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[lepBas 4acTb Kypca

o OnucaTtensHas cTaTucTuka u rpaduku

@ JluHeiinas perpeccnsa: nCnoNb3yeTca ANna NHTEPBAJIbHBIX 3aBUCUMbBIX
NEPEMEHHbIX

@ Perpeccusi n koppensauyusi

@ HenunelinocTs n acbdpekThl B3anMogeicTBMS
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,Ell/IXOTOMI/I‘-leCKI/Ie 3aBUCNMblE NEPEMEHHDbIE

@ B coumanbHbIx Haykax BOABLLUIMHCTBO NEPEMEHHbIX ABASIOTCA
KaTeropuasbHbIMu (Ka4ECTBEHHBIMNA)

@ Bo mMHOrux cnaydasix B Ka4yecTse 3aBUCUMbIX MEPEMEHHBIX Mbl UMEEM
ANXOTOMUYECKNE NEPEMEHHBIMU; UHBIMU CAOBAMMU, Mbl XOTUM
MOJENMPOBaTh CBA3b MEXAY NPEANKTOPAMU U BEPOATHOCTHIO
KaKoro-To cobbiTus UM Hann4us/oTCyTCTBUS Kakoli-Aubo
XapaKTEepUCTUKM
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JluHeliHas Mofenb BEPOSITHOCTY

@ Haunbonee npocTeim pelennem byget ncnonb3oeats obbIYHYHO
AnHelnyto perpeccnto: T = a + BX;

(] 3Ta MOLENb B NPUMEHEHNN K ANXOTOMUYECKNM 3aBNCNMbIM
NepeMeHHbIM Ha3blBaeTCs MHeliHON Mogenbto BeposiTHocTu (linear
probability model)
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[Mpumep: ycneBaeMocTb 1 0bpa3oBaHue poaunTenei B

wkonax KanudopHun

3
av g parent ed

|—=— Fittedvalues » Hi Quality School, Hivs Mot |

NcTo4yHuk: http:

//wwu.ats.ucla.edu/stat/stata/webbooks/logistic/chapterl/statalogl.htm
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HepocTaTku nuHeiiHOW Moaenn BEpOATHOCTU

o OcTtaTkn pacnpegeneHbl He HOPMaJbHO, ANCNEPCUS OCTAaTKOB He
MOXET ObITb MOCTOSHHOA

o [pefckasaHHbie BEPOSITHOCTM MOTYT OKa3aTbCs 33 Mpefenamu
nutepsana [0,1]
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Jlnnennast mogens BeposiTHocTH (2)

@ Tem He MeHee BO MHOTUX C/y4asx NpUMEHEHWUE INHERHOW Moaenn
BEPOSTHOCTM ONpPaBAAHO

@ BeposTHocTu, MeHbLIne Hynst u Bonbline eauHULBI, MOXKHO
MPUPABHATb, COOTBETCTBEHHO, HYMHO 1 eanHuue. [na koppekyun
CTaHZAPTHbLIX OLWMBOK MOXHO UCNObL30BaTL pobacTHYO perpeccuto

o OpHako ecTb Apyrue MoAenun, NpUMEHEHNE KOTOPLIX B CAyHae
ANXOTOMUYECKIMX 3aBUCUMbIX NEPEMEHHBIX CHMTaeTCs bonee
OnpaBAaHHbIM: JIOrNT (B OCHOBHOM B COLMOIOrNN, NOJANTONOTN 1
MeguuuHe) 1 npobuT (rnaBHbIM 0Bpa3oM B 3KOHOMIKE)
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BepOﬂTHOCTI/I, LaHCbl N OTHOLWEHNA WaAHCOB

@ BeposTHOCTb CODBITUS — 3TO OTHOLLEHNE YNCAA CAYHAEB, B KOTOPbIX
cobbiTue nponsowwsio, K obwemy yucny nonbitok. MoHeTy bpocanu
100 pas, B 48 cnyyasx Boinana pewka. OueHeHHasi BEPOSTHOCTL
Bbinagenus pewku 48/100=0.48

o LllaHcer (odds) — 370 oTHOWeEHME Yncna ciyyaes, B KOTOPbIX CobbITUE
NPON3OLLNO, K YMCAY Cy4aes, B KOTOPbIX CobbiTue He nponsowno. B
npeablayLem npumepe waHcol pasHbl 48/52=0.92

@ [ToHATHO, 4YTO BEPOATHOCTbL N LUAHCHI COAEPXKAT OAHY U Ty XKe

nHopMauno: T = 12‘;"(’,; and odds = "~
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BeposiTHOCTH, WwaHChl 1 OTHOWeHUS WaHCoB (2)

