


BAXXHOCTb UCITOJIbSOBAHUA

* [1pn ncnonb3oBaHnn NapHOWN perpeccumn
npeanofiaraeTcd, YTo BNMSHUEM OPYrux
drakTopoB Ha pesyrbTaT MOXHO NpeHebpeyb
(coenaTtb UX HEU3MEHHbIMW)

» B peanbHON NpakTUke 3KOHOMMNYECKME OaHHbIE
3aduKcmpoBaTb He yaaeTcs U YNCTOoE BIUAHUNE
OBYX NepeMeHHbIX ApYyr Ha Apyra BblAennTb
Henb3s4, N03TOMY UCMONb3yeTCA MHOXECTBEHHAA
perpeccus, gononHUTENbHbIE doakTopbl BBOAAT
B MOoAderb



COEPA NMPUMEHEHUA

PelwleHne 3agay oueHKu
= 0ObeMa cnpoca,

" NOXOOHOCTU akuum

" NNAHOBbLIX U3OEePXKEK

" MaKpPO3KOHOMUYECKNX MPOrHO30B



Llenb npumeHeHns

* [locTpouTb MOAErNb ¢ 6OMbLLUUM YNUCITOM
dakTopoB, onpeaenme Npu 3ToOM BIrUSIHUE
KaXXAoro n3 HUX B OTAENbHOCTU Ha
pe3ynbTaT, a TakKe COBOKYIMHOE

BO3JEeNCTBME NX HA ModenmpyeMbin
NnoKasaTernb



OcHOBHbIE MpeanochIfik1u Moaenm

MHO>XeCTBEHHOU perpeccum
* MatemaTnyeckoe oxunagaHme Bcex €i paBHO
HYyNo Ansa Bcex HabnoaeHun;
= [lncnepcuun Bcex €i NOCTOSAHHbI U PaBHbI;
= £- He3aBMCUMbI APYr OT Apyra u OT X1...Xp;
= £i— uMmetoT pacnipeneneHue aycca N(0;0%);

» Mogenb NMHEeMHa OTHOCUTENbHO
napameTpoB 31 ... [3p;

= Mexay X1...Xp OTCYTCTBYET CTpOras
NIMHENHaqa cBA3b (HET
MYNbTUKOMITIMHEAPHOCTU (DaKTOPOB);



ITpeonocwiiku MHK (venoeua I'aycca—Maproea)

1 . Mamevamuueckoe oxCuoarle civuaiiHo2o OMKIOHeHIA & DABHO
Hymo.! M(&) = 0 014 ecex Ha0.ToOeH1 1.

JanHOe yCI0BHE 03HAUAeT, YTO CIydalHOe OTKIOHSHHE B CpeIHeM He

OKa3bpIBacT B/IHAHHA HA 3aBHCHMYIO IICPEMEHHYRO, B kaxaom KOHKPETHOM

HaOIr0JeHHH C.?IY‘I&?IHBII\:I YlIeH MOXKeT OHRTE JHOO IOIOKHTEIBHEIM, JHOO
OTPHOATEIBHEIM. HO OH HE JOIPKCH HMETE CHCTEMAaTHYSCKOIO CMEIIICHHA.

2 . Jucnepcusa cavyaliHblx OMKTIOHEH UL & NOCIMOAHHA.:
: . i - = S 3
D(g) = D(g) = & 014 1H00bIX HAOTHOOCHUI T U |.

JTaHHO® YCITOBHE MOJpa3yMeBaeT. UT0 HeCMOTPA Ha TO. YTO TIPH Kak-
JOM KOHKPETHOM HaOIIONeHHH CIIyUaifHOe OTKIOHEHHe MOXKeT OBITE THO0
GOIBIIHM, THO0 MEHBIIHM, He JOIKHO OLITh HeKOH almpHOPHOH IIPHYHHEL

BBI3BIBAIOIIEH OOJIBINYI0 OITHOKY (OTKIOHEHHE ).
BRIMoMHAMOCTS JaHHOH TIPEAIIOCHITKH HA3bIBASTCA 20MOCKEOACH Y-

HOCINBIO  (NOCMOAHCIEOM Ouchnepcull omxloHeHull). HeBBIIOIHHMOCTh
JaHHOH MPearOCBUTKH HAa3BIBASTCH 2eNEpOCKeOACINUYHOCHIBKY (HEeNnoCcmo-
AHCIMEOM OUCNEPCULT OINKIOHEHUIT).




3 . Cnyuatinsle OMKIOHEHUA & U & AGTANMCA He3A8UCUMBIMIL
opy2 om opyaa 014 1 #j.
BEBINOTHHMOCTE JaHHOH NPEeaNOCBUIKH MpPeanoIaraeT. 4YIo OTCYICT-
BYyeT CHCTeMATHYECKas CBA3b MeXIy JTIOOBIMH CIYVYaHHBIMH OTKIOHEHHS-

MH. JIPYyTHMH CTTOBaMH. BeTHUHHA H OIpedeNeHHBIH 3HaK TH00r0 CIydaH-
HOTO OTK.IOHEHHS He JO/DKHBI GBITh IPHYHHAMH BETHUHHE H 3HaKa TH00-

[0 IpyTOro OTKJIIOHCHHA.

€C/IH JaHHOEC YC/IOBHE BBRIIIOIHACTCA, TO TOBOPAT 00 oTCYT-
CIBHH d&MoKoppeiAlUiL.

4 . CmvyatiHoe OMKIOHEHUEe OOIMCHO OblMb He3d8UCUMO O 00bAC-
HANOWUX NEPEMEHHBIX.
OOGEBIYHO 3TO YCJIOBHE BBINIOIHACTCA ABTOMATHHYESCKH IIPpH YCIOBHH,
410 OOBACHAIOIIHE MTepeMeHHbIe He SBIMIOTCA CTyYaiHBEIMH B JaHHOH MO-
JeTH.

Cne,:ryer OTMEeTHTh, YTO BBIIOJIHHMOCTH JIaHHOH IIPEATIOCBLIIKH HE
CTOJb KPHTH'IHA JTA 3JKOHOMCTPHICCKHX MOJEIeH.

5 . Mooenw aeraemca JUHElHON OMHOCUINETbHO napdayiempoes.




