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'Ulh

STATISTIKH II: TuqaÐa deigmatolhyÐa. Diakritèc kai SuneqeÐc

katanomèc. Qarakthristikèc par�metroi katanom¸n. Nìmoc

twn meg�lwn arijm¸n kai kentrikì oriakì je¸rhma. Katanomèc

pou aporrèoun apì thn kanonik . ShmeiakoÐ ektimhtèc.

AmerolhyÐa. Sunèpeia. Ep�rkeia. Mèjodoi ektÐmhshc.

Diasthmik  ektÐmhsh plhjusmiak¸n paramètrwn. Diast mata

empistosÔnhc mèsou, diaspor�c, posostoÔ, diafor¸n kai

ajroism�twn. 'Elegqoc upojèsewn mèsou, diaspor�c,

posostoÔ, diafor¸n kai ajroism�twn.
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Orismìc Statistik c

Statistik  eÐnai h epist mh pou asqoleÐtai me ton sqediasmì

peiram�twn, th sullog  kai an�lush arijmhtik¸n dedomènwn

kai thn exagwg  sumperasm�twn. H Statistik  orÐzetai epÐshc

wc h epist mh thc l yhc apof�sewn ìtan up�rqei abebaiìthta.

O sqediasmìc twn peiram�twn kai h statistik  an�lush

gÐnetai se èna tuqaÐo deÐgma kai h exagwg  sumperasm�twn -

l yh apof�sewn afor� ton plhjusmì.

To tuqaÐo deÐgma megèjouc n (apì èna plhjusmì) sumbolÐzetai

me X1,X2, . . . ,Xn ìpou Xi , i − 1, 2, . . . , n eÐnai anex�rthtec kai

isìnomec t.m.
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TuqaÐec Metablhtèc

H tuqaÐa metablht  (t.m.) X eÐnai mia sun�rthsh

X : Ω→ R me X (ω) = x ,

ìpou Ω o deigmatikìc q¸roc kai R to sÔnolo twn pragmatik¸n

arijm¸n (mporeÐ na eÐnai kai èna uposunolì tou).

K�je t.m. èqei mia katanom  pijanìthtac.
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Qarakthristik� t.m. kai katanom¸n

H mèsh tim  thc X eÐnai

µ = E (X ) =


∑

x xP(X = x), an X diakrit  t.m.,∫ +∞
−∞ x f (x) dx , an X suneq c t.m.

I P(X = x): sun�rthsh pijanothtac (sp)

I f (x) = P(x ≤ X < x + dx): h sun�rthsh puknìthtac

pijanìthtac (spp)

Genik� h mèsh tim  thc t.m. h(X ), ìpou h mia sun�rthsh eÐnai

E (h(X )) =


∑

x h(x)P(X = x), an X diakrit  t.m.,∫ +∞
−∞ h(x) f (x) dx , an X suneq c t.m.
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H diakÔmansh   diaspor� thc t.m. X eÐnai

σ2 = Var(X ) = E [(X − µ)2] = E (X 2)− µ2, ìpou µ = E (X )

kai h tupik  apìklish σ =
√

Var(X ).

O suntelest c loxìthtac eÐnai

E (X − µ)3

σ3

kai o suntelest c kÔrtwshc eÐnai

E (X − µ)4

σ4
.
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DÔo basikèc idiìthtec thc mèshc tim c kai thc diaspor�c

An a, b stajeroÐ arijmoÐ, tìte isqÔoun

E (aX + b) = aE (x) + b

kai

Var(aX + b) = a2 Var(X ).

Apì thn teleutaÐa sqèsh prokÔptei �mesa ìti

σaX+b =
√

Var(aX + b) = |a|
√
Var(X ) = |a|σX .
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Diakritèc katanomèc

'Estw ìti h t.m. X eÐnai diakrit  me timèc {x1, x2, x3, . . .} kai sp

P(X = x), x = x1, x2, x3, . . .

H sun�rthsh P(X = x) ikanopoieÐ tic idiìthtec:

I P(X = x) ≥ 0.

I
∑

x P(X = x) = P(X = x1) + P(X = x2) + . . . = 1.
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Akìma k�poiec epiplèon idiìthtec eÐnai

P(X ≤ x3) = P(X = x1) + P(X = x2) + P(X = x3),

P(X > x2) = P(X = x3) + P(X = x4) + P(X = x5) + . . .

