JIEKIIUA Ne 1. ITonsaTHe 5KOHOMETPHKH
U IKOHOMETPUYECKHX MozeJiei

DKOHOMETPHKA — 3TO HayKa, KOTOpast Ha 6a3e CTaTUCTUYECKUX JaH-

HBIX JaeT KOJIMYECTBEHHYIO XapaKTEPUCTHUKY B3aUMO3aBUCUMBIM KO-
HOMMYECKUM SIBJICHUSIM U TIPOLIECCaM.
CJI0BO «3KOHOMETPUKA» TPOU3OIIIO OT IBYX CIIOB. «9KOHOMUKA»
U «METpUKa» (OT rped. «<METPOH» — «IIPABUJIO OMpPEIEICHUS PACCTOSI-
HUST MEXIy JBYMSI TOUKAMU B TIPOCTPAHCTBE», «METPUSl» — <«U3Mepe-
HUE»). DKOHOMETpPHKA — 3TO HayKa 00 9KOHOMUYECKUX U3MEPEHUSIX.
3apoxaeHre SKOHOMETPUKHU SIBJISIETCS CIEACTBUEM MEXIVCIIUTLIN-
HapHOTO TOIX01a K M3yYeHUI0 SKOHOMUKH. DKOHOMETPUKA MPEICTaB-
JIIeT coboil coueTaHue Tpex HaykK:

1) sKOHOMUYECKOI TeopUHu;

2) MaTeMaTUYeCKOi 1 SKOHOMUYECKOM CTaATUCTUKM;

3) MaTeMaTUKH.

Ha coBpeMeHHOM 3Tame pa3BUTHSI HAyKU HEOTbEMJIEMbIM (haKTO-
POM DPa3BUTHUSI SKOHOMETPUKHU SIBJISIETCSI Pa3BUTHE KOMITBIOTEPHBIX
TEXHOJIOTUI U CTIeLIMAIbHBIX TTAKETOB MTPUKJIAIHBIX TTPOTPAMM.

OCHOBHBIM TMPEAMETOM MCCAENOBAHUSI SKOHOMETPUKU SIBISIIOTCS
MacCOBbIe 3KOHOMUYECKHUE SIBJICHUS U TIpoliecchl. [IpeamMeThl 3KOHO-
METPUKM U CTAaTUCTUKU OYEHb CXOXM, TaK KaK CTaTUCTUKA UMEET Je-
JIO C MACCOBBIMU COLIMATTbHO-9KOHOMUWYECKUMM SIBJIEHUSIMU.

DKOHOMETPHKA CTaBUT CBOEH 11eJIbI0 KOJIMUECTBEHHO OXapaKTepu-
30BaTh T€ Y9KOHOMUYECKUE 3aKOHOMEPHOCTU, KOTOpble 9KOHOMUYE-
CKasl TeOpUsI BISIBJISIET 1 OTpeNesIsieT JTULIb B 00I1IeM.

AHaIN3 5KOHOMUYECKHX ITPOLIECCOB M SIBJIEHUI B 9KOHOMETPUKE OCY-
LLIECTBJISIETCS C IMOMOILBbIO MAaTEMATUYECKUX MOJIENIEH, MTOCTPOCHHbIX
Ha SMITUPUYECKUX TaHHBIX.

IMpakTryecku Bce SKOHOMETPUUECKUE METOMbI U MPUEMbl U3yde-
HUST 5KOHOMHWYECKUX 3aKOHOMEPHOCTEN MO3aMMCTBOBAHBI U3 MaTe-
MaTtudyecKoi craTUcTUKM. Crnenuduka mpuMeHeHUs METOJIOB MaTe-
MaTUYeCKOW CTAaTUCTUKWA B 9KOHOMETPUKE 3aKJIOYaeTCs B TOM, YTO

MPaKTUYECKU BCe IKOHOMUYECKUE MOKA3aTeNM SIBJSIOTCS BeJIMUMHA-
MM CITyJaliHBIMHM, a He pe3yIbTaTaMi KOHTPOJIMPYEMOTO KCIIepUMEHTA.
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IToaTOMY CYIIECTBYIOT ONpeAeeHHbIe YCOBEPIIEHCTBOBAHUS
U JOTIOJTHEHUSI METOIOB, KOTOPHIE B MAaTeMAaTHMUECKOM CTaTUCTUKE He
HCTIOJIB3YIOTCS.

3a4yacTylo SKOHOMMYECKUE NaHHbIE comepXaT OMOKUA M3Mepe-
Hus1. B akoHOMeTpuKe pa3pabaThIBaIOTCS CIelUaIbHBIC METOIBI aHa-
JIM3a, TTO3BOJISIIONIME YCTPAHUTh WM CHU3UTD BIUSIHUE 3TUX OIIMO0K
Ha pe3yJIbTaThl 9KCIIEPUMEHTOB.

TakuM 00Opa3oM, dKOHOMETpHKa uyepe3 MaTeMaThyeckue U CTa-
TUCTUYECKUE METOIbl aHATU3UPYET S3KOHOMUYECKHE 3aKOHOMEPHO-
CTH, T0Ka3aHHbIE SKOHOMUYECKOU TEOPUENA.

C nomolIiblo 5KOHOMETPUKU PELIAETCSI OUeHb IIUPOKUIA KpyT 3a-
nad. Ux MOXXHO KJacCH()MIIMPOBATD MO TPeM NMPU3HAKAM:

1) 1O KOHEYHBIM TPUKJIAAHBIM LEISIM:

a) TIPOTHO3 COIMAaJIbHO-3KOHOMUYECKHUX ToKa3aTeJieid, orpe-
NIESTIOIINX COCTOSIHUE U pa3BUTHE U3y4aeMOl CUCTEMBbI;
0) MoeTMpOBaHUE BO3MOXKHBIX BapHaHTOB COLIMATIbHO-3KO-
HOMUWYECKOTO Pa3BUTHSI CUCTEMBI JIJIsI OTIpeeIeHUs TeX rapa-
METpOB, KOTOpbIE OKa3bIBAIOT HanboJiee MOIITHOE BIUSIHUE Ha
COCTOSIHUE CHCTEMBI B 1I€JIOM;
2) 110 YPOBHIO UE€PAPXUMU:
a) 3amayu, periaeMble Ha MaKpoOypoBHeE (CTpaHa B LIEJIOM);
0) 3amayu, pelaeMble Ha ME30ypoOBHE (YpOBEHb OTpacei, pe-
TUOHOB);
B) 3a/lauM, pellaeMble Ha MUKPOYpOBHE (YpOBEHb (DUPMBI,
CeMBbHU, MPEATIPUITHS);
3) mo oGiacTu pelleHus MpodJiieM M3ydyaeMol SKOHOMMUYECKOM
CHUCTEMBI:
a) PBHIHOK;
0) MHBECTUIIMOHHAS, CollMalbHasl, UHAHCOBasH MOJIUTUKA;
B) LIeHOOOpa30oBaHUE;
T) pacrpenesiuTeIbHbie OTHOIIEHMS;
1) CIIpOC U MOTpeOdIeHuE;
€) OTIEJbHO BbIICJIEHHBIN KOMILJIEKC MPOooIeM.

1. OcnogHble 6udbl IKOHOMEemMPUHECKUX Moodeaell

BbInessiioT Tpu OCHOBHBIX KJlacca 9KOHOMETPUUECKUX MOIee.

1. Moaesib BpeMEeHHbIX PSI/IOB.

Mopnenb mpencrarisieT co00OW 3aBUCMMOCTb Pe3yJIbTaTUBHOTO
MpU3HaKa OT TIEPEeMEHHOM BpEMEHM WJIH TTePEeMEHHBIX, OTHOCSIIMXCS
K IpYT'MM MOMEHTaM BpeMEHH.



K MonensiM BpeMeHHBIX PSIIOB, B KOTOPBIX PE3YJbTATUBHBIN MPU3-
HakK 3aBUCHUT OT BPEMEHMU, OTHOCSITCSI:

1) moaens TpeHaa (MoIeIb 3aBUCUMOCTH pe3yIbTaTUBHOTO ITPU3HA-

Ka OT TPEHI0BOI KOMITOHEHTHI);

2) MoJieJib Ce30HHOCTU (MOJEb 3aBUCUMOCTU DPE3YJIbTaTUBHOTO

MpU3HaKa OT CE30HHOM KOMITOHEHTHI);

3) Momeb TpeHIa U CE30HHOCTH.

K MonensiM BpeMeHHBIX PSIIOB, B KOTOPBIX PE3YJIbTATUBHBIN MPU3-
HaK 3aBHUCHUT OT MEPEMEHHBIX, JaTUPOBAHHBIX APYTMMH MOMEHTaMU
BPEMEHM, OTHOCSITCSI:

1) Monenu ¢ pacrpelesieHHbIM JlaroM, KOTOpble OOBSICHSIIOT Ba-

pUALIMIO PE3YJbTAaTUBHOTO MPU3HAKA B 3aBUCUMOCTH OT TTPEIbITY-

WX 3HAYCHMI (haKTOPHBIX MIePEMEHHBIX;

2) Moje/Id aBTOPErpecCuM, KOTOphble OOBSCHSIOT BapUalldio pe-

3yJIbTATUBHOTO MPU3HAaKa B 3aBUCUMOCTH OT TIPEIbIAYIINX 3HaUe-

HUI pe3yIbTaTUBHBIX TIEpEMEHHBIX;

3) Mozaenu OXuaaHusl, OOBSICHSIONIME BapUalIO pe3yIbTaTUBHO-

To MpY3HaKa B 3aBUCUMOCTU OT OyAyIIMX 3HAYeHUI (haKTOPHBIX

WJIW pe3yJIbTATUBHBIX TepEeMEHHBIX.

Mopenu BpeMEeHHBIX PSIOB JEJITCsl HAa MOJIEU, MTIOCTPOEHHBIE MO
CTallMOHAPHBIM U HECTALlMOHAPHBIM BPEMEHHBIM psIIaM.

CranoHapHble BpeMEHHBIE PSIIbI XapaKTepU3YIOTCSI TTIOCTOSTHHBI-
MM BO BPEMEHU CPENHEeil, Tucrepcueil 1 aBTOKOppesiueit, T. €. 1aH-
HBI BpEMEHHOM Pl HE COAEPXKUT TPEHIOBOIO U CE30HHOIO KOMIIO-
HeHTa.

Ecnu BpeMeHHOI psii He OTBeYaeT MepevyrcIeHHbIM YCIOBUSIM, TO
OH SIBJISIETCSI HECTAIIMOHAPHBIM (T. €. COAEPXKUT TPEHAOBYIO U CE30H-
HYIO KOMITOHEHTHI).

2. PerpeccronHbie MoO/ieJIM C OJTHUM ypaBHEHHEM.

B nonoGHBIX MoJeAX 3aBUCUMAsT WA pe3yJbTaTUBHAs TIepeMeH-
Hasl, o003HayaeMast OOBIYHO , IIPeACTaBIIsIeTCA B BUuae (PYyHKIIUM Pak-
TOPHBIX UM HE3ABUCUMBIX IPUZHAKOB X, ...X, .

y=f(x,,é’)=f(x1, s X By s ﬁk)v

e B, ..., . — MapaMeTphbl PETPECCHOHHOTO YPaBHEHUS.
PerpeccuonHbple Momenu AensaTcs Ha IMapHbe (C OMHUM (aKTop-
HBIM TIPU3HAKOM) Y MHOXXECTBEHHBIE PETPECCUH.
B 3aBucumMoctu ot Buaa GyHKMU fx, £) MOAENIU ACSITCS HA JIn-
HEeMHbIE U HEJIMHENUHBIE PETPECCUN.



3. Cucrembl OTHOBPEMEHHBIX YPABHEHHiA.

JlaHHBIE MOJEIW OMMUCHIBAIOTCS CHCTEMaMU B3aMMO3aBUCUMBIX
pPErpecCUOHHBIX ypaBHeHU. CHUCTEMBI MOTYT COCTOSITh M3 TOXKIECTB
U PETPECCUOHHBIX YPaBHEHUM, Kaxk/I0e U3 KOTOPBIX MOXKET BKJIIOYaTh
B ce0sT He TOJBbKO (haKTOpHBIEC TepeMeHHbIe, HO M Pe3Y/IBTATHBHBIC TIep-
€MEeHHbIE U3 APYTr1uX YpaBHEHUI CUCTEMBI.

J171s1 TOXX/IeCTB XapaKTepHO TO, UTO MX BUI M 3HAYESHUS TTapaMeTPOB
WU3BECTHHI.

PerpeccroHHbIe ypaBHEHUsI, U3 KOTOPBIX COCTOUT CUCTEMa, Ha3bl-
BafOTCS TIOBEICHYSCKUMU YpaBHEHUSIMU. B TToBeneHUECKUX ypaBHE-
HUSIX 3HAYEHUsl MapaMeTpOB SIBJISIIOTCSI HEM3BECTHBIMU M TMOJIEXAT
OLIEHUBAHUIO.

TTpuMepoM cucTeMbl OTHOBPEMEHHBIX YPABHEHU I MOXET CITYKUTh
MOJIeJTb CTIpOca ¥ MPEIOKEHNS, BKIIIoYaloas Tpu ypaBHEHMS:

s _
0, =a,+a,XP+a,XP,_, — ypaHeHUe MPEUIOKCHNS;
J_
Q°, =b,+b,xXF,+b,XI, _ ypapuenue cripoca;
S _ d
0°, =0°, — toxmecTBo paBHOBeCHs,

S
rae 0°, — npemIoXeHWe ToBapa B MOMEHT BPEMEHU f,
d
0°, — cnpoc Ha TOBap B MOMEHT BPEMEHHM £
P — 1ena ToBapa B MOMEHT BPEMEHH f;

t

P

t—1
I, — noxon morpeduTesieli B MOMEHT BPEMEHH 7.

— 1IeHa ToBapa B MPeIIeCTBYIOIINI MOMEHT BPEMEHH £,

2. Dxonomempuueckoe modeauposanue

MOXXHO BBIIEIUTH HECKOJIBKO 3TallOB 9KOHOMETPUYECKOTO MOJIe-
JINpOBaHUS.

1. IlocranoBounblii. Ha naHHOM 3Tame OIpeaessiioTcs KOHEUHbIe
1IeJIU ¥ 3a[ja4¥ UCCIIEAOBAaHUS U HAOOp yYacCTBYIOIIMX B MoJeu (ak-
TOPHBIX U Pe3yJIbTaTUBHBIX 9KOHOMUYECKUX ITEPEMEHHBIX.

MOXHO BBIIEIUTH CAEAYIOLIME e 3KOHOMETPUUYECKOTO Ucclie-
TIOBaHUSI:

1) aHanu3 u3yvyaeMoro SKOHOMUYECKOro Ipolecca (sIBIeHUs,

00BeKTa);

2) TIPOrHO3 2KOHOMMUYECKMX TOKa3aTesel, XapaKTepu3yrIInX

M3y4yaeMblil TIpolecc;



3) MonenMpoBaHUe MOBEAECHUS Mpoliecca MpU pa3IuuHbIX 3HaYe-

HUSIX HE3aBUCUMBIX ((paKTOPHBIX) IEPEMEHHBIX;

4) BEIpabOTKA YIIPaBICHYSCKIX PEIICHUIA.

BxitoueHre B 3KOHOMETPUYECKYIO MOJIE/Ib TOW WIM WHOM Tiepe-
MEHHOM JOJIKHO OBITh TEOPETUYECKM 000CHOBaHO. Yuciio repeMeH-
HbBIX HE JIOJKHO OBITh CIMIIKOM 00JbIIUM. PaKTOpHbIE MepeEMEHHbIE
He JTOJDKHBI ObITh CBSI3aHbl (DYHKIIMOHAIBHOM UM TECHOM KOppesis-
LIMOHHOM CBA3bIO, TIPMCYTCTBHE B MOJIEIU YCJIOBUSI MYJBTUKOJUIA-
HEapHOCTU MOXET TMPUBECTH K HETaTUBHBIM ITOCIEACTBHSM BCETO
npouecca MOAEIMPOBAHUSI.

2. Anpuopnbiii. Ha 3ToM 3Tarne npoBoasiTCs TeOpeTUYECKUIA aHATNU3
CYUIHOCTM U3y4aeMoro Mnpoliecca, a Takxke ¢hopMupoBaHue U hopma-
JIM3alMsl U3BECTHOM 10 MOJAeIUpoBaHus (allpUOpHOIi) MH(MOPMAaLIUH.

3. ITapamerpuzamusi. OcylecTBIsIeTCS BEIOOP OOIIero Buaa MoIe-
JIV ¥ BBISIBJICHUE COCTaBa M (hOpPMBI BXOIAIINX B Hee CBA3EH, T. €. MPo-
WCXOIUT HETIOCPEICTBEHHO MOJIEJIMPOBAHUE.

OcHOBHas 3aja4ya 3Tarna MOJCJIMPOBAHUS 3aKJII04YaeTCsl B BbIOOpE
Haubosiee ONTUMATBHOTO BUAa GYHKIIUM 3aBUCUMOCTU PE3YJIbTaTHUB-
HOIi IepeMeHHOI OT (PaKTOPHBIX MpU3HAKOB. Eciu BO3HUKAeT BO3-
MOXHOCTB BEIOOpa MEXIy HEJTMHEMHOMN 1 IMHEHHOI (DOpMOIi 3aBUCH -
MOCTH, TO TIPEIIIOYTEHUE BCETAa OTHAaeTCs JMHEWHOM (opMe Kak
HauOoJiee MPOCTOil U HaNEeXKHOMA.

ITomuMo 3TOrO, Ha 3TAarie MOJAEIMPOBAHMS pelllaeTcs 3a1ava Crely-
(bukauuu Mozaenu myTem:

1) annmpokcuMany MaTreMaTu4eckoi (popMoii BISIBIEHHBIX CBSI-

3eil 1 COOTHOIIEHUI MEXIy TTepeEMEHHbIMU;

2) omnpeneyeHNs 3aBUCUMBbIX U HE3aBUCUMBIX TIEPEMEHHBIX;

3) hbopMyIMPOBKU UCXOTHBIX MPEATNIOCHUIOK U OTPaHUYEHU MO-

JIeJU.

Ycnex 5KoHOMETPUYECKOro MOIEIMPOBAHUS BO MHOTOM 3aBUCUT
OT MPaBUJILHOTO PENIeHUsT MPoOIeMbl crielnubrKalui MOAEIH.

4. Nudopmanuonnsiii. [Tporcxoaut c60p HEOOXOIUMON CTATUCTU-
YyecKoit 6a3bl JaHHBIX, T. €. SMIUPUUYECKUX (HAOII0AaeMbIX) 3HAUEHU I
9KOHOMUYECKHUX MEePEMEHHbIX, aHAIU3 KauecTBa COOpaHHOI MHGbOP-
Maluu.

5. Unentudukanua moneou. Ha naHHOM 3Tare ocyliecTBASIIOTCS
CTAaTUCTUYECKMIT aHAJIU3 MOJIEJIM U OIIEHKA ee TTapaMeTpOB.

6. Onenka KayecTBa Moaesu. [IpoOBepSIIOTCS TOCTOBEPHOCTD U ajie-
KBaTHOCTb MOJIEJIN, T. €. OTIPEIeIIIeTCsI, HACKOJIBKO YCIIEIITHO PeIlIeHbI
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3a1auM crietnbruKaluy 1 UIeHTU(GUKaIMK MOJIesd, KaKoBa TOYHOCTh
pacyeToB, MOJTYYEHHBIX Ha ee OCHOBe. [locTpoeHHast MOae/b TOKHA
OBITH aZeKBaTHA peabHOMY 3KOHOMWYecKOMY Tportieccy. Ecnu ka-
YECTBO MOJIEJI 0Ka3aJI0Ch HEYIOBIETBOPUTEIBHBIM, TO BHOBb BO3Bpa-
IIAIOTCST KO BTOPOMY 3TaIy MOAEIUPOBAHUSI.

7. VinTepnpeTanus pe3yibTaToB MojeaupoBanusa. Cpeau Haubosee
M3BECTHBIX 9KOHOMETPUYECKHUX MOJIEIEl MOXKHO BBIZCINTD:

1) Momenu mMOTPeOUTEILCKOIO 1 COeperaTeIbHOro NoTpedIeHNs;

2) MoJeNTd B3aMMOCBSI3U PUCKA U TOXOJHOCTH LIEHHBIX OyMmar;

3) Monenu NpeisIoXKeHUs Tpya;

4) MaKpO3KOHOMMYECKHUE MOJEIH (MOJETb POCTA);

5) Monmenu UHBECTULINIA,

6) MapKeTHHIOBbIC MOJIEIIH;

7) MoJeny BaTIOTHBIX KYPCOB 1 BATIOTHBIX KPU3WCOB U Ip.

3. Kaaccupuxauusa eudos
IKOHOMEMPUHECKUX NePEMEHHbIX U MUN0G OAHHBIX

B skoHOMeTpUYeCKUX UCCIeI0BaHUSX, KaK MPaBUIO, UCTOJIb3YIO-
TCs JIBA THNA BHIOOPOYHBIX JAHHBIX:

1) mpocTpaHCTBeHHBIE JaHHEIE (cross-sectional data);

2) BpeMeHHbIe TaHHbIe (time-series data).

Ilon mMpocTpaHCTBEHHBIMU JAHHBIMU TTOHUMAETCSI COBOKYITHOCTD
9KOHOMUYECKON MH(MOpPMalLIMK, OTHOCSILEUCS K pa3HbIM OOBEKTAM,
MOJYYEeHHOM 32 OAMH U TOT X€ NMEPUO UM MOMEHT BpemeHU. [1po-
CTPAaHCTBEHHbIE NAHHbIE TMPEACTABISIOT CO00 BHIOOPOUHYIO COBO-
KyIMTHOCTb U3 HEKOTOPOM TreHepajibHOW COBOKYMHOCTU. B KauecTe
npuMepa MPOCTPAHCTBEHHBIX NAHHBIX MOXHO TIPUBECTU COBOKYII-
HOCTb Pa3IMYHON MH(POPMALIUU IO KAKOMY-JIMOO MPEANPUATUIO (UK~
CJIEHHOCTb PabOTHUKOB, 00BbEM MPOM3BOACTBA, pa3Mep OCHOBHBIX
(GOHIOB), 00 00beMax ITOTPeOICHUS POMYKIIAN OIPEISICHHOTO BUIA 1 T.
I

Ilon BpeMEeHHBIMU AAHHBIMU TTOHUMAETCSI COBOKYITHOCTh 3KOHO-
MUYECKO MHMOpMaIIMK, XapaKTepU3yIolleil OMUH U TOT Xe OObEeKT,
HO 3a pa3Hble Nepruoabl BpeMeHu. [1o aHanoruu ¢ mpocTpaHCTBEHHOM
BBIOOPKOI OTAEILHO B3SIThIA BPEMEHHOM PsIi MOXKHO CUMTaTh BHIOOP-
KO 13 0eCKOHEYHOTO psiaa 3HAYCHUI IToKa3aTesIeli BO BpEMEHHU.

B kauecTBe npumepa BpeMEHHBIX JaHHBIX MOXHO MPUBECTU JaH-
Hble O TMHAMUKE WHIEKCA MOTPEOUTENbCKUX LIEH, eXeTHEeBHbIE 00-
MEHHbIE KypChl BaIIOT. BpeMeHHass nHMopMalus eCTeCTBEHHBIM 00-
pa3oM yrnopsiiodyeHa BO BPEMEHU B OTJIMYME OT MPOCTPAHCTBEHHBIX
JTAHHBIX.



CymecTByIOT onpejejieHHble OTIHYASI BPEMEHHOTO Psa OT MPOCT-
PAHCTBEHHO# BHIOOPKH:

1) aneMeHTbl TMHAMUYECKOTO Psila He SIBJISIIOTCS CTaTUCTUYECKU

HE3aBUCHMMBIMHU, B OTJINYKE OT BJIEMEHTOB CJIy4yallHOM MpPOCTpaH-

CTBEHHOW BBIOOPKH, T. €. OHM TIOJBEPKEHBI SIBJIEHUIO aBTOKOppPEe-

JIAIUY (3aBUCUMOCTU MEXXIy TTPOLUTBIMUA Y TEKYIIUMU HabJTIoe-

HHUSIMA BPEMEHHOTO DPsifia);

2) BJeMEeHThl AMHAMUYECKOTO psijia He SIBJISIIOTCS OJMHAKOBO pac-

npenejeHHbBIMU BeJIMYMHAMU.

COBOKYITHOCTb 3KOHOMMYECKOI MH(pOpMallu1, KOTOpasi XapaKTe-

pu3yeT U3ydaeMblii Tpoliece WK 00BEKT, MPEACTaBIIsIET COO0M Ha-

6op Tpu3HaKoB. JlaHHBIE TPU3HAKM CBSI3aHBI MEXIy COOON

1 B 9KOHOMETPUYECKOI MOIIeJIM MOTYT BBICTYNaTb B OJHOW U3

JIBYX POJIEH;

3) B poJid pe3yIbTaTUBHOIO WJIU 3aBUCHMOTO MPpU3HAKa, KOTOPBIi

B 9KOHOMETPUUECKOM MOJIETUPOBAHUM HA3bIBAETCS OOBSICHSIEMOI

NEPEMEHHOM;

4) B ponu (haKTOPHOTO MJIM HE3aBUCHMOTO TIPM3HAaKa, KOTOPBIN

Ha3bIBaeTCS OOBSICHSIOIIEH ITepeMEHHOM.

DKOHOMHYECKHE NepeMeHHbIe, YYACTBYIOIINE B 000 IKOHOMETpPH-
4ecKoii MOJIeH, IeIATCS Ha YeThipe BUA:

1) aK30reHHbIe (He3aBUCUMBbIE) — MEPEMEHHbIE, 3HAaUYEeHUSI KOTO-

pBIX 3amaloTcsl U3BHe. B ompeneseHHON CTeNeHW JaHHBIE Tepe-

MEHHBIE SBIISIIOTCS YIIPABIIEMBIMHU (X);

2) BHIOTeHHbIE (3aBUCHMbIe) — MepeMeHHbIe, 3HAYEHUST KOTOPBIX

OIPENE/ISIOTCSI BHYTPU MOJIEIN, WM B3aUMO3aBUCUMBbIE ());

3) naroBble — 3K30T€HHbIE WIM SHAOTEHHbIE TIEPEeMEHHbIE B 9KO-

HOMETPUUYECKOM MOJEU, OTHOCSIIMECS K MPEAbIIYyIINM MOMEH-

TaM BpEMEHU W HaXOIAIINecs B ypaBHEHUU C TTEPEMEHHBIMU, OT-

HOCSALIMMUCA K TeKyIlleMy MOMeHTy BpeMeHu. Hampumep, x; _ | —

JIaroBasi 9K30T€HHasl MEPEMEHHast, y; _ | — JlaroBas SHIOTeHHas

repeMeHHast;

4) npenonpeneeHHbIE (OOBSICHSIIOIIE EPEMEHHBIE) — JIArOBbIE (X, _ |)

Y TeKyILMe (X) 9K30TeHHbBIE TIepeMEHHbBIE, & TAKXKE JIATOBbIE SHAOTeH-

HbIE IEPEMEHHBIE (Y, _ ).

Jlio6ast sKoHOMeTpuYecKast MOJeNb MpeTHa3HaYeHa TSI OObsICHE-
HUs 3HaYEHUI OTHOM WJIM HECKOJIbKMX TEKYIIMX SHIOTeHHBIX Tepe-
MEHHBIX B 3aBUCUMOCTH OT 3HAYCHU MpeaonpeIeIeHHbIX TEPEMEHHBIX.



JIEKITUS Ne 2. O6mas u HopMaJIbHAs JIMHEHHAS
MOJeJIM APHOM perpeccun

1. Obwasa moodeav napuoii peepeccuu

ITocne Toro kak B xole dKCIMEPUMEHTOB ObUIO JOKA3aHO HAJIUYUE
B3aMMOCBSI3M MEXIy M3y4aeMbIMM TEePEeMEHHBIMU, BCTAaeT 3agaya
orpesiesieHUs] TOYHOTO BUJA BBISIBIEHHOW 3aBUCUMOCTH C TTOMOLIBIO
PErpecCUOHHOTO aHan3a.

PerpeccroHHbIii aHAMM3 3aKJTIOYAETCSI B ONMPESICHUM aHAJIUTHYe-
CKOTO BBIpaxKeHMSI CBSI3U (B orpeneieHMn (GyHKIIMU), B KOTOPOM U3-
MEHEHUE OHOM BeTMUUHBI (Pe3yIbTaTUBHOTO MTPU3HaKa) 00yCIOBe-
HO BJIMSHMEM HE3aBUCHMMOM BeJIMYMHBI ((paKTOpHOro mpr3HaKa).
KonunyecTBEeHHO OLIEHUTDh TAaHHYI0 B3aUMOCBSI3b MOXHO C MOMOIIIbIO
TMOCTPOEHUS YPaBHEHUS Perpeccui Ui perpecCUOHHON (PYHKIIMU.

basncHoIl perpecCMOHHOM MOMENbIO SBJISETCS MOIE]bh MHapHOU
(omHO(pakTOpHOIT) perpeccun. JlaHHast perpeccroHHast (PYHKIIMST Ha-
3bIBAETCSI TIOJITMHOMOM TIEPBOM CTETIEHW W UCIIONb3YeTCs JJIsl OTuca-
HUs PaBHOMEPHO pa3BMBAIOIIMXCSI BO BpeMEHU IpolieccoB. OO0mmii
BU/JI MTAPHOTO YpPaBHEHUSI PETPECCUU 3aBUCUMOCTH ) OT X :

V=0t X e, M

[Je y; — 3aBUCHUMBIE NIEPEMEHHBIE, [ = 1.7
X, — HE3aBUCUMBIE IIEPEMEHHBIE;
/By, B, — MapaMeTpbl ypaBHEHUs PErPECCUMU, MOIEXALINE OLIEHH-
BaHUIO;
&, — CJIyJaiiHasl OIMOKa MOIENH PETPECCUH, MOSIBIEHUE KOTOPOM
MOXeT ObITh OOYCJIOBJICHO CJIEXYIONIMMH 00beKTUBHBIMHI MPEIIOChI-
JIKAMM:
1) Hepenpe3eHTaTUBHOCThIO BIOOPKK. B Mozenb mapHoii perpec-
CUM BKJIIOYAETCs1 OAHU (DaKTOP, HECTTOCOOHDII MTOJIHOCThIO OObSIC-
HUTh BapHaluio pe3yIbTaTUBHOTO MPHU3HAKa, KOTOPBIA MOXKET
OBITh MOABEPKEH BIMSTHAIO MHOXECTBA IPYTUX (haKTOPOB B TOpa3-
IIo OOJIbIIIEN CTETIEHMU;
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2) BEpOSITHOCTBIO TOTO, YTO NIEPEMEHHbBIE, YUYaCTBYIOLIE B MOJie-

JIM, MOTYT OBITh U3MEPEHBI C OIIIMOKOI.

AHanutnuyeckas (popMa 3aBUCMMOCTH MEXIYy M3y4aeMoU Iapoi
MIpPU3HAKOB (perpeccruoHHasi (byHKIMsI) OIpenesisieTCs ¢ MOMOUIbIO
cJieIyIoIX METOI0B:

1) Ha ocHOBe BM3YyaJIbHOI OLIEHKM XapakKrepa CBsi3u. Ha nuHeit-

HOM rpaduKe 1o 0cH a0CIMCC OTKIIAABIBAIOTCS 3HAUeHUSI (haKTOp-

HOTO (HEe3aBMCHUMOTO) MPU3HAKA X, MO0 OCU OPAMHAT — 3HAYEHUS

pe3yJbTaTUBHOTO TNMpU3HakKa y. Ha mepeceyeHun COOTBETCTBYIO-

IIMX 3HAYeHUI OTMevaloTcsl TOUkU. [ToydeHHbI TOYeUHbIl rpa-

(buk B ykazaHHOI cucTeMe KOOPIMHAT Ha3blBae€TCSI KOPPESIIMOH-

HbeIM TiosieM. [Ipu coenqvHEeHUM TOJTYYEHHBIX TOYEK IOJyvyaeTcs

3MNMPUYECKAs JMHUSA, 110 BUAY KOTOPOI MOXHO CYAUTb HE TOJIbKO

0 HAJIMYMUU, HO U O (popMe 3aBUCUMOCTH MEXIYy U3ydaeMbIMU T1e-

PEMEHHBIMH;

2) Ha OCHOBE TEOPETUYECKOTO U JIOTMYECKOTO aHaIM3a MPUPOJIbI

U3y4aeMbIX SIBJICHUI, UX COLMATIbHO-3KOHOMUYECKOI CYLIIHOCTH.

[MapameTp £, ypaBHeHuUs NapHOIi perpeccuu HasbBaeTca Koabdu-
1MeHToM perpeccuu. Ero BemumHa mokasbIBaeT, Ha CKOJIbKO B Cpel-
HEM U3MEHUTCS pe3yJIbTaTUBHBIN MPU3HAK y TpU U3MEHEHUU (pak-
TOPHOTO MPU3HAKa X Ha eMMHUILY CBOETO U3MepeHUsI. 3HaK MapameTpa
/3, B ypaBHEHUY MapHOi PErpeccun yKasbiBAeT HA HATIPaBJIeHUE CB-
su. Ecin, 4, > 0, To cBA3b MEXJy M3y4aeMBbIMU IIOKA3aTeIAMU Ips-
Masi, T. €. ¢ yBeJudeHHeM (hbaKTOPHOTO MpU3HAKa X YBEJIMUUBAETCS
U pe3yNbTaTUBHBIA MPU3HAK, U Hao6opoT. Eciu £, < 0, To cBA3b MEX-
Iy U3ydyaeMbIMU MoKa3aTeJs MM oOpaTHas, T. €. C yBeJIMueHueM ¢ak-
TOpa X pe3yJibTaT yMEHbILIAeTCsI, 1 HA00OPOT.

