Hacts 3. MHOXKeCTBEHHAS PETPECCUS
U KOPPEALITUAI

['oanait AaekcaHap



MHoOZXecTBEHHAas perpeccud

[lapHaa perpeccnss MOXXeT AaTb XOPOLUMM Ppe3yAbTaT
NpU  MOAEAMPOBAHUU, €CAU  BAUAHUEM  APYIUX
$aKTOpPOB, BO3AEMCTBYIOLMX Ha OOBEKT UCCAEAOBAHMUS,
MOXXHO npeHebpeyb. EcAn ke 3TMM  BAMSHUEM
npeHebpeyb HeAb3s, TO B 3TOM CAy4Yae CcAeApyeT
NonbITaTbCA BbISABUTb BAUSIHUE APYTMX PaKTOPOB, BBEAS
MX B  MOAEAb, T.e. TMNOCTPOUTb  YPaBHEHME
MHOXXeCTBEHHOMN perpeccum.
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MHoO>KecTBEHHAsI perpeccud

YpaBHEHUE MHOXECTBEHHOM perpeccuu:

y = f(xq, X3, ..., X))
riae y — 3aBuMCMMas nepemeHHas (pe3ynbTaTUBHbIN

NPU3HaK), X; - — He3aBUCUMble, nan obbacHAlowMme,
nepemeHHble (Mpn3HaKkn-PpakTopbl).
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MHoO>KecTBEHHAsI PETPECCU.
I[IpumeHneHue

MHoXecTBeHHas perpeccus LMPOKO MCIMOAb3yeTCs B
peweHun npobaeM cnpoca, AOXOAHOCTU aKLUM, Mpu
M3ydeHUn GYHKUMU USAEPXKEK [POM3BOACTBA, B
MaKPO3KOHOMMYECKMX pacyeTax U LLeAOM psiae APYrmX
BOMNPOCOB 3KOHOMeTpuKM. B  HacToswee Bpems
MHOXECTBEHHasi perpeccmss — OAMH U3 Hamboaee
PacrpoCTPaHEHHbIX  METOAOB B  DKOHOMETPMUKE.
OcHOBHass LeAb  MHOXEeCTBEHHOW perpeccmm —
NOCTPOUTb MOAEAb C OOAbLUIMM 4YUCAOM (HaAKTOPOB,
ONpeAeAUB MpU 3TOM BAUSIHUE KAXKAOIMO M3 HUX B
OTAEAbHOCTHU, 2 TaKXXe COBOKYMHOE UX BO3AEUCTBME HA
MOAEAUPYEMbBIN MOKa3aTeAb.
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Cneuundpukaumna moaeamn. Otéop
¢daKTOpPOB NPU NOCTPOECHUM

YPaBHEHUA MHOXXE€CTBEHHOMU
perpeccum
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[IocTpoeHre ypaBHEHHSI MHOXKECTBEHHOMU
perpeccuu

[locTpoeHne ypaBHEHWA MHOXXECTBEHHOW perpeccum
HauMHaeTCa C peweHus Bomnpoca O chneundUuKauum
mMoaeAn. OH BKAloYaeT B cebsi ABa Kpyra BOMpOCOB:

1. oTbop ¢akTOpOB,

2. BblOOp BUAQ YPaBHEHUSI perpeccum.
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[IocTpoeHre ypaBHEHHSI MHOXKECTBEHHOMU
perpeccuu

BkAlouyeHMe B ypaBHeHME MHOXXECTBEHHOM perpeccum
TOFO MAUM MHOro Habopa ¢aKTOPOB CBSA3AHO MpEeXAe
BCEro C MNPEACTABAEHUEM MUCCAEAOBATEASl O MpUpOAE
B3aMMOCBSA3U MOAEAUPYEMOIO MOKa3aTeAsl C APYrMmu
3KOHOMUYECKMMU SABAEHUAMM.
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[TocTpoeHne ypaBHEHUS MHOXKECTBEHHOMU
perpeccuu. TpeboBaHUd K (paKTopaM.

@akTopbl,  BKAIOYaEMbIE BO MHO>XECTBEHHYIO
PErpeccmio,  AOAXKHbI oTBeYaTb CAEAYIOLLMM
TpeboBaHUAM.

|. OHM AOAXKHBI OblITb KOAMYECTBEHHO W3MEPUMBI.
EcAn HeOBXOAUMO BKAIOYUTL B MOAEAb KayeCTBEHHbIN
daKkTOp, HE UMEIOLLIUM KOAMYECTBEHHOIO U3MEpPEHMUS, TO
emy HY>KHO npuAaTh KOAMYECTBEHHYIO
OMNpeAEAeHHOCTb.

2. ®@akTOopbl HE AOAXHbI BbITb MHTEPKOPPEAUPOBAHbI U
Tem 6OoAee HaxOAMTbCA B TOYHOM PYHKLUOHAABHOM
CBSAI3U.
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NHTEPKOPPEAUPOBAHHOCTD

BkAtovyeHne B MoaAeAb  BaKTOpPOB C  BbICOKOM
MHTEPKOppeAsILIUEN, MOXKET npuBecTH K
HEe)KeAaTEeAbHbIM NMOCAEACTBUAM — cuctema
HOPMaAbHbIX YPaBHEHUM MOXKET OKa3aTbCs MAOXO
0bOYyCAOBAEHHOM M MOBA€Yb 32 cOOOM HEYCTOMYMBOCTb
M HEHAAEXKHOCTb OLLEHOK KO3pPULMEHTOB perpeccum.

Ecav  Mexay PakTopamm  cyliecTByeT  BbICOKaS
KOppeAsLuums, TO HeAb3s OMNpeAEeAUTb nX
M30OAUPOBAHHOE  BAUSIHME  HAa  PEe3yAbTaTMBHbIU
NoKasaTeAb W MapaMeTpbl YpPaBHEHUS perpeccum
OKa3blBalOTCA HEUHTEPNPETUPYEMBIMM.
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[locTpoeHne ypaBHEHHS MHOXKECTBEHHOMU
perpeccuu. KoaddpHuiimeHT geTepMUHALINHN.

BKAtoYaemble BO MHOMECTBEHHYIO perpeccuio ¢aKkTopbl
NOMKHbI  0OBACHMUTL  BapuauMld  HE3aBUCMMOW
nepemeHHon. Ecnm ctpoutca mogenb ¢ Habopom m
daKTopoB, TO ANA Hee pPacCYUTbIBAETCA MOKasaTenb

netTepMuHaumm R* ,  KOTOpbIM  PUKCMpyeT A0Nto
06BbACHEHHOW Bapuauun pe3ynbTaTUBHOIO NPM3HaKa 3a
CYeT paccmaTpuBaemblX B perpeccunm m ¢GaKTOpPOB..
BavaHue apyrmux, He yYTEHHbIX B moAdenn (GaKTopos,

oueHmBaeTca Kak 1 — R* C COOTBETCTBYHOLLEWN
OCTAaTOYHOM Aucnepcuen S%,
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[locTpoeHne ypaBHEHHS MHOXKECTBEHHOMU
perpeccuu. KoaddpHuiimeHT geTepMUHALINHN.

Mpn AONONHUTENBHOM BKAOYEHUU B perpeccnio m + 1

daKkTopa KO3IdOUUMEHT AeTEPMUHAUMM  OONXKEH
BO3pacTaTb, @ OCTAaTOMHAA ANCNEPCUA YMEHbLUATLCA:

2 2 2 2
Rm+1 = Rm 1 Sm+1 < Sm

Ecan e 3TOro He NPoOUCXoAUT U AaHHble MOKa3aTenu
NPaKTUYECKN He OTAMYatTca Apyr OT Apyra, TO
BKNOYaeMbI B aHanun3 QaKkTop X,,.1 He ynydwaer
MOJeNb N MPAKTUYECKU ABNAETCA NMWHUM GaKTOPOM.
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[locTpoeHne ypaBHEHHS MHOXKECTBEHHOMU
perpeccuu. KoaddpHuiimeHT geTepMUHALINHN.

HacbieHne MoAeAn AUWLHUMKU PaKTOPaMU HE TOAbKO
He CHMXKaeT BEAMYUHY OCTAaTOYHOM AMUCMHEPCUMU U He
YBEAMUYMBAET MOKa3aTeAb AeTepMUHALUM, HO MU
NPUBOAMUT K CTaTUCTUYECKOM HEe3Ha4YUMOCTH
napameTpoB perpeccuun no Kputepuio CTbioAeHTa.
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[IocTpoeHre ypaBHEHHSI MHOXKECTBEHHOMU
perpeccuu

Takum ob6pasoMm, XOTSi TeopeTMYEeCKM perpeccUOHHas
MOAEAb MO3BOASIET Yy4yecTb Aloboe uucAO PaKTOpOB,
NPpakTU4eCKM B 3TOM HeT Heobxoammoctn. OTbop
$aKTOpPOB MpPOM3BOAMTCS Ha OCHOBE Ka4yeCTBEHHOIO
TEOPETMKO-3KOHOMUYECKOTO aHaAM3a. OaAHako
TEOPETMYECKUM aHAAM3 YacCTO He MO3BOASIET OAHO3HAYHO
OTBETUTb Ha BOMPOC O KOAMYECTBEHHOM B3aMMOCBSI3U
pacCMaTpUBaeMbIX  MPU3HAKOB U  LeAecoobpasHOCTM
BKAIOYEHMS PaKTopa B MoAeAb. [1oaTomy oTbop dakTopoB
OObIMHO OCYLLECTBASIETCS B ABE CTaAMM: Ha MNEepBOM
noabupaiotcs GakTopbl UCXOAA U3 CYLLHOCTU MPobAeMbl;
Ha BTOPOM — Ha OCHOBE MaTpMLLbl MOKa3aTEAEN KOPpPEAALMU
OMPEAEASIIOT CTAaTUCTUKU AAS MAPAMETPOB PErpeccum.
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[IocTpoeHre ypaBHEHHSI MHOXKECTBEHHOMU
PErPECCUH.

KoadpdumumneHtbl UHTEPKOppenauun (r.e. Koppenaumu
MeXKAYy OODbACHANWUMM NEePEMEHHbIMMU) MNO3BONAIOT
UCKNOYaTb M3 moaenn aybauvpytowme @GakTopobl.
CynTaeTca, YTO ABE NepeMeHHble ABHO KOJI/IMHEAPHbI,
T.e. HaxoaaTca  mexagy cobonm B IMHENHOM
3aBMCUMOCTM, €CAN Ty = 0,7.
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[IocTpoeHre ypaBHEHHSI MHOXKECTBEHHOMU
PErPECCUH.

EcAan dakTOpbl ABHO KOAAMHEAPHbI, TO OHU AYOAMpPYIOT
APYT APYra MU OAUH U3 HUX PEKOMEHAYETCSA UCKAIOYUTD
n3 perpeccuu. [lpeanovteHmne npm 3ToM OTAaeTCa He
dakTOpy, bOAEE TECHO CBSI3aHHOMY C PE3YAbTaTOM, a
TOMY &aKTOpY, KOTOPbIM MNpPU  AOCTaTOYHO TECHOM
CBSI3U C pPe3yAbTaTOM MMeeT HaMMEHbLUYIO TEeCHOTY
CBA3U C ApyrMmu daktopamu. B atom TpeboBaHuM
nposiBAsieTCs cneunduKka MHOXKECTBEHHOM perpeccum
KakK MeToAQ MCCAEAOBAHMS KOMMAEKCHOro
BO3AENCTBUA GAKTOPOB B YCAOBUAX UX HE3ABUCMMOCTM

APYr OT Apyra.

|5 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



[IocTpoeHHe ypaBHEHHUS MHOXKECTBEHHOU

perpeccuu. I[lombop nmepemMeHHBIX.

[ycTb, HaNnpPUMep, NP U3Y4EHUU 3aBUCMMOCTU

y = f(xl» X2, X3)

MaTpuLUa  NAapPHbIX  KOSPPUUMEHTOB  Koppenauuu
OKa3anacb cneayrouwemn:
Y X, X, X,
y 1 0,8 0,7 0,6
X, 0,8 1 0,8 0,5
X, 0,7 0,8 1 0,2
X, 0,6 0,5 0,2 1
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[TocTpoeHne ypaBHEHUS MHOXKECTBEHHOMU
perpeccuu. I[lombop nmepemMeHHBIX.

