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Mocranoska
@00

[TocTaHoBKa

3anaqa: OUEHUTb BAUAHNE OQHOTO NN HECKOJNIbKUX MPU3HAKOB Ha
HacTynneHmne Kakoro-nmbo cobbiTus n OUEHNTb €ro BEPOATHOCTb.

1,...,n — obbekTsl;
T1,...,Tk — NPEANKTOPSI;

y — oTknuk, y; € {0,1}.

Py=1lz)=n(z) ="

Psbenko Esrennii rMCTUYECKan perpeccus.



Mocranoska
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[Mpumep 1

PaspaboTtka nectuungos: x; — fo3a NecTuunaa, y¥; — CMEPTb BPeaUTENs.
MosTopsiemblii 3KCNepUMEHT € (hUKCMPOBaHHBIMU YPOBHSAMU hakTopa:

5

in:M
7 (@) = 5
Z; [z = x4

Psbenko Esrennii rMCTUYECKan perpeccus.
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[Mpumep 2

MocTtpoenmne kpusoii cnpoca: x; — LeHa TOBapa, Y; — COrnacue Kynutb TOBap.
HenoBTopsiemblii 3KCMepUMEHT CO CriyHaliHbIMU YPOBHSIMU haKTOpa:

T 9000000 000 90000000

omp L L L

Mo>xHO NOCTpouTHL HENAPAMETPUHECKYIO OLIEHKY NPU MOMOLLM SILEPHOrO
CraXknBaHmns:

LK (552)

#(x) = = ,
K (52)

Psbenko Esrennii rMCTUYECKan perpeccus.
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[NapameTpuzauus

JlnHelinas perpeccus:
m(x) = Bo+ Bz +e.

@ OueHka BEPOSTHOCTI MOXET BbIxOAMTb 3a [0, 1].

@ B nuneiinoii perpeccun y = E (y |z ) + &, » MHK-ouenka 3 xopowa, korga
e~ N (0,0). 3pecb xe, ecnuy =m (z) +¢, 10 e =1 —7(z) nan
e = 7(x), » MHK-ouenka Byger nnoxoii.

Hy>xHo Takoe HenuHeliHoe npeobpasosanme

g(m(x)) = Bo+ Prz +e,
4TObbI:
@ i(z)=g" (BO + le) npuHumana sHaqenuns us [0, 1J;

@ N3MEHEHNsA Ha Kpaﬂx Anana3oHa 3Ha‘-IeHV|ﬁ X I'IpVIBO,D.VIJ'IVI K MEHbLWNM
u3meHeHusm (x):
T — rofoBOW [OX04, Y — NOKynKa aBTomobuns,

7 (10000000 + 200000)—7 (10000000) < 7 (500000 -+ 200000) —7 (500000) .

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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[MapameTpusauus

Logit:

g(x)zg(ﬂ(x))zlnm:ﬂo+ﬂll’+€7

() 6[90 +B1

T 1t+ei@ 14 ehothie

>0
T

/<0
T

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Mocranoska
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OTHOCUTENBHBIA pucK

Mycts y ~ Ber(p), Toraa puck (odds) cobsitus y = 1:

ODDS:IE—.

Ecnn y1 ~ Ber(p1), y2 ~ Ber(p2), To otHOCuTenbHbI puck (odds ratio)
cobbiTna y1 = 1 no cpaBHeHuto ¢ cobbiTuem y2 = 1:

oR~ P/ (L=p)

p2/ (1 —p2)
Bospact > 55 | <55
Cepga. 3abonesanus

eCcTb 21 22
HEeT 6 51

21/6
OR = —— =~ 8.1.

22/51

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Mocranoska
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Ponb koadbduumeHTos perpeccun

g(x) = BO + 311’.

Mycts & = [Bo3pacT > 55|, y = [ecTb cepaedHbie 3abonesatus]. Mo (1 nerko

OLEHUTL OTHOCUTENbHBIN PUCK NOY4eHUs 3a601€BaHNA NOXKMILIMUA JTHOGLMN:
OR = ¢,

Mycts x = BO3pacT, y = [ecTb cepaeqHble 3abonesaus| . €A1 umeer cmbicn

MY/IbTUMANKAaTUBHOrO NPMPOCTa PUCKa NOyHeHUst 3abosieBaHns npu
yBennyeHun so3pacta Ha 1 roa,.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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HacTpoiika napameTpos

7 (x) oyenmsaer P (y =1|z),
1 — 7 (z) ouyeHnsaer P(y =0|z) =

P(zi,1) =7 (i),
P(z:,0)=1— 7 (x:),

n

L(B) =[] (@) (1= (za)) 7",

L(B)=Inl(B) = Z(yi Inm(zi) + (1 —yi) In (1 -7 (2:))),
B = argmax L (B)..
B

@ CyWecTByeT U eANHCTBEHHa,
@ HaxoguTcsi metogom HbtoToHa-Padcona,
@ SABNSETCA COCTOSATENBHONM M acuMnTOTMHeckn 3hPeKTUBHON OLEHKO [,

9 aCMMNTOTNHECKN HOPMANbHa.

