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[Mpownasa nekuyms

o Mogenb nuHeliHOl perpeccum NCnosib3yeTcsl, KOrga Mbl XOTUM
OLEHNTb CBSA3b OAHOW WHTEPBaNbHON 3aBUCMMON NEpeMeHHO 1 OAHO
MAN HECKOJIbKNX HE3ABUCUMBbIX nepemerHbix. Hanprnmep: 3aBucumocTs
foxofa oT nona, obpa3oBaHMs N MeCTa XXUTENLCTBA

@ y=a+ bx, rae a u b — perpeccuortsie koappnumneHThI

@ JluHeliHas perpeccusi OLEHUBAETCS METOLOM HAaWMEHbLUUX KBAAPaTOB.
Perpeccuortbie koaphnLUEHTEI NOKA3LIBAIOT, HA CKOJILKO €4MHUL
MEHSIeTCA NPeACcKa3aHHOE 3HAYEHME 3aBUCUMOL NEPEMEHHO, ecnn
HE3aBUCUMYIO MEPEMEHHYIO N3MEHUTbL Ha eanHuly (B paMkax Halwueii
MoAenu)

@ B mHoxecTBeHHON perpeccuin KoapduLmMeHTbl Npn OAHOW NepemeHHo
WHTEPNPETUPYIOTCA C YHETOM TOrO, YTO BCE OCTaJIbHbIE HE3ABNCUMBbIE
nepeMeHHble B MOAEAMN CTAaTUCTUYECKN YAEPXKNBAIOTCA Ha OOHOM
ypOBHe

e KaTeropuanbHsle npeaukTopsl (hakTopsl) cnesyeT BBOAUTL B
PerpeccnoHHoe ypasHeHune kak (n-1) pUKTMBHbBIX NEPEMEHHbIX, rae n —
KOJINYECTBO YpOBHENR hakTopa
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CeropHs

o Cratuctuyecknii Boigog (statistical inference)
@ Henunelinbie cesizu u TpancopmaLmns nepemMerHbIX

@ ekt B3aUMoOaeiicTENS
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CraTncTuyeckunii BbIBOS,

o cux nop Mbl rosopuau o perpeccun B Boibopke

e Cratuctuyecknii BbiBog (statistical inference) — ncnonesosatne
nHpopmaL M 13 cayHaiiHoi BbIGOPKN ANt MONYHEHNs NpeacTaBaeHus
O reHepanbHO COBOKYMHOCTH

@ VY Hac eCTb CTaTUCTNKA, HalifeHHAsi B BbIDOPKE, Mbl XOTUM MONYHYUTD
NHpOPMaLMIO O MapaMeTpe B reHepasibHOl COBOKYMHOCTM

o [lge hopMbI CTaTUCTUHECKOTO BbIBOAA: [OBEPUTE/bHBIE UHTEPBAIbI 1
TECTMPOBaHNe rmnoTes

@ /lHbiMmn cnoBamm, Mbl XOTUM y3HaTb, B KaKOW CTEMEHUN PErpecCuoHHble
Ko3hbhULMEHTBI, NONYYEHHBIE HA OCHOBE aHain3a BbIbOpKN,
OTHOCATCA K FreHepasibHOl COBOKYMHOCTU

o Kak u B cnyyae cpeaHeii n nponopuuu, gas Toro, 4tobsl genaTsb
KaKNe-TO BbIBOAbI O PErPecCUM B reHEPasbHON COBOKYMHOCTW Ha
ocHose BbIbOpKY, BbIbOPKa A0JKHA BbITh Cny4aiiHoii
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VcnoBHOe pacnpeaeneHue y

y=a+ bx

Jns Kaxxaoro x CyLeCcTBYeT HEKOTOPOE pacnpeaesieHne y Co CpefHei
[Ly|X W CTAHAAPTHBIM OTKIOHEHNEM O |X

o [peueckumun Byksamun 06o3HaUEHBI NapaMeTpbl B reHepanbHol
COBOKYNHOCTM, NAaTUHCKUMUN — CTaTUCTUKN B BbIbOpKe

