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ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÇàäà÷à èññëåäîâàíèÿ âçàèìîñâÿçè ìåæäó ïðèçíàêàìè
Äàíî: çíà÷åíèÿ ïðèçíàêîâ X,Y èçìåðåíû íà îáúåêòàõ 1, . . . , n.Ýêâèâàëåíòíàÿ �îðìóëèðîâêà: èìåþòñÿ ñâÿçíûå âûáîðêè
Xn = (X1, . . . , Xn) è Y n = (Y1, . . . , Yn).Íàñêîëüêî ñèëüíî ïðèçíàêè X,Y ñâÿçàíû ìåæäó ñîáîé?Ñòàòèñòè÷åñêàÿ âçàèìîñâÿçü ìåæäó ñëó÷àéíûìè âåëè÷èíàìè �êîððåëÿöèÿ.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ è ïðè÷èííîñòüÊîððåëÿöèÿ � ìåðà àññîöèàòèâíîé ñâÿçè (îäíîâðåìåííàÿ âñòðå÷àåìîñòüñîáûòèé, ñõîäñòâî ïàòòåðíîâ).Íèêàêîãî îòíîøåíèÿ ê ïðè÷èííî-ñëåäñòâåííîé ñâÿçè îíà íå èìååò!
Ïðèìåð:
Ñòàòèñòèêà íå çàíèìàåòñÿ è íå èìååò ñðåäñòâ äëÿ òîãî, ÷òîáû çàíèìàòüñÿïðè÷èííî-ñëåäñòâåííûìè ñâÿçÿìè. ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ ÏèðñîíàÊîððåëÿöèÿ Ïèðñîíà (Pearson produt-moment orrelation oe�ient):
rXY =

cov (X,Y )√
DXDY

=
E ((X − EX) (Y − EY ))√

DXDY
.Âûáîðî÷íûé êîý��èöèåíò êîððåëÿöèè Ïèðñîíà:

rXY =

n
∑

i=1

(

Xi − X̄
) (

Yi − Ȳ
)

√

n
∑

i=1

(

Xi − X̄
)2

n
∑

i=1

(

Yi − Ȳ
)2

.

rXY ∈ [−1, 1] � ñèëà ëèíåéíîé ñâÿçè. ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ Ïèðñîíà

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé Ñòüþäåíòàâûáîðêè: Xn = (X1, . . . , Xn) ,
Y n = (Y1, . . . , Yn) , âûáîðêè ñâÿçíûå,
(X,Y ) ∼ N (µ,Σ) ;íóëåâàÿ ãèïîòåçà: H0 : rXY = 0;àëüòåðíàòèâà: H1 : rXY < 6=> 0;ñòàòèñòèêà: T (Xn, Y n) = rXY

√
n−2√

1−r2
XY

;

T (Xn, Y n) ∼ St(n− 2) ïðè H0;
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1− tcdf (t, n− 2) , H1 : rXY > 0,

tcdf (t, n− 2) , H1 : rXY < 0,

2 · (1− tcdf (|t|, n− 2)) , H1 : rXY 6= 0.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé Ñòüþäåíòà
Äîâåðèòåëüíûé èíòåðâàë äëÿ êîý��èöèåíòà êîððåëÿöèè:

rXY ± tn−2,α/2

(

1− r2XY

)

√
n

.C èñïîëüçîâàíèåì ïðåîáðàçîâàíèÿ Ôèøåðà:
[

tanh

(

arctanh (rXY )− zα/2√
n− 3

)

, tanh

(

arctanh (rXY ) +
zα/2√
n− 3

)]

.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé Ñòüþäåíòà
Ïðèìåð: äëÿ äâóõ ìàðîê çóáíîé ïàñòû, îäíà èç êîòîðûõ ðåêëàìèðóåòñÿïî òåëåâèçîðó, à äðóãàÿ íåò, ó÷àñòíèêè îïðîñà âûñòàâëÿþò îöåíêè âáàëëàõ îò 1 äî 20 â ñîîòâåòñòâèè ñî ñâîèìè ïðåäïî÷òåíèÿìè.Êîý��èöèåíò êîððåëÿöèè Ïèðñîíà ìåæäó îöåíêàìè äâóõ ìàðîêñîñòàâëÿåò 0.32, çíà÷èìî ëè ýòà âåëè÷èíà îòëè÷àåòñÿ îò íóëÿ?
H0 : rXY = 0.
H1 : rXY 6= 0 ⇒ p = 0.0979.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏåðåñòàíîâî÷íûé êðèòåðèéâûáîðêè: Xn = (X1, . . . , Xn) ,
Y n = (Y1, . . . , Yn) , âûáîðêè ñâÿçíûå;íóëåâàÿ ãèïîòåçà: H0 : rXY = 0;àëüòåðíàòèâà: H1 : rXY < 6=> 0;ñòàòèñòèêà: T (Xn, Y n) = rXY .�àñïðåäåëåíèå T (Xn, Y n) ïðè H0 ïîðîæäàåòñÿ ãðóïïîé ïåðåñòàíîâîê

G = {g : gY n = (Yπ1
, . . . , Yπn)} ,ãäå π1, . . . , πn � ïåðåñòàíîâêà èíäåêñîâ 1, . . . , n;

|G| = n!.Äîñòèãàåìûé óðîâåíü çíà÷èìîñòè:
p(t) =











∑

g∈G

[r(Xn,gY n)≤≥r(Xn,Y n)]

n!
, H1 : rXY <> 0,

∑

g∈G

[|r(Xn,gY n)|≥|r(Xn,Y n)|]

n!
, H1 : rXY 6= 0.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏåðåñòàíîâî÷íûé êðèòåðèé
Ïåðåñòàíîâî÷íûé äîâåðèòåëüíûé èíòåðâàë äëÿ êîý��èöèåíòà êîððåëÿöèèîáðàçîâàí âûáîðî÷íûìè êâàíòèëÿìè ïîðÿäêà α/2 è 1− α/2ïåðåñòàíîâî÷íîãî ðàñïðåäåëåíèÿ r (Xn, gY n) .

