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II11an neximuu Ne 4

Kitaccuyeckasi JTMHEHHASA perpeccus

llpoBepka runores 0 KOHKPETHOM 3HAYCHUM
KO3((PUIHEHTOB MIAPHOM perpeccuu

oJloBepUTEJIbHbIC HHTEPBAJIBI AJIS
KO3(P(PUIHECHTOB MMAPHOM perpeccuu

lIporHo3upoBaHue M0 MOJAEJIM MAPHOM perpecuu

eJloBepHUTE/IbHbIC HHTEPBAJIbI AJIS CPEeIHEro u
HHIMBHMAYAJIbHOI0 NPOrHO3a

llpoBepKka HOPMAJIBHOCTH pacnpeaeJeHUs



Knaccuuyeckasa nMHenHas perpeccus

Y=ot BiX+e

€ — CyMMa BIIUSSHUA MHOTUX (paKTOpPOB, KaXXAbIN N3 KOTOPbIX
He3HaunTenbHO BnusieT Ha Y. Mo LleHTpanbHOU npeaenbHON
TeopeMe Takad criydanHasi BeJimviMHa umeeT HopmarsribHoe
pacnpegeneHue.



Knaccuuyeckasa nMHenHas perpeccus

Ecnneg, ,i=1,...,n pacnpeneneHbl HOpManbHO,

T.€. § ~ N(0, 0.?),

To oueHku napameTpoB 3, 3, TOXe pacnpeneneHbl
HOpPManbHO, npu?eM \
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Knaccuuyeckasa nMHenHas perpeccus

Oucnepcusa Bo3MyLLEeHUN 0,2 HEU3BeCTHa, AN Hee

NCcnoJsib3yeTcsa OLleHKa
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Knaccuuyeckasa nMHenHas perpeccus

ﬁo ~ N(ﬂoaaéo)




Knaccuuyeckasa nMHenHas perpeccus
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Knaccuuyeckasa nMHenHas perpeccus
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Knaccuuyeckasa nMHenHas perpeccus

N(0,1) pi=bi _ 779
t(k) ~ & ’
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NMpoBepka rmnoTes

[MpoBepka runoTtes COCTOUT U3

‘Bbibopa OCHOBHOM M anbTepHaTUBHON rMNoOTe3bl
‘BbluyncneHna HeKOTOpPoOUu TeCTOBON CTaTUCTUKU
‘Bbibopa ypoBHA 3Ha4YMMocTu o (uncna mexay 0 n 1),
Camble pacnpocTpaHeHHble YPpoBHU 3HaYnmocTu 0.05 n
0.01

*Pa3bneHna mHoxecTBa 3HA4Y€HUN TECTOBOU CTaTUCTUKU
Ha ABe obnacTu: Tam, rge OCHOBHas runoTesa
oTBepraeTcsi U Tam, rge OCHOBHas rmnoTesa He
oTBepraeTcs
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MpoBepKa rmnoTe3 0 KOHKPEeTHOM 3HaYeHUU
Ko3appuuneHTOB perpeccumn npm ABYyCTOPOHHEN
anbTepHaTUBHOMU rnMnoTese

Moaein: Y=4+pX+¢
. . _ N
HyJieBas runoresa: H 0 181 — 181

. 0
AubTepHaTuBHaa runoresa: H,: [ # [,
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MpoBepKa rmnoTe3 0 KOHKPEeTHOM 3Ha4YeHUu
Ko3aphpuumneHTOB perpeccumn npm ABYyCTOPOHHEN
anbTepHaTUBHOMU rnMnoTese

CHavyana HeobxoaumMoO OUeHUTb NO N HabnaeHUAM Mmoaernb:

Y:ﬁ0+ﬁ1X

Ecnu HyrneBad rmnoTe3a He oTBepraeTcsa, TO TeCtoBad CTaTUCTUKA

_ 181 _1810 - _
= s.e.(f) Hn-2)

UmeeT t — pacnpeaeneHue ¢ (n — 2) creneHsAMU cBobOAbI.
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Ta6nuubl ansa t - pacnpegeneHus

t Distribution: Critical values of t

Degrees of Two-tailed test 10% 5% 2% 1% 0.2% 0.1%
freedom One-tailed test 5% 2.5% 1% 0.5% 0.1% 0.05%