@ B MHK-perpeccnn mbl genaem gonyweHue 0 TOM, YTO B reHEPasbHON
COBOKYMHOCTM YC/IOBHOE PACMpPEAEHUNE y|X SABASETCS HOPMAbHBIM 1
o|x opnnakoBo ans Bcex x. Jpyrumn cnosamu, owmbku perpeccun
pacnpegeneHbl HOPMaibHO C OGHUM U TEM XKE CTaHAAPTHbIM
OTKJIOHEHMEM

@ MHK-perpeccua HE genaet gonyweHns o Tom, 4TO 3aBNCMMast
nepemMeHHast AoJKHa DbITh pacnpefeseHa HOPMaJibHO
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Nnntoctpauns

(Courtesy of John Fox)
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DTO AONYLIEHNS, N OHU MOTYT ObITb HEBEPHbI

(Courtesy of John Fox)
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CTaHﬂ,apTHOG OTKJIOHEHNE OCTATKOB S

@ YT0obbI OUEHUTL, B KAKOV CTEMEHU PErPECUOHHAS JIMHUS B
reHepasibHON COBOKYMHOCTUN MOXXET OTKJIOHATLCA OT PerpecCcroHHON
JIMHUK B BbIDOPKE, HAM HY>KHO 3HATb 0, HO 3TO HEW3BECTHbLIA Ham
napamMeTp reHepasbHON COBOKYMHOCTM

@ Mbl MOXEM OLEHUTL CTaHAAPTHOE OTK/OHEHUE OCTATKOB S B BblIDOpKe
—{)2
b g /20

n—2
> n— 2 — KONNYECTBO CTeneHel CBO60,D,I:I B Mogenn (n — KOJINYECTBO
H36J1IOJJ,€HVII7I, 2 — KOJINYECTBO napamMeTpoB B MOAeENN: a n b)
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[loBepuTenbHbI MHTEPBAN ASt PErPECCUOHHbBIX
KO3(PpNLMEHTOB

@ Ham HeunsBecTeH napameTp reHepanbHONl COBOKYMHOCTM 3, HO Mbl
MOXXeM CKOHCTPYWPOBaTb JOBEPUTENbHbIA NWHTEPBA A/ HEro, NCXOAA

s b

o S € (bLtxSEp), rae t — 370 t-CTaTUCTUKA AN HYXKHOMO HAM YPOBHS
3HAYMMOCTU U KONNYECTBa CTeneHel ceoboabl B mogenu, a SE -
CTaHZapTHas owunbka Koappuunenta b

> SEb _ 5
V2o (x=x%)?
o [lnsa Bonblioro KonuyecTea creneHeid ceobogbl t-pacnpegeneHne
611M3KO K HOPManbHOMY

e Takum obpasom, ansi (n > 40) n 95%-ro goBepnTensHOro nHTepeana,
B € (b+1.96 % SEp)
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NHTepnpeTauuns noBepuTenbHOro MHTEpBana

@ B cnyyae 95%-ro moseputensHOro nHTEpBana, NCCNEAoOBaTENb MOXKET
6biTb Ha 95% yBEpeH B TOM, YTO UCKOMbI/ NapameTp NonagaeT B
nosepuTenbHblii nHTepBan. Ecan B3aTb bonblioe komyecTso
BLIDOPOK OJQHOMO U TOrO XKe pa3Mepa, TO BEPHbIA pesynbTat bymer
nony4yed B 95% cnyqaes

@ HegepHble nHTepnpeTaunn:

» CyuiectByeT 95%-5 BEPOATHOCTL TOrO, YTO 3 HAXOQUTCS B
LOBepnTesbHOM MHTepBane. 3 nmbo HaxoanTcst B HEM, nMbO He
HaXOAUTCS, HO HaM 3TO HEU3BECTHO

» B 95% cnyualinbix BbIOOPOK b BymeT HaxoanTbCA B AOBEPUTENABHOM
uHTepBane. 3710 Tak ans uHtepsana B + 1.96 x o, HO HaM HEN3BECTHbI
3T NAPaMETPbI reHepaanoi/'l COBOKYMHOCTN
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TecT HyneBoW runoTessbl

@ OBbIYHO HAC MHTepecyeT Hyneeast runoTesa o Tom, 4to 5 =0

@ AnbTepHaTueHble runoTessl: [ # 0 (geycTopoHHsis), 5> 0or <0
(ogHOCTOpOHHME)

