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Gal�oni �rinak�

ezrowy�� nermow�el � Fransis Gal�on�, 19-rd dari britanaci
gitnakan, or� zba�vel � �a�angakanow�yan owsowmnasirow�yamb:

S�r Fransis Gal�on 1822-1911

Hodva��`
Regression towards mediocrity in hereditary stature
Journal of the Anthropological Institute 15 : 246-63 (1886)

Cankacel � nkaragrel het yal kensabanakan er owy��: �a�ic dowrs
bar�rahasak �no�neri erexaneri hasak� aveli mot � mijin
hasakin:

Gal�on� verlow�el � 928 tvyalner, oroncic yowraqan�yowr�
(�no�neri mijin hasak, erexayi hasak) zowygi t�sqov �: (�a�va�
dyowymerov` 1 dyowym = 2,54 cm) (Kananc hasakner� bazmapatkva� en 1.08-ov:)
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Gal�oni �rinak� (�arownakow�yown)

Stor nerkayacva� � ketayin amp�,
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Nkatenq, or` spasva�i hama�ayn, erkow ow�i�nern �l ownen �ekva�ow�yan
drakan gor�akic:

Ar�anagrenq na or erkow ow�i�ner� �en ham�nknowm:

Var�ow�yown` O?r depqowm erkow ow�i�ner� kham�nknen:
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Gal�oni �rinak� (�arownakow�yown)

Stor nerkayacva� � ketayin amp�, �egresiayi ow�i�� erexayi hasak�
�no�i hasaki nkatmamb