= 1− P(X = x1)− P(X = x2) = 1− P(X ≤ x2),

P(x2 ≤ X ≤ x5) = P(X = x2)+P(X = x3)+P(X = x4)+P(X = x5)

kai

P(x2 ≤ X < x5) = P(X = x2) + P(X = x3) + P(X = x4).

Oi kuriìterec diakritèc katanomèc eÐnai h Diwnumik , h

Upergewmetrik , h Gewmetrik  kai h katanom  Poisson.
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ParadeÐgmata

I 'Estw X : to pl joc twn peript¸sewn kat� tic opoÐec ja

èrjei 'gr�mmata' apì thn tautìqronh rÐyh tri¸n

nomism�twn. Na brejeÐ h katanom  pijanìthtac thc t.m.

X .

I RÐqnoume dÔo z�ria. An X : to �jroisma twn arijm¸n twn

dÔo pleur¸n, na kataskeu�sete th sun�rthsh

pijanìthtac.
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Diwnumik  katanom 

'Ena peÐrama tÔqhc lègete diwnumikì ìtan ta mìna dunat�

apotelèsmata eÐnai dÔo, epituqÐa (E )   apotuqÐa (A) kai
isqÔei ìti:

I H pijanìthta epituqÐac (p)   apotuqÐac (q = 1− p)
paramènh stajer  se ìlec tic dokimèc tou peir�matoc.

I Oi dokimèc eÐnai statistik¸c anexarthtec, dhl. to

apotèlesma miac orismènhc dokim c den ephre�zei to

apotèlesma opoiasd pote �llhc dokim c.
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H sp thc diwnumik c katanom c, sumb. X ∼ B(n, p), eÐnai

P(X = x) =

(
n

x

)
px qn−x , x = 0, 1, 2, . . . , n,

ìpou (
n

x

)
=

n!

x!(n − x)!
sundiasmìc twn n an� x .

H diwnumik  t.m. X : o arijmìc twn epituqi¸n se n dokimèc,

mporeÐ na ekfrasteÐ wc

X = I1 + I2 + . . .+ In,

ìpou gia i = 1, 2, . . . , n eÐnai

Ii =


1, to apotèlesma thc i dokim c eÐnai epituqÐa,

0, to apotèlesma thc i dokim c eÐnai apotuqÐa.

TonÐzoume ìti oi t.m. I1, I2, . . . In eÐnai metaxÔ touc anex�rthtec

kai isìnomec.
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Mèsh tim  kai diaspor� thc diwnumik c

UpologÐzoume pr¸ta th mèsh tim  kai th diaspor� thc Ii ,
i = 1, 2, . . . , n. EÐnai

E (Ii ) =
∑

x∈{0,1}

x P(Ii = x) = 0P(Ii = 0)+1P(Ii = 1) = 0 q+1 p = p,

E (I 2
i ) =

∑
x∈{0,1}

x2 P(Ii = x) = 02 P(Ii = 0) + 12 P(Ii = 1) = p

σ2
Ii

= Var(Ii ) = [E (I 2
i )]− [E (Ii )]2 = p − p2 = p(1− p) = pq.

Qrhsimopoi¸ntac ìti X = I1 + I2 + . . .+ In me ta Ii anex�rthta
kai isìnoma metaxÔ touc, prokÔptei ìti

E (X ) = n E (Ii ) = n p

kai

σ2
X = Var(X ) = n Var(Ii ) = np(1− p) = npq.
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Upergewmetrik  katanom 

'Estw ìti o plhjusmìc apoteleÐtai apì N antikeÐmena m apì

ta opoÐa èqoun thn idiìthta E (epituqÐa) kai N−m (apotuqÐa).

Perigraf  peir�matoc: 'Estw ìti èqoume èna doqeÐo me N (o

plhjusmìc) sfairÐdia, apì ta opoÐa ta m eÐnai leuk�

(epituqÐa) kai N −m eÐnai maÔra (apotuqÐa). 'Estw ìti

ex�goume n apì ta N sfairÐdia qwrÐc epan�jesh kai

X : o arijmìc twn leuk¸n (E ) sfairidÐwn.

Tìte h X akoloujeÐ thn Upergewmetrik  katanom , sumb.

X ∼ Hg(N, n,m) me sp

P(X = x) =

(N−m
n−x

) (m
x

)(N
n

) , x = 0, 1, 2, . . . ,min{m, n}.
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H mèsh tim  kai h diaspor� eÐnai

µ = n
m

N
= np kai σ2 = n

m

N

N −m

N

N − n

N − 1
= npq

N − n

N − 1
,

ìpou p = m/N (jumÐzoume q = 1− p).