@ Ytobbl NnpoTecTupoBaTh HyNEBas rMNOTE3Y, Mbl MOXEM WCMONbL30BATh
t-ctaTucTuky t = Siéb c n— 2 cTeneHsimu cBobogbl

@ p — BEPOSATHOCTb NOAYHYUTb t NO KpaliHeli Mepe He MeHbLue
HabsatopaemMoro, caenas JOMyLEHWE O TOM, YTO Hy/l€eBasi rMnoTesa
BepHa

o [lpyrumu cnoBamu, Mbl NpeanosaraemM, YTO B reHepasibHO
COBOKYMHOCTW CBSI3U HET, 1 CMOTPUM, HACKOJIbKO BEPOSTHO MONYHUTH
Te AaHHbIE, YTO Mbl UMEEM, EC/IN 3TO TakK
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Tect Hynesoii runotessi (2)

@ Ecnn p nesennka (< 0.05 Ha 95%-0M ypoBHE 3HAYMMOCTH), TO MOXKHO
3aKJIYNTb, YTO BEPOSITHOCTL MOAYYUTb TaKUE JaHHbIE, ECAU HyJeBas
rUnoTe3a BEpHA, Mana, 1 NO3TOMY Mbl MOXEM OTBEPrHYTb HY/JEBYIO
runoTesy

@ D He SABNSAETCS BEPOSTHOCTBLIO HYNEBOW runoTesbl. [logTBepanTh
HY/JIEBYHO TUNOTE3Y Mbl HE MOXXeM. Mbl He MOXeM yTBEpXAaTb, YTO B
reHepasjibHOll COBOKYMHOCTU CBSA3b OTCYTCTBYET, HO MOXEM CKa3aTb,
YTO Y HAC HEJOCTATOYHO OCHOBAHWIA CYNTaTb, YTO OHa MPUCYTCTBYET

o [locTpoeHune NOBEPUTENBHBIX UHTEPBAJIOB U TECTUPOBAHUE TUNOTES
cBsi3aHbl Mexay coboii. Ecnu Honb nonagaer B foBEpUTENbHbII
WHTEpPBaJ, TO Mbl HE MOXEM OTBEPrHYTb HYJ/EBYIO FUNOTE3Y
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HaHHble [anToHa
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PerpeccuoHHblii BbIBOA

nepemenHble  Koad. cT.owmbka t p
pocT oTua 0.51 0.03 19 < 0.001
KOHCTaHTa 86.1 4.7 18 < 0.001
n 1,078

R-keagpaT 0.25
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Pasmep 1 ctaTncTnyeckasi 3Ha4MMOCTb perpecCUOHHbIX
KO3(PpNLMEHTOB

o Pasmep u cTatucTnuyeckas sHaunmocTs K03hbULMEHTOB — pasHble
BELLM, U UX HE cnefyeT nyTaTh

@ Pasmep koacpcpuymenta b nokaseisaet cuny scppekra (ckoabko
COCTaBJSIET Pa3HMLA B LOXOAE MEXAY NIOABMU C BbICLIUM
obpasosaruem un 6e3 nero: 100 pybneii nan 10,000 pybneii?)

o CTaTncTnyeckasi 3Ha4MMOCTb MOKAa3bIBAET, HACKOILKO Mbl MOXEM

ObITh YBEPEHBI B TOM, YTO CBSI3b, KOTOPYIO Mbl Habntogaem B
BbIOOpKE, NPMCYTCTBYET B reHepasibHOW COBOKYMHOCTU

o CBsA3b MOXET bbITh CUNLHON, HO CTATUCTUYECKN HE 3HAYMMOI
(Hanpumep, B Manbix BbIbOPKax)

@ B ouenb bonblunx Bbibopkax npakTuyeckn atoboli koapduumeHT
OyZeT CTaTUCTUYECKN 3HAYUM — HO 3TO He O3HavaeT, 4To adpdrekT
Ba)KEH C NPaKTMYECKOW TOYKN 3PEHUS
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HenuHenHble cea3n

o OfHuUM M3 AonyLleHnid TMHEAHONW perpeccun sSIBASETCA TO, YTO CBA3b
MEXAY NEPEMEHHBIMU SBASETCA JNHERHON