Teopeva I aveca—-Mapxoed. ECITH NIPEONOCEUIKH / -5 BBIIOTHEHEL

TO OLIEHKH, nory4deHHsble o MHK. 00:1aJar0T clIeIyIONIHMH CBOHCTBaMH:

1

OLEHKH ABIAKOTCA HeCMEINeHHBIMH, T. €. M(b,)=B,, M(b,) =B;.
DTO BBITEKAET H3 TOro, 4ro M(e,) =0 H roBopHT 00 OTCYTCTBHH

CHCTeMaTH4YeCKOH OMHOKH B ONpedeleHHH IIOJI0KEHHA THHHH
PEerpeccHH.

OLIEHKH COCTOATENBHBI, T. K. JHCIEPCHA OLIEHOK ITapaMeTPOB IIPH
BO3paCTaHHH dYHCIAa 1N HAaOMIOOSHHH CTIPEMHICA K HYIIIO:
D(by) —=>0, D(b;)—=;>0. JApyruMH CI0BaMH, IPH YBEJH-

n—x

yeHHH o0beMa BBIOOPKH HaIeKHOCTH OLIEHOK yBeaH4dHBaeTcs (bg
HaBepHAKa OIH3KO K 3. by — O1IH3KO K [By).

3. OueHKH 3((eKTHBHEL T. €. OHH HMET HAHMEHBIIYI0 JHCIIEPCHIO

110 CPAaBHEHHIO C THOOBIMH JPYTHMH OI€HKaMH JaHHBIX ITapaMeT-
POB. THHEHHBIMH OTHOCHTEIBHO BETHYHH Vi,

B aHITIOA3BIYHOH /THTepaType TakHe OLIeHKH Ha3bIBawTca BLUE (Best Lin-
ear Unbiased Estimators) — Hauivyuue TUHelHb1e HeCMEeU|eHHbIe OleHKIL.




EciIH NpeanochlIKH 2 H 3 HapyINeHEL T. €. JHCIEPCHA OTKIOHEHHH

HCIIOCTOAHHA H (HJIH) 3HA'ICHHA €,.¢ j CBA3aHBI OPYT C IPYIOM. TO CBOHCT-

Ba HECMENIEHHOCTH H COCTOATEIBHOCTH COXPAHAKTICA, HO CBOHCTBO 3(-
(PEKTHBHOCTH — HeT.

Hapsaay ¢ BBIIOJTHHMOCTBK YKa3aHHBIX MPEeANOCHUIOK MPH IOCTpOe-
HHH KIaCCHYECKHX THHEHHBIX PEerpecCHOHHBIX MOJeleH AernarTcd ele
HEKOTOpPBIE NIPEANOIOKEHH

O0BACHAIOIIHE IIEPEMEHHEBIC HE AB/TAKOTCA CJIY‘I&fIHI:ILﬁI BC/IHYTHHaMH:

cnyqai’mme OTKIOHCHHA HMCHT HOPMAIBHOC PACIIPEAC/ICHHE!

YHCI0 HaOMIOIeHHH CYINeCTBEeHHO GOIIBIIe YHCTa 00BACHAIOINHX Iepe-
MEHHBIX;

OTCYTCTBYIOT OITHOKH CIIeH()HKALIHH:
OTCYTCTBYeT MYJIbTHKO/LTHHEAPHOCTE.




OcTaTKku crny4yauvHoil




[ padpnyeckmn aHanm3 OCTaTKoB

= OcTaTKu He ABMAITCA CryYauHbIMU
BENNYNHAMMU



[ padpnyeckmn aHanm3 OCTaTKoB

= OcTaTKn He ABMSATCH CﬂyanIHbIMVI
BEJINHNHaAMMU




HY>XHO

* [lpMeHUTb Opyryro yHKLUMIO
NnNu

= [1o6aBUTb MHPOPMaLMKM , NMOKa OCTaTKN HE
CTaHyT cny4YyanHbIMU



YPABHEHWE
MHOXECTBEHHOU NMHENHOW
R .03

[Mlo MHK BekTOp OLUEHOK NapaMeTpoB MOOENN Perpeccum HaxoanTcs
no dpopmyne:

3HA4YMMOCTb YpaBHEHUA NOATBEPXKAAETCA KOIPDULIMEHTOM
aetTepMuHaLmn

Kputepun sHaunmactn duwepa, n — 4Yncno HabnogeHnm, m — 4Yucno
napamMeTpoB B MOAENN perpeccum (Yncro KoappnumneHTosB
perpeccun):



1 x, K
1 x, K
A=y g R
d x, K
/}ﬁ\
y — ) A=
I
\Vn /

, hosmomy m = p +1

/81\

&

i

\&n )



CKOPPEKTMPOBAHHbLIV R?

UToObI Nony4nTb 6o5iee 0ObEKTUBHYIO OLIEHKY
KadecTBa ypaBHeHUs perpeccumn R?
KOPPEKTUPYIOT HA KONMMYECTBO HabnoaeHNN
N pakTopOB



Y 4t,,. (n—m)Si,z0e Si = SA| X, (X" X)X,

maob.n

2
, S — ocmamounas oucnepcus

S:\/Z(yi _J’>i)

n—p—1

Y +1¢ (n—m)SE,20e S =S\/1+Xl.(XTX)_1XtT

maoi



METOLbI NMNOCTPOEHWA YPABHEHWA
MHOXECTBEHHOW PEFPECCUM

» MeToa nckno4yeHus (otceB dpakTopa m3
NnonHoro Habopa)

= MeToa BKntoveHus (BBeaeHmne HOBOro
doakTopa)

= [llaroBbIn perpeccuoHHbIV aHanms3
(ncknoYeHne BBeOEHHOro paHee
doaktopa)



OTCEB ®AKTOPOB

* 1 nyTb. [lpoBOAUTCA NO NoKasaTensam He NapHoOW
, @ YaCTHOW Koppenauun, KoTopbie B YACTOM
B/AE OLEHMBAIOT B3aMMOCBA3b MexXxay
doaktopom u pesyneratom. CTponTca martpuua
YACTHbIX KOS(PMPULIMEHTOB KOpPENALIUA

» 2 nyTb. [1o kKputepuio CTblogeHTa N3 ypaBHEHUS
NCKIMoYarTCa Te 0akTophbl, Y KOTOPbIX 3Ha4YeHne
KpUTEPUA MEHbLLIE TabrMMYHOro



YACTHbIN KO3PPUNUMEHT KOPPENALINIA

[To3BONSAET YCTAHOBUTb CTEMNEHb «4UCTOrO» BIIUSIHUA
drakTOpHOro npm3Haka Ha pe3ynbraTUBHbLIN MPU3HaK, Npu
YCINOBUWN, YTO OcTarnbHble dakTOpbl HE BIUSIIOT,
nameHsaetcsa ot 0 o 1, He MOXeT ObITb BonbLUe Mo
BennynHe KoaddunumeHTa MHOXKECTBEHHOW KOpPENSLUN.

