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TECTUPAILE CTATUCTUYKUX XUTMNOTE3A

OCHOBHWM NMOJMOBU

CratucTuyka xmnortesa

CnyuyajHe nojaee y MaTeMaTU4KOj CTaTUCTULM OMUCYjEMO CTaTUCTUYKUM
moaernom. M3b6op cTaTtUCTMYKOr MOAESNa Yy CBaKOj KOHKPETHOj CUTyaLnju 3aBucK og
npeasHaka 0 pasMmaTpaHOj CrlyvajHoj nojaBu. Y MHOMMM UCTpaXuBakwuma perncTpyjy ce
BpegHOCTW Heke crydajHe BennymHe (obenexja 4mja pacnogena Huje yHanpen
nosHaTta). CTaTMcTMykn Moaern ce y TakBuM cuTyaumjama 3agaje dpammnnjom
Aonyctuemx pacnogena tor obenexja. NMapameTapcky dpamunuvjy JonycTmBmx
pacnogena, Koja 3aB1Ucu of je4Hor Unn BuLLEe HeNno3HaTuX napaMmeTtapa, y onwTem
cny4vajy o3Ha4YaBamo ca P={Py: 9 € 0}, roe je ¥ napameTtap, a O napameTapcku
npocTop.

Ceaka npeTnocTaBka Koja Cy)kaBa Kracy JonyCTMBUX pacnofena Hasuea ce
cTaTUCTMYKa XunoTesa.

NMPUMEP 1. HaBOAMMO HEKONMUKO CTAaTUCTUYKUX XMUMNOTe3a:

(a) Obenexje nma HopMmarnHy pacrnogeny.

(6) Obenexje nma ekcrnoHeHUMjanHy pacnogeny.

(8) HopmanHo pacnogerbeHo obenexje nma no3avTMBHO MaTEMaTUYKO OYEKUBAHE.

(r) HopmanHo pacnogerbeHo obenexje nma MaTeMaTUYKO OYEKMBaHE jefHaKo JaTOM
6pojy my .

(8) HopmanHo pacnogerbeHo obenexje nMa MaTeMaTU4Ko OYeKMBare jeaHako 6pojy
my VI OUcnepsaujy jeaHaky gatom 6pojy of.
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(n) O6enexje nma pacnogeny 3agaty yHkuunjom pacnogene F,.

(e) OBa obenexja ca HoOpManHOM pacnogesioMm U No3HaToM AMCNEP3NjoM UMajy jeqHaka
MaTemaTnyKa OYeKmBaHa.

(k) ABa obenexja cy He3aBWCHa.

MapameTapcke U HenapamMeTapcke Xxunorese

MpumeTnmo fa je y cnyyajesuma (B), (r), (a), (€) us npumepa 1. dpamunuja
AOMyCTMBUX pacnogena napameTapcka, a CTaTuCTMYKa xmnotesa oukcnpa BpeaHOCTH
UNun cyxaBa CKyn AOMNyCTMBUX BPEOHOCTM HEKMX NapameTapa o4 Kojux 3aBucu
pacnogena. TakBa xunoTtesa 30Be ce napamemapcka xuriome3sa . Kog octanmx
XunoTesa NpeTnocTasrba ce Aa pacnogena obenexja uMma gaTu Tvn, a He OAHOCK Ce Ha
BPe4HOCTU NapamMeTapa. TakBe xunoTtese Ha3uBajy ce Hernapamemapckum
xurilome3ama.

HesaBucHo of Tora ga nuv je ctTaTUCTUYKa XMnoTesa napameTapcka unm
HenapameTapcka, OHa MOXe jeAHO3Ha4yHOo oapefnuBaTy pacnogeny pasmatpaHor
obenexja unu camo hamunujy 4onycTmBmx pacnogena cy3amtu Ha yxy nogdamunujy
(koja ce moxe cacTtojaTn u og 6eckoHa4yHO MHOro pacrnogena). AKo cTaTUCTUYKa
XunoTtesa jegHO3HaYHO ogpenyje pacnogeny obenexja, oHga ce OHa Ha3uBa ripocma
xurmome3sa. Y nNpoTMBHOM XMNoTe3a je crioxeHa. Heka, peunmo, bamunmja gonyctmemx
pacnogena 3aBucu og napametapa 94, 9, ..., 9, . Taga je npocTa cBaka xmnotesa
Koja pmkcmnpa BpeAHOCT CBAKOr of TUX NapamMmeTtapa, a CrioXeHa, Ha npumep, xmnotesa
Koja domkcmpa BpegHOCTUN HEKMX S 04 TUX napameTapa, npu yemy je 1 < s <r ( y oBoj
cuTyaumju s je 6poj oepaHuyera, a r — s bpoj cmeneHu crnobode ).

TecT n KpUTUYHA OoBNacT TecTa

Heka je X obenexje unjy pacnogeny npoy4aBamo U Heka je
(X1, X3, .., X3)

npocCT cny4ajHu y3opak n3 pacnogene L(X). Heka je parbe H, Heka xunotesa o
pacnogenu obenexja X. JegaH of 3agaraka maTeMaTuike CTaTUCTUKE je Oa ce Ha
OCHOBY peanu3oBaHe BPeAHOCTH (X4, X5, ... , X,,) Y30pKa TecTupa, O4HOCHO NpoBepw,
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Aa nv je xvnotesa H, Ta4yHa unu He. [paBmMno nomohy Kora ce Ha OCHOBY Y30pKa
oanyyyje na nu tpeba npuxBaTUTU Kao TayHy xunoTtesy H, unu je ogdaumTt Kao
HeTauyHy, 3BaheMo cmamucmuy4ku mecm, U KpaTko mecm.

Onucahemo onuwTy CXemMy CBaKor CTaTUCTUYKOI TeCTa.

CnyyajHn ysopak (X4, X5, ..., X,,) y3uma Bpe4HOCTU Y HEKOM NOACKYNYy S ckyna
R™, Sc R™. Heka je a 6poj n3 nitepsana (0,1) n W nogckyn ckyna R™ 3a Koju Baxu:
BepoBaTHoha ga y3opak (X4, X,, ..., X,,) y3Me BpegHocT n3 ckyna W ako je xunotesa

H, Ta4yHa, Huje Beha of 6poja a, Tj.
P{(X1, X5, ..., Xp) EW | Ho} <. 1)

3a a yaumamo ,mane“ BpegHocTu, Ha npumep, a = 0.05 unm a = 0.01. MNMpeTnoctaBumo
Aa 3a peanusauujy Bpe4HOCTU y30pKa Baxu (xq, X5, ..., X,) € W.

C ob3npom ga pgorahaj { (X1, X5, ..., X)) € W | Hy} uma many BepoBaTtHohy (He Behy of
aaTor 6poja a), NpupoaHO je y 0OBOM cny4ajy oadauntn xmnotesy H, kao HeTayHy. C
apyre ctpaHe, gorahaj { (X;, Xz, ..., X,) € W | Hy} uma Benuky BepoBaTHONy (He Maky
oa 6poja 1- a). 3aTo, y cnyyajy ga 3a peannsoBaHu y30pak Baxu (xq, X,, ..., X,) € W,
Hema pasniora fa CyMHamo Y Ta4yHOCT xunoTese H,.

OEOVHMLUMIA 1. Ckyn W c R"™ 30Be ce Kpumuy4Ha obsiacm 3a xunotesy H,, a 6poj a 3a
Koju Baxu (1) 30Be ce rpaez 3HavyajHocmu Unn 8esluduHa Kpumuy4yHe obniacmu.
Cmamucmuy4ku mecm (NpaBuIo CTaTUCTUYKON 3aKibydnBaka) Ha OCHOBY KPUTUYHE
obnactn W, ogpehyjemo Ha cnegehn HaunH: ako peanu3osaHu y30paKk(xy, X,, ..., X,)
npunada kpumu4Hoj obrnacmu, oHOa xuriome3y H, o0bauyjemo. AKo peasiusogaHu
y30pak He rnipunada KpumuyHoj obriacmu, oHda xuriome3y H, rpuxeamamo.

TepMuH KputnudHa obnacrt je npupogaH. To je obnacT Koja cagpXXvm OHe BPeQHOCTH

(xq, x5, ..., X,) KOj€ Cy KPUTUYHE 3a AaTy XMnoTeasy, Tj. YMja peanusaunja o3Ha4yaBa
opbauuBamne Te xmnotese. KputnyHy obnact ogpenyje H; (06nuk), a Ha ocHoBy aun T,
ogpehyjemo rpaHuue kputnyHe obnactm W . Ctatuctuky T,= T, (X;, X5, ..., X,) 30BEMO
mecm cmamucmuka 1 npeTnocTaBrbaMo Aa uma crnegeha ceojcTea.

(a) MNoa npeTnocTaBKOM Aa je TayHa xunoTtesa H,, no3HaTa je Ta4yHa pacnogena
ctatuctuke T, nnn keHa NpubnuxkHa pacnogena 3a Benvke BpegHoCTU obuma y3opka
(ako je xvunoTtesa H, cnoxeHa, oHAa je pacnogena cratuctuke T, UcTa 3a cBe
pacnogene obenexja koje cy obyxsaheHe xunortesom H,).



(6) Cratuctuka T,,, cnobogHuje pedeHo, kapakTepuvile oacTynake peanm3oBaHor
y30pKa o, BpeAHOCTU Koje je NPUPOAHO OYeKMBaTK, NoA NPEeTNoCTaBKkoM Aa je XxunoTtesa
H, TayHa.

KputnuHe obnactv obuyHo nmajy Heku of cnepehmx obnuka:

{(x1, X2, ..., X3) : Tp(xq, X5, ..., xp)=C},
{(xllxzy ey xn) : Tn(x1!x27 ey xn)SC}7
{(21, X2, .., %) 1| Tq, X5, ..., x5) | =C1}.

Xunotesa H, koja ce Tectupa 0BMYHO Ce Ha3nBa Hysima xuromesa.
lMpeTnocTtaBka ga obenexje X nma pacnogeny koja npunaga oHom geny damunuvje
AONYyCTUBUX pacnogena, Koju cagpxu cBe pacrnogerne koje Hucy obyxsaheHe HynTom
XWUMNOTEe30M, Ha3uBa ce afimepHamusHa xuriomesa n obM4HO ce o3Ha4yaBa ca H,. Y
cnyyajy ogbaumBana HynTe xmnotese H, npuxeBaTa ce anTepHaTMBHa xunortesa H;.

Y Be3n ca TecTupameM CTaTUCTUYKMX XUNoTesa NpUMMeTUMo crnegeny BaxkHy
YnMHEHULY: AKO peanum3oBaHu y3opak He npunaga KpUTu4Hoj obnacTu, Tj. ako Ha
OCHOBY (popMynmncaHor Tecta npuxsartamMmo HynTy XMnoTtesy, TO joLU He 3Hayu Aa je
HyNnTa xunoTtesa TayHa. [lpuxeatawe HynTe XMnotese jeaMHO o3HavyaBa ga nsmehy
peanu3oBaHOr y30pKka 1 Teopujcke npeTnocTaBke o0 pacrnogenu obenexja Ha JaToM
HUBOY 3Ha4ajHOCTU He NocToju BUTHO oacTynare. CrMYHO, ako peann3oBaHn y3opak
npunaga KpMTu4YHoj obracTu, Tj. ako ogbauyjemMo HynTy XMnoTeay, jow yBek je MoryhHo
Aa je HynTa xunoTesa TayHa.

Kog TecTupama ctaTucTudke xmnotese o6MYHO NPBO 3a4ajeMO BENUUYNHY
KpuTudHe obnacTtu a, a 3atum ogpehyjemo kpuTnyHy obnacrt. 3ato je y penauuju (1)
ncnpasHuje NncaTn ga BaXknm HejeqHaKkoCT, jep Ha npumep, y cny4vajy AnNcKpeTHe
pacnogene obenexja moryhe je aa He nocTtoju ckyn W 3a Koju BaXu jegHaKkocT

P{ (X11X2: LRI Xn) eEW | Ho} = da.

pelwke npBe u gpyre Bpcre

[Mpunukom TecTupama jegHe UCTe CTaTUCTUYKE XMNOTe3e MOXEMO KOPUCTUTU
pasnuynTe TecToBe, Tj. pa3nuuuTe KpuTuyHe obnactu. [la GMcmMo HeKOM TecTy Mornm
AaTtv NPeaHoCT y 04HOCY Ha Apyrn, NOTpebHO je nmaTtn Kputepujym 3a ynopehmeame
TecTtoBa. [NorogaH kputepujym 3a yrnopefhmBare TecToBa je Moh Tecta, U cmaTpahemo
TecT BorbUM YKOSUKO je Herosa moh Beha.
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Beh cMo peknu ga oanyka o npyxeatawy unv ogbauusary HynTe XMrnotese Ha OCHOBY
Hekor Tecta Mmoxe 6utn norpewHa. Npun Tome, moryhe cy crneaehe rpeLuke:

(a) F'pewka npse epcme je rpeLlKka Koja ce YMHKU ako ce oabaum HynTa xunoTtesa H, y
CcuUTyaumju Kaga je oHa TadHa.

(6) M'pewka Opyze gpcme je rpeLuka Koja ce YMHM aKko ce NpuxeBaTu HynTa xmnotesa H, y
cuUTyaumju Kaga je TadHa anTepHaTMBHa XxunoTesa.

BepoBaTHOha rpeLuke npBe BpCTe jegHaka je BENUYNHN KpuTudHe obnactn W, 1j. gata
je ca

P{ (X17X27 ...,Xn)EW|H0}=G,
A BepoBaTHoha rpeLuke gpyre Bpcte (06U4HO je o3HayaBamo ca 8) gaTa je ca
P{(X17X27 ...,Xn)$W|H1}=B.

HapaBHO noxerbHO je Aa rpellke npse 1 gpyre BpcTe 6yay WTo je moryhe mawe.
MehyTnm, 061MYHO ce cMamMBaHkbeM rpeLLke npee BpcTe nosehasa rpeLuka apyre Bpcre,
LITO nokasyje cnegehun npumep.

MPUMEP 2. Heka je ©={ 9,, 9,} napameTapckn NpocTop 1 Heka napameTpy Y, ogrosapa
N:(9,, 0?) pacnogena, a napameTpy 9, ogrosapa N:(9,, %) pacrnogena, npu 4yemy je
9,< 94, a o2 je nosHat 6poj. MpeTnocTaBMMO 4a Ha OCHOBY Yy30pkKa (Xq, X5, ..., X,))
Tpeba Tectnpatn xunotedy Hy(9 =19,) npotue antepHatmee Hy(9 =49,). Y3mmMmo 3a
TECT CTaTUCTUKY y30payKy CpeauHy, a 3a KpUTnyHy obnact ckyn

W:{(x11x2! ...,xn)|ﬁ20}.

MoBehawem KOHCTaHTe C CMakbyje ce BepoBaTHOha rpeLuke npBe BpCTe, a nosehasa
BepoBaTHoha rpeLuke gpyre Bpcrte, Buau cn.1.



Cnuka 1.

360r NpeTxo4HO peyeHor KpuTudHa obnact ce bupa Ha cnegehn HaumH: dukcupa ce
BepoBaTHoha rpeLuke npee BpCTe @, Na ce oHaa Mefy CBUM KPUTUYHUM obnactuma
BenuumMHe a 6mpa oHa 3a Kojy je BepoBaTHOha rpeLuke apyre BpCTe MUHUMAarHa.

