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Ãëàâà 1

ÓÂÎÄ

Jåäàí îä îñíîâíèõ ïðîáëåìà ó ìàòåìàòè÷êîj ñòàòèñòèöè jå äà ñå íà
îñíîâó óçîðêà èç íåêå ïîïóëàöèjå îöåíè ðàñïîäåëà ñàìîã îáåëåæjà ïî-
ïóëàöèjå, îäíîñíî äà ñå íà îñíîâó óçîðà÷êå ðàñïîäåëå îöåíè òåîðèjñêà
ðàñïîäåëà. Åìïèðèjñêà ôóíêöèjà ðàñïîäåëå Fn(x) ïðîñòîã ñëó÷àjíîã
óçîðêà X = (X1, X2, . . . , Xn) èç ïîïóëàöèjå ñà òåîðèjñêîì ðàñïîäåëîì
F (x), ìîæå äà ä	a, ãðóáî, ãîâîðå£è èíôîðìàöèjó î òåîðèjñêîj ðàñïîäåëè
ñà æå§åíîì òà÷íîø£ó, ïîä óñëîâîì äà îäàáåðåìî óçîðàê äîâî§íî âå-
ëèêîã îáèìà. Ìå¢óòèì, íèñìî óâåê ó ìîãó£íîñòè äà äîáèjåìî óçîðàê
æå§åíîã îáèìà, ïà ñó è íàøå ìîãó£íîñòè ó ïîãëåäó òà÷íîñòè îãðàíè-
÷åíå.

Òåìà îâîã ðàäà jå èñïèòèâà»å äà ëè óçîðàê èìà íîðìàëíó ðàñïîäåëó.
Íîðìàëíà ðàñïîäåëà jå jåäíà îä ïðåòïîñòàâêè ó ðàçíèì ñòàòèñòè÷êèì
ïðîöåäóðàìà êàî øòî ñó, íïð. äèñïåðçèîíà àíàëèçà è ìåòîäà íàjìà»èõ
êâàäðàòà (çà îäðå¢èâà»å ðàñïîäåëå îöåíà ðåãðåñèîíèõ ïàðàìåòàðà). Ó
äà§åì òåêñòó áè£å îájàø»åíè ðàçíè ñòàòèñòè÷êè òåñòîâè çà óòâð¢è-
âà»å íîðìàëíîñòè ðàñïîäåëå ìå¢ó êîjèìà ñó è ðàçëè÷èòè ãðàôèöè çà
ïðèêàç îäðå¢åíèõ ìåòîäà.

Êîëèêî jå çàïðàâî âàæíà ïðåòïîñòàâêà äà ïîäàöè èç ñëó÷àjíîã óçîðêà
èìàjó íîðìàëíó ðàñïîäåëó, äàjó íàì è òåñòîâè êàî øòî jå Ñòóäåíòîâ
òåñò, òåñòîâè çà òåñòèðà»å êîåôèöèjåíàòà ðåãðåñèjå êàî è F -òåñò çà òå-
ñòèðà»å õîìîãåíîñòè âàðèjàíñå. Îâè òåñòîâè êàî îñíîâíó ïðåïîñòàâêó
èìàjó äà ïîäàöè äîëàçå èç íîðìàëíå ðàñïîäåëå. Ñòàòèñòè÷êå ìåòîäå
êîjèìà ñå ïîêàçójå íîðìàëíîñò ðàñïîäåëå çàõòåâàjó äîáðó åôèêàñíîñò
òåñòà. Áðîjíà ñòàòèñòè÷êà èñòðàæèâà»à äîâîäå ó ïèòà»å çíà÷àj åôè-
êàñíîñòè òåñòà ïðè âàæå»ó àëòåðíàòèâíå õèïîòåçå. Áàðòëåò1 jå ïðâè
âðøèî íà Ñòóäåíòîâîì òåñòó èñòðàæèâà»à î îäñòóïà»ó îä íîðìàëíî-
ñòè ðàñïîäåëå. Çàòèì, Ôèøåð2 êîjè jå èìàî èäåjó äà ïðîáëåì îäñòóïà»à
îä íîðìàëíå ðàñïîäåëå ðåøè êîðèø£å»åì êîåôèöèjåíòà àñèìåòðèjå è
êîåôèöèjåíòà ñï§îøòåíîñòè.

1Frederic Charles Bartlett(1886.- 1969), Âåëèêà Áðèòàíèjà
2Ronald Aylmer Fisher (1890-1962), Âåëèêà Áðèòàíèjà
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ÃËÀÂÀ 1. ÓÂÎÄ 2

Jåäàí îä îñíîâíèõ ìîòèâà íàñòàíêà ðîáóñíèõ ñòàòèñòèêà jåñòå äà ñå
îáåçáåäè ìåòîäà êîjà £å èìàòè äîáðå îñîáèíå êàäà ïîñòîjå ìàëà îäñòó-
ïà»à îä íîðìàëíå ðàñïîäåëå. Ðîáóñíè òåñòîâè ñå ïðèìå»ójó êàäà íåêå
îä ïðåòïîñòàâêè çà èçâî¢å»å ½êëàñè÷íèõ� òåñòîâà íèñó çàäîâî§åíå. Íà-
ó÷íèöè ãîäèíàìà óíàçàä èìàjó ðàçëè÷èòå èäåjå çà ðåøàâà»å îâîã ïðî-
áëåìà. Òàêî jå íà ïðèìåð, Ïèòìàí3 êîðèñòèî ïåðìóòàöèjå êîjå jå ïðè-
ìå»èâàî ïðè àíàëèçè âàðèjàíñå êàî äîêàç äà ðàñïîäåëà íèjå íîðìàëíà.
Ãåðè4 jå ïîêàçàî äà íåíîðìàëíîñò ðàñïîäåëå ìîæå îçáè§íî óòèöàòè íà
ìî£ òåñòà ïðè òåñòèðà»ó äèñïåðçèjå. Ïîêàçàíî jå äà àêî jå âðåäíîñò
êîåôèöèjåíòà ñï§îøòåíîñòè jåäíàêà 1,5 ïðè àëòåðíàòèâíîj ðàñïîäåëè,
òàäà jå ñòâàðíè íèâî çíà÷àjíîñòè òåñòà ìà»è îä 0,0001, ó îäíîñó íà 0,05
øòî jå âðåäíîñò ïðè íîðìàëíîj ðàñïîäåëè. Òàêî¢å, àëòåðíàòèâíå ðàñïî-
äåëå, ïîêàçójó äà àêî jå âðåäíîñò êîåôèöèjåíòà ñï§îøòåíîñòè jåäíàêà
6, òàäà jå âåðîâàòíî£à îäáàöèâà»à íóëòå õèïîòåçå jåäíàêà 0,215. Ñëèêà
1.1 ïðåäñòàâ§à ïðèêàç Ãåðèjåâèõ ðåçóëòàòà, ïðè ÷åìó ñó íà x-îñè ïðè-
êàçàíå âðåäíîñòè êîåôèöèjåíòà ñï§îøòåíîñòè, à íà y-îñè âåðîâàòíî£å
îäáèjà»à íóëòå õèïîòåçå:

Ñëèêà 1.1: Íèâî çíà÷àjíîñòè z- òåñòà êàäà jå ðàñïîäåëà îäðå¢åíà êîå-
ôèöèjåíòîì ñï§îøòåíîñòè

z- òåñò ñå ïðèìå»ójå êàäà jå ïîçíàòà ñòàíäàðäíî îäñòóïà»å. Îâèì òå-
ñòîì ñå ïðîâåðàâà äà ëè ñðåä»à âðåäíîñò x̄ ïîòè÷å èç ïîïóëàöèjå ÷èjà
jå ñðåä»à âðåäíîñò jåäíàêà µ.

Ãåðè jå ïîìî£ó Ñòóäåíòîâîã òåñòà çà äâà óçîðêà çàê§ó÷èî äà, àêî jå
ðàñïîäåëà èñòà çà îáå ïîïóëàöèjå, áåç îáçèðà íà âðñòó íåíîðìàëíîñòè,
âåðîâàòíî£à îäáàöèâà»à íóëòå õèïîòåçå èçóçåòíî ìàëà. Äî âåëèêèõ

3Isaac Pitman (1813-1897),Âåëèêà Áðèòàíèjà
4Roy Charles Geary (1896- 1983), Èðñêà
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ïðîìåíà ó çíà÷àjíîñòè òåñòà ìîæå äî£è àêî ñó äèñòðèáóöèjå ïîïóëàöèjà
ðàçëè÷èòå. Áîêñ5 jå ïîêàçàî äà jå ìî£ Áàðòëåòîâîã òåñòà çà òåñòèðà»å
äèñïåðçèjå îçáè§íî óãðîæåíà àêî jå ó ïèòà»ó íîðìàëíîñò ðàñïîäåëå è
äà jå íåàäåêâàòíî êîðèñòèòè òàj òåñò êàäà jå ó ïèòà»ó äèñïåðçèîíà àíà-
ëèçà ïðè ðàçëè÷èòèì äèñïåðçèjàìà. Ïèðñîíîâå6 ñèìóëàöèjå òåîðèjñêè
ñó ïîòâðäèëå íåäîñòàòàê F-òåñòà çà èñïèòèâà»å õîìîãåíîñòè âàðèjàíñå
íà ìàëèì óçîðöèìà. Êîðèñòå£è óçîðêå îáèìà 10 è 25, îíè ñó ïîêàçàëè
äà íåíîðìàëíîñò îçáè§íî óòè÷å íà íèâî çíà÷àjíîñòè òåñòà çà èñïèòè-
âà»å õîìîãåíîñòè äèñïåðçèjå êàäà jå ó ïèòà»ó jåäàí óçîðàê êàî è íà
èñïèòèâà»å îäíîñà äèñïåðçèjà çà äâà óçîðêà, ÷àê è êàäà ñó ðàñïîäåëå
jåäíàêå.

Ïîñòîjè ìíîãî òåñòîâà êîjè ñó ñïåöèôè÷íè áàø çà èñïèòèâà»å íîð-
ìàëíå ðàñïîäåëå. Ëèòåðàòóðà ñàäðæè ìíîãå òåñòîâå êîjè ïîñåáíî èñ-
òè÷ó áàø íà ñïåöèôè÷íîñò îñîáèíà ïàðàìåòàðà îâå ðàñïîäåëå è ñòîãà
jå âàæíî óòâðäèòè êîjè îä »èõ íàjåôèêàñíèjè çà îäðå¢åíè ïðîáëåì òå-
ñòèðà»à. Íà ïðèìåð, òåñòîâè ìîìåíàòà êîðèñòå ñïåöèôè÷íîñò îäíîñà
èçìå¢ó ìîìåíàòà íîðìàëíå ðàñïîäåëå, äîê Øàïèðîâ è Âèëêîâ òåñò êî-
ðèñòè ëèíåàðíó êîìáèíàöèjó ñòàòèñòèêà ïîðåòêà.

1.1 Òåñòèðà»å ïðåòïîñòàâ§åíå ðàñïîäåëå

Êàêî ñå îâàj ðàä îäíîñè íà òåñòèðà»å õèïîòåçà î íîðìàëíîñòè, ó
îâîì äåëó äà£åìî îñíîâíå äåôèíèöèjå î èçáîðó è òåñòèðà»ó õèïîòåçà.

Ïðåïîñòàâèìî äà èìàìî ðåàëèçîâàí ïðîñò ñëó÷àjàí óçîðàê îáèìà n,
(x1, x2, . . . , xn), çà îáåëåæjå ñà ãóñòèíîì f(x). Ãåíåðàëíî, ïðîáëåì ñå
ñàñòîjè ó òåñòèðà»ó íóëòå õèïîòåçå:

H0 : f(x) = f0(x).

Ôóíêöèjà ãóñòèíå f0(x) ó H0 je ïðåöèçíî îäðå¢åíà ðàñïîäåëà. Êàäà ñó
ïàðàìåòðè ïîòïóíî îäðå¢åíè, íóëòà õèïîòåçà ñå íàçèâà ïðîñòà õèïîòåçà.
Àêî jåäàí èëè âèøå ïàðàìåòàðà ó õèïîòåçè H0 íèñó ïî¯íàòè, îíäà ñå
îíà íàçèâà ñëîæåíà õèïîòåçà.

Ó çàâèñíîñòè îä ïðîáëåìà, àëòåðíàòèâíà õèïîòåçà H1 ìîæå áèòè
ïîòïóíî îäðå¢åíà ðàñïîäåëà f1 (ó ñëó÷àjó ïðîñòå íóëòå õèïîòåçå), óê§ó-
÷ójó£è è êîíêðåòíå âðåäíîñòè ïàðàìåòàðà θ:

H1 : f(x) = f1(x, θ).

5George Edward Pelham Box (1919-2013), Âåëèêà Áðèòàíèjà
6Karl Pearsîn (1857-1936), Âåëèêà Áðèòàíèjà



Òåñòèðà»å ïðåòïîñòàâ§åíå ðàñïîäåëå 4

Çà ñëîæåíó íóëòó õèïîòåçó, àëòåðíàòèâíà ìîæå ñå îäíîñèòè íà êëàñó
ðàñïîäåëà êàäà âðåäíîñò ïàðàìåòàðà íèjå ïîçíàòà, òj. ìîæå áèòè îáëèêà:

H1 : f(x) = f1(x, θ), θ ∈ Θ,

àëè è îáëèêà:
H1 : f(x) 6= f0(x).

Ó îâîì ðàäó áàâè£åìî ñå òåñòèðà»åì õèïîòåçå çà óòâð¢èâà»å íîðìàë-
íîñòè ðàñïîäåëå:

H0 : f(x) =
1

σ
√

2π
e−

(x−µ)2

2σ2 ,−∞ < x < +∞,

ïðè ÷åìó îáà ïàðàìåòðà µ è σ2 íèñó ïîçíàòè. Îâàêàâ îáëèê íóëòå õè-
ïîòåçå ñå íàj÷åø£å ïðèìå»ójå ó ïðàêñè.

Îñîáèíå íîðìàëíå ðàñïîäåëå ñó äà jå ñèìåòðè÷íà, óíèìîäàëíà, äà
ñó ñðåä»à âðåäíîñò, ìåäèjàíà è ìîäà jåäíàêè è êðàjåâè jîj ñå àñèìï-
òîòñêè ïðèáëèæàâàjó x- îñè. Ñðåä»à âðåäíîñò(µ) îäðå¢ójå öåíòàð, à
ñòàíäàðäíà äåâèjàöèjà(σ) øèðèíó ðàñïîäåëå. Ñòàíäàðäíà äåâèjàöèjà jå
ðàñòîjà»å îä ñðåä»å âðåäíîñòè äî òà÷êå ãäå êðèâà ìå»à îáëèê îä êîí-
êàâíå íà äîëå ó êîíêàâíó íà ãîðå. Ïðîìåíîì ïàðàìåòàðà µ è σ äîáèjàjó
ñå ðàçëè÷èòå íîðìàëíå ðàñïîäåëå è ïîñòîjè áåñêîíà÷íî ìíîãî íîðìàë-
íèõ ðàñïîäåëà.

Íåêè òåñòîâè, êàî øòî ñó òåñòîâè êîëè÷íèêà ìàêñèìàëíå âåðîäî-
ñòîjíîñòè, ñó íàïðàâ§åíè äà äåòåêòójó íîðìàëíîñò ó îäíîñó íà òà÷íî
îäðå¢åíó àëòåðíàòèâíó ðàñïîäåëó. Îíè ñó çàñíîâàíè íà çàjåäíè÷êèì
âåðîâàòíî£àìà íóëòå è àëòåðíàòèâíå õèïîòåçå. Íåäîñòàòàê îâàêâèõ òå-
ñòîâà jå øòî êðèòè÷íå âðåäíîñòè âðëî ÷åñòî íèñó äîñòóïíå (íïð. íå
ïîñòîjå îäãîâàðàjó£å òàáëèöå) è íåìà åôåêòà êîðèñòèòè èõ óêîëèêî íè
íóëòà íè àëòåðíàòèâíà õèïîòåçà íèñó òà÷íå. Ñà äðóãå ñòðàíå, òåñòîâè
êîëè÷íèêà ìàêñèìàëíå âåðîäîñòîjíîñòè ñå ïðåïîðó÷ójó jåð ìîãó êîðè-
ñòèòè ïóíî ðàçëè÷èòèõ àëòåðíàòèâà.



Ãëàâà 2

ÒÅÑÒÎÂÈ ÍÎÐÌÀËÍÎÑÒÈ

Ó îâîì ïîãëàâ§ó áè£å èçëîæåíè òåñòîâè çà òåñòèðà»å íîðìàëíîñòè
ðàñïîäåëå. Ó çàâèñíîñòè îä íà÷èíà ðà÷óíà»à òåñò ñòàòèñòèêà, òåñòîâè
ñó ïîäå§åíè ó òðè ãðóïå:

• Òåñòîâè ïðåêî åìïèðèjñêå ôóíêöèjå ðàñïîäåëå.

• Ðåãðåñèîíè òåñòîâè è ãðàôèöè.

• Îñòàëè òåñòîâè.

Òåñòîâè èç ïðâå äâå ãðóïå êîðèø£åíè ñó ó ñèìóëàöèjè ìî£è òåñòà,
äîê ñå òðå£à ãðóïà òåñòîâà îäíîñè íà òåñòîâå êîjè ñå êîðèñòå ó ñâà-
êîäíåâíîj ïðàêñè. Àíàëèçà ñèìóëàöèjà ñå ìîæå äåòà§íî ïîãëåäàòè ó
ïîãëàâ§ó 3.

Ó ïðàêñè ñå íàj÷åø£å êîðèñòå Êîëìîãîðîâ§åâ1 è Ñìèðíîâ§åâ2 òåñò,
Ëèëèôîðñîâ òåñò3, Àíäåðñîíîâ4 è Äàðëèíãîâ5 òåñò, jåð ñó îâè òåñòîâè
ñëîáîäíè îä ïàðàìåòàðà ðàñïîäåëå ïà îìîãó£àâàjó òåñòèðà»å ñëîæåíèõ
íóëòèõ õèïîòåçà.

2.1 Òåñòîâè ïðåêî åìïèðèjñêå ôóíêöèjå ðàñ-

ïîäåëå

Îñíîâíè çàäàòàê ñòàòèñòèêå jå äåôèíèñà»å ðàñïîäåëå ôðåêâåíöèjà
ïîñìàòðàíîã îáåëåæjà îñíîâíîã ñêóïà (ïîïóëàöèjà, áåñêîíà÷àí ñêóï)
íà îñíîâó èçàáðàíîã ñêóïà ìà»åã îáèìà (ñòàòèñòè÷êè óçîðàê, êîíà÷àí
ñêóï). Ðàñïîäåëà ôðåêâåíöèjà îñíîâíîã ñêóïà ñå íàçèâà òåîðèjñêà ðàñ-
ïîäåëà à ðàñïîäåëà ôðåêâåíöèjà óçîðêà ñå íàçèâà åìïèðèjñêà ðàñïîäåëà.

1Andrey Kolmogorov, (1903-1987), Ðóñèjà
2Vladimir Smirnov, (1887- 1974), Ðóñèjà
3Hubert Whitman Lilliefors, (1928� 2008),ÑÀÄ
4Wilbur Ànderson,(1918- ),ÑÀÄ
5David J. Darling,(1953- ), Âåëèêà Áðèòàíèjà
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Òåñòîâè ïðåêî åìïèðèjñêå ôóíêöèjå ðàñïîäåëå çàñíîâàíè ñó íà ïî-
ðå¢å»ó åìïèðèjñêå è ïðåòïîñòàâ§åíå ôóíêöèjå ðàñïîäåëå. Ó îâó ãðóïè
òåñòîâà ñïàäàjó: Êîëìîãîðîâ§åâ è Ñìèðíîâ§åâ òåñò (çàñíîâàí jå íà
îäíîñó åìïèðèjñêå è òåîðèjñêå (½ïðàâå�) ôóíêöèjå ðàñïîäåëå), Êðàìåð-
ôîí Ìèçåñîâ òåñò, Àíäåðñîíîâ è Äàðëèíãîâ òåñò, êàî è ìíîãè äðóãè. Ó
ñêîðèjå âðåìå ñó Ëèëèôîðñ è Ñòèâåíñ6 ïðîøèðèëè îâå òåñòîâå íà ñëó-
÷àjåâå êàäà ñðåä»à âðåäíîñò è âàðèjàíñà íèñó ïîçíàòå. Ïîêàçàëè ñó äà
òàäà îâè òåñòîâè èìàjó ìî£ êîjà jå óïîðåäèâà ñà ìî£è òåñòîâà Øàïèðà
è Âèëêà.

