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ÓôáôéóôéêÞ II: Ãñáììéêü ÌïíôÝëï

Ëïõêßá Ìåëéãêïôóßäïõ

Åáñéíü åîÜìçíï, 2006
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Áâåâáéüôçôá êáé ÓôáôéóôéêÞ Ìïíôåëïðïßçóç

Óå Ýíá ðñþôï ìÜèçìá óôáôéóôéêÞò ìáèáßíïõìå ãéá ðåñéãñáöéêÜ ìÝôñá,
áñéèìçôéêÜ êáé ãñáöéêÜ, ãéá óõìðåñáóìáôïëïãßá ãéá êÜðïéï ðëçèõóìü ìå
âÜóç Ýíá äåßãìá, êÜðïéá óôïé÷åßá èåùñßáò ðéèáíïôÞôùí êáé êáôáíïìþí.

Ôï åíäéáöÝñïí ôçò óôáôéóôéêÞò åðéóôÞìçò âñßóêåôáé óôçí êáôáíüçóç
óôï÷áóôéêþí öáéíïìÝíùí êáé ôçí ðïóïôéêïðïßçóç ôçò áâåâáéüôçôáò ó÷åôéêÜ
ìå áõôÜ.

ÓôáôéóôéêÞ Ìïíôåëïðïßçóç: êáôáóêåõÞ ìïíôÝëùí ìå ëßãåò ðáñáìÝôñïõò ãéá
ôçí ðåñéãñáöÞ óôï÷áóôéêþí öáéíïìÝíùí - ó÷Ýóåùí ìåôáîý ìåôáâëçôþí.

ÓôáôéóôéêÞ Óõìðåñáóìáôïëïãßá: åêôßìçóç ôùí Üãíùóôùí ðáñáìÝôñùí ìå âÜóç
ðáñáôçñÞóåéò/äåäïìÝíá êáé ðïóïôéêïðïßçóç ôçò áâåâáéüôçôáò ó÷åôéêÜ ìå ôéò
åêôéìÞóåéò.
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Ãñáììéêü ÌïíôÝëï

ÁðëÞ ãñáììéêÞ ðáëéíäñüìçóç:

Y = β0 + β1X + ε

Ç ôõ÷áßá ìåôáâëçôÞ Y åîáñôÜôáé áðü ôç ìåôáâëçôÞ X (ç ïðïßá óõ÷íÜ Ý÷åé
ðñïêáèïñéóìÝíåò ôéìÝò), áëëÜ êáé áðü êÜðïéïõò ìç ìåôñÞóéìïõò ðáñÜãïíôåò.
Áõôïß óõíïøßæïíôáé óôïí óôï÷áóôéêü üñï ε.

Óêïðüò ìáò åßíáé íá åêôéìÞóïõìå ôéò Üãíùóôåò ðáñáìÝôñïõò β0, β1
÷ñçóéìïðïéþíôáò äåßãìá (Yi, Xi), i = 1, . . . , n,

Yi = β0 + β1Xi + εi.
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Åêôßìçóç

ÌÝèïäïò Åëá÷ßóôùí Ôåôñáãþíùí
ÕðïèÝóåéò: E(εi) = 0, Var(εi) = σ2

Åëá÷éóôïðïßçóç ôïõ
∑n

i=1 ε2
i =

∑n
i=1[Yi − (β0 + β1Xi)]

2

→ Áìåñüëçðôåò åêôéìÞôñéåò β̂0, β̂1, σ̂
2 ìå åëÜ÷éóôç äéáóðïñÜ áíÜìåóá óôïõò

áìåñüëçðôïõò åêôéìçôÝò.

ÌÝèïäïò ÌÝãéóôçò ÐéèáíïöÜíåéáò
Õðüèåóç êáíïíéêüôçôáò ãéá ôá óöÜëìáôá, εi ∼ N(0, σ2)
Ðéèáíïèåùñçôéêü ìïíôÝëï: Yi ∼ N(β0 + β1Xi, σ

2)
Ìåãéóôïðïßçóç ôçò ðéèáíüôçôáò íá ðáñáôçñÞóïõìå ôá äåäïìÝíá êÜôù áðü ôï
ìïíôÝëï ðïõ õðïèÝóáìå (óõíÜñôçóç ðéèáíïöÜíåéáò)

