE /.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

HopmanHa pacnogena

Maca Z (y kr.) n3rybsbeHa nocnie jefHOHeAe/bHE AUJETE NMA HOPMAJIHY
pacrnogeny ca u = 12 n 02 = 9. Konuka je seposaTHoha fa Heko M3rybu marse
oa 8 kunorpama?

000 004 008 012

8 12 1.33 4

Cnuka: P{Z < 8} Cnnka: P{Z* < —1333}

8§ —12
9

P{Z <8} = P{Z* < } — P{Z" < —1.333} = 0.0912.

V byHKUnjy pnorm mory ce ybauuTu n napaMeTpu HopmasnHe pacnogene, nporpam he
y TOM CyH4ajy cam M3BPLUMTYM CTaHZApPAN3aunjy.

> pnorm(8,mean=12,sd=3)

0.09121122



CraTncruka 3a ayTomMaTCKy aHann3y nogaTtaka
LBeponaa-rm:'ha

[pasuna 1o, 20 n 30

Hexa cny4ajna npomenmusa Z uma Hopmanny pacnogeny N (u,o?). Taga saxu:
1) BeposaTtHoha fla Z OACTYnu Of CBOr MaTEMAaTUYKOI OYEKUBArbA HajBULIE 33
JjegHo ctaHgapaHo ogctyname je npubanxho 0.68
P{p—0o<Z<p+o}~0.68
2) BeposatHoha fa Z oacTynu of CBOr MaTEMAaTUHKOr OHEKMBAH-A HAjBULLE 33 fBA
CTaHZapAHa OJCTynarba je npubamxHo 0.95
P{p—20<Z < p+20}~0.95
3) BeposatHoha na Z OACTynu OF CBOI MaTeEMaTUYKOI O4EKUBAHA HAJBUALIE 33 TPU
CTaHfAapAHa of4CTynawa je npubavxkHo 0.99
P{p—30<Z< p+30}~0.99

n-20 o n+20 n-3¢ n H+30

Cnuka: Mpasuno 1o Cauka: Mpasuno 20 Cnuxa: MNpasuno 3o



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Anpokcumaumja 6UHOMHe pacnogene HOpMaaHOM

X uma buHomHuy pacnogeny rge jen=>5u p=10.35

f(z) = <i> 0.35%0.65° %

#(0) = 0.1160

f(1) =0.3124

£(2) = 0.3364

£(3) =0.1811

£(4) = 0.0488 R
£(5) = 0.0052 Cove Tpacomcn o £(2)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Anpokcumaumja 6UHOMHe pacnogene HOpMaaHOM

I'pacdhnykm nprkas 6uHoMHNX BepoBaTHoha 3a p = 0.35

020 030

00 01 02 03 04
010

000

0 1 2 3 4 o 1 2 3 4 5 6 7 8

Crunka: 1 = 4, np = 1.4 Crnka: . = 8§, np = 2.8

010

0.00

01 2 3 4 5 6 7 8 9 10 11 12 01234567891 12 14 16

Cnnka: 1 = 12, np = 4.2 Cnuka: N = 16, np = 5.6



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Anpokcumaumja 6UHOMHe pacnogene HOpMaaHOM

X wnma 6uHomHy pacnogeny rae je n = 20 n p = 0.3. Pauynamo P{X < 5}.

0.00 0.05 0.10 0.15 0.20
0.00 0.05 0.10 0.15 0.20

Cnuxa: BuHomHa BeposaTHofia Cnuka: Hopmanna seposaTHoha
n=20,p=03 nw=np=6, oc=+/np(l—p)=2.05
P{X <5} =0.0008 + 0.0068 + 0.0279 Z — 55—6

{ ) P{z <55)=pP{=—F <221
+0.716 4 0.1304 + 0.1789 o 2.05

= 0.4164 = P{Z* < —-0.24} = 0.4052



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Anpokcumaumja 6UHOMHe pacnogene HOpMaaHOM

Heka X uvma buHomHy pacriogeny ¢ napamerpuma n n p. Ykonuko
Jjep<05unp>5ump>05un(l—p) >>5, Taga, 3a
npupogHe bpojese a u b Baxu

a—0.5—np<Z*<b+0.5—np}
Vap(l—p) = = /ap(1—p) )’

rae Z* vma CTaHgapAHy HOPMaJsiHy pacriofey.

P{angb}zP{



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Anpokcumaumja 6UHOMHe pacnogene HOpMaaHOM

Konunka je BepoBaTHoha pa je mehy 49 yyeHuka wux 7 poljeHo y Hegemy? A konumka
Aa je TakBUX yyeHuka euwe og 107
X - 6poj yyeHunka poljeHnx y Heaesby uma 6UHOMHY pacnopeny rae je n =49 n

p=1/7.
p < 0.5, np=7T7>5- KOPUCTUMO HOPMANHY aNpPOKCUMaLM]y

P{X—7}—P{7<X<7}~P{65 7§Z*§7'5\/E7

= P{-0.204 < Z* < 0.204} = 0.5808 — 0.4192 = 0.1616.

1
P{X > 10} = P{11<X}~P{ 05 — gz*}

= P{Z* > 143} = 0.0764.

KBeannteT anpokcumauyuje

> dbinom(7,size=49,p=1/7)
0.1608958

> 1-pbinom(10,size=49,p=1/7)
0.0820548



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L BeposatHoha

Heke pacnogene XNBOTHOI BEKA

B Bej6ynosa pacnogena f(z) = aX®z*~le=22% 2 >0

-1
B lama pacnogena f(z) = %e"\”,w >0

m O6e pacnogene umajy napametpe obnuka o > 0 n pasmepe A > 0
B 3a oo = 1 obe pacnogene cBoge ce Ha €KCMOHEHLUMjaNHY C NapaMeTpoMm cTone
oTKasa A
m O6e pacnopgene Cy noMepeHe yAecHO, LITO je U3PAXKEHU|E 32 Matb€ BPEAHOCTN «
m Kopg obe pacnogene ako je a > 1 cTona 0Tkasa pacTe TOKOM BPEMEHA, Tj.
noaoBHa KOMMOHEHTa MMa Behy CTOny 0Tkasa og HOBe, ako je o < 1, oHga je
0obpHyTO
> pweibull(1,shape=2,scale=1)
0.6321206 scale = 1/
> ggamma(0.5,shape=2,rate=1)
1.678347



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BpCTe CTAaTUCTUHKOI 3aKJbyHNBahba

m OuersuBarbe HENO3HATUX MapaMeTapa

u TeCTI/IpaH:e CTAaTUCTUYKINX XNMOTE3a
Mpunnkom npoyyaBarba KpUMUHANA Nonynaumnjy 4YnHe cse ocobe cTapuje og 16
rognHa KOjI/I cy ocyIjeHm 360r Hekor KPUBUHYHOI Aena. 3aHnma Hac:

1) Konukn je cpepru 6poj rognna obpasosarsa y Toj nonynauujn?

2) [Ja nu je sefinHa unanosa nonynaumje yxanieHa 6ap jefHOM npe Hero wWTO je

npeu nyt ocyljeHa?

1)— oUeHNBaHe NAPAMETPA - npumerbyje Ce Kaj HEMaMO MPeTXOAHA
3HaHa O MapameTpy
2) TeCTUpaHe XUMOTE3E - npumersyje Ce Kaga NMaMo MPeTnoCTaBKy Of
npaBoj BPeAHOCTU HEMO3HATOr napaMeTpa — Yy NpuMepy Aa je npoueHaT
npetxoaHo yxanwenux sefin og 50%

3ajeaHnyko 3a oba npucrtyna je
m Ogpeljusare nonynauuje
OppehuBatbe CriydajHe NPOMEHIBUBE KOjy NPOyYaBamo
OppeljnBarbe napameTapa of BaXKHOCTH
N3Bnaderse ysopka 13 nonynauuje



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

V3opak

m [lpe nsBohera cTaTUCTUYKOr 3akibyyka Tpeba Hajnpe nseyhu
CNy4ajHN y30pak

m Ogpegumo obum y3sopka

m EsnemenTe nonynayumje Ha KojiMa MEPMMO BPEAHOCT CjydajHe
NMPOMeH/bUBE BUpaMo CllyHajHO Npeko Tabauue caydajHux
bpojesa nan kopuwhierbem padyHapa

m [Ipe n3bopa enemeHata nonynaynje eNemMeHT y30pKa
X1,...,X, cy cnyyajHe NpomMeHJbUBE, @ Kaj U3MEPUMO
BPeAHOCTM A0OMjaMO HIXOBE peannsaunje

HeduHuunja

Cny4qajum y3opak u3 pacrnogene 3a X 4uHe CiydajHe MnpOMEHbUBE
Xi,..., X, koje cy mehycobHo He3aBUCHE W UMajy UCTY
pacnogeny kao X.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TaykacTe oueHe

m TaukacTa oueHa HenosHaTor napametpa 0 je Heka cTaTuctuka 1’ 4nje
BpefHOCTU Aajy fobpy npoueHy O BpefHOCTU TOr napamerpa

m Ouena T je cnyvajHa npoOMEHIbUBA JEP 3a Pa3nnHMTe Y30pKe y3uma
pasnu4unTe BPEAHOCTU, OHA HUKag Hehe Butm Baw jegHaka 6, anum ce
HapgaMo fa faje pobpy npoueHy

B KBanuTeTHe TaykacTe OLEHE MOXESbHO j& Aa UCMYHABAjy HEKE YCIOBe:

1) pa 6yay HenpucTpacHe, Tj. Aa jé MaTEMaTUYKO OYEKMBAHE OLEHE jefHAKO

napameTpy
2) pa vMm je gncnepsnja mana kKag je n Benuko (Tj. TeXU HyAu Kag n — oo)

m TaukacTe oueHe Hajyewhe HaNA3MMO NPUHUUNOM 3aMEHE WU METOAOM
MaKCVMaJIHE BEPOAOCTOJHOCTH

B [puHuun 3aMeHe TpaXki LUTa NpeacTaB/ba NnapaMerap y nonynaumjn un
ouerbyje ra ogrosapajyfiom cTtaTucTnkom m3 y3sopka

B MeTtog makcumanHe BepogoCTOjHOCTU padyHa BepoeaTHohy aobujarba
KOHKPETHOT Y30pKa Kao (byHKLUMjy HEMO3HATOr MapamMeTpa 1 Oueryje
napameTap BpegHowhy 3a kojy dpyHKLMja SOCTUXKE MAKCUMYM



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TaykacTa oueHa napameTpa

m [lpeTnocTtaBumo ga umMamo NOnNynaunjy u Ha H0j AenHucaHy
CAy4ajHy NpomeHsbuBy X YuUju Cy Cpearba BPeaHOCT [ 1
Avcnep3nja o2 HenosHaTy

m TaukacTa oueHa nNapaMeTpa L je y3opadka cpefuHa
X — Z?:l Xi
n

m Ouena X nma obe noxeswHe ocobure, EX = pn DX = %2

WTO je Masno Kaja je n BesnKoO.

Tpaxxumo oueHy nocednor 6poja NpofaTnx CEHABNYA y TOKY jegHe Hepesbe. Ha
y30pky obnma 16 pobunmn cmo cnepehie BpegHoOCTM

905 975 783 900
1000 950 1003 789
800 600 850 913
795 925 875 810

Ha ocHoBy oBor y3opka obuma 16 gobuja ce T = 867.1 wTo je TaykacTa oueHa

napamertpa p.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBanu noeepemsa

Hedunnunja

3a nntepsan (G1, Ga) kaxemo ga je 100(1 — a)% wunTepsan
nosepersa 3a napamerap 6 ykonuko cy G1 v Go cTaTucTnke Takse
Aa Baxu

P{G1 <0< Gy} =1-aq,

be3 0b3upa Ha npasy BpegHOCT napameTpa 0.

m 3a oppeljuBarse rpannua nHtepsana (u3 ogrosapajyhinx
BeposaTHoha) Tpeba Ham pacnogena Heke cayyajHe
NpOMeHsbIBE



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepera 3a 1

Teopema

Heka je Xq,..., X, y3opak obuma n u3 HopmasHe pacnogene ¢
napametrpuma p v o. Taga X nma HOPpMAaJsIHy pacrnogesny 4uja je
Cpearby BpenocT [ u gucnep3auja o /n.

m Ha ocHoery cTaHpgapanzaumnje Z = %Jﬁ VMa CTaHAapaHY
HOpMaJIHy pacnogeny

B VKOAMKO y30paK HUje U3 HOPMAJIHE, HErO U3 HEKe gpyre
pacnofiene 4nja je cpeara BPeAHOCT fi, @ AUChep3unja o2,
oHza Z pobujeHo roprom POPMYNOM HEMA HOPMAJIHY
pacrnogesy, anun 3a Beanko n (n > 25) uma npubanxHo

HOpMaJHy pacnogeny



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NuTepean noseperba 3a ji Kaj je 0> NO3HATO

Tpaxumo 90% mnHTepsan noseperba 3a cpearsy 6poj CeHABUYA NPOAATUX Y TOKY
Hepesbe y jegHom dpact dyg pectopany. [lpetnoctaBumo fa je gucnepsuja, Ha OCHOBY
HEeKMX CTapux UcTpa>kneama jegHaka 100. V y3opky obuma 16 mspayyHanm cmo

Tz =2867.1. _
MowTo Z = % N UMa HOPMaJiHy pacnogeny, OHAA BaXKu Aa je
P{-1.645 < Z < 1.645} = 0.90 (qnorm(0.95))

P{—1645< ”\F<1645}_090

P{X—1645—<M<X+1645 = 0.90,

7

na je TPa>keHU MHTEPBAsN MOBEpPEHA

N

_ o = g
X —-1645—= < pu< X +1.645—=
( NRUREREEN)

3a Haw y3sopak gobujamo nHTepsan (826.0,908.2). 3a ppyre ysopke pobunn 6ucmo

Apyraudnje uHTepeane.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NuTepean noseperba 3a ji Kaj je 0> NO3HATO

LllTa 3Haum Aa mMamMo noBepere Of __
90%7? To 3Haum pga he 90% ysopaka ——
“yxgaTuTn” BpepHocT i, a 10% he ra
npomawnTtn. Mu “Bepyjemo” aa je Haw
y30paK OHaj koju “xBaTa” npasy Bpeg-
HOCT HEMO3HATOr napameTpa.

Cnuka: InTEepBanu noeepersa 3a 1

Heka je X1,..., X, cay4ajum y3opak obuma n U3 HOpMajaHe pacnofene ¢
napamerpuma y u no3Hatom spegrowhy o2, 100(1 — @)% wmHTepBan nosepersa 3a | je

_ o _
(X—Za/zi X—‘,—Za/Q

ot

rae je zq o Takeo Aa je P{Z >z, o} = § (nosplmna pecHo og zq /5 je 5 )-



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

CrynenTtoBa 1" pacnogena

LLita ga pagumo ako o Huje nosHaTo? OuerbyjemMO ra y3opadykum CTaHZAPAHUM
oactynarbem S 1 OHAA Ce pacrnopesia Mera.

Kag oueHnmo napamertap o cratuc-
Tukom S, Tapa

X—p

g Vn

00 01 02 03 04

nma Crypentosy T' pacnogeny. Crnka: CTy€HTOBE pacnoaene

Ocobune CTygeHTOBMX pacnogena
m Ceaka CrygenToBa pacnogena uma jegaH napametap v, 6poj crteneHu cnobope
m CrypeHToBa pacnopesna je HenpekngHa

Ipachuk je cmeTpryaH OKO Hyne, Cpearba BPeAHOCT je Hyna

MapameTtap v yTn4e Ha gucnep3ujy, WTO je oH Behn, gucnep3unja je marba

Kapa je v Bennko, CtygeHTOBa pacnogena je npubnnikHa CTaHZapaHoj
HOPMaJIHOj



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Tabnnua CtyneHToBUX pacnogena

CrypgenToBa pacnogena - spegHoctu x Takee gaa je P{T, < z} =p

P
v 0.6000.6670.7500.8000.8750.9000.950 0.975 0.990 0.995 0.999

0.3250.5771.0001.3762.414 3.0786.314 12.706 31.821 63.657 318.31
0.2890.5000.8161.0611.604 1.8862.920 4.303 6.965 9.92522.327
0.2770.4760.7650.9781.4231.6382.353 3.182 4.541 5.84110.215
0.2710.4640.7410.9411.3441.5332.132 2.776 3.747 4.604 7.173
0.2670.4570.7270.9201.3011.4762.015 2.571 3.365 4.032 5.893
0.2650.4530.7180.906 1.2731.4401.943 2.447 3.143 3.707 5.208

O URWN -

28 0.2560.4350.6830.8551.1751.3131.701 2.048 2.467 2.763 3.408
29 0.2560.4350.6830.8541.1741.3111.699 2.045 2.462 2.756 3.396
30 0.2560.4350.6830.8541.1731.3101.697 2.042 2.457 2.750 3.385

55 0.2550.4330.6790.8481.1631.2971.673 2.004 2.396 2.668 3.245
60 0.2540.4330.6790.8481.1621.2961.671 2.000 2.390 2.660 3.232
oo 0.2530.4310.6740.8421.1501.2821.645 1.960 2.326 2.576 3.090

m Tpaxumo z Takeo ga je P{T5 < z} = 0.95 — n3 Tabnuue Bugnmo ga je
z = 2.015.

m Tpaxumo z Takeo aa je P{T5 < z} = 0.05 — noepiumHa je marba og 1/2, na
je « neratueHo P{Ts < —z} = 0.95, na je z = —2.015.

m Tpaxumo z Takeo aa je P{T> > z} = 0.025 — onga je P{Th < z} = 0.975,
na je x = 4.303



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

CtypeHToBa pacnogena - R dyHkuymje

m BeposatHohy porabaja P{T, < z} pauynamo dyHkuujom pt(z,df = v).
> pt(1.25,df=10)
0.8801197
m BpegHocT z 3a kojy je P{T, < z} = p pauyHamo dyHkunjom qt(p,df = v).
> qt(0.95,df=5)
2.015048

m Tpaxumo z Takeo aa je P{—z < Ti5 < =} = 0.90

00 01 02 03 04

1753 1.753

Cnuka: P{—IE <Ti5 < IE} =0.90

Buaumo pa je nospwuHa rpacuka neeo og x jegnaka 0.95 na x Hanasumo kao
qt(0.95,df = 15), a 10 je 1.753.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NuTepean noseperba 3a ji Kaja ce o2 ouerbyje

Teopema

Heka je X1,...,Xn cnyqaan y30pak obuma n U3 HopMaJsiHe pacrnogesne ¢
napamerpuma p v o>. Taga

X —p

Vn

uma Crygentosy T pacnogeny ¢ n — 1 creneHom cnoboge.

Teopema

Heka je X1,..., X, cayyajHu y3opak obuma n n3 HopMasiHe pacriogesne ¢
napametpuma p u o2. 100(1 — a)% untepsan nosepersa 3a i je

(X—ta/2 X +tase

S S)
N Vn

rae je to /o Takeo Aa je P{T,—1 > ta2} = § (noBpimHa pecHo og tq o je 5 ).



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NuTepean noseperba 3a ji Kaja ce o2 ouerbyje

lMocmaTpa ce npoueHTyasHa npomeHa y 6pojy CTyaeHaTa ynucaHnx Ha gp>KaBHe
yHuBep3anTete. Moxe nn ce, Ha OCHOBY AOHEr y30pKa, TBPANTY A j€, ¥ NPOCEKY,
powno ao noeehara 6poja cTyaeHaTa?

5%  35% 8% 03% 5%
1% -30%  12% 0% 3%
10%  16% 5% 1% 1%
25% _15% 2% _17% 8% -2.064 20‘54
0% 6% 9% 7% 3%

00 01 02 03 04

Cnuka:

P{—2.064 < Tp4 < 2.064} = 0.95

Mimamo pa je T = 2.6, s> = 170.36, s = 13.1%. Bpeanoct /2 HANa3’MMO Tako WTO
je noepwnHa pecho jegnaka 0.025, ogHocHo Baxkn P{T>4 < t} = 0.975, Te umamo
qt(0.975,df = 24) = 2.064. ViHTepean noeeperba je

()‘( —2.064- £, X +2.064- g)

3a Haw y3opak gobnja ce (-2.8,8.0). 3akmyyak je aa sepyjemo, ¢ noseperem og 95%
Aa je npoueHTyanHo noeefiare 6poja ynucaHux crygeHaTa nsmehy -2.8 n 8.0%.
MowTo je 0 yHyTap MHTepBana, a UMaMO N HEraTVBHE BPEQHOCTU, HE MOXXEMO
TBpAUTK Ba ce 6poj ynucannx nosehaga.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Tectn pakbe€ CTAaTUCTNHKNX XNMOTE3A

m lmamo fiBe xunoTese: HYNTY U anTepHAaTUBHY

m AnTepHaTuBHa (MM UCTPaXKMBAYKa) XNNOTE3A j& OHO LWITO
TBPAMMO 1 XKEJUMO Aa CTaTUCTUHky nposepumo (0buyHo
cagpxu peun kao sefie, Marbe, 3aBucn...)

m Hynta xunotesa je cynpoTHa antepHatmeHoj (06n4HO cagpxu
peyu jefHaKo, Makbe UAU Je4HAKO, HE 3aBUCH...)

m TecTuparbe ce BpwN y Lusby ofbaLnBarka HyJTe XUnoTese, Tj.
MpUXBaTarba CYLUTUHCKE afiTEPHATUBHE XMMOTE3E



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

[Npobnem TecTuparba

CTBAPHO CTaH€ ONMTYIXKEHOT
ofNlyka nopore HUje KpuB KpuB je
Kpus rpeLika npee BpCTe UCnpaBHa oasnyka
Hnje KpuB nCcrnpaeHa oasyka rpewka apyre spcre

CTBapHO CTarbe CTBapu
3aKJ/by4HaK TecTupara Hy je TayHa Hj je HeTayHa
opbauyjemo Hy rpeLika npee BpcTe MCrpasHa OAJIyKa
He ogbauyjemo Hy MCMpaBHa OAJTyKa rpewika gpyre BpcTe




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

[Npobnem TecTuparba

= 3aK/by4aK JOHOCVMO HA OCHOBY BPEAHOCTV HEKE CTAaTUCTVKE, KOjy HAa3nBamo
TECT CTAaTUCTUKOM. AKO OHa y HALLEM Y30PKY Y3Me BPEAHOCT Koja je
HeyobuyajeHa ako Baxun Hp, oHga ogbauyjemo Hy.

m Opbauusarbe Hp je CTaTMCTNYKM 3HAYajHa OANYKa, 3HAYM Aa CMO CKYNuUm
[OBOJBHO [0KA3a y NMPWUOr HALOj aJTEPHATBMHO] XNNOTE3N

m Heopbaumearse H( Huje CTaTUCTUYKM 3HA4YajaH pe3ynTaT. o MOXKE Aa 3HA4M
da cTeapHo Baxkum Ho, nnn pa Baxun H; ann ga HeMaMO AOBOJbHO A0OKa3a HOj Y
npuaor.

m Kako goHetu oanyky? JeaHa mMOryRHOCT je 3agaTu yHanpeg BpegHOCT «
(najuewfie 0.05), Koju HA3NBAMO MEPOM WJIN NPAroM 3HAYAJHOCTU TECTa, KOju
he Ham cbukcmpaTu BepoBaTHORY rpellke npee BpcTe. YKOANKO HaM TeCcT
CTaTUCTMKA y3Me BPeaHOCT Koja nog Ho uma BeposaTHoRy mamy og «,
opbauyjemo Ho.