@ OTHOWEHNE WAHCOB CPaBHNBAET LWAHCHl B ABYX rpynnax. donyctum,
YTO >keHLWMHbI goxueatoT go 70 net B 8 cnyyasx n3 10 — Takum
obpasom, ux waHcel AoxuTb fo 70 paeHbl 8/2=4. [onyctum, 4To
MYy>X4uHbl goxueatoT fo 70 net B 4 cnyyasx us 10, ux waHcl
poxuTb Ao 70 — 4/6=0.33. OtHowweHne wawHcos (x/m)=4/0.33=12.
Taknm 0bpazom, WwaHCbl XeHwuH goxnTb go 70 net B 12 pas Bbiwe,
4EM LUQHCbI MYXHYUH

o B BeposiTHOCTAX: BEPOSITHOCTb »XeHWmH foxuTs go 70 net — 0.8,
My»4duH — 0.4, Takum 0bpa30M, BEPOATHOCTb XKEHLMH AOXUTb A0 70
Ha 40% (nnn B gBa pa3a) BbilEe, YEM y MY>XKYMH
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Jloructuyeckaa mopens

@ Jlormctuyeckas Mmogenb npeobpasyeT BEPOATHOCTN T Takum obpasom,
4TObbI OHU He BbIXOAWIM 3a npegensl uuTepsana [0,1]

e logitm; = log 13—’”/ = a+ fx

exp (a+5x)

M= 1+exp (a+px)
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JlorucTtuyeckast kpras
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NHTepnpeTauuns koappULNEHTOB B TOTNCTUYECKOV MOLENY

o (CBsA3b MeXAy NEpPEMEHHLIMU SIBASIETCS NOAOXKUTENbHOM, Korna B > 0,
n oTpuuaTensHoii, korga 8 < 0

o Koadbdpuumentol HE moryT nHtepnpetnposaTbcst HENOCPEACTBEHHO
KaK W3MEHEHUE BEPOSITHOCTN CODLITUS NPy U3MEHEHNN HE3ABNCUMOIA
NEPEMEHHOM, MOCKOJIbKY OHU MPEACTABAAIOT nameHeHme logitm

o Wcxopst Tonbko n3 koadhdrMeHToB, CAOXKHO CyaUTL O CUe CBS3U
o BozmoxHbiM peleHnem spnsieTcs npeobpasosatue koappuLneHToR B

OTHOLUEHNS WaHCoB: 7 = exp (a + fBx) = e®(ef¥)

o Torpa Ha M3MEHEHNE HE3ABMCUMOW NEPEMEHHON Ha eanHnLy
NPUXOANTCSH U3MEHEHNE LUAHCOB CODLITUA B ef pas

o Hanpumep, ecim € = 1.3, 10 WwaHch coBbITUS yBENMYMBAIOTCS HA
30% pns KaXKGOoro N3MEHEHUS X Ha e4uHULY
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[MpenckasaHHble BEPOATHOCTM

o OpHako MHTEpNpETaUNs JOrUCTUYECKONR PErpeccun B TEPMIUHAX
OTHOLUEHWUI LUAHCOB MO-NPEXHEMY SIBJASETCA HE BMOJIHE UHTYUTUBHO
NOHATHO

@ Haunyywum pelweHnem siBASIETCS UHTEpRpeTaLus JIOrNCTUHECKO
perpeccum B TEPMUHAxX MpefCcKa3aHHbIX BEPOATHOCTER ANs

N  explatBy)
OI'Ipe,ELeJ'IeHHbIX 3Ha4dYeHnn I'Ipe,El,VIKTOpOB. T = W
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[Mpobut-mogens

e Ecnmn pgns orpavmyenus sepositHocteii B uHtepsane [0,1] Bmecto
NOrNCTNYECKON (DYHKLNIM HAKOMIEHHOrO pacnpeaeneHust BbibpaThb
hYHKUMIO HOPMAIBHOrO pacnpefeneHus, TO Mbl NONYYUM
npobuTt-moaens

o i =®(a+ BX) = rfaJrﬁX exp(—%Z2)dZ
o WuTepnpetayus: probitm sBAsETCS 3HaYeHNEM z, Npu KOTOPOM B

CTaHAApPTHOM HOPMaJIbHOM pacnpefeseHnn JeBOCTOPOHHSAS
BEpoOsiTHOCTb pasHa 7. probit(0.5)=0, probit(0.95)=1.6, n T.4.

o KoadbpunumenTsl B npobuTt-perpeccnn Henb3s WHTEPNPETMPOBaATL B
TEPMUHAX OTHOLUEHWA LIAHCOB

@ Ha npakTuke norut n npobut-mogenu garoT odeHb BAnsKne
pe3ynbTaThbl

@ B coumonornm obbiyHo ncnonbsyertcs norncTuyeckas perpeccus
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Nlorut n npobut
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Mpumep 1: BeposiTHOCTL ronocosarust n sospact (ISSP
2003 Poccusi)

@ JluHeiinas mogens BepositHocTu: vote = 0.11 + 0.01 *x age
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JInHeliHaa mMofenb BepOSITHOCTU ANt TONOCOBAHUS

(=0 - -
20 40 60 80 100
R: Age

= voted last elections Fitted values
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Jloructunyeckas MOLeENb BEPOATHOCTW ronoCcoBaHKA

e log 13—'”, = —0.8688 + 0.0326 * age
@ Bebiuncnsiem akcnoHenTy: exp(0.0326) = 1.03