OueBMAHO, 4YTO aKTOpbl X1 WU X, AY6AMpPYOT Apyr
apyra. B aHanus3 uenecoobpasHo BKAKUYUTL PAKTOpP X5,
a He X, XOTA Koppenauua x, C pe3ynbtatom y cnabee,
4yem Koppenaumsa daKTOpa X1 C
y (ryxz =0,7< Tyx; = 0,8), HO 3aTO 3HA4YUTeNbHO
cnabee meXbaKTOpHAA Koppenauusa 7Ty, = 0,2 <
Txix; = 0,5. [103TOMYy B AaHHOM cC/lyyae B ypaBHeHue
MHOECTBEHHOW perpeccun BKAKOYAIOTCA daKTOpbI
X5, X3.
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[locTpoeHMre ypaBHEHUS MHOXKECTBEHHOMU
perpeccuu. I[lombop nmepemMeHHBIX.

[lo BeAMYMHEe nNapHbIX KO3PPULMEHTOB KOppPeAaLUU
OOHapy’>KMBaeTCA AMLWIb SIBHAS KOAAMHEAPHOCTb (aKTOPOB.
HanboAbline TpyAHOCTM B WCMOAb30OBaHMM arnmnaparta
MHO>ECTBEHHOMN perpeccum BO3HUKAIOT MNPU  HAAUYUMU
MYAbTUKOAAMHEAPHOCTU ¢aKTopoB, Koraa boAee yem ABa
daKTOpa CBA3ZaHbI MeXAY CObOM AMHEMHOWM 3aBUCMMOCTbIO,
T.€. UMEET MeCTO COBOKYMHOE BO3AENCTBUE PAKTOPOB APYT
Ha Apyra. HaAnume MyAbTUKOAAMHEApPHOCTM AKTOPOB
MO>XeT O3HayaTb, YTO HeKoTOopble ¢aKToOpbl OyAyT Bceraa
AENCTBOBATb B YHUCOH. B pe3yAbTaTte BapuaLmsa B UCXOAHbBIX
A3QHHbIX nepecTaeT ObiTb MOAHOCTbIO HE3aBMCUMOM MU
HeAb3sl OLEHUTb BO3AEMCTBUME KAKAOro akTopa B
OTAEAbHOCTM.
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[TocTpoeHne ypaBHEHUS MHOXKECTBEHHOMU
perpeccuu. I[lombop nmepemMeHHBIX.

BkAloyeHMe B MOAEAb MYAbTUKOAAMHEAPHbIX (aKTOPOB
HEXXEAATEAbHO B CUAY CAEAYIOLLUX MOCAEACTBUM:

|. 3atpyaHseTcs MHTepnpeTaums napameTpoB
MHOXECTBEHHOU perpeccum KaK XapaKTEepUCTUK AEUCTBUSA
$aKTOPOB B «YNUCTOMY» BMAE, OO PaKTOpbl KOPPEAUPOBaHDI;
napaMmeTpbl AMHEMHOW Pperpeccuu TepAloT 3KOHOMUYECKUU
CMBICA.

2. OueHKM MapaMeTpoOB HEHAAEXHbl, OOHapy>KuBalOT
b6oAbLLME CTaHAAPTHbIE OLWMOKM M MEHSAIOTCS C USBMEHEHUEM
obbeMa HabAOAEHMM (HE TOABKO MO BEAMYMHE, HO U MO
3HaKy), YTO AEAAET MOAEAb HEMPUrOAHOM AAS aHAAM3a U
NMPOrHO3MPOBAHMUS.
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110C1pocnric ypabhntCiokliz-ad MAaUsziCl 1 56CnAnovn
perpeccuu. Marpuiia napHbIX
KO3(PPHULIHEHTOB

[NnAa OUeHKU MYNbTUKONMHEAPHOCTU GAKTOPOB MOKET
MCNONb30BATLCA ONpeaennuTenb MaTpuubl  MNAPHbIX
KO3dPMUMEHTOB KOppenaunmn mexay pakropamm.

Ecnn 6bl daKTOpbl HE KOPPENUPOBaNN mexxay cobon, To
MaTpULUa NapHbIX KO3PPULUMEHTOB KOPPENALUN MeKAaY
daKkTopamu  Oblna  Obl €AUHUYHOW  MaTPULEWN,
NOCKONbKY BCE HeAMaroHa/bHble 3/1eMeHTbl Ty,

(i # j). 6blnn 6bl paBHbI HYAIO.
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110C1pocnric ypabhntCiokliz-ad MAaUsziCl 1 56CnAnovn
perpeccuu. Marpuiia napHbIX
KO3(PPHULIHEHTOB

TaK, AN ypaBHEHUA, BKAKOYAOLWETO TPU 0O BACHAOLWMX
nepemeHHbIX

Yy =a+ byx{ + byxy + b3x;
MaTpuua  KOIPPUUMEHTOB  KOpPpenaumm  mexay
dakTopammn umnmena 6bl onpeaennTenb, pPaBHbIN
eaAuNHULE:

Wk rxlxz rxlxs 10 0
DetR=r, 7. r =10 1 0=1
0 0 1

X3X Fx3 X2 X3X3
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110C1pocnric ypabhntCiokliz-ad MAaUsziCl 1 56CnAnovn
perpeccuu. Marpuiia napHbIX
KO3(PPHULIHEHTOB

Ecan ke, HaobopoT, MexAy ¢aKTOpamu cyLecTBYeT
MOAHAs AMHEWHAsi 3aBUCUMOCTb U BCe KO3POPULIMEHTDI
KOPpPEeASLUMN paBHbl EAUHULLE, TO OMPEAECAUTEAb TaKOM
MaTpULLbl PaBEH HYAIO:

353 rxﬁ 2 ?‘x 173

DetR =7

Xal rxz 22 rxz A3

|l
[—— [—— [E——
[— [— [—
[— [E— [—

|l

-

A3 sz 22 rxzxz
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110C1pocnric ypabhntCiokliz-ad MAaUsziCl 1 56CnAnovn
perpeccuu. Marpuiia napHbIX
KO3(PPHULIHEHTOB

Yem OGAMXKE K HYAIO OMpeAEAUTEAb  MaTpULLbI
MeXXPaKTOpHOM KOppeAsLUM, Tem CUAbHee
MYAbTUKOAAMHEAPHOCTb (AaKTOPOB U  HEHaAEeXKHee
pe3yAbTaTbl MHOXXeCTBEHHOM perpeccuu. M, HaoboporT,
4yeM OAMXKE K eAMHMLE OMNPEeAEAUTEAb MaTPULLbI
MeXXPaKTOpHOM KOppeAsLUH, Tem MeHbLLe
MYAbTUKOAAMHEAPHOCTb PpaKTOPOB.
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[logxoapl K IPEOJOAECHUIO CUABHOM
MeEXK(PaKTOPHON KOPPEASIITHUH.

CywecTByeT psA MNOAXOAOB TMPEOAOAEHUS CUABHOM
MeXXPaKTOPHOM KOppeALUMN.

- Cambin NpoCTOU nyTb yCTpaHeHuUs
MYAbTUKOAAMHEAPHOCTU COCTOUT B MUCKAIOYEHUUN U3
MOAEAN OAHOIO MAU HECKOAbKMX PaKTOPOB.

- Apyron noaxoa cBfiZaH C npeobpasoBaHUEM
$aKTOpOB, MPU KOTOPOM YMEHbLUAETCS KOpPpeAaLMS
MEXAY HUMMU.
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[logxoapl K IPEOJOAECHUIO CUABHOM
MeEXK(PaKTOPHON KOPPEASIITHUH.

PaccmaTtpuBaemoe YpaBHEHUe BKAlOYaeT
B3aMMOZENCTBME MNepBOro nopsaka (B3anmoaencrsme
nByx @daktopos). BO3MOKHO BK/OYEHME B MOAENb WU
B3aMMOOEeNCTBUN DBonee BbICOKOro nopaaka, ecam byaer
NOKa3aHa UX CTaTUCTMYECKaa 3HAYMMOCTb NOo F-KpUtepuio
duwepa, HO, KaK NpaBuIO, B3aMMOOENUCTBUA TPETbETO U
bonee BbLICOKMX MOPAAKOB OKa3bIBAOTCA CTAaTUCTUYECKU

HE3HAYNMbIMMW.
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[logxoapl K IPEOJOAECHUIO CUABHOM
MeEXK(PaKTOPHON KOPPEASIITHUH.

OaHMMm K3 nNyTenm y4vyeTa BHYTPEHHEW Koppenauuu
dbaKTopoB  ABNAETCA  nepexol K  COBMELLUEHHbIM
YPaBHEHUSAM perpeccumn, T.e. K YPaBHEHUAM, KOTOpble
OTPaXaloT He TONbKO BAUAHUE GAKTOPOB, HO U UX
B3aumopeicteme. Tak, ecam y = f(xq1, X9, Xx3) , TO
BO3MOXHO MNOCTPOEHUE CAeaytoLlWero COBMELLEHHOrOo
YPaBHEHUA:

y=a+ byxy+ byxy + b3xz + biyx1x, +
+b13x1x3 -+ b23x2x3 + &
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OT10op dhakTOPOB

OT160p PaKTOPOB, BKAKOYAEMBIX B PErPECCUIO, ABASIETCS
OAHMM M3  BAXXHEWUWMX ITANoOB  MPAKTUYECKOro
MCMOAb30BaHMA MeToAoB perpeccun. [loaxoabl K
oTbopy $PaKTOPOB Ha OCHOBE MOKAa3aTEAEN KOPPEAALIUM
MOryT ObiTb pasHble. OHM NpPUBOAAT MOCTPOEHME
ypaBHEHMUs MHO>XeCTBEHHOM perpeccmu
COOTBETCTBEHHO K pa3HbIM MeToAMKaM. B 3aBncrumocTu
OT TOro, Kakas METOAMKA MOCTPOEHUSA YpaBHEHUS

PErpeccum MpUHATA, MEHSAETCA AATOPUTM €e peLleHUs
Ha DOBM.
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OT10op dhakTOPOB

Haunboaee LUMPOKOEe NpUMeEHeHMne MOAYUMAU
CACAYIOLLME  METOADI NOCTPOEHMSI  YPaBHEHMUS
MHOXXEeCTBEHHOMN perpeccumu:

|. MeToaA MCKAlOYEHUA — OTCeB PaKTOPOB M3 MOAHOIO
ero Habopa.

2. MeToA BKAIOYEHUS — AOMOAHUTEAbBHOE BBEAEHUE
dakTOpa.

3. WaroBbit perpeccMOHHbIM aHAAM3 — UCKAIOYEHME
paHee BBeAEHHOro ¢gakTopa.
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OT10op dhakTOPOB

Mpu oTbope GAKTOPOB TaK¥Ke pPeKomeHayeTcH
NONb30BaTbCA cneayrowmm NPaBUIOM: 4ncno
BKAtOYaemMblX daKTopoB 0ObIMHO B 6—7 pa3 MeHblue
obbema COBOKYMHOCTU, MNO KOTOPOM CTPOUTCH
perpeccma. Ecnm 3TO COOTHOLWIEHWE HapyweHo, TO
Yynucno crteneHenm cBobHOAbI OCTAaTOMHOM AUCHEPCUM
O4YeHb Mano. ITO MPUBOAUT K TOMY, YTO MapameTpbl
YPaBHEHUNA pPerpeccrum OKa3bIBAlOTCA CTAaTUCTUYECKM
He3HayumbIMK, a F-kputepunm meHblwe TabanyHoro
3Ha4YeHuA.
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30

MeToA HaMMEHbLUMX KBAaAPaTOB
(MHK).
CeBoucTtBa oueHokK Ha ocHoBe MHK
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Buapl ypaBHEHHU MHOXECTBEHHOU
PETPECCUU

Bo3mMoXXHbl pa3Hble BUAbI YPaBHEHWM MHOXKECTBEHHOM
perpeccumu:

- AMHEMUHble,

- HeAMHeUHble.