@ YacTo 3TO He Tak: HanpuMep, KOr4a He3aBUCUMOI NepeMeHHOIA
SABASIETCA BO3PACT UM LOXOZ
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Mpumep: BospacT n goxog 8 CCCP (1991)
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Bospact u goxog (2)
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Perpeccus: poxon <- BospacT

(] OTpmu,aTeanaﬂ CBA3b: YEM CTapLle HENOBEK, TEM MEHbLUE O0X0n4

nepemMeHHble kKoacp. cT.owmbka t p
Bospacrt (B rogax) -0.87 0.18 -4.8 < 0.001
KOHCTaHTa 247 8.4 29 < 0.001
n 2,279

R-keagpat 0.01

o KoadbdpuumenT ana sospacta oTpuuaTeneH u CTaTUCTUHECKN 3HAUYUM.
B aToii BbIbOpKE, YBENNYEHNE BO3PACTa HAa OAUH rof CBA3AHO C
yMeHbLUeHUEM Aoxoga B cpeaHem Ha 0.9 pybneii B8 mecsiy,.
earnings = 247 — 0.9 x age

@ Tem He meHee 3TO HEBEpHaA MOoAeNb
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Aoxof, <- BO3pacCT M BO3pacCT B KBajpaTe

@ YT0bbl OUEHUTb HENMHERHYIO CBSI3b, Mbl MOXEM [0DaBUTL B
perpeccMoOHHOE ypaBHEHMNE KBafpaTHbI YieH Ans BO3pacTa

NnepemMeHHble Koagp. cT.owmbka t p
BO3pacT 10.1 1.1 9 <0.001
BO3pacT B kBagpate -0.12 0.01 -10 < 0.001
KOHCTaHTa 31.5 23.3 1.3 0.18

n 2,279

R-kBagpaT 0.05

@ carnings = 31.5 4 10.1 * age — 0.12 % age?

@ OTpuuaTtensHblii KoadbnUMeHT ANs BO3pacTa B KBaApaTe O3Ha4aerT,
4TO (PyHKUMS CHayasa BO3pacTaerT, a notom ybwiBaer. ITOT
K03(PhULNEHT CTaTUCTUHECKN 3HAYUM, YTO O3HAYAET, YTO CBA3b C
reHepasibHOW COBOKYMHOCTM NO BCEl BUAUMOCTWA UMEET HENHENHbIN
XapakTep
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KBafpaTnyHas CBSi3b MeX/y BO3pacTOM
95%-M LOBEpPUTENBHBIM NHTEPBAIOM)

n poxozom (¢
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TpaHcdopmaLums HE3aBUCUMbIX NEPEMEHHbIX

@ WNHorpa Tpebyetca TpaHcdopMUpoBaTh NPeANKTOPbl Takmm obpasom,
4TObBI NPEBPaTUTL HENIMHENHYIO CBS3b B JIMHERHYIO

@ Yacro ato TpebyeTcs B cayyae AOX0AA, KOTOPbI 0bbIYHO MMeeT
CMELLIEHHOE pacnpegeneHmne
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Hoxog n seicota notonka (CCCP 1991)
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Hoxog n BbicoTa noToska (2)

Ceiling height
260 270

250
.

0 500 1000 1500
Earnings

Linear fit

Nonparametric fit

A.P.Beccygros (HWY BLL3) JluHeinas perpeccus 2 2 mapta 2012 24 / 45



BbicoTa notonka <- goxon

nepemMenHole Ko3d. CcT.owubka t p
aoxoq, 0.008 0.005 1.7 0.09
KOHCTaHTa 255 1.2 213 < 0.001
n 2,171

R-kBagpaT 0.001
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Norapudm goxopa
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BbicoTa noTonka <- norapudm aoxoaa

nepemMeHHble kKoadp. cT.owmbka t p
norapucdm goxoga  3.35 1.18 2.8 < 0.05
KOHCTaHTa 239 6 39 < 0.001
n 2,171