B P-BPEOHOCT TeCTa je BepoBaTHONA Aa M3BYYEMO HeKMn y30pak Koju je bosbn
AO0Ka3 y KOPNCT HalWe anTepHAaTNBHE XNNOTE3E Of OHOI KO_jVI cMmo Beh n3BykKnn
Vkonuko je Ta BepoBaTHofia Mana, TO 3Ha4M Aa Cy HALIM AOKA3M OAJINHHM Na
opbauyjemo Hy. paHuua je noHoeo 06uuHo Ha 5%.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTuparbe xunoTesa o CpefitbOj BPEAHOCTH

BpcTe HynTX 1 anTepHaTUBHUX XnMnoTesa

m MawnHa 3a nocTaB/mbatbe YyheBa y Kyrnamy Tpeba fa nma npoceyHo Bpeme
nocTaesbara o4 4 cekyHpe. AKO je ayxke, CTBapa Ce HEpPBO3 KOA TakMu4apa, a
ako je kpahe, yyreBun ce obapajy. TecTupamo mMaluvHy Aa nu pagmn kako Tpeba

Hy:pu#4, Hy:p=4
m Imamo pauyyHap Ha KOMe je 3a Haw nporpam notpebHo 45 cekyHau fa ce
n3epwu. MNMpunankom KynoeBuHe HOBOM padyHapa »enumo ga byaemo curypHu ga
je oH 6omu. TecTnpamo

Hyi:p<45; Ho:p>45

m Pasmatpa ce oTBaparbe HOBe NpoAaBHULIE U CMaTpa ce Aa je Tpeba oTBOPUTH
yKonvko npuxoan 6yay sefin og 2$ no mywrepmnjn. Tectupa ce

Hy:p>2, Hy:p<2



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTuparbe xunoTesa o CpefitbOj BPEAHOCTH

HedunHnynja
llocToje Tpy TecTa 0 CpeaHOf BPERHOCTY
m Hoy:p= po npotus Hy : p # po (BBOCTPaHu)
m Ho:p > po apotus Hy : p < po (jeaHoctanu nesu)
m Ho:p < po npotus Hy : > po (jegHocTpauu peckm)

Tect cTratucTuka y csa Tpu ciy4aja je

Koja, ako je Hy TayHo, uma CtygeHToBy pacnogeny ¢ n — 1 cteneHom caoboge.

B P-BPEZHOCT jJEZHOCTPAHOr JIEBOr TECTA je MOBPLUUHA JIEBO OF BPEAHOCTU to KOJY
cratuctuka Ty y3me y y30pKy.

B P-BPEJHOCT jEZHOCTPAHOr JECHOI TECTA j€ MOBPLUNHA AECHO Of BPERHOCTHU to

B p-BPEZHOCT ABOCTPAHOI TECTA je ABOCTPYKA MNOBPLUMHA JIEBO OF BPERHOCTH ty,
ako je to < 0 unu JBOCTPyKa NOBPLUNHA JECHO Of BPEAHOCTYU to, ako je tg > 0.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTuparbe xunoTesa o CpefitbOj BPEAHOCTH

Tectupamo Hp : p < 2$ (npoaaBHnua Huje npocdputabunua) npotus Hy : p > 28
(npopasHunua je npocnTabuana)

V3opak:

275 625 350 3.01 5.10
506 450 417 257 3.15
3.98 237 203 1.02 528
157 1.00 1.6 1.07 3.12
075 010 025 3.09 4.10

00 01 0z 03 04

Cnuka: P{T24 > 2.46} = 0.01

5, Tp = % 25 uma CrygentoBy To4 pacnogeny. V13 y3opka padyHamo

2
T =2.842, s = 1.708, s = 2.918. BpefHOCT TeCT CTaTUCTUKE M3 Y30pKa je

__ 2.842-2 _
0= 281222 /55 = 2.46.

p-BpPefHOCT TecTa gobujamo kao 1—pt(2.46,df = 24) = 0.01, na 3akspyuyjemo ga

n=

o+

Tpeba ogbauntn Ho v oTBOPUTA NPOJABHULLY.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTuparbe xunoTesa o CpefitbOj BPEAHOCTH

Tectupamo Hy : p > 45 (HoBu padyHap Huje 6osbn) npotue Hy : p < 45 (Hosn

padyHap je 6osbn)

V y3sopky obuma 30 gobujeHo je
T =445 s=2

00 o1 0z 03 04

187

Cruka: P{Tog < —1.37} = 0.09

n =30, Ty = % 29 uma CrygentoBy Thg pacnogeny. BpegHocT Tect cratuctuke
13 y3opkKa je tg = # 29 = —1.37.

p-BpegHoCT TecTa gobnjamo kao pt(—1.37,df = 29) = 0.09. Oanyka je Ha Hama, ako
cMaTpamo fa je rpewka of 9% senuka, 3akmyunhemo ga He Tpeba opgbauyutu Hy u He

Tpeba KynuTy HOBM padyHap, a ako MUCAUMO Aa je mMana, oHpa fiemo Kynutn HOBM

padyHap.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTuparbe xunoTesa o CpefitbOj BPEAHOCTH

Tectmpamo Ho : p = 4 (Mawnna 3a JyrbeBe pagn kako tpeba) npotus Hy : p # 4
(Tpeba joj cepeuc)

V3opak:

41 35 32 41
35 43 40 45
25 38 46 3.0
41 36 3.7 39

p=0.065

00 01 02 03 04

—

Crua: P{T15 < —1.60} = 0.065

n =16, Top = % 16 nma CtypeHToBy 115 pacnogeny. 13 ysopka padyHamo
Z = 3.78, s = 0.55. BpefHOCT TeCcT cTaTnCTIKE N3 y30pKa je

__ 3.78—4 _
to = 27324/16 = —1.60.

Kako je pt(—1.60,df = 15) = 0.065, a nowTo je TeCT JBOCTPAHMN, D-BPEJHOCT TECTa je

0.13. Takea rpelka je npeeennka, na He ogbauyjemo Hp n He CEPBNCMPAMO MaLLMHY.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> kuglanje<-c(4.1,3.5,2.5,4.1,3.5,4.3,3.8,3.6,3.2,4.0,4.6,3.7,4.1,4.5,
3.0,3.9)
> t.test(kuglanje,mu=4,alternative="two.sided",conf.level=0.95)

One Sample t-test

data: kuglanje
t = -1.6234, df = 15, p-value = 0.1253
alternative hypothesis: true mean is not equal to 4
95 percent confidence interval:
3.479594 4.070406
sample estimates:
mean of x
3.775



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

[Npar 3Ha4ajHOCTM TecTa

m [lpar 3Ha4ajHOCTV TecTa je MakCMMasiHa rpeLwka Kojy TOJIEPULLIEMO Npu
opbaLmBarby HyNTe XUNOTe3e

m AKO je faT npar o, OHAa aKo je p-BpefHOCT TeCTa Maka o « opbauyjemo
HYNTY XUMNOTe3y, a ako je p-BpedHOCT TecTa Befa 04 o, HEMaMO JOBOJLHO
4oKasa Aa oabaummMo HynTy XMnoTesy

m Kaxemo ga cmo opbauunu (nnm He moxemo fa oabauumo) Hoy npun npary o

Mcnutyje ce pgy>knHa nayse nsmahy fBa y3aCTOnMHa CBeTna KOA jefHe BpCTe CBMTALA.
MKenumo ga noTBpAMMO Hawly NMPETNOCTaBKy Aa je cpedrba AyXKuHa nayse kpaha og 4
cekyHpe, na je Ho : p >4, a Hy : p < 4. Tocneguue rpeluke HACY KaTacTpodpanHe na
[03BOs/BABaMO rpewky og a = 10%. Vimamo ysopak obnuma 16 y kome je T = 3.77 n

s = 0.30.

to = £=2/16 = —3.06. Pacnogena je T'5.

Mpen HavmH: p-BpegHocT Tecta je 0.004. MowrTo je p-BpegHoCT Mara og o = 0.1,
oabauyjemo Hp 1 3ak/by4dyjemMO fa CMO Yy MpaBy Kaj TBPAMMO Aa je cpearba naysa
kpaha og 4 cekynge, npu npary og 10%.

Opyrn Haunn: BpegrocT ¢ Tako ga je P{T15 <t} = 0.1 je -1.34 (qt(0.1,df = 15)).
Kako je to < t, To 3Haum pa je P{T15 < to} < P{T15 < t} na ogbauyjemo Hy.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

X1 KBajpaT pacnogena

Cnuka: X1 KBagpaT pacnogena

Ocobure xun kBagpaT pacnogena
= CBaka xu KBagpaT pacrnogena uma jegaH napamertap v, 6poj crenenn cnoboge
= Xu KBagpaT pacrnofena je HenpekugHa
m BpepHocTu xn KBagpaT pacnofene yBek Cy No3uTUBHE
= Xu KBagpaT pacrnofena je HeCUMeTPUYHa
n

MaTemaTuuKo OuekuBatbe X1 KBagpaT pacnogene x2 je v, a gucnepsauja 2v



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

X1 KBajpaT pacnogena

x2 pacnoaena - BpeAHOCTM X TaKBe Aa je P{Xﬁ <z} =p

P
v 0.0010.0050.010 0.025 0.050 0.100 0.900 0.950 0.975 0.990 0.995 0.999

0.0000.0000.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635 7.87910.828
0.0020.0100.020 0.051 0.103 0.211 4.605 5.991 7.378 9.21010.59713.816
0.0240.0720.115 0.216 0.352 0.584 6.251 7.815 9.34811.34512.83816.266
0.0910.2070.297 0.484 0.711 1.064 7.779 9.48811.14313.27714.86018.467
0.2100.4120.554 0.831 1.145 1.610 9.23611.07012.83315.086 16.75020.515
0.3810.6760.872 1.237 1.635 2.20410.64512.59214.44916.81218.54822.458
0.5980.9891.239 1.690 2.167 2.83312.01714.067 16.01318.47520.278 24.322

NOoOUTAWN =

20 5.9217.4348.260 9.59110.85112.44328.41231.41034.170 37.566 39.997 45.315
21 6.4478.0348.89710.28311.59113.24029.61532.671 35.479 38.93241.40146.797
22 6.9838.6439.54210.98212.33814.041 30.813 33.924 36.781 40.289 42.796 48.268

= Tpaxumo x Takeo aa je P{Xg < z} = 0.05 — u3 Tabavue BMAMMO aa je
xr = 1.145.

m Tpaxumo z Takso ga je P{X2, >z} = 0.025 — oHga je
P{X2, <z} = 0.975, na je z = 34.170



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Xu kBagpaT pacnogena - R dyHkuumje

m BeposaTtHohy gorafjaja P{X2 < x} padyHamo cyHkunjom pchisq(z, df = v).
> pchisq(4.25,df=3)
0.7642966

m BpeaHocT x 3a kojy je P{X?2 < z} = p pauyHamo cbyHKLujOM
qchisq(p, df = v).
> qchisq(0.90,df=7)
12.01704



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepetba 3a 02 Kof, HOPManHe pacnogene

m Ta'-u(aCTa oLeHa napameTpa o2 je y3opauka aucnepsuja
2 _
S n— 1Zz* (X X)
m OHa je HenpucTpacHa ouUeHa Yunja AUCMEP3nja TEXMN HYIN Kaj
n — 00

Heka je X1,..., X, cnyqaan y30pak obuma n U3 HOpMaJsIHe pacrnosene ¢
napaverpuma p n o>. Taga

(n—1)82
0-2

uma x> pacnogeny cn — 1 creneqom cnoboge.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepetba 3a 02 Kof, HOPManHe pacnogene

Tpaxumo 90% mnHTepsan noeeperba 3a ANCNEP3Mjy NAKOBatba jeaHE BPCTE YMnCa.

V3opak
17.86 17.42 1591 14.19
1452 17.11 18.11 19.25
1582 1327 13.71 15.80
1485 17.38 1428 16.85

2 _ 5195 Conras P{7.26 < X2, < 25.0} = 0.9

(n—1)82
0.2

MowrTo nma X%—l pacnogeny, oHAa BaXKu Aa je

2

P{7.26 P 25.0} —=0.90

P { 1552 2 < 1552
25.0 7.26
na je TPa>keHW MHTEPBaN NoBeper-a
(1552 ot < 1552)
25.0 7.26
3a Haw y3opak gobujamo (1.875,6.456). 3a apyre y30pke Cy ApPYFaYnju-VHTEPBaN.

=0.90,




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepetba 3a 02 Kof, HOPManHe pacnogene

Heka je X1, ..., Xy cay4ajHu y3opak obuma n n3 HoOpMasiHe pacrnogesne ¢
napametpuma p u 0. 100(1 — )% uHTepsan nosepersa 3a o> je

((n— 1)S? (n— 1)S2)
Xffg ’ X% ’
2 2

rge je Xfﬂl/g Takso ga je P{X2_| > Xf,a/g} = & (nospiwuHa pecHo og
2 o 2 2 2 2 o«

Xi—a/2 J€ 5), @ Xa/2 Takeo ga je P{X5 1 < X,/2} = 5 (nospiuna neso o
2 0 @

Xa/2 J€ 5)

Wntepsan nosepersa 3a CTaHZapAHO OACTYNare o je

(5 =)

2




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepetba 3a 02 Kof, HOPManHe pacnogene

3a jegaH MCMXOMOLIKMN EKCNEPUMEHT NOTPEBHO je Aa 4naHOBWM nonynaumje Koja ce
npoy4aBa MMajy pasHOBPCHE FOAMHE CTAPOCTH, A >KeJbeHO CTaHAAPAHO oAcTynawe je 5
rognta. Tpaxumo 90% nHTepBan nosepera 3a ANCNEP3Ujy FOANHA CTApPOCTU
nonynauuje Kojy McnuTyjemo.

V3opak
31 26 40 37
35 36 39 37
34 37 38 35
26 41 40 41
35 30 42 36

Cona: P{8.91 < X2y < 329} = 0.9

Wwmamo pa je n = 20, s> = 21.12. Oprosapajyfin keaHTUAM Cy X3 o5 = 32.9 1
X2 o5 = 8.91. VinTepean nosepera 3a o2 je

(1952 1952)
32.9° 891/
3a Haw ysopak gobujamo (12.20,45.04). NHTepsan noeeperba 3a CTaH[APAHO

oactynarse o je (3.5,6.7). MowTo oH 0ByxBaTa XesbeHY BPEAHOCT, MOXKEMO CMaTpaTu
Aa HaMm nonynaauymja uMma 3agososbaBajyfly gncnepaujy.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

2

TecTupatrbe xunotese o o~ Ko HOpMaJjHe pacnofesne

Hecbunnunja
MocToje Tpu TecTa o aucnepsuju o>
m Ho: 02 =o0Z npotus Hi : 02 # o3 (BBOCTPaHN)

m Ho:02 =02 npotus Hi : 02 < o} (jeanHoctann nesu)

m Ho:02 =02 npotus Hi : 02 > 03 (jeaHoctpann gecnn)
TecT cTaTucTUKa y CBa Tpu Cay4aja je
2
5 (m—-1)8
X5 =——F5—

)

2
90
Koja, ako je Hy Ta4Ho, nma xu kBagpat pacnogesy ¢ n — 1 creneHom caoboge.

N P-BPEAHOCT JEJHOCTPAHOr JIEBOI TECTA je MOBPLUVIHA NIEBO Of BPEAHOCTU Xa Kojy
CTaTUCTUKA X Y3ME Y Y30DKY.
B P-BPEZHOCT jJEZHOCTPAHOr JECHOI TECTA j€ MOBPLUNHA AECHO OF BPERHOCTHU X%

B P-BPEAHOCT JBOCTPAHOI TECTA j€ NPUBANXKHO JBOCTPYKA MOBPLUUHA IEBO WU
AECHO Of BPERHOCTU Xg, Y 3aBUCHOCTU Of TOra Koja je o4 TUX [10BPLUMHA Marba



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

2

TecTupatrbe xunotese o o

KOJ, HOpMasiHe pacnogene

VHyTpauu-bm APUTNCAK CTAaHAAPAHNX TEHNCKNX NONTULA MIMA HOPMaJIHY pacnogeny ca
cpeatsoM BpegHowhy 28 n gucnepsujom 0.25. Tectupamo ga nu nonTtuue pgobujeHe
HOBOM TEXHUKOM MPON3BOAHE MMAjy Marby AWCMEP3Njy NPUTHCKA C NParom
3Ha4vajHocTn o = 0.05. TecTupamo, gakne,

Hoy : 02 =0.25 npotne H; : 02 < 0.25

V3opak g
2820 27.31 28.68 27.98 27.99 . X
28.04 27.47 2857 2812 28.75 :
28.36  27.96 28.30 28.29 28.40
27.46 27.99 27.94 2776 27.91 .

2759 2771 28.60 2791 27.82

1437

Crnea: P{0 < X3, < 14.37} = 0.06

Umamo pa je n =25, s? = 0.1497, x3 = 240297 = 14.37.

p-BpesHOCT TecTa gobnjamo kao pchisq(14.37,df = 24) = 0.062. MowrTo je
p-BpedHOCT Beha of «, HemaMo aokasa ga oabaummo Hp, na cmaTpamo fa HOBe
JIONTE HEMAjy Marbyl NPUTNCAK OF CTAaH4APAHUX.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> pritisak.loptica<-c(28.20,27.31,28.68,27.98,27.99,28.04,27.47,
28.57,28.12,28.75,28.36,27.96,28.30,28.29,28.40,27.46,27.99,27.94,
27.76,27.91,27.59,27.71,28.60,27.91,27.82)

> EnvStats::varTest(pritisak.loptica,sigma.squared=0.25,
alternative="less")

Results of Hypothesis Test

Null Hypothesis: variance = 0.25

Alternative Hypothesis: True variance is less than 0.25

Test Name: Chi-Squared Test on Variance

Estimated Parameter(s): variance = 0.149709

Data: pritisak.loptica

Test Statistic: Chi-Squared = 14.37206

Test Statistic Parameter: df = 24

P-value: 0.0622042

95, Confidence Interval: LCL
UCL

0.000000
0.259453



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

OuerbnBatbe HEMO3HATOr MPOLEHTA P

m lmamo monynauujy, n CBakm 4naH kaacudukyjemo y ogHOCY Ha TO Aa Jin nMa
ogpeheHo CBOjCTBO MAM ra Hema

m [Mapametap p npeacTtassa npoueHat (Tj. yaeo) nonynauuje KOju Uma To
CBOJCTBO

m CnyuyajHa npomMenssuea X y3uMa BpefHOCT 1 Ha enemeHTUMa nonynauumje Koju
1Majy To €BOjcTBO, a 0 Ha OHMM Koju ra Hemajy

n
..o n_ X .

m TaukacTa oueHa napametTpapjep =X = % roe je >, X;, y cTeapm,
6poj enemeHaTa y30pKa KOjU MMajy UCMMTUBAHO CBOJCTBO

AxkeTtupano je 500 ocoba TenedoHom 1 285 X je MPOTUB NPEAIOIKEHNX MOPESHNX
pecbopmu. AKo je p npoueHaT nonynauuje Koju je npoTne pedopmMu, OLeHa TOr
npoueHTa je

500
2i=1%i _ 285 _
n 500

I
Il

3akswyqyjemo ga je 57% nonynaumje npotue pecdopmu. Kaga 6n nonynaunja 6una og

MWUANOH CTAHOBHMKA, npoueHa je aa je 570000 npoTus.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

OuerbnBatbe HEMO3HATOr MPOLEHTA P

m Cnyuajua npomeHnmea Y =37 | X;, 6poj “ycnexa” y y3opky obuma n, nma
6UHOMHY pacnofeny ¢ napameTpuMa n U p

V3opayka cpeguHa

> i1 Xi _ 6poj enemenata y y30pKy Koju umajy oppelieHo cBOJCTEO
n - obum ysopka

X =

HENPUCTPaCHa Je OLEeHa HEMO3HATOr NPOLEHTA P €NEMEHATa nonynayuje Koju nmajy to
ceojcTBo. [lopes Tora Baxu

_ 1—
px-Pl-p
n



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepersa 3a p

m C o63upom ga Y nma 6GUHOMHY pacnogeny, ako je n Benuko,

Y—np X—p
V/np(1—p) \/P(l—P)

nMa npubav>XHO CTaHAapAHY HOPMaJsIHY pacnogeny

m [pumersyjyfin noctynak npaesserba nHTEpBana noeepera gobunn Gucmo, 3a
HUBO noeepera 1 — «

()‘(—za/g /10(171—17)»—“”&/2 /p(ln—p))

m OBo Huje gobap MHTepBan NoBeperba jep 3aBMCU Of, HEMO3HATOr MapameTpa p!

m 3aTO YMeCTO p CTaB/baMO H-eroBy OleHy p = X.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepersa 3a p

WuTtepean noseperba 3a HEMO3HATY NPOLEHAT D je

(X _Za/QU @’X'an/Q“ @)a

rae je zq /o Takeo Aa je P{Z > zo 0} = 5.

= AHannsnpamo nonynauujy rojasHux mnaguhia (18-24 rognne). V ysopky o 25
rux 20 uma eucok nputucak. XMenumo 95% unHTepsan nosepersa 3a npoueHat
rojasHnx mnagufia KOjMMMajy BMICOK KPBHMN MPUTKCAK.

Vlmamo,qajen:25,23::20,a‘5:%:

0.80.
Ogprosapajyfin kBaHTUA CTaHAapgHe HOp-
ManHe pacnogene je zo.025 = 1.96, na

je nHTepBan nosepera 3a Haw y30paK ,,
(64.3%,95.7%). Mpumehyjemo aa je nHrep- o oo
BaJl BEOMa LUMPOK! Cruka: P{—1.96 < Z < 1.96} < 0.95




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Obum y30pKa 3a OLeHUBaLE P

m Kako “ckpatutun”’ uHTepean ga 6u 6no cmucnen?
m JegHa moryfiHOCT je cMaruTV HUBO NOBEpPera, aiv OHAA rybnmMo Ha Herosoj
noysaaHocTn

m [pyra moryhHocT je noeehatn obrm y3opka, anu ysopum cy ckynu na Tpeba ga
M3payvyHaMoO KOJIMKM je HajMarbU y30paK Koju Ham Tpeba

Ayxuna untepsana nosepersa je 2z, /o w BpegHoct X (1 — X) yeek je
Marba unm jegHaka 1/4.

VKonnko xenumo ga nHtepean byge He ayxm og 2d, Taga Mopa fa Baxku

1
2Za/2ﬁ <2d,

OAHOCHO




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Obum y30pKa 3a OLeHUBaLE P

lMoTpeban 0bum y30pka 3a OLeHNBaE P UHTEPBAJIOM YHAnpes 3afate ayxuHe 2d je

2
_ Za/2
T 4d?

V npumepy 0 KPBHOM MPUTUCKY, Aa BMCMO UMann MHTepBan Ay>xuHe Hajsuwe 0.02 (2
npouexTa), Tpeba ga nmamo

1.962

n=-—— = 9604.
4-0.012

3Haun, Tpeba aa ncnutamo 9604 ocobe aa 6ucmo ¢ nosepersem og 95% npoueHunnn

MPOLEHAT rojasHNX Ca Xe/beHoM npeunsHowhy.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTuparbe xunotese o p

lNocToje Tpy TeCTa 0 HEMO3HATOM MPOLEHTY P
m Hy :p=po npotus Hy : p # po (BBOCTPaHN)
m Hy:p=po npotus Hy : p < po (jegHoctanu nesu)
m Ho :p=po npotus Hy : p > po (jeaHOCTpaHu pecHn)

TecT cTaTucTuKa y CBa Tpu cay4aja je

ZO = 7\/5)
Po(1 —po)
Koja, ako je Hy Ta4Ho, uma npubavixKHO CTaHZapAHYy HOPManHy pacrnogeny.