BenaAy 4eTkoM MHTeprnpeTauMu MapameTpoB Hamboaee
LUMPOKO MCMOAb3YeTCsl AMHENHAas GYHKLUUS.
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32

AMHEeMHaa MHOYXeCcTBeHHas
perpeccus
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AVMHenHad MHOXECTBEHHAasI perpeccud

B "MHENMHOWN MHOXEeCTBEHHOW perpeccum
y,=a+ bixqs + byxy+... +bpxy,

napameTpbl NpPM X Ha3bIBalOTCA KO3IPpPUUMEHTaMU
«ynctom» perpeccnun. OHM XapaKTepusyloT cpegHee
N3MEeHeHUe pe3ynbTraTa C N3MEHEHUEM
cooTBeTCTBYHOWEro ¢$aKTopa Ha eaAuHUUY Npu
HEU3MEHEHHOM 3HAYEeHUMU APYyrmx baKTOpOB,
3aKpenieHHbIX Ha cpeaHeEM YpPOBHeE.
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AVMHenHad MHOXECTBEHHAasI perpeccud

PaccmoTpm /NIMHEWHYIO MOAENb MHOXXECTBEHHOM
perpeccum
y=a+bixi{+byx,+...+bx,, + €

Knaccnyeckmm nopaxond, K OUEHMBAHMIO MapamMeTpoB
NIVHENHON  MOJENN  MHOXEeCTBEHHOM  perpeccuu
OCHOBaH Ha MeToae HammeHbLlunx KBaapatos (MHK).
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AVMHenHad MHOXECTBEHHAasI perpeccud

MHK no3Bonaet nony4ymTb Takne OUEHKU NapameTpos,
NPpU  KOTOPbIX CyYMMa  KBAApaTOB  OTKAOHEHWUWU
baKTUYECKNX 3HAYEHUN Pe3y/IbTAaTUBHOINO MPU3HAKa Y
OT PaCYeTHbIX Y MUHUMANbHA:

(yi—j‘/xi)z — min
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AMHenHad MHOXECTBEHHAas perpeccud

Kak u3BeCTHO M3 Kypca MaTeMaTUYECKOro aHaAMU3a, AAS
TOro 4YTOObl HAMTU IKCTPEMYM GYHKLMU HECKOABKMX
nepeMeHHbIX, HQAO BbIYMUCAUTb YaCTHble€ MPOU3BOAHbIE
nepBoro rMopsiAka Mo Ka)KAOMY M3 MapaMeTpoB U
NMPUPABHSATb UX K HYAIO.
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AVMHenHad MHOXECTBEHHAasI perpeccud

NTak. Umeem PpyHKumio m + 1 aprymenTa:
S(a, bl, bz, . bm) —

— z(y — a-— b1x1 — bzXz—. .- —bmxm)z
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AVMHenHad MHOXECTBEHHAasI perpeccud

HaxoamMm YacTHble Npou3BoAHbIE NEepPBOro NopsaAKa:

( as
2()/ —a-— b1X1 bzxz _bmxm) = 0;
0S
\ db;y ‘ZXxl(y —a=Dbixy = baXxa—... =bpXm) = 0;
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AVMHenHad MHOXECTBEHHAasI perpeccud

[Mlocne snemeHTapHbIX nNpeobpa3oBaHUN NPUXOAUM K
CUCTEME JIMHEWHbLIX HOPMaAZbHbIX YpPaBHEHUW ANA
HaXoXXAEeHUA MNapamMeTpoB /IMHEMHOrNO YpaBHEHUA
MHOXeCTBEHHOW perpeccuu

( na+blzx1+b22x2+...+bm2xm=Zy,
ale+blzx%+b22x1x2+...+bm2x1xm=Zyx1,

ame+bllexm+bZszxm+...+mex;‘;l=Zyxm.
.

.
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AVMHenHad MHOXECTBEHHAasI perpeccud

Ona AByxPaKTOPHOM MoOAenn AaHHaa cucTtema
bynet umeTtb BUA,:

.
na +blzx1 +b22x2 =Zy,
a2x1+blzx% +b22x1x2:zyx1,
2x2+b12x1x2+b22x2 2)’952
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AMHenHad MHOXECTBEHHAas perpeccud

MeTton HammeHbLUUX KBa4dpatos MpumMmeHmMm UmU K
YPABHEHWIO MHOeCTBEHHOWU perpeccnun B
CTaHAAPTUINPOBAHHOM macluTabe:

ty = Bty + Bty B b+

rae ty, ty, ..., ty ~ — CTaHAAPTM3MPOBAHHbIE

y— Xi—Xi
nepemeHHble: t, = —=, t,, ==—, ANA KOTOPbIX
y Xi

l

cpeaHee 3HayeHue pasHO Hymo: t, =t, =0, a
cpefHee KBajpaTMyecKoe OTKAOHEeHWe pPaBHO
efnHuLe: 0y =0y = 1 . B, - =
CTaHAAPTU3UPOBAHHbIE KO3PPULMEHTbI perpeccum.
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AMHenHad MHOXECTBEHHAas perpeccud

CTaHAapPTU30BaHHbIE KO3IPPULNEHTbI perpeccum
MOKa3bIBalOT, HA CKOJIbKO eANHUL, N3MEHUTCA B
cpeaHem pe3ynbraT, eCcAn COOTBETCTBYHOLLMM
$aKTOp X; M3MEHUTCA Ha O4HY eAUHULY Mnpu

HEM3ZMEHHOM  CpeaAHeM  YPOBHE  ApPYrux
daKTOpOB.
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AMHenHad MHOXECTBEHHAas perpeccud

B cuny Toro, 4to Bce nepemeHHble 3a4aHbl KakK
LEHTPUPOBAHHbIE 7 HOPMWUPOBAHHbIE,
CTAaHAAPTU30BaAHHbIEe KOIPPULIMEHTbLI perpeccmm
b MOXHO CpaBHMBATb Mexay cobown.

CpaBHMBaAaaA WX Apyr C APYrom, MOXHO
PAHXXMpPOBaTb GAKTOPbI NO CUNE UX BO3OENUCTBUA
Ha pe3ynbTaT. B 3ToMm OCHOBHOE AOCTOMHCTBO
CTaHAAPTU30BAHHbIX KO3dPULUMEHTOB
perpeccmm B OTANYUE OT KO3IDPULMEHTOB
«YUCTOU» perpeccuun, KoTopble HecpaBHUMDI
mexxay cobomn.
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AVMHenHad MHOXECTBEHHAasI perpeccud

MpumeHaa MHK K ypaBHEHUIO MHOXXeCTBEHHOM
perpeccum B CTaHAAPTU3MPOBAHHOM MacwTabe,
NOJIYYNUM CUCTEMY HOPMANbHbIX YpaBHEHNN BUAA

(Tyxy =B B xx, t BgTagtee F
! Ty = PiTaix, T By B3 xyxgten ot

A€ Tyy, W Ty — KO3dPULUMEHTbI MAPHOU U
MeXPaKTOPHOM Koppensauuu.
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AVMHenHad MHOXECTBEHHAasI perpeccud

KoadPpuuMeHTbl «4ucTom»  perpeccmm b;
CBAA3aHbI Cco CTaHAaPTM30BAHHbIMMU

KoappuumMeHTamu perpeccum [, cnegytomm
obpa3om:
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AMHenHad MHOXECTBEHHAas perpeccud

[To3TOMY MOXHO nepexoauTb OT YpPaBHEHUSN
perpeccmMm B CTaHAapPTU30BaHHOM MaclTabe K
YPaBHEHUID  perpeccMM B  HaTypa/ibHOM
MaclTabe nepemeHHbIX , NPY 3TOM NapameTp a
onpeaenaeTca Kak

a = y — b13_C1 — b23_C2—. . _bm)_cm
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AVMHenHad MHOXECTBEHHAasI perpeccud

PacCcMOTPEHHbIM CMbICA  CTAaHAAPTU30BAHHbIX
KO3dPUUMEHTOB perpeccum no3BoaAeTr  UX
MCNONb30BaTb MpPU oOTceBe (PAKTOPOB — U3
MOJENN NUCKNOYAOTCA PaKTOPbl C HAMMEHbLUUM

3HaYeHuem f5..
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AVMHenHad MHOXECTBEHHAasI perpeccud

Ha OCHOBE NIMHENHOTO YpaBHEeHMUA
MHOXeCTBEHHOW perpeccumu

y=a+ byxqy+ byx,+...+b,,x,, + €

MOTyT OblTb HaWAeHbl YacCTHble YPaABHEHUSA
perpeccuu:

yxl'xz,x3,...,xm = f(xl)’

< yx2‘x1,X3,...,xm — f(xz),
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AVMHenHad MHOXECTBEHHAasI perpeccud

T.e. YpPaBHEHWA perpeccun, KOTopble CBA3bIBAIOT
PE3YNbTAaTUBHbLIK  MPU3HAK C  COOTBETCTBYHOLLMM
dbaKTOpOM X; NPU 3aKpenieHUU OCTasIbHbIX PAKTOPOB

Ha cpeAHem ypoBHe. B pa3BepHyTOM Buae cuctemy
MOXHO nepenucaTb B BUAE:

=a-++ b1x1 + bZJ_CZ + ng_Cg+. .. +bmJ_Cm + &,
=a-+ le_Cl + bzXz + ng_C3+. . +bmJ_Cm + &,
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AVMHenHad MHOXECTBEHHAasI perpeccud

[Mp NoACTaHOBKE B 3TW YPaBHEHUA CpeaHUX
3HAQYEeHUN COOTBETCTBYIOWMUX AKTOPOB OHM
NPUHUMAIOT BUA, NAPHbIX YPAaBHEHUN IMHENHOM
perpeccuu, T.e. UMeem

yxl'xz,x3,...,xm = Al + blxl’
{ yxz'xl,x3,...,xm = AZ T bzxz’
\yxm'xbxz, Xm—1 Am + DX,
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AVMHenHad MHOXECTBEHHAasI perpeccud

( = A, +
yx1°x2,X3,...,xm Al blxl’

I Vigxi i, = A2 1 D2X2,

roe

Am = a-+ b13_C1 ~+ sz_CZ ~+ b33_C3+. .. +bm_1xm_1.
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AMHenHad MHOXECTBEHHAas perpeccud

B oTAMuMe OT napHOM perpeccum 4YacTHble
YPaBHEHMUS perpeccum XapaKTepuayoT
M3OAMPOBaHHOE BAMSIHWE (aKTOpA Ha pe3yAbTar,
mbo  Apyrme  PakToOpbl  3aKpenAeHbl  Ha
HEU3MEHHOM YPOBHE. DPPEKTbl BAUSHUSA APYTUX
$aKTOpPOB NMPUCOEAMHEHBI B HUX K CBOOOAHOMY
YAEHY YPaBHEHMS MHOXKECTBEHHOM perpeccuu.
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AMHenHad MHOXECTBEHHAas perpeccud

3TO NO3BOASAET Ha OCHOBE YaCTHbIX YPaBHEHUN

perpeccumn onpeaensaTb YacTHble KO3GPULUUNEHTDI

3N1aCTUYHOCTMU:
Xi

l yxl-'xl,xz,...xi_1,xl-+1,...,xm
rae b; — koaddbuumeHT perpeccun ana dakTopa
X; B YPaBHEHUMN MHOKECTBEHHOW perpeccuu,

% — YyacTHoe aBHeHue
yxl--xl,xz,...xi_l,xi+1,...,xm yp

perpeccun.
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AMHenHad MHOXECTBEHHAas perpeccud

Hapaay C YaCTHbIMMU Ko3adpPpuumeHTamu
3N1aCTUYHOCTU MOTYT ObITb HaWAEeHbl cpeaHue Mo
COBOKYMNHOCTU NOKa3aTeNnn 3N1aCTUYHOCTU:

_ X;

3i — bi e

Yy,

KOTOpPble MOKa3blBAalOT Ha CKONbKO MPOUeHTOB B
cpegHemM U3MEHUTCA pe3ynbTaT, NPpu U3MEHEHUU
cooTBeTcTBYytowero @¢aktopa Ha 1%. CpeaHue
NOKa3aTe/I 3N1aCTUYHOCTU MOXKHO CPaBHUBATb APYr
C APYrom M COOTBETCTBEHHO PaHXMPOBaTb PaAKTOPbLI
No cune nx Bo3AenCcTBmA Ha pe3yabrar.
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YcAaoBU4A

Paccmotpum npumep  (Ana cokpaweHus obbema
BbIYMUC/IEHUMN OrpaHUYNMCH TONbKO NecATbIo
HabnoaeHnammn). NycTb UMeoTCa caeayolwme AaHHbIe
(ychoBHble) O cmeHHOWM p[obblde yrna Ha OAHOrO
paboyero 7y (T) , MOWHOCTU nNAaacta x; (M) uU ypoBHe

mexaHusauum pabot x, (%), , XapaKTepusyruwme
npouecc Aobbium yrna 8 10 waxTax.
Ne | 1 2 3 4 5 6 7 3 9 | 10
x, | 8 | 11 | 12 | 9 R R 9 9 8 | 12
x, | 5 R R 5 7 R 6 4 5 7
y 5 | 10 ] 10| 7 5 6 6 5 6 3
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Perienue

Mpeanonaras, 4Yto MexAy MNEPEeMEHHbIMU Y, X, X9
cyllecTByeT /IMHENHAA KOoppenaunoHHas 3aBUCUMMOCTb,
HanZem ypaBHEHWE perpeccumy oT Xy U X.