Moh TecTa

MpeTtnoctaBumo aa je F knaca gonyctusux yHKUmja pacnogene obenexja X,
(X1, X5, ..., X;,) y3opak obuma n, W c R" kputnyHa obnact BenuumnHe a 3a TecTupamwe
XunoTtese fa cTBapHa dyHKUMja pacnogene obenexja X npunaga ckyny H, ¢ F. CBaka
dyHKumja pacnogene F 3a kojy Baxu F € F\ H, Ha3uBa ce arimepHamugHa pyHKuuja
pacriodersie NNun KpaTKo asimepHamueHa pacriodersna.

Moh TecTa ce gecdvHuLwe kao BepoBaTHOha oabaumBata naxHe Hynte
xunotese u n3Hocu 1- B. Moh Tecta pacTte kaga pacTe rpeLuka npee BpcTe, a onaga
Kaga pacTte rpeluka gpyre Bpcre. MuHumarnHa BpegHocT Mohu TecTa jeHaka je rpeLuku
npBee BpCTE.



[a 6ucmo ogpeamnu dyHkLmMjy mohu Tecta NnoTpebHo je 3HaTU pacnogeny Tect
CTaTMUCTMKE NPU CBUM anTepHaTUBHUM pacnogenama obenexja X. A To noHekag Moxe
OuTKM N NnocebHO Texak 3aaaTak.

LleHTpUpaHOCT U NOCTOJaHOCT TecTa

C ob3npom aa ce HynTa xunotesa H, oabauyje ako Baxu { (X1, X,, ..., X,) E W},
TO je NPUPOAHO CMaTpaTh CTaTUCTUYKN TECT 3aCHOBaAH Ha KpUTUYHOj obnactn W
yTonuko 6oreum ykonuko cy sehe seposatHohe M(F) npu anTtepHaTUBHUM
pacnogenama. [Npn ToMme, NOXeSbHO je fa CTaTUCTUYKM TECT MMa CBOjCTBA Koja
yBOOMMO criegehmnm gsema geuHuumnjama.

OEOVHUUMIA 3. Heka je F knaca gonyctuBux pyHkumnja pacnogene obenexja X 1 Heka
je W c R" kputnyHa obnact 3a Tectnpame xurnortese H, € F ca nparoMm 3HayajHoCcTu a
Ha OCHOBY y3o0pkKa (X;, X,, ..., X,). CTaTUCTNYKM TECT 3aCHOBaH Ha KPUTMUYHOj obnactm
W je ueHmpupaH ako 3a cBaky anTepHaTuBHY (byHKUNjy pacnogene F € F\ H, Baxu
HejegHakocT M(F)> a .

LleHTpupaHoCT TecTa o3Ha4aBa fa je Beha BepoBaTtHoha ga he Hynta xunoTesa H,
ouTM ogbayeHa y crny4ajy kaga je OHa HeTaudHa, Hero y cnydyajy kaga je tadHa. Ctora ce
KOPUCTU N TEPMUH: HEMPUCTPACHOCT TecTa.

JOEOUHULIMIA 4. Heka je F knaca gonyctuenx yHkumja pacrnogene obenexja X n Heka
je W c R™ kputnyHa obnact 3a Tectupame xunortese H, € F ca nparoMm 3HayajHoCTu a
Ha OCHOBY y3o0pKa (X1, X5, ..., X;;). CTaTuCTn4kn TeCT 3acHOBaH Ha KPUTUYHOj obractu
W je nocmojaH ako 3a cBaKy antepHaTuBHy pyHKUMjy pacnogene F € F\ H, Baxu
jeAHakocT

lim P{ (Xy, X, .. ,X,) € W|F}=1
n—-oo

lMocTojaH cTaTUCTUYKKM TeCT, cnoboaHuje peyeHo, ca BepoBaTHONOM BANCKOM jeANHULM
npenosHaje oactynakwa cTBapHe (Teopujcke) oyHKUnje pacnogene obenexja og Hynte
xunoTtese.



1. CEKBEHUUJAITHU TECTOBMU

1.1. YBOAHE HANOMEHE

Pesynrtatu koje hemo pasmartpaTu Cy OCHOBa OHUX KOju ce ogHOCe Ha
TecTupare je[HOCTaBHUX XnnoTtesa. Hekn pesyntaTu Koju ce 0OgHOCe Ha TeCTUpame
CNOXEHUX XMnoTesa Hanase ce y kibuan Banga (1947a), a Buwe HoBMjuxX pesynraTta
Hanase ce y nanvpuma bepHapga (1952) n Kokca (1952). dasug n Kpyckan (1956) n
PywToH (1950,1952) cy nobunu pesynrtarte cekBeHuujanHux t-mecmosa .

OcHOBHY naejy 0 cekBeHUmjanHum TectoBuma ganuv cy flou n PomuHr (1929) koju
CYy Hanpasunu wemy Aynsior y3opkoBaka 3a ofny4ymBare aa nu he npuxsatntu nnm
oabutn mHoro N ynaHoBa Koju cagpxe HenosHat 6poj aedektHnx N 6, rae je 6
yMHoOXak 6poja 1/ N v npunaga nHtepsany [0,1]. Mo [dou-PoMnHroBoj wemm ysopak
obuma n; ce n3Bnayun u3 LuenuHe n gobuja ce jeqHoO o4 TPy anTepHaTUBHUX peLlera, 1
TO Y 3aBUCHOCTU of B6poja m; HeTa4yHOCTU (OedeKTHOCTM) Haf)eHe y Yy30pKY:

1) lNpuxBatuTh LUENWHY ako je m; < ¢;.
2) Opbauntu uenuHy ako je m,; > c,.
3) Waeyhu gpyru y3opak obnma n, ako je c;< m,; < c,.

AKo je oanyka 3) oOHeTa, ako ce Apyru y3opak BenuunHe n, U3By4ye, oHAa ce jegHa og
ABe OAnyke OOHOCH, Y 3aBMCHOCTU o 6poja m, HETa4YHNX YnaHoBa Yy APYroM Y30pKY:

1) TMpuxBaTuUTK LENMHY aKo je my+ m, < c,.
2) Opbauntn uenuHy ako je my;+m, > c,

lMnaH gynnor y3opkoBaksa je y noTnyHocTu ogpeheH HaBohewem vyeTmpun 6poja
nq, Ny, €1 N C,. YKYMHA BENMYMHA y30pKa je o4nrnegHo criydajHa NnpoMeHsbmBa n Koja
MOXe [a y3uma ABe BPeaHOCTU, n; U ny+ n,. [letarbaH noctynak o nraHy jegaHor
y30pKOBak-a 1 Aynsior y3opkoBawa je aat y kiwnaun Joumrja n Pomunra (1959).

[a bucmo BMaenu ga nnad gynnor y3opKoBaka 3ajedHo ca peluernuma Koja cy y
BE3W onepauuje y CyLTUHM cadntbaBajy CTaTUCTUYKM TECT, MOXEMO caMO Aa MMamo Y
BMAOy Aa ce ogbaumBare LenvHe jaBrba ako U camo ako ABOAMMEH3NOHArNHa crnyvajHa
npomMeHsemBa (m,, m,) npunaga Kputn4Hoj obnactn W geduHucaHoj kao E; U E,, rae je
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E; je ckyn Tayaka y npocTopy y3opka (m;, m,) 3a Koje je m; > c, u E, je CKyn 3a Koju
BaXn c;<my < ¢, umy+m, > c,. P(W |0) je BepoBaTHOha ogbaumBana LenvHe ako je
Heroea dpakumja (yaeo) owteherwa 6, 1 MOXe Aa ce Hanuwe 6e3 Hapo4nUTUX
noTeLlkoha y 3aBUCHOCTU Of, BepoBaTHOha JaTUX Yy XMnepreomeTpujCKnum
pacnogenama. P(W |6) kao dpyHKumja og 6 je HapasBHO, MOh doyHKumje “Tecta” W . Ako
A0MNyCTUMO

L(6) = P(W|0),

Tapa je L(0) BepoBaTHOha npuxBaTawba LenvHe Koja uma gedekt 6. Kaxxemo aa je
LuernvHa y 30H1M NpegHocTu (NpuxeBaTtama) ako je 8 < 6,, y HeyTparHoj 30Hu ako je

0,< 6< 6., y 30HM oabaumBara ako je 6 = 6;. 3a gaTn pusnk npomssohava a (BpeaHoOCT
rpeLuke npee BpcTe) 3a 6 = O, 1 NoTpoLlayke BpeaHOCTU pusmka  (BPeAHOCT rpeLuke
apyre Bpcte) 3a 8 = 6, umamo ga je

L(6o) = 1-a, L(6,) =B

roe cy y npakcu, BpeaHocTu a u 8 061MyHo y3nmajy u3 nHtepsana [0.01,0.10].
KapaktepuctnyHa kpvea onepaumje Tj. rpaduk L(8) kao dyHKumMje og 6, nponasn Kpo3
Tauke (0,1), (6,, 1-a), (61,8) n (1,0).

Mpeja o TavyHuWjoj cekBeHUmjanHoj npoueaypw je gata 3axsarbjyhu bapTtkujy (1943) koju
je npowmnpno nojam OBOCTPYKOT Y30pKOBaHa Ha 8UWECMPYKO Y30pKoB8aH-e 3a Cry4a;j
OecKoHa4yHO BeNUKe LennHe Koja uma HenosHaTy cdpakumjy owteherwa 6. [pyrn paHu
npuMepn MatemMaTUdKkMx cTyguvja o BULLECTENEHMM npoLeaypama yKibyudyjy
MaxanaHobucoBe cepuje yaopaka nonuvca jytapa semsbuiita 3acafheHor y benrany ,u
XoTtenuHrcoBo (1941) 3anaxare 0 HU3Y ekcnepumeHaTta ga 6u ce ogpeano MakCUMym
perpecmoHe oyHKUMje, 1 CTOXaCTUYKM anpoKcuMaumoHn metoam no ukcoHy n Myay
(1948). MehyTtum, Bang je npeny3eo rnaBHM KOpak Ka OMLITOj TEOPUjU CEKBEHLMjanHe
aHanuse, OHakBe KakBe Mo3HajeMo gaHac. Y OBOM Mornasrby npeacrasmhemMo camo
KpaTak rnpukas HeKux o OCHOBHMX Bangosux pesyntaTa y CeKBeHuujarHoj aHanmsu.
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1.2, OCHOBHA CTPYKTYPA CEKBEHUUJAJTHOI TECTA

(a) Onuc porahaja y cekBeHLMjarTHOM TecTy

Hou-PomuHrosa wema gynnor y3opkoBaa rnokasyje CyLUTUHCKY CTPYKTYpY
onwTer cekBeHuujanHor Tecta. Ceakun ogpeheHn ckyn KoMnoHeHaTta (xq, X, ...) UMa
Heky dyHKUMjy pacnogene Koja 3aBucu og 6 v unju je napameTtapckm npoctop Q. Tako,
(x1,...,x,) Ma nsBecHy dyHkumjy pacnogene F(x4,,... x,; 6) 3a n=1,2, ... . [pBo hemo
pasmoTpuTi npocty xunotesy H(6p; Q) (kpahe Hy) naje 6 =6,.

Heka R™, ...,R™ Gyay npoctopu y3opka of xy, ..., X,, PEAOM, 1 Heka
R,= RW x...x Ri") Byne npocTtop y3opka 3a (x;,...,%,) , N=1,2... . buhe norogHo
ynotpebutn R,, rae je Roo:Rf) X Riz) X...

3a cBaKu No3nUTUBHY LieNobpojHu n, Heka G, G,,, G, Byay OUCjyHKTHU aorahaju y
R,, TakBM Oa

(1.2.1) GpU GLU Gy =Gyq X R™.

Mounremo ca CekBeHUMjanHUM eKCnepruMeHToOM U3Bnaverem x; 1 yceajamo cnepeha
npaBuna 3a Npekug Unu HactaBak ekcrnepumeHTa:

x; € G, npuxsatamo H, 6e3 garer nssnayera
(1.2.2) x, € G; opbauyjemo H, 6e3 narer nspnadyemwa

x, € G; WN3BNA4YNMO x,

(x1, x,) € G, npuxsatamo H, 6e3 farser nu3snadera
(1.2.3) (x1, x2) € G, opbauyjemo H, 6e3 garser n3pnavema

(x1, x2) € G, V3BNAYMMO X3
N YONLUTEHO, aKo

(X1, ..., X,) € G, npuxsatamo H, 6e3 narber n3snayera

(1.2.4) (%1, ..., xp) € G, opbauyjemo H, 6e3 garoer n3pnadera
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(x1y -, Xy) € Gy U3BNAYUMO Xy q
n=1,2,...
3rogHo je Ha3Batu G, G,, ... HU30OM HerpeKkuOHuUx dozaljaja eKkcriepumeHma.

Mpumehyjemo pnacy Gy, ..., G,_4, Gy, ..., G,_; UMNMHAPWUYHKM aorahaju y R, , a G, G,
G, poranaju y R, Tako ga cy 2n+1 gorahaja OUCjYHKTHU N BaXu

(1.25 G,U...UG,UGJU...UG,UG,=R,.

MehyTum, jow je 3rogHuje ga cy oBu UCTK gorahaju, 3a cBaku NO3UTUBHMU Lieo 6poj N,
AVCjYHKTHU LMNMHOpUYHKU gorahaju y R, , Ynja je yHuja cama no cebu R, .

Oorahaju G, ...,G,, G, ..., G, G, ,n=1,2,..., 3ajeqHo ca npoLeaypoM oarny4nBara
AeuHucaHom y (1.2.2) , (1.2.3) u (1.2.4) peduHULWy cekBeHUMjanHu TecT S 3a H,.

KputnuHa obnact W, 3a ogbauuBane H, je G, U G, U... rae ce G-oBu bupajy Tako aa
P (W,|6,) = a . MNpouenypa nssoherwa cekBeHuunjanHor Tecta Kopak no kopak éuhe
Ha3BaHa cekeeHyujasiHU rnpoyec 3a 'S .

Buno koju TecT 3a H, Ha 6a3u y3opka puKcHe BenuMuuHe n n y3 obnact ogbauymsarwa W
y NPOCTOPY y30pKa MOXeE Ce Ha3BaTn de2eHepucaHu CeK8eHYujasTHU mecm y KOMe Cy
Gyy ... ,Gy_q,Gy, ..., Gi_q, G, HyNa (NpasHu) CKynosu Aok je G,=W un G,=W.

(6) BepoBaTHOhe y cekBEHLMNjanHOM TECTY

BepoBaTHohe npuxBatawa H,, ogbaumnBawa H,, 1 n3Bnavewa x,,,,; HaKoH
n3Bnayema x, cy

(1.2.6) P (Gyl6), P (G16), P (G,|6)
peaom.

Beh cmo HaBenu aa cy norahaju G, ... , G, G1, ..., G},, G, AVNCJyHKTHW U HUXOBE
BepoBaTHohe cy pyHKumMje og napameTpa 6.