3HayeHue MapaMeTpa 4, B ypaBHEHMM MapHOW PErpeccum Tpak-
TyeTcs KaK CpefHee 3HayeHWe pe3yJIbTaTMBHOIO MpU3HaKa y Tpu
YCJIOBUM, UTO (haKTOPHBIN MPU3HAK X paBeH HyJ0. Takas TpakTOBKa
napameTpa /£, BO3MOXHa TOJILKO B TOM CIly4ae, CIIA 3HadeHue x = 0
MMEET CMBICII.

2. Hopmaavhas auneiinas mooeab napHoii pezpeccuu

HopmasnbHast, win kiaccuyeckasi, TMHeHas MoJesib TapHoii pe-
rpeccui (perpeccuu ¢ OMHOM MepeMEHHOM) CTPOUTCST UCXOMS U3 Clie-
JIYIOUIMX TPeInoJI0KeHHIii:

1) dakTOpHBII MPU3HAK X; ABIAETCA HECTYJaHHON WK JETepMU-
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HUPOBAHHOM BEJIMYMHOM, HE 3aBUCAILECH OT pacnpenacaeHus Cly-
YaiHOM OIIMOKN ypaBHEHUST PETPECCUU € s

2) MaTeMaTUYeCKOe OXUIAHUE CIIyJyaliHOW OINMOKM YpaBHEHUS
perpeccuu paBHO HYJIIO BO BCeX HaOMIOJEHUSIX:

E(e,)=0,

roe i=1nm;
3) nucnepcus cay4aiiHOI OIIMOKY YpaBHEHUS PerpecCuu sIBJIsIeT-
Cs1 TIOCTOSTHHOM 17151 BCeX HAOJIIOIeHUIA:

D(e,)=E(e')=G’ = const;

4) cinyvaiiHble OIIMOKM ypaBHEHMS perpeccuy He KOpPEIUpPOBaHbI
MexXy co0oii, T. €. KoBapHualMsl CIydaliHbIX OIIMOOK JTIOOBIX IBYX
pa3HbIX HAOJIIOAEHUI paBHA HYJIIO:

Cov(e;,e,)=E(¢ge,)=0,

rae i #j.

DTO TpeAnoyiokeHWe BEPHO B TOM Cllyyae, eClu M3yvyaembie
MAaHHbBIE HE SBJISIIOTCS] BPEMEHHBIMU PSIAAMMU;
5) ocHOBBIBAsICh Ha 3 1 4-M MPEINOJIOXEHUIX, 100aBIISIETCs YCIIO-
BHE O TOM, UTO CJIyJaliHasl OIIMOKa YpaBHEHUSI peTPECCHUU SIBIISIET-
Csl CJIyYaiHOW BEJIMYMHOM, TIONYMHSIOIIENCS HOPMAaJIbHOMY 3aKO-
HY pacrnpefeieHus] C HyJeBbIM MaTeMaTUYEeCKUM OXHUIaHUEM
W JUCIIEpCUE

G* /e ~ N(0,G).

Hcxons u3 ykazaHHBIX TTPEANOCHIIOK HOPMAJIbHYIO JIMHEAHYI0 MO-
JieJib MAPHO# Perpeccuy MOXKHO 3aNMUCaTh B CJIEIYIOIIEM BUe:

V=0t X e, (M

[Ie y; — 3HAYEHUsI 3aBUCUMOIA IEPEMEHHOM, = 1.7
X, — 3HAYEHUS HE3aBUCUMON MePEMEHHOI1;
By B, — x03POULMEHTH YpaBHEHHS PErPECCUM, TTOMIEXAIHE
OIICHKE;
£; — CllyyaifHas OIIMOKA YPaBHEHUS PErPECCUM.
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MatpuuHas (hopmMa HOpMAJIbHOM JTMHEHHOH MOIEIH MAPHOI perpecCuu:

rae

Y=4X+e, (2)
Y
Y= y 2 — BEKTOp 3HAYEHUM 3aBUCUMONM IEPEMEHHON
: pasMep HoOCTH 71 X 1;
Yu
Iox — BEKTOD 3HAYEHUI HE3aBUCUMOW NTEPEMEHHOM
Y= I x,| pasmeproctn n x 2. [epBblit cTONGEL] SBISIETCS
€IMHUYHBIM, TaK KaK B YpaBHEHUN PErpeccuu na-
1 x,| pamerp /, YMHOXaeTcs Ha 1;
4, — BEKTOp K03(p(PUIIMEeHTOB ypaBHEHUSI perpec-
p= 8 cuu pa3MepHocTH 2 X 1;
1
é‘l
&, .
e=| — BEKTOP CJIyJyaliHbIX OIIIMOOK YpaBHEHUS perpec-
cuu pasMepHocTu # X 1.
£

Hpe,ZlHOJIO)KEHI/lﬂ 0 MOJeJId, 3aMMCAHHbIC B MATPUYHOM BHJIE:

1) dbakTOpHBIii MPU3HAK X SIBJISIETCSI HECTYYaHOMN WIM JeTepMU-
HUPOBAHHON BEJIMYMHON, HE 3aBUCSIIEH OT pacripeie/ieHus CiIy-
YaliHO OIIMOKY YypaBHEHUS PETPECCUMU &;

2) MaTeMaTUYeCcKoe OXMIAaHUE CIIydyaiiHOM OIMOKM ypaBHEHUS
perpeccuu paBHO HYJIIO BO BCeX HAOMIOJEHUSIX:

0
0
E(e)=|. |=0;

0

3) mpennosoXeHuss 0 TOM, YTO OUCTEPCUsT CIyYallHOU OIIMOKU
YPaBHEHUSI PErpeccuu SIBJISIETCSl TOCTOSIHHOM 1Sl BceX Habmoze-
HUI ¥ KOBapralys CIy4aiHbIX OIIMOOK JIIOOBIX IBYX pa3HbIX Ha0-
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JIIONEHUI paBHA HYJII0, MOXHO 3aIMCaTh C IOMOLLUBIO KOBapUaLu-
OHHOM MaTPUIIbI CIYYaHBIX OIIIMOOK HOPMaJIbHOMN TUHEMHON MO-
JIEJTA TApHOU peTpeccuu:

GG 0 - 0
0 G* - 0

2€= 3)
0 0 - G?

JlaHHY0 KOBAPHAIIMOHHYI0 MATPHILY MOXKHO NPE0OPa30BaTh CJieayI0-
MM 00pa3om:

1 0 -« 0
JO 1 0 )
z =G =G’In,
0 0 - 1

rae G? — aucnepcus cilydyaiiHoil olMOKY ypaBHEHUS PETPECCHMH &,
I, — emvHUYHas MaTpUlla Pa3MEPHOCTH 1 X A.

KoBapuanus — 3T0 mokasartesib TECHOTBI CBSI3U MEX/1Y U3ydyaeMbl-

MU MepeMeHHbIMU, KOTOpasi BBIYUCIISIETCS IO (popMyJie:

Cov(x,y)=x7y—)?)7,

rae Xy — cpeaHee apu(MeTUYecKoe 3HAYeHHME IMPOU3BEICHUS
(hakTOPHOTO U Pe3yIBTATUBHOIO IIPU3HAKOB:

o ix[yi

xy = i=1
n

Ha nuaronanm KoBapMallMOHHOW MaTPUILIbI CIy4alHBIX OLIMOOK

HOPMaJIbHOM JIMHEMHOI MOJIeJIM MAapHOIM perpeccrum pacrioiaraeT-

Csl TUCTIepCUs CIyJalHBIX OIIMOOK, TaK KaK KoBapualus Iepe-

MEHHOM ¢ caMoil co0O0ii paBHA OUCIIEPCUU ITepeMeHHOM. Takmm

obpazoMm:
Cov(e,e) =G*(¢);

4) ciayvaitHast olIMOKa ypaBHEHMSI PETPECCUM UMEET HOPMAaJIbHBII
3aKOH pacrpeesieHHsI:

£~ N(0,G*1n).



JIEKIIMA Neo 3. Metoapl OnieHUBAHHS
¥ HAXO0XK/IEHUS IAPaAMETPOB YPABHEHHSI PErpecCum.
Knaccuueckuii MeTon Hanvenbimx kBaapatos (MHK)

Ha mepBoM 3Tarie mpoBeneHUSI perpecCMOHHOTO aHaiM3a Oblia
BbIOpaHa (pyHKIMA f{X), OTpaxarolasi 3aBUCUMOCTb pe3Yy/IbTaTUBHOIO
npu3HaKa y oT (pakTopHOro npusHaka x. Heo6xoaumo olieHUTh Hen3-
BECTHBIEC MTapaMeTpbl MoJieu. B KauecTBe METOIOB OIIEHKU HEU3BECT-
HBIX TAPAMETPOB YPABHEHUS perpeccuu 5, ..., 5, MOTYT BLICTYNATD:

1) cyMMma KBaapaToB OTKJIOHEHUI HaOJI0daeMbIX 3HAYEHUU pe-

3yJbTATUBHOTO TIPM3HAKa y OT TEOPETUUECKUX 3HAUCHUI J, pac-

CYMTAHHBIX HA OCHOBAaHUU PErPECCUOHHON (PyHKIIMU, f(X):

F= i(y,-—ﬂx,-,ﬁ»z i F=i<y,-—ﬁ,->2.

OTOT MeTO/ OLIEHWBAHUS HEU3BECTHBIX TMapaMeTpOB YpaBHEHUS
perpeccuy Ha3bpIBaeTCsS MeTOIOM HauMmeHbmx KpaapatoB (MHK).
Tepmuun MHK 6bu1 BriepBbie KCIIOIb30BaH B pabote A. M. Jlexcan-
dpa B 1805 r. MOXHO BBIIETUTH CAEAYIONIME TOCTOMHCTBA METO/IA:

a) pacueThl CBOISITCS K MeXaHWYEeCKOM Mpolleaype HaxoxkIe-

HUS KO3(PPUIIIEHTOB;

0) JOCTYITHOCTb MOJYYEHHBIX MAaTEMATUUECKUX BHIBOAOB.
OcHoBHbIM HenocTtaTKoM MHK siBjisieTcst 4yBCTBUTEIBHOCTD OlLIe-
HOK K Pe3KHMM BBIOpOCaM, KOTOPbIE BCTPEUYAIOTCS B UCXOAHBIX JaH-
HBIX.

2) cyMMa MojyJieil OTKJIOHEHU HaOI10aeMbIX 3HAYEHUI pe3y/ib-
TATUBHOTO MpU3HAKa y OT TEOPETUYECKUX 3HAUEHU P (paccuu-
TaHHBIX HA OCHOBAaHWM PErpecCUOHHOM yHKIIMHU ) AX):

i=1

OCHOBHBIM JJOCTOMHCTBOM METO/IA SIBJISIETCSI HEUYBCTBUTEIBHOCTh
OLIEHOK K pe3KuM BeiOpocaM (B ommmure oT MHK). Cpenun nemo-
CTATKOB MOKHO BbIJIEJIUTD CJIEIYIONIHE:
a) CJIOXHOCTH B XOJI€ BHIUMCIIMTEIbLHOM MPOLIEIypHI;
0) 3a4acTyi0 OOJIBIIMM OTKJIOHEHMSIM B MCXOAHBIX TaHHBIX
clenyeT TpumaBaTh OOJBIINI BeC IS YPaBHOBEIIMBAHUS HUX
B 00llIe} cymMMe HaOIIOACHMIA;

yi_f(xiﬂlb))‘ nm F=Zyi_j;i'
i=1
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B) HEOJMHAKOBBIM 3HAUEHUSAM OLIEHUBAEMBIX TAPAMETPOB A, ..., [,
MOTYT COOTBETCTBOBATh OAMHAKOBBIE CYMMbI MOIYJIE OTKJIO-
HEHMUIA;

F=2380,~f(x.f) wmn F =3 g(y,~7),

TIe g — Mepa WM Bec, C KOTopoil oTkiIoHeHue (y; — fix,0))
BxoauT B dyHkuunoHan F. [Ipumepom Mepsl g aBsiercss PyHK-
must Xyoepa, KoTopast Ipd MaJbiX 3HAYEHUSIX IMepeMEHHOM
X SIBJISIETCS] KBAAPATUYHOM, a MPY OOJIBIINX 3HAYSHUSIX X — JIM-
HEWHOW:

X, |x|<e

gx)=12ex—c*, x=c
—2ex—c* x<—c,

rie ¢ — orpaHUYeHUs QYHKIIAH.

TpeTuii MeTO OLICHKM HEU3BECTHBIX MTapaMETPOB YpPaBHEHUS pe-
rpeccuu f, ..., f, — 00beMHMUE JOCTOMHCTBA MIPENBIIYLINX JBYX Me-
ToH0B. OlleHKN HEW3BECTHBIX MapaMeTPOB, HaliicHHBIE C €ro IMOMO-
LLIBIO, SIBJISIIOTCS MEHEe YYBCTBUTEIbHBIMU K CIydaiiHBIM BbIOpOcaM
B MICXOIHBIX TaHHBIX, YeM olleHKH, nonydeHHble MHK. DToT MeTon
MPUMEHSIOT, KOTAa BEIOOPKA CUJIBHO «3aCOPEHa».

Just HaxXxOoXIeHUS ONTUMAIbLHBIX 3HAYEHWI HEM3BECTHHIX IIa-
pameTpos £, ..., f, Heo0X0IMMO MHHUMH3UPOBATH (yHKIMOHAN F 1o
JAHHBIM MapaMeTPaMm:

n
_ 2o
) F= E(y,- —f(x,f))" >min  _ nporecc MUHUMHU3AIUM
=l ¢dyukumonana F  cocTouT
B OTBICKAHUU TaKKX 11apaMeTpoB A, ..., S, TIPU KOTOPbIX CyMMa

KBaJIpaTOB OTKJIOHEHU I HAOJTI0aeMbIX 3HAUCHU I pe3yJIbTAaTUBHO-
ro TIpU3HaKa ) OT TEOPETUUECKUX 3HAUCHUIT Y Obli1a ObI MUHMMAJTLHOI;

n

2) F= E‘y’_ ~ f(x;, )| = min — TIpolecc MUHMMH3ALUK
i=1 ¢yHkuuoHana F  cocToutr
B OTBICKAHUM TaKMX 11apaMeTpoB B, ..., B,, TIPU KOTOPbIX CyMMa

MojyJiell OTKJIOHEHUI Ha0MI0JaeMbIX 3HAYEHU I Pe3yIbTaTUBHOTO
MpU3HAKA Y OT TEOPETUUECKUX 3HAYEHUI VY Obl1a Obl MUHUMAJTLHOI;

3) F= Eg(yi —f(x,4))>min  — npouecc MUHUMHU3ALMK
i=1 dyHkumnonanra F cocrout
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B OTLICKAHUM TaKUX MAapaMeTpoB f, ..., f,, TIPU KOTOPBIX CyMMa

OTKJIOHEHWI HAOIIONaeMbIX 3HAYEHUIT Pe3yJIbTATUBHOTO IIPU3HA-

Ka y OT TEOPETUYECKUX 3HAYEHUNA J C YYETOM 3aJaHHBIX BECOB

g Obl1a ObI MUHUMAJILHOM.

Haunboiiee pacnpocTpaHEHHBIM METOAOM OLIEHUBAaHMS ITapaMeT-
POB YpaBHEHUS PErPECCUU SIBJISIETCS METOJ HAUMEHBILKMX KBaIpaTOB.

1. Kaaccuueckuii memoo naumeHbuiux K6aopamoe
045 Moodeau napHou pezpeccuu

PaccmoTpum mipuMeHeHMe MeToJa HaMMEHBIIMX KBaApaToB ISt
HAXOXIEHUSI HEMW3BECTHBIX TapaMeTpPOB ypPaBHEHMSI pPErpeccuu Ha
npuMepe MOJEIN JIMHEUHON MapHOW perpeccuu.

[TycTh mopoOpaHa smnupuyecKkasi JMHUS, IO BULY KOTOPOW MOXHO
CYIUTh O TOM, YTO CBSI3b MEXy HE3aBMCUMOM MEPEMEHHOMN U 3aBUCH-
MO TIepeMEHHOU JINHEHHA U OMUCHIBAETCS PABEHCTBOM:

Y, =0+ 06X, (1)

Heo6xonuMo HaiiTh TaKue 3HaYeHUs napaMeTpoB J, 1 /;’] , KOTO-
pble OBl TOCTABJISIA MUHUMYM (PyHKLMU (1), T. €. MUHUMU3UPOBAIU
OBl CyMMY KBaJIpaTOB OTKJIOHEHUI HAOJIIOMaeMbIX 3HAYCHUI pe3yJib-
TATUBHOTO IPU3HAKA y OT TEOPETUYECKMX 3HAYEHMIA J (3HAYEHUIA,
paccUMTaHHBIX HA OCHOBAaHWUM YPaBHEHUS PETPECCUMN):

F=_§n:(yi_f’,-)2=§n:(yi—,30—,5’1xi)—>min. )

[Mpy munumuszanuu ¢yHKUUU (1) HEM3BECTHBIMM SIBJISIOTCS 3HAYe-
HUA KO3(DPUIMEHTOB perpeccuu £, u 4. 3Ha4eHns 3aBUCUMOI U He-
3aBUCUMON MepeMEeHHbBIX U3BECTHBI U3 HAOIIOACHWIA.

st Toro 4ToObl HAMTU MUHUMYM (DYHKIMU NBYX MEPEMEHHbIX,
HY>XHO BBIYMCJIUTH YaCTHBIE TTPOU3BOIHBIE 3TON (DYHKIIMHU IO KaXKI0-
MY U3 OLICHUBAEMbIX MTAPAMETPOB 1 TIPUPABHSITH UX K HyJI0. B pe3yib-
TaTe NMOJYYaeM CTAIMOHAPHYIO CHCTeMY ypaBHeHuii 1 dyHkuuu (2):

aF C -~

g =2 AmB)=0

oF - -
%=—2;<y[—ﬂo—ﬂl>><x[=0-
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Ecnu pazaenuts 06e yacTu Kaxka10ro ypaBHEHHUS CUCTeMBbI Ha (—2),

PACKpPbITh CKOOKH Y ITPUBECTH MTOA0OHBIE YWIECHBI, TO MOJYYAM CUCTEMY:

A3+ =Y xy,
i=1 i=1 i=1
,g,ix,, +130 Xn=iyi.

BTO crcTeMa HOPMAJIbHBIX YPaBHEHUN OTHOCUTENbHO KO3bdu-
LUMEHTOB 4, U £ 115 3aBUCUMOCTU }, = B, + f,X,.

PellieHreM crCTeMbl HOPMATbHBIX YPABHEHUM SIBJISIIOTCS OLIEHKH
HEM3BECTHBIX NTAPAMETPOB YPABHEHUS PErpeccuu S, u f,:

n n n
S-Sy
i=1 i=1

5= ST G =3y _ Cov(x,y)
1 n n 2 _72_72 - Gz(x) ’
x’ =X
nzxf— Ex[
i=1 i=1
Py=y =P XX,

rae _)7 — Cp€aHEE 3HAUYCHME 3aBUCMOTO IIPU3HAKa,

X — CpE€AHEC 3HAYCHUE HE3aBUCMMOTI'O ITPHU3HAKa,

Xy — cpemHee apubMeTHYecKoe 3HaYeHHE ITPOM3BEICHUS 3a-

BUCHMOTO M HE3aBMCUMOTO TTPU3HAKOB;

G*(x) — AMcrepcust HE3aBUCUMOTO MPU3HAKA,

Cov(x,y) — KoBapualMsl MEXIY 3aBUCUMbIM U HE3aBUCHMBIM

MpU3HAKaMU.

Paccmorpum npumenenne MHK Ha KoHKpeTHOM rpumepe.

WMmerotcst maHHBIE 0 LIeHe Ha He(Th X (I0JUIapoB 3a bappeib) U UH-
JIeKce akLMii He(TIHOM KOMITAaHUU Y (B MPOLIEHTHLIX MMyHKTax). Tpe-
OyeTcst HATU SMIUPUYECKYI0 HOPMYJTY, OTPAKAIOLIYIO CBSI3b MEXIY
1IeHO# Ha He(Th U MHIEKCOM aKIWii HEDTSIHOWM KOMITAHUM UCXOJIS U3
TIPEATIONOXEHNSI, YTO CBA3b MEXIY YKa3aHHBIMU IePEMEHHBIMU JIN-
HeilHA W omMchiBaeTcs GyHKUUER Buma y, = f, + F,X,. 3aBUCUMOI1
nepeMeHHOoM () B JaHHOW PErpecCUOHHON MoIeau OyNeT SIBISIThCS
WHAEKC aKIMii He(TIHON KOMITAaHWM, a HE3aBUCUMOM (X) — IieHa Ha
HePTb.
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[ns HaxoxaeHus: Ko3(hULMEHTOB 4, U £, NOCTPOUM BCIOMOra-
TeJbHYIO Tabnuuy 1.

Tabauua 1
Tab6mmua a5 Haxoxaenus Koadduuuentos 4 u 8,
NHaekc
llena na | HedTsIHOMI
e HedTb — | KOMIAHUU — X Xy, x?
Ha6monenust b !
X, IeH. En.| npoueHTHbIe
ITyHKTHI
1 17,28 537 9279,36 298,5984
2 17,05 534 9104,70 290,7025
3 18,30 550 10 065,00 334,8900
4
18,80 555 10 434,00 353,4400
5
19,20 560 10 752,00 368,6400
6 18,50 552 10 212,00 342,2500
Cymma 110,13 3288 59847,06 |  1988,52
10 CTOJIOLLY

3anuiiem CHUCTEMY HOPpMAJIbHBIX ypaBHE‘,HI/II;I WMCXOOST U3 JaHHBIX Ta0-

JIALIBL 1988,52,3, +110,13 3, =59 847,06,
110,13 8, +6 8, =3288.

Pemenuem 1aHHO# cHCTEMBbI HOPMAJIBHBIX YPAaBHEHUIA OynyT ciie-
ayowmue yncna: g, =15317; 4, =266,86.

TakuM 00pa3oM, ypaBHEHHUE PErpeccCui, ONMMCHIBAIOIIEe 3aBUCH-
MOCTb MeXIy LIeHOI Ha He(Th U MHAEKCOM aKIUi HeDTSIHON KoMma-
HUHM, MOXHO 3aIucaTh Kak: y =15,317x+266,86.

Ha ocHoBaHMM TTOTy4eHHOTO YpaBHEHUS PETPECCHU MOXKHO CHe-
JIaTh BBIBOJI O TOM, YTO C U3MEHEHUEM 1ieHbI Ha HeTh Ha 1 IeHEXHYIO
eIVHMILY 32 Gappelib MHAEKC aKLUil He(TIHONW KOMITAHUU U3MEHSEeT-
csl TIipuMepHO Ha 15,317 IpOLIEHTHBIX ITyHKTA.

19



2. Arvmepnamug@HbLii Memoo HAX0XHCOeHUA Napamempos
YPaeHeHUs NapHoil pezpeccuu

TpanuumoHHO MapamMeTphl ypaBHEHUsI TapHOU perpeccuu B, u f,
olieHMBaroTCs ¢ moMonisio MHK, omHako B ciryyae rmapHO# perpeccu-
OHHOI MOJIeJI BO3MOXEH U APYToii OAX0/ K OLIEHKE IMapaMeTpoB pe-
IPEeCCUOHHON (YHKIMM. 3anuilieM ypaBHEHUE MapHOW perpeccuu

B CJIC/IyIOLIEM BHE: _ _
y=y+ﬁyx (x—x), ()

rae y — 3HayeHue 3aBUCUMON IEPEMEHHOI;
X — 3HAYECHUE HE3aBUCUMOM TIEPEMEHHO;
Y — cpenHee 3HaYEHME 3ABUCHMOI TIEPEMEHHOM, BBIYMCIEHHOE
Ha OCHOBE BbIOOPOUHBIX JaHHbIX. Yallle BCero 3To 3HaUYE€HUE BbI-
qucisieTcs: Mo Gpopmysie cpenHel apubMeTHIECKO:
n

2
—_ =

n

(@)

Ilie y; — 3HAYCHUs 3aBUCUMOIA IEPEMEHHOM, i =1,7;

n — 00BbEM BBIOOPKM;

X — cpelHee 3HaYEHUE HE3aBUCUMOM MEPEMEHHOM, KOTOPOE BbI-

YUCJISIETCSl aHAJIOTUYHO CPeJHEMY 3HAUEHMIO 3aBUCUMON Iepe-
MEHHOIA;
/J’yx — BBIOOPOYHBIN KO3(ppuIeHT perpeccuu y no x. OH Xapakre-
pU3YeT, HACKOJIBKO B CPEIHEM U3MEHUTCS Pe3yJIbTaTUBHBIN MTOKA-
3aTeNib Y IPU U3MEHEHUM (PAaKTOPHOTO MoKa3aTesl X Ha eAMHUILY
CBOETO U3MEPEHMUSI.

Boruncisiercst BBIOOpOYHbBI KO UILIMEHT PErpecCui y 1o X ¢ Io-

MOMIBIO clieayiolei (GopMyIbl:

t

/6) =r X o, (3)
X X
m xS
rae ryx — BbI60pO‘IHI>II>i MapHbIA KOB(b(I)I/H_[I/ICHT KOppesinnu,
OHpCHGHHeMHﬁ KaK:

_x-x

Ty = “4)
7SS,

BriOopouHbIii mapHbI KO3MEOUILMEHT KOPPEeIsIlUu ITOKa3bIBaeT
TECHOTY CBSI3M MEXIYy HM3ydyaeMbIMU Npu3Hakamu. OH M3MEHSeTCs
B mipenenax [—1; +1]. Ecim ry€ [0; +1], To cBA3b MeX Oy MPU3HAKAMU
npsimasi. Eciu Ty € [—1;0], To cB3b Mexay MpU3HAKaMU OOpaTHasl.
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Ecnmu = 0, TO CBSI3b MeXy MpU3HAKaMU OTCYTCTBYeT. Eciu T = 1
WA 7, =—1, TO CBs3b MEXIY M3ydaeMbIMU TIPU3HAKAMM SIBIISICTCS
(byHKIIMOHANIbHOM, T. €. XapaKTepu3yeTcsl TMOJHBIM COOTBETCTBHEM
mexay xu y. [IpuMepoMm QyHKIIMOHATBLHOR 3aBUCHMOCTH MOTYT CITy-
KUTb MATEMATUYECKHE U CTATUCTHYECKIE (POPMYJIbI, HATTpUMED: S = a?.
ITpu TakoM 3HaYEHUM MAPHOTO KO3 MUIIMEHTa KOPPEISIIIUN perpec-
CHOHHBI aHAJTM3 MEX/1y U3y4aeMbIMU MTOKA3aTEISIMU HE TIPOBOIUTCS.
JaHHast CBsI3b HE TTOMJIEXKUT YMCICHHOM XapaKTepUCTHKeE, TaK KakK Ha
MPaKTUKe MaCCOBBIM COLIMAIbHO-9KOHOMUYECKUM SIBJICHUSIM TIPUCY-
LY MHbIE BUIbI CBSI3U (B YaCTHOCTU, KOPPEJISILIMOHHAS CBA3b);

yx — cpenHee apudmeTnyeckoe 3HaYeHUE MPOM3BeAeHUS (HaKTOp-
HOTO U pe3yJIbTaTUBHOTIO MPU3HAKOB;

Sy — BBIOOPOYHOE CpPeAHEKBAAPATUUYECKOE OTKJIOHEHUE 3aBUCHUMOM
TepeMeHHOM y. DTOT MOKa3aTeslb XapaKTepu3yeT, Ha CKOJIbKO eIMHUIL
B CpelHEM OTKJIOHSIIOTCSI 3HAYEHUSI 3aBUCUMOTO TPU3HAaKa ) OT ero
cpenHero 3HadyeHuss V. OH BulYMCIAETCA IO POpMYyJIe:

S, =y -7 5)

2 o o
y° — cpenHee 3HaAUYE€HVE M3 KBAIPAaTOB 3HAYEHWI pe3yIbTaTUBHOM
TNIEPEMEHHOM y:

3
yz — =l :

n

(6)

=2
Y~ — KBampar cpeaHUX 3HaAUEHMI pe3yabTaTUBHON MepeMeHHOI Y

n 2
E:yi
— | =l .
- s

n

=2

(7

S, — BBIOOPOYHOE CPENIHEKBAAPATUYECKOE OTKJIOHEHUE HE3aBUCH -
MOI mepeMeHHO# X. DTOT MokKa3aTeslb XapaKTepu3yeT, Ha CKOJIbKO
€IVHUIL B CPEIHEM OTKJIOHSIIOTCS 3HAUEHUSI HE3aBUCUMOTO TTPU3HaKa
X OT ero cpefHero 3HayeHus1 x. OH BbIYMCIISIETCS] aHAJIOTUYHO CpeHe-
KBaIpaTUYeCKOMY OTKJIOHEHUIO 3aBUCUMOTO MOKa3aTeJisi y.

IIpu onieHuBaHMU KO3 duULIMEHTa /J’yx B MOJEIM PErpecCUOHHON
3aBUCUMOCTH Pe3yJIbTaTUBHOTO MOKa3aTtess y OT (haKTOPHOTO MoKasa-
TeJISI X C TIOMOLLBIO PACCMOTPEHHOTO METO/A CJIeyeT MOMHUTb O TOM,
uTo I =1, Ho/a’yx Z By
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JIEKIIUA Ne 4. Ouenka aucnepcun

CIyYaiftHO#H OIMOKH Perpeccum.

CocrogTebHOCTb M HecMeeHHocTh MHK-omeHoK.
Teopema I'aycca — Mapkosa

B OonbliMHCTBE cilyyaeB IeHepasibHasl ODUCHEPCUsl CaydaillHOU
OIIMOKM — BEJIMYMHA HEU3BECTHAsl, TOATOMY BO3HUKAET HEOOXOIU-
MOCTb B pacyeTe €€ HeCMEIEHHO BbIOOPOYHOI OLIEHKU.

HecMelleHHOM OLIEHKOM AMCIIEPCUM CITydaifHOM OIIMOKM JTUHEN-
HOTO YPaBHEeHHUs1 NAPHO# perpeccHH SIBJISIETCS BEJINYMHA!

G()=5(e)=""

> 1)

rae 1 — 00beM BEIOOPKHU;
e; — OCTaTKH PErpecCMOHHOM MOIEH:

e =Y, =V =yi_ﬂ0_ﬂlxi'
OueHKa IMCIepCuu, BeruucasieMmas mo dopmyse (1), Takke Ha3bl-
BA€TCS MCNPABJIEHHOM TUCTIEPCHEN.

B cityyae MHOXECTBEHHOM JIMHEWHOM perpeccuu oleHKa TucIep-
CHM CITyJaiiHOM OIIMOKM BBIYMCIISIETCS 10 (hopmyJie:

n
Se
52 (5) — i=1
n—k—1
rae kK — 4uciao OUEeHUBAEMbIX TAPAaMETPOB MOJIEIU PETPECCUU.
OLieHKO# MaTpuUllbl KOBapUalMil ciiydaitHbIX oliu6ok Cov(e) OYy-
IIET ABJIATHCA OLEHOYHAs MaTpULIa KOBapyalnii:

C(e)=S*(e)x1n, ()

rae In — enMHUYHAS MaTpUIIa.

OlLieHKa AMCTIEPCUM CIYYaifHOW OINMOKM YpaBHEHUS pPEerpeccuu
nomuuHsAeTCA 2 (XM-KBaapar) 3aKOHy pacmpenenenus ¢ (n — k — 1)
CTETICHSIMU CBOOOIBI, T/Ie K — YMCIIO OILIECHUBAEMBIX ITapaMETPOB.

JlokaxkeM HECMEIIeHHOCTh OLIEHKU JUCTIEPCUH, T. €. HEOOXOAMMO
JI0Ka3aTh, YTO E(S’z(f)) =G*(¢).
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IIpumem Ge3 nokasaTeabCTBa CASAYIOIIee BhIpaXKeHMS:

G @)=""1xG"@),

$e)=—"-x 5 e),
n—1
rue G*(£) — reHepaabHas IUCTIEPCUS CITYYailHOM OLINOKY;

.Sﬂs) — BBIOOPOYHAS AUCTIEPCUSI CIIyJaiiHO OIIMOKM;

S?(¢) — BBIOGOPOUHAS OLIEHKA AUCIIEPCUU CITYYaifHO OIINGKH.
Torna:

Q2 n 2 n 2
E(S7(¢)) = E( XS (8)) =——E(5%(e) =
n—1 n—1
n n-—1__, 5
=——X—XG(&)=G(¢),
n—1 n

YTO U TpeOOBAJIOCh TOKA3aTh.

TaxuM o6pazoM, S?(g) SBISIETCS HECMELICHHON OLIEHKOM ISl
GX(e).

TeopeTnueckd MOXKHO MPEANONIO0KUTh, YTO OlLIEHKA JII0OOTO Mapa-
MeTpa perpeccuu, MojydyeHHasi METOIOM HaMMEHBIIUX KBaIpaToB,
COCTOMT U3 JABYX KOMIIOHEHT:

1) KOHCTaHTHI, T. €. HICTUHHOTO 3HAYCHUSI ITapaMeTpa;

2) cay4aitHoii omn6ku Cov(x,&), BbI3bIBAIOIIEC Bapyalnio mmapa-

MeTpa perpeccuu.

Ha mpakrtuke Takoe pa3ioxeHue HEBO3MOXHO B CBSI3M C HEU3-
BECTHOCTBIO UICTUHHBIX 3HAYEHMI TTapaMeTPOB YPaBHEHUSI perpeccuu
¥ 3HAYCHUI CTyJaiiHOM OIIMOKM, HO B TEOPUM OHO MOXKET OKa3aThCs
MOJIe3HbBIM MPU U3YYEHUU cTaTUCTHUeckux cBoiicTB MHK-oieHoK:
COCTOSITEJIBHOCTH, HECMEILEHHOCTU U 3(D(HEKTUBHOCTH.