Ona ynobctBa AanbHEUWNX BbIMUCAEHUN COCTaBAAEM
Tabnuuy (e =y —y ):
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Perienue

No X Xy y x12 x; y2 Xpo Xy | XY | XY ;,! g’
1 2 3 4 5 6 7 8 9 10 11 12
1 8 5 5 | 64 | 25 | 25 40 40 25 | 5.13 | 0.016
2 11 | 8 | 10 | 121 | 64 | 100 | 88 110 80 | 8,79 | 1,464
3 12 | 8 | 10 | 144 | 64 | 100 | 96 120 80 | 9.64 | 0.127
4 9 5 7 | 81 | 25 | 49 45 63 35 | 598 | 1,038
5 8 7 5 | 64 | 49 | 25 56 40 35 | 5.86 | 0,741
6 8 8 6 | 64 | 64 | 36 64 48 48 | 623 0,052
7 9 6 6 | 81 | 36 | 36 54 54 36 | 635 | 0,121
8 9 4 5 | 81 | 16 | 25 36 45 20 | 561 0377
9 8 5 6 | 64 | 25 | 36 40 48 30 | 5.13 | 0,762
10 12 | 7 8 | 144 | 49 | 64 84 96 56 | 9.28 | 1631
Cymma | 94 | 63 | 68 | 908 | 417 | 496 | 603 664 | 445 | 68 | 6329
Cpemiee | 4 | 63 | 6.8 | 90.8 | 417 | 496 | 603 | 664 | 445 | _ _
SHAUYCHHUC
ol 244 1201336 — | — | - _ _ _ _ _
o 156 | 142183 — | — | - _ _ _ _ _
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Perienue

[nAa HaxoXAeHWA NnapameTpoB YpaBHEHMUA perpeccmmn B
NAHHOM Cc/lydae Heobxoaumo pelwunTb CaeayloLlyto
CUCTEMY HOPMA/TbHbIX YPaBHEHUMN:

( 10a + 94b, + 63b, = 68,
94a + 908b; + 603b, = 664,
\63a + 603b; + 417b, = 445.

A
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Perienue

( 10a +94b, + 63b, = 68,
94a + 908b; + 603b, = 664,
\63a + 603b; + 417b, = 445.

OTkyaa noayyvyaem, 4yto a = -—3,54, b, =0,854,
b, = 0,367 . T.e. nonyymnun cnepyrouwee ypaBHEHUE

MHOEeCTBEHHOW perpeccuu:
Y = —3,54+ 0,854 - x; + 0,367 - x,

A

60 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



Perienue

Y = —3,54+ 0,854 - x; + 0,367 - x,

OHO nMOKa3blBaeT, 4YTO NPU YBEAMYEHUU TONbLKO
MOLLHOCTM nnacta x; (NMpn HEUM3IMeHHOM X,) Ha 1 m
Aobblya yrna Ha ogHoro paboyero y yBenuuutca B
cpegHem Ha 0,854 T, a npun ysean4eHMM TONbKO YPOBHA
MexaHu3auumn pabot X, (Npn Hen3ameHHOM X4) Ha 1% —
B cpeaHem Ha 0,367 T.
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Perienue

Hanpem ypaBHEHME MHOMKECTBEHHOW perpeccum B
CTaHAQAPTU30BaAaHHOM MacwTabe:

ty =B ty, +B,ty, + &
npn  3TOM  CTaHAAPTU30BaAHHble  KO3DDUUMEHTI
perpeccmmn byayt

B, =b 731 _ 0,854 195 _ 0,728
1", 7T 1,830
Oy, 1,42
ﬁz = b, = 0,367 -—— = 0,285

, 1,83
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Perienue

Hanpem ypaBHEeHME  MHOXXECTBEHHOW perpeccmm B
CTaHAaPTM30BAaHHOM MacluTabe:

ty = B ty, + B,tx, T &
NpPU 3TOM CTaHAApPTU30BaHHbIE KO3IPPULUMEHTbI perpeccum
oyayT

Oy, 1,56
B, = by J—y = 0,854 - 183" 0,728
_ b, 222 _ 0367 142 _ 0,285
ﬁz_zay_' 1,83

T.e. ypaBHeHMe byaeT BbIrNAAeTb cneayouwmm obpasom:
fy = 0,728 - t,, + 0,285 - t,,
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Perienue

Tak  Kak  CTaHAQpTU30BaHHble  KO3PPULMUEHTbI
PErpeccMn MOXKHO CpaBHMBaTb MeXAy coboi, To
MO>XHO CKas3aTb, YTO MOLLHOCTb MAacTa OKa3biBaeT
boAbllee BAMSIHME HA CMEHHYIO AODbIYY YrAs, Yem
YPOBEHb MeXaHu3aumn pabor.
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Perienue

CpaBHMBaATb BAUAHUE GAKTOPOB Ha Pe3ynbTaT MOXKHO

TaKXXe nNpu  MNOMOLWMN CcpeaHuUX KosapPuumeHToB
3N1aCTUYHOCTMU:

_ X;
3i — bl e
yxi
Bbluncnaem:
3, = 0,854 - 2 = 1,18
L= 6,8

_ 6,3
3, = 0,367 -—= 0,34
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Perienue

T.e. yBenmyeHme T0/NIbKO MOLWHOCTU naacta (oT cBoero
cpeaHero 3Ha4YeHus) UAKN TONIbKO YPOBHA MeXaHU3auuu
pabotr Ha 1% yBenuunmBaeT B CPEeAHEM CMEHHYIO
nobbiyy yrna Ha 1,18% wam 0,34% coOTBETCTBEHHO.
Takum obpasom, noarBeprkaaeTca bonbliee BAUAHMUE
Ha pe3ynbTaT Y GaKTopa X1, , Yem PaKTopa X,.
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[MpoBepkKa cyw,ecTBEHHOCTH
dakTOopoB

U NOKAa3aTEAU KavecTBa perpeccmm
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[1lpakTHn4eckKas 3HAYMMOCTb ypaBHEHMUS
MHOXXEeCTBEHHOM perpeccmMm OL,EHUBAETCS C MOMOLLbIO
MOKasaTeAl MHOXECTBEHHOM KOppeAsuuM WU ero
KBaApaTa — MNoKa3aTeAsl AeTEpMUHALLUMN.

[lokasaTeAb MHO>KeCTBEHHOM KOppeAaLUM
XapaKTepusyeT TEeCHOTY CBA3M pacCMaTpMBAEMOro
Habopa ¢aKTOPOB C MUCCAEAYEMbIM MPU3HAKOM WAM,
MHaye, OLEeHMBAeT TECHOTY COBMECTHOroO BAUSAHMUS
$aKTOpPOB Ha pe3yAbTar.
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IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

Hesasucumo ot dopmbil CBA3M NOKa3aTe b
MHOXeCTBEHHOU Koppenaumm moxKet 6ObiTb HanaeH
KaK:

2
B _ 1_Uocm
VX1X2.. Xy 2
\ Oy
rae 0}2, — obwasa Aaucnepcua pes3ynbTaTUBHOIO

NMPU3HAKa, O'écm — OCTAdTO4YHaA AUCNEPCUA.
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IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

[PaHUUbl  U3MEHEHUA  MNHAEKCA  MHOXKeCTBEHHOWM
Koppenauum ot 0 go 1. Yem 6amnKe ero 3HayeHue K 1,
TeEM TeCHee CBA3b Pe3y/IbTaTUBHOIO NPU3HaKa CO BCEM
Habopom mnccneayembix GakTopoB. BennumHa nHaekca
MHOXeCTBEHHOU Koppenaumm AoaxKHa ObiTb H6onbue
WAW  paBHA MAKCMMANbHOMY MAPHOMY WHAEKCY
Koppenauuu:

R (i=1,m)

YX1X90 Xy = T'yx;(max)

70 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

[1p1 NpaBUABHOM BKAIOYEHUU PAKTOPOB B PErPECCUOHHYIO
MOAEAb BEAMYMHA MHAEKCA MHOXECTBEHHOM KOPPeAsiLMU
OyAeT CyL,eCTBEHHO OTAMYATBCS OT MHAEKCA KOPPEeAsLUM
napHoM  3aBUCMMOCTM. EcaM ke  AOMOAHUTEABHO
BKAIOYEHHble B YPaBHEHME MHOXECTBEHHOM perpeccum
daKTOpbl TpeTbecTerneHHbl, TO MHAEKC MHOXXeCTBEHHOM
KOPPEeASiLUM MOXKET MPpaKTUYECKM COBMaAaTb C UHAEKCOM
MapHOM KoppeAsuun (pasAMyumss B TPETbEM, YETBEPTOM
3Hakax). OTclopa SACHO, 4YTO CpPaBHUBas  MHAEKCHI
MHOXECTBEHHOM U MApPHOM KOPPEASILUU, MOXXHO CAEAaTb
BbIBOA O LLeAeCOOOpasHOCTU BKAIOYEHUS B YpaBHEHME
perpeccum Toro UAM MHoro ¢pakTopa.
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IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

Pacuer NHAEKCA MHOXeCTBEHHOM Koppenaumu
npeanonaraetr onpeaeneHne ypaBHEHUA MHOMKECTBEHHOM
perpeccum u Ha ero OCHOBE OCTaTOYHOM ANUCNEPCUMN:

5 1

2
docm = (y ~ yxlxz...xm)

MoOXHO nonb3oBaTbCA cneaywowen Gopmynonm MHHAEKCA
MHOEeCTBEHHOW AeTepMUHALNN:

(V=)
R} =1-

VX1X2.Xm Z (y _ y)z
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IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

Mp ANUHENHOM 3aBUCMMOCTU MNPU3HAKoOB GOpMyna
MHOEKCA MHOXECTBEHHOW Koppensauum moxKet ObiTb
npeacTaBneHa cneayrowmm BbiparKeHUEM:

Ryxlxz...xm — Z lgi "Tyx;
\

roe ,Bl. — CTAaHOApTU30BaHHble  KO3IPPULUUEHTDI
perpeccuu; 1, — NapHble KO3GOULNEHTBI KOppeNnaLUm
pe3ynbraTa C KaxKablM GaKTOPOM.