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Moctpoexne n ananus mopeneii
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Mpobaembl MI-ouenkn

5 MOXeT He CywecTBOBaTb WnuM He ObITb KOHEYHOI, ecnn:
9 HabnogeHusi y = 0 u y = 1 nuHeliHO pasgennmbl B NPOCTPaAHCTBE
npusHakos X;

@ MaTpuua X BbIpOXAEHa.

VITepaymoHHbIii NPOLECC MOXKET HE COWTUCH, ECIN YNCIO NPU3HAKOB k
C/INLLKOM BEJIMKO OTHOCUTENIbHO YNCIa HabntogeHni n.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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Huncnepcus ouegHok

Mycre I (B) € RE+HDXE+D)  varpuua stopeix nponssognsix L (3):

852: lej (z3) (1 = 7 (4))

32

BB ;xwxzm(ﬂﬁz)(l — 7 (xi)).

Opyras dopma 3anucu:
I1(8)=X"VX,
V =diag (1 (z1) (1 — 7 (1)), ..., 7 (zn) (1 — 7 (z))) .

/13 Teopun oueHoK mMakcuMyma npasgononobusi: ]D)B =71 (B)

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Moctpoexne n ananus mopeneii
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[loBepunTenbHble NHTEPBabI

Ons otpensHoro koaddunymneHta F;:
Bj £ Rl1—a/2 (171 (ﬂ))
27
Onsa g(xo) — nornta HoBoro HabnwoaeHus o:

ToB £ 21_ay2y/TE 1 (B) Zo

[nsa BeposiTHocTn y = 1 npu = = xo:

6103—21—a/2 2l 1-1(B)=o 103+21_a/2 a 1=1(B) o

1+eroﬁ z1_ a/2\/l‘0 B aE0 1_|_e“306+z17a/2\/“30 (B)E

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Moctpoexne n ananus mopeneii
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Kputepuii Banbga

Hynesasi runotesa: Hop: 55 = 0;
anbTepHaTuea: Hi: fBj <#> 0;
B;
(1=1(8)),,
T ~ N(0,1) npn Ho;

ctatuctuka: 1T = ;

[OCTUraemMblii YpoOBEHb 3HAYNMOCTU:

1 — ncdf(t,0,1), H.:B; >0,
p(t) = § nedf(¢,0,1), Hy: B <0,
2(1_n0df(|t|707 1))7 Hy: /BJ #O

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Moctpoexne n ananus mopeneii
O@®0000

KpuTepuii oTHOLWEHNSI npaBaonogobus

T
T T T
X = ( X1 , Xo ) ; B = B1 , B2 ;
nx(k+1) nx(k+1—ky) nxki (k+1)x1 (k+1—ky1)x1 kipx1
Hynesasi runotesa: Ho: f2 = 0;
anbTepHaTmea:  Hi: Ho HeBepHa;
cratuctuka: G =2 (L, — Lyr);
2 .
G ~ X, npu Ho;
0.
0.14f 7
0.12— -
0.1 -
“g:o.osf i

0.061~ -

0.04~ -

0.021~ -

,EI,OCTI/IFaeMbIﬁ YPOBE€Hb 3HAYNMOCTN:

p(g) =1 — chi2cedf (g, k1).

Psbenko Esrennii orucTuyeckas perpeccus.



Moctpoexne n ananus mopeneii
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Cesizb mMmexay kputepusmu Banbga n oTHoweHus npasgonogobus

Mpu ki = 1 kputepun Banbga v oTHoweHna npasgonogobus He
9KBMBAMIEHTHbI, B OT/IMHME OT C/yHasi JINHEAHON perpeccuu, KOraa B 3TOM
cnyvae gocturaemble ypoBHU 3HadYumocTu kputepues CtoiopeHTa u Puiepa
COBMagaloT.

n
Mpu Bonbwmux n n Y. [y; = 1] pasHuLa Mexxay KpUTEPUSIMU HEBEINKA, HO

i=1
B CJly4ae, KOrja ux nokasaHusi pacxopaTCs, PEKOMEHIYETCS CMOTPETb Ha
pe3ynbTaT KPUTEPUSI OTHOLUIEHUS NPaBaonogobus.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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3HauYMMOCTb KaTeropmasbHbIX npeankKTopoB

3HAYNMOCTb (PUKTUBHBIX NEPEMEHHbIX, KOANPYIOWMNX OAUH KaTEropnanbHblii
npeankTop, — TOHKWIA BOMpOC.

@ Heobxopanmo BKAOYATb WM UCKAIOYATL KaTeropuanbHblli NPeanKTop
LENNKOM. 3Ha‘-II/IMOCTb COOTBeTCTByIOLIJ.I/IX CbI/IKTI/IBHbIX I'IepeMeHHbIX
NPOBEPSIETCS B COBOKYMHOCTU C NMOMOLLbLIO KPUTEPUSI OTHOLLUEHUS
npasgonogobusi.

