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MnaH nekuyunun

Hapyuiennue runore3bl 0 TOMOCKEAACTUYHOCTH OIIMOOK
perpeccud. IlocineacTBUs reTepOCKEeAaCTUIHOCTH A1
OLIEHOK KO3()(PUIUEHTOB PErpeCCUr METOJIOM HAaMEHBIIINX
KBaJApPaToOB U MPOBEPKU CTATUCTUUECCKUX TUIOTE3.

TecThl Ha BBISIBJICHHE TE€TEPOCKEIACTUYHOCTH.

OLneHuBaHuE IPU HATUYMHU I'€TEPOCKEIACTUIHOCTH.
B3BeleHHbIN METOI HAMMEHBIIIUX KBAIPATOB.

PobacTHbIC cTaHIapPTHBIE OMIMOKH OIIEHOK KOA(P(OUIIMEHTOB
perpeccuu B popme Yaiita (White).

OO000IIeHHBIN METOJ HAMMEHBIIINX KBaJAPaToOB



[eTepocKepgaCTUYHOCTDbL

X, X, X, X, X X

OaHo n3 ycnosuu Teopembl MNaycca — MapkoBa COCTOMUT B TOM, YTO
BO3MYLLEHUSA U UMEIOT HyNeBoe MaTeMaTuiecKoe oXxuaaHve U
OAVHAKOBYIO AUCNEpPCULO.



[eTepocKepgaCTUYHOCTbL

X, X, X, X, X X

BbINo caenaHo Takxke JONONHUTENbHOE NPeaAnosioXeHne o
HOpManbHOM 3aKoHe pacnpeaenieHUsi BO3MYLLEeHUN.



[eTepocKepgaCTUYHOCTbL

X, X, X, X, X X

CBoncTBO OAMHAKOBOM AUCNepcun BO3MyLLEHUN Ha3bliBaeTcs
roMoCcKe4acCTU4YHOCTbLIO.



[eTepocKepgaCTUYHOCTbL

X, X, X, X, X X

INIuHua Teopetnyeckom perpeccum Y = 3, + 3,X, KOTOPYIO Mbl He
MOXeM NMpoBeCTU U NPOBEPUTbL, OANHAKOBO JI1 pacnpeneneHbl
BO3MYLUEHUS.



[eTepocKepgaCTUYHOCTbL

Ecnu auncnepcuun BO3MyLI.|,eHI/II7I Pa3JIn4dHbI, TO 3TO ABJIEHUe
Ha3blBaeTCA retepoCckefaCtu4iHOCTbLIO.



[eTepocKepgaCTUYHOCTbL

Hanuune retepockegacTM4HOCTU MOXHO 3anoA03pUTb, €CNNn
OTKIIOHeHue HabnraeHUn oT NMHUU BbIODOPOYHON perpeccumn
(ocTaTKnM) [OCTAaTOYHO CUJTLHO pa3nn4aroTCH.



[eTepocKepgaCTUYHOCTbL

OoHako oTBeT Ha BOnpoc, nMmeeT Jimn MeCTO retepoCckenaCTn4HoOCTDb,
MOXHO NOJIY4YUTb TOJIbLKO C NOMOLWbLIO TECTOB.



Nocnepcreus rerepockeaCtn4yHoCTmn

Ecnu npeanonoxeHne 06 oAMHaKOBbLIX AUCNEPCUSIX BO3MYLLEHUN He
BbINOJIHAETCS, TO

* CTaHOAPTHbIE OWUNOKU KO3 hNLMEHTOB perpeccumn BbIYUCIIAIOTCA
Nno HeBepHbIM popmMynam

*t — TeCTbl ANA NPOBEPKU NTMNOTE3 O KOHKPETHbIX 3HAYEeHUAX
Ko3adp(pmMunMeHTOB He AAaK0T NpaBUSIbHbLIX pe3ynbTaToB

*F — TecTbl AnNA NpoBepKn rmnoTes o IMHEeNHbIX OrPaHNYeHnsAX Ha
KoadhpnumMeHTbI perpeccuu He A4alOT NPaBUNbHbLIX Pe3yNnLTaToB

*OueHkn MHK koadcuumeHTOB perpeccum 6onbLie He ABMNAIOTCA
BEST, Tepsietca ahhpeKTMBHOCTb OLIEHOK .
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NMpombilWneHHOe NPoOM3BOACTBO Ha

BBI1 Ha aywy HaceneHus

daHHble ana 30 cTpaH B 1997.
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BBI

B3rnsHyB Ha 3TOT PUCYHOK, MOXXHO caenaTtb nNpeanorioXxXeHune, 4YTto C
poctom BBI1 aucnepcuna BoamyLieHnn yBenmyimBaeTCs.
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CpaBHum HOxHyr0 Kopeto n Mekcuky ¢ npubnusntenbHO
oAuMHakoBbIM ypoBHemM BBIT.
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AOpyrasa napa ana cpaBHeHusa — CuHranyp u Npeumns, Takxe ¢ NO4YTH
oaAnHakoBbIM ypoBHeM BBI1. OueBuaHoO, 4TO ANA NepBOU Napbl C
6onbwum BBl n pa3sHnua 6onbuwe. MOXXHO npeanonoXuTb Hanniue
retepocKkeaacTUYHOCTM.



Tect Nonadenpa — KBaHara

[eTepockepacTUYHOCTL — pasniuyuMe gucrnepcun BoO3MyLLEeHUN ans
pa3nunyHbIX HabnwaeHUU. SCHO, YTO BUAOB reTepocKkegacTUYHOCTHU
MOXeT ObITb CKOJIb YTO4HO MHOIO.