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏåðåñòàíîâî÷íûé êðèòåðèé
Ïðèìåð: â ïðåäûäóùåì ïðèìåðå
H0 : rXY = 0.
H1 : rXY 6= 0 ⇒ p = 0.0715.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÍåäîñòàòêè
Íåäîñòàòêè âûáîðî÷íîãî r:ñëóæèò ìåðîé òîëüêî ëèíåéíîé âçàèìîñâÿçè;íåóñòîé÷èâ ê âûáðîñàì;äëÿ ðàñïðåäåëåíèé, îòëè÷íûõ îò äâóìåðíîãî íîðìàëüíîãî,âûáîðî÷íûé êîý��èöèåíò êîððåëÿöèè Ïèðñîíà ïåðåñòà¼ò áûòüý��åêòèâíîé îöåíêîé ïîïóëÿöèîííîãî.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ ÑïèðìåíàÊîý��èöèåíò êîððåëÿöèè Ñïèðìåíà � êîý��èöèåíò êîððåëÿöèè Ïèðñîíàðàíãîâ íàáëþäåíèé â âûáîðêàõ Xn, Y n:
ρXY =

n
∑

i=1

(

r (Xi)− n+1
2

) (

r (Yi)− n+1
2

)

1
12

(n3 − n)
=

= 1− 6

n
∑

i=1

(r (Xi)− r (Yi))
2

n3 − n
,ãäå r (Xi) , r (Yi) � ðàíãè i-õ íàáëþäåíèé â ñîîòâåòñòâóþùèõ âûáîðêàõ.

ρXY ∈ [−1, 1] � ñèëà ìîíîòîííîé ñâÿçè.
ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ Ñïèðìåíà

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ Ñïèðìåíà

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé Ñòüþäåíòàâûáîðêè: Xn = (X1, . . . , Xn) ,
Y n = (Y1, . . . , Yn) , âûáîðêè ñâÿçíûå;íóëåâàÿ ãèïîòåçà: H0 : ρXY = 0;àëüòåðíàòèâà: H1 : ρXY < 6=> 0;ñòàòèñòèêà: T (Xn, Y n) = ρXY

√
n−2√

1−ρ2
XY

;

T (Xn, Y n) ∼ St(n− 2) ïðè H0;
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)äîñòèãàåìûé óðîâåíü çíà÷èìîñòè:
p (t) =











1− tcdf (t, n− 2) , H1 : ρXY > 0,

tcdf (t, n− 2) , H1 : ρXY < 0,

2 · (1− tcdf (|t|, n− 2)) , H1 : ρXY 6= 0.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé Ñòüþäåíòà
Ïðèìåð: âûáîðêà èç 11 ïîòðåáèòåëåé âåãåòàðèàíñêèõ ñîñèñîê îöåíèâàåòêà÷åñòâî äâóõ áðåíäîâ. Åñëè öåëåâàÿ àóäèòîðèÿ äâóõ áðåíäîâ ñîâïàäàåò,òî èõ ðåêëàìó ìîæíî äàâàòü ñîâìåñòíî. Êîððåëÿöèÿ Ñïèðìåíà îöåíîêïîòðåáèòåëåé ðàâíà -0.854.
H0 : ρXY = 0.
H1 : ρXY 6= 0 ⇒ p = 0.0024.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ Êåíäàëëà
Êîý��èöèåíò êîððåëÿöèè Êåíäàëëà � ìåðà âçàèìíîé íåóïîðÿäî÷åííîñòè
Xn è Y n:

τXY = 1− 4

n (n− 1)

n−1
∑

i=1

n
∑

j=1

[[Xi < Xj ] 6= [Yi < Yj ]] =
S −R

S +R
,ãäå R � ÷èñëî íåñîãëàñîâàííûõ ïàð, S � ÷èñëî ñîãëàñîâàííûõ.

τXY ∈ [−1, 1] � ñèëà ìîíîòîííîé ñâÿçè.
ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ Êåíäàëëà

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ Êåíäàëëà

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé áåç íàçâàíèÿâûáîðêè: Xn = (X1, . . . , Xn) ,
Y n = (Y1, . . . , Yn), âûáîðêè ñâÿçíûå;íóëåâàÿ ãèïîòåçà: H0 : τXY = 0;àëüòåðíàòèâà: H1 : τXY < 6=> 0;ñòàòèñòèêà: τXY ;
τXY èìååò òàáëè÷íîå ðàñïðåäåëåíèå ïðè H0.Ïðè ñïðàâåäëèâîñòè H0

EτXY = 0, DτXY =
2 (2n+ 5)

9n (n− 1)
.Äëÿ n > 10 ñïðàâåäëèâà àïïðîêñèìàöèÿ:

τXY√
DτXY

∼ N(0, 1).ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé áåç íàçâàíèÿ
Ïðèìåð: íàëîãîâûé èíñïåêòîð õî÷åò ïðîâåðèòü íàëè÷èå âçàèìîñâÿçèìåæäó âåëè÷èíàìè îáùåãî äîõîäà îò èíâåñòèöèé è îáùåãî îáú¼ìàäîïîëíèòåëüíûõ äîõîäîâ. Íà âûáîðêå èç 10 íàëîãîâûõ äåêëàðàöèé îíïîëó÷èë R = 5, S = 38, τXY = 0.7821.
H0 : τXY = 0 .
H1 : τXY 6= 0 ⇒ p = 0.0027.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÑâÿçü êîý��èöèåíòîâ êîððåëÿöèèÅñëè (X,Y ) ∼ N (µ,Σ), òî
lim

n→∞
EτXY = lim

n→∞
EρXY =

2

π
arcsin rXY .Ïðè ñïðàâåäëèâîñòè H0 (îòñóòñòâèè ìîíîòîííîé çàâèñèìîñòè)

rρXY τXY =
2n+ 2√
4n2 + 10n

.
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ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêè×àñòíàÿ êîððåëÿöèÿÅñëè ìû ïîäîçðåâàåì, ÷òî íàáëþäàåìàÿ ëèíåéíàÿ âçàèìîñâÿçü ìåæäóïðèçíàêàìè X è Y âûçâàíà âëèÿíèåì òðåòüåé ïåðåìåííîé Z, ìîæíîïîïûòàòüñÿ å¼ èñêëþ÷èòü.×àñòíàÿ êîððåëÿöèÿ:
rXY |Z =

rXY − rXZrY Z
√

(1− r2XZ) (1− r2Y Z)
.Åñëè íóæíî èñêëþ÷èòü âëèÿíèå íåñêîëüêèõ ïðèçíàêîâ, ìîæíîïîëüçîâàòüñÿ ðåêóððåíòíîé �îðìóëîé:

rXY |ZV =
rXY |V − rXZ|V rY Z|V

√

(

1− r2XZ|V

)(

1− r2Y Z|V

)

.Äðóãîé âàðèàíò: åñëè M � ìíîæåñòâî ïðèçíàêîâ, Ω � îáðàòèìàÿ ìàòðèöàèõ êîððåëÿöèé, R = Ω−1, òî
rXiXj |M\{Xi,Xj} = − rij√

riirjj
.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé Ñòüþäåíòàâûáîðêè: Xn = (X1, . . . , Xn) , Y n = (Y1, . . . , Yn) ,
Zn = (Z1, . . . , Zn) , Zi ∈ R

M , (X,Y, Z) ∼ N (µ,Σ) ;íóëåâàÿ ãèïîòåçà: H0 : rXY |Z = 0;àëüòåðíàòèâà: H1 : rXY |Z < 6=> 0;ñòàòèñòèêà: T (Xn, Y n, Zn) =
rXY |Z

√
n−M−2

√

1−r2
XY |Z

;

T (Xn, Y n, Zn) ∼ St(n−M − 2) ïðè H0;
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p(
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)äîñòèãàåìûé óðîâåíü çíà÷èìîñòè:
p (t) =











1− tcdf (t, n−M − 2) , H1 : rXY |Z > 0,

tcdf (t, n−M − 2) , H1 : rXY |Z < 0,

2 · (1− tcdf (|t|, n−M − 2)) , H1 : rXY |Z 6= 0.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÌíîæåñòâåííàÿ êîððåëÿöèÿÄëÿ òîãî, ÷òîáû îöåíèòü ñèëó ëèíåéíîé âçàèìîñâÿçè îäíîé ïåðåìåííîéñ íåñêîëüêèìè äðóãèìè, èñïîëüçóåòñÿ ìíîæåñòâåííàÿ êîððåëÿöèÿ:
r2X,Y Z =

r2XY + r2XZ − 2rXY rXZrY Z

1− r2Y Z

.Äëÿ áîëüøåãî ÷èñëà ïðèçíàêîâ: ïóñòü M � ìíîæåñòâî äîïîëíèòåëüíûõïðèçíàêîâ, Ω � îáðàòèìàÿ ìàòðèöà èõ êîððåëÿöèé, R = Ω−1, c � âåêòîðêîððåëÿöèé öåëåâîãî ïðèçíàêà X ñ ïðèçíàêàìè èç M ; òîãäà
r2X,M = cTRc.Ôàêòè÷åñêè íàõîäèòñÿ òàêàÿ ëèíåéíàÿ êîìáèíàöèÿ ïðèçíàêîâ èç M , ÷òîêîððåëÿöèÿ X ñ íåé ìàêñèìàëüíà. ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé Ôèøåðàâûáîðêè: Xn = (X1, . . . , Xn) ,
Y n = (Y1, . . . , Yn) , Yi ∈ R

M , (X,Y ) ∼ N (µ,Σ) ;íóëåâàÿ ãèïîòåçà: H0 : rX,Y = 0;àëüòåðíàòèâà: H1 : rX,Y 6= 0;ñòàòèñòèêà: F (Xn, Y n) =
r2X,Y

1−r2
X,Y

n−M−1
M−2

;