@ B cnyuqae, korga no oTaenbHOCTH Kakne-To (PUKTUBHbIE NEPEMEHHbIE
HE 3Ha4YUMbl, 4ONYCTUMO O6'be,D|I/IHHTb YPOBHN KaTEropmnaabHOro
NPeANKTOpPa, OCHOBLIBASICb HA MHTEPMPeTaLNL.

@ Ecnn kakme-To ypoBHU KaTeropnasbHOro NpefuKTopa JIEXaT MOSHOCTbHIO
B knacce y = 1 vnm y = 0, ux 0bsi3aTeNbHO HY>KHO 0bBEANHUTL C
APYrMMU YPOBHSIMU, 4TODbI MOAENb JIOFNCTUHECKOA perpeccun Morna
6bITb NOCTpOEHA.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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CpaBHeHNE HEBJIOXKEHHBLIX MOZEJIEN

HeBrnoXeHHblE MOAENN MOXKHO CPaBHUBATL APYr C APYrOM MO 3HAYEHUIO
npasgonogodus [, norapudma npasgonogobust L nnam aHomansHocTm
(deviance):

D = -2L.

AHomanbHocTb — aHanor RSS B nuneiinol perpeccun; npn gobasnequn
MPU3HAKOB OHa HE MOXET YDObIBaTh.

[ns cpaBHeHns mMopeneli C pasHbIM HUCNOM NPU3HAKOB MOXXHO UCMOJIb30BaTh
MHMOPMALMOHHBIA KpuTEpniA Akauke:

AIC=-2L+2(k+1)=D+2(k+1).

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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MynbTuKONNMHEAPHOCTb

Mpu3Hakn MynbTMKONAMHEAPHOCTN:

@ npasgonofobre Mogenun BbICOKO, HO OLEHKN MHOTMX KO3 PULNEHTOB
6}'II/I3KI/I K CBONM CTaHAapTHbIM OTKJIOHEHNAM;

9@ KO3(pPULMEHTBI CUABHO MEHSIOTCA NPU BKIIOHEHUN N UCKIKOHEHN
OPYrux NpU3HAKOB.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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JlnHeliHocTb noruTa

[MpoBepka NMHeHOCTM IOrMTa NO NpU3HaKaM — aHasor BU3YyaslbHOrO aHann3a
OCTaTKOB B ODbI4HOI SINHENHON perpeccuu.

MeToabl aHanM3a nuHEAHOCTM noruTa:
@ Crna>keHHble JuarpaMMbl paccesHns;
9 (PUKTNBHbIE NEPEMEHHBIE MO KBAPTUJIAM;

9 ApODHbIE MONNHOMBI.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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CrnaxenHble guarpammbl paccestus (smoothed scatterplots)

PaCCMOTpVIM OLUEHKY normTa, noJy4eHHyH AAEPHbIM Craa>KnBaHnUem no ;.

S i (2a72)
=1

Ysm (T5i) = —5
Tji—Ty4
2 ()
- Psm (x5:)
lsm Tis) = ln e
(@) 1 — Gom ()

Mpacbuk byHKUMY [spm () BOMKHA BBITH NOXOXK HA NPAMYIO.

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Moctpoexne n ananus mopeneii
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®ukTnsHbie nepemenHble no keapTunsm (design variables)

Q@ Bbiuncnsiorcs BbIGOpOYHbIE KBAPTUAM NPU3HAKA T;:
[%5,0.25,%4,0.5, %j,0.75).

Q CozpatoTca Tpu PUKTNBHBIE NEPEMEHHbIE:

Dy = [z5,0.25 < 55 < Tj05],
Doi = [z5,05 < 55 < Tj0.75],
Ds; = [zj,0.75 < 4] -
@ Hacrpaunsaercs NOTNCTUHECKAsH Perpeccus, CoAepXaluas D1,D2 v D3
Bmecto z;. [lycrb 01, B2, s — ouenkn K03 DULMEHTOB NPU HNX.
Q Crpoutcs rpachuk, Ha KOTOPOM CEPEAMHBLI MHTEPBANIOB, OFPAHNHEHHbBIX

KBapTUSIMU, OTJIOXKEHbI MPOTUB [0,01,92,03} .

Psbenko Esrennii orucTuyeckas perpeccus.



Moctpoexne n ananus mopeneii
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[N pobHbie nonnnomsl (fractional polynomials)

EC}'II/I NIOrNT HEMMHEEH NO NPU3HAKY, MOXXHO I'IOI'IpO6OBaTb AO6aBJ'I$ITb B MOAENb
€ro OCMbIC/IEHHbIE CTEMEHN N NPOBEPATH UX 3HAYUMOCTb.
B aBTOMaTM4ECKOM pEXUME 3TO MOXKHO feNaTh C MOMOLLbIO APOBHBIX
NOJINHOMOB.
© Hacrpaunsatorcs mogenun ¢ 3ameHoll T; Ha AONYCTUMbIE CTENEHM NPU3HAKA
Z;, Hanpumep, U3 MHoxectea S = {—2,—1,-0.5,0,0.5,1, 2, 3}.
Bbibupaercs crenenb, Mmakcumusmnpyowas npasgonogobue.
Q Hacrpausatorcst Mmogenn ¢ 3amMeHoOl T Ha ABYXKOMMOHEHTHbIN NOANHOM
. Pl P2 _ -
x; supa B, x5 + B, %, pi,p2 €8 (ecnn p1 = p2, TO bepércs
B @5t + Bj,x%! Inx;). Beibupatotcs cTenenn, Makcumusnpyrowas
npasgonogobue.
e EC}'II/I mMogenb C NOJIMHOMOM BTOpOﬁ CTE€NEeHN 3HAYNMO HE ny4yuwe, 4em
NNHelHasA, NCNoNb3YeTCs JINHENHAA MOAEeNb.