1 6.314 12.706 31.821 63.657 318.31 636.62

2 2920 4303 6.965 9.925 22.327 31.598

3 2353 3.182 4.541 5.841 10.214 12.924

4 2132 2.776 3.747 4.604 7.173 8.610

5 2015 2571 3.365 4.032 5.893 6.869
18 1.734 2101 2.552 2.878 3.610 3.922
19 1.729 2.093 2.539 2.861 3.579 3.883
20 1.725 2.086 2.528 2.845 3.552 3.850
120 1.658 1.980 2.358 2.617 3.160 3.373

0 1.645 1960 2326 2.576 3.090 3.291
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MpaBUO NPUHATUA peLleHUs NPy ABYCTOPOHHEMN
anbTepHaTUBHOM rMnoTese U ypoBHe 3HAYMMOCTH O:

HyneBasi runotesa [f : f3 = 1310 oTBepraeTcs

ecnu ‘t‘ > l‘;r/z

PYyHKLUA NNOTHOCTU
pacnpeneneHus t(n-2)

al?2  al?

cr cr
_ta/2 ZL0:/2

CepbiM UBeTOM BblaesieHa 06NnacTb OTBEPXEHUA HYINIeBOU rMnoTe3bl
npuv ABYCTOPOHHEN anbTepHAaTUBHOMU runoTese.
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MpoBepka runoTesbl 0 3HAYMMOCTU KOIphpuumeHTa
Mopene Y = B + B, X +¢
H,: £ =0

cr ‘er
_ta/2 ZL0:/2

Ecnun HyneBasi runoTte3a oTBepraeTcsi, TO roBOpPST, YTO KO3 pnLUUNEHT ,@
3Hauumm. Ecnu HyneBas runoTte3a He oTBepraeTcs, To KoadpdpuumeHT 151
Ha3bliBaeTCA He3Ha4YMMbIM. CepbiM LBETOM BbleneHa obnacTtb
OTBEPXeHUs1 HyNeBOU rmnoTe3bl. .5



MpoBepKa rmnoTe3bl 0 3HAYUMOCTU KOo3ahduumneHTa.

t - cTaTuctTuka

Mopeanb: Y=4,+ X+ ¢

. reg EARNINGS S

Number of obs
F( 1, 568)
Prob > F
R-squared

Adj R-squared
Root MSE

[95% Conf.

.8129028

570
65.64
0.0000
0.1036
0.1020
7.7845

Interval]

1.333206

Source | SS df MS
_________ +______________________________
Model | 3977.38016 1 3977.38016
Residual | 34419.6569 568 60.5979875
_________ +______________________________
Total | 38397.0371 569 67.4816117
EARNINGS | Coef. Std. Err. t P>|t|
_________ +____________________________________________________________________
S | 1.073055 .1324501 8.102 0.000
cons | -1.391004 1.820305 -0.764 0.445

-4.966354

2.184347

t — ctaTncTuka KoachdpuumeHTa HakrnoHa BblaeneHa KpacHbIM

LiIBETOM.



P — VALUE (P — 3Ha4yeHue) ans npoBepKu runoresbl O
3HaYMmMmocTu KoadpduumeHTa

Mogene Y = [, + B, X +¢
H,: (=0
H, :p #0
_h
S-e-(181)

p—value/2.

[

p/— value/?2

_¢ ¢

P — value — MMHUMarnbHbLIX YPOBEHb 3HAYUMOCTU, NPU KOTOPOM
HyneBasi runote3a orBepraetcs. Ha pucyHke 3To nnowaab BCew
3aluTPUXOBaHHOM OGnacTu.
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[MlpoBepKa rmnoTe3bl 0 3HAYUMOCTU KOoadhdunumeHTa.

