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Jlorapndpmudeckn-nnHeiHbie Mogeny

o [lpumenstoTcs, kKorga BCce NepeMeHHble MOLENUN ABASIOTCS
KaTeropmanbHbiMu ([aHHble MOTYT ObITb NpefCcTaBAEHb B BUAE
TabnuLpbl COMpsi>KeHHOCTN)

@ Hanbonee nonesHbl, korga Hac MHTEPECYET HE OAHA, @ HECKOJIbKO
3aBUCUMBIX NE€PEMEHHbIX

o CTaTCTUYECKN SKBMBAJIEHTHBI DMHOMMUABbHON /MyNbTUHOMMNANbHOI
NOFNCTUHeECKON perpeccun, a Takxe perpeccun lMyaccona (B
3aBUCUMOCTU OT cneymndmkaymn)

@ B coumonornn Hanbonee yacto npumeHsOTCA B MCCAEAOBAHUAX
counanbHoli MOBMALHOCTH
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Tabnuua conpsixKeHHOCTU: NON U Bepa B 3arpODHYIO »KU3Hb

Ja  HeT Bcero
Myx4duHel 375 134 509
XeHwmnHbl 435 147 582
BCEro 810 281 1091

WNctounuk: A.Agresti, An Introduction to Categorical Data Analysis
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CrpykTypa gaHHbix (1)

id non Bepa
1 m y
2 f y
3 f n
4 m n
1091 m n

A.P.Beccygros (HWY BLL3) Jlornuneiinbie mopenn



CTpykTypa gaHHbix (2)

non Bepa n

m y 375
m n 134
f y 435
f n 147

A.P.Beccygros (HWY BLL3) Jlornuneiinbie mopenn



Te >xe faHHble KaK [0an

aa HeT BCEro
my>xuuHbel  0.3437 0.1228 0.4665
»eHwwmuel  0.3987 0.1347 0.5335
BCEro 0.7424 0.2576 1
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Tonbko MaprnHaJabHblE 0O

aa HeT BCEro
MY>KHUHbI 0.4665
YKEHLLWHBI 0.5335
BCEro 0.7424 0.2576 1
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[Mpu ycnoBumM HE3aBUCMMOCTI NMONA U BEPbl B 3arpobHYIO
xu3Hb (1)

aa HeT BCEro
MYX4YUHbl  piy Py Pi+p+j 0.4665

KeHWMHbl  pippij  piypyj 0.5335
BCEro 0.7424 0.2576 1
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[Mpu ycnoBumM HE3aBUCMMOCTI NMONA U BEPbl B 3arpobHYIO
xu3sHb (2)

aa HeT BCEro
MyxumHbl  0.4665*0.7424  0.4665*0.2576 0.4665
>keHwmubl  0.5335%0.7424  0.5335%0.2576 0.5335
BCEro 0.7424 0.2576 1
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Mpw ycnoBmmM HE3aBUCUMOCTY NONa U Bepbl B 3arpobHyIo
xu3Hb (3)

aa HeT BCEro
myxduHel  0.3463 0.1202 0.4665
xeHwmHbl  0.3961 0.1374 0.5335
BCEro 0.7424 0.2576 1
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[1na nonydeHns oxugaembix H4acToT Npu YCAOBUU
HE3aBUCUMOCTU HEODXOANMO YMHOMUTD KaXKAYHO SAHEAKY
Tabanubl Ha 1091 (obwee 4ncno HabatogeHnii)

Aa HeT  BCEro
Myx4duHel 3779 131.1 509
KeHwmnHbl 4321 1499 582
BCEro 810 281 1091
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CBsi3aHbl 11 NOM 1 Bepa B 3arpobHYIO KN3HbL?

o Kputepnii xu-ksagpaT (x2) no3sonseT NpoTeCTUPOBaTh FMNOTE3Y O
HE3aBUCMMOCTM NEPEMEHHBIX B TabinLe conpsiXKeHHOCTM

@ OH ocHoBaH Ha cpaBHeHUU Habatogaemblx 4acToT B sivelikax Tabaunupi
W YACTOT, OXKULAEMbIX MPU YCAOBUM HesasucumocTu. Ecnm pasnuua
Mexay HabatogaemMbiMn U OXUAaeMbIMKU YacToTaMu bosblias, To
BEPOSATHOCTb TOrO, YTO OHA ABASETCA CAyYalHOW, Mana