Åìïèðèjñêà ôóíêöèjà ðàñïîäåëå, ó îçíàöè Fn(x), äåôèíèñàíà jå ôîðìó-
ëîì:

Fn(x) =


0, x < x(1)
i
n
, x(i) ≤ x < x(i+1), i = 1, 2, . . . , n− 1

1, x ≤ x(n)

2.1.1 Êîëìîãîðîâ§åâ è Ñìèðíîâ§åâ òåñò è Ëèëè-

ôîðñîâ òåñò

Ïðåòïîñòàâèìî äà ñìî èç óçîðêà îáèìà n èç ðàñïîäåëå F äîáèëè
åìïèðèjñêó ôóíêöèjó ðàñïîäåëå Fn. Àêî jå F íåïðåêèäíà ôóíêöèjà,
ïðåìà òåîðåìè:

Òåîðåìà 2.1. Àêî jå F íåïðåêèäíà ôóíêöèjà, òàäà jå

lim
n→∞

λ(
√
n|Fn(x)− F (x)| ≤ t) =

+∞∑
k=−∞

(−1)ke−2t
2k2 , t > 0.

òåñò ñòàòèñòèêà λ(
√
n|Fn(x)−F (x)| èìà çà ãðàíè÷íó âðåäíîñò, êàä n→

+∞, K- ðàñïîäåëó Êîëìîãîðîâà.

Òåñòèðà ñå õèïîòåçà:
H0 : F = F0,

ãäå jå H0 íåïðåêèäíà ðàñïîäåëà, ïðîòèâ àëòåðíàòèâíå õèïîòåçå:

H1 : F 6= F0,

ñà íèâîîì çíà÷àjíîñòè α, ïðè ÷åìó íèjå íåîïõîäíî äà îáèì óçîðêà áóäå
âåëèêè. Íåêà jå c êâàíòèë ðåäà 1− α ðàñïîäåëå . Àêî jå

λ(
√
n|Fn(x)− F0(x)| > c

õèïîòåçó H0 îäáàöójåìî.

Óêîëèêî ñå õèïîòåçàH0 îäíîñè íà êëàñó ðàñïîäåëå F0 ñà íåêèì íåïîçíà-
òèì ïàðàìåòðèìà, »èõ îöå»ójåìî èç óçîðêà, àëè ñå òàäà íå ïðèìå»ójå

6Clarence F. Stephens, (1917- ),ÑÀÄ
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îâàj òåñò íåãî íåêè îä »åãîâèõ ìîäèôèêàöèjà.

Ó ñëó÷àjåâèìà êàäà ñðåä»à âðåäíîñò è ñòàíäàðäíà äåâèjàöèjà íèñó
ïîçíàòå, à îöå»èâà»å ñå âðøè íà îñíîâó óçîðêà, îíäà óîáè÷àjåíè Êîë-
ìîãîðîâ§åâ è Ñìèðíîâ§åâ òåñò äàjå ðåçóëòàòå êîjè íèñó ïîóçäàíè. Ëè-
ëèôîðñ jå äåôèíèñàî òåñò êîjè jå ïîóçäàíèjè ó îâîì ñëó÷àjó.

Ëèëèôîðñîâ òåñò êîðèñòè èñòó òåñò ñòàòèñòèêó êàî è òåñò Êîëìîãî-
ðîâà è Ñìèðíîâà, àëè ñå êîðèñòè òàáåëà êðèòè÷íèõ âðåäíîñòè êîjè jå
äåôèíèñàî Ëèëèôîðñ. Ó òàáåëè 4.4 êîjà ñå íàëàçè ó ïðèëîãó ïðèêàçójå
ðàçëè÷èòå êðèòè÷íå âðåäíîñòè ó çàâèñíîñòè îä îáèìà óçîðêà.

2.1.2 Êðàìåð-ôîí Ìèçåñîâ òåñò

Îâàj òåñò ñå çàñíèâà íà ðàñòîjà»ó åìïèðèjñêå îä òåîðèjñêå ôóíêöèjå
ðàñïîäåëå. Ðàñòîjà»å ñå ïîñìàòðà ó èíòåãðàëíîì îáëèêó:

n

∫ +∞

−∞
[Fn(x)− F (x)]2ψ(F (x))dF (x).

Ó ïðàêñè ñå íàj÷åø£å êîðèñòè äà jå ψ(F (x))=1. Òåñò ñòàòèñòèêà jå
èíòåãðàëíà ñóìà çà ãîð»è èíòåãðàë ó îáëèêó

W 2 =
1

12
+
∑(

p(i) −
2i− 1

2n

)2

, p(i) = F0(x(i)),

ãäå jå x(1) ≤ x(2) ≤ . . . x(n) óçîðàê îáåëåæjà X. ×åñòî ñå êîðèñòè è
ìîäèôèêàöèjà:

W 2∗ =

(
1.0 +

0.5

n

)
W 2.

Êðàìåð-ôîí Ìèçåñîâ7 òåñò jå ñëè÷àí ïî èäåjè òåñòó Êîëìîãîðîâà,
êîjè òàêî¢å ïîðåäè åìïèðèjñêó è òåîðèjñêó ôóíêöèjó ðàñïîäåëå.

Êîjà ñå ôîðìóëà çà òåñò ñòàòèñòèêó êîðèñòè çàâèñè îä îáèìà óçîðêà
è îä êðèòè÷íèõ âðåäíîñòè êîjå ñå êîðèñòå. Êðèòè÷íå âðåäíîñòè çà W 2∗

äàòå ñó ó òàáåëè 4.1 ó ïðèëîãó.

2.1.3 Àíäåðñîíîâ è Äàðëèíãîâ òåñò

Àíäåðñîíîâ è Äàðëèíãîâ òåñò êîðèñòè òåñò ñòàòèñòèêó:

A2 = −n− n−1
n∑
i=1

[2i− 1][log(p(i)) + log(1− p(n−i+1))],

7åíã. Cramer-von Mises test
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ãäå jå p(i) = F0(x(i)) çà áèëî êîjó ðàñïîäåëó F0. Êðèòè÷íå âðåäíîñòè
îâîã òåñòà çàâèñå îä ïðåòïîñòàâ§åíå ðàñïîäåëå.

Ñòèâåíñ jå ïðåäëîæèî ìîäèôèêîâàíè îáëèê:

A2∗ = (1.0 +
0.75

n
+

2.25

n2
)A2.

Íà òàj íà÷èí äîáèî jå êîìïëåò ñâèõ êðèòè÷íèõ âðåäíîñòè êîjå ñó äàòå
ó òàáåëè 4.2, ó ïðèëîãó.

2.2 Ðåãðåñèîíè òåñòîâè è ãðàôèöè

Ïîøòî ñòàòèñòèêå ïîðåòêà íîñå ïóíî èíôîðìàöèjà î ðàñïîäåëè îáå-
ëåæjà, áèëî jå ïðèðîäíî óâåñòè èõ ó ïðîöåäóðå òåñòèðà»à.

2.2.1 Øàïèðîâ è Âèëêîâ òåñò è »åãîâå ìîäèôèêà-

öèjå

Øàïèðîâèì è Âèëêîâèì òåñòîì òåñòèðà ñå íóëòà õèïîòåçà äà jå óçî-
ðàê (x1, x2, . . . , xn) èç ïîïóëàöèjå X êîjà èìà íîðìàëíó ðàñïîäåëó. Òåñò
ñòàòèñòèêà jå:

W =

(
n∑
i=1

aix(i))
2

n∑
i=1

(xi − x)2
, (2.1)

ãäå jå x(i) i- òà ñòàòèñòèêà ïîðåòêà, òj. i- òà ïî âåëè÷èíè ðåàëèçîâàíà
âðåäíîñò îáåëåæjà ó óçîðêó, . Êîíñòàíòå ai ñå äîáèjàjó ïîìî£ó jåäíàêî-
ñòè:

~a = (a1, . . . , an) =
mTV −1

(mTV −1V −1m)
1
2

,m = (m1,m2, . . . ,mn)T ,

ïðè ÷åìó V ïðåäñòàâ§à êîâàðèjàöèîíó ìàòðèöó ñòàòèñòèêà ïîðåòêà,
m1,m2, . . . ,mn ïðåäñòàâ§àjó o÷åêèâàíå âðåäíîñòè ñòàòèñòèêà ïîðåòêà.

Çáîã ñëîæåíîñòè èçðà÷óíàâà»à êîðèñòè ñå àïðîêñèìàöèjà âåêòîðà ~a
êîjà ñå äîáèjà ïîìî£ó jåäíàêîñòè:

m̃i = φ−1(
i− 0.375

n+ 0.25
), i = 1, . . . , n,

ã =
m̃T

√
m̃T m̃

.
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Øàïèðîâ è Âèëêîâ òåñò ñå íàj÷åø£å ïðèìå»ójå íà óçîðêå ìàëîã îáèìà.
Àêî ñå ïðèìå»ójå íà óçîðêå âå£åã îáèìà, íåîïõîäíî jå, çà âåðèôèêà-
öèjó íîðìàëíå ðàñïîäåëå êîðèñòèòè è Q-Q ãðàôèê. Êîðèø£å»å Q-Q
ãðàôèêà jå íåîïõîäíî, jåð çà óçîðêå âåëèêîã îáèìà, Øàïèðîâ òåñò íå
ïðóæà èíôîðìàöèjå î êîåôèöèjåíòó ñï§îøòåíîñòè, àñèìåòðèjè, àóòëà-
jåðèìà, ÷èjå âðåäíîñòè ñó îä âåëèêîã çíà÷àjà ïðè äîíîøå»ó îäëóêå î
ïðåòïîñòàâ§åíîj ðàñïîäåëè.

Íàjáî§à ëèíåàðíà íåïðèñòðàñíà îöåíà çà íåïîçíàòè ïàðàìåòàð θ äî-
áèjà ñå èç jåäíàêîñòè:

b =

[n
2
]∑

i=1

an−i+1(x(n−i+1) − x(i)).

Ðîjñòîí8 jå ïðåäñòàâèî òðàíñôîðìàöèjå òåñò ñòàòèñòèêå W çà óçîðêå
îáèìà 7 ≤ n ≤ 2000. Ta òðàíñôîðìàöèjà äàòà jå jåäíà÷èíîì:

z =
((1− λ)λ − µy)

σy
.

Ïîøòî »åãîâà àïðîêñèìàöèjà çàõòåâà î÷åêèâàíå âðåäíîñòè ñòàòè-
ñòèêà ïîðåòêà è êîâàðèjàöèîíó ìàòðèöó, çà äîáèjà»å âðåäíîñòè ai êî-
ðèñòèî jå àïðîêñèìàöèjó a∗ = mTV (−1) íà ñëåäå£è íà÷èí:

â∗i =


2wi, 1 < i < n

(
â21

1−2â21

n−1∑
i=1

â21)
1
2 , i = 1, n

ïðè ÷åìó jå:

â21 = â2n =

{
g(n− 1), n ≤ 20

g(n), n > 20,

g(n) =
Γ(n

2
+ 0.5)

√
2Γ(n

2
+ 1)

.

Çà àïðîêñèìàöèjó ôóêíöèjå g(n) êîðèñòèî jå è jåäíàêîñò:

g(n) =

[
6n+ 7

6n+ 13

][
exp(1)

n+ 2

(
n+ 1

n+ 2

)n−2] 1
2

.

Ïàðàìåòðè λ, µy, σy îöå»ójó ñå èç ìîäåëà êîjè çàâèñå ñàìî îä îáèìà
óçîðêà, jåäàí ìîäåë jå îáèìà 7 ≤ n ≤ 20 è äðóãè 21 ≤ n ≤ 2000. Îâè
ìîäåëè ñó îáëèêà: ∑

βi(log(n)− d)i,

è êîðèñòå îöåíå ïàðàìåòàðà λ, log(µy) è log(σy). Îâå îöåíå ñå êîðèñòå
çà òðàíñôîðìàöèjó ñòàòèñòèêå W ó jåäíàêîñòè (2.1). Êîåôèöèjåíòè ìî-
äåëà è âðåäíîñò d çà ñâà òðè ïàðàìåòðà, äàòè ñó ó ñëåäå£îj òàáåëè:

8Royston, J.P.,(1945- ), Âåëèêà Áðèòàíèjà
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ïàðàìåòàð λ log(µy) log(σy)
d 3 3 3
β0 0.11893 -0.37542 -3.15805
β1 0.133414 -0.492145 0.729399
β2 0.327907 -0.124332 3.01855
β3 - -0.199422 1.55876

21 ≤ n ≤ 2000
d 5 5 5
β0 0.480384 -1.91487 -3.73538
β1 0.318828 -1.37888 -1.01507
β2 0 -0.04183209 -0.331885
β3 -0.0241665 0.1066339 0.173538
β4 0.00879701 -0.0513666 -0.163872
β5 0.002989646 -0.01504614 -0.03215018
β6 - - 0.003852646

Êàäà ñå èçðà÷óíàjó λ, µy è σy, ðà÷óíà ñå:

z =
(((1−W )λ − µy))

σy
,

Íîðìàëíîñò ñå îäáàöójå àêî jå z âå£å îä ãîð»å êðèòè÷íå âðåäíîñòè α
èç ñòàíäàðäíå íîðìàëíå ðàñïîäåëå.

2.2.2 Òåñò Øàïèðà è Ôðàíöèjå

Øàïèðî è Ôðàíöèjà ñó çà àïðîêñèìàöèjó òåñò ñòàòèòèñêåW ïðåòïî-
ñòàâ§àëè äà ñó çà âåëèêå óçîðêå ñòàòèñòèêå ïîðåòêà íåçàâèñíå. Çàäàëè
ñó àïðîêñèìàöèjó

W ′ =
(a · x)2

(n− 1)s2
,

ãäå jå a∗ = mT√
(mTm)

. Äàêëå, W ′ ïðåäñòàâ§à êâàäðàò Ïèðñîíîâîã êîåôè-

öèjåíòà êîðåëàöèjå èçìå¢ó x è a∗. Âèäèìî äà òåñò Øàïèðà è Ôðàíöèjå
çà òåñòèðà»å õèïîòåçå î íîðìàëíîñòè, èçèñêójå ñàìî ïîçíàâà»å î÷åêè-
âàíèõ âðåäíîñòè ñòàòèñòèêà ïîðåòêà mi. Âèñáåðã è Áèíõàì äàëè ñó
àïðîêñèìàöèjó çà mi:

m̃i = φ−1(
i− 0.375

n+ 0.25
),

è êàäà ñå ïðåòõîäíà ôîðìóëà óáàöè ó òåñò ñòàòèñòèêó W ′, äîáè£å ñå
àïðîêñèìàöèjà êîjà jå ìíîãî ëàêøà çà ðà÷óíà»å.

2.2.3 Ôèëèáåíîâà êîðåëàöèjà

Çà òåñòèðà»å õèïîòåçå î íîðìàëíîñòè, Ôèëèáåí ïðåïîðó÷ójå äà ñå
ïîñìàòðà êîðåëàöèjà èçìå¢ó óçîðà÷êå ñòàòèñòèêå ïîðåòêå è îöå»åíå
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âðåäíîñòè ìåäèjàíå èç òåîðèjñêå ðàñïîäåëå. Çà óçîðàê îáèìà n, Ôè-
ëèáåí êîðèñòè:

mi =


1− (0.5)

1
n , i = 1,

i−0.375
n+0.365

, 1 < i < n,

(0.5)
1
n , i = n.

Çàòèì jå, êîðèñòå£è íîðìàëíó ðàñïîäåëó, äåôèíèñàî ñëåäå£ó ïðîìåí-
§èâó:

Mi = φ−1(mi).

Òåñò ñòàòèñòèêà jå:

r =

n∑
i=1

x(i)M√
n∑
i=1

M2
i

√
(n− 1)s2

.

Ïðåäíîñò îâîã òåñòà ó îäíîñó íà Øàïèðîâ è Âèëêîâ òåñò jå øòî íå
òðåáà èçðà÷óíàâàòè î÷åêèâàíå âðåäíîñòè ñòàòèñòèêà ïîðåòêà èç íîð-
ìàëíå ðàñïîäåëå.

2.2.4 Ãðàôè÷êè ìåòîä

Çíà÷àj ãðàôèêà íå ñìå áèòè çàíåìàðåí ó ñòàòèñòèöè. Ïîñòîjå ïðå-
ïîðó÷åíè ãðàôèöè çà ñêîðî ñâàêè ñòàòèñòè÷êè ìåòîä. Íà ïðèìåð, ïî-
ñòîjå ãðàôèöè çà ïðåäñòàâ§à»å ðåçèäóàëà, ãðàôèöè çà òà÷êàñòî ïðåä-
ñòàâ§à»å ïîäàòàêà, êàî è ìíîãè äðóãè. Îíè ïðóæàjó äåòà§å î óçîðêó
êîjè íèñó äîñòóïíè ó ñàìîj òåñò ñòàòèñòèöè. Ãðàôèöè îáè÷íî íå ñèãíà-
ëèçèðàjó îäáèjà»å íóëòå õèïîòåçå íèòè èìàjó ñïîñîáíîñò äà çàìàñêèðàjó
íåêå åôåêòå äà áè ñå ïðèõâàòèëà íóëòà õèïîòåçà. Ãðàôèöè íèñó è íå
ìîãó áèòè äîêàç, àëè ìîãó äàâàòè çíà÷àjíå èíôîðìàöèjå î ðàñïîäåëè
îáåëåæjà.

Îïèñà£åìî ãðàôè÷êà ïðèêàçèâà»à ïîäàòàêà êîjà ñó ñïåöèôè÷íå çà
îäðå¢èâà»å íîðìàëíîñòè. Îâå ìåòîäå ïðåäñòàâ§àjó ãðàôè÷êå ïðîöå-
äóðå ó êîjèìà ñå ñòàòèñòè÷êè ïîäàöè ïîðåäå ïî íåêîj òåîðèjñêîj èëè
î÷åêèâàíîj âðåäíîñòè. Îâî îìîãó£àâà ñóájåêòèâíå ñóäîâå î ðàñïîäåëè.
Ïîñåáíî, ãðàôèöè êâàíòèëà òçâ. Q-Q ãðàôèöè, àïðîêñèìèðàjó ïðàâå
ëèíèjå àêî óçîðàê äîëàçè èç íîðìàëíå ðàñïîäåëå. Ïîjàâà íåëèíåàðíî-
ñòè ó îâèì ãðàôèöèìà ñèãíàëèçèðà îäñòóïà»å îä íîðìàëíîñòè. Ïðåïî-
ðó÷ójå ñå äà áèëî êîjà ñòàòèñòè÷êà àíàëèçà óê§ó÷è è ãðàôè÷êî ïðèêà-
çèâà»å ïîäàòàêà (áèëî äà ñå ðàäè î èñïèòèâà»ó íîðìàëíîñòè èëè íå).
Ó ïðîãðàìñêîì jåçèêó R ïîñòîjè ìíîãî âå£ óãðà¢åíèõ ãðàôèêà: õèñòî-
ãðàìè, ñòàáëî è ëèø£å 9 ãðàôèöè êàî è òçâ. Q-Q è áîêñ äèjàãðàìè10.
Îñèì øòî ñâàêè îä »èõ îìîãó£àâà ñóájåêòèâíè ñóä î ïîäàöèìà, ìîãó£å
jå èäåíòèôèêîâàòè è àóòëàjåðå. Õèñòîãðàìè è ñòàáëî è ëèø£å ãðàôèöè

9åíã. stem-and-leaf
10åíã. box-plot
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âå£ ñâîjèì îáëèêîì ïîêàçójó ñëè÷íîñò óçîðà÷êå ðàñïîäåëå ñà íîðìàë-
íîì, ïà £åìî íåøòî âèøå ðå£è î áîêñ äèjàãðàìó è ãðàôèêó êâàíòèëà
(Q-Q äèjàãðàì).