P-value

. reg EARNINGS S

Source | SS df MS Number of obs = 570
--------- e - F( 1, 568) = 65.64

Model | 3977.38016 1 3977.38016 Prob > F = 0.0000
Residual | 34419.6569 568 60.5979875 R-squared = 0.1036
————————— +-—— Adj R-squared = 0.1020

Total | 38397.0371 569 67.4816117 Root MSE = 7.7845
EARNINGS | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________

S | 1.073055 .1324501 8.102 0.000 .8129028 1.333206
cons | -1.391004 1.820305 -0.764 0.445 -4.966354 2.184347

B Tabnuue BbigeneHbl P-value ans npoBepkn rmnotes 0 3Ha4YMMOCTHU
KoadppnumeHTOB perpeccumn.



[MpoBepKa rmnoTe3bl 0 3HAYUMOCTU KO3ahduumneHTa.
CBa3sb P-value n ypoBHA 3Ha4YMMoCTH Q.

. reg EARNINGS S

Source | SS df MS Number of obs = 570
--------- e - F( 1, 568) = 65.64
Model | 3977.38016 1 3977.38016 Prob > F = 0.0000
Residual | 34419.6569 568 60.5979875 R-squared = 0.1036
————————— +-———— Adj R-squared = 0.1020
Total | 38397.0371 569 67.4816117 Root MSE = 7.7845
EARNINGS | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
S | 1.073055 .1324501 8.102 0.000 .8129028 1.333206
_cons | -1.391004 1.820305 -0.764 0.445 -4.966354 2.184347

Ecnu P-value koadhcmnumeHTa perpeccumn MeHblUe, 4YeM BbIOpaHHbLIN
YypOBeHb 3HAYMMOCTU O, TO HyfieBas rmnoTe3a oTBepraeTcs u
COOTBeTCTBYHOLWWNN KO3(hpPpMumneHT aABNAeTcHA 3Ha4YMMbIM. B
npuBegeHHOM npumepe npuv nLoomM pasyMHOM ypOBHE 3HAYMMOCTU
KOHCTaHTa He3Hauuma, a Koadp(pPnUMUEeHT HaKrNnoHa 3Ha4YnM.
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MpoBepkKka runoTtes 0 KOHKPETHOM 3HaYeHUMU
kKo3adhdnuneHTOB perpeccmmn npu oAHOCTOPOHHEWN
anbTepHaTUMBHOM rmnorese (>)

Mogenn: Y=4+pX+¢
0
OcHOBHA T'UNOTE3A: H 0 - ,B | = /B 1

. . 0
AJlbTepHATHBHAs runoresa:  H : 3 > [
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[MpoBepka runoTe3 0 KOHKPETHOM 3Ha4YeHUn
KoadhdunumeHTa perpeccmm npu ogHOCTOPOHHEWN
anbTepHaTUBHOM runoTtese (>)

lNMpaBuno oTBepxeHUsA HyNeBOn rMnoTe3bl Npu
OOHOCTOPOHHEMN arnbTepHaTUBHOM runoTese (>)
N YPOBHE 3HA4YMMOCTHU O .

. 0
OcHoBHas runoTesa Ho .,81 — ,51

PYHKUMA NIIOTHOCTHU

oTBepraetcs, ecnu [ > t;r pacnpenenexus t(n-2)

CepblM LBETOM BblaeneHa obnacrtb OoTBEepPXeHuns HyﬂeBOVI rmnoTe3bl

npv oAHOCTOPOHHEWU anbTepHaTUBHOW runoTtese (>)
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[MpoBepka runoTe3 0 KOHKPETHOM 3Ha4YeHUn
kKoadhdunumeHTa perpeccmm npu ogHOCTOPOHHEWN
anbTepHaTUBHOM runoTtese (<)

Mopaein: Y=4+p5X+e¢
OcHoBHAA rUIOTE3A: .2 _ RO
H,:p =5

° . 0
AJibTepHaTUBHAsA runore3a: H, : [, < f,
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[MpoBepka runoTe3 0 KOHKPETHOM 3Ha4YeHUn
KoadhdunumeHTa perpeccmm npu ogHOCTOPOHHEWN
anbTepHaTUBHOMU runoTtese (<).

lNMpaBuno oTBepxeHUsA HyNeBOn rMnoTe3bl Npu
OOHOCTOPOHHEN arbTepHaTUBHOM runoTese (<)
N YPOBHE 3HA4YMMOCTHU O .