73 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

PDopMyAa UMHAEKCA MHOXXECTBEHHOW KOPPEAALMUU AAS
AUHEMHON perpeccum MOAYYMAQ Ha3BaHME AMHEUHOrO
KoadPuLMEeHTa MHOXKECTBEHHON KOPPEAALLUU, UAU, YTO
TO e  CcaMoe, COBOKYMHoro  Koa¢pdbuuUueHTa
KOppeAALMM.
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IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

BO3MOXKHO TaK¥Xe npu JIMHEMHOU 33aBUCUMOCTU
onpeaeneHue COBOKYMHOTO KoapPuumneHTa
Koppenaumm yepes maTtpuuy napHbIX KO3PPUUMEHTOB
Koppenauuu:

P _ | Ar
YX1X2Xp V Arll
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IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

P 1 Ar
VX1X2 Xy o
P Ar11

\

— onpeaenuTenb MaTpuuUbl MapHbIX KO3IPpPUUMEHTOB
Koppenauuu;

[ T Vo
Vo | A
Ar=\r, r. 1 . Ve,
o Foy Ton o
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IlokazaTeAb MHO>XECTBEHHOM

KOPPEAIITUU
P 1 Ar
VX1X2 Xy o
P V Ar11
- onpeaennTenb MaTpULbl MeXPaKTOPHOMU
Koppenayun.
1 X1X2 rxlxp
4 | 4
| ax XpX ),
Ar, =
rxpxl FXPX2 1
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IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

Kak BUAMUM, BEAMYMHA MHOXXEeCTBEHHOrOo
KO3OPUMLUMEHTA KOPPEASiLMU 3aBUCUT HE TOAbKO OT
KOPpPeAsLLUM pe3yAbTaTa C KaXKAbIM U3 PaKTOPOB, HO U
OT MeXxdaKTopHOM Koppeasduun. PaccmoTpeHHas
dopMyAa  MNO3BOASIET  OMPEAEAATb  COBOKYMHbIM
KO3pPULIMEHT KOppeAsiLmmn, He obpalascb NpU 3TOM K
YPaBHEHUIO MHOXECTBEHHOM perpeccum, a UCMOAb3YS
AVLLb MapHble KO3PPULUEHTbI KOPPEASILUMU.
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IlokazaTeAb MHO>XECTBEHHOM
KOPPEALIIUU

B PACCMOTPEHHbIX NnoKasaTensax MHOeCTBEHHOM
Koppenaumm (MHAeKc W Ko3pPUUMEHT) MUCNOAb3yeTcs
OCTaTOYHAA AUCNEPCUA, KOTOpPas MMeeT CUCTEMATUYECKYIO
OWKMOKY B CTOPOHY nNpeymeHblieHna, Tem bHonee
3HAYUTENbHYIO, Yem Bosblle napameTpoB onpeaensaeTca B
YPaBHEHWUU perpeccum npu  3agaHHOM  obbeme
HabngeHnn n. Ecam uncno napameTpoB NpU X; PaBHO M U
npubnmnxKaetca K obbemy HabnwaeHUN, TO OCTATOYHaA
ancnepcua byaet 6amn3kKa K HyNt0 U KoadduumeHT (MHAEKC)
Koppenauun npubamnsntca K eamHuLEe Aaxke npu cnabowu
cBA3M PaKTopoB C pe3synbtratom. [na TOro 4rtobbl He
AONYCTUTb BO3MOXHOFO MNpeyBenAnvYeHUs TeCHOTbl CBA3MW,
MCNONb3YETCSA CKOPPEKTUPOBAHHbLIN MHAEKC (KoaddULUUEHT)
MHOEeCTBEHHOMN Koppenauun.
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CKOPPEKTUPOBAHHBIN UHIEKC
MHOXXECTBEHHOUN KOPPEAIITUU

CKOPpPEKTUPOBAHHbIN NHAEKC MHOeCTBEHHOM
Koppenaumm coaeprKMUT nonpaBKy Ha YMCNO CTENEHEWU
cBoboabl, 3 MMEHHO OCTaTO4YHAaA CyMMa KBaapaToB

2
(y_yx1xz...xm) OENUTCA HA YUCNO CTeneHewn

cBoboapbl octaToyHom Bapuaumm (n —m — 1), a obwan
CyMMa KBaapaTos OTKAOHeHWit ) (y — )% Ha uncno

cteneHen csoboabl B Lenom no cosokynHoctn (n — 1).
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CKOPPEKTUPOBAHHBIN UHIEKC
MHOXKECTBEHHOU AeTEPMHUHALIUU

dopmyna CKOPPEKTUPOBAHHOIO NHAOEKCa
MHOXeCTBEHHOMN AeTepMUHaALUUU UMEET BUA:

52 _ 4 Y=/ (n—m-1)
2y —y)/(n—1)

rae m — YMCci0 NAapPamMeTPoB MPU NEPEMEHHbLIX X; N —
4MnCcNo HabnoaeHUN.
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CKOPPEKTUPOBAHHBIN UHIEKC
MHOXKECTBEHHOU AeTEPMHUHALIUU

[TOCKO/IbKY

(=90 )

32

Y (y— )

TO  BE/MYMHY  CKOPPEKTUPOBAHHOMO  MHAEKCA
neTepMMHaLMM MOMXKHO NPeacTaBuUTb B BUAE:

_ ~1
R =1-(1-R?) —

=1 — R?

n—m-—1
~2
Yem 6onblue BennymHa m, , TemMm cunbHee pas3nmuma R
2
mR".
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CKOPPEKTUPOBAHHBIN UHIEKC
MHOXKECTBEHHOU AeTEPMHUHALIUU

Kak 6bl/10 NOKa3aHO Bbile, paHXUpoBaHMe HaKTOPOB,
Y4ACTBYHOLLMX BO MHOeCTBEHHOWU NIMHENHOM
perpeccun,  MoXeT  OblTb  nNpoBeAeHO  4epes
CTaHA4APTU30BaHHble KO3PPUUMEHTbI perpeccun (f -
KO3dPUUMEHTbI). ITa Ke uenb MoXeT bbiTb AOCTUTHYTA
C NOMOLWMbIO YACTHbIX KO3IPPUULMEHTOB Koppenauuu
(A nnHenHbIx cBA3en). Kpome Toro, YacTHble
NOKa3aTeNIn Koppenauum WUPOKO MCMONb3YIOTCA NpU
peLleHnm npobnemsl otbopa dbaKTopOB:
uenecoobpasHOCTb BKAKYEHUA TOMO WUAN  UHOTO
daKTopa B MOAENb MOXKHO [JOKa3aTb BEAUYUHOWU
NoKa3aTensa YaCTHOW Koppenauuu.
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

HacTHble KO3PPULMEHTbI KOPPEALUM XapaKTEPUIYIOT
TECHOTY CBSI3M MEXAY Pe3yAbTaTOM "
COOTBETCTBYIOWMM (PAKTOPOM MNpU SAMMUHUPOBAHMMU
(yCTpaHEHUU BAUSHUA) APYTMX PAKTOPOB, BKAIOYEHHbIX
B YPaBHEHWE perpeccum.

[lokazaTeAM 4YacCTHOM KOPpPEeAsLMU MPEACTABASIOT
cobo OTHOLUEeHMne COKpaLleHuUs OCTaTO4YHOM
AVUCMEPCUN 32 CYET AOMOAHUTEABHOrO BKAIOYEHUA B
aHaAM3 HoBoro ¢akTopa K OCTaTOYHOM AMCIMEPCUMN,
MMEBLLEN MECTO AO BBEAEHUS €ro B MOAEAb.
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

B obwem Buae npu Haamdmm m GaKTopoB ANA
YPaBHEHUA

y=a+byxy+byxy...+b, x,, + €
KO3dPMUMEHT YACTHOU Koppenaunuu, un3MepatoLmnm

BANAHME Ha Y aKTopa X;, NPU HEU3IMEHHOM YpPOBHE
Apyrnx GakTopos, MOXKHO onpeaenutb No popmyne:

1 — R?

VYX1X2:XjeXy

r = |1

VXi*X1X2Xi—1X[{+1Xm o 1 . RZ
\ VXX 00 Xj—1Xj 41X,
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HacTHbIE KO3C

ofe

OUITUEHTBI KOPPEALITUU

Mpu AByx dpakTopax npeablaywana dopmyna npumer

BUA,:

Tyxr

Tyxz.

86

Xy

X1~

1 — R?

X1X
= |1 — YX1X2

— 2
V 1 T

X2

1 — R?

X1X
= |1 — YX1X2

— 2
V 1 T

yXx1

SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



HacTHble KO DULIMEHTHI KOPPEASIITUHU

2
1 Ryxlxz...xi...xm

Vyx; X1 X9 Xj 1 XXy, 1- 1 _ p2
YX1X2.:.X{—1Xj4+1Xm
2 y
rie Ryx,x,.x..x, — MHOXECTBEHHbIN KOIOOULMEHT

netepMmmHaumm Bcex m GaKToOpoB C pPe3ynbTaTOM;
2

Ryx xy..x;_1%141..x,, — TOT K€ MOKa3aTeNb AeTEPMUHALMY,

HO 6e3 BBeAeHMA B Moaenb GpaKTopa X;.
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

[MopAAoOK 4YacTHOro  Ko3ppuuUMEHTa  Koppenauuu
onpeaenserca Konmyectsom  $aKTopoB, BAUAHUE
KOTOpPbIX  UCKNtoYaeTca.  Hanpumep, 7,y ., —
KO3dPMUMEHT YAaCTHOU KOoppenauum nepsoro nopsaakKa.
CooTBETCTBEHHO KO3PPUUMEHTbI MAaPHOU Koppenauuu

Ha3bIBAOTCA KOSIPPULMEHTAMU HYNEBOTO NOPAAKA.
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

KoadduumeHTbl YacTHON Koppenaumm bonee BbICOKMX
NOPAAKOB MOXHO onpeaenmTtb yeped Ko3dOUUMEHTI
4YacTHOM Koppenauunm 6onee HU3KUX NOPAAKOB MO
PEKYPPEHTHOUN dOopMyne:

Tyxi-xlxz...xi_lxl-H...xm=
. Tyxl--xlxz...xi_lxiH...xm_1 _ ryxm-xlxz...xm_l | Txl-xm-xlxz...xi_1xi+1...xm_1

\[(1 T T)lem-xlxz...xm_l) | (1 _ T92cl-xm-x1x2...xi_lxi+1...xm_1)
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HacTHbIe KO3(C

OUITUEHTBI KOPPEALITUU

[Mpn AByx paKTopax AaHHaa dopmyna npumert

BUA,:

Tyx, " Txyxy

Pyxyx; =
J(l

2
7”)'962

) (1 ~ %)

rxle

Pyxyxy =
=

90
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

[na ypaBHEHUA perpeccumn € Tpema GakTopamu
YaCTHble KO3dOPUUMEHTbI KOoppenaumm BTOPOro
nopsaaka onpeaenArTcA Ha OCHOBE YaCTHbIX
KO3dPULUMEHTOB KOppEenaumum nepsoro nopsaaka.
TaK, No ypaBHEHUIO
y=a+ byxqy+ byxy, + b3yxz; + ¢

BO3MOXHO MUCYUCNEHUE TPEX YACTHbIX KO3IPPULMEHTOB
Koppenaunmnm BTOpOro nopAaaKa.

r r r

YX1:X2X37 " YX2:X1X3 © YX3'X1X2
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

ryxl X2X37 ryxZ 'X1X3 ryxB'xle

KaXKAblM U3 KOTOPbIX onpeaenaeTca rno pekyppeHTHOU
dopmyne. Hanpumep, npu i = 1 nmeem popmyny ans
pacyeTa Tyy. .x,xs

Pyxixp; — Vyxzxp * Txqxzoxy

YyXx1:X2X3
\/(1 o Tyx3 xz)(l o r9261x3 xz)
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

PaccunTaHHble no peKyppeHTHOM ¢GOpMYyAe YacTHble
KO3bPULMEHTbI KOPPEAALIMMU UIMEHSAIOTCS B MpeAeAax
ot —| Ao *1, a no dpopmyAaam yepe3 MHOXKeCTBEHHbIE
KoapduumneHTbl AetepmmHaumm — ot 0 a0 .
CpaBHeHUE NX APYr C APYrOM MO3BOASIET PaHXXMPOBAThb
daKTOpbI MO TECHOTE UX CBA3U C Pe3YAbTaTOM. HacTHble
KO3bPULMEHTbI KOPpPEASiLMU  AAIOT MEpY TECHOTHI
CBA3U KAXKAOTro PpaKTopa C pe3yAbTaTOM B YNCTOM BUAE.
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

Echm n3 ctaHaapTM30BaHHOTO YPaBHEHUA perpeccmm
ty = B ty, + B,ty, + Bty, T € cnepyer, 4TO
B,>p,> [, , T.e. No cune BAUAHUA HA pe3ynbTar

nopAaAoK ¢GaKTopoB TaKoOB: Xq , X, X3, TO 3TOT XKe

nopAaoK paKTOpOB onpeaenaeTca n No COOTHOLEHUIO
YACTHbIX KO3DDUNLMEHTOB KOppenaumm,

ryxl'x2x3 > ryXZ'x1X3 > ryxB'xle
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

B sKOHOMETPUKE YacTHble KO3DDULMEHTbI KOPpPENnaLumm
0ObIYHO HE MMEeIT CaMOCTOATENbHOro 3HavyeHuAa. UX
MCNONb3YIOT Ha CTaaunm GopmMMpoBaHUA moaenn. Tak,
CTPOA MHOTOoQaKTOPHYIO MoOAenb, Ha MNepBOM Lare
onpeaenserca ypaBHEHWE perpeccum C  MNOJIHbIM
Habopom GaKTOpPoOB WU paccyMTbiBaeTcA MaTpumLa
YACTHbIX KO3pPUUMEHTOB Koppenauun. Ha BTOpOM
ware oTbupaetca PaKToOp C HauMMeHblwen U
HecywectBeHHoM no t -Kputeputo  CTbloaeHTa
BEIMYMHOW NOKa3aTena YaCTHOM Koppenauuu.
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