Tect Nongdenpa — KBaHara

X, X, X, X, X X

OgHako ogHUM M3 CaMbiX pacnpoCTPaHeHHbIX BUAOB
rerepockefacTUYHOCTU ABNSAETCA NPONOPLMOHANbHOCTb

CTaHOAPTHOro OTKNIOHEeHUS1 BO3MYLLEHUN O4HOU U3 OO BACHAKOLWMX
nepemMeHHbIX.



Tect Nonadenpa — KBaHara

ATOT TUN reTepocKefacTUYHOCTU UNJTIOCTPUPYETCA Ha NpuBegeHHOU
anarpamme. [incnepcus BO3MyLLEeHUN NPONoOpLMOHaribHa
nepemeHHou X.



Tect Nongdenpa — KBaHara

OcHoBHasi U ankTepHaTUBHaA runoTesbl B Tecte Nondgenga —
KBaHAaTa (M BO Bcex ocTanbHbIX TeCTax, B KOTOPbIX MPOBepPAeTCcH,
MMeeT NN MeCTO reTepocKkefacTUYHOCTL) hOpMYnNUpPYHOTCS
crieayrowmm odpasom:

H,: romockepacTM4HOCTb
H,: reTepockegacTM4HOCTbL

OpHako camM TecT 3aBUCUT OT TOro, Kakon BuAa
reTepockenacTUYHOCTU Mbl NpeanonaraemMm B anskTepHaTUBHOMN
runorese.



Tect Nonadenpna — KBaHara
Y=B+BX,+.+BX +u, Du)=0c.,i=..n

H,: (712:(73 Vi=l..n

Hi o, ~ X, oma nexomopoco X .,i=1,..,n



Tect Nongdenpa — KBaHara
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Ona npoBeneHus tecta Nonadenna — KBaHaTta Bce HabnroaeHus
ynopsigoumnBatrotca no Xj n gensartca Ha 3 yactu. Ecnu Bbibopka
HebGonbliad, TO BblAenAlT NnpubnuantenbHo 3/8 yactu Bcex
HabnaeHN AnNAa nepBon N TpeTben Yactu n npubnuanTtenbHo 1/4
B cepeguHe.



Npumep npoBepeHuns tecta Nonadenna — KBaHara
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Ons 28 cTpaH oueHMBaeTCcA 3aBMCUMOCTb BbiNycKa NpPoayKUnUu
obpabaTtbiBatowen npombiwsieHHocTn ot BBI1. BeigeneHo 11 ctpaH
¢ maneHbkum BBI1, 6 co cpegHum n 11 ¢ 6onbLNM.



NMpumep npoBepeHunsa tecta Nlonadenpa — KBaHara
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OTaenbHO oueHnBaroTcA perpeccun ana 11 ctpaH ¢ maneHskum BBI
un ona 11 ctpaH ¢ 6onbwnm BBI.



NMpumep npoBepeHunsa tecta Nlonadenpa — KBaHara
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BBI

Ons KaXxpon perpeccumn HaxoasTcsl CYMMbl KBaApaToB OCTaTKOB
RSS, n RSS,.



NMpumep npoBepeHunsa tecta Nlonadenpa — KBaHara
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Ecnu nmeet mecto romockegactmyHoctb, RSS,; n RSS, He AONXHbI
CUIIbHO pa3nun4yaTtbca (ecnu Yncrio HabnraeHUn B OLeHUBaeMbIX
perpeccusix coBnagaerT).



NMpumep npoBepeHunsa tecta Nlonadenpa — KBaHara
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OpHako B paccmaTpuBaeMom npumepe RSS, 3HaunTenbLHO
npeBbiwaeT RSS,.



TecTtoBas ctatuctuka B tecte flonadgenaa - KeaHara

300000

250000

RSS, = 157,000,000 . /
F(n,—k,n,—k)= RSS,/n,—k 13,518,000,000/9

~ RSS,/n,—k  157,000,000/9
F(9’9)crit,0.1% = 10'1

/ RSS, = 13,518,000,000
50000 | g e °®

°% ’
0* T T T T
0 200000 400000 600000 800000 1000000 1200000 1400000

BBI

TecTtoBasi ctraTUCTUKA F paccynTbiBaeTcs Nno npuBegeHHOM Bbille
dopmyne. B uncnurtene — oyeHka gucnepcmmn BO3MyLeHNM nNo
nocnegHUM n, HabnogeHUsIM, a B 3HaMeHaTtene - oueHka gucnepcuu

BO3MYLLEHUN NO nepBbIM N, HabnoaeHnsam. K- 4yucno napameTpor
B Moaenu.



TectoBas ctatucTtuka B tecte Flonadgenaa - KBaHara
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TectoBas F — ctaTUCTMKA NpeBbILLAET KPUTUYECKOE 3HAYEeHUe aaxe
npu ypoBHe 3Haynmoctn 0.1% . HyneBas runortesa o
roMocKkegacTM4HOCTU OTBepraeTcH.



dopmanbHoe onucaHue tecta Nondenpa - KeaHara

- OueHuBaeTcs perpeccus no BcemM HabnroaeHnAM.

*[Tone3Ho B3rNsAHyTb Ha rpaduk octatkoB. MoXxeT NOABUTLCA NpPeanorioXeHne, 4YTo
Aucnepcus BO3MYLLEHUN YBeNTMYNBaeTCA C POCTOM HEKOTOPOMU NepeMeHHOMN.

‘YnopspaoumBaem Bce HabrnoaeHMs No MOAYIHO NOAO3PUTENBLHOU NepeMeHHOMN.

-[lenum Bce HabnoaeHUA Ha TpU rpynnbl (ecnm HabnraeHUn 4OCTaTOYHO MHOro, TO
NnpMoNM3nTenbLHO Ha TpeTn). YaobHo, ecrniv B NepBOM U TpeTben rpynnax Korm4ecTtBo
HabngeHun oaANMHaAKOBO.

‘HabniopaeHuamu cpeagHen rpynnel npeHedbperaem, a Nno nepBbIM N, U NOCNeAHUM N,
HabnaeHUsAM oueHuBaeM oTAerNbHbIe perpeccum.