Heka cy
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L,(6)=P (G|8)* ... + P (G.|6)
(1.2.7) M, (6)= P (G}|8)* ... + P (G.|6)
N, (6)= P (G,0)

L(6)=lim,,c, L,,(8)= P (G°|6)
(1.2.8) M(6)=lim,,_,., M,,(8)= P (G'|8)
N (6)= lim,,_,o, N,,(6)

rneje G=G,UG,U..., nG'=G] U Gy U ... OBa orpaHuyer-a Koja nocroje noves of
L,(8), M,,(6), N,(0) Hucy HeraTtneHa ca 36upom 1 a noyes og L, (0) n M, (0) He
onagajy nowTto je n=1,2,... .L (") n M (8') cy BepoBaTHOhe npuxBatawa H, u
onbaumBara H, ako je npaea BpegHOCT 3a 6 y nonynauujy 0'. L(6), kao dpyHKumja og 6
je onepaTnBHa KapakTepucTuyHa dyHKLumMja cekBeHumjanHor tecta S. N (0) je
BepoBaTHoha fa he ce cekBeHuUMjanHu npouec 3a S HacTaBrbaTn 6eckoHayHo. AKO je
N (6)= 0 To 3HauuM ga ce CekBeHUMjanHn npouec 3aBpLuaBa ca BepoBaTtHohom 1.
OuurnegHo je pa

(1.2.9)  L(6)+ M(6)+ N (6)=1
Ako je G, U G,=G,. , CTaBUMO
(1.2.10) p(n [6)=P(G,, |6)

oHAa je p(n |6) BepoBaTHOha fa ce cekBeHUMjanHu npouec 3a S 3aspLuasa (ca
o4NyKkoM Aa ce npuxeaTtu H, unu ogbaumn H,) ca n npoba, ako je 6 npaBa BpegHOCT
napameTpa.

AKo ce cekBeHUMjanHu nNpouec 3a S 3aBpLiaBa ca BepoBaTHohom 1, Tj. ako je N (6)=0
oHAa je npoceyvHu 6poj npoba NnoTpebHMX 3a 3aBpLUaBak-e npoLeca

(1.2.11)  &(nIB) =X, tp(t]6)

LUTO je HapaBHO, oyHKuMja oa 6. E(n |6) ce 0BUYHO Ha3nBa y CEKBEHLMjaNHOj aHannaun
rnpoceyHu 6poj y3opka. Y criyyajy gereHepaTMBHOI CEKBEHLMjanHor Tecra Tj. TecTa
GasunpaHor Ha y30pKy (bMKCHE BEenMYnHE N, UMaMO HapaBHO

£(n 16)=n .

MowrTo je
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E(n |6) = XiL, tp(t]0) + mP(G|6)

m=1,2,..., notpebHo je 3a lim,,_,, mP(G,,|6) = 0, 7j. N (6)=0, oa 6u &(n |6) 6uo
OrpaHNYeH.

Cnepehy Teopemy koja ce ogHocu Ha £(n), koHcTpyucanu cy Bang (1945) n bneksen
(1946).

Teopema 1.2.1 lNpeTnoctaBmumo ga je (xq, xX,...) HU3 HE3ABUCHMUX Cry4ajHUX
NPOMEHSBMBUX U3 pacnojerie ca orpaHMYeHoM cpearomM BpeaHowhy &E(x), n Heka S
Oyne cekBeHumjanHm TecT 3a kora je £(n) orpaHuyeHo. Ako x;+ x,+...+ x,, 03Ha4yaBa
306Up N3By4YEHMX X-OBa CBE [OK Ce S He 3aBpLun, OHAA je

(1.2.12) E(x1+ xp+...4x,)= E(x) E(n) .
[a 6ucmo gokasanu Teopemy 1.2.1 npumeTnmo aa je
(1213) 5(x1+ x2+...+xn)= 3(x1)+ 5(x2|x1 € Gl)P(Gl)+ S(X3|(x1, xz) € Gz) P(Gz)+

roe je Gq, G,, ... peduHmcaHo y (1.2.4). lNowTo cy x4, x5, ... y3ajaMHO HE3ABUCHMU U
nMajy cpenHe BpeaHOCTU Koje Cy cBe jeaHake £(x) oumrneHo je aa ce (1.2.13) csoau
Ha

(1.2.14) E(xy+ Xp+...+x,)= E(X)[1+ P(G )+ P(G,)* ...].

Kao paHuje Heka G,=G, U G,, ,n=1,2,... 3aTum nowto cy Gj, ..., G;;, G, ANCjyHKTHY
porahajn y R,, 3a cBako n 4nju je 36up BeposaTHoha A0 1, U NOWTO orpaHnyeHocT E(N)
nogpasymeBa 3aBpleTtak S ca BepoBaTHohom 1, nmamo

1=X¢2, P(GP)
(1.2.15)

P (G )=X{_ 41 P(G;) t=12, ...
3ameHom oBux y (1.2.14) Hanasumo
(1.2.16) E(xy+ x4, 4 x,)= EX) XeZ1 tP( G,

wTto je (1.2.12) v Ha Taj HaumMH Jokasyjemo Teopemy 1.2.1.
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(8) Kputepujymun 3a bupare cekBeHLmjanHor Tecta

Y dopmanHoj gecvHuLnju cekBeHuunjanHor Tecta Bugehe ce ga Huje 6uno
pecTpuKkuuja Ha ckyrnosuma G,, G, G, Y HallMM CeKBeHLMjanHUm TECTOBMMA, OCUM Y
OHWM Kaja Cy 3a CBakO N OHM AMCjYHKTHW CKYNoBW KOju 3agoBorbasajy (1.2.1). JegaH og
OCHOBHUX NpobBriema y KOHCTpyMcaky CeKBeHumjanHor Tecta S je ogabup G,, G, v G,,.
JedaH of noxerbHUX 3axTeBa Koju he ce yBek HameTaTu je Taj Aa ce CeKBeHUMjanHu
npouec 3a S 3aBpLliasa BepoBaTHohom 1, Tj.

(1.2.17)  N(6)=0.

[pyru noxerbaH 3axTeB, Kao Yy Cry4vajy CTaTUCTUYKUX TeCcTOBa je huKcMpare pusnka
rpeLuke npBe BpCTe, Tj. 3aXTeB

(1.2.18)  L(8,)=1-a

Takohe he 6uTn KOpUCHO NopeanTn ABa CeKBeHUMjanHa Tecta (Kao y cnydyajy
CTaTUCTUYKNX TecToBa HasnpaHnx Ha y3opummMa UKCHe BeNMYNHE) doukeupaTn pusimk 3
rpeLlke gpyre BpCTe 3a HEKY BpeaHocCT 6, peunmo 6 = 6, , Tj. 3axTeBa

(1.2.19)  L(8,)=R8.

Y pasmaTtpamny 6, Hacnpam antepHaTtmee 6, Heka H, 03Ha4YaBa xunoTesy aa je 6,
npasa BpegHOCT 3a 6, a H; xunoTtesa aa je 6, npaBa BpeaHOCT.

N3 ycnosa (1.2.17), (1.2.18) n (1.2.19) nogpasymeBa ce, HapaBHO Aa je
(1.2.20) M(6,)= a, M(6,)=1-B.

Kapa ce y3ame ga je 6, < 6,, ckynoBu BpeaHOCTU 3a 6 3a koje je 6< 6,, 6,< 6 < 0,
6> 6,, cmaTpajy ce 30Hama Koje Cy nogecHuje 3a rpuxeamare, UHOUghepeHmMHocm, v
o0bujarse H,.
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L(v)

Cnivka 2.

Y3nmarwem aa je 6, > 6, , MOXXeMO NOCTaBUTU CIIUYHE 30HE.

Mog npetnoctaBkoM aa je N(6)=0, ocHOBHe KapakTepuctuke rpacduka L(6) nog
ycnosmma HaBegeHum y (1.2.17), (1.2.18) n (1.2.19) Bnge ce Ha cnvumn 2.

CekBeHumjanHm TecT 3a koju L(6) 3apoBorbaBa (1.2.18) 1 (1.2.19) 3Bahe ce
cekBeHUuujanHn TecT jaqyuHe (a, 8y; B,6,) .

AKo cy S11 S, OBa CeKkBeHLMjanHa Tecta ca onepaTMBHUM KapakTepUCTUYHUM
dyHKumjama L,(6) n L,(6) Tako aa je L,(0y) = L,(09)=1 — a pok je L,(0,) < L,(6,),
KaxxeMo fa je S; jadye opf S, 3a Tectupamwe H, NnpoTuB H,. Ako je S; jaye oa S, 3a cee
Moryhe cekBeHuUujanHe TecToBe S,, OHAA S; KOju MOXe [a ce 03Hauu ca S* , uma
MakcumarsiHy jaqyuHy .

Ako cy npoceydHn 6pojeBu y3opka U3 ABa Tecta S; U S, ucte jadnHe E,(n 1) m &, (n [6) n
ako je

(1.2.21) &IOS E (NG), =6, 6,

ca jegHakowwhy Koja He Baxu 1 3a 6, n 6,, S; he ce cmaTpaTu noxersHuUjum og S, 3a
Tectmpawe Hy npoTuB H;.
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Ako je ogHoc (1.2.21) koju Baxu n 3a 6, n 6; 1 3a cee moryhe nsbope S, pasnuumrte
o4 S;, OHAa je S, KOju MOXe [la ce 03Hayu ca S* cekBeHUumjarnHn TeCT MakcumariHe
egukacHocmu. Y opgerbky 1.4 nokazahemo fa ce TakaB CeKkBeHUnjanHum Tect S*
MaKcuMMarsnHe eprkacHOCTU MOXe KOHCTpyucatu Metoaom 6asmpaHom Ha ogHOCY
BepoBaTHohe.

MPMMEP 3. (Mpumep aynnor y3opkoBaka) [NpeTtnoctaBumMo ga nMamo MallmHy ca
BpeMeHOM Tpajarwa T (Hnp.20 catn). 3a HyNTy xunoTesy yaumamo aa je H, (noysgaHocT
mawmnHe 0.9), a uHTepBan noeepekma je 0.95, gakne a = 0.05. la 6ucmo TectTupanu oy
xunotesy Mu ctaBrbamo n (HNp.20) enemeHaTta Ha TecTupawe 3a T caTu, U Taga
padyHaMo Konuko enemeHata he , npexunsetn” . bpoj ,Apexmeenmx‘ mMalunHa Koje
o3HavyaBaMo ca X nma 6uHoMHy pacnogeny B(n =20, p), rae je p noy3gaHocT ypehaja,
Tj. BepoBaTHoha Aa TakaB ypehaj ornctaHe HakoH BpemeHa T. MoxemMo nspasntu Takas
OMHOMHM Mofen BepoBaTHohe ca:

PX>cl=1-PX<c}=1-Y5, cr(1l-p)~~

Capa npetnoctaBnmo ga je noysgaHoct 0.8 unm mawa HenpuxeaTtibMBa U UMamo

H,( noysgaHocT < 0.8), n gepuHuwemMo nnaH gynnor yaopkoeawa ca S (n;=20, n,=20,
c1=14, c,=15, ¢3=33). iaBnaunmo npeu y3opak obuma n,;=20 1 padyyHamo 6poj
onctanux X. Ako je X > 15 He ogbauyjemo H,, ako je X < 14 ogbauyjemo H,
(noyspaHocT je HenpuxBaTsbmuea). Ako je X jegHako 14 nnun 15 nasnaummo gpyru
y3opak obuma n,=20 n padyHamo 6poj ,npexmnsennx’ Koje o3Ha4yaBamo ca Y. Taga
camo ako je X+ Y< 33 ogbauyjemo xunotesy H, n oanyyyjemo ga noysgaHoct ypehaja
HWje npuxeaTibMBa.

MnaH S (n,=20, n,=20, ¢,=14, ¢,=15, c;=33) je KOHCTpyncaH Ha cnegehu HauunH. 3a
NpBu y30pak n, Koju CMO U3BYKNK, bupamo n3 GuHomHe Tabnuue 3a B(n =20, p=0.9),
0poj c,=15 3aT0o WTO BepoBaTHOha npuxBaTawa (6poj onctanux X > 15) ,0obpe” rpyne
(noysgaHocT = 0.9) je Pyo{X = 16}=0.957. 3atnm 6upamo c;=14 3aTto WwTo je
BepoBaTHoha opbaumBatwa , obpe” cepuje Py o{X < 13}=0.002. Taga n3 6uHomHe
Tabnuue B(n =20, p=0.8) nmamo aa je BepoBaTtHoha npuxeaTaka ,Jiowe’ rpyne
(noysgaHocT 0.8 n X > 16) 1- Pyg{X < 15}=1 - 0.3704= 0.630, n BepoBaTHoha
ogbauuBama ,nowe” rpyne je Py g{X < 13}=0.087. ako je 6poj ,npexmsennx” X=14 nnu
15, pesyntaTtu ce cmaTtpajy HeyBeprbmBuM. BepoBaTHoha HeyBepromBux pesynraTa
Kaga je rpyna gobpa (nosorbHa) je 0.041, n kaga je rpyna nowa je 0.284. Ako 3aTo
n3BnayYnmMo gpyru ysopak n,=20 n gecduHunwemo 6poj c;=33. NpruxBaTtamo cepujy ako je
YKynHu 6poj onctanux 33 n BuLwe, 1 oabauyjemo rpyny ako je 6poj oncranux maku o
33. He TBpamMmo aa je nnaH S ontumManaH, anv npyxa gobpy nnycrpawmjy oBakBor
TecTnpama.
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BepoBaTHoha npuxBaTtara 3a CBaku nnaH gynrnor y3opkoBawa S, 3a cBako p, aTa je
cnegehom jegHa4yMHOM.

P{npuxBarama rpyne}= P{ npuxBaTame y nouetky} +
P{y moueTky HeyBep/bUBO, Ta NpuxBahieHo y [pyrom n3Biademby}

= P{npBo u3Biavemwe > 16 } +
P{npBo u3zBsauewe = 14 wiu 15, ¥ KOMGUHOBAHO U3BJIavere > 33 }

=Y20 ¢ Bin(x; n = 20, p) + Bin(x = 14; n = 20, p) - [Bin(x = 19; n = 20,p) +
Bin(x = 20;n = 20, p)] + Bin(x = 15;n = 20,p) - [Bin(x = 18;n = 20,p) + Bin(x =
19;n = 20,p) + Bin(x = 20; n = 20,p)]

MpumeTmo ga 6ucmo fobunu pesyntaT og 33 NpeXuBenux n suwe, y KoMbMHOBaHOM
NpPBOM 1 APYrom y3opKy, NpBo Tpeba ga aobujemo y npBom y30pKy 15 unm 14 ycnewwHmx
(Tj. HeybenbMB pesynTaT) a 3aTUM AOBOSbaH 6poj ycnewHmx y gpyrom y3opky (18, 19
unu 20 ). Y cnyyajy kaga je noysgaHocT p = 0.9 y nnaHy Aaynnor y3opkoBamwa
npuxeatamo HynTy xmnoTteay ca BepoBaTtHohom 0.982, ook je koA TecTa ca PUKCHUM
y30pKOoM Ta BepoBaTHoha camo 0.957 3a n =20, u ¢ =16.