R-kBagpaT 0.004
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NHorpa Tpebyetcs TpaHcdhopMipoBaTh 3aBUCKHMYHO
nepeMeHHyo

o CpefHsia BENNYMHA NAOXO OMUCHIBAET CUSIbHO CMELLEHHbIE
pacrnpegeneHnsi (HAaNOMUHAO, HTO PErpeccusi NPeACKasbiBaeT
YCJIOBHYIO CPELHION BENNYNHY)

@ B stom cnyyae yacto ncnonssyercs norapmgpmuyeckas
TpaHcopMauus — HanpuMep, KOrga 3aBUCMMON NepemMeHHOI
ABNAETCSH [OXOL,
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BospacT v norapudm goxoga
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JNlorapndpmudeckoe npeobpasosaHue

o log0 He cyuwiecTByeT

@ YTobbl pewnTs 3Ty npobnemy, Mbl MOXeM 00baBUTL K Aoxony
HebonbLuyo BenmuuHy (Hanpumep, 0.5)

o B kauectBe ANbTEPHATUBbLI, MOXXHO B3ATb KBa,qpaTHblﬁ KOpPE€Hb 0xo4a
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B3aumopgeiictene mexay nepeMeHHbIMY

@ B 0bbluHOIi MHOXeCTBeHHON perpeccun 6es acpdekTos
B3aMMOAEHCTBNA Mbl OLueHnBaeMm cpeaHuii 3bhekT nepemMeHHoA,
KOHTPOAUPYS NO APYTrMM NEPEMEHHBIM

o Hanpumep, mMbl oueHuBaem cesizb obpasoBaHus u goxona,
KOHTponpys Bo3pact. Mbl mogenmpyem cpeaHtoro Cesisb obpasosaHus
1 0OX0fa AN BCEX BO3PACTHbLIX rpynn

o Ces3b 0bpa3oBaHUsl U JOXOLA MOXKET CYLUECTBEHHO Pa3finyaThCs B
BO3PaCTHbIX rpynnax

@ B s1om cnyuae, Heobxogumo ncnonb3osath adhdhekTol
B3aMMOLECTBUS MEXY NepeMEHHbIMN
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CamoolieHKa CoLManbHOro NofoXeHns <- norapudm

noxoga u non (ISSP Kuraii 2009)

nepemMeHHble Koa(p. cT.owmbKa p
norapndm goxoga (cr.)  0.57 0.04 < 0.001
MY>XXHUH bl -0.37 0.08 < 0.001
KOHCTaHTa 4.8 0.06 < 0.001
n 2434
R-kBagpaT 0.08
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CBa3b 0OX04a 1 CAMOOLEHKIN COLIMANBbHOIO MOJIOMKEHUSA A5
MY>XXUYUH U KEHLNH
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NHuTenpetaymsa sadpdektos

o JlnHun napannenbHbl, Takum obpaszom acpcbekT foxoaa MoaennpyeTcs
KaK OOUHAKOBLINA OJ1S1 MYXUUH N XKEHLLWH

@ OTO MOXeT bbITh He Tak
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OTﬂ'eﬂbele perpeccnm gna My>X4uH 1 XXeHLWWH
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BsaumopeiicTBre Mexay ANXOTOMUYECKOR U NHTEPBANbHOI
nepeMeHHON’

@ Heobxoanmo nepeMHOXUTbL ABE NepemeHHble 1 fobaBUTL nx
NPON3BEAEHNE B PErpPECCUOHHOE ypaBHeHue (OCTaBMB camu
nepemMeHHble)
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Perpeccusi ¢ acbdpekToM B3aumomeincTams

nepemMeHHbIe Koacp. cT.owunbka P
norapucdm goxoga (ct.) 0.48 0.05 < 0.001
MY>KYUHBI -0.37 0.08 < 0.001
norapucpm goxoga * myxuuuser  0.19 0.08 0.02
KOHCTaHTa 4.8 0.06 < 0.001
n 2434

R-kBagpaT 0.08

o topbot = 4.8 + 0.48 x logearn — 0.37 * male + 0.19 x logearn * male

A.P.Beccygros (HWY BLL3) JluHeinas perpeccus 2 2 mapta 2012 37 /45



Busyanusaunsa adppexTos

~ Coe e bl o RMINWERY .

o o ettt NY SR AIONINEONY.