B p-BPEZHOCT jEZHOCTPAHOr JIEBOr TECTA j€ MOBPLUNHA JIEBO Of BPEJHOCTU 20 KOJy

CTaTUCTUKA 20 Y3ME Y Y30PKY.
B p-BPEJHOCT jEAHOCTPAHOr [ECHOI TECTA je MOBPLUNHA AECHO OfF BPEAHOCTHU Z(

B p-BPEZHOCT ABOCTPAHOI TECTA je ABOCTPYKA MNOBPLUMHA JIEBO UAU JECHO OF
BPERHOCTY Z(, ¥ 3aBUCHOCTY OF TOra [a AU je zo HEraTUBHO WM MO3UTUBHO



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTuparbe xunotese o p

MpoueHaT MarUHCKOr CTAaHOBHMLITBA Yy HekoM rpagy je 20%. XKenumo ga ncnutamo
[a KOJ pafiHNKa y TeLIKOj MHAYCTPUjU KOji Cy NPUAAJHULMA MakUHA NOCTOju
ANCKPUMUHALMA NPUANKOM 3anowsbasara (6110 NoO3NTUBHA MAN HEraTUBHA).

Tectupamo Hp : p = 0.2 npotue Hp : p # 0.2.

V ysopky op 100 pagHuka 6uno je 17 npunagHuka mamunHa. BpegHocT TecT
CTaTuCTINKE je

0.17 — 0.2
20 = ———2\/100 = —0.75.
O~ Jo2.08

MowTo je zg < 0, regaMo NoOBpLINHY NEBO Of zo. OHa je jepHaka
P{Z < —0.75} = 0.2266. [MowTo je TeCT ABOCTPaHN, UMAMO A2 je P-BPESHOCT
2-0.2266 = 0.45.

3ak/y4ak je Aa HemMaMoO [0Kas3a O ANCKPUMUHALMIM KO 3anoLll/baBarka pagHuKa.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> prop.test(x=17,n=100,p=0.20,alternative="two.sided",conf.level=0.95,
correct=FALSE)

1-sample proportions test without continuity correction

data: 17 out of 100, null probability 0.2
X-squared = 0.5625, df = 1, p-value = 0.4533
alternative hypothesis: true p is not equal to 0.2
95 percent confidence interval:

0.1089357 0.2554800

sample estimates:

P
0.17



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

OuersuBatbe pasnunke npoueHaTa

m Yecto Tpeba fa ynopeAMMO HEMO3HATE MPOLEHTE P U p2 Y ABE Pa3nmnymTe
nonynauuje

m Vlcnntyjemo ga nv je npoueHaT 4naHoea Koju umajy ogpeheHo ceojcTeo Behinm y
HeKOj oA monynaumja n 3a konmko je sehn

m HenosHnaTu napameTap of Ba)KHOCTM je p1 — p2

TaukacTa oueHa je

— R . X1 X2
Pl—P2=p1—P2=Z Y

= X1 — Xo,
ni no

pasnuka ysopaudkux cpeguHa oaroeapajyhnx ysopaka.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepersa 3a pi-po

Heka cy X1 u Xo oueHe npotjenata py ¥ p2 3aCHOBAaHE HA HE3aBUCHUM Y30pLUMa
obuma n1 u na. Oyena X1 — Xo je HenpuctpacHa, a weHa gucnep3uvja je

_ _ 1— 1—
D(XI—X2):p1(n p1)+p2(n p2)
1 2

100(1 — @)% wmHTEepBan nosepera 3a pas/ivky NPouEHaTa p1 — p2 je

Xl(l 7)21) n Xz(]. *X2)

ni n2

(Xl—ngtza/z\/ ),



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepersa 3a pi-po

Og 50 mygmn 40 je NpOMEHNIO MULLIBEHE O YMETHNYKO] CINLIN HA OCHOBY KPUTUKE
Mabna MNukaca, a 30 og 60 Ha OCHOBY KPUTUKE CTYAEHTA JIMKOBHE YMETHOCTN.
Tpaxumo 95% mHTepean noeseperba 3a PasnNUKy NPOLEHATA OHUX HA 4Ynje MULLIbEHE
yTu4e jayu, OBQHOCHO cnabuju, ayTopuTer.

TaukacTa oueHa je pl/;\pg = % - % = 0.3. Opgroeapajyhu keaHTun je

20.025 = 1.96, a nHTepBan noeeperba Ha OCHOBY Hawler ysopka je (0.132,0.468).

3aksbyyak je, ¢ 063MpoM Aa je MHTepBan MO3NTMBAH, Aa je NPOLLEHAT OHMX Ha KOju
yTun4ye jaum aytoputet Behin, na ayTopuTeT nMa ytuuaja Ha hopMuparbe MULLIBbEHA.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTupatrbe xunoTesa o pasAnLM NpoLeHaTa

MocToje Tpu TecTa o pasauuy NpoueHaTa p1 — p2
m Ho: (p1 —p2) = (p1 — p2)o npotus Hy : (p1 —p2) # (p1 — P2)o
m Ho: (p1 —p2) = (p1 — p2)o npotus Hy : (p1 —p2) < (p1 — P2)o
m Hy: (p1 —p2) = (p1 — p2)o Apotus Hi : (p1 — p2) > (p1 — p2)o

TecT cTaTucTuKa y CBa Tpu cay4aja je

Zo = (X1 —X32) — (11 —p2)o
\/)_(1(1 — Xl)/’l’u +X2(1 — )_(2)/?127

Koja, ako je Hy Ta4Ho, uma npubavixKHO CTaHZapAHY HOPManHy pacrnogeny.
B p-BPEZHOCT jEZHOCTPAHOr JIEBOr TECTA j€ MOBPLUNHA JIEBO Of BPEJHOCTU 20 KOJy

CTaTUCTUKA Z( Y3ME Y Y30PKY.

D-BPEAHOCT JEAHOCTPAHOI AECHOI TECTA j€ MOBPLUMHA JECHO Of BPEAHOCTY Z(

D-BPEAHOCT ZBOCTPAHOr TECTA j€ ZBOCTPYKA MOBPLUMHA JIEBO UIN BECHO OF
BPERHOCTY Z(, ¥ 3aBUCHOCTY OF TOra [a AU je zo HEraTUBHO WM MO3UTUBHO



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTupatrbe xunoTesa o pasAnLM NpoLeHaTa

Mpogasun dpoTokonup anapaTa TBPAE Aa HUXOBa MawwuHa npasu 3a 10% suwe
KBaJINTETHUX KOMMja HEro KOHKypeHTCka. Heka je p; mpoueHaT KBanMTETHMX Konuja
FIXOBE MALUMNHE, @ P2 KOHKYPEHTCKE.

Tectnpamo Hyp : p1 — p2 = 0.10 npotne Hi : p1 — p2 > 0.10.

Peknamupana mawuna je og 1000 Hanpasusia 900 kBaninTeTHUX, a KOHKYpeHTCKa 711
og 900. Taukacte oueHe cy p1 = Z1 = 900/1000 = 0.90, p> = T2 = 711/900 = 0.79,
p1 — p2 = 0.11.

BpegHocT TecT cTatucTuke je

0.90 - 0.79 — 0.10

= = 0.604.
4/0.90 - 0.10/1000 + 0.79 - 0.21/900

20

Mospwuna gecHo og 2o je P{Z > zo} = 0.2743.

MowTo je p-BpesHOCT Bennka, 3ak/byyak je Aa Hema JOKa3a Aa je npoueHaT

KBaJINTETHUX KOMMja peknamupaHe MaiumHe sehn.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTupatrbe xunoTesa o pasAnLM NpoLeHaTa

m Hajyewha npymeHa oBOr TecTuparka je Kaja je NpeTnoCTaB/bEHA pPa3nmnKa
(p1 — p2)o jeAHaka Hynu, Tj. kaga je Ho : p1 = p2, a H1 moxe paa byae
P1 # p2, p1 < p2 uaun p1 > p2

HvipekTop cnopTkor cekTopa jefAHOr YHMBEP3MTETa xenu Aa fobuje cTaTuCTnYKy
NoAPLLKY CBOjOj TBPAHM Aa CTYAEHTU CNOPTUCTM Y MateM NPOLEHTY najajy roanHe
Hero octanu ctygeHtun. Y gobujennm ysopuuma 30 cTygeHaTta cnoptucTa og wux 150
je mano roauHy, AOK ce TO goroguno u y caydajy 43 cryaedta og 200 4naHoea
ocTaTka monynauuje.

Tectupamo Hy : p1 = p2 npotus Hj : p; < pa. Tadkacta ouena pasnuke je

T1 — 22 = —0.015. BpegrocT cTatuctuke zo je —0.34. MowTo je p-BpeaHOCT TecTa
P{Z < —0.015} = 0.37, Hemamo A0BOJBHO [OKa3a Aa je cnoptuctn pehe nagajy
rofuHe of OCTanMx CTyAeHaTa.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> prop.test(x=c(30,43) ,n=c(150,200) ,alternative="less",conf.level=0.95,
correct=FALSE)

2-sample test for equality of proportions without continuity
correction

data: c(30, 43) out of c(150, 200)
X-squared = 0.11683, df = 1, p-value = 0.3662
alternative hypothesis: less

95 percent confidence interval:

-1.00000000 0.05689613

sample estimates:
prop 1 prop 2

0.200 0.215



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

®uweposa F pacnogena

FV1 V2

Cruka: ®uweposa F pacnogena

Ceaka ®PuiepoBa pacnogena nma gsa napameTpa, vy u v
®PuwepoBa pacnogena je HenpekngHa

BpepgHocTn ®Puwepose pacnogene yBek Cy NoO3WTUBHE
Duweposa pacnogena je HeCMMeTpUYHa

BeposatHothy gorafjaja P{F,, ., < x} padyHamo cbyHKUNjOM
pf(z,dfl = v1,df2 = ).

> pf(3.5,df1=10,df2=6)

0.9306753

m BpegHocT z 3a kojy je P{F,, ., <} = p pavyHamo yHKL1jOM
qf(p, dfl = v1,df2 = vs).

> qf (0.99,df1=4,df2=11)

5.6683



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

®uweposa F pacnogena

Cnuka: P{Fyl,y2 < m} =0.90

Tabnunua Puwepose pacnogene, p = 0.90
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m Tpaxumo x Takso ga je F3 5 = 0.9. U3 Tabnuue pobujamo x = 3.62.
m Tabnwnue ce npaee 3a cBaky BepoBaTHORyY nocebHo - oBae je 3a p = 0.90



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Vnopehuearbe gucnepsmnja ae HopmaJiHe nonynauuje

Heka cy X1,...,Xn, mY1,...,Yn, HE3aBUCHY y30pUM 13 HOPMaJIHUX Pacrogena
N(p1,02) n N(uz,03). Y cnyqajy aa saxu o? = 02, cay+ajHa npoMeHbuBa

i
53

uma Puweposy Frn, 1 n, 1 pacnogeny.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Vnopehuearbe gucnepsmnja ae HopmaJiHe nonynauuje

L2 — 52
lpunnkom TecTuparsa xunotesa Hy : 07 = 05 NpOTUB HEKe OF CTaHZAPAHUX
aNITEPHATUBA KOPUCTU Ce CTAaTUCTUKA

5%
Po=g

B P-BPEAHOCT JEZHOCTPAHOr JIEBOr TECTA je MOBPLUMHA NIEBO Of BPEAHOCTU fo KOjY
cratuctuka Fy y3me y y30pky.

B P-BPEAHOCT JEJHOCTPAHOr JECHOT TECTa je MOBPLUMHA JECHO 0f BpeaHocTu fo

B p-BPEAHOCT ABOCTPAHOIr TECTA jeé NPUBAVXKHO ABOCTPYKA MOBPLUNHA IEBO WA
AECHO 0f BpPeZHOCTU fo, ¥y 3aBUCHOCTU OF TOra KOja je Of TUX IOBPLUMHA Marba.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Vnopehuearbe gucnepsmnja ae HopmaJiHe nonynauuje

MH>xerbep XOPTUKYNTYpe je HanpaBuoO €KCNEPUMEHT C ABE HOBE xmbpugHe coprte
3nm3eneHor xbyra 1 BaXKHO My je fa gucnepsuja byae wto mara. Ha ocHosy
nocmaTparba umMa nHgmumnja ga copta A uma mamwy gucnepsujy. Ha ocHosy y3opka og
12 6umaka copte A n 10 6uwaka copte B pobujero je s% = 0.0955 n s% = 0.1831.

Tectupahemo jefHakocT aucnepsuja npoTue anTepHaTtuee 0% < o%. BpegHocT Tect

2
. S
cratuctuke je fo = S—ZB = 0.521.
A

Kako je pacnogena TecT CTaTMCTMKE Nof HyAToMm xunotesom Puiieposa Fii g,
oaroeapajyha p-spegrocTt je pf(0.521,df1 = 11,df2 = 9) = 0.15, na Hemamo Aokasa
3a TBPAHY A2 je gucnepsnja BucuHe busbaka copte A eeha.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Vnopehunearbe cpefrbnx BpeaHOCTN ABEe HOpMaJiHe
nonynauuje

m lmamo gBe nonynaumje 4mnja obnexja nmajy HopmasnHe pacnogene. Xenumo aa
OLIEHMMO NN TECTUPAMO PA3UKY HUNXOBUX CPEAHUX BPEAHOCTM

m TaukacTa oueHa je 1 — fz = X1 — X2, pasnmnka y3opauknx Cpegrix
BPEAHOCTN
m 3a oppehuBarbe UHTEPBaANa NOBEpeHa U TECTUParLE XNNOTE3a Pa3NNKYjeMO fBa
OCHOBHA Cay4aja
m Cnyyaj HE3aBMCHMX y30paKa
m Cnyyaj cnapeHunx ysopaka



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cny4aj He3aBMCHMX y30pakKa

m Wsenaunmo pBa y3opka obuma ni n3 Hopmanue pacnogene N (p1,02) cnyuajHe
npomensbnee X, n obrma na N3 HopmanHe pacnogene N(ug,a%) cny4vajHe
npomensbuee Y. Menumo ga MHTEPBANHO OLEHMMO WM TECTMPAMO napameTap
B = p2.

m Pacnogena ogroeapajyfinx cratncTika 3aBucu of Tora Aa nu NpeTrnocTaB/bamMo
fa Cy pgucnepsnje o7 u og, Nako HeMno3HaTe, jefHake uam pasnu4ure. 3aTo je
Ba>XHO Hajnpe NCNUTaTh jeAHAKOCT ANCMEP3Mnja 1 NPUMEHYjEMO TECT O
jemHakocTn gucnepsuja.

= OBpe MMaMoO HECTAHZAPAHW CJIyHaj TECTMPAHbA XWMOTE3E O jeAHAKOCTM
pucnepsnja jep je nocneguua sefia ako ognyqumo ga ve ogbauumo Hy. Crora
TeCTMPamo ¢ Heyobn4ajeHO BENUKNUM NparoM 3HavajHocTn o = 0.2, Tako Aaa Ham
Tpeba p-BpegHocT Tecta oa Hap 20% ga Bucmo 3aksbyHunn ga cy gucnepsuje
jenHake.

B VKOMUKO 3aK/by4MMO Aa Cy AUCNep3uje jefHaKe, NPUMEHYJEMO NpoLeaypy C
ouerbMBaMbEM 3ajegHNYKe gucnepsuje, a y cynpotHom CaTtepsajToBy npouegypy.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj jeaHakux gucnepsuja

Heka cy X1,...,Xn, nY1,...,Yn, HE3aBUCHU y30pLM N3 HOPMaJIHUX pacrnofena

N(p1,02) u N(u2,02). Ykonuko je 02 = 02 = o2, caydajna npomensnsa
H1,07 H2,05 Je o1 2 y4a) P

X1 = Xo — (g1 — p2)

oy/1/n1 +1/n2

“Ma CTaHgapAHYy HOPManiHy pacnogeny.

m MebhyTum, o je HEMO3HaATO Na ra oueryjeMo 13 y3opka. MowTo je OHO jegHako y
oba y30pka oueryjeMO A2 3ajefHUYKOM y30pPaqykoM AuCnep3njom.

Hecbunnynja

Heka cy S? u S2 ysopauke gucnepsmje y3opaka obuma ni v na u3 nonyaayuja c
Y o7 2V 1je y. N2 pZ ]

Jjemnakom gucnepsujom o>. 3ajenHuyka ysopauka aucnepsuja je Taga

(n1 — 1)5% + (n2 — l)S%
ny +ne —2 ’

82 =



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj jeaHakux gucnepsmja - MHTEPBaJ NOBEPEH:A

Teopema

Heka cy X1,...,Xn, nY1,...,Yn, HE3aBUCHU y30pLM 13 HOPMaJIHUX pacrnofena
N(p1,0%) u N(uz,0?) u Heka je S, 3ajesHuyuka ysopauka pucnepsuja. Taza
Cny4ajHa npoMeH/buBa

X1 — Xo — (11 — p2)

Sav/1/n1 +1/ng

uma CTygeHTOBY pacnogesny ¢ ny + ng — 2 crenenu cioboge.

100(1 — @)% wmHTepBan noseperba 3a pasnuKy CPERHUX BPEAHOCTYN (1] — 2 je

_ _ 1 1 - _ 1 1
(%1 = Kz — tajaSey|— + — X1 = Ko+ tapaSey| — + —),
ni  no niy  no

rae je to o Bpearoct u3 Ty, n,—2 Pacnogene Takso Aa je NOBPLUNHA AECHO O era
Jjeanaka o /2.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj jeaHakux gucnepsmja - MHTEPBaJ NOBEPEH:A

Ha 6u ce ucnntao ytTuuaj acnupuHa Ha cysbujarbe rnasobosse, 22 naynjeHTa CAyHajHO
je nogemeno y aee rpyne. lNpeoj rpynu gaT je acnupwH, a Apyroj Apyru nek. 3atum
j& MepeHO Bpeme y MUHYTMMA A0 NpecTaHka rnasobosse. Jobujenn cy cnegefin
pesyntatin
Acnupux Jpyrn nek
9.9 8.0 95 59 | 82 173 101 102

12.2 13.5 9.6 115 9.1 10.5 9.7
12,5 9.5 10.3 11.9 9.0 15.2 11.6

N3 ysopka gobujamo ga je 1 = 10.36, n To = 11.09. TauykacTa oueHa pasnuke je
p1 — p2 = 10.36 — 11.09 = —0.73.

Tectupamo npeo jegnakoct gucnepsuja, Tj. Ho : o% = a% npotus Hj : af # crg c
nparom 3xaqajHocTn oa 20%. Wmamo pa je s? = 4.475 n s3 = 8.494, a cTaTncTuka je
s%/s% = 1.898. Ha ocvoey ®uwepose Fy 11 pacnogene TeCT CTaTUCTUKE, NOBPLUMHA
necHo op 1.898 je 15.7%, na je p-speaHoCT aBocTpaHor TecTa eehia og 20%, Te
3aK/by4YJEMO [a MOXXEMO CMATpaTy Aa Cy JUCMEP3UJE jefHAKE.

Tpaxunmo caga 90% nHTepsan noeepera 3a p1 — p2. 3ajefHMYKa gucnepsnja je

52 = W =6.284, a5, = \/g = 2.51. Oaroapajyhn kBaHTUA
CrypenTose Tho pacnogene je to.05 = 1.725. WNnTepsan noeepemsa je (-2.58,1.12). C
0631poM ga je Hyna yHyTap OBOr MHTEpBana, HeMamoO A0Ka3a fa je acnupuH 6osbun o

APYror seka 3a TpeTMaH rnasobosbe.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj jeaHakux gucnepsuja - T-Tect

CrygeHToB unn T-TecT — jefaH oa Hajyewhe kopuwheHNX y NpMMeEH€eHOj CTaTUCTLM

JedunHuuuja

lMocToje Tpy xunoTese 0 pasanuyn CPERHUX BPESHOCTH (11 — 42

m Ho:pr = p2 (1 — p2 =0) nporus Hy : pr # po
m Ho:p1 = po npotus Hy : py < p2
m Ho:p1 = po npotus Hy @ py > po

Tect cTatucTuka y csa Tpu ciy4aja je

(X1 X )—0

ch + =

nl n2

Ty =

koja, ako je Ho TaqHo, nma npunbnmxno Ctygentosy T, +n,—2 pacnogeny.

B p-BPEJHOCT jEAHOCTPAHOr JIEBOr TECTA j€ MOBPLUMHA JIEBO Of BPEAHOCTU to KOJY
ctatuctuka 1y yame y y30pKy.
B D-BPEAHOCT jeAHOCTPAHOr JECHOI TECTA fe MOBPLINHA [AECHO Of BPEAHOCTU t(

B DP-BPEAHOCT ABOCTPAHOI TECTA je ABOCTPYKa MOBPLUNHA JIEBO AU JECHO OF
BpegHoOCTU to, y 3aBUCHOCTU OF TOra 4a Jii je to HEraTUBHO WU MO3UTUBHO



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj jeaHakux gucnepsuja

lMpounseeaeHe cy aBe HOBE CynCTaHUe 3a 3aWTUTY Kapocepmje og phe. CnydajHa
NPOMEH/bNBA KOja NCMNTYjE HINXOB KBanMTET je 6poj meceumn nocne ynotpebe npe Hero
wro ce nojasm pha. C ob3mpom ga cy cyncraHue HOBE 1 jOL HETECTMPAHE HEMAMO
HUKaKUX npeasHarba. MKenumo fa ncnnutamo Aa nu Cy y NpOCeKy jefHAaKO KBasMTETHe.

Tectupamo Ho : pu1 = pg npotus puy # uz. C obe cyncraHue npemasaHo je no
n1 = ng = 9 aytomobuna n gobujeHo je 1 = 16, s; = 10.1, zo = 15, s2 = 10.

lMpe Hero WITO TeCTUpaMO HalLy XMNOTE3y, NPOBEPaBaMO j€HAKOCT AMcnep3nja.
Nmamo pa je s%/sg = 1.02, na je p-epegnocT Tecta mHoro sefia og 20%, Te
3aK/by4yjeMO Ja Cy AncCnep3uje jefHaKe 1 payyHamo 3ajeAHNYKY Aucnepsnjy.
Hobujamo ga je s2 = 101.005 n s, = 10.05.