P{npuxBarama rpyne}= P{ npuxBaramwe y noueTky} +
P{y no4yeTky HeyBep/bHBO, 1a NpUxBalieHO y APYyroM U3BJIAYerbY}

=0.957 + 0.0089 - (0.2701 + 0.1215) + 0.0319 -( 0.2851 + 0.2701 + 0.1215) = 0.982

BepoBaTHoha oabaumBansa y Halwem nraHy gynnor y3opkoBawa ce fobuja 3ameHoM
peun ,MpuxsaTamwe” peyvjy ,oa00aumBamwe” y jeaHaumHn. 3a TayHy noysgaHoct p=0.09,
BepoBaTHoha norpewHor ogdauneatrsa je 0.018, 1 P{ X <16} = 1- 0.957 = 0.043, wto
oArosapa BepoBaTHONM 3a nnaH ca PUKCHUM y30pKkom 3a n =20, n ¢ =16:

P{on6anuBama rpymne}= P{ og6anuBamme y mo4etky} +
P{y nmoueTky HeyBep/bHBO, 1a 0/16AYEHO Y APYTOM HU3BJIaYeHbY }

= P{npBo usBaavemwe < 13 } +
P{npBo usBsauewe = 14 uau 15, ¥ KOM6HHOBaHO U3BJaYee < 33 }

=Y13 ) Bin(x;n =20, p) + Bin(x = 14; n =20, p)-{(1 — [Bin(x = 19;n = 20, p) +
Bin (x = 20;n = 20, p)]} + Bin(x = 15;n = 20, p) - {1 — [Bin(x = 18;n = 20,p) +
Bin(x = 19;n = 20,p) + Bin (x = 20; n = 20, p)]}

= 0.0024 + 0.0089 - (1- (0.2701 + 0.1215)) + 0.0319: (1 — (0.2851 + 0.2701 + 0.1215)) =
0.018
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Tabena 1. NojeOuHa4yHe u kKoMbuHogaHe seposamHohe 3a B(n =20, p=0.9 u 0.8)

Oncrarm| p=0.9 p=0.8 | Kom6buHoBaHo | KomBGuHoBaHO

3ap=0.9 3ap=0.8
10 0.000006 | 0.002031 0.00001 0.00259
11 0.000053 | 0.007387 0.00006 0.00998
12 0.000356 | 0.022161 0.00042 0.03214
13 0.001970 | 0.54550 0.00239 0.08669
14 0.008867 | 0.109100 0.01125 0.19579
15 0.031921 | 0.174560 0.04317 0.37035
16 0.089779 | 0.218199 0.13295 0.58855
17 0.190120 | 0.205364 0.32307 0.79392
18 0.285180 | 0.136909 0.60825 0.93082
19 0.270170 | 0.057646 0.87842 0.98847
20 0.121577 | 0.011529 1.00000 1.00000

Ha oBaj HaunH CMO nokasanu Kako ce CNpoBOAM LiemMa Aynsor y30pKoBaka y
nopehemy ca jeHOy30payknm TeCTOM, U HE caMo fa ce nosBehasa BepoBaTHoha
npuxesaTtaka gobpe oanyke, Beh Takohe ce cmamyje BepoBaTHoha ofgbujara gobpe
o4nyKe, Yak 1 Kag je pesynTtaT NnovyeTHOr Tectuparwa HeyBeprbus. OBe KapakTepucTuke
Cy HMX0Ba Hajseha npeaHOCT jep y MHOMMM criydajeBa ce CMakbyjy A04aTHU TPOLLKOBM
1 Hanopw nomonhy weme gynnor y3opkoBaka 1 yornTeHo, NoMohy cekBeHuujarHnx
TecToBa.
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1.3 AEKAPTOB CEKBEHUWJAJIHU TECT

(a) Onuc u ceojcTBa TecTa

Mpe 6aBrbewa HajborbMM Moryhum cekBeHUuWjanHUM TECTOBMMA KOju ce Mory
OCMUCINNTU, MOXE BUTN KOPUCHO OAPeanNTM uaeje o je4HOCTaBHOM, YaK U He Beoma
edrkacHOM cekBeHUujanHom TecTy 6asnpaHom Ha BUHOMHOj pacnogenu BpeMeHa
Yyekawba. [MNpeTnocTtaBuMo aa je (xq, X,,...) HWU3 HE3ABUCHUX CITy4ajHUX MPOMEHIBUBUX
Koje umajy ucty doyHkumjy pacnogerne F(x; 6).

PasmoTpumo cnegehn cekBeHuujanHm Tect S 3a Tectupawe H, npotms H,. Heka
Go, G§, Go BYIYy ANCjYHKTHU NMOYemHU CKyrnoeu 4vja je yHuja uena pearHa oca, U Heka

Giny Giny» Gy BYAY CKYNOBYU Ggy, G(oy, Gy Y R™ n=1,2, ... roe je R™ npocTop

y30pka og x, , n=1, 2, ... . OHga he ce BuaeTv aa OUCjyHKTHM forahajm
Gyy ..., Gn, Gy, ..., G, G, nedvHucann y (1.2.4) mory 6GUTU KOHCTPYMCaHM Ha crieaehu
HaYvH :

Gi=fri € G} =

G5={(x1,X3) € Gqy X G(iz)}, i =’

(1.3.1)

G,i:{(xl, ,xn) E G(l) X .. X G(n—l) X G(ln)}, | :O,,

G,={(x1, ... ,xp) € G(l) X .. X G(n)}-

Tako je cekBeHUMjanHu npouec 3a S jeQHOCTaBHO HAacTaBak u3srnadewa u3 (xq, x,,...)
cBe 0K jedaH X ynaday G, Ha peanHoj ocu. Yum x ynaaHe y G, My npuxesaTtamo H, ,
UNKn Nak YMMm X ynagHe y G, npuxsatamo H,. TakaB TecT Ha3uBa ce [lekapToB
CekBeHUujarnHu TecT.

Heka je
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a (9):ng dF (x; 0)
(1.3.2) b(6)=J,,, dF (x; 0)

¢ (=1, dF(x;0)=1- a(6)- b(6).

a (6), b(6) n c (6) obenexnhemo ca a, b u ¢, n Heka a(b;) = a;, b(6;) = b; n c(6;) = c;,
i=0, 1. OHpa he

(1.33) P (G |9)=act™!, P (G!|8)=bctt, P (G,|6)=c"

t=1, ... ,n
Ln(0)= “
_b(1-c™)
(1.3.4) My (6)= =
N,,(6)= c".

Ako ce G, n3abepe Tako ga je c (6) < 1, umahemo lim,,_, N,(8)=0, n

L(O)= —
(1.3.5)
M(©)= ——

BepoBaTHoha ga ce cekBeHLUMjanH1 NpoLec 3aBpLlaBa HAaKOH U3BMNayvera x, AaTta je Ha
Ha4YumH

(1.3.6)  p(n | B)=(a+b) c™1

A npoceyaH 6poj y3opka je

(1.37) &N |6)= (a+b)X=, nen 1= al+b .

Bugehemo ga je p(n | 6) camo cneumjanaH cnyyaj BpeMmeHa Yyekawa bMHOMHe
pacnogene 3a k = 1.
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AKO puanum rpeluaka npee u gpyre spcte tTpeba ga 6yay a v B kapa je 6=6, n 6= 6,
Tana Gy,  Gj Mopa ija 3a[10BOrbasajy jeJHaKkocTm

g _ ) ag —
(1.3.8) a0+b0—1 a, it B
Tj. MOpPaMo nmaTu
A _1-a a_ B
(2.3.9) by @ b, 18"

Ako 360r ogpeheHnx BpegHoctn a un B, n £(n |6,)(=1/(ay+b,)) noctoju ckyn nsbopa 3a
Gy M G n36op Koju aaje Hajjaum [lekapToB cekBeHUMjanHu TecT y cnydajy F(x ;6) uma
rycTuHy pacnogene f(x; ) kako cyrepuviue Teopema Hojmana —Mupcona. Tj. G,
y3MMaMo Kao CKyn BpeAHOCTU 04 x 3a Koje ogHOC BepoBaTHOhe 3a40BOSbaBa

f(x:641) <

(1310) £ b <ko,

n G, Kao CKyn 3a Kora je

f(x;641) >

(1311)  ZooE= ky,

roe cy k; > ko, > 0 nsabpanu Tako ga je (1.3.8) 3agoBorbeHo 3a G, U G4 3a crneumjanHe
BpeaHocTn a, B n E(N |6,). Apyrum peunmma 6uno Koju apyrv usbop ckyrnosa G, u G,
peunMo G, 1 G4* WTo aonywiTa GUKCHO agl/(ag + by) Npy dmkcHUM a n E(N |6,) v npu
UKCHMM N, (a OTyA4 u BepoBaTHONY rpeLuke npee BPCTE N PUKCHM NpoceYvHn 6poj
y30pka npwu 6,), wTo aaje [lekapToB cekBeHUMjanHm TecT S 3a kora je a,/(a; + b;) > f3
Tj. 3a Kora BepoBaTHoha rpeLuke gpyre BpcTe Beha je 3a cekBeHUMjanHu TecT Ha 6asu
Gy v G4 kao wTo ce Buau y (1.3.10) un (1.3.11) .

lMpumedba. V\cToBpeMEHUM M3BNAYeH-EM I X-OBa U3 Nonynauunje, MoXe ce HanpaBuTK
I —ToCcTpykn [lekapToB cekBeHuujanHu Tect S . buhe JOBOBHO pasmMoTpUT camMo
Cnyvaj rae cy CKyrnosu npuxsatawa u ogbauusara y npocTopy y3opka R, of (x4, ..., xy)
oapeheHn ogHocom BeposaTHohe. Tako, Heka G, Byae ckyn Tayaka (xy, ..., x,) Koje
3a40BoOSbaBajy

r f(xi;01)
(1.3.12) izlf_(xi;eo) <k,,

M cKyn G| Koju 3agoBorbaBa

r f(xi;01)
(1.3.13) =17 (x:00)

> k,
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AOK je G, CKyn KOju He 3a0BOrbaBa HY jeHy HejedHaKocCT, rae cy ky > ko >0
opabpaHu Tako aa 3agososrbasajy (1.3.8), n a (6), b(6) u ¢ (6) aehmHncaHn kao

P (G, |6), P (G5 18) n P (G, |6). To ce moxe BuaeTH no aprymeHTy k aa oBaj n3bop G, 1
Gy naje jaun [ekapToB cekBeHLmjanHu TecT o 6uno Kor apyror nabopa G, v G|y
NpocTopy y3opKa (x4, ..., X,) KOju gonywTta UKCHUM ay/(a, + by) Npy PUKCHUM a U
E(n |6y).

UunTtaouy he 6utn ounrnegHo ga ako NocToju Tewkoha y domkcmpamy rpeluaka npse
BpCTE 1 Apyre BpcTe Npu a 1 B 3a jeAHOCTPYK [lekapToB CEKBEHLMjanHN TECT, MOXEMO
douKcmpaT OBe rpeLlke KOMmMKo rog xohemo 6nmsy a mn B kopuctehn r —ToCTpyKu
[ekapToB cekBeHUMjanHu TecT 3a ogrosapajyhu ogabpanm r.

(6) MpumeHa HenapameTapcKor TecTupara

AKO ce HuLWTa He 3Ha o0 F(x ;60) ocum Aa je HenpekuaHa, oHaa [lekapTos
CEeKBEHLUMjanHu TeCT Aaje HenapameTapckmn cekBeHumjanHu Tect. [Ja 6ucmo oBo BMaenm
Heka F(x ;0,), F(x ;6,) byay HenpekngHe, n Heka byay obenexeHe ca Fy(X) n F;(X)
penom. Heka onabepemo G, u G, kao uHTepsarne (—oo,a) u (b, +o) , a < b, oHaa ce
(1.3.8) moxe HanucaTu Kao

Fy(a) — 1. Fi(a)
Fo(a)+1— Fy(b) ’

(1.3.14) A@1-Fo) P
v [lekapToB cekBeHUMjanHu TecT Ha 6a3u osor nsbopa G, 1 G, nocTaje TecT 3a
npuxeatamwe HenpekuaHe pyHKuMje pacnogene Fy(x) ca BpegHocTuma Fy(a) n

1- aF,(a)/(1-a) npyn a n b NpOTUB anTepHaTMBE NpuxBaTawa HenpekngHe yHKunje
pacnogene ca BpegHoctuma F;(a) n 1-(1-B) Fi(a)/B npu a n b. lNpoceyHa BennynHa
y3opka je [Fy(a) + 1 — Fy(b)]! aKo je Fy(X) pacnogena Koja ce ynpaso y30pKyje , a
[Fi(a) + 1 — F;(b)]™! aKo je F,(x) pacrnofena Koja ce ynpaBo y30pkKyje.
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1.4 CEKBEHUWJAITHU TECT KOJIMYHUKA BEPOOOCTOJHOCTU

(a) DeduHnumja Tecta

Ouckycuja o nsbopy G,, Gy U G, Koju Boae Ka Hajjauum [ekapToBuM
ceKkBeHLujarnHuM TecToBMMa 3a TecTupawe H,y 1 H;, yka3yje Ha Haj6orbm moryhu nsbop
ckynoea Gy, ..., G,, Gy, ..., G, G, ,n=1,2,... , 3@ HEKN cekBeHUMjanHun Tect. Haume, na
6ucmo ogabpanu G,, G, v G,,, 3a AUCjyHKTHe forahaje y R, Koju 3afosorbasajy (1.2.1)
3a n=1,2,..., geduHUcaHe 3a cBako n nytem ogrosapajyhux HejegHakocTu

Q1n

141) Urcp,  Bms g < Broy
Qon Qon on

roe je

(142) Qin: 7t1=1 f(xt; 91')! I = 0’1

nrgecy f(x ;0,) n f(x ;6;) ryctTuHe pacrnogerne arnconyTHO HenpekugHe y
mMeRycobHom ogHocy . [JoBOSLHO je caMo pa3MOTPUTU Cry4vaj rycTuHa pacnogena 'y
oBOM ogerbky. OBaj TecT je npBobUTHO npeanaraH og Banga (1945) n 3oBe ce
CceKkseHyujaHu mecm Kosnu4YyHUKa eepodocmojHocmu. 360r Tora TeCcT cagpXu
npuxeatawe H,, npuxsatawe H; U1 U3BMaderwe x, ., NOCrne n3Bnayemwa x, Ha OCHOBY
Tora ga nv (x4, ..., x,) 3agoBorbasa npBYy, Apyry unn Tpehy HejegHakocT y (1.4.1)
n=1,2,...rae cy ko U k; MKCHM Tako aa

(1.43)  L(By)=1-a, L(6,)=B

Tj. Tako Aa cy BepoBaTHohe rpeLlaka npee v apyre Bpcre a u .

(6) CojcTtBa hyHKUMje pacnogerne 6poja npoba NnoTpebHUX 3a 3aBpLUeTak
CeKBeHLMjanHor npowueca KonmyHnka Bepo4oCTOjHOCTH

[MpBO pa3mMoOTPMMO NUTaHE fa NN Ce CeKBEHUMjanHN NpoLec KoSIMYHuKa
BEPOLOCTOjHOCTH 3aBpLuaBa ca BepoBaTHohom 1. Heka

;0
(14.4) z=log (;—Ez ; 93)
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n Heka H(z, 6) byge dyHKumja pacnogene of z 3a PUKCHy BpeaHoCT 6y
napameTapckom npoctopy Q. Kaga 6, # 6, npeTnoctassba ce Aa je Z HeaereHepucaHa
crny4ajHa NpOMeHSbMBA .

Heka

f(xe;0
(1.45) z =log (%), t=1,2,....