Diwnumik  prosèggish thc upergewmetrik c. 'Otan to N eÐnai

meg�lo kai to n mikrì h Hg(N, n,m) proseggÐzetai apì thn

B(n, p = m/N) (N−m
n−x

) (m
x

)(N
n

) ≈
(
n

x

)
px (1− p)n−x .
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Gewmetrik  katanom 

Se èna diwnumikì peÐrama èstw h t.m.

X : o arijmìc twn dokim¸n mèqri thn pr¸th epituqÐa.

Tìte h X akoloujeÐ th gewmetrik  katanom , sumb.

X ∼ Geo(p) me sp

P(X = x) = p qx−1, x = 1, 2, 3, . . .

H mèsh tim  kai h diaspor� eÐnai

µ =
1

p
kai σ2 =

q

p2
.
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Katanom  Poisson

H katanom  Poisson efarmìzetai ìtan èqoume mia seir�

tuqaÐwn endeqomènwn ta opoÐa gÐnontai sth mon�da tou qrìnou

p.q. to pl joc afÐxewn se èna aerodrìmio, to pl joc twn

thlefwnhm�twn pou fj�noun se èna kentrikì stajmì, to

pl joc twn apozhmi¸sewn pou fj�noun se mia asfalistik 

etaireÐa ktl.

H sp thc Poisson me par�metro λ > 0, sumb.X ∼ Po(λ), eÐnai

P(X = x) =
e−λ λx

x!
, x = 0, 1, 2, . . .

H mèsh tim  kai h diaspor� eÐnai

µ = λ kai σ2 = λ.

I B(n, p) ≈ Po(λ = np) gia mikr� p kai meg�la n.
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Stoqastik  diadikasÐa Poisson

H katanom  Poisson èqei suqn  efarmog  se diadikasÐec pou

exelÐssontai me to qrìno, dhl. èqoume X ∼ Po(λ t) (antÐ
X ∼ Po(λ)), ìpou t > 0 o qrìnoc.

'Estw Xt o arijmìc twn endeqomènwn (afÐxewn   ekpomp¸n)

mèqri th qronik  stigm  t > 0. H X (t) ∼ Po(λt), me λ > 0 ìtan

P(X (t) = x) =
e−λ t (λ t)x

x!
, x = 0, 1, 2, . . .

I P(na sumbeÐ èna endeqìmeno se mikrì qronikì

di�sthma)=an�logh tou m kouc tou diast matoc.

I P(na sumboÔn dÔo   perissìtera endeqìmena se mikrì

qronikì di�sthma) = amelhtèa.
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SuneqeÐc katanomèc

Mèqri t¸ra asqolhj kame me diakritèc t.m., jewr same dhlad 

ìti h t.m. X lamb�nei timèc se diakritì sÔnolo, peperasmèno

(blèpe Diwnumik , Upergewmetrik )   �peiro (blèpe

Gewmetrik , Poisson). Sth sunèqeia ja melet soume suneqeÐc

t.m. oi opoÐec orÐzontai sto di�sthma (−∞,∞) (  se

uposunolì tou), me spp f (x) = P(x ≤ X < x + dx) kai

P(a ≤ X ≤ b) =

∫ b

a
f (x) dx ≥ 0,

dhlad  P(a ≤ X ≤ b) eÐnai to embadìn tou qwrÐou pou

sqhmatÐzetai apì th grafik  par�stash thc f (x) sto
di�sthma [a, b].
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I

P(−∞ < X <∞) =

∫ ∞
−∞

f (x) dx = 1

I Lìgw sunèqeiac isqÔei ìti

P(X = a) = P(a ≤ X ≤ a) =

∫ a

a
f (x) dx = 0.

Epomènwc,

P(a ≤ X ≤ b) = P(a ≤ X < b) = P(a < X ≤ b) = P(a < X < b).

I Ajroistik  sun�rthsh katanom c (ask), F (x) = P(X ≤ x)

F (x) = P(X ≤ x) =

∫ x

−∞
f (t) dt.

IsqÔei ìti F
′
(x) = f (x), F (x) aÔxousa wc proc x ,

F (−∞) = 0 kai F (∞) = 1.