[ne R?*k — KoOadpPULMEHT MHOXECTBEHHON AETEPMUHAL NN
MeXay Yy U X1...Xk;
R?%k-1 — KOA(PPULNEHT MHOXECTBEHHOW AETEPMUHALIUN
MeXay y U X1...Xk-1;



YACTHbIN KO3PPUNUMEHT KOPPENALINIA

Ecnun napHbit KOO PULIMEHT KOppensaumn
MexXay X Uy 6osblle YacTHOro
KoadppumumneHTa Koppenaunm mexay X uy,
TO CYLLECTBYET PaKTOpP, YCUNnBatoLLnm
BINUSIHUE X Ha Y, ecrnn HaobOopPOT, TO
CYLLECTBYET (PakTOp, OCrnabnsatoLwmmn aTo
BNUsiHNUE



CrNeldenNKALNA MOLOEJIN

* OTO0pP PaKkTOpPOB
» Bbibop BMaa ypaBHEHUS



OTBOP ®AKTOPOB

CbaKTOpr, BKJTKOMaEeMbI€ B MOAES1b AOJ1>KHbI
YOOBJ1ETBOPATb Tpe6OBaHI/IFIMZ

1. BbITb KONMYECTBEHHO N3MEPUMMbI NJTU
3daBaTbCH CbI/IKTI/IBHbIMI/I nepemMeHHbIMIA

2. He gomxHbl ObITb KOPPENUPOBaHbI MEXOyY
cobon (oTcyTCcTBUE
MYIbTUKONITMHEAPHOCTH)



OTBOP ®AKTOPOB

= Bkntoyaemble B Modenb akTopbl AOJKHbI
0OBbACHATL BapmaLuio 3aBUCUMON NepeMeHHOoM

= R?— gona o6bsacHeHHo BapmaLmm 3aB1UCUMON
NnepemMeHHOU 3a CYET BINUAHUA DAKTOPOB
Moaenu

= (1-R?) — ocTato4yHas gucnepcus S?

* [1pn gONONHNTENBLHOM BKJTHOYEHUN B PErPECCUIO
cdakTopa R? gomkeH pactn, a S? yMmeHbLUaThCH

SZ



MCCITEOOBAHUE
MYTIBTUKOJTTMHEAPHOCTW

Hanun4yune cyuiectBeHHON CBA3N MeXxay pakTopamuy —
MYNBTUKONTIMHEeapHOCT (PakTOpPOB - BedeT K HEHaAEeXHOCTM OLEHOK

ypaBHEHUS perpeccum 1 NporHo3oB Ha UX OCHOBE.

[1Ns oUEeHKN e€ Hann4ns NCNonb3YyT ONnpeaernnTernb MaTtpuLlbl NapHbIX
NUHENHbIX KO3 PULIMEHTOB KOppendaunm mexay pakrtopamu, Hanpumep

ans 3 oakTopoB.:



[1lpoBepKa rmnoTesbl 0 HE3aBUCUMOCTU (PAKTOPOB
— OTCYTCTBUU MYNLTUKONITMHEAPHOCTU

H,: Det|R|=1, T0 ecTb
MYNbTUKONITMHEAPHOCTU HET
H.:Det|R|=0, To ecTb oHa ecTb

Ecnu ¥ >¥*(a;0,5(m(m-1)), To H
pacy 0
OTKINOHAETCA N MYNLTUKONNMHEAPHOCTb
doaKTOpOB AOKa3aHa

Xz =[n-1-(1/6)(2m+5)IgDetR]



YCTPAHEHNE
MYTIBTUKOJIMHEAPHOCTW

= [/cknoueHne n3s mogenu Hamoornee
MYNBTUKOSITIMHEAPHbIX (PaKTOPOB (CTPOAT
MHO>XECTBEHHYIO PErPECCUI0 OTHOCUTESNBHO
KaXkgoro cbaKTopa N NCKITHOYaoT (PakTop C
MakcuMarnbHbIM R?)

* [IlpeobpasoBaHne PaKkTOPOB YEPES UX
o0begnHeHne nnu nameHeHue (A)

= COBMELLEHHbIE YPaBHEHUS perpeccumn (npu
KoadhpunumeHTe perpeccum CTouT He OOuH, a
npounsBeneHne akTopos)

* /Icnonb3oBaHWe ypaBHEHUN perpeccum
npnBegeHHOU OpPMbI



PAH>XXVPOBAHWE
[NEPEMEHHbBIX X MO MEPE X

( DIHAHAAF] A Y
)

Ha OCHOBe KO3 dPULUMEHTOB 3M1aCTUYHOCTMN:

N CTaHOapTU3NPOBAHHKIX KOSMDULIMEHTOB
perpeccum:



[TPOBEPKA SHAHNMOCTW X]

Ha ocHoBe t-kputepusa CtblogeHTa

TOrga oueHKa napameTpa Moaenu npu Xj oTnmyHa ot
HYNA C BEPOATHOCTLIO 1-a



IamepeHne cuctemMmHoro agpdekra
Ha OCHOBE ypaBHEHUA perpeccun

* B HayKe NPUHATO KU3y4aTb BNUSHMNE HE
OTAENbHbIX PaKTOPOB, a LIeNoCTHbLIE
CUCTEMbI PaKTOPOB U1 Pe3yrbTaToB.