→ ºäéåò åêôéìÞôñéåò β̂0, β̂1 ìå Ì.Å.Ô, áëëÜ äéáöïñåôéêÞ (ü÷é áìåñüëçðôç) ãéá
ôï σ̂2.
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ÊÜôù áðü ôçí õðüèåóç ôçò êáíïíéêüôçôáò ãéá ôá εi:

β̂1 ∼ N

(
β1,

σ̂2∑n
i=1(Xi − X̄)2

)
, β̂0 ∼ N

(
β0, σ̂

2

[
1

n
+

X̄2∑n
i=1(Xi − X̄)2

)

])
,

üðïõ σ̂2 =
∑n

i=1(Yi−Ŷi)2

n−2 ï Å.Å.Ô.

Åßíáé
β̂1 − β1√

σ2
β̂1

∼ tn−2

→ ÄéÜóôçìá Åìðéóôïóýíçò ãéá ôï β1
→ ¸ëåã÷ïò ÕðïèÝóåùí ãéá ôï β1

Áíôßóôïé÷á ãéá ôï β0.
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ÄéÜóôçìá Åìðéóôïóýíçò ãéá ôï β1

Áðü ôç èåùñßá êáôáíïìþí:

Pr

(
tα/2,n−2 <

β̂1 − β1

σβ̂1

< t1−α/2,n−2

)
= 1− α

ÅðïìÝíùò èÝëïõìå:

−t1−α/2,n−2 < β̂1−β1

σβ̂1

< t1−α/2,n−2

→ β̂1 − σβ̂1
t1−α/2,n−2 < β1 < β̂1 + σβ̂1

t1−α/2,n−2

ÅÜí ôï 0 ðåñéÝ÷åôáé ìÝóá óôï Ä.Å., Ý÷ïõìå Ýíäåéîç üôé ç ðáñÜìåôñïò β1 äåí
åßíáé óôáôéóôéêá óçìáíôéêÞ (óå åðßðåäï óôáôéóôéêÞò óçìáíôéêüôçôáò α).
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¸ëåã÷ïò ÕðïèÝóåùí ãéá ôï β1

H0 : β1 = 0

H1 : β1 6= 0

ÅÜí ç ðáñÜìåôñïò β1 åßíáé óôáôéóôéêÜ ßóç ìå ôï 0, ôüôå äåí õößóôáôáé ç
ãñáììéêÞ ó÷Ýóç Y = β0 + β1X .

ÊÜôù áðï ôçí H0:
β̂1√
σ2

β̂1

∼ tn−2 , äçëáäÞ

−t1−α/2,n−2 <
β̂

σβ̂1

< t1−α/2,n−2

ÅðïìÝíùò, áí −σβ̂1
t1−α/2,n−2 < β̂ < σβ̂1

t1−α/2,n−2, ôüôå äåí áðïññßðôïõìå ôçí
H0 óå åðßðåäï óôáôéóôéêÞò óçìáíôéêüôçôáò α. 'Áñá, äåêôÞ ç H1 áí

| β̂1 |> σβ̂1
t1−α/2,n−2 →| β̂1

σβ̂1

|> t1−α/2,n−2
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ÁNOVA

Ìå ôçí ÁíÜëõóç Äéáêýìáíóçò âñßóêïõìå ðïõ ïöåßëåôáé ðåñéóóüôåñï ç
ìåôáâëçôüôçôá ôçò åîáñôçìåíÞò ìåôáâëçôÞò Y : óôçí ðáëéíäñüìçóç Þ óôá
ôõ÷áßá óöÜìáôá;
(ÏõóéáóôéêÜ óðÜìå óå äýï êïììÜôéá ôï Üèñïéóìá ôåôñáãþíùí êáé ôïõò
âáèìïýò åëåõèåñßáò ôçò Y ).

Ç ìåôáâëçôüôçôá ôçò Y ìåôñÜôáé ùò ðñïò ôéò áðïêëßóåéò Yi − Ȳ . Ç óõíïëéêÞ
ìåôáâçôüôçôá ôùí äåäïìÝíùí äßíåôáé áðü ôï óõíïëéêü Üèñïéóìá ôåôñáãþíùí:
SST =

∑n
i=1(Yi − Ȳ )2.