OHpa je (z4, z3, ...) CTOXaCTMYKM NpoLeC CTBOPEH OONYHUM HACyMUYHUM Y30PKOBaH-EM
n3 Heke pacnogene H(z ; 6) n cekBeHumjanHm NpoLec 3aBpLUaBa Cce 3a HajMmakW Lenm
Opoj n 3a Koju HejeaHaKOCT

(1.4.6) log ky < zy+ ...+ z,<log k4

He Baxu. MImajmo Ha ymy pa je G, gorahaj 3a kora HejegHakocT (1.4.6) Baxu, a oTyA je
aoranaj Koju nponcTnye 13 nsBnadera NPeko N X-oBa npe Hero WTOo Ce CEKBEHLMjanHn
npouec 3aBpLuun.

HeKa {:1: Zl+ +ZT’ 52: Zr+1+ +ZZT" cae gy Ei: Z(i—l)T+1+ +ZiT" ... . dKo ce
CeKBeHLl,I/IjaJ'IHI/I npouec HMKaga He 3aBplin, oHga MopamMmo nMatu

(1.4.7) &<D?,  i=12, ..,

roe je D = |log kg| + |log k4| . MowTo je &, &;, ... HN3 HE3ABUCHUX CNyYajHUX
NPOMEHIBMBMX KOje nmajy UCTy pyHKumMjy pacnogene, peummo J(¢ ;6), BepoBaTtHoha aa
HejeaHakocTn (1.4.7) 3a i =1,2, ... ,m Baxe je p™ rge je

(1.4.8) p=P ({2 <D?)=..=P(§4 <D?.

MowTo je z HeaereHepucaHo MMa No3nMTUBHY BapujaHcy 2. BapujaHca 3a & je ro? u
Moxe fa npemalun D? 6upamem r >D?/ ¢?, y koM cnyyajy umamo E(§%) > D? a otya

P (€ <D?)=p<1.

36o0r Tora, ako yamemo r >D?/ g2, n nycTumMo Aa m — oo, Hana3uMo Aa je BeposaTHoha
HemoryhHOCTM 3aBplLuaBarka CekBeHuujanHor npoueca lim,,_., p™ = 0.

3akrby4yjemo

Teopema 1.4.1 Ako cny4yajHa npomeHrbuBa z geduHucana y (1.4.4) uma KoHa4vHy
cpenmy BPeAHOCT, M KOHAYHY NO3UTUBHY BapWujaHCy, CeKBEHLMjanHU NpoLec KoSIMYHuKa
BEpOAOCTOjHOCTHM 3aBpLuUaBa ce ca BepoBaTHohom 1.
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OpHocHo, 6orba TeopeMa Koja Baxkn 3a (hyHKUKjy pacnogerne 6poja npoba noTpebHux
3a 3aBpLUaBaH-€ CEKBEHLMjanHor npowueca goHeTa je 3axsarbyjyhu LTajHy (1946).
MoaundukosaHa LLTajHoBa Teopema rnacu:

Teopema 1.4.2 Ako je criydyajHa NPOMEHSbUBA Z HeJereHepucaHa CBUM MOMEHTM o4 N
nocroje.

[a 6u ytBpaunu teopemy 1.4.2 0OBOSBHO je pa3MOTPUTU reHepaTopHY PyHKLUMjY
MOMeHTa Y (u) og n

(1.4.9) 9 (u)= &™) = X2, " P(G¢16)

roe je G; = G, U G/ v To je morahaj Koju peayntupa y 3aepliuaBary CeKBeHLujanHor
npoueca npu nasnavemwy t-or. Npu pasaeajawy cepuje gecHo o (1.4.9) Ha 6rnokose oA
cBakor r-a sugehece pajeu=0

YU e™PO<nsn+e?™P(r<ns<2r)+...
<e™P(n>0)+e?™P (n>r)+ ...
Anu 3Hamo u3 (1.4.8) oa ako z nma No3MTMBHE BapujaHce
P(n=mr)<sp™
Otyn je
(1.410) P (u)< e™ +e?™Mp+e¥p?2+ . =e™(1 - e™p)L
Ako je u < 0 Hanasnmo
(1.4.10a) Y (u)<se (1 — e™p) L.
Crtora, ako je u 6urno koju peanHu 6poj Koju 3agoBorbasa e”“p < 1, Y (U) KOHBeprupa.

MHTepBan 3a u 3a Koju oBa HejeHaKOCT BaXu cagapku U = 0 Kao YHyTpaLUkby TayuKy U
cnegm aa k-tm nseog og Y (u) noctoju kaga je u = 0 wWTo Aaje k-Tm MOMeHaT oA U 3a
k=1,2, ...

KoHayHo cnepehu pesynTaT (kao gogartak Ha Teopemy 1.2.1) je BaxaH y fobuvjarby
n3pasa 3a £(n |0), n 3a ucnmtTnBarwe ePMKaCHOCTM CEKBEHLMjANHOr TecTa KONUMYHMKA
BEpPOAOCTOjHOCTMW.

Teopema 1.4.3 Ako je z HegereHepucaHa crnyvajHa npoMeHsbLUBa ,Taga je

(1.4.11)  E(zy+ 2+ ... +2,|0)= E(z |0) -E(n |6).
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OrpanunyeHocT £(n |6) cnean n3 Teopeme 1.4.2 n npeoctanu aprymeHT crneam ms
Teopeme 1.2.1.

(8) OppehuBame rpaHUYHUX KOHCTaHTU ko U k; 3a CeKkBeHLMjariHe TECTOBE KOSNMMYHUKA
BEpPOLOCTOJHOCTH

Capa pasmoTpumo npobrem ogpenmBarwba rpaHNYHUX KOHCTaAHTU ko U k, 3a
cekBeHUmMjanHn TeCcT ogHoca BepoBaTHohe jadnHe (a, 8,; B, 8,). Ta4yHo ogpehuBane k
n k, je Texxak npobnem, maga je nako Hahu 6nucke HejegHakocTn n gobpe
anpokcumaumije.

N3 peduHuumje cekBeHUmMjarnHOr Tecta KonMyHMKa Bepo4oCTojHOCTU cnean aa he H,
O1TM NnpnxeaheHa HaKkoH M3Bnayena x, ako je npsa HejegHakocT y (1.4.1)
3agoBorbeHa. MNowwTo cMo obenexuny osaj aorahaj ca G, MM UMaMo Ha CBMM Taykama

y Gy

(1.4.12)  Quu<koQony N=12, ...

Ha ocHosy (1.2.8) umamo

(1.4.13) LB =P (G,16)+P (G,10)+....
Ako je L(6) jaunHe (a, 8,; B, 61), oHOa uMamo
(1.4.14) LBy =1-a, L(6,)=B.

N3 (1.4.12) cneawn aa

(1.4.15) P (G, 16,)S koP (G, 16,), n=12,....
36or Tora

Y=1P (Gn 161) S ko X5=1 P (Gn 160)

Tj.

(1.4.16)  L(6;) < koL(6,).

3ameHom u3 (1.4.14) Hanasumo ga k, Mmopa ga 3a4oBOSbM Heje4HaKoCT

ko> —.
0 1-a
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Ha cnuyaH HaunH pasmaTparwem gorahaja G, Koju pesyntupa y npuxsatawy H;HakoH
nssnavemwa x,, n = 1,2, ..., rae gpyra HejegHakoct u3 (1.4.1) Baxu Hanasumo ga

(1.4.17)  M(6,) = k,M(6,).

MowTo je N(6)=0 umamo M(@) = 1- L(6). 3ameHom y (1.4.17 ) n kopuwherem (1.4.14)
Hana3umo Aa k,; Mopa Aa 3a40BOSbM

1-B

a

kq

IA

306o0r ToOra,

Teopema 1.4.4 KoHcTaHTe k, 1 k; 3a CEKBEHLMjanHn TECT KONNYHMKa
BEPOLOCTOJHOCTU jaumHe (a, 6,; B, 6,) 3a40BOSbaBajy HejeaHaKoCTH

1-a a
A caga heMo ncnutaTtu akTyenHy jaumHy cekBeHUMjanHor Tecta KonmyHmka
BEPOLOCTOjHOCTH ako 3a garte a u B nsabepemo

(1.4.19) ko= —, k= —=.

1-a a
[o6po je mucnutn Ha (a, 8,; B, 6;) Kao Ha ja4ynHy Koja ce OYeKyje of TecTta u

(a', 6y; B', 6;) Kao jaunHy koja he ce nobutn Tectom. OHga cneaun us (1.4.18) pa je

1420 2>t , LELIE

1-a 1-a
3 oBe OBe HejegHakoCcTU cneam aa je

! i ! —_—
(L421) B's—, wn o« <15

]

A Takohe n ga je
(1.4.22) a' +p ' <a+p.

3agHa HejeQHaKOCT jeQHOCTaBHO Mnokasyje Aa je 36up BepoBaTHoha CTBapHUX rpeLlaka
npee u apyre BpcTe 3a u3bop ko 1 k; gate y (1.4.19) He moxe aa npesasuhje 36up
BepoBaTHoha OYeKMBHMX rpeLuaka npee u gpyre spcte. 36or Tora mamo

Teopema 1.4.5 Ako cy KOHCTaHTe k, U k, 3a CEKBEHUMjarHN TECT KONMYHMKA
BEPOLOCTOjHOCTU jaumHe Koja ce odekyje (a, 8,; B, 6;) caga ogabpaHe kao B/(1-a) n
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a/(1-B) pegom, cTBapHa jaumHa pesyntupajyher tecta je (a’, 8y; B, 6;,) rae a'v B’
3agoBosbaBajy HejegHakocTu (1.4.21) n (1.4.22).

Y npakcu ovekmBaHa jauvHa (a, 8,; B, 61) nma BpegHocTn a u 3 koju peTko npenase 0.10
a HejegHakocTtu (1.4.21) n (1.4.22) nokasyjy Aa pasnuka u3meny cTBapHe jadyvHe u
OYeKMBaHe jaunHe ca NpakTUYHe CTpaHe Huje BeoMa BaxHa.

(r) dyHKUMja onepaunoHUX KapaKTepUCcTMKa CeKBeHUMjarHor Tecta KonmyHuka
BEpPOLOCTOJHOCTH

[o caga cmo pasmaTpanu dyHKUnje onepaumoHnx kapaktepuctuka L(6) 3a camo
ABE BpeaHoCTn 3a 6, Haume, 6, 1 6,. Ta4yHo ogpehmBane L(6) 3a Npon3BosbHO 6y
napameTtapckoM npoctopy Q je Texak npobrem. Mehytnm moxxemo ogpeanTu
npubnmxaH n3pas 3a L(6) 6e3 HenoTpebHux Tewwkoha.

Mo Banay (1945) 6uhe norogHo yTBpAMTY crieaehy nemy BaH ckyna:

Nema1.4.6 Heka z=log f(x ;60;)-logf(x ;86,),rae jex cnyyajHa NpoOMeHsIbMBa Koja
nma ryctnHy pacnogerne f(x ;6) tTako ga 6 dbyge tadka y napameTtapckom npoctopy Q
Koju cagpxu 6, n ;.

Ako

(1) € (e?™) nocToju 3a ceako peanHo h ,
(2)€(z)* 0,
(3) 3aHeko 5; >0 n 0<§,<1,P(e*>1+6,)>0uP(e*<1-6,)>0,

OHAa 3a cBako O nocTtoju jegHo h Tj. h(6) # 0 Tako ga

o (fx 8)\"
(1.4.23) [° (h) Flx; 0)dx =1

Tj.
E (e?MO)=1 .

[a 6u pokasanu nemy 1.4.6 Heka E; 6yae ckyn BpeaHOCTU o4 x 3a koje e?> 1+ &, U E,
CKyn 3a Koju je e” <1 - §,. OHga nmamo 3a h > 0,

(1.4.24)  €(e™) = [, e™ f(x;0) dx > (1 + &,)" P (Ey)

msah<o
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(1.4.25) €£ (e > sz e? f(x;0) dx > (1— 6,)" P (E,) .

MowTo cy P (E;) n P (E,) # 0 jacHo je 3 (1.4.24) n (1.4.25) pa
(1.4.26)  limj_ 40 & (€7") =limj,_o & (e?") = +0 .

Kapa osHaunmo £ (e?*) ca y (h) a npsu n gpyrv nsson oa Y (h) ca ' (h)yn ¥” (h),
oHa nmamo

(1.427) W' (0)=€E(z)%0
n
(1.4.28) ¢" (h) = € (z2e”") >0

MowTto je Y (0) =1,y (0)# 0, ny" (h) >0 ouurnegHo je aa Y (h) koju 3asucu oa 6 kao
n h uma mmHnmym mamwm og 1, wta suwe Y (h) — 1 =0 nma aBa kopeHa h =0 n h = h(6)
rae h(6) # 0 u Tako ce 3akrbydyje Aokas 3a nemy 1.4.6.

A capa oa pasmoTtpumo npobnem anpokcumauuje L(6). Jorahaj G,, 3a koje je H,
npuxsaheHo HaKOH n3Bnavewa x, ogpeneH je npsom HejegHakowhy (1.4.1). ctn
porafaj G, je oopeheH HejeaHakowhy

(1.4.29) Q.n < ko0,
roe je
(1.430) Qur=(22)" Qu ¥ Qu= ITios f(x0)

n h je 6uno koju peanHu 6poj. Caga ce Q,,, MOXe HanucaTu Kao

(1.4.31) Q=L (;Eflei) f(x;0) -

36or neme 1.4.6, 3a cBako 6 noctoju jegHo h , peunmo h(6), # 0 Tako aa je

h(6)
f(x 91)) f(x ;H)dx -1

(1.4.32) | ( .
36or Tora oyHkumja f*(x; 0) geduHucaHa y

flx ;01)

h(6)
= ;90)) f(x:0)

(1.4.33) f*(x;0) = (

nMa CBOjCTBa ryCTMHe pacnogene.
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Heka P* (G, |0) 6yne BeposaTHoha forafaja G, oLeHeHa Ha OCHOBY f*(x; 6) Ha
MOTMNYHO UCTU HauuH Kaaa je P(G,, |6) BeposaTtHoha of G,, oleHeHa Ha OCHOBY f(x; 6).
Ako geduHuwemo L*(6) cnmyHo kao L(6) y (1.2.8) Heka

L*(0) = X1 P* (Gn 10) = P* (G 10) .

3aTuM apryMeHTOM KOju je cnnyaH OHOM Koju je ynoTpebrbeH y nssohemwy (1.4.16)
Hanasumo

(1.4.34) L*(6) < ko"®L (6).

Horahaj G, koju pesyntupa ns npuxeatara H; a koju je geduHucaH gpyrom
HejeaHakowhy 13 (1.4.1) nogjegHako je geduHUCaAH HejeaHakoLwhy

(1.4.35) Q.,= k"0, .

AKO NpaTMMO apryMeHT crimyaH oHome Kora cmo gobunu y (1.4.34) Hanasmmo Kao kog
(1.4.17) pa je

(1.4.36) 1-L'(6) = k,"9(1-L(0).

AKO pe3oHyjeMO Kao ko 3ameHe HejegHakocTn y (1.4.18) jegHakoctuma u3 (1.4.19)
36or npmnbnmxHMX BpeaHocTn ky, n k, To cyrepule 3aMmeHy HejegHakocTh (1.4.34) n
(1.4.36) jegHakocTuma aa 6u ce npubnwxkunu L (6). Osa gobujeHa anpokcumaumja je

1— kMO

(1.4.37) L (9) = W .