Ïðåòïîñòàâèìî äà jå îáèì óçîðêà âåëèêè áðîj, òàäà ñå íàj÷åø£å âðåä-
íîñòè îáåëåæjà çàäàjó ïî èíòåðâàëèìà (êëàñàìà). Îâàêàâ íà÷àí ïðèêà-
çèâà»à ïîäàòàêà äîâîäè äî ãóá§å»à jåäíîã çíàòíîã äåëà èíôîðìàöèjå
î ïîñìàòðàíîì îáåëåæjó. Ïðè îâàêâîì ïðåäñòàâ§à»ó âðåäíîñòè îáå-
ëåæjà ïðâî ñå îäðåäå íàjìà»à è íàjâå£à âðåäíîñò ó óçîðêó. Çàòèì ñå
îäàáåðó áðîjåâè: am êîjè jå ìàëî ìà»è îä íàjìà»å âðåäíîñòè ó óçîðêó
è aM êîjè jå íåøòî âå£è îä íàjâå£å âðåäíîñòè ó óçîðêó. Çàòèì ñå èíòåð-
âàë [am, aM) ïîäåëè íà k äèñjóíêòíèõ ïîäèíòåðâàëà, ÷èjå äóæèíå ìîãó,
àëè íå ìîðàjó, áèòè jåäíàêå: [a1, a2), [a2, a3), . . . , [ak, ak+1), ïðè ÷åìó jå
a1 = am è ak+1 = aM . Òàêî¢å, êîðèñòå ñå è ñëåäå£à ïðàâèëà:

1. äà ñðåäèíå èíòåðâàëà áóäó jåäíàêå íåêèì ïîäàöèìà èç óçîðêà,

2. äà ãðàíèöå èíòåðâàëà áóäó ðàçëè÷èòå îä ïîäàòàêà èç óçîðêà.

Íàêîí äåôèíèñàíèõ èíòåðâàëà ôîðìèðà ñå òàáåëà:

Âðåäíîñò îáåëåæjà [a1, a2) [a2, a3) [a3, a4) [a4, a5) . . . [ak, ak+1)
Ôðåêâåíöèjà n1 n2 n3 n4 . . . nk

Âðåäíîñòè n1, n2, . . . , nk ïðåäñòàâ§àjó áðîj åëåìåíàòà óçîðêà êîjè ñå íà-
ëàçå ó ñâàêîì îä èíòåðâàëà.
Íà ñëåäå£åì õèñòîãðàìó (ñëèêà 2.1) ïðåäñòàâ§åíè ñó ñëó÷àjíè áðîjåâè
êîjè èìàjó χ2 ðàñïîäåëó ñà 4 ñòåïåíè ñëîáîäå:

Ñëèêà 2.1: Ïðèìåð õèñòîãðàìà
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Ñòàáëî è ëèø£å äèjàãðàìè ïðóæàjó ñëè÷íå èíôîðìàöèjå êàî è õè-
ñòîãðàìè óç äîäàòíå äåòà§å ïðè èñïèòèâà»ó ïîäàòàêà. Ñëè÷íî õèñòî-
ãðàìèìà, îíè ïîêàçójó ó÷åñòàëîñò îïñåðâàöèjà, ïîêàçójó âðåäíîñòè ïî-
äàòàêà, îìîãó£àâàjó èäåíòèôèêàöèjó ñðåä»å âðåäíîñòè, åêñòðåìà è äðó-
ãèõ ïàðàìåòàðà.

Áîêñ äèjàãðàì èëè ïðàâîóãàîíè äèjàãðàì ïðåäñòàâ§à íà÷èí ãðàôè÷-
êîã ïðèêàçèâà»à ïîäàòàêà, íàðî÷èòî ïîãîäàí çà ïîðå¢å»à ñà íîðìàëíîì
ðàñïîäåëîì êàî è ñà äðóãèì ñèìåòðè÷íèì ðàñïîäåëàìà. Îâàj äèjàãðàì
ñå äîáèjà òàêî øòî ñå íà èçàáðàíîj îñè îäðåäå óçîðà÷êà ìåäèjàíà è êâàð-
òèëè q1 è q3, à çàòèì ñå ïîìî£ó ôîðìóëà:

f1 = q1 − 1.5(q3 − q1),

f3 = q1 + 1.5(q3 − q1),

ðà÷óíàjó óíóòðàø»å ãðàíèöå. Ñïî§àø»å ãðàíèöå F1 è F3 ðà÷óíàjó
ôîðìóëàìà:

F1 = q1 − 3(q3 − q1),

F3 = q1 + 3(q3 − q1).

Íàêîí òîãà, îäðå¢ójå ñå áðîj a1 êîjè ïðåäñòàâ§à íàjìà»è ìå¢ó åëå-
ìåíòèìà óçîðêà, à êîjè jå âå£è îä f1 è áðîj a3 êîjè jå íàjâå£è ìå¢ó
åëåìåíòèìà óçîðêà àëè ìà»è îä f3.

Äèjàãðàì ñå ñàñòîjè îä ïðàâîóãàîíèêà ÷èjà jå jåäíà ñòðàíà ïàðàëåëíà
èçàáðàíîj îñè è jåäíàêà îäñå÷êó (q1, q2). Äèìåíçèjà äðóãå ñòðàíå ïðà-
âîóãàîíèêà íèjå îä çíà÷àjà, ïà ñå áèðà ïðîèçâî§íî. Ó ïðàâîóãàîíèêó
ñå íàöðòà ïðàâà ëèíèjà êîjà îäãîâàðà óçîðà÷êîj ìåäèjàíè me. Àêî jå
îâà ïðàâà ëèíèjà áëèçó ñðåäèíå ïðàâîóãàîíèêà, îíäà áè ðàñïîäåëà îáå-
ëåæjà óçîðêà ìîãëà áèòè íåêà ñèìåòðè÷íà ðàñïîäåëà, ó ñóïðîòíîì ðå÷
jå î íåêîj àñèìåòðè÷íîj ðàñïîäåëè.

Íà ñëèöè 2.1 êðóæè£åì © ïðèêàçàíè ñó åëåìåíòè ó óçîðêó êîjè ñå
íàëàçå ó èíòåðâàëèìà [F1, f1] è [f3, F3].
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Ñëèêà 2.2: Ïðèìåð Áîêñ äèjàãðàìà

Oâàj äèjàãðàì ñå èíòåðïðåòèðà ó ñêëàäó ñà íîðìàëíîì ðàñïîäåëîì
êîä êîjå ñå âàí èíòåðâàëà (f1, f3) íàëàçè ñàìî 0,7% âðåäíîñòè îáåëåæjà
è êîä êîjå ëèíèjà êîjà îäãîâàðà ìåäèjàíè äåëè ïðàâîóãàîíèê íà äâà jåä-
íàêà äåëà. Ñòîãà, ïî àíàëîãèjè ñà íîðìàëíîì ðàñïîäåëîì, ñâå âðåäíîñòè
èç óçîðêà êîjå ñå íàëàçå âàí èíòåðâàëà (f1, f3) ñìàòðàjó ñå çà âðåäíîñòè
îáåëåæjà êîjå íåóîáè÷àjåíî ìíîãî îäñòóïàjó îä î÷åêèâàíå âðåäíîñòè è
îíå ñå íàçèâàjó èçäâîjåíå âðåäíîñòè (àóòëàjåðè11, íà ãîð»îj ñëèöè ñó
òî ñâè ©). Áîêñ äèjàãðàìè ñó êîðèñíè è çà èñòîâðåìåíè ïðèêàç âèøå
jåäíîäèìåíçèîíàëíèõ ñêóïîâà ïîäàòàêà.

Q-Q ãðàôèöè ñó ãðàôèöè êîjè ïðåäñòàâ§àjó óçîðà÷êå ñòàòèñòèêå
ïîðåòêà ó îäíîñó íà âðåäíîñò êâàíòèëà èç íåêå ðàñïîäåëå f (íïð. ñòàí-
äàðäíå íîðìàëíå ðàñïîäåëå). Òåîðèjñêè ïîä íóëòîì õèïîòåçîì, ãðàôèê
êâàíòèëà £å áèòè ëèíåàðàí îñèì ó ñëó÷àjíèì ôëóêòóàöèjàìà. Ñâàêî îä-
ñòóïà»å îä ëèíåàðíîñòè ãðàôèêà óêàçójå äà âðåäíîñòè îáåëåæjà íèñó
èç ðàñïîäåëå f (îäíîñíî íèñó íîðìàëíî ðàñïîäå§åíå).

Ïîðåä ïðóæà»à óâèäà ó íîðìàëíîñò èëè îäñòóïà»à îä íîðìàëíîñòè,
Q-Q ãðàôèöè ìîãó äà îáåçáåäå è ïðîöåíó ñðåä»å âðåäíîñòè, ñòàíäàðäíå
äåâèjàöèjå è ïåðöåíòèëà, óêîëèêî ïîäàöè èìàjó ïðèáëèæíî íîðìàëíó
ðàñïîäåëó.

Ïðâè êîðàê ó êðåèðà»ó Q-Q ãðàôèêà jå äîáèjà»å ðåàëèçîâàíèõ ñòà-
òèñòèêà ïîðåòêà x(1) ≤ x(2) ≤ · · · ≤ x(n). Îâå âðåäíîñòè ïðåäñòàâ§àjó
êâàíòèëå èç åìïèðèjñêå ðàñïîäåëå. Ïðåäñòàâ§àjó ñå íà îðäèíàòè è
íà îñíîâó »èõ èçðà÷óíàâàjó ñå âðåäíîñòè íà àïöèñè. Íàj÷åø£å êîðè-
ø£åíà ôîðìóëà çà èçáîð íèâîà êâàíòèëà íà Q-Q ãðàôèêó jå pi = i−0.5

n
è

pi = i
n+1

. Jåäíàêîñò pi = i
n
çà èçáîð íèâîà îíåìîãó£àâà öðòà»å íàj-

11åíã. outliers
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âå£å âðåäíîñòè íà ãðàôèêó. Çàòèì ñå öðòàjó òà÷êå ñà êîðäèíàòàìà
(φ(−1)(pi), X(i)), ãäå jå φ

(−1) èíâåðçíà ôóíêöèjà ïðåòïîñòàâ§åíå ðàñïî-
äåëå. Íà îñíîâó îâèõ òà÷àêà êîíñòàòójå ñå ïîñòîjà»å ëèíåàðíîñòè: àêî
ñå îâå òà÷êå íàëàçå íà èëè ó áëèçèíè ïðàâå y = x, òàäà ñå êîíñòàòójå ëè-
íåàðíîñò. Àêî jå âðåäíîñò êîåôèöèjåíòà ñï§îøòåíîñòè âå£à îä 3, îíäà
ñå äî»è êðàê êðèâå îêðå£å íàíèæå à ãîð»è íàâèøå. Àêî jå êîåôèöè-
jåíò ñï§îøòåíîñòè ìà»è îä 3, îíäà ñå äî»è êðàê êðèâå êðå£å íàâèøå à
ãîð»è íàíèæå. Íà ñëèêàìà 2.2, 2.3, 2.4 ïðåäñòàâ§åíè ñó Q-Q ãðàôèöè
ñëó÷àjíîã óçîðêà ñà äâîñòðóêîì åêñïîíåíöèjàëíîì ðàñïîäåëîì (êîåôè-
öèjåíò ñï§îøòåíîñòè jåäíàê jå 6), íîðìàëíîì è Ñòóäåíòîâîì ðàñïîäå-
ëîì:

Ñëèêà 2.3: Ïðèìåð äâîñòóêå åêñïîíåíöèjàëíå ðàñïîäåëå

Ñëèêà 2.4: Ïðèìåð íîðìàëíå ðàñïîäåëå
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Ñëèêà 2.5: Ïðèìåð Ñòóäåíòîâå ðàñïîäåëå

Íåîïõîäíî jå áèòè ïàæ§èâ ó ïðîöåíàìà âèñîêèõ è íèñêèõ ïåðöåí-
òèëà èëè ñòàíäàðäíå äåâèjàöèjå. Àêî ñå ðåï íà ãðàôèêó íàñòàâ§à äà§å,
ìîæå äî£è äî íåñëàãà»à ó òèì ïðîöåíàìà. Aêî ïîäàöè íèñó ëèíåàðíè,
îíäà ñå íå ìîæå êîíñòàòîâàòè íèøòà ñåì ìåäèjàíå.

Èàêî ñó ãðàôè÷êå ìåòîäå äðàãîöåíå çà èäåíòèôèêàöèjó êàðàêòåðè-
ñòèêà ðàñïîäåëå, Q-Q ãðàôèöè íèñó îñåò§èâè íà îäðå¢åíå ïîjàâå ó ïî-
äàöèìà è àêî ñå îñëà»àìî ñàìî íà »èõ, ìîæå äî£è äî íåàäåêâàòíèõ
çàê§ó÷àêà. Ñòîãà jå ïîòðåáíî èìàòè âèøå îájåêòèâíèõ ìåòîäà êîjå ñå
ìîãó êîðèñòèòè çà ïðîâåðó êàðàêòåðèñòèêà ïðåòïîñòàâ§åíå ðàñïîäåëå.
Ðåëàöèjå èçìå¢ó x(i) è φ

(−1)(pi) ìîãó êîðèñòèòè çà óòâð¢èâà»å íîðìàë-
íîñòè çà îäðå¢åíå òåñòîâå.

2.3 Îñòàëè òåñòîâè

Ó äà§åì òåêñòó ïðèêàçà£åìî jîø íåêå òåñòîâå êîjèìà ñå ìîæå òåñòè-
ðàòè íîðìàëíà ðàñïîäåëà. Îâè òåñòîâè íèñó êîðèø£åíè ó ñèìóëàöèjàìà
ìî£è òåñòà.

Êàðë Ïèðñîí jå ïðâè óî÷èî äà ñå îäñòóïà»å ðàñïîäåëå îä íîðìàëíå,
ìîæå èñïèòèâàòè ïîìî£ó òðå£åã è ÷åòâðòîã ìîìåíòà, òàêî øòî ñå ïðè
òåñòèðà»èìà óçîðà÷êè ìîìåíòè ïîðåäå ñà òåîðèjñêèì.
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2.3.1 Ìîìåíòè ðàñïîäåëå îáåëåæjà è óçîðà÷êè ìî-

ìåíòè

Jåäàí îä íà÷èíà êîjèì ñå ìîãó îêàðàêòåðèñàòè îäñòóïà»à íåêå ðàñ-
ïîäåëå îä íîðìàëíå jå íà îñíîâó ïðâîã îáè÷íîã è äðóãîã öåíòðàëíîã
ìîìåíòà. Ïðâè îáè÷íè è äðóãè öåíòðàëíè ìîìåíàò ñëó÷àjíå ïðîìåí-
§èâå ñà ãóñòèíîì ðàñïîäåëå f(x) äåôèíèñàíè ñó jåäíàêîñòèìà:

µ = m1 =

∫ +∞

−∞
xf(x)dx,

σ2 = µ2 =

∫ +∞

−∞
(x− µ)2f(x)dx.

Äàêëå, îâè ìîìåíòè çàïðàâî ïðåäñòàâ§àjó ïàðàìåòðå íîðìàëíå ðàñ-
ïîäåëå è íèñó îä ïðåâåëèêîã çíà÷àjà çà òåñòèðà»å ïðåòïîñòàâ§åíå ðàñ-
ïîäåëå.

Öåíòðàëíè ìîìåíòè âèøåã ðåäà äåôèíèøó ñå íà ñëåäå£è íà÷èí:

µk =

∫ +∞

−∞
(x− µ)kf(x)dx,

ïðè ÷åìó jå k öåî áðîj âå£è îä 1. Àêî jå f(x) ñèìåòðè÷íà, k-íåïàðàí
áðîj, òàäà jå µk = 0.

Ñòàíäàðäèçîâàíè ìîìåíòè ñó âàæíå âðåäíîñòè êàäà ñå ïîðåäå åìïè-
ðèjñêà è òåîðèjñêà ðàñïîäåëà. Ñòàíäàðäèçîâàíè k-òè ìîìåíàò ìîæåìî
äåôèíèñàòè è íà ñëåäå£è íà÷èí:

ψk =
µk

µ
k
2
2

.

Äàêëå, k-òè ñòàíäàðäèçîâàíè ìîìåíàò çàâèñè îä äèñïåðçèjå öåëå ïî-
ïóëàöèjå. Òàêî¢å, óî÷àâàìî äà ñó ψk âåëè÷èíå áåç äèìåíçèjà øòî jå
êîðèñíî ïðè ïîðå¢å»ó ðàñïîäåëà ðàçíèõ îáåëåæjà. Ïðè òåñòèðà»ó õè-
ïîòåçà çà íîðìàëíîñò, àêöåíàò jå ñòàâ§åí íà òðå£è è ÷åòâðòè ñòàíäàð-
äèçîâàíè ìîìåíàò. Òè ïàðàìåòðè ñå íàçèâàjó êîåôèöèjåíò àñèìåòðèjå
îäíîñíî ñï§îøòåíîñòè è ðà÷óíàjó ñå ïî ôîðìóëàìà:

KA =
µ3

µ
3
2
2

=
µ3

σ3
,

KE =
µ4

µ2
2

=
µ4

σ4
.

Àêî jå ðàñïîäåëà íîðìàëíà, òàäà jå KA = 0 è KE = 3.

Ïðîáëåìè êîjè ìîãó íàñòàòè êàäà ñå ïîðåäå ñòàíäàðäèçîâàíè ìî-
ìåíòè èç óçîðêà ñà òåîðèjñêèì ñòàíäàðäèçîâàíèì ìîìåíòèìà íîðìàëíå
ðàñïîäåëå ñó:
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• ìîìåíòè ó ïîïóëàöèjè íå ìîðàjó áèòè jåäèíñòâåíè. Íà ïðèìåð,
íåïàðíè ìîìåíòè çà ñèìåòðè÷íå ðàñïîäåëå jåäíàêè ñó íóëè, àëè
òàêî¢å ïîñòîjå íåêå ½èñêðèâ§åíå� ðàñïîäåëå ÷èjè jå íåïàðíè ìîìå-
íàò âèøåã ðåäà jåäíàê íóëè. Ñà äðóãå ñòðàíå, âå£èíà íåíîðìàëíèõ
ñèìåòðè÷íèõ ðàñïîäåëà èìà ÷åòâðòè ìîìåíàò ðàçëè÷èò îä 3, àëè
ïîñòîjå è íåêå íåíîðìàëíå ñèìåòðè÷íå ðàñïîäåëå ÷èjè jå êîåôèöè-
jåíò ñï§îøòåíîñòè jåäíàê 3,

• ðàçëè÷èòè ìîìåíòè ðàñïîäåëå, óêàçójó íà ðàçëè÷èòå êàðàêòåðè-
ñòèêå. Òåñò êîåôèöèjåíòà àñèìåòðèjå íå îäáàöójå íóëòó õèïîòåçó
î íîðìàëíîj ðàñïîäåëè, àëè òàêî¢å è íå ãàðàíòójå äà jå ðå÷ î íîð-
ìàëíîñòè. Ó ïðàêñè jå âðëî ÷åñòà êîìáèíàöèjà ðàçëè÷èòèõ òåñòîâà
çà èäåíòèôèêàöèjó êàðàêòåðèñòèêà íîðìàëíå ðàñïîäåëå,

• àêî jå k > 4, ñìàòðà ñå äà jå âàðèjàíñà îöåíå ìîìåíòà ïðåâèøå
âåëèêà äà áè òåñò áèî åôèêàñàí, ìå¢óòèì, Òîä12 jå ïðîíàøàî òåñò
êîä êîãà jå k > 4 àëè jå ìî£ òåñòà èçóçåòíî âåëèêà ó ïîjåäèíèì
ñëó÷àjåâèìà.

Çà îáåëåæjå X è ïðîñò ñëó÷àjàí óçîðàê (X1, X2, . . . , Xn) k- òè óçî-
ðà÷êè ìîìåíò ñå äåôèíèñàòè íà ñëåäå£è íà÷èí:

Mk =
n∑
i=1

(Xi −X)k

n
,

à »åãîâà ðåàëèçîâàíà âðåäíîñò íà óçîðêó jå:

mk =
n∑
i=1

(xi − x)k

n
,

ïðè ÷åìó xi, i = 1, . . . , n ïðåäñòàâ§à n îïñåðâàöèjà ñëó÷àjíå ïðîìåí§èâå
X, x ïðåäñòàâ§à àðèòìåòè÷êó ñðåäèíó òèõ îïñåðâàöèjà è k jå öåî áðîj
òàêàâ äà k ≥ 2. Âèäèìî äà ñå m2 jåäèíî ó èìåíèîöó ðàçëèêójå îä êîðè-
ãîâàíå äèñïåðçèjå s2.

2.3.2 Òåñò êîåôèöèjåíòà àñèìåòðèjå

Òåñò ñòàòèñòèêà jå äåôèíèñàíà ñà:√
b1 =

M3

M
3
2
2

.