BpepHOCT TecT cTaTucTuke to = ——1=22___ — (.199. Kako je
szy/1/m2+1/n2

P{T16 > 0.258} = 0.42, onpa je p-BpegHocT geocTpanor Tecta 0.84. Kako je oea
BPEAHOCT BENMKA, 3aK/by4yjEMO Aa HEMAMO AOKa3e Aa NOCTOjU Pa3nunka y KBanuTety
TUX CyncTaHum.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> aspirin<-c(9.9,12.2,12.5,8.0,13.5,9.5,9.5,9.6,10.3,5.9,11.5,11.9)
> drugi.lek<-c(8.2,9.1,9.0,17.3,10.5,15.2,10.1,9.7,11.6,10.2)
> var.test(aspirin,drugi.lek,alternative="two.sided")

F test to compare two variances

data: aspirin and drugi.lek
F = 0.52687, num df = 11, denom df = 9, p-value = 0.314
alternative hypothesis: true ratio of variances is not equal to 1
95 percent confidence interval:

0.134677 1.890343

sample estimates:

ratio of variances

0.5268664

> t.test(aspirin,drugi.lek,var.equal=TRUE,conf.level=0.90)
Two Sample t-test

data: aspirin and drugi.lek
t = -0.68168, df = 20, p-value = 0.5033
alternative hypothesis: true difference in means is not equal to 0O
90 percent confidence interval:

-2.582869 1.1195635

sample estimates:
mean of x mean of

10.35833 11.09000



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyu4aj HejegHaknx aucnepsuja

m VYV cnyyajy HejegHaKMX gucnepsuja HEMa CMUCNA Aa pavyyHaMO 3ajefHNYKY
AUCNEepP3njy Na KOPUCTUMO MPOMEHIbUBY

X -V — (1 — p2)
sf 53
ny " ng

Ona nma npubnvxHo CtygeHToBy pacnogeny rae je 6poj creneHn cnoboge
St 5342
oy +72)

(Ey2/m - 1)+ (E)2/(ny - 1)

V=

V npakcu v Helie 6ty ueo 6poj na BPeAHOCT 3a0KPYIXKYjEMO HA HAj6aXM Leo
6poj.

m HaeepgeHn noctynak Hasmea ce CaTepBajTOBOM MpoLEedypOM.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyu4aj HejegHaknx aucnepsuja

m lHTepBan noseperba 33 (1 — W2 Yy CAyYajy HEjeAHAKUX [MCMEP3M)a je

I s 082 o o s2 53
(X1—X2—ta/2 — + =, X1 = Xo+itg/— + =
ni n9 ni n2

rAe je to /o BpeAHOCT n3 T), pacnopene Takea Aa je NOBPLUMHA [ECHO Of Hbe

jeaHaka as.
m Tect cTtatucTuka 3a Tectuparse Ho : g1 = pg y Cly4ajy HejefHaknx gucnepsunja
je
X1 —X2-0
To = > 2
Sl SZ
[T

n nma npubnmxHo Crygentosy T, pacnogeny.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyu4aj HejegHaknx aucnepsuja

Couronosn ncnutyjy pasnuke y reHepauymjama y jeaHo og obenexja og mHtepeca je
CTapoCT NPUNKOM KyNOBUHE NPBOr ayToMobuna.

CnyyajHo cy nsabpane age rpyne no 25 ocoba. Y npeoj rpynu, rae cy ocobe ctapocTtun
npeko 30 roguHa, gobunjeno je ga je npocedHa crapoct 6una T3 = 22.3 n s% =4.52. ¥V
Apyroj rpynu, rae cy ocobge ctapoctu go 30 roguHa pobujeHo je T2 = 18.7 n

2
s5 = 2.00.

Menumo pa tectupamo Ho : py = po npotus Hy @ py > 2, Tj. fa cy y CTapujoj
reHepaumjn KacHumje Kynoeanm aytomobun.

Tectupamo Hajnpe jegHakoct pucnepavja. Mowrto je s2/s2 = 2.26 aobujamo
p-BpegHoCT TecTa og 0.03, na CXO4HO MPETXOAHOM 3aKJ/by4yjEMO 4A HUCY jeAHAKE.

BpegHocT TecT cTratuctuke to = 7.05, a 6poj cteneHn cnoboge v = 42.5 x5 42.
P-BPEAHOCT TECTa MPAKTUHHO je jeHaKa HyaM 1 3aksbydyjemMo Aa muafja reHepaumja

3HA4ajHO paHuje Kynyje CBOj NpBU ayTomMobu.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> stariji<-c(22.9,24.0,24.3,23.2,24.7,20.8,19.9,20.8,20.1,21.4,24.7,
26.2,21.1,24.7,26.8,22.4,19.4,22.6,19.3,22.2,21.6,22.9,20.5,21.4,19.6)
> mladji<-c(17.4,17.5,19.1,17.5,19.8,18.6,17.3,17.2,19.5,18.8,16.5,
19.5,18.8,21.5,18.0,19.7,18.6,20.0,19.5,18.3,18.9,16.8,17.3,18.8,22.5)
> t.test(stariji,mladji,var.equal=FALSE,alternative="greater")

Welch Two Sample t-test

data: stariji and mladji
t = 7.0669, df = 41.877, p-value = 5.923e-09
alternative hypothesis: true difference in means is greater than 0O
95 percent confidence interval:
2.746176 Inf
sample estimates:
mean of x mean of y
22.300 18.696



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj cnapeHux ysopaka

m Hekapa je nprvpogHO fa CBaky €/1€MEHT jefHOr Y30pKa MMa CBOj Map y Apyrom
y30pKy

m CnapuBatbe ymatbyje yTuLaj Heke CnosbHe NPpOMeHSbIBE KOja HaM MOXKe CMeTaTu
A3 OTKPUJEMO CTBAPHY Pas/uKy y CPefrnM BPefHOCTIMA

m Vlcnntyjemo edprkaHOCT HOBE Kpeme 3a CyHYare cnegelinm ekcnepumeHTom.
CBakoM nojeanHLYy HaMaXKemMo jefiHY PYKY 1 jefHY HOTY HALLOM KpPemoM, a Apyry
PYKY 1 APYTYy HOTY KOHKYpeHTCkOM. HakoH Tpu caTa m3anararba jakom CyHLUy,
MepMMO HUBO m3ropenocTtu (koju 3aBucu of Temnepatype un 6oje). Opakas
€KCMeprMEHT ce npasn fa bu ce HeyTPanMcao yTuuaj pasanymnTnX TUNOBA KOXE.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj cnapeHux ysopaka

m imamo paBa y3opka rge ceakm eneMeHT X; nma CBOj map y y3opky Y;.
Hecbunnwemo HoBy cny4qajHy npomenssusy D = X — Y koja npegctasmba
PasNunKy NPOMEHsbMBIX KOj€ UCAUTYjeMO.

m Cpeparba BpefJHOCT npomeHsbuee D je p = p1 — p2 Na Ce MHTEpBanU
noBepersa 1 TECTMparbe XMNOTE3a Y BE3W NapameTpa [ — (2 CBOAE Ha
MHTepBasne noBeperba N TECTUPAHbE XUMOTE3A Y BE3N U]).

m CnyvajHa npomeH/bUBa

D — (p1 — p2)
Sp v

nma CrygeHToBy pacnogeny ¢ n — 1 cTenenom cnoboge.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj cnapeHux ysopaka

Heka cy X1,...,Xn uYi,...,Y, cnapexn ysopuw u3s gBe nomynayuje 4umje cayHajHe
npomensuse umajy Hopmanry pacnogeny. 100(1 — «)% uHTepsasn noseperba 3a
pasauky pi — pi2 je

(D—ta/g%,D—tQ/gi\/Dﬁ),

rge je to /2 BpegHocT u3 Tn_1 pacnogene Taksa Aa je noBpLunHa BECHO 0f HEe
jeaHaka asz.

m 3a Ttectuparbe xunotesa Ho : p1 = po npotne Hy @ py # pe, Hi : p1 < p2 win
Hj : p1 > po2 KOpUCTU Ce TECT CTAaTMCTUKA

D
To = —/n
Sp

koja uma CrygeHToBy pacnogeny ¢ n — 1 cteneHom cnoboge. OBaj TeCcT nosHaTt
je nog umernom cnapenn 71" Tecr.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj cnapeHux ysopaka

x Y d=z—vy

é'g ;é :i'g Mepw ce cTeneH n3ropesiocTn NPUSINKOM KO-
4.3 2.0 2.3 puwhersa cpeactea X un Y. Xenumo ga
179-51 149-33 ??22 noka>kemo ga je X 6osbu na crora Tectu-
20 75 55 pamo

5.0 6.0 -1.0

7.9 8.3 0.4

8.9 8.7 0.2 Ho:px = py npotms pux < py.

92 113 21

6.2 7.5 13 . -

3.0 25 05 N3 ysopka gobumjamo d = —0.69, sq =
6.9 7.1 0.2 1.98, na je BpefHOCT TeCT cTaTuCTuke to =
7.6 8.3 0.7 Fi — 174

82 69 13 5, Vn=—-174

153 157 04

149 138 1.1

6.1 7.3 1.2 Ha ocHoBy pacnogene TecT cTaTUCTuMKe,
177-95 187-39 'g-: Th4, pobujamo pa je p-BpemHOCT TecTa
6.1 7.3 10 9‘047, na ako Ham je npar 0.05, 3aksby4y-
5.1 4.9 0.2 jemMo pa Hawa kpema, y npoceky, edukac-
137 135 0.2 :

2 171 Y HNJE LWITNTU KOXY Of KOHKYPEHTCKE.

18.1 19.2 -1.1



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> nasa<-c(1.3,6.0,4.3,19.1,7.5,2.0,5.0,7.9,8.9,9.2,6.2,3.0,6.9,7.6,8.2,
15.3,14.9,6.1,7.9,17.5,6.1,5.1,13.7,14.2,18.1)

> konkurent<-c(7.1,7.5,2.0,19.3,4.3,7.5,6.0,8.3,8.7,11.3,7.5,2.5,7.1,
8.3,6.9,15.7,13.8,7.3,8.3,17.9,7.3,4.9,13.5,17.1,19.2)

> t.test(nasa,konkurent,paired=TRUE,alternative="less")

9. 0
6. 4

Paired t-test

data: nasa and konkurent
t = -1.7504, df = 24, p-value = 0.04641
alternative hypothesis: true difference in means is less than O
95 percent confidence interval:
-Inf -0.01561205
sample estimates:
mean of the differences
-0.692



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JlnHeapHa perpecuja

m Vkmydyje ae npomenssuee, 3asucHy (Y), n nesasuchy (z)

m 3aBucHa npomersbnea (Y) je OHa KOjy XKENMMO fa MCMNTaMO, a HeHa CPear-a
BPEAHOCT 1 Pacnofena 3aBnce Of APyre NpoOMeH/bUBE T

m Lum Ham je pa pobujeMo nuHeapHy jegHayumHy Koja Ham Jobpo onucyje Ty
3aBMCHOCTM

m BpegHocTu He3aBncHe npomeHsbuee x (Ta4ke) HeCTO MOXKEMO camu ga Gupamo
N OHAA Yy3UMaMO Y30pak 3a Y y TUM Tauykama

= lcnutyjemo KoHueHTpaunjy nseecHor neka (Y') y 3aBMCHOCTM Of BpeMeHa
NpoTEK/IOr 0f y3umarba neka ()

m Vcnutyjemo rybutak teneche Texxune (Y) y 3aBucHoctn og 6poj 4acoea
aepobuka HegemHo ()

m lcnutyjemo ueHy nwenune (Y) y 3aBUCHOCTY Of KONMYMHE NajaBuHA 33 BpeMe
cesoHe (z)

® VKONMKO camm Bupamo x, TO je NnaHMpaHu eKCMEPUMEHT, a ako He, OHAa
MMamMO NOCMAaTPaHU EKCNEPUMEHT



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JlnHeapHa perpecuja

m XKenumo pa 3a KOHKPETHY BpefaHOCT x npeasugnmo Y. Ha npumep, konuka je
KOHLUEHTpaumja fieka nocae 5 muHyra?

Tpaxumo Y|z = 5. C 063upom fa sbyan pasamynTo pearyjy Ha nek, Y|z =5 je
cnyyajHa npomensbusa. bbera (Teopertcka) cpeprba BPeAHOCT je Ly |p—s5-

HedunHnynja

Heka je x Heka npomeH/byBa n Heka je Y cnydajHa npomeH/puBa. PerpecunoHa kpusa
Y Ha x je rpahuk ¢pyukymje cpegre BpegHocTu Y 3a pasnnynte BPEJHOCTU T, Tj

rpagpuK pyHKUUMjE [y |4 -
3a perpecuory kpuBy Y Ha x Kaxke ce ga je 1uHeapHa ako je

pyle = a+ Bz

3a Heke peanHe 6pojeBe o u 3. bpoj B Ha3ua ce Harnbom nunHeapHe perpecuje.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JlnHeapHa perpecuja

Cnuxa: JINHEPHA perpecnoHa Kpuea

Cnnka: HENIMHEAPHA perpecrnoHa Kpuea



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JlnHeapHa perpecuja

m [lpe ogpehnBarsa npase Tpeba ce yBepnTn Aa ce Be3a Y 1 & MOXE NPeacTaBuTn

NINHEAPHOM (pYHKLMjOM

= Y TOM uuby upTa Ce gnjarpam Tadaka (zi,y;)

x
Cnnxa: Besa Huje nuHeapHa

x
Cnuxa: Beza Hunje nuveapHa



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JlnHeapHa perpecuja

m 3atum Tpeba OoApeANTU jeaHAUMHY MpaBe JIHeapHe perpecnje Ha OCHOBY
cnysajHor ysopka (z1,Y1),. .., (xn, Yn). Peannsaunja osor ysopka je
(1,91)5 -+ (Tn, Yn)-

Heka je = 6poj catu Bexxbarba aepobuka HepemsHo, a Y 6poj usrybrbeHux kunorpama
3a Bpeme ¢uTHec nporpama. HdobujeHn cy cnepefin nogaun

(1,05)  (207) (311) (413)  (516)
(1,08)  (2,065) (3,1.2)  (4129) (51.62)
(1,06)  (2,071)  (3,1.0) (4132) (51.64)
(15,0.7) (2510) (3510) (4512) (551.7)

.
-
- e
L] L]
E .-

I Hyx=a+Px e e .

. T

] H

g v

L]

T T T T T

1 2 3 4 5

Crnnka: 6DO1 N3FrVBIBHUX KNOrDaMa vV 3aBNCHOCTM oa 6pola 4acoBa aepobuka



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

MeTon HajMamux KBagpaTa

m Kako fobutm oueHy npaee? VY3nMaMo OHY KOjoj Cy Tauke rpaduka Hajbnmxe.
MepumMo BepTukanHa pacTojarba Tadaka of rpaduka, Tako3BaHe pe3upyasne

€ =Y; — (a —+ b:l?i),
a oueHa npaee 6uhe 3a oHO a 1 b 3a koje je 36up KBagpaTa pe3ngyana HajMarbu.

36up kBagpaTa obenexxaBamo ca

SSE = 262 = Z(y — (a+ bx))?




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

MeTon HajMamux KBagpaTa

BpegHocTu a n b 3a koje je 36up kBagpaTta pesungyana SSE HajMmarbun cy

p_ moTy—F
%2172—3_32
a=79y—bT

V Hawem cnydajy je T = 3.125, § = 1.0825, 3" zy = 77.66, 3 2 = 236.25, na
nobnjamo

b=0.25,a = 0.30,
Tj.
Ay |e = 0.30 4+ 0.25z
AKO »XeNnnMo Aa NpeaBUANMO KONMKO Ce Y NPOCeKy Kuiorpama nsrybn ako ce sexba

2.1 vac HegemHo, pobnjamo fiy o 1 = 0.30 +0.25 - 2.1 = 0.83. Tonuka 6u 6una
Hajbosba npoueHa rybnTtka TesiecHe TEXMHE N 33 KOHKPETHY 0coby.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

MeTon HajMamux KBagpaTa

OueHe HeMo3HaTVIX NapaMeTapa JUHEAPHE perpecuje o v 3 METOAOM HajMar ux
KBagparta cy

nYaY —-YazYY Li¥ay-zvy
nTa?—(Te)? | Lxa?-a?

B =

™
Il

m [NpepBubharbe nomohy perpecnoHe nMHMje BaXKnm CaMo Tamo rae cy nogauu, y
Hawem npumepy 3a z ndmely 1 n 5.5. VI3Ban oBor oncera, HeMaMoO €BUAEHL]Y
A2 je Be3a 1 Jasbe JIMHeapHa na Ce He CMe KOpPUCTMTKM, a ako Bbrucmo je
KopucTUAmM 4ecto 6ucmo fobunu becmucneHe unm Yak Hemoryhe BpegHoOCTH.

= MeTonom HajMarblx KBaApaTa y CTBapM TaukacTo ouewyjemo puy (unum Y) 3a
CBaKy BPefHOCT Zg. ANN 32 NHTEpPBaJIHE OLUeHe N TecTuparse Tpeba Ham Gosbn
MOJEN KOju nopef Cpeftbe BPeJHOCTN ONUCYje U OACTYNatba Of Hbe.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

[MpocT nuHeapHu perpecnoHn Mopaen

m [Mpetnoctaesbamo Aa je cpearba BPERHOCT Ly |, = & + BT; 3a CBAKO §

m Opctynare BpegHocTn Y; of o + Bx; Ha3MBaMO FPELLKOM perpecuje n
obenexasamo E;

m [peTnoctaBmaMo fa cBako E; MMa HOpPManHy pacnofeny ca CpefHom
spearowhy 0 n nekom ancnepamnjom o2 n ga cy meljycobHo HesasuCHuM

Cnuxa: [lpocTa nuHeapHa perpecuja

Hecbunnunja

TMpocT nuHeapHu perpecuioHn Mogen je
Y|$l = (a + ,Bxl) + E;,

rae cy E; nesasucHe ciyqajue npomenssuse ¢ Hopmantom N (0,02) pacnogenom.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

[MpocT nuHeapHu perpecnoHn Mopaen

m V13 mogena Y; 3aBucn op aee cteapu, o + SX, cpegre BpegHocTu, n E;,
HeobjalurbeHe rpeLuke

Mogen uma Tpu HenosHaTta napameTpa «, 3 n o>

a n B oueryjeMO METOAOM HajMarux KBagpata A n B

OueHa rpewke mogena F; y Taukn i je pesugyan e;

Ouena 323 o2 je

2 XY —(A+Ba)? _ SSE

n—2 n—2"



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

PauyHcke dopmyne

HedvHnwmnmo

Syy ="y~ 9) = M Y

Smr:Z(x—i)anzj$— Zaz

= _ npy.xry— _
Sey = Yo - By —p) = "D 5y g
Ha ocHoBy oBora gobujamo
B= 5w
S(L‘(l)

SSE = Sy, — BSay,

na MOXEMO NaKLUE N3PayvYyHaTM OLUEHE napamMeTapa.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> x.aerobik<-c(1,1,1,1.5,2,2,2,2.5,3,3,3,3.5,4,4,4,4.5,5,5,5,5.5)
> y.aerobik<-c(.5,.8,.6,.7,.7,.65,.71,1,1.1,1.2,1,1,1.3,1.29,1.32,
1.2,1.6,1.62,1.64,1.7)

> mod<-1m(y.aerobik~x.aerobik)

> summary (mod)

Call:
Im(formula = y.aerobik ~x.aerobik)

Residuals:
Min 1Q Median 3Q Max
-0.21960 -0.06795 0.02071 0.06113 0.24102

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) 0.31308 0.06190 5.058 8.19e-05 **x*
x.aerobik 0.24589 0.01801 13.653 6.16e-11 **x*

Signif. codes: O *¥x 0.001 *x 0.01 * 0.05 . 0.1 1

Residual standard error: 0.1152 on 18 degrees of freedom
Multiple R-squared: 0.9119, Adjusted R-squared: 0.907
F-statistic: 186.4 on 1 and 18 DF, p-value: 6.159e-11



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NnTepsan noseperva 3a iy,

2Kenumo pa 3a KOHKPETHO xo HaljeMo MHTepBan noeepersa 3a Cpefry BPefHOCT Y.

Teopema

Cny4ajHa npomMeHbuBa

["Y|:c0 — Ky |zg
s /1 (zg—%)2
g n + k)
rge je 6 = 4/ % uma CTygeHTOBy pacnogeny ¢ n — 2 cteneHa cnoboge.

100(1 — )% wuHTepsan nosepersa 3a iy |y, j€ TaAa

o ~ 1 o — )2 N 1 xo — T)2
(e = toysoy 5+ 5 g+t + S5 55),

rae je to o je speanoct CTygenTose pacnogene ¢ n — 2 cTeneHa cnoboge Tako 4a je
MOBPLINHA [ECHO Of He /2.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepera 3a iy

Zo

2XKennumo pa MHTEpBanHO OLEHMMO cpefrl H6poj n3rybrbeHnx Kuorpama npuankom
2.1 yacoea Bexxbarba HEAEIBHO.
M3 nopaTaka gobujamo Yz = 62.50, >y = 21.63, > xy = 77.66, T = 3.125,
St a? =236.25, > y? = 26.11, § = 1.0825, n = 20.
Pauynamo Syp = 40.94, Suy = 10.07, Syy = 2.72, b= 22 = 0.25, a = 0.30,
Hy|2.1 = 0.83.

- SSE
SSE = Syy — bSey = 0.20, 62 = 255 = 0.01
3a 95% uHTepBan noeepersa 3a kBaHTUN pacnogene Thg gobujamo to. o5 = 2.101, na
j& NHTepBan noeepema

1 (2.1-23.125)2 1 (2.1 -3.125)2
(0.83—2.101-0.1 L @I85 e a101-0.14) L + g)
20 40.94 20 40.94

= (0.773,0.887),

na sepyjemo c noseperbem of 95% pa je npoceqan 6poj n3rybsbeHMX KMNOrpamMa oHmMX

koju Bexxbajy 2.1 cat namehy 0.773 n 0.887.
> predict(mod,data.frame(x=2.1),interval="confidence")
fit lwr upr

1 0.8294595 0.7628636 0.8960555



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepBan nosepera 3a iy

Zo

AKO HanNpaBMMO MHTEPBANE NOBEPEH:A 3a CBAKY BPEAHOCT T A0BMjaMO T3B. Tpaky
noBEpPEeHA.

Cnnka: Tpaka noeepersa 3a Hy |z

Bugumo pa je Tpaka Hajyka 3a £ = Z, na HaM je Taja NPOLUEHA HajnpeLun3Huja.
> yy<-predict(mod,interval="confidence",
data.frame(x.aerobik=seq(1,6,length=51)))

> plot(x.aerobik,y.aerobik,pch=19,xlab="x", ylab="y")

> abline(mod)

> lines(seq(1,6,length=51),yy[,3],col="red")

> lines(seq(1,6,length=51),yy[,2],col="red")



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NHTepsan npepsuharsa 3a Y|z

Mennmo ga 3a KOHKpeTHO xo HafjeMo nHTepBan npegeuharba 3a BPeAHOCT CaydajHe
npoMeHs/bUBe Y y TOj Tauku.

Cny4ajHa npoMeH/bUBa

Y/'|x0 —Yl:L‘o
5y/1+ 1 + o2

rge je 6 = 4/ % uma CTygeHTOBy pacnogeny ¢ n — 2 cteneHa cnoboge.

100(1 — )% wunTepsan nosepera 3a Ky |y J€ TaAA

. 1 (w0 —%)2 . X 1 (zo—%)?
(Y|a:0—ta/2cr 1+;+57m,Y|xo+ta/20 1+;+ﬁ),

rae je to o je speanoct CTygenTose pacnogene ¢ n — 2 cTeneHa cnoboge Tako 4a je
MOBPLUNHA JECHO Of He /2.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

NuTepean npegsuhatba

Tpaxumo 95% nHtepsan npegeubarsa 3a 6poj usrybrseHnx kunorpama ocobe koja
HamepaBa Bex6atn 2.1 vac HepemHo. [obujamo nntepean (0.612,1.048), na eepyjemo
¢ nosepersem og 95% na he ocoba nsrybutn usmehy 0.612 n 1.048 kunorpama.

20

1.0 15

0.5

0.0

Cnuxa: Tpaka noeepersa 3a Y|z

Bugumo pa je nntepsan npegsufjarba y CBaKOj Ta4Ky WPV HEFO UHTEPBAJ MOBEPEHA

3a Cpefty BPeQHOCT.

> yy2<-predict(mod,interval="prediction",
data.frame(x.aerobik=seq(1,6,length=51)))

> lines(seq(1,6,length=51),yy2[,3],col="red")

> lines(seq(1,6,length=51),yy2[,2],col="red")



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTupatrbe XMnoTese o NapameTpuma perpecuje

m VKONMKO HUCMO CUTYPHU A2 JIN je JINHEAPHU MOZAEN NMPUMEH/bUB MOXXEMO TO Aa
TeCTUpamo

m TecTmpa ce HynTa xunoTesa
Hp: =0, 7). Y je ncTo 3a CBaKO T 1 perpecuoHn mMogen je HenotpebaH,
npoTue
Hy: B #0, Tj. NnHeapHn perpecnoHn MOAEN HaM je KOpUCTaH 3a npeasubarse
Y Ha ocHoBy

m Tecrt cTratucTuka je

B
To = g V Szz:

koja uma CrygeHTOoBY pacnogeny ¢ n — 2 crenena cioboge

B pP-BPeAHOCT TE€CTa padyHa C€ Ha UCTWN HAa4YNH Kao KOA CBaKOr ABOCTPaHOr Tecta



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTupatrbe XMnoTese o NapameTpuma perpecuje

TecTpamo fa An Ham je perpecroHn mMogen usrybrbeHe TexmHe y ofHOCY Ha 6poj
catu Bexbarba AOBOJBHO A06ap Aa MOXKEMO Aa Ha OCHOBY hera npegsufjamo 6poj
n3rybsbeHnx KMnorpama.