‘Ucnonb3ysa cymmbl KBagpatoB octaTkoB (RSS) B ouleHeHHbIX perpeccusx,
paccunTbiBaeM TeCTOBYH CTaTUCTUKY Nno cpopmyrne

Fons—kom — ky = RSS2 iy = k)
RSS | /(n, — k)

-CpaBHMBaeM nosiy4eHHoe 3Ha4yeHue F — cTaTUCTUKM C KPUTUYECKUM (Npu BbIOpaHHOM
YPOBHE 3HAYMMOCTH).

*Ecnu 3Ha4yeHune F — ctaTUCTUKH npeBbillaeT Kputnuvieckoe, HyrneBasd rumnortesa o
roMmockeaCTnM4HOCTUN OTBepPraeTcCHl.



TecT Mensepa

Oucnepcusa Bo3MyLLEeHUI He 065i3aTeNbHO NPONOpPLUOHaNbHa KAKOMY-
nn6o cakTopy, MoXeT ObITb U ApPYyrov BUA, 3aBUCUMOCTHU, ANS

onpeaeneHus KOTopou nucnonb3lyetcs Tect [Nensepa.



TecT Nensepa
Y=B+BX,+.+BX +u, Du)=0c.,i=..n

H,: (712:(73 Vi=l..n

He o, ~ X" O nekomopoz2oX ,,

y=lunuy=12umy=-1,i=1,...



dopmanbHOe onucaHue tecTta nensepa

- OueHnBaeTcs perpeccusi No BCeM HabNAeHNAM.
+CoxpaHsIloTCA OCTaTKN perpeccum e;.

OueHuBaloOTCA perpeccum

el=a+ X +u,i=1..n

e =0[+,B\E+Mi,i=1,...]fl
1

el=a+p—+u.,i=1...

| =at o, %

l
*Ecnun koachpunumeHT B 3HaUYMM XOTA Obl B O4HOU U3 TPEX perpeccumn

(3HaunmocTb KoadhhmnumeHTa NnpoBepAETCa Kak 00bIYHO C NOMOLLbLIO
t — ctaTucTUKN), TO UMEeT MeCTo reTepockeaacTUYHOCTb

(cooTBeTCTBYIOLWErO BMAA).



TecT YauTa

H,: romockegacTMyHOCTb
H,: reTepockegacTUYHOCTb

Bua reTepockeaAaCtTM4YHOCTUN HEe KOHKPEeTU3InNpyeTCH.



dopmanbHOEe onncaHue TecTta YauTa

- OueHnBaeTcAa perpeccusa Nno BCem HabnoaeHUsM.
+CoXpaHAKTCA OCTaTKMU perpeccum e;.

OueHunBaroTcs perpeccusa KBaapatToB OCTATKOB Ha BCe perpeccopbl,
UX KBagpaTtbl, NnonapHbie npoun3BeaeHnda n KOHCTaHTY.

B nocnegHen oueHeHHOM perpeccumn Haxoamm KoahnumeHT
MHOXeCTBEHHOMN AeTepMuHauum R?

‘Bbluncnsiem TecToByr cTaTUCTUKY No hopmyre nR2. TectoBas
CTaTUCTUKA UMeeT pacnpepnerieHne «xv — kBagpart» ¢ k-1 creneHamu
cBoboabl, rae k — yncno ouyeHMBaeMbix KoacdhpuLUEHTOB.

CpaBHMBaeMm nosiy4yeHHoe 3Ha4YeHUe TeCTOBOUN CTaTUCTUKMU C
KPUTUYECKUM NpU BbIOPaHHOM YpOBHe 3HaYMMocTU. Ecnn 3HavyeHue
TeCTOBOU CTaTUCTUKMU NpeBbIllaeT KPpUTU4eCKoe, To HyneBas
rmrnoTe3a o roMmocKkeg4acTU4YHOCTU OTBepraeTcs.



TecT YauTa

NMpuBnekaTenbLHOM YepTOM TecTta YanuTa ABNAETCA ero
YHUBepcanbHOCTb. OA4HAKO 3TOT TeCT He ABMSAETCA KOHCTPYKTUBHbIM.
Ecnun retepockeaacTUYHOCTDb BbisSIBNEHA, TO TEeCT YanTa He gaeTt
yKa3aHua Ha (pyHKLUMOHarnbHYO popMy reTtepockenacTM4HOCTM.
EQVMHCTBEHHbLIM CIOCOOOM KOpPpPEeKLUUU ABNAETCA NPUMEHEeHUue

CTaHOapTHbLIX owmnbok B hopme YaunTa.



NMpumep npumeHeHUn Tecta YauTa

reg MANU GDP

1 1.1600e+11
26 550462775

Number of obs
F( 1, 26)
Prob > F
R-squared

Adj R-squared
Root MSE

28
210.73
0.0000
0.8902
0.8859
= 23462

Source | SS
_____________ +
Model | 1.1600e+11
Residual | 1.4312e+10
_____________ +
Total | 1.3031le+l1l
MANU Coef
GDP .193693
cons 603.9453

.0133428
5699.677

14.52
0.11

0.000
0.916

.1662665
-11111.91

.2211195
12319.8

. predict EMANU, resid
gen EMANUSQ = EMANU*EMANU

OueHeHa perpeccus Bbinycka ot BBI1 ana 28 ctpaH. OcTtaTku

perpeccuu coxpaHeHbl.