@ OR(age)=1.03, T.e. Ha N3MEHEHNE BO3PACTa HA OAUH rOf NPUXOLMTCS
yBesMYeHmne LWaHCcoB rosocoeanns Ha 3%

o LUaHcer ans 40-netHero 4enoeeka:

T = exp(—0.8688 + 0.0326 * 40) = 1.545

1-m

@ PaccuuTbiBaeM BEpPOATHOCTD: l}r'f%% =0.61

o [na 50-neTHero yenoseka:
i = exp(—0.8688 + 0.0326  50) = 2.14, BeposiTHOCTb
rONOCOBaHUS paBHAa —=a2— = 0.68

14+2.14
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Nornctunyeckas mogens (2)

(=0 - -
20 40 60 80 100
R: Age

* yoted last elections Pr(vote)
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[MpobuT-MoAeNb BEPOATHOCTN FOOCOBAHUS

@ probitm = —0.51 + 0.02 x age
o [lns 40-netHero yenoseka: probitm = —0.51 + 0.0195 % 40 = 0.27
@ probit(0.27)=0.61
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MpobuT-mogens (2)
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Bce mopenun BmecTe
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Mpumep 2: BeposTHOCTL Aaun B3sTku B Poccum n Bospact
(“Teopeiitunr’, ®OM 2003)

@ JluHelinas monens BepoaTHocTu: nobribe = 0.64 + 0.004 * age
@ JloruT: logit(nobribe) = 0.28 4 0.028 * age
@ [pobut: probit(nobribe) = 0.2 4 0.016 * age
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BepOSITHOCTb Aadn B3ATKN N BO3PacCT
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[MpeobpasoBaHus 1 B3aWMOAERCTBUS

@ [IpeobpasoBaHus nepemMeHHbIX MOryT bbITb HEOBXOAUMBI TOYHO Tak
e, KaK B JINHEAHON perpeccuun, B CyHasix, KOrga Mbl XOTUM Jiy4lue
OTPasnTb HEJINHEAHOCTb CBA3N MEXAY BEPOSITHOCTBIO CObbITUSA 1
NpesuKTOpOM

@ B noructuyeckoin perpeccum takxe HeobXxoAMMO y4uTHIBATH
B3aUMOLENHCTBME MEXAY NEPEMEHHBIMU
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ﬂOFI/IT—MOLI'eJ'Ib n nornT-mofenb C KBagpatT4HbIM HNEHOM

@ |
© |
~
0
°
=
£, )
[fopl
~
20 40 60 80 100
R: Age
Logit Logit with the squared term

6 anpens 2012 26 / 30



Kakoii meTop BbIOpaTh?

@ Jlorut n npobuT-perpeccun AarOT NPaKTUYECKN MAEHTNYHbIE
pesynbTaThbl

o [lonyCcTuMO Takxke NMpUMEHeHNEe JUHERHOW MoAenn BEPOSTHOCTU, e
npeackasaHHble BEPOATHOCTM OTHOCUTENbHO gasieku oT O un 1
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“Kavectso' mMogenu

@ B norut n npobuT-perpeccum ropasgo cnoxHee M3MepuUTh MPONOPLMIO
0B BACHEHHOI AUCNepCnn 3aBUCUMOIi NEpPEMEHHO

o CyLUEeCTBYIOT HECKONBKO PasHbIX NokasaTeneii ncesgo-R2, HO K HUM
cnefyeT OTHOCUTBCS C OCTOPOXHOCTbIO
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OueHKa 1 CTaTUCTUYECKNT BbIBOZ,

@ BmecTo meTopa Haumenblunx keagpatos (MHK, OLS), ans ouexkn
AOrNT- 1 NpobuT-mMoaeneid NCnoabL3yeTCa METOA MakCMMU3auun
yHkuun npasgonogobusi (MLE, maximum likelihood estimation)

o Bkpatue, nges saknouaetcs B ToM, 4TOOLI BLIbpaTL Te MapameTpbi
MOZen, MPN KOTOPbIX BEPOSITHOCTb NOJYYUTb NMEIOLMEC JaHHblE
Hanbonee Besnka. CM. KypC MaTeMaTWYECKOW CTaTUCTUKM

@ Yewm Bbiwe norapudm npaegonogodusi, Tem aydiie MOAeNb

o [lns TeCTMpOBaHMS rMNOTE3 O CTATUCTUYECKON 3HAYMMOCTH
KoapchuunenToB, ncnonssyetcs tect Banbga (Wald test) wnn Tect
oTHoweHus npasgonogobuii (likelihood-ratio test)
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3akao4YeHme

o [lns MOAennpoBaHMS OUXOTOMUYECKNX 3aBUCUMBbIX NMEPEMEHHbBIX YaLle
BCEr0 UCMOJL3YHOTCS JIOTUT uan npobut-mogenn. Vx pesynsraTs
yaobHee BCEro NHTEPNpPeTMpPOBaTh B TEPMIHAX MPELCKa3aHHbIX
BEPOATHOCTEI

@ Bo mHorux cnydyasix fonycTumo npuMeHeHUe JUHERHOR Mogenn
BEPOSATHOCTU
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