* BnnsHmne cnctembl He CBOAUTCA K
apPUPMETNYECKON CYMME BITUSAHUU
Ka)goro dpaktopa B OTAENbHOCTU, TaK KakK

BO3HUKAET «CUCTEMHbIN 3PPEKTY -
CUHeprug



BrninaHme cucteMHoro agoekTa



[TPUMEPDI

PaccMmoTpuM o ganHbIM Poccrtara 3a 2004 1.2, BKIIOUalo-
MM OCHOBHBIE COIHATIBHO-3KOHOMHYECKHE TOKA3aTEITH 10
cyobekTaM LienTpanbsHoro gpeaepansHoro okpyra (L{DO), uc-

KITIoYas pe3ko OTIHYaroUlHecs M0 YPOBHIO MoOKa3aTescH
I. MockBy 1 MOCKOBCKY0 0071aCTh, pAA ABYX(PAKTOPHBIX KOP-
PETSIMOHHBIX CUCTEM CBS3HU (CM. Tabiuuy 1).




benropojackas

Bpsanckas

Biagumupckas

Bopouexckas

HBanoBCckas

Kanyxckas
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OpnoBckas

Psasanckas

CMolieHCKas

TamOoBckas

Trepckas

Tynsckas

Spocnasckas

Cpenusst
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[MTPUMEPDI

Cucrema Ne 1
Y - BPII (BaoBO#t perroHambHbIH IPOIYKT); X | - YMCJIEH-
HOCTb HaceneHus; X, - OIID (0CHOBHBIC IPOU3BOACTBEHHBIE
bouabI).
YpaBHEHHE CBA3H: Y= 1,78 +0,00595X +0,2552.X,
KO3() PUIHMEHT JETEPMUHALIUN RZYxl o =0,8360, .
CTaHJIapTHU30BAHHEIE Koacp(bHuHeHTm PETPECCHUU:

B,=0,00595 % 370,9/22,1=0,0999;
B,=0,2552%72,4/22,1 =0,8365.
Otcrona: 5,>=0,0099; B8,>=0,6989. Cucremusli 3¢ bexT &
€CTh Pa3HOCTE:

k
E= R _Zﬁf =(),8360-0,0099-0,6989 =0,1272.

J=




I TaBHEIM (paKTOPOM, BIMSIONINM Ha BapHAIIHIO BEIUYH-
HBI BATTOBOT'O PErHOHAIIBHOTO NMpoaykTa B 00macTax [P0, apu-
JTaCh BapUall¥s pa3MepOB OCHOBHBIX MPOU3BOICTBCHHBIX (DOH-
J0B. BapHanus YnCIeHHOCTH HacelIeHHs BIUAET ci1abo, 3aTo
HMEETCS CYIIECTBEHHBIN CUCTEMHBIM 3(()EKT COBMECTHOTO
BIHAHKS pazMepoB OII® u yHCIeHHOCTH HAaCeIEHH, YEM H
00BACHAETCS J0CTATOYHO BLICOKHH MapHBIA K03()GUIHEHT

koppensainu BPIT ¢ uncnmom sxxureneit (cM. Tabmuiy 2).
Tabnuna 2

MaTpuua napHbix KO3QPUIUEHTOB KOPP eIANUN
B cucTeMe Ne 1




MOPAIJIb

B 00BIIeHHOM )XH3HH ATy CUTYAITHIO ¢ ITo3uimi BPTT moox-
HO M3JI0XKUTE CICAYIOIUM 00pa3oM: «Y MEHS €CTh IBa APYyTa -

OJIMH OYCHE OIM3KHH, BTOPOX MHE HE OYEHb HHTEPECEH caM

110 cede, HO OH IPYT MOETO JYYIIEero APYyTa, ¥ IIO3TOMY MBI -
XOpolas KOMIIAHUDY.




Cucrema Ne 2

Y - BPII; X - 4HCIIEHHOCTD HaceleHus; X, - TEpPUTOPHSL.

Tabnuna 3

MaTtpuua napHbIx K03} PHIHEHTOB KOPP eIAMH
B cucreMe Ne 2

1 0,7325
0,7325 1
0,0363 0,1070 1

YpaBHeHHe cBsi3H: Y= 11,87 +0,0436X — 0,0556.X, .
IIpH 5TOM KO3 GUIIHenT NpH X, HEHaAEKHO OTIHYCH OT
HyJIS:

R?, . =0,507;
B, =0,0436x370,9/22,1=0,7323;
ﬁz =-0,0556x11,47/22,1 =0,0414;
B,2=0,5362; f3,2=0,00172.
Cucremusiii adpdexr & =0,507 - 0,5362 -0,00172 =-0,0309.




BblBOL 1 MOPAIJIb

Bapuanus YMcIeHHOCTH HaCEIICHNSA CYIIECTBEHHO BIUIET
Ha Bapuauuro BPII, a repputopun - He BIHAET CymecTBEHHO.
CucreMHEIN 3 EKT, cKopee, OTPHIIATEICH, HO TakKe HeHa-
JIEXKEH.

Ha «0OBIIEHHOM S3BIKE» 3TO MOXKHO H3JIOXKUTh TakK: «Y
MEHA €CTh JPYI, a BTOPOU YEJIOBEK - MHE HHKTO. Y Moero
JIpyTra OH Toxe He HHTepecyer. Hac TpOHX HEb3s CUMTaTh
KOMITaHHEH, XOTA U BPEAUT MHE 3TOT (PaKT OYEHB MajIoy.




Cucrema Ne 3
Y- CpeIHsAS 3apaboOTHas 1aTa; X, - QOHIOBOOPYKEHHOCTE
(croumocts OII® Ha OAHOTO 3aHATOTO B 3KOHOMHKE); X - II10T-
HOCTDL HaCEJICHHS.

Tabnuna 4

Martpuna napaeix ko3pduuueHToB Koppeaauum
B cucreme Ne 3




Vpapsenne casau: ¥= 13,75 +7,194X,+20,52X,,
062 ko3 PuiIKeHTa PETPECCHH BEChMa HaICHKHBL:
R* __ =0,6013;

B, =0,900; B, =0,487; §=0,810; 5,*=0,238.

