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§7.1 ���/£8

£8©Û�{´ênÚO�­�óä,

´?nõ�Cþ�m�''X��«êÆ�{.

¼ê: (½5'X. h “ 1
2gt

2.

�''X: �½x �, ØU(½y ��. X, �3ÿþØ�.

£8©Û: ïá'X, �äúª�k�5, ýÿ!��.

���5£8: �ÅCþ Y �ÊÏCþ x �m��5'X.

êâ¤é*ÿµ

px1, y1q, px2, y2q, . . . , pxn, ynq.

­:: x1, x2, ¨ ¨ ¨ , xn Ø���.
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~1.1. ,n��rÝY �.��êx k'. n “ 24 êâ:

p1.9, 1.4q, p2.0, 1.3q, p2.1, 1.8q, ¨ ¨ ¨ , p9.5, 8.1q, p10.0, 8.1q.

8I: éÑx ÚY �'Xª.

Ñ:ã:

Ñ:�73

�^��±�.

ïá£8�§:

ŷ “ a` bx,

£8Xê: b.

�5:

xzO\1, y�Czþ´ð½�.

��5: xzO\1, y�CzþØ´ð½�.

���<: oÀº, U�: ÙE
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:�Oâ, b̂.

���¦{: ¦þ�Ø�Q ����:â, b̂.

Q “ Qpa, bq “
n
ÿ

i“1

´

yi ´ pa` bxiq
¯2
. (1.2)

�{�(�©{)!¦)�§|:

BQ

Ba
“´ 2

n
ÿ

i“1

`

yi ´ pa` bxiq
˘

“ 0, (1.3)

BQ

Bb
“´ 2

n
ÿ

i“1

`

yi ´ pa` bxiq
˘

¨xi “ 0. (1.4)

d(1.3) )�a “ ȳ ´ bx̄. �\(1.4) ±¦)b.
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d(1.3) )�a “ ȳ ´ bx̄. �\

BQ

Bb
“ ´2

n
ÿ

i“1

`

yi ´ pa` bxiq
˘

¨xi “ 0. (1.4)

): ‹ ñ
řn
i“1

`

pyi ´ ȳq ´ bpxi ´ x̄q
˘

pxi ´ x̄q “ 0. P

`xx “
n
ÿ

i“1

pxi ´ x̄q
2, `xy “

n
ÿ

i“1

pxi ´ x̄qpyi ´ ȳq.

K`xy “ b ¨ `xx. )�b “ `xy{`xx. (cJ: xi’s Ø���.)

â “ ȳ ´ b̂x̄, b̂ “
řn
i“1pxi ´ x̄qpyi ´ ȳq{

řn
i“1pxi ´ x̄q

2.

�±y²pâ, b̂q ´Qpa, bq ����:. (nd: ���êÝ


/°Ú
H �½.)

H “

˜

2n 2nx̄

2nx̄ 2
`
řn
i“1pxi ´ x̄q

2 ` nx̄2
˘

¸

.
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���¦{: ¦þ�Ø�Q ����:â, b̂.

Q “ Qpa, bq “
n
ÿ

i“1

´

yi ´ pa` bxiq
¯2
. (1.2)

�{�(��{)! (5:
řn
i“1 ‹ ¨ ‹i “ 0, `yy “

řn
i“1pyi´ ȳq

2.)

Qpa, bq “
n
ÿ

i“1

`

pyi ´ ȳq `
`

ȳ ´ pa` bx̄q
˘

´ bpxi ´ x̄q
˘2

“`yy ` n ¨ ‹
2 ` b2`xx ´ 2b`xy

::::::::::::

“`yy ` n ¨ ‹
2 ` `xx

ˆ

b´
`xy
`xx

˙2

´
`2xy
`xx

::::::::::::::::::::

.

���:: ‹ “ ˚ “ 0 �), =, â “ ȳ ´ b̂x̄, b̂ “ `xy{`xx.

���: `yy ´ `
2
xy{`xx.
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o(:

þ�Ø�Q ����:�â “ ȳ ´ b̂x̄, b̂ “
`xy
`xx

.

Q “ Qpa, bq “
n
ÿ

i“1

´

yi ´ pa` bxiq
¯2
. (1.2)

£8�§/£8��/²�úª:

y “ â` b̂x.

ȳ “ â` b̂x̄. Ïd,

(1) :px̄, ȳq á3£8��þ, (2) ŷi’s �²þ���ȳ.

ŷi :“ â` b̂xi.

~1.1. d24 �êâO��ŷ “ â` b̂x “ 0.15` 0.859x.

£8Xêb̂ �¹Â: .��êx zO\1, rÝY ²þO

\0.859.
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~1.2. çÚwK¥, /�1Æ�ÝY �ÛÑÕ�1Æ�Ýx 'X

Xe, A,B ą 0:

Y « Ae´B{x,

ùØ´�5'X. ü>�éê�

Y ˚ « lnA´Bx˚, Ù¥, Y ˚ “ lnY, x˚ “
1

x
.