PYHKLMA NNOTHOCTHU

. _ no
OcHoBHasi rmnoTesa Ho ~IB1 — 181
pacnpeneneHus t(n-2)

cr
oTBepraeTcs, eciiu t < ta

CepbiM LUBETOM BblerieHa ob6nacTb OTBEPXXEHUA HYNeBOWN rmnoTe3bl
npu ogHOCTOPOHHEN anbTepHaTUBHOM rnnoTese (<).
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JoBeputenbHble MHTepBanbl AN OUeHOK
Ko3ahpMUUEHTOB perpeccumu

‘.
Hanpem mHOXecTBO Bcex 3Ha4YeHUM napameTpa 3, , runortesa o

paBeHCTBE KOTOPbIM NPU 3a4aHHOM YPOBHE 3HAYUMOCTU O U
ABYCTOPOHHEW aribTepHaTUBHOU runoTese He oTBepraeTcH.
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JoBeputenbHble MHTepBanbl AN OUeHOK
Ko3ahpMUUEHTOB perpeccumu

N'mnotesa H,: B,=B,° He oTBepraeTtcs, ecnu |t| <t ., roe

_ 181 _1810
S 'e'(ﬁl)

.e. 0

T.€ 181 _181 <tcr nnu
— "al2

Se'(ﬁl)

oTKyAa

B 2Se(,81)<,6'1 </81+t 256(:81

pi=B <t se(f)
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JoBeputenbHble MHTepBanbl AN OUeHOK
Ko3a(hpMUMEHTOB perpeccumu

(1-a)100% poBepuTenbHLIN UHTEPBanN AN
koadppuumneHTa HaknoHa 3, UMeeT BUA;:

B, -

2se(,31)<,6’1 <181+t 233(,81
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JoBeputenbHble MHTepBanbl AN OUeHOK
Ko3ahpMUMEHTOB perpeccumu
Mopeas: Y=4,+ X+ u

. reg EARNINGS S

Source | SS df MS Number of obs = 570
————————— e - F( 1, 568) = 65.64
Model | 3977.38016 1 3977.38016 Prob > F = 0.0000
Residual | 34419.6569 568 60.5979875 R-squared = 0.1036
————————— +-———— Adj R-squared = 0.1020
Total | 38397.0371 569 67.4816117 Root MSE = 7.7845
EARNINGS | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
S | 1.073055 .1324501 8.102 0.000 .8129028 1.333206
cons | -1.391004 1.820305 -0.764 0.445 -4.966354 2.184347

B nocnegHen KonoHke — 95% poBepuTenbHble MHTEpBarbl AN
KoadppnumeHTOB perpeccumn.
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[MpoBepKa 3HaYMMOCTU KO3 PULMEHTOB C NOMOLLLIO
AoOBepUTENIbHbIX MHTEepBarnoB
Mogaean: Y= f,+ X+ u

. reg EARNINGS S

Source | SS df MS Number of obs = 570
————————— e F( 1, 568) = 65.64
Model | 3977.38016 1 3977.38016 Prob > F = 0.0000
Residual | 34419.6569 568 60.5979875 R-squared = 0.1036
————————— +--———— Adj R-squared = 0.1020
Total | 38397.0371 569 67.4816117 Root MSE = 7.7845
EARNINGS | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
S | 1.073055 .1324501 8.102 0.000 .8129028 1.333206
_cons | -1.391004 1.820305 -0.764 0.445 -4.966354 2.184347

Ecnu 0 npuHagnexunT ooBeputenbHOMY UHTepBany Ans
KoadhduumeHTa, To 3TOT KOI(PPULMEHT ABNAETCA He3HAYNMbIM.