Nmamo pa je Spx =40.94, b=0.25, 6 = 0.1 n n = 20, na je to = %23,/40.94 = 16.
P-BPEAHOCT TECTa je OHAA jeAHaka Hynm, WTo 3Haqm ga ogbauyjemo Ho, na Ham je
NIVHEAPHN MOAEN KOPWUCTaH 3a npeasubarse

> summary (mod)

Coefficients:

Estimate Std.Error t value Pr(>[t])
(Intercept) 0.31308 0.06190 5.058 8.19e-05 *x*x
x.aerobik 0.24589 0.01801 13.653 6.16e-11 **x*

Signif. «codes: O *x%x 0.001 *% 0.01 * 0.05 . 0.1 1

Residual standard error: 0.1152 on 18 degrees of freedom
Multiple R-squared: 0.9119, Adjusted R-squared: 0.907
F-statistic: 186.4 on 1 and 18 DF, p-value: 6.159e-11



CraTtucrnka 3a

L Crarncruka

ayToMaTCKy aHanu3y nogaTtaka

Buwectpyka nuHeapHa perpecuja

MpocT nuHeapHy mMoAen 3acHMBA CE HA NPETNOCTAaBUM A3 BPEAHOCT Y 3aBucn
of jeAHE NPOMEH/bMBE T

Buiectpykn nuHeapHn mogen, Koju npeTnoctaesa Aa Y 3aBucy of BuLie
NPOMEH/BUBUX T1, L2, ..., Tp, J€

Y|z, = Bo+ Brx1 + - Bpp + Ei,

rae ce, 3a rpewke F;, KaO 1 paHunje, NpeTnocTaB/ba Aa Cy HE3aBUCHE U 4a UMajy
HOpMasiHe pacnogene ca cpearom BpeaHowhy 0 n nctom gucnepanjom o<.

Ha ocHosy ysopka (z11,...,Zp1, Y1), (T1n,. .., Tpn, Yn) OLEHYjEMO
napametpe o, ..., p METOAOM HajMarbVX KBaApaTa

BuwecTpyka nuHeapHa perpecmja HajnonynapHuju je MeToa y CTaTUCTUYKO]
aHann3n

Mopepn cTaHfapAHMX TAYKACTUX N MHTEPBAJIHX OLEHA, JEAHA Of HAjBAXKHUjUX
CTBapM y BULLECTPYKO]j perpecuju je n3bop moaena, Tj. oApeanTy Koje oA X
Tpeba ga noctoje y chopmynu perpecuje

MowTo Huje moryhie ga upTamMo BULLIEANMEH3NOHE NPOMEHIBUBE, MOPAMO 43
nobujemo oaroeop TecTrparbem; n3abepemMo HEKONMKO Z-eBa N TECTUPAMO
HYNTY XUMOTE3y fa Cy HUXOBM koedbuumnjeHTn [ jefgHaknm Hynu, n ako oabaunmo
OBy XuMnoTtesy, He Tpeba CBe Te NpoMeHbuBe N3baLUTK U3 Mogena



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Buwectpyka nuHeapHa perpecuja — npumep

m basa nogaTtaka o 6usbHUM BpcTama Ha apxunenary lananaroc

m Basa ce cactojn n3 30 pegoea koju CBakn npeCcTaB/ba NOAaATKE O je4HOM OCTpPBY

m [pomeHmuBe cy:

Species koja npeacTae/ba 6poj pa3nuYNTUX 6GUBHUX BPCTA HA OCTPBY
Endemics — 6poj eHaeMCKNX BpCTa Ha OCTPBY

Area — noBpwmHa ocTpsa

Elevation — HagMOpCKa BMCMHA HajBlMLUE TayKe OCTPBa

Nearest — pacTtojarbe of HajbavKer CycegHOr oCTpea

Scruz, pactojare op octpea CanTta Kpys

Adjacent — noeplHa CyceaHOr oCTpBa

m [pomeHmuBy Species y3ehemo 3a 3aBUCHy, a nocnefmux 5 kao noTeHumjanHe
npeankTope (He3aBUCHE NPOMEHJBBE)

> library(faraway)
> data(gala)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Buwectpyka nuHeapHa perpecuja — npumep

] MOAEJ'I Cca CBUM NPOMEH/bUBNM

> model <- Im(Species ~ Area + Elevation + Nearest + Scruz + Adjacent, data=gala)
> summary (model)

Call:

Im(formula = Species ~ Area + Elevation + Nearest + Scruz + Adjacent,
data = gala)

Residuals:

Min 1Q Median 3Q Max
-111.679 -34.898 -7.862 33.460 182.584

Coefficients:
Estimate Std. Error t value Pr(>[tl)
(Intercept) 7.068221 19.154198 0.369 0.715351
Area -0.023938 0.022422 -1.068 0.296318
Elevation 0.319465 0.053663 5.953 3.82e-06 **¥x*
Nearest 0.009144 1.054136 0.009 0.993151
Scruz -0.240524 0.215402 -1.117 0.275208
0.017700 -4.226 0.000297 *x**

Adjacent -0.074805
Signif. codes: O **x 0.001 ** 0.01 * 0.05 . 0.1 1
Residual standard error: 60.98 on 24 degrees of freedom

Multiple R-squared: 0.7658, Adjusted R-squared: 0.7171
F-statistic: 15.7 on 5 and 24 DF, p-value: 6.838e-07



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Tymayere KoedumjeHaTa

E VY nNpocTOM JIMHEapHOM MoAesy KoedbUuLujeHT y3 x
npeacTaB/bao je Harmb npase

m YV BULIECTPYKOM JIMHEAPHOM MOZENY MOjefUHAYHU
koedbnUnjeHTN Tymade ce Ha cneaefin HaunH: koeduumnjeHT [3;
y3 T; NpeACTaBs/ba 3a KOAMKO ce nosehasa 1y Kapa ce x;j
noeefa 3a 1, a ocTann T-€BW OCTaHy HEMPOMEHEHU

m [Ipobnem je WTO ce 4ecTo MerarbeM jeHOT T Y Npakcu

MeHsajy U ApYru, Tj. NPeAuKTOPM HUCY Y OMLITEM CAyYajy
HEe3aBUCHU



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

HwnjarHocTuka momena

[NMpoeepaBamo fa v Cy NPeTnocTaBke Mogena ucnymene. Mmamo
TPU NPEeTNOCTaBKe KOje Ce OfHOCE Ha rpeLlke MoAena:

m HOpMaJHa pacnogena rpewaka F; — nposepasamo
QQ-aujarpamom peszugyana
B jefHaka aucnepsuja 3a ceako F; — npoeepaBamo rpaukom

TaykacTyx OUeHa ; 1 pe3ngyana e;

B He3aBNCHOCT rpewaka F; — npoBepaBa Ce 3aBUCHOCT CyCeLHUX
pesugyana (0BO UMa cMUCNa ako Cy Y; faTu HEKUM
pefoCcnefioM, HNpP. BPEMEHCKM CEAE jefaH Apyror)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

QQ-aumjarpam

m QQ-gujarpam cnyxmn fa ce UCNnTa Aa M Ce 33 HEKU y30pak
MOXKE CMaTpaTu Aa je N3 HOpMaJHe pacnogene

®m Ha oBom gujarpamy Ha T-0CW Hanase Ce TEOPUJCKN KBaHTUIN
CTaHfaphHe HOpMaJslHe pacnogese, a Ha Y-OCK Y30payKu
KBaHTWAN

B KopuncTtun ce 4ntbeHnua Aa je CBaka HOPMaJHa Ciy4ajHa
MPOMEH/bMBA JIMHEAPHA (PyHKLM]ja CTaHAapAHE HOpPMaJHe, na
U KBAHTWUAN CNYyYajHOr y30pKa Ce NpeTnocTas/ba fa Hefie
MHOMO OACTYNaTu 0f npase

B VKOAMKO Tayke gujarpama He OACTynajy MHOIO Of MpaBe,

MO>XeMO CMaTpaTh Aa je pacnofena HOPMAaJiHa, Y CYNPOTHOM
HE MOXKEMO



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

QQ-aumjarpam

Normal Q- Plot Normal @-Q Plot

‘Sampe Quantles

Theorelcal Cuantias Thearetcal Quantlas

Cnuka: HOpManHa pacnofena rpewlaka Cnuka: HECMMETPUYHaA pacnojena

Normal Q-Q Plot Normal Q-Q Plot

‘Sampls Quaniiss
00 02 04 05 08 10
Sample Quantles

Theoretcal Quantios Theoretcal Quantles

Cnuka: OFPAaHNYEHA CUMETPUYHA Cnuka: CUMETPUYHA pacnogena “gebennx
pacnogena penoea”

H aKO je Aujarpam Kao Ha rpadouumma NeBO, MOXXEMO KOPUCTUTN JNHEAPHN MOZEN

B aKO je Aujarpam Kao rope JecHO, NMpenopy4dyje ce TpaHcpopMaumja KBAAPaTHUM
KOPEHOM WAV IOrapuTMOM

H aKO je AujarpamM Kao foNie [ECHO, HE MOXXEeMO KOPUCTUTMN JINHEAPHN Mogen



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

HwnjarHocTuka momena

Normal Q-Q Plot
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Theoretical Quantiles Fitted

Cnnka: QQ-anjarpam pesugyana Cnuxa: rpacprK TavyacTux oLeHa 1 pesmayana

> qqnorm(residuals(model) ,ylab="Residuals")
> qqline(residuals(model))
> plot(fitted(model), residuals(model),xlab="Fitted",ylab="Residuals")

m O6a pmnjarpama Ham roBope Aa Halle NPeTnoCTaBKe HUCY NOLLE, ann MOXEMO
npobaTtu ga nobosbwamo Mogen TpaHCcopMaumjom



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

HwnjarHocTuka momena

Mogen nocne tpaHccopmauuje KBagPaTHUM KOPEHOM

Square root Response
Square root Response
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; Cnuxa: FpacdOyK TA4KaCTVIX OLEHA 1
Crnxa: QQ-gumjarpam pesugyana nua: rpac u

pesugyana

model.koren <- 1lm(sqrt(Species) ~Area + Elevation + Scruz + Nearest +
Adjacent, gala)

m MoxxemMo BMAeTN Aa Cy capa npernocraeke 6osbe 3a40BObEHE, MeRYTUM HOBM
Mogen je obr4HO TeXxu 3a MHTepnpeTauujy



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

N360p mopena

m Llnmb Ham je gofin po wTo jegHocTasHmjer mogena (Tj. ca wTo
Makse NPOMEHIBUBMX) KOju je jefHako fobap kao n mMogen ca
CBUM NpeguKTOopuma

m Hajuyewhe kpeHemo og mogena ca CBUM MOTEHUMJANHUM
npegukTopuMa na nsbauyjemo jeaaH no jefad

m M3baunearbe jegHor npepnkTopa Mersa Mogen (BpeaHocTm
KOE(ULMJEHATA N HUXOBY 3HAYAJHOCT), TAKO A C& MOXE
JOroAMTU [a NPefuKTop Koju Huje Bro 3HavajaH y Wwnpem
mogeny caga To byae, n obpHyTo

m 3a ynopefjnearse gBa mogena kopuctumo Puepos F-tect



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Vnopehuneare Mmogena

m Mogen ¢ npeguktopuma Elevation n Adjacent

model2 <- Im(Species ~ Elevation + Adjacent, data=gala)
> summary (model2)

Call:
Im(formula = Species ~ Elevation + Adjacent, data = gala)

Residuals:
Min 1Q Median 3Q Max
-103.41 -34.33 -11.43 22.57 203.65

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) 1.43287 15.02469 0.095 0.924727
Elevation 0.27657 0.03176 8.707 2.53e-09 *x*x
Adjacent -0.06889 0.01549 -4.447 0.000134 *x*x*

Signif. codes: 0 **x* 0.001 ** 0.01 * 0.05 . 0.1 1
Residual standard error: 60.86 on 27 degrees of freedom

Multiple R-squared: 0.7376, Adjusted R-squared: 0.7181
F-statistic: 37.94 on 2 and 27 DF, p-value: 1.434e-08



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

®uwepor F-TecT 3a ynopehusarbe Mogena

Mmamo pBa mogena: mogen A koju yksbyliyje p HE3aBUCHMX NPOMEHIBUBMX, I MOAEN
B koju ykibydyje g of oBUX p, TAe je ¢ < p. TeCTMpamo HynTy xunoTesy fa cy oba
mogena jeanako gobpa, 7j. Ho : B4+1 =0,...,0p = 0 npoTns antepHatuee ja je
mogena A 6osmn, Tj. Aa je Makap jefaH KOeUUNjEHT Pa3anyunT Of Hyne.

Heka cy SSE4 n SSEp pegom 36uposu kBagpaTta rpewaka oba mogena. Tapa Tect
cTaTnCTNKa

SSEp —SSE4 p—gq
Fy = .
SSE 4 n—p

nog HynTom xunoTtezom uma Puweposy pacnogeny C napaMmeTpuma vy =p —q 1
Vg =n—p.

P-BPEAHOCT TECTA je MOBPLUMHA AECHO of BpegHocTu fo kojy Fy y3me y y30pky.
Hanomena: Ako je ¢ =0, onpa je SSEp = Syy n xunoTesa ce ceoan Ha TO fa Cy CBK

koecbumjeHT B jepHak Hynu, ORHOCHO Aa je BUNo Kakae NUHEAPHU MOAen

notpebaH.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

®uwepor F-TecT 3a ynopehusarbe Mogena

B VYnopehyjeMo Moaen ca CBUM NpeAnKTOpPMMa N MOAEN € NpeAnKToOpuMa
Elevation n Adjacent

> anova(model,model2)
Analysis of Variance Table

Model 1: Species ~ Area + Elevation + Nearest + Scruz + Adjacent
Model 2: Species ~ Elevation + Adjacent

Res.Df RSS Df Sum of Sq F Pr(>F)
1 24 89231
2 27 100003 -3 -10772 0.9657 0.425

m Bugnmo ga je p-BpegHocT Benuka na cMaTpamo Aa Cy MOAEaN jeAHako zobpu, a
nowTo je ApYrn MOAEeN jefHOCTaBHMju onpeaennheMo ce 3a mera

m [lpyru HauuH ynopehusama je koecdbuuujeHT aeTepMuHauuje R2: suanmo pa ce
KOA OBMX MOAEJIa HE3HATHO Passinkyje

m V HeKMM Cly4ajeBuMa UHCMCTUPAMO a HEKU NPEAMKTOPU OCTaHy y Mogeny
(36or nakiie nHTepnperaumje, OJHOCHO 3Hatba N3 KOHKPETHE CTPYKeE)



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

m [lpoctn mogenn — Adjacent n Elevation

Call:
Im(formula = Species ~ Adjacent, data = gala)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 84.32743 22.27411 3.786 0.000744 **x
Adjacent 0.00347 0.02505 0.139 0.890831

Residual standard error: 116.6 on 28 degrees of freedom
Multiple R-squared: 0.0006847, Adjusted R-squared: -0.03501
F-statistic: 0.01918 on 1 and 28 DF, p-value: 0.8908

Call:
Im(formula = Species ~ Elevation, data = gala)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 11.33511  19.20529 0.590 0.56
Elevation 0.20079 0.03465 5.795 3.18e-06 *¥x*
Residual standard error: 78.66 on 28 degrees of freedom
Multiple R-squared: 0.5454, Adjusted R-squared: 0.5291
F-statistic: 33.59 on 1 and 28 DF, p-value: 3.177e-06

Ha ocHoBy koedmuujeHTa geTepMuHaumnje BUAUMO A2 j€ NMPBN MOAEN NOTMYHO
6ecMucneH, a agpyrm gocTa nowujn Hero Kaga umamo oba npeaukrtopa. Ynopehusarse
F-TecToMm ce cBOAM HA TeCTUpare Aa je jeaaH KoebuunjeHT jegHaK Hymu.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

m [pocT mopen — Area

Call:
Im(formula = Species ~ Area, data = gala)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 63.78286  17.52442  3.640 0.001094 **
Area 0.08196 0.01971  4.158 0.000275 **x*
Residual standard error: 91.73 on 28 degrees of freedom
Multiple R-squared: 0.3817, Adjusted R-squared: 0.3596
F-statistic: 17.29 on 1 and 28 DF, p-value: 0.0002748

Buaumo pa je npeguktop Area y npocToM mofeny 3Ha4ajaH. MebhyTtnm, ako ra
AO0JAaMO Ha Haw mogen ¢ npeauktopuma Elevation n Adjacent, He gobujamo
3Ha4ajHo 6osbu mMopen.

> model3 <- 1m(Species ~ Area + Elevation + Adjacent, data=gala)
> anova(model3,model2)
Analysis of Variance Table

Model 1: Species ~ Area + Elevation + Adjacent
Model 2: Species ~ Elevation + Adjacent
Res.Df RSS Df Sum of Sq F Pr(>F)
1 26 96776
2 27 100003 -1 -3227.3 0.8671 0.3603



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopenauuja

=V perpecmoHoj aHain3u nocMaTpasy CMO BE3Y NPOMEH/bUBE T N CPeaHbe
BPEAHOCTN Ly |, CNy4ajHE NPOMeHbMBE Y

= VY kopenauumoHoj aHanusn, n X un Y Cy ciydajHe npoMeH/bUBeE

m llcnntyjemo noctoju nu nuHeapHa Be3a Mehy rbrMa, Tj. Aa An BaXKn

Y =a+pX

JeduHuuuja

Heka cy X n'Y cny4ajHe npoMeH/buBe Ca CPERHUM BPEJHOCTAMA [LX U [y .
Kosapujaumja namehy X n'Y je

Cov(X,Y) = E(X — px)(Y — py).

m KoBapujaumja onucyje Ha koju HadunH ce X 1 Y MCTOBPEMEHO OACTYMNajy Of
CBOJUX CPefHNX BPEfHOCTN

= Ako cy Benuke BpegHocT X kag cy seauke spegHoctn Y, Cov(X,Y) > 0

m Axko cy Benuke BpegHocTn X kap cy mane speaHoctun Y, Cov(X,Y) <0

m Ako Cy Benuke BpegHoCTV X noAjesHako NoBe3aHe v C BEAVKUM 1 C MaJIiM
spegHoctuma Y, Cov(X,Y) =0



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopenauuja

KoBapunjaunjy oLeryjeMo y30padykoM KOBapujaLmjom

covx,v) = =& _nX_)(ly s S

NcnuTyje ce Be3a namely rojazHOCTV N KPBHOM MPUTUCKA KOZ CPedOBEYHHUNX
mylwkapaua. Jobujenn cy nogaun (X,Y) rae je X Buwak kunorpama, a Y ropru
KPBHIN MpUTHACaK

(5,115) (20,128) (15,120) (10,118) (25,130) (28,135)

Nmamo pa je Y x =103, >y = 746, > xy = 13145, na je Syy = 338.67, a
Cov(X,Y) = Sz — 67.734.

MowTo je KOoBapujaumja NO3MTUBHA, 3aKbydyjemMo ga je Behin cTeneH rojasHocTu y
BE3U C BULIMM KPBHUM MPUTNCKOM.

> visak<-c(5,20,15,10,25,28)

> pritisak<-c(115,128,120,118,130,135)

> cov(visak,pritisak)

67.73333

m Meljytum, koBapnjaumja Ham He Mepu jaynHy Te BE3e N HEHY BPEAHOCT He
MOXKEMO N1aKO TyMaqnTu



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka
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Kopenauuja
Hecbunnynja
Heka cy X n'Y cayvajue npomeH/bBe ca CPERHUM BPEAHOCTAMA [LX U Ly, U
2 2

Aucnepsnjama o u oy,. [lupcoHos koedmumjent kopenauvje usmehy roux
AecbnHnweMo Kao

Cov(X,Y
_ Cov(x.)

2 2
Ix0%y

Heka cy a n B # 0 peannu 6pojesn. Jluneaprna seza X n'Y nocroju, 7§. ¥ = a+ X
ako u camo ako je p =1 vam p = —1.

B p =1 — nocToju caBpLUeHa NMHEApPHA Be3a C MO3UTMBHOM KOpenauujom
B p = —1— nocToju caeplUeHa NHeapHa Be3a C HEraTMBHOM KOpenaLujom

B p =0 — cny4yajHe NpOMeH/bMBE CYy HEKOpenMcaHe, Na ako nocToju Besa mehy
Bb1Ma, OHa HNKAKO HVIje JINHE€ApPHa



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopenauuja

Yo aspX
\\
e T
/// e Y-atpx
.
—
T~
Crnka: P = 1 Canka: p = —1
¢ . FEECI I .

. ¢ * :

Cruka: p =0 Cruka: p =0



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopenauuja

MupcoHoB koednumjeHT oueryje ce y30padknM KOeddULNjEHTOM KOpeauuje.

HedunHnynja

V3opauku koepuumjeHT Kopenayuje R gechuHuniie ce Kao

R— Sea _ nY. XY —>z> vy
VSzeSyy  V/(n X X2 = (X 2)2)(n Y2~ (X y)?)

m BpegHoctu R 6nucke 1 (Behie o 0.75) unn -1 (marse of -0.75) cmatpamo
BObpOM inHeapHOM Be30OM

m BpegHoctn R n3smely 0.5 n 0.75, ogHocHo, -0.75 n -0.5, cmatpamo ocpegrom
JINHEAPHOM BE30M

m Ocrane BpegHoctn R cMaTpamo ciabom nmHeapHOM BE30M



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopenauuja

Kop ucnutmearba Be3e rojasHoCTU 1 KPBHOT npuTucka nmamo y_ x = 103, >y = 746,
Say = 13145, 3 22 = 2159, 3" 4% = 93058, na je

6-13145 — 103 - 746 — 0.98
\/(6 <2159 — 1032)(6 - 93058 — 7462)
BpegHocT 7 je 6in3y 1 na nocToju CHa)kHa NO3WTMBHA JiHeapHa Be3a X n Y, wro
BUAUMO N HA rpachuky.

CHa>KHa NMHeapHa Be3a He 3HA4M Ja rojasHoCT Y3poKyje BMCOK KpBHM npuTucak, seh
je moryhe ga noctoju Tpehn 3ajegHNYKN Y3POHHUK.

i
115 120 125 130 135
L

Cnuxa: KpBHUM npuTucak (Y) y ogHocy Ha Buwak kunorpama (X)

> cor(visak,pritisak)
0.9803689



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Besa perpecuje n kopenauuje

m V30paudkn koedunumjeHT Kopenaunje R y TECHOj je Be3n C Harmbom perpecmone
npaese B

VS
B=Y"YpR
SCEIE
m 3Hak koecdumumjeHTa kopenaunje oapehyje Ham 1 3Hak Harnba perpecuje: Kaga
je R > 0, perpecrioHa npaBa pacTe Kako pacTe z, a kaga je R < 0 onaga; kaga
je R =0, Harnb je Takohe jefHaK HYNM Na PErpecMoHn MOAEN Huje NPUMeHSbUB

m Takobe, R je y TecHoj Be3u n ca 36upom kBagpaTa rpewaka SSE

Syy —SSE
Syy '

m Kako je Syy ykynHo oactynawe Y, a SSE opcTynare HacTano ycnep,
Heobjawene rpewke, R? Ham je npoueHat o6jalurbeHOr OACTYNarba PerpecioHom

JINHNjOM.
m R? HasuBamo koedpuLMjeHTOM AeTepMmuHaLmje.