Áðü ôçí ðáëéíäñüìçóç õðïëïãßæïõìå ôá êáôÜëïéðá ei = Yi − Ŷ . Ôï

Üèñïéóìá ôåôñáãþíùí ôùí êáôáëïßðùí SSÅ =
∑n

i=1(Yi − Ŷi)
2 åêöñÜæåé ôç

ìåôáâëçôüôçôá ôùí äåäïìÝíùí ðïõ äåí åîçãåß ôï ãñáììéêü ìïíôÝëï.

Åðßóçò áðü ôçí ðáëéíäñüìçóç õðïëïãßæïõìå ôéò áðïêëßóåéò Ŷi − Ȳ . Åßíáé

Yi − Ȳ = (Yi − Ŷ ) + (Ŷi − Ȳ )
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Áðïäåéêíýåôáé üôé

n∑
i=1

(Yi − Ȳ )2 =

n∑
i=1

(Yi − Ŷ )2 +

n∑
i=1

(Ŷi − Ȳ )2,

üðïõ ôï Üèñïéóìá ôåôñáãþíùí ôçò ðáëéíäñüìçóçò SSR =
∑n

i=1(Ŷi − Ȳ )2

åêöñÜæåé ôç ìåôáâëçôüôçôá ôùí äåäïìÝíùí ðïõ åîçãåßôáé áðü ôï ãñáììéêü
ìïíôÝëï.

Ðßíáêáò ANOVA

ÐçãÞ SS d.f MS=SS/d.f F p-value
Ìåôáâëçôüôçôáò ÁÔ â.å
Ðáëéíäñüìçóç SSR 1 SSR/1 MSR/MSE ∗
ÓöÜëìá SSE n− 2 SSE/(n− 2)
Óýíïëï SST n− 1
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¸ëåã÷ïò ¾ðáñîçò ÃñáììéêÞò Ó÷Ýóçò

H0 : @ ãñáììéêÞ ó÷Ýóç Yi ∼ N(β0, σ
2)

H1 : ∃ ãñáììéêÞ ó÷Ýóç Yi ∼ N(β0 + β1Xi, σ
2)

ÊÜôù áðï ôçí H0 (È. Cohran):
MSR
MSE = F0 ∼ F1,n−2.

Aðïññßðôïõìå ôçí H0 óå åðßðåäï óôáôéóôéêÞò óçìáíôéêüôçôáò α áí

F0 > Fα,1,n−2

Óôçí áðëÞ ãñáììéêÞ ðáëéíäñüìçóç ôï F-test åßíáé éóïäýíáìï ìå ôï t-test.
Ôï F-test üìùò åßíáé ðéï ãåíéêü (åëÝã÷åé ýðáñîç ãñáììéêÞò ó÷Ýóçò êáé óôçí
ðïëëáðëÞ ðáëéíäñüìçóç.)

p-value: Ç ðéèáíüôçôá ìéá ôõ÷áßá ìåôáâëçôÞ ðïõ áêïëïõèåß F1,n−2 êáôáíïìÞ
íá ðÜñåé ôéìÞ ôüóï áêñáßá Þ ðåñéóóüôåñï áêñáßá áðü áõôÞ ðïõ ðáñáôçñÞóáìå
(äçë. áðü F0). Aðïññßðôïõìå ôçí H0 óå åðßðåäï óôáôéóôéêÞò óçìáíôéêüôçôáò
α üôáí p-value<α.



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

F
α,1,n−2

 

Reject H
0
 



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

4 4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

X
i
 

e
i
 



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

3.5 4 4.5 5 5.5 6 6.5
−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

X
i
 

e
i
 



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

3.5 4 4.5 5 5.5 6 6.5

−3

−2

−1

0

1

2

3

X
i
 

e
i
 



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

4 4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6

−1.5

−1

−0.5

0

0.5

1

1.5

X
i
 

e
i
 



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

ÐïëëáðëÞ ÃñáììéêÞ Ðáëéíäñüìçóç

Yi = β0 + β1X1i + β2X2i + . . . + βkXki + εi → Y = XB + ε.

ÐëÞñçò áíôéóôïé÷ßá ìå ôçí áðëÞ ãñáììéêÞ ðáëéíäñüìçóç: Åëá÷éóôïðïßçóç ôïõ∑n
i=1 ε2

i =
∑n

i=1(Yi−(β0+β1X1i+. . .+βkXki))
2. Å.Å.Ô: B̂ = (X ′X)−1X ′Y .