Oba ¢axropa CBS3aHBI CO Cpe/iHel 3apaboTHOHN IITaTOH
PSAMOI 1 Ha/IEXKHOH CBS3BI0, XOTS IIAPHBIH KOIQGHUITUEHT KOp-
PETLAIHH 7, HECYIECTBEHHO oTH4eH oT Hy/si! D10 00bsc-
HieTCA 0OpaTHOM CBA3HIO MEX/TY TUIOTHOCTBIO HACCICHUS U
HOHIO0BOOPYKEHHOCTHI0. CHCTEMHBIH 3(PMEKT OTPUIATE/ICH:
£ =0,6013 -0,810 - 0,238 =-0,447. B «mepeBozie» Ha A3BIK
YeTOBEUECKUX OTHONICHHH 3TO BLIIIIUT TaK: «Y MEHs TOTDK-
HO GBITO OBITH IBA APYTa, HO OHH B CCOPE MEXIY COOOH, H
3T0 MHE CHIIBHO BpeauT!». Y IEHCTBUTEIBHO, C TOUKH 3PCHUA
61ar0COCTOSHIS HACEICHHsA, Pa3Be XOPOIIIO, YTO B 00IACTAX C
Boliee BBICOKOM IITOTHOCTHIO HaceTIeH s B CPEIHEM HaOIIoIa-

eTcs 6oee HU3Kas GOHTOBOOPYKEHHOCTE?




CucteMa Ne 4

He Bce BO3MOXKHBIE COUETAHHUSI CBA3EH yIacTCs TOKA3aTh
Ha IpHUMepe SKOHOMHKH obmacreit LIOO. YeTBepTyIO CHCTE-
MY MBI HIUTIOCTPHPYEM [0 HTOTaM YeMIroHara Poccuu mo
dytbomy 3a 2005 r. Yemexu KoMaH] BBICHICH JTUTH U3MEPSAIOT-

sl YUCIIOM HaOpaHHBIX OUKOB -Y. Ha 3T0 YKCiI0 BIMAOT ABa
(hakTOpa: YKCIIO 3a0UTHIX KOMaHIOH Ms9eH (T0I0B) B BOPOTa
COTIEPHHUKOB - X, M 9HUCIIO IPOIYNICHHBIX B CBOX BOPOTA M-
uel oT comepHuUKoB - X,. MicxonHble TaHHBIC TPUBC/ACHEL B
Ta0IUIIE S.




Hroru yemnuonara Poccuu no gyrodoury, 2005 .

1HCKA 62 48 20
CrapTak - 56 AT S 26
JIoKOMOTHB 56 41 18
PyOun 51 45 31
Mockea 50 36 26
3eHUT 49 45 26
Topreno 45 37 33
JIMHaMo 38 36 46
T HEHK 38 26 31
Tompb 37 28 33
CaTtypH 33 23 25
|AMKap 33 25 36
PocTtoB 31 26 41
Kpriaes CoBeTOB 29 29 44
AJaHHA 23 2 53
Tepex 20 20 50
Cpenuss 40,68 37,69 37,69
X (6] 12,44 9,34 10,69




Tabmuma 6

MaTpuiia napHeIX KOG GHIHMEHTOB KOPPeIaiuK
B cucTeMe Ne 4

0,9083 -0,8466
1 -0,5989
-0,5989 |

A

Ypasuenue casu: Y=31,4+0,83385X —0,5584.X.

Bce koo pHIeHTh] BRICOKOHAAEKHEL R, - =0,9678;
B, =0,8338x9,34/12,44 =0,6260;
B, =-0,5584x 10,69/12,44 =-0,4798;

B2 =0,3914; B2 =0,2302;
£ =0,9678 - 0,3914-0,2302 =0,3462.




BblBOL 1 MOPAIJIb

HMMeeM CynecTBEHHOE BIMAHUE HAa BapUaALlUIO PE3YJIbTa-
TOB KOMaH/T 000HX (PaKTOPOB U BEChMa 3HAYUTEIbHBIH MO0~
YKUTEIBHBIM CUCTEMHBIN 3(P(PEKT, KOTOPHIM 03HAYAET U3BECT-
Hoe (pyTOONIHCTaM IPaBUIIO: «XOpoliee HamaACHUE - Tydias
3amuTay. Kto 6onpnie 3a0UBaeT, TOT, B OCHOBHOM, H MEHBIIIE
nponyckaet. 1 Ha000poT, XOpOIIHU BpaTaphb U 3AMIUTHUKH -

OCHOBA yCII€Xa HaIlaJaroMKX - UM HE HY)KHO IOCTOSHHO O¢-
raTh K CBOMM BOPOTaM IIOMOTaTh 3allHUTE.

Ha sA3bIke TUYHBIX OTHOIICHUH 3Ta CHUCTEMa TaKoBa: «Y
MEHA €CTh XOPOIIMU APYTr U CUIbHBIA Bpar. Ho oHU - Bparu
APYT APYTY ¥ 3TO XOpouIo g MeHs! B Hamien Tpouile OTHO-
IICHHUA TaKOBBI, KAKHUMH U JIOJKHEL OBITE ! ).




CBouncTBa ¢

Cucremuoe BIHSHHE KOMIUIEKCA (PAKTOPOR HaA pe3yJIbTaT
MOXKET 0Ka3aThCsA OCIA0IECHHBIM B CIIy4Yae, €C/IM pa3IudHbIe
(paKTOPHI BIMAIOT Ha PE3YIBTAT B PA3HBIX HANIPABICHUIX, TO
€CTh UMEETCA OTPULIATENBHBIM K CUCTEMHBIN 3(PhekT». B aTOM
clly4ae BIUAHHUE KOHKPETHOTIO j-T0 (PaKTOpa MOXKET OKa3aThCs
0os1ee CUIBHEIM, YeM BIMSHHE BCETO KOMITIEKCa (pakTopoB. B
CUIIY 3TOLO ,82M0>Ker OKa3aThCs M0 BEIHYIUHE O0IbIIe, YeM R,
TaKo€ TIOTOKEHHE HaOMIIOAeTCs B IPHBEICHHOMN BBIIIE CHCTE-
Me Ne 3. B HEKOTOPBIX PEeAKUX CIydasx BZ MOXXET OKa3aThCs
Oombmie 1. MareMaTH4eckoro 3amnpera Ha 570 He CYIIECTBYET.
HHTEepIpeTHPOBATH ,BJ? HEOOXOIUMO KaK IOKa3aTeb COOTHO-
IIEHMS BapUalliU Pe3yJIbTaTa 3a CYeT j-T0 (PaKTOpa ¥ BapHallun
pe3y/IbTara 3a C4eT BCero KoMiuekca (hakTopoB, a He Kak 0TI,
TaK KaK [T0Ka3aTells JOIH He MoXKeT nperbimath 100%.