@ Ecnun mogens ¢ nosiMHOMOM BTOpOW CTENEHM 3HAYMMO He Jy4Lue, Yem
C NOJINHOMOM nepBoﬁ CTeneHn, NCnonb3dyeTcsa mMmohenb C NONANHOMOM
nepBoi CTENeHN, NHa4Ye — C NOJIMHOMOM BTOpPOIA.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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CopepxxaTenbHbili 0TOOP NMpU3HaKOB

Q Ecnn npusHakos goctatouHo mHoro (Hanpumep, 6onbwe 10), xxenatensHo
caenaTb ux NpeABapuTenbHbI OTOOP, OCHOBAHHbLIV Ha 3HAYMMOCTU
B OAHOMAKTOPHOW NOrucTuHeckoi perpeccun. [ns panbHeiwero
PacCMOTPEHNSI OCTAIOTCS MPU3HAKM, JOCTUraemMbllii YPOBEHb 3HAYMMOCTHN
KOTOpPbIX He npesbiwaeT 0.25.

Q CrpouTtcsi MHOromepHasi MOAENb, BKJIKOHAOWAA BCE OTODpaHHbIe Ha
ware 1 npusHakn. NposepsieTcsi 3HAYMMOCTb KaXKAOrO MPU3HAKA,
yZansiercs HebOsblIAs rpynna He3Ha4yMMbIX nNpusHakos. Hosasi mogenb
CPaBHUBAETCA CO CTApOli C MOMOLLBIO KPUTEPUSI OTHOLLIEHUS
npasgonogobusi.

Q Yrobbl ybeanTbcs, YTO yAaneHue npu3HAKOB HE MOBJMSINO HA OCTABLUNECS,
ANnsA KaXXaoro KO3deDI/ILI'VIeHTa B]' npun OCTaBWNXCA 3HAYUMbIX MPU3HAKAX
paccynTbiBaeTcsi BennyuHa delta-beta-hat-percent:

R Bqld _ pnew

AB% =100L—-—2L—.
/B;ZEH}

Ecnn AB% > 20, TO KaKune-TO U3 yAaNEHHbIX HE3HA4YNMbIX MPU3HAKOB

6bINN HY>KHbI, 4TODBI JlyHLIe ONpeaensiTe KOIPPUUNEHTbI SHAHNMBbIX

NPU3HAKOB; NX HYXXHO BEPHYTb.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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CopepxxaTenbHbili 0TOOP NMpU3HaKOB

Q K npnsHakam mMogenu, nonyHeHHol B pe3ynbTaTe LUKINYecKoro
npuMeHeHns waros 2 1 3, no ogHOMy A0baBASIOTCS yAANEHHbIE NPU3HAKN.
Ecnu kakoii-To U3 HUX CTAHOBUTCS 3HAYMMbIM, OH BHOCUTCA 0bpaTHO
B MOJAENb.

Q [nsi HenpepbIBHBIX NPU3HAKOB MOJIYHEHHON MOAENN NPOBEPSIETCS
NnHeliHoCcTb noruta. B cnyyae obHapyxeHUs HenMHERHOCTM Npu3Hakm
3aMEHSIOTCA Ha COOTBETCTBYIOLLME MOJMHOMBbI.

Q Wccnenyercs BOSMOXHOCTL [0baBEHNST B NONYHEHHYIO MOAESb
B3anMoaeicTBnii dpakTopos. [JobaBnstoTcs 3Ha4MMble NHTEPNPETUPYEMbIE
B3aMMOZLENCTBNS.

@ [lpoeepsieTcst afekBaTHOCTL PUHANBLHON Mogenn: 6an30CTb y 1 4;
ManocTb Bknaga Habntogeruit (i, y;) Ha KaKAOM 0bbEKTE i B .

Psbenko Esrennii rMCTUYECKan perpeccus.
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Mopor knaccudpunkaumn

Kak no 7 (z) oueHnts y?

y = [m(z) > po].

Yawe Bcero bepyt po = 0.5, HO MOXHO BbIBMpPaTbL MO APYrUM KPUTEPUSIM,
HanpuMep, ANs AOCTUXKEHUS 3aJaHHbIX NOKa3aTeseli YyBCTBUTENLHOCTN UAN

cneymcmyHOCTY.

Psbenko Esrennii rMCTUYECKan perpeccus.