G. Yarr�koc Panepist mio Peirai¸c Oikonomikì Tm ma B' Ex�mhnoStatistik  II



Omoiìmorfh katanom 

An X ∼ U(a, b), tìte h spp dÐnetai apì

f (x) =


1

b−a , an x ∈ [a, b],

0, an x /∈ [a, b]

H ask eÐnai

F (x) =

∫ x

a
f (t) dt =


0, an x < a,

x−a
b−a , an x ∈ [a, b]

1, an x > b
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H mèsh tim , h deÔterh rop  kai h diaspor� eÐnai, antÐstoiqa

µ = E (X ) =

∫ b

a
x f (x) dx =

b + a

2
,

E (X 2) =

∫ b

a
x2 f (x) dx =

b2 + ab + a2

3

kai

σ2 = Var(X ) = E (X 2)− [E (X )]2 =
(b − a)2

12
.
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Ekjetik  katanom 

An X ∼ Exp(λ), me λ > 0, tìte h spp dÐnetai apì

f (x) = λ e−λ x , x ≥ 0.

H ask eÐnai

F (x) =

∫ x

0
f (t) dt = 1− e−λ x , x ≥ 0.

H mèsh tim , kai h diaspor� eÐnai

µ = E (X ) =

∫ ∞
0

x f (x) dx =
1

λ

kai

σ2 = Var(X ) = E (X 2)− [E (X )]2 =
1

λ2
.
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Kanonik  katanom 

H spp thc kanonik c katanom c me mèsh tim  −∞ < µ <∞ kai

diaspor� 0 < σ2 <∞, eÐnai (π ≈ 3.14 kai e ≈ 2.71)

f (x) =
1

σ
√

2π
e−

(x−µ)2

2σ2 , −∞ < x <∞.

Merikèc forèc gr�foume f (x ;µ, σ), jewr¸ntac ìti to x eÐnai h

metablht , en¸ ta µ kai σ par�metroi. Sthn eidik  perÐptwsh

ìpou µ = 0 kai σ = 1 lamb�noume thn tupopoi menh kanonik 

me spp

φ(x) =
1√
2π

e−
x2

2 , −∞ < x <∞.

X ∼ N(µ, σ2) ⇔ Z =
X − µ
σ

∼ N(0, 1).

G. Yarr�koc Panepist mio Peirai¸c Oikonomikì Tm ma B' Ex�mhnoStatistik  II



H ask thc X ∼ N(µ, σ2) eÐnai

F (x) = P(X ≤ x) =
1

σ
√

2π

∫ x

−∞
e−

(t−µ)2

2σ2 dt.

H ask thc Z ∼ N(0, 1) eÐnai

Φ(z) = P(Z ≤ z) =
1√
2π

∫ z

−∞
e−

t2

2 dt.

Gia thn ask thc tupopoihmènh kanonik  isqÔoun oi akìloujec

sqèseic

Φ(−z) = 1− Φ(z), −∞ < z <∞

kai

Φ(z) =
1

2
+

1√
2π

∫ z

0
e−

t2

2 dt, x ≥ 0.
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H kanonik  katanom  (gnwst  kai wc Gkaousian  katanom )

qrhsimopoieÐtai wc prosèggish gia na perigrafoÔn t.m., oi

opoÐec teÐnoun na sugkentr¸nontai gÔrw apì mia mèsh tim . H

kanonik  katanom  eÐnai h pio shmantik  katanom  thc

statistik c mejodologÐac gia touc ex c basikoÔc lìgouc:

I Thn kanonik  katanom  akoloujoÔn me meg�lh prosèggish

ta perissìtera suneq  fainìmena, p.q. poll�

plhjusmiak� qarakthristik�, ìpwc to Ôyoc, to b�roc h

bajmologÐa se diag¸nisma, k.l.p.

I SÔmfwna me to kentrikì oriakì je¸rhma (to �jroisma

enìc ikanopoihtik� meg�lou arijmoÔ anex�rthtwn kai

isìnomwn tuqaÐwn metablht¸n proseggÐzetai apì thn

kanonik  katanom ) apoteleÐ th b�sh thc statistik c

sumperasmatologÐac.

I TuqaÐa sf�lmata pou emfanÐzontai se di�forec metr seic

èqoun kanonik  katanom . Gi' autì to lìgo h kanonik 

katanom  anafèretai pollèc forèc kai wc katanom 

sfalm�twn.
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Kentrikì Oriakì Je¸rhma (KOJ)

'Estw X1,X2, . . . ,Xn anex�rthtec metaxÔ t.m. pou akoloujoÔn

thn Ðdia katanom  (dhl. eÐnai isìnomec) me

E (Xi ) = µ kai Var(Xi ) = σ2, giai = 1, 2, . . . , n.