2
2 _ o (nj—py)
o — S A
X° =2
@ njj — Habaogaemas 4acToTa B siHeiike f, jijj — OKUAAEMAsH HAcTOTa B
AYeike /j Npyu yCNOBUN HE3ABUCMMOCTM
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Habniogaemble 1 oxxngaembie 4acToTbl
non Bepa nj Lij i
m y 375 3779  0.02
m n 134 131.1 0.06
f y 435 4321 0.02
f n 147 149.9 0.06

x? = 0.02 + 0.06 + 0.02 + 0.06 = 0.16
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[lpoBepka rnnoTesbl 0 HE3aBUCUMOCTN

@ 3Has KONN4eCcTBO CTeneHel ceobonbl B MOAEU, Mbl MOXKEM
MPOBEPUTb FMNOTE3Y O HE3ABUCMMOCTU NEPEMEHHbIX

o B aeymepHoii Tabnnue conpsixeHHOCTN KONMYECTBO CTEMNEHENR
ceobogpl df = (I —1)(J — 1), T.e. B Hawem cay4ae 1

@ KpuTudeckoe 3HaueHmne x° npu oaHoii ctenequ ceoboast Ha 95%
YPOBHE 3HAYMMOCTHK paBHO 3.8

@ 0.16 < 3.8 (p=0.69), Takum 06pa3oM MbI HE MOXKEM OTBEPrHYTb
rMnoTesy o TOM, 4TO Habstogaemble 4aCTOTbl CTATUCTUYECKM 3HAYNMO

OT/INHAIOTCS OT OXKUAAEMbIX NMPU YCIOBUM HE3ABUCUMOCTY (T.€. O TOM,
4TO [Be NMEPEMEHHbIE HE CBSA3aHbI Mexay coboii)
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JlornnHelinast Mofenb HE3aBUCUMOCTY

e B mogenn He3aBMCMMOCTN BEPOSITHOCTb MOMNACTb B siveiiky Tabaunubl
COMPSPKEHHOCTU 1] ONPeSeNnsieTc MapruHanbHbIM pacnpeaeneHnem no
CTpokam U cTonbuam: mjj = T T4

@ B snornuHeliHbix MOAENAX UCMONB3YIOTCS HACTOThI, @ HE BEPOSITHOCTH:
Kij = N4 Ty

@ Mogenb ynobree oueHnBaTh Kak CyMMY, @ HE NPON3BEAEHNE
a¢pchekToB, cooTBeTCTBEHHO: log f1jj = A + )\IX + )\JY

@ )\ — apdpekT 0bLeii cymmbl, )\,X — acbdbekT CTpOK, )\JY — adbcpekT
cTonbuos

@ JTa copmyna npeacTaBnAeT MOAENb HE3ABUCUMOCTU ANS OBYMEPHON
Tabnuubl CONpsXKEHHOCTU. JTa MOAENb NpeAnofaraeT, 4To ABe
NEpEMEHHBIE He CBSA3aHbl Mexay coboii
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Haw npumep

napametrp Koad. CT.OL.

A 488  0.07
\F 0.13  0.06
AL 1.06  0.07

@ B 31OM npumepe »xeHwmHbl 3akoanpoBatbl kak 1 (myx4unbl 0), Bepa B
3arpobHyto xusHb kak 1 (ee otcytcraue 0)

@ Taknm 0bpasom, B MOAENM HE3ABMCMMOCTM NPEACKa3aHHbIN norapnm 4acToThl B
aveiike (1;1)= 4.8840.13+1.06=6.07

e%07=432.7
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log p1.0 = 4.88 + 0.13 = 5.01. &> =149.9
log po1 = 4.88 +1.06 = 5.94. %% =379.9
log o0 = 4.88. > = 131.6

18 masn 2012
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Hacbiwennas (saturated) mogens

o HacblwenHaa mogens B geymepHoli Tabnuue conpsixeHHOCTH
npefnosiaraeT, 4TO MeXAy ABYMS MepPeMeHHbIMWU HaAN4eCTBYET CBSA3b