Moctpoexne n ananus mopeneii
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Mopor knaccudpunkaumn

Mpumep: 3¢pdhekTUBHOCTL Tepanum ANs Hapko3aBMCUMbIX, po = 0.5:

Yl 1| o
Y
1 16 11
131 | 417
HyBCTBUTENBHOCTD: wiﬁ ~ 10.9%.
CneunduyHocTs: % ~ 97.4%.
1 T T T
o8}
06} ]
oaf ]
02} ]
% 02 04 056 08 1

Po

Psbenko Esrennii orucTuyeckas perpeccus.
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Beibpochl

Matpuua npoekyun Ha npoctpaHcTso perpeccopos (hat matrix):
H=v'"X (XTVX)_1 X7y,

Ocratku Mupcona:

yi — 7 (z4)

(@) (1= (2:))

Ty =

Ananor paccrosiinsa Kyka:

A ’I',L-Q hi

(1—hi)*

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Mpumep
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Puck ocTeonoposa y >eHuiuH

Hosmer, Lemeshow, Sturdivant. Applied logistic regression: otobpaHsi

500 yqactHuy nccnegosanus Global Longitudinal Study of Osteoporosis

in Women (Center for Outcomes Research, the University of Massachusetts/
Worcester). Wamepensl cnegytowme nokasatenu:

@ Bo3pacr, net (He menbwe 55);

BEC, KT;

NMT, KF/CMQ;

BGUHapHBIE MPU3HAKN: KYPEHME, NHANKATOP HACTYMJIEHNS MEHOMAy3bl 4O
45 net, NHAMKATOP HEOBXOAMMOCTN NOMOLWM NPY NOABEME U3 CUAAHErO
NonoXeHusi, nepenom Lweliku begpa B npownom (6bin/He Bbin0), nepesiom
weiikn beapa y marepn (6b11/He Bb1n0);

Q
9 pocrT, cm;
?
?

@ CaMOCTOosiTe/IbHasA Cy6'beKTVIBHa;I OUEHKa BEPOATHOCTU nepenoma
(meHbLue/Takas »xe/6onbLue, YeM y CBEPCTHULY).

M3BecTHO, y KOro M3 y4acTHuUL, B NepBblii FOA NCCEA0BAHMUST MPON3OLLIEN
nepenom wweiikn begpa. [ocTpouts MoLenb BEPOSTHOCTM NEPENOMA C YHETOM
VMEIOLLNXCA NMPU3HAKOB.

Psbenko Esrennii rMCTUYECKan perpeccus.
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Mpumep
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“  No fracture ©  Fracture
T T
[ T
35 40 45
res
o reo
Fas
BMmI
3
15
F 200 o
F 150
F 180
F 170
HEIGHT
140

180 160 170
R

T T
80 100 120

WEIGHT 80

sabenko Esrennii

McTMyeckas perpeccus



[JaHHble

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.

SMOKE 0 PREME 0 1
no 347 | 118 no 303 | 100
yes 28 yes 75 25
ARMASST O 1 Y| momFR o
no 250 | 62 no 334 | 101
yes 125 | 63 yes 41 24
Y 0 1
PRIOREEX 0 | 1 RATERI
1 139 | 28
no 301 | 73
- R 5) 138 | 48
Y 3 98 | 49




Mpumep
®000000000

PesynbraTsl HacTpoOWik OQHOMEPHBIX MOAENEA:

coef std G p
AGE 0.053 0.012 21.274 4.0x 107°
WEIGHT —0.005 0.006 0.665 0.4146
HEIGHT —0.052 0.017 9.527 0.0020
BMI 0.006 0.017 0.112 0.7382
PREMENO 0.051  0.259 0.038 0.8451
PRIORFRAC 1.064 0.223 22.267 2.4x10°°
MOMFRAC 0.661 0.281 5.270 0.0217
ARMASSIST 0.709 0210 11.408 7.3 x107%
SMOKE —0.308 0.436 0.525 0.4687
RATERISK2 0.068 0.213 0.102 0.7489
RATERISK3 0.600 0.218 7.451 0.0006

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Mpumep
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LLlar 2

Pesynbrat HacTpolikn MHOroMepHO MOAENn CO BCEMMU MpefnKTopamMu,
3Ha4YMMbIMN Ha ypoBHe He meHee (.25:

coef std W p
Intercept 2.709  3.230 0.839 0.4016
AGE 0.034 0.013 2.632  0.0085
HEIGHT —0.044 0.018 —2.400 0.0164

PRIORFRAC 0.645 0.246 2.622  0.0087
MOMFRAC 0.621  0.307 2.024 0.0430
ARMASSIST 0.446 0.233 1.915 0.0555
RATERISK2 0.422  0.279 1.511  0.1307
RATERISK3 0.707  0.293 2.409 0.0160

Kputepuii oTHOweHust npasaonogobus paér:
@ p = 0.4535 npu cpaBHeHUn mogenu wara 1 ¢ Tekyleil Moaenblo;

9 p = 0.0508 npun oueHke 3Ha4umocTu npusHaka RATERISK.