B npuBegeHHoM npumepe KoacpdpuumneHT 3, He3Ha4Y1M, a

koacpduumeHT B, - SHaUUM.
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lMporHo3npoBaHune No moaenu NnapHou perpeccumn
Y.=p,+0 X, +&, i=1,..,n

[Iporuos o X, —?

n+l1

Yn+1 — IBO +181Xn+1 T &,

Yn+1 — IBO +181Xn+1

OmmnbKa WHAMBUIAyaJl BHOIO IPOTrHO3a

c +1 — Yn+1 _Yn+1 — (ﬁo _ﬁ0)+ Xn+1(IBI_Bl)+ gn+1
var( e, ,,) = var( :80) + an+1 var( /81) +

+ 2Xn+1 COV( :80::81)+ VaI'( gn+1) —
[ )

2 2
1 X Xn+1 _2 n+l _|_1




MporHo3unpoBaHue No MoAenu NapHowu perpeccumn

Var( en+1) = O

&

/
|1, X
n Z "
-\ i=1
(Xn+1 B X)Z
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MporHo3unpoBaHue No MoAenu NapHowu perpeccumn

Yn+1_Yn+1
v 2
SR RC TSRS
n 2
xi
2
Yn+1_Yn+1
v 2
ol 1, (X = X)

n n
2
sz‘

i=1

— ~ N(0,1)

~t(n—-2)
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MporHo3unpoBaHue No MoAenu NapHowu perpeccumn

JIOBEpHUTEIb HBIM MHTEPBAJI IS MHAWBUYAJIbHOTO IIPOTHO3a

L (X —X)

+
I’l
>
i=1

IBO +18an+1 ilLoc/Z 6.62‘ 1+




MporHo3unpoBaHue No MoAenu NapHowu perpeccumn

Y =B, +8 X, ., +&,,,— MHIABUIAyal BbHBIM IPOTHO3
E(Y, ) =Py +FX,.

Y . =pB,+p.X, . —"cpemuunii" mporuos

OmmbOka '"cpeaHero" mOporHosa

G =EX, )Y =B - B+ X, (B-F)=
var( €, ) = var( B,)+ X 2 var( f,) +
+2X,, 00v( By, B) =
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MporHo3unpoBaHue No MoAenu NapHowu perpeccumn

JIOBEpHUTEIIL HBIM UHTEPBAJI IS ' CPEAHETO" MPOTrHO3a

L (X=X

n+l
n
>

BO +Ban+1 ilLa/2 65




TecTupoBanue perpecCHOHHBIX
OCTATKOB HA HOPMAJBbHOCTh
pacnpeaejieHus
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MpoBepka HOpManbLHOCTU pacnpenerieHMs OCTaTKOB

BusyanbHbI aHanus

CpaBHeHue rmctorpaMmmbl OCTaTKOB C TMMCTOrpaMmmon
HOpPMasibHOro pacnpegerieHus

Density

I

-4 N
resi1

Density

density




MpoBepka HOpManbLHOCTU pacnpenerieHMs OCTaTKOB

BusyanbHbI aHanus

Q-Q plot (Q-norm plot)

4000 6000
| |

2000
|

Residuals

0
\

-2000
|

-4000
|

I I I I I
-4000 -2000 0 2000 4000
Inverse Normal
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MpoBepka HOpMaNbLHOCTU pacnpeaeneHnsa oCTaTkoB
Tect Jarque-Bera
H,:e.~N(, .
H, e, ¢ N(,.)
L 2 1 2 2
JBZE(SIC +Z(k_3) j"“}( (2)

Sk — skewness, k — kurtosis (HopMupoBaHHbIe TPETUN U
yeTBepPTbIN LLeHTPanbHbIe MOMEHTDI)

1 H(X'_X)3 2 I < v 2
sk = ! , 6= Y (X, - X)),
n; (f3 n;( l )

1 & X - X)F
k= — !
n; ¢’
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MpoBepka HOpManbLHOCTU pacnpenerieHMs OCTaTKOB

HepnocTtaTtok: TecTt Jarque-Bera npyumeHMM TONbKO nNpwu
OonbLIOM Ynucne HabnwaeHMU, Npyu Mariom cneagyet
ucnonb3oBaTb TecT LLlanupo — Yunka.

BecbMa nonynspHbIM siBnsieTcsi Tect KonmoropoBa-
CMuMpHOBa NpoBepKM HOPMaAOHOCTM.
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