R? =

V Hallem npumepy o aepobuky r = 0.95, na je 2 = 0.90. 3Haun ga je 90%
OACTYNara KOjU JbYAM MMAjy Y ryGUTKY KUJIOrpamMa npuankom puTHeC nporpama
objawrseno Bpojem vacosa aepobuka, wTo je ognndo. Octanux 10% He 3Hamo pa
06jacHMMO, a HaW MOAEN MX CMATPa CJy4ajHOM FPELUKOM.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Besa perpecuje n kopenauuje

> cor(gala)

Species
Endemics
Area
Elevation
Nearest
Scruz
Adjacent

1
0
0
0.
-0
-0
0.

Species

.00000000
.97087652
.61784307

73848666

.01409407
.17114244

02616635

oo oo oroOo

Endemics
970876516
000000000
616979087
792904369
005994286
154264319
082658026

oo oor oo

Area
6178431
6169791
0000000
7537349
1111032
1007849
1800376

o~ ooo

o o

Elevation
73848666
.79290437
. 75373492
00000000
.01107698
.01543829
.53645782

oOorOoOOOOo

Nearest

.014094067
.005994286
.111103196
.011076984
.000000000
.615410357
.116247885

oo oo

o= o

Scruz

.17114244
.15426432
.10078493

01543829
61541036
00000000
05166066

= OOO0O0OoOo

Adjacent
02616635
08265803
18003759
53645782
11624788
05166066
00000000



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

KaTeropunyku nogauu

m [loHekafn npoy4aBamo CnyvajHe MPOMEH/LMBE KOje HE Y31Majy BPeAHOCTN KOje
ce NpUpoaHO M3paxkaeajy 6pojem (v ysumajy manu 6poj pasnuamtnx
BpefHOCTM). V TaKBUM CNy4ajeBUMA HE MOXEMO NCINTMBATN HUXOBY
NOBE3aHOCT KoedbULIMjeHTOM Kopenauumje.

m TakBe MPOMEHSbNBE HA3MBAMO KAaTEropMyKUM NPoMeHBUBMM (nnmn pakTopuma)
a HbUIXOBE BPEAHOCTU Cy KaTeropuje

m [pumepn cy non (ABe KaTeropumje: MyLUKUN 1 XXEHCKM), Aa i je ocoba nywwad
(nBe kaTeropuje: fa nnm He), roguiirbe foba (HeTupn KaTeropuje), UTh,.

m AKO Npoy4aBamoO NMOBE3aHOCT ABe KaTeropu4ke npomenssuee X n Y Koje nmajy
r 1 k KaTeropuja, oHAA LEO Y30paK MOXEMO NOAENUTN y r - k KaTeropmja un
HanpaeuTn Tabeny kouTureHuuwje. Hajnpe hemo npoy4ntn tabene
KOHTUreHuumje 2 X 2.

X
Y KaTeropuja x1 | KaTeropumja xa
kaTeropuja yi T1 N Y1 T2 N Y1
KaTeropuja y2 1 M Y2 T2 N Y2




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Tabene KoHTUreHUMje 2 X 2

Mcnutyje ce Be3a paka nnyha n nsnoxxeHoctun asbecty. CnyyajHe npomeHsbrBe aa
Heko MMa pak nayha u ga je nsnoxxeH asbecty, nmajy no gse kateropuje: JA n HE.
EnemeHnTe y30pka knacucpukyjemo y qetupu kateropuje (AA,AJA), (OAHE), (HE,JA)
u (HE,HE) n y Tabeny ynucyjemo konmko je enemenaTa y3opka y ogrosapajyhioj

KaTeropmju.
n3noxeH asbecty
nMma pak nayha Aa He
Ad ni1 n12 Nle = N11 + N12
He n21 n22 N2e = N21 + N22
Nel =MN11 +N21 | Ne2 =MN12 +N22 | N

Heka je ncnutano 5000 ocoba og kojux 50 nma pak nayha. Og wux je 10 6uno
n3noxeHo asbecty. VkynHo je, og 5000 ocoba, 500 6uno nsnoxeHo asbecty.
Hobujamo Tabeny:

N3noxeH azbecty

nma pak nayha Aa He
aa ni1 = 10 nig = 40 Nie = 50
He n1 = 490 noo = 4460 Noe — 4950
ne1 = 500 | ne2 = 4500 | n = 5000




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecTuparbe Be3e nsmehy ABe KaTeropnike NpoMeH/bUBE

Paznukyjemo gea cny4aja

m TeCT HE3aBNCHOCTM: NCNNTYJEMO Aa NN CYy HEKE [Be C/yqajHe NPOMEHIbrBE
HE3aBMCHe — M3BNAaYMMO y30pak obuma n 1 CBaku eNemMeHT CBPCTaBamo y
ogroeapajyhe kaTteropuje, 6e3 npeTxogHOr 3Hara KoNKO fie nx y kojoj
KaTeropuju 6utn.

m TeCcT XOMOreHOCTU: WCNNTYjeMO Aa nun je kog obe kaTeropuje cnydajHe
npomensbnee X NOAjefHAKO 3aCTyrnasbeHa CBAaKa Of KaTeropuja Ciay4vajHe
npomeHsbnBe Y — M3BAA4YMMO y30pak obuMa nie 1 noe N3 CBake KaTteropuje
3a X (yKynHo n), a 3aTum nx CBPCTaBamo y kateropuje 3a Y.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT He3aBUCHOCTM

] Hy.nTa N anTepHaTnBHa XUNoTesa Cy

Ho: X n'Y cy HesaBucHe; Hi: X n Y Hucy HesaBucHe
m Vlgeja TecTa je ga ynopeaun cTBapHu 6poj enemMeHaTa y30pKa y CBaKoOj
KaTeropuju ¢ o4ekusaHuMm 6pojem enemeHata kaga 6u X n Y 6une HesaBucCHe.
m OuerseHn 6poj enemeHaTa y i-TOM peay N j-TOj KOMOHM je
Nie * Nej

EAi': )
J n

APYrvM peqnmMa, OH je jegHak npouseogy 36upa BpegHoCcTh i-Te BpCTE 1 36upa
BPEAHOCTN J-T€ KOJIOHE NOAesbeH C YyKYNHUM 36upom.

m TecT cTaTuCTMKA je

= ¥ (Eij —mnij)*
no CBMM NosbuMa El]

Cratnctnka X2 nma x2 pacnogeny ¢ jeanum ctenenom cnobope.

B P-BPEAHOCT TeCTa padyHaMo Kao MOBPLUVIHY AECHO Of ng BPeAHOCTN KOjy je
CTaTNCTNKA Xg y3ena y y3opky.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT He3aBUCHOCTM

- 50 - 500 - 50 - 4500
FEi1 = =5 Fio=——=45
5000 5000
. 4950 - 500 - 4950 - 4500
E21 = — = 495, E22 = = 4455
5000 5000
n3noxxeH asbecty
nma pak nnyha fa He
na 10 (5) 40 (45) 50
He 490 (495) | 4460 (4455) | 4950
500 4500 5000
Ei; —ni)2  (5—10)2 (45 —40)2 (495 — 490)2
B= 3 (Fij —nig)® _ ( I ) )
no CBNM nNobmMma EZ] 5 45 495

4455 — 4460)2

(455 — 4460)° _ 5 ;.
4455

Ha ocHosy X% pacnogene eugumo gobmjamo ga je p-spegHoct tecta 0.02. lMowrTo je

OBa p-BPEAHOCT Mana, 3ak/by4dyjemMo fa nocToju Besa namely nsnoxxeHoctu asbecty n

paka nnyha.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

n3noxeH asbecty

nma pak nnyha Aa He
aa 10 (5) 40 (45) 50
He 490 (495) | 4460 (4455) | 4950
500 4500 5000

Kaksa nosesanocT je y nutamy? Og 500 sbyan koju Cy n3snoxeHo asbecty, o4ekneann
cmo ga 5 nma pak nayha. V y3opky cmo gobunm ga nx je 10, Tj. gynno suwe, na je
pak nnyhia vewhn kog OHUX KOjU CY U3NOXKEHUN a3becTy.

m [loBOosbHO je 6110 n3padyHaTn CamMo jefHY Of OYEKVBAHVX BPELHOCTUW, HAP En.
Ocrane ce mory gobutu n3 ycnoea ga 36npoem no pefoBMMa U KONOHAMa
Mopajy bnTun jegHakn BPefHOCTMMA HA MapruHama. 1o je MoBe3aHO C TUM LWTO
X2 pacnogena uma 1 cTenen cnoboge.

m OBe TeCcTOBE MOXXEMO NpuMernBaTN Kaga je n sBenuko. O6uyHo ce yauma ga je
1 AOBO/LHO BEIMKO AaKO Aa je CBako F;; > 5. VY CynpoTHOM Cy p-BpeAHOCTU

HenpeunsHe.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT xomoreHocTn

m Pasnuka je Ta WwWTO Ce BpeaHOCTU Ha jefHOj MapruHu crkcmpajy, Tj. y3opak
AeNMMO Y fBe rpyne (npema jefHO] KaTeropuykoj NpoOMEeH/bNBOj) yHanpes,
ogpeheHe Benn4nHe

m Hynrta xunoTesa je ga nctu npoueHaT enemeHaTa nma oapeheHo ceojcTeo
(npyra kaTeropudka npomenssnea) y obe rpyne, Tj. Ho: pi1 = p21, a
afnTepHaTMBHA je Aa je Taj npoueHaT pasanyut Hi: pi1 # p21

m TeCT CTaTUCTMKa 1 padyHarbe P-BPEfHOCTH je NAEHTUYHO KAo KOA TecTa
HE3aBMCHOCTN



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT xomoreHocTn

Mcnutyje ce ga nu je npoLeHaT OHMX KOjuU HUCY MpeXXBenu onepauunjy uctu y ase
BpCTe BOMHNLA: OHUM MpPU NCTPAKUBAYKNM UHCTUTYTMMA U CTaHAApAHUMA. V3eT je
y3opak og 139 nauwmjeHata us ncrpaxkusadknx n 528 us crangapaHux (ykynHo 667).

NpeXXuBesny onepaunjy
BpcTa bonHuue | He na
ncTpa>kmeadka | 32 107 139 (yHanpep oppeheHo)
cTaHpgapgHa 62 466 528 (yHanpep oapeheHo)
94 573 667

PauyHarbem El-j pobujamo

NpexXuBeny onepauujy
BpcTa 6onHuLe He Aa
uctpaxkusadka | 32 (19.6) | 107 (119.4) | 139
CTaHfappaHa 62 (74.4) | 466 (453.6) | 528
94 573 667

BpepHocT TecT cratucrtuke je X% = 11.54, na je p-spegHocT Tecta 0.0006 n
3aKJbyHYJeMO Aa NPOLEHAT OHUX KOjU HUCY npexmsenn Huje nctu. V13 Tabene Bugnmo

Aa je Taj npoueHaT Befin y uctpakneadknm GonHuuama.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Tabene koHTUreHUMje r X k

m [petnoctaBumo ga X uma r kaTteropuja, a Y uma k kateropuja. Taga je
Tabena KoHTUreHyumje

Y
X 1 2 cee k
1 ni1 Nn12 . Nig | Nile
2 N1 M22 - Nog | N2e
T Nyl Nr2 co Nk Nre
Nel Ne2 e Nek n

[ ] Hy.nTe N anTEPHATUBHE XNNOTE3€ TECTOBA HE3ABUCHOCTN N XOMOIreHOCTIN OCTajy
ncre

B TecT CTaTnNCTMKa je NOHOBO

-y Guom)l

no CBUM NosbumMa

a caga uma x? pacnogeny c v cTenenn cnoboge rae je v = (r — 1)(k — 1).
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L Crarncruka

TecT xomoreHocTu y cnyyajy r X k

McnuTtyje ce noBe3aHOCT Ympa Ha ABAaHAECTOMNANAYHOM LPEBY U KPBHE rpyne
naumjeHTa. Pannja nctpa>knearba ykasyjy Ha TO Aa noctoju Be3a usmely KpBHE rpyne
O n nojaee oBe BpcTe 4Yupa. Y3er je ysopak of 1301 nauymjeHTa koju nmajy 4up un
6313 koHTponHe ocobe n ofpeljeHa um je kpBHa rpyna.

PaquaMO O4€KNBAHE BPEAHOCTM Yy NO/bNMA, HNP.

__ NleMe1 __ 1301-3590 __
By = Mienel — 15013590 — 613 49

KpPBHa rpyna
[©) A B AB
nauujerT 698 (613.42) 472 (529.18) 102 (114.82) 29 (43.57) 1301 (cpurcro)
xonTponta | 2892 (2976.58) | 2625 (2567.82) | 570 (557.18) | 226 (211.43) | 6313 (cpurcro)
3590 3007 672 255 7614

BpegHocT TeCT cTaTucTuke je

(613.42 — 698)2 (211.43 — 226)2

) =29.12,
613.42 211.43

2
Xo =

na Ha ocHoey x? pacnogene ¢ (r — 1)(k — 1) = 3 cTenena cnoboge BUAMMO A2 je
P-BPEAHOCT TECTa Makba jeAHaKa HyNn, Te 3aK/by4dyjeMO Aa MOCTOju NOBE3aHOCT.
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L Crarncruka

TecT xomoreHocTu y cnyyajy r X k

KpBHa rpyna
[©) AB
naumjent 698 (613.42) 472 (529.18) 102 (114.82) 29 (43.57) 1301 (cukcro)
xonTponHa | 2892 (2976.58) | 2625 (2567.82) | 570 (557.18) | 226 (211.43) | 6313 (cpurcro)
3590 3007 672 255 7614

m KakBa je nosesaHocT y nutamwy? /13 Tabene sngumo ga je 3a O kpBHY rpyny
cTeapHu 6poj naumjenata sehn of oueknBaHOr, a 3a ocrase maru. Kako je
TECT yKa3ao fa NoBe3aHOCT MOCTOju, OHAA je OHA Y CKJIAAy C MPeTXOAHNM
NCTPaXknBarMMa, Aa je oBa BpCTa ympa dewha kog /mwyan ¢ O KPpBHOM TpymnoMm.

m Buno je goeomHo Hafin oveknsane BpegHocTn y 3 noma (Hnp. Eq1, E12 u Eq3,
ocTase ce n3padyHaBajy Ha ocHoBy 36upoea. To je y cknagy ¢ 3 cTeneHa
cnoboge x2 pacnogene TecT CTaTUCTUKe.

m 1 oBge je TecT npeum3aH camMo 3a BeNuKe y30pKe, a n CMaTpaMoO JOBOJLHO
BENKUM, aKO HN Y jeAHOM NOJbY OYeKnBaHM 6poj Huje Maru of 1 n y bapem
80% nosba Huje marsn og 5.
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L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> tabela <- matrix(c(698,472,102,29,2892,2625,570,226), nrow=2, byrow=TRUE)
> colnames(tabela) <- c("O","A","B","AB")
> rownames (tabela) <- c("Pacijenti","Kontrolna grupa')

> tabela

0 A B AB
Pacijenti 698 472 102 29
Kontrolna grupa 2892 2625 570 226
> chisq.test(tabela)

Pearson’s Chi-squared test

data: tabela
X-squared = 29.122, df = 3, p-value = 2.111e-06
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L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

m YonwTere T-TecTa 3a ynopehuparbe cpefrse BpeAHOCTM ABE nonynaumje

m /Imamo Tpu wan Buwe rpyna (nonynaumja) nav AenaMMo nonynauujy Ha Tpu uau
BULUE rpyna

m TecTmpamo fa num nocToju pasnnka Mehy CpefrnUM BpeaHOCTMMA rpyna
m VYonwTere HesaeucHor T-Tecta — jepHodakTOpCKa AMCNEP3NOHA aHanun3a

m YonuwTere cnapeHor T-teCTa — paHAOMU3MPaHU KOMNNeTHU 610K gusajH
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L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

m /lmamo k nonynaumja Ha kojuma npoydaBamo ucto obenexje. Vssnade ce
y3opumn obuma ni, na, ..., ni. CBakoj rpynu gaje ce ucTm TpetmaH. TecTupamo
HYNTY XunoTesy fa cy edekTn TpeTMaHa UCTM y CBUM nonynauujama, Aok je
aNnTepHaTWBHA XUNOTe3a Aa NocToju bap Heka pasnuka.

= imamo jegHy nonynaumjy Ha KOjOj >Ke€NMoO Aa NCNUTamMo edpekTe pasanyuTnx
Tpetmana. Cny4ajHun y3opak obnma n genumo Ha k nogysopaka obuma ni, ng,
.., ng. Ceaka rpyna gobunja pasnnunt TpeTmaH. TecTnpamo HynTy Xunotesy Aa
cy edekTr CBMX TPETMaHa jeflHaKN, AOK je anTepHaTMBHa Aa noctoju bap Heka
pasnuka.

m V oba ciy4aja je HynTa Xxunortesa

Ho:p1=p2=--=pr,

[0OK je anTepHaTMBHA

Hiy :p; # pj 3a 6ap Heko i 1 j.
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L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

C o63mpom ga cy 36upoBm n Cpefrbe BPeAHOCTM No rpynama (1 no cCeum rpynama)
Ba>KHU 33 Aasby aHaNM3y, fajeMO OBAE HUXOBE O3HaKe

m X;; — j-T €NeMeHT y i-Toj rpynu

m n; — b6poj enemeHarTa y i-Toj rpynu

m T = Z?;l X;; — 36up enemenata y i-Toj rpynu

B X;e = 7;;' — cpearba BPEAHOCT eneMeHaTa y i-Toj rpynu

k n; k
Tee =7, ZJ;l Xij = > i1 Tie — 36Up CBUX eneMeHaTa y30pKa

B Xeo = T;l' — Cpearba BPeJHOCT CBUX €/1EMEHATa y30pKa
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L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

Mogen je
Xij = p+ (pi — p) + (Xig — pa),

rge je
B [ cpearba BpeAHOCT CBUx nonynayumja (yene nonynaymje )
m [; — p egpekaT i-Te rpyne (i-Tor TpeTMaHa)
m X;; — p; cayyajHo (MHAMBMAYaNHO) OACTYName y OKBUPY i-T€ rpyne (TpeTmaHa)

lMpeTnocTaBke mogena
m k y3opaka n3 k rpyna melycobHO Cy He3aBnCHM

E YHyTap CBake rpyne Ciy4ajHa NpOMeHJbMBA KOja Ce Mpoy4aBa MMa HOPMaJHY
pacnogeny ca cpegrom BpegHowfiy f; n uctom gucnepsmnjom o.
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L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

TayacTum ouerMBarbeM HEMO3HATUX NapameTapa mogena gobuja ce

Xij - X.o = (Xu - X..) + (Xij - Xio)y
rae je X;o CPeArba BPEAHOCT y30pKa U3 i-Te rpyne, AoK je Xee CPeArsa BPEAHOCT
CBIMX efleMeHaTa CBUX y30paka.

Cabunparbem kBagipaTa 0BUX jefiHauMHa 3a ceako X;; Aobuja ce

kE n; k k n;
Z Z(le - X..)Q = Z(Xzo - X..)Z + Z Z(X” - Xio)z»
i=1j=1 i=1 i=1j=1
rae je

3R D711 (Xij — Xee)? = SST, ykynHO OACTYNatbe CBUX eNleMeHaTa y3opka
Of 3ajefHMYKe Cpeatbe BpeaHOCTM (YKYnHa BapnjaBunHOCT LEenor y3opka)

u Zle()_(,-. — Xee)2 = SSG, opcTynarbe Cpesrblix BPEAHOCTY Fpyna og
3ajeAHNYKe Cpefrbe BpeaHOCTM (YKYMHO oacTynare meljy rpynama) — To je oHO
LITO NCMNTYjEMO Aa U NOCTOjn

] Zle Z;L7:1(XM — Xie)? = SSE, oacTynatee enemeHaTa y30pKka Of Cpeare
BPEAHOCTM CBOje rpyne (MHAMBMAYaNnHO OACTYNarbe yHyTap rpyna) — caydajHa
rpeLika



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

SST = SSG + SSE

Vkonuko je ytuuaj SSG 3HauajHujn op SSE opabaumhemo HynTy xmnoTesy

Cpegre ogctyname no rpynama MSG u cpegme ogctynare yHyrap rpyna MSE
padyHajy ce kao

MSG = ﬁ, MSE = SSE .
k—1 n—k
Tect cTatuctuka je
MSG
FO = e Y
MSE

Koja uma Pueposy pacnogeny ¢ napametpuma vy =k —1 nvs =n — k.

p- BpeAHOCT TecTa je nospiumnHa Puiepose Fy_q ,_j pacnogene pecHo of
BpPEAHOCTU fo KOJy je TeCT CTaTUCTUKA y3€1a y y30pPKY.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

PauyHcke dopmyne

k n; T2
SST=) > Xj--",

i=1 j=1

ko2 o2
SSG =) ie_ e

;ni n

SSE = SST — SSG.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

Couwonor ucnutyje ytnuaj 6poja geue y nopoguum Ha CaMoCTanHOCT ocobe, Ha
nonynauujn 6pyuolua jegHor yHuesep3uTeTa. [lonynaumja je noferbeHa Ha YeTupm
rpyne, Nnopoanue C jeAHNM, 4BOje, TPOje UM Bue of Tpoje geue. Y3etu cy ysopum
obuma 15,15,14 n 13 n ceakoM je AaTO Aa MONYHW aHKETHW ANCT Ha OCHOBY 4ujer je
pesynTata npouereHa CamMoCTanHOCT ocobe. TecTupamo HynTy XxunoTesy

Ho : p1 = p2 = p3 = pa. Jobnjenn nogaun cy:

Bpoj peue y nopogmnun
jeaHo ABoje Tpoje suwe og 3

591 612 734 73.1 V13 nogaTtaka gobujamo Hajnpe
84.4 71.0 69.3 95.7

76.0 46.6 64.9 91.1

59.5 54.0 48.7 49.7

60.1 66.6 67.7 94.9

73.4 56.6 72.5 65.8 Tie =1001.3
64.1 70.5 68.8 75.8 Tre = 933.1
69.4 72.8 79.9 77.2

56.4 58.5 77.7 86.2 T30 = 946.9
67.1 48.7 79.2 61.1

97.6 63.3 56.7 83.1 The = 1033.1
58.5 74.8 60.1 95.6

707 531 69.8 83.8 Tee = 3914.4.

51.8 69.9 58.2
53.2 65.5



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

Kopuctehn padyHcke dopmyne gobujamo

4 ny
D> af; =59.17 +84.4% + - 4 83.8% = 277845.9
i=1j=1
Too _ UL piesi6ar
n 57 '

SST = 277845.9 — 268816.27 = 9029.63

4 2 2 2 2 2
T* 1001.3 933.1 946.9 1033.1
E e = + + + = 271029.07
15 15 14 13

4 n;
i=1
SSG = 271029.07 — 268816.27 = 2212.80
SSE = SST — SSG = 9029.63 — 2212.80 = 6816.83



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

JenHodakTOpCcKka Ancnep3noHa aHanmMsa

MSG =

MSE =

fo=

2212.