[TokazaTenb ¢

IToxazatenb CHCTEMHOTO 3(P(heKTa ABIAAECTCA COOCTBEHHO
CTaTUCTUYECKHM ITOKa3aTeIeM, OCKOIBKY Ka4yeCTBEHHOE CO-
JAEepoKaHue U (PopMa €ro pacyeTa MOJHOCTHIO ONPeAeIIIOTCS
CTaTHUCTUYECKOU HayKou. ITo cBoeMy COAEpKaHHUIO OH OTHO-
CHATCS K IPyIIIIE IT0Ka3aTeIer B3aUMOCBA3H NpU3HaKkoB. OqHa-
KO OH U3MEPSAET HE CUITY MITH TECHOTY CBS3H, a CTETIEHB COIIa-

COBaHHOCTH BIHUAHUA (PAKTOPOB HA pe3yasTar. HeM OobIie
TIOJIOXKUTENFHOE 3HAUEHHE &, TeM 0oJIee COIIacOBaHHOM ABIIA-
eTcs cucTeMa (pakTopoB. HeM 00IbIlIe MOAYIL OTPHIATE b~
HOTO 3HaYeHHS &, TEM MEHee CONTacoBaHa, 60JIee MPOTUROPE-
YyyBa CUCTEMA (PAKTOPHBIX IIPU3HAKOB,




BblbOP ®OPMbl YPABHEHWA

= Ualle Bcero ncnonb3yrTcsd JIMHENHaA U
cTeneHHas PyHKUMS

= Uem cnoxHee pyHKUKUA, TeM bonbLle
HY>XHO OaHHbIX

* [/Ilcnonb3oBaHmne bonee CrnoXHbIX
ypaBHEHUN HE NO3BONAET OCYLLECTBUTb
9KOHOMWYECKYIO UHTEPMNPETALNIO
KO3 PULIMEHTOB, 3TO AENAET UX
MCrnonb3oBaHWe MeHee npuBneKkaTenbHbIM



CMbICIT KOI(PPULUNEHTOB NMMHENHON
Moaenn

* B nnHenHon perpeccmu cBoboaHbIN YneH
HE MMEET CMbICNa, KOAMMPULINEHT
perpeccum o3Ha4yaeT Kak B CpeaHeEM
M3MEHWUTBLCS Y, €CIN X. UISMEHUTLCS Ha

eauHunly, a apyrue gaktops! byayT
HEN3MEHHbI



CMbICT KOOQMPULIMEHTOB
cTeneHHou mMmoaenu

» KoadppuumeHTbl Npu X ABMAKTCH
KoaduUmMeHTaMmn 31acTUYHOCTU U
NOKa3bIBalOT Ha CKOMBLKO % N3MEHUTLCA Y,
eCnn X. U3MeHUTbCA Ha 1% npu
HEWU3MEHHbIX OAPYrMxX dpakTopax

= CyMMa KO3(pPULINEHTOB perpeccun He
BCcerga paBHa 1



[ OMOCKeOaCTUYHOCTb OCTATKOB —

npeanocbinka MHK
= /Inga Ka)Xaoro X gmcnepcund OCTaTtkoB OANHAKOBA

Puc. ToMOCKeIaCTUYHOCTb OCTATKOB



X

Puc. TeTepoCKenacTUYHOCTh OCTATKOB




[ eTepockeJaCcTUYHOCTb
OCTaTKOB

87 ato HENMNOCTOAHCTBO ANCHEPCUN

OCTATKOB, kotopoe Takke npnBoauT K

CHWXEHUIO 3PP EKTUBHOCTU NMPUMEHEHUS
YpaBHEHUA perpeccumn.

[1na ee BbIABNEHNS UCMNONb3YHOTCA pasfnnyHble
Kputepuu - kputepumn onapenga-KesaHgra, Tect
paHroBon koppenauum CnmpmeHa u a4.p.



TecT paHroBou Koppenaumnmn
CnupmeHa

" paccynTbiBaeTca KoadppuumeHT
CnnpmeHa mexay MoayrnamMm oCTaTKoB U
3Ha4YeHUAMN PaKkTopoB, ECI1N
KoadhduumeHT CnnpmMeHa 3Ha4mMm, TO
reTepockegacTMYHOCTbL OCTaTKOB
OoKa3aHa U ypaBHEHUNE perpeccum
HEHaOeXXHOo



TecT paHroBou koppenauum CnupmeHa

d pa3sHOCTH MEMKJAY paHraMy 3HAUEHUM IepeMeHHOM X H |e;.

24

KoahdUIpe T PAETOBOX KOPPeNAnuy 'y, = 1 — 6

BazafguM JOBEPUTEIHHYIO BEPOATHOCTD pP. O =
 t-TabaunaM HaXOZUM I'PAHHUHYIO TOYKY lqy.,—2.
L \I n— 2

,e

CratucTukKa t = ———.

1 -7,

Ecmu ¢t < tg.,—2, TO Ha YPOBHE 3HAYMMOCTH O IPUHUMAETCSH
runoresa 00 OTCYTCTBUU IeTEePOCKENaCTHIHOCTH. Wuauve runore-
3a 06 OTCYTCTBHM TeéTEPOCKEIACTHYHOCTH OTKJIOHAETCA. B Moze-
JIM, COmep Kaleil HECKOJBKO (DaKTOPOB, IIPOBEPKA TMIOTE3EI 00
OTCYTCTBUM I'éT€POCKENACTUYHOCTY MPOBOAUTCH C IOMOIIBIO0 CTa-

THCTUKHU f AJIA KAKIOTO0 U3 HUX OTHEJIBHO.




[TPUMEP

€; |ei|
0 0
—0,09 0,09
0,12 0,12
0,03 0,03
—0,06 0,06

Cymma

BamoaHuM Tabnaunmy. Moayiu 3JeMEeHTOB BTOPOTrO CTOJONA
zamuIeM B 3-# croxbern. B 4-M u 5-M cTonbmax paHXMPOBAHEI
no yOBIBAHMIO 3JIEMEHTH! 1-r0 1 3-ro cTOAOIOB COOTBETCTBEH-
HO. n = 5 HaOJIOLEeHUMN.

Sd® - 16
Tee - 1120 = = 1-6 5 = 0,2.
n(n”—1) | 9(5° — 1)
a=(1-p)/2=(@1 - 0,95)/2 = 0,025. ITo t-rabnunam Ha-
XO[UM rpannqnym TOUKY tq.n—2 = £0,025:5-2 = 3,182.