Hokaxem, uto 3HaueHue MHK-oueHku /4, 3aBUCUT OT BEJTUUUHbI
CITyYalfHOM OIMOKM €.

MHK-oueHKa napameTpa perpeccuu 3, paccuuTbiBaeTcs no gopmyie:

~  Cov(x,y)
p= 2 .
G (x)
KoBapunanusa Mexxay 3aBUCMMOIi MIEpeMEHHO ¥ U HE3aBUCUMOi
TepeMEeHHOI X MOKET ObITh MPeICTABIeHa KaK:
Cov(x,y)=Cov(x,(f, + px + &) =Cov(x, ) +Cov(x, B .x) +Cov(x, &).

HanbHeiue mpeodpa3oBaHust MOJYYeHHOTO BbIpaXkeHHUsl TPOBO-
NATCS] UCXOMS1 U3 CBOMCTB KOBapyalluu:
1) xoBapualus MeXIy epeMeHHOI X Y KaKON-IM00 KOHCTaHTOM

A paBHa HYIIO:
p Y Cov(x,A)=0, tne A=const;
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2) KoBapualus IepeMeHHOM X ¢ caMoil co0oil paBHA AMCHEPCUU
9TOM MEPEMEHHOM: .
Cov(x,x)=G"(x).

CHCHOB&T@HBHO, Ha OCHOBaHMM CBOWCTB KoBapnanumm MOXHO 3a-
ncaTh, 4TO.

Cov(x,8,) =0, Tak kak [, = const;

Cov(x, B, x)= 3, X Cov(x, x) =, XG*(x).

TakuM 00pa3oM, KOBapUalMs MEXIY 3aBUCMMOI M HE3aBUCUMOI
riepeMeHHBIMA Cov(X, ) MOXKET ObITh MPEACTABJIEHA B BUIIE BhIpaKe-
HUSL

Cov(x,y) = B,G*(x) +Cov(x, ).
B pesynbpraTe HecnoxHbIX Ipeobpa3oBanuii MHK-omenka napa-
MeTpa YPaBHEHMs PETPeccun 3| TPMHUMAET BUIL:

5 3G (x)+Cov(x,e)
/51 - G2(x) _ﬁ1+

Cov(x, &)
G*(x)

3)

N3 dpopmyis (3) caenyer, uto MHK-oneHka /3’1 JIeICTBUTEIILHO MO-
XeT OBbITh TIPEICTaBlI€HA KaK CyMMa KOHCTaHThl £, W ClydaiiHoi
omn6ku Cov(x, £), KOTOpasi ¥ BBI3bIBAET BapHallMIO TaHHOTO MapaMeT-
pa perpeccuu. _
AHAJIOTMYHO JOKA3bIBAETCH, YTO U OLIEHKA ITapaMeTpa perpeccuu J,,
MONYYEHHAasl METONOM HaWMEHBIUMX KBaADaTOB, M HECMELICHHASL
OLICHKA AUCIIEPCUU CIIy4aifHOI ommOKK S> (&) MOTYT GBITH TIPENCTa-
BJIEHBI KaK CyMMa TTOCTOSTHHOM COCTaBJISIIONIEel (KOHCTAHThI) U CITy-
YaifHOW KOMITOHEHTBI, KOTOPAasi 3aBUCUT OT OLIMOKM YpaBHEHUS pe-
TPECCUH €.

1. Cocmoameavnocmo u Hecmeuennocmov MHK-ouenox

a5t Toro 4yToOBI OLIEHKY f/‘i, MOJYYEHHYIO C MOMOIIbI0 MeToJa
HauMEHBIIMX KBapaTOB, MOXHO ObLJIO Obl MPUHSATH 3a OLEHKY Mapa-
MeTpa ¢, HeOOXOIUMO 1 JOCTATOYHO, YTOOBI OLIEHKA &. YIOBJIETBO-
psila TpeM CTaTUCTUYECKHMM CBOWCTBaM: HECMEILIEHHOCTH, COCTOSI-
TEJIBLHOCTH ¥ 3 (PEKTUBHOCTH.

1. 7, Ha3pIBaeTCsl HeCMeIeHHOIi OLEHKOM LIS mapameTpa J,, ecnn
ee BbIOOPOYHOE MaTeMaTM4ecKoe OXWIAaHWE PABHO OLIEHMBAEMOMY
napameTpy reHepajibHO COBOKYITHOCTH, T. €.

E@)=17, 3)
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E(ﬁi)_ J =9,
L1 ¢, — CMELIEHHWE OLEHKH.

Hoxkaxem, uto MHK-onenka ,5. SIBJISIETCS HECMEILIEHHOM OLIeH-
Koif mapametpa 3, U1l HOpPMaJTbHOI JIMHENHOI perpecCMOHHOI Mozie-
. Vicxoast U3 mpennochlioK JaHHOW MOJIEIN, MOXKHO 3aIvcaTh;

1) x — HecyryyaliHasi AETEPMUHUPOBAHHAS BEIUUYMHA;

2) G%(x) = const — nucrepcus HE3aBUCUMOTO IIPU3HAKA ABJISAETCA

M3BECTHOM MOCTOSIHHOM BEJIMUMHOM;

3) E(Cov(x,¢)) = 0 — ciyvaiiHas olimbKa U He3aBUCUMBbIiA TpU3-

HaK He KOpPeJIMPOBaHbI MEXIY COOOIA;

4) E(¢;) = 0 — mareMaTM4eCcKoe OXMIOAHUE CIy4aiiHOW OWIMOKM

YpaBHEHUsI paBHO HYJIIO BO BCeX HAOIIOACHUSIX;

5) Cov(e,, &) = E(¢,, £,) = 0 — ciydaiiHble OIIMOKM ypaBHEHMS pe-

rpeccuu He KOPPearMpoBaHblI MEXIy COOOH, T. €. KoBapualus Cily-

YaHBIX OLIMOOK JIIOOBIX IBYX pa3HbIX HAOIIONEHUI paBHA HYIIO.

Hcxona us onpeneneHus CBOWCTBAa HECMEILIEHHOCTU HEOOXOAMMO
nokasatb, uto E(48, )= 4..

Jloka3aTeabCTBO Yepe3 KOBAPHANMOHHYI0 MATPUILY:

2 gl g2 VA L (Conea) 0
R s W e n A

WJIN B pa3BEPHYTOM BUIEC

E(/?l)zE ﬁ1+22()(€;_ic))2 EE(X &=

=/

x)

=4 +E 2 XE (¢, )= 4.

D

Takum o6pasoM, MHK-oueHKa A, SIBIsSeTCS HECMEIEHHON OLEeH-
KOl napamerpa /3.
Hecmemennocts MHK-onienku ﬁo JIOKa3bIBAETCS aHAJIOTUYHO.
3anuinem noka3areabcTBo HecMelleHHocTu MHK-onieHok napa-
MeTpOB 3, B MaTpUUIHO hopMme:

E(/;’) =E((XTX)_1XTY)=E|:(XTX)_1XT(X15+£):|=
ZE[(XTX)_IXTXﬂ+(XTX)_IXT£:|=
=+ (X" X)"'X"E(¢)) =4

T. €. E(ﬁ) = (£, 4YTO JOKasbiBaeT HecMmeweHHocTs MHK-ouenok
NapaMeTpoB /5,
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2. 7, aBiseTca COCTOATEIbHON OLEHKOM I mapameTpa o, ecn
OHa yJIOoBJIeTBOpsieT 3akoHY OoJbiux yrces (3bY). 3akoH Gonblmx
YKCeJI [JIACUT O TOM, YTO C YBEJIMYEHNEM BbIOOPKM 3HAYCHUE OLICHKU

#, cTpeMUTCA K 3HAUEHUIO ITapaMeTpa ¥, TeHepaIbHOM COBOKYITHOCTH:
P(|3,-a|<6)~> 1npu n>c. @)
STO K€ YCJIIOBHUE MO2KHO 3aIT1UCaThb C ITIOMOIIBIO TCOPEMbI BepHyJ'UH/I:
3 P
J,——4, npun— o,

T. €. 3HaUEHUE OLIEHKU ¥; CXOOUTCS MO BEPOATHOCTU K 3HAYEHUIO
napaMmeTpa ¢}, reHepalbHON COBOKYITHOCTH IIPU YCTIOBUM, YTO O0bEM
BBIOOPKM CTPEMUTCS] K OECKOHEYHOCTH.
15 ompenieieHUsI COCTOSITENIbHOCTH OLIEHKH JOCTATOYHO BBITION -
HEHMUS IBYX YCJIOBUIA:
1) ¢,=0umm ¢, 0 mpu n - © — CMELIEHNE OUEHKU PABHO HYJIIO
WM CTPEMHUTCS K HeMy TNpU 00beMe BBIOOPKHU, CTPEeMSIIEMCS
K OECKOHEUYHOCTH;
s
2) G°(#,)=>0mnpun->oo — nucrnepcus OLIEHKMU NapaMeTpa CTpe-
MUTCS K HYJIIO IIpU 00beMe BBIOOPKH, CTpeMSIILIeMCsI K OECKOHeu-
HOCTH.
JlokaxeM TepBoe ycIoBue cocToarensHoct it MHK-ouenku A,

12 =E(ﬁ]) -4 =p-5=0.
Hokaxem BTOpoe ycioBue coctostesbHocTn it MHK-ouenku:

2

Gz(,g])=E(ﬁ~71—ﬂ])2=E Eﬁxq =

(x, =X) G*(x)
=2 — 2><E(£.2)= T
S
Jokaxem cocrositennbHocth MHK -omieHoK mapamerpos 3 ; B MaT-

pUYHOM opMme:
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cva):E[(/’s’—mx (Z’—ﬂ)r]=E((XTX)']XTeeTX(XTX)")=
= (X"X) "B X(XTX) " =G X" X)),

Taxkum oopazom, MHK-onieHka /4, momunHsIeTCS HOpMAJIBHOMY 3a-
KOHY pacIpesie/leHIs ¢ MaTeMaTHIeCKUM OXUIAaHUEM /| U TUCTIEpCHEit

~ G?
@0/ S =97 /3~ N| B E(x(f)x)

y .2 T yy-1
w B~ N(B; GAa(X' X)),
TJle MHJIEKC ,, YKa3bIBAeT Ha PacoNoXeHUe AUCTIEPCUHU TTapaMeTpa
B MaTpuLe KOBapuauuii.
CocrosrensHocts MHK-oLeHKM /£, NOKa3bIBaeTCs aHATOTMYHO.
BennunHbl

S(B)=ys* (e)(x" X))

Ha3bIBAIOTCS OlleHKaMH cTanaapTHeIX ommnook MHK-onenok Biu By
DdpdektuBHOCTE MHK—0I1IEHOK MOKa3bIBa€TCS C TOMOIIBIO T€O-
peMmbl ['aycca—Mapxkosa.
TakuM o06pa3oM, OIEHKM HapaMeTpOB YpaBHEHMsI peTrpeccHu
W JACTIEPCUN CAYYaiiHOU OIIMOKM, MOJyYeHHbIE METOIOM HauMEHb-
IIKX KBAApPATOB, SIBJISIIOTCS ONTUMAJIBHBIMU OLIEHKAMU, T. €. HECMe-
ILIEHHBIMU, COCTOSITEJIbBHBIMU U 3P (PEKTUBHBIMMU.

2. Jpghexmuenocmv MHK-ouenox.
Teopema I'aycca— Maproea

C nomoipio TeopeMbl ['aycca — MapkoBa gokKa3biBaeTcsl 3¢ dex-
TUBHOCTb OIIEHOK HEU3BECTHBIX MapaMeTPOB YpaBHEHUSI PErpeccu,
MOJIy4eHHBIX ¢ TToMoIisio MHK.

HopManbHasi, uiu Kjlaccuueckasi, JIMHelHass MofieJib TTapHOi pe-
rpeccuu (perpeccuu ¢ OfHOM MepeMeHHOI) CTPOUTCST UCXOsI U3 Clle-
IYIOIIUX TIPEATIOTOXKEHWIA:

1) akTOpHbBIA NPUBHAK X; ABJIAETCS HECTYyYaHON MU AETEPMU-

HMPOBAaHHOM BEJIMUYMHOM, He 3aBUCSIICH OT pacrpeaeeHUs CIy-

4aifHOI OIIMOKY YPaBHEHUS PETPECCHN & j;

2) MaTeMaThyeckKoe OXMIaHWe CIyJaliHOM OIMMOKM ypaBHEHMS

perpeccuy paBHO HyJI0 BO Bcex HaOmomenmsax: E(g)=0, rme

i=1n

3) mucrepcusi CIydaiiHOI OIIMOKY YpaBHEHUS PErPecCuu SIBISIETCS

TTOCTOSTHHOM IS Bcex HabmoaeHuit: D(e,) = E(gf) =G* =const,
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4) ciyyaiiHble OIIMOKY ypaBHEHMSI PErpeccuy He KOppeaupOBaHbI
MeXIy COOOH, T. €. KOBapralysl Cy4ailHbIX OILIMOOK JIIOOBIX ABYX Pa3-
HbIX HabroneHuii pasHa Hymo: Cov(e;, €,) =E(e, ¢;) =0, tne i # .
DTO BEpHO TOT/Ia, KOT/Ia M3ydyaeMble TaHHbIE HE SIBJISTIOTCSI BpEMEH -
HBIMU pSiIaMU;

5) ocHOBBIBAsICh Ha 3 1 4-M MPEINOJIOXEHUIX, J00aBIISIETCS YCIIO-

BUE O TOM, UTO OLIMOKA YpaBHEHUSI PETPECCUU SIBJISIETCS Clydaii-

HO BEJIMYMHOM, TOAYUHSIOLIENCS HOPMAJIBHOMY 3aKOHY pacrpe-

JIeJICHUSI C HYJIEBBIM MaTeMaTU4eCKUM OXUIaHUEM U JUCTiepcueit

G/ &~ N©O,G).

Torpa oleHKM HEM3BECTHBIX MapaMeTPOB YPABHEHMSI PETPECCUM,
MOJydYeHHbIE METOIOM HaWMEHbIIUX KBaIpaTOB, UMEIOT HaUMEHb-
11y10 TUCTIEPCUIO B KJ1acCe BCeX IMHEMHbBIX HECMEILIEHHBIX OLIEHOK, T. €.
oueHkn MHK sBnsiorcst 3¢ GeKTUBHBIMU OLIEHKAMU HEU3BECTHBIX
NapameTpoB A, ..., 5,

st HopMaJIbHOM JTMHEITHOW MOJIe] I MHOXECTBEHHOM perpeccuu
teopema ['aycca — MapkoBa 3By4MT TOYHO TaK XKe.

Hucnepcun MHK-o11eHOK HEM3BECTHBIX IMapaMETpPOB 3aIlKChI-
BAlOTCSl C MOMOIIbIO MaTpUllbl KOBapualluii. Marpuiia KoBapualui
MHK-o1eHOK MapaMeTpoB JMHEWHONW MOIEIW TapHOW perpeccuu
BBIJISIIMT TaK:

- (G*By 0O
C = -
A

rme G*( ﬁo ) — micriepcust MHK-oLieHKM mapameTpa ypaBHEHNS Perpeccuy;

G’ (,5’ \) — mucrepenst MHK-oLieHKY ITapameTpa ypaBHEHMSI PETPECCHM .
Oomas dopmyra mist pacyeTa MaTpullbl KoBapuauniit MHK -o1e-
HOK K03 duieHToB perpeccun: Cov(A) =G ()X (X X) ™',
rae G*(e) — IMCIIEPCHs CITYYaifHOM OLIMOKM YPABHEHMST PETPECCHUM.
PaccmoTpuM mporiecc ornpeneaeHus JUciepcrii oleHOK Koaddu-
LIMEHTOB JIMHEWHOM MOJIEIN TapHOM perpeccuu, MOJIyYeHHBIX C T0-
MOIIIbIO METO/Ia HAUMEHBIIIMX KBaJAPaTOB.
Hucnepcua MHK-onenku kosdurenTa ypaBHEHUS PETPECCUHU )

2 )
G, x|
n G (x)

G (B, =

nucnepcusa MHK-onenku koadpguuyenTa ypaBHEHUs PEFPECCUN J;:
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G2 (15) ) _ G2 (é‘ )
Yn x GH(x)’

rne G*(&) — mucnep-

CHSI CIyJaiiHOM OIIMOKM ypaBHEHUS PETPECCHM &;

G*(x) — HAWcrepcHsl He3aBUCHMOTO TNMpU3HAKa ypaBHEHMS pe-

rpeccuu;

n — 00BbeM BBIOOPOYHOI COBOKYITHOCTH.

Ha npakTtrke 3HaueHWEe TUCTIEPCUU CIyYailHOW OIIMOKMU ypaBHeE-
HUs perpeccu G (&) 3aYacTylo HEU3BECTHO, O3TOMY JUIS ONpenie-
JleHus1 MaTpullbl KoBapuanuii MHK-oleHOK NpUMEHSIOT OLEHKY
JCTIEPCHH CIIYYaiiHOIT OLIMOKN ypaBHeHUs perpeccun S°(€). B ciy-
Yyae IapHOUW JIMHEWHOW perpeccuy OLIEHKAa IMCIEPCUU CIyYyaulHOW
OIIMOKM OyIeT pacCUMTHIBATHCS IO (hOpMyJIe:

>
G (&)= S5 (e)="

n=2"

rae e/ =y, — J, — ocTaTKH perpecCOHHON MOIENH.

Torma obmyio ¢opmyly I pacdeTa MaTpMIIBI KOBapualuid
MHK-o1eHOK KO3 (PUIIMEHTOB perpeccuu Ha OCHOBE OLIEHKM IMC-
TMepCur CIyYaitHO# OIMOKN ypaBHEHUST PETPECCMU MOXHO 3aIucaTh
CJIeyIOIIMM 00pa3oM:

G(B)=S*(e)x(XTX)™".

B ciyuae nuHeitHOI Modenu ImapHOM perpeccuy OLiEHKa OUCIIepCUU
MHK-ouenkn ko3 GuumrenTa ypaBHEHUS PETPECCHU 5):

i iefxixf
S*(B,) = =l =l ;
nx(n—2)x »(x,— )’

i=1

ouenka nucrnepcun MHK-ouenku koaddunmenta ypaBHeHUsT pe-

rpeccun A
n
Se
i=1

(n—2)x i(x,. -X)?

S*(B) =
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JIEKIIUS Ne 5. Onpenenenne KauecTBa MOeIH
perpeccun. IIpoBepka rumnore3 o 3HaYMMOCTH
K03(hHUIHEHTOB perpeccuu, Koppesiyuu

U YPAaBHEHHU APHOM perpeccun

KauecTBo Mogenu perpeccun — afaeKBaTHOCTb MOCTPOEHHOM MO-
JIeJIM UCXOOHBIM (Ha0JI01aeMbIM) JaHHBIM.

KauecTBo mapHOil JMHENHHOI perpeccuu ompenenasiercsi ¢ Io-
MOILIbIO TAPHOTO JMHEHHOT0 K03 ()UIMEeHTa KOPPeIsuu:

;o= Xy =Xy _ Cov(x, y)
" G0G(Y) GG

rae G(x) — cpenHeKkBapaTUueCcKoe OTKIOHEHUE HE3aBUCUMOTO MPU3-
Haka;
G(y) — cpenHeKBaIpaTUUECKOe OTKJIOHEHVE 3aBUCMMOTO MTPU3HAKA.
KoadduumenT napHoit TMHERHON KOPPEIALUMHA MOXHO DAacCUM-
tath yepe3 MHK-oLieHKy apaMeTpa ypaBHEHMs perpeccu 0 :

- G(x)
=P GGy

IMapHblii KO3DOUIUEHT KOPPEISALMU MOKAa3bIBAET TECHOTY CBSI3U
MeX Iy u3ydaeMbIMM nipu3HakamMu. OH u3MeHsieTcs B mpeaenax [—1; + 1].
Ecnu "y € [0;4+1] To cBS3p Mexny mpu3HakaMu mpsiMasi. Eciu
€ [—1; 0], To cBsA3b Mexny mpu3Hakamu obpatHasi. Eciau o= 0,
TO CBSI3b MEXIY pU3HAKaMU OTCYTCTBYeT. Eciiu Fox = 1um C=-—1,10
CBSI3b MEXIy U3y4aeMbIMU MPU3HAKaMU BJIsieTCsT GYHKIIMOHAJBHOIA,
T. €. XapaKTepu3yeTcsl MMOJTHBIM COOTBETCTBUEM MEXIY X 1 y. Yem Ou-
Xe |rxy| K 1, TeM Gojiee TeCHOM cUMTAETCS CBSI3b MEXIY M3y4aeMbIMU
MpU3HAKaMU.

IlapHbIit K03 PUIIMEHT KOppesuun onpeaeasieTcs s Koaude-
CTBEHHbIX MTEPEMEHHBIX.

Ecnu mapHbIii TUHEHHBIH KO3(DOUIMEHT KOppeasiuu r,x BO3-
BECTM B KBaJpaT, TO TOJY4YUM KO3GhOUIIMEHT neTepMUHALUU rzyx.
JaHHbBIN KO3(MOUIIMEHT TTOKa3bIBaeT, Ha CKOJBKO MPOIIEHTOB Bapra-
LIMS pe3yJIbTAaTUBHOTO MPU3HAKa OOBSICHSAETCS Bapualueit hakTopHO-

ro npu3HaKa B 00I1eM 00beMe Baprualliu.

YT0ObI OLIEHUTH KAYECTBO JUHEHHOU MHOXECTBEHHOI MOJEIU pe-
rpeccuu, HeoOXOOVMMO BOCIOJIB30BATLCSI TECOPEMOM O Pa3IOXECHUN
IUCIEPCUIA.
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OO111as1 gucnepcusl 3aBUCUMON MIEPEMEHHON MOXET OBbITh pasiio-
JK€Ha Ha JIBe COCTaBJISIIONINe — OOBSICHEHHYIO M HEOOBSICHEHHYIO T0-
CTPOEHHBIM YPaBHEHMEM PErpeccuu AUCIIEPCUMU:

G'(y)=d’(»)+(y),

rae ﬁ:(yi_yi)z — OOBSICHEHHas1 C TOMOIIbIO TO-
o (y)= 12 CTPOCHHOTO ypaBHEHH Perpeccmxl
n IHCTIEPCUST TIEPEeMEHHOI )
n
— HeoOBSICHEHHAs! WU OC- zef
TATOUHAS JMCTEPCUS TMEPe- 52(yy— =l
MEHHOI1 y.

C noMoluIblo JaHHOW TeOpeMbl MOXHO PacCUMTaThb MHOXECTBEH-
HbII KO3(DOULMEHT KOPPENsiuyi MeXIy pe3yJbTaTUBHBIM MPU3HA-
KOM Y ¥ HECKOJIbKUMU (haAKTOPHBIMH NPU3HAKAMH X

_ 7w
Y NG
MHOXeCTBeHHBIN KO3(POUIIMEHT KOPPESINU MOKa3bIBaeT TeC-
HOTY CBSI3W MEXIYy Pe3yJbTaTUBHBIM M (PAKTOPHBIMM TPH3HAKAMU.
TpaKTOBKa €ro 3Ha4yeHWI aHaJIOTMYHa TPaKTOBKE 3Ha4YeHUU ITapHOTO
JIMHETHOTO KO3 GULIMEHTa KOPPEIISLIIN.
KBampaT MHOXECTBEHHOTO JIMHENHOTO KO3 PULIMEHTa KOPPEJIsi-
1M Ha3bIBa€TCsA TCOPECTHUYCCKHUM KOE)(]JCI)H[[HEHTOM JeTCPMHUHALIMM

19 ‘»)
YOGy
DTOT KO3 GUIIMEHT ITOKA3bIBaeT, Ha CKOJILKO IIPOIICHTOB Bapua-
LU Pe3yIbTaTUBHOTO MpHU3HAKa OOBSICHSETCS Bapualyeil pakrop-
HBIX TIPU3HAKOB X. BenmumHa 1—Ry2 TTOKa3bIBaeT Ty JIOJIO Bapyalluy
pe3yJNbTaTUBHOTO MPU3HAKA, KOTOPYIO MOJIEb PErpeccuu y4ecTh He
cMorJa.
CpennekBanparuueckas omnbka (Mean square error — MSE)
YpaBHEHUsI PErpeccuur CX0Xa Mo MOCTPOEHUIO C TMoKa3aTeeM cpel-
HEKBA/IPATHYECKOTO0 OTKJIOHEHHUS:

TIie & — 9UCIIO TapaMeTPOB YPaBHEHMS PETPECCUU.
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Ecnu MSE oxaxetcst MeHblIE 0()), TO TOCTPOESHHYIO MOJIENTb MOX-
HO cuuTaTh KauecTBeHHOM. [TokazaTenb cpelHeKBaApaTUIECKOTO OT-
KJIOHEeHMST HaOJIIoMaeMbIX 3HAYEHU 3aBUCUMON TepEMEHHOM OT MO-
NEeNbHBIX 3HAYEHU, pacCUMTAHHBIX IO YPaBHEHUIO PETpeccuw,
onpenensieTcs Kak:

IMoka3arenb cpemHei OMMOKM anmpOKCUMAIIUKM PACCYMTHIBAETCS
o opmyie:

- _l C ‘y_j;i
Ay_n;—yi .

MakcuMabHO OMYCTUMBbIM 3HaUY€HUEM JaHHOro ToKa3aTes
cuutaercsa 12—15%. Ecnu cpenHss onmmoKa anmpoKCUMaIIMKM COCTaB-
nsgeT MeHee 6—7%, TO Ka4eCTBO MOJEITA CYMTAETCST XOPOIIUM.

1. Ilpoeepxa cunome3vt 0 3HauumMocmu Ko3Qpguyuenmos
peezpeccuu

YToOBI MOCTPOCHHYIO MOJEIh MOXHO OBUIO MCITOJIL30BaTh IS
JAJTbHENIIINX 9KOHOMUYECKMX pacyeToB, HAITPUMED JJIsI TTIOCTPOSHUS
MPOrHO3a 3aBUCUMON TepEMEHHOM, MPOBEPKU KadyecTBa MOCTPOEH-
HOI1 MomenMn HemoctarouHo. HeoOxonuMo Takke NMpOBEpUTH 3HAUM-
MOCTb TMOJIYYEHHBIX C TIOMOIIBIO METOAa HAaWMMEHBIIMX KBaapaToOB
OLIEHOK K023(h(DUIIMEHTOB perpeccuu, 3HaYMMOCTb TTAPHOTO JIMHEIHO-
ro Ko3dduilMeHTa KOppeisiliui U ypaBHEHMSI pEerpeccur B 1IeJIOM
C MTOMOIIIBIO CTATUCTUYECKUX TUTIOTES.

ITpu npoBepke 3HAYMMOCTH (TTPEATNOJIOKEHUS TOTO, YTO ITapaMeT-
bl OTJIMYAIOTCS OT HYJIsT) KO3((DUILIMEHTOB pErpecCri BbIIBUTAeTCSI OCHOB-
Has runore3a Hy 0 He3HaYMMOCTH MOTYYEHHBIX OLIEHOK, HAITPUMED:

H,/ B =0
B KaueCTBe aJIbTEPHATUBHOM (MJIM OOPATHOM) BBIABUTAETCS TUIIOTE3A
0 3HAYNMMOCTH KO3(P(PUIIMEHTOB perpeccun, HalpuMep:

H /pB #0.
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st TpOBEPKM BBIABUHYTHIX TMIIOTE3 UCTOIb3YETCs t-KPUTEpUiA
(t-ctatuctuka) CrelogeHTa. HabmiogaeMoe 3HayeHME t-KpUTEpHS,
BBIYMCJIEHHOE Ha OCHOBE BHIOOPOYHBIX JTaHHBIX, CPABHUBAIOT CO 3HA-
YyeHUEeM t-KpUTepus, OIpeAesisieMOoro mo Tabjuviie pacrpeneaeHus
CrplofeHTa. 3HaUeHUe t-CTAaTUCTUKU, HAliIECHHOE 10 TabIulie, Ha3bl-
BaeTcsl KputuyeckuM. Kputuyeckoe 3HaueHUE t-KpUTEpHUs
Lpum (@;n—h) 3aBucuT OT ABYX NMApaMeTPOB: YPOBHSI 3HAUMMOCTU
M YUCIa CTereHel CBOOOIBI.

YpoBeHb 3HAYMMOCTH ¢ — BeWUYMHA, oTipenessieMast 1o opmyiie:
a=1-y,

Ioe y — [OOBEepUTENbHAsl BEPOSTHOCTH IOMANAHUS OLIEHUBAEMOTO
rapameTpa B JOBEpUTEIbHBIM MHTEPBa.

JlaHHYI0O BEIWYMHY HEOOXOIMMO OpaThb OJM3KYI0 K €IWHUIIE
(0,95—0,99). TakuM 06pa3oM, & — 3TO BEPOSITHOCTb TOTO, UTO OLIEHU -
BaeMbIil MapamMeTp He MOMAAET B JOBEPUTEIbHBIA UHTEPBAJ, PaBHbIN
0,05 1im 0,01.

Yucno creneneii cB000apI — IT0Ka3aTesIb, KOTOPBI OIpeaesseTcs
KaK pa3HOCTb MeXIy 00beMOM BBIOOPKU (#1) U YMCIOM OLIECHUBAEMBbIX
HapaMeTpoB MO JaHHOU BeIOOpKe (/). 11 Moaeu mapHoM TUHEWHOMK
perpeccuu 4ucjo CTerieHeil CBOOOIbI pacCUMThIBaeTCs Kak (n — 2),
TaK KaK 10 BEIOOPKE OLIEHUBAIOTCS IBA MapameTpa: B, u f,.

BbIIBUHYTHIE TUIIOTE3BI IIPOBEPSAIOTCS CIIEAYIOIIAM 00Pa3oM:

1) eciii MOIy/Ib HaOJIIOMAEMOTO 3HAYECHMS t-KPUTEPUS OOJIbIIE
KPUTUYECKOTO 3HAUEHNUS t-KpUTepus, T. €. |f, - | > cpum> TO € BEPO-=
ATHOCTBIO (1 — @) MK  OCHOBHYIO TUTIOTE3Y O HE3HAYMMOCTH TTa-
PaMETPOB PErpeccHy OTBEPraloT, T. €. MapaMeTPhl PErpPecCUr He
PaBHBI HYJIIO;

2) eciv MOIy/lb HaOMI0JAeMOTO 3HAUEHUS t-KPUTEPHUsi MEHbIle
WM PaBeH KPUTUYECKOMY 3HAYEHHIO t-KpUTepys, T. €. |f, - | < L pum>TO
C BEPOATHOCTBIO @ Wi (1 — ) OCHOBHAsI THTIOTE3a O HE3HAYNMO-
CTU ITapaMETPOB PErpecCUM MPUHHMMAETCH, T. €. IMapaMeTphl pe-

IPEeCcCUU TOYTH HE OTIMYAIOTCS OT HYJISI WJIK PaBHBI HYJTIO.
®opmyaa HadmogaeMoro 3HavyeHus t-kputepusi CTbioIeHTa IS
nposepku runoressl H, /B, = 0 nmeet Bun:

LB
Haba w(ﬁl ) ’

rae A — olleHKa mapameTpa perpeccun y2R
@(f,) — BeMYMHA CTAHIAPTHOM OLIMGKM MTApaMeTpa PErpecchi ).
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B cnyyae mapHoOi1 TMHEMHOM MOJEIN perpeccuu IokKas3areab Bbl-
YUCIISIETCS CIEeAYIOIM 00pa3oMm:

n
2
e
i=1

(n—=2)x i(x,. - X)?

W(ﬂ1)=

Yucnuteslb CTaHIAPTHON OIIMOKU MOXKET ObITh pacCUMTaH Yyepe3
NapHbIi KO3hGUIIMEHT AeTePMUHAIMHI KaK:

et =>(y-5) =nxGp)x1-r}),
i=1 i=1

rae G(y) — ob1uas aucnepcus 3aBUCUMOTO IIPU3HAKA;

2

ri. — TIApHBINA KOG MUILIMEHT AeTepMUHALIMU MEXIY 3aBUCUMbIM
¥ HE3aBUCUMBIM TTPU3HAKAMMU.
®opMmyna HabMomaeMoro 3HaueHus t-kpurepuss CTblofeHTa IS

nposepku runotessl Hy / 4, = 0 umeer pun:

. b
B

roe Ay — oleHKa ITapaMeTpa perpeccuu;
o(f,) — BeIMUMHA CTAHIAPTHO! OIIMOKM NapaMeTpa PErpeccuu 4.
B ciyyae mapHoii TMHEHOM MoaeIN perpeccuu rmokasaresb a)(,b’o)

BBIYMCIISIETCS TA , -
e >
(fy) = = o g
nx(n—2)x E(x,. -X)

i=1

2. Ilpoeepka cunome3vt 0 3HAMUMOCTU NAPHO20 AUHETIHO20
Ko3¢hhunyuenma xKoppeasuuu

IIpu npoBepke 3HAUMMOCTU KO3 (PUIlMeHTa KOPPEISLIUN MEXIY
He3aBUCHMbBIM TPU3HAKOM X U 3aBUCHMBIM TTPU3HAKOM Y (TIPEIIOoJo-
JK€HUs TOTO, YTO M3yYaeMblil TapaMeTp OTJIMYAeTCs OT HYJIsA ), BbIIBU-
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raeTcs OCHOBHas runoresa H, o ero HesHaynmoctu: H / F= 0; B Ka-
4ECTBE aIbTEPHATUBHOM (MM 0OpaTHOI) BbIABUTAETCs runoresa H, o
3HAYUMOCTH Ko3(hduumenta koppensuum: H, / I 0.

st IpOBEpPKY BBIABUHYTHIX TMIIOTE3 MCIIOIB3YETCS t-KPUTEPUiA
(t-cratuctuky) CThIOACHTA.