Àêî jå
√
b1 > 0 òàäà jå ðåï ðàñïîäåëå çàêðèâ§åí óäåñíî, à àêî jå√

b1 < 0 òàäà jå ðåï ðàñïîäåëå çàêðèâ§åí óëåâî. Ó ñëó÷àjåâèìà êàäà
ïðàâàö ðåïà íèjå ïîçíàò, êîðèñòå ñå äâîñìåðíè òåñòîâè. Ñòàòèñòèêà

√
b1

12Thode, Jr., H.C., (1956- ), ÑÀÄ
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îìîãó£àâà âðëî êîðèñòàí òåñò çà äåòåêöèjó çàêðèâ§åíèõ ðàñïîäåëà, à
ìîæå ñå êîðèñòèòè è çà îòêðèâà»å ñèìåòðè÷íèõ ðàñïîäåëà êîä ìàëèõ
óçîðàêà. Äèñïåðçèjà ñå ðà÷óíà ïî ôîðìóëè:

D(
√
b1) =

6(n− 2)

(n+ 1)(n+ 3)
.

×åòâðòè ìîìåíàò ðàñïîäåëå ñòàòèñòèêå
√
b1 äåôèíèñàí jå èçðàçîì:

KE(
√
b1) = 3 +

36(n− 2)(n2 + 2n− 5)

(n− 2)(n+ 5)(n+ 7)(n+ 9)
.

Ñëåäå£à òàáåëà ïîêàçójå ïðâà ÷åòèðè ìîìåíòà ðàñïîäåëå ñòàòèñòèêå√
b1 çà óçîðêå îáèìà îä 25 äî 2000:

n E(
√
b1) D(

√
b1) K1(

√
b1) KE(

√
b1)

25 0 0.190 0 3.58
50 0 0.107 0 3.45
100 0 0.057 0 3.28
500 0 0.012 0 3.07
1000 0 0.006 0 3.04
5000 0 0.00 0 3.02

àñèìïòîòñêè 0 6
n

0 3.00

Ìîæå ñå óî÷èòè äà ïðèìå»èâà»å íîðìàëíå àïðîêñèìàöèjå çà èçðà-
÷óíàâà»å êðèòè÷íå âðåäíîñòè ìîæå äàòè íåòà÷íå ðåçóëòàòå çà óçîðêå
îáèìà ìà»åã îä 100. Çà óçîðêå îáèìà ïðåêî 500 KE(

√
b1) êîíâåðãèðà êà

3.

Ä'Àãîñòèíî13 jå ïðèêàçàî òðàíñôîðìàöèjó ðàñïîäåëå
√
b1 ó íîðìàëíó.

Îâà òðàíôîðìàöèjà ñå êîðèñòè çà óçîðêå îáèìà âå£åã îä 8. Íåêà jå

Y =
√
b1

(
(n+ 1)(n+ 3)

6(n− 2)

) 1
2

,

B2 =
3(n2 + 27n− 70)(n+ 1)(n+ 3)

(n− 2)(n+ 5)(n+ 7)(n+ 9)
.

Òàäà

X(
√
b1) = δ log

Y
α

+

√(
Y

α

)2

+ 1

 ,

èìà N(0, 1) ðàñïîäåëó ïðè ÷åìó ñó ïàðàìåòðè α è β îäðå¢åíè jåäíàêî-
ñòèìà:

W =
√

2(B2 − 1)− 1,

13Ralph D'Agostino, (1968- ), Áîñòîí, ÑÀÄ
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α =
1√

log(W )
,

β =

√
2

(W 2 − 1)
.

2.3.3 Óòõîôîâ òåñò

Íåêà jå xα α-òè êâàíòèë îïñåðâàöèjå. Òàäà ñå êîåôèöèjåíò àñèìå-
òðèjå ðà÷óíà êàî:

T2 =
x0.5 − xα
x1−α − xα

.

Óòõîô14 ïðåäëàæå äà ñå êîðèñòè α ≈ 0.1.

Äåôèíèøèìî ôóíêöèjó hm(x(i) : x(j)) êîjà êîðèñòè ñòàòèñòèêå ïî-
ðåòêà x(i) êðîç x(j) òàêâå äà jå i < j, i+ j = m,m- öåî áðîj, m < n

2
:

hn(x(1) : h(n)) =
2

n(n− 1)

[n2 ]∑
i=1

(n+ 1− 2i)(x(n+1−i) − x(i)).

Òàäà ñå àñèìåòðèjà ìîæå ïðîöåíèòè ôîðìóëîì:

S2 =
hn−n3+1(x(n3) : x(n))

hn3(x(1) : x(n3)) + hn−n3+1(x(n3) : x(n))
,

ïðè ÷åìó jå n3 = n
2
. Ñòàòèñòèêå T2 è S2 ïðåäñòàâ§àjó U - ñòàòèñòèêå è

èìàjó àñèìïòîòñêè íîðìàëíó ðàñïîäåëó.

Íåêà jå xβ β- òè êâàíòèë îïñåðâàöèjå. Äåôèíèøèìî ñòàòèñòèêó T1
ôîðìóëîì:

T1 =
(x1−β − xβ)

(x1−α − xα)
,

ïðè ÷åìó ñå çà α è β óçèìà 0.01 è 0.25, ðåñïåêòèâíî. Î÷åêèâàíà âðåä-
íîñò ñòàòèñòèêå T1 ïîä íîðìàëíîø£ó jå 0.289. Óòõîô ïðåïîðó÷ójå äà ñå
çà α è β êîðèñòå âðåäíîñòè 0.32 è 0.04, è òàäà jå âðåäíîñò ñòàòèñòèêå,
ïîä íîðìàëíîø£ó, jåäíàêà 0.269.

Äåôèøèìî ñòàòèñòèêó S1 íà ñëåäå£è íà÷èí:

S1 =
hn2−n1+1(x(n1) : x(n2))

hn1(x(1) : x(n1)) + hn2−n1+1(x(n1) : x(n2)) + hn−n2+1(x(n2) : x(n))
,

ïðè ÷åìó jå n1 = βn è n2 = (1 − β)n. Ïðè íîðìàëíîj ðàñïîäåëè îáå-
ëåæjà X, âðåäíîñò òåñò ñòàòèñòèêå S1 jå 0.290. Îáå ñòàòèñòèêå, S1 è T1,
ïðåäñòàâ§jó U - ñòàòèñòèêå è èìàjó àñèìïòîòñêè íîðìàëíó ðàñïîäåëó.

14Utho�, V.A.,(1943-2016), Òåêñàñ
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2.3.4 Òåñò êîåôèöèjåíòà ñï§îøòåíîñòè

Çà òåñòèðà»å ñèìåòðè÷íîã îäñòóïà»à îä íîðìàëíå ðàñïîäåëå êîðè-
ñòè ñå òåñò ñòàòèñòèêà:

b2 =
M4

M2
2

.

Òåñòèðà»à êîðèø£å»åì b2 è
√
b1 ñìàòðàjó ñå íàjñòàðèjèì è íàjìî£-

íèjèì òåñòîâèìà çà òåñòèðà»å íîðìàëíîñòè è êîðèñòå âåëèêè ñïåêòàð
àëòåðíàòèâà. Ïèðñîí è Ãåðè ñìàòðàjó äà jå òåñò êîjè çà òåñòèðà»å êî-
ðèñòè êîåôèöèjåíò ñï§îøòåíîñòè íàjìî£íèjè òåñò çà ñèìåòðè÷íå íå-
íîðìàëíå ðàñïîäåëå, íàðî÷èòî çà âåëèêå óçîðêå è ìàëà îäñòóïà»à îä
íîðìàëíîñòè.

2.3.5 Àïñîëóòíè ìîìåíòè

Àïñîëóòíè ìîìåíàò ðåäà c çà îáåëåæjå X jå E|X−E(X)|c è ó ñëó÷àjó
íåïðåêèäíå ðàñïîäåëå ñà ãóñòèíîì f(x) ðà÷óíà ñå íà ñëåäå£è íà÷èí:

νc =

∫ +∞

−∞
|x− x|cf(x)dx, c 6= 0,

ãäå jå c áèëî êîjè ðåàëàí áðîj. Óçîðà÷êè àïñîëóòíè ìîìåíàò ðåäà c çà
óçîðàê îáèìà n äåôèíèøå ñå êàî:

ν =
n∑
i=1

|xi − x|c

n
.

Òåñò ñòàòèñòèêà êîjà êîðèñòè àïñîëóòíå ìîìåíòå jå îáëèêà:

a(c) =
νc

ν
c
2
2

=
νc

m
c
2
2

,

ïðè ÷åìó jå c ïðîèçâî§àí öåî áðîj ðàçëè÷èò îä 0 è 2.

Òåìå§å çà îâå òåñòîâå ïîñòàâèî jå Ãåðè, êîjè jå ïðâîáèòíî ïðåäëîæèî
îáëèê a(1). Ãåðè jå a(1) êîðèñòèî êàî àëòåðíàòèâó çà òåñòèðà»à êîå-
ôèöèjåíòà ñï§îøòåíîñòè àëè ñàìî íà ìàëèì óçîðöèìà, jåð jå çà ìàëå
óçîðêå òåøêî îäàáðàòè äîáðó êðèòè÷íó âðåäíîñò ïðè òåñòèðà»ó êîåôè-
öèjåíòà ñï§îøòåíîñòè.

2.3.5.1 Ãåðèjåâ òåñò

Òåñò ñòàòèñòèêà Ãåðèjåâîã òåñòà jå îáëèêà:

a = a(1) =
n∑
i=1

|xi − x|
n
√
m2

.

Òåîðèjñêà âðåäíîñò çà òåñò ñòàòèñòèêó îâîã òåñòà jå
√

2
π
.
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Ä'Àãóñòèíî jå äåôèíèñàî òðàíñôîðìàöèjó çà äîáèjà»å ñòàíäàðäèçî-
âàíå íîðìàëíå ðàñïîäåëå. Êîðèñòèî jå àñèìïòîòñêó ñðåä»ó âðåäíîñò è
ñòàíäàðäíó äåâèjàöèjó òåñò ñòàòèñòèêå a. Òðàíñôîðìàöèjà jå îáëèêà:

Z =

√
n(a− 0.7979)

0.2123
.

2.3.5.2 Ãðóáñîâ òåñò

Ó ñèòóàöèjàìà êàäà ñå êîðèñòå âåëèêå âðåäíîñòè c ïðèìå»ójå ñå
Ãðóáñîâ15 òåñò. Òåñò ñòàòèñòèêà jå òàäà:

a(∞) =
xL√
m2

=

√
n− 1

n
T,

ïðè ÷åìó jå:
T = max(T1, T2),

T1 =

(
X −X(1)

)
s

,

T2 =

(
X(n) −X

)
s

xL = max
(
X(n) −X,X −X(1)

)
,

ïðè ÷åìó jå s ñòàíäàðäà äåâèjàöèjà. Êàäà ñå ñòàòèñòèêà T êîðèñòè çà
òåñòèðà»å, õèïîòåçà î íîðìàëíîñòè ñå îäáàöójå àêî jå T èëè a(∞) èñó-
âèøå âåëèêî. Êðèòè÷íå âðåäíîñòè çà îâàj òåñò ñå ìîãó íà£è ó òàáåëè
4.3 ó ïðèëîãó.

15Grubbs F.E., (1919- ), Áîñòîí
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ÏÎÐÅ�Å�Å ÅÌÏÈÐÈJÑÊÈÕ

ÌÎ�È

Êàî øòî jå âå£ ðå÷åíî, ó îâîì ðàäó áàâèìî ñå òåñòèðà»åì íóëòå
õèïîòåçå äà ïðîñò ñëó÷àjàí óçîðàê îáèìà n èìà íîðìàëíó ðàñïîäåëó,
òj. íóëòà õèïîòåçà jå äà ôóíêöèjà ãóñòèíå f(x) èìà ñëåäå£è îáëèê:

H0 : f(x) =
1

σ
√

2π
e−

(x−µ)2

2σ2 ,−∞ < x < +∞,

à àëòåðíàòèâíà õèïîòåçà jå äà ðàñïîäåëà íèjå íîðìàëíà, òj. õèïîòåçà
H1 jå îáëèêà:

H1 : f(x) 6= 1

σ
√

2π
e−

(x−µ)2

2σ2 ,−∞ < x < +∞.

Ïðâè êîðàê ïðè òåñòèðà»ó jå íàëàæå»å êðèòè÷íå îáëàñòè êîjà ñå
íàëàçè êàî êâàíòèë ðàñïîäåëå òåñò ñòàòèñòèêå êîjè îäãîâàðà îäðå¢åíîì
ïðàãó çíà÷àjíîñòè. Ïîñòóïàê íàëàæå»à ãðàíè÷íå âðåäíîñòè jå ñëåäå£à:

1. Èçàáåðåìî ôóíêöèjó ðàñïîäåëå êîjà jå íîðìàëíà.

2. Èçàáåðåìî ïðîñò ñëó÷àjàí óçîðàê n èç òå ðàñïîäåëå.

3. Èçðà÷óíàìî âðåäíîñò òåñò ñòàòèñòèêå çà òàj óçîðàê.

4. Ïîíîâèìî êîðàêå 2. è 3. 10000 ïóòà, êàêî áèñìî äîáèëè 10000
âðåäíîñòè òåñò ñòàòèñòèêà.

5. Çàäàìî ïðàã çíà÷àjíîñòè α.

6. Èçðà÷óíàìî êâàíòèëå 1 − α
2
è α

2
êàêî áèñìî îäðåäèëè äâîñòðàíó

êðèòè÷íó îáëàñò.

7. Âðåäíîñòè êâàíòèëà êîjå äîáèjåìî ñó ãðàíèöå íàøå êðèòè÷íå îáëà-
ñòè.

23
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Çà îäðå¢èâà»å ãðàíèöà êðèòè÷íå îáëàñòè èçàáðàëè ñìî N(0, 1) ðàñ-
ïîäåëó, à ðà÷óíà»å êîðèø£åí jå ïðîãðàìñêè jåçèê R (êîä ñå ìîæå ïî-
ãëåäàòè ó ïîãëàâ§ó Äîäàöè).

Ó òàáåëè 3.1 ïðèêàçàíå ñó äî»å è ãîð»å ãðàíèöå êðèòè÷íèõ îáëàñòè
íàøèõ òåñò ñòàòèñòèêà. Ñâå òåñò ñòàòèñòèêå èìàjó äâîñòðàíó êðèòè÷íó
îáëàñò.

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.99 0.99 0.99 0.99 0.98 0.99
0.85 0.93 0.89 0.95 0.90 0.95

Ëèëèôîðñîâ òåñò 0.24 0.15 0.21 0.13 0.19 0.13
0.07 0.05 0.08 0.05 0.09 0.06

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.12 0.52 0.83 0.85 0.72 0.74
0.10 0.12 0.15 0.15 0.16 0.17

Óòõîôîâ T2 0.67 0.55 0.61 0.51 0.57 0.49
0.17 0.22 0.21 0.25 0.24 0.27

Óòõîôîâ S2 0.77 0.67 0.71 0.63 0.68 0.61
0.27 0.35 0.33 0.38 0.36 0.40

Óòõîôîâ T1 0.72 0.59 0.65 0.54 0.62 0.52
0.19 0.24 0.24 0.27 0.27 0.29

Óòõîôîâ S1 0.71 0.54 0.65 0.50 0.62 0.47
0.19 0.21 0.24 0.24 0.27 0.26

Òàáåëà 3.1: Ãðàíèöå êðèòè÷íèõ îáëàñòè òåñòîâà

3.1 Ìî£ òåñòà

Íàëàæå»åì ãðàíèöà êðèòè÷íèõ îáëàñòè îäðåäèëè ñìî è öåëó êðè-
òè÷íó îáëàñò ñâàêå îä ñòàòèñòèêà. Ïîçíàâà»å êðèòè÷íå îáëàñòè ñâàêå
òåñò ñòàòèñòèêå jå íåîïõîäíî äà áèñìî îäðåäèëè ìî£ òåñòà çà îäðå¢åíå
àëòåðíàòèâå.

Åìïèðèjñêó ìî£ òåñòà ðà÷óíàìî íà îñíîâó óçîðêà è çà îäðå¢åíå àë-
òåðíàòèâå. Ïîñòóïàê jå ñëåäå£è:

1. Èçàáåðåìî êîíêðåòíó àëòåðíàòèâíó ðàñïîäåëó çà êîjó æåëèìî äà
èçðà÷óíàìî ìî£.

2. Èçàáåðåìî ïðîñò ñëó÷àjàí óçîðàê, îáèìà n.

3. Èçðà÷óíàìî âðåäíîñò òåñò ñòàòèñòèêå çà èçàáðàíè óçîðàê.

4. Ïîíîâèìî êîðàêå 2. è 3. 10000 ïóòà êàêî áè èìàëè 10000 ðàçëè-
÷èòèõ òåñò ñòàòèñòèêà, çà ðàçëè÷èòå óçîðêå.
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5. Çà äàòè ïðàã çíà÷àjíîñòè îäðåäèìî êîëèêî îä òèõ 10000 âðåäíîñòè
jå ìà»å, îäíîñíî âå£å, îä ãðàíè÷íå âðåäíîñòè êðèòè÷íå îáëàñòè
çà äàòè ïðàã çíà÷àjíîñòè.

6. Ïðîöåíàò îíèõ âðåäíîñòè òèõ ñòàòèñòèêà êîjè ïðèïàäàjó êðèòè÷-
íîj îáëàñòè ïðåäñòàâ§à ìî£ òåñòà çà êîíêðåòíó àëòåðíàòèâíó ðàñ-
ïîäåëó.

Ó ñëó÷àjó ïîâå£à»à îáèìà óçîðêà èëè ïîâå£à»à ïðàãà çíà÷àjíîñòè,
ïîâå£à£å ñå è ìî£ òåñòà.

3.2 Åìïèðèjñêè ïðàã çíà÷àjíîñòè

Êàêî áèñìî ïðîâåðèëè äà ëè ñìî èñïðàâíî îäðåäèëè ãðàíèöå êðè-
òè÷íå îáëàñòè, íåîïõîäíî jå äà îäðåäèìî åìïðèjñêè ïðàã çíà÷àjíîñòè.
Åìïèðèjñêè ïðàã çíà÷àjíîñòè ñå îäðå¢ójå íà èñòè íà÷èí êàî è åìïèðèj-
ñêà ìî£, ñàìî øòî £åìî çà àëòåðíàòèâíå õèïîòåçå èçàáðàòè íîðìàëíó
ðàñïîäåëó. Óêîëèêî jå êðèòè÷íà îáëàñò ïðàâèëíî îäðå¢åíà, åìïèðèjñêè
ïðàã çíà÷àjíîñòè áè òðåáàëî äà áóäå jåäíàê èëè ïðèáëèæíî jåäíàê çà-
äàòîì ïðàãó çà÷àjíîñòè.

Ïîñìàòðà£åìî óçîðêå îáèìà 20 è 50, à ïðàãîâè çíà÷àjíîñòè ñó 0.01,
0.05 è 0.1. Ðàñïîäåëå êîjå £åìî òåñòèðàòè ñó N(0, 10) è N(−3, 0.5).

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.01 0.02 0.04 0.07 0.08 0.14
Ëèëèôîðñîâ òåñò 0.01 0.01 0.05 0.05 0.1 0.11

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.01 0.01 0.05 0.05 0.1 0.1
Óòõîôîâ T2 0.01 0.01 0.05 0.05 0.1 0.1
Óòõîôîâ S2 0.01 0.01 0.05 0.05 0.1 0.1
Óòõîôîâ T1 0.01 0.01 0.05 0.06 0.1 0.11
Óòõîôîâ S1 0.00 0.01 0.05 0.06 0.1 0.11

Òàáåëà 3.2: Åìïèðèjñêè ïðàã çíà÷àjíîñòè çà N(0,10)
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α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.01 0.01 0.05 0.05 0.1 0.09
Ëèëèôîðñîâ òåñò 0.01 0.01 0.05 0.05 0.1 0.1

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.01 0.01 0.05 0.05 0.1 0.11
Óòõîôîâ T2 0.01 0.01 0.05 0.05 0.1 0.1
Óòõîôîâ S2 0.01 0.01 0.05 0.05 0.1 0.1
Óòõîôîâ T1 0.01 0.01 0.05 0.05 0.11 0.1
Óòõîôîâ S1 0.01 0.00 0.05 0.06 0.1 0.1

Òàáåëà 3.3: Åìïèðèjñêè ïðàã çíà÷àjíîñòè çà N(-3,0.5)

Çà ñâå òåñòîâå, åìïèðèjñêè ïðàã çíà÷àjíîñòè jå jåäíàê èëè ïðèáëè-
æíî jåäíàê çàäàòîì ïðàãó çíà÷àjíîñòè, ñòîãà ìîæåìî ìîæåìî çàê§ó-
÷èòè äà ñìî íà èñïðàâàí íà÷èí îäðåäèëè ãðàíèöå êðèòè÷íå îáëàñòè.