A e
CraTucTeka § = ks 02 12 0,354 < 3,182.

\11 P, N7

MpI IPHHEIMAEM THIOTE3y 00 OTCYTCTBHM I'eTePOCKeNRacThy-
HOCTH Ha YPOBHE 3HAUHMOCTH 5%.




TecTt lonodenoa-KBaHAaTa

PaccMaTpHBaeTCs CBA3b BEJIWUYMH Buja y = a + bx. I'Ipen?o.na-
raeTcs, YTO CTaHZAPTHOE OTKJIOHEeHME O; = O(€;) IPONOPIHNOHAIE-
HO B3HAUEHWIO IEepeMeHHOX X B 9TOM HaOIIOZeHUH:

= o®x%,i=1, ..., n, n — aucno Habmonenuii. Takxe mpez-
nonarae'rca, 4TO g MMeeT HODMAaJbHOE pacIpeieiNeHue U OTCYT-
CTBYeT aBTOKoppeaanus (6yLeT pacCMOTpPeHAa B AaJIbHEUIIEM).
Bece n HabaomeENH YOOPAZOUMBAIOTCS IO BeIWYHHE X. ITa YIIO-
pALOYCHHAS BHIOOPKA AEJUTCA Ha TPU NPUMEPHO PaBHBIE YacCTH
o6memoB kB, n — 2k u k coorsercrBeHHo. IIpu n = 30 & = 11,
npu n = 60 & = 22.

TInst KaskgoW M3 BHIOODOK 00BbeMa k OIIEHMBAETCH CBOE ypaB-
HEHHE PEerpeccuu n HAXOJATCA CYMMBI KBaZpPaTOB OTKJIOHEHUH

k
Si = Se’fn S, Ee, COOTEETCTBEHHO.
i=1 i=n—k+1

3amafuM LOBEPUTENBHYIO BepoATHocTh p. o = 1 — p. Ilo
F-tabiumaM HaxXOZUM TPDAHUUYHYIO TOUKY Fo.ppm—1:p—m—1, THAE
m — 4ucjo GaxTopoB MOJEJH.

Crarucruxa F = S3/S;.

Ecnu F < Fo.p—m—1;k-m—1» TO Ha YPOBHE 3HAYHMOCTH C. IIPH-
HUMAaeTCs TUIoTesa 06 OTCYTCTBUH rerepockegacTuynocTu. Mua-
ye T'UII0Te3a 00 OTCYTCTBUHM IeTEPOCKENACTHYHOCTH OTKJIOHAET-

d. ]IS MHOECTBEHHON perpeccHy TeCT OOBLIYHO IPOBOAMUTCH
IS TOTO (haKTOpa, KOTOPHIH B MaKCHMAJbHOW CTENEHM CBA3AH



¢ o0;. Ilpu sTom BeiGupator £ > m + 1. Ecau HeT yBepeHHOCTH
OTHOCHTEJNHLHO BHIOOPA (aKTopa X, TO JAHHBLIM TECT MOZKHO OCY-
IIECTBUTH JJIA KAXKAOro axropa.

NMpumep 34. PaccmaTpuBaeTcs pPerpecCHOHHAsY JUHeHHAA
Mozent ¢ m = 2 daxropamu. n = 30 mabmogerui. [Hns nep-
BRIX W mocyienaux k = 11 mabaromeEuii cyMMBI KBaIDPaTOB OT-
KaouHeHn# S; = 20 u Sg = 45 coorBeTcTBeEHO. C MOMOMBIO Te-
cra Fonadenna-KBarara npoBepuM rumoresy 00 OTCYTCTBHHU
reTepoCKeNaCTUYHOCTH.

3amaauM HOBEPUTENLHYIO BepOATHOCTE P = 95%.

a=1—-—p=1-0,95 = 0,05. Ilo F-rabnumaM HaxoguM
I‘Dgﬁﬁlﬂym 109Ky Fosk-m—1;6-m-1 = F0,05:11-2-1;11-2-1 =

Cratucruxa F = Sg/S; = 45/20 = 2,25 < 3,44.

Ha yposre 3maummocT: 5% nOpuHMMaeTcs rumoresa o0 or-
CYTCTBHH T€TePOCKEeXACTHYHOCTH.




[ padpmnyecknt aHanuma
retepockegacTMYyHOCTU

=3 — LINCTIEPCUS OCTalKOB pacrer Npu pocte X

= O - ancnepcnda octaTtkos rnpn MMHNMalribHOM U

MaKCmMaJibHOM 3Ha4Y€eHUN X MUHUMaAaJibHa, Npun cpegHem
3HA4Y€HNUN X - MaKCUMaAJllbHaA



[ padpmnyecknnt aHanuna
retepockegactTuyHOCTI
(anga rpaduka a)




[ padpmnyecknn aHanus
rerepockegacTtMYyHOCTU
ang rpadpuka 6




[ padpmnyecknt aHanuma
retepockegacTMYyHOCTU

" B — Aucriepcnd oCtatkoB MakKCmMarlibHa rnpu
MWHUMaAJ1bHbIX 3HaA4YEHUNAX X



[ padpmnyecknn aHanus
rerepockegacTtMYyHOCTU

(ona rpaduka B)




ABTOKOppendauua ocTtaTkoB

[ns HageXXHOCTW pe3ynbTaToB perpeccum

HeobxoanmMo, YToObl aBTOKOPpPENALUn
OCTATKOB He ObINoO.

