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OO0IIHe MOJI0KEHU

M3-3a crienuduyeckoro pacupeeeHus LICH Ha PhIHKE HEABHKUMOCTH
Mojeib Bujia (MYJIbTUILIMKATUBHAS ):

In (V) =apt+a;f(x;)+as f(x;)+as f(x3)+...+a, f(x,)+e

BCErJIa JIyYIIIE, YeM aJIUTUBHAA MOJICIIb
V=ap,+a;x;+a,x>+azx;+ ... +a,x, +¢&

[TosTOMY MOJI€]Ib MHOKECTBEHHOM JINHEMHON PETPECCHUU JIYUIIE CTPOUTH JIJIS
jgorapudmoB. Ilouemy? IloTomy 49rO 10 ycioBUSM TeopeMbl I aycca-MapkoBa
OIIUOKH! JTOJDKHBI OBITh CUMMETPUYHBI, TOMOCKE/ITACTUYHBI, HE3ABUCUMBI U UMETh

HYJICBOC MATCMATHYCCKOC OKHUIAHHC. HOpMaHI)HOCTB HC Tp66y€TCH, HO ABJIFICTCA
OYCBHUIHBIM 60Hy00M.



OO0I1IMe MOJI0KEHU

Moielib B BEKTOPHOM BHJIE
E(y)=f(X) =cogXxg+cy Xxq4+Cy Xx;+ -+, Xx, =(CX%X)

C- BEKTOP KO3 OULUECHTOB, X- CIy4alHbIH BeKTOp 3HaucHUuU 110D, x, = 1.
Hmeercss m HaGmoaeHUN (0OOBEKTOB CpaBHEHHUS) V;, i = 1, m u n 11OD.

MaTtpuyHas 3aIicCh:
1 x99 .- Xqn
X: 1 x21 ‘e xzn

1 x4 - Xmn

LleneBas pyHKIMS ?:1(34- — (¢ x 9?,))2 — min
WJIM B MaTpU4YHOU popme
RSS=£"e = (Y = XC) (Y — XCT) - min
ORSS

— = —2XTY 4+ 2XTXC =0
oC

U pemenne (orieHka k03GGUITNESHTOR)

C=XTX)"1XTy

BemBoa 1: B maTpuiie X #e TOJKHO OBITH JIMHEMHO 3aBHCHUMBIX CTOJIONOB (L1OD) u
CTPOK.

BriBoj 2: mmociie mpoBeJIcHUsI KOPPEKTUPOBOK MOJEIIb MHOKECTBEHHOW JIMHEWHOM
perpeccun npumMmeHarcss HE MOJKET.



MHOXEeCTBEHHAas JIMHEMHAsA perpeccusi Kak METOA MalIMHHOTO OOy4EHMS

Ba30BEIN TPUHIIAT MAITUHHOTO OOYYCHHS.

HcxomHoe MHOXKECTBO JaHHBIX (JaTaceT) JEIUTCS Ha JBa WIM OOoJbIIe
MOAMHOJKECTB:  OOydJarolmee  MHOMKECTBO, TECTOBOE  MHOXKECTBO. Ilpm
HEOOXOJIMMOCTH  JIOIIOJIHUTEIIBHBIX  MPEeoOpa3oBaHMM  MOTI'YT  BBOJHTCS
BepU(HUKAIIMOHHBIE MHOKeCTBAa. KOHEUYHas Iellb — CO3/1aTh MOJIEIbh MAaIIAHHOTO
00y4YeHHs1, CIOCOOHYIO MPEACKA3bIBATh 3HAYEHUS LEJCBOM (DYHKIMHU 111 HAOOpPOB
O, 11 KOTOPBIX HCTUHHOE 3HAYECHUE HEU3BECTHO.

3/1ech MBI CO3/IaIMM U3 UCXOJAHOr0 Habopa JaHHBIX:
- o0yyarolee MHOXKECTBO (train)
- BaJIMJJAallMOHHOE MHOKeCTBO (validation)

- TECTOBOE MHO3KECTBO (test)



MHOXEeCTBEHHAas JIMHEMHAsA perpeccusi Kak METOA MalIMHHOTO OOy4EHMS

HMcxomusie gaHHeie: I bY «JIeHKaIOUEHKAY .