I'MroTe3bl MpoBEPSIIOTCS TAKUM 00pa3oM:

1) ecim Momynab HaAOIIOOAEMOTO 3HAYCHUS t-KpUTepus OOJIbIIe

KPUTUYECKOTO 3HAUEHHUs t-Kputepus, T. €. |t | > pums TO C BE-

posiTHOCTBIO (1 — @) WK ¥ OCHOBHYIO TMIIOTE3Y O HE3HAUMMOCTH

MapHOIo JMHEWHOro KoadduimeHTa KOoppessuuyd OTBepraioT,

MeXIy U3y4aeMbIMU MTPU3HAKAMU M CYLIECTBYET KOPPESLIMOH-

Hasl CBSI3b, KOTOPYIO aHAJTUTUYECKU MOXHO OLIEHUTh C MOMOIIIbIO

MOCTPOCHUSI YpaBHEHUsI APHOI Perpeccuu;

2) ecniu MonyJab HaOII0IaeMOTOo 3HAYeHUsT t-KpUTEpUsT MEHbIe

VJTH PaBeH KPUTHUECKOMY 3HAUEHMIO t-KpUTepns, T. €. |, - | < L pumTO

C BepOSITHOCTBIO @ Wi (1 — ) OCHOBHASI TUTIOTE3a O HE3HAYMMO-

CTH K03 dUIIMeHTa KOPPEIIIIUN MPUHUMAETCS, T. €. MEXIY U3Y-

JaeMBbIMM TPU3HAKAMU X U Y KOPPEJSILIMOHHAS CBA3b OTCYTCTBYET,

TMOCTPOEHNE YPaBHEHUS PETPEeCcCUU B JaHHOM cJTydae HelleJ1ecoo0-

pasHo.

Kputnyeckoe 3HaueHue t-KpuTepust txpum(a; n — h), rae @ — ypo-
BEHb 3HAUMMOCTH, (7 — h) — YUCIIO0 CTeINeHeil CBOOOIbI, ONpPEACIsIeT-
cs1 1o Tabsuile pacnpeneseHuii t-kputepust CTbloIeHTa.

®opmyna 3HaueHUs t-kputepus CThiOIeHTa 1S MPOBEPKU TUIIO-
Te3bl H) / P 0 mMmeeT BUL:

I‘yx

w(r,)’

tH06.7 -

e r,, — BBIOOPOYHBI TTApHBIN KO3(MOUIIMEHT KOPPEISIIUN MEXITY
TepeMEeHHBIMU X U Y, BBIYUCIISIEMbIH 110 (hopMmyJie:

St
*ss,

a)(ryx) — BeJMYMHA CTAaHZAPTHOM OIIMOKU ITapHOTO BHIOOPOYHOTO

Ko duimeHTa KOppeIsini.

[1pu TuHeitHOI TapHOI MOJIEI perpeccuy 3Ta BeJIMYrMHa paccym-
TBIBAaETCS KaK:




IloacTaBuM gaHHy0 popmysy B BhIpaxkeHHe IJIsI pacyeTa HabJI0-
JaeMoro 3HadeHust t-kputepusi CTblofeHTa ISl IPOBEPKU TUIIOTE3bI
H,/ = 0, moryumm:

”
haar = ==X (n—=2).
=3

t-cratuctuka CThIOZICHTa TIPUMEHSIETCSI ISl TIPOBEPKU 3HAUUMO-
CTM ITapHOTO BBIOOPOYHOro Ko3(pduieHTa KOppeasiuuu B ciaydae,
ecan 00beM BBIOOPKM J0CTaTOUYHO BenMK (n = 30) u ko3 duumeHT
KOPpEJIALMU TI0 MOAYJIIO 3HAYUTENLHO MeHblIe 1 0,45 < |rxy| < 0,75.

Ecimm Momynp mapHOro BEIOOPOYHOro KoadduiimeHTa Koppes-
uuu Ou30K K 1, To rumoresa H / T 0 MoxeT OBITh ITpoBepeHa (110-
MMMO t-KpPUTEPUSI) C TOMOIIbIO Z-CTATUCTUKU. DTOT METO/ OLIECHKY 3Ha-
YUMOCTH KO3 GULIMEHTa KOppeisiuyu Obl1 nipemioxeH P. Duwepom.

BemuumHa z cBs3aHa ¢ TApHBIM BBIOOPOYHBIM KO3(DOUITMEHTOM
KOPPEJSIY ONpeeIeHHBIM OTHOLIIEHUEM:

1+r
z=0,5 In| —=|.
l-r,

BennunHa z TOAYMHSIETCS HOPMAJIbHOMY 3aKOHY pacIpenesicHusI,
MO3TOMY MPOBEPKA OCHOBHOI TUIIOTE3bI O HE3HAUMMOCTHU ITAPHOTO KO-
a¢duumenra koppensuuu H, / I 0 oTOXHECTBISIETCS ¢ TIPOBEPKO
TUIOTE3bI O HE3HAYMMOCTH BennuuHbl z H, / 7= 0 no dopmyrne:

<
b =——
Haoa w(z)’

rae w(z) — BeIMYMHA CTAHIAPTHOM OIMMOKY BEJTUUWHEI Z, ONIpeaesie-
Masl Kak:

1
() =—F—.
V=3

Kpurnyeckoe 3HaueHME 3TOr0 KpUTEPUST L epum OTIPEACTISIIOT 1O Tab-
JIM1le HOPMAJIBHOTO pacrpeaesieHus1 (Z-pacrpenesieHus) ¢ 10BepuTesb-
HOW BEpOSITHOCTBIO ¥ wiu (1 — «).

IIpoBepka rurnoTe3 ocylleCTBISETCS aHAJTOTMYHO MPOBEPKE TUIO-
Te3 1o t-kputepuio CThlofieHTa:
Dnopult .| > ,cpum OCHOBHaST TMIIOTE3a Hy / 1, = 0w Hy / 1, = 0
OTBEpraeTcsi ¥ BbIOOPOYHBIN MapHbI KO3(MDGULIMEHT KOPPEeIsLu
CUMTAETCS 3HAUMMBIM;
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2) mpu |t . <t

cpum
TIPUHUMAETCS Y BBIOOPOYHBIN TTApHBIN KO3GhDMUIIUEHT KOPPEsIIIun

o ocHopHas runotesa H,/ = 0 nma Hy/ r, =0

CUUTACTCA HE3HAYUMBIM.

3. Ilpoeepka cunome3vt 0 3HAMUMOCTU YPAGHEHUS NAPHOU
peepeccuu. Teopema o pazaoxncenuu cymm xeaopamoe

[TpoBepka rumnore3bl 3HAYMMOCTH ITAPHOTO JIMHEMHOTO YpaBHEHUSI
perpeccuu CBOAUTCS K IPOBEPKE TMITOTe3 O 3HAYMMOCTU KO3 PUIIMeH-
TOB PErPECCHN A U B WK TIAPHOTO KO3 PULIMEHTa TeTePMUHALIAN V;

B 3TOM ciyyae MOTYT OBITH BBIABUHYTHI CJICAYIOIIME OCHOBHBIE THIIO-
TEe3bI:

)H,/B,=0uH;/ B, =0 — xosdduumreHTs perpeccum ss-

JIAIOTCS HE3HAUMMBIMU M YpaBHEHUE PETPECCUM TaKXKe SBISICTCS

HE3HAYUMBIM;

2) H, /rzyx = (0 — mapHbIi K03(pPUIIMEHT AeTepMUHALIMY He3Ha-

YUM U YpaBHEHUE PETPECCUN TaKXKe SBJISETCS HE3HAUUMMBIM.

AJIbTepHATUBHOM (VT OOPATHBIX K OCHOBHBIM) BBICTYITAET THUIIO-

TE3bl;

3)H,/B,#0uH, /B # 0 — Ko3OUIMEHTH PETPECCUU 3HAIN -

MO OTJIMYAIOTCS OT HYJISI U TTIOCTPOEHHOE YpaBHEHUE PErpecCuu siB-

JIIeTCSI 3HAUMMBbIM;

4 H,/ r w7 0 — napHbIid KO3GGULMEHT AeTepPMUHALIMY 3HAYU-

MO OTJIMYAeTCsl OT HYJIS, CleNoBaTebHO, TOCTPOEHHOE YpaBHEHUE

perpeccuu SIBJISICTCSI 3HAUMMBbIM.

7151 TpoBepKM T'MITOTE3bl 3HAYMMOCTH YPAaBHEHUSI PETPECCUH B LI~
JoM uctonbayetcst F-kpurepuit @umiepa—CHenekopa.

T'unote3a npoBepsercs cieayommum odpa3om:

1) ecntu HaGmogaeMoe 3HaueHue F-kputepusi Oojblie KpuTUye-

CKOTO 3HAUCHWs JaHHOTO Kputepus, T. . F, . > F,_ . TO ¢ Be-
POSITHOCTBIO ¢ OCHOBHASI TUTIOTE3a O HE3HAYMMOCTH KO3(DhUII-
€HTOB YpaBHEHMS perpeccuu WJIM IapHOTro Ko3(dduimeHTa
NeTepMUHAIIMN OTBEPraeTcsl, M ypaBHEHUE PErpecCur MPU3HAETCS
3HAYUMBIM;

2) ecnu Habmonaemoe 3HadeHue F-kputepust MeHblle KpUTHde-

CKOTO 3Ha4YeHWsI TAHHOTO Kputepus, T. €. F, . < F,Wm, TO C Be-
positHOCTBIO (1 — @) OCHOBHAas TMMOTE3a O HE3BHAYUMOCTHU KO3(D-
(buiMeHTOB ypaBHEHUSI perpeccuu Wik mapHoro kKoadduireHTa
JleTepMUHALUM IPUHKUMAETCS, U TIOCTPOEHHOE YpPaBHEHUE perpec-

CHUU NPU3HACTCA HE3HAYMMBIM.
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Kputnueckoe 3nauenune F-kputepusi HaxoauTcs 10 TabauIle pac-
npeneneHus Puinepa—CHeaeKopa B 3aBUCUMOCTH OT CJIEIYIOIINX
mapaMeTpoOB: YPOBHS 3HAUMMOCTU ¢ W YMCJIa CTETeHel CBOOOIBI:
k;=h—1uk,=n— h,tae n — 310 00bEM BLIOOPKH, @ # — YUCJIO OLIE-
HMBaeMBIX 10 BEIOOPKE ITapaMeTpoB. B ciydae MpoBepKy 3HAYMMOCTH
yYpaBHEHUs apHOil perpeccuu KpuTuueckoe 3HaueHue F-ctatuctuku
BBIUMCJISIETCST KaK Fxpum(a; 1,n—2).

®opmyna HabmogaeMOro 3HaueHUs1 F-kputepus U1sl TIpOBEpKU
TUTIOTE3bl O HE3HAYMMOCTH YPAaBHEHUS PErpeccCUy B IIEJIOM HMMEeT

BUII:

F_=—"_x ——:
e l—rl h—1

B cllyyae MapHO#l perpeccuu HaOiogaemoe 3HayeHue F-kputepus
npeoOpa3yeTcsl B BU:
2

= % (n-2).

Habn 2
-7,

JaHHbIi KpuTepuii MeeT pacrpeneieHne @uirepa—CHenekopa.

KoadduiireHT feTepMUHALIMU MOXHO OTIPEIEIUTh HE TOJIBKO KakK
KBapaT IMapHOTIo JUHEHHOro Ko3h@ULMEeHTa KOPPEISILUU WU Yepe3
TeopeMy O pas3jioXeHuu oOIlell AucIepcur pe3yJbTaTUBHOM Iepe-
MEHHOW Ha COCTaBJISIIOIIME, HO U YEPE3 TEOPEMY O PA3JIOKEHUU CYMM
KBaJIPATOB PE3YJIbTATUBHOW MEPEMEHHOM.

CyMMa KBaapaTOB pa3HOCTE MexXay 3HaueHUSIMU Pe3yJIbTaTUB-
HOIi IEpeMeHHO 1 ee CpeIHUM 3HAUeHUEM 10 BbIOOPKE MOXKET ObITh
NPeACTABJIEHA TAKMM 00pPa3oM:

i(y,_yy:i(y[_)71)24‘2()71_)7)27

rae E(}’i -y )2 — obwasa cymma kBanparos (Total Sum Square —
= TSS);

Z(y,. —)Z-) — cymMma KBaapaToB ocTatkoB (Error Sum Square —
= ESS);
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n
NN .
E(y,. -y ) — cyMMa KBaJpaToB 00bsicHeHHOM perpeccuu (Re-
i=l gression Sum Square — RSS).
B BekTOpHOIT (hopMe JaHHOE paBEHCTBO MOXKHO 3aITCaTh KakK:

2 2

+

2 ~ ~ _
=ly-3 +[5, -7,

=7
PaccvmoTpum 001Iy10 CyMMy KBaJIpaToB:

_ _ - -~ _Y - .
(-3) x(-3) =-71+[7-3]) x(»-75] +[7-5]) =
=(y-3) x(y=7) +(r-3) x([F-7) +
ESS
+(7-7) x(r-7) +(-7) x(-7,) =
RSS
=(y—)7)r x(jz—f/[) =e’ (x/;’—fz,) =eTx/;’—}7,eT =0.
Eciu B ypaBHEHUE perpeccun He BKIIIOYAETCsl CBOOOIHBII WieH 4,
3TO pa3IoKeHNEe OCTAETCS BEPHBIM.
[MapHbIit KO3GhUIMEHT TeTepMUHAIINM MOXET OBITh BBIYUCICH
1o cieayomum dbopmyam:
ESS , _RSS

2— P
ryx—l

win r=
7SS *TSS



JIEKIIUA Ne 6. ITocTpoeHue nporio3on

JI1s1 MOJIeJI IAPHO#i JmHeiiHoi perpeccun. I1pumepni
OLICHMBAHU MAPAMETPOB NMAPHOM Perpeccuu

Y MPOBEPKM TUNOTE3bI 0 3HAYMMOCTH
K03((HIEeHTOB 1 YpaBHEHHS perpeccuu

Lleapio mocTpoeHMsT perpecCCUOHHON (PYHKIIMM Ha OCHOBE SMITH-
PUYECKUX JAHHBIX SIBJISIETCSI HE TOJbBKO arnmpoKCUMAlUsl MCXOTHBIX
MAHHBIX C 3aJI]aHHOW TOYHOCTHIO, HO U BO3MOXHOCTb JaJIbHEHIIEro
MPUMEHEHUS] B 9KOHOMUYECKMX pacyeTax IMOJyYeHHOTO ypaBHEHMS
perpeccuu. B yacTHOCTH, Ha OCHOBE PErpecCUOHHON MOJENIN MOXKXHO
paccyuTaTh MPOTHO3HOE 3HAYEHUE pe3yJbTATUBHOIO IPU3HAKaA TpU
3a/IaHHOM 3HaYeHUU (PaKTOPHOIO MpU3HAKA.

711 Moaeny TapHOoi IMHEHHOM perpeccuy TOUeUHBII ITPOrHO3 3a-
BUCHMOI TIEPEMEHHO y TIPU 3aJaHHOM 3HAaYeHWUU HE3aBUCUMOI Tiepe-
MEHHOM X, OyIeT BLINIAAETh CIEAYIOLIMM 00pa3oM:

V=Bt B X, + &,

C noBepUTeTbHON BEPOSATHOCTBIO ¥ WM (1 — @)ToueuHast oleHKa
NPOrHO3a PE3Y/IbTATUBHOIO IPM3HAKA y, MONAAeT B MHTEPBAJ MpOr-
HO3a, KOTOpbIii onpenensercs no dhbopmyJe:

y,— tomy<y <y + to(m),

[ae y,, — TOYeUHas OLEHKA MPOTHO3a PE3YIbTATUBHOTO NMPU3HAKA,
t — t-xpurtepuii CTbloieHTa, KOTOPbI ONpenessieTCsl B 3aBUCUMO-
CTH OT 33IaHHOTO YPOBHSI 3HAYMMOCTH ¢ M YMCJia CTeTNeHei CBO0Oo-
Ibl (n — 2) (B ciIydae ITapHOM perpecCMOHHON MOAEIN);

@(m) — BeANYMHA OLIMOKM MPOTHO3a B TOUKE /1 .
BennuuHa omMOKM MporHo3a paccYMThIBAETCS 1o (popmyiie:

ntl n(xm_f)2 |
E(Xi_f)2
i=1

rae S%(£) — HecMelleHHas OLEHKA AUCIIEPCUU CITYYailHOI OIIMOKY
JIMHEMHOTO ypaBHEHMUS TTAPHOM PErpecCcun.
PaccmoTpuM nmoapoOHee mpoliecc onpeaeieHUs BeTMUNHbBI OII0-
KU MPOTHO3a.

w(m) = [5%(e) x
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IIycTb 3a7aHa napHas IMHEHAS PerpecCHOHHAS MOJIeJb CJeayIole-
rO BUIA:

Vi=p6,+ 0 (xi - f) +é,
A€ HE3aBUCMad IMEPEMEHHAA X IIPCACTAB/ICHA B LICHTPUPOBAHHOM BUIIC.

Heob6xomrMo mocTponTh MPOTHO3 3aBUCHMOM TIEpeMEHHOM y TIpU
3a/laHHOM 3HAYEHUU HE3aBUCUMOWM MEPEMEHHOM X, :

ym=,5’0+/~7’1(xm—)?) +e,.

MaremaTtnueckoe OXHIaHWE 3aBUCHMMOI MEPEMEHHOI y B TOUKE
m ormipenenseTcs Kak:

E(ym/xm) =/g(] +/gl (xm - f) +Em'
I[l/lcrlepcml 3aBHUCHMOI rlepeMeHHOﬁ Y B TOYKEC m onpeneadaeTCa KaK:
D(y,/x,=x) =D (B, +/ (x,~X)+e,) =
=D(1570) +D(Bl (xm -X ) +D(€m) =
2

2
=G7+(xm—f)zx% + Gz,

;(xi—)?)

rae D () — aucnepcus oLleHKH NlapaMeTpa /5, TapHoii TUHeHOI pe-
IPECCUU, PACCYMTBIBAEMAS 10 (hOPMYJIE:

28‘ ZD&Z
n n

D(ﬁ’o)=D Ao+

1 nG*> G’
=y 20()="r =

ToueyHas OllEHKA MMPOTHO3a PE3YJIbTATUBHOM IMEPEMEHHOU y,,
MMEET HOPMAJIbHBINM 3aKOH pacTipele/ieHUs] C MaTeMaTUYECKUM OXM-
JaHVEM (,b’ﬂ + 4, (xm -X )) U IucTiepcreit

n+1 (x,,,—f)z

" +E(xi_j)2 :

G* x

+1+ (xm—f)2

n z(x,.—)?)z .

ym meN /;/;)0+1571(xm_f)’ GZ &
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Ecnu B BblpaxkeHUe ST AUCTIEPCUM 3aBUCUMOI TEPEMEHHOM Y B TOY-
Ke m BMeCTO aucriepcuu G? MOACTaBUTH €€ OLEHKY BBIGOPOYHYIO
oLeHKy %, TO MOXHO IIOCTPOUTH JOBEPUTEIbHBIA MHTEpPBAl IS
MPOTHO3a 3aBUCUMON MEPEMEHHON MPU 3aJaHHOM 3HAYEHUU HE3ABU-
CUMOiA TIEPEMEHHOI X, :

n+1+ (Xm—)?)2
" E(xi_i)z ’

rae S? 11a MOJeN MapHOI TMHEHO perpeccuy pacCUMTHIBAETCS 1O
clenyoliei hopMyie:

v,/ x, € ,5’0+ﬁl(xm—)?)i S?

n
2
S
2_ i=l
n—2

TTpOorHO3HBII MHTEPBAJ MOXKXHO TIPe0Opa3oBaTh K BUIY:

S

~ ~ E”:ef n+1 (x _f)z
v, x,€ ,é’0+ﬂl(xm—)?)i =l + =2

n=2\ n z(xi_f)z ’

YTO U TpeOOBAIOCh JOKA3aTh.

PaccumnTaeM TOYEUHBI ITPOTHO3.

Ha ocHOBaHMM JaHHBIX O LIeHe Ha HeTh X (J10JUTapoB 3a Gappesib)
M WHIEKCE aKUWii HEPTIHOW KOMIAHUU Y (B MPOLEHTHBIX MyHKTAX)
ObIJIO TTOCTPOEHO YPaBHEHUE PETPECCUM:

y = 15317x + 266,86.
Ecnu neHa Ha HETh MTOACKOYUT B CBSI3U C HEPTIHBIM KPU3UCOM
Ha bamxHem BocToke u nipeononeer pyoek B 20 moyiapoB 3a 6appeb,
OCTAaHOBMBIIIMCH HA OTMeTKe B 22,13 moinapa 3a 1 6appeins. Tpedyet-

CS1 OTIPENICJINTD, KAKOE BIMSTHUE OKaXXET 3TOT LIEHOBOM CKavYOK Ha ypo-
BeHb MHIEKCa aKIUi HeDTIHOI KOMIIaHUM.

TToacraBuM HOBOE 3HaUEHME HE3aBUCUMOM MEPEeMEHHON B ypaB-

HCHHUE PETPECCUU C LICJIBIO ITOJIYUYCHMA ITPOrHO3a:

y = 15317x22,13 + 266,86 = 605,825.
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Hedtsanoli Kpusuc 61aroTBOpHO cKazaicsl Ha (PMHAHCOBOM I10JI0-
XKeHNU He(PTIHOM KOMITAHWY, IIOBLICUMB MHAECKC ee akuii ¢ 550 mpo-
LIEHTHBIX TTyHKTa 10 605,825 MPOLIEHTHBIX MTyHKTA.

1. Ilpumep ouenueanus napamempos napHoli pezpeccuu
C NOMOWbIO AAbMEPHAMUBHO20 Memo0d

OnpenenuM OLIEHKM HEM3BECTHBIX MapaMeTPOB IMApHOIO JIMHEH-
HOTO YpaBHEHUSI PEerpecCUy C MOMOIbIO aJbTepPHATUBHOTO METOIA
(Taba. 2). UMeroTcst JaHHbIE 110 ABaALlaTU OaHKaM CTpaHbl O pa3Mepe
OpuOBLIM B ASHEXHBIX eIMHHUIAX (pe3yJlbTaTMBHAs IepeMEHHas)
1 o0beMax BbIIAHHBIX KPEAUTOB B ACHEXKHBIX eIUHULIAX ((haKTopHasI
nepeMeHHas ).

Tabauya 2
IIpumep onpenesieHusi OLEHOK HEM3BECTHBIX MAPAMETPOB
MAPHOTO JIMHEHHOTO YPaBHEHUS Perpeccuun

T S—— y — npuObLIb, X — KPeJuThl,
JeH. efl. JeH. efl.
1 19 200
2 30 300
3 26 200
4 22 220
5 13 100
6 35 250
7 28 250
8 30 300
9 40 280
10 37 300
11 18 150
12 20 250
13 15 100
14 38 300
15 20 120
16 30 220
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Oxkonuanue maba. 2

No HaGmoTeHns Y — npuobLIb, X — KPeIuThl,
JIeH. e]l. JIeH. eI,
17 30 290
18 28 260
19 19 160
20 15 150
Cymma 513 4400

Ha nepBom stare onpenennm F,x — BBIOOPOUHBIIi NAPHBIN K03(h-
(ULMEHT KOPPESIUU 110 (popMmyJie:

YX—Y XX
y =—
x
S, xS,
PaccynTaeM BCIIOMOTraTe/IbHbIE XapaKTEPUCTUKMU.

yx — cpeiHee apudMeTHIecKoe 3HaYeHUE MPOM3BeaeHMs DHak-
TOPHOTIO U PE3YJIbTaTUBHOIO IIPU3HAKOB:

XX,
x_;y' Y 122060
n 20

Y.
¥y — cpenHee 3HaueHKE 3aBUCHMOIA ITEpEMEHHOI:

=6103;

n

>
y=_l = S _)s6s:
n 20

X — cpelHee 3HaUCHME HE3aBUCUMOI TEpeMEHHOIA:

x=4l =T =0

Sy — BBIOOPOYHOE CPeIHEKBAAPaTU4YECKOE OTKIOHEHHWE 3aBUCH-
MOW ITEpEMEHHOM ).
DTOT MokaszaTelib XapakTepu3yeT, Ha CKOJIbKO E€AMHUIL] B CPEHEM OT-
KJIOHSIIOTCSI 3HAU€HUs 3aBUCUMOTO MPU3HAKa y OT €ro CpeaHero 3Ha-
YeHUd y .
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OH BbIYUCIISIETCS 10 (hopMyJIe:
_ [2_ =
Sy - y - y )

) .
rme y- — cpelHee 3HAYeHMWE U3 KBAJAPAaTOB 3HAYEHWI pe3ysbTaThB-
HOI NTepeMEHHOM:

S
2V 443

Pom = 721,55
Y=, 20

Y" — KBajipaT CpeHUX 3HAYEHU I pe3yIbTaTUBHOI MepeMEHHOM:

” 2
2

yi = =(25,65) =657,92.
n

Torna

Sy — ’yz _.)72 = 721,55—657,92 =7597

S, — BEIOOPOYHOE CPEIHEKBAIPATUIECKOE OTKIIOHEHUE HE3aBUCH -
MOW MepeMeHHOI X. DTOT MoKasaTeslb XapakTepu3yeT, Ha CKOJbKO
eIVHMIL B CPEIHEM OTKJIOHSIIOTCS 3HAUYEHUsSI HE3aBUCUMOTO TIpU3HaKa
OT €r0 CpeHEro 3HayeHus1 x. OH BBIYUCIISAETCS 110 (POPMYJIE:

_ 2 =2
S, =vx"—-X",
e x’

S_ &7 1059400

=52970;
n

2

S

i

X2 =] | =(220)" =48 400.
n

Tornma

S =+x* = x> =/52 970 48 400 =67,6.
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Br160opouHbIii TapHbIi KO3 (UIMEHT KOppeasuun 0yIeT paBeH:

. _yx—yx _ 6103-25,65 x 220 460
T 8S, 7,97 X 67,6 538,77

=0,85.

Ha cnenytoiem aTarne rmepen MoCTpoeHUEM YpaBHEHUSI pErpeccuu
HEo0XOAUMO TIPOBEPUTh 3HAYMMOCTD TOJIYYeHHOTro KoadduumreHTa
KOPPEJISILIMU C TIOMOIIbIO t-Kputepust CThlOIEHTA.

BoiaBuraerca runoresa H, 0 HE3HAYMMOCTU MApHOro Koagdu-
MEHTA KOPPEeJIAIUN;

H,/ r,=0.

AJbTepHaTUBHOM (MJIM OOpaTHOI) BBIABUTAETCS TUIIOTE3a O 3HA-
YUMOCTH MAPHOT0 Ko3(hunueHTa KOppesuuu:

H /r,#0.

3HaueHue t-kputepuss CTbIOAEHTA [JiI MPOBEPKU TUMOTE3bI
H,/ r,=0. B cmydae MapHOW JIMHEWHOU PErpecCCUOHHOU MOAEIU
paccumnThIBaeTcs 1o popMyiie:

Vo
—%X(n—2)

tHﬂﬁ/I -
NS

=08 (20-2)=29,08.

tymia - m

Kputnueckoe 3HaYeHUE t-KpUTEPUS twm(a/; n — h), rne & — ypo-
BeHb 3HAUMMOCTHU, (7 — /1) — YUCIIO CTEIeHEe CBOOOIBI, OMpenesieT-
¢ 1o Tabauie pacrpeneaeHnit t-kputepusi CTbIOEHTA.

B nanHoM ciyyae txpum(a; n—h)= twm(0,0S; 20 — 2)=1,73.

IMonydaeM, uTo HabmMoOgaeMoe 3HAYEHUE t-KPUTEpHUs 0 MOIYJIIO
6oJIbIlIe €ro KPUTUYECKOTO 3HaUeHus, T. €. [f, - | > epum OcHOBHas '~
1MoTe3a OTKJIOHSETCS, U TapHBI KO3GhMUIIMEHT KOPPEeIALNU Mpr3-
HaeTcsl 3HAYMMBIM. [locTpoeHMe JTMHEWHOTO YpaBHEHUS perpeccuu
10 UCXOTHBIM TAHHBIM SIBJISIETCSI 0OOCHOBAHHBIM.

3anuilueM ypaBHeHHe MAPHO# perpeccuu B BULE:

Takum obpaszom,

y= y+,6’yx (x—x),
e ﬂyx — BBIOOPOYHBII KO3GDMULIMEHT perpeccuu y 1o X.
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OH xapakTepu3yeT, HACKOJIbKO B CpeHEM M3MEHUTCS pe3ybTa-
TUBHBI MMOKAa3aTelb y MPU U3MEHEHNH (haKTOPHOTO MOoKa3aTeJis X Ha
eIWHUILy CBOETO mM3MepeHUs. BeraumciisieTcss BEIOOPOUYHBIN KO3 dU-
LIMEHT PETPeCCUM ) IO X C TIOMOIIBIO CIIEAYIOoNIei (hOpMYJIbI:

S
g =r x-2.
yx o x Sx

PaccuntaeM BEIOOpOUHBI KO3GMUILIMEHT PEerpeccuu y 1o X Ha oc-
HOBE UMEIOIIMXCS JaHHBIX:

s
fo=r x Y o085x 0 =

0,1.
w s 67,6

YpaBHeHHe perpeccuu OyaeT UMeTb BUI:

y=25,65+0,1%(x—220).

DKoHOMUYeCKast MHTePIIPETAIUS TaHHOTO YPaBHEHMS BBITJISIIUAT
TaK: €CJIM YCTaBHOM KanmuTayl 0aHKa U3MEHUTCS Ha 1 MEHEeXHYIO eIu-
HUILYy, TOrIa IPUOLUIL B cpeaHeM n3MeHUTcs Ha 0,1 JeHeXHYIo enu-
HUILY.

2. Ilpumep npoeepku cunomesut 0 3HaUUMOCTU K0Ihpuyuenmoe
napHoli pezpeccuu U ypasHeHus1 pecpeccuil 8 ueaom

Ha ocHoBaHWY MCXOTHBIX TAHHBIX IO OBANIATH OaHKaM CTpPaHBI
0 pasMepe NpHUOBbLIM B IEHEXHBIX ¢AMHULIAX (pe3y/IbTaTUBHAS IIepe-
MeHHast) U 0O0beMax BBIIAHHBIX KPEAWTOB B JEHEXHBIX €IMHUIIAX
(dakTopHas mepeMeHHast) ObIJIO ITOCTPOSHO YpaBHEHWE MapHOM pe-
IpecCcuy BUIA:

y=2565+0,1x(x—220).

ITpu poBepke 3HAYUMMOCTH (TTPEITOJIOXKEHUS TOTO, UTO ITapaMeT-
PBI OTJIMYAIOTCST OT HYJIS1) KO3 (MUILIMEHTa perpecCuy BEIIBUTACTCS OC-
HOBHasg TUIOTe3a H;, O HE3HAYMMOCTU TIONYYEHHOW OLEH-
xu: H,/ B, =0.

AnbTepHaTUBHOI (M1 0OpaTHOI) BbIIBUTAETCS TUIIOTE3a O 3HA-
ynmocTd kodddummenta perpeccnn: H,/ S, #0.

st IpOBEPKM BBIABUHYTHIX TMIIOTE3 MCIIOIB3YETCS t-KPUTEPUiA
(t-cratuctuka) CrbloieHTa.
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®opmyaa Haba0gaeMoro 3navyeHus t-kpurepusi CTbiogeHTa IS
MPOBEPKU ruInoressl H; /4, = 0 umeeT BUL:

. _A
naba a)(ﬁl)’

e A1 — ouenka MapaMeTpa perpeccuu Ji;
(/) — BeIMMUHA CTAHIAPTHOM OIMMOKM MapaMeTpa PErPECCUM ;.
B cnyuae napHoii Juneiinoii Mojie I perpeccuu rokasatelb w(/45,)
BBIYUCIISIETCS TAKUM 00Pa3oM:

a}(ﬂl)Z i:ln :
(n=2)% ) (x,— %)’

Yucnureab cTaHIAPTHOM OIMMOKU MOXET OBITh pacCuMTaH depes
MapHbIi KO3(hGUITMEHT AeTepMUHALIMY KaK:

Net=> (-5 ) =nxG)x1-r),
i=1 i=1

rae GA(y) — ob1uast Aucnepcus 3aBUCMMOTO IIPU3HAKA;
r,, — TIapHbIi K03GhMULIMEHT IeTePMUHALIMN MEXITy 3aBUCUMbIM
1 He3aBUCHUMBIM TTPU3HAKaMM.
Paccunrtaem o0IIyl0 ITHUCIIEPCUIO Pe3yJbTaTUBHOIO TMpH3HAKa I10
WCXOMHBIM JaHHBIM:

G (y)=y* — 3 =721,55— 657,92 =63,63.

Torga ctannapTHasi ommoOKa OyJer paBHa:

zef
. _\/20x63,63x(l—0,85)_

Ap,) = 3
(n=2)% Y (x,~ %)’ (20-2)x170

(190,89
~\ 3060

=0,053 .
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Paccuuraem HabmonaemMoe 3HaUeHUE t-KpUTepus:

Y A B
g w(,é’l) 0,053 ’

Kputnueckoe 3HaYeHME t-KPUTEPUST Kpum(“§ n— h), tne @« — ypo-
BEHb 3HAYMMOCTH, (7 — /) — YUCIIO CTEIIeHEe CBOOOIBI, OIIPEIeIIsSICT-
cs1 1o Tabyuile pacnpeneseHuit t-kputepust CTbloIeHTa.