MowrTo je h(68,y) =1 n h(6;) = - 1, Buaehe ce ga ako ce BpeaHocTu o ko v k;
npnbnuxe (1.4.19) Ta anpokcmaumja (1.4.37) gaje TavyHe BpegHoctn 3a L (6,) m L (6,)
360r cekBeHUMjanHor Tecta KONIMYHUKa BEPOOOCTOJHOCTHU jauunHe (a, 6,; B, 61), Kao WTo
jey (1.4.14).

Anpokcumauuja (1.4.37) 3a L (0) sagosorbaBajyha je 360r npaktu4HuUx pasnora.
[MpeunsHuje ncnuTMBare KOMMKO je TadHa anpoKkcumMauuja 3a BpegHocTu 6 pasnuyuTe
of 6, 1 6, je NPUIMYHO TeXak Aeo aHanunse Koju ce nsocTtaerba. Anun getarou Takee
aHanuse Hanase ce y BangoBoj kwbun3su (1947a).

MoxeMo 3akrbyunTu cnegehe

Teopema 1.4.7 lNog ycnosuma 13 neme 1.4.6 anpokcumMuumja 3a KapakTepuCcTUIHy
onepaTtueHy (pyHKUujy L (6) 3a cekBeHUujanHu TeCT KONIMYHUKA BEPOOOCTOJHOCTU jaunHe
(a, 8y; B, 6,) pata jey (1.4.37) rae h(6) 3apgoBosbaBa (1.4.32) urae cy ko un k;
npnbnmxkHn kao y (1.4.19).
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(a) MpoceyvaH 6poj y3opka CekBeHUMjanHOr TeCTa KOMMYHMKA BEPOAOCTOJHOCTM

[a 6ucmo gobunn npnbnuxan napas 3a £(n |6) MOXXemMo NOCTYNUTU OBaKO: ako je

E(z |16)# 0 3 (1.4.11) Hanasumo aa je

E(z1+ zo+ ...+ 2,|0)
E(z10)

(1.4.38) £&(n|6)=

Kao paHvije Heka G'=G, UG, U..., G'=G,U G4 U ... OHpaje P (G |8)=L(6), n
P (G' |6) =1 - L (6) moxemo Hanucatu
(1.4.39) E(zy+ 23+ o+ 2|0)=E(z1+ 23+ . + 2,|G ;0) L (0) +

+&(zy+ 2z, + ... + z,|G";0) (1-L (0)).

Amnje E(zi+ z + oo + 2,4|G ;0)<log ko M E(z1 + 2z, + ... + 2,|G';8) = log k.
3ameHOM ky u k; y OBUM HejegHAKOCTMMa BPEAHOCTMMA KojuMa Cy HaBedeHe Yy
(1.4.19) n 3ameHOM HejeagHAKOCTM jegHakocTMma Hanasumo aa (1.4.38) aaje cneaehy
anpokcumauujy 3a E(n |6):

L @)og(-£) + @ -1 (6)) 1og(£E)

. 1-a o
(1.4.40) En|6) = £ 10)

Mpwn 6, n 6, npubnmxkHe BpeaHocTun 3a £(n |6) cy

1-a) log(i) +a log(l_B)

11— [24

€(z 100)

E(n16y) =
(1.4.41)

B 1og(L>) +@-p) 1og(=E)

&(n |6) = €100 -
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Ose anpokcnmaumje cy 3agoBorbaBajyhe n3 npaktuyHux pasnora. [Npobnem
nocTaerbaksa rpaHuua Kog rpellke y anpokcumaumjn y (1.4.40) 3axteBa 3HaTHY
aHanusy Kojy M1 n3octasrbamo.

(R) EdbmkacHocT cekBeHUMjanHor Tecta KONMMYHMKA BEPOOOCTOJHOCTHU

Cnepneha Teopema Banga (1945) naje Hwxe rpaHuue 3a E(n |6) npu 6, n 6, 3a
OMNo Koju CekBEHLMjanHn TecT:

Teopema 1.4.8 Heka (x4, x5, ...) 6yae HU3 HE3ABUCHUX CMy4ajHNUX NPOMEHIBLUBUX Yuja
je ryctnHa pacnogerne f(x; 8) Tako ga je €(n |60) # 0 rae je z peduHucaHo y (1.4.4).
Heka S 6yae 6uno koju cekBeHumjanHu TecT jaunHe (a, 6,; B, ;) Koju ce 3aBpLuaBa ca
BepoBaTHohom 1. OHAa je

(1——a)log(—£—)+-alog(1_ﬁ)

a

(1.4.42)
B 1-pB
B log +(1-B) log
g(n |91) 2 (1—a) ( a )

€(z161)

Hehe 6utu oBocmucneHocTv ako obenexumo ca G, G, U G, ocHoBHe gorahaje y
npocTopy y3opka (x4, ...,x,) N=1,2, ... KOju 3agoBorbaeajy (1.2.1) kao gorahaje
KOju AeunHULIY NpoM3BOSbaH CekBeHUumjanHu TecT S. [ Y cnydajy aa je S
CEeKBEHLMjarnHu TeCT KOMUYHMKA BEPOAOCTOJHOCTU G,, GL U G, , N=1,2 , ... cy
aeduHucann y (1.2.1) n ca t1pu HejeagHakocTu y (1.4.1).] Mo obuyajy Heka z,, z,,...6yae
aeduHucaHo kao y (1.4.5). M3 (1.4.11) nponsnnasu ga hemo 3a S umatum

E(z1+ zo+ ...+ 2,|0)

(1.4.43) & |9)= A

Anv je

(1.4.44)  E(z1+ 234 o+ 2,|0)=E(zy + 2z, + ... + 2,]G ;0) P (G'|6) +

+&(z1+ 2, + ... + z,|G';0) P (G'|6).
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MpBoO, xajae na pasmoTtpumo £(n |6,). MNowTo je S jayuHe (a, 6,; B, 6;) Nmamo
(1.4.45) PG 16,)=1-a,P (G |6,)=a.

MickopncTuBLUM YnkbeHULY Aa je 3a CBaKy CrlyvajHy NPOMEHIbUBY Y

(1.4.46) Ely)<logé€ (e?),
nmamo
(1.4.47) E(zy+ 2+ .. + 2,|G ;0,) < log E(eZrt 22t ~+2n|G” ; 9))

=log& (31 (6";60)).

roe je € (%Z |G ;00) YCNOBHa Cper-a BPeAHOCT Npeko G (=G; U G, U ...) kaga je

f(x1:91)) (f(x2;91)
f(x1;00)/ \f(x2;600)

cekBeHuUuMjanHa npouenypa. Anv

0 = 6,, npoussoaa ( ) ... y3eTOr cBe [JOK Ce He 3aBpLuu
(14.48)  €(22167;8,)=P (G |6)/P (6" |90)=£.

36or Tora je

(1.449)  E(z+ 23+ .. + 2,]G;6,) Slog L .

CnnyHo

(1450)  E(z1+ z3+ .. + 2,]G";6,) <log=L.

3ameHom u3 (1.4.45), (1.4.49) n (1.4.50) y (1.4.44) pobujamo npBy HejeaHaKOCT Y
(1.4.42) . Opyra HejegHakocT ce Aobuja Ha NOTMYHO CrIMYaH HA4YMH U TUME Ce JoKasyje
Teopema 15.4.8.

Harba npoyyaBara HWKMX rpaHmua 3a £(n |6) obasunu cy XoedanHr (1960), Kudep n
Bajc (1957). AHgepcoH (1960) n OoHenu (1957) cy HanpaBunu Heke n3meHe TecTa
BepoBaTHohe y criyyajy y3opKkoBaka U3 HopMarsHe pacnogene ca no3HaTom
BapunjaHCOM anun Heno3HaTUM cpearoM BpeaHoNy, Tako Aa ce ymamwyje £(n |6).
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Y cnyuajy cekBeHLMjaHor TecTa KONMMYHMKa BEPOOOCTOJHOCTM , Tj. rae ¢y G,, G, v G,
oapehenun y (1.2.1) v HejegHakocTuma y (1.4.1) Bugenu cmo ga cy

E(zy+ 2z, + .. + 2,|G ;0)<log kq
(1.4.51)
E(z1+ 23+ .. + z,|G';0) =log k.

Ako, kafa Tauka ysopka (x4, ...,x,) ynagHey G,, (Tj. kaga z; + z, + .. + z, <log k)
HaKOH M3Briayewa x, , M1 NPoM3BOSbLHO oapehyjeMo z; + ... + z, BpeaHocT log kg, 1
kaga (xq, ...,x,) ynagHey G, (Tj.kagaje z; + z, + .. + z, =>log k, ) HaKoH
n3Bnayvemna x,, MM Npon3BorLHo oapefyjemo z; + ... + z, BpegHocT log k,, oHAa
HejegHakocTn y (1.4.49) n (1.4.50) nocTajy jeaHakocTtu, a uspasu (1.4.41) nocrajy
jeAaHakocTtun 3a E(n |6,) n E(n |6,). Tako ce Buam ga cy jegHakoctu (1.4.42) 3ancta
OCTBapeHe Yy Criyvajy CekBeHLMjanHor Tecta KOfIMYHUKa BepOLOCTOJHOCTU NyTeM
anpokcumavmje npu kojoj je z; + ... + z, , n=1,2, ..., nobuna spegHocT log k, unu

log k, Ha ocHOBY yHanpe noMeHyTor npasuna. Nog oBMM ycrosrmMa He NnocToju
CeKBeHUMjarnHu TecT Koju 6u 6o edukacHuju 3a Tectpamwe Hy n H; og,
MOANUKOBAHOT TeCTa KONMYHMKa BepoaocTojHOCTM. OBaj apryMeHT KOju ce OAHOCK Ha
ONTUMAaITHM KapakTep CeKBeHUMjarHor Tecta KofiMyHnka BepogoCcTOjHOCTH Buo je
npBobuTHO Aat oA cTpaHe Banga(1945). KomnneTHWju n CTPOXUjU apryMeHT Cy KacHuje
Aanv Bang n Bondosuh (1948).

(e) CkpahuBamne cekBeHLMjarHOr TecTa KONMYHMKa BEPOAOCTOjHOCTH

AKO ce cekBeHUuujarHn TeCT KONMYHNKa BEPOAOCTOJHOCTM He 3aBpwum 3an =1, ...,
N-1, nog npeTnocTaBkoM Aa je criegehe npaBuno yCBOjeHO 3a 3aBpluaBake TecTa
HaKOH M3Brayewa x,, :

Mpuxsatamo H, ako je
(1452) log ko < Z1 + Zy + ...+ ZN < 0,
npuxsaTtamo H; ako je

(15453) O < Al + Zy + ...+ Zn < log k1 .
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Heka oBaj ckpaheHn cekBeHUuMjanHu TecT byae obenexeH ca Sy U Heka ay U Sy dyay
rpeLLKe npBe BpCTe M Apyre BpcTe y Be3u ca Sy . Mu hemo pasmoTtpuTtu npobnem
ogpehmBara ropwmx rpaHuua 3a ay 1 By . Heka GEN) n G(’N) Oyay pgorahajuy Ry Yy kOMme
cy Hy v H; npnxsaheHu Tectom Sy . OHOa cy GEN) n G(’N) OUCjYHKTHU gorahaju yuja je
YHUja Ry.

Buhe noxersHuje pasmoTpuTu GEN) " G(’N) Kao uMnuHgpu4vHe ckyrnose Yy R, ; OHK cy
AWNCjYHKTHU HapaBHO, a hUX0Ba YHUja je R,,.

Mmamo pa je
(1.4.54) P (G(’N) |6o) = ay .

Kao paHuje, Heka G u G' o3HauaBsajy gorahaje y R, Yy kojuma cy Hy u H;
npuxsaheHn y HeckpaheHoOM CeKBeHLWjarioM TeCTY KONMYHMKA BEPOLOCTOJHOCTU S.
Cehamo ce gaje

(1.4.55) PG 16,)=a.

Heka G'* 6yne norahaj y R, y koMe je H, npuxesaheHo y ckpaheHoM criy4yajy a
opbayveHo (H, je npuxeaheHo) y HeckpaheHoM cnyyajy.

Tapaje

(1.4.56) Gy € (G' UG™).

Capa ako J o3HavaBa gorahaj 3a R, y kome (1.4.53) Baxu My umamo G'*c J, a oTyq
(1.4.57) Gy (G U)).

Capa ako nsabepemo AOBOSbHO BENUKO N Aa YMHU z; + z, + ... + zy NpUBAMXKHO
HOpPMarsnHMMm, MUMamo

(1.4.58) PO<z+ 7+ .+ 2y <log ky [65) = D(yp) - Dy, ) + O( )
roe je

Yo = - VN &(z 16,)/0(z |6,)

(1.4.59)
v =VN [ log ky — €(z160)| / o(z |6,)
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n ®(y) je dbyHkumja pacnogene og N (0, 1), rae cy £(z |6,) v 02(z |6,) cpear-a

;0

BPeOHOCT ¥ BapujaHca cryyajHe npoMeHsbuee z =log (%) oapeheHe 13 ryctuHe
Yo

pacnogene f(x ;6,).

36or Tora je ocum Ko, pegocneaa iN , a+ Oy - Dy, ) je ropwa rpaHuua 3a ay. Ha

CNUYyaH Ha4MH HanasMmo OCUM Kof pegocrena \/iﬁ ,Aaje B+ ®(y;) - d(y, ) ropwa

rpaHuua 3a [y rae je

1 =VN |~log ko — E(z16:)| / o(z 161)
(1.4.59a)

y1=- VN &(z 161)/0(z 161) ,

kagrogcy £(z |6;) v o%(z|6,) cpenra BpeaHOCT U BapujaHca o z oapeheHe n3

f(x 581

3a mane BpegHoCTM a 1 B, Heno3Hatuma kg (y v, ) nk; (Y y4) , MOy ce CKOpO CacBUM
npnbnmwkntn B/(1—a) n (1 - B)/a, peaom, kao WTO je HaBeAeHO y oaerbky 1.4(u).

Y 3akrbyyky umamo cnegehe pesynrtarte 3axsarbyjyhu Bangy (1945):

Teopema 1.4.9 Ako cny4dajHa npomMeHsbLNBa

r-tog ([22)

MMa orpaHnYeHy cpemy BpeAHOCT U BapujaHcy uapadyHaty 6uno uns f(x ;6,) wnv ns
f(x ;6,), ropwa rpaHuua 3a rpeLky ay npee BpcTe ckpaheHor cekBeHumjanHor Tecta
KOSIMYHUKA BEPOLOCTOJHOCTU Sy je

a+d(yp) - Dly, ) + O()

roe je a rpewka npee BpCcTe HeckpaheHor Tecta KONMYHMKa BEPOAOCTOJHOCTM S M rae
CYy yo Wysmatny (1.4.59). CnnyHo ToMe ropa rpaHuLa 3a rpeLuky apyre Bpcre Sy je

B+ d(y) - Oy, ) + O(%)
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roe je B rpewka gpyre Bpcte oa S Ttamo rge cy y; uy; gatny (1.4.59.a).

MPUMEP 4. lNpeTnoctaBMmo cagia fa XxohemMo a TectMpamMo NpuxeaTibUBO cpeare
BpeMe Tpajara MaLUuHe.