F (Xn, Y n) ∼ F (M − 2, n−M − 1) ïðè H0;
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)äîñòèãàåìûé óðîâåíü çíà÷èìîñòè:
p (f) = 1− fcdf (f,M − 2, n−M − 1) .ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒåìïåðàòóðà âîçäóõà è ãåîãðà�è÷åñêîå ïîëîæåíèåÏî 56 ãîðîäàì ÑØÀ èçâåñòíû ñðåäíÿÿ ìèíèìàëüíàÿ òåìïåðàòóðà ÿíâàðÿè ãåîãðà�è÷åñêèå êîîðäèíàòû (øèðîòà, äîëãîòà). Òðåáóåòñÿ èññëåäîâàòüõàðàêòåð çàâèñèìîñòè ìåæäó ïåðåìåííûìè.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒåìïåðàòóðà âîçäóõà è ãåîãðà�è÷åñêîå ïîëîæåíèå
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ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒåìïåðàòóðà âîçäóõà è ãåîãðà�è÷åñêîå ïîëîæåíèå
T � òåìïåðàòóðà, λ � äîëãîòà, φ � øèðîòà;
r � êîððåëÿöèÿ Ïèðñîíà, τ � Êåíäàëëà, ρ � Ñïèðìåíà.Êîý��èöèåíòû êîððåëÿöèè:

r T φ λ τ T φ λ ρ T φ λ

T 1.000 -0.848 0.024 T 1.000 -0.683 0.030 T 1.000 -0.815 0.030
φ -0.848 1.000 0.145 φ -0.683 1.000 -0.011 φ -0.815 1.000 0.023
λ 0.024 0.145 1.000 λ 0.030 -0.011 1.000 λ 0.030 0.023 1.000Äîñòèãàåìûå óðîâíè çíà÷èìîñòè:
r T φ λ τ T φ λ ρ T φ λ

T 0.000 0.000 0.861 T 0.000 0.000 0.756 T 0.000 0.000 0.829
φ 0.000 0.000 0.287 φ 0.000 0.000 0.910 φ 0.000 0.000 0.865
λ 0.861 0.287 0.000 λ 0.756 0.910 0.000 λ 0.829 0.865 0.000

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒåìïåðàòóðà âîçäóõà è ãåîãðà�è÷åñêîå ïîëîæåíèå
T � òåìïåðàòóðà, λ � äîëãîòà, φ � øèðîòà;
r � ÷àñòíàÿ êîððåëÿöèÿ Ïèðñîíà, ρ � Ñïèðìåíà.Êîý��èöèåíòû ÷àñòíîé êîððåëÿöèè:

r T φ λ ρ T φ λ

T 1.000 -0.861 0.280 T 1.000 -0.817 0.084
φ -0.861 1.000 0.312 φ -0.817 1.000 0.082
λ 0.280 0.312 1.000 λ 0.084 0.082 1.000Äîñòèãàåìûå óðîâíè çíà÷èìîñòè:
r T φ λ ρ T φ λ

T 0.000 0.000 0.039 T 0.000 0.000 0.543
φ 0.000 0.000 0.021 φ 0.000 0.000 0.552
λ 0.039 0.021 0.000 λ 0.543 0.552 0.000

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒåìïåðàòóðà âîçäóõà è ãåîãðà�è÷åñêîå ïîëîæåíèå
T � òåìïåðàòóðà, λ � äîëãîòà, φ � øèðîòà;
R � ìíîæåñòâåííàÿ êîððåëÿöèÿ.Êîý��èöèåíòû ìíîæåñòâåííîé êîððåëÿöèè:

T φ λ

R 0.659 0.667 0.312with 0.235 · λ − 0.638 · φ 0.397 · λ − 0.678 · T 1.542 · T + 2.450 · φ
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Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÂåñ è ëèíåéíûå ðàçìåðû ðûáÂ 1917 ãîäó â �èíñêîì îçåðå Langelmavesi èññëåäîâàòåëè ïîéìàëè èèçìåðèëè 81 ðûáó òð¼õ ñõîæèõ âèäîâ. Èçâåñòíû: âåñ, äëèíà îò íîñà äîíà÷àëà õâîñòà, äëèíà îò íîñà äî ðàçâèëêè õâîñòà, äëèíà îò íîñà äîêîí÷èêà õâîñòà, íàèáîëüøàÿ âûñîòà, íàèáîëüøàÿ òîëùèíà. Èññëåäîâàòüâçàèìîñâÿçè ìåæäó ïåðåìåííûìè.
ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÂåñ è ëèíåéíûå ðàçìåðû ðûá
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ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÂåñ è ëèíåéíûå ðàçìåðû ðûáÏîïàðíûå êîððåëÿöèè Ïèðñîíà:
ρ Weight Length1 Length2 Length3 Width ThiknessWeight 1.0000 0.9575 0.9581 0.9545 0.9527 0.9584Length1 0.9575 1.0000 0.9996 0.9974 0.9753 0.9718Length2 0.9581 0.9996 1.0000 0.9973 0.9754 0.9724Length3 0.9545 0.9974 0.9973 1.0000 0.9822 0.9707Width 0.9527 0.9753 0.9754 0.9822 1.0000 0.9734Thikness 0.9584 0.9718 0.9724 0.9707 0.9734 1.0000Íàèáîëüøèé äîñòèãàåìûé óðîâåíü çíà÷èìîñòè: p = 2.8772 × 10−43.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÂåñ è ëèíåéíûå ðàçìåðû ðûáÏîïàðíûå êîððåëÿöèè Êåíäàëëà:
ρ Weight Length1 Length2 Length3 Width ThiknessWeight 1.0000 0.9125 0.9162 0.9177 0.8805 0.8827Length1 0.9125 1.0000 0.9834 0.9609 0.8467 0.8558Length2 0.9162 0.9834 1.0000 0.9520 0.8444 0.8631Length3 0.9177 0.9609 0.9520 1.0000 0.8720 0.8540Width 0.8805 0.8467 0.8444 0.8720 1.0000 0.8223Thikness 0.8827 0.8558 0.8631 0.8540 0.8223 1.0000Íàèáîëüøèé äîñòèãàåìûé óðîâåíü çíà÷èìîñòè: p = 1.3078 × 10−26.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÂåñ è ëèíåéíûå ðàçìåðû ðûáÏîïàðíûå êîððåëÿöèè Ñïèðìåíà:
ρ Weight Length1 Length2 Length3 Width ThiknessWeight 1.0000 0.9871 0.9864 0.9881 0.9738 0.9715Length1 0.9871 1.0000 0.9984 0.9955 0.9627 0.9638Length2 0.9864 0.9984 1.0000 0.9933 0.9594 0.9655Length3 0.9881 0.9955 0.9933 1.0000 0.9719 0.9637Width 0.9738 0.9627 0.9594 0.9719 1.0000 0.9440Thikness 0.9715 0.9638 0.9655 0.9637 0.9440 1.0000Íàèáîëüøèé äîñòèãàåìûé óðîâåíü çíà÷èìîñòè: p = 8.4691 × 10−40.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÂåñ è ëèíåéíûå ðàçìåðû ðûá×àñòíûå êîððåëÿöèè Ïèðñîíà:
ρ Weight Length1 Length2 Length3 Width ThiknessWeight 1.0000 0.0458 0.0880 -0.2054 0.2404 0.2372Length1 0.0458 1.0000 0.8847 0.2814 -0.1484 0.0318Length2 0.0880 0.8847 1.0000 0.1743 -0.0958 0.1314Length3 -0.2054 0.2814 0.1743 1.0000 0.6557 -0.2526Width 0.2404 -0.1484 -0.0958 0.6557 1.0000 0.4690Thikness 0.2372 0.0318 0.1314 -0.2526 0.4690 1.0000Äîñòèãàåìûå óðîâíè çíà÷èìîñòè:p-value Weight Length1 Length2 Length3 Width ThiknessWeight 0 0.6926 0.4466 0.0731 0.0352 0.0378Length1 0.6926 0 0.0000 0.0132 0.1976 0.7840Length2 0.4466 0.0000 0 0.1294 0.4070 0.2546Length3 0.0731 0.0132 0.1294 0 0.0000 0.0266Width 0.0352 0.1976 0.4070 0.0000 0 0.0000Thikness 0.0378 0.7840 0.2546 0.0266 0.0000 0ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÂåñ è ëèíåéíûå ðàçìåðû ðûá×àñòíûå êîððåëÿöèè Ñïèðìåíà:
ρ Weight Length1 Length2 Length3 Width ThiknessWeight 1.0000 0.0626 0.1041 0.0956 0.4291 0.3943Length1 0.0626 1.0000 0.8515 0.5177 -0.0510 -0.1310Length2 0.1041 0.8515 1.0000 -0.0940 -0.1433 0.1887Length3 0.0956 0.5177 -0.0940 1.0000 0.4051 0.0327Width 0.4291 -0.0510 -0.1433 0.4051 1.0000 -0.0165Thikness 0.3943 -0.1310 0.1887 0.0327 -0.0165 1.0000Äîñòèãàåìûå óðîâíè çíà÷èìîñòè:p-value Weight Length1 Length2 Length3 Width ThiknessWeight 0 0.5885 0.3674 0.4083 0.0001 0.0004Length1 0.5885 0 0.0000 0.0000 0.6598 0.2562Length2 0.3674 0.0000 0 0.4163 0.2139 0.1003Length3 0.4083 0.0000 0.4163 0 0.0003 0.7774Width 0.0001 0.6598 0.2139 0.0003 0 0.8869Thikness 0.0004 0.2562 0.1003 0.7774 0.8869 0ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÂåñ è ëèíåéíûå ðàçìåðû ðûáÌíîæåñòâåííàÿ êîððåëÿöèÿ âñåõ ïðèçíàêîâ ñ âåñîì: R = 0.9207.Ìàêñèìèçèðóþùàÿ êîððåëÿöèþ ëèíåéíàÿ êîìáèíàöèÿ:
292.2458 · Length1− 151.1554 · Length2− 151.0027 · Length3 + 148.8896 ·
Width+ 83.4345 · Thickness.
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WeightÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒàáëèöà ñîïðÿæ¼ííîñòè K × LÏóñòü X è Y � êàòåãîðèàëüíûå ïåðåìåííûå,
X ∈ {1, . . . ,K}, Y ∈ {1, . . . , L} .
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nkl.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé õè-êâàäðàò

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé õè-êâàäðàòâûáîðêè: Xn = (X1, . . . , Xn) , Xi ∈ {1, . . . , K} ,
Y n = (Y1, . . . , Yn) , Yi ∈ {1, . . . , L} , âûáîðêè ñâÿçíûå;íóëåâàÿ ãèïîòåçà: H0 : X è Y íåçàâèñèìû;àëüòåðíàòèâà: H1 : H0 íåâåðíà;ñòàòèñòèêà: χ2 (Xn, Y n) =
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;