NMpoBeneHue Tecta Yauta

. gen GDPSQ = GDP*GDP

. reg EMANUSQ GDP GDPSQ

Source | SS df MS Number of obs
————————————— e e e L L L e F( 2, 25)
Model | 1.3183e+19 2 6.5913e+18 Prob > F
Residual | 4.9179%9e+19 25 1.9671e+18 R-squared
————————————— +----—-— Adj R-squared
Total | 6.236le+19 27 2.3097e+18 Root MSE
EMANUSQ | Coef. Std. Err t P>|t| [95% Conf.
_____________ +_______________________________________________________
GDP | 6271.896 2758.253 2.27 0.032 591.1687
GDPSQ | -.0041155 .0022626 -1.82 0.081 -.0087754
cons | -4.21e+08 4.51e+08 -0.93 0.359 -1.35e+09

B kayecTBe 3aBMCMMON NepeMeHHOMU BblOpaHbl KBaapaThl
OCTaTKOB, a B Ka4ecTBe He3aBUCUMbIX nepeMeHHbIX — GDP u
GDP B kBagparte (T.K. nepemMeHHas ogHa, TO nonapHbIX

28

3.35
0.0514
0.2114
0.1483
1.4e+09

11952.62
.0005444
5.08e+08

npousBeaeHun HeT). B perpeccuio BknoUYeHa Takke KOHCTaHTa.



NMpoBeaeHue Tecta YauTa

gen GDPSQ = GDP*GDP

reg EMANUSQ GDP GDPSQ

Source | SS df MS Number of obs = 28
————————————— e e F( 2, 25) = 3.35
Model | 1.3183e+19 2 6.5913e+18 Prob > F = 0.0514
Residual | 4.9179e+19 25 1.9671e+18 R-squared = 0.2114
————————————— +---——— Adj R-squared = 0.1483
Total | 6.236le+19 27 2.3097e+18 Root MSE = 1.4e+09
EMANUSQ | Coef Std. Err t P>|t| [95% Conf. Interval]
_____________ +________________________________________________________________
GDP | 6271.896 2758.253 2.27 0.032 591.1687 11952.62

GDPSQ | -.0041155 .0022626 -1.82 0.081 -.0087754 .0005444

cons | -4.21le+08 4.51e+08 -0.93 0.359 -1.35e+09 5.08e+08

Bbluncnsem TecToBYyIO0 CTaTUCTUKY No chopmyne nR?, 6epsa R? us
Tadbnuubl.



NMpoBeneHue Tecta Yaurta

. gen GDPSQ = GDP*GDP

. reg EMANUSQ GDP GDPSQ

Source | SS df MS Number of obs = 28
————————————— e F( 2, 25) = 3.35
Model | 1.3183e+19 2 6.5913e+18 Prob > F = 0.0514
Residual | 4.9179e+19 25 1.9671e+18 R-squared = 0.2114
————————————— - Adj R-squared = 0.1483
Total | 6.236le+19 27 2.3097e+18 Root MSE = 1.4e+09
EMANUSQ | Coef Std. Err t P>|t| [95% Conf. Interval]
_____________ +________________________________________________________________
GDP | 6271.896 2758.253 2.27 0.032 591.1687 11952.62
GDPSQ | -.0041155 .0022626 -1.82 0.081 -.0087754 .0005444
cons | -4.21le+08 4.51e+08 -0.93 0.359 -1.35e+09 5.08e+08
2 2
nR? =28x0.2114=5.92 72.(2)=5.99

R? paBeH 0.2114 n n paBHO 28. TecToBasi cTaTUCTMKA paBHa 5.92.
Kputnueckoe 3HauyeHMe CTaTUCTUKM «XU —KBaApaT» C ABYMSA CTENEeHAMMU
cBoboabl paBHo 5.99 npu 5 % ypoBHe 3Ha4YnMMocTuU. [MonyyeHHOe 3Ha4YeHue
TECTOBOM CTaTUCTUKU He MNpeBbIlIaeT KpUTuyeckoe, crnenoBartesibHoO,
HyrneBasi runoTe3a 0 roMocKke4acTUYHOCTU He OTBepraeTcs.



Tect bpouwa - INaraHa
Y=B+BX,+.+BX +u, Du)=0c.,i=..n
H,: (712 :Gj Vi=l..n

2
H: o ~ f(a,+a,Z, +..+a.Z.),
Ol  HeKOmOpvblX  NepemMeHHvix L ,..., 2
i=1,...,n

r

Bua dyHkumn f moxeT ObITb NMOOOMN.



dopmanbHOe onncaHue Tecta bpouwa - lNaraHa

- OueHnBaeTcs perpeccus

Y =0+6X,+. . +0.X, tu,i=1..n
no Bcem HabnoaeHnssM. CoxpaHsiloTCsl OCTaTKM perpeccum e;,
i=1,...,n. HaxoauTtcsa RSS.

*HaxoauTtcsa oueHka agucnepcum Bo3myLlueHun no doopmyne

- OueHunBaeTcs perpeccusi e Ha Z,,...,.Z, HaxoauTtcsa ESS,,.



dopmanbHOe onncaHue Tecta bpouwa - lNaraHa

TecTOBasA cTtaTUMCTUKAa

‘IMeeT pacnpeneneHmne «xXxu — KBagpart» C r ctTeneHsiMu cBoo6obl.

‘Ecnu Zz >Z§r,a(r) npv BbIGPaHHOM YPOBHE 3HAaYUMOCTH,

TO rmnoTe3a HO O rOMOCKenaCTU4YHOCTUN OTBEepPraeTcCHl.



Yto menaTtb B cny4yae retepockegacTUYHOCTU?

Y=8+p0,X+u

MpeanonoXxum, 4To HamMm N3BECTHbI AUCNEPCUN BO3MYLLEHUN o7 Ans
Bcex HabnwpeHun i = 1,...,n.



Y=0+5,X+u

JCTIEPCHS U, =0,

1

Y. 1
—12/81_4'/82
. O

O

Xl.+u,.

i i i i

Pasaenum o6e yacTu paBeHCTBa Ha o; ANA KaXaoro HabnogeHus.