@ DTa Mofenb NOJHOCTLIO ONMCbIBAaeT Habntogaemble faHHbIe
o logpuj= A+ A% +)\JY+)\?J-<Y
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[lapameTpbl HacCbILWEHHOR Momenn

napamerp koad. CT.OWIL

A 4.898  0.09
\F 0.0925 0.12
AL 1.029 0.1

\F*AL 0.0558 0.14

log p1,1 = 4.898 + 0.0925 + 1.029 + 0.0558 = 6.0753. €597 = 435
log 1.0 = 4.898 + 0.0925 = 4.9905. e*°% = 147

log o1 = 4.898 4 1.029 = 5.927. *9%7 = 375

log juo.0 = 4.898. e*%% =134
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Kakas mogens nydiie: Mofenb HE3aBUCUMOCTU UK
HacblLLeHHasA?

@ VlHbiMmn cnosamu, cesizanbl in Mexgy coboii ABe nepemeHHble?

o PopMasibHO Mbl MOXEM CPABHUTbL MOAEN, UCMOb3Ysi MOKa3aTenn
KauecTsa Mogenu: xu-ksagpat Mupcona (x2) n oTknoHenme (deviance,

G?)
mogenb x> G? df  p-value
F,A 0.1620 0.1621 1 0.687
FA 0 0 0
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AHanus MHOroMepHbIX TabauL, CONPSAXKEHHOCTY

@ B aBymepHbix Tabnnuax CONpsiXKEHHOCTN NIOMAVHERHbI aHaan3
(baKTVI‘-IECKVI MaJlo OT/ZINHAE€TCA OT aHaNAn3a C NOMOLbHO KPpUTEPUA
XM-KBaAPaT (@ TakXKe NOrMCTUHECKOW N MYJAbTUHOMMUAIbHO
JIOTUCTNYECKON perpeccun)

@ B mHoromepHbix Tabnnuax cConpsi>KeHHOCTN NIOMANHERHbI aHaan3
aaeT bonee NHTEpeCHble pe3ynbTaThl
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[MprMep: aHann3 CBA3U Mexay ynoTpebneHunem ankorons,
CUTrapeT U MapuxyaHsbl

@ [laHHble: ONPOC YHEHNKOB BbIMYCKHOTO KjacCa aMepUKaHCKOW CpeaHei
wkonbl okono elitona, Oraiio

ankoronb (A)  curapetol (C)  mapuxyana (M) - ga  mapuxyana (M) - ner

aa JiE) 911 538
na HeT 44 456
HeT aa 3 43
HeT HeT 2 279

WNcrounuk: A.Agresti, An Introduction to Categorical Data Analysis
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Bo3amoxxHble mogenu

(A,C,M) — mogenb He3aBUCIMOCTH

(M, AC) — ynoTpebneHne ankoronsi n curaper CBsisaHbl Mexay coboii,
ynoTpebneHne mMapnxyaHbl HU C HEM HE CBSI3aHO

o (C, AM); (A, CM)

e (AC, AM) - ynoTpebnerue ankoronsi cBsizaHo ¢ ynotpebnesmem
CUrapeT U MapuxyaHbl; €CIN KOHTPOAUPOBaTb ynoTpebaeHune
aJIKOroAsi, CBSA3b MeXAy ynoTpebaeHnem curapet n MapuxyaHsi
OTCyTCTBYET

o (AC, CM); (AM, CM)

e (AC, AM, MC) — cywiecTByeT napHasi CBA3b MEXAY BCEMU TPEMS
nepeMeHHbIMU. OTHOLWEHNS LWAHCOB MeXAy JobbiMu aByMS
NepeMEHHBIMI OAMHAKOBbI Ha BCEX YPOBHAX TPeTbeli NepeMeHHOIA.
Mogens romorenHocTu. VHeiMu cnosamu, 3Ta Mogenb npegnonaraer
OTCYTCTBUE B3aNMOAENCTBUS MEXAY NEPEMEHHBIMM

o (ACM) — HacbllweHHas MOAENb, NONHOCTHIO OMNUCHIBAET AAHHbBIE
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[NpenckasaHHble 3HaYeHUs

o [lna Kaxxgoii MOAenn Mbl MOXEM PaccHNTaTb MpPefcKa3aHHble
3HaYEHUs 4acToT B siuelikax Tabnnubl CONPSXKEHHOCTU