3.3 Àëòåðíàòèâíå õèïîòåçå

Çà ðàñïîäåëå èç àëòåðíàòèâíå õèïîòåçå áèðà£åìî áåòà ðàñïîäåëó
(B(5,5)), åêñïîíåíöèjàëíó ðàñïîäåëó (E(5)), Ñòóäåíòîâó ðàñïîäåëó (ñà
÷åòèðè ñòåïåíà ñëîáîäå), óíèôîðìíó ðàñïîäåëó (U(0,1)), Êîøèjåâó ðàñ-
ïîäåëó (C(0,1)), ëîãèñòè÷êó ðàñïîäåëó(LG(0,1)), ãàìà ðàñïîäåëó (Γ(1))
è Âåjáóëîâó ðàñïîäåëó (W(1,1.5)). Ó äà§åì òåêñòó áè£å ïðèêàçàíè ãðà-
ôèöè çà íåêå îä îâèõ ðàñïîäåëà:

Ñëèêà 3.1: Ãðàôèê áåòà ðàñïîäåëå B(5,5)
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Ñëèêà 3.2: Ãðàôèê åêñïîíåíöèjàëíå ðàñïîäåëå E(5)

Ñëèêà 3.3: Ãðàôèê Ñòóäåíòîâå ðàñïîäåëå ñà 4 ñòåïåíà ñëîáîäå
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Ñëèêà 3.4: Ãðàôèê Êîøèjåâå ðàñïîäåëå C(0,1)

Ñëèêà 3.5: Ãðàôèê Âåjáóëîâå ðàñïîäåëåW(1,1.5)

Ðåçóëòàòè íàøåã òåñòèðà»à ñó:

Êàäà jå àëòåðíàòèâíà õèïîòåçà áåòà ðàñïîäåëà, èç òàáåëå ñå âèäè äà
ñó ìî£è çà ñâå òåñòîâå ïðèáëèæíî jåäíàêå ñà òåîðèjñêèì ïðàãîì çíà÷àj-
íîñòè. Äàêëå, B(5, 5) ðàñïîäåëà jå âðëî áëèñêà ñà íîðìàëíîì ðàñïîäå-
ëîì, øòî ñå ìîæå çàê§ó÷èòè è ñà ãðàôèêà 3.6.
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α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.00 0.01 0.03 0.05 0.07 0.11
Ëèëèôîðñîâ òåñò 0.01 0.01 0.06 0.05 0.11 0.1

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.01 0.01 0.05 0.05 0.1 0.1
Óòõîôîâ T2 0.01 0.01 0.05 0.05 0.09 0.1
Óòõîôîâ S2 0.01 0.01 0.04 0.04 0.09 0.08
Óòõîôîâ T1 0.01 0.01 0.05 0.06 0.11 0.12
Óòõîôîâ S1 0.00 0.00 0.06 0.07 0.1 0.13

Òàáåëà 3.4: Åìïèðèjñêå ìî£è êàäà jå àëòåðíàòèâíà õèïîòåçà áåòà ðàñ-
ïîäåëà

Ñëèêà 3.6: Ãðàôèê áåòà è íîðìàëíå ðàñïîäåëå

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.57 0.69 0.78 0.9 0.86 0.96
Ëèëèôîðñîâ òåñò 0.27 0.8 0.48 0.94 0.59 0.97

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.47 0.97 0.69 0.99 0.77 1
Óòõîôîâ T2 0.44 0.9 0.66 0.97 0.74 0.98
Óòõîôîâ S2 0.68 0.99 0.85 1.00 0.9 1.00
Óòõîôîâ T1 0.1 0.31 0.24 0.48 0.33 0.56
Óòõîôîâ S1 0.06 0.04 0.19 0.14 0.27 0.23

Òàáåëà 3.5: Åìïèðèjñêå ìî£è êàäà jå àëòåðíàòèâíà õèïîòåçà åêñïîíåí-
öèjàëíà ðàñïîäåëà

Çà óçîðêå îáèìà 50, êàäà jå àëòåðíàòèâíà õèïîòåçà åêñïîíåíöèjàëíà
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ðàñïîäåëà, íàjâå£ó ìî£ èìàjó Àíäåðñîíîì è Äàðëèíãîâ òåñò è Óòõîôîâ
S2 òåñò ñà ïðàãîì çíà÷àjíîñòè 0.01, 0.05 è 0.1. Çà èñòå ïðàãîâå çíà÷àj-
íîñòè, Ëèëèôîðñîâ òåñò èìà íåøòî ìà»å ìî£è òåñòà 0.80, 0.94 è 0.97.
Ó ñëó÷àjó Óòõîôîâîã T2 òåñòà, âðåäíîñò ìî£è òåñòà jå 0.9. Óòõîôîâ T1
èìà çíàòíî ìà»å ìî£è òåñòà ó îäíîñó íà ïðåòõîäíå òåñòîâå, àëè ñå ñà
ïîâå£à»åì îáèìà óçîðêà è îâà âðåäíîñò çíàòíî ïîâå£àâà. Íàjìà»ó ìî£
òåñòà èìà Óòõîôîâ S1 òåñò 0.04, 0.14 è 0.23, ñà ïðàãîì çíà÷àjíîñòè 0.01,
0.05 è 0.1, ðåñïåêòèâíî.

Çà óçîðêå îáèìà 20, íàjâå£ó ìî£ òåñòà èìà Óòõîôîâ S2 òåñò, äîê
íàjìà»ó ìî£ èìà Óòõîôîðîâ S1 òåñò. Âðåäíîñòè åìïèðèjñêå ìî£è çà
Øàïèðîâ òåñò ñó íåøòî ìà»å ó îäíîñó íà Óòõîôîâ S2 òåñò, àëè ïîâå£à-
»åì ïðàãà çíà÷àjíîñòè, ïîâå£àâàjó ñå è âðåäíîñòè åìïèðèjñêõ ìî£è.

Ó ñëó÷àjó êàäà jå àëòåðíàòèâíà õèïîòåçà ãàìà ðàñïîäåëà, íàjâå£ó
ìî£ òåñòà èìàjó Àíäåðñîíîâ è Äàðëèíãîâ òåñò è Óòõîôîâ S2 òåñò çà ïðà-
ãîâå çíà÷àjíîñòè 0.01, 0.05 è 0.1 è óçîðàê îáèìà 50. Âðåäíîñòè åìïèðèj-
ñêå ìî£è çà îâå òåñòîâå êàäà jå àëòåðíàòèâíà õèïîòåçà ãàìà ðàñïîäåëà jå
1.00. Íàjìà»ó âðåäíîñò ìî£è òåñòà èìà Óòõîôîâ S1 òåñò êàêî çà óçîðêå
îáèìà 50 òàêî è çà óçîðêå îáèìà 20. Çà óçîðêå îáèìà 20 íàjâå£ó âðåä-
íîñò ìî£è òåñòà èìà Óòõîôîâ S2 òåñò à çàòèì, Øàïèðîâ òåñò(0.55,0.76,
0.84, çà ïðàãîâå çíà÷àjíîñòè 0.01, 0.05 è 0.1, ðåñïåêòèâíî). Äàêëå, è ó
ñëó÷àjó óçîðêà îáèìà 20 è îáèìà 50 íàjáî§èì òåñòîì çà òåñòèðà»å êàäà
jå àëòåðíàòèâíà ðàñïîäåëà ãàìà, ñìàòðàìî Óòõîôîâ S2 òåñò.

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.55 0.76 0.76 0.94 0.84 0.97
Ëèëèôîðñîâ òåñò 0.27 0.77 0.48 0.91 0.59 0.96

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.50 0.96 0.70 0.99 0.78 1.00
Óòõîôîâ T2 0.43 0.90 0.66 0.97 0.76 0.98
Óòõîôîâ S2 0.68 0.99 0.85 1.00 0.90 1.00
Óòõîôîâ T1 0.12 0.31 0.25 0.48 0.34 0.57
Óòõîôîâ S1 0.07 0.04 0.18 0.14 0.27 0.22

Òàáåëà 3.6: Åìïèðèjñêå ìî£è êàäà jå àëòåðíàòèâíà õèïîòåçà ãàìà ðàñ-
ïîäåëà

Çà óçîðêå îáèìà 50 è 20 ó ñëó÷àjó Êîøèjåâå ðàñïîäåëà, íàjáî§èì
òåñòîì ñìàòðà£åìî Àíäåðñîíîâ è Äàðëèíãîâ òåñò è Óòõîôîâ S1 òåñò.
Çà óçîðêå îáèìà 50, Ëèëèôîðñîâ òåñò èìà íåçíàòíî ìà»å âðåäíîñòè
åìïèðèjñêèõ ìî£è ó îäíîñó íà òåñò Àíäåðñîíà è Äàðëèíãà. Âðåäíîñòè
åìïèðèjñêèõ ìî£è çà îâå òåñòîâå ñó 0.98, 0.99 è 1.00, çà ïðàãîâå çíà÷àj-
íîñòè 0.01, 0.05 è 0.1, ðåñïåêòèâíî. Çà óçîðêå îáèìà 50, íàjìà»ó ìî£
èìà Óòõîôîâ S2 òåñò 0.58, 0.67 è 0.72, çà ïðàãîâå çíà÷àjíîñòè 0.01, 0.05
è 0.1, ðåñïåêòèâíî, äîê çà óçîðêå îáèìà 20 íàjìà»å âðåäíîñòè åìïè-
ðèjñêèõ ìî£è èìà Óòõîôîðîâ S2 òåñò, 0.44, 0.54 è 0.61 çà èñòå ïðàãîâå
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çíà÷àjíîñòè.

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.77 0.95 0.84 0.98 0.87 0.98
Ëèëèôîðñîâ òåñò 0.72 0.98 0.81 0.99 0.85 0.99

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.79 0.99 0.86 1.00 0.89 1.00
Óòõîôîâ T2 0.42 0.72 0.54 0.80 0.61 0.84
Óòõîôîâ S2 0.44 0.58 0.56 0.67 0.62 0.72
Óòõîôîâ T1 0.60 0.94 0.72 0.97 0.77 0.98
Óòõîôîâ S1 0.78 0.98 0.86 0.99 0.90 1.00

Òàáåëà 3.7: Åìïèðèjñêå ìî£è êàäà jå àëòåðíàòèâíà õèïîòåçà Êîøèjåâà
ðàñïîäåëà

Êàäà jå àëòåðíàòèâíà õèïîòåçà ëîãèñòè÷êà ðàñïîäåëà, çà îáèì óçîðêà
50 è ïðàã çíà÷àjíîñòè 0.1 íàjìî£íèjèì òåñòîâèìà ñìàòðà£åìî Óòõîôîâ
T1 òåñò è Óòõîôîâ S1 òåñò, à çà ïðàã çíà÷àjíîñòè 0.05 òåñò ñà íàjâå£îì
âðåäíîø£ó ìî£è òåñòà jå Óòõîôîâ T1 òåñò. Çà ïðàã çíà÷àjíîñòè 0.01
ñâè òåñòîâè èìàjó ìî£ êîjà jå áëèñêà ïðàãó çíà÷àjíîñòè, ñòîãà ìîæåìî
çàê§ó÷èòè äà jå îâà ðàñïîäåëà ïðåâèøå áëèñêà íîðìàëíîj ðàñïîäåëè
(ïîãëåäàòè ãðàôèê 3.7).

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.03 0.02 0.10 0.07 0.16 0.12
Ëèëèôîðñîâ òåñò 0.02 0.02 0.07 0.08 0.12 0.14

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.03 0.04 0.08 0.13 0.15 0.2
Óòõîôîâ T2 0.02 0.03 0.07 0.09 0.13 0.17
Óòõîôîâ S2 0.02 0.02 0.07 0.08 0.13 0.15
Óòõîôîâ T1 0.02 0.04 0.08 0.13 0.14 0.20
Óòõîôîâ S1 0.02 0.04 0.09 0.12 0.15 0.21

Òàáåëà 3.8: Åìïèðèjñêå ìî£è êàäà jå àëòåðíàòèâíà õèïîòåçà ëîãèñòè÷êà
ðàñïîäåëà
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Ñëèêà 3.7: Ãðàôèê ëîãèñòè÷êå è íîðìàëíå ðàñïîäåëå

Êàäà jå àëòåðíàòèâíà ðàñïîäåëà Ñòóäåíòîâà, çà óçîðàê îáèìà 50 è
ïðàãîâå çíà÷àjíîñòè 0.01, 0.05 è 0.1 íàjâå£ó åìïèðèjñêó ìî£ èìà Àí-
äåðñîíîâ è Äàðëèíãîâ òåñò, à íàjìà»ó ìî£ èìàjó Óòõîôîâ T2 òåñò è
Øàïèðîâ òåñò, çà ñâå ïðàãîâå çíà÷àjíîñòè.

Çà óçîðàê îáèìà 20 íàjìî£íèjè jå Øàïèðîâ òåñò, çà ñâå ïðàãîâå çíà-
÷àjíîñòè. Çà ïðàã çíà÷àjíîñòè 0.1 íàjìà»ó åìïèðèjñêó ìî£ èìàjó Ëèëè-
ôîðñîâ òåñò è Óòõîôîâ T2 òåñò. Çà ïðàã çíà÷àjíîñòè 0.05 0.01 íàjìà»ó
ìî£ èìà Óòõîôîâ T2 òåñò.

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.11 0.11 0.2 0.21 0.27 0.28
Ëèëèôîðñîâ òåñò 0.06 0.12 0.13 0.23 0.20 0.32

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.09 0.23 0.18 0.35 0.25 0.44
Óòõîôîâ T2 0.04 0.11 0.12 0.21 0.20 0.29
Óòõîôîâ S2 0.05 0.06 0.13 0.15 0.21 0.23
Óòõîôîâ T1 0.05 0.19 0.14 0.29 0.21 0.38
Óòõîôîâ S1 0.06 0.17 0.17 0.32 0.26 0.42

Òàáåëà 3.9: Åìïèðèjñêå ìî£è êàäà jå àëòåðíàòèâíà õèïîòåçà Ñòóäåíòîâà
ðàñïîäåëà

Çà óçîðêå îáèìà 20 è 50, êàäà jå àëòåðíàòèâíà ðàñïîäåëà óíèôîðìíà,
çà ïðàã çíà÷àjíîñòè 0.01 íåìàìî íèêàêâèõ èíôîðìàöèjå î ìî£è Óòõîôîâ
S1 òåñòà çà äàòó àëòåðíàòèâó jåð ñìî êàî âðåäíîñò ìî£è òåñòà äîáèëè
0.00. Äîê çà ïðàã çíà÷àjíîñòè 0.05 è 0.1, çà óçîðêå èñòîã îáèìà, îâàj òåñò
ñìàòðàìî íàjìî£íèjèì. Òàêî¢å, çà óçîðàê îáèìà 50 è ïðàã çíà÷àjíîñòè
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0.01 íåìàìî íèêàêâèõ èíôîðìàöèjà î ìî£è Øàïèðîâîã òåñòà.

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.02 0.00 0.11 0.03 0.21 0.1
Ëèëèôîðñîâ òåñò 0.01 0.05 0.06 0.16 0.12 0.27

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.03 0.19 0.10 0.45 0.18 0.6
Óòõîôîâ T2 0.03 0.08 0.11 0.22 0.17 0.32
Óòõîôîâ S2 0.03 0.03 0.09 0.10 0.15 0.17
Óòõîôîâ T1 0.08 0.38 0.22 0.60 0.31 0.72
Óòõîôîâ S1 0.00 0.00 0.33 0.72 0.46 0.81

Òàáåëà 3.10: Åìïèðèjñêå ìî£è êàäà jå àëòåðíàòèâíà õèïîòåçà óíè-
ôîðìíà ðàñïîäåëà

Êàäà jå àëòåðíàòèâà Âåjáóëîâà ðàñïîäåëà, çà ïðàãîâå çíà÷àjíîñòè
0.01,0.05 è 0.1 íàjìî£íèjè ñó Óòõîôîâ S2 òåñò, è Àíäåðñîíîâ è Äàðëèí-
ãîâ òåñò, êàêî çà óçîðêå îáèìà 20 òàêî è çà óçîðêå îáèìà 50. Íàjìà»ó
ìî£ çà ñâå ïðàãîâå çíà÷àjíîñòè, èìà Óòõîôîâ S1. Çà óçîðêå îáèìà 50,
âèñîêó ìî£ òåñò ïîêàçójå Óòõîôîâ S2 òåñò, 0.89, 0.96 è 0.98, çà ïðàãîâå
çíà÷àjíîñòè 0.01, 0.05 è 0.1, ðåñïåêòèâíî.

α 0.01 0.05 0.1
n 20 50 20 50 20 50

Øàïèðîâ òåñò 0.56 0.76 0.75 0.93 0.83 0.97
Ëèëèôîðñîâ òåñò 0.26 0.77 0.46 0.92 0.57 0.96

Àíäåðñîíîâ è Äàðëèíãîâ òåñò 0.49 0.97 0.68 0.99 0.77 1.00
Óòõîôîâ T2 0.45 0.89 0.65 0.96 0.75 0.98
Óòõîôîâ S2 0.69 0.99 0.84 1.00 0.90 1.00
Óòõîôîâ T1 0.10 0.31 0.22 0.48 0.31 0.56
Óòõîôîâ S1 0.06 0.05 0.17 0.15 0.26 0.22

Òàáåëà 3.11: Åìïèðèjñêå ìî£è êàäà jå àëòåðíàòèâíà õèïîòåçà Âåjáóëîâà
ðàñïîäåëà
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Ó îâîì ðàäó ïðèêàçàíè ñó ñàìî íåêè îä òåñòîâà êîjè ñå áàâå òåñòè-
ðà»åì äà ëè jå íåêà ðàñïîäåëà íîðìàëíà. Êàî øòî ñìî ìîãëè âèäåòè,
èñïèòèâà»ó íîðìàëíîñòè jå ïîñâå£åíà âåëèêà ïàæ»à. Ìíîãè íàó÷íèöè
áàçèðàëè ñó ñâîjà èñòðàæèâà»à íà îâèì òåñòîâèìà. Çà äåòåêöèjå íå-
íîðìàëíîñòè (èëè íîðìàëíîñòè) ïîðåä òåñòèðà»à íóëòå õèïîòåçå, íå-
îïõîäíî jå ïðîâåðèòè äà ëè âàæå è äðóãå êàðàêòåðèñòèêå íîðìàëíå
ðàñïîäåëå, ïà òðåáà èñòðàæèòè êîåôèöèjåíòå àñèìåòðèjå è ñï§îøòå-
íîñòè, ïðîâåðèòè íåçàâèñíîñò óçîðà÷êå ñðåäèíå è äèñïåðçèjå, ïðèìåíó
ïðàâèëà ½3σ�, ãðàôèê êâàíòèëà (Q- Q ãðàôèöè) èòä.

Êîëèêà jå çàïðàâî ïðèìåíà îâèõ òåñòîâà ó ñòàòèñòèöè, âèäèìî íà
îñíîâó ïðåãëåäà âå£ óãðà¢åíèõ ôóíêöèjà ó ïðîãðàìñêîì jåçèêó R. Çà
âå£èíó òåñòîâà âå£ ïîñòîjå óãðà¢åíå ôóíêöèjå êîjå èñòðàæèâà÷ó îëàê-
øàâàjó ðàä.