Y=0+5,X+u

aucraepcus U, =0,
Y 1 X. u
I — i

e /8 1 T /82 +

oF o o; O;
. u,

AUCIICPCHU HOBBIX BO3MYIICHUHA {—}
Gi

— HAUCIICPCHUU
O-i

2
Gi

2
O .

1

=1

Torpga gucnepcuun BO3MyLLEHUU B HOBOU perpeccuun CTaHyT

oAMHAaKOBbIMUA N PaBHbIMU 1.



NMpeobOpa3oBaHMe NnepeMeHHbIX

Y=0+5,X+u

2
OUCIIEpCUd U, = O

—_/81 +/82

1 i i i

Y. . .
=ﬂ1H+ﬂ2X'+u' Y':_l, H:_, X'= 1, y'= i

Q
q
Q
Q

Bce cBOANTCA K OLleHKe HOBOM perpeccum ¢ npeoobpasoBaHHbIMU
dakTopamu, oueHnBaem perpeccuro Y' Ha X' n H, kotopble
onpepeneHHsl Bbiwe. OTMeTUM, YTO B HOBOU perpeccum Het
KOHCTaHTbIl. f; CTAaHOBUTCA KO3(hpMLUMEeHTOM HaKnoHa nepena
nepemeHHou 1/c;.



B3BelleHHbIN MeTOA4 HAUMEHbLLUUX KBagapaTtoB

Y=0+5,X+u

2
IYCIIEPCHS U, =0,

1

Y 1
:/8 _+/82
O. O'

i i i

=BH+AX v y=ti gl xRNt
O; , .

YKka3aHHbIN MeToA Ha3bliBaeTCA B3BELEHHbIM METOAO0OM HauMEeHbLUNX
kBagpatoB. Hanbonbwun Bec 1/0;nonyyatot HabnoaeHus c

HaumeHblUen gucnepcmen BOIMyLLEHUN O;.



B3BeweHHbIW MeTOA4 HAUMEHbLUUX KBagpaToB
Y=0+0,X+u

variance of u, = ¢}

oc. =7,

l /

OpaHako Ha npaKkTuKe cTaHAapPTHbIe OTKIIOHEeHUS BO3MYLLEHUN
OObIYHO HEN3BeCTHbI. Ho, OKa3biBaeTCcs, 4OCTAaTOYHO 3HATb 3TU
CTaHOAPTHbIE OTKNOHEHUA C TOYHOCTbIO A0 NOCTOSAHHOIO
MHOXUTens. NpeanonoXxunm, 4To cTaHAapTHbIe OTKITOHEHUS
BO3MYLLUEHUU NponopunoHaribHbl HEKOTOPOU U3BECTHOM

nepemeHHou Z,.



B3BeweHHbIW MeTOA4 HAUMEHbLUUX KBagpaToB
Y=0+0,X+u

NUCHepcus U, = o,

l l

oc. =7,

l /

Y. 1 .
I - 4 i 4 i
Pl R S

/ 1l 1l

B aTom cny4yae Mmbl AocTUraemM roMmockeaacTUYHOCTU OCTaTKOB,
pa3genus Bce nepeMeHHble Ha Z,.



B3BelleHHbIN MeTOA4 HAUMEHbLLUUX KBagapaTtoB

Y=0+5,X+u

2
IUCEpCUs U, = O

1 1

oc. =7,

l /

X. u.
_|_ l_I_ 1l
bty

1
7Py

| B o’ 5
= —0. = ! :/1
} A

Y. 1 X. U,
Y'=0 H+ [, X'+u' Y'=>" H=—, X'="", u ’
ﬁl :Bz Z., Z-, Z 9 Z

i i i i
ﬂeﬁCTBMTeanO, KaK NnoKa3aHO Bbille, AncnepcmMmn HOBbIX OCTAaTKOB

OAMHaKoOBbI U paBHbl A2, Ham HeT Heob6xoamMmocTun 3HaTb A2. [locTaTo4yHO

TOro, YTo 3TO KOHCTaHTa (T.e. OAUHAKOBbLIEe AUCNEepPCUUN ANAa BceX
BO3MYLLUEHUWU, FOMOCKeAaCTUYHOCTDL) .

Y.
i
ui
TUCIIEPCUS
Zi




B3BeweHHbIW MeTOA4 HAUMEHbLUUX KBagpaToB
Y=0+0,X+u

2
IUCEpCUs U, = O

1 1

o, =AZ,
Y. 1 X. u
—l: —_l_ l_I_ ]
PRl Rl
Y. 1 X, u
Y'= H + X'+u' Y'="*t H="_ X'="** y'=-"=%
181 182 u Zl., Z, Z, Z

Ecnu nocne BbinonHeHuu Tecta Nonadenaa — KBaHara runoresa o
roMocKkenacTUYHOCTU OTBepraeTcs, To B KadyectBe Z MOXeT ObITb

ncnoJsib3oBaHa nepemMeHHas Xj.



B3BelleHHbIN MeTOA4 HAUMEHbLLUUX KBagapaTtoB

Y=0+5,X+u

2
IYCIIEPCHS U, =0,

1

Y 1
:/8 +/82
O. O'

i i i

=BH+AX v y=ti gl xRNt
O; , .

Ha npakTuke BMecTO o; YacTo UCNONb3YIOT UX oueHKU. Hanpumep,
ecnu nocne npoBsegeHus Tecta nmensepa runoresa o

romockegactTM4HoOCTH Obina OTBEpPrHyTa, NOCKOJIbKY B perpeccmu

=a+ X +u,i=1..n
A A
koadpcpuumeHT B 3HaUMM, To 0; = |e;|, i =1,..,n
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NMpumep
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BBI1 Ha aywy HaceneHus

YnopspoumB cTpaHbl No Bo3pactaHuio BBI1 Ha aywy HaceneHwus,
pa3buBaeT UX Ha TPM rpynnbl, cpeaHue HabnaeHns BbiIKUAbIBAET, a
Ans nepBou U nocneaHeu rpynnbl HabnwAeHUN oLeHUBaeMm
perpeccumn n Haxogum RSS.