Ðßíáêáò ANOVA H0 : β1 = β2 = . . . = βk = 0

ÐçãÞ SS d.f MS=SS/d.f F p-value
Ðáëéíäñüìçóç SSR k − 1 SSR/(k − 1) MSR/MSE ∗
ÓöÜëìá SSE n− k SSE/(n− k)
Óýíïëï SST n− 1

ÊÜôù áðï ôçí H0:
MSR
MSE = F0 ∼ Fk−1,n−k. Aðïññßðôïõìå ôçí H0 óå åðßðåäï

óôáôéóôéêÞò óçìáíôéêüôçôáò α áí

F0 > Fα,k−1,n−k
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ÓõíôåëåóôÞò Ðñïóäéïñéóìïý

R2 =
SSR

SST
= 1− SSE

SST

ÅêöñÜæåé ôï ðïóïóôü ôçò óõíïëéêÞò ìåôáâëçôüôçôáò ôïõ Y ðïõ ïöåßëåôáé óôçí
ðáëéíäñüìçóç.

ÐñïóáñìïóìÝíïò ÓõíôåëåóôÞò Ðñïóäéïñéóìïý:

R2
adj = 1−

(
n− 1

n− k

)
SSE

SST
< R2.

Ï R2
adj ëáìâÜíåé õðüøç ôïõ êáé ôï ðëÞèïò ôùí ðáñáôçñÞóåùí óå óõíäõáóìü

ìå ôï ðëÞèïò ôùí áíåîÜñôçôùí ìåôáâëçôþí.

Áí ðñïóèÝóïõìå áíåîÜñôçôåò ìåôáâëçôÝò óôï ìïíôÝëï ôï R2 ðÜíôá áõîÜíåôáé,
åíþ ôï R2

adj ü÷é áðáñáßôçôá.
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ÐáñáôÞñçóç

Ïé åðåîçãçìáôéêÝò ìåôáâëçôÝò ôïõ ãñáììéêïý ìïíôÝëïõ Xj, j = 1, . . . , k,
ìðïñåß íá ðáßñíïõí ðñïêáèïñéóìÝíåò ôéìÝò, ìðïñåß üìùò íá åéíáé êáé ôõ÷áßåò
ìåôáâëçôÝò. Óôç äåýôåñç ðåñßðôùóç éó÷ýïõí üëá üóá êáé óôçí ðñþôç áí

• Ôá Xji åßíáé áíåîÜñôçôåò ôõ÷áßåò ìåôáâëçôÝò ìå êáôáíïìÝò ðïõ äåí
åîáñôüíôáé áðü ôéò ðáñáìÝôñïõò ôïõ ìïíôÝëïõ.

• Ç äåóìåõìÝíç êáôáíïìÞ ôïõ Yi äïèÝíôùí ôùí X1i, . . . , Xki Ý÷åé
áíáìåíüìåíç ôéìÞ β0 + β1X1i + . . . + βkXki êáé äéáóðïñÜ σ2.
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Ðïëõóõããñáììéêüôçôá

Ôï ðñüâëçìá ôçò ðïëõóõããñáììéêüôçôáò ðáñïõóéÜæåôáé üôáí ïé åñìçíåõôéêÝò
ìåôáâëçôÝò Xj äåí åéíáé ãñáììéêþò áíåîÜñôçôåò.

Ãéá ðáñáäåéãìá, Ýóôù ôï ãñáììéêü ìïíôÝëï

Yi = β0 + β1X1i + β2X2i + εi,

üðïõ ãéá êÜðïéá λ1 6= λ2 6= 0 éó÷ýåé

λ1X1i + λ2X2i = 0 ⇒ X1i = cX2i, c = −λ2/λ1.