H,: mawwuHa Tpaje 200 caTtu v BuLwe
H,: mawwnHa Tpaje 100 catn 1 mame

AKoO Tpajarte MaluMHe MMa eKCroHeHUMjanHy pacnogeny (ca cpeawom BpeaHowhy u),
pacnogerna v ryctuHa criydyajHe NpoMeHSbMBE KOjy 03Ha4yaBaMo ca X ( Tpajawe
MaluuHe) nod xunoTesom H; , i=0,1, y;, je

X

F,(X)=1-e ki, f(X):%e_#_i, i=0,1; yy= 200, 1£;=100.

CTtaBrbamo Te MalUMHe Ha TecTupame, jedHy no jeaHy, BpeMe Tpajamwa Tecta je T= 20
caTu HaKOH Yera NpoLekyjeMo Aa N cBaka o MaluvHa pagu (npowuna je TeCT) unm He
(nana je Ha TecTy).

BepoBaTHohe oBux pesynTaTta nog xunotesama H; , i=0,1 cy:

p;= P {ycnex nop xunotesom H;}= P, { onctane mawwuHe 3a 7= 20 }= P, { X> 20} =

20

=1-P{X<20}=e Hi,i=0,1

20
P {ycnex noa xunote3om Hy)= e 200 = e =91 = 0.905

20
P {ycnex nopg xvnotesom H,}= e 100 = e 92 =0.819

Moxemo fa TpaHchopMuLLEMO OBaj O4HOC EKBUBANEHTHUM Xunotesama
HO: Po= 0905, Hl: P1= 0.819

Y oBakBOj nNocTaBuUmn, TecTUparwe cBakor ypehaja 3a 20 caTu je He3aBUCHO ca
BepoBaTHohoM ycnexa p;. Heka je y- 6poj ycnexa y n npoba, n uma 6MHOMHY
pacnogeny B(n, p;), i=0,1. denH1weMo KONUYHMK BEPOOCTOjHOCTM NOMohy BUHOMHE
pacnogerne noa xunotesama H; , i=0,1.

P {y ycnexa nog xunoresom Hi} _ Bin(y ;n,p1) _kp1y (1-p)™Y _ p1> (1-p)™7Y
P {y ycnexa nmog xunore3om Hy} a Bin(y ;n,po) _kpoy (1—po)Y a poy A-p)"Y
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k — je 6poj HauMHa Ha Koju MOXe aa ce [obuje y ycnexa y n npoba.
Capa geuHuwemo a n .
a- je pu3nK npomssohaya, oabujarwe ypehaja ca npmxeaT/bUBMM BPEMEHOM TpajaHsa,

B- je pn3uk noTpoluaya, BepoBaTHoha npuxBaTtara ypehaja ca HenpuxBaTibUBMM
BpeMEHOM Tpajara 1 Heka a = 3 = 0.128. Caga moxemo npoHahu ase BpegHoOCTN A 1
B, Ha cBakOoM Of n Kopaka, jep MMaMo TECTMPaHO N MalluHa CeKBeHumjanHo ( jegHy no
jeany) n gobujamo y —6poj ycnexa, PR-KONNMYHUK BEPOAOCTOJHOCTH je:

p1” (1-py)™Y

P{PR> Al= P{y———
{PR> A} {Poy (A=po)™¥

- s

p” (1-p)™Y

P{PR< B}= P{———
{ J {poy (1-po)™Y

< B}zl-a

Capa pemHULWEMO CEKBEHUMjaNHN TECT KONMYHMKA BEPOAOCTOJHOCTM S ca S(A,B),
nomohy npeTxoAHUX jefHadnHa Kao TecT Koju yrnopelyje PR ca BpegHoctuma A n B Ha
CBaKOM Of1 N Kopaka, 1 IOHOCK ce oAJiyKa:

1) npuxBaTamo H, ako je PR< B,
2) npuxeTamo H, ako je PR> A,
3) HacTaBrbaMo TecTMpame ako je B <PR< A.

Hnp. HakoH cTaBrbakwa 10 ypehaja Ha TecTupamwe, n=10, umamo ga je y= 6. 3atum
Aobunjamo BUHOMHM cekBeHUMjanHn TeCT ca pesyntaTtuma:

{y=6 ycrexa noJ XMnoTesom H }_ Bin(6;10,p;) _ 0.819%(1-0.819)1°7¢ 3.24E-4

y=6 ycnexa nog xunotesom HoJ Bin(6;10,p,)  0.9056(1—0.901)10-6 ~ 4.47E—5

Capa ynopehyjemo 7.23 ca agekBaTHMM BpegHocTuma A u B n ognydyjemo ga:

1) Oa 3aycTaBMMO TeCcTMpake 1 NpuxsaTnumo H, y Kojoj je BeposaTHoha ycnexa 0.819 u
eKcrnoHeHunjanHa cpearwa BpegHocT je 100 catn n mawe, ako je PR BpeaHocT 7.23
Beha o A,

2) 0a 3ayCcTaBUMO TecTupawe 1 npuxeatnmMo H, y Kojoj je BepoBaTHoha ycriexa 0.905, n
eKCrnoHeHunjanHa cpeawa BpeaHocT je 200 catu n Buwe, ako je PR BpeaHocT 7.23
Makba og B,

3) yaumamo crnegehu ysopak 1 noHasrbamo npouec ako je 7.23 navehy A u B.
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Moxxemo fa nojegHocTaBUMO NPOLIEC U jeaHaunHe, y3umajyhm noraputam y PR
jeAHa4nHn Koja cneaun, aedunHuwyhu obnact HacTaBrbaka TecTupama:

3 p1” (1-p)"Y _ (&)y (1—p1)n‘y< A
po” (1-po)™™Y Po 1-po

Pesynrart je nuHeapHa jegHa4vmHa Koja je pbyHKUuMja of Y, orpaHnyeHa norapnutaMmckmum
BpegHocTuma A u B:

In (B) < yin (Z—;) +(n—y)in (1:5(1))

(22 o in (2) < 0 (22 < m
In (B) <an + by <In (A)
a=in (i) be{in(32) - (53}

KoedumumjeHTn a n b cy ounrnegHo dyHkumje oA p;, i=0,1, n KoHcTaHTe A n B mory ce
anpokcumoBaTu:

B

1-a’

A=

(1-p) . Bx
a

Y Hawem npumepy p,= 0.905, p;,=0.819, n =10, y =6, a = B = 0.128. caga Moxemo
n3padyHatu koedumumjeHTe a n b, n BpegHocTn A n B ce Mory anpokcMmoBaTu:

a=In (ﬂ) = In =21 _ 1 (1.906) = 0.6446
1-pg 1-0.905

b:{ln (ﬁ) —In (1"’1)} = 2812 g, 129819 5.0098 - 0.6446= - 0.7444
Do 1-po 0.905 1-0.905

(1-B) _ 1-0.128
a  0.128

=6. 813

A=

In A= In (6.813) = 1.919

B _ 0.128

B= =
1-a 1-0.128

=0.147

In B=-1.919
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In B=-1.919 < 0.64446-:n -0.7444-y < In A=1.919
Ann 0.64446- 10— 0.7444- 6 = 1.979 > 1.919

MowrTo je 1.979 Behe o 1.919 (PR> A) 3aycTaBrbaMo TeCTMpake 1 npmxeatamo H; aa
je p1=0.819 (7j.0a mawwmHe page mawe og 100 caTtn). [la je jeaHaumHa 0.64446- n —
0.7444- y pana BpegHocT Mawy o4 -1.919, mmn 6ucmo npuxesatunu Hy, Aa je p,= 0.819
(Tj. ma mawmHe page npeko 200 catun). [a je pesynTaT jegHaunHe 6mo namehy -1.919 n
1.919 Mun BCMO HacTaBUNM TeCTUpaHsE.

OnucaHa npoueaypa je Tewka 3a ynotpedy. borba npoueaypa 3a cekBeHumjanHn Tect
KOSIMYHUKA BEPOLOCTOJHOCTHU je Kaga ynopeanmmo y AMPEKTHO ca Bpojem npoba n.

In B<an + by <In (A)

InB a InA a
— -='N=h+sSn>y>— -—'n=hy+sn
b b b b
-1.919  0.6446 1.919 0.6446
h{+ sn= - n>y> - ‘N = hy+ SN
—0.7444 —0.7444 —-0.7444 —0.7444

1,= hy+ SN = 2.578 + 0.866:n >y >-2.578 + 0.866-N= hy+ SN= a,,

3ameHoMm 6poja n 6pojeBnma ¢asa koje ngy og 1, 2, ..., gobujamo rpaHuue
CEKBEHUMjanHOr TeCTa KONIMYHMKA BEPOLAOCTOJHOCTH (a,,; 1) (0OAHOCHO Bpojese
oabujarsa 1 npuxeaTama).

Mornegajmo tabeny 2. NMNpumetumo ga je Hemoryhe oabutn mawumHe (Tj. NpuxBaTUTU
H,) aKo je n=4 n mamwe. Takohe je Hemoryhe npuxsatutn H, ako TeCTupamo BuLlE 04
20 ypehaja. Takohe, NpMMETUMO Kako rpaHnyHK napameTpu (npeceuawa hy U hy, n
Harnba s) y jeaHa4YMHama 3aBuce of a u B, U o4 BepoBaTHoha p, U p;.

1-p

TS I O -
R T =) R R

Po 1-po po 1-po

(o)

cee A
Harnba: s= - 5= {ln(p—l)—ln(ﬂ)}

Po 1-po

>0

MpnmeTMMOo WTO Cy Mane rpewlke a 1 B Beha je BpeaHoCT 3a h,. To 3Hauu, aa he y
NpOCeKy CeKBEHUMjanHn TeCcT ayxe Tpajatu, (umahe Buwe asa) 4O KOHAaYHEe ofnyKe.
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Tabena 2. lNpuka3 pe3ynmama cekeeHyujasriHo2 mecma KosludHuUKa eepodocmojHocmu

Pen | ®asa | Opbujarwe MpuxBaTare
1 1 -1.712 3.444
2 2 -0.846 4.310
3 3 0.020 5.176
4 4 0.886 6.042
5 5 1.752 6.908
6 6 2.618 1.774
7 7 3.484 8.640
8 8 4.350 9.506
9 9 5.216 10.372
10 10 6.082 11.238
11 11 6.948 12.104
12 12 7.814 12.970
13 13 8.680 13.836
14 14 9.546 14.702
15 15 10.412 15.568
16 16 11.278 16.434
17 17 12.144 17.300
18 18 13.010 18.166
19 19 13.876 19.032
20 20 14.742 19.898
21 21 15.608 21.630
22 22 16.474 21.630
23 23 17.340 22.496
24 24 18.206 23.362
25 25 19.072 24.228

MowTo cmo 3axTeBanu Behe rapaHumje 3a cekBeHUMjanHu TeCT KONIMYHUKA
BEPOLOCTOJHOCTU (MaH-e rpeLlke), oBaj TecT he Hy)XHO 3axTeBaTu BULLE MHOpMaLmja
(suwe hasza) na 61 06e3beamo oanyky Koja 3agoBosbaBajyha 3a rpewuke a u L.

Harnb s 3aBucu og BeposaTHoha p, U p;, a Takohe n oba rpaHnyHa napameTpa 3aBuce
oa Tnx BepoBaTHoha. O6nacT HacTaBrbaka TeCTUpama Koja je geduHmucaHa Harmbom
S 1 napameTpuma hy U h;, KapakTepuwe 6p3vHy n oanyky koja he ce JOHETU y CBakoM

Kopaky (dasn).
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[MpeTnocTtaBuMO Aa CMO 3anHTEpPeCcOBaHU 3a NPOLEHY cepuje JorasHor matepujana u
Aa je npuxsaTSbMB HUBO KBanuTeTa JedPUHUCAH Kao MaKCUMyM npoueHaTa AedeKTHUX,
HNp. 10% (p < 0.1). Takohe, npeTnocTaBUMO Aa ApYrv npoLueHaT edeKTHOCTH
AeduHULLE HEMPUXBATIbUB KBAaNUTET MaTepwujana, n usHag Tor npoueHta Hehemo
npuxeaTuTK cepwujy gonasHor matepujana (Hnp. 20% gedekTHOCTU 1 BULEe). 3aTUM
aAeduHuwemo BpegHocT pp=1 — 0.1 =0.9 n p;= 1- 0.2= 0.8, 3a xunotese Hy 1 H,.
3aTtum ce 360r nakwer Tectupara, MakMxX TPOLUKOBA M OCTanux NpakTUYHKUX pasrnora,
o4JsyyyjeMo Aa TecTupamo BuLLIe CTaBKW CEKBEHLMjarnHoO, Tako LWTO ce y3uMa cBaka
nocebHo, jeaHa no jegHa, yMecTo Aa y3aMeMo jefaH y3opak (UKCHE BENMYMHE Ny
jeOHOM TPEHYTKY.

X) MNMpoceyvaH 6poj obuma ysopka (ASN)

Hajseha npegHOCT BULLECTPYKOr y30pKOBaka je je CMakeHOo A4yroTpajHo
TpaXkere Unu NpoceyHa BenuyMHa y3opka OBOMbHa A0 AoHoLWeHa Aobpe ognyke. 3a
caja cnydyajHa NpoMeHsrbMBa ,BenuynHa y3opka“ je BeposatHoha ncxoga (sapupa y
cBakoMm cny4ajy). To je ,04ekMBaHa BpegHOCT, no3HaTa kao ASN ,npoceyaH 6poj
y3opaka“, n 3aBucu o BpegHoOCTW pearnHor napameTpa y Tecty, 6uno aa je To
npoueHaTt aedekTHOCTM p, NOY34aHOCT, NN HEKM APYrK NapaMeTap Koju Hac 3aHuMa.

ASN ce pobuja cnegehom gevHULNjOM O4YekMBaHe BpeaHoCTW. 3a Aaynno
Y30pKOBaHE:

ASN= E{SN} =Yy SN - P{SN} =n, - P(ny) + (n;+ ny) - P(n; + ny)

Y wemwn gynnor y3opkoBana, SN (6poj yaopka) Moxe 6UTu jeguHo n unn n,+ n,.
P(n,) je BepoBaTHOha nasnadera camo NpBOr y30pkKa, Koja ce jaBrba kaga je oanyka
AOHeTa nocne npBor u3BydeHor y3opka ( ca sepoatHohoMm 1- P{c; <Y < ¢, }).
BeposaTtHoha P{n; + n,} Aa nssnaunmo gpyru y3opak, ykynHor obmma n; + n,, ce
jaBrba HapaBHO Kaga umamo HeybeasbMB pe3ynTaTt HakoH NpBOr n3snavena ( ca
BepoBaTHohoM P{c; <Y < ¢, }).

MnyctpoBahemo oBaj cnyyaj kopuctehu nnaH aynnor y3opkoBaka Hp.

S (n,=20, n,= 20, ¢;=14, c,= 15, c;= 33), onncaH paHuje. Heka Ta4yHa noy3gaHoCT p
oyge 0.9, p= 0.9, n Heka Y Byae 6poj oncTtanmx Koje MO Ao06MM HAaKOH n3Bnadera
npeor y3opka obuma n;=20. 3atum, gobunjare HeybeabMBUX pe3dynTaTa HAaKOH HaKOH
npBor y3opkoBawa, kaga je p=0.9,jeP(c; <Y < ¢, )=P(14 <Y < 15)=
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0.0089+0.0319. OHga je ASN = 20.81 jeasa Behu og TayHor Bpoja enemeHara y3opka
n= 20 wTo je 6Guno NnoTpebHoO 3a jeaHOY30pUKM NNaH, PUKCHe BennunHe n,=20:

ASN=n, - P(n,) + 1y - P(n,) = 20 - (1- ( 0.0089+0.0319) + 40-(0.0089+0.0319))

Tabena 3 nokasyje ASN BpegHOCTU 3a nnaH Aynsor y3opkoBawa S, nspadyHaTt
3a gaTy Bpe4HOCT napameTpa p.