34



Ãëàâà 5

ÄÎÄÀÖÈ

Êîðèø£åí jå èñòè êîä çà óçîðàê îáèìà n=20 è n=50.

n3<-n/2

beta<-0.25

n1<-beta*n

n2<-(1-beta)*n

H_Utoff<-function(m,y){

a<-2/(m*(m-1))

b<-0

for(i in 1:trunc(m/2))

b<-b+(m-1-2*i)*(y[m+1-i]-y[i])

b<-b*a

}

#H0

library(nortest)

library(moments)

x_H0<-c()

W_H0<-c()

D_H0<-c()

A_H0<-c()

T2_H0<-c()

T1_H0<-c()

S1_H0<-c()

S2_H0<-c()

for (i in 1:10000){

x_H0<-rnorm(n,0,1)

#Shapiro test

W_H0<-c(W_H0,shapiro.test(x_H0)$statistic)

35
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#Liliforov test

D_H0[i]<-lillie.test(x_H0)$statistic

#Anderson- Darling test

A_H0[i]<-ad.test(x_H0)$statistic

#Uthoff's T2

x_0.5_H0<-quantile(x_H0,probs=0.5)

x_alfa_H0<-quantile(x_H0,probs=0.1)

x_0.99_H0<-quantile(x_H0,probs=0.99)

T2_H0[i]<-(x_0.5_H0-x_alfa_H0)/(x_0.99_H0-x_alfa_H0)

X_H0_varijacioni<-x_H0[order(x_H0)]

#Uthoff's S2

S2_H0[i]<-H_Utoff(n-n3+1,X_H0_varijacioni[n3:n])

/(H_Utoff(n3,X_H0_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H0_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H0<-quantile(x_H0,probs=(1-beta))

x_beta_H0<-quantile(x_H0,probs=beta)

T1_H0[i]<-(x_0.75_H0-x_beta_H0)/(x_0.99_H0-x_alfa_H0)

#Uthoff's S1

S1_H0[i]<-H_Utoff(n2-n1+1,X_H0_varijacioni[n1:n2])

/(H_Utoff(n1,X_H0_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H0_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H0_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

#kriticne vrednosti nakon Shapiro testa za alpha=0.1

alpha_0.95_H0_W<-quantile(as.numeric(W_H0),probs=0.95)

alpha_0.05_H0_W<-quantile(as.numeric(W_H0),probs=0.05)

#kriticne vrednosti nakon Liliforov testa za alpha=0.1

alpha_0.95_H0_D<-quantile(as.numeric(D_H0),probs=0.95)

alpha_0.05_H0_D<-quantile(as.numeric(D_H0),probs=0.05)

#kriticne vrednosti nakon Anderon- Darling testa za alpha=0.1

alpha_0.95_H0_A<-quantile(as.numeric(A_H0),probs=0.95)

alpha_0.05_H0_A<-quantile(as.numeric(A_H0),probs=0.05)

#kriticne vrednosti za T2



ÃËÀÂÀ 5. ÄÎÄÀÖÈ 37

alpha_0.95_H0_T2<-quantile(T2_H0,probs=0.95)

alpha_0.05_H0_T2<-quantile(T2_H0,probs=0.05)

#kriticne vrednosti za S2

alpha_0.95_H0_S2<-quantile(S2_H0,probs=0.95)

alpha_0.05_H0_S2<-quantile(S2_H0,probs=0.05)

#kriticne vrednosti za T1

alpha_0.95_H0_T1<-quantile(T1_H0,probs=0.95)

alpha_0.05_H0_T1<-quantile(T1_H0,probs=0.05)

#kriticne vrednosti za S1

alpha_0.95_H0_S1<-quantile(S1_H0,probs=0.95)

alpha_0.05_H0_S1<-quantile(S1_H0,probs=0.05)

####################### alpha=0.05 #####################

#kriticne vrednosti nakon Shapiro testa za alpha=0.05

alpha_0.975_H0_W<-quantile(as.numeric(W_H0),probs=0.975)

alpha_0.025_H0_W<-quantile(as.numeric(W_H0),probs=0.025)

#kriticne vrednosti nakon Liliforovog testa za alpha=0.05

alpha_0.975_H0_D<-quantile(as.numeric(D_H0),probs=0.975)

alpha_0.025_H0_D<-quantile(as.numeric(D_H0),probs=0.025)

#kriticne vrednosti nakon Anderon- Darling testa za alpha=0.05

alpha_0.975_H0_A<-quantile(as.numeric(A_H0),probs=0.975)

alpha_0.025_H0_A<-quantile(as.numeric(A_H0),probs=0.025)

#kriticne vrednosti za T2

alpha_0.975_H0_T2<-quantile(T2_H0,probs=0.975)

alpha_0.025_H0_T2<-quantile(T2_H0,probs=0.025)

#kriticne vrednosti za S2

alpha_0.975_H0_S2<-quantile(S2_H0,probs=0.975)

alpha_0.025_H0_S2<-quantile(S2_H0,probs=0.025)

#kriticne vrednosti za T1

alpha_0.975_H0_T1<-quantile(T1_H0,probs=0.975)

alpha_0.025_H0_T1<-quantile(T1_H0,probs=0.025)

#kriticne vrednosti za S1

alpha_0.975_H0_S1<-quantile(S1_H0,probs=0.975)

alpha_0.025_H0_S1<-quantile(S1_H0,probs=0.025)

####################### alpha=0.01 #####################

#kriticne vrednosti nakon Shapiro testa za alpha=0.01
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alpha_0.995_H0_W<-quantile(as.numeric(W_H0),probs=0.995)

alpha_0.005_H0_W<-quantile(as.numeric(W_H0),probs=0.005)

#kriticne vrednosti nakon Liliforovog testa za alpha=0.01

alpha_0.995_H0_D<-quantile(as.numeric(D_H0),probs=0.995)

alpha_0.005_H0_D<-quantile(as.numeric(D_H0),probs=0.005)

#kriticne vrednosti nakon Anderson- Darling testa za alpha=0.01

alpha_0.995_H0_A<-quantile(as.numeric(A_H0),probs=0.995)

alpha_0.005_H0_A<-quantile(as.numeric(A_H0),probs=0.005)

#kriticne vrednosti za T2

alpha_0.995_H0_T2<-quantile(T2_H0,probs=0.995)

alpha_0.005_H0_T2<-quantile(T2_H0,probs=0.005)

#kriticne vrednosti za S2

alpha_0.995_H0_S2<-quantile(S2_H0,probs=0.995)

alpha_0.005_H0_S2<-quantile(S2_H0,probs=0.005)

#kriticne vrednosti za T1

alpha_0.995_H0_T1<-quantile(T1_H0,probs=0.995)

alpha_0.005_H0_T1<-quantile(T1_H0,probs=0.005)

#kriticne vrednosti za S1

alpha_0.995_H0_S1<-quantile(S1_H0,probs=0.995)

alpha_0.005_H0_S1<-quantile(S1_H0,probs=0.005)

#H1:N(0,10)

x_H1<-c()

W_H1<-c()

D_H1<-c()

A_H1<-c()

T1_H1<-c()

T2_H1<-c()

S1_H1<-c()

S2_H1<-c()

for (i in 1:10000){

x_H1<-rnorm(n,0,10)

#Shapiro test

W_H1<-c(W_H1,shapiro.test(x_H1)$statistics)

#Liliforov test

D_H1[i]<-lillie.test(x_H1)$statistic

#Anderson- Darling test
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A_H1[i]<-ad.test(x_H1)$statistic

#Uthoff's T2

x_0.5_H1<-quantile(x_H1,probs=0.5)

x_alfa_H1<-quantile(x_H1,probs=0.1)

x_0.99_H1<-quantile(x_H1,probs=0.99)

T2_H1[i]<-(x_0.5_H1-x_alfa_H1)/(x_0.99_H1-x_alfa_H1)

X_H1_varijacioni<-x_H1[order(x_H1)]

#Uthoff's S2

S2_H1[i]<-H_Utoff(n-n3+1,X_H1_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1<-quantile(x_H1,probs=(1-beta))

x_beta_H1<-quantile(x_H1,probs=beta)

T1_H1[i]<-(x_0.75_H1-x_beta_H1)/(x_0.99_H1-x_alfa_H1)

#Uthoff's S1

S1_H1[i]<-H_Utoff(n2-n1+1,X_H1_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

sumaW_0.1<-(sum(as.numeric(W_H1)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1)>alpha_0.95_H0_W))/10000

sumaD_0.1<-(sum(as.numeric(D_H1)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1)>alpha_0.95_H0_D))/10000

sumaA_0.1<-(sum(as.numeric(A_H1)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1)>alpha_0.95_H0_A))/10000

sumaT2_0.1<-(sum(T2_H1<alpha_0.05_H0_T2)

+sum(T2_H1>alpha_0.95_H0_T2))/10000

sumaS2_0.1<-sum(S2_H1<alpha_0.05_H0_S2)

+sum(S2_H1>alpha_0.95_H0_S2))/10000

sumaT1_0.1<-(sum(T1_H1<alpha_0.05_H0_T1)

+sum(T1_H1>alpha_0.95_H0_T1))/10000
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sumaS1_0.1<-(sum(S1_H1<alpha_0.05_H0_S1)

+sum(S1_H1>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################

sumaW_0.05<-(sum(as.numeric(W_H1)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1)>alpha_0.975_H0_W))/10000

sumaD_0.05<-(sum(as.numeric(D_H1)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1)>alpha_0.975_H0_D))/10000

sumaA_0.05<-(sum(as.numeric(A_H1)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1)>alpha_0.975_H0_A))/10000

sumaT2_0.05<-(sum(T2_H1<alpha_0.025_H0_T2)

+sum(T2_H1>alpha_0.975_H0_T2))/10000

sumaS2_0.05<-(sum(S2_H1<alpha_0.025_H0_S2)

+sum(S2_H1>alpha_0.975_H0_S2))/10000

sumaT1_0.05<-(sum(T1_H1<alpha_0.025_H0_T1)

+sum(T1_H1>alpha_0.975_H0_T1))/10000

sumaS1_0.05<-(sum(S1_H1<alpha_0.025_H0_S1)

+sum(S1_H1>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01<-(sum(as.numeric(W_H1)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1)>alpha_0.995_H0_W))/10000

sumaD_0.01<-(sum(as.numeric(D_H1)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1)>alpha_0.995_H0_D))/10000

sumaA_0.01<-(sum(as.numeric(A_H1)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1)>alpha_0.995_H0_A))/10000

sumaT2_0.01<-(sum(T2_H1<alpha_0.005_H0_T2)

+sum(T2_H1>alpha_0.995_H0_T2))/10000

sumaS2_0.01<-(sum(S2_H1<alpha_0.005_H0_S2)

+sum(S2_H1>alpha_0.995_H0_S2))/10000

sumaT1_0.01<-(sum(T1_H1<alpha_0.005_H0_T1)

+sum(T1_H1>alpha_0.995_H0_T1))/10000
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sumaS1_0.01<-(sum(S1_H1<alpha_0.005_H0_S1)

+sum(S1_H1>alpha_0.995_H0_A))/10000

#H1: N(-3,0.5)

x_H1<-c()

W_H1<-c()

D_H1<-c()

A_H1<-c()

T1_H1<-c()

T2_H1<-c()

S1_H1<-c()

S2_H1<-c()

for (i in 1:10000){

x_H1<-rnorm(n,-3,0.5)

#Shapiro test

W_H1<-c(W_H1,shapiro.test(x_H1)$statistics)

#Liliforov test

D_H1[i]<-lillie.test(x_H1)$statistic

#Anderson- Darling test

A_H1[i]<-ad.test(x_H1)$statistic

#Uthoff's T2

x_0.5_H1<-quantile(x_H1,probs=0.5)

x_alfa_H1<-quantile(x_H1,probs=0.1)

x_0.99_H1<-quantile(x_H1,probs=0.99)

T2_H1[i]<-(x_0.5_H1-x_alfa_H1)/(x_0.99_H1-x_alfa_H1)

X_H1_varijacioni<-x_H1[order(x_H1)]

#Uthoff's S2

S2_H1[i]<-H_Utoff(n-n3+1,X_H1_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1<-quantile(x_H1,probs=(1-beta))

x_beta_H1<-quantile(x_H1,probs=beta)

T1_H1[i]<-(x_0.75_H1-x_beta_H1)/(x_0.99_H1-x_alfa_H1)

#Uthoff's S1

S1_H1[i]<-H_Utoff(n2-n1+1,X_H1_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_varijacioni[n2:n])
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+H_Utoff(n2-n1+1,X_H1_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

sumaW_0.1<-(sum(as.numeric(W_H1)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1)>alpha_0.95_H0_W))/10000

sumaD_0.1<-(sum(as.numeric(D_H1)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1)>alpha_0.95_H0_D))/10000

sumaA_0.1<-(sum(as.numeric(A_H1)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1)>alpha_0.95_H0_A))/10000

sumaT2_0.1<-(sum(T2_H1<alpha_0.05_H0_T2)

+sum(T2_H1>alpha_0.95_H0_T2))/10000

sumaS2_0.1<-(sum(S2_H1<alpha_0.05_H0_S2)

+sum(S2_H1>alpha_0.95_H0_S2))/10000

sumaT1_0.1<-(sum(T1_H1<alpha_0.05_H0_T1)

+sum(T1_H1>alpha_0.95_H0_T1))/10000

sumaS1_0.1<-(sum(S1_H1<alpha_0.05_H0_S1)

+sum(S1_H1>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################

sumaW_0.05<-(sum(as.numeric(W_H1)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1)>alpha_0.975_H0_W))/10000

sumaD_0.05<-(sum(as.numeric(D_H1)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1)>alpha_0.975_H0_D))/10000

sumaA_0.05<-(sum(as.numeric(A_H1)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1)>alpha_0.975_H0_A))/10000

sumaT2_0.05<-(sum(T2_H1<alpha_0.025_H0_T2)

+sum(T2_H1>alpha_0.975_H0_T2))/10000

sumaS2_0.05<-(sum(S2_H1<alpha_0.025_H0_S2)

+sum(S2_H1>alpha_0.975_H0_S2))/10000

sumaT1_0.05<-(sum(T1_H1<alpha_0.025_H0_T1)

+sum(T1_H1>alpha_0.975_H0_T1))/10000

sumaS1_0.05<-(sum(S1_H1<alpha_0.025_H0_S1)

+sum(S1_H1>alpha_0.975_H0_S1))/10000
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####################### alpha=0.01 #####################

sumaW_0.01<-(sum(as.numeric(W_H1)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1)>alpha_0.995_H0_W))/10000

sumaD_0.01<-(sum(as.numeric(D_H1)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1)>alpha_0.995_H0_D))/10000

sumaA_0.01<-(sum(as.numeric(A_H1)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1)>alpha_0.995_H0_A))/10000

sumaT2_0.01<-(sum(T2_H1<alpha_0.005_H0_T2)

+sum(T2_H1>alpha_0.995_H0_T2))/10000

sumaS2_0.01<-(sum(S2_H1<alpha_0.005_H0_S2)

+sum(S2_H1>alpha_0.995_H0_S2))/10000

sumaT1_0.01<-(sum(T1_H1<alpha_0.005_H0_T1)

+sum(T1_H1>alpha_0.995_H0_T1))/10000

sumaS1_0.01<-(sum(S1_H1<alpha_0.005_H0_S1)

+sum(S1_H1>alpha_0.995_H0_S1)/10000

#H1. Eksponencijalna raspodela: E(5)

x_H1_exp<-c()

W_H1_exp<-c()

D_H1_exp<-c()

A_H1_exp<-c()

T1_H1_exp<-c()

T2_H1_exp<-c()

S1_H1_exp<-c()

S2_H1_exp<-c()

for (i in 1:10000){

x_H1_exp<-rexp(n,5)

#Shapiro test

W_H1_exp<-c(W_H1_exp,shapiro.test(x_H1_exp)$statistic)

#Liliforov test

D_H1_exp[i]<-lillie.test(x_H1_exp)$statistic

#Anderson- Darling test

A_H1_exp[i]<-ad.test(x_H1_exp)$statistic

#Uthoff's T2

x_0.5_H1_exp<-quantile(x_H1_exp,probs=0.5)
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x_alfa_H1_exp<-quantile(x_H1_exp,probs=0.1)

x_0.99_H1_exp<-quantile(x_H1_exp,probs=0.99)

T2_H1_exp[i]<-(x_0.5_H1_exp-x_alfa_H1_exp)/(x_0.99_H1_exp-x_alfa_H1_exp)

X_H1_exp_varijacioni<-x_H1_exp[order(x_H1_exp)]

#Uthoff's S2

S2_H1_exp[i]<-H_Utoff(n-n3+1,X_H1_exp_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_exp_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_exp_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1_exp<-quantile(x_H1_exp,probs=1-beta)

x_beta_H1_exp<-quantile(x_H1_exp,probs=beta)

T1_H1_exp[i]<-(x_0.75_H1_exp-x_beta_H1_exp)/(x_0.99_H1_exp-x_alfa_H1_exp)

#Uthoff's S1

S1_H1_exp[i]<-H_Utoff(n2-n1+1,X_H1_exp_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_exp_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_exp_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_exp_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

sumaW_0.1_exp<-(sum(as.numeric(W_H1_exp)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1_exp)>alpha_0.95_H0_W))/10000

sumaD_0.1_exp<-(sum(as.numeric(D_H1_exp)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1_exp)>alpha_0.95_H0_D))/10000

sumaA_0.1_exp<-sum(as.numeric(A_H1_exp)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1_exp)>alpha_0.95_H0_A))/10000

sumaT2_0.1_exp<-(sum(T2_H1_exp<alpha_0.05_H0_T2)

+sum(T2_H1_exp>alpha_0.95_H0_T2))/10000

sumaS2_0.1_exp<-(sum(S2_H1_exp<alpha_0.05_H0_S2)

+sum(S2_H1_exp>alpha_0.95_H0_S2))/10000

sumaT1_0.1_exp<-(sum(T1_H1_exp<alpha_0.05_H0_T1)

+sum(T1_H1_exp>alpha_0.95_H0_T1))/10000

sumaS1_0.1_exp<-(sum(S1_H1_exp<alpha_0.05_H0_S1)

+sum(S1_H1_exp>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################
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sumaW_0.05_exp<-(sum(as.numeric(W_H1_exp)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1_exp)>alpha_0.975_H0_W))/10000

sumaD_0.05_exp<-(sum(as.numeric(D_H1_exp)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1_exp)>alpha_0.975_H0_D))/10000

sumaA_0.05_exp<-(sum(as.numeric(A_H1_exp)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1_exp)>alpha_0.975_H0_A))/10000

sumaT2_0.05_exp<-(sum(T2_H1_exp<alpha_0.025_H0_T2)

+sum(T2_H1_exp>alpha_0.975_H0_T2))/10000

sumaS2_0.05_exp<-(sum(S2_H1_exp<alpha_0.025_H0_S2)

+sum(S2_H1_exp>alpha_0.975_H0_S2))/10000

sumaT1_0.05_exp<-(sum(T1_H1_exp<alpha_0.025_H0_T1)

+sum(T1_H1_exp>alpha_0.975_H0_T1))/10000

sumaS1_0.05_exp<-(sum(S1_H1_exp<alpha_0.025_H0_S1)

+sum(S1_H1_exp>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01_exp<-(sum(as.numeric(W_H1_exp)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1_exp)>alpha_0.995_H0_W))/10000

sumaD_0.01_exp<-(sum(as.numeric(D_H1_exp)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1_exp)>alpha_0.995_H0_D))/10000

sumaA_0.01_exp<-(sum(as.numeric(A_H1_exp)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1_exp)>alpha_0.995_H0_A))/10000

sumaT2_0.01_exp<-(sum(T2_H1_exp<alpha_0.005_H0_T2)

+sum(T2_H1_exp>alpha_0.995_H0_T2))/10000

sumaS2_0.01_exp<-(sum(S2_H1_exp<alpha_0.005_H0_S2)

+sum(S2_H1_exp>alpha_0.995_H0_S2))/10000

sumaT1_0.01_exp<-(sum(T1_H1_exp<alpha_0.005_H0_T1)

+sum(T1_H1_exp>alpha_0.995_H0_T1))/10000

sumaS1_0.01_exp<-(sum(S1_H1_exp<alpha_0.005_H0_S1)

+sum(S1_H1_exp>alpha_0.995_H0_S1))/10000

#H1. Beta raspodela: B(5,5)

x_H1_beta<-c()

W_H1_beta<-c()
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D_H1_beta<-c()

A_H1_beta<-c()

T1_H1_beta<-c()

T2_H1_beta<-c()

S1_H1_beta<-c()

S2_H1_beta<-c()

for (i in 1:10000){

x_H1_beta<-rbeta(n,5,5)

#Shapiro test

W_H1_beta<-c(W_H1_beta,shapiro.test(x_H1_beta)$statistic)

#Liliforov test

D_H1_beta[i]<-lillie.test(x_H1_beta)$statistic

#Anderson- Darling test

A_H1_beta[i]<-ad.test(x_H1_beta)$statistic

#Uthoff's T2

x_0.5_H1_beta<-quantile(x_H1_beta,probs=0.5)

x_alfa_H1_beta<-quantile(x_H1_beta,probs=0.1)

x_0.99_H1_beta<-quantile(x_H1_beta,probs=0.99)

T2_H1_beta[i]<-(x_0.5_H1_beta-x_alfa_H1_beta)

/(x_0.99_H1_beta-x_alfa_H1_beta)

X_H1_beta_varijacioni<-x_H1_beta[order(x_H1_beta)]