3390 cBOOOJHBIX 3€MENIbHBIX Yy4acTKOB ¢ HazHadeHHeM MOKC B JIeHMHIpaJcKou
00JIACTH, BBICTABIISIBIIIMXCA Ha mpodaxy B 2022 r. (maHHbBIE IS KaaacTPOBOU

ortecHky Ha 01.01.2023 1.

- oOy4aro1iee MHOXKECTBO (train) — 2400
- BAJU/IAIIMOHHOE MHOXkecTBO (validation) - 400)

- TECTOBOE MHOKECTBO (test) - 496



MHOXEeCTBCHHAs JIMHEHHAs PErpeccrs KaKk METOJ MAIlIMHHOTO O0y4YeHHs

Ha oOyuaroiiem MHOXXECTBE MOJIy4€Ha MOJIECIIb:

call:
ITm(formula = log(price) ~ log(S) + power + water + gaz + DistFedRoad +
lTog(DistSpb) + DistRegCenter + DistTBO + Population 4+ local.industry +

Shop + school, data = xx)
Residuals:

Min 1Q Median 3Q Max
—0.91302 -0.24626 -0.01644 0.24223 0.90049

Coefficients:

Estimate std. Error t value Pr(=|t]|)
(Intercept) 10.4443579 0.1282913 81.411 < 2e-16
lTog(s) -0.2341159 0.0165081 -14.182 < 2e-16
power -0.0575971 0.0407894 -1.412 0.15806
water 0.1059642 0.0201207 5.266 1.52e-07
gaz 0.1476506 0.0206042 7.166 1.02e-12
DistFedRoad —-0.0053472 0.0012259 -4 .362 1.34e-05
Tog(DistSpb) -0.7552367 0.0121290 -62.267 < 2e-16
DistRegCenter 0.0121003 0.0003967 30.504 < 2e-16
DistTBO 0.0039883 0.0007825 5.097 3.72e-07
Population 0.1504973 0.0098171 15.330 < 2e-16
lTocal .industry 0.0775871 0.0252427 3.074 0.00214
Shop 0.1664413 0.0191666 8.684 < 2e-16
sSchooll -0.1281480 0.0241839 -5.299 1.27e-07
Signif. codes: QO *“#***°’ 0.001 “‘**° 0.01 “*° 0.05 ‘.7 0.1 *“ * 1
Residual standard error: 0.3538 on 2387 degrees of freedom
Multiple R-squared: 0.8066, Adjusted R-squared: 0.8057

F-statistic:

829.8 on 12 and 2387 DF,

p-value: < 2.2e-16



YY

MHOXEeCTBEHHAs TMHEMHAs PErpPeCcCUs KaK METO MAIIMHHOIO OOy4EHUSI

Ha BanuaiimnOHHOM MHOXECTBE — IPOBEPKA.
[1o ropu3oHTa N - UCTUHHBIE 3HAYCHUS,
" . 110 BEpTUKAIU - MPEJCKa3aHHbIC 3HAUCHUSI.
® LY KpacHast TuHUS — TMHUS TOYHBIX MPEACKA3aHUM,
' CUHSIS IMHUS — TPEHI.
. "1 CrangapTHOE OTKJIOHEHHE npeackazanuii Sd=0.383
I Mp1 OBl XOTEJIM, YTOOBI TOYKH OTKJIOHSJINCH OT
W el W, T OMCCEKTPUCHI HA CTOJIBKO, Ha CKOJIBKO OHU OTCTOSIT
T - ThE OT TPEH/A.
© o n A : - [Tycth IpoH3BOIIbHAS TOUKa HMEET KoopuHaThl (X, V).
o net VpaBHeHHe THHHH TOUHBIX TIpeJICKasaniil (OHCCEKTPHCH) y = X
" VpaBHeHue TMHAN TpeHIa Y = k*x + b

PaccTosHuE 0T MPOH3BOIBHOM TOUKH 10 TpeHaa y* — k- x* —b

CKOppEKTHPOBAHHOE 3HAYCHHE Tpefckasanud x* +y* —k-x* —b

I I I I I I 31010 J0CTaTOYHoO, 4TO0BI [IPOBCPUTDL KOPPEKTHPOBKY Ha TECTOBOM MHOKCCTBC, HO
4 5 § T 8 g HC JAO0CTaTOYHO JJIA HpCI[CK&S&HHﬁ, T.K. MBI HE 3HACM HCTHHHOTO 3HAYCHUA (B
OTJIMYUE OT TECTOBOIO MHOMKECTBA, UIA KOTOPOI0 HAM HMCTHHHOE 3HAYCHHE

log(validation$price) H3BECTHO.