NCcKNtounB ero u3 moaenu, CTPOUTCA HOBOE ypaBHEHMUE
perpeccun. lNpoueaypa npoaonrKaetca A0 Tex nop,
MOKA HEe OKAXKeTcs, YTO BCe YacCTHble KO3dPUUMEHTHI
KOppenaumm CywecTBEeHHO OT/IMYAtoTCA OT HynA. Ecaum
UCKNIOYEH HeCyLLEeCTBEHHbIN daKTop, TO
MHOeCTBEHHble KO3PPUUMEHTbl AeTepMMHAUUN Ha
NBYX CMEXHbIX LWarax MNOCTPOEHUA pPerpeccCUoHHOM
MOJEeNN MNOoYTU He OTAMYAKTCA Apyr OT Apyra,

R,%,Hl ~ R,%n, rae m —4mcno GaKTopos.
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

N3 npuBeAeHHbIX Bbile GOPMYN  YaCTHbIX
KO3dPUUMEHTOB KOppenaumum BMaHa CBA3b 3TUX
NOKa3aTenem € COBOKYMHbIM KO3pPULMEHTOM
Koppenaumn. 3Has YacTHble KO3dPUUUEHTHI
Koppenaunm (nochepoBaTenbHO nepBoro,
BTOpPOro n 6onee BbICOKOro nopsaaKa), MOXKHO
onpenenuUTb COBOKYMHbIN KOO PULUUNEHT
Koppenaummn no dopmyne:

R

VX1X2..Xn=

_ J 1—(1=12.) (1=7202) (1= 1200 oo (L =120 o )
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HacTHbie KO DOUITUEHTHI KOPPEALIITUU

B yactHoctM, pAana  ABYXPAKTOPHOro YpaBHEHWUA
dopmyna npuHUMaEeT BUA:

R}’xlxz---xm = \/1 - (1 - r}’x1) (1 - r}’xz x1)
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HacTHble KO DULIMEHTHI KOPPEASIITUHU

[Mpy NONHOW 3aBUCMMOCTU PE3Y/IbTaTUBHOIO NPM3HAKa
OT uccnegyembix GakTopos KOIPPULMEHT COBOKYMHOTO
UX BANAHNA paBeH egnHunue. I3 eamHULbI BblMUTAETCH
nonA  OCTaTOMHOW  Bapuauuu  pe3ynbTaTUBHOTIO

NPU3HaKa (1 —rz) obycnoBneHHaa nocneaoBaTeNbHO

BK/IIOYEHHbLIMW B aHanu3 @aktopamun. B pesynbraTe
NOAKOPEHHOE BblPa*KeEHME XapaKTEPU3YeT COBOKYMHOE
nencTeme Bcex nccnegyembix GakTopos.
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU
3HAYMMOCTb YpPaBHEHUA MHOXECTBEHHOU perpeccmn B

LENIOM, TaK K€ KaK U B MAapHOM perpeccumn, oueHmBaeTca C
nomouibto F -Kputepusa duwepa:

F_Sd)af(m_ RZ n—m-—1
Socm 1 — R* m
rae Sd)aKm — (aKTOpHas Ccymma KBagpaToOB Ha OAHY

cTeneHb cBoboabl; Socm — OCTAaTOMHAA CyMMa KBaApaToB

Ha OAHY cTeneHb cBoboAbl; R% - KO3apPunumeHT (MHAeKc)
MHOXECTBEHHON AeTePMUHALMU, M — YNCNO MapaMeTpoB
Npu nepemeHHbIX X (B NMHEMHOM perpeccum coBnagaeT C
YUCNOM BKAKOYEHHbIX B Moaenb ¢aKTopoB); M — 4YUCNO
HabAaoaeHnn.
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

OueHnBaeTcs 3HAYMMOCTb HE TONIbKO YPaBHEHMA B LIE/IOM,
HO u  daKTopa, AOMNOJHUTENbHO  BKAKOYEHHOro B
PErpeccMoHHyto moaenb. HeobxoaMMOCTb TaKOW OLEHKM
CBA3aHA C Tem, 4YTO He KaxAabln daKTop, BOoweAlNA B
MoAeNnb, MOXEeT CYLWEeCTBEHHO YBeAWYUBaATb OO0
0OBbACHEHHOW Bapuauuu pPe3ynbTaTUBHONO  MPU3HaKa.
Kpome Toro, npu Haan4ymm B MOAENN HECKONbKUX PaKTOPOB
OHM  MOryT BBOAUTBCA B  MOAENb B  Pa3HOM
nocnenoBaTe/IbHOCTH. Benay  Koppensauuu MeXKayY
daKTopamm 3HAYUMOCTb OZIHOTO U TOrO Ke PaKToOpa MOKET
ObITb pa3HOM B 3aBMCMMOCTMU OT NOCNEAO0BaTENbHOCTU €ro
BBeAeHMA B moaenb. Mepon Ansa OUEHKU BKAKOYEHUA
daKTopa B MOAENb CNYKUT YacTHbIW F -Kputepun, T.e. F,.
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

YacTHbin F  —KpuUTepum nNOCTPOEH Ha CPaBHEHUU
npupocTa @aKToOpHOM Amucnepcun, o0OYyCNOBAEHHOrO
B/IMSAHUEM [OOMNONIHUTENbHO BKAKOYEHHOro $aKkTopa, ¢
OCTAaTOMHOW AUcCnepcuen Ha oaHy cTeneHb cBob6oabl NO
perpeccMoHHOM moaenu B uenom. B obuwem snae ans
daKTOpa X; YaCcTHbIN F —Kputepmun onpegenntca Kak

2 2
F _ RyXl...xi...xm Ryxl...xi_lxi+1___xm . n—m— 1
X;

1 — R? 1

VX1 eXjurm
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

2 2
_ RyXl...xi...xm Ryxl...xi_lxi+1,,,xm . n—m— 1

F. =
Xi __ p2 1
1 Ryxl...xi...xm
2 y
rie Ryy . x.x, — KOIQOUUMEHT MHOXKECTBEHHOM

neTepMmMHaUMM  Ana MoAaenn C NONHbIM  Habopom

2
$akTopOB, Ryy. x. ix;.1.x, — TOT Y& NOKasaTesb, HO

6e3 BKAOYEeHMA B mogenb (pakTtopa X;, N — YUCNO
HabngeHUN, M — YNCNo NapameTposB B moaenun (bes
cB0b6OAHOrO YneHa).
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

PaKkTMYeckoe 3Ha4YeHue YacTHOro F — Kputepum cpaBHUBAETCA C
TabANYHBIM NPU YPOBHE 3HAYMMOCTM & M YUCNE CTeneHew
csobogbl: 1 1 n—m —1. Ecam ¢akTuueckoe 3HayeHwe F,.

npesbiwaet F.6.(a, ki, k3) ,  TO [OONOAHUTEeNbHOe
BKAOUYEHUE PaKTopa X; B MOAENb CTAaTUCTUYECKM ONPaBAAHHO U
KoapoduumeHT umuctom perpeccun b; npu  dakTope X;
CTaTUCTUYECKM 3HAuMM. Ecam ke dakTuyeckoe 3HauveHune F.
MeHblle TabanyHoro, TO AONONHUTE/NIbHOE BKAKOYEHME B
moaeno ¢aktopa X; He YBEANYUBAET CYLLEeCTBEHHO A0
OObACHEHHOM BapuauuM MNpPU3HAKA Yy , CAefoBaTeNbHo,
HeuenecoobpasHo ero BK/AYEHME B MOAeNb, KO3IODUUMEHT
perpeccuu npmv AaHHOM GaKTope B 3TOM C/ly4ae CTaTUCTUYECKMU
HEe3Ha4YnM.
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OlleHKa 3HAYUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

Ona nByxpaKTOPHOro ypaBHeEHMA 4YacTHble ' — Kputepumn
MMET BUA,:

R? — 2
Fxl _ _YX1X2 - yX2 (Tl . 3)
1 o R)’xlxz
R — 2
T Yx1Xx2 yX1
F,, = 2 - (n—3)

105 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

C nomouwbto YactHoro F —Kputepmsa MOXKHO NPOBEPUTH
3HAYMMOCTb  BCex  Ko3pPULUMEHTOB  perpeccmm B
npeanonoXKeHUN, YTO KaXKAbl COOTBETCTBYHOLWMN PAKTOP
X; BBOAWMNCA B YPaBHEHME MHOXXECTBEHHOW perpeccum
nocneaHum.

YactHbin F —  KpUTEPUWN OUEHMBAET 3HAYUMMOCTb
KO3QOULMEHTOB UYMCTOU perpeccun. 3Has BenuunHy F,

MOXHO onpeaenntb U t -Kputepunm ana KosIpPuumeHTa
perpeccuv npu i -m GakTope, t; , @ UMEHHO:

Lp; = ,/in
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

OueHKa 3HAYMMOCTU KO3PPUUMEHTOB HYUCTOU pPerpeccumu
no t —kputeputo CtbtogeHTa MmoXxXeT bbiTb NpoBeaeHa n bes
pacyeTa YyacTHbiX F -Kputepues. B atom cnyyae, Kak 1 B
NapHOW perpeccun, ANA Kaxkaoro daktopa MCnonb3yeTtcA

dopmyna:

b,
tbi —
mbi

rae b;— Ko3pdULUMEHT YncTom perpeccum npu daktope Xx;,
mp, — CpeaHAn KeBajpatuyeckas (cTaHAapTHas) olmbka
KoapoduumneHTta perpeccuu b;.
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OlleHKa 3HAYUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

[nAa ypaBHEHUA MHOXECTBEHHOMN perpeccuum
y=a+ bixi+ byxo+...+b,,x,,
cpeaHAAa  KBagpaTuyecKaa  oOWwumbKa  KoapPpmumeHTa

perpeccMm MoXeT ObITb onpeaeneHa no Ccaeayowemn
dopmyne:

2
Uy\/l o Ryxl...xm 1

| vn—m—1
O-Xl'\/]‘ o Ryzcixl...xm

my. =

l
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

2
O-y\/l o Ryxl...xm 1
Vvn—m-—1

my =
2
O-Xi\/l o inxl...xm

rae 0, — cpeaHee KBaApaTUYeCKoe OTK/IOHEeHME ANA NPU3HaKa
Y, Oy, — CPefiHee KBafpaTU4ecKoe OTK/NOHEHMEe A/1A NPU3HaKa

X;, Rixl---xm — KO3dPUUMEHT AeTepMUHALUUM ANA YpaBHEHUA
y 2
MHOXeCTBEHHOW  perpeccun, Ry . —  KO3pPUUMEHT

AeTepMUMHALUMM  ANA  3aBUCUMMOCTM  PaKTopa  X;CO BCEMMU
ApYyrumu GakTopamm ypaBHEHMUA MHOXKECTBEHHOWM perpeccuu;
n—m — 1 —4yucno cteneHen csoboabl ANA OCTAaTOYHOU CYMMblI
KBaApaTOB OTK/NIOHEHUMN.
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

Kak Bnamm, 4ytobbl BOCMNONb30BATbCA AaHHOU HOpPMYNOWN,
HeobxoaAMmbl MaATpULA MeXDAaKTOPHOMU Koppenaumm u

pac4eT nNoO HEeW COOTBETCTBYHOWMUX KOIPPULMEHTOB
AeTepMMUHaLNm R,zcl.xl___xm. Tak, oNA ypaBHEHMUA

j\/ = a -+ b1x1 + bzXz + b3X3
OLEHKA 3Ha4yumoctn KoapduumeHToB perpeccmn  bq,
b,,b; npegnonaraer pacyetr TPeX  MeXKPaKTOPHbIX

KO3ddMUMEHTOB AeTepMUHALMNN: R,ch.xzxg , R,ZCZ.xlx3 )

2
Rx3.x1x2 L
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OlleHKa 3HAQ4YUMOCTU YpaBHEHUS
MHOZKECTBEHHOU PETPECCUU

B3anmocsaA3b noKasarteneu 4YaCTHOro KoapPuumeHTa
Koppenauuu, YyactHoro F-kputepua u t - kputepma CTbroaeHTa
ANA KO3PPULMEHTOB YNCTOMN PErpPeccmm MOXKET UCMNO/Ib30BaTbCA
B npoueaype otbopa @¢aktopoB. OTceB PaKTOpoB npu
NOCTPOEHUN YpPaABHEHUA pPerpeccum MeToaoOM WCKAKYEeHUN
NPAaKTUYECKM MOKHO OCYLLECTBAATb HE TO/IbKO MO YaCTHbIM
KO3pPULUMEHTaM KOoppensaunumn, MUCKNYas Ha Kaxkaom Lware
$aKTOp C HAMMEHbLIMM HEe3HAYMMbIM 3HAYEHMEM YaCTHOro
Ko3pPULMEHTa Koppenauumn, Ho U No BennuuHam t, u F, .