χ2 (Xn, Y n) ∼ χ2
(K−1)(L−1) ïðè H0;
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.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé õè-êâàäðàò
Óñëîâèÿ ïðèìåíèìîñòè êðèòåðèÿ:

n ≥ 40;
nknl

n
< 5 íå áîëåå ÷åì â 20% ÿ÷ååê.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèG-êðèòåðèé âûáîðêè: Xn = (X1, . . . , Xn) , Xi ∈ {1, . . . , K} ,
Y n = (Y1, . . . , Yn) , Yi ∈ {1, . . . , L} , âûáîðêè ñâÿçíûå;íóëåâàÿ ãèïîòåçà: H0 : X è Y íåçàâèñèìû;àëüòåðíàòèâà: H1 : H0 íåâåðíà;ñòàòèñòèêà: G2 (Xn, Y n) = 2

K
∑

k=1
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∑

l=1

nkl ln
nkln
nknl

;

G2 (Xn, Y n) ∼ χ2
(K−1)(L−1) ïðè H0;
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.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîý��èöèåíò V ÊðàìåðàÌåðà âçàèìîñâÿçè ìåæäó äâóìÿ êàòåãîðèàëüíûìè ïåðåìåííûìè �êîý��èöèåíò V Êðàìåðà:
φc (X

n, Y n) =

√

χ2 (Xn, Y n)

n (min (K,L)− 1)
.

φc ∈ [0, 1] ; 0 ñîîòâåòñòâóåò ïîëíîìó îòñóòñòâèþ âçàèìîñâÿçè, 1 �ðàâåíñòâó ïåðåìåííûõ.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÑìåðòíîñòü ñðåäè êîðîëåâñêèõ ïèíãâèíîâDesamps et al., Relating demographi performane to breeding-site loation inthe king penguin, 2009: áûëî ïîìå÷åíî 50 êîðîëåâñêèõ ïèíãâèíîâ â êàæäîéèç òð¼õ îáëàñòåé ãíåçäîâàíèÿ íà îñòðîâå Âëàäåíèå àðõèïåëàãà Êðîçå;÷åðåç ãîä áûëè ñîáðàíû äàííûå î òîì, ñêîëüêî ïèíãâèíîâ ïîãèáëîâ êàæäîé èç ãðóïï.Îäèíàêîâà ëè ñìåðòíîñòü ïèíãâèíîâ, îáèòàþùèõ â ðàçëè÷íûõ îáëàñòÿõãíåçäîâàíèÿ?

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÑìåðòíîñòü ñðåäè êîðîëåâñêèõ ïèíãâèíîâÂûæèëî ÏîãèáëîLower area 43 7Middle area 44 6Upper area 49 1Êîý��èöèåíò Êðàìåðà: V = 0.1804.Êðèòåðèé õè-êâàäðàò: p = 0.0872.Îæèäàåìîå ÷èñëî íàáëþäåíèé âî âñåõ ÿ÷åéêàõ âòîðîãî ñòîëáöà ìåíüøå 5
⇒ ïðèìåíèìîñòü êðèòåðèÿ ïîä âîïðîñîì.G-êðèòåðèé: p = 0.04827.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒàáëèöà ñîïðÿæ¼ííîñòè 2× 2

Ïóñòü X è Y ïðèíèìàþò çíà÷åíèÿ 0 è 1.
H
H
H
HH

X
Y 0 1 Σ0 a b a+ b1 c d c+ d

Σ a+ c b+ d n

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé õè-êâàäðàòâûáîðêè: Xn = (X1, . . . , Xn) , Xi ∈ {0, 1} ,
Y n = (Y1, . . . , Yn) , Yi ∈ {0, 1} , âûáîðêè ñâÿçíûå;íóëåâàÿ ãèïîòåçà: H0 : X è Y íåçàâèñèìû;àëüòåðíàòèâà: H1 : H0 íåâåðíà;ñòàòèñòèêà: χ2 (Xn, Y n) = n(ad−bc)2

(a+b)(a+c)(b+d)(c+d)
;

χ2 (Xn, Y n) ∼ χ2
1 ïðè H0;
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äîñòèãàåìûé óðîâåíü çíà÷èìîñòè:
p
(

χ2) = 1− chi2cdf
(

χ2, 1
)

.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé õè-êâàäðàò
Óñëîâèÿ ïðèìåíèìîñòè êðèòåðèÿ:

n ≥ 40;
a, b, c, d > 5.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊðèòåðèé õè-êâàäðàò
Ïðèìåð: ñîáðàíû äàííûå ïî äâóì ãðóïïàì êàíäèäàòîâ â ïèëîòû, äëÿêàæäîãî èç íèõ èìåþòñÿ ðåçóëüòàòû äâóõ ñïîñîáîâ òåñòèðîâàíèÿ ñêîðîñòèðåàêöèè. Åñòü ëè ñâÿçü ìåæäó ñïîñîáîì òåñòèðîâàíèÿ è ÷èñëîìîòîáðàííûõ êàíäèäàòîâ?
a = 15, b = 85, c = 4, d = 77.