êâ: px1, y1q, ¨ ¨ ¨ , pxn, ynq Ñ px˚1 , y
˚
1 q, ¨ ¨ ¨ , px

˚
n, y

˚
nq.

ïá�5£8�§: ŷ˚ “ â` b̂x˚.

�C�: Â “ eâ, B̂ “ ´b̂.

£8�§: Ŷ “ Âe´B̂{x.

���<: oÀº, U�: ÙE
 1ÔÙ



 

~1.3. õgg�NÈY �¦^gêx O�. n “ 13, êâ:

p2, 106.42q, p3, 108.20q, p4, 109.58q, ¨ ¨ ¨ , p19, 111.20q

xÑ:ã. ^V­� 1
y « a` b ¨ 1

x .

�5£8�§: ŷ˚ “ â` b̂x˚, x˚ “ 1{x, y˚ “ 1{y,

Ù¥â “ 0.008967, b̂ “ 0.0008292.

²�úª:

1

ŷ
“ 0.008967` 0.0008292 ¨

1

x
.
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cJ: x1, x2, . . . , xn Ø���.

(Ø: þ�Ø�Q �(���)���:�â “ ȳ´ b̂x̄, b̂ “
`xy
`xx

.

Q “ Qpa, bq “
n
ÿ

i“1

´

yi ´ pa` bxiq
¯2
.

�O: ŷ “ â` b̂x, ȳ “ â` b̂x̄, ŷi “ â` b̂xi.

5: ²�úª¿ØÑU�N¢S�¹. I��Ox�Y�m´

Äý�äk�5�''X: Y´Ä�XxO�
�5/O

�(½ö�5/~�).
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 ²�Ú©)úª:

n
ÿ

i“1

pyi ´ ȳq
2 “

n
ÿ

i“1

pyi ´ ŷiq
2 `

n
ÿ

i“1

pŷi ´ ȳq
2. (1.7)

â “ ȳ ´ b̂x̄, b̂ “
`xy
`xx

, ŷ “ â` b̂x, ȳ “ â` b̂x̄, ŷi “ â` b̂xi, ŷ “ ȳ.

y: ‹ “ ‹ ` ‹. =, ‹ “ ‹ ´ ‹.

���:
řn
i“1 ‹ ¨ ‹ “

řn
i“1 ‹ ¨ ‹ ´

řn
i“1 ‹

2.

‹ “ b̂pxi ´ x̄q. �
řn
i“1 ‹ ¨ ‹ “ b̂`xy,

řn
i“1 ‹

2 “ b̂2`xx.

b̂ “
`xy
`xx

, =`xy “ b̂`xx. �����0, l
(1.7) ¤á.
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řn
i“1pyi ´ ȳq

2 “
řn
i“1pyi ´ ŷiq

2 `
řn
i“1pŷi ´ ȳq

2.

â “ ȳ ´ b̂x̄, b̂ “
`xy
`xx

, ŷ “ â` b̂x, ȳ “ â` b̂x̄, ŷi “ â` b̂xi, ŷ “ ȳ.

l�²�Ú: `yy “
řn
i“1pyi ´ ȳq

2.

(5: `αα ¡�α “ αi’s �l�²�Ú.)

í�²�Ú: Q “
řn
i“1pyi ´ ŷiq

2 “
řn
i“1 ε̂

2
i .

�.[Ü�Ø��Ýþ, ´gCþÚ�.ØU)º�Ü©.

���Ð, `²�.�¢Sêâ��Î. ε̂i’s ¡�í�.)

£8²�Ú: U “
řn
i“1pŷi ´ ȳq

2 “ b̂2`xx.


ugCþx �©Ñ§Ý, ÏL�5'XK�
ÏCþY , E

¤Y �C�, ´�.�±)º�Ü©.

��/, O�6§Xe:

(1) O�`xx, `yy, `xy.

(2) �Ob̂ “ `xy{`xx. O�U : U “ b̂2`xx.

(3) O�Q: Q “ `yy ´ U .
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���.����O��'5u�

���.:

Yi “ a` bxi ` εi, i “ 1, ¨ ¨ ¨ , n (1.10)

Ù¥ε1, ¨ ¨ ¨ , εn ÕáÓ©Ù, ÑÑl„ Np0, σ2q, σ2 ��.

5: ´�pY1, ¨ ¨ ¨ , Ynq �éÜ�Ý.

�±y²: í�²�ÚQ “
řn
i“1pyi ´ ŷiq

2 “
řn
i“1 ε̂

2
i ÷v

1

σ2
Q „ χ2pn´ 2q,

ε̂i “ yi ´ ŷi “ yi ´ ȳ ´ b̂pxi ´ x̄q ÷vü��å�§:

n
ÿ

i“1

ε̂i “ 0,
n
ÿ

i“1

ε̂ipxi ´ x̄q “ 0.