Óå Ýíá õðüäåéãìá ìå ðñüâëçìá ðïëõóõããñáììéêüôçôáò

Yi = β0 + (β1c + β2)X2i + εi,

äåí ìðïñïýìå íá îå÷ùñßóïõìå ôç óõìâïëÞ êÜèå ìåôáâëçôÞò Xji óôçí åñìçíåßá
ôïõ Yi. ÐñáêôéêÜ, ïé åêôéìÞóåéò ôùí β1, β2 äåí åßíáé óôáôéóôéêÜ óçìáíôéêÝò
êáé Ý÷ïõí ìåãÜëç äéáóðïñÜ.
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ÅöáñìïãÝò óôçí Ïéêïíïìåôñßá

Ïé ìáèçìáôéêÝò ó÷Ýóåéò ôçò ÏéêïíïìéêÞò èåùñßáò áöïñïýí óôéò óõó÷åôßóåéò
äéáöüñùí ïéêïíïìéêþí ìåãåèþí. Ç ðïóïôéêïðïßçóç áõôþí ôùí óõó÷åôßóåùí
ãßíåôáé ìå ôç âïÞèåéá óôáôéóôéêþí åñãáëåßùí êáé áðïôåëåß áíôéêåßìåíï ôçò
Ïéêïíïìåôñßáò.

Ãñáììéêá Ìïíôåëá ãéá ×ñïíïëïãéêÝò ÓåéñÝò:
Dt: ç æÞôçóç åíüò áãáèïý êáôÜ ôç ÷ñïíéêÞ óôéãìÞ t, Pt: ç ôéìÞ, Ct: ç
êáôáíÜëùóç, Yt: ôï åéóüäçìá ôç ÷ñïíéêÞ óôéãìÞ t.

Dt = β0 + β1Pt + εt

Ct = α + βYt + εt, β = dCt

dYt
: ñïðÞ ðñïò êáôáíÜëùóç

Ct = α + βYt + γCt−1 + εt: äõíáìéêÞ ó÷Ýóç
Ct = α + βYt + δYt−1 + ωrt + εt

Yt: ôï ðñïúüí ðïõ ðáñÜ÷èçêå ôï Ýôïò t, X1t: ç åñãáóßá (áñéèìüò åñãáôïùñþí),
X2t: ôï êåöÜëáéï (÷éë. åõñþ).

log Yt = β0 + β1 log X1t + β2 log X2t + εt
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Ãñáììéêá Ìïíôåëá ãéá ÄéáóôñùìáôéêÜ Óôïé÷åßá:
Ci = α + βYi + εi, åäþ ìåëåôÜìå ôá óôïé÷åßá ìéáò óõãêåêñéìÝíçò ÷ñïíéÜò ãéá
äéÜöïñá óôñþìáôá, ð.÷. íïéêïêõñéÜ.

ÐáñÜäåéãìá
Yi: ç åôÞóéá êáôáíÜëùóç åíüò ðñïéüíôïò (óå êéëÜ) áðü ôï íïéêïêõñéü i, X1i:
ôï åôÞóéï åéóüäçìá (óå ÷éë. åõñþ) ôïõ íïéêïêõñéïý i, X2i: ï áñéèìüò ìåëþí
óôçí ïéêïãÝíåéá i.

Yi = β0 + β1X1i + β2X2i + εi

¸óôù äåßãìá n = 8 íïéêïêõñéþí:

Yi 18 9 23 16 7 26 22 15
X1i 14 7 17 13 6 19 16 12
X2i 3 1 5 2 1 6 4 2

Åêôéìçèåßóá ãñáììéêÞ ðáëéíäñüìçóç:

Ŷi = −0.412 + 1.173X1i + 0.721X2i
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Åñìçíåßá ôùí óõíôåëåóôþí ðáëéíäñüìçóçò

β̂1 = 1.173: Ãéá áýîçóç ôçò ìåôáâëçôÞò X1 êáôÜ ìéá ìïíÜäá, ìå ôç X2
óôáèåñÞ, ç åîáñôçìÝíç ìåôáâëçôÞ Y áõîÜíåôáé êáôÜ 1.173 ìïíÜäåò. ÄçëáäÞ,
ãéá áýîçóç ôïõ åéóïäÞìáôïò ìéáò ïéêïãÝíåéáò êáôÜ 1000 åõñþ, ìå ôïí áñéèìü
ôùí ìÝëþí ôçò óôáèåñü, ç êáôáíÜëùóÞ ôçò áõîÜíåé êáôÜ 1.173 êéëÜ.

β̂2 = 0.721: Ãéá êÜèå ìÝëïò ðïõ ðñïóôßèåôáé óôçí ïéêïãÝíåéá, ìå óôáèåñü
åéóüäçìá, ç êáôáíÜëùóç áõîÜíåôáé êáôÜ 0.721 êéëÜ.