B nanHowM ciydae thum((z n—h)= Kpum(O,OS; 20 — 2) =1,73.

Hab6nonaemoe 3HaueHre t-KpUTEPUsI IO MOYJTIO OOJIbIIE €r0 KpU-
THUYECKOTO 3HAYCHMUS, T. €. |tmm| >t Lepum Takum o6pazom, Koapdu-
LIMEHT MapHO perpeccur oKasauacs 3HAaYUMBbIM.

[TpoBeprM 3HAYMMOCTb YpaBHEHMSI PETpeccUU depe3 IMPOBEPKY
TUIIOTE3bl O 3HAYMMOCTHU MapHOTo KoadduiimeHTa JeTepMUHAaLINY.

OcHoBHas runoresa Gpopmynupyercs Kak H, / rzyx = (0 — mapHBIiA
KO3 GULIMEHT NeTepMUHALIMY HE3HAYWM, U, CJIeIOBaTeJIbHO, YpaBHe-
HHE PETPecCuy TaKXKe SBISIeTCS He3HAYUMBIM.

AnbrepHaTuBHad el runoresa H, / rzyx # (0 — mapHblii KO3 hu-
IUEHT AeTEPMUHALIMY 3HAYMMO OTJINYAEeTCS OT HYJISA, CJIeMOBaTeIbHO,
MOCTPOEHHOE YpaBHEHNE PETPECCUU SIBISIETCS] 3HAYUMBIM.

PaccuuTtaem KoadduimeHT geTepMrUHAINKM KaK KBaapaT MapHOTO
K03 GULIMEHTA KOPPEALMU: rzyx= 0,852 =0,7225.

[ns mpoBepKM TUMOTE3bl O 3HAYMMOCTU YpaBHEHUSI perpeccuu
B 11eJI0M Mcnonb3yercs F-kputepuit @uiiepa.

Kputunyeckoe 3HaueHue F-kputepust HaxonuTcs 1o Tabaulie pac-
npeneneHus Ouirepa — CHenekopa B 3aBUCHMOCTH OT YPOBHSI 3Ha-
YMMOCTM & W YMCIIa CTeNeHel cBoboubl: k, = h — 1l u k,=n — h.
B cnyyae mpoBepKM 3HAUMMOCTH YpaBHEHUsI MAPHON Perpeccuu Kpr-
ThYeckoe 3HaueHue F-cratuctukm Bbruucasercs Kak (a; 1; n — 2).
B namewm nipumepe

Fpm(a,n=2)=F,, (0,051;18)=441.

®opmyna HabaogaeMoro 3HayeHWs1 F-kputepust st TIpOBEpPKU
TUTIOTE3BI O HeBHa‘-II/IMOCTI/I IMapHOTO YPAaBHEHHUS PErpecCud UMeeT B

B =X ()= 0072722525 X 18 = 46,84.

HaGniogaeMoe 3HaueHue F-kKputepus okazanaoch 00JIbIIe ero Kpu-
TUYECKOT0o 3HAYEHMSI, CIIeI0BaTeIbHO, JIMHEWHOE YpaBHEHNE TTapHOM
perpeccuu SIBJISIETCSl 3HAUMMBbIM.

IMocTpoeHHOE ypaBHEHME perpeccuu MexXay IoJay4aeMoil mpu-
OBLTbIO 1 00bEMOM BbIIAaBaeMbIX KPEIUTOB Ha 72,25% 0OBSICHSIET Ba-
pUaLMIO 3aBUCHUMOI IepeMeHHON B OO0lleM o0beMe €€ Bapualluu.
27,75% nucnepcun 3aBUCUMOM TTEPEMEHHOM OCTAJIUCh HEOOBSICHEH-
HBIMU.

49



JIEKIINA Ne 7. JIuneiinas MojeJib MHOKECTBEHHOI
perpeccun. Kinaccuyeckuii MeTOJ HAMMEHbIIMX
KBAaJAPaTOB /11 MOJIeJI MHOXKECTBEHHOM perpeccum.
MHoOXKeCTBeHHOE JIMHEHHOE YPaBHEHHE perpeccuu

Mopenb MHOXECTBEHHOW PETpecCuiu SIBISIETCS METOJIOM BHISIBIIC-
HUST aHATUTUYECKON (hOPMBI CBSI3M MEXITY 3aBUCUMBIM (MU PE3YIIb-
TaTUBHBIM) TIPU3HAKOM U HECKOJIBKUMU He3aBUCUMBbIMU (MM ak-
TOPHBIMM) TepeMeHHbIMU. Ee mocTpoeHMe IlienecooOpa3HO B TOM
ciayyae, eciu Ko3h@UIMEHT MHOXECTBEHHOI KOPpEIsSIuU MoKas3all
HaJIMIue CBSI3U MEXIIY IepeMEeHHBIMU.

OO BUI IMHEHHOT0 YPaBHEHUS] MHOKECTBEHHOIi Perpeccuu:

V=gt OAx t . X, te

[Jie y; — 3HAYCHUE i-OW 3aBUCUMOIA TIEPEMEHHOI, i=1n

X4 +-es Xy — 3HAUEHUS HE3ABUCUMBIX MEPEMEHHDIX;
Sy -+-» 5, — TTAPAMETPHI yPABHEHNST PETPECCHH, TIOJIEXAIIHE OLIEH-
Ke;

&, — CJlyJyaiiHble OLTMOKU MHOXECTBEHHOTO YPaBHEHMsI PETPECCHH.
Mopenb HopMalbHOI JMHENHON MHOXECTBEHHON perpeccuu

CTPOUTCS UCXOMS U3 CIACAYIOIIMX MPEATOCHLTOK:

1) BEMYMHBL X, ..., X;; ABIAIOTCA HECTYYaHBIMM 1 HE3aBUCHMBbI-
MU MIEPEMEHHBIMU;

2) MaTeMaTU4YeCKOe OXHIaHUe CIy4aliHOM OIIMOKY ypaBHEHUS pe-
IPECCUM PABHO HYJIIO BO BCeX Habmonenusx: E(e,) =0, tae i= L
3) nucnepcus cay4aiiHOI OIIMOKY YpaBHEHUS PerpecCuu sIBJIsIeT-
€4 MOCTOSIHHOM Juist Beex HaOmonenuit: D(g, ) = E(szl ) = const;

4) ciy4daiiHble OLIMOKY YpaBHEHUS perpeccur He KOppeIupOBaHbl
MeXIy co0o0ii, T. €. KoBapHallMsl CIy4aliHbIX OIIMOOK JTIOOBIX IBYX
pasHbIX HaOmoneHuit paBHa Hy0: Cov(e, ,gj) = K¢, & ) =10. 910
MPEIIONIOXEHUE BEPHO B TOM CJIyyae, eclid u3yyaeMble JaHHbIE He
SIBJISTIIOTCSI BPEMEHHBIMU PSIIaMU;

5) ocHOBBIBasICh Ha 3 U 4-M MPENNOJIOXEHUIX, J00aBIISIETCS YCIIO-
BHME O TOM, UTO cliyyaliHas olnMOKa ypaBHEHUS PErpecCuu sIBIISIeT-
Csl CJIy4aliHOM BEJIMYMHOM, MOAYMHSIOIIEHCS HOPMAIIbLHOMY 3aKO-
HY pacrpeiesieHus] C HYyJIeBBIM MaTeMaTUUYeCKUM OXWUIaHUEM
u nucnepeueit G*/ ¢, ~ N(0,GP).
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YpaBHeHHe MHOKeCTBEHHOI JIMHEIHO perpecCHd B MATPHYHOM BHIIE:

Y=X/f+e,
Vi
be . N .
e Y=|". — BEKTOp 3HAUYECHUI1 3aBUCUMOI NepeMEeHHOMN
) pa3MepHocTU 1 X 1;
Ya
x]] le xlk
Loxy, X, o Xy .
X= — BEKTOp 3HAUYECHUI He3aBUCH-
MOW MEPEMEHHON pPasMEepPHOCTU
Lox, X, oo X, n x (k + 1). Ilepsblii cronbGel s1B-

JIAETCS €MMHUYHBIM, TAK KAK B YPABHEHUY PETPECCHH NTAPaMETP 4, YMHO-
XaercsiHa 1.

yop
s= ﬂ ! — BEKTOpP HEM3BECTHBIX MMapaMeTPOB MOJEIN MHO-
XKECTBEHHOM perpeccuu pasmepHoctu (k + 1) x 1;
-
‘9]
82 o
e=| . — BEKTOP CJIyJyaliHbIX OIIIMOOK YpaBHEHUS perpeccuu
pa3MepHOCTH /1 X 1.
£

n

[loGaByieHre B MOJEIb TAKOTO KOMIIOHEHTa, KaK BEKTOp CJIydJaii-
HBIX OLIMOOK, HEOOXOIUMO B CBSI3U C MPAKTUUYECKOW HEBO3MOXKHO-
CTbIO OLIEHUTh CBSI3b MEXAY MEePEMEHHBIMU CO CTOMPOLEHTHON TOY-

HOCTBIO.

HopmanbHast nuHelHas MoIedb MHOXECTBEHHOM perpeccuu
B MaTpUYHOI (hopMe CTPOUTCS UCXOIST U3 CJIERYIOIUX MPeaNnoJI0KEeHHIA:
1) daxTopHBIe MPU3HAKH X,,, ..., X;, SBISIOTCS JETEPMUHUPOBAHHBIMU
Hec/TyJaifHbIMM BeJIMIMHAMU. B TepMuHaxX MaTpyUuHOIL 3arvcu X — 3T0
JIeTepMUHAPOBaHHAasT MaTpulia paHra (k + 1) , T. €. CTOJOLbI MaTPUILIbI

X NMHENHO He3aBUCUMBI MEXTY COOOI;

2) MaTeMaTUYeCKOe OXUIAHHUE CIIydyaliHOM OIIMOKM YypaBHEHUS

perpeccuu paBHO HyJIIO BO Bcex HabmoneHusix: E(e) = 0;

3) MpeAnoaoXeHuss 0 TOM, YTO AMCIEPCUs CIYYaifHON OIIMOKMU
YpaBHEHUSI PpErpeccuM SBIsIeTCS TMOCTOSIHHOW i1 BCEX
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HaOMIOAEHUI M KOBapuallus CIy4allHBIX OIIMOOK JIIOOBIX IBYX
pa3HBIX HAOMIOACHUI paBHA HYJIIO, MOXKXHO 3aIlMCaTh C ITOMOIIBIO
KOBapHallMOHHOW MaTpUIbl CIy4alHBIX OIMMOOK HOpMaJbHOM
JIMHEMHON MOJIEIM MHOXECTBEHHOI perpeccum:

G* 0 - 0 1 0 - 0
0o G* --- 0 o 1 - 0

2 = =G’ =G’In,
0o 0 - G? 0o 0 - 1

rae G* — nucrnepcus cilydaitHoil OlIMOKM ypaBHEHUS PETPECCUU &
In — equHUYHAsA MaTpulla pa3MEPHOCTH A X A,

4) ¢ — He3aBUCUMAs M He 3aBUCsIIAs OT X ciydyaiiHasi BeJIMYrHa,

MOTYMHSIONIAsACA MHOTOMEPHOMY  HOPMaJIbHOMY  3aKOHY

pacripefieieHUsI € HYJEBbIM MaTeMaTHUYECKUM OXUIaHUEM

u nucnepcueit G2 - N(0; G’In).

1. Kaaccuueckuii memoo HauUMeHbUIUX K8AOPAMOs
041 Modeau MHONCECHBEHHOIl pezpeccuu

OO BUA TMHEHHOTO ypaBHEHMSI MHOXECTBEHHOM pErpecCuiu:

V=gt Ax, .. X, e,

[ie y; — 3Ha4YEHMe [ -0 3aBUCUMOM NepeMeHHOH, i =17,

Xy oo Xy 3HAYEHUsI HE3aBUCUMBIX IIEPEMEHHBIX;
By ---» B,— TMapaMeTpbl YpaBHEHHUSI PETPecCUM, MOiexallne
OLIEHKE;

& — CJlydaiiHble OIIMOKM MHOXECTBEHHOTO YPABHEHUS PETPECCUU.

UToObl HAWTHM OLEHKM HEM3BECTHBIX IMapaMeTpoB JIMHEHHOTO
YpaBHEHUSI MHOXXECTBEHHOM PErpeccrum, UCITOIb3YeTCs] OOBIYHBIN Me-
TOJ, HAUMEHBIIMX KBaaApaToB. Ero cyTb COCTOUT B HAXOXIEHUU BEKTO-
pa OLIeHKH S, KOTOPBIi MUHUMU3HUPOBAJI ObI CyMMY KBaIpaTOB OTKJIO-
HEHMi1 (OCcTaTKOB) HabI0aeMbIX 3HAUYEHU I 3aBUCUMO TTepeMEHHOM
¥ OT MOIENBHBIX 3HAYEHWIA ). PACCYMTAHHBIX HA OCHOBAHMM MTOCTPOEH-

HOTO ypaBHEHUST PErPECCUM.
PaccMoTpuM MaTpraHYyIo (hopMy (PyHKIIMOHAIA F MeTOIa HAaMMEHb-
WX KBAJIPATOB:

F=2(yi_)~)i) =(Y—X,5))TX (Y—X/z’)emin’
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Y = sz — BEKTOp 3HaUEHU I 3aBUCUMO TIepeMeHHON pa3Mep-
) HoCcTH K X 1;
yn
l xll x]2 xl k
I x, x, ... X, . :
X= — BEKTOp 3HaueHMil He3aBUCHUMOIA
nepeMeHHoi pazMepHocT 1 X (k + 1),
1 x, x X

nk

[epBolii cronbell ABISIETCS EIMHUYHBIM, TaK KaK B ypaBHEHUU pe-
rpeccuu rnapameTp £, yMHOXaeTcs Ha 1.

11 Toro yTo0bsl HATM MUHUMYM (GyHKUIMU (F ), HY>KHO BBIUKC-
JINTh YACTHbIE TTPOU3BOIHbBIE 3TOM (hYHKIIMU TT0 KAXKIOMY U3 OLIEHUBae-
MBIX TTapaMeTPOB U MIPUPABHATH UX K HyJto0. [loyyeHHas cTalimoHap-
Hasl cucTeMa ypaBHEHUI MOXET ObITh 3arucaHa Kak:

oF
—=0
5,
oF
=0,
b,
me (4,
= /77 ! — BEKTOp OLICHMBAeMBbIX ITapaMeTPOB YpaBHEHUS
: perpeccunu.
By

OOmmii BHA CTAIMOHAPHON CHUCTEMBI YPaBHEHMIA
MOXHO 3alucarh Kak:

oF _ —2X"Y4+2X"X3=0.
B

B pesynbTate pemeHusT CUCTEMbl HOPMaJIBHBIX YPaBHEHMIA TTOJTY-
yum cieayonme MHK-oLeHKM HEM3BECTHBIX IapaMETPOB YpaBHE-
HUST PETPECCUM:

A=X"X)"'Xx"y.
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PaccMoTpuM npumeHneHne MeTOa HAMMEHBUIMX KBAIPATOB HA MPH-
Mepe MOJe/IM MHOXKECTBEHHOM JIMHEWHON perpeccuu C IBYMS MEPEMEH-
HBIMU:

Y, =ptBx,+ 0%, +¢,

roe i=1.n.
J1J1 HAXOXKIEHUS OLEHOK HEM3BECTHBIX NTAPAMETPOB JAHHOIO YPaB-
HEHUSA PETPECCUN MUHUMU3NPYEM BBIpAXKEHUE:

in(yi_lgo_lglxli_lzjzxzi) LeBile s min,
i=1

CrauuoHapHast CUCTeMa ypaBHEHU 1J1sI MOJEIN MHOXECTBEHHOM
JIMHEHOM perpeccuu ¢ ABYMS TIEPEMEHHBIMU CTPOUTCS CJIEIYIOLIAM
obpaszom:

o XY 12X XA,
P,
oF Xy +2x7X 4,
B,
o Xy +2X X,
b,

Ilocne snemeHTapHBIX MpeoOpa3oBaHUIl JaHHOU CTallMOHAPHOM
CHCTEeMbl YpaBHEHU TTOJTYYMM CHCTEMY HOPMAJIbHBIX YPABHEHMIA:

”X/éo +lz)li‘xli +/5)2ix2i = iyn
i=1 i=1 i=1
ﬁoixw +lz)]i‘x]2i +ﬁz i'xli XXy = iyi XXy
i=1 i=1 i=1 i=1
ﬁoixz,' +ﬁ]i‘xli X X, +lz)2ix]2i ziyi X X, -
i=1 i=1 i=1 i=1

JlaHHasi cucTeMa Ha3bIBAeTCS CHCTEMOil HOPMAIbHBIX YDPABHEHHMIA
OTHOCHTENILHO K03(duuuentos S, 4, u [, s 3aBUCUMOCTH

V,=ptBx,+ 5%, ¢,

CurcTeMa HOPMAJIbHBIX YPaBHEHMIA SBIISIETCA KBAIPATHOM, T. €. KO-
JIMYECTBO YPAaBHEHUIA PABHAETCS KOJIMYECTBY HEU3BECTHBIX IIEPEMEH-
HBIX, MO3TOMY KO3()(PULIMEHTHI /?0, ﬁ] " /5’2 MOXHO HaWTH C IIO-
Moiisio Metona Kpamepa mim merona Iaycca.
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Meton Kpamepa 3akiiroyaeTcsl B CASAYIOIIEM.
EauMHCcTBeHHOE peleHne KBaapaTHOM CUCTeMbl IMHEHHBIX YpaBHE-
HUI1 onpenensieTcs mo gopmy.ie:

A _
K=" j=ln
rae A — OCHOBHOM ONpeNennuTeNlb KBAAPATHON CUCTEMBI JTUHEMHBIX

YPaBHEHUIA;

Aj — OIpeIeTUTENb, MOJYYEHHbIN U3 OCHOBHOTO OMPEAETUTES My-

TEM 3aMeHbI j-TO CTOJIOLA Ha CTOIOE1, CBOOOIHBIX YJIEHOB.

Ecnu ocHOBHOI ompeaenuTeab CUCTeMbl A paBeH HYIIO U BCe
orpeaenureau A  TAKKE PABHBI HYJTIO, TO IaHHAs CUCTEMa MMeeT Gec-
KOHEYHOE MHOXECTBO PEIleHUIA.

Ecnu ocHOBHOI1 ornpeaennTenb cucTeMbl A paBEeH HYJIIO M XOTSI Obl
OIIMH U3 OIlpeneIuTeNei Aj TaK>XX€ paBEH HYJI0, TO CUCTEMA PELICHUIA
HE VMEET.

Merton I'aycca mpumeHsieTcsl B OCHOBHOM JUISL PEIeHUs] CUCTEM
JIMHEWHBIX YpaBHEHUN, KOTJA KOJTMYECTBO HEU3BECTHBIX MTapaMETPOB
He COBIAAAeT C KOJIMYECTBOM yPaBHEHU.

OnHAaKOo ero UCIOJB3YIOT U 151 pellieHUs] KBaJPaTHBIX CUCTEM JI-
HEUHBIX ypaBHEHUIA.

2. Muoscecmeennoe auneiiHoe ypagHenue pezpeccuu
6 cmandapmu3suposannom macumaoe. Pewenue
K8adpamubvIx cucmem AUHEUHbIX YPAGHEeHUIl
memodom Taycca

OlLIeHKM HEW3BECTHBIX MapaMeTPOB YpaBHEHUs PErpeccuu OIpe-
NIEJISTIOTCS ¢ TIOMOIIBI0 METO/Ia HAMMEHBIINUX KBaapaTroB. OmHaKO Cy-
ILIECTBYET U APYToii croco0 OLIEeHUBAHUS 3TUX KO3(PDUILIMEHTOB B CIIy-
yae MHOXECTBEHHOM JHMHEMHON perpeccuu. s 3TOro crpouTcs
ypaBHEHME MHOXECTBEHHOI perpeccuv B CTaHIapTU3MPOBAHHOM
(HOpMUpOBaHHOM) MaclilTabe. DTO 03HAYaeT, YTO BCE MEPEMEHHBIE,
YYacTBYIOILIME B PETPECCHOHHON MOMEIN, CTAaHIAPTU3UPYIOTCS C T10-
MOIIBIO CIIeHATbHBIX (hopMyI.

[poliecc craHmapTU3aIMK TTO3BOJISIET YCTAHOBUTH TOUKOM OTCUEeTa
IUIST KaKIOW HOPMUPOBAHHON NEPEMEHHOU ee cpellHee 3HaYeHUE T10
BoIOOpKe. [lpu 3TOM enuHuUIEl U3MEpPEeHUs CTaHAAPTU3UPOBAHHOM

MEPEMEHHOM CTAHOBUTCS €€ CPEAHEKBAAPATUUYECKOE OTKIOHEHUE.
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®opmyna i mepeBoa He3aBUCUMOM TIEpeMEHHOM X B CTaHaap-
TU3UPOBAHHBIN MacIITao:

1(r,) =2
! G(x,)
rne i=1n, j=1Lk;
G(x;) — CpenHeKBaAPaTUIECKOE OTKIIOHEHUE HE3ABUCUMOI TIEpe
MEHHO.

®opmyna IS TIepeBoia 3aBUCUMOM TIepeMEHHOM y B CTaHAapTH-
3UPOBAHHBIN MacIITab:

_h=y
G(r)

B ciyJae TMHEWHOW 3aBUCUMOCTH MEXIY M3yJ9aeMBbIMU ITEPEMEH-

t(y,.

HBIMU MPOUECCC CTaHAapTU3allu1 HE HApylacT 3TON CBA3U, ITO3TOMY
CITpaBE€IJINBO CJIICAYIOIICEC paBEHCTBO:

10)= 3 8% L)

Ji1st Toro 4ToOBl HATHM HEU3BECTHBIC KOI(PPUIIMEHTH TaHHON
(GYHKIIMM, MOXHO HCMOJb30BaTh KJIACCUYECKUIT METOJ HauMEHb-
WX KBaApaToOB IJISI MHOXECTBEHHON perpeccuu, T. €. HEOOXOIUMO
MUHUMU3UPOBATH (hyHKIMOHAJ BUIA:

F= f(y)—iﬂi xS (x, )|—£— min.

IIpu 5TOM B KauecTBE MIEPEMEHHBIX B CUCTEME HOPMAaJIbHBIX YPaB-
HEHMI1 OYIyT BBICTYIIATh MapHble KOAMOUIIMEHTH Koppeasiuu. Ta-
KOI ITOIX0J OCHOBBIBAETCSI Ha CJICAYIOILIEM PABEHCTBE:

21(3(,-/) X t(xkj) =rL,.Lk =r"i"k'
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Takum ob6pa3zoM, cucteMa HOpMaJbHBIX YpaBHEHUI /Il CTaHAap-
TU3UPOBAHHOW MOJEJIM MHOXECTBEHHOM perpeccun NMeeT BUIL:

,5’, -H’(x,x2 ),5’2 +...+r(xlxn),5’n =r(x,y),
r(xzx1 ),5’1 +,5’2 +...+r(x2xn),5’n =r(x2y),

r(xnxl )Bl +r(xnx2 ),572 +...+Bn =r(xny).

JaHHas cucTteMa HOpMaJbHBIX YpaBHEHUN SIBJISIETCS KBaApPAaTHOM,
T. €. KOJIMYECTBO YpAaBHEHU I paBHIECTCS KOJTMYECTBY HEU3BECTHBIX Me-
pPEMEHHBIX, TTO3TOMY OLIEHKH KO3(h(UIIMEHTOB IB’O, e B MOXHO
HaiiTi ¢ moMonibsio MmeTona Kpamepa, merona 'aycca niam meToma 06-
pPaTHBIX MaTpPHIL.
[Tociie Toro Kak mapameTpbl YpaBHEHUsSI MHOXECTBEHHOM perpeccuu
B CTaHAapTU3MPOBAHHOM MaclilTabe orpeaesieHbl, HEOOXOAMMO Tiepe-
BECTH WX B MACHITA0 MCXOIHBIX JAHHBIX:

_ 5. .00
ﬂi _ﬂi XG(X)’
By =F- D h X%

OcHOBHas ujesl pellieHus KBaJpaTHOM CUCTEMBI JIMHEMHBIX ypaB-
HeHuit MeTomoM ["aycca 3akimoyaeTcs B TOM, UTO UCXOAHYIO KBampaT-
HYIO CUCTeMY W3 1 JIMHEWHBIX YPaBHEHUN C # HEU3BECTHBIMU Tiepe-
MEHHBIMU HEOOXOIMMO NTpeoOpa3oBaTh K TpeyroibHoMy Buiy. C aToi
1IeJIbIO B OHOM M3 YPaBHEHUI CUCTEMbI OCTaBJISIIOT BCE HEM3BECTHbBIE
nepeMeHHbIe. B npyroM ypaBHeHUM COKpallaloT OAHY U3 HEU3BECT-
HBIX IEPEMEHHBIX JUISI TOTO, YTOOBI YMCJI0 HEM3BECTHBIX CTao (1 — 1).

B cienyroieM ypaBHEHUMM COKPAILAIOT IBE HEU3BECTHBIE Tepe-
MEHHBbIE, YTOOBI UUCIIO TIEpEMEHHBIX cTajio (# — 2). B KoHLIe 1aHHOTO
npoliecca cucTeMa IprMMeT TPeyToJIbHbIN BU, TIepBOE YpaBHEHNE KO-
TOPOIl CONEPXUT BCE HEU3BECTHBIE, a MOCJEAHEEe — TOJIBKO OIHY.
B nocnennem ypaBHeHUU cucTteMsl octaeTcs (n — (n — 1)) HeusBecT-
HBIX TIEPEMEHHBIX, T. €. OHA HEU3BECTHAsI TIepeMeHHasl, KoTopasi Ha-
3pIBaeTcsl 0a3ucHou. JlanbHeiilee peleHrue CBOAUTCS K BhIPaXKEHUIO
CBOOOIHBIX (7 — 1) HEM3BECTHHIX IIEPEMEHHBIX Yepe3 0a3uCHYIO ITepe-
MEHHYIO U MOJYYEeHUIO OOILEero pelleHust KBaApaTHOW CUCTEMBI JIU-
HEUHBIX ypaBHEHUIA.
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JIEKIIMA Ne 8. IToka3aTe/im TeCHOTHI CBSI3H,
YACTHON ¥ MHOKECTBEHHON KOPPeJIsauuM.
OObIYHBIA M CKOPPEKTHPOBAHHBIN MOKA3aTe/ U
MHOZKECTBEHHOM JieTepMUHALIMU

CousmepuMble MoKa3aTeJIM TECHOThI CBSI3U MOTYT MCITOJIb30BaThCSI
B cliy4ae, eciid (haKTOpHbIe TPU3HAKU UMEIOT HECOTIOCTABUMbIE €M~
HUIBI U3MepeHrst. OHU TTO3BOJISIOT OTIPEACTTUTh TECHOTY CBA3U MEX-
1y (haKTOPHBIM M Pe3yJbTaTUBHBIM MPU3HAKAMU B MOJEIU MHOXKECT-
BeHHOU perpeccun. K HuM orHocATcS Ko3((HIHEHTb YaCTHOM
3JJACTUYHOCTH U CTAHIAPTU3MPOBAHHbIE YACTHbIE KOI((PHUIHMEHTHI pe-
rpeccHu.

[ns onpeneneHust CTaHAAPTU3UPOBAHHBIX YACTHBIX PErPECCUOH-
HBIX KO3 OUIIMEHTOB CTPOUTCS YpaBHEHUE MHOXECTBEHHOM perpec-
CHMM B CTaHIapTHOM MacinTabe. Bce mepeMeHHbBIE, yUaCTBYIOIINE B pe-
TPEeCCUOHHOM MOJIEIN, CTAHAAPTUZUPYIOTCS C TIOMOILIBIO CIIeLIMAIBHBIX
dopmyn. CranmapTuzalusi MO3BOJIIET YCTAHOBUTh TOYKOW OTCYeTa
JUTSI KaXJI0i1 HOPMUPOBAHHON MEPEMEHHOI ee cpeHee 3HaYeHue Mo
BbIOOpKe. EnmuHuieil u3aMepeHusi CTaHAapTU3MPOBAHHOW TepeMeH-
HOIf CTAHOBHTCS €€ CpeTHeKBaapaTHIecKoe OTKIIOHeHne. VX TpakToB-
Ka CBOAUTCS K CJIEAYIOIIEMY: Ha KaKylo IOJII0 CpeIHEeKBaApaTUUECKOro
OTKJIOHeHUST G(Y) U3MEHUTCS 3aBUCUMBIN MPU3HAK TIPU YCIOBUM U3-
MeHeHUs (hakTopHOTO NMpu3HakKa G(x) Ha BeJIMYMHY CBOETO CPEeTHEKBA-
JIPAaTUYEeCKOTO OTKJIOHEHMUS, €CJIU OCTaJIbHbIe (haKTOPhI, y4aCTBYIOIINE
B Mofesid, OyayT 3apMKCUPOBAHBI.

CraHIapTU3UPOBAHHBIN YaCTHBII PErpeCCUOHHBIN KO3(ppUIIeHT
MOKAa3bIBaeT CTETIEHb HEMOCPEICTBEHHOW WJIM TIPSIMOM CBSI3U MEXITY
pe3yAbTaTUBHBIM U (DaKTOPHBIM TIpU3HaKaMM. B Momenn MHOXecT-
BEHHOI1 perpeccuu (hakTOPHbBIN MPU3HAK OKA3bIBAET HA PE3y/IbTATUBHYIO
TePEeMEHHYIO He TOJIbKO TIPSIMOE, HO M KOCBEHHOE BIIMSIHHME, KOTOPOE
OOBSICHSIETCS €T0 CBSI3bIO C IPYTMMU (haKTOPHBIMU MOJETBHBIMU TTPU3-
Hakamu. /{11 uaMepeHust KOCBEHHOTO BIUSIHUS (DAKTOPHOTO MpU3HA-
Ka Ha pe3yJbTaTUBHYIO MEPEeMEHHYIO PacCUMTBHIBACTCS BEJIMYMHA
YacTHOTO Ko3(¢uiueHTa 1eTepMUHALMH:

dizzﬁixr(xixj)’
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rie f; — CTaHAapTU3UPOBAHHbII YACTHbIN PETPECCUOHHBIHA K03(-
(uimeHT;
r(xl.xj) — KO3 DULIMEHT YaCTHOI KOPPEISLIMU MeXIy (haKTop-
HBIMU [PU3HAKAMU X; U X;.

YacTHbli K03 GUIIMEHT AeTepPMUHALIMM MTOKA3bIBAaeT, Ha CKOJIbKO
MPOIIEHTOB Bapuallysl Pe3yJIbTaTUBHOTO MpU3HAKa OOBSICHSIETCS Ba-
puaieii i-ro ¢pakTOpHOTO MpU3HAKa, BXOSILEr0 B MHOXECTBEHHOE
ypaBHEHUE perpeccuu, Mpu (GUKCUPOBAHHBIX 3HAUEHUSIX OCTAbHBIX
dakTopoB.

JpyruM MmoxasaTesieM TECHOTBI CBS3U SIBISIETCS KO3(hGUIMEHT
YacTHOM 3acTUUYHOCTU. OH pacCYMTBIBAETCS IO (hopMyJie:

Y _ X,
2 =—XxX=,
X Y
rme )_(l — CpeoHee 3HaYeHMe He3aBMCUMOT'O IPY3HaKa I10 BhIOOpKe i = 1,7;
Y — cpennHee 3HaueHMe pe3yabTATUBHOIO IIPU3HAKA 10
BBIOOpKE;

Y
—— — TepBasi IPOU3BOIHAS Y 11O X.

oX
YacTHbllt KO3(GUIIMEHT 3J1aCTUYHOCTH OTPakaeT MpPOLIEHTHOE
HM3MEHEeHMEe Pe3yJIbTATUBHOIO MpHU3HaKa IPU M3MeHeHuU Ha 1% ot
CPeIHEro ypoBHsi (haKTOPHOTO MPU3HAKA X;, €CJIU OCTAaLHbIE Iepe-
MEHHBIE, YIaCTBYIOIINE B MOIEIH, 3aUKCUPOBAHBI.
i TMHEIHOM MOIEIN PEerpecCuM YacTHBIM KO3 UIIMEHT 3J1a-
CTUYHOCTU PACCUYUTHIBAETCSI:

9!' = Igi X 7"’

rae £, — K03 GUUMEHT YPaBHEHNS MHOXKECTBEHHOM PErpeccuu.

CTaHIapTU3UPOBAHHBIE YaCTHEBIE PErpeCCUOHHBIE KO3 dHUIIMeH-
ThI ¥ YaCTHBIE KODMUIIMEHTHI JJACTUMHOCTH MOTYT HE COBMAnaTh 110
pesyibTaTaM. DTO pacXoxkIeHHe B BBIBOJAX MOXHO OOBSICHUTbH, Ha-
MpUMep, TeM, YTO BEJWUYMHA CPEeIHEKBAJAPATUUYECKOTO OTKJIOHEHMS
OITHOTO 13 (DAKTOPHBIX TIPU3HAKOB CIUIIKOM BeuKa. Jpyroi mpuan-
HOI pacxoXaeHusi MOXeT ObIThb 3¢h{eKT HeOAHO3HAYHOTO BO3MEii-
CTBUS OIHOTO U3 MPU3HAKOB Ha Pe3yIbTaTUBHBIN ITOKA3aTeb.
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1. Ilokazameau wacmuoli Koppeasuuu 0431 mooeau
AUHENHOl pecpeccuu ¢ 08ymMsi nepemMeHHbIMU

IMpuMeHeHe YacTHBIX KO(MOUIIMEHTOB KOPPEISALNU BbI3BAHO
HEOOXOMMMOCTBIO OIIEHUTh B3aMMOCBSI3b MEXAY DPe3yTbTaTUBHBIM
MPU3HAKOM U OTHUM U3 (haKTOPHBIX ITPY YCIOBUN (DUKCUPOBAHHOCTHU
OCTaJIbHBIX TIEPEMEHHBIX, YIaCTBYIOIIUX B Moaenu. YacTHBIM Koad-
(GULIMEHT KOppesslMy MO3BOJISIET SIMMUHUPOBATh BIMSHUE Ha pe-
3yJIbTaT BceX (DAKTOPHBIX MOJCIBHBIX TTPU3HAKOB, KPOME OJHOTO.