#Uthoff's S2

S2_H1_beta[i]<-H_Utoff(n-n3+1,X_H1_beta_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_beta_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_beta_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1_beta<-quantile(x_H1_beta,probs=1-beta)

x_beta_H1_beta<-quantile(x_H1_beta,probs=beta)

T1_H1_beta[i]<-(x_0.75_H1_beta-x_beta_H1_beta)

/(x_0.99_H1_beta-x_alfa_H1_beta)

#Uthoff's S1

S1_H1_beta[i]<-H_Utoff(n2-n1+1,X_H1_beta_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_beta_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_beta_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_beta_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################



ÃËÀÂÀ 5. ÄÎÄÀÖÈ 47

sumaW_0.1_beta<-(sum(as.numeric(W_H1_beta)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1_beta)>alpha_0.95_H0_W))/10000

sumaD_0.1_beta<-(sum(as.numeric(D_H1_beta)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1_beta)>alpha_0.95_H0_D))/10000

sumaA_0.1_beta<-(sum(as.numeric(A_H1_beta)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1_beta)>alpha_0.95_H0_A))/10000

sumaT2_0.1_beta<-(sum(T2_H1_beta<alpha_0.05_H0_T2)

+sum(T2_H1_beta>alpha_0.95_H0_T2))/10000

sumaS2_0.1_beta<-(sum(S2_H1_beta<alpha_0.05_H0_S2)

+sum(S2_H1_beta>alpha_0.95_H0_S2))/10000

sumaT1_0.1_beta<-(sum(T1_H1_beta<alpha_0.05_H0_T1)

+sum(T1_H1_beta>alpha_0.95_H0_T1))/10000

sumaS1_0.1_beta<-(sum(S1_H1_beta<alpha_0.05_H0_S1)

+sum(S1_H1_beta>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################

sumaW_0.05_beta<-(sum(as.numeric(W_H1_beta)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1_beta)>alpha_0.975_H0_W))/10000

sumaD_0.05_beta<-(sum(as.numeric(D_H1_beta)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1_beta)>alpha_0.975_H0_D))/10000

sumaA_0.05_beta<-(sum(as.numeric(A_H1_beta)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1_beta)>alpha_0.975_H0_A))/10000

sumaT2_0.05_beta<-(sum(T2_H1_beta<alpha_0.025_H0_T2)

+sum(T2_H1_beta>alpha_0.975_H0_T2))/10000

sumaS2_0.05_beta<-(sum(S2_H1_beta<alpha_0.025_H0_S2)

+sum(T2_H1_beta>alpha_0.975_H0_S2))/10000

sumaT1_0.05_beta<-(sum(T1_H1_beta<alpha_0.025_H0_T1)

+sum(T1_H1_beta>alpha_0.975_H0_T1))/10000

sumaS1_0.05_beta<-(sum(S1_H1_beta<alpha_0.025_H0_S1)

+sum(S1_H1_beta>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01_beta<-(sum(as.numeric(W_H1_beta)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1_beta)>alpha_0.995_H0_W))/10000
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sumaD_0.01_beta<-(sum(as.numeric(D_H1_beta)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1_beta)>alpha_0.995_H0_D))/10000

sumaA_0.01_beta<-(sum(as.numeric(A_H1_beta)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1_beta)>alpha_0.995_H0_A))/10000

sumaT2_0.01_beta<-(sum(T2_H1_beta<alpha_0.005_H0_T2)

+sum(T2_H1_beta>alpha_0.995_H0_T2))/10000

sumaS2_0.01_beta<-(sum(S2_H1_beta<alpha_0.005_H0_S2)

+sum(S2_H1_beta>alpha_0.995_H0_S2))/10000

sumaT1_0.01_beta<-(sum(T1_H1_beta<alpha_0.005_H0_T1)

+sum(T1_H1_beta>alpha_0.995_H0_T1))/10000

sumaS1_0.01_beta<-(sum(S1_H1_beta<alpha_0.005_H0_S1)

+sum(S1_H1_beta>alpha_0.995_H0_S1))/10000

#Studentova raspodela.

x_H1_studentova<-c()

W_H1_studentova<-c()

D_H1_studentova<-c()

A_H1_studentova<-c()

T1_H1_studentova<-c()

T2_H1_studentova<-c()

S1_H1_studentova<-c()

S2_H1_studentova<-c()

for (i in 1:10000){

x_H1_studentova<-rt(n,4)

#Shapiro test

W_H1_studentova<-c(W_H1_studentova.test(x_H1_studentova)$statistic)

#Liliforov test

D_H1_studentova[i]<-lillie.test(x_H1_studentova)$statistic

#Anderson- Darling test

A_H1_studentova[i]<-ad.test(x_H1_studentova)$statistic

#Uthoff's T2

x_0.5_H1_studentova<-quantile(x_H1_studentova,probs=0.5)

x_alfa_H1_studentova<-quantile(x_H1_studentova,probs=0.1)

x_0.99_H1_studentova<-quantile(x_H1_studentova,probs=0.99)

T2_H1_studentova[i]<-(x_0.5_H1_studentova-x_alfa_H1_studentova)

/(x_0.99_H1_studentova-x_alfa_H1_studentova)
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X_H1_studentova_varijacioni<-x_H1_studentova[order(x_H1_studentova)]

#Uthoff's S2

S2_H1_studentova[i]<-H_Utoff(n-n3+1,X_H1_studentova_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_studentova_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_studentova_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1_studentova<-quantile(x_H1_studentova,probs=(1-beta))

x_beta_H1_studentova<-quantile(x_H1_studentova,probs=beta)

T1_H1_studentova[i]<-(x_0.75_H1_studentova-x_beta_H1_studentova)

/(x_0.99_H1_studentova-x_alfa_H1_studentova)

#Uthoff's S1

S1_H1_studentova[i]<-H_Utoff(n2-n1+1,X_H1_studentova_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_studentova_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_studentova_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_studentova_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

sumaW_0.1_studentova<-(sum(as.numeric(W_H1_studentova)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1_studentova)>alpha_0.95_H0_W))/10000

sumaD_0.1_studentova<-(sum(as.numeric(D_H1_studentova)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1_studentova)>alpha_0.95_H0_D))/10000

sumaA_0.1_studentova<-(sum(as.numeric(A_H1_studentova)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1_studentova)>alpha_0.95_H0_A))/10000

sumaT2_0.1_studentova<-(sum(T2_H1_studentova<alpha_0.05_H0_T2)

+sum(T2_H1_studentova>alpha_0.95_H0_T2))/10000

sumaS2_0.1_studentova<-(sum(S2_H1_studentova<alpha_0.05_H0_S2)

+sum(S2_H1_studentova>alpha_0.95_H0_S2))/10000

sumaT1_0.1_studentova<-(sum(T1_H1_studentova<alpha_0.05_H0_T1)

+sum(T1_H1_studentova>alpha_0.95_H0_T1))/10000

sumaS1_0.1_studentova<-(sum(S1_H1_studentova<alpha_0.05_H0_S1)

+sum(S1_H1_studentova>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################
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sumaW_0.05_studentova<-(sum(as.numeric(W_H1_studentova)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1_studentova)>alpha_0.975_H0_W))/10000

sumaD_0.05_studentova<-(sum(as.numeric(D_H1_studentova)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1_studentova)>alpha_0.975_H0_D))/10000

sumaA_0.05_studentova<-(sum(as.numeric(A_H1_studentova)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1_studentova)>alpha_0.975_H0_A))/10000

sumaT2_0.05_studentova<-(sum(T2_H1_studentova<alpha_0.025_H0_T2)

+sum(T2_H1_studentova>alpha_0.975_H0_T2))/10000

sumaS2_0.05_studentova<-(sum(S2_H1_studentova<alpha_0.025_H0_S2)

+sum(S2_H1_studentova>alpha_0.975_H0_S2))/10000

sumaT1_0.05_studentova<-(sum(T1_H1_studentova<alpha_0.025_H0_T1)

+sum(T1_H1_studentova>alpha_0.975_H0_T1))/10000

sumaS1_0.05_studentova<-(sum(S1_H1_studentova<alpha_0.025_H0_S1)

+sum(S1_H1_studentova>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01_studentova<-(sum(as.numeric(W_H1_studentova)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1_studentova)>alpha_0.995_H0_W))/10000

sumaD_0.01_studentova<-(sum(as.numeric(D_H1_studentova)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1_studentova)>alpha_0.995_H0_D))/10000

sumaA_0.01_studentova<-(sum(as.numeric(A_H1_studentova)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1_studentova)>alpha_0.995_H0_A))/10000

sumaT2_0.01_studentova<-(sum(T2_H1_studentova<alpha_0.005_H0_T2)

+sum(T2_H1_studentova>alpha_0.995_H0_T2))/10000

sumaS2_0.01_studentova<-(sum(S2_H1_studentova<alpha_0.005_H0_S2)

+sum(S2_H1_studentova>alpha_0.995_H0_S2))/10000

sumaT1_0.01_studentova<-(sum(T1_H1_studentova<alpha_0.005_H0_T1)

+sum(T1_H1_studentova>alpha_0.995_H0_T1))/10000

sumaS1_0.01_studentova<-(sum(S1_H1_studentova<alpha_0.005_H0_S1)

+sum(S1_H1_studentova>alpha_0.995_H0_S1))/10000

#H1: U(0,1)

x_H1_uniformna<-c()
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W_H1_uniformna<-c()

D_H1_uniformna<-c()

A_H1_uniformna<-c()

T1_H1_uniformna<-c()

T2_H1_uniformna<-c()

S1_H1_uniformna<-c()

S2_H1_uniformna<-c()

for (i in 1:10000){

x_H1_uniformna<-runif(n,0,1)

#Shapiro test

W_H1_uniformna<-c(W_H1_uniformna,shapiro.test(x_H1_uniformna)$statistic)

#Liliforov test

D_H1_uniformna[i]<-lillie.test(x_H1_uniformna)$statistic

#Anderson- Darling test

A_H1_uniformna[i]<-ad.test(x_H1_uniformna)$statistic

#Uthoff's T2

x_0.5_H1_uniformna<-quantile(x_H1_uniformna,probs=0.5)

x_alfa_H1_uniformna<-quantile(x_H1_uniformna,probs=0.1)

x_0.99_H1_uniformna<-quantile(x_H1_uniformna,probs=0.99)

T2_H1_uniformna[i]<-(x_0.5_H1_uniformna-x_alfa_H1_uniformna)

/(x_0.99_H1_uniformna-x_alfa_H1_uniformna)

X_H1_uniformna_varijacioni<-x_H1_uniformna[order(x_H1_uniformna)]

#Uthoff's S2

S2_H1_uniformna[i]<-H_Utoff(n-n3+1,X_H1_uniformna_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_uniformna_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_uniformna_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1_uniformna<-quantile(x_H1_uniformna,probs=1-beta)

x_beta_H1_uniformna<-quantile(x_H1_uniformna,probs=beta)

T1_H1_uniformna[i]<-(x_0.75_H1_uniformna-x_beta_H1_uniformna)

/(x_0.99_H0-x_alfa_H1_uniformna)

#Uthoff's S1

S1_H1_uniformna[i]<-H_Utoff(n2-n1+1,X_H1_uniformna_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_uniformna_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_uniformna_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_uniformna_varijacioni[n1:n2]))

}
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####################### alpha=0.1 #####################

sumaW_0.1_uniformna<-(sum(as.numeric(W_H1_uniformna)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1_uniformna)>alpha_0.95_H0_W))/10000

sumaD_0.1_uniformna<-(sum(as.numeric(D_H1_uniformna)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1_uniformna)>alpha_0.95_H0_D))/10000

sumaA_0.1_uniformna<-(sum(as.numeric(A_H1_uniformna)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1_uniformna)>alpha_0.95_H0_A))/10000

sumaT2_0.1_uniformna<-(sum(T2_H1_uniformna<alpha_0.05_H0_T2)

+sum(T2_H1_uniformna>alpha_0.95_H0_T2))/10000

sumaS2_0.1_uniformna<-(sum(S2_H1_uniformna<alpha_0.05_H0_S2)

+sum(S2_H1_uniformna>alpha_0.95_H0_S2))/10000

sumaT1_0.1_uniformna<-(sum(T1_H1_uniformna<alpha_0.05_H0_T1)

+sum(T1_H1_uniformna>alpha_0.95_H0_T1))/10000

sumaS1_0.1_uniformna<-(sum(S1_H1_uniformna<alpha_0.05_H0_S1)

+sum(S1_H1_uniformna>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################

sumaW_0.05_uniformna<-(sum(as.numeric(W_H1_uniformna)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1_uniformna)>alpha_0.975_H0_W))/10000

sumaD_0.05_uniformna<-(sum(as.numeric(D_H1_uniformna)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1_uniformna)>alpha_0.975_H0_D))/10000

sumaA_0.05_uniformna<-(sum(as.numeric(A_H1_uniformna)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1_uniformna)>alpha_0.975_H0_A))/10000

sumaT2_0.05_uniformna<-(sum(T2_H1_uniformna<alpha_0.025_H0_T2)

+sum(T2_H1_uniformna>alpha_0.975_H0_T2))/10000

sumaS2_0.05_uniformna<-(sum(S2_H1_uniformna<alpha_0.025_H0_S2)

+sum(S2_H1_uniformna>alpha_0.975_H0_S2))/10000

sumaT1_0.05_uniformna<-(sum(T1_H1_uniformna<alpha_0.025_H0_T1)

+sum(T1_H1_uniformna>alpha_0.975_H0_T1))/10000

sumaS1_0.05_uniformna<-(sum(S1_H1_uniformna<alpha_0.025_H0_S1)

+sum(S1_H1_uniformna>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01_uniformna<-(sum(as.numeric(W_H1_uniformna)<alpha_0.005_H0_W)
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+sum(as.numeric(W_H1_uniformna)>alpha_0.995_H0_W))/10000

sumaD_0.01_uniformna<-(sum(as.numeric(D_H1_uniformna)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1_uniformna)>alpha_0.995_H0_D))/10000

sumaA_0.01_uniformna<-(sum(as.numeric(A_H1_uniformna)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1_uniformna)>alpha_0.995_H0_A))/10000

sumaT2_0.01_uniformna<-(sum(T2_H1_uniformna<alpha_0.005_H0_T2)

+sum(T2_H1_uniformna>alpha_0.995_H0_T2))/10000

sumaS2_0.01_uniformna<-(sum(S2_H1_uniformna<alpha_0.005_H0_S2)

+sum(S2_H1_uniformna>alpha_0.995_H0_S2))/10000

sumaT1_0.01_uniformna<-(sum(T1_H1_uniformna<alpha_0.005_H0_T1)

+sum(T1_H1_uniformna>alpha_0.995_H0_T1))/10000

sumaS1_0.01_uniformna<-(sum(S1_H1_uniformna<alpha_0.005_H0_S1)

+sum(S1_H1_uniformna>alpha_0.995_H0_S1))/10000

#H1. Kosijeva raspodela

x_H1_cauchy<-c()

W_H1_cauchy<-c()

D_H1_cauchy<-c()

A_H1_cauchy<-c()

T1_H1_cauchy<-c()

T2_H1_cauchy<-c()

S1_H1_cauchy<-c()

S2_H1_cauchy<-c()

for (i in 1:10000){

x_H1_cauchy<-rcauchy(n,0,1)

#Shapiro test

W_H1_cauchy<-c(W_H1_cauchy,shapiro.test(x_H1_cauchy)$statistic)

#Liliforov test

D_H1_cauchy[i]<-lillie.test(x_H1_cauchy)$statistic

#Anderson- Darling test

A_H1_cauchy[i]<-ad.test(x_H1_cauchy)$statistic

#Uthoff's T2

x_0.5_H1_cauchy<-quantile(x_H1_cauchy,probs=0.5)

x_alfa_H1_cauchy<-quantile(x_H1_cauchy,probs=0.1)

x_0.99_H1_cauchy<-quantile(x_H1_cauchy,probs=0.99)

T2_H1_cauchy[i]<-(x_0.5_H1_cauchy-x_alfa_H1_cauchy)
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/(x_0.99_H1_cauchy-x_alfa_H1_cauchy)

X_H1_cauchy_varijacioni<-x_H1_cauchy[order(x_H1_cauchy)]

#Uthoff's S2

S2_H1_cauchy[i]<-H_Utoff(n-n3+1,X_H1_cauchy_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_cauchy_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1_cauchy<-quantile(x_H1_cauchy,probs=1-beta)

x_beta_H1_cauchy<-quantile(x_H1_cauchy,probs=beta)

T1_H1_cauchy[i]<-(x_0.75_H1_cauchy-x_beta_H0)/(x_0.99_H1_cauchy-x_alfa_H0)

#Uthoff's S1

S1_H1_cauchy[i]<-H_Utoff(n2-n1+1,X_H1_cauchy_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_cauchy_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_cauchy_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_cauchy_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

sumaW_0.1_cauchy<-(sum(as.numeric(W_H1_cauchy)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1_cauchy)>alpha_0.95_H0_W))/10000

sumaD_0.1_cauchy<-(sum(as.numeric(D_H1_cauchy)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1_cauchy)>alpha_0.95_H0_D))/10000

sumaA_0.1_cauchy<-(sum(as.numeric(A_H1_cauchy)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1_cauchy)>alpha_0.95_H0_A))/10000

sumaT2_0.1_cauchy<-(sum(T2_H1_cauchy<alpha_0.05_H0_T2)

+sum(T2_H1_cauchy>alpha_0.95_H0_T2))/10000

sumaS2_0.1_cauchy<-(sum(S2_H1_cauchy<alpha_0.05_H0_S2)

+sum(S2_H1_cauchy>alpha_0.95_H0_S2))/10000

sumaT1_0.1_cauchy<-(sum(T1_H1_cauchy<alpha_0.05_H0_T1)

+sum(T1_H1_cauchy>alpha_0.95_H0_T1))/10000

sumaS1_0.1_cauchy<-(sum(S1_H1_cauchy<alpha_0.05_H0_S1)

+sum(S1_H1_cauchy>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################

sumaW_0.05_cauchy<-(sum(as.numeric(W_H1_cauchy)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1_cauchy)>alpha_0.975_H0_W))/10000
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sumaD_0.05_cauchy<-(sum(as.numeric(D_H1_cauchy)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1_cauchy)>alpha_0.975_H0_D))/10000

sumaA_0.05_cauchy<-(sum(as.numeric(A_H1_cauchy)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1_cauchy)>alpha_0.975_H0_A))/10000

sumaT2_0.05_cauchy<-(sum(T2_H1_cauchy<alpha_0.025_H0_T2)

+sum(T2_H1_cauchy>alpha_0.975_H0_T2))/10000

sumaS2_0.05_cauchy<-(sum(S2_H1_cauchy<alpha_0.025_H0_S2)

+sum(S2_H1_cauchy>alpha_0.975_H0_S2))/10000

sumaT1_0.05_cauchy<-(sum(T1_H1_cauchy<alpha_0.025_H0_T1)

+sum(T1_H1_cauchy>alpha_0.975_H0_T1))/10000

sumaS1_0.05_cauchy<-(sum(S1_H1_cauchy<alpha_0.025_H0_S1)

+sum(S1_H1_cauchy>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01_cauchy<-(sum(as.numeric(W_H1_cauchy)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1_cauchy)>alpha_0.995_H0_W))/10000

sumaD_0.01_cauchy<-(sum(as.numeric(D_H1_cauchy)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1_cauchy)>alpha_0.995_H0_D))/10000

sumaA_0.01_cauchy<-(sum(as.numeric(A_H1_cauchy)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1_cauchy)>alpha_0.995_H0_A))/10000

sumaT2_0.01_cauchy<-(sum(T2_H1_cauchy<alpha_0.005_H0_T2)

+sum(T2_H1_cauchy>alpha_0.995_H0_T2))/10000

sumaS2_0.01_cauchy<-(sum(S2_H1_cauchy<alpha_0.005_H0_S2)

+sum(S2_H1_cauchy>alpha_0.995_H0_S2))/10000

sumaT1_0.01_cauchy<-(sum(T1_H1_cauchy<alpha_0.005_H0_T1)

+sum(T1_H1_cauchy>alpha_0.995_H0_T1))/10000

sumaS1_0.01_cauchy<-(sum(S1_H1_cauchy<alpha_0.005_H0_S1)

+sum(S1_H1_cauchy>alpha_0.995_H0_S1))/10000

#H1. Logisticka raspodela

x_H1_logisticka<-c()

W_H1_logisticka<-c()

D_H1_logisticka<-c()

A_H1_logisticka<-c()
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T1_H1_logisticka<-c()

T2_H1_logisticka<-c()

S1_H1_logisticka<-c()