H0 : ìåæäó ñïîñîáîì òåñòèðîâàíèÿ è ÷èñëîì îòîáðàííûõ êàíäèäàòîâ íåòñâÿçè.
H1 : ñïîñîá òåñòèðîâàíèÿ êàê-òî ñâÿçàí ñ ÷èñëîì îòîáðàííûõ êàíäèäàòîâ
⇒ p = 0.0286.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒî÷íûé êðèòåðèé Ôèøåðàâûáîðêè: Xn = (X1, . . . , Xn) , Xi ∈ {0, 1} ,
Y n = (Y1, . . . , Yn) , Yi ∈ {0, 1} , âûáîðêè ñâÿçíûå;íóëåâàÿ ãèïîòåçà: H0 : X è Y íåçàâèñèìû;àëüòåðíàòèâà: H1 : H0 íåâåðíà.Ïóñòü ñóììû ïî ñòðîêàì è ñòîëáöàì �èêñèðîâàíû, òîãäà âåðîÿòíîñòüïîÿâëåíèÿ íàáëþäàåìîé òàáëèöû ðàâíà

p (Xn, Y n) =
(a+ b)!(c+ d)!(a+ c)!(b + d)!

a!b!c!d!n!
.Äîñòèãàåìûé óðîâåíü çíà÷èìîñòè îïðåäåëÿåòñÿ êàê ñóììà ïî âñåìâîçìîæíûì âàðèàíòàì òàáëèöû, èìåþùèì âåðîÿòíîñòü íå áîëüøå

p (Xn, Y n).Äëÿ îäíîñòîðîííåé àëüòåðíàòèâû (H1 : ad ≪ bc) äîñòèãàåìûé óðîâåíüçíà÷èìîñòè ëåãêî îïðåäåëèòü ÷åðåç ãèïåðãåîìåòðè÷åñêîå ðàñïðåäåëåíèå:
p =

a
∑

i=0

Ci
a+bC

a+c−i
c+d

Ca+c
n

.ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÒî÷íûé êðèòåðèé Ôèøåðà
Ïðèìåð: ñîáðàíû äàííûå ïî äâóì ãðóïïàì êàíäèäàòîâ â ïèëîòû, äëÿêàæäîãî èç íèõ èìåþòñÿ ðåçóëüòàòû äâóõ ñïîñîáîâ òåñòèðîâàíèÿ ñêîðîñòèðåàêöèè. Åñòü ëè ñâÿçü ìåæäó ñïîñîáîì òåñòèðîâàíèÿ è ÷èñëîìîòîáðàííûõ êàíäèäàòîâ?
a = 9, b = 2, c = 7, d = 6.

H0 : ìåæäó ñïîñîáîì òåñòèðîâàíèÿ è ÷èñëîì îòîáðàííûõ êàíäèäàòîâ íåòñâÿçè.
H1 : ñïîñîá òåñòèðîâàíèÿ êàê-òî ñâÿçàí ñ ÷èñëîì îòîáðàííûõ êàíäèäàòîâ
⇒ p = 0.156.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÊîððåëÿöèÿ Ìýòüþñà
Ìåðà âçàèìîñâÿçè ìåæäó äâóìÿ áèíàðíûìè ïåðåìåííûìè �êîý��èöèåíò êîððåëÿöèè Ìýòüþñà:

|MCC| =
√

χ2 (Xn, Y n)

n
,

MCC =
ad− bc

√

(a+ b)(a+ c)(b+ d)(c+ d)
.