●
●●●

●

●
● ●●

●

●

●

●
●

●

●
●

● ●
●

●

●

●

●

●

●●

●
●

●

● ● ●
●

●

●

●
●

●

● ●

●
●●

●●
●

●
●

●

●
●

●

●

●
●

●

●

● ●
●

●

●

●

●

●

●
●
●●

●

●
●●

●

●●

●
●

●

●

●
●

●

●●

● ●

●

●
●

●

●
●

●

●

●
●

●
●

●

●●

●
●

●
● ●

●

●

●

●

●

●

● ● ●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●●

●
●●●

● ●
●

●
●

●●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●
●

● ●

●

●
●●

●

●

●

●

●
●

●

●
●

●

●

●

●
●

●

●
●

●

●●●
●

●

●

●

●

●
●

●●

●
●

●

●
●

●
●

●●
●

●
●

●

●

●

●

● ●

●

●

●
●

●

● ●

● ●

● ●

●

●

●

●

●

●
●

●

●

●

●

● ●

●●

● ● ●

●

●

●
●

●

●●

●

●

●
●●●

●
●

●

● ●

●
●●
●

●

●
●

●
●

●
●

●

●

●
● ●●

●

●
●

●
●

●
●

●
●

●

●

●

●

●

●

●●

●

●

● ●

●

●

●

● ●

●

●

●

●
●
●●

●

●

●

●

●

●
●●

●
●

●

●
● ●

●
●

●

●
●

●
● ●●

●
●● ●

●
●

●

●●

●
●

●

●
●

●

●

●

●

●●
●

●

●
● ●

●
●
●

●

● ●
●

●

●

●
●

●

●

● ●

●
●

●
●

●
●

●

●
● ● ●

●
●

●

●●

●

●
● ●

●
●

●

●

●●
●

●

●
●

●

●

●

●

●

●●●● ●

●

●

●
●●

●
● ●●

●

●●

●
●

●

●

●

●

●
●

●

●
●

●●
●

● ●●

● ●

●

●

● ●●

●

●
●●

●

●
●

● ●

●

●
●

●

●
●

● ●

●
●

●
●

●●

●
●

●

●●
●

●
●

●

●

●

●
●●●

●

●

●

●

●

●

● ● ●●
●

●
●

● ●
●

● ●●

●
●

●

●
● ●

●

●

●
●●

●

● ●

●●
●

●

●

●

●
●

●

●
●●

●●
●

●

●

●●

●

●

●●
●

●

●

●

●
●●

●

●

●

● ●●
●

● ●

●●
● ●

●●
●●●

● ●

●
●

●
●

●●●●

●

●
●

●

●

●

●

●
●

●

●

●

●
●

●
●●

●

●

●
●

●●

●

●

●

●

● ●

●
●

●
●

●
●

●

● ●

●
●

●●

●

●

●
●

●
●

●
●

●
●

●
●

●●

●

●

●

●
●●●●

●
●●

●

●●

●

●
●

●
●

●
● ●●

●

●
●

●

●

●

●

●

● ●

●●●

●
●

●

●●

●

●

●
●●

●
●

●

●

●

●

●
●

●

●

●●

●
● ●

●

●●

●●
●

●

●
● ●●

● ●

●
●

●

● ●

●

●

●

●

●
●

●

●● ●

● ●

●
●

●
●

● ●
●

●
●

●

●

●

●

●
●

●
●●●

●

●●

●●

●

●

●
●

●●

●
● ●

●●

●
●

●

●

●

●

●
●

●

●

●

●
●●

●
●

●

●

●

●

●

●
●

●

●

●

●●
●●●

●

●

●

●●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

●
●

●

●
● ●

●●●●
● ●

●
●●

●

● ●
●

●

● ●●
●

●

●

●

●

●

●

●

●
●

● ●●

●

●

● ●

●●
●

● ●

●

●
●

●

●

●

●
●

●
●

●

●

●

●
●

●
●

● ●● ●●
●

●

●

●

●●

●
●

●

●

● ●●
●

●

●

●

●

●

●●
●

●
●●

●
●

●

●

●
●

●

●

●

● ● ●● ●
●

●
●●

●
●

●

●

●
●

●

64 66 68 70 72

62
64

66
68

70
72

74

parent

ch
ild

Nkatenq, or` spasva�i hama�ayn, erkow ow�i�nern �l ownen �ekva�ow�yan
drakan gor�akic:

Ar�anagrenq na or erkow ow�i�ner� �en ham�nknowm:

Var�ow�yown` O?r depqowm erkow ow�i�ner� kham�nknen:



A�nak Dalalyan

Gal�oni �rinak�

R �ragir

�irsoni tvyalner�

Sndiki golor�ow

�n�owm�

Dyowprei bana� �

Avelord

�o�oxakanner

3

Gal�oni �rinak� (�arownakow�yown)

Stor nerkayacva� � ketayin amp�, �egresiayi ow�i�� erexayi hasak�
�no�i hasaki nkatmamb in�pes na �egresiayi ow�i�� �no�i hasak�
erexayi hasaki nkatmamb:
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Gal�oni �rinak� (�arownakow�yown)

Stor nerkayacva� � ketayin amp�, �egresiayi ow�i�� erexayi hasak�
�no�i hasaki nkatmamb in�pes na �egresiayi ow�i�� �no�i hasak�
erexayi hasaki nkatmamb:
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R �ragir

Nerbe�nel ayste�ic`
https://cran.gis-lab.info/bin/windows/base/

Kira�ow�yown� Gal�oni tvyalneri vra`

install.packages("UsingR")

library(UsingR)

data(galton)

attach(galton)

LinReg=lm(child ~ parent)

plot(parent,child,bg="red")

abline(LinReg, lwd=3, col="blue")

summary(LinReg)
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�ORRORD DAS
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Gal�oni �rinak� (�arownakow�yown)

Gal�oni �rinak� aveli xoracva� � ov owsowmnasirel � Karl

�irson� (1857 { 1936), ma�ematikakan vi�akagrow�yan

himnadirneric mek�: Na vi�akacrakan verlow�ow�yan �

en�arkel aveli me� qanakov tvyalner: Ayd tvyalner� gtnvowm

en father.son bazayowm:

library(UsingR)

data(father.son)

names(father.son)

par(bg="cornsilk",pch=21)

plot(father.son,bg="red")
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Gal�oni �rinak� (�arownakow�yown)

Hetaqrqir  �gtakar � nayel �egresiayi mnacqnerin
(standartecnelowc heto), hatkapes nranc ba�xman�:

llin=lm(father.son$sheight ~ father.son$fheight)

title = "Histogram of residuals"

hist(llin$residuals/2.437,freq=F,col="cyan",

xlab="residuals",ylab="density",main=title)

curve(dnorm,add=T,col="red",lwd=2)

Histogram of residuals

residuals

de
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Sndiki golor�ow �n�owm�

Mer npatakn � oro�el ayn bana� � orov kareli � ha�vel sndiki
golor�ow �n�owm� (�a�va� mm sndikov)` jermasti�ani mijocov (�a�va�
Celsiowsi asti�anov):

Hageca� golor�ow �n�owm� ayn �n�owmn �, ori depqowm nyow�i (tvyal
depqowm` sndiki) gazayin vi�ak� havasarak��ow�yan mej � gtnvowm
he�owk kam pind vi�aki het:

Ayl xosqerov, hageca� golor�ow �n�owm� ayn �n�owmn �, ori depqowm
tvyal nyow�� gazayin vi�akic ancnowm � he�owk vi�aki (kam he�owk
vi�akic gazayini) tvyal jermasti�ani depqowm: Hageca� golor�ow
�n�owm� kaxva� � jermasti�anic:
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Sndiki golor�ow �n�owm�

Nerbe�nel  cowcadrel tvyalner�`

library(datasets)

data(pressure)

pp=pressure$pressure

pt=pressure$temperature

par(bg="cornsilk",pch=21)

plot(pt,pp,bg="red")

O?r tarrakan fownkcian karo� � lav motarkel ays ketayin amp�:
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Sndiki golor�ow �n�owm

Gtnel β0  β1 gor�akicner�` irakanacnelov g�ayin �egresia,
aynpisin or

log(golor�ow �n�owm) = β0 + β1 · jermasti�an+ ε.