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Mpumep
00®0000000

AB%:
ept deleted | \VEIGHT ~ BMI PREMENO SMOKE
AGE 127 151 1.2 )
HEIGHT 106  —3.6 ~1.0 1.3
PRIORFRAC 1.8 —19 0.7 2.5
MOMFRAC 3.3 3.7 0.4 —0.1
ARMASSIST ~184 —19.7 ~3.0 3.0
RATERISK2 0.5 0.7 2.1 —0.9
RATERISK3 6.1 7.3 0.7 ~0.3

Mopor B 20% He NpeBbILEH = HU OAMUH U3 YAANEHHBIX NPU3HAKOB He
OKa3blBAET CYLLECTBEHHOrO BJANSHUS HA OLEHKN OCTaBLUMXCS.

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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Monpobyem pobaBnsiTe B nosyveHHyto mogens npusHakn WEIGHT, BMI,
PREMENO n SMOKE; ¢ nomowbto kpuTepusi OTHOWEHUS npasaonogobus
onpefenuM Ux 3HaYNMOCTb B MOJYHAEMbIX MOAENSIX.

pwEercaT = 0.4131;
pemr = 0.3351;
pprEMENO = 0.6703;
psmoxe = 0.4435.

Cneposatenbto, npustaku WEIGHT, BMI, PREMENO n SMOKE moxHo

OKOH4YaTENbHO NCKNH4YNTb.

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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Mepemennas, kogupytowas 3naqvenne RATERISK=2, ne 3Haunma
(moBepuTENbHBIV NHTEPBAN L7151 OTHOLUEHUS LUAHCOB MepesioMa npu
RATERISK=2 u B pedepercHoii kateropun RATERISK=1, cogepxnT
eannuyy). BoamoxHo, 3T gBa yposHs ctont 0bbeguHnTh (TO €CTb,
akTnyeckn, ygannte duktueHyto nepemernyto RATERISK2). CneyunanucTsl,
MOCTaBMBLUNE 33434y, COHIN TakKoe npeobpa3’oBaHNE OCMbIC/IEHHBIM.

Hoeas mogens:

coef std W p
Intercept 3.407  3.177 1.072  0.2836
AGE 0.033 0.013 2.563 0.0104
HEIGHT —0.046 0.018 —2.555 0.0106

PRIORFRAC 0.664 0.245 2.709  0.0068
MOMFRAC 0.664  0.306 2.173  0.0298
ARMASSIST 0.473 0.231 2.044 0.0410
RATERISK3 0.458 0.238 1.924 0.0544

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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CrnaxeHHas gmarpamma paccesiHus:

<
<

Logrodds
-1.2 -1.0 -08 06

14

-16

-18

55 60 65 70 75 80 85 90

Age (years)

Psbenko Esrennii MCTUYECKas perpeccus.
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PukTUBHLIE NepeMeHHbI€ NO KBAPTUAM!

Log-odds

T T T T T
60 65 70 75 80

Age (years)
Keaptunb 1 2 3 4
[AunanasoH r <61 61 < x <67 67 <x <76 x> 76
CepegnHa 58 64 71.5 83
Koadpunuynenr 0 0.610 0.590 0.970
[os. nHT. [—0.059,1.278]  [—0.050, 1.229] [0.311,1.629]

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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[Ons mogenu, ucnons3yroweii BMecto npusHaka AGE npusHak [AGE > 80],
aHOMaNbHOCTb paBHa 512.8.

AHomanbHOCTb Mogenu, ucnonb3aytoweii npusHak AGE uenukom, pasta 509.8.

Mpu nepexope k BuHapusosaHHOMy npusHaky Mbl (BCErpa) Tepsiem
uHdopmaumio n (B AaHHOM C/ly4ae) He yniy4dliaem mofenb = He bygem
nepexofuTh K BUHAPN30BaHHOMY NPU3HaKY.

Psbenko Esrennii rMCTUYECKan perpeccus.
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HEIGHT, crnaxeHHasi gnarpamMmma paccesiHus:

Log-odds

T T T T T T
140 150 160 170 180 190

Height (cm)

Psbenko Esrennii orucTuyeckas perpeccus.
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PukTUBHLIE NepeMeHHbI€ NO KBAPTUAM!

Log-odds
0.

150 160 170 180

Height (cm)
Keaptunb 1 2 3 4
[AunanasoH <157 157 <x <1615 1615 <z <165 x > 165
CepegnHa 145.5 159.25 163.25 182
Koadpdbnuynenr 0 —0.266 —0.369 —0.628
[oB. nHT. [—0.861,0.329] [—0.964, 0.226] [—1.255,—0.001]

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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ABTOMATMYECKMNIA MONCK HE HAXOAMUT MOJIMHOMOB, MO3BOJISIIOLMX NOCTPOUTL
MoZeNb 3HAYMMO JlyHdLle NNHEAHOIN:
> library(mfp)
> mfp(y ~ AGE + HEIGHT + PRIORFRAC + MOMFRAC + ARMASSIST + RATERISK3,
family = binomial)