55G _ 221280 _ 07 69
k—1

SSE _ 6816.83 — 198.62
n—k 53

M

MSG _ ..o

MSE

p-BpegHoOCT TecTa je of 0.002, na 3aksby4qyjeMo Aa nocrtoju ytmuaj 6poja geue y
nOpoOANLIN HA CaMOCTaNHOCT ocobe.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> samostalnost <- read.csv("samostalnost.txt", sep="")
> levels(samostalnost$broj_dece)<-c("2","1" "3", "4+")
> plot(poeni~broj_dece,samostalnost)

> jda.samostalnost<-aov(poeni~broj_dece,samostalnost)
> summary (jda.samostalnost)

Df Sum Sq Mean Sq F value Pr(>F)
broj_dece 3 2213 737.6 5.735 0.00179 *x
Residuals 53 6817 128.6

Signif. codes: O **x 0.001 *x 0.01 * 0.05 . 0.1 1

3

e

poeni
L

50 60 70 80 90

T T T
2 1 3 4

broj_dece

Cnuka: BokennoT gnjarpamun no dpaktopuma



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

HakHagHo ynopehuBatbe

= VKO/IMKO HEMAaMO [JOBOJBHO 4OKa3a fa oAbaunmMo HyNTy XUNOTe3y O jeAHAKOCTM
cpeArUX BPeAHOCTU, aHanu3a ce Ty 3aspwasa. Hucmo ycnenun ga nponahemo
paznuky mely nonynauymjama.

= VKONMKO CMO oabaumaum HyATy XunoTesy, TO 3Ha4M Aa noctoju 6ap Heka
pasnuka mely cpegrbyiM BpegHOCTMMA, ann joL YBEK HEMaMO OArosop mely
KOjUM rpynama mocToju pa3nmnka. AHannM3a Huje 3aBpLUeHa, NoTpebHo je
HakHagHO ynopefjneare

m [loctoju Buwe meTopa HakHagHor ynopehnearsa: oege fiemo obpaguTn
BoHdepoHujeBe T-TecToBe 1 TjyKnjes TeCT NOLUTEHMX 3HAYAJHNUX Pa3nmKa



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BoHdepoHunjesn T-TecToBm

m Axo ynopeljyjemo k rpyna, nmamo (g) = k(k — 1)/2 moryhinx naposa cpegrunx
BPefHOCTIN KOjU C& Pasfunkyjy.

m BondpepoHnjee metop ynopeljyje rpyny cBaky ca cBakom, Tj. obaema k(k —1)/2
cTaHgapaHux T-tecToBa

m TecT cTaTucTuka 3a ynopehiusarbe f1; U [1j je

|Xi- - Xu‘
MSE(L + 1)’

"y

T =

koja uma CTygeHTOBY pacnogesny € napameTpoMm n — k.
m [NowrTo ncroepemeno pagnmo k(k — 1)/2 TectoBa, p-BpeaHOCT CBAKOT OF HbUX
mopa 6rntn mMara of k(kiil)

m Huje ysek o6asesHo obasutu ceux k(k — 1)/2 tectoea, sefi ncrpaxkneay moxe
n3abpaTn oHe rae cmatpa aa he oTkpuTty pasnuky.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BoHdepoHunjesn T-TecToBm

Mcnutyje ce yTuuaj pasnuyute TemnepaType Ha usbaLumBarbe TOKCUYHUX MaTepuja.
HobnjeHn cy nogauu:
Hajnpe pagumo jegHocbakTOpCKy guc-

| ”TemnelﬂaTypalv v nep3uoHy aHanusy. PauyHamo SST =
o s 4 4 e 1648.80, SSG = 1458.13, SSE =
45 42 51 49 60 190.67, MSG = 364.53, MSG = 7.63,
42 38 53 5l 62 fo = 47.78, na Kako je p-BpegHOCT

48 39 53 52 63

50 37 5 50 59 mana, O:D,63Ll,y_j6M0.HyﬂTy XunoTesy o
51 40 50 51 61 HEeMocCTojaky yTHLAja Pa3NnnynTnX Tem-
nepaTtypa.

MKenumo caga, Ha HuBoy o = 0.1 ga oTKpujemo 3a KOje TeMnepaType je 3Ha4ajHO
pasnnunTa Konn4mHa nsbavenmx matepunja. MowTo umamo 5-4/2 = 10 kombuHayuja,
Tpeba pa obasumo 10 tectoBa Ha Hueoy 0.01. Ha npumep, ako TeCcTmpamo (1 = i2
npoTWUB i1 # L2 UMaMO Aa je

46.0 — 38.7|
1 1
7.63(5 + 5)

to = = 4.58.

Kako je, 3a Ths pacnogeny, p-BpegHocT Tecta marba og 0.01, 3aksmydyjemo ga
nocToju pasnuka y konndmuu ogbaveHux matepuja npu temnepatypama | wn Il

Cnu4Ho ce TectoBu 0b6aB/bajy 1 Y OCTAaNUM ClydajeBUMa.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TjyKnjeB TECT MOLITEHMX 3HAYaAJHUX Pa3/INKa

Oeaj TecT je cBOjeBpCHO nobosswarke BoHdepoHnjeenx TecTosa. TjykujeBa KprTuKa
cacToju ce y TOMe fa HakHagHa ynopehuearba HUCy meljycobHo He3aBUCHa 1 ga ce

AUCrep3nja ouerbyje Ha OCHOBY CBUX rpyna, WTO MEHa Pacnofesny TeCT CTaTUCTUKE.
Tect cTatucTrka 3a ynopehusarbe 11; U (1 je ncta kao kon Bondpeponujesor TecTa,

a pasfuka je y TOMe LUTO je CaAa theHa Pacnofena nof HyaTOM XMNOTe30M Tako3BaHa
TjykujeBa pacnogena.

YecTo ce pesynTaT TecTa npumkasyje Npeko UHTEpPBaNa NoBEPEH:a

_ _ 1 1
Xie — Xie £ i, N—k,1—ay/MSE(— + —)
ng  n;

1 NHTEpPBaNM KOjN HE cafpiKe Hyny MpefcTaB/bajy 3HayajHe pasnuke usmehy

ogroeapajyhux rpyna.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> pairwise.t.test(samostalnost$poeni, samostalnost$broj_dece)
Pairwise comparisons using t tests with pooled SD

data: samostalnost$poeni and samostalnost$broj_dece

2 1 3
1 0.6098 - -
3 0.6098 0.8350 -
4+ 0.0011 0.0230 0.0363

P value adjustment method: holm

3ak/bydak je Aa NoCTOjM 3Ha4YajHa pa3nuka usmehy nopoguua ¢ ABOje N nopoguua ¢
BULLE Off HETBOPO Aeue, JOK Ce 3a ocTana ynopehusarba He moxe pefin ga nocToje

3HavajHe pasnuke.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TjyKnjeB TECT MOLITEHMX 3HAYaAJHUX Pa3/INKa

> TukeyHSD(jda.samostalnost)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = poeni ~ broj_dece, data = samostalnost)

$broj_dece

diff lwr upr p adj
1-2  4.546667 -6.437592 15.53093 0.6923447
3-2 5.429048 -5.749638 16.60773 0.5744046
4+-2 17.262564 5.863660 28.66147 0.0010458
3-1 0.882381 -10.296304 12.06107 0.9967146
4+-1 12.715897 1.316994 24.11480 0.0231420
4+-3 11.833516  0.247142 23.41989 0.0435942

95% family-wise confidence level

31 4:2 32 12

443

Differences in mean levels of broj_dece

Cnnxa: TjyKnjesm nHTepsanu



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Pangomusupatun komnnetHn 610K AnsajH

m YonwTere cnapeHor T-TecTa

m Kopuctu ce kafa je nopeg yTuuaja Ha OCHOBY KOjer AefMO Y rpyne nocToju un
APYrY YTULAj KOJU XKEMNMO A2 KOHTPOJIMLIEMO

m Ha ocHoBy Tor ytuuaja genmmo ysopak Ha 6710koBe Tako fa y OKBUPY CBake
rpyne no jeAaH enemeHT y30pka Npunaja ceakom of 6n1okosa

MKennumo ga ncnuTamo NOCTOjM NKM Pasnnka y H4eTupm BpcTe accanTta 3a
accantuparse aytonyta. [poMeHsbMBA KOjy MEPUMO je CTEMEH NCTPOLUEHOCTN HAKOH
roguHy gaHa. MehyTum, nopes keannuteta acanta Ha UCTPOLUEHOCT YTUYY U Apyrn
dakTopm, Kao WTO Cy ppekBEHTHOCT caobpahiaja n Bpemencke npunuvke. 3aTo
oapelyjemo Tpu pasnnuntux mecta (610KOBE) Ha KOjUMa MOCTAB/LAMO HETMPU
pasnn4uTe BpcTa acdanta (rpyne).



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Pangomusupatun komnnetHn 610K AnsajH

V onwTem cny4vajy nmMmamo oBakBy Tabeny

rpyna
6nok 1 2 3 k
1 X11 Xo1r Xsz1 -0 Xpr | Ter
2 X112 Xoo X320 Xg2 | Te2
3 X13  Xoz X33 -+ Xpz | Te3
b Xip  Xop  Xzp - Xpp | Tep
Tlo T20 TS- e Tko Too

X;; — eneMeHT y i-TOj rpynu u j-Tom 610Ky

k — 6poj rpyna (u 6poj enemenaTa y okBUpY jeaHor 6a0ka)
b — 6poj 6nokosa (1 6poj enemeHarta y OKBUpPY jefHe rpyne)
kb — ykynaH 6poj enemeHaTa

Tie = Z?zl Xij — 36up enemenata y i-Toj rpynu

Tej = Zle Xij — 36up enemenara y j-tom 6n0ky

B Tee = Zf=1 Z;’-zl X;; — 36up CBUX enemeHaTa y3opka



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Pangomusupatun komnnetHn 610K AnsajH

Mogen je
Xij =+ (s — p) + (pej — 1) + (Xij — 1 — ey + 1),
rge je

B [ cpearba BpEeAHOCT CBUX nonynayumja (yene nonynaymje )
m [i; — [ eqpekaT i-Te rpyne (i-Tor TpeTmana)
B [lej ecpekaT j-Tor b6s10Kka

m X;j — p; cay+ajuo (MHANBMAYaNnHO) OACTynare y OKBUPY i-Te rpyne (TpeTmaHa)

Hynta n antepHaTueHa xunoTesa cy ncte Ho : p1 = - -- = pug, Hy : noctoju 6ap jegHa
pasnunka



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Pangomusupatun komnnetHn 610K AnsajH

Kopuwherem TaykacTux oueHa napamerapa mogena gobuja ce

SST = SSG + SSB + SSE,

rae je
m SST ykynHO oACTynatse CBUX enemMeHaTa y30pKa Of 3ajeAHUNYKe Cpegtse
BpeaHOCTM (YKYMHa BapujabuiHOCT Lenor y3opka)

m SSG oacTynarbe Cpearux BPeAHOCTN rpyna of 3ajefHNYKe Cpelrbe BPeaHOCTN
(ykynHo ogcTynarse meljy rpynama)

m SSB oactynarbe nog ytuuajem pasan4uTtux 6nokoea

m SSE cay4ajHO nHAMBMAYaNHO OACTYyNare



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Pangomusupatun komnnetHn 610K AnsajH

Cpeagrve ogctyname no rpynama MSG, cpegra ogctynama 36or 61okosa MSB, un
cpegr-e oacTynare yHytap rpyna MSE pauyHnajy ce kao

Msa = ¢ ymgp= 5B yegpo  SSE
k—1 b—1 (E=1)(b—1)
TecT cTaTtuctuka je
Fo = MSG7
MSE

koja uma Puieposy pacnogeny ¢ napametpuma vy =k —1nvg = (k—1)(b—1).

p- BPEJHOCT TeCTa je nosplunHa Puiiepose Fi_1,(k—1)(b—1) pacnogene fecqo og
BpPEAHOCTU fo KOJy je TeCT CTaTUCTUKA y3€1a y y30pPKY.

Hanomena

brok gusaju Tpeba kopuctuty ako je ytuuaj 6aokoea sehin og cay€ajHor ytuyaja, Tj.
MSB > MSE, unaye je 60/me kopucTuTy jefHOGDAKTOPCKY BUCAEP3INOHY aHANN3Y.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

PauyHcke dopmyne

k b T2
SST=) > Xj-%

i=1 j=1
k9 2
70 Too
SSG = ; oo
b T2~ T2

_ ®)  Tee
SSB_]Z:;k o

SSE = SST — SSG — SSB.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Pangomusupatun komnnetHn 610K AnsajH

BpcTa acdanta
6ok 1 2 3 4
1 42.7 39.3 485 32.8 Te1 =163.3
2 50.0 38.0 49.7 40.2 Te2 =177.9
3 51.9 46.3 53.5 51.1 Te3z =202.8
Tie =144.6 The =123.6 T34 =151.7 Tye =124.1 | Tee =544.0

2
Hajnpe nspadynamo 5 S°0_, a2, = 25136.76, 8¢ = 24661.33,
k Tizn — b T?j _
im1 1 = 24.866.61 m 3o, 4 = 24.860.79.

Hobujamo pa je SST = 205.28, SSG = 199.46, SSB = 475.43, SSE = 70.69
Cnegn pa je MSG = 68.43, MSB = 99.73, MSE = 11.78. Kako je MSB > MSE,
610k au3ajH je gobap n3bop mogena.

TecT cTatncTuka yauma BpegHocT fo = 5.81. Jobujamo ga je noepLumHa aecHo og fo
jepHaka 0.03. 3Haum ga je Hawa p-BpegHoCT TecTa mara of 0.05, na 3aksbyqyjemo ga
nocToju pasnuka mely pasnnunTuM BpcTama acdanta.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> asfalt<-data.frame(ostecenost=c(42.7,39.3,48.5,32.8,50.0,38.0,49.7,40.2,51.9,46.3,53.5,51.1),
blok=c("1", 4", nqn NgN NN wow wom wou wgw wgn wzw wzwn)
vrstasc (1", 12N, N3N NAN wQn nQu wgn wgn wqn won wgn nguyy

> bd.asfalt <- aov(ostecenost ~ vrsta + blok, asfalt)
> summary(bd.asfalt)

Df Sum Sq Mean Sq F value Pr(>F)
vrsta 3 205.3 68.42 5.807 0.0330 *
blok 2 199.4 99.73 8.463 0.0179 *
Residuals 6 70.7 11.78

Signif. codes: 0 **x* 0.001 ** 0.01 * 0.05 . 0.1 1
> plot (TukeyHSD(bd.asfalt,"vrsta"))

95% family-wise confidence level

21

43 42 32 41 341

ifferences in mean levels of vrsta

Cnnka: TJYKMJeBU MHTEpPBANN



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

[wncnep3noHa aHannsa Npeko JIMHeapHe perpecuje

Mogen jegHobakTOpPCKe AMCNEpP3MOHe aHaNn3e 1 JMHeapHe perpecuje
MaTEMATNYKN Cy EKBUBANIEHTHN

DopmMrpaMo MOAEN BULLECTPYKE JIMHEApHe perpecuje rae Cy npeankTopm
VIHAMKATOPU NPUNAagHOCTY CBMM KaTeropujama baktopa, ocum jeaHoj (o6rndHo
pedbepeHTHO], KOHTPOSTHO] rpynn).

Yi = Bo + Brwi1 + - + Br—1%ik—1) + Ei,

rAe Cy NPOMeHsbUBE ;; jefHake 1 aKo enemMeHT y30pKa npunajga j-Toj rpynu, a
0 ako He npunaga, a F; rpewwka Koja nMa HOPMasHy pacnogeny C CPearom
speaHowhy 0 1 gucnepsujom o2

Tymauerse je cnegehe: Koeduumjent By ( Intercept) npeacraema cpepry
BPEAHOCT NoCMaTpaHe (3aBNCHE) NPOMEH/bUBE Y NOAPABYMEBAHO]
(HepocTajyhioj) kateropuju. Koeduunjentn §; roBope 3a KONMKO ce MeH:a
Cpearba BPEAHOCT aKO TOM KaTEropujoM 3aMEHMMO NOAPa3yMEBaHY

Vkonuko je koedpuUMjeHT 3HaYvajaH, 3Ha4yM Ja Ce CpeArba BPEefHOCT 3HAYajHO
pasnukyje y TOj n nogpasyMeBaHOj KaTEropumjm

TecT cTtaTMCTrKa ANCNEP3NOHE aHANM3E MOKJAMNa Ce C TECT CTAaTUCTUKOM TecTa
fa Cy CBU KoedbULMjEHTN jefHAKN Hynu



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

[wncnep3noHa aHannsa Npeko JIMHeapHe perpecuje

> 1m.samostalnost<-1m(poeni~broj_dece,samostalnost)
> summary (1m.samostalnost)

Call:
Im(formula = poeni ~ broj_dece, data = samostalnost)

Residuals:
Min 1Q Median 3Q Max
-29.769 -7.653 1.093 7.693 30.847

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) 62.207 2.928 21.244 < 2e-16 **x*
broj_decel 4.547 4.141 1.098 0.277203
broj_dece3 5.429 4.214 1.288 0.203274
broj_deced+ 17.263 4.297 4.017 0.000187 *x*x

Signif. codes: 0 *¥* 0.001 ** 0.01 * 0.05 . 0.1 1

Residual standard error: 11.34 on 53 degrees of freedom
Multiple R-squared: 0.2451, Adjusted R-squared: 0.2023
F-statistic: 5.735 on 3 and 53 DF, p-value: 0.001787



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

A

JarHOCTKa

Normal Q-Q Plot

Residuals

Residuals
<10 0 10 20 30

-30

Theoretical Quantiles

Cnnka: QQ-anjarpam pesugyana

Cnuka:
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Fitted
rpacduk cpearbnx BPESHOCTA NO

rpynama u pesugyana

> qgnorm(residuals(jda.samostalnost),ylab="Residuals")

> gqline(residuals(jda.samostalnost))
> plot(fitted(jda.samostalnost),

residuals(jda.samostalnost),xlab="Fitted",ylab="Residuals")

m Ob6a pmnjarpama Ham roBope Aa Cy Halle NPeTnOCTaBKe KOPEKTHE.



CraTtucrnka 3a

L Crarncruka

Apyru

ayToMaTCKy aHanu3y nogaTtaka

JINHEAPHN MOAENN

Buwecpaktopcka aucnep3noHa aHanusa, nnv PakTOpCKnU AM3ajH YKIby4dyje
BULLE Of jeaHOr pakTOpa KOju MMajy ABe wuan Buwe kaTteropuja. [puankom
npaesberba Au3sajHa Tpeba obpaTuTu naxkry Ha KoMbMHauuje KaTeropuja,
Tako3BaHy MHTepakumnjy Mehy dakTopuma.

KoBapujaunona aHanusa je mofen y koMe MMaMo KOMBUHALM]y HYMepnyKmx
npegukTopa n cakTopa. Y 0BOM MOAENY CYLUTUHCKU NPaBMMO PErpecnoHe
npase (PaBHM UNM BULLIEAMMEH3NOHA YOMLUTEHA) 33 CBAKY KaTeropujy noHaocos.
YpaBHOTEXEHU HEKOMMNNETHN BA0K AM3ajH Ce KOPUCTU Kaga HUCMO Y
moryfiHocTy ga y cBakom 610Ky mMamo caky rpyny. Taga dopmupamo gusajH
nasehn ga y ceakom 600Ky nmamo nctu 6poj rpyna, Kao n ga cy rpyne
PaBHOMEPHO 3aCTyMJbeHe.

YonwreHnn nnHeapHn perpecuoHn Moaenn ymecto Cpefre BPeAHOCTN Kao
NHeapHy pyHKLMjY NPEANKTOPa U3ParkaBajy Heky HbeHy dyHkumjy (T3B.
cyHKunjy Bese g)

g(py) = Bo + Prz1 + - + BpTp,

VoniuTeHe inHeapHe perpecnje ce KOPUCTE Kaja HaM je 3aBUCHA MPOMEHJbIBA
chakTop (NOFMCTMYKA, MYATUHOMHA perpecmnja) n Ty C& KOPUCTW NOrNT
cyrkumja g(x) = In(3%-) wnm AUCKPeTHa HyMepUHKa NPOMEHsbMBA KOja Ce He
MOXe anpokcumMupatu HopmanHom (Hnp. MyacoHoea perpecmja rpe ce kopucTu
g(z) =Inz.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecToBM CnofobHM of pacnogene

MHore cTaTuCTN4Ke npouesype Kao LWTo Cy
m T-TeCcTOBM 32 jegaH n ABa y30pka
m JluHeapHa perpecumja n kopenauuja
® [lncnepsunoHa aHanmsa

3aCHOBaHN Cy Ha MpeTnoCTaBLM 3 Heka ClyyajHa NpoMeHsbuBa, Tj. obenexje
nonysauuje nMa HOpMasiHy pacnogeny.

m AKo pacnogena Huje HOpMaJsiHa, OHAA KOPMUCTUMO TecToee cnoboaHe op
pacnogene.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecToBM Ha jegHOM Yy30pKYy

= Kopg HOpmanHe pacnogene TECTUpann CMO XUMOTE3Y O NapaMETPy Cpefe
BPEAHOCTN [

m [MowTo je HOpManHa pacnogena CMMeTPUYHA, 4 je Takohe 1 HeHa megaujaHa

m TectoBu cnobofHun of pacnogene TeCTUpajy XMNOTE3e O HENO3HATOj MeamnjaHm

m Mepgujana pacniogene je 6poj M TakaB Aa Baxku

P{XgM}:P{XzM}:%



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT 3HakKoBa

m /lmamo y3opak X1, ..., X, n3 pacnogene koja uma HenosHaTy meaujany M n
XKENMMO A3 TECTUPAMO Yy BE3N C HeHoM BpegHowhy.

m Hynta xunoTesa je Hyg : M = Mp, a anTepHaTnBa, y 3aBUCHOCTY LUTA XKEJNIMO
fa ncnutamo, M < My, M > Mo nan M # M.

m Op ceakor enemeHTa y3opka ogyamemo Moy n npebpojumMo KOnMkKo nma
noautueHux (gt), a konuko HeraTueHux pasnuka (q~).

= VKOJINKO NMaMO HEKY HyJy, CMaTpamo je nosuTueHom ako je Hi : M < My, a
HeraTueBHOM ako je Hy : M > My

m Cnydajua npomennuea Q1 je 6poj nosuTueHux pasnuka (y onwTtem y3opky), a
@~ 6poj HEraTMBHMX pa3nuka.

m O6e cratuctuke Q1 1 Q™ umajy BuHOMHY pacnogeny ¢ napameTpuma m 1 %



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT 3HakKoBa

AKko je anTepHaTnea

m M < My, Tapa je p-BpeaHocT TecTa seposaTHofia ga je Q1 mawe op ¢,
KOMNKO UX UMa Yy HallleM y30pKy, Tj.

p=P{Q" <q'},

m M > My, Tapga je p-BpegHOCT TecTa BepoBaTHORa Aa je Q~ mare of ¢,
KONMKO X NMa Y HaLLEM Y30pKY, Tj.

p=P{Q” <q7},

m M # My, Tapa je p-BpeAHOCT TeCTa ABOCTPYKa BPefHOCT Matbe Of OBE [Be
BepoBaTHoRhe.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT 3HakKoBa

PaHuja coumonolwka ncTpaxkmearsa nokasana cy Aa je MeamjanHa CTapocT AeBojunua
Ha npBoM cacTaHky 6una 14 rognHa. CmaTtpa ce ga gaHac noqumy mnahe ga usnase.
WcnuTtano je 15 cnyyajHo nsabpannx geeojumua n aobujeH je ysopak

13.0 125 135 142 115
125 150 1565 135 13.0
16.0 155 13.7 120 145

Tectupamo Hg : M = 14 npotus H; : M < 14. MNowrTo je 6 6pojeBa n3 ysopka sefinx
op 14, pobujamo pa je g7 = 6.