Kareli �? ardyoq vstahel stacva� modelin:

�gtagor�elov veron�yal model�` kanxatesel sndiki golor�ow �n�owm�
T = 90; 230; 400 jermasti�anneri depqowm:

new=data.frame(pt=c(90,230,400))

linReg = lm(log(pp) ~ pt)

Pred=predict(linReg, new, interval="confidence")

Pred=exp(Pred)
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Sndiki golor�ow �n�owm
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Sndiki golor�ow �n�owm


rjanaki mej vercva� �ver� hamapatasxanowm en β0  β1

parametreri gnahatakannerin:
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Sndiki golor�ow �n�owm


rjanaki mej vercva� �iv� hamapatasxanowm � σ parametri

gnahatakanin:
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Sndiki golor�ow �n�owm


rjanaki mej vercva� �ver� hamapatasxanowm en β0  β1

parametreri gnahatakanneri standart sxalin` σ̂
√

bj :
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Sndiki golor�ow �n�owm


rjanaki mej vercva� �ver� hamapatasxanowm en ayspes

ko�va� T -vi�akanow ar�eqin` Tj = β̂j/(σ̂
√

bj):
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Sndiki golor�ow �n�owm


rjanaki mej vercva� �ver� hamapatasxanowm en ayn

patahowy�i havanakanow�yan�, or β∗
j parametri zro linelow

depqowm` |T |-vi�akanin k�ndowni aydqan me� ar�eq.
Pβ∗

j =0(|Tj | > |T obs
j |):
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Sndiki golor�ow �n�owm


rjanaki mej vercva� �ver� hamapatasxanowm en ayspes

ko�va� oro�elow�yan gor�akcin, or� oro�owm � modeli

vstaheliow�yan asti�an� (in�qan me� aynqan lav):
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Dyowprei bana� �

Fizikosner� pndowm en, or a�avel ��grit bana� � owni het yal
tesq�`

P = α1Tα2 eα3/T (1)

orte� P-n golor�ow �n�owmn �, T -n jermasti�an�, isk α1, α2, α3-�
hastatownner en (kaxva� nyow�ic):

Cowyc tal, or ays bana� i mej mtno� hastatownner� kareli � oro�el
irakanacnelov g�ayin �egresia` orpes bacatrow�yan a�arka
�ntrelov log(P) �o�oxakan�, isk orpes bacatro� �o�oxakanner
�ntrelov 1/T -n  log(T )-n:

Oro�el αj , j = 1, 2, 3 parametreri gnahatakanneri ar�eqner�:
Qani or log fownkcian sahmanva� �� 0 ketowm, karo� enq mi �oqr
�oxel tvyalner� �oxarinelov temperature �o�oxakani a�ajin
ar�eq� 0.1-ov: Dra hamar karo� enq �gtagor�el edit hraman�:

Kareli? � ardyoq pndel, or het yal model�

log(P) = β0 + β1 log(T ) + β2/T + ε (2)

aveli vstaheli � qan ayn, or� oro�ecinq naxord �jin:
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Dyowprei bana� �


rjanaki mej vercva� � ayn hraman�, ori mijocov stacva� � ays

ardyownq�:
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Dyowprei bana� �


rjanaki mej vercva� �iv� artahaytowm � stacva� modeli

vstaheliow�yan asti�an�:
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Avelord �o�oxakanner

Irakanacnel g�ayin �egresia` orpes bacatrow�yan en�aka

�o�oxakan �ntrelov log(P)-n, isk orpes bacatrakan

�o�oxakanner �ntrelov log(T ), 1/T , 1/T 2  T : Karo?� enq
ezrakacnel, or T �o�oxakann an�gowt � (5%-i �emov):

Irakanacnel g�ayin �egresia` orpes bacatrow�yan en�aka

�o�oxakan �ntrelov log(P)-n, isk orpes bacatrakan

�o�oxakanner �ntrelov log(T ), exp(T ), 1/T 2  T : Karo?� enq
ezrakacnel, or exp(T ) �o�oxakann an�gowt � (5%-i �emov):
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Avelord �o�oxakanner

Karmir �rjanaki mej vercva� � parametri gnahatakan�:

�naya� ayn �at mot � zroyi, parametri zro linelow varka�� ays

depqowm �i �ndownvowm: Da � vkayowm kapowyt �rjanaki mej vercva�

�vi 0.05-ic �oqr linel�:
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Avelord �o�oxakanner

Karmir �rjanaki mej vercva� � parametri gnahatakan�: Ayn

�at mot � zroyi  ays depqowm parametri zro linelow varka��

�ndownvowm �: Da � vkayowm kapowyt �rjanaki mej vercva� �vi

0.05-ic me� linel�:
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