σ2 �Ã �O: σ̂2 “ 1
n´2Q. (Ï�E 1

σ2Q “ n´ 2.)
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�'5u�. H0 : b “ 0.

(5: H0 Ø¤á, KY �x k�5�''X.)

�é
ó, U “ b̂2`xx ��& Q “
řn
i“1pyi ´ ŷiq

2 ��, K�

.�O(£ãx ÚY �m��5�''X. ��, Kx ÚY

�mvk�5�''X.

u�ÚOþ:

F “ F p~x, ~Y q “
U

Q{pn´ 2q
. (1.9)

eF ���, KL²x éY ��5K�r, üök�5�'

5. ÄK, vk�5�'5.

�y²: 3H0 e, F „ F p1, n´ 2q.

Ä½�: W “ tp~x, ~yq : F p~x, ~yq ą λu, Ù¥λ “ F1´αp1, n´ 2q.

(Ø: F p~x, ~yq ą λ, KáýH0, @�Y wÍ/�5�6ux.

ÄK, �ÉH0, @�x �Y �mvkwÍ��5�'5.
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k
Ö�u�ÚOþ����'Xê:

R “ Rp~x, ~yq “ `xy{
a

`xx`yy.

(£�, �ÅCþξ �η �(�5)�'Xê: ρξη “
Covpξ,ηq?
DpξqDpηq

.)

�|R| é��, áýH0 : b “ 0.

E�'Xê²�:

R2 “
`2xy
`2xx

¨
`xx
`yy

“
b̂2`xx
`yy

“
U

`yy
“ 1´

Q

`yy
.

5: 0 ď R2 ď 1. R2 ��C1, £8�.éêâ[Ü��Ð.

F �R2 �'X: ��éA, î�O,

F “
U

Q{pn´ 2q
“ pn´ 2q

U

`yy ´ U

“pn´ 2q
R2

1´R2
“

n´ 2

1{R2 ´ 1
.
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 ~1.4. õg, %¹þx �p, �õ�mY ��. n “ 34, êâ:

p180, 200q, p104, 100q, ¨ ¨ ¨ , p143, 160q

xÑ:ã, *	êâ, ï�/£8�..

O�(J: â “ ´23.20, b̂ “ 1.270, F “ 145.0, R2 “ 0.8192.

�F p1, n´ 2q “ F p1, 32q L: α “ 0.01, �λ “ 4.15.

e(Ø: F ą λ, Ä½H0, @�x, Y �3�5�''X. ½:

��£8´wÍ�.
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A^1. ý�.

é#�gCþ�x0, ý�

Y0 “ a` bx0 ` ε0.

:�O: ^ŷ0 “ â` b̂x0 ý�Y0.

�I�ïþý�°Ý.

«m�O: ^σ̂2 “ 1
n´2Q �Oσ

2.

T :“
Y0 ´ ŷ0

s
b

1` 1
n `

px0´x̄q2

`xx

„ tpn´ 2q.

�tpn´ 2q L: λ “ t1´α{2pn´ 2q.

«müà:: ŷ˘ “ ŷ0 ˘ λs
b

1` 1
n `

px0´x̄q2

`xx
.
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«m�O: λ “ t1´α{2pn´ 2q,

»

–ŷ0 ´ λs‹, ŷ0 ` λs

d

1`
1

n
`
px0 ´ x̄q2

`xx

fi

fl .

x0 lx̄ ��§ý�«m�Ý��.

Ø�IO���Os ��, ý�«m�á, ý��°(.

5: x0 ØU�Ñ�êâ���.

�n ���x0 ´ x̄ ���, ‹ « 1. u´ýÿ«mCq�

rŷ0 ´ λs, ŷ0 ` λss.

�n ���, λ �^IO��©Ù��.�z1´α{2.
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A^2: ��.

�¦��Y 3«mrA,Bs S, XÛÀ�x?

�{: 4ŷ˘ P rA,Bs, �)Ñx �«m.
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£8�äÚí�©Û

=¦Ä½
H0 : b “ 0, �¿Ø`²�.Ò´Ü·�.

~�¯K�):

(1) "�­�gCþ;

(2) k��5�';

(3) Ø�����ð½;

(4) Ø���3S��';

(5) gCþî­��£õ�£8¥¤;

(6) êâkÉ~�½rK�:.

(7) �±^í�Ñ:ã�?1£8�ä.
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í�: ε̂i “ yi ´ ŷi.

-

hi “
1

n
`
pxi ´ x̄q

2

`xx
, s “

c

Q

n´ 2
, ri “

ε̂i

s
?

1´ hi
.

Cq/, r1, . . . , rn �pÕá, �ÑÑlNp0, 1q. �

P p|ri| ą 2q « 0.05.

�n '���, ri’s AT�k�r0.05ns ��ýé��u2.

5: �^5u��.'uØ���b�´Ä¤á, ±9uy

É~�:.
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