OrnpenenM 9acTHbIE KO3DGUIIMEHTHl KOPPEISIIUA Ha MpUMepe
MOJIeJIN TMHEMHOM perpeccuu ¢ IByMs mepeMeHHbIMM. OOumii BUI
MOJeJIu:

V=0t x50 te,
Ije y; — 3aBUCUMas IepeMEHHasd, [ =1.n;

X, — NEPBblii (PAKTOPHBIA NPU3HAK;

Z; — BTOPOM (DaKTOPHBbIii IPU3HAK;

By B> B, — HEM3BECTHBIE KO3 OULIMEHTE! YPABHEHHUS PETPECCHN;

&, — Cly4aiiHas O1UMOKa YPaBHEHUSA PETPECCUU.

OnpezieinM B3aMMOCBA3L MEXKY PE3YJIbTATUBHBIM V; U MEPBbIM
(haKTOPHBIM NMPU3HAKOM X, IPY (PMKCUPOBAHHOM 3HAYEHUM BTOPOTO
(haKTOPHOTO TIPU3HAKA Z;, U HAOOOPOT, ONPEAETUM B3aUMOCBSI3b MEX-
Iy pe3yJbTaTUBHBIM U BTOPHIM (PAKTOPHBIM MPU3HAKOM TIPU HUKCU-
POBaHHOM 3Ha4eHUM IepBoro pakropHoro npusHaka. KoadpuimeH-
Thl YAaCTHOM KOPPEJSILIMM Ha3bIBalOTCS Ko3pduumreHTaMu mepBoro
nopsiJiKa, Tak KakK 3JIMMUHUPYETCS BIUSHUE TOJIBKO OTHOTO (hakTopa.
TMopsimok yactHOro Ko3adhdhUIIMEeHTa KOPPEISLMU ONpeaesieTcs: Ko-
JINYECTBOM IMapaMeTpOB, BIMSIHUME KOTOPBIX ycTpaHsieTcst. [Topsimok
koahduLmreHTa mapHoi KOppesiliuy B Cilydyae TapHOW perpeccuoH-
HOM MOJIEJI PaBEH HYJIIO.

KosdduuueHt 4acTHO KOPPEIALUY MEXIY V; U X, TIPU (PUKCUPOBAH-
HOM Z;:
ry

X_’:VZX ’;rz

e \/(l—rxzz) X (l—ryzz)'

Pacuer BenieTcst uepes 0ObIuHbIE TAPHbIE KO GhUIIMEHTHI KOPPESILIMU.
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PaccunraeM Ko3GbGHUUMEHT YACTHON KOPPEJISLIUU MEXIY y; U Z; IPU
(MKCUPOBAHHOM X,

r,VZ_ryx X rXZ

T Jam ) % (-n)

dakTopHbIe TPU3HAKKM OKA3bIBAIOT OIPENEIEHHOE BIMSIHUE APYT
Ha npyra. C MoMOIIbI0 YaCTHOTO KO3 dHUIIeHTa KOPPeIIu MOKHO
OLIEHUTh 3Ty B3AUMOCBSI3b MPU (PUKCUPOBAHHOM MIPUBHAKE ;.

r — rXZ _’.}'X X r:VZ
o \/(1 —ryzz) X (1 -, )

YactHble KO3(DGUIIMEHThl KOPPESIIMU PACCUUTHIBAIOTCS 4epe3
KO3 PUILIMEHT MHOXECTBEHHON JeTepMUHAILIMM, HATIpUMep KO3 hu-
LMEHT YACTHON KOPPEJISILUU MEXLY ¥, U X, IPH (PUKCUPOBAHHOM Z;:

rae Ry2 — MHOXECTBEHHBIN KO3(POUIIUEHT AeTePMUHALIUN PeTPECCH -

OHHOI MOJIEJIU C ABYMSI IEPEMEHHBIMMU.

KoaddunmeHT Koppensiuun n3mMeHsercs B npeaenax [0;1] B om-
Yyue OT YACTHbBIX KOA(PPULIMEHTOB KOPPEsiLiMK, pACCUUTAHHBIX Yepe3
MapHY0 KOPPEJSILUIo, U3MEHSIOIIUXCS B rpeaenax [—1;+1).

Ha ocHoBaHUM 4acTHBIX KOA(PODOUIIMEHTOB KOPPEISLIMU MOXHO
caesiaTh BbIBOJ 00 OOOCHOBAHHOCTH BKJIIOUEHUS TIEPEMEHHOM B pe-
IPECCUOHHYI0 Mofieb. Ecau ero 3HaueHue Mayio Wi KodbduumeHTt
He3HaYuM, CJIeJIOBaTeIbHO, CBSI3b MEX/Iy NaHHBIM (DaKTOpOM U pe-
3yJbTaTUBHON TMEepeMEeHHOU JMOO0 oYeHb cjiaba, JIMOO BOBCE OTCYT-
CTBYET, MO3TOMY (DaKTOP MOXHO UCKJIIOUUTh U3 MoJesn 6e3 yuiepoa
JUTSI €€ KauecTBa.

3HaYMMOCTb YaCTHBIX KOA(MOUIIMEHTOB KOPPEISIIUKM TTPOBEPSIIOT
¢ omoliibio t-kputepusi CtbiofeHTa. Kputuueckoe 3HaueHue t-Kpu-

Tepus t,, (@, n — h) HaxonuTcs no Tabnuue pacnpenesieHus CThIoIeH-

um
Ta, TIe ;— YPOBEHb 3HAYUMOCTH, # — /I — YHCJIO CTeTIEHE! CBOOOIBI.
Jtst MoJieT MHOXXECTBEHHOM PErpecCy ¢ IBYMST TIePeMEHHBIMM YHC-
JIO CTeTIeHel CBOOOIBI paBHSIETCST 1 — 3.
3HaveHMe t-KPUTEPHs PACCUUTHIBACTCS O hopMyJie (Ha IpuMepe

YacTHOro Ko3(hGUILMEHTa KOPPEIALMU MEXIY Y; U X; TPU (HUKCUPO-
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BaHHOM Z,):

r
tﬁaﬁﬂ =%X Vn_k—za
d —-r
»/z

rae k — Mmopsnok 4acTHOro koadduiimeHTa Koppeiasinuu (B ciydae
MOJIEJI PErpeccuu ¢ IByMsl MepeMeHHbIMU k = 1).

2. Ilokazameau wacmmuoii Koppeasyuu 041 mooeau
MHOXCeCmBeHHOIl peepeccuu ¢ mpems u boaee paxmopamu

B ciiyuae Moaien MHOXECTBEHHOM perpeccuu ¢ TpeMsi hakTopamu
MOXHO PacCuMTaTh YaCTHbIe KOI(MOUIIMEHTHI KOPPENsIIuU KaK Tep-
BOTO, TaK W BTOPOTO TMOpsiKa. BBISBISIETCS B3aUMOCBSI3b MEXIY pe-
3yJIbTAaTUBHOI TIEpeMEHHOM U OMHUM 13 (haKTOpOB ITPU (PUKCUPOBaH-
HBIX 3HAYEHUSIX ABYX JAPYTUX (PaKTOPOB.

KoadduimeHTs yacTHOM KOPPEIsi BTOPOTo MOpsaKa ISl MO-
JIeJ T MHOXKECTBEHHOI perpeccuu Buaa:

Vv, =+ fx,+ %, + Fix,, t &
CTpOSATCS TaK:
rx /x,) —r (i, /x,) X r(xx, /x,)
V=7 Ceoxy /) % (1= O /x,))

r(yxz/xl) —r(yx3/x1) X r(xsz/xl)
r( 2/x1x3) = 5
g JO=r G /x)) x (1= (/)

r (yxl /%,%, ) =

, vx.) = r(yx3/x1) _r(yxz/xl) X "(xzxz/xl)‘
(yx3/ 1 2) \/(l—rz (x3x2/x1 )) % (1_,,2 (yxz/xl ))

YacTHble KO3(MGUIMEHTH KOPpEIsSlUU BTOPOro MopsiaKa Io-
CTpPOEHBbI Yepe3 YyacTHbIe KOADGUILIMEHTHI KOPPEIsIIIMU MepBOro Imo-
psnka.

YactHbI KO3(pPUIMEHT KOPPEISLUN ITOPSIKa f MOXKET OBITh IT0-
CTpOEH 4epe3 YacTHIN Kod(hGULMEHT Koppesaunu (¢ — 1) mopsgka.
DopMyITbl, MOCTPOEHHBIE Yepe3 YKa3aHHYIO B3aMMOCBSI3b, Ha3bIBAIOT-
Csl peKyppPeHTHBIMH.

B cinywyae Momenu MHOXECTBEHHOIM perpeccuu, coiaepxKallei
n GaKTOPHBIX MPU3HAKOB, YaCTHBIM KoadduimeHT (n — 1) mopsiaka

62



MOHO PaccyuTaTh 10 o0LIei hopmyle:
r(,/x, .., x,)=
_ r(x, /x5 o X, )= (0, Xy o X, ) X (X, /X0 e X,)

\/(1—r2(x,,xn/x,, o X, )) X \/(l—rz(yxn/xl, o X, )) .

PaccmoTpum moctpoeHue 4acTHbIX KO3(hGUIIMEHTOB KOPPEIsSIu
yepes MokKas3aresib OCTaTOYHOW AUCIIEPCUM.
[ Moienu mapHOR JMHEWHON perpeccur OocTaTOYHasl TUCIEePCHs
BBIUMCIISIETCS KaK:

5 )= 20 HE)

rae ¥, (xl) — OlIeHKa YpaBHEHUSI TTApHOI perpeccuu ¢ He3aBUCH-
MbIM (aKTOPOM X;.
Ecnu B ucxomHoe ypaBHeHUWE TMApHOM perpeccuy H00aBUTh HOBBIN
(bakTop Xx,, 0CTaTOYHAA IMCHEPCUsl MONEIM PErPECCUM € ABYMS (hak-
TOPHBIMM NPU3HAKAMHU OYJIET paBHA BEJIMYMHE:

)= E(yf -, (xlxz))2

0’ (y, X, X,

rae J, (x|x2) — OLIEHKA YpaBHEHMS PErpecCuu ¢ IByMsI He3aBUCH -
MbIMU (DAKTOPAMHU X, U X,.
[Tpn mo6oM KadyecTBe ITOCTPOESHHOM MoJen IBYyX(haKTOPHOI pe-
2 2
rpeccuu GyJeT BBIIONHATbCSA HEPABEHCTBO: O (y, X, )2 0 (y, X5 X, )
Torma BeuunHa

&’ (y, x,) - (y, X, xz)
2
o (y ) xl)
OyIeT 03HAuaTh JOMIO COKPAILEHUS] OCTATOUHOI AUCIIEPCUU 33 CUET

BKJIIOUEHUSI B MOZIeJIb (haKTOopa X,. HeM GoJibIiie 9Ta OIS, TEM CUJIbHEE
JOTIOJHUTENBHBIN (DAKTOD X, BAMAET HA PE3YIbTATUBHBINA NPU3HAK Y,

Ha KaueCcTBO MOJIeJIK PETPECCUU B LIEJIOM, TEM, CJIENOBATENbHO, CUJIb-

HEE CBA3b MEXIY X, U y IPU (PUKCUPOBAHHOM 3HAYEHUH X,.
YacThplii KO3GGUIMEHT KOPPEIAUMH MEXIY NMEPEMEHHBIMU X,

1 y np¥ (PMKCUPOBAaHHOM 3HAYEHUM X, YEPE3 OCTATOYHYIO JUCIIEPCUIO
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BbIYUCITIACTCA:

0? (y, xl)—é2 (y, X, xz)
I (. x) '

[ns Momenan MHOXECTBEHHON perpeccuu ¢ n (aKTOPHBIMU
IpU3HAKaMM YaCTHEIM KO3 (ULMEHT Koppeasaun (n — 1) mopsiaka
MEXIY PE3YJIbTaTUBHBIM IIPU3HAKOM y U (DAKTOPHBIM IIPU3HAKOM X,
npy GUKCUPOBAHHOM 3HAYEHUU OCTATbHBIX MTPU3HAKOB MOXKHO pac-
CUMTaTh 110 (popMyJie:

r(yxz/xl)=

0 (y, Xyy een x,,) -0 (y, Xpy Xpy ven x,,)
dz(y, Xyy oo x") '

OcTtaTogyHas perpeccus pe3yJbTaTUBHOTO IpU3HaKa 1 Ko hum-
€HT MHOXECTBEHHOI JeTepMUHALINY CBSI3aHbI OTHOLICHUEM:

S =1-R(»).

Ecim B popmyse yacTHOro KoapduimeHTa Koppeasiiuy BEIPa3uTh
OCTAaTOYHYIO TMCIIEPCUIO PE3YIbTaTUBHOIO MpU3HaKa yepe3 Koaddu-
LIMEHT MHOXECTBEHHOM TeTepMUHAIIUU, TO JUTSI MOJIETTM MHOKECTBEH-
HOI perpeccuu ¢ # paKTOPHBIMU ITpU3HAKAMU YaCTHBIN K03 umeHT
KOppeJsiiiy B 001IeM BUJIe MOXKHO ONpeAeUTh Mo (opmyie:

_ l—Rz(y, x[.)
1-R? (y, x.,)

r(, /%y, oy X,) =

YacrHble K03(hGUIMEHTHI KOPPEISIUY, BEIYMCISCHHBIE IT0 PeKyp-
PEeHTHBIM (hopMysiaM, U3MeHsI0Tca B mpeaenax [—1; +1]. YacTHbie
K03 PULIMEHTHI KOPPEJISILIMU, BBIYMCIEHHBIC Yepe3 OCTaTOUHYIO TUC-
nepcuio uim KoahGUIIMEHT MHOXECTBEHHOM JeTepMUHALINN, U3ME-
Hs1oTes B npenenax [0; +1].

YacTHblll KO3DOUILIMEHT KOPPeaauuu IS MOJAEI MHOXECTBEH-
HOI1 perpeccuu MoKa3bIBaeT CTENEeHb TECHOTHI CBSI3U MEXIY pe3yjibTa-
TUBHBIM TTPU3HAKOM Y OTHUM M3 (haKTOPHBIX TIPU3HAKOB TP (PUKCH-
POBAaHHOM WJIM TOCTOSIHHOM 3HAUYE€HWW OCTAJIbHBIX TIEPEeMEHHBIX,
BXOJSIIIMX B MOZEIb.

3. Iloxazameav MHOMCcecmeeHHOU Koppeaayuu.
OO0vbruHbLI U CKOPPeKmMUPOGaHHbLIL NOKA3amenu
MHOMCECMEEHHOU demepMuHauuu

[TocTpoeHre MHOXECTBEHHOTO KO3 dulIMeHTa KOPPEesILMY 1ieie-
Cco00pa3HO TOJILKO B TOM CJIydae, KOraa 4YacTHble KO3((UILIMEHTHI
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KOPPEJSIIIMY OKa3aJMCh 3HAYMMBIMU U CBS3b MEXIY PE3YJIbTaTUBHBIM
MpU3HAKOM U (PaKTOpaMu, BKIIIOYSHHBIMU B MOJIEITb, NEHCTBUTEIIHHO
cyiiectByeT. MHOXeCTBEHHBIN KOA(POULIIMEHT KOPPeJISIUU MO3BOJISI-
€T OLIEHUThH O0I1Iee BIUSIHUE BceX (haKTOPHBIX TIEPEMEHHBIX Ha Pe3yiib-
TaTUBHBIN TTPU3HAK B MOJEIN MHOXECTBEHHOMN PErpecCuu.

B ciyyae n1MHeiHOI Mojie M MHOXECTBEHHOI perpeccui ¢ n dhak-
TOPHBIMU TIPU3HAKAMU KOA(DOUIIMEHT MHOKECTBEHHOI KOpPEsIu
paccuuThIBaeTCS Yepe3 CTaHAapTU3UPOBaHHBIE YaCTHbIE KO3 duim-
€HTBI PErPECCUH U TTapHbIe KOAMOUIIMEHTHI KOPPETSLIUU CIEAYIOIINM
o0pa3zom:

R(y,xl,

n
E ﬂicmam) X (yx,- )’
i=1

e r(yx;) — NapHbIi (He YaCTHBIA) KOI(DOULMEHT KOPPEIALUN MEX-

Iy Pe3yJbTaTUBHBIM PU3HAKOM ) ¥ (DaKTOPHBIM ITPU3HAKOM
X, i=1n.

KoshduimeHT MHOXECTBEHHOI KOPPEAIINN U3MEHSIeTCS B TIpe-
nenax [0; +1] u moaToMy He MpeaHa3HauYeH JUIsl OTpeae/IeHUsT Harlpa-
B-JICHUSI CBSI3M MEXIY Pe3yIbTaTUBHBIM U (DAKTOPHBIMU TIPU3HAKAMU.
Yem 6mke MHOXECTBEHHBIN KO3 GUIIMEHT KOPPEJISLIUU K eIUHUILIE,
TEM CUJIbHEE B3aMMOCBSI3b MEXY 3aBUCUMOM 1 HE3aBUCUMBIMMU TIEpe-
MEHHBIMU, 1, HA00OPOT, YeM OJIMKEe MHOXECTBEHHbI KO3 duLIMeHT
KOppeJsSIiMY K HYJI0, TeM ciabee B3aMMOCBSI3b MEXIy M3ydyaeMbIMU
TepeMeHHBIMH.

Ecan Bo3BeCTM MHOXECTBEHHBI KO3(hGUIMEHT KOppeasaluu
B KBaJIpat, TO MOJyIUM K03 dHuueHT MHOKeCTBEHHOI IeTepMUHAIINN;

R (y,x,, oy x,)= Eﬂi‘”’””" xr(yx, )
i=1

MHOXeCTBeHHBIM KO3(MOUIIMEHT AeTepMUHAIIMM TTOKa3bIBaeT, Ha
CKOJIbKO TTPOLIEHTOB TMIOCTPOESHHAST MOJIEJIb PETPECCUU OOBSICHSET pa3-
OpoC 3HaueHUIl 3aBUCHMOIM II€PEMEHHON OTHOCHUTEILHO CpPEIHEro
3HAUYeHUs, T. €. Kakas [J0Jis OOllleil JUCIEpCUU Pe3yJbTaTUBHOIO
Mpu3HaKa o0bsICHsIETCs Bapualueil (pakTOpHbIX MOAEIbHBIX TPU3HA-
KOB. MHOXeCTBEHHbII1 KO3DOUIIMEHT AeTepMUHAIIMM MOXHO Ha-
3BaTh KOJIMYECTBEHHOW XapaKTEepPUCTUKOM, OOBSICHEHHOI MOCTPOCH-
HBIM YpaBHEHMEM PErpecCUU TUCIePCUN Pe3yIbTaTUBHOTO ITPU3HAKA.
Uewm Oosiblile 3HAUEHUE AAHHOTO MOKa3aTesisi, TEM JIydllle ypaBHEHUE
perpeccuu omMchbiBaeT BhISIBJICHHYIO B3aUMOCBSI3b.

Jlns MHOKeCcTBEHHOro Koa(dunueHTa 1eTepMUHAIIMK BCETIa Crpa-
BEJJIUBO HEPABEHCTBO:

Rz(y, Xy ooy X, ) = Rz(y, Xpy oo xn),

T. €. BKJIIOUEHHE B JIMHEHHYIO PETPECCUOHHYIO MOJIeNIb HOBOTO (hak-
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TOPHOTO NpPU3HAKa X, HE CHUXKAET 3HauyeHUsA KO3 UIMEHTa MHO-
JKECTBEHHOI IeTepMUHALIUHU.

KoadhduimeHT MHOXECTBEHHOM JAeTepMUHAIIMM MOXKHO PacCUM-
TaTb HA OCHOBAaHUM TEOPEMBI O Pa3JIOKECHUU CYMM KBaJpaToB:

ESS
Rz(y, Xys oo xn) =1- 7SS

rne ESS (Error Sum Square) — cyMma KBaapaTOB OCTAaTKOB MHO-
JKECTBEHHOI'O YPaBHEHUS PETPECCUU C /1 TIEPEMEHHBIMMU:

n

z(y,. —}(y, Xy oees x"))z;

i=1

TSS (Total Sum Square) — o611asi cyMMa KBaJpaTOB MHOXECTBEH -
HOT'O yPaBHEHUS PErPECCUM:

S5

BiusiHMe Ha KayecTBO MOJENU JOTOJHUTEIbHO BKIIIOUEHHOIO
B PETPecCCMOHHOE ypaBHEHME (akTopa He BCerla MOXHO BBISIBUTH
C MOMOIIIbI0 OOBIYHOTO MHOXECTBEHHOTO KO3(dUIIMEHTa AeTepMU-
Haiuu. [1o3TOMy pacCUMTHIBAIOT TaKKe U CKOPPEKTUPOBAHHBINA KO-
3¢ GUIIMEHT MHOXECTBEHHOM IeTepMUHAIINN, B KOTOPOM YIUTHIBAET-
¢Sl KOJIMYECTBO (DAKTOPHBIX MPU3HAKOB B MOJIEJIN:

ESS

2 (n—h) 2 n—1
RAd,':l_(TSS)=1—(1—R ) X ((n—h))’
(n=1)

rie n — KOJM4YeCTBO HaOJI0AEHWI B BEIOOPKE;

h — 4uCIIo TTapaMeTPOB B PETPECCUOHHON MOMIENH.

ITpu GonbiioM 00beMe BBIOOPKM OOBIYHBIN M CKOPPEKTUPOBAH-
Hbli (adjusted) K03 GULMEHTH MHOXECTBEHHOM AeTepMUHALIMM OT-
JINYaThCs IPAKTUYECKU He OymyT.



JIEKIIUA Ne 9. IIposepka runore3

0 3HAYUMOCTH YACTHOTO M MHOKECTBEHHOI0
K03(unyeHTOB KOppeIsun,
perpecCHOHHBIX KO3()()UIMEHTOB U YPaBHEHUS
MHOXKECTBEHHO# perpeccuu B LejJoM

[Tocne pacuera Bcex 4aCTHBIX KOA(DOUIIMEHTOB KOPPEJISILIUU MHO-
JKECTBEHHOTO YpaBHEHUSI pErpPeCCUM HEOOXOAMMO TPOBEPUTDH MX 3HA-
YHUMOCTb.

BoinBuraercs rumoresa H, 0 HE3HAYMMOCTU YaCTHBIX K03ddu-
IMEHTOB KOPPeJIAIUN.

AJIbTEepHATMBHOIA TMNIOTE300 SIBJISICTCS] YTBEPXACHUE O 3HAYMMOCTHU
4acTHOro Koadduuuenta Koppesuwmn: H,/ r(yx;/ x, ..., x, ;) # 0.

T'unoresa o 3HAUMMOCTH YaCTHBIX KO3(P(PUIIMEHTOB KOPPEISIIIUN
MpoBepsieTCs ¢ TTOMOIIbIO t — KpuTepusi CThIOACHTA.

Habmonaemoe 3Ha4eHME t-KPUTEPHUS ¢, . BHIYUCIIAETCA 110 (hOpMyJIE:

rlyx, /[x, oo X,
b = ( . L ) Xln—1I1-1,
1=r(x/x, .oy x,,
rae # — 00beM BEIOOPOUYHOI COBOKYITHOCTU (YMCJIO HAOMIONEHUIA);
| — 9KCII0 OLIEHMBAEMBIX TTO BEIOOPKE ITApaMeTpOB.

Kpurrdeckoe sHaueHue t-KpUTepyst £, HAXOLUTCS 110 Tabiuie
pacnpeneneHus: CTbloIeHTa C YPOBHEM 3HAYMMOCTH /2 U CTEIIEHBIO
cBobonpl (n —1—1)/ thum(a/2; n—1-1).

Ecnm monynb HaGmogaeMoro 3HaYeHUs t-KpUuTepys OOJIbIe KpHU-
TUYECKOTO 3HAYEHMs t-Kputepus, T. e. [, | > ! pum> TO € BEPOSITHO-
CThIO @ OCHOBHYIO THUTIOTE3Y O HE3HAYMMOCTH YaCTHOTO KO3 bUIIMEeH-
Ta KOPPEJIALUMU OTBEPTaloT, T. €. MEXIY U3yYaeMbIMU IPU3HAKAMU X,
W y CYILLIECTBYET KOPPEJISIIIMOHHAS CBSI3b MPU (PMKCUPOBAHHBIX 3HAYEHUSIX
OCTaJIbHBIX TIEPEMEHHDBIX, YIACTBYIOIIMX B MOJIEIIH.

Ecnu Momynb HabmogaeMoro 3Ha4YeHUs t-KpUTEpUsl MEHBIIIEe VTN
paBeH KPUTHYECKOMY 3HAUEHHIO t-KpuTepus, T. €. [t - | < 1 epuum>TO OC
HOBHasl ruroTe3a /1, 0 He3HaYMMOCTH YACTHOTO KO3(dHLIMeHTa KOppe-
JALMYA IPUHUMAETCA, T. €. MEXIy U3Y9aeMbIMU IIPU3HAKAMU X; ¥ Y TIDU
(brKcMpoBaHHBIX 3HAYEHUSIX OCTAJILHBIX TIEPEMEHHBIX, YIACTBYIOIINX

B MOJEC/IN, KOPPEJIALIMOHHAA CBA3b OTCYTCTBYET U BKIIIOYCHUEC JaHHO-
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ro (hakTopa B perpeCCMOHHYIO MOJIeIb B JAHHOM Clly4yae HelleJaecoo0-
pasHo.

IMocne TpoBepKU 3HAYMMOCTH BCEX YAaCTHBIX KO3(hOUIIMEHTOB
KOppPENSIIMN OCYIIECTBISIETCS] TPOBEpKA 3HAUYMMOCTU MHOXKECTBEH-
HOro Ko3¢dUILIMEeHTa KOPPETSLIUU.

OcHoBHO¥ runoTe30ii H; AB/ISE€TCA YTBEPXKICHUE O CTATUCTUIECKOMI
HEe3HAYMMOCTH MHOXECTBEHHOTO KO3 hUIIMeHTa KOPPEISIIIUH.

H, / R(y,x,)=0, i=1n.

O6paTHOii K OCHOBHOM SBIAETCS rUNOTE3a H| 0 3HAYMMOCTH MHO-
>KECTBEHHOT0 KO3 uilneHTa KOppeasiliiu, T. €. O €r0 3HAYMMOM OT-
JIMIUU OT HYJIS:

H, / R(y, x,)#0.

TTpoBepKa TMITOTE3bI 0 HE3HAYMMOCTH MHOXECTBEHHOTO KO3 du-
LIMEHTa KOPPEJSILIMM OCYIIECTBIsIETCS ¢ moMolibio F-kputepuss ®u-
1repa yepe3 Kodh@UIIMeHT MHOXECTBEHHOM JeTepMUHALIMH.

Hab6monaemoe (¢paxrtmaeckoe) 3HaueHme F-kpurepmst F

Haoba BbI-
YUCIsieTcs 1o opMylie:

- R (y.x,) % n—1
=R (nx,) T 11

rae RX(y, X;) — KO3 OUIMEHT MHOXECTBEHHBIN JETEPMUHALIMH.
Kputnueckoe 3Hauenue F-xkpurepus FKpum BBIUMCIISIETCS T10 Tab-
nuie pacnpeneneHus Puinepa—CHenekopa B 3aBUCUMOCTU OT clie-
MYIOIIUX MTapaMeTpOB: YPOBHS 3HAYMMOCTU « U YMCJIa CTeTIEHEe! CBO-
00/1bI:
k=I-1uk,=n—1/F,

cpum

(@ ki ky)nk,=n—1/F,,, (ak;k,)

T'urnoressl IpoBePSIIOTCS CIESAYIOIIM 00pa30oM.

Ecmm HaGmonaeMoe 3HaueHue F-kputepus 0obIe KpUTUIECKO-
O 3HAYEHHUS JAHHOTO KpUTepus, T. €. F, - > F,Wm, TO C BEPOSITHOCTBIO
@ OCHOBHasl TMII0Te3a O HE3HAUUMOCTHU KO3 dUIlIMeHTa MHOXKECTBEH-
HOI perpeccuu OTKJIOHSIETCS, a OH NMPU3HAETCs 3HAUUMBIM. B aTom
cJlydae TIOCTPOEHME MOJIEIM MHOXKECTBEHHOM perpeccr Ha OCHOBA-
HUU U3y4aeMOoro Habopa MepeMeHHbIX SIBJISIeTCSI 000OCHOBAHHBIM.

Ecnu Habmonaemoe 3HauyeHue F-KpuTepust MeHbIlIe KPUTUIECKO-
0 3HAYEHUS JAHHOTO Kputepus, T. €. F, . < kaum, TO C BEPOSITHOCTBIO
(I — @) ocHOBHAas ruIOTe3a 0 HE3HAYMMOCTH KO3 GUIIMEHTa MHO-

KECTBEHHOM KOppE/IALMU IIPUHUMACTCA, 4 OH IIPU3HACTCA HESHAYUMbBIM.
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IMocTpoeHne Momeau MHOXECTBEHHOM perpeccuu SIBJAsSeTcs He-
ej1ecoodpa3HbIM.

YTo06bI MOCTPOSHHYIO MOIEIb MHOXECTBEHHOI perpeccuu MOXHO
OBbLJIO MCITIOJIb30BaTh MPU M3YYECHUU SKOHOMUYECKUX CBSI3EN MEXITy
MOJIEJIbHBIMU T€PEMEHHBIMU, HEOOXOAMMO TMPOBEPUTb 3HAYMMOCTD
perpecCMOHHBIX KOA(POULIMEHTOB.

[Tpu npoBepke 3HAYUMMOCTH (TIPENTTOJ0XKEHSI TOTO, YTO TTapaMeT-
PbI 3HAYMMO OTJINYAIOTCS OT HYJIs) KOG (MUIIMEHTOB YpaBHEHUS] MHO-
JKECTBEHHOM perpeccuy BbLIBUTAETCA OCHOBHad runoresa H, o He-
3HAYMMOCTHU TOJTYYEHHbBIX OLIEHOK:

H, //5’():/5’1 ="'=/g)k =0.

AnbTepHaTUBHOI (M1 0OpaTHOI) BBIIBUTAETCS TUIIOTE3a O 3HA-
YUMOCTH KO3 (DUIMEHTOB MHOKECTBEHHOM PErpecCuu:

H /B, 20 #.. 28, #0.

[MpoBepKa 3THX TMUIOTE3 OCYIIECTBIISIETCS C TIOMOIIBIO t-KPUTEPHst
CTblofieHTa, KOTOPBIiA, B CBOIO OUEPEIb, BEIYUCIISAETCS Yepe3 YaCTHBIN
F-kputepuii ®uiepa.

Mexny yactHbiM F-kputepuem u t-kputepreM CTbIoIEHTa CYIIECT-
BYET B3aMMOCBSI3b, KOTOPasl UCITOIb3YeTCs TTPU MPOBEPKe 3HAUNMMOCTH
KO3 GULIMEHTOB MO MHOXECTBEHHOW PErpecCrm:

tuaéﬂ = V Eta6n N

HaGmonaemoe 3HaueHue yactHoro F-kpurepus F, .
BaeTcs 1o opmyJie:

CRGx, ax,)-Rx, ax,)
Fr ()= 1-R(y, x,, ..., x,)

rae n — 0o0beM BHIOOPKHU;
| — 4uc0 olleHNBAaEMBIX TI0 BEIOOPKE MTapaMeTpoB.
Kputnyeckoe 3HaueHuUe t-KpUTepUSI thum(a; n — [ — 1) onpenens-
eTcs 10 Tabnuiie pacnpeneneHus CTbloaeHTa.
Ecniu Habmogaemoe 3HaueHMe t-KpuTepusi OoJibllie WM PaBHO

KPUTIHYECKOMY 3HAYCHMIO JAHHOTO KPUTepHs, T. €. £, s = 1, ., TO KO-

pPacCUMThI-

x (n—=1),

Haon Kpum®
3(1)(1)I/IHI/ICHT,5K YpaBHCHUA MHOECTBEHHOM perpeccuu ABJIAACTCA 3Ha-

YUMBIM.

Ecnu nHabmonaemoe 3HaUeHUE t-KpUTEPUS MEHbIIIE, YeM KpUTHYe-
CKOE 3HAuYCHME JAHHOTO KPUTEPHUs, T. €. 1,z < 1 > TO ko3 du-
LIMEHT YpaBHEHUSI MHOXECTBEHHOM Perpeccuu SIBJISIeTCS He3HAuM-
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MbIM. Moie/lb MHOXECTBEHHOI perpeccuy HeoOXOoaMMO OLIEHUTh Ha
aJieK-BaTHOCTb B OTHOIIIEHUU PealbHBIX JaHHBIX, T. €. TIPOBEPUTH €€
3HAYMMOCTb B 11esioM. [IpoBepka TuroTe3bl 0 3HAYMMOCTH MHOXKe-
CTBEHHOTO YpaBHEHMSI PErpecCUMr CBOAUTCS K TMPOBEPKE TMIOTE3bI
0 3HAYMMOCTU MHOXECTBEHHOTO KOd(duIlMeHTa KOPPEeIsIuuu Wiu
3HAYMMOCTH MapaMeTPOB YPaBHEHUST PETPECCUM.