NMpumep
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BBI1 Ha aywy HaceneHusA

NMpoBoaum tect Nondenpa - KeaHara. NockonbKy TectoBas
CTaTUCTUKA OonbLlue Kputndeckom npu 5% ypoBHe 3HAYUMOCTHU,
HyrieBasi runoTe3a 0 roMoCKegacTUM4YHOCTU OTBepraeTcs.



NMpumep
Y=0+5,X+u

2
OUCIIEpCUs U, = O,

o, = AX,

AnbTrepHaTnBHasa runorte3a B Tecte Nondenaa — KBaHaTa
npegnonaraeT NPonopuMoHaribHOCTb CTaHAAPTHONO OTKITOHEeHUSA

BO3MYLLUEHUU OOBACHAKOLWEN NepeMeHHOU (B AaHHOM npumMmepe X =
GDP).



NMpumep
Y=0+5,X+u

2
oucnepcus = O
o, = AX;

Y. 1 u,
: :/8124'/82"'

X,

1

X,

1

HanoMmHum, yto Ana nony4vyeHna acphpeKTUBHLIX OLLEHOK TpebyeTcs
npeodbpasoBaTb NepeMeHHble, pa3gaesiuB UX Ha TY NepPeMeHHYHo,
KOTOPOM NponopunoHaribHO CTaHAapPTHOE OTKIIOHEeHUe BO3MYLLUEeHUMN.
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Ouarpamma paccesiHMs B Npeo6pa3oBaHHbIX NepeMeHHbIX.
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NMpumep
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CHoBa npoBoaum Tect Nonadenaa - KeaHara.
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NMpumep

RSS, = 0.065
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1/GDP x 1,000,000

Ha aToT pa3 runorte3a o roMmockea4acTU4YHOCTU He oTBepraeTcsa. C
NOMOLLbLIO NPeodpa3oBaHNA reTepocKkefacTUYHOCTbL Obina
yCTpaHeHa.



BTopoun cnocob 60opbLOLI C retepockefacTUYHOCTbLIO
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CyuwecTByeT Apyrom cnocob 60pbLOLI C reTepocKkefacTUYHOCTbIO,
CBsAiI3aHHbIU C BbIOOpPOM Apyrom PyHKUMOHaANbLHON (hOpPMbI MOAEenu,
a UMEeHHO, JIMHEeUHOM B fnorapudgmax.



NorapudMmunyeckoe npeodbpaszoBaHne AaHHbIX
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Ouarpamma paccesiHus 4ns NepeMeHHbIX B iorapudmMmmnyeckom
MacLuTaoe.




IlnHenHagsa B norapucgpmax moaenb
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NpoBeaem cHoBa Tect lonadenna — KBaHarta Ana IMHEMHOWU B

norapucgmax mogenu.
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HETEROSCEDASTICITY: WEIGHTED AND LOGARITHMIC REGRESSIONS
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HyHEBaFl rmnorte3a o roMmockenaCtTu4HoOCTN He oTBepraeTcH.



Norapundmnyeckmnn macwtabd
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B norapudmmnyeckom macwrtabe pasHuue mexay KOxxHou Kopeen n
MeKCUKOM He TaK CUJTIbHO OTNM4YaeTca OT pa3Huubl ansa CuHranypa u
peunn, kKak npu nMHeMHOM MacwiTabe.



NTuHenHbIN macwTad
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Pa3nuyHble cneundmnkaumm

MANU = 604+ 0.194GDP R?=0.89
(5700) (0.013)
. -
]‘?D]Z) U o 0.189+533 —GII)P R =0.02
(0.019)(841)

log MANU = -1.694+0.9991o0gGDP  R? — (.90
(0.785) (0.066)

Mo ogHMM M Tem XXe AaHHbIM OLEHEeHO HEeCKONbKO Moaeren.
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CocroAaTenbHble NPU reTepocKkeaacTUHHOCTH
CTaHAapTHble owunbKKu Yaura

Y =XB+ ¢
B=B+ XX)"1Xe

Var[B] = (X’X) ! X'var[e]X (X'X)?

Var [B] = (XX) ™" [X'var[]X] (XX)™
OueHka Yaiita: nVar [B] =
= (%) (328 (ixo) - (7%%)

X¢ - S-ad CTpOKa MaTpHIbI X.

-1



reg manu gdp

Source | SS df MS Number of obs = 28
————————————— - F( 1, 26) = 210.73
Model | 1.1600e+11 1 1.1600e+11 Prob > F = 0.0000
Residual | 1.4312e+10 26 550462775 R-squared = 0.8902
————————————— - Adj R-squared = 0.8859
Total | 1.303le+l1 27 4.8264e+09 Root MSE = 23462
manu | Coef. Std. Err. t P>| t| [95% Conf. Interval]
_____________ +________________________________________________________________
gdp | .193693 .0133428 14.52 0.000 .1662665 .22111095
_cons | 603.9453 5699.677 0.11 0.916 -11111.091 12319.8
reg manu gdp, robust
Regression with robust standard errors Number of obs = 28
F( 1, 26) = 116.39
Prob > F = 0.0000
R-squared = 0.8902
Root MSE = 23462
| Robust
manu | Coef. Std. Err. t P>| t| [95% Conf. Interval]
_____________ +________________________________________________________________
gdp | .193693 .0179542 10.79 0.000 .1567877 .2305983
I