[Top| . we ..|'_.-.“..'. 'ﬁ*.ﬁl"!'y

< A PSRN, ey .
© 4 “ady ooy it it TR 0 L
o~ 4 eat ol o Seefl Ny Hade.t L L)
T T T T T
-4 -2 0 2 4
logged earnings
men
women
A.P.Beccygros (HWY BLL3) JluHeinas perpeccus 2

2 mapta 2012 38 / 45



B3aumopgeiictBue mexay MHTEPBaNbHOW NepeMeHHOW 1
KaTeropuasibHOW nepeMeHHo ¢ Tpemsa n bonee
KaTeropuamm: AoxXo4 1 BO3PaCTHAsA rpynna

nepemMeHHble Koap. cT.owmnbka p
norapndm goxoga (ct.) 0.32 0.10 < 0.01
Bo3pacT (bas. 18-30)

31 —-45 -0.27 0.11 0.02
> 45 -0.18 0.11 0.11
norapucpm goxoga * 31-45  0.17 0.12 0.14
norapucpm goxoga * > 45  0.31 0.12 < 0.01
KOHCTaHTa 4.8 0.10 < 0.001
n 2434

R-kBagpaT 0.08

o topbot = 4.8 + 0.32 * logearn — 0.27 * midage — 0.18 * mature +
0.17 * midage * logearn + 0.31 * mature * logearn
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Busyanusaunsa adppexTos
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B3saumopeiicTBre ABYX WHTEPBANbHbIX MEPEMEHHbBIX: [OXOA U
obpa3oBaHuMe Kak NpeanKTopbl CAMOOLIEHKN COLMaNbHOMO

NONNOXKEH A
nepemMeHHble Ko3p. cT.owmnbka p
norapndm goxoga (ct.) 0.43 0.05 < 0.001
obpasosaHue (rogel, CT.) 0.21 0.05 < 0.001
norapnm goxoga * obpazosanme  0.02 0.04 0.57
KOHCTaHTa 4.6 0.04 < 0.001
n 2412
R-keagpat 0.08
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B3aumopgeiicTBue aAByx KaTeropuaabHbIX NMepeMeHHbIX

@ Heobxonnmo cospnatb nepemenHyto ans sdpdekTa B3aumoaeiicTens
0051 KOKLOW KOMBMHALUN PUKTUBHBIX NEPEMEHHBIX
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BBaMMOﬂIeﬁCTBMG AOBYX KAaTe€ropuajibHbIX NpeanKTOPOB:

BO3paCTHas rpynna 1 non

NepeMeHHbIE Ko3h. cT.owmbka p
MY>KHUHBI -0.35 0.15 0.02
Bospacr (bas. 18-30)
31 —45 -0.49 0.13 < 0.001
> 45 -0.71 0.13 < 0.001
Myx4mHbl * 31-45 0.17 0.19 0.37
My>X4duHbl * > 45 0.44 0.19 0.02
KOHCTaHTa 5.1 0.11 < 0.001
n 3010
R-keagpat 0.01

2 mapra 2012
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PerpeccrnoHHoe ypaBHeHune

o topbot = 5.1 — 0.35 * male — 0.49 * midage — 0.71 * mature 4+ 0.17 x
midage * male + 0.44 * mature * male

» Monogbie xeHwuHbl: topbot = 5.1

> MXeHwwmHbl ctapwe 45: topbot = 5.1 — 0.71 = 4.39

> Monogbie myxuunbl: topbot = 5.1 — 0.35 = 4.75

> Myxuyunbl cTapwe 45: topbot = 5.1 —0.35 — 0.71 4+ 0.44 = 4.48

@ SdbdbekT BO3pacTa A/1s XKEHLMH cubHee, YeM 3dbdpekT Bo3pacTa Ans
MYXUYUH
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B3aumopneiicTBne Tpex nepemMeHHbIX

o BoamoxHo B3aumogeiictene Tpex (u bonee) nepemeHHbIX, HO OHO
pefKko BCTpevaercs

@ [Ipumep: ecTb An oTanYus B pasHuue B cune adbdekTa BospacTa
MEXAY MYXUUHAMU N XKEHLLMHAMW B Pa3HbIX CTpaHax’?
(BsaumopeiicTene nona, Bospacta u CTpaHsbl.)
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