YacTHbIM F-KpUTepun LMPOKO MCNONb3YEeTCA U NPU NOCTPOEHUN
MOAEeNN MEeTOAOM BKAKOYEHUA NepemMeHHbIX W  LWarosbim
PerpeccMoHHbIM METOAOM.
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Npumep

112 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



YcAaoBU4A

OueHMM  KavyecTBO  YpPaBHEHMS, TOAYYEHHOro B
NMPEAbIAYLLLEM Pa3AEAE.
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Perienue

CHa4yana Hangém 3Ha4YeHUsA NapHbIX KO3IPPUULMEHTOB

Koppenauuu:
X -V % 664—68-94
S A S Al YR = 0,869
gy - Oy, 1,83 1,56
X~V X; 44,5—686,3
P, = ot 2 22 = 0,639
gy - Oy, 1,83 1,42
X1 % — X% X; 603—94 63
= o = 0,488

Tx1x2 o

Oy, Oy, 1,56 - 1,42
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Perienue

3Ha4YeHMA napHbIX KO3dOMUMEHTOB  Koppenauuu
YKa3blBAalOT Ha [AOCTAaTOYHO TECHYI CBSAI3b CMEHHOW
A06blun yrna Ha ogHoro paboyero y € MOLLHOCTbIO
nnacta X{ W Ha YMEpPEHHYK CBA3b C YPOBHEM
MexaHu3aumm pabot X, . B TO e Bpems
MeXX(paKTOpHana CBA3b Ty ,, HE O4YeHb CWUbHasA

(rxlx2 = 0,49 < 0,7), 4tO roBopuT O TOM, 4YTO 003

daKTOpa ABAAOTCA MHOOPMATUBHLIMU, T.€. N X1, U X,
HeobxoaAMMO BKAKOYNTL B MOAENb.
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Perienue

Tenepb  paccyMTaem  COBOKYMHbIK  KOIPPUUUEHT
koppenauym R, .. . [na 3TOro cHavana Haupem

onpeaennuTenb MaTpuubl NapHbIX KO3dPUUMEHTOB
Koppenauuu:

1 0,87 0,64
Ar=10,87 1 0,49/=0,139064
0,64 0,49 1
7 onpeaenuUTenb MaTpuLUpbl MeXPaKTOPHOMU
Koppenauuu: 1 0,49
Ar,, = =0,7599
0,49 1
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Perienue

Toropa Ko3dpdUUMEHT MHOXECTBEHHOU Koppenauuu no
dopmyne

. _ Ar ) 0,139064_0904
yaixz N Arn_V 0,7599

T.e. MOXHO cKazatb, 4to 81,7% (KoaddUUUeHT

netTepMuHaumm R}z,xlx2 = 0,817 ) Bapunaumnmn pesynbraTa

0bbACHAETCH Bapuauunemn npeacTaB/eHHbIX B
YPaBHEHUM MPU3HAKOB, YTO YKa3biBaeT Ha BecbMa
TECHYIO CBA3b MPU3HAKOB C pe3y/bTaToOM.
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Perienue

[MpMMepHO TOT »Ke pe3ynbTaT (pas3nnuma csBA3aHbl C

OoLWKnbKamm OKPYrNeHnn)

NN KoadPmnumneHTa

MHOECTBEHHOM perpeccum NONYYUM, ecnu
BOCMNONb3yemca Gpopmynamum
2
o 0,6329
Ryxx, = [1= =25+ = |1 ————=10901
V O-y V )
Ryxix, = Z B, Tyx, = \/0,728 - 0,87 4+ 0,285 - 0,64
\

= 0,903
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Perienue

CKOPpPEKTUPOBAHHbLIN KOIPPULMEHT MHOXKECTBEHHOWU
neTepMmMHaLUUm

. n—1
R=1-(1-R?)-
( ) n—m—%
=1—(1—0,817)-10_2_1=O,765

VKa3bIBAaE€T HAa YMEPEHHYIO CBA3b MEXAY pe3ynbTaToM U
NpU3HakKamMu. IOTO CBA3AHO C MaJIbIM KOJIMYECTBOM
HabaoaeHUN.
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Perienue

Tenepb Hanaem 4YacTHble KO3IPPUUMEHTbI KOppenaumm
no dopmynam

1— R’ 1—-0,817

Toxpn, = |1— 172 — 1 — = 0,831
N 1-7%, | 1-0408
1— R’ 1-0,817

oy = |1— 2172 — ] — = 0,503
21 V 1-— T'}z,xl V 1— 0,755
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Perienue

Tix 0,869 — 0,639 - 0,488
Tyxix; =
\[(1 - ryxZ) (1 72 ..) \[(1 —0,489%)(1 - 0,639%)
=0, 830
— Ty Tty 0,639 — 0,869 - 0,488
Tyxyxqg =
\[(1 - ryxl) (1 72 ..) \[(1 —0,488%)(1 - 0,869%)
= 0,498

T.e. MOXXHO cAenaTb BbIBOA, YTO PAKTOP X, OKa3biBaeT
6onee cunbHOE BAUSAHME Ha pPe3ynbTaT, Yem MpPU3HaK
X,.

121 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



Perienue

OueHMM HaAeXXHOCTb YypaBHEHUA perpeccuu B LENOM U
noKasatens cBA3WM Cc nomouwbtlo F -Kputepua Puuwepa.
daKkTnyeckoe 3HayeHue F-kputepus

R® n-m-1 0,817 10-2-1
fpaxm =T 2 " m T 1-0817 2
= 15,63
TabnnyHoe 3HauyeHue F-kputepma npu NATUNPOLEHTHOM
ypoBHe 3Haummoctn (¢ = 0,05, k1 =2, k, =10—-2 -1 =
7) Fmgen = 4,74. Tak Kak Fd)aKm = 15,63 > F 067 =

4,10, To ypaBHEHME NPU3HAETCA CTAaTUCTUYECKN 3HAYNMbIM.
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Perienue

OueHMM uenecoobpasHOCTb BKAOYEHUA ¢aKTopa X

nocne paktopa X, U Xx,nocne GakTtopa X;C NOMOLLbIO
4yacTHoro F-kputepuna duwepa

. - Ri;xlsz - 5% | 3) 0,8112 - :;;08 .
YX1X2 ’
= 15,65
- Ryxix, - a1y — 3 = 2817 = 0,755
1-R%, . 1-0,817
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Perienue

TabnnyHoe 3HayeHue dyacTtHoro F -Kputepua npwu
NATUNPOLEHTHOM YypoBHe 3Haymmoctn (a = 0,05,
kl =1, kz — 10—2—1=7) . Fm06/7:5'59' TaK
Kak F, = 15,65 > F 06, = 5,599, a F., =237<
Fma6qs = 559, 10 BKatoueHne ¢akTopa X1B MOAe/b

CTAaTUCTMYECKN ONpPaBaaHO N KO3IDPULMEHT YNCTOU
perpeccum b CTAaTUCTUYECKM  3Ha4YuMMm, A
AONONHUTENbHOE BKAKOYEHUE daKTopa X,, NOCae TOro,
KaK yKe BBeaeH GaKTop X, HeuenecoobpasHo.

YpaBHEHUE perpeccun, BKAKOYAOWEE TONAbKO OAMH
3HAYMMbIN apPryMeHT

$ = —2,754 + 1,016x;
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/AVHeWHble perpeccCMoOHHblie MOAEAU
C reTepoCKeAaCTUYHbIMU OCTATKaMM
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Mpy oOueHKe napameTpoB YpPaABHEHUA perpeccum
NPpUMEHAEeTCA MeTod HammeHblwux Keagpatos (MHK).
Mpn 3TOM AenatoTca onpeaeneHHble NPeanoCbIIKU
OTHOCUTENIbHO CNY4aWUHOW coCTaBaaoLWen €. B moaenu

y=a+byxy+byx,+...+b,,x,, + €
CNly4aMHaA COCTaBANAKOLWAA npeacrasnaetr coboun
HeHabAtoaaeMyo BETUYUHY.

126 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



[locne TOro Kak npou3BeaeHa OUEHKa MnapameTposB
MOJEeNNn, pPaccymMTbiBad pPa3HOCTU PaKTUYECKUX U
TEOPEeTUYECKMX 3HAYEHUWN Pe3yNbTaTUBHOINO MPU3HaKa
Y , , MOXHO onpegennutb OLUEHKU CAy4YanHou
coctasasatowen y —y . MNOCKONbKY OHU He ABAAOTCA

peanbHbIMMU  CAYYAaWUHbIMWU  OCTAaTKaMM, UX MOXKHO
CYNTATb  HEKOTOPOWM  BbIOOPOYHOM  peanusaymnen
HEeM3BECTHOro OCTaTKa 3a4aHHOro YpaBHEHUA, T.e. &;.

127 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



Mpu wucnonb3oBaHun Kputepnes Puwepa wn CrblogeHTa
NenatoTca NpeanonoXKeHUss OTHOCUTE/IbHO NOBEeAEHUA OCTAaTKOB
g, - — OCTaTKM NpeAcTaBAAKT cob0OM He3aBUCUMbIE C/y4YalHble
BE/IMYUHbI U UX cpeaHee 3HayeHue paBHO 0; OHM umeloT
OAMHAKOBYIO (MOCTOAHHYIO) AucnepcMilo U NOAYUHAIOTCA
HOPMaNbHOMY pacnpeaeneHuio.

[loche nNOCTpOEHUA  ypaBHEHWA  perpeccMm  NPOBOAMUTCA
NPOBEPKA HANM4YMA Yy OUEHOK &; (CAy4amHbIX OCTaTKOB) Tex
CBOWUCTB, KOTopble npegnonaranncb. CBA3aHO 3TO C Tem, 4TO
OLEeHKU napameTpos perpeccuu OO/TXKHbI oTBeYaTb
onpeaeneHHbIM Kputepuam. OHu OONKHbI ObITb
HeCMelWeHHbIMU, COCTOATENbHBIMU WU  3PPEKTUBHBIMU. ITU
CBOMCTBA OLEHOK, nonyyeHHbix no MHK, nmetot ypesBbl4anHO
Ba*HOe NpakKTU4yecKoe 3HaYyeHue B UCMO1b30BaHUN pPe3y/1bTaToB
perpeccumn n Koppenauyuu.
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HecmMmerieHHOCTD

HecmelleHHOCTD OL,eHKM O3HavaerT, YyTo
MaTeMaTUYECKOE OXXMAAHME OCTATKOB PaBHO HYAIO.
EcAn oueHKM obAaapaloT CBOMCTBOM HECMELL,EHHOCTM,
TO MX MOXXHO CPaBHMBaTb MO Pa3HbIM MCCAEAOBAHUAM.
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OPpPheKTUBHOCTE

OueHKM cumTaloTCca  3PEKTUBHbIMU, €CAU  OHM
XapaKTepU3ylOTCA  HauMMeHbluen  Aucriepcuen. B
NPaKTUYECKUX MCCAEAOBAHUAX  3TO O3HayvaeT
BO3MOXHOCTb MNepexoAa OT TOYEYHOro OLEHMBAHUA K
MHTEPBAAbHOMY.
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CocTodTeABHOCTD

CocmosmesnbHOCMb OLEHOK XapaKTepusyer
yBe/IMMEHUE UX TOYHOCTU C YyBennYeHnem ob6BEMA
BbIOOPKM. bonbwoun NPAKTUYECKUM NHTEepec