D-BPEAHOCT TECTa je, Ha OCHOBY BuHOMHe pacnogene ctatuctuke QT
P{Q* <6} =0.3016.

MowTo je p-BpegHOCT BenMKa 3ak/by4dak je Aa HEMaMO AOBOJBHO AOKa3a Aa Ccy
[eBOjYMLE HA MPBOM CaCTaHKy y npoceky mnafje og 14 roguna.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> prvi.sastanak<-c(13.0,12.5,16.0,12.5,15.0,15.5,13.5,15.5,13.7,
14.2,13.5,12.0,11.5,13.0,14.5)
> BSDA::SIGN.test(prvi.sastanak,md=14,alternative="1")

One-sample Sign-Test

data: prvi.sastanak
s = 6, p-value = 0.3036
alternative hypothesis: true median is less than 14
95 percent confidence interval:
-Inf 14.61084
sample estimates:
median of x
13.5

Achieved and Interpolated Confidence Intervals:

Conf.Level L.E.pt U.E.pt
Lower Achieved CI 0.9408 -Inf 14.5000
Interpolated CI 0.9500 -Inf 14.6108
Upper Achieved CI 0.9824 -Inf 15.0000



CraTtucrnka 3a

L Crarncruka

ayToMaTCKy aHanu3y nogaTtaka

BunnkokcoHoB TecT o3Ha4YeHux paHroBa

VKOANKO MMamMo NHAULM]A A3 je pacnofena cumeTprdHa (a Huje HopmasHa)
MOXEMO KOPUCTUTN BUNKOKCOHOB TECT O3HAYeHMX paHrosa

Tectnpa ce HynTa xunotesa Hg : M = My, rae je Mo npeTnocTaB/beHa
BPEAHOCT MEAMnjaHe pacnogesne

®dopmupajy ce pasnuke D1 = X1 — My, D2 = Xo — My, ... , Dy = X5, — Mo
AnconyTHe BpeaHocTu |D;| nopehajy ce no sennunuu of Hajmarbe Ao Hajeehe un
CBakoj ce gopenu paur og 1 go n.

Ako nma jepHakux enemenaTa mehy |D;|, oHga um ce gogesbyje cpeprba
BPEAHOCT HUNXOBUX PaHroBa (HNp. ako Cy NpPBU U APYriA jeAHAKMW, oHAA fobunjajy
patr no 1.5)

TecT cTaTucTuke cy

w_ = Z R; nwin Wy = Z R;

no HeratusHum D; no nosutuneHum D,

P-BPERHOCT ce padyHa kopuwherem Bunkokconose pacnogene o3HaveHmnx
paHroea



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BunnkokcoHoB TecT o3Ha4YeHux paHroBa

Ako je antepHaTnea

m M > My, oHpa nocmaTpamo cTaTuctuky W_

m M < Mp, oHpa nocmaTpamo ctaTuctuky Wy

m M # My, oHaa nocMaTpamo mamsy BpegHocT og W_ n W
P-BPefHOCT TeCcTa 3a BPeJHOCT TeCT CTaTUCTUKe w oapehyjemMo dyHKLUjoM
psignrank(w, n)

m Ako je n = 18, a Tectupamo npotus antepHatuse M > My n gobujemo

W_ = 35, Tapa je p-BpeAHOCT jeaHaka psignrank(35,18) = 0.013

B Ako je n = 21, a TecTupamo npoTus antepHatuse M # Mo n pobujemo
W4 =85 un W_ = 146, Taga je p-speaHocT, yaumajyfin y ob3up marsy
cratuctuky W, jegnaka 2 - psignrank(85,21) = 0.30.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BunnkokcoHoB TecT o3Ha4YeHux paHroBa

loguHe 1969. mehy 6enunma y CA[l npoueHat Henucmennx 6uo je 0.7%. Cymra ce
pAa je y sefinm rpagoeuma Taj npouenat sefin. Jobujen je y3opak npouenata
Henncmennx y 20 Benmknx rpagosa

0.6 0.5 0.62 1.7 0.75
1.0 0.69 0.8 0.8 0.57
0.9 15 0.95 0.53 11
12 2.0 0.65 0.79 0.61

V3 npeTnocTaeky 0 cUMeTpujn pacnogene, tectupamo Ho : M = 0.7 npoTtue
Hi : M > 0.7 TeCTOM O3Ha4€HMX PaHrosa.

Hajnpe ogyamemo 0.7 og cBake BpegHoCTU y Tabenn n gobmujemo

-0.1 -0.2 -0.08 1.0 0.05
0.3 -0.01 0.1 0.1 -0.13
0.2 0.8 0.25 -0.17 0.4
0.5 1.3 -0.05 0.09 -0.09



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BunnkokcoHoB TecT o3Ha4YeHux paHroBa

3atum copmupamo Tabeny

|D; | 001 005 005 008 009 009 01 01 01 013
3naK - + — — + - + o+ - -
panr R; 1 2.5 25 4 5.5 5.5 8 8 8 10
|D; | 017 0.2 02 025 03 04 05 08 10 13
3HaK = + = + + + + + + +
panr R; 11 125 125 14 15 16 17 18 19 20
36up paHroea c HeraTuBHUM 3HakoMm je W_ = 54.5. p-spegHocT Tecta je 0.03, na Ha

HMBOY 3HayajHocTu 0.05 3aksbyyyjemMo Aa je MefmjanHn NpPOLIEHAT HEMUCMEHUX Y
BEJINKMM rpagoBum Befin HEro Ha HaLMOHAHOM HUBOY.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> procenat.pismenih<-¢(0.6,1.0,0.9,1.2,0.5,0.69,1.5,2.0,0.62,0.8,0.95,
0.65,1.7,0.8,0.53,0.79,0.75,0.57,1.1,0.61)
> wilcox.test(procenat.pismenih,mu=0.7,alternative="g")

Wilcoxon signed rank test with continuity correction

data: procenat.pismenih
V = 158, p-value = 0.02499
alternative hypothesis: true location is greater than 0.7

Warning message:
In wilcox.test.default(procenat.pismenih, mu = 0.7, alternative = "g")
cannot compute exact p-value with ties



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cxema bupatba oaroapajyher Tecta 3a xunortesy o
napameTpy Moaoxaja

[I"IOCToje JIN JOKasn fa pacnogena Huje HopmanHa?]

E

[ﬂncnepsnja je nosnara?] [Hocrojn Bin cnmerpnja?]

Q’~b K % S

T-TecT 3a TecT O3HaYeHUX
:
jenmam yszopax parrosa




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj cnapeHux ysopaka

m TeCT 3HAKOBA M TECT O3HAYEHVX PAHrOBAa MOXXEMO NMPUMEHUTU 1 Y CAy4dajy ABa
cnapeHa ysopka X1,...,Xp 1 Y1,..., Y,

= XKennmo ga Tectupamo ga Cy npocedHe (MeanjanHe) BPERHOCTM jeAHAKE 33 OBE
nge npomenssuse (Ho : Mx = My'), a He NPeTNOCTaB/bLAMO HOPMAJHY
pacnogeny

m Popmupamo pasnuke D; = X1 — Y1, ... , Dy = X, — Y, v pobujemo Hoen
ysopak Di,...,Dy

m Tectupamo xunotesy ga je Mp = 0 npoTuB Heke of anTepHaTMBa
m VY cnyyajy fa He npeTnocTaB/bamMo CMMETPUjYy KOPMCTUMO TECT 3HAKOBA

m VYV cnyyajy Kaja npeTnocTaB/baMo CUMETPUjY KOPUCTUMO TECT O3HAYEHNX
panroea



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT 3HaKOBa 3a cnapeHe y30pKe

lMponzeohay xugpaTaHTHYX CanyHa >Kean [OKa3 Aa je Heros canyH 6osbu of
KOHKYpeHTCKOr. V3eT je y3opak oa 10 »keHa koje Cy ABe Hegesbe npane jedy NONOBUHY
nnua jefHUM, a ApYry ApYruM CamyHOM. 3aTVM UM je U3MEPEH CTENeH BAAXKOCTU
koxe. [dobujeHn cy pesyntatu

canyH npou3ssofaua 5.0 4.3 73 2.1 9.8 6.9 10.0 1.5 8.2 7.3
KOHKYPEHTCKM CanyH 6.1 4.5 6.0 2.0 7.5 8.0 9.2 1.0 8.0 6.9
3HaK passnnke — — =+ =+ =+ — =+ —+ =+ =+

Tectnpamo xunotesy Ho : Mp = Mx_y =0 npotus H1 : Mp = Mx_y > 0. Tect
ctatuctTnka @Q— mma 6uHoMHy pacnogeny ¢ napametpuma 10 n % a y OBOM Y30pKy
y3ena je Bpe4HOCT 3. p-BPefHOCT TecTa je

P{Q™ <3} =0.1719,
ofak/e 3aksby4yjemMo fa HEMAMO AOKa3a Aa je canyH Tor npomssohada Gossn og

KOHKYyTeHTCKOr. JlaxkHa peknama morna mmaTu 036usbHe nocneguue, Te je He 6u
Tpebano npaguTh.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> sapun.nas<-c(5.0,4.3,7.3,2.1,9.8,6.9,10.0,1.5,8.2,7.3)
> sapun.njihov<-c(6.1,4.5,6.0,2.0,7.5,8.0,9.2,1.0,8.0,6.9)
> BSDA::SIGN.test(sapun.nas,sapun.njihov,alternative="g")

Dependent-samples Sign-Test

data: sapun.nas and sapun.njihov
S =7, p-value = 0.1719
alternative hypothesis: true median difference is greater than O
95 percent confidence interval:
-0.296 Inf
sample estimates:
median of x-y
0.3

Achieved and Interpolated Confidence Intervals:

Conf.Level L.E.pt U.E.pt
Lower Achieved CI 0.9453 -0.200 Inf
Interpolated CI 0.9500 -0.296 Inf
Upper Achieved CI 0.9893 -1.100 Inf



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

TecT 03Ha4YeHUX paHroBa 3a CMapeHe y30pKe

dapmMaueyTcka KOMNaHnMja UMa ABa METOAA 3a UCMNTMBAE KBANNTETA JIEKA NPOTUB
nuenurer yboga. Cymrba ce aa je metoga A “ctpoxmja”’, Tj. Aa Ce TOM METOLOM
pobunjajy cTanHo Huke Mepe kKBanuTeTa neka. JobujeHn cy nogaun

Metog A (X; 15 1.4 1.4 1.0 1.1 0.9 13 12 11 0.9 0.7 1.8
Meton B (Y;) 2.0 1.8 0.7 13 1.2 15 1.1 09 15 1.7 0.9 0.9
D, =X;-Y; -0.5 -0.4 0.7 -0.3 -0.1 -0.6 0.2 03 -0.4 -0.8 -0.2 0.9

|D;| 0.1 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.6 0.7 0.8 0.9
3nak e
panr R; 1 25 25 4.5 4.5 6.5 6.5 8 9 10 11 12

V3 npertnocrtaeky cumetpuje, Tectupamo Ho : Ma_p = 0 npotue Hy : Ma_p < 0.
36up nosnTueHMx paHrosa je Wi = 29. p-BpegHocT je 0.23, Te 3aksby4yjeMo fa HeMa
[OBOJBHO [OKa3a Aa MeToAa A faje HUXKE Mepe KBAJIMTETA JIEKA.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> metod.A<-c(1.5,1.4,1.4,1.0,1.1,0.9,1.3,1.2,1.1,0.9,0.7,1.8)
> metod.B<-c(2.0,1.8,0.7,1.3,1.2,1.5,1.1,0.9,1.5,1.7,0.9,0.9)
> wilcox.test(metod.A,metod.B,paired = TRUE,alternative="1")

Wilcoxon signed rank exact test

data: metod.A and metod.B
V = 28, p-value = 0.2119
alternative hypothesis: true location shift is less than O



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cxema bupatba TecTa 3a c/yyaj ClapeHux y3opaka

[I'IOCToje JIN JOKasn fa pacnogena Huje HopmanHa?]

U

[CnapeHn TlTeCT] [Hocrojn nn cnmerpnja?]

‘&
>

TecT o3HaYeHUX
paxrosa




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BunkokcoHoB TecT 36upa paHrosa

=V cnydajy Aa XKenmmo f[a ynopeanMo MeAujaHe Kof ABa HE3ABMCHA y30pKa
KopucTMo BunkokcoHoe TecT 36mpa paHroea

m Heka je jepan y3opak X1,...,Xm, agpyru Y1,..., Y, nHekaje m < n
m Tectmpamo HynTy xunotesy Ho : Mx = My
m CBakoMm efleMeHTy AOAE/NMO PaHr KOju 6u nmao y objeanreHomM y30pKy

m Cratuctuka Wy, je 36up paHrosa enemenaTa U3 Marser y3opka (obuma m)
ymarseHa 3a m(m + 1)/2

B P-BPEAHOCT ce payyHa kopuwherem BunkokcoHose pacnogene 36upa paHrosa



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BunkokcoHoB TecT 36upa paHrosa

Ako je antepHaTnea

m Mx > My, oHAa p-BpeaHOCT padyHamo kao seposaTHoliy P{W,, > wm }, rae
j& Wy, BPeAHOCT M3 y30pKa

m Mx < My, oHaa p-BpeaHOCT padyHamo kao BeposaTHohy P{W,, < wm}

m Mx # My, oHaa p-BpeAHOCT payvyHamoO Kao ABOCTPYKY Marby BepoBaTHORy of
P{Wpm > wm} n P{Wp < wm}

Ogproeapajyhie BeposaTtHofie oapehyjemo dyHkumjom pwilcox(w, m, n)

m Ako je m =18, a n = 21, a antepHatuea Ham je Mx > My, n pobujemo y
y3opky W, = 254, Taga je p-BpegHOCT jefHaka
1 — pwilcox(254, 18, 21) = 0.032.

B Ako je m = 21, a n = 21, a anTepHaTuBa Ham je Mx # My, n gobunjemo y
y3opky Wy, = 174, Tapa je p-BpegHocT jefHaka 2 - pwilcox (174, 21,21) = 0.25.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

BunkokcoHoB TecT 36upa paHrosa

Wcnutyje ce edbekaT 0Byke Ha yCneLIHOCT areHaTa ocurypata. Y3opak of 22 areHta
NpUNpaBHNKa Noaes/beH je cnyyajHo Ha pBe rpyne, X, koju 3y 3aTtum oby4yasaHu, n Y,
KOJVI Hucy gobunm gogatHn TpeHunr. Ha kpajy je cBako og muX TECTMPaH y pagy C
knnjeHTumMa n gobno oueny og 0 go 10. Mogaum cy patn y Tabenn.

X
Y

8.1 7.9 9.0 4.3 7.0 9.1 7.2 8.0 9.0 31
9.1 6.3 2.5 6.0 0.0 2.0 7.0 55 1.0 9.0 9.7 5.1

Tectnpamo xunotesy ga je Mx = My npoTmne anTepHatmee ga je Mx > My .
®opmupamo Tabeny paHrosa.

BPEAHOCT 0.0 1.0 2.0 25 31 43 51 55 6.0 6.3 7.0
rpyna Y Y Y Y X X Y Y Y Y Y
paHr 1 2 3 4 5 6 7 8 9 10 11.5

BPEAHOCT 7.0 7.2 7.9 8.0 8.1 9.0 9.0 9.0 9.1 9.1 9.7
rpyna X X X X X X X Y X Y Y
paHr 11.5 13 14 15 16 18 18 18 20.5 20.5 22

36up paHroea 3a X je 137, Te je w,, = 82. p-BpegHoCT TecTa je 0.07, Te Ha HUBOY
a = 0.05 Hemamo pokasa fga ce obykom nocTuxy bosbn pesyntatu.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> trenirani<-c(8.1,7.9,9.0,4.3,7.0,9.1,7.2,8.0,9.0,3.1)
> kontrolni<-c(9.1,6.3,2.5,6.0,0.0,2.0,7.0,5.5,1.0,9.0,9.7,5.1)
> wilcox.test(trenirani,kontrolni,alternative="g")

Wilcoxon rank sum test with continuity correction

data: trenirani and kontrolni
W = 82, p-value = 0.07779
alternative hypothesis: true location shift is greater than 0

Warning message:
In wilcox.test.default(trenirani, kontrolni, alternative = "g")
cannot compute exact p-value with ties



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cxema bupatrba TecTa 3a c/lyyaj HE3aBUCHUX y30pakKa

[I'IOCToje JIn I0Ka3n Ja pacnofena Huje HopmanHa?]

[Hesaancnn T—Tec:r) [TeCT 36upa paHrOBa]




CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cnyuyaj Buwe y3opaka

® VImamo k rpyna n >xennumo ga TecTupamo fa Cy NpoceyHe BpPeAHOCTN HEKOr
obenexxja y CBMM rpynama jegHake

® VKOMMKO NpeTnocTaB/baMO HOpPManHy pacnogeny obenexja, KOpUCTUmMo
jenHodaKTOPCKY ANCNEP3NOHY aHann3y (ako Cy y30pumn He3aBuCHM) namn 610K
Ansaju (ako cy 3aBucHm)

= AKO UMamMoO fokKase aa pacnogena obenexxja Huje HOPMasaHa, OHAA KOPVCTMMO

m Kpyckan-Banuncoe Tect ako cy ysopuu He3aBUCHU
m PpnamaHOB TECT aKO Cy Y30pLM 3aBUCHN



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kpyckan-Banucoe Tect

= Vimamo k rpyna n HesaBuCHE y30pKe y CBaKOj Of Hbux obuma n; (yKynHo m)

m Tectupamo xunoTtesy ga cy um megujane jegHake Ho : My = --- = My

m Opapeanmo paHroee CBUX €JIEMEHATa y30pKka v Heka je R; 36up paHroea y i-Toj
rpynn

m Tecrt cTatncTuka je

k R2
H=—— 2 1).
n(n+1 X;nl 3(n+1)

m H uma x2 pacnogeny ¢ napametpom k — 1

H p-BPeAHOCT TeCTa je NOBpLUMHA X%71 pacnogene pecHo oa ho, BpefHOCTN KOjy
je H y3eno y y3opky.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kpyckan-Banucoe Tect

Vnopebyje ce HuBo 3araheHocTn Tpu Benuke peke. KonmynHa 3arabhersa n3mepeHa je
Ha No net mMecTa y cBakoj peun. JobujeHn cy nogaunm (y 3arpagama je paHr CBakor
enemMeHTa y30pKa)

npea peka Apyra peka Tpeha peka
2.7 (13) 2.9 (14) 06 (1)
1.4 (4) 2.4 (11.5) 1.2 (2.5)
2.0 (8) 3.7 (15) 1.5 (5)
1.2 (2.5) 1.6 (6) 1.7 (7)
2.1 (9.5) 2.4 (11.5) 2.1 (9.5)

N3 tabene pobujamo ga cy 36upoemn paHroea R; = 37, R = 58, R3 = 25. BpegHocT
TECT CTAaTUCTVIKE ¥ OBOM Y30PKY je

5 5

12 /372 582 252
0 ( =

= — ) =5.58.
15-16 + 5 )

m Ha ocHosy X% pacnogene pobujamo aa je p-epegHocT Tecta 0.06. 3akmwydak
AOHOCMMO Y 3aBUCHOCTM Of HMBOA 3Ha4ajHocTu a. Ako je a = 0.05, onga Hema
[OBOJBHO [0Ka3a O PasfinyMTOM HUBOY 3arafjeHocTn peka.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> zagadjenost<-data.frame(zagadjenje=c(2.7,2.9,0.6,1.4,2.4,1.2,2.0,3.7,1.5,
1.2,1.6,1.7,2.1,2.4,2.1) ,reka=c(4,2,3,1,2,3,1,2,3,1,2,3,1,2,3))
> kruskal.test(zagadjenje~reka,zagadjenost)

Kruskal-Wallis rank sum test

data: zagadjenje by reka
Kruskal-Wallis chi-squared = 5.6101, df = 2, p-value = 0.06051



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

®puamaHoB TecT

m limamo k rpyna n b 6nokoBa, ykynto kb enemenata (MCTo Kao kog 610k
AN3ajHa)
B TecTmpamo xunoTesy Aa Cy uMm mepamjaHe jegHake Ho : My = --- = My,

m Oppeaumo paHroee enemMeHaTa y OKBUpPY CBojux 6n0koBa 1 Heka je R; 36up
paHroea y i-Toj rpynu

m Tecrt cTatucTuka je

k b(k+1)
k+1;< + )

m S uma x? pacnogeny ¢ napamerpom k — 1

B pP-BPEAHOCT TECTA je NOBPLUMHA X%—l pacnogesne BecHO Of So, BPEAHOCTU KOjy
je S y3eno y y3opky.



CraTncruka 3a ayTomMaTCKy aHann3y nogaTtaka
L Crarncruka

®puamaHoB TecT

Vnopeljyje ce kKBanuTeT Tpu BpCTe KOYHUUe 3a 6uymnkne. CmaTpa ce Aa n mapka
6uunkne nMma ytuyaja Ha neppopmMaHCy KOYHMLA, Ma je Y3€TO LIECT NO3HATMjnX
Mapkmn u ¢opmuparo 6 6nokoea. CBaka KOYHMLA TECTMPAHA je HA CBAaKOM BuumKay u
mepeH je 6poj Hepersa kopuwhersa npe npeor cepeuca. JobujeHn cy nopaunm (y
3arpagama je paHr no 610oky)

BPCTa KOYHMUE

mapka 6uunkna A B C
S 52 (2) 73 (3) 3.0 (1)
v 6.8 (1) 8.9 (3) 7.5 (2)
JH 6.3 (2.5) 6.3 (2.5) 6.0 (1)
R 13.0 (1.5) 14.8 (3) 13.0 (1.5)
C 12.8 (25)  12.8 (2.5) 11.0 (1)

Ra 15.0 (2) 15.2 (3) 14.5 (1)

N3 tabene pobujamo ga cy 36upoen paHroea R; = 11.5, Ry = 17, R3 = 7.5.
BpegHocT TecT cTaTnCUTKe y OBOM y30pKY je

12
631 (115 —12)% + (17 — 12)? + (7.5 — 12)?)) = 7.58.

S0 =

m Ha ocHosy X2 pacnopene pobujamo je p-speaqoct Tecta 0.02, WITO 3Ha4M Aa
3aK/by4yjeMO Aa nocToju pasnuka usmehy osux BpcTa kodHuua. Cyaehin no
TOMe LWTO KoYHMua B vma yeek HajBuwv panr, npenopydyje ce reHa ynotpeba.



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Kopuwhere yrpaheHe R dyHkumje

> bicikle<-data.frame(rok.trajanja=c(5.2,7.3,3.0,6.8,8.9,7.5,6.3,6.3,6.0,
13.0,14.8,13.0,12.8,12.8,11.0,15.0,15.2,14.5) ,blok=c(1,1,1,2,2,2,3,3,3,
4,4,4,5,5,5,6,6,6),vrsta=c(1,2,3,1,2,3,1,2,3,1,2,3,1,2,3,1,2,3))

> friedman.test(rok.trajanja~vrstalblok,bicikle)
Friedman rank sum test

data: rok.trajanja and vrsta and blok
Friedman chi-squared = 8.6667, df = 2, p-value = 0.01312



CraTmcTnka 3a ayTOMaTCKy aHasnn3y nogaraka

L Crarncruka

Cxema bupatrba TecTa 3a C/yyaj BULLE Y30pakKa

[I'IOCToje JIN [OKa3n [ pacrnojena Huje HoplvlanHa?]

43
&

(Bpyrz yrunaj?] (Apyru yTumaj?)

& % & %

JemnoparTopcka
AHOD P Briox Kpyckan-Bamucos| |®pummaHos
IUCIIeP3XOHA .
Iu3aju TecT TecT

AHAJIN3a
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