B kauecTBe OCHOBHOI TMIOTE3bI (0 HE3HAYMMOCTH YPaBHEHMSI MHO-
KECTBEHHOM PETPECCUN) MOXET BRICTYNaTh: H)/ n(yx; /X, ..., X, ) =0 —
TUNoTe3a 0O He3HAYMMOCTU KO3(h(GUILIMEHTa MHOXECTBEHHOI Koppe-
JISALY;

OCHOBHOIi rUIOTe3€ MPOTHBOCTOUT ATbTEPHATUBHASI THNOTE3A BUIA:
H, /rnyx; /x,,...,x,_;) # 0 — TUI0TE3a O 3HAYMMOCTU KO3 DULIMEH-
Ta MHOXECTBEHHOM KOPPEsIIIUU.

Yariie 3Ha4MMOCTb YpaBHEHUST MHOXXECTBEHHOI PErPeCCUU MPOBeE-
psieTcs Yepe3 3HaYMMOCTh KoaddUiimeHTa MHOXECTBEHHOI KOppesi-
MM ¢ momolibio F-kpurepust Guiepa.

Ha6monaemoe 3nauenue F-kpurepus F, . Boraucnsgercs o Gop-
MyJie:

Fo Rz(y,xi) xn—[
Haﬁﬂ_l_RZ(y’xi) -1’

rae RX(y, X;) — KO3(p(PUUMEHT MHOXECTBEHHBIA 1€TEPMUHALIMH.

Kputnueckoe 3HaueHue F-xpurepust Fxpum BBIUUMCIISIETCST 11O Ta-
onuue pacnpeneieHus: Puinepa—CHeaekopa B 3aBUCUMOCTU OT
YPOBHS 3HAYMMOCTH & U YUCJIa CTENEHeN cBoboabl: k, =/— lun — L

Ecnu nabmonaeMmoe 3HaueHue F—kpurepust 60bIie KpUTUIECKO-
0 3HAYEHU JAHHOrOo Kputepus, 1. €. F, - > FKpum, TO C BEPOSITHOCTBIO
« OCHOBHasl TMII0Te3a O HE3HAYMMOCTH KO3 hUIIMeHTa MHOXKECTBEH-
HOIi perpeccuu OTKJIOHSIETCsI, a ypaBHEHUE MHOXECTBEHHOM perpec-
CUM SIBJISIETCS] 3HAYUMBIM.

Ecnu Habmonaemoe 3HaueHue F-kputepust MeHblle KpUTUIECKO-
0 3HAYEHUs JaHHOrOo Kputepus, 1. €. F, . < Fxpum, TO C BEPOSITHOCTBIO
(1 — @) ocHOBHas TUIIOTE3a 0 HE3HAYMMOCTHU KO3(puIIMeHTa MHOXe-
CTBEHHOI KOpPEeJSIIMU TPUHUMAETCS.

YpaBHeHNE MHOXXECTBEHHOI perpeccuy Mpu3HaeTCsi HE3HAYMMBIM.




JIEKITUA Ne 10. ITpumep npumenennss MHK

K TpexmepHoii moaeu perpeccun. [Ipumep
pacuyeta K03 uyeHToB KOppesUd U NPOBEPKHU
TUNIOTE3 [IJI TPEXMEPHOI perpecCMOHHOI MOIe/In

HMMeroTcs naHHBIe MO IBaAlaTH GaHKaM CTpaHbl O pa3Mepe MpH-
ObLIM B JCHEHEXHBIX eOMHMIAX (pe3yJbTaTUBHAs TMepeMeHHas )),
0o0beMax BBITAHHBIX KPEAWTOB B JCHEXHBIX eMMHUIAX ((hakTopHas
nepeMeHHas X) U pa3Mepe YCTAaBHOTO KaluTajla B IEHEXKHBIX €IMHM-
nax (daxkropHas nepemeHHas z) ( Tabdm. 3).

Tabauya 3
JIaHHbIE MO ABAANATH 0AHKAM CTPaHBI O pa3Mepe MPHObLIN, 00beMax
BBIIAHHBIX KPEJIUTOB M pa3Mepe YCTABHOTO KamuTajIa
B IEHEXKHBIX eIHHHIIAX

- | =~ _
Kpenu- | yemagnwlii

MpUObUIb, Zyx Zyz sz Zzz sz
THI, Kanuman,

IIeH. ell.
neH. en.| dew. ed

513 |4400| 576 |122060]15098|1 059 400( 16 844 |129 660

Hcxonst U3 ipearmoioskeHsT 0 TMHEHHOM 3aBUCMOCTH MEXIY Tepe-
MEHHBIMHU COCTaBUM CHCTEMY HOPMAaJIbHBIX YpaBHEHUN IJIST OTpene-
JIEHUsI TapaMeTPOB YPABHEHUS] MHOKECTBEHHOM pPerpeccum:

By X 20+ B, X 4400+ B, X576 =513;
B, x 4400 + £, x 1059400 + B, x 129660 =122 060;
B, X576+ B, %129 660 + B, X16 844 =15 098.

s pellieHUs] JaHHOW KBaIpaTHOM CHCTEMBI TMHEWHBIX ypaBHE-
HUI ucmonb3yeM meton Kpamepa.

71



Hﬂﬂ 3TOr0 BBIYMCIMM OOIIUI OIIPCACIINTEIDb CUCTEMBI:

20 4400 576
A=|4400 1059400 129 660|=
576 129660 16 844

=(20x1059 400 X 16 844 +4400 x129 660 X576 +4400 x129 660 X576 )—

—(576 1059 400 X 576 +129 660 x129 660 X20 +4400 X4400 X16 844 )=

=293 633 600.

AHAJOTMYHO BBIYMCIISIEM YaCTHBIC OTMPENCTUTENN, 3aMeHSS TIPH
3TOM COOTBETCTBYIOIIUI CTOJOEL] CTOJOLIOM CBOOOIHBIX YWIEHOB:

513 4400 576
A, =122060 1059400 129660 =
15098 129 660 16 844

= (5131059 400 X 16 844 +122 060 x129 660 X576 +4400 X129 660 X I 5098)—
—(576 %1059 400 X 15 098 +129 660 X129 660 X513 +4400 X122 060 X 16 844 )=

=—105 920 751 440.

20 513 576
A,=14400 122060 129660 =
576 15098 16844

=(20x122 060 X 16 844 +4400 X15 098 X576 +513 X129 660 X576 )—
— (576 X122 060 X576 +15 098 X129 660 X20 +4400 X513 X16 844 )=

=27929120.

20 4400 513
A,;=[4400 1059400 122060 =
576 129660 15098

=(513%1 059 400 x 576 +4400 X129 660 X513 +122 060 x4400 X576 )—
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—(20x1059 400 X 15 098 +129 660 X122 060 X20 +4400 x4400 x15 09 8)=

=1366 229 280.
Onpenennm K03 GHIMEHTHI PErpecCHOHHONO YpaBHEeHHS 110 hopMyIam:

A
Fy =" ==0.236;

Takum o0pa3zoM, ypaBHEHME PErpecCrM, OMMChIBAIOIIEE 3aBUCH-
MOCTb TIpUOBLTM GaHKa OT 0ObeMa BbIAABAEMBIX KPEIUTOB U pa3Mepa
YCTaBHOTO KaluTaJla, BHITJISIAUT CIAEAYIOIIMM 00pa3oM:

y=-0,236+0,09x— 0,17z

IMapameTp perpeccuu A, NMOKa3bIBAET, YTO IPU U3MEHEHUU TIEpe-
MEHHOI X Ha | NeHEeHEeXHYI0 eUHUILY pe3yJibTaTUBHas MepeMeHHast
uamenutcs Ha 0,09 neHeXHbIX eAuHUL TPU (PUKCUPOBAHHOM 3Haye-
HUY IIEPEMEHHOIA Z. ~
[MapameTp perpeccurt S, IOKa3bIBAaeT, 9TO NPU U3MEHEHHU IIepe-
MEHHOI zHa | JeHeXHYI0 eAMHUILY pe3YIbTaTUBHAS MIEPeMEHHAs U3-
meHutcs Ha 0,17 aeHeXHBIX eIUHULL IIpY PUKCUPOBAHHOM 3HAYEeHUU
NEPEMEHHON X.

Paccuuraem mno umewnIMMCs JAaHHBIM YpaBHEHUE perpeccuu
B CTaHAApTU3MPOBAHHOM MacllTtale:

ty=/3’1><txl +,5’2xtx2+...+,b’pxtxﬂ,

rne ¢ ,1 ,...,1

5 )
y X Xp

— CTAaHIAPTU30BaHHBIC NMTECPEMEHHLIC!

xi'_fi. yi_y
6= 0750y
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CucreMa HOPMAJIbHBIX YPABHEHMIl /I CTAHIAPTU3UPOBAHHON MoJie-
JIM MHOKECTBEHHOIi perpeccu UMeeT BUJL:

,5’1 +r(x1x2 ),5’2 +...+r(x1x,,),5’n =r(x1y),
r(x2x1 ),Z’l +,5’2 +...+r(x2xn),5’n =r(x2y),

r(xnx1 )ﬁl +r(x"x2 ),5’2 +...+,§,1 = r(xny),

rae r(x,,xj), r(x;y) — napHble KO3 HULMEHTHI KOPPEIALUI MEXIY TIe-
pEMEHHBIMU:

Il A 7]

T s T s s
yoXx X X

Paccuntaem BcrioMoraTelbHbIE XapaKTePUCTUKU JUIS OTpeaesie-
HUS CTaHIAPTU3UPOBAHHBIX KOI(PPUIIMEHTOB:

n n n

Ey[ fo %
g2 s sV —gac; =T =0y 7= nsy
n 20 n 20 n
X 2. X.Z.

_ Z;y 122 060 — ;y’z‘ = ZZ
[T —— =6103; yz=-=—=7549; xz=-"—=6483

n 20

S, =Ny’ =5 =797 S, =x’-X=67,6; S.=+z—2° =366

=YX _ogs, g =TV g5y, =R TTE

=0,61.
"TSS, =SS =TS

TakuMm o6pa3om, cucTeMa HOPMAJILHBIX YpaBHeHHe Oy1eT UMETh BUI:
B, +0,615,=0,85;
B, +0,615 =0,57.

Orcloga HaliileM CTaHIZapTU3MPOBAaHHBIE PErpPecCUOHHbIE KO3(d-
(UILIMEHTHI:

B, =0,8012;

B, =0,08.

VYpaBHeHUEe perpeccuu B CTaHAAPTU3MPOBAHHOM MacIlTadbe MOX-
HO 3aIucaTh CJIeAYIOIAM 00pa3oM:

1,=0,8012 %1, +0,08 x7,.
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ITocie TOro Kak mnapaMeTpbl ypaBHEHUSI MHOXECTBEHHOM perpec-
CUU B CTaHAAapTU3MPOBAHHOM MaciuTabe oIpele/ieHbl, HEOOXOMMMO
MEePEeBECTH MX B MACIITA0 MCXOMHBIX JaHHBIX 110 (hOpMYIaM:

ﬁizzz)ixggg; ﬁozf—zﬁixfi.

i=1

Takum obpazom:

7,97
=0,8012 X 2= =0,09;
$ =0 67,6 %
7,97
,6’2—0,08><3’66—0,17,

£, =25,65—0,8012 x 220 —0,08 x 28,8 =—152,9.
OlileHeHHOe ypaBHEHUE PErpeccuy MMeeT BUL:

y=-—152,9+0,09x+ 0,17z

Kak BuauM, olieHKM JaHHOTO ypaBHEHMUS IIPAKTUYECKU HE OTJIM-
YaloTcs OT OLIEHOK, IMOoJIydeHHbIX ¢ TTomolubio MHK, kpome olieHKH
CBOOOIHOTO WieHa /. BBIACHUTD, KAKOE ypaBHEHUE SABIAETCA Goree
TOYHBIM, MOXHO C ITOMOIIbIO CpaBHEHHS NMOKa3aTejieil OCTATKOB pe-
rpeccum:

n n
2e=20.-7)
i=1 i=1
s mepBoTO ypaBHEHUST PETpecCUM CyMMa OCTaTKOB paBHA HYJTIO,
TO3TOMY OHO SIBJISIETCS] HAUJTYYILI VM.

IIpumep pacyera K03 (HUIMEHTOB KOPPEJISIUHA U POBEPKH
TUNOTE3 IS TPEXMEPHOIi perpecCHOHHOI MOIeH

Ha ocHoBe maHHbBIX TaGnauubl 2 paccuMTaeM 4yacTHble KO3(hdu-
LIMEHTBI KOPPEJISALIMU TSI MOAEIN TPEXMEPHOU perpeccumu.
OnpenennM KodhOUIMEHT YacTHOW KOPPENsSIUU MEeXIy IOIy-
yaeMOoM MPUOBLILI0 U 00bEMOM BbITAHHBIX KPEAUTOB TIPU (DUKCUPO-
BaHHON BeJIMUMHE YCTAaBHOTO KanuTaia 6aHka z 1mo dopmyse:
F =l X T,

Xz

Ttz \/(l—rfz) X(l—ryzz).
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B kauecTBe BCOMOraTesIbHbIX BEJIMUMH PACCUUTAEM NapHbIE KO-
3t dunmeHTs KOppeaAIMH:

YX—yXx yZ—)Z X7 —X7
= =0,85; =——==(,57, =———=(,61.
»x Sy SX ryz Sy Sz rXZ SX Sz
Torna:
B = X 0,85-0,57 x 0,61

= x 7 = =
T \/(1—41) x(1-r2) 0-057) x(1-0.61")
PaccuntaeM K03(dULIMEHT YaCTHOM KOpPpEeIsSUUr MEXIy ITO0Jy-

YyaeMoii MPUOBLIBIO Y M pa3MEPOM YCTaBHOTO KaIluTalla Z Mpu GUKCU-
pPOBaHHOM BEJIMYMHE BbIAABACMBIX KPEIUTOB X TI0 (popMyIte:

By =1 X T 0,57-0,85x 0,61

T <) ey 0w

dakTopHBIe MPU3HAKN OKA3LIBAIOT OIpENeIeHHOE BIMSTHUAE JIPYT
Ha gpyra. C MoMOIIbI0 Y4aCTHOTO K03 dpuieHTa KoppeIssini MOKHO
OLIEHUTH 3Ty B3aMOCBS3b IIpY (DPMKCUPOBAHHOM 3HAYEeHWH ITPUOBIIINA
o opmye:

0,12

T ~hu X 1y 0,61—0,85x 0,57

_ _ =0,29
Pty \/(l—rfz) x(l—ryzx) \/(1—0,572) x(1-0,85)

[Tocye pacueTa Bcex 4aCTHBIX KO3 GUIIMEHTOB KOPPESIIUA MHO-
>KECTBEHHOT'O YPaBHEHUSI Perpeccu HeOOXOIUMO MPOBEPUTh UX 3HA-
YUMOCTb.

BriaBuraeTcss OCHOBHasl rUnore3a H; 0 HE3HAYMMOCTU YaCTHBIX
K03 (PULIMEHTOB KOPPEISLINU:

H,y /r(,/x, .. x,)=0.

AJIbTEpHATUBHOM rUNoTe30i H, ABNAETCA yTBEPXKIEHUE O 3HAYM-
MOCTH YaCTHOTO KO3 ULIMeHTa KOPPEJISILIUN:

H, /r(yx,./xl, - x,,_l)#O.

['urnore3a 3HAYMMOCTU YaCTHBIX KOS(b(l)I/H_[I/ICHTOB KOoppeIaunuu
TMIPOBEPAETCSA C IIOMOIIBIO t-KPUTEPUS CTLIOZ[CHTa.

HaGronaemMoe 3HaueHue t-KpUTepus 7, . BHIYUCIAETCS 110 (POpMYJIE:

tl{ﬂﬁﬂ = : (yx’ /XI o xn_l x m’

1=r(x/x,, .o x,,
rae # — 00beM BEIOOPOYHOI COBOKYITHOCTH (YMCJIO HAOTIOACHMIA);
| — 4u1CIIO0 OLIEHMBAaeMBbIX I10 BBIOOPKE ITapaMeTPOB.
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Kputnyeckoe 3HaueHue t-KpUTepus cpum HAXOIMUTCS IO TabauIIe
pacnipeneneHnst CTbIOEHTa ¢ YPOBHEM 3HAUMMOCTH /2 W CTETICHBIO
cBobonbl (n — [ — 1): txpum(a/Z; n—1-1).

[MpoBeprM 3HAUMMOCTh YAaCTHOTO KO3((@UIIMEHTa KOppesiuu
Pz HaGmonaemoe 3HaueHUe t-KpUTEepUsl paBHO:

.
fom e e 0T =3 =138,
Haon l—r 1—0,77

w/z

Kputnueckoe 3HaueHHE t-KpUTEPUS

a
oy (2; n—l— 1)= o (0,025,17)=2,1.

|tH a5ﬂ| >t pum> CTICIIOBATEIIBHO, MEXITY N3y4aeMBIMM PU3HAKAMK X M Y CY-

ILIECTBYET KOPPEJSILIMOHHASI CBSI3b NMPU (DUKCUPOBAHHOM 3HAYECHUU
NEePEMEHHON Z.

[IpoBepuM 3HAYMMOCTH YAaCTHOIO KO3(ddulIMeHTa KOppeIsunu
Py HaGmonaemoe 3HaueHUe t-KpUTEpUsl paBHO:

Byeyx — ,2
t,mm =#X n_l—l =1_Ow>(\/20—3 =0,56

yz/x
| <

JIFACTCA HE3HAYUMMbIM, U MICPEMCHHYIO YCTaBHOTO KaIlMTaJla T MOXHO

Taxk kak |tH TO JAHHBIKM KOG GUIUEHT KOPPEISIIIUMN SIB-

aon t)cpum’

BBIBECTH U3 MOJIEIM O3 MOTepH IS ee KayecTna.
[IpoBepuM 3HAYMMOCTH YaCTHOTO KO3(hGUIIMEHTa KOPPEeIsiuu
Vs HaGmogaemoe 3HaueHUe t-KpUTEpUsl paBHO:

r
t =X"7'/”qun_[—1=ﬂ>(\[20—3=1,68.
nata 1—r 1_0’29

xz/y
| <

JIFACTCA HE3HAYMMBIM.

Tak kak |tH TO JAHHBIKM KOG GUIUEHT KOPPEISIIIUU SIB-

aon t)cpum’

PaccunraeM MHOXECTBEHHBIN KO3(PDUIIMEHT KOppessiuuu s
TPEXMEPHOI MOJIeIN perpeccuu no Qopmysne:

R(y, x,, ..., x,)= i,b’f”'"”" xr(yx,)=0,85.
i=1

[obGaBneHue B MOieJIb HOBOI MepeMeHHOI He U3MEeHUJIO KO3 hu-
LIMEHTa KOPPEJISLIUU.
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Paccuuraem MHoKecTBeHHBbIH K03()(HUIMEHT AeTepMHHAIIMH KakK
KBaipaT MHOXECTBEHHOTO KO3 dUITMEeHTa KOPPETSIIIIN:

R (y,x, .. X,) =2/y’f”’”“" xr(yx,)=0,73.
i=1

KosdduimeHT neTepMUHALIMK IJI TTAPHOI MOIEIN PErpeccum,
BKJIIOUAIOIIIEH B KauecTBe (haKTOPHOI MepeMEeHHOI TOJIbKO 00bEM BbI-
JlaBaeMbIX KpeauToB, cocTaBui 0,72, T. . BKIIOUeHHUE B MOJEIb HOBOM
MepeMEeHHOM He YBEIUYMIIO A0JII0 OObSICHEHHOM AUCIIEPCUMN.

Paccunraem cKoppekTupoBaHHblii K03(GHUIMeHT JeTepMUHALINN:
ESS
h 1
Ry, =1- (” )_ 1-(1- R2)><(” )07,

(n—h) "~
(n—l)

[Tocne pacuera Bcex KO3 PUILMEHTOB KOPPESLIMU U JeTepPMUHA-
LIMM MOXHO C/IeJIaTh OKOHYATEIbHBIN BBIBOM O TOM, UTO MapHas MO-
NIeJTb PETPECCUN MEXITY TIepeMEHHOM MPUOBLIN U 00BEMOM BbITaBac-
MBIX KPEAUTOB SIBJIETCS OoJiee TPEeArOUTUTEIbHON MO CPaBHEHUIO
C TPEXMEPHOI MOJIENbIO PErPECCUH, TaK KaK BKJIIOUEHHUE B ypaBHEHUE
HOBOTO (haKTOpa OILIYTUMBIX Pe3yJbTaTOB He TIPUHECIIO, a JIMIIb CIe-
JlaJio ero 0oJiee CJIOXHbIM.



JIEKIIMA Ne 11. IlpnunHbl BO3HUKHOBEHHUS
U NOCJIEACTBUS MYJIbTUKOJJIMHEAPHOCTH.
YcTpaneHue MyJIbTHKOJIMHEAPHOCTH

SlBaeHne MYJbTHKOJUIMHEAPDHOCTH B Cilyyae JIMHEMHOW MoIenu
MHOXECTBEHHOI perpeccuu — 3TO HapyllleHVe OTHOM 13 ee MPenrochl-
JIOK, T. €. HAIMYKE JIMHEWHOMN 3aBUCUMOCTH MEeXTy (haKTOpaMu, y4acT-
BYIOIIIMMHU B MOZEIW. B MaTpuyHOM BUAE MYJbTUKOJUIMHEAPHOCTD
onpeJesisieTcsi Kak 3aBUCMMOCTb MEXIy CTOJOLaMM MaTpullbl (ak-
TOPHBIX IepeMeHHBIX X. PasMepHOCTh MaTpuilbl (haKTOPHBIX TTPU3HAKOB
X — nxn(6e3 enuHUYHOrO BeKTopa). Eciu panr matpuiibl X MeHbIIe
1, TO TOBOPSIT O MOJHOM, WU CTPOTOii, MyJIbTUKOJTMHEapHOCTU. Ofi-
HAaKO Ha MpaKTHUKe MOJHAS MYJIbTUKOJUIMHEAPHOCTD IMMOYTH HE BCTpe-
yaercs. [1po6aeMa mpocToii MyJIbTUKOJIMHEApHOCTH (HECTPOToit) Xa-
pakTepHa IIJIs BpeMEeHHBIX PSIOB.

Taxum obGpa3oM, OCHOBHOW MPUUNHON MYJIBTUKOJJIMHEAPHOCTHU
SIBJISIETCS TUTOXasl MaTpUIla HE3aBUCUMBIX TTEPEMEHHBIX X.

Cpeir 0CHOBHBIX MOCJIEJICTBHIA, K KOTOPHIM MOXKET NPUBECTH MYJIbTH-
KOJUIMHEAPHOCTh, MOXHO BBIIEUTD CJIETYIOIINE:

1) mpu mpoBepKe OCHOBHOI I'MITOTE3bl 0 HE3HAYUMOCTU KO3 du-

LIMEHTOB MHOXECTBEHHON PEerpeccuu ¢ IMOMOIIbIO t-KpUTEpUst

B OOJIBIIIMHCTBE C/TydaeB OHA TIPUHUMAETCS, OHAKO CaMO ypaBHe-

HMeE perpeccuy Ipu MpoBepKe ¢ MOMOIIbI0 F-Kputepusi okasbi-

BaeTCsl 3HAUMMBIM, YTO TOBOPUT O 3aBBILIEHHON BeJIMUYMHE KOA(D-

(uimeHTa MHOXECTBEHHOW KOPPEJISIIIUY;

2) moJlydeHHbIe OLEHKN KO3((PUIMEHTOB ypaBHEHUS MHOXKECT-

BEHHOIl perpeccuu B OCHOBHOM HEOMpPABJAHHO 3aBbILICHBbI WU

MMEIOT HeTIPaBUJIbHbBIE 3HAKY;

3) noGaBieHUE WIU MCKIIOYEHUE U3 UCXOAHBIX JAHHBIX OIHOIO-

JIByX HaOJTIOIEHU I OKa3bIBAET CUJILHOE BIMSTHUE Ha OLIEHKU K03¢h-

GUIIMEeHTOB MOJIENH;

4) HaMuKMe MYJIBTUKOJIZTMHEAPHOCTH B MOIEIN MHOXECTBEHHOM

perpeccuu MOXeT cieaTh €€ HEeMpUIoJHON [UIsl JajbHeiliero

MPUMEHEHUs (HalpuMep, ISl TOCTPOEHUSI TPOTHO30B).

s oOHapyXeHUs MyJbTUKOJUIMHEAPHOCTHU HE CYIIECTBYET HUKA-
KUX TOYHBIX KPUTEPUEB, a IPUMEHSIETCS PSAI SMITUPUISCKUX METOIOB.
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OOBIYHO IIPU 3TOM aHAJIMU3UPYETCS KOPPEJSILIMOHHAS MaTpuUIla He-
3aBUCHMBIX NIepeMeHHBIX R 1160 Marpuua (X7 X). MHoXecTBeHHBbIi
perpecCMOHHBIN aHAJIM3 BCET/Ia JOJIKEH HAUMHATHCS C pACCMOTPEHMS
3TOM MaTpPUIIbI.

KoppensuroHHoit MaTpulieit HE3aBUCUMBIX ITEPEMEHHbIX Ha3bIBa-
eTcsl CUMMETPUYHAsi OTHOCUTEJIbHO TJIaBHOM qUaroHaau MaTpulia JIK-
HEWHBIX MapHbIX KOA(POULIMEHTOB KOPPEISIIMM HE3aBUCUMBIX TIepe-
MEHHBIX:

T r, [ h,
Hy o Iy T by
R: = 5
r.r r r.r 1

n2 nn nl n2

rae r; — K02 GUIIMEHT NMapHO JUHEHHON KOppessiiuu MeXIy i-M

U j-bIM HE3aBUCUMbIMU NIPU3HAKaMU, i,j=1,n.

Ha nuaronanu KoppeasiiuOHHON MaTPULIbl HAXOASITCS €NUHULIBI,
TaK KaK KO3(DOUIMEHT KOppelsluMu Ipru3HaKa ¢ caMMM co0Oi paBeH
€AVHULIE.

Ecin B KOppelsiUMOHHOW MaTpULIE HE3aBUCUMBIX NEPEMEHHBIX
€CTb MapHbIi KOADGULIMEHT KOPPETSIIUUA MEXIY i-M U j-bIM MTPU3HA-
KaMM, TO B JaHHOM MOJIEIN MHOXECTBEHHON PErpeccuy CylIECTBYET
MYJIBTUKOJUIMHEAPHOCTb.

Hpyrum crocoboM oOHapyXeHUsI MYJbTUKOJUIMHEAPHOCTU SIB-
JISIETCSl BBIYMCIIEHE COOCTBEHHBIX YMCEJT KOPPEISIIUOHHOW MaTPULIbI
Apin A Ay EcU A, < 107%, To B MOJIe/IU IPUCYTCTBYET MYJIbTUKOJLIU-
HeapHocTb. Ecnu otHowenue 4, /4, < 107%, To TaKxXKe AeNaloT Bbl-
BOJI O HAJIMYUU MYJIbTUKOJIJIMHEAPHOCTH.

BoiBog 0 mpucyTcTBUE MYJBTUKOJUIMHEAPHOCTH B MOJIEIU MHO-
JKECTBEHHOW PErpeccuy MOXHO CleJaThb TaKXe MOCJE BBbIYMCIEHUS
OMpeAeIUTENST KOPPEISLIMOHHON MaTpUIbl HE3aBUCUMBIX MEPEMEH-
HbIX. Ecnu ero BeinurHa oueHb Majla, TO MyJbTUKOJNIMHEAPHOCTD CY-
1LIECTBYET.

Ycrpanenue MyJIbTHKOUIMHEAPHOCTH

YcrpaneHue npo0JieMbl MyJIbTUKOJUIMHEAPHOCTH SIBJISIETCS 00s13a-
TeJIbHBIM B TOM CJIydae, €CJIM IIOCTPOSHHYIO MOJieJIb MHOXECTBEHHOU
perpeccuu NpearoaraeTcsl UCIoJIb30BaTh ¢ LEAbI0 U3YYEHUS 9KOHO-
MUYECKUX CBA3CH.
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[Ipu 3TOM BecbMa BaxKHBIMU SIBJISIIOTCSI 3HAKU TIpU KO3 DUIImeH-
Tax ypaBHEHUSI PETPecCUU U UX 3HAUCHMUE.

IIpu ynoB/IETBOPUTENBHOM BEJIMUYMHE OLIMOKU MPOrHO3a JAaHHOE
ypaBHEHUE MOXHO UCIOJIb30BaTh U MPU HATMYMU MYJIbTUKOJITMHEAP-
Hoctu. Ecnu Xe MpoOTHO3 MojydaeTcsl HeydOBIETBOPUTEIbHBIM, TO
C MYJIBTUKOJIZTMHEAPHOCTHIO HY>KHO GOPOTHCS.

OmHUM M3 caMbIX 3JIEMEHTApHBIX CITOCOOOB YCTpaHEHUSI MYJTbTH-
KOJIZTMHEAPHOCTU SIBJIIETCS COOp MOTIOJHUTENBHBIX HaHHBIX. Ho Ha
MpaKTUKe 3TO He BCeraa BO3MOXHO.

HdpyruM criocoboM SIBsIeTCS NMPeoOpa3oBaHHE NepeMEHHBbIX, Ha-
MpUMep BMECTO 3HAYEHUI BCeX MEPEMEHHBIX, YUACTBYIOIIMX B MOJe-
Jii (M pe3yJbTaTUBHOM B TOM YMCJIE), MOXHO B3SITh UX JIOTapu(MBbI:

Iny=4,+/,Inx,+f,Inx, +e.

Ho u 370 He rapaHTHUpyeT U30aBJIeHUSI OT MYJbTUKOJJIMHEAPHOCTH.

Ecniv HM oauH U3 BbIIEHa3BaHHBIX CIIOCOOOB HE TIOMOT, TO
HEeoOXOIMMO MCIIOJb30BaTh JINOO CMEIIEeHHBIE METOIBI OLICHKN HEU3-
BECTHBIX ITapaMeTPOB MOJAEIH, JIN60 METOABI MCKITIOUCHUS TIepeMeH-
HBIX U3 MOJIEJIM MHOXECTBEHHOM perpeccuu.

K cMellleHHBIM MeToIaM OLEHKM KO3(pUIIMEHTOB perpeccuu
MOXHO OTHECTH IpeOHeBYI0 perpeccuio wiu pumk (ridge). Ee ucrmonb-
3YIOT B TOM clly4yae, KOrJa HU OfHY W3 MEePEeMEHHbBIX, YUYaCTBYIOIINX
B MOJIEJIU, YIAJIUTh HEJIb3sl.

CyTbh 'peOHEBOI peTpeccuy 3aKITI0YaeTCs B TOM, YTO KO BCEM IHMa-
TOHAJIBHBIM 31eMeHTaM Matpuubl (X7X) mo6aBnsercs HeGObBIIOE YNC-
70 T (Tay): 10°< ¢ < 0,1. HeuspecTHbIe MapaMeTpbl MHOXKECTBEHHOTO
YPaBHEHUSI PETPECCUU B TAHHOM CJIydae OINpeAesoTcs o gopmyie:

B =(X" X +710) ' XY,

ridge

rne [n — eaMHUYHAS MaTpUIia.

B pesynbTaTe pUMeHEeHUsT pUIKa OLIeHKU KO3 UIIMEHTOB ypaB-
HEHUsI MHOXXECTBEHHOI perpeccuu CTabWIN3UPYIOTCS K OIpeaesieH-
HOMY YMCIy, U UX CTAaHAAPTHBIEC OIIMOKN YMEHBIIAIOTCS.

OCHOBHBIM METOIOM MCKIIIOUEHUsI TePEMEHHBIX M3 MOJIENIU SIB-
JISIETCST METOJ IJIABHBIX KOMIIOHEHT. B 3TOM citydae oT MaTpuIlbl (hak-
TOPHBIX MEPEMEHHbBIX X TIEPEXONST K MAaTPUIIE TJIABHBIX KOMIOHEHT F),
U YK€ Ha €€ OCHOBE CTPOSIT MOJIEIb MHOXKECTBEHHOM perpeccuu.
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MeTo/ MOmAroBoro BKJIIOYEHHS MIEPEMEHHBIX B MOJIENb MO3BOJISIET
BBIOpaTh M3 BO3MOXHOIO Habopa MepeMeHHBIX UMEHHO Te, KOTOpbhIe
YCWIAT KaueCTBO MOJIEIN PErPECCUU.

AJITOPUTM METOJIa TTOIIAarOBOTO BKIIIOUCHMSI:

1) u3 yKcaa Bcex MepeMEeHHBIX B MOJIEb PErPecCUM BKIIIOUAIOTCS

Te, KOTOpbIe MMEIOT HaMOOJBIINN MOAYJIb MapHOTO JIMHEMHOTO

K03 dulIMeHTa KOppesLKY ¢ Pe3yJIbTaTUBHOMN NEpeMEHHOIA;

2) 1nipu 100aBJIEHUU B MOJIEIb HOBBIX (h)aKTOPOB HEOOXOAMMO MPO-

BEPSTb UX 3HAYMMOCTH ¢ TToMoliblo F-kputepus @uriepa.

OcHoOBHasg TUIOTe3a (HOPMYIHUPYETCS KaK HelleJIecoo0pa3sHOCTh
BKJIIOYEHUA (DAKTOPa X, B MOJENbL MHOXECTBEHHOI perpeccuu. Allb-
TepHATMBHAS TUIIOTE3a UCXOAUT U3 00PAaTHOTO YTBEPKACHUS.