Ee npoBepstoT, HaNpuMep, Ha OCHOBE
KO3(pprLIMEHTA aBTOKOPPENALNN T



§ 6.2. KPUTEPUI JAPBEUHA-YOTCOHA

IdT0 Haubosee MBBECTHEIN cmoco6 0GHApYxeHUS aBTOKOppeJisd-
nuu nepsoro mopszxka. Ilycte n — umeno mabmogennit, m —
9HCIO0 (DAKTOPOB MOJENH, YPOBEHEL 3HAUMMOCTH o = 0,05. s
n, m, O Mo Tabnmunam pacnpefenenus JapO6uHa-YoTCOHA HAXO-

auMm yucaa d; u d,.
n

Sl o)
i=2

Crarucrura apbuna-Yorcosa DW = = -
e
i=1
Ecniu DW < d;, TO 3TO CBUETENBCTBYET O MOJOMKUTENLHOMN
ABTOKODpeNsanuu ocTaTkoB. Eciu DW > 4 — d;, o s10 cBUMze-
TEJIBCTBYET 00 OTPUIATENHHON ABTOKOPPENSNUN OCTATKOB. Ilpu
dy, < DW < 4 — d, runoresa 06 oTCyTCTBHH aBTOKODPEeNAIUN
OCTaTKOB npuHuMaerca. Ecam d; < DW < d, wuim
4 — d, < DW < 4 — d;, To runoresa 06 oTcyTcTBUM aBTOKOppe-
JAOAYA OCTATKOB He MOXKET OBITh HM IIPMHATA, HU OTBEPTHYTA.
OrpanwyeHus IpH HCHONH30BAHUL Kkputepus [fapbmra-Yor-
COHa: ;
1) Bo # 0; A
2) cryyaliHBIE OTKJIOHEHHS ONIPEeAESIOTCH IO aBTOpPErpeccu-
OHHO# cxeMme mepsoro mopazxa AR(1), To ects g = Pg;—1 + vy,
rae U; — CIYYaMHBIN YJIeH;
3) cTaTHCTHYECKUE NAHHBIE NOJYKHBI MMETh ONMHAKOBYIO IIe-
PUOAMYHOCTS (He NOJIXHO OBITH IPONYCKOB B HabIIONeHUAX);

4) cpexy GaKTOPOB HE JOJIKHO OBITH JIATOBEIX MEPEeMEHHBIX
(To eCTh TEepeMEeHHEBIX, BJIUAHNE KOTOPHIX XapaKTepu3yeTcsd

eJIeHHEBIM 3aIa3IbIBAHUEM).




[lpumep ncnonb3oBaHuga DW

n
Sle” = 551,52,
i=1

e

10,6
,88

Banonugem Tabauny. VI3 Kaxaoro umcia 2-ro CToJ0Na BEHI-
gyuTaeM IpeAbIAyINee YHCAO0 2-T0 CTOAONA M DesysibTaT NUIIeM
B 3-M cronbme. B 4-M cTonbme yUuciaa OKPYIJIAeM A0 ABYX 3HA-
xoB mocie sanaroi. Crarucrura [Jap6una-YoTcoHa:

2
(e — e-1)

i=2
n
Zeiz
i=1

Ilo Tabnamue pacnpefeneHus Jlap6ura-YOTCOHA HAXOAUM
d; = 0,697 u d,, = 1,641. Torza 4 — d, =4 — 1,641 = 2,359.

Tax xak d, < DW < 4 — d, (1,641 < 1,793 < 2,359), To
rHnIoTe3a 06 OTCYTCTBUU aBTOKOPPENALUH OCTATKOB HE OTKJIO-
Haerca Ha ypoBHe sHauuMmocTH 0,05. TO ABIAETCA OAHUM M3
TOATBEPIKAEHNH BHICOKOTO KadeCcTBA MOJENIH.




YCITOBUA NCTOJTb3OBAHNA YPABHEHUW
PEMPECCUN OJ1A NMPOI'HOS3A

Ecnn coBOKYNHOCTb HeogHopo4dHa Mo
nccrnegyembiM npm3Hakam, To ypaBHeHUe
perpeccum He MMeeT cMbicna

[ormkHbl ObITb HEU3MEHHbI YCITOBUS
dopMUpOBaHUA YPOBHEN NPUIHAKOB,
KOTOpPble NneXaT B OCHOBE onpeaeneHusd
OLEHOK rMapamMeTpoB MOAENN PETPECCUN.

MHave Heobxoamumo cobupaTb HOBbIV
AMMNUPUYECKNN MaTepuan, oTpakatoLlnm
B3aMMOCBSA3b MPU3HAKOB B HOBbIX
YCITIOBUAX.



MPU3HAKW XOPOLLEM MOOENA

= Moagenb goskHa ObITb MPOCTON;

= [1na ntodboro Habopa CTaTUCTUYECKUX OaHHbIX
onpegenaemMblie KOOPULNEHTbI YpaBHEHUSA
Mo4enn AOMKHbl onpeaenaTtbca 0gHO3HAYHO;

= CTpeMsaTcs CTPOUTb MOAENN C MakCUMarbHO
BO3MOXXHbIM CKOPPEKTUPOBAHHbLIM
KoadppuumneHTomMm getepmmHaumm R3;

* Mopgernb He MOXET ObITb NMpU3HaHa
Ka4yeCTBEHHOW, eCln OHa HE COOTBETCTBYET
N3BECTHbIM TEOPETUYECKUM NPEeArnocChIfiKam;

* Moaenb npu3HaeTca Ka4eCTBEHHOW, eClu
Nony4YyeHHble Ha ee OCHOBE MPOrHo3bl
noaTBePXAarTCcA pearnbHOCTbIO.



OLLNBKN CHNEUNPUNKALINA

- 9TO HenpaBuIbHbIN BbIOOP
dOYHKLUMOHAaNbHOU oOpMbl MOAENN UK
Habopa OOBbSCHSALLMX NEPEMEHHbIX
X1...Xp

OCHOBHbIE UX BUObI:

* /iIrHopunpoBaHune 3Ha4YMMon nNnepemMeHHoOU
(He BKItOYEeHWE ee B Modenb);

» [lobaBneHmne B Moaerib He3HAYNMMOW
nepemMeHHou,

» Bbibop HenpaBunbHOW yHKLUMOHANBHOW
HOODMRKI



Jlrobasa kadyecTBeHHas moaenb —
noaroHka cneundoukaumm mogenn
noa MMerLmnecs daHHble

* /13-3a MEHAIOLWLNXCA YCITOBUA
NpoTEKAHNA 3KOHOMMNYECKMX NPOLIECCOB
HEODOX0AUM MOCTOAHHBLIV MEPECMOTP
Mo4enu,;

* [1pn Bcex HegocTaTkax Mmoaeneun
NPUHATNE PELLUEHNN HA NX OCHOBE
NPUBOAUT K Ooree TOYHbIM
pe3ynsratam, YeM NMPUHATUE pPeLLUEHNU
Ha OCHOBE MHTYULIUN N 3aKOHOB
9KOHOMMYECKOWN Teopumn