Fractional polynomials:
df.initial select alpha df.final powerl power2

X$PRIORFRAC 1 1 0.05 1 1
X$HEIGHT 1 1 0.05 1 1
X$AGE 1 1 0.05 1 1
X$MOMFRAC 1 1 0.05 1 1
X$ARMASSIST 1 1 0.05 1 1
X$RATERISK3 1 1 0.05 1 1
Transformations of covariates:
formula

X$AGE <NA>

X$HEIGHT <NA>

X$PRIORFRAC <NA>

X$MOMFRAC <NA>

X$ARMASSIST <NA>
X$RATERISK3 <NA>

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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LLlar 6

PaccmoTtpum BCe mogenu, B kKoTopbie AODABNEHO OAHO B3aMMOAENCTBUE MEXAY

dakTopamu:
LL G p
AGE*HEIGHT —254.842 0.13 0.715
AGE*PRIORFRAC —252.392 5.03 0.025
AGE*MOMFRAC —254.840 0.14 0.710
AGE*ARMASSIST —254.836 0.15 0.702
AGE*RATERISK3 —254.386 1.05 0.306
HEIGHT*PRIORFRAC —254.802 0.21 0.645
HEIGHT*MOMFRAC —253.704 2.41 0.121
HEIGHT*ARMASSIST —254.111 1.60 0.207
HEIGHT*RATERISK3 —254.422 0.97 0.324
PRIORFRAC*MOMFRAC —253.509 2.80 0.094
PRIORFRAC*ARMASSIST | —254.796 0.23 0.635
PRIORFRAC*RATERISK3 —254.848 0.12 0.726
MOMFRAC*ARMASSIST —252.518 4.78 0.029
MOMFRAC*RATERISK3 —254.642 0.53  0.465
ARMASSIST*RATERISK3 | —253.792 2.23 0.135

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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[obasnm Bce Tpu B3anmopeiicTeBns, 3Ha4nmble Ha yposHe 0.1:

coef std W p
Intercept 1.959 3.3272 0.59 0.556
AGE 0.058 0.0166 3.49  0.000
HEIGHT —0.049 0.0184 —2.65 0.008
PRIORFRAC 4.598 1.8780 2.45 0.014
MOMFRAC 1.472  0.4229 3.48 0.000
ARMASSIST 0.626  0.2538 2.46 0.014
RATERISK3 0.474  0.2410 1.97 0.049
AGE*PRIORFRAC —0.0563 0.0259 —2.05 0.040
PRIORFRAC*MOMFRAC | —0.847 0.6475 —1.31 0.191
MOMFRAC*ARMASSIST | —1.167 0.6168 —1.89 0.058

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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Vbepém PRIORFRAC*MOMFRAC:

coef std W p
Intercept 1.717  3.3218 0.52  0.605
AGE 0.057 0.0165 3.47  0.001
HEIGHT —0.047 0.0183 —2.55 0.011
PRIORFRAC 4.612 1.8802 2.45 0.014
MOMFRAC 1.247  0.3930 3.17  0.002
ARMASSIST 0.644 0.2519 2.56 0.011
RATERISK3 0.469  0.2408 1.95 0.051
AGE*PRIORFRAC —0.055 0.0259 —-2.13 0.033
MOMFRAC*ARMASSIST | —1.281 0.6230 —2.06 0.040

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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0000000800

Mopor knaccudpunkaumn

Pesynbtatsl knaccudpukauyuu ¢ noporom 0.5:

R Y1 0
g
1 22 | 20
103 | 355

YyscteutensHocts — 22/125 = 17.6%; cneunduunocts — 355/375 = 94.7%.

senciivity
specificity

p0

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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Kauecteo mogenu
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00 02 04 06 08 1.0
1-specificity
AUC = 0.7286.

3HAYMMOCTb MOAEN MO KPUTEPUIO OTHOLLIEHNS NPaBAONOAobus:
p=2x1071°,

Psbenko Esrennii

FUCTMYECKAn perpeccus.
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Kauecteo mogenu
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Psabenko Esrenuii MCTMHECKas perpeccus
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Kauecteo mogenu

Mocne ypaneHns 4 HabnrogeHuii:

coef std W p
Intercept 3.570  3.436 1.04 0.2989
AGE 0.059 0.017 3.51  0.0005
HEIGHT —0.059 0.019 —-3.10 0.0019
PRIORFRAC 4.988 1.904 2.62  0.0088
MOMFRAC 1.505 0.404 3.73  0.0002
ARMASSIST 0.654 0.255 2.57 0.0103
RATERISK3 0.471  0.245 1.93 0.0541
AGE*PRIORFRAC —0.059 0.026 —2.25 0.0243
MOMFRAC*ARMASSIST | —1.905 0.623 —2.87 0.0041

ABrvomrracsarmassist% = —32.8, ABupraar% = —21.3.