Ïé óõíôåëåóôÝò ôçò ðáëéíäñüìçóçò äåí åêöñÜæïíôáé óôçí ßäéá ìïíÜäá (β1:
êéëÜ/÷éë. åõñþ, β2: êéëÜ/áñéè. áôüìùí), Üñá äåí õðÜñ÷åé óõãêñéóéìüôçôá.
→ Äåßêôåò (áðáëëáãìÝíïé áðü ìïíÜäåò).

Åëëáóôéêüôçôåò

ηY |X1
= β̂1

X̄1

Ȳ
= 1.17313

17 = 0.897, ηY |X2
= β̂2

X̄2

Ȳ
= 0.721 3

17 = 0.127

Ãéá 10% áýîçóç ôïõ åéóïäÞìáôïò Ý÷ïõìå 8.97% áýîçóç ôçò êáôáíÜëùóçò.
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Output: ÁðëÞ ÃñáììéêÞ Ðáëéíäñüìçóç ùò ðñïò X1.

Coefficients:

Value Std. Error t value Pr(>|t|)

(Intercept) -1.7973 0.7363 -2.4410 0.0504

X1 1.4459 0.0538 26.8904 0.0000

R-Squared: 0.9918 F-statistic: 723.1 on 1 and 6 df

The p-value is 1.747e-007

Analysis of Variance Table

Response: Y

Df Sum of Sq Mean Sq F Value Pr(F)

X1 1 309.432 309.432 723.094 1.75e-007

Residuals 6 2.567 0.427
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Output: ÁðëÞ ÃñáììéêÞ Ðáëéíäñüìçóç ùò ðñïò X2.

Coefficients:

Value Std. Error t value Pr(>|t|)

(Intercept) 6.6250 1.4422 4.5938 0.0037

X2 3.4583 0.4163 8.3069 0.0002

R-Squared: 0.92 F-statistic: 69.01 on 1 and 6 df

The p-value is 0.000165

Analysis of Variance Table

Response: Y

Df Sum of Sq Mean Sq F Value Pr(F)

X2 1 287.041 287.041 69.005 0.000165

Residuals 6 24.958 4.159
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Output: ÐïëëáðëÞ ÃñáììéêÞ Ðáëéíäñüìçóç.

Coefficients:

Value Std. Error t value Pr(>|t|)

(Intercept) -0.4135 0.7549 -0.5477 0.6075

X1 1.1731 0.1130 10.3853 0.0001

X2 0.7212 0.2805 2.5710 0.0500

R-Squared: 0.9965 F-statistic: 702.9 on 2 and 5 df

The p-value is 7.478e-007

Analysis of Variance Table

Response: Y

Df Sum of Sq Mean Sq F Value Pr(F)

X1 1 309.432 309.432 1399.17 0.000

X2 1 1.461 1.461 6.61 0.050

Residuals 5 1.105 0.221
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ÁðëÞ ÃñáììéêÞ Ðáëéíäñüìçóç

(Y,X1): Ŷi = −1.787 + 1.445∗X1i, R
2 = 0.992, R2

adj = 0.991.

(Y,X2): Ŷi = 6.625 + 3.458∗X2i, R
2 = 0.920, R2

adj = 0.907.

ÐïëëáðëÞ ÃñáììéêÞ Ðáëéíäñüìçóç

(Y,X1, X2): Ŷi = −0.412+1.173∗X1i +0.721X2i, R
2 = 0.996, R2

adj = 0.994.

¼ëá ôá F-test (ãéá ôéò 3 ðáëéíäñïìÞóåéò) äÝ÷ïíôáé ôçí H0 (ýðáñîç ãñáììéêÞò
ó÷Ýóçò). Ùóôüóï, óôçí ðïëëáðëÞ ãñáììéêÞ ðáëéíäñüìçóç ï äåõôåñïò
óõíôåëåóôÞò åßíáé óôáôéóôéóôéêÜ áóÞìáíôïò.

Óýìöùíá ìå ôçí ðñþôç áðëÞ ãñáììéêÞ ðáëéíäñüìçóç ç X1 åñìçíåýåé ôçí
ìåôáâëçôüôçôá ôçò Y êáôÜ 99.2%, áöÞíïíôáò áíåñìÞíåõôï ôï 0.8%. Ç
ðïëëáðëÞ ðáëéíäñüìçóç ìåéþíåé ôï áíåñìÞíåõôï ðïóïóôï óôï 0.4%.