S2_H1_logisticka<-c()

for (i in 1:10000){

x_H1_logisticka<-rlogis(n,0,1)

#Shapiro test

W_H1_logisticka<-c(W_H1_logisticka,shapiro.test(x_H1_logisticka)$statistic)

#Liliforov test

D_H1_logisticka[i]<-lillie.test(x_H1_logisticka)$statistic

#Anderson- Darling test

A_H1_logisticka[i]<-ad.test(x_H1_logisticka)$statistic

#Uthoff's T2

x_0.5_H1_logisticka<-quantile(x_H1_logisticka,probs=0.5)

x_alfa_H1_logisticka<-quantile(x_H1_logisticka,probs=0.1)

x_0.99_H1_logisticka<-quantile(x_H1_logisticka,probs=0.99)

T2_H1_logisticka[i]<-(x_0.5_H1_logisticka-x_alfa_H1_logisticka)

/(x_0.99_H1_logisticka-x_alfa_H1_logisticka)

X_H1_logisticka_varijacioni<-x_H1_logisticka[order(x_H1_logisticka)]

#Uthoff's S2

S2_H1_logisticka[i]<-H_Utoff(n-n3+1,X_H1_logisticka_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_logisticka_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_logisticka_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1_logisticka<-quantile(x_H1_logisticka,probs=1-beta)

x_beta_H1_logisticka<-quantile(x_H1_logisticka,probs=beta)

T1_H1_logisticka[i]<-(x_0.75_H1_logisticka-x_beta_H1_logisticka)

/(x_0.99_H1_logisticka-x_alfa_H1_logisticka)

#Uthoff's S1

S1_H1_logisticka[i]<-H_Utoff(n2-n1+1,X_H1_logisticka_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_logisticka_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_logisticka_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_logisticka_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

sumaW_0.1_logisticka<-(sum(as.numeric(W_H1_logisticka)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1_logisticka)>alpha_0.95_H0_W))/10000
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sumaD_0.1_logisticka<-(sum(as.numeric(D_H1_logisticka)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1_logisticka)>alpha_0.95_H0_D)/10000

sumaA_0.1_logisticka<-(sum(as.numeric(A_H1_logisticka)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1_logisticka)>alpha_0.95_H0_A))/10000

sumaT2_0.1_logisticka<-(sum(T2_H1_logisticka<alpha_0.05_H0_T2)

+sum(T2_H1_logisticka>alpha_0.95_H0_T2))/10000

sumaS2_0.1_logisticka<-(sum(S2_H1_logisticka<alpha_0.05_H0_S2)

+sum(S2_H1_logisticka>alpha_0.95_H0_S2))/10000

sumaT1_0.1_logisticka<-(sum(T1_H1_logisticka<alpha_0.05_H0_T1)

+sum(T1_H1_logisticka>alpha_0.95_H0_T1))/10000

sumaS1_0.1_logisticka<-(sum(S1_H1_logisticka<alpha_0.05_H0_S1)

+sum(S1_H1_logisticka>alpha_0.95_H0_S1))/1000

####################### alpha=0.05 #####################

sumaW_0.05_logisticka<-(sum(as.numeric(W_H1_logisticka)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1_logisticka)>alpha_0.975_H0_W))/10000

sumaD_0.05_logisticka<-(sum(as.numeric(D_H1_logisticka)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1_logisticka)>alpha_0.975_H0_D))/10000

sumaA_0.05_logisticka<-(sum(as.numeric(A_H1_logisticka)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1_logisticka)>alpha_0.975_H0_A))/10000

sumaT2_0.05_logisticka<-(sum(T2_H1_logisticka<alpha_0.025_H0_T2)

+sum(T2_H1_logisticka>alpha_0.975_H0_T2))/10000

sumaS2_0.05_logisticka<-(sum(S2_H1_logisticka<alpha_0.025_H0_S2)

+sum(S2_H1_logisticka>alpha_0.975_H0_S2))/10000

sumaT1_0.05_logisticka<-(sum(T1_H1_logisticka<alpha_0.025_H0_T1)

+sum(T1_H1_logisticka>alpha_0.975_H0_T1))/10000

sumaS1_0.05_logisticka<-(sum(S1_H1_logisticka<alpha_0.025_H0_S1)

+sum(S1_H1_logisticka>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01_logisticka<-(sum(as.numeric(W_H1_logisticka)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1_logisticka)>alpha_0.995_H0_W))/10000

sumaD_0.01_logisticka<-(sum(as.numeric(D_H1_logisticka)<alpha_0.005_H0_D)



ÃËÀÂÀ 5. ÄÎÄÀÖÈ 58

+sum(as.numeric(D_H1_logisticka)>alpha_0.995_H0_D))/10000

sumaA_0.01_logisticka<-(sum(as.numeric(A_H1_logisticka)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1_logisticka)>alpha_0.995_H0_A))/10000

sumaT2_0.01_logisticka<-(sum(T2_H1_logisticka<alpha_0.005_H0_T2)

+sum(T2_H1_logisticka>alpha_0.995_H0_T2))/10000

sumaS2_0.01_logisticka<-(sum(S2_H1_logisticka<alpha_0.005_H0_S2)

+sum(S2_H1_logisticka>alpha_0.995_H0_S2))/10000

sumaT1_0.01_logisticka<-(sum(T1_H1_logisticka<alpha_0.005_H0_T1)

+sum(T1_H1_logisticka>alpha_0.995_H0_T1))/10000

sumaS1_0.01_logisticka<-(sum(S1_H1_logisticka<alpha_0.005_H0_S1)

+sum(S1_H1_logisticka>alpha_0.995_H0_S1))/10000

#H1. Gama raspodela

x_H1_gama<-c()

W_H1_gama<-c()

D_H1_gama<-c()

A_H1_gama<-c()

T1_H1_gama<-c()

T2_H1_gama<-c()

S1_H1_gama<-c()

S2_H1_gama<-c()

for (i in 1:10000){

x_H1_gama<-rgamma(n,1)

#Shapiro test

W_H1_gama<-c(W_H1_gama,shapiro.test(x_H1_gama)$statistic)

#Liliforov test

D_H1_gama[i]<-lillie.test(x_H1_gama)$statistic

#Anderson- Darling test

A_H1_gama[i]<-ad.test(x_H1_gama)$statistic

#Uthoff's T2

x_0.5_H1_gama<-quantile(x_H1_gama,probs=0.5)

x_alfa_H1_gama<-quantile(x_H1_gama,probs=0.1)

x_0.99_H1_gama<-quantile(x_H1_gama,probs=0.99)

T2_H1_gama[i]<-(x_0.5_H1_gama-x_alfa_H1_gama)

/(x_0.99_H1_gama-x_alfa_H1_gama)

X_H1_gama_varijacioni<-x_H1_gama[order(x_H1_gama)]
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#Uthoff's S2

S2_H1_gama[i]<-H_Utoff(n-n3+1,X_H1_gama_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_gama_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_gama_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1_gama<-quantile(x_H1_gama,probs=1-beta)

x_beta_H1_gama<-quantile(x_H1_gama,probs=beta)

T1_H1_gama[i]<-(x_0.75_H1_gama-x_beta_H1_gama)

/(x_0.99_H1_gama-x_alfa_H1_gama)

#Uthoff's S1

S1_H1_gama[i]<-H_Utoff(n2-n1+1,X_H1_gama_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_gama_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_gama_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_gama_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

sumaW_0.1_gama<-(sum(as.numeric(W_H1_gama)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1_gama)>alpha_0.95_H0_W))/10000

sumaD_0.1_gama<-(sum(as.numeric(D_H1_gama)<alpha_0.05_H0_D)

+sum(as.numeric(D_H1_gama)>alpha_0.95_H0_D))/10000

sumaA_0.1_gama<-(sum(as.numeric(A_H1_gama)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1_gama)>alpha_0.95_H0_A))/10000

sumaT2_0.1_gama<-(sum(T2_H1_gama<alpha_0.05_H0_T2)

+sum(T2_H1_gama>alpha_0.95_H0_T2))/10000

sumaS2_0.1_gama<-(sum(S2_H1_gama<alpha_0.05_H0_S2)

+sum(S2_H1_gama>alpha_0.95_H0_S2))/10000

sumaT1_0.1_gama<-(sum(T1_H1_gama<alpha_0.05_H0_T1)

+sum(T1_H1_gama>alpha_0.95_H0_T1))/10000

sumaS1_0.1_gama<-(sum(S1_H1_gama<alpha_0.05_H0_S1)

+sum(S1_H1_gama>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################

sumaW_0.05_gama<-(sum(as.numeric(W_H1_gama)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1_gama)>alpha_0.975_H0_W))/10000

sumaD_0.05_gama<-(sum(as.numeric(D_H1_gama)<alpha_0.025_H0_D)
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+sum(as.numeric(D_H1_gama)>alpha_0.975_H0_D))/10000

sumaA_0.05_gama<-(sum(as.numeric(A_H1_gama)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1_gama)>alpha_0.975_H0_A))/10000

sumaT2_0.05_gama<-(sum(T2_H1_gama<alpha_0.025_H0_T2)

+sum(T2_H1_gama>alpha_0.975_H0_T2))/10000

sumaS2_0.05_gama<-(sum(S2_H1_gama<alpha_0.025_H0_S2)

+sum(S2_H1_gama>alpha_0.975_H0_S2))/10000

sumaT1_0.05_gama<-(sum(T1_H1_gama<alpha_0.025_H0_T1)

+sum(T1_H1_gama>alpha_0.975_H0_T1))/10000

sumaS1_0.05_gama<-(sum(S1_H1_gama<alpha_0.025_H0_S1)

+sum(S1_H1_gama>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01_gama<-(sum(as.numeric(W_H1_gama)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1_gama)>alpha_0.995_H0_W))/10000

sumaD_0.01_gama<-(sum(as.numeric(D_H1_gama)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1_gama)>alpha_0.995_H0_D))/10000

sumaA_0.01_gama<-(sum(as.numeric(A_H1_gama)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1_gama)>alpha_0.995_H0_A))/10000

sumaT2_0.01_gama<-(sum(T2_H1_gama<alpha_0.005_H0_T2)

+sum(T2_H1_gama>alpha_0.995_H0_T2))/10000

sumaS2_0.01_gama<-(sum(S2_H1_gama<alpha_0.005_H0_S2)

+sum(S2_H1_gama>alpha_0.995_H0_S2))/10000

sumaT1_0.01_gama<-(sum(T1_H1_gama<alpha_0.005_H0_T1)

+sum(T1_H1_gama>alpha_0.995_H0_T1))/10000

sumaS1_0.01_gama<-(sum(S1_H1_gama<alpha_0.005_H0_S1)

+sum(S1_H1_gama>alpha_0.995_H0_S1))/10000

#H1. Vejbulova raspodela W(5)

x_H1_weibull<-c()

W_H1_weibull<-c()

D_H1_weibull<-c()

A_H1_weibull<-c()

T1_H1_weibull<-c()

T2_H1_weibull<-c()
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S1_H1_weibull<-c()

S2_H1_weibull<-c()

for (i in 1:10000){

x_H1_weibull<-rweibull(n,1,1.5)

#Shapiro test

W_H1_weibull[i]<-shapiro.test(x_H1_weibull)$statistic

#Liliforov test

D_H1_weibull[i]<-lillie.test(x_H1_weibull)$statistic

#Anderson- Darling test

A_H1_weibull[i]<-ad.test(x_H1_weibull)$statistic

#Uthoff's T2

x_0.5_H1_weibull<-quantile(x_H1_weibull,probs=0.5)

x_alfa_H1_weibull<-quantile(x_H1_weibull,probs=0.1)

x_0.99_H1_weibull<-quantile(x_H1_weibull,probs=0.99)

T2_H1_weibull[i]<-(x_0.5_H1_weibull-x_alfa_H1_weibull)

/(x_0.99_H1_weibull-x_alfa_H1_weibull)

X_H1_weibull_varijacioni<-x_H1_weibull[order(x_H1_weibull)]

#Uthoff's S2

S2_H1_weibull[i]<-H_Utoff(n-n3+1,X_H1_weibull_varijacioni[n3:n])

/(H_Utoff(n3,X_H1_weibull_varijacioni[1:n3])

+H_Utoff(n-n3+1,X_H1_weibull_varijacioni[n3:n]))

#Uthoff's T1

x_0.75_H1_weibull<-quantile(x_H1_weibull,probs=1-beta)

x_beta_H1_weibull<-quantile(x_H1_weibull,probs=beta)

T1_H1_weibull[i]<-(x_0.75_H1_weibull-x_beta_H1_weibull)

/(x_0.99_H1_weibull-x_alfa_H1_weibull)

#Uthoff's S1

S1_H1_weibull[i]<-H_Utoff(n2-n1+1,X_H1_weibull_varijacioni[n1:n2])

/(H_Utoff(n1,X_H1_weibull_varijacioni[1:n1])

+H_Utoff(n-n2+1,X_H1_weibull_varijacioni[n2:n])

+H_Utoff(n2-n1+1,X_H1_weibull_varijacioni[n1:n2]))

}

####################### alpha=0.1 #####################

sumaW_0.1_weibull<-(sum(as.numeric(W_H1_weibull)<alpha_0.05_H0_W)

+sum(as.numeric(W_H1_weibull)>alpha_0.95_H0_W))/10000

sumaD_0.1_weibull<-(sum(as.numeric(D_H1_weibull)<alpha_0.05_H0_D)
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+sum(as.numeric(D_H1_weibull)>alpha_0.95_H0_D))/10000

sumaA_0.1_weibull<-(sum(as.numeric(A_H1_weibull)<alpha_0.05_H0_A)

+sum(as.numeric(A_H1_weibull)>alpha_0.95_H0_A))/10000

sumaT2_0.1_weibull<-(sum(T2_H1_weibull<alpha_0.05_H0_T2)

+sum(T2_H1_weibull>alpha_0.95_H0_T2))/10000

sumaS2_0.1_weibull<-(sum(S2_H1_weibull<alpha_0.05_H0_S2)

+sum(S2_H1_weibull>alpha_0.95_H0_S2))/10000

sumaT1_0.1_weibull<-(sum(T1_H1_weibull<alpha_0.05_H0_T1)

+sum(T1_H1_weibull>alpha_0.95_H0_T1))/10000

sumaS1_0.1_weibull<-(sum(S1_H1_weibull<alpha_0.05_H0_S1)

+sum(S1_H1_weibull>alpha_0.95_H0_S1))/10000

####################### alpha=0.05 #####################

sumaW_0.05_weibull<-(sum(as.numeric(W_H1_weibull)<alpha_0.025_H0_W)

+sum(as.numeric(W_H1_weibull)>alpha_0.975_H0_W))/10000

sumaD_0.05_weibull<-(sum(as.numeric(D_H1_weibull)<alpha_0.025_H0_D)

+sum(as.numeric(D_H1_weibull)>alpha_0.975_H0_D))/10000

sumaA_0.05_weibull<-(sum(as.numeric(A_H1_weibull)<alpha_0.025_H0_A)

+sum(as.numeric(A_H1_weibull)>alpha_0.975_H0_A))/10000

sumaT2_0.05_weibull<-(sum(T2_H1_weibull<alpha_0.025_H0_T2)

+sum(T2_H1_weibull>alpha_0.975_H0_T2))/10000

sumaS2_0.05_weibull<-(sum(S2_H1_weibull<alpha_0.025_H0_S2)

+sum(S2_H1_weibull>alpha_0.975_H0_S2))/10000

sumaT1_0.05_weibull<-(sum(T1_H1_weibull<alpha_0.025_H0_T1)

+sum(T1_H1_weibull>alpha_0.975_H0_T1))/10000

sumaS1_0.05_weibull<-(sum(S1_H1_weibull<alpha_0.025_H0_S1)

+sum(S1_H1_weibull>alpha_0.975_H0_S1))/10000

####################### alpha=0.01 #####################

sumaW_0.01_weibull<-(sum(as.numeric(W_H1_weibull)<alpha_0.005_H0_W)

+sum(as.numeric(W_H1_weibull)>alpha_0.995_H0_W))/10000

sumaD_0.01_weibull<-(sum(as.numeric(D_H1_weibull)<alpha_0.005_H0_D)

+sum(as.numeric(D_H1_weibull)>alpha_0.995_H0_D))/10000
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sumaA_0.01_weibull<-(sum(as.numeric(A_H1_weibull)<alpha_0.005_H0_A)

+sum(as.numeric(A_H1_weibull)>alpha_0.995_H0_A))/10000

sumaT2_0.01_weibull<-(sum(T2_H1_weibull<alpha_0.005_H0_T2)

+sum(T2_H1_weibull>alpha_0.995_H0_T2))/10000

sumaS2_0.01_weibull<-(sum(S2_H1_weibull<alpha_0.005_H0_S2)

+sum(S2_H1_weibull>alpha_0.995_H0_S2))/10000

sumaT1_0.01_weibull<-(sum(T1_H1_weibull<alpha_0.005_H0_T1)

+sum(T1_H1_weibull>alpha_0.995_H0_T1))/10000

sumaS1_0.01_weibull<-(sum(S1_H1_weibull<alpha_0.005_H0_S1)

+sum(S1_H1_weibull>alpha_0.995_H0_S1))/10000



Ãëàâà 6

ÒÀÁÅËÅ

n 0.1 0.075 0.05 0.025 0.01
10 2.03 2.1 2.18 2.29 2.42
20 2.38 2.46 2.56 2.71 2.88
30 0 0 2.75 2.91 999
40 0 0 2.87 3.04 999
60 0 0 3.03 3.2 999
70 0 0 3.09 3.26 999
80 0 0 3.14 3.31 999
90 0 0 3.18 3.35 999
100 0 0 3.21 3.38 999

Òàáåëà 6.1: Êðèòè÷íå âðåäíîñòè çà Êðàìåð-ôîí Ìèñåñîâ òåñò

90% 95% 97.50% 99%
A2∗ 0.656 0.787 0.918 1.092
W 2∗ 0.104 0.126 0.148 0.178

Òàáåëà 6.2: Êðèòè÷íå âðåäíîñòè çà Àíäåðñîí è Äàðëèíãîâ òåñò è
Êðàìåð-ôîí Ìèñåñîâ òåñò

Ãäå jå:

• A2∗ ìîäèôèêàöèjà Àíäåðñîíîâîã è Äàðëèíãîâîã òåñòà.

• W 2∗ ìîäèôèêàöèjà Êðàìåð-ôîí Ìèñåñ òåñòà .
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n 0.50% 1% 2.50% 5% 10%
10 0.607 0.633 0.663 0.689 0.716
20 0.663 0.677 0.7 0.718 0.738
50 0.714 0.721 0.736 0.746 0.759
100 0.74 0.745 0.754 0.762 0.771
250 0.762 0.766 0.771 0.775 0.78
500 0.773 0.775 0.779 0.782 0.786

n 90% 95% 97.50% 99% 99.50%
10 0.88 0.9 0.917 0.935 0.916
20 0.855 0.869 0.88 0.803 0.901
50 0.835 0.845 0.853 0.861 0.868
100 0.825 0.832 0.838 0.845 0.849
250 0.815 0.819 0.823 0.827 0.831
500 0.81 0.813 0.816 0.819 0.821

Òàáåëà 6.3: Êðèòè÷íå âðåäíîñòè çà Ãðóáñîâ òåñò

α
n

0.01 0.05 0.10 0.15 0.20
4 0.417 0.381 0.352 0.319 0.300
5 0.405 0.337 0.315 0.299 0.285
6 0.364 0.319 0.294 0.277 0.265
7 0.348 0.300 0.276 0.258 0.247
8 0.331 0.285 0.261 0.233 0.223
9 0.311 0.271 0.249 0.233 0.23
10 0.294 0.258 0.239 0.224 0.215
11 0.284 0.249 0.230 0.217 0.206
12 0.275 0.242 0.223 0.212 0.119
13 0.268 0.234 0.214 0.202 0.190
14 0.261 0.227 0.207 0.194 0.183
15 0.257 0.220 0.201 0.187 0.177
16 0.250 0.213 0.195 0.182 0.173
17 0.245 0.206 0.189 0.177 0.169
18 0.239 0.200 0.184 0.173 0.166
19 0.235 0.195 0.179 0.169 0.163
20 0.231 0.190 0.174 0.166 0.160
25 0.203 0.180 0.165 0.153 0.149
30 0.187 0.161 0.144 0.136 0.131

ïðåêî 30 1.031 0.886 0.805 0.768 0.736√
n

√
n

√
n

√
n

√
n

Òàáåëà 6.4: Êðèòè÷íå âðåäíîñòè çà Ëèëèôîðñîâ òåñò
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