ApodeiknÔetai ìti an

X1,X2, . . . ,Xn ∼ N(µ, σ2) tìte
n∑

i=1

Xi = X1+X2+. . .+Xn ∼ N(nµ, nσ2).

Autì shmaÐnei ìti

Z =

∑n
i=1 Xi − nµ√

n σ
∼ N(0, 1).

Sthn perÐptwsh ìpou oi X1,X2, . . . ,Xn den akoloujoÔn thn

kanonik  katanom  isqÔei to apotèlesma thc teleutaÐac

sqèshc gia meg�la n ?
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Je¸rhma

An oi tm X1,X2, . . . ,Xn eÐnai anex�rthtec kai isìnomec me

E (Xi ) = µ kai Var(Xi ) = σ2 (peperasmèna), i = 1, 2, . . . , n, tìte
h tm

Z =

∑n
i=1 Xi − nµ√

n σ
(1)

akoloujeÐ asumptwtik� (gia meg�lo n, sun jwc > tou 30) thn

N(0, 1).

Apì thn (1) blèpoume ìti

n∑
i=1

Xi ∼ N(nµ, nσ2) (2)

kai

Deigmatikìc mèsoc = X =

∑n
i=1 Xi

n
∼ N(µ,

σ2

n
). (3)
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Kanonik c Prosèggish thc Diwnumik c Katanom c

JumÐzoume ìti h diwnumik  t.m. X ∼ B(n, p): o arijmìc twn

epituqi¸n se n dokimèc, mporeÐ na ekfrasteÐ wc

X = I1 + I2 + . . .+ In,

ìpou Ii anex�rthtec kai isìnomec dÐtimec Bernoulli, gia
i = 1, 2, . . . , n,

Ii =


1, to apotèlesma thc i dokim c eÐnai epituqÐa,

0, to apotèlesma thc i dokim c eÐnai apotuqÐa.

Efarmìzontac to KOJ gia to �jroisma X = I1 + I2 + . . .+ In,
me µ = E (Ii ) = p kai Var(Ii ) = pq, ìpou q = 1− p, eÐnai

X ∼ N(nE (Ii ), nVar(Ii )), dhlad  X ∼ N(np, npq).

Sumbolik� eÐnai B(n, p) ≈ N(np, npq) kai h prosèggish aut 

eÐnai ikanopoihtik  ìtan npq meg�lo (> 10   kalÔtera > 30).
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Nìmoc twn meg�lwn arijm¸n

Je¸rhma

'Estw X1,X2, . . . mia akoloujÐa anex�rthtwn kai isìnomwn t.m.

me E (Xi ) = µ. Tìte,

X1 + X2 + . . .+ Xn

n
→ µ, ìtan n→∞.

An ektelèsoume èna (tuqaÐo) peÐrama n forèc kai Xi eÐnai h t.m.

pou ekfr�zei to apotèlesma tou i - peir�matoc, tìte sÔmfwna
me to nìmo twn meg�lwn arijm¸n o mèsoc ìroc twn Xi sugklÐnei

sth mèsh tim  E (Xi ) = µ gia n→∞.
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AntÐstrofa ekatostiaÐa shmeÐa thc tupik c kanonik c

'Estw Z ∼ N(0, 1). Ta antÐstrofa ekatostiaÐa shmeÐa thc Z ,
sumb. za, orÐzontai wc

P(Z > za) = a.

IsodÔnama èqoume

Φ(za) = 1− a,

Gia a = 5%, a = 2.5% kai a = 0.5% èqoume antÐstoiqa

z0.05 = 1.645, z0.025 = 1.96, z0.005 = 2.58.

IsqÔei ìti z1−a = −za.
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Katanomèc pou aporrèoun apì thn kanonik 

'Estw X1,X2, . . .Xn èna tuqaÐo deÐgma (anex�rthtec kai

isìnomec) apì èna kanonikì plhjusmì me mèsh tim  µ kai

diaspor� σ2. Tìte gnwrÐzoume ìti to �jroisma
∑n

i=1 Xi

akoloujeÐ p�li thn kanonik  katanom  me mèsh tim  nµ kai

diaspor� nσ2.

X1,X2, . . .Xn ∼ N(µ, σ2) ⇒
n∑

i=1

Xi ∼ N(nµ, nσ2).