603.9453 3542.388 0.17 0.866 -6677.538 7885.429



O, o1s
; NMpumep
reg manu gdp
Source | SS df MS Number of obs = 28
————————————— +--—————————— = F( 1, 26) = 210.73
Model | 1.1600e+11 1 1.1600e+11 Prob > F = 0.0000
Residual | 1.4312e+10 26 550462775 R-squared = 0.8902
————————————— +---———————— Adj R-squared = 0.8859
Total | 1.303le+l1 27 4.8264e+09 Root MSE = 23462
manu | Coef. Std. Err. t P>| t| [95% Conf. Interval]
_____________ +________________________________________________________________
gdp | .193693 .0133428 14.52 0.000 .1662665 .22111095
_cons | 603.9453 5699.677 0.11 0.916 -11111.091 12319.8
reg manu gdp, robust
Regression with robust standard errors Number of obs = 28
F( 1, 26) = 116.39
Prob > F = 0.0000
R-squared = 0.8902
Root MSE = 23462
| Robust
manu | Coef. Std. Err. t P>| t| [95% Conf. Interval]
_____________ +________________________________________________________________
gdp | .193693 .0179542 10.79 0.000 .1567877 .2305983
cons | 603.9453 3542.388 0.17 0.866 -6677.538 7885.429



Mpumep1. UcTopus, npounsowenwas Ha Horo-Uopckoi
cdoHpoBON OMpXxe

Securities and Exchange Commission vs Antitrust division of the US
Department of Justice

BupxeBoun komnteT: KOMUCCUOHHLIE OpoKepaM He ABNAIOTCA
O00BLEKTOM corflalieHna Mmexay OpokepamMmu n KrnimeHTamu, a
yCTaHaBNMBaKTCA OMpKeBbIM KOMUTETOM

NoapasgeneHne MUHNUCTepCTBaA LOCTULMN: LleHbl KOMUCCUOHHBLIX A.0.
nuboepanun3oBaHbI



UcTtopusna, nponsowepwan Ha Hero-nopkckoun choHaosoun
ounpxe

BupxeBon KOMUTET:

v =476000+31.348X—1 083x]07° X2

[=OmHouieHue (2.98) (40.39) (—6.54)

roe Y — goxoa O6pokepCKuUxXx KomrnaHmm, X — Konm4yecTtBO akuum B
caernke.

BbiBoA4: ecTecTBeHHAasi MOHOMNONKUS, He HaA4o0 NMbdepanu3oBbIBaTb
LleHbl.



UcTopusa, npounsolwleawan Ha Heto-Nopckon choHaosom
ounpxe

NoaopasoeneHne MUHUCTEPCTBA KOCTULIUM :
Oucnepcusa ownboK 3aBMCUT OT 0Obema caenku. Hago nopgenntb

BCe nepeMeHHble HaA X .HoBoe oueHeHHOe ypaBHeHMe:

Y =342000+25.77X *+4.34x107° x>

t=omuowenue (32.3) (7.07) (0.503)

BbiBoA4: 3TO He ecTeCTBEHHasAs MOHOMONUA, HAAO0 Nnbdbepanu3oBaTh
LleHbl.



NMpumep 2. OueHka pyHKLUUU cpoca HAa MaKapOHHbIe
nigenusa B Poccum

ba3a paHHbIX: PM33 - POCCUUCKNN MOHUTOPUHI 3KOHOMUNYECKOro
NONOXEHNA N 340POBbA HaceneHus

NMepemeHHbI€e:

buymacar_c — cTouMOCTb MakKapOHHbIX U34eNUU, KYNJIeHHbIX
cemMben 3a nocrnegHue 7 gHeu (B pyo6.),

pr_macar - ueHa 1 Kr MaKkapoHHbIX U34erivu,

inc — goxon ceMmby 3a mecsil



OueHka pyHKUMM cnpoca Ha MaKapoOHHbIe u3genuvs B
Poccuu

reg buymacar ¢ pr_macar inc

Source SS df MS Number of obs = 1756
F( 2, 1753) = 999.28
Model 4914486.1 2 2457243.05 Prob > F = 0.0000
Residual 4310662.73 1753 2459.02038 R-squared = 0.5327
Adj R-squared = 0.5322
Total 9225148.83 1755 5256.49506 Root MSE = 49.589

buymacar_c Coef.  Std. Err. t P>t [95% Conf. Interval]
pr_macar .5073996 .01136 44.67 0.000 .4851191 .5296802

inc .0000559 .0000642 0.87 0.384 -.00007 .0001818
_cons 19.85896  1.443465 13.76 0.000 17.02786 22.69005



TecT YauTta

estat imtest, white

White's test for Ho: homoskedasticity

against Ha:unrestricted heteroskedasticity

chi2(5) = 624.97



TecTt Nlonadcgenna —-KBaHara (ynopsgoymBaHue no
nepemMeHHOM inc)

sortinc

. reg buymacar_c pr_macar inc in 1/585

Source SS df MS Number of obs =295 F( 2, 292) = 465.68
Model 839154.929 2 419577.464 Prob>F = 0.0000
Residual 263093.755 292 901.006012 R-squared= 0.7613

Adj R-squared = 0.7597
Total 1102248.68 294 3749.14518 Root MSE = 30.017
buymacar_c Coef.Std. Err. t P>t [95% Conf. Interval]
pr_macar 2.716744 .0894214 30.38 0.0002.540752 2.892736
inc -.0044199 .0023256 -1.900.058-.0089969 .0001572
_cons -11.64927 5.555395 -2.100.037-22.58296 -.715578

. reg buymacar_c pr_macar inc in 1172/1756
Source SS df MS Number of obs = 293

F( 2, 290) = 2564.69
Model 1861980.84 2  930990.42 Prob>F = 0.0000

Residual 105270.882 290 363.003043 R-squared = 0.9465
Adj R-squared = 0.9461
Total 1967251.72 292 6737.16343 Root MSE = 19.053

buymacar_c Coef.Std. Err. t P>t [95% Conf. Interval]
pr_macar .9843328 .013775 71.46 0.000.9572211 1.011444

inc .0021632 .0013107 1.650.100-.0004165 .0047429
_cons -6.335153 8.961121 -0.71 0.480-23.97223 11.30193