MCC ∈ [−1, 1] ; 0 ñîîòâåòñòâóåò ïîëíîìó îòñóòñòâèþ âçàèìîñâÿçè, 1 �íóëÿì íà ïîáî÷íîé äèàãîíàëè, -1 � íóëÿì íà ãëàâíîé äèàãîíàëè.
ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏàðàäîêñ õè-êâàäðàò (Ñèìïñîíà)Charig et al., Comparison of treatment of renal aluli by operative surgery,perutaneous nephrolithotomy, and extraorporeal shok wave lithotripsy, 1986:ïî ÷èñëó óñïåøíûõ èñõîäîâ ñðàâíèâàëèñü äâà ìåòîäà óäàëåíèÿ êàìíåéâ ïî÷êàõ.Ïàöèåíòû ñ îäíèì êàìíåì <2 ñìÎòêðûòàÿ õèðóð-ãèÿ ×ðåñêîæíàÿíå�ðîëèòîòîìèÿÓñïåøíûé èñõîä 81 234Íåóäà÷íûéèñõîä 6 36Äîëÿ óñïåøíûõèñõîäîâ 93% 87%Êðèòåðèé õè-êâàäðàò: p = 0.1051.Ïàöèåíòû ñ êðóïíûì êàìíåì èëè íåñêîëüêèìè êàìíÿìèÎòêðûòàÿ õèðóð-ãèÿ ×ðåñêîæíàÿíå�ðîëèòîòîìèÿÓñïåøíûé èñõîä 192 55Íåóäà÷íûéèñõîä 71 25Äîëÿ óñïåøíûõèñõîäîâ 73% 69%Êðèòåðèé õè-êâàäðàò: p = 0.4580. ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏàðàäîêñ õè-êâàäðàò (Ñèìïñîíà)
Âñå ïàöèåíòû âìåñòå: Îòêðûòàÿ õèðóð-ãèÿ ×ðåñêîæíàÿíå�ðîëèòîòîìèÿÓñïåøíûé èñõîä 273 289Íåóäà÷íûéèñõîä 77 61Äîëÿ óñïåøíûõèñõîäîâ 78% 83%Êðèòåðèé õè-êâàäðàò: p = 0.1285.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏàðàäîêñ õè-êâàäðàò (Ñèìïñîíà)Îòêðûòàÿ õèðóð-ãèÿ ×ðåñêîæíàÿíå�ðîëèòîòîìèÿ χ
2 p-valueÎäèí êàìåíü<2 ñì �ðóïïà193% (81/87) �ðóïïà287% (234/270) 0.1051Êðóïíûé êàìåíüèëè íåñêîëüêîêàìíåé �ðóïïà373% (192/263) �ðóïïà469% (55/80) 0.4580Ñóììàðíî 78% (273/350) 83% (289/350) 0.1285Ïðè÷èíû íåñîãëàñîâàííîñòè âûâîäîâ:ðàçìåðû ãðóïï 1-4 è 2-3 ÷åðåñ÷óð ñèëüíî îòëè÷àþòñÿ, ñóììàðíûéâûâîä îïðåäåëÿåòñÿ â îñíîâíîì âêëàäîì ãðóïï 2-3;äîïîëíèòåëüíàÿ ïåðåìåííàÿ � ðàçìåð êàìíÿ � îêàçûâàåò áîëüøååâëèÿíèå íà ðåçóëüòàò îïåðàöèè, ÷åì âûáîð ìåòîäà;âñå ðàçëè÷èÿ ñòàòèñòè÷åñêè íåçíà÷èìû, ïåðåä íàìè ñëó÷àéíûåêîëåáàíèÿ. ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏàðàäîêñ õè-êâàäðàò (Ñèìïñîíà)Ýêñïåðèìåíò: ïàöèåíòû ïðèíèìàþò ïðåïàðàò èëè ïëàöåáî, ïî îêîí÷àíèèêóðñà îïðåäåëÿåòñÿ, âûçäîðîâåëè îíè èëè íåò.Åñòü ëè çàâèñèìîñòü ìåæäó âûçäîðîâëåíèåì è ïðè¼ìîì ïðåïàðàòà?Ìóæ÷èíû Âûçäîðîâåëè ÍåòÏðåïàðàò 700 800Ïëàöåáî 80 130 Æåíùèíû Âûçäîðîâåëè ÍåòÏðåïàðàò 150 70Ïëàöåáî 300 280Äëÿ ìóæ÷èí: χ2 = 5.456, p = 0.0195.Äëÿ æåíùèí: χ2 = 17.555, p = 2.7914 × 10−5.Ì+Æ Âûçäîðîâåëè ÍåòÏðåïàðàò 850 870Ïëàöåáî 380 410Ñóììàðíî: χ2 = 0.3759, p = 0.5398. ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏàðàäîêñ õè-êâàäðàò (Ñèìïñîíà)Bikel at el., Sex Bias in Graduate Admissions: Data from Berkeley, 1975:â 1973 ãîäó íà óíèâåðñèòåò Áåðêëè, Êàëè�îðíèÿ, ïîäàëè â ñóä: äîëÿïîñòóïèâøèõ àáèòóðèåíòîâ ìóæñêîãî ïîëà áûëà âûøå, ÷åì äîëÿïîñòóïèâøèõ æåíñêîãî ïîëà.Íå ïîñòóïèëè Ïîñòóïèëè Äîëÿ ïîñòóïèâøèõÌóæ÷èíû 4704 3738 44.3%Æåíùèíû 2827 1494 34.6%
ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏàðàäîêñ õè-êâàäðàò (Ñèìïñîíà)Êðèòåðèé õè-êâàäðàò: χ2 = 108.1, p ≈ 0.
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Íàáëþäàåìûå Îæèäàåìûå �àçíîñòè- + - + - +Ìóæ÷èíû 4704 3738 4981.3 3460.7 -277.3 277.3Æåíùèíû 2827 1494 2549.7 1771.3 277.3 -277.3ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏàðàäîêñ õè-êâàäðàò (Ñèìïñîíà)Áóäåì èñêàòü âèíîâàòûõ: ïîñìîòðèì äåòàëèçèðîâàííóþ ñòàòèñòèêó ïî85 �àêóëüòåòàì.Çíà÷èìî (íà óðîâíå α = 0.05) ìåíüøå æåíùèí ïðîøëè îòáîðíà 4 �àêóëüòåòà, ñóììàðíûé äå�èöèò � 26.Íà 6 �àêóëüòåòîâ ïîñòóïèëî çíà÷èìî ìåíüøå ìóæ÷èí, ñóììàðíûéäå�èöèò � 64.Äàííûå ïî øåñòè êðóïíåéøèì �àêóëüòåòàì:Ìóæ÷èíû Æåíùèíû
Σ + Σ +1 825 62% 108 82%2 560 63% 25 68%3 325 37% 593 34%4 417 33% 375 35%5 191 28% 393 24%6 272 6% 341 7%ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêèÏàðàäîêñ õè-êâàäðàò (Ñèìïñîíà)Îòâåò: æåíùèíû ÷àùå ïûòàþòñÿ ïîñòóïèòü íà �àêóëüòåòû ñ áîëüøèìêîíêóðñîì.

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.



Íåïðåðûâíûå ïðèçíàêè Êàòåãîðèàëüíûå ïðèçíàêè Áèíàðíûå ïðèçíàêè
Ïðèêëàäíàÿ ñòàòèñòèêà5. Êîððåëÿöèîííûé àíàëèç.�ÿáåíêî Åâãåíèériabenko.e�gmail.om

ÏÑ-5. Êîððåëÿöèîííûé àíàëèç.
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