NpeAcTaBAAOT T€ Pe3y/bTaTbl Perpeccumn, ANA KoTopbixX
NOBEPUTENbHbIM WUHTEPBAN OXMAAEMOTO 3HAYEHUA
napameTpa perpeccum b; umeeT npeaen 3Ha4YeHUM
BEPOATHOCTU, paBHbIN eauHunue. WHbIMKU CAoBaMy,
BEPOATHOCTb MOJIYYEHMA OUEHKWM Ha 33aJaHHOM
PACCTOAHUM OT MUCTUHHOIO 3HAYEHMUA napameTpa
6113Ka K eanHULE.
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HccaegoBaHUSg OCTATKOB

MccnepoBaHMA OCTATKOB &; NpeanonaratT npoBepKy
Hann4ma cneayrowmx NATM npeanocbinok MHK:

1) C/Iy4anHbIN XapaKTep OCTaTKOB;

2) HyneBaa CcpeaHAA Be/IMYMHA OCTAaTKOB, He
3aBUCALLAA OT X;,

3) rOMOCKeaCTUYHOCTb — JAUCMNEepPCUA  KaxKkaoro
OTKNOHEHUA &;, OANHAKOBA A1 BCEX 3HAYEHUN X;

4) oTcyTCTBME aBTOKOPPENsAuUMM OCTaTKOB — 3HAYEeHMWUS
OCTaTKOB &; pacnpeaeneHbl He3aBUCUMO APYr OT APYra;

5) OCTaTKM NOAYNHAOTCA HOPMa/IbHOMY
pacnpeaeneHuto.
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HNccaemoBaHUudg OCTATKOB

[Mpexkpe Bcero, npoBepAeTcA CAYy4aMHbIM XapaKTep
octatkoB & . C 3TOM uenblo CTOUTCA rpaduK
3aBMCMMOCTM OCTATKOB &; OT TeOpPETUYECKUX 3HAYEHUMN
pPe3ynbTaTUBHOIO NMPM3HaKa.
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HNccaemoBaHUudg OCTATKOB

Ecan Ha rpadumKe nonyvyeHa ropm3oHTasibHaA NOs0Ca, TO
OCTAaTKU &;NPeacTaBnAOT cOO0OMN cnydYamHble BENNYUHDI

A\

n MHK onpaBaaH, TeopeTnyecKkme 3HayeHuA Y,
XOPOLWO annpPOKCUMMUPYIOT PaKTUYECKMe 3HAYEHMA ).
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HNccaemoBaHUudg OCTATKOB

Ecnn Ha rpaduKe nonyyeHa ropusoHTasibHaA Noaoca, TO
OCTaTKU g; NpeacTaBnaoT cobon cayvyamHeble
BeandynHbl U MHK onpasaaH, TeopeTnyeckne 3HavyeHuUA
j‘/x XOPOLWO annpPOKCUMUPYIOT PaKTUYECKNEe 3HAYEeHUA

V.
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HNccaemoBaHUudg OCTATKOB

Bo3amMOXKHbI  cnegylowme  Cayv4an,  ecau
&; 3aBUCUT OT Y, TO:

1) OCTaTKM &; HE CAyYaMHbl,

& A
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HNccaemoBaHUudg OCTATKOB

2) OCTATKM £;HE MMEIOT NOCTOAHHOW ANCNepcuu;
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HNccaemoBaHUudg OCTATKOB

3) OCTaTKM &; HOCAT CUCTEMATUYECKUI XapaKTep.

138 SkoHoMmeTpuKa - Alexander Hollay 19.05.2017



HNccaemoBaHUudg OCTATKOB

B 31X cAyyasax HeobxoauMMO AMOO MPUMEHSTb APYFYIO
byHKUMUIO, Ambo BBOAMTD AOTMOAHUTEABHYIO
MHPOPMALIMIO N 3aHOBO CTPOUTb YPaBHEHUE perpeccum
AO TeX Mop, MOKa OCTaTKM  He ByAyT CAyYalHbIMM

BEAUHNHAMMN.
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HNccaemoBaHUudg OCTATKOB

Btopaa npepnocbinka MHK OTHOCUTENbHO HyneBOM
cpegHen  BeNUMYMHbI  OCTAaTKOB  O3Ha4yaeT,  4To

Z(y — j‘/x) = 0. 3TO BbINOAHMMO ANA JNUHENHbIX

mogenem wn moaenen, HeNUHEeWHbIX OTHOCUTENbHO
BK/1tOMaEeMbIX MepemMeHHbIX.
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HNccaemoBaHUudg OCTATKOB

BmecTe C Tem, HEeCMeLWeHHOCTb OUEHOK
KO3dPMUMEHTOB  perpeccun, nonydvyeHHboix  MHK,
3aBUCUT OT HE3aBUCUMOCTU C/Y4aWHbIX OCTATKOB W
BE/IMYMH X , 4YTO TaK}Ke wuccneayetca B paMKax
cobntopeHna BTopon npeanocbinkn MHK. C 3ton
LUeNblo HapAay C N3NO0XKEHHbIM rPaPUKOM 3aBUCUMOCTH
OCTAaTKOB ¢ OT TEeopeTU4YeCKUX  3HaAYEeHUWU
pesynbTaTMBHOrO Mpu3Haka Yy = cTpouTca rpaduK

3aBUCMMOCTU C/Iy4aMHbIX OCTATKOB &; OT (aKTOpPOS.,

BK/IIOYEHHbIX B PETPECCHIO X;.
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NccaemoBaHUa OCTaTKOB
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HNccaemoBaHUudg OCTATKOB

Echn ocTaTKM Ha rpaduKe pacnonoxKeHbl B BUAE
rOPU3OHTA/IbHOMN MONOCbI, TO OHM HE3aBUCUMbI OT

3Ha4yeHuUn Xx;. Ecnm ke rpaduK nokasbiBaeT Hanuuue

3dBUCUMOCTU &; U X;, TO MOAE/Ib HEAAEKBATHA.
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HNccaemoBaHUudg OCTATKOB

[MpegnocbliIKa O  HOPManbHOM  pacnpeaeneHum
OCTATKOB NO3BO/AET NPOBOANTb NPOBEPKY NapamMeTpoB
perpeccmMm wn Koppenaumm ¢ nomouwbto F- un t-
Kputepmes. Bmecte € Tem, OUEHKU perpeccum,
HanaeHHble ¢ npumeHeHmem MHK, obnapatot
XOPOLWMMM CBOMUCTBAMM  AaXe TMpPU  OTCYTCTBUM
HOPManbHOro pacnpeaeneHnus OcCTaTKOB, T.e. MpwU
HapyweHun naton npeanocbinkn MHK.
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HNccaemoBaHUudg OCTATKOB

CoBeplleHHO Heobxoaumbim Ana nonyvyeHna no MHK
COCTOATENIbHbIX OLLEHOK MNapameTpoOB perpeccumn asnaetca
cobntoaeHne TpeTben n YeTBEePTOU NPeAnoCbINOK.

B cooTBeTcTBMU C TpeTben npeanocbinkon MHK tpebyeTcs,
4yTobObl ANCNEepCcMA OCTaTKOB Bblna 2omockedacmuy4yHouU. ITO
3HAYMT, YTO ANA KAXKA0r0 3Ha4YeHUA GaKTopPa X; U OCTATKMU &;
MMEKT OAMHAKoBYK Aucnepcuto. Ecanm 310 ycnosue
npumeHeHna MHK He cobntopaetca, TO MMeeT MecTo
2emepockedacmu4yHocms. Hannume retepockeaacTUYHOCTU
MOXHO HarnAAHO BMAETb U3 NONA KOppPenaumn.
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NccaemoBaHUdg OCTATKOB.

Ir€TEPOCKEAACTHUNIHOCTH

YA

[Ipumepsnl
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HMccaemoBaHuda ocTaTKOB. [IpumMepsnl
reTEPOCKENACTUYHOCTHU

Ha puc. nsobparkeHo:

a — AUCNEepcuUa OCTaTKOB pacTeT NoO Mepe yBe/nYeHUs
X

6 — aucnepcus OCTaTKOB [AOCTUraeT MaKCUMMaibHOM
BE/INYMHbLI NPU CPeAHUX 3HAYEHUAX MEepPemMeHHON W

YMEHbLUAeTCA NPU MUHUMaNbHLIX U MAKCMMAJIbHbIX
3HAYEeHUAX X;

B — MAKCMMaA/NIbHasa AuUcnepcuma OCTaTKOB MPM MasblX
3HAYEHUAX W AuUcnepcusa OCTAaTKOB OAHOPOAHA Mo
Mmepe yBennyeHusa 3Ha4YeHun Xx.
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HMccaemoBaHuda ocTaTKOB. [IpumMepsnl
reTEPOCKENACTUYHOCTHU

Hannuune rOMOCKeaCTUYHOCTU UnNu
reTepockelacTU4HOCTM  MOXKHO  BMAETb UM NO
PacCMOTPEHHOMY  Bbille  rpaduKy  3aBUCUMOCTU
OCTaTKOB & OT TEeopeTUYecKMx  3HaYeHUM
Pe3yNbTaTUBHOIO NPU3HaKa y,
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HMccaemoBaHuda ocTaTKOB. [IpumMepsnl
rETEPOCKEOAACTUYHOCTHU
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HNccaemoBaHUdga OCTaATKOB.

AAs MHOXECTBEHHOWM  perpeccum  AaHHbIM  BUA

rpadpmKosB ABASIETCS Hanboaee NMpUEMAEMbIM
BU3yaAbHbIM  CMOCOOOM  M3y4yeHMss  TOMO- U
reTepoCKeAACTUYHOCTM.
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HNccaemoBaHUa OCTATKOB.

ABTOKOPPEALITUAL.

Mpu NOCTPOEHUNN PErpeccUOHHbLIX Mmoaeneu
4ype3Bbl4aMHO  Ba*XHO  cobnarogeHne - yeTBepToOM
npeanocbinkn MHK — oTcyTcTBMEe aBTOKoppenAaunu

OCTATKOB, T.€. 3HAYeHUA OCTATKOB &;, pacnpeneneHbl
He3aBMCUMO ApPYr OT Apyra. ABTOKOppenauma octaTkos
O3Ha4YaeT Ha/nyme Koppenaumm MexKay OCTaTKamMu
TEKYWMX N npeablaywmx (nocneayrowmx) HabatoaeHum
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HNccaemoBaHUa OCTATKOB.
ABTOKOPPEASALIUA.

KoadpouuneHT Koppenauum mexapy & W g, rae & —

OCTaTKM  TEKyWwwux HabnwopeHun, & — OCTaTKK

npeaplaywmux HabnwogeHnn (Hanpumep, j=i—1) ),
MOXeT bbITb onpeaeneH Kak

COV(Ei, EJ)
ré‘ié‘j —

O-Ei ) O-Ej

T.€. N0 0bblMHON Popmyne NMHENHOTO KoaddULUUMEHTa
Koppenauun. Ecnn  3TOT KOIPPUUMEHT OKaxkeTtcsa
CYWECTBEHHO OTAWYHLIM OT HyAA, TO OCTATKWU
aBTOKOPPENMNPOBAHbI.
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HNccaemoBaHUa OCTATKOB.
ABTOKOPPEASALIUA.

[1lpy HecobAoAEHUM OCHOBHBIX mnpeanocbiAok MHK
NPUXOAUTCS KOPPEKTUPOBATb MOAEAb, M3MEHSS ee
cneumndmKaumio, A0BGaBAATb (MCKAIOYATb) HEKOTOPbIE
daKTOpbl, NPeObpa3oBbIBATb MCXOAHbIE AAHHBIE AAS
TOro, 4YTOObI MOAYYMTb OLEHKU KO3PPULMEHTOB
perpeccum, KOTOpble obaapatoT CBOMCTBOM
HECMELLEHHOCTH,  UMEIOT  MEHbluee  3HayeHue
AMNCMEPCUN OCTATKOB M obecneymBaloT B CBA3U C 3TUM
boaee 3PPEKTMBHYIO  CTAaTUCTUYECKYIO  MPOBEPKY
3HAYMMOCTU NMapaMeTPOB perpeccum.
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O606L,eHHbIM METOA HAMMEHbLUMUX
kBappaToB (OMHK)

camocTtoAaTeAbHOo. CM. nocobue cTp.
73
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PerpeccuMoHHble MOAEAMU C
nepeMeHHOM CTPYKTYpOou

(PUKTUBHDbIE NEpeMEHHbIE)

camocTtoAaTeAbHo. CM. nocobue cTp.
80
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Cnacub6o 3a BHMUMaHue!
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