YY

MHOXECTBEHHAsI TUHCUHAS perpeccusa KaxKk MCTol MAlIlIMHHOI'O 06}/‘{6HI/I}I

Yy
| |

log(validation$price)

Ha pucyHke pe3yabrar KOPpPEKTHPOBKH.

CraggapTHOE€  OTKJIOHEHME  OCTaeTcs
BBICOKUM.
[Ipumenennas KOPPEKTUPOBKA HE

MTO3BOJISIET PACIPOCTPAHUTH PE3YJIbTar HA
MHOXECTBO JJII KOTOPOIO MbI HE 3HAEM
MCTUHHBIX 3HAYCHUHN

Ho MBI yXe 3HaeM CTPYKTYPY MHOXECTBA
M T1ojJaraéM, 4YTO OHa COOTBETCTBYET
CTPYKTYpE OI00H BIX TOYEK B
BBIOPAHHOM CEKTOPE HEIABUKUMOCTHU

[loatoMmy MBI  3HaeM, UYTO  OpH
(UKCHPOBAaHHOM Y Mbl MOXEM OXKHMJaTh
XapakTEpPHOE PaACHPEACICHUE BO3ZMOXKHBIX
MCTUHHBIX 3HAYCHUU

CreHepupyeM CIy4aliHbIM 00pa3oM IO
KKJ10€ NPEACKa3aHUE BO3MOXHO€E
MCTUHHOE 3HAYEHHUE M IOCMOTPHUM, 4YTO
OJTYYHUTCS



Yy

MHOXeCTBEHHAs JIMHEMHAsA PErpecCcusl KaKk METOJ MAIIMHHOIO OOy4YCHUS

Ha pucyHke dYepHbIE TOYKH CIE€HEPUPOBAHHBIC
BO3MO)XHbIE€ ~ HCTUHHBIE  3HAUEHUS  IPOTUB
MPEACKa3aHHBIX

KpacHble TOYKM — pe3ynbTaT KOPPEKTHUPOBKU IO
TOMY JK€ IpaBUily, YTO M paHEE, TOJBKO TEIEPh
BMECTO HACTOSIIUX HWCTUHHBIX 3HAYEHUM MO
TOPU30HTAIM CTOSIT 3HAYEHWS, Pa3bITPAHHBIE C
MTOMOIIBIO CIYYalHOIO TEHEPATOPA.

Takyro mnpoueaypy Mbl MOXKEM IOBTOPUTH IS
00010 Jaracera, B KOTOPOM MCTUHHBIX 3HAYCHUM
HET.

ToyHOCTB peaCKa3aHui — yIIpaBIsACTCS
CTaHJIAPTHBIM OTKJIOHCHUEM.

B dopmymy 11n ckoppeKTHpOBAHHEIX 3HaucHHH X' +y' — k- " — b To0aRndem
KO3 (HITHERT CaTHS 0

Hopas opMyna 414 CKOPPEKTHPOBAHHOTO TIPE/ICKa3aHHS
r 4+ (y -k x'=b)a

3ech x . CICHCPUPOBAHHOE BOSMOKHOC HCTHHHOC 3HAYCHHC, y* - [IPC/ICKA3aHAC



Yy

MHOXeCTBEHHAs JIMHEMHAsA PErpecCcusl KaKk METOJ MAIIMHHOIO OOy4YCHUS

“ T ~ 5

31,

n® = - . -
35 7o

.ij--'

log(validation$price)

Ha pucyHke ronyOble TOYKH -

UCTUHHBIC  3HAQUCHUS  TPOTUB
IPEJICKA3aHHbBIX

KpacHble TOYKM — pE3ynbTar
KOPPEKTUPOBKHU

3€JIeHbIE  TOYKM — PE3yJbTar
CKATHS

CranmapTHOE OTKJIOHCHHE
IPEACKa3aHUM, OYEBHUJIHO,

CHU3MNIIOCH



Cmacu0o0 3a BguManue!
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