3Ha‘-|I/IMOCTb MOAENN NO KPUTEPUKD OTHOLIEHUA I'IpaB,D,OI'IO,D,OSI/Iﬂ:
p=89x 10712

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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0OO00000000e

Mopor knaccudpunkaumn

Pesynbratsl knaccucpukayun ¢ noporom 0.5:

N Y11 o
]
1 27 | 19
96 | 354

YyscteutensHocts — 27/123 = 22.0%; cneundununocts — 354/373 = 94.9%.

sencitivity
specificity

02

AUC = 0.7391.

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.



Mpumep

Pesynbrat

Ntorosasi Mogens BeposiTHOCTM nepenoma Lieiikn begpa noctpoena no 496
n3 500 ucxopHbix HabntogeHnii u onpegensier Knaccudnkaumuio iy C Ka4eCTBOM
AUC = 0.7391. MNpwu Bbibope nopora no BeposiTHOCTK paBHbiM 0.5 Moaesnb
obecneunsaeT knaccudukaumio C HyBCTBUTENBHOCTLIO 22%

n cneundpuuHocTbio 95%.

Mogenb no3BonseT chenatb Cneayrolme BbIBOAbI:

@ AN151 KEHLWMH, C KOTOPBIMU YXKe CIy4ancs nepenom weiikn begpa, puck
HOBOrO MEPENOMA B TEYEHME rofa CywecTBeHHo Boiwe (B 146 pas, 95%
foBepuTenbHbn nHTepean (3.5,6240));

@ KaXable AeCsTb NET OTHOCUTENbHbIN PUCK nepenoma weiikn begpa y
XKEHLMH, C KOTOPbIMU OH €LLE He NPOMCXOAN, Bo3pacTaeT B 1.8 pa3 (95%
poseputensHbil natepsan (1.3,2.5)), npn 3TOM ANs XXEHWMH, Y KOTOPbIX
y>xe 6bln Nepesniom, yBenu4eHme BO3PacTa He NPUHOCUT 3HAYMMOrO
yBENMHeHns pucka nepenoma (MynbTUNANKATUBHBIA NPUPOCT pUCKa 3a
10 ner 1.0001, 95% poseputenshbiii nutepsan (0.4, 2.3));

@ npu NpoYUMX PaBHbIX ANSi XKEHLAH MaJEHbKOrO POCTa PUCK Mepesoma
BblIlLE — Ha KaXxAable 10 CaHTUMETPOB YMEHbLUEHNA POCTA NPNXOANTCA

yBenuyeHue pucka nepenoma B 1.8 pas (95% posepnTenbHblii nHTEpBaN
(1.3,2.7));

Psbenko Esrennii rMCTUYECKan perpeccus.



Mpumep

Pesynbrat

9 AN1st KEHWMH, y MaTepeli KOTopbix He bbino nepenoma weiiku beapa,
HECNOCOBHOCTb CaMOCTOATENILHO BCTaBaTh U3 CUAAHErO MONOXKEHUS
CBsi3aHa C noBbllweHnem pucka nepenoma B 1.9 pas (95% posepnTensHbiii
untepsan (1.2,3.2));

@ 15 XKEHWMH, KOTOPbIE CMOCOBHBI CAMOCTOATENLHO BCTaBaTh U3 CUAAHErO
NONOXKEHNA, HaNNn4me nepesioMa y MmaTtepm CBA3aHO C NOBbILLUEHNEM PUCKa
nepenoma B 4.5 pa3 (95% poseputensHblii uHtepsan (2.0,9.9));

@ DKEHLMHBI, BLICOKO OLIEHUMBAOWME BEPOSITHOCTbL NEpPenoma, 4eliCTBUTENbHO
NPU NPOHNX PaBHbIX UMEIOT LIAHC Nepenoma Bbiwe B 1.6 pas, ogHakKo sToT
appekT cnabo sHaqnm (95% poseputenshbiii nntepean (0.99, 2.6)).

Psbenko Esrennii rMCTUYECKan perpeccus.



TpeboBaHua K pelIeHnto 3aga4n METOAOM JIOrMCTMYECKON perpeccun

@ BM3yanm3aums SaHHbIX, OLEHKA Hanu4us BbIOpPOCOB, aHanus Tabnuny
CONPS>XEHHOCTMN NO KaTeropmasbHbIM NMPU3HAKaM;

@ COAepXXaTesbHblA 0TOOP NpN3HaKoB: BbIOOP Hawmny4leld JnHelHOMR
mMoaenn, oueHkKa JINHEWHOCTN HENPEPbIBHbIX NPU3HAKOB NO JIOrnNTYy, aHanun3
HeobxogumocTu fobaBneHusi B3aMMOAEHCTBMIA, NPOBEKA afeKBAaTHOCTM
cunansHoli mogenn (knaccudmkaymus, aHanns Hann4ns BoIBPOCOB);

@ BbIBOAbI.

Psbenko Esrennii rMCTUYECKan perpeccus.



Jlntepatypa

Hosmer D.W., Lemeshow S., Sturdivant R.X. Applied Logistic Regression. —
Hoboken: John Wiley & Sons, 2013.

Psbenko Esrennii MC-8. Jlorucruueckas perpeccus.
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