Tabena 3. lNopehen-e ASN 3a dyrio y3opKkoear-€ 3a 0amo p

noysgaHoct | 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6

ASN 20.05 ]120.82 2296 |25.67 2742 (2741 |2596 |23.98

"eHeparnHo, 3a cekBeHUMjanHe TeCToBE KONMYHMKa BepoaocTojHocTu, ASNce gobuja
cnefehn Heke NpUHUUNE onucaHe 3a nnaH gynnor ysopkoBawa. HapasHo, 6poj
y30pKOBata N MOXXeMO NPOLUMPUTM Ha B1no koju 6poj, He caMo Ha 4BOCTPYKO
y3opkoBarwe. MHOXMMO y CBakoj dha3un y3opkoBara BepoBaTHoOhe AobujeHnx oanyka,
3a gaTy BpeAdHOCT napameTpa p v oanyka Huje OoHeTa paHuje y CeKBeHLMjasTHOM TecTy
(Tj. npaTKUnM CMO yHyTap CEKBEHLMjanHOr TecTta KONIMYHUKA BEPOOOCTOJHOCTM obnacT
HacTaBSbaka TecTUpama, CBe A0 cajallkbe dase):

ASN(p) = Ep{SN= Y.5y>1 SN - Pp{oaykay Gasu SN ainu He paHuje}

ASN BpegHOCT 3a cekBeHUMjanHe TeCTOBE KOSIMYHMKA BEPOLOCTOJHOCTUN Y
OnwTEM CIly4ajy HUje flako u3padvyHaTtu.
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1.5 TPUMEHA CEKBEHLUWJANHOI TECTA KOJIMYMHUKA BEPOJOCTOJHOCTHU
HA BUHOMHY PACIMNOAOENY

[a 6ucmo nnyctpoBanu pesyntarte ogereka 1.4 pasamotpuhemo cny4aj
y30pkoBak-a n3 buHomHe pacnogene B;(1, 6).

Y oBoM cnyyajy  (xq1, X, ...) j€ HU3 HE3ABMCHUX CIyYajHUX NPOMEHIBUBUX Ynja je
dyHKUMja pacrnogene

(1.5.1) Fl60)=6%(1- 6)*, x=0,1.

Ako ce Y1, x, O3Ha4M ca n, UMamo

(1.5.2) Qin _ (91)"1 (1— el)n—nl.

Qon 6o 1- 6y

Kopuctehu anpokcumaumjy (1.4.19) 3a ko, n k; Heka a, n b, 6yay aecdunHncaHm

_log(i55 ) - nlog(i=52)

an = 61(1-6o)
log[eou— 1)
(2.5.3)
1-8 1-61
_log(77 ) ~nlog(1=5?)
by = 1(1-8¢)

0
10g[90(1-'91)

Tpu HejegHakocTn y (1.4.1) peaykoBaTty Ha
(12.5.4) n < a, n=b,,a,<n<b,.

Tako ce cekBeHUujanHu NpoLec HacTaBrba JOoKne rof je a, < n;< b,; 3aBpLuaBa ce
HaKOH M3Briayera x, ca npuxeataweM H, ako je n; < a,; a 3aBpLUaBa ce HakoH
n3Bnadema x, ca npuxsatawem H, (ogbaumeanwem H,) ako je n, = b,,.

Kopuwherem anpokcumaumja (1.4.19) 3a ky n k, y (1.4.37) pobujamo crnegehy
anpokcMMaLmjy 3a onepaTuMBHY KapakTepUCTUYHY OyHKLMjy HaLLer ceKBeHumjanHor
Tecta:

h(6)

1 (=B
(1.5.5) L(6) = hge)“ )

) ()

h(6)
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'ne je h(0) dyHKumja oa 6 peduHmcaHa npumeHowm (1.4.32) Tj.

0¥ (1-6.)1*

h
1—x
eéfu_eo)l-x] Fa-6 =1

156)  Ti|

YnpowhaBawem (1.5.6) nobujamo cnegehn pyHkumoHanHu ogoc namehy 6 n h
1-01\

1= (1— 9;)

() -(=)"
90 1— 90

(1.5.7) 6=

Bugehe ce ga h(6,) =1 n h(6,) = - 1. lta Bnwe, Buagehe ce 13 (1.5.5) ga
anpokcumumoHa popmyna 3a L (6) aaje TauHe BpeaHocTtun 3a L(6,) n L(6,).

Ako ce norneaa (1.4.40) n nspadyHa BpegHocT 3a £(n |6) Hanas3Mmo fa je npoceYvHn
6poj y3opka E(n |6) npubnwxkHo gat y

L (8) log(:£-)+(1-L () log(:E)

a

0 1-6
Blogg.+(1-6) log(1= 9(1))

(1.5.8) £(n|6)=

Tako, ako ce (npubnwmxaH) nspas 3a L (6) y (1.5.5) nuspas 3a 0y (1.5.7) 3ameHe y
(1.5.8) pobujamo mn3pas 3a £(n |6) kao dpyHKuMjy napameTpa h . E(n |6) ce moxe nako
ogpegutm 3a 6=0, 0, , 6,.

MpumeHe BangoBor cekBeHUMjanHor Tecta Konn4HMka BepogoCTOjHOCTHM 3a
y30pKOBak€ 13 pasHnx cneyndunymnx pacnogena objasrbeHo je og cTpaHe Banga
(1947a) n og cTpaHe UCTpaxuneayke rpyne 3a ctTaTucTuky, YHmeepauteta Konymbuja
(1945,1947).
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1.6 CEKBEHUUWJAJTHA NMPOLIEHA
(a) OnwTe HanomeHe

OnwTa Teopuja 0 cekBeHUMjanHoj NpoLeHN NapamMmeTapa Huje buna passujeHa.
Bang (1947a) je aao coopmynaumjy onwrer npobrnema cekBeHumjanHe npoueHe
nMHTepBanuma anu ra Huje pewwno. OH u WTajH (1947) pa3amoTpunu cy cekBeHumjanHy
npouenypy 3a ogpenueawe NHTEpBara noBepera PUKCHe OyXUHE U NHTepBara
noBepena 3a cpefhy BpeOHOCT HoOpMarHe pacrnogerne ca No3HaToM BapujaHCOM.
Apyrn npobnemun cneundunyHe npoueHe cy Takohe pasmatpaHu, majyhmn yurbese Koju
Cy cpoaHu npobnemmma cekBeHumjanHe npoueHe. MNpukas 6poja pesyntara oBux
npobnema gao je AHckombe (1953).

OcHoBHa naeja cekBeHumjanHe NpoueHe napamMeTpa je yrnaBHOM ypaauTin
AOBOJSBbHO y30paka ga 6u ce morao npoueHnTn Behn cteneH NpeUns3HoOCT LWTO Y
NM3BECHOM CMUCITY He 3aBWCK O, NapamMeTpa Hernos3HaTe nonynauuje Koju ce npolemyje.
N3pas ,cTeneH npeumsHOCTN® MOXEMO Aa NOCTaBUMO Ha pasHe HadnHe. JeaaH
jeAHoCcTaBaH Ha4yMH ga ce u3pasm TakBa npeumnsHocT 6mo 6u 06e3begnTn BpLuMoLUa
npoueHe 3a napameTap 4unja BapujaHca He 3aBucKu of Tor npameTtpa. OBO ce noHekas
MOXe pagauTh ynoTpebom y3opaka yuja je BenvymHa yHanpen mkcupaHa.

Apyrv HauvH ga ce n3pasu TakBa npeumsHocT 6uo 6u ga napameTtap uma
WHTEepBan NoBepena Ay>XUHe Koja ce yHanpea oapeav npu ysopkosawy. OBO ce Moxe
noctuhu cneuujanHumM criydyajeBmma nomohy ysopka pukcHe BenuynHe. Ha npumep
NpeTnocTaBMMO Aa je [ HenosHaTto anu ¢ je nosHato y N (u, 02), 1 Aa je X cpeara
BPeAHOCT y30pKa BennyuHe n u3 pacnogerne. OHga je x + %6 NHTepBar NoBepera
AyXnHe & umajyhum koedumumjeHat = y, Koju npouemyje u, nog ycnosom gajen- 1
opabpaHo kao Hajsehu Leo 6poj y y7o?/6% (' yKonuko oBa BerMumnHa Huje Leo 6poj y
TOM cny4ajy n ce 6upa kao oBaj ueo 6poj ) rae y, 3agosorbasa ®(y, ) - P(—y, ) =V,
d(y) wro je pyHkumja pacnogene N (0, 1).
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(6) WTajHoBa npoueHa MKCHOTr MHTepBarna 3a cpefhy BpeaHOCT HopMarHe
pacnogene

Y cnyvajy roe cy o2 n y HenosHaTw, LLTajH (1945) je nokasao kako 6u ce
npoueaypa Aynnor y3opkoBaka Morna ynotpebuTtu 3a yTehuBare nHTepsana
noBepera PUKCHe ayxxmHe O 3a NPoLeHy U y3 KoeduUMjeHT noBepera Koju je =y .
HberoBs pesynTtaT rnacm oBako :

Teopema 1.6.1 Heka (x4, ..., x,) 6yae npBu y3opak, a (X,41, - » Xnem) APYIN
HesaBucHM y3opak n3 N (u, 02). Heka s? 6yae BapujaHca NpBOr y3opKa a X cpeftba
BpeaHocT oba kombnHoBaHa y3opka. Heka k = [2st,_;, /58] raoeje t,_1, ropwa
100(1 - %y)% Tauyka CtygeHToBe pacnogene S (n - 1). Heka m 6yae ogabpaHo kao 0
ako je k —n < 0 n kao HajMarm NO3NTUBHU Lo 6poj = k—n ako je k—n > 0. OHga je
X+ %6 WHTepBar noesepewa AyxuHe O 3a U ca koeduUNjeHTOM NoBepera = .

[a bucmo gokasanu Teopemy 1.6.1, nako Moxemo BnaeTn, Maga je x cpema
BpPEeAHOCT y30pka BenuuuHe m u3 N (u, o) roe je m cnyyajHa NnpomMeHrbuBea,
(x—u)/ [o/N'm + n] vma pacnogeny N (0, 1), u He3aBucHa je on (n— 1) s?/ o2 , Koju
uma pacnogeny Xu —ksagpart C (n — 1). Tako , (x — y)vm + n/s uma CtyaeHToBy
pacnogeny S (n - 1) n otyg nmamo

06.0) P(=tyoyy < EEVMFR < +tygy) =y

nInn ekBnMBaneHTHoO

= Stn—l,y _ Stn—l,y) _
(1.6.2) P(x < T+ )=y

. 1 . _ .
Ako je stp_q,n < -0 Tajaje X + 5 MHTepBan nosepetba fyxuHe & 3a [ Koju ce
no6uja nomohy cpeaxe BpeAHOCTY camo MPBOT y30pKa U MMa KoedULMjEHT NoBepeHa
. 1
> y. MehyTum ako je  st,_q,/\Vn > -0 M3BNaYMMO ApYrv y3opak BENM4mMHE M Tako Aa
j€ m Hajmarbm No3nTUBHYM Lieo 6poj 3a Koju

Stp-1y < 15

m+n
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Tj. M je HajMaHW NO3NTUBHU Leo Bpoj Tako aa je

2
2S5ty -
m =[],

. _ 1 .
Y oBoM criyuajy X + -0, je UCTO Tako MHTepBar nosepetsa AyxinHe <06 3a u Aate

cpegHoM BpeaHowhy oba y3opka KOMOMHOBAHO M KOeULMjJEHTOM NOBEPEH-A KOjU je
>y, U Tako Aokasyjemo Teopemy 1.6.1.
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3aKkrby4ak

OcHOoBHa 1 HajBaxHWja pa3nuka uamely cekBeHUmjanHux u obn4yHUX TecToBa je y
obumy y3opka. Koa cekBeHUMjanHMx TeCTOBa BENMYMHA y30pKa HUje pukcHa, Beh ce
BPLUM Y30pKOBaH-€ Koje ce 3aycTaBrba Yy cknagy ca yHanpen geduH1ucaHoM npasuny,
AOK KO, ocTanux TeCToBa BenuynHa y3opka je oukcHa n 3agaje ce yHanpeg. MHoro je
edmKacHuje yaumaTtu enemMeHTe y3opka jeaaH 3a Apyrum (CeKBeHUMjanHo) u
AedurHcaT Npasumo 3aycraBrbaka, yMecTo Aa Ux yaMemo CBe Y jeHOM TPEeHYTKY.
Y3umame y30pka MoCTeneHo (CeKBeHUMjarnHo) n npoueHa hUxoBux pesyntaTa y CBakoj
dasn y3opkoBaha, omoryhasa 3aycTaBrbare npoueca 1 oHOLWee oanyKe paHuje 3a
pasnuky o KnacuyHux Tectosa. AKo je cuTyauuja jacHa, NOBOSbHa UM HEMOBOJSbHA
(HNp. ako y3opak nokasyje Aa je keanuteT Tenesmsopa gobap nnu now), Taga
3aycTaBrbaMo npouec paHuje, wTtegehm Tnme Bpeme n Hoeau,. Camo y cnyvyajy kaga cy
nogauun BOCMUCIIEHN U HejaCHM HacTaBibaMo Y30PKOBaHE M Y TOM Criyyajy TpaXnmo
aonartHe nHgpopmaumje ga bucmo goHenu wTo 6orby oanyky. Kog cekBeHumjanHmx
TecTtoBa 06MM y30pKka MoXxe BUTN 3HaTHO MakKM Hero Ko CTaHgapA4HUX TeCToBa, a
3aKrby4ak 3HaTHO KBanuTeTHuju (npumep 3).

OBakaB Tvn TecTUpaka ce NpMMembyje Y CTaTUCTUYKOj KOHTPOSN KBanuTeTa u
Ou1no Kojoj obracTu y Kojoj je yaumare y3opaka CKyno unm Beoma ayro Tpaje (kao WTo
je TecTupane BpeMeHa paga Hekux ypehaja).

Y pagy cy npukasaHu TECTOBM KOSIMYHMKA BEPOOOCTOJHOCTU N HeroBa NpyMeHa
Ha BuHOMHY pacnogeny (npumep 4) n JekaptoB cekBeHuujanHu Tect. OnucaHe cy
LUemMe TecTeputba CBaKor of OBMX TECTOBA, N HEKE BaXXHE HUXOBE KapakTepuUCTUKe, U
Teopeme.

Y parbem npoyyaBary CEeKBEHLUMjanHMx TectoBa Mornv 6ucmo pasmaTtpaTu
MOryhHOCT npaBrberwa HenapameTapckux CEKBeHUMjanHux TectoBa. Takohe, MoXeMo
npasuTK nopeherwa namehy obUYHUX N CeKBEHLMjanHNX TeCcToBa, N Tako JOHETU Heke
3aKrby4Ke Y CMUCHY KOjuU Cy TECTOBU MONHMjU, NPeun3HnjK, jedTuHuU, 1 6pxn.
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