'Omoia isqÔei gia thn tupik  kanonik  katanom  ìti

Z1,Z2, . . .Zn ∼ N(0, 1) ⇒
n∑

i=1

Zi ∼ N(0, n).

Up�rqoun �llec katanomèc pou aporrèoun apì thn kanonik ?
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Katanom  qi-tetr�gwno me n bajmoÔc eleujerÐac (b.e.)

'Estw Z1,Z2, . . . ,Zn anex�rthtec kai isìnomec t.m. Tìte

Z1,Z2, . . . ,Zn ∼ N(0, 1) ⇒ Y =
n∑

i=1

Z 2
i ∼ χ2

n. (χ2
n =

n∑
1

N(0, 1)2.)

H Y eÐnai suneq c t.m. orismènh sto [0,∞) me spp

fχ2
n
(x) =

x
n
2
−1 e−

x
2

2
n
2 Γ(n2 )

, x > 0.

H t.m. Y apoteleÐ mÐa eidik  perÐptwsh thc katanom c Γ(a, b)
me spp (gia a = n/2 kai b = 1/2)

fΓ(a,b)(x) =
ba xa−1 e−bx

Γ(a)
, x > 0, a, b > 0,

ìpou Γ(a) =
∫∞

0 xa−1 e−x dx h sun�rthsh Γ.

G. Yarr�koc Panepist mio Peirai¸c Oikonomikì Tm ma B' Ex�mhnoStatistik  II



H χ2
n katanom  èqei loxìthta apì dexi� kai h puknotht� thc

exart�tai mìno apì touc apì touc bajmoÔc eleujerÐac n. 'Oso
to n megal¸nei h lìxìthta elatt¸netai kai gia meg�la n
proseggÐzetai apì thn kanonik . Akìma

E (χ2
n) = n (h mèsh tim  thc Γ(a, b) eÐnai a/b),

Var(χ2
n) = 2n (h diaspor� thc Γ(a, b) eÐnai a/b2)

Oi sun jeic statistikoÐ pÐnakec thc χ2
n orÐzontai me th sqèsh

P(χ2
n > χ2

a,n) = a.

Gia par�deigma χ2
0.01,5 = 15.086, χ2

0.05,20 = 31.41. Sto pÐnaka h

megalÔterh tim  tou n eÐnai 30. Gia timèc n > 30,
proseggÐzoume tic timèc thc χ2

n qrhsimopoi¸ntac to KOJ.
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Katanom  ti me n bajmoÔc eleujerÐac

Z ∼ N(0, 1),Y ∼ χ2
n (anex. metaxÔ touc) ⇒ W =

Z√
Y /n

∼ tn.

Sumbolik� h katanom  tn, gnwst  wc katanom  Student, eÐnai

tn =
N(0, 1)√
χ2
n/n

.

H W eÐnai suneq c t.m. orismènh sto (−∞,∞) me spp

ftn(t) =
Γ(n+1

2 )

Γ(n2 )
√
πn

(
1 +

t2

n

)− n+1
2

, −∞ < t <∞.

Akìma eÐnai summetrik  perÐ ton �xona x = 0 (ìpwc h N(0, 1))
me

E (tn) = 0 kaiVar(tn) =
n

n − 2
> 1, n > 2.

Epiplèon, t∞ ≡ N(0, 1).
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Oi sun jeic statistikoÐ pÐnakec thc tn orÐzontai me th sqèsh

P(tn > ta,n) = a.

Lìgw summetrÐac èqoume

P(tn ≤ −ta,n) = P(tn > ta,n) = a

t1−a,n = −ta,n
Gia par�deigma t0.01,15 = 2.602, t0.05,∞ = 1.645.
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Katanom  F me n1, n2 bajmoÔc eleujerÐac

X1 ∼ χ2
n1
,X2 ∼ χ2

n2
(anex. metaxÔ touc) ⇒

χ2
n1
/n1

X 2
n2
/n2
∼ Fn1,n2 .

Sumbolik�

Fn1,n2 =
χ2
n1
/n1

χ2
n2
/n2

.

EÐnai suneq c t.m. orismènh sto [0,∞) me

E (Fn1,n2) =
n2

n2 − 2
, n2 > 2

Var(Fn1,n2) =
2n2

2(n1 + n2 − 2)

n1(n2 − 2)2(n2 − 4)
, n2 > 4.

EÐnai asÔmmetrh kai t2
n = F1,n.
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Ta antÐstrofa ekatostiaÐa shmeÐa thc F eÐnai

P(Fn1,n2 > Fa,n1,n2) = a
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