A C M (ACM) (M, AC) (AM,CM) (AC, AM, MC) (ACM)

aa aa Aa 540 611.2 909.24 910.4 911
na aa HeT 740.2 837.8 438.84 538.6 538
na HeT Aa 282.1 2109 45.76 44.6 44
Aa HeT  HeT 386.7 289.1 555.16 455.4 456
HeT  pa Aa 90.6 19.4 4.76 3.6 3

HeT na HeT 124.2 26.6 142.16 42.4 43
HEeT HeT  pa 47.3 118.5 0.24 1.4 2

HET  HeT  HeT 64.9 162.5 179.84 279.6 279
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CpaBHeHune mogeneii

MOZEeNb G? X2 df  p-value (no G?)
(A,C.M) 1286 14114 4 < 0.001
(M, AQ) 8438 7049 3 < 0.001
(AM, CM) 187.8 1776 2 < 0.001
(AC, AM, MC) 0.4 04 1 0.54
(ACM) 0 0 0

@ Mogens (AC, AM, MC) cTaTuCTn4eckmn He 3HAYMMO OTANHAETCA OT HAChILEHHO
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Mapamerpsl mogenn (AC, AM, MC)

napameTp Koad. cT.oW.

A 5.63 0.06
Aa 0.49 0.08
Ac -1.89 0.16
Am -5.31 0.48
Aac 2.05 0.17
Aam 2.99 0.46
Amc 2.85 0.16

@ Bo Bcex mapax nepeMeHHbIX HaJIMHYeCTBYET 3HA4MMasi MONOXKMUTENbHAs CBSA3b. 1 .€.
€C/IN YYEHNK KYpUT, TO NOBbILIAETCS BEPOSATHOCTb TOFO, YTO OH ynoTpebnsier
anKorosib; €cnm ynotTpebisieT ankorosb, TO NOBLILIAETCS BEPOSITHOCTb
ynoTpebneHns MapuxyaHbl; eCM KypuUT, TO MOBbILLIAETCS BEPOSITHOCTb
ynoTpebneHns mapuxyanbl. OfHaKo cuna CBS3U MeXAY KypeHuem u
ynoTpebneHnem ankoronsi He 3aBUCUT OT TOrO, yNOTPedNsN N y4eHNK MapuxyaHy
(1.e. ana ynoTpebnsBwnX U He yNnoTpebnsBLINX MapuXyaHy Cuia CBA3U MEXAY
KypeHuem 1 ynoTpebneHnem ankoronsi NpuMepHO OANHAKOBA)
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3akntoyeHne

@ JlornnHeiiHble Mogenn BXoAAT B Kaacc 0bobLeHHbIX ANHERHbIX
mogeneii, generalized linear models (T.e. no cytn sasoTCs ogHum n3
BapuaHTOB perpeccuu, perpeccueii [yaccona)

o B coepemeHHOI nccnefoBaTeNbCKOW NPpakTUKe B COLMONOTUN
NCNOABL3YIOTCA PEAKO, T.K. B BOALLIMHCTBE CAy4Yaee MOryT bbiThb
3amMeHeHbl (MyIbTUHOMUNANLHOM) NOTUCTUYECKON perpeccueil,
NO3BOAISIIOLLENA TaKXKe BKAIOHATb KOJNMYECTBEHHbIE (NHTEPBANbHbIE)
npeanKTOopSI

@ JlornnHeiliHble MOLENN TPaAULWOHHO NCMNOJIb3YHOTCS B UCC/EL0BAHUSIX
coumanbHol MobunbHOCTN (NepemeHHble: coumManbHblii Kaacc
PECMOHAEHTA, COLMaNbHbINA KNacc oTua, CTpaHa, Nepuos)

e B Cilydae, eCnn NepeEMEHHbIE ABAAKOTCA NOPALKOBbIMUN, NCNOAb3YHOTCA
bonee CNOXHbIe JNIOrMYABTUNJNINKATUBHbIE MOAENN
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