Tect Nonadenaa —-KBaHara (ynopsigoumMBaHue no
nepemMeHHoOM inc)

" RSS, /(n, —k)

— <l=>F<F“
RSS, /(n, = k)

F

BbiBoa: NMnoTtesa H, He oTBepraeTcs, T.e. HET

retepockefacTUYHOCTU (MO nepeMeHHOMU inc)



Tect Nonadenaa —-KBaHara (ynopsigoumMBaHue no
nepemMeHHON pr_macar)

sort pr_macar

. reg buymacar_c pr_macar inc in 1/585

Source SS df MS Number of obs = 585
F( 2, 582) = 0.30

Model 309.359477 2 154.679738 Prob>F = 0.7404

Residual 299328.145 582 514.309528 R-squared = 0.0010

Adj R-squared = -0.0024
Total 299637.505 584 513.077919 Root MSE = 22.678

buymacar_c Coef. Std. Err. t P>t [95% Conf. Interval]
pr_macar .3833284 .6208139 0.62 0.537-.8359801 1.602637

inc -.0000419 .000085 -0.49 0.622-.000209 .0001251
_cons 21.96761 8.479713 2.59 0.0105.313038 38.62217

. reg buymacar_c pr_macar inc in 1172/1756

Source SS df MS Number of obs = 585

F( 2, 582)= 364.75

Model 4793973.58 2 2396986.79 Prob>F = 0.0000
Residual 3824678.33 582 6571.61226 R-squared = 0.5562

Adj R-squared = 0.5547
Total 8618651.92 584 14757.9656 Root MSE = 81.065

buymacar_c  Coef. Std. Err.  t P>t [95% Conf. Interval]
pr_macar .5059595 .0187335 27.01 0.000 469166 .542753
inc .0000173 .0001254 0.14 0.891 -.0002291 .0002636

_cons 22.21863 3.995971 5.56 0.000 14.37035 30.06691



Tect Nonadenaa —-KBaHara (ynopsigoumMBaHue no
. nepemMeHHON pr_macar)
RSS
B , 382467833 1277755 F¥,

F = —
RSS. 299328145

BbiBoa: 'MnoTte3a H, oTBepraeTcs, ecTb rerepockefacTu4HOCTb

(mo nepemeHHOM pr_macar)

* - T.K. YMcCrio HabnwaeHUU B BbIOOpKax coBnapaeT



Npeobpa3oBaHMe AaHHbIX N OLeHMBaHNEe HOBOM
perpeccum

gen buymacar_cnew = buymacar_c/ pr_macar
(1579 missing values generated)

. gen consnew =1/ pr_macar
(1579 missing values generated)

. gen incnew= inc/ pr_macar
(1579 missing values generated)

. reg buymacar_cnew consnew inchew

Source SS df MS Number of obs = 1756
F( 2, 1753) = 58.43
Model 241.386174 2 120.693087 Prob>F = 0.0000
Residual 3621.08302 1753 2.06564918 R-squared = 0.0625
Adj R-squared = 0.0614
Total 3862.46919 1755 2.20083715 Root MSE = 1.4372
buymacar_cnew Coef. Std. Err. t P>t [95% Conf. Interval]

consnew 20.81843 2.01338 10.34 0.000 16.86955 24.76731
incnew .0000831 .0000388 2.14 0.032 7.05e-06 .0001592
_cons 3681707 .1218333 3.02 0.003 1292168 .6071246



CpaBHeHMe pe3ynbLTaToB Ha4YanbHOU U
CKOpPPEKTUPOBaAHHOW perpeccuun

buymacar_c Coef. Std. Err. t P>t [95% Conf. Interval]

pr_macar .5073996 .01136 44.670.000 4851191 .5296802
inc .0000559 .0000642 0.87 0.384 -.00007 .0001818
_cons 19.85896 1.443465 13.76 0.000 17.02786 22.69005

buymacar_cnew Coef. Std. Err. t P>t [95% Conf. Interval]
consnew 20.81843 2.01338 10.34 0.000
incnew .0000831 .0000388 2.14  0.032
_cons 3681707 .1218333 3.02 0.003

16.86955 24.76731
7.05e-06 .0001592
1292168 .6071246



O0o00OLEeHHbIN MeTOo4 HaMeHbLUUX KBaapaToB

Y=Xp+ ¢
BbinonHeHb! Bce ycnosuda TI'M, kpome
CKansipHOCTU KOBapMauMOHHOU MaTpuULbl
OLNOOK perpeccumn

Var[e] = Q) - u3BecTHas MmaTpuia.
Ouenka MHK koadppuuyeHTOoB S B 3TOM Ciay4yae OyAeT
HeCMellleHHOM, HO He 3P eKTUBHOM.

() - MOJIOXKUTEJNIbHO OIIpeie/ieHHass CHMMETPHUYHas
MaTpuIia =

QO=C1AC, A - tuarosayipbHas MaTpulia (Ha
AMaroHasu - co6ctBeHHble yucna), C~1 = C’



O0o00OLEeHHbIN MeTOo4 HaMeHbLUUX KBaapaToB

Q_1/2= C—l A—1/2 C,

Y =XB + ¢

QO 1V2y = 12xp + O 1/2%¢,

Y'"=XB+ €~



O0o00OLEeHHbIN MeTo4 HauMEeHbLUMX KBaapaToB
Y'"=X"p+ €7,
Bors = (X'X") 71 (X'Y") =...=

= (X' 1X)71 (X'Q71Y) — acppekTnBHaA
OLleHKa.

MaTpuuy () AOCTAaTOYHO 3HATb C
TOYHOCTbLIO A0 NPONOPLUOHANIbLHOCTMU.
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