2 2
_ R (y, X eee xm) -R (y, Xp5 e xn)
naba (xk )_ R2
(y, b AR x,,)
II€ ¢ — YUCIIO YX€ BKIIIOUYEHHBIX B MOJE/b IIEPEMEHHBIX.

Kpurnueckoe 3Hauenne F-kpurepust BBIYMCISETCS O TaOIMLE
pacnpeneneHust @uirepa—CHeiekopa ¢ ypOBHEM 3HAYMMOCTHU & U YUC-

x(n—g-1),

JIOM CTeTeHei cobonbl: k= 1u k,=n — [ me(a; ks k).
Ecm F . > FKpum, TO BKJIIOUEHHE IePEeMEHHON B MOEIb MHO-

JKECTBEHHOM PEerpeccui sIBysieTcsl 000CHOBAHHBIM.
ITpoBepka (pakTOpOB Ha 3HAYMMOCTb OCYIIECTBIISIETCS 1O TEX T0D,
MoKa He HakjeTcsl XoTsl Obl OJlHA MepeMeHHas!, 1Sl KOTOPOil He BbI-

nosHsercs ycnosue F, - > Fxpum.



JIEKIIMA Ne 12. He/mHeiiHbie 10 mepeMeHHbIM,
10 apamMeTPaM perpecCMOHHbIE MOJEJIH.
PerpeccuoHHbie MOJIe/IM ¢ TOYKAMH pa3pbiBa

TToMrUMO TUHENHBIX PETPECCUOHHBIX MOJIENEH, TIPY U3YYEHUU CO-
LUAJTbHO-3KOHOMUYECKUX CBSI3el MEXIy Pa3IuYHbIMU SIBICHUSIMU
TMPUMEHSIOTCS] TaKKe MOJEIU HEJIMHEWHON PerpecCMOHHON 3aBUCH-
mocTu. X MOXHO pa3fienunTh Ha IBa Kjlacca: MOJIEU, HEJTMHEHbIE 110
MEepEeMEeHHBIM, BXOMSIIMM B YypaBHEHUE, U MOJAEIU, HEJIMHEWHbIE MO
OLIEHMBAaEeMbIM MapaMeTpaM.

K HenuHelHBIM 10 TTIepEMEHHBIM PErPECCUOHHBIM MOJEISIM (HO
JIUHEWHBIM MO OLEHMBAaeMbIM IapaMeTpaM) OTHOCSTCSl MOJUHO-
MuadbHble (DYHKIIMU PA3TMIHBIX TOPSIIKOB (HAYMHAsi CO BTOPOTO)
¥ ruriepOoInyecKas GyHKIIM.

OO61Mit BU TOJMHOMUAIBLHON (DYHKIIMU #-TO MOPSIAKA WU H-Oi
CTETIeHMU:

V=8t Bx +Bx+. X +e,.

[MonmHoMuanbHBIe QYHKIIUY UCTIONB3YIOTCS TSI XapaKTEPUCTUKHI
MPOIIECCOB C MOHOTOHHBIM Pa3BUTUEM U OTCYTCTBHUEM IPENEIOB POCTA.
[TocTaBieHHOMY YCJIOBUIO OTBEYAIOT OOJBIIMHCTBO 9KOHOMUYECKUX
ToKa3zateJieii, HampuMep HaTypaJibHbBIe TIOKa3aTeIN TIPOMBIIIIIEHHOTO
TPOM3BOCTBA.

Hawubonee yacTo U3 nMojJMHOMUATbHBIX DYHKIIMI UCTIOAb3YIOTCS
TOJIMHOM BTOPOTO TTOPSIIKA WIIM NapadomyecKas QyHKIMs:

Y, = By Bxi+ Aox] + e,

OH xapakTepu3yeT paBHOYCKOPEHHOE pa3BUTHE Mpoliecca (paBHO-
YCKOPEHHBII pOCT WM CHYXKEHUE YPOBHEN).

PerpeccuoHHble Moneau, HEJIVMHEWHBIE MO MEePEMEHHBIM, OTJIM-
YaloTCd TEM, YTO 3aBACUMAas MEPEMEHHAs JIMHEWHO CBs3aHa C Ole-
HUMBae-MbIMU MapaMeTpamMu A, ..., f,.

[ToiMHOMBI BBICOKMX CTeIeHeil (0ojiee yeTBepTOil CTeneHu) uc-
MOJIb30BaTh MPU U3YYEHUU COLIMATTbHO-9KOHOMUYECKUX CBI3e MeX-
Iy IEpeMEHHBIMU HE PEKOMEHYETCsl. DTO OrpaHUYeHe OCHOBAHO Ha
TOM, YTO MOJMHOMBI BBICOKHX TOPSIAKOB UMEIOT OOJibllie M3rHOOB
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U OTPa3uTh peaibHYIO0 3aBUCUMOCTb PE3yJbTaTUBHOTO MpHU3HAKa OT
(aKTOPHBIX MEPEMEHHBIX MMPAKTUYECKH HECTTIOCOOHHI.

XapakTepHoii 0COOEHHOCTBIO MOJMHOMHMAIBHBIX (QYHKIMIA SIBJISIETCS
OTCYTCTBUE SIBHOM 3aBUCHMOCTH TTPUPOCTOB (DAKTOPHBIX IIEPEMEHHBIX
OT 3HAYEHUI PE3YIbTATUBHOIO TPU3HAKA ;.

T'unepbonuueckast GyHKLMS BUOA:

V4

=0+ — +t¢
xi
TAKXK€e OTPAXAET JIMHENHYIO CBA3b MEXIY 3aBUCUMOM NIEPEMEHHOIA Y,
U apaMeTpamu ,6’0 u ,é’l, HO SIBJISIETCSI HEIMHEWHOI 10 (DaKTOPHOI mepe-
MEHHOH X, DTa runepoonyeckas GYHKLUA ABISETCA PABHOCTOPOH-
HEW.

['mnep6osion MPUMEHSIOT ITPYU U3YYEeHUHY 3aBUCUMOCTH 3aTpaT Ha
€IVHUILY TIPOYKIIMU OT 00bEMA MPOU3BOACTBA.

YTOOE!I OLIEHUTH HEU3BECTHBIE NTAPAMETPHI ), ..., [, HETMHEHHOM
PerpecCUOHHOIN MOJIeIN, HEOOXOAMMO TIPUBECTU €€ K IMHEHHOMY BU-
ny. CyTb JIMHEApU3aluUu HEJIUHEHHBIX 10 (PAKTOPHBIM MEePEMEHHbBIM
PErpecCUOHHBIX MOJEJIEH 3aKII04aeTcsl B 3aMeHe HEJMHEHHBIX (ak-
TOPHBIX MEPEMEHHBIX Ha JMHEWHBbIE NTepeMeHHbIe. B o01ieM ciydae
MOJIVMHOMUATBHOW perpeccur 3aMeHa HEJIWHEWHBIX TepeMEeHHBIX
GYHKIIMU 1-TO MOPSIKA BBITJSIAT TAKUM 00pa3oMm:

2 po 3 e —
X=Cp X=X =¢5 .. X" =,
YpaBHeHHE MHOXECTBEHHOI PerpeccMu MOXHO 3aMucaTh B BUJE:

— 2 n
Vi _ﬁo +/771xi +ﬁ2xi +"'+ﬁnxi te =
>y =gt pe+ e+t pe, e
Tunepbonnyueckyio pyHKIIMIO TAKXKEe MOXHO IPUBECTU K JIMHEH -
HOMY BUY C TIOMOIIILIO METOAA 3aMEeHBI HeJIMHEHOM (haKTOPHOI TIepe-
MEHHOI Ha nuHeliHyto. Ilycth 1/x = c. Torma ucxogHoe ypaBHEHUE
rurepOoIMuecKoi (PyHKIMKU MOXKHO 3arucaTth B IpeoOpa3oBaHHOM BUJIE:

V2

X,

i

V=Pt te=>y=0+pcte.

IMomuHOoMMaNbHYI0 (YHKIUIO JTIO00M CTeNeHM W THUIIepOOJIOUI
MOXHO CBECTHM K MOJIEJIA JTUHEIHOMN perpeccuu, 4To MO3BOISIET TIPU-
MEHSITb K IpeoO0pa3oBaHHON JIMHEHHONH MOJeI TPaaullMOHHbIE Me-
TOAbl HAXOXICHUSI HEU3BECTHBIX MTapaMeTPOB YPaBHEHUS perpeccuu
(HanmpuMep, KJIACCUYECKUIT MEeTOI HaMMEHbBIIIMX KBapaTOB) U METO-
Il TIPOBEPKM PA3IMYHBIX TUTIOTES.
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1. Heauneiinvte no napamempam pezpeccuontvie mooeau

K HenuHeidHbIM MOJENsIM OTHOCSITCSI PerpecCUOHHbIE MOIEIH,
B KOTOPBIX pe3yJIbTaTUBHAS MIepeMeHHas HeJIMHEHHO CBs3aHa ¢ mapa-
METPaMM ypaBHEHUHA ), ..., f,. K TaKoMy THTTy perpecCHOHHBIX MOJie-
JIeil OTHOCATCS:

1) creneHHad GyHKuus ¥, = B, Xxiﬂl X &5

2) nmoka3zateyibHas PYHKIIMS (IIpOCTast 9KCIIOHEHIIMATIbHAS)

yi=5 xﬂlxi XE;
3) norapudmuyeckas mapadosa

2
X . X
Vi =ﬁ0 Xﬁll Xﬁzl XE&;
4) 3KcroHeHUIMaIbHasT (QYHKIIUS
yi zeﬁu*'ﬁl)‘r X Ei;

5) obpatHas pyHKuUs
1

yi_ﬁ0+/3]x[+€i’

6) kpuBas ['ommepia

y=kx gl
7) noructudeckas ¢pyHkuus (kpusas [Mepara—Puaa)
k

L
1+ e ﬂ0x+€i

[Toka3zarenbHas1, JorapudMudeckasl M 3KCITOHEHIIaIbHas GyHK-
IIMM Ha3bIBAIOTCSI KPUBBIMU HACBHIIICHUS, TTOTOMY UYTO NaJIbHEHIINiI
MPUPOCT pe3yIbTATUBHOI ITepeMEHHOI 3aBUCUT OT YXKe JOCTUTHYTOTO
ypoBHsI GyHKIMU. OHU MCMOJB3YIOTCS IJIsl OMMCAHUSI TIPOLIECCOB,
WMeEIOIINe Mpeie pocTa B U3y9aeMOM Teprojie, HallpuMep B IeMO-
rpacduu.

Kpusas I'omnepna u kpuast [lepna—Puna oTHoCSTCS K TaK Ha3bI-
BaeMbIM S-00pa3HbIM KPMBBIM. DTO KPWBBIE HACBILIEHUS, KOTOPHIC
HMMEIOT TOUKY Tiepern6a. DTH KpUBbIE ONMKCHIBAIOT JABA MOCIEN0OBATEb-
HBIX MPOLIECCa — OAVH C YCKOPEHWEM pa3BUTUS, IPYTOii C 3aMeIJIeHEM
JIOCTUTHYTOTO Pa3BUTHSI. DTOT TUIT KPUBBIX MPUMEHSIETCSI B IEMOrpa-

(vu, B cTpaxoBaHUM, MPU PEIICHUH 3a1a4d O CIIPOCe Ha HOBBI TOBAP.

HenuHeliHble 1Mo mapaMeTpaM perpecCMOHHBIE MOIENIU, B CBOIO
ouepenb, IeSATCS Ha MOJIENH, TIoIeXalllie JUHeapu3alny, U MOIe-
JIA, KOTOPble HEBO3MOXHO CBECTHU K JIMHEWHBIM.
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s mpumepa Mojeseil, KOTOPbIX MOXHO CBECTUM K JMHEWHON
¢dopMe, pacCMOTPUM IMoKa3aTeJbHYI0 QYHKIIUIO BUIA:

yizﬁoxﬂlx[ XE&;,

e cayyaidHas olmnoKa &, MyJIbTUILIMKATUBHO CBA3aHa ¢ (haKTOPHBIM
TPU3HAKOM X, DTa MOZIENb SABNAETCA HETUHEWHOMN TI0 mapaMeTpy f3,.
51 ee nMHeapu3alMK MPUMEHUM BHavasle Ipolece Jorapru(GmMupoBaHus:

logy, =log f,+x,x log £, + loge,.

TMocne morapudMupoBaHUST BOCIIOJB3YEeMCSI METOIOM 3aMEH.
Myctb log y, = Y; log B, = A; log B, = B;log ¢,= E.

IIpeo6pa3zoBaHHBIM BUA IOKa3aTeIbHON (DYHKIIMM MOXHO 3aIlu-
caTh CJIEIYIOIIUM 00pa3oM:

Y, = A+ Bx, +E,.

[TokazaTenbHast YHKIUS SIBASIETCS BHYTpPEHHE JIMHEWHOM,
U OLIEHKU €€ MapaMeTpOB MOTYT ObITh HaliJIeHbl C TTIOMOILBIO KJIaCCU-
YECKOT0 METOZIa HAMMEHBIIUX KBaIpaToB.

OnHako eciy B34Th IMOKa3aTeJbHYI0 (YHKUMIO, BKIIOYAIOLIYIO
Clly4aiiHy1o OUIMOKY &, AIIIUTUBHO, T. €.

yi=5 XﬂIXi +eé;,

TO NTaHHYIO MOJENb YK€ HEBO3MOXHO MPUBECTH K JJUHEMHOMY BUIY
mpolieccoM JorapudmupoBanyst. OHa SIBJISIETCSI BHYTPEHHE HEJIMHEeHOM.

Takum xxe 06pa3oM MOXHO PacCMOTPETh U CTENEHHYIO (DYHKIIUIO,
KOTOpAsI SIRISIETCS] OYEHb TOIYJISIPHOI B 5)KOHOMETPUUECKIMX MCCIIEIOBAHUSIX.
CreneHHBIMIA (PYHKIIMSIMA SIBJISIFOTCSI KPUBBIE DHTENsI, KpUBBIE CIIpoca
W TIpeIIoKeHYst, Tipou3BoacTBeHHbIe QyHKIMM (T1D).
ITycth 3amaHa crerneHHast QyHKIUS BUIA:

_ A
Vi = ﬂo XX " XE;.
I1
3aMeHUM CJICAYIOIIME IMoKa3aTe/In B ITOJIYYCHHOM YPAaBHCHUMN:

Iny,=Y;Inf,=A;Inx,=X;Ine,=E.
Torga npeoGpa3oBaHHbII BUL CTEITCHHOM (DYHKIIMKM MOXKHO 3aIl1CaTh KaK:

Y=A+ X +E,.

CreneHHas (pyHKHI/Iﬂ TaKXKE€ ABJIACTCA BHYTPEHHE JTV[HCﬁHOﬁ, nee
OLIEHKX MOXHO HaWTU € TTOMOIIBIO KJIACCUYECKOTO METO/Ia HAUMEHb-
X KBaaApaToB. Ho ecnu B3aTh ¢e B Buze YpaBHCHUA

_ A
Y, =pfy XX Xe,

rae ciydaifHas oIIMOKa aJIuTUBHO CBsI3aHa C (DAKTOPHOM IepeMeH-
HOM, TO MOJIeJIb CTAHOBUTCS BHYTPEHHE HEJIMHEWHOM.
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K onieHKe mapamMeTpoB perpecCUMOHHBIX MOJIENe, KOTOPbIe HEJTb3sl
CBECTHU K JIMHEWHBIM, TPUMEHSIOTCS UTepaTUBHbBIE TTPOLIEAYPHI Olle-
HUBaHMS. DTO MOTYT ObITh KBa3MHBIOTOHOBCKUN METOM, CUMILIEKC-
meTon, meton Xyka—/xxuBca, meron Po3zeHOpoka u np.

2. Peepeccuonnbie Modeau c mouKamu paspulea

K perpeccMOHHBEIM MOAENSIM, SIBIISIIOIIMMUCS BHYTPEHHE HEJIM-
HEWHBIMU, OTHOCSITCSI perpecCMOHHbIE MOIEJH C TOYKAMM Pa3pbiBa, KO-
TOpbIEe, B CBOIO OUepe/ib, ACJSITCS Ha KyCOYHO-JIMHEHHbIE MOJEIn pe-
rpeccud 1 COOCTBEHHO MOJIEJIM PErpecCui ¢ TOYKAMHU pa3pbiBa.

CyliecTBoBaHNE KYCOYHO-JIMHEMHONM PErpecCUM BBLI3BAHO TEM,
YTO HEPEAKO BUI 3aBUCMMOCTH MEXIY 3aBUCUMOI ITIepeMeHHOM 1 He-
3aBUCUMBIMU (paKTOpaMM HEOAMHAKOB B pPa3IMYHbBIX 00IACTIX 3HAUE-
HUiI1 HE3aBUCUMBIX ITepeMeHHBIX. MOXHO paccMaTpuBaTh perpeccu-
OHHYIO 3aBUCUMOCTb CE0ECTOMMOCTH E€IWHUIBI KaKoro-JImbo
MIPOIyKTa OT 00beMa MPOM3BEACHHON MPOIyKIIUM 3a Mecsl. JJaHHas
3aBUCHUMOCTh HOCHUT JIMHEHHBIN XapakTep, T. €. C yBeJIMIeHeM 00be-
Ma MpPOU3BOACTBA Ce0ECTOMMOCTDb €IMHUIIBI TOBapa CHUXKaeTcsl. B He-
KOTOPBIX CJTydasix ce0eCTOMMOCTh MOXKET MEHSThCSI PE3KO, CKaUK000-
pasHo. Eciu B mpousBoICTBE MCMOJIB3YIOTCS YCTapeBIIME MOMAEIU
CTAaHKOB, TO C YBeJIMYeHHEM oObeMa IMPOM3BOICTBA CeOECTOMMOCTD
MOXET TakKKe YyBeJIWUMBAThCs. EcCm crapble CTaHKU MCITOJB3YIOTCS
B IPOMU3BOJCTBE OO TOTO MOMEHTa, Korga o0beM HpPOM3BOICTBA
JIOCTUTHET OIpENe/ICHHOTO, 3apaHee 3aJaHHOro 3HavyeHus (Harmpu-
Mep, 300 equHUI TPOAYKIIUKM), TO JaHHYIO 3aBUCHUMOCTb MOXKHO arl-
MIPOKCUMHIPOBATh YpaBHEHMEM peTpeccuy BUAA:

y=708,+ B, xxx(x<300) + A, xxX(x>300),

rae y — cebecTOMMOCTh eIMHULIBI TTPOAYKIIVH;

X — 00beM MPOM3BEACHHOM 3a MECSII MPOAYKIINH;

(x = 300) u (x >300) — mornyeckue BbIpakeHMs, IPUHUMAIOILINE

3HAYEHUST €IUHMIIEC, €CIM OHW WCTUHHBI, WIM HYJS, €CIU OHU

JIOXHBI.

Dra perpeccCHOHHasT MOJIETb 3aBUCUT OT OOIIETO CBOOOTHOTO Jie-
Ha £, 1 yIJI0BOTO KO3 (HUIIMEHTA, PABHOTO 4, (€ECIM BBIPAXEHHE (X <
< 300) ucTUHHO, T. €. PABHO €IMHUIIE) WIH £, (€CITU BhIpaXeHue (x >
>300) UCTUHHO, T. €. PABHO €IUHUIIE).

Ecnu Touka pa3pbiBa perpecCMOHHOM KPUBOU (B TPUBEICHHOM
npumepe paBHas 300 egMHUIIAM) TOYHO HE OIpeiesieHa, TO MOXHO
OLICHUTb 3HaYeHWE TAHHOM TOYKMU.
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B ypaBHeHUe perpeccMd HEOOXOAMMO BBECTH JOIMOJHUTEIbHBIN
napameTp 4, BMECTO JIOTMYECKMUX BEIPaKEHMUIA:

=4+ B xxx(x< B )+ A, xxx (x> B,).

DTO perpeccCMoOHHOE ypaBHEHME MOXHO JIErKO Ipeobpa3oBaTh
B COOCTBEHHO DPErpeccuio ¢ TOYKaMU pa3pbiBa, KOTOpash XapaKTepH-
3yeTcsl CKauyKoOoOpa3HBIMU M3MEHEHMSIMU 3aBUCHMMOI TepeMeHHOM
B HEKOTOPBIX TOUYKaX KprBoii. Hanmpumep, ¢ HayaioM MCMob30BaHMS
CTaphIX MaIllH B IPOM3BOACTBE CE0ECTOMMOCTD ¢TMHUIIBI TTPOAYKIINHT
pPe3KOo MOACKOYMIIA, a 3aTeM TPOAOJIKMAIA MEIJIEHHO CHUXAThCS MPHU
YCJIOBUM YBEJIMYEHUsS] OOBEMOB IMPOU3BOJCTBA JAHHOM TMPOAYKIIMU.
B aToMm ciydae perpeccoHHast 3aBUCUMOCTD TIPUMET BHII:

y=(8,+ B xx)x(x=<300)+ (4, + B, x x) X (x>300).

OlieHMBaHKWE TapaMeTPOB pPErpeccur C TOYKaMU pa3pbiBa OCY-
LLIECTBJISIETCS C MOMOIIbI0 METOJA MAKCUMaJIbHOTO MpPaBAonogodust
WJIN UTEPALIMOHHBIX METOIOB HEJTMHEIHOTO OLIEHUBAHMSI.

Ecnu crout BeIOOp MeXy amnmpoKcUMalueil MCXOMHBIX JaHHBIX
OJIHOM M3 PAaCCMOTPEHHBIX MOJEEN WM JPYTrOoil perpeCCUOHHOM MO-
JieNblo (HarpyuMep, TMHEeWHOM W HeJIMHEITHOM, HO CBOISILIECICS K JI1 -
HEIHOI1), TO MPEAITOYTeHIE OTIaeTcs Ooiee IMpocToii (popMe MOIEIe.

PerpeccroHHble MOenM MOTYT ObITh MCIIOJIb30BAHbI B aHAIM3e
MPUHALIEXXHOCTH 2JIEMEHTOB pa3IWYHbIM rpynnaM. Hampumep, eciu
B MPEIBIIYIIAI TpUMEp 100aBUTh YCIOBUE, YTO TIPOIYKIIUIO TTPOU3-
BOJISIT HE OJIUH, 4 TPU 3aBOA, TO MOXHO CIPYIIIIMPOBATh [IEPEMEHHbIE
M0 MPUHAJIEXHOCTU K OIpPEeAeIEHHOMY 3aBOY U OTPA3UTh 3TO B ypaB-
HeHuU perpeccrn. OYyHKIMS TPaBIONOI00US TaHHOW MOIEIN MOXET
OBITh HAMHOTO 0OJIbIIIE, YeM Y OOBIYHOM PEerpecCUm.



JIEKIISA Ne 13. MHK njig HeJIMHEeHHBIX
MojeJjieil, MeTOIbl HeJIMHEHOr0 OLleHUBAHUSA
perpeccuoHHbIX napamerpos. Ilokazaremm
KOppeJIsiiuM ¥ JeTePMUHALIMH 1 HeJIMHeHOI
perpeccuu

MeTton HaUMEHBIINX KBaIpPaTOB MOXHO TIPUMEHSITh K HETWHEH -
HBIM PETPECCUOHHBIM MOJIENISIM TOJIBKO B TOM CITydae, eCJIM OHHU SIBJISI-
I0TCS1 HEJIMHEMHBIMU 10 (haKTOPHBIM MEPEMEHHBIM WJIK HEJTMHEHbI-
MU TIO TIapaMeTpaM, HO BHYTPEHHE JIMHEHHBIMM, T. €. BO3MOXHA
JUHEeapu3alys 3TUX MOAETCA.

PaccMOTpyM MpuMeHeHUe MeTola HaWMEHbIIMX KBaJpaToB JUIst
onpesieieHus HEU3BECTHBIX MAPAMETPOB YPABHEHUs MapabOoIMuecKoi
3aBUCUMOCTH BUA:

— 2
Vi =Pyt Bix+ ox] +e,
JlaHHBI TTIOJIMHOM BTOPOTO IOpsiaKa (VI BTOPOI CTEIIEHM ) SIBJISI-
€TCSl HEJIMHEHAHBIM 110 (PAKTOPHBIM MEPEMEHHBIM X,.
st HaxoXIeHUs] HEU3BECTHBIX TTapaMeTPOB YpaBHEHUsI perpec-
cuu B, B, u B, HEO6XOAMMO MUHUMU3UPOBATh (PYHKIMOHAN F :

F=§:(yi _)7:')2 =i(yi_l&0_lz)]xi_/&2x,’2)2 -> min.

[Mpoiiecc MUHUMU3ALMU (DYHKIIMOHANTA CBOJUTCS] K BHIYMCIEHUIO
YaCTHBIX TTPOU3BOIHBIX 3TON (DYHKIIUU TI0 KaXKIOMY 13 OLICHUBAEMBIX
mapaMeTpOB.

CocTaBUM CTallMOHAPHYIO CHUCTEMY ypaBHEHUI JJisi JTaHHOTO
dyHkIMoHana F, He TTONB3YSICh TTPU 3TOM METOAOM 3aMEH:

F n
aN =_22(yi_ﬂo_ﬂ1xi_ﬂ2xi2) =0,
b, i=1
(‘}F =23, - - Bx,— Bix?) xx,=0,
ﬂl i=1
oF . 5 5
97 =_22(yi_ﬂo_ﬁ1x[_ﬂ2x[ ) xx; =0.
5, i=1
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IIpoBenst aaeMeHTapHbIe MTPeoOpa30BaHMs CTAlMOHAPHON CUCTe-
MBI YpaBHEHM, TOJYYMM CHCTEMY HOPMAJTbHBIX YpaBHEHUW IS
onpeaeaeHns K03(hOUIIMEHTOB MapaboJInYecKoi 3aBUCUMOCTH:

nX/;’O +/g12xi +/~7’22xi2 = iyi’
i=1 i=1 i=1
/goixi +312xi2 +322x3 = ixi XY
i=1 i=1 i=1 i=1
Boixf +,5’12xf +,5’zixi4 = ixf X,.
i=1 i=1 i=1 i=1

JlaHHag crucTeMa SIBJISIETCS CUCTEMOM HOPMaJIbHBIX YPaBHEHUIA OT-
HOCHTEJIBHO MapaMeTpoB J,, f, nf, I NapaboIndecKoil 3aBUCH-

Moet yi=/b70+ﬁlxi+/6)2xi2+€i‘

CucrtemMa HOpMaJTbHBIX YPaBHEHU SIBJISICTCS KBAIPaTHOI, T. €. KO-
JINYECTBO YpaBHEHUI paBHSIETCSI KOJIMUYECTBY HEM3BECTHBIX MTEPEMEH-
HBIX, TTO3TOMY KO3(h(OUIIUEHTHI ,Z’O, 5’1 " ,3’2, M MOXHO HaiTH ¢ T0-
moiplo Merona Kpamepa, metona laycca wiav meroma OOpaTHBIX
MaTpuIl.

B o061iem ciryyae moiMHOMa n-oil CTeTrieHn

V=Bt Bx + X+ 4B +e,
JUTSI HAXOXIEHUSI HEM3BECTHBIX KO3(h(DUIIMEHTOB ypaBHEHUS perpec-
CUU METOJIIOM HaMMEHBIIUX KBaapaTOB HEOOXOAUMO MWHUMU3UPO-
BaTh (byHKIIMOHAN F BUIA:

F= j(}’i - )2 = j(yi - /5)0 _ﬁlxi - /5)2xi2 e /gnxin)z = min.
i=1 i=1

Torna crucreMa HOpMaJIbHBIX YPaBHEHU I OyIeT BHIIISIIETD CIIEAYIO-
1M 00pa3oM:

Eyi =/§’0><n+,5’12x,.+/§’22xi2+...+/§’n2x,.",

Eyi X X, =,5’02x,. +/§’1le-2 +,5’22X,-3 +~-~+/§)nzxin+l’

zyf Xxf"71 zlgozxi”7] +/g]zxi” +/gzzxi”+l +...+/5)"2x’.2"71,
Eyi X X' =,5’02x,." +,5’12x,."“ +,Z’22xi"+2 +...+,5’,,fo".

Pemenvie maHHOM CHUCTeMBI TTO3BOJIUT HAWTH OLICHKN KOC-)(I)(IJI/IHI/ICH-
TOB ITOJIMHOMA N-Tro nopgaka.
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PaccMoTpuM mpuMeHeHue MeTona HauMEHbBIIMX KBaApaToB ISt
HaXOXIEHMS OLIEHOK KO3(POULIMEHTOB HEJIMHEITHOTO I10 ITapaMeTpaM
ypaBHEeHUS perpeccuu (HO BHYTpeHHe JIMHEMHOTO0) Ha MpUMepe IoKa-
3aTeJIbHOM (DYHKIIMY BUIA:

Y, =5 Xﬂlx[ XE;,
e caydaidHas ommnbKa &, MyJIbTUILIMKATUBHO CBA3aHa C (PaKTOPHBIM
MPU3HAKOM X;.

JlaHHag MOIENb ABNAETCSA HEMUHEHHON 1o mapametpy 4. s ee
JUHeapu3allMi TPUMEHUM BHayaje IMpolecc JiorapupMupoBa-
Hus: logy, =log B, +x, X log B, + loge,.

IMoce morapuMIpoBaHNST UCXOMHOTO PETPECCHOHHOTO YpaBHe-
HMs BOCIIONIb3yeMcst MeTofioM 3aMeH. O6osHaunm log y, = Y;; log B = A;
log 3, = B;log ¢,=E.

Torna npeoOpa3oBaHHbI BHA MOKA3aTeNbHOH (PYHKUHUM MOXHO
3amucarh CIeAyIIUM 00pa3oM:

Y, =A+Bx, +E,.

MeToa HAaMMEHBIIMX KBAJAPATOB NMPUMEHSAETCS HE K MCXOMHOMY He-
JINTHEMHOMY YpPaBHEHHIO, a K ero JMHeapu30BaHHOM (opme.

TakuM 006pa3oM, B OTJINIME OT JUHEWHBIX PETPECCUOHHBIX MOJIE-
Jieii MUHUMU3UPYETCS CyMMa KBaJpaTOB OTKJIOHEHMi JiorapudmMoB
HaOJIIoaeMbIX 3HAUYEHU I pe3yIbTATUBHOTO MPU3HAKA ¥ OT TEOpETHYE-
CKMX 3HAYEHU J (3HAYEHUI, pACCYNTAHHBIX Ha OCHOBAaHUY YpaBHe-
HUS perpeccun), T. €. MuHuMm3upyercs pyukunonan MHK Buna:

F= (logy — log7)" -min.

s HaxoXAeHUs OLIEHOK HEU3BECTHBIX MapaMeTpOB JIMHEaprU30-
BaHHOTO YpaBHEHUS perpeccuu A u B penaercs cucteMa HOpMaJIbHbIX
YpPaBHEHUIA:

n xXA+B x}n:x,.:}njl/,:}n:logyi,
i=1 i=1 i=1
Axix,+Bxixf=ix,xY,=ix,xlogy,.
i=1 i=1 i=1 i=1

JlaHHasg cucTeMa BIsIeTCsS CUCTEMOM HOPMAaJTbHBIX YPaBHEHUIM OT-
HOCHTENILHO K03 GULMeHTOB A 1 B 11 3aBucumoctu ¥,= A+ Bx,+ E.
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OLIeHKH MapaMeTpOoB JIJIs1 HETMHEMHBIX PETPECCUOHHBIX MOJIENIeH,
CBOAMMBIX K TUHEMHOMY BUILY, SIBJISIIOTCSI CMEIIICHHBIMMU.

1. Memoovut neauneiinozo ouenueanus
PezcpeccuoHHbIX napamempos

n
Oyukuyonan F = Z(y,. - )2 HazbIBaeTCsT (PYHKIIMOHAIIOM OIIIMOOK
i=1
win GyHKIMEH ToTepb, TaK Kak JIloOble OTKJIOHEHUsI HaOJII0IaeMbIX
BEJIMYMH OT TEOPETUIECKUX (T. €. pPACCUUTAHHBIX C TTOMOIIBIO YpaBHE-
HUSI PETPecCrn) SIBJIIOTCS MOTEPSIMUA B TOYHOCTH amNIpPOKCHUMAIIMU
HUCXOAHBIX JaHHBbIX. B KauecTBe (pyHKIMU MOTEPb MOXET ObITb MC-
MMOJTb30BaHA CyMMa MOJYJIiel OTKJIIOHEHMI HabiomaeMbIX 3HAYeHUH
pPe3yABTATUBHOTO MPU3HAKA ¥ OT TEOPETUUECKUX 3HAYCHU I

PIE= D=, wm F= Yy -3,

Mg MuHMMM3aUMy (QYHKIMOHAIA OLIMOOK IPUMEHSIIOTCS pas-
JIHBbIe MeTonbl. OCHOBHO# MPOOJIeMOii BceX METOIOB SIBJISTIOTCS JIO-
KajbHble MUHUMYMBI. [Ipy HeGoIbIIIOM M3MEHEHUU OIIEHMBAEMOIO
napameTpa (QYHKLMSI TTOTepb MPAKTUYECKU HE M3MEHUTCS, CYIIECT-
BYET BEPOSITHOCTb TOTO, YTO OIITMOOYHOE 3HAYEHME OLIEHMBAEMOTO Ma-
paMeTpa ypaBHEHMSI PETPECCUM IACT B Pe3yJIbTaTe CYIIECTBEHHOE YMe-
Hb-1lIeHUe (YHKIIMKU OMIMOOK. DTO sIBJIEeHWE Ha3bIBAETCS JIOKATbHBIM
MUHUMYMOM. JIOKaIbHblEe MUHUMYMbI TIPUBOJSIT K HEIPABIOIOA00HO
3aBBIIIEHHBIM WM 3aHUXKEHHBIM OLIEHKaM PErpecCMOHHBIX MapaMeT-
